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Galyna V. Kucher

Challenges on the way of European integration of Ukraine "

Abstract: European integration is extremely important for Ukraine. Aggravating security problems forced
the international community to form a unified understanding of the significance of providing financial
support and intensifying the European integration of Ukraine. European integration processes are a
significant factor in changes in social development, economic relations, and financial and institutional
systems. Therefore, to accelerate the European integration transformations of Ukraine, it is significant
to study the current social and financial challenges. The purpose of the study is to summarize the national
experience of overcoming social and financial challenges that accompany the process of European
integration of Ukraine under martial law. This determined the research task to substantiate the social and
financial challenges caused by Russian aggression and affecting the European integration of Ukraine.
The study object is the system of Ukraine’s state finances. The research materials are norms of national
and European law regarding EU cooperation with Ukraine; and scientific research of domestic and
foreign scientists and researchers. In the study course, using the methods of scientific abstraction and
generalization, the factors influencing the process of European integration of Ukraine and the risks
accompanying it were identified. Qualitative changes in the social development of Ukraine in the
conditions of martial law were determined by the methods of economic and financial analysis. The author
offers an interpretation of the essence of the European integration and reveals its features financial
mechanism. It has been proven that new forms of financial relations were introduced under martial law.
Activating financial and social partnerships contributed to the growth of the financial potential of
communities and associations. The role of budgetary and humanitarian aid and initiatives supported by
national and international donors is significant. Further research is proposed to focus on the formation
of a single market with the EU, coordination of industries’ financing mechanisms determining the export
potential of the EU and Ukraine, improving the financial mechanism of European integration, and
economic, social, and environmental. restoration of Ukraine by attracting international donor funds.

Keywords: European integration, the financial mechanism of integration into the EU, financial policy,
international regulation, international financial assistance, international donor funds.
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T'anura Bixmopisra Kyuep
Buxanku Ha miaAxy eBponenceKkoi inTerpamii Ykpainu

Amnomayin: €E€ppoinTerpamia Mae HAA3BUYANHO BAXKAUBE 3HAYEHHA AAf YKpaiHH. 3arocrpeHHsA
0Ee3EKOBUX IIUTAHD 3MYCHAO MIKHAPOAHY CIIABHOTY C(POPMYBATH CIIABHE PO3YMIHHA BAKAHBOCTI
HaAaHHA (PIHAHCOBOI IATPUMKH Ta aKTUBI3aIlil eBpoinTerpamii Yxpainu. €spoinrerpariiini npoiecu e
BATOMHM YHHHHKOM 3MIH y CYCIIABHOMY PO3BHIKY, €KOHOMIYHHX BiAHOCHHAX, (DIHAHCOBIH Ta
IHCTUTYHIHHUX cucTeMaX. TOMY BaKAUBHUM € AOCAIAKEHHSA CYIACHHX CYCIHABHO-(PIHAHCOBUX BUKAUKIB
AAA IIPUCKOPEHHSA €BPOIHTEIPALIHHUX IIEPETBOPEHb B YKpaiHi. MeTor0 AOCAIAKEHHA € y3araAbHEHHA
HAIIIOHAABHOIO AOCBIAY IIIOAO HOAOAAHHA CYCIIABHHUX Ta (PIHAHCOBUX BUKAHKIB, IIIO CYIIPOBOAKYIOTD
IIPOIIEC €BPOIIEHCHKO] iHTerpamii YKpalH1 B yMOBaX BOEHHOIO CTaHy. Lle BUSHAYNAO 3aBAAHHSA HAIIIOTO
AOCAIAKEHHA: OOIPYHTYBAHHA CYCIIABHHX Ta (PIHAHCOBUX BHKAHKIB, CIPUYHHEHHUX POCIHCHKOIO
arpeci€ro Ta BIAHMBAIOTH Ha €BpOiHTerparifo Yipainu. OO €KTOM AOCAIAMKEHHSA € CHCTEMA CYCIIABHUX
dinancis Yxpainu. MarepianaMu AOCAIAKEHHA € HOPMH HAIllOHAABHOIO T2 €BPOIICHCHKOIO IIPaBa
moAo crisparii €C 3 YKpaiHOIO; HayKOBI AOCAIAMKEHHS BITYM3HAHUX Ta 3aPYOLKHHUX BYECHHUX, CKCIIEPTIB



3 INTAHb AOCAIAKEHHA. B mporrec AOCAIAKEHHA 3aCTOCOBAHO METOAH HAyKOBOI aOCTpakiii,
y3araAbHEHHS IIPH BH3HAYCHHI YHMHHHUKIB BIIAMBY Ha IIPOIIEC €BPOIICHCHKOI iHTerparti VkpaiHm Ta
PH3HUKIB, IO HOTO CYIIPOBOAKYIOTH. MeTOAN €KOHOMIYHOTO Ta (PIHAHCOBOTO AHAAI3Y — IIPY BU3HAYCHHI]
AKICHIX 3MiH CYCIIABHOTO PO3BHTKY YKpaiHH B yMOBAaX BOEHHOIO CTaHy. Y CTaTTi 3aIIpOIIOHOBAHO
TAYMa4deHHs CyTHOCTI (DIHAHCOBOrO MEXaHI3My €BpPOIICHCPKOI 1HTerparmii Ta pPO3KPUTO HOIO
ocobAmBOCTL. AOBEACHO, IO B yMOBAaX BOEHHOIO CT4HY BIAOYAOCH BIIPOBAAKEHHS HOBHX (DOPM
inarcoBux BiAHOCHH. AKTHBI3aIlA (DIHAHCOBOIO T4 COLIAABHOTO IIAPTHEPCTBA CIPUAAU 3POCTAHHIO
(pIHAHCOBOIO IIOTEHINIAAY IPOMAA Ta OO’ CAHAHB. 3HAYYIA POAb OFOAKETHOI, TyMAHITAPHO! AOIIOMOIH
Ta 1HIIIATHB, IO PEAAI3YIOTHCA 32 INATPUMKH HAITIOHAABHUX Ta MIZKHADOAHHUX AOHOPIB. B moaaAwrrux
AOCAIAKEHHSAX IIPOIIOHYETBCA 30CEPEAUTH yBAry Ha (POPMyBaHHI €EAMHOTO PHHKY 3 €C, y3roaxeHHi
MexaHi3MiB (DIHAHCYBAHHA TaAy3€H, IO BHU3HAYAIOTH eKkcHopTHHH morteHmiaa €C 1 Vipainm,
YVAOCKOHAACHHI (DIHAHCOBOTO MEXaHI3MY €BPOIHTEIPALIil T4 €KOHOMIYHOIO, COLIAABHOTO, EKOAOITIHOIO

BIAHOBACHHS YKpaiHH 33 PAXYHOK 3aAYYCHHA MIKHAPOAHUX AOHOPCHKHUX (DOHAIB.

Koouosi cavsa: eBpornericpka iHTerparis, (piHaHCOBHE MexaHi3M iHTerparii oo €C, dinaHcoBa mOAITHKA,
MIKHAPOAHE PEryAIOBAHHSA, MIKHAPOAHA (PIHAHCOBA AOIIOMOTA, MIKHAPOAHI AOHOPCHKI (POHAM.

P

Bceryn

Iocmanoska npobaemu. €pponericbkuii BuOlp npormcanuii y Koucrurymii Vikpainm Ta
peaaisye OYIKyBaHHA YKPalHCBKOrO HAapOAy. SIKIIO AO IOYATKY ITOBHOMACIITAOHOI arpecii
€BpOIICHChKA IHTErparis BIAOOparKaAa ICTOPUYHI IIPArHEHHS HAIIOI ACPiKABH, TO IicAf 24
arororo 2022 p. — BOHa €, 3 OAHOTO OOKY, CHMBOAOM HE3AAMHOCTI YKPaiHCHKOI'O HAPOAY, T4, 3
IHITIOTO, — CKA2AOBOIO [lepeMorn HaA pocificbkum arpecopom. €BpoIIerichka IHTerpartis - e He
AHMIIIE IIPOIIECYAABHI KPOKH, BH3HAYCHI €BPOIICHCHKHM Ta IMIIAGMEHTOBAHI HAITIOHAABHHM
IIPaBOM, CIIPAMOBAHI Ha IIOTAMOACHHSA ITOAITHYHHX, CYCIIABHUX, CKOHOMIYHUX Ta IHIIHX
3B’A3KIB, aA€ ¥ TAMOMHHUI 1Iporiec TpaHcdopmariii ykpaiHChKOro cycriabcrsa ta camoro €C.
Bunnkae mHeoOxiAHICT cmcTeMaTh3amil Ta y3araAbHEHHA IIAXOAIB AO BH3HAYEHHA if
iHAHCOBO-EKOHOMIYHOI CKAAAOBOI Ta BUKAHKIB, IIIO IOB’SI3aHI 3 €BPOIIEHCHKOIO IHTETPALIICIO
Vkpainn Ak kpalHu-kaHAMAATA B uAeHn CC.

AOCAIAKEHHIO ITHTAHb €BPOIEHCHKO! IHTEerparii IpUCBAYEHO OAraTo IIparpb YKpaiHChKUX
Ta 3apYOLKHUX BYCHHX, A€ PO3KPUBAIOTHCA ii HAIIPAMU, OCOOAUBOCTI, MOAEAI PO3BHTKY KpaiH,
mo € yaeHamu CC. CepeA HUX BapTO BUAIAMTH IPAIll TAKUX BITYM3HAHUX HayKoBIIB, Ak O.O.
Bopsenko, T.I1. Boraan i O.M. Illapos (2079), A.A. I'punienxo (2027), M.B. I'pysa (2072), B.P.
Ciaenko (2007), 1.O. IlIkoarnuk, B.M. Kpemens 1 AFO. Cemenor (2077) ta iHmux.
PoskpuBaroun HOTEHITIAA €KOHOMIYHOIO PO3BHTKY VYKpPaiHHM B KOHTEKCTI €BPOIEHCHKOL
irrerpani B.P. CiaeHKO axiieHTye yBary Ha IPOOAEMAx PECYPCHOIO 3a0E3ICUCHHA PO3BHTKY
Vkpainn, 30KpeMa BHCOKHM CTYIIEHEM MOPAaABHOIO Ta (DI3SHYHOIO 3HOCY KaIliTaAy, ITIO
HETaTMBHO BIIAMHYAO Ha YaCTKy BAaAOBOTO KaIliTaAOyTBOpeHHA crocoBHO BBIIT xpainm,
3HAIHIM AePIInTOM (DIHAHCOBUX PECYPCIB, ITIO HETAaTUBHO CIIAUHYAO Ha PO3BUTOK (POHAOBHX
PHHKIB, IOAOPOKYAHHA KPEAUTHUX pecypciB. BaAnBuii moTeHIIaA pO3BHTKY 30CEPEAKYETHCA
B IHTEAEKTYaABHIN cdepi, 10 IOTpedye, 1 MU 3 LM IOTOAKYEMOCH, IIOCHACHHA MIKHAPOAHOL
creriaaizamii kpaiHum y BHpPOOHMYIN raaysl Ta OpMyBaHHA H peasisanii ITOAITHKH
AOBIOCTPOKOBOIO (DiHAHCYBAHHS E€KOHOMIYHOIO PO3BHUTKY, AKI[CHTYBATH YBAIy Ha ITMTAHHAX

AKOCTI pecypciB Ta pe3yAbTaTuBHOCTI ix Bukopucranns (Ciderxo, 2007, ¢. 143, 149-150).



AOCAIAKEHHIO IINTAHb IIOTOYHOIO T4 IIEPCIIEKTUBHOTrO (DiHAHCOBOTO peryaroBanusa B €C
Ta iX BIAMBY Ha IHCTHTYUIHHI PO3BHTOK (DIHAHCOBOI CHCTEMH KpaiHM, II€PCIIEKTHB iX
MoAepHi3artif, mpiopureTis piHancosoi criBupari Yipainu ta €C nmpucssaeHo MOHOTPadiro 3a
yaactio O.O. bopsenxko, T.I1. boraan, O.M. [Ilapos Ta in. (2079).

Baromy poap y mocmaenni 6e3nekoBHX 3acaA (PYHKIIOHYBaHHA (PIHAHCOBOIO CEKTOPY
BIAITPA€  YAOCKOHAAEHHA T4 aAQNTAIlA HANIOHAABHOIO AOCBIAYy I IIPaBOBHX HOpPM,
3AIIPOBAAKEHHA MIKHAPOAHHUX CTAHAAPTIB, €BPOIEHCHKUX AHUPEKTHB Ta PETAAMEHTIB IIOAO
PEryAIOBaHHSA Ta HArAfAy v (pIHAHCOBIH Ta OFOAKETHIH cpepax AAfA 3aDE3IECUCHHSA IPUHIIAIY
€AHOCTI B PpEIVAIOBaHHI. BaKAHMBHM AAfl HAITIOHAABHOIO PO3BUTKY € 3aIIPOBAAKEHHSA
€BPOIIEHCHKUX 3aCaA PO3BHUTKY «3EACHOI EKOHOMIKI» Ta «3€ACHHX (DIHAHCIBY, IO IIepeAbavac
HEOOXIAHICTh YAOCKOHAACHHSA A€p:kaBHOI (piHaHCOBOI ToAiTuku (Aurnamixa peccmpayii. .., 2022,
¢. 164-165; I lanaenwx, 2013).

[Turansaa €BpONIENCHKOTO TOCTYIY YKpaiHH BIAITpAa€ BaKAHUBY POAb B 3a0e3II€UeHI
HAITIOHAABHOI OE3IIEKH Ta IIOCHAECHHI OOOPOHO3AATHOCTI KpaiHu. AOCAIAKEHHA AAHHUX ITUTAHb
posrasaanoca B YKpPalHCPKOMY LIEHTPI EKOHOMIYHHX 1 IOAITHYHHUX AOCAIAKEHD IMEHI
Oaexcanapa Pasymkosa. Karowescokmit fI. cepeA mpmymH, IO TEPENTKOAKAIOTH BCTYITY
Vkpainn Ao €C okpecaroBas pakropu, fKi AlFOTB B cepeAuHi kpainu, B €C T2 B OKpeMHuX
KpaiHax-4AeHax 1 BIACYTHOCTI OOIIAHOK 3 60Ky €C Ha BeTylr YKpaiHu, 3 IHIIIOTO OOKY, ITUTAHHSA
tepuTopiaapHOro posiuperss €C morpeOye 3adesmedenHsa 3ryproaHocti CHIIABHOTH,
«BHYTPIIIHIX IHTETPALIIIHNAX IIPOIIECIB Ta MAHOYTHE KAIOUOBHUX HOAITHK». CIIABHUM AAfA BCIX
VIACHUKIB IHTEIPAIIHOIO IIPOIECY € 3a0e3IEeYEHHA BHYTPIIIHBOI CTADIABHOCTI, PO3BUTKY
ACMOKPATi, E€KOHOMIYHOIO IIPOILBITAHHA Ta IOKPAIIEHHA AKOCTI yIpaBAiHHA. «BikHOM
MOKAMBOCTEI» AMITAOMAT Ha3BaB OTPUMAHHA CTATYCy KAHAMAQTA T4 OAHOYACHO 3BEPHYB yBary
Ha Te, mo «Pocid Xode Ta MOKE IEPEITKOAKATH ITOAAABININ criBrpari Ykpaiam 3 €C»
(Kunskicms. .., 2024, ¢. 79-81).

Cepea 3apyOLKHIX AOCAIAKEHD AAHOTO ITHTAHHSA BAKAUBY POAB BIAITPAIOTH IIPALll BUCHUX,
IIPAKTUKIB, AUTIAOMATIB Ta €KCIIEPTHI BUCHOBKH MIKHAPOAHUX IHCTUTYIIIH Ta KpaiH-uAeHiB €C.
Crroapt C. cepep dakTopiB, IO HEPEIIKOAKAIOTH 1HTerpamii VYkpaiHH BOadara «rpu
HAHBAKAWBIII: BHYTPIITHbOYKPAIHCHKY AMHAMIKY, All POCICBKOI €AITH, PO3BHTOK IIOAIH Y
camomy CC» (Kinekicme. .., 2024, ¢. 87). K. BoApuyk cepeA OCHOBHHUX IIEPEITKOA €BPOIIEHCHKIN
iHTerparii Harroi kpaiHu BOagaAa BIACYTHICTH AOBIOCTPOKOBOIO Ta pepOpPMICTCHKOTO ODadeHHSA
HAITIOHAABHHUX IIEPCHEKTUB, HeedEKTUBHE BHKOPHUCTAHHA HAI[IOHAABHOIO KAaAPOBOIO
roTenmiaAy («kBaAlpikOoBaHI KaApH € CTPIZKHEM IHTETPAIifHOrO IIPOIIECY») T4 BIACYTHICTH
OadYeHHA IePCIEKTUB PO3BUTKY B3aeMoBiAHOCHH Y €C (Kizskicms. .., 2024, ¢. §3).

Aw. Peitrepc, Ax. Croyaon, b. AmyacOepci 1 M. Bikepc y 3Biti mpo Tpancdopmariiro
craAoro po3BuTKy 3a 2023 pik BUSHAYUAM YOTHPHU KAFOU1 AO YCIIITHOL TpaHcdopMariii craaoro
possutky (Ukraine Humanitarian Appeal, 2023). CBITOBHI PO3BUTOK ITIA BIIAHBOM KOMIIAEKCY
YNHHUKIB AHIIE IIOCHAIOE€ BAKAUBICTD AOCAIAKEHHS IIMTAHHA INMOAO BHKAHKIB Ha IIIAAXY
€BPOITENCHKOL iHTerparii Ykpainm.

MeToro AOCAIAKEHHA € Y3araAbHEHHS HAIlIOHAABHOIO AOCBIAY ITIOAO ITOAOAQHHA
cycrmiAbHUX Ta (PIHAHCOBUX BUKAHKIB, IO CYIIPOBOAKYIOTH IIPOIIEC €BPOIEHCHKOI iHTErpartii

praIHH B yMOBaX BO€HHOIO CTaHY. LIC BU3HAYMAO 3aBAAHHA HAIIIOIO AOCAiA}KGHHHZ



OOIPYHTYBAHHSA CYCIIABHIX Ta (DIHAHCOBHUX BUKAHKIB, CIIPHYHUHEHHUX POCIACHKOIO arpeciero ta
BIIAMBAIOTH HA €BPOIHTEIPAIIO YKpaiHM.

OO0’eKTOM AOCAIAKEHHS € CHCTEMA CYCIIAPHUX (PIHAHCIB YKpaiHu.

MarepiaAaMu AOCAIAKEHHS € HOPMH HAIIIOHAABHOTO Ta €BPOIIEHCBKOTO IIPaBa IIOAO
cuiBupami €C 3 VkpaiHoro; HayKOBI AOCAIAJKEHHS BITUM3HAHHX Ta 3apYOLKHUX BYCHHX,
CKCIIEPTIB 3 IINTAHb AOCAIAMKEHHS.

B mpormec AOCAIAKEHHSA 3aCTOCOBAHO METOAH HAYKOBOI aOCTPAKIii, y3araAbHEHHS IIpH
BU3HAYECHH] YMHHHKIB BIIAUBY Ha IIPOLIEC €BPOIIEHCHKOI iHTerpamnii VKpaiHu Ta pHU3HKIB, IO
HOIrO CYIIPOBOAKYIOTB. METOAH €KOHOMIYHOTO Ta (DIHAHCOBOTO aHAAI3y — IIPH BHU3HAYCHHI

AKICHHUX 3MIH CYCIIABHOTO PO3BUTKY YKpaiHH B yMOBAaX BOEHHOIO CTaHY.

OcHoBHA yacTuHA
®inaHCcOBHIT MEXaHI3M €BPONENCHKO]I iHTerpanii Ykpainu

Busnauaroun eBpomeiichbKy IHTErpamniro KpaiHH fAK IIAb 30BHIIIHBO-EKOHOMIYHHIX
IHTErpaIliifHUX IIPOLECIB Ta CYCIIABHUX TPaHCHOPMALIi 32 OCHOBY Ma€ BPAXOBYBATHCH ABOICTA
cKAaAOBa Takux 3MiH. Lle, 3 oAHOrO OOKY, ImepeAbavaec HAIIOHAABHHE PO3BUTOK Ta CYCIIABHI
3MIHH BIATIOBIAHO AO 0a30BHX IPHUHIUINB Ta 3acap (PYHKIIOHYBAHHA MIKHAPOAHOTO
HTerpamiinoro o6’eananna — €C, rta, 3 iHIIOTO OOKy, Ipoiiec (POPMyBaHHA CHCTEMH
MIKACPKABHOI B3aEMOAILl § BHUTAAAl HAAACPIKABHOIO IHTEIPAIHOrO OO’€AHAHHA 3 yciMa
000B’A3KaMH, IIpaBaMu Ta 30008’ A3aHHAMU. OcTaHHE ITepeADavdac TpaHcOPMALIIITHI 3MIHI AK
B €C, Tak 1 B VkpaiHi 3 MeTOIO 3a0€3IEYEHHA ITOAITHYIHOI, COIIAABHO-EKOHOMIYHOI Ta
dinaHCOBOI CTAOIABHOCTIL

€BpoiHTerpalifiHuI IIPOIIEC B PI3HUX KpaiHax Ma€ Pi3Hi IIPOIIEAYPHI €TAIIH Ta TPUBAAICTB,
ane OA30BUMH YMOBAMH AAfl IIPOBEACHHS IIEPEMOBHH IIIOAO OTPHMaHHA crarycy uaeHa CC €
AOTPHUMAHHA KpaiHAMH-KAHAMAATAMH ITOAITHYIHNX, EKOHOMIYHUX Ta IHCTHUTYIIMHUX KPUTEPIiB
(Tak 3BaHHX «KomeHrareHcpknx kpurepiis»). €C aKTUBHO CIIBIIPAITIOE 3 KPalHAMHU-CYCIAAMU Ta
KpaiHaMU-TIapTHEPAaMH, HaAa€ (PIHAHCOBY, TeXHIUHY Ta IHIIY Aomomory. [Iposeaerns pedopm
AAfl 320€3IEYEHHSA BIATIOBIAHOCT] BUMOTaM ITOAO BeTyy A0 €C morpedye (piHAHCOBUX BHTPAT,
AKI HAAQFOTBCA Y BHTAAAL (PIHAHCOBOI AOIIOMOIM IIPH peaAisariii BIAIIOBIAHUX IIpOrpam 1
IIPOEKTIB 13 eBponeHchkux POoHAIB. CepeA BITIH3HAHNX HAYKOBIIB HAAAHHS TaKOI AOITOMOIH 3
donais €C moxe posragaaruca Ak «piHancoBuit mexanism inrerparii Ao €C» (I lideymxu. . .,
2023). Ha marry AyMKy, TakHi INAXIA PO3KPHBA€E AHMIIIE CErMeHTapHe OadenHs. Beaxaemo, mo
dinancoBuii Mexamism imTerpamii Ao €C BapTo POSTASAATH AK Y3TOAKEHY CYKYIIHICTBH
MEXaHI3MiB, IIIO PEAAI3YIOTBCA B MeixKaxX (DIHAHCOBHUX ITOAITHK, BIpoBaaKyBanux €C B miromy,
kpaia-uaeniB €C ta kpaiH, IO IHTEIPYIOTHCA, BIAIOBIAHO AO C(POPMOBAHUX AOMOBAEHOCTEH,
AOCATHYTOrO piBHA Ta erary iHTerparti. AI€BICTb Ta PE3yABTATHBHICTH TAKOIO MEXaHIZMY
3AAEKHTD BiA 0AraTbOX YHHHUKIB, 3ACTOCOBYBAHUX BayKEAIB, IHCTPYMEHTIB, BU3HAYCHHX ITIACH,

IIEPCIIEKTHUB 1 cpiHaHCOBoro 320e3IIeUeHHA AAA IX AOCATHEHHS.

CycmiabHO-(iHAHCOBI BIAHOCHHH B YKpaiHi ITiA BHAMBOM €BPOiHTEIPALiiiHUX 3MiH
Vkpainceke cycmiaberBo 3 2013 p. aKTHBHO BIACTOIOE T4 BIIPOBAAKYE €BPOITEHCHKI
LIHHOCTI: TIOBara AO AFOACBKOI TAHOCTI, CBOOOAY, AEMOKPATIIO, PIBHOCTI, BEpXOBEHCTBO IIpaBa

Ta IIOBAry AO IIPaB AIOAHHH, 30Kpema OciO, 1mo Haaexkatb A0 MeHmuH (Kowemunyyia Yipainu,

10



1996, cm. 2). ITiamncannsa Yroan 3 €C 3akpilInAO PO3BUTOK YKpaiHU AK €BPOIIEHCHKOI ACP/KaBH
Ta CHPUAAO (POPMYBAHHIO BIAIIOBIAHOI IHTErpaIliifHOI HOAITHKH AepKaBH, (DOPMYBAHHIO
[Iporpam criBpoOiTHHIITBA, 3aBAAHb, BusHadeHUX CC, Ta OTPUMAHHAM CTATYCY KAHAHAATA B
uneuu €C (I lomanenxo ma in., 2024).

[Iparmenns A0 €BpOIEHCHKOI IHTErpamii B YKpPaiHCBKOMY CYCIIABCTBI 3aKpIIACHO
sakoHOAaBYO (Kyuep i Kosapeserxo, 2023; bopserxo ma irn., 2019) Ta IPOCAIAKOBYIOTBCA Ha PI3HUX
PIBHAX CYCIIABHHUX BIAHOCHH, IO € HAA3BUYAHO BaKAUBUM AAfl  BIPOBAAMKCHHSA
TpaHCOPMAIIIHHUX IIEPETBOPEHDb, IIOIIMPEHHA €EBPOIECHCHPKUX I[HHOCTEH Ta MOAEACH
CYCIIABHHX Ta (PIHAHCOBUX BIAHOCHH, 3MiH Y (DIHAHCOBO-KPEAHUTHIIT cdepl, 3aKOHOAABCTBI Ta
BIIPOBAAKYBAHIN ITOAITHIIL.

3azHadeni piBHI — Ie pPiBEHb MIKOCOOHCTICHHX BIAHOCHH MDK I'DOMAAAHAMU,
B32€EMOBIAHOCHH MUK ITAIIPUEMHHULBKAMHI CTPYKTYPaMHM, OpPraHi3alifMH Ta YCTAaHOBAMH,
MaKpOpiBeHb — 320€3IIeUy€ IMITAEMEHTAIIII0 HOPM €BPOIIEHICHKOIO IIPaBa AASl YAOCKOHAACHHS
iHAHCOBO-KPEAUTHHX BIAHOCHH, IIOAOKEHBb (PIHAHCOBOIO PErAAMEHTY y (PIHAHCOBY CHCTEMY
ACPZKABH, MIKACPKABHUN PIBEHb — AO3BOAAE AKTHBI3yBATH MIKHAPOAHE CIIBPOOITHHIITBO Ta
CIIBIIPAITIO MIZK KpalHAMH-KAQHAMH Ta KpaiHamu-kaHAnAaTamu B €C.

MixkocoOuCTICHI BIAHOCHMHH HACEACHHS YKpalHH 3MIHIOIOTBCA TAKUM YHHOM, IO
HAITIOHAABHI IIHHOCTI PO3BHBAIOTBCA Ta IHNACHAIOIOTBCA Oa3yIOMHCh Ha TPAAHIIAX Ta
IIPOIPECUBHOMY €BPOIIEHCBKOMY AOCBIAL YKpalHCbKHE HApOA Ilam’Atac BHCAIB Tapaca
lepuenka: «...I uymomy maywaitrech, V1 csoro me mypaitrecs» (Yeoda..., 2014), 60 icropis
CBIAYHTB IIPO TIPKI HACAIAKH TaKOTO 3a0yTTA. TOMY IIparHeHHA AO BIIPOBAAKCHHA HAWKPAIITHX
MIKHAPOAHHUX IIPAKTHK, 30KpeMa B IIpoIleci €BpoiHTerparmi, AO3BOAAE 3a0e3IEUHTH
30epeKEeHHA HAIIOHAAPHUX TPAAHIIN Ta PO3BHUTOK KpaiHH fAK €BpOIEHChKOl Aepikasu. Lle
30KpeMa BIAOOpPAKAECTBCA HA AKTUBHOMY 3allPOBAAKEHHI (DIHAHCOBOTO IIApPTHEPCTBA,
COIAABHOI INATPUMKH Ha PIBHI IPOMAA («COINAABHI IT1apm», «COMIAABHI IIEHTPIY, IO AKTHBHO
dopmyroreca micas 2013 p. AASL AOIIOMOTH HYKAGHHHUM 1 MAAO3AXHUIIECHHUM BEPCTBAM
HACEACHHS, OATraTOAITHUM CIM fIM, AFOASIM IIOXHAOTO BIKY, IIEPECEACHIIAM, IO TIKAAU 3 TIOYATKY
POCIHCBKOL arpecii, Taka aKTUBHICTb ITOcHAHAAcA B yMoBax nanaemii COVID-19, mocuanaaca B
yMOBaxX IIOBHOMACIIITAOHOI arpecii Ta TpuBae i AOTEIEp), PO3BUTKY BOAOHTEPCHKOIO PyXy T2
3HAYHOMY 3POCTAHHIO HOro roreHmiaAy. PopMyBaHHA HOBOI AKOCTI CYyCIIABHHUX BIAHOCHH B
VkpaiHi, 1110 XapaKTepU3YIOThCA HAAZBHYAITHOIO €AHICTIO, 3IYPTOBAHICTIO Y OOPOTHOI IPOTH
BOPOTa Ta INATPUMKHU HOCTPAKAAAUX, TPAHC(HOPMYFOTHCH Y HOBY AKICTH (DIHAHCOBUX BIAHOCHH
Ha PIBHI OKPEMHX IPOMAAfH 1 I'POMaA, IO CBIAYHTB IIPO EAHICTH OadeHHA CYCIIABHHX
IIEPCIIEKTUB, HAMAIaHHA MAaKCHMAABHO INATPHMATH IHINUX TIPOMAaAfH, fAKI HaHOIABIIE
IIOCTPAKAAAH BIA POCIHCBKOrO TEpopy, Ipo (POpMyBaHHA OAArOAIMHHX (POHAIB 1 rpyI, 3a
PaxyHOK AOOPOBIABHHX «AOHATIB» IPOMAAAH, Oi3HECY, KOINTH AKUX CHPAMOBYIOTBCA fAK Ha
dinancyBaHHA HOTPEO ITOCTPAKAAAUX BIA arpecii rpomMas Ta OKPEMHX IPDOMAAfAH, Tak 1 Ha
3aKpUTTA HOTPEO BIiCHKOBHUX Y TEXHIIM, aMyHIITil, Xap4yBaHHI, MEAUKAMEHTAX TOIIIO.

BiAmIoBiAHO AO HAITIOHAABHOTO 3aKOHOAABCTBA KHAAXOAKEHHS I'YMAHITAPHOI AOITOMOTH Ha
PAXYHKH B IHO3EMHIN BAaAIOTI 3AIMCHIOETBCA Y CIIEHIAABHOMY IIOPAAKY, BH3HAYEHOMY
Hartionaasrum 6auxkom Vkpaiums ([ 1po eymanimaprny donomoey. .., 1999; Ilpo 3ansy. .., 2021, .
7). 3 mouarky mOBHOMACIITaOHOI arpecii BIAOyBcs OyM OAATOAITHUX I1HIIIATHB, OpraHi3arii,

CHPAMOBAHHUX Ha INATPUMKY apMii, 0OOPOHO3AATHOCTI KpaiHu, IHHOBALINHHX PO3POOOK y
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MEAWYHIH Ta BIACHKOBIA cdpepax, COIIAABPHY INATPHUMKY ODKCHINB, IEPEMIIICHUX YU
ITOCTPAKAAANX IpoMaAfH. ko Ha mouarok TpaBua 2022 p. B VkpaiHi IparrroBaso moHaa 15
THC. OAArOAIMHIX OpraHisarii, 3 Akux 8% OyAH 3apeecTpoBaHl y KBiTHI micArd, To Ha 1 ciana
2024 poxky Bike Oyao 3apeectpoBano 29,91 tuc. opranisauiit (Cseponedcera inmespayia Y kpain. . .,
2020; Konconidosani sepeii Aozosopy. .., 2010, I1po 6aazodziny diaasmicnme. .., 2012).

Ao HaibiAbmmx Oaaroaifiaux ¢douAB Vipaiun y 2022-2023 pp. Biarocats United 24,
[Tosepruce Kusnum, Pona [Ipuryan. 3 mouarky nopaomacrrabuof arpecii 1mo gepsens 2023
p. AmIe A0 IHUX (POHAIB HAAIAIIIAYM ITOKEPTBH 3aTaABHUM 00cAToM 55,34 MApA. rpH. 3a 2023
pP. HAAXOAKEHHA AO IX (OHAIB CKOPOTHAOCH 1 CTaHOBHAO 1875 MApA. rpH. Ta
CIPAMOBYBAANCH TOAOBHHM YHHOM Ha OOOPOHY, MECAHYHY AOIIOMOTY Ta BIAOYAOBY KpaiHH.
BpaxoByroun crBOpeHHS CHEmiaABHOIO MyAbTHBaAIOTHOrO ¢ouAy B HDBVY, ae Takomx
AKYMYAIOIOTBCAl IIOKEPTBU AASl IPOTHALL arpecii Ta BIAOYAOBH KpaiHM, 3araAbHHI OOCAT
OAArOAlIHOI Aomomorm 3a el rmepioa crasoBuB 155,34 mapa rpu. ko B 2022 p.
HAAXOAKEHHA Ha crernpaxyHok HBYVY axkymyaroBaao 56,46% s3asmageHoi Aomomorm, TO 3a
repiop cidenb-uepsenb 2023 p. 6iabire komrtis ccpopmoBarno b® «United 24» (40,24%), a Ha
cuenpaxyaky HBY — 39,28%. Cranom Ha cepeanny uepsus 2024 poxy 3i crrenpaxynky HbBY
IepepaxoBaHo Ha 1orpedn oboponu 3sarasom 35720 mau rpu. (Creypaxymok..., 2024; Hr
doramante. . ., 2023). OKpemi IPOEKTH OAATOAIITHIX (DOHAIB, ACP/KABH Ta ACP/KABHHUX IHCTHTYIIII
PISHOTO PIBHA TAKOK AKTUBHO BUKOPHCTOBYIOTH (PIHAHCOBY AOIIOMOIY I'POMAAfH YKpaiHH Ta
CBITOBOI CIIABHOTH. SICKpaBHUM IIPHKAAAOM aKTHBHOI y9acTi VKpaiHINB B INATPHUMIN apmil,
LiAlcHOCTI KpaiHu € HacTyIHi akTi: Ha 1rodaTok Oepesnsa 2022 p. dyepes 3acTOCYHOK «Aif» BIA
HACEACHHSA AO Aep:KaBH HAAIMIIAO 80 MAH rpH., Maike 30 THCAY ATOAEH — B3fIAU y9IaCTb Y
OAATOAITHOMY 3001 KOIITIB «HAFOTHHAOHATY, 3a iHimiaTnBu HarionaapHnit 6ank VkpaiHu Ta
danapaiiznarosoi maardgpopmu United24 y mapruepcrsi 3 [lpusarbanxom (I Leamisciui 6asane
Vipainu, 2024), mmicas IbOro aKTUBHO BIIPOBAAKYIOTBCA IHII IIPOEKTH, AK «ApMifd APOHIB» Ta
tur (Apmia dporis, 2024).

Taxum uurom, pocificbka arpecis CraAa BUKAUKOM AAA YKPAiHCHKOT ACPKaBH Ta MOOIAIZyBaAa
cycmiAbCTBO. BHeceni 3MiHHM AO HAIIOHAABHOIO 3aKOHOAABCTBA Ta KOPETYBAHHA AECPKABHOL
iHAHCOBOI, TPOITOBO-KPEAUTHOI, BAAFOTHOI IOAITHK, IHBECTHIMHHOI IIOAITHK B CYKYIIHOCTI
320€3IIEIUAN  YAOCKOHAACHHA (DYHKIIOHYBAHHA (DIHAHCOBOTO MEXaHI3My AEpKaBH Ta

30BHIIITHBO-EKOHOMIYHOTO CIIBPOOITHHIITBA 3 MIKHAPOAHHMH IIAPTHEPAMH.

Mi>kaapoAHa (piHAHCOBA IATPUMKA YKPAiHH B yMOBAaX BOEHHOI'O CTaHY

CBiTOBa CIIABHOTA PO3IIOYaAd AKTUBHO HAAABATH ITATPHMKY YKPaiHCBKOMY HApPOAY T2
VpsAy, o BIAOOpasmAOCH y 3MiHAX, 3alIPOBAAKYBAHHX y MUKHAPOAHHX (PIHAHCOBUX
MexXaHi3MaxX HaAaHHA (PIHAHCOBOI AOIIOMOTH KpaiHi K Ha ABOCTOPOHHIMH, TaK 1 6araroCTopOHHINA
OCHOBi, HapaHHI IHpAMOI  OIOAKETHOI  IATPHUMKH, CTBOPEHHI ABOCTOPOHHIX  Ta
MyABTHAOHOPCHKUX (POHAIB (PIHAHCOBOIO 3a0€3IEUEHHA OIOAKETHO! INATPHUMKH KpaiHm,
YKpalHCBKUX OLKEHIIB B KpaiHax CBITY, IO iX IpuiiMaroTh, 30Kkpema €C, HapaHHA BiiCHKOBOT T2
I'YMAHITAPHOI IHATPUMKH TOITIO.

dimancoBa IATPUMKA YKPAHCBKOTO HApOAY peaaisyerbcs 3a aoromororo Charities Aid
Foundation (CAF) — mixxaapoaHe 00’€AHAHHA AOHOPIB, ITAPTHEPIB, IO MAE IIPEACTABHUIITBA B

PISHHEX KpaiHax Ta CIIPAMOBYE CBOIO AIIABHICTD Ha AOBIOCTPOKOBY INATPHUMKY OAArOAIMHIX
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opramizarii. Pociiiceka arpecis mporn YKpaiHu CTHMyAIOBaAa (pOPMyBaHHA MDKHAPOAHHUX
OAATOAIRHUX OpraHizariii Ta POHAIB AAS HapaHHA Aoromorm Harmiid kpafmi. CAF Brkarodae
miaposaian v BeauxoOpuramii, Amepuri, Kamaal, Ascrpanii, ITiBaenniit Adpumi, Boarapii,
IuAll, Bpasuaii, Ta co4ipsai kommanil, Hampukaaa, CAF Bank Limited, CAF Financial Solutions
Ltd, CAF Global Trustees Ltd, Amepukancekuii Aooropcpkuit poua CAF (CADF) rormo (Legal
information, 20217).

OxpeMuii HAIPAMOK IIATPUMKH VYKpaiHH BIAOYBAETbCA Y BHIAAAl MIKHAPOAHOL
KopriopatuBHOI mATpuMKH, Harnpukaas, CAF America crBopero PomaA kKopropatuBHOL
asoromorn Yipaiai (CAU), y mapTHepcTBi 3 AMEPHKAHCHKOIO TOPrOBOXO ITaAaTOXO B [ToAbIi,
AmCham Poland, BCause boarapis 3AlfiCHIOE INATPHMKY yKpaiHCBKMX ODKEHINB Ta IX
IHTErpaIiio y 0oArapcepke cycmiabctBo, Transnational Giving Europe (TGE) — oxomaroe 19
KpaiH 1 AO3BOAAE IXHIM IIPUBATHUM AOHOPaM (DIHAHCOBO IIATPUMYBATH OAATOALNHI OpraHi3artii
B IHIIHNX KpaiHax-4AeHaxX, Ta i upoektu (CAF’s response. .., 2023).

Disasters Emergency Committee (DEC) — Komirer 3 HaA3BHYAWHHUX cHTyarii 3
ITOAOAQHHA CTUXIHUX AUX 00’ €AHYE 15 IIPOBIAHIX OAAroAlfiHIX oprauisaniii BeaukoOpuramii,
AKI 30MPAIOTh KOIITH AAfl IIBHAKOTO Ta €(EKTHBHOTO pearyBaHHfA Ha CTHXIHHI AnMXa 32
kopaoHoMm. DEC Ukraine Humanitarian Appeal — oO’caHaHHA OAAroAlffHUX OpraHisariit
Beaukoi bpuranii Aas miarpumkm  Yipainu. ['pomascekicts, ImiAnpremcra Ta (QOHAU
Beaukobpuranii 3i0pasn 420 MAH pyHTIB cTepAiHTIB Ta ypAA BeankoOpuranil BUAiAmB 1ie 25
MAH QyHTiB crepainris (Ukraine Humanitarian Appeal, 2023).

CAF, 3 2010 p. ImIOpiYHO OINHIOIOYM MACIITAOM OAArOAIFfHOCTI 32 AOIIOMOTOIO
Bu3HaueHHA raobaspHOTO peiitaary World Giving Index (WGI), Biamivae 3araapHe 3pocTaHHg
bOro rao0aspHOrO mokasumka 3a 2021 p. y 5 pasis. Hanpukaaa, HaifiBuiuii piBeHb Mae
AOIIOMOT2 HE3HAOMIH AFOAMHI, KU CBIAYHTB, ITIO TPOE 3 I’ ATH (62%0) AOPOCAUX AOIIOMATAAH
HE3HAHOMHM AFOAAM, HTOpiBHAHO 3 55% y 2020 p. 3pocam momxepTBH Ha OAArOAIMHICTS,
301ABITTBIIICH AO 35% KIABKOCTI HACEAEHHSA Y CBITi, Ta KIABKICTH BOAOHTEPIB Y BCBOMY CBITi
3pOCAA AO MaIKe KOKHOI deTBepTOl AFOANHH (23%), IOpIBHAHO 3 OoAHiErO waATh y 2020 pomt
(19%). Aae saxmo porsarom 2014-2019 poxis Vkpaina rmociaasa 106 micre (2016 p) Ta HaiiBuie
89 micrre (2015 p.), To y 2022 p. xpaina mocira 10-e micrie y cBITOBOMY pedTHHIY OAATrOALTHOCTI
World Giving Index 2022 3 mactynnumu rmokasaukamm: I'arobaapauit peifrruar WGI — 49%,
AOTIOMOTa HEe3HAHOMIll AroAmHI — 75%), momeprByBaHHA rpomeii — 47%, BOAOHTEPCHKA
AsabHicTs — 24% (Ukraine Humanitarian Appeal, 2023, p. §).

Taxum wunom, HAIOHAABHE €AHAHHA YKPAiHIIB 3a0e3Iedye CTIHKICTh CaMOi AEpiKaBH Ta
BIIAMBAa€ Ha OO0 €AHAHHSA Kpain €Bporu i cBity B 00poTh0l IIpoTH pociiicekoro Tepopy. Taka
3IYPTOBAHICTH peaAi3yeTbcsi B pisHUX cdepax: HOAITHYHIH, EKOHOMIUHIN, (IHAHCOBIH,
Oe3IeKOBil, r'yMaHITAPHIN T2 iHIHIX. OAHOYACHO BUHHUKAIOTH IIOTPEOU B YAOCKOHAAECHHA HOPM
HAITIOHAABHOTO 1 MUIKHAPOAHOTO IIpaBa AAfA CIPOINEHHA TAKOTO CIIBPOOITHHIITBA 3
YPaxyBaHHAM HOBHUX ITOTpeO 1 MOmAMBOCTEH, Ta (POPMYBAHHA AI€BHX MIKHAPOAHHX
OE3IEKOBUX MEXaHI3MIB 13 3aXHCTy IIPaB Ta IHTEPECIB IPOMAASH, IPOMaA, HAPOAIB (30Kpema,

IIPOTH TEHOITHAY YKPaiHCHKOTO HapPOAY).
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Buxankn aaa pyHKIIIOHyBaHHI HAITIOHAABHOTO IMAIIPUEMHHUIITBA, Oi3HEC-CTPYKTYp B
YMOBAaX BOEHHOI'O CTaHY

AAA IIOCHAEGHHA E€KOHOMIYHOI CKA2AOBOI BAKAMBY POAB MAa€ 3aIPOBAAKEHHSA B Kpal'Hi
MIKHAPOAHUX CTAHAAPTIB OOAIKY Ta (PIHAHCOBOI 3BITHOCTI, Cy9aCHUX TEXHIYHUX 3aCOOIB Ta
TEXHOAOIIH, IO CHPHUAIOTH BIIPOBAAKEHHIO MDKHAPOAHUX 1 €BPOIIEHCBKHX INAXOAIB Y
HAITIOHAABHY IIPAKTHKY, 3a0€3IICYCHHIO IIPO30OPOCTI Ta BIAKPHUTOCTI AIAABHOCTI, Ol3Hec-
IIPOLIECIB, 3BITHOCTi, IIPUCKOPIOIOTH INBHAKICTD PO3PAXYHKIB MK y9aCHHKAMHA T2
BIIPOBAAKEHHA HOBUX (PIHAHCOBO-KPEAUTHHX I IHBECTUIIHNAX IHCTPYMEHTIB.

HamionanpHe BIAHOBAEGHHA INAIPHUEMHHIITBA Ma€ BIAOYBATHCA OAHOYACHO IIASXOM
IIATPUMKHA T2 CTHMYAIOBAHHA AIIABPHOCTI MAAMX, CEPEAHIX Ta BEAHKHX ITIAIIPHUEMCTB.
CKAaAHICTD 1 crIeru@IgHICTD CY9aCHUX €KOHOMIYHUX IIPOIIECIB Y KpaiHi ITOAATA€E B TOMY, IIIO,
HAIIPHUKAZA, AO AKTYaABHHX IIMTaHb, fIKI OYAHM IIOB’A3aHI 3 HEOOXIAHICTIO PO3IIUPEHHA
AOCTYIHOCTI (pIHAHCYBAHHA Ta INABHINECHHA Ol3HEC-aKTHBHOCTI, if edpekTmBHOCTI T2
IIPO30POCTI, TOIIO, AOAAIOTHCA 0A30BI KOMITOHEHTH AAA EKOHOMIMHOIO PO3BUTKY: OE3IIEUHICTD
AKHUTTA Ta TOCIIOAAPIOBAHHSA, CIPHATAUBE CEPEAOBHIIE, PO3BHTOK AIOACBKOIO KAINITAAY,
CTBOpeHHS/ OYAIBHULITBO INAIIPUEMCTB, iH(PACTPYKTYPH Ta IHIIMX 00’€KTIB 3aHOBO, OCKIABKI
3HAYHA X YACTHHA 3HUIIEHA, 4 TEPUTOPIA KPAHH 3HAXOAUTBCA IIA IOCTIHHUME BOPOKIMU
obcrpiramu. Pocifichkuil arpecop MOCTIHHO PYHHYE YKPalHCBKY €KOHOMIKY, IH(MPACTPYKTYPY,
3HHUIIIYE IIPUPOAY, EKOAOLIIO, 1 IIe, BIAIIOBIAHO, BIAOOPQKAETHCA  IOKA3HHUKAX Ta PEHTHHIAX
Vkpaiau 12 popMye HOBI BUKAUKH Ha IIAAXY €BpOIEHChKOl iHTerparii. Tak, Hampukaaa, B
InAekcl raoGanpHO! KOHKYpeHTOCIIpOMOKHOCTL y 2022 p. Ta 2023 p. Hara kpaiHa B3araal He
upeacrasaera (The Global.. ., 2023), a pocaipxenns €pporneiicbkol bisnec Acorrariif 3acBiaguAn
HACTYIHI TOKa3HUKH IHAeKkciB Ha kiHers 2022 p.:
®  IHAEKC CTaAOrO pPo3BUTKY — 3,50;
®  ITOAATKOBHH IHAEKC — 2,97,
®  IHBeCTHIIAHHN iHAeKC — 2,48;
®  iHACKC HACTPOIB MaAoOTO Oi3HECy — 2,0.

Imaexc HacTpoiB Masoro GisHecy AeMoHCTpye HeraTuBHUI TpeHA 3 3,2y 2017 p. Cepea 325
OIUTAHUX IIPEACTABHUKIB 71% BiAMIUAE, jusce} €KOHOMIYHA CHUTYyAIILA €
HCCHpI/IHTAI/IBa/ karactpodiuna, npu npomy 58% BIAMIYAIOTE HE3aAOBOAEHICTDH ITOTOYHUM
craHOM BAacHOro Oizuecy y 2022 p., mporu 52% y 2021 p., ta aurre 1% onumranux BIAIOBIAH,
IO CTaH BAACHOIO OisHecy Ayixe aoopuit (Lxosvrux ma in., 2017).

Vkpaina 3aXHIiae CBOIO HE3AAEKHICTD, AA€ MAE OAHOYACHO (DOPMYBATH, BUOYAOBYBATH
MOAEAB PO3BUTKY IHHOBALIMHOIO INAIIPHEMHUIITBA, CIIPAMOBAHOIO Ha 3a0€3II€YEHHA
BIAITOBIAHOCTI CBITOBHM IIpoIiecaM Tparcdopmartii B IHHOBAIIIHI eKOCHCTEMH, 3aIIPOBAAKEHH
3aCaA PO3BUTKY 3€AE€HOI €KOHOMIKM T2 3€ACHHX (DIHAHCIB; 3aCTOCYBAHHA HOBHUX IHCTPYMEHTIB
ACP/KAaBHOI I MDKHAPOAHOI ITIATPHMKH Ta KPEAUTYBAHHA, ITOAAABIIE BIIPOBAAMKECHHSA
€BPOIIEHCHKUX ITAXOAIB IIOAO (DIHAHCOBOI INATPHUMKU iHHOBALIIHOI AIAABHOCTI, 3€ACHHX
inancis (I lasaznwx, 2013).

Takum dYHHOM, BAapTO AaKIIEHTYBATH VBaIy HA AOIUABHOCTI ITOCHAEGHHSA CIIBIIpAIli
HAITIOHAABHHX Ta MUKHAPOAHHX, €BPOIEHCHKIX OI3HEC CTPYKTYP IIOAO PO3BHUTKY YKPaiHCHKOIO

Ta CIIABHOIO Oi3HeCy, HPOEKTiB, (PIHAHCOBOIO CIIBPOOITHHIITBA IIOAO HAIiOHAABHOIO
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BIAHOBAGHHS, peaAisarii yKpalHCBKMX 1 MIKHAPOAHHX IHHOBAIH y BIICBKOBO-TEXHIUHIN 1
MEAUYHIN cdepax.

VaAockoHaAeHHA HAIIOHAABHOTO IIpaBa, 30Kpema y iHaHCOBIH cdepl, cupuse
3aIIPOBAAKEHHIO MIKHAPOAHUX Ta €BPOIEHCHKUX CTAHAAPTIB IMOAO 3a0€3IIE€YECHHA CTAAOTO
PO3BUTKY, CKOAOITYHUX Ta 3€A€HHUX (DIHAHCIB, IHHOBAIIMHAUX ITAXOAIB AO BEACHH: Oi3Hecy,
HOBHUX TEXHOAOTIH, IIOCHAEHHIO AMHAMIYHOCTI Ta 3POCTAaHHIO OOCATIB (PIHAHCOBUX IIOTOKIB,
ITOTAMOACHHIO PHHKOBHX BIAHOCHH. 3aIpOBAaAKCHHS CydacHUX iH(OpMamifHux Ta (iHTex
IHCTPYMEHTIB  IIO3UTHBHO  BIAUBa€ Ha QopmyBanHa  ¢iHancoBoro, 1udpoBoro,
iHOpPMALIIIIHOrO PHHKY fAK CKAAAOBOI €AMHOIO pHHKY Ta (biHaHCOBOrO cepeposuima. Lle
AO3BOAUTH ~ VAOCKOHAAUTH T4  Y3TOAUTH  MeXaHi3MH  (DIHAHCOBOTO  PEIyAIOBAHHSA
€BPOIHTEIPAIIITHOTO CIIIBPOOITHUIITBA.

Takum YUHOM, 3MIHH, IIIO MAIOTh MICIIE Y HAIIIOHAABHOMY Ta MIKHAPOAHOMY (DIHAHCOBOMY
CEpPEAOBHILI, ITOB’A3aH] 3 3MIHAMH CTPYKTYPH I MOAEAEH INAIIPHEMHHUIITBA, IIIO BIAOYBAIOTHCA
ITIA BITAUBOM fIK €BPOIHTEIPAIIMHIUX TPaHC(OPMAITii, BAKAUKAMU, CIPUYNHEHUMH IIPOTHAIEIO
POCINCBKIH arpecii, Tak 1 IiA BIIAMBOM CBITOBHX TPEHAIB i3 peaaizariii ['Aobarpnnx miaei 111
tucsaoairra OOH. 3miHE  CBITOBOIO CEpeAOBHINA, IIPIOPUTETH, IO INATPHUMYIOTBCHA
MIKHAPOAHUMH IHCTHTYLIAMHA Ta AOHOPAMH, 3HAYHO BIIAHBAIOTH Ha HAILIOHAABHHH Ta
MIKHAPOAHI (PIHAHCOBI PUHKH, ITOAITHKY KOMIIAHIN Ta OI3HECY, ACP?KaB B IIIAOMY.

3HaYHI PU3HKH AAA VKPAIHU BUHHKH Y 3B’A3KY 3 OOMEKEHHAM IIIAAXY EKCIIOPTY TOBAPIB T4
30nKoKA. [Tpu Tomy, 1110 MIKHAPOAHA IATPHUMKA 3HAYHO CIIPUAAA HAAATOAKEHHIO YKPaiHCHKOTO
ekcriopty A0 kpain €C Ta TpaH3HUTy AO IHIINX KpaiH CBITy, AaHI IAATDKHOrO OaAaHCY,
ompuaroareri  Hariomaapaum — OamkoMm — VkpaiHu, CBIAYATB, IO  IICAA  IIOYATKY
ITOBHOMACIIITAOHO] arpecii BiAOyAOCs 301ABIIICHHS BIA’€MHOTO CAABAO TOProOBOro OaAaHcy B 4,3
pasu y 2023 p. y nopisuanni 3 2021 p., a excmopr ToBapis Ao kpain €C (27 kpaiH) ckopoTHBcA
Ha 4,13% BIATIOBIAHO, 1110 AOpPiBHIOBAAO 945 MAH. AoA. CILIA (I puyerxo ma in., 2021). 3azuaguene
3aCBIAYY€E HETATUBHHUM BIIAMB POCIHCBKOI arpecii He AHIIE HAa TEPUTOPIAABHY ITAICHICTH T2
piHAHCOBY ITAATOCIIPOMOKHICTD YKpalHH, aAe M Ha IIOPYIIECHHS 30BHIITHBOTOPIOBEABHHIX
3000B’13aHb 1 3B’A3KIB, PU3HUKU CBITOBIH IIPOAOBOABHYIN Oesmemni. B ymoBax oOmexeHOCTI
MOKAMBOCTEH AAA YKPAiHCBKOTO EKCIIOPTY Ta BHKOPHCTAHHA €BPOIEHCHKHX TPAHCIOPTHHX
KOPHUAOPIB IIOCHAMAACA KOHKYPEHIIiA Ta IIOAITHYHA HAITpyTa B Kpainax €C, 1o Takosx morpedye

BPETYAFOBAHHA HA HAAACPAKABHOMY PiBHI.

ITutranna 3a0e31ie4eHHA CTAAOIO PO3BUTKY B YMOBAX IIOCHACHHA PU3HKIB TA 3arpo3

Aocaipxenns, mposeaene puenumu Oxford Economics (Ax. Pefinepc, Aw. Croyaom, b.
Ayacoepci, M. Bikepc), 3acBiaunao, 1mo 80% 06isHec-AlAepiB BHAIAAFOTH CTAAICTD Y IUATIpII
TOAOBHHX IIPIOPHUTETIB VIPAaBAIHHA, AO fAKHX BIAHOCATH HACTyIIHI: IuPOBI3aILifo,
3aAOBOACHICTD KAIEHTIB, CTIHKICTB, yIIpaBAiHHA Ta Oesrreky. Humu Busnaueno, mo oiasre 40%
OIHUTAHUX CYO’€KTIB PO3TAAAAIOTH Y AKOCTI MOMKAHBOCTEH AAA PO3BUTKY BIIPOBAAKEHHA
exocucTeM depes3 crabiaisarmifini Tparcdopmanil. AOCAIAHHKHE BIAMIYAIOTB, IO Yy AIAEpIB
CTAAOTO PO3BUTKY TEIep BIAOYBAETBCA OIABIIHI PO3IOAIA IIHHOCTEH Ha HABKOAUIIIHE
CEPEAOBHIIE, CYCIIABCTBO, KAIEHTIB, CIIBPOOITHHKIB Ta IHBECTOPIB MOPIBHAHO 3 IHIIUMHU

KOMITAHIAME. T'aki KOMITaHI{ OIIHFOIOTh: EKOAOTIYHY HIHHICTB, COIIAABHY IIHHICTD, IIHHICTD AAf
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KAIEHTIB, IIIHHICTD AASl IIPAIIBHUKIB, (DIHAHCOBY IIHHICTD T4 IIHHICTD AAA 1HBecTOPIB (Rezners, et
al., 2023).

3asHaveHl TEHACHI BapTO BPaxXxOBYBATH IpH (POPMyBaHHI Oi3HEC-CTpaTeriii AEpKaBH,
HAITIOHAABHHUX ITAIIPUEMCTB 1 KOMIIaHIM, OCKIABKH 3a3HAYEHI IIPIOPHTETH CHPHUATHMYTH
crabiAizamil PyHKIIOHYBAHHA Ta PO3BUTKY INAIIPHEMHHUIITBA Ta OI3HEC-aKTUBHOCTI B KpaiHi Ta
B CBITI B MaOyTHBOMY. Lle AO3BOAHMTP axkTHBi3yBaTH (DIHAHCOBHI T4 AIOACBKHH IIOTCHINAA,
chopmyBatn  cuHeprifinmii  edeKT AAA  3a0e3leYeHHA CTIIKOCTI (PYHKIIOHYBAHHA B
MAaHOYTHBOMY, KOAHM 3pPOCTATHMYTH BHTPATH 3 IIPOTHALl POCIHCHKif arpecii, BiAOyAOBH
3pYIHOBAHOI €KOHOMIKM KpalHM B yMOBaX OYIKYBAHOIO YIIOBIABHEHHS 3POCTAHHS CBITOBOTO
BBIT y 2024 p. ao 2% (World Economic Prospects. .., 2023), 110 HEraTHBHO BIIAMHE Ha OOCATH
MIKHAPOAHOI IATPUMKH Y KpaiH! Ta IHBeCTHIII.

OAHOYACHO, KPIM 3a3HAYEHUX ITATH OCHOBHHUX IIPIOPUTETIB Cy4aCHOIO MEHEAKMEHTY B
Vkpaini kpim dinancoBoi Oesrekn OIi3HeCy BapTO AaKIEHTYBATH Ha Oe€3IeKy (BiICBKOBY,
EKOHOMIYHY, II[0 HAA3BUYANHO aKTyaABHO AAfl HAC), OCKIABKI POCIHCBKa arpecis IpHU3BeAd AO
PYHHYBAHHA ITAIIPUEMCTB, 1HAMPACTPYKTYpU B PI3HHX perioHax KpaiHW, 3HHIIEHO
IIAIIPUEMCTBA Ha OKYIIOBAHIN TEPUTOPIi Ta TaMm, A€ BIHCHKOBI Alf, IITO 3yMOBHAO HEOOXIAHICTB
BHYTPIIIHBOIO IIEPEMIIICHHA YACTHHU INAIIPHEMCTB T4 BHKAHKAAO 3OBHIIIHIO MIrpPAIliio
YACTUHH HACEACHHS, fIK OLKEHINB y IHIII KpafHH CBiTY, y TOMY uncAi kpainu €C. Herarnusni
HACAIAKH 3a3HAYEHOIO BIAOOPaKAIOTHCA y (PISMYHOMY 3HHIIECHHI INAIIPHEMCTB, OI3HECIB, iX
OOAAAHAHHSA Ta B OIABIIIOCTI BUITAAKIB IIPHU3BOAATH AO HEMOKAUBOCTI 3AICHEHHS ITOAAABIIIOL
AliapHOCTL. [lepeMimmeHHs IIpare3sAaTHOrO HACEACHHsA fAK OLKECHINB B CEPEAMHI KpalHH Ta
3aKOPAOH HETATHBHO BIIAHHYAO Ha CTPYKTYPY Ta 3HIDKCHHA AKOCTI POOOYOI CHAHM B KpaiHi, Ha
3pOCTAHHSA KIABKOCTI O€3pO0ITHIX, HA ITAAIHHA KUTTEBOTO piBHA HaceAeHHs. [ Ipu ribomy BapTO
BPAXOBYBATH, IIIO HANOIABIII IIPALIE3AATHA YACTHHA HACEACHHS IIepeOyBac B apMii Ta OOPOHUTH
KpaiHy BIA POCIFCBKOI HaBaAH, IIIO OAraToO 3arMOAHX 1 B IIOAOHI, TOIIO. Taki 3arpo3AuBl yMOBH
TAa PU3HKH IIOAO IIOTIPIIEHHA CHTyalil ITOTPEOYIOTh BIAITOBIAHHX AL Ha PIBHI ACpiKaBH,
30KpeMa BH3HAYEHHSA HAIIPAMIB Ta 3aXOAIB IIIOAO BIAHOBACHHSA (PISHYHOIO T4 IICHXOAOITIHOTO
3AOPOB’l HACEACHHS, OPTaHI3aIlii CHCTEM «APYro» OCBITH Ta IepekBaAidikaril 3 ypaxyBaHHAM
OTped PHHKY IpaIli AAA HAIIOHAABHOI BIAOYAOBH, OKPEMHM HAIIPAMOM AIABHOCTI ACpiKaBH
Mae crati (POPMYBaHHA HOBUX INAXOAIB 1 IIOAITMKH INOAO OIIAATH IIparll, HABYAHHS,
COIIAABHOTO Ta MEAMYHOIO 3aXHCTY HACEACHHSA AASl CTUMYAFOBAHHA IIOBEPHEHHSA Ta 3aAYICHHA
BHCOKOKBaAI(PIKOBAHHX (DaxiBIIIB 3-32 KOPAOHY.

Taxum wurom, dpopMyBaHHA OE3IEUHOIO EKOHOMIYHOTO CEPEAOBHUINA, 3AIIPOBAAKCHHS
€BPOIECHCPKUX IIPAKTHK, INAXOAIB 1 IIPO30PICTh BEACHHA OI3HECY, Ta CHPHATAHBOIO
IHBECTUIIIITHOTO ~ KAIMATy ~AO3BOAHTDH AKICHO IIOKPAIIIUTH ITOTEHINAA  HAILIOHAABHOTO
IIATIPHEMHHITTBA, ITIO CIPHUATHME 3POCTAHHIO HAIIIOHAABHOTO BUpoOHMIITBa, BBIT, akrusizarii
MIKHAPOAHOIO IAIIPUEMHUIITBA HA YKPAIHCHKOMY PHHKY.

BamxamBnii BIAMB Ha €BpOIHTErpaIliiiHi I€peTBOPEHHA B YKpaiHi CIpaBAfie €AHICTD
OadYeHHA Ta 3yCUAD YCIX YIACHHUKIB €BpOIHTErpamiiiHoro nporecy. Busnadeni €C 3aBAaHHA AAS
VKPalHCBKOI AEPIKABH Ta CTAIOTH INAIPYHTAM AAA PO3POOKH €BPOIHTEIPALIIHOI IIOAITHKA Ta
[Taany Al VKpaiHH, OKPECAIOIOTH HAIPAMHU ITOAAABIIOL AIIABHOCTI AAfl 320€3II€YCHHA
BIAITOBIAHOCTI KpafH-KaHAWAATIB BuMOTram duacHcTBa B €C Ta mepeaOadarors (PIHAHCOBY

IIATPHMKY AAfl PeaAi3allii IIOCTaBACHHX 3aBAAHDB. 3aIIPOBAAKEHHSA TAKOTO INAXOAY peaAizartii
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€BPOIHTETrPAIIITHOTO IIPOIIECY AO3BOASE IIOCUAHTH CTIHKICTh €Bponeiicbkoro CriBTOBapHCTBa,
CHPHUATH YAOCKOHAAEHHIO Ta IIOTAUOAEHHIO CITIBPOOITHHIITBA, AOAAFOYH BUKAUKHA CbOIOACHHH,

Ta CIIPUATH AOCATHEHHIO ITIAEH Ta AOBIOCTPOKOBUX CTPATEril PO3BUTKY BCIX YIACHUKIB.

OGrosopenusa

ITuransA BUKAMKIB Ha IIAAXY €BPOIEHCHKOL IHTErparii YKpalHH € CKAAAHUM T2 OXOITAOE
HE AMIIE BUKAUKH, IO CTOCYIOTHCA HAIIOHAABHOIO PO3BUTKY YKpaiHH, aA€ M BUKAUKH, IIIO
[TOB’A13aHl 3 €BpoOiHTerpamiinnmu posmuperaamu. Le morpedye dhopMyBaHHA KOHCEHCYCY B
€C 1100 cTpaTeriii po3BUTKY Ta posmmupens. Buxia Beankoi bpuranil mATBepAUB BaKAUBICTD
dopMyBaHHA CIIABHHX IIAXOAIB AO MOAEAEH PO3BUTKY, popMmyBaHHA (POHAIB (HiHAHCOBHUX
pecypciB Ta IX BUKOPHUCTAHHA. 3arOCTPEHHA IIHTAHb IOAO YKPalHCBKOTO EKCIIOPTY B KpaiHu
€Bpornm T2 HOro TPaH3UTYy B YMOBAaX BIFCHKOBOI arpecii Tako INAHIMAE ITHTAHHA
CHIBPOOITHHIITBA B EKCIIOPTHIM TIaAy3l, IHNTaHHA KOHKYPEHTOCIIPOMOMKHOCTI IIPOAYKIIL
okpeMux kpaiH-daeHiB €C T2 HEOOXIAHOCTI YAOCKOHAAEHHS HAIIPAIIbOBAHUX MexaHi3miB. B
yMOBaX ITOrAMOAEHHA (DIHAHCOBUX Ta OE3IIEKOBHX PHU3UKIB B YKpaiHi Ta KpaiH-duaeHiB €C
BAKAUBUM € IIABHINECHHA €(EKTHBHOCTI BHKOpHCTaHHA (DOHAIB (PIHAHCOBHUX pPECypCiB,

3aIIPOBAAKEHHA HOBUX (DIHAHCOBUX MEXaHI3MIB CIIIBIIparii Ta peaaizanil besnexoBoi aAokrpuHn

€C.

BucHOBKY i IEPCIIEKTUBU MOAAABIIIAX AOCAIAYKEHB

ITporiec €BpOIHTErPAIIITHOTO POSIIUPEHHA € CKAAAHHUM Ta OAraTOBEKTOPHUM, OCKIABKI
BIIAUBAE fIK Ha KPAIHH-KAHAUAATH, KPAIHU-CYCIAH, TaK 1 Ha KpaiHu-uyaeHu T2 €C B 1rianomy. Bix
dopMye pHU3HKH Ta BUKAUKHA AAfl BCIX YYACHHKIB €BPOIHTEIPALIAHOIO IIPOIIECy, IIOTpedye iX
HIBEAFOBAHHSA 3 YPAXYBAaHHAM 3MIH MEKHAPOAHOTO CEPEAOBHIIIA.

BaskamBrME € ITOCTIHHI KOHCYABTALI Ta CIIBIIPALA B YACTHHI 3a0€3II€ICHHA AOTPHUMAHHS
3acaA Ta npuHnumie €C; OIOAKETHA IMATPUMKA AAf 3a0e3riedeHHsA (DIHAHCOBOI CTIHKOCTI Ta
IIOCHAEHHA IIOTEHIIIAAY peaAisarti criAbHUX moAlTuk €C.

€Bporrericbka IHTETpariA YKpaiHU B Cy9aCHUX YMOBAX — II€ IIPOIIEC, ITIO BUSHAYAE HE AHIIIE
MaHOyTHE HAIIIOi AepiKaBH, ii HE3aAEKHICTb, CYBEPEHITET, AOTPUMAHHA AEMOKPATHYIHHX T2
€BPONIEHCHKUX HpUHIMIIB Ta ninHOocTted. Lle mporec, 1mo BusHavae maiibyrHe Cpomm Ta
Cairy, nuTaHHA OE3IEKN Ta HEIOPYIITHICTh HAIIIOHAABHUX KOPAOHIB, IIPArHEHHA 320€3IEIHTH
CTAAMH PO3BUTOK YKpaiHN B €BPOIIEHCHKIN CUCTEMI IITHHOCTEH.

TaxkuM 9UHOM, 3aIIPOIIOHOBAHUIT ITAXIA AO TAYMAYEHHA CYTHOCTI (DIHAHCOBOIO MEXaHI3MY
€BPOIIEHCHKO] iHTerparii Ta pO3KpHUTTA IOr0 OCOOAMBOCTI AO3BOASIOTH HOIO YAOCKOHAAIOBATH
aAAIITHBHO AO 3MiH (pIHAHCOBOTO cepeaoBuIra. B ymoBax Boennoro crany B Vkpaini BiaAOyAocs
BIIPOBaAKEHHA HOBHX (POpM (PIHAHCOBUX BIAHOCHH B y (DIHAHCOBIH cHCTeMi KpaiHwd, IO
CHPUAANO aKTHBi3arii (PIHAHCOBOIO Ta COINAABHOIO IIAPTHEPCTBA Ta CHPHAAH 3POCTAHHIO
pIHAHCOBOrO IIOTEHIINIAAy IPOMaA Ta OO’€AHAHb. BusHadeHO 3HAYYIMYy POAB OIOAKETHOI,
I'YMaHITApHOI AOTIOMOTH YKpaiHi Ta iHIIIaTHB, IO PEaAI3YIOTBCA 32 IIATPUMKN HAITIOHAABHUX
Ta MIKHAPOAHHUX AOHOPIB.

B mopaAbIInx AOCAIAKEHHAX IIPOIIOHYETHCA 30CEPEANTH yBary Ha (POPMyBaHHI EAHOIO
purky 3 €C, ysroaxeHHl MexaHi3MiB (PIHAHCYBAHHSA IaAy3€H, IO BU3HAYAIOTH EKCIOPTHHI

morenniaa €C 1 Vkpainm, yAockoHaseHHI (DIHAHCOBOIO MEXaHI3My €BpoiHTerpamii Ta
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E€KOHOMIYHOI'O, COIIIaABHOTO, €KOAOITYHOIO BIAHOBAEHHA YKpalHH 3a PaXyHOK 3aAyYCHHA

MIKHAPOAHHUX AOHOPCBKUX (DOHAIB.
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Accounting and analytical aspects of the cost management process !

Abstract: Any manufacturing enterprise functioning is always associated with producing goods and their
sale, i.e.,, promotion from the manufacturer to the consumer. Implementing these tasks would be
impossible without costs since they ensure the economic activity of the business entity. The study of
costs is extremely relevant since they determine the general goal of the enterprise’s activity — profit. The
study object is the process of cost management, which is closely interrelated with the profit generation
process. The study subject is a set of theoretical, methodological and applied approaches, studying the
formation and implementation of the cost management process, considering the sectoral characteristics
of food industry enterprises. The purpose is to research the economic essence of costs for their
formation and effective management. To achieve this purpose and solve the tasks set, the author used
general scientific and specific research methods, the grouping method and the inductive method to
collect and summarize information, methods of analysis, synthesis and comparison for processing an
array of information and comparing performance indicators of food industry enterprises, graphic and
tabular methods for visual display of the results obtained and displaying trends, statistical methods for
calculating economic indicators and the rate of their change, and abstract-logical method for forming
conclusions based on the results obtained. The author concludes that in conditions of uncertainty in the
external and internal environment, cost management and control come first in the effective enterprise
management mechanism, from planning to cost control. Timely, complete and reliable information
about all enterprise expenses, including administrative and sales expenses, and especially the cost of
production, can improve the enterprise’s financial condition.

Keywords: material costs, food processing, dairy industry, cost management.
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O06AiIKOBO-aHAAITHYHI ACIIEKTH IIPOIECY YIIPABAIHHA BUTPATAMU

Apmnomayin: OyHrumioHyBaHHA OYAB-fIKOTO BHPOOHHYOIO IHAIIPHEMCTBA 3aBXKAHM IIOB’f3aHE 3
BUPOOHHUIITBOM TOBAapiB Ta IX peaAi3alfiero, TOOTO IPOCYBAHHAM BiA BHPOOHHKA AO CIIOKHBAYA.
3AICHEHHA HHUX 3aBAAHB OYAO O HEMOXKAMBHUM O€3 BHTPAT, OCKIABKM CaM€ BOHH 3a0€3IIEUyIOTH
TOCITOAAPCBKY AIIABHICTE Cy0’€KTa TOCIIOAAPIOBAHHSA. AOCAIAMKCHHSA BUTPAT € HAASBUYAIHO AKTyAABHIIM,
OCKIABKH BOHH OOYMOBAIOIOTH IOAOBHY METy AIAABHOCTI IianpuemcrBa — upudyrok. OO’ekrom
AOCAIAKEHHSA € ITPOIIEC YIPABAIHHA BUTPATAMU IIIO TICHO B3a€MOIIOB I3aHUI 13 IIpo1iecoM (DOPMyBAHHA
pubyTKy. [T peAMETOM AOCAIAKEHHSA € CYKYITHICTD TEOPETUIHHIX, METOAUYIHUX T4 IPHUKAAAHHIX IIAXOAIB
II[0 BUBYEHHA (POPMYBAHHA Ta peaAl3aliil IIPOLIECY YUPABAIHHA BUTPATAMHE i3 BPAXyBAHHAM IAAY3EBUX
0COOAMBOCTEH IMAIIPHEMCTB XaPHUOBOI IPOMHCAOBOCTI. MeTOI0 AOCAIAMKEHHS € BUBYEHHA EKOHOMIIHOL
cyrHOCTI BHTpaT AAA popmyBaHHA Ta e€(EKTHBHOIO yHIpaBAiHHA HuMU. AAA AOCATHEHHA MeTH i
BUPIIIEHHA IIOCTABACHUX 3aBAAHb OYAH 3aCTOCOBAaHI 3araAbHOHAYKOBI Ta CIIEIIAaABHI METOAU
AocAlAKeHHA. METOA IpylyBaHb, IHAYKTUBHHI METOA 3aCTOCOBYBAAMCH IPH 300pl Ta y3araAbHEHHI
indopmariii; METOAN aHAAI3y, CHHTE3y Ta HOPIBHAHHA — AAfA OIPALIIOBAHHA MacuBy iHdoOpMmarii Ta
CIIBCTABACHHA IIOKA3HUKIB AIABHOCTI INAIIPHEMCTB XapduoBOI IIPOMHCAOBOCTI; IpadpidHHI T2
TaOAHMYHUN METOAH — AAA HAOYHOIO BIAOOPAKEHHA OTPHMAHHX PE3YABTATIB Ta BIAOOpAKEHHA
TEHACHIIIH; CTATHCTUYHI METOAM — IIPH PO3PAXYHKY EKOHOMIYHUX ITOKA3HHKIB Ta TEMIIB iX 3MiHMH,
aOCTPaKTHO-AOTIYHHUH — IpH (DOPMYBAHHI BUCHOBKIB 32 PE3YABTATAMU OACP/KAHUX PE3YABTATIB. ABTOP
poONTh BHCHOBOK IO B YMOBAX HEBH3HAYEHOCT] 30BHIIIHBOIO 1 BHYIPIIIHBOIO CEPEAOBHIIA,
VIPaBAIHHA Ta KOHTPOAb 32 BHTpPATAMH BHUXOAUTb Ha IIEpINE MicCIle B MexXaHi3mi edexruBHOIo
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VIIPaBAIHHA IIATIPHEMCTBAMH, BiA ITAAHYBAHHA, AO KOHTPOAFO BUTpaT. CBO€9YACHA, IIOBHA Ta AOCTOBIPHA
indopMmaLlis IIPO BCl BUTPATH IAIIPUEMCTBA, 30KpEMa 1 aAMIHICTPATHUBHI 1 BUTPATH Ha 30yT Ta OCOOAHUBO
CO0IBAPTICTD IPOAYKIIT MOKE MOKPAITHTH (PIHAHCOBUI CTAH INAIIPUEMCTBA.

Kaouosi cn06a: matepianpHi 3aTpaTH, Xap4oBa IPOMUCAOBICTD, MOAOYHA IIPOMHCAOBICTD, VIIPaBAIHHSA

BUTpaTaMH.

r\?\/ﬂ;

Beryn
Xap4uoBa IPOMHCAOBICTh YKpaiHH 3a0esredye ii IIPOAOBOABYY OE€3IIEKy, aAKe €

CTPATErYHO BAKAUBOIO Ta IIPIOPUTETHOIO TAAY33F0 €KOHOMIKK YkpaiHu. OcoOAHBO rocTpo
IIOCTA€ II¢ IINTAHHA B YyMOBaX OOHMOBHX AlH, IO CYIPOBOAKYETHCA HE AHUIIEC CKOPOYCHHAM
IIAIIPUEMCTB B Pe3yAbTaTi (DI3SUMIHOTO 3HMINEHHA, CKOPOYEHHAM CHPOBHUHHOI 0a3m, aAe i
3POCTAHHAM TEeMIIB IH@AAL], 3pOCTAHHA IIH HA CHPOBHHY, ITAAUBHO-MACTHABHI MaTepiaAml
TOIIIO.

Bupobaena mHpOAyKIiA INAIPHEMCTBAMH Xap4doOBOI TIaAy3i € TOBapaMH IepIioi
HEOOXIAHOCTI, THM CAMHM 320€3IIeYYIOYH CTA0IABHICT B CYCIIIABCTBI, Ta IIPOAOBOABYY OE3IIEKy
B KpaiHi.

B ymoBax obmekeHHX pecypciB, iHMAALI Ta IHITUX HEPEIIKOA IIEPEA MAIIPUEMCTBAMUI B
HE32AEKHOCTI BIA PO3MIPY F'OCTPO ITOCTAE ITUTAHHSA YIIPABAIHHA BUTPaTaMU. AAXKE OCOOAHUBICTIO
IIAIIPUEMCTB XaPYOBOI IIPOMHCAOBOCTI € IX BHCOKAa MATEPIAAOMICTKICTB, YUM 1 BUKAHKAHO
ITOTPEOY YIIPABAIHHA BUTPATAMI.

O0’eKTOM AOCAIAKEHHS € IIPOIIEC YIIPABAIHHA BUTPATAMH IO TICHO B3a€EMOIIOB A3aHUIT 13
rporecoM pOpMyBaHHSA IPHUOYTKY.

ITpeameTOM AOCAIAKEHHS € CYKYIIHICTh TEOPETHYHHX, METOAMYHHUX T2 IIPUKAAAHHIX
IAXOAIB IIIO BHBYEHHA (DOPMYBAHHA Ta peaAlsarii IIpoIlecy VIIPaBAIHHA BHUTpaTamMp i3
BPAXYBAHHAM I'aAY3EBUX OCOOAMBOCTEH IAIIPHEMCTB Xap9IOBOI IIPOMUCAOBOCTI.

MeToro AOCAIAKEHHS € BHBYCHHSA EKOHOMIYHOI CYTHOCTI BHTpAT AAf (DOPMyBaHHA Ta
eeKTUBHOTO YUPABAIHHA HUMH.

Buxoasan 3 MeTn AOCAIAKEHHS OYAN BU3HAYEH] Ta BUPIIICH] HACTYIIHI 3aBAAHHA:

—  AOCAIAKEHA EKOHOMIYHA CYTHICTh BUTPAT Ta BU3HAYEHI X OCHOBHI KAACH(IKAIIHI O3HAKHI

IIIACTaBl HOPMAaTHUBHO-3aKOHOAABYOI 0a3n Y Kpainm;

—  BH3HAYEHI OCHOBHI €TAIIN IIPOIIECY YIPABAIHHA BUTPATAMH, O3HAYECHI OCHOBHI HAIIPAMKH

peaaisarii KOKHOTO eTany;

— IPOAHAAI3YBATH  E€KOHOMIYHI  ITOKAQ3HHKH  AIIABHOCTI  INATIPHEMCTB  XapdYoOBOi
IIPOMHCAOBOCT] ITIOAO B32€EMO3B’AI3KY T4 BIAITOBIAHOCTI MIK MAaTepiaAOMICTKICTIO Ta
BUTPATO MICTKICTIO.

AAf  AOCATHEHHS METH 1 BHUPIIIEHHA IIOCTABACHHX 3aBAAHb OYAHM 3aCTOCOBaHI
3araAbHOHAYKOBI T4 CITEIIaAbHI METOAH AOCAIAKEHHA. MeTOA IpyIyBaHb, IHAYKTHBHHH METOA
3aCTOCOBYBAAUCH IIPU 300pl Ta y3araAbHEHHI iHQOpMAIL; METOAH aHAAI3y, CHHTE3y Ta
ITOPIBHAHHA — AAA OIIPAIIFOBAHHA MacUBY iH(OpMaIIii Ta CIIIBCTABACHHS ITOKA3HUKIB AIAABHOCTI
IIATIPHEMCTB XapY4OBOi IIPOMUCAOBOCTI; rpadpiaHmil Ta TAOAHYIHHUN METOAH — AAA HAOYHOTO

BIAOOP@KEHHA OTPHMAHHUX PE3YABTATIB Ta BIAOOPAKEHHA TEHACHIIIN; CTATUCTUYIHI METOAU —
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IIPH PO3PAXYHKY EKOHOMIYHHX ITOKA3HHKIB Ta TEMIIB IX 3MIHH, a0CTPAKTHO-AOTIYHHUI — IIPU
dopMyBaHHI BUCHOBKIB 32 PE3yABTATAMU OAEP/KAHHX PE3YABTATIB.

[TpobAeMu IIOAO IIPOIIECIB ITOB’A3AHUX 13 IIPOLIECOM YIIPABAIHHA BHTPATAMU IIIKABHAM
6araThbOX HAyKOBIIB B Pi3HI IepioAu. Tak AOCAIAKEHHA 0COOAMBOCTEI (DOPMYBAHHA CHCTEMU
VIIPaBAIHHA BUTPATAMH Ta i CKAAAOBHX 3AlMCHUAM Taki BirunsHAHi BueHi Ak C.P. ['oaos, B.M.
TF'opaierko, M.I'. I'permak, 1.€. Aauposuda, A.I'. 3aropoanii, T.1. Kapmosa, O.€. Kyspmin, O.I.
Meapnuk, B.O. Ozepan, O.O. ITonos, I.b. Caposcrka, FO.C. Llaa-ITaako Oararo iammumx. Humu
BU3HAYCHI PEaAbHI HAIIPAMKHI 3MEHIIICHHA BUTPAT T4 BUZHAYECHI OCHOBHI HAIIPAMKHU PO3POOKH
VIIPaBAIHHA HUMH 13 3aCTOCYBAHHAM IIAXOAIB AO CYTHICHOTO PO3YMIHHSA YIIPABAIHHSA BUTPATAME
IMOAO IAeHTH@IKAII CydaCHHUX METOAB Ta npuHimiB (Apmemonosa i Axyswmuna, 2018,
Amamac, 2006; basan, 2014; bisa ma in., 2012; Beauxuii ma in., 2009; 10408, 2008; Aasudosuu,
2008).

[TurransaAM yIpaBAIHHA BUTPATAMH OB I3aHUMH 13 (DOPMYBAHHAM IPHUOYTKY IPUCBATHAN
cBoi HaykoBl Ipari Taki BuAatHi HaykoBmi Ak H. Amapromenxo, A. babo, I. baanx, ®.
byrunerns, M. Baxpymuna, C. I'oroB, M. Boiirapenko, 1. Aasuaosmua, M. Aanmarox, I
Koszauenko, I'. Kpamapenko, O. Kyspmin, B. Aermriit, B. Ay’anosa, O. Maprora, A. MiaaaTow,
1. Hecropuien, O. Opaos, B. ITaaiir, A. ITuaunenko, FO. IToropeaos, A. IToaaeprorin, C.
[MoxponuBauii, €. Pyanivenko, €. Pacuux, B. Casuyk, A. Cypmaii, A. Typuao, FO. Llaa-Llaaxko,
A. Ilepenmer, 1. Iymrerep Ta iw. (I o208, 2008; Aasudosuy, 2008).

Pe3yapTaTi AOCAiAKEHHA

Biamosiaao Ao 11. 21 IICBO 16 «Burparn» Burparn onepaniiiHoi AiIABHOCT] IPYIIYIOTBCH
32 TAKUMHU CKOHOMIYHUIMU €ACMEHTAMI:
®  MareplaAbHI 32aTPATH;
®  BHUTPATH HA OIIAATY IIPAILL;
®  BiApaxyBaHHSA Ha COIIAABHI 3aXOAH;
®  AMOPTH3AIlif;

e  immm onepaniiini Burparu (I lososmenms. .., 1999).

VipaBAiHHA BATpaTaMH — II€ IIPOIIEC KOHTPOAO, ITAQHYBAHHSA Ta OITHMI3aIll BHTPAT Y
IIAIIPHEMCTBI YU OCOOMCTOMY OFOAMKET] 3 METOFO AOCATHEHHA (hiHaHCOBOI epeKTUBHOCTI Ta
crabiapHoCTi. et mportec BkArouae B cebe ertanu Aki mokasaui B Aoaatky (Pucynox ).

VipaBAlHHA BUTPATAMUI MOZKE OYyTH BaKAHBHUM IHCTPYMEHTOM fIK AAfA OI3HECY, Tak 1 AAA
ocobucTux (hiHAHCIB, AOIOMAraroun 3adesnednTH (PIHAHCOBY CTAOIABHICTH Ta AOCATHEHHS
ITIOCTABAEHUX ITIAEN.

AHAAI3 BHTPAT MOMKE BKAIOYATH KAACHMIKAINIO BHUTPAT 34 KATErOPiAMM, BHABACHHA
OCHOBHHX AKEPEA BUTPAT T4 OIIHKY iX BIIAUBY Ha 3araAbHY (DIHAHCOBY CHTYAIIifO.

Erarr BcTaHOBAEGHHA OIOAKETY IlepeADadae BHU3HAYEHHSA MAKCHMAABHUX AOIYCTHMHUX
BUTPATHUX OOCATIB HAa IIEBHUH TEPIOA 9aCy (HAIIPUKAAA, MICAIb, KBAPTAA, Pik). Broaxer moixe
OyTH CKAAACHUIT AAA PI3HUX KATETOPid BUTPAT 200 3araAbHOIO OFOAKETY.

KonTpoAs BHTpar, fK OAMH 3 €TaliB IHIPOIIECY VIPABAIHHA BHUTPATAMH, MICTHTDH

CHOCTCpC)KCHHH 3a BI/ITpaTaMI/I B pCaAbHOMY vaci Ta HOpiBHHHHH IX 13 32aA2HOBAHUMU
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sHadeHHAMU. [le Moike BKAFOYATH BEAEHHA OOAIKYy BHTPAT, BHKOPHCTaHHA (PIHAHCOBUX
IIporpam ad0 AOAATKIB AAf MOHITOPHUHIY BUTPAT.

Eran orrrumizariii MICTUTE IOIIYK 1 PEaAi3aliito MOKAMBOCTEH AAAl 3HIZKEHHA BUTPAT Oe3
BTpaTH fAKocTi 200 edexruBHOCTL. lle MOKe BKAIOYATH IIEPErAfIA Ta IIEPEIOBOPH 3
ITOCTAYAABHUKAMM, ITOINYK OIABII edEKTHBHHUX a00 EKOHOMIYHHX AABTEPHATUB, a4 TaKOMK
BIIPOBAAKEHHSA YAOCKOHAACHD Y IIPOIIECAX.

3aKAFOUHMNA eTall IIPOIECY VIPABAIHHA BHUTPATAMU «aHAAI3 PE3yABTATIB» IepeAbadac
OIIHKY e(EKTUBHOCTI IIPOBEACHHX 3aXOAIB 3 yIpaBAiHHA BuTpartamu. lle aAomomarae
BU3HAYUTH, HACKIABKH YCIIIITHO OyAO 3AICHEHO YIPaBAIHHA BHTpAaTAMU Ta YU HEOOXIAHI
KOPEKTUBH B CTpATErii.

Lleit mporec Moke OYTH IIPU3HAYEHUI K AAfl OI3HEC-OpraHi3aIlii, Tak i AAf OCOOHCTHX
dinancis. Bin aomomarae 3abesneuntn edeKTHBHE BHKOPHCTAHHA PECYPCIB 1 IATPHMYE
dinaHCOBY cTAOIABHICTD

Buuenna mporiecy yrpaBAIHHA BHTPATAMH HEMOKAUBE O€3 PETEABHOTO aHAAI3Y TaAy3l.
AAf BIABIII A€TAABHOTO aHAAI3y BHOPAHO INAIIPHEMCTBA MOAOYHOI IpomMucAoBOCTL. Bubipka
chopmoBana 3 AiaepiB raAysi, fiki € AarMaHAMH TaAy3i, Ta BEAYTh AKICHE VIIPAaBAIHHA
Butpatamu. OAHAK IIAIIPHEMCTBA, AKI IOTPAIIMAM B BHOIPKY pi3HI 32 po3mipaMu Ta
BUPOOHUYOIO ITOTYKHICTIO IIEPEPOOKU MOAOKA.

Aast araaisy o6yan oopani HactymHi manpuemcra: [TAT «HepHiriBcbknii MOAOKO3aBOAY,
IIpAT «Tepuomiabcpkuii MoAOKO3aBOA», TAB «Iroturceknit macrozasoa», TOB «Aanon
Antpoy, TIpAT «Bimm biaae Aann Vipaimas, AT «Kuromupcesknii macaoszasoay, [IpAT
«Kombinar [Tpuaninposcekniv, [IpAT «Ayoromoaoko», [TIpAT «O0yXiBChKHIT MOAOKO3aBOAY,
TOB «Moaouna komrranis «[asmanaay.

B pesyaprari aHAAI3y ITOKa3HHUKIB AIABHOCTI IAIIPHEMCTB fIKI IIOTPAIIMAN B BHOIPKY 32
2020-2021 pokm; CAIA BIAMITHTH 3pOCTAaHHSA ITOKA3HHKA YHUCTOTO AOXOAY BIA peaAlsariii roToBoi
IIPOAYKIIil, aA€ Il IMOKA3HUKMA MAFOTh HAWBHUINE 3HAYCHHA B INAIIPHUEMCTBAX fAKI BXOAATH B
irrerposani 00’ eananus (Pucyrox 2).

AAe B TON jKe 9ac IAPAACABHO 31 3POCTAHHAM AAHOTO ITOKA3HMKA, CAIA BIAMITHTH i
3pOCTaHHA IOKA3HUKA COOIBAPTOCTI PeaAi30BaHOl IIPOAYKIILL.

Haiibiab1mre spoctanns cobiBapTocTi peasisoBanoi mpoaykii BiaAbyaocs uHa IIpAT «Bimm
biaap Aann Vipaina» (ma 60,61%), TOB «Moarouna kommania «lasmamaa» (Ha 29,91%) Ta
[IpAT «TepHOImABCHKII MOAOKO3aBOA» (Ha 23,88%0).

Ane ma [TpAT «Kombimar [Ipuaninposcskmin» Ta ITpAT «O0yXiBChbKIIT MOAOKO3aBOA» MU
0aYMMO 3MEHIIIEHHA COOIBAPTOCT] peari3oBaHOl HPOAYKIl BiAOyAoca 3menmenHs Ha 18% Ta
Ha 0,55% BiATTOBIAHO.

Bapro BiamiTETH, IO Ha OIABIIOCT INAIPHEMCTB AKI AOCAIAKYEOTBCA BIASHAYAFOTHCA
30mTKH (IIed IOKa3HUK CKAaB ITOPAAKY 50%), IO € pe3yAbTaToOM IIEPEBUINEHHA TEMIIB
3pOCTaHHA COOIBAPTOCTI IIPOAYKILI HAA TEMIIAMH 3POCTAHHSA IIOKa3HUKA YHCTOIO AOXOAY.

AaHl IpHIyIIEHHA INATBEPAKEHHI 1 BIAIIOBIAHHMU PO3paxyHKAMH 32 AAHUMH, K
IIOTPAIIIAN § BUOIPKY, 30Kkpema 3a Aanumu 2020-2021 poky 3a paxyHOK 3pOCTaHHA BapTOCTI
OCHOBHO{ CHPOBHHH, BAPTOCTI €HEPrOHOCIB T2 iHIIIX AOHOMKHUX Matepiaais (Tabauys 1).

3HAaYHA YACTKA MATEPIAABHHUX PECYpCiB y CIPYKTYpl HYHCTOIO AOXOAY MOAOYHOTO

IIATIPHEMCTBA CTABUTH 3aACKHICTD €(PEKTUBHOCTI HOIro AIAABHOCTI BIA KIABKOCTI Ta SIKOCTI
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MOAOYHOI cupoBuHH. Ha chOroAHi mampremMcrBa MOAOYIHOI IIPOMUCAOBOCTI BUKOPHCTOBYIOTh
pisHI crrocoOu 3a0e3meueHHsA CBOEl AIIABHOCTI HEOOXIAHUMI OOCATaMHI MOAOYHOI CHPOBUHIL.
A0 TaKHX BIAHOCHTBCA: IIPAMA OPraHi3awis 30MPaHHA MOAOKA Y AOMOIOCIIOAAPCTB HACEACHHH,
KOMIICHCAIIIHI YMOBH CIIBIIpaIli, HAPTHEPChKI YMOBH CIIBIIPAIl 3 AOMOIOCIOAAPCTBAMH,
XOAAMHTOBA IHTErparif 3 CIAbCHKOIOCIIOAAPCHKUMH BUPOOHUKAMHU TOIIIO.

[TipBuIIeHHA MATEPIAAOMICTKOCTI aBTOMATHYHO TATHE 3POCTAHHA TAKOIO IIOKA3HHUKA fAK
BUTPATH HA | IPUBHIO YHCTOIO AOXOAY, AKHI € PE3yABTATOM 3POCTAHHSA BCIX BUTPAT, 30KPEMA
1 aAMIHICTPATHBHHX BUTPAT Ta BUTpaT Ha 30yT (Pucynox 3).

B pesyabrari mpoBeA€HOro aHaAI3y HaMH OYAO BH3HAYEHO, IO TEMIIH 3POCTAHHA
MaTepiaAOMICTKOCT] Ta BUTpParT HA | IPH YHCTOrO AOXOAY HE MArOTh II€BHHX TEHACHIIN. Tak
3pocTaHHA TeMIIB 3MiHH MaTepiasomicTkocti mu Oadummo Ha [IpAT «Tepromiabchkumit
MOAOK032BOA», TOB «Aanon Axinpor, AT «Kurtomupcpknit macrozaBoay, [TpAT «KombiraT
[Mpuaninposceruiy, [IpAT «AyoroMoAokO», TTpAT «OO0yxiBcbknit MOAOKO3aBOA» Ta TOB
«Moarouna komirania «l'aamdguHay. SMEHITICHHS TEMIIB 3MiH BUTPAT Ha | IPH YHCTOTO AOXOAY
BiaOyBaeTbca Ha [IpAT «Bimm biaabs Aanu Vipaina» ta [IpAT «Kombinat [TpuAHIITpOBCHKIID.
3aCAYTOBy€ yBaru HEBIAIIOBIAHICTD TEMINB 3MIHH MATEPIAAOMICTKOCTI Ta BUTpaT Ha 1 IpH
anctoro A0XoAy. Tax Ha [TAT «HepHITBCHKHIT MOAOKO3aBOA» MU CIIOCTEPIrA€MO 3HIKECHHSA
maTepiasomicTkocti Ha 25,5% mnpwm 3pocramni BuTpaTo MicTkocTi Ha 7,23%, a ma [IpAT
«KomOimar [IpHAHITPOBCHKHID HABIIAKK: MaTepiaAOMICTKICTB 3pocrac Ha 0,25% 1pu

3MEHIIIEHHI BUTPATO MicTKOCTI Ha 7,5%.

Awnckycia

HesBaxxaroun Ha YHCACHHI HAPOOKU ICHYE PAA IHTAHB IO HOTPEOYIOTH ITOAAABIIIOTO
AocAiakeHHA. Bricoka cobiBapTicTh BITIH3HAHOL IIPOAYKIILL, BIACYTHICTD (PIHAHCOBUX pecypciB
AASl  PO3BHTKY, BIACYTHICTH CHCTEMH VIIPaBAIHCBKOIO ~PO3BHTKY, aAEKBATHOIO AO IIOTPEO
VIPaBAIHHA ITOTPEOYE BIAKCPIBHHUKIB INAIIPHEMCTB YIIPOBAAKCHHSA Ta 3aCTOCYBAHHSA CYYaCHHX
TEXHOAOTIN YIPaBAIHHA BHTPATAMH, X €KOHOMII Ta 3a1to0iraHHsA BrpaTaM. TOMy BIKHBAHHSA
IAIIPUEMCTB ~ PI3HHX TaAy3ed HampsAMy 3aACKHTb BIA BHOOpPY HANHOIABII IIPUAATHOL
KOHIrypariii eAEMEHTIB CUCTEMH YIIPABAIHHA BUTPATAMU B YMOBaX OOMEKeHNX (DIHAHCOBHX 1

EKOHOMIYHHX PeCypCiB.

BucroBok

Orke, B yMOBaX HEBU3HAYECHOCT] 30BHIIITHBOIO 1 BHYTPIIIHBOIO CEPEAOBHIIA, YIIPABAIHHSA
Ta KOHTPOAB 32 BUTPATAMU BUXOAHUTD Ha IIE€PIIIE MICIIE B MEXaHi3Mi e(DEKTHBHOIO yIIPABAIHHA
IIAIIPHEMCTBAMH, BIA IIAAHYBAHHSA, AO KOHTPOAIO BHTpPAT.

[IiAKOM OYEBHAHO, ITIO CBOE€YACHA, ITOBHA Ta AOCTOBIpHA iH(OpMaIId IIPO BCi BUTPATH
IIAIIPHEMCTBA, 30KpeMa 1 aAMIHICTpaTHBHI 1 BUTpaTH Ha 30yT Ta OCOOAMBO COOIBapTICTH
IIPOAYKII MOKe HOKparmuTa (PiHAHCOBHH craH IanpuemcrBa. Ha cboroami icmye Oesaiu
CIIOCOOIB KOHTPOAIO 32 BUTPATAMH B 3AAEKHOCTI BiA PO3MIPY IIAIIPHEMCTBA, CTAAll JKHTTEBOTO
nukAy manpuemcrsa. Lle Moxy OyTu BiA HOBITHIX mporpam, A0 Tabauip Excel.

To6T10, yIIpaBAIHHA BUTPATAME Ha IAIIPHEMCTBAX BHIIIIAO 33 MEKi BIIAUBY Ha BUPOOHMYI
BUTPATH T2 PO3IIOBCIOAUAOCH Ha BCl BUTPATH, AKI BUHHKAIOTH 400 MOKYTh 3 ABUTHCA Y IIPOIIEC]

AIIABHOCT] IIAITPHEMCTBA.
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Philosophical, historical, and cultural aspects of humanitarian training in the
educational environment !

Abstract: In the Ukrainian higher education system, in addition to challenges such as the impact of
COVID-19, quarantine measures, and the Russian invasion, there are trends such as a flood of
information that is not easy to absorb, and the prevalence of multi-subject courses that break
interdisciplinary coherence and promote fragmented understanding and technocentric thinking instead
of a holistic wortldview. A broader shift in education toward personal and cognitive development is
underscored by the saturation of the curriculum with specialized subjects. The study of innovative
teaching methodologies in this context seems appropriate and justified. The study subject is the
consideration of creative teaching methods from the viewpoint of the humanistic concept of education.
The purpose is the analysis of research issues of humanization of education, and the emergence and
separation of disciplines with a focus on universal values. The article analyzes and considers such trends
in the Ukrainian higher education system as the explosion of information and the spread of
multidisciplinary courses, disrupting interdisciplinary coherence and promote fragmented understanding
and technocentric thinking instead of a holistic view of the wotld. A broader shift in education toward
personal and cognitive development is underscored by the saturation of the curriculum with specialized
subjects. The study of innovative teaching methodologies in this context seems appropriate and justified.
The authors emphasize that the main task of humanization and humanization of education is to immerse
people in reaching humanitarian culture in the educational framework and various student engagement
forms. This will counteract the one-dimensional nature of the individual imposed by professional
specialization and promote a more holistic development. The historical context of the term defines
“humanistic” as a reflection of a value system that uplifts people by providing policies and institutions
that promote human well-being, happiness, justice, and empowerment. Thus, “humanitarian” refers to
professions, focusing on understanding and interpreting human behavior, spirituality, and cultural
phenomena. The final version notes that humanism is a dynamic worldview that evolves and is subject
to diverse interpretations in different social groups and cultures, including differences between Western
and Eastern perspectives. The debate about humanism in education continues unabated in the context
of Ukraine, forming its identity according to Western models.

Keywords: humanization of education, humanization, identity formation, value system, personality needs,
humanistic education.

PRI

®irocodCchKi Ta iCTOPUKO-KYABTYPHI ACIIEKTH I'yMaHITAPHOI IIATOTOBKH (paxiBIliB B
OCBITHBOMY CE€pPEAOBHIIIL

Amnomayin: B ykpaiucpkiii cucremi BUIIO! OCBITH, KPIM TakuX 11podaAem, Ak Briaus COVID-19, kapantunmi
3aXOAH Ta POCIFChKE BTOPIHEHH, ICHYFOTD TAKI TEHAEHLI, AK IOTIK IHdopMaril, AKy HEAETKO 3aCBOITH,
1 mepeBaKaHHA 0araToCyd’€KTHUX KYPCIB, AKI IIOPYIIYIOTh MIKAUCIUIIAIHAPHY Y3TOAMKEHICTD 1 CIIPHAIOTH
dparmMeHTAPHOMY PO3YMIHHIO 1 TEXHOLIEHTPUIHE MUCACHHA 3aMiCTb IiAICHOTO cBiTOTAfIAY. Hacuuaenns
HABYAABHOI IIPOTPAMH CIICIIAAI30BAHHUMU IIPEAMETAMH IIAKPECAIO€ OIABII IIMPOKUI 3CyB B OCBITI,
CHPAMOBAHMN HAa OCOOHCTICHHMH 1 KOTHITHBHHUN pPO3BUTOK. BHBYEHHA IHHOBALIHHHX METOAHK
BUKAAAAHHA B IIPOMY KOHTEKCTI BHAAETHCA AOPEYHHUM 1 BHIIpaBAAHHM. [IpeAMeTOM AOCAIAKEHHA €
PO3TAfIA IHHOBAIIMHHUX METOAIB HABYAHHSA 3 TOYKH 30py I'yMaHicTHYHO! KoHmemlii ocsitu. Meroro
AOCAIAKEHHA € aHAAI3 IMPOOAEM IyMaHi3aIli OCBITH, ITOABH 1 BUAIACHHA AMCLHIIAIH 3 aKIEHTOM Ha
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3arAaABHOAFOACBKI ITIHHOCTL. Y CTaTTi IIPOaHAAI30BAHO Ta PO3TAAHYTO TaKi TEHACHII CHCTEMH BHITIO
ocBiTH YKpaiHH, fIK craeck iHGOpPMALIl Ta MOIIHPEHICTs OAraTOIPEAMETHHUX KYPCiB, AKi IOPYIIYIOTH
MIKIIPEAMETHY Y3TOAKEHICTD, CIPHAIOYM (PPArMEHTOBAHOMY PO3YMIHHIO Ta TEXHOLICHTPHIHOMY
MHCACHHIO 3aMiCTh IIIAICHOTO cBiTOrAfAy. HacwdeHicrs HABYaABHOTO IIAQHY CIIEITAAI30BAHIMUI
IIPEAMETAMH IIAKPECAIOE IITUPIIIHIH 3CyB B OCBITi IK AO OCOOHCTICHOTO, TaK 1 AO KOTHITHBHOIO PO3BHUTKY.
AocaipkeHHS IHHOBAIIHUX METOAOAOIINM HABYAHHSA B IIbOMY KOHTEKCTI BHIASIAAE AOLIABHHM Ta
BUIIPABAAHHIM. ABTOPH MIAKPECAIOIOTD, III0 TOAOBHHIM 3aBAAHHAM I'YMAHI3aIi Ta r'yMaHiTapU3anii ocBiTH
€ 3aHYPEHHA AIOACH y OaraTCTBO I'YMaHITAPHOI KYABTYPH B OCBITHIX paMKax i pisHHX (DOpMax 3aAyICHHA
CTYACHTIB, IIIO AO3BOANTD IIPOTHAIATH OAHOBUMIPHIH IIPHPOAL OCOOHCTOCTI, HaB A3aHIN PO eCciiHOIO
CIICIIAAI3AINEFO, CIIPHUAIOYN OIABII HIAICHOMY PO3BHTKY. lCTOPHYHMI KOHTEKCT PO3LASAY KOHIICIITY
BU3HAYAE TYMAHICTUYHHI» fAK BIAOOpaKEHHA CHCTEMH IIHHOCTEH, fKa IHAHOCHTH AIOACH,
repeAdadaroYH All Ta IHCTHTYIIL, CIIpAMOBAHI Ha CIPUAHHA AOOPOOYTY AOACH, IIIACTH, CIPABEAAHBOCTI
TAa PO3IIMPEHHA MOMKAHUBOCTCH, TAKHM UYHHOM «IYMAaHITADHHI» BIAHOCHTBCA AO Ipodecii,
30CEPEAKCHHUX Ha PO3YMIHHI Ta IHTEepIperariii AFOACBKOI ITOBEAIHKH, AYXOBHOCTI Ta KYABTYPHUX
denomeniB. B kiHIIeBOMY BapiaHT] 3a3HAYAETHCH, IO IYMaHI3M ABAAE COOOIO AMHAMIYHUN CBITOTASIA,
AKUI PO3BUBAETHCA 3 YACOM 1 IMAAATAE PISHOMAHITHHM IHTEPIIPETALIAM Y PISHUX COINAABHIX IPYHIAX 1
KYABTYPaX, BKAIOYAIOYM BIAMIHHOCTI MDK 3aXIAHOEBPOIICHCHKOIO Ta CXIAHOIO IIEPCHEKTHBAMH. Y
KOHTeKCTl YKpaiHu, sfika (HPOpPMye CBOIO IACHTHYHICTH 32 3aXIAHUMH 3paskaMi, AeOATH HABKOAO
I'YMaHI3My B CHCTEMi OCBITH HE BII[YXaIOTb.

Karwuosi crosa: rymanizaris ocsiTh, rymaHiTapusaria, (pOpMyBaHHA IAGHTHYIHOCTI, CHCTEMA I[IHHOCTEH,

roTpebu 0COOUCTOCTI, IFYMAHICTHYHE BUXOBAHH.
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Introduction

In the Ukrainian higher education system, in addition to challenges such as the impact of
COVID-19, quarantine measures, and the Russian invasion, there are trends such as a flood of
information that is not easy to absorb, and the prevalence of multi-subject courses that break
interdisciplinary coherence and promote fragmented understanding and technocentric thinking
instead of a holistic worldview. A broader shift in education toward personal and cognitive
development is underscored by the saturation of the curriculum with specialized subjects. The
study of innovative teaching methodologies in this context seems appropriate and justified.

The study subject is the consideration of innovative teaching methods from the point of
view of the humanistic concept of education.

The purpose is the analysis of research issues of education humanization, and the
emergence and separation of disciplines with a focus on universal values.

The proposed goal can be achieved by solving research problems related to the historical
genesis of the emergence of the education humanization paradigms, understanding the
interrelations of scientific and social values, analyzing the dichotomy between the natural
sciences and the humanities, and satisfying the spiritual needs of the individual through
educational opportunities.

The main methods of studying this problem were the method of research and analysis of
scientific texts, the method of extrapolation and comparative methods, the comparative
historical method, and the method of extrapolation. They contributed to a comprehensive
analysis of the issues of humanizing and humanizing knowledge and its implementation in

education.
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Many contemporary scientific studies recognize the problem of understanding the
relationship between science and social values as a prerequisite for the modern development of
science and education. In this regard, we can single out the works of R. Mardonov, Z. Bell, G.
Dunne, M. Kultaieva, A. Minosian, O. Varypaev (Jurchenko et al., 2020; Kultaieva & Grygorova,
2023; Dunne, 2023). The challenges and contradictions of a highly unstable world have led to
different and even conflicting assessments of the role of science in society, ranging from
scientific populism to anti-scientific sentiments. Supporters of this trend argue that science itself
is an absolute value that can solve all social problems: economic, political, social, cultural, and
so on (Ball, 2003). At the same time, there are social and humanitarian disciplines rejected as
having no positive value. In this context, it is necessary to instill an understanding of the
importance of the paradigm of humanism, which develops a holistic worldview, in the higher

education system.

Creating a humanistic educational system

The most significant research materials on the humanization of education date back to the
fifteenth century, when European universities began a movement to include disciplines that
focused on human values in the educational process. However, the dominance of the natural
sciences and further technological advances in modern times have overshadowed this
humanizing trend. A cognitive, scientific approach has been favoured in educational practice
(Mardonov, 2021, Minosian et al., 2019). The emphasis was shifted to the targeted application of
scientific knowledge and methods in technology development. However, this turn came at the
cost of developing scientific thinking at the spiritual and moral education expense and splitting
a single culture into separate humanitarian and technical spheres. The idea that personal
development requires a holistic approach to education was central to the discussion among
intellectuals. This, in turn, requires continuous improvement of the educational system and, in
particular, educating the pedagogical staff in schools and technical universities, which continue
to be the center of the global and Ukrainian educational system (Mardonov, 2021, p. 290).

Addressing the imperative to humanize education requires examining fundamental
concepts. “Humanism” is broadly defined as the system of values that shapes human identity
through actions that promote individual well-being and support the inalienable right to live with
dignity. In a narrower sense, it refers to the cultural movement of the Renaissance in Europe,
particularly in Italy and Germany. In the mainstream of this movement, humanism was
originally a specific intellectual endeavor centered on philological studies, including rhetoric,
grammar, poetry, ethics, and philosophy. Rooted in a deep respect for language, Renaissance
humanists sought wisdom primarily in ancient texts and sought to elevate human character
through acquiring ancient knowledge (Ba/, 2003, pp. 10-15).

Later, the term “humanities” was extended to include a cluster of disciplines known as the
humanities, which explore various aspects of human spirituality, such as philology, ethics,
philosophy, history, aesthetics, law, etc. As a result, scholars in these fields began to be called
humanitarians, to distinguish them from humanists, who support humanistic ideals regardless
of their profession.

In the philosophical discourse, the sharp contrast between the humanities and the natural
sciences was emphasized by the Baden school of neo-Kantians, especially G. Rickert. They
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argued that the natural sciences study objective phenomena to describe the general, typical, and
universal laws of nature, while the humanities study the manifestations of the human spirit, with
an emphasis on the subjectivity and uniqueness of human existence. G. Rickert also argued that
research in the humanities favors values that are inherent in human life, such as significant
historical events, the lives of influential figures, and classic works of literature.

This dichotomy between the humanities and the natural sciences is also supported by those
advocating phenomenological hermeneutics. They observed that while the natural sciences are
concerned with the explanation of natural phenomena, the humanities are concerned with
understanding the intricacies of human life and its manifestations.

The historical context of the term defines “humanistic” as a reflection of a value system
that uplifts people by providing policies and institutions that promote human well-being,
happiness, justice, and empowerment. Thus, the term “humanities” refers to professions
focusing on the understanding and interpretation of human behavior, spirituality, and cultural
phenomena, which are collectively referred to as the humanities (Minosian et al., 2019, p. 335).

Thus, in education, humanization implies creating an educational system that is in harmony
with the values and ideals of the humanist tradition. At the same time, humanization implies
enriching educational programs with humanitarian content. This requires the introduction of
humanitarian disciplines into the curriculum.

The distinction between the “humanization of education” and the “humanization of
training” reveals clear vectors for the reform of higher education. In the broadest sense,
humanization aims to promote a humane educational environment in society that is consistent
with humanistic ideals, including personal autonomy, social justice, and human dignity. In
contrast, humanization specifically refers to the content and methodology of university
education (Borinsteyn, 2014, pp. 30-31).

It is significant to note that humanization is more than just the expansion of the humanities
in the curriculum; it is the fundamental inculcation of humanistic values in young people and
the formation of their personalities. The main challenge, which is particularly difficult to
implement in practice, is to change the educational system so that it conforms to humanistic
norms and ideals. This means that the state guarantees citizens the realization of their human
rights and freedoms, which leads to a decent life in connection with their chosen profession.

Another mission is to immerse people in reaching humanitarian culture through
educational frameworks and various forms of student engagement. Its goal is to counteract the
one-dimensional nature of the individual imposed by professional specialization and to promote
a more holistic development.

There are significant differences in the interpretation and solution of the problems of
humanization and education humanization, both theoretically and practically. Humanism is a
dynamic worldview that evolves. It is subject to different interpretations in different social
groups and cultures, including differences between Western and Eastern perspectives. The
debate about humanism in education continues unabated in the context of Ukraine, which is
forming its identity according to Western models.

The practical challenges that arise in this discourse are often related to balancing individual
and public interests, reconciling the rights of younger generations to education with the real

capabilities of the state, guaranteeing graduates employment according to their degrees, and
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holding universities accountable for quality education while regulating internal relations among
students, teachers, and administrators. Humanistic elements in the educational system include
the promotion of a creative learning environment, the promotion of opportunities for the
general cultural enrichment of students, the management of material aspects of student life, and
the organization of leisure activities. Adopting humanist ideals means putting individual
interests before institutional interests, and defending the student’s position concerning the
administrative structure. Despite their proclamation, however, these ideals are difficult to realize
(Minosian & Varypaev, 2023a).

Those who pursue higher education in socially undervalued professions in such societies
quickly become disillusioned because their qualifications cannot be translated into meaningful
opportunities. This reality underscores the notion that humanism seems to be a luxury that is
reserved for those states that are economically prosperous and governed by democratic
principles. The ideal of a humanistic approach to higher education seems feasible in societies
where the interests of the state and the individual are harmoniously balanced. However, bridging
the gap between humanistic ideals and their practical realization remains a constant challenge in
the real world of business.

The desire for human dignity, increased prosperity, and personal freedom is universally
accepted, although understood from different perspectives. Humanism emphasizes the dignity
of the individual, autonomy, and freedom of belief. Humanism, rooted in European soil, is
increasingly converging with the values of liberal democracy.

The constant tension between individual aspirations and state interests, between the right
to free choice of occupation and employment opportunities in the labor market, and between
access to education and the economic capacity of the state to support higher education, becomes
apparent when the humanization concept is translated into practice. Thus, implementing the
educational paradigm requires compromising between idealistic aspirations and pragmatic

realities.

Concepts for studying and understanding personality

Recently, there has been a significant paradigm shift in approaches to higher education.
Instead of striving to educate only qualified professionals, the emphasis is being shifted to
meeting the spiritual needs of the individual through educational opportunities. This indicates a
significant trend - the de-ideologization and humanization of higher education.

In this new context, humanities research is increasingly saturated with personal issues. The
emphasis is shifting from activity-oriented concepts to the study and understanding of the
individual. This means that educational goals are no longer limited to preparing students for
specific jobs. Instead, they are designed to develop and meet the needs of the individual as a
whole person (Minosian & 1 arypaev, 2023b).

This evolution reflects a long-standing debate among scientists and philosophers about
human nature. Whether the whole person can be understood through his or her activities, or
whether the personality aspect is independent and cannot be completely reduced to the sphere
of activities. Thus, higher education’s focus on personal development reflects the belief that
each person has a unique inner world that is not completely replicated or understood by their
outer actions (Ku/taieva, 2018).
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In the contemporary discourse on understanding human nature, various approaches and
discussions are constantly being developed. First and foremost, it is significant to recognize that
there is no single formula or approach that can provide an exhaustive explanation of the
complexity of human nature. To say that an exclusively activity-based approach is inadequate is
no longer to deny its importance in the context of an understanding of the person.

Activity theory, which emphasizes interaction with the environment through specific
activities, makes it possible to consider a person as an active participant in his or her life. It
reveals to us how the psyche, like the personality traits, interacts with the various forms of
activity that shape it. Significantly, this approach allows us to consider the processes of
“depersonalization” and “appropriation” when an individual interacts with the culture, norms,
and values of the world around him/her.

In the humanities and education, activity theory has become an integral part of
understanding and learning. It helps us to broaden our understanding of how students interact
with the learning material and how they acquire knowledge. In particular, it provides an
opportunity to analyze and optimize learning processes, considering the interaction with the
social environment and context. In this way, activity-based approaches are not only relevant in
modern pedagogy, but they are also a necessary tool for a successful educational practice.
(Minosian et al., 2020).

The education of students is one of the most controversial and complex issues in higher
education, central to discussions among both educators and psychologists.

The answer to the question of whether it is necessary and ethical to educate adults depends
to a large extent on how we understand the essence of education. If we consider it as a process
of forming certain qualities in a person to meet certain standards or needs, then it is possible to
refuse such education. However, if we understand education as creating conditions for self-
developing the individual during university education, the answer is yes.

The task of a teacher in higher education is not limited to transmitting information.
Although books and computers are also sources of knowledge, the teacher plays a unique role
in shaping the cultural environment at the university. He conveys not only a specific set of
knowledge and skills, but also a worldview, values, attitudes, and professional behaviors.

A specialist in the field not only teaches students but also influences their development as
individuals and introduces them to a particular culture. Live communication with him is a key
element of the learning process, which contributes not only to the transfer of knowledge but
also to the formation of cultural heritage and the development of society (Minosian & Yegoron,
2016).

The principle that only one personality can influence the development and formation of
other personalities is still valid today, and only a character can form a true character. Education,
therefore, is not just the transfer of knowledge, but also the construction of a system of
relationships between people.

Modern pedagogy, like psychology, increasingly tends to see education as creating
conditions for individual self-development. It is the abandonment of the goal-oriented
formation of personality according to a certain ideal in favor of creating an environment

conducive to the personal development of each individual.
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The principles of the humanistic approach reject any attempts to directly influence the
individual, even if they are educational or therapeutic. Everyone has the right to make their own
choices and should live their lives independently, without shifting responsibility for their actions
to others.

The uniqueness and originality of each individual constitute the true wealth of society. Any
restriction on their free development and expression is detrimental not only to the individual
but also to society as a whole. Therefore, the educator cannot determine the path of personality
development in advance but must accept it as it is. Only in this case, a fruitful interaction
between the educator and the person being educated is possible, which is the key to a successful
educational process.

The main goal of the tutor is to open up to the tutee a wide range of possibilities that are
often unknown to the child, adolescent, or young person due to their limited life experience,
lack of knowledge, and understanding of cultural values. The educator should not and cannot
hide his or her attitude toward a particular choice when disclosing such options. However, you
should avoid expressing this attitude in a way that is too explicit and directive. You should
always leave the student the right to make independent decisions. Otherwise, the responsibility
for any consequences of the decisions made will be removed from the student and transferred
to the educator.

Another fundamental requirement for organizing education is a constant respect for the
student’s personality as a full and equal partner in any shared activity. The idea of equality,
partnership, and mutual respect among participants is at the heart of what’s known as
collaborative pedagogy. Its principles are central to university education. As many scientists and
educators confirm, the greatest effect in teaching and education is achieved in situations where
the teacher and student jointly solve a problem to which neither of them knows the answer. In

this context, the principles of partnership and cooperation reach their maximum expression.

Humanizing and forming specialist competencies

Humanization is first and foremost the immersion of young people in the cultural heritage
of humanity. It is often seen as a significant complement to vocational education. The main goal
of humanization in education is twofold: first, it aims to counteract the narrowness or one-
dimensionality of vocational training, thus broadening the perspectives of a young professional.
Second, it is an attempt to instill in them the basic principles of a humanistic worldview. In
essence, humanization serves as a way to imbue young people with civilized society’s spiritual
values and contribute to their cultural development, going far beyond mere professionalization.

Tensions arise when trying to find a balance between humanization and professionalization
in the educational framework, despite the unanimous recognition of the importance of
humanization. The problem is to coordinate these elements in the learning process.

The importance of professionalization cannot be overemphasized, as it is fundamental to
forming specialist competencies and defining the university education purpose. Humanization,
however, is necessary for educating a fully developed personality. Professionalization provides
people with the necessary skills to be able to function effectively in the social activities of society.
However, individuals must assimilate into cultural spheres, accepting their values and content,

in addition to functional adaptation. This process of assimilation not only shapes an individual’s
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spirituality and worldview but also defines their place and role in society. Without this spiritual
enrichment, people are in danger of becoming mere functionaries of the social system, devoid
of deeper meaning or individuality (Mznosian et al., 2020, p. 272).

Personality emerges as a result of the fusion of individuality and cultural influences. It is
both a product of and a contribution to culture. Outside culture, people can be marginalized or
relegated to technical roles without deeper meaning. A profession becomes deeply meaningful
to people when it is consistent with their aspirations for individuality in a rich cultural diversity
and contributes to realizing their unique humanity. Forming a truly human personality goes
beyond the scope of mass consciousness and its often-limiting stereotypes. Only a “mass man”
without inner spiritual depth can be educated by mass consciousness. The essence of an
individual’s humanity lies in his or her innate spirituality and cultivated view of the world,
nurtured through participation in culture. The humanism essence is the promotion of the
unrestricted expression of the individual in culture, to facilitate his autonomous self-
determination. In this way, humanization is inseparably linked with humanism, which opens up
the profound depths of culture to the younger generation and allows them to immerse
themselves in the vast expanse of the world's cultural heritage.

When discussing the balance between humanitarian and professional components within
the curriculum, we are faced with competing interests of both humanitarians and professionals.
Professionals often argue for minimizing the humanities block due to the cumulative growth of
scientific information. Humanists, on the other hand, emphasize the richness of humanistic
culture and advocate the inclusion of new courses and specializations. However, the only way
to solve the problem constructively is to find a reasonable compromise.

So far, the distribution of the total number of teaching hours for the humanities block has
been extremely uneven, and the key question is the effectiveness of using these resources in
humanities education.

Implementing humanities education in practice is a matter of two significant questions.
First, what the humanities block’s disciplinary matrix should be? And how should the
humanities be taught to maximize their impact? Addressing these issues is key to humanities
education’s effectiveness.

Forming the humanitarian matrix requires a pragmatic compromise in which different
points of view are heard and considered in developing the curriculum. We believe that human-
centered disciplines that embrace the cultural worlds, humanistic ideals, and concepts shaping
social, political, and legal systems over the world should be at the core of the humanities
disciplinary matrix (IVarypaev et al., 2021, p. 29).

However, it is worth paying attention to the trend that the humanitarian block is
increasingly filled with disciplines that promote professionalization rather than contribute to the
individual’s holistic development. For example, the need for foreign language learning is
undeniable in both professional and humanitarian education. Foreign language skills are critical
for highly skilled professionals and for the humanities. However, the growing volume of
language learning at universities is often lumped into the humanities due to nomenclature.
However, the humanization essence is to educate the students’ personal qualities through
studying general cultural disciplines. It does not only focus on acquiring professional skills
(Minosian &V arypaev, 2022, p. 59).
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Although history has traditionally been an integral part of humanities education, university
history curricula have changed in the last years. It is necessary to emphasize that studying the
national history and statehood of Ukraine is obligatory during the armed aggression of Russia.
History courses within the humanities block should offer perspectives beyond the school
curriculum. They should focus on the humanistic perspective of historical development. For
example, university history courses can study topics such as the evolution of democracies,
movements for fundamental rights, cultural interactions, modern national history, etc. (Mznosian
& Varypaev, 2023a, pp. 40-42).

Our proposed humanities matrix emphasizes core courses, including philosophy, foreign
languages, Western and Ukrainian history, and political science focusing on human rights and
freedoms. In addition to the content of humanities education, the methodology of teaching
these disciplines is equally significant. It is significant to recognize that there is no one “right”
approach to teaching the humanities and that absolute truth is difficult to achieve. Instead,
teachers should strive to teach students the diversity and richness of humanitarian concepts,
fostering awareness of human cultural diversity and nuanced perspectives in humanitarian

discourse.

Discussion

The principles of forming a new paradigm of humanities education based on the three basic
principles of pluralism, representativeness, and distance are discussed in the contemporary
research space of humanization and humanization of education (Dwunn, 2023). The researchers
pay attention to identifying and analyzing these principles, which will have broad prospects for
further research.

Pluralism recognizes the diversity and complexity of global humanitarian and sociopolitical
thought. It embraces a variety of viewpoints without dogmatism or claims to absolute truth.

Representativeness means including in the educational process those foundational works
and ideas that have been widely recognized and have achieved classic status in the relevant
humanities. This principle emphasizes the importance of respectful communication with
classical authors and primary sources and refrains from imposing the teacher’s personal
concepts. Instead, it encourages the study of concepts established in the global discourse.
Effective communication of these concepts requires skilled interpretive skills to guide students
through the confusing territory of humanitarian culture.

The principle of detachment emphasizes the importance of the teacher’s presentation of
the concepts being studied in an objective, impartial manner and without political, national, or
class bias.

These principles and their recognition are significant in building a holistic and harmonious
educational system. From the authors’ viewpoint, teachers should be mediators between world
public opinion and the younger generation, in recognition of their significant cultural and

educational role and their moral responsibility.
Conclusion

Fundamental reforms of the education system, including higher education, are required by

the ongoing transformation processes in Ukraine. Ukraine’s integration into the European
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educational environment leads to organizational and managerial changes in higher education.
However, this alone cannot satisfy the need for an educational environment conducive to
forming well-rounded individuals, not just specialists in the economic mechanism. Faced with
global challenges, new social stratifications, and economic mechanisms, the main strategy should
be to promote a humanistic approach among all professionals. This worldview produces a
system of universal values and develops a vision of global prospects meeting the requirements
of modern higher education. The historical context of the humanization concept and education
humanization affirms the significance of a human-centered system of values aimed at achieving
the well-being, happiness, justice, and empowerment of the individual. This idea reflects the
need to support institutions and activities aimed at achieving these goals, like a belief in the
potential and significance of human beings.

The authors emphasize that the main task of humanization and humanization of education
is to immerse people in the richness of humanitarian culture through curricula and various forms
of student engagement. In this way, a more holistic development of the individual is promoted,
counteracting the one-dimensionality of the personality imposed by professional and technical
specialization.

Thus, humanism is a dynamic worldview that is constantly evolving and interpreted in
different social and cultural contexts. Ukraine should support and develop the traditions of
humanism in education based on Western values in forming identity and uniqueness of personal

development, following the pan-European path of democratization of education.
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The effect of corrosion treatment on the electrochemical activity of Ni-based electrode
materials !

Abstract: Recently, in a fairly significant amount of work, attention has been paid to the study of catalytic
properties and synthesis of chalcogenide materials, in particular, sulfides of metals of the iron group.
Nickel sulfides of the NiS and NisS; types are of particular interest. These materials have a fairly high
electrical conductivity comparable to the conductivity of pure nickel, like high catalytic activity in the
process of electroreduction of oxygen. The purpose of this work is to study the effect of segregation of
sulfuric acid in the form of sulfides and adsorbed sulfur during corrosion treatment on the
electrochemical properties of galvanic nickel deposits. Based on the results of cyclic vol-amperometry,
it is shown that an increase in the duration of the corrosion treatment of bright sulfur-containing nickel
deposits in acetic acid, accompanied by an increase in the surface sulfur content, leads to an increase in
the current densities of the cyclic volt-ampere curves. The increase in the current densities of the cyclic
volt-ampere curves obtained on sulfur-free nickel deposits is facilitated by an increase in the duration of
exposure in a saturated solution of sodium sulfide. Thus, regardless of the type of treatment, the
segregation of nickel sulfides or adsorbed sulfur leads to an increase in the electrochemical activity of
nickel-based electrodes.

Keywords: electrode material, oxygen electroreduction catalyst, nickel electrode, nickel sulfides.
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Briaus kopo3iiiHOT 0OpOOKH Ha €AEKTPOXiMiUHY AKTHBHICTb €AEKTPOAHHX MaTepiaain
Ha ocHOBIi Ni

Apmnomayiz: OcraHHIM 9aCOM Y AOCHTB 3HAYHOMY OO CS31 POOIT IIPHUAIAEHO YBATY BUBYCHHFO KATAAITHYHIX
BAACTHBOCTECH Ta CHHTE3y XaABKOTCHIAHHX MATCpPIaAlB, 30KpeMa, CyAb(IAIB METaAlB Ipymm 3aAisa.
OcobAnBHIT iHTEpEC CTAHOBAATH CyAbdian HikeAro Tuiry NiS ta NizS,. Aami MaTepiaArm MarOTh AOCHTB
BICOKY CACKTPUYHY IIPOBIAHICTH ITOPIBHAHHY 3 IIPOBIAHICTIO YHCTOTO HIKEAIO, a4 TAKOXK BHCOKY
KaTAaAITUYIHY aKTHBHICTB IIOAO IIPOIIECY EAEKTPOBIAHOBAEGHHA KHCHIO. Mertoro aamoi poboru e
BUBYEHHSA BIAUBY cerperarii cyAbdypy y BUrAfAl cyAb(IAIB Ta aACOPOOBAHOI CIpKH IIpH KOPO3iHHIH
00poOIIl HA EACKTPOXIMIYHI BAACTHBOCTI IaAbBaHidYHUX HikeAeBUX ocaAiB. Ha ocHoBi pesyabraris
LIIKAIYHOI BOAB-aMIIEPOMETPIl ITOKa3aHO, IO 301ABIIEHHA TPUBAAOCTI KOPO3IHHOI OOPOOKH OAMCKYIHX
cyAb(OPOBMICHUX HIKEAEBHX OCAAIB B OIITOBI KHCAOTI, IO CYHPOBOAXKYETBCA 30IABIICHHAM
ITOBEPXHEBOIO BMICTY CyAb(DYPY, HPHU3BOAUTD AO 3POCTAHHA IYCTUH CIPYMy IIMKAIYHHUX BOABT-
AMIIEPHUX KPHUBUX. 3POCTAHHIO IYCTHH CTPYMY LHUKAIYHHUX BOAB-aMIIEPHHX KPHUBHUX OTPHMAHHUX Ha
Oe3cyAbPYPHHUX HIKEAEBHX OCAAAX CHpHAE 30IABIIEHHA TPHUBAAOCTI EKCIOHYBAHHA B HACHYCHOMY
posunHi cyAbiAy HaTpiro. TakuM YHOM, HE3AAEHKHO BIA BUAY OOPOOKH, cerperaiiisa cyAb(iAlB HIKEATO
200 aACOpPOOBAHOTO CYAB(YPY IPU3BOAUTH AO IIABHITIEHHA €ACKTPOXIMIYHOI AKTHBHOCT] BIAITOBIAHOTO
CACKTPOAHOTO MaTEPiaAy.

Korouosi crosa: eneKTpOAHMIT MaTEPIAA, KATAAI3ATOP EAEKTPOBIAHOBACHHS KHCHIO, HIKEAEBUI EAEKTPOA,

cyAbdiaH HIKEAFO.
C ?\ /ﬁ;
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Bceryn

HaiibiApIr  IITHPOKOrO  3aCTOCYBAaHHSA, y AKOCTI KATOAHHX MaTEpiaAlB  IIPOIECy
eaexrposiaoBacHHA KucHiO (EK) y maamBHEX eAemeHTaxX, HAOYAM MaTepiaAM Ha OCHOBI
uAaruan (Huang et al., 2027). 3 MeTOIO IMABHINEHHA EAECKTPOXIMITHOI AKTHBHOCTI T4 OTPUMAHHS
BHCOKOPO3BUHEHOI ITOBEPXHI BHUKOPHCTOBYIOTb, 30KpEMa, AHUCIEPCHHH TIpadir, a TaKomK
BYTACLIEBI HAHOCTPYKTYPOBaHI MaTeplaAn akTUBOBaHl AaTUHOIO (Huang et al., 2017; Li et al.,
2019). Buxopucranaa METaAIB IIAATHHOBOI TPYIIH fIK €AEKTPOAHHX MaTepiaAiB OOYMOBAEHO IX
BHCOKOIO KATAAITUYHOIO aKTHUBHICTIO, a4 TAKOK HAWMEHIITHUM IIEPEHAIIPYIOI0 EAEKTPOAHUX
rponeciB. OAHAK METAAH IIAATHHOBOI I'PYIIM € AOCHTH BHCOKOBAPTICHOIO CHPOBHHOIO, TOMY
AKTYaABHOIO € IXHSA 3aMiHA Ha OIABIII ACIIIEBI, aA€ He MEHII eDeKTUBHI MaTepPiaAn.

OcTraHHIM 9aCOM y AOCHTB 3HAYHOMY OOCA31 pOOIT aBTOPU IPHUAIAAIOTH yBAary BUBYEHHIO
KATAAITHIHUX BAACTHBOCTEH Ta CHHTE3y XaABKOTCHIAHHX MaTepiaAiB, 30KpeMa CyAbQIAIB
MetaAiB rpynu 3aaida (Buchmaier et al., 2017; Yao et al., 2020; Fang et al., 2018). Ilokazano
BUKOPHUCTAHHA AQHHX MAaTepiaAlB fIK KAaTaAI3aTOPIB €AEKTPOBIAHOBAEHHS KHCHIO Ta BOAHIO,
AHOAHOTO BHAIACHHSA KHCHIO Ta IX 3aCTOCYBAHHA AAfl €ACKTPOAHHX MaTepiaAlB IIEPBHHHIX
AKEpeA cTpyMy Ta maAuBHuX eAemeHtiB (Wang et al., 2018; Yan et al., 2017a). Ocobansuii
iHTEpeC CTAaHOBAATH cyAbdiam HikeAro Tamy NiS ta NisS,. Aani marepiaanm MarOTh AOCHTH
BHCOKY €AEKTPUYHY IIPOBIAHICTD IOPIBHAHHY 3 HPOBIAHICTIO "ucTOro Hikearo (Gabtar et al.,
2020; Gibbs et al., 2005). IlpranHOIO BUCOKOI KATAAITHIHOI aKTHBHOCTI AAHUX CIIOAYK OCOOAHBO
crocosuo EK, sriauo 3 (Yan, 2017b), mOsACHIOIOTBCA BIIAUBOM CIPKH Ha ACCOPOIIIIO IIPOAYKTY
Iporecy eAekTpoBiaAHOBAeHHA KucHIO — OH-ionis. Erepria 3B’3Ky MDK HIKEAEM 1 CIPKOIO €
OIABIIIOIO, HIK y HIKEAIO 3 KHCHEM, TOMY IIPOIlEC AecopOmil TIAPOKCHABPHUX I1OHIB
IIOACTIIYETHCA, IO 1 HPHU3BOAUTH AO mpuckoperas EK B HelrpaspHOMYy 1 AyMKHOMY
cepeAoBuIri. Bucoka eAeKkTpHYHA IPOBIAHICTB, 4 TAKOXK MOKAHBICTB IIEPEOIry IIIBHAKHX
OKHCHO-BIAHOBHHX IIPOIIECIB Ha IIOBEPXHI CYAB(QIAIB HIKEAIO, 33 YMOBH BHCOKOI ITHTOMOL
ITAOIIII ITOBEPXHI, BU3HAYAOTH BUCOK] 3HAYEHHSA IICEBAOEMHOCTI T4 3aCTOCYBAHHA AAHUX CITOAYK
y AKOCT1 EAEKTPOAHHUX MaTepiaAiB cyniepkoHAcHCATOPIB (X7 ¢t al., 2023; Gaikar et al., 20106).

3 METOIO OTPUMAaHHA EACKTPOAHHX MaTepiaAiB HAa OCHOBI CYAB(QIAIB HIKEAIO HYaCTO
3acTOCOBY€eTbCA Ximiunuit cuntes (Buchmaier et al., 2017, Xia et al., 2023; Gaikar et al., 20106).
Oanak, miKaBUM € TOH (pakT, 10 y pOOOTAX IPUCBAYEHUX BUBYCHHIO KOPO3IHHOI ITOBEAIHKH
HIKEAFO AOIIOBAHOIO CIPKOXO, BKA3ye€ThCA PO (POPMyBaHHA Ha HOBepxHi mrapy 3 NisS, mpu
AHOAHIH 0OpOOIN B posBeacHIH cipuaniit kucaoti (Marcus, 2012). YV XOAl paHile IpOBEACHHX
AOCAIAKEHD aBTOPAMU AAHOI pOOOTH OyAa IIOKa3aHA MOKAUBICTS popMyBaHHA mapy 3 NisS; ta
cyAb(IAIB 13 OIABIIIM BMICTOM CIPKH IIPH €KCIIOHYBAHHI TAABBAHIYHUX HIKEAEBHX OCAAIB 3
IIABHIIIEHIM BMICTOM CipKu B mapax orrroBoi kucaotu (Ushehapovskiy et al., 2020, Ushchapovskiy
et al., 2023).

Meroro AaHOI pOOOTH € BUBYECHHA BIAUBY Cerperartii cyAbypy y BUTAAAL CyAb(IAIB Ta
aACOPOOBAHOI CIpKK IIpHU KOPO3IHHIN 0OpOOIN Ha €AEKTPOXIMIYHI BAACTUBOCT] IaAbBAHIYHIX

HIKEAEBHX OCAAIB.
Buxaaa ocHOBHOTO MaTepiasy

MeToANKa €EKCIEPUMEHTAABHHUX AOCAIAYKEHB
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AOCAIAKEHHS — E€ACKTPOXIMIYHHX — BAACTHBOCTEH IIPOBOAHMAOCH HA  CACKTPOAAX 3
€AEKTPOOCAAKEHOI HikeAeBOI (DOABIH Ta TUTAHOBOI (DOABIM BKPUTHX HIKEAEM.

[Ipu cTBOpeHH] €AEKTPOAIB Ha TUTAHOBIHT OCHOBI MO’KHA BUAIAUTH TPH OCHOBHI €TAIIN:

1 — mAroTOBKA IIOBEPXHI EAECKTPOAA;
2 — eAEKTPOOCAAKEHHSA TAABBAHIYHIX HIKEAEBUX ITOKPHUTTIB;
3 — xoposiitna 0OpoOKa.

CKAQA EAEGKTPOAITYy HIKEAIOBAHHA, YMOBHU EAEKTPOOCAAKEHHA, a4 TAKOXK OCOOAHMBOCTI
KOPOSIIHOI OOPOOKH E€AEKTPOAIB 3 OAMCKYYHMH HIKCACBHIMH OCAAAMH ACTAABHO OIIHCAHI y
(Ushchapovskiy et al., 2020; Ushchapovskiy et al., 2023). Tpupaaictb KOpO3IMHOI OOpOOKH B
KOHIIEHTPOBAHIN OIITOBIT KHCAOTI BapiroBarach B Mexax 2...240 roa. Ilicas koposiiiaumx
BUIIPOOYBAHb PO3YMHHI IIPOAYKTH KOPO3il 3MHUBAAM AHCTHABOBAHOIO BOAOIO, 4 OTPHUMaHI
EAEKTPOAH OOEPEKHO IIPOCYIITYBAAU TEIIAUM IIOBITPAM.

Takox y poOOTI AOCAIAYBAAM €AEKTPOXIMIUHI BAACTHBOCTI €AEKTPOAIB OTPHMYBAHHX 13
eAEKTPOXIMIYHO cOopMOBaHOI HiKeAeBOI (POABIH TOBIMHHOIO 50 MKM, 3 EAEKTPOAITY
HIKEATOBAHHA 0€3 AOAABAHHA OAMCKOYTBOPIOIOYOI AOOABKM caxapuHy. Temieparypa i rycTuHa
CTpyMy OYAH TaKHMH 7K, AK 1 AAA EACKTPOOCAAKCHHA OAMCKYYHX HIKEAEBHX ITOKPHTTIB.
Biamosiany HikeAeBY (DOABIY IAAABAAK OOPOOIN B HACHYEHOMY PO34MHI CYAbMIAY HATPIIO
rnpotarom 2...72 roa. Ilicas oOpoOku 3pa3ku peTeAbHO IIPOMHBAAH.

3a pesyavratamu EDX-ananisy (Ushchapovskiy et al., 2020; Ushchapovskiy et al., 2023),
IIPOBEACHOTO 32 AorToMoroio POM-100L], i3 cHCTEMOIO €HEPTOAUCIIEPCIHHOIO MiKpOaHAAi3y
Oxford INCA Energy 350, BmicT cyABYPY B raABBAHIYHAX HIKEACBUX OCAAAX OTPHMAHUX B
eAeKTPOAIT HikeAroBanHA 6e3 caxapuny craHoBuM HOPsAKY 107 mac.%, 1mo € cymipHEM 3
BEAMYMHOIO IIOXHOKH BH3HAYCHHA. Y IIOAAABIIIOMY B TEKCTI TaKl HiKeA€Bl ITIOKPHUTTA 1 POABIY
OYAYTB IIO3HAYCHI AK «MATOBD). BBEACHHSA B €ACKTPOAIT HIKEATOBAHHSA CAXaPUHY IIPU3BOAUTH AO
BKAFOYCHHSA B CTPYKTYPY 0caAy cyAbdypy Ha pisHi 0,2...0,3 Mac.% Ta 0CAAKEHHIO «OAUCKYIHX»
oKpuTTiB T2 QoAbru. [Ipu 4acTKOBOMY Ta ITOBHOMY PO3YHHEHHI OAMCKYYOTO HIKEAEBOTO
HOKPUTTA B OWTOBIH KucAoTi (Pucyrox 2a,6) dopMyeTbcs MAAOPOZYMHHHX AP IIPOAYKTIB
KOPO3il, AO CKA2Ay fIKHX MOJKYTb BXOAUTH CYAB(IAH PI3SHOTO CTEXIOMETPHYHOIO CKAAAY
(Ushchapovskiy et al., 2023) , soxpema, Ni3S,.

AOCAIAKEHHS EACKTPOXIMIYHUX BAACTUBOCTEH OTPHUMAHUX EAEKTPOAHHX MaTepiaAiB
IIPOBOAMAH HA OCHOBI ITOAAPH3AIIIHUX BUMIPrOBaHb, mo 1posoanAn y 0,1 M posumni KOH,
ITOTEHITIOAMHAMIYHI KATOAHI KPHBI 3HIMAAH 31 ITBUAKICTIO PO3TOPTKH ITOTEHITIAAY 1mB/c. ITpn
OTpUMAHHI ITMKAIYHEX BOAbT-amrepHux (LIBA) xpuBux IIBHAKICTH CKaHYBAaHHA IIOTEHIIAAY
ckaapana 10 mB/c. BoaAbT-ammepni KpmBi Ha AOCAIAKYBAHHX EAGKTPOAHHX MaTepiaAax
OTPUMYBAAM y TPHUEAEKTPOAHINA KOMIPII 3 BHKOPHCTAHHAM IHMPOBOIO IIOTEHINOCTATA
VersaStat 2000. TemmepaTypa AOCAIA/KEHD CTAHOBHAA 18°C. EAexTpoAOM TOPIBHAHHA CAYTYBAB
HACHYEHHH XAOP-CPIOHMI €AEKTPOA, 2 AOIOMUKHHM — IAQTHHOBHH EAEKTPOA. 3HAYCHHA

IIOTEHITIAAIB IIPUBEACH] § ITKAAl HACHYEHOTO XAOP-CPIOHOTO €AEKTPOAA IIOPIBHAHHA.

PesyapTaTn T2 iX 06ropopeHHA
[Toaspusaniiini BUMIPIOBAHHA TPOBOAMAN Y AyxHOMY ceperosmri ard 0,1M KOH
BiartoBiaao pH 11. BiamoBiaHuIT po34uns 6yAO BHOPAHO 3 METOIO 3CYBY IIOTEHINAAY BUAIACHHSA

BOAHIO B OIK OIABII HEraTWBHUX 3HAYCHD, BIAIIOBIAHO 32 CTAHAAPTHHX YMOB ITOTCHIIAA
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BOAHEBOTO €AEKTPOAA B TAKOMY pO3dunHi craHoBuTIME OAN3BKO -0,65 B 260 6Am3bK0 -0,85 B y
IIIKAAl HACHYIEHOTO XAOP-CPIOHOTO eAeKTpoAa mopiBHAHHA. 3riaHo AaHux (Qiao et al., 2013)
PO3YMHHICTD KHCHIO B TAKOMY €AEKTPOAITI € AocuTh Bucokoro i cranosuth 1,110 moabem™,
koedimient Audysii 1,9-10° cv*c’'. Tlpu tosmuni andysiiinoro mapy mopaaky 107 cm
BEAHYHNHA I'PAHUYHOIO AUQY3IHHOIO CTPYMY €ACKTPOBIAHOBAEHHSA KHCHIO MOKE CTAaHOBHTU
nopsaaky 0,1 MA" em 2

SIk BHAHO 3 OTPHMMaHHX ITOTEHIIOAMHAMIYHUX KpuBuUX (Pucynox 1, xpusa 2), BBeACHHS B
CTPYKTYPY HIKEAEBOIO OCAAy CIPKH CHpPHAE ACAKOMY 3MEHIIEHHIO II€PEHAIIPYTH BHAIACHHSA
BoAHIO. Ha pomoBanomy cipkoro HikeAl B iHTepBaai moreniriaais -0,7...-0,85 B ciocrepiraerses
XBHAfl, TIOYATOK AKOI 3rIAHO 3 Alarpamoro Ilypbe aaa cucremu Ni-S (Marcus, 2012) moxe
BIATIIOBIAATH IIPOLIECY EAEKTPOBIAHOBAEHHAM ITACUBHOIO INAPYy HA HIKEAl, IIOPYIIEHOMY
BKAIOUEHHAMH CYAb(PYPY y BHTAAAL cyAbdiay. Takox mpum IbOMy MOKe BIAOYBaTHCH
eAekTpoBiaHOBAeHHA KucHIO. Ha eaexrpoal 31 cdopmMoBaHnM, mpu KOpO3LHHIN 0OpoOIl B
OIITOBII KHcAOTI, cyAbiaumM 11apom (Pucyrox 1, kpusa 3) criocrepiraerbes Al xBuAl [leprmra
XBHASl CIIOCTEpiracTeca B iHTEepBaAl motenmiaaip -0,1...-0,8 B 3 rpamuaamnm crpymom OAH3BKO
0,06 MA'cM?, AKHIT BIATOBIAAE TIPOITECY €AEKTPOBIAHOBAEHHA KUCHIO. B iHTepBaai morenrtiaais
-0,8...-0,95 B, Axuit BiAtioBiAa€e APYTiH XBHAL 3riAHO Alarpamu [TypOe, Moske mepebiratu mporiec
BIAHOBACHHS CYAB(IAHUX CITOAVK ITAPAAEABHO 3 EACKTPOBIAHOBACHHAM KHICHIO T4 BOAHIO.

[lukAigai BOABT-aMIIepHI KpHBI 3HIMaAn B iHTepBaal motenmiaais -0,74...-0,1 B.
MakcumaabHe 3HAYECHHA AOCAIAKYBAHOIO IHTEPBAAY BIAIIOBIAAAO PIBHOBKHOMY ITOTECHITIAAY
HIKEAEBOTO €ACKTPOAA B AOCAIAKYBAaHOMY pozunHi. MiHiMaAbHE 3HAYECHHSA BIAIIOBIAAAO MEIKI
CTabIABHOCTI CYAB(IAHUX ITapiB BCTAHOBACHIH HAa OCHOBI AaHHX puC.l, IO TakoX
yaronkyerbest 3 (Marcus, 2012). 'V AOCAIAXKYBAHOMY IHTEPBAAIB ITOTEHINAAIB Ha HIKEAEBOMY
KATOAl MOXK€ BIAOYBATHCH PEaKIifl EACKTPOBIAHOBACHHA KHCHIO. 3 pesyapraris [IBA
BUMIPIOBAHb IIPUBEACHUX HA PUCYHKY (Pucyrnox 2) mMomHA 3pOOHTH BHCHOBOK IIPO HACTYIIHE.
30IABIIIEHHS TPHUBAAOCTI EKCIIOHYBAHHA OAHMCKYYHX HIKEAEBHX OCAAIB Yy OIITOBIH KHCAOTI
IIPU3BOAUTD 3POCTAHHA 3HAYEHD IIPAMOIO Ta 3BOPOTHOTO X0AYy LIBA kpmBoi. Taka BuAO3MiHA
xoAy LIBA kpusoi ysroaxyersca i3 aanmvm (Ushchapovskiy et al., 2020) ae mokazaHO 3MiHY T2
301ABITIEHHA ITHTOMO] ITAOIII ITOBEPXHI OAUCKYIHX HIKEAEBUX OCAAIB Y HACAIAOK 301ABITICHHA
TPHUBAAOCTI EKCIIOHYBAHHA OCTAHHIX B ITapaX KOHIIEHTPOBAHOI OIITOBOI krcAoTH. Kpim miporo y
(Ushchapovskiy et al., 2020; Ushchapovskiy et al., 2023) 1mokasana cerperaris Ta 3pOCTaHHA BMICTY
Ha ITOBEPXHI HIKEAEBHX OCAAIB CIpKH, IIIO BiAOOpaxae dopmyBaHHA cyAbdiAHOTO Iapy. Caia
TaKOK BIASHAYHUTH, IO IPU 3O0IABIIEHHI TPHUBAAOCTI E€KCIIOHYBAHHA OAMCKYYIOIO HIKEAIO B
OIITOBIIT KucAOTI 3pocrae ricrepesuc LIBA kpusoi. LIBA kpusi, orpumani mpu dpopmyBaHHi
cyAb(iAHOTO I1apy 3 OAMCKydOi HikeAeBOi poabru mporarom 240 roa HaBEACHI HA PHUCYHKY
(Pucynox 3). 3 BIALIOBIAHOIO PHCYHKY BHAHO ITi€ OIABIIIE 3POCTaHHA IICTEPE3NCy KPUBOL, IIIO
MO3K€ BKA3yBATH HA 30IABIIIEHHA €MHICHOI CKAAAOBOI CTPYMY, BHACAIAOK 3POCTAHHS ITHTOMOL
maomi mosepxui. Ilpm rmrecrupasosBomy rmkayBamni [IBA  kpmBa y mHesmaumiii wmipi
BHAO3MIHFIOETBCA HYepe3 3MIHY CTEXIOMETPUYHOIO CKA3AY B HACAIAOK IIEpEDIry IIBHAKHX
OKHCHO-BIAHOBHUX PEAaKI[ Ta OOOPOTHOI 3aMiHHM aACOPOOBAHOI CIPKH Ha aACOPOOBAHIIMA
xkucenb (Marcus, 2012).

Taxum wunom, Ha 3MiHY E€AEKTPOXIMIYHHX BAACTUBOCTEH HIKEAEBHUX IIOKPHUTTIB MOJKE

BIIAUBATHU HE TIABKU 301ABIIIEHHSA IIMTOMOI ITAOIII ITOBEPXHI BHACAIAOK KOPOSIFHIX PYHHYBAHb,
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a 1 HaABHICTH aACOPOOBAHOI CipKH. AAS I[BOIO 3Pa3KH MATOBOI HIiKEAEBOI (POABIM, OTPUMAHI B
EAEKTPOAITI O€3 caxapuHy, eKCIIOHYBaAH B HacmdeHOMy pozuuHi Na,S nporsarom 2...72 roa,
ITICASl YOTO IIPOMHUBAAH 1 3HIMaAH Ha Hux LIBA kpusi, ski npuseaeni Ha pucysky (Pucyrnox 4). B
XOAl €KCITOHYBaHHA 3Pa3KiB 13 MaTOBOI HikeAeBOI (DOABIM B HacmIeHOMY po3unHi NasS 6yAo
BHABACHO, IO 1X KOAIP 3MIHFOETBCH BIA 3 CPIOAACTOrO HA 30AOTABUH 1 TEMHO KOPUIHEBUIH ITpU
30IABIIIEHH] TPUBAAOCTI eKCITOHYBaHHA. [ [pu 1IbOMY BUAO3MIHA CTPYKTYPH HOBEPXHI HOKPUTTA
He BIAOyBaeTbCA. OCKIABKH B AYKHOMY CEPEAOBHII HIKEAD 3aTAAOM € ITACHBHHM, 4 YTBOPEHHSA
3a0apBAEHOI IIAIBKH BKA3ye€ Ha Te, ITO if TOBIIIMHA CTAHOBUTH IOPAAKY n*107" mrm.

Sx BuAnO 3 pucynky (Pucyrox 4) 301ABIIIEHHA TPUBAAOCTI €KCIIOHYBAHHA (DOABIU B PO3YHHI
Na,S Taxk camo HpH3BOAUTBH AO 3pocraHHfA cTpymy Ha LIBA KpuBHX, OAHAK IIpH IIBOMY
3HAYECHHA CTPYMIB € ACIIO MEHIIUMH HIK AAfl OAMCKYYOTO HIKEAIO IIPH OOpOOIN B OLITOBII
kucAoti (Pucynox 2). Kpim mporo, menr Bupaskennm € ricrepesuc LIBA kpusoi. @akrudano, B
AQHOMY BHIIAAKY Y HACHYICHOMY po3dumHi NarS BIAOYBA€TbCA 3aMIIIEHHA KHCHIO Y IIACHBHIH
mAiBii Ha cyAbdyp. YuM OIABIIIHMM € Yac eKCIIOHYBAHHA HIKEAIO B PO3YHHI CyABDIAY, THM
TEMHIIIIIM € KOAIP IIAIBKH, OUYE€BHAHO, OIABIIIA IIOBEPXHEBA KOHIIEHTpALiA cipku. PakTHaHO fAK
y OAHCKYYIOTO HIKEAIO, TaK 1 y MATOBOIO HIKEAIO B AOCAIAKYBAHOMY 1HTEPBAAl IIOTEHIIAAIB -
0,74...-0,1 B y 0,1 M posumuni KOH nosepxHus € macuBHOIO.

Takum uurom, AOCAIAXKYBAHI BUAM OOPOOKH TaABBAHIYHHX HIKEAEBHX OCAAIB CIPHAIOTH
3POCTAHHIO ITOBEPXHEBOI KOHLIEHTpAIl cyAbdypy. Cyabdyp 3aMiIIyIO¥n KHCEHb HA ITOBEPXHI
HIKEATO B macuBHIN HAIBL (Yao et al., 2020, Marcus, 2012) mmoAerirye A€COPOLIIO TIADOKCHA 10HIB
1 KaraAl3ye IPOLIEC CACKTPOBIAHOBACHHA KHCHIO B IIAOMY. TakuMm YHMHOM 3i 301ABIIEHHAM
KIABKOCTI CIPKH Ha IIOBEPXHI HIKEAIO 3POCTA€ KIABKICTh KATAAITHYHO aKTUBHUX IIEHTPIB.
BIAIIOBIAHO TIpH IIBOMY MOJKE 3POCTATH HOIO E€AEKTPOXIMIYHA AKTHUBHICTH IIOAO IIPOIIECY
CAEKTPOBIAHOBACHHSA KHCHIO, IO BIAOOpakacThCA y 30iAbIneHHI crpymy Ha L[IBA kpuBux
(Pucynox 2, Pucynox 4). OAHaAK, CAIA BIASHAYNTH, IO MAKCHMAAbHA IIIBHAKICTB IIPOIIECY
€ACKTPOBIAHOBAECHHSA KHCHIO BU3HAYAETHCA HOTO POZYNHHICTIO Y BOAl (EAEKTPOAITI) 32 AAHHX
yMOB. AAfl 1ArocTpanil BIAIIOBIAHOTO fABHINA OYAHM IIOOYAOBaHI 3aAEKHOCTI CEPEAHBOTO
3HAYEHHSA I'YCTUHU CTPyMy (MIK 3HAYEHHAMH I'YCTHH CTPYMy IPAMOIO Ta 3BOPOTHOIO XOAY
LIBA kpusoi npu noreniriaai -0,4 B) Bia TpuBasocti 06po0Oku HikeAeBOI (POABIH, AKI IIPUBEACH]
Ha pucyHky (Pucyrox 5).

Sx BuanO 3 pucynky (Pucyrox 5), OCHOBHE 3pOCTAHHS I'YCTUHHU CTPYMY BIAOYBa€ThCS 3a
reprri 24 roa 0OpoOKu. AeIo BUIT 3HAYEHHA CTPYMIB AA OANCKY9IO1 HIKEAEBOT (DOABIH TAKOK
MO?KHA ITOSACHUTHU 301ABIIIEHHSA AIFICHOI ITAOIII ITOBEPXHI BHACAIAOK KOPO3IHHUX PYHHYB MA CM
°, a na GAnckyuiil Hikeaesiit oabsi 3i cdopmoBanmmu poaykTamu koposii 0,065 MAcm”.
BiamoBiaHI  3HAYEHHA TIYCTHH CTPYMY BIAIIOBIAAFOTH ITOPAAKY 3HAYEHHSA TI'PAHHIHOTO
AUY3ITHOIO CTPYMy EAEKTPOBIAHOBAGHHA KHCHIO B MAAO IIEPEMIIIYBAHOMY AYKHOMY
cepeaosurtti (Qiao et al., 2013; 1V ukmirovic et al., 2003). Aast mopiBusHHA Ha pucyHky (Pucynox 0)
upuseaeHi LIBA kpusi ta cepeani sHagenns rycrunu crpymy LIBA kpusoi npu noreniriaai -0,4
B, orprmani Ha IIAATHHOBOMY Ta €AEKTPOAAX 13 PISHHMH CIIOCOOAMU OOPOOKH. 3 PUCYHKY «O»
(Pucynox 66) BUAHO, IIO Ha MaTOBill HikeAeBil poAb3l 00pobOAeHiil y posuuni NaS cepeani
3HAYEHHA I'YCTUHU CTPYMY € MAPKE TAKUMH, fIK 1 Ha IIA@THHOBOMY EAEKTPOAI, IIPU I[BOMY
ITOBEPXHA 000X MaTEPIaAiB € OAUZBKOIO 32 MIKpOPEAbEOM Ta IIOPCTKICTIO. OUIKyBAHO € ACIIIO

BHUIIIMU 3HAYEHHA KATOAHUX CTPYMIB Ha EAEKTPOAAX 31 CPOPMOBAHIM, ¥ HACAIAOK KOPO3LIHOL
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00poOKH, cyabdisHmM Iapom. Lle € OAHOYACHHM HACAIAKOM 3POCTAaHHA €ACKTPOXIMIYHOL

AKTHUBHOCTI Ta IIMTOMOI IIAOIIII IIOBEPXHI IIPH KOPO3IHHIN 0OpOOIIL.

Bucuosku

BcranoBACGHO, IO AOCAIAKYBaHI BHAM KOPO3IHHOI OOPOOKH TaAbBAHIYHHNX HIKEACBHX
OCaAIB, fIKI CHPHAIOTH 30aradeHHIO IX ITOBEPXHI CYABDYPOM, Y BHIAAAL aACOPOOBAHOTO
cyabpypy ab0 yTBOpeHHA CYAB(IAHOIO IIAPy, TAKOXK CIPHYHHAIOTH 3POCTAHHA IX
EAEKTPOXIMIYHOI aKTUBHOCTI, KA IPOABAAETHCA Y 30IABIIEHH] 3HAYEHb KATOAHHUX CTPyMi Ha
LHUKATYHHX BOABT-aMIIEPHUX KPUBHX. 32 yMOBH (POPMYBaHHA CYLIABHOIO CYAB(IAHOIO IIapy,
a TAKOK IIPU aACOPOLIIHIF 0OpOOIIl HIKEAEBOTO €AEKTPOAA B HACHYCHOMY PO3UIHHI CyAbDIAY
HATPIIO, KATOAHI I'YCTUHH CTPYMH Ha KPUBUX € CYMIPHHMH i3 BEAHYHHAMH KATOAHHX CTPYMIB
Ha IIAQTHHL. TakuM YHHOM, AOCAIAKYBaHI BHAHM OOPOOKH AAIOTH 3MOIY OTPHUMYyBATH HOBI
€AEKTPOAHI MaTepiaAl Ha OCHOBI HIKEAIO, 30KPEMa, AAfl IIPOIIECY EACKTPOBIAHOBACHHSA KHUCHIO

B IIAAUBHUX €AEMEHTAX Ta IHIINX BIAHOBAIOBAABHUX AKEPEAAX €ACKTPOEHEPTIi.
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Pucynoxk 1. Katoani nmorenrioannamivai
roaspusaniiiai kpusi y 0,1 M KOH: 1 — matopmii
HiKeAb; 2 — OAUCKy4a HikeAeBa (oAbra; 3 —
OAncky4a HikeaeBa poAbra 31 copMOBAHIM

IIapOM i3 CYAB(IAHHX IIPOAYKTIB KOpo3ii 32 24 roA

EKCITOHYBAHHSA B OLITOBIH KHCAOTI

Pucyrok 2. Katoani LIBA kpusi 8 0,1 M KOH
HA EAGKTPOAAX 3 OAUCKYYHMH IrAABBAHITHIMU
HIKEAEBHUMH OCaAAMH 31 cOPMOBAHHUM IIIAPOM
13 CyABIAHHX IIPOAYKTIB KOPOS3if, Ipy pisHii
TPUBAAOCT] EKCIIOHYBAHHI B OIITOBIH KHCAOTI
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Pucynox 3. Katoani LIBA xpusi 8 0,1 M KOH na
EAEKTPOAL 3 OAHCKYYOTO IaABBAHIYHOIO
HIKEAEBOTO 0CaAy, copmoBanoro uporarom 240
I'OA EKCIIOHYBAHHSA B OIITOBIH KHCAOTI ITapOM i3
cyAb(IAHHX IIPOAYKTIB KOPO3il
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Pucynox 4. Katoani LIBA xpusi 8 0,1 M KOH ma
CACKTPOAAX 3 MATOBHMU IAABBAHITHIIMII
HIKEACBHMU OCAAAMH IICAf CKCIIOHYBAHHS B
HacraeHoMy posunHi Na2S npotarom, roa: 1 — 0
2-2;4-24,5-72
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Prcynox 5. 3aAeKHICTD CEPEAHBOIO 3HAYCHHA KATOAHOTO CTPYMY
pu noterriaai -0,4 B y 0,1 M KOH Bia TpuBasocti norepeAspoi
06poOkn HikeaeBoT oabru (roa): 1 — Oamcky=ol HikeAeBOT
OABIM B KOHILIEHTPOBAHIIN OITOBIM KHCAOTI; 2 — MATOBOL
HikeAeBOI POABTH B HacHIECHOMY posurai Na2S
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Pucymox 6. Katoani LIBA kpusi (a) Ta cepeAHi 3HAYCHH KATOAHOTO CTpyMy IpH moTertiaai -0,4 B
Bianosiaaux kpuBux (0) y 0,1 M KOH ma: 1 — Oanckyuiit nikeaesiit doabsi i3 cpopmoBarmMu
mporsarom 240 roA B KOHIIEHTPOBAHIH OIITOBIN KUCAOT] CyAb(MIAHIME IIPOAYKTAMH KOpO3il; 2 — Ha
TUTAHOBOMY EAEKTPOAI 13 c(DOPMOBAHUMHE IIPOAYKTAMH KOPO3ii BHACAIAOK IIOBHOTO PO3YHHEHHSA
CACKTPOOCAAKCHOTO OAMCKYYIOIO HIKCACBOTO IIOKPHTTA IPOTATOM 72 TOA; 3 — Ha IIAATHHOBOMY
EAEKTPOAL; 4 — Ha EAEKTPOAIL 3 MATOBOI HikeA€BOI (POABIM BUTPUMAHO] IIPOTATOM 72 TOA B HACHYECHOMY
posuuni Na2§; 5 — neoOpoOAeHa HikeaeBa POABIa
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Abstract: Today, software systems play a pivotal role in various aspects of life, with increasing complexity
and diversity. However, along with this comes a growing number of challenges related to the quality and
reliability of these systems. The need for assessing the quality of software products requires adherence
to high accuracy and reliability through various methodological approaches. One of the main problems
in this context is the insufficient substantiation of theoretical and methodological approaches in
determining sources of uncertainty. This problem requires a comprehensive approach and
systematization to address the tasks of evaluating the quality of modern software systems considering
uncertainty. Significant contributions to the theoretical and practical aspects of development regarding
the generalization and systematization of sources of uncertainty in the development and operation of
modern software systems have been made by scholars such as C. Areces, R. Fervari, A. Saravia, F.
Velazquez-Quesada, M. Bougeret, A. Pessoa, M. Poss, N. Boukhelifa, C. Johnson, K. Potter, L. Clarté,
B. Loureiro, F. Krzakala, L. Zdeborova, D. Tsapetis, M. Shields, D. Giovanis, A. Olivier, et al. The study
object is methodological approaches to determining sources of uncertainty. The study’s purpose is to
generalize the systematization of sources of uncertainty in the development and operation of modern
software systems. To achieve the purpose, the following tasks are set and solved in the article: on a
comprehensive level, the main sources of uncertainty in software systems are analyzed, such as changes
in requirements, design flaws, unforeseen operating conditions, and other factors; a comprehensive
model for optimizing the problem of formalizing uncertainty in software requirements is developed
based on the application of machine learning methods and data analysis. In the process of this
comprehensive research, methods of analysis, synthesis, generalization, and comparison are used. The
author concludes that as a result of using methods’ combination in the proposed development, it
provides a more efficient and objective approach to managing the uncertainty of software requirements,
compared to some existing approaches. This allows you to increase the reliability, quality, and efficiency
of the developed software product.
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BusHauenHA AKepeA HEBU3HAYEHOCTI IIPU OLIHII AKOCTI IIPOrPaMHHUX CHCTEM

Amnomayisn: Huni nporpaMui cucTeMH BIAIIPAIOTb KAIOUOBY POAB § OArartbOX aCIEKTax KHTTH, 3pOcrae
IXHA CKAQAHICTD Ta pisHOMaHITHICTE. OAHAK, PA30M 13 I[UM 301ABIIYETHCA 1 YUCAO BUKAUKIB, IIOB A3AHUX
3 AKICTIO Ta HaAllHICTIO X cucreM. HeoOxiAHICTD B OLUHIIN AKOCTI IPOIPAMHHX IIPOAYKTIB BUMArae
AOTPHMAHHA BHCOKOI TOYHOCTI Ta AOCTOBIPHOCTI 32 AOIIOMOIOIO PI3HOMAHITHHUX METOAOAOTTIHHX
IAXOAIB. OAHIEIO 3 OCHOBHUX IIPOOAEM Y IIBOMY KOHTEKCTI € HEAOCTATHA OOIPYHTOBAHICTh TEOPETUKO-
METOAMYHHX IIAXOAIB y BUSHAYECHHI AxKepeA HepusHadeHOCTL. LI mpobaema mmoTpedye KOMIIAEKCHOIO
IIAXOAY Ta CHCTEMATH3ALl AAA BUPIIIEHHA 3aBAAHB OLIHKH fKOCTI Cy9aCHUX IIPOIPAMHHUX CHCTEM 3
ypaxyBaHHAM HeBusHadeHOCTI. CyTTEBHI BHECOK y PO3POOKY TEOPETUYHHUX I IPAKTHYHUX ACIIEKTIB,
II[OAO y3aTraABHEHHSA CHCTEMATH3AIN AXKEPEA HEBU3HAYECHOCTI IIPU PO3POOLIL Ta EKCIIAYATALL CyIaCHIX
IIPOIPAMHUX CHCTEM BHecAH Taki BueHi, Ak: C. Areces, R. Fervari, A. Saravia, F. Velazquez-Quesada, M.
Bougeret, A. Pessoa, M. Poss, N. Boukhelifa, C. Johnson, K. Potter, L. Clarté, B. Loureiro, F. Krzakala,
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L. Zdeborova, D. Tsapetis, M. Shields, D. Giovanis, A. Olivier et al. O6’ekroM AOCAIAKEHHA €
METOAOAOTIYHI IMAXOAH AO BH3HAYCHHA AKEPEA HEBH3HadYeHOCTI. MeToro Iii€l cTarTi € y3araAbHEHHS
cHCTeMATH3AMI AJKepeA HEBU3HAYEHOCT] IIPH PO3PODIIL Ta eKCIAYATALIl CYIACHHUX IIPOIPAMHUX CHCTEM.
AAs peanisarii Merm B CTarTi IOCTaBAeHI 1 BupimreHi Taki 3aBaaHHA: Ha kommaexcHOMy piBHI
IIPOAHAAI30BAHO OCHOBHI AYdKEpeAa HEBU3HAYEHOCTI B IIPOIPAMHIX CHCTEMAX, TaKi, IK 3MIHH y BUMOTIAX,
HEAOAIKH B IIPOEKTYBaHHI, HEIepeADAadyBaHI yMOBH €KCIAyaramii Ta iHmm ¢akropu; pospobacHa
KOMITACKCHA MOAEAB OIITHMI3aLl mpoOaeMu popMaAizarLiii HEBUSHAYEHOCT] y BUMOTAX AO IIPOIPAMHOTIO
3abe3redeHHs Ha 0a3l 3aCTOCYBaHHA METOAIB MAIIIMHHOTO HABYAHHA Ta aHAAI3y AaHHX. B mpormeci
AQHOTO KOMIIAGKCHOTO ~AOCAIAKCHHS BHKOPHCTAHO METOAH aHAAI3y, CHHTE3Y, V3araAbHCHHS,
ITOPIBHAHHA. ABTOP IIPUXOAUTH AO BHCHOBKY IIIO B PE3YABTATI BUKOPHCTAHHA KOMOIHALUI METOAIB ¥
3aIIPOIIOHOBaHIN po3pobri 3abesredye Oiabin edekTUBHHI Ta OO’€KTHBHUI INAXIA AO VIPaBAIHHA
HEBU3HAYCHICTIO BUMOT AO IIPOIPAMHOIO 320€3I1€YEHHS, ITOPIBHAHO 3 ACAKIMI ICHYFOUNMHE IHAXOAAM.
[le AO3BOAfiC IIABHIIMUTH HAAIMHICTB, AKICTH Ta e(EKTHBHICTH PO3POOAIOBAHOIO IIPOIPAMHOIO
IIPOAYKTY.

Karwuosi cao6a: Axicte TPOrpaMHUX CHCTEM, MATEMATHYHHUN arapar, OIITHMI3arlifd HEBU3HAYCHOCTI,
dopmanizamia AxepeA HEBU3HAYECHOCTI, IACHTHIKALIA AXKEPEA HEBU3HAYECHOCTI, KPHUTHYHI AKEPEAA
HEBH3HAYEHOCTI.

(PN

Beryn
B cygacHOMy cBITI IIPOrpaMHI CHCTEMHI CTAIOTD BCE OIABII CKAAAHUMU TA PI3HOMAHITHHMU,

BIAIIPAIOYH KAIOYOBY POAB y Oaratbox cpepax Harmoro Kurta. OAHAK, pa3oM 13 3pOCTAHHAM

IXHBOI CKAQAHOCTI, 3’ABAAIOTBCA HOBI BUKAUKH, IIOB’A3aHI 3 IX AKICTIO Ta HAAIHHICTIO. 30Kpema

BPAXOBYIOYH CYy9aCHI OCOOAMBOCTI Ta BHMOIH, fIKI BKA3yIOTbCA B PI3HHX HIPO@IAPHHX

cranpaprax skocri (ISO 9126, ISO/IEC 25010, IEEE 730 Ta in.), xotpi B CBOXO dYepry

OXOITAFOIOTh PIZHOCTOPOHHI ACIIEKTH MEXaHI3MIB OINHIOBAHHI AKOCTI IIPOIPAMHHX CHCTEM

OKpeMe MICIIe 3aCAYTOBYIOTH IIMTAHHA, II[O IIOB’A3aHI i3 BHpIMIeHHAM (DYHAAMEHTAABHHUX

IIPOOAEM B CHEKTPl KOMIIAGKCHOTO AOCAIAKCHHS METOAMYHHUX ITIAXOAIB BU3HAYEHHSA AMKEPEA

HEBU3HAYCHOCTL. AaHa TEHACHIIiA ITOB’A3aHA 13 THM, II[0 B Cy9aCHHUX CTAHAAPTAX 13 PETYAIOBAHHSA

IIATAHB, IITOAO OIIHKH AKOCTI IIPOTPAMHUX CHCTEM BUMATA€THCA AOTPUMAHHA BUCOKOI TOYHOCTI

Ta AOCTOBIpHOCTL. OO’€KTOM AOCAIAKEHHS € METOAOAOITYHI IAXOAH AO BU3HAYEHHS AKEPEA

HEBU3HAYEHOCT. MeToro Ii€l cTaTTl € y3araAbHEHHsA CHCTEMATH3AaIlil AKepeA HEBU3HAYEHOCT]

IIPH PpO3POOII Ta EKCHAYATAIlll Cy9aCHHUX IIporpamMuHux cucreM. AAd peaaisarii MeTu B CTaTTi

ITOCTABACHI 1 BUPIITIEH] TaKi 3aBAAHHSA:

— Ha KOMIIAGKCHOMY pIBHI IIPOAaHAAI30BAHO OCHOBHI AKEpPEAad HEBHU3HAYEHOCTI B
IIPOrPAMHUX CHCTEMAX, Takl, fAK 3MIHH Yy BHMOIaX, HEAOAIKM B IIPOEKTYBaHHI,
HelepeAbadyBaHi YMOBH eKCIIAyaTaril Ta i dpakropm;

—  pO3poOAEHA KOMIIAEKCHA MOAEAB OIITHMI3arii mpodAeMu hopMaaisariii HEBU3HAYEHOCT] ¥
BHMOIaX AO IIPOIPaMHOIO 3a0e3ledeHHA Ha 0a3l 3aCTOCYBAHHA METOAIB MAITHHHOIO
HABYAHHSA T4 AHAAI3Y AAHHX.

B mporreci AaHOTO KOMITAEKCHOTO AOCAIAKEHHSA BHKOPHCTAHO METOAHM aHAAI3Y, CHHTE3Y,
y3araAbHEHHS, ITOPIBHAHHA.
Ompanposano maykosi poooru C. Areces, R. Fervari, A. Saravia ta F. Velazquez-Quesada

(2023) mpoaHaAi30BaHO AOTIKY Ha OCHOBI HEBU3HAYECHOCTI B IIpOIIec 3AllicHeHHA Allf; D. Behera
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(2023) pO3rASIHYTO AABTEPHATHBHI METOAOAOTH AAf  pO3B’fI3aHHA 3aAa9  AIHIFTHOTO
IIPOTPaMyBaHHA 3 emicTeMidHOIO HeBusHaveHicTio; M. Bougeret, A. Pessoa ta M. Poss (2023)
PO3SIAAHYTO 3aAadl POOYCTHOTO HAAHYBAHHA 3 OOMEKCHOIO HEBH3HAYCHICTIO AAfl OAHIEl
mvarmman; N. Boukhelifa, C. Johnson ta K. Potter (2023) aocaiakeHO Bisyaaizariro Ta
HPUUHATTA PIIIEHb IPH IPOEKTyBaHHI B ymoBax HepmusHaueHocti; V. Cappelli, S. Cerreia-
Vioglio, F. Maccheroni, M. Marinacci ta S. Minardi (2020) posrasHyTo AxepeAa
HEBHU3HAYCHOCTI Ta 0COOANBOCTI (DOpMYBaHHSA CYO'€KTUBHUX IIiH IIPU PO3POOLI IIPOrPAMHUX
cucrem; L. Clarté, B. Loureiro, F. Krzakala, & L. Zdeborova, (2023) posrasayra TeopeTmdHa
XapaKTePUCTHA HEBU3HAYEHOCT] B BUCOKO-BUMIPHII AIHIFHIN Kaacudikarii; |. Dorn, S. Apel ta
N. Siegmund (Dorn et al., 2023). po3rAsHYTO OCOODAMBOCTI yIIPaBAIHHA HEBH3HAYCHICTIO Y
BUMIpAaX IIPOAYKTHBHOCTI KOH(irypoBamux mporpamuux cucteM; A. Drozhkin (2022)
IIPOAHAAI30BAHO CyYaCHI IIAXOAH AO OUIHKH fKOCTI IPOIPAMHHX IIPOAYKTIB B yMOBax
mepusHadenocti; D. Tsapetis, M. Shields, D. Giovanis, A. Olivier inmi (2023) posrasHyTO
UQpy v4.1: 6i0aioTeky aaa kBanTudIKarii HeBH3HAYEHOCTI 3 BuKOpucTaHHAM Python; X.
Zhang, Z. Li Ta inmn (2023) po3rAaHYTo OCOOAHMBOCTI BHOOpPY IH(OPMATUBHUX AQHUX 3
ypaxyBaHHAM HEBH3HAYCHOCTI AAfl OArATOMOAAABHOIO BHUABAEHHA O0’ekTiB; |. Zhao, Y. Wang
Ta 1u1 (2023) AOCAIAKEHO BIIAUB Bi3yaAisaliil HEBUSHAYEHOCT] Ha HaAllHICTE MoAeAl; M. Liao,
D. Shen ta P. Lv (2023). po3rAfHYTO €AMHY MOAEAB HEBU3HAYEHOCTI AAHUX T4 HEBU3HAYEHOCT]
B32€EMO3B A3KIB AAHUX; TA 1HIII.

HesBaxkarousm Ha CyrTe€Bi HAIIPAIIOBAHHA BYCHHX 3aAHIIAIOTBCA  HEAOCTATHBO
OOIPYHTOBAHHMH TEOPETHKO-METOAMYHI ITAXOAM BH3HAYEHHA AKEPEA HEBU3HAYEHOCTL
Takum 9UMHOM, KOMIIAGKCHHUI PO3TAAA IAHATO! TEMATHYIHOI CIIPAMOBAHOCTI € HEOOXIAHUM B
BUpPIIIICHH] 32aBAAHb 13 OIIHKA AKOCTI CYYaCHHUX IIPOTPAMHHX CHCTEM 13 BPaxXyBaHHAM
BUPIIICHHA 3aA29 B MEXKAX TEMATHUKU BU3HAYCHHSA AJKEPEA HEBU3HAYCHOCT] BUSHAYCHHSA AJKEPEA

HEBU3HAYEHOCTI.
Pe3yapTaTi AOCAIAYKEHHA

MareMaTUYHHN alrapaT Ta METOAOAOTIYHI 0COGAMBOCTI Kaacudgikarlii Axxepea
HEBU3HAYEHOCTI
B omiami AxkocTi KOMITIOTEPHHX IIPOIPAMHUX CHCTEM BEAHMKE 3HAYEHHS BIABOAUTBCHA
IIPABUABHOMY BH3HAYEHHIO iX KIABKICHHX XapakrepucTuk. Lle crae xArodoBuM eTarom, fK y
IIpoIieci PO3POOKH, TaK 1 Y IIATPUMII Ta IHOKPAIIEHHI IPOrpaMHOro 3abesrredeHna. MeToan
OINIHFOBAHHSA IIUX XaPAKTEPHCTHK BIAITPAIOTH BAKAUBY POAB Y 3a0€3IIEUEHHI AKOCTI IIPOAYKTY

Ta BU3HAYEHHI HOTO BIAITOBIAHOCTI BUMOTaM KOPHCTyBadiB. [ liAHIMArOUM AaHY CIIPAMOBAHICTD

323HAYMMO, ITIO HA TEXHIYHO-IIPAKTHYHOMY PIiBHI — OIIIHKA AKOCTi IIPOTPAMHHUX CHCTEM €
AOCUTH CKAAAHUM 3aBAAHHAM, OCKIABKM BOHA YACTO IIOB’fA3aHAa 3 HeBU3HaveHicTro. Hasith
HAFOIABIIT AOCKOHAAI METOAM TECTYBAHHA Ta AHAAI3Y HE MOKYTb IIOBHICTIO BHKAIOYUUTH
MOKAHBICTE TIOMHAOK YH HECIIPABHOCTEH y IporpaMHOMy KOAl. Haromicrs mnonsarTa
HEBU3HAYEHOCTI y KOHTEKCTi OIHKM AKOCTI IPOIPAMHUX CHCTEM OXOIIAIOE€ PI3HOMAHITHI
ACITEKTH, BKAIOYAIOYH HEIEPEAOAUYBAHICTD ITOBEAIHKM IHIPOIPaMH B PI3HUX yMOBaxX
eKCITAyaTAIlil, CKAGAHICTD aHAAI3y BEAHKHX OOCAIB AAHHX, 4 TAKOK HEIIOBHOTY crerudikariiit

Ta BUMOT AO CHCTEMHM.
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3BaKArOYN Ha BHUIIE BIAMIYEHE B MEKaX CHCTEMATH3aIll AJKepeAd HEBU3HAYEHOCT] IIPH OIHITI

AKOCTI KOMITFOTEPHHX IIPOIPAMHHUX CHCTEM AOIIABHO BIAMITUTH HACTYIHI (pakToplaAbHI

IIEPIITOIPUIHHI AJKEPEAA:

e Heoanosuauni Bumorm: Yacto BUMOra A0 IPOrpamMHOTO 3a0e3redeHH (DOPMYAIOIOTHCH
HEOAHO3HAYHO, 200 HENOBHICTIO. [le Moke CTBOpIOBATH HEBU3HAYEHICTH B TOMY, fAK
OIIHIOBATH BIAITOBIAHICTB IIPOIPAMH ITUM BUMOTAM;

e Pusuk 3MiH BuMOI: Bmmorm A0 HpPOrpamMHOIO 3a0E3IICYCHHA MOXKYTh 3MIHIOBATHCA
IIPOTATOM PO3POOKH, 200 MICAA BUITYCKY IPOAYKTY. LIi 3MIHI MOKYTh BIIAMBATH Ha AKICTDH
IIPOIPAMH T4 BUMATATH IIEPEOIIHKH 1i XapaKTEPHUCTHUK;

e HeouixyBani 30BHiIIHI BAnBy: 30BHIIIHI (DAKTOPH TaKl, AK 3MIHH B IH(PACTPYKTYPI,
KOHKYPEHTHHUI THCK, 200 HOBI PEryAAli, MOXKyTb BIIAHUBATH Ha fAKICTb IIPOIPAMHOIO

3a0e3IIedeHHA, CTBOPIOIOYH HEBU3HAYEHICTD B OLIHII HOTO XapaKTEPHUCTHK;

e [lomuaku B po3po6ui Ta BunpoOysanui: HeaoAlku y mporieci po3poOKu Ta BUIIPOOYBaHHSA
MOJKYTb IIPU3BOAUTH AO IIOSIBH IIOMHAOK T4 HEBIPHOTrO (DYHKIIIOHYBAHHA IIPOIPAMHOIO

3a0€3IIeUEHHS, IO YCKAGAHIOE OLIIHKY HOTO AIKOCT;

e Bapiamia y Buxopucranui: PeaabHe BUKOPHCTAHHA IIPOIPAMHOIO 3a0€3IIECYCHHA MOKE
BIAPIZHATHCSA BIA OYiKyBaHb PO3POOHHKIB, IO IIPU3BOAUTH AO HEBH3HAYECHOCTI B OILHIII

1oro epeKTHBHOCTI Ta AKOCTI;

e Heaoaikm y tectyBamni: He iAeaAbHICTH TeCTyBaHHA MOKE IIPHU3BOAHTH AO IIPOITYCKY
AeAKHX AedeKTiB, 200 HEAOCTATHBOIO OINHIOBAHHA AKOCTI IIPOIPAMHOIO 320€3IICUCHH .
BiamiTHMO, 1110 HABEAEH] IIPUYMHI MOKYTh CTBOPIOBATH HECTAOIABHICTD 1 HEBU3HAYCHICTD

y Ipoiieci po3poOOKH, TECTYBAHHA Ta BHKOPHUCTAHHA IIPOIPAMHOIO IIPOAYKTY. Ix BakamBo

BPAXOBYBATH IIPH ITAAHYBAHHI, PO3POOIIl Ta OILIHIN AKOCTI IIPOIPAMHOIO 3a0E3IIEYCHHA AAA

3a0e3IeYeHHA HANBHUIIIOTO PIBHA 3aA0BOACHHSA KOPUCTYBAYIB 1 BUKOHAHHSA OI3HEC-TIOTPED.
3BaKAIOYN HA HABEACHI IIPOOAEMH, PO3POOHUKN IPOIPAMHOIO 3a0E3IICYCHHS ITOBHHHI

VAOCKOHAAIOBATH CBOI IIAXOAH AO VIIPABAIHHSA IIPOEKTAMH T4 KOHTPOAIO SKOCTL.
Posrasaaroun 1maAxoAm, fki MOKYTh AOIOMOITH 3MEHIIIHTH HEBH3HAYEHICTH Y IPOIIEC]

PO3POOKH T2 OIIHKH AKOCTI IPOIPAMHOIO 320€3II€YEHHA BAPTO BIAMITHTH, IO AOCUTH BarOME

MicIle Ma€ BIABOAHTHCH YITKIF IIOCTAHOBII BUMOT 1 KOMYHIKAITIA.
3BaKAFOYM HA II€ B IPAKTHYHINA peaAisarii BaKAMBO BCTAHOBHUTH YiTKI Ta OAHO3HAYHI

BHMOTH AO IIPOTPAMHOTO IIPOAYKTY IIe Ha ITOYaTKy IpoekTy. HaToMmicTb y BIATIOBIAHOCTI AO

(Dorn et al., 2023) xomyHIKaIid MK PO3POOHHKAMU, KAIEHTAMH Ta IHIIFMHI 3aIliKaBACHUIME

CTOPOHAMU IIOBHHHA OyTH e(EKTUBHOIO Ta CHUCTEMATHYHOIO. AaHHUIl ITAXIA IOTpedye

BPAXyBAaHHA THYYKOCTI Ta aAAITHBHICTH: 3BA/KAIOYM HA PH3UK 3MIH BHMOI, KOMAaHAW

PO3POOHUKIB IIOBHHHI IIPAITFOBATH § THYYKOMY CEPEAOBHIII, IKE AO3BOASE IIBUAKO PearyBaTu

HA 3MIHI Ta aAAITYBATH IIPOAYKT IIA HOBI BUMOTH.

V' KoMIAekci IpakTHYHO! peaAisarii OIIHFOBAHHA AKOCTI IPOTPAMHHX CHCTEM BHMArae
IIOCTIHHOrO (POPMYBaHHA BHMOI AO TECTYBAHHA 1 KOHTPOAIO AKOCTi: [liABHITIeHHA fAKOCTI
IIPOTPAMHOIO 320€3IIEYECHHA MOMKE OYTH AOCATHYTO IINASIXOM BAOCKOHAACHHSA IIPOIIECIB
TECTYBaHHA Ta KOHTPOAIO AKOCTL. BiamiTIIMO, 1110 aBTOMaTH30BaHE TECTYBAHHSA, BUKOPHUCTAHHA
TECTOBUX CKPHITIB T4 IHITI METOAM Ha IPAKTHINl 3aCTOCOBYIOTBHCA 13 IUAIO BHABACHHA

PISHOMAHITHHX ITOMHAOK Ha PAHHIX €Tallax PO3POOKH.
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Takox Ha BCIX €Tamax pPO3POOKH IIPOIPAMHOTO 3a0E€3IIEYCHHA BarOME MICIIE Ma€e
BIABOAUTHCA CTparerii yrmpaBaiHua pusumkamm: lle BkArodae iaeHTH@IKAINIO ITOTEHINHUX
3arpo3 AAfl IIPOEKTY, IX OIIHKY Ta IIAAHYBAHHA 3aXOAIB AAfA IX 3aITOOIraHHA, 200 3MCHIIICHHSA
HACAIAKIB.

Bianosiauo (Areces et al., 2023) AASl BUKATOUYEHHA HEBU3ZHAYEHOCTI HEOOXIAHO 320€3I1€IUTH
MeXaHI3MH  1H(QOPMATHBHOIO HAAXOAKEHHA (PIAOEKIB BiA KopucryBauis: [locriiinmii
3BOPOTHHH 3B’fI30K BIA KOPHCTYBAYiB AOIIOMATA€ BHABAATH IHIPOOAEMH Ta HEAOAIKH
IIPOIPAMHOTO 320€3IEUEHH, IIIO AO3BOASIE ITBUAKO BHOCHTH BHIIPABACHHSA T4 ITOKPAIIICHHS.

BpaxoByrounm aAaHi IAXOAM Ha KOMIIAGKCHOMY piBHI (POPMYIOTBCA 34CAAH, IIOAO
ITOCTIHOIO BAOCKOHAACHHSA IIPOLIECIB, AKI IIOB’A3aH] 13 BUSHAYEHHAM AKEPEA HEBH3HAYEHOCTI
IIPX OLIHIN AKOCTI IPOTPAMHHX CHCTEM.

B mekax KOMIIAGKCHOIO PO3TAAAY BHU3HAYEHHAM AMKEPEA HEBU3HAYEHOCTI PO3TATHEMO
OIABIII AETAABHO ACIIEKTHI 3aCAAH ITOCTIHHOIO BAOCKOHAAEHHS IIPOIIECIB OLIHKH fAKOCTI
IIPOIPAMHUX CHCTEM, fKi ITOB’A3aHI 3 BU3HAYCHHAM AKEPEA HEBH3HAYEHOCTI, 4 CaMe:

e  amaAi3 iAeHTH@IKAIIT AJKEpeA HEBU3HAYECHOCTI;
®  OIIHKY BIIAUBY Ha fIKICTb.

Anaaiz ianerTuddikarii AxxepeA HeBusHadeHOCTL: [leprmum kpokom € aHaais iaeHTHIKALIT
MOJKAUBHX AKEPEA HEBH3HAYECHOCTI B IIPOLIECI OIMIHKKA fAKOCTI IporpamHux cucrem. Ha
IIPAKTHIN PEaAi3alis AAHOIO ACIIEKTY MOJKE BKAIOYATH AHAAI3 BHMOTL, 3MIH BHMOT, PHU3HKH,
HEAOAIKM B TECTYBaHHI Ta IHINI (DAKTOPH, fAKI MOXKYTh BIAHMBATH Ha AKICTH IIPOTPAMHOTO
IIPOAYKTY.

Ha ysaraapHeHOMYy piBHI 3B’A30K MAaTEMATHYIHOIO aAHAAIZY AMKEPEA HEBU3HAYEHOCTI 3
OIIHKOIO AIKOCTI IIPOTPAMHHUX CHCTEM IIOAATAE § TOMY, IO iAeHTH@IKALIA T YIPABAIHHA IIIMI
AKEPEAAMHI AO3BOAAE KpAIlle PO3YMITH Ta IPOTHO3YBATH AKICTH IPOIPAMHOIO 3a0E3IICUCHHH.
OriHKa fAKOCTI IIPOrPAMHHX CHCTEM BKAIOYA€ B cebe pPAA IapaMeTpiB  TAKUX, K
PYHKIIOHAABHICTD, HAAIFHICTD, IIPOAYKTUBHICTD, 3PYYIHICTh BUKOPHUCTAHHA Ta iHIM. AKepeAa
HEBU3HAYEHOCT]I MOKYTh BIIAUBATH HA IIi IIAPAMETPH, TOMY X aHAAI3 AOIIOMATIA€ ITOKPAIIUTH
3araAbHY fIKICTB IPOIPAMHOIO IIPOAYKTY.

KomriaexcHa METOAOAOTIA, AKa ITOEAHYE MATEMATHIHIN aHAAI3 AJKEPEA HEBH3HAYEHOCT] 3
OIIIHKOIO IKOCTI IPOIPAMHUX CHCTEM MA€ BKAIOYATH B ceOe MexaHi3M iAeHTHIKaIIil Akepea
nepusHadeHoCTi. 3riaHo (Behera, 2023) B 3araAbHOMY BHIIAAKY aHAAI3 MOMKAMBHX AKEPEA
HEBH3HAYEHOCTI B ITIPOIECI PO3POOKM Ta EKCHAYATAIlll IIPOTPAMHOIO IIPOAYKIY, MOKE
BKAFOYATH aHAAI3 BIMOT, PU3HKIB, HEAOAIKIB y TE€CTYBaHHI Ta 1HIIHNX (PaKTOPiB. 3BaKAFOYH HA
BAKAHBICTD MATEMATUYHOIO ITAXOAY, PO3LAAHEMO MOACAD MEXaHi3My iaeHTH IKAIT AKepeA
HEBU3HAYEHOCTI 3 BUKOPUCTAHHAM (DOPMYA Ta OIIepaTOpiB.

Ha nepriromy erarni BUKOHYETBCA aHAAI3 BUMOT. MaTeMaTH9IHO 3a3HAYEHHH ITPOIIEC MOKHA
ommcaru HactymHuM vnHOM: «Hexailt R — MHOM«KMHA BCIX BUMOI AO IIPOIPAMHOIO IIPOAYKTY.
ToAl MOKHA BU3HAYHTH AKEPEAA HEBU3HAYCHOCTI, AK BHMOIH, AKI € HEOAHO3HAYHUMH, 200
HenoBHUMHE 3TiAHO dopmyan (1):

Ureq = {ri ERIr}, ©)
A€:

T} — HCOAHO3HA4YHA, 200 HENOBHA BUMOTA.
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V BiaoBiaHOCTI AO (Zhao et al., 2023) oriHKa Ta aHAAI3 BUMOT AO IIPOTPAMHOTO IIPOAYKTY
MO’K€E AOIIOMOI'TH BHSABUTU HOTEHINNHI HEBU3HAYEHOCTI, TAKl, AK HEOAHO3HAYHICTh BUMOT, 200
HEIIOBHOTA OIIHCY.

Ha aApyromy erami BHKOHYETbCA aHAAI3 PH3HKIB, AKHH OXOIIAIOE IIPOIIEC BU3HAYCHHSA
IIOTEHINWHUX PHU3NKIB, fAKI MOMKYTh BHHHKHYTH IIA 9ac PO3POOKH, 20O B EKCIIAyaTarll
IIPOTPAMHOTO IIPOAYKTY. AAHHI IPOIEC MOKE BKAIOYATH PH3UKH 3MIH BHMOL, TEXHIYHI
PH3HUKY, PH3HKM 3B'f3aHI 3 pecypcaMu Ta iHIN BHAM pHU3HKIB. MaTeMaTHYHO 3a3HAYCHMIT
IIPOIIEC MOKHA OIHCATH HACTYIHNM anHOM: «Hexail R —. MHOKHHA BCIX MOKAMBUX PH3HKIB,
IO MOJKYTh BIIAMHYTH Ha AKICTb IIPOIPAMHOTO IIPOAYKTY. TOAI MOKHA BH3HAYHTH AXKEPEAA
HEBU3HAYECHOCTI, IK PU3HUKH, AKI MAIOTh 3HAYHHUH BIIAUB Ha AKICTD (2):

Ureq = {Zi € Rlzi}: (2)
Ac:
Z; — PU3UKOM, KU BIIAHBAE HA AKICTb.

Ha tperpomy erarii BUKOHYETBCA peaAi3ariifi aHAAI3y ICTOPUYIHUX AAHUX: B AAHHN aHAAI3
BXOAHUTH PO3LAfIA ICTOPHYHHX AAHUX 3 IIOIEPEAHIX IIPOEKTIB, 400 ITOAIOHHX IIPOTPAMHHUX
IIPOAYKTIB AAfl BUABACHHA THIIOBUX AKEpeA HeBH3HadeHOCTL. [TiA 9ac aHaAldy icropmaHHX
AaHUX 3riAHO (Boukbelifa et al., 2023) moHA BHKOPHCTOBYBATH CTATHCTUYHI ITOKA3HUKH AAf
BISIBACHHS THIIOBHX AkepeA HeBusHadeHOCTL. Hampukaas, Upjse — MHOMHHA AKepeA
HEBU3HAYCHOCT], IO BHABACHI INA YaC IIOIEPEAHIX IIPOEKTIB, TO MOXKHA OOYHUCAHTH

HMOBIPHICTB ITOSIBU KOKHOIO AKEPEAA HEBU3HAYCHOCTI y BIALIOBIAHOCTI A0 (3):

P( Upgse) = 20t ©)
Ac:
N — KIABKICTB IIPOEKTIB.

Ha dgerBepromy erami BHKOHYETHCHA EKCIIEPTHA OIIHKA, peaAl3arif KOTpoi mepeabadac
BIAIIOBIAHE 3aAYYEHHf EKCIIEPTIB y TaAy3l PO3POOKH IPOIPAMHOIO 3a0€3IECUCHHA AAA
BUABACHHSA ITOTEHINIHUX AKEPEA HEBU3HAYEHOCTI, Ha AKI MOKE BIIAUBATH iX AOCBIA T4 3HAHHA.
B yzaraapHeHOMy BHITAAKY y BIATOBiAHOCTI AO (Bougeret et al., 2023) excriepTHa OLIHKA MOKE
OyTH BHKOHAHA 32 AOIIOMOIOIO CKCIEPTHHX 3HaHb Ta AOCBiAy. Hexaii E — muoxmHA BCix
EKCIIEPTHUX OIIHOK AKEPEA HEBH3HAYEHOCTL. TOAl MOMKHA BH3HAYHTH CEPEAHIO EKCIIEPTHY

OITHKY AAfl KOZKHOIO AkepeAa (4):

m .
i=1 Ui

Uexp = ;n ) 4)
Ag:
M — KIABKICTh €KCIIEPTHHX OIIHOK.

B mexax amaaisy AaHHX, AKI OTPUMYIOTH B HACAIAOK 3actocyBanuA ¢dopmya (1-4) ta
BHU3HAYEHHA 3araAbHOI HMOBIPHOCTI BHUHUKHEHHf AKEPEA HEBHU3HAYEHOCTI MOKHA
BHKOPHUCTOBYBATH PI3HI ONEPATOPH Takl, AK AOIIYHI OIEPATOPH, OIEPATOPH IOPIBHAHHA,
apudmernyHi omeparopu Tomo. Hampukaaa, AAf BH3HAYEHHA 3araAbHOI HMOBIPHOCTI

BHHHUKHEHHA AJKEPEA HEBHU3HAYEHOCT]I MOKHA BUKOPHUCTOBYBAaTH (DOpMYAY (5):

P(Utotal) = P(Ureq) + P(Urisk) + P(Uhist) + P(Uexp), (5)
AC:

P(U¢otqr) — 3aranbHa HMOBIPHICTD BHHHKHEHHA AJKEPEA HEBU3HAYEHOCTI.
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Ha mpakruri Burine HaBeACHUI MATEMATHYHIH aHAAI3 AJKEpEA HEBU3HAYEHOCT] 3 OIIHKOFO
AKOCTI IPOIPAMHUX CHCTEM AO3BOAAE 3AIFCHIOBATH OIABIIN OO’€KTHBHY Ta CHCTEMATHYIHY
OIIHKYy IOTCHINWHNUX PH3HUKIB, AKI MOKYyTh BHHHKHYTH IIA 9aC PO3POOKHM Ta EKCIIAyaTarii
IIporpaMHOro IpoAykTy. HaBeaemo 1epeBaru 3armporoHOBaHOIO IAXOAY:

e  Panbe BUABACHHA PU3HKIB: AHAAI3 AKEPEA HEBU3HAYCHOCTI MOKE OYTH IIPOBEACHUI Ha
PaHHIX eTamax IIPOEKTY, HaBITh IIEPEA IMOYATKOM PO3POOKH IPOrPaMHOrO IpOAyKTy. Lle
AO3BOASIE PO3POOHHKAM Ta MEHEAKEPAM 3 PU3UKAMH BUABHTH ITOTEHIIHI IIPOOAEMH Ta
IIPUUHATH 3aXOAHU IOAO X YIIPABAIHHSA IIIe AO TOTO, AK BOHH CTaHYTh KDUTHYHHIMU,;

e (OOC’exTHBHA OIIHKA pPHU3HUKIB: BHKOPHCTAaHHA MATEMATHYHHUX METOAIB  AO3BOAfE
O00’€KTHBHO OLIHIOBATH HMOBIPHICTh BUHUKHECHHA PI3HUX AKEPEA HEBH3HAYEHOCTI Ta iX
BIIAUB Ha fIKICTh IIPOIPAMHOTO IIPOAYKTY. Lle Aomomarae yHUKHYTH Cy0'€KTHBHIX OLIIHOK
Ta 3a0€3IIEYNTH OIABIII TOYHE IPUUHATTA PIIICHD;

e  [loxpareHHs MAQHYBAHHA IPOCKTY: PEe3yABTATH aHAAIZY AJKEPEA HEBU3HAYECHOCTI MOXKYTb
OyTH BUKOPHCTAHI AAfl ITIOKPAILIEHHSA IIAAHYBaHHA IIpoekty. Harpukaaa, BusBAeHi pusuku
MOJKYTh OyTH BPaxOBaHi IIpH po3poO1i rpadiky IIPOEKTY Ta PO3IOAIAL pecypcis;

e  Minimizaria BuTpaT Ta 30iABIICHHA edeKTHBHOCT:: PaHHE BHABACHHA Ta YIIPABAIHHA
AKEPEAAMH HEBHU3HAYECHOCTI AO3BOASIE VHUKHYTH HEIIEPEADAYEHUX BUTPAT 1 3aATPUMOK Y
pospobiii. Lle asormomarae 30iabIruTH €DEKTUBHICTD IIPOEKTY TA 3HU3UTH HOTO 3araAbHI

BUTPATH.

e 3abe3medeHHA BHCOKOI AKOCTI IIPOAYKTY: AHAAI3 AMKEPEA HEBH3HAYEHOCTI AOIIOMATA€
BUABUTH Ta YIPABAATH PHU3HKAMH, fAKI MOKYTh HETaTHBHO BIIAMHYTH Ha SAKICTb
HIporpaMHOro IHpOAyKTy. Lle A03BOAfe 3a0e3reduTH BHCOKY AKICTH IIPOTPAMHOTO
3abe3IedeHHA Ta 3aA0BOACHHS IIOTPEO KOPUCTYBAUIB.

OTrxe, MaTeMaTHYHUI aHAAI3 AKEPEA HEBU3HAYEHOCTI Ha IIPAKTHI AOIIOMATrae
IABHINNATH e(PEKTUBHICTD Ta AKICTH PO3POOKH IPOIPAMHUX CHCTEM, 3MEHIIHTH PU3HKH Ta
3a0€3IIEUHUTH YCIIIITHE 3aBEPIIIEHHSA IIPOCKTY.

Posrasaemo meroposorigHi 0coOAMBOCTI Kaacuikamii AKEpEeA HEBU3HAYEHOCTI 3a
BIIAMBOM Ha AKICTb. Burrie 3a3nadena kaacu@ikariis 3BOAUTHCA AO PO3IIOAIAY iA€HTH(IKOBAHIX
AKEpEA HEBH3HAYEHOCTI HA KaTeTopil B 3aA€KHOCTI BIA IX ITOTEHIIHOTO BIIAMBY Ha Pi3HI
ACIIEKTH AKOCTI IIPOIPAaMHOro 3a0esredenHs. B aany kaacudikariiro BIALOBIAHO BXOAATD:
®  KPHUTHYHI AJKEPEAQ HEBU3HAYEHOCTI;
®  CyTTEBI AJKEpeAd HEBU3HAYEHOCTI;
®  MIHOPHI AKepeAa HEBU3HAYEHOCTI;
®  HEBU3HAYEHOCTL, OB f3aHi 3 30BHIIIHIMU (DAKTOPAMHU.

3riaao (Clarté et al., 2023) AO KPUTHYHUX AXKEPEA HEBU3HAYEHOCTI BIAHOCATD AKEpPEAa
HEBU3HAYEHOCTI, SKI MAIOTh HANOIABIIMHI ITOTEHIIAHUN BIIAMB HA KAIOYOBI ACIIEKTH SKOCTI
IIPOTPAMHOIO IIPOAYKT TaKi, AK HAaAlHHICTb, Oesreka, abO HpoAykTuBHICTB. Harmpukaaa,
IIOMUAKH B KPHTHYHUX aATOPUTMAX, 20O HEBIAITOBIAHICTD OCHOBHHM (PYHKILIOHAABHUM
BuMOTraM. MaTeMaTHYHO KIABKICT KPUTHYHHUX AKEPEA HEBH3HAYEHOCTI MOKHA PO3PAXYBATH Y
BiATTOBiAHOCTI A0 popmyan (6):

[Ucriticatl = Xueu 6@) - B(w) (©6)

A€
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& (u) — dymxis, sxa moseprac 1, AKII0, ArKepeAo U € KpuTuaamM, i 0 B HITIOMY BHITAAKY,
B(u) - KOeIIIEHT BIIAUBY AKepeAa U Ha AKICTb IIPOTPAMHOTO 3a0€3II€YCHHH,
U — muO)1H2 BCix IACHTH(IKOBAHUX AKEPEA HEBH3HAYCHOCTI,
UcriticaSU — MHOXMHA KPUTHYHIX AKEPEA HEBU3HAYECHOCTL
3rinno  (Mena, 2020) AO CYTTEBHX AKEPEA HEBH3HAYECHOCTI BIAHOCATD AMKEpPEAa
HEBU3HAYEHOCTI, fIKI MOKYTh BIAMBATH Ha AKICTH IIPOTPAMHOIO IIPOAYKTY, aA€ HE HACTIABKI
KPUTHYHI, fK KPUTHYHI AkepeAa HeBusHadeHOCTl. Hamprkaaas, HEBIAIIOBIAHICTD AEAKHX
HeOOOB’A3KOBUX (DYHKIIINA, a00 MOKAUBI 3MIHE B iHTepderici kopucryBada. MaremaTHaHO
KIABKICTD CYTTEBHX AJKEPEA HEBU3HAYEHOCTI MOKHA PO3PAXYBATH Y BIATIOBIAHOCTI AO (popmyAn
(7):
|USignificant| = Zueu s(u) - Y(u) (7)
A€
s(u) — dynxmis, sxa moseprac 1, AKITIO, AsKEpEAO U € cyTTEBNM, i ) B HITIOMY BHITAAKY,
y(u) — xoedirtienT BIAEBY A)epeAa U Ha AKICTH TIPOTPAMHOTO 320€3MEUeHHS 13 BPAXYBAHHAM
BIIAUBY CYTTEBHX AJKEPEA HEBH3HAYCHOCTL
3riznvo  (Tsapetis et al., 2023) AO MIHOPHHX AXKEPEA HEBU3HAYEHOCTI BIAHOCATD
HEBU3HAYECHOCTI, AKI MAIOTh HE3HAYHUN BIIAUB HA AKICTH IIPOTPAMHOTO IIPOAYKTY 1 MOKYTb OyTH
A€TKO BUIIPABAEHI, 200 mpoirHoposani. Hammpukaaa, HeBeANK] HOMUAKH B TEKCTI AOKYMEHTALI],
200 HEBEAHKI 3MIHM B 30BHIIIHBOMY BHIAfIAL IIporpamu. MareMaTHIHO KIABKICTH MIHOPHHUX
AKEPEA HEBU3HAYEHOCTI MOKHA PO3PAXyBATH Y BIATOBIAHOCTI AO bopmyaH (8):
[Uninor| = Zuev m@) - a(u) ©)
Ac:
m(u) — dynxis, sxa moseptac 1, AKIIO, AKepeAo U € MiHOPHIM, i 0 B IHITIOMY BHITAAKY,
a(u) — koedirieHT BIAEBY AsKepeAa U Ha AKICTH TPOTPAMHOTO 320€3TTCUEHHS 13 BPAXYBAHHAM
BIIAUBY MIHOPDHHUX AKEPEA HEBU3HAYECHOCTI.
3riano (Cappelli et al., 2020) A0 HeBU3HAYECHOCTEH, AKI OB A3aH] 3 30BHIITHIME (DaKTOpaMU
BIAHOCATD AKEpeAa HEBU3HAYEHOCTI, AKI BHHHKAFOTh YepPe3 30BHIITHI BIIAUBH, Takl AK 3MIHH B
IH@pacTPYKTypl, KOHKYpEHTHUI THCK, 400 HOBI peryasri. [i dakropu MoxyTs BIAMBaTH Ha
AKICTH ITPOTPAMHOIO 3a0€3IICUYEHHS, aA€ IX BAKKO KOHTPOAIOBATH. MaTEMATHYIHO KIABKICTBH
AKEPEA HEBH3HAYECHOCTEH, fIKi IOB’A3aHI 3 30BHIIIHIMUI (DAKTOPAMHU MOXKHA PO3PAXYBATH Y
BIAITOBiAHOCTI A0 popmyan (9):
|Ugxternatl = Xuev z(w) - 6(w) ©)
A€
z(u) — dynkIIif, Aka moBeprae 1, AKIIO, AKepeAO U BIAHOCHTBCA AO AJKEPEA HEBU3HAYEHOCTI,
AKl BHHHKAFOTH Y€pe3 30BHIITHI BIANBY, 1 0 B IHIIIOMY BHITAAKY,
z(u) — KoeiIieHT BIAUBY AKepeAa U Ha AKICTh IIPOIPAMHOrO 3a0€3IIeYeHHSA 13 BpaXyBaHHAM
BIIAMBY AKEPEA HEBU3HAYEHOCTI, IKI BUHUKAFOTH Ye€PE3 30BHIIIHI BIIAMBH.
B pesyaprari ysaraapHeHy opMyAy B Mexax BpaxyBaHHA KAacuikarii AxepeA

HEBU3HAYEHOCT] 32 BIIAMBOM Ha AKICTb MOKHA IIPEACTABUTH Y BUTAAA Bupasy (10):

Q = (lUCriticall(yl ) + |USignificant|(YZ )+ |UMinor|(YB) + |UExternal|(y4 )) (10)
AC:
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Y1, Y2, V3, Y4 — KOeDIIIEHTH BAKAUBOCTI AAfl KPUTHYIHHUX, CYTTEBUX, MIHOPHHUX AKEPEA
HEBU3HAYEHOCT] Ta 30BHIIIHIX (PaKTOPIB.

Bume maBeaena dopmyaa (10) A03BOAflEe BpaxyBaTH BaroMiCTb KOKHOTO BHAY AKEPEA
HEBU3HAYEHOCTI, 2 TAKOK BPAXOBYBATH IX KIABKICTB, IO MOKE OYTH KOPHCHHM IIPH OIIHII

BIIAMBY Ha AKICTH IIPOTPAMHOTO IIPOAYKTY.

Ormrrumisariia mpo6aemu popmaaisariii HEBU3HAYEHOCTi y BUMOTax AO IIPOIPAMHOTO
3abe3meueHHsA

OAHIM 13 HOBITHIX MATEMATHYHHX PIIICHb, AKE MOKHA 3AIIPOIIOHYBATU AAA OIITHMI3aIlii
rpobAemu  popmaaizariii HEBH3HAYEHOCTI Y BHMOIaX AO IIPOIPAMHOIO 3a0€3IICYECHHA, €
3aCTOCYBAHHA METOAIB MAIIIMHHOTO HaBYAHHA T4 aHAAI3y Aanmx. Ha ocHOBI BeAmkux oOcsris
AQHUX IIPO IOIEPEAH] IIPOEKTH IIPOTPAMHOTO 320€3IIeUEHHA MOKHA PO3POOUTH MOAEAD, AKa
IIPOTHO3y€ HMOBIPHICTh BUKOHAHHA KOKHOI BUMOTH HA OCHOBI if XapaKTEPHUCTHK Ta KOHTEKCTY.
Takumii IAXIA AO3BOAfIE aBTOMATH3YBATH IIPOIIEC BU3HAYEHHSA HEBU3HAYEHOCTI Ta POOUTH
OIABIII TOYHI IIPOTHO3M. TAKOK MOMKAMBO 3aCTOCYBAHHA METOAIB OITHMI3AIN] TAaKWX, fAK
T€HETHYHI AATOPUTMU YU METOAM OIITHMI3AIlii 32 AOIIOMOIOIO INTYYHUX HEHPOHHHUX MEPEK,
AAfl TIOIIYKY OIITHUMAaABHOTO PO3IOAIAY PECYPCIB Ta CTPATEriil KepyBaHHA HEBU3HAYCHICTIO B
IIpOrpaMHOMy 3a0e3riedeHHl. Taki IMAXOAU AO3BOAAIOTH ITOKPAIIHUTH AKICTh Ta €(PEKTHBHICTD
IIPOLIECIB PO3POOKH IIPOIPAMHOTO 3a0E3IICYCHHA, 3MEHIIYIOYN BIIAUB HEBH3HAYECHOCTI Ha
KIHIIEBUN PE3YABTAT.

IIpeacTaBMO BHIIE BKA3aHE y BHUTASAL MOAEAIL IIPOrHO3YBAHHA HMOBIPHOCTI BUKOHAHHSA
KOKHOI BUMOTH Ha OCHOBI ii XapakTepucTHK Ta KonTekcry. Hexaii
o V={9,9,,..,9,} - MHOKIHA BUMOT AO TIPOTPAMHOTO 320€3TTCUECHHH,

A€ N KIABKICTH BIMOT;

o X ={xi1,Xi2, -, Xim, } — MHOXWHA XapakTepucTHK (03HAK) BEMOTH J;,

A€ M — KIABKICTh XapaKTEePHUCTHK;
® Y; — LiABOBA 3MIHHA, KA BIAOOpaka€e IMOBIpHICTS BUKOHAHHS BUMOrH U;.

ToAl MOA€Ab TIpOTHO3yBaHHA Mome OyTH BHsHaueHa, sk dymkmia f:X — [0,1], saxa
IIpU3HAYAE KOKHIM BHMO31 MMOBIPHICTb BHKOHAHHA. MeTOXO € HaBYaHHA MOAEAl HAa OCHOBI
tpenysasbanx Aanux D = {(X1y1), (X2¥5), ..., XyYn), }, ae N, wiabkicts mpuxaaais y
TPEHYBAABHOMY HaOOPI.

Ha mouarky mporiecy Mu 30HpaAn AaHi IIPO BIMOTH, BKAFOYAFOYH iX XapAaKTEPUCTHKH T4
KOHTEKCT, AKI MOKYTh BIAHMBATU HA X BUKOHAHHS, a CAME CKAAAHICTH, TEPMIHU BUKOHAHHS,
IIPIOPHUTET, KPHTUIHICTD TOINO. TaKOkK 3aCTOCYBAAM HABEACHI BHUINE KAACHIKAIIIO AXKEpeA
HeBu3HaveHOCTi, Ta hopmyan (1-10).

3aaaga roadrae y mimimizanii dysknil Brpar L MIK IPOrHO30BAaHUMU HMOBIPHOCTAMH 1
cupasxHivu 3HaveHHAME (11):

L =YL L(y, f(X) (11)
A
L nmoske Oyru pisHEME (DYHKIIAME BTPAT TAKAMH, K CEPEAHBOKBAAPATIYHA IIOMUAKA AAT 33AQY

perpecii, a00 KpOC-eHTPOIIA AAF 3aAa9 KAACHIKaITii.
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Ha meTroamanomy piBHI AAf HABYAHHSA BUIIE HABEACHOI MOACAIL Y BIAITOBiAHOCTI AO (Gray ef
al., 2023) 3acrocyBaAm:
®  TPAAIEHTHHII CIYCK;

e  meroan omrrmmisari: Adam ta RMSprop;
®  AATOPUTMH MAIIMHHOTO HABYAHHSA TaKi, AK TAHOOKI HEHPOHHI MEPEiKi, TPAAIEHTHI AepeBa

BHITAAKOBOTO AICY TOIIIO.

Bumme 3asmadeni METOAM AO3BOAAIOTH HABYUTH MOAEAb Ha TPEHYBAABHHUX AAHHUX i
BUKOPHCTOBYBATH 11 AAA IIPOTHO3YBaHHSA I‘/'IMOBipHOCTefv'I BUKOHAHHS BHMOT y PEAABHHX
IIPOEKTAX IIPOTPAMHOTO 3a0€3IICYCHHS.

Pospobasroun cucremy mporHosyBaHHA HMOBIPHOCTI BUKOHAHHSA BHMOT BIAMITHMO, IIIO
AaHA cHCTeMa Oa3yeTbCAd Ha METOAAX MAIIMHHOIO HABYAHHA 1 BHKOPHUCTOBYETBCH AAf
IIPOTHO3YBAHHA IMOBIPHOCTI BHKOHAHHA KOHOI BHMOTH Ha OCHOBI i XapaKTEpHCTHK.
OcHOBHA iA€fl IIOAAITA€ B TOMY, IIIOO HA OCHOBI CTATHUCTHYHOIO aHAAI3y ITOIIEPEAHIX ITPOEKTIB
IIPOIPAMHOTO 3a0E€3IIEYCHHA ITOOYAYBATH MOAEAB, fKa 3AATHA IIEpPEeADadaTH HMOBIPHICTBH
BHUKOHAHHA BUMOTH Ha OCHOBI iH(opMariil Ipo Hei.

Ha mporpamuaomy piBHI AAf po3p00OKH 1iel cructemu 3riaAHO 3 (Cappelli et al., 2020) AOIIABHO
BHKOPHUCTOBYBATH CIIEIliaAl30BaHI OIOAIOTEKH MAIIMHHOrO HaB4aHHA Taki, Ak TensorFlow Ta
Scikit-learn, skl B ITOBHIN Mipl 3a0€31IEYYIOTH IIOOYAOBY T4 HABYAHHA MOACAL

[Ticass HABYaHHA MOAEAB MOKE OYTH BHKOPHUCTAHA AAf IIPOTHO3YBAHHA HMOBIPHOCTI
BHKOHAHHSA BUMOTH B PEAABHUX IIPOEKTAX IIPOTPAMHOTO 3a0€3I1CYCHHH.

V BianosianocTi A0 (Droghkin, 2022), AOIIABHO IIEPEADAYHTH, AOAATKOBE 3aCTOCYBAHHSA
MOAYABHOI CHCTEMH, fIKa BHUKOPHUCTOBYE METOAHM OIITHMI3arii AAfA IIOIIYKY OITHMAABHOTO
pO3IIOAIAY  BaroBux KoedilI€HTIB MDK BHMOTAMH 3 METOIO MiHIMI3amil — 3araAbHOL
HeBU3HAYCHOCTL. MaremaTudHO, 11e Moke OyTr c)OPMYABOBAHO, AK 3aAada OIITHMI3aIli, Ae
METOIO € MiHiIMi3amis 3araabHO! HeBu3HadUeHOCTI U, sika OOYHCAIOETBCSH, K CymMa BArOBHX
KoeIIieHTIB.

B mexax mpaxktuyHOI peaaisarlii IIPOEKTHOTO PIIIeHHA Y BIAIIOBIAHOCTI AO (Areces et al.,
2023) AOIIABHO IEPEADAYUTH MOMKAUBICTD 3aCTOCYBAHHA AATOPHTMIB OIITHMI3AIlil: 30KpeMa
TEHETHYIHHUX AATOPUTMIB, METOAIB OIITHUMI3AII 32 AOIIOMOTOFO IITYYHHX HEHPOHHHUX MEPEXK,
200 METOAIB OIITHUMI3AIlil Ha OCHOBI IPAAIEHTIB, AAAL TIOIIIYKY OIITHMAABHOIO PO3IIOAIAY BATOBUX
koedirmientis. B mamomy BuIIaAKy AAf  po3poOkm el  cmcreMm OyAO  BHpIIIEHO
BHKOPHCTOBYBATH ClieriaAisoBani 6i0AioTekn onrrnmizariii: SciPy ta CVXPY, ski 3abesneunan
PEaAI3aIliFO AATOPUTMIB OIITHUMI3AIL Ta IIOIIYKY HAKPAIIIOIO PO3IIOAIAY BATOBUX KOEIITiEHTIB
(Pucynox 7). B pe3yAbTari HOAAABIIIOL IIPAKTHYHOI IIPOrPAMHO-PO3POOHHUIIBKOT peaAisartii Burre
3a3HAYECHI  PIICHHA i3 PO3POOKM KOMIIAEKCHOI CHCTEMH OYAH IHTEIPOBaHI Pa3OM AAA
320€3I1€9YECHHA KPAIIIOIO YIIPAaBAIHHA HEBU3HAYCHICTIO BUMOT T4 IIABHINIEHHA AKOCTI IIPOIIECY
PO3POOKH IIPOIPAMHOIO 320€3II€YEHH.

B pesyabrati po3pobaenmii koA nporpamuoro pirnenns (Pucynox 1) BusHavae yHKIIFO
OOYNCAEHHS 3araAbHOI HEBH3HAYCHOCTI, fAKa OOYHCAIOE CyMy BaroBHX KOE(IIE€HTIB.
[TogarkoBuii pO3IOAIA BaroBUX KOE(IIEHTIB BCTAHOBAIOEThCA Ha piBHI 0.5 AAA KOXKHOTO
koedimierra. B mexax BuplIIeHHA 3aAa9Y OITHMI3anil BCTAHOBAIOIOTBCA OOMEKEHHS AAA

BAroBUX KOe(IiIl€HTIB (B HAIIIOMY BHIIAAKYy ITOCTABUAACh YMOBA, IO {X CymMa IIOBHHHA OyTH
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piaa 1). IlicAa 9oro OyAO BHKOPHCTAaHO METOA MiHIMI3aIil AAfA ITOIIYKYy OITHMAABHOTO
posIoaiAy  BaroBux KoedimienTiB. I B pe3yAbprari ONTHMAABHHIA PO3IOAIA BAaroBUX
KoedillleHTIB BHBOAUTBCA Ha CKpaH. B Mexax mOOyAOBH CHCTEMH, AAA CTBOPCHHSA
KOMITAEKCHOTO ITAXOAY AO VIIPAaBAIHHA HEBH3HAYEHICTIO BHMOI Y IIPOIECI PO3POOKU
IIPOIPAMHOTIO 3a0€3IeUEHHA OYAM IIOEAHAHI BHIIE 3aIIPOIIOHOBAHI CHCTEMHI piIIeHHA
(ITOEAHAHO CHCTEMY IIPOIHO3YBaHHA HMOBIPHOCTI BUKOHAHHSA BHMOTI Ta CHCTEMY OITHMIi3arii
PO3IIOAIAY BaroBux KoedimieHTiB). AAf AaHOTO 00’cAHAHHSA Y BIATOBIAHOCTL A0 (Liao, 2023)
OyAa 3aCTOCOBAHA CTPATETiA BUKOPHCTAHHA IPOTHO30BAHOI MMOBIPHOCTI, IITOAO BHKOHAHHSA
BUMOT AAfA BH3HAYEHHSA IX BaroBUX KOE(MIIIEHTIB y CHCTEMI ONTHMI3AI], IIIO AO3BOAHAO B
KIHIIEBOMY BHIIAAKY 3a0€3IIEYNTH PEAAI3AII0 KOMIIAEKCHOIO INAXOAY AO VIPaBAIHHSA
HEBU3HAYEHICTIO BUMOT Y IIPOILIECI PO3POOKH IIPOTPAMHOIO 3a0€3II€YCHHS.

BiamitamoO, 110 mpm  po3poOIl 320E€3IEUHMAN HABYAHHA MOAEAI IIPOTHO3YBAHHSA

HMOBIPHOCTEN BUKOHAHHSA BUMOT Ha OCHOBI HAOOPIB TPEHYBAABHUX AAHUX, 4 CAME:
e  Quality Assessment Dataset (QAD);

e  Bug Prediction Dataset (BPD) — Habip aanux aaf mepeAOadeHHA BUHUKHEHHSA IIOMHUAOK

Ta OLIHKHU AKOCTI IIPOTPaM;

e Code Quality Benchmark (CQB) — CranaaptHuit Habip AAHUX AAS ITOPIBHAHHS Ta OLIHKH

AKOCTI IIPOIPAMHOIO KOAY.

3aszHadeni TpeHyBaAbHI HaOopm Oyao B3sro i3: GitHub T1a UCI Machine Learning
Repository.

[Ticas HaBYAHHA MOAEAI BUKOHYETHCA IIPOTHO3YBAHHA HMOBIPHOCT] BUKOHAHHS BIMOT AAf
TecToBOTO HAOOPY AaHuX. [ToTiM 3acToCOByeThCA (PyHKIIA UNcertainty, Aka OOUUCAIOE 3araAbHY
HEBU3HAYCHICTh 3 YPAXYBAHHAM BArOBHX KOC(MIMIEHTIB, IIOMHOKEHHX Ha IIPOrHO30BaHI
HMOBIPHOCTI BUKOHAHHA BUMOI. Y BIAIOBIAHOCTI AO (Boukhelifa et al., 2023) aas Toro mob
3HANTH OITHMAABHHE PO3IOAIA BAaroBUX KOEMIIIEHTIB 3 ypaxXyBaHHAM INi€l 3araAbHOL
HEBU3HAYCHOCTI OYAO 3aCTOCOBAHO METOA MIHIMI3arTii.

B mexkax po3poOKH BHKOPHCTOBYBAAUCH ACKIABKA ITOIYAAPHUX OIOAIOTEK AAA POOOTH 3

MAIITMHHAM HABYAHHSM T4 320e3IIeYeHHsA OHTI/IMiSZlL[ﬁ, a caMe:

e Oibaiorexka Pandas: Oyaa 3acTocoBama AAfA OOpPOOKH Ta aHAAI3y AAHHUX, AKA AO3BOAHAQ
3PYYHO 3aBAHTAKYBATH, OOPOOAATH Ta MAHIIIYAIOBATH AAQHHMH, IO 320€3IEYHAO

edpexTuBHY poOOTY 3 HAOOPAMH AAHUX;

e 0OidOaioreka Scikit-learn: 3actocyBasacs AAf mMarmHHOrO Ha4daHHA B Python, mo micturs
Oarato peaai3aniii AATOPUTMIB MAIITMHHOIO HAaBYaHHA T4 IHCTPYMEHTIB AAfA OIIHKH

MOACACfI, 1o pO6I/ITI) AETKHM CTBOpCHHH, HaBYaHHA Ta OLIiHIOBaHHH MOACAefI.

e Oibaioreka SciPy: 3actocyBasacad AAfA 3a0€3IIECUEHHA HAYKOBHX OOYMCAEHB TaK, AK AaHA
6i0AioTeka y BiAOBIAHOCTL AO (Tsapetis et al, 2023) micTurh Oarato iHCTPYMEHTIB AAA
onTUMi3arii, AlHIAHOI aAreOpwH, iHTErpyBaHHA Ta IHINIHX MATEMATUYHUX OOYHCAEHb. B
MeKaX AQHOI OIOAIOTEKH 3aCTOCOBYBaBCA METOA «minimize 3 SciPy», IO AO3BOAAAO
3HAXOAHUTH OIITHMI3AIIHUI MIHIMyM (DYHKIIIL.

BiamituMo, mo B Mexax po3poOku BHOIp cTpaTerii yIpaBAIHHA HEBU3HAYEHICTIO OyB
3AIIICHEHHUIT 32 AOIIOMOT'OIO TEOPii MPHIHATTA PIIlIeHDb (A2HA MATEMATHYIHA TEOPIA AOCAIAKYE

IIPONIECH IPHHHATTA PIIlIeHb B YMOBaX HEBU3HAYEHOCT] T PH3HKY).
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Awnckycia

3anponOHOBAHMIT B CTATTi MexaHi3M iAeHTH@IKAI AKEpeA HEBHU3HAYECHOCTI B
KOMITAEKCHIN METOAOAOTII AAfl OLIHKH AKOCT] IIPOIPAMHHUX CHCTEM BIAPISHAETHCH BIA ITIAXOAIB,
Akl orucai B upart (Haiderzai & Khattab, 2019) Tum, 110 3aBAAKH HOTO 3aCTOCYBAHHIO BAAETBHCA
PETEABHO CHCTEMATHU3YBATH BCI MOMKAHUBI AJKEPEAd HEBU3HAYEHOCTI, IIIO MOXKYTb BUHHUKHYTH B
IIPOILIEC] PO3POOKHU Ta EKCIAYATAILil IIPOTPAMHOTO 3a0€3IICYCHHS.

Ommcani B CTaTTl PIIEHHA MOKHA ITOPIBHATH 3 PISHUMH IIAXOAAMH AO YIIPABAIHHSA
HEBU3HAYEHICTIO BUMOTI Yy IIPOTPAMHOMY 3a0e3ledeHHl. 30Kpema ITOPIBHIOIOYH i3 IIpariero
(Areces et al., 2023) Ae TIPOIOHYIOTHCA 3aCTOCOBYBATH TPAAULIIHI METOAM O€3 BUKOPHCTAHHSA
MAIIMHHOIO HABYAHHA, 2400 omrruMizamil. B Takux mAXoAaX HEBU3HAYEHICTH BUMOT 3a3BHUYAN
KEPYETBCA 332 AOIIOMOIOIO PYYHOIO aHAAI3y Ta EKCIIEPTHHX OMIHOK. [lOpiBHAHO 3 ITmM,
3aIIPOIIOHOBAHI B HAIIIN CTATI PIIEHHA IIPOIOHYIOTh PEAAI3OBYBATH aBTOMATH3OBAHHUM T2
OIABIII OO’€KTHBHHE ITIAXIA AO YIPaBAIHHA HEBH3HAYCHICTIO 32 AOIIOMOTOIO METOAIB
MAIIMHHOTO HAaBYaHHA Ta OIITHMizarfi. AaHUIl ITAXIA 32 CBOIM CIPAMYBAHHAM YaCTKOBO
CXOKHIT 13 IMAXOAAMHU, fIKI BUCBITACHHI B 11parti (Bebera, 2023) npore pimreHHs, AKki HaBEACHI B
TIH Ipari MOKYTh BUKOPHUCTOBYBATH AHIIIE MOACAI MAIIIMTHHOTO HABYAHHA AASl IIPOIHO3YBAHHS
HMOBIPHOCTI BHMKOHAHHS BHMOTI 0O€3 IIOAAABIINOI OITHMI3aIi. Y IIOPIBHAHHI 3 TAKHIMHU
pIIIICHHAMH, OIFCAaHA B HAIIN POOOTI CHCTEMa AOAAE€ €ACMEHT OIITHMI3AIli, IO AO3BOAAE
ABTOMATHYHO KEPYBATH BATOBHMU KOCMIIIIEHTAMU AASl KPAILIOTO YIIPABAIHHA HEBU3HAYECHICTIO.

[NopiBHIOIOYH ITAXOAH, IO OA3YIOTHCA BUKAIOYHO HA OIITHMI3ALil BAPTO 3a3HAYHUTH, IIIO
pitrenns, ski orucani B upari (Galli et al., 2023) BUKOPUCTOBYIOTb AHIIIE METOAU OITTHMI3AIlil
AAfl POBIIOAIAY PECypCiB Ta KEpPyBaHHA HEBHU3HAYEHICTIO. TOAI, fIK OIIMCAaHA CHCTEMa
BHKOPHCTOBYE KOMOIHAIIIO METOAIB MAIIMHHOIO HABYAHHA T4 OIITHMI3AIii, IO MOXKe
IIPU3BECTH AO OIABIIT TOYHOTO Ta €(PEKTUBHOTO YIPABAIHHA HEBU3HAYCHICTEO.

Bukopucrannsa 3aIpoIIOHOBAaHHX B POOOTI METOAIB MAIIMHHOIO HABYaHHA ~AAA
IIPOTHO3YBAHHA HMOBIPHOCTI BUKOHAHHA BHMOI' T4 METOAIB OITHMI3AIl AAfl 3HAXOAKEHHSA
OIITHMAABHOTO PO3IIOAIAY BArOBUX KOEIIIEHTIB B PO3POOACHINH CHCTEMI BIAPISHAETHCA BIA

ACAKHUX 1CHy}O"II/IX piH_ICHb Y HaCTYITHHX aCIICKTaX:

e Kowmbimarifs MeTOAB: ¥V 3aIPOIOHOBAHIN PO3pOOII BHKOPHUCTOBYETHCA KOMOIHAIIA
METOAIB MAIITMHHOTO HABYaHHA Ta OITHMI3aIlll AASl KEpYBaHHA HEBU3HAYEHICTIO BUMOT. [le
O3HAYA€, IO CHCTEMa BHKOPHCTOBYE, fIK IIPOTHO3HM, KOTPl OTPHUMAHI 3 MOAEAEH
MAITHHHOTO HABYAHHA TaK 1 OITHMI30BaHI Barobi KOeIIIEHTH AAA KPAITIOTO YIIPaBAIHHA
HEBU3HAYEHICTIO;

e  Peaizaris KOHKPETHUX aATOPHTMIB: Y AAHOMY BHIIAAKY, AAA IIPOTHO3YBAHHA MMOBIPHOCTI
BUKOHAHHSA BUMOI BUKOPHCTOBYeThCA aaroputM RandomPForestClassifier. Ieft aaropurm
AOOpE IIPAIFOE 3 PISHUMH THIIAMH AQHUX Ta MAarOTh BHCOKY TOYHICTb IIPOIHO3YBAHHSL
Takox AAA oIrTEMi3anii BUKOPHCTOBYeThCA OibAioTeka SciPy, fika micTuTh pisHOMAHITHI
AATOPUTMHI OITHMI3aIli TaKi, K METOA MIHIMI3aIlii, IO AO3BOAAE 3HAXOAUTH OIITHMAABHI
PO3IIOAIAE BaroBUX KOeiIli€HTiB;

e  bBiapmmn rHyuknii maxia: BukoprcraHHA METOAIB MAIITMHHOIO HABYAHHA AO3BOAAE MOAEAL
aAAIITYBATUCA AO HOBUX AQHHX Ta 3MIHIOBATHCH BIAIIOBIAHO AO 3MIHH YMOB, IIIO POOUTH

CHCTEMY OIABII THYYIKOIO T2 €(DEKTHBHOIO Y PI3HUX CIICHAPIAX;
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e  OO0'ekTHBHICTB: Bukopucranusa aAropuTMiB  MAIIMHHOTO HAaBYaHHA Ta OITHMI3ariii
AO3BOASIE CHCTEMI IIPAIFOBATH HA OCHOBI OO’€KTUBHHUX AAHHX T4 AATOPUTMIB YHUKHYBIIIN
Cy0'€KTHBHOCTI T4 IIOMUAOK, SIKi IIOB’A3aHI 3 Py9HUM aHAAI30M, 00 IIPUHHATTAM PIIICHb
EKCIIEPTOM.

Orike, BUKOPHUCTAHHA KOMOIHAINl METOAIB MAITMHHOTO HABYAHHA Ta ONITHMI3arii i3
3aCTOCYBaHHAM (POPMAAI3aIlii HEBH3HAYECHOCT] ¥ BUMOTaX AO IIPOTPAMHOIO 3a0E3IICUCHHA HA
0a3l 3aCTOCYBAHHA METOAIB MAIIHMHHOTO HABYAHHA Ta aHAAI3Y AAHUX Y 3aIIPOIOHOBAHIHN
po3pobui A03BOAsIE cTBOpHTH OIABIIN edekTHBHY Ta OO'€KTHBHY CHCTEMY VIIPABAIHHSA

HEBU3HAYECHICTIO BUMOT.

BucaoBxknu

1. Mexanism iaeHTH]IKAII AKEPEA HEBU3HAYEHOCTI AOIOMAra€ 3pPO3YMITH, 3 AKUMH
dakTopamMu MOKE CTHKHYTHCA KOMAaHAA PO3POOKM INA Hac peaAisarii IIpOrpaMHOIO
HPOAYKTY. Lle Aae MOKAHBICTD IIATOTYBATHCA AO HHX, PO3POOUTH CTpATerii yIpaBAIHHA
pH3HKAMH Ta HEBHU3HAYEHICTIO 1 3a0€3IE€YUTH OIABII BHCOKY AKICTH IIPOTPAMHOTO
3a0e3ImeYeHHS.

2. Mexaniam iaerTH(IKAIIl AKEPEA HEBU3HAYEHOCTI B KOMITAEKCHIN METOAOAOTII B3a€EMOAIE
3 IHIITIMA €TAITAMH OLIHKH AKOCTI IIPOTPAMHOTO 320€3IIeUeHHA TAKUMHI AK aHAAI3 PU3UKIB,
TECTYBaHHA Ta MOHITOpHUHI sfKOcTL. Lle Ao3BoAfie 3a0e3ledMTH KOMIIAGKCHHH Ta
302AAHCOBAHUI ITIAXIA AO YIIPABAIHHSA HEBU3HAYCHICTIO.

3. BukopucramHs KOMOIHAIi METOAIB MAIIMHHOTO HABYAHHA T4 OITHMI3ami 3
dopmanizariero HEBU3HAYEHOCTI Y BHMOIAX AO IPOIPAMHOrO 3a0e3lledeHHs Ha 0asl
METOAIB MAITMHHOTO HABYAHHSA Ta AHAAI3y AAHHX Y 3aIIPOIIOHOBAHIN PO3pOOIIl AO3BOAE
CTBOPHUTH OIABII e(PEKTHBHY Ta OO’E€KTHBHY CUCTEMY VIIPABAIHHA HEBU3HAYCHICTIO BHMOTL
y HOPIBHAHHI 3 ACAKHMHU ICHYFOUHMH IIAXOAAMH. [leprmr 3a Bce, BUKOPHCTAHHA METOAIB
MAIIIMHHOTO HABYAHHA AO3BOAfE IIOOYAYBATH MOAEAb IIPOTHO3YBAHHA HMOBIPHOCTI
BUKOHAHHA BUMOT HA OCHOBI IX XapaKTEPHUCTHK, II[0 AOIIOMATA€ BH3HAYUTH HMOBIPHICTb
VCIIIITHOCT] BUKOHAHHS KOKHOI BUMOTH. Lle A03BOAsIE OTpUMYBaTH 00'€KTUBHI IIPOrHO3M
Ta IIABHUIIYE HAAIFHICTD CHCTEMHU.

ApPYyroro KAIOUOBOIO CKAGAOBOIO € BHKOPHCTAHHA ONITHMISAIIMHIX METOAIB AAA
3HAXOAKEHHA OITHMAABHOIO PO3IOAIAY BAaroBHX KOeIIIEHTIB, IO AO3BOAAE KEPyBaTH
HEBH3HAYEHICTIO BUMOI' Ta MAKCHMI3yBaTl fAKiCTh pirrens. [eft miaxia 3a0esneuye edpexruBHe
PO3IIOAIACHHA pecypciB Ta 3a0e3ledye OITHMAABHUI PE3YABTAT B yMOBaX HEBH3HAYEHOCTI.
TperiM acuekToM € BUKOPHCTAHHA aHAAI3y AAHUX Ta METOAIB MAINMHHOIO HABYAHHA AAA
inerTrdIKaIii AKEpEA HEBU3HAYEHOCTI BUMOI AO IIPOIPAMHOTO 320€3II€YEHH, ITI0 AO3BOASE
3a3AAA€TIAD BH3HAYNTH IIOTEHIIHHI PHU3NKHA Ta INPHHHATH BIAITOBIAHI 3aXOAM AAf iX
yupaBAiHHA. B pe3yApTaTi BUKOpHCTAHHA KOMOIHAIII IINX METOAIB ¥ 3aIIPOITOHOBaHIN po3po0I
3a0e3rredye OiABIIT e(DEKTUBHUH Ta 00 €KTHBHUI IAXIA AO YIIPABAIHHA HEBU3HAYEHICTIO BUMOT
AO IIPOIPAMHOTO 3a0€3IIECUEHH, IIOPIBHAHO 3 ACAKUMU ICHyrOIuMHU Imiaxopamu. Lle posBoase

IIABHIIITY HAAIHHICTD, AKICTH T2 €(DEKTUBHICTD PO3POOAFOBAHOTO IIPOIPAMHOIO IIPOAYKTY.

Koudaikru inTepecis
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X_train, X_test, y trein, y test = tzain_test_split(data.drop(

model = RandomForestClassifier()
model. fit(X_train, y_train)

predicted_probabilities = model.predict proba(X_test)[:, 1]

(weights * predicted_probabilities)

initial weights = [ 1 * len(predicted probabilities)

constraints = ({ - B g weights: sum{weights) - 13)

result = minimize(uncertsinty, initial weights, constraints=constraints)

optimal_weights = result.x

Pucynox 1. @parmenT KoAy cucremu, IO OITUMI3Ye 3aaady dpopmaaizarii
HEBU3HAYEHOCT] y BUMOTAX AO IIPOIPAMHOIO 3a0e3IeUeHH
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Software and hardware microcontrolletr complex for vibration monitoring

Abstract: Modern technological processes require continuous monitoring of many parameters of
technological equipment. Mechanical parameters are the most important ones, in particular, mechanical
vibrations of the object under study. Such monitoring is required in various fields of science and
technology. The purpose of the study is to build a microcontroller-based system that allows analyzing
vibration parameters of a technical object to prevent possible accidents. The formulation of the problem
of constructing a hardware and software complex based on the STM32F407VG microcontroller for
studying vibrations with the LIS3DSH accelerometer is presented. A physical model of the system,
including a microcontroller and a three-axis digital accelerometer LIS3DSH, has been designed and
implemented. The system is characterized by a low price of the technical solution. The interaction
between the microcontroller and the accelerometer occurs via the SPI interface. Specialized software for
the system has been developed and implemented, including a driver for setting up, collecting, and
processing data from the accelerometer and corresponding software for plotting vibration acceleration
graphs of signals in the time and frequency domains. The built-in software makes it possible to
implement a wide range of functionality and freely use it. The constructed system makes it possible to
analyze vibration parameters to anticipate and prevent possible accidents, reducing costs associated with
the failure of expensive parts and components.

Keywords: software and hardware complex, vibrations, accelerometer, software, register, interface,
microcontroller.

PP

ITporpamHo-anapaTHH KOMIIAEKC HA 6a3i MIKPOKOHTpOAEpPa AASL AOCAIAPKEHHA
BiOpartii

Aromayia: CygacHl TEXHOAOTIYHI IIPOIIECH BHUMATAIOTH ITOCTIHHOTO KOHTPOAIO 04araThOX IIapaMeTpiB
TEXHOAOIIYHOTO 0OAaAHAHHA. HaMOIABIT BAXKAUBHUME € MEXaHIYHI IIAPAMETPH, 30KPEMa, MCXaHIYHI
KOAHUBAHHA AOCAIAKYBAHOTO 00’ekra. Takuii MOHITOPHHI HEOOXIAHHMI B PI3HHX OOAACTAX HAYKH 1
rexHiku. MeToro poOOTH € ITOOYAOBAa CHCTEMH Ha 0a3i MIKpDOKOHTPOAEpa, KA A€ MOKAHBICTH
IIPOBOAUTH 2aHAAI3 IapaMmeTpiB BiOpamil TEeXHIYHOrO O0’€KTa AAA 3aIOOIraHHA MOKAHBHX aBapii.
IlpuBeaena 1OCTAHOBKA — 3aAadi  ITOOYAOBH — IIPOIPAMHO-AIIAPATHOIO  KOMIIAGKCY Ha  0asi
mikpoxouTpoaepa STM32F407VG  aAad  AocaiaxeHHA BiOpami — akceaepomerpom  LIS3DSH.
CrupoekroBano Ta peai3oBaHO (DI3HYHY MOAEAb CHCTEMH, fKA BKAIOYAE MIKPOKOHTPOAEP,
TproxochoBHi HudpoBuil akceaepomerp LIS3DSH. Cucrema xapakrepH3yeTbCd HH3BKOIO LIHOO
TEXHIYHOrO pimreHHA. B3aeMOAI MIK MIKPOKOHTPOAEPOM Ta AKCEAEPOMETPOM BIAOYBAETHCA dUepes
intepdeiic SPI. Po3pobaeHo Ta peaAi3oBaHO CIIEIliaAi30BaHE IIPOrPAMHE 3a0E3IEUEHHA CUCTEMH, fAKE
BKAIOYAE€ APAMBEP AAA HAAAIITYBAHHA, 300PY 1 OIPALIFOBAHHA AAHUX 3 aKCEAEPOMETPA Ta BIAIIOBIAHE
IIpOIpaMHe 3a0e3IeUeHHA AAA ITOOYAOBH IpadiKiB CUrHAAIB BIOPOIPHCKOPEHHA B YACOBIM 1 9acTOTHIN
obaactax. IlobyaoBane mporpamme 3a0e3lIedYeHHA AAE€ 3MOIY pPeaAi3yBarty ImMupoki (DyHKIIOHAABHI
MOXAHBOCTI Ta € BIABHHM AASl BUKOpHCTOBYBaHHA. [10OyAOBaHa crcTeMa Ad€ MOMKAUBICTD IIPOBOAUTH
aHaAl3 Iapamerpis BiOpawii 3 MeToro IepeabadeHHs 1 3aI00IraHHA MOKAMBUX aBapii, 3MEHINYIOYH
32TPaTH IIOB’A32Hi 3 BUXOAOM 13 AAAY AOPOIUX ACTAACH 1 BY3AIB.
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Koarouosi ca08a: mporpaMHO-aIIapaTHHI KOMIIACKC, BIOpaLli, akceAepOMETpP, IPOIPAMHE 3a0e3IICUCHH,
pericrp, iHTepderic, MIKPOKOHTPOAEP.

P

Beryn

CydacHi TEXHOAOTIYHI IIPOILIECH ITOTPEOYIOTH OE3IIEPEPBHOIO KOHTPOAIO 32 Oararbma
IIapaMeTpaMHi  TEXHOAOIIYHOIO 00AaAHAaHHA. OAHUMH 3 HAWBaKAHBIIIHX € MEXaHIYIHI
ITapaMeTpH, 30KpeMa MEXaHIIH1 BiOpariii AOCAIAKYBAHOTO OO €KTA.

[ToAlOHMIT KOHTPOAB HEOOXIAHO B PI3HHX OOAACTAX Hayku Ta TexHiku. Hampmkaaa, B
HAIIBIIDOBIAHUKOBIH EAGKTPOHIII — AAf KOHTPOAIO BIOpamil yCTAHOBOK BHPOIIyBAHHS
KPHCTAAIB, 4 B MIKDOEAEKTPOHIII — AAfl KOHTPOAIO BiOparlii ycranoBok doroaitorpadii. B
MAITTHOOYAYBAHHI TAKHH KOHTPOAB BUKOPHCTOBYETCA AAfl BU3HAYEHHA BIOpAIIiil BepCTarTis, a
B ABTOMOOIABHIH IIPOMHCAOBOCT] — IIIOO KOHTPOAIOBATH BIOPALIil OKPEMHUX BY3AIB 1 aBTOMOOIAS
B riiAomy. Ha 3aAi3HIYHOMY TpaHCIOPTI KOHTPOAIOIOTD BIOpAILl, 1100 BU3HAYHTH HAO AM/KEHHSA
I10i3A2, B EHEPTETHUII — AASI KOHTPOAIO BIOpALIil AOITATOK Ta30BUX TYPOIH Ta KOHTPOAO BiOpAIIii
B Ta30IIPOBOAAX, 2 B aBlaDYAyBaHHI — IITOO KOHTPOAFOBATH ITOAIT 1 T.II.

Orke, po3poOKa CUCTEM IIPU3HAYECHUX AAS MOHITOPHHIY Ta aHAAI3y BIOpAIIiil TEXHITHUX

O0’€KTIB € aKTYAABHUM IIUTAHHAM CbOIOACHHS.
Pe3yAbTaTH AOCAIAYKEHHA

AHaAi3 AlTEpPaTyPHUX AJKEPEA Ta IOCTAHOBKA NMPo6AeMU BiGpartifiHOI AlarHOCTHKHI
00AAAHAHHA

PospobaenHIo crcTeM MOHITOPHHIY Ta aHAAI3y BIOpaIiii IIPHUCBAYEHO PI3HI HAYKOBO-
tTexHigHi crarri. 3okpema, B poboti Ratd pospobaeHO cmcTeMy MOHITOPHHIY Ta aHAAI3y
BIOpaIliif, IO BHHHUKAIOTH B eAeKTpomoTopax (Ratd ¢ Ratd, 2014). Cucrema BHKOPUCTOBYE
wesoeAexrpuannii akceaepomerp (ICP 603C11) i maary 300py Aammx Bia National Instruments (NI
6009). Bibpariiini curaaAn 30HparOTbCA 3 PISHUX YACTUH E€ACKIPUYIHHX MOTOPIB 1 IIEPEAArOThCA HA
KOMITTOTEp |epe3 IAATY 300py AaHUX. BipTyaApHHE IHCTPYMEHT, IO AQ€ 3MOIY B PEAABHOMY daci
MoHiTOpuTH 1 HpoBoAnTH Pyp’e aHAAI3 OTPUMAHUX CHIHAAIB 3 CEHCOpa BIOpaIliii peasi3oBaHo B
LabVIEW. B poboti M. Milovancevi¢ Ta ix. (2074) po3poOAeHO BOYAOBAHY CHCTEMY AASL MOHITOPHHIY
BiOpamifi HacOCHOro arperary Ha 0a3l MIKpOKOHTpoAepa BiA xomramii Microchip. Ilporpamue
zabesrregennd (I13) Aag 300py 1 aHAAI3Y AAHUX OIITHMI3Z0BAHO AASl TECTYBAHHA IIOMII 3 TYPOOHAAAYBOM
3 mBHAKOCTAME 00epranHs A0 2000 00/XB. ABTOPH IIPOBEAH BEAHKY KiABKICTH BHMIPIOBAHbB 32
AOIIOMOIOIO PO3POOAEHOI CHCTEMH Ha PI3HUX TypOOarperaTax AAfl BUSHAYEHHA €KCIIAYATAIIHHUX YMOB
macocuux arperatiB (Milovancevii, 2074). B crarri S. M. S. Rocha rta im. (2076) ommcano meroa
BU3HAYEHHSA IIEPEMIITIEHHSA Ta IIBHAKOCTI 3 CUTHAAIB IPUCKOPEHHA OTPUMAHHUX 3 aKCEACPOMETPIB, 2 B
crarri H. Sekiya ta in. (2076) po3poOAeHO METOAUKY MOHITOPHHIY HAALTHOCTI MOCTOBHX KOHCTPYKIIH
sukopucrosyroun MEMC akceaepomerpu. B crarti moOGyAOBaHO CHCTEMY MOHITOPHHIY BEpCTartiB i
nporecis  MexaniuHol 00poOku (Sekiya et al, 2016). Cucrema 300py BiOpaIifiHOTO CHTHAAY
6asyeTbca Ha MIKpOKOHTpOAepl Arduino, AKHI MAKAIOYEHO A0 KomITtorepa gepes USB mopr.
Creriaapue pospobaene 13 mia LabVIEW 3unrye Ta orrpanboBye AaHi B peaAbHOMY MacITadl

gacy. B crarri Goyal ta Pabla (2076) AocAiAKeHO HIPHAATHICTD MIKPO-EAEKTPOMEXAHIYHUX
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(MEMC) akceaepomerpiB aas Monitopunry crany sepcraris 3 UIIK. Tectu mposeaeHo Ha
peaapHO-AlFO9OMy Bepcerati 3 UIIK B TurmoBomy nmpommcaosomy nexy. IToxaszamo, mo MEMC
AABAYl MOKYTh OYTH XOPOIIOIO aABTEPHATHBOIO AO CTAHAAPTHUX CEHCOPIB BiOparil, OCKIABKH
BOHH HE IIOTPEOYIOTh BAKKUX CACKTPOMETPHYHUX IACHAIOBauiB. Bubip Takoro aaBaga mae
OyTH 3pOOAECHHI BIALIOBIAHO AO BHMOT 3aCTOCYBAHHSA 1 PE3YABTATY TECTY Ha IIPHUAATHICTD. PAa
aBTOPIB BHKOPHCTOBYIOTH MIKPOKOHTpOAepru Arduino B amapaTHO-IIPOTPAMHIN CHCTEMI AAS
BUMIPIOBAHHA MEXaHIYHUX BIOpariit (Albarbar, 2008). B sxocti AaBadiB BiOpawil BHKOpHCTaHO
akceaepomerpu  ADXL335. PospobaeHa cucremMa BHKOPHCTOBYBAAACH AAfl  AOCAIAKCHHA —Ta
MOHITOPHHIY BIOpariifi BakyyMHO! HOMIIH. AOCAIAJKEHHS IIOKA3aAHM MOXKAHBICTH 1 AOILIABHICTDH
pO3pOOACHHA BOYAOBAHHX CHCTEM MOHITOPHHIY BIOpaIllifi B peaAbHOMY Maciarabi dacy 3
BUKOPHUCTAHHAM HEAOpPOroro amapartaHoro Tta [13. Buxopmcramma iHIIIOTO THITy MIKPOKOHTpPOAEpa
HaBeAeHO B poborax (Hjort & Holmberg, 2015; Chandary et al., 2014). 3okpema, 3aIIpOIIOHOBAHO CHCTEMY
MOHITOPHHIY BiOpaIiil pOTAaIifiHUX MAIIHH, BEpCTariB, Aka IOOyAOBaHa Ha MiKpoKoHTpoAepi PIC-
18F6520 1 akceaepomerpi ADXIL322. [TpoBeA€HO AOCAIAKEHHS HA IIEPEBIPKY MOKAUBOCTI PEECTPYBATH
KX 9aCTOT IIOABH BIAMOB AAA PISHHX BHIIAAKIB HecrpaBHOcTed. Hafikparmumu maxoaamun i
TEXHIYHUMU PIITEHHAMU CEPEA OIMCAHUX BHITIC AAfl PO3B’A3AHHA PO3TAAAYBAHOTO KOAA 3aAaY MOKHA
BiAHeCTH MeTOAH, AKi ommcaHi B poborax (Ratd & Rata, 2014; Rocha et al., 2016). Metoan AoCAiakeHHS
IPYHTYBAAUCH HA IPOBEACHHI CKCIEPHUMEHTIB 3 PISHUMU TEXHIYHUMH OO’€KTAMM, IO BKAIOYAAH
BHUMIPIOBAHHA IapaMeTpiB BiOparii, X OOPOOKy Ta aHAAI3 32 AOIOMOTOIO BAACHO PO3POOACHHX
armapaTHO-IPOTPAMHIX CHCTeM. PO3pOOACH] CHCTEMM € 3aKPHTHMH TA MAIOTH BHCOKY I[iHY, IO HE AA€
3MOIM PO3IINPIOBATH iX (DYHKIIOHAABHI MOMAMBOCTI Ta MOAHDIKAINIO AO BIAIOBIAHEX HOTPEO
excrAyararii. O ke, aHAAI3 ICHYFOUNX IIAXOAIB T4 TEXHIYHHX PIIlIeHb IIPUBIB AO PO3POOACHHS AKICHO
HOBOI HEAOPOTOI BIAKPHTOI aIapaTHO-IIPOIPAMHOI CHCTEMH MOHITOPHHIY BiOpamifi B peaAbHOMY
macrrradi vacy (Semenety & Leonidov, 2019; Aeonidos ma Cemeneys, 2019; Leonidov, 2014; Cemeneys ma
Aeonidos, 2023; 3yéios ma in., 2022; Cemeneys ma Aeonidos, 2020a; Cemerneys ma Aeonidos, 2020b). Taxa
cucrema Mac OyTH OOYAOBaHA HA AOCTYIIHUX 1 HEAOPOTHX KOMIIACKTYIOUHX, BiAkpuromy 113
Ta 3 MOXKAUBICTIO MoAudikarii abo posmmpenHsa 1 (DYHKIIIOHAABHHX MOKAHBOCTEH

BIAIIOBIAHO AO BUMOT Ta OOAACTI 3aCTOCYBAHHS.

ITorepeani Aani

Buxoasum 3 aHaAidy, IIPOBEAEGHOrO BHINE, HAMOIABII INAXOAAIIUM BapiaHTOM €
BukopucTanua AaTaukiB MEMS Tumy. OcoOAUBICTIO TAKUX AATYHKI € MAAUI PO3MIP KOPIIYCY
Ta HU3bKA ITiHA. DIABIICTH TAKHX AATYHKIB IIATpEMYIOTH iHTepdperic SPI. 3 maibiabmr
cydacHUX MoAeAerd MOxAHBO BuAiamTH LIS3DSH, Akuii mO3HINOHYIOTBCA BHPOOHHKOM fK
cIieriaAi3oBaHe piIIeHHA AAf PO3POOKH BiOpoMeTpiB mpomucaoBoro oosasnanud. LIS3DSH —
e AATIHK PYXY 3 HH(POBUM BHXOAOM (BHTOTOBAEGHUI 32 TexHOAOTIEr0 MEMS).

Sacmocysanng: Inrepdeiic KOpUCTyBada AAA KEPYBAHHAM PyXOM, Irpu Ta BipTyaAbHA
PEAABHICTD, KPOKOMIp, IHTEAECKTyaABHE EHEPIO30DEPEKEHHA AAfA IIOPTATUBHUX IIPHCTPOIB,
OpIEHTAIIIA AWCIIAESA, PO3II3HABAHHA KAQITAHHA/ TIOABIFTHOTO KAQITAHHA, PO3ITi3HABAHHA Ta
peecTpariif yAapiB, KOHTPOAD 1 KOMIICHCAITiA BIOpAITiii.

Onue. LIS3ADSH — e BUCOKOIIPOAYKTHBHUI TPBOXOCBOBHH AIHIHHHNI aKCEAEPOMETP i3
HAAHH3BKHM CHEPIOCIIOKHBAHHAM, IO HAACKHUTH AO CIMEHCTBA «HAHO» 3 BOYAOBAHHM
KIHIIEBIM aBTOMATOM, AKHII MOKHA 3aIIpOIPaMyBAaTH AAfl peaAi3arlii aBTOHOMHHX ITPOIPaM.

LIS3ADSH wmae mnoBui mkaan +2g/t4g/+06g/+8g/+16g i Bin 3aaTHHI BuMiprOBaTH
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IIPUCKOPEHHA 31 IMBHAKICTIO BHXIAHHX AaHuX BiA 3,125 T'm ao 1,6 KI'm. Moxamsicts
CAMOIIEPEBIPKI  AO3BOASIE  KOPHCTYBAdYEBl IIEPEBIPHTH POOOTY AATYMKA B  KIHIIEBOMY
3aCTOCYBAHHI.

[TpucTpiit MOXKHA HAAAIITYBATH AASl TEHEPYBAHHA CHUTHAAIB IIE€PEPHBAHHSA, AKTUBOBAHIX
1a0AOHAMHE PYXY, BUSHAYCHIMHI KOPUCTYBAYCM.

LIS3DSH wmae inTerpoBanmii Oydep — «repIum yBimos, rmeprium suimosy (FIFO), mo
AO3BOAfIE KOPHCTYBA4YEBl 30epiraTu AaHl AAfl 3MEHIIICHHA BTPYYaHHSA TOAOBHOTO IPOIIECOPA.
LIS3DSH AocTymHHI y HEBEAHKOMY TOHKOMY mAactukoBomy kopmycl (LGA), 1 Bix
rapaHTOBAHO IIPAIFOE B PO3IINpPEHOMY AlarrasoHi Temmeparyp Bia —40°C a0 +85°C.

Yymausicne. UyranuBicte MOKe OYTH BH3HAYEHA, HAIIPHUKAAA, IIPUKAGAAFOYH AO HBOIO
npuckoperHa 1g. OCKIABKI AATYHK MOKE BHMIPIOBATH IIPUCKOPEHHSA IIOCTIHHOTO CTPYMY, IIe
MOJKHA AETKO 3POOHTH, HAIIPABHUBIIH BICh IHTEPECY AO LIEHTPY 3€MAl, BIASHAYMBIIIN BUXIAHE
3HAYCHHS, IOBePHYBIIN AaTyuk Ha 180° (Bkasyrounm Ha HEOO) 1 3HOBY 3arTaM’ATABIIN BUXIAHE
3HadeHHA. [Ipu 11pOMy AO AaT4mKa IpHUKAaAa€ThCA nIpuckoperss T1g. Bianivamusa 6iabmoro
BUXIAHOTO 3HAYEHHA BIA MEHIIIOTO Ta AIACHHSA PE3YABTATY Ha 2 HPU3BOAUTH A0 (DaKTHIHOL
YYTAHBOCTI AaT9HKA. [le 3HaueHHA Ayke MAaAO 3MIHIOETBCA 3 TEMIIEPATYPOIO, 2 TAKOK 3 YACOM.

Hyuvosuir piserns nepesanmancerns. 3cys piBaa HyaboBoi mnepeBantaxkenHs (TyOff) ommcye
BIAXHACHHA (PAKTHIHOTO BUXIAHOTO CHTHAAY BIA IA€AABHOIO BUXIAHOTO CUTHAAY 32 BIACYTHOCT1
HIpUCKOpeHHA. AATYNK y CTAIIIOHAPHOMY CTaHI Ha TOPH30HTAABHIN moBepxHI BuMiproe 0 g 11o
oci X110 gmo oci Y, ToAl 4K Bich Z mae 1 g. BuxiaHmii curaas iA€aAbHO 3HAXOAUTHCA B CEPEAMHI
AHMHAMIIHOTO Alarrazony Aar4dnka (Bmict perictpis OUT 00h, AaHi BupakeHi Ik AOIIOBHEHHSA AO
2). BiaxuaeHHA BIA IACAABHOIO 3HAYEHHSA B ITbOMY BHIIAAKY HA3HBAETHCA HYABOBHM 3CYBOM.
3MiIIeHHA TIEBHOIO MIPOIO € PE3yABTATOM HaBaHTAKeHHA Ha AaT9uk MEMS, Tomy 3mirmeHss
MOKE ACIIO 3MIHUTHCH ITICAS BCTAHOBACHHA AATYHKA HA APYKOBaHY ITIAATy. 3CyB HE3HAYHO
3MIHFIOETBCA B 3AAEKHOCTI BIA TEMIIEPATYPH.

Camonepesipxa. CamoriepeBipka AO3BOASIE IIEPEBIPUTH IIPALE3AATHICTD AATIHKA, HE
repemirarodn Horo. PyHKIIA caMO TECTyBaHHA BUMKHEHA, KOAH OIT camo TectyBanHA (ST)
sarrporpamosannii Ha «0». Koan OiT camorectyBanHs 3arporpaMoBaHnii Ha «1», AO AaTdmKa
IIPUKAQAAETHCA CHAA TIPHBEACHHSA B AlFO, IMITYFOUH ITEBHE IIPUCKOPEHHA BXIAHOTO CHUTHAAY. Y
IIbOMY BHIIAAKY BHXIAHI CHTHAAM AQTYHKA AEMOHCTPYIOTH 3MIHY CBOIX PIBHIB ITOCTIHOTO
crpymy. KoAm camoTecTyBaHHA aKTHBOBAHO, BUXIAHUI PIBEHb IIPUCTPOIO BH3HAYAETHCH
aATeOpaiIHOIO CYMOIO CHIHAAIB, CTBOPEHHX NPHCKOPEHHAM, INO Al€ Ha AATIHK, 1
EAEKTPOCTATUIHOIO BUIIPOOYBAABHOFO CHAOFO.

Yymausuii enemerim. MEMS TeXHOAOTIIA BUKOPHCTOBYETHCA AAAL CTBOPEHHSA ITOBEPXHEBOTO
akceaepoMeTpa. TeXHOAOTIl AO3BOAfIE CTBOPIOBATH INABIIIEHI KpPEMHIEBI CTPYKTYpH, fAKi
IIPUKPIIAEH] AO ITIAKAGAKH B KIABKOX TOYKAX, fKI HA3UBAFOTHCA AKOPAMH, 1 MOKYTH BIABHO
PyXaTHCA B HAIPAMKY BIMiPFOBAHOTO IIPUCKOPEHHS.

Koanm A0 AaTYMKa IPUKAAAAE€TBCA IIPHCKOPEHHSA, IIPOOHA Maca 3MIIIYETHCA 31 CBOIO
HOMIHAABHOTO TIOAOKCHHS, BUKAUKAIOYH ALCOAAAHC y eMHICHOMY HamiBmocTy. Lle#t anchananc
BUMIPIOETBCA 32 AOIIOMOIOIO IHTEIPYBAHHA 3apAAY y BIAIIOBIAb Ha IMIIYABC HAIIPYTH,
IIPUKAAACHHI AO KOHACHCATOPA.

V craniomapHOMy pekuMi HOMIHAABHE 3HAYEHHA KOHACHCATOPIB CTAHOBHTH KiAbKa 1.

IToBuuit AQHITFOT BI/IN[ipIOBaHI) CKA2AA€TBCA 3 MAAOITYMHOTO E€MHICHOTO Hi,ACI/IAIOBa"Ia, AKUH
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IIEPETBOPIOE EMHICHHH AucOaranc Aarunka MEMS B aHaAOroBy Hampyry, fika BpEIITi CTae
AOCTYIIHOIO AAfl KOPHCTYBaYa Yepe3 aHAAOTO-ITU(PPOBHIL IIEPETBOPIOBAY.

AOCTYIT AO AAHUX IPHCKOPEHHS MOKHA OTpUMATH Yepes intepdeiic I2C/SPI, mo poburs
IIPUCTPIIf OCOOAUBO IIPUAATHUM AAA IIPAMOI B3a€MOALL 3 MIKDOKOHTPOAEPOM.

Lugpposi macicmpanvri baoxu IISIDSH. LIS3DSH mictuth ABa KIHIIEBUX aBTOMATH, 3AATHI
3aIIyCKATH BU3HAYEHY KOPHCTYBAYEM IIPOTPAMY.

ITporpama ckAapaeTbea 3 HAOOPY IHCTPYKIIIH, AKI BU3HAYAIOTH IEPEXIA AO ITOCAIAOBHUX
craniB. MOKAMBI YMOBHI PO3TaAY/KEHHH.

3 KOKHOTO CTaHy (N) MOKAUBHII IIEPEXIA AO HACTYITHOTO cTany (n+1) abo ckmAaHHA cTaHy.
[Tepexia AO TOUKH CKHAAHHA BIAOYBAE€THCSA, KOAH «yMOBA CKHAAHHA» BUKOHYEThCA; [Tepexia A0
HACTYIIHOTO KPOKY BiAOyBaeTbcs, koA BukoHyeThest <HACTVITHA ymosay.

Kosxen KIHIIEBHI aBTOMAT AO3BOAfIE PEAAI3yBATH PO3IN3HABAHHA PI3HUX CTaHIB: BIABHE
maAinss, npobyakenns, 4D/6D opienranis, AIMMABHHK IIyABCY Ta POSII3HABAHHSI KPOKIB,
KAQLAHHS/TIOABIIHE  KAQUAHHS,  CTPYLIYBAHHSN/IOABIMHE  CTPYLIYBAHHSA, OOAHYYAM
Aoropr/OOAUIUSM BHU3, IIOBOPOT/ ITOABLITHUIT IIOBOPOT.

FIFO. B LIS3DSH B6yaoBane FIFO aaHux MprCcKOpeHH:A AASl KOKHOTO 3 TPhOX BUXIAHUX
kaHaAiB, X, Y 1 Z. Lle 3abe3nedye crabiAnbHE €HEPro3depeKEHHA CUCTEMHU, OCKIABKH TOAOBHOMY
IIPOLIECOPY HE HOTPIOHO HMOCTIMHO OIIUTYBATH AAHI BIA AATYHKA, AA€ BIH MOKE BHITH 3 PEKHMY
CHy Awmire 3a norpebu Buaasftu Baxausi aani 3 FIFO. Lleit Oydep moxe mparroBatu y
YOTHPHOX PI3HUX PEKUMAX: peKUM 00X0AY, pexum FIFO, peskum ITOTOKY Ta PEKUM IIOTOKY
Ao FIFO. Koxen pexxum Bubupaersca 6iramu FIFO_MODE.

Ompumamyu dani 3 FIFO. Aani FIFO sunryrorscsa gepes pericrpu OUT_X, OUT_Y 1
OUT_Z. Koan FIFO smaxoautscs B pexxumi Stream, Trigger abo FIFO, onepariia ynranas
perictpis OUT_X, OUT_Y a60 OUT_Z naaae aaui, 110 30epiratorsca B FIFO. Koxxaoro pasy,
koAH AaHi 3uantyroThes 3 FIFO, aani X, Y 1 Z nomimmarorses B pericrpu OUT_X, OUT_Y i
OUT_Z, 1 MOXHA BUKOPHUCTOBYBATH OIIEpPALlil AK OAHOTO YNTAHHA, TaK 1 oneparnil read_burst.

Lugposi inmepgpesicn. Noctymr ao perictpis, BOyaoBarux y LISSDSH, mokua otpumarn sk
gepes mocairosrmit inrepdeiic [2C, tax i vepes SPI. Ocramne mporpamue 3a6e3medeH s MOKe
OyTH HAaAaIITOBAHE AAA POOOTH B pesKuMi 3- 200 4-poBiAHOTO iHTEpdEricy.

[TocaipoBri  imTepdoelicu  BiaOOpakaroTbcd Ha 11 cami  komTakra.  IIloO
BUOpaTH / BUKOPHCTOBYBATH iHTepderic I 2C, Aigig CS TOBHHHA OYTH IIAKAIOYEHA AO BHCOKOTO
piBHA (ToOTO miAKAOUeHA A0 Vdd_IO).

ocridosnuii inmeppeic 1*°C. B 1ISADSH [*C BUKOPHCTOBYETHCA AAA 3AIMCY AAHHX Y
pericTpH, BMICT AKHX TAKOK MOZKHA IIPOYHTATH.

€ ABa CHIHAAHW, HOB'A3aHi 3 ImMMAHOIO [ 2C: mocairoBHa Almin cuaxponizanii (SCL) 1
rrocainoBHA AlHiA Aaaux (SDA). Ocranns € ABO HAIIPABAEHOIO AIHI€FO, KA BUKOPHUCTOBYETHCH
AA HAACHUAAQHHA Ta OTPUMAHHA AAHHX AO /3 inTepdeticy. OOuABI AiHill 1OBuHHI OyTH
miakarogeri Ao Vdd_1O depes soBHimHIl miATaryrounii pesucrop. Koan inrepderic BiAbHHH,
00OMABI AiHIl MarOTh BHCOKHH piBeHb. InTepdetic [ 2C CYMICHHH 31 CTaHAAPTAMH IITBUAKOIO
pexmmy (400 k') 1 2C, 4 TAKOK 13 3BUYAIHUM PEKHUMOM.

Poboma 1*C. Tpauzaxiis Ha muHi mounHacTbes yepes curaan samycky (ST). [Touarkosa

ymoBa BusHaudaeTbes Ak nepexia HIGH ma LOW ma Aimil Aanmx, y Toit wac Ak atmia SCL
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yrpumyerscss HIGH. Ilicas toro, Ak 1me OyAO IEPEeAaHO TOAOBHHM IIPHAAAOM, IHTEpEIic
BBAKAETbCA 3alHATHM. HacTymumii 6aiiT AaHUX, TepeAaHHUIl IIICAS YMOBH 3aITyCKy, MICTHTb
aApPECy IMAAETAOTO IPHUCTPOIO B Iepmnx 7 OiTax, a BOCBMHH OIT ITOBIAOMASE, M TOAOBHIIM
IIPUCTPI OTPHUMYE AaHI BIA IIAAEIAOTO IPHUCTPOIO UM IIepeAac AaHi Imaseraomy. Koanm
HAACHAAETBCA aApECca, KOMKEH IIPUCTPI y cHCTeMi ITOPIBHIOE IEpImi ciM OITIB IICAS yMOBU
3AIIYCKy 31 CBOEIO aApecyro. SIKIo BOHHM 30IiraroThbcsf, IMPUCTPIH BBaxKae ceOe aApeCOBAHNM
TOAOBHHM IIPHCTPOEM.

[Tiamopsiakosana aapeca (SAD), mos’azama 3 LIS3DSH, aopisaroe 00111xxb, ToAl sik Oiti
xx MoAudikyroTscs BuBoaoM SEL/SDO, 106 sminntu aapecy npucrporo. Sxkmo konrakt SEL
INAKAFOYIEHO A0 Axkepeaa Harpyru —aapeca 0011101b (imakrre aapeca 0011110b, sxmmo koHTaKT
SEL miakarodeHO AO 3eMAl). Lle piiieHHA AO3BOAA€ IAKAIOYATH Ta aAPECYBATH ABa PIi3HI
AKCEAEPOMETPH AO THX camux Aiiir [2C.

[Tepeaaua aaHHBX 13 IATBEPAKEHHAM € 00OB’sA3k0OBOIO. [lepeaaBay HOBHHEH 3BIABHUTH
Ataifo SDA 1A gac immyabcy maTBepAxeHHA. [ToTiM mpuiimMay ITOBUHEH IATATHYTH AIHIFO
Aannx LOW, mo0 Bona 3aaurasacs crabianbHO Hu3bKOIO nIpotarom mepioay HIGH rakrosoro
iMmyAbcy miaTBepAkeHHA. OACpiKyBad, IKOMy OYAO aAPECOBAHO, 3000B'A3aHMI I'€HEPYBATH
IIATBEPAKEHHS IICASl KOKHOTO OAMTy OTPUMAHHX AAHHX.

I12C, s6ypoBarmit y LIS3DSH, mpartroe Ak THAAETARI TPUCTPIET, TOMY CAIA AOTPHUMyBATHCS
HACTYIIHOTO IIPOTOKOAY. Ilicas Bukomamua ymosu 3samycky (ST) mHaacmaaerses aapeca
IAACTAOTO IIPUCTPOIO, INCAfl IIOBEPHEHHA INATBEPAKEHHSA Iriaseraoro mpucrporo (SAK)
repeaactbea 8-6itHa mmiA aapeca (SUB): 7 LSb mpeacraBase dakrudny aapecy pericrpa, a Oit
ADD_INC (CTRL_REGO) BusHauae IpupicT aApECH.

[Tianeraa appeca AOIIOBHIOETHCHA OITOM quragHaa/ sarmcy. Skmo Oit AopiBHIOE «1»
(aurranHA), yMOBa ITOBTOPHOTO 3airycky (SR) moBumHHa OyTH BHAAHA IICAS ABOX OQMTIB INA
aApecH; AKIIO OIT AOpiBHIOE «0» (3aIIHC), TOAOBHUI IIEPEAAE HA IAACTANH O€3 3MIHH HAIIPAMKY.

Aami iepeparorses B Oatitopomy dopmari (DATA). Kokra rrepeaaya Aoaunux mictuts 8 OIT.
KiApkicTp OafiTiB, IO IIEPEAAIOTHCA 32 OAHY IIepeAady, HeoOMexeHa. AaHi IEPEAAFOTHCA
crouatky 3i craprmum oitom (MSb). fIkimio mpuiivMad He MOKe OTPHMATH ITI€ OAMH ITOBHHH OaiiT
AAHUX, AOKM BiH HE BHKOHA€ SfKYChb IHINY (PYHKIUIO, TO BIH MOMKE YIPHUMYyBATH AIHIFO
cuaxpomnizanii, SCL. LOW, o0 3mycuTa nepeaaBay nepeiitu B cran odikyBauudA. [lepeaaua
AQHUX IIPOAOBKYETBCA AHINE TOAl, KOAM IPHHMAaY TOTOBHH OTPHMATH IIE OAMH OaiT 1
3BIABHHTD AlHIFO AaHHX. SIKITIO INAAETAMI TpHiiMad He BU3HAE aAPECY INAAETAOIO (TOOTO BiH
HE MOKE OTPUMATH, OCKIABKH BUKOHYE IIEBHY (DYHKIUIO B PEKHMI PEAABHOIO 9acy), IIAACTAME
IIPUACTPIN ITOBUHEH 3aAHMIITUTH AIHIFO AAHHX BUCOKUI. Toai MaicTep MOKE IIepepBaTu
repepaqy. [lTepexia Bia LOW ao HIGH na ainii SDA, koan ataia SCL € HIGH, Busnagaersca
Ak ymosa STOP. Korkna nepeaaya AaHEX ITOBHHHA OyTH IPUIIMHEHA reHepartiero ymosu STOP
(SP). V mpeacraBaenomy dopmari 38’a3ky MAK — miarBepaskenns roaossoro, a NMAK —
IIATBEPAKEHHA 0€3 TOAOBHOTO.

Inmepgpedic munu SPI. 1LISBADSH SPI e Beaenoro mmmuoro. SPI Ao3Boase sammcysartn Ta
gpTaTa pericrpu npuctporo. IlocairoBHmil imTepdpefic B3aEMOAIE i3 30BHIIIHIM CBITOM 3a
Aoromororo 4 susoais: CS ,SPC, SDI ta SDO.

CS — 1me akTmBarifd IOCAIAOBHOIO IIOPTY, 1 BOHA KOHTPOAIO€ThCcA roroBHnM SPI. Bin

3HIKYETbCA Ha ITOYATKY IIEpeAadl i ImoBepTaeTbcs A0 BHcOkoro B kiHii. SPC — me Taiimep
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ITOCAIAOBHOTO IIOPTY, 1 HUM Kepye roAoBHui npucrpiii SPI. Bin synmunserscs Ha BICOKOMY
piBui, koan CS e Bucokum (Hemae mepepadi). SDI ta SDO e BIAIOBIAHO BXIAHHMH Ta
BUXIAHIMHI AQHHMU TIOCAIAOBHOTO 1opTty. Lli Ainil mpoxoadrs Ha crraparouomy pponTi SPC i
ITOBUHHI OyTH 3aXOIIAeH] Ha Hapocratogomy dponti SPC.

I xomamam pericTpy dmraHHA, 1 PErICTPY 3aIIMCY BUKOHYIOTHCA 32 16 TAKTOBHX IMITyABCIB
abo kparui 8 y pasi umranms/sanucy kiapkox OaittiB. TpuBanicts 6ita — 1e wac MK ABOMa
cnaparounmu pportamu SPC. Ilepmmii Oir (0ir 0) mouMHAETHCA 3 HEPIIOIO CIIAAAFOYOIO
dpoury SPC micaa cmaparogoro dponry CS, ToAl Ak ocrammiii 6it (6ir 15, 61T 23, ..)
IIOYMHAETHCA 3 OCTAHHBOIO cIraparodoro gppouty SPC 6e3rocepeAHpO mepeA HApOCTAIOYUM
dpourom CS.

bir 0: 611 RW. Koan 0, aani DI(7:0) sanucyrorsca B npucrtpii. Koan 1, aaui DO(7:0) 3
IIPUCTPOIO 34UTYIOThCA. B ocranubomy Bumaaky 4inn kepye SDO na nmogarky Oira 8.

bir 1-7: aapeca AD(6:0). Lle moae aapecu IHAEKCOBAHOTO PETICTPY.

bir 8-15: aani DI(7:0) (pexkum 3armmcy). Lle Aami, ki 3a1IMCyIOTBCA HA IPUCTPIIT (CLIOYIATKY
MSb).

bir 8-15: paani DO(7:0) (pexkum gurramns). Lle AamHi, K 3YHTYIOTHCA 3 IPUCTPOIO (CLIOYATKY
MSb).

V KIABKOX KOMAHAAX YHUTAHHS/3AIIICY AOAAFOTHCA AOAATKOBI OAOKH 3 8 TAKTOBHX IIEPIOAIB.
Koan 61t ADD_INC(CTRL_REGO6) aopiBHIOE «O», aapeca, fika BHKOPHCTOBYETHCA AAA
YHTAHHA/3AIHCY AAHHX, 3AANIIAETHCA HE3MIHHOIO AASL KOsKHOTO OA0Ky. Koan 6ir ADD_INC
AopiBaroe «l», aapeca, sKa BUKOPHUCTOBYETBHCSH AASl YHTAHHS/3AIHCY AAHHX, 30IABIIYETHCH B
KOKHOMY OAOIIL.

@ynkuii Ta moseairaka SDI ta SDO 3aauIarorsca He3SMIHHIMU.

OTpumaHi pe3yabTaTn

Amaparne 3a6esnedenns cucremu 1ooyaosano Ha MK STM32F407VG 1 tppoxocboBOMY
nudposomy axceaepomerpi LIS3DSH. Axkceaepomerp BCTAaHOBAIOETBCH Ha OO’€KTi
MOHITOPHHIY 1 mAKArodaeTbed o muHl SPI Ao MK. MikpokorTpoaep 30upae AaHi 3 AaBada
Ta IX omparboBye. AKCEAEPOMETP BHKOPHCTAHO fAK AaBad AAfl BHMIPIOBaHHA BiOpariiii.
LIS3BDSH - 1me MimiaTropHHII TPhOXOCHOBUH IUPOBHE  akceaepomerp  hipmu
STMicroelectronics 3 maaum eneprocuozxusanaam. LIS3DSH BiaHOCATS A0 KAACy eMHICHHX
akceaepometpis. Lleif mpmaaa € IACAABHHI AASl BUMIPIOBAHHA AMHAMIYHUX IIPHCKOPEHD,
HU3bKOYACTOTHHUX BIOPAIlH, CTATHYHUX IPUCKOPEHb IpaBitaril, pyxy 1 kyriB HaxuAy. Cmyra
IIPOIIYCKAHHA XapaKTePHU3y€ 3AATHICTb AaBadya IIOMIYAaTH 3MIHHM IIPUCKOPEHHHA, IO
BIAOYBAIOTBCA 3 BHCOKOIO YACTOTOIO (HAIIPUKAAA, BiOpamif 3 wacrororo 1000 I'm). Ha 1o
XapaKTEPUCTUKY BIIAMBAE 4acToTa AHMCKpermsarii BOyaoBanoro ALIIT akceaepomerpa, fxa
ITOBHHHA OyTH AK MIHIMyM B ABa pa3u OIABIIIE CMYI'H IIPOIyCKAHHA.

B LIS3DSH maxcumym Bumipy — A0 16 OiT mpu BumiproBanui npuckopenaa 16 g 3
HOCTifHOIO uyTAmBicTIO — 4 mg/LSB y Bcix Alarmazonax BumiproBaHHS g. AKCEACPOMETP Ma€e
yHKILli BUABACHHA OAMHOYHOIO Ta IIOABIHHOIO IIOINTOBXIB, KOHTPOAIO AKTHBHOCTI/He
AKTUBHOCTI, (DYHKIIIFO BUABACHHSA BIABHOTO IIAAIHHA; € MOKAUBICTD THYYKOTIO 3aAAHHA PE/KUMIB
IIepEPUBAHHA 3 BHOOPOM OYAB-AKOTO (3 2-X MOKAHBHUX) BUBOAIB IIEPEPHBAHb; 3MiHA AlAITA30HY

BUMIPIOBAHHSA, fIK 1 CMyI'H IPOIYCKAHHA, BHOUPAETHCA IIOAAYCIO BIAITOBIAHOI KOMaHAW. Taka
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BOYAOBAHA CHCTEMA IIOCTIHHO BIACAIAKOBYE BIOPAIIifO, HAIIPHKAAA, IPAIFOIOYOIO BEPCTATY, B
peKHMI peaAbHOrO dacy 1 aHaaisye mapamerpu BiOparii. Crcrema BHAAE IOIEPEAKYBAABHI
ITOBIAOMACHHSA 20O 3YIHHAE BEPCTAT y BHUIIAAKY BHHHIKHCHHS HEIPHUITYCTHUMHUX BiOpamiii —
3aIOOIrafOYM TAKAM YHHOM MOMKAMBI IOAOMKH 1 aBapil. Cmcrema Takok Mae HAaAaBaTH
AOCTAaTHIO 1H(OPMAIIIO KOPHUCTyBady, IIOO BIH 3MII PO3IN3HATH MOKAHBI IpOOAEMH 1
HPUUHATH HPOMIAAKTUYHI 3aXOAHM Ha OCHOBI aHAAI3y CIEKTPY BIOpalil XapakTepHOIO AAfA
KOHKPETHOTO BUPODY.

Cucrema B 3MO31 CBOEYACHO IIOIEPEAHUTH IIPO HMOBIPHY HECIPABHICTB, IO AA€

MOJKAHBICTD KOPHCTYBAYY 3AICHHTH CBOE€YACH] IIPOMIAAKTHIHI 3aXOAM.

OGrosopenua

MouitopuHr cymapHOi BiOparil Mae 3AINCHIOBATHCA fIK B Y4COBOMY, TaK 1 B 9aCTOTHOMY
AlarazoHax. B gacoBomy Alammasoni cucrema Oe3repepBHO BIACAIAKOBYE CTaH BHPOOY B PEKUMI
peaApHOIO 9acy, Ha OCHOBI IITHPOKOCMYIOBOTO BHMIPIOBAHHA  BIOPOIIIBHAKOCTEH,
BIOpOIIPHCKOPEHB 1 BIOpOITEpEMIIIIEHb.

B wacrorHOMy Alamasoni mMoxke OyTH BCTAHOBACHHI PAA TPAHUID ITOIEPEAKYIOYHX i
aBapIHIX CUTHAAIB AASl PIBHHX 9aCTOTHUX Alarta3oHiB. LIi AlarrasoHu TOKpHUBArOTH BECh CIIEKTP
BiOpartii 1 AAFOTh 3MOI'Y IIPOBECTH aHAAI3 PIBHA BIOpAIIiil B KOHTPOABOBAHIN OOAACTI HA IIPEAMET
IIEPEBUITICHHA AOIYCTHMUX MEK IO BCbOMY YaCTOTHOMY CIIEKTPI.

Pospobaenuit aaropurm pyHKIIOHYBAHHA CHCTEMU BKAIOYAE TaKl KPOKH:

Kpok 1. Iriniaaisamis akceaepomerpa LIS3DSH na i SPILL

Kpox 2. 3umrysamnma smauenHa 3 perictpa WHO_AM_I i mepesipka mHOMepa
aKceAepoMeTpa.

Kpok 3. Hanarrrysarns akceaepomerpa LIS3DSH.

Kpoxk 4. BcranoBAeHHA 3HAYEHD AUCKPETH3AIII Ta PEKIMY IIEPEPUBAHD.

Kpoxk 5. BcranoBaeHHA Alalla3oHy BUMIPIOBAHHSA Ta PO3IOAIABHOI 3AATHOCTI.

Kpox 6. CrapT BUMIproBaHHS.

Kpok 7. 3aruc 3uadens y Oydep 1O IepepHBAHHIO Ta OYIKYBAHHSA 3aIIOBHEHHA Oydepy .

Kpox 8. Ilicas samosaenusa Oydepy Bukopucranusa FIFO aaf mepeBeaeHHA PAAY ¥
9YaCTOTHE IIPEACTABACHHA.

Kpok 9. Ilepeaaua 3a poommomororo USB.

Kpok 10. I'Ticas mepeaadi mo9aTox BUKOHYBAHHA 3 KPOKY 0.

Pospobaeno mactyrrai yHKIIiL:
e void Accel_Ini(void) — dpymkiria iniriaaisanii AaTanKa;
e  static void Error (void) — dpyHKIIA-0OpOOHIK ITOMHAKY;

e  Accel IO_Read(uintl6_t DeviceAddr. uint8_t RegisterAddr) — dynkmia auranus AaHEX 3a

aApeCaMI AATYHKA Ta PETICTPY;

e void Accel IO_Write(uintl6_t DeviceAddr, uint8_t RegisterAddr, uint8_t Value) —

(PYHKIIIA 3AIIHCY AAHHX 32 AAPECAME AATYHKA TA PETICTPY;
e uint8_t Accel_ReadID(void) — dyrxmia unTanua aApecu MIKPOCXEMH;
e void Accel_AccFilterConfig(uint8_t FilterStruct) — dpyHKIia mAkArOUeHH PIABTPY;

e  void Acclnit(uintl6_t InitStruct) — dymxia imimniaAizamnii HaAaITyBaHb;
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void Accel_GetXYZ(intlo_t* pData) — dyHKIiA 39nTyBaHHA IIOKA3HUKIB aKCEABPOMETPA;
static uint8_t SPIx_WriteRead(uint8_t Byte) — dymkiiia ars mpuiiomy Ta mmepeAadi AaHIX
o irTepdericy SPI;

Acclnit(ctrl) — dyrxmiro ocHOBHOI iHiraAi3ari akceAepomMeTpa.

3 DATASHEET orpuMyeMO KOHCTAHTH AAfl HAAAIIITYBAHHSA CHCTCMI:
LIS3DSH_DATARATE_100: 3padenus 0X60: AaHHUM 3HAYEHHAM MU BKAIOYHUMO OITH

ODR1 12 ODR2, THM caMUM HaAAIITyEMO IIBUAKICTD repeaadl aanux 100 I'm.

LIS3ADSH_XYZ ENABLE: smauenns 0X07: BkAroummo Oirm BCiX OCEM, THM CaMHUM
BU3HAYAEMO PEKUM POOOTU AATYMKA, IIPHU AKOMY BIH 3YHTYBATHME AAHI BCIX TPHOX OCEH
(x, y 12 2).

LIS3ADSH_SERIALINTERFACE_4WIRE: 3mauenns 0X00: meii Oir BiAmoBipae 3a
BKAIOUEHHSA pexuMy inTepdericHol mmuun. 3aaumnaemo 0, THM caMHM MU BKAIOYHMO 4-
rposiaauit SPI.

LIS3DSH_SELFTEST_NORMAL: 3mauenns 0X00: Tyr MH HIO3HAYHMO, IO HE
BrArouaTumemo Ot 112 (ST1 1 ST2), Tum caMuM BKAIOYHMO PEKHUM CAMO TECTYBAHHSA
(3BUYANTHHIT PEKIM).

LIS3ADSH_FULLSCALE_2: spauenust 0X00: 6itn FSCALE Mu TaK0% He BKAFOYAEMO, THUM
CAMHUM BU3HAYAEMO PEKUM POOOTH aKCEACPOMETPA, IIPU AKOMY BiH BUMIPIOBA€ ITOKA3AHHSA
IO BCIX OCAX B Mexkax BiA -2G Ao +2G.

LIS3DSH_FILTER_BW800: spauernsa 0X00: Oity mupuHI CMyTH IPOIYCKAHHA (PIABTPA
3raaAKyBaHHA. Mu iX He BCTAHOBAIOEMO, TOMY IITHPHHA CMYTH IIPOIIYCKAHHA y HAC OyAe
800 I'm.

LIS3DSH_SENSITIVITY_0_06G. Tyr Mz HaAamToByeMO 49yTAuBICTH AaTumka A0 0.06
mg,.

3YNTyBAHHA MOAOAIIMX T4 CTAPIINX OafTIB 10-OITHHX MOKA3aHb, BUMIPAHHX 32 KOKHOIO

3 TPPOX OCCfI, BHUKOHYETHCA HACTYIIHUM YHHOM:

Accel_IO_Read(&ecrtl, LISSDSH_CTRL_REGS5_ADDR, 1);

Accel_IO_Read((uint$_t¥)&buffer[0], LISSDSH_OUT_X_I,_ADDR, 1);
Accel_IO_Read((uint$_t¥)&buffer[1], LIS3SDSH_OUT_X_H_ADDR, 1);
Accel_IO_Read((uint$_t*)&buffer|2], LIS3SDSH_OUT_Y_I._ADDR, 1);
Accel_IO_Read((uint$_t*)&buffer[3], LIS3SDSH_OUT_Y H_ADDR, 1);
Accel_IO_Read((uint$_t¥)&buffer[4], LISSAIDSH_OUT_Z_I._ADDR, 1);
, LIS3ADSH_OUT_Z_H_ADDR, 1).

Accel_IO_Read((uint8_t*)&buffer|5]

BucHosxu

CrpoeKToBaHO Ta peaAi3oBaHO (PIBUIHY MOACAD CHCTEMH, KA BKAIOYAE MIKPOKOHTPOAEP,

TppOxOChOBHIT rmudposuii akceaepomerp LIS3DSH, saxa xapaxtepusyersca BHCOKHMUI

E€KOHOMIYHHMH ITOKA3HUKAMH TE€XHIYHOTO PIIlIeHHS.

Pospobaeno Ta peaaizoBano creniasizoBane 13 cucremu, sike BKAIOYAE ApariBep AAA

HAAAIITYBAaHHA, 300py 1 OIpAIfOBAaHHA AAHHX 3 akceAepomerpa Ta BianmosiaHe [13 Aad

1106yAOBH rpadikiB CUTHAAIB BIOPOIIPUCKOPEHHSA B YaCOBIII 1 YacTOTHIN 0OAacTaAx. [TobysoBane
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[I3 aae 3mory peaaisyBatu IIHPOKI (PYHKIIOHAABHI MOMKAHMBOCTI Ta € BIABHO
BHKOPHCTOBYBAHHM.

[ToOGyaoBaHa crcTEMa AA€ MOYKAUBICTD IIPOBOAHUTH aHAAI3 IapaMeTpiB BiOparii 3 METOIO
repeADadeHHA 1 3aIIOOIraHHA MOMKAUBHX aBapiif, 3MCHIIYIOYH TAKAM YHHOM 3aTPaTH, fKI

ITOB’A32H1 3 BUXOAOM 13 AGAy AOPOTHX AETAAEH 1 BY3AIB.
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Analyzing the methods of protection against First-Person View drone

Abstract: The rapid growth of the drone industry has exceeded regulations for secure and safe drone
operation, which makes them representative means of illegal and destructive terrors and crimes. With
the introduction of drones into civilian technology, drones are now gaining attention as a threat to safety
and security, which leverages the emergence of anti-drone (or counter-drone) technologies. Anti-drone
systems are used to defend against drone accidents or terrorism. Currently, anti-drone systems preferably
adapt military components to reach the confirmatory destruction of drones. However, several difficulties
apply when locating military anti-drone systems in civilian areas. Military counter-drone systems often
use jamming systems to attack the target drone control channel. The jammer generates an extremely high
amplitude of radio signal in the target frequency band to prevent communication. However, for non-
military applications, RF jamming to protect against high-speed drone risks potentially paralyzes existing
wireless network systems, such as mobile access or wireless sensor networks. Thus, most national
regulations prevent non-military use of jamming systems, and therefore civilian anti-drone systems
should investigate other approaches to prevent illegal or unauthorized drones. Previously, radar was
considered a less effective method for detecting drones due to the rigid nature of radar cross-sections
(RCS). However, advancements in radar technology have now made it possible to detect a wide range
of drones with a satisfactory level of accuracy. As a result, radar is increasingly being utilized for long-
range drone detection. Despite this progress, the deployment of radar technology is still subject to
national regulations, including RF licensing policies. The challenges and significant expenses associated
with setting up drone detection radars have led civilian counter-drone initiatives to explore alternative
detection techniques, such as optical (vision-based) systems and RF signal detection methods. Civilian
approaches to neutralizing drones typically involve non-lethal tactics such as system takeover or net
capture. These tactics serve as a technical counterbalance to the drones’ inherent safety and stability
features, and there is a growing demand for research into both aspects. To make significant progress in
this competitive field, it’s crucial to systematically enhance anti-drone systems. This involves designing
them to counteract drones’ defensive maneuvers by adaptively countering their evasion techniques. This
requires a thorough assessment of the latest research in drone security and safety, aiming to improve
upon traditional drone functionalities. The author conducts an extensive analysis of anti-drone measures.
In light of recent drone-related disturbances, we focus on identifying the specific needs of anti-drone
systems. The study proposed a new FPV protection method, reducing equipment weight, cost, and
autonomy.

Keywords: anti-drone systems, drone detection, jamming technique, software-defined radio drone
detection.

PO

Introduction
The rapid growth of the drone industry has exceeded regulations for secure and safe drone
operation, which makes them representative means of illegal and destructive terrors and crimes.
With the introduction of drones into civilian technology, drones are now gaining attention as a
threat to safety and security, which leverages the emergence of anti-drone (or counter-drone)
technologies. Anti-drone systems are used to defend against drone accidents or terrorism.

Currently, anti-drone systems preferably adapt military components to reach the confirmatory
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destruction of drones. However, several difficulties apply when locating military anti-drone
systems in civilian areas. Military counter-drone systems often use jamming systems to attack
the target drone control channel. The jammer generates an extremely high amplitude of radio
signal in the target frequency band to prevent communication. However, for non-military
applications, RF jamming to protect against high-speed drones potentially paralyzes existing
wireless network systems, such as mobile access or wireless sensor networks. Thus, most
national regulations prevent non-military use of jamming systems, and therefore civilian anti-
drone systems should investigate other approaches to prevent illegal or unauthorized drones.
Previously, radar was considered a less effective method for detecting drones due to the rigid
nature of radar cross-sections (RCS). However, advancements in radar technology have now
made it possible to detect a wide range of drones with a satisfactory level of accuracy. As a
result, radar is increasingly being utilized for long-range drone detection. Despite this progress,
the deployment of radar technology is still subject to national regulations, including RF licensing
policies. The challenges and significant expenses associated with setting up drone detection
radars have led civilian counter-drone initiatives to explore alternative detection techniques,
such as optical (vision-based) systems and RF signal detection methods. Civilian approaches to
neutralizing drones typically involve non-lethal tactics such as system takeover or net capture.
These tactics serve as a technical counterbalance to the drones’ inherent safety and stability
features, and there is a growing demand for research into both aspects. To make significant
progress in this competitive field, it is crucial to systematically enhance anti-drone systems. This
involves designing them to counteract drones’ defensive maneuvers by adaptively countering
their evasion techniques. This requires a thorough assessment of the latest research in drone
security and safety, aiming to improve upon traditional drone functionalities.

Currently, the market offers a wide variety of drones for purchase (Chadwick, 2017; Counter
drone system, 2017, FCC..., 2011; Floreano & Wood, 2015; Mazar, 2016; Nuss, 2017, Ritchie et al.,
2017; Shapir, 2013; UK..., 2006; Wellig, 2018). Among these, First-Person View (FPV) drones
are sometimes utilized for illicit activities. The subsequent sections will discuss drone detection
and various protection mechanisms. An analysis of the pros and cons of numerous strategies
will be provided. The primary emphasis will be on personal protection systems, which are
expected to be lighter, more cost-effective, and offer greater autonomy compared to their

stationary counterparts.

The results of the study

Drone Detection

Drone detection systems (Aker & Kalkan, 2017; Andrasi et al., 2017; Ding et al., 2018; Drone
detection systems, 2017; Guvene et al., 2018; Saqib et al., 2017; Spynel Series, 2020) utilize a range of
characteristics exhibited by drones in flight. Typically, drones generate thermal emissions,
acoustic signals, and radio frequency (RF) signals for communication with their controllers.
These systems gather data from sensors to verify if drones are present in the vicinity. Based on
the collected data, they can pinpoint the probable locations of the drones.

The table in the Appendix presents a classification of drone detection methods according
to the type of sensing technology used (Table 7). Subsequent subsections delve into each

detection approach, examining their fundamental operations and inherent technical constraints.
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(A) Thermal Detection

Key drone components like motors, batteries, and electronics emit heat detectable by
thermal imaging devices. Research has focused on identifying drones by these thermal
footprints. For instance, Andrasi et al. (2077) suggested a method to spot drones by the heat
they emit mid-flight. The Spynel product offers 360° monitoring by detecting infrared radiation
from drones.

Thermal detection stands out for its resilience to weather conditions, ability to identify
targets, and cost-effectiveness compared to radar systems. However, its effective range is limited
to about 51 meters, posing challenges in refining detection detail and improving thermal camera
resolution.

(B) RE Scanner

Drones under remote control communicate via RF signals, transmitting sensor data and
flight instructions. RF scanners intercept these signals to confirm drone presence. Basic RF
detection relies on signal intelligence (SIGINT) and communication intelligence (COMINT).
Al-S2’d et al. developed a deep learning system to classify drone types and flight patterns (LA/%-
Sa’d et al, 2019; RF-300..., 2020, The UAS..., 2020). While more drone types can reduce
classification precision, the overall detection rate remains high. DJI’s Aeroscope system
specializes in capturing control signals from DJI drones.

The primary limitation of RF scanning is its inability to detect drones that do not
consistently emit RF signals, such as those on autonomous flights. Additionally, drones with
unfamiliar control protocols or operating on different frequency bands pose detection
challenges. Despite these drawbacks, RF scanners are widely used for their extended range and
affordability, often in conjunction with other detection methods.

(C) Radar-Based Detection

Radar systems identify physical objects and assess their form, distance, velocity, and
trajectory by analyzing the radio signals they reflect. Unlike RF scanners, which decode the
signal itself, radar systems calculate the object’s position by measuring the time it takes for the
reflected signal to return. Continuous-wave radar is distinct in its ability to gauge the velocity of
a target by utilizing both range data and Doppler shift information.

(D) Optical Camera Detection

Optical camera detection, akin to thermal detection, has been extensively researched for its
application in anti-drone systems. Researchers like Sapkota et al. (2076) have utilized features
such as the histogram of oriented gradients to identify drones in images, while Jung et al. (2078)
have developed real-time video surveillance systems capable of monitoring expansive three-
dimensional areas. Optical camera-based drone detection systems are notably cost-effective and
subject to fewer regulatory constraints, facilitating the implementation of detailed tracking
through widespread deployment. However, they do face limitations such as limited range,
dependency on clear weather conditions, and obstruction by physical barriers, necessitating their
integration with other sensor systems. Military-grade electro-optical/infrared (EO/IR) systems,
which combine optical and infrared sensors, are commonly used for drone detection.

(E) Acoustic Signal Detection

Acoustic signal detection leverages the sound emitted by drone motors, a distinctive

characteristic of drones. Innovations by Kim et al. (2077) in machine learning using plotted
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image analysis and k-nearest neighbor’ algorithms have yielded accuracies of 83% and 61%,
respectively. Despite these advancements, challenges such as limited detection range and the
complexities of measuring direction and tracking drones persist.

Figure 4 illustrates a comparison of various drone detection components, highlighting their
functional capabilities and respective detection ranges. It shows that radar systems boast a
significant minimum detection range due to their fundamental operating principles. Many
providers are now offering hybrid drone detection systems that combine different technologies
to enhance reliability, precision, and ease of installation. Some systems are fully automated,
integrating detection and countermeasures like targeting and jamming, although the use of
jammers is heavily restricted in most jurisdictions. Consequently, non-military drone
countermeasure systems must carefully consider a broad spectrum of factors, including jamming

restrictions, compatibility with existing radar setups, and drone neutralization methods.

Drone Neutralization

Drone neutralization is a critical aspect of anti-drone systems, aimed at curtailing the
movement of hostile drones. These neutralization techniques are broadly categorized into
destructive and non-destructive types. This categorization is significant as it reflects not only
the technical challenges involved but also compliance with civil regulations. Given that the
destruction of unauthorized drones is outlawed in numerous nations, non-destructive methods
are often favored by public institutions. Our focus is primarily on non-destructive strategies to
ensure the effective deployment of anti-drone systems even in dire situations.

Typically, definitive methods like jamming are utilized to avert additional emergencies such
as unintended landings or crashes and operational malfunctions. While jamming is both
definitive and non-destructive, it does induce a temporary halt in communications within the
affected vicinity. Consequently, modern tactics are designed to selectively disrupt individual
drones based on their operational characteristics. A variety of prevalent drone neutralization
solutions are enumerated in Table 2 (Appendix), with each method being elaborated upon in
subsequent sections.

A) Drone Hijacking

In the realm of anti-drone measures, the terms “hijacking” and “spoofing” are often
mistakenly used as synonyms. To enhance clarity, we distinguish between the two in this
document. “Hijacking” refers to the act of an anti-drone operator taking over control of a target
drone by any means necessary. In contrast, “spoofing” involves creating a false signal to disrupt
the intended movement of the drone as directed by its original controller. The key distinction
lies in the aftermath of the attack: post-hijacking, the original controller loses all control over
the drone, whereas spoofed signals may lead to drone hijacking.

The rationale behind these definitions’ centers on the imperative of control deprivation.
Seizing control from the original operator may entail tactics like jamming or hacking before the
anti-drone system gains actual control. While hijacking presents both technical and regulatory
challenges, it offers greater robustness compared to spoofing once control is successfully
usurped. Nonetheless, both methods warrant thorough investigation for assured defense.

Drones typically maintain a secure, paired connection with their operator, and hijacking

aims to sever this link. Trujano et al. (2076) introduced a system that disrupts the pairing with a
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jamming signal, and then swiftly reconnects the drone to the attacker’s controller. Donatti et al.
(2016) developed a hijacking system that amplifies the RF signal to take control. They explored
drone control packet decoding and demonstrated their system with a working model. Hijacking
is preferable for safely capturing or landing drones and aids in subsequent inquiries. However,
challenges such as expanding coverage and adapting to various measures like autonomous flight
and drone communication protocols remain.

(B) Drone Spoofing

Spoofing involves manipulating drone signals to either commandeer the drone or alter its
flight path. Drones typically navigate using the operator’s RF signal for location and altitude,
while relying on sensor data for their current status. GPS signals are crucial for determining a
drone’s position, whether in manual or autonomous mode. Noh et al. (2079) devised a system
that emits counterfeit GPS signals, tricking the drone’s GPS receiver and causing it to
miscalculate its location. This system aims to covertly redirect the drone, particularly when it
enters GPS failsafe mode. Simple spoofing methods can exploit various sensor types and may
be used in tandem. While deceiving drone sensors is feasible through numerous strategies, the
lack of additional safety protocols for certain areas can lead to incidents like crash landings due
to loss of control by the drone operator.

(C) Geofencing

Geofencing-based drone neutralization systems prevent drones from entering designated
areas. The most common implementation allows drones to autonomously decide whether to
land based on their current location (Hermand et al., 20719). There are two main types of geofence
technology: dynamic geofences, which disseminate information about no-fly zones, and static
geofences, which rely on a repository of flight permission data accessible to drones. Most
commercial drones equipped with standard flight control stacks, such as PX4 and ArduPilot,
feature built-in auto-landing for safety (ArduPilot Documentation, 2016; Meier et al., 2015). This
effectively deters hobby drones from unauthorized areas but is ineffective against drones that
have been modified to bypass these systems. Since geofencing depends on the drone’s internal
navigation, malfunctioning drones could still breach secure zones. Further research into
proactive geofencing is needed to overcome these issues, potentially incorporating spoofing and
hijacking methods.

(D) Drone Janming

Drone jamming incapacitates the communication link between a drone and its controller
by flooding the frequency range with overpowering RF signals. These signals, often empty
packets, disrupt the drone’s ability to receive legitimate commands, rendering it uncontrollable.
Jamming technologies are diverse, tailored to specific goals and coverage areas, and can be
categorized as follows:
e Directional vs. Omnidirectional: Directional jamming targets a specific path, while

omnidirectional jamming affects all directions.
e Stationary vs. Mobile: Stationary jamming is fixed to a location like a base station, whereas

mobile jamming is deployed from portable units, such as handheld devices or vehicle

mounts.

e Narrow vs. Wide Bandwidth: The bandwidth of the jamming signal can be narrow,

affecting a specific frequency, or wide, covering a broader spectrum.
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e  GPS vs. Communication Jamming: GPS jamming disrupts a drone’s navigation systems,
while communication jamming interrupts the control signals from the operator.

Some jammers target specific network layers, but as drones often use non-standard
communication protocols, these methods are not detailed here. Jamming is favored in anti-
drone systems for its simplicity, reliability, and broad range. However, due to its potential to
interfere with other electromagnetic communications, including TV, telecommunication, and
air traffic control, its use is heavily regulated or prohibited in many countries.

(E) Killer Drones

“Killer drones” refer to legal drones designed to pursue and physically disable target drones.
Unlike drone capture methods, killer drones aim to make contact and cause damage. They
require swift, accurate decision-making, precise path estimation, and high durability. Although
still in early development, swarming killer drones with collective intelligence and precise tracking
could become an effective multi-target neutralization strategy. Regulatory constraints similar to
those on jamming and radar technologies apply, but advancements in drone management
systems could ease these restrictions.

(F) Drone Capture

Drone capture methods involve physically restraining a target drone using tools like nets.

Capture systems are bifurcated into:

e  Terrestrial Capture: Operated by humans or vehicles, these systems offer a variety of net

sizes and capacities.

e  Aecrial Capture: Mounted on defender drones, these systems are limited by the carrying
capacity but offer greater precision and speed.

The choice between terrestrial and aerial capture depends on various factors, including
device coverage, cost-performance balance, and the drones’ load-bearing capacity. Both
methods have their merits and should be further explored. As drone neutralization techniques
leverage the operational characteristics of drones, they can trigger unintended behaviors.
Therefore, a comprehensive approach that combines multiple neutralization strategies is
essential to increase success rates. It is also crucial to keep pace with drone safety technologies
like anti-spoofing and anti-hijacking. Anti-drone systems must strategically plan neutralizations,
taking into account the effective range and anticipated flight paths of target drones.

Summary

Drone Detection: The integration of multiple detection systems has led to a moderate
success rate in drone detection. Despite limitations like range and weather dependency, the
industry is moving towards hybrid systems for better efficiency. We have provided guidelines
for setting up these systems, emphasizing the need for a strategic analysis of the defense area
and the importance of a cohesive drone identification network for effective tracking and
neutralization.

Drone Identification: Still in its nascent stages, drone identification systems are crucial for
regulatory compliance and are expected to become more significant than detection systems
alone. The potential for attaching active transponders to drones is being explored, which will
be vital for managing airspace, especially with the rise of the Personal Air Vehicle (PAV)

industry.
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We have categorized neutralization techniques into destructive and non-destructive, noting
that non-destructive methods may become obsolete due to advancements in drone security.
While jamming is prevalent, its aggressive nature and the development of anti-jamming
technologies call for alternative strategies. Geofencing could mitigate risks from authorized
drones, but physical defenses may be necessary for deliberate threats.

Anti-drone systems must be multifaceted, incorporating various neutralization techniques
to ensure robust defense. Our guidelines provide a framework for assessing drone threats and
formulating safe neutralization strategies. As the field evolves, the design of anti-drone systems
must adapt to address the challenges posed by sophisticated drones without relying on military-
grade weaponry. Our survey aims to contribute to the expansion of drone safety zones and the
advancement of anti-drone technologies.

In the study presented, we introduce an innovative approach to enhance the efficiency of
anti-drone jamming systems for individual use. The system is composed of two main
components: a drone detection subsystem and a jamming subsystem, as illustrated in the
accompanying block diagram (Figure 7). Traditional non-stationary jamming systems are plagued
by significant drawbacks, such as excessive weight and the tendency to jam across broad
frequency bands. Our solution to mitigate these issues involves the utilization of a single
amplifier in conjunction with multiple antennas, replacing the need for numerous individual
amplifier units. This amplifier is desighed to accommodate various commonly utilized
frequencies and to switch between different narrow-band antennas. The key benefit of this
system lies in the employment of a microprocessor to generate a diverse range of frequencies.

For the identification of commonly employed frequencies and amplitudes, we employ the
technique of software-defined radio (SDR). The SDR module is tasked with receiving signals
across a wide frequency band and pinpointing the peak signals. Upon detection of a drone’s
control frequency, the microprocessor module is triggered to initiate jamming on that specific
frequency.

This proposed methodology significantly boosts the power output of the module while
simultaneously reducing the overall weight of the device. The need for multiple amplifiers is
eliminated, as we now require only a solitary amplifier capable of adjusting its frequency range

to suit various needs.

Discussion
The article in question sets out to conduct a thorough examination of First-Person View
(FPV) drone protection systems. It delves into the merits and demerits of various
methodologies. The jamming system we propose is designed to address and rectify certain
shortcomings present in existing systems. Future research endeavors could potentially explore

the operational range, energy efficiency, and economic feasibility of such systems.

Conclusion
It is worth noting that the proliferation of drones, particularly FPV models, presents both
opportunities and challenges. While they offer innovative applications, their potential misuse
for criminal activities cannot be ignored. The exploration of drone detection and protection

mechanisms is therefore crucial. The strategies discussed highlight a range of techniques, each
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with its own set of advantages and limitations. Emphasizing personal protection, the ideal
system would combine reduced weight, lower costs, and enhanced autonomy, distinguishing
itself from more cumbersome stationary systems. Such advancements promise to bolster
security measures while maintaining accessibility and ease of use for individuals seeking to

safeguard their privacy and safety in an increasingly drone-populated airspace.
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Appendix
Table 1. Drone Detection Technologies

Feature Sensing devices Advantages Disadvantages Detection range References
Heat Infrared camera o Less affected by weather o Low accuracy 1-15 km [22]-[27]

o Long range
RF signal RF receiver o Obstacle-free « Unable to detect 3-50 km (12],

o Detect the drone operator o Autonomous flight [28]-[33]
Physical Radar o Less affected by weather o High expense 1-20 km [34]-[40]
object o Long range o Regulations on RF license

o Vulnerable to obstacles

Visibility Optical camera o Low expense e Highly affected by the 0.5-3km [41]-[46]

o Miniaturized weather

o Identification o Vulnerable to obstacles
Acoustic Acoustic receiver o Compatible with RF based o Extremely low detection < 0.2km [47]-[55]
signal Sensors range

e Miniaturized

Low accuracy
High signal detection com-

plexity
Table 2. Drone Neutralization Technologies
Destructive Nime Advantages Disadvaniages References
Hijacking o Enable sale landing o Only avislable lor drones wsang Known [100]
Non- - - - r protoo ols
e Spoofing o Wide availability « Diflicultio c(‘mlml {1o1]
e Includes autonomous and  manual e Possibly nullified by manual control
flight
Geotencing o Simultancous response e Only available for communicable (TO2]-[104]
o Easily extended drones
e Madified or disabled by drone aper-
tors
RF jamming o Sumple, mstant procedure o Can allect nearby facilities [105], [104]
o Effective for drones using unknown o Not effective for autonomous drones
protocols
Capture o Available for follow-up investigation « Difficult to target and hit (TOTTTT
o Ground and acrial solutions available o Possible damage during landing/crush
Laser o Long munge o High maintenance and operation cost [112)
Destruct o Confirmatory destruction e Generally unsuitable or unavailable
estructve 1 -military facilities
or non-military facilitie
Killer drone « Low maintenance and operation cost o Hurd to target and hit (331, T1713]
e Possible simultaneous response 10 o Deregulation for public drove flight
multiple drones reqquired
Ant-aireraft o Confirmatory destruction o High maintenance and operation cost 114
weapons e Long range neutralization e Generally unsuitable or unavailable
for non-military facilitics
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Preparation of films based on metal nitrides by the method of magnetron sputtering

and study of their optical properties

Abstract: Semiconductor metal nitrides are of considerable interest to researchers due to the possibility
of their application. These materials have high radiation, chemical, and thermal resistance and can be
widely used to create transparent electronic elements in the future. Due to combining unique optical,
electrical, and piezoelectric properties, TiN, CuN, and AgN can be used in sensors, and devices for
generating surface acoustic waves, photonic crystals, and LEDs. The study object was thin films of metal
nitrides such as TiN, SnN, and AgN, obtained by reactive magnetron sputtering on quartz substrates.
The study subject was the optical characteristics of TiN, SnN, and AgN thin films. The study’s purpose
was to investigate the influence and features of the magnetron sputtering technology on the optical
properties of thin films based on metal nitrides deposited by reactive magnetron sputtering. The main
methods of this study were the analysis of conditions and technologies for magnetron sputtering of
metals in reactive gases and the creation of an improved design of an experimental magnetron for
depositing thin films of metal nitrides. Titanium, silver, and tin nitrides (TiN, AgN, SnN) films on quartz
substrates were obtained by reactive magnetron sputtering. For this, the authors developed a planetary
magnetron on permanent magnets, with an uncompensated magnetic system with a disk cathode.
Samples of various configurations of TiN, AgN, and SnN films were obtained. Spectral characteristics
of light transmission were investigated for the received samples. The presence of main spectral maxima
at 450 and 570 nm was experimentally determined for the studied samples. The physical mechanisms of
the existence of these maxima are substantiated. The technology of magnetron sputtering of metals in
reaction gas atmospheres has been improved and the possibility of using the obtained films of metal
nitrides as optical filters and wide-band semiconductor materials for creating heterojunctions has been
substantiated.

Keywords: films of metal nitrides, TiN, SnN, AgN, planetary magnetron, method of reactive magnetron

HF sputtering, optical characteristics.
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OTpuMaHH:A IIAIBOK HA OCHOBI HITPHAIB METAAIB METOAOM MarHETPOHHOI'O HAIIMACHHA

Ta AOCAIAPKEHHA X OIITUYHHUX BAACTUBOCTEN

Amnomayis: Y pobOTI METOAOM PEAKTHBHOIO MATHETPOHHOIO HAIIMACHHA OTPHUMAHO IIAIBKH HITPHAIB
TUTAHY, cpidAa, orosa (TiIN, AgN, SnN) Ha kBapHOBHX IAKAZAKAX. AAS IBOTO HAMH OYB PO3pOOAEHHUI
IIAAHETAPHUHA MAarHETPOH HA IOCTIHUX MATHITAX, 3 HECKOMIIEHCOBAHOIO MATHITHOIO CHCTEMOIO 3
AHCKOBUM KaToAOM. Orpumani 3pasku 1maiBok TiN, AgN, SnN pisaux koHdirypamii. Aad oTpuMaHIX
3pa3KiB AOCAIAKEHI CHEKTPAABHI XapaKTEPUCTUKH IIPOIYCKAHHA CBiTAa. BxcmepumeHTaABHO
BCTAHOBACHO AAf AOCAIAJKYBAHUX 3Pa3KiB HAfBHICTH OCHOBHUX CIIEKTPAaABHUX MakcumymiB 450 Ta 570
oM. OOrpyHTOBaHO (DI3MYHI MEXaHI3MH HAABHOCTI AAHHHUX MaKCHMyMiB. BAOCKOHAAGHO TEXHOAOTIIO
MArHETPOHHOIO HAIIMACHHA METAAIB B PEAKIINHNX ra30BUX aTMOC(EPaX Ta OOIPYHTYBAHO MOKAHBOCTI
BUKOPHUCTAHHA OTPUMAHUX IIAIBOK HITPHAIB METAAIB B AKOCTI OUTHYHUX (PIABTPIB Ta IIMPOKO3OHHUX

HAIIBIPOBIAHHKOBHX MaTEPiaAlB AASl CTBOPEHHA IE€TEPOIIEPEXOAIB.
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Koarouosi crosa: iaisku HiTpuais metaais: TiN, SnN, AgN, maaHeTapHUI MATHETPOH, METOA PEAKTHBHOIO

MargeTpoHHOro BU-HarmmAeHHA, OITHYHI XapaKTepUCTHK.

Do

Introduction

The relevance of the research topic. Semiconductor metal nitrides are of considerable
interest to researchers due to the possibility of their application (Musil, 1998; Berlin et al., 2007,
Zhukov et al., 2006). These materials have high radiation, chemical, and thermal resistance and
can be widely used to create transparent electronic elements in the future (Musi/ et al., 2007).
Due to combining unique optical, electrical, and piezoelectric properties, TiN, CulN, and AgN
can be used in sensors, and devices for generating surface acoustic waves, photonic crystals, and
LEDs (Musil et al., 2007; Nakanmra et al., 1994). Due to their wide band gap, TiN, CuN, and
AgN semiconductors can be used as detector materials for detecting ultraviolet radiation
(Nakamura et al., 19945 Zhao et al., 2019; Northrop..., 2017). These materials can also create
efficient light-emitting diodes (LEDs) and laser diodes. The relatively small discrepancy between
the lattice constants of TiN and Si allows them to produce heterojunctions with properties close
to ideal (Chernyaev, 2007). TiN, CuN, and AgN films also attract the attention of researchers as
window, anti-reflective, protective, and current-carrying layers of low-cost, large-area solar cells
(Zhao et al., 2019).

In the photodetectors and solar cells development, n-TiN/p-Si and n-CuN/p-Si
heterojunctions are of particular interest (Zee, 1988; Gotra, 2007). This is due to the wide
photosensitivity region of such structures (560-2000 nm), their low cost, and the availability of
hetero-carrier materials.

To obtain thin layers of TiN, CuN, and AgN compounds, such methods as magnetron
sputtering, chemical vapour deposition (CVD), and sol-gel methods are widely used today
(Tarui, 2000; Ber & Minsker, 2017). However, wide-bandgap semiconductor compound
polycrystalline films’ properties obtained by these methods are currently insufficiently studied,
hindering the process of their practical use in real devices and elements. This problem
determines the choice of the research topic and its relevance. To obtain TiN, SnN, and AgN
thin film compounds, reactive magnetron sputtering methods are widely used today.

Magnetron sputtering systems got their name from M-type microwave devices (magnetron
devices) although they have nothing in common with them except for the presence of crossed
electric and magnetic fields. Magnetron systems are diode-type sputtering systems in which
material is atomised by bombarding the target surface with ions of the working gas formed in
the glow discharge gas. These systems’ high sputtering rate characteristic is achieved by
increasing the ion current density due to the localisation of the plasma in the sputtered target
surface using a strong transverse magnetic field (Musil, 1998; Zhukov et al., 20006). Figure 1 shows
a classical scheme of a magnetron sputtering system (Figure 7).

One of the advantages of magnetron sputtering systems is that the capture of secondary
electrons by a magnetic trap near the target surface prevents intense overheating of the

substrate. This, in turn, allows for an increase in the rate of sputtering of materials, and hence
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their deposition. The substrate heating source in these systems is the condensation energy of
the sputtered atoms.

It is worth noting that the potential applications of atomisation systems are currently far
from being fully understood and realised. They have taken a strong position in the
manufacturing semiconductor devices and integrated circuits technology. In particular, they are
used to form contacts with various semiconductor and passive circuit elements. They are also
used for manufacturing resistive films for hybrid microcircuits, magnetic films, low-impedance
contacts, and much mote.

In addition, they are widely used in industrial plants for applying thin film coatings. These
include various filtering, reflective, protective, and heat-saving optical coatings on glass. Such
systems are also widely used in plasma-chemical processing, etching, and material production.

The study object was thin films of metal nitrides such as TiN, SnN, and AgN, obtained by
reactive magnetron sputtering on quartz substrates.

The study subject was the optical characteristics of TiN, SnN, and AgN thin films.

The study’s purpose was to investigate the influence and features of the magnetron
sputtering technology on the optical properties of thin films based on metal nitrides deposited
by reactive magnetron sputtering.

The objectives of the study were as follows:

— develop an installation for magnetron sputtering of metals. To obtain thin films of
compounds such as TiN, SnN, and AgN by the appropriate method;

— investigate the optical properties of films of compounds such as TiN, SnN, and AgN;

— modernise the spectral complex KSVU-12; to establish its operation using an ADC board.

The main study methods are the analysis of conditions and technologies for metals
magnetron sputtering in reactive gases and the creation of an experimental magnetron improved
design for depositing thin films of metal nitrides:

o a method for magnetron sputtering of thin films of materials in reactive gases (used to produce

TiN, SnN, and AgN films);
®  method of measuring spectral characteristics (used to study the spectral and optical characteristics

of thin films of metal nitrides).

The practical significance of the study is that:

1. A magnetron of our design was developed.

2. The spectral complex was modified, its operation in automatic mode, and the processing
of experimental data on a computer was provided.

3. New measuring techniques for recording small signal levels using instrumental amplifiers
and high-speed ADC board were introduced.

4. The technology of magnetron sputtering of metals in reactive gas atmospheres has been
improved, and the possibility of using the obtained compounds as optical filters and wide-

bandgap semiconductor materials for creating heterojunctions has been substantiated.
Summary of the main material

The films of metal nitrides (TiN, SnN, AgN) were obtained based on the vacuum universal
post-VUP 5M (Figure 2).

90



Sputtering was performed under normal conditions and during the initial holding of the
samples in a vacuum (residual pressure in the vacuum chamber was 107 Pa).

For sputtering, the authors have developed a planetary permanent magnetron with an
uncompensated magnetic system together with a disc cathode. The scheme of the magnetron is
shown in (Fzgure 7). A photo of the magnetron design is shown in the Appendix (Figure 3).

A power supply with a voltage or discharge current stabilisation mode with a maximum
power of 1.5 kW was also developed for the magnetron.

Sputtering was performed in a direct current mode.

The authors used silver, titanium and tin as sputtering targets. Sputtering was performed in

a nitrogen atmosphere at a chamber pressure of 1-5 Pa (Figure 4).
Analysis of the results

Transmittance spectra were studied on the sputtered film obtained samples. The

corresponding samples’ transmission spectra is shown in the Appendix (Figure 5; Figure 6; Figure

7).

Conclusions

The authors’ group has developed an original design magnetron and produced metal films
by jet sputtering in a nitrogen atmosphere.

Using a magnetic system with a concentrated field resulted in a high density of ionic
currents that sputter the target and, accordingly, a high target sputtering ratio of about 90%.
This results in a high productivity of material sputtering.

An installation for magnetron sputtering of materials in a reactive gases’ atmosphere has
been developed.

The magnetron device design principles make it quite easy to implement the task of
applying homogeneous coatings to large-format surfaces and films based on nitrides.

In this work course, AgN, SnN, and TiN films were obtained and their optical
characteristics were studied.

As can be seen from the study of spectral characteristics, two spectral maxima of 450 and
570 nm were observed on all samples.

The shorter-wavelength maximum of 450 nm is associated with the vibrations of the
nitrogen atom in the studied compounds (AgN, SnN, TiN).

The spectral maximum around 570 nm is due to the vibrational motion of the entire
molecule (metal + nitrogen atom).

This theory is also confirmed by the significant intensity of the long-wavelength spectral
maximum of TiN since this compound is relatively light compared to AgN and SnN.

The samples studied by the authors open prospects for their use in optics and modern

nanotechnology.
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Appendix
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Figure 1. Schematic of a magnetron sputtering Figure 2. Photo of the experimental setup
system with a flat target: 1 — magnetic system; 2 —
cathode-target; 3 — magnetic field line; 4 — zone
of the greatest erosion of the cathode surface; 5 —
electron trajectory
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Figure 3. Photo of the developed magnetron Figure 4. Photo of the spraying process
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Figure 5. Transmission spectrum of silver nitride Figure 6. Transmission spectrum of tin nitride
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Figure 7. Transmission spectrum of titanium nitride (TiN)
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Prospects for using black eldetberry in the fermented whey drinks technology

Abstract: Today, the demand for food products with the addition of functional ingredients has increased
significantly due to their high nutritional value and positive impact on the human body. The study object
is the technological process of fermented whey drinks production. The study subject is whey, elderberry
flower extract, elderberry berry puree, fermented whey drinks. The purpose is to develop a technology
for fermented whey drinks with plant raw materials rich in biologically active substances. The article
develops the technology of fermented whey drinks with wild plant material rich in biologically active
substances, namely black elderberry. It contains a high content of phenolic compounds (516-8974
mg/100 g of dry water), most of which are anthocyanins, known for their beneficial effects on the body.
Numerous studies have demonstrated the antioxidant capacity, antibacterial, antiviral, antidiabetic and
antitumor properties of elderberries. Forms of introduction to the serum (flower extract and black
elderberry puree) have been selected. The analysis of raw materials showed the expediency of using spirit
extract from elderflower and elderberry in a ratio of 1:1. The technology for making elderberry puree
was developed and its optimal doses were determined. The fermented whey drinks’s formula is
calculated, in particular, it is recommended to add 10 and 15% elderberry puree. The finished product’s
organoleptic and physicochemical parameters are described on the basis of research. As the amount of
elderberry puree increased to 15%, the finished product’s viscosity also increased. The use of Steptococcus
thermophilus also causes an increase in viscosity. The obtained products had high taste qualities.

Key words: technology, whey, black elderberry, elderberry extract, elderberry puree, fermented whey
drinks, organoleptic indicators, physicochemical indicators.
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ITepcriexTuBy 3acTOBYBaHHA Oy3MHHM YOPHOI y TEXHOAOTIi (pepMeHTOBAHMX
CHUPOBATKOBUX HAIOIB

Amnomayisn: Hacboroani monut Ha XapdoBl IPOAYKTH 3 AOAABAHHAM (PYHKIIOHAABHUX IHIPEAIEHTIB
3HAYHO 3pIC 3aBAAKM iX BUCOKIH XapYOBIH IHHOCTI Ta IO3UTHBHOMY BIIAMBY HAa OPIAHI3M AFOAHHH.
OO’eKTOM AOCAIAKEHHA € TEXHOAOIYHUN IIPOIIEC BHPOOHHIITBA (DEPMEHTOBAHHX CHPOBATKOBUX
HanoiB. IIpeAMeToM AOCAIAKEHHA € CHpPOBATKA, EKCTPAKT IBiTYy Oy3WHM, IFOpe 3 AriA Oy3uHm,
depmenTOBaHl cHpOBaTKOBl Haoi. MeTOrO AOCAIAKEHD € PO3POOAECHHA TEXHOAOTI (DepMEHTOBAHIX
CHPOBATKOBHUX HAIIOIB 13 POCAMHHOIO CUPOBHHOIO, OATraTOO Ha OIOAOITIHO AKTUBHI peYOBUHH. Y CTATTI
PO3POOAEHO TEXHOAOTFO (DEPMEHTOBAHUX CHPOBATKOBHX HAIIOIB 13 AHMKOPOCAOIO POCAHHHOO
CHPOBHHOIO, 0araToro Ha OIOAOIIYHO AKTUBHI pPEYOBHHH, a caMe Oy3HHOIO YOpHOrO. Boma micTuTh
BHCOKUIT BMICT (heHOABHUX CHOAVK (516-8974 mr/100 r cyxoi BoAM), 3 SKMX HAOIABIIIE AHTOLIAHIB, 1110
BiAOMI CBOIM OAAroTBOPHHUM BIIAMBOM Ha OpramiaM. YHMCAEHHI AOCAIAKEHHA IPOAEMOHCTPYBAAU
AHTUOKCHAAHTHY 3AATHICT, aHTHOAKTEPIaAbHI, IPOTHBIPYCHI, IPOTHAIAOETHYHI Ta IPOTHUIIYXAUHHI
BAacTuBOCTI Arip Oysuuu. [TiailOpano dpopMu BHECEHHA AO CHPOBATKU (EKCTPAKT 3 LBITY Ta IIIOPE 3 ArA
Oysuru gopHOi). [IpoBeacHUII aHAAI3 CHPOBHHH IIOKa3aB AOLUABHICTD BHKOPHCTAHHA CIIHTPOBOTO
eKCTPaKTy 3 mBiry OysuHH Ta sAriA Oysunum y cuiBBiaHommeHHi 1:1. Pospobaeno TexHOAOIIO
IIPUTOTYBAHHA IIFOPE 3 ArA OY3HHU Ta BCTAHOBACHO HOTO OIITHMMAaAbHI AO3U. Po3paxoBaHo perientypy
depMEHTOBAHNX CHPOBATKOBUX HAITOIB, 30KpeMa pekomeHAoBaHO BHeceHHA 10% 1 15% mrope 13 Aria
Oysurn. Ha OCHOBI AOCAIAMEHB OIIMCAHO OpPraHOACITHYHI T2 (DI3HKO-XIMIYHI IIOKA3HUKH I'OTOBOIO
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HIPOAYKTY. 13 30iABIIIEHHAM KIABKOCTI IIFOpe 13 ATIA Oy3uHE A0 15 %0 36iABIITyBaAacs 1 B’A3KICTH TOTOBOTO
HpOoAyKTy. Bukopucrauus Streptococcus thermophilus tex cupuunbse 36iapmreHHa B’askocti. Orpumani

ITPOAYKTH MaAHM BHCOKI CMAaKOBI IKOCTI.

Koouosi caosa: rexaoAOI1s, CHPpOBATKA, Oy3MHA YOPHA, EKCTPAKT Oy3UHH, IIIOpe Oy3HHH, (DepeMEeHTOBAHI

CHPOBATKOBI HAIIOI, OPraHOACIITHYHIT IIOKA3HUKA, (DI3SHKO-XIMIYHI ITOKA3HUKH.

P ARY

Beryn

Xap4uoBa IIPOMHCAOBICTH 3a3HAE€ ITOCTIIHHUX 3MIH dYepe3 BHCOKI BHMOTH AO fAKOCTI
IIPOAYKTIB XapdyBaHHA Ta 3MIH YIIOAOOaHB croxubadiB. Hacboroani mommr Ha Xap4osi
IIPOAYKTH 3 AOAABAHHAM (DYHKIIOHAABHHUX IHIPEAIEHTIB 3HAYHO 3PIC 3aBAAKH IX BHCOKII
O10AOTTYHIN IIHHOCTI T4 IIO3UTUBHOMY BIAMBY Ha oprauism Aroaunu (Cabuyka ma in, 1993).
Pospobaenns GyHKIIIOHAABHIX HPOAYKTIB € OCHOBHHUM HAIIPAMOM PO3BUTKY T4 IHHOBAIIH Y
xap4uoBiii raaysi (Illy6pascexa, 2008). PyHKIIOHAABHI HAIIOI MOXKYTh OyTH AOIIOBHEHI 200
30araveHi (PyHKIIOHAAPHUMH IHIPEAIEHTAMH, TAKAMH fK BITAMIHH, MiHEpaAHW, OlOaKTHBHI
IenTuAn, Ipobdbiotuxu, npediotuku Tomo. I[loman 40% QyHKIIOHAABHUX IIPOAYKTIB
XapYyBaHHA CTAHOBAATH MOAOYHI IIPOAYKTH, 30Kpema bepmenToBani Hattol (Bacuavuax, 2005).

[Tupokoi momyAspHOCTI HAOYBAIOTH fAK CBLKI, Tak 1 (hepMEHTOBAHI CHPOBATKOBI HAIIOI 13
BUKOPHUCTAHHAM POCAHHHOI CHPOBHHH, 30KpeMa B KOMOIHALI 3 pisHUME (DPYKTAMU, ATOAAMI
Ta cokamu. lle cTan0 MOAHHM TPEHAOM Yy O3A0pOBUOMYy XapuyBaHHIL [lepeBaroro Takmx
IIPOAYKTIB € HEBHCOKA BAPTICTB, IIIO POOUTH IX AOCTYITHHMU AAfl IIEPECIIHOTO crioxkuBava (I pex
ma Kpacyan, 20115 Causxa ma in, 20165 FOxano, 2002).

MoaAodHa cHpOBATKA, KA YTBOPIOETHCA B IPOIIECI KOATYAALIl KazelHy Ipu BUPOOHHUIITBI
cupiB, MicTuth 6,3% cyxux pedoBuH (3 Hux 4,5% Aaxrosn), 0,3% morogaHorO KuUpY, 0,9%0 OirKa.
Bona xapakrepusyerbcs 30aAaHCOBAHIM BMICTOM HE3AMIHHUX aMIHOKHCAOT (METIOHIH, Ai3HH,
ricTuAuH, TpUIITOdaH T4 1H.), AKl 3a0€3I1€9yIOTh PEreHePAaIifo OIAKIB IEUIHKH, ITIAA3MUA KPOBI Ta
remorao6iny. CuposaTka Takox Oarata Ha Bitaminu rpynu B, A, C, E, HikotuHOBY Ta doAieBy
KHCAOTH, XOAIH, OIOTHH T2 IH.; Ha MiHEPAAbHI PEYOBHHH — KAABIIIH, KaAill, MarHii, pocdop,
ma fxi npumasae 0,6%. Bucoka macoBa gacTka AakTo3n € OAHHM 3 (DAKTOPIB HOPMAABHOIO
TpaBAEHHA Ta 30epeKeHHs 3A0poBOi Mikpodaopu kurmeunuxa (bizuk, 2009).

Sroam Oy3sumHH IUHYIOTBCA 32 IX AHTHOKCHAAHTHI BAACTHBOCTL. Sambucus nigra €
HAA3BHYANHO IIOITHPEHOIO POCAMHOIO B AHKIH Aopl Vipainm, ase BOHA HEAOCTATHBO
BHKOPHUCTOBYETbCA. Dy3snHa BUKOPHCTOBYETbCA B CyJacHIH 1 TPAAMITIHIN MEAUITNHI 3aBAAKI
CKAAAHOMY XIMIYHOMY CKA2AY ITAOAIB. Brucokuit BmicT dperoapHux crioayk (516-8974 mr/100 r
Cyxol BOAM), 3 AKHX HalOiAbIe anToIaHiB. PEeHOABHI CIIOAYKH BIAOMI CBOIM OAaroTBOPHUM
BIIAMBOM Ha OpragisM. YHMCAEHHI AOCAIAKEHHA IIPOAEMOHCTPYBAAM AHTHOKCHAAHTHY
3AQTHICTB, aHTHOAKTEPIAABHI, IIPOTUBIPYCHI, IIPOTUAIAOETHYHI Ta IIPOTUITYXAUHHI BAACTHBOCTI
dpykriB. Bpakaerpcs, 1m0 OIABIICTD AIKYBAABHHX BAACTHBOCTEH AriA OY3HHE MOKHA
CIIBBIAHECTH 3 AHTHOKCHAAHTHOIO aKTHBHICTIO, Ky BOHU MarOTh (I lepecada ma Kupniuenxosa,
2022y Cunenko ma in, 20225 Xomuy ma in, 2012).

Tomy BUKOpUCTAaHHA IBITYy Ta friA Oy3sumHH y TexHOAOr (hepMEHTOBAHHX HAIIOIB i3

CHPOBATKH AO3BOAHUTH CTBOPHTHU IIPOAYKTH INABHIIIEHOI OIOAOITYHOI HIHHOCTI i3 AIKYBAABHO-
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IPO@IAAKTUIHIMHI BAACTHBOCTAMH.

OO’eKTOM AOCAIAKEHHA € TEXHOAOTIYHHI IIPOLEC BHPOOHHUIITBA (PEPMEHTOBAHUX
CHPOBATKOBUX HAITOIB. [IpeAMETOM AOCAIAIKEHHSA € CHPOBATKA, EKCTPAKT IBITY OY3HHH, IIIOPE 3
AriA OysuHH, (DepMEHTOBAHI CHPOBATKOBI HAIIOL.

MeToro AOCAIAKEHD € PO3POOACHHA TEXHOAOTI (pepPMEHTOBAHNX CHPOBATKOBHUX HAITOIB 13
POCAMHHOIO CHPOBHUHOIO, 0aratoro Ha 010 AOITIHO AKTHUBHI PEYOBUHII.

BIATTOBIAHO AO ITIOCTABAEHOI METH BU3HAYEHO TAKI 3aAAi:

—  AOCAIAHTH IIpOIIeC eKCTpakil i3 kBitiB OysuHu BAP AAst HamO1B;
—  OOIPYHTYBATH HEOOXIAHICTH BUKOPHCTAHHSA ITFOPE 13 AriA Oy3uHU;
—  YTOYHHTH TEXHOAOIIYHI IIapaMeTpH BHPOOHUIITBA (DEPMEHTOBAHUX CHPOBATKOBUX

HAITO1B;

—  BH3HAYHUTH IX OCHOBHI OPraHOAEITHYHI Ta (DI3SUKO-XIMIYHI ITOKA3HUKH.
OcHOBHA YacTHHA

Marepiasu Ta METOAH AOCAIAYKEHB

AoCAiAKeHHA TIPOBOAUAM Y Aaboparopii kadeApr TEXHOAOI MOAOKa 1 MOAOYHHX
IIPOAYKTIB  ABBIBCBKOTO  HAIIIOHAABHOIO ~ VHIBEPCHTETy BETEPHHAPHOI MEAHIIMHH  Ta
6ioTexnoAorii imeni C.3. I'xunpkoro.

V mepirriii cepii AOCAIAMKEHD 3AIFICHIOBAAH BHOIP HETPAAUIIIHHOI AMKOPOCAOBOI CHPOBHHH,
AKA XaPAKTEPHU3YBAAACA O BUCOKUM BMICTOM OIOAOITYHO aKTUBHUX PEYOBUH AASl CHPOBATKOBHX
depMEHTOBAHUX HAIIOIB; AOCAIAKYBAAN IIPOIIEC EKCTPAKIIIl IBITY OY3MHH, IMATOTOBKY ITIOPE 3
AriA Oy3HHM.

V Apyriit cepii AOCAIAKEHD PO3POOAAAH PELEIITYPH HAa CHPOBATKOBI (DepMEHTOBaHI HAITOL
13 BUKOPHCTAHHAM HOBOI CHPOBHHH; OOIPYHTOBYBAAH OCOOAMBOCTI TEXHOAOITYHHX OIIEPAIIiit
Ta OIIIHIOBAAU AKICTh TOTOBHX IIPOAYKTIB.

AAf IPUrOTYBaHHA CHPOBATKOBUX (PEPMEHTOBAHUX HAIIOiB BUKOPHCTOBYBAAH TaKl BUAU

MOAOYHOL CI/IpOBaTKI/IZ

®  HATHBHY MOAOYHY CHPOBATKY OTPUMAHY 3-IIA CHPY KHCAOMOAOYHOTO 3 MACOBOFO YaCTKOIO
cyxux pedosuH 5,5%, kucaorrictio 70°T;

®  OCBITAEHY MOAOYHY CHpPOBATKY, OTPHMaHy 3a AOIIOMOTOIO TEIAOBOI ACHATypaIii 3a
temmeparypu 90.. .95°C 3 HacTYyIIHUM BiAAIACHHSAM OIAKIB.

AAf 3aKBaIyBaHHA BUKOPHUCTOBYBaAH 3akBacky Kefirl2 xommanii Chr.Hansen, Ao ckaaay
AKOI BXOAATH Me30(iAbHI 1 TepMOMIABHI MIKPOOPraHi3MH, a TAKOK MOAOYHI APLKAKI.
ApIKAKOBI  KYyABTYpH — BIAIOpaHi 3a IX 3AarHICTIO 3a0e3medyBaTé  30aAaHCOBAHUI
KICAOMOAOYHHUI CMaK 1 apOMaT HaIO¥O.

AAf TIOKpaIeHHA KOHCHUCTEHINI IIPOAYKTY AO 3aKBaCKM B KOMOiHaIii 3 me30(iAbHHMU
MijoopraHi3MaMH BBEACHUI Slreplomm/; fbermqbbz'/m, AKAN AO3BOASIE AOCATHYTU ryCTo'l'
crpykrypu (bodnapuyx ma in., 2010).

Cxaana xyawtyp saxsacky Kefirl2: Lactobacillus acidophilus, Lactobacillus rbhammnosus, Lactococcus

lactis sub. lactis biovar diacetylactis, Lenconostoc mesenteroides, Bifidobacterium infantis Bifidobacterium lactis
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Lactobacillus acidophilus Lactobacillus fermentum Lactobacillus lactis Lactobacillus paracasei Lactobacillus
rhamnosus Lactococcus lactis subsp. cremoris Lactococcus lactis subsp. lactis Lactococcus lactis s

3axBacka Kefirl2 mae Taxi mepesarm:
®  3aBAAKH TEXHOAOTI IIPAMOrO BHECEHHS Ta KOMOIHAII 3aKBACOYHHUX KYABTYP 1 MOAOYHHUX

APLKAKIB € IIPOCTOIO Y BUKOPUCTAHHI 1 3DYIHOIO AAA ITAIIPUEMCTB HEBEAUKOI IIOTYKHOCTI;
®  TEXHOAOTIIYHHI IIPOIEC IPOXOAUTH IIBHAIIE (A0 8-14 roa.), ockiAbkm He HOTpiOHE

AO3PIBAHHSA IIPOAYKTY;
®  TEPMIH IPUAATHOCTI HOAOBKYETHCA 1 OTPUMYIOTH IIPOAYKT CTA0IABHO BHCOKOI IKOCTI;
®  OpPraHOACHTHYHI ITOKA3HUKU Ta KOHCHCTEHIS INA Yac 30epiraHHA HE 3MIHIOETBCA 1

3AAHIIACTHCA CTAAOIO.

AAfl IIOKpAITICHHA KOABOPY KBACiB Ta INABHUINEHHS CyXHX PEYOBHH Y CHPOBATII
BUKOPHUCTOBYBAAH HATYPAABHHI KOMIIOHEHT — ITIOpE 13 ATIA Oy3mHH, fAKe Oarare Ha OapBHI
pedoBrHU (DIOAETOBOTO KOABOPY 1 MAIOTh BUCOKUI BMICT XapYOBHUX BOAOKOH.

LIsitT Oysuru gopHOi OyAo 3i0paHO mpotarom Tpasusa y cmr.KpacHe AbBiBcpkoi 0OAacTi,

uBiT BucyIeHo 3a Temireparypu 40°C. fIroan Oysumu 310paHO y cepIiHi.

AocCAiAKeHHA IIPOIeCy €eKCTPAryBaHH:A Oy3WHH

Temrreparypa eKCTPareHTy BIIAMBAE Ha ITBHAKICTD ITEPEXOAY EKCTPAKTUBHUX PEYOBHH B
eKCTPAKT, 4 3HA4YUTh 1 Ha TpuBaAicTh mporecy. CAlA BpaxoByBarh, IO IIPHU HHU3BKUX
TEMIIEPATYPax 3HIUKYETBCA BHXIA OIOAOTIMHO AKTHBHHX PEYOBHH i3 POCAHMHHOI CHPOBHHU i
30IABIIYETHCA TPUBAAICTD EKCTPAryBaHHA, a mpu Temreparypi suire 60°C pyiiHyIoTBECH OKpemi
610AOITYHO aKTUBHI pedoBUHH, Hatneprue Bitamiau (bacwox ma Haxoneuna, 2027).

Tomy HaMI AASL AOCAIAKEHB 0Opano Tpu TemreparypHi pexnmu — 40°C, 50°C 1 60°C i
votupu gacosi mapamerpu — 20 xs, 40 xs, 60 xB 1 80 xB.

SIk ekcTpareHTH BUKOPHCTOBYBAAN AclOHI30BaHY BOAY 1 30% crimpToBumii posunsy.

AAf eKCTPaKTy BUKOPHCTOBYBAAN IIBIT OY3HHH Ta CBUKI ATOAM OY3MHU Y CIIBBIAHOIIICHHI
1:1.

AAf OACPKAHHA €KCTPAKTIB CUPOBHUHY IOAPIOHIOBAAH AO PO3MIpPY YacTok 3 MM, 60 mpu
IIOMY 30IABIIYETHCA OBEPXHA YACTHHOK CHPOBHHHU 1 KOHTAKTY TBEPAOTL Ta piakoi dasu mpu
eKCTPAryBaHHI i ClIoCTepiraeTbes ePEKTUBHIIIHIN ITePeXiA eKCTPAKTUBHUX PEYOBUH B PO3YHH.

Aas Buayaenns 31 cixux Aria 700 Mr romorenisoBaHoro marepiaAy crpyinysasu i3 150 ma
excrparerty. IloTim excrpaktu diabTpyBasn.

V AOAATKY IIPEACTABACHI PE3YABTATH BUAYICHHA PO3UYNHHUX CYXHX PEIOBHH 3aACHKHO BIA
TPHUBAAOCTI €KCTPAryBaHHA, 3 AKUX MOKHA BCTAHOBHTU OITHMAABHHUII PEKUM EKCTPAryBaHHA
(Tabruya 7).

Orixe, AAl TIADOMOAYAf OIITHMAaAbHA TPHUBAAICTB IIpOIleCy ekcrparyBanuA 00 XB. mpnu
temrrepatypi 60°C. Iloaaabrme 36iabmmenns Ttemiepatypu Buime 060°C mpusBOAUTH AO
pyiinyBanuA Bitaminy C.

Apyrum ekcrpareHToM AAf BuAydeHHA BAP 3 Oysunu OyB cimpToBUil pO3YUH.

Pesyapratn Aocainxens HaBeAeH] v A0AaTKY (Tabauyq 2).

3a pe3yAbTaTaMH AOCAIAKEHHA OYAO BCTAHOBACHO, ITIO AAfl €KCTPakTy mOTPiOHO 80 XB.

AASl OTPUMAHHSA BMICTY PO3YMHHUX CyXUX pedoBuH 2,2%. AOBIIIE HEAOIIABHE, OCKIABKI HEMAE
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HpI/IpOCTy ITX quOBI/IH.

Orixe, 3 OTPUMAHHX PE3YABTATIB MOKHA BBAKATU OIITHMAABHHIM PEKUMOM EKCTPATYBAHHSA
CHUpPTOBUM po3umHOM Temuepatypy mporecy 80°C Ta TpuBaaicTs mporecy 80 xs.

[Ipu BHPOOHHUIITBI MOAOYHHUX IIPOAYKTIB BAKAHUBHM € iIX OPTaHOACHTHYHI ITOKA3HHUKH.
ToMy CAIA AOCAIAHTH OPTaHOAEITHYHI XaPAKTEPUCTHKH OTPUMAHUX CKCTPAKTIB.

V' 1abanmi 3 HPEeACTaBACHO XapaKTEPUCTHKY 30BHIIIHBOTO BHTAfAY, 3aIIaXy Ta CMaKy
BOAHOTO Ta CHUPTOBOTO eKcTpaxtiB (Tabiuys 3).

3 TabAnIii 3 BUAHO, IO KPAIIIHMMI XaPAKTEPUCTHKAMI BOAOAIE CIIMPTOBHH €KCTPAKT, TOMY
IIPOIIOHYEMO HOTO AAfl BKAIOYEHHA AO PELEnTypr (PEPMEHTOBAHHX CHPOBATKOBHX HAIIOIB.
ExcrpakT BHOCHAT AO CHPOBATKH Y KIABKOCTI 15%0, OCKIABKH 301ABIIIEHHA KIABKOCT] IIPUBOAHAO
AO IIOTIPIIICHHA CEHCOPHUX ITOKA3HUKIB CYMIIII.

Takok OYAO AOCAIAKEHO 3MIHH OPIaHOACIITHYIHUX Ta MIKPOOIOAOTTYHIX IOKA3HUKIB ITIA
vac 30epiranns A0 7 Al0. Excrpaxru 36epiraau mpu temrreparypu 4°C. [leprui o3uaku rcyBasss
BOAHUX 3’fABUAHCA HA ITATY AOOY, a CIIIPTOBI €KCTPAKTH HE 3a3HaBaAH 3MiH. MikpobioAoriane
IICYBAHHA MOKHA ITOACHUTH piBHEM pH, fiKe AAf BOAHHX eKCTpakTiB OyAa B Mexkax 0,5-0,8. Tomy
IIPH  OAEP’KaHHI BOAHOIO EKCTPAKTy MOKHA PEKOMEHAYBATH 30IABIIEHHA TEMIIEPATYpU
excrparysauss A0 70°C.

Takum dYHHOM, B PE3YABTATI AOCAIAKEHb BCTAHOBACHO OIITHUMAABHI IapaMeTpU
eKCTpAryBaHHA, IO AO3BOAfIE BHKOPHUCTOBYBATH IX y TEXHOAOTH depMeHTOBaAHUX
CHPOBATKOBUX HAITOIB. TaKl IIPOAYKTH IIPU IIOACHHOMY CIIO’KHBAHHI AO3BOASITH ITOITOBHUTH

OPTaHI3M AIOAMHH OIOAOITYHO aKTHBHUMH PEYOBHHAMH.

OOGrpyHTYBaHHA OIITHMAABHOI AO3H ITFOPE 3 ATIA Oy3HMHH AK HATyPAaABHOIO OapBHUKA
TA CTPYKTOYTBOPIOBAYA

CepeA yCIX IPUPOAHHX BOAOPO3ZYMHHHUX IIIMEHTIB AHTOIAHH, AKI IIPUCYTHI B ACAKIX
ATOAAX, € IIEPCIIEKTUBHUMH AOOABKAMM, AKI MAFOTbh AK BAKAMBY AaHTHOKCHAAHTHY AIFO, TaK 1
inreHcuBHUE  ioAeToBUl KOAip. ToMy BHKOpHCTAHHA IIOpE 3 ATA OY3MHH MOKHA
BHKOPHCTOBYBATH fIK IIPUPOAHHUE OApBHUK IIPH BUPOOHMIITBI (DEPMEHTOBAHIX CHPOBATKOBHIX
HAIIOIB.

[TorryaapHuM cTabIAI3ATOPOM Y CKAAAL MOAOYHUX ITPOAYKTIB € IIEKTHH, AKHH IIEPEBAKHO
3aCTOCOBYIOTBh Y BHIAAAI BUCOKOOYHINEHOI Xap4doBOi A0OaBku. IlekTmHOBMICHI IFOpe Tex
MOKYTb BHABASTH CTaOIAI3yBaABHY 3AaTHICTB. [IeKTHHOBMICHA CHPOBHHA, y TOMY YHCAl
Oy3HHOBE IIFOpPE, 33 INABHUINEHO! KHCAOTHOCTI HAaBITAKH, MAKCHUMAABHO IIPOABASE
crabiAizyBaAbHI BAacTHBOCTL. ToMy A0 perenrtypu dhepMEHTOBAHUX CHPOBATKOBUX HAIIOIB OYAO
BKAFOYEHO OY3MHOBE ITFOPE Ta AOCAIAKEHO OCOOAHBOCTI HOI'O IPUIOTYBAHHA.

Sroan OysumHE YOpPHOI 30HMpaAM y CTaAll CHOMKHBYO! CTUIAOCTL. 3a OPraHOACHTHYHOIO
OIIIHKOIO ~ArOAM Oy3MHH YOpHOI MaAum (DIOAETOBO-YOPHHI  KOAIP, COAOAKYBATHIA,
crenndigHUIT CMaK Ta apOMAT, ITI0 BIAITOBIAAE ATOAAM OY3HHU.

3ibparo Tpu Kirorpamu Aria, IX rmepeOpasm 1 BHAAAMAM HAOAOHDKKH. SIroaa OysuHun
JOpHOT cKkAaAaeTbea Ha 58,9% 13 makoTi, 30,9% i3 mxipku 1 10,2% i3 macimms.

AirepaTypHi AaHi CBIAYATDH, IO B INKIPIN fA € MAKCHUMAABHA KIABKICTD OapBHUX Ta
(PeHOABHIX PEYOBHH, TOMY CAIA MAKCHMAABHO 3PYHHYBATH KOPCTKY KAITHHHY OOOAOHKY AAS

iX BUBIABHEHHA i IIEPEXOAY B TOTOBHH HPOAYKT. AAA IHTEHCHBHOIO IIOAPIOHEHHSA ATIA Oy3uHI
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BHUKOPHUCTOBYBAAH OaraTopyHKIIOHAABHUH npuctpiit Thermomix tumy 31-1.

AAf AeCTPyKIIii IPOTOIIEKTUHY M 30IABIIEHHA KIABKOCTI PO3YHMHHOTO IICKTUHY, AKHAN €
IIPUPOAHIM TAPOKOAOIAOM 1 3AaTHHI (pOPMYyBATH CTPYKTYPY (PEPMEHTOBAHOIO HAIIOIO, ME3TY
Oy3HHH ITAAABAAM TEPMOKHCAOTHOMY TIAPOAI3y mpu pH 2,7-3,3, aoaasmm 1% ammorHOL
kucrotu. pH Bume 3,3 He € edeKTHBHHM, OCKIABKH BIAOYBa€THCHA HE3HAYHA ACCTPYKILA
IIPOTOIIEKTHHY, IIIO 3HAXOAUTBCA B CTIHKAX OOOAOHOK POCAMHHHUX KAITHH 1 HE MOKHA AOCATTH
IIACHACHHA CTaOIAI3YBAABHIX BAACTHBOCTEH Irope. pH Hmkge 2,7 0OyMOBAIOE B TOTOBOMY
HPOAYKTY KUCAHM CMaK 1 TIOKA3HUK THPOBAHOL KHCAOTHOCTI AYK€ BUCOKHII.

Temmeparypa 06pobku Oyaa 90-95°C, Burpumka mporsrom 15-20 xB. Ilpu mpomy
IIKIPOYKA TIAOAIB 9aCTKOBO PO3M AKIITYBAAACH 3ABAAKU IIEPEXOAY IIPOTOIIEKTHHY B IIEKTHH ITIA
BIAUBOM KHCAOTH. CyMIIII OXOAOAKYBAAH, OACHAEPYBAAH 2-3 XBUAMHHU 1 IIPOTHPAAH KPi3b
curo 3 orBopamu 1 mm. Aoaasaau 30% mykpy i yBaproBaau. OTpumaHe IIIOpe Ma€ HACTYIIHI
ismko-xiMIi9HI TTOKA3HUKI: MacoBa dacTka cyxux peuosus 2010,5%, pH 3,2+0,1.

Bysurose mrope BHOCHAH ¥ KiabkOCTI 5%, 10%, 15% BiA Macu cuposartkn. OmrruMasbHy
KIABKICTD BU3HAYAAH 3d OPTAHOACIITHYHUMU ITOKA3HUKAMU IIPOAYKTY.

V ronatxy (Tabauys 4) HaBeA€HO OPraHOACIITHYHI IIOKA3HUKN TOTOBUX IIPOAYKTIB.

I3 orpumaHmX OpraHOACHTHYHHX XapaKTEPUCTHK BHAHO, IO AOCAIAHI 3pa3ku
depMEHTOBAHOTO CHPOBATKOBOIO HAIIOIO MAaAM HOPMATHBHI ITOKa3HUKH. l'a3oyrBopeHHA Y
TOTOBOMY IIPOAYKTI CIPHUYHMHEHO HOPMAABHOIO JKHTTEAIAABHICTIO MIKpodAopu kedipHOL
3AKBACKH, OCKIABKH CaMe€ APDKAKI MaIOTh IIEPIIOYEPIOBUM BIAUB Ha (POPMyBaHHA
OPTAHOACHTUYHHUX  XaPAKTEPUCTHK. DBHACAIAOK  CIIHPTOBOTO  OpPOAIHHA — BHAIAAETHCA
BYTACKHCAOTA, fIKA HAAA€ IIBOMY HAIIOIO M AKIIIOTO CMAaKY, TOCTPOTH Ta BIAYYTTA CBIKOCTL

[Trope 3 sATiA Oy3WHE Ta EKCTPAKT 3 IBITY OY3UMHH HAAAE OPUTTHAABHOCTI IIPOAYKTY.

AHAAIBYFOUH TAOANIIFO 4, MOKHA CTBEPAKYBATH, IO OITHMAABHUME Ao3amu € 10% 115
% 1rope 3 AriA Oy3MHM.

HasBuuii BUCOKHIT BMICT XapYOBHX BOAOKOH V ATOAAX TaKOK AO3BOAUB INABHIIIHTH BMICT
CYXHX PEYOBHH Y TOTOBOMY IIPOAYKTI Ta IIOKPAIIUTH HOTO AKICTB.

AAfl OTIpAIIIOBAHHA PE3YABTATIB OLIHIOBAHHA AKOCTI TOTOBOIO IIPOAYKTY 3aCTOCOBYBAAH
Cy9aCHUI ACCKPUIITOPHO-IPOMIABHUI METOA CEHCOPHOIO aHAAI3Y, ITIO0 AA€ 3MOIY BU3HAYUTH
piBEHD AKOCTI IIPOAYKIIiL, 3pOOHTH 00’ €KTUBHI BHCHOBK.

AeckpurrropHo-podIABHIE METOA IIepeAdaYae BHKOPHCTaHHA 5-0aA0BOI  crcTeMu
OIIIHKH AKOCTI OPraHOACHTHYHHX IIOKA3HUKIB 1 IPOBEACHHA ITPOMIAFOBAHHA IIOKA3HUKIB
Akocti. OOpani Taki ACCKPHIITOPH: 30BHIIIHIN BHUTASA, 3aI1aX, KOAIP, KOHCUCTEHIIiA, CMaK.

Bukopucrosyroun pospobAeHy TabAUIO IPOMIAIOBAHHA , IIPOBEACHO OINHKY fAKOCTI
OOpaHHUX 3pas3KiB 1 PE3YABTATH OIUHKU 3aHOCUMO Y AOAATKY (Tabauys 5). V 3B’A3Ky 3 THM, IO
CMaK 1 3aI1aX B3a€MOIIOB fI3aH1 IIOKA3HUKH, TO IIPH OAAOBIIl OIiHII iX 0OeAHAAN.

AAf  HAOYHOrO CHPHUHHATIA  PE3YABTATIB  AOCAIAKEHHA IIPOBOACHO  rpadpidHe
OIIPAITFOBAHHSA, IKE IIPEACTABAECHO YV AOAATKY (Pucynox 1).

AHAAI3YIOYH OTPUMAHI AAHI MOKHA CTBEPAKYBATH, I1IO HANRBHIIY OPraHOACIITUYIHY OLIHKY
orpumara perrerrtypa Ne3. Lle moAcHIOETbCA THM, IO AO PEIENTYPH BXOAATH AOCTATHSA
KIABKICTD ITFOPE 13 ATiA OY3HHE Ta AO3a EKCTPAKTY OY3HHH, KA HAAA€ XOPOIIIHH CMAK Ta ApOMaT.
Bucoky 6aapny oriaky orpumasa pernernrtypa Ne2. Pemerrrypa Nel, Ao ckaaay fAKOI BXOAUTB

HaFMEHIIIA KIABKICTH IIFOpPE OTpHMaAa HalMeHIe OaAlB i3 Aocaipumx B3ipmiB. Lle moxxza
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ITOAACHUTH TIPIITIM CMaKOM IOTOBOTO IIPOAYKTY HOPIBHAHO 3 3paskamu Ne3 1 Ne2.

AocaipxerHs (DISHKO-XIMIMHIX ITOKA3HHUKIB HABEACHO y TaOAMIIL 0.

Sk BUAHO 3 TaOAHII 6 B’A3KICTD IIPOAYKTY 30IABIIYETHCSA 13 301ABIIEHHAM KIABKOCTI IIFOpE
Oy3HHH, IO IIOB’A3aHO 13 30IABIIEHHAM CYXHX PEYOBHUH Y IIPOAYKTL. 3OIABIIEHHA B’A3KOCTI
MOJKHA ITOSICHHUTH TaKOK 1 CKAGAOM 3aKBaCKHM, AO CKAAAy fAKOI BXOAATH Streptococcus
thermophilus.

Lle BeAe AO IIABHIIIEHHS BOAOTOYTPUMYBAaABHOI 3AaTHOCTL. [TOpIBHAHO 3 KOHTpOAEM BOHA
Oiapmra Ha 2,2-3,9%.

Takum YHHOM, MOKHA 3POOMTH BHCHOBOK, IO PO3POOAEHI PELENTypH HAIOiB 3
AOOABKAMH XaPaKTEPU3YIOThCA BHCOKHMH CMAaKOBHUMH AKOCTAMH, IIPOTE€ AAf ITOAAABIIIIX

AOCAIAKEHD 00paHo perentypy Ne3.

YAOCKOHAAEHHA TEXHOAOTII (hepPMEHTOBAHUX CHPOBATKOBHUX HAIIOIB

Ha miacTaBi €KCIIEPUMEHTAABHUX 1 TEOPETHYHHUX AOCAIAKEHB BH3HAYEHO KIABKICHI
CIIBBIAHOIIIEHHA MOAOYHOI CHPOBATKH Ta 3aKBAIIYBAABHUX KOMIIO3HIIIH; OOIPYHTOBAHO
OCHOBHI TEXHOAOTIYHI ITAPAMETPH, AKI 3a0€3I11€IYIOTh BHPOOHHUIITBO IIPOAYKIIT BHCOKOI AKOCTI;
PO3POOAEHO HAYKOBO-OOIPYHTOBAHI TEXHOAOI BHPOOHHIITBA Ta PELEHTYPH AAfA TAKHX
IIPOAYKTIB: KBAC CHPOBATKOBHII 3 OYV3MHOIO Ta TIBO3AHKOIO pIZHHM IIPOIIECHTHHUM
CITIBBIAHOIIIEHHAM KOMIIOHEHTIB.

V mpormeci depmenTanii KBaCHOrO CycAa 3 PISHUMH BHAAMH MOAOYHOI CHPOBATKU
KOHTPOAFOBAAM THTPOBAHY KHCAOTHICTH Ta AHHAMIKY HAKOITHMYEHHS AIOKCHAY BYTACIIO.
[To9aTKoBa KHCAOTHICTD HATHBHOI CHPOBATKN cTaHOBHAA 6,6 cM” 1 MoAB/AM® posunuay NaOH
Ha 100 oM’ cycaa. V 30pOAKEHOMY CycAi HA OCHOBI HATHMBHOI CHPOBATKH THTPOBAHA
KUCAOTHICTD 3MIHIOETHCA B AY/KHOMY HAITPAMKY i CTaHOBUTH 7,8 cm’ 1 MOAB/AM’ pozummy
NaOH na 100 cm’ cycaa. AAst OCBITAEHOT CHPOBATKH 3 IIOYATKOBOIO KHCAOTHICTIO 2,5 ITOKAa3HUK
IIABHIIYETHCA AO 4 BIAITOBIAHIX OAWHHIT.

Orxe, MOAOYHY CHPOBATKY BHKOPHCTOBYBATH B HATHBHOMY BHTAAAl K OCHOBY AAS
BUPOOHHUIITBA (DEPMEHTOBAHHUX HAIIOIB MEHII AOLIABHO, HIXK OCBITAGHY. XOdYa HATHBHA
CHpPOBATKA € HAHOIABII OIOAOIYHO miHHOO. KHCAOTHICTE HATHBHOI CHPOBATKH ITEPEA
OPOAIHHAM KOAHBAAACH B IITHPOKOMY AlalIa30HI, a IIPUCYTHICTh CUPOBATKOBHUX OIAKIB HaAaBaAa
HAIIOAM MYTHICTB. [TOSUTHBHEM AAf IIPUHHATTA TEXHOAOITYHHUX PIIIEHb IO BHKOPHUCTAHHIO
OCBITAGHOI CHPOBATKH AAA (DEPMEHTOBAHUX HAIIOIB € T€, IO IIPH BUAAACHHI A30THCTUX CIIOAVK
CYTTEBO ITOCAAOAFOETHCA HE3BUYHHUI AAA CHOMKHBAa4Ya CIEIUMIYHHN IPUCMAK CHPOBATKH.
OCHOBHUMU IPUYIHHAMH YTBOPEHHA OCTAHHBOIO € PEaKIlil 3a yaacti OIAKIB (PO3UEITACHHS, Al
CBITAA 1 KHCHFO, PEaKIIii Mix OIAKaMH 1 ByrA€BOAAMH).

Tomy AO perenTypu MU BKAFOYUAH OCBITACHY CHPOBATKY.

Cdopmosani pentenrrypu (Tabauys 7) depMeHTOBAaHIX CHPOBATKOBHX HAIIOIB 3 OY3HHOIO.

[IporonyeMO IIPOAYKT BHIOTOBAATH —pe3epByapHHM crocobom.  Brpopaaxenns
pe3epByapHOro CIIOCOOY BUPOOHHITTBA MA€ PAA IIEPEBAT: 3MEHIITYFOTHCA 3aTPATH PYYHOI Ipart,
AASl BUPOOHHIITBA HAIIOIB HE IOTPIOHI TEPMOCTATHI KAMEPH, a4 3HAYNUTH, 3MCHIIYIOTHCA
BHPOOHIHI ITAOITIL.

SIKicTh MOAOYHOI CHPOBATKH BIAITOBIAHO AO AIFOYOI HOPMATHBHO-TEXHIYHOI AOKYMEHTAITIT

IIOBHHHA BIAIIOBIAATHA TAKIM BHUMOTAM:
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®  3OBHIIIHIN BHIAfIA T4 KOAIPp — OAHOPIAHA PIAMHA 3€ACHYBATOIO KOABOPY O€3 CTOPOHHIX

AOMIITIOK (AOIIYCKAE€THCA HAABHICTH OIAKOBOIO OCaAY);
®  CMax 1 3aI1axX — YNCTHUI, BAACTUBHE MOAOYHII CHPOBATIIl 6€3 CTOPOHHIX IIPUCMAKIB;
e rycruna — He Hmwk4e 1023 kr/m’

®  KHCAOTHICT — He Buma — 25°T.

CupOBaTKy HAKOIIHYYIOTh y Pe3epByapi AAfA 30EpIraHHsA, AAAl CHPOBATKY HAIIPABAAIOTH HA
cermaparop-BepIIKkoBiAAiAfoBad. [licAs HBOro 3HEKHPEHY CHPOBATKY OCBITAIOIOTH IIPU
temueparypi 92-94°C 3 Burpumkoro 15-20 cexyHA. PIABTPYIOTB AASl BHAAACHHS OCAAY.
Temmeparypa 3akBarnyBaHHHS CTaHOBUTH 35-40°C, TOMy fi OXOAOAKYIOTB AO TEMIIEPATYPH
3aKBAIIYBAHHSA, AOAAIOTH CKCTPAKT 1 ITFOpe OY3MHMU, IBOSAHKY MECACHY Ta 3aKBACKY IIPAMOIO
BHeCCHHA. TpuBanicte ckBamryBamus — 0-8 roamn Ao kucaotHocti 120-130°T. TIlicas
3aKIHYCHHS CKBALIYBAHHS TOTOBHI IIPOAYKT OXOAOAKYIOTH A0 Temreparypu 2-8°C i
HAIIPaBAAIOTH Ha Ha po3AuB y [TET-masmmky.

AAfl BIPOBaAKEHHA PO3POOAEHOI TEXHOAOI (pepPMEHTOBAHHUX CHPOBATKOBHX HAIIOIB
(PYHKIIOHAABPHOIO IIPU3HAYECHHA Y I€XaX 3 BHPOOHUITBA (DEPMEHTOBAHUX MOAOYHHUX
IIPOAYKTIB Ha IIAIIPHEMCTBAX MOAOKOIIEPEPOOHOI IMOTPIOHO IIPOBOAUTH AOYKOMITACKTYBAHHS

O0OAQAHAHHAM, AKE AOITOMOKE OTPHMATH ITFOPE Ta EKCTPAKT 3 OY3MHU.

Anckycia

B ocrammi pokm, y 3B’f3Ky 3 IIOIIPIIEHHAM EKOHOMIYHOI CHTYyaIlii, CIIOCTEpPIiracTbcs
30IABIIIEHHS 3araABHOI 3aXBOPIOBAHOCTI HACEACHHS, CKOPOYCHHSA CEPEAHBOI TPUBAAOCTI KU TTH.
V Oaratpox ArOAeH BHABACHHIT AeDIHUT BITAMIHIB, MAKPO- 1 MIKPOEGAEMEHTIB, OOYMOBACHMIT
CKOPOYECHHAM CIIOKUBAHHA OBOYIB 1 (DPYKTIB, 3POCTAHHAM CIIOKHUBAHHSA IIPOAYKTIB, THAAAHIX
TEIAOBIIT OOpOOII. AKIYaABHOIO € PO3POOKa IIPOAYKTIB, B TOMY HUHCAl HAIIOIB, 30aradeHHx
HEOOXIAHUMH BITAMIHAMH, MakKpO- 1 MIKPOEGAGMEHTAMH, IHIIHUMU OIOAOIIYHO AKTHBHHMU
pedoBmHAME. AAEKBATHE XapuyBaHHA 3a0es3lledye HOPMaAbHE (DYHKIIOHYBAHHA CHCTEM
OpPTaHI3My AIOAUHH, CHpHAC IPOQIAAKTHIN 3aXBOPIOBAHb, INABHUIIECHHIO IIPAIIE3AATHOCTI i
CTBOPIOE YMOBHU aKTUBHOIO OIIOPY AO HECHPHATAUBOIO BIIAHBY HABKOAHUIITHBOIO CEPEAOBHUIIA
(Hacoscoka ma in., 2023; Causxa ma in, 20225 Typuun ma in., 2017).

V' depMeHTOBAHHX CHPOBATKOBUX HAIIOAX IIOEAHYIOTBCA IIHHI KOMIIOHEHTH K
CHPOBATKH, TaK 1 IIPOAYKTIB META00OAIZMY MIKPOOPTAHI3MIB, AKl YTBOPIOIOTHCA IIA 9aC OPOAIHHA
(eTHAOBHIT CIIIPT, ACTKI KHCAOTH, (PEPMEHTH, PISHOMAHITHI APOMATHYHI CIIOAYKH TOIIIO).
[TepcuexruBHiCTE  30aradeHHS TAKUX IIPOAYKTIB  IIPOAYKTAMU — IIEPEPOOKH  Oy3uMHHI
IATBEPAKEHO YHCACHHHMHU AOCAIAKEHHAMU 1 3akopAoHHUX Buenux (Wazbinska et al., 2000,
Mratinic & Fotiric, 2007, Vulic et al., 2008, Gali¢ et al., 2009; Wu et al., 2002).

[la mnpobaema 1oTpedye 1 IIOAAABIIUX AOCAIAKEHB, 30KPEMA AHHAMIKY 3MiH

OPraHOACHTUYHUX, (DI3UKO-XIMIYHUX T4 MIKPOOIOAOITYHIX OKA3HUKIB BIIPOAOBK 30€piraHHS.

BucuoBxku
AHaAi3 1HO3EMHHX T4 BITYHM3HAHHUX AITEPATYPHHUX AKEPEA CBIAYATH PO HEOOXIAHICTD
CTBOPEHHA HOBHX IHHOBAIIIMHUX TEXHOAOIIM MOAOYHHX IIPOAYKTIB i3 cmposarku. Ilpm

PO3pPOOII TAKUX IPOAYKTIB 3BaKAIOTh HA INABHILCHHH BMICT OIOAOITYHO AKTHBHUX PEYOBHUH,
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BiTaMiHIB, MIHEPAABHUX PEYOBUH. [IepCIIEKTHBHUM HAIIPAMKOM MOKE CTATH BHKOPHCTAHHA
BITYU3HAHOI AMKOPOCAOI POCAMHHOI CHPOBHHH Y TEXHOAOTI (DePMEHTOBAHNX CHPOBATKOBUX
HanoiB. Ha ocHOBI anaAi3y XIMITHOTO CKAGAY AUKOPOCAOI CHPOBHHH, IIOIIIHPEHO] Y 3aXiAHOMY
perioni Ykpainu oOpaHo Oy3uUHY YOPHY.

BcranosaeHO onrTMaAbHI TEMIIEPATYPHI ITAPAMETPH T4 TPUBAAICTD €KCTPAryBaAHHSA CYMIIII
CyxXoro mBity OysuHH Ta fAriA Oysmuu y cmiBBipgHOIIeHHI 1:1. ITpm ekcrparyBanni BoaorO
OITHMAABHA TPHUBAAICTB IIpoltecy craHoBuTh 60 xB. mpu Temueparypi 60°C, Arsl cImpTOBOrO
excrparyBauaa Temueparypy mporecy 60°C Ta TpuBasicts mporecy 90 xB. OOpano Aad
BHKOPHCTAHHSA Y IOAAABIIINX AOCAIAKEHHAX CIIMPTOBHH €KCTPAKT, AKAN MaB OPHUIIHAABHI CMaK
Ta 3aI1aX 1 KpaIi HOKa3HUKU IIPH 30€piraHHi.

PospaxoBaro  pementypy — (PEpMEHTOBAHMX  CHPOBATKOBHX  HAIOiB,  30Kpema
pexomenaoBano BueceHHa 10% 1 15% mrope i3 Aria Oy3uHm.

Ha ocHOBI AOCAIAMKEHD OITMCAHO OPraHOAEITHYHI Ta (DI3UKO-XIMIUHI ITOKA3HUKHA TOTOBOTO
HPOAYKTY. I3 30iABIIIEHHAM KIABKOCTI IFOpE 13 AriA Oy3uHu A0 15% 30iAbITyBasacs 1 B’A3KICTD
TOTOBOrO TPOAYKTY. Buxopucranns Streptococcus thermophilus tex cupudauHsae 30IABIICHHA
B’A3KOCTL.

VAOCKOHAAEHO TEXHOAOIIO Ta BHU3HAYEHO TEXHOAOTIYHI IIapaMETPH BHPOOHUIITBA
depMEHTOBAHUX CHPOBATKOBUX HAIOB. AAfA BIIPOBAAKEHHA PO3POOAECHOI TEXHOAOTI ITHX
HAIIPOIB y IIeXaX 3 BHPOOHHIITBA (DEPMEHTOBAHUX MOAOYHHX IPOAYKTIB HA ITIAIIPHEMCTBAX
MOAOKOIIEPEpPOOHOI ITOTPIOHO IIPOBOAUTH AOYKOMIIAECKTYBAHHA OOAAAHAHHAM, AKE AOITOMOZKE

OTPHMATH ITFOPE T4 EKCTPAKT 3 OY3HHIL

Kondaixru inTepecin

ABTOpH 32BHAH, 110 KOHMAIKTY IHTEpECIB HEMAE.
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AopaTku

Tabaumng 1. BmicT pO3YHMHHUX CYXHX PEYOBUH Y BOAHOMY €KCTpakTi, %o
y y My 5

Tenmmeparypa TpmBanicTe eKCTPAIYBAHHS, XB.
excTparyanss, “C 20 40 60 80
40 1,5 1,55 1,7 1,7
50 15 1,65 1,75 1,75
60 1,5 1,65 1,8 1,8
TabAurt 2. BMicT pO3YNHHIX CYXHUX PEYOBUH y CIHPTOBOMY €KCTPakTi, %o
Temmepatypa TPpHBAAICTS €KCTPATYBAHHH, XB.
excTparysamma, “C 20 40 60 80
40 1,5 1,55 1,6 1,7
50 1,5 1,65 1,8 1,9
60 1.5 1,75 1,95 22

Tabaurs 3. OpraHOACITHYHI ITOKA3HUKH €KCTPAKTIB 3 ATIA Oy3HHE

hioaeTOBHIT

13 ApOMATOM OY3HHHT

Bua exkcTpakT 30BHIMTHI 1T BHTAAA 3amax Cnak
Boammit CBITAO-(DIOAETOBHH | cAaDKITI, 3 apoMaToM CAABKOBHPAKEHMH,
OysmHu TPOXH TCPLKHH
Cromprosuit HACHYCHUH CBOEpPLAHMUI, KHACAYBATHIL, TCPITKHH

Tabamrsg 4. OpraHoAenrTiaHa XapakTepUCcTHKa (PEPMEHTOBAHOIO CHPOBATKOBOTO HAIIOIO

XapaxkTepHCTHKA
Haspa mokasHuka
5% mrope 10% mrope 15% mrope
30BHIIIHI OaHOpIAHA, HIKHA, OaHOPIAHA, HDKHA, PIAKA CYCIIC3HIA, 3 IIOMIPHIM
BHTASA, PlAKA CyCLIe3HIA [430YTBOPCHHA
KOHCHCTEHITA

Chrak 1 3a11ax

KrrcaonmoAoUHHH,
HIKHIH, 3 TTPHICMAKOM
Gy3HHH, HECOAOAKHH

Kurcaomoaounmmii, HEKHMIH, 3 CMAKOM OY3HHI, B
MIPY COAQAKITH

Koap

OaHOPIAHMIL, CBITAO-(PIOAETOBOIO AC (PIOAETOBOIO, PIBHOMIDHMIA IO BCLE MAcL
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Tabaur 5. [TpodirroBaHHA TOKA3HUKIB AKOCTI IIPOAYKTIB 32 5-0aA0BOIO IIIKAAOKO

Xapakrepuc HaiiMeHYBaHHA IIOKA3HHKIB
THEA L
. 3OBHIIIELE . ~ :
TTOKA3HHKIB, Koaip Koucucrenrnia Caax 3amax
BHTAAA,
Baam
o . " Ayixe
Aye XapakTepHHET OamopiaHa o | AyKe IpHEMHEH, .
5 . . . . . e IIPHEMHHIH
TIPHEMHHI OAHOPIAHHI BCII MAacl TApPMOHITHHIT .
XapAKTEPHIH
. OaHopisHA 3
XapakTepHHI P - "
» He3HAYHUMA IIpmeMumil, BAACTHBHIT AAHOMY
4 IMpremumiz AEIIo
X . BKATOUCHIIAMH BHAY IPOAYKTY
HEOAHOPIAHHIT
ocaAy
. . OAHOPIAHA 3
. . Heoanopiaauii P . . Caabo
3 3aA0BIABHHI M - BKAFOYEHHAM 3aA0BIABHHH -
CIIPHITHATAMBHIT BHPAXKCHHH
OCaAY
. . Ayxe . .
2 He3zaaoBiabHMI . . Heoanopiana Hexapaxrepamuit
HEOAHOPIAHMIT
Hexapakreprmnii,
1 Heaonycrrmmit AyEE HexapaxTepHmnii HeaonycTemmit
HEOAHOPIAHHH

Tabaur 6. Pizuko-ximMivHi TOKA3HUKK (HEPMEHTOBAHIX CHPOBATKOBUX HAITOB

Haimvenysanna Kontpoas BapianTu
TTOKA3HHKA 1 2 3
1 2 3 4 5
TurpoBana 120 7411 7011 69+1
KHCAOTHICTB, °T
AKTHBHA KUCAOTHICTb, 4,6 4,5 4,5 4.5
oa. pH
B’asxicte100ca? 94,5 99,5 1105 111,8
3IYCTKY, ©
Cunepesuc, % 18,0 15, 12,0 11,0
Boaoroyrpmvysassaa 92,3 94,5 95,4 96,2
3AATHICTB, %o

Tabauw 7. Penenrrypu doepMeHTOBAHUX CHPOBATKOBHUX HAITOB
Konvmorenrn Maca koMITOHEHTIB
Kowmrpoas Aocaia 1 Aocaia 2 Aocaia 3
1 2 3 4 5
CHpoBaTKA IMACHPHA 950,0 846,0 796,0 746,0
Lyxop 50,0 - - -
Irope Oysmun - 50,0 100,0 150,0
Excrpaxt GysmHu - 100,0 100,0 100,0
I'so3amka - 1,5 1,5 1,5
PeryafaTop KHCAOTHOCTI - 25 25 2,5
Beporo 1000 1000 1000 1000
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Pucynoxk 1. Orniaka opraHOAEIITHYIHIX IPOKA3HUKIB
pepMEHTOBAHIX CHPOBATKOBUX HAITOB
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The use of “Lactomyces tibeticus” for the production of fermented milk drink !

Abstract: Recently research on the use of the natural microbial association Lactomyces tibeticus in producing
fermented milk drinks is relevant. The article presents information on the study of the properties of the
microbiota Lactomyces tibeticus. An analysis of the manufactured fermented milk drink based on Lactomyces
tibeticus was performed. The study subject was the parameters of the technological process for the
production of fermented milk drink using the natural microbiota “Tibetan mushroom”. The study object
was the technology of fermented milk drink made using Lactomyces tibeticus. The purpose was to use
Lactomyces  tibeticus for producing a fermented milk drink. Organoleptic, physico-chemical and
microbiological methods were used by the authors to achieve the purpose and solve the set study tasks.
Changes in active and titrated acidity, and the relationship between lactic acid microorganisms and yeast
at different temperatures of fermentation of the milk mixture, were studied. Optimal modes of milk
fermentation under the action of the microbial association Lactomyces tibeticus were established, thanks to
which a high-quality fermented milk drink with excellent organoleptic parameters was obtained.

Keywords: technology, microbial associations, Lactomyces tibeticus, yeast, lactic acid bacteria, acetic acid
microorganisms, milk, fermentation.
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O.rvza Pomarisra Muxatiauysxa, Hamania bocoaniena Causxa, Boroounmupa Osnexcarndpisra Hazoscoxa,
Apocrasa Cmenarisra Baspucesuy

BI/IKOPI/ICTaHH}I «THOETCHKOro rpnﬁKa» AASA BUTOTOBACHHA KMCAOMOAOYHOI'O HAIIOKO

Aromayia. OcTaHHIM 9ACOM AKTYAABHHIM € AOCAIAJKCHHS IIIOAO 3aCTOCYBAHHSA IIPHPOAHOI MIKpOOHOL
acorianii «THOeTChKU IPHOOK» IIPKU BUTOTOBACHHI KHCAOMOAOYHHUX HAITOB. Y CTATTI IPEACTABACHO
iH(OPMALIFO IIIOAO BHBYEHHS BAACTHBOCTEH MIKPODIOTH «THOETCHKHI IpuOOK». 3AIHCHEHO aHAAIL3
BHTOTOBACHOIO KHCAOMOAOYHOTO HAIIOIO H

a OCHOBI «THOETCHKOTO IpHOKay. IIpeaMeToM AOCAIAKEHHA OYAN TAPAMETPH TEXHOAOIIYHOIO IIPOIIECY
BUPOOHHUIITBA KHCAOMOAOYHOTO HAIIOIO 3 BUKOPUCTAHHAM IIPUPOAHOI MIKPOOIOTH «THOETCHKHHA IPHO».
O0’exTOM AOCAIAKEHHA OYAQ TEXHOAOIIA KHCAOMOAOYHOIO HAIIOFO, BUTOTOBAEHOTO 3 BUKOPHUCTAHHAM
«rubeTChKOTO  rpuba». MeTOX0 AOCAIAKEHHA OYAO BHKOPHCTAHHA «THOETCHKOIO IPHOKa» AAA
BHTOTOBACHHS KICAOMOAOYHOIO HAIOIO. AAf AOCATHEHHS METH i BHPIIICHHSA ITOCTABACHIX 3aBAAHB
AOCAIAKEHHA aBTOPAMH BHUKOPHCTaHI OpPraHOAENTHYHI, (Di3HKO-XIMIYHI T4 MIKPOOIOAOITYHI METOAH.
AocaipxkeHo 3MiHM aKTHBHOI 1 THTPOBaHOI KHCAOTHOCTEH, 24 TaKOK CIIBBIAHOIIEHHA MK
MOAOYHOKHCAMMHU MIKDOOPIaHI3MAMH Ta APUKAKAMH IIPU PI3HUX TEMIEpPATypax CKBAILIYBAHHA
MOAOYHO! cymirmi. BCTaHOBAGHO ONTUMAABHI PEKUMH CKBAIIYBAHHA MOAOKA INA AI€FO MIKpOOHOL
acorfarii «ruOeTCHKHE IPHOOK», 3aBAAKI YOMY OYB OTPHMAHUN BHCOKOAKICHHI KHCAOMOAOYHHUI HAIIH

3 9YYAOBHIMH opr AHOACIITUYHHNMU ITOKA3HHUKAMI.

Korouosi cavsa: TexHOAOIIA, MIKPOOHA aCOIALIiA, THOCTCHKUN IPHOOK, APIKANKI, MOAOYHOKHCAL OaKTepii,
OIITOBOKHCAI MIKPOOPIaHI3MH, MOAOKO, CKBAILIYBAHHS.
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Bceryn

MoAOYHI IPOAYKTH OYAM BKAHUBUMH XaPYOBUMH IIPOAYKTAMU AAf PISHUX IIHBIAI3AITIH.
Ix BuBaAm TpHUITABII, cKicbm, CTAPOAABHI TPEKM, PUMASHHI T4 ETUNTAHU. AA€, B CEPEAH] Bikm
IIPO HBOIO 3a0YAH fAK HIPO AlKyBaAbHHI IIpoAykT. [Ipore 3 XVI cr. MOAOKO mOwasn
3aCTOCOBYBATH y AIKYBaHHI AFOACH IIPH OPOHXIAABHIN acTMi, OPOHXITI, IIAEBPHUTI, TYOCPKYABO3,
LIPO3i IEIIHKH, OKUPIHHI, 3aXBOPIOBAHHAX IIIAVHKY, ceprid, HUPOK 1 T.A. (Tpoxu icmopii.. ., n.d.).

BasAMBOFO BAACTHBICTIO MOAOKA € 3AATHICTH AO CKBAIIIYBAHHA ITIA AIEFO MOAOYHOKHCAUX
OakTepiil. YV pe3yAbTari yTBOPIOIOTBCA KHCAOMOAOYHI HAITOI, AKI HO3UTHBHO BIIAMBAIOTH Ha
disiororiuni npouecu oprauismy (Hazoscoxa ma in., 2023; Conoétiosa ma in., 2017).

CepeA KHCAOMOAOYHHX HAIIOIB OCOOAHBOI YBArH 3aCAYIOBYIOTH TakKi, fIKI OTPHMYIOTH
3aBAAKH BHKOPHUCTAHHIO IIPHUPOAHHX MIKPOOHHX acoIarii. 3apa3 aKTHBHO IUKABAATHCA
pi3l0AOTIYHO AKTUBHUME IIPUPOAHHMI CHMOIOTHYHIME MIKpOOHHMH acoriariamm. Ao HHX
HAACKATD «IaHHUN IpUO», KTHOETCHKUI TPHOOK», <MOPCHKHH pHCOBHI Ipubok» i 1H. Uepes
IIPOCTE KYABTHUBYBAHHA T4 3AATHICTH IIATPHMAHHA B AKTHBHOMY CTaHI KYABTYPH IIPOTAIOM
AOBI'OT'O YaCy CTAAU PO3LOBCIOAKeHUMU Y 1100yT1 (Biuko, 20154, Biuko ma in., 20065 Kaen ma in.,
2010).

Buxoadun 3 1pOro, BHKOPHCTAHHA «THOETCHKOIO TIPHOKA» AAf BHUIOTOBACHHSA
KHCAOMOAOYHHUX HAIIOIB € aKTYaABHHM Ta IEPCIIEKTUBHUM, 4 TaKOXK Ma€ BA)KAUBE HAyKOBO-
IIPAKTUYHE 3HAYCHHS.

ITpeameToM AOCAIAKEHHS OYAM IIapaMETPH TEXHOAOIIYHOIO IIPOIECY BUPOOHHUIITBA
KHCAOMOAOYHOTO HAIIOIO 3 BUKOPHUCTAHHAM IIPHUPOAHOI MIKPOOIOTH «THOETCHKUI IPUOY.

OO’eKTOM AOCAIAKEHHA OyAa TEXHOAOTIA KHCAOMOAOYHOIO HAIIOIO, BUTOTOBACHOTO 3
BHUKOPHUCTAHHAM «THOETCHKOTO IPHOa».

MeToro AAHOTO AOCAIAKEHHSA € BUKOPHUCTAHHSA «THOETCHKOTO IPHOKA» AAf BUTOTOBACHHS
KICAOMOAOYHOTO HATTOKO.

Buxoad4n 3 mocraBAeHOI MeTH OyAH BUPOOAEHI TaKi 3aBAAHHA AOCAIAMKCHHS:

—  3AICHHTH TEOPETHYHMI aHAAI3 BHTOTOBACHOTO KHCAOMOAOYHOTO HAIIOIO HA OCHOBI
«TAOETCHKOTO IPUOKAY;

—  BH3HAYUTH OITHMAABHI TEXHOAOITYHI IIAPAMETPU BUPOOHUIITBA;

—  BH3HAYUTH IHOKA3HUKH AKOCTi TOTOBOTO KHCAOMOAOYHOIO HAIIOXO.
AAf AOCATHEHHS METH 1 BUPIIIIEHHSA IIOCTABACHUX 3aBAAHb AOCAIAJKEHHA OYAN BUKOPHCTAH]

Takl HAYKOBI METOAHU fIK OPraHOAEITHYHI, (PI3UKO-XIMIUHI i MIKPOOIOAOTIHHI.

Orasa Aitepatypu
KncaomMoArouHl HAITOl MarOTh BHCOKI XapyOBi, AIETHYHI Ta AIKyBaABHO-IIPOMIAAKTHIHI
BAACTHBOCTI, AETKO 3aCBOIOIOTBCA, XAPAKTEPHUIYIOTHCA IIPHUEMHIM 1 ACITIO OCBIKAFOYHNM CMAaKOM,
a TAKOXK IIOAININYIOTH 3araAbHuil cram opramismy (Cosomon ma in., 2019). Kucaomorouni
IIPOAYKTH BOAOAIFOTH OAKTEPHUITMAHUMU BAACTHBOCTAMU. Ix AIKYBAABHI fIKOCTI 3YMOBAEHI
KOPHCHOIO MIKPO(PAOPOIO, MOAOYHOIO KHUCAOTOIO, AHTHOIOTUYIHHMU PEYOBUHAMHU (Hi3HH,
OyArapikym, AAaKTOOPEBIH, AUTIAOKOKIIUH, AaIIIAO(IAIH T2 iH.), ITIO 3HUIIYIOTh 30YAHUKH THDY,
TyOepKyAbO3y, Audyrepii # inmux 3axsoprosans (Causka ma in., 2019; Zare Mirzaei et al., 2018).
3aCBOOBAHICTh PEYOBUH KHCAOMOAOYHHUX HAIIOB BHINA, HLK MOAOKA, 3 AKOTO BOHH

BUroToBAeHi. IIpu crroxmBaHHi IINX IIPOAYKTIB CTUMYAIOETBCA BUAIACHHSA IIIAYHKOBOTO COKY,
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IABHUIIYETHCA AIIETHT, IHTEHCHBHO BHAIAAIOTBCA (PEPMEHTH, AKI IIPUCKOPIOIOTH 3aCBOECHHSA 1Ki
(Ying et al., 2018). Ao CKAQAYy KHCAOMOAOYHHX HAIlOiB BXOAATH KBl MOAOYHOKHCAI OakTepii,
AKl 3AATHI IPIKUBATHUCA Y IITAYHKOBO-KHIITKOBOMY TPAaKTI Ta IIPUTHIYYBATH PO3BUTOK THHABHOL
mikpodpropu (I avax ma in., 2021; Causka ma in., 2018b).

3pocTaHHs IHTEPeCy CIIOAKUBAYIB AO IIUX IIPOAYKTIB 3yMOBACHO AOBEACHHAM IIO3UTHBHOTO
BAuBY Ha oprauism (Cuuska ma in., 2018a; Aryana & Olson, 2017; Nagovska et al., 2018). 3apas
CIIOJKHBAY € BHUMOTAUBUM AO IIPOAYKTIB pariony. [loTar croxusadiB A0 «3AOPOBOI Lki»
IIAIIITOBXY€E BHPOOHHUKIB XapYOBHX IPOAYKTIB AO IIOIIYKY HOBHUX AKEPEA CHPOBHHH Ta AO
CTBOpEHHA (DYHKIIIOHAABHHUX IIPOAYKTIB.

MoAodYHI IIPOAYKTH, IO BHPOOAAIOTHCA 13 BUKOPHCTAHHAM MOAOYHOKHCAHUX OaKTepiH,
BBAKAIOTHCA OCHOBOIO (DYHKITIOHAABHOIO XapuyBaHHA (iyx 7a in., 2008). Bonn mictaTs OiAKH,
KUPH 1 BITAMIHM Yy ACTKOAOCTYIIHIN AAfl 3acBoeHHA opmi. [lpm ix BuroroBaeHHi
BUKOPHUCTOBYIOTBCA ~ MIKPOOPIaHI3MH, IO  BOAOAIFOTH  PI3HHMH  (DYHKIIIOHAABHUMU
BaactuBoctamu (Kanpeawany ma lopeauosa, 2003). CucrematnyaHe BiKHBAHHA KHCAOMOAOYHHX
HAIIOIB ITOKPAIIy€ 3A0POB’Al Ta MABHUIIYE CTIHKICTh AO 1Hdekuiit (Haeoscoxa ma in., 2017).

IcHye HH3Ka AOCAIAKEHB CTOCOBHO OAEpPKAHHA (DPYHKIIOHAABHHUX KHCAOMOAOYHHX
IIPOAYKTIB, fIKI MICTATH JKHBI MIKpOOPIaHI3MH, fKI BHKOHYIOTH (DYHKII IIPOOIOTHKIB i
HOPMAAI3yIOTh CKA2A Ta OIOAOTIYHY aKTHBHICTH MIKPOMAOPH TPABHOTO TPAKTY AFOAHMHHI
(Lamenm 37679..., 2006). Ilpore, mepeBaKHO Il AOCAIAKEHHS CTOCYIOTBCA IIPOAYKTIB Ha
OCHOBI 9alfHOTO Ipuda, HorypTis i kedpipiB (Biuxo, 2015b; Biuxo ma in., 20065 Kaen ma in., 2008).

3okpema, y poooti (Kuen ma in., 2008) onmcaHO AOCAIAKEHHA IIIOAO BHKOPHUCTAHHSA
MIKpOOHOI acoIariil «<MOPCHKHIT PUCOBHI IPUOOK» AASl OTPUMAHHA (DEPMEHTOBAHOTO HAIIOIO
THITy KBAC.

Nireparypui Aami (Abaci et al., 2022; De Miranda et al., 2022) cBiagath HpO IHHMIA
OIOAOTTYHUI BIIAUB «IalHOTO TpHOa» HA 3A0pOB’A AfOAMHH. KoMOy4Ya € KHCAO-COAOAKHM
HAIIOEM, BUTOTOBACHUM IIASXOM (hbepmMeHTaril 9opHOTo abo 3eaeHoro 4aro Camellia sinensis 1
OIOITAIBKH IIEAFOAO3H, IO MICTUTH CHMOIOTHYHY KYABTYpy Oakrtepiit 1 apixaxis (SCOBY).
«HaltHuH TpUO» CKAAAAETHCA 3 CHMOIO3Y OIITOBOKHCAUX OAaKTEPii, MOAOYHOKHUCAHX OAKTEPIH 1
ocMoiabHUX APLKAKIB (Dutta & Paul, 2079). Lleit «rprO» € AJKEpEAOM KOMIIACKCY BiTaMiHIB
rpymu B, moaidpenoais 1 opramigaux kucAotr. «YalHNUi rpuO» TaKOMK TOTYIOTb 3 ACAKHMU
IHITTIMI AABTEPHATHBHUMHE CyOCTPATAMH, ITI0 IIPU3BOAUTE AO Bapialliil y oro ckaaal. 3okpema,
MOKAMBA (DEPMEHTAIIIA KYABTYPH «HAFHOIrO IpubOa» Ha TPaB’AHUX HACTOAX, (PPYKTOBOMY COIIi,
MOAOITII, COf Ta HETPAAUIIIHIN Xapuosiit pocausi (Malvaviscus arboreus) (Kanuric et al., 2018; Silva
et al., 2027).

TaKox IIPOBOAUAHCH EKCITEPHUMEHTAABHI AOCAIAJKEHHS IIOAO AOIIABHOCTI BUKOPHCTAHHSA
IIPOOIOTHKIB HE AHIIE AK XaPYOBUX IIPOAYKTIB Ta AIKyBAABHO-IIPO(IAAKTUIHHUX 32C00IB, aAe 1
AK KOPMOBUX IPOMIAAKTIIHUX AOOABOK AAA BUTOAOBYBAHHSA CIABCBKOIOCIIOAAPCHKUX TBAPHH
(Biuxo ma in., 2014 by, Koyrombac ma in., 2003; Vichko et al., 2013).

«T'mbercpkuii rprOOK» — 11e cMO103 OaxTepiit poAy 3ooraes (Aat. Zoogloea, BIA CT.-IPEIBbKOL
{®ov — «rBapHHa» 1 YAOIOG — AHIIKA PEYOBUHAY). 300rAC CKAGAAETHCA 3 IIOAICAXAPHUAIB, IHOAL
3 AOMIIIIKAMH A30THCTHX CIIOAYK. 300TA€A MOKE OVTH ITAABIIEBHAHOIL, KOPAAOIIOAIOHOT,
OprKoBOf 200 1HIIIOT PopM. 300rAes € POAOM IPAMHETATHBHUX Ta A€POOHUX MIKPOOPraHi3MiB,

010IIEHO30M MIKPOOPIaHi3MIB 3 CIIABHOIO CAM30BOIO 20O TE€AEIIOAIOHOIO KarcyAoro. Boma e
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ITOCTIHHOIO 200 THMYACOBOIO KOAOIAHOIO CIIABHOTOIO 3 PI3HHUX MIKPOOPIaHI3MIB 3 METOO
CHIBIIpAIli, 3aXHCTy BIA HAHIIPOCTIIINX, BIATBOPEHHA KHBACHHS 32 AOIIOMOIOIO YTBOPEHHSA
KOAOIAHOI TEACITOAIOHOI KaICyAH, fka Ma€ pPIBHOMIPHHI TIAPOCTATHYHHM THCK. 300raei
pPOCTYTh Ha OAaraTUX Ha ITOKUBHI PEYOBUHH CEPEAOBHIIAX, 30KPEMa AOOPE POCTYTh HA MOAOIIL.
V' mpupoal iCHYIOTH CHMOIOTHYHI CIIBBIAHOIIEHHS PI3HHUX KyAbTyp — cuHTpodif. [Ipm
cuHTpOoii BHA KHBE 32 PaXyYHOK IHIIIOrO BHAY. B aHrAoMoBHIN AlTepaTypl I cIiBIIparif
masuBacTbess SCOBY — symbiotic culture of bacteria and yeast, a y BirqusuaHiil AltepaTypi —
sooraest (Cunmpogis, 11.0.).

VrBOpeHHA 300TA€s, O4EBUAHO, HOCHTD IIPUCTOCYBAABHUIT XapaKTep: 3aBAAKH ii CAM3OBIH
KOHCHCTEHII AETKO 3AIICHIOETBCA aACOPOIlA 3 BOAM IOKHBHHX PEYOBHUH, HEOOXIAHHX AAA
icHyBaHHA OakTepiil. ¥ IPHUPOAL AyiKe OaraTo Pi3sHOBHAIB 300rAef, OAHAK, OAOMAIITHEHI Ta
HAIOIABII BUBYECHI AHIIIE TPU BUAHU: MOPCHKHUI PHUC», IAHHUI IPUO» 1 «THOETChKIM rpuo». Bel
i Tpu 300TA€l — aOCOAIOTHO pPI3HI KYABTYPH, 31 CBOIMH OCOOAHMBOCTAMH Ta OYAOBOIO.
BaacruBocti Beix 300rAei pisHi, aAe iX 00’€AHYE Te, ITIO BC1 BOHH MICTATH OLITOBOKHCAL OaKTepii.
Harof, orprmvasi 32 AOOMOTOXO ITUX 300TACH, MOKHA BUKOPHCTOBYBATH HE AHUIIE B XaPUYOBHX
niaax. Hacroi «gaiiHoro rpuba» Ta «MOPCHKOIO PHCY» BHKOPHCTOBYIOTH AAf OOpPOTHOU 3
pisHnmu 3axBoproBanaAMy kipu (Lo maxe 3002164, 1.0.).

«Tubercpknii puOOK» ABASIE COOOIO HE EAMHHIT OPIraHi3M, a ACOIIATHBHIM KOHCOPIIIYMOM
PISHUX TAKCOHOMIYHUX IPYI MIKPOOPraHi3MiB, TOOTO IUAMN KOMIIAEKC B3a€MOIIOB’A3aHUX
MIKpOOPIaHI3MIB, IO YTBOPIOIOTH CHMOIO3 — CKYITYEHHA PI3HOMAHITHUX MOAOYHOKHCAHX
OaxTepiil, APLKAKOBUX I'PUOIB 1 OITOBOKUCAUX Oaxrepiit (Biuxo ma ir., 2014a).

Harroi BUroTOBACGHI Ha OCHOBI «THOETCHKOIO TIPHO2» BOAOAIIOTH IIHPOKOIO TAMOIO
KOPHCHHX BAACTUBOCTEH: IIOKPAIIYIOTh TPABACHHA, BIAHOBAIOIOTH OOMIH pPEYOBHH;
ITOKPAIIYIOTh (PYHKIII IIEHIHKN Ta }KOBYOBUBIAHHUX IIIAfIXIB; AOIIOMArafOTh IIPHU 3aXBOPIOBAHHI
HHUPOK Ta CEYOBOIO MIXypa; IIOKPAIIYIOTh CEpPLEBY AMABHICTD TOINO (Koywmbac ma in., 2003,
Ilamenm na xopucry moodess. .., 2013).

[Iporte, He 3BazKarOYM HA TE, IO AFOACTBY BIAOMO IIPO IIPUPOAHHI CHMOIO3 «THOETChKHII
IpUOOK», IIPO HAIIill, BUTOTOBACHHI Ha OCHOBI IIbOIO I'PHOKA, CHOI'OAHI Yy IIPOMHCAOBHX
MACIIITa0aX HE BHKOPHUCTOBYIOTH IIFO MIKPOOHY aCOINAITFO AAfl BUTOTOBAGHHA MOAOYHHX

HAIIOIB.

Marepiasu Ta METOAH AOCAIA’KEHB

Ha niepriromy erarri BUBYaAM BAACTHBOCTI MIKPOOHOTO CHMO103y «THOETCHKHI rpudok». ¥V
APYTiH cepli eKCIIEpHMEHTIB BHBYAAN IIEPEODIr IIPOIECIB ITA 9AC CKBAIIYBAHHA MOAOYHOL
cymirmi. OcTaHHIF €Tall CTOCYBAaBCA AOCAIAKEHHA OPraHOACHTHYHHUX, (PI3HKO-XIMIYHUX Ta
MIKpOOIOAOTTIHUX ITOKA3HHUKIB TOTOBOIO KHCAOMOAOYHOIO HAIIOIO Ha OCHOBI «THOETCHKOIO
rpudka». [Ipu BUKOHaHHI pOOOTH BUKOPHUCTOBYBAAH 3araABHOIIPUMHATI Ta CIEIIAABHI METOAN
AOCAIAKEHD, 4 CAME: OPTaHOACIITHYHI, (DI3HKO-XIMiUHI I MIKPOOIOAOTTIHI.

Busnavenns THTPOBAHOI KHCAOTHOCTI y KHCAOMOAOYHOMY HAIIOi IPOBOAHMAHM 3TIAHO
I'OCT 3624-92, axrusuoi kucaoruocti (pH) — morenmiomerpuannm meropom sriaao ACTY
8550:2015. BusnaueHHsa MacoBoi 9acTku Cyxux pedoBuH mpoBoauan srisno ACTVY 8552:2015.
OpraHoAenTiaHI AOCAIAKEHHA BKAFOYAAU BU3HAYEHHSA 30BHIINTHBOIO BUTASAY, KOHCHCTEHIII,

CMaKy, 3aIlaxy Ta KOABOPY AOCAIAKYBAHOTO KHCAOMOAOYHOIO Haroro. Mikpobioaoriani
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socainkerrs mnpoBoauan srinHo ACTY 7357:2013. BusHadeHHSA KOAOHIEYTBOPIOBAABHUX

OAMHHIIb APDKAKIB IIPOBOAMAM IIIASIXOM ITIADAXOBYBAHHA KOAOHIH, IO BHPOCAU 32

temreparypu 25°C sriano ACTV ISO 6611/ IDF 94:2007.

PesyapTaTn AOCAiAKEHB

IIpu BUroTOBACHHI KHCAOMOAOYHHUX HAIIOIB BAKAMBHM € AKICHHH 1 KIABKICHHIT CKAAA
MIKPOPAOPH  3aKBAIIYBAABHUX OAKIIPEIApaTiB, IO 3aCTOCOBYIOTHCA AAf  CKBAIIYBAHHA
MOAOYHOI OCHOBH. BHUXOAfYH 3 IIHOrO, HEPIINM ETallOM AOCAIAKEHB OYAO AOCAIAKEHHSA
BAACTHBOCTEH acOINAIlii «THOETCHKUIT IPUO.

3ooraei BHHHKAIOTH BHACAIAOK CIIOHTAHHOIO CHMOI03y. 3ooraed € CcHUMOIO30M
AAKTOOAKTEPIH, OITOBOKHCAUX OAKTEPId Ta APLKANKI. 3aBAAKH APDLKAXKAM 1 crienuigHOMY
30BHIIIIHBOMY BHTAfIAY 300TA€i 9acTO Ha3MBaIOTh «rpuOamm». [Ipore 1me He mpaBHABHO,
OCKIABKH T'PHOH € OKPEeMOIO Karteropiero. «ITmbercpkuii rpub» He Ma€ HIYOTO CIIABHOIO 3
rprOaMu, OKpIM CBO€EI Ha3BH.

«Tubercpknii TPHOOK» € TOAIOHIM Ha KyIly 3epeH, Akl sanmaunca. Lli sepra Haraayrors
LBITHY Kamycty. «'mOerchkuii rpuOoOK» — CKAaAHA IIIAICHA CHCTEMa, KA CAMOBIATBOPIOETHCA.
[Tpore, AO CBOrOAHI HAyKOBIII HE BIATBOPHAH KUTTE3AATHI 3€pHA THOETCHKOTO IpUOKay. TaKkomx
BCTAHOBACHO, IO «THOECTCHKHE IPHUOOK» MOKE PO3MHOKYBATHCA Y COEBOMY, PHCOBOMY Ta
KOKOCOBOMY MOAOIIL.

MikpobioTa «THOETCHKHUH IPUOOK» — IIe CHMOIO03 MIKpOOPTaHI3MIB, fKI POCTYTH 1 IITBHAKO
PO3MHOKYIOTBCA. AO CKAQAy «THOETCBKOTO IpHOa» BXOAATH AAKTOOAKTEPil, OITOBOKHCAI
Oaxrepii 1 ApPLKAKL 3aBAAKH I[bOMY KHCAOMOAOYHHUN HAIll, INO € PE3yAbTATOM
KUTTEAIAABHOCTI  acorfiarii «ruOeTChKUi IPUOOK», € IIPOAYKTOM MOAOYHOKHCAOL Ta
aAKOTOABHOI bepmeHTaLll Ta Mae yHIKaAbHI BAacTuBOCTL. Ha pucynky (Pucyrox 1) 300pakeHO
«TAOETCHKUI IPUOOK», AKUH BUKOPHUCTOBYBABCA AASl EKCIIEPUMEHTAABHIX AOCAIAKEHB.

3 pucynxy (Pucyrnox 1) BHAHO, IO AaHa MIKpOOHa acomiarif € y popmi IPYAOK, fKi
XapaKTEPHU3YIOTBCA pPI3SHUM po3mipoMm. Ipysoukum € Olaoro koabopy, Oe3 3amaxy, ix
KOHCHCTEHIIA TYMOITOAIOHA Ta mpyskHA. [IpH 1IbOMY, IPYAKH CKAQAQIOTBCH 3 OKPEMUX IPAHYA,
OKpYTAOi T2 0BaAbHOI (popmu. Posmipu rparya craHOBAATH BIA 1 A0 3 M. [ToBepxHA rpyAOUOK
€ HEOAHOPIAHOFO. I’ pyAKH A€ITIO ITOAIOHI Ha BUTAAA AO KHCAOMOAOYHOIO CHPY. Y BOAI IPaHYAH
MIKpOOHOI acoriariii «ruOeTChKuil rpud» OCIAAFOTh Ha AHO, TOMY II€ CBIAYHTB IIPO T€, IO
ryctuHa rpanyA € 6iapmmoro 3a 1000 kr/v (Pueyror 2).

V' Alrepatypi € AaHI IIPO HEMOKAHUBICT 30€pIraHHA «ITHOETCHKOTO IPUOKA» B XOAOAUABHI
kamepl. Hamm 1poBeAeHO AOCAIAMKEHHSA MOMKAMBOCTI 30epiraHHA MIKpOOHOI acormiartii
«ruOETChKUI IPHOOK» IPU TEMIIEPATYpPi BIA 2°C a0 6°C. OnTHMaABPHHUME YMOBAMH AAS
30epiraHHA BUABHAOCD 3aCTOCYBAHHA CTEPUABHOI BOAH AASl BUTPUMYBAHHA «TPUOKa» y Hil. AAs
TPHUBAAOIO 30€piraHHA «ITHOETCHKOIO IPHOKA» BAPTO 3aCTOCOBYBATH I'AMOOKE 3aMOPOIKYBAHHSA
pu Temuepatypi —1 8°C. [Ipwu 1pOMy CcTaHI «THOETCHKUI TPHOOK» MOzKe 30epiratuce pik. [Ticasn
IIPOIIECY  PO3MOPOKYBAHHA  CIIOCTEPIraAOCA  IIOBHE  BIAHOBAGHHA  (DEPMEHTATUBHIX
BAACTHUBOCTEH «THOETCHKOTO IPHOKa» BIIPOAOBK KIABKOX IIEPEIIOCAAOK.

BcranosaeHo, 1m0 Ha po3Mip IPYAOYOK «THOETCBKOrO IpuOKa» BIAMBAE pasa HOro

AKUTTEBOTO IIUKAY. 30KPEMA, MOAOAHH «IPUOOK» Ma€ pO3MIp y Alamerpl 3-6 MM, a crapmit — 3-5
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cM y Bimi 1moHaA Aa TwKHI (Pucyrox 3). 3 mIbOro pHCyHKY BHAHO, IIIO OKPEMI IPYAKH MarOTb
HEIIPaBUABHY, TPOXH OKPYTAY POpMY.

[IpoBeA€HO  BHM3HAYEHHA BMICTY CYXHX PEYOBHH y  «THOETCHKOMY — TIPHOKYy».
ExcreprMeHTaABHO BCTAHOBAEHO, IIIO BMICT CYXHX PeUOBHH CTaHOBUTH 12,1% (mpubAnsHO Ak
BMICT CYXHX PEUOBHH HE30HMPAHOIO MOAOKA). 30KpeMa, B MOAOAOMY «rpuOKy» Oyro 10,6%
CYXHX PEYOBHH, Y CTAPOMY «I'pHUOKY» (Ha eTarr mepeA rmoaiaom) — 13,6%, mo na 3% Oiapmre. 3
IIbOI'O MOKHA 3POOMTH BHCHOBOK IIPO T€, IIIO0 MOAOAUN «I'PHOOK» MOKE YIPHUMYyBATH OIABIIIE
BOAOTH, HDK CTapuil. Y Ppe3yABTaTi JKUTTEAIAABHOCTI «THOCTCBKHI TIPHOOK» POCTE Ta
PO3MHOKYETBCA. A 3 KOKHUM IIMKAOM KIABKICTB «TPHOKa» 301ABIIIyETHCH.

AAsl pO3POOKH TEXHOAOTI KHICAOMOAOYHOTO HAIIOIO HA OCHOBI «THOETCHKOTO IPHOKa» fK
3aKBACKH BA)KAMBE 3HAYCHHA MA€ KIABKICHUIT 1 AKICHUIT CKAAA Hforo mikpodaopu. Mopdoaoris
IIPUPOAHOI acomiarii «rTHOeTChKUI IPUO»: KOKH, IIOOAUMHOKI Y1 Y BUTAAAL CKYITYE€HD, ITAATYKI
ITOOAMHOKI 200 Y BHUTASIAl AQHIIFOKKIB, APIKAKOBI KAITHHH ITOAOBIacTi Ta OBaAbHOI hopmu
(Biuxo ma in., 20006). BcraHOBAEHO, IO AO CKAAAY acoiarii «THOETCHKHI IPHO» BXOAATH ABa
THIIN APLKAKOBUX KAITUH POAY Saccharomyces, AptxamoBl kKatruuu Candida kefir, MOAOIHOKHCAL
Oaxrepil Lactococcus lactis subsp. lactis, Lactobacillus fermentum, 1enconostoc lactis 1 Lactobacillus spp. ta
OIITOBOKUCAL Mikpooprauismu Gluconobacter oxydans (Biuxo, 2015a; Biuxo ma Hosixos, 2008).

V' MIKpOOIOTI «THOETCHKHI TPUOOK» HepeBaKAIOTh Lactobacillus fermentum, a X KIABKICTB
cTaHOBUTH OAM3BKO 90%0 BIA YCIX MIKPOOPTAaHI3MIB ITbOTO IPUPOAHOTO crMbiosy. Ha Apyromy
Micril 3a KiAbKicTIO — Lactobacillus spp. Ix BmicT cramoBuTh GAM3BKO 9% BiA 3araAbHOI KIABKOCTI.
Ha Gluconobacter oxydans mipumapae 1,13% Bia ycix OaxreplaAbHUX KAITHH Iiel acorarii.
Moaounoxucai 6akrepii Lexuconostoc lactis nassni y xiabkocti 0,69%. Candida kefir mictarbes y e
Hrxaii kiapkocti (0,09%). Lactococcus lactis subsp. lactis 1 ApiKaxOBI KaTTHHI pOAY Saccharomyces
upucytai o 0,01% (Biuxo, 207155). Tomy, poOMMO BHCHOBOK, IO HAHBAKAHBIIITY POAb AAf
dopMyBaHHA KHCAOMOAOYHOIO HAIIOIO HA OCHOBI Iii€i 300TA€l BIAIrparoTh Oakrepili poAy
Lactobacillus, ockiapku iX BMICT y «THOETCBKOMY IPHOKY» CTAHOBUTH OAU3BKO 99%.

IIpu ckBarryBaHHI MOAOYHOI CYMIII BHACAIAOK PO3BHUTKY MIKPO(MAOPH HAKOIIMYIYETHCH
MOAOYHA KHCAOTA, IIIO BIAOMBAETHCA HA TIOKA3HUKY THTPOBAHOI KHCAOTHOCTI. AAfl ACTAABHOTO
BUBYCHHSA AMHAMIKM CKBAIIYBAHHA IIPU PISHUX TEMIEPATYPHHUX PEKUMAX HAMH OYAO
11o6yAoBaHO BiATOBiAHI rpadiku (Pucyrox 4). Ha pucynky moaani isorepmu 3 kpokom 2°C. Sk
BUAHO 3 IpadpiKiB, IIPOTATOM BCHOIO EKCIIEPUMEHTY BIA3HAYAAOCA 3POCTAHHA THTPOBAHOL
KHCAOTHOCTL. MOKHA KOHCTAaTyBaTH, IO 3POCTAHHA KUCAOTHOCTI 32A€KAAO BIA TeMIIEpaTypu
CKBAIITyBaHHA MOAOYHOI cymirmi. TurpoBaHa KHCAOTHICTD OyAa HANBHUIIIOKO Y 3pa3Kax IIPOAYKTY
3 HAMOIABIIIOIO TEMIIEPATYPOIO CKBAIITYBAHHSA, TOOTO IIPH 30°C. BiAITOBIAHO HARHIKIORO HyAa
KHCAOTHICTD IPU HAHHIK4IH Temmeparypi ckpamryBanua — 20°C. Bapro zasmawmrn, 1o
HAFAKTHBHIIIIE BIAOYBAAOCH KHCAOTOYIBOPEHHA B IIEpINl IMCTh TOAHH BIA IIOYATKY
CKBAIIlyBAHHA 32 AOIIOMOIOIO «ruOeTchkoro rpudka». Ha 12-1y roammy ckarmyBamms
THTPOBAHA KUCAOTHICTH OyAa Ha piBHi 70,7-88,2°T.

Kpim ToTo, IpOBEAEHO AOCAIAKEHHA AMHAMIKHA aKTHBHOI KHCAOTHOCT] BIIPOAOBK ITE€PIITHX
12-tm roa. cxBamyBaHHA MOAOYHOI cymirmi. CAiA 3a3HAYUTH, IO HPOTATOM YCHOTO IIPOIIECY
CIocTepeKeHHA BIAOYBaAOCA crapanus nokasHuka pH. Takoxk BuABAeHa 3aA€KHICTD AKTHBHOL
KHCAOTHOCTI BiA TEMIIEPATypPH CKBAIIyBaHHA. 30KpEMa, YUM BHIIOIO OyAa TeMIeparypa

CKBaIIyBaHHS, THM HHKIOIO 6yAa AKTUBHA KUCAOTHICTD.
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BcranosaeHoO, IO OIITHMAABHOIO TEMIIEPATYPOIO AAfl 3aKBAITYBAHHA MOAOYHOI CyMirrm
«ruabercpknm rpubkom» € BiA 26°C Ao 28°C. OmrruMasbHOIO KIABKICTIO «rpubkay € 2,5-3% Bia
MacH 3akBarryBaHoOi cymimi. ITiA w@ac ckBarryBaHHA IPOXOAATH IPOIIECH MOAOYHOKHCAOTO
OpPOAIHHSA, KOAryAdIil Ka3eiHiB, pO3MHOKEHHA MIKPOOIOTH «THOETCHKOrO IPHOKa», BHACAIAOK
YOro Maca «TpuOKa» 30IAbIIyeThCA. [licAfl KOKHOTO CKBAIIIYyBAHHA TIPYAKH «THOETCHKOTO
rpuOKa» IOTPIOHO IIPOMUBATH BOAOIO. BH3pIBAHHA KICAOMOAOYHOTO HAIIOIO CAIA IIPOBOAUTH
pu Temreparypi 14°C Brpoaosixk 9-12 roa. A0 MakCHMaAbHOI THTPOBaHO! KucAoTHOCTI 120°T.

BaxAmBUM ITOKa3HHKOM IPOOIOTHYHHX BAACTHBOCTEH KHCAOMOAOYHOIO HAIIOIO €
CIIIBBIAHOIIIEHHA KIABKOCTI MOAOYHOKHCAHMX OaKTepiii Ta ApPLKAKIB. TOMy Hamu IPOBEAEHO
AOCAIAPKEHHSA ITTOAO BU3HAYECHHS BMICTY ITUX MIKPOOPIaHI3MIB § TOTOBOMY KHCAOMOAOYHOMY
HAIIO{, BATOTOBACHOMY 3 BUKOPHUCTAHHAM MIKPOOIOTH «THOETChKHE rprOOK» (Tab uysq 2).

Ax Buaso 3 rTabamui (Tabiuys 2), omruMasbHUM OYAO  CIIBBIAHOIIEGHHA MK
AAKTOOAKTEPIAMHU 1 APIKAKAMH B TOTOBOMY HAIIOi, BHIOTOBACHOMY 3 BHKOPHCTaHHAM
«rEOETCHKOTO TPHOA», AHUIIE IIPH CKBarryBaHHI 3a Temirepatyp 26-30°C. Hiokdi temireparypu
CKBAIIYBAHHA AKTHBI3YBAAU PO3BUTOK APLKAXKIB, aA€ BMICT MOAOYHOKHCAHX OakTepiii mpu
LIbOMY OYB HIDKYNM 32 HOpMY. HallOII'THMaABHIIIIOIO TEMIIEPATYPOIO AASl PO3BHTKY APIKAKIB
BusiBrAachk 20°C, a aad AakroOakrepiit — 30°C.

V nporeci dpepmenTariii MOAOYIHO! CyMIIIT 3HAYHHUX 3MIH 3a3HAIOTH CMaK Ta 3amax. 1 omy
HAMH IIPOBEACHO AOCAIAKEHHS OPraHOACITHYHHUX XAPAKTEPUCTUK KECAOMOAOYHOIO HAIIOIO,
BUTOTOBACHOTO 3 BHKOPHUCTAHHAM MIKpOOIOTH «THOETChKHN rpuOok». [IpoBoamaocs
BU3HAYCHHSA TAKAX OPIaHOACIITUYHUX IIOKA3HUKIB, AK 30BHIIITHIN BUTAAA, KOHCHUCTEHIIIA, 3AI1aX,
CMaK 1 KOAIp.

[TapaAeABHO 3 OPTAHOAECIITHUYHOIO OIIHKOIO KHCAOMOAOYHOTO HAIIOIO, BATOTOBACHOIO 3
BUKOPHCTAHHAM «THOETCHKOTO TPHOKA», AASl ITOPIBHAHHA AOCAIAKYBAAH OPraHOACITHYHI
mokasHUKH ~ KedipiB, HpHAODAHHX Yy TOpriBeAbHIH Mepexi. Ilepes  AocaiakeHHAM
KICAOMOAOYHHUI HAIIH 1 KyIIAeHI KeIpH CTAPAHHO IIEPEMIIIYBAAU TAa HAAUBAAU Y IIPO30Pi
cKAAHKA. OLIHKY OPraHOACIITUYHIX XaPAKTEPUCTHK 3AIHCHIOBAAH 32 9-TH OAABHOIO IIIKAAOIO.
[TepeabadeHo Ha OLIHKY 30BHIIIHBOTO BUTASAY 1 KOHCHCTEHII BIABOAUTH MAaKCHMAaABHO 2
OaAm, Ha 3amax — 2 6aAm, Ha cMak — 4 Oaam Ta Ha KOoAlp — 1 Oaa. IIpoBeaena aerycrariitina
OIliHKA ITOKa3aAa, IO KHUCAOMOAOYHHI HAITliH, BUTOTOBACHHH 3 «THOETCHKUM IPHOKOMY» 3a
OPraHOACHTUYHUMH IIOKA3HUKAMH HE IIOCTYIIaBCA KOMEpPIIHHHM 3paskam  kedpipy.
OprasoAenTuyHi ITOKa3HUKA AOCAIAJKYBAHOI'O HAITOFO HaBeAeH1 B TabAnt (Tabauys 1).

CAiA 3a3HAYUTH, IO THTPOBAHA KUCAOTHICTH I'OTOBOIO KHCAOMOAOYHOIO HAIIO¥O,
BHUIOTOBAEHOTO 3 BUKOPUCTAHHAM AAfl 3aKBAIITYBAHHA 1 CKBAIIIYBAHHA MIKPOOIOTH «THOETCHKOIO
rpubka», cranosuAa 92,4°T, 1m0 € y mexax HOpMmH, 3asHadeHol y ACTV 4417:2005. Takomx
ITOKa3HHK aKTUBHOI KHCAOTHOCTI TOTOBOTO HAIIOXO OYB y Mekax HOpMH 1 cranoBuB 4,71 oa. pH.

byao mposeaeHO Bu3HAYEHHA BMICTY MOAOYHOKHCAMX MIKPOOPIaHI3MIB Ta APLKAKIB Y
TOTOBOMY KHCAOMOAOYHOMY HAIlOi, BUTOTOBACHOMY 3 BHKOPHCTAHHAM 300TA€i «THOETCHKHI
rpuboK». AHAAI3 1OKa3aB, 10 BMIiCT AakroOakrepiil y Hamol cranosus 2,42:10 KVO/ oM, 2
BMicT ApiKAKIB — 2,71-10* KVO/cm’.
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O6roBopenHsa

AaHEIMH ~ AOCAIAKEHHAMU  BCTAHOBACGHO  AOLIABHICTB  3aCTOCYBaHHA  MIKpPOOIOTH
«ruOETChKUN  TPpHOOK» AAfl BHTOTOBACHHA KHCAOMOAOYHOIO Hammoro. lle Ao3BoAnTs
POSIIHPHUTH ACOPTUMEHT KICAOMOAOYHUX IIPOAYKTIB 13 KOPHCHUMI BAACTHBOCTAMH.

«T'mbercpkmii rprOOK» MOAIOHMIT HA KYITy 3€PEH, IO CXOKi AO IBITHOI Kamyctu. Ao HOro
CKAAAY BXOAATH AAKTOOAKTEpil, OIITOBOKHCAI OakTepii 1 MOAOUHI APLKAKIL. 3aBAAKH IIBOMY
KICAOMOAOYHHUI HAITH, AKHH € PE3yABTATOM JKHUTTEAIAABHOCTI aCOIIATHBHOIO KOHCOPILyMY
«rHOETCHKUN TPHOOK», € IPOAYKTOM MOAOYHOKHCAOIO Ta CIHPTOBOrO OPOAIHHA 1 Mae
yHIKaABHI BAacTHBOCTL. «I'pubox» mMae hOpMy IPYAOYOK PIZHHX PO3MIpiB, OIAOIO KOABOPY,
ryMOHoAi6Ho'1' T2 HPYyXKHOI KOHCHUCTEHII, AKI CKAAAAFOTHCS 3 OKPEMUX TPaHYA, OKPYIAOL Ta
oBaAbHOI bopmu. Ha posmip rpyaodok BriamBae ¢asa xurrTeBoro mukAy. Lle He posxoaurscs
3 IPAKTUIHUMH AAHUMH, OTPUMAHUME Y poOoTax iHmux asropis (Biuko ma in., 2007, Bopobeys
ma i., 2008; Kukbtyn et al., 2018).

V Alrepatypi € AaHI IIPO HEMOKAHBICTD 30€piraHHA «THOETCHKOIO TPUOKA» B XOAOAHUABHIN
kamepi. Hamm mpoBeaeHI AOCAIAKEHHA IIOAO MOKAMBOCTI 30€piraHHA «pHOKa» IIpU
temrepatypi 2-6°C y CTEPHABHIA BOAL A AASl TPHBAAOTO 30€piraHHf BAPTO 3aCTOCOBYBATH
rAnOOKe 3aMOpO:KyBaHHA. Ha OCHOBI IIPOBEAEHHX E€KCIIEPHUMEHTIB BCTAHOBACHO BMICT CYXHX
PEYOBHH y «THOETCHKOMY IPHOKy». TaKkoK BHBYEHO 3aACKHICTH THUTPOBAHOI Ta aKTUBHOL
KHCAOTHOCTEH BIA TEMIIEPATYPH CKBAIIYBAHHA MOAOYHOI cymirm. OTprmani AaHI CTOCOBHO
BIIAUBY TEMIIEPATYPU HA CIIBBIAHOIIEHHA MK AAKTOOAKTEPIAMH 1 APLKAMKAMH Y TOTOBOMY
Harroi. BusHageHO ITOKa3HUKH AKOCTi TOTOBOTO IIPOAYKTY.

HeAoAIK IIBOTO AOCAIAKEHHSA IIOASITAE ¥ TOMY, IIIO BOHO (DOKYCYETHCA AHIIIE HA IIPOILECI
CKBAIIYBAHHA MOAOYHOI CyMiIll 3a AOIIOMOIOIO «THOETCHKOIO IPHOKA» Ta BHU3HAYCHHI
ITOKa3HUKIB AKOCTI I'OTOBOIO KHCAOMOAOYHOTrO Haroro. He O6yAo mpoBeAeHO AOCAiAMKEHHSA
HAPOCTaHHA OI0AOITIHOI MACH MIKPOOIOTH «THOETCHKHUIT IPHOOK» IIPU KYABTUBYBAHHI B MOAOLIL.
Takoxk HEe AOCAIAJKEHO 3MIH KHCAOMOAOYHOIO HAITIOO IIA 9ac 30epiranus. Tepmin 30epiraHHsA
€ HAA3BUYAITHO BAXKAUBHM, AK AAf CIIOKUBAYIB, TAK 1 AASl BUPOOHHUKIB XapYOBUX IIPOAYKTIB. Bin
BKAIOYAE B ceOe IIEPIOA FaCy, IIPOTATOM AKOTO IIPOAYKT 30epirac XapakTepHi OPraHOACIITHYHI,
izuko-ximMiuHi, MIKPOOIOAOrTYHI T2 (PYHKIIOHAABHI XaPAKTEPUCTUKU, 4 TAKOXK 3AAUIIAETHCH
oesneunum AAA cuoxuBanba (Ocuwosni gaxmopu. .., 2022). Takum GYHHOM, ITOAAABIITIMEI
HAIIPAMKAMI AAA HAYKOBHX AOCAIAKEHD € BUBYEHHSA HAPOCTAHHA 010 AOITIHOI MACH MIKpOOIOTH
«ruOeTChKUIl TPHOOK» IPHU PISHUX TEMIIEPATYpaxX KyABTUBYBAHHA B MOAOII, a TaKOXK
IIPOBEACHHA AOCAIAKEHHS 3MIH BAACTHBOCTEH HAIIOIO ITA 9ac 30€piraHHA Ta BH3HAYCHHA

TepMiHy HOTO 30epiraHHs.

BucuoBxu
Taxum wumom, Ha OCHOBI OTASAY HAYKOBOI AITE€PATypH BCTAHOBACHO, IO € AKTYaABHUM
AOCAIAKEHHA MOYKAMBOCTI 3aCTOCYBAHHA IIPHPOAHOI MIKpOOHOI acormarii «ruderchkuit
IpUOOK» IIPU BUTOTOBAEHHI KICAOMOAOYHUX HAITOIB.
Busueno BaacTuBOCTI MIKPOOIOTH «THOETCHKUI rPUOOK». SAIFICHEHO TEOPETHYHUI aHAAIL3
BUIOTOBAECHOIO KHCAOMOAOYHOIO HAIIOIO0 Ha OCHOBI «THOETCHKOIO IprOKa». AOCAiAMKEHO
3MIHH aKTHUBHO{ 1 TUTPOBAHOI KHCAOTHOCTEH, 2 TAKOK CITIBBIAHOIIIEHHA MK MOAOYHOKHUCANMHI

MIKPOOPIraHI3MAMH Ta APIKAKAMHA ITPH PI3HUX TEMIIEPATyPax CKBAIITyBAHHA MOAOYHOI CYMIITIi.
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BcraHOBAGHO ONTHMAABHI TEXHOAOIITYHI IIapaMETPU BHPOOHHIITBA KHUCAOMOAOYIHOIO
HAIIOIO 3 BHUKOPHCTAHHAM «THOETCHKOIO TIPHUOKa»: 3aKBAIYBAHHA 1 CKBAILIYBAHHA IIPU
temueparypi 26-28°C mporsarom 12-tu roa., Buspisauus mnpu temmeparypi 14°C tpusaaictio 9-
12 roa. A0 makcumaabHOI THTpOBaHOI KcAoTHOCTI 120°T.

AocaipkeHo opranoAerrtudHi, (Hi3UKO-XIMITHHX Ta MIKPOOIOAOTIYHI ITOKA3HUKN SKOCTI
TOTOBOIO HAIOXO. KHCAOMOAOYHHI HAIIi MaB MOAOYHO-OIAHMH KOAIpP, PIBHOMIpHHI 32 BCIEIO
MAacOIO Ta YHCTHH, KHCAOMOAOYHHM OCBUKaroumii cmak. Komcucrenmis mHamoro Oyaa
OAHOPIAHA, CMETaHOIIOAIOHA, 3 mopymreHnM 3rycTkoM. Criocrepirarocs ra3oyTBOpPEHHS 3
HASBHICTIO IOOAMHOKHUX BIYOK.

Kucaomonouni Hamof, BUTOTOBAEHI 3 BHKOPHCTAHHAM 300TA€i «THOETCHKHI I'PHOOK»
MOKYTb ITO3UTHBHO BIIAMBATH HA KOPCIYBAHHA PAI[IOHY XAPYyBAHHA HACCACHHS, YCYBAIOYH

ACIIHUT MOKUBHUX PEIOBHUH.

Kondaixru inTepecin

ABTOpH 32IBHAH, 110 KOHMAIKTY IHTEpECIB HEMAE.
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Innovative mobile solutions for vertical greenery in cities !

Abstract: The process of urbanization of cities is accelerating every year. However, itis often accompanied
by the deterioration of the ecological situation in cities, caused primarily by the loss of green areas. That
is why vertical greening of territories has gained popularity as a way to maximize limited space and bring
greenery into the urban environment. This work considers the concept of spreading vertical greening of
facades, exploited green roofs, and city territories, for which the mobile landscaping structures are
proposed as a means that can provide a significant improvement in the air quality of cities and lead to a
reduction in electricity costs for air conditioning due to lowering the temperature of walls and roofs of
green buildings. In addition, the possibility of using biochar like the composition of soils for vertical
gardening and its contribution to a more ecological approach to gardening is being investigated.
Economic calculations of the implementation of a mobile vertical greenery system, considering various
factors associated with the costs of its installation, operation, and maintenance, showed a payback period
of eight production cycles (at a constant market price). The system can operate for two calendar years
without major maintenance or repairs. The use of biochar as a patt of the soil mixture increases the
adaptability of plants and their rapid growth, which financially justifies its use. Also, the proposed mobile
greenery systems contribute to the creation of more sustainable, healthy, and comfortable urban spaces,
which makes them an important component of modern urban planning and ecodesign. It is shown that

100 such mobile systems in cities provide a total of 750 sq. m of intensive landscaping.

Keywords: vertical greenery systems; biochar, mobile constructions, urban planning, ecodesign.
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Introduction

Currently in cities and other urbanized areas, the use of Vertical Greenery Systems (VGS)
and green roofs is steadily increasing due to the situation that the environmental impact of
buildings on the internal and external climate is becoming more and more evident (Newfon et al.,
2007, Wong et al., 2010; Perini et al., 2013). This influence can dictate both the choice of plants
and design decisions, like the requirements for the care and operation of vertical greenery
systems.

Various techniques of vertical gardening have been used by people for centuries, starting
with primitive trellis for growing plants vertically. Over time, the materials used in vertical
gardens have evolved from simple wooden structures to more sophisticated systems
incorporating modern materials. The concept of innovative materials in vertical gardens is
extremely significant for understanding the possibility of using such materials in vertical
greenery. First of all, it concerns ecological materials that have a minimal impact on the
environment during the entire cycle of use. In the context of vertical gardening, this refers to
materials that are renewable, recyclable, and non-toxic (Alexandri & Jones, 2008).

The practice of vertical greenery, i.e., adding vegetation to vertical surfaces (walls, facades)

and even roofs of buildings, includes installing containers with soil for specially selected plants
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near buildings or using special hydroponics systems to grow plants on walls and facades of
buildings.

The main aim of these studies was the possible use of practices of vertical greening of cities,
like ways to improve the efficiency of structures for this purpose, by changing not only the
forms but also filling containers with soil with the addition of biochar, as one of the most
ecological and suitable materials for improving hydrophilic properties of soils.

Technologies for constructing green walls allow to identify and classify greenery systems
according to their construction technique and main characteristics. Two main classifications of
vertical greenery systems are used: living walls (LWS) and green facades (GES) (Saadatian, 201 3;
Koyama, 2018; Sheweka, S., & Magdy, 2017). All of them have differences in equipment, and
selection of plants, and, accordingly, the choice of growing soil for them depends on this, too.

According to the principles of selection of compositional combinations, vertical greenery
is divided into 3 groups: according to functional, ecological, and decorative principles (Bass &
Baskaran, 2003). Vertical one, according to the functional principle of selection is necessary due
to various factors, which can be heat regulation, noise and dust protection, the need for shadow
protection, etc. For plants to effectively perform these functions, their natural characteristics
are worth considering: plant density, height, and density of leaves. The ecological principle
considers as the main factor the weather conditions that are the best for each type of plant,
considering the orientation of the building in the cardinal directions, like the temperature,
composition, and fertility of soils used during planting. As for the decorative principle, here the
vertical greenery main task is the ability to hide the shortcomings of certain buildings or, on the
contrary, to emphasize the peculiarity of one or another facade. In this selection, the texture of
plant leaves, their density, and the duration of the flowering period are also very significant,
directly depending on the quality of the soils used, since they must retain moisture well, first of
all.

Technologically, today there are several main systems of vertical greenery, which are divided
according to the principle of operation: hydroponic systems; modular systems (using a
substrate); and container systems with various plants (Dunnett & Kingsbury, 2008). The
effectiveness of the last two greenery systems directly depends on the quality of the environment
for growing plants, because it is the place, where plant roots find moisture and nutrients.

The medium most often used is light soil, or it can be normal natural soil consisting of
decomposed organic matter with added nutrients. Light soil is a mixture of minerals, peat moss,
and compost.

External greenery of facades usually has a very attractive appearance. However, it is worth
remembering that it needs plants that can withstand external climatic conditions and will be
insensitive to fluctuations in the content of water and nutrients in containers for their growth.
As a rule, undemanding and hardy liana-like plants and succulents are used for such systems:
virgin grapes, Amur grapes, aristolochus, moonseed Daurian, honeysuckle, and ivy of various
types.

Since plants need to create comfortable growing conditions, an important task is to
optimize the design solutions of greenery systems to ensure full insolation, constant moisture,
and high soil nutrition, which in turn can ensure sustainable and long-term plant development.

An important role is played by the composition of the soil, which can be varied depending on
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specific climatic conditions and the type of plants that will be planted. First of all, such soil must
provide good drainage, retain moisture, and be fertile and light, with the possibility of its further
adaptation to specific conditions and requirements. It is also worth considering the presence of
an additional load on the specific constructions of buildings and structures and the fact that
vertical greenery systems are planned with the minimum allowable volumes of soil. These
factors increase the importance of components in the composition of soils, and therefore, may
play a decisive role in the success of vertical greenery.

The main components that can be included in the composition of the soil for vertical
greenery of various structures are humus, peat, coconut fiber, and other components that
provide primarily good drainage and water retention. Adding sand can balance these processes
and prevent soil compaction. For this purpose, such light materials as vermiculite and perlite
are used, which help to improve the processes of moisture retention and soil ventilation, making
them looser and more favorable for the root respiration of plants (Fizts, 2073).

Adding organic material such as humus or compost can enrich the soil with nutrients and
improve its structure. Depending on the type of plants and existing needs, mineral fertilizers
can also be added to the soil to provide plants with the necessary macro and microelements. It
is also possible to apply hydrogels — absorbents that help retain moisture in the soil, providing
plants with moisture in periods of no precipitation.

However, the system functionality can be disrupted if the water supply is exhausted or the
irrigation system fails. In our opinion, this shortcoming can be partially eliminated by adding
biochar to it — a porous carbon material made from various plants and wood by methods of
thermal decomposition and pyrolysis (heating without oxygen). It is believed that biochar is
involved in many biological processes in the soil, so increasing its content leads to an increase
in soil productivity (A/-Kodmany, 2018). Biochar retains most of the trace elements that were in
the original biomass. By increasing the holding capacity of the soil, aerating the soil, and
releasing nutrients through an increased pH value, biochar can be used as an effective substitute
for peat and can be used for certain plants in vertical greenery. The presence of microbial
symbiosis allows certain types of plants to obtain nutrients from pores in the structure of
biochar (Mukherjee & Lal, 2013). The effect of biochar dosing on plant growth was the research
subject (Gale & Thomas, 2019). It is worth noting that such use was proposed for vertical
greenery systems as a whole. Our previous studies (Kaynts et al., 2023) mainly concerned the
possibility of using ivy of various species as a base plant for mobile vertical greenery.

Thus, the main question of our investigations can be formulated as follows. Is the use of
biochar-supplemented soils appropriate for plants grown in the proposed mobile vertical
greenery systems? Can additional costs be offset by benefits in the further operation process?

It was assumed that biochar added to the soil composition for our proposed mobile vertical
greenery systems would effectively retain moisture, and the additional costs of creating such

systems would be compensated by the benefits of their operation in the future.

Materials and Methods
The task of our work was to check these assumptions and determine the effective amount
of biochar introduction into the soil mixture, suitable for vertical greenery with ivy of various

species, optimization of the dimensions of containers of mobile landscaping systems, and their
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possible location in cities. It is worth noting that any landscaping systems are capable of
accumulating pollutants over time, which eventually leads to rapid phytodegradation of plants
(Yong Sik Ok et al., 20719). Systems of vertical greenery, which are not cheap in general, must first
of all be stable and durable. Otherwise, all costs for their creation are ineffective, and the green
spaces themselves turn into unattractive green areas quite quickly. Thus, the optimization of the
composition of the soil and the structures of the vertical greenery system is the driving force
for the widespread and effective introduction of vertical landscaping centers in populated areas.
It is also worth noting that until now in the literature we have not come across examples of the
use of such soil compositions for vertical landscaping within Ukraine.

For our research, we used biochar from Tm Ideale (Ukraine), the main component of which
is 92-96% carbon, accumulating in biomass processed by the hydrothermal carbonization
method. Soil samples with different biochar content (in the range of 5-50%) were studied under
the same conditions of temperature and humidity. An increased drying time was found for all
samples. The effective amount of biochar was determined by data envelopment analysis (DEA).
It has been experimentally confirmed that replacing 50% of peat with biochar in the soil mixture
has a positive effect and prolongs the drying time of the soil. However, additional costs were
required due to the cost difference between biochar and peat. It is worth noting that these results
are expected to be valid for the climate zones of Central and Eastern Europe.

One of the main problems with vertical greenery is the high initial costs. Installation of
special systems, plant support, and maintenance require significant investment. This can make
vertical gardening out of reach for small township budgets. However, to a large extent this can
be avoided by designing mobile or frame inclusions in the complex green zone of cities, both
stationary containers and systems in new buildings, and mobile — small mobile greenery systems.

Thus, this is especially relevant, due to the possibility of cost optimization and unification

of the shape and size of such containers, selection of soil composition, and appropriate plants.

Results of the study

In addition to classic vertical landscaping along walls or supports, which cannot always be
quickly changed and requires significant material and time costs, the authors (Kaynts et al., 2023)
proposed the use of a budget design of a vertical greenery system (Figure 1), the dimensions of
which were determined by the possibility of quick and convenient installation in the central
areas of the city, like the variability of its use, as a flower garden or a mini garden in the style of
Urban Agriculture. The system can be made from locally available materials from Central and
Eastern Europe. First of all, attention was paid to its long-term operation, easy accessibility to
plants, and the possibility of integrating a self-watering system. The proposed vertical greenery
system has several containers for plants, made of multi-layer plywood fastened with glue and
nails. Variations of manufacturing from metal or recycled plastic are also possible, having a great
perspective in terms of the ecological use of recycled materials. The supporting frame is made
of wood or metal, also it has an integrated drip irrigation system.

Such mobile structures can vary from a trellis to a shelf, and be two-sided or one-sided.
The dimensions of the containers are 110 cm in length x 20 cm in width. The containers had

soil depths of 5, 7, 9, and 11 cm, respectively. The system’s weight was calculated using CAD
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(Computer Aided Drawing) to support both the weight of the containers with the soil and later
with the growing plants.

As a basis for growing ivy, we used a mixture of biochar and chicken manure mixed with
peat and garden soil. In our case, biochar additionally performed the function of filtration,
increasing the overall porosity of the proposed mixture, and also improving the structure and
mechanical load-bearing capacity. The porous structure of this mixture served as a filter material
capable of absorbing impurities and pollutants. It is worth noting that water and necessary
nutrients are stored in the biochar itself and ensure optimal growth and viability of plants
throughout the growing season. In addition, microbial symbiosis is stimulated (Jacobson & Ten
Hoeve, 2012).

By increasing the water-holding capacity of the soil, aerating it, releasing nutrients, and
increasing the pH level, biochar can be used as an effective substitute for peat in the soil mixture.
We used Golden Heart ivy seedlings as experimental plants. To ensure the purity of the
experiment, the vertical greenery system was mounted under a canopy so that the control crops
used only the water supplied during the experimental period.

Plant height, leaf area index — LAI; number of leaves — NL; chlorophyll content — CC; stem
diameter SDj; root length — RL; fresh weight were analyzed to see if statistically significant
changes in plant parameters were observed when biochar was added instead of peat to the soil
composition with bird droppings. The results are presented (Table 7).

Of the 18 control seedlings, the tallest plants (9 pieces) were those grown in a mixture of
garden soil, biochar, peat, and bird droppings, compared to a mixture of garden soil, peat, and
bird droppings. The soil mixture, when replacing 50% biochar instead of peat, as the experiment
showed, improves plant vegetation.

The proposed designs for vertical greenery are simple and uniform in shape, which allows
their production and installation in small workshops, even in schools. The use of such structures
simplifies plant care. They can also be used both in private estates and in areas of limited use
(in kindergartens, schools, hospitals, gated residential complexes, cafes and restaurants, etc.). It
can also be used for growing vegetables or herbs (Pugh et al., 2012). The use of such mobile
vertical greenery can also serve as a kind of educational bridge to significant transformations in
the city’s green system.

Despite the environmental challenges cited in (Manso & Castro-Gomes, 2015; Chen et al.,
2018), as far as Ukraine is concerned, there is currently no possibility of significant financing of
global green inclusions in the state’s city system. Similar to the above prototypes (Figure 1), we
offer the manufacture and installation of simple and standard systems for the rapid increase of
green mass. In addition, the creation of such ones will allow effective training of young people
and contribute to the development of the positive ecological trend of Urban Agriculture. The
easy-to-maintain system with an area of 2.25 sq. m (1.5 m x 1.5 m) makes it possible to cultivate
plants in a volume commensurate with planting on an area of 7.5 sq. m. Thus, 100 such mobile
systems provide a total of 750 sq. m of intensive landscaping.

The developed plans-schemes of the proposed arrangement of vertical greenery provide
for a short-term increase of the area of landscaping in the center of small towns by at least 2,500
sq.m, part of which will be planted not only with decorative plants but also with plants from the

so-called apothecary’s garden. In addition, the proposed mobile vertical gardening system with
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an integrated irrigation system saves land by 70% of the total area. Such an affordable design of
vertical gardening can easily be implemented in the conditions of small and medium-sized cities.
Quick to install, and small in size, such systems can serve as barriers, fences, shading, and not
only as a decorative element. The average costs for installing such a vertical system are shown
(Table 2).

Discussion

To develop the economics of a mobile vertical gardening system, it is necessary to consider
various factors related to installation costs, operation, maintenance, and potential savings since
the cost and financial feasibility of the project are of great significance.

From this perspective, using recycled plastic in mobile vertical gardening systems is an
important step towards sustainability. It not only reduces the negative impact on the
environment but also helps save resources, reduce costs, and support the circular economy. In
addition, recycled plastic provides durability and adaptability to designs, making it an ideal

material for use in modern landscaping systems.

Conclusion

We consider the trend of improving the microclimate within the city by decorating the
facades of buildings with vertical green plantings to be an effective solution that can affect the
improvement of air quality in populated areas, as it will reduce the overall level of carbon dioxide
(CO») and nitrogen dioxide (NO>), which have a detrimental effect on citizens' health, as the
safe level is often significantly exceeded. Plants can improve air quality by reducing the overall
content of hazardous substances.

Economic calculations of the proposed mobile vertical greenery system showed a payback
period of eight production cycles (assuming a constant market price). The system can stand for
two calendar years without any capital maintenance and repair. The use of biochar as a
component of the soil mixture increases the adaptability of plants and their rapid growth. It is
possible to use inexpensive types of ivy, vines, or other plants, depending on the location and
natural conditions in such a mobile vertical greenery system. This work shows that 100 of these
mobile systems provide a total of 750 sq. m of intensive greening,.

From an economical point of view, the most expensive vertical greenery systems are
modular, but it is worth noting that during operation the modular system is flexible and allows
for easy replacement of some modules if necessary, and the decorative effect of such a greenery
system is at the highest level. In addition, when designing modules, it is possible to use recycled
plastic. Thus, recycled plastic ensures the durability and adaptability of the design, making it an
ideal material for use in modern greenery systems, and the landscaping method is highly
aesthetic. Adding biochar to gardening soil has good potential, but widespread use will not be
competitive if considering only its price. However, considering the environmental benefits, the

proposed mobile vertical greenery systems can be widely used in cities.
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Appendix

Figure 1. Prototype design of the vertical greenery system

Table 1. Average values of ivy growth parameters

Parameter Soil mixture (without Soil mixture (with biochar)
biochar)
Fresh weight (FW) 43.577 + 0.386 (mg) 71.577 £ 0.289 (mg)
Dy weight (DW) 3.263 + 0.027 (mg) 5.898 + 0.065 (mg)
Stem diameter (SD) 0.900 = 0.100 (cm) 1.050 £ 0.100 (cm)
Root Length (RL) 6.607 £ 0.163 (cm) 6.640 £ 0.207 (¢

Table 2. Average costs for installing a vertical greenery system

N Quanti Price per piece, Total price. UAKL
ame uantity UAHL otal price,
Pipe 16" 75 m 38,25 2869
Phytocontainers
8 pes 1912 15296
400*420%32 mm
Scil mixture 2001 3789 15156
Biochar 20 1 750 15000
Wall profile
_ 19 pcs 68,84 1308
3000%100*50 mm
Mounting for the
35 pes 14,50 508
profile
Bracket for mounting
280 pcs 9,17 2570
the module
Water supply tumer 1 pes 1542 1542
Total: 54249
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Real decisions of international medical students on choosing elective courses on

general, internal, and evidence-based medicine at Kyiv Medical University %

Abstract: Supplementing and improving education content as scientific and subject disciplines emerge is
a main principle of curriculum development. Students’ participation in this process is essential for
implementing the standard for quality assurance in the European Higher Education Area. Medical
students may benefit from gaining more competence in current issues of general, internal, and evidence-
based medicine (EBM). The relevance of such elective courses (ECs) for international medical students
has not been studied yet according to the literature review. The study object was a methodology for
designing a curriculum in the system of higher medical education using a student-centered approach.
The study subject was student-related factors influencing curriculum development in terms of making
decisions on choosing ECs by international medical students at a clinical department of a medical
university. The study aimed to describe features of students’ decisions and determine student-dependent
factors regarding the choice of ECs on cutrent issues of general, internal medicine, and EBM by
international medical students of Kyiv Medical University (KMU). This explorative, descriptive,
comparative cross-sectional pilot study utilized a self-administered web questionnaire, which was
answered in April 2024 by 46 international 6t- and 5th-year medical students of KMU coming from eight
Asian and African countries (India, Pakistan, Sti Lanka, Iran, Turkiye, Nigeria, Ghana, and Tanzania)
and registered in the KMU’s Google Workspace. All participants were divided into three groups
according to region: South Asia, West Asia, and West and East Africa. The literature review was
performed using information analysis methods. The relevance of all proposed topics for ECs on the
issues of EBM, rheumatology, and geriatrics was justified by their choice by all study participants with a
frequency of 33,33% to 72,22% in different subgroups and by the average number of topics selected of
1,71 to 2,11 per person. Decisions to choose a course on practicing EBM in internal medicine were more
often made by sixth-year students (72,22%) and those coming from South and West Asian countries
(73,33% and 80,00%, responsively) than by 5t-year students (46,43%) and Africans (42,31%), whose
greatest interest was in aspects of rheumatology. Neither gender factor nor current academic
performance in internal medicine influenced students’ decisions regarding the number and topics of
ECs. Our study revealed a lack of student initiative concerning individual offering topics for ECs, facts
of non-choice of an EBM course in some regional subgroups, like a relatively low frequency of choice
of ECs in geriatrics (33,33 and 35,71% among 6t- and 5th-year students, respectively), which confirmed
the necessity of the guiding role of teachers in implementing a more student-centered approach in
curriculum development and the role of student-dependent factor in this process such as their country
of origin. The study results are partly consistent with the literature in terms of the need to study EBM at
the undergraduate level of continuing medical education (CME), which can be influenced by national or
regional features. The authors conclude that the curriculum content is worth adapting to a more student-
centered approach, including the possibility of choosing the current issues in clinical medicine such as
the EBM approach, etc. We estimated that the international students’ choice of ECs topics depends on
the year of study and the country of origin. The educators should consider the peculiarities of the
different countries” healthcare systems when forming a list of optional educational components for
international students in the final years of study.

Keywords: higher medical education, study program development, student-centered approach, elective
courses, internal medicine, evidence-based medicine, international students, regional features.
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Abbreviations:

CME - continuing medical education;

EBM — evidence-based medicine;

ECs — elective courses;

ECTS — European Credit Transfer and Accumulation System;

ESG - Standards and Guidelines for Quality Assurance in the European Higher Education
Area;

HEI — higher education institution;

PHEE KMU - private higher educational establishment “Kyiv Medical University”.

Introduction

Medical universities can increase their competitiveness when use the priorities of
international students and other national stakeholders in the forming of the list of elective
courses (ECs) in the curriculum. This approach increases the quality of higher medical
education, the achievement of learning outcomes, and the development of future doctors’
general and special competencies and creates individual learning paths.

The curriculum is a core of the higher education institutions’ (HEIs’) teaching mission. The
involvement of students in the study programs’ design and careful consideration process is
essential for implementing the standard for quality assurance in the European Higher Education
Area (Standards and Guidelines. .., 2015). In Ukraine, even in conditions of war, the medical
student cohort is the largest regarding a phenomenon of international student migration, i.e.,

deliberate temporary movement outside the country of their citizenship for the aim of acquiring

knowledge, skills, and competencies and obtaining a degree of higher education (Brenzovych &
Nemesh, 2017). Many universities develop study programs considering online teaching, and

student migration’s geography increasingly focuses on safe destinations and a search for ways

to improve the effectiveness of international academic mobility programs (Adamyk & Diachuk,
2023). Given both global instability and technological development, Kyiv Medical University
(KMU) as the best private HEI in Ukraine with its 30-year history provides both online and
offline educational services. Foreign medical students’ teaching is organized predominantly in
the Polish campus of PHEE KMU, while there are difficulties in attending face-to-face courses
due to the lack of safety in Kyiv.

As is known, the curriculum development main principle is to supplement and improve
education content as scientific and subject disciplines emerge. The generally accepted position
is the critical importance of a study of evidence-based medicine (EBM) issues, like the ways to
implement this approach to clinical practice and medical education to improve the quality of
medical and educational services. Continuing medical education (CME) on EBM is becoming
“a priority in the healthcare process” (Sabouni et al., 2017). The great educational value of EBM
as a process and a method of decision-making, problem-solving, and self-directed life-long
learning is appreciated (Prasad, 2013; Revenok et al., 2016). Awareness of EBM varies across
regions and states being less in developing countries with weak regulations and those dominated
by traditional medicine (Hashem-Dabaghian et al., 2022; Moradi & Hosseini, 2017; Prasad, 2013,
Puzanova, 2017). The situation is different in the homeland of EBM (Prasad, 2016; Revenok et al.,
2016): the discipline was introduced to the foundation year program in the UK. In the USA and
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Canada, the practice of EBM was included in accreditation standards for medical schools. 20
years ago, 38,5% of medical schools in the USA had a formal EBM curriculum (Sabouni et al.,
2017). Talking about the quality of education in the conditions of lack of safety, multiple
strategies of teaching EBM using online courses, lectures, tutorials, workshops, etc. turned out
to be more effective than “face-to-face expert-taught courses”, as it was estimated in developing
countries (Sabouni et al., 2017).

A specialized academic discipline “Internal medicine” is a core of the health professionals’
development regardless of their medical specialties in the future. One of the most difficult
sections of this discipline to master is the content module “Rheumatology”, particularly a
diagnosis the rheumatic diseases, considering the objective complexity of their recognizing and
limiting the relevant section of the discipline “Propaedeutics of internal medicine” to only the
study methods of the musculoskeletal system’s examination. As a result, 5"-year medical
students at Ukrainian HEIs may start studying this content module without sufficient
knowledge of the basics of rheumatology.

Contrary to the global trend of aging populations and specific features of the management
of internal and rheumatic diseases in the eldetly, neither the “Geriatrics” section nor the
propaedeutic nor the EBM approach in this field of gerontology and internal medicine is
presented as the main components in the current curricula.

This is personal and international experience to develop a system of CME on the issues of

EBM (Gruzgieva & Puzanova, 20155 Povoroznyuk & Puzanova, 2019; Puzanova, 2011; Puzanova, 2018,
Prasad, 2013; Revenok et al., 20106), like the global trend of population aging and the Decade of
healthy aging’s challenges (UN Decade..., 2027) and learning outcomes in rheumatology as a
complicated part of the discipline “Internal medicine” that allow us to predict a benefit for
medical students from gaining more competence in the issues of EBM in internal diseases,
especially rheumatic and geriatric ones, from outside the formal curricula. So, it seemed
reasonable to offer these issues to study on elective courses (ECs). Namely, senior students
could benefit most from these topics’ implementation, because of their integrative nature and
practical orientation.

Despite the obvious relevance of the above topics from the point of view of medical school
teachers, their demand for medical students as ECs remains unstudied. The determination of
interest of medical practitioners in training by their clinical relevance was evidenced in Nigeria
(Lloh et al., 2020). Regarding medical students, the year of study at university turned out to be a
factor influencing the effectiveness of EBM training (Cakmakkaya, 20217).

The need for certain thematic training may be related to the year and current content of
curriculum or the type/level in the healthcare system of the institution where the physician
works, like to their age, gender, marital status, type of membership, interpersonal interactions,
teacher’s features, etc. Concerning EBM, a literature review showed that most primary care
physicians and medical interns have low knowledge and poor practice of this approach, whereas
their attitude towards EBM differs from neutral to positive. Knowledge, attitude, and practice
of EBM are better among specialists of tertiary and secondary healthcare institutions (A/abdullah
et al., 2022, Ambulkar et al., 2017; Sabouni et al., 2017; Zanaridah et al., 2027). Participating in the
CME system development on evidence-based prevention in healthcare in Ukraine in 2009-2015,
we found low knowledge and skills in EBM and a high need to improve them in 252 Kyiv
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physicians affiliated with primary link of healthcare (Puzanova, 2018), but even having developed

a new discipline “Methodology of EBM” and introduced it into a system of CME in Ukraine,

we did not study factors related to the student’s interest to EBM.

So, international and personal experience suggests the role of student-dependent factors
(individual, group, and regional) in their decisions on flexible learning paths, in particular, on
the number and topics of preferred educational sections from outside the formal curricula.
Regional features of decision-making on the choice of ECs are of particular interest in the
context of international student mobility/migration and a significant proportion of medical
students among foreign students who receive higher education in Ukraine.

To the best of our knowledge, there is no study of international medical students’ decisions
regarding the choice of ECs, in particular, dedicated to clinical issues of EBM and other current
topics of general, internal, and geriatric medicine.

The study hypothesized that there was no difference in the number and topics of ECs
chosen by foreign senior medical students of our university, regardless of student-related factors
such as gender, year of study at university, and the country/region from which they came to
study.

The study object is a methodology for designing study programs in the system of higher
medical education using a student-centered approach, while the subject is student-related factors
influencing curriculum development at medical HEI in terms of making decisions regarding the
choice of elective courses’ number and topics by international medical students at a clinical
department.

The purpose of the study was to describe features of students’ decisions and to determine
student-related factors regarding the choice of ECs on current issues of general, internal, and
evidence-based medicine by international medical students of PHEE “Kyiv Medical
University”, Ukraine.

So, the tasks of the study were:

(1) to justify several topics for ECs on the issues of general, internal, and evidence-based
medicine and determine their relevance in a cross-section of international fifth- and sixth-
year medical students who studied the discipline “Internal Medicine” at the Department of
Internal and Occupational Diseases of the KMU — in a survey using a self-administered
web-based questionnaire;

(2) to explore and evaluate student-dependent factors that may influence survey results;

(3) evaluate the novelty of the results obtained concerning an EC devoted to the evidence-

based approach in clinical discipline and practice.

Methods
This was an explorative, descriptive, and comparative cross-sectional pilot study performed
on 46 5" and 6™-year medical students of Kyiv Medical University who came from several
Asian and African countries. In this paper, the term “undergraduates” is used to refer to sixth-
year students, while the term “senior students” is used to refer to 5*- and 6™-year students. The
terms “foreign students” and “international students” are used as synonyms.
Data collection was done using a self-administered electronic questionnaire covering

information on the offered topics for ECs, which was answered in April 2024 and registered in
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the KMU’s Google Workspace. The study of the survey results involved analysis in subgroups
formed considering student-related factors such as gender and age, year of study, country, and
region from which they came. A literature review was conducted to evaluate the novelty of the
results obtained and to identify further directions for research.

Main principles and methods of scientific knowledge and research were used in the study
including universal ones and methods of a systemic approach, quantitative and qualitative
information analysis (bibliographic method and content analysis), systematization of theoretical
and empirical data, historical, logical, sociological, and expert assessment. Mathematical statistics
methods for processing the obtained quantitative results of the study. Frequencies and
percentages were used for reporting descriptive statistics in the study cohort and its subgroups.

Having been applied to the first task of the study, these methods allowed us to identify five
topics of ECs, dedicated to critical issues of the discipline “Internal Medicine”, and to determine
their relevance in the studied cohorts (Figure 1; Figure 2). These issues were EBM
implementation, rheumatic disease diagnosis, and gerontological aspects of internal medicine
and rheumatology. Accordingly, the topics were named as follows:

(1) “Basics of diagnosis in rheumatology”;

(2) “Basics of geriatrics: Internal diseases in the elderly”;
(3) “Rheumatic diseases in the elderly and of the elderly”;
(4) “Evidence-based approach in internal medicine”.

Thus, most of the topics were determined by the teachers. To answer the question of who
should offer ECs, we quote Narges’ team, who considered faculty to be a “key to the success
of implementing changes both in classrooms and in clinical wards” (Narges et al, 2013). By
offering the 5" option “Other (Indicate in a comment, which one namely)”, we wete counting
on the student initiative and their constructive suggestions but did not receive any.

The study cohort consisted of 18 6™-year students and 28 5*-year students who came from
several African and Asian countries and studied the discipline “Internal Medicine” at the
Department of Internal and Occupational Diseases of the KMU at the same time. All
participants were aged 20-29 years. A similar age group of 21-30 years was presented in two
recent studies on factors influencing EBM practice in Iran and its institutionalizing in Nigeria
(Mobamadhoseinzadeh Hashewi et al., 2019; Nwaichi, 2020). Gender factor was studied only in one
of them (Mobhamadhoseinzadeh Hashemi et al., 2019). As for our study, then the representation of
women and men in the cohorts, depending on the year of study, is shown in tables, and
depending on the country from which the students came is given in the Appendix (Table 2). In
general, 22 men and 24 women took part in the study (Table 7).

The sample included 46 representatives from 8 countries, namely 3 African ones (Nigeria,
Tanzania, Ghana), 3 South Asian ones (India, Pakistan, Sri Lanka), and 2 West Asian countries
(Iran, Turkiye). It was a cross-section, and the participants took part in a survey in April 2024.

The students’ answers on the preferable ECs were collected by using a self-administered
web-based questionnaire. This questionnaire was an answer to a question of the Google form
(“Which elective course(s) would be of the most interest to you personally if you were a 5*-year
student now?”), provided at the end of the sessions in the discipline “Internal medicine”, but
not during practical classes. The survey was voluntary but not anonymous, and all responders

returned their answers on time (so, the response rate in our study was 100%). This Google form
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named “My choice among the elective courses proposed for the future 5"-course medical
students” is situated on the topic «Feedback and propositions for the futuren.

We found in the literature that different tools, including self-administered, paper- and web-
based, were used in surveys to assess undergraduates’ and postgraduates’ attitudes towards
EBM, like their knowledge, skills, awareness, practice, needs, and barriers (Alabdullab et al., 2022;
Awmbulkar et al., 2017; Cakmakkaya, 2021; Mobamadhoseinzadeh Hashemi et al., 2019; Saboun: et al.,
2017). The Noor EBMQ) and self-reported composite questionnaires like a composition of
McAllister, Berlin, and Zwolsman’s questionnaires in a recent Nigerian study (Oluwadiya et al.,
2024) are used in this research area. Along with a lack of validated national language EBM
assessment tools, some questionnaires are considered to be reliable and wvalidated tools
(Alabdullah et al., 2022, Cakmakkaya, 2027).

All answers of the participants of the study were collected and studied in April 2024 after
successfully finishing the 11" and the 10" semester in “Internal medicine” responsively by 18
sixth-year students (16 hours of practical classes devoted to different internal diseases and
provided in March and April 2024) and 28 5"-year students (22 hours of practical classes in
rheumatology and nephrology provided in April 2024).

All students were taught by the same professor, who is one of the developers of the system
of CME in the discipline “Methodology of EBM” in Ukraine (Gruzieva & Puzanova, 2015,
Povoroznynk & Puzanova, 2019; Puzanova, 2016; Puzanova, 2018; Revenok et al., 2016), and a high-

degree specialist in both internal medicine and rheumatology. This is significant to note in terms
of the teacher factor as a potential confounding factor in the study, as was noted concerning
teaching EBM (Maggio et al., 2013; Narges et al., 2013).

It is worth noting that the basics of EBM methodology were taught to the students in their
4" year of curriculum by a faculty member of the Department of Public Health and
Microbiology of the KMU.

The study of students’ responses was comprehensive. We used mathematical statistics and
expert assessment methods to estimate the role of respondents-related factors such as their age,
gender, year at university, current performance in the discipline “Internal Medicine”, and
country/region, from which they came.

As for their current performance (average grade point), the KMU grading system is
harmonized with the European Credit Transfer and Accumulation System (ECTS), according
to which grades are as follows: A means “excellent”, B is “very good”, C is “good”, D is
“satisfactory”, E is “sufficiently”. Receiving any of these grades in terms of awarding of credits
means “passed”, while grades I and Fx mean “failed”. All participants of our study passed the
credit in internal medicine, and the representation of their grades among students coming from
different countries is shown in the Appendix (Table 2).

Concerning the potential role of the regional features, the participants came from 2 Asian
and 2 African subregions. These are India, Pakistan, Sri Lanka (commonly conceptualized as
South Asian countries), Iran and Turkiye (which are West Asian countries), Nigeria, Ghana
(both are West African), and Tanzania (which is a state in East Africa). For the study purpose
and given a small sample size, participants from Nigeria, Ghana, and Tanzania were grouped as

coming from African countries (Table 2).
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To evaluate the novelty of our findings and conclusions on senior international medical
students’ need to improve their ability to use EBM in clinical practice, a literature review was
performed. Its first step was a search on the Internet using keywords corresponding to the
names of the countries from which the study participants came, just like the search term
“evidence-based medicine”.

The initial characteristics of the groups of study participants according to the year of study
were as follows. The group of undergraduates (i.e., 6™-year students) included 18 persons of
average age 25,5 (range from 23 to 29) with a ratio of men and women 1:1. Their distribution
according to the countries from which they came was as follows: India — 6, Nigeria 4, Iran — 3,
Ghana — 1, Sri Lanka — 1, Pakistan — 1, Tanzania — 1, Turkiye — 1. All students successfully
completed the “Internal Medicine” course with practical classes in cardiology, rtheumatology,
gastroenterology, nephrology, endocrinology, and hematology at the Department of Internal
and Occupational Diseases. As for their current performance in the discipline, their distribution
according to the ECTS grades was as follows: A — 7 (38,89%), B — 5 (27,78%), C — 4 (22,22%)),
D — 1 (5,56%), E — 1 (5,56%). In their 6™ year at university, the elective courses “eHealth”,
“Dietetics” and “Laboratory Diagnostics” were provided by the other departments of the KMU.

The 5"-year students’ group included 28 persons (13 men and 15 women) of average age
23,6 (from 20 to 29) with a ratio of men and women 1:1,15. Their distribution according to the
countries from which they came was as follows: Nigeria — 18, India — 4, Pakistan — 3, Iran — 1,
Ghana — 1, Tanzania — 1. All students successfully passed the discipline “Internal medicine” in
their 10 semester having practical classes in theumatology and nephrology at the Department
of Internal and Occupational Diseases. According to the ECTS grades, their distribution was as
follows: A — 18 (64,29%), B — 1 (3,57%), C — 9 (32,14%).

The results of the study

18 undergraduates participated in the study, as Fig. 1 and Table 1 show. They all completed
and returned a Google form, and no one of them chose the last option (“Other”), while the
topics offered were chosen 38 times. On average, there were 2,11 ECs per student in this study
subgroup. This result proved a high motivation of undergraduates for additional training in the
current issues of the clinical discipline “Internal Medicine”, just like their need to be guided in
a decision-making process concerning elective courses.

The most popular topic for undergraduates was option Ne 4 (“EBM in internal medicine”)
chosen by almost %4 of them (72,22%). Half of the respondents chose courses related to
rheumatic diseases (options Ne 1 and Ne 3 — 55,55 and 50,00% responsively). The least popular
topic, chosen by only one in three students (33,33%), was “Basics of geriatrics” — option Ne 2.
Thus, the relevance of studying gerontology’s clinical issues must be explained to medical
undergraduates, while the need for providing EBM in clinical practice is both intuitively felt by
them, and is contextual, and is the result of the continuity of the components of the study
program.

Only one EC was chosen by a minority of undergraduates — by every third student (6 out
of 18; 33,33%) — and in these cases, the topic of EBM predominated (4 out of 6; 66,67%). With
the same rate 33,3% (6 out of 18), the undergraduates chose two ECs, and in these cases, the
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topic of EBM was also a leader (5 out of 6; 83,33%) combining either with “Basics of
Rheumatology” (4 out of 6; 66,67%) or with “Rheumatic diseases in the elderly” (1 out of 6;
16,67%). In general, a majority (2/3) of respondents chose either one or two ECs, and a minority

(1/3) — three or four topics. Three ECs were chosen by 2 undergraduates (11,11%), who
preferred “rheumatologic” topics (Ne 1 and Ne 3) in combination with either EBM (Ne 4) or
“clear” geriatrics (Ne 2). Finally, all four proposed topics were chosen by 3 respondents
(16,67%).

Was there a link between the main respondents’ demographic features and numbers and
topics of chosen ECs? Neither the student’s age nor average grade point in the discipline
“Internal medicine” turned out to be predictors for the choice of ECs in our study. Women
chose only one EC more often than men (Table 7). The topic dedicated to EBM was quite
equally attractive to both.

As it is highlighted above, the current performance in this group was on average very good:
066,67% of them were graded with A and B according to ECTS. The application of mathematical
statistics methods in this small sample did not reveal a dependence of the number of ECs taken
on the average grade point in internal medicine. The largest number of ECs (four) were taken
by three students graded with A, B, or C. Two students graded with D and E chose one and
two ECs responsively. The answers of the students graded A, who numerically dominated in
this group (7 out of 18), were distributed as follows: 42,86% (n=3) preferred one EC, 28,57%

(n=2) — two, and 14,29% each were those who chose three or four ECs. Most students graded
with A in internal medicine (5 out of 7; 71,43%) chose a topic on EBM in internal diseases, but
the rest 28,57% did not prefer this course.

The frequency of occurrence and share of ECs in the responses of all sixth- and fifth-year
students who made up the study cohort (n=40) are presented in Fig. 2. Compared to the findings
in undergraduates (Figure 1), the share of those who chose an EBM topic “decreased” due to
the enlargement of a sample at the expense of 5"-year students from 72,22% to 56,52%, whereas
the share of those who would study a course “Basics of diagnosis in rheumatology” remained
at more than half (58,69% vs. 55,55% among 6"-year students).

Talking about fifth-year students (n=28), they all returned their responses (Figure 1; Table
7), and none chose the option “Other”, while the other four named options were indicated in
the Google form 48 times. On average, there were 1,71 ECs per student in this subgroup. Like
with the undergraduates who chose 2,11 ECs per person, this result proved both high students’
motivation for additional training in the current issues of internal medicine and their need for
suggestions on the ECs’ topics.

So, the most popular and equally interesting for men and women in the 5 year student
group was the topic Ne 1 (“Basics of diagnosis in rheumatology”) chosen by 60,71% of
respondents (Table 7). The EBM-related topic was chosen by less than half of participants
(46,43%). Like with the undergraduates, the option “Basics of geriatrics” turned out to be the
least popular: it was chosen by 35,71% of students. So, the most interesting topic was the

contextual one — a course that complemented a main component of the curriculum, which had

been just learned according to the schedule.
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Only one EC was chosen by every second 5"-year student (14 out of 28; 50%). The other
half of the group chose more options, and it is worth indicating that the share of those who
would take four ECs was only 7,14%.

Given the highest interest in the topic related to rheumatology in this study group, a link
between current performance in the discipline “Internal Medicine” and the preferred options
was suggested. Calculation showed that like in the undergraduate group, a majority of 5™-year
students (19 of 28; 67,86%) were graded A or B according to ECTS. Most of them (11 of 19;
57,89%) chose only one EC. The responses of the students graded A, who numerically
dominated in this group (18 out of 28; 64,29%), were distributed as follows: 61,11% (n=11)
preferred only one EC, 22,22% (n=4) — two, 11,11% (n=2) — three, and 5,56% (n=1) — four
ECs. Interestingly almost % of students, who were graded A for learning rheumatology and
nephrology and chose only one EC, preferred the related (“contextual”) topics — either “Basics
of diagnosis in rheumatology” (5 of 11; 45,45%) or “Rheumatic diseases in the elderly” (3 of 11;

27,27%) — in general, 72,73% (8 out of 11). Only two of them would take a course “EBM in
internal medicine”, and only one student chose “Basics of Geriatrics”. Regardless of the number
of chosen ECs, EBM was of interest to only 33,33% (6 of 18) students graded A and 77,78%
(7 of 9) students graded C in “Internal medicine”. The only student, who was graded B in
rheumatology and nephrology, did not choose a course of EBM but preferred rheumatology-
related topics Ne 1 and Ne 3.

Talking the whole studied cohort (n=46), 1,87 ECs per student were chosen (Table 7).

Thus, more than half of 5"-year students require more study in the issues of rheumatology
although this section of “Internal medicine” is being taught in the current semester as a
curriculum’s mandatory component. Our study shows that the topic “Basics of diagnosis in
rheumatology” is the most popular among the ECs offered for this student cohort, whereas in
the final year at university when more knowledge and skills have been accumulated and medical
practice has become more advanced, the topic of applying EBM is of greatest interest.

Thereby, from the perspective of a more student-centered approach for designing curricula
and developing flexible learning paths, it is worthwhile to propose the elective components of
a study program at a clinical department, but no more than two per semester and considering
current content. For 5"-year students, it is reasonable to strengthen their competence in
theumatology and nephrology in the 10" semester by learning an EC devoted to rheumatic
diseases. However, considering the demographic trends and prospects (i.e., aging of the global
population) and in the absence of the discipline “Geriatrics” in the curriculum, it seems
reasonable to offer to 5"-year students namely the topics like “Rheumatic Diseases in the
Elderly”, “Kidney Diseases in the Elderly”, etc. For undergraduates, more integral themes like
“Evidence-based approach in internal medicine clinic”, “EBM in geriatrics” etc. may be
especially interesting and useful.

The regional features of a choice of ECs by the foreign medical students of Kyiv Medical
University, estimated in our study, are summarized in the Appendix (Tuble 2). Table 3 shows the
distributions of the students’ decisions regarding the topic “EBM in internal medicine” in terms
of regions and countries from which they came.

The Indian subgroup of our study included 10 participants: 6 undergraduates (2 men and 4

women) and four 5"-year students (3 men and a woman) (Table 2). Their current performance
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in “Internal medicine” was as follows: undergraduates received B, C, or D (3; 2; 1 person(s)
responsively), while 5"-year students were graded A (n=2) or C (n=2). Interesting that the
course on EBM in internal medicine was chosen only by the students graded C (n=4) and B
(n=3). This topic was chosen by 83,33% of undergraduates (5 out of 6; one man and 4 women)

and half of the 5™-year students (2 out of 4; both men), in total by 70,00 % of Indians — by 3
men and 4 women. Namely EBM turned out to be the most popular issue for undergraduates
(as taken by 83,33% of them), whereas all 5"-students voted for the “Basics of diagnosis in
rheumatology”.

The average number of ECs per student in the subgroups was 2,00 in undergraduates and
2,25 in 5"-year students. Regardless of the year of study, half of the students voted for only one
EC. As for the other halves, undergraduates chose from two to four ECs, and 5"-year students
chose three to four courses per person.

The Pakistan cobort consisted of four men graded either A or C in “Internal medicine”: one
6™ year student (graded C and chose all proposed topics including EBM) and three 5"-year
students (regardless of their grades in internal medicine, they all preferred to study “Basics of
diagnosis in rheumatology”, whereas the issues of EBM was of interest to 66,67%). Most 5%-
year students (2 out of 3) chose three ECs (namely the topics NeNe 1, 2, and 4) regardless of
their grade A or C in internal medicine, and one student who was graded A chose only the topic
“Basics of diagnosis in rheumatology”. The average number of ECs per person among
Pakistanis turned out to be 2,75.

Concerning the participant from $7; Lanka, he was an undergraduate graded A in internal
medicine and chose to study both “EBM in internal medicine” and “Rheumatic diseases in the
elderly”. So, the average number of ECs per student in this subgroup was 2,00.

Thus, the South Asian subgroup (n=15, which is 32,61% in the study cohort) consisted of 8
undergraduates (4 men and 4 women; ratio 1:1) and 7 5"-year students (6 men and 1 woman,
ratio 6:1), of which 10 were men and 5 were women (ratio 2:1). The topic “EBM in internal
medicine” was chosen by a majority in this cohort (11 out of 15; 73,33%) and among their
undergraduates (7 out of 8; 87,5%) and 5"-year students (4 out of 7; 57,14%).

As for 5"-year students from the South Asian region, there was no one from Sri Lanka, so,
all participants were Indians and Pakistanis and preferred a course on diagnosis in rheumatology
(which expanded and improved the curriculum concerning the main component studied in the
10™ semester). The topics devoted to EBM, geriatrics, and rheumatic diseases in the elderly were
taken each by 57,14%.

In general, the EBM course was chosen by all those who came from Pakistan and Sri Lanka
and by 70% of Indians.

The West Asian subgronp included only 5 representatives from Iran and Turkiye, so its share
in the study cohort was 10,87%. Distinctive features of this cohort turned out to be the
predominance of women, like Iranians, undergraduates, and those who received an A grade in
the discipline “Internal medicine”: the proportion of each of these characteristics was 80%.

Most Iranian students (75%) chose a study of EBM and preferred two ECs. A course on EBM
was taken by all undergraduates (namely 2 women graded A and a man graded B). This topic
was not chosen by one 5™-year student graded A in “Internal medicine”; she decided on the

topics “Basics of geriatrics” and “Rheumatic diseases in the elderly”.
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The only participant from Tiirksye was a 6™-year student graded A in internal medicine. Her
decision was both a course dedicated to EBM along with a “Basics of Diagnosis in
Rheumatology™.

As can be seen from the Appendix (Table 2), a total of 26 African students participated in our
study, including 22 from Nigeria and 2 each from Ghana and Tanzania.

The Nigerian subgronp was the largest compared to others in our study. It consisted of 4
undergraduates (2 men and 2 women) and 18 5"-year students (7 men and 11 women) and
included 9 men and 13 women. Thus, due to 5"-year students, women predominated in the

Nigerian subgroup with a share of 59,09%, and male to female ratio was approximately 2:3.

The topic “EBM in internal medicine” was chosen by half of the Nigerian cohorts — both
general (11 out of 22) and Nigerians in their 5" and 6™ years of university (9 out of 9 and 2 out
of 4, respectively). Among the students graded with A in internal medicine, a share of those

who chose EBM turned out to be less than half — 46,15% (6 out of 13).

Talking about four Nigerian undergraduates, their academic performance in internal
medicine was not homogenous (two persons were graded with A, while the others received
grades C and E. The course on EBM was chosen by those whose performance in the discipline
was cither “excellent” (grade A) or “sufficient” (grade E). In general, 50% of undergraduates (2
out of 4) were interested in EBM. The calculation showed that there were 2,11 ECs per person
in this subgroup. More than one elective course were chosen by 75% of Nigerian
undergraduates (3 out of 4), and in all these cases the topic “Basics of diagnosis in
rheumatology” was taken.

As for 5™-year students coming from Nigeria (n=18), 66,67% of them were graded A
(n=11) and B (n=1) in internal medicine. Every third person (33,33%) received a grade of C. In
general, 50% of students (9 out of 18) were interested in EBM, and this topic was chosen by
57,14% of men (4 out of 7) and 45,45% of women (5 out of 11). There were 1,83 ECs per
student in this subgroup. An almost equal number of participants chose the topics dedicated to
either EBM (n=9) or diagnosis of rheumatic diseases (n=10; 3 men and 7 women) or rheumatic
diseases in the elderly (n=8; 2 men and 6 women). Every third person was interested in studying
geriatrics (n=0; 2 men and 4 women).

All participants from Ghana and Tanzania (n=4) turned out to be not interested in additional
courses on EBM — although their current performance in internal medicine was graded with A
(75%) and B (25%). All of them without exception preferred to study the topic “Rheumatic
diseases in the elderly and of the elderly”. All undergraduates (n=2) from these African countries
took more than one elective course, but none of them chose “EBM in internal medicine”.

As Table 2 shows, among all participants who chose a course on EBM (n=20), the shares
of students coming from Africa (namely Nigeria, n=11) and South Asian countries (India,
Pakistan, and Sri Lanka; a total of 11 persons) turned out to be equal (each of 42,31%), although
the sizes of these regional cohorts were different: 26 students were from Africa and 15 from
South Asia.

Thus, we found differences in students’ decisions regarding the offered ECs and their
relation to a year of curriculum and the region and country from which students came.

Information analysis performed according to the objective and the tasks of our study

revealed that, concerning knowledge and attitude to EBM training programs for medical
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students, several cross-sectional studies were provided in Turkiye (Cakmakkaya, 2021; Coskun et
al., 2023), Iran (Narges et al., 2013), etc. Similar surveys were conducted among physicians and
other healthcare practitioners of tertiary and secondary link in India (Ambulkar et al., 2017), Sti
Lanka (Abeysena et al., 2010), Iran (Moosavi et al., 2020), Nigeria (Iloh et al., 2020; Nwagwn, 2008,
Oluwadiya et al., 2024), just like in Sytia (Alabdullah et al., 2022), and among Ethiopian medical
interns (Yehualashet et al., 2027), Malaysian emergency doctors (Abmad Ghaus et al., 2021) and
primary care practitioners (Zanaridah et al, 2027). In 2013, literature data on educational
interventions addressing multiple skills on EBM in medical students of 12 different countries

were systemically reviewed by Maggio et al. from Stanford University (Kbaraghani et al., 2016).

As for Ukraine, in 2015 we were the first (Gruzieva & Puzanova, 2015) who study the sample
of 252 Kyiv primary link physicians concerning their knowledge, skills, and attitude to EBM in

the field of medical prevention (Puzanova, 2018) using a self-developed questionnaire (Gruzieva

& Puzanova, 2015). A low level of knowledge and skills on the issue was found, which was
consistent with the results of two surveys of tertiary healthcare professionals conducted by other
authors in 2005 and 2009. The high need of our study’s participants to improve their
competence in EBM was found (Puzanova, 2018), so we confirmed the need to develop a system
of CME on EBM and started to implement it in Ukraine.

Best practices in implementing EBM to improve quality in healthcare and medical

education have been studied systematically (Povorozmyuk & Puzanova, 2019; Puzanova, 2017
Puzanova, 2016; Puzganova, 2018; Revenok et al., 2016). Concerning regional features of choosing
ECs by medical students from different African and Asian countries, it is worth noting that

some national and regional features of the implementation of EBM have been described by
authors from India (Prasad, 2013; Thakkar & Shyam, 2017), Iran (Hashem-Dabaghian et al., 2022,

Kharaghani et al., 2016; Mohamadhoseinzadeh Hashemi et al., 2019; Moosavi et al., 2020, Moradi &
Hosseini, 2017; Narges et al., 2013), Nigeria (Iloh et al., 2020, Nwaichz, 2020), Germany (Sabouni et
al., 2017), Sytia (Alabdullab et al., 2022), and much is known about the EBM development by
Western countries and China as old and new leaders in this regard, respectively (Puzanova, 2016).

Regarding the influence on the quality of clinical practice of EBM training sessions, the
literature data are different. For example, the need to enhance EBM skills training in the current
medical school curriculums was confirmed in 2021 in Malaysia given the results of a survey of
183 physicians and medical officers from the governmental hospitals’ emergency departments
(Abmad Ghaus et al., 2027). We found the same conclusion in the other papers, too (Ambulkar et
al., 2017; Nwagwn, 2008; Subbiah, 2023). It seems paradoxical that in the sample of 169 surgeons
and trainees from 5 southwest Nigerian hospitals described in 2024 (Oluwadiya et al., 2024) those
who received EBM training were not more likely to use this approach in the clinical decision-
making process than those who were never trained, which allowed Oluwadia’s team to indicate
the need to reevaluate the quality of EBM training provided in the region (Oluwadiya et al., 2024).

Quoting articles by African and American authors published in 2008 and 2023, respectively,
we note their similarities concerning the importance of EBM studying: “EBM should be part of
the undergraduate medical curriculum in Nigeria” (Nwagwu, 2008), and “clinical trials training
should be a part of medical education” (Subbiah, 2023).
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It is worth noting the high need to improve the level of EBM consciousness and awareness
among Nigerian medical HEIs’ teaching staff highlighted 16 years ago (Nwagwu, 2008). Their
paper (Nwagwn, 2008) reported a high rate (47,19%) of a high level of knowledge in EBM among
89 consultants of the teaching hospitals of medical educational institutions, while 52,81% had
low knowledge. The study cohort included 82 males and seven females; every third was in the
rank of professor and the others were with comparable frequency either lecturers, senior
lecturers, readers, or non-academic consultants. Interestingly only 34% assessed their
knowledge as low, while 66% had a high assessment of their knowledge. Neither age nor
duration of service influenced their awareness of EBM. Concerning gender factors, there was
no statistical association found, but more males reported awareness of EBM than females (52,43
vs. 47,57%). The disciplinary specialty turned out to be significant: the highest level of awareness
about EBM (range from 65,32 to 72,12%) showed surgeons, obstetricians-gynecologists, and
ear, nose, and throat doctors, whereas the lowest level (range from 1,2 to 1,55%) was reported
by experts in biostatistics, epidemiology, and biochemistry.

In 2000, in line with global trends and practices, the Nigerian government recognized the
relevance of evidence-based policies as a critical requirement for providing comprehensive
reforms in healthcare (Nwaichi, 2020). In 15 years, as Nwaichi and his team reported, advanced
knowledge of evidence-based decision-making was shown only by 1% of 424 Nigerian
governmental and non-governmental agencies stuff (although they all were well-educated),
whereas 36% did not know this approach (Nwaichi, 2020). Thus, a demand for EBM
institutionalizing in the country was confirmed.

From regional and historical viewpoints, such a need was recognized in China much earlier
than in Nigeria, in 1996 (Puzanova, 2077). As for India, then, considering its huge and growing
population and the presence of a developed pharmaceutical industry, this country seemed to be
a new regional leader in EBM (Puzanova, 2016), but a literature review revealed many regional
features and barriers for the implementation of this approach in medical practice (Ambulkar et
al., 2017; Prasad, 2013; Thakkar & Shyam, 2017). Similar challenges and obstacles to the
development of EBM were estimated in Iran (Hashen-Dabaghian et al., 2022; Mohamadhoseinzadeh
Hashemi et al., 2019; Moradi & Hosseini, 2017). The developing countries’ need to use a
multimodal approach to teaching EBM has also been substantiated (Sabouni et al., 2017).

In general, the similarity of barriers to EBM implementation and ways to eliminate them at
different levels of healthcare systems has been evidenced (Abeysena et al., 2010; Moosavi et al.,
2020). Although sources of evidence are changing and constantly growing in quantity (Subbiabh,
2023), the main databases of EBM remain the same. The problem of their low access and poor
availability in low-moderate-income countries has long been identified. For example, in Nigeria,
the most important EBM resources are well-known for teaching hospital consultants (Nwagwu,
2008), but not for most surgeons in the southwest region who still rely on traditional sources of
information in their clinical practice (Oluwadiya et al., 2024).

In India, all residents have free access to the Cochrane Library, which is the main computer
database of EBM (Prasad, 2013). Like in China (Puganova, 2077), an international collaboration
on EBM started in India in 1995 by providing workshops for medical college faculties and
healthcare practitioners. In 2005, the South Asian Cochrane Network (SACN) was established
to support EBM development in India and other South Asian countries such as Sri Lanka,
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Pakistan, Bangladesh, Bhutan, Nepal, the Maldives, and Afghanistan. Despite this, the lack of
providing evidence-based cardiovascular prevention by 2993 Indian physicians at any level of
healthcare was disclosed in 2009. Low EBM awareness and high misconception that EBM
ignored clinical experience were found in 50% of surgeons who participated in the other survey
in 2010. As of 2013, it was several attempts to include EBM in undergraduate or postgraduate
curricula or exams (Prasad, 2013). As Prasad wrote at the time, the aim was to promote research
and create a system of CME on EBM. The main perspectives were to develop medical education
in EBM, including international collaboration concerning improved -curriculums and
educational materials.

However, in 2017 acceptance of EBM in India remained low, according to Thakkar and his

colleagues (Thakkar & Shyam, 2017). Concerning a better situation in tertiary-level medical
settings, Ambulkar and his team reported the results of a monocentric paper-based
questionnaire survey of 123 anesthesiologists (76% of respondents), intensivists, surgeons and
allied perioperative healthcare professionals provided at a Cancer Centre in Mumbai (Awbulkar
et al., 2017). Given a response rate of 65%, most participants (98%) had a positive attitude
towards practicing EBM in perioperative medicine, while only 54% of them had been trained
in research methodology. The lack of knowledge of fundamental issues of EBM in this cohort
confirmed the need to incorporate EBM into undergraduate medical education (Awbulkar et al.,
2017).

In Malaysia, as of 2021 (Abmad Ghaus et al., 2021; Zanaridah et al., 2021), a suboptimal level
of knowledge on EBM was found in a survey of primary healthcare professionals conducted by
Zanaridah and his co-authors. In the same year, a high level of knowledge of EBM was proved
in half of the 200 emergency doctors in Kelantan. Other features in this cohort, according to
Ahmad Ghaus and his colleagues, were positive attitude and good practice of EBM (Ahwad
Ghaus et al., 20217).

As was reported in Sri Lanka (Abeysena et al., 2010), by 2007-2008 some form of training in
EBM had been received by 28% of 315 secondary hospitals’ physicians. EBM was practiced by
54% and considered to be “fundamental to professional practice” by 77% of participants. The
response rate in the survey was 77,4%.

The same category of physicians was studied in a recent Iranian nationwide survey provided
with a response rate of only 54,4% (Moosavi et al., 2020). 1524 researcher-designed questionnaires
were completed, and the results obtained turned out to be similar to the data from the Kyiv
sample of primary care doctors (n=252) (Puzanova, 2018). The main obstacles to practicing EBM
were similar in Sri Lanka, Kyiv, and Iranian cohorts studied in 2010, 2015, and 2020 respectively,
but gender was indicated as a barrier-related factor only in Iran.

Talking about regional features of barriers to EBM teaching and learning at the
postgraduate stage of CME, they seem to be similar in different countries (Abeysena et al., 2010,
Abmad Ghaus et al., 2021; Mohamadhoseinzadeh Hashemi et al., 2019; Sabouni et al., 2017; Y ehualashet
et al., 2021; Zanaridab et al., 2027). Developing countries were in focus of a study of the obstacles
to EBM awareness reported by Sabouni and his team in 2017.

Having performed a content analysis of the other paper (Mohamadhoseinzadeh Hasheni et al.,
2019), we confirm Iranian authors’ attention to gender as a factor related to practicing EBM by

physicians of Tehran secondary-referral hospitals. There were 150 participants in the survey (a
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response rate of 79%), including 53,3% males. Concerning causes of non-using research in
clinical practice (such as organizational effects, research quality, research skills, and access to
research findings), the role of physician features was studied, namely their age (including a
subgroup of 21-30 years), gender, level of education (i.e., specialist, subspecialist or general
practitioner), marital status, and type of membership (official or contractual). Neither gender
nor marital status nor type of membership turned out to be associated with any of the indicated
causes of non-practicing EBM. Female gender was not an obstacle to providing research in
clinical practice. It was overwork, lack of time, motivation, facilities, and authorities’ support
indicated as the most important barriers.

So, we found several Iranian publications on their experience on teaching EBM (Kbharaghani
et al., 2016; Moosavi et al., 2020; Narges et al., 2013) and practicing EBM (Hashem-Dabaghian et al.,

2022, Jabangir, 2022, Mohamadhoseinzadeh Hashemi et al., 2019; Moradi & Hosseinz, 2017) and no
any paper from Pakistan in the available databases.

Besides that, the papers dedicated to Syria and Egypt were of interest considering both
international student migration from these countries (Sabouni et al., 2017) and the Syrian
experience of a dramatic decline in the quality of medical services during and after the
devastating war (Alabdullah et al., 2022). This stimulated Alabdullah and his co-authors to
conduct a cross-sectional study of knowledge, attitude, and practice of EBM using a self-
designed web questionnaire, which was answered by 214 physicians from secondary and tertiary
teaching hospitals. As of 2022, most of them (77,6%) never studied the issues of EBM, a
majority had low knowledge and neutral attitude to EBM, and either never or seldom joined
CME for an update regarding EBM. In Egypt, in 2013 most physicians considered themselves
to be practicing EBM, while in fact, they were not. Sabouni and his co-authors quoted that the
other regional feature was wide misconceptions of knowledge in EBM (Sabouni et al., 2017).

Authors from Ethiopia (Yebualashet et al., 2027) described features related to practicing
EBM in a survey of 403 medical interns at a regional state teaching hospital, such as a lack of
knowledge, critical appraisal skills, and time for searching evidence, just like a negative attitude
towards EBM.

Talking about Turkiye, Sabouni and his co-authors quoted the paper published in 2014 and
reported that only 1% physicians of in this country attended EBM courses during their
university life (Sabouni et al, 2017). As it was written in 2021 (Cakmakkaya, 2027), the EBM
training ECs for 3"-, 4" and 5"-year students have been individually developed and
implemented by several medical schools in Turkiye, and it was suggested the feasibility of
teaching the EBM’s basics in the 3" year of the curriculum, given the results of a 78 students’
survey, which evaluated this program’s effectiveness using a national version of Fresno test. In
2023, the impact of EBM training on students’ beliefs about the origins of COVID-19 was
found in a cross-sectional study involving 2577 medical students from 49 medical schools
(Cogkun et al., 2023).

Literature data indicate the influence on the implementation of EBM of several factors
associated with medical students/healthcate professionals such as gender, year of the
curriculum, type of membership, regional features and needs, or ethnicity, too
(Mobhamadhoseinzadeh Hashewi et al., 2019). The teachers’ features can also be influencing (Maggio
et al., 2013; Narges et al., 2013). In a literature review by L.A. Maggio and his team, it was
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established that the majority of EBM instructors (60%) were physicians and the majority of
teaching interventions (60%) were focused on clinical students, while fewer papers informed on
“preclinical” students taught in EBM (Maggio et al., 2013).

The obstacles to teaching EBM in Iranian HEIs were described in a qualitative study (Nazges
¢t al., 2013) from the views of both medical students and clinical academics. The academics
suggested the need to teach the faculties first to encourage them to act as role models and
provide opportunities to use EBM skills in clinical settings. We noted that at the same time, the
implementation of a system of CME in EBM started in Ukraine in different focus groups of
national healthcare professionals (Gruzieva & Puzanova, 2015; Puzanova, 2016; Puzanova, 2018,
Revenok et al., 2016).

Talking about regional and year-dependent features of student choice for EBM in clinical
practice as a selected part of curricula, it is worth noting that consistency of clinical guidelines
may be important too, e.g., in 2020 Iranian guidelines in preventive services in primary care had
a good consistency with the American recommendations than in obstetrics and gynecology
(38% vs. 75,6%) (Kharaghani et al., 2016). But there is no doubt about the need to teach less
integrative but more subject/content-oriented ECs for 5"-year medical students on the
principles of EBM.

It was confirmed using information analysis of the mutual interest and convergence of
opinions of adherents of traditional medicine and EBM in different countries, just like a study

of regional features of the EBM implementation for developing national healthcare systems
(Hashem-Dabaghian et al., 2022; Jabangir, 2022, Moradi & Hosseini, 2017; Prasad, 2013; Puzganova,
2011; Puzanova, 2016; Thakkar & Shyam, 2017). Vatious interventions of both Iranian traditional

medicine and Chinese traditional medicine acknowledged their ability to solve many clinical
needs and challenges (Moradi & Hosseini, 2017; Puzanova, 2017), although these approaches
cannot be completely integrated into the EBM framework because they recognize expert
opinion as superior to epidemiologic evidence. As it was reported in 2022, less than half of
Persian medicine specialists in Iran were trained in the EBM issues (Hashem-Dabaghian et al.,
2022). However, a decade ago, more than 10% of all Cochrane systematic reviews were
developed by Chinese experts — not limited to aspects of Chinese traditional medicine (Puganova,
2011; Puganova, 2016). Criticism of the quality and applicability of evidence is found in many
papers regardless of their origin country (Jabangir, 2022; Moradi & Hosseini, 2017; Revenok et al.,
2016; Subbiah, 2023; Thakkar & Shyam, 2017). Traditional Chinese, Indian, and Persian medicine
is based on expert opinion and more oral than translation knowledge written way. Both the
“teacher-centric” and “patient-centric”” approach remain a paradigm of medicine in most Asian
countries. However, the EBM acceptability and implementation have been improved across the
board as a result of its concept development as the integration of research evidence with clinical
expertise (either individual or consensus) and a patient’s choice and values (Awbulkar et al., 2017,
Hashem-Dabaghian et al., 2022; Narges et al., 2013; Prasad, 2013; Revenok et al., 2016). Nowadays
EBM has become more patient-centric than recently (Abmad Ghaus et al., 2027), which is
reminiscent of a more student-centered paradigm of modern higher education.

The national context has also been considered by the experts who studied barriers and

obstacles to EBM implementation, just like future directions and strategies for EBM education

146



(Abeysena et al., 2010, Ambulkar et al., 2017; Lloh et al., 2020, Maggio et al., 201 3; Mobamadhoseinzadeh
Hashemi et al., 2019; Moosavi et al., 2020; Narges et al., 2013; Nwagwn, 2008; Puzanova, 2011; Sabouni

¢t al., 2017; Thakkar & Shyan, 2017). To summarize, the quality and best practices in healthcare
and higher medical education imply the implementation of a system of CME on EBM starting

from the development of appropriate student competencies at the undergraduate level.

Discussion

Our pilot study had no prototype found in the available literature. To the best of our
knowledge, this is the first survey of medical students on the issue of choosing ECs on current
medical-and-social issues such as non-communicable (namely internal and geriatric) diseases,
and applying EBM to internist’s practice. It solved the ECs’ topics relevance question offered
to senior international medical students coming to the KMU from several African and Asian
countries. Being implemented as flexible learning paths and selective components of curricula,
these ECs can improve the quality of educational services, develop student competencies, and
contribute to improving higher education quality.

The rationale for proposing namely rheumatic diseases, geriatrics, and EBM in internal
medicine as priority topics for ECs at the clinical department of KMU for international 5- and
6"-year medical students was the objective difficulties in both studying rheumatology as a

complex branch of internal medicine and a managing rheumatic diseases in clinical practice

(Povorozmyuk & Puzanova, 2019; Puzanova, 2018), just like a global trend of population aging and
a need for efforts to provide better medical care for older people, which has been declared the
task of the Decade of healthy aging 2021-2030 (UN Decade..., 20217), and EBM recognition as
an approach to improve quality in health care by integrating the best epidemiological evidence
with clinical expertise, given consensus and circumstances, and individual patient’s choice and
values (Alabdullah) et al., 2022, Narges et al., 2013; Puzanova, 2016). The following ECs were
offered: “Basics of diagnosis in rheumatology” (as the most complicated part of the subject
discipline “Internal medicine”); “Basics of geriatrics: Internal diseases in the elderly” (grounded
by a stable global trend of demographic aging); “Rheumatic diseases in the elderly and of the
elderly” (to integrate the previous topics’ tasks); “Evidence-based approach in internal
medicine” (grounded by the need to provide a continuity of teaching the EBM methodology
issues at the undergraduate stage of CME); “Other (Indicate in a comment, which one namely)”
(because it is necessary to support students’ participation in creating flexible learning paths).

The study results allowed us to conclude that all these topics were justified with regard not
only to global health essentials and demographic trends, the ESG and recommendations on
implementing EBM from global and national undergraduate medical education accreditation
organizations, like the current curricula content in specialty “Medicine”, but also concerning
students’ decisions. Except for the option “Other”, all ECs offered were chosen by 33,33 to
100% in certain studied subgroups.

The students’ level of competencies according to the year of curriculum turned out to be
influencing choosing the ECs. This is in line with the literature data, although more information
was found about the postgraduates’ opinions (Mobamadhoseinzadeh Hashemi et al., 2019;
Yehnalashet et al., 2027). As for sixth-year participants, most of them decided to study more on
EBM (72,22%), while 55,55% needed to improve their knowledge in the diagnosis of rheumatic
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diseases (despite studying this in both 10" and 11" semesters) and 50% chose a new topic on
rheumatic diseases in the elderly. The majority chose more than one topic, including EBM in
most cases. Students’ decisions for a more studying EBM can be explained by their conscious
ot intuitive choice of the educational course they need for their future professional career and
is related to what they had studied earlier at the Department of Public Health and Microbiology
at the KMU.

Other student-related factors seem less significant. The fact of the numerical predominance
of women over men among patients with rheumatic diseases and in elderly populations is well
known. This prompted us to consider the gender factor in the study, but its role was not
confirmed, which corresponds to the data of other authors (Mohamadhoseinzadeh Hashemi et al.,
2079). Neither student gender nor average grade point in the discipline “Internal medicine” in
the current semester influenced the topics and numbers of the ECs chosen. Regarding the role
of academic performance, future studies should consider the student’s grade in the EBM course
received in the fourth year of the curriculum.

In our study, participants’ educational needs varied depending on their region of origin,
e.g., the EBM course in internal medicine was chosen by most undergraduates from West and
South Asian countries, but only half of those from Africa. In general, both the year/semester
of curriculum and region/country of origin turned out to be the factors potentially influencing
students’ decisions regarding the number and topics of the ECs offered. This result, to the best
of our knowledge, is new in the literature.

Concerning regional features, much has been described by the authors from different
regions and countries on issues of awareness, development, and implementation of EBM
methodology. Our results are consistent with the literature data about regional features
regarding leadership or lag in both the implementation of medical standardization based on the
EBM principles and providing a CME system in EBM methodology, in particular, of providing
appropriate training at universities.

The regional features regarding less need to study the course “EBM in internal medicine”
among African students compared to the other subgroups in our study may be related to both
weak EBM process development and standardization weak system in healthcare based on the
principles of EBM in some African regions and countries. However, the literature review found
that EBM is also “in its early stage” in Iran (Mobamadhoseinzadelh Hashewi et al., 2019), while most
participants from this country chose EBM in our study.

So, this is unlikely that students from Ghana and Tanzania will choose to study how to
promote EBM in clinical practice (Table 3) unless there are dedicated efforts by faculty and
national policies’ clarification regarding EBM. There is also the need to study more 5"-year
students from West Asia to increase the reliability of the study results on this issue, according
to the subgroup analysis conducted.

More than 10 years ago, a literature review on the issues of EBM training in undergraduate
medical education (such as learner levels, instructors’ and settings’ features, teaching methods
and covered EBM skills) was performed by authors from Stanford University (Maggio et al.,
2073). Having analyzed 20 English-language papers delivered in twelve countries and published
in 2006-2011, Maggio and his co-authors recommended that educators who design EBM

interventions “consider trends in medical intervention (e.g., online learning, interprofessional
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education) and health care (e.g., patient-centered care, electronic health records)” as well (Maggio

¢t al., 2013). Regarding our study and further research, this advice is worth considering in the

development of ECs on clinical practicing EBM — along with a recommended implementation
of an EBM assessment tool (Cakmakkaya, 2021).

The benefit of the results of our pilot study is that they open the prospect of improving
both the quality of teaching, flexible learning paths, and learning outcomes despite some
limitations of their applicability such as sample size and subgroups. The competitiveness of our
university and its graduates may increase even in conditions of war and a sharp decline in student
migration to Ukraine. It can be reached by improving educational services for international
students provided considering both their current level of competence and regional features and
needs.

Besides, our study confirms the need to improve curricula by including the components
dedicated to specific and systemic health disorders of the elderly, whose share in the population
structure will reach 30% in different countries soon.

Implementation of a more student-centered learning and teaching approach in foreign
students’ cohorts seems to be more effective if ECs consider regional needs and characteristics
important for the students. Training workshops should be set up for 6™-year students to
improve their competencies and skills needed to practice internal medicine on the principles of
EBM, whereas 5"-year students need more studying of complicated parts of the curriculum. An
effort is needed to clarify the importance of learning geriatrics to all medical students, just like
to guide African students to study more on EBM.

To achieve the best practice in the higher education area, further research in this direction
is needed. This is a way to generalize the results of our study and to harmonize curricula given
a student-centered learning and teaching approach to improve the quality of medical education
in Ukraine and other countries.

Limitations of our study are associated with a sample size concerning some subgroups. An
important drawback is the non-inclusion of students from Israel and Syria in a cross-section,
which was because they were not taught the discipline “Internal medicine” at our department
during the survey. Their features concerning the study’s purpose need further investigation.

The controlled nature of students’ choice of ECs even at the graduate level is confirmed in
our study by the fact that none of the participants chose the proposed option “Other”. So, a
guiding role of the faculty is essential to implement a more student approach in designing the
curriculum. It seems reasonable to develop a more comprehensive questionnaire and conduct a
survey in a larger sample size. Concerning this, we note that several questionnaires have been
used in the surveys with the lowest response rate of 54,4% (Moosavi et al., 2020) and the highest
of 100% in our study. In our opinion, this reflects the interest of KMU international medical
students in designing curricula considering their educational needs and values.

The overall impression of international medical students’ choice of ECs on the EBM issues
in internal medicine, rheumatology, and geriatrics at the KMU was as follows: positive attitude
and high need. Student-dependent factors influencing their decisions regarding the number and
topics of the ECs were both the year of curriculum and the region of origin. Involving senior
medical students in designing curriculum is appropriate when ECs are offered to them in several

relevant topics on practicing EBM, supplementing current content of the subject discipline,
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geriatrics as well. Efforts are needed to broadly explain the importance of learning the basics of
geriatrics and to guide undergraduates from Africa to choose courses in EBM.

The development of this scientific direction will contribute to accessing the best
management of international medical students in terms of stimulating their motivation, self-
reflection, and engagement in designing curriculum by introducing ECs on current medical
issues considering both year of study and regional needs and features as the influencing student-
related factors. Further research is necessary to improve the quality of higher medical education
in Ukraine and other countries, especially in conditions of unstable student migration and when
teaching international students.

As was highlighted, teaching EBM is a priority in the healthcare process (Sabouni et al.,
2017). Concerning this, many methodological and organizational issues will arise soon. The
critical aspects of implementing EBM are as follows: infectious control; primary link of
healthcare; age groups such as children and older adults; quality, sufficiency, and sources of
evidence; acceptance of EBM in different countries considering their national and regional
traditions of providing medical care; integration of EBM with an individual approach in health

care and personalized medicine; development of evidence-based complementary and alternative
medicine, too (Hashenr-Dabaghian et al., 2022; |ahangir, 2022; Povoroznynk & Puzanova, 2019; Prasad,
2013; Puzanova, 2016; Revenok et al., 2016; Subbiah, 2023; Thakkar & Shyanm, 2017). These fields

require more attention starting from the undergraduate level of CME.

According to Subbiah, a new era of EBM is coming with new types and sources of evidence
(Subbiah, 2023). As for epidemic control, there is a need to improve the quality of evidence
regarding different infectious diseases, which are still the main health problem in the African
region, and this direction is being developed in China (Mosugu, 2021; Nwaichz, 2020; Puzanova,
2011; Subbiah, 2023). Thus, the content of EC on implementing EBM in clinical practice

considers consideration of these regional features. This direction also required study.

Conclusion
The content of the curriculum should be adapted to the student-centered approach,
including the possibility of choosing the current issues in clinical medicine such as EBM
approach, etc. We estimated that the choice of international students in ECs topics depends on
the year of study and the country of origin. The educators should consider the peculiarities of
the healthcare system of different countries when forming a list of optional educational

components for international students in their final years of study.
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Figure 1. The results of a survey of 18
international undergraduates of Kyiv Medical
University about their choice of ECs, collected at
the end of a studying the discipline “Internal
medicine” in their 11th semester.

Figure 2. The results of a survey of 46

international medical students of Kyiv Medical
University, including 18 undergraduates and 28
5th-year students, about their choices of ECs,

collected at the end of studying the discipline
“Internal Medicine” in their 11t and 10t semestet,
respectively

Table 1. Descriptive statistics of participants’ choice of ECs given their gender and year of university

study
Issue 6t year students (n=18) 5th year students (n=28) Total (n=46)
Men | Women Total Men Women Total Men Women Total
(n=9) (n=9) (n; % of | (n=13) | (n=15) (n; % of | 0=22;% | (0n=24;% | (n;% of
18) 28) of 22) of 24) 46)
Number of
ECs
chosen:
—one 1 5 6; 33,33 6 8 14; 50,00 7; 31,82 13; 54,17 | 20;43,48
—two 5 2 7; 38,89 2 3 5; 17,86 7; 31,82 5; 20,83 12;26,08
—three 2 0 2; 11,11 4 3 7; 25,00 6; 21,43 3; 12,50 9; 19,60
—four 1 2 3; 16,67 1 1 2; 7,14 2;9,09 3; 12,50 5; 10,90
Average 38:18=211 48:28=1,71 (38+48):46=1,87
number of
ECs per
student
Now often
an EC was
chosen?
RDs
Geriatrics 7 3 10; 55,56 9 8 17; 60,71 16 11 27; 58,70
EBM 3 3 6; 33,33 5 5 10; 35,71 8 8 16; 34,78
6 7 13, 72,22 8 5 13; 46,43 14 12 26; 56,52

Notes: RDs — a topic “Basics of diagnosis in theumatology” (Ne 1); Geriatrics — a topic “Basics of
geriatrics” (Ne 2); EBM — a topic “Evidence based approach in internal medicine” (Ne 4).
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Table 2. Regional features of a choice of ECs by participants (n=46) coming from different regions

and countries of Asia and Africa

Region, total
number of students
(n) & their share (%)
in the study cohort

Counttries, from which

participants came

Features of participants’ choice of ECs

South Asia
(n=15; 32,61 %)

India (n=10): 6
undergraduates and 4 5% year

students

EBM was chosen by 83,33% undergraduates (5 out of
6) and half of 5th-year students (2 out of 4), in total by
70% of participants — men and women (3 and 4
respectively), none of whom was graded A or D in the
discipline “Internal medicine” (4 were graded C, 3 —
B).

EBM was the most popular topic for O6th-year
students, but not for 5th-year participants, 100% of
whom voted for a topic “Rheumatic diseases: basics
of diagnosis”.

Average number of ECs per student was 2 and 2,25
for the 6th- and 5th-year cohorts respectively.
Regardless of year of study, half of participants chose
only one EC.

Pakistan (n=4): 1
undergraduate and three 5%

year students

There were no women in this group. Average number

of ECs per student — 2,75.
Regardless of current performance in internal
medicine (students were graded A or C), the most
popular topic was “Rheumatic diseases: basics of
diagnosis”, and the issues of EBM was of interest to

75% of participants.

Sri Lanka (n=1): an
undergraduate

He was graded A in internal medicine and chose
both topics “EBM in internal medicine” and
“Rheumatic diseases in the elderly and of the

elderly”. Average number of ECs per student — 2,00.

Total — 15, with a shatre of

Indians of 66,67%.

8 undergraduates and 7 5th
year students, of whom 10

men and 5 women (male to
female ratio 1:1 and 6:1

responsively)

A topic “EBM in internal medicine” was chosen by a
majority in this cohort (11 out of 15; 73,33%), both
among undergraduates (7 out of 8; 87,5%) and 5t
year students (4 out of 7; 57,14%).

All 5% year students were Indians and Pakistanis and
preferred to improve their competence in
rheumatology; the ECs dedicated to EBM, geriatrics
and geriatric issues of rheumatology were taken each
by 57,14%.

In general, the EBM course was chosen by all
students from Pakistan and Sti Lanka and most
Indians (70%).

West Asia
(n=5; 10,87 %)

Iran (n=4): 3 undergraduates
and one 5th-year student

Most of them (75%) chose the course on EBM and
preferred two elective courses.

EBM was taken by all undergraduates: 2 women
graded A in internal medicine and a man graded B.
EBM was not chosen by a 5th-year female student
who was graded A in internal medicine and voted for
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the topics “Basics of geriatrics” and “Rheumatic

diseases in the eldetly”.

Turkiye (n=1): an
undergraduate

EBM was chosen along with a topic “Rheumatic
diseases: basics of diagnosis” by a single participant
from this country — a female graded A in internal

medicine.

Total — 5, of whom 80% were
undergraduates, women,
Iranians and those who were

graded A in internal medicine

Most (80,00 %) chose EBM and two ECs.
In general, EBM was chosen by three women and a
man graded A and B responsively in the discipline

“Internal medicine”.

West and East
Africa
(n=26; 56,52 %)

Nigeria (n=22): 4
undergraduates and 18 5th-
year students

EBM was chosen by half of Nigerian participants
regardless of their gender, year of study and current
performance in internal medicine.

Average number of ECs per student was 2,11 and
1,83 for the 6™ and 5% year cohorts respectively.
Undergraduates chose mostly “Rheumatic diseases:
basics of diagnosis”, whereas 5% year students voted
for EBM or “Rheumatic diseases in the elderly”

almost equally often.

Ghana (n=2): one each in the
5th- and 6th-year of study

None of them chose EBM, however both were
graded A in internal medicine and chose for the
“Rheumatic diseases in the elderly”. Only this topic
was chosen by a 5"-year female student, whereas a
6™ year male participant voted for this EC and the
related topics Ne 1 and 2, too.

Tanzania (n=2): one each in
the 5th- and 6th-year of study

None of these women chose EBM, however both
chose for “Rheumatic diseases in the elderly”. Only
this topic was taken by a 5th-year participant (grade
A in internal medicine), whereas a 6th-year student
(grade B in internal medicine) chose the related topic
Ne 2, too.

Total — 26, with a share of
Nigerians of 84,62%

No more than half of participants chose a topic
“EBM in internal medicine” regardless their year at
university, and Nigerian 6th-year students found this
topic less interesting than the less integrative
“Rheumatic diseases: basics of diagnosis”. EBM was
not chosen by participants from Ghana and

Tanzania.

Table 3. Choice for elective course “Evidence based approach in internal medicine” by participants

depending on regions and countries, from which they came

Regions and

6 year students |

5t year students ‘ Total (n=40)

countties,

Number and share (%) of those who chose a topic dedicated to EBM

from which
the students

13
(out of 18; 72,22%)

(out of 28; 46,43%)

13 26
(out of 46; 56,52%)

came

South Asia 7 (out of 8) 87,50 4 (out of 7) 57,14 11 (out of 73,33
15)

India 5 (out of 0) 83,33 2 (out of 4) 50,00 7 (out of 10) 70,00
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Pakistan 1 (out of 1) 100,00 2 (out of 3) 66,67 3 (out of 4) 75,00

Sti Lanka 1 (outof 1) 100, 00 - - 1 (outof 1) 100,00

West Asia 4 (out of 4) 100,00 0 (out of 1) 0 4 (out of 5) 80,00

Iran 3 (out of 3) 100,00 0 (outof 1) 0 3 (out of 4) 75,00

Turkiye 1 (out of 1) 100,00 - - 1 (out of 1) 100,00

Africa 2 (out of 6) 33,33 9 (out of 20) 45,00 11 (out of 42,31
26)

Nigeria 2 (out of 4) 50,00 9 (out of 18) 50,00 11 (out of 50,00
22)

Ghana 0 (outof 1) 0 0 (outof 1) 0 0 (out of 2) 0

Tanzania 0 (outof 1) 0 0 (outof 1) 0 0 (out of 2) 0
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Analysis of the genetic determination of developing eventration in patients with
abdominal surgical pathology

Abstract: Eventration is one of the most dangerous complications in abdominal surgery, which occurs in
0.2-7% (2% on average) of patients after laparotomy. The event leads to the development of intestinal
obstruction, postoperative peritonitis, and the formation of intestinal fistulas. Despite the fact that the
role of impaired regeneration and repair processes in the occurrence of events is undeniable, scientific
publications and research at the modern methodological level on this topic are insufficient, and existing
ones mainly concern the development of postoperative ventral hernias. The purpose of the study was to
conduct an analysis of genetic determination of the development of eventrations, based on the frequency
of polymorphic variants of matrix metalloproteinase-2 (C-1300—T) (MMP-2) and tissue inhibitor of
matrix metalloproteinase-2 (G33—A) (TIMP-2) genes. The subjects of the study were 19 patients with
eventrations and 44 patients with connective tissue pathology. The data obtained by us from the study
of polymorphic vatiants of the MMP-2 (C-1306 —T) and TIMP-2 (G3%—A) genes in the Ukrainian
population generally correspond to the population frequencies in the European population and the USA.
All models of inheritance were analyzed, and the best model with the lowest Aikaike information
criterion was determined, which turned out to be a recessive model. As a result of the genetic and
statistical analysis of polymorphism of MMP-2 (C130¢ —T) and TIMP-2 (G33—A) genes, it was
established that polymorphic variants of these genes are not reliably associated with the development of
eventration.

Keywords: postoperative complications, eventration, MMP-2, TIMP-2, genetic determination.

PRI

Apocnas FOpitiosuy Bodmis, Banernun Hocunosuy Croporescorui

AHaAi3 reHeTUYHOI AeTepMiHAIil PO3BUTKY €BEHTPALIill y XBOPUX 3 A0AOMiHAABHOIO
XipypriuHOIO IIaTOAOTi€ErO

Amnomayin: Eperrparnia — e oAHe 3 HafOIABIIT HEOE3IEUHUX YCKAAAHEHD B AOAOMIHAABHIN XIpyprii, Ake
sycrpigaersced y 0,2-7% (2% B cepeAHPOMY) IALUEHTIB IiCAA AaITApOTOMIN. EBenTpariia mpusBOAHTE AO
PO3BHTKY KUIIIKOBOI HEIIPOXIAHOCTI, IICAAOIIEPAIIHOIO IIEPUTOHITY, POPMYBAHHA KUIIIKOBUX HOP HIIb.
He AuBAsdnCch Ha Te, IO POAB HOPYILIEHHA PEreHEPALIHHNX Ta pelapaiiHuX IIPOIIECiB y BUHHKHEHH]
eBeHTpaliil € Oe3CyMHIBHOIO, HAYKOBUX IIYOAIKAITIH Ta AOCAIA’KEHD Ha CY4aCHOMY METOAMYHOMY PiBHI
HA IO TEMy HEAOCTATHBO, 4 ICHYIO4Yl, IEPEBAKHO CTOCYIOTBCA PO3BUTKY ICAAOIEPALIIHIX
BEHTPAABHHX IPHK. METOIO AOCAIAKEHHA OYAO IPOBECTH aHAAI3 TEHETHYHOI AeTepMiHAIil PO3BHTKY
eBEHTpALlill, Hd OCHOBI YaCTOTH HOAIMOP(HUX BapiaHTiB IeHIB MaTpUKCHOI Merasonporeinasu-2 (C-
1306—T) (MMP-2) Ta TkaHHHHOIO iHriOiTOpa MaTpukcHOi Metaronporeinasu-2 (G3B—A) (TIMP-2).
O0B’extom pocaiakenss 6yan 19 marieHTiB 3 eBeHTpaIiaMU T2 44 IMAIIEHTH 3 TATOAOIIEIO CIOAYIHOL
TkaHrHA. OTPUMAHI HAMH AaHI AOCAIAKEHHA ITOAIMOpdHHX Bapiantis reris MMP-2 (C1306 —T) Ta
TIMP-2 (G303—A) B ykpalHCBKIHl HOIYAAL{l, B IAOMY, BIAIIOBIAAIOTH IIOIYASLIHHUM 9YacTOTAM Y
esponerichkiil monyasuii Ta CIITA. ITpoanaaisoBaHO yci MOAEAL YCIIAAKYBAHHA, Ta BUSHAYECHO HAWKPAIILY
MOAEAD 13 HAWHIKIHM 1H(OpMAIHHIM KpuTepiem AlKalike, AKOIO BUABUAACH PELIECUBHA MOAEAB. Y
Pe3yABTATI TEHETUYHOTO Ta CTATUCTHYHOTO aHAAI3y moAiMopdizmy reris MMP-2 (C-13% —T), ra TIMP-
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2 (G33—A) BCTAaHOBACHO, IO HOAIMOP(HI BaplaHTH BKA3aHHX I'€HIB AOCTOBIPHO HE 4COINIOIOTH 3
PO3BHUTKOM EBEHTpPAIT.

Koaouosi cavsa: micasonepaniiiai yckaaaHeHHs, eserTparia, MMP-2, TIMP-2, renerudHa AeTepMiHALLA.

P

Bceryn

EBenTparnifs — 1e O4epeBUHHHUNA Ta M fA30BO-aIIOHEBPOTHYHHH AC(EKT UEPEBHOI CTIHKU
IIICASL  AAITAPOTOMI], BHACAIAOK HYOIO CTBOPIOIOTBCA YMOBH AAf PO3LEPMETH3AIl YepeBHOI
ITIOPOKHIHM 1 BUXOAY BHYTPIIIHIX oprauis 3a ii mexi (Rodrignez-Hermosa et al., 2005, boiixo ma in.,
2022).

Lle oaHe 3 HANWOIABII HEOE3IIEYHUX YCKAAAHEHb B aOAOMIHAABHIN XIpyprii, fke
sycrpiuaerses y 0,2-7% (2% B cepeAHbOMY) MaIieHTiB micas Aaapotomitt (Genbal et al., 2006).
EBenTpamiss IpPHU3BOAUTE AO PO3BUTKY KHIIIKOBOI HEIIPOXIAHOCTI, IICASOIEPAIiiHOIO
LIEPUTOHITY, POpMyBaHHA KUITKOBUX HOpULb (Marjanovic & Hopt, 2017).

Havtaacrimmumu dakropaMu pU3HKy €: Bik crapiie 65 pokis, HecTabiAbHA TEMOAMHAMIKA,
IIABHUINEHUN BHYTPIIIHbOYEPEBHUN THCK, YPIeHTHI oIlepamii, TIiornporeiHemis, aHeMis,
ormepanil Ha TOBCTIH Kyl Ta iHI. OKpeMO BHAIAAIOTB MICIEBI cripuAio4l DakTOPH, Takl fAK:
HEAOCKOHAAICTh XIPYpPri9HO! TEXHIKH, HEBIPHA TAKTHKA XIpypra IIpH 3aKpUTTI AAIAPOTOMHOL
parnn. OAHIEIO 3 TPUYNH, fAKA HANJACTIIE BHKAMKAE €EBEHTPANIIO € HATHOEHHA
micasonepauiiinol pauu (Colozzi et al., 2016).

He amBAsgmCE Ha T€, IIIO POAB ITOPYIIEHHSA PEreHEPAIIITHIX Ta PEIAPAIIITHIX IIPOIIECIB Y
BHHUKHEHHI eBEHTpaIiil € Oe3CyMHIBHOIO, HAYKOBHX IIYOAIKALIH T4 AOCAIA’KEHD Ha CY4aCHOMY
METOAMYHOMY PIBHI Ha ITFO TEMY HEAOCTaTHBO, 4 ICHYIOYI, IIEPEBAKHO CTOCYFOTBCH PO3BHTKY
HICAAOIIEPALIIITHUX BeHTPAABHUX Tprk (Harrison et al., 20106).

HeoOxiaHe moramOAecHe BHBYEHHSA MEXaHI3MIB perapariii Ta IPHUYUH Ii IIOPYIICHb B
AIASHIT (POPMYBAHHSA ITICASOIEPAIIHHOTO PyOII.

3 orafAy Ha MaiKe HE AOCAIAKEHY POAB TIE€HETHYIHO! CXHABHOCTI Y PO3BHTKY
IICASIOITEPALIIITHIX ~ JCKAAAHEHb, a CaMe, EBEHTpAIlill, MU 33AAAUCh METOIO BHUBYHTH
ITOAIMOPI3M TEHIB, IO KOAYIOTB MATPHUKCHY Merasonpoteinasy 2-ro tumy (MMP-2) Ta
TKAHUHHAN IHTIOITOp MaTpukcHuUX Merasonpoteinas 2-ro rtuny (TIMP-2) y aamoi rpyrm
xpopux. OOpaHHA caMe IUX IeHIB He OYAO BHIIAAKOBHM — MH KEPYBAAHCSH OCHOBHHMU
BIAOMHMU  IATOI3IOAOITIHUMU — MeXaHi3MaMH, fAKi Oepyrb ydacre y QopmMyBaHHI
micasorrepanitiaoro pyorsd (177sse ¢ Nagase, 2003).

Marpukcni merasonporeinasun (MMP) — 11e rpyma eH3uMiB, IIPEACTAaBAEHA ITUCTEIHOBUMU,
CEpUHOBHMHU, ACHAPTUABHUMH 1 METAAO3AACKHIMU ITpoTeiHazamu. MMP BiairparoTs ocHOBHY
pPOAb B OOMiHI OIAKIB CIIOAYYIHOI TKAHHHH, OEPYTh yYacCThb y 0OararboxX (Pi3i0AOriIHHX Ta
rmaToAoriuHnx nponecax. MMP-2,9 BUABAAIOTH BHCOKY CITOPIAHEHICTH AO KOoAareHy IV rturry,
TOMY IHOAI iX Ha3uBaroTh KoAareHazamu 1V tummy. MMP-2  3aiiMaroTh IEHTPAABHY ITO3UIIIO B
PEryArOBaHHI OaAaHCY MUK IIPOIIECAMU CHHTE3Y Ta IIPOTEOAI3y B ITO3aKAITHHHOMY MATPHUKCI,
BIIAUBAIOTh Ha peaAisariro (i3siOAOIrYHUX IIPOIECIB Ta IATOAOTIMHUX 3MIH B OpPraHi3Mi.

OCHOBHHMI  PEryAATOpaMU MATPUKCHHX METAAOIPOTEiHA3 € TKaHUHHI IHTrIOiTOpH

159



merarompoteinas — TIMP. Vci 4 rpynu TIMP 3aaTHI HpHUrHIGYBATH HPOTEOAI3 AATEHTHHX
dopm T2 1arI0YBaTH aktuBHI (popmu MMP, are TIMP-1 akrusnimmii moao MMP-9, a TIMP-
2 BusBAse cnenudiunicTs crocoBHo MMP-2 (Fassina et al., 2000).

ABTOPH  3aAAAHCH METOIO IIPOBECTH aHAAI3 TIEHETHYHO! ACTEPMIHAINI PO3BUTKY
€BEHTpAIIii, Ha OCHOBI YaCTOTH ITIOAIMOP(HUX BapiaHTIB T€HIB MATPUKCHOI METAAOIIPOTEIHA3H -
2 (CP"—T) (MMP-2) Ta TKaHUHHOTO iHTiGiTOpa MaTpuKcHOT MeTarorporeinasu-2 (GP—A)
(TIMP-2).

O06’ektoM AocaipkerHs Oyan 63 marienTH, mo AikyBaauce y AY «HHIXT imeni O.O.
[MMarimoBay, 3 sakumx 19 xBopux 3 micasoreparmifinuMu epeHTpamiavmu, 44 IarieHTn 3
deroTHIIYHIMI O3HAKaMH HeAudepeHnifioBanol ancmaasii coayaroi tkanuman (HACT).
AAs oniHKE HOAIMOPdi3My reHIB B TOmyALii oocTexeHo 80 IPaKTHYHO 3A0POBHX ATOACH, fAKI
CIIIBCTABHI 3a BIKOM 1 CTaTTIO 3 AOCAiAKyBaHIMH. HeAudepenriifiopany AUCIIAA31IO CIIOAYIHOL
TKAHIHI AIJATHOCTYBAAH 32 HAIIPAITbOBAHOIO METOAHKOIO (IIATCHT YKpaiHM Ha KOPUCHY MOACAD
Nel120158 UA). Crymiap AuCIIA23ii OIMHIOBAAM 32 OPUITHAABPHOIO KAIHIYHOIO CKPHHIHT-
IIIKAAOIO, HAIIPAIIbOBAHOIO HA OCHOBI TaOAHII KpHTEPIB BUPAKEHOCTI AUCIIAA3I CIIOAYIHOL
tkannaH 32 T.FO. CmoasrOBOYKO (2003) (I 0itiv et al., 2020).

I'eneTraHi AOCAIAKEHHSA IIPOBOAHAHU B A2OOPATOPIl BIAAIAY 3araAbHOI Ta MOAEKYAAPHOL
mratodisioaorii Incruryry disioaorii im. O.O. boromoasiis HAH Vkpaiau. 3a6ip OykaabHOTO
CITEAIFO TIPOBOAUBCH 3 BUKOPHUCTAHHAM OYKAABHHX IIITOK 3 HACTYIIHHM 3aMOPOKYBAHHAM
3paskiB Ta ix 30epiranuam mpu temireparypi -20°C. AHK AAfl reHOTHITYBAHHSA CKCTPAIyBaAH i3
3paskis 3 BukopucranaaM nabopis Diatom™ Prep 200, BIATTOBIAHO AO TPOTOKOAY BHPOOHUKA.

Metoaom TIAP y peaabnomy waci aocaiakysaam Hactyrmi moaiMopdismm: CP% —T
(MMP2), rs243865 ta G”—A (TIMP2), rs9900972. Peaxmii ammaicdikarii mpoBoansu 3
Bukopucranuam Fast Real-time PCR System (Applied Biosystems, CIIIA) B xinmesii peaxrii
o6’emom 20 Mk, axnit mictus 2X TagMan VuiBepcaapunii Master Mix (Applied Biosystems,
CIIIA), assay C_1792560_10 i marpuany AHK. Ammaidixkariis dpparmenTiB reHiB ckAaparacs 31
craali Aemaryparii npu 95°C mporsrom 20 ¢, a motim 40 nmkais ammaidixkarii mpu 95°C
mpotsirom 3 ¢ 1 60°C mporsirom 30 cex. Araaiz Aarux mposoauscs 3 7500 Fast Real-Time PCR
Software (Applied Biosystems, Foster City, USA).

OCHOBHY YaCTHHY CTATUCTUYIHOIO aHAAI3Y OYAO IIPOBEACHO 3 BUKOPHCTAHHAM IPOIPAMU
«Statistica 9.0» (SPSS) ta Excel 2016. HomimaapHi AaHI HOAAHO Yy BHUTAfIAL KIABKICHHX Ta
BIACOTKOBHX 3Ha4eHb. \OCTOBIPHICTh BIAMIHHOCTEH CEPEAHIX BEAHYHH Y IPylax i3 PI3HUMHU
IeHOTHITAMU BU3HAYAAU 32 AOIIOMOIOO METOAUKH OAHOMAKTOPHOIO CTATUCTUIHOTO aHAAI3Y.
BiAIOBiAHICTD PO3IIOAIAY F€HOTHIIB IEPEBIPAAH 32 AOIIOMOTOFO TecTy XapAl — BartaOepra. Aas
HOPIBHAHHA PO3IOAIAY T€HOTHINB § AOCAIAHIF Ta KOHTPOABHIIl IPyIAX 3aCTOCOBYBAAH ) -

kpurepii Ilipcona.

Pe3syabTaTn AOCAIAYKEHHA
V' AoCAiAKyBaHIH TPyl HAIIEHTIB 3 €BEHTPALIAMH, IIEPEBAKHY OIABIIICTD CKAAAHM XBOPI
IIICASl YPTEHTHHX OIEpaIliii 3 IPHBOAY IOIINPEHOTO NEepHTOHITY (5), TOCTPOI KHUIIKOBOI
HerpoxiaHocTi (0), AGCTPYKTHBHOTO IIAaHKpeaTHTy (4), TOpakoaOAOMIHAABHOI TpaBMu (2),

PE3EKIMITHUX OIepartiil Ha TOBCTIH kurmii (2).
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B ob6crerkennx Hamu mamieHTiB 3 eBenTpariamu TpasacHHA o3Haku HACT Buasaeni y 11
(63,6%) mamientis. Hatgacrimme sycrpidasucs mHactymai denorumivai cuaapomun HACT:
BicriepaapHuii (85,7%) ta apurmiaanii (57,2%) cuaApOMHL.

3 MeTOIO BHABAEHHA MOKAHMBOI acoranil moAiMopduux BapianTis renis MMP-2 (C’m(’
—T), ta TIMP2 (G*”—A) i3 pusukoM PpO3BHTKYy S3OBHIIIHIX KHIIKOBHX HOPHIIb OyB
IIPOBEACHHH OAHOMAKTOPHHUI CTATUCTUYHHUM aHAAI3 YaCTOTH I'€HOTHINB Y AOCAIAKYBAHHX
rpynax namieHTiB (Tabiuys 1).

[Tpu anaaisi moaeaeit ycraakysauus rery MMP-2 (C"—T), a came: KoAOMiHAHTHOL,
AOMIHAHTHOI, pPEIeCHBHOI, HAAAOMIHAHTHOI T4 aAHTHBHOI y Ipymax KoHTpoaio (n==80) Ta
aocaipvol rpymm 1 3 denorumivanvn osaakamu HACT (n=44) BusBACHO, IO POBIIOAIA
reHOTHIIB BiATTOBiA2e 3akOoHY Xapai- BaiinGepra (p>0,05). Buxopucrasmm Tect y* i3 2
CTYIIEHAMH CBOOOAH, HAM HE BAAAOCH BUABHTH CTATUCTHYHO 3HAYYIII BIAMIHHOCTI y PO3ITOAIAL
I'€HOTHIIB B IPYIIl XBOPHX Ta B IPYII HPAKTHYIHO 3A0POBHUX AToAeH (p>0,05).

[TpoanaaizyBaBIm yci MOAEAl YCIIAAKYBaHHA, MM BHOPAAM HAHKpAIIy MOACAB 13
HAIHIKIUM [HOpMaIiiHIM KpuTepiem Afikarike. TaKOIO MOAEAAIO BHABHAACA PEIIECHBHA
MOAEAD, AAS AKOI B TAOAUWII HIDKYE HABEACHI 3HAYEHHS BIAHOIIEHHSA IIIAHCIB, CTATHUCTAYHA
3HAYYIIICTb, 4 TAKOK 1H(OpManiiinnit kpurepiit Afikatike (Tadiuyq 2).

Anaais MyAbTUIAIKATHBHOT MOAeAi ycmaakyamaa remy MMP-2  (CP"—T), npu
ropiBHAHHI rpyu KOHTPOAIO (n=80) Ta AocAiaHOI rpymn 2 3 eBenrpamiamu (n=11) sacBiauus
BIAIIOBIAHICTH PO3IIOAIAY T€HOTHIIB AO 3aKOHY Xapai-BaituGepra (p>0,05). Bukopucrasrm
TectT ¥* i3 2 CTymeHAMH CBOOOAM MU HE 3HANMIIAM CTATHCTHYHO 3HAYYI BIAMIHHOCTI y
POBIIOAIAL TEHOTHIIIB B IPYIIl XBOPUX Ta B IPYIIL IIPAKTUYHO 3A0POBHUX Afoaei (p>0,05).

[TpoanaAisyBaBIIn yci MOAEAL YCIIAAKYBaHHS, MM BHOPAAM HANWKPAIIy MOACAB 13
HafHIKYNUM 1H(OpMariitHum kpurepiem Atikatike (Tab uys 3)

Ilpu amaaizi gacrotu aseApHOro moAsimMopdismy reay MMP-2 BusBAeHO, IO HOCIB
Aomiryrogoro B ycix rpymax CC-rerorurry OyAo HaiibiAbie y rpymi 3 (HeHOTHITIHUME
osuakamu HACT (aocaiama 1): 59,1% mporu 47,5% (p>0,05) B xorTpOAi (Aiazpama T). Toal ax
HOCiiB romosuroTaoro TT-rerorumny, B AOCAIAHINA 1 rpyri, Oyao OiABIT Ak BABIUI MeHIIIE (4,5%0
upotu 10% (p>0,05)). V socaiaHEX 2 TpyIIi 3 €BEHTPAIIAMU PO3IIOAIA YACTOTH HTOAIMOPI3MY
rpomoTopy reny MMP-2, 3araaom, BiaoBiaas nokasaukam KoHTpoAbHOI rpymu o CC, CT 1
TT sapianram. Ilpu nmopiBaAnmi 3 AocaiaHor0 1 rpymoro (dpenornmuni osmaku HACT)
posmoaia criBnaaas o CC i CT aaeasm, HOCIB romosurotaoro TT renoruny 6yAo BABIU
merrrre (4,5% mporn 9,1% (p>0,05)).

[pu amaaisi Mmoaeaeit yemaakysanus TIMP-2 (G*”—A), y rpynax kontposto (n=80) Ta
AOCAIAHO] Tpy1n 1 3 (PeHOTUIIIMHIME O3HAKAMHE ITATOAOL! CIToAyIHO! TKaHIHN (n=44) Ham He
BAAAOCH BUABUTH CTATHCTUYIHO 3HAYYIT BIAMIHHOCTI § PO3ITOAIAl TEHOTHIIB B IPYII XBOPHX T4
y TPYII IPakTUIHO 3A0poBUX AroAei (p>0,05) (Tabiruys 4).

[pu amaaisi aaeaproro moaimopdismy npomoropy rena TIMP-2 (G*”—A), y rpynax
koHTpoArO (n=80) Ta AocaipHOI Tpymm 2 3 epentpamiamu (n=11) BiaAMiHHOCTI wacTOTH
PO3ITOAIAY T€EHOTHIIB OYAM Ha CTATUCTHYHO HEAOCTOBIPHHUMHU.

BiAmIoBiAHICTD PO3IIOAIAY F€HOTHIIB AO 3aKOHY XapAi-BaitnOepra y aoocaiamiit 2 rpymi Oyaa

HepeBipena 3 AOIOMOTOIO TecTy % i3 1 crymenem cBoboam, 6es Bukopucranns kopekiii erca.
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[TpoanaAizyBaBIm yci MOAEGAL YCIAAKYBAHHS, MU BHOPAAM HAHKPAIIY MOACAD 13 HAHIKIHM
iadopmariinnm kpurepiem Atikavike (Tabauys 5).

B obcremxenii momyAdrii y rpyIi KOHTPOAIO Ta Y AOCAiAHI rpymi 1 posmoaia xociiB GG,
GA Tta AA remorHmB 3arasoMm OyB cxoxum (Jiazpamva 2). Tlpore, y rpymi marieHTiB 3
eseHTpariamu  (AocAiaHa 2) posmoain Hociis remortums GG, GA Biapisaasca. Taxk,
romosuroTHud GG BapiaHT AOMIHYBaB y KOHTPOABHIN Ta AOCAiAHIE 1 rpymi (50% Tta 54,5%
BIATIOBIAHO), TOAI fIK Y TPYIIl HALIEHTIB 3 eBeHTpariaMu romo3uroTHuii GG Ta rerepo3uroTHmi
GA renoTHII 3yCTpidaBcs OAHAKOBO 9acTo (45,5%). I'ereposurorauit GA reHOTHIT y AOCAIAHIH
rpymi 2 3ycTpiuaBcs yABidl piarie, HiK y KOHTPOAI (21,1% mporu 40%, p=0,057) Ta B 1,6 pasu
piamre HiK y Aocaiamid 1 rpymi (p>0,05). Kiapkicts HOCIB romosurorHoro AA reHoTniy B
AOCAIAKYBAHHX IPYIAX CYTTEBO HE BIAPIBHAAUCH (ucparva 2).

Orpumani HaMH AaHI AOCAIAKEHHSA ITOAIMOpHUX BapiaHTiB renis MMP-2 (C’BO(’ —T) Ta
TIMP-2 (G*”—A) B ykpaincekiit nonyasii (n=80), B IAOMY, BIATIOBIAZIOTD TTOIYAAITHUM
gacroram y epporneiicokiit monyaswil Ta CLLIA (Xu et al, 2004). Ilpn 11boMy, MH BCTAHOBHAH
CYTTEBI BIAMIHHOCTI ITPH HOPIBHAHHI 3 HOIYAALIAME aDPUKAHCHKOI Ta a3iaTchkol pacu (i et al.,
2010). LikaBum € Te, IO y BKa3aHHUX IIOIYAALIAX dacToTa ocHOBHOro C aseas rera MMP-2
(rs243865) cranosuaa 93,7% (Adpuka) ta 90% (Asif), 10 3HAYHO IEPEBUIIYE TOKAZHUKHI
HaIIo0i KOHTPOABHOI rpymu (76%) ta eBporericbkoi monyasil (75,5%). Toal Ak, minopaunii T
aneAb 3ycrpigased y 24% korTpOoABHOI rpymm, 1 B 10% (Asid) Ta 6,7% (Adpuxa), BIATTOBIAHO.

ITpu araaisi vacroTu areAbHOTO 1oAiMopdiamy rera MMP-2 ta TIMP-2 y AoocAiaHIE rpyi
2 He OyAO BHABACHO CTATHCTHYHO AOCTOBIPHHUX BIAMIHHOCTEH y IIOPIBHAHHI 3 KOHTPOAEM.
Posmoaia gacrotu moaimopdizmy mrpomoTtopy reay MMP-2, 3araaoM, BIAITOBiAAB ITOKa3HHUKAM

kouTpoAbHO! Ipyru o CC, CT i T'T BapianTam.

Awuckycia

V pesyAbTari r€eHeTUYHOrO Ta CTATUCTHYHOIO aHaAI3y roAiMopdpiamy renis MMP-2 (C
P%-T), ta TIMP-2 (G—A) BcranOBA€HO, 1O TOAIMOPDHI BapiaHTH BKa3aHUX TeHIB
AOCTOBIPHO HE aCOIIIOIOTH 3 PO3BUTKOM €BEHTpAIIIi.

BpaxoByroun poAb MATPHKCHIX METAAOIIPOTEIHA3 Ta iX IHIIOITOPIB Y IIpOIIecax CHHTE3Y Ta
IIPOTEOAI3y, PEMOACAIOBAHHI EKCTPAIIEAFOAAPHOIO MATPHKCY, OOMiHI OIAKIB CHOAYYHOL
TKAaHUHH, 3AATHICTD BIIAMBATH HAa IIPOHMUKHICT CYAMHHOI CTIHKH Ta aHTIOT€HE3 aKTyaABHICTb iX
BUBYCHHS y KOHTEKCT] IIaTOTEHE3y BUHUKHEHHA EBEHTPAIIH € O€3CyMHIBHOIO.

BusBaeni Hammu ocobAanBocTi areabHux BapianTi renis MMP-2 (C" —T), ta TIMP-2
(G*—A) y rpymnax narienTis 3 EBEHTPAIIAMY T2 MATOAOTIEO CIIOAYIHOI TKAHHHH € MACTABOIO
AAfl TIOAAABITIOIO BHUBYEHHA T4 IIOIIYKY MOAEKYASPHO-TEHETUYHHUX MApPKEpPIB, IO KOAYIOTDH

OCHOBHI AAHKH ITaTOrCHE3y HiCAHOHCpaLIifIHHX YCKAQAHCHD.

BucHoBku
Taxum wunom, aneapnuit moaimopdism npomoropy renis MMP-2 (CP—T) ta TIMP-2
(G—A) y nariienTiB 3 eBEHTPAIIAME CTATUCTUYHO BIPOTIAHO He BIADISHATBHCA BiA MOKA3HHKIB
KOHTPOADBHOI TPYIIN.
PosBurok epenTpaniii He IIATBEPAMB HAABHICTb TIE€HETHYHOIO TPHUIEpPa 3 OOKy

AOCAIAKEHHX TOAIMOPI3MIB, IO MOMKE CBIAYHTH IIPO INATBEPAKEHHA KAACHIHOI TeOopil
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IIATOTEHE3Y IIbOTO YCKAAAHECHHS, 4 CAME PaHeBa IH(MEKIIiA, TEXHIYHI IIOMUAKH, Pi3Ki METAOOAITHI
ITIOPYIIIEHHSA TOIIIO.

MoOAEKyASIpPHO-TEHETHYHI AOCAIAKEHHA € HOBUM IIEPCIIEKTUBHUM HAIIPAMOM  AAA
HAIIPAIIOBAHHA CYYaCHUX IHEepPCOHI(IKOBAHUX AIATHOCTUYHHX KPHTEPIiB Ta MOAEAEH

IIPOTHO3YBAHHA PO3BUTKY Ta IIEPEOITy MICAAOIIEPALIITHUX YCKAAAHEHB.
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AoAaTku

P

Tabaums 1. Posmoain moaimopdrux Bapiaxtis renis MMP-2 (C1306 —T) rs243865 ta TIMP-2
(G303—A), 159900972 y AOCAIAKYBAHUX TPYIIAX

AocalaKyBaHHI TeH KoHTpoabHa rpyma Aocaisna rpyma 1 Aocaiama rpyma 2
n=80 (%) (3 dpemOTHIITHIMT (3 eBeHTPALILIMH)

osuakamu ACT) n=19 (%)

n=44 (9/0)

MMP-2 cC 38 (47,5%) 26 (59,1%) 10 (54,5%)

(C-1306 >T) CT 34 (42,5%) 16 (36,4%) 6 (36,4%)

TT 8 (10%) 2 (4,5%) 3 (9,1%)
Tecr Xapal-Baiinoepra (2, ¥?=0,01, p>0,05 ¥?=0,05, p>0,05 ¥?=0,01, p=0,05

p)

Tect ¥2, (¥, p) - ¥?=2,051, p>0,05 ¥?=0,195, p=0,05
TIMP-2 GG 50 (50%) 24 (54,5%) 8 (45,5%)
(G3B—A), GA 32 (40%) 15 (34,1%0) 8 (45,5%)

AA 8 (10%) 5 (11,4%) 3 (9,1%)
Tecr Xapai—Baiinoepra ¥*=0,18, p=0,05 ¥*=1,15, p=0,05 ¥*=0,18, p=0,05
(s p)
Tecr 2, (¥, p) - ¥?=0,425, p>0,05 ¥?=0,119, p=0,05

TaOanns 2. BiAHOIICHHSA IITAHCIB AASL PEIIECHBHOI MOACAL YCITAAKYBAHHSA IAITEHTIB 3 (PEHOTHUINIHUMI
osuakamu HACT. Bianorrenns mrancis 3 95% aAoBipunm iHTepBasoM

Kot ) Aocaiana rpyma 1
Temormm | O POADHA IpyHa (3 penoTHmivEME o3HaKaMu HACT) Bisgomrenns maxcis [p-value |AIC
n=80 (%) _
n=44 (%)
CC+CT |72 (90%) 42 (95.5%) 1.00
TT 8 (10%) 2 (4.5%) 0.43 (0.06 - 1.81) 0.3 16.12

Tabaura 3. BiAHOIIEHHSA IIAHCIB AAA PEIIECHBHOI MOAEA] YCITAAKYBAHHSA Y ITAINEHTIB 3 €BEHTPALIAMH.
Bianomrenns mrancis 3 95% aoBipuumM iHTEpBaAOM

Kot ) Aocaipma rpyma 2
Tenotnn oF P_OMJHZ Tpyma (3 eBeHTpALIAMIT) Bianomenns mrancis p-value AIC
n=80 (%) _
n=19 (%)
CC+CT 72 (90%) 17 (90.9%) 1.00
TT 8 (10%) 2 (9.1%) 0.9 (0.05-5.71) 0.92 12.74

Tabaur 4. BiAHOIIIEHHS ITIAHCIB AAAL PELIECUBHOI MOAEAL YCITAAKYBAHHSA Y HALUEHTIB 3 (DEHOTUIIIYHIME
osuakamu HACT. Bianommenns mramcis 3 95% AoBip4YuM iHTEpBAAOM

KogT Aocaisna rpyma 1
Cerormm |0 prJHa Rtk (3 penorumiunmvm osuakamu HACT)  (BiaHoIneHHs InaHCIB p-value |AIC
n=80 (%) -
n=44 (%)
GG+GA|72 (90%) 39 (88.6%) 1.00
AA 8 (10%) 5 (11.4%) 115 (033 - 3.7) 0.81 |16.1
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Tabaur 5. BiaAHOIIIEHHS ITAHCIB AAfl PEIIECHBHOI MOAEAL YCITAAKYBAHHSA Y ITAIIEHTIB 3 €BEHTPALIAMH.
Bianormenns mancis 3 95% AoBipunm iHTEpBAAOM

20

4,5

KoHTponbHa
rpyna

JocnigHa rpyna  flocnigHa rpyna
1 2

1,4

Kowtponoha rpyna flocaiawa rpyna 1 [locaigwa rpyna 2

KonTposrra Aocaiama rpyma 2
lemornn rpyma (3 EBEHTpALILAMH) Bismomenns nrancis [';_ AIC
n=80 (%) n=19 (%) value
GG+GA|72 (90%) 17 (90.9%) 1.00
AA 8 (10%) 2 (9.1%) 0.9 (0.05 - 5.71) 0.92 |12.69
60 4 54,5 60 1 54,5
50 4 50 - - 45,5 45,5
42,5
© 36,4 36,4 0 4 =
34,1
mCC EGG
o uCT 30 mGA
mTT mAA

Alarpama 1. Posroaia 9actoTi aA€ABHOTO

moaiMopdismy (Yo) mpomortopy (C-1306 —T)

reay MMP-2
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Alarpama 2. PO3IoAiA 9acTOTH aA€ABHOTO
moaiMopdismy (Yo) mpomotopy (G303—A) reny
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Source of polyunsaturated fatty acid and their effects on the human body ™

Abstract: The problem of eating healthy food with high nutritional density as the basis of a complete diet
has always been one of the most relevant in the world. After all, it’s a scientifically proven fact that
approximately 70% of human health and the normal functioning of all organs and systems depends on
a balanced diet, in particular, we are also talking about the coordinated work of the immune system with
the maintenance of the homeostasis of the entire body. The relevance of this literary study is determined
by the high level of diseases (digestive organs, cardiovascular system) and disorders of the synthesis of
proteins, enzymes and immunoglobulins caused by insufficient, excessive or irrational use of
polyunsaturated fatty acids. Accordingly, the implementation of theoretical research, which can
contribute to the prevention of the formation of this problem, is expedient. With the use of modern
scientific publications, an analysis of widespread scientometric sources of information was performed in
the work using the most current and most widespread global scientometric databases: Web of Science,
Google Scholar, PubMed, like leading foreign publishing houses: Cell, Medicine, Biochemical
pharmacology, Journal of Sports Science and Medicine, Journal of Lipids, etc. The study object is the
metabolic processes in the human body, like the work of the cellular and humoral links of the immune
system for changes caused by the daily consumption of a sufficient amount of polyunsaturated fatty
acids. The purpose of the conducted theoretical research is to improve the understanding of the
significance of the daily intake of polyunsaturated fatty acids with food, delineation of the most rational
for consumption of food products with a high percentage of them, like, most significantly, a description
of their direct impact on the work of the immune system. Materials are the latest and publicly available
works of world scientists in leading and specialized periodicals, regarding issues of immunological
impact, sources and biotechnological aspects of obtaining polyunsaturated fatty acids using producer
microorganisms. The work presents data on medical and biological studies of the norms recommended
by nutritionists for the use of essential fatty acids (4...6% of the energy ration), needs according to gender
(80...150 g/day for men and 65...100 g/day for women), as well as the effectiveness of additional intake
of n-3 acids in vatious diseases, diet therapy, corrections of lipid metabolism disorders, etc. By using
information sources from world scientometric databases, the article presents a theoretical analysis of the
influence of daily consumption of the amount of polyunsaturated fatty acids recommended by
nutritionists, like the ratio of n-6 : n-3 families on the processes of oxidative stress, anabolism and
catabolism, metabolic flexibility and strength of muscle fibers in athletes. Described the effect of
eicosanoids under the condition of their synthesis in large quantities on immunological and metabolic
processes in the human body is described. An impact analysis was carried out of arachidonic and
docosahexaenoic acids on the neuroprotective properties of the human brain and the production of a
wide range of mediators with a potentially negative impact on its activity and functioning. Particular
attention is paid to alternative sources of obtaining polyunsaturated fatty acids, including n-6 and n-3,
by the method of biotechnological accumulation with the help of biosynthesis using various biological
agents (bacteria, mycelial fungi, microalgae). In particular, the pros and cons of such promising
microorganisms (with/without genome modification) as: Mortierella  alpina, Thraustochytrium  sp,
Schizochytrium sp are described. etc.

Keywords: immunity, polyunsaturated fatty acids, n-3, n-6, sources of polyunsaturated fatty acids,
eicosanoids, phagocytosis.
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AoKkepeAo IoAiHEHACHYEHUX KUPHUX KHCAOT i iX BIIAMB Ha OPraHi3M AFOAMHH

Amnomayin: I1IpobremaTika BXKUBAHHA 3A0POBOI DKI 3 BHCOKOIO HYTPITHBHOIO IMIABHICTIO, IK OCHOBHU
ITOBHOLIIHHOTO PAIiOHY, 3aBXKAK OyAa OAHIEIO 3 HAHAKTYAABHIIIINX y CBITI. AAKE HAYKOBO AOBEACHHM €
To# akr, mo upudAn3HO 70 % 3A0pOB’S AIOAHHU Ta HOpMaAbHE (DYHKIIOHYBAHHSA YCIX OpraHiB Ta
CHCTEM, 3aACKUTD BIA 302AAHCOBAHOTO XapUyBaHHA, 30KPEMa MOBA TAKOXK HAE 1 IIPO 3AaTOAKEHY pOOOTY
IMyHHO! CHCTEMH 3 IIATPUMAHHAM TOMEOCTA3y YChOTO OPraHizMy. AKTyaABHICTB AAHOTO AITEpaTypHOTO
AOCAIAKCHHSA BH3HAYAE€THCA BHCOKUM PIBHEM 3aXBOPIOBAHD (OPIAHIB TPABACHHSA, CEPIIEBO-CYAHHHOL
CHCTEMH) T4 HOPYILICHHAME CHHTE3y OIAKIB, (DepMEHTIB I IMyHOTAOOYAIHIB BUKAMKAHUX HEAOCTATHIM,
HaAMIpHEM 200 K HE PaliOHAAPHUM BXKMBAHHAM IIOAIHCHACHYCHHUX JKUPHHX KHCAOT. BIATIOBIAHO
3AIMCHEHHS TEOPETHYHOTO AOCAIAKEHHSA, KOTPE MOXKE CIPHATH IIOIEPEAKCHHIO YTBOPEHHS AAHOL
IIPOOAEMATHKH € AOLIAPHUMU. |3 BHKOPHCTAHHAM Cy9aCHIX HAYKOBHX ITYOAIKALIH, Y POOOTI IPOBEACHO
AHAAI3 PO3IOBCIOAKECHHX HAYKOMETPHUYHHX AKepeA IHQOpMamil 3 3aCTOCYBAHHAM AaKTYAABHHX 1
HAHOIABII IOLIUPEHNX CBITOBUX HayKOMeTpHYHHX 0a3 AaHmx: Web of Science, Google Scholar,
PubMed, a taxkox mposiannx 3akopaorHux BuAasHuis: Cell, Medicine, Biochemical pharmacology,
Journal of Sports Science and Medicine, Journal of Lipids, Ta iH.

OB’eKTOM AOCAIAKEHHSA € METAOOAIYHI IPOIIECH B OPraHi3Mi AFOAHHH, 4 TAKOXK POOOTA KAITHHHOI Ta
IYMOPAABHO! AQHOK IMYHHO! CHCTEMH Ha IIPEAMET 3MiH OOYMOBACHHX IIIOACHHUM CITOKHBAHHAM
AOCTaTHBOI KIABKOCTI ITOAIHEHACHYECHHX >KUPHUX KHCAOT. MeToro 3AIHCHEHOTO TEOPETHIHOIO
AOCAIAKEHHA € IIOKPAITICHHS PO3YMIHHA BAKAHMBOCTI ITTOACHHOIO HAAXOAKEHHSA 3  DKErO
ITOAIHEHACHYCHUX JKUPHHUX KICAOT, OKPECACHHA HAHOIABIIT PAIIOHAABHHUX AAfl BKHBAHHSA XapPYOBUX
IIPOAYKTIB 3 IX BHCOKHM BIACOTKOBHM BMICTOM, 4 TAKOX, IO € HAHOIABII BAXXAMBHM, OIIHC IX
6e3IOCepEeAHBPOIO BIIAUBY HA POOOTY IMyHHOI crcTemu. MatepiaanaMu AOCAIAKEHD € HOBITHI i IIyOAI9HO
AOCTYIIHI IIparli CBITOBHUX BYCHHX y IIPOBIAHHX Ta CIEHIAAI30BAHNX IIEPIOANYHUX BHAAHHAX, IIIOAO
IIITAHb IMyHOAOIIYHOIO BIIAHBY, AXKEPEA 1 OIOTEXHOAOTIMHUX ACIIEKTIB OTPUMAHHSA ITOAIHEHACHYICHIIX
’KUPHHIX KHCAOT 13 BUKOPHCTAHHAM MIKPOOPIaHI3MIiB-IIPOAYIICHTIB. Y Ipalli IPUBEACHI AAHI IIIOAO
MEAHKO-DIOAOTTIHIX AOCAIAKCHB PEKOMECHAOBAHIX AIETOAOTAMI HOPM AAfl BKUBAHHSA €CCCHITIAABHIX
KUPHHUX KHCAOT (4...6% eneprermvaHOrO paniony), notped y sianosiarocti oo crati (80...150 r/a00y
AASL 9OAOBIKIB 1 65...100 r/A00y AAs KIHOK), a TAKOK eDEKTUBHICTD BIA AOAATKOBOTO HAAXOAMKCHHS
KICAOT POAMHH -3 HOpH PISHOMAHITHHX 3aXBOPIOBAHHAX, Al€TOTEpalri, KOPEKIiHd MIOPYIICHHS
MeTabOAI3MY AIMAIB, TOIIO. 32 BUKOPHUCTAHHA IHOOPMAIIMHIX AJKEPEA 31 CBITOBUX HAYKOMETPHYHIIX
0a3 AAHOX, y CT2Tl IPEACTABACHO TEOPETHYHMI aHAAI3 Ha TEMy BIAMBY IIOACHHOIO BKHBAHHSA
PEKOMEHAOBAHOI AIETOAOTAMU KIABKOCTI IIOAIHEHACHYIEHUX KUPHUX KHCAOT, 4 TAKOK CIIBBIAHOIIICHHS
poAuH n-6 : N-3 Ha IPOLECH OKUCAIOBAABHOIO CTPECY, aHAOOAI3My M KaTaDOAI3My, METabDOAIIHY
THYYKICTB T2 CHAY M I30BUX BOAOKOH Y crIopTcMeHiB. OKPECAEHO AlXO €fiKO3aHOIAIB 32 yMOBH iX CHHTE3Y
Y BEAUKHX KIABKOCTAX Ha IMyHOAOI14YHI T2 METAOOAIHYHI IIpoIiecH B OpraHi3mi AFOAUHI. SAIHCHEHO aHAAI3
BIIAHBY apaxiAOHOBOI 1 AOKO3are€KCa€HOBOI KHCAOT Ha HEHpPOIPOTEKTOPHI BAACTHBOCTI AFOACBHKOTO
MO3KY Ta BUPOOHHUIITBO IIHPOKOIO CIEKTPY MEAIATOPIB 3 IIOTEHINHHO HErATHBHUM BIAHBOM Ha HOIO
aKTUBHICTD ¥ dyHKIionyBaHHA. OCOOAMBA yBara 3BEPTAETHCA HA AABTEPHATUBHI AJKEPEAd OTPHUMAHHA
ITOAIHEHACHYEHHUX KUPHUX KUCAOT, BKAIOYHO 3 N-6 Ta n-3, METOAOM 010TEXHOAOTIMHOIO HAKOIIMYEHHSA
32 AOIIOMOIOIO OlOCHHTE3y 13 BHKOPHUCTAHHAM PI3SHOMAHITHHUX OIOAOITYHMX areHTiB (Oaxrepii,
MireAlaABHHEX IpHOIB, MIKPOBOAOPOCTEH). 30KpEMa OIIMCAHO IIAIOCH T2 MIHYCH TAKUX IT€PCIIEKTUBHIX
MikpoopraHismis (3/6e3 MoAudikauil renomy), sx: Mortierella alpina, Thraustochytrium sp, Schizochytrinm sp.
Ta 1H.

Koouosi caosa: imyHiter, 1o AlHeHACHYEH] KUPHI KHCAOTH, N-3, N-0, AJKEPEA IIOAIHEHACHYCHHX YKUPHHIX
KHCAOT, €HKO3aHOIAH, (DAroIuTOo3.
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Bceryn

7KupHi KHCAOTH, IK IIPABUAO, € BYTACBOAHEBIMH AQHITFOIAMU 3 KAPOOKCHABHOIO TPYIIOIO
HAa OAHOMY KIHII T2 METHABHOIO IPYIOIO Ha IHIIIOMY KiHIN. 3a CTyIIEHEM HEHACHYEHOCTI
HAMOIABIIT ITOITUPEH] XaPYOBl KUPHI KHCAOTH ITOAIAIFOTBCA HA TPH BEAHKI KAACH: HACHYCHI
AKUPHI KHCAOTH, MOHOHEHACHYEHI )KUPHI KHCAOTH 1 moAiHeHacudeHi xupHi kucrotu ([THZKK)
B MEKaxX allUABHOTO AaHIrtora (Mariamenatu et al., 2021; Saini et al., 2018). 3 Touku 30py cryrieHs
IIOIINPEHHSA, 3A0POB’A Ta Xap4YyBaHHA AIOAHMHH CIMEHCTBA N-6 1 Nn-3 € HalBaKAMBIIIIMN
npupoannvu [THZKK. TIpu mpomy yci HOMKHBHO BaKAMBI ITOAIHEHACHYEH] KUPHI KHCAOTH
arpynosani B kateropii Omera-3 i Omera-6 Ha OCHOBI ITOAOKEHHSA IIEPIIIOTO ITOABIFTHOTO 3B 3Ky
BiA KiHIA MeTHAOBOI 2400 Omera xmpnOi kucrotu. Tepmin «Owmera-3» a60 «Owmera-6»
CTOCYETBCA ITOAOKEHHS IIEPIIOrO ITOABIHHOTO 3B’fI3KYy B BYI'ACIICBOMY AQHIIIO31, PAXYIOYH BIA
METHABHOIO KIHIA KHPHOI KUCAOTH. OKpIM TOIO ICHyE€ CHCTEMATHYHA HOMEHKAATYPA AAA
ITHKK, sixa Bkasye Ha pO3TaIIyBaHHA IIOABIITHUX 3B’A3KIB 3 IIOCHAAHHAM Ha IIEPIINUH BYTACHb
y kKapOokcuAaTHilt rpymi (Mariamenatu et al., 20217).

AO KOMITAGKCY ITOAIHEHACHYEHUX KUPHHUX KHCAOT BIAHOCATBCA AIINIAHI CTPYKTYPH, fAKI
MalOTh OIABIIIE HIK OAMH IIOABIHHNI KapOOHOBHH 3B’A30K y CBOIl OyAOBI Ta 3a3BHYail
BKAIOYAIOTh KIABKA ITOAIOHHUX 3B’fA3KIB. BIAIIOBIAHO AO 30IABIIIEHHA AAHIIIOTA ITOABITHHX
KapOOHOBHX 3B’AI3KIB ICHy€ HOAIA Ha omera-3 (n-3) Ta omera-6 (n-6) IMOAIHEHACHYEH] KUPHI
kucArotu. 3okpema pia omera-3 ITHZKK Bkarodae: o-AIHOAGHOBY KHCAOTY, CTEAPHAOHOBY
KHCAOTY, €HKO3AIICHTACHOBY KHCAOTY, KAYIIAHOAOHOBY KHCAOTY, TETPAKO3AIICHTACHOBY Ta
AOKO3ar€KCA€HOBY KHCAOTH; AO pOoAy omera-6 [THZKK BiaHOCATBCA: AIHOAEBA KHCAOTA, ALTOMO-
y-AIHOACHOBA Ta apaxiaoHOBa kucAotu (Mariamenatu et al., 20217).

Aocrarapo AaBHO oxapakrepusosani [IH/KK orpumasn HaykoBe IMIATBEpAKEHHA CBOTO
BArOMOTO 3HAYCHHA Y IIIOACHHOMY Xap4YOBOMY PAIliOHI AFOAMHH, OCOOAHBO I'PYIIN OMera-3, 3a
PAXYHOK IIO3UTHBHOTO BITAUBY Ha PO3BHTOK M OIITUMAABHE (DYHKIIIOHYBAHHSA IMyHHOI CHCTEMH.

Crpasa B TOMy, ITIO KOMIIO3HIIIFO KHPHHUX KHCAOT KAITHH IMyHHOI CHCTEMH MOKHA
MOAEAIOBATH 3aBAAKH All AIETUYHHX KHPIB, 2 PE3YABTATH B KOMIIO3HII — MATH BIIAHB Ha
pPeaKkTHUBHICTD Ta (PYHKIIOHYBAHHA IMyHHHX KAITHH 32 AOCTaTHBO KopoTkuil mepioa. [THZKK
MOXKYTb AT Ha IMyHHHEH CTaTyC 3a AOIIOMOIOIO KIABKOX MEXaHi3MiB: 1HIIOyBaHHA
MeTaOOAITHOIO IIPOIIECY CUHTESY aPaxiAOHOBOI KHCAOTH, MOAUMIKAIA BHYTPIITHBOKAITHHHIX
AIITIAIB, BUPOOAEHHS IPOTH3AIMAABHIX MEAIATOPIB, 2 TAKOXK aKTUBALIA AACPHHUX PEIEITOPIB.
[Ipu 9oMy pe3yAbTaT KOKHOTO 13 3a3HAYCHUX IIIAAXIB XapaKTEPU3YEThCA CBOIM CleIuianmmM
imyHOMOAyAFOFOUnM edexrom (A~Khalaifah, 2020).

OO0’ekTOM AOCAIAKEHHA € METADOAIMHI IpOIleCH B OPraHi3Mi AIOAMHH, 2 TaKOXK poOOTa
KAITHHHOI T2 TYMOPAABHOI AAHOK iMyHHo'l' CHCTEMHM HA IIPEAMET 3MIH o6yMOBAeHHX IITIOACHHUM
B/KHBAHHAM AOCTATHBOI KIABKOCTI ITOAIHEHACHYEHHX KUPHUX KUCAOT.

MeToro 3AIICHEHOTO TEOPETUIHOIO AOCAIAKEHHS € ITOKPAITIEHHsA PO3YMIHHA BAKAHBOCTI
IIIOACHHOTO HAAXOAMKEHHS 3 [KEI0 MOAIHEHACHIECHHX KUPHUX KUCAOT, OKPECACHHSA HAHOIABIIT
PAITIOHAABHHUX AAfl BKUBAHHA XapYOBHX IIPOAYKTIB 3 IX BHCOKHM BIACOTKOBHM BMICTOM, a
TAKOXK, IO € HAWOIABII BAKAUBHM, OIINC X OE3IOCEPEAHBOrO BIIAMBY Ha POOOTY IMYHHOI

CHUCTEMU AFOAMTHH.
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OCHOBHHM 3aBAAHHAM AOCAIAKEHHS € OIIPAIlfOBAHHA HAYKOBHX AxepeA iHdopmariii
BHKOPHCTOBYIOYH IIParll TAKUX CBITOBHUX BueHUX AK Wu, Gammone, Dyall, Mariamenatu, Zhang

Ta iH., 3aAAf OiabI TAnOOKOTO posyminas BuauBy [ TH/KK Ha poboTy kaiTiH iIMyHHOI crcTemL.
PesyapTaTn AOCAiAKEHHA

Brans cucremarmunoro sxxuBaunHa ITHZK Ha opranism Ta iMyHHY CHCTEMY AFOAMHH

ITopu kAacHYHI AYMKH IIPO AIINAHI CTPYKTYPH y AKOCTI AKepeAa eHeprii, omera-3 Tta
omera-6 ITHZKK Takosk BIAIrparOTh AOBOAL CyTTEBI PYHKII Y pAAl METAOOAIMHUX IIPOIIECIB B
oprauizmi. Y BIAIIOBIAHOCTI AO OIIyOAIKOBAHHX AAQHHUX MEAHKO-OIOAOITIHHX AOCAIAKECHD,
HAAXOAKEHHSA JKHPHHX KHCAOT 3 DKEIO ITOBUHHO MAaTH CHCTeMATHYIHHIT xapakrep (4...6%
EHEPreTUYHOIO PAIliOHy 3a0€3IIEYyEThCS 34 PAXYHOK BKUBAHHA ECCEHINAABHHX KHPHUX
KHCAOT), a4A€ 3 YPAXyBaHHAM BIALIOBIAHHX HOpM BcTaHOBAeHNX AleTororamu: 80...150 r/a06y
AAST 90AOBIKIB T2 05...100 r/A00y AAs xiHOK. OKpeMO caip 3ayBaxkuTy, 1o He Merie 30% Bia
3araAbPHOI KIABKOCTI CIOKHTOIO JKHPY IIOBHHHO IIPHUIIAAATH CaM€ Ha HATYPAABHI KUPH
pocanHHOTO TOXOAKEHHA (OALl) (Belenets et al., 2016).

AHaAI3  TIOBCAKAEHHOIO PAIlOHY CEPEAHBOCTATUCTHYHO! AIOAMHU BHABUB 3HAYHI
BIAXMACHHA BiA HOPM 30aAQHCOBAHOIO XapYyBaHHA, fAKI IIPU3BOAATH AO IIOPYILIECHHA CHHTE3Y
rOpMOHIB, (pepMeHTIB, OIAKIB Ta IMyHOTAOOVAIHIB. SIK HACAIAOK Iie 3aITyCKac pfA 3aTaABHUX
IIPOLIECIB Ta 3aXBOPIOBAHb (IIOPYIIECHHA METAOOAIZMY, OKHPIHHSA, 3aXBOPIOBAHHA CEPIIEBO-
CYAHHHOI CHCTEMH H OpTraHiB TpaBAeHHA). 30Kpema OIABII PaHHI AOCAIAKEHHS HA TBAPHHAX T2
AIOAAX AEMOHCTPYIOTb, IO THII 1 KIABKICTB JKHPHOI KHCAOTH HAIIPAMY IIOB’3aHi 13 BIIAUBOM Ha
imyHHY BIATOBIAD (Gandra, et al., 2016).

Humi cnosxusanmsa [THKK poann omera-6 Ta omera-3 3sHaXOAUTBCA § CIIBBIAHOIITEHHAX
10:1...30:1, mo HpHU3BOAUTH AO HOPYILIEHHA AINIAHOrO OOMIHY. BaxamsBum TyT € Te, IO
apaxiAOHOBA KHCAOTA KOTpa BCTYIIA€ Y PEAKINO 3 BiTaMiHaMmu rpynu B, cuaTesyerbcsa came 3
AlHOAeHOBOI KncAotu. Ilpu oMy HAAAWIIOK CHHTE3y apaxiAOHOBOI kucAoTH (OiApIe 2
r/A00Y) € TPUrepOM HU3KU CMEPTEABHO Hebesneunux nporecis. Came ToMy 3aBKAN HEOOXIAHO
OAOKyBATH AKEPEAO CHHTE3y apaXiAOHOBOI KHCAOTH 33 PAaXyHOK CITOKHBAHHS OIABIIOL
KiABKOCTI AiHOAeHOBOT (n-3). Ix HaykKOBO OGTPYHTOBAHE CIIBBIAHOITIEHHS TIOBUHHO CKAAAATH
10:1 — Aas 3pa0poBOTO BepcrBa HaceAeHHs T2 3:1...5:1 — mpn HAABHUX ITOPYIIEHHAX AIIIAHOTO
oowminy (Belemets et al., 2021a).

Ao npukaaay, 3a Aanumu HaBeAeHumu y cratti (Gammone et al., 2019) BiA3HAYEHO BIIAUB
omera-3 Ha 3aITlaAbHI IPOIIECH IIPU 3aXBOPIOBAHHAX CEPIIEBO-CYAHHHOI CHCTEMH, OCKIABKI
BOHH IPHIMAIOTE Y9IaCTh Y PEIYAIOBAHHI apTEPiaAbHOIO THCKY, ITOKPAIIYIOTh IIPOIIEC
3rOPTAHHA KPOBI, 2 TAKOK 3aCTOCOBYIOTHCA y AKOCTI IPOMIAAKTUKI AUCHYHKITIH OOYMOBACHUX
IHTEHCUBHIMH HABAHTAKCHHAMI.

Cupasa y TOMY, IO A 9aC CYTTEBUX (PISUYIHUX BIIPaB YU TPEHYBAHb ¥ KAITHHAX OPraHi3My
ATOAMHH TPAIIASIETHCA OKUCAIOBAABHHUN CTPEC, AKUI HAIIPAMY € IIOB’A3aHHM 13 HOPYIICHHAM
IIPOOKCHAAHTHO-AHTHOKCHAAHTHOTO OaAaHCy. 32 YMOBH 3HAYHUX (PISUYHUX HABAHTAKCHb
(CMAOBUX BIIPaB) MOKE HACTATH OKHCHE ITOITKOAKEHHA KAITHHHUX KOMITIOHEHTIB. Y ITbOMY
BHUITAAKY CITOCTEPITra€ThCs IIPOIIEC YTBOPEHHSA BIABHIX PAAMKAAIB CKEACTHUMHI M A3aMH (A 9ac

CKOPOYEHb) 3 IOAAABIINM OKHCACHHAM IHIITHX MOAEKYA OPraHi3My AAfA BAACHOI crTabiAizariii.
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[TOAIOHMIT OKHCATOBAABHUIT CTPEC HETATHBHO BIAOOPaKAEThCA HA (DYHKITIOHYBAHHI KAITHH, IO
Y CBOIO YEpIy IIPU3BOAHUTH AO PO3BHUTKY I'OCTPOI BTOMH fK CEpeA PO EeCciiiHIX CIIOPTCMEHIB,
TaK 1 CepeA IOYATKIBIIB.

Oxpim Toro npu (pi3UYHUX BIPaBaX BIPOTIAHHM TaKOK € HETaTUBHUM BIIAUB HA IMYHHY
CHCTEMy B INAOMY V BHIAAAI HEOQKAHOIO IMYHOMOAYAIOIOYOIO €EeKTy, IO MOKE
BIAOOpaKATHCA y 30IABIIEHHI MOKAMBOCTI IIOTPAIAAHHA PI3HUX iH(EKIIHHUX areHTiB. Sk
HACAIAOK: TIOCHAEHHSA BHPOOAEHHA IPOTH3AINAABHUX IIUTOKIHIB, a TaKOMk 3HIDKCHHA IX
dyuxmionysanus (Gammone et al., 2019, Black et al., 2018).

OKHCAIOBAABHUI CTPEC, fIK PE3YABTAT YTBOPEHHA KUCHEBO-LIEHTPOBAHUX PAAUKAAIB, MAE
BAACTHBICTDb IIPUTHIYYBATH AKTHUBHICTE HEUTPOMDIAIB, a2 TAKOMkK 3MEHIIYBATH IIPOAldepariro
imynokomrrereHTHUX KAITHH (T- 1 B-Aimdponnti), 1m0 HeratuBHO BIAOOpakaeTbCA Ha POOOTI
KOKHOI 13 AaHOK imyHHOI cuctemu (Ganmmone et al., 2019). Tomy 11pu IIPOBEACHHI PEIYAAPHUX
TPEHYBaHb, AAfA 3MEHIIICHHA HEIATHBHOTO BIIAMBY Ha (PYHKIIOHYBAHHA KAITHH 1 OpPraHi3My y
LIAOMY, PEKOMEHAYETBCA BKUBATH AOAATKOBI AMKepeAa oOMera-3, OCKIABKH HAABHICTb
EHKO30IIEHTAEHOBOI KHCAOTH MOJKE IIOKPAIIyBATH META0OAIYHY TIHYYKICTD MA3iB Ta
30IABIIIYBATH M’A30BY CHUAY Y criopremenis (Gammone et al., 2019).

3azHadeHl BHIIE PE3YABTATH AOCAIAKEHB AOOpPE Y3rOAKYIOTBCA 3 IIPEACTABACHUMH Y
nvactynnux npauax (Lembke et al., 20145 Corder et al., 2016; Tinstey et al., 2017), 3riAHO 3 AKUMH
ITH’KK poaurn omera-3 MaroTh BAACTUBOCTI ITOKPAIIYBATH M A30BUH aHAOOAIZM H KaTaDOAI3M
AK CEPEA XBOPHX, TaK 1 CEPEA 3AOPOBHUX BEPCTB HacEACHHH. SIK HaCAIAOK — 301ABIITEHHA M A30BO1
Macu Ta {f CHAH Y AFOACH PI3HOrO BiKy/CTarTi.

Aannit Buams [THZKK ma pobory iMyHHO! cHCTEMH MOKHA ITOSCHHTH HAafBHICTIO
docdoaimnas, mo akrUBHO IPUHMAIOTH yYACTh B OKHCACHHI Ta IIABHINYIOTH IPOHUKHICTBH
KAITHHHOX ~MeMOpaH. 30KpeMa Taki AOBIOAQHIIIOTOBI KHCAOTH fK apaxiAOHOBAa Ta
EHKO30IICHTAEHOBA — BIA’GAHYIOTBCA BIA MeMOpaHHUX (POChOAIITAIB ¥ IAAAIOTHCA
OKHCACHHIO AO BIAIIOBIAHHX AIINAHHX MEAIATOPIB 32 AOIIOMOTOIO (DEpPMEHTIB OKCHICHA3H,
nukAookcureHnasu ta muroxpomy P450 (Mariamenatu et al., 2021; Saini et al., 20186).

3araapHo Bisommmu Huzi € BAactuBocti [THZKK n-3 mocmaroBatm  dparorurapmy
AKTHBHICTb y AOCAIAAX Ha AaOoparopuux wmwuinax. Biarax y npari (Gutiérrez et al., 2019)
3a3HAYAETHCA, IO AOAABAHHA AOKO3AIEKCAEHOBOI KHCAOTU 77 Viffo AO BIAOKPEMAEHHUX
IIEPUTOHEAABHUX HEHTPOMIAIB OOYMOBAFOE ITABHINEHHSA X parorurapaoi # yHrinuAHOL
spatHOCTEN Ha 35%. OTpmMaHi pe3yAbTATH MArOTh CBOXO aKTYaABHICTH 1 AAfl K3, V AKHX
ITOAIMOPOSAACPH] ACHKOIIUTH ITOCHAFOBAAH CBOFO 3AATHICTH AO nTorAnHauuA . Co/i 32 ymoBu
IHKyOArril pa3oM 3 eHKO3aIIEHTAEHOBOIO 1 AOKO3ar€KCAEHOBOIO KUCAOTAMMU.

[Tepeaiueni edpexTr BAACTHBI i AASL AFOACH, ITIO THATBEPAKYETHCA PAAOM EKCIIEPUMEHTIB ¥
Akux 10-om ygacHmkam yupoAoBxk 60 AHIB AOAABAAM AO parioHy pu0’samil xup 3 26%
AOKO3areKCa€HOBOI KHUCAOTH Ta 54% eHKO3aIIeHTA€HOBOI KHCAOTH, IO IIPHU3BOAHAO AO
30iAbIIEHHA (paronuTapHOi aKTUBHOCTI HEHTPOIAiB Ha 62%0.

Ha mporusary onyOAiKoBaHI pe3yAbBTaTH 1HIIIOIO HPOBEACHOTO AOCAiAkenHdA (Liw et al.,
2017) y AKOMYy AOOPOBOABIII CIIOKUBAAH KYKYPYA3AHY OAIFO 20O €HKO3aIIEHTAEHOBY KHUCAOTY,
AKI HEe IPOAEMOHCTPYBAAN 3HAYHOIO BIIAUBY Ha (DArOIUTAPHY 3AATHICTD arPAaHYAOIIHTIB.

BiazHagaeTncs, 1110 HAABHICTD Y paIlioHI €KO30IIEHTAEHOBOI T AOKO30T€KCAEHOBOI KHCAOT

IIPU3BOAUTB AO 30IABIIEHHS X 9acTOK y HeHTpodirax Ta MoHOonwmtax. Lle y cBoro wepry i
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dopmye mpoTH3aIaABHIN €(DEKT BIA BAKUBAHHA OMEra-3 3 HIOAAABIIIUM 3MEHITIEHHAM ITPOAYKIIT
iarepaetikiais IL-1 ta IL-6, — HO3HTHBHO BIAOOPAKAE€THCA HA XBOPHUX 3 PEBMATOIAHIM
apTPUTOM 200 CHABHHM OOAEM Y CyrAO0ax, AKAN MOKE BUHHKATH IIPH IIOBTOPHUX CUCTEMHIX
uHasauTaxeHuax (Ganmmone et al., 2019).

Aobpe Binomnmu pobotamu Ha Aany TeMatuky € (Gomez-Larranri et al., 20205 Dyall, 2017),
A€ IIPOACMOHCTPOBAHO IO PI3HOMAHITHI AIINAM MAarOTh OIOAOTIYHO AKTHBHI BAACTHBOCTI, fIKI
BHHUKAIOTD 3 TAIIIEPOAITIAIB, — Al3opocdaTraHa KHCAOTA Ta PAKTOP aKTHBALIT TPOMOOIINTIB
(Dyall et al., 2022). Y cBotO uepry 1e BINOOpasuAoca y POPMYBAHHI TEPMIHY OKCHAIITIH, KOTPHIT
ITOKa3y€ OKCUTEHOBMICHI CITOAYKH, AKI YTBOPIOIOTBHCA 13 KUPHHUX KHCAOT, OPTAHI30BAHIX MOHO-
200 AIOKCHIE€HA3HOIO OKCHICHAINEIO AAfl ITOAAABIIIOIO OXOIIAEHHS OIOAOTIMHO AKTHBHHUX
AIITIAHUX MEAIATOPIB. Y TBOPEHHA OKCHAIIIHIB BIAOYBAETHCA IIEPEBAKHO depe3 PepMEHTATHBHI
IIASIXM AK IIMKAOOKCHUIEHA3W (IeMBMICHI (DEpMEHTH 3 OKCHICHA3HOIO 1 IIEPOKCHAA3HOIO
AKTUBHOCTAMH 3 ITOAAABIIIOIO OKCUTCHAINIEIO KUPHHUX KHCAOT 3 YTBOPEHHAM IIPOCTATAAHANHIB)
T4 AITOKCUTeHa3su (AIOKCHICHA3H, KOTPl KAaTaAI3yIOTh YTBOPEHHA TIIAPOIIEPOKCHAIB KHPHHUX
KHCAOT Ta IX MeTabOAILTIB) (Dyall et al., 2022; Kirkby N.S. et al., 2016).

Bapro Takox 3rapatu mpo IMyYHOMOAYAIOIOYY AIFO TAKHX EHKO3aHOIAIB (OKCHI€HOBaHI
rroxiaHl Cyl THZKK), sk apaxiaoHOBaA Ta €HKO30IIEHTAEHOBA KHCAOTH 3 IIPO3AITAABHHUMU 200
IIPOTU3AIIAAPHIMH BAACTHBOCTAMM, Pa3oM 3 ayrakoiaamu, kotTpi moxoadrs 3 CxplTHZKK
(TIepeBaKHO  AOKO30TEKCAEHOBA KHCAOTA) M MAarOThb HEHPOIPOTEKTHHH Ta 3AATHICTD
3MEHIITYBATH 3aITAAbHI IIPOLIECH B OpraHiami Aroannu (Saini et al., 2018).

BiaTak efiko3aHOIAH, ITIA 9aC CHHTE3y Y BEAHKHX KIABKOCTAX, BIIAUBAIOTH HA HACTYIIHI
IMYHOAOTTYHI Ta METAOOAIYHI IIPOLIECH: HA AKTHUBAIIIO ACHKOIHTIB, arPErariio TpPOMOOIIHTIB,
PETYAAIIIO IIIAYHKOBOI CeKpelii, KpoBoTedy, OPOHXOKOHCTPHKIIIO, OPOHXOAMAATAIUIO Ta
CHTHAAI3AINIO OOAIO B HEPBOBHUX KAITHHAX, MAIOTh BAACTHUBOCTI AO PEIYAAILIl 3aITaACHHA Ta
poboTH IMyHITETy, KPOBOHOCHHX CYAHWH, CHHAIITHYHOI HAACTHYHOCTI, POCTY KAITHH, CHY,
BIATYTTA OOATO, TOIO (Saimni et al., 2018).

HasBHICTP KHCAOT Ad€ 3MOTY HAa HAACKHOMY PiBHI (DYHKIIIOHYBATH IMYHHIN cHCTEeMI, fKa €
KUTTEBO BAKAUBOIO AAS 3aXHCTY BIA IIATOTCHHUX MIKPOOPTAaHI3MIB, TAKUX fIK OakTepii Ta BipycH.
OxpiM TOro IMyHHAa CHCTEMa BIAIIPAE IIEHTPAABHY POAB Y 3a0€3II€YEHHI TOAEPAHTHOCTI AO
BAACHHUX TKAHUH, HEITKIAAMBAX MIKPOOPIaHI3MiB, AKI CKAAAAFOTh HOPMAABbHY MIKpodAOpy
AFOAMHH T2 TIOTEHIIHNX aAE€PIEHIB y IPOAYKTAX XapuyBaHHA. [Ipy 1ibomy iMyHHA BIAITOBIAB
BKAFOYAE 3HAYHY IPOAidEepariro KAITHH, a cami K HOAIHEHACHYEHI KHPHI KHCAOTH —
BIAITPAIOTh KAFOUOBY pOAb y 1i miarpmmin Ta peryasanil. 3oxpema ITHIKK e Bamanmsnvm
AMKEPEAAMH EHEPTI AAS KAITHH IMYHHOI CHCTEMH, 4 TAKOK KUTTEBO BAKAUBUMU CTPYKTYPHIMUI
I PYHKIIIOHAABHIME KOMIIOHEHTAMH MeMOpaH iMyHHUX KAiTuH (Calder, 2018).

Pazom 3 TM 3araAbHOBIAOMUMHE € AAHI ITTOAO €(PEKTUBHOCTI AOAATKOBOIO 3aCTOCYBAHHSA
KHCAOT IPYIH N-3 IpH AIKYBaHHA PI3HOIO KAACY 3aXBOPIOBAHb; 33 YMOBHU 30IABIIICHHA YaCTKH
CIOKUBAHHA AAHUX KHUPHUX KHCAOT CIIOCTEPIra€ThCA MABUITICHHA e(DEKTUBHOCTI AleTOTEpAITif,
KOPEKIIifA IOPYIIEHb METAOOAI3MY AIINAIB y XBOpHUX Ha IyKpoBuil Alaber Il Ty, sHrmKeHHA
pamirre miaBuineHoi aktuBHOCTI docdoaimaz Al i A2, KOTpl € BIAIOBIAAABHEMHE 3a
AereHepariirto PocdOAImAIB y IIporieci KAITHHHOTO MetaboAismy (Belemsets et al., 2021D).

Bapro Takox 3azHaumTH, IIIO apaxiAOHOBA Ta AOKO3AaI€KCAEHOBA KHCAOTH € OCHOBHHUMU

npeacrasaukamu [THZKK y MO3Ky AFOAMHH, OCKIABKH BOAOAIFOTH HEHPOIIPOTEKTOPHHMU
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BAaactuBoctamu (Dyall, 2015). 111 AOBrOAAHITFOTOBI KHCAOTH MOKYTh HAAXOAUTH 32 PaXYHOK
xapaysanHa 30aragenoro [TH/KK a6o x 32 paxyHOK KOPOTKOAQHIIFOTOBUX ITOIIEPEAHUKIB 3
ITIOAQABIIIOI0 OOMEKEHOIO TpaHCOpMAIliero y medinmi. BoaHowac amcOasaHc parioHy y
CHOKUBAHHI MUK N-3 1 n-6 He TIABKH CTaBUTb ITIA 3arposy BmicT AoBroaanmrorosux [THZKK y
MO3Ky, aA€ M TAKOMK MOJKE BIIAMBATH HA BHPOOHHIITBO IIIHPOKOTO CIIEKTPY MEAIATOPIB 3
ITIOTEHIIIHHO HErATUBHUM BIIAUBOM Ha HOTO akTUBHICTD Ta dyHKIionysauus (Dyall, 2017).

[Tompu yci HaBeAeHI BUIIIE IIEPEBAIY, HAAMIPHE CITOKUBAHHA Y PAIIOH]I OMera-3 MOKe MaTH
I HEraTUBHHUII BIIAUB IIOB’A3aHUI 31 3mimamu yHKIiOHYBaHHA TpomOonwutie. Haamipra
KIABKICTD E€HKO30IIEHTA€EHOBOI 1 AOKO30I€KCAE€HOBOI KHCAOT IIPU3BOAHUTH AO YTBOPECHHA T2
HAKOIIMYCHHA TPOMOOKCAaHY A3, AIKII HE TAK AKTUBHO BIIANBAE HA AKTHBALIIIO TPOMOOLINTIB HIK
TpombOKcaH As. BiamosiaHO, 301# akTHBarii TPOMOOIMTIB Yepes pisHI €HKO3aHOIAM MOKe
IIPU3BOAUTH AO AHTUTPOMOOTHIHOTO €(PEKTY 3 IIOAAABIIINM IOTIPIICHHAM IIPOLIECY 3aTOCHHS
paH, OCOOAMBO IICAfl TPaBMyBaHb 20O OIepaIiiHuX BTpydaHHA. [Ipm mpomy AoAaTkOBHM
HETATUBHHIM HACAIAKOM HACHYEHOI'O CITOKUBAHHA OMEra-3 € IEPEeKHCHE OKHMCACHHA AITAIB 3
YTBOPEHHAM BIABHUX PAaAHKAAIB, IIIO BIIAUBAE Ha CTAOIABHICTD KAITHHHUX MeMOpau (Ganinmone
et al., 2019).

Orxe, x049a n-3 1 nN-6 COPUHAMAIOTHCA AK CIPHUATAHBI AAfl 3A0POB’ OIOAOTIYHO AKTHBHI
pedoBHHMU, 3a IX HAAMIPHOIO IIOACHHOIO CIIOKHBAHHA CIIOCTEPIra€ThCf aHTATOHICTUIHHUI
(IIpOTUAEKHUI) BIIAUB HAa METAOOAIYHI (PYHKII B OpraHismi AIOAMHH, IO 3TOAOM MOJKE
IIPU3BECTH AO ITOSBH OAaraTbOX ITATOAOTIYHHX IIPOIIECIB, AKIIO OAAAHC «QHTATOHICTHIHUX
MeraboAlaHuX pyHKUiE» He 3miuuTbea (Sami etal, 2018). Ilpu mpomy omera-3 i omera-6
BIAIIOBIAQIOTD 32 IIPOTHAEKHI MeTAOOAITHI (DYHKIIIL, BIAITPAIOYN 3HAYHY POAB Y PEIYAIOBAHHI
TOMEOCTA3y OPraHi3My, IIPO3AMAABHUX 1 IIPOTU3AITAABHUX IIPOIIECIB (32 AOIIOMOTOIO AOKAABHO
AIFOYHX OIOAKTUBHHUX CHUTHAABHHX AlINAIB), arperarii Ta adTHarperamii tpomoOoruTis. Sk
IIPaBHAO, N-6 ITOCHAIOE 3AIIAACHHS, arPEraIiio TPOMOOIIUTIB T4 BA3OKOHCTPHKIIIFO, TOAL AK n-3

IIPUTHIYYE 3aIIAACHHSA, ATPETAIif0 TPOMOOLIUTIB Ta IIOCUATOE BasoAuAatauito (Kwon et al., 2020).

Pocaunni, TBapuHHi Ta Mikpo6Gioaoriuni aAvxepeaa ITHXKK poaun n-3 Ta n-6
a-AIHOAEHOBA Ta AlHOAeBa KUCAOTH € ABoMa Oasosumu [THIKK, aki moBuHHI HAAXOAUTH
31 IIIOAGHHOTO pPAIliOHY XapyyBaHHfA, OCKIABKH AFOACBKHM OpraHi3M HE 3AaT€H AO iX
caMocCTifiHOrO cuuTe3y. AsKepeaamu omera-3, 3a3BUYail, BHUCTYIIAIOTh PISHOMAHITHI 3€A€H1
OBOYI, HACIHHSA OAIHUX KYABTYP (Ha KIITAAT AbOHY), OKEAHChKa prOa (CApAMHH, AOCOCH 200 K
tyuens) (Sunoponlos, 2016).

a-AIHOAEHOBA KHCAOTa BXOAHTb AO CKAGAy XAOPOIIAACTIB KYABTHBOBAHHX 3€ACHHX
AMICTOBHUX OBOYIB (IIBITHA KaIIycTa, OPOKKOAIL, CaAaT), HACIHHA Ta IOPixiB (BOAOCBKHII IOpix),
OyKOBHX, COi, pilTaKy, YepBOHOI Ii YOPHOI CMOPOAHHH, a4 TAKOK PI3HOMAaHITHHX (DPYKTIB Ha
KIIITAAT aBOKAAO, MAAUHI Ta HOAyHuUII. Aefika if KIABKICTh HafBHA Y AUKUX ICTIBHUX POCAMHAX
ak Verbena officinalis 1., Chenopodium album L., Picris echioides 1. ta Sonchus oleracens 1..

AiHOAEBA 7K KHCAOTA ¥ BEAUKIH KIABKOCT]I MICTUTBCA B HACIHHI TAKUX POCAUH fIK: BHHOTPAA,
pilTaK, Mak, KOHOIIAI Ta MHIAAAb; Y IOpiXax: OpPasHABCHKOMY, BOAOCBKOMY, KEAPOBOMY
(Mariamenatu, 20217).

Owmera-6 'y CBOIO 4YeEpry BXOAHUTb AO CKAAAY PISHOMAHITHHX POCAHMHHHUX —OAIH

(COHAIIIHUKOBA, COEBA, KYKYPYA3fHA), fAKI HAOYAH IIHPOKOIO BHUKOPHCTAHHA IIA 9ac
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upurotyBausi ki (Bentsen, 2017; Sokola-Wysoczariska et al., 2018). ApaxinOHOBa KHCAOTA
3HAXOAUTBCA HEPEBAKHO Y POCAOAITAAX 3€PHOBUX IIPOAYKTIB TBAPUH 1 ITTHII, TAKHX fK:
M’AICO, CaAO, IHAMYHI KHp, BEPIINKOBE MaCAO Ta sfeunl Almiam. EiikosomenraeHOBa Ta
AOKO3ar€KCA€HOBA KHUCAOTH Y AOCTATHIN KIABKOCTI 3HAXOAATBCA Y KUPHINA MOPCHKiT pumOi It
pub’sgomMy KHPl 3 AOCOCHA, CKyMOpii, capAmHAX, aHYOycaX, (DOpPEAl, a TaKOK B OAIfX
MikpoBoaopoctelt (Sokola-Wysoczariska et al., 2018; Harwood, 2019; Ruiz-Lopez et al., 2020,
Simopoulos, 2020).

Boanowac moTpibHO pO3yMITH, IO 13 HA3EMHUX POCAHH, OBOYIB, TBAPHUH, OMETra-3 1 omera-
0 HEMOYKAMBO OTPHUMATH Y AOCTATHIM KIABKOCTI (3 OIOAOIIYHOI TOYKH 30PY), 2 Taki MOPCBHKI
AKEPEAa KHCAOT AK pUOa, pUO AN KUP 1 OAL MIKDOBOAOPOCTEH € HE OAHAKOBO AOCTYITHHMU
32 IIIHOBOIO ITOAITHKOIO AAf ITEPEBAKHOI OIABIIOCTI HaceACHH:A. 30KpeMa IOTPIOHO AOAATH,
mo orpumanua [THKK 3 Mopcekoi pubu, ik OCHOBHOIO AkepeAa, 301ABIIYE aHTPOIIOTCHHE
HABAHTA’KCHHA Ha OIOIIEHO3 OKEaHiB, MOPIB TAa HEraTHBHO BIAOOPAKAETBCA HA EKOAOITIHOMY
crani naaneri 3araaom (Mariamenatu, 2027).

Bapro Takoxx 3a3HavnTH, IIIO CyYaCHE CIABCBKE TOCIIOAAPCTBO IIPHUAIAAE YBAIY BUKAIOYHO
IIITAHHIO BUPOOHHIITBA, TOOTO IIPOAOBOABUIN Oe3ieri, a He (PYHKIIOHAABHIH IIPOAOBOABYII
Oesmerti. SIk HACAIAOK criocrepiraeMo 30aradeHHA OMera-6 Ta CYTTEBE 3HIDKEHHS KIABKOCTI
oMera-3 y OIABIIIOCTI IIPOAYKTIB IITOACHHOIO BKUTKY. BIATaK 3MiHA CHCTEMH KyABTHBYBAHHSA
POCAHH Y CIABCBKOMY I'OCIIOAAPCTBI 3aAASl OTPUMAHHSA KOPMIB AASl AUKHX TBAPUH — ACMOHCTPYE
BHUKOPHUCTAHHA 3epHA 3AaKiB 11030aBAeHOTO OoMera-3 [THZKK (kopm Aaf Aoomariaboi xyAo0m),
mo y cBoro 4depry BiamBae Ha 3miHm npodiaro ITHVKK BupoOaeHnx 3 Hux xapdoBux
IIPOAYKTIB (M’ICO TBAPUH, ANIA Ta HaBITh puOa) (Simoponlos, 2020).

AABTEPHATUBOIO AO OTPHUMAHHA | HAKOIIMYEHHA ITOAIHEHACHYCHHX JKHPHHX KHCAOT
BUCTYIIA€ IX OIOTEXHOAOIIYHA IIPOAYKIIA 32 AOIIOMOIOIO OIOCHHTE3y pPI3HOMAHITHUMUI
OI0AOTTYHUMH areHTaMH, AK MIKPOBOAOPOCTI, IprOH Ta OakTepii.

[Tramu mikpoBoaopocrert Schizochytrium sp. 1a Thraustochytrium sp. BM2 6yan npeamerom
3HAYHO! KIABKOCT1 AOCAIAKCHD 3aBAAKH BHCOKIN ITPOAYKIIL ITOAIHEHACHYEHUX KUPHUX KHCAOT,
OCOOAMBO AOKO30I€KCA€HOBOI KHCAOTH 32 YMOBH IHTEHCHBHOI aepariii miA dac 6iocunTesy (Rex
et al., 2017; Chen et al., 2020).

Biaroiazo A0 iHdOpMarii, mo naseaeHa y (Md Norashikin et al., 2018) iHIImmM MOKAUBIM
upoayuentom [THIKK e Chlorella vulgaris. ABropamu crarti onucyerscs smiaa kyastypu Chlorella
vulgaris 3a paxyHok ii moamdikanii Tpancremnumu AipiamMup Ch-TL1 ta Ch-TL2. Oxpim
MoAHMIKaIIii TeHOMY OYAO IIPOBEACHO BIADIP 1 KOPEKIUIO CKAQAY ITOKUBHOTO CEPEAOBHUIINA AAS
OI0OAOIYHOIO areHTa 3 BHCOKUM I HU3BKHM BMICTOM HITPATiB, BIAIOBIAHO AAfl BU3HAYCHHS
pocry, BUpOOHHUITTBA OIOMACH, 3araABHOIO BMICTY OAlf, 4 TaKOK KUPHOKHCAOTHOTO IIPOdiATO.
[le AaAO 3MOIy 30IABIINTH EKCIIPECIFO I€HIB 3 ITOAAABIINM HAKOIMYECHHA IAABMITHHOBOI,
CTEAPHHOBOI, OAEIHOBOI F AIHOAEBOI KHCAOT.

Ha cporoaHimHiii A€Hb OAHHUM 3 IIEPCHEKTUBHHUX IIPOAYLEHTIB AAf  OTPHMAHHA
ITOAIHEHACHYCHUX KUPHUX KUCAOT € Mortierella alpina. OcoOAuBICTIO 1UX IpUOIB € YTBOPEHHSA
HACHYCHHUX JKUPHUX KHUCAOT 3 IIOAAABIIOIO MOAHMIKAINEIO 1 IIOAOBKEHHAM IIOABIHHOTIO
AaHmora. Boanouwac meponikom Bukopucrauua Mortierella alpina € crBOpeHHA OCOOAHBO
«HDKHHX» YMOB KYABTHUBYBAHHSA, IO BIAOOPAKAE€THCA Y HU3BKII IMIBUAKOCTI IIEPEMIIITYBAHHA I

I10AQ4l aepariffHOro IOBITpA depe3 0coOAmBICTE Mopdoasorii kyaptypu. Ilpu 1mpomy
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3aCTOCYBAHHSA IIEPIOANYHOTO PEKUMY KYABTHBYBAHHS, BHECCHHSA INAKHUBAIOIOYOIO PO3YHHY
IIO’KUBHOIO CEPEAOBHUIIA VIIPOAOBK O AID 32 ONTHMAABHOTO PEKHMY IIOAAYl aCpPAIliHOIO
KHCHIO, A€ 3MOIy OTpuMatu Ha BUXOAL 18 r/A AlmiaiB, cepea sikmx apaxiaOHOBOI KucaoTH
micTuTbCsA TpuOAU3HO 42% (W et al., 2017).

IHIIIIM TEpCIIEKTUBHIM IIPOAYIICHTOM J-AIHOAEHOBOI KucAotu HuHi € Mucor circinelloides —
TUIOBUI OAIMHAU HUTYACTHAN I'pI/I6, AKHI IITHIPOKO BHUKOPHUCTOBYETHCH YIIPOAOBK OCTaHHIX
AeCATHAITh. OAHUM 3 YMHHHKIB CUHTE3Y HOAIHEHACHYICHHUX KUPHUX KUCAOT, 32 BUKOPUCTAHHSA
AAHOI KYABTYPH, € aKTHUBHICTb AeAbTa-12 200 7k AeAbTa-0 AecaTypas; HaACKCIIPECiA AeABTA-0-
ACCATypasu BIAIIPA€ BAKAUBY POAB y CHHTE31 )-AIHOAGHOBOI KHCAOTH Ta PEIITH IOXIAHHX

omera-6 (Zhang et al., 2017).

O6Grosopenua

Ha croroanimmiit Aens cioxkupanusa [THZKK kaacy n-6 y pamioni cepeAHbOCTATHCTHYIHOL
AFOAUHHI — 3HAYHO ITEPEBHUINYE KIABKICTB n-3. [Ipm mpomy apaxiAOHOBAa KHCAOTAa AA€ ITOYATOK
CIMEHCTBY €MKO3aHOIAIB (MEAIATOPIB 3aITAACHHA) 3aBAAKH AKHM PEIyAIOE BHPOOHHIITBO
LIUTOKIHIB, AIABHICTH 3aITAABHHX KAITHH Ta BIAUBAE Ha romeoctasd. Ocb YOMy BAKAHBO
KOPEIYBATH KIABKICTH YTBOPEHOI apaxiAOHOBOI KHCAOTH HIBEAIOIOYH ii BXKMBAHHAM OIABIIIOL
KIABKOCTI AIHOAEHOBOI KHCAOTH (N-3) Ta AOTPUMYIOYHCh PEKOMEHAOBAHUX AIETOAOTAMH HOPM
criBBIAHOIIEHD N-6 : n-3. OKpeMO TaKOXkK CAIA 32a3HAYHTH 3AATHICTb N-3 ITOCHAFOBATH
daronnTapHy aKTUBHICTD

Xoua Hapasl AJKEPEAAMH ITOAIHEHACHYEHHX KUPHUX KHCAOT BHCTYIIAE€ BEAHKA KIABKICTDH
POCAMH, OCOOAHMBO BIAOMHMH T4 IIOIIHPEHHMH 3AAHIIAIOTHCA PHOA, PUOAIHI KHP Ta
pPOCAMHHI OAll, 30KpeMa AAfIHA OAlfl, KA BIAPI3HAETBCA HANHOIABIIIMM BMICTOM N-3 3-IIOMDK
iHITIX. Bpaxosyroun AOCTaTHBO BHCOKY BapTICTh 3a3HAYECHUX IIPOAYKTIB Xap9ayBaHH:A, AOCHTD
IIEPCIIEKTUBHUM € OTPUMAHHA ITOAIHEHACHYCHHX KUPHUX KHCAOT 33aBAAKH BHUKOPHCTAHHIO
MIKPOOPIaHI3MIB Ta OIOTEXHOAOITYHOTO HAKOIHMYEHHA IMAAXOM 3aCTOCYBaHHS IIPOIIECIB
OiocmuTesy. Hapasi 3 miero mMeToro Bike BHKOPHCTOBYIOTH HACTyIrHI mpoayuentu: Chlorella
vulgaris, Mortierella alpina, Schizochytrium sp. 1a Thraustochytrium sp.

3araAOM KOMIIOHEHTH fK IIPUPOAHBOIO TaK 1 HAOYTOro IMyHITETY, Pa3soM i3 IIPOAYKIIEFO
KAIOYOBHX 32ITAABHHX ITUTOKIHIB, MOKY IiaaaBaTuch Briauby ITHZKK kaacy n-3. Hespaxaroun
Ha T€ IO AcfAKi eeKTn CIpOBOKOBaHI N-3 MOMKYThb OYTH BHKAHMKAHI MOAYASIIEO THINB I
KIABKICTIO YTBOPEHHUX €MKO32aHOIAIB, BIDOTIAHO IIIO AaHi KUPHI KHUCAOTH MOKYTb BHKAHUKATH
cBoi edpeKTH 3a AOIIOMOTH HE3AACKHHUX BIA €HKO3aHOIAIB MexaHi3miB. Taki BAacTHBOCTI
00yMOBAEHI N-3 MOXKYTb OYTH BUKOPUCTaHI Y AKOCTI Tepalii XpOHIYHUX 1 TOCTPUX 3aIIaACHb, 4
TAKOK PO3AAAIB, ITTIO BKAFOYAIOTH HEIIPABUABHO AKTHBOBAHY IMYHHY BIATIOBIAB.

BamauBo BiASHAYHTH, IO OTPUMAHI pe3yAbTaTH (7 1ifr0) IIO3UTUBHO BIAHUBY Ha pODOOTY
KAITHH IMYHITETy, IMyHOKOMIIETEHTHUX KAITHH 30KpEMa, MAfOTh MicIle OyTH Ha MOACABHHX
AaDOPATOPHHUX MUIIAX Ta XaPAKTEPUIYIOTHCA ACAKOIO HEOAHO3HAYHICTIO OTPUMAHHIX HAYKOBHX
IIEPCIIEKTUB 110 BIAHOIIIEHHIO AO iX IMyHOMOAYAFOFOUOI All B €KCIIEPUMEHTAX HA AFOAAX. AAiKe
3 KAIHI9HOI TOYKH 30Py OTPUMAHI PE3YABTATH € HEBHU3HAYEHNUMH, OCKIABKH BEANKA KIABKICTD
3aXBOPIOBAHb § AFOACH 3aACKHUTD BIA T€HETHYHHX (PAKTOPIB HABKOAHUIIIHBOIO CEPEAOBHIIIA.
Oxpim TOro HaABHI eKCIepUMeHTAABHI MeTOAN aHaAi3y BrAuBy [TH/KK Ha imyHHY BIATIOBIAB €

HEAOCTATHBO UITKIMH H IIPEACTABAAIOTE PI3HI PE3YABTATH, 4 CaMi AO3H 72 Vil70 Ta i1l Viv0 MOKYTh
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HE BIATIOBiAATH (DI3IOAOTIMHUM KOHIIEHTpALifsM y OlOAOridHuX piamHax. Tomy 3aificHeHHA
ITOAAABIIIMX HAYKOBHX AOCAIAKEHB CAIA HAIIPABHTH CaM€ y PYCAO OIABII TAMOOKOTO Ta
ACTAABHOIO BHMBYEHHSA IIPOIECIB AKTHBAIl IMyHHHX KAITHH BPOAKEHOTO 1 aAaITaTUBHOTO

imMyHIiTETY.

BucnoBku

3riAHO IIPOBEACHHX TEOPETUIHHUX AOCAIAKEHB, 34 YMOBH IIIOACHHOIO B/KHBAHHSA
pexomenaoBanoi aletororamu HOpmH, [THZKK 3aaTHI MOAyArOBaTH IMYHHI BIAIIOBIAL, THM
CAMHUM HAAAFOYN CHPHUATAUBHI BIIAUB Ha IIEpPeOIr pI3HOMAHITHUX 3aXBOPIOBAHb I 3aITAABHHUX
nponeciB. 3okpema [TH/KK mprramamma BAacTHBICTB IIATPHUMYyBaTH KAITHHHI (DYHKII Ta
CTPYKTYPH B OpraHi3mMi AIOAMHH, ITOKPAIIyBaTH IMyHHI (DPYHKII, PEryAroBaTH MeTabOAIZM
AIITIAIB, 2 TakoK ekcupecito remiB. Hwnmi mHaynmi BlAOMEMEH €  KIABKA MEXaHI3MIB
IMYHOMOAYAFOIOUHX (DYHKIIH ITOAIHEHACHYEHHX JKUPHUX KHCAOT, IIPOTE€ CaMe CHHTE3
AIIIIAHOTO MEAIATOpPa MAa€ BEAUKE 3HAYEHHSA 3 TOYKU 30PY BIAUBY Ha IIPOTIKAHHSA 3aITAACHHS.

He menm Baxausum € takox crioxusaaasa [THZKK kaaciB n-6 1a n-3 y parionaabHOMY
CIIBBIAHOIIICHHI 3aAAfl MAKCHMI3aIlii ITO3UTHBHOTO BIIAHBY Ha POOOTY iMyHITETY AToANHH. [Ipn
YOMy N-3 KHUPHI KHCAOTH € IIPOTH3AIAABHUMH, TOAL fIK N-6 — IIpO3armaAbHUME. TOMy 3araAom
N-6 € MEHIII 3HAYYIIIUMH If B OCHOBHOMY BUKOPHCTOBYIOTBCA Y AKOCTI KOHTPOAIO Aast [THZKK
n-3 y HAYKOBUX AOCAIAMKCHHSX.

BiaTak crioskuBaHHA KUPHHX KHCAOT N-3 — 3MEHINYE KIABKICTH apPaXIAOHOBOI KHCAOTH Y
KAITHHHAX MEMOpPaHaX 1, TAKHM YHHOM, AOCTYIIy AAfl BUPOOHHIITBA efiko3aHOIAIB. To6TO n-3
ITHKK AlfoTe fK aHTAaroHICTH IIO BIAHOIIEHHIO AO apaxiaoHOBOI kmcroru. IIlo x Ao
IMYHOMOAYAFOIOYHX BAACTHBOCTEH N-3, TO HAHOIABII BAKAUBUM MEXAHI3MOM € BUPOOHMUIITBO
O10aKTHBHHX IOXIAHHUX KHPY 200 OKCHAIIIHIB.

OAHNM 13 HAMKPAIIIUX AKepeA N-3 i AOCI 3aAUIIAIOTHCA PUOA, PUO AYNI KUP Ta POCAMHHI
oAll. IIpoTe mponosurrisa MOACHHOTO BKUBAHHA PHOHU AIOAMHOIO HE € CTIHKOIO, TOMY Hapasi
BCE OIABIIIOL ITOIYAAPHOCTI OTPUMYIOTh AABTEPHATUBHI AJKEPEAA — OAll 3 HACIHHSA, BOAOPOCTEB]
OAII, TOIIIO.

Orxe, IOAIHEHACHYEH] KUPHI KHCAOTH OOOX THINB PEIYAFOFOTH 3aIIAACHHSA, BIIAUBAIOTD
Ha pODOOTY IMYHHOI CHCTEMH, KPOBOHOCHHUX CYAHH, TPOMOOIMTIB, KAITHHHHEX (DYHKIIIH,
eKCIIpecii TeHIB, a TAKOAK CHHAIITHYHOI HAACTHYHOCTI M KAITHHHOTO pocty. ITomizx tammmm n-3 1
n-6 BIAITPAIOTH BAKAUBY POAB § CKAQAl BCIX KAITHHHHX MeMOpaH, A€ HPUUMAIOTh y4acTb Y

rOMeOCTa3i AAAL IPABUABHOIO (DYHKITIOHYBAHHA MEMOPAHHUX OIAKIB.
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Information technology as a factor of developing the digital economy

Abstract: Theoretical approaches to the definition of the digital economy, the main directions of the
development of digital transformation processes in economic relations are considered. The study object
is the process and consequences of the influence of Information Technologies on developing
digitalization of the sphere of economic relations. The study subject is information technologies. The
purpose is to study the peculiarities of developing digital society, digital information technologies and
the impact of such information development on changes in the economy. The collection of data related
to the development of information and communication technologies was analyzed and it was shown that
the transition to the digital economy significantly changed the conditions of existence of business
structures. Thus, the article defines that each field of human activity develops according to certain laws,
under these conditions, each branch affects the other to a greater or lesser extent. The study shows that
the rapid progress in science has made it possible to make a leap in many fields of knowledge, thanks to
information technologies, including the economy, thus, serious changes have affected many areas of
business. It is shown that the implementation of information technologies is related to the solution of a
set of tasks that ensure the development and effective use of intellectual resources of modern enterprises.
The basic elements of the scientific and innovative complex are revealed, the key element of which is
the organization of innovative infrastructure, which includes the management system of enterprises
based on the application of innovative information technologies.

Keywords: digital economy, Industry 4.0, information technologies, Internet of Things, robotics, cloud
technologies.
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Aenue Bauecrasosuy Aepes arxo
Indopmariiiini TexHOAOrII AK pakTOP PO3IBUTKY HU(PPOBOi EKOHOMIKH

Amnomayin: PoO3rAAAaroTbCs TEOPETHYHI IIAXOAM AO BHU3HAYEHHSA HHU(MPOBOI EKOHOMIKH, OCHOBHI
HAUPAMKU PO3BHTIKY IporieciB I1mudposoi Tpancdopmariii B ekoOHOMIUYHHX BiaHOcHHAX. OO’ekr
AOCAIAKEHHA — IIPOLIEC Ta HACAIAKH BIAMBY 1H(OPMAIIHHUX TEXHOAOIH Ha PpO3BUTOK nudpoBisariii
cchepu  exomomiunmx BiaHOCHH. Ilpeamer aAocaiamenns — imdopmariidni rtexmoaorii. Mera —
AOCAIAKEHHA OCODAHMBOCTEH PO3BUTKY HH(MPOBOIO CYCIHABCTBA, LHU(POBUX 1H(OPMALIHHIX
TEXHOAOIIH Ta OCOOAMBOCTEH BIIAHBY TAKOIO iH(OPMAIUIHOIO PO3BUTKY HAa 3MIHM B EKOHOMIII.
IIpoanaAi3oBaHO CyKyIIHICTb AQHHX, IIOBfI3aHUX 3 PO3BUTKOM IH(POPMALIIHO-KOMYHIKAITIFHIX
TEXHOAOIIH Ta IIOKA3aHO, IO IepexiA A0 IHU(POBOI €KOHOMIKH CyTTEBO 3MIHHB YMOBH ICHYBAHHS
6isaec-crpykryp. Tak, B crarti BU3HAYEHO, IO KOKHA cdepa AIAABHOCTI AFOAUHH PO3BHBAETBCA 32
IIEBHUMHU 3aKOHAMH, 32 I[UX YMOB KO)KHA I4AY3b BIIAMBA€ B OIABIIN Ui MEHIIH Mipl Ha immy. B
AOCAIAKEHHI IIOKA3aHO, 110 CTPIMKUI IIPOIPEC Y HAYIII AO3BOAUB 3POOHTH CTPHOOK Y OAraTboX raAy3sax
3HAHb, 3aBAAKHA 1H(MOPMAIINHUM TEXHOAOIIAM, Y TOMY YHCAl ¥ €KOHOMIIIl, TAKHM YHHOM, CEPHO3HI
3MIHH TOPKHYAHCS OaraTboX Haupamis Oi3Hecy. ITokasaHo, 1o peaaizariid iHdOpMaIiHIX TEXHOAOTIH
IIOB’3aHA 3 BHPIIIEHHAM CYKyIIHOCTI 3aBAAHB, IO 3a0€3IIEYyIOTh PO3BUTOK Ta e EeKTUBHE
BUKOPHUCTAHHA IHTEAEKTYAABHIX PECYPCIB CYYaCHUX INATIPUEMCTB. PO3KpHTO 6a30B1 €AEMEHTH HAYKOBO-
IHHOBALIMHOIO KOMIIAEKCY, KAFOYOBUM EAEMEHTOM AKOTO € OpraHi3alifd IHHOBAIHHOI iHdpacTpyKTypH,
IO BKAIOYAE CHCTEMY VIIPABAIHHA INAIIPUEMCTBAMH Ha OCHOBI 3aCTOCYBAHHA IHHOBALUMHHX

iHOpMAIIIHHAX TEXHOAOTIH.
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Kawouosi crvsa: mmdposa exonomika, iHAycTpis 4.0, iHdoOpmamiiiHi TexHOAOr, IHTEpHET pedei,
poOOTOTEXHIKA, XMAPHI TEXHOAOTTI.

P

Bceryn

CranoBaeHHSA 1HOOPMAIIIHOTO CYCIIABCTBA PO3TAAAAETHCS AK COLIOTEXHIYHA IIPOOAEMA,
IO BUMAra€ AAfl CBOIO BHPIIIIEHHS IIOCAIAOBHOIO 1 IIPIOPUTETHOIO PO3BHTKY TEXHIYHHUX
IHHOBAII, BIIPOBAAKCHHA iX Y CYCIIABHY IIPAKTHKY, 4 TaKOK aKTUBHOI'O OCBOEHHS BCHOTO
KOMITAEKCY COLIAABHO-IIOAITHYHAX MOMKAHUBOCTEH 1 €EKOHOMIYHHUX IIEPEBAr, IO BUIIAUBAE 3 iX
TeXHIYHOTO norenniaay. Hacraenicts HanlioHaAbHOI TEpUTOPIY KOMYHIKAIIITHIMH €A€MEHTAMU
Ta By3AamMH 1H(OPMALIIIHO-KOMYHIKAIIHHOI IHPACTPYKTYPH, PIBEHb AOCTYIIHOCTI Ta 9aCTOTa
BUKOPHUCTAHHA HACEACHHAM 1 PI3HHMU OPTraHI3aIliiMH OCHOBHHX €AEMEHTIB iH(OpPMAIIITHO-
KOMYHIKAIIITHIX TEXHOAOTII — yCe 1€ CBIAYUTD IIPO IIEPEXIA CYCIIABCTBA AO 1H(OPMAILIHHOTO
CTaHY.

BiAmoBiaHO, BHHHKHEHHA 1 PO3BHTOK IH(OPMALIIHOIO CYCIIABCTBA PO3YMIETHCA AK
HIPAMUH 1 00’€KTUBHUI COIIAABHUIT HACAIAOK HAYyKOBO-TEXHIYHOTO IIPOTIPECY 1 OIIHIOETHCA AK
KPOK Y PO3BHUTKY Cy4aCHOI ITUBiAI3aIIi.

Exonomiuni ocHoBH 1HGOPMAIIIHOIO CyCIABCTBA (DOPMYIOTHCA 3aBAAKHA MACIIITAOHOMY
3ACIIIEBACHHIO PO3IOBCIOAKEHHSA IH@OpMAI, IO CTAAO MOMKAUBUM 3aBAAKH PO3BHTKY
IIPUHIIUIIOBO HOBHUX BHUAIB €ACKTPOHHUX KOMyHIKamiil. [Ipore, yckAaAHEHHSA COMIOTEXHIYHUX
dopm pyxy iHdopmariii Ta 3HAHD 3yMOBAIOE HEIIEPEADAIYBAHICTh COINAABHUX, ITOAITHIHHUX i
COIIIOKYABTYPHHX IIPOOAEM 1 HACAIAKIB, IIOB’A3aHHUX OAHOYACHO fAK 13 MaCIITabaMu
TEXHOAOITYHUX PHU3HKIB, TaK 1 31 30IABIIEHHAM IIBHAKOCTI Ta CBOOOAH AOCTYIIy AO
indopmarifinux  pecypciB. Ilpm  Bupimrenni 3aBAaHb  KOMEPIIHHOIO, COIIAABHOTO,
AUTIAOMATHYHOTO, BIMCHPKOBOTO Ta IHITIOTO 3HAYECHHS. BH3Haroum 1ie, MU HE MOMKEMO He
BU3HATH, 110 1H(GOPMAIIiA Ta KOMYHIKAIIIl CTAIOTh BCE OIABII BAXKAHUBOIO CKAAAOBOIO HE TIABKH
B KOHTEKCTI TEXHOAOITYHOIO, aA€ M COINAABHOIO, KYABTYPHOIO Ta €KOHOMIMHOIO PO3BUTKY
CYYaCHOI ITUBIAI3aIIL.

Boamowac 3pocrae mepexonanns, mo iaeiHO-irocodChKa IHTEpIIpeTalia IIpoIieciB
idopmaTnsalii, po3poOAEHA B PAMKAX TEXHOAOTTYHOIO ACTEPMIHI3My, 3HAYHO 3BYKYE Ta
dopmanizye Mexi yABAECHb IIPO PEAABHY IIPUPOAY, 1 COIIOKYABTYPHHI 3MICT IIPOIIECIB
TpancdopMmariii iIHAYCTPiaABHOIO CYCIIABCTBA B IIOCTIHAYCTPIAABHUI THII PO3BUTKY.

2015 poxy mia gac camity G20 Brrepirre Ha IOPAAOK ACHHHE OYAO BHECEHO IIUTAHHA IIPO
nudposy exonomiky. ITicas Toro, 2016 poky 6yao samporonoBano «lHimiaTuBa pO3BHTKY 1
craiBupari «'pynm ABaAnATI» B 00Aacti nudposoi ekoHOMikm», a Bixe y 2017 pori Oyao
IIPOBEAEHO IIEPIITYy HAPaAy «u@pOBHX MiHICTPiB». B pesyabrarti 1iiei Hapaan Oyau nmpuinaTi
«Aekaaparnii MiHiCTPiB 1O IU@POBIH exoHOMII «'PyIIH ABAAIIATI» Ta PIICHHA INAKAIOYUTH
BCIX IPOMAAAH AO ITUPPOBUX TeXHOAOLIH A0 2025 p.

[udposisarwia cycrmiabcrpa rrepesbadae POPMyBaHH B3a€EMOBIAHOCHH BAAAH, Oi3HECY Ta
CYCIIIABCTBA 3 BUKOPHCTAHHAM HOBITHIX IH(OPMAIIHHUX TEXHOAOIIH, BHCBITAIOE COILIAABHO-
eKOHOMIYHI ITOAIT Ha iHTepHET-IIAaTdOPMI, MOOIABHUX Ta CeHCOpHUX Mepeskax. CydacHumii erarr

pOSBI/ITKy COHiaAbHO—CKOHON[i"IHI/IX CHUCTCM XapaKTepI/ISYGTbCH CTpil\/IKI/IMI/I CprKTypHI/IMI/I Ta
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AKICHIMI TPaHCAOPMAITIAMHI ITIA BIIAUBOM CTPIMKOTO ITOIITUPEHHS IHHOBAIIITHUX TEXHOAOTIH,
y Tomy umcAl mudposux. Ilpomecn mudposizanii €KOHOMIKH Ta COINAABHHX BIAHOCHH
CHPUAIOTH IIOTAHOACHHIO B3a€MOAI MDK yciMa CyO’€KTaMH PHHKOBOIO CEPEAOBHIIA, IO
BUXOAATH 32 MEKI HAITIOHAABHHX KOPAOHIB, CTBOPIOIOTH IIEPEAYMOBH AAf 3poctanHis BBII,
IABHUIIEHHA ITPOAYKTHBHOCTI IIpAIll, BIPOBAAKEHHA Ta IOIIMPEHHA IHHOBAIIN y Bci cdepu
#uTTA. BOAHOYAC CTpIMKI TEXHOAOIIYHI 3MIHHM, IO MAaIOTh MYABTHIAIKATUBHUI edDEeKT,
BUMAraroTb (OPMyBaHHA AKICHO HOBHX, aAAITHBHUX ITIAXOAIB 1 MOAEACH YIIPaBAIHHA
EeKOHOMIYHHMHU IIPOIIECAMM Ha BCiX piBHAX. be3 ypaxyBaHHA BIIAMBY OCHOBHHX TPEHAIB
nudpoBizarii CyCIiABCTBA HA PO3BHTOK €KOHOMIYHHUX 1 COMIAABHUX IIPOIIECIB (DOPMYyBAHHA
CTpaTerii eKOHOMIYHOIO PO3BHTKY AEP/KABH, PEriOHIB Ta OKPEMHX TaAy3eH He Mae
IIPAKTHYHOIO 3HAYEHH.

Tak, po3BUTOK BIAHOCHH Y COLIAABHOMY CEPEAOBHII 3aACKUTD BIA PIBHA €KOHOMIYHOTO
posBuTky. Lle crocyerbca OyAb-KOTO PIBHA: TAODAABHOIO, €BPOIIEHCHKOIO, HAIIOHAABHOIO,
PErioHaABHOTO, TEPUTOPIAABHOTO TOIIIO.

[Hudposa ekoHOMIKA OA3y€THCA HA BIIPOBAAMKEHHI Ta IIIHPOKOMY 3aCTOCYBAHHI TEXHOAOTIN
30epiranusa Ta OOpOOKM BeAmkux o0Ocsris imdopmarii (Big data, xmapri oO4mcacHHS),
Inrepnery pedeii, HackpisHuX 1HAOPMAIMHUX TEXHOAOIIH, TEXHOAOII KibepOesmekw,
poboTH3amifs Ta KOMIIAGKCHA aBTOMATH3AIifA OIABIIIOCTI IPOIECiB I BUPOOHHUIITB Ta IHIII
HAIIPAMHI PO3BUTKY IHHOBAIIHUX TEXHOAOTIH, ITIO 3MIHIOIOTh POAB AFOAMHH B €KOHOMIYHIIT
cucTeMl.

OO’eKT AOCAIAKEHHA — IIPOIIEC Ta HACAIAKH BIAHBY 1H(OPMALIHHHUX TEXHOAOIIH Ha
posBuTOK Hudposizaril cepr eKOHOMIYHUX BIAHOCHH.

[Tpeamer aocaiakeHHA — IH(OPMALIIITHI TEXHOAOTTI.

Mera — AOCAIAKEHHA OCOOAHMBOCTEH PO3BHTKY HH(POBOIO CyCINABCTBA, HHEAPOBUX
iHdOPMAIIHHIX TEXHOAOIIH Ta OCOOAHBOCTEH BIAHUBY TaKOTO IH(OPMAIIHHOIO PO3BUTKY Ha
3MIHH B EKOHOMIITL.

Indopmariiiiai TeXHOAOTI IIPOHHUKAIOTH y BCl HAUPAMKHA AIIABHOCTI AFOAHMHH, IIIO
3YMOBAIOE IIOSIBY HOBOTO KAACY 3aBAAHB B €KOHOMIII, AKUI IIOB’A3aAHHUIT OE3II0CEPEAHBO 3 HIMH.
OcobAuBicTh Iii€l Kareropii moAdrae B TOMY, IO BIAOKPEMHUTH CaM IIPOAYKT BIA TEXHOAOTI
AOHEAABHA He VABAAAOCA MOAmBHM. Humi Oararo komiramiii craAm IPOIOHYBATH HOBI
pirreHHs, fKi AO3BOAAIOTHh YVHHKHYTH 3BHYHOIO IPEACTABACHHA TEXHOAOIH, AK (PISUIHOro
IPOAYKTY. [1i BIAMIHHOCT] CYITEBO PO3IIMPIOIOTH MOKAHBOCTI, aA€ BOAHOYAC YCKAQAHIOIOTD
3aBAAHHSA, AKI BUPIIITy€ €EKOHOMIYHA HAYKA.

MeTtoAoAOrisl AOCAIAKEHHS 0OasyBasacsi HA 3araABHOHAYKOBHX METOAAX AOCAIAKCHHSL.
MeTOA CHCTEMHOTO aHAAI3y AQB MOKAHMBICTE HAO AUBHUTHCA AO IIPEAMETA AOCAIAKEHHA BCEOIUHO
Ta pPI3SHOOIYHO, a TAKOXkK BCTAHOBUTH B3a€MO3B’A30K 1 B3a€EMO3AACKHICTD ITOHATTA
IH(OPMAIIIHHIX TEXHOAOTIH, IOHATTA ITHMPOBOI eKOHOMIKH. MeToA HOPIBHAABHOIO aHAAI3Y
BUABHBCA KOPUCHUM IIPH XapaKTEPUCTHIIl OCHOBHHX XaPAKTEPHUCTHUK PO3BHTKY E€KOHOMIKH.
MeToA IpOTHO3YBaHHA AO3BOAUB OIHUTH ITEPCHEKTUBH PO3BHTKY ITOTEHINIAAY €KOHOMIKH B
1H(OPMAIIHHOMY CyCIIABCTBI.

HayxoBum AocaiaxeHHAM Temu nudposisariii ekonomiku 3atfimasucsk A. Lauscher (2079),
N. Chouhan (2076), A. Boaommsu (2079), T. Oaemxo i H. Kacesrosa (2022), A. Kir (2074),
A.O. Marsetiuyk (20178).
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Buxaaa maTepiasy

IIpomecu possuTky iHMOPMAIIITHOI AITABHOCTI BTATYIOTH CY9aCHY AFOAUHY B IIPUHITHIIOBO
HOBE KOAO KYABTYPHHUX B32€MOAII 1 6arato B 4OMy BIIAMBAIOTH HA YCBIAOMAEHHS AFOAMHOXO
CBOTO MiCIIA B COIIAABHIN KyABTYP1. 3araAbHOIO OCHOBOIO COLIIOKYABTYPHOI AMHAMIKH PO3BHTKY
KHTTEAIAABHOCTI Cy4aCHOI AIOAMHH € OO’eKTHBHI IIporiecH il IHTEAEKTyaAlzamil Ta
TEXHOAOTI3aIlii, aKTUBHO CTUMYABOBAHI KOMIIOHEHTAMH TEXHIYHOI'O PO3BHUTKY. I;IMOBipHO, bl
IPOLECH CTAHYTh HAUBAKAUBIIIINIMHA YUMHHUKAMHA CACTEMHO-TEXHIIHOL H€p€6YAOBI/I AFOACBKOL
AIIABHOCTI B ITOCTIHAYCTPIAaABHY €IIOXy. BOHH KOHCOAIAYIOTB KAAQC IHTEAEKTYaABHUX
TEXHOAOTIH, POOAfYN HOTO OCHOBOIO AAA OPraHI3aIlifHOTO IIEPETBOPEHHA PIZHHUX BHAIB
AIIABHOCTI B 1HQOpMAIIIIHOMY  CYCIIABCTBI, BH3HAYAIOTh IHPOEeCciOHaAI3AINIO  Ta
creriaAizariro iHQOPMAIIITHOI AITIAPHOCTI, 4 TAKOXK OEPYTh y4acTh B AKTUBHOMY (DOPMYBaHHI
PHHKY 1H(QOPMALIIHIX ITOCAYT.

Takum  9MHOM, TEXHIYHOIO OCHOBOIO IIBOIO  IIPOIECY €  PO3IIOBCIOAKCHHSA
ABTOMATH30BAHUX 3aCODOIB BUPOOHHUIITBA, OOpOOKHM Ta mepeAadl indopmariii, i, 30kpema,
KOMITFOTEpIB 3 iX alapaTHUM 1 IPOrpaMHUM 320€3IIEUCHHAM.

Indopmariiiiai TexHOAOr — I TEXHOAOII, fAKI BUKOPHUCTOBYIOTBCA AAA 30epiraHHf,
MAaHIITYAIOBAHHS, PO3IIOBCIOAKEHHA Ta cTBOpeHHs indopmartii (Bosomun, 2019).

IIpaktidHe OBOAOAIHHA IX MOMKAHMBOCTAMH Oarato B YOMY BH3HAYAE VCINIIHICTD, 1
PE3YABTATUBHICTD AIOACBKOI AISABHOCTI, 4 TAKOXK BIIAUBAE HAa PO3BUTOK CKOHOMIYHHX,
COIAABHHX 1 KYABTYPHHX 3B A3KIB.

Takum  umHOM, IHAOPMAINNHO-KOMYHIKAIIIAHI — TEXHOAOI, IIOCIAAFOYM  OAHE 3
LIEHTPAABHUX MICIb Y CBITOBIH E€KOHOMII Ta KYABTYPi, 3 OAHOIO OOKy IPUHOCATH IIPAMY
KOPHCTb AASl AOCATHEHHS IIIACH CTAAOTO PO3BHUTKY, B IHIITOIO OOKY IPAMO UM OIIOCEPEAKOBAHO
3aBAAIOTBH IIIKOAH IHTEPECAM COIIAABHOL Ta EKOAOTIUHOI cep.

V tabanmi 1 mpeacraBaeHi pisHi 3HAYEHHA HUMPOBOI EKOHOMIKH, AKI BUHUKAHU 3 9aCOM.
3riano 3 J. Jordan i C. Ellen y Ref. (Jordan & Ellen, 2009), mudppoBi eKOHOMIKH CTBOPIOIOTH
yMOBH AAfl posBuTky ertoxu Business Intelligence (BI) (Tabruys 7).

ITouaTkoBl BU3HAYEHHA 30CEPEAKYIOTHCA, 30KpeMa, Ha IHTepHeT], 30CepeAKyIOUNCh Ha
ioro nossl Ha modarky 1990-x pokiB fiKk TOAOBHOMY ITIOTOKY TEXHOAOITYHOTO PO3BHTKY B
EKOHOMIIT, TOOTO Ha TAODAABHIA 1iBHO4YL. [loYaTKOBI BH3HAYEHHSA 30CEPEAKEHI Ha
OOIPYHTYBAaHHI IIOIEPEAHIX IACOAOTIiH, HAIIPUKA3A, €KOHOMIKM AaHUX (I ITOB’fA3aHOI, aAe
mupiroi cdepu cruirbnotn Aauux). A. Kemrtoeaa (Campbell, 2021) crepaixye, 1mo nudposa
eKOHOMIKa (POKYCYEThCA HAa OXOITACHHI ABOX PI3HHX ITOKOAIHb eKOHOMIUHOI AlgabHOCTL. Llei
repruii OyB iH(OPMATHBHIM 1 CKAAAABCA 3 OCHOBHHX 3aBAAHb, HAIIPUKAAA, PO3MIIIEHHA
CTATHYHHUX AAHUX HA CAMTAX, AA€ B TOM MOMEHT, KOAH II€ IIOB’I3aHO 3 KOMYHIKAIIIEIO, HA OCHOBI
O1ABIIIO] B3aEMOAIL, Hix B Mexkax InTeprery.

AOCAAHHKI OIHUAY TEPMIHOAOTIIO «III(PPOBA EKOHOMIKa», 1 OYAO INATBEPAKEHO, IO 1€
O3HAYA€ AOBTOCTPOKOBY Ta IITUPOKY TEHACHIIIFO AO PO3BHTKY aKTHBIB, 3ACHOBAHHX Ha 3HAHHAX
1 AQHHX, 4 TAKO OIIHKH MATEPIAABHHX IIPOAYKTIB 1 aKTHBIB, IIOB’A3aHUX 3 BHPOOHHUIITBOM,
FPHITYOAOOYBHOIO IIPOMHUCAOBICTIO 1 CIABCHKHM TOCIIOAAPCTBOM.

Takum gnHOM, TEMPOBI3AIA EKOHOMIKH — II¢ CHEmHdIdHa EKOHOMIYHA TEXHOAOTIA 3i

CBOIMH OCOOAMBOCTAIMH, TEHACHIIAMU Ta 3akOHOMIpHOCTAMHU. bararo «xpaim cBity
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BHKOPHUCTOBYIOTH IIFO TEXHOAOIO AAA INABHINEHHA edeKTuBHOCTI. Pesyabprarn mudposoi
EKOHOMIKH — Ti caMi IIPOAYKTH, IO H Y 3BUYANHIN €KOHOMIYHIN AIAABHOCTI.

[Hndposa ekoOHOMIKA HE € OKPEMOIO TaAY33I0, 2 IIPOCTO Al€ fAK BIPTyaAbHE AOIIOBHEHHSA AO
PeaAbHOI TPAAUIIITHOI eKOHOMIKH.

M. Asamyama (2027) BusHAa9arO9H POAb 1H(MOPMAIIIMHHX CHCTEM Ta TEXHOAOIIH B
KOHTEKCTI (popMyBaHHA HI(PPOBOI EKOHOMIKH, BKA3y€ Ha X 3HAYHUII BITAUB HA O13HEC-ITPOIIECH
Ta Ha 3aTAABHE CKOPOYCHHS IIOTOKY MATEPIaABHIX PECYPCIB, AKI HCOOXIAHI AASl BUPOOHHUIITBA ¥
3B’A3KY 13 3araAbHHUM 3POCTAaHHAM Iforo edekruBHoCcTi. Lle BU3Ha9ae MOKAMBICTD IHTErparii
nupoBoi Ta HUPKYAAPHOI ekoHOMIkH B 1porieci popmyBanns Iuaycrpii 4.0 (Pucyrox 1; Pucyrnox
)

IT-iHTeHCHBHE BHPOOHUIITBO TOBAPIB 1 HMOCAYI OO’€AHYE IIOCAYIH Ta IIPOAYKTH, fKi B
OCHOBHOMY 3aAekarb BIA IT AAd 3a0esredeHHsA, HAIIPHKAAA, KOMIIAGKCHE IH/KEHEpHE
IIPOEKTYBAHHA 200 OYXraATEpPChKi IIOCAYTH Ta BUPOOHHIITBO MATEPIaABHHUX TOBAPIB, AAA AKUX
BupoOHuIrBo I'T € dpyHaamMeHTAABHIM, HAIIPUKAAA, ITpEIu3iiiHa 0OpOOKa, KA BUKOPUCTOBYE
OOYHCAIOBAABHE YHCAOBE KEPYBAHHA Ta XIMIYHHN IIPOIIEC, AKHM KEPYIOTh KOMIIIOTEPH.
Cexropu I'T-raayse#, ki IIATPUMYIOTH CErMeHT II(POBOI €KOHOMIKH: ITOCAyrH Ta ToBapu IT-
CEKTOPY, fAKI MArOTh OE3IIOCEPEAHINl BIIAMB Ha TPH EAEMEHTH HHMPOBOI EKOHOMIKH,
00’€AHYIOTb BEAUKUI CETMEHT IHAYCTPI OOUNCAIOBAABHHIX MEPEIK, BAPOOHUIITBA KOMIT FOTEpPIB
ta iHAyCTpil IT-kOoHCAATHHTY (AefKl ekcreptn omucyroTh IT-cexTopu B IIMPOKOMY Alarra3oHi
TEPMIHIB 1 IHTEIPYIOTh KOMYHIKAIINAHI 3aCOOHM, BKAIOYAIOYH KOMYHIKAIUHHI ITOCAYTH Ta
mosAeHHA). LIa kareropis 06’€eAHy€ OAHE 3 MEHII YITKHX BH3HAYEHBb, OCKIABKH BUPOOHHUIITBO
IT-mmocayr i TOBapiB iHTErPy€E TEACKOMYHIKAIII B cerMeHT HU(POBOI €EKOHOMIKH.

ApyrumM eAeMEeHTOM € HeABHE CXBAACHHA HEUITKHX Mex y Hudposiil ekoHomini. Boro
0asyeTbCd Ha 3aCTOCYBAHHI TAKHX TEPMIHIB, fAK CYTITEBHN, KPUTHYHUN, HAHOIABII
0E3I0CEPEAHBO Ta IHTEHCUBHIMN.

I. TTerposa y crarri «Lludposa ekoHOMIKa Ta TOABa 11(POBOI 3AHHATOCT» 3a3HAYAE, IIIO
nudpoBizariis eKOHOMIKH crpuse pOPMyBAHHIO HOBHX PHC y CHUCTEMI BIAHOCHH 3aHHATOCTL.
Tax, 3a ymMOB udPOBOL 3alHATOCT] BUHHKAIOTh HOBITHI (DOPMU KOHKYPEHIII Ha PHHKY IIPAIli.
I'rnoGanizamis T2  pO3BHTOK IH(OPMAIHHUX  TEXHOAOIH  CHPHUAIOTH  ITABHIIICHHIO
KOHKYPEHTOCIIPOMOKHOCTI IIPOPeCIOHAAIB, OCOOMCTOCTEH 3 TAAAHTAMH, BIAIIOBIAAABHICTIO T2
BMIHHAM BHPIITYBATH HETUIIOBI 3aBAAHHA, fAKI IIOCTIFHO BAOCKOHAAIOIOTH CBOI Irpodpeciiui

Hasuaky 1a 3HAHHA ([ lenposa, 2020).

BucroBok

Komrr'rorepni rtexaoaorii € ocHOBOIO ¢opMyBaHHA IH(OPMAIIHOTO IIPOCTOPY AK
IIPUHITIIIOBO HOBOTO CEPEAOBHUITIA KUTTEAIAABHOCTI AFOAUHH.

[Nizmirm 3HaYeHHA 00 €AHYIOTH HOBI TEXHOAOTI], HAIIPUKAAA, CEHCOPHI MEPEKi Ta MOOIABHI
MeperKi, MACHBHI AaHi Ta XMapHi oO0uncAenHa. KpiM TOro, BOHH 30CEPEAKYFOTHCA HA 3araAbHIH
IIEPCIIEKTUBl ITHMPOBI3OBAHUX IHINIATHB BIAIIOBIAHO AO CKPOMHHUX BH3HAYEHb. Y MEKAxX
BHU3HAYEHDb MOKHA BI3yaAi3yBaTH iCTOPUYHY OCHOBY.

udpoBa ekoOHOMIKA 32 3araAbHHM IIAXOAOM — II€¢ CKOHOMIKA, 3aCHOBaHA Ha
BHKOPUCTAHHI II(POBUX TEXHOAOTIH. IHOAL if Ha3UBAIOTH «HOBA EKOHOMIiKa» 200 «HTEPHET-

eKOHOMIKa». B 1mepeBakHill OIABIIIOCT] TAKUX BUITAAKIB, MOBa FIA€ TIPO BUPOOHHMIITBO 1 IIPOAAK
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TOBAPIB Ta IOCAYT 3 BAKOPHUCTAHHAM IH(POPMAIIITHO-KOMYHIKAIIFTHIX TEXHOAOTIH 1 MEPEKEBIX
CHUCTEM.

Mosa JiAe HE AHIIE IIPO MEPEXKEBI TEXHOAOTI, IHTEAEKTYaABHY MAIIIMHY, a IIPO
TEXHOAOTIIIO, fIka BUKOPHUCTOBYE AIOAHMHY, fIKA B3a€MOIIOB’A3y€ TBOPYICTH, 3HAHHSA Ta IHTEAEKT
AAfL TIPOPHBY y (DOPMYBAHHI COIIAABHOI'O PO3BHUTKY Ta PO3BHTKY OAararcrsa.

Taxum wurom, upu HGOpMyBaHHI ACPKABHOI €EKOHOMIYHOI IIOAITHKH Ta CTPATETril pO3BUTKY
HEOOXIAHO IIOEAHYBATH CHAY PHHKOBHX BIAHOCHH i3 3araAbHOAFOACBKHMH IIIHHOCTAMH,
BPAaxOBYBATH BIAHB 1H(OPMALIITHO-KOMYHIKAIIIITHUX TEXHOAOTIIH Ha PO3BHTOK AFOACBKOTO
IIOTEHINAAy, CTBOPIOBATH  HEOOXIAHE  CIPHUATAUBE CEPEAOBHINE AAfl  IIOIIHPEHHSA
iH@OPMALIITHO-KOMYHIKAIIIHUX TEXHOAOIIH, 3a0e3I1e9eHHA BUCOKOTEXHOAOIIYHOI €EKOHOMIKI

BHCOKOKBaAI(PIKOBAHOIO POOOYOIO CHAOKO.

Konudaixrn inTepecis

ABTOp 325BHA, 1110 KOH(AIKTY IHTEpECIB HEMAE.
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AoAaTok

Tabaums 1. Haykosi miaxoau A0 BUSHaYeHHS [II(POBOI €EKOHOMIKI

Haykose BrsEaveHET TOHITT

AMEPEAD

A. Lauscher lzcpopa exoHOMIKA — KOHBEPTIEHITA KOMYHIKAMHHAX 1 OOTHCATOBAABHNE
(2019 TEXHOAOTIH ¥ MEpEXd, M0 CTAHOBHTE IOTIK TEXHOAOTIH 1 AHHX, OI0 IIOKPAIIYE

CACKTPOHHHAHN DI3HEC 1 IMHPOKOMACIITA0HT TPAECOPMAIIIC OISHECY.

S. Adel Mahmod | Hemae wiTkcoro BH3HaYeHHH IOHSTTE HHQPOBO] €KOHOMIKH, OAHAK dBTOD

(2017 BH3HAYHE JOTHDH PL3HI YHHHHKH: «PO3BHTOK IHTEpHETY», «EACKTPORHHH DI3HEC
MUK OPTaHIZAMI M, TH(pPOBE HAAIHHS ITOCAYT 1 TOBAPIB» 1 «pO3APIOHA TOPLIBAL
MATEPIAAPHIIMIE IPOATETAMMTY.

IN. Chouhan, D. TrppoBY CKOHOMIKY BH3HATHE SK C(DEPY HAHOIABIII HEPEAAI3OBAHNE CETMEHTIB

Rathore (2018) HHHINTHBO! €KOHOMIKH, fKl 3MIHHMAFCE IIASXOM KOMIT'IoTepHOI Imudppobisami

AQHHX.

F_ Daoud (2000)

[Tz poBa EKOHOMIKA CKASAIETHCA 3 TPHOX OCHOBHEX KOMIIOHEHTIB:

*  EACKTPOHHA KOMEPIILT,

* IHQPACIPYKTYPA HPEACTABATE 3ArAABHY TACTKY €KOHOMIYHOI CHCTEMH, fK3
BHKOPHCTOBVETBCA AAf INATPHMEH EAGKTPOHHHE IIPOIECE OI3HECy Ta
INATPHMEH EACKTPOHHOIC DISHECY;

® CAEKTPOHHHH OI3HEC #BASE COOOIC IIPOIEC, AKMH 3AIMCHIOETBCH dEpes
KOMITFOTEPHI MEPEKI;

® CAEKTPOHHA KOMEPINS ITDEACTIBASE BAPTICTE MOCAYT 1 ITPOAVKTIB, #KI
ITPOAAFOTBCH 9EPE3 ABTOMATHIOBAHY MEDEHKY.

H. Kumar and 5.
Kumar (2015)

AKX MEKHAPOAHA MEPEXA COMIAARHOI T2 EKOHOMITHOI AITABHOCT, Ky AO3BOASIOTE
¢ poBl TEXHOACTIH, HAIPHKASA, MOOIABHA T2 IHTEPHET-MEPEXA

TI Qaemmxo
(2022)

[Tzdpoba EKOHOMIKA — AMABHICTE IIO CTBOPEHHEO, IOIIHPEHHEC T2
BHKODHCTAHHIO NH(PPOBAX TEXHOAOTIH 1 OB A3AHAX 3 HEMHA IPOATETIE 1
IOCAYT

AT (2014); A
MaTBeiayr
(2018)

TuchpoBa EKOHOMIKA - CIOCID KOMYHIKATIE MUK VIACHMKAME COMIAABHO-
EKOHOMIYHOI AIABHOCTI 9Y€PEE MEPEX] Ta MH(POBI ITAATOPMH.
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Pucynoxk 1. Crpyxrypa inaycrpif 4.0
Aowcepeno: cmeopero na ocrosi (Ilemposa, 2020)

[\

LmpKynapHa IhgycTpia 4.0
E€KOHOMIKa

A%

Pucynok 2. Baaemoais nupkyaapuoi ekoHoMiku Ta iBAycTpif 4.0
Aowcepeno: cmeopero ra ocrosi (Ilemposa, 2020)
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