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Galyna V. Kucher 1

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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I'anuna Bixmopisna Kyuep
Buxankuy Ha mAAXy €BponerchpKoi inTerpanii Ykpainu

Amnomayin: €ppoinTerpania Mae HAA3BUYANHO BAXKAUBE 3HAYCHHA AAA YKpaiHH. 3arocrpeHHs
0Ee3IEeKOBUX IUTAHD 3MYCHAO MIKHAPOAHY CIIABHOTY C(POPMYBATH CIIABHE PO3YMIHHA BaKAHBOCTI
HaAaHHA (PIHAHCOBO! IMATPUMKH Ta aKTHBI3aIll eBpoiHTerpamii Ykpainu. €BpoirTerparniiini mporecu €
BATOMUM YHHHUKOM 3MIH y CYCIIABHOMY PO3BUTKY, CKOHOMIYHHX BIAHOCHHAX, (DIHAHCOBIH Ta
IHCTUTYLIHHIX cUCTeMaX. TOMYy BAKAHBHUM € AOCAIAKEHHSA CY9ACHUX CYCIIABHO-(PIHAHCOBUX BHKAHKIB
AASl IIPHICKOPEHHS €BPOIHTErPAIIHUX IEPETBOPEHDb B YKpaiHi. MeTOI0 AOCAIAKEHHS € y3araAbHCHHS
HAIIIOHAABHOTO AOCBIAY IIOAO ITOAOAAHHSA CYCITIABHHX Ta (DIHAHCOBHX BHKAUKIB, ITIO CYIIPOBOAKYIOTD
LIPOIIEC €BPOIIEHCHKO] iHTerparii YKpalHu B yMOBaX BOEHHOTO cTaHy. Lle BUSHAYHAO 3aBAAHHA HAIIIOTO
AOCAIAKEHHA: OOIPYHTYBAaHHA CyCIIABHHUX Ta (PIHAHCOBHUX BHKAHKIB, CHPHYHMHEHUX POCLHCHKOIO
arpeciero Ta BIIAHBAIOTH Ha €BpoiHTerparito Ykpaiau. O6’eKToM AOCAIAKEHHSA € CHCTEMa CYCITIABHIX
dinancis Vkpainu. MarepianaMu AOCAIAKEHHS € HOPMH HAIIOHAABHOIO Ta €BPOIEHCHKOIO IIpaBa
moao criBparii €C 3 YkpalHOI0; HAYKOBI AOCAIAKEHHS BITYH3HAHNX Ta 3aPYODKHUX BUYCHUX, EKCIIEPTIB



3 IHTaHb AOCAIAKEHHA. B mportec AOCAIAKEHHA 3aCTOCOBAHO METOAM HAyKOBOI abcrpaxidi,
y3araAbHEHHS IIPH BH3HAYCHHI YHHHHKIB BIIAHBY Ha IIPOIIEC €BPOIICHCHKOI imTerparii Yxpainum rta
PH3HKIB, IO FIOTO CYIIPOBOAKYIOTH. METOAM EKOHOMIYHOTIO Ta (PIHAHCOBOTO aHAAIZY — IIPX BU3SHAYCHHI
AKICHUX 3MiH CYCIIABHOTO PO3BHTKY YKpaiHH B YyMOBAaX BOEHHOTO CTaHy. Y CTATTI 3aIIPOITOHOBAHO
TAYMa4eHHA CyTHOCTI (DIHAHCOBOIO MEXaHI3My €BpPOIICHCPKOI IHTerparmii Ta pPO3KPUTO HOro
0cOOAUBOCTI. AOBEACHO, IO B YMOBAX BOEHHOIO CTaHy BIAOYAOCH BIIPOBAAKEHHS HOBHX (DOPM
dinancoBux BiAHOCHH. AKTHBI3aIlA (DIHAHCOBOIO Ta COLIAABHOIO IIAPTHEPCTBA CIPHAAH 3POCTAHHIO
iHAHCOBOIO IIOTEHINIAAY IPOMAA T2 00’ €AHAHDB. 3HAYYIA POAb OIOAKETHOI, I'YMAHITAPHOI AOITOMOTH
Ta {HIIIATHB, IO PEAAI3YFOTHCA 32 INATPUMKH HAITIOHAABHUX Ta MDKHAPOAHHIX AOHOpPIB. B moaaaprmmx
AOCAIAMKEHHAX IIPOITOHYETBCA 30CEPEAHTH yBary Ha dopmyBaHHI eanHOro puHky 3 €C, ysroaxeHHi
MexaHi3MiB  (DiHAHCYBaHHA TaAy3el, INO BH3HAYAIOTH eKcIIOpTHuiH morteHmiaa €C 1 Vkpainwm,
YAOCKOHAACHHI (DIHAHCOBOIO MEXaHI3MY €BPOIHTErpPAIlii Ta EKOHOMIYHOIO, COLIAABHOIO, EKOAOTTIHOTO
BIAHOBACHHS YKpaiHH 32 PaXyHOK 3aAVYCHHA MIKHAPOAHHX AOHOPCBKHX (DOHAIB.

Karouosi cnvsa: eBponeticpka inrerparis, (piHancoBuil Mexanism iHrerparti Ao €C, dpiHancoBa IOAITHKA,
MDKHAPOAHE PEIYAIOBAHHS, MIKHAPOAHA (DIHAHCOBA AOIIOMOTa, MIXKHAPOAHI AOHOPCHKI (DOHAML.

P

Beryn

Iocmanosxa npobsemu. €pponericbkuii BuOip nponmcanuii y Koncrurymii Vkpainn Ta
peaAidye OYIKyBaHHA YKPAiHCBKOIO HAapOAy. SIKIIIO AO HOYAaTKy ITOBHOMACIITAOHOI arpecil
€BPOIICHChKA IHTETpaLif BiAOOpaKara ICTOPHYHI IIPATHEHHA HAIIOI ACpPKaBH, TO Imcas 24
arotoro 2022 p. — BOHA €, 3 OAHOTO OOKY, CHMBOAOM HE3AAMHOCTI YKPAHCPKOTO HAPOAY, T4, 3
1HITIOTO, — CKAaAOBOIO [lepemoru Haa pocificbkuM arpecopom. €BpOIIEIiChKa IHTErpariif - e He
AMIIIE ITPOIECYAAbHI KPOKH, BH3HAYEHI €BPOIEHCHKUM Ta IMIIAEMEHTOBAHI HAIIOHAABHUM
IIPaBOM, CIIPAMOBAHI HA IIOIAMOACHHA IOAITHYHHUX, CYCIIABHHX, €KOHOMIYHHX Ta IHIIHX
3B’A3KIB, aA€ W TAMOMHHUI HpoIiec TpaHcdopmariii ykpaiHCbKOTO cycmiabctba Ta camoro €C.
Bunnkae HeOOXIAHICTH cHCTEMATH3aIil Ta V3araAbHEHHA ITAXOAIB AO BH3HAYEHHA il
(piHAHCOBO-EKOHOMIYHOI CKAGAOBOI Ta BHKAHKIB, IIIO ITOB’A3aHI 3 €BPOIEHCHKOIO IHTETIPALIIEIO
Vkpainn sk kpainu-kasanaata B uaenn €C.

AOCAIAKEHHIO IUTAHb €BPOIIEHCHKOI IHTErparii MPpUCBAYEHO OAraTo Iparb YKPaIHCHKHX
Ta 3aPYOLKHUX BUCHUX, A€ PO3KPUBAIOTHCA 1i HAIIPAMHU, OCOOAHBOCTI, MOAECAL PO3BHTKY KpaiH,
mo € yaeHamu €C. CepeA HUX BAPTO BUAIAMTH IIPAIll TAKAX BITYM3HAHUX HaykoBIiB, Ak O.O.
bopsenko, T.I1. boraan i O.M. lapos (2079), A.A. I'purierxo (2027), M.B. I'pysa (2072), B.P.
Ciaeuxo (2007), 1.O. Ilkoaprux, B.M. Kpemens i AFO. Cemenor (2077) rta immmux.
PoskpuBaroun HOTEHINIAA E€KOHOMIYHOTO PO3BHUTKY YKpPaiHH B KOHTEKCTI €BPOIEHCHKOL
tarerpanii B.P. CiaeHKO akieHTye yBary Ha IIPOOAEMAax PECYPCHOIO 3a0E€3IIEYEHHA PO3BUTKY
VkpaiHn, 30KpeMa BHCOKHM CTYIIEHEM MOPAABHOIO Ta (DISHYHOIO 3HOCY KAINTaAy, IO
HETaTUBHO BIIAMHYAO HA YaCTKy BaAOBOIO KaIITaAOyTBOpeHHA ctocoBHO BBIT kpaimm,
3HaYHIM AeiruToM (DiIHAHCOBUX PECYPCIB, IO HETATHBHO CIIAUHYAO Ha PO3BUTOK (DOHAOBUX
PHHKIB, IOAOPOKIAHHA KPEAUTHHX PeCypciB. BakAMBHII ITOTEHITIAA PO3ZBUTKY 30CEPEAKYETHCA
B IHTEACKTYaABHIH cepi, 10 HOTPeOyE, 1 MU 3 IIIM ITOTOAKYEMOCH, IIOCUACHHSA MIKHAPOAHOL
creriaaisanii KpaiHm y BHpPOOHMYIH raAysi Ta QOpMyBaHHA I peaAl3arii IOAITHKH
AOBIOCTPOKOBOTO (PiHAHCYBAHHSA €KOHOMIYHOIO PO3BUTKY, aKIIEHTYBATH yBAIy HA ITHTAHHAX

AKOCTI pecypciB Ta pe3yAbTaTuBHOCTI iX Bukopuctanua (Ciderico, 2007, ¢. 143, 149-150).



AOCAIAKEHHIO IINTAHb IIOTOYHOIO Ta IIEPCIIEKTUBHOIO (PIHAHCOBOrO peryaropanua B €C
Ta X BIAMBY HA IHCTHTYLUHHHIN PO3BUTOK (PIHAHCOBOI CHCTEMH KpaiHM, IIEPCIIEKTHB iX
MoOAepHisartii, mpiopureTis dinancoBoi criBupari Ykpairu ta €C npucsageHo MoHOrpadiro 3a
yaactio O.0. bopsenxo, T.I1. boraan, O.M. [llapos Ta in. (2079).

Baromy poap y mocuaeHHi OesmexoBux 3acah (PYHKIIOHYBaHHA (PIHAHCOBOIO CEKTOPY
BIAITPA€  YAOCKOHAACHHf Ta AAAITAIIA HAIIOHAABHOIO AOCBIAY M IIPaBOBHX HOPM,
3AIIPOBAAKCHHA MDKHAPOAHUX CTAHAAPTIB, €BPOIICHCHKUX AUPEKTHB Ta PETAAMEHTIB IIOAO
PETYAIOBAHHA Ta HATAAAY Y (PIHAHCOBIH Ta OIOAKETHIN cpepax AAA 3a0€3IIEUCHHA IPUHIIHITY
€AHOCTI B PpEIYAIOBaHHI. BaKAMBHUM AAfl HAITIOHAABHOIO PO3BHTKY € 3aIIPOBAAKEHHSA
€BPOIIEHCHKUX 34CAA PO3BHTKY «3E€ACHOI EKOHOMIKID Ta «3eACHUX (PIHAHCIBY, IO IIepeADadac
HEOOXIAHICTD YAOCKOHAACHHSA ACP:KaBHOI (piHAHCOBOI moAiTuku (Aunamixa peccrmpayii. .., 2022,
¢. 164-165; I lanaznx, 2013).

[luraHHA €BPOIEHCHKOrO IIOCTYIy YKpaiHH BIAIrpa€ BaKAMBY POAb B 3a0e3IedcHI
HAIIIOHAABHOI OE3IIEKH Ta IIOCHACHHI OOOPOHO3AATHOCTI KpaiHu. AOCAIAKEHHA AQHUX ITHTAHb
po3ragaaroca B YKpPalHCBKOMY IEHTPI EKOHOMIYHHX 1 HOAITMYHHX AOCAIAKEHB iMeH1
Oaexcanapa Paszymkosa. Karowescokmii Sl. cepeA mpmdmH, IO HEPENIKOAKAIOTH BCTYITY
Vkpaiau a0 €C okpecaroBas dakropu, fki AlFOTh B cepeAnHi kpainu, B €C Ta B OKpemux
KpaiHaX-4AeHaX 1 BIACYTHOCTI 0OiIHOK 3 6oky €C Ha BCTyIl YKpaiHH, 3 IHIIIOrO OOKY, TN TAHHA
TepuropiaapHOoro posmmupenus €C morpeOye 3abesmedennsa sryproBanocti CriAbHOTH,
«BHYTPIIIHIX IHTErPAIIHHNAX IIPOIIECIB Ta MAHOYTHE KAIOYOBUX ITOAITHK». CIIABHHM AASl BCIX
VYIACHHKIB IHTEIPALIIIIHOIO IPOIECY € 3a0E3IEYCHHA BHYTPIIIHBOI CTAOIABHOCTI, PO3BHTKY
AEMOKpaTii, €KOHOMIYHOTrO IIPOIBITAHHA Ta IIOKPAITICHHA AKOCTI YIpaBAIHHA». «Bikmom
MOKAHBOCTEI» AUIIAOMAT Ha3BAaB OTPUMAHHSA CTATYCY KAHAMAATA T4 OAHOYACHO 3BEPHYB yBary
Ha Te, 1o «Pocif xode Ta MOMKE IIEPEIIKOAKATH ITOAAABIIIH criBipami Ykpaiam 3 €C»
(Kzaskicme. .., 2024, ¢. 79-81).

Cepea 3apyOLKHIX AOCAIAKEHD AAHOTO ITUTAHHSA BAKAUBY POAB BIAITPAIOTH IIPALll BYCHHUX,
ITPAKTHKIB, AULTTAOMATIB Ta €KCIIEPTHI BUCHOBKH MIKHAPOAHHX IHCTHTYII T2 KpaiH-uyAenis €C.
Crroapr C. cepeA dakropiB, IO HEPEIIKOAKAIOTh iHTerpamii YkpaiHum BOadasa «Tpu
HAHBa/KAMBIIII: BHYTPIITHbOYKPATHCBKY AMHAMIKY, All POCIFCBKOI €AITH, PO3BHTOK ITOAINH Y
camomy €C» (Kinoxicme. .., 2024, ¢. 81). K. BoAbuyk cepeA OCHOBHHX IIEPEIIKOA €BPOIICHCHKIHN
irTerpanii Harrrol KpaiHu BOa9aAa BIACYTHICTb AOBIOCTPOKOBOIO Ta pePOPMICTCHKOrO OadeHHA
HAITIOHAABHUX IIEPCHEKTUB, HeedEKTUBHE BHKOPHCTAHHA HAIIOHAABHOTO  KaAPOBOTO
HoTeHIiaAy («kBaAipIKOBAHI KAAPH € CTPIDKHEM IHTErPALIIHOIO IIPOIIECY») Ta BIACYTHICTD
OadveHHA IEPCIEKTUB PO3BUTKY B3aeMoBiaHOCUH y €C (Kizskicms. .., 2024, ¢. 83).

Aw. Pettrepc, Ax. Croyaon, b. Axyachepci 1 M. Bikepc y 3Biti mpo Tpancdopmariiro
craAoro po3sutky 3a 2023 pik BUSHAYHAN YOTHPHU KAIOUL AO YCIIITHOI TpaHCcdOpMariii CTaAoro
possutky (Ukraine Humanitarian Appeal, 2023). CBiTOBUII PO3BHTOK IIA BIIAUBOM KOMIIAEKCY
YNHHUKIB AHIIE ITOCHAFOE€ BAKAMBICTD AOCAIAKEHHA IINTAHHA ITTOAO BHKAHKIB Ha ITAAXY
€BpOITEIChKOl iHTerparii Ykpainm.

MeToro AOCAIAKEHHA € y3araAbHEHHA HAIlOHAABHOTO AOCBIAY ITIOAO ITOAOAQHHSA
CYCIIABHHUX Ta (DIHAHCOBUX BHKAHKIB, IIIO CYIIPOBOAKYIOTB IIPOIIEC €BPOIEHCHKOI iHTErparii

VkpalHH B yMOBaX BO€EHHOrO cTaHy. lle BH3HAYMAO 3aBAAHHA HAIIIOIO AOCAIAKEHHS:



OOIPYHTYBAaHHA CYCIIABHUX Ta (DIHAHCOBUX BUKAHKIB, CIPHYNHEHUX POCIHCHKOIO arpeciero Ta
BIIAUBAFOTh HAa €BPOIHTETPAIIIO YKpaiHN.

OO0’eKTOM AOCAIAMKEHHS € CHCTEMA CYCIIABHUX (PIHAHCIB YKpaiHu.

MarepiaraMu AOCAIAKEHHA €: HOPMH HAITIOHAABHOIO Ta €BPOIIEHCHKOTO IIpaBa IMTOAO
cuiBrpani €C 3 VkpaiHOIO; HayKOBI AOCAIAKEHHS BITYM3HAHUX Ta 3aPYOLKHHX BYCHUX,
EKCIIEPTIB 3 IIUTAHb AOCAIAKEHHH.

B mpormec AOCAIAKEHHA 3aCTOCOBAHO METOAM HAYKOBOI aOCTpAKIiii, y3araAbHEHHS IIpU
BH3HAYCHHI YMHHHKIB BIIAMBY Ha IIPOIIEC €BPOIIEHCHKOI iHTerpanii YKpalHu Ta PH3HKIB, IO
HOro CyIPOBOAKYIOTh. METOAN €KOHOMIYHOIO Ta (DIHAHCOBOIO aHAAI3Yy — IIPU BHU3HAYCHHI

AKICHUX 3MIH CYCIIABHOTO PO3BHTKY YKpPaiHHI B YMOBAaX BOEHHOTO CTaHY.

OcnHoBHa yacTuHA
®@inaHCOBHII MEXAHiI3M €BPONEHCHKOI iHTerpanii YKkpainu

Busnauarounm €BpoOmENCHKy IHTErpamiro KpaiHM fAK IIAb 30BHIIIHBO-EKOHOMIYHHIX
IHTErpaniiiHUX IIPOIIECIB Ta CYCIIABHUX TPaHC(OPMAIIi 32 OCHOBY Ma€ BPAXOBYBATHCA ABOICTA
ckAaAOBa Takux 3MiH. Lle, 3 oAHOrO OOKY, mepeAbadae HAIIOHAABHHUIT PO3BUTOK Ta CYCITIABHI
3MIHH BIAITOBIAHO AO 0a30BHX HPUHOWINB Ta 3acas (DYHKIIOHYBAHHA MIKHAPOAHOIO
tTerparifinoro o0’eananna — €C, Ta, 3 IiHIIOrO OOKy, Iporec (POPMyBAHHA CHCTEMH
MIKACP/KABHOI B3a€MOAIl y BHIASAl HAAAEPIKABHOIO IHTErPaIifHOro OO0’€AHAHHA 3 yCima
00O0B’fI3KaMu, IIpaBaMu Ta 30008’ 13auHAMU. OcTaHHe HepeAbadae TpaHcdOpMarIiiini 3MIHH AK
B €C, Tak 1 B VkKpaiHi 3 METOIO 3a0€3IIEYCHHA ITOAITHYHOI, COLIAABHO-EKOHOMIYHOI Ta
dinaHcoBOI cTabIABHOCTI.

E€BpolHTErpaliiiHUIT IIPOIIEC B PI3SHUX KpaiHAX Ma€ Pi3HI IIPOIIEAYPHI €TAIIN Ta TPUBAAICTD,
aAe 0A30BHMH YMOBAMH AAf IIPOBEACHHSA IIEPEMOBUH IIIOAO OTpUMaHHA craTycy daeHa €C ¢
AOTPUMAHHA KPalHAMU-KAHAHAATAMH ITOAITHYHHUX, EKOHOMIYHHX Ta IHCTUTYIIHHUX KpHATEPIiB
(tak 3Banux «KomeHrareHchKkux KputepiiBy). €C aKTUBHO CIIBIIPAIIOE 3 KPAlHAMH-CYCIAAMH T2
KpalHAMH-ITapTHEPaMU, HaAA€ (DIHAHCOBY, TEXHIYHY Ta 1HIIy AorroMory. IIposeaerua pecdbopm
AASL 320€3IT€YEHHSA BIAIIOBIAHOCT] BUMOTaM IOAO Betyiy A0 €C nmorpedye (hiHAHCOBUX BUTpPAT,
AKI HAAAIOTBCA y BUTAAAL (PIHAHCOBOI AOIIOMOIM IIpH peaAi3arii BIAIIOBIAHUX IIpOrpam 1
IIPOEKTIB 13 €BpomeHchbKkux (POHAIB. CepeA BITYM3HAHNX HAYKOBIIIB HAAAHHSA TAKOI AOITOMOTIH 3
douais €C moxe posradaaruce Ak «piHaHCOBHE MexaHi3M iHTerpamnil Ao €C» ([ lideymxu. . .,
2023). Ha mHarry AyMKy, TaKuH IIAXIA PO3KPUBAE AHUILIE CEIMEHTApHE OadeHHA. Baxkaemo, 1o
dinancoBuii MexaHism imTerpamii A0 €C BapTO PO3TAAAATH AK Y3LOAKECHY CYKYITHICTDH
MEXaHI3MiB, IIIO PEAAI3YIOTBCA B MexKax (PIHAHCOBUX IIOAITHK, BIIpOBaAKyBaHHX €C B IiaoMmy,
kpaia-gaeHiB €C Ta KpaiH, IO IHTETPYIOTHCA, BIALIOBIAHO A0 CPOPMOBAHUX AOMOBAEHOCTEH,
AOCATHYTOrO piBHA Ta eramy inrerpamii. AIEBICTh Ta PE3YABTATHUBHICTD TAKOIO MEXAHI3ZMY
32ACKHUTDH BiA OAraTbOX YHHHUKIB, 3ACTOCOBYBAHHUX BAKEAIB, IHCTPYMEHTIB, BU3SHAYCHIUX IIIACH,

IepcHeKTuB i PiHAHCOBOTO 3a0€3IIEYCHHA AASl IX AOCATHEHHS.

CycniapHO-(iHAaHCOBi BIAHOCHHU B YKpaiHi ITliA BHAMBOM €BPOiHTEIrPaliiHUX 3MiH
Vkpainceke cycmiabetBo 3 2013 p. akTHBHO BIACTOIOE Ta BIIPOBAAKYE €BPOIIEHCHKI
LIHHOCTI: II0Bara AO AIOACBKOI TIAHOCTI, CBOOOAY, AEMOKPATIIO, PIBHOCTI, BEPXOBEHCTBO IIPaBa

Ta IIOBAIy AO IIPaB AIOAHHH, 30KpeMa OcCiO, 1o HaAexkats A0 MeHuH (Konenmumyyia Yrpainu,

10



1996, cm. 2). Ilianmcanns Yroau 3 €C 3akpillIAO PO3BUTOK YKpalHH K €BPOITEHCHKOI ACPAKABU
Ta CHpHAAO (DOPMYBAHHIO BIATIOBIAHOI IHTErpaIfiifHOI HOAITHKH AEpKaBH, (DOPMyBAHHIO
ITporpam criBpoOITHHIITBA, 3aBAAHD, BusHAYeHHX CC, Ta OTPUMAHHAM CTATYCy KAHAHAATA B
uneuu €C ([ lomanenxo ma in., 2024).

IIparmennsa A0 €BpOHIEHCHKOI IHTErpamii B YKpPalHCBKOMY CYCIIABCTBI 3aKPIITACHO
3akoHOAaBYO (Kyuep i Kosapeserxo, 2023; bopserxo ma in., 2019) Ta IPOCAIAKOBYIOTBCSH HA PI3HHX
PIBHAX CYCIIABHHX BIAHOCHH, IO € HAA3BHYAlHO BAKAHBHM AAA  BIIPOBAAKEHHSA
TpaHcOPMAIIIMHUX IIEPETBOPEHb, IIOIIUPEHHA €BPOIECHCHKUX I[HHOCTEH Ta MOACACH
CyCIIABHEX Ta (PIHAHCOBUX BIAHOCHH, 3MiH Y (DIHAHCOBO-KPEAUTHIN cdepl, 3aKOHOAABCTBI T2
BIIPOBAAKYBAHIH IOAITHIII.

3asmadeHi piBHI — 1Ile pIBEHbP MDKOCOOHCTICHUX BIAHOCHH MK TI'DOMAASHAMH,
B32€EMOBIAHOCHH MK INATIPUEMHHIIBKAMH CTPYKTYPAMH, OPraHi3aIliAMH Ta YCTAHOBAMH,
MakpoOpiBeHb — 3a0e3Iedye IMITACMEHTAII0 HOPM €BPOIEHCHKOIO IIPaBa AAA YAOCKOHAACHHS
iHAHCOBO-KPEAUTHHX BIAHOCHH, ITOAOKEHD (DIHAHCOBOIO PErAAMEHTY Y (PIHAHCOBY CHCTEMY
ACPIKAaBHU, MIKACP/KABHHH PIBEHb — AO3BOAAE AKTHBI3YBATH MDKHAPOAHE CIIBPOOITHHIITBO Ta
CIIBIIPAIIO MK KpaiHAMU-KAQHAMU Ta KpaiHaMH-KaHAnAaTamMu B €C.

MixxocoOHCTICHI BIAHOCHHH HACEACHHA YKpalHM 3MIHIOIOTBCA TAKHM YHHOM, IIO
HAIIOHAABHI ITIHHOCTI PO3BHUBAIOTBHCHA Ta IHACHAIOIOTBCA Oa3yIOYHCh HA TPAAHINAX Ta
IIPOIPECUBHOMY  €BPOIIEHCHKOMY AOCBIAL.  YKpaiHCBKHE HapOA Iam’aTae BHCAIB Tapaca
[llepucnka: «...1 uymomy mHaywaitrecs, 11 cBoro me mypaiirecs» (Yzoda..., 2014), 60 icropis
CBIAYHTD IIPO TipKi HACAIAKH TaKOTO 3a0yTTA. TOMY IparHeHHA AO BIIPOBAAKEHHA HAHKPAIIIIX
MUDKHAPDOAHHX —IIPAKTHK, 30KpeMa B IIPOIeCi €BpOIHTErparii, AO3BOASI€ 3a0€3IIECYUTH
36€p€)KCHHi{ HAIIIOHAABHHUX TPAAHIII Ta PO3BUTOK KpalHH fK €BPOITEHCHKOI Aepaxasu. lle
30KpeMa BIAOOpaKa€TbCA HA AKTUBHOMY 3alIPOBaAKEHHI (DIHAHCOBOIO —ITAPTHEPCTBA,
COLIIaABHOI IATPHMKHI Ha PiBHI IPOMaA («COIiaAbHI ITadOry, «COMIaABHI IIEHTPI, IO AKTUBHO
dopmyroreca micas 2013 p. AAfL AOIIOMOTH HYKACHHHUM 1 MAaAO3AXHINEHUM BEPCTBAM
HACEACHH!A, ODATaTOAITHUM CIM’AIM, AFOAIM IIOXHAOTO BIKY, IIEPECEACHIIAM, ITIO TIKAAK 3 ITOYATKY
poOciiicpKof arpecii, Taka aKTHBHICTB TocuAHAAcA B ymMoBax mmaHAemii COVID-19, mocunauaacs B
YMOBax ITOBHOMACIIITAOHOI arpecii Ta TpuBae i AOTEIEP), PO3BUTKY BOAOHTEPCHKOIO PYXy Ta
3HAYHOMY 3POCTaHHIO MOTro moTeHIaAy. PopmyBaHHA HOBOI AKOCTI CYCIIABHUX BIAHOCHH B
VkpaiHi, 110 XapaKTepU3YIOTbCA HAA3BUYIANHOIO €AHICTIO, 3TYPTOBAHICTIO y OOPOTHOI IIpoTH
BOPOTIa Ta MMATPUMKH HOCTPAKAAAUX, TPAHCHOPMYIOTBCH Y HOBY AKICTh (DIHAHCOBUX BIAHOCHH
Ha PIBHI OKPEMUX IPOMAaAfiH 1 IPOMaA, IO CBIAYHTH IIPO €AHICTH OAaYEHHA CYCIIABHHEX
IIEPCIEKTUB, HAMATAHHA MAKCHMAABHO IIATPHUMATH IHIIHX TIPOMAAAH, fAKI HaHOiAbIIe
IIOCTPAKAAAH BIA POCIHCBKOrO Tepopy, mpo popmyBaHHA OAAroAlfiHux (POHAIB i rpym, 3a
PAXYHOK AOOPOBIABHUX «AOHATIB» I'POMAAfAH, OI3HECY, KOINTH AKHAX CIIPAMOBYIOTBHCA fIK Ha
dinancyBaHHA IOTPEO ITOCTPAKAAAUX BIA arpecii rpoMaA Ta OKPEMHUX IPOMAAfH, TaK i Ha
3aKpHUTTA HOTPEO BIFICHKOBUX Y TEXHIII, aMyHIII{, Xap4yBaHHI, MEAUKAMEHTAX TOIIIO.

BiAmmoBiAHO AO HAITIOHAABHOTO 3aKOHOAABCTBA «HAAXOAKEHHSA I'YMaHITAPHOI AOIIOMOTH Ha
PaXyYHKA B IHO3EMHIA BAaAFOTI 3AICHIOETBCA y CIIEHIAABHOMY IIOPAAKY, BHU3HAUYECHOMY
Harmionaasuum 6anxkom Vpaiums ([ 1po eymanimapry donomoey..., 1999, Ilpo Sasey..., 2021, on.
7). 3 IOYaTKy ITOBHOMACIITAOHOI arpecii BIAOYBCA OyM OAArOAIFTHUX IHIIIATHB, OpraHi3ariii,

CHPAMOBAHHUX Ha INATPUMKY apmil, 0OOPOHO3AATHOCTI KpaiHu, IHHOBAIIHHUX PO3POOOK Y
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MEAHYHII Ta BIHCBKOBIH cdpepax, COINAABHY IHATPUMKY ODKEHINB, IIEPEMIIIEHUX YK
ITOCTPaKAAAUX rpoMaAdAH. fIkmo Ha modatok TpasHA 2022 p. B VKpaiHl mpamroBaso moHaA 15
THC. OAATOAIMHIX OpraHisarif, 3 Axux 8% OyAn 3apeecTpoBaHi y KBiTHI Micsmd, TO Ha 1 ciuns
2024 poxy Bike Oyao 3apeectposano 29,91 tuc. oprauisamiii (Csponeicsia inmezpayia Yrpainu. . .,
2020, Konconidosari sepeii Aozosopy. .., 2010; I1po 6aazodidny disasmicme. . ., 2012).

Ao HaiiOiAbIIIX OAaroaifinnx ¢ouaiB Vipainn y 2022-2023 pp. BiaHOcaTs United 24,
[Tosepuucs Kupum, Poua puryan. 3 mouatky moBHOMAcITabHOI arpecii 1o gepsens 2023
p. Amrze A0 nuxX (POHAIB HAAIMIIIAK ITOKEPTBH 3araAbHUM 00cAroM 55,34 Mapa. rpa. 3a 2023
p. HaAXOAKEHHA AO IHHUX (POHAIB CKOpOTHAOCA 1 craHOBHAO 18,75 MApA. IpH. Ta
CHPAMOBYBAAHCH T'OAOBHHM YHHOM Ha OOOPOHY, MEAHYHY AOITOMOIY Ta BIAOYAOBY KpaiHM.
BpaxoByrodu CTBOpEHHS CIIEIIAABHOIO MyAbTHBAAIOTHOro ¢ouay B HBVY, ae rtaxox
AKYMYAIOIOTBCA IIOKEPTBU AAfl IIPOTHAILL arpecii Ta BIAOYAOBH KpaiHM, 3araAbHHE OOCAT
OAarOAIiHOI Aomomorm 3a Iied mepiop craHoBuB 155,34 mapa rpu. Sxmo B 2022 p.
HaAXOAKEHHA Ha cuenpaxyHok HBYVY axymyarosano 56,46% 3azmadeHO! AOIOMOTH, TO 3a
1epioA ciuenb-depBerb 2023 p. Oiabire xorrrris cchopmoBarno b® «United 24» (40,24%), a Ha
cuenpaxyaky HBY — 39,28%. Cranom Ha cepeanny uepsus 2024 poxy 3i cnenpaxynky HBY
repepaxoBaHo Ha motpedu oboponu 3ararom 35720 mav rpu. (Creypaxynox..., 2024; Ax
doramans. .., 2023). Okpemi IPOEKTH OAATOAITHIX (DOHAIB, ACPKABHU Ta ACPKABHUX IHCTUTYIIINA
PISHOTO PIBHA TAKOXK aKTUBHO BHKOPHUCTOBYIOTH (PIHAHCOBY AOIIOMOTY IPOMAAAH YKpaiHH Ta
CBITOBOI CIIABHOTH. SICKpaBHM IIPHKAAAOM AKTHBHOI y4acTi VKPaiHIIB B IHATPHMIN apmii,
miAlcHOCTI KpafHu € HacTyHi dhaxti: Ha modatok oepesnsa 2022 p. gyepes 3acTOCYHOK «/Aif» BIA
HACEACHHA AO AepkaBu HAAIMIIAO 80 MAH IpH., Maike 30 THCAY ATOAEH — B3AAHM y4IacTb Y
OAATOAIHOMY 300pi KOIITIB «HAIOTHHAOHATY, 32 iHiriaTHBr Harionaaprmit 6ank YVkpaiHu 12
danapatizuarosoi nmaardopmu United24 y mapruepcrsi 3 [pusarbauxom (I Lramincruil basare
Vipainu, 2024), micad mpOro aKTUBHO BIIPOBAAKYIOTBCA IHIIN IIPOEKTH, fAK «ApMif APOHIBY» Ta
tar (Apamia dponis, 2024).

Taxum wunom, pocificbka arpecis crara BUKAHKOM AAf YKPATHCBKOI AepiKaBH Ta MOOiAI3yBaAa
cycmiabcTBO. BHeceHl 3MiHEM AO HAITIOHAABHOIO 3aKOHOAABCTBA T4 KOPETYBAHHA AEPKABHOL
iHaHCOBOI, IPOIIOBO-KPEAUTHOI, BAAIOTHOI IIOAITHK, IHBECTUIIHHOI IOAITHK B CYKYIIHOCTI
320€3IIEYUAN  YJAOCKOHAACHHA (DYHKIIOHYBAHHA (DIHAHCOBOIO MEXAHI3My ACP/KaBH Ta

30BHIIIHBO-EKOHOMIYHOI'O CIIBPOOITHHUIITBA 3 MKHAPOAHUMH ITAPTHEPAMIL.

MixxaapoaHa piHAHCOBA IATPUMKA YKPAiHU B yMOBAX BOEHHOIO CTAHY

CBiTOBa CIIIABHOTA PO3IIOYaAd AKTUBHO HAAABATH IIATPHUMKY YKPaiHCBKOMY HAapOAy Ta
VpsAy, mo BIAOOpasmAocs y 3MiHAX, 3aIPOBAAKYBAHUX Y MDKHAPOAHUX (DIHAHCOBHX
MeXaHi3MaX HaAaHHA (PIHAHCOBOI AOITOMOTH KpaiHi K Ha ABOCTOPOHHIH, Tak 1 0araToCTOPOHHIHN
OCHOBi, HaAaHHI HpPAMOI  OIOAKETHOI IIATPUMKH, CTBOPEHHI ABOCTOPOHHIX  Ta
MYABTHAOHOPCHKUX (DOHAIB (DIHAHCOBOTO 3a0€3II€YeHHA OIOAKETHOI INATPUMKH KpaiHH,
VKpalHCPKHUX OLKEHIIB B KpaiHax CBITY, IO iX mpuiiMaroTs, 30kpema €C, HapaHHA BIFCHKOBOI Ta
T'YMaHITAPHOI IATPHMKH TOITIO.

diraHCcOBa IIATPHUMKA YKPAIHCBKOIO HAPOAY peaaisyerncs 3a aAomomororo Charities Aid
Foundation (CAF) — mizaapoAne 00’€AHAHHA AOHOPIB, IIAPTHEPIB, I1IO MAE€ IIPEACTABHHUIITBA B

pisHEX KpaiHax Ta CIIPAMOBYE CBOIO AIABHICT Ha AOBIOCTPOKOBY IHATPHUMKY OAaroAlfTHEX
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opranisamniii. Pocificeka arpecia nportn VipalHH CTHMYAIOBaAa (DOPMYBaHHA MIKHAPOAHHX
OAATOAIFTHUX OpraHizariiii Ta POHAIB AAA HaAaHHA Aoromorn Harmin kpaiui. CAF Bkaroudae
miaposaian y BeauxoOpurawnii, Amepur, Kamaai, Apcrpaaii, [TiBaennitt Adppuri, Boarapii,
Inail, bpasuaii, Ta Aouipai komranii, Haripukaaa, CAF Bank Limited, CAF Financial Solutions
Ltd, CAF Global Trustees Ltd, Amepukancekuit Aooropcepkuit poua CAF (CADF) tormo (Lega/
information, 20217).

OxpeMuii HAIPAMOK INATPUMKH YKpaiHH BIAOYBa€TbCA y BHTASAI MDKHAPOAHOL
KOpHopaTuBHOI ImATpuMKH, Harnpukaas, CAF America crBopeno ®POHA KOpPHOPAaTHBHOL
asoromoru Vipaini (CAU), y mapTaHepcTBi 3 AMEPHKAHCHKOIO TOProBOIO maAaToro B IToaprmi,
AmCham Poland, BCause Boarapis 3AliCHIOE INATPUMKY VKpPaiHCHKAX ODLKEHIIB Ta iX
iHTErpanito y 0oArapceke cycriabctBo, Transnational Giving Europe (TGE) — oxomaroe 19
KpaiH i AO3BOAAE IXHIM IIPUBATHHM AOHOPaM (PIHAHCOBO IIATPHUMYBATH OAArOALIHI OpraHizarii
B IHITINX KpaiHax-4AeHaX, Ta inm npoektu (CAE's response. .., 2023).

Disasters Emergency Committee (DEC) — Kowmiter 3 HaA3BHYalHUX CHTyaIii 3
ITOAOAQHHSA CTHXIMHIX AUX 00’€AHYE 15 IIpoBIAHIX OAArOAIMHIX opranizarii Beaukobpuramii,
AKI 30HPAIOTh KOILITH AASl IIBHAKOTO Ta €(DEKTHBHOIO pEaryBaHHA HA CTHXIMHI AMXa 32
kopAaoHoM. DEC Ukraine Humanitarian Appeal — o0’eAHanHA OAaroAlfiHHX OpraHisariit
Beauxoi bpuranii Aas miarpumkm  Vipainn. ['pomaschkicts, mAnpuemcrBa Ta (pOHAH
Beankobpuranil 3i0pasn 420 MAH yHTIB cTEpAIHTIB Ta ypaA BeankoOpuranil BuAiAuB 111e 25
MAH QynTiB crepainris (Ukraine Humanitarian Appeal, 2023).

CAF, 3 2010 p. ImIOpi94HO OINHIOIOYM MACIITAOH OAArOAITHOCTI 32 AOIIOMOTOIO
Bu3Ha4YeHHA raobaspHOTO peiituary World Giving Index (WGI), Biamivuae 3araapHe 3pocTaHHA
nporo raodaspHOro mokasumka 3a 2021 p. y 5 pasis. Hampuxaaa, Ha#Bummii piBeHbp Mae
AOTIOMOT2 HE3HAMOMIIT AFOAMHI, IKHH CBIAYHTS, ITIO TPOE 3 I ATH (62%0) AOPOCAUX AOITOMATaAH
HE3HAHOMUM AIOAAM, mopiBHAHO 3 55% y 2020 p. 3pocam mokepTBH Ha OAATOAIRHICTS,
30iABIIIEBIIICH A0 35% KIABKOCTI HACEAEHHS Y CBIiTi, Ta KIABKICTH BOAOHTEPIB § BCbOMY CBITI
3pOcAa AO MaliKe KOAKHOI yeTBepTol AFOAMHH (23%), mopiBHAHO 3 oAHiero AT y 2020 pori
(19%). Aae saxmo mporsarom 2014-2019 poxis Vkpaina mociaasa 106 micrre (2016 p) ra HatiBume
89 micme (2015 p.), To y 2022 p. xpaina mociaa 10-e micrie y CBITOBOMY pEHTHHIY OAATOAINHOCTI
World Giving Index 2022 3 mactymanmu rmokasaukamu: I'aobaspamii peirrnar WGI — 49%,
AOIIOMOTa He3HaHOMIN AroAmHI — 75%, momeprByBaHHA rporneii — 47%, BOAOHTEPCHKA
AabHICTD — 24% (Ukraine Humanitarian Appeal, 2023, p. §).

Taxum wurnom, HaiOHAABHE €AHAHHSA YKpaiHIIB 3a0e3Iedye CTIHKICTD caMOi ACpP/KaBH Ta
BIIAUBAE Ha OO’€AHAHHSA KpaiH €Bporu # cBiTy B OOpOTHOI IIPOTH POCIHCHKOTO Tepopy. Taka
3IYPTOBAHICTH peEaAi3yeTbcs B pPI3HEUX cepax: IMOAITHYHIN, EKOHOMIYHIN, (PIHAHCOBIH,
Oe311eKOBII, r'yMaHITAPHIH T2 IHIINIX. OAHOYACHO BUHHKAIOTH IIOTPEOU B YAOCKOHAACHHA HOPM
HAITIOHAABHOTO 1 MDKHAPDOAHOIO IIpaBa AAfl CIPOINEHHA TaKOIO CIIBPOOITHHIITBA 3
ypaxyBaHHAM HOBHX IIOTPeO 1 MOKAHBOCTEH, Ta (POPMYBAHHA AIEBUX MIKHAPOAHHX
OE3IEKOBUX MEXaHI3MIB 13 3aXHCTy IIPaB Ta IHTEPECIB IPOMAASH, IPOMaA, HAPOAIB (30KpeMa,

IIPOTH T'€HOIHAY YKPAiHCBKOTO HAPOAY).
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Buxanku aad PyHKIIOHYBAaHHI HAalTiOHAABHOI'O ITAIIPUEMHHIITBA, 0i3HEC-CTPYKTYpP B
yMOBaxX BOEHHOIO CTaHy

AAA IOCHACHHA €KOHOMIYHO! CKA2AOBOI BAKAMBY POAb Ma€ 3AIPOBAAKEHHA B KpaIHi
MIKHAPOAHHX CTAHAAPTIB OOAIKy Ta (PIHAHCOBOI 3BITHOCTI, CY9aCHUX TEXHIYHHX 3aCOOIB Ta
TEXHOAOIIH, IO CHPHAIOTH BIPOBAAKEHHIO MIKHAPOAHHX 1 €BPOIIEHCBKHX ITAXOAIB y
HAIIIOHAABHY IIPAKTHKY, 3a0E3IIEYCHHIO IIPO30OPOCTI Ta BIAKPHTOCTI AlfIABHOCTI, Oi3Hec-
IIPOIIECIB, 3BITHOCT], IIPUCKOPIOIOTH IIMBUAKICTb PO3PaxXyHKIB MDK YJaCHHKAMH  Ta
BIIPOBAAKEHHA HOBUX (DIHAHCOBO-KPEAUTHHX H IHBECTUIIHHUX IHCTPYMEHTIB.

HarmionaapHe BIAHOBAGHHA IIAIIPHEMHUIITBA Ma€ BIAOYBATHCA OAHOYACHO IIAAXOM
IIATPUMKHA T2 CTHMYAIOBAHHS AIIABHOCTI MAaAHX, CEPEAHIX Ta BEAHKHX IHAIIPHEMCTB.
CkaaAHICTD 1 crrenudIIHICTh CYIaCHUX €KOHOMIYHUX IIPOIIECIB y KpaiHi IIOAATA€ B TOMY, IIIO,
HAIIPHUKAAA, AO AKTyaABHHUX IINTAHb, fIKI OYAM IIOB’f3aHI 3 HEOOXIAHICTIO PO3IIMPEHHSA
AocTymHOCTI  (biHAHCYBaHHA Ta INABHINEHHA Oi3Hec-akTHBHOCTI, if edexruBHOCTI Ta
IIPO30POCTI, TOIIO, AOAAIOTHCA 0A30BI KOMIIOHEHTH AASl EKOHOMIIHOTO PO3BHTKY: O€3IIEYHICTD
KHTTA Ta TOCIHOAAPIOBAHHSA, CIPHATAHBE CEPEAOBHIIE, PO3BHUTOK AIOACBKOIO KAINITAAY,
CTBOpEHHs1/ OYAIBHUIITBO IIAIIPUEMCTB, IH(PACTPYKTYPH Ta IHIIHX OO’€KTIB 3aHOBO, OCKIABKI
3HAYHA {X YACTHHA 3HHUINEHA, 2 TEPUTOPIA KPAiHU 3HAXOAHTHCH INA IOCTIIHIMHU BOPOAKHMU
obcrpiramu. Pocificbkuil arpecop HOCTIHIHO pyHHYE YKpaiHCBKYy €KOHOMIKY, IHPACTPYKTYpY,
3HHUIIYE IIPUPOAY, €KOAOIIIO, 1 II€, BIALIOBIAHO, BIAOOPA/KAE€TBCA y HMOKA3HUKAX T4 PEHTHHIAX
Vkpainn 12 popmMye HOBI BUKAUKH Ha IIAAXY €BPOIICHCHKOI iHTerparil. Tak, Hampukaaa, B
Iraexci raobaapHOl KOHKYperTOCIpoMOKHOCTL y 2022 p. ta 2023 p. Harra kpaina B3arasi He
npeacraBaeHa (1he Global.. ., 2023), a hocainkenns €pporericpkoi bisnec Acorriarnii 3acBiAdIAR
HACTYITHI TOKa3HUKH IHAekciB Ha kiners 2022 p.:
®  IHAEKC CTaAOTO PO3BUTKY — 3,50;
®  IIOAATKOBUH IHAEKC — 2,97;
®  iHBeCTUIIHHUNI IHACKC — 2,48;
®  IHAEKC HACTPOIB MaAOro OizHecy — 2,0.

Iraexc HacTpOIB MarOTO Oi3HECY AeMOHCTPYE HeraTuBHHH TpeHA 3 3,2y 2017 p. Cepea 325
OIIUTAHIX IIPEACTABHUKIB 71% BiAMIUAE, 110 €KOHOMIYHA cuTyaris €
HecnpusTAnBa/KatacTpodpiuna, npu mpoMy 58% BIAMIYAIOTH HE3AAOBOACHICTH IOTOYHUM
craHoM BAacHOro Oiznecy y 2022 p., mporu 52% y 2021 p., ta ammmre 1% ornmraHnx BIAIIOBIAH,
II[O CTAH BAACHOIO Oi3Hecy Ayike Aoopuit ([Lxorsnux ma in., 2017).

VkpaiHa 3axmIrae CBOXO HE32ACKHICTb, aA€ Ma€ OAHOYACHO (POPMYBATH, BUOYAOBYBATH
MOAEAB PO3BHUTKYy IHHOBALIHHOIO INAIIPUEMHHUIITBA, CIPAMOBAHOIO Ha 3a0C3IICYCHHSA
BIAITOBIAHOCTI CBITOBHM ITpOIIecaM TpaHcdOpMarlii B iIHHOBAIIHHI €KOCHCTEMH, 3AIIPOBAAKECHHSA
3aCaA PO3BUTKY 3€ACHOI CKOHOMIKI Ta 3eACHHX (DIHAHCIB; 3aCTOCYBAHHA HOBHUX IHCTPYMCHTIB
AEpKAaBHOI W MIKHAPOAHOI INATPHUMKH T2 KPEAUTYBaHHA, IIOAQABIIE BIIPOBAAKCHHSA
€BPOIICHCPKUX ITNAXOAIB ITOAO (DIHAHCOBOI INATPHUMKH IHHOBAIUMHOI AIABHOCTI, 3€ACHHX
dinancis (I laraenwk, 2013).

Takum dYHHOM, BApTO aKIEHTYBATH YBary Ha AOIIABHOCTI IIOCHAEHHS CIHBIIpAIll
HAIIOHAABHHUX Ta MKHAPOAHHX, EBPOIIEHCHKUX OI3HEC CTPYKTYP IIOAO PO3BUTKY YKPAIHCHKOTO

Ta CHIIABHOrO Oi3HECy, HIPOEKTiB, (PIHAHCOBOIO CIIBPOOITHHIITBA IOAO HAITIOHAABHOIO
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BIAHOBAGHH?, peaAisanii yKpaiHCBKHX 1 MIKHAPOAHHUX IHHOBAIN Y BIFCHKOBO-TEXHIUHIN 1
MeAnYHIH cdepax.

VAOCKOHAACHHA HAIIOHAABHOIO IIpaBa, 30Kpema y iHaHCOBiH cdepl, cupuse
3AIIPOBAAKEHHIO MIKHAPOAHHUX T2 €BPOIECHCHKUX CTAHAAPTIB IMOAO 320€3IIEUEHHA CTAAOTO
PO3BHTKY, CKOAOIIYHUX Ta 3€ACHHX (DIHAHCIB, IHHOBAIIHUX IIAXOAIB AO BEACHHA Oi3HeCy,
HOBHUX TEXHOAOTIH, ITIOCHACHHIO AMHAMIYHOCTI Ta 3POCTAHHIO 0OCATIB (PIHAHCOBUX ITOTOKIB,
IIOTAMOACHHIO PUHKOBHX BIAHOCHH. 3aIIPOBAaAKEHHA CydacHHX IH(oOpMariiHux Ta iHTex
IHCTPYMEHTIB ~ IIO3UTHBHO  BIAUBAE Ha QopmyBaHHA  (piHAHCOBOrO, HHUMPOBOIO,
1HPOPMAIIIHHOIO PHHKY fK CKAGAOBOI €AHMHOIO PHHKY Ta (PIHAHCOBOro cepeAosuima. Lle
AO3BOAHTb ~ JAOCKOHAAHTH  Ta  Y3TOAUTH  MeXaHi3MH  (DIHAHCOBOIO  PEryAFOBAHHA
€BPOIHTErPAIHOIO CIIBPOOITHHUIITBA.

Takum 9UHOM, 3MIHH, IIIO MAIOTh MICIIE ¥ HAIIOHAABHOMY Ta MIKHAPOAHOMY (DiIHAHCOBOMY
CEPEAOBHIII, ITOB’A3aHI 3 3MIHAMH CTPYKTYPU H MOAEACH IIAIIPHEMHUIITBA, IO BIAOYBAIOTHCA
ITIA BIIAMBOM fIK €BPOIHTEIPAIIHUX TpaHC(OPMALIH, BUKAUKAMHE, CIIPUYUHEHUIMU IIPOTHAIEIO
POCIFICBKIH arpecii, Tax 1 IMA BIIAHBOM CBITOBHX TPEHAIB i3 peaaisamil ['aobaaprux miaen 111
tucsaaoairra OOH. 3miHH CBITOBOrO CepeAOBHINA, IPIOPUTETH, IO INATPUMYIOTHCA
MIKHAPOAHHMHI 1HCTHUTYIIAMH Ta AOHOPAaMH, 3HAYHO BIIAMBAIOTH Ha HAIIIOHAABHHI Ta
MIKHAPOAHI (pIHAHCOBI PHHKH, ITOAITHKY KOMIIAHIN Ta OI3HECY, ACPKAB B IIIAOMY.

3Ha4Hl pU3UKU AAA YKPalHI BUHHKH Y 3B 3Ky 3 OOMEKEHHAM IIASAXY €KCIIOPTY TOBApPIB Ta
30Lkoka. [Ipu Tomy, 1110 MKHAPOAHA IIATPHMKA 3HAYHO CIIPUAAA HAAATOAKEHHIO YKPaiHCBKOTO
excrropty A0 kpaim €C Ta TpaH3UTy AO IHIIKNX KpaiH CBITY, AaHI IAAQTDKHOrO OaAaHCY,
ompuAropHeni  Hariomaapaum — OGamkom — VkpaiHp, CBiAYATH, IO  IHCAS  ITOYATKY
ITOBHOMACIIITAOHO! arpecii BIAOYAOCH 301ABIIIEHHS BiA’€MHOIO CAABAO TOPrOBOro OaAaHcy B 4,3
pasu y 2023 p. y nopiBusanHi 3 2021 p., a ekcrropt ToBapiB A0 kpain €C (27 kpaiH) ckopoTHBCA
Ha 4,13% BiAIOBIAHO, 1110 AOpiBHIOBAAO 945 MAH. A0A. CLLLA (I puyernko ma in., 2021). 3asHauene
3aCBIAYYE HETAaTUBHHH BIIAHB POCIHCBKOI arpecii He AHIIE Ha TEPUTOPIAABHY ITAICHICTH Ta
(piHAHCOBY MAATOCIIPOMOKHICTh YKpaiHH, aAre M Ha IHOPYIIEHHA 30BHIIIHBOTOPIOBEABHIX
3000B’A3aHb 1 3B’A3KIB, PH3UKU CBITOBIM IPOAOBOABYIIl Oesmeri. B ymoBax obmexeHoCTI
MOKAHUBOCTEH AAA YKPaiHCBKOTO EKCIIOPTY Ta BUKOPUCTAHHS €BPOIICHCHKUX TPAHCIIOPTHUX
KOPHAOPIB ITOCHAHAACA KOHKYPEHIIiA Ta IOAITHYHA HAIIPyTa B KpaiHax €C, 1110 Takox 1oTpedye

BPETYAIOBAHHA Ha HAAACPAKABHOMY PiBHI.

ITnranHa 3ab6e3med4eHHA CTAAOT0 PO3BUTKY B YMOBAX IIOCHAE€HHA PU3HKIB TAa 3arpo3

Aocainkenns, nposeaeHe puennmu Oxford Economics (Ax. Petinepc, Ax. CHoyaoH, b.
AsyacOepci, M. Bixepc), 3acBiaunao, 1o 80% OisHec-AiAepiB BUAIAIFOTH CTAAICTD Y ITATIpII
TOAOBHHX IIPIOPHTETIB YIPaBAIHHA, AO fAKHX BIAHOCATH HACTYIHL: IpOBI3AILIO,
3aAOBOACHICTD KAIEHTIB, CTIMKICTB, yIIpaBAiHHA Ta Oesnexy. Humu Busnageno, 1o 6iasme 40%
OIUTAHUX CYO’€KTIB PO3TAAAAFOTH Y AKOCTI MOMKAMBOCTEH AAA PO3BHTKY BIPOBAAKCHHSA
eKOCHCTeM dvepe3 crabiaizariiai TpaHcdopmaril. AOCAIAHHKHE BIAMIYAIOTH, IO Y AIAEPIB
CTAAOTO PO3BUTKY TEIEp BIAOYBAETHCA OIABIIHI PO3IOAIA HIHHOCTEH HA HABKOAUIIIHE
CEPEAOBHIIE, CYCIIABCTBO, KAIEHTIB, CIIBPOOITHHKIB Ta IHBECTOPIB IOPIBHAHO 3 IHIIIME

KoMITaHIAMH. Taki KOMITaHIl OIIIHIOIOTh: €KOAOTIIYHY IIHHICTbD, COIIAABHY HIHHICTD, IIIHHICTD AAS
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KAIEHTIB, IIHHICTH AAfl IIPALIBHUKIB, (DIHAHCOBY IIIHHICTD Ta IIHHICTD AAA iHBecTOpIB (Resners, et
al., 2023).

3asHadeHi TEHACHINI BApTO BPaxXOBYBATH IIpH (DOPMyBaHHI OI3HEC-CTPATEIill AEpPiKaBH,
HAITIOHAABHUX INAIIPHEMCTB 1 KOMIIAHIM, OCKIABKH 3a3HA4eHI IIPIOPUTETH CIPHATUMYTHb
crabiaizarii (OyHKIIIOHYBAHHA Ta PO3BUTKY IIAIIPUEMHUIITBA Ta OI3HEC-aKTHBHOCTI B KpaiHi Ta
B cBITI B MaiiOyrHbOMYy. Lle A03BOAHTH akTHBI3yBaTH (DIHAHCOBHH Ta AIOACBKHI ITOTEHIIIAA,
chopmyBaTH CcHHEPriHHUN edEKT AAf 3a0€3IIE€YECHHA CTIHKOCTI (PYHKIIOHYBAaHHA B
MaHOyTHBPOMY, KOAHM 3pPOCTATUMYTb BHTPATH 3 IIPOTHALl POCIHCHKIN arpecii, BIAOYAOBH
3pYHHOBAHOI €KOHOMIKM KpPaiHH B YMOBAaX OYIKYBAHOIO YITOBIABHEHHS 3POCTAHHA CBITOBOIO
BBIT y 2024 p. ao 2% (World Economic Prospects. .., 2023), 110 HEraTUBHO BIIAHMHE Ha OOCATH
MIKHAPOAHOI IIATPUMKH Y KpaiH! Ta IHBECTHIII.

OAHOYACHO, KPIM 323HAYEHHX ITATH OCHOBHHX IIPIOPUTETIB CY9ACHOIO MEHEAKMEHTY B
Vkpaini xpim inarcoBoi Oesrmeku Oi3HECYy BapTO AKIIEHTYBATH Ha O€3IEKy (BiFICHKOBY,
E€KOHOMIYHY, ITIO HAA3BHYAHO aKTYaABHO AAfA HAC), OCKIABKH POCIFCBKA arpecif IIpU3BeAa AO
pPYHHYBaHHA INAIPHEMCTB, I1H(MPACTPYKTYpH B PISHHX perioHax KpaiHW, 3HHIICHO
IIAIIPUEMCTBA Ha OKYIOBAHIH TEPUTOPIi Ta TaM, A€ BIHICHKOBI All, IIIO 3yMOBHAO HEOOXIAHICTB
BHYTPIIITHBOTO IIEPEMIITIEHHA YACTHHHU INAIPHEMCTB Ta BHUKAHKAAO 3OBHIIITHIO MIrpariro
YACTHHU HACEACHHS, AK ODKCHIIB Y 1HIM KpaiHU CBiTY, y TOMy 4ncai kpainu €C. Herarusmi
HACAIAKH 323HAYEHOTO BIAOOPaKAIOTHCA y (DISUMHOMY 3HUILECHHI IIAIIPUEMCTB, Oi3HECIB, iX
OOAAAHAHHSA T4 B OIABIIIOCTI BUITAAKIB IIPU3BOAATH AO HEMOMKAUBOCTI 3AIICHEHHSA ITOAAABIIIOL
AliapHOCTL. [lepemiltieHHA MIPaIe3AaTHOTO HACEACHHA fAK OLKEHINB B CEPEAMHI KpalHH Ta
3aKOPAOH HETATUBHO BIIAMHYAO HAa CTPYKTYPY T4 3HIDKECHHSA AKOCTI poOOYOI CHAU B KpaiHi, Ha
3pOCTaHHA KIABKOCTI O€3pOOITHIX, HA TAAIHHA )KUTTEBOTO piBHA HaceAeHHH. [ Ipu npomy BapTo
BPAaXOBYBATH, IO HAHOIABIII IIPALIE3AATHA YACTHHA HACEACHHA IIepeOyBac B apMii Ta OOPOHUTH
KpaiHy BiA POCIHCBKOI HABAAH, IO OAraToO 3aTHOAUX i B ITOAOHI, TOIIO. Taxi 3arpO3AUBI YMOBH
T4 PU3HKH IIOAO IIOTIPIIEHHA CHTYyalll ITOTPEOYIOTh BIAIIOBIAHHUX Allf Ha PIBHI AEPKaBH,
30KpeMa BU3HAYCHHSA HAIIPAMIB Ta 3aXOAIB IIIOAO BIAHOBACHHSA (DISUYHOIO Ta IICHXOAOITIHOIO
3AOPOB’fl HACEACHHS, OPraHi3alil CHCTEM «APYTrO» OCBITH Ta IepekBaAldikariii 3 ypaxyBaHHAM
1oTped PHHKY IpaIli AAf HAIIOHAABHOI BIAOYAOBH, OKPEMHM HAIIPAMOM AIAABHOCTI ACP/KaBU
Mae cratid (pOPMYBaHHA HOBHX IIAXOAIB 1 IOAITHKH IIIOAO OIIAATH IIPAIll, HABYAHHS,
COITIAABHOI'O Ta MEAUYHOTO 3aXHCTy HACEACHHS AASl CTUMYAFOBAHHSA ITOBEPHEHHA T2 3aAAYICHHA
BHCOKOKBaAI(PIKOBAHMX (DaXIBIIB 3-32 KOPAOHY.

Taxum wurom, OpMyBaHHA OE3IIEIHOIO EKOHOMIYHOIO CEPEAOBHINA, 3AIPOBAAMKCHHA
€BPOIICHCHKUX IIPAKTUK, INAXOAIB 1 IIPO30PICTH BEACHHA OI3HECY, Ta CIPHATAHBOTO
IHBECTUIIIITHOTO ~ KAIMATy ~AO3BOAHUTH AKICHO IIOKPAIIIUTH ITOTEHINAA HAIIOHAABHOTO
IAIIPUEMHHIITBA, IO CIIPHATAME 3POCTAHHIO HALIIOHAABHOTO BUpOOHUIITBa, BBIT, akrusisarii
MIKHAPOAHOTI'O INAIIPUEMHHIITBA HA YKPAIHCHKOMY PHUHKY.

BaxanmBnii BIAMB Ha €BpOIHTErpalliiiHI IIEPETBOPEHHA B YKpaiHI CIpaBAfie €AHICTD
OaveHHA Ta 3yCHUAD YCIX YIACHHUKIB €BpOIHTErpamniiinoro mporecy. Busnageni €C 3aBAaHHA AAST
VKPaiHCBKOI ACP/KABH Ta CTAIOTH INAIPYHTAM AAA PO3POOKH €BPOIHTEIPAIUIHOI ITOAITHKH Ta
[Taany Alff VKpaiHH, OKPECAIOIOTH HAIPAMH IIOAAABIIOl AIMABHOCTI AAA 3a0€3IIEYCHHA
BIAITOBIAHOCTI KpaiH-KaHAMAQTIB BuUMoOram duacHctBa B €C Ta mepeabagarorh (hiHAHCOBY

IIATPUMKY AAfl PeaAi3ariii IMOCTABACHHX 3aBAAHB. 3AIIPOBAAKEHHSA TAKOTO ITAXOAY peaAisartii
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€BPOIHTErPAIIITHOTO IIPOIIECY AO3BOASIE IIOCUAHTH CTiHiKicTh €Bpomneiichkoro CriBToBapHCTBa,
CIPHATH YAOCKOHAACHHIO T4 IIOTAUOACHHIO CITIBPOOITHHUITTBA, AOAAIOYH BUKAUKIA CbOTOACHHH,

Ta CHPHUATH AOCATHEHHIO ITIAEH Ta AOBIOCTPOKOBHUX CTPATEIill PO3BUTKY BCIX YYACHUKIB.

OGroeopenna

[TrrasHs BUKAMKIB Ha ITTAAXY €BPOIIEHCHKOI IHTErpartii YKpaiHI € CKAAAHIM Ta OXOITAFOE
HE AMIIIE BUKAMKH, IO CTOCYIOTHCA HAIIOHAABHOIO PO3BHTKY YKpaiHH, aA€ M BHKAHKH, ITIO
IIOB’A3aHl 3 €BpolHTerpariiiHumMu posmmpenaamu. Lle morpebye dpopmyBanHsA KOHCEHCYCY B
€C 1m0A0 cTpareriii po3BUTKy Ta posmupens. Buxia Beaukoi bpuranii mATBepAUB BaKAUBICTD
dopMyBaHHA CIIABHHX IIAXOAIB AO MOAEAEH pPO3BHUTKY, popmyBaHHA (POHAIB (plHAHCOBHX
pecypciB Ta IX BHKOPHUCTAHHA. 3arOCTPEHHA IIHTaHb ITIOAO YKPAlHCBKOIO EKCIIOPTY B KpaiHH
€Bporm Ta IOro TPaH3WTy B YMOBaX BIHCHKOBOI arpecii TakoK INAHIMAE IIHTAHHA
CIIBPOOITHUIITBA B EKCIOPTHIA TaAy3i, NHTAHHA KOHKYPEHTOCIPOMOMKHOCTI IIPOAYKIIL
okpemux KpaiH-daeHiB €C Ta HEOOXIAHOCTI YAOCKOHAACHHS HAIIPAIIbOBAHUX MexaHi3MiB. B
YMOBax HOIAHMOACHHA (PIHAHCOBHX Ta OE3IEKOBHX pPHU3HKIB B YKpaini Ta KpaiH-useHiB €C
BAKAUBHM € INABHIIEHHA €(EKTHBHOCTI BHUKOPHUCTAHHA (DOHAIB (DIHAHCOBHX PECypCiB,

3aIIPOBAAKEHHA HOBUX (DIHAHCOBHX MEXaHI3MIB CIIBIIpari Ta peaaisartii besrrekoBol AOKTpHHI

€C.

BucHOBKY i IEPCIIEKTHBY ITIOAAABIINX AOCAIAKEHB

IIporiec €BPOIHTErPAIIHOIO PO3IIUPEHHA € CKAGAHHM Ta OAraTOBEKTOPHUM, OCKIABKI
BIIAUBAE fAK Ha KPAIHU-KAHAHAATH, KPAiHU-CYCIAH, TaK 1 Ha kpaiHu-dyaeHu T2 €C B 11iromy. Bix
dopmye pHU3HKK Ta BUKAUKH AAf BCIX YYACHUKIB €BPOIHTErPAIIHOIO IIPOIIECY, IOTpeOye ix
HIBEATOBAHHA 3 YPAXyBAaHHAM 3MiH MIKHAPOAHOTO CEPEAOBHUIIIA.

BaskAauBuMu € OCTiHI KOHCYABTALI Ta CIIBIIPAIA B YaCTUHI 3a0€3IICUCHHA AOTPHMAHHSA
3acaa Ta npuHnuiiB €C; OIOAKETHA IMATPUMKA AAA 3a0e3IedeHHA (DIHAHCOBOI CTIMKOCTI Ta
ITOCHACHHSA ITOTEHITIAAY peaAizarii criAbHIX noAituk €C.

E€Bporrericpka iHTErparia YKpalHH B CY9aCHUX YMOBAX — II€ IIPOIIEC, 1[0 BU3ZHAYAE HE AHIIIC
MaMOyTHE HAIIOl AEpiKaBH, i HE3aACKHICTB, CYBEPEHITET, AOTPUMAHHA ACMOKPATHYIHHX T2
€BPOIIEHChKUX IPUHININB Ta IiHHOCTEH. Lle mporec, 1o BusHadae maiibyrHe €Bporm Ta
Caity, muTaHHA OE3IIEKH Ta HEIOPYIIHICTh HAIIOHAABHIX KOPAOHIB, IIPATHEHHA 320€3ICYUTH
CTAAWN PO3BHTOK YKpPaiHHU B €BPOIICHCHKIF CHCTEMI IIIHHOCTEH.

TakuM 9UHOM, 3aIIPOIIOHOBAHUI IMAXIA AO TAYMAYEHHA CYTHOCTI (DIHAHCOBOTO MEXaHI3MY
€BPOIIEHCHKO] IHTErparii Ta pO3KPUTTA HOr0 OCOOAUBOCTI AO3BOAAIOTH HOTO YAOCKOHAAIOBATH
AAAIITHBHO AO 3MiH (DiHAHCOBOTO cepeAoBHIla. B yMoBax BoeHHOTO cTaHy B YKpaiHi BIAOyAOCA
BIIPOBaAKEHHA HOBHX (popM (DIHAHCOBUX BIAHOCHH B y (pIHAHCOBIH cucTeMi KpaiHH, IO
COpuAAO axTuBizarii (PIHAHCOBOIO Ta COINAABHOIO IIAPTHEPCTBA Ta CIPHAAH 3POCTAHHIO
¢iHAHCOBOIrO IIOTEHINAAYy I'POMaA Ta O0’€AHAHb. Bu3HadeHO 3HA4yIy POAB OIOAKETHOI,
I'YMaHITAPHOI AOITOMOIH YKpaiHi T2 IHIIIATHB, ITIO PEAAI3YIOTBCA 32 IMATPUMKH HAITIOHAABHIX
Ta MDKHAPOAHHX AOHOPIB.

B moAaAbIIIx AOCAIAKEHHAX IIPOIIOHYETHCA 30CEPEAUTH YBAry Ha (POPMYBAHHI EAUHOTO
punky 3 €C, y3roaxeHHI MeXaHi3MiB (DIHAHCYBAHHA TAAY3€H, IO BU3HAYAIOTH CKCIIOPTHHH

norennian €C 1 VkpaiHm, yAOCKOHaAeHHI (DIHAHCOBOIO MEXaHI3My €BpOiHTerparii Ta
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€KOHOMIYHOI'O, COIIAABHOTO, €KOAOTIYHOIO BIAHOBACHHS YKpaiHH 32 PAaxXyHOK 3aAyYEHHSA

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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O06AiKOBO-aHAAITHYHI ACIIEKTH IIPOLIECY YIIPABAIHHA BUTPATAMHA

Apmnomayin: OyaxumionyBaHHA OYAB-fIKOIO BHPOOHHYOIO INAIIPUEMCTBA 3aBXKAH IIOB’A3aHE 3
BHPOOHHUIITBOM TOBAapiB Ta IX peaAl3alfiero, TOOTO IIPOCYBAHHAM BIA BHPOOHHKA AO CIIOKHBAYA.
3AICHEHHA HHUX 3aBAAHb OYAO O HEMOMKAUBHM O€3 BHTPAT, OCKIABKM CaMe BOHU 3a0€3IIEYyIOThH
TOCIIOAAPCBHKY AIABHICTD CYO €KTa TOCIIOAAPIOBAHHSA. AOCAIAKEHHSA BUTPAT € HAASBUYIANHO aKTYAABHUM,
OCKIABKM BOHH OOYMOBAIOIOTH TOAOBHY METY AIABHOCTI INAIpHEMCTBA — HIpuOyToK. O6’ekTOM
AOCAIAMKEHHS € IIPOLIEC YIIPABAIHHA BUTPATAMH IIIO TICHO B3a€EMOIIOB A3aHUI 13 IIpOItecoM POPMyBAHHSA
pubyTKy. I IpeAMeTOM AOCAIAKEHHS € CYKYIIHICTD TEOPETHIHUX, METOAUYHHUX Ta IIPUKAAAHUX ITIAXOAIB
110 BUBYEHHA (POPMYBAHHA Ta PeaAi3allii IIpOIIeCy yIPaBAIHHA BUTPATAMH 13 BPAXyBAHHAM IaAY3E€BHX
0OCOOAHBOCTEH INAIIPHEMCTB XaPYIOBOI IIPOMHCAOBOCTL. METOIO AOCAIAKEHHS € BUBYCHHA EKOHOMIYHOL
cyTHOCTI BHTPAT AAf (pOpMyBaHHA Ta e(DEKTHBHOIO YIIPaBAIHHA HUMH. AAf AOCATHEHHS METH 1
BUPIILIECHHA IIOCTABACHUX 3dBAAHb OYAH 3aCTOCOBaHI 3araAbHOHAYKOBI Ta CICLIAABHI METOAH
AocAipkeHHA. MeToA TpyITyBaHb, IHAYKTHBHEE METOA 3aCTOCOBYBAAHCH IIPH 300pi Ta y3araAbHEHHI
irdopmariii; METOAM aHAAI3y, CHHTE3y Ta IOPIBHAHHA — AAA OIPAIFOBAHHA MACHBY iHQopmamil Ta
CIIBCTABACHHA IIOKA3HUKIB AIAABHOCTI INAIIPHEMCIB XapdOBOI IIPOMHCAOBOCTI; rpadpidHuii Ta
TAOAMYHUI METOAH — AAfl HAOYHOIO BIAOOPKEHHA OTPHMAHUX PE3YABTATIB Ta BIAOOpPaKEHHA
TEHACHIIIH; CTATUCTHYHI METOAU — IIPH PO3PAaXyHKy CEKOHOMIYHHUX IOKA3HUKIB Ta TEMIIB X 3MiHM,
aOCTPAaKTHO-AOTIYHHUHI — I1py (POPMYBAHHI BICHOBKIB 32 PE3YABTATAMU OACP/KAHIX PE3YABTATIB. ABTOP
poOUTh BHCHOBOK INO B YMOBAX HEBH3HAYEHOCT! 3O0BHIIIHBOIO 1 BHYIPIIIHBOIO CEPEAOBHINA,
VIPaBAIHHA Ta KOHTPOAb 32 BHTPATAMH BHXOAUTH Ha IIEPINE MiCIle B MexaHi3Mi edeKTHBHOIrO
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VIIPaBAIHHA IMAIIPHEMCTBAMI, BiA IIAAHYBAHHA, AO KOHTPOATO BUTpaT. CBOEYACHA, ITOBHA Td AOCTOBIpHA
irdpopmartif IIpo BCi BUTPATH MAIPHEMCTBA, 30KPEMA 1 AaAMIHICTPATUBHI 1 BUTPATH HA 30yT T OCOOANBO
co0IBapTICTD IIPOAYKIII MOe HOKpAruTy (hiHAHCOBUN CTaH IIAIIPHEMCTBA.

Karouosi cn06a: marepianpHi 3aTpaTd, Xap4oBa IIPOMUCAOBICTD, MOAOYHA IIPOMHCAOBICTD, VIIPABAIHHSA

BUTPATAMH.

r\?\/&;

Beryn

Xap4doBa IIPOMHCAOBICTH YKpaiHu 3a0esredye if IIPOAOBOABYY OE3IIEKy, aAKe €
CTPATEriYHO BAKAHBOIO Ta IIPIOPHTETHOIO TaAY33I0 €KOHOMIKH YKpaiHu. OcoOAUBO rocTpo
ITOCTAa€ II€ IUTAHHA B YMOBaX OOMOBHX AlH, ITIO CYIIPOBOAKYETBCA HE AHIIE CKOPOUCHHAM
IAIIPHEMCTB B PE3YABTATI (PISMYHOrO 3HHUIIECHHA, CKOPOYEHHAM CHPOBHHHOI 0asm, aAe i
3POCTAHHAM TeMIINB 1HMAALI], 3pOCTAHHA I[IH HA CUPOBHHY, ITAAUBHO-MACTHABHI MaTepiaAl
TOIIIO.

Bupobaena IHpOAyKINA INAIIPHEMCTBAMH Xap4OBOI TIaAy3i € TOBapaMH IEPIIOi
HEOOXIAHOCTI, TUM CAMHM 3a0€3I1€9yIOYN CTAOIABHICTD B CYCIIIABCTBI, Ta IIPOAOBOABYY OE3IIEKY
B KpaiHl.

B ymoBax oOMerkeHHX pecypciB, iHMAAIT Ta IHIMIX IIEPEIIKOA IEPEA IAIPUEMCTBAME B
HE3aAEKHOCTI BIA pO3MIPY FOCTPO ITOCTAE IINTAHHA YIIPABAIHHA BUTPATAMH. AAMKE OCOOAUBICTIO
IIAITPUEMCTB Xap4YOBOi IIPOMHCAOBOCTI € IX BHCOKAa MATEPlaAOMICTKICTb, UMM 1 BHKAHMKAHO
IHOTPEOY YIIPABAIHHA BUTPATAMH.

OO0’eKTOM AOCAIAMKEHHSA € IIPOIIEC YIPABAIHHA BUTPATAMH IO TICHO B32€MOIIOB A32HUII 13
rportecoM pOpMyBaHHS IPHUOYTKY.

IIpeAMeTOM AOCAIAKEHHS € CYKYIIHICTD TEOPETUYHHUX, METOAHMYHHX Ta HIPHKAAAHUX
IAXOAIB IO BHBYEHHA (DOPMYBAHHA Ta peaAisariii IIPOIIECY YIIPaBAIHHA BHTpAaTaMH i3
BPaxyBaHHAM IaAY3€BHX OCOOAMBOCTEH IMAIIPHEMCTB Xap9IOBOI IIPOMUICAOBOCTI.

MeToro AOCAIAKEHHA € BHUBYCHHA CKOHOMIYHOI CYTHOCTI BHTPAT AAA (DOPMYBAHHA Ta
e(PEKTUBHOTO YIPABAIHHA HUMH.

Buxoasan 3 MeTH AOCAIAKEHHA OYAN BU3HAYEHI] Ta BUPIIIICH] HACTYIIHI 3aBAAHHS:

—  AOCAIAKEHA EKOHOMIYHA CYTHICTH BUTPAT T4 BU3HAYCHI X OCHOBHI KAacHIKaIIIiHI O3HAKK
IIIACTaBI HOPMAaTHUBHO-3aKOHOAABYO! 0a3u YKpaiHu;

—  BH3HAYEHI OCHOBHI €TAITH IIPOLECY VIPABAIHHA BUTPATAMU, O3HAYCHI OCHOBHI HAIIPAMKH
peaaisariii KOKHOTO €TaIty;

— IPOAHAAI3YBATH  EKOHOMIYHI  IIOKA3HHUKH  AIABHOCTI  IIAIPHEMCTB  Xap4OBOI
IIPOMHCAOBOCT] IIIOAO B3a€MO3B’AI3KY Ta BIAIIOBIAHOCTI MDK MATEPIAAOMICTKICTIO Ta
BUTPATO MICTKICTIO.

AAA AOCATHEHHA METH 1 BHpIIIEHHA IIOCTABACHUX 3aBAAHb OVAH 3aCTOCOBaHI
3araAbHOHAYKOBI T4 CITELIAABHI METOAU AOCAIAKEHHSA. MeTOA IpyIyBaHb, IHAYKTHBHHII METOA
3aCTOCOBYBAANCH IIpU 300pl Ta y3araAbHEHHI iH(OpMAILi; METOAN aHAAI3y, CHHTE3y Ta
ITOPIBHAHHA — AAfl OIIPALIIOBAHHSA MACHBY 1H(OPMALIii Ta CIIIBCTABACHHS ITOKA3HUKIB AIIABHOCTL
IAIIPHEMCTB XapYOBOI IIPOMUCAOBOCTI; TpadpIgHMA Ta TAOAMYIHHI METOAU — AAA HAOYHOIO

BIAOOpPAKEHHA OTPUMAHHUX PE3YABTATIB Ta BIAOOPAKEHHA TEHACHIIIN; CTATHCTUYIHI METOAU —
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IIPH PO3PAXYHKY EKOHOMIYHHUX ITOKA3HHKIB T4 TEMIIB iX 3MIHH, a0CTPAKTHO-AOTIYHUI — IIpH
dopMyBaHHI BUCHOBKIB 34 PE3YABTATAMH OACP/KAHUX PE3YABTATIB.

[TpobaeMu IIOAO IIPOIIECIB OB’A3aHUX 13 IPOIIECOM YIPABAIHHA BUTPATAMH IIKABHAL
0araTbOX HAyKOBIIB B Pi3Hi mepioan. Tak AOCAIAKEHHA OCOOAMBOCTEI (DOPMYBAHHSA CHCTEMH
VIIPaBAIHHA BUTPATAMHU Ta 1 CKAAAOBHX 3AIMCHUAM Taki BiTauanAni BueHi Ak C.P. I'oros, B.M.
I'opaienko, M.I'. I'pemmak, 1.€. AaBuposud, A.I'. 3aropoawiit, T.1. Kapriosa, O.€. Kyzpmin, O.I.
Meabuuxk, B.O. Osepan, O.O. [Tonos, I.b. Caaoserka, FO.C. Llaa-Llaako 6arato immmumx. Huvu
BHU3HAYCHI PeaAbHI HAIIPAMKH 3MEHIIICHHA BUTPAT T4 BU3HAYEHI OCHOBHI HAIIPAMKH PO3POOKH
VIIPaBAIHHA HUMH 13 3aCTOCYBAHHAM ITIAXOAIB AO CYTHICHOTO PO3YMIHHSA YIIPABAIHHA BUTPATAMI
IIOAO iAeHTH]IKAI Cy9aCHUX METOAIB Ta upuHuums (Apmemonosa i Axyawmuna, 2018,
Amamac, 2006, baran, 2014; biaa ma in., 2012; Beauxuii ma in., 2009; o408, 2008; Aasudosuy,
2008).

[TuraHHEAM yIpPaBAIHHA BUTPATAMH IIOB I3aHUMH 13 (DOPMYBAHHAM IPUOYTKY IIPUCBATHAL
cBoi HaykoBi Iipari Taxi BuAaTHI HaykoBil Ak H. Amapromenko, A. bab6o, I. baank, ®.
Byrunens, M. Baxpyruaa, C. I'oaos, M. Botaapenxo, 1. Aasuaosua, M. Aammarox, I
Koszauenko, I'. Kpamapenko, O. Kysemin, B. Aermiis, B. Ayk’srnosa, O. Maprora, A. MiaaATOH,
I. Hecropurer, O. Opaos, B. ITaaii, A. INuaunenxo, FO. IToropeaos, A. TToaaeprorin, C.
[Toxponusuuii, €. Pyaniuenko, €. Pacunx, B. CaBuayk, A. Cypmaii, A. Typuao, FO. Llaa-Llaako,
A. Ilepemer, . Iymmerep Ta in. (I o0s, 2008; Aasudosuy, 2008).

Pe3yabTaTn AOCAIAYKEHHA

BiammoBiazo Ao 1. 21 TICBO 16 «Burparm» Butpati onepamiiiHoi AIAABHOCT] IPYIYIOTCA
32 TAKHMU CKOHOMIYHIMU €ACMEHTAMHE:
®  MaTeplaAbHI 3aTPaTH;
®  BUTPATH HA OIIAATY IIPAIli;
®  BIAPaXYBaHHA Ha COIIaABHI 3aXOAH;
®  AMOpTH3AILlif];

e i onepaniitni Burparu (I lososwernna. .., 1999).

VipaBAiHHA BHTpaTaMH — II€ IIPOIEC KOHTPOAIO, IMAAHYBAHHA Ta OITHUMI3aIli BUTPAT Y
IAIIPUEMCTBI 9H OCOOMCTOMY OIOAKETI 3 METOIO AOCATHEHHSA (PIHAHCOBOI eEKTUBHOCTI Ta
crabiapHOCTI. Leit mporrec BkArogae B ceOe eranu fxi mokasani B Aopatky (Pucynox 1).

VipaBAiHHA BUTpaTaMH MOKE OYTH BAKAHBHM IHCTPYMEHTOM fIK AAf OI3HECY, TaK 1 AAA
ocobucTux (hiHAHCIB, AOIIOMArarogu 3adesrednty (PIHAHCOBY CTAOIABHICTD Ta AOCATHEHHSA
ITOCTABACHHX ITIACH.

AHaAI3 BATPAT MOMKE BKAIOYATH KAACH(IKAINIO BHTPAT 34 KATETOPIAME, BHUABACHHA
OCHOBHHX AKEPEA BHTPAT Ta OLIHKY iX BIIAMBY Ha 3araAbHY (DIHAHCOBY CHTYALILIO.

Eram BcTaHOBAGHHA OIOAKETY IlepeAOadac BU3HAYCHHSA MAKCHMAABHHUX AOITYCTHMHUX
BUTPATHUX OOCATIB Ha IIEBHHH IIEPIOA 4Yacy (HAIIPHUKAAA, MICAIb, KBApTaA, PIK). Broaxer moxe
OyTH CKAAACHUI AAA PI3HHUX KATETOPIH BUTPAT 00 3araABHOIO OIOAKETY.

KonTtpoar BHTpaT, fIK OAWMH 3 €TAIIB IIPOIECY VIIPABAIHHA BHUTPATAMH, MICTHUTH

CHOCTCPC)KCHHH 3a BI/ITpaTaMI/I B pCaAI)HOMy vaci Ta HOpiBHi{HHH IX i3 3aIIAQHOBAHUMMU
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sHadeHHAMH. lle MoOKe BKAFOYATH BEACHHA OOAIKYy BHTPAT, BHKOPUCTAHHA (DIHAHCOBHUX
porpam ab0 AOAATKIB AASL MOHITOPHHIY BUTpPAT.

Eram omrrumizarii MiCTHTB ITOIIYK 1 PEAaAI3aIli0 MOKAUBOCTEH AAfA 3HEDKCHHA BHTPAT O3
BTpaTH fAKOoCTi 200 edexruBHOCTL. lle MOXe BKAIOYATH IIEPETAfiA Ta IIEPETOBOPH 3
ITOCTAYAABHUKAMH, IIOIIYK OIABII e(EKTUBHHX 400 EKOHOMIYHHX AABTEPHATHB, 4 TaKOXK
BIIPOBAAKEHHA YAOCKOHAACHD Y IIPOIIECAX.

3aKAIOYHUI €TAIl IIPOILIECY YIIPABAIHHA BHTPATAMHU «aHAAI3 PE3YABTATIB» IlepeAdadac
OIIHKY e(dEKTUBHOCTI IIPOBEACHHUX 3aXOAIB 3 yIpaBAlHHA BuTpatamu. Lle aAomomarae
BU3HAYHUTH, HACKIABKH YCINIIHO OYAO 3AICHEHO VIPAaBAIHHA BHTPATAMH Ta 9H HEOOXIAHI
KOPEKTHUBH B CTpaTerii.

Lleft mportec Moxxe OyTH IPH3HAYCHHUH AK AAf Oi3HEC-OpraHi3aIli, Tak i AAS OCOOHCTHX
dinancis. Bin Aomomaraec 3abesmeunty edeKTHBHE BHUKOPHCTAHHA PECYPCiB 1 INATPHUMYE
dinarcoBy cTabIABHICTD

Bupuenns mporiecy yrpaBAIHHA BHTPATAMH HEMOMKAUBE O€3 PETEABHOIO aHAAI3Y raAysi.
AAA OIABIII A€TAABHOIO aHAAI3y BHOPAHO MIAIIPHEMCTBA MOAOYHOI IIPOMHCAOBOCTL. Brbipka
cpopmoBaHa 3 AlaepiB raaysi, fiki € pAarMAHAMH TaAy3i, Ta BEAYTb AKICHE YIIPABAIHHA
BuTpatamu. OAHAK IIAIIPHEMCTBA, fKI IIOTPAIIMAM B BHOIPKy pisHI 3a posmipamu Ta
BUPOOHHYOIO ITOTYKHICTIO IIEPEPOOKH MOAOKA.

AAf anaaisy 6yau oOpani HactymHl manpueMcrBa: [TAT «epHIriBCbKHI MOAOKO3aBOAY,
[IpAT «TepHOmiAbCBKHI MOAOKO3aBOA», TAB «rotunceknii macarozasoa», TOB «Aanon
Amripoy, TIpAT «Bimm Biaap Aauu Vipainan, AT «Kuromupcepkuit macaozaBoa», [IpAT
«Kombinar I Tpuaninposcskuii», [IpAT «AydrOMOAOKOM, [IPAT «OOYXIBCHKIIT MOAOKO3aBOAY,
TOB «Moaouna kommanis «['aamaunay.

B pesyaprari aHaAI3y ITOKA3HHUKIB AIAABHOCTI IIAIIPHEMCTB fAKI IIOTPAIIMAH B BHOIPKY 3a
2020-2021 poxm cAIA BIAMITHTH 3POCTaHHSA ITOKA3HHKA YUCTOIO AOXOAY BIA peaaisartii roToBoi
IIPOAYKII, aAe IIi ITOKASHUKH MAarOThb HAWBHUIINE 3HAYEHHA B ITAIIPHEMCTBAX fKI BXOAATH B
trTerpoBani 00’ earanus (Pucyrox 2).

AAe B TOI JKe Yac IIAPAACABHO 31 3POCTAHHAM AQHOTO ITOKa3HHKA, CAIA BIAMITHTH i
3POCTaHHA IIOKA3HUKA COOIBAPTOCTI PeaAi30BaHOI IIPOAYKIIIL.

HaiiGiabIe 3poctannsa cobiBapTOCTI pearizoBaHoi IPoAyKIi BiAOyAocs Ha [IpAT «Bimm
biaap Aann Vipaima» (ga 60,61%), TOB «Moaouna xommanif «l'aamannay (ma 29,91%) Ta
[IpAT «TepHOomiABCHKIIT MOAOKO3aBOAY (Ha 23,88%0).

Ane ma [IpAT «Komoinat [Ipuaninposcsruin» Ta ITIpAT «OOyXiBChKIIT MOAOKO3aBOA» MH
6aYMMO 3MEHIIIEHHA COOIBAPTOCTI PeaAi30BaHOI IIPOAYKIIiT BIAOyAocs 3meHIIeHH:A Ha 18% Ta
Ha 0,55% BiATIOBIAHO.

Bapro BiamiTHTH, IO Ha OIABIIOCTI IIAIPHEMCTB fAKI AOCAIAKYIOTBCA BIASHAYAIOTHCHA
30mTKkn (e IHOKasHUK CKAaB HOpAAKYy 50%0), IO € pe3syAbTATOM IIEPEBUINEHHS TEMIIIB
3POCTAHHA COOIBAPTOCTI IIPOAYKINI HAA TEMIIAMU 3POCTAHHSA IIOKA3HHKA YUCTOIO AOXOAY.

AaHl HOpUIyIIEHHA INATBEPAKCHHI 1 BIAIIOBIAHUME pPO3PaXYHKAMH 32 AQHHMH, K
IIOTPAIUAN § BHOIPKY, 30kpeMa 3a Aauumu 2020-2021 poky 3a paxyHOK 3pOCTaHHA BapTOCTI
OCHOBHO!I CHPOBHHH, BAPTOCTI €HEPTOHOCIIB Ta 1HIINX AOITOMUKHUX MaTepiaais (Tadiuys 1).

3HaYHA dYACTKA MATEPIAABHUX PECYpPCIB y CTPYKTYpl YHCTOIO AOXOAY MOAOYHOIO

IAIIPHEMCTBA CTABUTH 3aACKHICTD €(PEKTUBHOCTI HOrO AIIABHOCTI BIA KIABKOCTI Ta AKOCTI
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MOAOYHOI cupoBruHA. Ha choroaHi maAnpuemMcTsa MOAOYHOI IIPOMHCAOBOCTI BUKOPHCTOBYIOTD
pi3HI crrocoOun 3a0e3reyueHHs CBOEl AIABHOCTI HEOOXIAHUMH OOCATAMH MOAOYHOI CHPOBHHHU.
A0 TakuX BIAHOCHTBCA: IIPAMA OPraHi3arid 30HPaHHA MOAOKA Y AOMOIOCIIOAAPCTB HACCACHHH,
KOMITCHCAIIHI YMOBH CIIBIIpAIll, HAPTHEPCHKI YMOBH CIIBIIPAIl 3 AOMOTIOCIIOAAPCTBAMH,
XOAAHHIOBA IHTErPaIif 3 CIABCHKOTOCIIOAAPCHKIMH BHPOOHIKAMI TOIIIO.

[TiaBuIeHHA MaTEpiaAOMICTKOCTI aBTOMATHYIHO TATHE 3POCTAHHA TAKOI'O ITOKA3HHUKA AK
BUTPATH HA | IPUBHIO YUCTOrO AOXOAY, KU € PE3YABTATOM 3POCTAHHA BCIX BUTPAT, 30KpEMa
1 aAMIHICTPATUBHUX BUTPAT Ta BUTPAT Ha 30yT (Pucynox 3).

B pesyaprari mpoBeacHOrO aHaAi3y HamMu OYAO BH3HAYEHO, INO TEMIIH 3POCTAHHA
MaTepiaAOMICTKOCT] Ta BHTPAT HAa | I'PH YHCTOrO AOXOAY HE MArOTh IIEBHUX TEHACHINH. Tak
3poCcTaHHA TeMIINB 3MiHEH Matepiasomictkocti mu Oauumo Ha [IpAT «TepHOmABCHKIE
MOAOKO3aBOA», TOB «Aanon Aninrpor, AT «’Kuromupceskuii macaosasoay, IIpAT «Kombinar
[Tpuaninposcpkuiy», [IpAT «Ayoromorokow, TTpAT «O0yxiBcpkuii MoAOKO3aBOA» Ta TOB
«Monrouna xommanis «l'aruguHay. SMEHIIICHHA TEMIIB 3MIH BUTPAT HA | TPH YHCTOTO AOXOAY
BiAOyBaeTbcs Ha [IpAT «Bimm biaae Aann Vipaina» ta [IpAT «KomoOirat [TpuAHIIPOBCHKIIN.
3aCAyroBy€ yBarm HEBIAITOBIAHICTH TEMINB 3MIHH MATEPIaAOMICTKOCTI Ta BHTpaT Ha 1 rpH
aucToro AOXOAy. Tak ma ITAT «YepHIriBCbKHE MOAOKO3aBOA» MH CIIOCTEPIra€EMO 3HIDKCHHS
martepiasomictkocTi Ha 25,5% mpm 3pocraHHi BHTparo MicTkocTi Ha 7,23%, a mHa IIpAT
«Kombinatr IIpuAHIIPOBCHKUIDY HABIIAKH: MATEPIaAOMICTKICTH 3pocrtac Ha 06,25% mpum

3MEHIIIEHH] BUTPATO MiCTKOCTI Ha 7,5%.

Awnckycia

Hespaskaroun Ha 9ncAeHHI HAPOOKH ICHYE PAA IUTaHD IO ITOTPEOYIOTH ITOAAABIIIOIO
AOCAIAKEeHHA. Bricoka cobIBapTICTh BITYM3HAHOI IIPOAYKIIi, BIACYTHICTD (DIHAHCOBUX pecypciB
AASL  PO3BHTKY, BIACYTHICTH CHCTEMH YIIPABAIHCBKOTO PO3BHUTKY, aAEKBATHOIO AO IIOTPEO
VIIPaBAIHHA ITOTPEOYE BIAKEPIBHHKIB INIAIIPHEMCTB YIIPOBAAKEHHS Ta 3aCTOCYBAHHA Cy9aCHHX
TEXHOAOTIH YIIPAaBAIHHA BHTPATAMH, {X €KOHOMII Ta 3ao0iraHHs BrpaTam. TOMy BIKUBaHHA
IAIIPUEMCTB  PI3BHHUX TaAy3eH HAIPAMY 3aACKHTb BiA BHOOpPY HAaMOIABII IIPHAATHOL
KOH(Iryparii eACMEHTIB CUCTEMH YIIPABAIHHA BHTPATAMU B YMOBaX OOMEKEHNX (DIHAHCOBHUX 1

E€KOHOMIYHHX PECypciB.

Bucnosox

Orxe, B yMOBaX HEBU3HAYCHOCTI 30BHIIITHBOTO 1 BHYTPIIIIHBOI'O CEPEAOBHINA, YIIPABAIHHA
Ta KOHTPOAB 32 BUTPATAMHU BUXOAUTH Ha IIEPIIIE MICIIE B MEXaHI3Mi e(EKTUBHOTIO YIIPABAIHHSA
ITIAITPUEMCTBAMH, BIA ITAAHYBAHHSA, AO KOHTPOAFO BUTPAT.

[IiAKOM OYEBHAHO, IO CBOEYACHA, IIOBHA Ta AOCTOBipHA IHQOpMALIiA IIPO BCl BUTPATH
IIAIIPHEMCTBA, 30KPEMa 1 aAMIHICTpATHBHI 1 BHTpaTtéH Ha 30yT Ta OCOOAHBO COOIBAPTICTDH
HPOAYKIII Moske mokpamnté (iHaHcoBuil cran mianpuemcrsa. Ha cporoani icaye O6e3aid
CIOCODIB KOHTPOAIO 32 BUTPATAMH B 3aACKHOCTI BIA PO3MIPY INAIIPHEMCTBA, CTAAL KUTTEBOIO
LIIKAY IAIpremMctBa. Lle Moy OyTH Bia HOBITHIX mporpam, Ao Tabanmps Excel.

To6T10, yIpaBAIHHA BUTPATAME HA IAIIPUEMCTBAX BUIIIIAO 33 MEKi BIIAUBY HA BUPOOHMHI
BUTPATHU Ta PO3IOBCIOAUAOCH Ha BCI BUTPATH, fAIKI BUHHKAIOTH 400 MOKYTh 3 ABHTHCS Y IIPOIIEC]

AIIABHOCTI 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 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 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 world. 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.
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®irocodChKi Ta iCTOPUKO-KyABTYPHI ACIIEKTH I'yMaHITAPHOI IATOTOBKHU (paxiBIiB B
OCBiITHBOMY CE€pPEAOBUIIII

Amnomayin: B ykpaiHcpKi# cucTemi BUIIO! OCBITH, KpiM Takux podaem, Ak Brraus COVID-19, kapartuani
3aXOAH Ta POCIHChKE BTOPIHEHHS, iCHYIOTB TaKl TEHACHIL, AK ITOTIK iHdopMariii, Ky HEAECTKO 3aCBOITH,
1 mepeBakaHHsA OAraTOCyd EKTHUX KYPCIB, AKI IIOPYILIYIOTh MIKAUCIIAIIAIHAPHY Y3TOAKEHICTD 1 CHPUSAIOTH
dparmMeHTAPHOMY PO3YMIHHIO 1 TEXHOLIEHTPUYIHE MICAEHHS 3aMICTh LIIAICHOTO cBITOrAsAAY. Hacuaenus
HABYAABHO! IIPOrpaMU CIIEHIaAI30BAHIMHU ITPEAMETAMH ITIAKPECAIOE OIABII IIMMPOKHIT 3CyB B OCBITI,
CHPAMOBAHMUN Ha OCOOHCTICHHI 1 KOTHITHBHMI pO3BUTOK. BHBYCHHS IHHOBAIUMHHUX METOAUK
BUKAQAAHHA B IIbOMY KOHTEKCTI BHAAE€THCA AOPEYHUM 1 BHIIPABAAHHM. [IpeAMeToM AOCAIAKEHHA €
PO3IAfiA IHHOBAILUMHUX METOAIB HABYAHHA 3 TOYKH 30py IyMaHiCTHYHOI KoHIemmll ocsiru. Mertoro
AOCAIAKEHHS € aHaAl3 IIpoOAeM IyMaHizarfii OCBITH, ITOSBHM 1 BHAIACHHS AMCIIHIIAIH 3 aKIIEHTOM Ha
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3aTAABHOAFOACBKI ITIHHOCTL. ¥ CTaTTi IPOaHAAI30BAHO Ta PO3TAAHYTO Taki TEHAEHII CHCTEMH BHITIOL
ocBiTH YKpaiHu, K CIAecK iH(OpMALl Ta HOIINPEHICTh OAraTOIPEAMETHHX KyPCIiB, Kl HOPYIIYIOTH
MIKIIPEAMETHY Y3TOAMKCHICTD, CIPUAIOYN (PPArMEHTOBAHOMY PO3YMIHHIO T4 TEXHOIICHTPHIHOMY
MHCACHHIO 3aMICTh IIAICHOTO CBITOrAfAy. HacmdeHicTp HABYAABHOIO IIAQHY CIIEHIAAI30BAHUMU
IIPEAMETAMH IAKPECAFOE IIUPIIIHE 3CYB B OCBITI IK AO OCOOMCTICHOTO, TaK 1 AO KOTHITHBHOTO PO3BHTKY.
AocAipkeHHS IHHOBAIIHHUX METOAOAOLIH HABYAHHA B I[bOMY KOHTEKCTI BHIASAAE AOLIABHHM Ta
BUIIPABAAHUM. ABTOPH IIAKPECAIOIOTb, IIIO TOAOBHUM 3aBAAHHAM I'yMaHI3aLil Ta ryMaHiTapu3ariii OcBiTH
€ 3aHyPEHHSA AIOACH y OaraTCTBO I'yMaHITAPHOI KyABTYPH B OCBITHIX paMKax 1 pisHEX pOpMax 3aAyIeHHA
CTYACHTIB, 1110 AO3BOANTH IIPOTHAIATH OAHOBUMIPHIN IIPHPOAL OCOOHCTOCTI, HaB A3aHIN ITpOdeCiTHOIO
CHeIiaAi3aIi€ro, CIPUAOYN OIABII MIAICHOMY PO3BHTKY. lCTOPHYHHI KOHTEKCT PO3LASAY KOHIIEIITY
BU3HAYAE TYMAHICTUYHHUID AK BIAOOpD@XKEHHA CHCTEMH IIHHOCTEH, fAKa INAHOCHTB AIOACH,
repeAbavarogH All Ta IHCTHTYIIL, CIIpAMOBAHI Ha CHPUAHHA AOOPOOYTY AFOACH, ITIACTH, CIIPABEAAHBOCTI
Ta PO3LINPEHHA MOMXAHUBOCTEH, TAKUM UYHHOM «IYMAaHITADHHID BIAHOCHTBCA AO IIpoddecii,
30CEPEAKEHUX Ha PO3YMIHHI Ta IHTepIperarii AFOACBKOI IIOBEAIHKH, AYXOBHOCTI Ta KYABTYPHHX
denomenis. B kiHreBoMy BapiaHTi 3a3HAYAECTBCA, IO I'YMAHI3M ABAAE COOOIO AMHAMIYHHN CBITOTAfIA,
AKUI PO3BUBAETHCA 3 YACOM 1 IAAATAE PISHOMAHITHUM IHTEPIIPETAIIAM y PISHUX COLIAABHHUX IPYIIax i
KYABTYPaX, BKAIOYAIOYH BIAMIHHOCTI MK 3aXiAHOEBPOIICHCHKOIO Ta CXIAHOIO IEPCHEKTHBAMHU. Y
KOHTeKCTI YKpaiHu, fika (OpMye CBOIO IAGHTHYHICTD 32 3aXIAHUMH 3pasKamu, AEOATH HaBKOAO
I'YMaHI3My B CHCTEMI OCBITH HE BIIYXarOTb.

Kaiouosi ca0sa: rymanizaris ocsitTa, rymaiTapusaris, (oOpMyBaHHA IACHTHYHOCT], CHCTEMA I[HHOCTEH,
1oTpedbHn OCOOHUCTOCTI, IYMAHICTUYHE 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 FEuropean 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 (Mznosian 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 (Kw/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 & Yegorov,
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. (Minosian
& Vanypaev, 2023a, pp. 4042).

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 Ni3S; 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.

Keymwords: electrode material, oxygen electroreduction catalyst, nickel electrode, nickel sulfides.
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BriauB xopo3iiiHoi 06poOKH HA €AEKTPOXiIMiUHY AKTUBHICTh €AEKTPOAHUX MaTepiaAiB
Ha ocHOBI Ni

Amnomayiz: OcraHHIM 92COM Y AOCHTD 3HATHOMY 00CS31 pODIT IPUAIACHO yBAry BUBYCHHIO KATAAITHIHIX
BAACTHUBOCTEH Ta CHHTE3y XaABKOICHIAHHUX MaTEpiaAiB, 30Kpema, CyAb(IAIB METaAlB Ipymu 3aaisa.
OcobauBuii iHTEpeC CTaHOBAATDE CyAbdian HikeAro Tuiry NiS Ta NisSy. AaHi MarepiaAn MaroTb AOCHTB
BHCOKY CACKTPHYHY IIPOBIAHICTH IIOPIBHAHHY 3 IIPOBIAHICTIO YHCTOrO HIKEAIO, 4 TAKOXK BHCOKY
KATAAITHYHY aKTHUBHICTB IIOAO IIPOIIECY CACKTPOBIAHOBAGHHA KHCHIO. Meroro Aamoi poborm €
BUBYEHHSA BIAUBY cerperatii cyAbdypy y BUrAfAl cyAb(IAIB Ta aACOPOOBAHOI CIPKH IIPU KOPO3INHIH
00poOIIl HA EACKTPOXIMIMHI BAACTHBOCTI I'aABBAHIYHHX HiKeAeBHX ocaaiB. Ha ocHOBI pesyabraris
LIUKAIYHOI BOAB-aMITEPOMETPIT ITOKA3aHO, 1110 30IABIIIEHHS TPUBAAOCTI KOPO3IHHOT OOPOOKH OANCKYIHX
CyABPOPOBMICHHX HIKEACBUX OCAAIB B OIITOBIH KHCAOTI, IO CYIIPOBOAKYETBCA 3DIABIIICHHAM
IIOBEPXHEBOIO BMICTY CyAb(DYPY, IPHU3BOAUTH AO 3POCTAHHA IYCTHH CTPYMY LHUKAIYHHX BOABT-
AMIIEPHUX KPHUBUX. 3POCTAHHIO I'YCTHH CTPYMY LIMKAIYHHX BOAB-aMIIEPHHX KPHBHX OTPHUMAHHX Ha
0e3cyAB(PYPHHUX HIKEAEBHX OCAAAX CIIPHUAE 30IABIIEHHS TPHBAAOCTI EKCIIOHYBAHHS B HACHYECHOMY
posunHi cyAbdIAY HaTpiro. Takum 9rHOM, HE3AAEKHO BIiA BHAY OOpPOOKH, cerperariif CyAb(IAIB HIKEAFO
200 aACOpPOOBAHOIO CyAB(DYPY IPU3BOAUTD AO IIABHILEHHS EACKTPOXIMIYHOI AKTHBHOCTI BIAIIOBIAHOTO
EACKTPOAHOIO MATEPIaAy.

Karouosi carosa: enexrpoAHHE MaTepiaA, KATAAI3aTOP €ACKTPOBIAHOBACHHSA KHUCHIO, HIKEACBUI €AEKTPOA,

CyAB(IAN HIKEATO.
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Beryn

HaliOIABIT  ITHPOKOrO  3aCTOCYBAHHA, y AKOCTI KATOAHHX MaTeplaAiB IIpOIIECY
eaexrpoBiaHoBAeHHA KucHiO (EK) y maamBHuX eaemeHTax, HaOyAn MaTeplaAum Ha OCHOBI
nuaaruan (Huang et al., 2021). 3 MeTOIO MABHITICHHA €ACKTPOXIMITHOI AKTHBHOCTI T4 OTPHUMAHHSA
BHUCOKOPO3BUHEHO! ITOBEPXHI BHKOPHCTOBYIOTB, 30KpEMa, AUCHEPCHHH rpadplr, a TaKox
BYT'ACLIEBI HAHOCTPYKTYPOBAHI MaTeplaAn akTUBOBaHI naatuHoro (Huang et al., 2017, Li et al.,
2019). BukopucraHHs METAAIB IIAATHHOBOI IPYIIH K €ACKTPOAHUX MaTepiaAiB OOYMOBACHO iX
BHCOKOIO KATAAITHYHOIO aKTHUBHICTIO, 4 TaKOXK HAWMEHIINM IIEPEHAIIPYIOI0 €ACKTPOAHHUX
rporteciB. OAHAK METAAH ITAATHHOBOI I'PYIIN € AOCHTb BHCOKOBaPTICHOO CHPOBHHOIO, TOMY
AKTYaABHOIO € IXHSA 3aMiHa Ha OIABIII ACIIIEBI, AA€ HE MEHII e(DEKTHBHI MaTEPIaAML.

OcTaHHIM 92COM § AOCHTH 3HAYHOMY 00CA31 POOIT aBTOPH IPUAIAAIOTH YBAry BUBYECHHIO
KATAAITHYHHX BAACTHBOCTEH Ta CHHTE3y XAABKOICHIAHHX MaTepiaAiB, 30Kpema CyAb(IAIB
metaniB rpymu 3aaisa (Buchmaier et al, 2017; Yao et al., 2020; Fang et al., 2018). Ilokasano
BUKOPHCTAHHS AAHHIX MaTeplaAiB fK KaTAaAI3aTOPIB E€AEKTPOBIAHOBACHHA KHCHIO Ta BOAHIO,
aHOAHOTO BHAIAGHHS KHCHIO Ta IX 3aCTOCYBAHHA AAfl €AEKTPOAHHX MaTEpiaAiB ITE€pBHHHIX
AKepeA crpymy Ta maauBHuX eAemeHtiB (Wang et al, 2018; Yan et al., 2017a). OcobanBuit
iHTEpEC CTAHOBAATH CyAb(IAnM HikeAro Tumy NiS Tta NizS,. Aani martepiaAnm MarOoTh AOCHTB
BHCOKY €ACKTPUYHY IIPOBIAHICTH IIOPIBHAHHY 3 HPOBIAHICTIO uncroro HikeAro (Gabtar et al.,
2020; Gibbs et al., 2005). I Ipr<auHOIO BUCOKOI KATAAITHYIHOI AKTHBHOCTI AAHHX CIIOAYK OCOOAHBO
crocosHo EK, sriano 3 (Yan, 2017b), HOACHIOIOTBCA BIIAUBOM CIPKH Ha ACCOPOIIIO IPOAYKTY
IIpOIIECy eAeKTpOBIAHOBACHHA KucHIO — OH-ioniB. Enepria 38’3Ky Mix HIKEAEM 1 CIPKOIO €
OIABIIIOIO, HIXK Yy HIKEAIO 3 KHCHEM, TOMY IIPOIIEC AeCOpOIil TIMAPOKCHABHUX 1OHIB
ITOACTTIIYETCA, IO 1 HIPHU3BOAUTH AO npuckopenus EK B HelTpasbHOMYy 1 AyKHOMY
cepeaoBuIri. Bucoka eAekTpudHA IPOBIAHICTB, a TAKOXK MOXKAHUBICTH IIEPEOIry IIBHAKHX
OKHCHO-BIAHOBHIX IIPOILIECIB Ha ITOBEPXHI CYAB(IAIB HIKEAIO, 32 YMOBH BHCOKOI ITHTOMOI
ITAOIIIl IIOBEPXHI, BU3HAYAIOTH BICOKI 3HAYCHHSA IICEBAOEMHOCTI Ta 3aCTOCYBAHHA AAHUX CIIOAYK
y AKOCTI €AEKTPOAHHUX MATEPiaAlB CyepKOHACHCATOPIB (Xia ¢t al., 2023; Gaikar ¢t al., 2016).

3 METOIO OTPHUMAaHHA EACKTPOAHHX MaTepiaAiB Ha OCHOBI CYABQIAIB HIKEAIO YacToO
3actocoByeTbes ximiuuuii cunrtes (Buchmaier et al., 2017; Xia et al., 2023; Gaikar et al., 2016).
OAHaxk, mikaBuM € TOH (axT, 110 y pOOOTAX IPHUCBAYCHUX BUBYCHHIO KOPO3IHHOI ITOBEAIHKI
HIKEAIO AOIIOBAHOIO CIPKOIO, BKA3y€ThCA HPO (GOpPMyBaHHA Ha IOBepxHI Imapy 3 NizS, mpum
AHOAHII 0OpOOIIl B po3BeAeHil cipuaniit kucaoti (Marcus, 2012). 'V XOAl paHiITe IpOBEACHIX
AOCAIAKEHB aBTOPAMI AAHOI poOOTH OyAa IOKa3aHa MOKAUBICTE popMyBaHHA mapy 3 NizSy Ta
CyABDIAIB 13 OIABIIIMM BMICTOM CIPKH IIPH EKCIIOHYBAHHI IaABBAHIYHHIX HIKEAEBHX OCAAIB 3
IABHIIICHIM BMICTOM Cipku B mapax orroBoi kucaotu (Ushehapovskiy et al., 2020; Ushchapovskiy
et al., 2023).

Mertoro AaHOI pOOOTH € BUBYECHHA BIIAUBY cerperarii cyAbpypy y BHIAAAL CyAB(DIAIB Ta
aACOPOOBAHOI CIPKH IIPH KOPO3iHHIN 0OpoOIl Ha €AEKTPOXIMIUHI BAACTHBOCTI TAABBAHIYHIX

HIKEAEBUX OCAAIB.
Buxaaa ocHOBHOTO MaTepiasy

MeTOANKA €KCIEPUMEHTAABHUX AOCAIAYKEHD
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AOCAIAKEHHA — EAEKTPOXIMIYHUX ~BAACTUBOCTEH IIPOBOAMAOCH HA CACKTPOAAX 3
€AEKTPOOCAAKEHO! HIKEAEBOI (DOABIH Ta TUTAHOBOI (DOABIM BKPHUTHX HIKEACM.

[Ipu cTBOpeHH1 €AEKTPOAIB HAa THTAHOBIN OCHOBI MOKHA BUAIAMTH TPH OCHOBHI €TAITH:

1 — mArOTOBKA IIOBEPXHI EACKTPOAA;
2 — eAEKTPOOCAAKEHHA TAABBAHIYHUX HIKEAEBUX ITOKPHTTIB;
3 — KoposiitHa 0OpoOKa.

CKAQA EAGKTPOAITY HIKEAIOBAHHA, YMOBH CACKTPOOCAAKEHHA, A TaKOK OCOOAHBOCTI
KOPO3IHOI OOPOOKH €AEKTPOAIB 3 OAHMCKYYHMH HIKEACBHMU OCAAAMHU ACTAABHO OIIHCAHI Y
(Ushchapovskiy et al., 2020; Ushchapovskiy et al., 2023). Tpupaaicte KOpO3iHHOI OOpOOKH B
KOHIICHTPOBAHIN OIITOBIH KHCAOTI BapitoBanack B Mekax 2...240 roa. Ilicas xoposiiinnx
BUIIPOOYBAHb PO3YHHHI IIPOAYKTH KOPO3il 3MHBAAN AHMCTHABOBAHOIO BOAOIO, a4 OTPHMaHI
EAEKTPOAH OOEPEKHO ITPOCYITYBAAN TEITAHM IIOBITPSAM.

Takox y poOOTI AOCAIAYBAAH E€AEKTPOXIMIUHI BAACTUBOCTI €ACKTPOAIB OTPHMYBAHHUX i3
EAEKTPOXIMIYHO copmoBaHOi HikeAeBOI (POABrH TOBIIMHOIO 50 MKM, 3 EAEKTPOAITY
HIKEATOBaHHA O€3 AOAABAHHA OANCKOYTBOPIOIOYOI AOOaBKH caxapuHy. Temiepatypa 1 rycTuna
CIpyMy OYAM TakuMH 7K, K 1 AAf EACKTPOOCAAKEHHA OAHMCKYIHX HIKEAEBHUX IIOKPUTTIB.
BiamosiaHy HikeAeBY (POABIY IAAABAAN OOPOOIN B HACHIECHOMY PO3YHHI CYAB(IAY HATPIIO
rpotarom 2...72 toA. Ilicas 0OpoOKH 3pasku peTeAPHO IIPOMUBAAM.

3a pesyavratamu EDX-awmanisy (Ushcbapovskiy et al., 2020, Ushchapovskiy et al., 2023),
IIPOBEACHOTO 332 AoroMororo POM-1006L], i3 cuCTEMOIO €HEPrOAUCIEPCIHHOTO MIKpOaHAAI3Y
Oxford INCA Energy 350, BmicT cyAppypy B raABBAHIYHHUX HIKEACBUX OCAAAX OTPHUMAHUX B
eAEKTPOAIT] HikeArOBaHHs 63 caxapuHy cTaHOBUM HOPAAKY 107 mac.%, mo € cymipHuM 3
BEAMYHHOIO ITOXUOKH BH3HAYCHHSA. Y IIOAAABIIIOMY B TEKCTI TaKi HiKeAeBI ITOKPUTTA 1 POABLY
OYAYTB IIO3HAYECHI AK «<MATOBD). BBEACHHA B €ACKTPOAIT HIKEAIOBAHHSA CAXAPUHY IIPU3BOAUTD AO
BKAIOYCHHSA B CTPYKTYPY OcaAy cyAabdypy Ha pisai 0,2...0,3 mac.% Ta 0CAAKEHHIO «OAUCKYIHX»
OKpuTTiB Ta Qoabru. [Ipu 9acTKOBOMY Ta IIOBHOMY PO3YHHEHHI OAMCKYYOIO HIKEAEBOIO
OKpUTTA B OLTOBIH KuCAOTL (Pucyrox 2a,6) dpopmyerpcss MAAOPO3UYMHHUX IMAP IIPOAYKTIB
KOpO3ii, AO CKAQAy fKHX MOJKYTb BXOAHTH CYAB(IAK PIZHOIO CTEXIOMETPHYIHOTO CKAAAY
(Ushchapovskiy et al., 2023) , soxpema, NisS,.

AOCAIAKEHHA EAEKTPOXIMIYHUX BAACTHBOCTEH OTPHUMAHHX EACKTPOAHHUX MaTepiaAiB
IIPOBOAMAH HA OCHOBI ITOAAPU3AIIHHAX BUMIPIOBaHb, 10 IIpoBoAHAN ¥ 0,1 M pozunni KOH,
[TOTEHIIOAMHAMIYHI KATOAHI KPUBI 3HIMAAHM 31 IIBHAKICTIO po3ropTku notenmiasy 1mB/c. [Tpu
OTPUMAHHI ITUKAIYHUX BOAbT-amrepHux (LIBA) kpuBux IIBHAKICTP CKaHYBAHHA IIOTEHINAAY
ckaapana 10 mB/c. Boabr-amiiepni kpuBi Ha AOCAIAKYBAHHX EACKTPOAHHX MaTepiarax
OTPUMYBAAU Y TPHEACKTPOAHIN KOMIPIH 3 BHKOPHUCTAHHAM HH(POBOIO IIOTEHINOCTATA
VersaStat 2000. Temmrepatypa aocaiakess cranosraa 18°C. EAeKTpOAOM HOPIBHAHHS CAYIyBaB
HACHYCHHUI XAOP-CPIOHUN E€ACKTPOA, 4 AOIOMUKHHM — IIAATHHOBHE EACKTPOA. 3HAYCHHSA

ITIOTEHITAAIB IIPUBEACHI Y IIIKAAI HACHIEHOI'O XAOP-CPIOHOTO €AEKTPOAA ITOPIBHAHHS.

PesyapTaTn T2 ix 06roBOpeHHA
[Toassprsariiiini BUMIPIOBaHHA IIPOBOAMAH Y Ay:kHOMYy cepeposurmi aag 0,1M KOH
BiatoBiauO pH 11. BiattoBiaHuIIT po3unH OyAO BHOPAHO 3 METOIO 3CYBY ITOTCHIIIAAY BUAIACHHSA

BOAHIO B OIK OIABIII HEraTHMBHUX 3HAYCHD, BIAITOBIAHO 32 CTAHAAPTHHX YMOB IIOTEHIINAA
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BOAHEBOI'O €ACKTPOAA B TAaKOMY po3dunHi cranoBuTrMe 0An3bK0 -0,65 B a60 6Am3pko -0,85 By
IITKaAl HACHYEHOTIO XAOP-CPIOHOTO eAeKkTpoAa mopiBHAHHA. 3riaHO AaHuX (Qiao et al., 2013)
PO3YMHHICTD KHCHIO B TAKOMY €AEKTPOAITI € AOCHTH BHCOKOIO i craHOBuTH 1,110 MOAB'CM ™,
koedpirmient Audysii 1,9'10° cm*c’. Tlpu Tosmuni Audysiitnoro mapy mopsaky 107 cm
BEAUYHHA IPAHUYIHOIO AUQY3IHHOIO CTPyMy €ACKTPOBIAHOBACHHA KHCHIO MOJKE CTAHOBHTHU
nopsaky 0,1 MA" cm 2

SIx BHAHO 3 OTPHUMAHHX ITOTEHITIOAMHAMIYHUX KpuBuX (Pucynox 1, xpusa 2), BBeA€HHA B
CTPYKTYPY HIKEAEBOTO OCAAy CIPKH CHpPHAE ACAKOMY 3MEHIIICHHIO IIEPEHAIIPYTH BHAIACHHA
BoAHIO. Ha AommoBanOMYy cipkoro HikeAl B iHTepBaAi morteniaais -0,7...-0,85 B criocrepiraerses
XBHAfA, TIOYATOK AKOI 3TIAHO 3 Alarpamoro Ilypbe aas cucremum Ni-S (Marcus, 2012) moxe
BIAITOBIAATH TIPOIIECY EAEKTPOBIAHOBAEHHAM IIACHMBHOIO IIAPY HA HIKEAl, ITOPYIIIEHOMY
BKAIOUCHHAMH CYAb(YPY y BHTAAAL cyAbdiay. Taxkoxk npm mpomy Moke BIAOYBATHCH
EAEKTPOBIAHOBACHHA KHCHIO. Ha eaekTpoal 31 cpopmoBanmM, IIpu KOpO3iHHiA 0OpoOmi B
OIITOBII KrcAOTi, cyAbiAHUM mrapom (Pucyrox 1, kpusa 3) cocrepiracteesa ABi xBual. [leprmma
XBUAA CIIOCTEpiraeTbesl B iHTepBaAl moreniiaais -0,1...-0,8 B 3 rpanmasum crpymom OAM3BKO
0,06 MA'cM”, SIKHIT BIATTOBIAAE TIPOITECY €AEKTPOBIAHOBAEHHSA KUCHIO. B imTepBaai morenriiaais
-0,8...-0,95 B, Axuit BiArtoBicae Apyriit XBHAI, 3TIAHO Alarpamu [1ypbe, mo:xe mepebiraTu mmporec
BIAHOBAGHHSA CYAB(IAHHX CITOAYK ITAPAACABHO 3 EACKTPOBIAHOBACHHAM KHCHIO Ta BOAHIO.

LlukAlgHI BOABT-aMIIEpHI KpHBI 3HIMaAM B iHTEpBaAl morenmiaais -0,74...-0,1 B.
MakcumanbHe 3HAYCHHA AOCAIAKYBAHOTO IHTEPBAAY BIAIIOBIAAAO PIBHOBAKHOMY IIOTEHIIAAY
HIKEAEBOTO €ACKTPOAA B AOCAIAKYBAaHOMY po3umHi. MiHIMaAbHE 3HAYEHHSA BIAITOBIAAAO MEKi
CTa0IABHOCTI CYyAB(IAHHX IapiB BCTAHOBACHIN Ha OCHOBI AaHuX puc.l, 1Mo Takomx
yaroakyerbea 3 (Marcus, 2012). Y AOCAIAKYBAHOMY IHTEPBAAIB ITOTEHINIAAIB Ha HIKEAEBOMY
KATOAl MOXKE BIAOYBATHCH PEAKIifl EACKTPOBIAHOBACGHHA KHCHIO. 3 pesyapraris L[IBA
BUMIPIOBaHb IIPUBEACHUX Ha PUCYHKY (Pucyrnox 2) MoxHA 3pOOHTH BHCHOBOK IIPO HACTYIIHE.
30IABIIICHHA TPHUBAAOCTI EKCIOHYBAHHA OAMCKYYHX HIKEAGBHX OCAAIB Y OIITOBIH KHCAOTI
IIPU3BOAUTD 3POCTAHHA 3HAYCHD IIPAMOIO Ta 3BOPOTHOrO X0Ay LIBA xpusoi. Taka Buaoszmina
xoAy LIBA kpuBoi ysroaxyerwes i3 aanmmu (Ushchapovskiy et al., 2020) ae mokazaHO 3MiHY T2
30IABIIICHHA ITHTOMOI ITAOIII ITOBEPXHI OANCKYYHX HIKEAECBHX OCAAIB y HACAIAOK 301ABIIIEHHA
TPHUBAAOCTI €KCIIOHYBAHHA OCTAHHIX B IIAPaX KOHIIEHTPOBAHOI OLITOBOI krcAoTh. Kpim 11p0r0 ¥
(Ushchapovskiy et al., 2020, Ushchapovskiy et al., 2023) mokasana cerperamis Ta 3pOCTaHHA BMICTY
HA ITIOBEPXHI HIKEACBHX OCAAIB CIpKH, IO BIAOOpaxae popMyBaHHA CyAb(MIAHOTO IIapy. Caia
TAKOK BIASHAYHUTH, IO IPU 30IABIIEHHI TPHUBAAOCTI €KCIOHYBAHHA OAHCKYYOrO HIKEAIO B
OIrTOBIIT KuCAOTI 3pocrae ricrepesuc LIBA kpusoi. LIBA kpusi, orpumani npu dopmyBaHHi
cyAb(iAHOTO IIapy 3 OAMCKy9Oi HikeAeBOi poabru mpotarom 240 roA HaBEeACHI HA PUCYHKY
(Pueyrox 3). 3 BIAIIOBIAHOTO PHUCYHKY BHAHO IIE OIABIIIE 3POCTAHHSA TICTEPE3UCY KPUBOI, IO
MOKE BKa3yBAaTH Ha 30IABIIICHHA €MHICHOI CKAAAOBOI CTPyMy, BHACAIAOK 3POCTaHHSA ITHTOMOL
maorn mosepxui. [lpm  1mecrmpasosomy rmukaysammi [IBA kpua y HesHaunill wmipi
BUAO3MIHIOETBCA HYEPE3 3MiHY CTEXIOMETPUYHOIO CKAAAY B HACAIAOK IIEpeDiry IIMBHAKHX
OKHCHO-BIAHOBHHUX PEaKIi Ta OOOPOTHOI 3aMiHM aACOPOOBAHOI CIPKH Ha aACOPOOBAHMIT
kucenb (Marcus, 2012).

Taxum wurnom, Ha 3MIHY EAECKTPOXIMIYHUX BAACTHBOCTEH HIKEACBHX IIOKPHUTTIB MOXKE

BIIAHBATH HE TIABKU 301ABIIIEHHS IIMTOMOI ITAOII] ITOBEPXHI BHACAIAOK KOPO3IHHUX PYIIHYBaHb,
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a 1 HaABHICTH aACOPOOBAHOI CipKH. AAS I[BOIO 3Pa3KU MAaTOBOI HiKeAEBOI POABIH, OTPUMAHI B
EAEKTPOAITI Oe3 caXxapHHy, eKCITOHYBAAH B HACHYIEHOMY po3umHi NasS mpotarom 2...72 Toa,
IIICASl YOTO IIPOMUBAAH 1 3HIMaAM Ha Hux [IBA xpusi, ki npuseacHi Ha pucysky (Pucynox 4). B
XOAl €KCIIOHYBAHHSA 3Pa3KiB 13 MaTOBOI HikeAeBOI DOABIH B HacmIeHOMY posunHi NaS 0yAo
BUABACHO, ITIO IX KOAIP 3MIHIOE€TBCA BIA 3 CPIOAACTOrO HA 30AOTABHI 1 TEMHO KOPHYHEBHH IIPU
30IABIIIEHH] TPUBAAOCTI €KCITOHYBAHHA. [ IpH IIbOMY BHAO3MIHA CTPYKTYPH ITOBEPXHI ITOKPUTTH
He BIAOYBa€eThCA. OCKIABKH B AYAKHOMY CEPEAOBHIII HIKEAD 3aTaAOM € IIACUBHUM, 4 YTBOPCHHS
32H6APBAEHOT TTAIBKH BKA3y€ Ha Te, ITIO ii TOBITMHA CTAHOBHTD MOPAAKY n*107 MK

Sx Buano 3 pucynky (Pucyrox 4) 301AbIIIEHHA TPHBAAOCTI EKCITOHYBAHHA (POABIU B PO3YMHI
Na,S Tak camMo IpPH3BOAUTH AO 3pocTaHHA CTpymy Ha [IBA KpuBHX, OAHAK IIpH IEOMY
3HAYCHHA CTPYMIB € ACIIO MEHIINUMH HIK AAfl OAHCKYYOIO HIKEAIO IIPH OOpOOIl B OIITOBIH
kucAoti (Pucynox 2). Kpim miporo, menm BupaxeHnM € ricrepesuc LIBA kpusoi. ®akruano, B
AQHOMY BHIIAAKY y HACHYECHOMY po3umHi NaS BIAOYBA€THCA 3aMIIIEHHA KUCHIO y ITACHBHIIN
mAiBIi Ha cyAbdyp. YuM OIABIIIHIM € 4Yac €KCIIOHYBAaHHA HIKEAIO B PO3YHHI CYABDIAY, THM
TEMHIIIIIM € KOAIP ITAIBKH, O4EBUAHO, OiABIIIA IIOBEPXHEBA KOHIICHTpALiA cipku. PakTIaHO AK
y OAUCKYYOrO HIKEAIO, TaK 1 y MATOBOIO HIKEAIO B AOCAIAJKYBAHOMY IHTEPBAAl IIOTEHINAAIB -
0,74...-0,1 By 0,1 M posunni KOH nosepxHs € macusHOIO.

Taxum uurom, AOCAIAXKYBaHI BHAM OOPOOKH I'AaABBAHIYHHX HIKEACBHUX OCAAIB CIPHAIOTH
3POCTaHHIO IIOBEPXHEBOI KOHIIEHTpALIl CyAbDYPY. CyAabdyp 3aMIIIyIOYH KUCEHb Ha ITOBEPXHI
HIKEATO B macuBHIiN nAiBLl (Yao et al., 2020, Marcus, 2012) moaerIiye AeCOPOIUIO IAPOKCHA 10HIB
1 KaTaAl3ye IIPOIIEC EACKTPOBIAHOBACHHA KHCHIO B INAOMY. Takum 9mHOM 31 301ABIIECHHAM
KIABKOCTI CIPKH Ha ITOBEPXHI HIKEAIO 3POCTAE KIABKICTh KATAAITHYHO AKTHBHHX LIEHTPIB.
BiammoBiaHO mIpm IBOMY MOKE 3POCTaTH HOTO EAEKTPOXIMIYHA aKTHUBHICTH ITIOAO IPOIIECY
€AEKTPOBIAHOBACHHSA KHCHIO, IO BiAOOpakaeTbcA y 30iAbimeHHi crpymy Ha [IBA xpmBnx
(Pugynox 25 Pucynox 4). OAHaK, CAIA BIASHAYHTH, IO MAKCHMAAbHA IIBHUAKICTB IIPOIIECY
€AEKTPOBIAHOBACHHS KHCHIO BU3HAYAETHCA HOIO PO3YMHHICTIO Y BOAL (EAEGKTPOAITI) 32 AAHHX
yMOB. AAfA IAfocTpamii BIAIIOBIAHOIO fABHINA OYAM ITOOYAOBAaHI 3aACKHOCTI CEPEAHBOTO
3HAYCHHA I'YCTUHU CTPyMy (MDK 3HAYEHHAMH I'YCTHH CTPYMy IPAMOIO Ta 3BOPOTHOIO XOAY
LIBA kpusoi mpu norenriaai -0,4 B) Bia TpuBasocti 00poOxu HikeA€BOI (POABIH, AKI IIPUBEACHI
Ha pucysky (Pucyrox 5).

SAx Buano 3 pucynky (Pucyrox 5), OCHOBHE 3pOCTaHHSA I'YCTHHH CTPYMY BiAOYBAa€TbCH 3a
repir 24 roa 06poOKH. AEIO BHII 3HAYEHHSA CTPYMIB AA OAHCKYYO! HIKeAE€BOI (DOABIT TAKOMK
MO?KHA HOACHHUTHU 301ABIITEHHSA AIFICHOI ITAOII] ITOBEPXHI BHACAIAOK KOPO3IMHUX PyHHYB MA CM’
’, a Ha OAMCKyuiil HikeAeBill hoabsi 31 cchopmosarmmu mpoaykramu koposii 0,065 MAcm™.
BiammoBiaHl  3HAYEHHA TIYCTHH CTPYMY BIAIIOBIAAIOTH ITOPAAKY 3HAYEHHA TI'PAHUYIHOTO
AUY3IHHOIO CTPYMy EACKTPOBIAHOBAGHHA KHCHIO B MAAO IIEPEMIIITYBAHOMY AYKHOMY
cepeaosurti (Qiao et al., 2013; Vukmirovic et al., 2003). Aas nopisusaassa Ha pucysky (Pucyrox 6)
npuseAeHi LIBA kpusi Ta cepeani suadenns rycruau crpymy LIBA kpusoi npu nmorenmiaai -0,4
B, orpumani Ha IAATHHOBOMY Ta €AEKTPOAAX 13 PISHHMHU CIIOCOOAME OOPOOKH. 3 PHCYHKY «O»
(Pucynox 66) BUAHO, ITO Ha MATOBIN HiKeAeBIH POAB3I 0OpOOAeHIN y posumai NasS cepeani
3HAYCHHA I'YCTUHH CTPYMY € MaibKe TAKUMH, K 1 HAa IAQTHHOBOMY €ACKTPOAL, IIPH LIBOMY
ITIOBEPXHA 000X MaTePiaAiB € OAUZBKOIO 32 MIKpOpeAbEdOM Ta IIOPCTKICTIO. OUIKyBAHO € ACIIIO

BUIIIMI 3HAYECHHA KATOAHUX CTPYMIB Ha €ACKTPOAAX 31 CPOPMOBAHIM, Y HACAIAOK KOPO3IHHOL
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00poOKH, cyAbdiAHNM ImapoM. lle € OAHOYACHHM HACAIAKOM 3POCTAHHA E€ACKTPOXIMITHOL

AKTUBHOCTI T4 IINTOMOI IIAOIII ITOBEPXHI IIpU KOPO3IHHIH 0OpoOIIi.

Bucnosxu

BeranoBaeHO, IO AOCAIAKYBAaHI BHAHM KOPO3IHHOI OOpOOKM TraABBAHIYHHUX HIKEACBHX
OCaAIB, fKI CIPHAIOTH 30arad€HHIO IX IIOBEPXHI CYABDYPOM, Yy BHIAAAL aACOPOOBAHOTO
cyAbpypy abo yTBOpeHHA CYAB(IAHOIO IIApy, TAKOXK CIPUYHHAIOTH 3POCTaHHA IX
€AEKTPOXIMIYHOI aKTHBHOCTI, KA IPOABAAECTHCHA y 30IABIICHH] 3HAYECHb KATOAHHX CTPyMl Ha
LUKAIYHEX BOABT-AMIIEPHUX KPHBUX. 32 YMOBH (POPMYBAHHSA CYILIABHOIO CYAB(DIAHOTO IIIapy,
a TAKOXK IIPU aACOPOLINHHINA 0OpOOIIl HIKEAEBOTO EACKTPOAA B HACHYEHOMY PO34nHI CYAB(IAY
HATPIFO, KATOAHI I'YCTHHH CTPYMH Ha KPUBUX € CYMIPHHMH 13 BEAHYHHAMU KATOAHUX CTPYMIB
HA HAQTHHI. TaKOM YHHOM, AOCAIAKYBAHI BHAM OOPOOKH AAIOTH 3MOIY OTPHMYBATH HOBI
€AEKTPOAHI MaTepiaAl Ha OCHOBI HIKEAIO, 30KPEMA, AAA IIPOIIECY EAEKTPOBIAHOBACHHSA KHCHIO

B TAAMBHHX €ACMEHTAX Ta IHIITHX BIAHOBAIOBAABHIX AKEPEAAX EACKTPOCHEPTI.
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Pucynox 1. Karoani moTeHmioAnHaMigei
rroaapum3artiiai kpusi y 0,1 M KOH: 1 — maTosni
HIKEAD; 2 — OAHCKy4a HikeaeBa pOABIa; 3 —
OAnckyda HikeAeBa POABIa 31 cPOPMOBAHUM
LIAPOM 13 CyAB(DIAHUX IPOAYKTIB KOpo3ii 3a 24 roa
CKCITOHYBAHHSA B OILITOBIN KHUCAOTI

Pucynok 2. Karoani LIBA kpusi 8 0,1 M KOH
HA CACKTPOAAX 3 OAMCKYIHMH TAAbBAHITHIMU
HIKEAECBHIMI OCAAAMH 31 CDOPMOBAHIM IIIAPOM
13 cyAB(IAHUX IIPOAYKTIB KOpO3ii, IIpy pi3HII
TPUBAAOCT] EKCIIOHYBAHHI B OIITOBIN KHCAOTI
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Pucynoxk 3. Karoani LIBA xpusi 8 0,1 M KOH nHa
EACKTPOAL 3 DAUCKYIOIO raAbBAHITHOTO
HIKEAECBOTO OCaAy, cpopMoBaHOro mporarom 240
TOA CKCIIOHYBAHHA B OIITOBIN KHCAOTI IIIAPOM 13
cyAb(IAHUX IIPOAYKTIB KOPO3il
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Pucynox 4. Karoani LIBA xpusi 8 0,1 M KOH nHa
EACKTPOAAX 3 MATOBUMH TAABBAHITHIMI
HIKCACBUMI OCAAAMH ITICASl CKCIIOHYBAHHS B
Hacu4ueHoMmy posunni Na2S nporarom, roa: 1 —0;

2-2,4-24;5-72
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Pucynox 5. 3aAexKHICTD CEPEAHBOrO 3HAUEHHA KATOAHOIO CTPYMY
npu norenriaai -0,4 B y 0,1 M KOH Bia TpuBasocti momepeAHpol
00poOku HikeaeBOl oabru (roa): 1 — banckywol HikeAeBOT
¢oABIH B KOHIIEHTPOBAHIH OLITOBIH KUCAOTI; 2 — MATOBOI
HikeAeBOi (POABIU B HacHueHOMY posunti Na2S
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Pucyroxk 6. Katoani LIBA kpusi (a) Ta cepeAHi 3HA4E€HHA KATOAHOTO CTpyMy Ipu mmoterrtiaai -0,4 B
BianoBiaauX KpuBux (0) y 0,1 M KOH na: 1 — Oauckyuiit Hikeaesiit ¢oabsi i3 copmoBaHIMU
rporarom 240 ToA B KOHIIEHTPOBAHII OITOBIN KHCAOTI CYyAB(PIAHIME IIPOAYKTAMU KOPO3if; 2 — Ha
THUTAHOBOMY €ACKTPOAI 13 c(hOPMOBAHUMHE IIPOAYKTAME KOPO3il BHACAIAOK IIOBHOTO PO3YMHEHHSA
EACKTPOOCAAKECHOTO OAHMCKYYIOrO HIKEACBOTO IIOKPHTTS IIPOTATOM 72 TOA; 3 — HA IIAATHHOBOMY
EAEKTPOAL; 4 — Ha €ACKTPOAIL 3 MATOBOI HiKeAEBOI (POABIT BUTPHUMAHOI IIPOTATOM 72 TOA B HACHYECHOMY
posunni Na2§; 5 — HeoOpobacHa HikeaeBa POABTA
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Identification of sources of uncertainty in the evaluation of software systems quality !

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, I.. 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.

Keywords: software system quality, mathematical framework, uncertainty optimization, formalization of
sources of uncertainty, identification of sources of uncertainty, critical sources of uncertainty.
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YAK 004.422.4:005.3:004.4

BusnauenHa A’kepeA HEBU3HAYEHOCTI IIPH OLIHIN AKOCTi IIPOrPAMHUX CHCTEM

Amnomayis: Huul mporpaMHi CHCTEMH BIAIIPArOTb KAFOYOBY POAB § OAraTbOX aCIIEKTaX MKUTTA, 3POCTAE
IXHA CKAQAHICTD Ta pisHOMaHITHICTE. OAHAK, PA30M 13 IIHM 301ABIIYETHCA 1 YUCAO BUKAHKIB, TIOB A32HIX
3 AKICTIO Ta HaAlfHICTIO IuX crucreM. HeoOXiAHICTD B OLIHIN AKOCTI IPOrPAMHUX IPOAYKTIB BHMArae
AOTPHMAHHA BHCOKOI TOYHOCTI Ta AOCTOBIPHOCTI 32 AOIIOMOIOIO PI3HOMAHITHHX METOAOAOITYHIX
mAXOAIB. OAHIEFO 3 OCHOBHHUX IIPOOAEM Y IIBOMY KOHTEKCTI € HEAOCTATHS OOIPYHTOBAHICTD TEOPETHKO-
METOAHMYHHUX IIAXOAIB Yy BU3HAYECHHI AKepeA HeBu3HadeHOCTL. LI mpobaema rmoTpedye KOMIIAEKCHOTO
ITAXOAY Ta CHCTEMATH3aIlii AAA BHPIIIEHHA 3aBAAHDb OIUHKH AKOCTI CYYaCHHX ITPOTPAMHHX CHCTEM 3
ypaxyBaHHAM HeBu3HadeHOCTL. CyTTEBUIT BHECOK y PO3POOKY TCOPETUIHHUX K IPAKTUYHNX ACIIEKTIB,
IIIOAO y3aIraABHEHHSA CHCTEMATH3AII AXKEPeA HEBU3HAYEHOCT] IIPU PO3POOLIL Ta EKCIIAYATALL CyIacHHX
IIPOTPaMHHUX cHUCTeM BHecAn 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’exroM AOCAIAKEHHA €
METOAOAOTIIYHI IAXOA AO BH3HAYCHHA AKEPEA HEBH3HA4YeHOCTL. MeToro Iiiel crarti € y3araAbHEHHSA
CHCTEMATH3AII AJKePEA HEBUZHAYEHOCTI IIPH PO3POOILI T2 EKCIIAYATAL] CYIACHUX IIPOTPAMHIX CHCTEM.
AAst peaaisarii Merm B Crarri IOCTaBAGHI 1 BHpIImeHi Taki 3aBaanHA: Ha komiaekcHOMy piBHI
IIPOAHAAI30BAHO OCHOBHI AYdKEPEAd HEBU3HAYEHOCTI B IIPOIPAMHHUX CUCTEMAX, TAKI, AK 3MIHU § BUMOI4X,
HEAOAIKM B IIPOEKTYBAHHI, HelepeADadyBaHI yMOBH €KCIIAyaramii Ta iHIm pakropu; pospobacHa
KOMITAEKCHA MOAEAB OIITHMI3aril mpobaemu popmaiizamii HEBU3ZHAYEHOCTI Y BAMOTIAX AO IPOIPAMHOIO
3abesrredeHHA Ha 0a3l 3aCTOCYBAHHA METOAIB MAIIMHHOIO HABYAHHA Ta aHAAI3y AaHHX. B mporreci
AQHOTO KOMIIACKCHOTO AOCAIAKCHHS BHKOPHCTAHO METOAH AHAAI3y, CHHTE3y, V3araAbHCHHS,
IOPIBHAHHA. ABTOP IIPUXOAUTH AO BHCHOBKY IO B PE3YABTATI BUKOPHCTAHHS KOMOIHAIl METOAIB y
3aIIPOIIOHOBAHIN po3po0ril 3abe3rredye OIABII ePEKTUBHUI Ta OO €KTUBHHH INAXIA AO VIIPaBAIHHA
HEBHU3HAYCHICTIO BUMOT AO IIPOIPAMHOIO 3a0€311€9EHH, IIOPIBHAHO 3 ACAKHMU ICHYFOUNMHE IAXOAAM.
Lle AO3BOAfiE INABHIIHTH HaAIMHICTb, AKICTH Ta €QEKTHBHICTH PO3POOAIOBAHOrO IIPOIPAMHOIO
IIPOAYKTY.

Kawuosi cr06a: Axicte TpOrpaMHUX CHCTEM, MATEMATHYHHH amapar, OIITHMI3AIlifd HEBU3HAYCHOCTI,
dopmanisaris AKepeA HEBH3HAYCHOCTI, IACHTH@IKAIIA AKEPEA HEBH3HAYCHOCTI, KDUTHYHI AXKEpeAa
HEBHU3HAYEHOCTI.

(P

Beryn
B cygacroOMy cBITI IIpOrpaMHi CHCTEMI CTAIOTH BCE OIABIII CKAAAHIME Ta PI3HOMAHITHIMH,

BIAITPAIOYH KAIOYOBY POAB y 6aratpox cpepax Haroro xkutria. OAHAK, PasoM i3 3pOCTAHHAM

IXHBOI CKAAAHOCTI, 3’ ABAAIOTHCA HOBI BUKAMKH, IIOB’fI3aH] 3 iX AKICTIO Ta HAAIMHICTIO. 30KpeMa

BPAXOBYIOYH CY9aCHI OCOOAHBOCTI Ta BHMOIHM, fKi BKAa3yIOTBCA B PI3HHUX IIPOMIABHUX

cranaaprax sxocti (ISO 9126, ISO/IEC 25010, IEEE 730 Ta im.), xoTpi B CBOIO uepry

OXOIIAIOIOTH PI3HOCTOPOHHI ACIHEKTH MEXAHI3MIB OIHIOBAHHI AKOCTI IIPOIPAMHUX CHCTEM

OKpPEME MICIIE 3aCAYIOBYIOTb IIMTAHHA, IO IIOB’A3aHI 13 BHpimeHHAM (OYHAAMEHTAABHHIX

IIPOOAEM B CIIEKTPl KOMITAGKCHOIO AOCAIAKEHHSA METOAMYHUX ITIAXOAIB BU3HAYCHHSA AKEPEA

HEBU3HAYCHOCTL. AaHa TEHACHIIIA ITOB A3aHA 13 THM, III0 B CYYACHHUX CTAHAAPTAX 13 PEIYAIOBAHHSA

I TaHb, IIIOAO OIIHKH AKOCT] IIPOrPAMHHUX CHCTEM BUMAra€ThCA AOTPUMAHHA BICOKOI TOYHOCTI

Ta AOCTOBIpHOCTL. OO’€KTOM AOCAIAKEHHA € METOAOAOIIYHI IMAXOAN AO BU3HAYCHHA AKEPEA

HEBU3HAYEHOCTL. MeTOrO Ii€l CTaTTl € y3araAbHEHHA CHCTEMATH3ALI] AJKEpPEeA HEBU3HAYEHOCT]

IIPH PpO3POOIIL Ta EKCIAyATAIlll CYIaCHHX HPOrpaMHuX cucteM. AAf peaaisarii MeTn B crarTi

ITOCTABACHI 1 BUPIITICH] TaKi 3aBAAHHSA:

— Ha KOMIIAGKCHOMY piBHI IIPOAaHAAI30BAHO OCHOBHI AMKEpPEAad HEBH3HAYEHOCTI B
IIPOIPAMHUX CHCTEMAX, Taki, fAK 3MIHH Yy BHMOIaX, HEAOAIKM B IIPOEKTYBAHHI,
HerepeADaYyBaHl YMOBH €KCIIAyaTAIil Ta iHIm dakTopu;

—  PO3pOOAEHA KOMIIAEKCHA MOAEAB OIITHMI3aIlii mpobaeMu (popmaisariii HEBH3HAYEHOCT] y
BHMOTAaX AO IIPOIPAMHOIO 3a0e3ledueHHA Ha 0a3i 3aCTOCYBAHHA METOAIB MAIITHHHOIO
HABYAHHSA T4 AHAAI3Y AAHUX.

B mporreci AaHOTO KOMIIAEKCHOTO AOCAIAKEHHS BUKOPHCTAHO METOAHM AHAAI3Y, CHHTE3Y,
y3araAbHEHHS, ITOPIBHAHHA.
Omnpanposano Haykosi podoru C. Areces, R. Fervari, A. Saravia ta F. Velazquez-Quesada

(2023) mpoanaAi30BaHO AOTIKY Ha OCHOBI HEBH3HAYEHOCTI B ITpoIieci 3AlficHeHHA Al; D. Behera
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(2023) pO3rAfHYTO AABTEPHATHBHI METOAOAOTH AAfl PO3B’A3aHHA 3aAa9  AIHIHHOTO
IIPOrpaMyBaHHA 3 ericTeMigyHOIO HepusHadeHicTiO; M. Bougeret, A. Pessoa ta M. Poss (2023)
PO3STAAHYTO 33Aa4i POOYCTHOIO ITAAHYBAHHA 3 OOMEKEHOIO HEBU3HAYCHICTIO AAA OAHIEL
mamman; N. Boukhelifa, C. Johnson ta K. Potter (2023) aocaiaxeno Bisyaaisamiro Ta
HIPUAHATTA PIIIEHb IPH IIPOEKTYBaHHI B ymoBax HeusHadeHocti; V. Cappelli, S. Cerreia-
Vioglio, F. Maccheroni, M. Marinacci ta S. Minardi (2020) posrasayto Axepesa
HEBU3HAYCHOCTI Ta 0COOANBOCTI (DOPMYBaHHSA CYD'€KTUBHUX I[IH IIPU PO3POOLI IIPOrPAMHIX
cucrem; L. Clarté, B. Loureiro, F. Krzakala, & L. Zdeborova, (2023) posrasnyra TeopeTndHa
XaPaKTEPUCTHA HEBH3HAYCHOCTI B BUCOKO-BUMIPHIIN AlHINAHIH Kaacudikaril; ]. Dorn, S. Apel Ta
N. Siegmund (Do et al., 2023). po3rafHyTO OCOOAHMBOCTI YIIPaBAIHHA HEBH3HAYCHICTIO Y
BUMIpPax IIPOAYKTHBHOCTI KOHirypoBaHux mnporpamuux cucrem; A. Drozhkin (2022)
IIPOAHAAI30BAHO CYYaCHI INAXOAM AO OINHKH AKOCTI IPOTPAMHHX IIPOAYKTIB B yMOBax
umepusHadeHocti; D. Tsapetis, M. Shields, D. Giovanis, A. Olivier iurmm (2023) posrasayTto
UQpy v4.1: 6i0aiotexy Aaf xBamTH]IKAII HeBH3HAYEHOCTI 3 BuKOpucTaHHAM Python; X.
Zhang, 7. Li ta immi (2023) posrAfHyTO OCOOAMBOCTI BHOOPY iH(OPMATHBHHX AAHHUX 3
YPaxyBaHHAM HEBU3HAYECHOCTI AASl DATaTOMOAAABHOTO BHABACHHA 00’ekTiB; |. Zhao, Y. Wang
Ta 1H1m (2023) AOCAIA’KEHO BIIAUB Bi3yaAisarii HEBH3HAYEHOCTI Ha HAAIFHICTD MoAeAl; M. Liao,
D. Shen ta P. Lv (2023). po3rAfHyTO €EAUHY MOAEAD HEBH3HAYCHOCTI AAHUX T4 HEBU3HAYEHOCTI
B32€EMO3B A3KIB AAHUX; T2 1HIII.

Hespaxarounm Ha CyTTEBI HAIpAIFOBaHHA BYCHUX 3AAHINAIOTBCA  HEAOCTATHBHO
OOI'PYHTOBAHUMH TEOPETHKO-METOAUYHI INAXOAM BH3HAYCHHA AKEPEA HEBH3HAYEHOCTI.
Takum 9HHOM, KOMIIAGKCHHI PO3TAAA IIAHATOI TEMATUYHOI CIIPAMOBAHOCTI € HEOOXIAHUM B
BUpIIIICHHI 32aBAAHb 13 OIIHKM fKOCTI CYYaCHUX IIPOTPAMHHUX CHCTEM 13 BpaXyBaHHAM
BUPIIIECHHA 33A29 B ME/KAaX TEMATHKI BUSHAYCHHSA A’KEPEA HEBU3HAYCHOCT! BU3HAYCHHA AKEPEA

HEBU3HAYEHOCTI.
Pe3yabTaTn AOCAIAYKEHHA

MareMaTHYHUI alIapaT T4 METOAOAOTIUHI 0COOAMBOCTI KAacugikamii Axkepea
HEBH3HAYEHOCTI

B omninmi Akocti KOMITIOTEPHHUX HPOIPAMHHUX CHCTEM BEAHMKE 3HAYEHHA BIABOAHTHCH
IIPAaBUABHOMY BU3HAYEHHIO {X KIABKICHUX XapakTepucTuk. Lle crae karogoBum erarom, sk y
IIpOIIECi PO3POOKH, TAK 1 y IMATPUMIIL Ta IIOKPAIIEHH] IIPOIPaMHOro 3a0esnedeHHa. MeToan
OIIHIOBAHHSA ITUX XAPAKTEPUCTUK BIAIIPAIOTH BAXKAUBY POAB Y 3a0€3IICUYCHHI AKOCTI IIPOAYKTY
Ta BU3HAYEHHI HOTO BIAITOBIAHOCTI BUMOTaM KOpHCTyBauiB. [ liAHIMaroun AaHy cIpAMOBAHICTD
3a3HAYUMO, IO HA TEXHIYHO-IIPAKTHYHOMY PIBHI — OIIHKA fKOCTI IIPOIPAMHHUX CHCTEM €
AOCHTb CKAQAHHM 32aBAAHHAM, OCKIABKM BOHA YacTO IIOB’fA3aHA 3 HeBu3HadeHicrio. Hasite
HAHOIABIII AOCKOHAAl METOAHM TECTYBAHHA Ta aHAAI3y HE MOKYTb IIOBHICTIO BHKAFOYHTH
MOKAHBICTb ITIOMHAOK YH HECIIPaBHOCTEH Y mporpaMHoMy Koal. Haromicts momsaTTs
HEBU3HAYEHOCT! Yy KOHTEKCT! ONIHKM AKOCTI IPOTPAMHHX CHCTEM OXOIIAIOE€ PI3HOMAHITHI
ACIIEKTH, BKAIOYAIOYH HEIEPEADAYYBAHICTD ITOBEAIHKM IIPOrpaMy B  PISHHX yMOBax
EKCIIAyATaIlii, CKAAAHICTD aHAAI3y BEAUKHX OOCATIB AAHHX, 4 TAKOK HEIIOBHOTY CHEITHU(IKAIIIN

Ta BUMOT AO CHCTEMM.

53



3BaKarOYM Ha BHUIIE BIAMIYEHE B MEKAX CHCTEMATH3AIll A’KEpeAa HEBU3HAYEHOCT] IIPH OITHITI

AKOCTI KOMITFOTEPHUX IIPOTPAMHHUX CHCTEM AOLIABHO BIAMITHTH HAcTyIHI (akropiaAbHI

IIEPIIOIPHYHHI AKEPEAa:

e Heoanosnauni Bumorn: YacTo BUMOIM AO IPOIPAMHOTO 3a0€3II€9eHHA (DOPMYAIOIOTHCA
HEOAHO3HAYHO, 20O HemoBHICTIO. Lle Moxe cTBOproBaTH HEBH3HAYCHICTH B TOMY, fK

OITIHFOBATH BIATIOBIAHICTB IIPOTPAMH ITUM BHMOTAM;

e Puspk 3MmiH BuMOI: Bumornm A0 mporpamMHOro 3a0e3IIEYECHHA MOKYTH 3MIHIOBATHCA
IIPOTATOM PO3POOKHU, 400 MICAA BUITYCKY IIPOAYKTY. LIi 3MIHE MOKYTh BIIAUBATH Ha AKICTH
IIPOrPaMU Ta BUMATATH IIEPEOIIHKH il XapaKTEPUCTHK;

e HeouixyBani 30BHiIHI BuAuBy: 3OBHIIIHI (PAKTOPH Taki, AK 3MiHH B IH(PaCTPyKIypi,
KOHKYPEHTHHI THCK, 200 HOBI PEIyAfIii, MOXKyTh BIIAUBATH Ha SAKICTb IIPOTPAMHOIO
3a0e3IIeYeHHA, CTBOPIOIOYH HEBU3HAYCHICTD B OIIHII HOrO XapaKTePUCTHK;

e [lomuaku B po3po6biii Ta BumpoOysanni: HeAoAiku y mporieci po3poOKu Ta BUIIPOOYBAHHSA
MOXKYTh IPU3BOAUTH AO IIOABU IIOMHAOK Ta HEBIPHOIO (PYHKIIIOHYBAHHSA IIPOIPAMHOTO
320€3II€YCHHS, III0 YCKAAAHIOE OLIHKY HOTrO AIKOCT;

e  Bapiamia y Bukopucrausi: PearpHe BHKOPHCTAHHA IIPOIPAMHOIO 3a0E3IICUCHHA MOKE
BIAPI3HATHCSA BIA OYIKyBaHb PO3POOHMKIB, IO IIPU3BOAUTH AO HEBU3HAYECHOCTI B OILUHII
Horo edpeKTUBHOCTI Ta AKOCTI;

e Hepoaikm y TectyBanni: He iaeaAbHICTH TeCTyBaHHA MOKE IIPU3BOAHTH AO IIPOITYCKY
AeAKIX AedeKTiB, 400 HEAOCTATHBOI'O OILHIOBAHHSA AKOCTI IIPOIPAMHOIO 320€3IICYCHH.
BiamiTrMO, 1110 HABEACH] IIPUYHHE MOKYTh CTBOPIOBATH HECTAOIABHICTD 1 HEBH3HAYCHICTD

y mporieci po3pobKm, TECTYBAHHA Ta BUKOPHUCTAHHA HPOTPAMHOTO ITPOAYKTY. IX BaKAHMBO

BPAaxOBYBATU IIPU IIAAHYBaHHI, PO3POOIL Ta OIUHIN AKOCTI IPOrPAMHOIO 3a0E3IICUCHHA AAS

320e3IIeYCHHA HAHBHUIIOTO PIBHA 3AA0BOACHHA KOPUCTYBAYiB 1 BUKOHAHHSA Ol3HEC-IOTPEO.
3BaxKarOuN HA HABEACHI IIPOOAEMH, PO3POOHHUKH IIPOrPAMHOIO 3a0€3II€YCHHA ITOBHHHI

YAOCKOHAAIOBATH CBOI INIAXOAH AO YIIPABAIHHSA IIPOEKTAMHI Ta KOHTPOAFO AKOCTL.
Posrasaaroun ImMAXOAH, AKI MOMKYTH AOIIOMOITH 3MEHIITUTH HEBH3HAYEHICTH Y IPOIEC

PO3POOKH Ta OIIHKH AKOCTI IIPOIPAMHOIO 320€3IIEUCHHSA BAPTO BIAMITHTH, IIIO AOCHTH BATOME

MiCIIe Ma€ BIABOAUTHCS YITKIF IIOCTAHOBLI BUMOT 1 KOMYHIKALTIAL.
3BaKarOYM Ha Il B IPAKTHYHINA peaaisarii BaKAUBO BCTAHOBUTH HUiTKI Ta OAHO3HAYHI

BHMOTH AO IIPOIPAMHOTO IIPOAYKTY II€ Ha ITOYaTKy Ipoekty. HaTomicts y BiAITOBiAHOCTI AO

(Dorn et al., 2023) kOMyHIKaIlid MDK PO3POOHHKAMH, KAIEHTAMU Ta IHIIHMH 3aIliKaBACHUMU

CTOPOHAMU IIOBHHHA OyTH €(EKTUBHOIO Ta CHCTEMATHYIHOIO. AaHMI IAXiA HOTpedye

BpaxXyBaHHA THYYKOCTI Ta aAQITHBHICTB: 3BAKAIOYM HA PHU3UK 3MIH BHMOI, KOMaHAH

PO3POOHUKIB ITIOBHHHI IIPAIIFOBATU Y THYYKOMY CEPEAOBHUIIL, IKE AO3BOASIE IIBUAKO PEaryBaTu

HA 3MIHH T4 aAQIITYBATH IIPOAYKT ITiA HOBI BUMOTH.

V' KxoMIAekci HpakTHYHOI peaAi3anii OIHIOBAHHA AKOCTI IPOTPAMHHUX CHCTEM BHMArae
ITIOCTIHHOrO (pOPMyBaHHA BHUMOI AO TECTYBAHHA 1 KOHTPOAIO fAKOCTL: [liABHINEHHA AKOCTI
IIPOTPAMHOIO 3a0E3IIEYCHHA MOMKE OyTH AOCATHYTO IIMAAXOM BAOCKOHAACHHS IIPOIIECIB
TECTYBAaHHA Ta KOHTPOAFO AKOCTL. BiamMiTHMO, 1110 aBTOMAaTH30BaHE TECTYBAHHA, BHKOPHUCTAHHSA
TECTOBUX CKPHITIB T4 I1HIII METOAM Ha IPAKTHINl 3aCTOCOBYIOTBCA 13 IIAIO BUABACHHSA

PI3HOMAHITHUX IIOMHAOK Ha PAaHHIX €Taax pO3pOOKH.
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Takox Ha BCIX €Talmax PO3POOKH IIPOIPaAMHOIO 3a0E3IICYCHHA BArOME MICIIE Ma€E
BIABOAWTHCA cTpaterii yrmpaBalHHA pusukamm: Lle Brkarodae iaeHTH(IKAIIIO ITOTEHIIHHNIX
3arpo3 AAfl IIPOEKTY, IX OIIHKY Ta ITAAHYBAHHSA 3aXOAIB AAA X 3a11OOIraHHA, 200 3MEHIICHHA
HACAIAKIB.

BiamtoBiauo (Areces et al., 2023) AASi BHKAIOUEHHS HEBU3HAYECHOCTI HEOOXIAHO 3a0€3I1CIHTH
MeXaHi3MH  IHPOPMATUBHOTO HAAXOAKEHHA (iaOekiB  BiA kopucryBauiB: [locTitiHmit
3BOPOTHHH 3B’A30K BiA KOPHCTYBAYiB AOIIOMATA€ BHABAATH IIPOOACMH Ta HEAOAIKH
IIPOTPAMHOTO 320€3IIEUEHHS, III0 AO3BOASE IITBHAKO BHOCHUTH BHUIIPABACHHSA Ta IIOKPAITICHHA.

BpaxoByroun AaHi IIAXOAM Ha KOMIIAGKCHOMY PiBHI (DOPMYIOTBCA 3aCaAH, IIOAO
ITOCTIHHOIO BAOCKOHAACHHS ITPOLIECIB, AKI ITOB’A3aH] 13 BU3HAYCHHAM AKEPEA HEBU3HAYEHOCTI
IIPX OIHIN AKOCTI IPOIPAMHHX CHCTEM.

B mexax KOMIIAEKCHOIO pO3rAfiAy BH3HAYEHHAM AKEPEA HEBH3HAYEHOCTI PO3TASHEMO
OIABIII AETAABHO AaCIIEKTHI 3aCaAM IIOCTIHHOTO BAOCKOHAACHHSA IIPOIIECIB OINHKH SAKOCTI
IIPOIPAMHUX CHCTEM, fAKi ITOB’A3aHI 3 BUSHAYCHHAM AKEPEA HEBU3HAYCHOCTI, 4 CAME:

e  amHaAi3 iaeHTH]IKALIT AJKEPEA HEBU3HAYEHOCTI;
®  OIIHKY BIIAHBY Ha AKICTB.

Amnaaiz iaerTudIKAIl AKepea HeBu3HadeHOCTI: [lepIum Kpokom € aHaais iaerTrdikamii
MOKAMBHX AKEPEA HEBHU3HAYEHOCTI B IIPOIECI OINHKMA AKOCTI IIporpamHux cmcrem. Ha
IIPAKTUII PEAAI3aIlifd AAHOTO ACIEKTY MOKE BKAIOYATH 4aHAAI3 BHMOI, 3MIH BHMOT, PH3UKH,
HEAOAIKH B TECTyBaHHI Ta IHIN (PakTOpH, AKI MOKYTb BIIAMBATH Ha AKICTb IIPOIPAMHOTO
ITPOAYKTY.

Ha ysaraabHeHOMy piBHI 3B’A30K MAaTEMATHYHOTO AHAAI3Yy AKEPEA HEBH3HAYEHOCTI 3
OIIHKOIO AIKOCTI IIPOTPAMHHUX CHUCTEM IIOAATAE ¥ TOMY, IO IACHTH(IKALIIA Ta YIIPABAIHHSA [IIMI
AJKEPEAAMH AO3BOAAE KPAIlle PO3YMITH Ta IIPOTHO3YBATH AKICTH IIPOTPAMHOIO 3a0C3IICUCHHS.
OriHKa AKOCTI IIPOTPAMHHX CHCTEM BKAIOYA€ B ceOe pfAA IIapaMeTpiB  TAKHX, fAK
(PYHKILIOHAABHICTD, HAAIFHICTD, IIPOAYKTUBHICTD, 3PYYHICTD BUKOPUCTAHHA Ta iHrmi. Akepesa
HEBU3HAYEHOCT! MOKYTh BIIAMBATH Ha IIi ITaPaMETPH, TOMY IX aHAAI3 AOTIOMATA€ IOKPAIITHTH
3araABHY AKICTB IIPOTPAMHOTO ITIPOAYKTY.

KomrraekcHa METOAOAOTIA, fKa TTIOEAHYE MATEMATHYHHUI aHAAI3 AKEPEA HEBU3HAYEHOCTI 3
OIIHKOIO fIKOCTI IIPOIPAMHHX CHCTEM MA€ BKAIOYATH B ceOe MexaHi3M iaeHTHdIKAII AKepeA
HeBusHaveHOCTL. 3riaHO (Behera, 2023) B 3araAbHOMY BHIIAAKY aHAAI3 MOMKAHUBHX AKEPEA
HEBU3HAYCHOCTI B IIPOIECI PO3POOKKM Ta EKCIAyaTaili IIPOrpaMHOIO IIPOAYKIY, MOIKE
BKAIOYATH aHAAI3 BUMOT, PU3HKIB, HEAOAIKIB y TECTyBaHHI Ta IHIINX (pakTOpiB. 3BAKArOUH Ha
Ba)KAUBICTD MATEMATHYHOIO INAXOAY, PO3IASHEMO MOACAB MEXaHI3MY iAeHTH(IKAILT Axkepea
HEBU3HAYEHOCT] 3 BUKOPUCTAHHAM (DOPMYA Ta OIIEpaTOPiB.

Ha nepriromy erari BUKOHY€ETBCA aHAAI3 BUMOT. MaTteMaTHIHO 3a3HAYEHUIT IIPOIIEC MOKHA
onmcaru HactTymHuM vuHOM: «Hexait R — MHOMXMHA BCIX BIMOT AO IIPOTPAMHOIO ITPOAYKTY.
ToAl MOXHA BH3HAYNTH AKEPEAA HEBH3HAYCHOCTI, AK BHUMOIH, AKI € HEOAHO3HAYHUMH, 200
HerroBHUMH 3riAHO dpopmyan (1):

Ureq = {ri e R}, M
Ac:

T} — HEOAHO3HAYHA, 200 HEIIOBHA BUMOTA.
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V BianoBiaHOCTI AO (Zhao et al., 2023) oriHKa Ta aHAAI3 BUMOI AO IIPOIPAMHOIO IIPOAYKTY
MOZK€e AOIIOMOI'TH BUABUTHU ITOTEHIINHI HEBU3HAYEHOCT], TaKi, 1K HEOAHO3HAYHICTh BUMOT, 200
HEITOBHOTA OIIHCY.

Ha aApyromy erari BUKOHYETBCH aHAAI3 PU3HUKIB, AKHI OXOIIAIOE IIPOIIEC BU3HAYCHHSA
IIOTCHIIHHUX PHU3HKIB, fAKI MOKYTb BHHHKHYTH IIA 9aC PO3POOKH, ab0O B EKCIIAyaTALll
IIPOIPAMHOIO IIPOAYKTY. AAHHH IIPOIIEC MOMKE BKAIOYATH PHU3HKH 3MIH BHMOTL, TEXHIYHI
PU3UKH, PU3UKN 3B'A3aHI 3 pecypcaMu Ta iHIN BHAM pH3HKiB. MaTeMaTHYHO 3a3HAYECHHI
IIPOIIEC MOKHA OIIHCATH HACTYIIHNM 9rHOM: «Hexaii R —. MHOKXHHA BCIX MOKANBUX PH3HKIB,
IO MOKYTh BIIAMHYTH Ha AKICTB IIPOIPAMHOIO ITPOAYKTY. TOAI MOKHA BHU3HAYHTH AKEPEAQ
HEBU3HAYCHOCTI, IK PU3HUKH, AKI MAIOTh 3HAYHIH BIIAUB Ha AKICTD (2):

Ureq = {z; € R|z;}, @
Ac:
Z; — PU3UKOM, IKHH BIIAUBAE HA AKICTb.

Ha TperpoMy erarri BUKOHYETBCS peaAisariifd aHAAI3y ICTOPHYIHUX AAHUX: B AAHHH aHAAI3
BXOAUTD PO3ILAfA ICTOPHYHHUX AAHHX 3 ITOIEPEAHIX IIPOEKTIB, 200 MOAIOHHX IIPOrpaMHUX
IIPOAYKTIB AAfl BUABACHHSA THIIOBUX AKEpeA HeBH3HadeHOCTL. [liA wac aHaAl3y icTOpHaHHX
AaHux 3TIAHO (Boukbelifa et al., 2023) moxHA BUKOPHUCTOBYBATU CTATHCTUYHI ITOKA3HUKH AAS
BHABACHHS THIIOBHX AXKepeA HeBmsHadeHOCT.. Hampmkaas, Upjse — MHOXHHA AXKepeA
HEBU3HAYCHOCT], IO BHABACHI IIA YAC IIOIEPEAHIX IIPOEKTIB, TO MOKHA OOYHCAHTH
WMOBIPHICTB ITOSIBU KOKHOI'O AJKEPEAd HEBU3HAYEHOCTI Y BIAITOBIAHOCTI AO (3):

P( Upise) = 20t ©
Ac:
N — KIABKICTD IIPOEKTIB.

Ha derBepromy erari BHKOHYETbCA EKCIIEPTHA OIHKA, peaAisallia KOTpoi repeabadac
BIAIIOBIAHE 3aAyYCHHA EKCIEPTIB Y TaAy3l pPO3POOKH IIPOIPAMHOTO 3a0C3IICUCHHA AAA
BUABACHHSA IOTECHIIIHIX AJKEPEA HEBU3HAYCHOCTI, Ha AKI MOKE BIIAHBATH IX AOCBIA Ta 3HAHHAL
B ysaraapnenomy BuIaAKy y BiAmoBiaHOCTI A0 (Bougeret ef al., 2023) excriepTHa OLHKA MOIMKE
OyTH BHKOHAHA 32 AOIIOMOTOIO CKCIICPTHHX 3HaHb Ta AOCBiAy. Hexaii E — muOxmHA BCix
EKCIIEPTHUX OIIHOK AKEPEA HEBH3HAYEHOCTL. TOAl MOMKHA BU3HAYUTH CEPEAHIO EKCIIEPTHY

OIIHKY AAfl KOXKHOTO Axkepeaa (4):

m
i=1 Ui

Uexp =T “
Ac:
M — KIABKICTb €KCIIEPTHHX OIHOK.

B mexax aHaAizy AaHHX, fKI OTPUMYIOTB B HACAIAOK 3actocyBaHHA (popmya (1-4) ta
BU3HAYEHHA 3araAbHOI HWMOBIPHOCTI BHHUKHEHHA AKEPEA HEBH3HAYEHOCTI MOKHA
BUKOPHCTOBYBATH PI3HI OIIEPATOPU Taki, AK AOIIYHI OIIEPATOPH, OIEPATOPU IIOPIBHAHHI,
apudmernaHi omeparopu Tomo. Hampmkaaa, AAA BH3HAYEHHA 3araAbHOI HMOBIPHOCTI

BUHUKHEHHA AJKEPEA HEBU3HAYCHOCTI MOKHA BUKOPHUCTOBYBaTH popmyAy (5):

P(Utotal) = P(Ureq) + P(Urisk) + P(Uhist) + P(Uexp); (5)
A€

P(Uytotqr) — 3aranbHa HMOBIPHICTD BUHHKHEHHSA AKEPEA HEBU3HAYEHOCTI.
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Ha mpakTuii BuIe HaBeACHUI MATEMATHYHHH aHAAI3 A’KEPEA HEBU3HAYEHOCT] 3 OIIIHKOO
AKOCTI IIPOIPAMHHX CHCTEM AO3BOASAE 3AIMCHIOBATH OIABII OO’€KTHBHY Ta CHCTEMATHYHY
OINHKy IOTEHINWHUX PU3HUKIB, AKI MOMKYTh BHHHKHYTH IIA 9aC PO3POOKK Ta EKCIIAyaTariii
IIPOrpaMHOTrO IIPOAYKTY. HaBeaeMo IrepeBaru 3aIrpOIIOHOBAHOTO IHAXOAY:

e DPanne BUABACHHA PU3HKIB: AHAAI3 AJKEPEA HEBH3HAYCHOCTI MOXKE OYTH IIPOBEACHHH Ha
PAHHIX €Tarax IIPOEKTY, HaBITh IIEPEA ITOYATKOM PO3POOKU IIPOrpaMHOro IpoAykry. Lle
AO3BOAfIE PO3POOHHUKAM Ta MEHEAKEPAM 3 PU3HKAMU BHABUTH IIOTCHIIIHI IPOOAEMH Ta
IIPUWHATH 3aXOAHU IIIOAO IX YIIPaBAIHHA IIIE€ AO TOT'O, K BOHH CTAHYTh KPUTHYHHIMU,

e (OO’exTuBHA OIIHKA pPH3HUKIB: BHKOPHCTAaHHA MATEMATUYHHX METOAIB  AO3BOAfE
00’€KTHBHO OIIHIOBATH HMOBIPHICTh BUHUKHEHHSA PI3HHX AKEPEA HEBU3HAYECHOCTI Ta iX
BIIAHB HA SIKICTB IIPOIPAMHOTIO IPOAYKTY. Lle Aormomarae yHuKHYTH Cy0'€KTHBHIX OIIHOK
Ta 3a0E3IEYUTH OIABIII TOYHE IPUUHATTA PIIIICHB;

e [lokparmeHHs TAAHYBaAHHA IIPOEKTY: Pe3yAbTaTn aHAAI3Y A’KEPEA HEBU3HAYEHOCTI MOKYTh
OyTH BHKOPHCTaHI AAF IIOKPAIICHHA IAAHyBaHHA IIpoekTy. Hampukaaa, BuABAeH] pusnku
MOJKYTh OyTH BPaxoBaHi IIpH po3poOIIi rpadpiky IIPOEKTY Ta PO3IIOAIAL pecypciB;

e  Minimizaria BuTpar Ta 30iABIICHHA eeKTHBHOCTL: PaHHE BHABACHHA Ta YIIPaBAIHHA
AKEPEAAMHI HEBU3HAYCHOCTI AO3BOAAE VHHUKHYTH HEIIEPEADAYCHUX BUTPAT 1 3aATPHUMOK Y
pospooii. e aomomarae 30iABIIHTH €PEKTHBHICTD IIPOEKTY TAa 3HU3UTHU HOTO 3araAbHi
BUTPATH.

e 3abesmedeHHA BHCOKOI fIKOCTI IIPOAYKTY: AHAAI3 AKEPEA HEBH3HAYCHOCTI AOIIOMArae
BUABUTH Ta YIPABAATH PHU3HKAMH, fAKI MOXKYTh HEIaTUBHO BIIAMHYTH Ha fAKICTH
IIporpaMHOro IpoAykry. Lle Ao3Boase 3abe3mednmTH BHCOKY SAKICTH IIPOTPAMHOIO
3a0e3IIeYCHHA Ta 3aAOBOACHHS ITOTPEO KOPUCTYBAUIB.

Orxe, MaTeMaTHYHHUI aHAAI3 AKEPEA HEBH3HAYEHOCT! Ha IIPAKTHIN AOIIOMATAE
MABHIIHTH ¢(DEKTUBHICTD Ta AKICTH PO3POOKU IPOrPAMHHUX CHCTEM, 3MEHIIHTU PHU3HKH T2
320€3IIEYHUTH YCINIITHE 3aBEPIICHHS IIPOCKTY.

PosragueMo MeTOAOAOITdHI OCOOAHBOCTI KAacuikamii AKepeA HEBH3HAYECHOCTI 32
BIIAMBOM Ha AIKICTb. Buirie 3a3Hadena kaacudikariia 3SBOAUTHCA AO PO3IIOAIAY IACHTH(IKOBAHNX
AKEpeA HEBH3HAYEHOCT!I Ha KATEropili B 3aA€KHOCTI BIA iX ITOTEHINIHOIO BIIAMBY Ha Pi3HI
ACIIEKTH AKOCTI IIPOrPaMHOTo 3a0e3rredeHHsA. B AaHy Kaacu@IKAILIO BIAITOBIAHO BXOAATB:
®  KPHTHYHI A’KEPEAd HEBU3HAYEHOCTI;
®  CYTTEBI AXKEpeAad HEBU3HAYECHOCTI;
®  MIHOPHI AKEPEAA HEBU3HAYEHOCTI;
®  HEBU3HAYCHOCTI, IIOB’f3aHI 3 30BHIIITHIMU (DAKTOPAMIL.

3riano (Clarté et al., 2023) AO KPUTHUYHUX AKEPEA HEBH3HAYEHOCTI BIAHOCATH AKEpPEAd
HEBHU3HAYEHOCT], SKI MAIOTh HAHOIABIIMM ITOTEHIIMHIA BIIAMB HA KAIOYOBI ACIIEKTH SKOCTI
IIPOIPAMHOIO IIPOAYKT TaKi, fK HaAllMHICT, Oeslleka, ad0O IIPOAYKTHBHICTB. Hampmkaaa,
IIOMHAKH B KPHTHYHUX AATOPHTMAX, 20O HEBIAIIOBIAHICTD OCHOBHHM (DYHKIIIOHAABHIIM
BAMOraM. MaTeMaTH9IHO KIABKICTD KPUTHYHHX AKEPEA HEBU3HAYECHOCTI MOKHA PO3PAXyBATH Y
BiATIOBIAHOCTI AO popmyAn (6):

|Ucriticail = Xuev 6(w) - B(w) ©)
A€
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8 (u) — dynkuis, axa nmoseprae 1, AKIIO, AJKepero U € KpUTHIHUM, i 0 B IHIITOMY BUITaAKY,
B (u) — xoedimienT BIAMBy Axepera U Ha AKICTb TPOTPAMHOTO 320€3IEIEH S,
U — mHOX1HA BCIX IACHTH(IKOBAHIX AJKEPEA HEBU3HAYEHOCT],
UcriticaqiCU — MHOKIHA KPUTHYHUX AJKEPEA HEBU3HAYCHOCTI.
3rinno  (Mena, 2020) AO CYTTEBHX AXKEPEA HEBH3HAYCHOCTI BIAHOCATB AKEpPEAad
HEBU3HAYEHOCTI, fKI MOKYTh BIIAHBATH Ha AKICTb IIPOTPAMHOTIO IPOAYKTY, aA€ HE HACTIABKH
KPUTHYHI, fIK KPUTHYHI AXKepeAa HeBH3Ha4deHOCTI. Hampmkaas, HEBIAIIOBIAHICTB ACAKHX
HEOOOB’A3KOBUX (DYHKINNA, a00 MOXAHBI 3MiHH B iHTepderici KopucTyBada. MaTeMaTHIHO
KIABKICTB CYTTEBHX AKEPEA HEBU3HAYECHOCTI MOKHA PO3PAXYBATH Y BIAIIOBIAHOCTI AO (DOPMYAH
(7):
|U5ignificant| = Yuer s(u) - y(u) (7
Ac:
s(u) — dynkuis, sxa moseprac 1, AKIIO, A’epeAo U € cyTTeBuM, i 0 B iHIITOMY BUIIaAKY,
y(u) — xoedpirtienT BIAMBY AkepeAa U Ha AKICTH IPOTPAMHOTO 320€3MeYeHHA i3 BPAXYBAHHAM
BIIAHBY CYTTEBHX AJKEPEA HEBU3HAYCHOCTI.
3riznno  (Tsapetis et al, 2023) AO MIHOPHHX AXKEPEA HEBHU3HAYEHOCTI BIAHOCATD
HEBU3HAYCHOCTI, IKI MAFOTh HE3HAYHUI BIIAUB HA AKICTH IIPOTPAMHOIO IIPOAYKTY 1 MOKY T OyTH
A€TKO BUIIPaBAEHI, 400 mpoirHoposaHi. Harmpukaaa, HeBEAHKI TOMUAKH B TEKCTI AOKYMEHTALII,
200 HEBEAHKI 3MIHH B 30BHIIIHBOMY BHTIAAAL IporpaMu. MarteMaTHaHO KIABKICT MIHOPHEX
AKEPEA HEBU3HAYEHOCTI MOKHA PO3PAXYBATH Y BIATOBIAHOCTI AO bopmyan (8):
|Untinor| = Xuev m(u) - a(w) ©)
Ac:
m(u) — dbynkuis, sxa moseprac 1, AKIIO, AJepeAo U € MiHOPHIM, i 0 B iHIITOMY BUITAAKY,
a(u) — xoedirltienT BIIAUBY AKepeAa U Ha AKICTb TIPOTPAMHOTO 3aD€3IeUeH s i3 BPAXYBAHHAM
BIIAUBY MIHOPHHX AKEPEA HEBHU3HAYECHOCTI.
3riauo (Cappelli et al., 2020) A0 HEBU3HAYEHOCTEH, AKi ITOB’A3aH] 3 30BHIIIHIME (haKTOpaMu
BIAHOCATD AJKEPEAA HEBU3HAYCHOCTI, AKI BUHUKAIOTh YepPE3 30BHIIIIHI BIIAUBH, TAKl K 3MIHH B
1H(pacTPyKTypi, KOHKYPEHTHHUIT THCK, 200 HOBI peryadrii. L1 dakropu MOKyTh BIIAUBATH HA
AKICTh IIPOIPAMHOTO 3a0€3IICYCHHA, aA€ X BAKKO KOHTPOAIOBATH. MaTeMaTHYHO KIABKICTH
AJKEPEA HEBU3HAYCHOCTEH, fIKI IIOB’A3aHI 3 30BHIIMHIMU (DAKTOPAMHU MOKHA PO3PAXYBATH Y
BiAITOBiAHOCTI AO hopmyan (9):
|Ugxternail = Xuev z(w) - 6(w) )
Ac:
z(u) — dyHKIIif, Aka moBeprae 1, AKIIO, AKEPEAO U BIAHOCHTBCA AO AJKEPEA HEBU3HAYCHOCTI,
AKI BUHUKAIOTh YepPe3 30BHIIIHI BIAUBH, 1 () B IHIIIOMY BHITAAKY,
z(u) — KoeIIlEHT BIAUBY AKepeAa U HA AKICTH IIPOIPAMHOTO 3a0€3IEUCHHA 13 BPaXyBaHHAM
BITAHBY AKEPEA HEBU3HAYEHOCTI, IKI BHHHKAIOTh Y€PE3 30BHIITHI BITAUBI.
B pesyaprati ysaraapHeHy OpPMyAy B MexKax BpaxyBaHHA Kaacuikamil Akepea

HEBU3HAYECHOCTI 32 BIIAMBOM Ha AKICTh MOKHA IIPEACTaBUTH Y BUTAAA Bupasy (10):

Q = (lUCriticall(Y1 ) + |USignificant|(YZ ) + |UMinor|(Y3) + |UExternal|(y4 )) (1())

AC:
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Y1, Y2, Y3, Y4 — KOCDILIECHTH BAKAHBOCTI AAfl KPHUTHYHHX, CYTTEBUX, MIHOPHHX AKEPEA
HEBU3HAYEHOCT] Ta 30BHIMIHIX (PaKTOPIB.

Bure maBeaena popmyaa (10) A03BOAfiE BpaxyBaTH BAarOMICTB KOKHOIO BHAY AKEPEA
HEBU3HAYCHOCTI, 4 TAKOK BPAXOBYBATHU IX KIABKICTH, IO MOXKE OyTH KOPHCHHM IIPH OLIHII

BIIAUBY HA fIKICTb IIPOTPAMHOTO IIPOAYKTY.

Ornrrumisania npo6aemu popMaiisarii HEBU3HAYEHOCTi Y BUMOT'aX AO IPOIPAMHOIO
3a0e3reyeHHA

OAHUM 13 HOBITHIX MATEMATHYHHX PIIICHb, AKE MOKHA 3aIIPOITOHYBATH AAA OITHMI3aIri
npobAemu  popmaaizanii HEBU3HAYEHOCTI Yy BHMOIAaX AO IPOIPAMHOIO 3a0€3IICYCHHSA, €
3aCTOCYBAHHA METOAIB MAIIIMHHOTO HABYaHHA Ta aHAAI3y AaHnx. Ha ocHOBI BeAmkux oOcAris
AAHUX IIPO IIOIIEPEAH] IIPOEKTH IIPOIPAMHOIO 3a0E3IEUEHHA MOKHA PO3POOUTH MOAEAD, AKA
IIPOTHO3Y€ MMOBIPHICTh BUKOHAHHA KOKHOI BUMOT'H Ha OCHOBI 1i XapaKTEPUCTHUK Ta KOHTEKCTY.
Taknii IAXIA AO3BOAfIE aBTOMATH3YBATH IIPOIIEC BHU3HAYCHHA HEBHU3HAYCHOCTI Ta POOUTH
OIABII TOYHI HPOrHO3M. TaKOK MOMKAMBO 3aCTOCYBAHHA METOAIB ONTHMI3AIl TaKHX, fAK
I€HETUYIH]I AATOPHTMH UM METOAHM OITHMI3aIlil 32 AOTIOMOTOFO IIITYYHHX HEHPOHHHUX MEPEK,
AAS TIOIITYKY OITHMAABHOTO PO3IIOAIAY PECYPCIB Ta CTpPATErill KepyBaHHA HEBU3HAYEHICTIO B
IIPOrpaMHOMY 3a0e3IiedeHHl. Taki IMAXOAR AO3BOAAIOTH ITOKPAIIUTH AKICTH Ta €(PEKTHBHICTB
IIPOIIECIB PO3POOKU IPOTPAMHOIO 3a0E3IEUCHHSA, 3MCHINYIOYN BIIAUB HEBH3HAYCHOCTI HA
KIHIIEBUH PE3YABTAT.

IIpeacTraBuMO BHIIIE BKa3aHE Y BUTAAAI MOAEAI IIPOrHO3YBaHHA HMOBIPHOCTI BUKOHAHHSA
KOKHOI BUMOTH Ha OCHOBI ii XapakTepucTuk ta kKourekcry. Hexaii

o V =1{91,9,,..,9,,} - MHOKIHA BUMOT AO IPOrPaMHOIO 326€311EYEeHHH,

A€ M KIABKICTH BUMOT;

o X ={xi1,Xi2 -, Xim, } — MHOKUHA XapaKTepUCTHK (03HAK) Bumoru J;,

A€ M — KIABKICTb XapaKTepHUCTHK;
® Y; — IiABOBA 3MIHHA, fKa BIAOOpakac MMOBIPHICTh BUKOHAHHS BUMOru U;.

ToOAl MOAEAb ITPOTHO3YBaHHA MoOxke OyTH BusHauena, sk dynkmia f:X — [0,1], axa
IIPU3HAYAEC KOMKHIM BHMO31 HMOBIPHICT BUKOHAHHA. MeTOIO € HaBYAHHA MOAEAI HA OCHOBI
tpenyBasbuux Aaumx D = {(X1y1), (X2¥2), .., XnYn), }, ae N, KiAbKicTb TpPHKA2AIB Y
TPEHYBAABHOMY HAOOPL.

Ha mowatky mporiecy Mu 301paAu AaHi IIPO BUMOTH, BKAIOYAIOYH iX XapaKTEPHCTHKH T2
KOHTEKCT, fKI MOKYTb BIIAHBATH HA iX BUKOHAHHS, 2 CAME CKAAAHICTB, TEPMIHH BHKOHAHHI,
LIPIOPHTET, KPUTUIHICTD TOIIO. TaKOK 3aCTOCYBAAM HABEACHI BHUIIE KAACH(IKAIIIO AKEPEA
HeBusHaveHOCTI, Ta hopmyan (1-10).

3aaaua moadrae y mixiMisanil dysxmil BrpaT I MK IPOrHO30BaHUMH HMOBIPHOCTAMH 1
crpaskHiMEu 3HaUeHHAME (11):

L=3L L(y: f(X) (11)
Ac:
L moke OyTu pisHEME (DYHKIUAME BTPAT TAKAM, K CEPEAHBOKBAAPATHYHA IIOMIAKA AAS 32AQY

perpecii, 800 KpOC-eHTPOIIA AAF 3229 KAACHIKALTL.
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Ha meroAamanomy piBHI AAfl HABYAHHSA BUIIIE HABEACHOI MOAEAL Y BIATOBIAHOCTI AO (Gray ef
al., 2023) 3acrocyBaAn:
®  TIPAAIEHTHHII CIYCK;

e  wmeroan orrrumizanii: Adam ta RMSprop;
®  AATOPHTMHU MAIIMHHOIO HABYAHHA TaKi, AK TAMOOKI HEHPOHHI MepE:Ki, IPAAICHTHI AepeBa

BUIIAAKOBOTO AICY TOIIIO.

Bumme 3azmadeHi METOAM AO3BOAAIOTH HABYUTH MOAEAb HAa TPEHYBAABHHX AQHHUX i
BUKOPHUCTOBYBATH 1f AAfl IIPOTHO3YBAHHA WMMOBIPHOCTEH BHKOHAHHA BHMOT Y PEAABHHX
IIPOEKTAX IIPOTPAMHOTO 3a0€3IICYCHHH.

PospoOafrodn crcreMy IPOTrHO3YBaHHA HMOBIPHOCTI BUKOHAHHS BUMOT BIAMITHMO, IIIO
AdHA cHCTeMa Oa3yeTbCcsi HAa METOAAX MAIIHMHHOIO HABYAHHA 1 BHKOPHCTOBYETBCH AAf
IIPOTHO3YBAHHA HMOBIPHOCTI BHUKOHAHHA KOKHOI BHMOTH Ha OCHOBI il XapaKTEPHCTHK.
OcHOBHa iAefl ITOAATAE B TOMY, IIIOO HAa OCHOBI CTATUCTHYHOIO aHAAI3Y ITOIIEPEAHIX IIPOEKTIB
IIPOTPAMHOIO 3a0€3IEYCHHA IIOOYAYBATH MOACAB, fAKA 3AATHA IEepeADAaYaTH HMOBIPHICTDH
BUKOHAHHSA BUMOTH Ha OCHOBI 1H(OpMarIii Ipo Hei.

Ha nporpamuaomy piBHI AAfM pO3p0OKH 11i€l crctemu 3TIAHO 3 (Cappell: et al., 2020) romiabHO
BHKOPHCTOBYBATH CIIEITiaAi30BaHl OIOAIOTEKN MAIMHHOIO HaBYaHHA Taki, Ak TensorFlow Ta
Scikit-learn, Aki B OBHIH Mipi 3a0€31I€UYIOTH IIOOYAOBY Ta HABYAHHA MOACAL

[TicAss HaBYAHHA MOAEAB MOKE OYTH BHKOPHCTAHA AAfl IIPOTHO3YBAHHA HMOBIPHOCTI
BUKOHAHHSA BUMOIU B PEAABHHUX IIPOEKTAX IPOIPAMHOIO 3a0€3IICICHH.

V BianosigaOCTI AO (Droghkin, 2022), AOIIABHO IEPEADAYHTH, AOAATKOBE 3aCTOCYBAHHSA
MOAYABHOI CHCTEMH, fIKa BHKOPHCTOBYE METOAM OITHMI3aIlli AASl ITOIIYKYy OIITHMAABHOTO
pO3IIOAIAY  BaroBux KOeIII€HTIB MK BHMOIaMH 3 METOIO MiHIMI3aIli 3araAbHOL
HeBH3HAYEHOCTL. MaTteMaTHdaHO, 1e MoxKe OyTH chOPMyABOBAHO, fK 3aAa¥a OIITHMI3arii, Ac
METOIO € MiHImi3amis 3araApHOI HeBm3HadueHOCTI U, fika OOYHCAIOETBCS, K CyMa BaroOBHX
KoeiIieHTIB.

B mexax mpaxrmyHOi peaisanii IPOEKTHOTO PIIIEHHA Y BIAIOBIAHOCTI AO (Areces et al.,
2023) AOIUABHO IIEPEADAYUTH MOKAHUBICTD 3aCTOCYBAHHA AATOPHTMIB OIITHMI3AINi: 30Kpema
TEHETHYHHUX aATOPHTMIB, METOAIB OIITHMI3AINl 32 AOIIOMOTOIO IIITYYHUX HEHPOHHHUX MEPEK,
200 METOAIB OITTUMI3AIL{ HA OCHOBI IPAAIE€HTIB, AASl IIOIIIYKY OIITUMAABHOIO PO3IIOAIAY BATOBUX
koedimienTiB. B Hamomy BHIIAAKY AAA  pO3pOOKH 1€l cHCTEMH OYAO BHPIIIIEHO
BUKOPHCTOBYBATH CIIerriaAi3oBani 0i0AioTexkn ormrrumisarii: SciPy ta CVXPY, ki 3abesmeqnan
PeaAi3arfio aATOPUTMIB OIITHMI3AII TA IOIIYKY HAWKPAIIIOTO PO3IIOAIAY BATOBHX KOE(IIIICHTIB
(Pucynox 7). B pe3yAbTati HOAAABIIIOL IPAKTHYIHOL IIPOIPAMHO-PO3POOHUIIBKOL peaAisariii Burre
3a3HAYECHI  PIMIEHHA 13 PO3POOKH KOMIIAGKCHOI CHCTEMHU OYAHM IHTEIPOBAHI PAa3OM AAfA
3a0€3IIEeYCHHA KPAIIIOIO YIIPABAIHHA HEBH3HAYEHICTIO BHMOT Ta INABHINEHHA AKOCTI IPOIECY
PO3POOKH IIPOrPaMHOIO 3a0€3IIEUCHHS.

B pesyaprati pospobaeHmit KOA mporpamuoro pimrerssa (Pucyrox 1) BusHavae dyHKIiFO
OOYMCACHHA 3araAbHO! HEBH3HAYEHOCTI, fAKAa OOYHCAIOE CyMy BaroBux KoedirieHTiB.
[TogaTkoBuil PO3IOAIA BaroBux KOeiIl€HTIB BCTAHOBAIOEThCA Ha piBHI (0.5 AAfM KOMKHOIO
koedimienTa. B Mekax BHPIIIEHHA 3aAa9 ONITHUMI3AIli BCTAHOBAIOIOTBCA OOMEKEHHA AASA

BaroBux KoeimieHTiB (B HAIIIOMY BHUITAAKY IIOCTABHAACh YMOBQ, IO iX CymMa IIOBHHHA OyTH
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piBaa 1). Ilicas 9oro OyAO BHKOPHCTAHO METOA MiIHIMI3aIli AAA IIOIIYKYy OITHMAABHOIO
posIoAiAy  BaroBux koedimieHTiB. I B pe3yApTaTi OITHMAABHHE PO3IOAIA BarOBHX
KoeillleHTIB BHBOAHTBCA Ha CKpaH. B Memxax moOyAOBH cHCTEMH, AAfl CTBOPCHHSA
KOMITAEKCHOTO ITAXOAY AO VIPaBAIHHA HEBHU3HAYECHICTIO BHMOI Yy IIPOIECI PO3POOKH
IIPOTPAMHOIO 3a0€3IICUYCHHA OYAM IIOEAHAHI BHIIE 3aIIPOIIOHOBAHI CHCTEMHI PIIICHHA
(ITOEAHAHO CHCTEMY IIPOTHO3YBaHHA HMOBIPHOCTI BUKOHAHHA BHMOT Ta CHCTEMY OIITHMI3aril
PO3IIOAiIAY BaroBux koedirmieHTiB). AAf AaHOrO 00’eAHAHHA Y BiAOBiaAHOCTI A0 (Liao, 2023)
OyAa 3aCTOCOBAHA CTPATErifl BUKOPHCTAHHSA IIPOrHO30BAHOI HIMOBIPHOCTI, IIIOAO BHUKOHAHHSA
BUMOI' AAfl BH3HAYEHHA iX BArOBHX KOCGMIIIEHTIB y CHCTEMI OITHMI3aIiii, IO AO3BOAHAO B
KIHIIEBOMY BHITAAKY 3a0€3IIEUYUTH PEAAI3AIIIO KOMIIAGKCHOTO IIAXOAY AO VIIPABAIHHA
HEBH3HAYCHICTIO BUMOT Y IIPOIIEC] PO3POOKH IIPOTPAMHOIO 3a0€3IICICHHH.

BiamitnMo, 1m0 mpum  po3poOIl  3a0€3IEYHAM HABYAHHA MOAEAL IIPOrHO3YBAHHSA

HMOBIPHOCTEH BUKOHAHHA BUMOI HA OCHOBI HaOOPIB TPEHYBAABHUX AAHHX, 4 CAME:
e Quality Assessment Dataset (QAD);

e Bug Prediction Dataset (BPD) — Habip aanux AAf mepeAbadeHHs BUHUKHEHHA IIOMHAOK
Ta OLIHKHU AKOCTI IIPOTPaMm;

e Code Quality Benchmark (CQB) — CramaaprHunii Habip AAHHX AAS ITOPIBHAHHSA Ta OLIHKN
AKOCTI IIPOIPAMHOTO KOAY.
3asmaveni TpeHyBaAbHI HaOOpu Oyao B3gro i3: GitHub Ta UCI Machine Learning

Repository.

ITicAs HaBYaHHA MOAEAI BUKOHYETHCA IIPOIHO3YBAHHA HMOBIPHOCTI BUKOHAHHSA BHMOL AAS
TECTOBOIO HAOOPY AaHUX. [ToTiM 3acTOCOBY€EThCA (PYHKIIIA UNcertainty, Aka OOYUCAIOE 3araAbHY
HEBU3HAYCHICTh 3 YPaxyBaHHAM BAaroBUX KOeMIIIE€HTIB, ITOMHOMKEHHX HA IIPOTHO30BAHI
HMOBIPHOCTI BUKOHAHHA BUMOT. Y BIAOBIAHOCTI AO (Boukhelifa et al., 2023) aaa Toro 1mo0
3HAUTH OIITHMAABHHE PO3IIOAIA BaroBUX KOeILIEHTIB 3 ypaxyBaHHAM Iii€i 3araAbHOL
HEBH3HAYEHOCT]I OYAO 3aCTOCOBAHO METOA MIHIMi3aITii.

B mekax po3poOKH BHKOPHCTOBYBAAUCH ACKIABKA ITONYAAPHUX OIOAIOTEK AAfL pobOTH 3
MAIITMHHIM HABYAHHAM T4 3a0€3IICYCHHA OIITHMI3AII, 2 came:

e 0ibaioreka Pandas: Oyaa 3acrocoBaHa AAfA OOPOOKH Ta aHAAI3y AAHHX, fKA AO3BOAHAA
3PYYHO 3aBAHTAXKYBATH, OOPOOAATH Ta MAHIIYAIOBATH AAHHUMH, INO 320E3IEIHAO
edexTuBHY POOOTY 3 HAOOPAMU AAHUX;

e Oibaioreka Scikit-learn: 3acrocyBasacs AASL MAIIMHHOTO HaB4YaHHA B Python, 1o mictuts
OaraTo peaaisamiii aATOPUTMIB MAIIMHHOIO HABYAHHA Ta IHCTPYMEHTIB AAA OINHKK
MOAEAEH, III0 POOUTH ACTKUM CTBOPEHHS, HABYAHHA T2 OIIHIOBAHHA MOACACH.

e  0ibaioTeka SciPy: s3acrocyBaracs AAsl 3a0€3IICUCHHSA HAYKOBHUX OOYNCACHD TaK, fK AQHA
0i0AioTexa y BiaoBiaAHOCTL AO (Tsapetis et al., 2023) mictuth 0GaraTo IHCTPYMEHTIB AAA
omrTumiszanii, AIHIHHOI aAreOpwH, iHTErpyBaHHA Ta IHINMNX MATEMATUYHUX OOYUCACHB. B
MeKax AaHOI OIOAIOTEKH 3aCTOCOBYBaBCA METOA «minimize 3 SciPy», mo Ao3Boafro
3HAXOAUTH OIITHMI3AIiHHUN MIHIMYM (DyHKIIIL.

Biamitnmo, mo B Mexax po3poOku BHOIp crpaterii yIIPaBAIHHA HEBU3HAYCHICTIO OyB
3AIICHEHNH 32 AOITOMOTOIO TEOPii IPHIHATTA PiIlIeHb (AaHA MATEMATHYHA TEOPifd AOCAIAKYE

IIPOIIECH IPUHHATTA PIIIICHb B YMOBaX HEBU3HAYECHOCT] T PU3HKY).
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Anckycia

3ampomoHOBaHUI B CTATTI MexaHi3M IAeHTHdIKAmii AKEPEA HEBH3HAYEHOCTI B
KOMITAEKCHII METOAOAOTII AAfl OLIIHKU AKOCT] IIPOIPAMHIX CHCTEM BIAPI3HACTBCH BIA ITIAXOAIB,
Aki onucani B upart (Haiderzai & Khattab, 2019) Tam, 10 3aBASKH HOTIO 3aCTOCYBAHHIO BAAETHCA
PETEABHO CHCTEMATH3YBATH BCl MOMKAUBI AJKEPEAA HEBU3HAYEHOCTI, IO MOXKYTh BUHUKHYTH B
IIPOIIEC] PO3POOKH Ta EKCIIAYATALI] IIPOrPAMHOIO 3a0€3IICUCHHS.

Ommcani B cTaTTi PIIIEHHA MOKHA ITIOPIBHATH 3 PISHHUMU IIAXOAAMH AO VIIPABAIHHA
HEBU3HAYCHICTIO BUMOI Y IIPOrpaMHOMY 3a0e3rredeHHl. 30KpeMa ITOPIBHIOIOYH i3 IIPAICIO
(Areces et al., 2023) Ae TIPOIIOHYIOTHCA 3aCTOCOBYBATH TPAAUIIHHI METOAU O€3 BHKOPUCTAHHSA
MAILIIMHHOIO HABYAHHA, 200 omrrmmiszarmii. B Takux miAXOAaX HEBH3HAYEHICTh BUMOTI 3a3BHYAN
KEPYETbCA 32 AOIIOMOIOIO PYYHOIO aHAAI3y Ta EKCIepTHHUX OINHOK. [lopiBHAHO 3 ImMm,
3AIIPOIIOHOBAHI B HAIIN CTAaTi PIIIEHHA IIPOIOHYIOTH PEAAI3OBYBATH aBTOMATH30BAHUI Ta
OIABIII OO’€KTHBHHII IIAXIA AO VIIPAaBAIHHA HEBHU3HAYCHICTIO 32 AOIIOMOIOIO METOAIB
MAIIMHHOTO HABYAHHA Ta omrrumiszarii. AaHumil MmAXIA 32 CBOIM CIPAMYBaHHAM 9YACTKOBO
CXOKHUIH 13 THAXOAAMH, fAKI BUCBITACHH] B 11part (Bebera, 2023) mpore pimreHHs, ki HaBEACH] B
TiH IpaIli MOKYTh BUKOPHCTOBYBATH AHIIIE MOAEAI MAIITTHHOTO HABYAHHA AASl IIPOTHO3YBAHHSA
WMOBIPHOCTI BHKOHAHHA BHMOT 0€3 IIOAAABINOI oIrrmMisamii. Y HOPIBHAHHI 3 TAKHMH
pIIIEHHAMH, OIIMCAHA B HAIMNA POOOTI CHCTEMa AOAAE CAEMEHT OIITHMI3arii, IO AO3BOASE
ABTOMATHUYIHO KEPYBATH BATOBUMH KOCMIIIEHTAME AAfA KPAILIOTO YIIPABAIHHA HEBU3HAYEHICTIO.

[TopiBHIOIOYH ITAXOAH, IO 0a3yIOTHCA BUKAIOYHO HA OITHMI3aLil BAPTO 3a3HAYUTH, IIIO
pirenss, sxi orucani B upaui (Galli et al., 2023) BUKOPUCTOBYIOTh AHIIIE METOAU OIITHMI3ariil
AASl PO3IIOAIAY pecypciB Ta KepPyBaHHA HEBH3HAYEHICTIO. TOAl, fK OIIMCAHA CHCTEMa
BUKOPHCTOBYE KOMOIHAITIIO METOAIB MAIITMHHOTO HABYAHHA Ta OIITHMI3AII, IO MOXKe
IIPU3BECTH AO OIABIII TOYHOIO Ta €(PEKTHBHOIO YIIPABAIHHA HEBU3HAYCHICTIO.

Buxopucranusa 3ampoOIIOHOBAHHX B POOOTI METOAIB MAIIIMHHOIO HABYAHHA AAf
IIPOTHO3YBAHHA HMOBIPHOCTI BUKOHAHHS BHMOI' Ta METOAIB OITHUMI3arlii AAfl 3HAXOAKEHHS
OIITHMAABHOTO PO3IIOAIAY BAroBUX KOEMIIIEHTIB B PO3POOACHIN CHCTEMI BIAPISHAECTBCA BIA
ACAKUX ICHYFOYHUX PIITIEHD § HACTYITHHX ACIIEKTAX:

e KomOiHamis MeTOAIB: ¥V 3alIpOIIOHOBAHINA PO3POOII BUKOPUCTOBYETHCA KOMOIHALIA
METOAIB MAIITTHHOTO HABYAHHA Ta OIITUMI3aIlii AAf KepYBaHHA HeBU3HA4YEHICTIO BuMOr. Lle
O3HAYA€, IO CHCTEMAa BHKOPHCTOBYE, fK IIPOTHO3H, KOTpPl OTPHMAHI 3 MOAEACH
MAIIMHHOTO HABYAHHA TAK 1 OITUMI30BaHI BaroBl KOG(IIIEHTH AAS KPAIIOIO YIIPaBAIHHA
HEBU3HAYEHICTIO;

e  Peaaizariia KOHKPETHHX aATOPHUTMIB: Y AAHOMY BHITAAKY, AASl IIPOTHO3YBAHHA HMOBIPHOCTI
BUKOHAHHA BUMOI' BUKOPHCTOBYeThCA arroputM RandomForestClassifier. Lleir aaropurm
AOOpe IpaIffoe 3 PiSHUMH THIIAMH AAHHX Ta MAalOTh BHCOKY TOYHICTH IIPOTHO3YBAHHAL
Takox AAA oIrTEMisarii BUKOPHCTOBYEThCA OibAloTexka SciPy, fka MiCTHTH pil3HOMAHITHI
AATOPHTMHI ONTHMI3AI TakKi, AK METOA MIHIMI3aIIl, IIIO AO3BOASIE 3HAXOAUTH OITHMAABHI
PO3IIOAIAM BarOBUX KOE(IIIEHTIB;

®  bBiApmm rHyYkHil mAXIA: BukopucTaHHA METOAIB MAIIMHHOTO HABYAHHA AO3BOASIE MOAEAI
AAAITTYBATHCA AO HOBHUX AAHUX Ta 3MIHIOBATHCA BIAIIOBIAHO AO 3MIHH YMOB, IIIO POOHTH

CHCTEMY OIABIII THYYKOIO T2 €(PEKTHBHOIO V PI3HUX CIICHAPIAX;
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e  OO0'ekTHBHICTB: Buxopucranna aAropuTmiB  MAIIMHHOIO HABYAHHA T4 OIITHMIi3ariii
AO3BOASIE CHCTEMI IIPAIFOBATH HA OCHOBI OO €KTHBHHUX AAHHX Ta AATOPHUTMIB YHHKHYBIIIH
Cy0'€KTHBHOCTI Ta IIOMUAOK, fKI ITOB’SI3aHI 3 PyYHUM aHAAI30M, 200 IPHIHATTAM PIIICHb
EKCIIEPTOM.

Ormxe, BHKOPHCTAHHA KOMOIHAII METOAIB MAIIMHHOIO HABYAHHA Ta ONITHMI3amil i3
3aCTOCYBaHHAM (POPMaAi3aliil HEBU3HAYCHOCT] ¥ BUMOIaX AO IIPOIPAMHOTO 3a0€3IIeUYeHHA Ha
©a3i 3aCTOCYBAHHA METOAIB MAIIMHHOIO HABYAHHA Ta AHAAI3y AAHHOX y 3alIPOIOHOBAHII
pO3pOOII AO3BOASE CTBOPUTH OIABII e(EKTHBHY Ta OO'€KTHBHY CHCTEMY VIIPaBAIHHSA

HEBU3HAYEHICTIO BUMOT.

BucuoBku

1. Mexanism iaeHTH@IKAINT AMKEPEA HEBH3HAYEHOCTI AOIIOMATac 3PO3YMITH, 3 AKAMH
dakTOpaMu MOKE CTHKHYTHCA KOMaHAA PO3POOKM IIA dYac peaaisarii IIporpamMHOro
HPOAYKTY. Lle Aae MOKAHBICTD IIATOTYBATHCA AO HUX, PO3POOUTH CTpaTeril yIpaBAIHHA
pH3MKAMU Ta HEBU3HAYCHICTIO 1 3a0€3IeYUTH OIABII BHCOKY AKICTH IIPOIPAMHOTIO
3a0e3IIeUeHHS.

2. Mexanism iaeHTHdIKAII] A’KEPEA HEBH3HAYEHOCTI B KOMIIAGKCHIH METOAOAOTII B3a€EMOAIE
3 IHIITIMH €TAITAME OLIIHKI AKOCTI IIPOTrPAMHOTO 3a0€3IICYCHHA TAKUMH AK AHAAI3 PU3HKIB,
TECTYBaHHA Ta MOHITOPHHI fAKocTi. lle AO3BOAfE 3a0€3IEYUTH KOMIIACKCHHH Ta
302AAHCOBAHUMN ITAXIA AO YIIPABAIHHA HEBU3HAYCHICTIO.

3. Buxopucramaa koMmOiHamii METOAIB MAIIMHHOIO HABYAHHA Ta OITHMI3aIii 3
dopmanizaIicro HEBU3HAYCHOCTI Y BHMOIAX AO IIPOIPAMHOIO 3a0e3IledeHHA Ha 0asi
METOAIB MAIIIMHHOIO HABYAHHA Ta aHAAI3Yy AAHUX y 3aIIPOIIOHOBAHIN pO3poOI AO3BOASE
CTBOPHUTH OIABII e(PEKTHBHY Ta OO’ €KTUBHY CHCTEMY VIIPABAIHHA HEBU3HAYCHICTIO BUMOT
y HOPIBHAHHI 3 ACAKHMH ICHYFOUHMMH IliAXOAamu. [leprr 3a Bce, BUKOPHCTAHHA METOAIB
MAITMHHOTO HABYAHHA AO3BOAAE ITOOYAYBATH MOAEAB IIPOTHO3YBAHHA HMOBIPHOCTI
BUKOHAHHS BIMOT Ha OCHOBI IX XapaKTEPHCTHK, IO AOIIOMATa€ BU3HAYNUTH HMOBIPHICTD
VCHIIITHOCTI BUKOHAHHS KOXKHOI BuMorn. Lle Ao3Boaste oTpumyBati 00'€KTHBHI IIPOrHO3N
Ta IMABHIIYE HAAIMHICTD CHCTEMH.

Apyroro KAIOYOBOIO CKAQAOBOIO € BHKOPHUCTAHHA OIITHMIBALIMHUX METOAIB AAf
3HAXOAKCHHSA OIITHUMAABHOIO PO3IOAIAY BAarOoBHX KOE(IIIEHTIB, IO AO3BOAfIE KEPYBATH
HEBU3HAYECHICTIO BUMOT T4 MaKCUMI3yBaTH fAKICTH pirreHb. Lleil miaxia 3abesmneaye edekruBHe
PO3IIOAIACHHA PECypCiB Ta 3a0€3IIeYy€e ONTHMAABHUN PE3YABTAT B YMOBAX HEBU3HAYCHOCTI.
TperiM acIeKTOM € BHKOPHCTAHHA aHAAI3y AAHHX T2 METOAIB MAIITHMHHOIO HABYAHHS AAA
inerTHIdIKALI AMKEPEA HEBU3HAYECHOCTI BUMOI AO IIPOIPAMHOIO 320€3IIEYECHHS, IO AO3BOASE
3a3AAACTIAb BH3HAYHUTH IIOTCHIINAHI PH3UKH Ta IPUHHATH BIAIIOBIAHI 3aXOAM AAA iX
yIpaBAIHHA. B pe3yAbTaTi BUKOpHCTAHHA KOMOIHAIL IIMX METOAIB Y 3aIIPOIIOHOBAHIH PO3pOOII
3a0esredye OIABIT e(DEKTUBHUIM T2 OO’ EKTUBHUMN IIAXIA AO VIIPABAIHHA HEBU3HAYEHICTIO BUMOT
AO IIPOIPAMHOIO 3a0€3ICUCHHA, IIOPIBHAHO 3 ACAKIMU ICHyIOYUMHU Imiaxoaamm. Lle pco3Boase

ITABUIINATH HAAIFHICTB, AKICTH Ta €(DEKTUBHICTD PO3POOAIOBAHOIO IIPOIPAMHOIO IIPOAYKTY.
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constraints = ({ - B g weights: sum(weights) - 13)

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

optimal_weights = result.x

Pucynoxk 1. @parmeHT KOAY CHCTEMH, IO OITUMI3YE 3aAa49y popmaaizariii
HEBU3HAYCHOCTI § BUMOTAX AO IIPOTrPAMHOIO 320€3IICICHHS
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Softwate and hardware microcontroller 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

ITporpamuo-anmapaTHHN KOMIIAEKC HA 0a3i MIKDOKOHTpOAEpPa AAS AOCAIAYKEHHA
BiOpartii

Amnomayin: CygacHi TeXHOAOITYHI IPOIECH BHMATAIOTH IIOCTIHHOIO KOHTPOAIO OaraTbOX IapaMeTpis
TEXHOAOIYHOTO 0OAaAHAHHA. HalOiABII BAKAMBAME € MEXaHIYHI IApaMeTpH, 30KpeMa, MeXaHIdHI
KOAUBAHHS AOCAIAKYBAHOTO 00’€kra. Taknil MOHITOPHHI HEOOXIAHHN B PISHHX OOAACTAX HAyKH 1
TexHikg. Meroro pobortu € 1mobyAoBa cucreMu Ha 0a3i  MIKDOKOHTPOAEpA, fIKA AAE MOMXAHUBICTDH
IIPOBOAUTH 2aHAAI3 IapameTpiB BIOpamil TEeXHIYHOrO OO’€KTa AAA 3aIOOIraHHA MOMKAHBHX aBapii.
[lpuBeAcHa  ITOCTAHOBKA  3aAa4l  IOOYAOBM — IIPOrPAMHO-AITAPATHOIO — KOMIIAGKCY Ha  0asi
mikpokoHTpoAepa STM32F407VG  aas AocaipxenHs  BiOpamiii  akceaepomerpom  LIS3DSH.
CrpoexkroBaHO Ta peasi3oBaHo (DISHYHY MOAEAD CHCTEMH, fKA BKAIOYAE MIKPOKOHTPOAEP,
TppoxocroBui nudposuit akceaepomerp LIS3DSH. Cucrema xapakTepH3yeTbcsi HHU3BKOIO I[IHOFO
TEXHIYHOro pirreHHA. B3aeMOAIf MK MIKPOKOHTPOAEPOM Ta aKCEACPOMETPOM BIADYBaeTbCA depes
irrepdeiic SPI. Po3pobaeHO Ta peaAi3oBaHO CIIEIiaAl30BaHE IPOrPaMHE 3a0€3IICYCHHA CUCTEMH, AKE
BKAIOYA€ APAMBEP AASl HAAAIITYBAHHSA, 300pY 1 OIPALIFOBAHHA AAHUX 3 aKCEACPOMETPA Ta BIAIIOBIAHE
[IporpaMHe 3a0e3IeYeHHA AAf ITOOYAOBH IpadikiB CUTHAAIB BIOPOIIPUCKOPEHHSA B YACOBIN 1 9acTOTHIHM
obaactax. IToOyaoBame mporpaMHe 3a0€3IEUCHHA AA€ 3MOIY PEaAi3yBaTH IMHPOKI (DYHKITIOHAABHI
MOXKAHBOCTI T2 € BIABHHM AAfl BUKOpHCTOBYBaHHA. [100yAOBaHA crcTeMa Ad€ MOMKAUBICTD IIPOBOAUTH
aHAAI3 mapameTpiB BiOparil 3 METOIO IepeADAYeHHs 1 3aITODIraHHA MOMKAUBHX aBapiif, 3SMEHIIIVIOYH
32TPATH IIOB’A32HI 3 BUXOAOM i3 AAAY AOPOTHX ACTAACH 1 BY3AIB.
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Korouosi cavsa: mporpaMHO-armapaTHUN KOMITACKC, BIOpaIlii, akceAepoMeTp, IPOIrpaMHe 3a0e3IIeUeHHH,
perictp, inTepderic, MIKPOKOHTPOAEP.

P

Beryn

CydacHI TEXHOAOTIYHI IIPOLIECH ITOTPEOYIOTH OE3IEPEPBHOIO KOHTPOAIO 3a Oararbma
ITAPAMETPAMH TEXHOAOITYHOrO 00AapHAHHA. OAHHMH 3 HAHBAKAUBIIINX € MEXaHIYHI
ITapaMeTpH, 30KpeMa MEXaHI9HI BIOpaIii AOCAIAKYBAHOIO OO €KTA.

[ToalOHMIT KOHTPOAB HEOOXIAHO B PI3HHX OOAACTAX Hayku Ta TexHikn. Hampmkaaa, B
HAITBIIPOBIAHUKOBIH EACKTPOHIII — AAfl KOHTPOAIO BiOpamil yCTaHOBOK BHPOIyBaAHHSA
KPHCTAAIB, 4 B MIKDOEAEKTPOHIII — AAfl KOHTPOAIO BiOparii#i ycraHoBok dporoairorpadii. B
MAaIuHOOYAYBAHHI TAKHH KOHTPOAD BUKOPUCTOBYETHCA AASl BUSHAYCHHSA BIOPALIH BEpCTATiB, 2
B aBTOMOOIABHIH IIPOMHCAOBOCTI — ITOO KOHTPOAIOBATHU BIOPAIIil OKPEMHUX BY3AIB 1 aBTOMOOIAS
B niromy. Ha 3aAisHu9HOMY TpaHCIIOPTI KOHTPOAIOIOTH BiOpariif, 11100 BUSHAYNTH HAOAMIKEHHSA
II0i3AQ, B €HEPIETHUII — AASL KOHTPOAIO BIOpaLiii AOITATOK ra30BUX TYPOIH Ta KOHTPOAIO BiOpAIIii
B Ta30IIPOBOAAX, 4 B aBlaOYAYBaHHI — IIT0O KOHTPOAFOBATH ITOAIT 1 T.II.

Orxe, po3pobKa CHCTEM IIPU3HAYECHUX AASl MOHITOPHHIY Ta aHAAI3y BIOpAIi TEXHIYHNX

O00’€KTIB € aKTyaABHIM ITHTAHHAM CbOIOACHHTI.
Pe3yabTaTn AOCAIAYKEHHA

AHaAi3 AlTEpATypPHHUX AJKEPEA TA IOCTAHOBKA IPOOAEMH BiOpalifHOi AlarHOCTUKHI
00AAAHAHHA

Po3poOACHHIO CHCTEM MOHITOPHUHIY Ta aHAAI3y BIOpAIli IPUCBAYEHO PI3HI HAYKOBO-
TexHigHi cTaTTi. 30Kpema, B poOoti Rati po3spobaeHO cucreMy MOHITOPHHIY Ta aHAAIZY
BIOpaIlifi, IIO0 BHHHUKAIOTH B eAeKTpomMoTopax (Ratd ¢ Ratd, 2014). Cucrema BHKOPUCTOBYE
wesoesexrpuannit akceaepomerp (ICP 603C11) i maary 360py Aanux Bia National Instruments (NI
6009). Bibpamifini curaasn 30MparOTbCA 3 PISHUX YACTUH EACKTPUYHHX MOTOPIB 1 IIEPEAAFOTHCA Ha
KOMITEOTEP 9epe3 IAATy 300py AaHUX. BipTyaApHHI IHCTPYMEHT, IO AA€ 3MOIY B PEAABHOMY 4aci
MouiToprrr 1 mposoanrn Pyp’e aHaAl3s OTPHUMAHUX CHIHAAIB 3 CEHCOpa BiOpaIlii peasi3oBaHO B
LabVIEW. B po6oti M. Milovancevi¢ ta in. (2074) po3poOaeHO BOYAOBAHY CHCTEMY AASl MOHITOPHHIY
BiOpariifi HacocHOro arperary Ha 0a3i MIKpOKOHTpoAepa Bia kommanii Microchip. Ilporpamme
zabesnedenns (I13) Aad 300py 1 aHAAIZY AAHHUX OIITHMI30BAHO AAfA TECTYBAHHSA IIOMII 3 TYPOOHAAAYBOM
3 mBHAKOCTAMH obepramui A0 2000 00/XB. ABTOPH IIPOBEAM BEAHKY KIABKICTH BHMIPIOBAHB 34
AOITOMOIOIO PO3POOAEHOI CHCTEMU Ha PI3HUX TypOOarperaTax AAf BUSHAYECHHSA €KCIIAYATALIITHIX yMOB
wacocuux arperatis (Milovancevii, 2074). B crarri S. M. S. Rocha rta in. (2076) omucaHo metoa
BH3HAYCHHSA IICPEMIIIICHHSA Ta IIIBUAKOCTI 3 CHTHAAIB IIPHCKOPEHHA OTPHUMAHUX 3 aKCEACPOMETPIB, a B
crarri H. Sekiya ta in. (2076) po3poOAEHO METOAMKY MOHITOPHHIY HAAIHHOCTI MOCTOBHX KOHCTPYKIILH
Bukopucrosyrouu MEMC akceaepomerpu. B crarri mobyaoBaHO cmcreMy MOHITOPHHIY BEPCTATiB i
nporiecis MexauiuHol 06pobku (Sekiya et al, 2016). Cucrema 300py BIOpaIifiHOTO CHIHAAY
6asyeTbcsa Ha MIKPOKOHTpOAepl Arduino, AKHH MAKAIOYEHO A0 KoMIr'totepa depes USB mopr.
Cnemiaapne pospobaene [13 mia LabVIEW 3untye Ta onpansoBye AaHi B peaAbHOMY MacITaoi

gacy. B crarri Goyal ta Pabla (2076) AOCAIAKEHO IPHAATHICTD MIKPO-EAEKTPOMEXAHIYHUX
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(MEMC) akceaepomerpiB Aasi moHiTopuHIy crany sepcrartis 3 UIIK. Tectn nmposeaeno Ha
peaapHO-AlTO9OMY Bepcerati 3 UIIK B tummoBomy npomucaoBomy rexy. Ilokasano, mo MEMC
AaBadl MOKYTb OYTH XOPOIIIOIO aABTEPHATUBOIO AO CTAHAAPTHHX CEHCOPIB BIOpariii, OCKIABKI
BOHHU HE IOTPEOYIOTh BAKKUX €ACKTPOMETPHYHHUX IIACHAIOBaYiB. Bubip Takoro AaBada mae
OyTH 3pOOACHHI BIAITOBIAHO AO BUMOT 3aCTOCYBAHHSA 1 PE3YABTATY TECTY HA IPUAATHICTD. PAA
aBTOPIB BHKOPUCTOBYIOTh MIKpOKOHTpoAepu Arduino B armapaTHO-IPOIPAMHIN CHCTEMI AASA
BUMIPIOBAaHHA MeXaHidHUX BiOpauii (Albarbar, 2008). B sxocri aaBauis BiGpauii BHKOpHCTAHO
akceaepomerpr  ADXIL335. PospobaeHa crcreMa BHKOPHCTOBYBAAACH AAf  AOCAIAKEHHS T2
MOHITOPHHIY BiOparifi BakyyMHOI ImOMIIH. AOCAIAKEHHS ITOKAa3aAM MOMKAHUBICTH 1 AOILHABHICTH
pO3pOOAEHHA BOYAOBAaHHX CHCTEM MOHITOPHHIY BIOpaIlii B peaAbHOMY Maciarabl dacy 3
BHKOPHCTAHHAM HeAOpororo amaparaoro ta [13. Buxopucramns IHITIOro Tuiry MIKpOKOHTpOAepa
HaBeAeHO B poborax (Hjort & Holmberg, 2015; Chandary et al., 2014). 3okpema, 3aIIpOIIOHOBAHO CUCTEMY
MOHITOPHHIY BiOpaliil pOTAIIMHAX MAIIIUH, BEPCTATIB, fKa IIOOyAOBaHA Ha MIKpokoHTpoaepi PIC-
18F6520 1 akceaepomerpi ADXL322. [TpoBeACHO AOCAIAMKEHHS Ha IIEPEBIPKY MOKAUBOCTI PEECTPYBATH
KK 9aCTOT IIOABK BIAMOB AAfA PISHHX BHIIAAKIB HecmpaBHOCTe. Hafikpammmum miaxosamu i
TEXHIYHUMU PIIICHHAMHI CEPEA OIHCAHUX BHUIIE AAS PO3B’A3AHHA PO3TAAAYBAHOTO KOAA 3aAaY MOKHA
BIAHECTH METOAH, AKi onucani B poborax (Ratd & Ratd, 2014; Rocha et al., 2016). Metoan AOCAIAKEHHSA
IPYHTYBAAUCA HA IIPOBEACHHI CKCIEPHUMCHTIB 3 PISHUMH TEXHIYHUMH OO €KTAMH, IO BKAFOYAAH
BUMIPIOBaHHA IapaMeTpis BiOparil, Ix OOpOOKy Ta aHAAlI3 32 AOIIOMOIOIO BAACHO PO3POOAECHHX
AIMApaTHO-IPOTPAMHEX CHCTeM. PO3pOOACH] CHCTEMH € 3aKPHTHUMU T4 MAIOTh BHUCOKY ITiHY, IIIO HE A€
3MOTH POBIIUPIOBATH X (PYHKIIOHAABHI MOMXAHBOCTI Ta MOAUMIKAIIIO AO BIAIIOBIAHUX HOTPED
excrayaramnil. OTxe, aHAAI3 ICHYIOYHX IIAXOAIB Ta TEXHIYHUX PIIIIEHb IIPHUBIB AO PO3POOACHHS AKICHO
HOBOI HEAOPOroi BIAKPHTOI amapaTHO-IIPOIPAMHOI CHCTEMH MOHITOPHHIY BIOpaIiii B peaAbHOMY
Macirradl gacy (Semenety & Leonidov, 2019; Aeonidos ma Cemeneys, 2019; Leonidov, 2014; Cemerneys ma
Aeoridos, 2023; 3ybxos ma in., 2022, Cemeneys ma Aeonidos, 2020a; Cemeneys ma Aeonidos, 2020b). Taka
cucremMa Ma€e OyTr IOOYAOBaHA Ha AOCTYIIHHUX 1 HEAOPOTHX KOMIIAEKTYIOYHNX, BiakpuTomy 13
Ta 3 MOMNKAUBICTIO MoAuikamii a0o posmrupeHHs ii (YHKIIOHAABHHX MOMKAHUBOCTEH

BIAITOBIAHO AO BUMOT T2 OOAACT] 3aCTOCYBAHHS.

ITomrepeani aani

Buxoasun 3 aHaAidy, IIPOBEACHOIO BHINE, HAMOIABII ITIAXOAAIIMM BapiaHTOM €
BuKOopucTaHHA AaTanukiB MEMS Triry. OcoOAUBICTIO TAKUX AATIHKI € MAAUH PO3MIP KOPITYCY
Ta HHU3bKA IiHA. DIABIICTD TAKHX AATYHKIB IATpEMYIOTH iHTepdpeiic SPI. 3 maiibiapmr
CydacHHX MOAeAeH MO:xAuBO BuaiamTa LIS3DSH, fxuil mo3uiioHyroThCs BUPOOHHKOM fAK
creriaAi3soBaHe PIlIeHHA AAA PO3POOKH BIOpOMeTpiB IpoMuCAOBOrO obAasuanuA. LIS3DSH —
1€ AATYHK PYXY 3 HU(PPOBUM BHXOAOM (BUTOTOBACHUI 32 TexHOAOTiEI0o MEMS).

Sacmocysanna: Iurepdpeiic KOpHCTyBada AAA KEPYBAHHAM PyXOM, Irpu Ta BipTyaAbHA
PEAABHICTE, KPOKOMIp, IHTEACKTYaABHE EHEPrO30EpPEKEHHA AAfA ITOPTATHBHUX IIPHCTPOIB,
OpieHTALisl AMCIIACSH, PO3II3HABAHHS KAALAHHSN/TIOABIHHOIO KAALIAHHS, PO3II3HABAHHS Ta
peecTpariifi yAapiB, KOHTPOAB 1 KOMIICHCALIIA BIOpAIIiH.

Onue. ILIS3DSH — 116 BUCOKOIIPOAYKTHBHHI TPHOXOCHOBUI AIHIHHUIT aKCEAEPOMETP 13
HAAHU3BKAM CHEPIOCIOKHBAHHAM, IO HAACKHTb AO CIMEHCTBA «HAHO» 3 BOYAOBAHHM
KIHIIEBIM aBTOMATOM, AKHH MOKHA 3aIIpOIPAMYBATH AAfl peaAisanii aBTOHOMHHUX ITPOIPaM.

LIS3DSH wmae mosui mkaan +2g/F+4g/+6g/+8g/+16g i Bim 3AarHMII BumiproBatu
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IIPUCKOPEHHA 31 INBHAKICTIO BHXIAHEX AaHmx BiA 3,125 I'm ao 1,6 KI'm. Moxausicts
CAMOIIEPEBIPKA  AO3BOAfIE  KOPHCTYBAa4eBl IIEPEBIpUTH POOOTY AATIMKA B  KIHIIEBOMY
3aCTOCYBAHHI.

[IpucTpiit MOKHA HAAAIITYBATH AASl TCHEPYBAHHA CHUTHAAIB IT€PEPUBAHHSA, AKTHBOBAHUX
I_Ha6AOHaMI/I pyXy, BHU3HAYCHUMN KOpHCTyBa‘ICM.

LIS3DSH mace inTerpoBanuii Oydep — «rrepIium yBinmos, mnepiaum suiimosy (FIFO), o
AO3BOAfIE KOPHCTYBAYEBl 30epiraT AaHI AAA 3MEHIIIEHHA BTPYYaHHA TOAOBHOIO IIPOLIECOPA.
LIS3DSH aocrtymuunii 'y HeBeAMKOMy TOHKOMY mAactukoBomy kopmyci (LGA), 1 Bim
rapaHTOBAHO IIPALFOE B PO3ILIUPEHOMY Alarrasoni temmepatyp sia —40°C a0 +85°C.

Yymausicms. UyrauBicte MOKe OyTH BH3HAYECHA, HAIIPHUKAAA, IIPUKAAAAIOYH AO HBOIO
npuckopeHHA 1g. OCKIABKI AATYHK MOKE BUMIPIOBATH IIPHCKOPEHHA IOCTIHOTO CTPYyMY, 1€
MOJKHA AETKO 3POOHTH, HAIIPABUBIIIN BICh IHTEPECY AO LICHTPY 3€MAL, BIASHAYHBIIIH BHXIAHE
3HAYCHHS, OBEpHYBIIN AaT9uk Ha 180° (Bkasyrounm Ha HEOO) 1 3HOBY 3aIIaM SITABIIIM BUXIAHE
3HaveHHsA. [1pu 11bOMY AO AaT4dmKa IpHUKAAAAETBCA pruckoperss T 1g. Biarimanus Giabioro
BUXIAHOTO 3HAYEHHA BIA MEHIIIOIO Ta AIACHHS PE3YABTATy Ha 2 IIPHU3BOAUTH AO (DAKTHIHOL
YYTAHBOCTI AaTUnKa. [le 3HAUEeHHA AyiKe MAAO 3MIHFOETBCS 3 TEMIIEPATYPOIO, 4 TAKOK 3 YACOM.

Hyuwosuii pisens nepesarnmancenns. 3cys piBHA HyAboBOI 1epeBanTakenuda (TyOff) ommcye
BIAXUACHHSA (PAKTHIHOTO BUXIAHOTO CHUTHAAY BIA IA€AABHOTO BUXIAHOTO CHTHAAY 32 BIACYTHOCTI
IIPUCKOPEHHA. AATYHK y CTALIOHAPHOMY CTaHI Ha TOPU3OHTAABHIN IToBepxHi BuMiproe 0 g 1o
oci X1 0 gmo oci Y, ToAl K Bick Z mae 1 g. BuxiAHnii curaas iA€aAbHO 3HAXOAUTHCHA B CEPEAHHI
AMHAMIYHOTO Alanasony Aarguka (Bmict perictpis OUT 00h, aami BupaxeHi K AOIIOBHEHHS AO
2). BiaAxuaeHHA BIA 1A€AABHOTO 3HAYEHHA B ITbOMY BHUITAAKY HA3MBAECTHCA HYABOBHM 3CYBOM.
3MiIIIeHHA IIEBHOIO MIPOIO € PE3yABTATOM HaBaHTAKEHHA Ha AaTauK MEMS, Tomy 3mirmenns
MOZKE ACINO 3MIHHUTHCA IICAA BCTAHOBACHHA AATYHKA HA APYKOBAHY ITAATy. 3CYyB HE3HAYHO
3MIHIOETBCA B 3AA€KHOCTI BIA TEMIIEPATyPH.

Camonepesipxa. CamoniepeBipka AO3BOAfAE IIEPEBIPUTH IIPALIE3AATHICTD AATYHKA, HE
repemimmaroun #oro. PyHKINA caMO TECTyBaHHA BUMKHEHA, KOAN OiT camo TectyBamua (ST)
zarrporpamoBannii Ha «O». Koan O6iT camoTecTyBaHHA 3amporpamoBaHuii Ha «1», A0 AaT4dHKa
IIPUKAAAAETHCA CHAA IIPUBEACHHA B AlFO, IMITYFOUH IIEBHE IIPUCKOPEHHA BXIAHOIO CHTHAAY. Y
IIbOMY BHITAAKY BHUXIAHI CHTHAAM AQTYHKA AEMOHCTPYIOTH 3MIHY CBOIX PIBHIB ITOCTIHHOTO
crpymy. Koam camorecTyBaHHA aKTHBOBAHO, BHXIAHHI pIBEHb IPHUCTPOIO BH3HAYAETHCA
AAT€OPAIIHOIO CYMOIO CHIHAAIB, CTBOPECHHX IIPUCKOPEHHAM, IO Al€ Ha AATYHK, i
EAEKTPOCTATHIHOIO BUIIPOOYBAABHOIO CHAOIO.

Yymaususi enemerm. MEMS TeXHOAOTIA BUKOPUCTOBYETHCA AAS CTBOPEHHSA ITOBEPXHEBOIO
akceAepomerpa. TeXHOAOTriA AO3BOAfIE CTBOPIOBATU ITABIIIIEHI KPEMHIEBI CTPYKTYPH, K
IIPUKPIITACHI AO IHAKAQAKH B KIABKOX TOYKAX, fAKI Ha3MBAFOTBCA AKOPAMH, 1 MOKYTh BIABHO
pyXaTucs B HAIPAMKY BUMIPIOBAHOTO IIPHCKOPEHHH.

KoAnm A0 AaTdmKa IIPUKAAAA€TBCA IIPUCKOPEHHS, IIPOOHA Maca 3MIIIYETBCA 31 CBOIO
HOMIHAABHOTO IIOAOKCHHS, BHKAUKAIOYH AUCOAAAHC Y EMHICHOMY HamiBMOCTY. Left arcOanarc
BUMIPIOETBCA 32 AOIOMOIOIO IHTEIPYBAHHS 3apAAY V BIATIOBIAb Ha IMIIyABC HaIIPYTH,
IIPUKAAACHHI AO KOHAEHCATOPA.

V cramionapHOMY peKUMI HOMIHAABHE 3HAYECHHA KOHACHCATOPIB CTAHOBHUTH KiAbKa ITD.

[ToBHMIA AaHITFOr BUMIPIOBaHb CKAQAA€TBCA 3 MAAOIIYMHOIO €MHICHOTO INACHAFOBAYa, AKMM
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IIEPETBOPIOE eMHICHUI AncOaraHC Aatdnka MEMS B aHAaAOroBy HaIpyry, fika BpEINTi CTae
AOCTYITHOXO AASl KOPHCTYBa4a Yepe3 aHAAOTO-III(DPOBHUIT IIEPETBOPIOBAY.

AOCTYII AO AAHIX PUCKOPEHHS MOMKHA OTpuMAaTH depes inTepceiic [2C/SPI, o poburs
IIPUCTPI OCOOANBO IPUAATHIM AAA IIPAMOI B3a€MOALL 3 MIKPOKOHTPOAEPOM.

Lugpposi mazicmpansmi 6aoxu 1.IS3DSH. LIS3DSH micTaTh ABa KIHIIEBUX aBTOMATH, 3AATHI
3AIYCKATU BH3HAYCHY KOPUCTYBAYEM IIPOIPAMY.

IIporpama ckaapaeTbcs 3 HAOOPY IHCTPYKIIH, AKI BU3HAYAIOTH IIEPEXIA AO ITOCAIAOBHUX
craniB. MOKAMBI YMOBHI PO3TaAYKEHHS.

3 KOKHOTO CcTaHy (n) MOKAHBHII IIEPEXIA AO HACTYITHOTO cTaHy (n+1) ado ckuaaHHsA cTany.
ITepexiA AO TOYKH CKHAAHHA BIAOYBAE€THCA, KOAH «YMOBA CKHAAHHA» BUKOHYETHCA; [lepexia A0
HACTYITHOTO KPOKY BiAOyBaeThbcA, kKoau BUKOHYeThCA «HACTVIITHA ymoBay.

Koxen KiHIIEBUIT aBTOMAT AO3BOAfIE PEAAI3YBATH PO3IN3HABAHHA PI3HUX CTAHIB: BIABHE
mmaainss, npobyaxenss, 4D/6D opienranis, AlYMABHUK IyABCY Ta PO3IN3HABAHHSI KPOKIB,
KAALAHHS/TIOABIIHE  KAQUAHHS,  CTPYIIYBAHHS/IIOABIMIHE  CTPYIUYBAHHS,  OOAHIYAM
AOropu/OOAUYUSIM BHU3, IIOBOPOT/ TOABIHHHIT ITOBOPOT.

FIFO. B LIS3DSH B6yaoBane FIFO AaHEX IPUCKOPEHHA AAf KOKHOTO 3 TPHOX BUXIAHUX
kaHaAiB, X, Y 1 Z. Lle 3a0e3medye crabiabHE €HEPro30epeKEHHA CUCTEMU, OCKIABKH TOAOBHOMY
IIPOLIECOPY HE MOTPIOHO HOCTIHO OIIUTYBATH AAHI BIA AATIHKA, A€ BIH MOKE BUITH 3 PEKUMY
cHy Awmire 3a norpebu BuaassTu BaxAubi Aami 3 FIFO. Lleit 6ydep moxke mparroBata y
YOTUPHOX PI3HHUX PEKHUMAX: PEKUM 00XOAY, pexxnm FIFO, perkum mOTOKY Ta PEKHM IOTOKY
Ao FIFO. Koxen pexxum Budupaersca 6itamu FIFO_MODE.

Ompumamu dani 3 FIFO. Aami FIFO sguryrotsca gepes pericrpp OUT_X, OUTLY i
OUT_Z. Koan FIFO 3maxoautscs B pexknmi Stream, Trigger abo FIFO, onepariia unranas
perictpiB OUT_X, OUT_Y a60o OUT_Z maaae aaHi, 110 36epirarorsca B FIFO. Koxuoro pasy,
koAn AaHi 3uuTyrothes 3 FIFO, aami X, Y 1 Z momimmaroreca B pericrpu OUT_X, OUT_Y i
OUT_Z, 1 MOKHA BUKOPUCTOBYBATH OIIEParlii K OAHOIO YNTAaHHA, TaK 1 omeparii read_burst.

Lugpposi inmepgpedicn. Aoctyn ao pericrpis, BoyaoBarux y LISSDSH, moxna orpumari Ak
gepes mocAIAOBHHH iHTepderic [ 2C, rax i ugepes SPI. Ocranue mporpamue 3a0€3IEYCHHSA MOKE
OyTH HAAAIIITOBAHE AAA POOOTH B pesknMi 3- 260 4-11poBiAHOTO iHTEpdETiCY.

[TocainoBHI  iHTEepdpeficm  BiAOOpakaroTbcd  Ha 11 cami  koHTaktw.  IIloO
BuGparH/BukopucTobysatH inTepdeiic [2C, aimis CS MoBHHHA GYTH MAKAIOYEHA AO BHCOKOTO
piBHA (TOOTO MiAKAIOUeHA A0 Vdd_I10O).

ocaidosruii inmepgpedc I*C. B TIS3DSH [2C BUKOPHCTOBYETHCA AAAl 3ATIHCY AAHHX Y
pericTpH, BMICT AKHX TAKOXK MOZKHA IIPOYHTATH.

€ ABa curHaAMW, NOB'A3aHi 3 mmHOIO [ 2C: mocaipoBHA Almig cuuxpomizamii (SCL) i
mocAiAOBHA AlHIA AaHEX (SDA). OcraHHA € ABO HAIIPABACHOIO AIHIEIO, AKA BUKOPHUCTOBYETHCS
AASl HAACHAQHHA Ta OTPUMAHHA AAHHX AO /3 tarepdpericy. OOHABI AiHll mOBHHHI OyTH
miakaroueHi A0 Vdd_1O dgepes 3oBHirmHIN mATaryrounii pesucrop. Koan inrepdetic BiabHUIA,
00OMABI AiHIl MarOTh BuCOKHH piBeHb. lHTepdetic [ 2C CYMICHHH 31 CTAaHAAPTAMH IITBUAKOIO
pexumy (400 kl'm) [ 2C, 4 TAKOK 13 3BHYAITHUM PEKIMOM.

PoGoma 1% C. Tpansaxmis ma i moumHacTbCs wepes curHaa samycky (ST). ITowartkosa

ymosa BusHadaeTbcd Ak nepexia HIGH ma LOW ma aAinil Aammx, y To# wac Ak Almia SCL
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yrpumyerbcss HIGH. Ilicas toro, sk me OyAO II€peAaHO TOAOBHUM IIPHAAAOM, iHTepderic
BBAKACTHCA 3aiHATIM. HacrymHumit OafiT AAHUX, IIEPEAAHHH IIICAA YMOBH 3aIyCKy, MICTUTBH
aApPeCy IMAAETAOrO IPUCTPOIO B Ieprnx 7 OiTax, a BOCBMHIE OIT ITOBIAOMASfIE, Y FOAOBHHI
IIPUCTPIl OTPUMY€E AaHI BIA INAAECTAOTO IPHCTPOIO UM IIEpeAa€ AaHl miaAeraomy. Koam
HAACHAQETBCA aAPECa, KOMKEH IPUCTPIH y CHCTEMI ITOPIBHIOE IIEpImi CiM OITIB MiCAA yMOBHU
3AIIYCKY 31 CBOEIO aApecyro. SIKImo BOHH 30IraroTbCs, HIPHUCTPIH BBakac cebe aApECOBAHUM
TOAOBHHM IIPHCTPOEM.

[TiamopsakoBana aapeca (SAD), mos’azana 3 LIS3DSH, aopisaroe 00111xxb, TOAl six Oitn
XX MOAUDIKYIOTHCSA BUBOAOM SEL/SDO, 11106 3minnTh aapecy rpuctporo. fkrmo konrakr SEL
IMAKATOUEHO AO Arkepeaa Hantpyru — aapeca 0011101b (imaxire aapeca 0011110b, Ao korTakT
SEL miakArodeHO AO 3eMAl). Lle pimmeHHA AO3BOAfiE IIAKAIOYATH Ta aAPECYBATH ABa Pi3Hi
AKCEAEPOMETPH AO THX cammux Aiiit [2C.

ITepepada AaHHEX 13 IIATBEPAKECHHAM € OOOB’A3KOBOIO. [lepeaaBad ITOBHHEH 3BIABHHTH
Ainiro SDA mia wac immyabcy miatBeparkeHHA. [ToTiM mpuiiMad IIOBHHEH INATATHYTH AIHIFO
Aarnx LOW, mo06 Bona 3aanmmasacs c1abiabHO HH3BbKOFO ITpoTsaroM repioay HIGH rakrosoro
iMyAbcy mATBepAKeHHS. OAEpiKyBad, SKOMY OYAO aAPECOBAHO, 3000B'A3aHUI ICHEPYBATH
IATBEPAKEHHS ITICAS KOMKHOTO OANTy OTPUMAHHIX AAHHX.

12C, 86ypoBanmit y LIS3DSH, IIPAITIOE AK IAACTAMIT IIPUCTPIN, TOMY CAIA AOTPHMYBATHCS
HACTYITHOIO IIPOTOKOAY. [licas Bmkomammsa ymosu 3amycky (ST) Haacmaaerbca aapeca
IAACTAOIO IIPHUCTPOIO, ICAf ITOBEPHEHHA INATBEPAKEHHA IiaAeraoro mpuctporo (SAK)
repeaacteca 8-0itHa 1A aapeca (SUB): 7 LSb npeacraBase daxrudny aapecy pericrpa, a 61T
ADD_INC (CTRL_REGO) BusHagae IpupicT aApecH.

[Tianeraa appeca AOIIOBHIOETBCHA OITOM quraga/ sanmcy. Slxkmo Oit AopiBHIOE «1»
(auransd), ymoBa OBTOpHOro 3amycky (SR) moBuHHAa OyTH BHAaHA ITiCAS ABOX OaIfTiB ITIA
aapecw; AKITIO 01T AOpiBHIOE «0» (3aII1C), TOAOBHUI IIEPEAAE HA INAACTAUI O€3 3MIHU HAITPAMKY.

Aani mepeaarotscs B 6atitobomy dopmati (DATA). Koxua mepesada AaHux mictuts 8 OIT.
KiabkicTs OaiffTiB, IO IIEPEAAIOTBCA 332 OAHY IIEpeAady, HeoOMexeHa. AaHI IIepeAarOTbhCA
crouartky 3i craprrum oitom (MSb). fIkio npuiimay He MOKE OTPHMATH IIIE€ OAUH ITOBHHH OafT
AAHUX, AOKM BIH HE BHKOHA€ fAKYChb IHIIY (PYHKIIO, TO BIH MOKE YTPHUMYBATH AlHIFO
cunaxpomiszarii, SCL LOW, mo6 3Mmycuru mepeaaBad Iepeita B cTaH OvikyBaHHA. [lepeaada
AAHUX IIPOAOBIKYETBCA AHIIE TOAl, KOAM IIpHUHMAad TOTOBHH OTPHUMATH IIE OAUH OaiT 1
3BIABHHUTD AIHIFO AaHHX. SIKITIO IAAErAMI HpuiiMad HEe BU3HAE aAPECY IAACTAOIO (TOOTO BIH
HE MOKE OTPHUMATH, OCKIABKH BUKOHYE IIEBHY (DYHKIIIIO B PEKUMI PEAABHOTO YaCY), IIAACTAHI
npucTpiit moBuneH sasnmmTH Ainito Aarmx BUCOKUWI. Toai maticrep Moxe mepepsati
mepepauy. Iepexia Bia LOW ao HIGH ma ainii SDA, xoan ainia SCL € HIGH, susnavaersca
Ak ymosa STOP. Korkra nmepeaaya AaHEX ITOBHHHA OyTH IPHIIHHEHA reHepariieio ymosu STOP
(SP). V mpeacraBacroMy dopmarti 38’a3ky MAK — miatBepaxkenHsa rososHoro, a NMAK —
IATBEPAKEHHA OE3 TOAOBHOTO.

Tnmepgpeiic munu SPI. LISBADSH SPI e Beaenoro mmuoro. SPI Ao3Boase 3ammcyBaté T2
gprata perictpu npuctporo. IlocainoBauiT inTepdelic B3a€MOAIE i3 30BHIIIHIM CBITOM 32
aonomororo 4 susoais: CS SPC, SDI ta SDO.

CS — me akrTmBaIifi IIOCAIAOBHOTO ITOPTY, 1 BOHA KOHTPOAIOEThCA rosoBHnM SPI. Bin

3HIDKYETBCA Ha IIOYATKY IepeAadi 1 moBepraeTbesi A0 Bucokoro B kinmi. SPC — me Tafimep
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ITOCAIAOBHOTO IIOPTY, 1 HUM Kepye roroBHuH npuctpiii SPI. Bin synmuusersca Ha BUCOKOMY
piBui, koan CS e Bucokmm (Hemae mepeaadi). SDI ta SDO € BIAIOBIAHO BXIAHMMHI Ta
BUXIAHUMH AQHHMU ITOCAIAOBHOTO 1opTty. Li AiHil mpoxoasts Ha cmaparogomy dponti SPC 1
ITIOBHHHI OyTH 3aXOIIAeHI Ha HapocTatodomy dporti SPC.

I xomaBAM pericTpy UmraHHA, 1 PErICTPY 3aITUCYy BUKOHYIOTHCA 32 10 TAKTOBUX IMITYyABCIB
abo kparHi 8 y pasi umranHsm/3anmcy kiabkox OaiitiB. TpuBaaicts Oira — e yac Mix ABOMa
cmaparounmu pporramu SPC. Ilepruit 611 (Oir () MOYMHAETBCA 3 HEPIIOTrO CIAAAIOYOrO
dpouty SPC micas cmaaarouoro dponry CS, Toal sk ocrammin oOir (Oir 15, Oir 23, ..)
IIOYHHAETHCA 3 OCTAHHBOIO CIaaarogoro ppouty SPC Oe3rmocepeAHbO IEpeA HAPOCTAIOTHM
dponrom CS.

bir 0: 6ir RW. Koau 0, aaut DI(7:0) samucyrorsca 8 npucrtpiit. Koan 1, aami DO(7:0) 3
IIPUCTPOIO 34UTYIOThCA. B ocranubomy Buimaaky dirr kepye SDO ma mogarky Oira 8.

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

bir 8-15: aant DI(7:0) (pexnm 3amucy). Lle AaHi, Ak 3a1CyrOThCA HA IIPUCTPIH (CITOYIATKY
MSb).

bir 8-15: aant DO(7:0) (pesxnm unranns). Lle Aani, AKl 3YHTYIOTBCA 3 TIPUCTPOFO (CITOUATKY
MSb).

V KIABKOX KOMAHAAX YHTAHHS/3AII1CY AOAAFOTHCS AOAATKOBI OAOKH 3 8 TAKTOBHX IIEPIOAIB.
Koan 6ir ADD_INC(CTRL_REGOG) aopiBuioe «0», aspeca, fKka BHKOPHCTOBYETBCA AAA
YHTAHHA/3AIIHCY AAHHX, 3aAHUIIAETHCA HE3MIHHOIO AAf KOsHOTO 6A0Ky. Koan 6it ADD_INC
AopiBHIOE «1», aapeca, siKa BHKOPUCTOBYETHCS AASl YNTAHHS/3AIHCY AAHUX, 301ABIIYETHCS B
KOJKHOMY OAOIIL.

@yuxmii Ta moseainka SDI ta SDO 3aaunmmarorscsa HE3MIHHIMIE.

OTpumaHni pe3yabTaTn

Amapatne 3a6e3nedenns cucremu 11ooyaosano Ha MK STM32F407VG 1 tppoxocbOBOMY
nndposomy akceaepomerpi LIS3DSH. Axkceaepomerp BCTAHOBAIOETBCA Ha OO’€KTI
MoOHITOpHHTY 1 miAkArodaeTeea 1o 1uHi SPI oo MK. MikpokoHTpoaep 30upae AaHi 3 AaBada
Ta iX omparpoBye. AKCEACPOMETP BHKOPHUCTAHO fAK AaBaY AAA BHMIPIOBAHHA BIOpArii.
LIS3DSH - 1e wmiHiaTIOpHHI TPhOXOCHOBHN  Iu@pOBUN  akceAepoMeTp  dipmu
STMicroelectronics 3 maaum eneprocuoxuBanaaM. LIS3DSH BiAHOCATD AO KAACYy €MHICHHX
akceaepometpiB. Lleit mpmaaa € iAeaAbHHI AAf BUMIPIOBAHHSA AMHAMIYHUX ITPHCKOPEHD,
HU3bKOYACTOTHHX BIOpAIIH, CTATHYHUX IPUCKOPEHb IpaBitarii, pyxy i KyriB HaxwmAy. Cmyra
IIPOITyCKAHHA XAPaKTEPHU3Y€ 3AATHICTh AaBada IIOMIYATH 3MIHH IIPUCKOPEHH:A, IIO
BIAOYBAIOTBCA 3 BHCOKOIO YACTOTOIO (HAIIPHKAaA, BiOparia 3 wacrororo 1000 I'm). Ha mro
XapPaKTEPUCTUKY BIIAMBAE dYacTOTa AMCKpermsaril BOyaoBanoro ALIIT axceaepomerpa, ska
ITOBHHHA OyTH AK MIHIMYM B ABa Pa3y OiABIIIE CMYTH IIPOIIyCKAHHA.

B LIS3DSH maxcumym Bumipy — Ao 16 6it npu BumiproBanni npuckopensas +16 g 3
nocTifiHorO uyrAmBicTIO — 4 mg/LSB y Bcix Alamasonax BUMIprOBaHHS g. AKCEACPOMETP Ma€
dyHKII BHABACHHA OAMHOYHOIO Ta IIOABIFIHOTO IIOINTOBXIB, KOHTPOAIO AKTHUBHOCTI/HE
AKTUBHOCTI, (DYHKIIIO BHABACHHSA BIABHOTO ITAAIHHS; € MOKANBICTD THYYIKOIO 3aAAHHSA PEKUMIB
IIEpepHUBAHHSA 3 BUDOPOM OYAB-AIKOTO (3 2-X MOYKAUBHX) BHBOAIB II€pEpHUBaHb; 3MiHA AlaIIa30HY

BUMIPIOBAHHA, fIK 1 CMyTH IIPOIYCKAHHSA, BHOUPAETHCA IIOAAYCIO BIATIOBIAHOI KOMaHAHN. Taka
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BOYAOBaHA CHCTEMA ITOCTIFHO BIACAIAKOBYE BIOPAIIIO, HAIIPHKAAA, IIPALIFOIOYOIO BEPCTATY, B
PEKUMI PEaABHOTO 4acy 1 aHaaisye mapamerpu BiOparii. CucremMa BHAAE IIOIEPEAKYBAABHI
ITOBIAOMAEHHSA 2400 3YIHHAE BEPCTAT Y BHUIIAAKY BHHHKHCHHA HEIPHUITYyCTUMUX BiOpariii —
3aII00IrafOYH TaKHM YHHOM MOKAMBI ITOAOMKH 1 aBapil. CHcrema Tako)K Mae HaAaBaTH
AOCTATHIO 1H(OPMAIIFO KOPHCTyBady, IMOO BIH 3MII PO3IMI3HATH MOXKAHUBI IIPOOAEMH 1
HPUWHATH HPOMIAAKTHYHI 3aXOAH HA OCHOBI aHAAI3Y CIEKTPY BiOparii XapaKTepHOIO AAf
KOHKPETHOTO BUPOOY.

Cucrema B 3MO31 CBOEYACHO IIOIIEPEAHTH IIPO HMOBIPHY HECIIPABHICTB, IO A4€

MOKAUBICTD KOPUCTYBA4y 3AICHUTH CBOE€YACHI IPOMIAAKTUYIHI 3aX0AH.

OGroeopenna

MowuitopuHr cymapHOI BiOparii Mae 3AIFICHIOBATHCA K B YaCOBOMY, TaK 1 B YaCTOTHOMY
AlarrazoHax. B wacoBomy AlammasoHi cucrema Ge3mepepBHO BIACAIAKOBYE CTaH BHPOOY B PEKUMI
peaApHOTO vacy, Ha OCHOBI IIHPOKOCMYIOBOIO BHMIPIOBAHHA  BIOPOIIIBHAKOCTEH,
BIOpOIPHCKOPEHSD 1 BIOPOIIEPEMIIIIEHB.

B wacrorHOMY AlammazoHi MoKe OyTH BCTAHOBACHHI PAA TPAHHIID ITOIEPEAKYIOUNX 1
aBAPIITHUX CUTHAAIB AAf PI3HHUX YaCTOTHHX Alarra3oHiB. i Alalta3oHu ITOKPUBAIOTH BECH CIIEKTP
BIOpaIIif 1 AAFOTB 3MOI'Y IIPOBECTH aHAAI3 PIBHA BIOPAIIH B KOHTPOABOBAHII 00AACTI HA IIPEAMET
IIEPEBUILICHHA AOIYCTHMUX MEK IO BCBOMY YaCTOTHOMY CIIEKTPI.

Pospobaenuit aaropurm (pyHKIIOHYBAHHA CHCTEMH BKAIOYAE TaKi KPOKH:

Kpoxk 1. Inimiaaisamis akceaepomerpa LIS3DSH ma mmni SPILL

Kpox 2. 3unrysamua 3mavennsa 3 perictpa WHO_AM_I 1 mepesipka HOMepa
aKceAepoMeTpa.

Kpok 3. HaaarrryBamns akceaepomerpa LIS3DSH.

Kpok 4. BcranoBAeHHA 3HAYEHD AUCKPETH3AIII] TA PEKUMY ITIEPEPHBAHD.

Kpoxk 5. BcranoBAeHHA AlaITa30HY BUMIPIOBAHHSA Ta PO3IIOAIABHOI 3AATHOCTL.

Kpok 6. CrapT BUMiproBaHHA.

Kpok 7. 3armc 3aavens y Oydep 1o IepepuBaHHIO Ta OYIKYBAHHA 3aIIOBHEHHSA Oydepy .

Kpox 8. Ilicas szamoBuenus Oydepy Bukopuctanusa FIFO aafl mepeBeAeHHA PAAY Y
9YACTOTHE ITPEACTABACHHA.

Kpok 9. ITepeaaua 3a aoorromororo USB.

Kpox 10. Ilicas rrepeaadl movaToK BUKOHYBAHHA 3 KPOKY 0.

Pospobaeno macryai yHKIIii:

e  void Accel_Ini(void) — dpynkuis ixirmiaaizanii AaTIHKa;
e  static void Error (void) — pyHKIIA-0OpOOHIK ITOMIAKH;

e Accel IO_Read(uintl6_t DeviceAddr. uint8_t RegisterAddr) — dynkiiia duraHss AaHEX 32

AAPECAMH AATYHKA T PETICTPY;

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

pYHKIIIS 3AIIHCY AAHUX 32 aAPECAMU AATIHKA T4 PETICTPY;
e uint8_t Accel_ReadID(void) — dymxmia duranHa aApecH MIKpOCXeMI;
e  void Accel_AccFilterConfig(uint8_t FilterStruct) — dpyHkiia mAkAroUeHHA PIABTPY;

e  void Acclnit(uintl6_t InitStruct) — dyHKIiA iHiIIaAI3AII] HAAAIIITYBAHB;
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void Accel_GetXYZ(intl6_t* pData) — dyHKIIiA 3YHTYyBaHHA ITOKA3HUKIB AKCEABPOMETPA;
static uint8_t SPIx_WriteRead(uint8_t Byte) — dynkItia aas npuiiomy Ta mepeAadi AaHHIX
o irTepdeticy SPI;

Acclnit(ctrl) — dynxmiro ocHOBHOI iHinaAi3amil akceAepoMeTpa.

3 DATASHEET oTprMyeMO KOHCTAHTH AASl HAAAIIITYBAHHSA CHCTEMH:
LIS3DSH_DATARATE_100: 3mauenusa 0X60: AaHUM 3HAYEHHAM MU BKAFOYHMO OITH
ODR1 ta ODR2, TiM caMuM HAAQIIITyEMO IIBHAKICTD HepeAadl Aaux 100 I'm.
LIS3DSH_XYZ ENABLE: smauenns 0X07: BKAIOYHMMO OITM BCiX OCEH, THM CAMIM
BU3HAYAEMO PEKHM POOOTH AATYMKA, IPU AKOMY BiH 34NTyBATHME AaHI BCIX TPHOX OCEH
(x,y 12 2).

LIS3DSH_SERIALINTERFACE_4WIRE: 3mauenusa 0X00: 1eir OiT BIAIIOBiAae 3a
BKAIOUCHHSA pexxnuMy iHTepdericHol mmun. 3asummaemo 0, THM CAaMHM MH BKAIOYHMO 4-
rposiaamii SPI.

LIS3DSH_SELFTEST_NORMAL: 3magenna 0X00: Tyr M# mIO3Ha49MMO, IO HE
BrArogaTaMemo Oitu 112 (ST1 1 ST2), Tum camMuM BKAIOYHMO PEXUM CAMO TECTYBAHHA
(3BHYANHUIT PEKIM).

LIS3DSH_FULLSCALE,_ 2: smavenmsa 0X00: 6itn FSCALE My Tako:x He BKAIOYAEMO, THM
CAMHUM BH3HAYAEMO PEKUM POOOTH AKCEAEPOMETPA, IIPH AKOMY BiH BUMIPIOBA€ IIOKA3AHHSA
IO BCIX OcfX B Mexkax Bia -2G a0 +2G.

LIS3DSH_FILTER_BWS800: 3ragennsa 0X00: 61Ty mmupuHu cMyru IpoIycKkanHa piAbTpa
3raapKyBaHHA. M IX He BCTAHOBAIOEMO, TOMY ITHPHHA CMYI'H IIPOITYCKAHHA Y HAC OyAe
800 I'm.

LIS3DSH_SENSITIVITY_0_06G. Tyr Mu HasamToByeMo 9yTAmBicTh AaTunka A0 0.06
mg.

34nTyBAHHA MOAOAIINX T4 CTAPIINX OANTIB 10-OITHHX ITOKA3aHb, BUMIPAHUX 32 KOKHOIO

3 TPHOX OCEH, BUKOHYETHCA HACTYIIHUM YHHOM:

Accel_10_Read(&ecrtl, LIS3ADSH_CTRIL_REGS5_ADDR, 1);
Accel_10_Read((uint$_t*)&buffer[0], LIS3SDSH_OUT_X_I._ADDR, 1);
Accel_10_Read((uint$_t*)&buffer[1], LIS3ADSH_OUT_X_H_ADDR, 1);
Accel_10_Read((uint$_t*)&buffer[2], LISSADSH_OUT_Y_I. ADDR, 1);
, LIS3BDSH_OUT_Y H_ADDR, 1);
LIS3IDSH_OUT_Z_I1. ADDR, 1);
LIS3BDSH_OUT_Z_H_ADDR, 1).

Accel_10_Read((uint$_t*)&buffer[4
Accel _I0_Read((uint8_t*)&buffer[5

bl

]
]
Accel_IO_Read((uint$_t*)&buffer|3]
]
]

bl

BucuoBxu

CIHpoeKkTOBaHO Ta PeaAi3oBaHO (DIBUYHY MOAEAD CUCTEMH, AKA BKAIOYAE MIKPOKOHTPOAEP,

TppoxochoBuE nudposuii akceaepomerp LIS3DSH, sxa xapakrepusyerbcsi BHCOKHMUI

E€KOHOMIYHHMH IOKa3HUKAMHI TEXHIYHOTO PIITICHHS.

Pospobaeno Ta peasizoBaHo cremiasizoBane 13 cucremm, fike BKAIOYAE ApPAHBEP AAA

HAAAIITYBAHHA, 300py 1 OIpPAIlIOBAHHA AAHHX 3 aKceaepomerpa Ta BiamosiaHe I13 Aas

110OYAOBH rpadpikiB CHrHAAIB BIOPOIIPUCKOPEHHA B 9aCOBIH 1 gacTOTHII 00AacTax. [TobyaoBane
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[I3 aae 3mory peaaisyBarn IHHPOKI (PYHKIIOHAABHI MOKAHBOCTI Ta € BIABHO
BHKOPHCTOBYBAHHM.

[TobyaoBaHa cHCTEMA AA€ MOMKAUBICTH IIPOBOAUTH aHAAI3 ITapaMeTpiB BIOpariii 3 MeTOXO
IepeAdaveHHA 1 3aIOOIraHHA MOMKAUBHX aBapii, 3MEHIIYIOYM TAKAM YHHOM 3aTPaTH, fAKl

ITOB’A3aH] 3 BUXOAOM 13 AGAy AOPOTHX ACTAAEH 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.

P

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; Guvenc 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) RF 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-Sa’d et al. developed a deep learning system to classify drone types and flight patterns (A4
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. (2076)
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.

(2076) 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., 2019). 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.

82



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 designed 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 runge
RF signal RF receiver o Obstacle-free o 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 runge o Regulations on RF license

« Vulnerable to obstacles

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

« Miniaturized weather

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

e Miniaturized

Low accuracy
High signal detection com-

plexity
Table 2. Drone Neutralization Technologies
Destructive Nime Advantages Disadvantages References
Hijacking « Enable sale landing o Only aviilable lor drones wsang known [100]
Non- - - Proloc i
e Spooling o Wide availability o Ditlicull 1o control (1ot
EIOHTS e Includes autonomous and  manual o Possibly nullified by manual control
flight
Greafencing « Simultancous response e Only wailable for communicable [TOZ-[T0E]
o Easily extended drones
« Modified or disabled by drone opera-
tors
RF jamming « Simple, mstant procedure o Can allect nearby facilities [105], [106]
o Effective for drones using unknown o Not effective for nutonomous drones
protocols
Capture = Available for follow-up investigation « Difficult to target and hit [TOTHITTI]
+ Ground and serial solutions available o Possible damage during landing/crush
Laser e Long runge o High maintenunce and operalion cost [z
D i « Confirmatory destruction e Generally unsuitable or unavailable
eslructve 4qt 101
for non-military facilities
Killer drone o Low maintenance and operation cost o Hard to target and hit [331, T1713]
o Possible simultanecus response 1o o Deregulation for public drose flight
multiple drones reqquired
Anti-alreraft o Confirmatory destruction o High maintenance and operation cost [T14]
weapons o 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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OTpuMaHHA IIAIBOK HA OCHOBI HITPHAIB METAAIB METOAOM MAarHETPOHHOI'O HAIIMACHHA
Ta AOCAIAKEHHS X OIITUYHUX BAACTUBOCTEN

Anomayia: V pobOTI METOAOM PEAKTHBHOIO MATHETPOHHOTIO HAITMACHHS OTPHUMAHO IIAIBKU HITPHAIB
THTaHy, cpibaa, oroBa (TiIN, AgN, SnN) Ha kBapIoBux maKAaAKax. AAf ITBOrO HaME OYB PO3POOACHMI
IIAAHETAPHUN MATHETPOH Ha IOCTIHHUX MArHITax, 3 HECKOMIICHCOBAHOIO MATHITHOIO CHCTEMOIO 3
AHCKOBIM KaTOAOM. Orprumani 3pasku maiBok TiN, AgN, SnN pisaux koHiryparii. Aafd OTpUMaHEX
3pasKiB  AOCAIAKEHI CIIEKTPAABHI XapaKTEPUCTHKH IIPOIYCKAHHA CBiTAa. EKcrepumeHTaAbHO
BCTAHOBAEHO AAf AOCAIAKYBAHUX 3Pa3KiB HAABHICTP OCHOBHHX CIIEKTPAABHHX MakcumymiB 450 Ta 570
uM. OOrpyHTOBaHO (PI3UYHI MEXAHI3MH HAABHOCTI AAHHHX MAKCHMyMiB. BAOCKOHAAGHO TEXHOAOIIIO
MArHETPOHHOIO HAIIMACHHSA METAAIB B PEAKIIHHNX ra30BUX aTMOC(EPax Ta OOIPYHTYBAHO MOMKAHBOCTI
BUKOPHUCTAHHA OTPHUMAHUX ITAIBOK HITPHAIB METAAIB B AKOCTI OITHYHHIX (DIABTPIB T4 ITHPOKO3OHHIX

HAIIBIPOBIAHHKOBHX MaTePIaAlB AASl CTBOPEHHS IE€TEPOIIEPEXOAIB.
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Kruosi crvsa: maiBku mHiTpraie Metaais: TiN, SnN, AgN, maaHeTapHIIT MATHETPOH, METOA PEAKTUBHOIO

MargeTpoHHOro BU-HanmmAeHHSA, OITHYHI XapaKTEPUCTHKH.

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,
ZLhukov et al., 20006). 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, CuN, and AgN
can be used in sensors, and devices for generating surface acoustic waves, photonic crystals, and
LEDs (Musil et al., 2007; Nakamunra et al., 1994). Due to their wide band gap, TiN, CuN, and
AgN semiconductors can be used as detector materials for detecting ultraviolet radiation
(Nakammura et al., 1994; 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
(Zbao 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
(Taruz, 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., 2006). 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 more.

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);

o 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).
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Sputtering was performed under normal conditions and during the initial holding of the
samples in a vacuum (residual pressure in the vacuum chamber was 10 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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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 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 S#reprococcus
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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IlepcnexTuBy 3aCTOBYBAHHA OY3MHH YOPHOI y TEXHOAOTII pepMeHTOBAHUX
CHPOBATKOBHUX HAIIOiB

Apmnomayin: Hacboroani mommrt Ha XapdoBi IPOAYKTH 3 AOAABAaHHAM (DYHKIIOHAABHHX IHIPEAI€HTIB
3HAYHO 3PiC 3aBAAKH IX BHCOKIH Xap9oBil IIHHOCTI Ta ITO3MTHBHOMY BITAMBY Ha OPTaHI3M AFOAWHH.
OG’€KTOM AOCAIAKEHHA € TEXHOAOIIYHHN IPOIeC BHPOOHHUITBA (DEPMEHTOBAHUX CHPOBATKOBHX
HamoiB. [IpeAMeTOM AOCAIAKEHHS € CHPOBATKA, €KCTPAKT LBITYy OY3HHH, IIFOpe 3 ArA OY3HHH,
depmerTOBaHl CUpOBaTKOBI HAIOl. MeTOIO AOCAIAMKEHD € PO3POOACHHA TEXHOAOTIL (pepMEHTOBAHIX
CHPOBATKOBHUX HAIIOIB 13 POCAMHHOIO CHPOBUHOIO, DAraTorO Ha OI0AOIIYHO aAKTHBHI PEYOBUHU. Y CTATTI
PO3POOAEHO TEXHOAOTIIO (PEPMEHTOBAHHX CHPOBATKOBHX HAITOIB 13 AMKOPOCAOIO POCAHHHOIO
CHpPOBHHOIO, 0OAraToro Ha OIOAOTIYHO AKTWBHI PEYOBHHH, a caMe Oy3HHOIO YopHOrO. Bona mictuth
BHCOKUIT BMICT (heHOABHUX CIOAYK (516-8974 mr/100 r cyxoi BoAM), 3 AKHX HAHOIABIIE aHTOLIAHIB, 10
BiAOMI CBOIM OAArOTBOPHHM BIIAMBOM Ha OpraHisM. UHCAEGHHI AOCAIAKGHHA IIPOAECMOHCTPYBAAH
AHTHOKCHAAHTHY 3AQTHICTH, aHTHOAKTEPIaABHI, IIPOTHUBIPYCHI, IPOTHAIAOETHYHI T4 IIPOTHUITYXANHHI
BAacTUBOCTI AriA Oysuuu. [Tiaibpano dpopMu BHECEHHA AO CHPOBATKU (EKCTPAKT 3 IBITY Ta IIFOPE 3 ATIA
Oysunau 4vopuoi). [IpoBeaeHnIT aHAAI3 CHPOBHHH IIOKA3aB AOLUABHICTH BUKOPHUCTAHHA CIHMTPOBOIO
eKCTpaKkTy 3 wBiTy OysuHH Ta sAriA OysmHm y croiBBiagOmIeHHI 1:1. Po3pobaeHO TeXHOAOIIIO
IIPUTOTYBAHHSA ITEOPE 3 AriA OY3HHH T2 BCTAHOBACHO HOTO OITHMAaABbHI A03H. Po3paxoBaHO perenrypy
depMEHTOBAHUX CHPOBATKOBUX HAITOIB, 30KpemMa pexoMeHAOBaHO BHeceHHA 10% 1 15% mrope i3 Aria
Oysurn. Ha OCHOBI AOCAIAMKEHB OITMCAHO OPraHOACIITHYHI Ta (DISMKO-XIMIYHI HOKA3HHKH TOTOBOTO
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HIPOAYKTY. 13 30iABIIIEHHAM KIABKOCTI IFOPE 13 AriA Oy3uHNI A0 15 % 30iABIIyBaAace 1 B’A3KICTH TOTOBOTO
poAykTy. Bukopucranus Streptococcus thermophilus tex cupuuanase 36iapmreHss B’s3kocti. Orprmani
IIPOAYKTH MaAW BHCOKI CMAKOBI IKOCTL.

Korouosi ca0sa: Texnonoris, cuposaTka, Oy3HHA YOPHA, EKCTPAKT OY3HHM, IIFope OysuHu, (hepeMeHTOBAHI

CHPOBATKOBI HAIIOI, OPraHOACIITUYHIT ITOKA3HUKH, (PI3HKO-XIMIUHI ITOKA3HIKIL.

PR

Beryn

XapuoBa IIPOMHUCAOBICTH 323HAE ITOCTIHHHUX 3MIH dYepe3 BHUCOKI BHMOTH AO fAKOCTI
IIPOAYKTIB Xap4yBaHHA Ta 3MIH YyIOAODaHB crioxuBaviB. Hacproroami mommTt Ha Xapdosi
IIPOAYKTH 3 AOAABaHHAM (DYHKIIOHAABHHX IHIPEAIEHTIB 3HAYHO 3PIC 3aBAAKMA IX BHCOKIH
OI0AOTTYHIH IIHHOCTI TAa ITO3UTUBHOMY BIAUBY Ha oprauism AtoauHu (Cabayxa ma in, 1993).
PospobaeHHA (DYHKIIOHAABHHIX IIPOAYKTIB € OCHOBHUM HAIIPAMOM PO3BUTKY Ta IHHOBAIIH Y
xapuoBiii raaysi (LllyGpascexa, 2008). PyHKuioHAABHI HAIIOI MOXKYTb OYyTH AOIOBHEHI 20O
30aradeni (PyHKIIOHAAPHUME IHIPEAIEHTAMH, TAKAMH fK BITAaMiHH, MiHepaAu, OlOAKTHBHI
IIETHAY, IIpoOioTuky, mpediotuku Ttommo. Ilomaa 40% yHKIIOHAABHEX ITPOAYKTIB
XapUYyBAHHA CTAHOBAATD MOAOYHI IIPOAYKTH, 30KpemMa dpepmerToBani Hartol (Bacuasuax, 2005).

[Tupoxoi momyaspHOCTI HaOYBAIOTDH fAK CBIAI, Tak 1 hepMEHTOBAHI CHPOBATKOBI HAIIO! 13
BUKOPUCTAHHAM POCAHMHHO! CHPOBUHH, 30KpeMa B KOMOIHAII 3 pisHUME (PpPyKTaAMU, ATOAAMI
Ta cokammn. lle cTaA0 MOAHHM TPEHAOM Y O3AO0pOBUOMY xapuyBaHHL. [lepeBaroro Takmx
IIPOAYKTIB € HEBUCOKA BAPTICTh, IO POOHUTH IX AOCTYITHIMU AAA ITepecianoro cuoxusada (I pex
ma Kpacyaa, 20115 Causka ma in, 2016; FOxano, 2002).

MoaAo4Ha CHPOBATKa, AKA YTBOPIOETHCA B IIPOLIECI KOATYAALI Ka3elHy IIpH BUPOOHMIITBI
cupis, mictutb 6,3% cyxux pedoBuH (3 Hux 4,5% Aaxrosmn), 0,3% morounoro xupy, 0,9% 6iaxa.
Bomna xapaxrepusyersca 30aAaHCOBAHHM BMICTOM HE3aMIHHHX aMIHOKHCAOT (METIOHIH, AI3HH,
TCTUAUH, TpUITO(AH T4 1H.), AKl 3a0€3I1€IyIOTh PEreHEPAIIO OIAKIB IIEUIHKH, ITAA3MH KPOBI Ta
remorao0iny. CupoBatka Takoxk Oarata Ha Bitaminu rpymu B, A, C, E, HikotHHOBY T2 (pOAieBY
KHCAOTH, XOAIH, OIOTHH Ta iH.; Ha MiHEPaABHI PEYOBHHH — KAABIIIH, KaAlld, MarHii, dpocdop,
ma Axi npumasae 0,6%. Brucoka mMacoBa gacTka AAKTO3H € OAHHM 3 (PAKTOPIB HOPMAaABHOIO
TPaBACHHA Ta 30epesKeHHA 3A0pOBOi Mikpodropu kurneunuxa (bizuk, 2009).

Aroanm OysmHH IiHYIOTBCA 32 IX AHTHOKCHAAHTHI BAACTHBOCTL. Sambucus nigra e
HAA3BHYANHO IIOIIHPEHOIO POCAHMHOIO B AHKIH (aopi VkpaiHm, asre BOHA HEAOCTATHBO
BUKOPHUCTOBYEThCA. DBy3nHa BUKOPHCTOBYETbCA B CYJACHIM 1 TPAAUIIIHIN MEAHITIHI 3aBAAKH
CKAAAHOMY XIMIYHOMY CKAAY IAOAIB. Bucokwuii BmicT penoabrux cioayk (516-8974 mr/100 r
Cyxol BOAM), 3 AKHX HalOiAbIIe aHTOIaHIB. DEHOABHI CIIOAYKH BIAOMI CBOIM OAArOTBOPHHM
BIIAUBOM Ha OpraHi3sM. UHCAEHHI AOCAIAKEHHSA IIPOAEMOHCTPYBAAH AHTHOKCHAAHTHY
3AATHICTD, aHTHOAKTEPIaABHI, IIPOTUBIPYCHI, IIPOTUAIAOETHYHI Ta IIPOTUIIYXANHHI BAACTHBOCTI
dpykriB. BBamaerbcs, IO OIABIICTD AIKYBAABHHX BAACTHBOCTEH ATA Oy3HHH MOKHA
CIBBIAHECTH 3 AHTHOKCHAAHTHOIO AKTHBHICTIO, AKY BOHHU MaroThb ([ lepecada ma Kupniuenxosa,
2022y Cunernro ma in, 2022, Xomuu ma in, 2012).

Tomy BHKOPHCTAaHHA LBITYy Ta AriA OY3HHH y TEXHOAOI (DEPMEHTOBAHUX HAIIOIB i3

CHPOBATKH AO3BOAUTH CTBOPUTH IIPOAYKTH IABUIIEHOI OIOAOTIYHOI HIHHOCTI 13 AIKyBAABHO-
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IPOIAAKTHIHIMI BAACTUBOCTAMI.

OOG’eKTOM AOCAIAKEHHA € TEXHOAOTIYHHUM IIpoIleC BHPOOHUITBA (HEePMEHTOBAHUX
CHPOBATKOBUX HAIOiB. [T peAMETOM AOCAIAIKEHHSA € CHPOBATKA, EKCTPAKT IBITY OY3HHH, IIFOPE 3
AriA OysuHH, hepMEHTOBAHI CHPOBATKOBI HAIIOL.

MeTOr0 AOCAIANKEHD € PO3POOACHHA TEXHOAOT (PEPMEHTOBAHIX CHPOBATKOBUX HAIIOIB 13
POCAMHHOIO CHPOBHHOIO, OaraToro Ha OIOAOTIYHO aKTUBHI PEYOBHHH.

BiAIIOBIAHO AO ITOCTABAEHOI METH BU3HAYEHO TaKi 3aA24l:

—  AOCAIAUTH IIPOLIEC eKCTPAKII i3 kBiTiB Oy3uHu BAP aAs HarIO1B;
—  OOIpyHTYBaTH HEOOXIAHICTD BUKOPHUCTAHHSA IIFOPE 13 ATIA Oy3HHH;

—  VIOYHHTH TEXHOAOIIYHI IapaMeTpH BHUPOOHHUIITBA (PEPMEHTOBAHNX CHPOBATKOBUX
HAIIOIB;

—  BH3HAYMTH IX OCHOBHI OPraHOAEITHYHI Ta (DI3UKO-XIMIYHI ITOKA3HHIKH.
OcHOBHA yacTUHA

MarepiaAu Ta METOAH AOCAIAYKEHB

AocAiakeHHA TPOBOAUAU y AabopaTopii KadeApH TEXHOAOT MOAOKA 1 MOAOYHHX
IIPOAYKTIB  /\BBIBCBKOTO HAIIOHAABHOIO VHIBEPCHUTETY BETEPUHAPHOI MCAHIIHMHH  Ta
6ioTexnoAorii imeni C.3. Ixumpkoro.

V meprmifi cepii AOCAIAKEHD 3AIFICHIOBAAH BHOIP HETPAAUIIITHOI AMKOPOCAOBOI CHPOBHHI,
AKa XaPAKTEPHU3YBAAACA O BUCOKUM BMICTOM OIOAOITYHO aKTUBHUX PEYOBUH AASl CHPOBATKOBHX
depMeHTOBAHIX HAIIOIB; AOCAIAKYBAAN IIPOIIEC EKCTPAKIL IBITY OY3HHH, IATOTOBKY ITFOpPE 3
AriA Oy3HHH.

V Apyriii cepii AOCAIAKEHD PO3POOAAAN PELIEIITYPH Ha CUPOBATKOBI (pepMEHTOBAHI HAITOL
13 BUKOPHCTAHHAM HOBOI CHPOBHHHI; OOIPYHTOBYBAAU OCOOAHMBOCTI TEXHOAOTTYHUX OIICPALLH
Ta OIIHIOBAAH AKICTb TOTOBUX ITPOAYKTIB.

AAf IpUTOTYBAHHA CHPOBATKOBUX (PEPMEHTOBAHHMX HAIIOIB BUKOPHCTOBYBAAH TaKi BHAH
MOAOYHO! CUPOBATKHU:
®  HATHBHY MOAOYHY CHPOBATKY OTPUMAHY 3-IIA CHPY KHCAOMOAOYHOI'O 3 MACOBOFO YaCTKOIO

cyxux pegosuH 5,5%, kucaoraictio 70°T;
®  OCBITA€HY MOAOYHY CHPOBATKY, OTPHUMAaHy 3a AOIIOMOIOIO TEIIAOBOI AEHATypariii 3a

temrrepatypu 90...95°C 3 HacTyIIHIM BIAAIACHHAM OIAKIB.

AAf 3aKBaIyBaHHA BUKOPHCTOBYBaAH 3akBacky Kefirl2 kommanii Chr.Hansen, Ao ckaaay
AKOI BXOAATH Me30(iAbHI 1 TepMOMIABHI MIKPOOPraHI3MH, a TaKOK MOAOYHI APLKAKI
ApLKAKOBI  KyABTYpH  BiAlOpami 3a ix 3paTHICTIO 3a0e3medyBatd  302AAHCOBAHMIMA
KHCAOMOAOYHHH CMaK 1 apOMaT HAIIOXO.

AAf IOKpaIlieHHA KOHCUCTEHIII IIPOAYKTY AO 3aKBACKHM B KOMOIHAI! 3 Me30(IABHIME
MIKPOOpTraHIi3MaMU BBEACHHUIT Streptococcus  thermophilus, AKUE AO3BOASE AOCATHYTH IyCTOI
crpykrypu (boonapuyx ma in., 2010).

Cxaana xkyastyp saxsacky Kefirl2: Lactobacillus acidophilus, Lactobacillus rhamnosus, 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 Lactococeus lactis subsp. cremoris Lactococcus lactis subsp. lactis Lactococeus lactis s

3axBacka Kefirl2 mae Taki mepeparm:
®  3aBAfIKH TEXHOAOII IIPAMOrO BHECEHHSA Ta KOMOIHAIII 3aKBACOYHUX KYABTYP 1 MOAOYHHUX

APIKAKIB € IIPOCTOXO Y BUKOPHUCTAHHI 1 3PYYHOIO AAfl IIAIIPUEMCTB HEBEAUKOI IIOTYKHOCTI;
®  TEXHOAOTIYHHMH IIPOILEC IPOXOAUTH IIBHAIIE (A0 8-14 TOA.), OCKiABKH He HOTpiOHE

AO3PIBAHHA IIPOAYKTY;
®  TEPMiH IPHUAATHOCTI IOAOBKYETHCA I OTPUMYIOT IIPOAYKT CTa0IABHO BHCOKOI AKOCTI;
®  OPraHOACHTHYHI ITOKA3HUKMA Ta KOHCHCTEHIIA INA 4ac 30epiraHHA HE 3MIHIOETBCA 1

3AAHIIAETHCA CTAAOIO.

AAfl TIOKpAIlIeHHS KOABOPY KBACiB Ta INABHILIEHHSA CYXHX PEYOBHH Y CHPOBATII
BUKOPHCTOBYBAAU HATYPAABHHUI KOMIIOHEHT — IIFOpPE i3 AriA OysuHH, fAke Oarate Ha OapBHI
pedoBHHH (DIOAETOBOIO KOABOPY 1 MAFOTH BUCOKHUIT BMICT XapYOBHUX BOAOKOH.

LIBiT Oy3uraE 90opHOI OyAO 3i0paHo mpoTAroM TpasHA y cmT.Kpacue AbBiBcbKOI 0OAacCTi,

nsit BucyreHo 3a temieparypu 40°C. fAroan OysnHu 3i6paHo y ceprrHi.

AoCAiA>KeHHA IIPOIECY €eKCTPAryBaHH:A Oy3HHH

Temreparypa eKCTPareHTy BIIAHBAE HA IIBHAKICTb IIEPEXOAY CKCTPAKTUBHUX PEYOBHH B
eKCTPAKT, a4 3HAYUTh 1 Ha TpuBaAicTe mporecy. CAiA BpaxOBYBAaTH, INO IIPH HH3BKHX
TEMIIEPATYPax 3HIDKYETBCA BUXIA OIOAOITYHO AKTHBHHX PEYOBHH i3 POCAHMHHOI CHPOBHHU 1
30IABIIYETHCA TPUBAAICTD €KCTPAryBaHHsA, a Ipu Temuepatypi suire 60°C pylHyIOTbCA OKpeMi
010AOIIYHO aKTHBHI pedoBUHU, Halinepie Bitaminu (bacwox ma Haxoneuna, 20217).

Tomy HaMHI AAf AOCAIAKEHB 0OpaHO Tpu Temmeparypui pexumu — 40°C, 50°C 1 60°C 1
votupu vacosi mapamerpu — 20 xs, 40 xB, 60 xB 1 80 xB.

SIx ekcTpareHTH BUKOPHCTOBYBAAH ACIOHI30BaHY BOAY 1 30% crimpToBHil pO3dHHY.

AAf €KCTPaKTy BUKOPHCTOBYBAAH LIBIT OY3MHU Ta CBixi ATOAM OY3HMHH Y CIIIBBIAHOIIICHHI
1:1.

AAf OAEpKaHHA EKCTPAKTIB CUPOBHUHY IOAPIOHIOBAAM AO PO3MIPY 9acTok 3 MM, OO IIpu
LIbOMY 30IABIIYETHCA ITOBEPXHA YACTHHOK CHPOBHHH 1 KOHTAKTY TBEPAOL Ta piAkol dasu mpu
eKCTPATyBaHHI 1 CIIOCTEPIra€ThCA e(PEKTUBHIIIMI ITEPEXIA EKCTPAKTUBHUX PEYOBUH B PO3YHH.

Aas Buaygenns 3i cBixux Aria 700 Mr roMoreHisoBaHoOro MartepiaAy crpyaysaan i3 150 ma
excrparenty. IToTim ekcrpakTu iabTpyBaALL.

V' AOAATKY IIPEACTaBAEHI PE3YABTATH BUAYYECHHSA PO3ZUNMHHUX CYXHX PEYOBHH 3AACKHO BIA
TPHBAAOCTI €KCTPAryBaHHSA, 3 AKUX MOKHA BCTAHOBHTU OIITHMAABHHUI PEKUM CKCTPATyBAHHSA
(Tatbauya 7).

Orxe, AAS TIADOMOAYAA ONTHMAABHA TPHUBAAICTB mporecy exkcrparybaHaa 00 XB. mpu
temrzeparypi 60°C. Iloaaasie 36iabmmenss Temieparypu suide 60°C IPH3BOAHUTH AO
pyinyBanua Bitaminy C.

Apyrum ekcrpareHTOM AAfA BUAy4YeHHSA BAP 3 Oy3uru OyB ciupTOBHIT PO3YHH.

PesyapTaTi A0CAiAKeHD HaBeACH] Y AOAATKY (Tabiuys 2).

3a pe3yAbTaTAMU AOCAIAKEHHS OYAO BCTAHOBACHO, IO AAfl €KCTPakTy IOTpioHO 80 XB.

AASL OTPHUMAHHSA BMICTY PO3YHHHHUX CYXUX pedoBuH 2,2%. AOBIIIEe HEAOIIABHE, OCKIABKI HEMAE
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LIPUPOCTY IIUX PEIOBUH.

Orxe, 3 OTPUMAHUX PE3YABTATIB MOKHA BBAKATH OIITHUMAABHIM PEKUMOM €KCTPATyBAHHA
CIUPTOBUM po3urHOM Temiepatypy mporiecy 80°C Ta Tpusaaicts npornecy 80 xB.

[Ipr BUPOOHHUIITBI MOAOYHHX IIPOAYKTIB BAKAUBHM € IX OPraHOACIITHYHI ITOKA3HHUKH.
ToMmy CAIA AOCAIAUTH OPraHOAEITHYHI XaPAKTEPHUCTUKI OTPUMAHHUX EKCTPAKTIB.

V rtabanmi 3 HPEACTABACHO XapaKTEPUCTHKY 3O0BHIIIHBOIO BHUTAfAAY, 3aI1aXy Ta CMAKy
BOAHOTO Ta CHHPTOBOrO eKCTpaktiB (Tubdiuys 3).

3 TabAwUI 3 BUAHO, III0 KPAIIIUMH XAPAKTEPUCTUKAMH BOAOAIE CITMPTOBHE €KCTPAKT, TOMY
IIPOIIOHYEMO HOIO AAfl BKAIOYECHHA AO PeHEnTypu (PEPMEHTOBAHUX CHPOBATKOBUX HAIIOIB.
EKcTpakT BHOCHAH AO CHPOBATKH Y KIABKOCTI 15%0, OCKIABKHI 301ABITIEHHSA KIABKOCTI IIPUBOAHAO
AO IIOTipPIIIEHHA CEHCOPHUX ITOKA3HUKIB CYMIITIL.

Takok OYAO AOCAIAKEHO 3MIHH OPTaHOACHTHYHHX Ta MIKPOOIOAOTIYHHX ITOKA3HUKIB ITIA
gac 30epiraras A0 7 Al0. Excrpaxru 36epiraan npu temmeparypu 4°C. [eprrn o3naku ricyBanHsm
BOAHUX 3 fIBUAUCH Ha ITATY AOOY, 2 CIIMPTOBI €KCTPAKTH HE 3a3HaBAAU 3MiH. MikpobioAoriune
IICYBAaHHSA MOKHA IOACHUTH piBHEM pH, fike AAf BOAHHX eKCTpakTiB Oyaa B Mexkax 0,5-6,8. Tomy
IIPH  OACP/KAHHI BOAHOIO €KCTPAKTy MOKHA PEKOMEHAYBATH 30IABIIICHHA TEMIIEPATypH
excrparysauus A0 70°C.

Takum dYHHOM, B PE3YABTATI AOCAIAKEHb BCTAHOBAGHO ONITHMAABHI IIApAMETPH
eKCTPAIryBaHHA, IO AO3BOAAE BHKOPHCTOBYBATH IX y TEXHOAOT bepMEHTOBAHHIX
CHPOBATKOBUX HAITOIB. Takl IIPOAYKTH IIPU IIOACHHOMY CIIOKHBAHHI AO3BOAATH ITOIIOBHHUTH

OPraHi3M AIOAMHH OiOAOITYHO aKTUBHHMU PEYOBHHAMH.

OOGrpyHTYyBaHHA OITUMAABHOL AO3H ITIOPE 3 ATIA Oy3HMHH AK HATyPAABHOIO OApBHHKA
TA CTPYKTOyTBOPIOBAYA

Cepea yciX TPHPOAHHX BOAOPO3YMHHHX IIIMEHTIB aHTOIIAHH, fAKI IIPUCYTHI B ACAKHX
ArOAAX, € IEPCIIEKTUBHUMH AOOaBKAMH, fIKI MAIOTh AK BAKAHBY AHTHOKCHAAHTHY ALIO, TaK 1
iarencuBHUE (pioAeToBHE KOAip. ToMmMy BHKOpHCTaHHA IFOpe 3 AriA Oy3MHH MOXKHA
BUKOPHUCTOBYBATH fIK IIPUPOAHUI OAPBHHUK IIPH BUPOOHUIITBI (DEPMEHTOBAHNX CHPOBATKOBIX
HAITOIB.

[TorryasipHuM €cTabIAI3ATOPOM § CKAAAL MOAOYHHUX IIPOAYKTIB € IIEKTHH, AKAN IIEPEBAKHO
3aCTOCOBYIOTH Y BHIAfAl BUCOKOOYHIIEHOI Xap4oBOi A0OaBku. [leKTHHOBMICHI ITFOpe TeEX
MOJKYTb BHABAATH CTaOIAI3yBAABHY 3AATHICTB. [leKTHHOBMICHA CHpPOBHHA, y TOMY YHCAL
OysHHOBE IIIOpPE, 3a INABHINEHO! KHCAOTHOCTI HABIIAKH, MAKCHMAABHO IIPOABAAE
cTa01AI3yBaABHI BAACTHBOCTL. TOMy AO perienrTypu (pepMEHTOBAHUX CHPOBATKOBHUX HAIIOIB OYAO
BKAIOYCHO OY3MHOBE ITIOPE Ta AOCAIAJKEHO OCOOAMBOCTI FIOTO IIPUTOTYBAHHSL.

Sroan OysuHH YOpHOI 30MpPaAH y CTAAll CHOMKHBYOI CTUTAOCTIL. 32 OPraHOACIITHYHOIO
OIIIHKOIO ~ArOAM Oy3HHH YOpHOI MaAn (DIOACTOBO-YOPHUI  KOAIP, COAOAKYBATHIH,
crerudIYHUE CMAK Ta APOMAT, IO BIAIIOBIAAE ATOAAM OY3HHH.

3i0paHo TpH KiAorpamm fria, Ix mepeOpasum 1 BHAAAMAN TAOAOHDKKH. flroaa OysmHun
9OpHOI ckAaaaeTbeA Ha 58,9% 13 maxori, 30,9% 13 mkipku 1 10,2% 13 HaciHHA.

AlrepaTypHi AaHiI CBIAYATH, IO B IIKIPII ANA € MaKCHMAaAbHA KIABKICTH OapBHHX Ta
(PEHOABHIX PEYOBHH, TOMY CAIA MAKCHMAABHO 3PYHHYBATH KOPCTKY KAITHHHY OOOAOHKY AAf

iX BUBIABHEHHA 1 IIEPEXOAY B TOTOBHH IPOAYKT. AAfA IHTEHCHBHOIO IOAPIOHEHHSA AriA Oy3uHI
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BUKOPHUCTOBYBaAN OaratodyHKIioHaApHII npuctpiit Thermomix oy 31-1.

AAfl AeCTPYKILT IIPOTOIIEKTHHY I 30IABIICHHA KIABKOCTI PO3YHHHOIO IIEKTHHY, AKHH €
IIPUPOAHIM TIAPOKOAOIAOM 1 3AaTHHE (POPMYBATH CTPYKTYPY (PEPMEHTOBAHOIO HAIIOIO, ME3IY
Oy3HHH INAAABAA TEPMOKHCAOTHOMY Tiapoaisy mpu pH 2,7-3,3, aoaasmm 1% amvonmOL
kucaotu. pH Bume 3,3 He € edeKTHBHUM, OCKIABKH BIAOYBAETBCA HE3HAYHA ACCTPYKIIA
IIPOTOIIEKTHHY, II[0 3HAXOAUTBHCA B CTIHKAX OOOAOHOK POCAHMHHHUX KAITHH 1 HE MOYKHA AOCATTH
IACHACHHSA CTaDIAI3yBaABHUX BAacTHBOCTEH Irope. pH Himnkge 2,7 0OyMOBAIOE B TOTOBOMY
IIPOAYKTY KHUCAHMH CMAK 1 IIOKa3HHK THPOBAHOI KHCAOTHOCTI Ay’KE€ BUCOKHI.

Temmeparypa 06pobku Oyaa 90-95°C, Burpumka mporarom 15-20 xB. [lpu mpomy
IIKIPOYKA TIAOAIB YaCTKOBO PO3M AKIIYBAAACHA 3ABAAKH IIEPEXOAY IIPOTOIIEKTHHY B IIEKTUH ITIA
BIAHBOM KHCAOTH. CyMIIII OXOAOAKYBAAH, OACHAEPYBAAN 2-3 XBHAUHU 1 IIPOTHPAAH KPi3b
curo 3 orBopamu 1 mm. Aoaasaanm 30% mykpy i yBaproBaan. OTprMaHe IFOpE Ma€ HACTYITHI
izuKo-xIMIYHI ITOKA3HUKN: MacoBa YacTka cyxux pegosun 20£0,5%, pH 3,2%0,1.

bysunose mrope BrOCHAM ¥ KiabkOCTI 5%, 10%), 15% BiA Macu cupoBaTkn. OnTHMaAbHY
KIABKICTh BU3HAYAAH 32 OPTaHOACIITHYHUMH ITOKA3HUKAMH IIPOAYKTY.

V aonarxy (Tabiuys 4) HaBeAGHO OPraHOACIITUYHI IIOKA3HUKHI IOTOBHX IIPOAYKTIB.

I3 orpuMaHHX OpPraHOACHTHYHHUX XAPAKTEPUCTHK BHAHO, INO AOCAIAHI 3pa3ku
depMEHTOBAHOIO CHPOBATKOBOTO HAIIOIO MAaAM HOPMATHBHI ITOKasHHUKH. ['azoyrBOopeHHA Y
TOTOBOMY IIPOAYKTI CIIPHYMHEHO HOPMAABHOIO JKHTTEAMABHICTIO MiKpodaopu kedipHOL
3aKBACKM, OCKIABKH CaM€ APDKAKI MAIOTh IIEPIIOYEPIOBHI BIAHB Ha (DOPMyBaHHA
OPraHOACHTUYHUX  XAPAKTCPHUCTUK. BHACAIAOK  CHIEPTOBOrO  OpOAIHHA — BHAIASETHCA
BYTAEKHCAOTA, AKA HAAQ€E ITbOMY HAIIOFO M AIKIIIOTO CMAKY, TOCTPOTH Ta BIAYYTTH CBIKOCTI.

I[Trope 3 AriA OY3HHE Ta EKCTPAKT 3 IBITY OY3HHH HAAAE OPHITHAABHOCTI IIPOAYKTY.

AHAAIBYIOYH TAOAHIIFO 4, MOKHA CTBEPAKYBATH, IIIO OnTHMaABHEME Aozamu € 10% 1 15
% 1rope 3 Arip Oy3HHIL

HaABHII BUCOKMIT BMICT XapYOBHUX BOAOKOH Y ATOAAX TAKOK AO3BOAUB ITABHIITUTH BMICT
CYXHX PEUOBHH Yy TOTOBOMY IIPOAYKTI Ta ITOKPAIIUTH HOTO AKICTb.

AAfl OIpAIFOBAHHA PE3yABTATIB OLIHIOBAHHA AKOCTI TOTOBOIO IIPOAYKTY 3aCTOCOBYBAAU
Cy9aCHUN ACCKPUIITOPHO-IIPOMIAPHUI METOA CEHCOPHOIO aHAAI3Y, IIIO AA€ 3MOTY BUSHAYHUTHU
PIBEHD AKOCTI IIPOAYKILif, 3p0ONTH OO’€KTUBHI BUCHOBKI.

AeckpuITOpHO-IPOMIABHII METOA IepeAdadae BHKOPHCTAHHA 5-0aA0BOI crcTeMu
OIUHKH fAKOCTI OPraHOACHTUYHUX ITOKA3HUKIB 1 IPOBEACHHA IIPOMIAIOBAHHA ITOKA3HHUKIB
Akocti. OOpaHi Taki ACCKPHIITOPH: 30BHIIIHIA BHIAfA, 3aI1aX, KOAIP, KOHCHCTEHIIIA, CMaK.

Buxopucrosyroun po3pobaeHy TaOAUIIO IIPOMIAIOBAHHA , IIPOBEACHO OIIHKY fAKOCTI
OOpaHHX 3Pa3KiB I PE3YABTATH OINHKN 3aHOCUMO Y AOAATKY (Tabiuys 5). V 3B’A3Ky 3 THM, IO
CMaK i 3aITaX B3a€MOIIOB A3aHi ITOKA3HUKMU, TO IIPU OAAOBIH OIHII iX OOEAHAAH.

AAf HAOYHOrO  CHPHIHATIA  PE3YABTATIB  AOCAIAKEHHA IIPOBOACHO — rpadpidne
OIIPAIFOBAHHS, IKE IIPEACTABACHO YV AOAATKY (Pucyrox 1).

AHAAI3YIOYH OTPUMAaHI AAHI MOKHA CTBEPANKYBATH, IO HANBHUIIYY OPIaHOACIITUYIHY OLIIHKY
orpumMara pererrrypa Ne3. [le mosAcHIOETbCA THM, IO AO PEHENTYPH BXOAATH AOCTATHA
KIABKICTB ITFOPE 13 ATIA OY3HHH Ta AO3a EKCTPAKTY OY3MHH, KA HAAAE XOPOIIIHH CMAK Ta APOMAT.
Bucoky 6aapny oriaky orpmmasa perentypa Ne2. Pererrrypa Nel, Ao ckaaay AKoOi BXOAUTB

HaFIMEHIIIA KIABKICTH IIFOpPE OTpHMaAa HaFMEHIIe OaAlB i3 AocAiamHmx B3ipiis. Lle morkma
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ITOSAACHUTH TIIPIITUM CMaKOM TOTOBOTO IIPOAYKTY ITOPIBHAHO 3 3pazkamu Ne3 1 Ne2.

Aocaianxenns (pI3UKO-XIMIYHUX TTOKA3HHUKIB HABEACHO Y TabAwIII 6.

Sk BUAHO 3 TaOAHIN 6 B’A3KICTD IIPOAYKTY 301ABIIYETHCA 13 30IABIIIEHHAM KIABKOCTI ITFOpE
Oy3HHH, IO IOB’f3aHO 13 30IABIIEHHAM CYXHX PEYOBHH y IIPOAYKTL. 30IABIIECHHA B’f3KOCTI
MOJKHA ITOSICHUTH TAaKOXK 1 CKAQAOM 3aKBACKH, AO CKA3Ay fAKOI BXOAATH Streptococcus
thermophilus.

Lle BeAe AO IABHIIICHHA BOAOIOYTPHMYBAaABHOI 3AaTHOCTL. [TOpIBHAHO 3 KOHTPOAEM BOHA
Oiabrma ma 2,2-3,9%.

TakuMm 9HHOM, MOXKHA 3POOHTH BHCHOBOK, IO PO3POOACHI PELENTYPH HAIOB 3
AODABKAMHI XaPaKTEPU3YIOTBCA BHCOKHMH CMAKOBHUMH AKOCTAMH, IIPOTE AAfl ITOAQABIITHX

AOCAIAKEHD 00paHO perentypy Ne3.

YAOCKOHAAE€HHA TEXHOAOTIi (pepMEHTOBAHNX CHPOBATKOBHUX HAIIOIB

Ha 1mAcTaBl eKCHIEpHIMEHTAABHHX 1 TEOPETHYHHX AOCAIAKEHb BH3HAYEHO KIABKICHI
CIIBBIAHOIIICHHA MOAOYHO! CHPOBATKH Ta 3aKBAIIYBAABHUX KOMIIO3HIIN; OOIPYHTOBAHO
OCHOBHI TEXHOAOTIYHI ITAPAMETPH, AKI 3a0€3IeUyIOTh BUPOOHUIITBO IPOAYKIII BUCOKO! AKOCTI;
PO3POOAEHO HAYKOBO-OOIPYHTOBAHI TEXHOAOI BHPOOHHIITBA Ta PELENTYPH AAA TAKHX
IIPOAYKTIB: KBAC CHPOBATKOBHI 3 OY3MHOIO Ta TIBO3AHKOIO PI3HHM IIPOLECHTHHM
CIIIBBIAHOIIIEHHAM KOMIIOHEHTIB.

V mpomeci depmenTamii KBaCHOrO €ycAa 3 PIBHUMH BHAAMH MOAOYHOI CHPOBATKH
KOHTPOAIOBAAM THTPOBAHY KHCAOTHICTb Ta AMHAMIKY HAKOIIMYEHHA AIOKCHAY BYTAEIIFO.
[TouaTKOBa KHCAOTHICTD HATHBHOI CHPOBaTKU cTaHOBHAA 6,6 M’ 1 MoAb/AM’ posumny NaOH
Ha 100 v’ cycaa. V 30pOAKEHOMY CycAi Ha OCHOBI HATHBHOI CHPOBATKH THTPOBAHA
KUCAOTHICTb 3MIHIOETHCA B AY/KHOMY HATIPAMKY i cTaHOBuUTH 7,8 cM’ 1 MOAB/AM’ pozumny
NaOH ma 100 cm’ cycaa. Al OCBITAEHOT CHPOBATKH 3 HOYATKOBOIO KHCAOTHICTIO 2,5 TIOKA3HIK
IIABHIIYETHCA AO 4 BIAIIOBIAHUX OAMHHIIB.

Orxe, MOAOYHY CHPOBATKY BHKOPHCTOBYBATH B HATHBHOMY BHIAfIAl fIK OCHOBY AAfA
BUPOOHHIITBA (PEPMEHTOBAHUX HAIIOIB MEHII AOLIABHO, HIK OCBiTAGHY. XO4Ya HATHBHA
CHpPOBATKA € HAHOIABII OlOAOriYHO IiHHOIO. KHCAOTHICTP HATHBHOI CHPOBATKH IIEPEA
OPOAIHHAM KOAHBAAACH B IITHPOKOMY AlaITa30HI, a IIPUCYTHICT CHPOBATKOBUX OIAKIB HaAaBaAd
HAITOAM MYTHICTD. [TO3UTHBHUM AAA HNPUIHATTA TEXHOAOITIYHUX PIIIEHDb 110 BUKOPHCTAHHIO
OCBITAECHOI CHPOBATKU AAAl (PEPMEHTOBAHUX HAIIOIB € T€, II[O IIPU BUAAACHHI a30THCTUX CIIOAYK
CYTTEBO ITOCAAOAIOETHCA HE3BUYHHUI AAA CIIOKHBAYa CIEIU(IYHHH IIPUCMAK CHPOBATKIL
OCHOBHUMU IIPUYHNHAMHE YTBOPEHHA OCTAHHBOTO € PEAKI] 32 yIacTi OIAKIB (PO3YCIIACHHS, Al
CBITAQ 1 KHCHIO, PeakKIiii MK OIAKAMH 1 ByTACBOAAMI).

Tomy AO penenTyps MU BKAFOUYHAH OCBITACHY CHPOBATKY.

Cdpopmosani perterrrypu (Tatiunys 7) dpepMeHTOBAHIX CHPOBATKOBHX HAIIOIB 3 OY3HHOIO.

[IpotoHyeMO TIPOAYKT BHIOTOBAATH  PE3EPBYapHHM  CIIocOOOM. Brposasxenns
Pe3epByapHOro CIIOCOOY BUPOOHHUIITBA MA€ PAA IEPEBAr: 3MECHIIYIOTHCA 3aTPATH PYIHO] IIpart,
AASl BUPOOHHIITBA HAIIOIB HE IIOTPIOHI TEPMOCTATHI KaMEPH, a 3HAYHUTh, 3MEHIIYIOTHCA
BUPOOHMYI ITAOIII.

SIKiCTP MOAOYHOI CHPOBATKHI BIAITOBIAHO AO AIFOYO! HOPMATHBHO-TEXHIYHOI AOKYMEHTATTL

IIOBMHHA BIAITOBIAQATH TAKIM BHUMOI'AM:
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®  3OBHIIIHIN BUTAAA T4 KOAIp — OAHOPIAHA PIAMHA 3€A€HYBATOIO KOABOPY O€3 CTOPOHHIX

AOMIITIOK (AOITyCKA€ThCA HASBHICTH OIAKOBOTO OCaAY);
®  CMax i 3aI1ax — YHCTHH, BAACTUBHI MOAOYHIN CHPOBATII O3 CTOPOHHIX IIPHUCMAKIB;
e rycruna — me Hmkue 1023 xr/v’;
®  KHCAOTHICTB — He Burma — 25°T.

CupoBaTKy HAaKOIIMYYIOTh Y Pe3epByapl AAA 30EpIraHHA, AdAl CHPOBATKY HAIIPaBASIOTH HA
cemapaTop-BepIKoBiaaiafoBad. [licad IHbOro 3HEKUPEHY CHPOBATKY OCBITAIOIOTH IIPU
temmeparypl 92-94°C 3 Burpumkoro 15-20 cexyHA. DIABTPYIOTH AAfl BHAQACHHS OCAAY.
Temmeparypa saxkBamnyBaHHHs CTaHOBUTH 35-40°C, ToMy i OXOAOAKYIOTH AO TEMIIEPATYPU
3aKBAIIYBAHHA, AOAAIOTH EKCTPAKT 1 IIFOpe OY3MHU, IBO3AMKY MEACHY Ta 3aKBACKY IIPAMOIO
BHeCEHHSA. TpmBanicte ckBarmyBanus — 06-8 roamr Ao kucaorHocti 120-130°T. TITicas
3aKiHYCHHA CKBAIIYBAHHA TOTOBHI IIPOAYKT OXOAOAKYIOTH A0 Temmeparypu 2-8°C i
HAIIPAaBAAIOTh Ha HA po3AuB y [TET-masrixky.

AAfA BIPOBaAKEHHA PO3POOAEHOI TEXHOAOTI (PEPMEHTOBAHHX CHPOBATKOBUX HAIIOB
YHKIIOHAAPHOIO IIPU3HAYECHHA Y I[€XaX 3 BHPOOHUITBA (DEPMEHTOBAHUX MOAOYHHUX
IIPOAYKTIB Ha IMAIIPHEMCTBAX MOAOKOIIEPEPOOHO! MOTPIOHO IPOBOAUTH AOYKOMITACKTYBAHHS

OOAAAHAHHSAM, AKE AOITOMOKE OTPHMATH ITFOPE Ta EKCTPAKT 3 OY3MHM.

Anckycia

B ocrammi pokm, y 3B’3Ky 3 IIOIIPIIIEHHAM EKOHOMIYHOI CHTYAIlll, CITOCTEPIra€Thcs
301ABITIEHHSA 3araABHOI 3aXBOPIOBAHOCT] HACEACHH!, CKOPOYECHHA CEPEAHBOI TPUBAAOCTI KHTTH.
V Garatpox AIOAEH BHABACHMN AeDIIUT BiTaMiHIB, MAKpO- 1 MIKpOEAEMEHTIB, OOYMOBACHUI
CKOPOYEHHSAM CIIOKUBAHHA OBOYIB 1 (DPYKTIB, 3pOCTAHHAM CIIOKHBAHHSA IIPOAYKTIB, INAAAHNX
TEIAOBIIT OOPOOIN. AKTYaABHOIO € PO3pOOKA IIPOAYKTIB, B TOMY YHCAl HAIOiB, 30aradeHux
HEOOXIAHUMH BITAMIHAMH, MaKPO- 1 MIKDOEGAEMEHTAMH, IHIITUMH OIOAOITYHO AKTHBHHME
pedoBuHAMH. AACKBATHE XapdyBaHHA 3a0€3Iledye HOPMAAbHE (DYHKIIOHYBAHHA CHCTEM
OPTraHi3My AIOAHMHH, CIPHAEC IPOIAAKTHIN 3aXBOPIOBAHB, INABHIIECHHIO IIPAIE3AATHOCTI 1
CTBOPIOE YMOBU aKTUBHOTO OIIOPY AO HECIIPHATAUBOTO BIIAHBY HABKOAHIIIHBOTO CEPEAOBHIINA
(Hacoscoxa ma in., 2023, Causka ma i, 2022; Typuun ma irn., 2017).

V  depMEeHTOBAaHHX CHPOBATKOBUX HAIIOAX IIOEAHYIOTBCA IIIHHI KOMIIOHEHTH K
CHPOBATKH, TAK 1 IIPOAYKTIB META00AI3MY MIKPOOPTaHI3MIB, fIKI yTBOPIOIOTHCA ITIA 9aC OPOAIHHSA
(eTHAOBHIT CIIUPT, ACTKI KHCAOTH, (PEPMEHTH, PI3HOMAHITHI aPOMATHYHI CIOAYKH TOIIO).
[lepcuexruBHICTS  30aradeHHA TAKUX  IIPOAYKTIB  IIPOAYKTAMH — IIEPEPOOKH  Oy3HMHU
IATBEPAKEHO YHUCACHHUMU AOCAIAKEHHAMH 1 3akOpAOHHUX BueHUX (Wazbinska et al., 2000,
Mratinic & Fotiric, 2007, Vulié et al., 2008, Galic et al., 2009; Wu et al., 2002).

La mnpobaema morpebye 1 IIOAAABIIHX AOCAIAKEHB, 30KpPEMa AHMHAMIKY 3MiH

OPraHOACHTUYHUX, (PI3UKO-XIMIYHUX T4 MIKPOOIOAOITIHUX OKA3HHUKIB BIIPOAOBIK 30€pIraHHA.

Bucnosxu
AHaAl3 IHO3EMHHX Ta BITYHM3HAHHUX AITEPATYPHHUX AKEPEA CBIAYATH IIPO HEOOXIAHICTBH
CTBOPEHHS HOBHX IHHOBAIIHHUX TEXHOAOIIHI MOAOYHHX IIPOAYKTIB 13 cuposartku. [Ipu

PO3POOII TAKUX IPOAYKTIB 3BA/KAIOTH HA INABHINEHUN BMICT OIOAOITYHO aKTHBHHX PEUOBHH,
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BITAMIHIB, MIHEPAABHUX PEYOBHH. |lepCIIEKTHBHUM HAIIPAMKOM MOKE CTATH BHKOPHCTAHHSA
BITYN3HAHOI AUKOPOCAOI POCAMHHOI CHPOBHHHU Y TEXHOAOI (DepMEHTOBAHUX CHUPOBATKOBHX
HaroiB. Ha ocHOBI aHAAI3y XIMIYHOIO CKAGAy AMKOPOCAOI CHPOBUHU, IIOIITHPEHO]  3aXIAHOMY
perioni YkpaiHu oOpaHO OY3HHY YOPHY.

BceranosaeHO onrTmMaAbHI TEeMIIEpATYpHI TAPAMETPH Ta TPUBAAICTD EKCTPATyBAHHSA CYMIIII
cyxXoro mBiTy OysuHH Ta firiA OysuHm y cmiBBiaHOIIeHHI 1:1. Ilpm excrparyBanni BOAOIO
ONTHMAABHA TPHUBAAICTD ITporiecy craHoBHTh 60 xB. mpu Temireparypi 60°C, AAf CTHPTOBOTO
ekcrparyBaHHs Temiepatypy mporecy 60°C rta tpmBanicte mporrecy 90 xB. OOpaHO AAf
BUKOPHCTAHHSA § IIOAAABIIIIX AOCAIAKEHHAX CIIMPTOBHUIT €KCTPAKT, KU MaB OPUTIHAABHI CMAK
T4 3aI1aX 1 KPAIIl ITOKa3HUKU IIPU 30epiraHHi.

PospaxoBarno  pementypy — (DEpPMEHTOBAHHX  CHPOBATKOBUX  HAIOiB,  30Kpema
pexomenaosano BHeceHHA 10% 1 15% 1rope i3 Aria OysuHm.

Ha ocHOBI AOCAIAKEHD OITHCAHO OPraHOACIITHYHI Ta (PI3UKO-XIMIYHI IIOKA3HUKH TOTOBOTO
IIPOAYKTY. I3 30iABIIEHHAM KIABKOCTI IFOpE 13 ATIA Oy3mHHI A0 15% 30iAbIyBasacs 1 B A3KICTH
TOTOBOTO HPOAYKTY. Buxopucramus Streptococcus thermophilus tex crupudusse 30IABIICHHA
B’A3KOCT.

VAOCKOHAACHO TEXHOAOIIO Ta BH3HAYEHO TEXHOAOIIYHI IIAPAMETPU BHPOOHHIITBA
depMEHTOBAHUX CHPOBATKOBHUX HAIIO{B. AAfl BIIPOBAAKEHHS PO3POOACHOI TEXHOAOTIN IIHX
HAIIPOIB y IIeXaX 3 BUPOOHHIITBA (DEPMEHTOBAHUX MOAOYHHX IIPOAYKTIB Ha INAIIPHEMCTBAX
MOAOKOIIEPEPOOHOI ITOTPIOHO IIPOBOAUTH AOYKOMITACKTYBAHHA OOAAAHAHHAM, fKE AOIIOMOKE

OTpHUMATH HIOPC Ta EKCTPAKT 3 6y3HHI/I

Kondaikru intepecis

ABTOPH 32BHAH, 110 KOHMAIKTY IHTEpPECIB HEMAE.
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AoAaTku

Tabauna 1. Bmicr po3unHHEX CyXHX PEYOBUH § BOAHOMY eKCTpaKti, %o

Tenmmeparypa TprBanicTe eKCTPAIYBAHHS, XB.
excTparyanss, “C 20 40 60 80
40 1,5 1,55 1,7 1,7
50 1,5 1,65 1,75 1,75
60 1,5 1,65 1,8 1,8

Tabaura 2. Bmict po3unHHEX CyXHX PEYOBHH y CIIMPTOBOMY €KCTPaKTi, %o

Temmepatypa TPpHBAAICTS €KCTPATYBAHHH, XB.
excTparyarms, “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

TabAwnra 3. OpraHoAEITHYHI TOKA3HIKY EKCTPAKTIB 3 ATiA Oy3nHM

Bua exkcTpakT 30BHIMTHI 1T BHTAAA 3amax Cnak
Boammit CBITAO-(DIOAETOBHH | cAaDKITI, 3 apoMaToM CAABKOBHPAKEHMH,
OysmHu TPOXH TCPHUKHHA
Crmprosuit HACHYCHUH CBOEPLAHHI, KHACAYBATHIL, TCPIKHH
dhioaeTOBHI 13 apoMaToM GY3HHT

Tabanms 4. OpraHoAenTUyHa XapaKTepUCTHKA (PEPMEHTOBAHOIO CHPOBATKOBOIO HAITOIO

XapaKkTepHCTHKA
Hasga mokasHuka
5% mrope 10% mrope 15% mrope

30BHIIIHI OaHOp1AHA, HIKHA, OaHOpLAHA, HUKHA, PIAKA CYCIIC3HLA, 3 ITOMIPHIEM
BHTASIA, PlAKA CyCLIe3HIA [430YTBOPCHHA
KOHCHCTEHINA
Cmax 1 3a1max KrrcaonmoAoUHHH, Kurcaomoaounmmii, HEKHMIH, 3 CMAKOM OY3HHI, B

HIKHIH, 3 TTPHICMAKOM MIPY COAQAKITH

GysHHH, HECOAOAKHH
Koap OaHOPIAHMIL, CBITAO-(PIOAETOBOIO AC (PIOAETOBOIO, PIBHOMIDHMIA IO BCLE MAcL
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Tabaura 5. [IpodirroBaHHA ITOKA3HUKIB AKOCTI IIPOAYKTIB 32 5-0AA0BOIO IIIKAAOIO

Xapakrepuc HaiiMeHYBaHHA IIOKA3HHKIB
THEA L
. 3OBHIIIELE . ~ :
TTOKA3HHKIB, Koaip Koucucrenrnia Caax 3amax
BHTAAA,
Baam
o . " Ayixe
Aye XapakTepHHET OamopiaHa Mo | AykKe 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

TabAwnrsa 6. Pisuko-xiMiTHI TOKASHUKH (PEPMEHTOBAHUX CHPOBATKOBHX HAITOIB

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

Tabauma 7. Perrerrrypu dpepMEHTOBAHHX CHPOBATKOBUX HAIIOIB
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
Berporo 1000 1000 1000 1000
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Pucynox 1. O1riHka OpraHOACIITHYHIX IPOKA3HUKIB
depMEHTOBAHUX CHPOBATKOBUX HAIIOB
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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 Lactomzyces
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.

PP

Ouvza Pomarisra Muxatiauysxa, Hamania bozdarnisna Causka, Borooumupa Osexcandpista Hazoscora,
Apocrasa Crmenarisra Baspucesuy

BI/IKOPI/ICTaHH}I «TUOETCHKOIO I‘pI/I6Ka» AAA BUTOTOBACHHA KHCAOMOAOYHOI'O HAIIOKO

Anomayis. OcraHHIM 9aCOM AKTYAABHIM € AOCAIAYKCHHSA IIIOAO 3aCTOCYBAHHSA IIPUPOAHOI MIKpOOHOL
acoriarii «ruOeTchbKuil IPHOOK» IPU BUIOTOBACHHI KICAOMOAOYHHX HAIIOIB. Y CTATTi IIPEACTABACHO
IH(OPMALIIFO IIIOAO BHBYECHHS BAACTHBOCTEH MIKPOOGIOTH «THOETCHKHN IpHOOK». SALICHEHO aHAAIL3
BUI'OTOBAEHOI'O KHCAOMOAOYHOI'O HAIIOIO H

a OCHOBI «THOETCHKOTrO IpuOKay. IIpeamerom AOCAIAMKEHHA OYAN ITApAMETPH TEXHOAOITIHOIO IIPOIIECY
BUPOOHHUIITBA KHCAOMOAOYHOTO HAIIOIO 3 BUKOPUCTAHHAM IIPHPOAHOI MIKPOOIOTH «THOETCHKHUI IPHO».
OOG’eKTOM AOCAIAKEHHSA OyAA TEXHOAOTIA KHCAOMOAOYHOIO HAITOO, BUTOTOBACHOIO 3 BUKOPUCTAHHAM
«TrOercpKoro rpuba». MeToro AOCAIAKEHHA OYAO BHUKOPHCTAHHS «THOETCHKOIO TIPHOKa» AAf
BUIOTOBACHHA KHCAOMOAOYHOIO HAIIOIO. AAfl AOCATHEHHA METH 1 BUPIIIEHHA IIOCTABACHHX 3aBAAHb
AOCAIAKEHHA aBTOPAMH BHKOPHCTAHI OPraHOAEHTHYHI, (PI3UKO-XIMIYHI Ta MIKPOOIOAOTIIMHI METOAM.
AOCAIAKEHO 3MIHM aKTHBHOI 1 THTPOBAHO! KHCAOTHOCTEH, a TAKOXK CIIBBIAHOIICHHS MK
MOAOYHOKHCAMMHU MIKPOOPIaHI3MAMH Ta APDKAKAMH IIPH  PI3HHX TEMIIEPATYPAaX CKBAIIyBAHHSA
MOAOYHOI cymirm. BCTaHOBAGHO ONTUMAABHI PEXMMH CKBAIIYBAHHA MOAOKA ITA AI€IO MIKPOOHOL
acoryiarii «rTHOETCHKUH IPHOOKY, 3ABASKH IOMY OYB OTPHUMAHIH BUCOKOAKICHHI KHCAOMOAOYHNN HAITIH
3 IYAOBUMI OPTAHOACIITHYHHMU ITOKA3HUKAMI.

Karouosi cavsa: rexaooris, MikpoOHa acoIliallif, THOSTCHKUHI IPUOOK, APLKAXKI, MOAOYHOKHCAL OaKTepii,

OIITOBOKHCAI MIKPOOPIraHi3MH, MOAOKO, CKBAIITYBAHHS.
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Beryn

MoAO4HI IIPOAYKTH OYAN BaKAUBUMHU XapPYOBHUMH IIPOAYKTAMU AASl PI3HHX IIHBIAI3AIII.
[x BKHBAAT TPHITABI, CKidbH, CTAPOAABHI IPEKM, PUMAAHHI Ta ETUNTAHA. AA€, B CEPEAH] BIKH
IIPO HBOIO 3a0YAH fAK IIPO AlKyBaAbHHN IPOAYKT. [Ipore 3 XVI cr. MoAOkOo mouasn
3aCTOCOBYBATH y AIKyBAHHI AFOACH IIPH OPOHXIAABHIN aCTMI, OPOHXITI, IIACBPHTI, TYOEPKYABO3i,
LIIPO31 HEUIHKH, OKUPIHHI, 3aXBOPIOBAHHSAX IIIAVHKY, CePIIA, HUPOK 1 T.A. (1poxu icmopii.. ., n.d.).

BaxxAnBOIO BAACTHBICTIO MOAOKA € 3AATHICTH AO CKBAILIYBAHHA ITIA AIEFO MOAOYHOKHCAHX
Oaxrepiil. Y pesyAbTaTi YTBOPIOIOTBCA KHCAOMOAOYHI HAIIOI, fIKI IIO3UTHBHO BIIAMBAIOTH Ha
dizionroriuni npouecu oprauismy (Hazoscoxa ma in., 2023; Conostiosa ma in., 2017).

CepeA KHCAOMOAOYHHX HAIIOIB OCOOAHBOI yBArM 3aCAYTOBYIOTH Taki, fKI OTPHUMYIOTBH
3aBASKM BHKOPHCTAHHIO IIPUPOAHHX MIKPOOHHX acomiariil. 3apa3 aKTUBHO IIKaBAATHCA
}i310AOITIHO AKTUBHUMHE IIPHPOAHHUMH CHUMOIOTHYHHUMH MIKpOOHHME acomiariamu. Ao HHX
HAACKATD «IANHUI TPHO», «THOCTCHKUN IPUOOK», <MOPCHKHUH pUCOBUI IpuOOK» i iH. Uepes
IIPOCTE KYABTHBYBAHHA T4 3AATHICTH INATPHUMAHHA B AKTUBHOMY CTaHI KYABTYPHU IIPOTAIOM
AOBI'OTO YaCy CTAAH PO3LOBCIOAKEHHMU Y 100yl (Bruxo, 2015a; Biuko ma in., 20065 Kaen ma in.,
2010).

Buxoasan 3 IpOro, BHKOPHCTAHHA «THOETCBKOIO TIPHOKa» AAfl BHIOTOBACHHSA
KICAOMOAOYHHUX HAIIOIB € aKTYaABHUM Ta IIEPCIICKTHBHHM, a TAKOK MAa€ BAKAHUBE HAYKOBO-
IIPAKTHYHE 3HAYCHHA.

IIpeaMeTOM AOCAIAKEHHA OYAM IIApAMETPH TEXHOAOTIYHOIO IIPOIECY BHPOOHHUIITBA
KHCAOMOAOYHOI'O HAITOIO 3 BUKOPHCTAHHAM IIPHPOAHOI MIKPOOIOTH «THOETCHKHUI IprO».

OOG’ekTOM AOCAIAKEHHA OyAa TEXHOAOTIIl KHCAOMOAOYHOIO HAIIOIO, BUTOTOBACHOIO 3
BUKOPHUCTAHHAM «THOETCBKOIO TpHOay.

MeTor0 AAHOTO AOCAIAKEHHSA € BUKOPHUCTAHHSA «THOETCHKOIO TPHOKA» AAf BUTOTOBACHHS
KHCAOMOAOYHOTO HAIIOFO.

Buxoasdn 3 mocraBaeHOI MeTH OyAH BUPOOACHI TaKl 3aBAAHHA AOCAIAMKECHHS:

—  BAIACHHTH TEOPETHYHHI aHAAI3 BHIOTOBACHOIO KHCAOMOAOYHOIO HAITOIO HA OCHOBI

«THOETCHKOTO IPHOKaY;

—  BH3HAYUTH OITUMAABHI TEXHOAOTIYHI ITapaMeTPH BUPOOHHUIITBA;

—  BU3HAYHUTH HOKA3HHUKH AKOCTi TOTOBOTO KHCAOMOAOYHOTO HAIIOO.
AAfl AOCATHEHHA METH 1 BUPIIIIEHHSA ITOCTABACHHIX 3aBAAHD AOCAIAKEHHSA OYAM BUKOPHCTAHI

TaKl HAYKOBI METOAH AIK OPraHOACIITUYHI, (DI3HKO-XiMI9HI H MIKPOOIOAOTIUHI.

Orasa aiteparypu
Kucaomoaouni Hamol MarOTh BHCOKI Xap4OBl, AIETHYHI Ta AIKYBAABHO-IIPO(IAAKTHYHI
BAACTHUBOCTI, ACTKO 3aCBOIOIOTHCS, XAPAKTEPUIYIOTHCA IIPUEMHIM 1 ACIIIO OCBIKAIOYIM CMAKOM,
a TAKOXK IOAININYIOTh 3araAbHHE ctaH oprauismy (Cozomorn ma in., 2019). Kucaomonrodusi
HPOAYKTH BOAOAIFOTD OGAKTEPUIIMAHHME BAACTHBOCTAMH. [X AIKyBaABHI AKOCTI 3yMOBAEHI
KOPHCHOIO MIKPO(MAOPOIO, MOAOYHOIO KHCAOTOIO, aHTHOIOTHYHHMH PEYOBUHAMH (HI3HH,
OyATapikyMm, AAKTOOPEBIH, AHIIAOKOKIIUH, alIIAO(IAIH Ta iH.), IIIO 3HHUIMYIOTh 30YAHUKH THDY,
TyOepKyAbO3Y, Audprepil ¥ iHmux 3axsoproBanb (Cuuska ma it., 2019, Zare Mirzaei et al., 2018).
3aCBOOBAHICTh PEYOBHH KHCAOMOAOYHHX HAIIOB BHINA, HIK MOAOKA, 3 AKOTO BOHHU

BUTOTOBACHI. [IpH CITOKMBAHHI IIUX IIPOAYKTIB CTUMYAIOETHCA BUAIACHHSA IIIAYHKOBOTO COKY,
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IABHIIYETHCS AIIETUT, IHTEHCUBHO BUAIAAIOTBCA (DEPMEHTH, AKI IIPHUCKOPIOIOTH 3ACBOEHHA [kl
(Ying et al., 2018). Ao cKAaAy KHCAOMOAOYHHUX HAIIOIB BXOAATD JKHBI MOAOYHOKHCAI OakTepii,
AKl 3AATHI IPIKUBATUCH Y IITAYHKOBO-KHUIIIKOBOMY TPAaKT1 Ta IIPUTHIYYBATH PO3BUTOK THHABHOL
mikpodropu (I avax ma in., 2021; Caunska ma in., 2018b).

3pocTaHHA IHTEPECY CITOKUBAYIB AO ITUX IIPOAYKTIB 3yMOBACHO AOBEACHHAM IIO3UTHBHOTO
BuAMBY Ha oprauism (Causka ma ., 2018a; Aryana & Olson, 2017; Nagovska et al., 2018). 3apas
CIIOKUBAY € BHMOTAMBHM AO IPOAYKTIB partiony. Ilotar crmoxmBadiB AO «3AOPOBOI iKi»
IIAIIITOBXY€ BHPOOHHKIB XapYOBUX ITPOAYKTIB AO ITOIIYKY HOBHX AKEPEA CHPOBHHH Ta AO
CTBOpEHHA (DYHKIIIOHAABHUX IIPOAYKTIB.

MoAOYHI IIPOAYKTH, IO BHPOOAAIOTHCA 13 BUKOPHUCTAHHAM MOAOYHOKHCAUX OaKTepii,
BBAKAIOTHCA OCHOBOIO (DYHKIIIOHAABHOTO XapayBaHHA (iyx za ir., 2008). Boru mictars 6iAKw,
KUPHU 1 BITAMIHM Yy AETKOAOCTYIIHINA AAfl 3acBoeHHA opmi. [lpu ix BHroroBAeHHI
BUKOPUCTOBYIOTBCA ~ MIKPDOOPTAaHI3MH, IO BOAOAIIOTH  PI3HHUMH  (DYHKIIIOHAABHIMU
BaactuBoctamu (Kanpeavany ma lopeavosa, 2003). CucrematidHe BKUBAHHA KHICAOMOAOYHIX
HAIIOIB IIOKPAIIy€ 3AOPOB’ Ta IABHIIYE CTIHKICT AO 1HMexwuitt (Haeoscoxa ma in., 2017).

Icaye HHM3Ka AOCAIAKEHB CTOCOBHO OAEpKAaHHA (DYHKIIOHAABHHX KHCAOMOAOYHHX
IIPOAYKTIB, fAKI MICTATH JKHBI MIKPOOPraHi3MH, fKI BHKOHYIOTH (DYHKIII IIPOOIOTHKIB 1
HOPMAAI3YIOTh CKA2A Ta OIOAOTIMHY aKTHBHICTH MIKPOMAOPH TPaBHOIO TPAKTY AIOAMHI
(Lamenm 37679..., 20006). Ilpore, mepeBaxHO I AOCAIAKEHHA CTOCYEOTBCA IIPOAYKTIB Ha
OCHOBI YalfHOTO Tpuda, Horyptis i kedipis (Bzuxo, 2015b; Biuko ma in., 20065 Kaen ma in., 2008).

3oxkpema, y pobori (Kzen ma in., 2008) onmcaHO AOCAIAKEHHA IOAO BHKOPHCTAHHSA
MIKPOOHOT acoranii «MOPChKUIT PUCOBHUIT IPUOOK» AAA OTPHUMAHHA (DEPMEHTOBAHOIO HAIIOIO
THIIy KBAC.

Nireparypui Aaui (Abaci et al, 2022; De Miranda et al., 2022) cBiA9aTh HpO LIHHNN
OIOAOIIYHNIN BIAHB «JaHHOrO IpuOa» Ha 3A0pOB’A AroAnHH. KomOydYa € KHCAO-COAOAKHM
HAITOEM, BUTOTOBACHUM IIAAXOM (hbepMeHTalLil 9opHOTO 2060 3eaeHoro uaro Camellia sinensis 1
OIOIIAIBKH IIEAFOAO3H, IO MICTHTH CHMOIOTHYHY KyAbTypy Oakrepiii 1 apixaxis (SCOBY).
«HartHuit rpud» CKAAAAE€THCA 3 CUMOI03y OIITOBOKHUCAUX OAKTEPiH, MOAOIHOKHCAUX OaKTepiit 1
ocmoinbHuX APLKAKIB (Dutta & Panl, 2019). Leit «rpud» € A’KepeAOM KOMIIACKCY BITAMIHIB
rpynn B, moaidenoaiB 1 opranidHux KucAotr. «HalHMI TpHO» TAKOK TOTYIOTH 3 ACAKHME
IHITIIMI AABTEPHATUBHUMHE CyOCTPATAMH, ITIO IIPHU3BOAUTD AO Bapiariiil y Oro ckAaAl. 3okpema,
MOKAMBA (DEPMEHTALIA KYABTYPH «HAIIHOTO IPHOa» HA TPAB IHUX HACTOAX, (DPYKTOBOMY COIIi,
MOAOIII, COI Ta HETPAAULINAHIH XapuoBitt pocausi (Malvaviscus arboreus) (Kanuric et al., 2018; Silva
et al., 20217).

TakoK IIPOBOAMANCEH E€KCITEPUMEHTAABHI AOCAIAKEHHSA ITOAO AOIIABHOCTI BUKOPHCTAHHSA
IIPOOIOTHKIB HE AWIIIE AK XaPYOBUX IIPOAYKTIB Ta AIKYBAABHO-IIPO(IAAKTHIHUX 3aCO0IB, aAe 1
AK KOPMOBHUX IPOMIAAKTHIHUX AOOABOK AASl BUTOAOBYBAHHSA CIABCHKOTOCIIOAAPCHKUX TBAPUH
(Biuxo ma in., 2014 b, Koyrwmbac ma in., 2003; Vichko et al., 2013).

«Tubercpkuii rpuOOK» — 116 cM0103 OaxTepiii poay 3ooraes (AaT. Zoogloea, BIA CT.-IPELIBKOL
{®ov — «rBapuHa» 1 YAOLOG — KAHIIKA PEYOBUHAY). 300TAEHA CKAAAAETHCA 3 TIOAICAXAPHAIB, 1HOAL
3 AOMIIIIKAMH a30THCTHX CIIOAVK. 300TA€A MOKE€ OyTH ITaABLIEBHAHOI, KOPAaAOIOAIOHOI,
OprxoBoi 200 1HIIOL hopM. 300TAEs € POAOM IPAMHETATHBHIX Ta A€POOHUX MIKPOOPIaHi3MIB,

010IIEHO30M MIKPOOPIaHi3MiB 3 CIIIABHOIO CAHM30BOIO 20O I'€ACIOAIOHOIO KarcyAoro. Bona e
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IIOCTIHOIO 200 THMYACOBOIO KOAOIAHOIO CIIABHOTOIO 3 PI3HHX MIKPOOPTAaHI3MIB 3 METOIO
CIIBIIpAIll, 3aXUCTy BIA HAHIIPOCTIMNX, BIATBOPEHHA KHBACHHA 32 AOIIOMOIOIO YTBOPECHHS
KOAOIAHOI TEAEIIOAIOHOI KAIICYAH, fKA MA€ PIBHOMIPHHE TIAPOCTATHYHHUH THCK. 300rAci
POCTYTh Ha OAraTuxX Ha IIOKUBHI PEYOBUHI CEPEAOBHUIIAX, 30KPEMA AOOPE POCTYTh HA MOAOII.
V npupoal ICHYIOTH CHMOIOTHYHI CIIBBIAHOIICHHA PISHUX KyAbTyp — cuHTpodif. [lpm
cuuTpodii BHA KHBE 32 PaXyHOK IHIIOrO BHAY. B aHrAOMOBHIN AlTepaTypi Il CIIBIIpAIlf
masuBaetbess SCOBY — symbiotic culture of bacteria and yeast, a y BiT4n3HAHIN AlTepatypl —
sooraes (Cunmpogpis, 1.0.).

VIBOpeHHA 300rA€s, O4EBUAHO, HOCHTD IIPHCTOCYBAABHIN XaPaKTEP: 3aBAAKHM if CAM30OBIH
KOHCHCTEHIII AETKO 3AINCHIOETHCA aACOPOIIA 3 BOAU IOKHUBHHX PEYOBUH, HEOOXIAHUX AAA
icHyBaHHA OakTepiil. Y IPHPOAL Ayke Oarato PI3HOBHAIB 300TAEf, OAHAK, OAOMAIIHEHI Ta
HAHOIABII BUBYCHI AHIIIE TPU BUAHU: MOPCHKHI PHC», IAMHHIE IpruO» 1 «TrOeTChKuil rpudy». Bel
i Tpu 300rAel — aOCOAIOTHO Pi3HI KYABTYpPH, 31 CBOIMH OCOOAHBOCTAMU Ta OYAOBOIO.
BaactuBocti Beix 300rA€H pisHi, aAe X 00’ €AHYE Te, IO BCI BOHH MICTATH OLITOBOKHCAL OaKTepil.
Harroi, orprmMani 32 AOIIOMOTI'O¥O IIHX 300TAEH, MOKHA BUKOPHUCTOBYBATH HE AHIIIE B XaPYOBUX
miafx. Hacroi «wafiHoro rpmba» Ta «MOPCBKOIO PHCY» BHKOPHUCTOBYIOTH AASl DOPOTHOH 3
pisHnMu 3axsoproBanuaME mikipu (Lo maxke 3002168, 1.0.).

«Tubercpknii rpuOOK» ABASIE COOOIO HE EAMHUIT OPraHi3M, a ACOIIIATHBHUM KOHCOPLIIYMOM
PISHHX TAKCOHOMIYHHX IPYHI MIKPOOpPraHi3MmiB, TOOTO IIAMI KOMIIAEKC B32€MOIIOB f3aHUX
MIKPOOPIaHI3MIB, IO YTBOPIOIOTH CHMOIO3 — CKYIYECHHSA PI3SHOMAHITHHX MOAOYHOKHCAHX
OakTepii, APLKAKOBHUX IPUOIB 1 OITOBOKHCAUX Oaktepiit (Biuxo ma in., 2014a).

Harroi BUroToBACHI Ha OCHOBI «THOETCBKOIO TIPHO2» BOAOAIIOTH IIHPOKOIO TAMOIO
KOPHUCHHX BAACTHBOCTEH: ITOKPAIIYIOTh TPAaBACHHSA, BIAHOBAIOIOTH OOMIH pPEYOBHH;
ITOKPAIIyIOTh (PYHKII] IIEUIHKN Ta }KOBYOBUBIAHUX IIIAfIXIB; AOIIOMAraIOTh IIPH 3aXBOPIOBAHHI
HHUPOK Ta CEYOBOIO MIXypa; IMOKPAIIYIOTh CEpLEeBY AlAAbHICTD TOImO (Koyombac ma irn., 2003;
I amenm na xopucry mooess. .., 2013).

IIpore, He 3BayKAFOYM HA TE, IIIO AIOACTBY BIAOMO IIPO IIPUPOAHHE CHMOIO3 «THOETCHKHUI
IprOOK», IIPO HAIIH, BUTOTOBACHHH HA OCHOBI LIbOIO I'PHOKa, CHOIOAHI y IIPOMHCAOBHX
MacIrrabax He BHUKOPHUCTOBYIOTH IIFO MIKPOOHY aCOINAINIO AAf BHTOTOBACHHA MOAOYHHX

HAIIOIB.

Marepiasn Ta METOAH AOCAIAYKEHB

Ha meprmromy erari BUBY9aAM BAACTHBOCTI MIKPOOHOTO CHMOI03y «THOETCHKHE TprOOK». Y
APYTiHl cepil eKCIIEpHMEHTIB BHBYAAM IIEPEOIr IIPOIIECIB IIA YAC CKBAIIYBAHHA MOAOYHOL
cymimm. OCTaHHIF €Tall CTOCYBABCA AOCAIAKEHHS OPraHOACHTHYHUX, (DI3HKO-XIMIYHUX Ta
MIKPOOIOAOTTYHUX IOKA3HHUKIB I'OTOBOI'O KHICAOMOAOYHOIO HAIIOIO Ha OCHOBI «THOETCHKOTO
rpubxay. [1py BUKOHAHHI pOOOTH BUKOPHCTOBYBAAH 3araABPHOIIPUIHATI Ta CIICIIAABHI METOAN
AOCAIAJKEHD, 4 CAME: OPTaHOAEITHYHI, (DI3UKO-XIMIYHI H MIKPOOIOAOTIHHI.

Busnavennsa THTPOBaHOI KHCAOTHOCTI y KHCAOMOAOYHOMY HAITOi IIPOBOAHMAHM 3TIAHO
I'OCT 3624-92, akrusaoi kucaotaocti (pH) — morenniomerpuannm meroaom sriano ACTY
8550:2015. BusnagyeHHA MacOBOI 9aCcTKH CYXHX pedoBuH MPoBoAnAn 3riaH0 ACTV 8552:2015.
OpraHoAenTUYHI AOCAIAKCHHSA BKAIOYAAU BU3HAYEHHS 30BHIIIHBOIO BUTASIAY, KOHCHCTCHIII,

CMaKy, 3aIaxy Ta KOABOPY AOCAIAKYBAHOIO KHCAOMOAOYHOIO HaIoro. MikpobioAoridui
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Asocainkerrs npoBoanau srino ACTV 7357:2013. BusHadeHHSA KOAOHIEYTBOPIOBAABHHUX
OAMHHIIb APIKAKIB IIPOBOAHAH IIIAAXOM ITIAPAXOBYBAaHHA KOAOHIM, IO BHPOCAH 32

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

PesyapTaT AOCAIAYKEHD

[Ipu BUTOTOBAGHHI KHCAOMOAOYHHUX HAIIOIB BAKAUBHM € AKICHHUN 1 KIABKICHHI CKAQA
MIKPOMAOPH  3aKBAIYBAABHUX OAKIIPEIApaTiB, INO 3aCTOCOBYIOTBCA AAA CKBAIIyBAHHSA
MOAOYHOI OCHOBH. BHUXOAAYH 3 IIOrO, HEPIINM ETAIIOM AOCAIAKEHB OYAO AOCAIAKEHHSA
BAACTUBOCTEH acorarii «THOeTCHKUIT TprO».

300rA€l BHHHKAIOTP BHACAIAOK CIIOHTAHHOTO CHMOI03y. 3ooraed € CHMOIO30M
AAKTOOAKTEPIH, OLTOBOKHCAHX OAaKTEpil Ta APLKAKIL. 3aBAAKH ApPLKAKAaM 1 crenmdidHOMY
30BHIIITHBOMY BHTASIAY 300T'A€i 9acTO HA3MBAIOTh «rpuOamm». [lpore Ie He IIpaBHABHO,
OCKIABKH I'pHOH € OKPEMOIO Kareropiero. « I'mOeTchkuii rpuO» He Ma€ HIYOrO CIIABHOIO 3
rprOaMu, OKpIM CBO€EI HAa3BH.

«Tnbercpkuii rprOOK» € MOAIOHHM Ha KyIy 3epeH, Ak 3aumAuca. Lli sepHa Haraayrors
LBITHY Kamycty. « ['mOeTchkuii rpuOOK» — CKAaAHA IIAICHA CHCTEMa, KA CAMOBIATBOPIOETHCH.
ITpote, AO CBOTOAHI HAYKOBIII HE BIATBOPHAM KUTTE3AATHI 3¢PHA «THOETCHKOIO TpHOKay. Takox
BCTAHOBACHO, IO «THOECTCHKUH IPHOOK» MOKE PO3MHOKYBATHCH Y COEBOMY, PHCOBOMY Ta
KOKOCOBOMY MOAOLIL.

MikpobioTa «THOETCHKUH IPUOOK» — IIe CHMOI03 MIKPOOPIaHI3MIB, AKI POCTYTH 1 IIIBHAKO
PO3SMHOXKYIOTBCA. AO CKAGAy «THOETCBKOIO TIPHO2» BXOAATH AAKTOOAKTEpil, OIITOBOKHCAI
Oaxrepii 1 ApLKAKI. 3aBAAKH I[BOMY KHCAOMOAOYHHH HAINH, IO € Pe3yAbTATOM
KATTEAIIABHOCTI  acoriiarii «THOeTChKHi IPHOOK», € IIPOAYKTOM MOAOYHOKHCAOL T2
aAKOTOABHOI bepMmenTanii Ta Ma€e yHiKaAbHI BAacTuBOCTL. Ha pucynky (Pucyrnox 1) 306paxkeHo
«TUOETCHKUI TPHOOKY, KU BUKOPUCTOBYBABCA AAf EKCIIEPUMEHTAABHIX AOCAIAKEHB.

3 pucynky (Pucynox 1) BHAHO, IO AaHA MIKpOOHa acomiarid € y opmi IPYAOK, fKi
XapaKTEPU3YIOTBCA PI3HUM po3mipoM. I'pyaodukum € 6inoro koapopy, Oe3 3amaxy, ix
KOHCHCTEHIIIA I'YMOIIOAIOHA Ta mpysKkHA. [IpH 1IbOMY, IPYAKH CKAQAQFOTBCA 3 OKPEMHEX IPAHYA,
OKpyTAOi Ta oBaAbHOI (popmu. Posmipu rparya cTaHOBAATH BiA 1 A0 3 Mmm. [ToBepxHA rpyAOdOK
€ HEOAHOPIAHOIO. ' pPyAKH AEIIIO ITOAIOHI Ha BUTASIA AO KHCAOMOAOYHOIO CHPY. Y BOAL TPAHYAH
MIKpOOHO]I acoriaril «rHOeTCPKHE IpUO» OCIAAIOTH Ha AHO, TOMY II€ CBIAYHTB IIPO T€, IO
rycruna rpanyA € 6iabmoro 3a 1000 kr/sm (Pucynox 2).

V Altepatypi € AaHI IPO HEMOMKAUBICTD 30€PIraHHA THOETCHKOIO IPUOKa» B XOAOAHABHIH
kamepl. Hamm 1mpoBeaeHO AOCAIAKEHHA MOMKAMBOCTI 30epiraHHA MIKPOOHOI acormarii
«TuOETCHKUI TPHOOK» IPH TEMIIEPATypi BIA 2°C a0 6°C. OnTuMaAbHUMH YMOBAMHU AAS
30epiraHHA BUABHAOCH 3aCTOCYBAHHSA CTEPUABHOI BOAU AASl BUTPUMYBAHHA «IPHOKA» y Hilt. Aas
TPHBAAOIO 30epIraHHA «THOETCHKOTO IPHOKA» BAPTO 3aCTOCOBYBATU IAMOOKE 3aMOPOKYBAHHSA
pu temirepatypi —18°C. Ipn mpomy crasi «TnOeTChKHA IPHOOK» MOKe 30epiraTuch pik. [Ticas
IIPOIIECY  PO3MOPOKYBAHHA  CIIOCTEPIraAOCs  IIOBHE  BIAHOBACHHA (DEPMEHTATUBHUX
BAACTHBOCTEH «THOETCHKOTO I'PHOKa» BIIPOAOBIK KIABKOX IIEPEITOCAAOK.

BcranosaeHo, 110 Ha pO3MIp IPYAOYOK «THOETCHKOTO IPHOKa» BIIAHBAE (paza HOTO

’KUTTEBOTO ITUKAY. 30KpeMa, MOAOAUH «IPHOOK» Ma€ po3Mip y Alamerpi 3-6 Mm, a crapuii — 3-5
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cM y Bl moHaA Aa TwxkHl (Pucyrox 3). 3 1bOTO pUCYHKY BHAHO, IO OKPEMI IPYAKH MAFOTbH
HEIIPABUABHY, TPOXH OKPYTAY DOpMYy.

[IpoBeAeHO  BH3HAYEHHA BMICTY CYXHX PEYOBHH y  «THOETCBKOMY  IPHOKY».
ExcnieprMeHTaABHO BCTAHOBAEHO, IIIO BMICT CYXHX PEUOBHH CTaHOBUTH 12,1% (mpuOAM3HO AK
BMICT CyXHUX PEYOBHH HE30OHPAHOIO MOAOKA). 30KpeMa, B MOAOAOMY «rpuOKy» 6yao 10,6%
CYXHX PEYOBHH, Y CTAPOMY «IPHOKY» (Ha erari repeA moairom) — 13,6%, mo ma 3% Oiabmre. 3
LIBOTO MOKHA 3POOHTH BHCHOBOK IIPO T€, IO MOAOAUIN «TPHOOK» MOXKE yTPUMYBATH OiABIIIE
BOAOIM, HIK CTapuil. Y pe3yAbTaTi JKUTTEAIABHOCTI «THOETCHKHE IPHOOK» pocCTe Ta
PO3MHOKYETBCA. A 3 KOKHUM IIHKAOM KIABKICTB «TPHOKa» 301ABIITy€THCHL.

AAfl pO3pOOKH TEXHOAOTI KICAOMOAOYHOIO HAIIOIO Ha OCHOBI «THOETCHKOTO TPHOKA» AK
32aKBACKH BA)KAUBE 3HAYCHHA MA€ KIABKICHII 1 AKICHUIT CKAaA Hforo mikpodaropu. Mopdoaoria
IIPUPOAHOI acomiarii «rnOeTChKUIT IPUO»: KOKH, IIOOAMHOKI 9H § BUTAAAL CKYITYCHb, ITAAMIKH
ITOOAHHOKI 200 y BHIASIAl AQHITFOKKIB, APLKAKOBI KAITHHH ITOAOBTACTI Ta OBAABHOI popmu
(Biuxo ma in., 2006). BcraHOBAEHO, IO AO CKAZAY aCOLIAIli «THOETCHKHE IPHO» BXOAATH ABA
THITH APUKAMKOBUX KAITHH POAY Saccharomyces, Apixamosi kaituau Candida kefir, MOAOIHOKICAL
Oaxrepil Lactococcus lactis subsp. lactis, Lactobacillus fermentum, 1euconostoc lactis i Lactobacillus spp. ta
OITOBOKUCAL Mikpooprauismu Gluconobacter oxydans (Biuxo, 2015a; Biuxo ma Hosixos, 2008).

V' MIKpoOIOTI «THOETCHKHE TPHOOK» HepeBaKaroTh Lactobacillus fermentum, a X KiABKICTH
craHOBUTH OAH3BKO 90%0 BiA yCiX MIKPOOPraHi3MiB IIBOTO IIPUPOAHOrO cumMbio3y. Ha apyromy
Micri 32 KiabkicTio — Lactobacillus spp. Ix BmicT cranoButs 6An3pKO 9% BiA 3aTaABHOL KIABKOCTI.
Ha Gluconobacter oxydans npurmrapae 1,13% Bia ycix OaxreplaAbHHX KAITHH Iiel acorarrii.
Moaounoxwucai 6akrepii Lexuconostoc lactis maspi y xiabkocti 0,69%. Candida kefir ictaTbCA Y TI1IE
Hroxain kKiabkocti (0,09%). Lactococcus lactis subsp. lactis 1 ApiKAXKOBI KAITHHI POAY Saccharomyces
npucytHi o 0,01% (Biuxo, 20715b). Tomy, poOHMMO BHCHOBOK, ITIO HAWBAMKAUBIIIY POAD AAA
dopMyBaHHA KHCAOMOAOYHOIO HAIIOIO HAa OCHOBI IIi€i 300rAei BiAlrparoTp Oakrepii poay
Lactobacillus, ockiabKH X BMICT y «THOETCHKOMY IPHOKY» CTAHOBHTH OAH3BKO 99%.

IIpu ckBarryBaHHI MOAOYHOI CYMIII BHACAIAOK PO3BUTKY MIKPO(PAOPH HAKOIIHYYETHCA
MOAOYHA KHCAOTA, III0 BIAOMBAETHCA HA ITOKA3HUKY TUTPOBAHOI KHCAOTHOCTL. AASl ACTAABHOTO
BHUBYCHHSA AI/IHaMlKI/I CKBAIITyBaHHA HpI/I p13HI/IX TCMHCPQ.TYPHHX pC)KI/IMaX HaMM 6yAO
1106yA0BaHO BiAttoBiaHI rpadiku (Pucyrox 4). Ha pucynxky moaasi isotepmu 3 kpoxkom 2°C. Sk
BUAHO 3 TpadikiB, IPOTATOM BCHOIO EKCIIEPHMEHTY BIASHAYAAOCA 3POCTAHHA THTPOBAHOL
KHCAOTHOCTL. MOKHA KOHCTAaTYBATH, IO 3POCTAHHA KHICAOTHOCTI 3aACKAAO BIA TEMIIEPATYPH
CKBAIIyBaHHA MOAOYHOI cymimii. TuTpoBaHa KUCAOTHICTS OyAa HAHBHIIOIO Y 3Pa3Kax IPOAYKTY
3 HAMOIABIIIOIO TEMIIEPATYPOIO ckBaryBarusd, ToOTO mpu 30°C. BIATIOBIAHO HaITHIKIOIO OyAa
KHCAOTHICTh IIPH HAWHIDKYIN Temmeparypi cksarnyBanus — 20°C. Bapro sasmauwmrn, Imo
HAHaKTUBHIIIIE BIAOYBAAOCH KHCAOTOYTBOPECHHA B IIEPIHI IMCTh TOAHMH BIA ITOYATKY
CKBAIIlyBAHHA 32 AOIIOMOIOIO «THOETChKOro rpmOka». Ha 12-1y roammy cxarryBanHA
THTPOBAaHA KHCAOTHICTH OyAa Ha piBHi 76,7-88,2°T.

Kpim Toro, mpoBEAEHO AOCAIAKEHHA AMHAMIKH AKTUBHOI KHCAOTHOCT] BIIPOAOBK IIEPIIINX
12-1t1 roA. cxBarryBaHHA MOAOYHO!I cymirm. CAIA 3a3HAYUTH, IO IIPOTATOM YCHOIO IIPOIECY
CIOCTEpEeIKEHHA BIAOyBaAOCA crapaHHA mokasHuka pH. Takoxk BHABAECHA 3aACKHICTD AKTHBHOL
KHCAOTHOCTI BIA TEMIIEPATypH CKBAITyBaHHA. 30KpeMa, YHM BHIIOIO OyAa TeMmIeparypa

CKBAIITyBaHHS, THM HIKIOIO 6yAa AKTUBHA KUCAOTHICTb.
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BcranoBaeHO, IO OITHMAABHOIO TEMIIEPATYPOIO AAfl 3AKBAIIYBAHHA MOAOYHOI CyMIIH
«rubeTchkuM rprOKoM» € Bipg 26°C Ao 28°C. OmTuMasbHOO KIABKICTIO «rpubka» € 2,5-3% Bia
MacH 3akBarmyBaHoi cymirm. ITiA @ac cKBaIllyBaHHA IPOXOAATH IPOIIECH MOAOYHOKHCAOTO
OpPOAIHHSA, KOAryAfIil Ka3elHIB, PO3MHOKEHHA MIKPOOIOTH «THOETCHKOTO IPHUOKa», BHACAIAOK
YOro Maca «IpHOKa» 30IABIIyeTbCA. [licAf KOKHOIO CKBAIIYBAHHA IPYAKH «THOETCBHKOIO
IprOKay MOTPIOHO IIPOMUBATH BOAOIO. BH3pIBAHHA KHCAOMOAOYHOIO HAIIOIO CAIA IIPOBOAUTH
pu Temrepatypi 14°C Brrpoaosix 9-12 roa. A0 MakcuMaAbHOI THTPOBaHOI KcAoTHOCTI 120°T.

BaxamBuM ITOKa3SHHKOM TIPOOIOTHYHHX BAACTHBOCTEH KHCAOMOAOYHOIO HAIIOIO €
CITIBBIAHOIIICHHA KIABKOCTI MOAOYHOKHCAUX OaKTepiil Ta ApLKAKIB. TOMy HaMH IPOBEACHO
AOCAIAKEHHA ITIOAO BHU3HAYEHHA BMICTY IINX MIKPOOPTAaHI3MIB Y TOTOBOMY KHCAOMOAOYHOMY
HAIIOi, BUTOTOBACHOMY 3 BUKOPHUCTAHHAM MIKpOOioTH «TrOeTchkuit rpudbow» (Tabauys 2).

Ax Buamo 3 rtabamui (Tabauys 2), omruMaspHEM OYAO  CIIBBIAHOIIECHHA —MIK
AAKTOOAKTEpIAMH 1 APLKA)KAME B TOTOBOMY HAIIOi, BHTOTOBACHOMY 3 BHKOPUCTAHHAM
«TIOETCHKOTO TPHOay», AWIIE IIPH CKBaIlyBaHHI 3a Temueparyp 26-30°C. Hiokdi temmrepatypu
CKBAIIyBAHHSA AKTHUBI3YBAAU PO3BHTOK APIKAKIB, aA€ BMICT MOAOYHOKHUCAUX OakTepiii Ipu
LIbOMY OYB HIDKYNM 32 HOpMY. HalOIITHMaABHIIIIOIO TEMIIEPATYPOIO AAf PO3BUTKY APLKAKIB
susBAack 20°C, a aast aakrobakrepiit — 30°C.

V nporreci dpepmenTAaIil MOAOYHOI CYMIII 3HAYHUX 3MIH 3a3HAIOTH CMAK Ta 3aIaX. oMy
HAMU IIPOBEACHO AOCAIAKEHHS OPraHOACHTUYHHUX XaPAKTEPUCTUK KICAOMOAOYHOTO HAIIOIO,
BUTOTOBACHOTO 3 BHKOPHUCTAHHAM MIKPOOIOTH «THOETChKHN rprOok». IIpoBoamaocs
BHU3HAYEHHSA TAKIX OPraHOAEIITHYHHUX ITOKA3HUKIB, AK 30BHIIITHIN BUTAAA, KOHCHUCTEHIIIA, 3a1TaX,
CMaK 1 KOAIp.

ITapareAbBHO 3 OPraHOACIITUYHOIO OIIIHKOIO KHCAOMOAOYHOTO HAIIOKO, BUTOTOBACHOIO 3
BUKOPHCTAHHAM «THOECTCHKOIO TIPHOKA», AAfl IIOPIBHAHHA AOCAIAKYBAAU OPraHOACIITHYHI
ITOKa3HUKKN  KelpiB, NPHADAHHX y TOpriBeAbHIN Mepexi. IlepeA  AocAlAKeHHAM
KHCAOMOAOYHHI HAINH 1 KyltAeH! KedipH CTApAHHO IIEPEMIIIYBAAN Ta HAAUBAAU Y IIPO30PI
ckASHKA. OIIHKY OPraHOACITHIHHIX XaPAKTEPUCTHK 3AINCHIOBAAN 32 9-TH OAABHOIO IIIKAAOIO.
[TepeabadeHo Ha OIUHKY 30BHIIIIHBOTO BHTASIAY 1 KOHCHCTEHII BIABOAUTH MAKCHMAABHO 2
Oaam, Ha 3ammax — 2 Oaam, Ha cMak — 4 Gaau Ta Ha KoAlp — 1 Gaa. IIpoBeaeHa aerycrariiiina
OIIHKA ITOKAa3aAa, IO KHCAOMOAOYHUN HAIII, BUTOTOBACHHH 3 «THOETCBKHUM I'PHOKOM» 32
OPraHOACHTUYHUMH IIOKA3HUKAMH HE IIOCTYIABCA KOMEPIUHHHM 3paskam  kedipy.
OpraHoAeITHYHI HOKA3HUKH AOCAIAKYBAHOIO HAIIOIO HaBeAeH! B TabAut (Tabiuys 1).

CAiA 3a3HAYNTH, IO THTPOBAHA KHUCAOTHICTH TOTOBOIO KHCAOMOAOYHOTO HAIIOIO,
BHUTOTOBACHOTO 3 BUKOPUCTAHHAM AASl 3AKBAIITYBAHHA 1 CKBAIIIYBAHHSA MIKPOOIOTH «THOETCHKOTO
rpubka», cranoBuAaa 92,4°T, mo € y mexax Hopmu, 3azHaueHOl y ACTV 4417:2005. Taxox
ITOKa3HUK AKTUBHOI KHCAOTHOCT] TOTOBOT'O HAIIOIO OYB y Mexkax HopMH i cranosus 4,71 oa. pH.

byao mposeaeHO BU3HAYEHHA BMICTY MOAOYHOKHCAMX MIKPOOPIaHI3MIB Ta APLKAKIB y
TOTOBOMY KHCAOMOAOYHOMY HAIIOi, BUTOTOBACHOMY 3 BHKOPHCTAHHAM 300TAE] «THOETCHKUI
rpubOK». AHAAI3 TTOKa3aB, IO BMICT AakTODAKTEpiil y Hamoi cranosms 2,42:10 KVO/cv’, a

BMmicT ApiKAKiB — 2,71-10* KVO/cem’.
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OGroeopenna

AaHUMH ~ AOCAIAKEHHAMH ~ BCTAHOBACHO — AOLIABHICTH — 3aCTOCYBaHHS —~ MIKpOOiOTH
«THOETCHKUI TPHOOK» AAfl BHUIOTOBACHHS KHCAOMOAOYHOrO Haroro. lle AosBoAmTs
POSIIHUPUTH ACOPTUMEHT KICAOMOAOYHHUX ITPOAYKTIB 13 KOPHCHUMH BAACTHBOCTAM.

«Tnbercpkuii rpuOOK» IMOAIOHII Ha KYIIy 3€PEH, IO CXO0xki AO IBiTHOI KamycTu. Ao fioro
CKAQAY BXOAATH AAKTOOAKTEpll, OIITOBOKHCAI OakTepil 1 MOAOUYHI APLKAKI. 3aBAAKH ILIBOMY
KHCAOMOAOYHUI HAITH, AKHH € PE3YABTATOM KUTTEAIABHOCTI ACOIIATHBHOIO KOHCOPIIyMY
«TAOETCHKUIL TPUOOK», € IIPOAYKTOM MOAOYHOKHCAOIO Ta CIIHPTOBOIO OPOAIHHA 1 Ma€
yHIKaABHI BAACTHBOCTL. «'prOOK» Mae pOpPMYy IPYAOUOK PI3HHX PO3MIPIB, OIAOIO KOABOPY,
I'YMOIIOAIOHOI Ta HPYKHOI KOHCHCTEHII, fIKi CKAGAAIOTBCA 3 OKPEMUX IPaHYA, OKPYTAOI Ta
oBaabHOI (popmu. Ha posmip rpyao=ox BramBae pasa :urreBoro nukay. Lle He posxoaurscs
3 HPAKTHIHUMH AAHUMH, OTPUMAHUMU y poOoTax iHIuX aBTopis (Biuko ma in., 2007; Bopobeys
ma in., 2008; Kukhtyn et al., 2018).

V Alrepatypi € AaHI IIPO HEMOKAUBICTD 30€pIraHHA «THOETCHKOTO IPUOKA» B XOAOAMABHII
kamepl. Hamm mpoBeAeHi AOCAIAKEHHA IMOAO MOKAHBOCTI 30epiraHHA «IpHOKa» IIPH
temirepatypl 2-6°C y CTepHABHIN BOAL. A AAS TPHBAAOIO 30€piraHHA BAPTO 3aCTOCOBYBATH
rAuOOKe 3aMOpOsKyBaHHA. Ha OCHOBI IIPOBEACHHX EKCIIEPUMEHTIB BCTAHOBAECHO BMICT CYXHX
PEYOBUH Y «THOETCBKOMY IPHOKY». TaKo:K BHBYCHO 3aACKHICTD THTPOBAHOI Ta aKTHBHOL
KHCAOTHOCTEH BIA TEMIIEPATYPH CKBAIYBAHHA MOAOYHOI cyminm. OTpumani AaHI CTOCOBHO
BIIAUBY TEMIICPATYPU HA CIIBBIAHOIIEHHA MK AAKTOOAKTEPIAMH i APIKAKAMU y TOTOBOMY
Haroi. BusHa4eHO OKa3HUKH AKOCTI TOTOBOTO IIPOAYKTY.

HeaoAiK IBOro AOCAIAKEHHS IIOASITAE ¥ TOMY, IIO BOHO (POKYCY€ETHCA AMIIIE Ha IIPOLEC
CKBAIIlyBAHHA MOAOYHOI CyMIIIl 3a AOIIOMOIOIO «THOETCBKOrO IPHUOKa» Ta BHU3HAYCHHI
ITOKa3HUKIB fIKOCTI I'OTOBOI'O KHCAOMOAOYHOTO Haroro. He OyAao mpoBeaeHO AOCAIAKEHHSA
HapPOCTAHHA O10AOTIYHOI MACH MIKPOOIOTH «THOETCHKIH IPHOOK» IIPH KYABTUBYBAHHI B MOAOLLL.
Takoxk HEe AOCAIAKEHO 3MIH KHCAOMOAOYHOTO HAIIOIO IIiA 9ac 30epiranHsA. TepmiH 30epiraHHa
€ HAA3BUYAHO BAKAUBHUM, AK AAfl CIIO;KUBAYIB, TaK 1 AAd BUPOOHUKIB Xap9IOBUX IIPOAYKTIB. Bin
BKAIOYAE B ceOe IEPIOA FaCy, IIPOTATOM AKOTO IIPOAYKT 30epirac XapakTepHi OPraHOACIITHYHI,
dizuko-ximivHi, MIKpOOIOAOridHI Ta (DYHKIIIOHAABHI XaPAKTEPUCTHKA, 4 TAKOXK 32aAHINAETHCA
oesmearuM AAf criokuBaHHA  (Ocrosni  gaxmopu..., 2022). Takum YHHOM, ITOAAABIIIMN
HAIIPAMKAME AAA HAYKOBUX AOCAIAKEHD € BUBYCHHS HAPOCTAHHA OI0AOITIHOI Macy MIKpoOioTH
«THOETCHKUIT TPHOOK» IPH PISHUX TEMIIEPATYPaX KyABTHBYBAHHA B MOAOII, 4 TaKOX
IIPOBEACHHS AOCAIAKEHHA 3MIH BAACTHBOCTEH HAIIOIO INA 9YaC 30epiraHHA Ta BHU3HAYCHHSA

TepMIHY HOTrO 30epiraHHs.

BucaoBku
Taxum wurom, Ha OCHOBI OTASIAY HAYKOBOI AITE€PATypH BCTAHOBACHO, IO € AKTYAABHUM
AOCAIAPKEHHA MOKAMBOCTI 3aCTOCYBAHHA IIPUPOAHOI MIKPOOHOI acoriamii «THOETCHKIH
IpUOOK» IIPH BUTOTOBACHHI KHCAOMOAOYHHUX HAITOIB.
Busueno BAacTHBOCTI MIKpOOIOTH «THOETCHKHUIT TPHOOK». AICHEHO TEOPETUIHUIT aHAAI3
BUTOTOBACHOIO KHCAOMOAOYHOIO HAIIOIO0 HAa OCHOBI «THOETCBKOrO IPHOKa». AOCAIAKEHO
3MIHH AKTHUBHOI 1 TUTPOBAHOI KHCAOTHOCTEI, 2 TAKOK CIIBBIAHOIIIEHHS MI’K MOAOYHOKHCAUMI

MIKpPOOPTraHI3MaMI Ta APIKAKAME IIPH PI3HUX TEMIIEPATyPaX CKBAIITyBAHHA MOAOYHOI CYMIITI.
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BeranoBAeHO ONTHMAABHI TEXHOAOTIYHI ITapaMETPU BHPOOHHUIITBA KHCAOMOAOYHOTO
HAIIOKO 3 BHKOPHCTAHHAM «THOETCHKOIO TIPHOKa»: 3aKBAIIYBAHHA 1 CKBAIyBAHHA IIPH
temmepatypi 26-28°C mpotsirom 12-tu roa., Buspisanus mpu temrepatypi 14°C tpusaaicrro 9-
12 roa. Ao MakcumaAbHOI THTpOBaHOI KucAoTHOCTI 120°T.

AocaipkeHo opraHoAenTadHl, (PI3UKO-XIMIYHHX Ta MIKPOOIOAOTIYHI ITOKA3HHUKN AKOCTI
rOTOBOIO HAIOI0. KHCAOMOAOYHHIT HAIIH MaB MOAOYHO-OIANH KOAIpP, PIBHOMIPDHHIH 32 BCIEIO
MACOIO Ta YHCTHH, KHCAOMOAOYHHN OCBLKaroumili cmak. KOHCHCTEHIs Hamoro Oyaa
OAHOPIAHA, CMETAHOIIOAIOHA, 3 TIopymieHHM 3TycTKOM. CIIocTepiraaocs Tra3oyTBOPEHHSA 3
HAABHICTIO IIOOAMHOKUX BIYOK.

Kucaomoaouni Hamof, BUTOTOBAEHI 3 BHKOPHCTAHHAM 300TAei «THOCTCHKHE IPHOOK»
MOXKYTh ITO3UTHBHO BIIAUBATU HA KOPEIYBAHHA PAIIOHY XapYyBaHHA HACCACHHSA, YCYBAIOUN

ACIIHUT ITOKUBHUX PEYOBHH.

Koudaixru inTepecis

ABTOpPH 3aABHAH, 1110 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, it is 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 part 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.
. -

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 (Newzon 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, 2013,
Royama, 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, 20173).

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 (Mukbherjee &> 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 (Kayufs 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., 2019). 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 7), 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 SD; 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
(COy) 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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A

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 "2

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 current 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 6™- and 5%-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 5"-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 6™- and 5%-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, 2077). 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 elderly, 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 (Gruzieva & Puzanova, 2015; Povoroznynk & Puzanova, 2019; Puzanova, 2011; Puzanova, 2018,
Prasad, 2013; Revenok et al., 2016), like the global trend of population aging and the Decade of
healthy aging’s challenges (UN Decade..., 20217) 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 rtheumatic 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
(Iloh 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
curticulum 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 (Alzbdullah
¢t al., 2022y 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 were 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 (Mohamadhoseinzadeh 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 (Tabl 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 futurey.

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;
Ambulkar et al., 2017; Cakmakkaya, 2021, Mobamadhoseinzadeh Hashewsi et al., 2019; Sabouni 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 validated tools
(Alabdullah et al., 2022; Cakmakkaya, 20217).

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 (Maggzo 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 FF 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 (Tuble 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 (Tuble 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, rheumatology,
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 % 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:
06,67% 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=46) 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.

138



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 (Tuble 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
rheumatology 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 (Twble 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 cohort 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 S7; 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 subgroup 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 Tiirkiye 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 either “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=06; 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 Syria (Alabdullah et al., 2022), and among Ethiopian medical
interns (Yebualashet et al., 2021), 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 (Kharaghani et al., 2016).

As for Ukraine, in 2015 we were the first (Grugieva & 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 (Gruzgieva

& 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 (Povoroznynk & Puzanova, 2019; Puzanova, 2011,
Puzanova, 2016; Puzanova, 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 & Shyanm, 2017), Iran (Hashem-Dabaghian et al., 2022;

Kharaghani et al., 2016; Mohamadhoseinzadeh Hashensi 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 (Alabdullah 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; Nwagwu, 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 2006, 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 (Hashem-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 (Subbiab,
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 (INwagwx,
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, 2017), 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 (Abmad
Ghaus et al., 2027).

As was reported in Sti 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; Mobamadhoseinzadeh Hashemi et al., 2019, Sabouni et al., 2017; Y ehualashet
¢t al., 20215 Zanaridah 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 (Mobamadhoseinzadeh Hashewi 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 (Kbaraghani
et al., 20165 Moosavi et al., 2020, Narges et al., 2013) and practicing EBM (Hashem-Dabaghian et al.,
2022; Jabangir, 2022, Mobamadhoseinzadeh Hashenii 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 Tirkiye, 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, 2021), 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
(Coskun et al., 2023).

Literature data indicate the influence on the implementation of EBM of several factors
associated with medical students/healthcare professionals such as gender, year of the
curriculum, type of membership, regional features and needs, or ethnicity, too
(Mohamadhoseinzadeh Hashemi et al., 2019). The teachers’ features can also be influencing (Maggio
¢t 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 (Maggzo et al., 2013).

The obstacles to teaching EBM in Iranian HEIs were described in a qualitative study (Narges
¢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%) (Kbaraghani 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; Jahangir, 2022, Moradi & Hosseini, 2017; Prasad, 2013; Puzanova,
2011; Puzanova, 2016; Thakkar & Shyan, 2017). Various 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 (Pxuzanova,
2011; Puzanova, 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;
Hashemr-Dabaghian et al., 2022; Naryges et al., 2013; Prasad, 2013; Revenok et al., 2016). Nowadays
EBM has become more patient-centric than recently (Abmad Ghans 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; Lok et al., 2020, Maggio et al., 2013; Mobamadhoseinzadeh
Hashemi et al., 2019; Moosavi et al., 2020; Narges et al., 2013; Nwagwn, 2008; Puzanova, 2011; Sabouni

¢t al., 2017; Thakkar & Shyam, 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

(Povoroznynk & 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. .., 2021), 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,
Yebualashet 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
or 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.,
2019). 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 countties, 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 (Mobamadhoseinzadeh 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 (Tuble 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.,
2013). 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
et 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, 2027).

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 (Hashem-Dabaghian et al., 2022; Jahangir, 2022; Povoroznyuk & Puzanova, 2019; Prasad,
2013; Puzanova, 2016; Revenok et al., 2016; Subbiah, 2023; Thakkar & Shyam, 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; Nwaichi, 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 11t semester.

Figure 2. The results of a survey of 46
international medical students of Kyiv Medical
University, including 18 undergraduates and 28

S5th-year students, about their choices of ECs,
collected at the end of studying the discipline

“Internal Medicine” in their 11t and 10t semester,

respectively

Table 1. Descriptive statistics of participants’ choice of ECs given their gender and year of university

study
Issue 6th year students (n=18) 5t 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;% | n=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=2,11 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 rheumatology” (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 shate (%0)
in the study cohort

Countries, 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 OGth-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 share 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 Sri 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 elderly”.

Tirkiye (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 Gth-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
6t 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)

countries,

Number and share (%) of those who chose a topic dedicated to EBM

from which
the students

(out of 18; 72,22%)

13

(out of 28; 46,43%)

13 26
(out of 46; 56,52%)

came

Sonth Asia 7 (out of 8) 87,50 4 (out of 7) 57,14 11 (out of 73,33
15)

India 5 (out of 6) 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

Sri Lanka 1 (out of 1) 100, 00 - - 1 (out of 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 (out of 1) 0 3 (out of 4) 75,00

Tirkiye 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 (out of 1) 0 0 (out of 1) 0 0 (out of 2) 0

Tanzania 0 (out of 1) 0 0 (out of 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 variants of the MMP-2 (C-130¢ —T) and TIMP-2 (G33—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 (C13% —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.

Keymwords: postoperative complications, eventration, MMP-2, TIMP-2, genetic determination.

P
Apocaas FOpitiosuu Bodimis, Baaennun Mocunosuy Cuopacescexuti

AHaAi3 TeHETUYHOI AeTepMiHAIlil PO3BUTKY €BEHTpPAIlill y XBOPHUX 3 A0AOMiIHAABHOIO
XipypriyHoO¥O IIaTOAOTi€r0

Apmnomayin: EBerrrpania — e oAHe 3 HalOIABIIT HEOE3IIEUHUX YCKAAAHEHD B a0AOMIHAABHIIN XIpyprii, ke
sycrpivaersed y 0,2-7% (2% B cepeAHPOMY) HALIEHTIB ICAS AaITapOTOMIi. EBenTparis IpusBoAHTE AO
PO3BUTKY KHIIIKOBOI HEITPOXIAHOCT], IIICASIOIIEPAIIIHOTO IIEPUTOHITY, DOPMYBAHHA KUIITKOBUX HOPHIIb.
He AmBAsamcs Ha Te, ITIO POAB ITOPYIIEHHA PEreHEPAIIIHIX Ta PENAPAIlHIX IPOIIECIB Y BUHUKHEHH]
eBeHTpariil € Oe3CyMHIBHOIO, HAYKOBHX ITyOAIKAIIIH Ta AOCAIAKEHD Ha CyIaCHOMY METOAMYHOMY PIBHI
HA IIO TEMy HEAOCTaTHBO, 4 ICHYIOUl, IIEPEBA’KHO CTOCYIOTHCA PO3BHTKY ITICAAOIICPAIINHIIX
BEHTPAABHUX I'PIDK. METOIO AOCAIAKEHHA OYAO IIPOBECTH AHAAI3 TEHETHYHOI A€T€pMIHALIl pO3BHTKY
eBeHTpALlill, Hd OCHOBI 4acTOTH IOAIMOP(HHX BapiaHTIB IeHIB MaTPUKCHOI MeTaromporeinasu-2 (C-
1306—T) (MMP-2) Ta TkaHHHHOTO iHTIOITOpa MaTpUKCHOI MeTaromporteinasn-2 (G33—A) (TIMP-2).
O0G’ektom pAocaiakerHs Oyan 19 marieHTiB 3 eBeHTpAIiAMI Ta 44 MMAIEHTH 3 TATOAOIIEIO CIIOAYIHOL
TkaHuHA. OTPUMAaHI HAMH AdHI AOCAIAKEHHA HOAIMOpdHUX BapiaHTiB reris MMP-2 (C-1396 —T) ta
TIMP-2 (G33—A) B ykpalHCBKI HONYAAILIl, B IAOMY, BIAIIOBIAAIOTH IIONYAALIHHHM YaCTOTAM Y
eBpomnericokill momyasdril Ta CLIIA. [TpoanaaisoBaHO yci MOAEAI YCITAAKYBAHHS, Ta BH3HAYEHO HAWKPALLLY
MOACAD 13 HAWHIKYIUM iH(OPMAIIHHIM KprTepiem ANKaiike, AKOIO BUABUAACH PELIECHBHA MOAECAB. Y

€3YABTATI TEHETUIHOTO Ta CTATUCTUIHOTO aHaAI3y moAimopdismy rernis MMDP-2 (C-1306 —T) ta TIMP-
Y- y y 5
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2 (G33—A) BCTAaHOBACHO, IO HOAIMOP(HI BapiaHTH BKA3aHHX I€HIB AOCTOBIPHO HE aCOINIOIOTH 3
PO3BHTKOM €BEHTPAILL.

Karouosi cavsa: micasonepaniiiai yckaaaHeHHs, eserTparia, MMP-2, TIMP-2, renerndHa AeTepMiHALLiA.

(P E )

Beryn

EBenTpariii — 11e OYEpEBUHHUN Ta M A30BO-AIIOHEBPOTHYHUHN AeEKT UEPEBHOI CTIHKM
ITCAA  AAITAPOTOMIi, BHACAIAOK HYOTO CTBOPIOIOTHCA YMOBH AASl pO3repMeTH3anii depeBHOI
ITOPOKHIHI 1 BUXOAY BHYTPIITHIX oprasis 3a ii mewxi (Rodrignez-Hermosa et al., 2005; boiixo ma in.,
2022).

Ile oame 3 HaHOIABII HEOE3IIEYHUX YCKAAAHEHb B aOAOMIHAABHIN XIpyprii, fke
sycrpigaerses y 0,2-7% (2% B cepearbomy) marienTiB mmicad aanapotomiit (Genzbal et al., 2000).
EBenTpariii IPHU3BOAHTE AO PO3BHUTKY KHIIKOBOI HEIPOXIAHOCTI, IIICASIOIIEPAIIIHOTrO
LIepHUTOHITY, POpMyBaHHA KUIIKOBUX HOpULL (Marjanovic & Hopt, 2017).

Hartaacrimmumu dakropaMu pUsuky €: Bik craprime 65 pokiB, HecTabiAbHA TeMOAMHAMIKA,
IIABUINIEHUI BHYTPIIIHbOYEPEBHUN THCK, YPIE€HTHI OIlepariii, rirronpoTeiHemMis, aHeMis,
omepanii Ha TOBCTIH Kurmmi Ta iHI. OKpeMO BHAIASIOTE MICLIEBI cripusArodi DakToOpH, TaKl fAK:
HEAOCKOHAAICTb XIPYpPIiYHO! TEXHIKH, HEBIPHA TAKTHKA XIPypra IPH 3aKPHTTI AAIIapOTOMHOL
parn. OAHIEIO 3 IIPUYMH, fAKA HANYACTIIE BHKAMKAE €BEHTPAIIIO € HATHOCHHA
micasonepartitiaol pauu (Colozzi et al., 2016).

He AmBAsiamce Ha Te, 10 POAD IIOPYIIIEHHA PEreHEPAIIHHIX T4 PENaPAIiiHNAX IIPOIIECIB Y
BUHUKHECHHI €BEHTPAIIN € OE3CYMHIBHOIO, HAYKOBHX ITyOAIKAIIIH Ta AOCAIAYKEHB HA CY9aCHOMY
METOAMYHOMY PIBHI Ha I[fO TEMY HEAOCTATHBO, 4 ICHYIOHY, IIEPEBAKHO CTOCYIOTHCA PO3BHUTKY
HICASIOIIEPALIIHIX BeHTPaAbHUX TPk (Harrison et al., 2016).

HeoOxiaHe morambOAeHE BHBYEHHA MEXAHI3MIB peraparii Ta IPUYHH il ITOPYyIIEHb B
AlAAHIT (DOPMYBAHHA ITICASOIEPAIIHHOIO PyOIId.

3 oragay Ha MaiKe HE AOCAIAKEHY POAb TEHETHYHO! CXHABHOCTI Y PO3BHTKY
ITCAAOIEPAIIITHUX  YCKAAAHEHb, a4 CaMe, CBEHTPAIif, MH 3aAAAHCH METOIO BHBYUTH
ITOAIMOPI3M TEHIB, IO KOAYIOTB MATPHKCHY MeTasonporeinady 2-ro tumy (MMP-2) rta
TKAHUHHON 1HTIOITOp MaTpHKCHHX MeTasonporeinas 2-ro tumy (TIMP-2) y aamoi rpymnm
xpopux. OOpaHHA caMe HUX IEHIB HE OYAO BHIIAAKOBHM — MH KEPYBAAHUCA OCHOBHHMH
BiAOMUME  ITaTO(I3IOAOTNIYHUMK  MEXaHi3Mamu, fAKi Oepyrs y49acts y  ¢opMmyBaHHI
micasonrepartiiiaoro pyousd (I7Zsse & Nagase, 2003).

Marpuxkcui metaronporeinasu (MMP) — me rpyna eH3nMiB, IIpEACTaBACHA ITICTEIHOBUMU,
CEpUHOBUMH, ACHIAPTUABHUMH 1 MeTaAO3aAeKHUME HpoTeiHazamu. MMP Biairparots ocHOBHY
poAb B OOMiHI OIAKIB CIIOAYYIHOI TKAHHHH, OCPyTh y4acTh y Oaratbox i3iOAOriYHUX Ta
mmatoAoriuaux mporecax. MMP-2,9 BuABAfAIOT BHCOKY CIIOpIAHEHICTB AO KOoAareny 1V Tuiry,
TOMY 1HOAI IX Ha3uBaroTh KoAareHasamu IV turry. MMP-2 3ailiMaroTh IIEHTPAABHY IO3HUIIIO B
PETYAIOBAHHI OaAAHCY MUK IIPOIIECAMH CHHTE3Y Ta IPOTEOAI3Y B IO3AKAITHHHOMY MATPHKCI,
BIIAHBAIOTh Ha peaAisamnito Di3iOAOIYHHX IIPOIECIB Ta IATOAOIYHHNX 3MIH B OPraHi3Mi.

OCHOBHUMHU  PEryAAITOpAMH  MATPUKCHHUX METAAOIIPOTEiHA3 € TKAaHMHHI IHTIOITOpH
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merasomnporteinas — TIMP. Vci 4 rpynn TIMP 3aatHi npuraidyBaté IpoTeOAl3 AATEHTHHX
dopwm T1a iarioyBatn akrusHi popmu MMP, are TIMP-1 akrupnimmii moao MMP-9, a TIMP-
2 BusBAfe crrerudignicts ctocoBHO MMP-2 (Fassina et al., 2000).

ABTOpPH 33A2AHCH METOIO IIPOBECTH AaHAAI3 TICHETHYHOI ACTEpMIiHAI PO3BHTKY
€BEHTPAIIIH, Ha OCHOBI 9aCTOTH HOAIMOP(OHHX BaPIaHTIB I'€HIB MATPUKCHOI METAAOIIPOTEIHA3H-
2 (CP"—>T) (MMP-2) Ta TKaHMHHOTO iHTiGITOpa MaTpUKCHOT MeTarompoTeinasu-2 (G*°—A)
(TIMP-2).

O06’exrom AocAiakeHHs Oyan 63 marientn, 1mo AikyBaanck y AY «HHIXT imeni O.O.
[ITarimoBay, 3 saxux 19 xBopmx 3 micadonepariiHuMu eBeHTpariamu, 44 ImarieHTn 3
denoTHIIYHIME O3HaKaMU HeAudepeniiioBanol Aucmaasii cnoayganoi tkammaun (HACT).
AAf oniHKH TOAIMOPdI3MY IeHiB B ITOIyAALii oocTexkeHo 80 IPaKTUIHO 3AOPOBHX AFOACH, fAKI
CIIIBCTABHI 32 BIKOM 1 CTATTIO 3 AOCAiAKyBaHME. HeandepeHnifioBany ABCIIAA31IO CITOAYIHOL
TKAHIHH AIJaTHOCTYBAAH 32 HAITPAITbOBAHOIO METOAUKOIO (ITATEHT Y KpaiHN Ha KOPHUCHY MOAEAD
Ne120158 UA). Crymiap AmcrmAasii ONIHIOBAAN 32 OPHITHAABHOKO KAIHIYHOIO CKPHHIHT-
IIIKAAOIO, HAIIPAIIbOBAHOIO Ha OCHOBI TAOAHIN KPUTEPIiB BHPAKEHOCTI AMCIIAA3I CIIOAYIHOL
tkaauaH 32 T.FO. CmoasnoBoro (2003) (1ot et al., 2020).

I'emermdHi AOCAIAKEHHSA IIPOBOAHAU B AaDOPATOPil BIAAIAY 3araABHOI Ta MOAEKYAAPHOL
mmatodisioaorii Incruryry disioaorii im. O.O. boromoasiist HAH Vkpainn. 3a0ip OykaapHOTO
CIITEAIFO IIPOBOAUBCA 3 BUKOPHUCTAHHAM OYKAABHHX IMITOK 3 HACTYIIHUM 3aMOPOKYBAHHAM
3paskiB Ta ix 30epiranaam npu temirepatypi -20°C. AHK AAfl TeHOTHITYBAHHS eKCTparyBaAH i3
3paskis 3 BukopucTaunam nabopis Diatom™ Prep 200, BIATIOBIAHO AO ITPOTOKOAY BUPOOHHKA.

Metoaom TTAP y peaabnomy wuaci AocaiaxyBaau mactymHi moaimopdismm: CP% —T
(MMP2), rs243865 1a G*”—A (TIMP2), 1$9900972. Peaknii ammaicikamii mpoBoanan 3
Bukopucranuam Fast Real-time PCR System (Applied Biosystems, CIIIA) B xinmesi# peaxii
o6’emom 20 MkA, saxmit mictus 2X TagqMan VaiBepcaapauii Master Mix (Applied Biosystems,
CIIIA), assay C_1792560_10 i marpuary AHK. Ammaidixaris dparmeHTiB reHiB CKAaAaAaCcs 31
craaii Aenarypamii mpu 95°C mporsrom 20 ¢, a mortim 40 mukais ammaidixarnii mpu 95°C
mpotsarom 3 ¢ 1 60°C mporsirom 30 cek. Axaais aannx mposoaunscs 3 7500 Fast Real-Time PCR
Software (Applied Biosystems, Foster City, USA).

OCHOBHY 9aCTHHY CTATHCTHYHOIO aHAAI3Y OYAO IIPOBEACHO 3 BUKOPUCTAHHAM IIPOIPAMU
«Statistica 9.0» (SPSS) Ta Excel 2016. HominaapHi AaHI ITOAAHO Yy BHUTIASIAl KIABKICHHX Ta
BIACOTKOBHUX 3HA4Y€Hb. /\OCTOBIPHICTD BIAMIHHOCTEH CEPEAHIX BEAUYHH Yy IPYHAX i3 PI3SHUMH
I€HOTUIIAMI BU3HAYAAH 3d AOIIOMOTOIO METOAHKI OAHO(AKTOPHOIO CTATUCTHIHOIO aHAAIY.
BiAITOBiAHICTE PO3IIOAIAY TEHOTHIIIB IIEPEBIPAAH 32 AOIIOMOTOIO TeCTy XapAi — BattnOepra. Aas
HOPIBHAHHA PO3IOAIAY TEHOTHUINB y AOCAIAHII T2 KOHTPOABHII IDYIIax 3aCTOCOBYBAAH ) -

kpurepin [lipcona.

Pe3yapTaTi AOCAIAYKEHHA
V' AOCAIAKyBaHIN IPYIl ITAINEHTIB 3 CBEHTPALIAMU, IEPEBAKHY OIABIICTD CKAAAH XBOPI
IIICAA YPIeHTHUX OIEPaIiil 3 IPHBOAY IIOIIHPEHOTO IIepUTOHITY (5), TOCTPOI KHIIIKOBOI
menpoxiaHOCTL (6), ACCTPYKTHBHOIO IIaHKpEaTHTy (4), TOpakoabAOMIHAABHOI TpaBmu (2),

PE3EKIIITHUX OITePaIliil Ha TOBCTIA KHII (2).
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B ob6crerxennx mamu marmieHTis 3 eBerrpaniamu TpaBaeHHA o3Haku HACT Bussaeni y 11
(63,6%) mamienTis. Haltuacrime sycrpigasucs mHactymsi denormmivni cuaapomun HACT:
BicriepaAbHmi (85,7%) ta apurmivnnii (57,2%) cumapomu.

3 MeToro BUABAEHHS MOKAHMBOI acormartii moaimopdpanx Bapiantis remis MMP-2 (C"
—T), ta TIMP2 (G*”—A) i3 pusuKOM PpO3BHTKYy 3OBHIIIHIX KHIIKOBUX HODHIb OB
IIPOBEACHHUIT OAHOMAKTOPHHUI CTATUCTUYHHUH aHAAI3 9ACTOTH TCHOTHUIINB Y AOCAIAKYBAHHX
rpyuax narmiertis (lTadiuys 7).

[pu amaaisi moaeaeit ycrmaakysauns reny MMP-2 (CP°—T), a came: KOAOMIHAHTHOY,
AOMIHAHTHOI, PEIeCUBHOI, HAAAOMIHAHTHOI Ta aAHTHBHOI y rpymax koHTpoaro (n=80) Tta
asocaipaol rpynu 1 3 denorumiaanvu osHakamu HACT (n=44) BusBACHO, IO PO3IIOAIA
reHOTUIIB BiAIOBiAae 3akoHy Xapai- BaitnbGepra (p>0,05). Bukopucrasmm rtect y* i3 2
CTYIIEHAMH CBOOOAH, HAM HE BAAAOCH BUABUTH CTATUCTHYIHO 3HAYYII BIAMIHHOCTI ¥ PO3IIOAIAL
T€HOTHIIB B IPYIIi XBOPHUX Ta B I'PYII HPAKTHYIHO 3A0POBUX AroAeH (p>0,05).

[IpoanaaisyBaBIn yci MOAEAl YCIIAAKYBAHHA, MH BHOpPAaAHM HAHKpAIly MOACAB 13
HARHIGKINM 1HPOPMAIiiHIM KpuTepiem Alkarike. Takoro MOAEAAIO BHABHAACA PEIICCHBHA
MOAEAD, AAS KO B TaOAUWII HIKYE HABEAECHI 3HAYEHHS BIAHOIIIEHHS IIIAHCIB, CTATUCTHUYHA
3HAYYIIICTb, 4 TAKOXK IH(OpMariiamit kputepiit Atixarike (Tabauys 2).

AHaAis MyABTHITAIKATHBHOI MOA€Al  ycraakyBamus reny MMP-2  (CP"—T), npu
ITOPIiBHAHHI IpynHu KOHTPOAIO (n=80) Ta AocAiaHOI rpymu 2 3 eBeHTpariamu (n=11) saceiauus
BIAITOBIAHICTD PO3IIOAIAY T€HOTHINB AO 3aKOHY Xapai-BaituGepra (p>0,05). Bukopucraprm
TecT Xz i3 2 crymeHAMH CBOOOAM MU HE 3HAWINAW CTATHCTUYHO 3HAYYII BIAMIHHOCTI Y
POBIIOAIAL TEHOTHIIIB B IPYIIl XBOPUX Ta B IPYII IIPAKTHUYHO 3A0POBHUX AroaeH (p>0,05).

[IpoaHaAi3yBaBIIIH yCI MOACAI YCIIAAKYBAHHA, MU BHOPAAH HaFKpaIlly MOACAB 13
HafHImKINM 1H(OpManiiinnm kpurepiem Atikatike (Tabiuys 3)

IIpu amaaizi gactoTH aAseAbHOro moaimopdismy remy MMP-2 BuABA€HO, IO HOCIB
aominyrogoro B ycix rpymax CC-renorurry OyAo Ha#biAbmne y rpymi 3 (OeHOTHIIIHHUME
osuaxamu HACT (aocaiama 1): 59,1% mporu 47,5% (p>0,05) B kouTpOAi (Aiazpama 1). Toal ax
HOCiiB romosurotaoro TT-reHoruiy, B AOcAiAHIN 1 rpymi, Oyao OiAbmT Ak BABIUi MeHIIe (4,5%
mporu 10% (p>0,05)). V AocaiaHEX 2 rpyIIi 3 eBEHTPALIAME PO3IIOAIA 9aCTOTH IOAIMOPdI3MY
rpomortopy reay MMP-2, 3araaom, BiAnmoBiaaB 1mokazHukam KOHTpOAbHOI rpyrm o CC, CT 1
TT sapiamram. Ilpu mopiBaAHHI 3 AocaiaHOIO 1 rpymoro (dpenortumiuni osmaxu HACT)
posmoaia cmiBmaaas 1o CC 1 CT aaeasm, HociiB romosurotaoro TT rexoruiry OyAo BABi4l
menrre (4,5% mporu 9,1% (p>0,05)).

[pu anaaisi mopeaeii yeraakyanus TIMP-2 (G*—A), y rpymax kourpoaro (n=80) ta
AOCAIAHOT Tpymint 1 3 (DEHOTHIIYMHUME O3HAKAMIE IIATOAOL! CrIoAy4IHO! TKaHuHE (n=44) HaMm He
BAAAOCSH BUABUTH CTATUCTUYIHO 3HAYYIII BIAMIHHOCT] ¥ PO3IIOAIAl T€HOTHIIIB B TPYIIl XBOPHX Ta
y TPyII HPakTUIHO 3A0p0BUX AtoAcH (p>0,05) (Tubruys 4).

[pu amaaisi aaeapnoro moaimopdismy npomoropy rema TIMP-2 (G*”—A), y rpymax
koHTpoArO (n=80) Ta AocaiaHOI rpyrm 2 3 epenrpamiamu (n=11) BiAMiHHOCTI wacTOTH
PO3IIOAIAY T€HOTHIIB OYAH Ha CTATUCTUYIHO HEAOCTOBIPHUMH.

BiAmoBiaHICT PO3IOAIAY FeHOTHIIB AO 3aKOHY XapAl-BatiaOepra y Aocaiamii 2 rpyri OyAa

nepeBipena 3 AoromMororo Tecty i3 1 crymenem cBo6oam, 6e3 BukopucTanus Kopekriii Merca.
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ITpoaHaAi3yBaBIIIH yCi MOAEAL YCIIAAKYBAHHA, MU BHOPAAN HAWKPAIIy MOACAB 13 HANHIDKINM
tadopmaritinum kpurepiem Atikatike (Tatauys 5).

B obcremxenitt momyAdIii y rpyIi KOHTPOAIO Ta y AOCAIAHIH rpymi 1 posmoaia HociB GG,
GA ta AA remorumis 3araanom OyB cxomuM (Jiacpama 2). Ilpore, y rpymi marieHTiB 3
eperTpariamu  (AocaiaHa 2) posmoain HociiB remotumis GG, GA BiapisaaBca. Tax,
romosurotHHH GG BapiaHT AOMIHYBAB y KOHTPOABHIN Ta AOCAiAHIA 1 rpymi (50% Ta 54,5%
BIAITOBIAHO), TOAL fIK y TPYIIl HAIIEHTIB 3 eBeHTpariaMu romo3surotHuii GG Ta rerepo3uroTHmi
GA reHOTHIT 3yCTpiUaBCA OAHAKOBO 9acTO (45,5%). I'ereposnroTamit GA reHOTHIT y AOCAIAHIH
rpymi 2 3ycTpiyaBcs yABidl pianre, Hix y koHTpOAL (21,1% mporn 40%, p=0,057) ta B 1,6 pasu
piame HiK y aocaiauii 1 rpymi (p>0,05). Kiapkicts HOCIB roMO3UroTHOrO AA I€HOTHITY B
AOCAIAKYBAHUX I'PYIAX CYTTEBO HE BIAPIZHAAUCH (Aiazpama 2).

Orpumani HaMH AaHI AOCAiAKeHHA ToAIMOpdHEX BapianTis renis MMP-2 (C*" —T) ta
TIMP-2 (G*”—A) B ykpaincekiit monyasuii (n=80), B iAoMY, BIATOBIAAIOTH Oy AAITHHIM
gactoTaMm y espornericokiii mouyasmii ta CLIA (Xu et al., 2004). ITpu mpomy, Mu BCTAHOBHAH
CYTTEBI BIAMIHHOCTI ITPY IOPIBHAHHI 3 HOIYAALIAME aDPHKAHCHKOI Ta asiatckoi pacu (L ef al.,
2010). LikaBum € Te, IO Y BKA3aHHUX HOUYAALiAX dacToTa ocHOBHOro C aseas rema MMP-2
(rs243865) cranoBuaa 93,7% (Adpuxa) ta 90% (Asif), 10 3HAYHO IEPEBHUIIYE ITOKA3HIKA
HaIioi KOHTPOABHO! rpymu (76%) Ta eBporreiicbkoi nomyadmii (75,5%). Toal sk, mimopamEi T
aneAb 3ycrpidascd y 24% koHTpoAbHOI rpymm, 1 B 10% (Asif) ta 6,7% (Adpuka), BIAITOBIAHO.

IIpu anaaisi vacroTu areAbHOrO 1oAiMmopizmy reaa MMP-2 ta TIMP-2 y AocAiaHILI rpyi
2 HEe OYAO BHABACHO CTATHCTUYHO AOCTOBIPHHX BIAMIHHOCTEH Y ITOPIBHAHHI 3 KOHTPOAEM.
Posznoaia gactoru moaiMmopdiamy mpomoropy reay MMP-2, 3araaom, BIAITOBiAAB ITOKa3HUKAM

koHTpOoABHOI Tpynu o CC, CT 1 TT BapianTam.

Awnckycia

V pesyAbrari r€éHETHYHOIO Ta CTATHCTUYHOIO aHaAi3y moAimMopdismy renis MMP-2 (C
P%T), Ta TIMP-2 (G*”—A) BcranoBaeno, mo noaiMopdHi BapiaHTH BKA3AHUX TeHiB
AOCTOBIPHO HE aCOILIIOIOTh 3 PO3BUTKOM €BEHTPALIIL.

BpaxoByrodu poAp MATPHKCHIX METAAOIIPOTEIHA3 Ta iX IHTIOITOPIB y IIpOIIecax CHHTE3Y Ta
IIPOTEOAI3y, PEMOACAIOBAHHI EKCTPAIIEAIOAAPHOTO MATPHKCY, OOMIHI OIAKIB CIIOAYYHOL
TKAHHHH, 3AATHICTb BIIAMBATH Ha IIPOHUKHICT CYAMHHOI CTIHKI Ta aHIIOT€HE3 aKTyaABHICTD 1X
BHUBYCHHSA Yy KOHTEKCTI IIATOI€HE3y BUHUKHEHHA €BEHTPALIH € Oe3CyMHIBHOIO.

BusBaeni mamm ocobanBocTi aseabHuX Bapiantis renis MMP-2 (C"° —T), ta TIMP-2
(G*—A) y rpymnax nmarienTis 3 €BEHTPAITAMHU Ta TATOAOTIEIO CIIOAYYHOI TKAHUHH € THACTABOIO
AASl TIOAAABIIIOTO BHUBYCHHSA Ta IIOINYKY MOACKYAAPHO-TEHETHYIHHX MApPKEPIB, IO KOAYIOTBH

OCHOBHI AAHKH ITATOI'€HE3Y ITICASOIIEPAIINHIX YCKAAAHCHb.

BucaoBku
Taxum uumom, aneapnmit moaimopdism mpomoropy renis MMP-2 (C"—T) ta TIMP-2
(G*—A) y martieHTiB 3 €BEHTPAITAMU CTATUCTHYIHO BIPOTIAHO HE BIADISHATHCA BiA OKA3HUKIB
KOHTPOABHOI I'pyIIH.
PosBurok eBeHTpAIiii HE IIATBEPAUB HAABHICTh TE€HETUYHOIO TPUTEPA 3 OOK
y

AOCAIAKEHHX TOAIMOPdI3MIB, IO MOKE CBIAYHTH IIPO INATBEPAKEHHA KAACHYHOI Teopil
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ITATOrEHE3Y OO YCKAAAHCHHS, 4 CAME PaHEeBa IH(EKILiA, TEXHIYHI IIOMUAKH, Pi3ki MEeTaOOAITHI
IIOPYIIEHHA TOIIIO.

MoAeKkyAIpHO-TEHETUYHI AOCAIAKEHHA € HOBUM II€PCIEKTUBHUM HAIIPAMOM  AAfl
HAIIPAIIOBAHHA CYYACHUX IIEPCOHI(DIKOBAHUX AIATHOCTUYHUX KPHTEPIiB Ta MOAEACH

IIPOTHO3YBAHHA PO3BUTKY T4 IEPEDITy MICAAOIEPALIIHUX YCKAAAHCHD.

Kondaikru inTepecis

ABTOPH 32BHAH, 110 KOHMAIKTY IHTEpPECIB HEMAE.
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Tabauma 1. Posmoaia moaimopduux Bapiantis renis MMP-2 (C13% —T), 15243865 ta TIMP-2
(G33—=A), 159900972 y AOCAIAKYBAHHX TPyIIAx

AocaiaKyBaHHI TeH KoHTpoabHa rpyma Aocaisna rpyma 1 Aocaiama rpyma 2
n=80 (%) (3 dpeHOTHIITHIMIT (3 eBEHTPALIIAMIT)

osuakamu ACT) n=19 (%)

n=44 (9/0)

MMP-2 cC 38 (47,5%) 26 (59,1%) 10 (54,5%)

(CB%¢ -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, (%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%) 8 (45,5%)

AA 8 (10%) 5 (11,4%) 3 (9,1%)
Tecr Xapai—Barnoepra ¥*=0,18, p=0,05 ¥*=1,15, p=0,05 ¥*=0,18, p=0,05
G p)
Tecr 2, (¥, p) - ¥?=0,425, p>0,05 ¥?=0,119, p=0,05

TabAwnrsa 2. BiAHOIIIEHHS IITAHCIB AAfl PEIIECHBHOI MOACAI YCIIAAKYBAHHSA TAITIEHTIB 3 (PEHOTHIIMHIMEI
osuakamu HACT. Biasomrennsa 1rancis 3 95% Aoipuum iHTEpBAAOM

Kot ) Aocaiana rpyma 1
Temormm [ O POAPHA IPyHa (3 penorrmivanvm ozHakamn HACT) Bisgomrenns masxcis [p-value |AIC
n=80 (%o) _
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. BiaHOIIICHHA IIAHCIB AAA PELIECUBHOI MOAEAI YCIIAAKYBAHHSA Y IIAINIEHTIB 3 €BEHTPALILAMHE.
Bianomrenns mancis 3 95% aAosipunm iHTEpBAAOM

Kot ) Aocaisma rpyma 2
Tenotnn oF P_OMJHZ Tpyma (3 eBeHTpALIAMIT) Bianomrenns 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

TabAwnra 4. BIAHOIIICHHS IITAHCIB AAS PEIIECHBHOI MOACAI YCIIAAKYBAHHSA y IMAIIEHTIB 3 PEHOTHIIITHIMI
osuakamu HACT. Bianomrenss mrancis 3 95% Aoipunm iHTEpBAAOM

KouTpoabHa rpyma

[ eHoTHI =80 (%)

Aocaisna rpyma 1

(3 penorumiunmvu osuakamu HACT)

n=44 (9/0)

BlAHOIIEHHS IIAHCIB

p-value |AIC

GG+GA|72 (90%)

39 (88.6%)

1.00

AA 8 (10%)

5 (11.4%)

1.15(0.33-37)

0.81 16.1
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Tabaura 5. BiaHOIIEHHA IIAHCIB AAA PELIECUBHOI MOAEAI YCIIAAKYBAHHSA V ITAIIIEHTIB 3 €BEHTPALILAMHE.
Bianomrennsa mancis 3 95% aAosipunm 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 47’542’5 50 - - 45,5 45,5
© 36,4 36,4 0 4 =
34,1
mCC EGG
o uCT 30 mGA
mTT mAA

Alarpama 1. Po3IoaiA 9acToTe aA€ABHOTO

moaiMopdismy (%) mpomotopy (C-1306 —T)

reny MMP-2
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Alarpama 2. PO3IIoAiA 9acTOTH aA€ABHOTO
moaimMopdismy (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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AoKepeAo ITOAIHEHACHYEHUX JKUPHHUX KUCAOT i X BIIAMB HA OPraHi3M AFOAMHH

Apmnomayin: IIpobremarnka BKUBAHHA 3A0POBOI DKi 3 BUCOKOIO HYTPITUBHOIO IIABHICTIO, AK OCHOBH
ITIOBHOLIIHHOTO PAILOHY, 3aBXKAHX OyAa OAHIEIO 3 HAHAKTYAABHIIIINX y CBITL. AAXKE HAYKOBO AOBEACHHM €
To# dakr, mo upudansao 70 % 3A0pOB’A AIOAMHH Ta HOpMaAbHE (PYHKIIOHYBAHHSA yCiX OpraHiB Ta
CHCTEM, 3aACKHUTD BIA 302AAHCOBAHOIO XapPUyBaHHA, 30KPEMa MOBA TAKOXK HAE 1 IIPO 3AaTOAKEHY pOOOTY
IMyHHO! CHCTEMH 3 IIATPUMAHHAM FOMEOCTA3y YChOI'O OPraHi3My. AKTYaABHICTb AAHOTO AITEPATYPHOIO
AOCAIAKEHHA BH3HAYAETHCA BHCOKHM PIBHEM 3aXBOPIOBAHD (OPraHIB TPaBACHHS, CEPLIEBO-CYAHHHOL
CHCTEMH) Ta HOPYIICHHAMU CHHTE3y OIAKIB, (DEPMEHTIB I IMyHOrAODYAIHIB BHKANKAHHX HEAOCTATHIM,
HaAMIpHEM 200 K HE PAIiOHAABHIM BIKHBAHHAM ITOAIHEHACHYCHUX JKUPHUX KHUCAOT. BIAITOBIAHO
3AIICHEHHA TEOPETHYHOIO AOCAIAKEHHSA, KOTPE MOKE CIPHATH IIOIEPEAKEHHIO YIBOPEHHS AAHOI
IPOOAEMATHKH € AOLIAPHUMI. |3 BHKOPHCTAHHAM CY9aCHHUX HAYKOBHUX ITyOAIKALIii, y poOOTI IPOBEACHO
aHAAI3 PO3IOBCIOAKEHHX HAYKOMCTPHYHHX AKepeA iHdopmarii 3 3aCTOCYBAHHAM aKTYaABHHX 1
HAHOIABII IIOIIMPEHUX CBITOBUX HayKOMeTpHYHHX 0a3 Aammx: Web of Science, Google Scholar,
PubMed, a taxkox nposiaanx zaxopaoraux BuAaBHuITB: Cell, Medicine, Biochemical pharmacology,
Journal of Sports Science and Medicine, Journal of Lipids, Ta ix.

OOG’ekTOM AOCAIAKEHHS € MeTaDOAIYHI IPOIIECH B OPraHi3Mi AFOAHHH, a TAKOX poOOTa KAITHHHOI Ta
IYMOPAaABHOI AQHOK IMYHHOI CHCTEMH Ha IIPEAMET 3MIiH OOYMOBACHHX IIOACHHUM CIIOKHBAHHAM
AOCTATHBOI KIABKOCTI ITOAIHEHACHYECHHX >KHPHUX KHCAOT. METOIO B3AINCHEHOrO TEOPETHIHOIrO
AOCAIAKEHHA € IIOKPAILEHHA PO3YMIHHA BaKAMBOCTI IIIOAGHHOIO HAAXOAKEGHHA 3  DKero
ITOAIHEHACHYCHHX JKUPHHUX KHCAOT, OKPECACHHA HANHOIABII PAaIliOHAABHUX AAfl BIKHBAHHA XAPYOBHX
IIPOAYKTIB 3 IX BHCOKHM BIACOTKOBHMM BMICTOM, a TAKOX, IO € HAHOIABII BaXKAHMBHM, OIHMC iX
Oe3rocepeAHPOrO BIIAUBY Ha POOOTY IMyHHOI cucTemur. MaTepiaraMi AOCAIAKEHD € HOBITHI H IyOAIYHO
AOCTYITHI ITpari CBITOBUX BYCHUX Yy IIPOBIAHHX T4 CICIIAAI30BAHNX ITEPIOAMYHHX BHAAHHAX, ITOAO
[IATaHb IMyHOAOTIIYHOIO BIIAHBY, AXKEPEA 1 OIOTEXHOAOITYHUX ACIEKTIB OTPHUMAHHA ITOAIHEHACHYCHHIX
KHPHUX KHUCAOT 13 BHKOPHCTAHHAM MIKPOOPTaHI3MIB-IIPOAYIICHTIB. Y IIpaIli IPHUBEAEHI AaHI ITTOAO
MEAHMKO-OIOAOTTIHIAX AOCAIAJKEHD PEKOMEHAOBAHIX AIETOAOTAMH HOPM AAfl BIKHBAHHSA €CCEHIIAABHIX
JKUPHUX KUCAOT (4...6% eHeprerudHoro pauiony), morped y Biaosiarocti Ao crati (80...150 r/a06y
AASl 90AOBiKIB 1 65...100 r/ AODY AAfl JKIHOK), a TAKOK e(DEKTUBHICTD BiA AOAATKOBOIO HAAXOAMKEHHA
KHICAOT POAMHN -3 HpH pPISHOMAHITHHUX 3aXBOPIOBAHHAX, Al€TOTEpamii, KOPEKIHNH ITOpPYIICHHA
MeTabOAIZMY AIITIAIB, TOIIO. 32 BUKOPUCTAHHA 1IH(MOPMALIHHIX AKEPEA 31 CBITOBUX HAYKOMETPHYIHHUX
0a3 AaHUX, y CTaTl IPEACTABACHO TEOPETHYHHH aHAAI3 HA TEMy BIIAHBY IIOACHHOIO B)KHBAHHA
PEKOMEHAOBAHOI AIETOAOTAMH KIABKOCT]I TTOAIHEHACHYEHNX KUPHUX KHCAOT, a TAKOK CITIBBIAHOITIEHHSA
poAuH n-6 : n-3 Ha IPOLIECH OKHUCAFOBAABHOIO CTPECY, aHAOOAI3My H KaTaboAI3My, MeTaDOAIYHY
THYYKICTD T2 CHAY M 30BHX BOAOKOH y CITOPTCMEHIB. OKPECACHO AIFO €HKO3aHOIAIB 32 YMOBH iX CHHTE3Y
Y BEAUKHX KIABKOCTAX Ha IMYHOAOIT4YHI Ta METAOOAIYHI IIPOLIECH B OPraHi3Mi AFOAUHI. SAIICHEHO aHAAIL3
BIIAUBY apaxiAOHOBOI i AOKO3ar€KCA€HOBOI KHCAOT Ha HEHPOIPOTEKTOPHI BAACTUBOCTI AIOACBKOIO
MO3KY T4 BHPOOHHUIITBO IITHPOKOIO CIIEKTPY MEAIATOPIB 3 MOTEHINHHO HErATHBHUM BIIAHBOM Ha HOIO
aKTUBHICTD ¥ yHKIOHyBaHHA. OCOOAUBA yBara 3BepTA€TbCA HA AABTEPHATHBHI AJKEpeAa OTPUMAHHSA
ITOAIHEHACHYEHHX ’KUPHUX KUCAOT, BKAIOYHO 3 N1-6 Ta N-3, METOAOM GIOTEXHOAOTIYHOIO HAKOIIMYCHHS
32 AOIIOMOIOIO OIOCHHTE3y 13 BHKOPHCTAHHAM PISHOMAHITHHX OIOAOIYHHX areHTiB (OGakTepii,
MieAlaABHHX TPHOIB, MIKPOBOAOPOCTEH). 30KpeMa OIIHCAHO IIAFOCH T4 MIHYCH TAKHUX IIEPCIIEKTHBHUX
Mmikpooprauismis (3/6e3 MoAudikauii reromy), six: Mortierella alpina, Thraustochytrium sp, Schizochytrinm sp.
Ta iH.

Karouosi caosa: imyHiter, moAlHeHACHYEH] KUPHI KHCAOTH, N-3, N-0, AXKepeAa ITOAIHEHACHYCHHX )KUPHHIX

KHCAOT, €HKO3aHOIAH, (Daromuros.
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Beryn

ZKupHi KHCAOTH, IK IPABUAO, € BYTACBOAHEBIMHI AQHITIOIAMH 3 KAPOOKCHABHOFO I'PYIIOIO
HA OAHOMY KIHIII Ta METHABHOIO IPYIOIO HA IHIIIOMY KiHIN. 3a CTyIIEHEM HEHACHYEHOCTI
HAHOIABII ITOIIUPEH] XaPYOBI KUPHI KHCAOTH IOAIASIFOTBCA HA TPHU BEAHKI KAACH: HACHYCHI
JKUPHI KHCAOTH, MOHOHEHACHYEHI] ;KUPHI KHCAOTH 1 MoAiHeHAcm4eHi xupHi kucrota (ITHZKK)
B MEKaX allUABHOTO AaHItora (Mariamenatu et al., 2021; Saini et al., 2018). 3 To4uku 30py CTyIICHA
ITIOIIUPEHHSA, 3A0POB’A Ta XapyyBaHHA AIOAMHHU CiMeiicTBa n-6 1 n-3 € HalBaKAUBIITIMH
npupoannmu [THZKK. Tlpu mpomy yci HOKHBHO BaKAMBI ITOAIHEHACHYCHI JKHPHI KHCAOTH
arpynosasi B kateropii Omera-3 1 Omera-6 Ha OCHOBI ITOAOKEHHSA IIEPIITIOTO ITOABIFTHOTO 3B 3Ky
BIA KIHIIA MeTHAOBOI a00 Owmera »xupuOi kmcaotu. Tepmin «Owmera-3» a0o «Owmera-6»
CTOCYETBCA ITOAOKEHHSA IIEPIIIOrO ITOABIFTHOTO 3B’I3KYy B BYTACIIEBOMY AQHIIFO31, PAXYIOUH BIA
METHABHOTO KIHIA KHPHOI KHCAOTH. OKpIM TOro ICHy€ CHCTEMATHYHA HOMEHKAATYPA AAf
ITHIKK, sika Bkasye Ha PO3TAIITYBAHHSA ITOABITHIX 3B A3KIB 3 TOCHAAHHAM HA IIEPIIIHI BYIACIb
y kapOokcuaaruiit rpymi (Mariamenatu et al., 20217).

AO KOMIIAGKCY HOAIHEHACHYCHHX KHUPHUX KHUCAOT BIAHOCATBCA AIINAHI CTPYKTYPH, fK
MaroTh OIABIIIE HIK OAHMH IOABINHHI KapOOHOBHII 3B’30K y CBOIIl OYAOBI Ta 3a3BHYAM
BKAIOYAIOTh KIABKA ITOAIOHHUX 3B’A3KiB. BIAITOBIAHO AO 30IABIIIEHHA AAHITIOTA ITOABIFTHIX
KapOOHOBHX 3B’A3KIB iCHyE IOAIA Ha omera-3 (n-3) Ta omera-6 (n-6) IMOAIHEHACHYEH] KUPHI
kucAota. 3okpema pia omera-3 ITHZKK Bkarouae: o-AIHOAGHOBY KHCAOTY, CTEAPHAOHOBY
KHCAOTY, €HKO3aIICHTAEHOBY KHCAOTY, KAYIIAHOAOHOBY KHCAOTY, TETPAKO3AIICHTACHOBY T2
AOKO3aI€KCAEHOBY KHCAOTH; AO poAy omera-6 ITHZKK BiaHOCATBCA: AlTHOAEBA KHCAOTA, AUTOMO-
y-AIHOAGHOBA Ta apaxiaoHOBa KUCAOTH (Mariamenatu et al., 2027).

Aocratapo AaBHO oxapakrepusobani [TH/KK orpumasn HaykoBe MIATBEPAKEHHA CBOIO
BArOMOTO 3HAYCHHSA y IMOACHHOMY Xap9YOBOMY PAaIliOHI AFOAUHH, OCOOAMBO I'PYIIH OMera-3, 3a
PaxyHOK IIO3UTUBHOIO BITAUBY HA PO3BHTOK H OITUMAaAbHE (DYHKIIIOHYBAHHA IMyHHOI CHCTEMH.

Copasa B TOMy, IO KOMIIO3HIIFO KHPHHX KHCAOT KAITHH IMyHHOI CHCTEMH MOKHA
MOAEAFOBATH 3aBAAKU All AIETUYHHUX KHPIB, 4 PE3YABTATH B KOMIIO3WII — MaTH BIIAUB Ha
PEaKTUBHICTD Ta (PYHKIIOHYBAHHA IMYHHHUX KAITHH 32 AOCTATHBO KOpoTKuii mepioa. [THZKK
MOKYTb ATH Ha IMyHHHH CTAaTyC 3a AOIIOMOTOIO KIABKOX MEXaHI3MIB: IHTIOyBaHHS
METaOOAIIHOTO IIPOLIECY CHHTE3Y APaXiAOHOBOI KHCAOTH, MOAUDIKAIIA BHY TPIITHBOKAITHHHUX
AIITIAIB, BUPOOACHHS IPOTH3AMAABHIX MEAIATOPIB, 4 TAKOXK AKTHBALIA AACPHUX PEIEIITOPIB.
[Ipu 9oMy pesyAbTAT KOKHOTO 13 3a3HAYEHUX IIAfXIB XaPAKTEPU3YETHCA CBOIM CIIEII(DITHIM
imyrOMOAYATOOUnM edexrom (A/-Khalaifah, 2020).

OO’eKTOM AOCAIAKEHHA € METaDOAIYHI IIPOIIECH B OPraHi3smMi AIOAMHH, a TAKOXK POOOTA
KAITHHHOI Ta TYMOPAABHOI AQHOK IMyHHOI CHCTEMU Ha IIPEAMET 3MIH OOYMOBACHUX ITIOACHHUM
BKUBAHHAM AOCTATHBOI KIABKOCTI IIOAITHEHACHYEHHUX KUPHUX KUCAOT.

MeTor0 3AIICHEHOTO TEOPETHYHOIO AOCAIAKEHHA € IOKPAITICHHA PO3YMIHHSA BaKAUBOCTI
IITOACHHOI'O HAAXOAKEHHS 3 DKEIO HOAIHEHACHYCHHUX KUPHUX KHCAOT, OKPECACHHSA HAHOIABII
PAIIIOHAABHHUX AAfl BKHUBAHHA XAPYOBHX ITPOAYKTIB 3 X BHCOKHM BIACOTKOBHM BMICTOM, a
TAKOXK, IO € HAHOIABII BaKAHBHM, OIHC iX OE3IIOCEPEAHBOTO BIIAUBY Ha POOOTY IMyHHOI

CHUCTEMH AXOAMTHI.
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OCHOBHHM 3aBAQHHAM AOCAIAKEHHA € OIIPAIIFOBAHHS HAYKOBUX AKepeA IHdopmariii
BHKOPHCTOBYFOYH IIPaIll TAKHX CBITOBUX BueHHX AK Wu, Gammone, Dyall, Mariamenatu, Zhang

Ta iH., 3aAAS O1AbII rAuOOKOTO posyminad BuAuBy [TH/KK Ha poboTy kaiTHH IMyHHOI cCTEMH.
Pe3yabTaTn AOCAIAYKEHHA

Briaus cucrematumunoro ByxusanHA ITH7K Ha oprani3m Ta iMyHHY CHCTEMY AFOAMTHU

[Torpy KAACHYHI AYMKH IIPO AIIMIAHI CTPYKTYPH y AKOCTI AKepeAa eHeprii, omera-3 Ta
omera-6 ITHKK rtaxox BIAITparOTe AOBOAL CyTTEBL PYHKILI ¥ PAAL METAOOAIYHHX IIPOIIECIB B
oprauizMi. Y BIATIOBIAHOCTI AO OIIyOAIKOBAHHX AQHHX MEAHKO-OIOAOITIHHX AOCAIAKEHB,
HAAXOAKEHHSA JKUPHUX KHCAOT 3 [KEIO ITOBUHHO MATH CHCTeMAaTHIHUN Xapakrep (4...6%
EHEPIEeTUYIHOIO PAIIOHY 3a0€3ITeUyeThCA 32 PAXYHOK BKHBAHHA €CCEHINAABHUX KHPHHIX
KHCAOT), AA€ 3 YPAXyBAHHAM BIAITOBIAHMX HOpPM BCTaHOBACHHX AleToAoramu: 80...150 r/A00y
AAfL 90AOBIKIB T2 65...100 r/A00y AAst xiHOK. OKpeMO cAiA 3ayBaxuTH, 110 He Merie 30% Bia
3araAbHOI KIABKOCTI CITOKHTOIO JKHPY ITOBHHHO IIPHIIAAATH CaME€ Ha HATYPAAbHI KHPH
pOocAnHHOTO TTOXOAKEHHH (0All) (Belemets et al., 2016).

AHaAI3  ITOBCAKACHHOIO PAaIliOHy CEPEAHBOCTATUCTUYHO! AFOAMHH BHABHB 3HAYHI
BIAXHACHHS BIA HOPM 30aA2HCOBAHOIO XaPYYBAHHSA, fAKI IIPU3BOAATH AO IOPYILIECHHA CHHTE3Y
rOpMOHIB, pepMEHTIB, OIAKIB Ta IMyHOrAOOVAiHIB. SIK HACAIAOK Il 3aITyCKae PfAA 3aITAABHUX
IIPOIIECIB Ta 3aXBOPIOBAHb (IIOPYIICHHA METAOOAIZMY, OKHPIHHSA, 3aXBOPIOBAHHA CEPIIEBO-
CYAHHHOI CUCTEMH I OpraHiB TpaBACHHS). 30KpeMa OIABIIT PaHHI AOCAIAKEHHA HA TBAPUHAX T2
AIOAAX AEMOHCTPYIOTB, IO THII 1 KIABKICTB JKUPHOI KHCAOTH HAIIPAMY IIOB’A3aHi 13 BIIABOM Ha
imynny BIAOBIAD (Gandra, et al., 2016).

Huni cnoxusanaa [THZKK poann omera-6 Ta omera-3 3HaXOAUTBCA y CIIBBIAHOIIICHHAX
10:1...30:1, 1o mpm3BOAUTH AO IOPYILEHHA AlMAHOIO OOMiHy. BaxamBum TyT € Te, IO
apaxIAOHOBA KHCAOTAa KOTpPa BCTYIIAE€ V PEAKIUIO 3 BiTamiHamu rpymu B, cuHTe3yeThes came 3
AlHOAEHOBOI KucAOTH. Ilpy HBOMy HAAAHIIOK CHHTE3y apaxiAOHOBOI kucAaotu (Oiabrme 2
1/ A00Y) € TPHIepOM HU3KH CMEPTEABHO HebesedHux nporeci. Came ToMy 3aBKAM HEOOXIAHO
OAOKyBATH AMKEPEAO CHHTE3y aPaxiAOHOBOI KHCAOTH 3a PAXYHOK CIIOMKHBAHHA OIABIIIOL
KIABKOCTI AiHOAEHOBOT (n-3). Ix HAyKOBO OOTPYHTOBAHE CITIBBIAHOTIICHHS TTOBHHHO CKAAAATH
10:1 — Aas 3p0poBOTO BepcTBa HaceAeHHA T2 3:1...5:1 — mpy HAABHUX ITOPYIITEHHAX AIIIAHOTO
oominy (Belemets et al., 2021a).

Ao mpukaaay, 3a AaauMu HaBeAeHuMU y crarti (Gammone et al., 2019) BiA3HAYEHO BIAUB
omMera-3 Ha 3aITaAbHI IIPOIIECH IIPH 3aXBOPIOBAHHAX CEPIIEBO-CYAHMHHOI CHCTEMH, OCKIABKH
BOHH IPHIMAIOTH YYaCTb y PEIYAIOBAHHI apTEPIaAbHOIO THCKY, IIOKPAINYIOTH IIPOIIEC
3TOPTAHHA KPOBI, 4 TAKOK 3ACTOCOBYIOTHCA Y AKOCTI HPOdirakTHKI AUCHYHKITIH OOYMOBACHUX
IHTEHCHUBHIMU HABAHTA/KCHHAMIL

Crpasa y ToMy, IIIO IIiA 9aC CyTTEBUX (PISMYHUX BIIPAB YN TPEHYBAHD Y KAITHHAX OpPraHi3my
ATOAMHH TPAIIASETHCA OKUCAIOBAABHHN CTPEC, AKUI HAIIPAMY € IIOB’fI3aHUM i3 IOPYIIEHHAM
IIPOOKCHAAHTHO-aHTHOKCHAAHTHOTO 0OaAaHcy. 32 yMOBH 3HAYHHX (PISUYHHUX HABAHTAKCHDB
(CMAOBHX BIIPaB) MOKE HACTATH OKHCHE ITOIITKOAKEHHSA KAITHHHHX KOMIIOHEHTIB. Y IIbOMY
BUITAAKY CITOCTEPITra€ThCA IPOLIEC YTBOPEHHA BIABHUX PAAUKAAIB CKEACTHUME M f3aMH (ITIA 9aC

CKOPOYEHb) 3 ITOAAABIIUM OKHCACHHAM IHIIIMX MOAEKYA OPraHi3My AASl BAACHOI cTabiAisarii.
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[ToAIOHMIT OKHCAIOBAABHUIT CTPEC HETATHBHO BIAOOPAKAETHCA HA (PYHKITIOHYBAHHI KAITHH, IO
Y CBOKO YEpry IPU3BOAUTH AO PO3BUTKY I'OCTPOI BTOMH fIK CEPEA IIPOGECIITHIX CIIOPTCMEHIB,
TaK 1 cepeA IOYaTKIBIIB.

Oxpim Toro npu (bisUYHUX BIIPaBaX BIPONAHHM TaKOXkK € HETATUBHUN BIIAUB HA IMyHHY
CHCTEMY B IIAOMY Y BHIAAAI HEDAKAHOIO IMYHOMOAYAIOIOUOIO eEKTy, IO MOKE
BIAOOpakaTHCA Y 30IABIIECHHI MOMAHUBOCTI ITOTPAIAAHHA PI3HUX iH(MEKINHHUX areHTiB. K
HACAIAOK: ITOCHACHHA BHPOOACHHA IIPOTH3AIMAABHHUX IIUTOKIHIB, 4 TAKOK 3HIDKCHHA IX
dynkionysanns (Gammone et al., 2019, Black et al., 2018).

OKHCAIOBAABHHE CTPEC, AK PE3YABTAT YITBOPEHHA KHCHEBO-LIEHTPOBAHUX PAAUKAAIB, Ma€
BAACTHBICTh IIPUTHIYYBATH AKTHUBHICTD HEUTPOMIAIB, 4 TAKOXK 3MEHIIYBATH HPOAidepariro
imyrokommereHTHUX KAITHH (T- 1 B-AlMdormriB), 1110 HeraTHBHO BIAOOpaKa€ThCA Ha pOOOTI
KOKHOI 13 AaHOK iMyHHO!I cuctemu (Ganmmone et al., 2019). Tomy mpu IIpOBEACHHI PETYAAPHUX
TPEHYBAHB, AASl 3MEHIIICHHA HEIATHBHOIO BIIAUBY Ha (DYHKIIOHYBAHHA KAITHH 1 OpPraHiaMy y
LIAOMY, PEKOMEHAYETBCA BKUBATH AOAATKOBI AXKEpeAa OMera-3, OCKIABKH HAfABHICTb
CHKO30IICHTAEHOBOI KHCAOTH MOKE ITOKPAIIYBATH METaOOAIYHY THYYKICTH MA3iB T2
30IABIIIYBATH M’A30BY CHAY Y cuopremenis (Gammone et al., 2019).

3asHadeHi BHIIE PE3YABTATH AOCAIAKEHB AOOpPE Y3TOAKYIOTBCHA 3 IIPEACTABACHUIMH Y
wvactynaux npatax (Lewbke et al., 2014; Corder et al., 2016; Tinsley et al., 2017), 3riAHO 3 AKEMH
ITHKK poAnHn omera-3 MaroTh BAACTHBOCTI ITIOKPAIIyBATH M A30BHI aHAOOAI3M I KaTaOOAIZM
AK CEPEA XBOPHX, TAK 1 CEpPeA 3AOPOBUX BEPCTB HACEACHHH. SIK HACAIAOK — 301ABIIICHHSA M 30BO1
Macu Ta il CHAM y AFOACH pi3HOrO Biky/cTaTTi.

Aannit Bnams [TH7KK ma poboty iMyHHOI cHCTeMH MOKHA IIOACHHUTH HasBHICTIO
docdoainas, 10 aKTUBHO HPUNHMAIOTH YYACTh B OKUCACHHI Ta INIABHINYIOTH IIPOHUKHICTH
KAITHHHOX MeMOpaH. 30KpeMa Takli AOBIOAAHIIIOIOBI KHCAOTH fK apaXiAOHOBa Ta
CHKO30IICHTAEHOBA — BIA’€AHYIOTBCA BIA MeMOpaHHHX (HOCHOAITAIB 1 IHAAAFOTHCA
OKHCAEHHIO AO BIAIIOBIAHHX AIINIAHHX MEAIATOPIB 32 AOIIOMOTOIO (DEPMEHTIB OKCHUICHA3H,
nuKAooKcureHasu Ta muroxpomy P450 (Mariamenatu et al., 2021; Saini et al., 2018).

3araapno Binommmu Huui € BAactuBocTi [THJVKK n-3 mocmaroBatu  daronmrapay
AKTHUBHICTD § AOCAIAAX Ha AaboparopHux wmuiiax. Biarak y npami (Guticrrez et al, 2019)
3a3HAYAETLCA, IO AOAABAHHA AOKO3AI€KCACHOBOI KHCAOTH /77 Vilfo AO BIAOKPEMAEHHX
IIEPUTOHEAABHIX HEHTPO@IAIB OOYMOBAIOE IABHINECHHA X (haronuTapHOl H (PyHIIITHAHOL
spaTHOCTE Ha 35%. OTpuMaHi pe3yAbTATH MAarOTh CBOIO aKTYAABHICTH 1 AASl Ki3, V AKHX
ITOAIMOPOSACPH] ACHKOIIUTH IIOCHAFOBAAH CBOIO 3AATHICTH AO morauHanus E. Co/i 3a ymoBu
IHKyOarii pasoM 3 eHKO3aIIEHTAEHOBOKO 1 AOKO3areKCA€HOBOIO KUCAOTAM.

ITepeaiveni epexTr BAACTHBI I AAS AFOACH, IO MIATBEPAKYETHCA PAAOM EKCIIEPHMEHTIB
akux 10-om yuacHHKaM yupoAoBx 60 AHIB AOAABAAML AO PAIiOHY puO’sdmi xup 3 26%
AOKO3ar€KCA€HOBOI KHCAOTH Ta 54% eHKO3aIIeHTA€HOBOI KHUCAOTH, IO IIPHU3BOAHAO AO
30iABIIEHHA (DAronUTAPHOI aKTUBHOCTI HEHTpOiAiB Ha 62%.

Ha mporuBary omyOAiKOBaHI PE3yABTATH IHIIIOIO IPOBEACHOIO AocAipxenss (L et al.,
2017) y IKOMy AOOPOBOABIIL CIIOKHUBAAU KYKYPYA3AHY OAIIO 20O €HKO3AaIIEHTACHOBY KHCAOTY,
AKI HE IIPOAEMOHCTPYBAAN 3HAYHOIO BIIAUBY Ha (DATOLNTAPHY 3AATHICTD ATPAHYAOILUTIB.

Biazaauaerncd, 1110 HAABHICTD Y PALliOHI €HKO30IIEHTAEHOBOL Ta AOKO30I€KCACHOBOI KHCAOT

IIPU3BOAUTD AO 30IABIIEHHS X 9acTOK y HelTpodisax Ta MoHOmmTax. Lle y cBoro wdepry 1
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dopmye mporusamasbHIA e(DEKT BiA BAKUBAHHA OMEra-3 3 TOAAABIIIIM 3MEHIICHHAM IIPOAYKIIL
trrepaerikiais IL-1 Tta IL-6, — IO3UTHBHO BIAOOpaMKa€TbCA HA XBOPHUX 3 PEBMATOIAHHM
apTPUTOM 200 CHABHHIM OOAEM Y CYrAOOaX, AKUAN MOKE BUHUKATHU IIPH IIOBTOPHHUX CHCTEMHIX
HaBauTakeHHaAx (Gammone et al., 2019).

Aobpe Bisomumu podoTtamu Ha AaHy TeMatuky € (Gomez-Larranri et al., 2020, Dyall, 2017),
A€ IIPOAEMOHCTPOBAHO IO PI3HOMAHITHI AIINAM MaIOTh OIOAOITYHO AKTHBHI BAACTHBOCTI, AKI
BUHUKAIOTDH 3 TAIIEPOAIIIAIB, — Al3odpocdaruana KucAoTa Ta hakTOp akTUBaLil TPOMOOINTIB
(Dyall et al., 2022). 'V cBoIO 4epry 1e BIAOOpasHAOCH Y (POPMyBaHHI TEPMIHY OKCHAILIIH, KOTPHI
ITOKa3y€ OKCHUTEHOBMICHI CITOAYKH, Kl YTBOPIOIOTECA 13 AHPHHUX KHCAOT, OPTaHI30BAHUX MOHO-
2400 AIOKCHUTEHA3HOIO OKCHUTEHAIEIO AAf ITOAAABIIIOTO OXOIIAEHHS OIOAOTIYHO AKTUBHUX
AIITIAHUX MEAIATOPIB. Y TBOPEHHA OKCHUAIITIHIB BIAOYBAa€ThCA IEPEBAKHO Uepe3 PepMEHTATUBHI
IIASXH AK IIMKAOOKCHUICHA3M (TeMBMICHI (DEpPMEHTH 3 OKCHICHA3HOIO 1 IIEPOKCHAA3HOIO
AKTUBHOCTAMH 3 IIOAAABIIIOIO OKCUTI€HAIIIEIO )KUPHHUX KUCAOT 3 YTBOPEHHAM IIPOCTAIAAHAMHIB)
Ta AITOKCHUTEHA3U (AIOKCHICHA3HM, KOTPl KaTaAI3YIOTh YTBOPECHHSA TIAPOIIEPOKCHAIB KHPHHX
KHCAOT Ta IX MeTaOOAITIB) (Dyall et al., 2022; Kirkby N.S. et al., 2016).

Bapro Takomx 3rapatu mmpo IMYHOMOAYAIOIOUY AIFO TAKUX EHKO3aHOIAIB (OKCHICHOBaHI
moxiaai Col THZKK), Ak apaxiAOHOBA Ta €HKO30IICHTAEHOBA KUCAOTH 3 IIPO3AIMAABHHMU 200
IIPOTH3AIIAAPHUMH BAACTHBOCTAMHM, Pa3oM 3 ayrakoiaamu, KOTpi moxoadte 3 CxplIHZKK
(IIepeBa)KHO ~ AOKO30ICKCAEHOBA KHCAOTA) H MarOTh HEHPOIPOTEKTHHH Ta 3AATHICTH
3MEHIIYBATH 3aIIAABHI IIPOLIECH B OpraHismi AroAusu (Saini et al., 2018).

Biarak elixo3aHOIAM, ITIA 9aC CHHTE3y V BEAHKUX KIABKOCTAX, BIIAUBAIOTH HA HACTYIIHI
IMyHOAOTTYHI Ta METAOOAIYHI IIPOLIECH: HA aKTUBAIUIO ACHKOIIHTIB, arperaniro TPOMOOIINTIB,
PEIyAAIIIO IIIAYHKOBOI CEKperii, KpoBOTedy, OPOHXOKOHCTPHKINIO, OPOHXOAHMAATALIIO Ta
CHTHAAI3AIIIO OOAIO B HEPBOBHUX KAITHHAX, MAIOTh BAACTHUBOCTI AO PEryAAIi 3aIaAcHHA Ta
poboTH IMyHITETy, KPOBOHOCHUX CYAHH, CHHAIITHYHOI IIAACTHYHOCTI, POCTy KAITHH, CHY,
BIAYYTTH OOATO, TOIO (Saini et al., 2018).

HasBHICTD KHCAOT Ad€ 3MOTY Ha HAACKHOMY PiBHI (DYHKIIOHYBATH IMyHHII CHCTEMI, KA €
’KHTTEBO BAXKAUBOIO AAf 3AXHCTY BIA ITATOTCHHUX MIKPOOPIaHI3MIB, TAKUX fAK OakTepii Ta BIpycH.
OxpiM TOro iMyHHA CHCTEMa BIAIrpa€ IIEHTPAABHY POAB Y 3a0E3IIEYCHHI TOAEPAHTHOCTI AO
BAACHUX TKAHHH, HEIIKIAAUBHX MIKPOOPIaHI3MIB, fIKI CKAQAAIOTH HOPMAABHY MIiKpodAOpPY
AIOAMHH T2 IIOTEHIIIHHNX aA€PIEHIB y IIPOAYKTAX XapuyBaHHA. [Ipu nmpomy iMyHHA BIAITOBIAB
BKAIOYAEC 3HAYHY IPOAidepariito KAITHH, a cami K IIOAIHEHACHYCHI >KUPHI KHCAOTH —
BIAITPAFOTh KAIOUOBY pOAb y 1i miatpmmni Ta peryadmii. 3okpema [TH/KK e pamamBumm
AKEPEAAMH CHEPIIl AASL KAITHH IMyHHOI CHCTEMH, 2 TAKOK KHTTEBO BAKAUBUMU CTPYKTYPHHMI
1 PYHKIIOHAAPHUME KOMIIOHEHTAMH MeMOpaH iMyHHUX KAlTHH (Calder, 2018).

Paszom 3 THM 3araABHOBIAOMHMH € AaHI IMOAO €(PEKTUBHOCTI AOAATKOBOIO 3aCTOCYBAHHSA
KHCAOT IPYIH N-3 IPU AIKYBAHHA PI3HOIO KAACY 3aXBOPIOBAHD; 32 YMOBH 301ABIIICHHA YaCTKH
CIIOKUBAHHA AQHUX KHPHHUX KHCAOT CIIOCTEPIra€ThCs MABUILEHHA e(peKTHBHOCTI AleTOTepartii,
KOPEKIIifl ITOPYIIIEHb METAOOAI3MY AlINAIB y XBOpHUX Ha IyKpoBuit Alader Il Ty, sHmxeHHA
pamimre mmiauineHoi aktuBHOCTI ¢docdoaimaz Al 1 A2, KoTpi € BIAIIOBIAAAPHUMH 32
AereHepariiro pocOAImAIB y mporieci KAITuHHOTO MetaboAismy (Belemets et al., 2021D).

Bapro takox 3azmaunTH, IO apaxiAOHOBA Ta AOKO3AI€KCA€HOBA KHCAOTH € OCHOBHHUMMU

npeactasankamu [THZKK y MO3Ky AFOAHHH, OCKIABKH BOAOAIIOTH HEHPOIPOTEKTOPHUMH
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BaactusoctaMu (Dyall, 2015). Lli AOBIOAQHIIFOTOBI KHCAOTH MOXKYTh HAAXOAHTH 334 PaXyHOK
xapuayBanHs 30aragenoro ITHKK abo i 3a paxyHOK KOPOTKOAQHITFOTOBUX ITOIICPEAHHKIB 3
ITOAQABIIIOI0 OOMEIKEHOIO TpaHcdopmaliiero y medinni. Boanodac amcOasaHc pariony y
CIIOKUBAHHI MUK N-3 1 n-6 HE TIABKH CTaBUTH IIiA 3arposy BmicT acoBroaanmrorosux [THZKK y
MO3KYy, aA€ M TAKOXK MOJKE BIIAMBATH HA BHPOOHMUIITBO IIHPOKOIO CIIEKTPY MEAIATOpIB 3
ITIOTEHINIHHO HEraTHBHUM BIIAUBOM Ha HOTO aKTHBHICTH Ta pyHKIonyBauus (Dyall, 2017).

[Torpu yci HaBeAeHI BUITIE ITEPEBATN, HAAMIPHE CITOKUBAHHA Y PAIIIOH] OMeTra-3 MOKe MaTh
1 HEraTUBHHUI BIIAUB IIOB’A3aHHMH 31 3MiHaMu QyHKIOHyBaHHA TpomOouwmrie. Haamipna
KIABKICTD €HKO30IIEHTAEHOBOI 1 AOKO30IE€KCAE€HOBOI KHCAOT IIPU3BOAUTH AO YTBOPEHHA Ta
HAKOIIMYCHHA TPOMOOKCaHy As, AKHAIN He TaK AKTUBHO BIIAUBAC HA AKTHUBALIO TPOMOOIINTIB HiXK
TpoMOOKcaH Ay BiamosiaHO, 30i# akTBaIii TPOMOOIIUTIB Yepes pi3HI CHKO3aHOIAM MOIKE
IIPU3BOAUTH AO AHTHTPOMOOTHYIHOTO €(DEKTY 3 ITOAAABIIINM IIOTIPIIEHHAM IIPOLIECY 3arOCHHSA
paH, OCOOAMBO INCAA TPaBMyBaHb a0O OIEpAliHHHX BTpydaHHA. [lpum HBOMy AOAATKOBHM
HETaTHBHHUM HACAIAKOM HACHYECHOIO CIIOKHBAHHA OMEra-3 € IEPEKHUCHE OKHCACHHSA AlITAIB 3
YIBOPEHHAM BIABHUX PAAHKAAIB, ITIO BIIAUBAE Ha CTAOIABHICTD KAITHHHUX MeMOpan (Gammone
et al., 2019).

Ormxe, x09a n-3 1 n-6 COPpUPMAIOTHCA AK CIPHATAUBL AAfL 3AOPOB’S OIOAOTIYHO AKTHBHI
PEYOBHHH, 32 IX HAAMIPHOIO IMOACHHOIO CIIOKHBAHHSA CIIOCTEPIra€ThCA AHTATOHICTHIHUIT
(IPOTHAEKHUIT) BIIAUB Ha METaOOAIYHI (DYHKII B OpraHi3mi AIOAHMHH, IO 3FOAOM MOKE
IIPU3BECTH AO ITOABHM OAararbOX ITATOAOIIYHHX ITPOIIECIB, AKIIO OAAAHC «AHTATOHICTHIHHUX
MetaboAlgaux dyHKUi» He 3MmiHuTeca (Saimi etal, 2018). Ilpu mpomy omera-3 i omera-6
BIAITOBIAAIOTH 32 IIPOTHAEKHI METAOOAIYHI (PYHKIII], BIAITPAIOYH 3HAYHY POAB Y PEIYAIOBAHHI
TOMEOCTA3y OPraHi3My, IIPO3aIIAABHIX 1 IIPOTU3AITAABHHX IIPOIIECIB (32 AOTIOMOI'OIO AOKAABHO
AIFOYHX OIOAKTUBHUX CHTHAABHUX AlIITAIB), arperarii Ta aHrmarperanii tpomOonwmris. Sk
IIPaBUAO, N-0 IOCHAIOE 3aITAACHHSA, aTPETaIiio TPOMOOIINTIB Ta BA3OKOHCTPHUKIIIIO, TOAL AIK N-3

IIPUTHIYYE 3AIIAACHHSA, ATPETraIliio TPOMOOIHTIB Ta IIOCUAIOE BadoAuAatarito (Kwon et al., 2020).

Pocannni, TBapuHHI Ta Mikpob6ioaoriuni Avxkepeaa ITHZKK poaun n-3 Ta n-6
a-AIHOAEHOB2A Ta AIHOAEBA KHCAOTH € ABoMa Oaszopumu [THIKK, axi moBumami maaxoanTH
31 IIOAGHHOTO pAIlOHY Xap4dyBaHHA, OCKIABKHM AIOACBKHN OpraHi3M HE 3AATEH AO iX
CaMOCTIHHOrO cuHTE3y. AsKepeaamu omera-3, 3a3BHYai, BHUCTYIIAIOTH PI3HOMAHITHI 3eAcHI
OBOUI, HACIHHA OAITHUX KYABTYpP (Ha KIIITAAT ABOHY), OKEAHChKA pruOa (CApAMHI, AOCOCH 200 K
tyaeus) (Sinoponlos, 2016).

a-AITHOAGHOBA KHCAOTa BXOAHTb AO CKAAAY XAOPOIIAACTIB KYABTHBOBAHUX 3EACHHUX
AHCTOBHX OBOYIB (LIBITHA KAITyCTa, OPOKKOAIL, CaAar), HACIHHA Ta TOPIXiB (BOAOCBKHUN rOpix),
OyKOBHX, COi, pilIaKky, 4epBOHOI H YOPHOI CMOPOAMHH, 4 TAKOXK Pi3HOMAHITHHX (DPYKTIB Ha
KIIITAAT aBOKAAO, MAAUHH Ta ITOAYHHIL. Aesfka ii KIABKICTD HafgBHA y AUKHX ICTIBHIX POCAMHAX
ax Verbena officinalis 1., Chenopodium album 1., Picris echioides 1.. 1a Sonchus oleracens 1.

AlHOAEBA 7K KHCAOTA ¥ BEAHKIH KIABKOCTI MICTUTBCA B HACIHHI TAKUX POCANH fIK: BUHOTPAA,
pimak, Mak, KOHOIIAI Ta MHIAAAb; y TOpIXaX: OpPa3HABCBKOMY, BOAOCBKOMY, KEAPOBOMY
(Mariamenatu, 2021).

Omera-6 'y CBOIO dYepry BXOAHUTh AO CKAAAY PIBHOMAHITHHX POCAHMHHHUX —OAILH

(COHAIIIHUKOBA, COEBA, KYKYPYA3fHA), AKI HAOYAH INUPOKOrO BHKOPHCTAHHA INA d9acC
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upurotyBauui ki (Bentsen, 2017; Sokola-Wysoczaiiska et al, 2018). ApaxiaOHOBa KHCAOT2
3HAXOAHUTHCH HEePeBAKHO Y POCEOAITAAX 3€PHOBUX IPOAYKTIB TBAPHUH 1 IITHIN, TAKAX fK:
M’AICO, CaAO, IHAWYHI KHp, BEPIINKOBE MacAO Ta sfeuHl Almiam. EiikosomeHTaeHOBa Ta
AOKO3Ar€KCAEHOBA KHUCAOTH Yy AOCTATHIH KIABKOCTI 3HAXOAATBCH Y KHPHIH MOPCBHKIA pHOI
pub’agoMy KHpl 3 AOCOCA, CKyMOpii, capAuHAxX, aHYOycaX, (POpeAl, a TaKOK B OAiAX
MikpoBoaopoctelt (Sokola-Wysoczariska et al., 2018; Harwood, 2019; Ruiz-Lopez et al., 2020,
Simoponlos, 2020).

BoanOwac moTpiOHO pO3yMITH, IO i3 HA3EMHUX POCAUH, OBOYIB, TBAPHH, OMEra-3 1 omera-
0 HEMO)XAHBO OTPHUMATH y AOCTATHIH KIABKOCTI (3 OIOAOTIYHOI TOYKH 30pY), 2 Taki MOPCBKI
AKEPEAA KUCAOT AK pHOA, PUO AYHIT KUP 1 OALS MIKDOBOAOPOCTEH € HE OAHAKOBO AOCTYITHHME
32 IIIHOBOIO ITOAITHKOIO AAfl IIEPEBAKHOI OIABINOCTI HACEACHHA. 30KpeMa ITOTPIOHO AOAATH,
mo orpumanssa [THKK 3 mopcekoi pubn, ik OCHOBHOTO AxepeAa, 30IABIIYE aHTPOIIOICHHE
HABAHTA’KCHHA HA OIOIICHO3 OKEaHIB, MOPIB Ta HETATHBHO BIAOOPAMKAETHCA HA CKOAOTIIHOMY
crani nAaueti saranom (Mariamenatu, 20217).

Bapro Takox 3a3HaYHTH, IIIO Cy9aCHE CIABCBKE 'OCITOAAPCTBO IIPUAIASAE YBAry BUKAIOYHO
IIUTAHHIO BUPOOHHIITBA, TOOTO IIPOAOBOABUIH Oesrrer, a He (DYHKIIIOHAABHIN IIPOAOBOABHIH
Oesmeni. Ik HacAIAOK crrocTepiraemo 30aradeHHA OMera-6 Ta CyTTEBE 3HIDKEHHA KIABKOCTI
oMmera-3 y OIABIIIOCTI IIPOAYKTIB IIOACHHOIO BXKUTKY. BIATaxk 3MiHA CHCTEMU KyABTHBYBAHHA
POCAUH Y CIABCBKOMY I'OCIIOAAPCTBI 3aAAA OTPUMAHHA KOPMIB AAfl AUKHX TBAPUH — AEMOHCTPYE
BUKOPHUCTAHHSA 3epHA 3AaKiB 11030aBAeHOrO omera-3 [THKK (kopm AAf AoOMaIiHBOI XyAOOH),
o y cBoro duepry BramBae Ha 3minm mpodiaro [THKK BupoOaeHnmx 3 HHX Xap4oBHX
IIPOAYKTIB (M’AICO TBAPUH, ANUIA Ta HaBiTh puda) (S7zoponlos, 2020).

AABTEPHATUBOIO AO OTPHUMAHHA 1 HAKOIMYCHHA MOAIHEHACHYCHHX >KUPHHX KHCAOT
BUCTYIIA€ X OIOTEXHOAOIIYHA IIPOAYKIIA 32 AOIIOMOIOIO OIOCHHTE3y PI3HOMAHITHHMU
OI0AOTIYHIMH Ar€HTAMH, K MIKDOBOAOPOCTI, rpuOH Ta OakTepii.

[ Itamu mikpoBoaopoctet Schigochytrium sp. 1a Thraustochytrium sp. BM2 Oyanu mipeamerom
3HAYHOI KIABKOCTI AOCAIAKEHD 3aBAAKH BHCOKIH ITPOAYKIII] ITOAIHEHACHYEHUX KUPHUAX KHCAOT,
OCODAHBO AOKO30I€KCA€HOBOI KHCAOTH 32 YMOBH iHTEHCHUBHOI aepariii 1A gac 6iocunTesy (Rex
et al., 2017; Chen et al., 2020).

BiammoBiazo A0 iHdopMarii, 1o HaBeaeHa y (Md Norashikin et al., 2018) IHIIIIM MOKAUBIM
npoayuertom [THIKK e Chlorella vulgaris. ABropamu crarti onucyerses smiaa kyavtypu Chlorella
vulgaris 3a paxyHOk 1i mMoAmdikamii TpancrenunMu AiHisMp Ch-TL1 Tta Ch-TL2. Oxkpim
MoAHuMDIKaIil reHOMY OYAO IIPOBEACHO BIADIP 1 KOPEKIIIIO CKAAAY HOKUBHOTO CEPEAOBHINA AAS
OIOAOTTYHOIO areHTa 3 BUCOKHM I HHU3BKHM BMICTOM HITPATIB, BIAITOBIAHO AASl BU3HAYCHHS
pocTy, BUPOOHHIITBA OIOMACH, 3araABHOTO BMICTY OAlf, 4 TAKOK KHUPHOKHUCAOTHOTO IIPOdIATO.
[le AaAO 3MOIY 30IABIINTH EKCIIPECIIO I'€HIB 3 ITOAAABIINM HAKOIIMYEHHA ITAABMITHHOBOI,
CTEAPHHOBOI, OACIHOBOI M1 ATHOAEBOI KUCAOT.

Ha cporoamimHiii A€Hb OAHHM 3 IEPCIEKTUBHUX IIPOAYLIEHTIB AAfl OTPHUMAHHSA
ITOAIHEHACHYCHUX KUPHUX KUCAOT € Mortierella alpina. OcoOAUBICTIO ITUX TPHOIB € yTBOPEHHSA
HACHYCHHUX JKUPHHUX KHCAOT 3 ITOAAABIIOIO MOAHUMDIKAINEIO 1 ITOAOBKEHHAM IIOABIFTHOTO
AaHmora. Boanodac meaoaikom Bukopuctauus Mortierella alpina € crBOpeHHA OCOOAHBO
«HDKHHX» YMOB KYABTHBYBAHHS, IO BIAOOPA/KAE€THCA § HU3BKII IIIBHAKOCTI ITEPEMIIITYBAHHSA I

II0AQ4l aepamifiHOro IMOBITPA depe3 ocoOAmBiCTE Mopdoaorii xyaprypu. Ilpm mpomy
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3aCTOCYBAHHA IEPIOANYHOIO PEKHUMY KYABTUBYBAHHA, BHECEHHA ITAKHBAIOIOUYOIO PO3YHHY
ITIOKUBHOI'O CEPEAOBHINA VIIPOAOBK O AIO 32 OHTHMAABHOIO PEKHMY ITOAAYl aA€PALIIHOTO
KHCHIO, AA€ 3MOIy OTpUMATH Ha BUXOAL 18 r/A AlmiaiB, cepea sixkux apaxiAOHOBOI KucaoTH
MicTaTECA TPHOAU3HO 42% (Wi et al., 2017).

[HIITIM ITEPCIIEKTUBHUM IIPOAYIIEHTOM )-AIHOACHOBOI KuCAOTH HUHI € Mucor circinelloides —
THUIIOBUI OAIHHN HUTYACTHH IpHO, AKHI IIHPOKO BUKOPHUCTOBYETHCH YIIPOAOBK OCTAHHIX
AecATHAITE. OAHHM 3 YMHHUKIB CHHTE3Y IIOAIHEHACHYEHHUX KUPHHUX KHCAOT, 32 BUKOPUCTAHHSA
AAHOI KyABTYPH, € aKTHBHICTh A€ABTa-12 200 K AeAbTa-6 AecaTypas; HaACKCIIpecis AeAbTa-0-

ACCATypasu BIAIIPA€ BaKAHUBY POAb y CHHTE31 p-AIHOAEHOBOI KHCAOTH T4 PEINTH ITOXIAHHIX

omera-6 (Zhang et al., 2017).

OG6roBopenH:n

Ha cporoanimmniit Aens crioxuBannsa [THZKK kaacy n-6 y partioni cepeAHbOCTATHCTHYIHOL
AFOAMHH — 3HAYHO IIEPEBUIINYE KIABKICTE n-3. [Ipm 1ibomy apaxiAOHOBA KHCAOTA AQ€ ITOYATOK
CIMEHCTBY €HKO3aHOIAIB (MEAIATOPIB 3aITAACHHSA) 3aBAAKH AKUM PEIYAIOE BHPOOHHIITBO
IIUTOKIHIB, AIAABHICTD 3aIIaABHHX KAITHH Ta BIAHBAa€ Ha romeocrta3d. Ocb 9OMy BaKAMBO
KOPEIYBaTH KIABKICTH YTBOPEHOI apaxiAOHOBOI KHCAOTH HIBEAIOIOYHN {i BKUBAHHAM OiABIIOL
KIABKOCTI AITHOAGHOBOI KHCAOTH (N-3) Ta AOTPHUMYIOUHICHh PEKOMEHAOBAHIX AIETOAOTAMH HOPM
cruiBBiAHOIIIEHD N-6 : n-3. OKpeMO TAKOXK CAIA 323HAYUTH 3AATHICTD N-3 ITOCHAIOBATH
daronnrapHy aKTUBHICTB

Xoua Hapasi AKEpeAaMH ITOAIHEHACHYEHUX KHUPHHUX KHCAOT BHCTYIIA€ BEAHKA KIABKICTD
POCAUH, OCOOAMBO BIAOMHMH Ta IOIINPEHHMH 3aAUIIAIOTBCA PHOA, pUO’AYMN KUP Ta
POCAHHHI OAll, 30KpeMa AAfHA OAifl, fKa BIAPI3HAETBCA HANOIABIIIIM BMICTOM N-3 3-ITOMDK
tHmMX. BpaxoByroun AOCTaTHBO BHCOKY BapTICTh 3a3HAYECHHUX IPOAYKTIB XapdyBaHHA, AOCHTD
IIEPCHEKTUBHIM € OTPUMAHHA ITOAIHEHACHYCHHX KUPHUX KHCAOT 32aBAAKH BHUKOPHCTAHHIO
MIKPOOPIraHi3MIB Ta OIOTEXHOAOITYHOTO HAKOIIMYEHHSA IIASIXOM 3aCTOCYBAHHA IIPOIIECIB
OiocurTesy. Hapasi 3 miero MeTOrO BiKe BHKOPHCTOBYIOTH HaCTymHi mpoayuentu: Chlorella
vulgaris, Mortierella alpina, Schizochytrium sp. ta Thraustochytrium sp.

3araAoOM KOMIIOHEHTH fIK IIPHPOAHBOIO TAK 1 HAOYTOrO IMYHITETY, Pa3OM i3 IIPOAYKIIIEIO
KAFOYOBHX 3aITAABHUX ITUTOKIHIB, MOXKY ImAAaBatrchk BriauBy [ THZKK kaacy n-3. Hespaxaroun
Ha TE€ IO ACAKI ePEeKTH CIPOBOKOBAaHI N-3 MOXKYTh OyTH BHUKAHKAHI MOAYAALIECIO THINB I
KIABKICTIO YTBOPEHHX €HMKO3aHOIAIB, BIPOTIAHO ITIO AQHi KHPHI KHCAOTH MOKYTb BHKAHKATH
cBOi edpeKTH 3a AOIIOMOTH HE3AACKHUX BiA EHKO3aHOIAIB MexaHi3MiB. Taki BAaCTHBOCTI
0OYMOBAEHI N-3 MOKYTh OyTH BHKOPHCTAHI y AKOCTI Teparil XpOHIYHHUX 1 TOCTPUX 3aITAACHD, 4
TaKOK PO3AAAIB, ITIO BKAFOYAIOTh HEIIPABUABHO aKTHBOBAHY IMyHHY BIATIOBIAD.

BaxkauBo BiA3HAYHTH, IIIO OTPUMAaHI PE3YABTATH (7 Vifro) IIO3UTUBHO BIAUBY Ha POOOTY
KAITUH IMYHITETY, IMyHOKOMITETCHTHHX KAITHH 30KpEMa, MAIOTh MiCIle OyTH Ha MOAECABHHX
AaDOPATOPHIX MHUIIIAX Ta XaPAKTEPH3YIOTHCA ACAKOIO HEOAHO3HAYHICTIO OTPHMAHUX HAYKOBHX
IIEPCIIEKTUB 110 BIAHOIIIEHHIO AO iX IMYHOMOAYAIOIOYOI All B €KCIIEPHMEHTAX Ha ATOAAX. AAKE
3 KAIHIYHOI TOYKH 30Py OTPHUMaHI PE3YABTATH € HEBU3HAYCHUMH, OCKIABKA BEAWKA KIABKICTD
3aXBOPIOBAHB § AIOACH 32ACKUTH BiA I€HETHIHHX (DAKTOPIB HABKOAHUIIIHBOIO CEPEAOBHIIIA.
OxpiM TOrO HAABHI EKCIIEPUMEHTAABHI MeTOAN aHaAl3y BriauBy [ TH KK Ha imyHHY BIATTOBIAB €

HEAOCTATHBO YITKIMH H IIPEACTABAAIOTD PI3HI PE3YABTATH, 4 CaMi AO3H 72 VilT0 Ta il ViV0 MOAKYTh
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He BIATIOBIAATH (PI3IOAOTIYHUM KOHIICHTPALIAM y OlOAOrYHHUX piamHax. Tomy 3aificHeHHA
IIOAAABIIIIX HAYKOBHUX AOCAIAJKEHB CAlA HAIIPABUTH CaME€ Y PYCAO OIABII IAMOOKOrO Ta
ACTAABHOIO BHBYEHHSA ITPOIECIB AKTHBAIl IMYHHHX KAITHH BPOAKEHOTO 1 aAAIITATHBHOIO

IMYHITETY.

BucaoBku

3riAHO TIPOBEACHHX TEOPETHYHHX AOCAIAKEHB, 32 YMOBH ITIOAGHHOTO B/KHUBAHHSA
pexomenpoBanoi alerororamu HOpmu, [THZKK 3paaTHI MOAyArOBaTH IMyHHI BIAIIOBIAL, THM
CAMHUM HAAAIOYN CIIPUATAHBUIN BIIAUB Ha IIEPEOIr pI3SHOMAHITHUX 3aXBOPIOBAHD H 3aIIAABHIX
mporeci. 3okpema [THZKK mpmramanma BAACTHBICTD INATPUMYBATH KAITHHHI (DYHKILI Ta
CIPYKTYpH B OpraHi3Mi AIOAMHH, IIOKPAIyBATH IMyHHI (DYHKII, PEIyAIOBATH METaDOAIZM
AIITIAIB, 2 TaKOXK ekcupecito reHiB. Hwumi Haymi BIAOMEHMH € KIABKA —MEXaHI3MiIB
IMYHOMOAYAIOIOUNX (DYHKIIH IOAIHEHACHYCHHUX JKHPHHUX KHCAOT, IIPOTE CaMe CHHTE3
AIIIIAHOTO MEAIaTOpa Ma€ BEAUKE 3HAYCHHA 3 TOYKU 30PY BIIAMBY Ha IPOTIKAHHSA 3aIIAACHHS.

He menmr Baxamsum € takox crnoxusaaaa [THZKK kaacis n-6 Ta n-3 y panioHaAbHOMY
CITIBBIAHOIIICHHI 3aAAf MAKCHMI3AIli ITIO3UTUBHOTO BIIAUBY Ha pOOOTY iMyHITETY AfoAHHE. [Ipn
YOMY N-3 KHPHI KHCAOTH € IIPOTH3AITAABHUMHE, TOAL AK N-6 — IPO3aITaABHIMH. TOMy 3araAoM
n-6 € MEHII 3HAYYIIIMH 1 B OCHOBHOMY BHKOPHCTOBYIOTECH y AKOCTI KOHTPOAIO Aasi [THZKK
n-3 y HAyKOBUX AOCAIAJKCHHAX.

Biarax criokuBaHHSA KHUPHHUX KHCAOT N-3 — 3MEHINYE KIABKICTD apaXIAOHOBOI KHCAOTH Y
KAITHHHIX MEMOpaHaX i, TAKIM YHHOM, AOCTYIy AAf BUPOOHHIITBA eHKO3aHOIAIB. ToOTO n-3
[TH7KK AifoTh fiIK aHTATOHICTH IIO BIAHOIIECHHIO AO apaxiaoHOBOI kucaortu. Illo x A0
IMYHOMOAYAIOIOYNX BAACTHBOCTEH N-3, TO HANOIABIIT BAKAUBUM MEXaHI3MOM € BUPOOHHUIITBO
010aKTUBHUX HOXIAHHUX KAPY 200 OKCHAIIIHIB.

OAHHEM 13 HANKPAIIHX AKEPEA N-3 I AOCI 3AAUIIIAIOTHCA PUOA, PHO’ Y KU Ta POCAUHHI
oAll. IIpoTe mporosuIlsa IIOACHHOTO BKUBAHHA PUOU AIOAMHOIO HE € CTIHKOIO, TOMY Hapasi
BCe OIABIIOI TOIYASPHOCTI OTPUMYIOTh AABTEPHATHBHI AJKEPeAa — OALl 3 HACIHHA, BOAOPOCTEB]
OAIf, TOIIIO.

Orxe, IOAIHEHACHYEHI KUPHI KHCAOTH OOOX THIIB PEIYAIOIOTH 3AIIAACHHSA, BIIAHBAIOTH
HAa POOOTYy IMYyHHOI CHCTEMH, KPOBOHOCHHX CYAHH, TPOMOOIIUTIB, KAITMHHHX (DYHKIIIH,
EKCIIpecii TeHiB, a TAKOK CHHAIITHYHOI TAACTHYHOCTI I KAlTHHHOTO pocty. ITomixk tHrmmm n-3 i
n-6 BIAITPAIOTH BAKAUBY POAB Y CKAAAl BCIX KAITHHHHX MEMOpaH, A€ HPHHMAIOTH Y9aCTh Y

rOMEOCTa31 AASl IPABUABHOIO (DYHKIIOHYBAHHA MEMOPAHHIX 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.

Aerue Bauecaasosuy Aepes ‘arxo
Indopmartiiibi TeXHOAOTII AK paKkTOP PO3ZBUTKY MU(PPOBOI EKOHOMIKH

Amnomayin: Po3rasparorpes TEOPETHYHI INAXOAH AO BH3HAYEHHA ITHMPOBOI EKOHOMIKH, OCHOBHI
HAIPAMKA PO3BHTKYy IpoueciB mudposoi rtpancdopmanil B eKOHOMIMHHX BiaHOcHHAX. OO’exr
AOCAIAMKEHHSA — IIPOIIEC Ta HACAIAKK BIANBY iH(OPMAIIHHIX TEXHOAOTIH Ha PO3BUTOK IndpoBisarii
cepu exoHoMiuHmX BiaHOCHH. Ilpeamer aocalaxenHs — iadopmariini TexHOAOrid. Mera —
AOCAIAKEHHA OCOOAHBOCTEH PO3BHTKY IH(DPOBOIO CYCIIABCTBA, IHMOPOBHX iHPOPMAIIHHIX
TEXHOAOTIH Ta OCOOAMBOCTEH BIIAHBY TAKOTO IH(POPMAIIHHOTO PO3BHTKY Ha 3MIHH B CKOHOMIIII.
IIpoananisoBaHO CYKyIIHICTD AAQHHX, IIOBfI3aHHX 3 PO3BUTKOM 1H(OPMAIIHHO-KOMYHIKAIIHHITX
TEXHOAOIIH Ta IIOKAa3aHO, IO IepexiA A0 HH(MPOBOI €KOHOMIKH CYTTEBO 3MIHHB YMOBH ICHYBAHHS
Gisaec-cTpykryp. Tak, B crarri BU3HAYEHO, IO KOxHA cepa AIIABHOCTI AFOAHMHH PO3BUBAETHCH 3a
[ICBHUMH 3aKOHAMH, 32 LINX YMOB KOMKHA TaAy3b BIIAUBAE B OIABIIIH 9M MEHIINNA Mmipl Ha iHrmy. B
AOCAIAKEHHI ITOKA3aHO, III0 CTPIMKHUIL IIPOrpec ¥ HayIll AO3BOAUB 3pOOHTH CTPUOOK y GAraThOX raAy3ax
3HAHb, 3aBAAKHA 1H(MOPMAIINHUM TEXHOAOLIAM, y TOMY YHCAl Il €KOHOMIIN, TAKAM YHHOM, CEpHO3HI
3MIHI TOPKHYAHCS OaraTbOX Harpamis 6izHecy. [TokaszaHo, mo peaaisariis iHHOPMAIIHHIX TEXHOAOTIH
[IOB’$3aHA 3 BHPIIICHHAM CYKyIIHOCTI 3aBAAHB, IO 3a0€3IEYyFOTH PO3BHUTOK Ta e(EeKTHBHE
BUKOPUCTAHHA IHTEAEKTYAABHUX PECYPCIB CyIaCHUX IIAIPHEMCTB. PO3KpuTO 6a30Bi €AEMEHTH HAYKOBO-
IHHOBAIIIHHOIO KOMIIAEKCY, KAFOYOBUM EAEMEHTOM AKOI'O € OpraHi3allid IHHOBaLIHHO] iHdpacTpyKIypH,
IO BKAIOYAE CHCTEMY VIPABAIHHA INAIIPHEMCTBAMH Ha OCHOBI 3aCTOCYBaHHS IHHOBAITINHIIX

iH(OpPMALIHHIX TEXHOAOTII.
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Kawwuosi crosa: 1indposa exomomika, imaycrpia 4.0, imdopmariiiini TEXHOAOTII, IHTEpHET pedeH,

poboTroTexHiKa, XMAPHI TEXHOAOTII.

P

Beryn

CranoBAeHHA IHPOPMAIIIHHOIO CYCIIABCTBA PO3TAAAAETHCA K COIIOTEXHIYHA IIPOOAEMA,
IO BHUMAra€ AAf CBOIO BHPIIIEHHS IIOCAIAOBHOIO 1 IIPIOPHTETHOIO PO3BUTKY TEXHITHIX
IHHOBAIIIH, BIIPOBAAKEHHSA iX y CYCIIABHY IIPAKTHKY, 2 TAKOXk aKTUBHOIO OCBOEHHA BCHOTO
KOMITAEKCY COLIAABHO-ITOAITHYHUX MOKAUBOCTEH 1 €EKOHOMIYHHUX IIEPEBAr, IO BUIIAHUBAC 3 IX
TeXHIYHOro norexIiaAy. Hacraenicts HartioHaABHO!L TEPUTOPIT KOMYHIKAIIIITHUME € AEMEHTAME
Ta By3AaMH 1H(OPMAIIHHO-KOMYHIKAIIHHOL 1HDPACTPYKTYPH, PIBEHb AOCTYIIHOCTI Ta 9aCTOTa
BUKOPUCTAHHA HACEACHHAM 1 PISHUMH OPraHi3amifiMH OCHOBHUX CACMEHTIB iH(OPMAIIIHO-
KOMYHIKAIIIHHIX TEXHOAOTIH — yCe IIe CBIAYUTH IIPO IIEPEXIA CYCIIABCTBA AO 1H(OPMAIIIHOTO
CTaHYy.

BiAmmoBiaHO, BHHUKHEHHA 1 PO3BHUTOK IH(OPMAIIHHOIO CYCIIABCTBA PO3YMIETBCA fK
HIpAMUIL 1 00’€KTHBHUN COIIAABHUIN HACAIAOK HAYKOBO-TEXHIYHOIO IIPOIPECY i OILIHIOETHCS AK
KPOK Y PO3BHTKY Cy9aCHOI ITHBiAi3arIii.

ExoHOMI4HI OCHOBHU IH(POPMAILIIHOIO CyCIIABCTBA (POPMYIOTBCA 3aBAAKH MACIIITAOHOMY
3ACIIEBACHHIO PO3IOBCIOAKEHHA IH(OpPMAIIii, IO CTAAO MOKAMBHM 3aBAAKH PO3BHTKY
IIPUHITIIIOBO HOBHUX BHAIB €ACKTPOHHUX KOMyHIKamii. [Tpore, yckaaAHEHHA COIOTEXHIMHIX
dopm pyxy indopmariii Ta 3HAHb 3yMOBAIOE HEIIEPEAOAYYBAHICTh COINAABHHX, ITOAITHIHUX i
COLIOKYABTYPHUX IIPOOAEM 1 HACAIAKIB, IIOB’f3aHHX OAHOYACHO fK 13 Maciorabamu
TEXHOAOIIYHUX PH3HKIB, TaK 1 31 30IABIIEHHAM IIIBHAKOCTI Ta CBOOOAM AOCTYIY AO
iapopmariitinnx  pecypciB. Ilpm  BupiimeHHi 3aBAAHB  KOMEPIIHHOIO, COILIAaABHOIO,
AMITAOMATIYHOTO, BIICHKOBOIO Ta IHIIIOrO 3HAadYeHHA. BHsHaroum Iie, MH HE MOKEMO HE
BU3HATH, 110 IH(OPMAIIiA Ta KOMYHIKAIIii CTAIOTh BCE OIABII BA’KAMBOIO CKAAAOBOIO HE TIABKHI
B KOHTEKCTI TEXHOAOIIYHOIO, aA€ H COIIAABHOTO, KYABTYPHOIO T4 €KOHOMIYHOIO PO3BUTKY
CyJacHOI IIMBiAI3aITii.

Boanowac 3pocrae mepexkoHaHHA, IO IACHHO-irOcOdChKa IHTEpIIpETALs IIPOIECIB
i opmaTnsanii, po3spobAEHA B PaMKaX TEXHOAOITYHOIO ACTEPMIHI3MY, 3HAYHO 3BYKYE T2
dopmanizye Mexl yABACHB IIPO PEAABHY IIPHPOAY, 1 COIIOKYABTYPHHE 3MICT IIPOIECiB
TpaHcOpMariii IHAYCTPiaABHOTO CYCIIIABCTBA B IIOCTIHAYCTPIAABHUI THII PO3BUTKY.

2015 poky A gac camity G20 Brepire Ha IMOPAAOK ACHHUN OYAO BHECEHO IINTAHHA IIPO
nndpoBy exoHoMiky. Ilicas Toro, 2016 poky O6yao samporoHoBaHO «lHimiaTuBa pPO3BUTKY 1
criBrpari «'pymm ABaAATH» B obaacti mudpoBoi ekoHOMIKm», a Bxe y 2017 pomi Oyao
IIPOBEACHO IIEPIIy HAPaAy «1udpOBUX MIHICTPiB». B pesyaprati miei Hapasu OyAnm mpuiHATI
«Aexaaparnii MiHICTPIB IO HUMPOBIN eKOHOMII «I' Py ABAALIATED Ta PIIICHHA MAKAFOIHTH
BCIX IPOMAAAH AO IHMPOBUX TeXHOAOLIH A0 2025 p.

[udpposizarmia cycriabcta mepeAbadac GOPMyBaHHSA B3AEMOBIAHOCHH BAAAH, OI3HECY Ta
CYCIIIABCTBA 3 BUKOPHCTAHHAM HOBITHIX IH(OPMAIIIMHIX TEXHOAOIIH, BUCBITAIOE COIIAABHO-
E€KOHOMIYHI ITOAll Ha iHTepHET-11AAT(OPMI, MOOIABHHX Ta CEHCOPHHUX Mepexax. CydqacHuii erarn

PO3BUTKY COIIAABHO-EKOHOMIYHHUX CHCTEM XapaKTEPU3YETbCA CTPIMKHMU CTPYKTYPHHMH Ta
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AKICHUMH TPAHC(OPMAIIIAMI ITiA BIIAUBOM CTPIMKOIO ITOIIUPEHHA IHHOBALIIHUX TEXHOAOTIH,
y Tomy umncAl mudposux. [Ipomecn mudposisarii €KOHOMIKM Ta COLIAABHUX BIAHOCHH
CHPHUAIOTH ITOTAHOACHHIO B32€MOAIl MDK yciMa CyO’€KTaMH PHHKOBOIO CEPEAOBHINA, IO
BUXOAATH 32 MEkI HAIlIOHAABHHX KOPAOHIB, CTBOPIOIOTH IIEPEAYMOBH AAfl 3poctanHsA BBII,
IABHINCHHA IIPOAYKTHBHOCTI IIpalll, BIPOBAAKEHHA Ta IIOIIHPEHHA IHHOBAIIN y Bl cdepu
AKUTTA. BOAHOYAC CTpIMKI TEXHOAOITYHI 3MIHM, IO MalOTh MYABTHIIAIKATUBHUN edeKT,
BUMAararotb (QOPMyBaHHS AKICHO HOBHX, 4AAIITHBHHX ITIAXOAIB 1 MOAEAEH yIpaBAiHHA
E€KOHOMIYHHMH IIPOIIECAMH Ha BCIX pIBHAX. be3 ypaxyBaHHA BIIAMBY OCHOBHHX TPEHAIB
nndposizanii CyCIiAbCTBA HA PO3BHTOK €KOHOMIYHHUX 1 COINAABHUX IPOIECiB (hOpMyBaHHA
CTpATErii EKOHOMIYHOIO PO3BHTKY ACP/KAaBH, PETiOHIB Ta OKPEMHX TIaAy3ell He Mae
IIPAKTUYHOIO 3HAYCHHA.

Tak, po3BHTOK BIAHOCHH y COLIIAABPHOMY CEPEAOBHIIL 3aACHKHUTD BiA PIBHA €KOHOMIYHOIO
posBuTKy. Lle crocyerscss OYyAb-AKOro piBHA: TAOOAABHOIO, €BPOIEHCHKOIO, HAILIOHAABHOTO,
PErioHaABHOTO, TEPUTOPIAABHOTO TOIIIO.

Ludposa exoHOMIKA 0a3y€THCA HA BIPOBAAKCHHI Ta IITHPOKOMY 3aCTOCYBAHHI TEXHOAOTIH
30epiraHHA Ta 0OpOOKM BeAamkux o0OcArie indopmaril (Big data, xmapui oOYHCACHHSA),
IrrepHery peded, HackpisHHX 1H(MOPMALIHHUX TEXHOAOIIH, TEXHOAOIIH KiOepOesmexu,
poboTrm3aris Ta KOMIIAGKCHA ABTOMATH3AIlifd OIABIIOCTI IIPOIECIB 1 BHPOOHHUIITB Ta IHIII
HAIIPAMU PO3BUTKY 1HHOBAIIHIX TEXHOAOIIH, IO 3MIHIOIOTh POAb AFOAMHI B €KOHOMIYHIH
CHCTEML.

OO0’eKT AOCAIAKEHHA — IIPOIIEC T4 HACAIAKH BIAHBY IH(OPMAIUNHHX TEXHOAOIIH Ha
posBuTOK nudposizanii cepr eKOHOMIYHIX BIAHOCHH.

ITpeamer aocAiAKeHHS — IH(OPMALIHHI TEXHOAOTIL.

Mera — AOCAIAKEHHA OCOOAHMBOCTEH PO3BHTKY HH(POBOIO CyCIIABCTBA, IH(POBUX
1H(OPMAIIIHHIX TEXHOAOTIH Ta OCOOANBOCTEH BIIAUBY TAKOTO IH(POPMAIIHHOIO PO3BUTKY HA
3MIHH B €KOHOMIIT.

Irdopmariitiai TeXHOAOI IIPOHUKAIOTH Y BCI HAIPAMKH AISABHOCTI AOAHHH, IO
3YMOBAJOE IIOAIBY HOBOTO KAACY 3aBAAHB B €CKOHOMILIII, AKAN OB I3AHHUI OE3II0CEPEAHBO 3 HUMHU.
OcobauBicTp IIi€l KaTeropii moadrae B TOMY, IO BIAOKPEMUTH CaM IIPOAYKT BIA TEXHOAOTI
AOHEAABHA HE yABAAAOCA MOKAMBAM. Humi 6arato KOMITaHIF CTaAM IIPOIIOHYBATH HOBI
pimreHHs, fAKi AO3BOAAIOTH VHHKHYTH 3BHYHOIO IIPEACTABACHHA TEXHOAOTIH, AK (PI3UIHOrO
IPOAYKTY. L1 BIAMIHHOCTI CYTTEBO PO3IINPIOIOTH MOKAMBOCTI, aA€ BOAHOYAC YCKAQAHIOIOTH
3aBAAHHA, AKI BUPIIITyE€ EKOHOMIYHA HAYKA.

MeroaoAorisi AOCAIAMKEHHA OasdyBaAacsd Ha 3araABHOHAYKOBHX METOAAX AOCAIAMKEHHI.
MeToA CHCTEMHOTO aHAAI3Y AAB MOMKAUBICTD HAOAUZUTHCA AO IIPEAMETA AOCAIAKEHHS BCEOITHO
Ta pI3HOOIYHO, a TAKOXK BCTAHOBHTH B3A€MO3B’A30K 1 B3Aa€EMO3AACKHICTH ITOHATTA
1HPOPMAIIIHHIX TEXHOAOLIH, TOHATTA NU(MPOBOI eKOHOMIKH. MeTOA IMOPIBHAABHOTO aHAAI3Y
BUABUBCA KOPHCHUM IIPH XaPaKTEPUCTHINl OCHOBHHX XaPaKTEPHUCTHK PO3BHTKY EKOHOMIKH.
MeTtoA IpOTHO3YBAHHA AO3BOAMB OIIIHUTH IIEPCIEKTUBU PO3BUTKY ITOTEHITIAAY €KOHOMIKH B
1H@OPMAIIITHOMY CYCITIABCTBI.

HayxoBum AocaipxenHaAM Temu rudposizaril ekoHomiku 3afimaance A. Lauscher (2079),
N. Chouhan (2078), A. Boaommun (2079), T. Oaemxo i H. Kaceanosa (2022), A. Kit (2074),
A.O. Marsetiuyk (2018).
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Buxaaa maTepiaay

ITporecu po3BuTKy iHMOPMALIIHOL ALIABHOCTI BTATYIOTH CY9aCHY AIOAMHY B IIPHHIIUIIOBO
HOBE KOAO KYABTYPHHX B3a€MOAIN 1 6arato B 9OMy BIIAHBAIOTH HA YCBIAOMACHHSA AIOAHMHOIO
CBOTO MICIIA B COIAABHINA KyABTYP1. 3araABHOIO OCHOBOO COIIOKYABTYPHOI AUHAMIKI PO3BUTKY
KUTTEAIAABHOCTL CY9aCHOI AIOAMHH € OO’€KTHBHI mporecu i IHTeAeKTyaAlsamil Ta
TEXHOAOTI3aIlil, AKTUBHO CTUMYABOBAHI KOMIIOHEHTAMH TE€XHIYHOTO PO3BHTKY. I;IMOBipHO, 1l
IIPOLIECH CTAHYTh HAHBAKAUBIIINMU YHHHUKAMUA CHCTEMHO-TEXHIYHOI IIEPEOYAOBH AFOACHKOL
AIIABHOCTI B IIOCTIHAYCTpiaAbHY €moOXy. BOHM KOHCOAIAYIOTH KAAC IHTEAEKTYAABHHX
TEXHOAOIIH, POOAAYH HOrO OCHOBOIO AAf OPraHI3aliffHOIO IIEPETBOPECHHSA PI3ZHHUX BHAIB
AIABHOCTI B iH(OPMAIIHHOMY  CYCIIABCTBL, BH3HAYAIOTh IHPOECIOHAAIZAIIIO  Ta
crerriaAizaniro iHOpMAIIHHOI AIIABHOCTI, a TAKOK OEPYTh y4acTh B AKTUBHOMY (POpPMyBaHHI
PHHKY IH(POPMAIIAHIX ITOCAYT.

TakuM  9HHOM, TEXHIYHOIO OCHOBOIO IIbOIO  IIPOIIECY €  PO3IOBCIOAKCHHSA

bl

ABTOMATH30BAHHUX 3aCO0IB BUPOOHMIITBA, OOpOOKK Ta IlepeAadi imdopmarii, i, 30kpema,
KOMITFOTEPIB 3 X allapaTHUM 1 IPOrPAMHHIM 320€3IICYCHHAM.

Indopmariiiiai TeXHOAOI — Iie TEXHOAOIl, fKi BUKOPHCTOBYIOTBCA AAfA 30€piraHHf,
MAaHIIIYAFOBAHHS, PO3IIOBCIOAKEHHS Ta cTBOpenHs indopmartii (Bozouurn, 2019).

[IpaktuaHe OBOAOAIHHA IX MOKAHMBOCTAMH 0Oarato B YOMY BH3HAYAE€ YCIIIIHICTH, i
PE3YABTATUBHICTD AFOACBKOI AIIABHOCTI, 4 TaKOK BIIAMBA€ HA PO3BHTOK EKOHOMIYHHX,
COIIAABHHUX 1 KYABTYPHHUX 3B A3KIB.

Takum  gwmHOM, 1H(OOPMAIIHHO-KOMYHIKAIINHI ~ TEXHOAOTII, ITOCIAAIOYH  OAHE 3
LIEHTPAABHUX MICIIb Y CBITOBIHf €KOHOMIII Ta KyABTYPi, 3 OAHOIO OOKy HIPHHOCATH IIPAMY
KOPHUCTD AAfl AOCATHEHHSA IIIACH CTAAOIO PO3BUTKY, B IHIIIOTO DOKY IPAMO 9H OIIOCEPEAKOBAHO
3aBAAIOTH IIIKOAH IHTEPECAM COIIAABHOI Ta EKOAOTIYHOI cdep.

V rabammi 1 mpeacraBaeHi pi3Hi 3HAYEHHA ITU(PPOBOI EKOHOMIKH, fIKI BUHUKAH 3 YaCOM.
3riano 3 J. Jordan i C. Ellen y Ref. (Jordan & Ellen, 2009), muadpoBi eKOHOMIKH CTBOPIOIOTH
yMOBH AAf po3BuTKy eroxu Business Intelligence (BI) (Tudruysq 7).

[TouaTKOBI BH3HAYEHHA 30CEPEAKYIOTBCA, 30KpeMa, Ha IHTepHEeTI, 30CEPEAKYIOUHCh HA
toro mossi Ha modatky 1990-x pokiB fK rOAOBHOMY ITOTOKY TEXHOAOIIYHOIO PO3BHUTKY B
EKOHOMII, TOOTO Ha TrAOOaAbHIN miBHOYL. [lodaTKOBI BH3HAYEHHA 30CEPEAKEHI Ha
OOIPYHTYBAaHHI ITOIICPEAHIX IACOAOTIH, HAIIPHUKAAA, CKOHOMIKM AaHHX (I IOB’A3aHOL, aAe
muprnoi cepu caiapHoTH AaHEX). . Kemrioeaa (Campbell, 2021) crBepakye, mo 1udposa
eKOHOMIKa (POKYCYEThCA HA OXOIIACHHI ABOX PI3HHX ITOKOAIHB €KOHOMIYHO!I AlAAbHOCTI. Lleft
repiuii OyB 1HMOPMATHBHUM 1 CKAAAABCA 3 OCHOBHUX 3aBAAHD, HAIIPHKAAA, PO3MIIIICHHSA
CTATUYHHX AQHUX HA CAlTaX, aA€ B TOI MOMEHT, KOAH II€ IIOB A3aHO 3 KOMYHIKAIIIEIO, HA OCHOBL
O1ABIIIOf B3AEMOAIL, HIK B Mekax IHTepHETY.

AOCAIAHHKI OIIIHUAH TEPMIHOAOLIIO «III(PPOBA EKOHOMIKAY», 1 OYAO IIATBEPAKEHO, IIIO 1€
O3HAYA€E AOBIOCTPOKOBY Ta IIIHPOKY TEHACHIUIO AO PO3BUTKY AKTHBIB, 3ACHOBAHUX HA 3HAHHAX
1 AAHUX, 2 TAKOK OLIHKH MATEPIAABHUX IIPOAYKTIB 1 aKTHBIB, IIOB’A3aHUX 3 BHPOOHHUIITBOM,
IIPHIYIOAOOYBHOIO IIPOMHUCAOBICTIO 1 CIABCBKIM TOCIIOAAPCTBOM.

Takum 9nHOM, HEMPOBI3ALA EKOHOMIKH — Ii¢ CIerudIgHa €KOHOMIYHA TEXHOAOLIA 31

CBOIMH OCODAHBOCTAMH, TCHACHIIAMH Ta 3aKOHOMIpHOCTAMH. barato kpaiH cBity
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BUKOPHCTOBYIOTB I[FO TEXHOAOTIIO AAA IABHINEHHA edekruBHOCTL. Pesyapratun nmdposoi
E€KOHOMIKH — Ti CaMi IIPOAYKTH, IO ¥ Y 3BUYAIHIN €KOHOMIYHIN AIAABHOCTL.

Lndposa eKOHOMIKA HE € OKPEMOIO TAAY33I0, 4 IIPOCTO Al€ AK BIPTyaAbHE AOIIOBHEHHS AO
PEaAbBHOI TPAAUIIIITHOI €eKOHOMIKH.

M. Agamyama (2027) BusHauarodum poAb iH(MOPMALIHHUX CHCTEM Ta TEXHOAOIIH B
KOHTEKCTI POPpMYBaHHA UPPOBOI EKOHOMIKH, BKA3y€ Ha X 3HAYHUII BITAUB HA OI3HEC-ITPOIIECH
Ta Ha 3araAbHE CKOPOYCHHSA IIOTOKY MATEPIaABHUX PECYPCIB, AKI HEOOXIAHI AAS BHPOOHHIITBA ¥
3B’AI3KY 13 3araABHHM 3pOCTaHHAM Horo edekruBHOCTL. Lle BH3HAYae MOKAMBICTH iHTErparii
1 poBoi Ta HUPKYyAApHOI eKoHOMIKH B 1Iporieci popmysarns Iuaycrpil 4.0 (Pucyrnox 1; Pucyrox
2

IT-iHTeHCHBHE BHPOOHHUIITBO TOBAPIB 1 IIOCAYT OO’€AHYE IIOCAYIH Ta IIPOAYKTH, fAKI B
ocHOBHOMY 3aAexkarTb BIA IT AAA 3a0esrredeHHs, HAIIPHKAAA, KOMIIAGKCHE IHKEHEPHE
IIPOCKTYBAHHA 200 OYXIaATEPCHKI IIOCAYTH Ta BUPOOHUIITBO MATEPIAABHUX TOBAPIB, AAA AKHX
BupoOHuIrTBO IT € dpyHAaMEHTAABHIM, HAIIPUKAAA, IIPEIU3iiHa 0OPOOKa, AKA BUKOPUCTOBYE
OOYHCAIOBAABHE YHCAOBE KEPYBAHHA Ta XIMIYHHN IIPOIIEC, AKUM KEPYIOTbH KOMIT FOTEpPH.
Cexropu I'T-raaysei, fki MATPUMYIOTE CEIMEHT IU(MPOBOI €EKOHOMIKH: ITOCAYTH Ta ToBapu I'T-
CEKTOPY, fAKI MAalOTh OE3IIOCEPEAHIN BIAMB Ha TPU EAEMEHTH IHU(PPOBOI EKOHOMIKH,
00’€AHYIOTb BEAUKHI CETMEHT IHAYCTPI OOYHCAIOBAABHIX MEPEIK, BAPOOHUIITBA KOMIT FOTEPIB
Ta 1HAyCTpil IT-KOHCAATHHTY (AcfKI ekcrepTH omHuCyroTh IT-cekropm B IIHPOKOMY Alarra3oni
TEPMIHIB 1 IHTEIPYIOThP KOMYHIKAIINHI 3aCOOHM, BKAIOYAIOYN KOMYVHIKAIUFHI ITOCAYTH Ta
moBAeHHS). La kaTeropia 00’€AHye OAHE 3 MEHII YiITKHX BU3HAYEHD, OCKIABKH BHPOOHHUIITBO
IT-mmocayr 1 TOBapiB iHTEIPy€E TEACKOMYHIKALII B CEIMEHT IU(POBOI EKOHOMIKH.

ApyruM €AeMEHTOM € HEABHE CXBAACHHA HEUITKUX MEXK y IHMPOBiH exoHowmini. Boxo
0asyeTbCd Ha 3aCTOCYBAHHI TAKUX TEPMIHIB, fAK CYTTEBHH, KPHTHYHHE, HaHOIABII
0E3IOCEPEAHBO Ta IHTEHCUBHIIM.

I. TTerposa y crarri «[Indposa exonomika Ta 1osBa  UQPOBOL 3aHHATOCT 3a3HAYAE, IO
nndpoBizamis eKOHOMIKH crpufe POPMYBAHHIO HOBUX PHC y CHCTEMI BIAHOCHH 3alHATOCTI.
Tak, 3a ymoB udpoBoOi 3alHATOCTI BUHHKAIOTh HOBITHI (DOPMI KOHKYPEHIIIl HA PUHKY IIpAIli.
'rnoGanizamis T2  pO3BHTOK 1H(OPMAIIAHUX TEXHOAOTIH  CIPHUAIOTH  INABHINECHHIO
KOHKYPEHTOCIIPOMOKHOCTI IpodeCciOHAAIB, OCOOUCTOCTEH 3 TAAAHTAMH, BIATIOBIAAABHICTIO Ta
BMIHHAM BHPIIIYBATH HETHUIIOBI 3aBAAHHA, AKI ITOCTIHO BAOCKOHAAIOIOTH CBOI Irpodpeciiiui

HaBudku T1a 3HAHHA ([ lemposa, 2020).

BucHoBok

Komrr'sorepri TexHoAOril € OCHOBOIO (popMyBaHHA IH(OPMAIIHHOIO IPOCTOPY AK
IIPUHITAIIOBO HOBOTO CEPEAOBHITIA KUTTEAIAABHOCT! AFOAUHH.

[Ni3Hirm 3HAYEHHA 00’ €AHYIOTH HOBI TEXHOAOTI], HAIIPUKAAA, CEHCOPHI MEPEIKi Ta MOOIABHI
Mepe:ki, MACUBHI AaHi Ta XMapHI o0urcAeHHA. KpiM TOro, BOHH 30CEPEAKYIOTBCA HA 3aTAABHIHN
IIEPCIIEKTUB] ITH(POBI3OBAHNX IHIIIATUB BIAIIOBIAHO AO CKPOMHHUX BH3HAYEHB. Y MEKaxX
BH3HAYCHDb MOKHA BI3yaAi3yBATH ICTOPUYHY OCHOBY.

Ludposa exkoHOMIKA 32 3araAbHHM IIAXOAOM — II€ CKOHOMIiKa, 3aCHOBaHA Ha
BUKOPHUCTaHHI HIU(PPOBUX TEXHOAOTIH. IHOAL ii HA3MBAIOTH «HOBA EKOHOMIiKA» 200 «HTEPHET-

eKOHOMIKa». B mepeBaskHil OIABIIIOCT] TAKUX BUIIAAKIB, MOBA HAE IIPO BUPOOHUIITBO 1 IIPOAAK
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TOBAPIB Ta IOCAYT 3 BUKOPUCTAHHAM 1H(OPMAIIHHO-KOMYHIKAIIHHIX TEXHOAOLIH 1 MEPEIKEBUX
CHCTEM.

MoBa 7#iAe He AHIIIE IIPO MEPEKEBl TEXHOAOII], IHTEAEKTYaABHY MAIIHHY, a IIPO
TEXHOAOTIIO, KA BHKOPHCTOBYE AFOAHHY, fiKa B3a€EMOITOB’A3Y€ TBOPYICTD, 3HAHHA TA IHTEAEKT
AASL IIPOPUBY y POPMYBAHHI COIIAABHOIO PO3BUTKY Ta PO3BUTKY OAraTcTsa.

Taxum wurom, ipu GOPMYBAHHI ACPIKABHOI EKOHOMIYHOI ITOAITHKHI Ta CTpATErii PO3BUTKY
HEOOXIAHO IIOEAHYBATH CHAY PHHKOBHX BIAHOCHH 13 3araAbHOAFOACBKIMH ILHHOCTAM,
BPAXOBYBATH BIIAHB 1H(OPMAIIHHO-KOMYHIKAIIFHAX TEXHOAOIIH Ha PO3BHTOK AIOACBKOIO
IIOTEHIIIAAy, CTBOPIOBATH  HEOOXIAHE  CIPUATAHUBE CEPECAOBHINE AAfl  IIOIINPCHHA
1@ OPMAITITHO-KOMYHIKALIIITHAX TEXHOAOLI, 3a0€3I1eYeHHA BUCOKOTEXHOAOITIHOI EKOHOMIKH

BHCOKOKBAAI(PIKOBAHOIO POOOUOIO CHAOIO.
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Tabaura 1. Haykosi maxoAu A0 BU3HAaYeHHA H(PPOBOI EKOHOMIKH

Haykose BrsEaveHET TOHITTS

AMEPEAD

A. Lauscher zcpopa exoHOMIKA — KOHBEPTIEHITA KOMYHIKAMHHAX 1 OOTHCATOBAABHHE
(2019 TEXHOAOTIH ¥ MEpEXd, M0 CTAHOBHTE IOTIK TEXHOAOIH 1 AHHX, OI0 IIOKPAIIYE

CACKTPOHHHAHN DI3HEC 1 IMHPOKOMACIITA0HT TPAECOPMAIIEC OISHECY.

S. Adel Mahmod | Hemae wiTkoro BH3HaYeHHHS IOHSTTE HHQPOBO] €KOHOMIKH, OAHAK dBTOP

(2017 BH3HAYHE JOTHDH PLsHI YHHHHKH: «PO3BHTOK IHTEPHETY», «EACKTPOHHHH DI3HEC
MUK OPTaHIZAMI M), TH(QPOBE HAAIHHS ITOCAYT 1 TOBAPIB» 1 «pO3APIOHA TOPLIBAL
MATEPIAAPHIIMH IPOATETAMMT.

IN. Chouhan, D. Tz poBY EKOHOMIKY BH3HATHE SK C(DEPY HAHOIABIII HEPEAAI30BAHHE CETMERTIB

Rathore (2018) HHHINTHBO! €KOHOMIKH, fK 3MIHHMAFCE IIASXOM KOMIT'IoTepHOI mudppobisami

AQHHX.

F_ Daoud (2000)

[Tz poBa EKOHOMIKA CKASAIETHCA 3 TPHOX OCHOBHEX KOMIIOHEHTIB:

*  EACKTPOHHA KOMEPIILT,

* IHQPACIPYKTYPA HPEACTABANE 3ArAABHY TACTKY €KOHOMIYHOI CHCTEMH, K3
BHKOPHCTOBVETBCA Anf INATPHMEH EAGKTPOHHHE IIPOIECE OI3HECy Ta
INATPHMEH EACKTPOHHOIC DISHECY;

® CAEKTPOHHHH OI3HEC #BASE COOOIC IIPOIEC, AKMH 3AIMCHIOETBCH dEpes
KOMITFOTEPHI MEPEIKI;

® CAEKTPOHHA KOMEPINS ITDEACTIBASE BAPTICTE MOCAYT 1 ITPOAVKTIB, #KI
ITPOAAFOTHCH JEPES ABTOMATHIOBAHY MEDEXKY.

H. Kumar and 5.
Kumar (2015)

AKX MEKHAPOAHA MEPEXA COMAARHO] T2 EKOHOMITHOI AITABHOCTI, Ky AO3BOASIOTE
POl 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)

TrchpoBa EKOHOMIKA - CIOCID KOMYHIKATIE MUK VIACHMKAME COMIAABHO-
EKOHOMIYHOI AIABHOCTI 9€PEE MEPEX] T4 MH(POBI ITAATOPMH.
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