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AGRICULTURAL SCIENCES

BUPOIIIYBAHHSA PINYACTOI IIUBYJII 3 HACIHHS

Yailika AHATOJIIIA,

acripant kadeapy OBOYIBHHUIITBA
SInenko HaraJisn,

1. C.-T. HayK, mpodecop Kadeapu OBOIIBHUIITBA
KpaBuenko Birauiii,

3aBiyBay Kadeapu pOCITUHHUIITBA
Bumnescbka Jlecs,

JOLIEHT Kadepu POCIMHHUIITBA
Muxaijgosun FO1ig,

BUKJIa/1a4y Kaeapu pOCTUHHUIITBA
Haramis [Tonroperibka,

JOLIEHT Ka(eapH pOCIMHHULITBA
YMaHCBhKUI HalllOHAJIbHUM YHIBEPCUTET

Pimuacty nuOynro oaHa 3 HAWOUIBII MepapacHpOCTPAHEHHUX OBOYEBUX
KYJbTYpP, BUPOIIYBAaHHSM SKO1 3aiMarOThCs SIK OBOYIBHHMKH JIFOOUTENI, TaK 1 BEIUKI
dbepmepcebki opradizamii. Ilpu goTpumaHHI TeXHOJOTII MOJWUBY 1 BIAIOBIIHOTO
CII0co0y BHPOIIYBAHHSI, piltyacTa MuOyIs qa€ ypoxaii — 3 — 7 kr / M.

3aBISKM CBOIM SIKOCTSAM 1 3JaTHOCTI JaBaTW XOPOILIl BpOXKai, poOUTH L0
pIMYacTy KyJabTypy HUOYJI IIUPOKO MOIIUPEHUM 1 MPUOYTKOBUM 3aHATTAM. [CHye
KiJIbKa CIOCOOIB BUPOIIYBaHHS pPIMUYacToi IuOyJi: Mocajgka CEBKOM, BHOIpKa,
BHUPOIIIYBaHHs 3 HACIHHS TOCIBOM B TPYHT, po3canor. Kopenesa cucrema pimdacToi
nuOyIl po3BUHEHA JIyKe ¢l1abo, TOMY XOpOII Bpoxai IuOyJi MOXKHa OTpUMaTH Ha
poarouux 1 Oaratux rymycoM rpyHTax. Kpaimi monepeiHUKHM — paHHS Kalycra,
000081, OalTaHHi, TOMAT, OT1POK.

[TociB HaciHHS MOy piM4acToi MPOBOAATH BiApasy K MICHsl BUPIBHIOBAHHS
MOBEPXHI CMYTOBUM CIIOCOOOM 3 MIKpsaasMu MK meHtpamu cmyr 30 — 40 cm i

mupuHoo cmyru 8 — 10 cM. Ha kBagpaTHMiI METp TUIONI BUCIBAIOTh 2 T HACIHHSA



cxoxocTi. [lepex mociBom ix 3aMouyIOTh 1 IPOTPYIOIOTH (heHTiypamy (3 — 4 r / k).
Jlo HaciHHS B SIKOCTI MasiKOBIM KyJNbTYpH MiIMIIIYIOTH caiat abo peiuc, 3aKIaialoTh
y BOJIOTHH TPYHT Ha IJIMOMHY 3 CM 1 MICJS MOCIBY HACIHHSA HaKouyioTh. Jlo TOsBH
CXO/IB PYHHYIOTh KipKY, MPOBOISATH PO3IMYIIyBAaHHS MIXKPSAIb MO CXOJlaM MasiKOBHUX
KYJbTYp, B pa3i MiJICHXaHHS BEPXHBHOTO APy MOCIBU [UOYJI1 MOJUBAIOTh Yepe3 CITKY
3 Ip1IOHUMH OTBOpaMH, HOpMa MmojauBy — 15 — 20 1/ m2.

Komu pocaumnu pgocsaratoTe Qasd  JBOX JIMCTOYKIB, iX MPOPITKYIOTh,
3QJIMIIIAI0YM Ha BiCTaHl 2 — 4 ¢M OJuH Bia ojHOTO. ¥Y (a3l 4 — 5 JUCTKIB pOCIMHA
BIpyre MpopiKyloTh Ha Biactani 4 — 6 cm. Ha 1 moroHHomy wmeTpi cMyru
3amumaiotb 40 po3BuHeHHMX pociuH. [lpu npyromy mnpopiakyBaHHI TpuOHUpaHi
pPOCIMHU BUKOPUCTOBYIOTH B 1XKy. IIpoTsroMm Bereraiii IpyHT pO3MyLIylOTh Ha
rbuny 6 — 8 cm. Ilicns monauBy 1 po3nylIyBaHHS NOCEPEAUHI MIKPSIb POPI3AI0Th
e Ha Tubuny 1o 15 — 20 cm. Ilpu posnynryBaHHI HE MOXKHA JOIYCKAaTH
HIATOPTaHHS POCIUH, TaKk K L€ CTpUMye (OPMYyBaHHS 1 3pOCTaHHS LUOYIUH
pimyactoi 1mOyni. Ilepmry miaroxiBmo poOdsATh BiApasy K HICAS IMEpPUIOro
MPOPIKYBaHHS, JApyry micias — depe3 15 — 20 AHIB, TpeT0O — MpH YTBOPEHHI
UOYIIHH.

3 MOSIBOIO MOYATKOBUX O3HAK XBOPOOU — XHMOHO-OOPOIIHHCTOI POCH POCITUHU
0OMPUCKYIOTh po3unHOM 1% -HOW Gopaocbkoro piauHU abo 0,4% -HUM PO3YMHOM
uHEeOy, XJIOPOKHMCHU MiAl 3 JOJaBaHHSAM JIO PO3YMHIB 3HSITOTO MOJIOKA IS
npwmnadds (100  Ha 10 71 po3uuny). 3aneKHO Bij MOTOJHUX YMOB poOJiATh 3 — 4
00po6ku 3 inTepBaiom 7 — 10 auiB. OcTaHHE OONMPHUCKYBaHHS MPOBOASTH 3a 15 — 20
IHIB A0 30upanHs. [Ipy BUIsTaHHS JUCTS UOYJIl MOYMHAIOTHCS KHUBA. TeXHOJIOTIsA
BHUPOIITYBaHHs MU0y pimyacToi 3 ceBka. CeBOK — 11e APiOHI MUOYIUHU J1aMeTPOM JI0
3 cM, sKi BUPOILEHI 3 HACIHHS 1 MpPHU3HAuYCHI IJi TMOcaaku. ['pyHT I MOCAIKU
uOYyIIl pIMYacToi 3 CeBKa FOTYIOTh SIK 1 BUIIE OMUCAHOI TEXHOJOTI] BUPOIILYBaHHS 3
HACIHHSL.

[Ticnst cXOAiB TPYHT pO3NYIIYIOTh HA MHOMHY 5 — 6 CM, IPOBOJATH NEPIILY
MITO/IBIII0 pO3UYMHOM KOpOB’siKy (1: 8) abo kypsigoro nocminy (1:12), uepe3 20 — 25

JHIB MOBTOPHO BHOCSTH MiHepasibHI A0OpuBa. Hopma Taka *k K 1 BUPOILYBaHHS



1Oy pimuactoi 3 HaciHHs. JloOpwBa BHOCATH Tipu moswmBi. [logampmmii moriis
MOJIATa€ B BUJAJIICHHI KBITKOBHX CTPIJIOK 1 MPOBEACHHSIM MEHIIOI KUIBKOCTI TOJUBIB
B 3B’SI3Ky 3 OUIBII paHHIM TEPMIHOM JIOCTUTAaHHS IUOYIMH. Ypokall pimdactoi
uOyIi TOCTPHX COPTiB — 3 — 5 Kr / M°, HAMIBrOCTPHX i COMOAKHUX — 6 — 7 kr / M7,
nubyIti-ceBka i BuGipka — 2 — 3 kr / M°. TeXHOJIOTISI BUPOLIYBaHHs Oy pirmgacToi
pO3cajoro.

Po3cagy BucamkyiloTh y OOpO3€HKHM, Hapi3aHi Ha Tiaubuny 5 — 7 cm. Y
OOpO3eHKH BHOCATH MeperHi mapom 1 — 1,5 cMm, a MOTIM pO3KIANAI0Th PO3CaLy.
Kopinust po3cany BUPIBHIOIOTH 1 MPUTHCKAIOTH 10 O1YHOI CTOPOHU OOpO3EHKH abo
MPUCUNAIOTh 3€MJICI0, MOTIM 3JIETKA YUIUIbHIOWTH. BiacTaHb MiX OOpO3€HKaMH
20-25 cMm, MIXK poCIMHAMHU B Py — 9 — 7 cM, TiinOuHa 3akiaaeHHs 3 — 4 cm. Jlormsin
32 PO3CaAHUM pIMYACTO LHUOYJICI0 TAKUK K€ SK 1 NPH BHUPOIILYBAaHHI CEBKOM,
BUOipka a00 3 HaciHHA. TEeXHOJOTis BUPOIIYyBaHHA HHUOYNI pimyacTtoi BHOIPKH.
Bubipok — mocaakoBuii Marepiai aiamMeTpoM 10 3,5 cM, OTpUMaHUN BijJ MOCAJKH
ceBKa a0o B1J HMOYJI1 OUTBII CTAPIIMX MOKOJiHb. TE€XHOJIOT1s] BUPOIYBaHHS MO/110Ha
710 CEBKOM.

CIIUCOK BUKOPUCTAHOI JITEPATYPH:

1. CydacHi TEXHOJOTii OBOYIBHUIITBA 3aKPUTOTO 1 BIAKPUTOTO TPYHTY.
JI. C. T'inp, A. 1. [TamkoBcebkuid, JI. T. Cynima. Binauns “Hosa Kaura” 2008

2. lamaniit I'. M. «OBo4iBHUIITBO 3akputToro IpyHty» — KwuiB: ArpaphHa
Hayka, 2018. IligpydyHuk 3 JeTadbHUM OINHUCOM TEXHOJOTIYHUX TIPOIECIB Y
TEIUIMYHOMY OBOYIBHHUIITBI.

3. banmantok I. II., Jlomymmnsk I'. . «BrmimB kparmmHHOTO 3pONIEHHS Ha
MPOJIYKTUBHICTh OTIpKa B yMOBax 3aKpuTtoro IpyHTY» // BicHuk arpapHoi

Hayku, 2021.



MEDICAL SCIENCES

THE STATE OF ACID RESISTANCE OF ERYTHROCYTES IN PATIENTS
WITH ACUTE BRONCHITIS

Haydash Olena Igorivna,

Candidate of Medical Sciences, Associate Professor,
Associate Professor of the Department of Therapy No. 2
Yanchevsky Oleksandr Valeriyovych

Doctor of Philosophy, Associate Professor,

Acting Head of the Department of Biology, Histology,
Pathomorphology and Forensic Medicine.

State Institution "Luhansk State Medical University"
Rivne, Ukraine

Introduction. Acute bronchitis is a poly etiological microbial disease that
occurs against the background of pre-existing secondary immunodeficiency. The
onset of the disease is accompanied by the release of blood cells from the blood
depots, which causes leukocytosis and a slight increase in the number of erythrocytes
in the peripheral circulation. An intoxication syndrome plays a significant role in the
pathogenesis of acute bronchitis, in which the primary source of toxins in the patient's
body are endotoxins (lipopolysaccharides, peptidoglycan, teichoic acids) of
pneumotropic microorganisms. Bacterial endotoxins negatively affect the body's
homeostasis and activate the immune system and lipid peroxidation. Inflammation in
the bronchi is also accompanied by bronchial obstruction and hypoxia, which
increases the activity of peroxidation processes, as a result of which the cytoplasmic
membranes of cells and their organelles become unstable. The state of cell
membranes can be judged on the basis of their acid resistance.

Aime. To study the acid resistance of peripheral blood erythrocytes in patients
with acute bronchitis.

Materials and methods. Peripheral blood of 19 people aged 27.5+2.5 years,

10



patients with acute bronchitis of moderate severity, in the dynamics of the disease
was studied. The control group consisted of 14 practically healthy donors of a similar
age. Blood was taken from a finger, in the morning, on an empty stomach. The acid
resistance of erythrocytes was studied according to the method of Terskov and
Gitelson (1957). According to the obtained data, erythrograms were made
(dependence between the percentages of hemolyzed erythrocytes for every 30 s of the
action of the hemolytic factor) and the following indicators were calculated: duration
of hemolysis (min), time of maximum hemolysis (min), maximum proportion of
hemolyzed erythrocytes for the first 30 s of hemolysis (%), maximum proportion of
hemolyzed erythrocytes (%). The results of the study were processed statistically.

Results and discussion. In the acute phase of the disease, the interaction of
erythrocytes of peripheral blood of patients with acute bronchitis with 0.1 M
hydrochloric acid was accompanied by an increase in spherulation time by 1.19 times
(p<0.05), the time of appearance of the maximum of hemolysis by 1.22-1.28 times
(p<0.01), the duration of hemolysis by 1.36-1.43 times (p<0.01-p<0.0001), and a
decrease in the height of the maximum of hemolysis by 1.14 times (p<0.05). In the
convalescence phase, the indicated changes in the acid resistance of erythrocytes
improved, most of the indicators reached the upper limit of the physiological norm.
The registered changes in the acid resistance of erythrocytes in patients with acute
bronchitis indicate an increase in the resistance of the cytoplasmic membranes of
erythrocytes, which can be explained by the release from blood depots, and primarily
from the bone marrow, of young erythrocytes, in the cytoplasm of which there is a
sufficient number and activity of enzymes and other biologically active compounds
that counteract lipid peroxidation in the membranes.

Conclusions. In patients with moderate acute bronchitis, in the acute phase of
the disease, there is an increase in the indicators of acid resistance of erythrocytes in
peripheral blood. In the convalescence phase, changes in the acid resistance of

erythrocytes are significantly reduced.

11



TT'TIEHIYHUN CKPUHIHT TIOBEPXHEBOI BOJU PIYKHU CTBUT A
PIBHEHCBKOI OBJIACTI YKPAIHHA

I'aiinam Onena IropiBHa,

K.MEJ.H., TOLEHT,

notneHT kadeapu teparnii Ne 2

SAnueBcbkuii Onexcanap BanepiitoBnu

nokTop (imocodii, TOIEHT,

B.0. 3aBiyr04oro Kadeapu 610J10r1i, TICTOJIOT ],

naToMopdoIorii Ta CyJJ0BOT MEAUIIMHU

HepxaBHuii 3aknan «JIyraHChbKUM IepKaBHUN MEIUYHUN YHIBEPCUTET
M. PiBHe, Ykpaina

Beryn. Piuka CtBura — npaBuii mputok Ilpun’sari (6aceiin J{Hinpa), npoTiKae B
Mexax PiBHeHChKOT obnacti. losxkuna CtBuru y Mexkax Ykpainu — 60 kM. Briagae y
[Ipun’ste Ha cxig Bix cMmt TypoBa. Tpanchopmanis kmimaTy Ta 1HTEHCUBHUUN
AHTPOIIOT€HHUI BIUIMB 3JaTHI 3MIHIOBATH T1APOXIMIYHI MOKA3HUKH BOJU PIYKOBUX
CUCTEM.

Mera po6OTH — TIT€HIYHUNA CKPHUHIHT TIAPOXIMIYHUX 1 MIKpOO1OJOTTYHUX
MOKa3HUKIB MOBEpXHEBOT BoaM piku CTBUra B Mexax PiBHEeHCHKOT 00iacti Ykpainu.

Marepiasu Ta Mmetoau. MartepiajaoMm JOCTIHKEHHS OyJid 3pa3Ku MOBEPXHEBOT
Boau puiku CtBura 3a00yTi B Mexax cena [nuaHe CapHEHCHKOTO paioHy
PiBHeHcBKOIT 0oOnacTi B muctonadi 2024 poky. ['iapoxiMiuHi JOCTIHKEHHS BKIIFOYAIH
BU3HAUEHHS  MiHepamiizauii Boau  (ppm),  eleKTpompoBigHOCTI  (US/cm),
OKHUCITIOBAJIbHO-BITHOBHOTO MOTeHUIay (mV), KoHueHTpauli BogHeBux 10HIB (pH),
nocTiitHoi xopcTtkocTi (GH), TumuacoBoi xopctkocti (KH), koHueHTtpariii 10HIB
Ca”, Mg¥, posumuenoro SiO,. MiHepaibHICTH Ta EICKTPONPOBIAHICTH BOIM
Bu3Havyau 3a gonomoror TDS-merpa — TDS&EC meter (hold) (Kurtait), BogHeBwmit
nokasHuk - npunaaoM pH-metp (Kwuraif), mocTiiiHy Ta THMYacoOBY >KOPCTKOCTI — 3
BukopuctanuaMm Tect-cucteM GH ta KH «Tetra Test» (Himeuunna). Konuentparii
ionie Ca®* ta Mg® BumiproBamu TecT-cucreMoro Aquatest Ca Mg «Zoolek»
(Himeuyunna), okcusr KpemHito — tect-cucteMoro Aquatest Si02 «JBLy» (Himeuunna).
BusHaueHHs1 OKMCHO-BIJTHOBHOT'O MOTEHITaTy BOAM (MV) MPOBOIMIM 32 TOIMOMOIOO

12



npunangy YY-400 (Kwuraii). Jlo MikpoOi1070TIYHOTO MOCHIIKEHHS BHUIU BXOAMIIO
BUBYCHHS 3arajlbHOTO MIKpOOHOTO 4mciia 1 Komi-iHaekcy. OTpumaHi pe3ynbTaTH
00pOOIISITHCH CTATUCTUYHO.

PesyabTaT Ta o6roBopenHsi. [loBepxueBa Boma piuku CTBUra mpoOTSATOM
JOCJIITHOTO TIep10y Majla Cepe/IHI0 MiHepati3ailito 55,2+2,8 M/, KOJIMBalOYHUCh Bl
46 mr/nm no 69 wmr/n. BianoBimHO, €IEKTPOIPOBIIHICTE MOBEPXHEBOI BogU CTBUTH
ckimagama 110,4+5,5 uS/cm, 3miHIoOUnCh B miama3oHi Big 92 uS/cm mo 138 uS/cm.
Peaxiis mocnimkeHUx 3pas3KiB BOAM KOJMBajgach Bij ciiabko kucioi (6,67 y.o.) 1o
cmabo myxkHoi (7,78 y.o.), cepenniii mokasauk pH cknaB 7,244+0,4 y.o. Cepenniit
nokazHuk GH mnoBepxneBoi Boau piuku CrtBurum jgopiBHioBaB  3,0+0,15°d,
MiHiManeHuM nokasHuk GH 6yB 2,7°d, GH, makcumanpauit — 3,9,0°d. Tumyacora
xopcTkicth Boau — KH, B cepennbomy cknana 2,0+0,1°d, miHiManbHUN MOKa3HUK
nopiBHioBaB 1,8°d, makcumansuuii — 2,4°d. OKuCIIOBaIBHO-BITHOBHUM MOTEHITIAN —
ORP y Bcix 3paskax Boxu nopismroBaB 0. Cepexmiii Bmicr ioniB Ca®*ckimaB
15,8+0,8 mr/n, MiHiMaabHUM TTOKa3HUK 13,0 mr/i, Mmakcumanbauid — 17,5 mr/a. Bmict
ionie Mg®* mpoTsAroM HOCTIAHOrO TEpMiHY CKIAaB B CEpeaHBOMY 2,5 Mr/i, HpH
Mi"HiMymi 1,5 wmr/n, 1 makcumymi 3,0 wmr/a. KoHueHTpailisi 10HIB KaJblIil0
MepeBUIIyBaia TaKy JUIsl 10HIB MarHiro B cepeaHboMy B 6,32 pasu. Konienrtparris
po3unHeHoro SiO, Oyna Oinbmie 6 mr/a. B ycix 3100yTUx 3pa3kax BOAHM PIUKH
CtBury MikpoO10JI0T14HI MOKA3HUKHU (3arajibHe MiKpOOHE YUCII0, KOJTi-1HEKC) OyJIH B
MEKaX HOPMATHBHUX.

BucnoBku. ['iapoxiMiyHI TOKa3HMKM MOBEPXHEBOI Boau piuku CTBUTH €
TUMOBUMM  JIJI1  BOJOIOHIB ~ HEBEIUKOI  XKOPCTKOCTL.  [iapoxXiMiuHMi 1
MikpoOiosioriuanii craryc piuku CTBUTH B Mexax cena [nmHHe CapHEHCHKOTO

paiiony PiBHeHCBKOT 00J1aCTi € TOOpUM.
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CYBMIKPOCKOIIIYHI OCOBJUBOCTI HIEPBUHHOI'O
PAKY TA MTOTO METACTA3IB

I'epacumenko Ouekcanap IBanoBuy,
I.MEJ.H., npodecop,

I'epacumenko €Bren OQuekcanapoBuy,
K.MEJI.H., IOIEHT,

JloHebKHil HAIIlOHATIBLHHI

MeauuHui yHiBepcutrer MO3 Ykpainu
I'epacumenko Ouibra BacuiiBHa,
JiKap OHKOJIOT,

kiiHivHa JikapHs «Deodanis», m. Kuis

Beryn. MeracrazyBanHsi a00 MOUIMPEHHSI PaKOBUX KIITHH BiJl MEPBUHHOTO
JDKepesa 10 OKPEMUX OpraHiB € OJIHIEI0 3 KIIIOUOBUX XapaKTEPUCTUK arpecUBHOCTI
PaKOBUX 3aXBOPIOBaHb.

JlocnmiKeHHsT bOTO MPOLIECY € Ba)XJMBUM €TalloM Yy PO3yMIHHI PakoOBOi
MaToJjorii Ta po3poOdIill HOBUX METOAIB JikyBaHHSA. OAuH 13 CIOCOOIB JAOCIIKSHHS
METACTaTUYHOTO MPOIECY € EJIIEKTPOHHA MIKPOCKOII, IO JO03BOJISIE JOCHIIKYBaTH
MIKPOCTPYKTYPH Ta MOP(}OJIOTi0 KIITHH Ta TKAHMH HA HAHOMETPOBOMY PIBHI.

3MiHu B MOpPQOJIOTIi KIITUHU, CTPYKTYpl flpa, MITOXOHIPISX Ta IHIIAX
KJIITUHAX OPraHeiy, Ikl MOXYTh BU3HAYaTH arpeCUBHICTb KJIITHUH Ta iX MiJBULIEHY
3MAaTHICTh A0 1HBA3li, BUSBUTH OCOOJIMBOCTI KITHHHOI Oiojiorii Ta Moaudikamii
KIITAH M1J 4ac MeracTtadyBaHHsA. OTXe NOUIIbHUM € MOPIBHSHHS PAaKOBUX KIITHH
MepBUHHOI MyXJIWHU 3 11 MeTacTtazamu. 110 ¥ cTano 3aBHaHHIM AaHOTO JOCIIIIKEHHS

Marepian Ta meroau. [[ns yabTpacTpyKTYpHOTO JOCTIIKEHHS TEPBUHHOI
NyXJUHU (paKk pI3HUX OpraHiB) Ta il MeETacTa3iB BUKOPHCTOBYBAJIW CEKLIAHUN
Marepial 3 MaToJIOr0AHATOMIYHOTO BiAAUICHHS, mpedikcyBamu 2,5% po3dyuHOM
TJIFOTapOBOTO anbjaeriny Ha docharHomy Oydepi; mpoMuBaIM UM Xe Oydepom;
¢dikcyBanmu 2% pO3UYMHOM UYOTHUPHOXOKUCY OCMil0 3a MerogoM Mimonira. [licns
BiIMUBaHHSI Oy(depoM KyCOUKM TKAaHWHU 3HEBOJHIOBAJIM B CHHPTAX BUCXITHOI

KOHIIEHTpAIlli Ta OKUCY MPOIUJICHY.
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[Tpocouenp mmMaTouku 3anuBanu cyMimimo cMon «Enon-812». Ynprpatonki
3pi3u TOTYyBaJIM Ha YIBTPATOMi, KOHTPACTyBajM Ha CITOYKAX ypaHIT aleTaToM.
HNocmmkyBaiu Ta  ¢dororpadyBaiu 3pi3u B €ICKTPOHHOMY  MIKPOCKOITI
«TESLA-BS-613». TpaktyBanucs en1eKTpOHOTpaMH 3a BIAIOBITHUMU MOCIOHUKAMU 3
€JICKTPOHHOT MIKPOCKOTIIi.

PesyabTtatn Ta oOrosopenHsi. Illisxom eneKTPOHHO-MIKPOCKOIIYHOTO
JOCIIKEHH] TIEPBUHHOTO PAaKy Ta WOT0 METAcTa3iB 3’SICOBAHO, IO SK Y MEPBUHHOTO
paky, Tak 1 B HOro Meracra3aXx Mae€ MiClle BHUpa3HU TKAaHWHHHUA Ta KIITUHHUN
nomiMophizm.

Pa3om 3 THM, IEpBUHHUI pak HailyacTillle XapaKTepU3YEThCS HASIBHICTIO 30H
pPOCTY MYXJIMHHUX KIIITUH 3 PI3HUM CTYINEHEM BUPA3HOCTI aTUMI3MY. Y TOH Xke Yac y
MOHOMOpP(hHUIA, 3 BUPA3HUMH O3HAKaMH 3JIOAKICHOCTI: OUIBII BUPA3HUM SACPHUM
noMophizMoM, BIAHOCHUM 30UIBIIEHHAM TMOJIXpPOMATU3MYy SJEp MOPIBHSHO 3

MIEPBUHHOIO MyXJIMHOIO (puc. 1, puc. 2).

Puc. 1. lleppunnuii pak Hupku. IlyxXJmHHI KJIITHHA BIZTHOCHO MOHOMOP(HI,
S/ipa 3 PiBHUMHM KOHTYPaMHU Ta HEPiBHOMIPHUM PO3MOAiJI0M XpomaTuHy. Xx6000.
Puc. 2. Te :xx cnoctepe:xkenHs. Meracra3 B ouepeBuHy. Bupasumii ssnepuni
0JIiMOP(i3M, KOHTYPH siAep MOPi3aHi, y By3bKOMY 00iIKy IMTOIIa3MHU 0araro

pudocom. x7300.

Puc. 3. IlyxiMHHa KJIITHHA METAcTa3y B HUPKY paky JiereHi. Y siapi XpoMaTHH

posmnoaiaeHo HepiBHOMipHO. X10 000.
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Puc. 4. [lyxiinHHA KJIITHHA MeTACTA3y B MEYiHKY paKy JiereHi. Aapo Micturb
ABA siiepls BeJUKHX po3Mmipis. x7300.
Puc. 5. Meracra3 HeaudepeHuiiioBaHoro paxy JereHi B miespy. Kommiexc
NYXJMHHUX KJIITHH (OPMY€ 32J103UCTONOAIOHY CTPYKTYpY. X7300.
Puc. 6. Te :xx cniocrepe:xxennsi. Meracra3 y neuinky. KoMiieke myxJamHHHX

KJITHH 0e3 03Hak qudepenuiroBanns. x7300.

Anpa NyxXAMHHUX KIITAH Yy MeTacTa3ax BIIPI3HIIOTHCS OUIbII BUPA3HOIO
HEPIBHOMIPHICTIO PO3MOAULY XpOMaTHUHY (puc. 3), 4acTo 30UIBIIEHHSAM KUIBKOCTI
saaepeub y sanpi (puc. 4).

Cryninp audepeHIliloBaHHs y PI3HUX MeETacTa3ax 4acoM HeoJHakoBa. Tak,
IpyU TEPBUHHOMY HEAU(PEPEHIINOBAaHOMY paKy JIereHl B OJHOMY 3 METacTasiB
nepeBaXkaiv CTPYKTYpPH, 10 HAraaylITh MPOTOKHU (PHUC. 5), 0 MOKHA PO3IIHUTHU 5K
MIPOSIB 3JT13UCTOI TU(EPEHITIFOBaHHS KIITHH; B IHITUX METacTa3ax MyXJIMHHI KIITUHA
PO3TaIIOBYBAJIMCA XaOTHYHO, 0€3 03HaK TKAaHMHHOTO JudepeHiitoBaHHs (puc. 6).

VY nyxJIMHHUX KJIITHHaX METacTa3iB MepeBakaloTh sijipa 3 OUIbII MOpI3aHUMU
KOHTYpaMU 3 YTBOPEHHSIM TJIMOOKUX 1HBariHatiB (puc. 7). KiibkicTh XpoMaTHHY B
g/ipax MyXJUHHUX KIITUH TIEPBUHHOI MyXJIMHU Ta ii MeTacTa3ax Ta XapakTep Horo
po3noauTly HepiBHOMipHUU (puc. 8). VY nuromiazMi  OyXJIUHHUX — KIITHH
METAaCTaTUYHUX BY3JIIB BU3HAYAETHCS BIAHOCHO OUIbIIE, HIK Y MyXJIMHHUX KIITHHAX
MEPBUHHOTO PaKy BUIBHUX PHOOCOM, IKI PO3TAIOBYIOTHCS y BUTJIISII PO3ETOK abo
JIAHIIFOKKIB 1 HE TIOB'sI3aH1 3 €HJ0TUIa3MaTUYHUM PETUKYIIyMOM (puc. 9).

VY nepBUHHOMY paKy 4acTillle 3yCTPI4arOThCsl 30HU POCTY MYyXJIMHHUX KIITHH,
y SKUX Y 30HI MDKKIITUHHMX KOHTAaKTIB IEpPEBaXalOTh MIUIbHI MDKKJIITHHHI
YTBOPEHHS 13 YIIUIBHEHHSM IMTOIUIa3MaTUYHOI MeMOpaHu, TOOTO, CTPYKTYp, IO

HaraayoTh necmocomu (puc. 10). BomHodac y mMeractazax mepeBakaroTh MyXJIWHHI
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KJIITUHU 3 3BUBHUCTOI0 LUTOIJIA3MATUYHOIO TMOBEPXHEI0 Ta MPAKTUYHO BIACYTHIMH
gecMocoMamMu  ab0 IHIMUMH MDKKJIITHHHUMH ~ yTBOpeHHsmu (puc. 11). VY
METAacTaTUYHUX BYy3JIaxX y HUTOILIA3MI1 MyXJIMHHUX KIITHH J130COM OlIbIle, HIXK Yy
MEePBUHHOT MyXJWHU, MPOTe Yy PI3HUX MeTacra3ax Ji30coMajdbHa AaKTHUBHICTH

MIPOSIBIIAETHCS MO-PI3HOMY: B OAHUX OubIe (puc. 12), B IHIIMX 3HAYHO.

Puc. 7. IlyxJinHHA KJIITHHA MeTacTa3y paky JereHi y Hupui. Aapo 3 Bupa3Horw
MOPi3aHiCTI0O KOHTYPIB, B HUTOILIA3MI 0arato BisibHUX pudocom. x10000.
Puc. 8. Te :xx cniocrepe:xxennsi. Meracras y ouepeBUHY. /IBi MyXJIMHHI KIITHHH 3
Pi3HOI0 KJIBKICTIO XPOMATHHY B fI/IPi Ta Pi3HOK €JIeKTPOHHOI0 HIIJILHICTIO
nuTormiasmu. x7300.

Puc. 9. IlyxiinHHa KJIiTHHA MeTacTasy HeaM(epeHUiHoBaAaHOI0 PaKy LIVIYHKA B

neviHmgi. Y uuromaasmi 6araro BiibHux pudocom. x7300.

Puc. 10. IleppyuHHMI paK NiANLIYHKOBOI 321031, Y 30HI MIKKJIITHHHHX
KOHTAKTIB BU3HAYAKOTHCS OCEPeIKH YIIIbHEHHA HUTONIA3MATHYHOL
MeMmOpanu. x7300.

Puc. 11. Te x cnocrepeskennsi. Meracra3 y nedinui. ¥ nuToniasMaTH4HUX
MeMOpaHaxX NyXJIMHHUX KJIITHH BiACYTHI CTPYKTYPH, 110 3'€AHYIOTH iX. X7300.
Puc. 12. IlyxJimHHA KJIITHHA MeTacTa3y paKky HLIYHKA B MiIJIYHKOBIH 3271031, Y
HUTOILIA3Mi 0araro JgizocoM. x50909.

Panimre 3a3Hauanocsi, 10 B MNyXJMHHUX BY3JIlaX MEPBUHHOIO paky, IO

METacTa3yBaB, 1 HOTO MeTacTas3ax, K MpaBmIo, CIad0 pO3BUHEHI IMyHOMOPGOJIOTIUHI
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peaxiii.

Puc. 13. Meracra3 paky HILIYHKA B MiANUTIYHKOBI# 3a7103i. Jlimpouut, mo
KOHTAKTYE€ 3 NyXJMHHOI0 KiaiTuHow. x10000.

Puc. 14. Te k cnocrepeskennsi. Meracra3 paky B nedinui. Imynnnii gimpouur,
1[0 KOHTAKTYE 3 MyXJIMHHOK KJIITHHOI. Y MYXJMHHIN KJIITHHI 03HAKH
aKTHUBAaMLil JIi30COM Ta Jizucy uuromiazmu. x6000.

Puc. 15. Te xk cnocrepe:kenns. Meracras paky B nevinui. [lyxainana kiiTuna,
1[0 PYHHYETHCS, MICJASI KOHTAKTY 3 JIIM(POUMTOM: JIi3UC HUTOILIA3MH, AKTHBALLisI

JizocoM. x10000.

[Ipu eneKTpOHHO-MIKPOCKOMIYHOMY JOCIHIIKEHHI BUJIHO, 110 Y NMEPBHHHOMY
MyXJIMHHOMY BY3J1l METAacTa3yl4oro pakKy MpakTUYHO BIJICYTHI KJIITHHHI IMYHHI
peaxiiii, a B MeTacTa3ax, OCOOJIMBO pPaHHIX, Cepel MyXJIMHHUX KIITHUH 3yCTPIYatOThCA
JTIMQOIUTH, MO0 KOHTAKTYIOTh 13 HMUMH; B OCTAHHIX BHJHO O3HAKHU YIIKOMKCHHS
(puc. 13, puc. 14, puc. 15). lle Moxe OyTH mposiBOM TOro, MO B MeTacTasi
npodiipepye KIOH KIITHH, 10 SIKOTO IMyHHa CHUCTEMa HE ToJiepaHTHa abo 1e €
MIPOSIBOM MICIIEBUX KIITUHHUX IMYHHUX PEakiliid. Y psiii paKOBUX KIITHH MEPBUHHOI
MyXJMHUA Ta ii METacTa3iB y 30HI POCTY BUSBISIOTHCS O3HAKM HEKpPO3y 1 Mo3a
KOHTAKTOM 3 IMyHOKOMIIETCHTHUMU KJIITUHAMH (puc. 16). I{e Moxxe OyTu HaciIKoM
BIUTMBY Ha HUX T'yMOPAJIbHUX YMHHUKIB IMYyHITETY a00 pe3yJbTaTOM HEJOCTAaTHOCTI
KpOBOOOITY Yepe3 BiJICTABAHHS POCTY CY/AHH.

VY 30HI HEKpO3y MyXJWHHUX KIITUH TPAIUIAIOTHCS JIEHKOIUTH 3 O3HAKaMH
MakpodaranpbHoi akTuBHOCTI (puc. 17). 3a Mexer pocTy OUIBIIOCTI MeTacTasiB
Bi/I3HauaeTbcsi aktuBailisg (piopobriactiB (puc.18) Ta (piOpokiacTiB, TParuIsIIOTHCS

MOOIMHOKI MJIAa3MAaTHYHI KJIITUHH 3 O3HAKaM# (DYHKITIOHAIBHOI aKTHBHOCTI.
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Puc. 16. Te k cniocrepeskennsi. Meracras paky B nedinui. Hekpo3 nyxJnHHoi

KiIiTuHn y Metacrasi. x7300.

Puc. 17. Te :xk cnocrepe:kenns. Meracras paky B Jereni. HeiirpogiibHuii
JIEUKOIHUT 3 03HAKAMM BHPAa3HOI (PArouMTAPHOI AKTUBHOCTI NMOPSJ i3 JI30BaAHOI0
NYXJMHHOI0 KJIiTHHOI0. X10000.

Puc. 18. AxktuBoBanuii ¢idopo0d/acT Ta IUIa3MaTHYHA KJIITHHA N0 nepudepii
MeTacTasy paKy HUIyYHKa B nedinky. x6000.

[IyXxMHHI KIITHHA METAacTa3iB, IO POCTYThb, YTBOPIOIOTH KOMIUIEKCH, SIK1
4acTO HE MAIOThb KPOBOHOCHUX CYAMH, a €JIEKTPOHHO-MIKPOCKOIIIYHO BU3HAYAIOTHCS
HIUIMHU (IPOTOKH), 10 YTBOPIOIOTHCS MYyXJIMHHUMU KJIITUHAMU — IMCEBIOCYAUHHU, B
AKUX 3HAXOJATHCS EpPUTPOLIUTH Ta IHII KIITUHUA KpOBI. 3MiHEHa KOH(Iryparis
EpUTPOLIUTIB y3/10BXK CTIHOK I[UX KaHAIIB, PEICTABICHUX MYXJIUHHUMHU KIITHHAMH,
€ MATBEP/KEHHSM y4acTi ICEBAOCYANH Y TPAHCIOPTI KPOBI Ta MOKUBHUX PEYOBHH.

[lepenicHyroul CyAMHU B 30H1 PO3MHOXEHHS MyXJIMHHUX KJIITHH, K MPaBUIIO,
PYWHYIOTBCS, @ BOJHOYAC BIJIOYBA€ThCS AKTHUBHUN HeoaHrioreHe3. OcoOJIMBICTIO
aHTIOTeHE3y B 30HI POCTYy MeTacTazy € Te, IO MepeBaKatoTh HOBOYTBOPEHI
HU3bKOAU(EPEHIIIIOBaHI CyAMHH, SKi Yy (YHKI[IOHAJIBHOMY BIJHOIICHHI €
HETOBHOIIIHHUMU, 00 B iX EHJOTeNli Mae cjnabo BHpa3HE IUTOIUIA3MATHYHE
nugepeHIiFOBaHHS.

BucHoBku. Takum uYMHOM, y TEpBUHHIM NyxXJMHI Ta B ii MeTacraszax
€JIEKTPOHHO-MIKPOCKOIIIYHO BHSIBJICHO BHUpPa3HMM KIITUHHUA mommMopdizm. [lpu
IbOMY CTYHIHb aTUMNI3My MyXJIMHHUX KIITHUH, a TaKoX ixHSA (PyHKUIOHAIbHA
aKTUBHICTh y JOYIPHIX MeTacTa3zax 4acoM HepiBHO3Ha4Ha. lle MokHa po3iiHIOBAaTH
AK O3HAaKy pPI3HOKJIOHOBOCTI iX. Y MNyXJIMHHUX KJIITHHaX METAaCTaTUYHUX BY3JIiB

BI/I3HAYAETHCS BIJIHOCHO MEHIE, HDK Yy TMEPBUHHOI MyXJIUHU MUDKKIITHHHUX
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KOHTAKTiB, 10 € 03HAKOI0 TOTO, II0 Y MeTacTa3axX MyXJUHHI KIITHUHU MEHII 3pifi 1
CXWUJIBHI A0 Mirpaliii, TOOTO 10 MeTacTa3yBaHHs, OUIBIIOI0 MIPOIO HIXK y IEPBUHHOMY
NyXJIMHHOMY BY3Jl. Y MYyXJIMHHUX KJIITHHAX METAcTa3iB BIJIHOCHO OUIbIIE BUPA3HUM
noniMopdizM saep (3 IHBariHaUisIMH Ta HEMPABUIBHUM PO3IMOALIOM XPOMATHHY,
4acoM B1JI3HAYAETHCS 301IBIIIEHHS KIJIBKOCTI SAEPEIh). XapakTep 3MIHU IMyXJIMHHUX
KJIITAH y JOYIPHIX METacTa3ax HEOJHAKOBUM, IO € O3HAKOI TOro, IO BOHU €
PI3HOKJIIOHOBUMH. Y OKpEMHX MeTacTa3axX KIITHHHI IMyHHI peakIlii BUpa3Hi Kpare,
HIK Yy TIEPBUHHOI TYXJWHU, 1 BUSBISAIOTHCS NPOTUIIYXJIMHHOT aKTHUBHICTIO
niMponuTiB, 1 HABITh AKTUBHICTIO IUIA3MATHYHHUX KIITHH Ta 1HIIUX JICHKOIIMTIB.
3pocTaHHS METacTaTUYHOTO By3J1a CYTIPOBOIKYETHCS CTUMYJISIII€I0
¢Gi0poracTHYHUX peakiid. Y 30HI 3pOCTaHHS METACTaTUYHUX KIITHH BHUpPa3Hi
AHTIOJMITUYHI MPOLECH, M0 BUSABISAIOTHCS JIECTPYKUIED CTIHKM CYIOUH MpHU
BHYTPIIIHHOCYAMHHOMY 3pOCTaHHI MeTacTazy 1 pyWHYBaHHSIM TNEPEICYAUH, IO
POCTYTh NMYXJIMHHUMHU KIITHUHAMH, & TaKOX BUpa3HUW aHrioreHe3. CyauHHE PYCIIO
METaCTaTUYHUX BY3JIiB IIpEICTaBICHE MIEPEBAKHO HOBOCTBOPEHHMHU
(au3bkoIM(epeHIiiOBaHUMH) CYJUHAMU, $IK1 y (YHKIIOHATHLHOMY BIJIHOIIEHHI €
HETOBHOI[IHHUMHM,  OCKUIBKM  €HJOTedil  Mae  ciabko  BUpa3HI  O3HAKH
nutoaudepeHIIitoBaHHs, 1HOAI MoraHo Bupas3Ha 0a3aiabHa MeMmOpaHa. CTiHKAa TakuUx
CYJIMH BHUCOKOIIPOHMKHA HE TUIbKH JIJI1 €JIEMEHTIB KPOBI, aje ¥ IS MyXJIMHHHUX
KJIITHH, O[O0 CIIPUYMHSIE PO3BUTOK MeTacTasiB. [lopyd 13 cyimHaMu, KpOBONOCTaYaHHS
METAaCTaTUYHUX BY3JIB 3AIMCHIOETHCA 1 3 TaK 3BaHUM IICEBIOCYIUHAMH, TOOTO. 1O
IIIJTMHAX MDK TYyXJMHHUMHU KiIiTHHaMu. O4YeBHUJIHO, 1€ € HACHIIKOM TOTO, IO
HOBOYTBOPEHI CYJIMHU 4Yepe3 CBOK (YHKLIOHAJIbHY HEMOBHOLIHHICTh HE
3a0e3meuyloTh HOpMajibHE XapuyBaHHs MyXJIMHHUX KIITHH. Tak SK TepenicHyoul
CYIWHU B 30HI POCTY METacTa3zy TMHYTh, CTAE 3pPO3yMIJIOI0 POJIb MOXJIMBOTO BIUIMBY

Ha HEOAHTI10TeHE3 ISl 3ar00iraHHs POCTY METaCTa3iB.
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JETEHEPAIISI MIDKXPEBLIEBUX JUCKIB L5-L4, L5-S1 TA i 3B’130K
31 CTPYKTYPOYTBOPIOBAJILHUMHU KOJIATEHAMU JIPATJIUCTOIO
SIJIPA COL2A1RS2276454, RS1793953, COL9A1RS1135056,
COL11A1RS1676486

Kcenszos Tumyp AprypoBuy4
Jikap-Henpoxipypr Heiipoxipypriunoro BigauienHs KHIT “30KJI” 30P,
M. 3anopixoks, YKkpaina

Kuarwuoi cioBa: Ilommopdism reHiB, aereHepaiiss MDKXpPEOIEBOTO JIHCKa,
mynbro3He  sapo, anem, COL2AI1rs2276454, r1s1793953, COL9A1rs1135056,
COL11A1rs1676486.

Beryn.  [locmipkeHHss reHernyHux —acomiamid 13 L5-S1  nmereneparmii
MDKxpeOueBoro  aucka (JAMX]]) cBiguuTh TpO  HASABHICTH  3B’S3KY 3
COL2A1rs2276454, 1 Bapiant COL2A1rs2276454 wmoxxe MaTH TPOTEKTUBHE
3HAUEHHS i1 BUHUKHEHHS JET€HEpAaTUBHUX 3MiH Japariuctoro sapa () y
qoJIoBiKIB. OJHHMM 13 MOSICHEHb MOXe OyTu Te, mo 3amiHa G Ha A B mO3wMIii
chrl2:9.47982508 npusBomuth 1m0 3aminu komoHy riinmuay GGC, skuit y MPHK
nanirora ol kon II mae yacroty BusiBieHHs 29 % Ha mepeBakHUM 3a 4yacToToro (47
%) xomon riuiiny GGU. Bigomo, 1m0 MBHUIKICTh BKJIIOYEHHS aMIHOKUCIOT Y
YacTil KOAOHMU BUIA. MOXKIIMBO, MEpeBaru Ajisi MpoLecy TPAHCIALIi BaXXIJIMBI IpH
pernapariii JIereHepaTUBHUX TPOIECiB. Y OCTIIHKECHHAX IHIIUX aBTOPIB BHU3HAYCHO
kopemsmito  Bapianta COLZ2ALrs2276454 i3  nmereHepaTMBHUM  JIFOMOQJIBHUM
CKOJIIO30M; 3 JICTCHEpAIli€l0 MDKXPEOIeBOro Aucka; 31 3MINIEHHSIM JHCKa
CKPOHEBO-HIKHBOIIIETIETHOTO Cyrio0a Mpu CKPOHEBO-HIKHBOIIEIETHOMY pO3JIa/il.

Mera po0oTH — BHU3HAYECHHS 3B’SI3Ky JET€HEPATUBHUX 3MIH MIKXPEOIEBUX
auckiB  L5-S1  Tta L4-L5 3 ONHOHYKICOTHMIHMMH BaplaHTaMH KOJareHiB
COL2A1rs2276454, COL2A1rs1793953, COL9A1rs1135056, COL11A1rs1676486 B
€THIYHUX YKPAiHIIIB.

Marepiaiau Ta meroau. O6ctexmmm 90 ocib rpyny BUNIAAOK 13 JETeHEPaIli€ro
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MibKxpeOrieBoro mucka L[5-S1 Ta 50 oci6 rpynmu BUMamoOK 13 JETEHEPAIi€ro
MibkxpeOreBoro awmcka [4-L5, a Takox 66 oci6 rpynu KoHTposb. O0’€KT
JOCTI/DKEHHST — BEHO3HA KPOB TAIIEHTIB 13 JCTEHEPATUBHUMH YPaKCHHSIMHU
MDKXpEOIIEBUX TUCKIB 1 3I0pOBUX JOHOPIB. BEeHO3HY KpOB OTpUManu B pe3ynibTari
BEHOITYHKIT1. TumnyBanHs COL2A1rs2276454, COL2A1rs1793953,
COL9A1rs1135056, COL11Al1rs1676486 3mificHuin, BUKOpPUCTOBYIOuHM HaOip Tag
Man Universal PCR Master Mix (Applied Biosystems, CIIIA) ta Tag Man SNP
Genotyping Assays mis BuzHadeHHs nojiiMopdizmiB (Applied Biosystems, CIIA).
JlociKkeHHsT 3MIACHIIIM CHEIialiCTh B Tally31 MOJEKyJsapHOi Oiosiorii Ta Oloximii
BTy HeipoOioximii Y «IHctutyt Heupoxipyprii iMeni A. II. Pomonmanosa
HAMH VYxkpaian» Ha npunani CFX96 (Bio-Rrad, CILIA).

PesyabraTu pociaigxenns. Pesyneratu. COL2A1rs2276454, imoBipHO, Mae
NPOTEKTUBHE 3HAYEHHS JIJIs1 BUHUKHEHHS JereHepatii Mikxpeoduesoro qucka L5-S1'y
yonogikiB (BII (95 % JI): 0,27 (0,10-0,80), 2 = 6,02, p = 0,015). I'enorunn C/T
(COL9A1rs1135056) y 3,25 pa3a wyacTilie BUSBISUIM B TAIli€HTIB-YOJIOBIKIB 3
Jerenepariero MikxpeoieBoro aucka L5-S1 mopiBHSHO 3 KIHKaMH TPYIU BHUIAI0K
BII 95 % A): 3,25 (1,20-8,84), x2 = 5,50, p = 0,02). I'enotun G/A
(COL11A1rs1676486) y 3aranbHiii rpyIi MaIli€eHTIB 3 IEreHEPaIi€l0 MiXKXpeOIIeBOro
mucka L5-S1 BusBmsumm B 5,46 pasza vacTimie B marieHTiB-4ojoBikiB (BIL (95 % JI):
5,46 (1,60-18,47), x2 = 8,29, p = 0,004), y 4,17 pa3a yacTilie peecTpyBajiud B
YOJIOBIKIB MTOPiBHAHO 3 rpymoro xkiHok (BIL (95 % AI): 4,17 (1,07-16,82), 2 = 4,17,
p = 0,04). IlopiBuauHs maHciB BusiButu renotun G/G, G/A, AA y rpyIii 40JI0OBIKIB 3
JereHepauieo Mixxpeobuesoro nucka L5-S1 mokazano craTucTuuHO 3Hauywe (y
4,06 pasa) nepeBaxkanHs yactotu rermoruny G/A (BIL (95 % JI): 4,06 (1,23-13,38),
2 =4,17,p=0,04).

HaitimoBipuima moxaens cnagkoBocTti st COL11A1rs1676486 — mominaHTHa
B OS5 % A): 2,08 (1,03-4,21), 2 = 426, p = 0,04). Acouiamii
COL2A1rs2276454, rs1793953, COL9A1rs1135056, COL11A1rs1676486
CTPYKTYpOYTBOPIOBAIbHUX  KOJIAr€HIB  JAPArjUCTOrOo  sAapa 3  JIETeHepali€ro

MiKXpeO1eBux auckiB L5-14 He BusBumm.
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BucnoBku. Anenr A COL2A1rs2276454, iMoBipHO, Ma€ MPOTEKTUBHE
3HaueHHa i BUHUKHEeHHS L5-S1 JIMX]] y wonosikie (BII (95 % [I): 0,27
(0,10-0,80), ¥2 = 6,02, p = 0,015). Jocmimkenns nasBaocti COL2A1rs1793953 y
narieHTiB 13 L4-L5, L5-S1 JIMX]] He moka3ajio CTaTUCTUYHO 3HAYYIINOI acoriiarii 3
nerenepatuBHUM TmporiecoM. Asens T COL9ALrs1135056 acomiroerses 13 L5-S1
JAMX]JI y 4os0BiKiB MOPIBHSAHO 3 rpymoro xkiHok 13 L5-S1 JIMX]JI (BIL (95 % MI):
3,25 (1,20-8,84), x2 = 5,50, p = 0,02). HasBricts anenss A COL11Alrs1676486
acomitoetbcss 3 L5-S1 JIMXJl y mnamientiB-uonoBikie (BT (95 % MI): 5,46
(1,60-18,47), 2 = 8,29, p = 0,004) ta nmopiBustHO 3 *)inkamu (BI (95 % Al): 4,17
(1,07-16,82), ¥2 = 4,17, p = 0,04). Tun cnaakoBocti COL11Alrs1676486 —
nominantau# (BIL (95 % [I): 2,08 (1,03-4,21), y2 = 10,06, p = 0,002).
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JOCJILIKEHHA PIBHA 3AXBOPIOBAHOCTI HA PAK
MNEPEJIMIXYPOBOI 3AJ103U CEPE]] HACEJIEHHSA
XMEJBbHHUIIBKOI OBJIACTI

LBiryn Makcum bopucoBuu
Jlikap xipypr
Bigainenns 3aranbHoi Xipyprii XMenpHUIIbKOT 00J1aCHOT JIiKapHi

Beryn.  Pak mepenMixypoBOi  3aJI03M  HAGKUTh O  HAWOUIBII
PO3IMOBCIOKEHHX OHKOJIOTIUHMX 3aXBOPIOBAHb Cepei HYONOBIKIB y cBiTi. Moro
aKTyaJbHICTh IIOPOKY 3pOCTAE Yepe3 CTaOdlIbHE MIABUILIEHHS PIBHS 3aXBOPIOBAHOCTI.
B Vkpaini, 30kpema B XMEIbHUIBKIA 00JACTI, CHOCTEPITAETHCS TPUBOKHA
TEHJICHIIS /10 301TBIIICHHS KUIBKOCTI HOBUX BHUIMA/IKIB, IO CBIIYUTH MPO 3arOCTPEHHS
enigeMIoNoriyHol cuTyarii. Lle 3ymMoBiIIO€ HEOOXIAHICTP CUCTEMHOrO MIiAXOAY A0
JOCIIJKEHHSI 3aXBOPIOBAHOCTI, BUSIBJICHHS OCHOBHHMX (DAKTOpIB PHU3HKY, a TaKOX
BIIPOBA/KEHHSI €()EKTUBHUX MpOrpaM paHHBOI JIarHOCTUKHM, NPO(UIAKTUKUA Ta
Cy4yacHOTO JIIKyBaHHS [IJIi TIOKPAIEHHS OHKOJIOTIYHOI JOMOMOTHU YOJOBIYOMY
HAaCEJICHHIO PETI10HY.

Mera Ta 3aBaaHHs. BCTaHOBUTH €MiIeMIONIOTI4HI OCOOIMBOCTI MOMIMPEHOCTI
Ta BHSBJICHHA paKy MEpeAMIXypoBOi 3aj03M Cepell YOJOBIUOTO HACEJIECHHS
XMENbHUIIBKOT 00JIacTI Ha OCHOBI aHaji3y TMOKa3HUKIB 3axXxBOPIOBAHOCTI 3a
2020-2024 poxm, 3 METOK BHIBICHHA TEHACHIIA O 3pOCTaHHS, OIIIHKU
€(eKTUBHOCTI PaHHBOI [IIAaTHOCTHKKA Ta BHU3HAYEHHS TMPIOPUTETHUX HAMPIMIB
Y0CKOHAJIEHHS PEr10HAIBbHOT OHKOJIOTTYHOT CITYKOH.

Marepianau Ta MeToau. Y JOCTIIKCHHI BHUKOPHUCTAHO CTAaTUCTHYHI JaHi
XMENbHUIIPKOTO  00JaCHOTO MPOTHIYXJIMHHOTO IEeHTpy Ta HamioHamsHOTO
KaHIEep-peecTpy YKpaiHU IIOJ0 3aXBOPIOBAHOCTI Ha pak MEPeaAMIXypOBOi 3a03u
cepen 4OJOBIYOr0o HaceleHHs XMeTbHUIlbKoi obnacti 3a mepion 2020-2024 pokis.
IIpoBeieHO  PETPOCHEKTUBHUN  aHaMI3  KUIBKICHUX  IMOKa3HUKIB  MEPBUHHOT
3aXBOPIOBAHOCTI, CTPYKTYPHHX XapaKTePUCTUK BHSIBICHUX BHUIIAJKIB, a TaKOX

JTUHAMIKH 3MIH 32 I’ ITUPIYHUN TIePioJ.
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Jlis  [OCSATHEHHA TIOCTaBJIEHOI METH 3acCTOCOBAHO METOAM  MEIHKO-
CTATUCTUYHOTO aHami3zy (BKJIIOYHO 3 PO3paXyHKOM TMTOMOI Baru, TEMIIIB
OPUPOCTY/3HUKEHHSI Ta cepeAHiX 3HaueHb). OOpoOKy JaHuUX 3I1MCHEHO 13
3aCTOCYBaHHSM TabIMUHOTO aHaizy B cepenoBuii Microsoft Excel.

Pe3yabTatu Ta 00roBopenHsi. 3rigHo 3 gaHumu 3a 2024 pik (Tabmuug 1), y
XMeNbHUIIBbKINA 00J1acTi Oysio BUABICHO 382 HOBHUX BHUIIQJIKHM PaKy IMepeaMiXypoBOi
3ano3u. lle cranoButh Omm3bko 13% Bixg 3aradbHOI KUIBKOCTI OHKOJIOTIYHHX
3aXBOPIOBaHb cepejl Y0JIOBIKIB periony [1-3].

Taoaunnsg 1
J{uHaMiKa 3aXBOPIOBAHOCTI HA paK NepeaAMiXypoBoi 341034 Y XMeJIbHUUbKIN

o0aacri (2020-2024 pp.)

Pix Bunanku PI13 3axBoproBaHicTh (Ha 100 Tuc. yo.)
2020 310 38,5
2021 328 40,2
2022 350 42,6
2023 370 441
2024 382 45,3

Big3zHauaerbcst cTiiKa TEHIEHINS 10 3pPOCTaHHS KIIBKOCTI HOBHX BHITQJIKIB
paKy mnepeamixXypoBoi 3a703M, II0 € CEpHO3HUM BUKIMKOM JJIi CUCTEMH OXOPOHHU
3n10poB’a. HaiiOunpin BaroMumu (pakTopaMu pHU3UKY 3aJIUIIAIOTHCA BIK (OCOOIMBO
micast 60 poKiB), CMAAKOBICTh (HASIBHICTH OHKOJIOTTYHHMX 3aXBOPIOBaHb Y POJUYIB),
TOPMOHAJIbHI UCOANTAHCH, @ TAKOXK HEXTYBAaHHS PEryIsipHUMHU NPO(IIaKTUYHUMU
obcrexxeHHsimu  [4, 5]. OcoOnuMBO 3arpo3jiMBOI0 € CHUTYyallis, KOJH XBOpoOa
BHUSBIIIETHCS HA MMI3HIX KIIHIYHUX CTaisIX — II€ 9aCTO 3YMOBJICHO HU3BKHM pIBHEM
iH(opMOBaHOCTI HaceseHHs o0 cuMnToMiB PII3 Ta HeCBo€4acHUM 3BEpHEHHSM 32
MEIMYHOIO TOMOMOT0k0. BaxnBo He juile 3a0e3MeYuTy JOCTYII 10 A1arHOCTUYHHUX
3aco0iB, a 1 TTOCUJIMTH MPOCBITHUIILKY POOOTY Cepes YOJOBIUOTO HACEJIEHHS 010
BAXKJIMBOCTI1 paHHLOTO BUSBIIEHHS [6].

CuTyaliio yCKJIaJHIOE€ TaKOK HEIOCTaTHE OXOIJICHHsSI HACEJIEHHS IporpaMaMu
CKPHUHIHTY, 10 3HAYHO 3HMKY€ IAHCU Ha BUSABJICHHS MATOJIOTi HA paHHIX CTaalsaX. Y

CUTBCHKHX palioHax 00J1acTi mpobiieMa MOrIHOTIOETHCS Yepe3 0OMEKEHUH JOCTYI 70
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YpOJIOTIB Ta Cy4acHOTO MIarHOCTUYHOTO oOnamHaHHs. lle mpusBoauTH A0 TOTO, IO
3HaYHA YaCTWHA TAIIEHTIB MOTPAIUIIE 0 CIEMialicTa BXE 3 PO3BUHEHOIO (hOPMOIO
3aXBOPIOBAHHS, KOJIM TEPANIEBTUYHI MOMIIMBOCTI 3HAYHO OOMEKEH1, @ IPOrHO3-MEHIII
CHpUSATIUBUA [7].

Bapro 3a3HauuTh, 1o cBoevyacHe BusiBieHHs PI13 MoxnuBe 3aBISKH MPOCTUM
METO/IaM JIarHOCTUKH — 30KpeMa, peryjsipHomMy BuMiptoBaHHio piBHsA [ICA
(mpoctarcrienupiyHOTO AHTUTEHY) B KpOBi, a TaKOX IMPOBEICHHIO MaJIbLIEBOTO
PEKTAIbHOTO 0OCTEKEHHH.

Taxkum 9WHOM, JUIsl 3HIDKEHHS 3aXBOPIOBAHOCTI Ta cMmepTHocTi Bim PII3 y
XMeNnbHULIbKIA 00J1acTi HEOOX1IHE BIPOBAKEHHS KOMILIEKCHOTO MIIX0Y, SIKUMl Ou
BKJIIOYAB  HE  JIMINE  JIIAaTHOCTUYHI  Ta  JIKYBaJbHI  3ax0JH, a u
1H(pOpMaIITHO-TIPOCBITHULIbK] KaMIaHii, CIpsIMOBaH1 Ha (dbopmyBaHHS
BIJINOBIJIaJILHOTO CTaBJICHHS 10 BIACHOTO 37I0POB’Sl.

BucnoBku. Y XMenbHUIBKIM 00JACTI CIIOCTEPIraeThes YiTKa TEHIEHIIS J10
3pOCTaHHS PIBHS 3aXBOPIOBAHOCTI HA pak MEpPeAMIXYpoBOi 3ajlo3d, IO BUMAarae
OUTBII TMUIBHOI yBaru 3 OOKY MEIUYHOI CHIJTBHOTH Ta OpPraHiB OXOPOHHU 3/I0POB’S.
OnHuM 13 NPIOPUTETHUX HANPSIMIB MAa€ CTaTH MOCHJIEHHS CKPUHIHTOBUX MPOTpaM,
30KpeMa JJig YOJIOBIKIB BIKOBOI rpynu 50+, sKi BXOJATH 10 TPYNHU IiJABUIIIEHOTO
pu3uKy. PerymspHi oOcTexeHHS, BKIOUaroun BuMipioBaHHs piBHA IICA, moBuHHI
CTaTH YAaCTHHOK CTAHJIAPTHOTO MEJAMYHOTO CympoBoAy. Haa3BuU4ailHO Ba)KJIUBUM
3QJIMIIAETBCS  MPOBEJCHHS  IUIECTIPAMOBAHUX  1H(GOPMAIIITHO-TIPOCBITHULIBKUX
KaMIMaHii, CIpsSMOBAaHUX HA MIJBUILIEHHS PIBHSA OOI3HAHOCTI HACEJIEHHS MPO MepIil
CUMIITOMHM 3aXBOPIOBAHHSI, HEOOXIJIHICTh CBOE€YACHOT'O 3BEPHEHHS JI0 ypoJjora Ta

BKJIMBICTH MPOQITAKTUYHUX OTJIAJIB HABITh 32 BIJICYTHOCTI CKapr.
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Introductions.

The present study evaluates and compares the in vitro antimicrobial properties
of ethanolic fruit extracts of two hawthorn species, Crataegus sanguinea Pall.
(blood-red hawthorn) and Crataegus kyrtostyla Auct. (curved-style hawthorn), both
native to Azerbaijan. Using the agar well-diffusion method, the extracts were tested
against a panel of pathogenic microorganisms, including Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Candida albicans. The C. sanguinea
extract exhibited broader and stronger antimicrobial activity, particularly against
S. aureus (14 + 0.6 mm inhibition zone) and C. albicans (12 + 0.4 mm), whereas the
C. kyrtostyla extract showed weaker activity across the same panel. Neither extract
was effective against P. aeruginosa.

These findings suggest that C. sanguinea possesses greater potential as a
source of plant-derived antimicrobial agents. The global rise of antimicrobial
resistance (AMR) has spurred the search for novel bioactive compounds from

medicinal plants. The hawthorn genus (Crataegus, Rosaceae) is traditionally used for
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its cardioprotective properties, yet its antimicrobial potential remains underexplored.
Crataegus sanguinea and Crataegus kyrtostyla are two hawthorn species endemic to
the Caucasus region. Preliminary phytochemical reports indicate that these species
contain diverse bioactive constituents, including flavonoids, phenolic acids, and
tannins, which may impart antimicrobial effects. Despite their common ethnomedical
use, a comparative assessment of their antimicrobial efficacy has not been performed.

Aim:

This study therefore aims to evaluate and compare the antimicrobial activities
of ethanolic fruit extracts from these two species against selected bacterial and fungal
pathogens.

Materials and Methods:

Crataegus kistotila (ovary-bent hawthorn) and Crataegus sanguinea (blood-red
hawthorn) are widespread in the Guba district and Goygol region. Hawthorn trees
bloom in May—June, and their fruits fully ripen in September—October. The fruit
samples required for the study were collected during this ripening period, specifically
in September—October, from healthy and undamaged individuals. The collected
samples were botanically identified and voucher specimens were prepared for the
herbarium.

Results and discussion:

For extraction, 70% and 100% ethanol were used as solvents. For each
extraction, 10.00 g of dried fruit material was measured, and 100 ml of solvent was
added (plant:solvent ratio 1:10). The extraction was carried out in dark-colored,
tightly sealed glass flasks. The flasks were kept at room temperature, away from
sunlight, for a duration of 7 days. During this period, the flasks were shaken regularly
every day to ensure maximum interaction between the solvent and the plant material.
After the 7-day cold maceration process, the solutions were first filtered through
gauze and then through folded filter paper to separate the plant residues. The crude
ethanol extract obtained from each sample was stored in dark glass containers at
+4 °C until use.

To study the antibacterial and antifungal activity of the substances, the disk
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diffusion method was used. According to standard practice, the following were
selected as test cultures: gram-positive bacteria such as Staphylococcus aureus and
MRSA (methicillin-resistant Staphylococcus aureus), gram-negative bacteria such as
Escherichia coli and Pseudomonas aeruginosa, yeast-like fungi such as Candida
albicans, gram-positive spore-forming bacilli such as Bacillus anthracoides, and
encapsulated bacteria such as Klebsiella pneumoniae. In the disk diffusion method, a
suspension was prepared from the 24-hour microbial culture at a turbidity equivalent
to 0.5 McFarland standard.

Then, separate Petri dishes containing nutrient media — meat-peptone agar
(MPA) and Sabouraud agar — were inoculated with the respective microbial
suspensions. Sterile disks, soaked with the tested substances 3-5 days prior, were
placed onto the surface of the inoculated media. The plates with MPA were incubated
at 37°C, and those with Sabouraud agar at 28°C. After 24-48 hours, the results were
recorded.

The conducted research revealed that Substance 1 showed moderate activity
against the test cultures E. coli (16 mm), C. albicans (12 mm), MRSA (9 mm), and
S. aureus (7 mm), and showed no effect on the other cultures.

Substance 2 exhibited stronger antimicrobial activity, with the highest effect
against E. coli (25 mm). It showed moderate activity against C. albicans and MRSA
(15 mm), and S. aureus (13 mm), while no activity was observed against the other
cultures.

Substances 3 and 4 showed weak activity only against S. aureus (5 mm) and
did not affect the other cultures. In the next stage, the antimicrobial properties of the
extracts were studied using the serial dilution method. For each microbial culture, 4
sterile test tubes were used. 1 ml of the tested substance was added to tubes 1 and 2.
Then, 1 ml from tube 2 was transferred to tube 3, and 1 ml from tube 3 to tube 4.
Finally, 1 ml was discarded from tube 4. As a result, the substances in the test tubes
were diluted to concentrations of native (1), 1:2 (2), 1:4 (3), and 1:8 (4). One drop of
microbial suspension was added to each tube. After 10, 20, 40, and 60 minutes of

exposure, cultivation from each tube was performed on the surface of nutrient media
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in Petri dishes. The fungal cultures were incubated in a thermostat at 28°C for 48
hours, and bacterial cultures at 37°C for 24 hours, after which the results were
evaluated.

Conclusion: As a result of the conducted research, it was determined that
among the tested substances, Substance 1 and Substance 2 exhibited antimicrobial
activity. Among the control substances, 100% ethanol showed strong antifungal and

moderate antibacterial activity.
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Introductions. The food service industry, particularly the fast food sector, is
characterized by intense competition, high dynamics, and a constant pursuit of
operational excellence. The success and profitability of establishments depend on the
efficiency of business processes, consistency of product quality, and speed of service.
However, many chains still rely on outdated, manual methods for managing
personnel and monitoring storage conditions.

This leads to problems such as inefficient scheduling, high staff turnover, and
risks of product spoilage due to noncompliance with temperature conditions.
Ultimately, these issues result in financial and reputational losses.

These issues create a demand for an affordable, integrated tool that can
automate routine processes and provide management with objective data for
decision-making purposes. The absence of a system combining human resources
management with Internet of Things (loT)-based monitoring creates a significant
market opportunity.
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Aim. The relevance of this work lies in developing a software system that
meets the modern requirements for automating and digitally transforming the catering
business. Combining web technologies and loT solutions enables us to create a
platform that increases efficiency, reduces risks, and improves working conditions.

The goal is to develop a web-based system called StaffFlow that combines a
human resources management module with an loT module for climate condition
monitoring to automate key operational processes in a fast food chain.

To achieve this goal, the following tasks must be completed: 1) Analyze the
subject area and identify the main problems of personnel management and
monitoring in public catering establishments. 2) Design software architecture based
on pure architecture principles to ensure modularity, scalability, and ease of support.
3) Backend based on ASP.NET Core, which implements the REST API for
interaction with clients. 4) Frontend as a single-page application (SPA) on Vue.js,
which provides a user-friendly interface for administrators and employees.
5) Develop and emulate an loT client based on ESP32 to collect and transmit
temperature and humidity data. 6) Ensure the containerization of all system
components using Docker and Docker Compose to simplify deployment and ensure
independent operation. 7) Implement key functions, including user and role
management, work schedule management, change request processing, loT data
monitoring, report generation, and backup.

The subject of the study is the process of automating the management of
operational activities in a fast food chain, also is architectural solutions and software
tools for creating an integrated system of personnel management and IoT monitoring.

Materials and methods. This research focuses on the management of
operational processes in food service chains, particularly in the fast food industry.
This industry is characterized by intense workloads, high staff turnover rates, and
strict product quality and safety requirements.

The efficiency of such establishments depends on three key aspects: human
resources management, product quality control, and process optimization. Human

resource management in fast food is challenging due to the dynamic workload, shift
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work, and high staff turnover. Traditional planning methods, such as Excel
spreadsheets or paper schedules, are inefficient and error-prone. They also lack
flexibility. Managers spend a lot of time manually creating schedules and taking
employee requests into account, such as vacation, sick leave, and shift changes. The
absence of a centralized system can lead to misunderstandings, inaccurate
timekeeping, and reduced staff motivation and satisfaction.

Food quality and safety are the highest priorities for any catering
establishment. Storage of ingredients requires strict adherence to temperature and
humidity levels. Manual control of these parameters is unreliable and does not allow
for continuous monitoring or a quick response to critical deviations, such as
malfunctioning refrigeration equipment.

This creates a significant risk of product spoilage, financial loss, and threats to
consumer health. Effective communication between management and employees is
essential for coordinated work. However, in many establishments, communication is
decentralized through messengers or verbal agreements, which leads to important
information being lost, especially regarding requests for schedule changes.

Technological advancements provide an opportunity to solve these problems
by creating a single integrated system. Such a system could automate scheduling,
continuously monitor storage conditions with sensors, and provide communication
and administrative tools. The lack of affordable, integrated solutions that combine
personnel management and IoT monitoring creates a market niche and justifies the
development of the StaffFlow software system. After analyzing the industry, we
identified several key issues that negatively affect the efficiency, profitability, and
quality of service of fast food chains.

The StaffFlow system is designed to comprehensively solve these problems.
The main problems are: 1) Managers spend a lot of time creating schedules and
processing vacation, sick leave, and shift requests. This leads to errors and
suboptimal resource allocation. 2) Employees don't have convenient, timely access to
their up-to-date schedules. 3) Periodic manual checks of temperature and humidity

cannot prevent product spoilage in the event of sudden equipment failure, especially
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outside of business hours. This results in direct financial losses and risks to consumer
safety. 4) Requests for schedule changes communicated verbally or through personal
messages are often lost. Employees cannot see the status of their requests, and
management does not have a complete picture of staff workload and shift history.
5) The absence of a centralized system makes it impossible to collect and analyze
data on hours worked, reasons for staff absences, and the efficiency with which
working time is used. This prevents informed management decisions.

To address these issues, we propose creating a centralized, web-based system
called StaffFlow that combines HR management tools and IoT monitoring. The main
functional blocks that solve the identified problems include: 1) The system provides
an interactive calendar for creating and editing schedules. Employees can view their
schedules via a web interface or mobile app and submit change requests
electronically. Managers can process these requests in one place. 2) The introduction
of ESP32-based Internet of Things (loT) devices equipped with temperature and
humidity sensors ensures continuous data collection in key storage areas. The system
automatically analyzes the data and sends instant notifications to responsible
personnel in the event of abnormal readings, enabling a quick response and loss
prevention. 3) The admin panel serves as a central location for managing users and
roles, processing requests, and viewing system status. It provides an official channel
for interaction. 4) The system automatically collects data on hours worked, vacation,
sick leave, and sensor readings. This gives management tools to analyze efficiency
and optimize the facility's operations.

Thus, the StaffFlow system under development offers a comprehensive
solution to the identified problems by automating routine tasks, increasing control
reliability, and providing effective management tools. To determine the StaffFlow
system's competitive advantages and unique value, we analyzed existing platforms
that partially solve similar problems in catering management. Although many POS
systems are available, we focused on those offering HR management functions that
can be extended for 10T monitoring.

The first platform under consideration is Square for Restaurants. It is a robust
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point-of-sale (POS) system designed to support all aspects of restaurant operations,
from order taking to payment processing. The system includes basic personnel
management tools, such as time tracking and payroll.

Advantages include deep integration with payments, marketing, online
ordering, and other Square systems; an intuitive interface for staff; and transparent
pricing. Disadvantages: The system lacks built-in capabilities for climate monitoring
using sensors, and the personnel management functionality is basic, failing to address
complex scheduling needs and processing change requests.

The second platform is Toast POS, a leader in the restaurant technology
market. Toast offers an all-in-one solution that includes a POS system, order
management, a loyalty program, and HR management tools. Advantages: It provides
detailed reports on sales and performance and easily integrates with various delivery
services. Disadvantages: Like Square, Toast does not offer automated monitoring of
storage conditions via the Internet of Things. Its focus on the sales process limits the
ability to manage other aspects of the business in depth, such as detailed staff
scheduling.

Revel Systems is the third platform, known for its flexibility and extensive
functionality, including order management, inventory management, personnel
management, and analytics. Advantages include ample opportunities to customize the
system to meet specific business needs and advanced tools for tracking balances.
Disadvantages:

The high level of flexibility can make the initial setup difficult and may require
technical support. It may also be a more expensive option, which is a disadvantage
for small and medium-sized establishments with limited budgets. It does not have
integrated climate monitoring solutions.

Results and discussion. To provide an objective assessment, a table was
created that compares the proposed StaffFlow system with similar systems according
to key criteria. The evaluation was carried out on a scale from 0 to 3, where 0 is no
functionality, 1 is basic implementation, 2 is good implementation, and 3 is complete

and convenient implementation.
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Table 1

Evaluation of Analogues by Criteria

Criteria Square for Toast Revel
Restaurants POS Systems
Schedule and Staff Management 1 1 2

IoT monitoring of conditions
Payment and POS order processing
Interface for administration

Mobile access for staff

RINW O
NINW O
NINW O

The main conclusion is that, while the existing platforms are powerful POS
systems, they do not comprehensively solve the problem of operational management
by combining in-depth personnel management with automated storage condition
monitoring. The StaffFlow system addresses this niche by offering a solution that
complements existing POS systems, thereby increasing the efficiency and safety of
fast food outlets. An analysis of industry and existing solutions revealed a significant
need for an integrated system that automates key operational processes in fast food
chains, including personnel management and monitoring of storage conditions.

Existing platforms mainly focus on POS system functionality, leaving this
niche untapped. Thus, the main objective of this course project is to develop and
implement a comprehensive, web-based platform that combines personnel
management tools and climate monitoring using loT technologies. The goal is to
create an environment in which facility managers can effectively manage work
schedules and ensure proper storage conditions for products automatically. To
achieve this, several specific technical and functional tasks must be completed. First,
design and implement a reliable server that will serve as the core of the entire system.
This component will manage users and their roles, process requests for schedule
changes, and collect and analyze telemetry from IoT devices.

The implementation will use a modern technology stack: the C# programming
language on the .NET 8 platform with the ASP.NET Core framework [1] to create a
RESTful API. Data will be stored in a PostgreSQL relational database [2] and
interacted with through the Entity Framework Core ORM [3]. Next, develop and
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emulate the client side of the Internet of Things. This module, which is based on
ESP32, will collect temperature and humidity data and send it to the server API via
HTTP requests. Third, an interactive web client should be created to serve as the
main tool for managers. It should provide a user-friendly interface for managing
users, reviewing and approving requests, and visualizing data from IoT sensors in the
form of graphs and informative maps. The Vue.js 3 framework [4] with TypeScript
[5] will be used to create a dynamic, scalable, single-page application to implement
it. The Pinia library will manage state [6], and Chart.js will visualize data [7]. Finally,
the entire system should be containerized using Docker and Docker Compose [8].
This will provide an isolated and stable working environment for each component,
simplify the deployment process, and ensure the system is portable and scalable. The
final product will be a working prototype of a web-based system demonstrating the
full interaction cycle: collecting data from an loT device, processing it on the server,
and visualizing it on the client web interface. The prototype will also include
authentication, management, and administration functions.

Conclusions. As part of this project, we successfully developed and
implemented the StaffFlow software system, which is designed to automate personnel
management and monitor conditions in a network of public catering establishments.

The goal of creating a workable prototype of an integrated web platform
combining the backend, frontend, and 10T modules was fully achieved. The main
functional requirements, such as user and role management, the full work cycle with
schedules, and monitoring temperature and humidity indicators from loT sensors, as
well as database backup functionality, have been successfully implemented and
tested. The system provides user authentication against the database using password
hashing and implements role-based access rights. An assessment of the quality of the
work confirms the feasibility of the chosen architectural solutions. Using a multi-
layered architecture with Repository and Service patterns, as well as the principles of
object-oriented programming (OOP) and asynchronous programming, ensured the
backend's ease of maintenance and scalability. Using Docker made it possible to

create an isolated, reproducible, and deployable environment for all system
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components. The implemented front end provides a clear, dynamic user interface.
Interacting with the loT simulator and displaying it on the dashboard ensures the
collection and visualization of telemetry in real time. Despite these achievements,
there are ways to further improve the software project. These include implementing
advanced analytics to predict or detect anomalies in sensor data, implementing two-
factor authentication to improve security, and expanding the mobile client's

functionality. These areas represent potential for future project development.
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Introductions. In today's digital world, the number of online services that
require registration is constantly growing. This makes managing credentials an
increasingly acute problem. The average user has dozens of accounts, leading to the
need to create, memorize, and securely store many passwords. Using the same
password for different services or using simple, easy-to-guess combinations are
common but extremely dangerous practices that pose significant digital security risks.
A data breach on one platform can compromise user accounts on many other
platforms.

Password managers were developed to solve this problem. These specialized
software products are designed for centralized, secure storage of credentials. These
tools allow users to generate cryptographically strong, unique passwords for each
service and store them in an encrypted digital vault. Access to the vault is protected
by a single master password. The relevance of this topic is driven by the growing
need for reliable, convenient, and transparent tools to ensure personal digital security.
Unlike many commercial products that operate using a "black box" model,
developing your own password manager enables you to thoroughly research and
implement modern cryptography principles and secure system architecture. This
allows you to create a solution that is fully controlled by the user.

Aim. This work aims to develop the "MyPassword Box" client-server web
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application, which provides users with a secure, reliable, and functional environment
for storing, organizing, and generating passwords. The work primarily focuses on
implementing a robust encryption model to prevent third-party access and creating a
flexible structure to easily manage many records. To achieve this goal, the following
tasks must be completed: 1) Analyze the subject area and study existing solutions and
their security models. 2) Justify the choice of technology stack for implementing the
client and server parts. 3) Design the system architecture, database schema, and
RESTful API. 4) Implement the following key algorithms: user registration,
authentication, key generation, and the encryption and decryption of data. 5) Develop
an intuitive user interface. 6) Test the developed application to ensure its
functionality and security.

Materials and methods. There are many password managers on the market
that can be classified by several criteria, including data storage model, functionality,
and target platform.

1. Cloud-Based Password Managers: This is the most popular type of solution,
in which encrypted user data is stored on the development company's servers.

Examples include: LastPass, 1Password, Dashlane, and NordPass.

Advantages: convenience (automatic data synchronization between all
devices); advanced functionality (organization of records by folders and tags; secure
notes; storage of bank card data; automatic form filling; password security audit; dark
web data leak monitoring).

Disadvantages: dependence on a third-party service (users entrust their data to
a third party); centralization risks (company servers are an attractive target for
hackers; even though the data is stored in an encrypted form, a successful attack on
the infrastructure can have serious consequences).

2. Self-hosted/local-first password managers: The data is stored directly on the
user's device or their own server.

Examples: KeePass (local), Bitwarden (self-hosted), and Passbolt (for teams).

Advantages: full control over data (users can decide where and how to store
their encrypted data); high level of privacy (no data is transferred to third-party
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servers).

Disadvantages: difficult to set up and maintain (it requires technical knowledge
to deploy and maintain your own server); responsibility for security (users are solely
responsible for setting up server security, backups, and disaster recovery).

Results and discussion. After analyzing existing approaches, we decided to
develop a system that combines the convenience of cloud access with a reliable
encryption model that minimizes trust in the server ("zero-knowledge" approach).

A key requirement was implementing not only storage but also flexible,
hierarchical data structuring (folders), a standard for leading commercial products.

To better understand the market and identify key features for our own project,

we will conduct a comparative analysis of popular password managers.

Table 1
Comparative Analysis of Password Managers
Criterion 1Password LastPass Bitwarden KeePass
Storage model | Cloud Cloud Cloud / Self- Local file
hosted
Security model | Master password + | Master Master Master password
Secret Key password password + Key File
Synchronization | Paid Limited in the | Free Manual (through
free version cloud disks)
Platforms Windows, macOS, | Windows, Windows, Windows
Linux, iOS, macOS, Linux, | macQOS, Linux, | (officially), ports
Android, Web iI0S, Android, | iOS, Android,
Web Web
Open source No (customers No Yes Yes
partially)
Additional Travel Mode, Password Opportunity Extensions
features Security audit, Self-hosting through plugins
Watchtower emergency
access

The analysis shows that a security model using both a master password and an
additional secret key, like 1Password, provides an extra layer of protection. This
approach makes brute-force attacks more difficult, even if the master password hash
Is compromised. This enhanced model was used as the basis for the MyPassword Box
project. The following technology stack was chosen to implement the MyPassword

Box project, each component of which has its own advantages for solving the
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assigned tasks:

° Backend: Node.js and Express.js.

> Node.js is an asynchronous JavaScript runtime built on the V8 engine
[1]. Its non-blocking input/output (1/O) model is ideal for web applications that
handle many concurrent connections, which is typical for APlIs.

> Express.js is a minimalist and flexible web framework for Node.js [2]. It
provides a robust set of tools for building RESTful APIs, including routing,
middleware for processing requests, and integration with various templating engines.

° Frontend: HTMLJ5, CSS3, and JavaScript (Vanilla JS).

> The choice to use native JavaScript instead of large frameworks was
intentional [7]. This allows you to create lightweight, fast client applications; reduce
the number of dependencies; and gain a deeper understanding of the fundamental
principles of web applications, which is important for an educational project.

° Database: PostgreSQL.

> PostgreSQL is a powerful, open-source object-relational database
management system [3]. It is known for its reliability, SQL compliance, and wide
range of features. It's ideal for storing structured data and supports complex queries
and transactions, which are critical to ensuring the integrity of user data. Support for
data types such as JSONB enables flexible expansion of your data model in the
future.

° Security and authentication tools:

> Bcerypt: An adaptive cryptographic function for password hashing [5].
Berypt is intentionally slow, making brute-force attacks much more costly. It
automatically generates a salt for each hash, which protects against rainbow table
attacks.

> Crypto (built-in Node.js module): Used to implement cryptographic
operations [6]. It is used to generate a cryptographically strong, unique secret key
(crypto.randomBytes) and to encrypt symmetric data using the AES-256-GCM
algorithm. GCM (Galois/Counter Mode) was chosen because it ensures the
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confidentiality and authenticity of the data.
> JSON Web Token (JWT): A standard for creating access tokens that are

used to securely transfer information between parties [4]. In this project, JWT is used
to implement stateless authentication. After a successful login, the server issues a
signed token to the client. The client then sends this token with each subsequent
request to secure API resources. This allows the server to verify the user's identity
without storing session information.

The MyPassword Box system is built on classic three-tier client-server
architecture, which ensures clear division of responsibility between components.
Interaction between the client and server is based on the HTTP/S protocol. Using
HTTPS is mandatory to protect data during transmission.

Conclusions. During this project, we successfully developed the software
system "MyPassword Box", a secure and functional web application for password
management. The following key tasks were completed during the development
process:

1.  An in-depth analysis of the subject area was conducted, including a
study of the classification of existing password managers and a comparative analysis
of competitors. This allowed us to identify best practices and formulate requirements
for our own system.

2.  We substantiated our choice of a technology stack (Node.js, Express,
PostgreSQL, and JS), which provided the necessary performance, security, and
flexibility for the project.

3. We designed a scalable client-server architecture and a normalized
database structure, which laid a solid foundation for further system development.

4.  We have implemented an innovative two-factor security model based on
a combination of a master password and a unique secret key. This zero-knowledge
approach significantly increases the system's resistance to attacks because the server
never stores credentials in plain text.

5. We have developed a secure RESTful APl with JSON Web Token

(JWT) authentication, which enables secure, stateless interaction between the client
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and server.

6.  We developed an intuitive and functional user interface that allows you
to conveniently organize, store, and generate credentials.

7. We formed and implemented a comprehensive testing strategy, including
unit, integration, and basic security testing. This ensured the reliability and
correctness of the application.

The developed application demonstrates an integrated approach to designing

secure web systems and is a fully functional prototype.
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Introduction. The intensification of work on the regulatory support of the
ergodesign of unmanned aircraft systems (UAS), which is observed in modern world
practice, indicates an increase in the effectiveness of this direction of standardization
as a form of regulation of this activity in the spheres of production and technical,
social and other relations related, primarily, to the "human factor".

Aim. The process of ergodesign support for the creation and operation of such
complex systems as UAS should be based on the results of evaluating each of its
stages according to clearly defined and standardized criteria, indicators, and
requirements. Such criteria should represent, first of all, the efficiency of operators'
activities, their health status, and the level of comfort in performing tasks. Therefore,
the implementation of the ergodesign methodology in aviation design should be
based primarily on developed regulations, i.e. standards. In this case, the operator
should be considered as an integral part, a determining factor of UAS in a specific
working environment.

Results and discussion. It should be noted that UAS is not a mass-produced
product. Therefore, ergodesign analysis (expertise) of prototypes is of utmost
Importance as the main measure for implementing their design. At the same time, if it
Is impossible to use strict mathematical methods, it is advisable to rely on the

judgment of experts.
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Compliance with ergonomic design requirements is determined by the UAS
indicators determined in studies [1, 2, 3] and standardized standards [4-8]. According
to these standards, the typical nomenclature of ergodesign quality indicators includes
the following groups: aesthetic, ergonomic, socio-cultural, functional, operational,
design-marketing, and design-ecological. In turn, groups of indicators are divided
into several subgroups consisting of complex indicators. At the same time, in the case
of determining a generalized (complex) quality indicator of UAS, it is necessary to
determine generalized quality indicators of each of the components of the complex.

To obtain an assessment by a complex indicator of a group — a criterion (for
example, ergonomic) [15], it is necessary to combine individual ergonomic indicators
by converting the scales of measurement of individual indicators into a common scale
of a complex ergonomic criterion for them. The numerical value of the complex
ergonomic criterion will express the maximum achievable ergonomic quality level
for a given type of UAS, and ergonomic indicators corresponding to this criterion can
be considered optimal.

The assessment of the aesthetic level of UAS quality [17] is subjective in
nature, as it is associated with the assessment of quantitatively immeasurable
indicators. During its conduct, experts are primarily guided by their professional,
aesthetic taste. At the same time, the central problem of forming evaluation criteria in
this case is the problem of the aesthetic ideal.

The aesthetic level of quality is also determined based on a typical
nomenclature of indicators, which consists of four hierarchical levels, namely: group
aesthetic quality indicator, complex quality indicators of the 1st and 2nd levels, and
single aesthetic quality indicators.

The assessment of functional quality indicators of UAS and their components
is carried out in accordance with the requirements of DSTU 7896 [11] developed by
the authors in order to determine the conformity of the product to its intended
purpose. It is advisable to evaluate the functional quality indicators of UAS primarily
during the development of technical documentation and a prototype.

The extensive nomenclature of functional quality indicators of the UAS also
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contains a set of complex and single indicators that characterize the functional quality
of all types of products in this group. Such a nomenclature is built in the form of a
hierarchical structure in accordance with the requirements of DSTU 4055 [10], as
well as the typical nomenclature given in DSTU 7896.

The operational quality level of UAS is also determined based on the typical
nomenclature of indicators according to DSTU 7274 [9] and DSTU 4055 [10].

Assessment of socio-cultural, design-marketing, and design-ecological quality
levels is carried out using procedures similar to those outlined above. However, the
following should be considered. It has been proven [1, 2, 3, 12] that ergonomic
design requirements and indicators are mandatory for consideration in design
activities when creating UAS, and their normalization in the form of ergonomic
design standards leads to a significant increase in design efficiency, optimizes the
generation of ergonomic design ideas and developments.

At the end of the abstracts, we will very briefly describe the state standards of
Ukraine developed by the authors in recent years, which regulate the creation and
conditions of operation of UAS.

DSTU 7895 “Design and ergonomics. Rules for assessing the ergonomic
quality level of industrial products” [15]. Establishes rules for assessing the
ergonomic quality level of products for industrial and technical purposes. This
standard supplements the requirements of DSTU 7247 regarding the specifics of
ergonomic assessment and its procedure.

DSTU 7896 “Design and ergonomics. Rules for assessing the functional level
of quality of industrial products” [16]. Defines the rules for assessing the functional
level of quality of machines and devices. This standard also supplements the
requirements of DSTU 7247 regarding the specifics of functional evaluation and its
procedures and applies to products of industrial and technical purpose - that is, UAS.

DSTU 7298 “Design and ergonomics. Rules for assessing the aesthetic level of
quality of industrial products™ [17]. Establishes the basic provisions and rules for
assessing the aesthetic level of quality of UAS by an expert group.

DSTU 7950 “Design and ergonomics. Workplace when performing standing
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work. General ergonomic requirements” [18]. Contains general ergonomic
requirements for workplaces when performing work in a standing position, which
must be taken into account during ground control stations of UAS.

DSTU 7299 “Design and ergonomics. Operator's workplace. Mutual
arrangement of workplace elements. General ergonomic requirements” [19]. This
standard establishes general ergonomic design requirements for the mutual
arrangement of workplace elements: control panel, information display devices,
controls, seating, and auxiliary equipment.

DSTU 8603 "Design and ergonomics. Rules for assessing the quality level of
automated workplaces” [4]. The standard establishes rules for assessing the
ergodesign quality level of automated workplaces, and also defines a detailed
nomenclature of ergodesign indicators of their quality. It supplements the provisions
of DSTU 7247, DSTU 7298, and DSTU 7895 regarding evaluation rules, as well as
the nomenclature of ergodesign quality indicators.

DSTU 8604 “Design and ergonomics. Workplace for performing work in a
sitting position. General ergonomic requirements” [20] establishes general ergonomic
design requirements for workplaces for performing work in a sitting position.

DSTU 8957 “Design and ergonomics. Unmanned aerial vehicle complexes.
Nomenclature of quality indicators” [5] contains a detailed nomenclature of
ergodesign quality indicators of the main components of unmanned aerial vehicle
complexes.

DSTU 8958 “Design and ergonomics. Workplaces of remote pilots of
unmanned aircraft. Nomenclature of quality indicators” [6] establishes a detailed
nomenclature of ergodesign quality indicators of workplaces of remote pilots of
unmanned aircraft. This nomenclature applies to workplaces of stationary (located in
a separate room) and mobile (mounted, for example, on a vehicle) UAS ground
control stations, but does not apply to manual and portable ground control stations.

DSTU 9067 “Design and ergonomics. Unmanned aircraft complexes. Rules for
assessing the quality level” [7] establishes the rules for assessing the ergodesign

quality level of unmanned aircraft complexes and the rules for assessing the
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ergonomic design quality level of their components, the rules for calculating the
overall quality level and the rules for determining the values of group (ergonomic,
aesthetic, functional, operational, design-marketing and design-ecological) quality
indicators of unmanned systems.

DSTU 9322 “Ergodesign. Unmanned aviation systems. Ergodesign quality
indicators” [8] defines a system of ergodesign indicators used during ergodesign
construction and quality assessment of such unmanned aviation systems as unmanned
aviation complex and FPV complex. The requirements of this standard apply to those
components that may affect the airworthiness of the UAS and whose design is
influenced by human factors.

DSTU 9321 “Ergodesign. Unmanned aviation systems. Rules for designing
methods for determining conformity” [21] contains requirements for the rules for
designing methods for determining conformity used during ergodesign quality
assessment (ergodesign certification) of such unmanned aviation systems as
unmanned aviation complexes and FPV complexes.

Conclusions. This publication analyzes only the main domestic and
harmonized international ergodesign standards developed by the authors. UAS
practitioners need to diligently study the regulatory framework that regulates their
field of activity, which is constantly evolving and improving.

The standardization of ergodesign activities in the field of ALS is being carried
out at a rapid pace and covers all its types. The requirements for ergodesign support
for developments and projects are constantly growing and must comply with
international and European standards. This is a proven and irrefutable fact. Moreover,
it should also be taken into account that the level of requirements of international
standards in world practice is generally used as a baseline, and national standards of

developed countries, as a rule, contain requirements above the baseline level.
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Abstract: Laboratory experimental studies were conducted to study the
interaction of gravity waves with models of permeable breakwaters, which are
formed by piles of circular cross-section. Experiments were conducted in a wave
channel, where waves of different height, period and wavelength were generated.
Visual studies using video and photo equipment and instrumental studies using
piezoresistive wave height sensors and wave pressure fluctuation sensors were
performed. The heights of reflected waves increase with a decrease in the
permeability of the breakwaters and an increase in the frequency of the wave field.
With an increase in the length of the incoming waves, these heights, on the contrary,
decrease. The dependences of the transmission waves through the vertical
breakwater, on the contrary, decrease with a decrease in the permeability of the wall
and increase with an increase in the frequency of the waves and decrease with an
increase in the length of the incoming waves. The permeable vertical breakwater with
piles of circular cross-section is a sufficiently effective protective structure that
significantly reduces the transmission of storm waves into the protected water area,

especially in conditions of low permeability, and this design also allows improving
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environmental conditions and significantly saving material resources during the
construction of a coastal protection structure.
Keywords: Permeable breakwater, reflection wave, transmission wave, flow

visualization, wave height sensor.

Introduction. The construction and operation of a large number of hydraulic
structures, piers, zones and recreation centers is carried out in coastal regions. The
main problem of the development of these regions and coastal water areas is the
protection of coasts, harbors and marine infrastructure. Protective measures must
have high efficiency, increased environmental safety and must be the most reliable
and, if possible, cheap. There are many types of coastal protective structures. These
are dams, boons, berms, breakwaters and artificial beaches, bays, harbors. Protective
structures of active, passive or complex type of action fully or partially protect
coastal structures and the coastal zone.

These structures are built in the form of solid, intermittent and permeable
walls, inclined dams and breakwaters, submerged, floating and structures protruding
above the sea surface. Depending on the type of structure, its location in the sea area,
the principle and mechanism of action, the wave field is partially or completely
reflected from the structure, transformed and penetrates through it, reducing wave
loads on the protected objects.

Coastal protection structures affect the movement of bottom sediments, change
the circulation of the coastal current and the ecological situation in the protected
water area. Breakwaters and dikes are the most widely used coastal protection
structures. Breakwaters are installed parallel or perpendicular to the shore to ensure
safe navigation in the harbor and protect the coastline from erosion. Dikes are
constructed along the coastline to protect the shore, reduce coastline erosion and the
impact of surges and waves on coastal infrastructure.

The action of hydrodynamic pressure on the breakwater wall leads to the
appearance of significant loads on the structure. To withstand such loads, the

structures are made massive and durable with the use of large capital investments
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[1, 2]. Environmental restrictions and increasing costs for the construction of coastal
protection structures, for example, vertical or inclined breakwaters require
consideration of alternative solutions to traditional fully protective structures. To
overcome the above problems, permeable breakwaters are used. Such a breakwater
reduces the reflection of incoming waves relative to a solid vertical wall, ensures
partial passage of waves of an acceptable level into the protected water area, and also
allows for fluid exchange between the open sea and the protected area. In addition, a
permeable wall allows marine fauna to move freely and forms currents that affect the
movement of bottom sediments and pollution on the surface of the protected water
area [3, 4].

The purpose of the work is to study the features of the interaction of sea waves
with models of permeable coastal protection structures in the form of vertical
breakwaters.

Materials and methods.

The determination of the features of the transformation of gravity waves near
permeable breakwaters was carried out using visual studies and measurements of
wave heights in front of the frontal part of the vertical breakwater and behind it.
Visual studies using cameras and video cameras made it possible to assess the
characteristic features of the behavior of the wave field in the studied areas.
Instrumental studies using wave height sensors, as well as pressure fluctuation
sensors, made it possible to determine the quantitative parameters of wave motion
and the wave pressure fluctuation field near solid and permeable vertical breakwaters
[5-7]. To carry out these scientific works, an experimental stand was created based on
a wave channel and experiments were carried out in laboratory conditions.

The experiments were carried out in a wave channel about 50 m long, where a
measuring section was made at a distance of about 40 m from the shield wave
generator. The bottom of this section was filled with quartz sand to a height of 0.2 m
and models of the vertical breakwaters under study were placed on the sand. An
oblique slot wave absorber was installed in the stern part of the wave channel. The

wave channel was filled with water to a depth of 0.4 m. The side walls of the channel
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were made of impact-resistant glass for visual studies and video-photographing. The
width of the channel was 1.0 m and the height of the channel was also 1.0 m.

The experimental stand was equipped with control and measuring equipment,
sensors, coordinate devices, sensor fixation systems, data recording equipment, and
computer technics [8, 9].

Measurement of wave height and wave pressure was carried out using
piezoresistive dynamic pressure sensors. Piezoresistive dynamic pressure Sensors
measured the pressure in thin-walled tubes that were immersed under the water
surface. Under the action of the wave field, the pressure in the tubes changed in
accordance with the wave parameters and was recorded by these high-precision
(sensitivity 2 Pa) sensors [10, 11].

Results and discussion.

Visual researches and the results of video and photo shootings allowed us to
develop qualitative characteristics of the wave field behavior in the vicinity of the
studied models of vertical breakwaters. Examples of the interaction of gravity waves
with permeable vertical walls are shown in Fig. 1. Fig. 1 shows photographs of the
passage of the gravity wave crest (Fig. 1a) and it’s sole (Fig. 1b) through a permeable
breakwater with a penetration of 20%.

The results of the researches showed that for such a permeable wall, the crest
heights in front of the wall and behind it differ significantly, which is due to the wall
acting as a vertical single-row permeable breakwater. At the moment of interaction of
the sole of the incoming wave with the permeable wall, a significant flow of fluid
was observed from the aft part of the wall to its front part, as shown in Fig. 1b. It
should be noted that a significant flow of fluid through the slotes of the permeable
wall was also observed during the interaction of the wave crest with the breakwater,
but in the opposite direction.

As shown in these photographs, the wave heights in front of the permeable
breakwater significantly exceed up to (5-8) times the heights of the transmision

waves through the studied vertical breakwater model.
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Fig. 1. Results of visual studies of the interaction of gravitational waves with a
permeable breakwater
The dependences of the height of the reflected wave on the distance of the

wavelength from the vertical breakwater, which were determined as h, =h-h,
(where h is the height of the wave in front of the breakwater and h. is the height of

the incoming wave generated by the wave generator,) and normalized by the channel

depth (h, / H ), are presented in Fig. 2 depending on the frequency of the waves and

their length. Here, curve 1 is measured for a solid vertical wall (permeability 0%),
curve 2 for a wall with a permeability of 10%, curve 3 — 20%, curve 4 — 30%, curve
5-40%, curve 6 — 50% and curve 7 — 60%. The measurement results show that with
the increase in the frequency of the incident wave or with the decrease in its length,
the height of the reflected wave increases. At the same time, the increase in the
permeability of the breakwater causes the height of the reflected wave to decrease,
and the rate of decrease increases with the increase in the frequency of the wave or

with the decrease in the wavelength, as shown in Fig. 2.
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Fig. 2. Heights of reflected waves in front of permeable vertical breakwaters of
different permeability depending on the frequency of the incoming wave (a)
and wavelength (b)
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An estimate of the influence of the permeability of vertical breakwater on the
heights of transmision waves normalized by the channel depth (h, /H) can be
obtained by analyzing the results of measuring the heights of transmision waves
behind vertical breakwater depending on the frequency and length of the incoming

wave, which is shown in Fig. 3. Here the curve numbers are the same as in Fig. 2.
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Fig. 3. Heights of transmision waves behind permeable vertical breakwaters of
different permeability depending on the frequency of the incoming wave (a)
and wavelength (b)

The results of the researches showed that the height of the transmision wave
increases with increasing wall permeability, especially with increasing wave
frequency or decreasing its length, as shown in Fig. 3a and Fig. 3b, which correlates
with the results of observations [12, 13]. The results of the researches of the wave
field heights, normalized by the channel depth (h/H), in the vicinity of permeable
vertical breakwaters and the wave pressure fluctuation field of the breakwater with a

permeability of 20% are shown in Fig. 4.
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Fig. 4. The shape of gravity waves (a) and the power spectral densities of wave
pressure fluctuations (b) in the vicinity of the vertical breakwater with a

permeability of 20%.
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The experiments were carried out for the following wave field conditions:

wave period T — =1.14 s; length of the incoming wave h. — =0.165 m; wavelength
A— =2.03 m; wave speed U, — =1.78 m/s. Curve 1 was measured at a distance

—1.04 in front of the permeable wall, curve 2 was obtained for a distance —0.254,
curve 3 for a distance —0.0011 also in front of the wall, and curve 4 was obtained for
measurements behind the permeable breakwater at a distance 1.04.

As shown in Fig. 4a, the highest wave heights (about 0.25 m) were observed
near the front wall (curve 3), which is almost 1.5 times greater than the height of the
incoming wave. Behind the permeable vertical breakwater, the height of the
transmission wave is almost (6-7) times less than the height of the reflected wave
near the front wall, which indicates the effectiveness of using such a breakwater
design as a coastal protection structure.

The results of the researches showed that regardless of the permeability of the
vertical breakwater, as one approaches the frontal part of the wall, the intensity of the
pressure fluctuation field increases in the high-frequency region, where the
interaction of the incoming wave with the breakwater and the generation of intense
small-scale wave structures occurs.

Conclusions.

The results of experimental studies have shown:

1.  The permeable vertical breakwater with piles of circular cross-section is
a sufficiently effective protective structure that significantly reduces the transmission
of storm waves into the protected water area, especially in conditions of low
permeability, and this design also allows improving environmental conditions and
significantly saving material resources during the construction of a coastal protection
structure.

2. It was established that the heights of reflected waves increase with a
decrease in the permeability of the breakwaters and an increase in the frequency of
the wave field. With an increase in the length of the incoming waves, these heights,
on the contrary, decrease.

3. It was shown that the dependences of the transmission waves through the
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vertical breakwater, on the contrary, decrease with a decrease in the permeability of
the wall and increase with an increase in the frequency of the waves and decrease
with an increase in the length of the incoming waves.

4. It was determined that the spectral densities of the power of wave
pressure fluctuations have the highest values directly in front of the frontal part of the
breakwater and with increasing wall permeability these levels decrease. A
particularly significant increase in the levels of pressure fluctuations was observed in
the high-frequency region, which is due to the action of high-frequency small-scale
pressure sources, which are small-scale components of wave motion generated during

the interaction of the incoming wave with the vertical breakwater.
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PIBUYHA MOJAEJIb 3ABPYJITHEHHSA TPAHC®OPMATOPHOI'O MACJIA
MNPOJYKTAMU AYTOI'ACIHHS TA ii BILIUB HA MPALIE3JIATHICTD
KOHTAKTHHX BY3JIIB IEPEMUKAYA

BoJjixos €rop Bosonumuposuy,
IHorpeona FOuis CepriiBHa,
AcmipadTu

3anopi3bKuii HalllOHATBHUN YHIBEPCUTET
M. 3anopixoks, YKkpaina

Beryn. YV 3B’43Ky 13 BIACYTHICTIO KOMIUIEKCHOTO HayKOBO OOI'PYHTOBAHOTO
X0y O MEXaHI3My YTBOPEHHS MPOAYKTIB 3a0pyJAHEHHS poOOYOro cepeioBHINa
pI3HOI TpUpPOAM Ta TOXO/PKEHHS B KOMYTAaIllMHUX BYy3Jlax IepeMHKaya,
€KCIIEPUMEHTAJIbHO PO3LIMPEHO YSBIEHHS NP0 MOJEIb Ta KPUTEPil KIJIbKICHOIO
3B’SI3KY MK YMOBaMH YTBOPEHHS YaCTHHOK 3a0pYyIHEHHS, BUIJICHHSIM Ta30Ioa10HO1
(da3u Ta exciulyaTallliHUMU MapaMeTpamu nepemukada. Lli pe3ynbTaTu 3aXUIEHO
naTeHToM YKpaiHnu Ha kopucHy moaens U 4202305114,

Mera poGoru. 3a BIACYTHICTIO (I3UYHOI MOJEIl YTBOPEHHS MPOAYKTIB
3a0pyJHEHHs] Maclia 3 ypaxyBaHHSM IPOLECY IYTOTaciHHA [JIs BUCOKOBOJBTHHX
MacCJIOHAMOBHEHUX TMEPEMUKAYiB, KOJO TPOoOJIeM, IO YCKIATHIOIOTh BHUPIIICHHS
[IHOTO 3aBJaHHS, HAJA3BUYaiiHO MmKpoke. ToMy pO3TISIHEMO JHIIe OCOOIMBOCTI

(hopMyBaHHS MOTOKY YACTHHOK MPOAYKTIB AYTOBOTO pO3PSAIY B PIJIMHI.

Marepianu Ta wmetroam. HasBHi TeopeTwuuHi npochimxeHHs [1, 2] He
MPOTIOHYIOTh JIOCTOBIPHUX METOJIB 1HKEHEPHOTO PO3PAXyHKYy s OOJaJaHaHHS, B
SKOMY ICHYIOTH J1BO(a3H1 MOTOKHU. TUTbKM 3aMTPOBA/KEHHS MIOHATTS «XapaKTep Tedii»
JI03BOJISIE OTPUMATH HAOJIMKEHUHN PO3B’SI30K.

BuHVKHEHHS 4YaCTHHOK EJEKTPUYHOI epo3ii SK TMOTOKYy Kpameinb Ta ix
HACTYMHOI KOaryjsmii Mae, Ha IyMmMKy aBTOpiB [3, 4], IMOBIpHICHHUH XapakTep.
ibHICTh PO3MOALTY AlaMETPiB YaCTUHOK, 1110 MOAPIOHIOI0THCS (200 KOAryiroTh),

MITOPSIKOBYETHCS JOTapu(MiIdHO HOPMATFHOMY 3aKOHY PO3IMOJILTY:
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Tox piBHsHHA (1) mae audepeHIianbHUI PO3MOAUT YACTHHOK PIAUHU B
TypOyJICHTHOMY PIJIMHHOMY TIOTOIll, a PIBHAHHS (2) XapakTepu3ye 3aKOHOMIPHICTb
PO3MOITY YaCTUHOK Y TOMY CAaMOMY TTOTOIII.

st toBeJieHHST CHpaBEJIMBOCTI 3alpPONOHOBAHOI MOJENl Oyiau MpoBEIeHI
EKCIIEpUMEHTAIbHI  JIOCI/DKEHHST  SIKICHOTO ~ XapakTepy METOJO0M IIBUIKICHOI
KIHO3MOMKH, 110 MPUHIIMIIOBO MiATBEPAKYIOTh BUCYHYTY T1OTE3Y.

Jly1st IbOTO Ha MOJIEI1 KOHTAKTHUX CUCTEM (puc. 1) OyIio 3/11iCHEHO MIBUAKICHY
KIHO3MOMKY TMpOLIeCy YTBOPEHHS EIEKTPUYHOI AYTH s By3Jla CTPYMO3HIMaHHS
(puc.2, a,0). Bizyanizailisi IyroyTBOpeHHs 31HCHIOBAJIacs yepe3 OOKC IUITHAPUIHOL
dbopMHu 3 JHOM, BUTOTOBJICHHUM 3 KBapIEBOTO CKJIa, MPUKPIIJICHOTO 10 KOPIYyCy
MOJIeJIi KOHTAaKTHUX CHCTEM.

Jlnst  3lOMKH  BUKOpPUCTOBYBaynacst ImBuAKicHa KiHokamepa CKC-1M i3
o0’extuBoM  «lOmitep-11». PoTopy 3 pyXoMHUMHU KOHTaKTaMH HaJaBaBCA
obepranbHuii pyx 31 mBuAKICTIO 0,2 — 2,0 m/c. IIBUKICTh MepeMillieHHs TUTIBKH
BuOupanacs B mianazoni 3500 — 4000 xamp/c, mo m03BOSUIO (BIKCYBaTH MPOIIEC
uepes (2,5 — 3,0)x 107*c. Ilpu BH3HAYEHHI TEXHIYHMX Ta ONTUYHHX DPEKHMMIB

KIHO3MOMKH BUKOPHCTOBYBAIMCS PeKOMEHallii [5, 6].
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3 f= i R Sy

Puc. 1. Buimna pTopHa yacTHHA MojeTi nepemukayva cepii PHTA 35/125

Puc. 2. KomyTauiiiHuii By30J1 10 eKCIIEPUMEHTY a) TA MICJIs eKCIIepUMEHTY 0)
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Puc. 3. KiHorpama cTaHy NPpMKOHTAKTHOI 00JIaCTi KOMYTal[iHHOTO BY3J1a

nepeMUKaya NpM MBUAKOCTI pyxoMoro koHtakry V = 0,2 m/c

Puc. 4. Kinorpama crany NpUKOHTAKTHOI 00/1aCTi KOMYTAaUiifHOT0 By3J1a

NepeMUKaYa MPU MWBHUIKOCTI pyxoMoro koHtakry V = 1,0 m/c
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Puc. 5. KiHorpama cTaHy NPpMKOHTAKTHOI 00JIaCTi KOMYTal[i{HOTO BY3J1a

NepeMUKAYa MPU MWIBUIKOCTI pyXOMOro KOHTakry V = 2,0 m/c

Pe3yabTatu Ta odroBopennsi. Ha orpumanux kiHorpamax (puc. 3 — 5), 1o
ckiagaroTbed 3 11 KaapiB KOKHA, MPOCTEXKYETbCS CTAaH MPUKOHTAKTHOI 00J1acTi
KOMYTAIIHHOTO BY3J1a, IO B1I0Opakae yTBOPEHHSI, PO3BUTOK Ta 3aTyXaHHS JTyTOBOTO
pO3psy, KU BUHUKAE MK PYXOMHUM Ta HEPYXOMHUM KOHTAKTaMH MPU B3aEMHOMY
30MMKEHHI. Y IUJIOMMHI 3WOMKHM KaHall JIyTOBOTO pO3pSAAY MpEACTaBICHHMA
BUTSTHYTOIO B TOPU30OHTAIILHOMY HAMPSIMKY 30HOIO, 0 CBITUThCS (Kaupu 1 — 3), ska
OTOYEHA YaCTUHKAMHU BIJl 3a0pYyJIEHHHSA 1 Ta30BUMH OyJIbOAIIKAMH.

[Ipu mpoXoKEeHHI IIEHTPATbHOI YaCTHHU HEPYXOMOTO KOHTakTa (kaapu 4 — 8)
KaHaJI SJICKTPUYHOTO PO3PSAY 3HAYHO PO3IMIMPIOETHCS, Ha0yBatouu Gpopmu, OJIM3bKOT
1o enincoiga. BonHovac ioro Benuka Bich 30epirae Opi€HTAIllI0 B HAIPsIMi pyXy BCi€l
Macu Kpareib, 10 MOJAPIOHIOIOTHCS, PI3HOTO CKIaxy 1 aucmepcHocti. [liamerp
YaCTUHOK 3a0pyJieHHS Ta ra3oBUX OyJIbOaliok HEOJHAKOBHH y pi3HI MOMEHTH
ICHYBaHHSI po3psiay. Y MOYaTKOBUM MOMEHT (Kaapu 1 — 2) 3a paxyHOK 3MEHILICHHS
3a30py MDK KOHTaKTaMH, a TaKOX 3a PaxyHOK MOMITHOTO NPUCKOPEHHS IOTOKY

piaAMHU, (POPMYETHCS CTPYMIHb 31 CIHaOKMMHU APIOHOAMCHEPCHUMH MPOAYKTAMHU
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3a0pynHEHHs, 1m0 TepeOyBaiu y CTaHl PIBHOBArd 1 MOTPANWIN B OCBITJIEHE IOJIC
3MOMKHU.

Ha kaapax 3 — 4 KUIBKICTh YaCTHHOK 3pPOCTAa€ 1 PO3MIp ACAKHX 13 HUX CTa€
OinpIMM, HIX panimre. Lle Bkaszye Ha Te, 110 BiAOYIOCS YTBOPEHHS HOBHX, OLTBIINX
3a PO3MIpOM YAaCTHHOK 3a0pyJIHEHHS, TOOTO KoaryJssilis ado mopusarlis, KUIbKICTh Ta
po3Mip sAKUX Oe3repepBHO 30UIbIIyEThCS (Kaapu 5-7) 31 3pOCTaHHSIM dacy
KOHTaKTYBaHHS.

OTxe, mepeMilIeHHs! OJJHOYACHO MO KUIBKOX KOOpJWHATaX y cOopMOBaHOMY
NOTOIIl PIAMHM YAaCTHMHOK 3a0pyAHEHHA Ta ra3oBUX OynbOaliok BKa3zye Ha MOro
TypOyJleHTHICTb.  MeTOoIOM  IIBHAKICHOT  KIHO3WOMKH  €KCIIEPUMEHTAJIbHO
MIJITBEP/PKCHO  CIPaBEJIMBICTh IMEPEeIyMOB I 1MOOymoBH (i3umdHOi Mojem
VTBOPCHHSI  TPOAYKTIB  3a0pyJAHEHHS  BHUCOKOBOJIBTHHX  MAaCIOHAIIOBHEHUX
MepEMUKAYIB.

BuOyxoBuii XxapakTep yTBOPEHHS YaCTUHOK 3a0pyIHEHHS HA0YHO 3a(piKCOBaHO
Ha 8-9 kanmpax. [IpoaykTu 3a0pyaHEHHS Maike KOHIIEHTPUYHUM KOJIOM OXOTLTIOIOTH
croBn nyru. OpHak chOpMOBaHHMM paHille MOTIK PIAMHU 3aXOIUTIOE iX 13 30HU
JTYTOYTBOPEHHS Ta BITHOBIIOE CBOIO TiepBicHY dopMmy (kaapu 9-10). 3oHa 30ypeHHS
PIIMHU 3 YaCTUHKaMH 3a0pyAHEHHS PO3TAIIOBYETHCS KOHIEHTPUYHO BIJHOCHO
CTOBIIa JYTOBOTO pO3psA/y Maike cuMeTpudHO (kazapu 9-10) 3 goBxKUHOIO, KA Ha
MOPSIOK TIEPEBUIILYE PO3MIPH SIEKTPUIHOTO po3psay (kaapu 10-11).

BucHoBku. OTxe, MPOBEICH] TCOPETUYHI Ta €KCIIEPUMEHTAIBHI JTOCIIIKESHHS
YTBOPEHHSI Ta PyXy YAaCTHHOK, IO IHTEPIPETYIOThCA SK IHUCIIEPCHI CTPYKTYPH,
JO3BOJIMJIA  OTPUMATH  EMIIIPUYHY 3aKOHOMIPHICTH HAOJIMKEHOTO  PO3MOJILITY

YaCTUHOK 3a0py/HEHHS B TypOYJICHTHOMY TOTOII].
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KOMIUVIEKCHE 3ACTOCYBAHHA HII TA BE3HNIJIOTHUX
MOBITPSIHUX CYJIEH Y IPABOOXOPOHHIN AISITbHOCTI

JInTBuHenko Poman I'ennajgiiioBnu

Makagim boraan JImutpoBuy

KypcaHTu | Kypcy HaBYaJIbHO-HayKOBOTO 1HCTUTYTY No 4
XapKiBCbKUI HallIOHAIBHUN YHIBEPCUTET BHYTPIIIHIX CIIPaB
HayxoBwuii KepiBHHK:

SAuxoBcbknit Ouer I'eopriiioBuy

BUKJIaJIay Kaelpu TaKTUKO-CIIE1adbHOT MATOTOBKU
XapKiBChbKUM HAITIOHATBHUN YHIBEPCUTET BHYTPIIIHIX CIIPaB

VY cywyacHux ymoBax HH(pPOBOi TpaHcopMalii 0COOIMBY yBary IpPUBEPTAE
BUKOPUCTAaHHS HOBITHIX TEXHOJIOT1M Yy JISUTBHOCTI OpraiB mpaBonopsaky. OmaHum 3
HalOUIbII TMEpPCIEKTUBHUX HANpsAMIB € BIPOBAIKEHHS OE3MIJIOTHUX MOBITPSIHUX
cyneH (BIIC) y kommuiekci 3 cuctemamu mry4dHoro intenekty (I1I). Take noeqnanus
3a0e3neduye HOBY SKICTh IPABOOXOPOHHOI iSUTBHOCTI, BIJIKPUBAIOYM IIIHPOKI
MOJIUBOCTI JUIsl JMCTAHLIMHOTO MOHITOPUHIY, PpO3CIIIyBaHHS, pearyBaHHA Ta
3a0e3MeyeHHs TPOMaJICbKOTO MOPSAKY.

be3ninoTHi  miTanbHI  amapaTd  JI03BOJISIIOTH  3JIMCHIOBaTH  MOBITpPSIHE
CIIOCTEPEKEHHSI 3a TEPUTOPIIMH, BECTH BiJI€O3MOMKY B PEXHMI PEAJbHOrO 4Yacy,
KOOPJIMHYBATH J1i HA3EMHHUX IIIPO3ALIIB Ta OMIEPATUBHO OTPUMYBATH 1H(OpMAIIIO Y
BaXKOJOCTYITHUX MicIsiX. BOHM B)Ke aKTMBHO BHKOPHUCTOBYIOTHCS Yy OaraThox
KpaiHax JJii OXOPOHM TPOMAJICBKOTO MOPSAJKY, KOHTPOJIO 3a JOPOXKHIM PYyXOM,
MOIITYKOBUX OTIepalliif Ta JOKyMEHTYBaHHs 37104MHIB [1, 2].

BaxnuBuM eranmoM pO3BUTKY TaKWX TEXHOJOTIM CTajo BIPOBAIKEHHS
IITYYHOTO 1HTENEKTYy. 3aBISKHU aJTOPUTMaM KOMII FOTEPHOTO 30py APOHH MOXKYTb
CaMOCTIIHO pO3Mi3HABATH OOJMYYSl, HOMEPHU AaBTOMOOLIIB, MIJ03pLTY MOBEIIHKY
tomo. lle n03BoJIslE 3MEHIIMTH HABaHTa)XCHHs Ha ONEpaTOpiB Ta MPUCKOPUTU
YXBAJICHHS PIllIeHb Y KPUTHYHUX CUTYyaIisx [3].

Bapto 3a3HaunTH, MmO y HU3MI KpaiH CBITY JAPOHH BXXE OBEIU CBOIO

edeKTUBHICTh y TpaBooxopoHHil cepi. Hanpukian, y CIIIA mosiiist BAKOPUCTOBYE
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iX /i1 KOHTPOJIO 3a MPaBOMOPSAKOM I 4Yac MacoBUX 310paHb, BHUSBJICHHS
Mi703PIOBaHMX, a TAKOXK ISl JOKYMEHTYBAHHS 3JI0UMHIB. Y KpaiHax €Bpomeicbkoro
Coro3y BIIC 3acTocOBYIOTBCS IS MOHITOPUHTY JIOPOKHBOTO PYXY, BHUSIBICHHS
MOPYIICHh Ta TIPOBEICHHS aBapiiHOTO Bijco3amucy. Yce IIe CBIYATH IIPO
(dhopMyBaHHS HOBOT'O €TaIly B PO3BUTKY 3ac001B OC3IEKH, JIe aBialliiiHi TEXHOJIOT1I Ta
IMITYYHUH IHTENEKT CTAIOTh BAXKIMBUMH IHCTPYMEHTAMH MPEBEHIIli Ta pearyBaHHS
[4].

BukopucranHs IpoHIB pa3oM 31 IITYYHUM IHTEJIEKTOM JIONIOMAra€e Mol
IIBU/IITIE 3HAXOAUTH TOPYITHHUKIB, CTSKHUTH 32 TIOPSIKOM 1 pearyBaTtu Ha HEOE3IeKy.
Lle cyyacHuid 1 epeKTHUBHUH IHCTPYMEHT. AJie 100 YHUKHYTHM MOpYIIEHb IpaB
JTIOJWHU, TOTPIOHO YITKO BHU3HAYMUTHU, SAK CcaMe I TEXHOJIOTT MOXKHa
BUKOPUCTOBYBaTU. BaxinuBo 3HaiWTH OanaHC MK O€3MEKOI Ta O0COOHCTOIO
cB000/1010.
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KIBEPBE3INEKA JOMAIIHIX CMAPT-IIPUCTPOIB I ®OPMYBAHHSA
LHUA®POBOI I'Ir'1€EHU KOPUCTYBAUIB

CrosinoBnu Bagum MukoJiaiioBud

Beryn. YV octaHHi pOKHM KUIBKICTh JOMAmIHIX po3yMmMHHX mpuctpoiB (I1oT)
MOCTIMHO 3pOCTa€, OXOIUIIOIOYM COTHI MUJIBHOHIB MOMEIIKaHb 1O BChOMY CBITY. 3a
gaHuMH Statista, KUIBKICTh KOPHUCTYBadiB pPO3YMHHX OYAMHKIB y CBITI 3pOCTae
oesnepepBHO 1 10 2028 poky nocsirae 424.5 mutH. kopucTtyBadiB [1]. Taka iHTerparis
nigBUILye KOoM(OpPT KOPUCTYBAUiB, ajieé BOJAHOYAC MOPOJHKYE HOBI 3arpo3u Oe3melli.
30Kpema, eKCIepTH 3a3HayaroTh, mo A0 80% loT-mpucTpoiB MaroTh BPa3iIUBOCTI,
yepe3 sKi iX MOXYTh aTaKyBaTH 3JIOBMUCHHMKM [2]. Hampukmian, BimoMi BHITaJIKH,
KOJIM 3JJ0BMHUCHUKH 3aXOIUTIOBAJIM YIPAaBIIHHS AUTSIYUMU MOHITOPaMH, 3BEPTAIOUNCH
yepe3 Hux g0 aitedt [3]. [ocnigoBHO, akTyaaIbHUM € TTUTaHHSI KOMITICKCHOTO 3aXHCTY
JIOMAIllHbOi Mepexi. BaxIMBUM eJIeMEHTOM 3aXUCTy BHUCTYyMae (popMyBaHHS
1M(pPOBOI TIr€EHW KOPUCTYBauiB (CYKYNMHOCTI PEryJsipHUX [1i, Kl JONOMararoTh
MIITPUMYBATH MUTICHICTh CUCTEM 1 3axumaty faHi). [logibHO 10 0cOOMCTOI TirieHH,
o 3amobira€ 3axBOPIOBAHHSM, HaJeXHa IM(poBa TirieHa MIHIMIZYE PHUBHUK
KIOEpIHIUICHTIB.

Meta pocaigeHnHsi. 311HCHUTH aHATI3 OCHOBHUX KiOep3arpo3 i JOMAIIHIX
|0T-ipucTpoiB Ta BU3HAYUTH OCHOBHI MPAKTUKUA LU(PPOBOI Tiri€HU, K1 CHOPUSIIOTH
M1IBUIICHHIO 0€3MEKN KOPUCTYBAYIB.

Marepiaau Ta mMetoam. Y OCTIIKEHHI BUKOPUCTAHO METOAM CUCTEMHOTO
JITEpaTypHOTO OIVISIAY 1 MOPIBHSUILHOTO aHaNi3y Cy4aCHUX HAYKOBUX ITyOJiKarli,
rajiy3eBUX 3BITIB 1 pekoMeHaiii 3 6esnexku loT-nmpuctpoiB. Marepianu BKIIOYAIOThH
HayKOB1 CTaTTi, aHAJITU4YHI JOMOBiAl, @ TaKOX TMPaKTUYHI KEPIBHUIITBA BIJ
BUPOOHMKIB Ta opraHizamiii 3 kibepOesneku. /[l y3arajbHEHHsS pe3yJbTaTiB
3aCTOCOBAHO METOJM CHUHTE3y iH(dopMarllii, CTpyKTypu3alii BiIOMHUX 3arpo3 Ta
pEeKOMeH Al .

Pe3yabTatu Ta 00roBopenHsi. Ha ocHOBI aHamizy JKepen MOKHA BHUIILITUTH

KUTbKa KJacuikaIliif 3arpo3 Ha MEpeKEeBOMY Ta MPUKIIATHOMY PIBHSIX:
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e BuKpaaeHHs npuctporo (device hijacking);

® aTaku «ioauHa-nocepeaHuk» (MITM);

® pO3MOJiJICHI aTaku BiAMOBH B o0cayroByBanHi (DDoS);

e cramionapsi DoS-araku (PDoS) [3].

Hanpuxknan, npu ararii mijg Ha3Boro «device hijackingy 3710BMUCHUK 3aXOILTIOE
YOPaBIiHHSA CMapT-TIPUCTPOEM Oe3 SBHUX O3HAK MOPYUICHHS (DYHKIIOHAIBHOCTI,
MIiCJs 4Oro Ied MpUcTpii MOXKE BHUKOPHUCTOBYBATHCA JUISl 3apPaKEHHS BCIET MEpEexi
KOpHUCTyBaua. AHayoriuno, nommwmpeHi DDoS-ataku depe3 G6oTHeTH (30Kpema, 3a
JOTIOMOTO0 IIKITHUKIB Ha KIITalAT Mirai), 1110 MacoBO €KCIUTYaTyIOTh HEMpPOIaT4eHI
npucTpoi. B okpemux Bumajakax BUHUKaIOTh (artanbHi PDoS-ataku, siki ¢izuyuHo
BUBOJIATH MPUCTpi 3 jaxy (Bigomuil nmpukiang — BrickerBot). [Ins naounocti 3a
pe3ynbTaTaMu aHajily aBTOPOM CHCTEMAaTH30BAaHO 3a3HAYEHI 3arpo3d Ta 3aXOAH
npoTtuAil y Tabmumi (nuB. Tabmuns 1).

Taoaunng 1

3arpo3u AJis1 J0OMaNIHiX CMAPT-IPUCTPOIB Ta 3aX0AU 3aXHUCTY

3arpo3sa Onmuc 3axonm 3axucry
Bukpanenns mnpuctporo | 3axormieHHs ynpaBiiHHS | Bukopucranus HaA1HOT
(Device hijacking) PUCTPOEM 3JIOBMHCHUKOM; | aBTeHTH(DiKaIIii, BUIAJICHHSI
MOKe HEBHUABJICHO | 3aBOJCHLKMX OOMIKOBHUX JaHUX 1
HOLIMPIOBATH ILIKIUIMBUH KOJ | perysspHa 3MiHa MapoJIiB.
Ha 1HIII MPHUCTPOi JOMAIIHBOI
Mepexi.

Kpanixka HecankuionoBanmii 30ip | ludpyBanHs mnepenaHux  JaHUX,
JAHUX/11€HTUYHOCTI ocobuctoi 1HpopMmaii 3 | cTpori mpaBa JOCTYNY, Ta€MHUIISA
ypa3JIuBUX NPUCTPOIB. aKayHTIB.

ATtaxu DoS/DDoS [TepeBanTaxkeHHs npuctpoiB un | OHoBneHHS [I3 (3aKkpuUTTS BiIOMHUX

MEpeXi IMOTOKaMH 3aluTIB 13
METOI0 OJIOKYBaHHS 1X poOOTH.

Bpa3IMBOCTEN ), po3moiI
HaBaHTaxeHHs, BUkopuctanus CIIH 1
MEpPEKEBUX PUIBTPIB.

MITM (araka «moauna- | [lepexomnennss Ta  cnydinr | Bukopucranus 3aXUIICHUX
MTOCEPETHUK) Tpadiky Mix mpuctposimu U | mporokoniB  (TLS), naBodaxrtopHa
XMapoIo. aBTeHTU(IKallis, KpunrorpadiyHun
3aXMCT KaHaJlB.
ITocriitna DoS | Hamipene BUBeJIeHHA | Secure Boot 1 kpunrorpadiuHuii
(PDoS/BrickerBot) HPUCTPOIO 3 JIaAy 3 allapaTHUMH | 3aXHCT MPOIIMBKH, OKpeMuit
YIIKOJKEHHSMHU. MOHITOPUHT CTaHy MIPUCTPOIB.
Jxepeno: chopMOBAaHO CaMOCTIHHO aBTOPOM Ha OCHOBI  BJIACHOTO
JOCIIJKEHHS
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HaBenena knacudikaiisi BKa3zye, IO HaBITh HAMOLIbII TMOTYXKHI TEXHIYHI
pilIeHHA MOTPeOYIOTh HAJEKHOI MIATPUMKH KOpUCTyBauaMu. TyT CIiJ 3a3HAYUTH,
0 Yy 3HA4yHOI KUIBKOCTI KOPHUCTYBayiB NpOOJEeMHU BHUHUKAIOTh HaBITh 3a
HAWUOPOCTIIMMHU HajamTyBaHHIMU. 3apyOixkHa gociinuauis K. KiMnany y BracHomy
JIOCHIKEHH1 3BepTae yBary, mo 15% BiacHukiB loT-mpuctpoiB B3arami He
3MIHIOIOTh 3aBOJICBKMX MapoJIiB, a 0arato MPUCTPOIB 3alUIIAIOTHCA 0€3 OHOBIICHb
npoTAroM 3—4 poKiB MiCis BUSBJICHHS Bpa3IuBOCTEN [4].

B cydyacHux ymoBax po3poOHHMKHU TiepefdadaroTh HU3KY €()EKTHBHHUX 3aC001B
3axXUCTy Aisi KopucTyBauiB. [locnmimoBHO, mudpoBa ririeHa nepeadadae HaBYAHHS
BJIACHHKIB MPUCTPOIO MIPOCTUM, OJTHAK TIE€BUM MpakTUKaM. JJi mpukiaay KuTaichbka
kommanis «Ecovacs Robotics» Ha BiacHOMy calTi peryispHO MyONiKye Mepelik
IHCTPYKIIM JJi1 MPaBWJIBHOIO BHKOPHUCTAHHS il MPUCTPOIB Ta MIABUIICHHS PIBHSA
3aXUCTY y po3yMHUX OyanHkax. PaxiBlll KOMIaHii 3BepTalOTh yBary Ha BiKe 3rajaHy
THCTPYKIIII0O HEralfHO 3MIHIOBATH 3aBOJICHKI MapoJIl Ha JIOBI1 1 YHIKaJIbHI Tapoii abo
(¢pazu. OHOBJIEHHS NPOIIMBKH Ta IPOrPAMHOIO 3a0€3MEUYEHHS B Mipy BUXO/AY MaTyiB
J03BOJISIE  3aKpUBaTU BigoMl Bpa3iuBOCTI. (OOOB’SI3KOBUM € 3aCTOCYBaHHS
nBodaktopHoi aBTeHTHOIKalii (2FA), mo yckiagHi0€ HECaHKI[IOHOBAaHWM IOCTYI
HaBITh IIPH BiJIOMOMY Tapoui [5].

He ™meHm BaxiamBO TakoX 1 3a0e3meunTH O€3MeKy JIOMAaIHbOI MeEpexi.
daxiBIll PEKOMEHIYIOTh TIepe] TOYaTKOM BUKOPUCTAHHS 3MIHIOBATH 3aBOJICHKI JIOT1H
1 mapoJib Ha poyTepi, BBIMKHYTH WPA3-mmdpyBanHs 1 pO3UIUTH TOCTHOBY MEPEKY
st loT-npuctpoiB. Okpemy yBary ciij NpUAUIATH MEPEBIPLI COUCKY MIAKIIOYEHUX
MPUCTPOIB Ta BIIKIIOUEHHIO HEMOTPIOHUX (PYHKIINA. 3acayroBye yBaru 1 Toil (akr,
mo ¢axiBill AreHTcTBa 3 KibepOesneku ta 6e3neku iHbpacTpykrypu CIIIA (CISA)
MOBIIOMJISAIOTh, 10 MoHaa 90% ycmilmHuUX aTak MOYMHAIOTHCA 3 (DIIIMHTOBUX
noBigomsielb [6]. TlocmigoBHO, KOpucCTyBawi TOBHUHHI OyTH 00i3HaH1 00
pO3Mi3HaBaHHS MIJO3PIINX JUCTIB 1 MOCWIAHb, aJK€ BOHU YacTO € «HAMUCIAOIIO
JIAHKOIO» B CUCTEMI O€3MEeKH.

3a pesynapTaTaMu aHaji3y aBTOPOM 3AIMCHEHO CHUCTEMATHU3aIlil0 OCHOBHUX

MpaKkTUK IUGPOBOiI TIri€HU, sKi 3a0€3Meuyr0Th KOMIUIEKCHUNW 3aXWCT JIOMAIIHBOI
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loT-indpacTpyKkTypH Bil HAUMOMIUPEHIINX BEKTOPIB Kibep3arpo3. CuctemMaTu30BaHi
pexkoMeHparlii copMoBaHi 3a pe3yJbTaTaMH OMPAIIOBAHHS CTAaTUCTHYHHX JaHUX
IIOZI0 BPA3IUBOCTEH PO3YMHHUX MPHUCTPOIB Ta EKCIEPTHUX BHUCHOBKIB IMPOBIIHHUX

ki0epOe3neKoBUX OpraHizaiii, mo Ao03Boiisie chopMmyBaTu yHi(piKOBaHI CTaHAAPTH

oesrekn Uit mmpokoro  cnektpy  loT-memaiiciB  y  momamHiX — ymoBax
(muB. TaOmuis 2).
Tadauus 2
OcHoBHI npakTuky HMPpoBoi ririenn 1is gomamuix loT-nmpucrpois
IIpakTuka ITosicHeHHsI Ta peKOMeHaauil
CunbHUl yHIKaJIbHUAN | 3MIHIOBAaTH 3aBOJICHKI MApoJi Ha CKIATHI (Ppa3u 3 BEIHKUX,
apoJib Maaux Jitep, umudp 1 cuUMBOJIIB. BukopucroByBatu
MEHEJ[KEpHU MapoJIiB JIJIsl TeHepallli YHIKAIbHUX KITIOYIB.
Perynsipue BuacHe BCcTaHOBIIEHHS OHOBJIEHB YCYBA€ BiJIOMI BPa3JIMBOCTI.
OHOBJICHHS Cepenniii  loT-npuctpiii nuIIaeTbcs He3anaTyeHuMm 3—4
npomuBky Ta [13 POKH, TOMY HaJallITyBaHHS aBTOMAaTUYHUX OHOBJIICHb
KpUTHYHE.
JBodakTopHa Jlonae nogaTKOBUK pIBEHb 3aXHCTYy — HaBiTh IpH
aBTEeHTU(]IKaLIS BUKpPAJICHOMY IMapoJil 3JIOBMUCHUKY 3HAJI00MTBCS NPYrui
daktop (cMapTdoH, TOKEH).
besneuni BceranoBut WPA3-mmdpyBanHs, 3SMIHUTH JIOT1H/TIapOJIb Ha
HaJalITyBaHHS poyTepi, CTBOpUTH TOCTHOBY Mepexy it loT-mpuctpois. Lle
mepexi Wi-Fi 130J110€ Bpa3JIUBI MPUCTPOI Bl OCHOBHOI MEPEKI.
O06epexHICTh Ta | [locTiitHO migBUIyBaTH 0013HAHICTH MPO (DIIIMHIOBI aTaku 1
HaBYaHHS COLIIAJIbHY 1HXEHEPIIO. Buxkirouatu HENoTpi0H1
HaJalITyBaHHS 1 BIJACTEKYBaTH aKTUBHICTh JIOAATKIB
(MiHIMI3YBaTH 301p JAHUX).
Jlxepeno: chopMOBAaHO CaMOCTIHHO aBTOPOM Ha OCHOBI  BJIACHOTO
JOCIIKEHHS

[TincymoByroun, 3axuct nomamiHboi loT-exocuctemu mnorpedye moeaHaHHS
TEXHIYHMX PIIICHb 1 BIJMOBIIAJIbHOI MOBEAIHKM KopucTyBauiB. Ha aymky aBTOpa,
BUPOOHHMKAM CJIiJ] BIIPOBA/KYBaTH TeXHOJIOT] «be3neka 3a 3aaymMmom» (mudpyBaHHS,
Oe3leyHe 3aBAHTAKEHHS, OHOBJICHHS 32 3aMOBUYBAaHHSAM), a KOpHCTyBauyaM
pEeryJIIpHO BUKOHYBAaTH TpaBuia HUGPOBOI TirieHW. Takui KOMIUICKCHUW MMiAXi]
3HIKY€ PU3UKU KiOepaTak y «pO3yMHOMY JIOMI»

BucHoBKH. Y cTaTTi MPOBEIEHO CUCTEMHUIN aHaII3 OCHOBHUX Kibep3arpo3 s

JIOMAIIIHIX CMapT-TIPUCTPOIB Ta poJiii MUGPOBOI TIri€EHW KOPUCTYBAYiB y MiHIMI3aIlli
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pu3uKiB. BusiBneHo, 1m0 HAWOLIBII MOMIMPEHUMH € aTaKd 3aXOIUIEHHS MPHUCTPOIO,
DDoS, MITM Tta ¢i3uunuii DoS (Phlashing), mo BHKOPHUCTOBYIOTH Bpa3iHBOCTI
HezaxuieHux loT-mpuctpoiB. BogHoyac KpUTUYHY pOJIb BIAITPAOTh IMPOCTI 3aX0/IH
1 pOBOI Tiri€eHH (3aCTOCYBaHHS YHIKAJIbHHUX CKJIAJHUX MAapOJiiB, BYACHE OHOBJICHHS
[13 1 nBodakTopHa aBTeHTHU(IKAIIS) 3HAYHO MMIJIBUILYIOTh O€3MeKy. 3axoau udpoBoi
Tiri€eHd HEoOXI1THO TMOEAHYBAaTH 3 TEXHIYHMMH 3ac00aMu 3aXHCTy Ta HaBYaAHHSAM
KopuctyBadiB. KomruiekcHuii minxim «secure-by-design» 3 OOKy BHUpPOOHHKA B
MOEHAHHI 3 BHCOKHMM pIBHEM O013HAHOCTI KIHIIEBUX KOPHCTYBayiB JI03BOJIUTH
CYTTEBO 3HU3UTH Bpa3nuBicTh AoMamHixX loT-cuctem.
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BILIWB BEJIMKUX MOBHUX MOJIEJIEA HA PO3BUTOK
EJEKTPOHHOI'O YPAAYBAHHSA

YkoJ10B BaueciiaB MuxanioBuy

3100yBay BHIOT OCBITH,

[IBH3 "MixxHapoaHHii eKOHOMIKO-TYMaHITApHUI YHIBEPCUTET
iMeHi akagemika Ctemana Jlem’ sauyka",

M. PiBHe, Ykpaina

Beryn. EnexTpoHHe ypsiiyBaHHsSI TEpPEXUBAE €MOXabHY TpaHCHOpMaIiio
3aBASKHA CTPIMKOMY PO3BUTKY Benukux MoBHUX Mojaeneir (LLM). Iepiox 2022-2025
POKIB XapaKTEePU3YETHCS PEBOIOIIMHUMY 3MIHAMH Y B3a€EMOJI11 MIXK TpOMaJIsTHAMU Ta
JIEp>)KaBHUMU 1HCTUTYIISIMHU, KOJIA TPAJULIIHI aIMIHICTPATUBHI MPOIIECH MOCTYIOBO
3aMIHIOIOTHCSI PO3YMHUMH aBTOMATH30BaHUMHU cucteMaMu. ChOTOJIHI 3a OLlIHKAMH
Precedence Research mporHosyerbcs 3pocTaHHS TJI00QJBHOTO PHUHKY INTYYHOTO
IHTENEeKTY I myOmiuHoro cekropy 3 309.1 munbspaiB gonapis 'y 2024 poui a0
nporHo3oBanux 4.83 TpuibiioHiB AonapiB g0 2034 poky [1]. BuxopucraHus
Te€HEPATUBHOTO IITYYHOTO 1HTENEKTY 3pociio 3 33% y 2023 porii 10 65% y 2024 por,
[0 CYNPOBOJIKYETHCSI CEMUKPATHUM 30UIBIICHHSM BEHUYPHHMX IHBECTHIIN Yy IO
chepy [2]. AkTyanbHICTh IOCHIIKCHHS 3yMOBIICHA TEXHOJOTIYHHM IPOTPECOM Ta
HEOOXIJTHICTIO MIJBUIIEHHS €(QEKTUBHOCTI JEpP>KABHOIO YIPABIIHHSA Ta SKOCTI
oOcnyroByBaHHd TpoMmaisH. BmpoBamkenHs LLM y cdepy eneKTpoHHOIo
YpsIIyBaHHSI CTBOPIOE HOBI MOXJIMBOCTI JJisi MEPCOHAII30BAHOTO, JOCTYIMHOTO Ta
BHUCOKOSIKICHOTO OOCITyTOBYBaHHSI, OJTHOUYACHO BUKJIMKAIOYN MUTAHHS O€3MEKH, €TUKU
Ta COLAJIbHUX HACJIIIKIB.

Mera pocaimkeHHsi. 3MIMCHUTH aHam3 TpaHCHOPMAIITHOTO TOTEHINATY
BEJIMKUX MOBHHX MOJENEH ISl MOJIEPHi3allii eeKTPOHHOTO ypsAyBaHHS, BUZHAYUTH
OCHOBHI TI€peBarv Ta BUKJIMKHA BIPOBAI)KCHHS HAa OCHOBI TJIOOQIBHUX TCHACHIIINA Ta
JIOKaJIbHUX KEHCIB.

Marepianu Ta Meroau. JlochmipkeHHs 31CHEHE Ha OCHOBI aHAII3y
MDKHapoAHUX Jkepen, Bkitoyatoun 381t OECD, McKinsey & Company, Deloitte,
CeiToBoro 0OaHKy Ta akajaemiuHi myoOumikauii. BUKoOpHCTOBYBaBCS KOMILJIEKCHUN
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MiIX1d, 10 BKJIIOYAB TOPIBHSUIBHUM aHANI3 HAIIOHAIBHHUX CTPATErii 4OTHPHOX
kpain-migepiB  (Ectonis, Cinramyp, CIIA, Kanaga), craTucTHUHUN aHami3
(hiHAHCOBUX TIOKAa3HUKIB Ta METPUK e(PEKTUBHOCTI BIPOBA/KCHHS, OIIHKY
TEXHOJIOTITYHUX MOJIMBOCTEH Ta oOMexeHb cydacHux LLM, aHami3 couiaqbHUX Ta
€KOHOMIYHMX HaciakiB mudpoBoi TpaHcopmarlii. MeToosoriuna 6a3a BKIIro4ana
KUIBKICHUM aHalll3 CTAaTUCTHYHUX JaHUX [IOJ0 I1HBECTUIIH Ta II0Ka3HUKIB
e(eKTUBHOCTI, AKICHUI aHaJi3 KeCiB BOPOBAPKEHHS Ta CHHTE3 HAUKPAITUX MPAKTHK
3 MIXKHAPOJIHOTO JIOCBIJTY.

Pe3yabTaTi Ta 00roBOopeHHsl. AHami3 MI0OATPHUX TEHACHIINA EMOHCTPYE
EKCIIOHEHLIMHE 3pocTaHHsA BHKOpuUcTaHHS LLM y jgep:kaBHOMY CEKTODI.
JocmipkeHHs: MDKHapOJAHUX —oOpraHizamiil  cBiguath, o 75 % opranizamiii
BUKOPUCTOBYIOTh IITYYHHUI 1HTEJIEKT CTAHOM Ha nepiunii kBaptan 2025 poky, 1o Ha
23 9% Oinblie MOPiBHAHO 3 nonepeaHiM pokom [3]. 3acmyroBye yBaru i Toit ¢axT, 1o
KpaiHu, 10 pO3BUBAIOTHCS reHepyloTh MoHax 50% rnobanpHOro Tpadiky
TeHEPATUBHOTO IITYYHOTO 1HTENEKTY, IO BKa3ye Ha JAEMOKpATHU3aLil0 TOCTYIY 0
nepesioBuX TexHousorid [4]. diHaHCOBI MOKA3HUKU CBIAYaTh MPO MACHITAOHICTH
tpancopmariii. I[lonepenni nani PitchBook 3a werBeptmii kBaptram 2024 poky
MOKa3yloTh, M0 Yy BapTicHoMy BupaxeHHi 50,8% CBITOBOro BEHUYPHOTO
¢dinancyBaHHs OyJ0 CIIPSIMOBAHO B KOMITaHi1, OPI€EHTOBAHI HA IITYYHUH 1HTEIEKT, 1110
Maibke BJBIUl OUTbIIe, HIK Y TOMY % KBaptaii 2023 poky [5]. [Toka3zoBum € Te, 1o
92% KoMMaHi¥il MJIAHYIOTh 30UTBIIUTH 1HBECTHUII B MITYYHUH IHTENEKT MPOTITOM
HACTYITHHUX TPHOX POKiB [6].

MixHapoaHl 1HINIATUBH (HOPMYIOTH HOPMATUBHY 0a3y AJig BIPOBAIKCHHS
LLM y nepxxaBHoMmy cektopi. €Bpomneiichkuii Coro3 mpuitasie EU Al Act, sikwmii
HabpaB unHHOCTI 1 cepnHs 2024 poky Ta nepeadadae mrpadu A0 35 MUIbIOHIB €BPO
abo 7% rmobanpHOrO 0OOpoTy 3a mopyirenus [/]. OOH crBopuna High-Level
Advisory Body on Al, sxa omy0mnikyBana 3BiT "Governing Al for Humanity", a Takox
npuitHsina Global Digital Compact ni1s BCTaHOBIEHHST MIKHApOAHUX CTAaHIIAPTIB
VOpaBIIHHS MTYYHUM iHTenekToM [8]. Crin 3ayBa)KuTH, 10 BXXE€ CHOTOJIHI BEJHKI

MOBHI MOJ€JII PEBOJIIOIIOHIZYIOTh LUQPPOBI TOCIYrd Il TPOMAJsiH 4epe3
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BIIPOBA/DKCHHS  IHTEJNIEKTYyaJIbHUX  4ar-OOTiB,  aBTOMATH3aIlll0  3allOBHCHHS
JOKYMEHTIB Ta TepcoHam3alio o0ciyroByBaHHs. [l mnpuxiagy mDaTeHTHE
BimoMcTBO CIIA mnokpammio sKicTh Ta €(QEKTUBHICTh EKCIEePTHU3M IMAaTEHTIB 1
TOPTOBHX Mapok, a okpyr Camnisan y Hero-HMopky ycmimuo BmpoBamus 4aT-60T Ha
6a31 Vertex Al nns B3aemojii 3 MEIIKAHIIMA MEHII HDK 3a Tpu Micsail [9].
Texnounorii kiacudikallii T0KyMEHTIB IOCATalOTh CYTTEBOTO MOKPAIICHHS IITBUIKOCTI
00poOKM cKapr Ta aBTOMAaTUYHOTO MApIIPYTHU3YBAaHHS 3alUTIB, 0 3HAYHO 3MEHIITYE
HABaHTAXXEHHS Ha IMepcoHall. ABTOMaTUYHE T'€HEPYBaHHS BIJIMOBIJIEH JEMOHCTPYE
BUCOKUN pIBEHb 33J0BOJICHOCTI TPOMAJsH Ta KOHCHCTEHTHOCTI BIAMOBIZAEH Ta
CKOpPOYEHHSI 4yacy BIAMOBIAI 3 AHIB 10 XBWiuH [10]. Beauki MOBHI Moeli TaKOXK
TpaHC(HOPMYIOTh TPOILIECH aHANI3y JaHUX Ta MPUUHATTSA PIMIEHb Yy JIePKaBHOMY
CEKTOpl 4epe3 3/IaTHICTb 00poOJATH TNeTadallTH HECTPYKTYpOBaHUX HaHuX. Jlis
npukiany TexHosorii Retrieval-Augmented Generation (RAG) 103BOJISIOTH
MpAIlOBaTH 3 BEJIMKUMHU KOPITyCaMH JOKYMEHTIB, BUKOPHUCTOBYIOUM BEKTOPHI 0a3u
naHuX 17 €pEeKTUBHOIO TOIIYKY pesieBaHTHOI 1H(opmamii [11]. i neranbHOrO
PO3YMIHHSI TPAKTUYHOTO 3aCTOCYBAHHS BEJIMKHX MOBHHX Mojele y cdepi
CIEKTPOHHOTO YPSIIyBaHHS JOIIJBHAM € PO3TJISA] KOHKPETHHUX HAaIllOHATBHHUX
1HIIIIaTUB Ta MpOorpam, 1o JIEMOHCTPYIOTh PI3HOMAaHITHI IMIJIXOJH JI0 IHTErpallii mux
TEXHOJIOT1H y Jiep>KaBHE YIIPaBIIHHS.

Ecronis peanmizye mnporpamy Al Leap 2025, sika crajia mepiior y CBITI
HaIllOHAJIBHOIO TPOrpPaMOI0 1HTErparii MTY4HOrO I1HTEJNEKTYy B OCBITYy. [Iporpama
oxoruroe 20,000 yuniB 10-11 kmaciB Tta 3,000 BumteniB y 2025 poui 3 miaHaMu
po3umpenHs 10 58,000 yuniB ta 5,000 BuurteniB 1o 2027 poky. Y paMkax nporpamu
napTHepcTBO 3 OpenAl Ta Anthropic 3a0e3nedye aeprkaBi JOCTYII 10 HAMCYYaCHIITUX
texHoJjorii [12]. LikaBum mas anami3zy € i gocsin Cinramypy. Jlep:kaBa BIpOBaIKYy€E
National Al Strategy 2.0 BapticTio moHaa 1 MUTBSIp/T T0J1apiB, sAKa epeadavac TaKkoxK
1 National Multimodal LLM Programme 3 6rompxerom 70 MinbilOHIB 10J1apiB.
CrBopennst koncopiiymy 3 DBS Bank, Grab, Microsoft Ta iHIIUMH KOMITaH1SIMH
JIEMOHCTPY€E YCIIIIHE MMyOJIYHO-TIPUBATHE TMAPTHEPCTBO Y PO3BUTKY PETiOHATBHUX

MyaeTUMOaanbauXx LLM [13].

79



Cnonyueni Hrtatm 3anmyctunu ChatGPT Gov y ciuni 2025 poky -—
cnerianizoBany Bepcito ChatGPT mns ypsmoBux areHilii, ska oOCIyroBy€ TOHAJ
90,000 xopuctyBauiB 3 3,500 denepanbHUX, MTATOBUX Ta MICIIEBUX areHIi. Kpim
toro, MinictepctBo o6oponu CIIIA mignucano kouTpakt Ha 200 MiJIBIOHIB A0JapiB
3 OpenAl mist po3poOku mporoTumiB mrydHoro iHtenekty [14]. Kanaga takox
OpUHSIA TepIly HallOHAIbHY CTpaTerilo IITY4YHOrO IHTENEKTY HJis Jep>KaBHOI
ciyx6u y 6epesni 2025 poky. Pan-Canadian Al Strategy 3 6tomkeTom 443 MinbiioHH
nonapiB miarpumye 670 kommnauid, 3abe3neuyroun Tpere Micue B G7  3a
¢dbiHaHCYBaHHSM IITApTaIiB y cepl MTYIHOTO IHTENEKTY Ha Tynry HaceiaeHHs [15].

JocnipxenHs nepesar BipoBakeHHs LLM neMoHCTpye 3HauHe MOKpaleHHs
AKOCT1 Ta MIBUAKOCTI HaJaHHS TMOCIYTI TpomaasHaM. AHATITUKU KOHCAJITUHTOBOL
koMmmanii Deloitte 3BepTaioTh yBary, 10 Maie BCl Oprasizamii 3BITYIOTb PO
BUMIPIOBAHY OKYMHICTh IHBECTHIIIM BiJl TEHEPATUBHOTO IITYYHOTO 1HTEIEKTY, MpHU
npoMmy 20% opranizamiii nosimomisaioTe npo ROI monax 30%. ABTromarm3ariis
PYTHUHHHX 3aBJIaHb PU3BOINTH JI0 €KOHOMII Yyacy KOHCyabTaHTiB 0 30% [16].

Opnnaxk BrpoBapkeHHs LLM cympoBOIKY€ThCSI 3HAUHUMU BUKJIUKAMU O€3IMEKH
Ta KoHb1aeHiitHOCTI AaHuX. Excrieptu 3 Cybersecurity Ventures mporHo3yroTh, 110
10 2031 poky CBITOBI KIOEp3JIOYMHU KOIITYBAaTUMYTh 12.2 TPUIIBHOHIB J0JIapiB
mopiyHo [17]. Etuuni npoOiemMu BKIIIOYAIOTH AITOPUTMIYHY JAUCKPUMIHALIIO,
HEJOCTATHIO ITPO30PICTh Y NOSICHEHH] PIIIEHb Ta yNEepeKEHHS B HABYAJIbHUX JaHUX.
Texniuyai oOMexeHHS BKIOYarOTh ramonuHaiii LLM, komm moxaen reHepyroTh
MEPEKOHJIMBY, ajle HEMPaBUIIbHY 1H(OpMAILIIO.

BucHoBku. Benuki MOBHI Mozenl JEMOHCTPYIOTH TpaHchopMaliiiHui
MOTEHITIaN I €JICKTPOHHOTO YpSIIyBaHHS Yepe3 3HaUHEe MOKpaIIeHHs €eKTUBHOCTI
nporieciB (30-40% ckopodeHHs1 yacy oOpOOKM TOKYMEHTIB, aBTOMATHU3AIliI0 3aIllUTIB
Ta TOYHICTh aHAII3y HACTPOIB IPOMAJIiH). AHaI3 TOCBIly HAIIOHATBLHUX MPOTPaM B
Ectonii, Cinranypi, CIIIA Tta Kanaai npojaeMoHCTpyBaB pi3HOMaHITHI MiIXOIU O
BIPOBA/DKCHHS 3 IHBECTULISIMU 3aJUIsl TOKPAIICHHS SKOCTI  €JIEKTPOHHOTO

yYpsAyBaHHs.

Texnonoriyni moxauBocTi LLM 3a0e3neuyioTh peBOJIOLINHI 3MIHU Yy
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mupoBUX TMOCITyrax, aBTOMAaTH3allli aJAMIHICTPATHBHUX IMPOIECIB Ta MIATPUMIIL
MPUAHATTSA PINICHh HA OCHOBI JaHWX. BogHodYac, BHUKIMKK O€3IEeKH, ETHYHI
npoOjieMr Ta TEeXHIYHI OOMEXKEHHS BHMAaraloTh KOMIUIEKCHOTO TIJIXOIy J0
BIIPOBA/KEHHS 3 YpaxXyBaHHSIM PETyISITUBHUX BUMOT Ta COLIAIbHUX HACIIJIKIB.

VYceminmHe BOpoBaKEHHS MOTpedye 30ajJaHCOBAHOTO MIAXOAY, IO IMOETHYE
TEXHOJIOT1YHI 1HHOBAIlli 3 €eTUYHUMH MPUHIIUIIAMH, 3a0e31eUeHHs Oe3MeKH JaHUX Ta
MiArOTOBKY KafApiB. Mail0yTHE €NEeKTPOHHOTO YpAAyBaHHS 3HAYHOIO MIpOIO
3aJIeKaTUME BiJI 3AaTHOCTI YPSJIOBUX CTPYKTYp €(EKTHBHO BHUKOPHUCTOBYBATH
MOTEHITia BEJIMKUX MOBHHUX MOJIETICH, OJHOYACHO MIHIMI3YIOYH TOB'sI3aHI 3 UM
pU3HMKHM Ta 3a0€3Meuyroud CHpaBEAJIMBHI JOCTYN A0 LU(GPOBUX MOCIYT JUIsl BCIX
I'pOMasdgH.
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V]IK 538.9:536.6
BILIMB METO/IIB CUHTE3Y MMOJIMEPHUX MIKPO- I
HAHOKOMITIO3UTIB HA iX TEIUIONPOBIIHI BJACTUBOCTI

®dianko Haranis MuxaiijiiBHa,

JIOKT. TEXH. HayK, npodecop, wi.-kop. HAH VYkpainu, 3aB. Bigainy,
[acTutyT TexHiunoi Terodizuku HAH Ykpainu,

Hinkoc Poman BosogumupoBuy

JOKTOp TEXHIYHUX HayK, Ipodecop, IpOpeKTop 3 HAYKOBOI poOOTH
YopHoMOpChKHii HalllOHAIbHUHN yHiIBepcuTeT iMeHi [lerpa Morunuy,
Mepanosa Harauisa OJeriBua,

KaHJI. TEXH. HayK, CT. HayK. CIIBP., TPOB. HayK. CIIBP.,

[acTutyT Texuiunoi Terodizuku HAH Ykpainu,
IlepenxoBchkuii FOumiit BaaguciaaBoBuy,

KaH[. TEXH. HayK, CT. HayK. CIIIBp., IPOB. HAyK. CIIBp.,

[HcTuTyT TexHiuHOoi Terodizuku HAH Ykpainu,

Berym.

[TomiMepHi HAHOKOMIIO3UTH IIUPOKO BUKOPUCTOBYIOTHCS JUIsl BUTOTOBJICHHS
eHepreTUYHOro oOmagHaHHsA. Di3UKO-MEXaHIYHI 1 TEXHOJOTIYHI BJIACTUBOCTI
HAaHOKOMITO3UTIB BIAITPalOTh JTy’K€ BAXKIIUBY pPOJIb MPU €KCILTyaTallii eHepreTHYHOro
oOnagHaHHs. JIOCHIKEHHIO IMX YHIKQJIBHUX BJIACTUBOCTEM HAHOKOMIIO3UTIB
MPHUCBSIYCHO JOCTAaTHSA KUIBKICTH poOIiT [1-13]. OnHieto 3 BIACTHBOCTEH ITUX
MOJTIMEPHUX MaTepiaiiB, IO BaXJIMBAa B CHEPIeTHIl, € iX TEIJIOMPOBIAHICTb, SKa
3aJIeKUTH Bij Oaratbox mapameTpiB, 30KpeMa, BiJl BUJY HAMOBHIOBAUIB, IX YACTKH Ta
METOJIy OJiep>KaHHsI KOMIMO3UTIB. B 3a1eXHOCTI BiJl BEIUYMHU Ta 3MIHU KoedilieHTa
TETJIOMPOBITHOCTI PI3HUX TMOJIMEPHUX MIKPO- 1 HAHOKOMIIO3UTIB III Marepiaiu
MOXYTh MaTH BHUCOKO- 1 HU3BKOTEIUIONPOBIAHI BIACTUBOCTI. lle nae MOXIUBICTH
IIMPOKOr0 BUKOPUCTAHHS MOJIMEPIB sl BATOTOBJICHHS TEIIOOOMIHHUX MOBEPXOHb
PI3HOTO MPU3HAYCHHS, TEIJI03aXUCHHX IIapiB eHEPTeTUYHOTO YCTaTKyBaHHS.

Pe3ynbTaTn  €KCIIEpUMEHTANIBHUX  JOCHIPKEHb  TEIJIOMPOBIAHOCTI, IO
MIPE/ICTABJICHI B JIaHii poOOTI, OTpUMaHI JyIsl MOJTIMEPHUX MIKPO- 1 HAHOKOMITO3UTIB

Ha OCHOBI moJiaMify-6, 110 HamoBHEHWH ByrieneBuMu HaHoTpyOkamu (BHT),
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MIKpOYAaCTUHKAMHU aJIOMIHIIO Ta Mifl, MPU 3aCTOCYBAaHHI AJSl iX OJEp>KaHHS JIBOX
MeTomiB. Metoau 06a3yroThCs Ha 3MINTyBaHHI KOMIIOHEHTIB B PO3IUIABI TOJIMEPY
(meton 1) 1 3minTyBaHHI KOMIIOHEHTIB B cyXoMmy BUTIIsiAl (MeTox 2). [1pu npoBeneHHi
JOCIIKEHb TeMIleparypa KOMMO3uTiB 3MiHIOBasiack Bim 320 mo 525K, a macoma
yacTka HanmoBHIoBaua BiJ 0,3 1o 10%.

Hinb podoTu.

B mamiii poboti Oyna mocTaBieHa MeTa 3a JaHWUMH EKCIIEPUMEHTABHUX
JTOCII/DKEHh BCTAHOBUTH €(EKTH BIUIMBY Ha TEIUIONPOBIIHICTh IMOJIMEPHUX
HAHOKOMITO3UTIB Ha OCHOBI ToJiiaMiy 6 BHly HAlOBHIOBAdiB 1 iX YaCTKH, a TAaKOX
METO/I1B OJIep>KaHHS KOMITO3HUTIB.

Marepiaiu Ta MeTOAN.

Pi3HuIA MK METOJJaMU CUHTE3Y MOJIMEPHUX KOMIIO3UTIB MOJSATa€E B TOMY, 11O
[P MEPUIOMY METOJ1 3MIITyBaHHS KOMIIOHEHTIB B1JIOYBA€ETHCS B PO3ILIAB MOJIIMEPY
3a JOMOMOrOK JHMCKOBOIO €KCTpyJepa IMpH MOAAJbLUIOMY HaJaHHI KOMIIO3UTY
HEO0OX1THOT (JOPMU METOJIOM TapsyYOro MpecyBaHHA. A MPU 3aCTOCYBaHHS APYTroOro
METOIY 3MIIIyBaHHS KOMIIOHEHTIB BiJIOYBAETHCS B CYXOMY BHUTJISAJII 33 JOIOMOTOIO
MAarHiTHOi MIIIAJIKK 1 YJIBTPa3ByKOBOI'O JUCIIEpraTopa MpU MOJAIBIIOMY TapsuoMy
MpecyBaHH1 OTPUMAHOT KOMITO3HIII].

Bxkazani MeTomM 3acTOCOBYIOTBCS ISl OJACP)KaHHS KOMIIO3WTIB Ha OCHOBI
nomamiay 6, HamOBHEHUX BYIJIEUEBHMMH HAHOTPyOKaMu, ab0 MIKpOYaCTHHKAMU
ATIOMIHIFO uYd  Migl. ByriemneBi HaHOTPYOKHM, SIKi BHUKOPHUCTOBYBAIHCH Y
JOCIIKEHHSX, BUTOTOBJSUIMCS METOJOM XIMIYHOTO Mapo(a3zHOro OcCaaKEeHHS.
MiKpoYaCTUHKHA MiJll 1 aJIOMIHIIO, [0 BUKOPUCTOBYBAJIWCH SIK HAallOBHIOBAY,
0JIeP>KYBAJIMCh BIATIOBIIHO 3 MIJTHUX 1 aJTFOMIHIEBUX OITYPKIB IUISIXOM iX PO3THUPAHHS
y KyJbOBOMY MIIMHI JO0 YTBOPEHHA 4YacTMHOK po3mipom 0,5 ...1,0 mMxm. Jlusa
BU3HAYCHHS KOE(QIIIEHTY TEIUIONPOBITHOCTI HAHOKOMITO3UTIB BHUKOPHUCTOBYBABCS
moaudikoBanuit npuiaa IT-A-400.

Pe3ysabTaTu Ta 00roBOpeHHH.

B nporeci gocnimkeHs O0ya0 MOMIY€HO, 1110 TETUIONPOBIIHICTh KOMITO3UTIB Ha

OCHOBI MoJjiaMiay 6, HAMOBHEHUX BYTJICIEBUMHU HAHOTPYOKaMHU, MIKpOYACTHHKAMU
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MiIl Ta aJIOMiHIIO, OTPUMAHUX 3 BHUKOPHCTAHHSAM IMEPIIOTO METONy, € 3HayHO
Bumor. Tak, nmpu ® = 10% KoedIiliEHTH TEMJIONPOBIAHOCTI KOMIO3HUTIB A, IO
BIJIMOBIAAIOTh TEpIIOMY MeTonay, aocsraioth 29,4-50,2 Bt/(Mm'K), y pa3i x
3aCTOCYBaHHS JIpyroro Metoay — juiie 4,86—9,95 B1/(m-K).

Haiibinpiie 3Ha4YeHHs TEIJIOMPOBIAHOCTI CIOCTEPIraeThCsl MPU HAMOBHEHHI
nomamigy 6 ByriieneBuMu HaHOTpyOkamu -50,2 Bt/(M-K) , MeHme 3HadeHHS
BIJIMOBIZA€ TPH HAMOBHEHI moiaminy 6 MikpodacTuHkamu Mimi -40 B1/(m-K), a
HaviMenme 3HaueHHS 29,4 B1/(M'K) — npum HamoBHEHI MiKpodacTKamMH aJIIOMIHITO.
[Ipy 1BOMY 3riTHO 3 OTPUMAHUMH JAHUMH BIUIMB METOAYy OJCpIKaHHS
HAaHOKOMITO3HUTIB, 110 PO3MJISIIAIOTHCS, € CYTTEBO PI3HUM IPU BUKOPUCTAHHI PI3HUX
HaroBHIOBauiB. HailOuIbll 4yTIMBOIO 10 METOAY OTPUMMAHHS € TEIUIONPOBIIHICTb
KoMro3utiB, HanmoBHeHWx BHT, nemo MeHIn 4yTiMBOIO — NpH iX HAMOBHEHHI
MIKpPOYaCTUHKaMH MIJIl Ta HAWMEHIIl YyTJIMBOIO MPU BUKOPUCTAHHI SIK HAlIOBHIOBAYa
MIKpPOYaCTHHOK QJIOMIHIIO.

Po36ixkHOCTI KOedillieHTa TEIUIONPOBIAHOCTI OA Il BCIX aHai30BaHUX
KOMITIO3UTIB, OTPUMAHUX PI3HUMU METOJIaMH, Ma€ 3arajibHi 0COOJIMBOCTI B Jl1ala30Hi
3MiHU BMIiCTy HamoBHIoBada Bif 0 10 3%. Bonu € Hesnaunumu mipu o < 1,5% 1 nam
CYTTEBO 3pPOCTaIOTh 31 30UIbIICHHSIM . AJnie B o0macti 3%<®n<10% 3HaueHHS OA
3MIHIOIOTHCS MEHIIl IHTEHCUBHO. SIKIIIO B SIKOCTI HANOBHIOBa4Ya BUKOPUCTOBYETHCS
MIKpOYacTUHKH antoMmiHiio yu BHT, cnocrepiraerbest miaBUIIEHHS OA 3 POCTOM (.
[lpu HamoBHEHHI TOMiaMigy 6 MIKpOYacCTHHKAMH Mifdi 3alexHicTh OA=f(w) Mmae
JIOKQJIbHUM MaKCUMYM.

BucHoBkmu.

Ha oCHOBI BUKOHaHMX HOCHIIXE€Hb MOXKHA 3pOOUTH BUCHOBOK, III0O METOJ
OJIep)KaHHS KOMIIO3UTIB CIPHYMHSE CYTTEBUM BIWUB Ha iXHIM Koe(iieHT
TertonpoBigHocTi. [Ipu 1bOMy 3acTOCyBaHHSI JAPYroro MeETONy, 3aCHOBAaHOMY Ha
3MINIyBaHHI KOMIIOHEHTIB Y CYXOMY BHIJISI[l, 3HAYHO OOMEXYEThCSA 3 OTJISAIY Ha
MaKCHMAJIbHO JOCSDKHI BEIMYHMHHU JaHMX KoedirieHTiB. 3po0ieHUN MOpiBHAILHUMA
aHali3 pI3HUX ACMHEKTIB PO3TJISHYTHX METOIB OJEP>KaHHS MOJIMEPHUX MIKpPO- 1
HAHOKOMITO3UTIB JI03BOJISIE BU3HAYUTH OOJIACTh iX €(QEKTUBHOTO 3aCTOCYBAaHHS.
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OTpuMaHi pI3HUMH  METOJaMU  MOJIMEpHI  MaTepiaJd  MOXYTh  IIUPOKO
BUKOPHCTOBYBATHCS TUTSI BUTOTOBJICHHS TETIO0OMIHHUX MOBEPXOHb
TEIUIOEHEPTreTUYHOTO OO0JaJHAaHHS PI3HOrO MPU3HAYEHHs. 3acCTOCYBaHHS IEPIIOTO
METOJly TOB’SI3aHO 3 BHUCOKOTEIUIONPOBIAHUMH BIIACTUBOCTSIMH HaHOKOMIIO3HTIB.

Jpyruii METO/T Ja€ MOKJIMBICTh OTPUMATH OLITbII HU3BKOTEIUIONPOBIIHI MaTepialIy.
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Introduction

Mathematics represents one of the highest forms of abstract human thought,
and within this domain, advanced mathematics plays a critical role in various
scientific, technical, and economic fields. The teaching of advanced mathematics
requires not only a deep theoretical foundation but also effective pedagogical

methods to facilitate student understanding and engagement.
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In recent years, the rapid development of information and communication
technologies (ICT) has led to the growing implementation of interactive methods in
education. These technologies provide dynamic, student-centered learning
environments that encourage exploration and active participation. This paper explores
the role of interactive technologies in teaching advanced mathematics by examining
their definitions, applications, advantages, challenges, and future prospects.

Definition and classification of interactive technologies Interactive
technologies refer to digital tools and platforms that enable real-time interaction
between students and teachers, as well as among learners themselves. These
technologies facilitate a dynamic and responsive learning environment. In the context
of mathematics education, the most common types include:

Interactive whiteboards

Mathematical software and tools such as GeoGebra, Desmos, Wolfram
Alpha

Online simulations and virtual labs (e.g., PhET)

Learning management systems (LMS) such as Moodle, Khan Academy,
Edmodo

Virtual Reality (VR) and Augmented Reality (AR) platforms

Gamified assessment tools and quiz platforms (e.g., Kahoot, Quizizz)

These technologies not only visualize complex mathematical concepts but also
allow learners to manipulate variables, receive instant feedback, and collaborate with
peers.

Applications in advanced mathematics teaching

The integration of interactive technologies in advanced mathematics instruction
has transformed how abstract concepts are presented and understood. Below are key
application areas:

Visualizing Abstract Concepts Many topics in advanced mathematics, such
as multivariable calculus, linear algebra, and topology, involve abstract ideas that are
difficult to comprehend through static images or verbal explanation alone. Interactive

software like GeoGebra 3D, Desmos, and Wolfram Alpha allows students to

91



visualize functions in 2D and 3D, manipulate variables in real-time, and explore
geometric interpretations of algebraic structures.

Example: In linear algebra, students can use GeoGebra to interactively
visualize matrix transformations in space, including rotations, scalings, and shears.

Exploratory Learning Through Simulations

Simulations such as those provided by PhET Interactive Simulations allow
students to experiment with mathematical models in a risk-free, virtual environment.
These tools encourage discovery-based learning, enabling students to develop
hypotheses, test them, and refine their understanding.

Example: Calculus students can use slope field simulators to understand
differential equations and their solutions graphically.

Collaborative and Personalized Learning

Digital learning platforms like Khan Academy, Edmodo, and Moodle provide
interactive exercises tailored to individual learning levels. Some systems include
Al-based adaptive learning, which adjusts content difficulty based on a student’s
performance. These platforms often support forums and shared workspaces,
encouraging peer collaboration.

Gamification and Engagement

Gamified tools such as Kahoot, Quizizz, and Classkick are increasingly used to
assess understanding and keep students engaged. While these platforms are more
commonly used in basic education, they are being adapted for higher-level content
through custom quizzes and problem-solving challenges.

Virtual and Augmented Reality in Mathematics

Emerging technologies like Virtual Reality (VR) and Augmented Reality (AR)
are being explored to help students understand high-dimensional and spatial
mathematical ideas. For example, VR headsets can immerse students in 3D
environments where they manipulate multi-dimensional objects, ideal for topics like
vector spaces or differential geometry.

Impact and advantages The integration of interactive technologies in the

teaching of advanced mathematics has produced a number of significant pedagogical
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advantages. These technologies have not only transformed classroom dynamics but
also enhanced individual learning outcomes across different learner profiles. Below
are some of the most widely observed benefits:

Enhanced Conceptual Understanding

Interactive tools provide dynamic visualizations that make abstract
mathematical concepts more concrete. Instead of passively listening to explanations,
students can manipulate graphs, functions, and shapes in real time, helping them
better grasp complex structures and relationships.

Example: In multivariable calculus, students can explore three-dimensional
graphs by rotating them or slicing through surfaces, deepening their spatial
understanding.

Increased Student Engagement

Gamified applications and interactive platforms foster motivation and active
participation. Students are more likely to stay focused and complete challenging
problem sets when the experience is interactive, game-based, or adaptive to their
level.

Example: A real-time quiz on matrix operations through platforms like Quizizz
can turn a traditionally difficult topic into a competitive and enjoyable classroom
activity.

Personalized Learning and Feedback Many platforms provide real-time
analytics and feedback, allowing students to progress at their own pace. Systems like
ALEKS or Khan Academy use adaptive algorithms to deliver tailored content,
ensuring that each learner receives the right challenge at the right time.

Collaborative Learning Environments With platforms like Google
Classroom, Moodle, or Classkick, learners can collaborate in solving mathematical
problems, share strategies, and give feedback to each other. This encourages social
learning and collective problem-solving, skills that are essential for modern STEM
fields.

Blended and Remote Learning Compatibility Interactive technologies are

essential for distance education. During events like the COVID-19 pandemic, these
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tools allowed continued instruction, assessments, and real-time collaboration from
anywhere in the world.

Summary Modern educational demands require innovative approaches in
teaching advanced mathematics.

Interactive technologies offer dynamic and engaging ways to present abstract
mathematical concepts, addressing limitations of traditional teaching methods.

Tools such as GeoGebra, Desmos, PhET, and VR/AR systems enable
visualization and simulation.

These tools help students understand complex topics like multivariable
functions, matrix transformations, and differential equations through direct
interaction and exploration. Personalized and collaborative learning is enhanced
through platforms like Khan Academy and Moodle. Adaptive algorithms adjust
difficulty based on individual progress, while digital classrooms promote teamwork
and shared problem-solving.

Gamification increases student motivation and active participation.

Tools like Kahoot and Quizizz make advanced math practice more engaging,
turning learning into an interactive challenge.

Despite the benefits, challenges such as unequal access to technology, lack of
teacher training, and over-reliance on digital tools must be addressed.

Successful integration depends on thoughtful planning, infrastructure, and
pedagogical balance.
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VIIK 3054
MHOTOWIEHM TEMJIOPA JUISI CEPEJHBOI TOUKH
B TEOPEMI JIATPAHJKA

Kanaiina Ouexkciit @eodinoBuy
KwuiBcekuii HartionanbHui yHIBEPCUTET
imeHi Tapaca IlleBuenka

KwuiB, Ykpaina

Beryn. Muorounen Telinopa s cepeiHpO1 TOUKK B Teopemi Jlarpanka

if;=f'(c),xe[a,b],ce(a,b),c=a+h§,h:b—a,§€(0,1) (1)

(JIsmuko, Bosipuyk, T'aii, Kamaiima, 1983), MoXIMBO, MOXKHa MOOymIyBaTH
METOJIOM HeBU3HaueHUX KoediiieHTiB. L{iero Temoro mikaBuauck akagaemik AH YPCP
b. B. I'Henenko (BiH mocuiaBcs Ha 3apyOibkHOro BYeHoro bapTtierra), a Takox
akaneMik AH YPCP PpauoB B. JI. Bin 1o TeMy HajaB SIK JHUCEpPTALIiHY CBOEMY
acriipanToBi JlutBuny O. M. Toii mouas i po3poOISITH, Ta KOJIM TOOAYUB, IO 51 HOTO
BUIIEPEUB, IepecTaB Hew 3aiMartuchk. Lle mosa nucepramiiina pobora (Kanaiiga,
1967).

Meta po6otu. ITokazatu, mo MHorounenu Teisiopa st cepeIHbOI TOYKH ¢ B
piBHOCTI (1) MOHA MOOYTyBaTH METOI0M HEBU3HAYEHUX KOE(DII[IEHTIB.

Marepianu Ta MmeToau. 3a ocHOBY O6epemo piBHICTH (1).

Po3BuHEMO %, f'(a+ h&) B psan Teiinopa,

A e R S e - g ()
7—;(1._1)!, f(a+h§)_§(j—l)!(h§)’f° = f9a)

BIJIHOCHY CEpPEHIO TOUKY MOJAAEMO Y BUTJISAII CTETIEHEBOTO PSTY
0=0
3 HEBIZIOMUMH KOeDIlliEHTaMH @ ;.

Pe3yabTatu Ta 06roBopenHsi. 3 piBHOCTI (1) 3 BpaxyBaHHsIM piBHOCTEH (2),

(3) nicraeMo TOTOXXHICTh

96



1 " h m " m
§f° +ng +on = foay + fi(ag +2haay + ... (4)

3 (4) (mpu f, #0) maemo

a=La =0t e LS oy,
2 6f) 27 6f"

Takum 4YMHOM, NOOYIOBAHO ANTOPUTM [UIi MHOrowieHa Teinopa s
BIJIHOCHOI CepeIHhOi TOUYKU B PIBHOCTI (1) y BHUIJISAII PEeKypeHTHOI aireOpudyHoi
cuctemu piBHAHB (4). Kpedimientu mHorousneHiB HaBeaeHo (Kamaiiga, 1965).

BucnoBkmu. IloOygoBano cuctemy (4) i nmoOynoBu MHorowieHa Tewmopa
JUIS. BIJIHOCHOI CepeHbOi TOYKHM B piBHOCTI (1). AHajmoriyHoO MOKHa OyayBaTu
MHorowslieHn Teunopa I CepelHbOI TOYKM W I1HIIMX TEOPEM IMPO CEPEHE B
mudepentiianbHoMy uncienHi (Kanaiina, 1963, 1965, 2012), a Takoxx TeopeM mpo
cepenHe B IHTerpasibHoMy uncienHi (JIsmko, bospuyk, 'ait, Kanaiiga, 1985),
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Beryn. PyiiHyBaHHS, CIpUYMHEHI MOBHOMACIITaOHOK BiifHOWO B YKpaiHi,
CTBOpWIM  O€3MperneAeHTHU  BUKIWMK U1 HAIlOHAIBHOI  1HPPACTPYKTYpH,
apxiTeKTypu Ta KUTJIOBoro ¢oHmy. BogHouac, 11 Kpu3za cTajga TOYKOIO
Mepe3aBaHTAKECHHS ISl TIEPEOCMUCIICHHS MIAXOAIB JI0 TUIAaHYBaHHs, Oy/I1BHUIITBA Ta
BiIOy/IOBH YKpaiHChKUX MicT 1 cin. Tpamgumiiini mozaemi 3a0yaoBH, OpiEHTOBaHI
BUKJIIOYHO Ha IMIBUJAKICTH 1 MIHIMallbHYy BapTiCTh, BK€ HE BIANOBIAAIOTH CyYaCHUM
BUMOTaM CTIMKOCTI, €HEproe)eKTUBHOCTI Ta COIIAJIBHOI CHpaBEIJIUBOCTI. Y
KOHTEKCTI CyYaCHHUX TJIOOQJIbHUX BUKIWKIB — 3MIH KIIIMaTy, €HEPreTUYHOI KpHU3H,

Mirpamii Ta COIlaJibHOI HEeCTaOUIBHOCTI — EKOJIOT1YHAa apXITeKTypa W MIIXOAH 10
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cTaoi BiA0yn10B1 HaOyBalOTh OCOOIMBOI aKTyalbHOCTI.

3eneHa apxiTekTypa IMependadae CTBOPEHHS MPOCTOPIB, IO MIHIMIZYIOTh
HEraTUBHUM BIUIMB Ha JIOBKULISA, €PEKTUBHO BUKOPUCTOBYIOTh PECYPCH, TAPMOHIITHO
IHTETpYIOThCS B IPUPOHE CEPENOBUIIE Ta BPAXOBYIOTh MOTPEOH Tt — BKIIOYHO
3 BHYTPIIIHBO MEpPEMIIIEHUMHU Oco0aMM, BETepaHaMM, a TaKOX 3 ypaxyBaHHSIM
MPUHIIMITB 1HKII03UBHOCTI. [loBO€HHa Bi0y/nOBa Ma€e CTaTH HE MPOCTO MPOILIECOM
BIIHOBJICHHSI 3pYHHOBAHOTO, a IEPEeXOJ0M JO SKICHO HOBOi, CTIHKOi 1
CaMOJIOCTaTHBO1 apXITEKTYPHOI MO/, OPIEHTOBAHOI HA MallOyTHE.

Merta po0oTu € aHami3 MPHUHIMIIB EKOJOTIYHOI apXITEeKTYpH B KOHTEKCTI
3€JIEHO1 Ta CTajoi BIA0YI0BU YKpaiHU MICHs BIMICBKOBUX PYHHYBaHb, 3 ypaxXyBaHHSAM
COIIIAIbHUX, EKOHOMIYHMX Ta EKOJOTiYHUX acmnekTiB. OCHOBHHM 3aBJIaHHSAM €
BU3HAYECHHS KIIFOUOBUX HANPSIMKIB 1HTErpamii CTajJoro PO3BUTKY B aApXITEKTYPHY
MPaKTUKY, po3poOKa MiXOMIB 1O MPOEKTYBAHHS >KUTIA W 1HGPACTPYKTYpH, IIO
BI/IMOBIIal0Th BUMOTaM CY4acHOCTI Ta MaiOyTHBOTO.

Marepianu Ta wMeroau. Meronosoris JOCHIKEHHS 0a3yeTbcs Ha
MDKJIUCIUIUTIHAPHOMY M1XO0/I1, 10 MOEAHYE aHAI3 TEOPETUIYHUX OCHOB €KOJIOTTYHOT
apXITeKTYpH, BHUBYEHHS TIOJITUYHUX 1 HOPMATHUBHUX JIOKYMEHTIB, 30KpemMa
Konmeniiii 3emeHoro BiTHOBICHHS YKpaiHH, a TaKOX IOJIOKECHb €BPONEHCHKOTO
seneHoro kypey (European Green Deal), sikuii BusHauae crparteriyauii Hanpsm €C
10 JOCSTHEHHS KJIIMaTU4HOi HeWTpanbHOcTi A0 2050 poky. Y poOoTi Takox
BpaxoBaHo minxin IliBHiuHOiI ekojoriuHoi (QinancoBoi kopmoparii (NEFCO),
OpIEHTOBAaHUM Ha cTany 1HQPACTPYKTYPY, BIPOBAIKEHHS BITHOBIIOBAIBHUX JIXKEPEI
€Heprii, eHeproe@eKTUBHOCTI  Ta  3a0€3MEYEHHs  MPO30pPOro  YIpaBJIiHHA
B110y/IOBUNMHU TTPOEKTAMHU.

KpiM Toro, mpoaHangi3oBaHO MPOBIAHI MDKHAPOAHI CHUCTEMH €KOJOTIYHOL
ceprudikaiii Oyaiens, 30kpeMa BREEAM (Benuka bputanis, 1990), LEED (CILIA,
1998), sixi BU3HAYAIOTh KPUTEPil OLIHKK €HEeproeeKTUBHOCTI, BIUTMBY Ha JTOBKIJLIA,
AKOCT1 BHYTPIIIHBOTO MIKPOKIIMATy Ta A00poOyTy kopuctyBauyiB. Lli cucremu
MOXYTh OYTH aJIalTOBaHI IO YKPAiHCHKOTO KOHTEKCTY SIK IHCTPYMEHTH TI1JIBUIIIEHHS

SIKOCT1 TIOBOEHHOI B1I0YI0BY BIAMOBIHO /10 MIPUHIIUITIB CTAJIOTO PO3BUTKY.
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PesyabTaTn Ta o0O0roBopeHHsi. Pe3ynbTaTu HOCHIIKEHHS 3acBiIYYyIOTh
HEOOX1HICTh (OpPMYBaHHSA IHTETPOBAHOTO MIAXOMY JO TOBOEHHOI BiAOYAOBU
VYkpainu Ha 3acajiax CTaJOro pPoO3BUTKY, SIKMM nepejdadae oJHOYACHE BPAaXyBaHHS
€KOJIOTIYHUX, COIIAIbHUX, EKOHOMIYHUX 1 KyJIbTypHO-JaHAIIA(QTHUX (HaKTOPIB.
Takuit migxig He JuIe MIHIMI3YE HETaTMBHUM BIUIMB Ha JOBKULISA, a W CIpuUsE
(hOopMyBaHHIO CTIHKOIO Ta IHKJIFO3UBHOT'O apXITEKTYPHOTO CEPEIOBHUIIIA.

Exonoriyamii KOMIMOHEHT TMOBUHEH IepeadadaTi MpiopuTEeTHE BUKOPUCTAHHS
€KOJIOTIYHO Oe3MeYHUX, JIOKAJIBHO JIOCTYNMHHMX Ta BIJIHOBIIOBAHMX MaTepialiB, IO
CKOPOYYIOTh BYTJICTICBUI CIIIJT sIK HA €Tari OyAiBHUIITBA, TaK 1 MiJ Yac eKCILTyaTallii.
Oco0nmBe 3HaYeHHS MAlOTh TEXHOJIOTIi €HEPrOOIIaTHOTO IPOEKTYBAHHS, BKIIOYHO 3
KOHIICTIIII€EI0 TACHBHOTO OYAMHKY, BIPOBAKEHHAM TMPUPOJHOI  BEHTHIIALII,
BUKOPUCTAHHSAM BIJHOBJIFOBAHUX JHKEpEJ €Heprii (COHSYHI MaHell, TeII0OBl HACOCH)
Ta 30aJJaHCOBAHUM BOJOCIIOKUBAHHSM.

CorlanpHl  acleKTH 3yMOBIIOIOTH MOTpeOy B  apXiTekTypi, 1o Oyje
IHKJIFO3UBHOIO 32 CBO€IO MPHUPOJOI0 — OPIEHTOBAHOK Ha MOTPEOM JIOJAEH PI3HOTrO
BIKYy, CTaTi, piBHS MOOLIBHOCTI Ta coIllaibHOro crarycy. BinmOymoBa moBHHHA
BpPaxOBYBAaTH BUMOTH JI0 JOCTYMHOCTI XHUTJIA JUIsl BHYTPIIIHBO MEPEMINIEHUX OCi0,
BETEpaHiB, CIMEH 3 NITbMH, a TAKOXK 3a0€3MeUUTH MPOCTIP JJIA COLIATBHOT B3aEMOIII.
KitouoBUM TPUHIMIIOM Ma€ CTAaTW 3allyuyeHHS TPOMaJl JO MPOLECIB MPUNWHATTA
pilieHs 1moa0 (OopMyBaHHSI apXITEKTYPHOTO CEPEAOBHINA, IO CHPHUSE 3MIIHEHHIO
COIIIaJIbHOI 3TYPTOBAHOCTI Ta JOBIPH.

ExoHomiuHa ckiagoBa Mae TPYHTYBATHCS Ha TIPHUHIMIAX [THPKYISIPHOL
€KOHOMIKHM, 30KpeMa [OBTOPHOMY BHUKOPUCTaHHI OyZAIBEJIbHUX MaTepialiB,
MiHIMI3amii BIAXOMIB 1 3ampoOBa/PKEHHI [HMKJIIB BTOPUHHOTO PECYpPCOOOITY
(peuukiinry). BomgHouac akiieHT MEPEHOCUTHCS 3 KOPOTKOCTPOKOBOI €KOHOMII Ha
JIOBTOCTPOKOBY ~ €(DEKTHUBHICTHh 1 BUTPHUBANICTh MPOEKTIB, SAKI  3HIKYIOThH
eKCIUTyaTalliiHi BUTpaTH, MIABUIIYIOTh CHEPreTUYHY HE3aJEKHICTh Ta MAaloTh
MEHIITMI BILJIUB Ha KJIIMaT.

JlanamiadTHa iHTETpariss € HEBIIIUILHOIO CKIIAJIOBOIO 3€JIEHOI apXiTeKTYypH.

Bona nepenbadae ajganTaniio apxiTEKTypHUX pIIIEHb O MNPUPOIHO-KIIMATUYHUX

100



YMOB DETI0HIB, 30€peKEHHs Ta BIATBOPEHHS O10pPI3HOMAHITTS, 1HTETPALII0 3€JICHUX
HACA/PKEHb, BOJHO-O0JIOTHUX YT1/lb 1 MICIIEBHUX €KOCHUCTEM y CTPYKTYPY HaCEICHHX
NyHKTIB. Takui MAXia MABUILYE KIIMAaTHYHY CTIHKICTh 1 crpusie (popMyBaHHIO
KOM(OPTHOTO MIKPOKIIIMATY.

[IpocTopoBo-TIIaHyBallbHI ~ pIIIEHHS  MalTh  CBOJIIOIIOHYBAaTH  BIJ
[EHTPaJII30BaHUX, 3acTapuInx Mojened 710 THYYKHUX, aJIalTUBHUX,
nerneHTpanizoBadux ¢opMm. OcoOIMBY aKTyalbHICTh HaOyBa€ PO3BHTOK MaJuX
CHEProHEe3aNIeKHUX  EKOCHIJILHOT, PpEHOBallisl ICHYIOYMX CII  Ha  3acajax
aBTOHOMHOCTI, caM03a0€3MeUYeHHsT Ta COIlaJbHOI IHTErPOBAHOCTI, IO BiANOBIAAE
MPHUHIIAIIAM CTAJIOTO TEPUTOPIATHHOTO PO3BUTKY.

OcgiTHiii Ta mnpodeciiinuii BuMip ¢GOpMye 3acaJlHUYy OCHOBY IS
BIIPOBA/DKEHHSI HOBUX CTaHIApTIB Yy cdepl apxiTeKTypu Ta OyJiBHUIITBA.
HeobOximnum € peopMyBaHHS apXITEKTypHOI OCBITU 3 aKIIEHTOM Ha €KOJIOTIYHY
IPAMOTHICTb, 1HHOBAI1}iH1 TEXHOJIOT1I, MDKJIACIHUILUTIHAPHICTD 1
MIPaKTUKOOPIEHTOBAHICTh. BogHOUAC BaXKIIMBUM € 3aJIy4eHHS MTPOQPECIHHUX CHIIBHOT
10 ¢GopMyBaHHS HOPMATUBHOI 0a3u, MPOEKTHUX MPOTOKOIIB 1 JOBrOCTPOKOBHUX
CTparerii BiI0y10BU B yMOBax KJIIMaTUYHUX 1 COLIaIbHUX TpaHChopmMarliil.

BucHoBku. VYkpaiHa CcTOITh Ha TOpPO31 MEPEOCMUCIICHHS apXITEKTYPHOI
MmapagurMy, 1o O0a3yeThCs Ha CTIMKOCTI, €KOJOTIYHOCTI, Oe3Ielmi Ta COIllalbHii
BIIMOBIAIBLHOCTI. 3eJIeHa apXiTEeKTypa — 11€ BIJIMOBIIb HA CYYacCHI BUKJIMKU KJIIMATy,
€HEPreTUKH Ta COILIAIbHUX 3MiH, SIKa BPaXOBYE B3a€EMOJIII0 3 TPHUPOAOI0, CKOHOMIIO
pecypciB 1 MOTpedbu BCiX collanbHux rpym. [loBoeHHa BigOy0Ba Mae CiMpaTucs Ha
IHHOBAIIMHI, CTIMKI pIIIEHHS, J€ €KOJOTiYHa apXITeKTypa CTBOPIOE Oe3MeyHe,

TrapMOHIWHE 1 T1HE CEPEOBUIIIE JIJIS BCIX.
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PEDAGOGICAL SCIENCES

IHTEPAKTUBHI METOJI HABYAHHSA B CUCTEMI MY3UYHOI
OCBITH: TEOPIA TA IPAKTUKA

I'pinboBa BiraJsina BirauiiBHa,

MaricTp, BUKJIa/1a4d BUIIOT KaTeropii

3 My3WYHO-TECOPETHUYHUX TUCIUILIIH
IUTSY01 My3U4uHOT KoK iM. @. ["aHiIbKOTO
M. Kam’ssHenp-TIloainbepknii, YKpaina

Beryn. YV cydyacHOMY OCBITHROMY MpoOlIeci Jeaalii Oulbliie 3pocTae norpeda y
BIIPOBA/KCHHI 1HTEPAKTUBHUX METOIB HaBYaHHS, OCOOJMBO B rajay3l MY3WYHOI
OCBITH, JI€ BaXJMBO HE JMIIEC TEpeAaTH 3HaHHSA, a W PO3BUBATH EMOIINHICTD,
KpEaTUBHICTh, 3JaTHICTh JO KOMYHIKAIlll Ta caMOBUpaXeHHs. Tpaauiiiiina Mojaelnb
HaBUYaHHs, 3aCHOBaHA MIEPEBAKHO HA PEMPOJYKTUBHOMY IIIXO0/1, BXKE HE BIAMOBIIA€
3amMTaM HOBOTO MOKOJIIHHS Y4YHIB. Y 3B’SI3KY 3 UM aKTyaJbHUM € TIEPCOCMUCIICHHS
MEJaroriyHuX  TEXHOJIOTIM  Ta  pO3MIMPEHHS  IHCTPYMEHTapil0  BUKIIAgadya
MY3UYHO-TEOPETUYHHUX JUCUUILUIIH 3a PaxXyHOK I1HTEPaKTUBHUX (OpM 1 METOMIB
poboTH.

Meta podoTu. Metoro gaHoi poOOTH € TeopeTUuyHEe OOIPYHTYBAHHS Ta aHai3
MPaKTUYHOTO 3aCTOCYBaHHS IHTEPAKTHBHUX METOJIB HaBYAHHS B CHCTEMI MY3WUYHOI
OCBITH, BUSIBIICHHS iXHBOTO BIUTUBY Ha ()OPMYBaHHSI MY3UYHOTO MUCIICHHS, PO3BUTOK
TBOPYMX 3/11I0HOCTEN YUHIB Ta MIABUILIEHHS €(DEKTUBHOCTI HABYAJIIBHOIO MPOILIECY.

Marepianu Ta MeTOAM IHTEPAKTHBHOI PO0OTH Yy MY3U4HIN OCBITI.
IaTepakTHBHE HaBYaHHS 0a3ye€ThCsl HA MPUHITUIIAX CHIBIIpalll, Jiajory, 3aTy4eHOCTI
VYHS JI0 aKTUBHOTO IT3HAHHA Ta EMOI[IHHOTO BKIIOYCHHS Yy Tpolec. BoHO
nependaydae piBHONPABHY Yy4acTh YCIX YUaCHUKIB HaBYAJIBHOTO MPOLECY Y CTBOPEHHI
HOBHX 3HaHb, 110 OCOOJIMBO BAXKIUBO IS TBOPYMX JUCIMILTIH, TAKUX SK COJIb(EIKIO

Ta My3U4Ha JIiTEpaTypa.
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KmrouoBrumu 0coOJIMBOCTSIMHU iHTepaKTI/IBHOFO HaB4YaHHA €:

. cy0’ekT-Cy0’€KTHA B3a€MOJIIS MK YUIHEM 1 BUUTEIIEM;

. NPaKTHYHA CIPSIMOBAHICTB;

. BUKOPUCTAHHS MIKIMCIUTUTIHAPHUX 3B’ SI3KIB;

. MIATPUMKA THTEpPECY Yepe3 HOBU3HY, TPy, MPOEKTHY JisIIbHICTb.

CydacHa My3uyHa TeAarorika MpONOHY€E MIUPOKUN CHEKTP IHTEPAKTHUBHUX
metoiB. Cepen HalOUIbII €(PEKTUBHUX

. My3u4HO-POJIBLOBI irpM — y4HI MOJIETIOIOTh KOHIIEPTHI ab0 TBOpYI
cUTyaii (Hampukiaa, «Kypl KOHKYpCY», «KOMIIO3UTOP 1 BUKOHABEIIbY, «IUPUTEHT 1
OpPKECTP»).

. Jupaktuyni irpm: cinoBecHl («My3udHe J0TO», «XTO HIBUIIIE?»),
CIIyXoBl («Ymi3Hail iHTepBan», « PUTMIYHMI AUKTAHT»), pUTMIYHI (3 BUKOPUCTAHHSAM
TUJIECHOI MepKycii).

. PoaboBi irpm: imitaiis TBOpYMX cuTyalii (Hampukiaan, «My3uuHe
Kyp1», «[HTEpPB’10 3 KOMIIO3UTOPOM ).

. My3nyni BIKTOPMHH: TEMaTHYHI KOHKYPCH 3HaHb, IIOB’sI3aHI 3
KOMIIO3UTOPaMH, JKaHpPaMU, Ha3BaMU TBOPIB.

. KoJsiekTuBHe apaH:KyBaHHSl Ta IMIpPOBI3amisfi — JalOTh 3MOTY YYHSM
pPO3BUBATH CIIyX, (haHTa31t0, PO3YMiHHS (HaKTypH.

. IIpoexTHEe HABYAHHS — CTBOPEHHS YUHSIMH MY3HUHUX Ka30K, BIACHHUX
MpEe3eHTalllid, MIHI-I0CTIPKeHb, KpPEaTUBHUX (POPM TMOJAHHS TEOPETUUHOTO
Marepially (Hampukiaji, MocTep, MiakaT, BiICOPOJIMK), BAKOHAHHS TEMaTUYHUX MiH1-
KOHLEpTIiB. [liiroToBKa TEMaTUYHUX BUCTYIIIB, MIHI-KOHLEPTIB, MPE3EHTallil IMpo
My3W4Hl KaHPH, CTWJI, KOMMO3uTOpiB. lle mae 3Mory moegHyBaTh MY3UKY 3
JiTeparyporo, ictopieto, I'T, po3BuBaTH HAaBUUKM KOMaHIHOI pOOOTH, camoopraHizarlii
i myOIiYHOTO BUCTYIILY.

. Juckycii Ta cayxaubKuid aHasi3 — 0OroBOpeHHs MPOCIyXaHUX TBOPIB,
MOPIBHSHHS 1HTEpHpeTaliid, BUBYEHHS CTWIICTUKU. CiyXaHHS HE SK I[acHUBHE
CHpuiMaHHs, a K aKTUBHA JISJIBHICTH: YUHI MOPIBHIOIOTh BUKOHAHHS, KOMEHTYIOTh

TBIp, CTBOPIOIOTH BJIACHY «IpOrpamy» abo MPUIAYMYIOTh BI3yadi3alliio A0 MY3UKH.
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Hanpuknan:

. CIIyXaHHS 3 3aBAAHHSM «HaMAaJIION My3UKY»;
. IHTepIIpeTaliifHi 6aT/In MK BapiaHTaMH BUKOHAHHS OJHOTO TBODY.
. Ludposi incTpyMeHTH — IHTEPaKTUBHI JOJATKH, BIpTyalbH1 KJIaBIllIHI,

PUTMIYHI TPEHAXKEPH, OHJIANH-TUIATPOPMU ISl My3UUHOT'O PO3BUTKY.

. KBecTn Ta iHTeNeKTyaJIbHI irpH: CIOKETHI 3aHATTA 3 TMOCIIIOBHUM
BUKOHAHHSM 3aBJIaHb Y MAJIUX TPyTIax.

. Hudgposi pecypen: miarpopmu  Kahoot!, Wordwall, Quizizz,
LearningApps [aioTh 3MOTY CTBOPIOBAaTH IHTEPAKTHUBHI BIPaBHM Ta TECTH, IO
JOCTYIIHI SIK B Kjaci, Tak 1 aucraHuiiHo. CyyacHl TEXHOJOTIT BIAKPUBAIOTh HOBI
MOJIUBOCTI:MY3U4YHI IrpH, MOOUIbHI JOJATKU JJI PO3BUTKY PHUTMY, CIYXY,
rapMoHiiiHOro MucieHHs (Hanpukiaa, Piano Maestro, EarMaster, MusicTheory.net).
OmnuyaiiH-KJ1acH  J103BOJISIFOTh MPOBOJUTH 3aHATTS 3 TreorpadiyHo BiAJaleHUMHU
YUYHSIMH, 30€piraTi 3allMCH BUKOHAHHS, IPOBOAUTH OHJIAIH-KOHLIEPTH.

{1 Meromn ocoOauMBO €(pEeKTHBHI B poOOOTI 3 MOJOAUIMMHU YYHSMH, aJDKE
MOEHYIOTh HAaBUAHHS 3 €JIEMEHTaMU I'PU Ta CIIIBTBOPUYOCTI.

IIpakTHYHe BOPOBA/’KEHHS HA YPOKAX TE€OPETHYHUX TUCHUILIIH

Coabpenxio:

. Po6ota B mapax Haja po3mi3HaBaHHSM IHTEPBAJIB 1 aKOPIB 3 MOJATBIIUM
0OTrOBOPEHHSM.

. IrpoBi BipaBu Ha PO3BUTOK PUTMY («pUTMIUHA ecTadeTay, «BIITyHHSY),
MYy3WYH1 JUKTAHTU 3 BApIaTUBHUMU BIJMOBIISIMHU.

. Buxopucranns Kahoot! 115 TecTyBaHHs 3HaHb PO TOHANBHOCTI, JajH,
BHJIM METDIB.

My3u4Ha Jiteparypa:

. Bikropunu 3a GiorpadisiMu KOMIO3UTOPIB, CTUIISIMU €T0X, BITI3HABAHHS
TBOPIB 32 YPUBKAMH.

. [HTepaKkTUBHI Mpe3eHTallli: Y4H1 CTBOPIOIOTH CAlAN PO KOMIO3UTOPIB,
KaHPH, IHCTPYMEHTH, SIK1 TTOTIM TPEJICTABIISIOTH OTHOKJIACHUKAM.

. CroXeTH1 YpOKU-KBECTH (HAMPUKIIAJ, «Y MOIIyKaX BTPAYEHOTO TBOPY»).
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Teopist My3uKu:

. Pob6ota 3 uudpoBumu BhopaBamMu Ha MOOYAOBY 1HTEpBAJiB, TPU3BYKIB,
CEITaKOP/IiB.

. ['pymoBi 3aBAaHHA Ha PO3B’A3aHHS MY3UYHO-JIOTIYHHX 3a7ad.

. Irpu tuny «30epu Tepmin», «My3udyHE IOMIHO» JUIsl IMOBTOPEHHS
TEPMIHOJIOT1.

Pe3yaibTaTH BHPOBAJ:KeHHsl. 3aCTOCYBaHHS I1HTEPAKTHUBHHX METOMIB Y

MY3UYHIH IIKOJ A€ MO3UTUBHI pe3yJIbTaTH:

. VYHI CTalOTh aKTUBHIIIAMH, 1HII[IaTUBHIIINMU;

. M1JIBUILY€THCS 1HTEPEC 0 MPEIMETa;

. (dbopMyeThCSI BMIHHS CIIyXaTH i aHaJli3yBaTH MY3HKY;

. PO3BHUBAETHCS BUIbHE BOJIOJIHHS 1THCTPYMEHTOM y KOHTEKCTI aHCamMOJIo

YU IMITPOBI3allii;

. MOKpAIIy€eThCS ~ KOMYHIKAIliss y  Tpymi, BHUHUKAE  EJIIEMEHT
CIIBIIEPEKUBAHHS Ta B3aEMHOI HIATPUMKHU

. [linBuilleHHS MOTHUBAIlli O HABYAHHA: 3aBASKU €JIeMEHTaM T'pH Y4HI 3
1HTEpeCcOM BHKOHYIOThH 3aB/IaHHS.

. Po3BUTOK KIIFOYOBHX KOMIIETEHTHOCTEH: KOMYHIKaIlli, CaMOCTIHHOCTI,
KPUTUYHOTO MUCJICHHS.

. dopMmyBaHHS TMPAKTUYHUX HABUYOK: CIYXOBOTO aHami3y, MY3UYHOTO
3aI1Cy, TEOPETUYHOTO y3arajabHEeHHs.

. [nauBigyanizamisi HaBYaHHS: 1HTEPAaKTUB JIO3BOJISIE  BPaxOBYBaTU
3M110HOCTI Ta TEMIT 3aCBOEHHS KOYKHOTO YUHSI.

. Emormiina 3amydeHicTh: mo3uTHBHa ~atMocdepa, JA00pPO3UWINBA
KOHKYPEHIII Ta 3BOPOTHUH 3B’ A30K MiACHIIOIOTH 3aCBOEHHS 3HAHb.

He3Baxkatrouu Ha OueBUIHI TIEpEBary, IHTEPAKTUBHE HAaBYaHHS TTOTPEOYE:

. HASIBHICTh TEXHIYHOro 3a0e3nedyeHHsl (IHTEpHET, MYJIbTUMEIIHHA
TEXHIKa, PUCTPOI ISl TOCTYIy A0 MIaThopm);

. NnonepeaHbOI Mi/IT0TOBKU iHTEPAKTUBHUX MaTepiaJiB (TECTH, KBECTH,

KapTKH);
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. BU3HAYEHHSA YITKOI METH I KpUTEPIiB OLIIHIOBAHHS I 1HTEPAKTUBHOTO

0JI0KY;

. 3a0e3meyeHHs1 TIO€JHAHHS ITPOBOi  AaKTUBHOCTI 3  HAaBYAJIBbHOIO
IJIECIIPSIMOBAHICTIO;

. npodeciiiHOi MiArOTOBKM BHUKJAAa4a, SIKUW Ma€ BOJIOJITHU HOBUMH

METOJUKAaMU Ta TEXHOJIOTISIMHU;

. 0ajlaHCy MIXK TPaAUIiiiHOI0 TA HOBITHHOIO MEJATOTIKOI — BaXJIUBO
HE BTPAaTUTH TEXHIYHY OCHOBY U AUCLMILIIHY;

. THYYKOCTI B MiAXOJaX — ajamnTaiii A0 BIKYy, pIBHS MiATOTOBKHU Ta
MICUXOJIOTTYHUX OCOOJIMBOCTEN YUHIB.

BucHoBku. [HTepakTMBHI METOAM HaBUaHHSA  BIAKPUBAIOTh  LIMPOKI
MOJKJIMBOCTI JJIi TBOPUYOTO BUKJIAIAHHS MY3HUYHO-TEOPETUYHUX IUCIUILTIH, 1€ HE
MOJia, a HEOOXIJHICTh Cy4acHOI MYy3WYHOI OCBITH. BOHM He JuIle MNOKpaulyrooTh
AKICTh 3HaHb a W JIO3BOJISIIOTH 3pOOMTH HaBYAJIBHUUN MPOLEC >KUBUM, THYYKHUM,
0COOMCTICHO-OPIEHTOBAHUM. IX BIIPOBaKEHHs MOTpedye TBOPUOCTI # mpodeciiinoi
MaNCTEpHOCT]I BiJ BHKJIaJaya, aje pe3yJbTaTH BUIPABIOBYIOTh 3YCHJUIA: Y4HI
CTalOTh HE JIMIIEe BUKOHABISIMU, a i aKTUBHUMH yYaCHUKAMH MY3MYHOTO KHUTTS,
MUCJISIYMMUA  Ta HATXHEHHMMH OCOOMCTOCTSMHM, 3JaTHUMU JIO  CIHIBIIpAalli,
CaMOBHMpAXXEHHsI Ta €CTeTMYHOro MHCIeHHS. Poib BuUKIazaya mnpu IbOMY
3MIHIOETbCS: BIH CTa€ (PACHIITATOPOM, OPraHi3aTOpPOM Mi3HABAJIILHOIO AI1AJIOTy M
MapTHEPOM Y MPOIECT My3UIHOTO BIIKPUTTS.

JonaTku

Honarok 1. ®parment Kahoot!-Bikropunu 3 my3u4Hoil Jireparypu (Tema:
«KutTs i TBOpuicTh M. C. Baxay)

1. V sxomy poui Hapoxusest M. C. Bax?

o 1685
o 1675
o 1695
o 1705
2. Ha3sgith sxanp tBopy «Tokara 1 pyra pe MiHOp»:
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o [pentoais

o Conara

o Odyra

o Oparopis

3. Axuit iHCTpyMEHT OYB OCHOBHUM Y TBOpYOCTi baxa?
o Cxkpurnka

o Opran

o Onenra

o Knasecun

Jonarok 2. CiryxoBa rpa «YmizHail iHntepBan» (YPok coJib(perxio, 2 Kiaac)
dopMa Tpu: YUHSM NPOIMOHYETHCS MPOCIyXaTU 1HTEPBAIM (BUKOHYE BHKJIagad abo
ayJli03amnuc), MICIsi 4Oro BOHM MAalOTh OOpaTH NpPaBWIbHY BIANOBIAL 13 TPHOX
BaplaHTIB (BUBOJUTHCS HA €KpaH abo 3amucaHo Ha KapTkax). [Ipukiaau iHTEepBaiB:
YyCcTa MpUMa, Majia 1 BeJIMKa CEKYH]IM, YMCTa KBIHTA, Maja 1 BEJIUKa Tepllii, YucTa
KBapTa, YUCTa OKTaBa.

Honarok 3. My3u4HHil KBeCcT «Y NOLIIYKAX BTPA4e€HOr0 TBOPY» (YPOK
MY3HYHOI JiTEepaTypH, 5 KJac)

Mera: akTUBI3yBaTH 3HAHHS YYHIB PO KOMIIO3UTOPIB, My3UUHI CTUJI1, )KAaHPH.

Kopotkuit onmc: y4Hi AiIATbCS Ha KOMaHIU. B KokHOT KOMaHau — HaOip
MiAKa30K ((pparMeHTH HOT, MOPTPETH, omuc TBOpPY, QR-xoau 3 aynio). 3aBnaHHSA:
BU3HAYHUTH, MPO KU TBIp 1IEThCSA, HMOro aBTOpa 1 *KaHp. Y ¢iHam — CIyXaHHS
MMOBHOTO ypHBKa.

Jonarok 4. 3pazok Bnpasu y Wordwall (Teopist my3uku, 3 kJac)

Ha3Ba: «3naiiqu 3aiiBe»

3aBHgaHHs: cepell YOTHPbOX aKOP[IB OAWMH — MOOYIOBaHMWN HENPAaBUIBHO (32
CTPYKTYpPOIO ab0 32 TOHAIBHICTIO). YUeHb Ma€ 00paTu HOTo il MOSCHUTH TOMUJIKY.

HMonatok 5. Biaryku y4HiB (AHOHIMHI aHKeTH):

— «YPOK IPOMIIIOB JTyke I1KaBo. byio Beceno 3maratucs 3 Apy3saMu!»

— «4I xparie 3anmam’siTana iHTEpBaJIA, 00 MU iX CIIyXaJld 1 0O/Ipa3y Tpajiu B TPYy».

— «MeHI 1o100at0ThCs BIKTOPUHHU, 00 MOKHA OauuTH CBIM pe3yjbTaT 1 HE
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0O0IIIICS TTOMUITHTHCS.)

JloaaTok 6. mOCWJIaHHS 10 pecypciB:

— BiktopuHa y Kahoot! (Tema «IHTEepBaATNY):
[https://create.kahoot.it/details/5/b9eeb522-b820-4fa5-8d31-ba2f732fd7a2]

— Wordwall-3aBnanns (Tema «Buau IHTEPBAJIiBY):
[https://wordwall.net/ru/resource/57182759/%d0%bc%d1%83%d0%b7%d0%b8%d0
%ba%d0%hb0/%d1%96%d0%bd%d1%82%d0%b5%d1%80%d0%hb2%d0%hb0%d0%
bb%d0%b8] — Bunyckna BikTopuHa: [https://youtu.be/ 6tT9axHC30]
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POLITICAL SCIENCES

MODERN CHALLENGES IN THE CIVIL SERVICE: STEPS TOWARD
EFFICIENCY IN GEORGIA

Kutsia Veronika

Abstract: This article examines the issues related to ensuring the efficiency of
the civil service within the Georgian context, where the need for reform stems from
both internal institutional deficiencies and the imperative to align with global
standards of governance. The study aims to analyze the current structure of Georgia’s
civil service, identify existing systemic problems, and evaluate the mechanisms
directed toward the modernization of the system.

The first part of the article focuses on the theoretical and normative
foundations of civil service efficiency, offering readers an overview of contemporary
trends in public administration at the international level. The second part analyzes the
structural characteristics and systemic challenges facing Georgia’s civil service —
including politicization, bureaucratic obstacles, and the insufficient citizen-oriented
nature of public services. The third section is devoted to the reforms and innovations
undertaken in recent years, such as the implementation of electronic governance, the
professional development of civil servants, and the influence of international
partnerships. Finally, successful practices from other countries are presented,
followed by tailored policy recommendations for Georgia.

The analysis presented in the article demonstrates that formal changes alone
cannot ensure systemic improvement. A fundamental reassessment of the values
underpinning the civil service is required, along with the strengthening of
professional ethics and the introduction of performance-based management.
Achieving these objectives necessitates both strong political will and long-term

strategic planning, which are essential for rebuilding trust between the public and the
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state.

Keywords: Civil service, efficiency, administrative reform, public
administration,  citizen-oriented  policy, systemic challenges, comparative
administration, e-governance, public value, depoliticization, human resource
management, public services, innovative governance, Georgia’s public sector,

international practice.

Introduction. The civil service represents one of the fundamental institutional
pillars of the state, whose efficiency directly determines the quality of governance,
the level of public trust, and the sustainability of the democratic system. In the
context of contemporary public administration — understood as a mechanism for
exercising state authority — efficiency, transparency, and service orientation of the
state apparatus have become decisive factors for successful national development.
Within this framework, effective reform of the civil service is viewed not merely as a
matter of technical improvement, but as an integral component of broader political,
social, and economic transformation.

In Georgia, the civil service sector has been undergoing continuous structural
changes for over two decades. Despite several positive steps, there remain critical
systemic problems, including politicization, the absence of professional standards,
weak institutional mechanisms, and low employee motivation. These challenges not
only reduce the effectiveness of governance, but also hinder the formation of a
citizen-oriented and equitable public sector.

International experience demonstrates that successful civil service reform is
grounded in sustained political will, the consolidation of legal frameworks, the
development of human resources, and the effective integration of technological
innovations. Additionally, it is essential to establish robust evaluation systems and
enhance civil servants' motivation, both of which are vital for improving the quality
of public service delivery.

The aim of this article is to analyze the systemic barriers to efficiency in

Georgia’s civil service, as well as the steps that have been or should be taken in this
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direction. Particular emphasis is placed on a comprehensive assessment of modern
challenges, an analysis of Georgia’s alignment with global trends, and the
development of recommendations that can facilitate the transition toward a citizen-
oriented, transparent, and professional civil service.

Chapter 1. The Significance of the Civil Service and the Theoretical
Foundations of Efficiency

In the modern state, the civil service constitutes not only the institutional core
of public governance but also an essential pillar for the proper functioning of
democratic rule. Through the civil service system, constitutional rights are realized,
legally defined services are administered, and public policies are implemented on a
daily basis. The civil service is not merely an administrative bureaucracy — it is the
mechanism through which the state responds to societal needs and fulfills the
expectations of its citizens.

In contemporary public administration theory, the civil service is understood as
a functional institution that delineates the boundary between the state as a "legal
construct” and the state as a "politically active organism." The civil servant, as a
representative of professional bureaucracy, is considered the “face” of the state
before the citizen, performing both representative and service-oriented functions.

As Kaufmann (2005) argues, the civil service occupies a central position in the
governance system — it ensures the continuity, inclusiveness, and stability of state
functions while serving diverse societal groups on an equal basis. It is through the
civil service that government decisions are translated into action, thereby constructing
an institutional bridge between the state and its citizens.

Moreover, the civil service acts as a bearer of social capital: its stability,
predictability, and professionalism directly influence public trust in state institutions.
In this regard, civil servants play a crucial role not only as implementers of state
policies but also as agents of institutional legitimacy.

Efficiency in the civil service cannot be defined solely in terms of compliance
with formal procedures or bureaucratic performance. It is fundamentally tied to a

value-based foundation — justice, civic equality, accountability to the public, and
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ethical, conscientious service delivery. These principles form the core of what Mark
Moore (1995) terms “public value,” a normative concept that links the role of the
civil servant with the creation of outcomes that contribute to the collective good of
society.

Moore’s framework highlights that public administration cannot be satisfied
with mere operational efficiency; it must aim to produce public value — results that
reflect society’s core needs and moral priorities. This thinking underpins the
theoretical current known as New Public Service (NPS), developed in response to the
market-driven principles of New Public Management (NPM). NPS emphasizes the
civil servant as a bearer of democratic values, a co-creator of civic interests, and an
architect of inclusive governance. In contrast to NPM’s technocratic logic, NPS
repositions the public servant as a mediator between state responsibilities and public
participation.

Efficiency in the public sector differs substantially from that in the private
sector, primarily because it does not adhere to profitability as a guiding metric. Public
administration is not driven by price-based logic but by goals rooted in public value
and societal welfare. Therefore, measuring the efficiency of the civil service must
account for both quantitative indicators and qualitative dimensions such as fairness,
inclusiveness, and responsiveness.

According to OECD standards, the key components of efficiency in public
governance include:

. Results orientation — management processes aligned with measurable
goals;

. Flexibility and innovation — the capacity to adapt rapidly to change and
technological challenges;

. Transparency and accountability — institutional frameworks that
ensure oversight and integrity;

. Citizen participation — mechanisms that enable public involvement in

policy co-creation and evaluation.
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Additionally, one of the core dimensions in the World Bank's Worldwide
Governance Indicators (WGI) is government effectiveness, which encompasses not
only the quality of public services but also the state’s capacity to formulate and
implement policy effectively.

Traditionally, the evaluation of civil service performance relied on bureaucratic
indicators: timely documentation, procedural compliance, and administrative
accuracy. However, modern approaches prioritize broader metrics, including citizen
satisfaction, service accessibility, perceptions of fairness, and adherence to
professional standards. Increasingly, developed countries employ Balanced Scorecard

systems and 360-degree evaluations, which integrate:

. Internal assessments (self-evaluation and supervisor feedback);
. External evaluations (citizen feedback and independent audits);
. Goal-based metrics (Key Performance Indicators — KPIs).

In Georgia, the Civil Service Bureau has introduced a performance evaluation
system that incorporates several of these elements. Nonetheless, empirical studies
show that the system often remains overly formalized and fails to generate the in-
depth analytical insights necessary to drive motivational outcomes and continuous
improvement.

Within the context of Georgia’s state development — where the consolidation of
democratic institutions and integration with Western governance models constitute
strategic priorities — improving the efficiency of the civil service assumes critical
Importance.

An efficient civil service:

. Strengthens public trust in government institutions;

. Ensures stability in the implementation of public policy;

. Establishes equal access to state services and opportunities.

Structural reform, however, cannot be achieved through legal adjustments
alone. It requires a value-based transformation, which includes the promotion of
professionalism, the protection of political neutrality, the prioritization of citizen

needs, and the active creation of public value.
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In conclusion, the civil service extends far beyond its technical-administrative
function. It is part of a strategically governed and value-driven system, the efficiency
of which determines the state's ability to uphold social justice, promote citizen well-
being, and maintain democratic order.

In the Georgian context, understanding the theoretical foundations of civil
service and translating them into practice is an indispensable prerequisite for
overcoming the systemic challenges that hinder the development of an effective,
citizen-oriented model of public governance.

Chapter Il. The Civil Service System in Georgia: Structure and Existing
Challenges

In Georgia, the civil service is governed by constitutional and special
legislative provisions, the most important of which is the Law of Georgia on Civil
Service (2015). According to this law, the purpose of the civil service is to establish
an efficient, professional, stable, and politically neutral public sector that serves the
public interest and ensures the implementation of public policy.

The Georgian civil service model, in practice, is largely based on a classical
bureaucratic structure characterized by hierarchical relationships, procedural rigidity,
and centralized management. The selection of civil servants formally relies on
competitive processes, while career advancement is based on seniority, evaluations,
and qualifications. Institutional oversight is exercised by the Civil Service Bureau
and internal audit departments of the relevant ministries, although the real influence
of these bodies is often limited in scope.

Despite the aforementioned legal framework and organizational design, in
practice, civil service management in Georgia still displays fragmented, overly
formalized, and politicized features, which significantly hinder the full functionality
of a professional public service system.

a) Politicization and Loyalty-Based Systems

Despite the proclaimed principle of political neutrality, civil service
appointments and transfers are frequently influenced by political loyalty rather than

professional competence. This issue is particularly evident at the level of local self-

114



government bodies and regional offices, where job security often depends on
allegiance to the ruling political force rather than merit.

b) Lack of Stability and High Staff Turnover

A high rate of turnover among civil servants is especially visible in the post-
election period, revealing a structural flaw: the civil service is not perceived as an
independent or stable professional domain. This has led to the loss of institutional
knowledge and skilled personnel, negatively impacting service continuity and
administrative memory.

¢) Formalization of the Selection Process

Recruitment procedures and evaluations often become formalistic exercises
tailored to pre-determined candidates. Reports by the Office of the Public Defender
of Georgia have highlighted unequal conditions of appointment, lack of transparency
in competitions, and the ineffectiveness of appeal mechanisms, all of which
undermine trust in the merit-based system.

d) Low Levels of Motivation Among Civil Servants

Limited opportunities for professional growth, inadequate remuneration, and
non-systematic incentive structures hinder the retention of qualified personnel.
Although a performance-based evaluation and bonus system was introduced in 2017,
remuneration tied to results remains underdeveloped and inconsistently applied
across the public sector.

Low Public Trust Toward the Civil Service

Public trust in the civil service remains low, largely due to a lack of
transparency, bureaucratic inefficiencies, and uneven quality in public service
delivery. Surveys show that most citizens perceive public institutions as
unapproachable, ineffective, and frequently politically manipulated.

Weak Functionality of Transparency Mechanisms

Although Georgia’s Law on Freedom of Information is in force, public
institutions often delay responses to information requests or adhere only to a
formalistic model of accountability — issuing bureaucratic replies devoid of

substantive content.
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Inadequate Mechanisms for Citizen Feedback Institutionalized mechanisms
for continuous and systemic citizen feedback are virtually nonexistent in Georgia.
The standard form of expressing dissatisfaction is still limited to the filing of formal
complaints, which does not allow for meaningful or sustainable dialogue between the
public sector and the population.

Conclusion of the Chapter

The Georgian civil service continues to search for a stable identity as a
professional, trustworthy, and politically neutral institution. Although notable
legislative advances have been made to refine the system’s legal framework,
significant and persistent challenges remain at the level of practical governance.
These barriers undermine the improvement of service quality and weaken the
credibility of public institutions.

Addressing these challenges requires an integrated approach that connects legal
reforms with broader cultural and managerial transformations. The following chapter
will explore the practical steps, reforms, and innovative initiatives already taken — or
planned — in Georgia, which hold the potential to catalyze positive, system-wide
change.

Chapter I11. Reforms and Initiatives for Enhancing Efficiency

The process of civil service reform in Georgia began as early as 2004;
however, the most comprehensive wave of institutional and legal changes is
associated with the 2015 enactment of the Law of Georgia on Civil Service. This
legislation aimed to establish a professional civil service based on the principles of
political neutrality, merit-based recruitment, and fair labor conditions.

The Georgian government formally identified civil service reform as a strategic
priority within the framework of the Public Administration Reform Strategy of
Georgia (2020-2030). This long-term document outlines four core areas of focus:

. Development of human resources,

. Improvement of public service quality,

. Ensuring transparency and accountability,

. Strengthening policy-making capacities.
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The overarching objective of the reform is to establish a transparent, results-
oriented, and citizen-centered model of public administration that meets the
fundamental standards of democratic governance.

One of the principal challenges facing Georgia’s civil service is professional
development. Although in 2017 the Civil Service Bureau introduced a performance
evaluation system designed to assess both the outcomes and behavioral competencies
of civil servants, in practice, this system has struggled to serve as a motivating force.

The current system is based on three main forms of evaluation:

. Self-assessment,
. Supervisor evaluation,
. Monitoring the achievement of professional objectives.

In 2020, efforts began to develop a national framework for continuous learning
for civil servants. This framework seeks to standardize core skills and competencies,
including ethical governance, communication, critical thinking, decision-making, and
leadership.

Unfortunately, training accessibility remains limited in Georgia’s regions,
creating a gap between personnel based in Thilisi and those in rural or regional
offices. Moreover, performance results are not yet systematically integrated into
feedback-based management models, limiting their practical utility.

The Role of E-Governance in Improving Efficiency

In Georgia, electronic governance (e-governance) has become a crucial tool for
enhancing transparency, accessibility, and efficiency in public service delivery. Since
2010, several key systems have been implemented as part of the digitalization
process:

. my.gov.ge — a citizen-oriented platform offering a range of online public
services,

. HRMS — an electronic platform for managing human resources in the
civil service,

. e-Government Gateway — a data exchange system facilitating inter-

agency communication and coordination.
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The introduction of these platforms has accelerated service delivery and
reduced the risk of corruption. However, challenges remain in terms of citizens’
digital literacy and weak systemic coordination across government agencies.

Of particular importance is the need to promote data-driven management,
which requires not just the existence of digital tools but the analytical use of data in
decision-making processes. Without such analytical integration, digital platforms
cannot fully realize their transformative potential.

The Role of International Partners

International donors and organizations have played a significant role in
supporting Georgia’s public administration reforms. The European Union, OECD,
UNDP, USAID, and Transparency International — Georgia have provided both
technical assistance and performance monitoring through strategic assessments.

For instance, the OECD-SIGMA assessments regularly evaluate Georgia’s
progress in meeting the core principles of public administration. The 2022 report
highlighted several critical areas requiring improvement:

. Political interference in human resource management,

. Weaknesses in strategic planning and policy implementation,

. Limited mechanisms for attracting qualified professionals.

International partners have also contributed to localized innovation through the
implementation of rapid results initiatives, funding for training programs, and the
expansion of digital solutions in regional service units.

Conclusion of the Chapter

This chapter demonstrates that, despite the persistence of systemic obstacles,
Georgia has made meaningful progress in undertaking structural reforms and piloting
Innovative initiatives in its public administration system. However, the impact of
these reforms on improving overall efficiency remains limited, primarily because
formal changes often fail to penetrate the system at the level of values and
organizational culture.

Maintaining and deepening the progress already achieved requires:

. Refinement of results-based evaluation systems,
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. Establishment of equal and accessible environments for professional
development,

. Sustainable integration of digital technologies,

. And most importantly, institutional protection of political neutrality.

These prerequisites lay the groundwork for the next chapter, which analyzes
successful international practices and identifies lessons Georgia can apply to confirm
or improve its alignment with global standards of public administration.

Chapter 1V. Successful Practices and International Experience: Lessons
for Georgia

Estonia serves as a unique example of how a small country, with limited
resources and a post-Soviet legacy, can build a modern, inclusive, and highly
efficient civil service. After regaining independence in 1991, Estonia placed strategic
emphasis on incorporating digital technologies into its governance systems. This
approach led to the creation of the so-called "e-Estonia™ model, which involves the
full digitalization of administrative services, flexible remote access for citizens, and a
data-driven state apparatus capable of operating with precision and minimal
bureaucratic drag.

Today, over 99% of public services in Estonia are available online. Citizens
can access education records, pay taxes, obtain medical services, and conduct other
administrative tasks via the internet using electronic ID cards and the integrated
X-Road data exchange platform.

The activities of civil servants are embedded in a digital environment:
evaluation, training, administrative supervision, and process monitoring occur in real
time. As a result, the need for human mediation has decreased dramatically, along
with the risks of corruption.

Of particular significance is Estonia’s redefinition of the role of the civil
servant — not merely as an administrative executor but as a "digital public servant”,
whose responsibility includes problem analysis, innovative decision-making, and
transparent engagement with citizens.

Estonia’s experience underscores that successful reform requires more than just

119



technological solutions. It depends on:

. Sustained political will,

. Legislative backing,

. An education system oriented toward digital literacy.

The Estonian model is especially relevant to Georgia, as both countries share a
post-Soviet administrative legacy, a small-scale public system, and a foreign policy
directed toward global integration.

Canada, meanwhile, has undertaken a modernization of state governance that
extends beyond technology into deep normative transformation. The Canadian civil
service rests upon four democratic pillars:

1.  Service delivery tailored to citizen needs,

2. Ethical governance,

3. Promotion of diversity and inclusion,

4, Ongoing evaluation and feedback.

As early as 1995, Canada launched the "Service Canada" initiative, aimed at
reshaping public services to align with user expectations. The program streamlined
administrative procedures, introduced online services, and created a “single-window”
system, meaning that citizens only need to provide their information once, which is
then automatically shared across relevant government agencies.

In Canada, citizen satisfaction is a primary measure of civil service
effectiveness. Government institutions are required to regularly conduct citizen
satisfaction surveys and publish the results. For example, applications for social
assistance or pensions must be processed within a specific timeframe (e.g., five
business days); otherwise, the agency assumes internal accountability and is
compelled to revise its procedures.

Canada also applies an effective evaluation framework known as the “Value-
for-Money Audit”, which measures how well public expenditures translate into social
benefit.

The Canadian experience offers a vital lesson for Georgia: civil service

efficiency should not be measured solely in structural or procedural terms but also in
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moral and functional dimensions — namely, how well the system contributes to
individual well-being and societal justice.

South Korea has developed, over the past decade, an effective public
administration model based on the principles of open government and citizen
engagement. Its Gov3.0 strategy (2013-2017) focused on strengthening data-based
decision-making, improving inter-agency coordination, and institutionalizing citizen
participation.

South Korea's civil servant evaluation system is rigorous: individuals are
assessed not only on professionalism and ethical standards but also on the quality of
their communication with citizens — all of which determine eligibility for promotion
and public standing. The country has also implemented some of the world’s fastest
grievance response mechanisms — in many cases, decisions are issued within 24
hours.

One of Korea’s most innovative tools is the Citizen Suggestion Portal, an
online platform through which citizens can submit proposals to improve laws,
regulations, or public services. By law, the relevant agency must respond to each
proposal within 30 days, providing either approval or a reasoned denial.

Key features of the Korean model include:

. A culture of active feedback,

. Decentralized service delivery,

. Integration of innovative tools (including artificial intelligence and Big
Data).

Georgia is an official participant in the EU’s Eastern Partnership initiative and
holds Associated Country status, which implies approximation to the acquis
communautaire, including reforms in public administration. According to SIGMA
assessments, Georgia has demonstrated progress in several areas (e.g., strategic
planning), but key issues persist:

. Politicization in human resource management,
. Inefficient institutional structures,
. Underdeveloped data-driven governance practices.
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With support from UNDP, Georgia is implementing a reform model that
emphasizes gender integration, development of regional services, and the allocation
of resources based on socio-economic indicators. However, Georgia's challenge lies
not in simply replicating foreign models, but in integrating their underlying values
into the domestic context — considering the country’s political culture, institutional
maturity, and citizens’ expectations.

Accordingly, the implementation of international best practices must be
adapted thoughtfully to local realities. Without such adaptation, reforms risk
remaining superficial — reforms in name but not in substance.

Successful international experiences demonstrate that civil service reform
cannot be based solely on technical or legislative changes. It must rest on a system of
values, a governance philosophy that centers the citizen, and the principle of systemic
coherence.

. Estonia shows how a small country can leverage digital resources to
build system-wide efficiency.

. Canada embodies the philosophy of citizen-centered governance.

. South Korea offers a model of innovation, rapid responsiveness, and
active citizen participation.

. European practice, meanwhile, presents a complex mix of legal,
structural, and normative frameworks.

For Georgia, adopting these models means:

. Building a politically independent civil service,

. Developing long-term strategic thinking,

. Strengthening innovative and citizen-oriented governance systems.

Conclusion. The civil service is one of the principal pillars of a democratic
state. It fulfills both administrative and value-based functions: it ensures the
continuity of public services, promotes legality, and represents the face of the state
before its citizens. In contemporary governance systems, the role of the civil service
goes far beyond its functional-administrative mandate — it has become the primary

mechanism of interaction between the state and society. Consequently, the efficiency
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of the civil service directly affects not only the quality of governance but also
political stability, economic development, and social justice.

In Georgia, the development of the civil service remains a complex and
multifaceted task requiring the alignment of institutional, legal, and cultural reforms.
Despite the adoption of numerous legislative changes and strategic documents (such
as the Public Administration Reform Strategy 2020-2030), in practice, the civil
service has yet to be fully established as a professional, sustainable, and politically
independent system.

This research has identified several core systemic challenges:

. Politicization and staffing instability, which undermine the neutrality of
the civil service;

. Formalized and ineffective selection procedures, which weaken the
consolidation of professional standards;

. Weaknesses in evaluation and incentive mechanisms, which demotivate
personnel and hinder professional growth;

. Underdeveloped channels for citizen feedback and unequal access to
public services, which erode public trust in the system.

While various reforms have been implemented in response — including
performance evaluations, the introduction of e-governance tools, and professional
development programs — these initiatives often fail to achieve system-wide impact
due to insufficient institutional coherence and a lack of cultural support for reform.

International experience — including Estonia’s digital model, Canada’s citizen-
focused system, South Korea’s innovative and rapid-response management, and the
EU’s value-driven frameworks — demonstrates that successful public governance is
built upon a system of values, where citizens are not merely service recipients but co-
creators in the policymaking and implementation process.

At the same time, Georgia cannot simply replicate these models mechanically.
What is required is the development of culturally adapted approaches grounded in the
local context, which means:

. Transparent, results-based reform of civil servant evaluation and career
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advancement systems;

. Strengthening of citizen feedback mechanisms in service delivery
centers;
. Expansion of access to public services in regional and rural areas;

. And most importantly, rebuilding public trust in governance based not
just on technical improvements, but on the principles of justice and professionalism.

The success of civil service reform depends on political will, a stable strategic
vision, and institutional independence. Without freeing the civil service from political
interference and clientelism, it will not be possible to build an effective, fair, and
citizen-centered system.

Based on the analysis presented in this article, we propose the following
recommendations for both policy implementation and further academic inquiry:

Recommendations

1. Improve Civil Servant Recruitment and Promotion Systems It is
essential to fully depoliticize recruitment and implement a merit-based selection
system. Evaluation criteria should be measurable, transparent, and reinforced through
mechanisms that incorporate regular feedback.

2.  Strengthen Data-Driven Management Strategic planning and
performance evaluation systems should be grounded in the analysis of reliable data.
Key Performance Indicators (KPIs) must be developed and publicized to ensure
transparency and accountability in policy implementation.

3. Ensure Equal Access to Public Services and Strengthen Regional
Integration Reinforcing regional service delivery, supporting local self-governments,
and expanding access to digital platforms are crucial to guaranteeing equal service
provision for all citizens, regardless of location.

4, Promote Continuous Professional Development for Civil Servants
Training programs should become mandatory, phased, and skills-oriented.
Cooperation with universities and international organizations is essential for
developing relevant standards and curricula.

5. Develop Institutional Mechanisms for Citizen Participation Citizens
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must be provided with structured opportunities to engage in the planning and
evaluation of public policy — including public consultations, digital platforms,
petition systems, and structured feedback forums.

In conclusion, civil service reform in Georgia is not merely a technical or
administrative challenge — it constitutes the core of a political and societal
transformation. Its success will determine the long-term resilience of public
institutions, the well-being of citizens, and the prospects for democratic development.
Therefore, in future policy and academic discourse, the civil service must be viewed
not only as an operational component of governance but as the foundation of a just
and responsible state.
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PHILOLOGICAL SCIENCES

MPOBJEMATHUKA TA METOJOJIOI'ISI IEPEKJIAZY AHIJIOMOBHOI
BINCHKOBOI JIEKCUKH B YMOBAX TI'JIOBAJII3AIIL TA CYUACHUX
KOH®JIIKTIB

Kpaii Xpucruna CesrociaBiBHA

ACHCTEHT

YepHiBelbKa HalllOHAIbHUHM yHIBepcUTeT IMeH1 FOpis DeapkoBruya
M. UepHiBli, YKpaina

Beryn. BilicbkoBa JI€KCHKa CTaHOBHTH OCOOJIMBHUM CETMEHT JIIHTBICTHYHOI
CUCTEMH, SKHM (OpMYyeThCS I BIUIMBOM creuudiku BiiiCbKOBOi chepu Ta
B1/I3HAYAETHCS BUCOKUM piBHEM TEPMIHOJIOTTYHOT HACHUYEHOCTI,
(YHKIL10HATBHO-CTHJIICTUYHOT MapKOBAHOCTI Ta KOHTEKCTYalbHOI BaplaTUBHOCTI. Sk
CKJIa/IoBa CIIEL1aTi30BaHOi MiJIMOBH, BOHAa BHUKOHY€ HE JIMIIE HOMIHATUBHY, a M
KOTHITUBHY, NparMaTU4YHy Ta 11€0JOoriyHy (YHKINI, Bil0Opa)katoud MEHTaJbHI
CTPYKTYPH, CTpaTEriyHi HACTaHOBH Ta KYJbTYPHO-ICTOPHYHI MPIOPUTETH MEBHOI
MOBHO1 CHUTBHOTH. Y 100y TmioOam3aiiii, Koau iHQOpMAaIliifHi BiiHH, TiOpUAHI
KOH(IIKTH Ta OaraTOHAIllOHAJILHI OIepallii CTajdu HEBiJ €EMHOI0 YaCTUHOIO CBITOBOT
0€3IeKOBOI apXITEKTypH, NepeKIa BIHCbKOBOI TEPMIHOJIOTTi BUXOAUTH 32 MEX1 CyTO
JIHTBICTUYHOTO 3aBlaHHA. BiH MepeTBOPIOEThCS Ha KIIOYOBUNM IHCTPYMEHT
CTpATeriyHOi KOMYHIKaIli, MDKKYJIBTYPHOTO J1aJory Ta AUIUIOMAaTUYHOI B3a€EMOIII.
ToyHicTh 1 MOCHIJOBHICTH  TpaHCHALII  BINCHKOBUX  TOHATH  HAOyBalOTh
HaJ3BUYAMHOrO 3HA4YEHHS, a/pKe HaBITh HE3HAYHAa CEMaHTH4YHa II0XHOKa ado
CTHJIICTUYHE BUKPHUBJIICHHS MOXXYTh CIPUYMHUTHA HETIOPO3YMIHHS 3 KPUTUYHUMU
HacliakaMyd. BHCOKOSKICHUH Tepekiian BIMNCHKOBOI JICKCMKHM BHMAara€ HE JIHMIIE
I'PYHTOBHOT'O BOJIOJIIHHSI MOBHUMHU 3ac00aMU, a i CHCTEMHOT'O PO3YMIHHSI KOHTEKCTY,
y SKOMY (YHKI[IOHYIOTh TEPMIHM, 3 ypaxyBaHHSM NOJITHUYHUX, KYJIbTYpHHUX Ta

17I€0JIOTIYHUX YMHHUKIB [3]. ¥ TakoMy KOHTEKCTI Mepekiiagady BUCTYIA€E HE JIUIIE 5K
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MOCepEeHUK MIDK MOBaMH, a SK aHalITHK, KyJbTypHUH 1HTepIperarop 1
BIJIMTOBIIAJTbHUN YYaCHUK KOMYHIKaTUBHOTO TIPOIIECY, 0 Mae OE3MOCepeTHIi BILTUB
Ha TOYHICTh mepedaHoi iHGopmalli Ta ePEeKTHBHICTh MIKHAPOJHOI B3a€MOJIIi B
yMOBaX 30pOHHUX KOH(IIIKTIB.

Meta po6GoTu. BusiBiieHHS JIHTBICTUYHHMX 1 MEpEKIagalbKUX OCOOJIUBOCTEH
AHTJIOMOBHOI BIMCBHKOBOI JIEKCHMKM Ta PO3pOOKa METOAOJOTIYHUX PEKOMEHJIallii,
CIPSIMOBAaHUX Ha 30€pEeKCHHS CEMAaHTHUYHOI TOYHOCTI 1 CTHUJIICTUYHOI aJeKBaTHOCTI
NepeKsIaay OpUriHaJIbHOTO TEKCTY.

Marepiaau Tta meroam. JlocmimkeHHsT 0a3yeThCs Ha KOPITYCHOMY aHai3i
BIMCHKOBUX TEKCTIB aHIJIIMCHKOI Ta YKPAiHCBKOIO MOBAMHM, IO BKJIIOYA€E OQIINAHI
JTOKYMEHTH, Me/lla-aHAJIITUYHI MaTepiaik Ta CIelliali3oBaHy HayKOBY JiTeparypy. Y
poOOTI 3aCTOCOBAHO CEMAHTHMYHUN 1 KOHTEKCTyaJbHHI aHajii3, a TaKoX
MOPIBHSUIPHUN METOJT NI BUSBIICHHS JICKCMYHHUX BIJMOBIIHUKIB 1 BaplaTUBHOCTI
nepeknany. [Ipukiamu B3sSTO 3 MPAKTUKU TMEPEKIaay, L0 CIYrye MIATPYHTIM MJis
(bopMyITIOBaHHS TCOPETUIHNX BHCHOBKIB.

Pe3yabTaTu Ta 00roBopeHHs1. Pe3ynbratu JOCTIHPKEHHS CBIIYaTh MPO TE, 1110
MIpU TIEepeKyIaal BIMCHbKOBOT JEKCUKH CIiJl OCOOJMBO BPaxOBYBaTH KiJIbKa KIOYOBHUX
acniekTiB. [lo-miepire, 1ie moicemist BiMChbKOBUX TepMiHIB. TepMinu B 11i#t cdepi 4acto
MaroTh 0araTo3Ha4YHICTh 1 3MIHIOIOTH CEMAHTUYHE HABAHTAKEHHS 3aJIE)KHO BIJ
KOHTeKcTy. Hanmpukia, ciioBo Operation Moske 03Ha4aTy sIK 3arajibHy Omeparlito, Tak
1 cremianbHy BilicbkoBy omepamito [1]. Tlepeknagaud 3000B’s3aHUN BpaxoBYyBaTu
KOHTEKCT, W00 30epertd TOYHICTh 1H(pOpMAIlil, 3aCTOCOBYIOYM Y MepeKial
BIIMOBITHO «oriepalisi» abo «boitoBa onepailis». [lo-npyre, BaxIMBUM € BpaXyBaHHS
KyJbTYpPHUX OCOONMMBOCTEH. JlesKi TepMIHM MICTATh TJMOOKI KyJNbTYpHI KOHOTAIIIi,
SKi HEOOXITHO aaekBaTHO TpaHchopmyBatu. Tak, moustrs chain of command
(OyKBaJIbBHO — «JIAHIIOT KOMaHAYyBaHHs») [5] y BITYM3HSHIN BIACHKOBIN Tpaguilii
MepeIacThCsl K «CHUCTEMa TMIANOPSAIKYBaHHS», WO BigoOpaxkae opraHizarliiny
CTPYKTYpY 1 JucuuiiiHapHi BimHocuHU. Ilo-TpeTe, y MNpakTUIl MepeKiaxy
e(EeKTUBHUMHU BUSIBJISIIOTHCS PI3SHOMAHITHI aJanTaiiifHl TpUOMHU, CIPSIMOBAHI Ha

30epexkeHHs 1HGOpMaTUBHOCTI W TouHOCTI [2]. Jlo HMX HanexaTh TpaHCIITEepallis
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(manpuxnan, I[ED), mnosicHIOBasibHI BCTaBKM a00 BUKOPHUCTaHHS aHAJOTIB 13
JOJATKOBUMHU  KOMEHTapsIMH, IO JIO3BOJISIIOTH  30€pertT  3po3yMilmicTh 1
JIOCTOBIPHICTh TEKCTY.

Huxde HaBeeHO MPUKIIAIN MEPEKIAAIB 3 X JETATbHUM aHAII30M:

1.  The operation was conducted under strict secrecy to avoid enemy
detection — Omepamis TPOBOJMIACS IIiJi CYBOPOIO TAEMHICTIO, 100 YHUKHYTH
BUSIBJICHHSI BoporoM. TepmiH operation mepemaHo SK «omeparlis», IO BiAMOBiTa€e
BIICbKOBOMY KOHTEKCTY, a HE fIK y3arajbHEHe «J1is». 30epexeHo o(iliifHO-T1I0BHMA
CTHJIb, XapaKTEePHUI IS BIHCHKOBUX TEKCTIB.

2. The chain of command must be strictly followed during combat — ITix
gyac 0010 HEOOXiJHO CYBOPO JOTPUMYBATHUCA CHUCTEMHU MIANOPSIKYBAHHS.
3aCTOCOBaHO OMMCOBHUI NEPEKiIa] 3aMICTh OYKBAJIBHOTO «JIAHIIOT KOMAaHIyBaHHS,
10 Kpallle Iepeia€ 3MICT 13 ypaxyBaHHSIM KyJIbTYPHOTO KOHTEKCTY.

3. IEDs pose a significant threat to ground troops in conflict zones —
Camopo6H1 BuOyxoBi npuctpoi (IED) cTaHoBnsTH 3HAUHY 3arpo3y Uisi Ha3€MHHX
BiicbK y 30Hax KoHGuikTy. Bukopucrano tpancmirepanio IED 3 mosicHeHHSM y
Iy>’KKax JUIsl 30€peKeHHs TOYHOCTI TepMiHa Ta 3a0€3MeUEHHs] PO3YMIHHS YU TAYEM.

4.  The unit was ordered to hold the perimeter until reinforcements
arrived-ITinpo3ain  oTpuMaB Haka3 yTPUMYBAaTH MEPUMETP 1O MNPHOYTTA
nigkpimienns. ®paseonorizm hold the perimeter, mo o3Havae yTpuMaHHS TO3MIIII,
MePEKIIAACHO aIeKBATHO 1 MPUPOTHO JIJISI BINCHKOBOTO CTHIIIO.

5. Rules of engagement define when and how force may be used-IIpaBuna
3aCTOCYBaHHS CUJIM BU3HAYAIOTh, KOJIH 1 SIK MOXHA BUKOPUCTOBYBATH 30pot0. Tepmin
rules of engagement nepekianeHo ycTaleHHUM BICHKOBHM BiIMOBIHUKOM «IIpaBHJIa
3aCTOCYBAaHHS CHIIH.

6.  The reconnaissance team gathered vital intelligence behind enemy lines —
PosBigyBanpHa Tpyna 3i0pana BaxJIMBI pO3BiIaHl Ha Teputopii Bopora. TepmiH
reconnaissance mepekiaacHo K «po3BifKa», a cioBocrnonydeHHs behind enemy lines —
SK «HA TEPUTOPIi BOPOTay, IO BIAMOBIIA€ BIMICHKOBOMY KaproHy [4].

Takum ynHOM, 3a0€3MEUYEeHHsS] BUCOKOI SKOCTI NEpEKIaay BiMChKOBOI JEKCUKHU
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BUMara€ KOMIUIEKCHOTO MIAXOAY 3 ypaxyBaHHSM CEMaHTHYHOI Oarato3HayHOCTI,
KyJIbTYPHUX OCOONMBOCTEM 1 ajanTaliifHUX CTpaTerid, 1o 3a0e3MmedyroTh
30€pEKEHHS 3MICTY Ta CTHIIICTUYHOI BIJIITOBITHOCT1 OPUTIHATY.

BucnoBku. Ilepexnmang  BIWCHKOBOI  JIEKCHKHM ~ CTAHOBUTH  CKJIQTHUUN
MDKIUCIUIUTIHAPHUANA TPOIEC, 10 BUMArae BiJl IMepekiiajiaya He JIMIIE BHCOKOIO
pPIBHS JIIHTBICTUYHOI KOMIIETEHTHOCTI, a M TJMOOKOro pO3yMIHHS CIelHu(IKu
BIICbKOBOi TE€PMIHOJOrI], TAKTUYHOTO KOHTEKCTY Ta KyJIbTypHO-ICTOPHUYHUX
0cO0MMBOCTEM MOBHMX CHUIBHOT. HemoctaTHe BpaxyBaHHS 1IMX UYHWHHHKIB
OPU3BOAUTH JO CEMAaHTHYHUX BHUKPUBJICHb Ta IiH(OpMamiifHUX BTpaT, MO Y
BIMICbKOBOMY JHCKYpPCl MOYKE€ MaTy KPUTUYHI HACIIIKHA. 3aCTOCYBAaHHS aAanTallliiHuX
cTpaTeriii cripusie 3a0€3MEeUCHHIO JJEKCUYHOI TOYHOCTI, CTUJIICTUYHOI aJIeKBaTHOCTI Ta
KOTE€PEHTHOCTI mepekaay. Takum 4YuHOM, SKICHHM Tepekyiajl BIMChKOBOI JEKCHKHU
BUCTYIIA€ KJIIOYOBUM UYHMHHUKOM €(QEKTUBHOI MDKKYJIBTYPHOI KOMYHIKamii 1
MIATPUMKA OINEPaTUBHOTO B3a€EMOPO3YMIHHS y cdepl MDKHApPOJHOI Oe3MeKu Ta
000poHH.
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Introduction. In the current climate of political, economic, and social
instability in Ukraine, businesses face multifaceted and often unpredictable
challenges. These include not only internal pressures such as organizational
restructuring and workforce shortages but also external threats like the full-scale
military conflict, global economic volatility, inflation, demographic shifts, and the
rapid advancement of digital technologies. The confluence of these factors has
fundamentally transformed the labor market, increasing demand for agile, innovative,
and resilient human resource (HR) strategies. As a result, the role of human resource
management (HRM) has expanded beyond operational personnel functions to a more
comprehensive, strategic dimension that is closely integrated with overall business
planning and risk management.

The human factor is now widely recognized as a critical determinant of
organizational success and sustainability. Employees are not just resources but
strategic partners who contribute directly to a company’s innovation, productivity,
and adaptability. Therefore, effective HRM must evolve to focus not only on
recruitment and retention but also on strategic workforce planning, engagement,
leadership development, and organizational culture [1, p. 95]. Amid this shift,
Strategic Human Resource Management (SHRM) emerges as a discipline aimed at

aligning HR policies and practices with long-term organizational goals, especially in
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turbulent times.

This paper explores the relevance and transformative potential of SHRM in the
Ukrainian context and beyond. It addresses the key components of SHRM, including
workforce planning, employee engagement, HR analytics, technological innovations,
and the development of soft skills, as mechanisms for ensuring organizational
resilience. Additionally, the paper highlights how strategic leadership and
employee-centric culture can enhance SHRM outcomes. As Ukrainian enterprises
seek to navigate the current crisis and prepare for future growth, SHRM presents
itself not as a luxury but a necessity for long-term competitiveness and sustainability.

Aim. The primary aim of this research is to examine the theoretical
foundations, practical applications, and transformative impact of Strategic Human
Resource Management in the context of contemporary business challenges,
particularly within Ukraine's volatile environment. The paper aims to illustrate how
SHRM serves as a proactive framework for aligning organizational objectives with
human capital potential and how its core components can be leveraged to build
resilient, adaptive, and high-performing organizations.

Materials and Methods. This study is based on a qualitative methodological
framework that includes a comprehensive literature review, policy analysis, and case
study examination. Data were collected from academic journals, official statistical
databases, government policy documents, corporate reports, and industry white
papers published between 2018 and 2024. Special attention was given to post-2022
studies reflecting the HRM challenges and innovations that emerged in response to
the war in Ukraine and its socio-economic consequences.

The literature review focused on identifying contemporary trends in SHRM
[2; 3], with an emphasis on employee engagement [4], workforce planning, HR
analytics and digital HRM tools [5]. Sources include both Ukrainian and international
publications to ensure a holistic understanding of SHRM principles and their global
and local applicability.

Comparative case studies of Ukrainian companies and multinational

corporations operating in high-risk regions were used to analyze best practices and
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common obstacles in implementing SHRM. These case studies were selected based
on industry relevance, size (small, medium, large enterprises), and their reported use
of strategic HR practices.

The study also adopted a thematic content analysis approach to synthesize
qualitative findings and identify recurring patterns, success factors, and critical gaps.
The methodology supports a systemic exploration of how strategic HR policies are
formulated and implemented across diverse organizational contexts.

Results and Discussion. The findings of the study underscore that SHRM is
not only relevant but essential for businesses operating in unstable environments.
Companies that invest in long-term workforce planning, engagement strategies,
digital tools, and employee development exhibit greater organizational resilience and
agility.

Human Resource Planning: Workforce planning is foundational to SHRM. It
allows companies to align their future talent needs with strategic objectives.
Organizations that conduct regular workforce assessments and scenario-based
planning are better equipped to anticipate disruptions and respond proactively. For
example, some Ukrainian tech firms adopted flexible staffing models, combining
full-time, part-time, and freelance workforces to maintain operational continuity
during wartime disruptions.

Employee Engagement: High engagement correlates with increased
productivity, innovation, and employee retention. Organizations that foster trust,
transparency, and inclusive decision-making report lower turnover and higher morale
[3, P. 60-61]. Especially in crisis conditions, frequent communication, employee
recognition programs, and psychosocial support are crucial for maintaining
engagement. Companies that enabled remote work early and supported work-life
balance initiatives demonstrated higher resilience.

HR Analytics: Data-driven HRM has become a game changer. Through
predictive analytics, companies can anticipate talent shortages, evaluate training
effectiveness, and measure engagement levels. For example, by analyzing exit

interviews and satisfaction surveys, a pharmaceutical firm in Lviv identified burnout
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trends and implemented targeted interventions, resulting in a 20% reduction in
attrition over six months.

Technological Innovation: Digital platforms, Al-powered recruitment tools,
and cloud-based HR systems are enhancing the efficiency and responsiveness of HR
departments. These tools enable real-time tracking of employee performance,
automate administrative tasks, and support data integration across departments [5]. In
the Ukrainian banking sector, automation reduced hiring time by 35%, freeing HR
specialists to focus on strategic initiatives.

Soft Skills and Leadership: In high-pressure environments, emotional
intelligence, adaptability, and collaboration skills become critical. Companies that
invest in leadership development and soft skills training report higher levels of
innovation and team cohesion [4, P. 161-162]. Soft skills also support change
management processes and contribute to psychological resilience.

Conclusions. The study concludes that SHRM is a cornerstone of
organizational sustainability in conditions of uncertainty and change. Effective
SHRM involves the integration of workforce planning, employee engagement, HR
analytics, technological tools, and leadership development into a unified strategy
aligned with the organization’s mission and long-term vision.

Ukrainian enterprises, in particular, have demonstrated remarkable adaptability
in adopting strategic HR practices amid crisis conditions. Their experience offers
valuable lessons for businesses worldwide operating in volatile environments.
Notably, those organizations that prioritize human capital as a strategic asset and
actively invest in its development are better positioned to weather crises and
capitalize on future opportunities.

Future research should explore quantitative evaluations of SHRM outcomes,
the role of government policies in supporting strategic HR initiatives, and the long-
term impacts of war-induced HR transformations. Practical recommendations include
expanding access to digital HR tools, enhancing data literacy among HR
professionals, and fostering a culture of continuous learning.

In summary, SHRM represents a strategic imperative for organizations striving
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not only to survive but to thrive in today’s complex and ever-changing business
landscape.
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Abstract: This paper explores the intricate relationship between management
and organizations, highlighting the fundamental principles, structures, and dynamics
that shape effective managerial practices. By analyzing core management
functions-planning, organizing, leading, and controlling — the study delves into how
these processes contribute to organizational efficiency and sustainability.
Furthermore, the paper emphasizes the importance of adapting management styles to
evolving organizational needs, considering contemporary challenges such as
globalization, digitalization, and workforce diversity. Drawing from both classical
theories and modern approaches, the article aims to provide a comprehensive
understanding of the organizational context in which management operates.

Keywords: Management, organization, leadership, planning, structure,

strategy, organizational behavior, corporate culture.

Introduction. Management is one of the cornerstones of any organized
activity. Whether in private enterprise, public institutions, or non-profit organizations,
effective management ensures the achievement of goals, the efficient use of
resources, and the development of human capital. Organizations, on the other hand,
are structured social systems designed to pursue collective objectives. The
interdependence between management and organizations forms the basis of
operational success, innovation, and long-term sustainability.

This paper aims to explore the key concepts and practices that define the
relationship between management and organizations. It also examines how internal
and external factors influence managerial decisions, organizational structure, and
strategic direction. By understanding these dynamics, managers and leaders can build

resilient institutions capable of thriving in today’s complex and competitive
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environment.

Core Functions of Management in Organizational Contexts

Planning

Planning is the initial step in the managerial process, involving the setting of
goals and the development of strategies to achieve them. Effective planning requires
the identification of organizational priorities, environmental analysis (e.g., SWOT or
PESTEL), and the formulation of detailed action plans. Strategic planning aligns
long-term objectives with the mission and vision of the organization, while
operational planning ensures day-to-day activities are structured and purposeful.

Organizing

Organizing refers to structuring the internal framework of the organization to
optimize efficiency and effectiveness. This involves the allocation of tasks, the
establishment of authority relationships, and the coordination of resources.
Organizational structures — such as functional, divisional, matrix, or flat-significantly
affect communication flow, decision-making processes, and employee behavior. A
well-designed structure supports adaptability, accountability, and performance.

Leading

Leadership is the human-centric function of management, focused on
influencing people to achieve organizational goals. Effective leaders inspire,
motivate, and guide employees through vision, communication, and interpersonal
skills. Modern leadership theories — including transformational, transactional, and
servant leadership — emphasize the importance of emotional intelligence, ethical
behavior, and cultural sensitivity. Leadership is especially critical in managing
change, fostering innovation, and building organizational culture.

Controlling

The control function ensures that organizational activities are aligned with
established plans and objectives. This involves setting performance standards,
measuring actual results, and implementing corrective actions when necessary.
Control mechanisms include financial audits, performance evaluations, quality

assurance systems, and risk management practices. An effective control system
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enables continuous improvement and organizational learning.

Organizational Structures and Their Impact on Management

An organization’s structure defines how roles, responsibilities, and authority
are distributed. Classical theories (e.g., Max Weber’s bureaucracy, Henri Fayol’s
administrative principles) laid the groundwork for understanding formal structures,
while modern theories emphasize agility, decentralization, and network-based
models.

Hierarchical Structures

Traditional hierarchical organizations are characterized by clear chains of
command and formalized roles. This model supports stability and standardization but
may hinder innovation and responsiveness.

Flat and Agile Organizations

Contemporary organizations are increasingly adopting flatter structures with
fewer managerial layers. This fosters faster decision-making, encourages employee
autonomy, and supports collaborative cultures. Agile structures are particularly
effective in dynamic industries such as technology and creative services.

Matrix and Hybrid Models

Matrix structures combine functional and project-based elements, enabling
cross-functional collaboration. However, they also introduce complexity in reporting
relationships and require strong coordination mechanisms.

Organizational Culture and Its Influence on Management

Organizational culture refers to the shared values, beliefs, norms, and practices
that shape the social and psychological environment of a workplace. It is often
described as “the way things are done” within an organization and profoundly affects
managerial behavior, employee engagement, and overall organizational effectiveness.

A strong organizational culture provides clarity, direction, and identity to its
members. It reinforces desired behaviors and supports alignment between individual
goals and organizational objectives. Leaders play a critical role in cultivating and
maintaining this culture through their actions, communication, and decision-making.

There are several types of organizational cultures, such as hierarchical, clan,
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adhocracy, and market cultures, each influencing how management operates. For
instance, a hierarchical culture emphasizes control, procedures, and stability, which
may enhance efficiency but limit creativity. In contrast, an adhocracy culture
promotes innovation, risk-taking, and flexibility — traits vital for industries
experiencing rapid technological change.

Management decisions — from strategic planning to conflict resolution — are
influenced by cultural expectations. In multicultural organizations, managing
subcultures becomes equally important to ensure cohesion. Cultural misalignment
can lead to resistance, low morale, and turnover, underscoring the importance of
continuous cultural assessment.

Additionally, culture shapes the ethical framework within which decisions are
made. Organizations with strong ethical cultures are more likely to build trust with
stakeholders and avoid reputational risks. Hence, modern managers must not only
execute tasks but also act as stewards of culture — fostering environments of integrity,
inclusion, and innovation.

Management Challenges in Modern Organizations

Globalization and Cross-Cultural Management

The expansion of markets and supply chains across borders demands that
managers develop cross-cultural competencies. Understanding different cultural
norms, legal environments, and consumer behaviors is crucial for global strategy
implementation. Misalignment in communication or expectations can lead to
operational inefficiencies or ethical missteps.

Technological Advancements and Digital Transformation

The rise of artificial intelligence, automation, and big data has reshaped
managerial responsibilities. Managers must now incorporate digital tools in decision-
making, monitor cybersecurity risks, and lead virtual teams. While technology can
increase productivity, it also requires rethinking job roles and retraining employees to
remain competitive.

Organizational Change and Innovation

Resistance to change remains a persistent barrier in organizations. Managers
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must not only initiate transformation processes but also engage employees
emotionally and cognitively in the change journey. Innovation management involves
balancing the need for stability with the drive for creative disruption, often requiring
the redesign of processes and leadership mindsets.

Talent Management and Workforce Diversity

Attracting, retaining, and developing talent is central to organizational success.
A diverse workforce brings unique perspectives and enhances innovation, but it also
requires inclusive leadership. Managers must address unconscious bias, promote
equity, and foster psychological safety to unlock employee potential.

Ethical and Sustainable Management

Societal expectations increasingly demand ethical conduct and environmental
responsibility. Corporate social responsibility (CSR) and Environmental, Social, and
Governance (ESG) frameworks now influence strategic decisions. Managers are
expected to balance profitability with long-term sustainability and stakeholder
interests.

Conclusion

Management and organizations are inseparable components of modern
economic and social systems. Effective management provides the strategic direction,
structural alignment, and leadership necessary to achieve organizational goals. In an
era of rapid change and heightened expectations, managers must evolve beyond
traditional roles and embrace adaptability, innovation, and ethical responsibility.

Organizations that invest in developing resilient management practices are
better equipped to face challenges, seize opportunities, and ensure sustainable
growth. As such, understanding the dynamic interplay between management and

organizational structures is critical for scholars, practitioners, and future leaders alike.
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Introductions. Modern globalisation processes in any country's economy are
impossible without the large-scale use of digital tools. Like many other countries,
Ukraine has chosen the vector of digital development of the economy. There are
various approaches to defining the branch of economic activity that is the flagship of
the digital transformation of the economy. These can be central banks and banking
systems, systems for distributing budget allocations, or fiscal policy bodies.

Fiscal policy is an effective tool for regulating economic processes. It is closely
involved with various segments of the population, collecting tax revenues and
redistributing resources. Since Ukraine is characterised by significant bureaucratic
barriers, a high level of corruption, and shadow economies, its high-quality economic
development is threatened without high-quality digital transparency.

Aim. This study analyses the role of innovative technologies in Ukraine's fiscal
policy and their impact on the digital transformation of the economy as a whole.

The study's objectives are to identify satisfaction with the pace and methods of
introducing innovative technologies in fiscal policy among different users of digital
budgetary policy instruments and to establish the strengths and weaknesses of the
impact of innovative technologies in budgetary policy on Ukraine's digital
transformation.

Materials and methods. A cross-sectional study aims to understand and
describe the prevalence of specific characteristics, behaviours, or conditions in a
selected population or set with a characteristic. The study is usually conducted by
surveys, interviews, or observations, with the results recorded at a single point or by
recording participants' opinions or health status over time [1; 2]. Because this type of
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study simultaneously studies a wide range of people, cross-sectional studies provide
valuable information about the relationships between variables of interest and their

distribution in different groups [3].

Results and discussion. Innovative technologies, such as blockchain, artificial
intelligence, big data, and various electronic platforms, not only significantly improve
the quality indicators of the functioning of fiscal policy instruments, increase the
transparency of financial flows in the state, but also raise the authority of state policy
in the field of finance for both citizens of Ukraine and foreign partners. Ukraine has
chosen an approach to the digital transformation of the economy through the
leadership of fiscal instruments due to the importance of the effectiveness of the
budgetary policy and the gradual bringing of other sectors of the economy to the
intended levels of digitalisation. This approach is logical and justified, given that all
participants in economic processes are in direct contact with the fiscal service.

The current level of economic development is determined by the level of
development of individual regions, industries, and enterprises. Development is often
associated with structural changes. Foster-McGregor (2021) notes that structural
modifications are currently impossible without digital tools. Lukianukhin et al.
(2024) emphasise the importance of such structural changes for the Ukrainian
economy [4] and Frakenberger et al. (2019) for international business [5].

This study is beneficial for estimating the prevalence of diseases, behaviours,
or attitudes and identifying patterns or associations between different factors the
study will examine.

The following groups of respondents were selected for this study. The first
respondents are entrepreneurs and individuals who independently determine their
professional activities. The choice of this group of respondents is because they often
independently deal with issues of simplified accounting and independently work with
digital tools in the framework of communication with the fiscal service authorities;
that is, they are direct users of the digital tools studied in this study. The second

group of respondents are ordinary taxpayers whose activities are unrelated to the
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financial system, that is, those who occasionally encounter digital fiscal policy
instruments and can objectively assess the dynamics of their development.

The expected results of the study are to establish the level of digitalisation of
Ukraine's fiscal policy based on the survey results and summarise the
recommendations given by representatives of various groups of users of economic
digital instruments for further improvement.

The digitalisation of fiscal authorities in Ukraine has become a key driver of
economic development, increasing the country's competitiveness and, therefore,
developing the digitalisation of the economy as a whole. Digital tools allow for a
transparent dialogue between business and the state, automate routine processes, and
reduce the risk of untimely receipt of information.

Based on the study's results, problems in the field of special education of
students of higher educational institutions studying in economic specialties are
outlined, and prospects for expanding the level of digital skills of the older population
and specialists in various fields are considered. The proposals of respondents
regarding the prospects for the development of Ukraine's digital economy are also
studied.

Based on the study's results, respondents index digitalisation in the tax and
customs spheres at a sufficient level (3.3), in the sphere of business and finance at an
adequate level (2.8), and in the sphere of digitalisation of the state and prospects at a
high level (4.3 and 3.6, respectively).

Conclusions. The digitalisation of business and finance in Ukraine is not a
fashionable trend but a strategic necessity.

The integration of digital tools helps to increase the efficiency of all sectors of
the economy. It gives hope for high development rates of the Ukrainian economy
both during and after the war. However, to achieve a high level of digitalisation, a
systemic approach is needed, including effective instruments of state regulation,
changes in the higher and postgraduate education system, and infrastructure

improvement.
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Introduction: This paper explores the theoretical and practical foundations for
the development of small and medium-sized enterprises (SMESs) under the conditions
of crisis and economic instability. It has been established that over the past two
decades, the structure of Ukraine’s national economy has undergone significant
transformations, resulting in the formation of medium-sized businesses primarily
through newly established enterprises founded after Ukraine gained independence.

It is substantiated that, given the substantial role of medium-sized enterprises in
job creation, the implementation of innovative technologies, and the overall
economic growth, an analysis of their sectoral structure is a critical tool for
determining priorities in economic policy and infrastructure development. The
conducted analysis of the sectoral distribution of medium-sized enterprises indicates
a dominant share of the food industry in their overall structure.

Key barriers: Hindering the development of small enterprises under the

current conditions of economic instability and crisis in Ukraine have been identified.

Aim. The aim of this study is to provide a scientific rationale for the
development pathways of small and medium-sized enterprises (SMEs) under
conditions of crisis phenomena and economic instability. To achieve this goal,
several objectives have been set: to justify the relevance of the study, to analyze the
current state of SMEs in Ukraine with a focus on their sectoral structure, to identify
the key factors hindering entrepreneurial activity under current conditions, and to

determine strategic directions for supporting and stimulating SMEs in the context of
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overcoming crisis-related challenges.

Materials and Methods. The study is based on a variety of sources, including
scholarly publications, analytical reports, and official statistical data, namely:

— Yudina O., Zinchenko H., Zhydyk A., Tovt Yu. Innovative Development of
Small and Medium-Sized Enterprises. Scientific journal Modeling the Development
of the Economic Systems. 2024. No. 3, pp. 46-49;

— Fedorchuk V. Terra incognita of the Ukrainian Economy: Four Conclusions
from the SME Study by the Institute for Economic Research. URL:
https://surl.li/picxeo;

— Official statistical data published on the website of the State Statistics Service
of Ukraine. 2023. URL.: https://ukrstat.gov.ua/druk/publicat/kat_u/2023/zb/12/Dsvsm
m_22.pdf;

— Materials of the Ministry of Economy of Ukraine, including the SME
Development Strategy. URL.: https://me.gov.ua/News/Detail?lang=ukUA&id=161fb7
4b-cB8ad-4cc5-b7ed-645962eb2e28&title=StrategiiaRozvitkuMSB.

A set of general scientific and specialized methods was applied in the research,
including:

— Theoretical analysis — to systematize scholarly approaches to the study of
small and medium-sized business (entrepreneurship);

— Statistical analysis — to process quantitative data collected from official
sources;

— Comparative analysis — to identify differences and common features in the
development of SMEs across sectors;

— Systems approach — to comprehensively understand the factors influencing
the functioning and development prospects of SMEs in conditions of economic
instability.

Results and Discussion. According to data from the State Statistics Service of
Ukraine, the number of small and medium-sized enterprises (SMEs) in 2022
amounted to 1.7 million units, which represents an 11.4% decrease compared to

2021. It should be noted that these figures do not account for enterprises located in
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temporarily occupied territories. The ongoing military conflict has highlighted a
relatively higher level of resilience among medium-sized enterprises compared to
businesses of other sizes. As of the end of 2022, the SME sector employed
6.1 million people, accounting for 82% of the total number of employees in business
entities. A 2003 study by the Institute for Economic Research revealed that the
majority of enterprises at that time (88% of respondents) were formed as a result of
the privatization of former state-owned enterprises. Over the past two decades, the
structure of the Ukrainian economy has undergone significant changes: contemporary
medium-sized enterprises are primarily formed on the basis of newly established
firms created during the period of Ukraine’s independence.

The sectoral distribution of medium-sized enterprises is a key indicator for
analyzing the structure of the national economy. Sectoral specialization reflects the
level of development of individual economic sectors and their contribution to national
production. Given the role of SMEs in ensuring employment, fostering technological
innovation, and promoting economic development, analyzing their sectoral structure
helps to define economic policy priorities and guide infrastructure development. Such
analysis makes it possible to identify sectoral trends, pinpoint strengths and
weaknesses, and develop effective development strategies.

According to the compiled statistical data, the largest share of medium-sized
enterprises is concentrated in the food industry — 33%. This highlights the significant
role of this sector in Ukraine's economy, driven by strong domestic demand for food
products and the need for stable production to satisfy both internal market needs and
export opportunities. Another substantial portion — 31% — falls under the category of
"Other manufacturing”, which includes diverse production facilities not classified
into specific industry sectors. Additionally, enterprises in the textile, apparel, and
footwear industries account for 9%, indicating the importance of these sectors,
supported by domestic consumer demand and the relatively competitive cost of labor.

Smaller shares are represented by the chemical industry (6%) and wood
processing industry (5%), both of which hold strategic importance for infrastructure

development and meeting the production needs of other sectors. Meanwhile,
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relatively low shares in the printing and machine-building industries (4% each) may
indicate existing challenges or underdevelopment within these sectors.

The sectoral analysis of medium-sized enterprises demonstrates the dominance
of the food industry in the national economic structure, serving as a critical factor for
economic stability and development. The substantial proportion of businesses in the
"Other manufacturing” category reflects the adaptability and diversification of SMEs
in the face of current economic challenges. Although the chemical and wood-
processing sectors remain small, their strategic importance for meeting production
and infrastructure needs cannot be underestimated. At the same time, the machine-
building and printing sectors require additional attention to stimulate their growth and
modernization. The sectoral distribution of medium-sized enterprises allows for an
assessment of the development level of individual sectors and facilitates forecasting
of potential directions for investment and improvements in the business climate in
Ukraine. Short-term assessments of business activity have shown improvement: the
Business Expectations Index (BEI) in October 2024 approached a neutral level — 49.4 —
and remained at that level in April 2025 (a slight decrease from 51.8 in March 2025).
These positive expectations were shaped by forecasts of international financial
support, increased consumer demand, stability in the energy sector, sufficient product
supply, and favorable weather conditions.

At the same time, several negative factors had a dampening effect, including
intensified shelling of port infrastructure, threats of further attacks on energy
facilities, rising costs related to energy systems, labor, and logistics, increased fuel
excise taxes, a shortage of qualified personnel, and inflationary pressures. Businesses
surveyed by the State Statistics Service noted improvements in forecasts related to
turnover, procurement of goods for resale, production volumes, construction activity,
and product (service) orders. However, all respondents expected an increase in prices
(tariffs) for their own goods and services, correlating with the rising pace of input
costs. The labor market remains strained, with most enterprises anticipating a
reduction in workforce, particularly in industry and construction, while the decline is

expected to be slower in trade and services. As of early 2025, the main barriers to the
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development of small entrepreneurship have been identified as: low demand for
products, loss of tax benefits, limited investment resources, difficulties in accessing
credit, changes in accounting and tax legislation, the necessity to maintain inventory
and warehouse accounting, as well as expectations of rising production costs and
declining product quality.

Conclusions. One of the key factors constraining the growth of small
enterprises is the risk of losing access to the simplified taxation system (i.e., the
single tax on income), which may, in turn, trigger increased scrutiny from regulatory
authorities and lead to higher administrative burdens and operational costs. For
medium-sized enterprises, effective interaction with local authorities, tax
administrations, and customs services is of primary importance. In contrast,
cooperation with law enforcement agencies and regional administrations is perceived
as less critical, while engagement with central government authorities is considered
to be of the lowest significance for this category of business. To ensure viability and
competitiveness in a volatile economic environment, small and medium-sized
enterprises (SMEs) should focus on several strategic directions, including:

— enhancing the efficiency of available resource utilization;

— adapting business models to changing market conditions;

— actively seeking alternative sources of financing, including crowdfunding and
partnership-based investments;

—implementing innovative technologies to optimize costs and strengthen
competitive market positions.

Promising avenues for further academic research include the development of
new tools aimed at mitigating financial risks associated with investing in SMEs. Such
tools should include the improvement of tax policy, the advancement of lending
mechanisms, and targeted support for startups. Collectively, these measures will
contribute to the formation of a resilient economic system capable of withstanding

global crisis-related challenges.
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Introduction. In a dynamic economic environment, planning is the main tool
for strategic management and ensuring the competitiveness of an enterprise. Modern
trends in production development, including digitalization, market volatility, and the
constant updating of consumer demands, place new demands on the flexibility and
adaptability of planning. Therefore, creating an effective production expansion
planning system is a key factor in achieving sustainable development. And a
significant contribution is made by Al, which helps to quickly analyze information
and offer flexible solutions that can be adjusted and adapted by management.

Aim. To provide relevant recommendations for improving production planning
in the context of digitalization and the spread of artificial intelligence.

Materials and methods. The study was conducted using primary and
secondary sources of information and expert opinions. A content analysis was carried
out to determine the current planning tasks in the context of digitalization. Using the
methods of observation and comparison, recommendations for improving the quality
of marketing communications are substantiated. Based on the results of using the
methods of analysis and synthesis, the STAFE prompting framework is proposed.

Results and discussion. Planning in production activities serves to coordinate
the goals, resources, and actions of an enterprise. Its main characteristics are
consistency, continuity, flexibility, accuracy and focus on the end result. According
to R. Akoff, effective planning is impossible without the participation of all levels of
management, which ensures not only vertical but also horizontal coherence of the

organization's goals [1]. Staff participation in planning helps to increase motivation
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and involvement, which are prerequisites for implementing ambitious development
strategies.

Adaptation to external changes is of particular importance in the planning
system. In particular, planning should take into account the cyclical nature of the
economy, fluctuations in demand, technological changes, and social transformations.
To do this, it is necessary to apply modern approaches, including elements of
strategic forecasting, scenario analysis and modeling of alternative scenarios. In this
context, the analysis of risk factors plays a significant role, allowing to formulate
flexible production development strategies taking into account possible crisis
situations.

The expansion of production is directly related to the renewal of the product
range. According to the approaches of modern management, product renewal is a
response to changing market needs, the emergence of innovative technologies and
increased competition. Modernization of existing products and launch of new
solutions allows the company to maintain the product life cycle, increase customer
loyalty and increase market share. Product renewal is one of the key areas of
implementation of the Industry 4.0 concept, which involves the use of innovations as
a source of growth and development [2].

As part of the expansion strategy, it is also important to consider the
development of new markets. This allows the company to diversify its revenue
sources, reduce dependence on one market segment and create new sales channels.
To successfully enter new markets, it is necessary to conduct a detailed analysis of
the environment, study cultural, legal, and economic barriers, and adapt products to
local characteristics. There are several entry strategies: exports, joint ventures, and
direct investment. The choice of the model depends on the company's financial
capabilities, risk level, and strategic goals. The company's competitive advantage is
formed not only by internal resources but also by the ability to integrate into a new
market environment faster and more efficiently than competitors [3].

According to the analysis, the most common ways of developing new markets

are:
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— insourcing, when a local manufacturer fulfills orders that will be sold under
the brand of another manufacturer. Such cooperation usually takes place due to the
effective price-quality ratio of the insourcing company.

— services, manufacturing of auxiliary products by a local company to which
an international company exports its products. In this way, the international company
saves on logistics and gains competitive advantages due to the efficiency of
production/supply. For example, this approach is relevant for the publishing and
printing business, when a foreign publishing house can print a circulation of a
publication, for example, for distribution in Ukraine, in a local printing house. Or a
foreign manufacturer can order the printing of promotional products in the country to
which it exports goods.

Successful development of new markets requires high quality marketing
communications, taking into account the capabilities of such communication
channels:

1. Website. The main tasks of the website are to provide quick access to
up-to-date information, be intuitive and easy to find information, and provide quick
communication to clarify necessary issues. It is necessary to have an
English-language version of the site, to fill the site with up-to-date information, to
provide the amount and type of information that consumers need and does not violate
the company's commercial secrets (if possible, to publish prices or place an online
calculator). An appropriate solution is to ensure two-way communication through the
website, namely, correspondence, chatbot. A progressive solution is also to allow
users to place orders through the website and pay for them.

It is advisable to place a link to the recommended multifunctional Al on the
website that can efficiently search and process information, provide summaries, for
example, on the types of products, well-known brands of the company's customers,
recommendations on how to choose the product that best meets the user's needs, etc.

2. Mobile application. This is a relevant digital tool for interaction between
the manufacturer and the consumer, which simplifies business processes as much as

possible, provides a new quality of communication and the ability to collect large
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amounts of data for the purpose of constantly studying consumer needs and
continuous business improvement. It allows you to avoid telephone communications,
get a high level of service, fast feedback and track the status of order fulfillment.
Companies that invest in the development and implementation of a corporate mobile
application have significant competitive advantages.

3. Social networks. The primary requirement for social media is omnichannel.
That is, in order to disseminate information, it is necessary to cover all social
networks that are popular among the company's consumers, as well as to ensure the
integrity of the information field by systematically integrating the company's
messages in various social networks. Content about the company for different social
networks should be consistent with the format of the network and the characteristics
of the target audience. To maximize the effectiveness of SMM, it is advisable to
apply an experimental approach, which is the primary basis for innovative
development. Companies can generate content on their own, use the services of
creative/marketing agencies, or apply Al. It is advisable to use auto-posting (Buffer,
Post Planner, Later and others). These services allow you to develop content with an
Al assistant, publish posts at the time scheduled by the user, and track media metrics.

In general, Al is a promising tool for business information support in general
and production planning in particular. Before developing a plan, it is necessary to
make a forecast.

Forecasting is a field of knowledge that requires specialist competencies in
special methods, substantial information support, and market research. And Al has a
significant advantage in solving this set of tasks, saving time for data collection and
processing, and application of labor-intensive forecasting methods. At the same time,
Al becomes a tutor for the user, as the latter can achieve more efficient interaction
with Al by clarifying the prompt.

Different approaches are used to formulate an effective prompt, such as the
RACE (Role, Action, Context, Execute) template [4], TRACE, TAG, etc. Given that
Al does not always give a reliable result, we propose to include a request for expert
response in the prompt and use the STAFE prompting framework (Table 1).
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Table 1
STAFE prompting framework

S Subject

T Essence of the task
A Addresse / Purpose
F h s I; Format

E & Expertise

Source: developed by the authors

Let's analyze the components of the STAFE prompting framework:

1) Subject — define the role in which Al should respond. For example, as a
marketer, project manager, CEO, etc;

2) The essence of the task — clearly define the task you set for Al. For
example, to analyze data and suggest ways to improve the efficiency of the enterprise
or to create a promotional video that conveys specific company values;

3) Addressee/ Purpose — specify the target audience/purpose. For example:
analytics is needed to present a report or to create a mailing list for a lay audience,
etc. Understanding the target audience helps Al to focus the task properly;

4) Format — specify the format of your request: infographics, tabular format;
providing ideas for new areas of activity in the form of a list with a concise
justification for each idea; analyzing the quality of online content in the form of a list
of advantages and disadvantages, or systematized by thematic areas;

5) Expertise — request Al to use reliable sources of information/indicate the
sources of information used by the Al to answer the user's request.

An example of using the STAFE prompting framework in the context of

solving a specific task is presented in Table 2.
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Table 2
Example of application of the STAFE prompting framework

Template Example of filling

component
Subject Imagine you are a journalist

Suggest ideas for launching a series of programs that are of great
Essence of S . )

social importance in Ukraine. These can be programs for
the task ; :

psychological support of the population and others.
Addresse/ Ideas are needed to create a useful project — a cycle of programs —
Purpose and get a grant to finance it.

Present your ideas in a list format. For each idea: describe its
Format content, justify its relevance, and name which grant programs can

finance the implementation of this program cycle.

Use as sources of information the mediametric indicators of similar
programs covering socially important topics, information on
programs funded by grant resources. Provide a list of information
sources used to complete the task.

Source: compiled by the authors

Expertise

As the analysis has shown, the expertness of the answer obtained with the help
of Al is achieved/verified by writing the relevant query in the prompt, asking
clarifying questions, cross-checking, using other Als, and searching for additional
sources. However, to achieve the most effective result of interaction with Al, a high
level of user expertise is required. Therefore, it is advisable to give preference to
Human-Al collaboration models.

In the era of digitalization, companies, depending on the scale of their
operations, test various solutions for production planning and other business tasks.
For micro and small businesses, it is the use of CRM and Al, while medium and large
businesses are more active in using complex solutions, namely ERP systems with
built-in Al. The use of ERP systems allows automating key business processes,
integrating data into a single information platform, and ensuring transparency of
management decisions. ERP systems help to improve planning accuracy, optimize
costs, and shorten production cycles. According to a Deloitte study, companies that
implement digital planning systems have higher resource efficiency, fewer losses,
and better adaptability to market changes [5]. Thus, technologicl modernization of the

planning process is one of the priorities for modern business.
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Resource management is an equally important aspect of production expansion
planning. The plan should ensure the optimal use of material, labor and financial
resources, taking into account possible market fluctuations. The lack of balance
between resources and production volumes leads to inefficiency, delays and cost
overruns. That is why the principle of balance is one of the key principles in the
formation of long-term development plans for an enterprise.

Conclusions. Effective production planning requires a comprehensive
approach that includes strategic vision, digital transformation, innovation in product
policy, analysis of market opportunities, and human resources. The rapid spread of Al
IS encouraging companies to use this multifunctional universal tool more and more.
Such an integrated model allows businesses not only to adapt to changes but also to

formulate their own leadership strategy in the face of global competition.
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THCTUTYIIAHI 3ACA/IM EGEKTUBHOI IIOJIITHKH ITIT Y
NOCTKOH®JIKTHUM NEPIOA: KEMC PYAHIU

I'pamotHeB Bitagiii Exyapaosuu

K.€.H., IOKTOpPaHT

KwuiBcbkuit HaIlioHATBHUM €KOHOMIYHUN YHIBEPCUTET
iMeHi Baguma 'eTpMana

M. KuiB, Ykpaina

Beryn. VYcmimHe MicISIBOEHHE E€KOHOMIYHE BIJHOBIICHHS HEMOJXKIIMBE 0e€3
€()EeKTUBHOT NOJIITUKH 3aJTy4YE€HHS IHO3EMHOTO KamiTally, 10 IHTETPYEThCA y IIAPIIHIA
npouec TpaHchopManii aepxkaBu. Y BUNaaky Pyannu ns nomituka gopmyBainacs Ha
Tl TAUOOKOi COIIaIbHOI TpPaBMH, CHOPUYMHEHOI reHomuaoM 1994 poky Ta
0araTopiuyHOI0 TPOMASHCHKOIO BiliHOW. BTpaTa Maibke MijgbiiOHA KUTTIB, MacoBa
eMirpaiisi Ta pos3majl 1HCTUTYI[IH BHUMAarajiud He JMIe TyMaHITapHOI peakiii, a i
CTPYKTYPHOTO OHOBJIEHHSI €KOHOMIYHOI Ta YNPAaBIIHCHKOI CUCTEM. 3a YMOB T'OCTPOI1
HecTayl BHYTPIIIHIX PECypCiB, caMe€ 1HO3€MHI 1HBECTHULII MaJIM CTATH JIXKEPEIOM HE
JUIIE KariTaay, a i MoJiepHi3arlii.

Ha BigMmiHy BIiJ HU3KM IHIIUX KpaiH, IO 3aJMIIAIUCA Ha MEXI MK
BIJIHOBJICHHSIM 1 PEIIMIMBOM HAaCWJIbCTBA, Pyanaa 3mMoria neperBoputu nomtuky [111
Ha KEpOBaHUM 1 MOCTYIOBUI MPOIIEC 13 YITKUMH YMOBAaMHU, TPO30PUMHU CTUMYJIAMH Ta
THCTUTYLIITHOIO 1 ATPUMKOIO. Pedopma 3aKOHO/JABCTBA, (dbopmyBaHHS
CIeliali30BaHUX areHTCTB IMIATPUMKH 1HBECTOpA, CEJICKTUBHHUU IMAXia A0 HaJaHHS
MBI 1 30CEPEIKEHICTh HAa BHYTPILIHIN 1HTErpauli J03BOJIMIN YHUKHYTH KIACUYHHUX
MAaCTOK TOCTKOH(IKTHOTO 1HBECTYBaHHA — BiJ COINladbHOI 13041l 110
po30anaHCyBaHHS PUHKY. Y MIJICYMKY 1HO3€MHI 1HBeCTHIIl B PyaHni ctanu He e
IHCTPYMEHTOM €KOHOMIYHOTO 3pOCTaHHs, a ¥ 3aco00M 3MILHEHHS COLIaIbHOI
CTabUIBHOCTI, JOBIPU JI0 IHCTUTYTIB Ta JJOBTOCTPOKOBOI CTIMKOCT1 PO3BHUTKY.

Mera po6oTu. BusiBieHHS YMHHUKIB €()EKTUBHOCTI MOJITUKHA 3JIy4CHHS Ta
CTUMYJIIOBAaHHS 1HO3E€MHHUX IHBECTHUII y MOCTKOH(MIIKTHUA TEepioJl HAa MpUKIal
Pyanaum sk omgHOoro 3 HebaraThbOX YCHIMIHUX KEHCIB MITICHOT E€KOHOMIYHOI
Tpancdopmariii micis 30poitHoro kKoHQuIikTy. Oco0IMBY yBary OmpUAICHO aHATI3y
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TOTO, SIK IHCTUTYIIIiHA MOCIiIOBHICTh, MPO30pa CENIEKTUBHICTb Ta OpIEHTAIls Ha
BHYTPILIHIO IHTETpaIlil0 JO3BOJWIM T[EPETBOPUTH 1HO3EMHI 1HBECTHUIi Ha
IHCTPYMEHT HE JIMIIIe €KOHOMIYHOT'O 3pOCTaHHs, a i JOBMOCTPOKOBOI CTA01IbHOCTI Ta
COLIIaTbHOT KOHCOJTIAIT].

Marepianu Ta MetoaM. AHamTH4YHA Oa3a JOCHIIKEHHS chOpMOBaHA Ha
NepPeTHHI KIIbKOX JUCHMIUTIH — TOJITHYHOI €KOHOMIi, 1HCTUTYIIIHHOI Teopli Ta
MOPIBHSJILHOTO TIPaBO3HABCTBA. KITIOUOBOIO METOAOJOTIYHOI PAaMKOIO BHCTYTIAE
OITiHKa B3a€MO3B’SI3KYy MK CTaOLII3aIll€l0 Jep >KaBHUX 1HCTUTYTIB 1 TpaHChOpMaIli€ro
pPeXHUMY 3ay4€HHS 1HO3€MHOro Kamitamy. Y (oKyci — He JuIIe 3MICT 1 AMHaMiKa
3aKOHOJIaBUMX aKTIB Mpo iHBecTUlii (30kpema penakiii 2005, 2015 1 2021 pokis), a i
MEXaHI3MH MPAaKTUYHOI peatizaiii moiaiTuku yepe3 iHcTUTylii Rwanda Investment
Promotion Agency (RIPA) i Rwanda Development Board (RDB). Ctatuctuuni aaHi,
onpwnogHeH1 HarionaaeHuMm 6ankoM Pyanam Ta MikHApoaIHUMH (IHAHCOBHUMH
OpraHi3allisiMy, J03BOJISIOTh 31CTABUTH JEKJIApATUBHI 1111 TMOMITHKH 13 (DaKTUYHUMH
pesyabraramu. OcobiMBa yBara MpUAUISETHCA SIKOCTI HOPMATUBHOTO CEPEIOBUIIA,
Jorimi  ajamTaiii 0 TMOCTKOH(IIKTHUX BUKIUKIB 1 PIBHIO CTPYKTYpHOI
iHTerpoBanocTi I1Il y HallloHaJIbHY €KOHOMIKY.

PesyabTatn Ta 00roBOpeHHsl. YK€ Ha pPaHHBOMY e€Talll E€KOHOMIYHOT
crabimzaiii Pyanga posmodana ¢hopMyBaHHS IHCTHUTYLIMHOI 1HOPACTPYKTYpH IS
MIATPUMKHU 1HBECTOPIB. Y 1998 porl HaO0yB YMHHOCTI MEPUINI 1HBECTULIITHUI 3aKOH,
aKuM Oys0 cTBOpeHo AreHTCTBO crpusinHg iHBecTHiisiM (RIPA) [1]. ¥V 2005 pomi
Oyso yxBajeHo HOBHMI 3akoH Ne 26/2005, mo Brepiie 3akjiaB NOBHOLIIHHY NPaBOBY
paMky mist ctumysatoBaHHs [1II — 13 BU3HaUE€HHSIM MOHSTH, PEECTPAIIHHUX MPOLEYD,
MJTIBT 1 TapaHTiil [2].

VY 2008 pomi BigOyiocs 1HCTUTYLIMHE yKpynHeHHs: Ha ocHOBI RIPA Ta mie
KUIBKOX CTPYKTYP CTBOPEHO €uHUMN opraH — Pyanmiiiceky pany 3 po3Butky (RDB),
110 3ampoBajuia eheKTUBHY MOJIENb «EAMHOTO BikKHA» [3].

Hogi pepakuii inBectuuiinoro 3akoHy y 2015 1 2021 pokax 3adikcyBanu
nepexiJi 10 CKJIAIHIMIOT, CEIEKTUBHOI MOJIENI: MUIBTH MOYaJId HAJaBaTHUCA 32 YMOBU

1HTerpatii y HallloHaJIbHy €KOHOMIKY, OIepaliiHOl MPUCYTHOCTI Ta HAJIEKHOCTI A0
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npiopuTeTHUX ceKTopiB [4]. ¥ 2021 porri BIpoBaKeHO TPUPIBHEBY CUCTEMY CTABOK
Corporate Income Tax (CIT) (0%, 3%, 15%) 3 meramizoBaHUMH KPUTEPISMHU IIOI0
CTPYKTYpH KOMIIaHii, ynpaBIiHCbKUX (YHKINN Ta jJokam3aiii. [lomatkoBuii ctumy
nepecTaB OyTH MPOCTO IHCTPYMEHTOM 3alydeHHS KalliTady — BiH CTaB MEXaHI3MOM
B1100PY AKICHHX 1 CTPYKTYPHO 1HTETPOBAaHUX 1HBECTOPIB.

AHaJioriyHa eBOJIOIs BiAOysacs B CEKTOpajbHIM mojiTuil. Bix 3arampHOro
nepemky ramyseir y 2005 porri aeprkaBa mepennia A0 riIuboko nudepeHiiifoBaHoi
MOJCIl 3 BHOKPEMJICHHSM HE JIMIIEe CEKTOpiB, a W TMIJACEKTOpIB 1 BHJIIB
nispHOCTI-30KpemMa B [T, BUpOOHUIITBI, JIOTICTHIII Ta KpPEATUBHHUX I1HAYCTPIsX.
Crtumynu, 30KpemMa TMOAATKOBI KaHIKYyJIM a00 MPUCKOpEHa aMOpTH3alis,
MPUB’SI3yBANUCS J0 1HBECTHIIIITHOI BAapTOCTI, TUIy aKTUBY Ta (PYHKI[IOHAIBHOTO
BHECKY B HAITIOHAJILHUW PO3BUTOK. Y PE3yJIbTaTi CEKTOPHA TMOJIITHKA TTePETBOPHUIACS
3 JIEKJIapaTUBHOI Ha 1IHCTPYMEHT CTPATETiyHOrO BUOOPY, IO 3a0e3MeuyBaB IIbOBY
cupsimoBanicTh [l y pamkax mOCTKOH(IIKTHOTO BITHOBJICHHS.

Ve BIg T1OYATKy MOCTKOH(IIKTHOTO TIEpIOAYy JepKaBa OpieHTyBajia
1HBECTHUILIIMHY MOJITUKY Ha PO3BUTOK 1H(POpMAIIHHO-KOMYHIKAIIITHUX TEXHOJIOTH Ta
(bIHAaHCOBOTO CEKTOpYy, SKI CTadd OCHOBHMUMHM HampsiMamu 3amydeHHs I y
2000-2010-x pokax. 3romomM CTpyKTypa IHBECTHIIN auBepcudikyBanacs: 3pociu
o0csary BKJIaJCHb Y BUPOOHUIITBO, €HEPTETHKY, CIIILChKE TOCIOAAPCTBO, JIOTICTUKY,
KpeaTuBHI 1HAYCTpii Ta cdepy nocayr. Takuil mepexig n0 OaraToCeKTOpaabHOT
MOJIeIIi CTIpUsIB He Juiie miaBuiieHHio edektuBHOCTi [111, a i akTHBHOMY CTBOPEHHIO
pOOOUYUX MICIIb, 1110, Y CBOIO YEPTY, MOCUIIUIIO IHKITIO3UBHICTh €EKOHOMIKH.

[Toka3HUK KITBKOCTI HOBHX POOOYUX MICLb, CTBOPEHHUX HA KOXEH MUIbHOH
J0JIapiB  3aIy4eHUX TMPSIMUX 1HO3EMHUX 1HBECTHINM, € OJHUM 13 KJIFOYOBHX
1HMKATOPIB IHTEHCUBHOCTI Ta €()EKTUBHOCTI BUKOPUCTAHHS 1HO3EMHOI'O KamiTaly B
HaIllOHAJIBHINA eKOHOMII. Y 1bOMYy BHUMIpI, 3TiAHO 3 AaHumu 3a 2022 pik, Pyanna
JIEMOHCTPYE OAWH 13 HAWBUIIMX PIBHIB 1HTEeHCH(IKaIlii 1HO3EMHOTO 1HBECTYBAaHHSI
cepen kpain CxigHoi Adpuku: 1,9 poOoumx wmicug y BupoObnunrsi, 0,4 — y
OyniBaunTBI, 0,5 — y cdepi mocayr; 3araiom — 2,8 poboYnX MicCIsl Ha KOKEH MUTbIOH

nosapiB. lle CyTTeBO mepeBUIIy€E cepelHbOPEriOHATBLHUN MOKa3HUK (2,2), a TaKoxXK
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aHanoriydi 3nadeHHs B Yraami (1,4), [lisgeanomy Cymani (1,2), bypynnai (2,0) ta
Tanzanii (2,1). Binrak, Taka cTpykTypa IHBECTYBaHHS CBIJUUTH HE JHIIE PO
MaciiTa0yBaHHS KamiTaly, a ¥ mpo Horo mimOIly iHTerpaito B €KOHOMIKY Ta
MOTEHLIaM 7151 pOpMYyBaHHS 1HKIIO3UBHOTO PUHKY Tipaiii [5].

OpHuM 13 MOLIMPEHUX PU3UKIB 1HBECTYBaHHS Y MOCTKOH(IIKTHUX KpaiHaX €
colliajJbHa HaIMpYKEHICTh, CIPUYMHEHA EKCIpoImpialiero 3emenb. Y PyaHni mporo
BJAJIOCS 3HAYHOIO MIPOI0 YHUKHYTH 3aBISKH MPO30POMY Ta OpPraHi30BaHOMY
MeXaHI3My KOMIIEHcallli. 3a TaHUMH JOCIIIHPKEHHSs, TPOBEICHOI0 Y BOCBMHU OKpyTax,
69 % omuTaHUX OTPUMAJIM KOMITCHCAIIIF0 BYacCHO, a 56 % — Han0aBKy 3a 3aTPUMKY [0,
c. 29]. 3aranom 74,4 % pEeCNOHJEHTIB CXBAJIWJIM YMHHE 3aKOHOJABCTBO, 72,2 % —
MpOIeAypU OLIHKK MaiHa, 55 % — sKicTh KoMIeHcalid. Takui miaxia JOomoMir
VHUKHYTH paJuKaiizaiii Ta 3MIIHUB JIETITUMHICTh 1HBECTHULIIMHOI MOJITUKH B OYax
MICLIEBOTO HACETICHHS.

[TomiThka CTUMYJIOBaHHS NpPSIMUX 1HO3EMHHMX 1HBecTUlll y Pyanmi, sika
MO€IHANIA 1HTEHCU(IKALIID KamiTaldy, IHKIO3UBHE 3POCTAHHA Ta KOHTPOJIb Haj
MOTEHIIINHO KOH(MJIIKTOTEHHUMHU e(QeKTaMH, CHpHsIa 3HWKEHHIO BHYTPIIIHBOI
HaIpyTy Ta 3MIIHEHHIO MOJITHUYHOI JeriTUMHOCTI. I3 cepearnn 2000-x poKiB, KOIH
[MII cramu cucTeMHMM YWHHUKOM €KOHOMIKH, iHaukaTtopu Fragile States Index
JEMOHCTPYIOTh CTaOUIhbHE 3MEHIIEHHS COI[ialbHOI Ta MOJITHUYHOI BPa3auBOCTI. Y
2006 pori 3arajibHe 3HAYEHHS 1HJIEKCY cTaHOBWIO 92,9 Oanu (kareropis Alert), Tomi
ak y 2024 pomi — 81,8 (kareropis High Warning) [7]. Lle cBimuuTh npo 3pocTaHHs
IHCTUTYLIIHOT ~ CIPOMOKHOCTI ~ JIepXaBW, 3JaTHICTh YNPABIATH  HACIIIKAMU
KOH(JIIKTY Ta pO3IIMPIOBATH €KOHOMIYHY M COLIIaJIbHY 1HTErpaLliio.

BucnoBku. [locsig Pyanau € omauM 13 HeOaratbOx MPUKIIAAIB, KOJIH TOJITHKA
3aJIy4eHHS 1HO3€MHOI'0 KamiTaly He julie 3ade3neunsa 3poctanns oocsris 1111, a i
OyJa opraHiyHO IHTETPOBAaHA B MIMPOKY CTPATETiI0 MOCTKOH(IIKTHOTO BiTHOBJICHHS.
VYemix i€l momeni OyB  3yMOBIEHUW TMOETAmHICTIO  pedopM, 3BaXKEHICTIO
pPEeryJATOPHUX PIlIEHb 1 BIMOBOIO SIK BiJl MOCHIIIHOI Ji0epaizaiii, Tak 1 BiJ
HAJMIPHOTO MPOTEKUiOHI3MY. [HCTUTYywiiHA eBomromiss — BiAg cTBopeHHs RIPA no

¢dbopmyBanHs RDB — Hanana iHBecTopaM cTabijibHe IPABOBE IOJIE, TPO30P1 MpaBUIIa
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Ta QYHKIIOHATBHY 1H(PPACTPYKTYpY MiATPUMKH.

Oco0nmuBy posib Bimirpana CEJICKTUBHICTh CTUMYIIB: MiJIbI'M HaJaBajuCs HE
aBTOMAaTUYHO, a 32 YMOBHU pE€aJIbHOI MPUCYTHOCTI, CTBOPEHHS pPOOOYUX MiCIlb 1
JokanbHO1 1HTerpamii. Takuii minxig copusaB He jume 3poctanHio [ sk
MaKpOEKOHOMIYHOTO MOKa3HUKA, a ¥ 3MIITHEHHIO ()OPMAJILHOIO CEKTOPY, IMIATPUMIIL
CEpPEeHbOr0 KJIacy Ta IHKIIO3UBHOCTI PHUHKY TMpali. YCHIIIHE YIpaBIiHHA
MOTEHITIHHO KOH(MIIIKTOTEHHUMHU aCTIEKTaMU — 30KpeMa IOJ0 3eMJI Ta JOCTYITY 10
mpami — TaKOX CTaj0 BaXKJIMBUM YMHHUKOM MIATPUMKHU JOBIPH 10 JAEp>KaBHOI
ITOJIITHUKH.

Yce ne posommno posmpimaru [III He nmmie sk pecypc pO3BUTKY, a SIK
MEXaHi3M 3MIIHEHHS MOMITHYHOI cTifikocTi. J{luHamika Fragile States Index 3acBimuye
3HWDKEHHSI Bpas3iMBOCTI PyaHIuM ynopoooBXK OCTaHHIX JABOX JE€CATUIITH, IO
MIATBEPKYE 3MaTHICTH TaKOi MOJENl 1HTEerpyBaTH 30BHIMIHIA Kamitan 0e3
JeCTablI13yr0urX HACHIAKIB.
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AHAJII3 TOBAPHOI CTPYKTYPHU EKCIIOPTY YKPAIHHU B
A3EPBAMIKAH

Jlumap Banepis BanepiiBua,

71.€.H., IOIICHT

Cadapos YibBi A0y3ep oruu,

acmipast

JloHenbkHii HalllOHAILHUHN YHiIBepcuTeT iMeHi Bacuns Cryca
M. Binnuns, Ykpaina

Beryn. AHani3z ABOCTOPOHHBOI TOPTiBJII MIXK YKpaiHOO Ta A3epOaiiKaHOM €
BAKJIMBUM 1HCTPYMEHTOM JUIsl TJIMOIIOrO PO3YMIHHS €KOHOMIYHOI B3a€MOAIl JBOX
CTpATEeriuHO BAXKJIMBHUX JAEPKaB MOCTPAIASTHCHKOTO MPOCTOPY, IO MAalOTh 3HAYHUN
MOTEHITIaN JIJIsi 3MII[HEHHSI B3a€MOBUTIIHUX IMapTHEPCHKUX BITHOCHH. Y KOHTEKCTI
CyYaCHUX TEOINOJITUYHUX BHKJIMKIB, 3POCTaHHS EKOHOMIYHOI HECTaOUIbHOCTI Ta
MOIIYKY HOBUX 30BHIIIHLOCKOHOMIUHUX OPIEHTUPIB, OIlIHKA TOPTOBEIHHOI JUHAMIKU
MDK IIUMHU KpaiHamMu HaOyBa€e 0COOIMBOI aKTyallbHOCTI.

Mera — aHani3 ekciopty YKpainu B AzepOaiiixan.

Marepiaau Ta MeToau. MarepialaMu JIOCTIDKCHHS € CTaTHCTHYHA
iHpopmanis JlepxaBHOT ciy:kOM CTaTUCTHKK YKpaiHu, 30Kpema reorpadiyHa Ta
TOBapHa CTPYKTYpa 30BHIIIHBOI TOPTIBII Y KpaiHHU.

Y mporeci gochmimkeHHsS Oylio BHKOPUCTAaHO Taki HAyKOBI METOJIU:
TEOPETHUYHOTO y3arajJlbHeHHs (Il OOIPYHTYBaHHS BaXXJIMBOCTI JOCIIKEHHS
JIBOCTOPOHHBLOI TOPTIBII MK YKpaiHOO Ta A3epOaiipkaHoM); aHaAmi3y Ta CHUHTE3Y
(nnms  aHamizy CTAaTUCTUYHMX JAHMX IIOAO Treorpadii eKcnopTy-IMIOpPTY MIX
VYkpainoto Ta AzepOaiipkKaHOM); JIOTIYHOTO y3arajbHEHHS pe3yJbTaTiB (pOo3poOKH
[UISIX1B TIOTEHIIHHO MOKJIMBOTO 30UIBIICHHS eKCIIOPTY YKpaiHu B AzepOaiixaH Ta
(dhopMyIIFOBaHHSI BUCHOBKIB).

Pe3yabTaTu Ta 00roBopeHHs. 30BHINTHHOCKOHOMIYHI BIIHOCHHU YKpaiHU Ta
AzepOaiixany BapTO PO3TISAATH B PO3pi3i 30BHINIHBOI TOPTIBII TOBapam Ta
MOCIyraMH, a TaKoK 1HBECTHIIIMHOI MisIbHOCTI. BaXIMBUMM MOKAa3HUKAMU aHATI3Y

30BHINIHBOI TOPTiBIl YKpaiHu Ta A3epOailkany € iHANKATOpU O€3MeKH 30BHINIHBOT
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TOPTIBII.

[To3UTHBHOIO  TEH/ACHIIIEI0  XapaKTEpPHU3YEThCS  EKCHOPT  YKpaiHu B
Azepbaitmkan y 2023-2024 pp.: BiH 3pic 3 196257,7 y 2023 p. no 216902,1 tuc. gou.
CIIA y 2024 p. Lle#t mporiec € pe3ynbTaTOM SIK BHYTPIITHBOI aanTaiii eKOHOMIKA
VYKkpainu 10 yMOB MOBHOMACIITA0OHOI BIMHHM, TaK 1 30BHIIIHBOIO TIONMHUTY Ha
KOHKYPEHTOCTIPOMO>KHI YKpaiHChKiI ToBapu. HaykoBuil aHali3 CTPYKTYypU €KCIOPTY
JI03BOJIsIE€ BUSIBUTH OCHOBHI TOBAapHI TPYIH, 110 CIPHUSIIN HAPOLIEHHIO JBOCTOPOHHBOT
TOPriBJli, @ TAaKOXX BU3HAYUTU KIIOYOBI UMHHMKH, $IKI 3a0€3MEUMSId TO3UTUBHY
JMHAMIKY €KCTIOPTHOI aKTUBHOCTI Ha azepOaiixkaHChbKOMY HampsAMKy [1].

[IpoBigHe Micue y CTPYKTypl eKcnopTy YkpaiHu a0 AsepOaiiixkany y
3a3HauYCHUN TMepioj 3aiimMalia MpoAOBOJIbYA MPOAYKIIS, 30KpeMa M’ACO Ta iCTIBHI
cyOnpoaykTu. 3a JaHUMH BIAKPUTHX Jpkepen, qume y 2024 pori oOcsAr excrnopry
M’sica cTaHOBHUB Onm3bpKo $55 MIiIH, 110 BimoOpakae 3HAUHUI MOMUT HAa YKPATHCHKY
NPOAYKIIII0 TBAPUHHUIITBA Ha a3epOaiKaHCHbKOMY PUHKY. 3HaYHUIl BHECOK TaKOX
3pOOMJIM  KOHJIUTEPCbKI BHPOOH, KpyHu, OOpPOLIIHO Ta KaKao-IPOAYKIisA, SKi
3a0e3Nneyii pO3UIMPEHHSI MPUCYTHOCTI YKpaiHM B CEIrMEHTI TOTOBHX XapyOBHUX
MPOJIYKTIB.

[HI1I0}0 Ba)KJIMBOIO KaTEropi€ro cTana MOJOYHA MPOAYKIIisl, 30KpeMa BEPILIKOBE
Macjo Ta CHUpPU. 3a CTATUCTUKOI MPOQPUIBHUX Tally3eBUX ToptaiiB, y 2024 poii
AzepOaiipkaH  BXOAMB /0 JIECATKM HAWOUIBIIMX IMIOPTEPIB  YKPaiHCHKOIO
BEPIIKOBOTO Macia, 10 CBIJYUTH MPO 3POCTAHHS JOBIPU JI0 SKOCTI YKPAiHCHKHUX
MOJIOYHUX TOBapiB [2]. CucTteMHa poOoTa yKpaiHCbKUX arpOeKCIoOpTEpiB HA pUHKAX
KaBkaspkoro perioHy cnpwsijia 3pOCTaHHIO YaCTKH IIMX TOBApiB y 3arajibHOMY 00Cs31
MOCTaBOK.

3HauHMI BHECOK Y 3pOCTaHHSA eKCIopTy 3ale3nedmsia 1 MeTalnypriiiHa
MpoyKilis. BupoOu 3 4opHUX MeTaliB, 30KpeMa CTaleBi HamiBpabpukaTH, MPOKaT Ta
TpyOH, TPaIUIIIiHO CTaHOBJISTH BaroMy 4acTKy yKpaiHChKOTo ekcrnopry. Ilonut Ha
TaKy NpoAyKIio B AzepOaiikani 00yMOBIEHUHN pearizalieto iIHPpacTpyKTypHHUX Ta
EHEPreTUYHUX TMPOCKTIB y TMOCTKOH(MIIKTHUI TMepioJ, a TaKOXK PO3BUTKOM

OyI1BEJIbHOTO CEKTOPY KpaiHHU.
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OxpeMy yBary 3acCIyroBy€ €KCIIOPT MaIlliH, O0JaHAHHS Ta €JIEKTPOTEXHIYHOT
npoaykiii. Y 2023-2024 pokax crmocTepirajocsi 3pOCTaHHS IMOCTAaBOK KaOEeThbHOI
IPOYKIli, €JIEKTPOYyCTATKyBaHHS, a TAaKOX €JIEMEHTIB MPOMUCIOBOTO OO0JIaIHaHHS.
3a TaHUMU aHAIITUYHHUX OTJISI/IIB, 3arajoM MPOIYKIlisS MAIIMHOOYyBaHHS CTAaHOBUJIA
O0mm3pko 8 % y 3araJibHOMy O00CS31 YKPaiHCBKOTO €KCHOPTY, 110 CBIAYUTH PO
MOCTYIIOBE  MPOCYBaHHS  YKpaiHM 70  OUIbII  TEXHOJOTIYHOTO  THILY
30BHINTHHOCKOHOMIYHOT CTIeTiiami3ariii.

JIOTIOBHEHHSIM 10 MPOBIAHUX EKCIOPTHUX KaTeropiid CTalld I[yKop, MarepoBa
MPOAYKIIisl, TOJIMEPH Ta HACIHHS OJIMHHUX KYIbTYp, AKi 3a0€3MeUnin pO3IIUpPEHHS
CHEKTpa EKCIOPTHOI mnpono3ulii. TakuMm yuHOM, ekcrnopT 10 A3sepOailixkaHy y
2023-2024 pokax xapakTepu3yBaBCsi HE JIMIIE KUIbKICHUM 3pOCTaHHSIM, a U
MOCTYIOBOIO TUBEPCU(IKAIIEIO.

BucHOBKH. Y3araJibHIOIOYM, BapTO 3a3HAYUTH, IO IO3UTHBHA JUHaAMiKa
excropTy Ykpainu 1o AzepbOaimkany y 2023-2024 pokax € HaCIIAKOM MO€THAHHS
JNEKUIbKOX YHMHHHMKIB: KOHKYPEHTOCIIPOMOKHOCTI ~YKpaiHCBKHX arpapHux Ta
XapyoOBUX TOBApiB, CTAOUTLHOTO MOMUTY Ha METaIypriiiHy MPOIYKIIiI0, TOCTYIIOBOTO
PO3BUTKY MAaIIMHOOYAIBHOTO €KCHOPTY Ta €()EeKTUBHOTO BUKOPUCTAHHS JIOTICTUYHUX
MapmipyTiB. 1li mpouecu cBimyaTh TPO CTIHKICTh YKPAiHCHKOTO E€KCIIOPTHOTO
MOTEHITIaly HaBITh B YMOBaX BIMCHKOBOTO CTaHy Ta MiATBEPIKYIOTh CTPATETiYHY

BAXKJIMBICTh PUHKY A3epOaiipkaHy ISl HALIIOHAJILHOTO €KCIOPTY.
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YK 339.13.027:330.342.14
MNOCJIYT A IK EKOHOMIYHA KATEI'OPIA

®acroBenb Harauis BasepiiBua,

K.H.3 JIepK. yOp., JOLEHT

Ilyravosa Taicist BiTaJiiBHa,

CTYJCHTKA

KuiBchkuit HalioHaIbHHUM YHIBEPCUTET TEXHOJIOTIN Ta AU3ANHY
M. KuiB, Ykpaina

Beryn. [locnyru BifirparoTh BaXKJIMBY POJIb B €KOHOMIIl, OCKIJIBKH BOHH
3a0€3MeuyIoTh KIIYOBY MIATPUMKY yCiM cdepaM rocrnoaapchbkoi MisIbHOCTI,
COPUSIOTh 3POCTAaHHIO 3aMHATOCTI, T'€HEPYIOTh MOJAHY BapTICTh Ta (POPMYIOThH
3HAYHY YaCTHHY BaJIOBOTO BHYTPIIIHKOTO MpoAyKTy. Came cdepa mociyr BUCTYIA€E
OCHOBOIO PO3BUTKY €KOHOMIKH, JI€ TPIOPUTET HAMAETHCS HEMATEPIAIbHUM aKTHUBAaM,
iHQOpMAIIHHUM TEXHOJIOTISIM, KOMYHIKAIlIM 1 3HaHHSAM. Y Cy4YaCHHUX YMOBax
MOCIYTH TaKOX 3a0€3MeYyl0Th THYYKICTh Ta aJalTUBHICTh €KOHOMIKM JO 3MIH Ha
ro0aJbkHOMY PHUHKY, 30Kpema depe3 UudpoBizailito, I1HHOBAIll, PO3BUTOK
KJIIEHTCHKUX CEPBICIB Ta 3pOCTaHHS poJii KpeaTuBHUX 1HAycTpiid. Kpim Toro, cdepa
nocayr ¢opmye 1HGPACTPYKTYPY CYCHIUIBHOIO T00pOOYyTY — OXOpPOHY 3/I0pPOB’S,
OCBITY, TpPaHCNOPT, (PIHAHCH, COLIAbHE 3a0€3MEUYeHHs — 1 caMe 4Yepe3 MOCIyTH
peaizyeTbcs ComiaIbHO—CKOHOMIUHA MOJIITHKA JIePyKaBH.

Kuarwuosi caoBa: Ilociyra, ekoHOMiuHa KaTeropisi, HemaTepiajabHe OJiaro,

PUHOK TIOCJIYT, CIIOKMBYA BapTiCTh, IIMBUIHHO-TIpaBOBe peryntoBanHs, GATS.

Metorw po00TH € BUCBITJIIEHHSI CYTHOCTI MOCIYTH SIK €KOHOMIYHOI KaTeropii,
PO3KPUTTA ii CcHelM(PIUHUX XapaKTEPUCTHK, OOTPYHTYBaHHS 3HAYCHHS MOCIYT Yy
CTPYKTYpi CY4aCHOI €EKOHOMIKH.

OpHuM 13 KIFOYOBUX MIKHAPOJAHO—TIPABOBUX aKTIB, IO 3aKJIAJIU OCHOBY JJIS
(dbopMyBaHHS 3arajibHUX MPUHIMIIB TOPTIBII Mociayramu, € ['eHepanbHa yroma mpo
toprieito nociyramu (GATS) [1], patudikoBana 15 kBitHs 1994 poky B pamkax

CeiToBoi opranizamii TopriBmi. Xouya GopManbHOr0 Ae(PIHITUBHOTO TOHSTTS

167



«TmOCIyra» B HiMl HEe HaBeACHO, cTarTd 1 Yroau mpomnonye GyHKIIOHAIBLHY MOJETh
knacudikanii Gopm ix mocrauaHHs. VneTbcs Npo YOTHPH CIIOCOOM: TPAHCKOPIOHHE
HaJaHHS, CIOXKMBAHHS 3a MEXaMH KpaiHW, NMPUCYTHICTb MOCTadyajJbHUKA B 1HIIIH
JIep>KaBi Ta TUMYACOBE MepeMilleHHs (QI3UIHUX 0C10. Y TOUHEHHS HAJAEThCS U MO0
JIEp>KaBHUX TOCIYT, SIKI HE OXOIUTIOIOTHCS JI€I0 YTOAHU — 1€ MOCIYTH, 10 HAJAI0ThCS
Ha HEKOMEPIIIHHIN OCHOB1 0€3 eJIeMEeHTIB KOHKYPEHIIii.

Y mpaBoBiii cucteMi €Bponeiicbkoro Coro3y MOHSTTS MOCIYTH TPAKTYEThCS SIK
€KOHOMIYHa aKTUBHICTh, 110 3a3BUYal 3/1MCHIOETHCA 32 OIUIaTy, ajieé He € HaMaHOIOo
npanero. Crarts 57 [JoroBopy mpo ¢yHkuionyBanHs €C, a Takox JlupekTuBa
2006/123/€C npo nociayru Ha BHYTPIIIHBOMY PUHKY, AETaNI3yIOTh L0 KOHUEIIIIO,
OXOIUTIOIOYH SIK IPOMUCIIOB1, KOMEPIIiiiHI, TaK 1 mpodeciiiHi BUIU JISTILHOCTI [2].

VY cyyacHOMy LHMBUIBHOMY IIpaBl YKpaiHM KaTeropis «Iociyra» 3aiimae
BAKJIMBE MICIIEC K CaMOCTIHHHMM 00’€KT IUBUILHUX MpaB. BixmosigHo po crarti 177
[usinbHOTO KOAekcy Ykpainu (LIKY), mociyru BU3HAIOTBCA 00’ €KTaMU IUBILIBHUX
IIpaB HapiBHI 3 peUyaMH, LIIHHUMU nanepamu, iHdpopmariiero Tomo. OgHak, Ha BIAMIHY
Bl Oarathox 1HIIUX 00’€kTiB, LIKY He MICTUTH JeraqbHOro BU3HAYCHHS TEPMIHY
«TOCIIyTay, HaBITh y CHelialbHIA r71aBl 63, MpUCBAYCHIN 3arajbHUM MOJIOKEHHSIM
PO HAJIAHHS MOCITYT.

[{uB1IBHO—TIPABOBHUI aHATI3 MOKA3ye, M0 MOCIyra SK MpaBoOBa KaTeropis Mae
Oararo(yHKI10HaJIbHE 3HA4eHHs. BoHA MOXe BHCTynaTu: 00’ €KTOM LMBUIBHUX IPaB
(ct. 177 UKY); dopMoro 3yCTpi4HOTO 3aJOBOJICHHS — HAMPUKIAJ, 3TAHO 3 4. 5
ct. 715 HKY moxnuBuii 0OMiH MaiitHa Ha nociyru, ado 3a ct. 737 HKY penra moxe
BUIIJIAYYBAaTUCS  NUISIXOM  HaJaHHSA  TOCIAYT; MpeAMeToM  3000B’s3aJIbHOTO
MPaBOBITHOIICHHST — HAMpUKIaA, y cdepl TpaHCIOPTHUX a00 MOOYyTOBHX MOCITYT
(ct. 798 1IKY); yacTuHOIO yMOB 3000B’si3aHb, 1110 BUKOHYE AOMOMIXKHY (PYHKIIIIO
(manpuxnan, ct. 889 LIKY); dopmoto mianpueMHuUIbKoi qisibHOCTI (1. 956 1IKY);

MIJICTABOIO IS BHHUKHEHHS JEMIKTHOI BIAMOBIAAIBHOCTI — Y BHUIAIKY
3aMOISTHHS IIKOJM BHACIOK HENOJIKIB HajgaHoi nmociayru (cr. 1209-1211 HKY);
($hopMOI0 aKIenTy y AOTOBIPHUX BigHOCHHAX (4. 2 cT. 642 1[KY).

Takum YUHOM, IIOCIYTH € CKIIaJHUM HOPpUIAWYHUM (beHOMeHOM, 1O IMPOHU3YE
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O6arato cdep mpaBOBOro perymoBaHHSA. PO3yMiHHA CyTHOCTI MOCIYTH MOTpedye
MDKAUCUUIIIIHAPHOTO TMIAXOAY, BPaXOBYIOUHM SK EKOHOMIUHY, TaK 1 IOPHAUYHY
npupony. [Ipu oMy y BCiX BUIMAJKaX MPaBOBE TIYMAau€HHS MOCIYTH 3BOJUTHCS JO
OCHOBHOI 03HaKH, 3adikcoBanoi y cT. 901 [IKY, — crioxkuBaHHS B Mpo1ieci BUNHEHHS
1eBHOI A11 a00 311MCHEHHS IIEBHOI MISIJILHOCTI.

Kiacuku ekoHOMIYHOI HayKH BHM3HA4Yajgu IOCIYTy SK creuudiuny dopmy
CYCIIIJIBHO KOPUCHOI ISTIBHOCTI, III0 Ma€ HeMaTepiadbHUMA XapaKkTep 1 He TPU3BOIUTH
70 CTBOpeHHs MmatepianbHoro mnpoxaykry. Ille Kapn Mapkc HaromomryBas, 110
mociyra — Ie «0coOuBa CIOXKMBYA BAPTICTh Mpalli», fKa MPOSBISETbCI HE SK
pEUYOBUN pe3yibTaT, a SIK MPOLEC B3aEMO/IIi, TOOTO MISUIBHICTH, IO 3aJ0BOJIBHSE
noTpedu yepe3 HemaTepiaibHy Ghopmy pe3yibrary [3].

CydacHa eKOHOMIYHa AyMKa TPAKTYy€ MOCIYTY SIK SIBUIIIE MOABIHHOI MPUPOIH —
OJIHOYACHO TPOLIECY HA/laHHS Ta pPe3yibTaTy B3aeMoii M cy0’ektamMu. OCHOBHUMU
O3HaKaMu, IO JO3BOJSIOTH BIJOKPEMUTH MOCIYTHM K OCOOJMBY €KOHOMIYHY
KaTeropito, € ix HemaTeplaJIbHU XapakTep, BIACYTHICTh MEPEXOAYy MarepiaabHUX
00’€KTIB y BIJIACHICTh CMOXKMBaua Ta HASBHICTh EKOHOMIYHOTO €KBIBaJCHTA —
KOMEpIIiitHOT BapTOCTi [4].

[cHytOTh TOTTISIM, SIKI KATETOPIIO0 «IOCIyra» pPO3TISAaloTh SK CHEHU(IYHY
dbopMy exoHOMIYHOTO Ojara, IO Ma€ HeMaTeplaIbHUM XapakTep 1 BHUHHUKAE B
pe3ynbTaTi LUIECPAMOBAHOI JISIIBHOCTI cy0’ekTa. Ha BiOMIHY Biag MarepiaabHUX
TOBapiB, MOCIyra HE Ma€ YPEUEBJICHOIO0 BHPAXKEHHS, ICHYE K JHis abo mporiec i
CIOKMBAETHCS Oe3MocepeIHbO B MOMEHT ii HagaHHs. Takuil miaxia chopmyBaBcs sK
HACIIAOK TpaHcopMalii eKOHOMIYHHUX BIJIHOCUH y HampsMi MOCTIHAYCTPiaJbHOIO
PO3BUTKY, JI¢ 3pOCTA€ YacTKa HeMarepiaabHOro BUpOOHHUIITBA B CTpykTypi BBII
O1IBILIOCTI KpaiH.

HaykoBIili BHOKpeMITIOIOTh creludiuyHl O3HAKH TMOCIYT: HeMaTepialbHICTh
pe3ynbTaTy, HEBIAUIHHICTH MPOIECY BUPOOHUIITBA Bij] CIIOKMBAHHS, HEMOXKIIUBICTh
HAKOIMWYEHHS, 1HIUBITyall130BaHICTh 3MICTY, KOMEPIIHHICTb.

HemarepianbHICTh MPOSBISETHCSA Y BIACYTHOCTI (13MUHOT (OPMHU pe3yTbTATy

nociayrd. HemaTepiaibHICTh BHUPAXKAEThCS B TOMY, IO PE3yJbTaT MOCIYTH HE
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Ha0yBa€e pEYOBOrO0 BTUIEHHA, a iCHye y ¢opmi HemarepiaabHOTO Onara abo
KopucHoro edekty. Hanpuknaa, pe3yapTaT OCBITHbOI MOCTYTH — II€ 3HAHHS, 10 HE
MaloTh MaTEpIaJbHOTO BUIJISITY, aJle MAlOTh BUCOKY CIIOKUBUY I[IHHICTb.

HeBinainbHICTh MPOSIBIAETHCA Y TOMY, IO MPOIEC BUPOOHUIITBA MOCIYTH
30iraeThces 3 i cnokuBaHHsIM. Crienidika nossirae y Tomy, 1o HEMOKIIMBO NIepeIaTu
MOCIIyTY OKpeMO BiJ 1ii HajaBaya — HANpUKIaA, MEPyKapChbKi, MEAUYHI YU
TPAHCIIOPTHI TOCIAYTH ICHYIOTH JIMIIE B MOMEHT B3a€MOil MK BHKOHABIIEM 1
CIIO’KMBAYEM.

KomepiiiiHicTh TPOSBISETHCS Y TOMY, MIO OLIBIIICTh MOCIYT € 00’€KTaMu
PUHKOBOI'O OOMIHY, MalOTh BapTIiCTh 1 HAIAIOTHCS 32 IJIaTy, 0 POOUTH iX CKIaJ0BOIO
€KOHOMIYHOTO TOBapHOTro 00iry. bibiiicTh mociayr € 00’€KTaMu PUHKOBOTO OOITY,
110 poOUTH iX CKIIAJOBOIO €EKOHOMIYHOTI'O TOBAPHOI'O 000POTY.

BucHoBku. [IpoBeneHe A0CaiIKEHHS Ja€ aBTOpaM MpPaBO CTBEPKYBaTH, 1110
nociiyra ik eKOHOMIYHA KaTeropis — 1 HemarepiajibHe 0J1aro, 1o CTBOPIOETHCS Ta
CIIO’KMBAETHCS OJHOYACHO B TPOIIECI JISJIBHOCTI MOCTaYalIbHUKA, Ma€ BapTICTh 1
3aJI0BOJIbHSIE TOTpeOu cnoxuBada. Ilociyra € ToBapoM OCOOJMBOIO THILY,
XapaKTEPHOTO HEMOXKJIMBICTIO HAKOMWYEHHS, 1HAMBIAYai3alli€l0 Ta KOMEPLIHHOIO
OLUIBHICTIO.

3 mpaBOBOI TOYKHU 30pYy, MOCIyra BU3HAETHCSA 00’ €KTOM IMBUILHUX TpaB (CT.
177 IKY) ta dirypye y 3000B’si3aJIbHUX MTPABOBIIHOCHHAX. X04a 3aKOHOIABCTBO HE
7A€ YITKOTO BW3HAYCHHsI, i CyThb MOJsATae y HajaHHI Aii a00 IAIBHOCTI, SKa
CIOKUBAETHCS B Mporiect BunHeHHs (cT. 901 [IKY).

OTxe, mociyra € KOMIUIEKCHOIO KaTEeropi€ro, sKa MOEIHYE EKOHOMIYHY
BapTICTh 13 TpaBoBOIO (opmoro peamizailii, MO BU3HAYAE ii BAXKIUBY pPOJIb Y
PUHKOBIH cHCTEMI.
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THBECTHUIIVHI TEHJIEHIIII Y COEPI HEPYXOMOCTI: IJTOBAJIBHI
TPEHJIA TA PO3BUTOK JOJIbOBUX MOJIEJIEM B YKPAIHI

Hlymisno Sina MukoJiaiBHa,
KaHIUJAT EKOHOMIYHUX HayK

®OIT
M. KuiB, Ykpaina

Beryn. [uBecTuIii B HEpYXOMICTh TPAAUIIMHO 3aJMIIAIOTBCA OJHHUM 13
HANCTAOLIBHIIIMX 1 HAUMONYJSPHIMINX 1HCTPYMEHTIB 30€pEKEeHHS Ta MPUMHOKEHHS
Kamitany y cBiTl. Y 2020-X pokax akTyaJIbHICTh JAaHOTO aKTUBY JIMIIIE 3pOcia Ha T
r100anpHOl €eKOHOMIYHO1 HeCTalblIbHOCTI, 1HGIIsAIIHOTO THCKY, maraeMii COVID-19
Ta 3pOCTAaHHS 1HTEPECY JI0 CTAJIoro po3BUTKY. BomHouac HOBI U@ poBl Mo, Takl
SK JI0JIbOBE 1HBECTYBAHHS Ta TOKEHI3allisl, 3MIHIOIOTh CIIOCIO 3allydeHHs KamiTaly Ta
BIJIKpUBAIOTh PUHOK JIJISI LIUPILIOTO KOJia IHBECTOPIB.

Y poboti mnpoaHali30BaHO $K TJ00ajgbHI, TaK 1 JIOKalbHI (YKpaiHCBKI)
TEHJICHIIIi 1HBECTYBAaHHA B HEPYXOMICTb, a TaKOX pPO3MJIIHYTO MEPCHEKTUBU
PO3BUTKY JI0JIbOBOI'O IHBECTYBAHHS SIK IHHOBALIMHOI (DOPMU yUyacTi y pUHKY.

Lias podoTu. MeToro NOCTIIKEHHS € BUSBICHHS CY4acHUX TPEHAIB y cdepi
IHBECTYBAaHHS B HEPYXOMICTh, aHadi3 JMHAMIKMA IHTEpecy 10 JaHOi TEMaTUKH B
VYkpaiHi Ta CBITI, a TaKOX OI[IHKA 1HHOBAI[IHHOTO MOTEHINANTY JOJbOBUX MOJENIEH
iHBecTyBaHHs. Oco0nuBa yBara MpUIUISETHCA BITYM3HIHOMY PUHKY Ta KOMIIAHISIM,
AK1 TPOMOHYIOTh TaKl MOCIYTH.

Marepianu Tta MeToau. /[ MOCSITHEHHS TMOCTaBJICHOI METH BHKOPHCTAHO
Takl METOAM: KOHTEHT-aHalli3 3BITIB MIXHApPOAHUX JocaimHuIbkuX IeHTpiB (ULI,
CBRE, IMT, WEF); ananiz 3anutie Google Trends 3a kmo4yoBUMH CJOBaMu
«iHBecTuIlli B HepyxomicTh» (3a 2019-2024 pp.); NOpiBHSIBHUN aHAII3 MPOMO3UITIN
J0JIbOBOTO 1HBECTYBaHHS BiJl yKpaiHchkux kommanii (Binaryx, Cloud Aparts, InCo
Home Tomio); y3araapbHEHHS CTaTUCTUYHUX Ta MyomiuHux gaHux, SWOT-anami3

MojieJiell IHBeCTyBaHHSI.
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PesyabTatn Ta 00roBopeHHsi. [HBeCTOpH 4YacTO BBaXKalOTh HEPYXOMICTh
HaWOE3MeyHIIUM CITOCOO0M 30€peKeHHs TPOIIeH i Jac €KOHOMIYHMX KpH3 abo
HECTaOUIbHOCTI.

HepyxoMmicTe € (i3U4HUM aKTUBOM, SKHH Ma€ BIAUYYTHY IUHHICTH 1 HE
M1ITAETHCS TaK1d BOJATUIIBHOCTI, K (DIHAHCOBI PUHKH.

BracHicTe Ha HEPYXOMICTh MOXKE MPUHOCUTH CTAOUIBHUIN MACUBHUM JTOX1A Y
BUTJISA/II OPEHIHOI IJIATH, IO POOUTh HEPYXOMICTh MPUBAOIMUBOIO IJSI THX, XTO
IIyKa€e PEryisipHi T0XOoau 0e3 aKTUBHOTO YIpaBJiHHA O13HECOM. 3 4acOM BapTICTh
HEPYXOMOCTI Ma€ TEHACHIIIIO 10 3pOCTaHHS, 110 J03BOJISIE IHBECTOPAM HApOIIyBaTH
KamiTaja, 10 OCOOJMBO AaKTyaJlbHO B pErioHax 3 OOMEXEHOI IPOIMO3UIIEI0 Ta
BHCOKHM IOIUTOM.

HepyXoMiICTh TakOX BBa)KA€TbCS 3aXMCTOM Bl 1HQIALII, OCKIIBKH BapTICTh
OPEHJHOI TUIaTH Ta I[IH Ha HEPYXOMICTh Ma€ TEHJICHIII0 3pOCTaTH pa3oM 3
1HIALIETO.

3pocTaHHsl HaceleHHsA, ypOaHi3alis Ta MIrpalis PEryisipHO CTUMYIIOIOTh
MOMUT HA KUTJIO Ta KOMEPIIIHY HEPYXOMICTh, III0 CTBOPIOE CIIPUATINBI YMOBH IS
1HBECTHULIIH Y Il CEKTOPH.

AHaJl3 TONIYKOBUX 3aIlMTIB 3a TEMaTHKOIO “IHBeCTHINi B HEPYyXOMICTH 3a
octanHi 5 pokiB B Google Trends moka3ye cTaOLIbHO BUCOKHHW IHTEpEC y CBITI 3
nikoM y sxoBTHI 2021 poky (puc. 1).

Bonnouac B Ykpaini 30epiraeTbcsi HecTaOUIBHUI 1HTEpEC IO JTaHOI TeMaTHUKH
(puc.2). KinbkicTh 3amuTiB JOCATHYJO cBoro miky y rpynasi 2021 poxky Ha ¢oHi
MOJITHUYHOT 1 COIIaJbHOI HAIMpPYXKEHOCTI Mepe] Mo4yaTkoM BidHU. I[HTepec 10
1HBECTHUIII B HEPYXOMICTh Ma€ TEHJICHIIIO /10 BIJHOBJICHHs, MmounHaroun 3 2024
POKY.

HaiiGinpima KimbKICTh 3alUTIB 32 TEMATUKOI «[HBeCTHIlli B HEPYXOMICTh» B
VYkpaini cnoctepiraerbcss 3 TOT Ta 30H akTUBHUX OoioBUX il (puc.3), 10 MOXKE
CUTHAJTI3yBaTH TMpO Te, IO YKpaiHIl PO3TJIAIaI0Th 1HBECTUII B HEPYXOMICTh

Oe3rmeyHuM Ta HaIMHUM CTIOCOOOM 30€perTH BJIaCHI TPOIIII.
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® iHBecTuUii B HepyXoMicTb @ MWHBECTULUW B HEABMKUMOCTb real estate investment Yeachb ceit, OcTaHHi 5 pokis
IHTepec i3 yacom @ oo <L
&
E
c

CepenHi NoKasHUKK 7 nan. 201 25 kBIT. 2021p

Puc. 1. Tpena moumyKoBUX 3aNUTIiB 32 TEMaTUKOI0 «[HBeCTHLII B HEPYXOMiCTb»

B CBITI 32 ocTaHHi 5 pokiB

® iHBecTULi B HepyXOMIiCTb Ykpaita, OcTaHHi 5 pokis

IHTepec i3 yacom (@) RS-

L

Puc. 2. Tpena nomyKoBHX 3alIUTIB 32 TEMATHKOI «[HBeCTHIIII B HEPYXOMICTh)

B YKpaiHi 3a ocTaHHi 5 pokiB

® iHBECTHLji B HEpYXOMICTL Ykpaina, OctanHi 5 pokis

MonynsapHi 3anuTH 3a TepuTopiansHUMKM oguHULAMU (D) Cybperion ¥ &, <> o
1 JyraHcbka obnacts | ]
‘b‘ 2 Kpwm —
' 3 micTto CeBacTtonons ]
”%- 4 Xapkiecbka o6nacTb [
5 [oHeubka obnacts |

Puc. 3. Tpena nomykoBHUX 3aNUTIB 32 TeMATHKOI0 «[HBeCTHIIII B HEPYXOMICTH)

3a perioHamMu Y KpaiHu

Amnami3 tpeHniB Emerging Trends in Real Estate Global Outlook 2024 [1],

2024 Global Real Estate Outlook [2]. Ta mporno3nux wmatepiaiiB BcecBiTHbOTO
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exoHoMiuHOTO (popymy «COVID-19: The Great Reset»[3], CBRE Global Outlook
2030 [4] ta anamitnaHoro 3BiTy IMT «Build Up 2030» [5] moka3aB KijbKa KITFOYOBHX
TEHJICHIII} 1 TPOTHO31B y cdepi HepyxomocTi 10 2030 poky:

Ouikyetncs, mo a0 2030 poky 60% HaceneHHs CBITY )KUTHUME B MiCTax, IO
npu3Belie 70 3POCTaHHS IMOMUTY Ha MIChKE XKUTJIO, OCOOJIMBO B KOMITAKTHUX Ta
€KOJIOTIYHO YHUCTUX paiioHax. YpOaHizallisi MPOJOBXKY€E IMiJIBUIYBATH IOMUT Ha
3MilIadi po3poOKH, SKi TMOETHYIOTh KUTIOBI, KOMEPIIiHHI Ta peKpeartiiHi MpoCTOPH.
Micrta OyayTh 30CepeKyBaTHUCSI Ha CTBOPEHHI CTIMKUX 1 cMapT 1HOPaCTPYKTyp, sSIKi
3a0e3mevarh BUCOKY SKICTh KUTTSI MEIITKAHIIIB.

Exonoriyni, comianbHi Ta yrnpaBiaiHcbKi kKputepii (ESG) cratoTe KpUTHYHO
BOXIUMBUMHU. L[ TeHAEHINS OYIKYETHCA 3pOCTaTH 3 MIJABUIICHHSIM PErYyJIsSTOPHOIO
TUCKY Ta CYCHIIBHUX OYIKyBaHb. [liBUIIY€TbCS IHTEpEC 1O E€KOJIOTIYHO YHUCTOl
HEPYXOMOCTi. 3pOCTaHHS MOMyJSIpHOCTI '"3eneHux" OyaiBenb 1 3aCTOCYBaHHSA
eHeproz0epirarounx TEXHOJOTIM Oyae KIYOoBUM  (AKTOPOM Y  PO3BHUTKY
HepyxomocTi. JIo 2030 poky Oarato kpaiH IUIaHYIOTh JOCSTTH 3HAYHOTO 3HUKEHHS
BUKUJIIB BYTJIEKHUCIIOTO a3y, 10 BIUTMBATUME HA PUHOK HEPYXOMOCTI.

InTerpania texHosori, Takux gk Iarepuer peuerd (IoT), mWITy4HUIl 1HTENEKT
(AI) Ta Onok4YeiiH, 3HAYHO 3MIHUTH YIPABIIHHA HEPYXOMICTIO Ta TMPOIECH
inBectyBaHHs. L{udposizallis HEpYyXOMOCTI JI03BOJUTH CTBOPIOBATH OUIBII MPO30pi
Ta eQeKkTUBHI pUHKUA. OUIKyeThCS, IO BUKOPUCTaHHS TEXHOJOTIH B cdepi
Hepyxomocti (PropTech) 3HauHO 3pocte, 1110 TpHU3BEAE 0 MOSBU HOBUX ILIAThOPM,
IHCTPYMEHTIB Ta MOCIYT, Kl aBTOMAaTU3YIOThb Ta BIOCKOHAIIOIOTH PI3HI aCHEeKTH
rainy3i. [{le Moxke BKJIIOYaTH BIpTyaldbHI TYpU HEPYXOMOCTI, OHJANH-TIIATPOPMHU IS
YKJIaJlaHHs yTroJ1, pO3yMH1 OyAMHKH Ta 6arato 1HILIOrO.

[Mangemis COVID-19 3HauHO BIUIMHYJIa HAa BHUKOPUCTAHHS OQICHUX
npuminieHb. [i0puaHa pobOoTa cTaja HOBOIO HOPMOIO, 1 II€ TMPHU3BEIO 0
MEPEOCMUCIICHHSI JOCTYMHOCTI, AnU3aiiHy OQiciB Ta 30UIbLICHHS MOMUTY Ha THYYKI
poboul mpocTopu. 3pOCTaHHS YAaCTKH JIIOJEH MOXWIIOro BIKy B 0aratbox KpaiHax
MPU3BEIE JI0 3pOCTAaHHS MOMUTY Ha CIeIiai30BaHe KUTJIO Ta MEIUYH1 3aKJIa]IH.

3pocTaHHs €JIEKTPOHHOI KOMeEpIi Ta 3MIHM B TIOBEIIHIIl CIOKMBayiB
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MiBUIIYIOTh MOMHUT Ha JOTICTHYHI Ta MPOMHCIOBI 00'ekTu. CKiIaau Ta po3MOALIbYl
LEHTPU, 0COOIMBO MOOIN3Y BETUKUX MICHKUX palOHIB, CTAlOTh MPUBAOIUBUMU AJIS
1HBECTYBaHHS.

Konmerist  "CHmilbHOTO  BOJIOJIHHA" aKTUBAaMHU TIPOIMOHYE BIAXiJ — BIiJ
TPaIUIIHOI MOJIeN BOJIOJIIHHS, A€ JIFOJU BOJIOAIIOTh aKTHBaMU O€3IocepeHbo, Ha
KOPUCTh OLIBIIT THYYKOTO Ta CHUIBHOTO MIAXO0ay. 3aMiCTh TOTO, II00 BOJIOMITH
aKTUBOM HAmpsMy, JIOJU MaTUMYTh JOCTYI O HbOTO 3a MOTPeOOI0, HAMPHUKIA, 3a
TaKUMU MOJECJISIMH SIK CHUIbHE KOPUCTYBAHHS aBTOMOOUISIMH, CHUIbHE MPOKUBAHHS
abo abonHeHTchbki mociyrd. KopucTyBaul CHUIBHUX aKTHUBIB MaTUMYTh CHUIbHY
BIJINOBIJIAJIBHICTh 3a 1XHE OOCIYrOBYBaHHS Ta JOIJISM, IO MOXE CHPHUITH OLIbII
BIJINOBIJIAJILHOMY Ta CTIHKOMY BUKOPHUCTAaHHIO pecypciB. CIiJIbHE BOJIOMIHHSI MOXE
3a0e3ne4YnTH OLIbIIY THYYKICTh, TO3BOJISIOUN JIFOASM JIETKO OTPUMYBATH JOCTYII A0
PI3HHMX aKTHUBIB, KOJH iM II€ MOTPiOHO, 6€3 HEeOOX1THOCTI BOJIOJAITH HUMH ITOCTIHHO.

OdikyeThCsl, IO HAMBUII TEMIU 3POCTAHHS PHUHKY HEPYXOMOCTI OYIyTh
cnocrepiratucsi B A3siarcbko-TuxookeaHcbkoMy perioHi Ta Adpuni. Punku
PO3BUHEHUX KpaiH, IMOBIPHO, 3pOCTaTUMYTh MOBUIBHIIIIE, aJie BCE K TAKU MaTUMYTh
3HAYHI MOXJIMBOCTI B TaKHUX CEKTOpPAX, SK JKUTJIO JUIsl JIFOAEH IMOXWIOro BIKY,
MEJIMYHI 3aKJIaJIK Ta JIOTICTUYHI EHTpH. TakuM 9MHOM, pUHOK HepyxoMocTi 10 2030
pOKy Oyle XapaKTepH3yBaTHCS BHCOKOK TEXHOJIOTIYHICTIO, €KOJIOTIYHICTIO 1
rio0anbHO 1HTErpamieto. B VYkpaiHi mociyry 1HBECTyBaHHS B YacTKW (J10J1i)
HEPYXOMOCTI Hapa3i HaaalTh Taki kommnadii sk Binaryx, Cloud Aparts, Inzhur,
NUMO Development, Ribas Invest, InCo home, VIP Reality club, MBA
Developmet, Sd-invest.

Binaryx wmae HaifHmWK4y MiHiManbHY iHBecTuIilo (50%) 3 HaiOiLIbIION
0011151HOI0 JT0X0IHICTIO (28,10%), 1110 pOOUTH iX MPOMO3HUIIIF0 HAMOUIBII TOCTYITHOIO 1
npuBabimBor. VIP Reality club mpononye iHBecTuIlli B HAMIMMUPIIIOMY CIIEKTP1 KpaiH
(32), mo Hamae iuBectopam Oinbine BuOopy. InCo home mae 20+ pokiB J0CBigYy B
1HBECTYBaHHI B HEPYXOMICTb, III0 MOE€ JAaTH iM IMepeBary rnepej OiIbll HOBUMHU
KOHKYpPEHTaMH 3a paxyHOK JoBipu. Inzhur € mepimoro B Ykpaini REIT miardopmoro,

110 (POKYCY€ETHCS Ha BIJOMHUX Ta KyJIbTYPHO 3HAUMMHUX 00’ €KTaX HEPYXOMOCTI.
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[li cepBicu (QakTUYHO CTBOPIOIOTH HOBY (PIHAHCOBY 1HGPACTPYKTYpPY, IO
BIJIKpUBA€ JOCTYN J0 PUHKY IIMPOKOMY KOJYy YKpaiHCbKHX rpomMajsH. Lle Takox
dbopMye HOBY IHBECTUIIMHY KyJIbTYPy 3 akKIEHTOM Ha IM(poBI I1HCTPYMEHTH,
MPO30PICTh Ta MACUBHUH TOXI/I.

BucHoBku. PuHOK HEpyXoMOCTi y CBITI Ta B YKpaiHi JI€MOHCTPY€ 3AaTHICTh
aJanTyBaTUCS JO BUKJIMKIB CY4aCHOCTI uepe3 1HHOBaIlli, TEXHOJOTii Ta 3MIHU Y
CHOXKUBYIM TOBENIHIl. 3pOCTaHHA IHTEPECY JO JIOJIbOBOTO 1HBECTYyBaHHS, SIK B
ro0aJbHOMY, TaK 1 B JIOKAJIBHOMY KOHTEKCTI, € CBIIYEHHSM TpaHchopMmarii
(biHaHCOBHUX MOJENEN TOCTYIy O aKTHBIB. YKpPAiHCHKI MIAaTHOPMHU BKE IHTETPYIOThH
y CBOI MpOMO3HIii rno0aibHl TpeHAu (TOKEHI3alis, MiHIMaiabHI Oap’epu BXO.y,
MOOUIBHICTH), IO BIAKPUBAE TIEPE] HUMHU MEPCIIEKTUBU MacCIITA0yBaHHS Ta €KCIIOPTY
0i3Hec-Mozen. Y MalOyTHbOMY OUIKY€TbCS, IIO YacTKa TaKUX CEpBICIB Y
3arajJbHOMY 1HBECTHIIHHOMY mMOpT(eni yKpaiHIIB 3pocTaThuMe, OCOOJIUBO cepel
MICBHKOT MOJIO/I1 Ta HU(PPOBUX KOUIBHUKIB.
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Abstract: The highly polymorphic autosomal STR loci have been studied for
allele frequencies in two ethnic groups — the Laz subpopulation, living in the Black
Sea coastal regions of southwestern Georgia and northeastern Turkey and the
Imeretians, living in the middle Georgian region. The common set of standardized 19
locus markers — D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539,
D18S51, D21S11, CSF1PO, FGA, THO01, TPOX, VWA D2S441, D10S11248,
D12S391, D22S1045, D1S1656 and SE33 were investigated. All the loci except one
(SE33 locus) were in Hardy-Weinberg equilibrium. The comparative analysis of
allele frequency distribution between the Laz and the Imeretian populations revealed
statistically significant differences for most of the loci.

Introduction. The short tandem repeats (STRs) are 2 bp to 7 bp in length and
are abundant (approximately 3%) in the human genome. The number of repeats in
STR markers can be highly variable and make them effective for human
identification purposes [1]. Nowadays STR markers are intensively used as
significant tools in personal identification or forensic comparisons [2]. The people of
different ethnic backgrounds may have specific STR allele frequencies that have

raised a growing interest in creating allele frequency databases of populations
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worldwide.

Georgia is divided into14 regional areas that are settled by more or less related
ethnic groups. Two ethnic groups - the Laz and the Imeretian populations have been
chosen initially to assess the allele frequency data.

In total, 19 STR loci were studied in the Laz (N=37) and the Imeretian (N=34)
populations and the results were compared to each other as well as to the data of
Caucasians [3]

Materials and Methods. By the year 2010, the Imereti region of Georgia had
a local population of about 700 400 residents [4]. So far, no official data about the
total number of Laz subpopulation has been reported. The Laz people live
preferentially near the Black Sea coastal areas, near the border between Georgia and
Turkey.

From trials, human saliva specimens from randomly selected people (37 Lazs
and 34 Imeretians) have been taken as biological material. The samples were
collected in sterile containers with a lysis buffer prepared in advance (saliva and lysis
buffer in equal amounts). The standard phenol : chlorophorm mixture was used for
DNA extraction [5] Quantitative and qualitative evaluation of DNA was performed
by real-time polymerase chain reaction (RT-PCR) on 7500 RT-PCR Thermocycler
(Applied Biosystems). Human DNA Quantification Kit (Applied Biosystems; Cat.
No. 4343895) with corresponding 7500 SDS Software v.1.3.1. 1-2 ng/mkl of DNA
was used for further analysis.

1-2 ng of template DNA was used for each PCR amplification process. Ten
autosomal STR loci namely D3S1358, D5S818, D7S820, D8S1179, D13S317,
D16S539, D18S51, D21S11, CSF1PO, FGA, THO01, TPOX, VWA, D25441,
D10S11248, D12S391, D22S1045, D1S1656 and SE33 were co-amplified using
Combined DNA Index System (CODIS) 20 panel, according to the manufacturer’s
protocol. The PCR reaction was carried out in a 9700 GeneAmp (Applied
Biosystems). Thermal cycling parameters were set up according to the
manufacturer’s protocol [Cat.N: C20-108S].

PCR-amplified fragments were separated and analyzed on ABI Prism 3130XL
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Genetic Analyzer (Applied Biosystems) using POP-4 polymer and Data Collection
Software v.3. Internal S450 was used as a size standard. The genotype of each locus
was determined after comparison with allelic ladder using Genotype software version
3.2.

Allele frequencies at each locus and statistical parameters of forensic efficiency
were calculated by using PowerStat Microsoft Excel Workbook template [6].
Possible divergence from Hardy-Weinberg equilibrium was evaluated by Fisher’s
exact test [7]. Population differentiation test using exact test was carried out using
Arlequin 3.5.1.3 software [8].

Positive control DNA and allelic ladder was provided in COrDIS Plus PCR
Amplification Kit for multiplex analysis of 19 STR loci [9]. Approximately 10% of
samples from both the populations were genotypes to ensure reproducibility and
accuracy. All genotype results were in full concordance.

Results and Discussion. In the populations studied the number of alleles was
counted separately. Frequencies of homozygous and heterozygous genotypes and the
presence of dominant and recessive alleles were determined during the study and
used for comparative analysis of the populations. The allele frequencies of Imeretian
and Laz ethnic groups are shown in Tables 1 and 2, respectively. Efficiency
parameters for both populations are summarized in Tables 3 and 4.

Significant differences were discovered between the Laz and the Imeretian
ethnic groups. Not all alleles of the particular loci were found in both groups and the
“missed” alleles were different for each of them. For example, allele #7 of TPOX and
#20 of VWA were not found in the Imeretian but were revealed in the Laz population
(frequencies 0.02703 and 0.04054, respectively). By contrast, the alleles #17.3; 18.2;
35.2 of SE33 were not detected in the Laz population while the frequency of their
occurrence was 0.01471 in the Imeretians. It should be noted, that the alleles #20.2;
32; 34 were found to be specific for the Laz but not for the Imeretian population
(with frequencies of occurrence 0.02703; 0.04054; 0.02703; 0.01352, respectively).

Different frequencies of alleles have been detected even in case when the

particular alleles were presented in both populations. For example, the allele #8 of
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TPOX locus was very frequent among the Imeretians (equal to 0.52941, where F>0.5
Is considered as very high), while in the Laz subpopulation it was 0.40541. In
parallel, we compared our results with the frequency of occurrence of alleles spread
in Caucasians. The locus D21S11 can be discussed as an example. The populations
studied were characterized by the presence in this particular locus of such alleles,
which were not detected in the research carried out on 302 caucasoids [10]. In
particular, this difference is more obvious in the Imeretian than in Lazian
subpopulation. The alleles #25, 26 were detected in the Imeretian population and the
frequency of their occurrence was 0.01471 for both loci, while these alleles were
found neither in the Lazian nor Caucasoid populations. Although the alleles #27, 32,
33 were found in Caucasians, but not fixed in the Imeretian subpopulation, and the
frequencies of their occurrence were correspondingly 0.02649; 0.00662 and 0.00166.
For more details on allele distributions in both populations refer to the Tables 1
and 2.

Conclusion. Significant deviation from Hardy-Weinberg equilibrium was
observed for D5S818 locus in the Laz subpopulation and for SE33 — in the Imeretian
subpopulation. Both showed least polymorphism at the TPOX locus. This may be due
to inbreeding and lack of admixture, which is a characteristic feature of these
populations. It would be reasonable to implement a “correction” while using this data
in forensic casework, as recommended by the National Research Council (1996) [11]

and by Foreman and Lambert [12].

Table 1
Allele frequency distribution of 19 autosomal STR loci in Laz subpopulation
(n =34).
Allele |D10 S1248| D13 TH-01 | TPOX | D5 S818 D22 |D23S441| D3 |D2S391| FGE
S317 S1045 S1358
1 B
2 6 0.32432
3 [7 0.13513 [0.02703
4 18 0.16216 [0.10811 [0.40541 |0.01352
5 8.1
6 9 0.04054 [0.18919 [0.16216 [0.04054
7 9.3 0.21622
8 |10 0.04054 [0.02703 [0.12162 [0.06757 [0.02703 [0.17567
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9 |10.3

10 (11 0.24325 0.28378 [0.21621 |0.05405 [0.35135

11 [11.3 0.06757

12 12 0.01351  |0.39189 0.43243* 0.09459

13 [12.2

14 |13 0.22973  |0.09459 0.22973* 0.01352 0.01352

15 [13.2

16 (14 0.27027  0.02703 0.04054 |0.25676 (0.06757

17 14.2

18 (15 0.27027 0.42243 10.04054 |0.28378

19 [15.3

20 |16 0.20271 0.37838 0.2027 |0.01351

21 [16.3

22 |17 0.01351 0.04054 0.22973 |0.04054

23 |17.3 0.01351

24 |18 0.02703 0.2027 0.18919 |0.01352

25 |18.2

26 [18.3 0.06757

27 19 0.13515 |0.08108

28 [19.3 0.01351

29 |20 0.08108 |0.06756

30 [20.2

31 |21 0.13515 |0.13513

32 |21.2

33 22 0.09457 |0.27027

34 22.2

35 23 0.10811 |0.18919

36 [23.2

37 |24 0.04054 |0.17567

38 [24.2 0.01352

39 |25 0.06757 |0.04054

40 [25.2

41 26 0.01352

H(Obs.Het) 0.67568  [0.78378 [0.64865 |0.64865 |0.59459 [0.59459 [0.59459 |0.91892 [0.86486 |0.81081

H(Exp.Het) [0.77009  [0.75824 |[0.70937 |0.72307 |0.71677 (0.67123 |0.72677 |0.79045 [0.86894 |0.83525

P.-value 0.17213  |0.95505 [0.65727 |0.26513 |0.00304 [0.01655 |0.02304 [0.20866 [0.0529 |0.08211
Allele [SE33 VWA D7 S820 |D8 S1179 D16 D1 S1656 D18 S51 D21 S11 |CSF 1PO

S539

1 B

2 6

3 |7 0.02703

4 8 0.17568 |0.02703

5 8.1

6 9 0.05405 |0.02703 |0.17567 0.02703

7 9.3

8 |10 0.24324 |0.05405 |0.08108 0.27027

9 [10.3

10 |11 0.22973 |0.05405 |0.27027 [0.16125 |0.01351 0.25675

11 113

12 12 0.27027 |0.08108 [0.25676 (0.04054 |0.14865 0.37838

13 [12.2
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14 |13 0.02703 0.32432 |0.21622 [0.09459 |0.13515 0.04055

15 [13.2

16 |14 0.05405 |0.08108 0.25676* 0.09459 |0.14865 0.01351
17 [14.2

18 (15 0.02703 |0.06757 0.10811 0.21622 |0.17565 0.01351
19 [15.3 0.02703

20 |16 0.08108 [0.31081 0.05405 0.13515 |0.13515

21 [16.3 0.02703

22 |17 0.01352 |0.2027 0.01352 0.05405 |0.14865

23 [17.3 0.08108

24 |18 0.10811 |0.18919 * 0.02703

25 |[18.2

26 [18.3 0.04054

27 |19 0.08108 |0.10811 * 0.06755

28 [19.3 0.02703

29 20 0.04054

30 [20.2  |0.02703
31 21 0.01352

32 21.2

33 22

34 [22.2  0.01352

35 23

36 [23.2  [0.02703

37 24

38 [24.2  |0.06756

39 25

40 [25.2  |0.01352

41 26

42 26.2  [0.01352

43 27

44 272  |0.12162

45 28 0.17568
46 [28.2  [0.04054

47 29 0.24324
48 [29.2  [0.04054

49 30 0.14865
50 (30.2  [0.06756 0.05405
51 (31 0.08108
52 [31.2  0.01352 0.10811
53 32 0.04054 0.01352
54 [32.2  [0.02703 0.12162
55 (33 0.02703

56 (33.2  [0.04054 0.05405

57 (34 0.01352
H(Obs.Het) (0.91892 (0.75676 0.7027 |0.67568 |0.81081 [0.78378 |0.91892 (0.75676 |0.72973
H(Exp.Het) [0.94409 (0.81303 0.79119 |0.81118 |0.78749 (0.85968 [0.87264 |0.82081 [0.71751
P.-value 0.72799 [0.37099 0.40416 |0.5637  |0.44738 [0.38703 |0.79629 [0.75671 (0.36242

H (obs.Het): Observed heterozygoty; H(Exp.Het): expected heterozygoty;

P.-valume:Hardi-Weinberg equi
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Table 2
Allele frequency distribution of 19 autosomal STR loci in Imeretian

subpopulation (n=37).

Allele | D10 D 13| TH-01 | TPOX D5 D22 D2 D3 D2 FGE
1 |5
2 |6 0.26471
3 |7 0.19118
4 |8 0.07353 | 0.17647 | 0.52941
5 |81
6 |9 0.04412 | 0.14706 | 0.10294 | 0.05882
7 193 0.20588
8 |10 0.33823 | 0.01471 | 0.08824 | 0.14706 0.14706
9 | 103
10 | 11 0.01472 | 0.33823 0.23529 | 0.19118 | 0.05882 | 0.41176
11 | 113 0.05882
12 | 12 * 0.07353 0.04412 | 0.39706 | 0.02941 | 0.02941
13 | 12.2
14 | 13 0.19117 | 0.02941 0.20588 | * 0.04412
15 | 13.2
16 | 14 0.27941 0.02941 | 0.29412 | 0.05882
17 | 14.2
18 | 15 0.27941 0.44118 | 0.01471 | 0.35294 | 0.04412
19 | 153
20 | 16 0.20588 0.30882 0.23529 | *
21 | 16.3
22 | 17 0.02941 0.13236 0.17647 | 0.07724
23 | 17.3
24 | 18 0.16177 0.04412
25 | 18.2
26 | 18.3 0.02941
27 | 19 0.01471 | 0.13235 | 0.04412
28 | 19.3 0.0147
29 | 20 0.04412 | 0.05882
30 | 20.2
31 |21 0.14706 | 0.14706
32 | 212
33 | 22 0.10294 | 0.20588
34 | 222 0.01471
35 | 23 0.07353 | 0.13235
36 | 23.2 0.01471
37 | 24 0.04412 | 0.19118
38 | 24.2
39 | 25 0.0147 | 0.07353
40 | 25.2
41 | 26 0.0147
H(Obs.Het) | 0.61765 | 0.70588 | 0.61765 | 0.61765 | 0.67647 | 0.70588 | 0.61765 | 0.79412 | 0.73529 | 0.82353
H(Exp.Het) | 0.77524 | 0.75812 | 0.74846 | 0.65364 | 0.74934 | 0.69754 | 0.67735 | 0.77041 | 0.86128 | 0.86787
P.-value 0.04624 | 0.17313 | 0.03471 | 0.4088 | 0.60396 | 0.06912 | 0.44803 | 0.21948 | 0.35035 | 0.24464

Allele | SE33 VWA D7 D8 D16 D1 D18 D21 CSF

5820 S1179 5539 51656 S51 S11 1PO
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53 | 32 *

54 | 32.2 0.01471 0.10294

55 [ 33 *

56 | 332 0.02941 0.07353

57 | 34

58 | 34.2

59 | 35

60 | 35.2 0.01471

H(Obs.Het) | 1 0.82353 | 0.55882 | 0.88235 | 0.67647 | 0.85294 | 0.91176 | 0.88235 | 0.76471
H(Exp.Het) | 0.94249 | 0.80904 | 0.8108 | 0.81651 | 0.75373 | 0.84592 | 0.86743 | 0.83714 | 0.72695
P.-value 0.76925 | 0.99517 | 0.04154 | 0.49315 | 0.02571 | 0.1592 | 0.83355 | 0.61252 | 0.89642

H (obs.Het): Observed heterozygoty; H(Exp.Het): expected heterozygoty;

P.-valume:Hardi-Weinberg equilibrium

Table 3.

Locus Genot. Obs.Het. Exp.Het. P-value s.d. Steps done
CSF1PO 37 0.72973 0.71751 0.36242 0.00051 1001000
D10S11248 | 37 0.67568 0.77009 0.17213 0.00034 1001000
D12S391 37 0.86486 0.86894 0.0529 0.0002 1001000
D13S317 37 0.78378 0.78378 0.95505 0.00018 1001000
D16S539 37 0.81081 0.78749 0.44738 0.00049 1001000
D18S51 37 0.91892 0.87264 0.79629 0.0004 1001000
D1S1656 37 0.78378 0.85968 0.38703 0.0006 1001000
D21S11 37 0.75676 0.82081 0.75671 0.00048 1001000
D22S1045 37 0.59459 0.67123 0.01655 0.00013 1001000
D2S441 37 0.59459 0.72677 0.02304 0.00012 1001000
D3S1358 37 0.91892 0.79045 0.20866 0.00037 1001000
D5S818 37 0.59459 0.71677 0.00304 0.00007 1001000
D7S820 37 0.7027 0.79119 0.40416 0.00049 1001000
D8S1179 37 0.7568 0.81118 0.5637 0.0004 1001000
FGA 37 0.81081 0.83525 0.08211 0.0002 1001000
SE33 37 0.91892 0.94409 0.72799 0.0002 1001000
THO1 37 0.64865 0.70937 0.65727 0.00047 1001000
TPOX 37 0.64865 0.72307 0.26531 0.0005 1001000
VWA 37 0.75676 0.81303 0.37099 0.00036 1001000

Table 4.

Locus Genot. Obs.Het. Exp.Het. P-value s.d. Steps done
CSF1PO 34 0.76471 0.72695 0.89642 0.00028 1001000
D10S11248 | 34 0.61765 0.77524 0.04624 0.00023 1001000
D12S391 34 0.73529 0.86128 0.35035 0.00045 1001000
D13S317 34 0.70588 0.75812 0.17313 0.00032 1001000
D16S539 34 0.67647 0.75373 0.02571 0.00015 1001000
D18S51 34 0.91176 0.86743 0.83355 0.00034 1001000
D1S1656 34 0.85294 0.84592 0.1592 0.0003 1001000
D21S11 34 0.88235 0.83714 0.61252 0.00043 1001000
D2251045 | 34 0.70588 0.69754 0.06912 0.00025 1001000
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D25441 34 0.61765 0.67735 0.44803 0.00046 1001000
D3S1358 34 0.79412 0.77041 0.21948 0.00039 1001000
D5S818 34 0.67647 0.74934 0.60396 0.00053 1001000
D7S820 34 0.55882 0.8108 0.04154 0.00019 1001000
D8S1179 34 0.88235 0.81651 0.49315 0.00032 1001000
FGA 34 0.82353 0.86787 0.24464 0.00028 1001000
SE33 34 1 0.94249 0.76925 0.00021 1001000
THO1 34 0.61765 0.74846 0.03471 0.00018 1001000
TPOX 34 0.61765 0.65364 0.40888 0.00047 1001000
VWA 34 0.82353 0.80904 0.99517 0.00007 1001000
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