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MEPCMNEKTUBA BUKOPUCTAHHA MPOBIOTUKIB AJ1 SMEHLLEHHA
OKCUOATUBHOIO CTPECY Y KOPIB

YekaH 0. M., LLikpomapa O. C.

BIPYC FEMATUTY E KPOJ1IB B YKPAIHI

LLikpomapa O. |., AyaHuk €. O., BapeHuk J1. B.
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YK 619:616-008.9:619

IHHEPCIIEKTUBA BUKOPUCTAHHS ITPOBIOTUKIB JAJI5s1 SMEHIIIEHHSA
OKCHJAATHUBHOI'O CTPECY Y KOPIB

Yekan O. M., lllkpomana O. C.

Ilpomszom ocmanHtix KitbKoxX pokie yeaza Npuoiisiemvcsi GUKOPUCIAHHIO NPOOIOMUKIE 0151 NiOGUWEHHs HAO0i8
MONIOKA Ma NOKPAweHHs. 300p08'st kopie. Bonu cnpusioms cmabinizayii 6anancy nonyasayii mMikpoopeanizmie ma ¢hep-
MEHMAMUBHOI AKMUBHOCMI ) ULTYHKOBO-KUIUKOBOMY MPAKMI, WO CHPUAE POCMY, PO3BUMKY MdA NPOOYKMUSHOCMI Med-
pun. Ilpobiomuxu — ye npooykmu, wo Micmsams Hcusi abo mepmei MiKpoopeanizmu abo pewosutu, wo supoOaaiomsbes
HUMU, | 3a36Udall € NPUPOOHUMU WMAMAMU KUWKOBUX bakmepitl, cneyu@iuhumu Ons8 WIyHKOBO-KUULKOBO20 MPAKMY
danozco eudy meapun. L[i baxmepii 3acensiromsy KuiewHux nicis nepopaibHoc0 66e0eHHs ma 3an00ieaioms HAOMIPHOMY
PO3BUMKY NAMOLEHHUX MIKPOOP2aHiZMie, 3abe3neyylouu Kpauje mpasieHHs ma onmumanvhe sukopucmanns isxci. Ilpo-
biomuKu ModACYymb Micmumu 00ur abo KilbKa wmamie MiKpoOp2anizmie i MOICYMb 6600UMUCS Y 8ULTAOT MIKPOOHUX
006as60K, okpemo abo 8 cymiwii 3 iHwumMU pevosunamu. Mexanizmu Oii npoOiOMUYHUX MIKPOOP2AHIZMIE, U0 6600MbCS
¥V WIYHKOBO-KUWMKOBUL MPAKM MEApUuHU, NOJAAIOMb Y NepuLy 4epey 8 KOHKYypeHyii 3a adzesiio Ha KUKO8oMY enimeni,
KOHKYPeHYil 3a NONCUBHI PeuOBUHU, SUPOOTICHHI OAKMEPIOCMAMUYHUX PEYO6UH, NPUSHIYEHH] PO3GUMK)Y NAMO2EHI8 ma
CIMUMYTIAYLL CUCIMEMHO20 IMYHIMEN).

Tounuii mexanizm iMyHoMOOymo0U0i Oii npodiomuxis 00 KiHys He susuenuu. Ha noosx ma muwax 6yno npoode-
MOHCIMPOBAHO, WO KOMNAEKCU YIAuX KAImuH npobiomuunux daxmepii abo ix ¢pasmenmis 3 Kiimunamu aimgoionoi
MKAHUHU KUWEYHUKA MAlomb MOOYIoYUL enaus Ha ynxyiio T- ma B-nimgoyumis, suxiuxaiowu iMynny 8i0nogiov na
anmueenu. Tlpodiomuku maxkodic cmumysoOms IMyHOKOMNEMEHMHE KITMUHU 00 8UPOOIEHH YUMOKIHIB, 8I0n08i0AIb-
HUX 3a NOCUNIEHHS, NPUSHIYEHHS Ma pe2yAyiio CUCIEMHUX Ma MiCyegux iMyHHUX 8ionosioel. Joci eniue 66e0eHts npo-
biomuxkie na QyuKYiio IMyHHOI cucmemu MOJOYHUX KOPI6 3anuuacmovcs Hes'scosanum. binvwicmo nyonikayiu niomeep-
00ICYIOMb, WO NPOOIOMUKY MAIOMb CIMUMYIOIOYUL 6IIUE HA IMYHIMEm KOpie.

OcmaHui 00CHIONCEHHS NPOOEMOHCMPYBANU NIOSUWEHY DPALOYUMAPHY AKMUGHICMb MA 6HYMPIUUHbOKIIMUHHY
30amHuicms pazoyumaprux KiimuH 00 3HUWEHHS Y nepugepudtii Kposi Kopig nicjis 3acmocy8aHHs npobIOMUKIe 5K Xa-
pu08oi 0obasxu. BoHo makoosic noxkaszano, wo 3acmocy8ants npoOiomuxie 6yno 0oyiibHuUM y pisHi nepiodu nakxmayii,
OCKINbKU Y KOPIB, AKUM 6600UNU NPOOIOMUKU NPOMALOM YCbO2O eKCHEPUMEHNY, 0YI0 OMPUMAHO NOMIMHE NIOGUUYCHHS
IMYHONIO2IYHUX NOKA3HUKIG. Pezynemamu ceiouams npo me, wo MONCHA OYIKY8amu, wjo niOMPUMKA NOBHO20 IMYHHO20
CMamycy MOJIOYHUX KOPIG 3d 00NOMO2010 NPOOIOMUKIE MOdce cnpusimu adanmayii ixubol IMyHHOI cucmemu, 0COOIUBO Y
NICASINOA02080MY NePIOdi, MA 3MEHULYBAMU YACTNOMY THEKYIUHUX 3AX60PI0BAHD.

Kniouogi cnosa: npobiomuuni wumamu Mikpoopeanizmis, OitiHi KOposu, Heumpo@iu, MOHOYUMU, OKCUOAMUBHUTL
cmpec, azoyumo3s

Yexkan Oaexcanap MukoaaidoBu4, JOKTOp BETEpUHAPHUX HAYK, podecop, kadeapa akyniepcTsa Ta Xipyprii,
CyMCbKUi HalliOHANBHUI arapHUd yHiBepcuTeT, Byll. ['epacuma Konnpatsesa, 160, m. Cymu, Ykpaina, 40000
ORCID: https://orcid.org/0000-0002-5676-1947

Hlxkpomana Onexcanap CepriiioBuy, acnipanT, kadespa akymepcrsa Ta Xipyprii, CyMcbKHil HallloHaJIbHUI
arapHuii yHiBepcuret, Byi1. ['epacuma Konppareesa, 160, m. Cymu, Ykpaiuna, 40000
ORCID: https://orcid.org/0009-0009-3954-7568
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YK 616.36-002-022.6

BIPYC I'EITATHUTY E KPOJIIB B YKPAIHI

HIxkpomana O. 1., Ayauux €. O., Bapenux JI. B.

Bipyc cenamumy E (HEV), poouna Hepeviridae, suo Paslahepevirus balayani , € ocnosnoo npuuunorw cocmpo-
20 eHmeponepedasano2o 2enamumy 8 YCboMy C8imi, 0coOIUB0 6 KPAIHAX, Wo pO38UBAIOMbCSL, 0e 1020 GNIUE HA 300pP0-
6's Hacenennsi € cymmeeum. P. balayani mae 8 cenomunie. 300n031i cenomunu 3 ma 4 nowupeni 8 ycbomy ceimi ma ne-
Peoaiomuvcsi A00AM Hepe3 CHONCUBAHHSL THPIKOBAHUX NPOOYKMIE MEAPUHHO20 NOXOOIHCEHHS aD0 KOHMAKM 3 iHIKosa-
HUMU MEAPUHAMU, 30Kpema ceunamu. bynu 3iopani 108 ceiocux 3pasxie hexaniil KIiHIYHO 300PO6UX KANIGOPHIUCLKUX
csiticokux kpoaukie (O. cuniculus), Hapoodicenux ma supowieHux Ha npueamuux civmeunux gpepmax y Cymcokitl obracmi,
Ha nigHiuHomy cxo0i Vrpainu. Mu euasurnu PHK HEV ¢ 1 (0,93%, 95% HAI 0,02%—5,05%) 3pasky kany kpoauxa 3i
108 npomecmosanux 3pasxie. Mu ompumanu 1 ¢ppaecmenm cenomy 3 ORF2 ma 2 ¢ppaemenmu 3 ORF 1. Ananiz nocnioo-
eHocmi niomeepous ioenmuynicmo cenomy sk HEV. @paemenm ORF2 nokazas ioenmuunicms 3 2 1H00COKUMU HOCAIO0-
senocmamu 31 Hlsetuyapii: 92,04% ioenmuunicme 3 Homepom docmyny GenBank OX044324 ma 91,72% 3 Homepom Oo-
cmyny GenBank OV844765. Ooun ¢ppaemenm ORF1 nokazas ioenmuynicms 3 nociioosHocmsamu Kpoauxka 3 Aecmpanii:
91,42% 3 Homepom docmyny GenBank MW002522 ma 90,99% 3 nomepom oocmyny GenBank MZ676756. Inwuu ¢gpa-
emenm ORF1 demoncmpysas menuty cxodicicms i3 HOCIO08HOCMAMY 31 3pa3Kie noouny 3 Opanyii ma 3pasxie Kpoiu-
Ki¢ 3 Kumaro.

Dinocenemuune depeso PHK-3anexcnoi PHK-nonimepasu eipycy eenamumy E (HEV) xponis, Ykpaina, 2024.
llepeso sxmouac 51 nykreomuony nocrioosuicmes HEV 3 pepepenmuumu nocrioognocmamu, ompumanumu 3 GenBank,
wWo 8i006PaANCAIOMbCsL 3 IX HOMEPOM OOCMYNY, 2eHOMUNOM Ma cyO2eHOMUnom. [lepeso cmpyKkmypogamno 6 okpemi Kia-
cmepu, wo 8i0nosioaroms pisHum ceromunam ma cybeenomunam HEV, eusgneni epynu nociioosnocmetl y kiacmepi
HEV-3ra. Taxe posmauwiysanns 6Kasye Ha tlo2o MicHUll 38'130K 3 pawiwe 3apeccmpoganumu nociioosnocmamu HEV
Kponie. Ananiz nociiooenocmi niomeepous ioenmuunicms cenomy ax HEV. ITiocymosyiouu, ye docriodcens Haoac 0o-
xazu yupkyasayii HEV ¢ Yxpaini, 3oxkpema nomenyitino 30ono3noco HEV-3ra y cgiticbko2o Kpoauka, ycyearoyu Kiodosy
npozanuty 6 tioeo enioemionozii. Iodanvuti 00CiONHCeHH NOSUHHI pO3UUPpUMuU 8UOIPKY cepeo 6Uodi6 i pecioHis, GUKOPU-
CMOBYIOYU MONEKYIAPHI MA CEPONOSIYHI OOCTIONCEHHS 0TI YMOUYHEHH OUHAMIKU nepedadi ma pusukie Ois epomaocs-
K020 300p08 3.

Knruosi crosa: sipyc cenamumy, kpoauku, ginocenemuune oepeso, HEV.

Ixpomana Oxcana IBaniBHA, TOKTOp BEeTepHHAPHHUX HayK, mpodecop, kadeapa GiorexHomorii ta ximii, Cym-
CHKWI HaIllOHAJILHUI arapHuil yHiBepcuTeT, Byl [epacuma KonapatreBa, 160, m. Cymu, Yipaina, 40000
ORCID: https://orcid.org/0000-0003-1751-7009

Jdynuuk €srenia OnexcanapiBHa, 10kTop dinocodii, kadempa BeTeprHAPHO-CAHITAPHOTO IHCIICKTYBAHHSI, Mi-
KpobioJiorii, ririeHu Ta naTonoriyHoi anatomii, CyMChKHil HalliOHAIBHUH arapHUi yHIBEpCUTET, ByJ1. [epacuma
Konnpateea, 160, m. Cymu, Ykpaina, 40000

ORCID: https://orcid.org/0000-0002-0735-3779

Bapennxk Jlronmuiaa BonomumupiBaa, noxrop ¢inocodii, kadenpa Giorexnosnorii ta ximii, CyMcbkuii Hario-
HaJbHWM arapHU yHiBepcUTeT, By. I epacuma Konmpateea, 160, M. Cymu, Ykpaina, 40000
ORCID: https://orcid.org/0000-0002-7675-7216
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EKOHOMIYHI HAYKW

EKOHOMIKA AIZXXUTATISALIT CUCTEMU YIPABNIHHA TPAHCNOPTHUM
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Pemura 0. C., OctaneHko T. I, LLlep6aTux [, B.
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MapueHnko B. M., Ycuk O. B.

PECYPCOE®EKTUBHICTb JTOTICTUYHOI AIA/IbHOCTI HA PIBHI CTPATEMYHOIO
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BonuHeub J1. M., AHiweBcbkuin A. A., BonnHeup f. €.

ESTIMATING INCREMENTAL CAUSAL EFFECTS IN DIGITAL ADVERTISING: DESIGN AND
IDENTIFICATION FOR ENTERPRISE-SCALE RCTS

Ivitskiy Igor

ARTIFICIAL INTELLIGENCE AS A TOOL FOR IMPROVING THE EFFICIENCY OF THE
INSTITUTIONAL SYSTEM OF PUBLIC ADMINISTRATION

Domalatov Yerzhan, Chezhimbaeva Katipa

DEVELOPING AN ECONOMETRIC MODEL TO ASSESS THE IMPACT OF ENERGY
EFFICIENCY AND THE SHARE OF ALTERNATIVE ENERGY ON GREENHOUSE GAS
EMISSIONS

Ahmadzade Emin, Balayev Rasul, Rzayeva Ulviyya
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EKOHOMIKA JIIKUTAJIZALII CUCTEMH YIIPABJAIHHA TPAHCIIOPTHUM
HIAIPUEMCTBOM

Pemura 1O. C., Ocranenko T. I'., IllepoaTrux . B.

006 ’ekmom 00Cai0NHCEHHSA BUCYNAIOMb NIOX00U 00 POPMYBAHHI YUPPOBOL eKOHOMIKY A iX 6NAUE HA CUCTNEMY
VAPABNIHHA  MPAHCROPMHUM  RIONPUEMCINBOM. 3a YMOB GilICbKOBO20 CMAHY MPAHCNOPMYSAHHS CMAE 3ACOO0M
301lICHEHH BUPOOHUYUX 36 513Ki6 6 eKOHOMIUHOMY cepedosuwyi. Ilepesesenns 6aHmanicie [ NAcaxicupie HAZEMHUM
MPAHCROPMOM € EeleMEeHMOM AaKMugi3ayii eKoHOMIuHOI cucmemu, yu@dposizayis AKOI € eadceneM OCY4ACHeHHs
NPOOYKMUBHUX CUTL MA GIONOBIOHUX UPOOHUYUX GioHocun. [Ipobrema, sAKa GUPIWLYEMbCA NOB A3AHA 3 GUSHAYEHHAM
BNAUBY YUDPOBUX TMEXHONO2IU HA CUCEMY MEHEONCMEHNTY MPAHCROPMHO20 niOnpuemcmeda. Jlocniodicents eKoHOMIKU
Odidxcumanizayii 0036015€ GUAGUMU AKYEHMU Md KOMNOHEHMU CUCMeMU YNPAGHIHHA PISHUMU RIONPUEMCMEAMU |
mpancnopmuumu 30kpema. Take @ueueHnHs HeoOXiOHe Ol OKpeCieHHS YMO8 PO36UMKY YNPABLIHHA Mda eKOHOMIYHOT
cucmemu yugposizayii mparncnopmuoi eanysi. Posyminns nanpsamis suxopucmanns 0iodxcumanizayii cmace y Hazooi npu
MOOepHI3ayii YNpaseniHCbKUX ma eKOHOMIYHUX 8adicelié GNauey Ha ompumanns npubymxy. Taxi nanpsamu — ye
BUKOPUCTAHHA WMYYHO20 THIMELeKMY, THHOPMAYTUHUX MEeXHOLO02IU, MeTeKOMYHIKAYIUHUX 2addcemis, coyianbhux media
ma pi3HUX 3ACMOCYHKIB, d MAKOXC eleKMpPOHHO20 OOKyMenmooobizy. Lli eadceni axmuHo 3acmocosyromvcsi 6
OQIAIbHOCMI  MPAHCROPMHUX KOMnaHil. Takum wunom, O0CHiOdicenHs OY10 CHpAMOSaAHe HA GUAGILEHHS HAUOLIbUL
NOKA306UX Hanpamie Oiddcumanizayii O PO3YMIHHS IX Npupoou ma HAcCKiOKi8 3aCMOCY8AHHA ) Npakmuyi
mpauncnopmuux nionpuemcms. byno oyineno ma 6usHaueHo nioxoou 00 MIYMAYEHHS CUCMEMU YRPAGIIHHA 30Kpemd
mparcnopmuum nionpuemcmeom. OKpeclieHO eleMeHmu  CUCmeMu YIPAGaiHHs . 6I0 (YHKYill 00 NpayieHuKis, ujo
sukonyiomos yi @yuxyii. Taxodxc Hasedeno ma 00CMASUHY, WO GNIUBAIOMb HA CUCMEMY YHRPAGIIHHA came
mpancnopmuum nionpuemcmeom. Taxodxc 3agikcosano me, Wo UHAYAE OCOOAUBOCHIT POZGUMKY MPAHCNOPMHOT 2ay3i
6 Yxpaini i ceimi. Ocobnusocmi popmysanHs OidcOUman cucmemu Ha NIONPUEMCMBAX ABIAYIUHOL, 3aNi3HUYHOL,
aAB8MOOOPOACHLOI MA MOPCLKOI cihep 8 pamrkax mpancnopmHo2o ceemMenmy HayioHanIbHO20 20cnooapcmed. Buchosku,
ompumani 8 pe3yarbmami O0CHIONCEHHS, O0360AAI0Mb 3PO3YMIMU  CYMHICMb Yuppoeoi exkoHoMiKu ma YMo8u ii
BUKOPUCTNAHHA NpU  (OPMYBAHHI cucmem pi3HO20 pody ma YNPAGNIHCLKUX 30Kpemd. AK npuxiad 6yro obpane
NIONPUEMCIBO, HA38Y AKO2O 3MIHUIU (HA NPOXAHHS KePIBHUKI6 yici Komnanii), onepamusno 0yau nHaoaui oawui, Ha 6a3i
K020 6y10 nposedeHo bazamogakxmopHull pecpecilinuil ananiz. Pezynsmamu ybo2o ananizy 3aceiyyrome 6UCHO80K PO
me, wo Oidxcumanizayis He aKMUBHO GNIUBAE HA NPUOYMKOGICMb RIONPUEMCMEA [ € MUM YUHHUKOM, WO
onocepedko8ano 3abesneuye 00Xi0 KoMnaHii. Jlane nionpuemMcmeo € cepeOHiM ma Mae Ceill NapK aemomooinie, sKuil
BUKOPUCOBYEMBCSL Y GHYMPIWHIX MA MINCHAPOOHUX nepegesenusix. Ilionpuemcmeo mae JNiHIIHY OpeaHi3ayiiiHy
CMPYKMypYy, SIKA € SKICHUM YUHHUKOM QOPMYSAHHA OLOdCUMAn nioxooié 00 YNpAaeiiHHsA MPAHCHOPMHOKW OisIbHICIIO.
Ymosu pozeumxy Oidocumanizayii cucmemu YRpaseniHHs MPAHCNOPMHUM nionpuemcmeom (Ha npuxnadi TOB
«TPAHCIIOPT i Ko») nepedbauaioms me, wo yci npoyecu KOMRAHII MOJMCHA NOOLIUMU HA OCHOBHI, OONOMINCHI ma
ynpaenincoki. OcHo8HUL npoyec — ye npoyec, 8 pe3yrbmami AK020 CMEOPIOEMbCA NOCAYed, HA AKUL | MAE enIueamu
yugposizayis ¢ cucmemi ynpaesiinms nionpuemcmeom. bye nposedenuil 6aeamo@axmopuuil ananis, AKUl noKa3aes, wjo
BNIUB OCHOBHUX NOKA3ZHUKIE yupposizayii Ha npudYmKo8icms MpAHCHOPMHO20 NIONPUEMCMBA He € GUDIUATLHUM I
MAome HAKONUYUMUCA pecypcu OJid BUSHAYATILHO20 6NAUBY HA eKOHOMIUHY eekmusnicme OisanbHocmi komnanii. Ilpu
ix 30iticnenni 3pocmac yinnicms nocayeu. Toomo, cam npoyec opeanizayii nOCiye nepeseseHus i € 0CHOGHUM NPOYECOM.
Bonu 6iopisnsiomoca eudamu nepegezenns ma ymosamu IHKOTEPMC, 3a saxum 30iliCHIOEMbC  opeaHizayis
nepeseszents. Jlonomigichi npoyecu, 30Kkpema i wjooo OiOdcumanizayii, cnpusioms 30IUCHEHHIO OCHOGHUX NpOYecis.
Jlonomiocui npoyecu nionsearomes y Oinvwit Mipi yugposizayii Hid 6ci iHWI npoyecu 8 YRPAGIiHHI NiONPUEMCIIBOM.
Bci oonomiocni npoyecu TOB «TPAHCIIOPT i Koy opicumyiombcsi Ha asmomamuzayito ma euxopucmarus LI
VYnpaenincoki npoyecu nonsearoms y roopounyeanti eciei Oisnonocmi TOB «TPAHCIIOPT i Koy, 3abesneuyrouu
pe3yibmam ma 1o20 NOKPAujeHHsl.

Knruosi cnosa: didocumanizayis, yupposi mexHonoeii, wmyuHuil iHmMeNeKm, cucmema YRpAaeiiHHs, MpPaHc-
NOpmMHa 2any3b.

Pemura FOuis CepriiBHa, kaHIUIaT €eKOHOMIYHUX HAYK,-IOIEHT, 3aBiqyBad kadeapu, kadeapa MEHEHKMEHTY
Ta JoricTuky, [IpuBaTHUI BUIIMN HaBYILHUN 3aKiaj] «CBpONEHChKUHN yHIBepcuTeT», Oyi. Bomogumupa Bep-
Hajacekoro, 16B, M. Kuis, Ykpaina, 03115, ORCID: https://orcid.org/0000-0001-7162-5081

Ocrtanenko Tersina I'ennaaiiBHA, JOKTOp €KOHOMIYHMX HAayK, JOLEHT, Kadeapa eKOHOMikH, (iHAHCIB Ta
o0mniky, [IpuBaTHNI BUIIMI HaBYANBHUH 3aKian «EBponeiicbkuil yHiBepcuteT», OyiB. Boroanmupa Beprancs-
koro, 16B, m. KuiB, Ykpaina, 03115, ORCID: https://orcid.org/0000-0003-2032-1365

Mlep6aTux /lennc BomogmmMupoBmd, KaHAMIAT CKOHOMIYHHMX HAyK, NOLICHT, 3aBiayBau kadempu, kadeapa
€KOHOMiKH, (iHaHCIB Ta oOmiKy, [IpuBaTHWIA BUINiA HABYAIBHHUN 3aKia]l «CBPONEHCHKUN YHIBEPCHTET», OYIIB.
Bomognmupa Bepraacekoro, 16B, M. KuiB, Ykpaina, 03115, ORCID: https://orcid.org/0000-0003-0990-8376
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VIIK 338.242

VJIOCKOHAJIEHHSA NIJIXOY 1O JIATHOCTYBAHHS ®IHAHCOBOI
BE3INEKHA HNIAITPUEMCTB 3 BUPOBHUIITBA ME/1Y

Mapuenko B. M., Ycuk O. B.

Bupobnuymeo medy sionocumuscsi 00 mux 6udi6 eKOHOMIUHOT OIUIbHOCHI, SIKI CYRPOBOOANCYIOMbCSL CYKYNHICHIO
00'ekmugHux ma cyd'eKmusHUX pu3UKI6 Pi3HOT NPUPOOU C8020 NOXOONCEHHS, WO NPU3BOOUMb 00 HECMIUKOCMI (DiHaH-
€08020 cmamuy K Cy0'exmie punKy, max i eKOHOMIKU Kpainu 6 yinomy. Adce pinancosa besnexa sUpoOHUKA BNAUBAE HA
@inancogy besnexy 6cCix yUaCHUKIG IAHYO2A POpMYEarHs 000anoi eapmocmi medy. [Jocniodcenus cmany ginancogoi
be3nexu ma yOOCKOHANEHHS Memoouku ii diacHocmysants € 00'ckmom 0anoco odocnioxcenns. Cbo2o0Hi npobiema
OYiHIOBaHHSL (DIHAHCOB0I Oe3neKu He € HOBUM HAYKOBUM HANPAMOM OO0CHIONCEeHb, 0OHAK NpedCcmagieHi nioxoou He
sUPTWYIOMb 3a0a4i OYIHIOBAHHA 2AUOUHU DPOPMYBAHHS (DIHAHCOBUX HeDe3nex 0. NOMouHOI OSLIbHOCMI ma cmpa-
meziuno2o po3gumky cyo'ckmig. [l niosuwjenns 06 cKmueHoOCmi AHANIMUYHO20 3a0e3neueHHs PO36UMKY NIONPUEMCIE
3aNPONOHOBAHO MEMOOUUHI NIOX0O0U OIACHOCMYBAHHSA CINAHY QIHAHCO80I be3neKu NIONPUEMCME 8 3ANEHCHOCI 610 PiG-
HA iT ynpaeninns. /[na ybo2o uokpemieno 2 piHi enubunu oyinoeants Qinancosoi besnexu: cmpameziynuil (pusuxk po-
36UMKY) Mma NomouHull (pecypchutl ma QiHanHcosutl). s KosHcHO20 PieH 00CTIONCEHHS CHOPMOBARA CYKYNHICMb HO-
KA3HUKIB, AKA 00380JA€ KINbKICHO OYIHUMU MA NPOAHANIZY8AmMU KOPOMKOCMPOKOBY, CePeOHbo Ma 00820CMPOKOGY
Qinancosy besneky nionpuemcmea. Y 3anpononosanit Memoouyi epyna nOKA3HUKie pecypcnozo 3abesneyents Qinan-
€060l cmitikocmi (abo pecypcHoi cmiukocmi) 6i000padicac HAsA8HICMb QYHKYIOHYIOU020 Kanimany (000pOMHUX aK-
Mueig) 051 NOKPUmMmsL NOMoOYHUX 30008'a13anb. Lla epyna nokasHukie 0emMoOHCMpPYE HAAGHICMb V NIONPUEMCMEA 2PO-
WoBUX 3ac00i8, NIKGIOHUX YIHHUX NANepis, NOMOYHUX AKMUBIE /11 NO2aueHHs NOMOYHUX 30008 13aHb. 3aznayena epyna
NOKA3HUKIE (hopmye 6azo6ull (nomounuil) pisenv Ginancosoi be3nexu, OCKiIbKU XApaKmepusye Has8HICMb PUSUKIE HO-
moyHOI JisibHOCMI, AKI 00YMO8IeHI NOMpeO0oI10 HAABHOCMI Odcepel 01 30ICHEHHs PO3PAXYHKIE 3a 0008'I3K08UMU 30-
608'13aHHAMU NIONPUEMCMEA. ONIAMU NPayi, PO3PAXYHKIE 3 NOCMAYATbHUKAMY, onlamu nodamxie mowo. I pyna no-
KA3HUKIB 2pOoul08020 3abe3neuents 8 CYKynHOCmi 8i0obpacaioms 3abe3nedeHicms niOnpueEMCmed 61ACHUMU KOWMAamu
(61aCHUM KANIMAIOM), MONCIUBOCI (DIHAHCYBAHHS NPU NOBEPHEHH] OOPIAHCHUKAMU 0eOimOopcbKoi 3a00p2o8anocmi ma
obcs2u Kpedumopcokoi 3a60p208anocmi, 3axyyeni ¢ onepayiiny OisibHOCMI 00 HACMAHHL CIMPOKY i NOBepHeHHs Kpe-
oumopam. Ipyna nOKA3HUKI@ CMpameziuHO20 Di6Hs XAPAKMEPU3IYE CYKYRHICMb DUSUKIE CMPAMEIYHO20 PO36UMKY,
NPUYUHOIO GUHUKHEHHSL SIKUX € OUHAMIYHE 3HUIICEHHS 00CA2I8 HEPO3N0INeH020 NPUOYMKY RIONPUEMCIIE MA Pe3ePEHO20
Kanimany, 3MeHWen sl PO3MIPY GIACHO20 KANIMALy, 3pOCMAants NO3UKOBUX KOWMIE Y CIpPYKmypi dxcepen (PiHancysam-
Hsl OLIbHOCMI RIONpUEMcme. 3a pesyibmamamu anaiiszy pecypcHoi besneku OiLIbHOCME NIONPUEMCME 3 8UPOOHUYMEBA
ma mopeieni Me0oM MOJICHA 3pOOUMU BUCHOBOK NPO e, B0HU MAlomb piznuil i cman. 3a Hasenicmio cmamnie 3a2pos,
Hebe3nex ma pusuKie GUOKPEeMIeHO Mpu pynu NIONPUEMCMG: NIONPUEMCIEA, OIIbHICMb AKUX NPOBAOUMbCI 8 CIAHI
PecypcHoi 6e3neuHoCcmi 3 He3HAYHUMU MUMYACOBUMU BIOXUTLEHHAM OKPEeMUX NOKA3HUKIE 6UDIpKU, NIONpueMcmed, Cmam
OKPeMUX NOKA3HUKIE OYIHIOBAHHS @ SIKUX MAE CMIUKI PUSUKOBI MA HeDe3neuHi CmaHu pecypcHoeo 3abe3neueHHs Oisiib-
HoCmi; NIONPUEMCEA, DINLUUICMb NOKAZHUKIE OYIHIOBANHS SAKUX Nepebysac 8 30Hi 3a2po3, Hebesnek ma pusuxis. Ilpo-
8edeHe epYNYBaHHs NIONPUEMCIE 00380JIAE NPUNYCIUMU, WO NIONPUEMCINEA, SIKI 6X0051Mb 00 Mpemboi epynu, nompe-
OyI0OmMb 3HAUHUX NO3UKOBUX KOwmIig Oisl 3abe3neuents nompeb ceoei onepayiiinoi disnvbnocmi. Ha ocnosi npogedenux
OYIHIOBANHb CMAHY 2POUI06020 3abe3nedenHs NIONPUEMCNG 3 GUPOOHUYMEA MdA MOP2Ii6Ni MEOOM MOJCHA 3pOOUmMuU
HacmynHi y3a2aibHIOIYI BUCHOGKU. NONPU HASAGHICMb NEPCOHIPIKOBAHUX Hebe3neK ma PU3UKie, GIACMUBUX KOWCHOMY I3
nionpuemcme uOIPKU, 6apmo GUOLIUMU Y3A2AbHIOIOYL npobaemu, K npumamanni Oinbuwiocmi i3 nHux. 3o0kpema, Oinb-
wicme niONpuUEMCmMs Marms npobieMu nomoyHoi ma 0ebimopcvkoi 3abopeosanocmi. Buxodsuu 3 ioenmugixosanux
V3a2anbHeHUX NPOOIEM, MONCHA OZHAYUMU, WO OOCIIONCEHHS NPUYUH IX SUHUKHEHHSL TEJHCUMb 8 NIOWUHI 0emani306a-
HO20 aHanizy mepMminié GUKOHAHHS NOMOYHUX 30008'33aHb Ma POpM nAAMEHCI6 30 KOHMPAKMAMU NOCMABKU NPOOYKYIL
cnooicugavam. Ompumanuil pe3yrbmam, UMOIPHO, NOG'I3aHUL 3 MUM, WO NOSIPUEHHS CIAHY 2POUL08020 3a0e3neUeHHs
OIANbHOCMI RIONPUEMCME NOB'A3AHE 3i SHAYHUMU PUSUKAMU HENOBePHEeHHs 0ebimopcykol 3abopzosanocmi. Kpeoumna
¢dopma nramedicy, naamisxc no Gaxkmy nocmasku 00OYMOGIIOE 3pocmanHs 0edimopcvkoi 3abopeosanocmi. Ha pieni
OYIHIOBAHHS CMPame2iuHOoi Oe3neKu NiONpUEMCmE 3 6UPOOHUYMBA Medy BUABNIEHO 3HAYHE NOZIPUWEHHS CMIUKOCMI ix
EKOHOMIYHO20 3DOCMANHSA, 3POCMANHA (DIHAHCO8020 PUBUKY, (PiHaHCO60T 3anedcHocmi. 3a pe3yrbmamamu anpodoayii
3aNPONOHOBAHO20 NIOX00Y 3POOIEHO GUCHOBOK NPO me, W0 NiOGUWEHHs. PiBHsl (DIHAHCO60T Oe3neKu RIONPUEMCmS, Yudac-
HUKIG 1anyroea ¢opmyeanus 000anoi sapmocmi medy, nog'szamne 3 GIOCYmMHICMIO eheKmusHoi NOAIMuUKU KpeoumyeanHs
NOKYNYi8, HU3bKOK NPUOYMKOGICIIO IX OIIbHOCMI Ma 3HAYHUMU 00CA2AMU NOZUKOBUX KOWMIE.

Kniouogi cnosa: ginancosa besnexa, pusuxu, cmpameeiuna b6e3nexa, pecypcra besnexa, epoutosa besnexa

Mapuenko Bajenruna MukosaaiBHa, TOKTOpP €eKOHOMIYHHX HayK, Ipodecop™
ORCID: http://orcid.org/0000-0002-4756-3703

Yceuk Onexcanap Bikroposuy, acnipant®, ORCID: https://orcid.org/0009L0000L15661.7922

*Kadenpa ekoHOMIKH Ta HiAnpueMHULTBa, HarionansHuii TexHiunuid yHiBepcureT Ykpainu "KuiBcbkuii mouti-
TexHIuHMH iHCTUTYT iMeHi Iropst Cikopebkoro", bepectelicbkuii mpocnekr, 37, M. Kuis, Ykpaina, 03056
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YK 656.13:658

PECYPCOE®EKTUBHICTb JOT'ICTUYHOI JIAJbHOCTI HA PIBHI
CTPATEI'TYHHOI'O MEHE/UKMEHTY

Boaunenn JI. M., SInimeBcbkuii A. A., Boaunens 1. €.

Heenunui amaxu opoza cnpuyunsaiome 3pocmaroyuii oebiyum eieKmponocmayauHs ma NAiusHy Kpusy 8
Yipaini. Pecypcoepexmusnicmvb na cmpame2ivHomy piGHI YNPAGAIHHA NOSICIMUYHUMU NIONPUEMCTNBAMU € 00 €EKMOM
00CHIOHCEHHS.

Jlna eupiwienns 3a3HaueHoi npobiemu 3anponoHO8AHO BUKOPUCTNAHHA CUCMEMHO20 NiOX00y Npu peanizayii KoH-
yenyii pecypcozbepesicenist, w0 30ilCHIOEMbCS 3 OONOMO2010 CIMPATEIYHUX PIUeHb 8NPOBAONCEHHAM OP2aAHI3aYItIHO-
EKOHOMIYHO20 MEXAHI3MY YAPAGIIHHI RPOYECOM Pecypco30epedcerHst 6 OIsIbHICMb JI02ICIMUYHUX RIONPUEMCNE.

3anpononosanuii nioxio nepeobayae inmezpayito cmpameiuHo20, ONePamMuBHO20 NIAHYBAHH MA Pe2yNi08AHHS.
OcHOGHUMU NPUHYUNAMU (POpMY8anHs pecypcosbepieaiouol modeni € 00 €kmueHicmy, 30a1aHCO8AHICMb, OughepeH-
yiayis, exei8aneHmHiCmb.

Ompumanuii pe3yrbmam niomeepodtCye, Wo MeXaHizM pecypco3bepercerts Qopmyemvcs K iHmesposana cy-
KYNHICIb Op2aHi3ayiiHO-IHCIMUMyyiiuHux ma iHCMpYMeHMAapHux eiemMeHmis 6naugy pecypcosdepicaiouux 3axo0ié Ha
eK0N020-eKOHOMIUHULL nomenyian nionpuemcmad. 3ag0saKu KOMNIEKCHIU 83AEMOOT 8CIX CKAAO0BUX 3A0e3NeyycmbCs
nioguuenHs Coyio-exo1020-eKOHOMIUHOT eqheKmusHOCmA.

Kniouosi cnosa: cmpameeiune ynpasuinus, 102icmuyHa OiSAbHICMb, MEXAHIZM Pecypco30epedicenHsl, eKol020-
EeKOHOMIYHA eheKmUsHiCmb.

Boannens Jrogmuiia MukosaaiBHa, KaHIUIAT €eKOHOMIYHHUX Hayk, npogecop, Kadenpa JOriCTUKH Ta MPOEKT-
HOTO MEHEPKMEHTY, HamioHansHui TpaHCIIOpTHHH yHiBepcuteT, Byl OmenbsHoBu4a-IlaBnenka, 1, m. Kuis,
VYkpaina, 01010

ORCID: https://orcid.org/0000-0002-5064-2349

SAnimeBcokuii Anapiii AnapiiioBuy, 3700yBad BHIIOI OCBITH, Kadenpa JOTICTUKHA Ta MPOEKTHOTO MEHEIXK-
MeHTy, HarioHansHu#i TpaHCTIOpTHUH yHiBepcuTeT, Byl. OmenbsHoBuda-I1aBnenka, 1, M. Kui, Ykpaina, 01010
ORCID: https://orcid.org/0009-0002-2700-803X

Boannens fIna €BreniiBHa, 33m00yBau BHIOI OCBITH, Kadeapa MiXHAPOIHI MEPEeBE3CHHS Ta MUTHUH KOH-
Tpouib, HanionansHuii TpancnopTHUN yHiBepcuTeT, Bysl. OMenbsiHoBu4a-IlaBnenka, 1, m. Kuis, Ykpaina,01010
ORCID: https://orcid.org/0009-0006-6021-6198
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UDC 659.113.71

ESTIMATING INCREMENTAL CAUSAL EFFECTS IN DIGITAL ADVERTISING:
DESIGN AND IDENTIFICATION FOR ENTERPRISE-SCALE RCTS

Ivitskiy Igor

Incrementality is the expected difference in outcomes under exposure to an ad strategy versus no exposure for
the same units. Let T = E[Y(1) — Y(0)], where Y(1) and Y(0) are potential outcomes for a unit such as a person,
household, or cookie. In platform settings the assigned treatment (Z) and realized exposure (D) diverge because auc-
tions, pacing, and brand safety rules block many impressions. The intent-to-treat estimator Trpp = Yy — Yy is unbiased
under random assignment, where Y, and Y, are group means by assignment. When only a fraction
w=P(D =11Z = 1) triggers exposure and there is one-sided noncompliance, a common estimand is the local effect
on triggered users, approximated as Tparp = Tipp, provided monotonicity and exclusion hold. Designs that implement
“ghost ads” pair each won auction with its counterfactual control twin, improving the alignment between (Z) and (D)
and reducing cost relative to public service ads.

At enterprise scale, precision, not point bias, often limits decision speed. Pre-experiment covariates supply vari-
ance reduction without changzng the estimand. Define a covariate (X), for example pre-period outcome. The CUPED
adjustment constructs Y, = Y; — 0 (X; — X) with 0 = cov(Y,X)/var(X). Estimating tipy on Y reduces variance by ap-
proximately (1 — p?), where p is the correlation between Y and X. This enables shorter tests or more arms for the
same power in production.

Advertising platforms induce interference. One user’s exposure can affect another user’s outcome through auc-
tion dynamics or social spillovers, which violates SUTVA. Cluster randomization by geography or market segment mit-
igates this, at the price of a design effect DE = 1 + (m — 1)p;cc, where m is average cluster size and p;cc is the intra-
cluster correlation. Matched-market or time-based regression designs pair similar regions and estimate a stratified av-
erage t = ¥, w, (E - E) with wy = Ng/N. These designs have been deployed for brand and app campaigns when
user-level randomization is infeasible.

A related risk is competitive interference when multiple advertisers experiment in parallel. Ignoring parallel
tests yields effects “in place,” not effects under typical competition. Designs that monitor market-level ad pressure and
model concurrent tests produce more policy-relevant incrementality estimates and guard against twofold misvaluation
observed in practice.

Enterprise RCTs also interact with portfolio bid strategies such as Target CPA or ROAS. These controllers real-
locate budget across campaigns based on short-horizon signals. During a lift study, a portfolio controller may shift
spend away from the control arm or throttle inventory in ways that blur (Z) and counterfactual exposure. A pragmatic
solution is to freeze portfolio coupling for the experimental campaigns, set hard guardrails on pacing, and validate that
impression-level assignment remains ignorable after throttling. For operators, the actionable rule is simple, design
first, automation second.

Power and duration follow standard approximations. For a continuous metric with pooled variance o and min-
252(21—11/2"'21—[?)2
A2
test size and 3 the type Il error. With triggering, replace A by A or use trigger-aware estimators to avoid dilution.
Variance reduction via CUPED or modern ML-aided control variates further shrinks a? without changing the esti-

mand.

A scalable workflow is therefore: define the estimand tied to the decision rule, select unit of randomization to
balance compliance and interference, enforce assignment integrity in the presence of bidding automation, apply pre-
period adjustment, and use either user-level randomization with ghost-ad logging or cluster designs when interference
dominates. Finally, maintain an archive of RCTs to train predictive incrementality models that forecast lift for cam-
paigns where RCTs are impractical, thereby converting experimentation into a reusable asset rather than a one-off
study.

Keywords: Digital advertising, RCT, Digital marketing, cluster randomization, intra-cluster correlation,
target CPA.

imum detectable effect A, a balanced two-arm design needs approximately n = per arm, with « the
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ARTIFICIAL INTELLIGENCE AS A TOOL FOR IMPROVING THE EFFICIENCY
OF THE INSTITUTIONAL SYSTEM OF PUBLIC ADMINISTRATION

Domalatov Yerzhan, Chezhimbaeva Katipa

Modern governments are facing a steadily increasing complexity of management processes, growing volumes of
administrative data, and the need to ensure the speed of decision-making while maintaining transparency and
accountability. In this context, artificial intelligence (Al) is becoming a key tool for institutional development, enabling
improved quality and speed of management functions. However, the implementation of Al in public administration is
taking place against a backdrop of fragmented departmental information systems, diverse regulatory regimes, and
differences in the digital maturity of government agencies, complicating the development of a unified digital
transformation trajectory. To systematize Al implementation processes, we propose considering public administration
as an institutional model comprising three interconnected levels:

1) Strategic level — formulating public policy in the field of Al, developing ethical and regulatory frameworks,
identifying priority areas of application, and ensuring interdepartmental coordination.

2) Organizational and managerial level — adapting administrative processes to the use of algorithmic tools,
redistributing functions between civil servants and digital systems, implementing data quality standards and algorithm-
based workflow regulations.

3) Technological level — using applied Al solutions (predictive analytics, NLP services, risk analysis systems,
intelligent government services), as well as data processing and cybersecurity infrastructure.

Within this institutional model, three main models for implementing Al in public administration are distin-
guished.:

1) A service model focused on automating government interactions with citizens (e.g., chatbots, intelligent re-
quest routing, digital assistants);

2) An analytical model, which involves the use of machine learning algorithms to predict socioeconomic pro-
cesses and support decision-making;

3) A regulatory and supervisory model, based on the use of Al to identify risks, control, monitor, and ensure
compliance.

Despite significant potential, the institutional integration of Al is accompanied by a number of systemic risks.
The most significant are:

- leakage or misuse of personal data caused by insufficient protection of interdepartmental information
systems,

- algorithmic opacity and the inability to explain decisions, which reduces public trust and complicates admin-
istrative accountability,

- Algorithmic bias arising from poor-quality or incomplete data, which can lead to erroneous management de-
cisions in education, social support, and tax administration;

- Cyber risks associated with attacks on government algorithmic platforms;

- Institutional under preparedness of personnel, expressed in a lack of competencies to interpret and correctly
apply Al systems.

Nevertheless, the institutional impact of Al implementation remains significant. Al has the potential to signifi-
cantly improve the speed of information processing, the accuracy of management decisions, the targeting of government
support, and enhance the operational resilience of government agencies. A key factor in achieving these effects is the
combination of technological solutions with institutional reforms: data standardization, the implementation of ethical
regulations, the development of civil servant competencies, and the creation of public accountability mechanisms.

Therefore, the use of artificial intelligence in public administration should not be viewed as an isolated techno-
logical innovation, but as an element of a comprehensive institutional transformation. The effectiveness of Al implemen-
tation depends on the state's ability to integrate algorithmic tools into the governance system, taking risks into account,
ensuring decision transparency, and creating conditions for the sustainable and secure functioning of the digital state.

Keywords: public administration, artificial intelligence, institutional model, digital transformation, Al risks,
management decisions.
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DEVELOPING AN ECONOMETRIC MODEL TO ASSESS THE IMPACT OF
ENERGY EFFICIENCY AND THE SHARE OF ALTERNATIVE ENERGY
ON GREENHOUSE GAS EMISSIONS

Ahmadzade Emin, Balayev Rasul, Rzayeva Ulviyya

Azerbaijan is a country rich in natural resources and has the potential to expand its use of alternative energy.
However, as in many resource-rich countries, hydrocarbons play a fundamental role in the Azerbaijani economy. De-
spite efforts to reduce fossil fuel use, alternative energy accounts for only a small share of total energy production. This
article focuses on developing an econometric model to assess the impact of energy-efficiency factors and the increasing
share of alternative energy in Azerbaijan’s economy on greenhouse gas emissions.

One of the drivers of catastrophic climate change is the persistent use of traditional energy resources. The glob-
al literature has detailed how the global environmental crisis is a direct consequence of the barbaric destruction of
natural resources and the growth of greenhouse gas emissions. However, for resource countries with transition econo-
mies, including Azerbaijan, the impact of factors such as energy efficiency or the share of renewable energy in total en-
ergy generation is not considered, as these countries have their own unique characteristics associated with the predom-
inance of fossil fuel energy production and consumption, as well as the low level of renewable energy generation.

The study aims to construct an integrative model to assess the impact of three independent variables — the volume
of electricity generated from renewable sources, the share of alternative energy in the country’s energy balance, and ener-
gy efficiency, measured by GDP per unit of energy consumption — on the dependent variable, which is the level of annual
greenhouse gas emissions. The dataset is based on official national and international panel data for 2007-2023.

An analysis of energy production indicators revealed that, despite existing opportunities and trends in the global
energy sector, renewable energy production in Azerbaijan is unstable and low. The dynamics of renewable energy gen-
eration are uneven, with a peak in 2010. A correlation analysis revealed an implicit link between renewable energy ca-
pacity and emission reductions. At the same time, the impact of energy efficiency demonstrates a consistent and inverse
relationship with greenhouse gas levels.

An analysis of the indicators confirmed that the econometric model estimated by ordinary least squares has high
explanatory power. Energy efficiency was the most statistically significant independent variable. The impact of the vol-
ume of electricity generated from renewable sources and the share of alternative energy in the country's energy balance
on emissions was weaker and less robust statistically. This is likely due to the small share of renewable energy in Azer-
baijan’s energy balance and the sector’s underdeveloped infrastructure.

Despite existing international public administration practices in energy conservation and energy efficiency that
could serve as a model for a large-scale transition to renewable energy, the country faces institutional, infrastructural,
and technological barriers to renewable energy development. These include a general lack of investment in the Azerbai-
Jjani economy, imperfect resource allocation mechanisms, and the need to accelerate growth in electricity storage ca-
pacity. These factors do nothing to reduce emissions. However, empirical studies show that strengthening the existing
regulatory framework and creating a favorable investment environment through tax incentives can significantly unlock
the potential of renewable energy sources.

The study's key findings highlight the separation of emission-reduction effects into short- and long-term periods.
The short-term impact in Azerbaijan can be achieved through increased energy efficiency. At the same time, a signifi-
cant long-term reduction in carbohydrate emissions is only possible with a substantial increase in the share of renewa-
ble energy sources, reaching the 15-20% thresholds noted in the literature. Thus, the energy transition entails both the
rational use of energy resources and the development of renewable energy sources.

The study concludes that energy efficiency significantly reduces greenhouse gas emissions in Azerbaijan. The
role of renewable energy sources in this trend remains secondary. However, striking a balance between energy conser-
vation and renewable energy development is the foundation of long-term climate policy and the sustainable develop-
ment of the country's energy sector.

Keywords: countries with transition economies, renewable energy, climate change, emission-reduction influ-
ence, econometric analysis
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IHEPEBAT'M I PUBUKHU 3ACTOCYBAHHSA IITYYHOI'O IHTEJIEKTY B
YHIBEPCUTETCBKIN OCBITI

Binenpknii B. C., Oakosuu I'. B.

Cmpimxuil po3sumok mexnonoziu wmyunozo inmenekmy (LLI) icmomno mpancgopmye oceimue cepedosuuye,
SMIHIOIOYU NIOX00U 00 HABUAHHS, GUKIIAOAHHS MA YAPAGIIHHA Y QUYL WKOJIL. YHIsepcumemu cmukawomscsi 3 Heobxio-
HICMIO [HMeSpyeamu IHMeaeKmyaibHi CUCEMU, 80OHOUAC 30epiearoyl GUCOKY SKICMb 0C8IMU, OOMPUMAHHS NPUHYUNIE
akademiynoi 00bpouecnocmi ma 3a0e3neyeHts pienoeo 00Cmyny 00 yu@posux incmpymenmie. Y ybomy euxnaoi npo-
AHANI308aHO KNI0Y06I nepesazu ma pusuxu zacmocysanns LI 3 ypaxysanuam nedazo2ivHux, opeanizayiiHux ma emud-
HUX acnekmis i 00c8idy pobomu asmopis.

Inousioyanizayis naguanvrnoco npoyecy (adanmueni LlI-cucmemu 3a6e3neyyroms nepcoHalizosany nooawy Ha-
BUALHUX MAMepIanie, OPIEHMOBANY HA PIBeHb NI020MOBKU, HABYAILHUL MeMN Ma 0CGIMHI nompeou OKpemMozo cmyoe-
nma. Lle cnpuse nioguwennio epekmMugHOCMI 3AC80EHHA 3HAHbL MA AKAOEMIUHOI MOMUBAYI], POSUUPIOE MONCTUBOCTI
IHKI03UBHOCI, 30KpeMa 071 3000Y8ayie 0ceimu 6 ymosax GiliHu.

TTiompumxa LI euxnadayvkoi OisibHOCME ABMOMAMUIYE 3HAUHY YACMUNY DYMUHHUX Ne0a202TUHUX | AOMIHICM-
PAMUBHUX NPOYecis, 30Kpema nepesipky mecmosux 3a80aus, GOPMYBAHHA CIAMUCIMUYHUX 36iMi86.

Inmenexmyanvui ILlI-cucmemu onepamugno cenepyioms NOSCHEHHA, CIMUCIUL BUKIA0 Mamepiary ma (3a 3anu-
mom) 000amKo8i NPUKIAOU, ABMOMAMUYHULL NEePeKIAl, WO NOJeSULYE [ YHAOUHIOE UKIAO CKIAOHUX MEM.

3acmocysanus LI 0o3sonse suxonamu pso OOCTIOHUYLKUX ONepayill: NpUCKopioe NOWYK HAYKOGUX Odcepel,
peepysanns i mooenrogants. Lle niompumye 0ocnionuybKy pobomy, cnpowye popmysanus cinomes, noiecuye oopo-
OKY 8eUKOI KibKOCMI NepeUHHUX eKCNePUMEHMATbHUX OAHUX.

THopywenns axademiynoi dobpouecnocmi: euxopucmarnns cmyoenmamu LllI-eeneposanux mexcmie 01 cmeo-
DEHHA HABYANLHUX POOIm 6e3 HANeHCHO20 ONAHY8AHHA MAMepiany CMAHO8UMb Ceplio3ny 3a2po3y (nio yac cecii 3a oa-
HUMU agmopis 3ycmpivaemocs 0o 25-30 % LlI-eeneposanux podim).

Buuoicenun pigHa KPUMUUHO20 MUCTIEHHS CIYOEHMI8 — HAOMIDHA 3ANIeHCHICIb 8I0 ABMOMAMU308AHUX GIONOGIOel
NnoCAaONI0E HABUUKU CAMOCMIUHO20 AHANIZY, inmepnpemayii ma meopuoco mucienus. Heoonosnaunicme i mooxciugi
nomunxu LLI-eeneposani mexcmu wacmo micmams 3acmapini abo Hemoyri meepoicenns. Tomy sacmocysanns LI no-
mpebye KpumuyHoi OyiHKu pe3yibmamie ma ix 0606 's13k0601 nepesipku (sepughixayii).

Edexmuene snposaoscennsn LI sumazae pozsunenoi yughposoi ingppacmpykmypu, cyuacno2o mexmiuHo2o 3a-
be3neuennst, 3HAYHUX THBECMUYIN, WO CbO20OHI HeOOCmYNHe Ol OKPEMUX 3aKAA0I8 BUWOT OCBIMIL.

LI cnpuuunse pusuxu 01 npugamuocmi. Tym HeoOXiOHUM € po3pOONeHHs YIMKUX HPOMOKONIE Kibepbesnexu
Ma emuyHUxX HoOpM BUKOPUCAHHA OAHUX.

LI € nomyosicHuM IHCMPYMeHmMOoM MOOepHI3ayii YHIgepCUmemcbKoi 0Cceimu, cnpusiiouy niOSUWEHHIO il eHYYKoC-
mi, nepconanizosanocmi ma egpekmusrocmi. OOHAK 1020 iHMezpayis Nompebye 38ax4ceH020, Pe2yib08AHO20 MA emul-
HO OpicHmMOo8ano2o nioxoody. Iloeonanns innosayil iz pyHoamMeHmarbHUMU NPUHYURAMU AKAOEMIYHOL KYIbmypu — Kpu-
MUYHUM MUCTIEHHAM, 00OPOYeCHICMI0 ma A8MOHOMIEID 8UKIA0AYA — € KIIOYOB0I0 YMOBOIO YCHIUUHO20 BUKOPUCTAHHSA
LT y euwiti oceimi.

Knrwouosi cnoea: wimyunui inmenexm, yHigepcumem, ocgima, nepesazii i pusuxu.
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MOPIBHANbHUIM AHAI3 CTPATETIA YXWUNEHHA CYZEH 3A MMN33C-72 TA AITOPUTMAMM
LUTYYHOr O IHTENEKTY CUCTEM ABTOHOMHOIO MAHEBPYBAHHA

KaniHiyeHko €. B., KonecHik O. B.

BMJIMB CUHXPOHHOI O TA MAPAMETPUYHOIO KOYEHHA HA BE3MEKY | HALINHICTb
KOHTEMHEPOBO3IB BEJINKOT MICTKOCTI TA 3ACOBM MO0 MOMEPEIYKEHHSA

KaniniyeHko €. B., 3aeup A. 10.
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MOPIBHSIJIbHUM AHAJII3 CTPATETTHA YXWJIEHHSA CYJEH 3A MII33C-72 TA
AJITOPUTMAMMU HITYYHOI'O IHTEJIEKTY CUCTEM ABTOHOMHOTI'O
MAHEBPYBAHH#

Kaginiuenko €. B., Koaecnik O. B.

Cmpimkuil po36umox agmoHOMHO20 CYOHONIABCEA MA BNPOBAOICEHHS ANOPUMMIE WMYYHOO THmeaeKmy go-
PpMy€e HOGI 8uMO2U 00 3abe3neyents besneku mopcokoeo pyxy. Cyuacni Hasieayitini KOMIIEKCU NOEOHYIOMb PAdioNIOKA-
yiuni oamuuxu, AIS, cucmemu ananizy mpaekmopiu ma aneopummiyHi MOOYl YXGANEHHs PiUieHb, NPOMe TUAEMbCS
BIOKpUMUM NUMAHHS I0NOGIOHOCMI Ol maKkux cucmem HopmamusHum eumoeam MII133C-72 ma npunyunam «xopowioi
MOPCbKOI NPAKMUKUY.

00 ’exmom 00CHiOMNHCeHHs € npoyec YXUleHHs CyOeH 6i0 3imkHenHs y koumexcmi MII33C-72 ma aneopummis
WMYYHO20 THMeNeKmy, Wo 3dCmoco8yIOMbCa 8 A8MOHOMHUX cucmemax Hasieayii. Ilpeomem 00cCniodceHHsT CIMAHO8-
aamob memoou Gpopmanizayii umoe npasun 8, 13—17 ma 19 MII33C-72 y arcopummiyni cmpyKkmypu yXeanieHHs piuieHv,
MempuKu NOpPIGHAHHA epeKmueHocmi Manedpy ma Kpumepii 00csieHeHHA eKsiganeHmHozo pieHa Gesnexku (Equivalent
Level of Safety, ELoS) midic Oismu 1100unu ma mawunnumu cucmemamu. Memoio pobomu € npogedenus nopiHIIbHO20
ananizy cmpamezii YXuients cyoen, wo pyumyomscs na nonoxcennax MII33C-72, ma areopummis wmyynoeo iHme-
nexmy (Model Predictive Control, Hybrid COLAV, Deep Reinforcement Learning), a maxodc 8UsHa4eHHs YMO8, 3d AKUX
ABMOHOMHA CUCeMA Modice 3a0e3neyumu noediHKogy ma HOPMAMUEHY eKGI6ANeHMHICIb MPAOUYIUHUM DilleHHAM
CYOHOB0OIS.

Memoodonoziuny ocho8y 00CHONCEHHSI CMAHOGIAMY AHANI3 | Y3A2aNbHEeH ST HAYKOGUX A HOPMAMUGHUX Odicepelt
3 NPObIEeMAMUKY YXUTeHHS 8I0 3IMKHEHb | AGMOHOMHO20 CYOHOBOOIHHS, (opmanizayis nonoxcenv MII33C-72 y suenadi
JI02IKO-AN2OPUMMIYHUX MOoOeell, NOPIGHAIbHULL aHANI3 cmpamezitl yXuleHHs Toounu i areopummis LI, cyenapruil
AHATNI3 MUNOBUX CUMYAYTll PO3XOONCEHH MA Nepemumy KypCis, a maKoxdc eiemMeHmu iMimayiino2o Mooemnosans s
OYIHIOBAHHA NAPAMEempie Manespy.

Y x00i docnidicenns npoananizosano mpu epynu cmpameziti yXuieHHs. mpaouyiini 0ii cyonoeodis, arcopummu
NPOCHO3HO20 KePYBAHHA Md CUCeMU MAWUHHO20 HA8YAHHA. BcmaHnosneno, wjo kiacuynuil nioxio, 3aCHO8AHULL HA Npa-
sunax 8, 13—17 MII33C-72, 3abe3neyye e cmMinbKu ONMUMATbHICMb MPACKMOPIi, CKITbKU yumabenvHicms i nepedda-
yygamnicms Manespy 0as inuwozo cyona. Hamomicmo ancopummu na ocnosi Model Predictive Control ¢oopmyioms naoip
ONMUMANLHUX MPAEKMOPIL 3 YPAXYBAHHAM 00MedceHb Kepo8aHOCMI ma NPocHO3i8 3MiHu obcmanosku. 1i6pudmi cuc-
memu COLAV noednyrome noxkanivHe niaHy8anHs mpaekmopii il 21006anibHutl KOHMPOab QONYCMUMOCME MAHespy, mooi
SK ANOPUMMU 2TUOOKO20 HABUANHSA OEMOHCIMPYIOMb 30aMHICIb 8i0MBOPIOGAMU Y3A2albHeHI NamepHU NOeOiHKU, dle
nompebyomo yimkoi ¢opmanizayii HOpMAMUBHUX «NPAGUIL NOBEOIHKUY, SIKI 6 IOOUHU 3HAYHOI MIPOH MAOmMb IHMYyi-
MUSHUT Xapaxkmep.

Tlposedenuii ananiz nokazas, wo 20106HOK NPOOIEMOIO iHMeZPayil WMYYHO20 IHMeNeKmy Y HagieayiiHi cucme-
MU € Hegionogionicmv midc axicuumu sumoeamu MII33C-72 (ceoecuacnicmo, acnicms, docmamuicms 0ii) ma KinbKic-
HOIO npupoooio aneopummis. [[na ix y32000ceHHs 3anponoHO8AHO MAMPUYIo 8IONOBIOHOCMI MidC Npasuiamu pyxy ma
ANCOPUMMIYHUMU MOOYIAMU YXULEHHS, WO 003608€ 8uUsHayumu medxci 3acmocysanus MPC, 2iopuouux cucmem ma
MoOeneli MAUWUHHO20 HABYAHHSA Y PI3HUX CYEHADIAX PO3XOONCEHHS.

Asmopamu c@opmyrb06ano NOHAMMI «UUMAOETbHOCMI MAHE8PY» K KIIOY0B0I O3HAKU XOPOwoi MOpPCbKoi
npakmuku, wo mac oymu 6iomeopena aneopummiyno. Ompumani pesyromamu 003601710Mb 3p0OUMU BUCHOBOK, WO
ABMOHOMHI CUCTNEMU MOJICYMb 3a0e3neyy8amu eKxgieaieHmHull pigeHs De3nexu y 3Miuanomy Gromi 3a ymosu inmezpa-
Yii anzopummie NPoeHO3HO20 KepyB8ants 3 NOGeOIHKOGUMU Kpumepismu good seamanship ma 3acmocys8anusim opmai-
308aHOI MoOeni cumyayiunol 0bisnanocmi. 3anponoHoeanull nioxio Modice OYmu BUKOPUCTNIAHULL Y NPoyeci nooatbuol
cepmuixayii HagieayiiHux cucmem A8MOHOMHUX CYOEH, d MAKONC NPU PO3POOIEeHHI CIAHOapmie OYIHIGAHHS IX 6i0-
nosionocmi MI133C-72.

Knrouosi cnosa: asmonomne cyonogooinns, MII33C-72, yxunents 6i0 3imKHeHb, WIMYUHUL IHMELeKM, eKeigaie-
HmMHIiCMb be3nexu.
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BILIMB CHHXPOHHOI'O TA TAPAMETPUYHOI'O KOYEHHS HA BE3IEKY I
HAJIIMHICTh KOHTEMHEPOBO3IB BEJIMKOI MICTKOCTI TA 3ACOBH HOT'O
MONEPEKEHHSA

Kaginiuenko €. B., 3acus A. 10.

Hebesneune xouenns konmetinepogo3ie 6enuKkoi Micmxkocmi — 0OHA 3 KNIOYOBUX NPULUH 8MPAmMU CIIUKOCMI 8a-
HMAdiCy ma KOHMeUHepHUX asapitl y wmopMosux yMoeax. Y cyuacuii npaxmuyi MOpeniagcmea Hatyacmiuli Mexais-
MU pO3BUMKY HeDe3neUH020 KOYEeHH s NO8 A3aHI 3 NAPAMEMPUIHUM MA CUHXPOHHUM (DE30HAHCHUM) PeNCUMAMU, WO BU-
HUKAIOMb YHACHIOOK 63A€MOOII CYOHA 3i CNeKmpoM 30YPEeHHs X6Ulb, 3MIHOI OCMIUHOCMI, HENIHIUHO OUHAMIKOWO
GZ-kpugoi ma 308HIUHIMU YMOBAMU PYX.

006 ’exmom 00CHiOHCeHHs € NPoYec PO3BUMKY CUHXPOHHO20 MA NAPAMEMPUYHO20 KOYeHHs HA KOHMeUHepo8o3ax
8EIUKOT MICMKOCMI 8 peanbHUX Wmopmosux ymosax. Ilpeomemom sucmynaroms ymosu 30Y0X4CeHHs Pe30HAHCHO20 KO-
YenHsl, eqheKmuBHICMb ICHYIOUUX MemoOi8 NONEPEOICEHH MA MONCTUBOCI CIMEOPEHHS THMeSPOBAHUX HABIeAYIliHO-
AHATTIMUYHUX MOOYII8 01 GUABNEHHSA PUSUKY KOYEHHs 8 pealbHOMY Yaci. Memoro € 8usHauenHs npakmuyHux i mexHiu-
HUX piuens, Ki 00360110Mb 3anodiemu 6mpami KOHmeunepie 3a paxyHox NOEOHAHHS CY4acHUX Kpumepiie ocmitHoc-
mi, QHANi3y X8UTLOBO20 30YPEHH MA ONePAMUBHUX Oitl CYOHOBOOIs.

Memoodonozis pynmyemucst Ha KpUMUYHOMY 02715101 ICHYIOUUX CUCHeM ma Memoodie nonepeodicenus nebesney-
HO20 KouenHs, ananizi peanvrux asapiunux xeticie ONE APUS ma MSC ZOE, wo gopmytome emnipuyry 0CHO8Y 00Ci-
OJICEHHsL , A MAKONC HA OYIHYI CIMANY CYYACHUX MPEHANICEPHUX MA AHATTMUYHUX 3ac00i8 0N NPOSHO3YEAHHS KOYEHHS.
Y pobomi 3acmocoeano nociko-ananimuunui nioxio 00 opmysaHHs CYEHAPHUX YMOS, SUSHAYEHHS NPUHUHHO-
HACMIOKOBUX 38 A3Ki6 I pO3POOIEHHS ONEPAMUBHUX PEKOMEHOAYTI.

Amnaniz nokasye, wo icHyloui cucmemu NONEPeO’CeHHs KOYEHHs 3a0e3neuyioms auwe ‘‘20pu30Hmanb 3Hawb
Mo6mo CyKynHicmb meopemuyHux yaeieHb Npo napamempuine ma CUHXPOHHe KOUeHHs, aie He opmyromsb “‘eepmu-
Kaab YNpasuinusa’ — CUCMEMHO20 WISAXY 810 MoOeli X6unb06020 noas i kpumepiie SGISC 0o konxkpemnoi 0ii cyonoeo-
0ist na micmky . Tloecoona mapwpymuzayis ma IT-cucmemu 6xce mexuiuHo 30amui iHmMe2pPy8amu XeUuib08Ull CHeKmp,
6]1ACHI yacmomu Ko4eHHs ma iHOeKCU pu3uKy, aie He 3abe3neyyroms iHmyimueHo2o iHoukamopa Hebe3nexku 8 peaibHo-
MY uaci, 0ocmynno2o ogiyepy eaxmu.

3 oenady na ye pozpobieno Konyenyiro iHmMezposaHozo HGOPMAayiiHO-AHATIMUYHO20 MO0V, KU NO8 A3YE
kpumepii SGISC, pesynomamu docnioncennss TopTier, knacugixayiini eumoeu ma Oaui peairbHO20 4acy 6 €0UHy CUC-
memy niOmMpUMKU piliens 3a0/5 YHUKHeH s, KoueHHs . Takull MoOyb 3a6e3neyye paHHe BUABNIEHHs Hebe3neyHux Komoi-
Hayil: 00620X6UIbOGE NONYMHO-KOCE 30YPEeHHs. 051 NAPAMEeMPUYHO20 KOYEeHHs abo 6opmosa/koca Xeus 3 6i0N0GIOHI-
cmio nepiodig 01l CUHXPOHHO2O PE3OHAHCY.

Ipaxmuunuil pezyromam pobomu nonseae y po3poOienHi OnepamusHuUx pekomMeHOayil 0iist cYyOH0800iis, ujo
BKIIOUAIOMb HAOIP Oill 3 YHUKHEHHS NapamMempuiHo20 ma CUHXPOHHO20 KOUEHHA. 3MIHY KYpCy GIOHOCHO XU, mumud-
C08e 3HUIICEHHSL WBUOKOCTI, 00XI0 WMOPMOBUX S0ep, VHUKHEHHS Pedicumie cep@iney ma Opouuney, Kopekyiro pyxy 6
YMOBAX CKAAOHOT bamumempii ma KoOpomxonepioOHUx XeUibosux CUcmem .

Asmopcwka inmepnpemayis pe3yibmamis nioKpeciioe, o 3ano0icanis KOYeHHI0 HeModcauge be3 nepexody 6io
pacmenmapnux memodis (i3016b08aHUX MPEHANCEPTB, OKPEMUX Kpumepiie abo mexkcmosux iHCmpyKkyii) 00 €0unozo
VIPABIIHCbKO20 KOHMYPY, 8 AKOMY DilleHHs CYOHOBOOIs Y3200X4CYIOMbCA 3 YUPPosuMY IHOUKAMOPAMU PUSUKY, d CYOHO
OMPUMY€E NPOAKMUBHUTL 3AXUCTH BIO HEOEZNEYHUX PEIHCUMIB DYXY.

Kniouoei cnosa: napamempuune KOUEHHS, CUHXPOHHE KOUEHHS, KOHMEUHEPOB803, X8UNbOGe 30YPEHHS, UWMOPMOGI
YMOS8U.
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DETERMINATION OF THE INDIVIDUAL BEHAVIORAL NORM OF A METRO
TRAIN DRIVER

Vynohradov Oleksii, Samsonkin Valerii, Yurchenko Dmytro

The individual norm of a metro train driver’s professional behavior reflects the degree of his
psychophysiological readiness for the safe operation of a train. Despite the development of automated control systems
and the increasing prevalence of higher automation levels, the driver remains the essential link in the ergatic system,
and his functional state significantly influences decision-making speed, attention concentration, and the ability to
respond to non-standard situations. To enhance operational safety, new scientific approaches to analyzing the human
factor in railway transport are being explored, demonstrating the limitations of organizational and regulatory methods
in addressing the tasks of rapid, real-time diagnostics of an operator’s individual functional state.

A study was conducted aimed at implementing an objective psychophysiological monitoring system that enables
not only the identification of general behavioral patterns among personnel but also the formation of an individual
performance profile for the metro train driver prior to the start of a shift. The Schulte—-Gorbov tables were employed as
a tool for rapid assessment, allowing the measurement of visual search speed, attentional stability and switching,
coordination, and the tempo of cognitive activity. Daily measurements were carried out before and after each shift over
the course of one month, which made it possible to accumulate a statistically significant dataset and to distinguish
characteristic value ranges corresponding to three functional states: normal, drowsy, and fatigued.

Through mathematical processing of the results, individual normative intervals were determined for each
functional state of the driver. A clear trend was observed indicating a decrease in overall performance capacity as the
degree of functional fatigue increased, reflecting a slowdown in cognitive processes and a diminished ability to
maintain attention. The obtained data demonstrate the statistical significance of the differences between the states and
confirm the hypothesis that a driver’s behavioral norm can be defined on the basis of individual psychophysiological
indicators.

The proposed approach enables the development of a personalized model of driver readiness that can be
integrated into pre-departure control procedures. Unlike formal medical examinations or subjective questionnaires, it
provides a practical means of detecting short-term fluctuations in functional state that directly affect operational safety.
Thus, objective monitoring of an individual behavioral norm can substantially enhance the reliability of metro
operations and reduce risks associated with the human factor.

Keywords: human factor, metro train driver, psychophysiological state, behavioral norm, Schulte-Gorbov
tables, traffic safety.
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AUTOMATED SYSTEM FOR EARLY DETECTION OF UNDERGROUND FIRES

Telbayeva Shynar, Avdeyev Leonid, Zhumagulova Dinara

Underground endogenous and exogenous fires are one of the most dangerous factors in the development of coal
deposits. They are accompanied by the release of toxic gases, increased temperature, impaired ventilation and can
cause explosions of methane and coal dust, which poses a serious threat to the lives of miners and leads to significant
economic losses. Traditional methods of detecting the initial stages of self—heating — visual observations and periodic
gas analytical monitoring - do not provide continuous monitoring and are characterized by a high delay in obtaining
information.

To solve this problem, it is advisable to equip coal mines with automated systems for early detection of
underground fires, which will allow timely identification of dangerous situations and ensure the prompt implementation
of protective measures.

The methodological approach is based on the use of modern highly sensitive sensors for carbon monoxide
concentration, air temperature and ventilation jet parameters combined into a centralized automated monitoring system
for the mine atmosphere. The system provides continuous monitoring at several observation points, performs signal
filtering, analyzes trends in concentrations of indicator gases, and automatically determines the degree of fire risk of
the site.

The assessment of early signs of a fire is carried out using a criterion based on the difference in carbon
monoxide concentrations at the entrance and exit of the conveyor section, which makes it possible to classify the
situation as dangerous, low-risk or non-hazardous.

The authors analyzed the actual data obtained by the automated mine atmosphere monitoring system. The initial
parameters used were the concentrations of indicator gases, the parameters of the temperature and velocity of the
ventilation jet, and the background values of the gas composition determined by regulatory methods. In addition, the
dynamic characteristics of the gas curves were considered, including the rate of concentration change, the appearance
of inflection points, and the formation of stable trends.

As a result of the development, a functional scheme of an automated system has been formed, including
underground sensors, alarm devices, information reception and processing modules, a surface computing complex and
a dispatcher interface. It is shown that the use of such a system significantly increases the efficiency of detecting the
early stages of coal self-heating, increases the reliability of diagnostics by automatically adapting thresholds to local
conditions and eliminating false alarms.

The results obtained are explained by the fact that the integration of data on the concentration of indicator
gases, temperature, air velocity and analysis of the dynamics of their changes provides high information content and
allows timely detection of self-heating foci at an early stage. This reduces the risk of major accidents, reduces the
amount of preventive maintenance and reduces the cost of eliminating the consequences of underground fires.

Keywords: underground fires, endogenous fires, exogenous fires, automated system, indicator gases, self-
heating of coal, fire safety.
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BU3HAYEHHAHEBE3SIIEYHUX ITAPAMETPIB I'A30BOI'O CEPEJOBHINA JJIsA
BUSBJIEHHS 3AUMAHHS MATEPIAJIIB

Pu6ka €. O., Managuka Jl. B.

besnexa € kpumuunoro ¢ynoamenmanvhoio nompebor nodcmsa. Ilodcesci cmanogisims 00HY 3 20106HUX 3a-
2po3 ona ii 3abe3nevenns. Bonu npuzeoosams 00 M00CHKUX HCepms, mpasm ma 3HaYHux mamepianrvrux 36umxis. Ege-
KIMUBHUM CNOCOOOM OOPOMbOU 3 NONCENCAMU € IX GUABNEHHA HA PAHHIL cmadii. ¥ paszi HeKOHMPOIbLOBAHO20 PO3GUMKY
N0dACeNHCT YCKAAOHIOEMbC 1T 2ACIHHS, 3POCMAIOMb eKOHOMIYHI 30UmKU, d MaKoic 30i1bUlyEMbCsl eK0A02IUHA WUKOOd HA-
sKouMHbOMY cepedosunty. Came momy onepamusHe GUABNEHHS 3A20PAHHA MAMePianié € OOHIEI0 3 20N108HUX CKAAOO-
8UX 3a0e3neyeHHs NOHCeNCHOI be3neKku Ha 00'ekmax pi3Ho2o npusHavenHs. B ymosax noxcedici 8 npumiwieHHAX nebesne-
YHUMU NAPAMempamu, Hacamnepeo, € memnepamypda, KOHYeHmpayisi Ya0H020 a3y ma numoma OnmuyHa WilbHiCmb
oumy eazo6020 cepedosuuja. Ilowyx memooie susneieHHst OUHAMIKU HeOe3NeUHUX Napamempis 2a306020 cepedo8ud HA
npakmuyi 003601UMb BUAGUMU PAHHE 3A20PSHHSA MAMEPIANi6 Y NPUMIWEHHI Ma 3ano0iemu MOXCIUBOMYPO3EUMKY NO-
arcedici. [l 00cnioncentss XaomuuHocmi OUHAMIKY PI3HUX eKCRePUMEHMATbHUX OAHUX pO3POOIEHO 8i0oMuUll THCmpyme-
HMapii, wo IPYHMyemMovCcsi Ha NOKazHukax JIanyrnosa. ¥ peanvhux ymosax OuHamika Hebe3neuHux napamempie 2a3068020
cepedosuwa npu 3a20PsSiHHI Mamepianie € HeaiHiluHo0 3 pisHuM cmynenem xaomuynocmi. Iloxkasnuxu Jlsanynoea na pis-
HUX 4aCOB8UX IHMep8anax OUHAMIKYU 0Y0ymb HeOOHAKOBUMU. Y 38'A3KY 3 YUM aKMYAIbHUM 3 MOYKU 30PY ONEPAMUEHO20
BUABNEHHS 3A20PAHHA Y NPUMIWEHHAX € 00CNIONHCeHHA HANDIIbUO020 NOKASHUKA JIANYHO8a HA iHMep8anax OUHAMIKU,
wo 8i0nosioaroms 00CMOoGIPHIl I0CYMHOCMI MA HAAGHOCMI 3a20pAnHs mamepianis. IIpobiema nonseac y eusnaveni ma
Ppo3pobyi cmpamezii BUKOPUCMAHHA HANIOLTbUI020 NOKA3HUKA JIANYHO8A 30 OOHOBUMIPHOIO 8UDIDKOIO PealbHUX 3a0pyOHeHUX
BUMIDIOBAHb Hebe3NeUHUX NApAMempie 24308020 cepedosUIYd NPUMILeHb 05l ONEPAMUBHO20 BUABNEHHSA 3AUMAHbL Mamepia-
aig. I[loorcednci 6 npuMijeHHAX Yacmo XapaKxmepusyomosCs MiiHHAM Mamepianie, sike nogiibHo pozsusacmucs. llopisHsi-
HO 3 00 €EMHUMU NOJICENHCAMU, NIO YAC MIIIHHI 8UOLIAEMbCS BIOHOCHO HEGEeNUKA KLIbKICIb Meni060i eHepeaii, aie nopsio 3
Yum MaiHHsa nPU3600UMb 00 3HAYHO20 30iNbUleH s KOHYeHmpayii 2azie i iemkux opeaniunux cnoayk. Tokcuuni iemxi
PEUOBUHU MA 3A0VULIUBE 2A3U MOICYMb CMAHOBUMU Hebe3neKy 0/l i0dell 00 NOA6U 2yCmo20 OUMY i 8IOKPUMO20 802-
Hi0. Beadicaemo, wo 6y0v-ske copinna mamepiany cnpuyuHse 3miny 1020 QisudHux e1acmueocmell, wo GNIUBAE HA Ou-
HAMIKY OCHOBHUX HeOe3neuHUX napamempie 2a308020 cepedosuwa y NPUMIWEHH, MAaKux K memnepamypad, KOHYeHm-
payiss MOKCU4HUX NPOOYKMie 20pinHs, a MAaKoNC winbHicmos oumy. L[i 3sminu 6e3nocepednvbo nog'sizami 3 menioguoiien-
HAM, MACOB0I0 WBUOKICMIO BULOPSAHHA MAMepPIany ma WeUOKIiCmio NOWUpeHHs noaym's. B pizui momenmu uacy euoins-
€MbCA PI3HA KINbKICMb MOKCUYHUX NPOOYKMI6 2opinHa ma menaa. Lle o3nauae, wo onepamuene 8uUABIEeHHA 3020PAHHA
mamepianié MONCHA 30TUCHIOBAMU 3 YPAXYBAHHAM 0COOAUBOCMEN MUMUACOB0I OUHAMIKU BION0GIOHUX napamempis. /s
Yb0o2o 06yI0 CMBOPEHO 1AOOPAMOPHY Kamepy, wjo iMimye Hezepmemuune npumiwjenHs. Posmipu xamepu cxnaoanu
1500x1000x500 mm. B obracmi cmeni kamepu po3smingy8anucs OAmuyuKu, wo UMIpIIoms memMnepamypy, numomy on-
MUYHY WITbHICMb OUMY | KOHYEHMPAYiio YaOH020 2a3y 6 2a3080MY cepedosulyi Kamepu 3a 6i0CYmMHOCME Ma HASIGHOCMI
3a20psAHHA MECMOsUX Mamepianie. Bumipiosanns nebesneunux napamempis 2a306020 cepedosuwa Ha inmepsanax 00-
CMOGIPHOT GIOCYMHOCMI MA HASBHOCMI 3A20PAHHS MECMOGUX MAMEPIaNié NPOBOOUUCL Y OUCKPEMHI MOMEHMU Y4acy 3
inmepeanom 0,1 cexynou. B axocmi mecmogux mamepianié 0Oyio obpano cnupm, nanip ma mexcmuiv. Bubip 3aznaue-
HUX Mamepianie GU3HAYABCA IXHbOIO PIZHOI0 NUMOMOIO MACOB0I0 WBUOKICIMIO 8U2OPSIHHA. Bumiplosanus snauens uxio-
HUX CUCHAIE 8IONOBIOHUX OAMUUKIE XAPAKMEPUYEANUCS BIONOBIOHUMU MHONCUHAMU OAHUX, KL 30epieanucs 6 nam'smi
KoMn'tomepa 07151 no0anbuioi 06pobKYU 3 Memoio 8U3HAYEeHHA NOKA3HUKA JIANYHOBA O/ KOHCHO20 3 XAPAKMEPHUX iHmep-
eanie. 3acmocosanuii Memoo 0a3yeascs Ha 0OYUCAEHHT MIPU XAOMUYHOCHE 00CTIONCYBAHOI OUHAMIYHOT cucmemu, wo
NOPOOIACYE 3MIHY NAPAMEMPIB 24306020 CePedoBUWA NPU 3AUMAHHI Mamepiais.

Excnepumenmanvho nepesipeno 03HAKU BUABNIEHHA 3A20PAHb MAMEPIANi8 HA OCHOBI 8elUHUHU HAUOITbULIO20 NO-
Kasuuxa Jlanynoea ounamixu 0isi KOHYeHmpayii 4adHo2o 2asy, NUMoMOoi ONMUYHOT WITbHOCMI QUMY A memMnepamypu
24306020 cepedosuya y 1ab0pamopHiil Kamepi, Wo cnocmepicaiomsbCsi Ha IHMepP8aiax O0CMosipHOL 8iOCYmMHOCmI ma
Hasenocmi 3a2opanis. Bcmanosneno, wo 3a2opsanus mamepianié npu3eo0sms 00 3HUNCEHHS CIMIUKOCMI ma nepexooy
00 XAOMUYHOI OUHAMIKU KOHYeHmpayii YyaoHo2o 2a3y ma memnepamypu 2a306020 cepedosuwa. Ipu yvomy mipa ou-
HAaMIKU nUMOMOI ORMUYHOL WIbHOCME QUMY 01 OOCTIONCYBAHUX MAMEPIATI6 CEIOYUMb NPO He3HAUHY 1T 3MIHY.

Knrouoei cnosa: noxasuux JIanynoea, usaeients 3aiiMans, Hebe3neuni napamempu 2a308020 cepedosuyd.
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EHEPITETUKA,
EHEPIO3BEPITAIOYI CUCTEMM
TA TEXHOJIOT'II

CEKLIIfA 4: TEXHIMHI HAYKMN

Z 3ACTOCYBAHHSA KBAHTOBWX MOZENEN A1 MPOrHO3YBAHHSA ENEKTPOMOCTAYAHHSA

LLmaTko O. B., LLleByeHko B. C.

MABULEHHA AKOCTI KEPYBAHHA CTPYMOM 3BY )XXEHHAM ABTOHOMHOI'O
% ACUHXPOHHOI'O FTEHEPATOPA

Bacuneup C. B., Bacuneub K. C., 3anyxHui A. J1.

IHILIIOBAHHSA PEANISALIT MPUKNALHOIO AOCIAHNLBKOIO MPOEKTY 3
E YOOCKOHANEHHA EHEPTOE®EKTUBHOCTI TArOBUX ENTEKTPUYHUX OBUTYHIB
JIOKOMOTMBIB 3 YPAXYBAHHAM PEXXUMIB ®YHKLIIOHYBAHHSA TATOBUX MEPETBOPIOBAYIB

Hepy6aubkuii B. .

m OPTIMIZATION OF INDUCTION MOTOR PARAMETERS

Zharkymbekova Makpal, Sakitzhanov Markhabat
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3ACTOCYBAHHS KBAHTOBUX MOJIEJIEN JIJISI TIPOTHO3YBAHHSA
EJIEKTPOIIOCTAYAHHA

IlImaTko O. B., llleBuenko B. C.

Ipobremamura npocHo3y8ans e1eKmMpOCNONCUBAHNS MA 2eHEPAYIT € KIIOH080I0 05l CMAbIIbHO20 QYHKYIOHY-
BAHMHSL eHEP2OMEPEIIC, 0CODIUBO 8 YMOBAX BUCOKOT 6aAPIAMUBHOCME NONUMY, IHMe2payii GIOHOBIIOBAHUX OJicepel eHepaii
ma yugposizayii enepeemuxu. Tpaouyitini Memoou MAWUHHO20 HAGYAHHI, 30KPEeMA DPEKYPEHMHI HeUpPOHHI MepediCi
(RNN), uacmo sumaearoms eauxkux 00cs2ié 0anux, Maioms GUCOKY 0OUUCTIOBANbHY CKAAOHICIb | MOXCYMb 8mMpadamu
MOYHICMb Y CKIAOHUX HeNiHIUHUX pexcumax. Lle 3ymosnioe nompeby y nowyky Ho8ux nioxooie, wo nOEOHyrOmb epex-
MUGHICMY, Y3A2albHIOGATIbHY 30AMHICIb | WEUOKIcmb 00pobKu. 06 €Kmom 00CHiONHCeHHs € NPoYec KOPOMKOCHMPOKO-
6020 NPOCHO3VEAHMS E€NEeKMPONOCNAYAHH 3 GUKOPUCMAHHAM KE8AHMOoBUX Helponnux mepexc (Quantum Neural
Networks, QNN) sk H08020 NOKONIHHS IHMELEKMYAbHUX MOOeell /il eHepeemudHUX cucmem. Y npedcmasieHomy 00-
COJCenHl enepule 3anponoOHOBANHO 3ACMOCYBAHHI KEAHMOSUX Hetiponnux mepedxc (ONN) ons 3adau npozro3yeanus
napamempis enrekmponocmadanusi. Keanmosi mooeni nocoOHyloms npunyunu K6anmogoi Cynepnosuyii ma 3aniymaro-
cmi, o 00360J51€ OOHOYACHO 0OPOOIAMU BEUKY KINLKICMb CIAHI8 T NIOSUWYE NPOOYKMUBHICMb HAGUAHHS NPU 0OMe-
JiceHux Habopax oanux. bByno pospobreno ma npomecmosarno 06i apximexmypu QNN, adoanmosani 0o Ounamixu emep-
eocucmem. Sinusoidal-Friendly QNN (SFQ) — opicumosana na mo0ento8ants KOAUBATbHUX NPOYecie y Hanpysi ma
cmpymi, Polynomial-Friendly QNN (PFQ) — onmumizosana 051 anpoxcumayii HeliHitHUX XapaKmepucmux 3sminu Ha-
saumascenns. Mooeni 6ynu Hagueni HaA CUMYTAYIUHUX HAOOPAX Oanux 011 munogux ewepzocucmem — Single Machine
Infinite Bus (SMIB) ma WSCC 3-machine system — i3 pi3noto KiibKicmio 6Xionux napamempis (8io 4 oo 19). s oyinro-
BAHMsL e(heKMUBHOCHI K8AHMOGI MOOeI NOPIGHIOBANU 3 KIACUYHOIO PEKYPEHMHOI0 HeliponHoio mepedicelo (RNN), suko-
PUCOBYIOYU MemPUKU cepeonboksadpamuyunol noxubku (MSE), kinbkicms enox 0o 30idcHocmi ma napamempis y Mo-
Oeni. Pospaxynku 6UKOHYy8anUCH HA KEAHMOBOMY CUMYASMOPI 6e3 WyMy, wo iMimye pobomy mMaubymHix KeaHmMosux
npoyecopig. Pesynemamu docniosicenns nokasanu, wjo K6AHMOSI MOOEi MOXCYMb eeKmuUsHO nPocHO3y8amu KOpom-
KOCMPOKOGI 3MIHU NApamMempia eleKmponoCmaianis (HAGAHMANCEHH, YACMOMU, HANPY2u) 3 BUCOKOIO MOYHICMIO.
OcHoGHI KITbKICHT NOKA3HUKU: cepedHbokeadpamuyuna noxuoka (MSE) y naiikpawux ekcnepumenmax ne nepeguuyy-
eéana 107, wo 8ionosioac 6UCOKi MOYHOCMI anpoxcumayii, KilbKicmb nApamempis y K8AHMOBUX MOOENIX HaA
30—40% menwa, nise y kracuynux RNN, weuoxicmo 30ixchocmi (KinbKicms enox 00 cmabiibHo20 pe3yibmamy) 3meH-
wunaco y 2—-3 pasu; mooeni QNN 0emoncmpylomes MeHuLy Yymausicmes 00 «npoOIeMHUX» 03HAK, WO 4aCmOo SUKIUKA-
10Mb nepeobyyents y KIaCUuyHUX MOOesX.

Toeconanns KeaHMOBUX OOUUCTIEHb 3 MAUUHHUM HAGYAHHIM 00380JISE OMPUMAMU KOMAAKMHI, A0anmueHi 1 ma-
cuimabo8ami Mooei, sIKi 30amHi NPOSHO3Y8aAMU OUHAMIYHI 3MIHU HABAHMAICEHHS. A00 GIOHOBNBAHOI eeHepayii 6 pea-
avromy uaci. Lle cmeopioc nepedymosu 0nis po3pobieHHs K8AHMOBO-ACUCTNOBAHUX CUCIEM YNPABTIHHI eHepeoMepe-
JHCAMU, WO NPAYIOBAMUMY b HA NPUHYUNAX NepeddaAdy8aHOCMI MA CAMOHAIAWMYBAHHSL.

Knrouoei cnosa: keanmosi HetponHi mepesici, NPOSHO3Y8AHHS eLeKMPONOCMAYAHHA, eHepeemUYHi CUcmemu,
ONN, VQOC, SFQ, PFQ.
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HIABUINEHHA AKOCTI KEPYBAHHA CTPYMOM 3BY JKEHHAM
ABTOHOMHOI'O ACUHXPOHHOI'O 'EHEPATOPA

Bacuaens C. B., Bacuiens K. C., 3axy:xunii A. JI.

Bpaxosyouu pozsumok ionosmosanux odxicepen enepeii y 6cbomy ceimi, 018 deyeHmpanizayii cenepayii ma nio-
BUIYEHHSL CINTUIKOCMI eHep2ocucmemu 8 YKpaini akmusHo 6nposadiICyiomvbCsl Gimpo2eHepamopu, COHAYHI Cmanyii, Mai
eiopoenexmpocmanyii. 3a npocHozamu, CMAHOBIEHA NOMYIICHICIYL Gimpoerexmpocmanyii mae docsiemu 846 I'Bm 0o
2030 poxy. [lo cknady 6azamvox maxkux azpeeamis 6Xx00ums ACUHXPOHHUU 2eHepamop, wo € 00'ckmom 00CaiON’CeHHSL.
o 11020 HedoNiKi8 BIOHOCUMBCS HEOOXIOHICTb 30Y0NCEHHS EMHICHUM CMPYMOM, 8ETUYUHA AKO20 MAE GION0Gidamu ya-
cmomi mypoinu ma pieHio HABAHMANCEHHSL.

s supiutenns oanoi npobremu 3anponoHOBaHO GUKOPUCTNOBY8AMU KOHOCHCAMOPHULL 30Y02iCYy8ay a6MOHOMHO-
20 ACUHXPOHHO20 2eHepamopa, wo Mae 3MIHHY monoaozil. Bucyneno einomesy npo moxciusocmi minimizayii mame-
MAMU4HO20 CNOOIBAHHA BIOHOCHO20 KPOKY 3MIHU €MHOCMI 30y0dcyeava. /s nepegipku cinomesu 3anjiaHo8aHo md
npo6edeHO NOBHUILL (hAKMOPHULL YUCETbHUTI eKCHEPUMEHN N0 BUSHAYEHHIO 6NIUEY HA XAPAKMEPUCMUKU 30y0cysaud Ki-
JIBKOCMI  KOHOeHCamopie y epyni, wucia epyn i Kpoky 3minu emHocmi. Modens 36y0dcysaua npedcmasiena AiHitHO0
@yHryicio paxkmopis ma ix kombiHayiil.

YV pesynomami pezpeciiinoco ma oucnepcitinoco ananizy 0aHux MoOeno8anHsa 6CMAHOBIEHO CYMMEBICIb 8NIUBY
KITbKOCMI KOHOEHCAmopis y epyni ma 4ucia epyn Ha xapakmepucmuku 30yooxcysaya. 30invbiuents 3a2aibHoi eMHOCMI
CYNPo8oOA’CYEMbCA  NIOBUUEHHAM iHMeHcugHocmi i 3pocmanHa. Lle noACHIOEMbCA 3ACMOCYBAHHA  3MIUAHO20
3’€Onanms KoHoeHcamopis. 3acmocysants po3pooaeno2o 30y0icysaia 00380aums RIOSUWUMU SKICMb 8UXIOHOT HANPY-
2U ACUHXPOHHO20 2eHepamopa.

Knwuosi cnoea: acunxponnuii 2eHepamop, po3ocepeoxicena 2eHepayis, KOHOeHCamopHe 30Y0HceHHs, MiKpome-
peoica, 8impozenepamop, EMHICHUL CIMPYM
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THILIFOBAHHS PEAJI3ALIL NPUKJIAJHOI'O JOCJTIJHULIBLKOI'O MPOEKTY
3 YVAOCKOHAJIEHHSA EHEPI'OE®EKTHUBHOCTI TAI'OBUX EJEKTPUYHUX
JABHUI'YHIB IOKOMOTMUBIB 3 YPAXYBAHHSAM PEXHUMIB ®YHKIIIOHYBAH-
HA TATI'OBUX IIEPETBOPIOBAYIB

HepyoOaubkmuii B. I1.

Bpaxosyrouu ceimogi mendenyii po3gumky eHepeooujaonux mpaHcnoOpmHux Cucmem, iHmMeseKmyaibHux memo-
0i8 onmumizayii eHepeoCnoNHCUBAHHA Ma YUPposizayii macosux eiekmponpugoois, akmyarbHUM HOCMAE NUMAHHA No2-
UONEeH020 O00CHIONHCEHHS NAPAMEmpie Ma PeHCUMHUX 61ACMUBOCMEN CYYACHUX CUNOBUX YCMAHOBOK TOKOMOMUBIS.
006 ’ekmom THIYI0BAHO20 OOCTIONCEHHS € eNeKMPOMASHIMHI, eeKMPOMEXaniyHi ma meniosi npoyecu, wjo npomika-
10Mmb y MA208UX eNeKMPOOBUSYHAX A CUTOBUX Nepem8opiosaiax 1okomomusie. OOHAK, BUKOPUCTNAHHS 8I0OMUX Memo-
OUK NPOBeOeHHs. OOCTIONCEHb YCKIAOHIOEMbCS Yepe3 HeGION0GIOHICMb KIACUYHUX NIOX00I8 00 aHANi3y Ul MOOETO8AHH S
PpeanbHumM ymMosam yHKYIOHYS8anHs MALOSUX NEPEmMBOPIO8ayis, OCKiNbKU Mpaouyitini Memoouxu 6a3yiomsvcs Ha Cnpo-
WeHUX VABIeHHAX CHeKMPANbHOI CMPYKmMYypu Cmpymis, Hanpyau ma Hasanmagicenns. CyuacHi msazoei nepemeoprosayi
npayioms y 6UCOKOYACMOMHUX IMIYIbCHUX PENCUMAX, WO NPU3EOOUMb 00 3HAYHUX BIOXULEHb 8I0 NepedyMO8 JiHIlIHO-
cmi, NOKNA0eHUX 8 OCHO8Y mpaouyitinux mooenell. Lle eumazae po3pobaenHs HOBUX NiOX00i6, 5Ki NOGHOYIHHO 8PAXOBY-
0Mb KOMYMAYIHI npoyec, HeAiHIIHICMb HABAHMAICEHH MA MePMOOUHAMIYHY NOBEOIHKY KOHCMPYKMUGHUX e/leMeH-
mig dsueyna. /looamkoeoio npobnemoio € 30i1buleHHs PIBHA eeKMPOMASHIMHUX 348a0, WO 8NIUBAIOMb HA MOYHICb
KOHmMPONIO ma Kepyeauus, a maxoxic Ha pieeHv émpam y cucmemi. Kpim moeo, 3minu y cmpameziax xepysamHs ma
8NPOBAOINCEHHS AN20PUMMIB NPOSHOZHO20 Pe2yI08aAHHA NOMPeOyomb 00CMOGIPHUX MOOeell 83AEMO0IT Midc nepemeo-
progauem i mA208UM 08USYHOM, WO Modce Oymu 3a0e3neueHo auuie npu 8paxys8anti bazamogdaxmopHoi npupoou eHym-
piwnix npoyecis. Takum uuHoM, iCHYI0Ui NiOX00U He 8I0N0GIOAIOMb GUMO2AM CYHYACHOI NPAKMUKU, WO U 3YMOBIIOE He-
00XIOHICMb CMEOpenHs HOB8OI MemoouuHoi basu.

s pose’sizanns yiei npodaemu nepeddbauacmucs 3acmocy8ants YOOCKOHANCHO20 KOMNAEKCY MAMEMAMUYHUX
Mooenell eNleKmpOMexXanitHol cucmemu «msa2o08uUill NePemeoprO8ay — Ms208Ull e1eKmpoosUsyH — KOIICHA napay, aKuil
8PaxX08ye 6a2amoGUMIPHI pedrcumu QYHKYIOHYBAHHS, GKIIOYHO 3 IMIYIbCHUMU NPOYECAMU, NePEXiOHUMU PEHCUMAMU MA
pedrcumamu 3 NiOSUWEHUMU 2APMOHIYHUMY cKAadosumu. TIpome 015 00CmMosIpHOI OYiHKU eHepeoepexmusHocmi ma 3a-
bezneuennss cmilikoi pobomu enexmponpusooa HedOCMAamHb0 auule MOOETO8AHHSL eNeKMPOMASHIMHUX NPOYECis, MOMY
3A80AHHAM OOCTIONHCEHD € MAKONHC Y3200HCEHHSA eIeKMPOMASHIMHUX [ MeNnio8ux Xapakmepucmux 08U2yHa 3 peaibHuUMu
aneopummamy Kepy8anHsa ma npo@inAmMu Ha8aHmMaiceHHs J0KOMOMUBA, Wo 3ade3neuums KopeKmHe UsHA4YeHHs pe3e-
P8i8 3MeHuleHHsA empam i niogueHHs KoeQiyichma KOpucHoi Oii cunoeoi ycmaHo8xku. Aemopamu Hayko8o2o NpoeKmy
PO3NOYATNO YUK HAYKOBUX PODImM w000 0emaibHO20 8CIAHOBIEHHS 3AKOHOMIPHOCHEL NPoYecy eHepeemuyHoi 63aEmo-
0ii’ mazo8ux nepemeopiosais iz eleKmpUYHUMY MAWUHAMY Y PI3HUX eKCHIyamayiiHux cyenapiax. Bugueno cnexmpa-
JIbHI 0COOAUBOCMI BXIOHUX CIMPYMI6 O8USYHIG 3a PI3HUX PIGHI8 MOOYAAYIL, Yacmom Komymayii ma napamempis Haam-
MAdCeHHs, WO 00360€ GUSHAYUMU CIYNIHb BNIUBY HENIHIIHUX KOMNOHEHM HA HAZPIBAHHA 0OMOMOK, MASHIMONPOGO-
0y ma niowunuuxkoeux eysuie. Iloxazano, wo 6paxyeanns peanbHux OUHAMIYHUX PECUMIB, a MAKOIC 0COOIUBOCmel
pobomu cunosoi enekmpoHiKU Cymmego 3MIHIOE KapMUHy PO3N0OLLY 6mpam i, 8i0N0GIOHO, 6UHAYAE HOGL WIISXU NiO-
BUWEHHSL eHep2oeheKMUBHOCIT 8 YMOBAX IHMEHCUBHOI eKcnyamayii 1okomomueis. Ompumanuil pe3yiomam ceio4ums
NPO MOJICTUBICIG POPMYBANHSA AOANMUBHUX CIMPAMERTll KEPYBAHHS MAL0BUMU eeKMPOOSUSYHAMU, AKI 6PAXOBYIOMb He
Jue MUMMEGT napamempu Hanpyau i cmpymy, a i Npo2HO308aHi 3MIHU HABAHMAICEHHS 8 PEANbHOMY Hacl. 3a80aKU
YbOMY 00CA2AEMBCA ONMUMATbHE NOEOHAHHSA eeKMPOMACHIMHUX, MEXAHIYHUX | Meniogux npoyecie, wjo 3abesneyye
MIHIMI3aYiio 6MPam y 6Cix IAHKAX NPUB0Od, Ni0BUWEHHS PeCcypCy KOMNOHEHMI8 ma NOKPAWeHHsl 3a2aibHoi enepeoeghe-
KMUGHOCMI I0KOMOMUBHOI CUNO0B0I YCMAHOBKU.

3anpononosanuti HANPAM MAe NPUKIAOHEe 3HAYEHHs O NPOEKMYBAHHA HOBUX | MOOEPHI3ayii iCHYIOUUX MA208UX
3aco00ie mpancnopmy, OCKilbKu 0036018€ CMBOPIOBAmU Yu@posi O8IiHUKIU MALOBUX eeKMPOOBUSYHI8 | nepemeopiosa-
uig, GUKOHY8amu 6a2amogakmopny onmuMizayilo napamempie Cucmemu, a Maxko’C CUHME3Y8aAmu GUCOKOMOYHI an2o-
PUMMU KePYBAHHSL 3 YPAXYBAHHAM 0OMedCeHb 3d HAspioM, CIPYMAaMu ma weuokodicio. Y nepcnexmugi maxi Haykogi
PO3POOKU MOACYMb CIMAMU OCHOBOI0 011 BNPOBAOIHCEHHS eHEP2OOUJAOHUX MEXHONO02II HA 3ANI3HUYHOMY MPAHCHOPMI,
niosuujerHs HaoluHOCMi ma Oe3neKu eKCHIyamayii, a MAKoX’C 3HUNCEHHS. eKCNLyamayiiHux Umpam i 8yeneyesoco Ci-
oy eanysi.

Kniouosi crosa: enepeoepexmuenicmo, msaeoguil 08ucyH, 10KOMOMUE, MAL0GUIL NePEemBOPIO6At, CUN08A YCMAHO-
8KU, KEPYBAHHS, MPAMU.
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OPTIMIZATION OF INDUCTION MOTOR PARAMETERS

Zharkymbekova Makpal, Sakitzhanov Markhabat

The subject of this study is a squirrel-cage induction motor used in industrial electric drive systems for various
applications. This type of motor boasts high operational reliability, ease of maintenance, and relative efficiency.
However, its energy and dynamic characteristics are largely determined by the parameters of the equivalent circuit, the
magnetic circuit configuration, the properties of the windings, and the loss levels in the design. In today's increasingly
stringent energy efficiency requirements for industrial equipment, as well as the expanding use of variable-speed
electric drives, the need for comprehensive optimization of the asynchronous machine's parameters is increasing, as it
enables significant improvements in control quality, reduced energy costs, and increased equipment service life.

The study utilized a comprehensive optimization method combining analytical modeling of the asynchronous
motor's electrical parameters, numerical experiments, and finite element magnetic calculations. The analytical stage
examined the relationships between the active and reactive resistances of the windings, the magnitude of no-load losses,
the power factor, and the slip level. The dependence of stator and rotor copper losses, as well as the influence of
magnetizing branch parameters on the overall energy balance of the machine, were examined. The use of finite
elements allowed us to refine the distribution of magnetic induction, eddy current density, and localized iron losses for
various magnetic circuit and air gap geometries. A multi-criteria optimization function was then applied, including
criteria for maximizing efficiency, minimizing losses, and ensuring the required dynamic performance. An iterative
search of design options allowed us to determine the dependence of motor efficiency on parameters such as magnetizing
reactance, winding resistance, stator lamination thickness, and slot shape.

The optimization demonstrated that changing the parameters of the asynchronous motor allows for significant
improvements in performance without significant changes to the design. Efficiency was found to increase by 2.4-3% in
nominal mode by adjusting magnetizing reactance and reducing iron losses. No-load losses were reduced by 12—18%
by optimizing the magnetic core lamination thickness and reducing magnetic saturation in the stator tooth zone.
Additional adjustments to the winding resistance resulted in an average reduction in copper losses of 5—7%, improving
the motor's thermal balance. In dynamic modes, a 6—9% increase in starting torque was observed, while the starting
current remained within acceptable limits, confirming the motor's increased resistance to load overloads. Optimization
of the stator slot geometry reduced electromagnetic torque pulsation by 20-25%, reducing vibration loads and
improving the motor's acoustic performance.

Author's interpretation of the results.

The obtained results indicate that improved energy efficiency of an asynchronous motor is achieved primarily
through the comprehensive coordination of its electrical and design parameters. The increased efficiency is due to the
redistribution of magnetic fluxes and a reduction in the proportion of reactive current, which reduces overall losses and
lowers heating. Optimization of the magnetic circuit reduces iron losses by reducing magnetic flux pulsations and
improving the operating conditions of the core in partial saturation mode. Adjusting the winding resistances reduces
thermal loads and increases the durability of the insulation, which is especially important when the motor is used in a
variable-frequency drive. Improved dynamic performance is due to reduced magnetic flux leakage and optimal current
distribution in the stator slots. Thus, the expected effect is achieved through a comprehensive, interconnected
optimization of the electrical, structural, and magnetic parameters of the machine, enabling the development of highly
efficient asynchronous motors designed for intensive use in modern industrial environments.

Keywords: asynchronous motor, parameter optimization, efficiency, electromagnetic losses, modeling, variable-
[frequency drive, magnetic circuit, thermal conditions.
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Chezhimbaeva Katipa, Domalatov Yerzhan

47 FUZZY MODELLING APPROACH FOR PREDICTING EMERGENCY RISKS IN SMART CITIES

Gasimov Huseyn

MOPIBHANIbHUW AHAI3 TEXHOMOTIN BIPTYANISALIT 1A MACLUTABYBAHHS BEBOLAATKY
@ B XMAPHOMY CEPEJOBULLI

Xunxunkos . O., YenypHa |. C.

PO3POBJIEHHS BE3MEYHOI CUCTEMM ENTEKTPOHHWX OCBITHIX 3AMWUCIB (EER SYSTEM)
@ HA OCHOBI TEXHONOTIT BJTOKYEAH TA XMAPHUX OBYUCIIEHb

LimaTko O. B., Kupuuyenko O. B.

BUKOPWUCTAHHS METO/IY AHAI3Y IEPAPXI /151 OLIHIOBAHHS IKOCTI BEKTOPHMX
m 30BPAXEHb

Kyapsawosa A. B., OnispHuk T. |.

METO/M OBPOBKU 30BPAXEHb 3 KOCMIYHUX CUCTEM PAZLIONIOKALIMHOI O
51 CMOCTEPEXXEHHSA

Xygpos I'. B, Tokapes C. O.

BMKOPUCTAHHA MEXAHI3MIB KOHCEHCYCY [4/19 PO3POBKW BE3MEYHOI CUCTEMU
! E MEPEOAYI OAHUX

LimaTko O. B., XXepxepyHos [1. 0.
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AHAJII3 ICHYIOUYHUX METO/IB TA IHO@OPMAIIMHUX TEXHOJIOT'TH
BUSABJEHHSA TA BUSBHAYEHHSA KOOPAUHAT MAJIOIIOMITHHUX
IHOBITPAHUX OB’EKTIB

HleBuenko 1O. A., Xmkusik 1. A., Cepaiok O. B.

3saoicarouu Ha 3a2a16HOCEIMOBY OUHAMIKY PO3GUMKY 3AC00I8 NOGIMPSAHO20 HANAdy ma 00Cei0 8I0OUMMs WUpo-
KomacuimabHoi 36poiinoi acpecii pociiicbkoi pedepayii npomu Ykpainu, ocobausoi akmyanbHocmi Haby8ae 600CKOHA-
JIeHH5 Memo0oié Ma iHQOPMAYIHUX MEXHONOIU GUABIEHHSA MATONOMIMHUX NOGIMPAHUX 00 €EKMIE.

B ymosax macoeozo 3acmocysanns besninomuux aimaivHux anapamie (bnjlA) knacuuni 3acobu paodionokayiii-
HO20 BUABAEHHS OEMOHCMPYIOMb 0OMedceHy eqheKMUBHICMb Yepe3 HU3LKULL PiBeHb 8I0OUMO020 CUSHATY 810 MALOPO3MI-
PHUX yinell, CKIAOHICb GUABLEHHA YIAel HA MATUX UCOMAX, 3ACMOCYBAHHS 6 0OHOMY NOBIMPIHOMY YOApi PI3HUX Mu-
nig 3aco06i8 NOBIMPAHO20 YPANCEHHA 3 PISHUMU XAPAKMEPUCTHUKAMY MA AKMUEHe 3ACMOCY8AHHI NPOMUBHUKOM padioe-
JEKMPOHHUX NePeuKo0 Ha JiHiT 601108020 3IMKHEHHSL.

YV x00i nposedenux docaiodicenb NPOarAniz068aH0 epexmusHicms iCHYIOUUX PAJIONOKAYIUHUX 3AC00I8, NACUBHUX
PadionoKayiliHux cucmem, aKyCmuyHUX KOMNIEKCi8, Mmenaosizitinux ma 6azamocneKmpanbHux 3aco0ig cnocmepesicet-
H5l, @ MAKOJC Memooie 00 €OHaHHs THPopmayil 6i0 pi3HOPIOHUX CEHCOPI Yy €OUHOMY THopmayitinomy npocmopi. Has-
6HI MEXHIUHI 3acO0U NOMPedYIOMb CYMMEBO20 BOOCKOHANCHHS, K Y YACMUHI eleMeHmMHOI Oa3u, max i 8 4acmuni npo-
SPAMHUX an2OpUmMMie cunmesy IH@opmayii 015 3a6e3nevenHs C80€YACHO20 BUABTIEHHS MALONOMIMHUX NOBIMPSIHUX
00 ’exmise.

OO0HUM i3 KIIOUOBUX HANPAMIE NIOGUWYEHHS eeKMUBHOCII cUCeM NPOMUNOBIMPAHOT 060POHU € PO3GUMOK Me-
pedicesux mMemooié GUAGICHHS MA GUSHAYEHHS KOOPOUHAM MALONOMIMHUX NOGIMPAHUX 00 €Kmis, wo b6asylomsvcs Ha
inmezpayii danux 6i0 pizHopionux cencopis. Taxa mepesica damuukie 0036015€ PiKCysamu ciabdKull KOPUCHUL CUSHAT
6i0 BnJlA, xomnencyiouu HedoaiKu oxkpemux 3acobié cnocmepedceHts ma 3abes3neyyroyu Oiibl 6UCOKY UMOGIPHICMb
CMIUK020 8UABNEHHS A 8USHAYEHHS KOOPOUHAM.

Tlepcnexmuenum supiutenHam GUHAYeHOl npodiemMu € ONMUMAalbHe HALAUMYB8AHHI NPOCMOPOo8oi Konpicypayii
Mepedici 0amyuKie ma YOOCKOHAAEHHS ICHYIOYUX AeOPpUMMIE 00POOKU CUSHANIB, W0 0036018Mb NIOSUWUMU THOpMA-
MUGHICMb CLAOKUX CUSHATLG, SIKI 2EHEPYIOMb MAIONOMIMHI Yini. 30Kkpema, 3aciyeo8ye Ha 0cobausy ysazy iHghopmayiina
MEXHON02IA  BUABNICHHA ~ MA  BUBHAYEHH  KOOPOUHAM — MAJIONOMIMHUX — NOSIMpAHUX  06’ckmie  Mepediceio
SDR-npuiimauis.

OmpumaHi pesyiomamu c8i0uams npo HeoOXIOHICMb NOOANLUUX 0OCAIOHNCEHb Y HANPAMI PO36UMK) 6A2amMOCeH-
COPHUX cucCmeM CNOCMepPedCeHHs, NIOGUWEHHT YYMIUBOCMI CEHCOPI8 Ma iX WeUOK0OIl, 600CKOHANICHHI AN20pUmMMie 00-
POOKU OaHUX Ma CMBOPEHHI HOBUX (YOOCKOHANECHHI ICHYIOUUX) IHQOPMAYIUHUX MEXHON02IU, 30amHUX 3a0e3neyumu Ha-
Oiline BUABNEHHA MA MOYHe BUSHAYEHHS KOOPOUHAT MATONOMIMHUX NOBIMPAHUX 00 €KMI8 ) CKIAOHUX YMOBAX CYUYdcC-
Hux 601i08ux Oill.

Kniouosi cnoea: ingopmayitini mexnonoecii, memoou GU3HAYUEHH KOOPOUHAM, MATIONOMIMHI NOGIMPAHI
00 ’exmu.

IleBuenko IOpiii AnapifioBu4, crapimii HayKOBUI CriBpOOITHHUK, XapKiBChKUH HAIllOHAJbHUI yHIBEpCHTET
[Mositpsinux Cui imeni IBana Koxxeny6a, By:. Cymebka, 77/79, M. XapkiB, Ykpaina, 61023
ORCID: https://orcid.org/0000-0002-6572-5390

XwmkHsak Ipuna AnatosiiBHa, JOKTOp TEXHIYHMX HAyK, HaYaJbHUK HAyYKOBO-METOIMYHOTO Bijuiny, HaykoBo-
METOJIMYHUIA BiJIiT 3a0€3IIEUCHHS AKOCTI OCBITHBOI JISUIBHOCTI Ta BHIIOI OCBITH, XapKIBCHKHUN HAILIOHATHHHUN
yHiBepcuret [loBiTpsanx Cun imeni IBana Koxxemy6a, Byn. Cymcbka, 77/79, M. XapkiB, Ykpaina, 61023
ORCID: https://orcid.org/0000-0003-3431-7631

Cepmiok Ouekciii BotonumupoBuy, BUKIIagad, kadeapa TAKTUKH PalioTeXHIYHUX BiHChK, XapKiBChKUN HaIli-
onanbHui yHiBepcuTeT IloBiTpsanx Cwr imeni IBana Koxemy6a, Byn. Cymceka, 77/79, M. XapkiB, Ykpaina,
61023

ORCID: https://orcid.org/0000-0003-3600-0611
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PO3POBKA NOJJIMOJEJBHOI'O KOMILVIEKCY VYIIPABJIIHHA PECYPCAMM
THO®OPMAIIIMHUX CUCTEM

IMumanskuii A. B., Kypascbknii 0. B., Cosa O. 1.

006 ’ekmom docriddcenus € ingopmayitini cucmemu. Ilpeomemom docniodcenns € npoyec QYHKYIOHYBAHHS iH-
opmayiinux cucmem 3a 0ONOMO2010 AHATITMUKO-IMIMAYIUHUX, 102IKO-OUuHAMIYHUX modenell. [Iposedeno po3pobky no-
JTIMOOENbHO20 KOMAIAEKCY YNPABIinHs pecypcamu ingopmayitinux cucmem. OpucinaibHicmb 00CIIONCEHHS NONAAE:

y KOMNAEKCHOMY ORUCi npoyecy (DYHKYIOHYS8aHHS THpOpMAayitiHuXx cucmem pisHux munie. 3asnauene 0036075€
niosuUWUMYU MOUHICIb MOOETIOBAHHS THGHOPMAYTUHUX cucmeM OJisl NOCTIOYIOUUX YNPABIIHCOKUX PIUEHD,

ONUCT AK CIMAMUYHUX MAK | OUHAMIYHUX NPOYeci8, KL 6I00Y8AEMbCsL 8 IHPOPMAYIUHUX CUCIEMAX,

30aMHICMI0 NPOGeCMU MOOENIOBAHHS SIK OKPEMO 8351020 Npoyecy, wo i00yeacmvcs 6 iHpopmayitiHit cucmemi,
MAK i KOMNIEKCHO NPOBOOUMU MOOENIOBAHHS MUX NPOYECIB, WO 8 HUX 8I00Y8aA0mMbCs,

OUHAMIYHUM ORUCOM NPOYeCy YNPAGIIHHA PYXOM IHQOPMAYIiHUX cucmem nid 4ac QYHKYIOHY8aHHA IHpopMa-
YILIHUX cucmeM, YUM 00CA2AEMbCS MONCTUBICTNG NPOBECMU NPOSHO3YBAHHA PYXY iH(opmayitinoi cucmemu Ha N Kpokie
enepeo,

ONUCOM npoyecy YNPAGIiHHA ONepayiamu, nio 4ac npoeeoeHHs PO3PAXYHKOBUX 3a60aHb 8 npoyeci QYHKYioH)-
8aHHA HOpMAYIUHUX cucmeM, YUM 00CAAEMbCA MONCIUBICNG 00 NIAHYB8AHHA PAYIOHANLHO20 HABAHMANCEHHS HA
anapammuy 4acmuny iHghopmayiunux cucmem;

nposecmu MoOem08aAHHA OUHAMIKU YIPABTIHHS pecypcamu iHpopmayitnoi cucmemu 6 X00i PYHKYIOHYEAHHS iH-
Gopmayiiinux cucmem, 4um 00CcA2AEMbCA 30TUCHIOBAMU NPOCHO3YBAHHSA 3ALYYEHHA Pecypci8 iHghopmayiunux cucmem 6
X00i ix ¢ynkyionysamnms.

3anpononosanuii nOMOOETLHUT KOMIAEKC OOYLIbHO SUKOPUCMOBYS8AMU O/l BUPTWEHHS 3A80AHHS YNPAGLIHHS
iHGpopMayiiHuMu cucmemamu, wo Xapaxmepuyromoscs 6UCOKUM CHYREeHeM CKAAOHOCHIL.

Knrouosi cnosa: ingpopmayiini cucmemu, decmadinizyroui paxmopu, pigHi (YHKYIOHYBAHHS, KOMNIEKCHE MOOe-
JIFOBAHHS, ONEPAMUBHICMb, OOCHOBIPHICTD.

MMumanbkuii Auapiid BosoauMupoBuy, IOKTOp TEXHIYHUX HAYK, CTApIIUN IOCIiTHUK, Tpodecop, kKadeapa
KOMIT IOTEpHHUX HayK i1 iHpOpMamiiHUX CUCTeM, XapKiBCHbKUI HAIlOHATBHUA aBTOMOOITEHO-IOPOKHIN yHIBEp-
cuteT, Byi. SIpocnaBa Mynporo, 25, M. XapkiB, Ykpaina, 61000

ORCID: https://orcid.org/0000-0001-6731-6390

Kypascokuii IOpiii BorogumMupoBuy, T0KTOp TEXHIYHUX HAyK, podecop, Kadeapa KOMIT FOTEPHUX TEXHOJIO-
riif y MeIMIMHI Ta TeleKoMyHikauisx, JepxxaBHuil yHiBepcuTeT «KnTOMHpChKa MOJITEXHIKa», Byll. YyaHIBCh-
Ka, 103, m. XKutomup, Ykpaina, 10005

ORCID: https://orcid.org/0000-0002-4234-9732

Cogsa Ouer SIpociaBoBuY, JOKTOp TEXHIYHUX HAYK, podecop, HadadbHHUK HEeHTPY, LleHTp iMiTamiiHoro Mo-
nenroBaHHs, HamionanpaMiA yHIBEpcuTeT 000poHHN YKpainu, np. [TosiTpsanx Cwi, 28, M. KuiB, Ykpaina, 03049
ORCID: https://orcid.org/0000-0002-7200-8955.
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PO3POGKA METOJY BATATOKPUTEPIAJIbBHOI OIIHKA IEPAPXIYHUX
CUCTEM

Kyk II. B., Meabnuk 5. B., Beaimuko B. II.

bazamoxpumepianena oyinka mae 6eszzanepeuni nepesacu nepeod OOHOKPUMEDIANbHUMU MemMOOaMu OYIHKU.
006 ’ekmom docnioxcenns € icpapxiuni cucmemu. Ilpeomemom 00CaiodicenHs € npoyec 6A2amoKpUmMepiaibLHo20 OYilIo-
BAHHS CMAKY IEPAPXTUHUX cucmeM. 3anponoHo8ano memoo baeamokpumepianvhoi oyinku iepapxiynux cucmem. Opuei-
HATbHICMb MemOo0y NOJAAE Y BUKOPUCTHAHHE 000AMKOBUX YOOCKOHALEHUX NPOYedyp, AKi 003601510Mb.

30TlCHIO8amU 6epudiKayito 66e0eHUX OAHUX MA YIMOYHEHHS 36 SI3KI8 MIJIC eJleMeHmAamMu iepapxiunol cucmemu 3a
00nOMO020 YOOCKOHANEHO20 AN2opummy 32pai nineinig. 3asnavene 003605€ MIHIMIZy8amu NOXUOKY 66e0eHHs He Kope-
KMHUX OQHUX 071t poOOMU NPO CIMAH ONEPAMUBHO20 Y2PYNOBAHHS GIIICLK (CUl);

onucamu 306HIWHI MA 6HYMPIWHI PaKmopu sKi GNIUSAIMb HA IEPAPXIUHY cUcmemy, wo nioaseac 6azamoxkpu-
MepiarbHOMy OYIHIOBAHHIO 3a OONOMO20I0 HEYIMKUX KOSHIMUGHUX MOOeel;

npogecmu adanmayiro ni0 mun €EpapxiyHoi cucmemu 3a paxyHox b6azamopisHegol adanmayii cucmemu noKas-
HUKI6 ma Kpumepiie OYiHI08AHHS,

SHUBUMU HEGU3HAYEHICTb 3a O0NOMO2010 THMEPBANbHOI NighacopilicbKOi HeUIMKOI MHONCUHU, YUM O0CA2AEMbCS
nioguuents 00CmMosipHOCMi 6A2aMOKPUMEPIATIbHO20 OYIHIOBAHHS CIMAHY IEPAPXTUHUX CUCEM,

BUHAYUMU HAUOLTLW BPA3TUGE eleMEeHMU IEPAPXIUHOT cucmemu 3a O0NOMO02010 depesa 8i0MO8,

aoanmyeamu U0 QYHKYIi HANEHCHOCMI 8 3ANeHCHOCMI 8i0 HAABHUX OOYUCTIOBANLHUX PeCypCié cucmemu, 4um
3abe3neuyemuvcs adanmayis nio HAsIBHI OOYUCTIOBATbHT PECYPCU.

IIposedenuti npuxkiad BUKOPUCTIAHHS 3ANPONOHOBAHO20 Memody HA NPUKIAdi 6a2amoKpumepiaibHoi OYiHKU
ONepamuHOMY Y2pYNOBaHHi GIICLK (Cun), AKUU 3anpOnoHOBAHUTI Memoo 3abe3neuye niosueHHs MoYHOCmi ma one-
pamugHocmi 8 cepeOnbomy Ha 35 %, npu 3ab6e3neuenni UCoKoi 30ICHOCMI OMPUMAHUX pe3yabmamis Ha pieni 93.17%.

Knruosi cnosa: 6acamoxpumepianvha oyinka, 0epeso 8pasiugocmel, aieopumm 3epai nineeinie, decmaoinizy-
10Ul hakmopu, yepynosanHts GIliCbK (Cu).

Kyk IMaBjao BacuiboBUY, KaHIUJAT TEXHIYHUX HAYK, JOIEHT, HAYAIBHHUK 1HCTHTYTY, [HCTHTYT mpodeciitHoi
BiIiCbKOBOI OCBiTH «Bumikin ninepisy, Harionansuuii yaiBepcuteT oboponu Ykpainu, mp. [lositpsaux Cw, 28,
M. KuiB, Ykpaina, 03049

ORCID: https://orcid.org/0000-0002-9628-8074

Meabank SIpociaB Bsiyec1aBoBHY, 3aCTYIHHMK HadaJlbHMKa LEHTPY, LIeHTp iMmiTamiifHOro MoOzenroBaHHS
HauionaneHwuii yHiBepcuret o6oponn Ykpainu, np. [lositpsaux Cun, 28, m. Kuis, Ykpaina, 03049
ORCID: https://orcid.org/0000-0002-2919-9119

Beanuxo Bipa IlerpiBna, capumii Bukianay, kadenpa nigepcrsa, IHCTHTYT mpodeciiiHol BiliCbKOBOT OCBITH
«Bumkin nminepiBy, Hamionaneauit yaiBepcuteT 060ponu Ykpainu, np. [Tositpsaux Cuin, 28, M. Kuis, YkpaiHa,
03049

ORCID: https://orcid.org/0000-0001-9654-4560
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PO3POGKA METOJIUKU IHTEJIEKTYAJIbHOI OLIIHKA TAPAMETPIB B
CUCTEMAX NITPUMKHU IPUAHATTS PIIIEHD

Msrkux I'. I'., JIsmenko I'. T., l'onuyapyk /1. L.

006 ’ekmom 00CaidNHCeH sl € cucmemu RIOMPUMKU nputinamms piwens. IIpeomemom 0ocriodcenns € npoyec oyi-
HIOBAHHA napamempis cucmem niOMpumMKy nputiHamms piuiensb. OpueinaibHicmes Memooy noaA2de y UKOPUCTHAHHT 00-
0amKo8ux yOOCKOHANEHUX NPOYEOYP, SKI 00360JSI0OMb.

— npogecmu gepu@ikayilo monono2ii ma napamempis cucmem NIOMPUMKU NPULHAIMM PIlUeHb 3 8PAXYBAHHAM
CMYNenio HeGUHAYEeHOCMI BUXIOHUX OAHUX NPo Hpopmayilo, saKka ei0oma npo il 3a paxyHOK GUKOPUCIAHHS YOOCKOHA-
JIeH020 aneopummy 3epai nineeinie. 3aznavene 003808€ CKOPOMUMU YAC HA NOYAMKOBE HANAWMYSAHH MEMOOUKU
OYIHIOBAHHS NPU 1T NEPEBUHHOMY HALAWIMYEAHHI,

— npogecmu nepeUHHUL 8i00Ip 0COOUH OISl HATAWINYBAHHS WIMYYHOT HEUPOHHOT Mepedci, Wo eBoMOYIOHYE 30ill-
CHIOEMbCSL 3 GUKOPUCTNAHHAM YOOCKOHANCHO20 2EHEMUYHO20 ANIROPUMMY, YUM 3MEHULYEMbCA Yac NOWLYKY pDilleHHs ma
nidsUWyEMbCsi 00CMOGIPHICMb OMPUMAHUX PILLEHb,

— 00CAIOUmMU NPOCMOPU PiuleHHs NpoOaeMU OYIHKU NApamMempie cucmemu niOmpumMKy npUUHAMms pilueHs, wo
ORUCYIOMbCA HEMUNOBUMU PYHKYIAMU, 3d PAXYHOK BUKOPUCAHHS YOOCKOHALEHO20 AN20PUMMY 32pai NiHEGIHI8,

— HAAWmMYeamu 8a2u WMyyHoI HeUpOHHOI MepediCi, WO eBOTOYIOHYE, YUM 00CALAEMbCA NIOBUUEHHS TNOYHOCII
OYIHIOBAHHS NApAMempi6 cucmem RIOMPUMKU NPUUHAMMS PIlUEHb,

— 3a0iamu 000amMKOBi MEXAHI3MU KOpe2yB8aHHs NaApamempie wmy4noi HelpoOHHOT Mepedci, Wo e8oIoYIOHYE 3a
PAXYHOK BUKOPUCTAHHA NPOYedypu 3MiHu QYHKYIT HanedscHOCmi;

— nidguwumu 00CMOGIPHICMb OYIHKU NApamempis cucmemu RIOMpUMKU NPUUHAMM PIUEeHb 3a PAXYHOK napa-
JENIbHOL OYIHKU OeKITbKOMA MEMOOAMU OYIHIOBAHHS |

— BUKOPUCMOBY8AMU 2IOPUOHY OYIHKY NApAMempi8 cucmemu nIOMpUMKYU RPUTHAIMMS PilleHb, YUM 00CASAEMbCS
MOACIUGICMb KOPEKMHOI pobomu npu 6i0CYymHOCMi YMO8 CIAYIOHAPHOCMI, 0OHOPIOHOCMI, HOPMALbHOCHII, HE3a1edHC-
HOCMII.

Ilposedenuii npuxnad BUKOPUCMANHA 3aNPONOHOBAHOI MeMOOUKU HA NPUKLAOT OYIHKU Napamempis cucmem ni-
OMpUMKU NPUUHAMMS pilleHdb, AKUL NOKa3a8 NidguwjerHss 00CMOosIPHOCIE OYiHKU napamempie cucmem NiOmpumKu
npuiinamms piwenv Ha pieni 17—21% 3a paxyHok euxopucmauts 000amko8ux npoyedyp npu 30epexceHui 3a0aHo20
DIGHS ONepamueHOCMi.

Kniouogi cnosa: wmyuni neiiponni mepesici, yOOCKOHALEHUU 2eHeMUYHULL aleopumm, decmadinizyioui pakmopu,
MemaespuCmudHuiL aneopumm.

I'onuapyk /Imutpo IropoBuy, HayansHuK HayKoBO-IOCHiIHOI j1abopaTopii npodieM yNpaBiliHHS IPOEKTaAMU
iHpopmaTuzanii, LieHTp BoeHHO-CTpaTeriynux nociipkeHb HanionansHui yHiBepcuTeT 000poHH YKpaiHu

mp-T [loBiTpsinux cui, 28, M. Kuis, Ykpaina, 03049

ORCID: https://orcid.org/0000-0002-3664-3636

Jsmenko 'anna TapaciBua, Crapmuii HaykoBuii criBpoOiTHUK, HaykoBuii nieHTp, BiiicbkoBUil iHCTUTYT Te-
JNeKkoMyHiKkarii ta inpopmaruzarii imeni ['epoiB Kpyr, Byn. KusziB Octpo3skux, 45/1, m. Kuis, Ykpaina, 01011
ORCID: https://orcid.org/0000-0002-5318-8663

Msrkux I'ennagiii I'ennaaiiifoBuy, ax’1oHKT, [HCTUTYT iH(OpMAIITHO-KOMYHIKAIITHIX TEXHOJIOTIH Ta Kibe-
poboponu, HauionansHuii yHiBepcuret o6oponn Ykpainu, np.-t [Tositpstanx Cui, 28, M. KuiB, Ykpaina, 03049
ORCID: https://orcid.org/0000-0003-4491-5395
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MOJEJIOBAHHS XMAPHOI MITPAIIIi IH®OPMAIIIITHOI CHCTEMHA

€saanos M. B., lllyrsko B. B.

06 ’exmom docniodicenns € ingopmayiina cucmema nionpuemcmea (IC) 6 konmexcmi niany8anHs ma oOIpyH-
MYBAHHS XMAPHOT Migpayii, KOIU KII0YO080I0 BUMO20I0 OI3HECY € OMPUMANHS NPOSHO308AH020 eheKmy 3a MIHIMATbHUX
sumpam i pusuxis. Busnauenns xmapnoi miepayii, 6 0anomy KOHmMeKCmi, nompeodye YmouHenus, aoxce 60HA ABNAE CO-
6010 He uuie mexHiune nepenecertss KOMNOHEeHmI8 00 iHhpacmpykmypu 06pano2o XmapHo2o npoeatioepd, aie i 3mMiny
onepayitinoi Mooeni, Cmpykmypu eumpam i npointo eKCniyamayitHux NOKA3HUKie, sKi Maroms 0ymu umMipsani ma in-
mepnpemogani 8 mepminax oiznec-yinnocmi. Ilpakmuuni nioxoou 00 oyiHI0O8aNHs Miepayii 6Ka3yI0mMb HA 8ANCIUBICIND
KITbKICHUX Mempux 015 (ikcayii pe3yibmamis i Kepy8aHHs HACMYNHOW ONMUMI3AYIEI0, 30KpeMd 8 YaACMUHI NPOOYKmMu-
8HOCMI ma eumpam.

Onuc nioxody tpynmyemucs Ha ioei mooemogamu IC uepes ii K110406i NOKA3HUKU eQeKmUBHOCMI K KOMIAKM-
HULl, KeposaHuti ONUC CMawny, NPUOAmHUll 01 «NPOSPABAHHA» ANbMEPHAMUSHUX cmpamezitl XMapHoi miepayii 0o gax-
MU4H020 8MpydanHa y cepedosuuje. Ha giominy 6i0 0emanbHo20 apXimeKxmypHo2o MoOen08an s Ha PiGHI KOMNOHEH-
mie, 3anpononosanull nioxio ¢oxycyemocs na napamempusayii IC 3a 00nOMO2010 KNI0OHUOBUX NOKAZHUKIG eheKmUEHOC-
mi (KPI), Oe koodicen noKasHUuK € 8UMIPHOGAHUM i NO8 SA3aHUM i3 YLIAMuU Oi3HeC).

Ompumarnum pesynomamom € KPI-opienmosana modenv IC, npuoamua 011 nonepeoHb020 mecmysants cmpa-
meeiil xmapuoi miepayii i subopy Hatikpawoi arbmepramusy 3a oopanumu Kpumepismu 3adanozo piens. Taxa pezynb-
mam GION0Gioae 3a2anvHil ioel, o Yy XMAPHOMY cepedo8Uyi CUCEMAMUYHO ICHYE KOMAPOMIC MIdC eKOHOMIMHUMU
sumMpamamu ma 3ampuUmMKamu/aKicmio, i 1020 00YitbHO opmanizysamu K cnocio supiutenns 3a0avi onmumizayii pe-
cypcis IC y xmapi. fkicno pe3yrbmam noasieac y 3meHuerHi 6apmocmi nputiHamms piuientss npo cmpameeiio miepayii
34 pAXyHOK nepeHeceHHs OCHOBHUX NOPIBHAHD i3 PedalbHO20 cepedosulya 8 MooeavHull npocmip. Lle npavo sionosioac
npaKmuyi 6UKOPUCMAHHI NepeoMicpaAyitiHuX PPetiMBopKie OYiHI08AHHSA, 0e OYIHIOIOMbCA 6APMICMb, 3YCUNLIL MA eKOo-
nomiynull epexm (ROI) we 0o euxonanus micpayilinux pooim, aie 8 3anponoHO8aill inmepnpemayii aKyenm nepero-
cumuvcst Ha KPI ax yHisepcanbHy M08y Midic MEXHIYHUMU ma OI3HeC-CMelKxoa0epamu i Ha Moxcaugicme bazamosapia-
HMHO20 «NPOSPABAHHIY CMPAMe2ill 3 MIHIMATLHUMU UMPAMAMU.

Inmepnpemayis ompumarnozo pezyibmamy 3600umscs 0o mozo, wo KPI-opiecumosana modenv sucmynae noxa-
308UM MA NPOZHO306UM THCIMPYMEHMOM, AKUU 3MEHWYE SUMPamu HA NAAHY8AHHS Micpayii ma pooums NOpIGHAHHS
cmpameziii 8iomeoprosanum. Eexm ouikyemuvcs 3a paxyHoK maKux Mexanizmie: Gopmanizayii «yiHu nOMUIKU» (IKujo
cmpamezisi 06pana Hegdano, ye Oyoe NOKA3aHO KIIbKICHO, a He KICHO), YHigixayii mosu y3zeooicenns (KPI nepeso-
0smb QUCKYCII0 NPO MEXHIYHI aTbMEePHAMUBYU 8 NIOUWUHY GUMIPIOBAHUX NOKA3HUKIG, WO NIO8UWYE NPo30opicme 0l 0i3-
Hecy i CHpOWYE PAHICYBAHNS 8APIAHMIB) MA CNPOMONICHICMb MACUMADY8AMU KOHCYTbIMAMUSHU NIOXI0 Ha nopm@ens
npoexkmis (3amicmo iHOUBIOYAILHO2O «PYUHO20» aHanizy KoxcHoi IC 8uKOpuUcmogyemsbcs 00HAK08A Npoyedypa oyinio-
6aHHs i 6UOOPY, CYMICHA 3 MEeMOOAMU RIOMPUMKU NPUUHAMMA PilieHb Ma NioXo0amu 00 eKOHOMIYHOI onmumiszayii 8
Xmapi, 8KIOYHO 3 AHATTMUYHUMU AOO NPEeOUKMUSHUMU MEXAHIZMAMU SHUNCEHHS 8UMPAM,).

Kniouosi cnoea: exonomiunuil egpexm, ingpopmayivina cucmema, Ki0408i HOKA3HUKU eqheKMUBHOCHE, MOOelb,
XMapua miepayis

€BaanoB Makcum BikTopoBu, TOKTOp TEXHIYHUX HaYK, ITpodecop, kadenpa iHGOopMaIHHUX YIIPaBISIOYNX
cucreM, XapKiBCbKHI HalliOHAILHUN YHIBEPCUTET pafioeldeKTpoHiku , mp. Hayku, 14, m. XapkiB, YkpaiHa,
61166

ORCID: https://orcid.org/0000-0002-6703-5166

Iyrsko BikTop BanepiiioBuy, acriipanT, kadenpa inpopMaIiiiiHuX ynpapisiouuX CUCTEM, XapKiBChKHNA HaIli-
OHAJILHUH YHIBEPCUTET pajioenekTpoHiku, p. Hayku, 14, M. Xapkis, Ykpaina, 61166
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BHUSIBJEHHS I'OJIOCOBOT'O ®EMKY: CYUACHI TEXHIKHA TA
3ACTOCYBAHHS JIUIS1 YKPATHCBKOI MOBH

Bunorpapgos I. B.

Tlocmitinuti cmpimkuii pozsumok mexuonozit cunmesy moegnenns (1TS) ma nepemesopenns conocy (VC) npusgis
00 NosBU BUCOKOAKICHUX NIOPOOOK, SIKI CMAHOBIAMb 3HAYHY 3a2po3y Oisl cucmem biomempuunoi aymenmughikayii ma
ingopmayiinoi 6esnexu. Axkmyanvricms memu 3yMOo81eHA HeOOXIOHICMIO PO3POOKU HAOTUHUX Memodi8 euAGIeHHs (pa-
abcugixayii (2010c06020 cnyginey), 0cooauso 6 Kommexcmi YKpaincbkoi mogu. Icnyioui midicnhapooHi nabopu 0aunux
ma aneopummu (30xpema, ASVspoof, ADD Challenge) nepesasicno opienmogaHi Ha aueniliCbKy ma KUmaicbKy Mosu,
Wo cmeopo€ Npo2aruny 0isl YKpainCbKoi MOBU, SIKA MA€ YHIKATbHI (honemuyni ma Mopghonoziuni ocodusocmi.

Mera poOoTH ToJIsirae B aHaIi31 Cy4acHHUX MiAXOJIB A0 AETEKLii MiApoOIeHNX roJIociB, OLIHI IXHBOT eEeKTHB-
HOCTI ISl YKpaiHCHKOT MOBH Ta BU3HAYCHHI ONTUMAJBHOI CTpaTerii: iHTerpawisi yKpaiHChbKUX PecypciB y Mi>KHapOIHi
CTaHAAPTH Y CTBOPEHHS CIIEI[1a1i30BaHOTO YKPAiHOMOBHOTO HAaOOpY aHMX.

3aBOaHHsIMHU JOCIHIJKEHHS! € BUBUCHHS ICHYIOUHMX Ha0OpiB JaHMX Ta iXHBOI BIANOBIAHOCTI yKpalHCBKiil MOBI,
OlLliHKa e()eKTHBHOCTI CHCTEM BUSIBJICHHS MiAPOOJIEHUX TOJOCIB (aHTH-CIy(iHT cucTeM) 3a JonomMororo MeTpuk Equal
Error Rate (EER), Weighted EER (WEER) Ta Detection Success Rate (DSR), a Takox BU3Ha4eHHs! ONTHMAJILHOTO ITijI-
XOJTy JUTSI i IBUIIIEHHS] TOYHOCTI TETeKIlii YKpalHOMOBHUX (hambcudikarii.

MeTomu TOCHIKEHHSI BKJIIOYAIN CUCTEMAaTHYHUH aHaJi3, TOPiBHAHHSA HAaOOpiB JaHWX Ta OIIHKY €()EeKTHBHOCTI
cydacHux cucteMm cuHte3y MoBieHHs (ElevenLabs, Assembly Al, Tacotron) sik 3arpo3nmuBux JpKepen Ganbcudikaliii.

PesynbTatu cBimyaTh, M0 aganTallisl alTOPUTMIB BUSABICHHS (aTbIIUBUAX TOJIOCIB A0 YHIKAIBHUX (OHETHUIHUX
O3HaK, PI3HOMaHITHUX aKIEHTIB i MOP(OJIOTIYHOI CKIATHOCTI YKPaiHCHKOI MOBH MiJBUINYE TOYHICTh Ta HATIHHICTH iX-
HBO1 pobotu. LlinecnpsiMoBaHe 3amydeHHS Pi3HUX PETiOHATBHUX MIaJCKTIB i MOBICHHEBUX MPOMITIB € BUPIMIATbHAM
YUHHUKOM JIJIs 30epeKEeHHsS] BUCOKHX 3Ha4YeHb mokasHuka Detection Success Rate (DSR). Iepenosi HelipoHHI BOKOIE-
pH, SIKi BiATBOPIOIOTH TOHKI MPOCOXWYHI # TeMOpOBI HIOAHCH, ITOTPEOYIOTH CIICIiali30BaHUX KOHTP3axOMiB, 3JaTHHX
PpO3ITi3HaBaTH JIeb OMITHI CHHTETHUYHI apTe(aKTy.

BuHCHOBKY MiATBEpIKYIOTh, IO IHTErpaLis YKpaiHCbKMX MOBHUX JaHHMX y MDKHapoOaHi HaOopu abo CTBOpPEHHS
OKpPEMOTO CIEeNialli30BaHOI0 PECYpPCy CYTTEBO MOKpALILYE sIKiCTh AeTeKIii. st miaTpuManHs HagiiHOT eeKTUBHOCTI 3a
YMOBH TOSIBM HOBHUX 3arpo3 ciy(dinry HeoOXimgHe O6araToeTanHe BIOCKOHAJICHHS HA0OPIB JHaHUX, TIEPiOAUYHI OHOBIICH-
HSI QITOPUTMIB 1 MIX>KMOBHHI O€HUMAPKIHT.

HaykoBa HOBH3HA OTpUMaHUX PE3yJIbTATiB MOJATAE Y MPOBEACHHI MEPIIOT0 CHCTEMHOTO aHAIli3y METO/IIB BUSB-
JIEHHS TApOOISHUX TOJI0CIB sl YKpaiHChKOT MOBH, BU3HAYCHHI KIIFOUYOBUX (DAKTOPIB, 110 BIUTMBAIOTH Ha €(PEKTUBHICTH
po3mi3HaBaHHS roJIOCOBHX (pambcudikariii, Ta po3poOIeHHI PEKOMEHIAIIIN 010 TTOKPAIEHHS CTPYKTYpH HAOOPIB Ja-
HUX Ta afanTallii aIropuTMiB I YKPaiHCHKOTO MOBJICHHSI.

Knrouoei cnosa: 06’ ckmu sussienns niopodreHux 2010cie, CUHmes MOBJIEeHHsl, NEPEeMEOPEeHHsL 2010CY, YKPAiHChb-
ka mosa, ASVspoof, nabopu oanux, oyinroeanvui mempuku, EER, WEER, DSR.

Bunorpanos IBan Botonnmuposuy, aciipanT, kadenpa kibepoesneku ta 3axucty indopmauii, JepxaBHuid
YHIBEpCHUTET IHTENEKTyalIbHIX TEXHOJIOTIH 1 3B 513Ky, ByJ. Ky3Heuna, 1, M. Oneca, Ykpaina, 65023
ORCID: https://orcid.org/0009-0000-9901-7811
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MOCTKBAHTOBI KPUIITO-KOAOBI KOHCTPYKIIII PAO-HAMA

€scees C. I1., lynaes C. B.

Memoro 0anozo docniodicenHs € po3pobka Kpunmo-k00060i koncmpykyii Pao-Hama na EC (moougixosani eni-
nmuyni koou — MEC) ma 36umkosux kodax. Pospobneni koncmpykyii 3a6e3nevams npaxmuiry MOICIUBICIG iX BUKO-
PUCMAHHA HA 00 €KMAax KpUMu4Hoi ingppacmpykmypu Ha OCHOBI cMapm- ma MOOLIbHUX MeXHONO02Il

006 ’exmom 00CiONHCeHHsL € npoyec 3a0e3neden s 3axXucmy nepeoayi OaHUX 6 KAHAIAX 36 3Ky 00 €Kmie Kpumui-
HOI M@ pacmpykmypu Ha OCHO8I MOOINLHUX MA CMAPM-MeXHO02Il. Po36Uumok mexnono2ii Keanmogux 004Ucienb Ha
ocnogi ancopummis I posepa ma Lllopa 3abe3neuyrome npakmudHuil 31aM CUMEMPULHUX MA HECUMEMPUYHUX KPUNMO-
cucmem 3a nonxiHomianvhull yac. Ilosea cucmem Ha OCHOBI WMYYHO20 THMENEKNY 00360JI0Mb CIMEOPIOsamu ciOpUOHi
cucmemu BUABNEHHS CLAOKUX MiCYb (KPUMUYHUX MOYOK) Y cucmemax besnexku ne minbku 06’ ’ekmis kpumuunoi ingpa-
cmpykmypu. Kpiv yboco nosnomacwmabnuil Keanmoeuii KoMn romep GiOKpUE HO8Y epy GNPOBAOIICEH S AN20PUMMIE
NOCMKEAHMO80i Kpunmozpagii.

Cepeo nepemodrcyie NOCMKEAHMOBUX ANCOPUMMIE OKpeMO BUOileHi Kpunmo-kodosi koncmpykyii (KKK) Max-
Enica ma Hidepaiimepa, axi 003601510mb iHMe2po8ano 3abe3neyumu HeoOXiOHUil PieeHb 3aXucmy ma iHmezpo8ano 3a-
besneuumu HeoOXIOHUU pigeHb ipocioHocmi nepedaui iHpopmayii. Ane cymmesum HeOOAKOM € MONCIUBICIL 31AMY
MaKux cucmem Ha NHIIHUX KOOGX, @ Maxkodic Heobxionicme ix nobyoosu na nonem Ianya 2'°-2", wo cymmeso smen-
Wye ix GUKOPUCAHHS 8 HUSKOEMHUX CUCMEMAX HA OCHOBI CMApm- Mma MOOITbHUX MEeXHON02IU. [ p036 I3aHHs YbO2O
Hedoniky y pobomi npononyemucs guxopucmanns cumempuunoi KKK na ocnoei cxemu Pao-Hama na aneebpozeomem-
PUHHUX MA 30UMKOBUX KOOAX, WO 3a6e3neuyc MONCIUBICMb 3a0e3nedumsb 3HAYHO20 3MEHUWEHHS 00 EMY KII0U08UX Od-
nux (no6yoosa KKK nao nonem na Ianya 2°-2°). Ipu euxopucmanni KKK Pao-Hama ¢opmyembcs kéanmosuii cume-
MPUYHULL aneopumm, sKull 3abesneuye 30epicanns piens cmitkocmi ma ipozionocmi nepeoadi inghopmayii (be3neunuil
yac 107-10"). 3anpononosanuii arcopumm nodanvuio20 3meHwenHs KIOUO8UX OAHUX HA OCHOSI BALAMOKAHATLHOT
Kpunmoepagii Ha 30umkosux kooax. 3a paxymox euxopucmanns areopummy MV?2 (nanecenns 30umky) gopmyeanns
KPURMO2Zpamu nooiISEmuCs Ha 084 MEXAHIZMU — (OPMYBAHHS KPUNMOZPAMU Y cuMmempuunol kpunmocucmemi Pao-
Hama na cxopouenux eninmuyHux Kooax 3 ROOAIbUUM HAHECEHHSIM 30UMKY.

Ilpogedeni docnidocennss cmitikocmi 3a donomozorw nakemy HICT npodemoncmpysana, wo He 38ajxcaroydu Ha
3meHweHns nomyosicHocmi noas Ianya eci kpunmocucmemu npotiwau 100 % mecmis. Haiikpawuii peynbmam nokasa-
sa KKK Pao-Hama na cxopouenux MEC: 155 3 189 mecmie npoudeno ua pigui 0,99, wo cmanosumsv 82% 6i0 yciei Ki-
avKkocmi mecmis. Buxopucmanns 36umkosux Ko0ié i nooanvuie 3meHuteHs nomyxciocmi noas I anya npuzeooums 00
3HAYHO20 3MEHUIeHHS CKAAOHOCmi popmysanns (= ¢ 12 pasie) i poskodyeanns kpunmozpamu (<e 20 paszis). Taxuii nio-
Xi0 3a0e3neuye MONCIUBICING POPMYBAHHSL THMeENeKMYanbHUx cucmem 3axucmy ingopmayii (IC31). Haseoena cmpyk-
mypHna cxema nobyoosu IC3I 3abesneuye ceocuache uUABNEHHS 342P03 3 OYIHKOIO OOYUCTIOBATLHUX MA QIHAHCO80-
JIOOCHLKUX MOJICIUBOCHIE HANAOHUKIB, @ mMaKoic sukopucmans neobxionux KKK/aneebpaiunux (30umkosux) kodie 011
3abe3neuents HeoOXiOH020 pisHs be3nexu.

Knrouosi cnosa: kpunmo-x0006i koncmpykyii Pao-Hama, aneebpaiuni Koou, iHmeiekmyaibHi Cucmemu 3axXucmy.

€BceeB Cepriii [lerpoBu4, NOKTOp TEXHIYHHMX HayK, mpodecop, 3aBinyBay kadenpu, kadeapa xidbepbdesneky,
HauionaneHuii TexHiYHUI yHiBepcuTeT “XapKiBChbKHH moJiiTexHiyHuil iHcTUTYT”, ByJ. Kiprnimdosa, 2, m. Xap-
KiB, Ykpaina, 61002
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BATATOKOHTYPHI CUCTEMM BE3NEKH OB’EKTIB KPUTUYHOI
IHOPACTPYKTYPU

€scees C. II., Kopoas O. T'.

Tlocmiiino xinbkicme 3aepo3 besneyi 00'ckmie KpUMuUUHOT IHGPACMPYKMYypu, 00 AKUX HALeHcams i coyiokioep-
Qizuuni cucmemu npuU3BOOUMb 00 3HUICEHHSL IKOCME NOCIYe Oe3neKu ma PieHs 3aXUWeHoCmi eleMenmis iHgppacmpyx-
mypu. O6'exkmom docriddcenus € npoyec nod6y008U KOMNIEKCHOI cucmemu 3axucmy 6 coyiokibep@izuunux cucmemax.
Cumyayis, wo cKIanacs, He 8 OCMAaHKIO 4epey 00yMOGIeHa HeOOCKOHALICIIO 3ACMOCO8YEAHUX CbO20OHT MEXAHI3MIG 3~
besneuents: besnexu eleMenmie 00'ekmie KpUMUYHOL IHQpacmpykmypu, 00 AKUX Haiexcams i coyiokibep@izuuti cuc-
memu. TexHonoziuna ckaaoHicmv GUAGICHHSA HOBUX HEBIOOMUX 3a2po3 be3neyi, a MaKolC BUMOHYEHICMb Y Memooax ix
peanizayii 3yMOGII0€E HA2ANbHY HeOOXIOHICIb KAPOUHATIbHO2O NepeSisidy YUHHUX nioxodie 0o il 3abesneuenns. Omoice,
cmasamu 3p03yMINo, Wo po3podKa H08020 nioxody 0o 3abesneueHHs be3nexu IHPopmayitinux pecypcie y coyiokioeppi-
BUYHUX cucmeMmax. Y cmammi 3anponoH08aHO HOGUU NIOXIO MemOoOO0I02IUHUX 3acad noOY00su 6azamoKOHMYPHUX CUC-
mem 3axucmy iHopMayii i3 GHyMPIWHIM Ma 3068HIUHIM KOHMYPAMU HA KOXCHIU i3 niamgopm coyiokibepghizuunux cu-
cmem. Taxuil nioxio Gopmyemvcsi Ha YHIBEPCATLHOMY KAACUDIKAMOPI 3a2p03, AKULL 6DAX08YE He MEXHIUHUL ACNeKm 3a-
2po3, a i ix KOMRIIEKCY8AHHS 3 MEemodamu coyianpHoi indicenepii, ixnvoi cunepeii cibpudonocmi. Bpaxogyemuvcs coyiono-
JUMUYHULL BNIUG HA PEani3ayilo 3a2po3, d MAKOIC 3aNnPOROHOBAHO NPAKMUYHI MEXAHIZMU 3a6e3neYentsi OCHOGHUX NOC-
Jye 6esnexku Ha OCHOBI NOCMKEAHMOGUX AI2OPUMMIB. Y paMKax 3anponoHO6aH020 NiOX00Y Y 3a2aibHOMY U2l (op-
Maniz08ano npoobaemy niosuweHHsl pieHs 3axuueHocmi ingopmayii ma eusHaueno nOOAILUL WIAXY iT 6UPIUEHHSL.

Tlposedenuii ananiz 3a2po3 na coyiokibepizuuni cucmemu (00'ckmu Kpumuunoi ingppacmpykmypu) oae 3moey
cghopmyeamu Memooono2iuti 3acadu nobyo0osu 6a2amoKoHMypHux cucmem saxucmy iHgpopmayii. OOHUM 3 OCHOGHUX
eleMeHmie maKux cucmem NPONOHYEMbCI GUKOPUCIOBY8AMU NOCMKEAHMOBI AN20PUMMU — KPUNIMO-KOO08I KOHCMPYK-
Yii Ha PI3HUX 3A8A008UX KOOAX 3 MOJNCIUBICMIO 3A80anHs wiKoOu. [Ipononosani kpunmo-k0006i koncmpykyii Max-Enica
Ha LDPC-xodax 3abe3neuyomsv onepamusHicme ma CMitiKicms, 3a0e3neyyoms HeoOXIOHUL PIiGeHb OCHOBHUX NOCIY2
besnexu.

3anpononosana memooonozis nooyoosu 6a2amoKoOHmMypHUX CUCeEM 3aXUCMY 3a0e3nedye MONCIUGICIbL OMmpPU-
Mamust 00'€KMUBHOT OYIHKU NOMOYHO20 CIAHRY 3aXUUeHOCi 8 coyuokubeppusuueckux cucmemax. Ilpononosanuii npo-
2PAMHULL KOMIIIEKC OYIHKU O0360I51€ OMPUMAMU [HME2POBAHUL NOKAZHUK Oe3neKu, 8UseUmuy KpUmuyHi moyku epasziu-
6ocmi ma “ModNCAUGICMb ” 3N08MUCHUKA OMPUMamu 0ocmyn 00 KoHQpioenyitnoi inghopmayii. A 3anpononosamni mexami-
3MU Ma RPOMOKONU HA OCHOGI NOCMKEAHMOBUX AN2OPUMMIG 3a0e3neuams HeoOXIOHUL pieeHb CIMIUKOCMI ma onepamu-
6HOCMI Y NEPiOO NOABU NOBHOMACUMAOHO20 KBAHMOBO20 KOMN Tomepa.

Kmouosi cnoea: coyioxibepgizuuna cucmema, Oesnexa ingopmayii, ingpopmayitina besnexa, ribepbesnexa,
eMepOIHCEHMHICMb. .

Knrouosi cnosa: 06 ’exmu kpumuunoi ingppacmpyxmypu, besnexa ingpopmayii, ingpopmayiiina beznexa, Kibepoe-
3neKa, emepOHCeHMHiCmb.

€Bcee Cepriii IlerpoBuy, TOKTOp TEXHIYHUX HaYK, Ipodecop, 3aBimyBad kadenpu, kadeapa kidepoe3nexw,
HamionansHui TeXHIYHUHN YHIBepCUTET “XapKiBCHKHUHA MOJITEXHIYHUN 1HCTUTYT , ByJ. KipnimdoBa, 2, M. XapkiBs,
VYkpaina, 61002
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MMPOBJIEMATHUKA 3ABE3NEYEHHSA )KUBYYOCTI IHOOPMAIIMHUX
CUCTEM HA MOBIJIBHUX IVTAT®OPMAX B YMOBAX PO3BUTKY
OBOPOHHUMX TEXHOJIOT'TA

Py6an I. B., Tkauos B. M., 3aaiBan O. B.

B ymosax nosnomacumabrnozo emopenenns pg 6 Yxpainy obopounni IT-mexnonoeii dedani binvuie cnupaomocs
Ha ingpopmayivni cucmemu (IC) na mobinonux niamegopmax (BIIJIA, posnooineni cencopri mepeoici mowo). Taxi IC
npayiome 3a NOCMIHOT 3MIHU MONOA02IT, NIOBUWEHUX 3A2PO3 | HCOPCTNKUX 0OMENCEHb eHEPLeMUYHUX MA 0OUUCTIOBA-
JabHUX pecypcig. Tomy Knou08orw cmae ix 30amuicme 36epicamu poo60mo30amuicmy i NPUIHAMHUL PiGeHb AKOCMI cep-
8icie npomseom ycvoeo yukay micii. [{a 30amuicmo nazusacmucs srcugyuicmio IC.

Oyinka ma 3abe3neuents HCUSYHoCmi NOMpPeoyIoms Y3200CeH020 PO32s0Y KilbKOX Pi6HI8: pecypcHo20 (PO3no-
01 06UUCTIOBANILHUX, eHEPLeTNUYHUX | KOMYHIKAYIUHUX PecypCi8 i3 pe3ep8y8antsaM), MEPEHCHO20/CePBiCH020 (OUHAMIUHT
TMAKMUYHT MePediCi 3 MONCTUBUMU PpacMeHmayiamy ma KAcCKaOHUMU 8iOM0O8amMu), pieHs YUpaeiinHs miciero (obracmi
CMamie i3 NPUHAMHOIO AKicmio iHghopmayiinozo 3abe3neuenis). Memooonociuny ocHO8y CMAaHOBIAMb CUCTIEMHUL Ni-
0xi0, bazamopiguese MOOETIOBAHNA MA PU3UK-OpicHmosane nianysanns. Kusyuicmo doyinbho mpaxmysamu siK inmee-
PAaNbHY XAPAKMEPUCUKY, WO NOEOHYE OOCMYNHICHb CEPBICi8, COEHACHICMb 0OPOOICHHSA OAHUX, eHepeemUUHY edeK-
MUGHICMb | CMIUKICMb 00 MEXHIYHUX MA KIOEpHeMUYHUX 6NIIUGLE, I3 GUKOPUCAHHAM CReYIani308aHUX IHOeKCIg O/l No-
PIGHAHHA apXimeKmyp 1 NOAMUK KepyGaHHsi.

Konyenmyanonuil ananiz nokasye, w0 0CHOGHI pUBUKU 3HUNCEHHSL HCUBYHOCTIE 3YMOBAEH] NOEOHAHHAM PECYPCHOT
00MeAHCEHOCNI 3 KOMIAEKCHUMU 3A2PO3AMU MA KOPENbOBAHUMU GIOMOBAMU Y OUHAMIYHUX MePeNCHUX ceemenmax. Jlo-
KanbHi 3001 4u KOpOMKi po3pueu 36 13Ky MOJUCYMb CAPUYUHAMU HeNpONOPYIHI HACTIOKY, 0COOIUBO 30 OOHOUACHO20
enausy Kibepamax, Oii 3aco0ie padioenekmponnoi 6opomvdU, decpadayii ceHcopie i QizuuHUX NOUKOOIHCEHb MODITLHOT
naameopmu. Buoxpemnenns Kpumuuno2o MiHiMymy Qynxyiu i pecypcie oae 3mozy opmanizysamu «s10po HcU8yHoc-
miy, po3podoumu adanmueHi nOaIMuKYU decpadayii cepgicie i npiopumusayii mpagixy ma nepeumu 00 CYeHapHo2o ne-
PepO3nooiny pecypcie 3 ypaxy8aHHAM PIBHA 3A2P03, eHepeemuyHo020 3anacy xo0y MooOiibHoi niamgopmu ma npiopu-
memig micii IC. [lepcneKmugHUM € 8NPOBAONCEHHA BUMOS HCUBYHOCTI 8 NPOEKMYBAHHS, MOOENIO8AHHA MA BUNPOOY-
sanHst 06oponnux IC na moOinbHUX naam@opmax 0ist SHUNHCEHHSL PUSUKY KACKAOHUX 8I0MO8 i RIOBUUEHHS CMIUKOCI 00
KOMOIHOBAHUX 0eCmMPYKMUBHUX 6NIUBIE.

Knrouosi cnosa: inpopmayitina cucmema, MoOinbHa niam@opma, sHcugyuicms, 000OPOHHI MEXHOIO02IL, MAKMUYHI
Mepedici, Cmitikicmb OyHKYIOHY8AHHSL.

Py6an Irop BikTopoBu4, JOKTOp TEXHIYHHMX Hayk, mpodecop, Kadeapa eIeKTPOHHUX OOYHCITIOBATLHUX Ma-
ITHH, XapKiBCbKUI HAIlIOHATBHUN YHIBEPCHUTET pagioeneKTpoHiku, mp. Hayku, 14, M. XapkiB, Ykpaina, 61166
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MaliH, XapKiBCbKUI HalliOHAILHUN YHIBEPCUTET pajioenekTpoHiku, mp. Haykum, 14, M. XapkiB, YkpaiHa,
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KATEI'OPHO-®YHKTOPHA MOJEJIb IIEPETBOPEHHA BUMOI' 3 METOIO
BUBOPY IHOPACTPYKTYPHUX KOMIIOHEHTIB

IBipkyH O. A., €sinanos M. B.

006 ’ekmom docnioducenHs: € npoyec nepemeopenns onucisé ingopmayitinoi cucmemu (IC) 0o cucmemnux sumoe,
KoH@icypayiunux piwens, peanizayii ma nepegipku. IIpedmemom 00CaiodiceH s € NIOMHONCUHA BUMOE OO MEXHIUHO20
3abe3nevenns (ingppacmpykmypu) cepedosuwya excniyamayii ma mexauizm ii popmarbHoeo mpacy8anus 00 CMaHie
peanizayii KoMnoHeHmis. 3anponoHo8aro hopmansbHy modennb, V AKIU HACKPI3He MPACY8aAHHS 3A0AEMbCA KOMNOZUYIEIO
81000padNCetb MIdC MHOICUHAMU BUMO2, NPOPINIB, KOMNOHEHMIB | CMAHIB:

Rfun c Rsysr Rnfun c Rsys: Rinf S Rsys’

oe Rg,,s — muoowcuna cucmemnux 6umoz; Re,y, — niomnooicuna Gynkyionarbhux 6umoe; Ry gy — niomnoscuna nedyniyi-
OHANbHUX 6UMO2; Riny — niomnodicuna sumoe 0o mexniunoz2o sabesneuenns (ingpacmpykmypu). ¥ mooeni eumoau cno-
YAMKY YMOYHIOIOMbCSL 3 PiGHSL nomped 3aiHmepeco8anux cmopin 00 CUCMEMHO20 PiHsl, NOMIM NPOEKMYIOMbCI HA 6U-
Mo2u 00 MEXHIUH020 3abe3neuents, NiCas 4020 CURMe3YIOmbCsl KOHQicypayitni npodini ma 30iUcHI0OEMbCsL 8UOIP KOM-
NnoHeHmis.
U:Rgtk = Rsys, ViRgys = Ring, F1Ripg > K, P:K - C, G:C - S,
H=GoPoFoVolU:Ry, —S,

0e U — gidobpadicenns ymounenns ma mexuiunoi inmepnpemayii eumoe; V — i0obpasicenns npoekyii cucmemnux 6u-
Moe Ha sumoau 0o ingpacmpykmypu.; F — @idobpascenns cunmesy npoginie iz eumoe 0o ingppacmpykmypu, K —
Kameeopisi Kongicypayitnux npoginie; P — 8idobpadicenns subopy Kiacie KOMROHEeHMIs i ix 38 'S3Ki6Ka 3a npoginimu,
C — kamezopis ingppacmpykmyprux komnonenmis, G — 6i006padicenHss KOMIOHeHmMI8 Y Cmanu peanizayii; S — MHOCU-
Ha Kamezopisi cnocmepedxcysanux cmanie peanizayii;, H — komnosuyis 6ioobpasicens, wo 3a0a€ HACKpi3He MpAacy8aHHs
«8uMoO2U — CMAaHuy. 3anponoHo8ano Kpumepii I0NOBIOHOCMI 3 NOPIGHAHHAM YINbOBUX | (PAKMUYHUX CINAHIE ma 08I
MoOdeni nepegipku — oughepenyiiny ma npeouKammy 6iONn0GIiOHO:
AS = S, — ST,

Oe AS — mnoowcuna/mipa negionogionocmetl; Syqc— paxmuuni (cnocmepexcysani) cmanu peanizayii; S™— yinboei (0uixy-
6aMi) cmarnu, 00epICcani 3 UMO2.

Check(Sget, S™) = /\Check(sact,i,si*), Sacti E i,
i

0e Check — npeduxam gionosionocmi, /\ — onepamop KoH 10HKYII yMO8 OJisi 8CIX efleMenmis, = — onepamop GIOHOULEH-
H51 3a0080JIeHH3L, 5IKe (PIKCYE, Wo OKpemull PakmuyHull CmaH peanizayii i0noeioae 3a0aHoMy YilbO8OMY CHIAHY.
Bumoaeu ymounioromucs 3a pesynomamamu excnayamayii ananoeiunux IC (inyudenmu, depexmu xongieypayil,
nopyuieHHss 00Cmyny, i0XuIeHHs NPOOYKMUBHOCMIE), MOMY 6e0eH0 onepamop ix aoanmayii:
A:Rgys X E = Ry,

oe A — onepamop adanmayii Rsy,s 3a 0oanumu E, wo opmye Rsysuepes kopueysanns napamempis i nonimux eumoe; E —
MHOJICUHA eKCNITYamayiiinux ceiouens (inyudenmu, ayoumu, Mempuxu, nosmopioeani degpexmu kongizypayii); Rgys —
VMOYHEHA MHOJNCUHA CUCTEMHUX BUMO2 NICAS adanmayii 3a excnayamayiunumu oanumu. B pesynomami pospobneno
Gopmanvry modens nepemeopenis gumoz y 6ubip i napamempuzayiro ingpacmpykmypu 3 mpacy8aHHam 00 Cmauie pe-
anizayii ma a0anmayiero 3a eKCniyamayiiHumMu OaGHUMU.

Knwouosi cnoea: ingppacmpykmypa, sumocu 00 inppacmpykmypu, nepemeopents 8umoe, meopis Kamezopii,
MpacyeamHs, a0anmayis UMoe.
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MIHHUX YIPaBISIIOUYUX CHUCTEM, XapKiBCHbKUHM HAI[lOHANBHUN YHIBEPCHTET pajioenekTpoHikw, mp. Hayku, 14,
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3AIAYA BUSIBJIEHHS AHOMAJIIH B ITPOIIECI AHKETYBAHHS
KOPUCTYBAUYIB IT-ITIPOAYKTY

€saanoB M. B., Bacuasnosa H. B., [Tan¢gsoposa 1. 10.

06’ ckmom Oocniodicentss € npoyec GU3HAYEHHsT NOmMped ma GUMO2 3aYiKAGLeHUX CMOpIH, a came OIATbHICMb
Yb020o npoyecy «Ananiz nomped ma GUMO2 3aYiKAGIEHUX CINOPIHY.

TonosHoI0 2inome3010 0ano20 0OCIIONCEHHsL € 2INOmMe3a NPo MOJICIUBICIb GUSGIEHHS AHOMATILHUX UMO2 A IX
oicepen 0o IT-npodykmy ma ix 0dicepen 3a OOROMO2010 ICHYIOYUX HAUNPOCIUUX KDUMEDPII6 GUABNEHHS AHOMAILL.

s nepesipku yiei' 2inomesu 6yn0 3p001€HO NPURYUEHHSL PO MOICTUBICTNG 3ACMOCY8ANHS 015l 30UPAHHS BUMO2
00 IT-npodyxmy memoody ankemy8anus, AKUU BUMASAE Y KOICHO20 3 ONUMYBAHUX CINEKX010epie eKazamu y 8i0n08i0sxX
Ha NUMAHHA AHKemu KLIbKICHI OYIHKY 33 3a30a71e2i0b 0OPAH0I0 WKAOH.

s susignents aHoManbHUX 8i0n0Gioell KOpUucmyeayie Ha NUMAanHL aHKkemu 0Yi0 3anpoOnoOHO8AHO GUKOPUCMAMU
00UH 3 HAUNPOCMIWUX KPUMEPII8 — Z-NOKA3HUK. Z-NOKA3HUK GUMIPIOE, HA CKIIbKU CMAHOAPMHUX GIOXUNIEHb MOYKA Od-
HUX 6i00aIeHa 6i0 cepeOHbO20 3HAUEHHS. K Npasuio, eK3eMnisapu 3 z-NOKA3HUKOM NOHA0 3 8ubUparomvcs K UKUOU
(HanPUKIAo, NPABULO KMPLOX CUSMY).

Z-nokasHux 0iisi 6y0b-5K0i 6UNAOKOB0T 6EIUUUHU X CIO PO3PAX0BYEAMU 3a MAKOI POPMYN0I0:

z=x-X/S_, )
de X — cepeone 3nauenms (30Kpema, cepeoHe apugpmemuune 3HaueHHs: UOIpKU 8I0Nosioell KOpUCmyeauie Ha NUMAaHHs aH-
Kemu); S -cmanoapmue GiOXUNeHHs, pO3paxoeane Ois 6UOIPKU 3HAUEHb IONOGIOel KOPUCITLYBAYIE HA NUMAHHSA AHKEM.

3navenns S_ cnio pospaxosysamu 3a Gopmynow:

o155

: )

abo

I < ~\
S, = x—-X) . 3)
x i
n—1%3

de n — KiIbKICmb 3Ha4eHdb y ubipyi 8i0nosioell KOpucmysauie Ha NUMaHHs aHKemu.

Dopmyna (2) uKopucmosyecmvcst 0 OYiHIOBAHHI 3MIUjeH020 8i0OXUeHHS, a opmyna (3) — 05 oyino8anHs He-
3MIWEH020 BIOXUNCHHSL.

Mooughixosanutl z-nokasnuxk, Ha 8iominy 6i0 (1) esasxcacmuvcs dintbus cmaaum 00 8uKuUdi6 8 noxXionux oanux. Mo-

Ougikosanull z-NOKAHUK Z, CLi0 po3paxoeyeamu 3 6UKOPUCIAHHAM Medianu ma MediaHHo20 abCONIOMHO20 i0XU-
aenns (MAD), wo pobumb tioeo 6inbur CmMIKum 00 8UKUOY BUXIOHUX OAHUX:

_0.67645%(x— my
on = MAD - “
Oe m_ — 3HaueHHs Medianu 0ocnioxHcy8anoi aubipku ionosioeli Kopucmysauie Ha numanns ankemu,; MAD — medianne abco-

JIOMmHe GIOXUTIEHHSL, sIKe CI0 PO3PAX08Y8aAMU SIK 3HAYEHHS MediaHu aDCOTIOMHUX PI3HUYb 3HAYEHb BUDIPKU 6i0 i1 Medianu.

Ao 3nauents z-noxkasHuKa oist 6y0b-aKoi GUNAOK080I GeIUdUNHU X Nepesuyye 3, Mo 88ANCAEMbCSL, WO 3HAYEH-
H3 X € AHOMATIbHUM.

IIposedeni excnepumeHmanbHi OOCHIONCEHHS NOKA3AMU, WO 8 NPoYeci NOWYKY AHOMANIU Y pe3yIbmamax aHKe-
MYBAHHS HAUKpAWe 8UKOPUCIO8Y8amu 36udalini z-oyinku (1) i3 oyinkoro smiwjenozo gioxunenus (2). Taxooc cnio ma-
KOJIC 36epmamu y6azy Ha mi 8Ii0n0siol Cmeukxonoepis, Os AKUX 3HAYEHHS Z-NOKA3HUKA 3HAXOOUMbCS Y Olanda3oHi
[2...3]. Taxe 3HauenHs z-nOKA3HUKA CGIOYUMb NPO OOCMAMHE GIOXUNEHHS O0CTIONCYBAHOI 8I0N0GIOL 8I0 HAUPO3NOBCIO-
OoiceHiuux 8i0nosioell Ha KOHKpemue NUMAHHsL aHKemu.

Kniouogi cnosa: sumoca, IT-npodykm, ankema, 6usi8eH s AHOMATIU, Z-NOKAZHUK.
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PO3POBKA MOJEJEN 1 METOAIB OUIHIOBAHHSI PU3HUKIB ¥V ITPOEKTAX
IHTEJIEKTYAJIbHUX THOOPMANIMHUX CUCTEM (HA ITPUKJTA I
CUCTEMMU «PO3YMHHUU BY IUHOK»)

KaroBanceknii €. 1.

Ipoyec ynpasninns pusuxamu 8 NPOEKMAx iHMeIeKMyaibHUX iHPOPMAYIUHUX CUcmem € 06 €KMoM NPo8edeH020
docnioxcenns. Taxi cucmemu (QYHKYIOHYIOMb Yy 3MIHHOMY Cepedosuiyi ma Xapakmepusyemuvcsi MiCHOK IHMeZpayicio
npocpamHux ma anapamuux komnonenmis. Cucmemu knacy «Posymuuii 6y0uHok» noconyrome 3acobu 360py OaHux,
AneOpUMMU IHMENEeKMYANbHOT 0OPOOKU OAHUX MA MEXAHI3MU ABMOMAMU308AHO20 YNPAGIIHHA (DISUYHUMU NPOYECAMU.

Iumenexmyanvui ingpopmayitini cucmemu 8iOpPi3HAIOMbC CKAAOHOIO aPXIMeKmypolo, 6a2amoKOMHOHEHMHOIO
CIMpPYKmMyporo ma HeobXxionicmio be3nepepenozo yHKyionyeanus. 3a maxux ymos pusuxku maioms 6a2amopaxmopuuil
xapakmep i MO#CYMb GUHUKAMU K VHACTIOOK MEXHIYHUX 8iOM08 0ONAOHAHHSA, MAK | Yepe3 NOMUTKU NPOSPAMHO20 3d-
be3neyenns, NOPYUEeHHs. KAHAie 36 13Ky a00 HeKOPEeKMHY 00poOKY OAHUX.

3anpononosano suxopucmosysamu nioxio 015 OYiHIOBAHHA PUBUKIE, WO OA3YEMbC HA NOECOHANHT MemOodie Cu-
CMEeMHO20 aHANi3y, MamemMamuyHo20 MOOeNIO8AHHA Ma IHMeNeKmyaibHo2o auanizy oauwux. Ha nepwomy emani
30TUCHIOEMBCSL OeKOMRO3uYis cucmemu « Pozymuuil 6yOuHoky Ha niocucmemu ma QYHKYIOHANbHI KOMHOHEHMU 3 Me-
moio ioenmuixayii nomenyiiHUX 0dcepen pUusUKi6 I CMAHOBIEHHS 83AEMO38 3KI6 MIJC HUMU.

s popmanizayii pusukie 8UKOPUCMOBYEMBCA KAACUYHE BUSHAYEHHS IHMESPANbHO20 NOKAZHUKA PUSUKY.

Ode P — imogipnicmv Hacmanms pusuxogoi nodii; 1 — eeauuuna ii enauey na yHKyioHyeauHs cucmemu abo 00CACHeHHs.
NnpoEKmMHUX yinetl.

Bpaxosyrouu 6aeamoxomnoneHmny CmMpyKmypy iHmMeneKmyanbHoi cucmemu 3a2aibHull pigeHb pPUsUKY MOdice
b6ymu npedcmasnenuil y 8u2iioi Cymu 4dCmKO8UX PUSUKIE OKPeMUX KOMNOHEHMIB:

n
Rsys = ZPL : Il"
i=1

de n — KinbKicms Komnonenmie cucmemu, P;, I; — 6i0nogiono iimosipuicms ma énaue pusuxy s i-20 KOMNOHEHMA.
s epaxysanss OUHAMIKU YHKYIOHY8ANHS CUCTNEMU PUSUK PO3TSOAEMbCA AK QYHKYIS 4acy:

R(t) = f(P(t), (1)),

Wo 00360J1€ OYIHIOBAMU 3MIHY PIBHS PUSUKY 3ANENHCHO BIO PEHCUMIE pOOOMU CUCTNEMU.

Jlna ymounenna oyinox napamempie P ma I npononyemsca 3acmocy8anus memooie pespecilinozo aHanizy ma
xknacmepuzayii. L{i memoou 003601510mb 8pAX08Y8AMU ICMOPUYHT eKCHIYamayiuni Oani ma 6UsAGIAMU AHOMATbHI pe-
Hcumu pobomu.

YV pesyrsmami docnioscennsn cpopmosano ysazanvheny mMooeib OYiHIOBAHH PUSUKIE y NPOEKMAX [HMeEIeKNy-
AHUX THOOPMAYIUHUX cUCTieM, SIKA 8PAX0BYE CMPYKMYPHI ocobnueocmi cucmemu «Pozymuuti 6yOuHoxy ma 63a€mo-
3anexcHicmy i1 KoMnoHeHmis. 3anponoHosanutl nioxio 3abe3neyye MONCIUGICMb PAHNCYBAHHS PUSUKIE 34 DIGHEM KpU-
MUYHOCMI Ma ix NPO2HO3Y68AHHA HA OCHOGI AHANIZY eKCNIYAMAYIUHUX OAHUX.

3anpononosani mooderni 1l Memoou CMEopPIMb NEPeOYMOsU 051 NEPexody 6i0 PeaKmMUEHO20 YNPAGIIHHSI PUSUKAMU
00 npoenosnozo. TlocOHants KAACUYHUX NiOX00i6 00 OYIHIOBAHHS PUBUKIE i3 THCPYMEHMAaMu aHanizy OAHUX CHPUSE
3MEHWEHHIO UMOBIPDHOCI KACKAOHUX 8IOMO8 | Ni08UUenHI0 HadiiuHocmi ma be3nexku QyuKyionysanus cucmem « Pozymmui
OYOUHOKY, A MAKOIC MOdce OYymuU UKOPUCMAHO 8 THWUX inmenekmyanvhux ma loT-opicumosanux cucmemax.

Kniouogi cnosa: inmenexmyanvha ingpopmayitina cucmema, OyiHIO8AHHsL PUUKIB, YAPAGTIHHSA PUSUKAMU, DO3YM-
HUl OYOUHOK, MameMamuute MoOe08AHHS, AHANI3 OAHUX.
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DECISION SUPPORT SYSTEM IN THE PROBLEMS OF FINANCIAL RISKS
ANALYSIS

Bidyuk Petro, Tymoshchuk Oxana

Analysis of financial risks is in the focus of attention for many researchers in the world. Among the most often
met types of financial risks are the following: market, credit, operational etc. The risks analysis includes at least identi-
fication of financial process types, appropriate data processing and necessary model constructing and verification, es-
timation of risk, i.e. possible loss and its probability, forecasting future loss. The most often met types of processes in
analysis of financial processes are non-stationary and non-linear. The reasons for non-stationary behavior are as fol-
lows: availability of deterministic or stochastic trend (integrated processes), and variance may change in time (hetero-
scedastic processes). Non-linear behavior can be induced by observed nonlinear components in variables or parame-
ters. The models of such processes can be multidimensional, sophisticated and contain deterministic and stochastic
components. It means that modeling of the processes can require substantial efforts and time.

To analyze financial process and estimate financial risks it is recommendable to construct specialized intellectu-
al decision support systems (IDSS) that already found wide applications in many areas. IDSS designed on the principles
of system analysis is very convenient instrument for researchers, engineers and students; such systems provide substan-
tial help in modeling, forecasting and decision making. Among substantial advantages of IDSS are the following:

— correctly organized functioning of IDSS provides a user with recommendations regarding selection of data
preprocessing methods, especially the methods for fighting statistical uncertainties often available in collected data (ex-
ternal disturbances, missing measurements etc.);

— statistical uncertainties of data are practically always available, and the means to fight them can be incorpo-
rated into IDSS itself what makes easier usage and modification of the methods if necessary;

— next the recommendations can be generated regarding possible types of mathematical models to be construct-
ed in each specific case and algorithms for their constructing; this is especially convenient for the users who still do not
have enough experience of analyzing non-stationary and non-linear processes,

— the IDSS is usually directed towards solution of specific problems — for example, constructing models for risk
estimation can include necessary (available and designed for specific tasks) statistical quality criteria providing the
possibility for thorough analysis of model adequacy and forecast quality;

— the system provides a user with necessary recommendations in cases when a model constructed does not ex-
hibit necessary adequacy and quality of forecasting is not satisfactory, these recommendations indicate what other
model type can be constructed or what additional data processing like fighting uncertainties can be performed.

The experience of practical application of specialized IDSS shows that quality of risk analysis is substantially
higher with constructing the specialized system. Also necessary time for carrying out the analysis is usually shorter.

Keywords: financial risks, non-linear and non-stationary processes, mathematical models, intellectual decision
support system, statistical uncertainties.

Bidyuk Petro, Doctor of Engineering Sciences, Professor, Department of Mathematical Methods for System
Analysis , National Technical University “Igor Sikorsky KPI”, Peremogy str., 37, Kyiv, Ukraine, 03056
ORCID: http://orcid.org/0000-0002-7421-3565

Tymoshchuk Oxana, PhD, Associate Professor, Department Head, Department of Mathematical Methods for
System Analysis, National Technical University “Igor Sikorsky KPI”

Peremogy str., 37, Kyiv, Ukraine, 03056

ORCID: http://orcid.org/0000-0003-1863-3095

45




XIV naykosa kondepenuis «HAYKOBI IIIICYMKH 2025 POKY»

UDC 35.081.2:004.8

IoT INTEGRATION MODELS INTO HUMAN CAPITAL MANAGEMENT
SYSTEMS: CHALLENGES AND PROSPECTS

Chezhimbaeva Katipa, Domalatov Yerzhan

Given the accelerating digital transformation of the economy and the growing complexity of human capital de-
velopment, organizations and government institutions are increasingly integrating Internet of Things (IoT) technologies
into management practices. 10T enables continuous monitoring of work processes, working conditions, and educational
activities, creating the preconditions for increasing productivity, developing new competencies, and adapting HR strat-
egies to the demands of the digital environment. However, the highly fragmented IoT infrastructure, the lack of unified
data standards, and differences in the digital maturity of organizations complicate the institutional implementation of
these technologies and slow down decision-making.

To address these challenges, the study proposes examining loT integration through the lens of three institutional
models. The first model — the operational model — involves using IoT to monitor work conditions, improve safety, and
reduce the likelihood of errors by recording production environment parameters in real time. The second — the compe-
tency model-focuses on the use of loT platforms in education, professional training, digital skills development, and the
creation of individual learning paths based on data received from sensor systems. The third model — the strategic one —
involves using 10T data to forecast talent needs, optimize human resource management, and formulate management de-
cisions based on big data analytics.

The analysis identified key challenges hindering the widespread adoption of IoT in human capital management.
These include the risk of personal data leakage due to the high degree of network connectivity of devices, the uncertain-
ty of the legal status of data, the limited readiness of organizations to process continuous information flows, and the in-
adequacy of regulatory data protection mechanisms. The shortage of specialists capable of operating, analyzing, and
developing IoT ecosystems also remains a serious constraint, reducing the potential of these technologies to develop fiu-
ture competencies.

The findings are linked to the institutional characteristics of loT implementation, as the technological efficiency
of devices cannot compensate for the structural limitations of management systems. loT integration is effective only
when consistent data management standards, a developed cybersecurity infrastructure, and the established digital com-
petence of employees are in place. In such a context, the loT is becoming not only a productivity-enhancing tool but al-
so a mechanism for the evolutionary development of human capital, facilitating the development of new skills, increas-
ing adaptability, and modernizing management practices.
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FUZZY MODELLING APPROACH FOR PREDICTING EMERGENCY RISKS IN
SMART CITIES

Gasimov Huseyn

In the modern era of rapid expansion of smart city concepts, the intensification of urbanization processes and
the increasing complexity of critical infrastructure make timely decision-making during emergencies and technogenic
incidents more crucial than ever. Ensuring public safety in such environments requires accurate assessment of diverse
risk factors and early prediction of potential human casualties. Although smart cities widely employ sensor networks,
video-analytics systems, and IoT technologies that enable real-time data collection, the uncertainty inherent in these
data—such as measurement errors, environmental variability, the dynamic nature of events, and the unpredictability of
human behavior—complicates precise risk evaluation. For this reason, the application of fuzzy set theory offers
significant advantages in the initial assessment of emergency situations, the allocation of resources, and the
optimization of response decisions. A fuzzy-based approach enables more adequate modeling of complex and non-
linear urban processes, reduces the impact of data uncertainty, and supports more reliable and timely prediction of
emergency-related risks.

To address this problem, the application of fuzzy set theory is proposed. In this approach, a city is modeled as a
set, whose subsets represent administrative institutions, enterprises, organizations, residential buildings, and industrial
or service facilities, while the elements correspond to the city’s population.

The locations of city residents—both their homes and workplaces—as well as their daily movements vary
dynamically throughout the day. For instance, a citizen may reside in area “A,” work in facility “B” during the first
half of the day, in facility “C” during the second half, and return to their residence in area “A” in the evening.
Consequently, their coordinates change dynamically over the course of a day. From this perspective, the city can be
considered as a collection of elements whose positions change dynamically and fuzzily over time.

In the proposed model, each citizen is represented as an element of a set corresponding to their expected
location at a given hour. If a technogenic accident or natural disaster occurs in a particular area, the affected subsets
are identified as high-risk zones based on the spatial extent of the incident. The elements of these subsets—i.e., the
population present in the affected areas—are registered as potentially injured or endangered individuals.

The system automatically establishes contact with these individuals by sending short messages with pre-defined
text and response options. Based on their responses, individuals are categorized as unharmed, injured, or otherwise
affected. The corresponding elements are then removed from the original subsets and added to appropriate ones. As a
result, shortly after the occurrence of an accident or disaster, timely and organized information about affected or
endangered individuals is obtained. This information allows search-and-rescue teams and medical services to be
directed to precise locations efficiently.

Keywords: smart cities, fuzzy logic, emergency risk prediction, uncertainty modeling, decision support systems.

Gasimov Huseyn, PhD, Head of Department, Department of Electronics and Information Technologies
Nakhchivan State University, Naklhchivan city University campus, Republic of Azerbaijan, Nakhchivan city,
University campus, AZ7012

ORCID: http://orcid.org/0000-0002-3714-875X

47




XIV naykosa kondepenuis «HAYKOBI IIIICYMKH 2025 POKY»

YK 004.72:004.45

MOPIBHSIJIbHUM AHAJII3 TEXHOJIOTTH BIPTYAJIZAIII 115
MACHITABYBAHHSA BEB/IOJATKY B XMAPHOMY CEPE/IOBHIII

Kunxukos /1. [1., Yenypna 1. C.

B ymosax akmueno2o po3gumky XmMapHux mexHoao2iti ma 3acmocy8anus 6e6000amKi8 epexmugHicms uKopuc-
MAHHA Pecypcié € OCHOBHUM akmopom 3abesneyeHtss cmabitbHo20 QYHKYIOHYBAHHS THOPACMPYKMYPU MAKUX 000a-
mKis. 30Kpema, 3acmocy8aHHs mexHoN02ill ipmyanizayii, Wo € 0CHOBOI XMAPHUX MEXHOA02Il, 003801A€ 3a0e3neuumu
PpOo320pmanis ma cmabinbhe QYHKYIOHYBAHHS PI3HOMAHIMHUX CEPBICI6 3 GUKOPUCMANHHAM GIPMYATbHUX MAWUH aO0 KO-
Hmelinepie. Xmapni 6eHOOpU NPONOHYIOMb 0OYUCTIOBANbHI PECYPCU, WO HAOAIOMbCA 8 MexHcax Mooenell Ha0aHHs nOC-
aye. Taxi modeni marome u3HAUEHI OOUUCTIOBATILHI pecypCl, 30Kpema 00csie OnepamusHoi nam ami, OUcK08020 npoc-
mopy, NOMydHCHIiCmb npoyecopy. [ia poseopmanhs KOMROHEHMI8 Hppacmpykmypu 6e6000amKy WUpoKo 3dCmocosy-
emuvcst konmetinepusayis. Lle 003gonse poszopmamu 6e6000amKu 3 pO3MIWEHHAM KOMROHEHMIG ix inghpacmpykmypu 6
1301b08AHUX KOHMEUHEPAX.

B ymosax niosuwenoeo nasanmasicenHs 0OHUM 3 nioxo0ie 00 3abe3neyeHHs cmadilbHO20 QYHKYIOHYBAHHS 6€0-
000amKis € 30iibulenHs 00YUCTIOBAILHUX NOMYAHCHOCHEU Ma OYOI08AHHS THPPACMPYKMYPHUX KoMnonenmis. Lle docs-
2A€EMbC MACUMADYBAHHAM KOMNOHEHMI8 IHppacmpykmypu 6e6000amxy.

Tlocmanoska npobaemu noasieac y HeobXioHocmi 00IPYHMOBAHO20 8UOOPY MidIC NOBHOIO 8IPMYANI3aAYIcI0 MA KO-
Hmeunepusayicio 0 3a0e3nevents Macumany8ants KOMNOHEHMI8 iHdpacmpykmypu 8e6000amKy 8 ymosax obmedice-
HUX pecypcis.

006'exmom 00CaiddCEHHs € NPOYeCt CHOACUBAHHS OOUUCTIOBATLHUX PeCypCié npu cmabiibHOMY (QYHKYIOHY8AHHI
6e0000amKy 01151 3a0e3neyeHHss MacumaOy8ants KOMHOHEHMI8 iX IHpacmpyKkmypu 8 ymMosax ni0guiyeHo020 HA8aHma-
JICEHHS 3 GUKOPUCIAHHAM NOBHOL gipmyanizayii Ha 6asi cinepgizopa 2 muny ma KOHMeuHepu3ayii.

Aemopamu cmammi po3noyamo Yyuki eKCnepumenmis 0Jisi 6CMAHOBIEHHsL 3AKOHOMIPHOCIEN CNOJNCUBAHNSL pec)-
pcie npu poszopmanmi ma QYHKYIOHY8aHHi 6e6000amK)y8 PI3HUX YMOBAX 3 MEMOI0 OOIPYHMYEAHHA 8UOOPY MEXHONO02iT
sipmyanizayii. Bugueno eéniue obpanoi mexnonozii Ha uac 3anycky cepsicy 004UCTIO8ANbHUX PeCYPCié Npu cOPU3OHMA-
JbHOMY Macwimabysanti. Bcmanoeneno, wo uac 3anycky cepsicy 8cepeOuHi NonepeoHbo HAIAWMOBAHOT 8ipMYanibHOL
Mawunu cxknaoae 30 mc, a wac 3anycKy makozo camozo cepsicy ¢ koumeunepi Docker cknadae 50mc. Ilpu yvomy 01
PO320pMAaHHA cepgicy 8 8ipmyanvHill MAWUHT 8UMPAMU 00UUCTIOBANLHUX PeCcypCié CMAHO8AMb NOMYHCHICIL NpoYe-
copy 3 2 s0ep, obcse onepamusHoi nam’smi cmanogums 2 10, ouckosoco npocmopy 20 I'6. [{na posecopmanus cepgicy 6
KOHMeUHepi UKOPUCMOBYIOMbCA PeCypPCU CRIIbHO20 A0pa Xocma, a (akmuyHi sumpamu 0OYUCTIOBATbHUX pecypCis
00MedNCYIOMbCST BUMOSAMU CaMO20 cepeicy, 30Kkpema obcsie onepamuenoi nam’smi cmanosums 30 M6, a ouckogozo
npocmopy — 150 Mb, wo sionosioae posmipy obpa3sy cepsica.

Lleti pesynomam o0b6IpyHmMOBAHO MUM, Wo KOHMEUHEPU3ayis BUKOPUCMOBYE CRIbHe A0pO Onepayitinoi cucmemu
xocma, ycyeaiouu HeoOXIOHICIb 6CMAHOBIEHHSL HOBHO20 OYOIIKAMY 20CMbOB0O20 A0PA, CUCTEMHUX NPOYecié ma mepe-
JHCHUX HANAUIMYEaAHb OJi KONHCHO20 6e0000amKd. 3a80AKU YbOMY O0CALAEMbCA 3HAUHO SUWA WITbHICMb PO3MIUEHHs
KOMNOHEeHMI8 inghpacmpykmypu 6e6000amKa ma MiHIMI3YIOMbCA BUMPAmMU 004YUCTIO8ALHUX PECYPCI68 NPU 20PU3OHMA-
JbHOMY Macumabyeanni. Takum YUHOM 8 YMOBAX OOMENCEHUX pecypcieé KoHmelHepusayis € Haubiib eQeKmusHoIo
MexXHON02IEI0 01A 3a0e3neuents cmaditbHo2o PyHKYioHyeanis seb0odamxa.

Kniouoei cnosa: BipTyanmizariis, KOHTeHHepH3aIlis, MacTabyBaHHs, BEOI0IATOK, pECYpPCH.
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PO3POBJIEHHA BE3NEYHOI CUCTEMU EJIEKTPOHHUX OCBITHIX
3ANIMCIB (EER SYSTEM) HA OCHOBI TEXHOJIOI'Ti BIOKYEWH
TA XMAPHUX OBYHUCJIEHb

HImatko O. B., Kupuuenko O. B.

Y mpaouyitinux cucmemax ynpaeninns enexkmponnumu ocgimuimu sanucamu (EER) xooicen nasuanvrutll 3aknao
30epieae GNACHI CMYOEHMCbKI 3aNUCU HE3ANIeHCHO, W0 YCKIAOHIOE 0OMIH ab0 NepesipKy aKadeMiuHux OaHux Midxc pis-
Humu ocgimuimu naamgopmamu. OcmanHin 4acom mexHoao2isa OIOKUeln Cmania nepcneKmusHUM pieHHAM, sIKe 3d-
besneuye besneunuti ma epexkmuenuti 0omin EER-3anucamu mixe ycmanosamu, wo npayioms HA PIi3HUX CUCTEMAX.
Ilpome 30epicanusi NOGHUX OCGIMHIX 3anuUcié Oe3nocepednbo y OIOKUeliHi € HeOOYLTbHUM Uepe3 0OMeNCeHy EMHICb
cxosuwa ma 8Ucoki onepayivni sumpamu. /[ po3e’azauua yiei npobremu 8UKOPUCINOBYEMbCA XMAPHA THGpacmpyK-
mypa sik 000amKoge piueHHs, wo Hadac nepedacu y 8ueiiadi macumabosano2o 36epicauts ma 8UCOKOi 00CHYNHOCI.
006’ ’ekmom npoBedeH020 OOCHIONCEHHS. € CUCmeMa YNpaeniHHs eleKkmpounumu oceimuimu 3anucamu (Electronic
Education Record, EER), wo npusnauena 015 30epicanis, 00pooKu, ooMminy ma aemenmugikayii 0c8imuix 0auux mixc
PIBHUMU HABUATLHUMU 3AKAA0AMU, POOOMOOABYAMU MA CIMYOEeHMAMU.

Jna eupiwenns 3azmauenux npoodiem y pobomi 3anponoHO8ano IHHOGAYiliHUUL nioxio 0o nobyoosu EER-
cucmemu, AKUU 6a3yeMbCsi HaA NOEOHAHHI MeXHO02iT b10Kueln ma XmapHux oouuciensb. OCHOGHA i0es Noas2ae y po3-
nooini Qynxyitl Mixe 08oMa KOMNoHenmamu: OlOKuelH-Mepedica 3abe3neyye YiliCHiCmb, He3MIHHICMb Ma KOHMPOIb
docmyny 00 0CEIMHIX 3aNUCI8 ULIAXOM 30epediCeH s Xeu-I0eHMUQpikamopie mpau3axkyiil, JHCypHALie nooditl ma cmapm-
KOHMPAKMIig, Wo peclameHmylomsb 83acMo0il0 Midc yuacHuxamu. Xmapua ingpacmpykmypa 6uKopucmogyemucs 0is
Macumabnoeo 36epicanns 3awiugposanux EER-Oanux, wo 0036015€ 3MeHWUMU HABAHMANICEHHS HA OJIOKYelH | YHUK-
Hymu 06MedNceHb 1i020 NPONYCKHOI 30amuocmi ma eapmocmi. J[is 3a6e3neyenns 6e3neuno20 0OMiHy OaHUMU MIdC KO-
pucmysauamu 3acmocogaro eninmuuny kpunmoepadgiio (Elliptic Curve Cryptography, ECC), axa 3abe3neuye gucoxui
piseHb 3axucmy npu MiHIMATLHUX 0OYUCTIOBATLHUX sumpamax. s OyinKu CMItKocmi cucmemu npoeedeHo Mooeio-
sanns y cepedosuwyi AVISPA (Automated Validation of Internet Security Protocols and Applications), sixe niomgepouno
gi0cymHuicmo 8paziusocmeti 00 OCHOGHUX MUNIB AMAK, MAKUX K NOBMOPHA, NIOMIHA NOBIOOMIEHb ab0 amaka ‘“‘1oou-
Ha nocepeduni”’. Jlooamxoso 3acmocogarno BAN-noeiunuii ananiz, skuil 3ac8i04U8 HASBHICMb 63AEMHOT asmenmupirka-
yii midic cyb’exkmamu cucmemu.

Pospobnena cucmema EER 3a6e3neyye 3axucm 6i0 0CHOGHUX MUNieé amax (NoSMopHoi, niOMiHu, nepexonneHHs
O0aHUX), 2APAHMYE 83AEMHY ABMEHMUDIKAYIIO YUACHUKIE 0OMIHY MA 3MEHULYE 00UUCTIOBANIbHI BUMPAMU NOPIGHHO 3 iC-
HYIOYUMU cXemamu. 3a pe3yibmamamu MOoOemo8ants NiOmeepostceno Cmitikicms npomoKosy 00 3a2po3, d MaKolc
egexmusHicmv mexanizmie konmpomo docmyny. [ocaenenns nioguwenoi besnexu ma npoOyKmueHOCMI NOSCHIOEMbCS
NOECOHAHHAM nepesas OAoKYeln-mexHon02ii ma xmapHoi ingpacmpykmypu. Broxuetin 3ab6e3neyye 008ipy ma He3min-
Hicmb 0anux, mooi K XMapHi cepgicu 00380410Mb MacuimabHe 30epicanisi 0CGIMHIX 3aNUCié 6e3 HAOMIPHUX 8UMpam
pecypcie. Buxopucmanns ECC pobums cucmemy npudamuoio 051 npaKmuiHo20 GNpo8aA0NCeH sl Y HAGUANbHUX 3aKLA-
0ax pizno2o pieus, 3depicarouu bananc midc be3nekoro ma epexmusricmio.

Kniouogi cnosa: dnokueiin, xmapmi obuucienns, erinmuduna kpunmozpagis, asmenmugixayis, oe3neka OaHux,
cmapm-kowmpaxm, AVISPA, BAN-nocika.
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BUKOPUCTAHHSA METOJIY AHAJII3Y IEPAPXIN JJIS OLITHIOBAHHS
AKOCTI BEKTOPHUX 30BPAKEHD

Kyapsmogsa A. B., Oaispaux T. 1.

Toune oyin08anHs AKOCMI BEKMOPHUX 300PAdCEHb € CKIAOHUM 3A80AHHAM, adice OISl BeKMOPHOL epaghiku AKicmy
He 3600umbCsi 00 00HIET xapakxmepucmuxu. Basciueo, wob konmypu i wpugmu KOpekmHo 8i0meoplo8auch, epadicHmu
Mma MAcku He cmeoproganu apmeghaxmis, Koiwopu 6yau nepedbauysanumu 015 eKpana i OpyKy, a ¢aiiiu ne cmeoprosau
npobaem i3 npoodykmusnicmio (wac penoepuney, posmip SVG/PDF mowo). Yepe3 siominnocmi pywiie penoepuney ma
cyenapiie sukopucmanms (8e6, inmep@eticui ikouku, noaiepagis) wacmo 00800UMbCsL NOPIBHIOBAMU ATbIMEPHAMUBY (DI3HI
8epcii 306padicenHs abo HATAUWMYBAHHS eKCNOpmY) ma ooupamu HaUKpawy 3a CyKynHicmio Kpumepiis.

YV meorcax docnioscenna zanpononosano 3acmocysamu memoo ananizy icpapxiti AHP sk incmpymenm nepemeo-
PEHHsL eKCHEPMHUX CYOHCEeHb NPO BAANCAUBICIMb Kpumepiis y KiNbKiCHI 6azu. Busnaueno nepenik nHausaxciugiviux Kpu-
mepiig: 2eoMempuyHaA MOYHICIb KOHMYPI6 (AKICMb CMUKIE, CMAOLIbHICIb MOGWUHU NIHIL, KOPEKMHICMb KPUGUX),
SAKICMb AHMUANIAcUKey (Hasa8HiCmb «3y0yisy, opeolis, decpadayis OpiOHUX demanell Ha PI3HUX MACWmabax), Kopekm-
HICMb 3aIUBOK/2PAOIEHMIE/MACOK (CMyeu, NOMUIKU NPO30POCMI MA HAKIAOAHHS), KONIPHA 6i0nogioHicms (cmabinb-
HiCMb GIOMIHKI6 Yy NpopiisX, KOPeKMHICMb NPU eKcnopmi) ma npoOYKMUGHICMs (4ac peHOepuHaey, po3mip gaiiny, no-
6edinka 8 Yinbosux nepeznadauax). AnemeprHamusyu NOPIGHIOBANUCA HA OCHOBI BUMIPIOBAHUX O3HAK MA eKCNepmHOl iH-
mepnpemayii, Nicis 4020 Gopmy8anucs 10KAIbHI OYIHKU 1 NIOCYMKOBULL pelimune.

Tlpaxkmuuni o3naxu 015 OYiHIOBAHHS NOOAHO K THOUKAMOPU, npudamui 0as pobowoeo npoyecy. s ceomempii
ye GiOXUNeHHs. KOHMYPY NicCliA KOHMPObHOI pacmepusayii, po3spusu ma nepemuHuy, HeKOpeKmHi CIuKu ma Hecmaobinb-
Hicmb MiHIU npu macumadysanni. J{ns anmuaniacuney — UOUMICIb CXOOUHOK HA MeNCAX, NOSBA OPeoie i nocipuletts
yumabenbHocmi OpiObHUX enemenmie (iKOHKU, MeKCcm) Ha Munosux macumaobax. s 3aau8oK i MAcok — cmyeu Ha epa-
dienmax, apmegaxmu 06pI3aHHs, NOMUIKU NPO30POCMI MA NOPOKY HAKIAOAHHS. [[lIs1 KOIbOpYy — GIOXUNICHHS 6i0 OUi-
KY8AH020 6uU2NA0dy Ha eKpaui abo npu OpyKyeaHHi ma cmabiibHicms npu 3MiHi npoginis. /[na npodykmugHocmi — uac
PEeHOEepUHZY CYeHU, NIKOBe CRONCUBAHHS NAM SMi, PO3MID eKCHOPMOBAH020 Gailny Ul WEUOKICIb 8I00OPANCEHHS HA Yi-
JIbOBUX NPUCMPOSX.

YV pesyrvmami ompumano y3e00cenuii Mexauizm iHMeSpaIbHO20 OYIHIOBANHS, AKUL 003601UE PAHIICYEAMU Alb-
mepHamuey ma nOACHI8amu npudunu udopy. Iloxazano, wo eacu Kpumepiie doyinrbHo Kaniopysamu nio domeH. [na
noaiepaii npiopumem 3mingyemocs 00 KOIPHOL 8ionogionocmi ma ceomempuynoi mounocmi. /{ns eeb-epagpixu i Ul-
IKOHOK CYymmesiuumuy € anmuaniacure i npoOyKmueHicmo. 3anpononosanutl nioxio 3abesneyus 8iomeopiosanuil udip
Kpawoi anbmeprnamusu ma Hadae 3po3ymiie oOIPYHMYSAHHS 6HECKY Kpumepiig y niocymxosuil petimune. Lle nonecuye
V32000iCeHHsL Pe3yTbmamie Midic ouzaunepamu, po3poonHuKamu ma Gaxisysimu 3 ni02omoeKy KOHMeHmy.

Knrwouosi cnoea: sexmopne 300pasicenus, AKicmy, Memoo ananizy iEpapxii, aibmepHamusa.
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METOAHN OBPOBKH 30BPA’KEHD 3 KOCMIYHUX CUCTEM
PATIOJOKAIIIMHOIO CIIOCTEPEKEHHS

Xynos I'. B., Tokapes C. O.

Bpaxosyouu ceimoei mendenyii po3eumky mexmono2il OUCmManyiliino2o 30H0Y8anHs 3eMi, 30Kpema cmpimke
3POCMAaHHs KITbKOCMI KOCMIYHUX anapamis i3 padioloKayitiHumMuy cucmemamy CUHmMe308anoi anepmypu, 8 oCMaHHil
yac y nposioHux 0epacasax ceimy aKmuHO NPOBAOINCYIOMbCS HOBIMHI Memoou 0O0poOKu padionoxkayiinux 300pa-
gicenn. Lle 0036015 cymmego nidguwumuy moyHicms ma onepamudHicme eudiienHs 06’ ckmi inmepecy, 30iCHIO8AMU
MOHIMOPUHE 3MIH HA 3eMHIll NOGEPXHI, OYIHIOGAMU CMAH [HOPACMPYKMYPU MA ONEPAMUBHO OMPUMYEAMU PO36I0Y6a-
LMY THOPMAYio He3aNeHCHO 8I0 NO2OOHUX YMO8 ma Yacy 0obu. B ceoro uepey, 8 ymosax pociticbko-ykpaincokoi 6itinu
3 KOJCHUM OHeM 30inbulycmuvcsi nompeba 6 0opobyi 300padicensb 3 KOCMIYHUX cucmem padionoKayiiHozo cnocmepe-
JiCeHHsl 6 IHmepecax besnexu ma 000poHU depoicasu. IcHye maxodc HeoOXIOHICMb NOCMITIHO20 MOHIMOPUHZY 00 €Kmi6
KpUMU4HOI iHPpacmpyKkmypu, 6KII04AIOYYU Mi, WO 3HAXOOUMbCS HA MUMYACOB80 OKYNOBAHUX mepumopisax. Tomy oco6-
JUB020 3HAUEHHSI HADYBAE 3ACMOCYBANHS CYUACHUX MemOo0ie 0OpOOKU padionoKayiiHuX 300padcetb, Wo i € 06 €kmom
npo6edeH0co HayKk0B8o2o 0ocaioxcenns. QOnax eghexmusHe BUKOPUCTNAHHA MAMeEPIAnie KOCMIYHUX cucmem paodionoKa-
YIlIHO20 CHOCMEPEIICEHH S YCKIAOHIOEMbCSL OCODIUBOCHISAMU MAKUX 300PANCEHb, OCHOBHUMU 3 SIKUX € HASAGHICTND CHEKIl-
Wymy Ha 6XiOHOMY paodioNloKayiuHoMy 300padicenni. JIna eupiuwennusn yiei npodaemu 6yio nposedeno ananis ei0omMux
Memodie 06poOKU 300padiceb 3 KOCMIUHUX CUCTEM PAdIONOKAYIUHO20 CNOCMEPedCeH s. 3a pe3yibmamamu anaizy
B8CMAHOBIEHO, WO NOPO20BI MEMOOU € NPOCTNUMU 8 peanizayii ma eghekmusHumMu npu Gopmyeanii dinapuux gitbmpis,
OOHAK IXH5l Pe3yTbMAMUEHICMb CYMMEGO 3HUICYEMBCSL 3d YMOG HASIGHOCHIL HA 6XIOHOMY 300pasicenni cnexi-uymy. Tex-
cmypHi Memoou 06podKu 00360110Mb 8I000PaA3UMU CIMPYKMYPY CYEHU 3UOMKU, dAle XAPAKMepu3yiomsCsi UCOKOK 00-
YUCTIOBATLHOIO CKAAOHICIIO MA MAKONC € YYMAUSUMU 00 WiyMig pisnoi npupoou. Memoou Knacmephnozo ananizy,
BKIIIOYAIOYYU MOOUDIKOBAHT AN2OPUMMU, 3A0E3NEYYIOMb SHYYKICMb MA MONCIUGICMb adanmayii 00 CKIAOHUX CYeH 3U0-
MKU, npOMe CYMmeELO 3aaexicamy 6i0 napamempis po3nooiny nikcenie ma UMazams 3HAYHUX 0OYUCTIOBATLHUX Pecyp-
cie npu eenuxux obcsieax oanux. Inma zpyna memodis, 0o sxux 6xoosme 2pagosi ma pecioHaNbHi Memoou 0OpPoOKU
300pasicenb, NOKA3YIOMb GUCOKY AKICMb 00pOOKU Juwe y Cneyianizosanux 3a0ayax, Hanpuriao npu UOIIEeHHI 800HUX
HOBEPXOHb, CLILCLKOZOCHOOAPCHKUX Y2i0b MOoulo, mobmo 60Hu Marms oomedxcery yHisepcanvhicmo. Tonspumempuyni
Memoou 06podKu 300padcelb 0aromb 3M02y 8PAX08Y8AMU CIMPYKMYPY Ma HeOOHOPIOHICMb Mmepumopii 3UoMKU, ale pe-
3ynbmam pobomu 3aiexHcumsb 6i0 ONMUMI3AYIL napamempie Memooy ma Modce 3a6epULy8amucs npooiemoio nosiéu jo-
KanbHux minimymis. CyuacHi enuboxi HetponHi mepeici, sKatouaroyu mooeni Ha ochosi mpancgopmepis, U-Net, YOLO,
DeepLabv3+ mowo, demoncmpyioms UCoKy MOYHICb NPU GUOLIEHHT CKIAOHUX 00 €KMIi6 inmepecy Ha 300paiCeHHsX,
npome nompeoyIomy HAsLBHOCHI BEIUKUX HABYANLHUX BUOIPOK, SHAUHUX 0OUUCTIOBATLHUX PECYPCI8 MA 4acy HA HABYAH-
Hs ma nepenaguantns. Omoice, NPoGedeHUll AHANI3 3ACEIOUYE, WO ICHYIOUL Memoou 0OpoOKU padioloKayiiHux 300pa-
JHCEHb MAIOMb HU3KY HeOOJIKi6, OCHOGHUMU 3 SAKUX € YYMAUBICMb 00 CHEKA-WYyMY ma IHWUX apmegakmis, npumaman-
HUX paodionoKayituHitl 3U0MYi, 6UCOKA OOYUCTIOBAILHA CKAAOHICMb, W0 00MedCye 00pOOKY 300pajceHb 8 pedcumi pea-
JIBHO20 4acCy, 3a1edcHICmb 8I0 subopy napamempis pobomu memooy, 0OMed’ceHaA YHIGepCalbHiCmb, MoOmMo e@ekmues-
Hicmb pobomu Memooig auute 0Jisi KOHKPemHUX munie 06 ekmis inmepecy abo GU3HAUEHUX Mepumopii 3U0MKU, nompe-
06a y 6enUKUX HABUATLHUX BUOIPKAX OIS CYYACHUX HelipoMmepedcesux nioxodie mowo. 3 02150y Ha suxiadene suue, ax-
MYANLHUM € YOOCKOHAIEHHS ICHYIOUUX Mem0o0ié 00poOKU padionoKkayiuHux 300pasiceHb abo po3podKa HO8UX nidxodis,
CRPSMOBAHUX HA BPAXYBANHS 3A3HAYEHUX HEOOIKIG.

Kniouosi cnosa: padionokayiiine 300pasicenisi, KOCMIUHI cucmemu po38ioKu ma cnocmepedjicelts, 0opoobKa 30-
bpasicens, oucmanyitine 30H0y8anHs 3emui, yugposi memoou 0o6pobKu 306padicer
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BUKOPUCTAHHS MEXAHI3MIB KOHCEHCYCY JIJISI PO3POBKU BE3IEYHOI
CUCTEMMU IEPEJAYI JAHUX

HImatko O. B., Kep:xepynos II. IO.

CyuacHi nocicmuuni cucmemu Xapaxkmepusylomvcsi CKIAOHOI0 CMpPYKmypoio, 6a2amopisHesoio 83aemMoicro Midc
VUACHUKAMU MA 3HAYHOIO KITbKICMIO iHGopMayitinux 8y3ie, wo nio8uULye pusuKu HeCaHKyioHo8ano2o 00cmyny, @aib-
cugixayii danux i empamu yinicnocmi ingpopmayitinux nomoxis. Ilpobaemamuxa pobomu nouseac y po3poonenui oeye-
HMPANi308aH020 MEeXAHIZMY 008IpU, 30aMHO20 3a0e3neyumu nepesipro8anicmy, 8i0CMedrHCy8aHiCmy i nPo3opicmy 0OMi-
Hy Oanumu Oe3 nompedu y yenmpanizosanomy Koumpoai. 06 €ekmom 00CiONCeHHs € CUCMeEMA YRPAGIIHHI TAHYIO2AMU
nocmauanus (Supply Chain Management, SCM), y saxiil peanizoearno mexanizm koucencycy Proof-of-Friendship (PoF)
SIK OCHOBY 0I5 3a0e3neyenns: 6e3neyHo2o, HadiliHO20 Ma CMAI020 OOMIHY OGHUMU MINC YYACHUKAMU Mepedici. 3anpono-
Ho8anuil nioxio bazyemvcs Ha iHmezpayii mexanizmy KoHcencycy Proof-of-Friendship y cmpykmypy Oeyenmpanizosa-
Hoi SCM-cucmemu. Ha 6iominy 6i0 mpaduyitinux aneopummie xorcencycy, maxux sk Proof-of-Work abo Proof-of-
Stake, mexanizm PoF euxopucmogye mpu 63a€MON08 I3aHi napamempu — 2e0I0KaAyito 8y3i6, Pi6eHb YCRIUHOCMI MPaH-
3aKyil ma 0dcepeno eHepeonoCmayans — K Kiovosi 0emepMinanmu y npoyeci ubopy 8anioamopis.

@yukyionanvua apximexmypa PoF inmesposana y oaoxyelin-mepedicy, wo 3abesneyye ikcayiro mpauzakyii y
HEe3MIHHOMY peecmpi 3 UKOPUCAHHAM CMAPM-KOHMPAKMIE 0I5l YAPAGIIHHA Npagamu 00CMyny, wugpyeaHHam nepe-
danux Oanux i sepugpixayicro docmosipnocmi yuachuxie. Mooentoganns yHKyionyeanus 3anponoHo8anol cucmemu
NOKA3A0, WO 8NPOBAONCEHHS KOHCEHCYCHO20 MexaHismy PoF y cepedosuwyi 1anyro2ie NOCmaiants 0036018€ 3HUSUMU
PUBUK HeCaHKYIOHO8AHO20 empyuaHHs npubnusHo Ha 40% nopigHaHo 3 mMpaouyiuHuMu NPOMOKONAMU KOHCEHCYC).
Cropouenns 3ampumku niomeepodicenHss mpauzaxyiti Ha 35—40% oocseaemvcst 3a805KU ORMUMIZ308AHOMY 8i000pY 8a-
0amopie i3 GUCOKUMU NOKAZHUKamMu Haditinocmi. Pezyiemamu 0ocniodxcenus demoncmpyroms nioGuujeHHs YilicHOC-
mi, nPo30pocmi ma Kepo8arHocmi NOMOoKI8 OaHux y 2106anvho posnoodirenux SCM-mepedcax. Inmeepayis PoF i3 xmap-
Humu cepgicamu ma mexnonozisimu Inmepnemy peueii (loT) 3abes3neuyec agmomamuune 8i0CmMedNCeHHs MO8apie y peaib-
HOMY Yaci ma MiHIMi3ye pusuku ganvcugixayii abo empamu inghopmayii Ha 6yOb-aKOMYy emani 1aHyea NOCMAa4aHHs.
Jocaznyma egpexmusHicms NOACHIOEMbCA CUHEP2EMUUHOIO Oi€l0 MPbOX (PAKMOPI8 — 2e010KAYIIHO20 PO3Nodiny, one-
payiiinoi naditnocmi ma enepeemudnoi Cmiukocmi — wo 3abe3neuyioms KOMNIeKCHY OYIHKY 8V371i6 i nidguuyioms aoa-
nmuenicms cucmemu 00 306HIWHIX enausie. Ha iominy 6i0 xnacuynux OIOK4eUuH-npomoxonis, mexaunizm Proof-of-
Friendship ne sumacac snaunux oO4uUCIIOBANLHUX PECYPCIB, WO POOUMDb 1020 ONMUMATLHUM OIS GRPOBAONCEHHSL Y MA-
JIUX T cepeOHix N02ICMUYHUX NIONPUEMCINGAX.

Kniouosi cnosa: Proof-of-Friendship, 6noxuetin, nanyiocu nOCMAayanHs, KOHCEHCYC, De3neka Oanux, cmapm-
KoHmpaxmu, oeyenmpanizayis, 1oT.
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DEVELOPMENT OF A PROTOTYPING APPROACH FOR CONVEX-CONCAVE
PARTS USING REVERSE ENGINEERING

Bychkov IThor, Kucherenko Dmytro, Chubukina Olha

Contemporary production and maintenance practices in aviation necessitate the development of rapid proto-
typing technologies for manufacturing parts. This is particularly relevant for components of complex shapes, especially
those with convex—concave surfaces typical of aerodynamic profiles such as blades, double-curvature skins, and fair-
ings. Aircraft manufactured using template-based methods and lacking design or technological documentation primari-
ly require digitization and the creation of an electronic database. In such cases, reverse engineering technologies serve
as a key tool for generating highly accurate geometric data, which constitutes the central focus of this study. However,
the complex surface geometry of the examined part and stringent accuracy requirements pose significant challenges for
3D scanning and CAD model processing.

To address these challenges, a technological approach is proposed that includes determining the optimal
scanning orientation, applying algorithms for smoothing and noise filtering, detecting uncertainty zones, and recon-
structing missing fragments using local approximation functions. The objective of the research is to develop a prototyp-
ing technology for convex—concave parts based on the integrated use of high-precision 3D scanning and inspection
with a coordinate-measuring machine. The study examines the process of forming a high-accuracy digital representa-
tion (£0.05 mm), which serves as the primary source of information for the subsequent CAD model. Experimental re-
sults demonstrate that the combined approach achieves the targeted accuracy, enabling prototype fabrication using 3D
printing or CNC machining.

It has been established that the key sources of errors are geometric features (sharp edges, small curvature ra-
dii, local depressions), as well as software limitations in generating surfaces from triangular meshes. To compensate
for these factors, an algorithm was developed for the local adaptation of B-spline control points and automatic devia-
tion estimation, ensuring stable prototype shape formation. The findings confirm the applicability of the developed
technology for rapid prototyping and modernization of products with complex curvilinear structures.

Keywords: convex—concave surfaces, reverse engineering, rapid prototyping, 3D scanning, 3D printing,
CAD model.
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OINIHIOBAHHA AKOCTI BIABUTKIB ®JIEKCOI'PA®IYHOI'O JPYKY

I'aBenko C. @., Boaosnii II. A., Jlabenbka M. T.

Cyuacnuil rexcoepaghiunuil Opyx 00cseHy8 GUCOKOL AKOCMI 300padiceHHs: Ha 8i0OumMKax, 3abesneyyrouu nepe-
dasanHsi epadayii MoHie ma epa@iuHuUX eleMeHmie Ha Memani308aniil NOGePXHI, 3A60AKU GNPOBAONCEHHIO MEXHON02IU
HD Flexo ma uacmomno-modynvosanozo pacmpyeanns (FM screening). Buxopucmanns ¢hapd Ha 00HIl 0CHO8I 3a0e3-
neyye eKko02iuHiCmy | NonyIapHicms Qrekcoepaii 0ist u2omoesieHts eHyuKo2o nakosants. Kpivm moeo, cyuacni gne-
KCoepagiuni Mauwunu ocHawjeni 000amKo8UMU CeKYisMU OISl TAKYS8AHHS, TAMIHY8AHHA, sucikanus mowo. Tomy akmya-
JbHUMU € OOCTI0ICEHHS AKOCMI 8I0OUMKIG (hrekcoepaghiuozo OpyKy.

Asmopamu cmammi npo8edeHo YUKI eKCNepUMeHmMAaibHUx 00CIIONCeHb OPYKAPCLKUX GI0OUMKIE HA MemAai3o-
eamiti poawzi, ompumanux na gaexcoepagiunii mawuni Omet “Varyflex V2 670 3 kousekyilinoio meniogoio CyuKom
(Hot Air Drying), aKi 0o3gonuau 8uasumu paxmopu enaugy Ha AKiCms HAOPYKOBAHUX 300pAd*CEeHb.

OcHosHull 8K1A0 NOAA2AE Y N0OYO08I NPUHUHHO-HACAIOK0BOI diazpamu hakmopie naugy Ha sKicmv 8i0OUMKIE
¢nexcoepaghiunoco OpyKy, y AKill 3a3HAYUEHO CIAMUYHO KEePOBAHI (PAKMOpU BHAUBY, 0e 3MIHA 00HO20 NOKAZHUKA GNIU-
sae na eenuyuny inwux. Chopmosano cemanmuuny mepexncy MHONICUHU NPULUH NOSGU UMOBIPHUX Oehekmis Ha 8I0OU-
mMKax y euensdi opieHmoeanozo epaga. Ananiz 00cnioxnceHb 00360aU8 po3podUMU IMIMAYIUHY MOOelb Kepy8aHHs NPo-
yecom 3abe3neyents AKocmi 8i0OUMKI6 3 BPAXY8AHHAM 3HAUEHb 6XIOHUX napamempie OPyKy (WBUOKOCMI, MUCKY, MeM-
nepamypu cyulinus), mexHoa02i4HUX XapaKmepucmux aHiloKco8ux 6arukis( 00’emy Komipox, ¢opmu ma zeomempis,
JAiHIamypu i Kyma maxuiy pacmpa), eracmugocmei apou (8 ’s3xicms) ma memanizosanoi goaveu (nosepxuesuil
Hamse).

Kniouogi cnosa: prexcoepagiuni giobumxu, bazamopienesi Mooeni, cemManmuyna mepexicd, OpicHmoBaHi epa-
@u, noxkazHuxu sIKOCmi.
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PROTOTYPING OF AVIATION COMPONENTS USING THE METHOD OF
SUSTAINABLE REVERSE ENGINEERING

Maiorova Kateryna, Ilin Oleksandr, Chubukina Olha

Considering the current state of development in the aviation industry, and in order to ensure rapid manufac-
turing, replacement, and/or repair of components and products supplied by partner countries, enterprises in Ukrainian
are actively implementing advanced technologies of reverse engineering (RE). RE enables high-precision digitization
(0.10-0.05 mm) of components of any geometry, particularly complex-profile surfaces such as turbine blades, propel-
lers, and fuselage panels, which are the focus of this study. However, uncertainty in the input data for creating digital
models — such as tolerances for manufacturing and assembly deviations, surface conditions, and other factors — com-
plicates and slows down the processes of prototyping, replacement, and repair.

To address this issue, the method of sustainable RE is proposed. This method involves the use of an ideal por-
trait in *.STL format obtained by refining the real portrait after 3D scanning of the test component. Nevertheless, sus-
tainable RE currently lacks established data on geometric accuracy requirements during prototyping. Therefore, the re-
search also aims to determine tolerance parameters for geometric deviations of components manufactured using this
technology.

The authors initiated a series of experiments on prototyping complex-profile aviation components using
3D printing or CNC machining. Industrial practices related to setting and assigning tolerances for various dimensions
and surface shapes were studied. The influence of 3D scanning accuracy on the precision of creating the ideal portrait
was demonstrated. It was revealed that sustainable RE can be applied when rapid manufacturing and prototyping, are
required, provided that geometric accuracy requirements of no less than £1 mm are met.

The obtained results are likely associated with limitations of software functionality in processing scanned por-
traits into ideal ones, which affects the accuracy of forming angles smaller than 90°, fillet radii or roundings less than
5 mm, sharp edges, and similar features. In such cases, conventional RE with the creation of a reference 3D model
should be used, ensuring the desired geometric accuracy of the manufactured component.

Keywords: reverse engineering, geometric accuracy, tolerance, 3D model, component.
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DEVELOPMENT OF A TECHNOLOGY FOR THE RESTORATION OF AIRCRAFT
PARTS USING REVERSE ENGINEERING AND 3D PRINTING METHODS

Oliynyk Dmytro, Kaidan Elvira, Chubukina Olha

Considering the wartime conditions in Ukraine, aircraft manufacturers face the challenge of restoring parts for
which structural and technological documentation is unavailable. This requires describing the experimental component
as a primary source of information, i.e., as an analytical reference (AR). The created AR reproduces the exact geome-
try, dimensions, shape, and other parameters (surface roughness, micro-relief, edges, etc.) in digital format, which is
subsequently used for design and for developing manufacturing technologies (3D printing, CNC milling, etc.). The ob-
Jjective of the study is to evaluate the accuracy of creating an AR for an experimental aircraft component using reverse
engineering (RE) technologies. However, when applying RE, there is a difficulty in connecting the existing technologi-
cal preparation of production (TPP). To address this issue, it is proposed to use algorithms for the forming processes of
the experimental part at the TPP stage, which take into account the solution of direct and inverse problems. Neverthe-
less, RE does not provide data on geometric accuracy requirements when creating AR. Therefore, the research task al-
so involves establishing tolerance parameters for deviations in component geometry in accordance with the selected
manufacturing technology.

The authors have undertaken a series of studies on the creation of an AR for a complex-profile aircraft compo-
nent, namely an engine blade. The study demonstrates the stages of AR construction using RE technologies (3D scan-
ning with an accuracy of £0.05 mm). Tolerance specifications for deviations in the geometry of blades manufactured by
3D printing have been established. The results indicate that the existence of an AR reduces the time required for all
forming processes. This is likely associated with the close interconnection between the design and technological stages
of TPP, where references to the AR of each original part are maintained, preventing duplication of information in the
database. In such cases, effective work is ensured when changes are made to the design of parts and the assembly unit
as a whole.
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TOPOLOGY OPTIMIZATION OF AVIATION COMPONENT GEOMETRY
DURING PROTOTYPING FOR WEIGHT REDUCTION WITHOUT
LOSS OF STRENGTH

Voronko Iryna, Spilnyi Herman, Chubukina Olha

The modern development of the aviation industry motivates leading companies worldwide to increasingly adopt
additive manufacturing technologies. One of the key objectives in this transition is the reduction of the weight of avia-
tion components without compromising their strength and reliability. To address this issue, methods of topological op-
timization (TO) are widely applied. These mathematical approaches allow for the rational distribution of material with-
in a structure in accordance with real operational loads. TO is particularly effective during the development of proto-
types produced through 3D printing or CNC machining.

The practical integration of topological optimization into aviation manufacturing is complicated by several fac-
tors. These include the imperfection of initial stress—strain models, limitations in the manufacturability of the obtained
forms, and variability in material properties, all of which affect the accuracy of predicting the strength and stiffness of
structures. Additionally, during prototyping, it is necessary to account for manufacturing tolerances and production-
specific features to ensure the accurate reproduction of complex organic surfaces characteristic of TO results.

This study proposes a combined methodology that integrates topological optimization with subsequent paramet-
ric refinement and finite element verification to overcome these challenges. This approach makes it possible to adapt
organic geometric forms to the capabilities of modern additive technologies, while ensuring the required dimensional
accuracy and structural strength of the manufactured components.

Within the scope of the study, a series of experiments was conducted involving the application of topological op-
timization followed by prototyping of the most material-intensive aviation components, including brackets, load-bearing
fastening units, control system elements, and secondary structural parts. The influence of various TO algorithms
(SIMP, ESO/BESO, and level-set) on the shape and manufacturability of the resulting structures was analyzed. It was
demonstrated that the application of TO allows for a reduction in prototype weight within the range of 20-55% without
loss of strength, provided that the FEM model is properly validated and real manufacturing tolerances are taken into
account.

It was established that the main limitations are associated with the accuracy of reproducing small elements of
the optimized geometry, such as thin webs, curvilinear cavities, and small fillet radii. In such cases, a hybrid approach
is recommended: initial TO — simplification and parametrization — repeated FEM verification — prototype manufac-
turing. This ensures compliance with strength and geometric accuracy requirements in the range of +0.3 mm, depend-
ing on the prototyping technology used and the complexity of the component.
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Q)QTOEJIEKTPH‘IHHFI 3D-IPYK: HNEPCHEKTHUBH 3ACTOCYBAHHS JJIsA
BIMCBKOBO-ME/IMYHUX HIJIEU

HIBequnkona I. O., Kieuxo II. B., [{uoyaenko /1. A.

V siticoxo60-meouunuii cghepi cmaiomo 8ce OibUL NOWUPEHUMU AOUMUBHT mexHoa02ii abo 3D-0pyk. Enepeone-
3anedicHe a0uUmuUHe BUPOOHUYMBO 00380ISE BUCOMOBIAMU He0OXIOHI demani ma IHCMpYMEeHmu, 3acoou 3axucmy ma
Hagims npomesu, WuHU 0Jis KOHKPEmMHO20 NAYIEHMA NPAMO HA Micyi HAOAHHS MeOuyHoi donomozu abo nopyy i3 HUM 3a
JiYeHi 200uHU ma 3a 8i0CYMHOCMI cmadibHO20 eneKmpodcusientsa. Tomy akmyansHoto € npobiema onepamueHo2o 3a-
be3neuenHs BILICbKOGUX, MEOUKIB, NPeOCMAGHUKIE 2YMAHIMAPHUX MICIli HeOOXIOHUMU 3aco0bamu 8 NOIbOBUX YMOBAX Ye-
pe3 CKIaoHy N02ICMUKy ma 8iOCYMHICMb CMAbiIbHO20  eleKmpodcugnenus. /s eupiuenns yiei npobaemu 06’ ekmom
00CTIONCEHHST BUSHAYEHO EeHeP2OHEe3ANeIHCHY nopmamusHy cucmemy 3D-0pyky 3 dcuenenusm 6i0 conaunux bamapel,
KA € 3PYUHOIO OJisl MPAHCIOPIMYBAHHS MA WEUOKO20 PO320PMAHHA Y NOALOBUX YMOBAX.

YV meorcax oocnioscenna asmopamu 3anpononosano komyenyito cmapmany cucmemu 3D-0pyky, ochoenum ene-
Menmom Kol € bazosa modenv 3D-npunmepy Bambu Lab P1S, cnoscusana nomysicHicmo K020 nio yac OpyKy cKiadae
~350 Bm, a nikosa nomyaicuicmo modice oocseamu 500 Bm. Po3pobdneno cxemy nioknouenns 3D-npunmepa 0o ¢homoe-
aexmpuunoi cucmemu (PEC), aKa cknadacmvca i3 COHAYHUX Nauenell, aKkyMyaamopis, ingepmopa ma KOHMpoaepa 3d-
paoy. byau nposedeni pospaxynku @EC ¢ npunywenui, wo 3D-npunmep npayioe 4 200unu na 000y 6 nepiod Haubibu
8uUCoKoi conaunoi padiayii. 3a pospaxynkamu eusHAueHi MIHIMAIbHI BUMO2U 00 MEXHIUHUX XAPAKMEPUCTNIUK 00AOHAH-
s OEC, axi 3a HeobXionocmi Modicyms Oymu mMacumabosani 00 ymos Oinvid mpueanoeo suxopucmaris 3D-0pyky.
Taxoorc 6yra npogedena nonepedHs oyinka sapmocmi kodicHoi oounuyi ooaaonanus ®EC ma acici cucmemu 6 yinomy.
Hianazon eapmocmi cucmemu 3D-0pyKy 6 3anesicHocmi 6i0 AKOCHI KOMINOHEHM Ma MACWMAady Moxce CMAaHOSUMu 610
60 0o 300 muc. epu. Ompumani pezyrbmamu ciouams npPo me, WO 3anNPONOHOBAHA CUCMEMA (OMOEIeKMPUUHO20
3D-0pyKy xapaxmepusyemocs GUCOKUM NOMEHYIANoM 05l KoMepyitino2o enpogadicennsi. OOHAK HA NOYAMKOBOMY
emani, 6paxogylouU 60eHHULL cman 8 Ykpaiui, 0oyinbHo 3abe3neuumu coyianvny cnpamosanicms cmapmany. Tomy yi-
JbOBOIO AYOUMOPIEI0 CMAHYMb, NepuL 3a 6ce, GilicbKOBOCHYHCO08Yl ma 6ilicbkosi meouxy. Cmapman maxoxic modxce
oymu KopucHum OJisl 2YMAHIMAPHUX Op2aHi3ayill, ¥ HAGYAHHI MaA NPOBEOEHHI HAYKOBUX O0CAIONCEHb 3 0OOPOHHOI ma
MeOUYHOI meMamuKu.

Ha nouamxosomy emani monemu3zayii npiopumemom cmapmany € e ompumManHsa npudymKy, a 00CASHeHHs Co-
yianvrHoco epexmy, 30kpema 3abe3nedents OOCMYRHOCHE MeXHOA02Il 015 GIICbKOBUX MEOUKI8, WNUMATI8 i 60JI0HmMeD-
cokux opeauizayiu. Tomy ocHOGHUM Odicepenom (IHAHCYB8AHHI MAIOMb CMAMU ePanmu, OOHOpU, 6aa200itni Gonou,
Oepaicasri npozpamu niompumku innosayiu. Ha ybomy emani ooyinoro npogpinancysamu, nanpuxiao, nepuii 5-10 cuc-
mem 3D-0pyKy 051 GiliCbKOGUX WNUMANIE. 3a PO3PAXYHKAMU OPIEHMOSHA YIHA SUPOOHUYMEA 00CHiOHOL napmii 3 Oe-
camu cucmem 3D-Opyky cxkradamume 3 800 000 epn. Ha nacmynnomy emani OOyiibHUM € HOCMYNnoge 000A8AHHS KO-
Mepyiunoi cknadoeoi. Lle nepedbauae macwmadysanHs 6UpoOHUYMEA ma nooatbuie YOOCKOHANEHHS CUCMEMU, SKY
MOdHCHA 6y0e npooasamu MeOUYHUM YeHMPAM ma HAGYANIbHO-00CTIOHUM ycmanosam. QIHaHCo8i HAOX00dCceH s 3a0e3-
neuysamumyms cmanicme Qinancysanus cmapmany. Boonouac 36epicamumemucs 1020 coyianvHa cnpamo8anicme i
MOACIUBGICM NIOMPUMKU BILICOKOBO-MEOUHHUX Ma 2yMaHimapHux iniyiamus. Taxum wurom, y pobomi 3anponoHo8ano
mexHiyne piutenns pomoenekmpuynoco 3D-0pyKy 0111 GilicbKOBO-MeOUUHUX NOmMpPeD, HA OCHOBI K020 CHOPMOBAHO
KOHYenyilo cmapmany, nepesazamu AKo20 € eHeP2OHe3ANeHCHICb Ma eheKMUBHICMb 8UKOPUCANHS.

Knwuosi cnoea: 3D-0pyk, aoumusna mexHono2is, oomoenekmpuuna cucmema, Cmapman, mexHiuni xapaxme-
PUCMUKU, eHEePOHE3ANIeHCHICTNb, eqheKMUBHICMb, KoMepYIanizayis, Macumady8aHHsl.
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DEVELOPMENT OF A TECHNOLOGY FOR RESTORING THE ANALYTICAL
STANDARD OF DAMAGED COMPONENTS IN AVIATION AND MILITARY
EQUIPMENT

Maiorova Kateryna, Stepanenko Dmytro, Chubukina Olha

During the operation of aviation and military equipment, its structural elements are subjected to complex
loads that may lead to partial or complete destruction of components. This issue is particularly relevant for products
not manufactured in Ukraine, for which design and technological documentation is unavailable. Therefore, there is a
need to create an electronic analytical standard as a primary source of information for subsequent part manufacturing,
which highlights the relevance of research in this field. Such a standard serves as the basis for selecting an appropriate
repair strategy and developing a technology for precise restoration of missing surface areas, which is the focus of this
study.

To address this problem, a comprehensive approach is proposed, combining high-precision laser scanning,
reverse engineering methods, residual geometry analysis, and comparison with normative CAD models. However,
scanning accuracy alone is not sufficient; thus, the research also aims to define an algorithm for surface restoration
based on B-splines and approximating functions, enabling reconstruction of missing fragments of scanned surfaces with
high precision (£0.05 mm).

The authors conducted a series of experiments on restoring the reference geometry of partially worn or
damaged components of aviation and military equipment. A research methodology was developed, including algorithms
for segmenting damaged zones, generating mesh structures of surfaces, and adaptive smoothing models with manual or
automatic parameter selection. It was demonstrated that the developed technology enables integration scanning results
with geometry databases and coordinate systems into any CAD software without loss of accuracy. The obtained results
are based on a combined mathematical model that accounts for both local geometric features of the component and
statistical characteristics of similar products. This approach allows the reconstructed geometry to serve as a foundation
for generating repair trajectories for welding or additive restoration, thereby improving reconstruction accuracy.
Additionally, elements of machine learning were applied to estimate the probable original shape in fragments lacking
source information. This reduces labor intensity of repair operations, enhances modeling accuracy, and optimizes
production processes in the field of aviation and military component restoration. The developed methodology can be
integrated into digital platforms for technical diagnostics and automated systems for designing production processes.

Keywords: analytical standard, accuracy, scanning, aviation components, B-splines, digital modeling
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YUCEJBHE JOCILIZKEHHA CTPYKTYPHU TYPBYJIEHTHOI'O
IHNEPEMIIIYBAHHSA B KIVIBIIEBUX KAMEPAX 3MIIITYBAHHSA
I'A30TYPBIHHUX /IBUT'YHIB

Onin 1. 1.

Poszsumox epexmuenux ma Hadiuinux eazomypoinnux oguzyrie (I'T/[]) 3aruwaemscs npiopumemom CyuacHoeo
Mawuro0yoyeants. OOHUM i3 KIHOUOBUX eNEeMEHMIE, W0 GU3HAUAIOMb MEPMO2A300UHAMIYHY epekmugnicmy bazamo-
KOHMypHux 06uynie, ¢ kamepa smiuysanna (K3m). Ii ocnosnum npusnavennsm € eupienioéanns memnepamypu ma
WBUOKOCMI NOMOKIB, W0 HAOX00simb 3 PisHUX KOHmypie. OCMAaHHIM 4acom 3pOCMAaHHs HAYK08o2o inmepecy 0o K3m
noe’sizane 3 OYPXAUBUM PO36UMKOM Oe3nitomuux aimaibnux anapamie (bIIJ/IA), ocobauso mux, wo euKopucmosyoms
apximexmypy 3i wmoexarouum eguHmom. Y maxux cxemax K3m nabysae H08020, 8upiulanbHo2o 3HAYEHHA, OCKINbKU
be3nocepednvbo Gopmye AKicms ROMOKY 071 NOGIMPAHO20 PYWLis, GNAUEAIOYU HA 11020 Koepiyienm kopuchoi Jii (KK]),
8iOpayiiiny cmilKicms ma menioei HaBaAHMANCEHHSL.

006 ’ekmom 00CTIOHCEHHsL € NPoYyec MypoOYIeHMHO20 MEMNEePaAmypHO20 NepeMiuty8anis 8 Kiibyegilu Kamepi 3mi-
wysanua eazomypoinnozo 0sucyna. Memorw pobomu € 6CMAHOBNIEHHSA 3AKOHOMIPHOCTEl (OPMYBAHHA NPOCMOPOBOL
CmMpyKmypu mypoyieHmuux medii ma ix poni y 6UpieHI08aHHI MeMnepamypHo20 nois 830084C OCi KaMepu.

Jlocniooicentss BUKOHAHO MemoOoM YUCeNbHO20 Mooentoeants y cepedosuwyi ANSYS Fluent 3 suxopucmarusim
Mmodeni Hanpyoicenv Petinonvoca (RSM), sika 00360/15€ KOPeKMHO 8i0MEOPH8AmMuY aHi30mponito mypoyieHmHOCmI 6 Ki-
avbyesux kaunanax. Pozensinymo ceomempuuno Qikcosamny Kinbyesy Kamepy 3MiULy8aHHs 3a PI3HUX 6XIOHUX YMO8, WO 8I0-
PDI3HANUCS PIBHEM MYPOYIeHMHOL IHMEeHCUBHOCMI MA CNIBBIOHOUEHHAM WEUOKICHUX I memnepamyprux noaie. Oyinro-
BAHHSI eheKMUGHOCMI 3MIULY8AHHS 30IUCHIOBANOCS 3A KOEDIYIEHMOM MeMnepamypHoi HepiGHOMIPHOCII, PO3NOOLIAMU
memnepamypHux epadicumis ma XapaKxmepucmuxkamu mypoyieHmuoi Kinemuunoi enepeii.

YV pesynomami uucenvnoco ananizy 6cmanosneno, wo cmpykmypa mypOyieHmuo2o nepemiuy8anHa Mae 30Halb-
HULL Xapaxmep i 8KII0UAE NOYAMKO8)Y 00IACHb THMEHCUBHO20 PO3BUMKY SUXPOBUX CIPYKMYD, 30H)Y cmabinizoeanoi my-
poOyreHmHocmi ma OiNAHKY ACUMNMOMUYHO20 8UPIBHIO8AHH memnepamypHozo nois. Ilokazano, wo éenruxomacumao-
Hi mypOyIeHmMHI YMEOpeHHs 8i0ieparoms USHAYAILHY POJib ) NONEPEYHOMY NepeHOoCi Menaomu Ha NOYamKo8ux OilaH-
Kax Kkamepu, mooi K Ha 8I00AIeHH] 8I0 6X00Y OOMIHYE OUQY3IIHUL MEXAHIZM BUPIGHIOBAHHL.

Busienerno, wo niosuwenns pieus mypoyieHmnoi KinemuuHoi enepeii Ha 6x00i cnpuse iHmenHcugikayii memne-
PAMypHO2O NepeMiuly8anHs, OOHAK eDEeKMUBHICIb Yb020 MEXAHIZMY 00MENCYEMbCsL 2COMEMPULHUMU NAPAMEMPAMU
kamepu. Ha npakmuyi ye oznauae, wo 3aHa0mo 6UCOKUll pigeHb mypOyieHmHOCmi Ha 6xX00i 8 KOPOMKIU KAMepi MOice
npuszeecmu He 00 Kpaujo2o 3MiULy8anHs, a 00 000AMKOBUX 2i0paGIiYHUX empam Oe3 Cymmeso2o USPAuLY 8 AKOCmi me-
mnepamyprozo nois.. OnmumansHuil epekm 00CA2aAEMbCst Tue NPU CUHXPOHHIT ONMUMI3ayii: inmeHcusHicms mypoy-
JIeHMHOCMI NOBUHHA OYymMU 0OCMAMHbBOI0 O AKMU8izayii npoyecy, aie 008X4CUHA Kamepu (Xapakmepuszosana Oe3pos-
Miprum napamempom L) — docmamuvoio 0ns mozo, wob yeii npoyec 3asepuugcs. Takum wunom, Ons KOHCHOT KOHGi-
2ypayii icnye ceoc payionanvbhe Cnig8IOHOULEHHS MIdiC PiBHeM 8XIOHUX 30YPEeHb A 2e0Mempicio.

Ipaxmuune 3navenHs pobomu NOAALAE Y MOHCIUBOCHE BUKOPUCTHAHHA OMPUMAHUX 3AKOHOMIpHOCMEL NpU NPo-
EKMYBAHHI MA onMUMI3ayii Kamep 3MIUYBAHHA 2A30MYPOIHHUX OBUSYHIB8, 30KpeMa 0N KOMNAKMHUX CUNOBUX YCTHAHO-
80K, 0e 8UCYBAIOMbCA NIOSUUIEHT 8UMO2U 00 MeMnepamypHoi PiGHOMIPHOCMI A MACO-2A0APUMHUX XAPAKMEPUCTNUK.
Ha ocnoei npogsedenux docniodcens cqpopmynbo8ano KOHKpEemHI npaKmuiHi pekomeHoayii oo eubopy onmumaibHol
BIOHOCHOI 008JICUHU, 5IKI 00360JI0Mb 3a0e3neyumu eQexmuerHe memnepamypHe 3smiulyeants 6e3 HeoOIPYHMOBAHO20
VCKNIAOHeHHs, KOHCmpYKYii. L[ memoouka € yHieepcanbHoo ma Modice Oymu 3aCmocosana K 0 NepCneKmueHUxX mpu-
KOHMYPHUX a8IayiuHux 08ucyHie, mak i 0ns po3podxu epexmuenux pywiie ons BIIJIA, 3abe3neyyrouu mexnonociuHuil
cysepenimem y KIO408itl 2any3i.

Knrwuosi cnosa: zcazomypOinnuii  0ucyH, Kamepa 3miutyeauHsi, mypoyrenmue nepemiuiygantns, CFD-
Mooenosanns, memnepamypue none, RSM.
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AHAJII3 HABAHTAJKEHOCTI YHIBEPCAJIbHOT'O KOHTEHHEPA IIPHA
SAVIIBHUYHO-ITOPOMHMUX ITEPEBE3EHHAX

JloBebka A. O., [lixko 5., baaraunbkuii M.

Poszsumox koHKypenmHnozo cepedosuwja Ha PUHKY 3ATI3HUYHUX NOCTY2, HeOOXIOHICMb NiOBUWjeHHs epeKmug-
HOCMi YHKYIOHYBAHHA 3ANIZHUYHO20 MPAHCNOPMY, A MAKO4C 3A00801€HHA NOMped HAYIOHATbHOI eKOHOMIKYU ma Hace-
JIeHH5 8 Nepese3eHHAX, 3YMOBIIOI0Mb PO3GUMOK KOMOIHOBaHUX cucmem mpancnopmy. Tlosumuenuil 00ceio excniyama-
yii maxux cucmem 8i00MuUll Ha NPUKAAOT 3ATIZHUYHO-NOPOMHUX NePeBe3eHb.

3pocmanus eghexmuenocmi excniyamayii KoHmenepie 6 MidCHAPOOHOMY CHOLYHUEHHI NPOSHO3YE iX nepese3ents
Y CKIa0i KOMOIHOBAHUX NOI3016 Ha 3ani3HUYHUX nopomax. OOHAK HAPA3i 8iI0CYMHI HANPAYIOBAHHS W00 300e3NeYeHH s
mexniunoi aoanmayii 6azonie-naam@opm 0o nepegeseHv KoHmeuHepie 3anisnuunumu nopomamu. ILle suxiuxae neoo-
XIOHICMb NPOGEOeHH s OOCTIONCEHb 3A 3A3HAUEHUM HANPIMKOM.

Jna 3abesneuennss 6Gesneku nepesezenb KOMOIHOBAHUX NOI30i6 Mopem 3anponoHosame yOO0CKOHANEHHS
KOHCMPYKYIT 8A20HA-NAAM@POPMU WIAXOM OCHAUIEHHS HA00y0o8amu OJisi KpInJeHHs KOoHmeunepis. /i docui-
O0JCeHHS MIYHOCMI mMa CIUKOCMI NPOomu nepeKudants Koumeunepa, po3miujeHoco Ha 8a2oHi-niam@opmi, npoge-
0eno BiON0BIOHI PO3PAXYHKUL.

Po3spaxynox na miynicms xoumetinepa npogedeHo 3a MemoOOM CKiHUEHUX eleMeHmis, AKUul peani3o8aHo y
SolidWorks Simulation. Bcmanogneno, wo Hanpyjicenus 6 KOKCMPYKYii konmelnepa y 6Unaoky tio2o po3miujenHs
Ha KpailHil 6i0 ganvuwbopma Koaii 3ani3HuuH020 NOpomy nepesuwyioms donycmumi na 22,4%. Ipu posmiwenni
Koumelnepa Ha Opyeil 610 ganvuibopma KoAii, @ MAKO}C HA CepeOHill KONl — HANPYIHCEHHSl 3HAX0OAMbCS 68 Me-
HCAX OONYCMUMUX.

Hocnioocennss cmitikocmi npomu nepekuoants Konmeunepa 6i0HOCHO PaMU 60420HA-NAAMPOPMU ROKA3ANU,
Wo y UNAOKy 1020 po3MIiWeHHs Ha KpauHil 6i0 ¢harvutbopma koaii cmitikicms pieHO8A2U KOHMeUHepa He 00mpu-
myemuvcs. Tomy pexomenOyembcs posmiugysamu 6a20HU-NIAMPOPMU 3 KOHMeHepamu Ha Opyeii 610 ganvubop-
ma ma cepeoHil KONsX.

Pesynomamu nposedenux 00ciodcetb CRpUSImuMyms CIMEOPEHHI0 PEKOMEHOAYIL Wo00 OE3NeyH020 nepeseseHHs
KOHmelnepis y ckiadi KoMOIHO8AHUX NOI30i6 MOpeM, a MAKOIIC RIOBUWEHHIO eeKMUBHOCNT 3ATI3HUYHO-NOPOMHUX Ne-
pese3ens.

Kniouogi cnosa: xonmetinep, miynicmos Kommelnepa, cmiikicms pigHogacu KOHmMelHepa, 3a1i3HUYHO-NOPOMHI
nepegesents, KOMOIHOBAHI nepese3eHHs.
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NpoayKuii, YKpaiHCbKHI JIepKaBHUI YHIBEPCUTET 3aIi3HUYHOTO TPAHCHOPTY, Maiinan Peliepdbaxa, 7, M. XapKis,
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MOJIEJIIOBAHHS TA AHAJII3 MIITHOCTI EJTEMEHTIB I'AJIbMOBOI
BAXKILJIbHOI IEPEJAYI BI3KA BAHTA’KHOT'O BATOHA

Pasmiok B. I'., Jlepes’sinuyk 5. B., PaBmiok M. I'.

TTiosuwenns HaoiiHOCMi 2aTbMOBUX CUCHEM 3ANIZHUYHO20 PYXOMO20 CKAAOY € OOHUM i3 KIIOYOBUX HANPAMIE
VOOCKOHANIEHHS eKCNIYamayitHoi 6e3nexu. Basxciugor cKiado8or yux cucmem € eaibMo8ad 8axcilbHa nepeoaya 8isKa
BAHMAINCHO20 8A2OHA, 8i0 AKOT 3ANeAHCUMNb eheKMUBHICMb NePeOd8aHHs 2aibMOB020 3YCUNLIA 8i0 NHEBMAMUYHO20 YUTi-
HOpa 00 K01000K. Ocobausy ysacy npudileHo 3amsaicyi 6ePMUKATbHUX 8AJICENIB, AKA BUKOHYE QYHKYIIO 3 €0HYBANLHO20
enemMenma Midic 8axcesamu i CHPUUMAE 3HAYHI CIMUCKAIOYT HABAHMAICEHHS 8 NPOYEC] 2ANbMYBAHHSL.

s nidsuujenHs mouHoCmi po3PAxXyHKIE ma nepesipku npaye30amHocmi eiemMenmio eaibMo8oi 8axCiibHOL ne-
peoaui 6UKOHAHO KOMN HOMepHe MOOCI08AHH NPOCMOPOBOi MO0l 3amsidiCcKU Yy NPoSpamMHomy cepedosuuyi Solid-
?orks. Pospobaeno noemanuuii anzopumm no6yo0osu 0emai i3 3acmocy8aHHAM NapamempuyHux IHCIMpyMenmis, wo
3abe3neuyioms npasuivhe 2eomempuyne 8i0meopents 6cix cmpykmyprux enemenmis. Ocobaugy yeazy npudineno ¢op-
MYBAHHIO CUCMEMU KPINAEHHS, KOHMAKMHUX 30H 1 8YULOK, SIKI 3A3HAIOMb MAKCUMATLHUX HANPYICeHb Nio yac Oii eab-
MOB020 HABAHMNAICEHH.

Ilposedeno pospaxyHox Ha MiyHiCMb 3aMANCKU BEPMUKATLHUX 8AXCENIB AK CIPUINCHEBOT cucmemu 3 Ypaxy8aH-
HAM NO3008X#CHb020 32UHY. I Yb020 3ACMOCOBAHO MEMOO CKIHUEHHUX eNeMeHMI8 )y NPOSPAMHOMY cepedosuilyi
SolidWorks Simulation. Bcmanogneno, wo mMakcumanbHi HAnpysiCeHHs 30CepedACyiomvbCsl y 30HaAX WAPHIPHUX 8VULOK |
ckaadaroms 128 Mlla, wo na 11,7% nuoicue 6i0 epanuuno donycmumozo sHaventus ona cmani Cm.3 (145 Mlla). Le csi-
Oyums npo 3abe3neueHHs: KOHCIMPYKMUBHOT MiyHOCII 3aMANCKYU NPU eKCNLyamayiiHux Ha8anmaxiceHHsax. BukonaHo 6i-
3yanizayiro noJie HanpyiceHv i nepemiujensb, ujo 0al0 3M02y GU3HAYUMU NOMEHYIUHI 30HU KOHYEeHMpayii 3ycuis i de-
Gopmayiu. Maxcumanvni nepemiwyenns ne nepesuwyromos 1 mm, wo niomeeporcye 00CmMamuio HCOPCMKICMs eleMeH-
ma. Ompumani pe3yromamu 6UKOPUCMAHO OISt BOOCKOHANEHHS 2eOMempii 0meopia i yulox, a makoxc s niobopy
ONMUMANLHO20 OlamMempa CMPUICHA, AKUU 2apanmye Cmilkicms 00 no3008cHb020 3euny. Ha 3aeepuiansnomy emani
6UKOHano 3D-Opyx npomomuny 3amsjicKu 3 NONIMepHO20 mamepiany OJis Nepesipku MOYHOCMI MOOeli ma sSKOCMI
3’eonans. Ompumani pezyiomamu niomeepoun eqheKmusHicms Yu@Pposux mexrHoaocii y cmeopeHHi il 600CKOHAIeHHI
eleMenmie 2anbMOBUX CUCTEM.

Knwuosi cnosa: canvmosa eadxcinbna nepeoayd, 6a20H, 3ANI3HUYHUL MPAHCROPM, MeMOO CKIHYEHHUX elleMeH-
mis, MIYHICIMb, MPAHCHOPINHA MEXAHIKA.

PaBaiok Bacuap I'puropoBud, 10OKTOp TEXHIYHUX Hayk, npodecop, kadenpa iHkKeHepis BaroHiB Ta SIKiCTh
NpoayKIii, YKpaiHCbKHI JiepKaBHUH YHIBEPCUTET 3ali3HUYHOI'O TPAHCIIOPTY, Maiinan deliepbaxa, 7, M. Xapkis,
VYkpaina, 61050
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DEVELOPMENT OF T-SHAPED WORKING BODIES FOR OBTAINING FEED
FROM PLANT WASTE

Iskakov Ruslan

To improve feed preparation processes, the use of crushing and grinding equipment is necessary. To increase
the likelihood of crack formation in crushed particles, a hypothesis has been put forward regarding the elimination of
passive areas on the working surfaces of T-shaped working elements. The elimination of passive areas can be facilitat-
ed by creating sharper surfaces on T-shaped working elements. Therefore, during the design and construction of
T-shaped working elements, a new striking surface was developed, providing several serrations along the horizontal
working surface of the hammer.

After designing the T-shaped serrated working elements and conducting positive idle tests, trials were con-
ducted grinding wheat feed grain, corn feed grain, watermelon seeds, melon seeds, walnut shells, and pistachio
shells. It should be noted that waste materials of plant origin were used in the tests. Furthermore, the raw materials
used, such as melon and watermelon seed waste, walnut shells, and pistachio shells, contain many beneficial ele-
ments, including sufficient fiber and protein, and have proven themselves useful in feeding poultry and as supple-
mentary feed for livestock.

Based on the results of tests and studies, it is clear that the developed T-shaped hammers with serrations pro-
duce feed more quickly than flat T-shaped hammers. The use of serrations is advantageous for crushed feed, where
the fine-ground fraction of wheat grain was 6% higher than in feed produced with flat T-shaped hammers. Medium
and coarse-ground fractions were also better crushed using the T-shaped hammers with serrations. Experiments
with crushing watermelon seeds, melon seeds, walnut shells, and pistachios also demonstrated the advantages of the
T-shaped hammers with serrations, where the fine-ground fraction was 5-15% higher. Overall, the T-shaped ham-
mers with serrations have demonstrated sufficient efficiency in crushing various plant wastes and are recommended
for implementation.

Impact processes, which are quite common during the destruction of hard materials, are characterized by the
short-term impact pressures. Scientific hypotheses proposing designs of impact elements with sharp serrations elimi-
nate the ineffective impacts of the material being ground against the edges of the flat surfaces of the working elements.
Griffiths' theory is also worth noting, which suggests that the separation of the material being ground into several piec-
es and particles is achieved by determining the relationship between the crack dimensions and the loading volume. The
loading volume depends on the impact force and the penetration depth of the serrations of the impact-cutting element
into the pieces and particles of the material being ground. Thus, based on the results of the conducted studies, it can be
noted that the obtained feed fractions demonstrate the effectiveness of the proposed serrations, which significantly in-
tensify the production of finely ground particles and reduce the amount of coarsely ground particles. This is primarily
due to the design of the hammer's cutting and striking parts, which facilitate greater shear force and accelerated impact
of the sharply sharpened serrated surfaces on the material being crushed. All this demonstrates the increased efficiency
and speed of action of serrated working surfaces, thereby eliminating passive and ineffective working zones of crushing
and grinding tools.

Keywords: crushing, grinding, T-shaped working bodies, plant waste, serrations.
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HIABUHIEHHA SIKOCTI NOJIIMEPHUX BUPOBIB HA OCHOBI
YAOCKOHAJIEHHSA KOHCTPYKIII EKCTPYJIEPA

Kazak 1. O., Cizopos /. E.

Excmpyodep sagnaemobcs 00HUM 3 8ANCTUBUX eleMeHmMi8 0ONAOHAHHA HA PI3HUX NPOMUCIOBUX | XAPUOBUX 8UPOD-
HUYMBAX, I0 AKO20 3ANeHCUMb AKICMb 8UC0MOBIEHHS NONIMEPHUX 8Upo0ie Memooom ekcmpy3ii. OCHOBHUMU eNleMeH-
mamu excmpyoepa AGIAIMbCA ueps Ak i kopnyc. Li enemenmu navuacmiuie nioniaearomos HAUOIIbLULOMY 3HOULYBAHHIO 8
pe3yibmami excniayamayii ekcmpyoepa. Hepe sk 6idiepac Kmowo8y poib 68 nepemiuty8aHui NOAIMepHUxX mMamepianie y
Kopnyci excmpyoepa ma 0e3nocepedHb0 GNIUBAE HA AKICMb 20m06020 npodykmy. Tomy Oyoce eancaugo docaioumu
VOOCKOHANIEHH KOHCPYKYIT came yeps ‘axka ekcmpyodepa 05 3a6e3nedents niOGUWEHHS AKOCMI 6U2OMOBNIEHHS NOJi-
MepHUX 8UpPODIs.

YV meoicax docnidoicennsi 3anponoHosano 00un 3i cnROcobi8 YOOCKOHANEHH KOHCMPYKYIT eKkcmpyoepa Ha OCHOGI
3aCMOCy8ants 8 30HI CIMUCKAHHI Yep8 KA MpbOoX CeKyill 3 PI3HUMU NO 6UCOMI BUMKAMU 83008IC Yeps AKd, Wo YMEOo-
PIOE PI3HI 8UCOMU 3A30DI6 MINC YepP8 AKOM I 6HYMPIUWHIM KOPRYCOM 3 0OPAHUM NPOMOMUNOM 34 Pe3yIbmamamu ui-
mepamypHo-namMeHmHo20 NOULYKY.

Krrouosoro ocobnusicmio obpanozo cnocody yOoCKoHa e s Yeps SIKa € N0l 30HU CIMUCHEHHS HA KiTbKa CeKyill
6300691C i 008ICUHU, HANPUKIAOD, mpu abo Oinvuie. CnisBIOHOWEHHS Q0BICUHU OKPEMUX Ce2MEeHMi8 00 3a2aibHOI 006-
JICUMU 30HU CMUCHEeHHs nosunno Oymu 6 dianazoni 0,1— 0,5. Ilpu yvomy eucoma dap'epnoco 3a30py 8 nepuiomy ceame-
HMI Mac nepesuwyy8amu UCOmMY 3a30pie y Hacmynnux ceamenmax 6 1,1 pasu abo Oinvuie midc cyciomimu GumKamu
uepg’aka. Buxooauu 3 suuje 3a3nauenozo, gucoma 0ap'epHo2o 3a30py (NPOMINCKY MIdHC 8UMKAMU Yeps aKa i HYmMpill-
HIM KOpHycom excmpyoepa) y nepuiitl cekyii mae 6ymu 0inoutoro nidic y nacmynnux. Taka KoHgieypayis 30HUu CmMUcHeH-
Hs Yepe ‘aKa 3abe3neuye nocmynoge Gi00KpeMIAEHHs PO3NIAGIEHO20 NOTIMEDY 8I0 HEPO3NIAGNEHUX YACMOK NpuU U020
npomixkanui uepes cekyii. YV nepwiii cexyii 3 OLnbuum 3a30pom 8i00Y6AEMbCS IHMEHCUBHE PO3CIIO8AHHSI MEXAHIYHOT
eHepeii npusoody, wo npu3eo0UmMs 00 NAAGIEHHs NOJIMEPY ma GUGiLIbHeHHs menad. TIpu ybomy 3HauHa YacmuHa Hepo3-
NIAGIEHO20 MAMEPIATY 3aMPUMYEMbCS Neped 6X000M Y HACMYNHI CeKYii 3 MeHuuM 3a30pom. Takum 4uHoM, y yeps ‘aKy
3anobdieacmuvcs pizke NiOSUWEHHS MUCKY Y 30Hi CIMUCHEHHS. MaA JTOKANbHUL nepeepie Mamepiany no toeo 008ICUHI Y ce-
Kyii cmucHenHsA. ¥ HacmynHux cekyisax 8i06y8acmuca nooanvuie po3oileHHs po3niasy ma meepoux 4dcmox noiimepy, a
8UCOMA 3a30PY 3MEHULYEMbCS NOCYNOB0, 3a0e3neuyioyu KOHMPOIbO8AHUL PO3NOOLT MeNniosux NOMOKie 8 Mamepiaii.

Taxa yoockouanena KOHCMPYKYIA Yeps ‘aKa, 3 PI3HOI0 GUCOMOI0 3A30Pi6 MIJIC 306HIUHBLOIO NOBEPXHEIO BUMKIB
uepe ‘AKA Ma 6HYMpIiHbOI0 NOBEPXHEI0 KOPNYCy eKcmpyoepda y 30Hi CMUCHEHHs, 0036801umb 3abe3neyumu nocmynoee
PO30iNeHHs pO3NAA8Yy Ma HepO3NIABNEeHUX YACIUHOK, 3anobieamume JTOKAIbHOMY nepezpigy ma oezpadayii nonimepy
uepe3 OiNbUW KOHMPONLOBAHUT PO3NOOLT MENOBUX NOMOKIE Mamepiany y 4eps AKy ekcmpyoepy ma chpusmume niosu-
WEHHIO IKOCME 20MOBUX NOJIMEPHUX 8UPODIE.

Knrouosi cnosa: excmpyoep, uepg sik, mpucekyitina 30Ha CMUCHEeHHs, UCOma 6ap ‘€pHO20 3a30pa, UMKU
uepe ‘AKa, NIOGUUIEHHS AIKOCH, PIGHOMIPHICMb PO3NLABY, NOLIMEPHI 8UPOOU, 3aN0DI2AHHS IOKATbHO20 Nepespiey.
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DEVELOPMENT OF AN EDUCATIONAL LABORATORY STAND FOR
STUDYING SOLAR PANELS

Moldakhmetov Sayat, Kanapina Meruert, Zhirnov Danila

Considering current trends in the development of the energy sector and education, as well as the need to foster
engineering thinking and environmental awareness among young people, increasing attention is being paid in educa-
tional institutions to practice-oriented STEM tools. In this context, the development of educational laboratory complex-
es that ensure a visual and safe study of the operating principles of renewable energy sources, particularly solar photo-
voltaic systems, is a relevant task. To address this issue, a project aimed at developing an educational laboratory stand
for studying solar panels for college and school students was implemented. The main objective of the project is to pro-
mote alternative energy, develop basic engineering competencies among students, and stimulate interest in environmen-
tally sustainable technologies.

The developed stand is a fully autonomous, safe, and visually intuitive system that includes a solar panel, a
charge controller, a battery, measuring circuits, an LED lamp, and a digital display panel with educational scenarios.
The solar panel used in the stand has dimensions of 210%135 mm and a rated power of up to 6 W. The stand enables
the study of the main parameters of solar panels, as well as the dependence of power output and efficiency on the level
of illumination. For this purpose, the front panel is equipped with a scale for measuring the rotation angle of the solar
panel relative to the light source.

The control system developed for the stand is based on an ATmega328 microcontroller and is equipped with a
2004 liquid crystal display for visualizing the measured parameters, as well as circuits for measuring the voltage and
current of the solar panel. To ensure the electrical safety of students, the stand is deliberately powered exclusively by an
internal 12 V rechargeable battery, with no possibility of connection to the mains power supply. Consequently, the bat-
tery is charged solely by the solar panel. For reliable mounting of the battery, a customized holder was designed and
fabricated using 3D printing technology. The enclosure of the stand was also entirely manufactured using a 3D printer.
The enclosure is lightweight and has overall dimensions of 300%220x70 mm. Its design includes dedicated slots for in-
stalling the top and bottom panels, while all structural elements are secured using screw connections.

The practical effectiveness of the stand was evaluated through pilot testing conducted at the Palace of
Schoolchildren in the city of Petropaviovsk. The experiment involved 23 school students aged 12 to 14, who were
provided with access to the stand without any prior explanation of the operating principles of solar panels. Based on
the results of a subsequent survey, it was found that students who worked with the stand answered, on average,
36% more questions correctly than those in the control group. These results confirm the high educational potential of
the developed stand and its effectiveness as a tool for forming engineering competencies and environmental knowledge.

Keywords: laboratory stand, solar panel, renewable energy, alternative energy, STEM education, engineering
education.
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PO3BUTOK I HIEPCHHEKTUBU BUKOPUCTAHHS BE3NIJIOTHUX JITAJIBHUX
AITAPATIB Y KOCMOCI

Kobuen O. C., Macauk B. C.

Cyuacnutl pigenb 3a0pyOHEeHOCME KOCMOCY OPOIMATbHO20 i MINCOPOIMATLHO20 NPOCMOPI6 OUKIMYIOMb THIICEHEPAM
CMeopenHs Oe3ninomuux Aimanvhux anapamié — opoimanvhux npubupanvuuxie (BOII). Ocobauso ye cmocyemvcs
CMBOPEHHs HOBUX KOHCMPYKMOPCLKO-MEXHON02IUHUX pienb komnonosoxk BOIl Hacamneped came ocHauwjeHHA iX X-
NnOOIOHUMU MENECKONTUHUMU WOo2KAMU, 00 SKUX KPINASMbC CIMKU 0I5l 3AXONAEeHHST KOCMIYHO20 CMIMMSL € YHIKATbHUM
iHowcenepHum pivwennam. OOHaAK HeoOXIOHICMb NOCMIUHO020 8I3YANbHO20 MOHIMOPUHEY CKYNYEHHSI CMIMMSL, Henpayrio-
YUX CYRYMHUKIE | NOCMIlIHEe KOPUSYBAHHS KYPCY NOAbOMY YCKIAOHIOE iX 3AXONIEHHS, WO NpU3600Ums 00 3au6ux 6u-
mpam namuea i 30ilicHen s dooamkosux manespis. Ocmanue 3Hudcye epexmuenicmo pobomu BOI1. Tomy cmeopernns
H08020 komnonyeanus BOII, wo 30inbuwums epexmusHicms 11020 pobomu i CMAHOBUMb AKMYATLHICMb 00CHIONCEHD.

s supiwennsi oanoi npobaemu 3anponorogano nose komnonyeanus BOII, wo mae 3amicmo cimku, wo eucmpi-
JIOEMBCS, CIMKY «KAPKACHOI» CIMPYKIMYPU, KA 00360J5€ 3aX8am CMIimms 6 Kinomempogux 3onax. Ilokazano, wo 2ono-
6Hoi nepesazoio maxoeo BOII € pozmiwenns miynoi, Haditnoi i HedOpo2oi Kediaposoi cimku 015 3aXONAEeHHA K MAO0-
eabapumnoeo (posmipamu 0o 10 cm 6 diamempi), max i eeruxocabapumuozo cmimms (po3mipu 0o 5 m 8 diamempi).
Ocmanne 00380aumv npubupamu Hagims 3namani cynymuuxu. I nanac 3 posmipamu 2,71x3,05x2,71 m ma Starlink 3 po-
smipamu 3,2x1,6x0,2 m. Bcmanogneno, wo 011 wieuoxkoeo nepemiwenns maxozo bOIl y kocmoci egpexmusrno suxopuc-
mogygamu s10epHi paKemHi yCmanosKu. menioei ma eiekmpuuni. Haoano docmoincmea i HedoiKu maxkux yYCmano8ox.
Po3spobreno oupexmueni mamepianu 3 koncmpyiosantsi BOII 3 ss0epnoto ycmanogxor. Ompumani pe3yromamu 00360-
JSIOMb BUKOPUCMOBYBAMU PO3POOIEHY MEXHONIO2II0 8 3a0a4ax eeKmusHo20 300py i 3HUUWEHHS CMIMMS 8 KOCMOCI.

Knrouosi cnosa: 6esninomnuii opoimanvuuii anapam, cCMimms, KOCMOC, I0epPHA YCMAHOBKA.
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CHALLENGES AND SOLUTIONS FOR THE DEORBITING OF EARTH
OBSERVATION SATELLITES OF THE REPUBLIC OF KAZAKHSTAN

Kulakayeva Aigul, Zhumazhanov Berik, Ongenbayeva Zhadyra

As part of the ongoing development of the national space program of the Republic of Kazakhstan, the problem
of end-of-life disposal of domestic Earth observation (EO) spacecraft has become increasingly evident. The currently
operated EO satellites are deployed in sun-synchronous low Earth orbits (LEO) at altitudes of approximately 750 km
(KazEOSat-1) and 630 km (KazEOSat-2). It is important to note that the spacecraft masses, ranging from approximate-
ly 180 kg to 820 kg, have a significant impact on their ballistic characteristics and orbital behavior during the final
phase of the mission. The conducted analysis indicates that, in the absence of dedicated disposal measures, satellites
operating at these altitudes may remain in orbit for decades, gradually losing controllability and contributing to the
growth of anthropogenic congestion in the orbital environment.

The complexity of deorbiting is primarily associated with the degraded operational capabilities of a spacecraft
at the end of its active lifetime. Propellant reserves are typically minimal, onboard subsystem performance deteriorates,
and attitude determination and maneuver execution accuracy are reduced compared to the early mission phase. Under
such conditions, the application of universal or pre-defined deorbiting schemes becomes impractical and necessitates
the development of solutions tailored to the actual technical condition of specific Kazakhstan EO satellites.

To address this challenge, an engineering-oriented deorbiting approach is proposed, based on numerical mod-
eling of orbital dynamics and the selection of feasible orbit-lowering scenarios while accounting for the remaining con-
trollability of the spacecraft. Within this framework, deorbiting is treated as an independent analytical and engineering
task rather than a formal terminal mission operation. For satellites retaining limited propulsion system functionality,
scenarios involving one or several maneuvers aimed at lowering the orbital perigee are analyzed. Once a perigee alti-
tude of approximately 200-300 km is achieved, further orbital decay is driven by aerodynamic drag in the rarefied up-
per atmosphere, allowing a substantial reduction in reentry time compared to a fully passive decay scenario.

For spacecraft with masses on the order of several hundred kilograms, even a relatively small corrective impulse
can drastically alter orbital evolution and shorten the deorbiting process from decades to a significantly shorter time
frame. The effectiveness of this approach depends not only on the magnitude of the applied impulse but also on spacecraft
attitude, effective frontal area, and the evolution of aerodynamic parameters during atmospheric descent.

Scenarios in which active attitude and orbit control become partially or fully unavailable are considered sepa-
rately. In such cases, deorbiting proceeds in an uncontrolled manner, and the primary objective is proper spacecraft
passivation and accurate prediction of the natural orbital decay timeline. These scenarios are characterized by high
sensitivity to initial conditions, which may result in deorbiting time estimation uncertainties of several years. This factor
must be taken into account in risk assessment and long-term space debris mitigation planning.

The analysis demonstrates that deorbiting of Kazakhstan’s EO satellites is technically feasible provided that a
minimal level of spacecraft controllability and the capability to perform at least one corrective maneuver are retained.
In the absence of such capabilities, the consequences of passive orbital decay must be evaluated in advance and incor-
porated into the requirements for future spacecraft. This approach enables deorbiting to be considered an integral ele-
ment of the spacecraft life cycle and supports the implementation of disposal solutions already at the spacecraft design
stage within the national space program of the Republic of Kazakhstan.

Keywords: deorbiting, Earth observation satellites, low Earth orbit, orbital dynamics, aerodynamic drag,
space debris, spacecraft life cycle
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BILJIUB TAKTUUYHUX PIIIEHDb HABITAIIMHOI BAXTH HA
EHEPTOE®EKTUBHICTDH CYJIHA

Kaniniuenko €. B., JlecHeBcbkuii B. M.

Cyyacne cyoHonnagcmeo (pyHKYIOHYE 8 YMOBAX 3DOCMAHHSA 8UMO2 00 eKOJI02IUHOI epeKMUBHOCMI, CKOPOUEeHHs
suKudie ma onmumizayii cnodcusanns enepeii. Ha iominy 6i0 cymo npockmuux abo cmpameivHux piuiens, wo 3a0a-
10Mb PAMKO8I MONCIUBOCMI CYOHA, peanibHUll pieeHb eHepeoedheKMuUsHOCmi pOpMYEMbCa Ni0 4aAc GUKOHAHHS pelicy Ha-
gieayiinoio eaxmoro. Came maxmuyHi piuienns MiCMKa BUHAYAIOMb, K CYOHO pedzye HA XGUNIOBAHHS, Gimep, meyii,
mpagix ma onepayiini oomedcenHs — i HACKIIbKU 30epicac cBill Kypc, weuoKicmo i cmadinbhicms pobomu 0sucyna oe3
3aUBUX 8UMPAM NATLHOZO.

00 ’exmom 00CHIOJNHCeHHs € MAKMUYHI PiueHHs Hagsieayiunol eaxmu 6 excniyamayivnux ymogax IlieHiuno-
Cxionoi Amnarwmuxu. [Ipedmemom 00CHiONCEHH UCMYNAIOMb 36 SI3KU MIJC GUOOPOM MAPWUPYMY, KEPYSBAHHAM NPOQi-
JleM WBUOKOCMI, PeaKyiclo HA XGUNIOBAHHS, CMAHOM MPAQIKYy Mma KiHYeeuMU eHepeemuidHuMU NOKASHUKAMU pelcy.
Memoio pobomu € 6usHaueHHs KiNbKICHO20 eghekmy 6i0 3aCmOCY8ants PI3HUX MAKMUYHUX pilieHb ni0 yac nepexooy
Rotterdam — Leixdes ma popmysanus npakmuynux pekomeHoayiu 0isi nidguweHHs: eHepeoepexmuenocmi de3 noeip-
wienHs Oe3nexku pyxy.

Memooonoeis 0ocriOdcentss IPYHMYEMbC HA AHANI3 eKchnayamayitinux oaunux (nanueo/um, ETA, RPM-
cmabinobuicms, «speed lossy), nopisnanuni npoghinie d0sox knacie cyoen — Feedermax ma ConRo — a makoaic 3acmocy-
BaHHI cYyeHapHo2o ananizy nepexody na ymosuux BOSP/EOSP-Oinankax. B ocnogy 0ocaiddcenus noknadeHo npuHyunu
pobacmmHo2o nopieHAHHA.! NIOOIP NAPHUX OLIAHOK 3G MEmeoyMo8aMU, KOHMPOIb GHAUGY MeUill, aHAli3 MPeHOi8 ueUO-
KOCMi ma HA8AHMAdICEHHA 08ucyHa. Sk nioxio 3acmocosano eremenmu iMimayitiHo2o MoO0emo8anHs ma eKCmpanois-
Yiro enepeemudHux nNOKasHuxie y euensioi delta-egpexmis.: nanuso/mm, ACII, sminu €-eumpam 3a ETS. Iopisusnonuil
aHaniz K1acie cyoen nokasae, wio pisHi Munu KOMepyiuHux cyOeH Maioms CYMmeso GIOMIHHY «eHepeemuuHy J02IKY».
Feedermax i3 6invuium noooeicenHam KOpnycy ma #Hopcmrolo umozoio 00 niompumanns ETA eusensc ucoky uym-
augicmb 00 Kypcy GIOHOCHO X6uni, a HAubiibwull euepaul 3a0e3neuyioms pieHHs wooo YHUKHEHHs 30H 3DOCTAHHSI
«speed lossy. Hamomicmo ConRo-munu (VESPERTINE mowo) € menut uymaugumu 00 npoqhino Xeuno8anHts, aie 20c-
mMpo peazyromo HA HeY32004CeHI 3MIHI WEUOKOCMI 8 Mpaghiky ma HepiGHOMIDHICMb KYPCOB020 KepMYSAHHs. 32I0HO 3
J102iK010 NOOINYy piuienb HA cmpameziuni, MAKMUYHI Ma ONepamueti pieHi, eHepeoepexmuenicms UHUKAE came Ha
cmuxax misc Humu. Cmpamezis 3a0ac yinbosi kopudopu weuoxocmi, ETA-sikna ma eumoeu CII/ETS; maxmuunuil pi-
6€Hb NepemeopIOE Yi Ha KOHKpemHi Mapuipymu, npogini wieuokocmi ma piuienHs ujo00 YHUKHEHHS X8ULe8UX 30H, One-
pamuenuil — 3abe3neuye KepoeaHicmy, NIAGHICMb NOBOPOMIE, UOIP MOMEHMIB 3MIHU PEANCUMY MA KOHMPOTL MPUM).
Po3spug y 6yov-skomy 3 yux pisnie eede 00 smpam enepeii, IKi He KOMNEHCYIOMbCS THUUM DIUeHHsIM.

Tlpaxkmuuni pezynomamu 00CHONCEHHS NIOMBEPOUNY, WO MAKMUYHI OTi 8aXMuU MOJICYMb 3a0e3neuysamu 0803-
HayHi 8I0COMKU eKOHOMIT nanuea (kiac-3anedicno) bes3 empamu besnexu. Hailbinow snavywumu uAguUIUCA: YHUKHEHHS
OIIAHOK [3 NPOSHO308AHUM 30inbUeHHAM «Speed lossy,; 32nadxcysanus eapiayiu weuokocmi ma RPM npu pyci 6 wino-
HOMY mpagyiky; 3ano0icants MaHeepam, wo CHPUYUHAIOMb NOGMOPHULL po32in abo Habip weuokocmi; 6ubip «enepee-
MUYHO HEUMPATbHO20» KYPCY GIOHOCHO XBULL.

Ompumani peyromamu 00380aunu hepemgopumu yi suchosku na SOP-pexomenoayii 0ns micmka, onucaui y
gopmi nopoeis, uacosux ikon ma ouixyeanux KPI-3pywens (narueo/um, «speed-loss», RAI, cmabinenicme RPM, ETA).
L]e cnpowye ix inmeepayito 0o SEEMP-III, npoyedyp BRM ma woodennoi nasicayiiinoi npaxmuku. Aeémopcoka inmepn-
pemayis 6a3yEmvcs Ha MOMY, WO eHepeoePEeKMUBHICMb — ye He 000AMKOBUL eleMeHm, d NPUPOOHUL HACTIOOK Kepo-
8aHoi, nepedbauysanoi ma y32004ceHoi makmuKku 8axmu.

Kniouosi cnosa: enepeoegpexmugnicmo, nagicayitina eaxma, maxmuyHi piwenus, npogine weuoxocmi, SOP-
pexomenoayii, «speed lossy.
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MODELING AND SUPPRESSION OF STRAYLIGHT IN COMPACT
CATADIOPTRIC SYSTEMS FOR EARTH OBSERVATION

Zhumazhanov Berik, Zhunusov Erik, Kozhakhmetova Bagdat

Straylight is one of the key factors limiting the performance of high-precision optical systems used in Earth
remote sensing instruments. Even a small fraction of unwanted light reaching the detector outside the nominal optical
path can significantly degrade image contrast and reduce the signal-to-noise ratio, which is especially critical when de-
tecting weak reflected signals from the Earth’s surface and atmosphere. This problem becomes increasingly important
as modern space instruments are required to achieve higher spatial resolution while simultaneously becoming more
compact.

This work presents a comprehensive approach to the analysis and mitigation of straylight in a catadioptric
mirror—lens optical system intended for use in Earth remote sensing satellite payloads. The main objective of the study
is to develop and validate a methodology for quantitative evaluation of straylight reaching the detector and to assess
the effectiveness of optical and structural measures aimed at its suppression.

The study is based on numerical simulations performed using the Ansys Zemax OpticStudio software in non-
sequential ray-tracing mode. This approach makes it possible to account for multiple reflections, scattering from opti-
cal and mechanical surfaces, and random light paths that may lead to straylight penetration into the system. The mod-
eled optical system is a Ritchey—Chrétien catadioptric telescope with an aperture of 85 mm and a focal length of 550
mm, operating in the visible spectral range. The simulation model includes the main optical elements, internal tube sur-
faces, baffles, diaphragms, and the detector.

Two primary straylight scenarios are considered in the analysis: ambient straylight caused by diffuse radiation
from the surrounding environment and direct-hit straylight resulting from intense external light sources entering the op-
tical system at large off-axis angles. For each scenario, a series of simulations was carried out with varying angles of
incidence and different system configurations, including cases with and without external and internal baffles, as well as
with idealized anti-reflection coatings applied to optical surfaces.

The impact of straylight is quantitatively assessed using several key metrics: the number of rays reaching the
detector outside the nominal optical path, the total straylight power incident on the detector, and the maximum detector
irradiance. The simulation results show that in the absence of effective shielding elements, straylight produces a high
background level on the detector and significantly degrades image quality. The dominant contributions to straylight
originate from direct ray paths from bright external sources and from multiple reflections within the optical structure.

The introduction of external and internal baffles significantly reduces the number of stray rays reaching the
detector and lowers the total registered straylight power by several orders of magnitude. The most effective suppression
is achieved through a combined application of baffles and anti-reflection coatings, demonstrating the importance of an
integrated design approach. Detector irradiance maps confirm a substantial reduction of background illumination and
a noticeable improvement in image contrast when protective elements are employed.

The practical significance of this work lies in the applicability of the proposed methodology at the early design
stage of optical instruments. The ability to identify critical straylight sources and optimize the optical and mechanical
configuration before manufacturing helps to avoid costly redesigns and improves the reliability of remote sensing data
acquisition. The results obtained can be used in the development of high-precision optical systems for spaceborne and
ground-based applications where strict straylight control is essential..

Keywords: straylight, catadioptric optical system, non-sequential ray tracing, optical baffles, optical system
modeling.
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VISCOUS ABSORPTION OF ELECTROMAGNETIC CAPACITY IN RADIO
FREQUENCY LOW CURRENT HOLLOW CATHODE

Shahram Roshanpour

The beginning of the 21st century was marked, on the one hand, by the expansion of the range of astronautics
tasks, including the study of objects of the Solar System, the creation of means of intercepting the space bodies poten-
tially dangerous for the Earth, and reusable transport vehicles for interorbital operations in the vicinity of the Earth. At
the same time, the number and range of spacecraft with the already traditional use of electric propulsion thrusters
(EPT) also increased, including the use of highly specialized mini- and micro-satellites.

New tasks of astronautics have expanded the range of EPT thrust beyond the limits in which the characteristics
of already developed types were optimal, characterized by both the upper limit of the thrust developed by one module
and the deterioration of specific characteristics with a decrease in thrust. For example, already developed standard siz-
es of Hall effect thrusters with a satisfactory service life of up to 10,000 hours at a power of up to 7,000 W sharply lose
their service life of up to 2,500 hours when the power decreases below 200 W.

For example, erosion pulse plasma thrusters and plasma-ion thrusters with RF ionization have proven to be sat-
isfactory in terms of resource at low thrusts and powers.

An RF device can be a plasma generator, which is then accelerated in a separate accelerator. However, a situa-
tion is possible in which it is required to be a source of predominantly or exclusively charges of one sign. For example,
in plasma-ion thrusters with RF ionization, a helicon discharge is used in the ionization chamber, including the RF
cathode.

The purpose of the work is the creation of mathematical model of processes in view of a role of viscosity in for-
mation of a skin-layer and absorption of electromagnetic energy of a source by plasma in the low current RF-cathode.
Is shown, that in absence of processes, characteristic for high-power RF devices in object of research the viscous ab-
sorption takes place, in which the relaxation effects in a superficial bipolar layer prevail above electrons dispersion in
volume of a cavity. The opportunity rotational-cyclotron resonance in cylindrical layers in a cavity is revealed.

Keywords: Electric propulsion,; radio frequency devices; hollow cathode; viscosity,; energy absorption.
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FIBER-OPTIC SENSOR FOR GEOTECHNICAL CONDITION MONITORING

Neshina Yelena, Mekhtiyev Ali, Alkina Aliya

Modern information-measurement systems used in the mining industry impose stringent requirements on relia-
bility, operational safety, and resistance to external disturbances. Under these conditions, fiber-optic technologies rep-
resent a promising alternative to conventional electrical sensors, as optical fibers are immune to electromagnetic inter-
ference, explosion-proof, corrosion-resistant, and capable of transmitting information over long distances with minimal
attenuation.

The application of fiber-optic sensors is particularly relevant in coal mines, where continuous monitoring of rock
pressure, support deformation, gas concentration, and temperature is required. Human error, the limited frequency of
manual measurements, and the sudden nature of rock pressure manifestations necessitate the implementation of continu-
ous monitoring systems capable of detecting even minimal changes in the condition of mine workings.

Operational experience in mining enterprises demonstrates that sudden deformation of support structures re-
mains one of the most critical issues leading to hazardous situations. Conventional reference stations provide only dis-
crete measurements and depend on visual assessment by an operator, which reduces both accuracy and response speed.

Given the stringent safety requirements and the need for rapid identification of hazardous zones, the develop-
ment of a continuous distributed monitoring system requires new technical solutions based on fiber-optic technologies.

The developed sensor is based on an optical fiber that is sensitive to microbending induced by the displace-
ment of rock masses. The structural design includes the following components:

* an optical radiation source;

* an optical fiber enclosed within the sensor housing;

* a mechanical load-transfer assembly (steel plate, cable, tensioning element);

* an optical power meter and a signal-registration unit for monitoring variations in optical intensity.

Displacement of the surrounding rock causes deformation of the sensor housing, which, in turn, induces microbend-
ing of the fiber and corresponding changes in the intensity of the transmitted optical signal. These variations are recorded by
a hardware—software complex and subsequently converted into values of displacement or applied pressure.

The experimental procedure involved repeated measurements of optical power loss under varying positions of
the benchmark point. Signal acquisition was performed using a VIAVI (JDSU) OLP-38 optical power meter in combi-
nation with a SmartPocket OLS-34/35/36 light source.

The obtained results demonstrate a pronounced dependence between optical losses and the magnitude of sen-
sor displacement. Using the Akaike Information Criterion to identify the optimal model, the best-fit approximation
yielded a coefficient of determination of R?> = 0.982, confirming the linearity of the sensor’s response characteristics.

The developed fiber-optic sensor provides a displacement sensitivity of approximately 1 mm, which is five
times higher than the detectable threshold of traditional benchmark stations. The measurement range extends from 0 to
100 mm, and the monitoring process is continuous and does not require operator involvement. Additionally, the sensor
is explosion-proof, a critically important quality for operation in underground coal mines.

Compared with interferometric counterparts (such as the Mach—Zehnder configuration), the proposed sensor
exhibits greater compactness and improved resistance to external environmental influences, facilitating its integration
into industrial settings.

Using optical fiber as the primary sensing element enables the implementation of a distributed monitoring sys-
tem capable of covering extended sections of mine workings. Such a system can detect not only deformation of support
structures but also key atmospheric parameters gas concentration, temperature, and humidity thereby expanding the
functional capabilities of the sensor and positioning it as a component of a comprehensive mine safety system.
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DEVELOPMENT OF A SYSTEM FOR SIMULTANEOUS TRANSMISSION OF
ENERGY AND INFORMATIONAL PARAMETERS THROUGH A FIBER-
OPTIC CONDUCTOR

Mukasheva Dinara, Neshina Yelena

Growing demands for high-reliability monitoring systems in industrial, energy, aerospace, and mining sectors
drive the need for new technologies enabling safe and interference-resistant power delivery to remote sensors and low-
power electronic devices. The study addresses the development of an advanced system for simultaneous transmission of
energy and informational parameters (EIP) through a fiber-optic conductor using standard telecommunication optical
fiber. The relevance of this technology is determined by the limitations of traditional metallic conductors and batteries,
particularly in explosive, high-voltage, or electromagnetically noisy environments, where galvanic isolation and noise
immunity are critical.

The research introduces an optoelectronic solution based on the integration of multiplexed optical channels and
high-efficiency gallium-arsenide photodetectors. The proposed approach enables optical power delivery of 5—15 W
over distances up to 20—-60 km, while simultaneously providing a data-transmission channel for sensor feedback and
telemetric control. The system incorporates newly designed constructive elements, including a multi-fiber optical bun-
dle for distributing optical power, an enhanced light-concentration module, and an improved cooling system for the
photoconverter, ensuring increased conversion efficiency and reduced optical losses.

A series of theoretical studies, computer simulations, and laboratory experiments were conducted to determine
optimal operating parameters, including wavelength ranges of 650-1550 nm and efficiency characteristics of various
optoelectronic configurations. The experiments demonstrated stable power transmission, confirmed the feasibility of
long-distance delivery, and allowed identification of limiting factors such as scattering, connector losses, and thermal
effects. The findings show that the use of fiber-optic power delivery can significantly expand the application of energy-
passive monitoring systems, reducing metal consumption in signal and power circuits and eliminating fire and explo-
sion hazards in complex industrial environments.

The obtained results indicate the high potential of the technology for deployment in high-voltage networks, min-
ing infrastructure, aerospace equipment, and other sectors requiring isolated, reliable, and maintenance-free micro-
power systems. The study lays the groundwork for further development of industrial prototypes and commercialization
of a new class of fiber-optic energy-and-information transmission systems.

Keywords: fiber-optic power transmission, gallium-arsenide photodetector, galvanic isolation, optical multiplex-
ing, monitoring systems.
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BU3HAUYEHHHS IMPUITYCTUMHUX MEX CIIOTBOPEHHSI THOOPMAIIMHUX
O3HAK, IO BUKOPUCTOBYIOTHCA IJSA HABUI'AIIMNU ABTOHOMHUX
MOBIJIBHUX POBOTIB

Bbecnaanko O. B., Kogomiiines O. B., Cornikos O. M.

Micyesusnauenna asmonomuux modinehux pobomis (MP), wo ocrhaweni onmuxo - eneKmpoHHUMU KOPeSYiuHO-
excmpemanoHumu cucmemamu Hasicayii (KECH) 3 6i0nogionow mounicmio, wo € 00 €Kmom 00CHIONCEHHs, 3aNeHCUMb
6i0 bazamvox cmoxacmuynux gpaxkmopis enaugy. Cepeo yux paxmopis, AKUM MeHw 3a 8ce NPUOLIEHO Y8azcy O0CIIOHU-
Kamu, € 3MiHa ma cnomeopenHs inghopmayiiunux ozuax (10), wo xapakmepu3zyroms came nogepxuio gizysanns (I1B) ma
POo3mawoganuli Ha Hill 00 'ekm npus’a3ku. Lli 3minu ma cnomeopeHHss MOJNCYmMb MAmu sk NPUpOoOHitl, max i aHmpono-
eenniil xapaxmep. Came HenpupoOHi 3MiHU, CNPUYUHEH] OISLIbHICNIO TI0OUHU, 8 NePULy Yepey MOoICYmb OYymu Henepeo-
bauysanumu onst cucmemu Hagicayii. Tomy euznauenns npunycmumux medxc cnomsopennsi 10, sKi 6UKOPUCMOBYIOMbCS
0n1s1 onucy nomoynoeo 3oopaxcenns (I13), € kpumuuno eadicrusum 3a80anHim. Piuenns yboco 3a80aHHS 30TUCHEHO
WLAXOM O0CTI0NCEHHS Ma OYIHKU 8NAUBY 3MIH ma cnomeopens 10 na pobomy emopunnoi cucmemu 0o6pobku inghopma-
yii KECH ma supiwanvhy ¢yuxyiio, axa € pezyiomamom nopieusanus 113 ma cpopmosanozo 3azoaneciob emanionnozo
300pACEHHSL.

LInsxom modentosanus 8 npoepamuomy cepedosuwi Matlab nobyoosano xopenayitini nons 0as pi3HUX mu-
nie IIB, 306pasicenns sikux ceemenmogani 3a makumu 10, K acKkpagicmv, KOHMpacm, 2eoMempudti pomipu ma
cmpykmypa.

Busnaueno pieni sminu ma cnomeopens 05 kodicHoi 10, npu AKUX 63aEMHA KOpenayiiHa YHKYIsE 6Mpayae yHi-
MoOoanvHicmb ma cmae 6azamonikogoio, NPu YooMy 3'6110MbCs NiKu, Wo OaU3bKI abo nepesuyyioms UHA4EHUTl Ol
Koeghiyicuma Kopenayii pigens.

30iticheno wucenvHi oyinku mounocmi ma uUmMogipnocmi micyesusnavenns MP 6 3anesxcnocmi 6i0 8iOHOWEHHS
CUSHAT-ULYM, 3HAYEHHS SIKO20 BU3HAYAN0 PI6eHb 3MIHU MdA CnOmeopens inghopmayiinux osuak. Ioxaszano,uo npunyc-
mumoio medicero cnomeopenv ma sminu 10 € cumyayis, wjo 6ionogioac 3Hauennio Koepiyicnma Koperayii e meHu
uigwe 0.6, npu sikomy umogipuicms micyesusnadenns MP cknadac 6i0 0.8 do 0.97 6 3anescnocmi 8i0 ynixarvrnocmi I1B.

Knrwuosi croea: mobinvuuii pobom, iHpopmayitini 03HAKU, CNOMEOPEHHS, SUPIUATbHA QYHKYISA, Koepiyichm
Kopenayii.
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JONIVIBHICTD HEPEPOBKHU IIEPEIIEJIMHOI'O M’SICA

Caminuk M. M., BacuaneB B. M.

Ouixyembvcs, wo c8imosuil puHOK NEPeneutoz0 M aca 3a3HA€ 3HAYHO20 3POCHAHHA 3 PO3PAXYHKOBUM cepeod-
HbopiuHuM memnom spocmanist 5,9% 3 2025 no 2035 pix. Lle 3ymosneno nidguweHHsAM 00I3HAHOCMI CHONCUBAYIE NPO
odiemu 3 8UCOKUM 6MICTOM OILIKA MA 3pOCMAHHAM NORYIAPHOCHI NEPENETUHO20 M ACA ceped CRONICUBAYI8, 5IKI 00aoms
npo ceoe 300pog’s. Texnonoziunuti npoyec y Memooax 8e0eHHs CibCbKO20 20Cn00apcmed ma nepepooxu nioguuyye
ehexmusHicms ma AKicms BUPOOHUYMBA NePeneiuHo20 M’ Acd, Wo NPUu38o0Ums 00 3pOCMAHHA NPOOYKIMUBHOCMI ma
SHUJICEHHS. GUMPAM HA 11020 8upobHUYMeEo. Xoua nepeniiku Oyau pemerbHo 8UGYeHi wooo 0coOIuBoCmell pocmy ma
PO3SMHONCEHHS, HACKIILKU HAM BIOOMO, ICHYE HEBEAUKA KINbKICMb 00CAI0NCEHb, W00 NOOANLULOL nepepodKU nepenenu-
HO20 M'sca 0718 6U2OMOBAEHHS M SICHUX 8UPODI6.

Bpaxosyouu ceimosi mendenyii 00 pozwupenns 0dcepen Cuposunu 0. UPOOHUYMBA OIEMUYHUX XAPHUOBUX
npooyKmis, HeoOXiOHO Nposecmu OO0CTIONHCEHHS WOO0 OOYLTbHOCMI nepepobKu nepeneiuno2o m’sca 6 Yrpaiui. Jlns
Yb0o2o CNi0 6CMAHOBUMU BUXIO M SICHOI CUPOBUHU NPU PYUHIU 0068A1Yl MYUWOK Nepeneie ma npoananlizyeamu saKicmo
Gapuiy, 6ucomoeneno2o Ha i 0CHO8I, Wo € 00'€KMoM NPo8edeH020 O0CIONHCEHHS.

Jns docniodcenv sukopucmogysanu mywku nepeneinig, npuooanux na punxy m. Cymu. B pezynomami 0yno
BCMAHOBIIEHO, WO NPU PYUHOMY 006aNI06AHHI M aKomb ((inelina yacmuna) cmanosums auuie 36% 6i0 macu mywiku,
wKipKa i3 niowkipuum sxcupom — 17%, a kicmxoea mxkanuna — 47%.

Bpaxosyiouu, wo mywka micmums 3Hauny yacmumy WKipku ma RiOWKIPHO20 JHCUpY, OOYINbHO iX BUKOPUCHOBY-
eamu 014 npuzomysanua aputy. byno cknaoeno 4 euou apuwesux xomnosuyiu: 3pasox 1 — micmums 30% wikipku i3
niOwKipHum dcupom; 3pasox 2 — micmumo 40% wikipku i3 niowkipuum scupom,; 3pazok 3 — micmume 50% wkipxu i3
NIOWKIPHUM JHCUPOM. 30 KOHMPOIb GUKOPUCMOBYBANU NEpeMeNeHy (inelny yacmuny 6e3 000a8anHs Jcupy ma wKip-
xu.Y 3paskax paputy eusnaveno izuxko-ximiuni ma QYHKYIOHATbHO-MEXHOA02IUHT 81ACMUBOCIII.

Hooasanus 30% wkipku i3 ocupom npu3eooums 00 30invutenus emicmy eonozu Ha 1,16%. 40% oobaexu
(3pasok 2) cnpusino 30ineuwentto emicmy onozu Ha 1,57%, a 50% — na 6,29%. Bmicm eonocu y gpapuii € 0yoice eaiciu-
BUM NOKAZHUKOM, OCKIIbKU BI0 HbO2O 3ANeHCUMb COKOBUMICIb, NUWHICIb | MEeKCmYypa 20mosux M'sicHux eupooie. Kup
donomazae ympumysamu 60102y, 3anobi2aioyu nepecuxantio gapuiy npu meniosii oopoodyi, a maKoxic cnpuse ymeo-
PEHHIO 0OHOPIOHOT CMPYKMYPU Ma 38'3Y8aHHS IHePeOIEHMIS.

Ilpu 0ooasanni 30% BY3 spocmac na 0,71%. Brecenns 40% wikipku i3 sicupom 0oszgonse 30invuwumu BY3
Ha 2,9%, ane npu 36inbuienni yacmku cupy i wkipok 0o 50% cnocmepizaemocs 3naune 3Hudicenns BY3, imosipro, 3a
PAXYHOK 3HAYHO20 3POCMANHA YACKU JHCUPY 8 CUCTIEMI.

Jlooasanus 30% Oobasxu 0036015€ 30inbiuumu 8uxio comoeux supobis na 0,02%, 40% — na 0,94%, 50% wua
0,97%. Haiisuugy 80102038'a3y104y 30amuicms Mae gaput 3 MaKkCUMAabHOW KibKICMIO M 'A308Ux OLIKi6 ma MiHiMAlb-
Hoto Kinvkicmio orcupy. Ipu enecenni y papuesy cucmemy 30—40% wKipok i3 dcupom cnpusc 3p0Cmanuio 0aHO20 No-
xaznuxa na 0,29—1,51% sionogiono. Ane npu 36invuenni uacmku 006agok 0o 50% CE snuocyemocs na 4,27%. Kup,
30Kpema, to2o AHCUPosi enobyau, 8idiepaioms poib emMy1beamopa y M'acHii emyavcii, moomo donomazaroms cmaodinizy-
8amu cymiui 00U ma Hcupy.

Bcemanoeneno, wo npu pyunomy o66anoganni mywiox nepenenieé Guxio M’SICHOI CUPOBUHU CMAHOBUMb Jue
36%. Bpaxoeyrouu, wo wacmka wKipok ma niowKipHo2o sxcupy cmanosums 17%, 3anponoHo8ano UKOpUCmMo8ysamu ix
ona  npueomysannst papuiy. Excnepumenmanvhni  docnidoicennss noxaszanu, w0 payioHaibHO BUKOPUCHIOBYEAMU
30% wixipox ma scupy. Hooaeanwns 40% wxipku i3 dcupom npuzeooums 00 30inbutenus emicmy eonoeu Ha 1,57%, BY3
spocmac Ha 2,9%. Buecenns 40% wixipok i3 socupom cnpusie spocmannio CE na 0,29—1,51% Ilpu yvomy 6uxio m ’sacrux
8upo6is s3pocmac Ha 0,94%.

Kniouogi cnosa: nepenenune m’sco, papus, Qisuxo-ximiuni noKasHuKY, QYHKYIOHATbHO-MEXHONO02IYHI 81ACTU-
80Cmi, eMyIbeyioua 30amuicmb, CMAdIILHICIb eMYIbCIL.

Camiaux Mapuna MuxaiaiBHa, TOKTOp TEXHIYHUX Hayk, npodecop, 3aBigyBay Kadenpy, kadenpa TeXHOIO-
rii ta Oe3nmeyHocTi XapyoBMX HpoXyKTiB, CyMCbKMH  HaliOHAIGHMHA  arpapHuUil  yHIBEpPCHTET,
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CEREAL-BASED SNACK BARS FOR SCHOOL NUTRITION TO SUPPORT
COGNITIVE HEALTH AND REDUCE ANXIETY

Izimgali Aizhan, Tlevlessova Dinara

School meals are important not only for children's physical development, but also for their emotional well-being,
ability to concentrate and learn. However, in recent years, schoolchildren have increasingly reported symptoms such as
restlessness, lack of energy and problems with concentration. These symptoms are often linked to high academic
workload, irregular eating habits and the poor quality of nutritious snacks that children consume during the school
day. The republic is experiencing a rise in obesity, which affects one in five children. To address these issues, the
Republic of Kazakhstan has adopted new school nutrition standards with the aim of improving diet quality, reducing
added sugars and creating a healthier food environment in line with recommendations from the World Health
Organisation (WHO) and UNICEF. As a result, there is a growing demand for snacks that not only meet regulatory
requirements but also contribute to children's brain development and emotional health.

This study focuses on the creation of healthy cereal-based bars for school nutrition with the addition of plant
substances that have adaptogenic properties. The aim of the study is to determine the potential for using a cereal base
in combination with melon and hawthorn in snack bar recipes as a means of supporting cognitive health and reducing
anxiety in school-age children, while ensuring compliance with the updated school nutrition standards of the Republic
of Kazakhstan and the recommendations of the WHO and UNICEF. These ingredients were chosen because they are
natural, nutritious and widely used in food products.

The study was conducted by analysing regulatory documents relating to school nutrition in Republic of
Kazakhstan, international nutrition recommendations and scientific literature on grain-based products and plant-based
ingredients. In addition, particular attention was paid to key nutritional characteristics such as energy value,
carbohydrate profile, dietary fibre content, taste and practical suitability of the bars for school meals.

The study shows that cereal bars with moderate sugar content and balanced composition can meet the
requirements of the updated school nutrition standards. The use of melon and hawthorn as adaptogens could make
these products an acceptable snack option that not only provides essential nutrients but also promotes emotional
stability and cognitive activity throughout the school day.

Overall, the results indicate the need to develop school nutrition products that meet both established
standards and the mental well-being requirements faced by modern children. Cereal-based bars enriched with
plant adaptogens can be a convenient, safe, and enjoyable part of school nutrition, provided that nutritional value
and safety criteria are met.

Keywords: school nutrition, cereal bars, cognitive health, anxiety, adaptogens, melon, hawthorn, Republic of
Kazakhstan standards, WHO, UNICEF
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JOCJIJIKEHHS MOPUCTOI CTPYKTYPU KAILISPHO-IIOPUCTUX XAPYOBUX CHUCTEM
PI3UKO MATEMATHYHUMHU METOJAMH

ITak A. B., I1ak A. O.

Memoro pobomu € 008e0eHHs. MONCIUBOCTT 3ACMOCYBANHS (PIZUKO-MAMEMAMUYUHUX MEMOOI8 OOCIONCEHHS OU-
CHEPCHO20 CKAA0Y MAKUX KANLIAPHO-NOPUCIUX XAPHUOBUX CUCMEM, SIK CYXi CHIOAHKU, Ni0 Yac iX moeapo3HaAsyux excne-
pmu3z. O6’ekmom 00CHIONCeHHS € CYXi CHIOaHKU 810 pizHux eupobHuxis: «Nesquiky TM «Nestley, «Lion» TM «Liony,
«Duo Ballsy TM «Doctor Bennery, «Starty IIpAT «Lantmanneny, «Mr. Crocoy [IpAT «/ninponemposcokuti KomOinam
Xap1oBuUxX KOHYEHMPAmiay.

JlocriosiceHuamu Makponopucmoi cmpykmypu 3paskie CyXux CHiOAHKi6 6i0 pisHUX 8UPOOHUKIG CIMAHOBLEHO, WO
Haubitbw HAOIUdICEHY 00 MOHOOUCHepCHOL cmpyKkmypy mae 3pasox «Duo Ballsy. Bin mae natmenwuil po3kud y 3Ha-
YeHHAX paodiycié MAKponop ma HaumeHuly oucnepcito Qyuxyii poznodinenns maxponop 3a paoiycamu — 0.881. 3paszox
«Liony eiopisnacmuvcs 6i0 3paska «Duo Ballsy ne cymmeeo, ducnepcin tioeo oughepenyianvnoi (hynxyii posnoodinenns
maxponop 3a padiycamu, axa oopiguioe 0.948, giopisnaemoca na 8 %. [ani tioyms 3pasku «Starty (D(r)=1.082) ma
«Mr. Crocoy (D(r)=1.131). Haubinbw eidoaneny 6i0 MOHOOUCNEPCHOT cmpykmypy mac 3paszok «Nesquiky
(D(r)=1.333), ducnepcis axoeo eidpizusicmocs na 51 % 6i0 3paska «Duo Ballsy. Biomiueno, wo po3nooin maxponop 3a
padiycamu y 00CiONCYBAHUX 3PA3KAX 0OYMOBIIOE 8 OCHOBHOMY 308HIWHIL 8USTIA0 CYXUX CHIOAHKIG.

Xapaxmepucmukamu, sKi € OYIHKOW 61ACMUBOCT CYWEHOT NPOOYKYLL, MAKoi K cyXi CHIOAHKU, NO2IUHAMU 600)
i3 OMOUYIU020 2a308020 cepedosunla, A6IAI0OMbCs i3omepmu copoyii. 3a izomepmamu copoyii OOCTIONCYBAHUX 3PA3KIE
CYXUX CHIOAHKIG IO PI3HUX BUPOOHUKIE CMAHOBIEHO 3HAYEHHS BIOHOCHOI 80J1020CMI OMOYYIOH020 24308020 CePedosu-
wa, 3a sAKoi Modciuse mpueane spepieants yici npodykyii 6e3 cymmesux 3min axocmi. Li snauenuss 8iOHOCHOI 601020~
cmi 01 cyxux cHioankie cmanosiamo, %: «Nesquiky — 68; «Liony — 67; «Duo Balls» — 70; «Starty — 71; «Mr. Croco»
— 62. 3a 8iOHOCHOI 8071020CMI OMOUYIOH020 24308020 CepedOsUWld, AKA NepesUye Yi 3HaYenHs, mpusane 30epicauHs
MOJICIUGe uuLe )Y 2a30HeNPOHUKHOMY YRaKyeanHi. 3a oupepenyianvrumu QYHKYIaMU po3nooiny MiKponop 3a paoiyca-
MU BCMAHOBAEHO, WO HAUMEHWUU PO3KUO MIKponop 3a padiycamu mae 3pasox «Mr. Crocoy, a Haubinewiui —
«Duo Ballsy. 3pasxu «Nesquiky, «Liony ma «Starty 3atimarome npomisxcre nonodcenus. Biosnaueno ,ujo uepes Oinvuu
Ppo3eunymy nopucmy cmpykmypy 3pazox «Duo Ballsy noeaunac i3 omouyiouozo 2a306020 cepedosuwa Haubitbuy, a
spazox «Mr. Croco» HaiimeHuty, NOPIGHAHO I3 ITHUWUMU OOCTIONCYSAHUMU 3PA3KAMU, KilbKicmb 8on02u. Bidsnauerno, wo
BHACTIOOK Yb0o20, 3pasok «Duo Ballsy empauae, maxuil opeanorenmudHull NOKAZHUK NPUMAMAHHUL CYXUM CHIOAGHKAM,
SK XPYCMKICIb, 30 MEHUUX 3HAYEHb 8IOHOCHOT B0JI020CMI OMOYYIOU020 CepedosUuya, NOPIGHAHO 3 THUUMU 3PAKAMU.
Biosnaueno, wo spazox «Mr. Crocoy, 3 02na0y Ha tioeo izomepmy copbyii, 36epieac XpycmKicms 3a 3HA4eHb GIOHOCHOT
601020CMI OMOUYIOU020 Cepedosuna OIIbUUX NOPIGHAHO 3 IHUUMU OOCTIONCYBAHUMU 3PA3KAMU CYXuXx cHidankig. Lle €
CYMmMEBOIO  CNONCUBYOIO Nepesazor0 NOPIGHAHO 3 I[HWUMU 3paskamu. Biosnayeno, ompumani pesyromamu €
00 EKMUBHUMY NOKASHUKAMU AKOCMI CYXUX CHIOAHKI8, AKI MOXCYMb OVMuU GUKOPUCTAHI NIO 4ac MOBAPO3HABUUX Md
MUMHUX excnepmu3 yiei npooyKyii.

Knwuosi cnoea: cyxi cnioanku, moeaposnasya ekcnepmusa, yHKYis po3nooilents nop 3a paoiycamu
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SCIENTIFIC JUSTIFICATION OF USING MILLET AS A BASIS FOR SPORTS
NUTRITION PRODUCTS

Kuzembayeva Gaukhar, Khassen Karakat, Tlevlessova Dinara

Republic of Kazakhstan has substantial agricultural potential and a wide range of cereal crops that can be used
in the development of sports nutrition products. However, the modern sports nutrition market is largely based on
standardized formulations and imported ingredients, while many products are positioned primarily as supplements
rather than foods. This limits their accessibility for mass and amateur sport and raises concerns related to cost,
composition transparency, and safety. At the same time, studies of athletes’ eating behaviour consistently show a gap
between nutritional knowledge and everyday practice, indicating that theoretical recommendations alone are not
sufficient without convenient and affordable food-based solutions.

This study focuses on the possibility of using cereals as a basis for sports nutrition, with particular attention
given to millet (Panicum miliaceum L.) as a regionally available and gluten-free crop. Millet is characterised by a high
content of complex carbohydrates, the presence of dietary fibre, and a mineral composition relevant to physically active
individuals. The aim of the study is to provide a scientific justification for the use of millet in sports nutrition and to
assess its potential to support energy supply during physical activity.

The study is based on an analysis of recent sports nutrition recommendations and scientific publications,
combined with a product-oriented assessment of cereal raw materials. Special attention is paid to factors that
determine the suitability of carbohydrate sources for different training situations, including the rate of energy release,
gastrointestinal tolerance, and the balance between energy density and satiety. The role of whole-grain matrices and
dietary fibre in metabolic regulation and recovery processes is also considered.

The analysis shows that cereal-based products can provide a more stable and prolonged energy supply
compared to refined carbohydrate sources. The use of millet allows for a predictable nutritional composition and
reduces dependence on imported raw materials. At the same time, the effectiveness of millet-based sports foods depends
on processing conditions that influence texture, digestibility, and consumer acceptance.

The results highlight the relevance of developing sports nutrition products based on regional cereal resources.
Millet can be considered a suitable basis for creating accessible and safe sports foods adapted to local conditions and
dietary habits.

Keywords: sports nutrition, cereals, millet, regional resources, energy supply, dietary fibre
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APPLICATION OF HIGH PRESSURE IN THE PRODUCTION OF CANNED FRUIT
JUICES

Ismayilova Melahet, Khalilov Mushfiq

It's common knowledge that all canned juices are intended for long-term storage. Therefore, great attention
should be paid to the final stage of production, namely, thermal sterilization of such products. It is this new technology
that enables this pasteurization or sterilization under high pressure (high-pressure processing). The advantage of this
technology is that, in addition to destroying microorganisms, the chemical composition of the product is also preserved
virtually unchanged.

Thermal sterilization of canned products is closely linked to temperature and time. However, these factors are
themselves regulated by pressure, which is a physical parameter. Therefore, pressure plays a key role in guaranteeing
product quality. High-pressure processing allows for pasteurization and sterilization under more gentle conditions,
thus preserving product quality.

Various types of canned fruit juices were chosen as the object of the study, which served the purpose of prevent-
ing inconsistencies that may arise when using the new technology.

Depending on the type, high-pressure processing is divided into two groups: periodic and continuous. This type
of processing can be used for both bulk and packaged juices. Generally, high-pressure processing works as follows: the
product is placed in a flexible container (a bag or plastic bottle), which is then placed in a chamber filled with a pres-
sure-transmitting fluid (a hydraulic fluid, usually water). In the chamber, the hydraulic fluid is compressed by a pump,
and the resulting pressure (200-800 MPa) passes through the container and is directly transferred to the product. Typ-
ically, the pressure is applied for a set period of time (3—5 minutes). A 100 hp pump can create a pressure of 680 MPa
in a 50 dm? container in 3—4 minutes. In this case, the compression time depends on the pump's capacity. A positive as-
pect is that the absence of high temperatures in this processing method preserves the natural properties of the product.

Although high-pressure treatment is effective, spores of microorganisms such as Listeria monocytogenes and
Clostridium botulinum remain undestroyed. Therefore, to prevent this drawback, high-pressure treatment must be com-
bined with heat treatment. It has been found that high-pressure treatment at a temperature of 75°C also destroys botu-
lism spores.

Another method for processing canned fruit juices under high pressure is "dynamic pressing” or "pulsating pres-
sure", which involves subjecting the juice to multiple pressure changes (tindialization), or more precisely, to a gradual
increase in pressure (100—-1000 MPa). As a result, product processing is completed more quickly. For example, it was
found that when a low-acid product was processed at 70°C under a pressure of 600 MPa five times, for five minutes
each time, Bacillus stearothermophilus spores were completely destroyed. Similar experiments have shown that spores
of microorganisms such as Bacillus subtilus, Salmonella, and Saccharomyces cerevisiae are also destroyed after pro-
cessing under dynamic pressure (with small changes in parameters). Vegetative microorganisms are very sensitive to
changes in temperature and pressure, so frequent changes in temperature or pressure prevent sporulation. This, in turn,
protects the product from subsequent microbial contamination.

High-pressure sterilization of canned fruit juices improves the quality of the finished product by allowing it to
remain in heat exchange for a shorter period of time. This is because the chemical components of such a product are
more resistant to the effects of processing parameters.

High pressure also has a destructive effect on microorganisms. In products prepared using this technology, their
numbers are reduced more effectively without compromising quality.

Controlling the temperature of canned fruit juices based on pressure demonstrates the potential for future pro-
duction of higher-quality products, as the use of low or no heat during processing preserves nutrients intact.

Keywords: sterilization, high pressure, tindialization, novel food product.
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THHOBAIIIMHI ACIIEKTH HICJISI3BUPAJILHOI OBPOBKU AT MAJIMHA

My3ik JI. M., Ily3ik B. K.

Bupobuuymeo nnodie manunu 3pocmae 8 ycboMy Ceimi uepes 3p0Cmarnyuii IHmepec Cnojicusauie 00 nPoOYyKmis 3
BUCOKUMU AHMUOKCUOAHMHUMU éracmueocmamu. Tlicisazoupanvra nesickicms 3a624cou Oyia 0OHUM 3 OCHOSHUX HeOOli-
Ki6 npu 6Upowy8anti WEUOKONCYSHUX N00I8, ceped AKUX MATUHA € OOHUM 3 Hateadxcausiwux. Manuna € weuoxoncys-
HUM PYKMOM i3 8UCOKOIO CHPUTUHAMAUGICMIO 00 M SAKOI NAICHABU, WO 3HUNCYE 1T mosaphull 6uasio. [is 3MeHuleHHs.
8nIUBY Pimonamoeeno2o NOWKOONCEHHsL 3ACMOCO8YIOMb NonepeoHio 00pooKy 520 neped 30epicanHim npenapamamu,
SKI 80100i10Mb AHMUOAKMEPIATLHUMU 8IACMUBOCTIAMU. BRP06adicyecmvcs H08a MexHON02Iis NICIA30upaibHoi 00pooKu
n100052i0H0I NPOOYKYIi icmieHUM NOKpUMmMAM HA OCHO8I Ximo3any. [Ipomuepubkosa 0is ximosany 0y1a eusuena 0.1
3bepescenns aKocmi niodos2ionoi npoodykyii. Oonax yetl bionoximep noOmpioOHO PO3UUHUMU 68 OPSAHTYHIN KUCIOMI, W00
MAmMu MONCIUBICMb NPABUTLHO NPAYI08AMU K NOKpUmMms. Aemopamu cmammi po3noyamo Yuki eKxcnepumenmis no
0emanbHOMY GU3HAYEHHIO MPUBAIOCMI 30epiealHs, GUX00Y MOBAPHOIL SA2i0HOI NPOOYKYIT 3a1eHCHO 8i0 0codIUBOCHEl
6Udy, copmy ma cnoco6ig nicia36upanbHoi 06pobKu A2I0 KOMROZUYIAMU AHMUMIKPOOHOT OIl.

OcHo6HULL 6KIAO NOJIA2AE Y BUGHEHHI GNIUBY ehekmusHocmi pisHux Konyenmpayiu ximosany (0,2, 0,4, 0,6%) po-
3yunenozo y 0,5% acxopbinogoi k-mu,

Ha empamy macu 52i0, KiIbKicmos abcomomuo20 Opaky, euxio mosapHoi npodykyii ma empamu npoOyKyii 3a
00uH OeHb 30epicanns, wjo 30epieanacs 3a memnepamypu 4°C npomseom 14 onis.

Ob6pobka do3zsoruna 3abesneuumu 30epedcentss ix mogapHozo su2asidy. Bmpama macu manunu cnocmepicacmo-
ca Ha pieni 3,1-5,2% 3anescno 6i0 konyenmpayii posuuny. Halimenwi empamu macu niodis 3aghikcosano 3a ix 06poo-
xku 0,2% xounyemmpayii Xximo3any, Hautlbinewi empamu macu cnocmepizanucs 3a 06podxu nnodie ximozarwom y 0,6%
xoHyenmpayii. IL[ooobosi empamu macu nnoodie manunu xoauganucsa 6io 0,3 oo 0,5% Ilokaszano, wo emicm cyxux pos-
YUHHUX CYXUX PEYOBUH 3MEHULYBABCA NOBLIbHIULE Y 3pA3KAX 3 00POOKOI0 Ximo3anoMm. Y KkonmponvHomy éapianmi 3a¢ik-
COBaHI NPUCKOPEHi meMnu 8mpam MAco80i YACMKU POIUUHHUX CYXUX DeYO8UH. 3a2anom 3aCMOCYBAHHA NOKPUMMS
npu3geno 00 NOKPAWeHHs AKOCMI 2I0 w000 eMicmy OI0AKMUBHUX PEYOsUH Ma aHMUOKCUOAHmMHOT 30amuocmi. Kpim
moeo, GIOMIUeHO 3HUdICeHHs Kitbkocmi niicHasu. Hatibinbwe ¢iominnocmeti 6yno sapeecmposano Ha 4 i 9 denv, Koau
Cik 06pOONEHOI 200U MANUHU MAG 3HAYHO GUYUL 6MICT 3A2ANbHUX (DEHONbHUX CNOAYK Md AHMUOKCUOAHMHY 30am-
Hicmob. CeHCOpHI OYiHIO8AIbHI mecmu, NPo8edeHi Ha 4-il Oenb, NOKA3AU, WO MAIUHA 3 NOKPUMMAM OMPUMATU GUUY
banu 3a 6cima ceHCOPHUMU napamempamu nopieHAHo 3 konmpoaem. Omaice, 06poOKa A2iOHOT NPOOYKYIi KoMRO3UYiaMU
Ha OCHOSI Ximo3aHy, Nicis 30UpaHHs CUPAMOBAHA HA 3MEHUEeHHs empam npodyKyii nio yac s3bepicanus, 36epescents
NOACUBHOT YIHHOCMI 210, 3MEHUIEHHSL YPAINCEHHST MIKPOOP2anizmMamu ma ¢hizionociunumu posnadamu. 3oepicanis npo-
oykyii 6 MI'C 36invutye 6uxio mosaproi npooyKyii ma mpueaiicms

Kniouogi cnosa: s1200u manunu, npupooui empamu, NiiKOYmMeEopIo8albHi KOMNO3UYii, Ximo3an, MikpoOiono2iuni
3AXBOPI0BAHHSA, BUXIO MOBAPHOI NPOOYKYIL.
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MOBIJIbHA BEPTUKAJIBHO-MOAYJIBHA I'EJIIOCYIIIAPKA 3
ABTOHOMHOIO BEHTUJIAIICEIO TA PESEPBHUM I4Y-HAI'PIBOM:
ITOJIBOBA AITPOBAIISA HA TOIIIHAMBYPI

IoacB E. B.

Inobanvhi euxnuku cywachocmi — HeobOXIOHICmb 3a0e3neyeHHss NPo006oIbYOL be3neKku, WeUOKI KIIMAMUYHI 3Mi-
HU, NAHOeMil, 3p0CMaHHs XPOHIYHUX MA HAOYMUX 3AX60PIOGAHb, A MAKONC BIUCLKOGI KOHMIIKMU dedani vacmiue nepe-
8005Mb HACENIEHHS Y PENHCUM BUIICUBAHHI MA Nepeby8ants 8 eKCIMPEMATbHUX YMO8aX. Y makux peanisix ocodiusoi ax-
myanbHoCmi HaOyeawms IHHOBAYIIHI NIOX00U 00 PO3GUMKY A2PAPHO20 CEKMOpY, 5Ki NOEOHYIOMb PecypCcooujaoHicmb,
exonociunicms ma opicumayiro Ha sKicmo npooykyii. Konyenyis «Bio nany 0o cmoayy, K ckiadosa €6poneiicbkozo
3e/1eH020 KYPCy, aKyeHmye yeazy Ha noby0osi Cmilikux JaHY02i8 NOCMAYaHHa ma UpOOHUYMEI 0300PO8UUX NPOOYKMIE
i3 MIHIMATGHUM GNAUBOM HA 0068KIAISA. OOHUM 13 NPAKMUYHUX THCMPYMEHmI8 peanizayii yux nioxoodis y noabo8uUx ymo-
84X € MOOIIbHI ceniocywapku, 30amui 3abesnevumu pecypcoowaony nepepooxy azpocuposunu 6e3nocepeonbo y mic-
ysx it gupowgyeanus ma 300py.

Teniocywinna posensioacmoca AK nepenekmusHUll Hanpsam pecypcoegekmusHoi nepepooKu, OCKIIbKU CAPUAE
SHUIICEHHIO BUMPAM HA eHEP2OHOCIE, NIOBUWYE AKICMb 30epedCents 8PONCAI0, 3MEHULYE 8MPamu npu Mpancnopmyean-
HI ma 30epieanHi, a MaKoIC POULUPIOE MOICTUBOCTT eKCNOpmY OpeaniuHoi npodykyii. JJodamkogow nepesazorw € Mo-
JHCIUBICTNE OMPUMAHHS CYUIEHUX HANIBPAOPUKANIE BUCOKO20 CIYNEHsl 20MOBHOCH 3 WUPOKUM CHEKMPOM BUKOPUC-
Manus: AK IHZpeOicHmi6 y peyenmypax Xapio8ux NpoOYKmie (3aMina CUHMEMUYHUX KOMNOHEHMIE HAMYpPATbHUMU),
MAx i Ik camocmitiHux 6upooie mpueanozo 30epicanis Os 1i0oel, Wo nepedysaioms 6 eKCImpeMaIbHUX YMo8ax (itich-
KOBI, MeOUKU moujo).

Kniouosa inotcenepna ioes yO0oCKOHaNeHHA NOAA2AE Y NOEOHAHHI MOOINbHOCMI, 6A2AMOKOAEKMOPHOI cucmemu
NO2IUHAHHA COHAYHOI enepzii ma niosuwjenHs agmoHomMHocmi/cmabinonocmi npoyecy. KoHCmpyKyisa 6KI04UaE: pyxomy
niamegopmy 3 KpinieHHaM 00 Ad8MOMPAHCROPMY, YOMupyu Haniecepuuni 8UNYKIi NOGIMPAHI KOAEKMOPU 3 pe2yibo8d-
Hum kymom Haxuny 20...45° (6e3 neobxionocmi nocmiiinoi opicnmayii na nie0eHny cCmopomy); YuriHOpuuHy pobouy
Kamepy y uensaoi mpyouacmoeo c8imiono2iuHAIbHO20 3MICBUKA (eheKm «mepmoca» ma 3axXucm 8i0 Npamozo Yibm-
pagionemogozo ONpOMIHEHHs. CUPOBUHL), MEPMOAKYMYIAMOP VY HUNCHIT yacmuni (kam ana eanvka 50...80 mm); mka-
HUHHUL 3AXUCHUL YOXOJ OJIl HIYHO20 YACY/NOXMYPOCMI; A6MOHOMHI GUIMANCHT GEHMUNAMOPU 3i CRIPATLHOIO HANPAGISL-
touoro (wsuodkicme menaonocia 0,05...2,0 m/c); enemenmu Ilenbmoe 6 menioaKymyntorUii 301 0N HCUGIECHHS BEHMU-
asimopie; pesepsHuil énympiwnin 19-eunpominosay (naiekonodiOHUL pe3ucmusHUll Haepieay SUNPOMIHIOBAIbLHO2O M-
ny, 600 Bm) ons niompumanns MiHIMATbHOT memMnepamypu CywinHi 8 YMOBAX MPUBALOT XMAPHOCMI/Oowy abo THuWUX
dopc-masicopis.

Excnepumenmanvhi pezynomamu niomeepounu 3a1exiCHiCb MPpUueanocmi Cyuinms 6i0 moswuHu Hapizants ma
YMO8 npogedeHns 00caioig. /s moninamobypa mpuganicms ceaiocyutinks cmanosuna 38,6...50,0 200 npu 3mini memne-
pamypu cupogunu 22-50 °C (3anescno 6i0 moewunu 4/6/8 mm). [nsa sbayka mpueanicmv CywlinHi CMAHOBUNLA
30,5...37,0 200 npu memnepamypi 23—48 °C (moswuna 4/8/12 mm). Ipu 3a6aumasicenni 6,0 ke KinbKicmsb 8oa02u, wo
nionseana sudanennio, cmanosuna 3,5 ke 0nsa moninambypa ma 4,2 ke 0ns a61yKa; npoyec 00800Us 3pasku 00 KiHyesoi
sonococmi 20,0%, wo € nputinamuoro 015 30epicanus Hanighabpuxkamis.

THopiensnvruti ananiz iz KoneekmueHum cywinuam 3a 55 °C nokasas nepegazu 2eniocyuinisg wo0o 30epedicenHs
bioakmusHuX i xapuoeux komnonenmis. 3oxkpema, eémpamu simaminy C y moninamOypi smenwunucs ¢ 2,17 pazu npomu
3,21 pasu npu KOH8eKMUBHOMY CYWIIHHI, A OP2AHOLENMUYHA OYIHKA NIOMEepoula Kpauji NOKA3HUKU 00CIIOHUX 3PA3KIG.
Ipaxkmuuna 3navywicmes 00CHIONCEHHs NONALAE Y CMBOPEHHI THIICEeHepHOT niam@opmu 01 noaboeoi nepepodku opea-
HIYHOI CUPOBUHU 6 CYUleHI HanisGadbpuramu UCOKO20 CIYNeHs. 20MOBHOCMI, W0 RIOMpuUMye KoHyenyito «Bio nany 0o
Cmony» ma RiOCUNIOE KOHKYPEHMOCHPOMOIICHICIb AZPAPHUX NIONPUEMCME 3A60AKU CKOPOUEHHIO eHepeemUYHUX GU-
Mpam, 3HUICEHHIO BMPAM CUPOBUHU, NIOBUWEHHIO sIKOCME U 0odanoi sapmocmi npodykmy. Poboma euxonana 6 me-
aHCax 0eparcOI00CeMHOi memamuky nPoEKmy Moaooux euenux Ne 1-24-25 Q.

Knrouosi crnosa: mobineha eeniocywapxra, 8epmuKkaibHO-MOO0YaAbHA KOHCMPYKYIsL, NOIb08A anpobayis, monina-
MOYp; acponepepodxa

Knwuosi cnosa: mobile solar dryer; vertical modular design, field testing, Jerusalem artichoke; agro-
processing
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JEHEHTPAJI3OBAHE CYIIIHHSA OPTAHIYHOI ATPOITPOJYKIIII:
MOBIJIBHA T4-CTPITYKOBA CYIIAPKA 3 KOMBIHOBAHUM
TEINVIOHNIABEJAEHHAM I IU®POBUM KOHTPOJIEM

Turarepenxo H. B.

Kounxypenmocnpomosicna nepepobra acponpooogonsyoi npooyKyii WisiXom HU3LKOMeMNepamypHo20 CYUliHHA
OpP2aHIYHOT CUPOBUHU € ePeKMUBHUM WIAXOM 00ePIHCAHHA DYHKYIOHATLHUX 8UPODI8 HO8020 NOKONIHHA Y (opmi camo-
cmitinux Hanisghabpuxamie ma NPUPOOHUX THSPedICHMIB O peyenmypHo2o 30azadents npooykmie xapuysanms. Boo-
HOYAC WUpoKe 3aCmocy8anHa MPaouyiiHo2o CyuuiIbHo20 001a0HANHSA 3i 3HAYHOIO eHep2o- MA MeMmAal0EMHICINIO, UKO-
PUCMAHHAM NPOMIJICHUX MENTOHOCIIB | HeCMADITLHUMU PENCUMAMU Menionepedayi npu3eooums 00 empam 0ioa02iYHo
axmuenux pewosun (BAP), nocipuientss 0peaHoIenmMuyHUX ma peonoSivHux GIACmMueocmel, a MaKolc 3pOCMAnHs G-
pobnuuux eumpam. CyyacHi GUKIUKY (DYUHYBAHHA eHepeemUdHOi ma aocicmudnol ingpacmpyxmypu, deghiyum enepeo-
pecypcis, nozipuieHnsi eKOoNO2IYHOI cumyayii, 3p0CmanHs NORUMY HA 300p08e Xapuyeanus) Popmyrome nompeody y
BNPOBAOINCEHHT THHOBAYITIHUX PeCYPCOOWAOHUX | YUPKVIAYIUHUX MOOeell nepepoOKU aspocuposunu, 30amuux 3abesne-
Yumu nPoo0BoLYY Oe3neKy ma MmexHONO02IYHY CIMIUKICMb acponiOnpuEMcme, 30Kpema y npu@dponmosux pecionax.

Haiibinew npaxmuunumu iHCeHepHO-MEeXHOIOSIYHUMU PIUEHHAMU OISl CYHACHUX MOOITbHUX CYULAapOK € Popmy-
8AHHA KOMOIHOBAHO20 MENAONIO8EOEHHS V) HU3LKOMEMNEePaAmypHOMY Oianda3oHni 3a paxyHoK eHY4YKONOOIOHUX NIiBKOBUX
eleKmpoHacpieauie BUNPOMIHIOBAILHO20 MUNY 3 PAYIOHANLHUM 2eOMEMPUYHUM POSMAULYBAHHAM Y pOOOUil Kamepi
(noeonanus I9-sunpominoeanns ma KoHOyKmueHozo Haepiey). IlepcnekmusHum € 3acmocyéanns eremenmie Ilenomoe
Ha 0OTPYHMOBAHUX MeNJ00OMIHHUX NOBEPXHAX Ol NepemeopeHHs 6MOPUHHOT Menn080i eHepaii y HU3bKOBOIbIMHKY ejle-
KmpoeHepeito, wo 3a6e3neuye asmoHOMHe HCUBLeHHS GeHMUTAYINIHOI cucmemu ma cmadinizye KOHBeKMUBHY CKAA008y
CyuiinuA. Bnpoeaodcenns peyupKyIayitiHux cucmem 6MopuHHO20 NOBIMps ma peKynepayii 8ionpaybosanoi meniomu, a
MAaKodic iHmezpayis COHAYHUX NOBIMPSHUX KOJIEKMOPI8 I homoerekmpuynux naumenei 3 akymyaamopom niosuuyoms
pecypcoowaonicms, AGMOHOMHICIb anapamis 0 0eyeHmpanizo8aH020 GUKOPUCMANHS HA AZPONIONPUEMCMEAX |
Kpagmosux eupobHUymaeax.

Excnepumenmanvrua anpobayis nposedena y Husbkomemnepamypromy oianazori 35...65°C na wupoxomy cne-
Kmpi cuposunu (3epHo, 0604, )pykmu, 1200u, NPAHO-APOMAMUYHA CUPOBUHA, M SACO-DOCIUHKI CyMiw) i3 KOHMpoaem
memnepamypu, 801020CMI, eHep2OCNONCUBAHHA ma 00HOpioHocmi Oeziopamayii. Ilokasano, wo Komniexc yOOCKOHA-
JIeHb 3a0e3neuye CKopoueHHA mpueanocmi cyuinua 8 cepeonvomy Ha 30...35% nopienano 3 npomomunom ma nioguuye
pisens 30epesicenna BPAP na 15...20%. 3agixcosano cmabinbHicms meniogozo pexcumy (8i0XuieHHs memnepamypu no
nonepeynomy nepepizy ue nepesuwye +1,5°C) i 6ucoky oouopionicme oeciopamayii (npubausno 95+2% no wupuni
CIMPIYKU), WO ZHUNCYE PUBUK JOKATLHUX Nepezpisis mepmonabinbhoi opeaniynoi cuposunu. OOHOUACHO 8NPOBAONCEHHS
peKkynepayii ma asmoHOMHUX eHepPeeMUYHUX KOHMYPI8 CHPUALO0 3MEHUEHHIO eHepeOCHONCUBANHA (00 DiHA OIU3LKO
1,840,2 xBm nopiguano 3 2,4+0,2 kBm y npomomuni) ma 3a0e3neyuno Moxciugicms agmoHOMHOI pobomu 6i0 aKymy-
asamopa 6...8 kBm-200 i consiunux KoMnonenmie y noabo8UX yMogax.

Ompumani pesyiomamu niOmeepoICyomy, wo mobinvna dyukyionanrvrno-modyavna 149-cmpiukoea cywapka 3
KOMOIHOBAHUM MENI0Nni08e0eH M, PEKYNepayicio 6MOpUHHO20 NOGIMPSL, AGMOHOMHOIO GEHMUNAYIEIO HA OCHOBI efleme-
nmig [lenbmve ma anvmepHamugHUMU 0dCepeamu eHepeii € NepcnekmueHUM pecypcoowaonum pileHHsIM Olisl OeyeH-
Mpanizo6anoi nepepooKu Op2aHiuHol acpocuposuHl y Hanisadbpuramu 6UCOKO20 CMyneHs 20MmoHOCMI mMa NPOOYKMu
BMIUAH020 CKAAJY 8 KOHYenyii «8i0 nany 0o cmoayy. [lpakmuuna yinnicms noasieac y nioguujeHni mexHoao2iunol nesa-
JIeHCHOCMI, KOHKYPEHMOCHPOMONCHOCIE MA CMIUKOCMI A2pOnpO0080IbY020 CEKMOPY, 30KPeMd 8 YMOBAX 0OMeHCeHUX
pecypcig i HacrioKie Giticbkoux Oill, i3 0OHOUACHUM 30epediCeHHAM AKOCMI U QYHKYIOHATbHUX 8IACMUBOCMEN NPOOYK-
mie. Poboma suxonana 8 mevicax 0epiucorodicemnoi memamury npoeKmy moaooux yuenux Ne 1-24-25 BO.

Knouosi cnosa: Odeyenmpanizogane cCywlinms, opeauiuHa azponpoodykyis, mobinena I4-cmpiuxosa cywapka;
KOMOIHOBAHe MenIonio8edeH s, peKynepayis 6MopuHHO20 NOGIMPs, AGMOHOMHA BEHMUNAYIs

Knrouosi cnosa: deyenmpanizogane Cywints, MOOUIbHA IHOPAUEPBOHA CIMPIUKO8A CYWAPKA; KOMOIHOBAHEe men-
JIONOCMAYaHHA; pecypcoedhekmusna nepepoora; opeaHiuna CUposuHd; azponpoooBobYUll CEKMOop

Turatepenko Haranisn BiraniiBna, xagenpa oOGnaanaHHs Ta IHXKHHIPUHTY NMepepoOHHMX 1 Xap4oBHX BHpPOO-
HUNTB, Jlep>kaBHMIA 010TEXHOJOTIYHUIA YHIBEPCHUTET, BYJl. MUpOHOCHITbKA, 92, M. XapkiB, YkpaiHa, 61051
ORCID: https://orcid.org/0000-0002-9745-883X
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CEKLIIfA 4: TEXHIMHI HAYKMN

OKUCHEHHA X/10PUAIB Y ABOKAMEPHOMY EJIEKTPONISEPI AJ19 BAPOBHULITBA
87 JE3IHOEKTAHTIB

KpwykaHoBcbka 4. M., Fomena M. ., La6nin T. O.

OOCNIOXXEHHSA BINJINBY AJTOBUYHOI O XXUPY HA TEMITEPATYPY MJ1ABJIEHHA
% MEPEETEPU®IKOBAHOI XXMPOBOT KOMMO3WLIIT

Crapocenbcbka H. C.
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YK 661.183:661.863

OKHCHEHHS XJIOPUAIB Y IBOKAMEPHOMY EJIEKTPOJII3EPI IS BUPO-
BHUILTBA JE3IHOEKTAHTIB

Kpuxanoscobka S. I1., I'omeass M. 1., a6aiii T. O.

Boowi pecypcu Yrpainu € oomesicenumu. Ocnogny uacmuny nompeb xpainu y npichiti 600i 3abesneuyc piuka
Jninpo ma it 6aceiin. Tpaouyitinum nioxodom 00 po3e'szants npobaemu 60000eiyumy y 6i00aIeHUX pecioHax € nepe-
PO3n00in 3HaUHUX 06cs2i8 OHInposcvkoi oou. Hanpuxnao, na Jlesiguwuni nompebu y 6000n0CmMaianui maice Ha
100% nokpusaromuvcs 3a paxyHok niozemuux (apmesiancvkux) oxcepen. Heszsaoicarouu na ye, egpexkmuernicmo guxopu-
CMaHHs 600HUX pecypcie 8 YKpaini 3anumaemvcs HU3bKo0. Xoua Kkackao odocxosuwy Ha [ninpi ghopmanvho 30inbuye
3a2anbHi 3anacu 00U, iXHsi KOHCMPYKMUSHA 0COOIUBICMb — GEIUKA NIOWA NPU MATI 2IUOUHI — CRPUYUHSIE CYMMEBL
8mpamu 3anacie yepes GUnapogysanist. JJo0amrkoso, y yux pieHUHHUX 8000UMAax 8I00YEAEMbCsL NOSIPUWIEHHS SIKOCME 8O-
ou, BUKIUKAHe iT npocpieanuam y TimHuitl nepiod ma iHMEeHCUBHUMU NPOYyecamu esmpo@ikayii.

0O06'exmom docriddicenns € npoyecu nepepooKu po3uunie Xnopudy Hampiio, siKi 34 CKA1a0OM i KOHYEHMPAayieo
O6U3bKI 00 KOHYEHMPAmIis, Wo YMEOPIOIOMbCsL 8 Pe3yIbmami 360pOMHbOOCMOMUYHO20 3HECOIEHHA 600U. V KOHYeH-
mpamax 360POMHbOOCMOMUYHO20 ONPICHEHHs MICM XA0pudy Hampito 3azeuyaii cmanogums 4—30 2/om>. [Ipobrema
YmMunizayii makux KOHYenmpamie € 0OHI€I0 3 20N0BHUX, WO CYMMEBO 0OMENCYE BUKOPUCTANHS OAPOMEMOPAHHUX NPO-
yecie y 00oouuujenni. JJocnioxncents cnpsamMo8aHi Ha NepemeoPeHts YUux PO34UHIE-8i0X00i6 HA AKMUGHUI Xa0p abo
2inoxnopum Hampir0 — npooyKmu, NPUOAmMHI OJisl 3HE3APANCEHHS BOOU.

s nepepoOKu po3uunie Xaopudy HAmMpio SUKOPUCTOBYEABCS Memood erekmpodianizy. Ilpoyecu enexmponizy
npogoouUnU y 080KAMEPHUX GIOKPUMUX MA 2ePMEMUYHUX eNeKMPONi3epax, po30iieHux aHiOHO0OMIHHOW membpa-
Hoto MA-41. Po3uunu, wo micmuiu Xaiopuou Hampiio, po3mMiwyeaiucs 6 aHoOHil Kamepi, mooi K KamooHa Kamepa
Hanoeu8anacs posuunamu ayey 3 konyenmpayiero 200—1000 me-exe/Om>.

Kniouosi crosa: enexmponis, OKUCIEHHS, 2epMemUYHULL, 2INOXIOPUM HAmpilo, AKMUSHULL XA0D

Kpnxanoscbka SIna IlaBiiBHa, KaHIMIAT TEXHIYHUX HAyK, acCHCTEHT, Kadeapa eKoJIorii Ta TeXHOJOorii poc-
JUHHUX mojiiMepiB, HauionanbHuil TexHiyHME yHiBepcuTeT YKpaiHm «KWIBCHKHMH NOJITEXHIYHMH IHCTHTYT
imeHi Iropst Cikopebkoro», ITp-T bepecreiicbkuii, 37, M. Kuis, Ykpaina, 03056

ORCID: https://orcid.org/0000-0002-9747-969X

Tomens Mukoaa JIMATpPOBHY, TOKTOP TEXHIYHUX HAYK, Ipodecop, Kadeapa eKoJoril Ta TEXHOJIOTIi pOCIUH-
HUX ToJiMepiB, HarioHanpbHWIA TeXHIYHWH YHiBepcuTeT YKpaiHu «KHiBChKHU TONITEXHIYHUH iHCTUTYT iMEHi
Irops Cikopcbkoroy, IIp-T bepecreticwkmii, 37, M. KuiB, Ykpaina, 03056

ORCID: https://orcid.org/0000-0003-1165-7545

Ia6uaiii Tersna OJiekcaHaApiBHA, TOKTOP TEXHIYHUX HAyK, TMpodecop, kadeapa eKoorii Ta TeXHOJIOTIi poc-
JUHHUX ToNiMepiB, HamioHanmbHUN TeXHIYHWN YHiBepcHTeT YKpaiHu «KWIBChKHIA MOMITEXHIYHWA 1HCTHTYT
imeHi Iropst Cikopcbkoro», ITp-T bepecreiicbkuii, 37, M. Kuis, Ykpaina, 03056

ORCID: https://orcid.org/0000-0003-3454-675X
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NOCJIKEHHSI BILIUBY SIJIOBUUYOI'O )KUPY HA TEMIIEPATYPY
ILUTABJIEHHS IEPEETEPU®IKOBAHOI JKUPOBOI KOMITO3UIIIT

Crapoceascoka H. C.

Tlepcnexmugrum mexHoIO02IUHUM NPOYECOM, BNPOBAONCEHUM HA NIONPUEMCTNEAX OTIEHCUPOBOI 2ay3i, € npoyec
nepeemepudpikysanus. Ilepeemepuhiky8aHuam HA3UBAIOMb peaxkyilo OOMIHY ayunamu npu 83aemMoolii MONeKyl 080X
cxnaonux e@ipis. Lle ooun i3 6udie Moou@ixayii oniti ma HCUpis, wjo 00380J5€ WISAXOM NEPEeMBOPEHHs mpuayuieiiye-
PONBHO20 CKAAOY BNIUBAMU HA 3MIHU IX (PI3uKO-XIMIMHUX 61acmugocmell. Y 3acmuenomy cmaui nepeemepuixosani
AHCUpU Maroms OpiOHOKPUCTNANIYHY CIMPYKINYPY MA 0OHOPIOHY NAACMUYHY KOHCUCEHYIIO.

Ilpoyec nepeemepuixysanns (Kpim 6unaoxy epmeHmamueHozo nepeemepuiKy8anis 3 6UKOPUCHAHHAM
1,3-cneyughiunoi ninasu) mModxicHa po3easioamu AK 6UNAOKOGE GUOANEHHS JCUPHUX KUCTOM i3 MOAEKY Mpuayuieniyepo-
216, nepeMiuy8ants Yux KUCI0m ma NPUECOHANHS 00 2NiYepOLy HCUPHUX KUCIOM, UOPAHUX 8UNAOKo80. Tomy mexnono-
2IYHI XapaKmepucmuKuy nepeemepuqhiko8anHuUx Jcupie 3aiexicams milbKu 6i0 IXHb020 HCUPHOKUCIOMHOZ0 CKIAOY.

Ha 6iominy 6i0 ciopysanms, nepeemepudiky8anHs He 6NIUBAE HA PIGEHb HACUYEHHS | He BUKIUKAE i30Mepusayil
JHCUPHUX KUCTOM, ROGHICTIO 30epiearoyu HCUPHOKUCIOMHUL CKIAO GUXIOHUX JHCUDIS.

3azeuuaii nepeemepugixysanuio niodaiomv cymiwi Ol ma HCUPIs, SAKi MArOmMb Pi3Hi XapaKxmepucmuku nias-
AeHHst ma kpucmanizayii. Ilpu ybomy ompumyoms jxcupu 3 NOMpIOHUMYU 8IACMUBOCMAMU WLISIXOM NIOOOPY 8i0N0BIOHOT
peyenmypu noYamrKo80i HcCUposoi cymiui.

006 ’ekm 0ocaiddceHHs — npoyec XiMiuno2o nepeemepugpiky8anHs Heupoeoi komnosuyii. Bukopucmano srcupogy
KOMRO3UYIIO, WO CKAAOAEMBCA 3 HCUPY ANOBUHO20, HCUPY CEUHAUO20 MA ONEiHY NATbMOBO2O.

Bcemanosneno ennug pizHux KOHYeHmpayill Hcupy An08U4020 Ha memMnepamypy niasjileHHs nepeemepugicosaroi
arcuposoi komnosuyii. Ilpoyec nepeemepughixysanns npoeodunu 3a Hacmynuux ymog: memnepamypa 110°C, mpusa-
gicmo 1 200., konyenmpayis kamanizamopy xaniu eniyepamy 0,45%. Temnepamypy niaeieHHs SA106UH020 JHCUpYy ma
3pasKie nepeemepupiko8anol Hupo8oi KOMRO3UYIL, @ MAKONC PIZUKO-XIMIUHI NOKAZHUKU ST0BUH020 HCUPY GUIHAYUEHO
3a CMAHOAPMHUMU MEMOOUKAMU.

Toyamxkosi xapaxmepucmuKu 3acmoco8aHO20 AN0BUHO20 dcupy: memnepamypa niaeienus 46,3°C, meepdicmo
562,5 2/em, kucaomue wucao 0,20 me KOH/2, nepoxcuone uucno 1,23 20 MMOJIB/KT, MacoBa 4acTKa BOJIOTH Ta JICTKUX
pedosuH 0,1%.

Busnaueno memnepamypy niaeienus nepeemepuixosanoi Hcuposoi KoMnosuyii 8 3aneiCHOCmi 6i0 emicmy
SANOBUUO20 HCUDY:

— npu Konyenmpayii anosuyoeo sxcupy 30% memnepamypa niasnenns cknana 35,6°C;

— npu Konyenmpayii anosuyoeo sxcupy 40% memnepamypa nnasnenns cknana 39,1°C;

— npu Konyenmpayii anoeuuoeo sxcupy 50% memnepamypa niaenenus ckaana 42,5°C.

Tpu yvomy inwi komnonenmu cymiwii 6yau y cniegionoutenti 1:1.

Tpu 36invwenni emicmy snosuyoeo sxcupy 6i0 30% 00 40% 6i00ysacmvcsi nio8UWeHHS MeMnepamypu niaeleHHs
nepeemepudhikosanoi scupoeoi komnosuyii na 3,5°C, 6i0 40% 0o 50% — na 3,4°C. Omoice, i3 30i1bUeHHAM KOHYEHM-
payii A106u1020 JHcupy HIHIUHO NIOGUUYEMbC MEMREPAMYPa NIAGNIeHHS.

Takum yuHoOM, CMAHOBIEHO, WO O0OABAHHS MY20NIABKO20 SNOGUHO20 HCUPY OO0 HCUPOBOL CyMiuii Npu3eooums
00 3pocmanHa memnepamypu niasients nepeemepughikoeanoi srcupogoi komnosuyii. Koowcni 10% anosuuoeo scupy ni-
dsuwyIOmbL memnepamypy niasieHis nepeemepugixosarnoi cymiwi na (3,4-3,5)°C.

Knrwouosi cnosa: scuposa KoMnosuyis, sHcup AnL08UHUY, HCUp CBUHAYUL, MeMnepamypa nideieHHs, nepemepugi-
KVBAHHS.

Crapoceabcska Hartamis CepriiBHa, kaHAuIaT TEXHIYHUX HAYK, Biain MOCHiIKEHb TEXHOJOTII mepepoOKu
oJIiH Ta >KUpiB, YKpaiHCHKHUI HayKOBO-AOCIIIHUN 1HCTUTYT OJIil Ta »kupiB HarioHansHOT akagemii arpapHuX Ha-
yk Ykpainu, np. [3106wm, 2a, m. Xapkis, Ykpaina, 61019

ORCID: https://orcid.org/0009-0007-1513-1336

88




