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ABTOMATU3AIISI OBPOBKHW I'EOITH®OPMAIINHAX JTAHUX
TEXHOJIOT'IEIO HEMPOMEPEKI

Memoouka. Y Oaniti cmammi npeoCmagieHo onmumizayilo 00poOKu 2e00aHux, 3ACHOBAHUX Hd
enubunnux netiponnux mepexcax (GeoDNN+ 2.0), sika npononye eghekmusnutl ma asmomamu3zosanuii nioxio
00 ananizy eeoepagivnux oanux. Bemynnuil po30in poskpusae HeOONIKU ICHYIOUUX CUCTIEM 2e0THPOPMAYIUHOT
00pobKU danux, Maxi K CKIAOHICMb HANAWMYBAHHS, 00MedCceHi pecypcu ma 4ac o6poOKU, HeOOCMOGIpHI
pe3yibmamu ma HeoOXiOHICmb NOCMIHO20 MOHIMmOpuHey. Bin niokpeciroe nompedy y Onmumizo8aHoMy
nioxo0i, wio eupiutye yi HeOIKU Ma BIOKPUBAE NEPCNEKMUBU OJIsL 2e0IHMOPMAMUKU.

Pesynomamu. GeoDNN+ 2.0 6azyemvca Ha  eMUOUHHUX — HEUPOHHUX — Mepexcax, — sKI
BUKOPUCOBYIOMbCS OISl AGMOMAMUYHO20 GUSHAYEHHS XAPAKMEPUCMUK 2eocpadiunux o00'cekmie Oe3
nonepeouvoi pyunoi 0bpobku oanux. Lle 00380158€ yHUKHYMU THOOCOKUX NOMUTIOK MA NIOBUWYE MOUHICMb
00poOKU, a MeXaHiZMU CAMOHABYAHH 3a0e3neyyomb NOCMIlHe NOKPAUWEHHS AKOCI 3 BUKOPUCTAHHAM HOBUX
danux. GeoDNN+ 2.0 demoncmpye Gucoky egexmusHicms 0OpoOKU Genukux 00cA2i6 2e00aHUX 3a608KU
ONMUMIZ08AHIT CIMPYKMYPL MA NAPANETbHUM OOYUCTEHHSM.

Tnworo sasicnusoio nepesazoio GeoDNN+ 2.0 ¢ i1020 30amuicmov 00 epexmusHoi inmespayii 3 pisHumu
Ooicepenamu 2e00aHUx, wWo 00360J8€ OMPUMAMU NOBHUU 00cse iHpopmayii ma 3abe3neuye KOMNIEKCHUU
ananis. Lle ocobnuso kopucho 6 cghepax, de senura KinbKicmv OAHUX 3 PI3HUX 0dcepen 8uMazae 2uboKo2o
aHanizy ma 3py4Hux iHCmpymeHmie Ojisl inmezpayii.

3azanvna mema cmammi — poskpumu nomenyian GeoDNN+ 2.0 y eupiwienni pizHoMaHimuux
3a680aHb 2e0IHHOPMAMUKY MA NOKA3AMU 11020 Nepesazu NOPIGHAHO 3 ICHYIOYUMU cucmemamit. [{is 00caeHeH s
yiei memu, aemopu npezenmyioms demanvHul ananiz apximexmypu GeoDNN+ 2.0 ma nasoosime npuxiaou
tloeo peanizayii Ha ocHosi knacugixayii eeoepagivnux 06'ckmie y opmami shapefile. 3acarom, cmamms
demoncmpye, wo GeoDNN+ 2.0 ¢ nomysicHum ma NepcneKmueHUM IHCIMPYMEHMOM OJid CYYACHOI
2e0iHMOPMAMUKY, WO SUPIULYE HEOOMIKU ICHYIOYUX CUCTEeM Ma HA0AE ONMUMI3aYilo Moxcaugocmeil OJis
00pOOKU Ma aHANIZY 2e00aHUX, 8PAX0BYIOUL NOMPEDU CYHUACHO20 CEImY.

Kntouoei cnoea: [eooani; asmomamusayia;, o6bpodoxka oOanux;, AWS Glue; npodyxkmuenicms,
MOYHICMb,; Macumabosanicmy, inmezpayis 0dxcepen OAHUX.

Beryn. Y cydacHOMY CBiTI Benn4e3HH 00car reorpadiuHuX JaHUX BiJirpae BaxIJIUBY pOJb
y 6aratbox cdepax, BKIIOYaIOYu HAyKy, 013HEC, €KOJIOTi0, arpapHU CEKTOp, EHEPTreTUKY Ta Oarato
iHmMX. AHami3 Ta 00poOKa reoJJaHNX € HEBi'€MHOI YaCTHHOIO PO3B'SI3aHHS CKIAIHHUX MPOOIIeM,
MOB'I3aHUX 13 BHU3HAYEHHSM JIOKAllid, MPOTHO3YBAHHSIM TOMii, MOJCIIOBAHHSIM JHUHAMIKH
naHamadTy Ta 0araThoX 1HIIMX BaXJIMBUX 3aBAaHb. [IpoTe, pO3BUTOK Ta BUKOPHUCTAHHS 1CHYIOUNX
cucreM reoiHpopmaiiifHoi 0OpOOKM JaHWX BHUMAara€ BUPIMIEHHS pPsIy CKIATHUX IMpoOiieM Ta
HEJIOJIKIB.

VY 11bOMy KOHTEKCTI, JaHa CTaTTs MPOIOHYE ONTHMI3alil0 METOy 0OpOOKH I'eoJaHuX, M0
O0a3yeThcsi Ha TMOMHHMX HelpoHHMX Mepexkax (GeoDNN+ 2.0). Ileii meronm Bupimiye aeski
HEJIOJIIKH, 110 ICHYIOTh Y TPAAMLIHHUX CHCTeMax reoiHdopmariiiiHoi 00poOKu JaHUX, Ta BIAKPHBAE
MEePCIEKTHBU ISl OibIl €(EeKTHBHOTO, TOYHOTO Ta aBTOMATHU30BAHOTO aHami3y reorpadidyHuX
TaHUX.

OnHOMO 3 KIIOYOBHX IepeBar ontumizoBaHoro merony GeoDNN+ 2.0 € ioro 3maTHICTB
aBTOMAaTMYHO BU3HAYaTH XapaKTEPUCTUKU Ta 0COOIMBOCTI reorpadiyHux o0'ekTiB 6e3 moTpedu B
pyuHiil moniepeHi 00poOIti nanux. Lle 103BosIe YHUKHYTH JTIOJICEKUX TIOMHJIOK Ta 3HUXKYE BIUTHB
(baxTopiB, MOB'I3aHUX 13 Cy0'€KTUBHUM BiIOOpOM O3HaK. binbir Toro, GeoDNN+ 2.0 BUKOPUCTOBYE
MEXaHI3MH CaMOHABYaHHS, IO JO3BOJISAE MOCTIHHO MOKPAIIyBaTH SKICTh Ta TOYHICTH OOpPOOKH 3
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BUKOPUCTAHHSM JIaHUX, M0 CTA€ BAXKJIMBUM Yy CHTYAIiIX 3 IOCTIHHUM 30UIbIIEHHSM OOCATIB
reoJJaHuX.

[a1oro kimrouoBoro nepeBaroro GeoDNN+ 2.0 € #ioro 3aaTHICTB 10 €peKTUBHOT 00pOOKH came
BEJIMKUX 00CATIB T€OJIaHUX, 10 MOXKE OyTH 0COOIMBO KOPUCHUM Yy chepax 31 3HAUHHUMH 00CsSTaMHu
JaHUX, TAaKUX SK CUIbCbKE TOCIOAAPCTBO, MIiCTOOYAYBaHHS, JIOTICTHKA Ta IHINI. 3aBIsSKH
ONTHUMI30BaHIN CTPYKTYpl TJIMOMHHMX HEUPOHHUX MEPEK Ta BUKOPUCTAHHIO MapajelbHUX
obuncinenb, GeoDNN+ 2.0 neMOHCTpye BHCOKY IIBHAKICTH OOpOOKH Ta 3abe3nedye 3MEHIICHHS
BUTpAT Ha PECYPCH.

Oxpim Toro, GeoDNN+ 2.0 moxe 3abe3nedyBaTH e(EKTHBHY IHTETpamil0 3 Pi3HUMHU
JoKepellaMy TeOJIaHuX, TaKUMHU K 0a3M JTaHWX, CXOBWINA JaHMX abo BeO-cepmicu. Lle mo3Bomsie
OTpUMYBAaTHU MOBHUH 00csT iH(opmarii Ta 3abe3nedye OB TIMOOKUI Ta KOMIUICKCHUM aHami3
reorpadiyHUX JTaHHX.

Mera 1i€i cTarTi — PO3KPUTH TepeBaru ontumizoBanoro mMeroxy GeoDNN+ 2.0 Tta iforo
MOTEHITIa] Y BUPIMIEHHI Pi3HOMAaHITHUX 3aBlaHb reoiHdopmarliiinoi o0pooku ta 300py nanux. s
JOCSITHEHHS Li€1 METH, MM HaJ1laMo JOKIaaHui oy apxitekTypu GeoDNN+ 2.0 Ta fioro peanizarii
Ha TIPUKJIai aHami3y Ta kiacudikarlii reorpadiuaux o0'exTiB y hopmarti shapefile.

IMocTtanoBka 3aBaanHs ctarTi "GeoDNN+ 2.0: ontumizaliiss Mmeroay oOpoOKH reoaHux Ha
OCHOBI TTTMOMHHUX HEUPOHHUX MEPexK':

Merta naHoi cTaTTi MOJSArae B PO3KPUTTI MepeBar Ta MOTEHLIANY ONTUMi30BaHOTO METOY
00poOKHM reoaHnx, BUKOPUCTOBYIOUH TNIMOWHHI HelpoHHI Mepexi (GeoDNN+ 2.0). 3ragani Buiie
nepeBaru BukopuctanHs GeoDNN+ 2.0, Bkiro4aroud aBTOMaTHYHE BU3HAYEHHS XapaKTEPUCTUK
reorpadiyHUX 00'€KTiB, €PEKTUBHINTY OOPOOKY BETMKHX OOCSTIB TaHUX Ta 3a0e3MeUeHHs IHTerpaii
3 PI3HUMH JDKEpellaMHd TeOJaHMX, 3pOOJIATh CTATTIO I[IHHUM I1HCTPYMEHTOM ISl PO3B'SI3aHHS
PI3HOMaHITHHX 33/1a4 Y reoiH(OpMaIliifHOMY CEKTOPi.

3aranpHa mpoOiiemMa, SKy CTAaTTs CTaBUTh 3a METY JIIKBIIyBaTH, IOJSTAE y BUPIIMICHHI
CKJIaJJHHUX Mpo0JIeM 1 HeIOJIKiB, IO ICHYIOTh Y TPAAULIHHUX cUCTeMax reoiHpopmaniinoi 06poOku
nanux. GeoDNN+ 2.0 npusHadeHud s 3a0e3reueHHs OuUTbIl €(EeKTHBHOTO, TOYHOTO Ta
ABTOMATHM30BaHOTO aHaNi3y reorpaiyHUX ITaHWX, 3MCHIIEHHS BIUIMBY JIOJICHKHX IOMHIIOK Ta
IT1IBUIIICHHS SIKOCTI Ta TOYHOCT1 OOPOOKH IIJITXOM BUKOPUCTaHHS MEXaHI3MIB CaMOHaBYaHHS.

Jlyist nOCSATHEeHHSI 11i€1 METH, CTATTS HAIACTh JOKIaqHUH orisi apxitektypu GeoDNN+ 2.0 ta
MIPOJICMOHCTPYE MOT0 peaiizaiiio Ha MPUKIAIl aHai3y Ta Kiacudikarii reorpagiyHux 00'€KTIiB y
¢dopmari shapefile. Yntaui oTpuMaroTs po3yMiHHs TOro, ik GeoDNN+ 2.0 Mo>ke 6yTH 3acTOCOBaHMN
y pi3HHX cdepax, TaKuX SK Hayka, 013HEC, €KOJIOTisA, arpapHHUil CEKTOp, CHEpreTuKa Ta 1HII, JJIs
BUpIILICHHS peabHUX MpoOiIeM 1 3a1a4.

3aranom, JaHa CTATTs MPOMOHYE ONTHUMI3allii0 OOPOOKH I'€OJaHMX, SIKUA MOXKE MPUHECTH
3HaYHUN BHECOK Y PO3BUTOK I'e0iH(OpMAIifHUX TEXHOJIOT1H Ta BUPILICHHS CKJIQJAHUX TeorpadiuHux
3aBAaHb y PI3HUX TATY3sIX TIsUTBHOCTI.

PesyabTaTn pocaimxennsi. Ctarts [1] mpucesiueHa 3aCTOCYBaHHIO TJTMOMHHOTO HaBYAHHS
1ust 0OpoOKH TeoannX. BoHa Haae TEXHIYHUN OTJISA Cy9aCHUX METOJIIB ITMOMHHOTO HAaBYaHHS Ta
iX BIUIMB Ha aHali3 300paKeHb, OTPUMAHUX 3 TUCTAHIIHOTO 30H1yBaHHs. [lepeBaroro 1i€ei cTarTi €
Te, 110 BOHA 3HAHOMUThH YUTAUIB 3 OCHOBHUMHU MIAX0JAaMU Ta METOJIaMU TTIMOMHHOTO HaBYaHHS, 1110
3aCTOCOBYIOTHCS J0 T€OJaHUX, POOWTH AaKIEHT Ha TNPAKTHYHUX acCleKTaX 3acTOCyBaHHS Ta
BUKOPHUCTAHHI TaKMX MOJEJEH I pI3HUX 3a1a4d 00poOKku reomaHux. B crarrti [2] mpencraBieHo
OTJISIZT 3aCTOCYBAaHHS TITMOWHHOTO HABYAHHS B 00JIACTI AWCTAHIIHHOTO 30H1yBaHHS. BoHa eTanbHO
pO3MIsIIae pi3HI MiAXOAW TIMOWMHHOTO HABYaHHS i OOpOOKHM TI'eOaHUX, Taki SK 300pa)KeHHS,
cerMeHranlis, kinacudikamis Ta iHmi 3agadi. g cTarTs Hajae MUPOKUE OTIISAA TOCTIIKEHb, IO
30CEepPEeKYIOThCS Ha 30LIBIICHHI TOYHOCTI Ta HAAIMHOCTI OOpPOOKHM [aHWUX JAWCTAHI[IHHOTO
30H/IyBaHHS 32 JOTIOMOTOI0 TTTMOMHHOTO HABYAHHSI.
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B crarti [3] posrmsmaroTbes MiAXOAW JO TOKpaIIeHHs Kiacudikaiii reorpadiyHux
300pakeHb 3a JOTIOMOTOI0 TJIMOMHHOTO HaBYaHHS Ta TeXHIKM 00'emHaHHs manumx (fusion). Bona
HAroJIOIlye Ha BaXJIMBOCTI KOMOiHyBaHHs iHGopMauii 3 pi3HUX JKepen Ta JaT4uKiB JUis
MOKpAIIeHHsT TOYHOCTI Ta 3a0e3medeHHs OiIbIl TOBHOTO aHaidy reomanux. B crarti [4]
PO3TISAIAETbCS 3aCTOCYBAHHS TIMOMHHOTO HABYAHHS JJIi MOHITOPUHTY Ta JIarHOCTHUKU CTaHy
MamuH. BoHa qociikye, ik TIMOMHHI HEHPOHHI MEPEKi MOKYTh OYTH BUKOPUCTaHI JJI BUSBICHHS
aHOMaJIiil Ta MPOTHO3YBaHHS BIIMOB y MalMHHUX cucTemax. CTaTTd HaJae 1HCAMTH B MOTEHIIIHHI
nepeBard TJIMOMHHOTO HAaBYAaHHS Il 3a0e3leueHHs OiuIbll  €(PEeKTHBHOTO MOHITOPHHTY 1
nornepeKeH s BiiMoB. OTXKe IpoaHai3yBaBIIM MaTepial 3 LUX CTaTeil MU MOXXMEO 3poOHTH
BHCHOBOK, 110 TX HEIOMIKaMH €:

CkJaiHICTh HaNAIITYBAaHHS Ta BUKOPUCTAHHs: baraTo icHyl0YHX cucteM 00poOKH reoJaHux
BUMararloTh BHCOKOI'O pIBHS €KCIIEpTH3W Ta 3HaHb /s IX BIANOBIIHOTO HAaJaIITyBaHHS Ta
e(peKTUBHOTO BUKOpUCTaHHA. lle yckmaaHioe iX 3acTOCyBaHHS [UId KOPHCTYBauiB, SIKI HE €
(daxiBIsMHU y TeoiHGOPMATHIII.

O6mexeHi pecyper Ta 9ac 00poOku: OOpoOKa BENTUKHX OOCSTIB F€0JJaHUX MOKE BUMAraru
3HAYHUX OOUYHMCITIOBAIBHUX PECYPCiB Ta TpuBaioro yacy. [Ipu 1ipomy, iCHYI0Ul METOAM HE 3aBXKIU
3a0e31euyIoTh JJOCTaTHIO €()EKTUBHICTD Ta IIBUAKICTH OOPOOKH.

HenocroBipui pe3ynbratu: Pydna oOpoOka TreogaHUX MOXKE TPHU3BOJIUTH 10 JTFOJCHKHX
MTOMMUJIOK Ta HEJIOCTOBIPHUX PE3YJIbTaTiB, 0COOINBO PHU BEIHKiH KiJIbKOCTI AaHuX. Lle Moke cTaBuTH
ITiJT CyMHIB JOCTOBIPHICTh Ta TOYHICTh OTPUMAHHUX BHCHOBKIB.

[Mocrifinuii MoOHITOpUHT Ta BTpy4aHHs: Jleski cuctemu reoiHdopmariitHoi 00poOKu
BHUMAararoTh MOCTIHHOTO MOHITOPUHTY Ta PYYHOTO BTpy4YaHHS 3 OOKY KOpUCTyBaua Jjsi KEpyBaHHS
nporecamu o0poOku. Lle Moxke OyTH 3aTpaTHUM Y 4aCOBOMY Ta peCYpPCHOMY aCIeKTi.

OOMexeHa iHTerparlis 3 iHIIUMH JpKepenaMu JaHux: Jleski cuctemu oOpoOKH reojaHux He
MIATPUMYIOTh 3pYUYHY 1HTETpaIlilo 3 1HITUMH JDKEpPEIaMH JITaHWX, TAKUMHU SIK 0a3W JTaHWX, CXOBHUIIA
naHux abo BeO-cepicu. Lle Moxe oOMexXyBaTHU JOCTYN J0 PI3HOMAHITHUX JaHUX Ta 3HIKYBAaTH
MTOBHOTY OOpOOKH.

OCHOBYIOUMCh Ha TEpeNiuYeHUX HeIOoJiKaX ICHYIOYMX CHCTEM, BHMHHUKIA TMOTpeda B
onTHUMi3aIlii MeTory 0OpOoOKH reogaHuX, sika Ou 3a0e3rmeuyBaia BUCOKY aBTOMAaTH3AIl10, TOYHICTh Ta
e(eKTHBHICTb O0OpPOOKH, a TaKoXX 3HIMana OM OOMEXKEHHs Ha pecypcd Ta HajaBaja MOXIJIHBICTh
iHTerpamii 3 iHmUMH JpKepenamu nanux. Meton GeoDNN+ 2.0, saxuii 6a3yeThcsi HA BUKOPUCTaHHI
ITMOMHHUX HEMPOHHHUX MEPEXK, € HOBATOPCHKUM ITiIX0JIOM, 1110 TO3BOJISIE BUPIMIUTH 111 IPOOJIEMH Ta
3a0€3MeYnTH OUTBII CyJaCHUH Ta MOTYKHUM 1THCTPYMEHT JIJIsi aBTOMAaTU30BaHOT 0OPOOKH €0/ TaHHUX.
3a 101oMOrol0 IMUOMHHUX HEMPOHHUX Mepexk, MeToa GeoDNN+ 2.0 Moke aBTOMaTHYHO BUBYATH
KOPHCHI O3HaKM 3 Te0JaHMX, YHUKHYTH JIFOACHKUX IMOMUJIOK, IMiJABUIIUTH TOYHICTH Ta IIBUIKICTH
00poOKH, a TaKOXK 3a0€3MEUUTH 3pYUHY IHTETPALIII0 3 PI3HUMH JKEpeIaMu JaHuX, 110 pOOUTH Horo
OOIISIIOYUM THCTPYMEHTOM JIJIsl Cy4acHO1 T€0iH(POpPMaTHKH.

ABTOpamMM 3ampOIIOHOBAHO OITHUMI3AIlil0 METOJY BHUKOPHUCTaHHS TIMOMHHOTO HaBYAHHS
GeoDNN+ 2.0, mo Ha BiAMIHY Bijl PO3TJISHYTHX TOJIATA€ Y aBTOMAaTUYHOMY BHBUEHHI KOPHCHHUX
O3HaK 3 reofianux. Lle 103BoJIsie 3HU3UTH BILTUB JIOICEKOTO (DaKTOpY 1 MiIBUIIMTH TOYHICTH 0OpOOKH
JaHUX. 3acTOCyBaHHS TJIMOMHHOTO HAaBUaHHS JI03BOJISIE ABTOMATU3yBaTH MPOLEC BHUBYEHHS
XapaKTePUCTHK Ta O3HAK 3 JJAHUX, IO POOWTH aHATI3 T€OJaHUX OUTBIN e(PEKTHBHUM Ta HATIHHIM.
BukopucTtanHs Takoro migxoay MOXKE 3HAYHO TMOKpAIIUTH €PEKTHBHICTH OOPOOKH TE€OJaHUX Ta
3a0e3MeUnTH BUCOKY aBTOMATH3alli10, 1110 € KIIIOUOBUMH TIepeBaraMu y cydacHiii o0po011i reoganux.

Cuctemu reoiHpopMaliifHOT OOpPOOKM MaHMX CTajdd HEBII'€MHOIO CKJIQJIOBOIO IS
PO3B'sI3aHHS CKJIQJHUX 3aB/aHb, MOB'A3aHUX 13 300pOM, aHATI30M Ta IHTEpIpeTali€lo reorpadpiaHmux
nanux. OnHak, iICHYIO4Yl METOau OOpOOKHM T'€OJJaHWX MArOTh CBOI HEIONIKA Ta OOMEXEHHS, IO
MOXYTh YCKIIQJHIOBATH NpoIecH OOpOOKH Ta 3HW)KYBaTH SKICTb PE3YNbTaTiB. 3aBASIKH UM
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HE/IOJIIKaM ICHYIOUMX CHUCTeM reoiH(popMaliiiHoi oOpoOKH NaHUX, ONTHUMI30BAaHO METOJ, SKUU
0a3yeThcst HAa TIIMOMHHUX HeHpoHHHX Mepexax (GeoDNN+ 2.0). Lleit MmeToa cTaB akTyaJlbHUM Ta
NEPCHEKTUBHUM ISl OKpAIEHHsI 0OpOOKHU Te01aHuX.

['muOuHHA HEHPOHHA MEpeka I aBTOMaTH30BaHo1 00poOku reoganux (GeoDNN+ 2.0+)

Omnuc inei: I'mubunni Heitponni mepexi (Deep Neural Networks - DNN) BusiBuiucs nyxe
e(eKTUBHUMH B DPO3B'S3aHHI CKJIAJHUX 3aBJaHb, TaKWX SK 0OpoOka 300pakeHb 1 TEKCTy. Mwu
MPONOHYEMO BUKOPHUCTATH TNIMOMHHI HEHPOHHI Mepexi JUis aBTOMAaTU30BaHOI 0OpOOKH reojaHuX,
30kpema s hopmary shapefile.

Kpoku anroputmy GeoDNN+ 2.0 nmnst onTumizoBaHoi 0OpoOKM reomaHux y Qopmari
shapefile:

ITixroroBka maHux

3untyBaHHs reofaHux: BigkpuBaemo ¢aiin 3 reomanumu (climate data.shp), sikuit MicTUTB
iH(pOpMalliIo PO TEMIIEPATYPy Ta BOJIOTICTh JJIS PI3HUX PETiOHIB.

Hopwmamizaris: CTtaHaapTU3yeEMO YHCIOBI XapaKTEPUCTHKU (TeMIlepaTypa Ta BOJIOTICTH),
NIEPETBOPIOIOYH X HA 3MiHHI 3 cepelHIM 3HaueHHAM 0 1 CTaHIAPTHUM BiAXWICHHSM 1.

CtBOpeHHsI aa'sIeHIIHHOT MaTpulli: Bu3HavaeMmo, sKi perioHr 3HAXOASATHCS MOPYY OJHH 3
OJTHMM Ha OCHOBI ITPOCTOPOBOT BiJICTaHI Mi’K HUMH.

Tabmuyni maxi

ABTtoeHkojep: CTBOPIOEMO aBTOCHKOJAEP sl TAOMWYHUX JaHuX. MoJenb KoJIye 3MiHHI Ta
MOTIM JICKOY€ 1X Ha3aJl, HAMararo4rch BIITBOPUTH BUXIIHI AaH].

TpenyBanus: HaBpuaeMo aBTOEHKOEp 3@ JOMIOMOT0I0 TAOJUYHUX JaHUX.

Pactpogi gani

3renepoBani 300paxxeHHs NDVI: CtBoproeMo BHMIAAKOBI pacTpoBi 300pa)KeHHS s
NpUKIaay. Y pealbHUX CIEHAPIsSX TYT MU O 3UMTalld pacTpOBi JaHi 3 (GaiiB.

ABTOeHKOAEp I 300pakeHb: CTBOPIOEMO AaBTOEHKOAEp [MJsi PacTPOBUX 300paKeHb.
Monens Koye 300pakeHHsI 1 OTIM AEKOAYE iX Ha3a.

TpenyBanus: HaBuaemo aBTOEHKOEp 3a JOMOMOTOI0 PaCTPOBUX 300paKeHb.

[IpocToposa iHTerpariis

OO'ennanHs JBOX Mojenei: bepeMo KoIOBaHI XapakTEPUCTHUKH 3 aBTOEHKOJIEpa s
Ta0JIMYHUX JAHUX Ta KOJAOBaHI XapaKTEPUCTUKHU 3 aBTOCHKO/Aepa AJsl 300paxeHb. BUKOpHUCTOBYyeMO
Graph Neural Networks (GNN) ans aHamizy mpocTOpPOBOi CTPYKTYpH MK perioHaMd Ha OCHOBI
a/I'AICHIIITHOT MaTPHIII.

TpenyBanns: HaBuaemo ¢iHambHy MoOzenb, IO O0'€AHYE BCl Il XapaKTEPUCTHUKH, 3a
JIOTIOMOTOF0 BUTIQJIKOBHX ITUThOBUX 3HAYEHD (JIs1 IPUKIIATY).

Tenep HaBeAEMO KO/ 3 KOMEHTApsIMU, SIKHI TTOKa3ye ONTHMI30BaHy 0OpOOKy reogaHux Ta ix
OYMILIEHHS BiJI IIyMiB:

import geopandas as gpd

import numpy as np

from sklearn.preprocessing import StandardScaler

from spektral.layers import GraphConv

from tensorflow.keras.models import Model

from tensorflow.keras.layers import Input, Dense, Conv2D, MaxPooling2D, UpSampling2D, concatenate,
Flatten

# 3unTyBaHHS re0laHUX

data = gpd.read_file('climate_data.shp’)
features = data[['temperature’, ‘humidity']].values

12



ISSN 2786-5371 print Ingpopmauiiini mexunonocii, erexkmponika,
ISSN 2786-538XF())nIine MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,

Texnonozii ma inscunipune, No 4(15), 2023 . - : .
mechanical and electrical engineering

# Hopwmarizamist JaHux
scaler = StandardScaler()
scaled_features = scaler.fit_transform(features)

# An'smeHiiiiHa MaTpUIld Ha OCHOBI IPOCTOPORBOI BiJICTaHI Mi>K TOYKaMH
threshold_distance = 10 # 10 xm

A = np.zeros((len(data), len(data)))

for i in range(len(data)):

for j in range(len(data)):

if data.geometry[i].distance(data.geometry[j]) < threshold_distance:
Ali,j1=1

# ABTOCHKOMIEP IS TAOJIMIHUX JAHUX

input_features = Input(shape=(scaled features.shape[1],))

encoded_features = Dense(128, activation="relu’)(input_features)

encoded_features = Dense(64, activation="relu’)(encoded_features)

decoded_features = Dense(128, activation="relu’)(encoded_features)

decoded_features = Dense(scaled_features.shape[1], activation="sigmoid')(decoded_features)
autoencoder_features = Model(input_features, decoded_features)
autoencoder_features.compile(optimizer="adam’, loss="binary_crossentropy")
autoencoder_features.fit(scaled_features, scaled_features, epochs=50, batch_size=256, shuffle=True,
validation_data=(scaled_features, scaled_features))

# Pactposi gani (NDVI 300pakenns) 64x64 pixels
images = np.random.rand(len(data), 64, 64, 1) # grayscale images

# ABTOCHKOED TSI pACTPOBUX JTAHHUX

input_images = Input(shape=(64, 64, 1))

X = Conv2D(32, (3, 3), activation="relu’, padding='same")(input_images)
X = MaxPooling2D((2, 2), padding="same")(x)

x = Conv2D(16, (3, 3), activation="relu’, padding="same")(x)
encoded_images = MaxPooling2D((2, 2), padding="same")(x)

x = Conv2D(16, (3, 3), activation="relu’, padding='same")(encoded_images)

x = UpSampling2D((2, 2))(x)

x = Conv2D(32, (3, 3), activation="relu’, padding="same")(x)

x = UpSampling2D((2, 2))(x)

decoded_images = Conv2D(1, (3, 3), activation='sigmoid’, padding="same")(x)

autoencoder_images = Model(input_images, decoded_images)
autoencoder_images.compile(optimizer="adam’, loss="binary_crossentropy')

autoencoder_images.fit(images, images, epochs=50, batch_size=256, shuffle=True, validation_data=(images,
images))

# O0'ennanns qBox mMozenedt Ta GNN amst mpocTopoBoi iHTErparii
X_input = Input(shape=(scaled_features.shape[1],))

A _input = Input((len(data), len(data)))

graph_conv_1 = GraphConv(128, activation="relu™)([X_input, A_input])
graph_conv_2 = GraphConv(32, activation="relu")(graph_conv_1)

image_input = Input(shape=(64, 64, 1))

image_features = Conv2D(32, (3, 3), activation="relu’, padding="same")(image_input)
image_features = MaxPooling2D((2, 2), padding="same')(image_features)
image_features = Flatten()(image_features)
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combined = concatenate([graph_conv_2, image_features])
output = Dense(1, activation="sigmoid’)(combined)

final_model = Model(inputs=[X_input, A_input, image_input], outputs=output)
final_model.compile(optimizer="adam’, loss="binary_crossentropy")

y = np.random.randint(0, 2, len(data)) # random binary target variable for example
final_model fit([scaled_features, A, images], y, epochs=10)

Jlis aganranii bOro KOy IMijI HOBI JIaHi CJiI BpaXOBYBaTH:

1. 3MiHUTH NUISIX 0 BAIIOTO HOBOTO (DaiiTy 1 HATAIITYWTE 3YMTYBaHHS JaHUX BiAMOBIIHO.

2. Hopmanizyiite abo macitadyiite gaHi 3a HEOOX1IHICTIO.

3. Hamamryiite an'sieHIiiHy MaTpUIIO 32 BalllUMHA KPUTEPISIMHU BiJICTaH1 a00 3B'SI3HOCTI.

4. Moaudikyiite apXiTeKTypH MOJeIIeH 3TiIHO 13 BAIIMMHU JaHUMU (HApUKIal, PO3MIPHICTh
BXIJIHUX JaHHUX, KUIbKICTh IIAPiB TOIIO).

BucHoBku. OnTuMizoBaHuN METO 00pOOKH r€0JaHUX, SIKUI MU IIPOIIOHYEMO, CTIPSIMOBAHU I
Ha IHTETpaIlito Ta ONTHMI3allii0 MiIX0/IB 3 JEKUIBKOX raiay3eil 00pooku reomannx. OCHOBHA iaest
NoJIsirae B TOMYy, 00 00'€qHATH HaMKpalll NMPakTHUKH 3 TeoiHPOpPMaLifHUX CHUCTEM, TITHOOKOTro
HaBYaHHS Ta MPOCTOPOBOTO aHATI3y, HAJAIOYUM TUM CaMHUM TOTY)XKHHH 1HCTPYMEHT JUIsl aHaJli3y
reoJaHuX.

30Kpema, OJTHIEIO 3 KITIOUOBUX 0COOJIMBOCTEH ITOTO METOTY € CIUTbHA IHTETPAIlisl PaCTPOBUX
Ta TaOMUYHUX JAaHUX, IO BiIPI3HSE HOTO BiJ CTAaHAAPTHUX MITXOMAIB, /1€ Il THIH JAaHUX 3a3BUYAM
00poOIIsItOTECS OKpeMo. L iHTerpartis 3aiHCHIOEThCS 3aBASKA BUKOPHUCTAHHIO aBTOCHKOACPIB —
HEHPOHHUX Mepex, IO e()EeKTHBHO BUIYYAIOTh IIYM 1 BUAUISIOTH BAaXJIMBI XapaKTEPUCTUKU 3
BEJIMKUX HAOOPIB JaHUX.

Binbie Toro, 3aMicTh TPaaUIIHHOTO aHAJI3Y T€OJaHUX Ha OCHOBI IPOCTOPOBOI BiJICTaH1, MH
3acTocoByeMo rpadoBi HelpoHHI Mepexi. L1 Mepesxi J03BOJISIIOTh PO3IJISIIATH HE TUTHKH MPOCTOPOBY
BIJICTaHb, aJie 1 1HII aTpUOYTH Ta 3B'SI3KU MIXK PI3HUMU TOYKAMH, 110 3a0e3reuye rIuomuil anami3
MPOCTOPOBOT CTPYKTYPH.

Ha BigmiHy BiJ CTaHIApTHUX METOIB HOpMali3amii JaHUX, HAIl METOJ aJanTyeThCs Tij
KOHKPETHHM HaOlp JaHWX, BUKOPHCTOBYIOUM CEpEIHE 3HAYCHHS 1 CTAaHJIApPTHE BiIXUJICHHS.
JlomaTKoBO, MU 3aCTOCOBYEMO a/I'SIIICHIIIIHY MATPHIF0 HAa OCHOBI MPOCTOPOBOI iH(popMaIllii, 1o
HaJIa€ TOYHINTY 1H(POPMAIIiIO PO B3aEMO3B'SI3KH MK perioHaMHU.

3aranoMm, 1iell IHHOBAIIMHUI MeTOJ Hagae OiMbII THYYKHMA, aJaNTUBHUN Ta MOTYXHHMA
IHCTPYMEHT 11 OOpOOKH T€0JaHuX, SKMK MOKe OyTH JIETKO MiJIallITOBAaHWU I pi3HI 3a7adi Ta
THIIU JaHHUX.
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AUTOMATION OF GEOINFORMATION DATA PROCESSING
BY NEURAL NETWORK TECHNOLOGY

Methodology. This paper presents an optimized method of geodata processing based on deep neural
networks (GeoDNN+ 2.0), which offers an efficient and automated approach to geographic data analysis. The
introductory section details the shortcomings of existing geoinformation processing systems, such as
complexity of setup, limited resources and processing time, unreliable results, and the need for constant
monitoring. It emphasizes the need for a new approach that addresses these shortcomings and opens up new
perspectives for geoinformatics.

Findings. GeoDNN+ 2.0 is based on deep neural networks, which are used to automatically determine
the characteristics of geographic objects without prior manual data processing. This avoids human errors and
improves processing accuracy, while self-learning mechanisms ensure continuous quality improvement using
new data. GeoDNN+ 2.0 demonstrates high efficiency in processing large volumes of geodata due to its
optimized structure and parallel computing.

Another important advantage of GeoDNN+ 2.0 is its ability to effectively integrate with various
geodata sources, which allows you to get the full amount of information and provides comprehensive analysis.
This is especially useful in areas where a large amount of data from different sources requires in-depth
analysis and convenient integration tools.
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The overall goal of the article is to reveal the potential of GeoDNN+ 2.0 in solving various
geoinformatics problems and show its advantages over existing systems. To achieve this goal, the authors
present a detailed analysis of the GeoDNN+ 2.0 architecture and provide examples of its implementation on
the example of classifying geographic objects in shapefile format. In general, the article demonstrates that
GeoDNN+ 2.0 is a powerful and promising tool for modern geoinformatics that solves the shortcomings of
existing systems and provides optimised opportunities for automated processing and analysis of geodata,
taking into account the needs of the modern world.

Keywords: Geodata; automation; data processing; AWS Glue; performance; accuracy; scalability;
integration of data sources.
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METHOD OF JUSTIFICATION OF THE NECESSARY NUMBER
OF ENVIRONMENTAL MONITORING TOOLS AND
OPTIMIZATION OF THEIR LOCATION PLACES

Introduction. In modern conditions, an urgent issue for Ukraine is the development of a methodology
for substantiating the locations of mobile ecological laboratory bases and their composition, which will allow
for limited time monitoring of territories affected by hostilities, potentially dangerous objects (PDO) and about
objects of critical infrastructure (OCI).

Purpose. Mobile environmental laboratories in the region should be located to minimize the costs of
monitoring and responding to time-limited emergencies.

Methodology. The existing bases of environmental monitoring means should be considered as initial
conditions for creating a methodology for solving this problem of optimizing the placement of mobile
environmental laboratories in the territories immediately adjacent to the areas of hostilities.

Findings. The results of the research can be used in the development of recommendations for choosing
the optimal placement of unmanned aircraft complex (UAC) and their infrastructure on the territory of Ukraine
in the context of reforming and reducing the number of aviation. A well-grounded choice of a section of the
region’s territory for the deployment of UAC will increase the level of technogenic and environmental safety
during work on the prevention, monitoring and elimination of emergencies of a natural and technogenic nature.

Originality. The results of the research can be used in the development of recommendations for
choosing the optimal placement of UAC and their infrastructure on the territory of Ukraine in the context of
reforming and reducing the number of aviation. A well-grounded choice of a section of the region’s territory
for the deployment of UAC will increase the level of technogenic and environmental safety during work on the
prevention, monitoring and elimination of emergencies of a natural and technogenic nature.

Practical value. Thus, the example of the practical application of the method of substantiating the
required number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided that the
full scope of monitoring works is performed. The article provides a mathematical formulation of the problem
for the development of the methodology and an example of its calculation for determining the location of
mobile ecological laboratories using unmanned aerial vehicle complexes.

Keywords: methodology; environmental monitoring; unmanned aircraft complex; optimization;
potentially dangerous objects; objects of critical infrastructure.

Introduction. The ecological assessment of regional factors of threats from natural and man-
made emergencies in the conditions of warfare showed that it is necessary to take into account the
significant dependence of the response speed of mobile ecological laboratories depending on the
location of their bases, the level of natural and man-made threats, the number of PDO and OCI, the
dynamics of emergency situations [1-3].

Mobile environmental laboratories in the region should be located to minimize the costs of
monitoring and responding to time-limited emergencies. This can be achieved by:

1) autonomy of use of UAC;

2) observance of safety measures during flights;

3) ability to maneuver take-off and landing points during response to emergency situations;

4) multifunctionality of monitoring equipment.

From a mathematical point of view, this problem belongs to combinatorial problems. A
meaningful statement of the problem is as follows: among the many possible plans for the deployment
of air defense systems in the region, find a plan that minimizes the costs of monitoring, responding
and liquidating emergencies of a natural and natural nature, of military and man-made origin, while
meeting the time limit for responding to emergency situations.
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To determine the extent of the threat of natural and man-made emergencies, information on
the number of potentially dangerous objects, statistics of dangerous hydrometeorological processes,
and statistics of natural and man-made emergencies is required.

The existing bases of environmental monitoring means should be considered as initial
conditions for creating a methodology for solving this problem of optimizing the placement of mobile
environmental laboratories in the territories immediately adjacent to the areas of hostilities.

Presentation of the main material. The main criteria for the effectiveness of the
environmental monitoring system are efficiency and economy, i.e. minimization of time and
resources spent on environmental monitoring in the combat zone, detection and localization of
potentially dangerous objects, etc. This can be done by deploying mobile episodic networks (MEM)
using telecommunication aerial platforms (TA) (Fig. 1), which will collect, partially process and
transmit information to specialized coordination centers for environmental monitoring [16].
Subscribers of such networks (military ecologists, rescuers, environmental sensors or vehicles of
mobile ecological laboratories) can connect with each other (or with the coordination center) based
on temporary links with relaying through intermediate ground or air-based nodes. Not only
emergency services aircraft (An-32P aircraft, Mi-8 and ES-145 helicopters), but also mini- and micro-
class unmanned aerial systems can be used as aerial repeaters.

aircraft

i _ helicopter

sensor network of
environmental
monitoring

coordination network of mobile search and
center rescue teams

Figure 1. An example of the organization of a mobile episodic network using aerial repeaters

To determine the magnitude of threats of emergencies of natural and man-made origin,
information is needed on the number of potentially man-made objects, statistics on hazardous
hydrometeorological processes, statistics on emergencies of natural and man-made origin.

For the region, the vector of the composition of unmanned aircraft complex is known

according to the characteristics of the threats of emergency situations for the region — Z, :sz

'
n

areas of the territory (airfields, airports, helipads) of the region where, subject to the implementation
of aerodrome technical support and flight safety measures, unmanned aircraft complex (UAC) can be

deployed — T, :||ti||m, the area of zones of occurrence of natural and man-made emergencies —
S0 = ||ST0,A||m , the density of the location of potentially dangerous objects (PDO) and the intensity of

emergencies in the relevant areas of the region - Y, = Hyan, and the contingent costs of carrying out

measures to eliminate emergency situations and restore the environment C; = |,
18

mxn



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inscunipune, No 4(15), 2023

Inghopmaniinni mexnonocii, enexmponika,

MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

In general terms, these initial conditions can be written as

Zy i Zj i I

C=|t | Cy || G ' Cin )
tm | Cmt | Cmj | | Cn
Yi it Yj it Yn

Also known are the permissible levels of risks of occurrence of man-made and natural
emergencies (density of emergency situations) for the corresponding zone of possible location of the
UAC:

— risk zones of possible aviation incidents [units/day] — ar;, j = Lm;
— zones of point potentially dangerous objects [units/day] — vpr;, j =1m;
— zones of linear extended potentially dangerous objects [units/day] — vgr;, j =1,m;

— zones of planar potentially dangerous objects [units/day] — dr;, ] =1m.

The density of emergency situations, which characterizes the corresponding concentration of
the technogenic factor in the environmental components for the corresponding UAC, can be
determined by the formula

N

Y (X0 Y)
T moi S ?

()

moi

where i =1,n — man-made objects,
S,..; — area of risk zone, respectively, for one UAC.

With such initial conditions, it is necessary to find such a plan for the distribution of areas of
the region's territory for UAC, which would ensure the minimization of costs in the elimination of
emergencies and the performance of recovery work in the region and the implementation of
restrictions on the levels of risks, taking into account the response time.

The plan of assignment (distribution) of areas of the region's territory for the placement of

UAC:
Bl 2y el 7,
U | Xag e X et Xap
X :Hxij‘mxn =[G Xig fee D X ] Xin , (3)
tm X1 ij Xmn

1,when the UAC is located in the region }

O0,when there is no UAC in the region
19
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Then the mathematical statement of the problem of the optimal placement of a UAC in
possible risk zones on the territory of the region is formulated as follows: on the set of possible plans
for the deployment of UAC (assignment distribution) {X } in the territory of the region, each of which

qu Hm ) satisfies the system of restrictions:
— in the accommodation area for the UAC:

m -
zzij'sngsxi,J:].,m; (4)
i=1
—to permissible levels of risk of emergencies in the area of the UAC
>ax -y <ar, j=1m; (5)
i=1
> vpx; -y, <vpr;, j=1m; (6)
i=1
ZVgXi'yj SVgrpj:l’_m; (7
i=1
D ogx-y, <gr, j=1m, (8)
i=1

o

il that minimizes the overall

mxn

find the optimal layout for search and rescue aircraft X° =|[x

cost of maintaining an environmentally sound region

CS(X°) = mmZZcIJ X Y. 9)

i=1 j=1

Evolutionary methods are recommended for solving this problem.

The effectiveness of the deployment of UAC on the territory of the region can be assessed by
the ratio of its level and the costs of its implementation, including taking into account the costs of
responding to emergency situations and restoring the environment

ws 4
cS

Since the considered problem minimizes CS costs, the efficiency of using search and rescue
aircraft in the region is maximized

ES = (10)

ws [
ES™ = ™" _ max ES'# (11)
min CS
The results of the research can be used in the development of recommendations for choosing

the optimal placement of UAC and their infrastructure on the territory of Ukraine in the context of
reforming and reducing the number of aviation. A well-grounded choice of a section of the region's
territory for the deployment of UAC will increase the level of technogenic and environmental safety
during work on the prevention, monitoring and elimination of emergencies of a natural and
technogenic nature.
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Output data: set of aerodromes of Ukraine Z= {Zi } = 1,_Z , where Z - is the number of

aerodromes; Z; — is the number of aircraft at the i-th aerodrome; (X, Y)i — coordinates of the i-th
airfield; set of monitoring regions R= {rj } )= 1_R ,where R is the number of monitoring regions;
I'; —is the area of the j-th monitoring area; (X’ y),— — coordinates of the j-th monitoring area, from

where the monitoring and rescue operations begin; monitoring characteristics of aircraft (speed V,
maximum flight duration T,.,,, monitoring performance N), which determine the maximum area of

the j-th monitoring region that can be surveyed by one aircraft of the i-th aerodrome Ssurv ji -
Problem statement (general view): find such a plan X = {Xi} = 1_Z for the use of the UAC

of Ukraine monitoring facilities located at a set of specified aerodromes Z with aresource Z;, which
minimizes the composition of aircraft for the operation and will allow the full scope of monitoring

and rescue operations Q to be performed R)), that is

z
X =minF = min Z X;, (12)
X€EQ X€EQ
i=1
when meeting the requirements for the total survey area and resources of aerodromes
Ssurvll ) Xl + Ssurv12 ) X2 +oet Ssurle ) XZ 2 rl
Ssurv21 ) Xl + Ssurv22 ’ X2 +eeet SsurVZZ ’ XZ 2 r-2
Q P R R LR TR P PR R PR . (13)
Ssuerl ) X1 + SsuerZ ) X2 +oeet SsurvRZ ) XZ 2 r-R
0<x <z,i=1Z

Example. Let the Service have at its disposal five aerodromes with the following aircraft
resource and location coordinates (Fig.2): Z, =5,(100,500),; z,=4,(200,100),;

z, =6,(300,400),: z, =5,(500,300), : z. = 4,(500,600), .
It is necessary to survey three monitoring areas with the following coordinates of the starting
point (200,300), ; (400,200),; (400,400), and areas of 100000 km? each. Find the minimum

composition of UAC with the following monitoring characteristics: T, =4,045hours (in case

il v —2o0km/ - N = 10°km?
of full filling of all fuel tanks); V =220 A N =4.95 A

The order of the decision.
1. Determination of the distance between each aerodrome and the location of the monitoring

. . 2 2
area Lji,1=12Z, ] =L R Using the formula L :\/(Xi _Xj> +(yi _yj) , We obtain:

223 200 141 424 300
L =1424 223 223 141 412
316 360 100 141 223
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Figure 2. Location of airfields of the Armed Forces of Ukraine for areas of hostilities

2. Determination of the maximum area of the j-th monitoring area, which can be surveyed by one

. . . 2Lji .
aircraft of the i-th aerodrome Ssurv ji - Using the formula Sy = N(T v |we obtain:

9990 11025 13680 945 6525
Sy =1 945 9990 9990 13680 1485, (15)
5805 3825 15525 13680 9990

3. Mathematical problem statement:
X =minF = minY>_, x;.
Xeq Xeq Li=1%i (16)
if the requirements for the total survey area and airfield resources are met

(9990x; + 11025x, + 13680x5 + 945x, + 6525x; = 100000 Y
945x; +9990x, + 9990x; + 13680x, + 1485x; = 100000
5805x; + 3825x, + 15525x5 + 13680x, + 9990x5 = 100000
0<x;<5
0<x,<4
0<x3;<6
0<x,<5
\ 0<x;<4 J

Calculation results:

— at the 13th iteration of the monitoring: F =11, x1 =0; x2=1; X3 =6; X4 = 2; X5 = 2;
— at the 103rd monitoring iteration: F =10, x1 = 0; X2 = 4; x3 = 4; x4 = 2; X5 = 0.
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Thus, data were obtained on the number of aircraft at each aerodrome, which must be brought
into readiness for flight.
Entering data into the computer program "TORA" (Fig. 3) and calculating the results (Fig. 4).

55 TOR DA 1 o AT PV iprpestTpa S S

File EditGrid

INTEGER PROGRAMMING

Problem Title: Eaiting i
=>=Click Maximize(Minimize)-cell to change it to Minimize(Maximize)
Nbr. of Variables: Tl »=To DELETE, INSERT, COPY, or PASTE a column{row), click heading
. cell of target column(row), then invoke pull-down EditGrid menu
No. of Constraints: Sl >>For INSERT mode, a single(double) click of target rowicolumn will
place new rowicolumn after(before) target row/column.

INPUT GRID - INTEGER PROGRAMMING

) N
>
o] oo om oo oo | |

Unrestr'd (yin)?
Integer (yin)?

Figure 3. Data entry into the computer program “TORA”

3 TORA DAHALLMA Ta AniD\nponamu\Tapa\SARm - [ o
INTEGER PROGRAMMING

Select Dutput Dption
Automated B&B -

[ icotitoicn Wl iziatonsJl wite o P

(Current) Best Objective Value (Min) =10
Found at lteration 103
Optimality verified at lteration 117

B&B Search completed

Wiew/Modify Input Data MAIN Menu Exit TOR&

Figure 4. Calculation of results in the computer program "TORA™
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Thus, the example of the practical application of the method of substantiating the required
number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided
that the full scope of monitoring works is performed. The disadvantage of the solution is that the
resulting decision provides information only about the number of deployed assets from each airfield
of the Armed Forces of Ukraine, but does not provide an answer as to what proportion they will be
used to survey this or that area of DB management. However, the obtained data can provide
information on the number of aerial monitoring devices (aircraft, helicopter or multicopter type
UAVs) at each airfield that need to be made ready for flight.

Conclusions:

1. The practical use of the result of solving this problem will ensure the highest speed of
response to possible emergencies of a military nature and acceptable costs for their monitoring,
response and liquidation.

2. The methodology for optimizing the placement of UAVs for environmental monitoring on
the territory of Ukraine is presented. Ecological and economic justification of the optimal location
can be used in the development of normative documents and methods of choosing the location of the
infrastructure of mobile ecological laboratories of Ukraine, provided that it is highly efficient.

3. This will ensure the maximum efficiency of the use of forces and means in the region for
the performance of environmental monitoring works, provided that a sufficient level of environmental
and man-made safety is ensured.

4. Reasonable selection of the area of the region for deployment of forces and means of
ecological monitoring will allow to increase the level of man-made and ecological safety during the
execution of works on the prevention, monitoring and liquidation of emergencies of a military-man-
made nature.

Thus, the example of the practical application of the method of substantiating the required
number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided
that the full scope of monitoring works is performed. The disadvantage of the solution is that the
resulting decision provides information only about the number of deployed assets from each airfield
of the Armed Forces of Ukraine, but does not provide an answer as to what proportion they will be
used to survey this or that area of DB management. However, the obtained data can provide
information on the number of aerial monitoring devices (aircraft, helicopter or multicopter type
UAVs) at each airfield that need to be made ready for flight.
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JEPMAH B. A., CYKAJIO M. JL.
Hayionanvnuii ynisepcumem xapyosux mexnonoeit, Kuis, Yxpaina
METO/IUKA OBI'PYHTYBAHHS HEOBXIJTHOI KIJIBKOCTI 3ACOBIB
MOHITOPUHT'Y JOBKLLJISI TA OIITUMI3AIII MICHb IX PO3TAIIIYBAHHSI

Bemyn., V' cyyacnux ymoeax axmyaivbHumM RUMAHHAM 04 YKpainu € po3pobka memoouxu
OOIPYHMYBAHHA MICYb PO3IMAULY8AHH NEPECyBHUX eKOoAo2TuHUX Aabopamopuux 0a3 ma ix ckiady, ujo
00360aUMb NPOBOOUMU 0OMENCEHUL Y YACT MOHIMOPUHE MepUmopiil, wo nocmpaxicoanu 6i0 6ouosux Oil,
nomenyitino nebesneunux oo exmie (IIHO) ma npo 06 'exmu kpumuunoi ingppacmpyxmypu (OKI).

Mema. Mobinvui exonoziuni 1a6opamopii @ pe2ioni NOBUHHI OYMuU po3maulos8ani, woo MiHimizyeamu
BUMPAMU HA MOHIMOPUHE MA Peazy8anHs HA 0OMeCeHi 3a 4acoM HaA038UYAlHI cumyayii.

Memooonozia. Icuyoui ocHo8u 3aco0i8 eKo102iuH020 MOHIMOPUH2Y CNI0 pOo32n10amu K GUXIOHI
YMOBU Ol CMBOPEHHST MemOoOoa02il eupiulenHs O0anoi npobiemu onmumizayii posmiuyeHHss MOOLTbHUX
EKOJI02TYHUX 1a00pamopiil Ha MepUMopIsx, ujo 6e3nocepeoHbo NPUIAAMb 00 PAtioHi8 60to6uUX Oill.

Bucnoeku. Pesynomamu 0ocniodicenns modxcyms OVmu UKOPUCMAHT npU po3podyi pexomenoayill
wooo 6ubopy onmumarbro2o posmiwenns YAK ma ix ingppacmpyxmypu na mepumopii Yxpainu ¢ konmekcmi
pedopmysanns ma ckopoyenHs yucenvHocmi agiayii. O0TpyHmoeanuti 6ubip OLiAHKY mepumopii ooaacmi 014
posmiyenna OAK niosuwums pieeHb mMexHO2eHHO-eKONI02IYHOI Oe3neKku ni0 yac npoeedeHHsi pooim i3
3anobicanusa, MOHIMOPUHZY ma JKeI0ayii HAO036UYAUHUX CUMYayill NPUPOOHO20 MA MEXHOSEHHO20
xapaxmepy.
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Opucinanvnicms. Pe3yromamu  00CHIO0JICEHHs MOJICYMb  Oymu  GUKOPUCMAHI Npu  po3pooyi
pexomenoayill wodo eubopy OnmMuMAanbHoz2o posmiwenus YAK ma ix ingpacmpyxmypu na mepumopii
Yxpainu 6 xonmexcmi pedhopmyseanus ma ckopouenus wuceavnocmi asiayii. O6IpyHmosaruil 6ubip OiisaHKU
mepumopii obracmi onsa posmiwenns OAK nidsuwums pigenb mMexHOeHHO-eKON02IUHOI be3neku nio uac
npogedeHHs pooim i3 3ano0ieaHHsA, MOHIMOPUHSY MA AIKEI0AYIl HAO3UHALHUX CUMYAYili NPUPOOHO20 Ma
MexHO2EeHH020 Xapaxmepy.

Ilpakmuyna wyinnicme. Takum YuHOM, HPUKIAO HPAKMUYHO20 3ACMOCYBAHHA MEMOOUKU
00TPYHMYB8aAHHS HEOOXIOHOI YucenbHOCmi CUl [ 3aco0i8 eKoN02IUH020 MOHIMOPUHZY ONEePaAMmUBHUX 30H |
pationie 6otiosux Oill 30MUCHIOEMbCA 3a KpUMEPIEM MIHIMANbHOI uucenvHocmi cunl i 3acobis, wo
BUKOPUCMOBYIOMbCA, 3d YMOBU, WO BUKOHAHO NOBHUL 00CA2 MOHIMOpUH208UXx pobim. Y cmammi nodano
MamemMamuyHy noCmaHo8Ky 3a0adi Ha po3poOKy MemoouKy ma NPUKIao ii po3paxyuky 0 6USHAYEHHI Micys
PO3MIiUeHHs MOOLIbHUX eKOA02IUHUX 1aDOpamopill 3 BUKOPUCIAHHAM Oe3NIIOMHUX ABIAyIUHUX KOMNIEKCIE.

Knrouoei cnosa: memooonozis, exonociynuil monimopune, BIIJIA; onmumizayis,; [ITHO; OKL
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Hayionanonuii mexuiunuu ynigepcumem Ykpainu «Kuiscokuii nonimexniuHuti
incmumym imeni leops Cikopcbkozo», Yrpaina

AHAJII3 MOKJIMBOCTI 3BACTOCYBAHHSI TEXHOJIOI'TT WI-FI
Y TPAHCHHOPTHIN MEPEXI JJIAA HIABUIIIEHHSA BE3ITEKA
PYXY TPAHCIIOPTY TA IIIIOXO/JIB

Mema. [Iposecmu ananiz modxciusocmi 3acmocyeanus mexuonoeii W-Fi y mpancnopmmuiii mepesici
micma 8 yinax niosuujenHs be3neku pyxy niuloxooié ma mpaHCHOpmHux 3acodie i 3p0oumu 8UCHOB8KU W00
00YINbHOCIE BUKOPUCTAHHSL OAHOT MEXHON02Ti Y MPAHCNOPMHIT MEPEHCI.

Memoouxa. Mooenioganis Micokol iHhpacmpykmypu ma ananiz po3no6CrO0NCeHHsL PIBHsL CUSHATY Y
npoepamuomy cumynamopi Altair WinProp. [Ipoeedenns ananizy axocmi Kanauy nepeoadi OAHUX ULIAXOM
MeCcmy8arHs 6MpPam NAKemie ma NPonyCcKHoi 30amuoOCmi npu PI3HUX PIBHAX cueHary. Ananiz axocmi nepedaui
OaHUX NPU PI3HUX PIBHAX CUSHALY nposedero 3a donomozor Wi-Fi poymepa Mikrotik ma noyméyxy 3 Wi-Fi
Mooynem.

Pezynvmamu. B pe3ynomami 00CRiONiCeHHs GUKOHAHO MOOENIO8AHHS MiCbKOT iHghpacmpykmypu 07isl
AHANI3Y PO3NOBCIOONCEHHS PiBHsL CucHALy 6i0 mouoxk docmyny Wi-Fi. [Ipogedeno ananiz po3nosciooxcens
pieus cuenany 6io mouok oocmyny Wi-Fi 6 npoepamnomy cumynsamopi Altair WinProp. B x00i 0ocrioocenns
B8CMAHO06IEHO, WO 07151 ROOYO08U HAOIIUHOI KOE3U0BHOI» Mepenci HeOOXIOHO CMEOPUMU NOKPUMMSL, 6 SIKOMY
pisenv cucnany Oys He menwum 3a -70 0bm. Bcmanoeneno, wo uwomupvox mouox oocmyny Wi-Fi, 3
nomyacuicmio nepeoasava +21 0bm, wo ecmarnosneni na siocmani 6auzbko 50 m 00Ha 6i0 00HOI OyOe
docmamubo 0Jis1 mo2o, wob 3abe3neuumu HAOIUHUM 36 SI3KOM YUACHUKIE O0OPOICHLO20 PYXY HA 8I0CMAHI 00
50 m 6i0 nepexpecms.

Haykoea nosusna. 3natioeno epanuyHuill pigensv cucHany 6i0 mouku oocmyny Wi-Fi, npu sxomy
KIbKICMb émpam naxkemie 6yoe MiHIMAIbHOMW0, 0715 N00Y008U KOE3UOBHO20%» NOKPUMMSL OJisl MPAHCHOPMHOL
mepedci. Tlpoananizoeano doyinbHicms gukopucmanus mexronoeii Wi-Fi 0nsa mpancnopmy ma niuoxo0dis y
smart-uvicmi.

Ilpakmuuna 3nauumicms. Pe3ynomamu OocniodicenHs ma mMoOento8anHs po3no8Cro0NCeH s PiGHs
cuenany 8i0 mouoxk oocmyny Wi-Fi moocna ukopucmamu npu CmeopeHHi «Oe3ui08H020» NOKPUMms 0
MPAancnopmuoi inghpacmpykmypu smart-micma.

Knrouosi cnosa: 10T; mexnonoeis Wi-Fi; pisens cucnany; 6e3uosnuil 36’130k, mouxa docmyny Wi-
Fi; noxpumms.

Beryn. Texunonorii cBity Iutepuery peueir a6o IoT (Internet of Things) cTpimko
PO3BHBAIOTHCS Ta 3aMalOTh TEPENOBI IMO3WINT TPU TMOOYIOBI HOBHX IHTEJIEKTYaTbHUX CHCTEM
Oe3nekn. «Po3ymMHI OyIMHKH» Ta «pO3yMHa TEXHIKa» J03BOJIIOTH YHUKATH TOXKEXK, 3aBUACHO
MOTNEPEPKAIOTh MPO HEOE3MEeKy Ta 3aXHINaroTh OyAMHOK Bij maxpaiB. OmHaK Hapasi iICHye TyxXe
Oarato aBapiii Ha JIOpOrax, B SIKUX CTPaXAAIOTh K BOZIl Tak 1 MIIIOXOAU. BUIBLIICTH TOPOKHBO-
TPAHCIIOPTHUX TPHUTOJ MOXHa Oyno O YHUKHYTH, SKIIO O mimoxia abo BOAid Oyiau 3aBU4acHO
norepeKeHi Ipo MOXXIIMBY HeOe3mneky 3iTkHeHHs. Texnounorii [oT, Taki sk DSRC (Dedicated Short
Range Communication) MOXyTb CTBOproBaTH mesh-Mepexxy 3 MPUCTPOiB, IO BCTAHOBIICHI B
TPAHCIOPTHUX 3ac00ax Ta JOPOXKHIN IHPPACTPYKTYpi, MPOTE MIMIOXOAN OYAYTh HEBUAUMI JUTS JAHOT
Mepexxi DSRC, a omke Oyne HeOe3neka aBapii Mpu Mmepexoii J0pory mmoxoaoM. OCKUTbKY Hapasi
y 99% nimoxoxiB € cmapTdon 3 Wi-Fi MotynemM AOINBHO PO3TISHYTH MOXKIHUBICTh 3aCTOCYBaHHS
texHosorii Wi-Fi B SKOCTI TeXHOJIOTII IJIsl yIepeIKeHHs 31TKHEHHsI IMIIOXO/IIB 1 TPAHCIOPTHHUX
3aco0iB.

AHani3 nonepeaHix gociaigkenb. HaBiTe pu HASIBHOCTI MIMIOXITHOTO MEPEXOY, MEPEXia
gepes J0POry He 3aBXKAH € Oe3MeYHUM, OCKUIBKH MIIIOXO0IU AYXKE 9acTO MOTPAIUISIOTH 10 «CIIMUX
30H» TPaHCHOPTHHX 3aco0iB. TpaHcmOpTHI 3aco0u, 110 3amapKoBaHi TyKe OJU3BKO 10 MIITOXITHUX
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NEPeXOiB 3 MOPYIIEHHSIM MPaBUJI AOPOKHBOTO PYXY, AY)KE YacTO CTAlOTh MPUYMHAMHU ParTOBOi
MOSIBH TTIIIOXOJIa B 30H1 BUAUMOCTI 1HIIIMX yYYAaCHUKIB JOPOKHBOTO PYXY, UYepe3 0 MOXKE CTATHCS
aBapis. 3ayis Oe3MeYHOro MepecyBaHHs TPAHCHIOPTHOTO 3ac00y Ta Mepexoy JOPOTH MillIOXOJ0M
HEOOX1/THO, 00 BC1 YUaCHHUKHU JIOPOKHBOTO PyXy Maju iH(GpOpMaIlio PO MiCIIe3HAXOKEHHS OI1H
OJTHOTO.

Jocnimkenns [ 1] moka3aHo, 0 MPH MIBUAKOCTI TPAHCTIOPTHUX 3ac00iB 10 80 KM/To/1 HEMaAE
CYTTEBOTO BIUIMBY Ha 3aTPUMKH TepeiaBaHHs nakeTiB TexHonoriit Wi-Fi ta DSRC, oTxe TexHouoris
Wi-Fi Moke BHUKOPHUCTOBYBATHCS Y MICBKHX yMOBax, J¢ IIBHIKICTh TPAHCIOPTHHX 3ac00iB HE
nepesBurye nokazHuka y 80 km/ron. Y poOoti [2] mocmikeHo, IO NMpH IIBUAKOCTI ONM3BKO
80 km/ron mBUAKICTH IepeaaBanHs qanux no Wi-Fi magae o 1 M6it/c, npoTe miel mBUAKOCTI Oye
IIIJIKOM JIOCTaTHBO JJIsi OOMIHY JaHUMHU y TpaHCIOPTHIN Mepexi. Texnonoris Wi-Fi Moxxe BUSBIATH
MICII€3HAXO0/PKEHHSI 00’ €KTIB 3aB/SIKM MOHITOPHHTY PIBHS CHUTHAIY BiJ NMPHUCTPOiB [3, 4], 3aBOsKu
IIbOMY MOJKHA BHSBIISITH KOOPAMHATH IMILIOXOIB Ta TPAHCHIOPTHHX 3aco0iB Oe3 3amyueHHs GPS
cepBiciB. Y nmocimipkeHHi [5] BusBieHo, mo TtexHousoriss Wi-Fi mporpae Texnomorii DSRC vy
IIBUJIKOCTI 3’€JHAHHS MPUCTPOIB Ta y 3aTPUMIII MEpeJaBaHHs MAKETiB JaHUX, MPOTE Ma€ OUIbIIY
MPOIYCKHY 3/1aTHICTh, 110 MO’KHA BUKOPHUCTATH SIK 3HAUHY IEpeBary y MICISX CKYMYEHHs JIOJeH,
0c00JIMBO Ha MIIOXITHUX Nepexoaax. [IpoBenennii aHasi3 HAyKOBUX CTaTeil O po3BaHTaXeHHIO Wi-
Fi mepex uepe3 CTUIBHMKOBUN 3B’S30K y pobOorax [6-8] mokazaB, mo Wi-Fi mepexy MoxHa
PO3BAaHTAXUTH y CKIQJHUX BHUMAJKAaX B MICISX BEIMKOTO CKYMYEHHS Jrofeil. Y poboti [9]
3ampoIroHOBaHO MeTon 00’emHanHs TexHojorii Wi-Fi ta WiMax, mo mae 3Mory 3’emHatd Iii
TEXHOJIOTIi B OJTHY CHJIbHY Mepexy. B pamkax nocnimkenss [ 10] npencraBieHo riOpuaHy cucreMmy
DSRC/Wi-Fi Ta ekcriepuMeHTaIbHO OIIHEHO 11 MPOAYKTUBHICT. B pesymbrari mociimkenns [11]
Oyn0 3’sICOBaHO, IO TOKPHUTTS OJHIET TOYKH JIOCTYIMy OyJe IOCTaTHhO ISl 3a0e3NeueHHS
HEeMepepBHUM 3B’si3KOM mpoTsirom 10 ¢ TpaHcmopTHMHA 3aci0, IO pyXaeTbecsl 31 HIBHIKICTIO
180 km/rox. OxgHak OymO BCTAHOBJICHO, IO HA TPAHMIIX 30H TMOKPHUTTS 3 SBISIETHCS MpodiieMa 3
BEJIMKMMHU BTpaTaMy MaKETIB Yepe3 MOoCciableHNi cCurHan BiJf TOUKH aoctymy. [loku TpancnopTHUiA
3aci0 3’€THAETHCS 3 THIIIOK TOYKOIO BiH MOJI0JIAE BEJIMKY BIACTaHb, Uepe3 M0 HA ICIKU Jac 3HUKHE
3 BUJMMOCTI IHIIMX MPUCTPOIB TPAHCIOPTHOI CHUCTEMH, IO MOXKE MPUBE3TH 10 BUHHKHEHHS
aBapiiiHO1 cUTYyaIlii.

IlocTaHoBKa 3aBJaHHsl. 3alpONOHOBAaHO OPraHi3yBaTH «OE3IIOBHE» MOKPUTTS I
3a0e3medYeHHs] HaIIHHOTO 3B’SA3KY B3JIOBXK JOpir Mixk mpuctposmu Wi-Fi, mo BcTaHOBIEHI Ha
TPAHCHOPTHUX 3aco0ax Ta y mimoxoxiB. «be3moBHa» mepexka Wi-Fi 103BONIMTH YHUKHYTH BTpat
4yacy IpH MEePEKITIOUYeHH] MK TouKaMu AocTyny Wi-Fi 1 3MEHIIUTh pU3HKHK 3ITKHEHHS Ha JOpPOTax.
ITpu moOynoBi 6E3IIOBHOTO MOKPUTTS Ha J0PO3i Ta TPOTyapi HEOOXiIHO pPO3paxyBaTH ONTUMAIBHY
B1JICTaHbh MK TOYKaMu jaoctyny Wi-Fi Ta MiHIManpHU# piBEeHb CUTHAITY, IIPU SKOMY SIKICTh KaHAITY
nepeaBaHHs JaHuX Oyze JOCTaTHBOIO JIs HaJIIHOTO 3B’ S3KY.

PesyabTaTtn gociaimkeHHs. 3’eqHanHs npuctpoiB Wi-Fi 3 Toukoro moctymy ckiamae
npubmusHo 2 ¢. OTxe, KoK TPaHCHOPTHUH 3aci® BuiXmkae 3 30HU Aii Wi-Fi Touku iomy Tpeda
npuOIM3HO 2 C, MO0 OpraHi3yBaTH 3B’SI30K 3 HACTYITHOIO TOYKOK aoctyny. [Ipu mBHAKOCTI
50 km/rox 3a 2 ¢ TpaHCIIOPTHUH 3aci0 BCTUTHE MpoixaTtu npubnu3Ho 28 M 6e3 HajgaHHA iH(opMarii
PO CBOE MICIIE3HAXO/KEHHS, HAMPAMOK Ta HIBUAKICTh PYXY, 10 MOXE MPUBECTH O BUHUKHEHHS
aBapiiiHoi cutyauii. /{ng ycyHeHHs 1iel mpoOieMH IPONOHYEThCS OPraHi3yBaTH O€31I0BHE IIOKPUTTS
Wi-Fi B3goBxk jgoporu. Ilpu OGe3IIOBHOMY MOKPUTTI MEPEKIIOYEHHS MK TOYKAMH JOCTYITY
BinOyBaeThcss mpubOmu3HO 3a 50 Mc, IO Ja€ 3MOTy HE BTpavyaTd 3B 30K MK HPUCTPOEM
MII0X0/1a/TPAHCTIOPTHOTO 3ac00y Ta TOUKOK noctymy. [Ipukian opranizaiii 0€31I0BHOTO 3B’ SI3KY
Wi-Fi B310BX Iopor HaBeeHO Ha puc. 1.
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Puc. 1. llpuknan oprauizamnii 6e3moBHoro 38’s3ky Wi-Fi B310Bxk 1oporu

Sk BunmuBae 3 puc. 1 TpaHcopTHI 3aCO0H, IO PYXArOThCS MO AOPO31 Ta MIIIOXO/IH, 110 WIYTh
B3JIOBX JOPOTH, HE OYAyTh BUXOAUTH 3 30HU MOKPHUTTS TOYOK focTyny Wi-Fi. 3rinHo 3 nmpuHIUIIOM
pobotu Ge3zmoBHOro Wi-Fi, skmo mpuctpiii Oyae 3HaXOAUTHCHh y 30HI MEPETHHY MOKPHUTTS BiJ
JEKITbKOX TOUOK, TO MPUCTPiK Oy/ie MiAKITF0YATHCS 0 Ti€l TOUKH JOCTYIY, Bifl IKOT piIBE€Hb CUTHATY
Oy/e HaWBUIIHM.

Jns mpoBeneHHs JOCHiKEHHST Oyau BHUKOPHCTAHI XapaKTEPUCTUKU CTaHJAPTHOI TOYKU
noctryny Wi-Fi 3 migrpumkoro crangapty 802.11ac qyist BCTaHOBJICHHS 11032 30HOIO Oy TiBIi:

- aHTEHH 3 KPYroBOIO J1arpaMoro CIpsIMOBAHOCTI;

MaKCUMaJbHa BUX1JHA TMOTYXHICTh TiepeaaBava +21 nbwm;
- MakcHUMaJbHe IiICUJICHHS aHTeHU +3 nbwm;

- YyTIUBICTH mpuitmMaya -90 nbwm;

- poboui miamazonu yactoT 2.4 ta 5 [T

Hagite mipu mepeBaszi 2.4 I'T miamazony Wi-Fi y maibHOCTI pO3MOBCIOKEHHSI CUTHAIY,
JOCIIJKEHHST TPOBeACHO A Aiana3oHy yactoT Wi-Fi 5 I'T'u. Lleit mianma3oH oOpaHO OCKIJIBKH y
HBbOMY MEHIIIE 3aBaJl y MICBKOMY CEPEIOBHII, a TaKOXX OLIbIIE KaHAJIB IepefaBaHHs JaHUX,
YaCTOTHI J[lalla30HU SKUX HE MEPEeKPHBAIOTHCSA OAMH 3 OOHUM. binbricte cyyacHux mpuctpoiB Wi-
Fi mimoxoniB Ta BOiiB mATpUMYyIOTh poOOTy B miama3oHi 5 I'T.

Cxema NEpCXPECTA Ha AKOMY ITPOBOJUIIOCH TCCTYBAHHSA PO3IMOBCIO/KCHHS CUTHATY HABC/ICHA
Ha puc. 2.

m

T

et

Puc. 2. Cxema nepexpecTsi 1Jisl TECTYBAHHSA PO3MOBCIO/I>KEHHSI CUTHAJLY Bi/l TOUOK J0CTymy
Wi-Fi 1,151 6€3110BHOI0 MOKPHUTTS TiJISTHKH TOPOTH
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Jnst opranizaiiii HaaiitHOTO 3B’ S3KY 1 3a0€3MeUeHHS] BACOKOTO PiBHS CUTHATY BCTAHOBJICHO 4
TOYKH JIOCTYIy TaKUM YHHOM, 1100 30HA MEPETUHY EJIEKTPOMArHiTHUX MOJIB MPOXOAMJIA I0o3a
MEXaMH po3TallyBaHHs OyIWHKIB, TOOTO IOCEpPEeNHWHI BYyJIWIb. BpaxoByrouu, 10 YyTIUBICTH
npuiiMaua Wi-Fi Haifuactimie He nepeBunrye -90 nbm, HeoOxiaHO, 00 B TOYKAX MEPETHHY IOJIIB
piBeHb cUTHaTy He HUXK4Ye -80 1bM /U1si YHUKHEHHS P03’ € JHAHHS MIPUCTPOIB 3 TOUKaMu goctyny Wi-
Fi. BpaxoByroun BUXiJIHy HOTY>XHICTb IIepejaBaya TOUOK JOCTYILY, BiICTaHb Mi>K HUMU TIpH SIKil Ha
TepeTHHI 30H Jii piBeHb cUTHATY He MeHie 3a -80 n1bM, Oyae gopiBHoBaTH mprban3Ho 120 M. 1ls
BIJICTaHb OTPUMaHa IIJISIXOM MOJICNIOBAHHS PO3MOBCIOKEHHS CUTHANIB BiJl TOYOK JOCTYIY Ha
nepexpecTi y mporpaMmHoMy cepenosuii Altair WinProp.

AHaJi3 OTpUMAHOTO MHUISXOM MOETIOBAHHS PO3MOBCIO/DKEHHS PIBHS CUTHATY BiJl TOYOK
nocryny Wi-Fi HaBeaeHo na puc. 3.

Received Power
[dBm]

-60.00
[ -65.00

— -70.00

l Antenna B

—  75.00
45 Si2 SfnlEmERE —  -80.00

-85.00

-90.00

-95.00

-100.00

T T | T

20 40 120
Puc. 3. Po3noBcroakeHHsl piBHSI CHTHAJTY Bil TOYOK goctymy Wi-Fi
B3/10B:K IOPir Ha nmepexpecTi

T
0

Sk BummBae 3 puc. 3, B3AOBXK JOPIT, IO MEPETHHAIOTHCS Ha TMEPEXPecTi, OPraHi30BaHO
6e3moBHM Wi-Fi 3B’s130Kk 3 piBHeM curHainy He meHuie Hix -80 nbm. Ha mepexpecri, y micui, e
MEPETUHAIOTHCS 30HU i1 YCIX TOUOK JOCTYITY piB€Hb CUTHATY 3HAXOAUTHCS Ha PiBHI -73...-78 nbwm.

3a gonomororo Touku poctyny Wi-Fi Mikrotik Ta HoytOyky 3 Wi-Fi Mmonynem npoeneno
TECTYBaHHsI BTpAT B KaHaJll NepelaBaHHs TaHUX TP PiBHI curHaiy -73...-78 nbM. CrioctepexeHHs
3a 3MIHOIO PIBHS CHTHaITy mpoBoauiocs uepe3 Web-inrepdetic Touku nocrynmy Wi-Fi. Pesynbratu
MepeBIpKH HaBeACHI Ha puc. 4.

31



ISSN 2786-5371 print Ingpopmauiiini mexunonocii, erexkmponika,
ISSN 2786-538X%n|ine MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,

Texnonozii ma inscunipune, No 4(15), 2023 . - : .
mechanical and electrical engineering

MAC Address In ACL LastIP Uptime Signal Strength

18:4F:32:2D:F4:05 no 192 168.85.248 00:14:49 73
MAC Address In ACL Last IP Uptime Signal Strength
18:4F:32:2D:F4:05 no 192.168.85.248 00:15:23 -78

Puc. 4. Pe3yabTaT nepeBipKu sIKOCTI KaHAJy NepeAaBAHHA JaHUX NPH PiBHI CUTHALY
Bi/l TOUKH J0CTYyNYy B Aiana3oHi -73...-78 nbm

Sx BuIUIMBAE 3 puC. 4 IPU KOJMBAHHI PIBHS CHUTHATY B Jiana3oHi -73...-78 HasBHICTh BTpaT
B KaHaJl IepelaBaHHs JaHUX CTaHOBWJIA y Halripmomy Bumaaky 63%, a cepenHs 3aTpUMKa
JIOCTAaBKH IMaKeTiB 3pocTae 10 3.218 ¢, 1110 € MOKa3HUKOM JYXe TOTaHO01 KOCTI 3B’ SI3Ky. TecTyBaHHS
BTpAT i 3aTPUMOK B KaHaJIl MepeilaBaHHs JaHUX MIPOBOAMIIOCS KOMaHIOI0 ping Big HOYyTOYyKY 3 Wi-Fi
Moyaem 1o Touku goctymy Wi-Fi Mikrotik. Po3mip makera qaHux ctaHOBUB — 64 OIT.

[Tpu Takux nmapaMeTpax MpOIyCKHA 3JaTHICTh KaHATY NepejaBaHHs JaHuX Briaja 3 95 Moit/c
MpH piBHI curHany 6mu3bpko -66 n1bm 10 30...100 k6it/c ipu piBHI curHany -73...-78 nbwm, a iHOMI
omyckanacst 10 no3Hadku y 0 Oit/c. IlepeBipka mpomyckHOI 34aTHOCTI KaHATy HpPOBOJMIIACS 32
nornoMoror yTuiiTu iperf3 B 1 motik. B sxocTi cepBepa BUCTyMaB MepcoOHAIBLHUN KOMIT I0TEP, IO
3HAaXOAMTHCS B OJHIH JIOKAJIBHIN Mepexki 3 HOyTOYKOM uepe3 sIKHil MPOBOANIOCS TECTYBaHHS SIKOCTI
KaHay. Pe3ynbTar TecTyBaHHS MPOITYCKHOI 3aTHOCTI KaHAIy NMPH piBHI cCUTHANY -73...-78 nbm
HABEJEHO Ha pUC. 5.

2

Puc. 5. Pe3yabTat TecTyBaHHS NPOILYCKHOI 31aTHOCTI KaHAJTy NPH
piBHi curnaay -73...-78 1bm

OckinbKku Tpu piBHI curHany -7/3...-78 nbm Ha mepexpecTi MOXYTh BUHUKATH BTpPaTH B
KaHaJli NepeJaBaHHs JaHUX, He0OX1IHO BUSBUTH MiHIMAJIbHHUNA PIBEHb CUTHATY MPHU SKOMY B KaHaJi
nepefaBaHHs JaHUX He Oyne BTpaT MakeTiB. BusBieHo, 1o mpu piBHI curHaiy -65...-70 nbm
30epiraeTbcsi Halle)KHA SIKICTh MeEpelaBaHHsA JaHUX Oe3 BTpar. Pe3ynbraT mepeBipkH KaHay
nepeaBaHHs JaHUX TPH PIBHI CUTHAITY -65...-70 1bM HaBeneHo Ha puc. 6.
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MAC Address In ACL Last IP Uptime Signal Strength
158:4F:32:2D:F4:05 no 192 .168.85.248 00:56:21 65

MAC Address In ACL Last IP Uptime Signal Strength
18:4F:32:2D:F4:05 no 192.168.85.248 00:57:35 70 gggggggg

Puc. 6. Pe3yJbTaT nepeBipku sIKOCTi KaHAJIy NPHU PiBHI curnany y -65...-70 nbm

OcCkibKH piBeHb CUTHAIY B Aiana3oHi -73...-78 nbM Ha nmepexpecTi Npu3BOAUTH 0 BEIUKOT
KUTPKOCTI BTpPAuYe€HMX TMAKETIB, HEOOXIAHO TMEPETJsHYTH BIJACTaHb MDK TOUYKAMH JOCTYITY IS
MiBUIICHHS PiBHS CHUTHATY. BiacraHp Mik Todkamu OocTymy 3MeHmieHo a0 50 m. Pesymprar
pO3MOALTY piBHS CHUTHAITY Tpu Biactani 50 M MDK TOYKaMH JOCTYNy HaBEJICHO Ha pHC. 7.
MonenoBaHHs pO3MOBCIOKEHHS PiBHS CUTHAITY 0yJ10 IpoBeieHo B mporpami Altair WinProp.

a
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[dBm]
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Puc. 7. Po3noais piBHs curuagy npu Biacrasi 50 M Mixk ToOUKaMH J0CTYILY

Sk BUTIIMBAE 3 pUC. 7 piBEeHb CUTHAITY Ha MIEPEXPECTI Ta B3JIOBXK JOPOTH 3HAXOAUTHCS HA PiBHI
He MeHmie 3a -70 abwm. L{poro piBHS CHUTHANy IIJIKOM JOCTaTHBO VIS TOTO, IIOO MPUCTPOI, L0
BCTAHOBJICHI Ha TPaHCHMOPTHHUX 3aco0ax, IO IEepecyBalOThCA IO JOPO31 Ta MIMIOXOaH, K1
3HAXOIAThCS Ha TPOTyapi Oynu 3a0e3reueHi Oe3nmepepBHUM 3B’ SI3KOM 3 TOUKaMu JocTyiry Wi-Fi.

Ha puc. 8§ HaBe1eHO pO3MOBCIOKCHHSI CHTHAITY Ha TIEPEXPECTi 3 PIBHEM CHTHAITY HE MEHIITUM
3a -70 nbm.
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Puc. 8. Po3moBCIOIZKEHHSI CHTHAJIY HA MepexXpecTi 3 piBHeM CHTHATY He MeHIIHM 3a -70 nbm

Sk BumuBae 3 puc. 8 piBeHb curHany OuUThIMiA 3a -70 n1bm 3a0e3nedyeThes Ha BIACTaHI 10
100 M Big mepexpects Ha OyIb IKOMY HANpPsIMKY. 3 IbOTO MO>KHA 3pOOMTH BUCHOBOK, 1110 YOTUPHOX
to4ok noctymy Wi-Fi, 3 moTyxHicTio nepenaBada +21 nbwm, 1o BcTaHOBIIEHI Ha BiJICTaHi OJIM3BKO
50 M onHa Bix ofHOI OyAe AOCTaTHBO IS TOTO, 00 3a0€3MeYNTH HaJiHHUM 3B’ SI3KOM YYaCHHKIB
JIOPOXKHBOTO PYXY Ha BijcTaHi 10 50 M BiJl IepexpecTsi.

Pe3ynbpraTi MO/ENIOBaHHS TOKa3ylOTh, IO MPHU MOTPAIUISHHI B 30HY MOKpUTTS Bix Wi-Fi
TOYKH, TPAHCIIOPTHUHN 3aci0 abo MImoXia MoXe 3MIMCHIOBaTH Oe3nepepBHHUI 0OMiH 1H(hOpMAITIED
PO CBO€ MICIIE3HAXO/KCHHS, HANPSMOK Ta IIBUJAKICTh pyXy. 3aBIsKU OE3IIOBHOMY IMOKPHUTTIO
texHousoriss Wi-Fi kommnieHcye CBili MiHYC y IIBHAKOCTI 3’ €THAHHS MK MPUCTPOSIMH, III0 J1a€ 3MOTY
BUKOPUCTOBYBATH ii Ik anbrepHaTUBY TexHoorii DSRC Ha neskux AiIsHKax pyxy.

BucHoBkH. Pe3ynbTaTy HOCIIIPKEHHS PO3MOBCIOKEHHS 10JI1 CUTHAY B1J] TOUOK JIOCTYITY
Wi-Fi nokasanu, 1mo Juis BIIEBHEHOTO i HIBHIKOTO 3B’s3Ky MiXK mpuctposmu Wi-Fi HeoOXigHO
3a0€3MeYnTH piBEHb CUTHAITY Y TPUHMAaJIbHINM aHTEeHI He MeHIe HiX -70 n1bwm.

[Ipu npoekryBanHi 6e3moBHOro Wi-Fi MOKpUTTS Ui TpaHCIIOPTHHUX 3aC00iB Ta MIIIOXO/IB,
He0oOXiIHO BcTaHOBIOBaTH Wi-Fi TOUKM mocTymy Ha Takiil BiJACTaHi, IO 3a0€3MEYUTh Yy MICIIX
MEPEeTHUHY 30H MOKPUTTS TOYOK JOCTYIy PiBEHb CUTHATY HEe MeHIIuH 3a -70 nbm. 3 ypaxyBaHHAM
TOTO, 1110 NP HAsBHOCTI OMa/IB Ta T'yCTOrO TyMaHy 3aracaHHs B KaHaJl IepelaBaHHsl JaHUX 3HAUYHO
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3pocTae, JOUIIBHO 3MEHIIYBaTH BiICTaHb MK TOUKAMU JIOCTYITY JJIs 3a0€3MeUeHHs] Y HalTipIomy

BHIAJIKY PiBHsI CHTHATy Y IpUHMabHINA aHTeH1 He MeHIIe HiXK -60...65 nbM.

3’scOBaHO, IO JJIs1 TOYOK JIOCTYILY 3 MOTYXHICTIO epenaBava 21 nbM Ta HeHampaBIeHUMHI
aHTEeHaMH, MpHU BifacTaHi MK HUMU 50 M 3a0esneuyerbest OesmoBHe Wi-Fi mokputts mopir ta
TpOTyapiB Ha BiacTaHi 10 50 M 3 piBHEM cUTHATy HE MEHIIUM 3a -70 abMm.

B pesynpraTi mpoOBENEHOTO MOCTI/UKEHHS BCTAHOBICHO, IO HE3BAXKAIOYM Ha Te IO
texHojoris Wi-Fi 3a0e3neuye MeHNIy IIBUAKICTh 3’€IHAHHS MiX NPHCTPOSMH, HDXXK TEXHOJOTIS
DSRC, npu opranizarii 0e3moBHOoro Wi-Fi MOKpUTTS MOXXKHa KOMIIEHCYBaTH IF0 Baay JaHOI
TEXHOJIOTIi 3aBAsIKM ToMy, 110 mpuctposm Wi-Fi He Tpeba mopa3y BCTAaHOBIIOBATH 3’€IHAHHS 3
TOYKOIO JIOCTYIY, TIOKM BOHHM 3HAXOJATHCS B 30HI [ii OE3MIOBHOTO MOKPHUTTS. TakuM YHHOM

Texnojsoriro  Wi-Fi

MO’KHa BHKOPHCTOBYBATU I OHOBiH_IeHHH npo MiCLIe3HaXOI[)K€HH5I

TPAHCIIOPTHHUX 3aCO0IB Ta MIMIOXOIB HA HEOE3MEUHUX JUISTHKAX PyXY.
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PAVLIUCHENKO V. A,, MAKARENKO V. V.

National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”, Ukraine
ANALYSIS OF THE POSSIBILITY OF USING WI-FI TECHNOLOGY IN THE
TRANSPORT NETWORK TO IMPROVE TRAFFIC AND PEDESTRIAN SAFETY

Purpose. Conduct an analysis of the possibility of using W-Fi technology in the city’s transport
network in order to improve the safety of pedestrians and vehicles and draw conclusions about the feasibility
of using this technology in the transport network.

Methodology. Urban infrastructure modeling and signal level propagation analysis in the Altair
WinProp software simulator. Conducting data channel quality analysis by testing packet loss and bandwidth
at different signal levels. Analysis of the quality of data transmission at different signal levels was carried out
using a Mikrotik Wi-Fi router and a laptop with a Wi-Fi module.

Findings. As a result of the research, modeling of the city infrastructure was performed to analyze the
spread of the signal level from Wi-Fi access points. The analysis of signal level propagation from Wi-Fi access
points was carried out in the Altair WinProp software simulator. In the course of the research, it was
established that in order to build a reliable "seamless"” network, it is necessary to create a coverage in which
the signal level was not less than -70 dBm. It has been established that four Wi-Fi access points, with a
transmitter power of +21 dBm, installed at a distance of about 50 m from each other will be sufficient to ensure
reliable communication of road users at a distance of up to 50 m from the intersection.
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Originality. The limit level of the signal from the Wi-Fi access point, at which the number of packet
losses will be minimal, was found for the construction of a "seamless™ coverage for the transport network. The
feasibility of using Wi-Fi technology for transport and pedestrians in a smart city is analyzed.

Practical value. The results of research and modeling of signal level propagation from Wi-Fi access
points can be used to create a "seamless™ coverage for the transport infrastructure of a smart city.

Keywords: 10T; Wi-Fi technology; signal level; seamless connection; Wi-Fi access point; W-Fi

coverage.
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687.052 Kuiscoruii HayionanvHuil yHisepcumem mexnonoz2itt ma ouzauny, Yxpaina

IHHO}BAHIFIHI TEXHOJIOT'Ti IPHU BUI'OTOBJIEHHI
INIBEMHUX BUPOBIB: OBJIATHAHHSA IIIAI'OTOBYOI'O IEXY

Mema. Cucmemuuii ROWYK PAYIOHATLHUX MA eQEeKMUSHUX pilleHb MeXHON02IUH020 npoyecy
ni020MOoBY020 Yexy WBEUH020 RIONPUEMCIBA, 6 OMY YUCII 3d PAXYHOK BNPOBAONCEHHA CYUACHO20
IHHOBAYIIHO20 0ONAOHAHHSL.

Memoouxa. Y pobomi uKopucmano memoo CUCMEMHO20, MEeOPemuyHo20 ma NOPIGHIbHO20
ananizie. Teopemuuni 00CiOdNHCenHs TPYHMYIOMBbCA HA 6A308UX NOJIOINCEHHAX MEXHON02TT GUPOOHUYME 1€2KOT
NPOMUCTIOBOCHII.

Pe3ynomamu. Bcmanogieno, w0 po3WUPEHHs ACOPMUMEHMY WEeUHUX 6upobie, cmpimKe
BNPOBADINHCEHHs HOGIMHIX Mamepianie ma Memooie 00poOKU npu3e00ums 00 HeoOXIOHOCMI YacmKo8oi abo
Nno6HOI MOOepHi3ayii WBelHUX NIONPUEMCING, 8 MOMY YUCTIL | NI020MOBY020 YeX) WBEUH020 NIONPUEMCNEA, 3d
DPAXYHOK BNPOBAOIHCEHHSA AK YOOCKOHANEHUX MemOo0ie Opeanizayii 6upoOHU1L020 npoyecy, makx i 6Npo8ad#CeHHs
HOBIMHBbO20 [HHOBAYiNiHO20 0bnaonanus. Po3pobneno ysacanvueny xnacughikayiiiny cxemy munogoeo
001a0HAHHSL NI020MOBH020 Yexy WBEUH020 BUPOOHUYMEBA, WO Q036801A€ YMOBHO KIACUPIKYsamu 001a0HAHHS
nid2omoeuo2o yexy Ha o6aaoHanHs OJis1 NOOayi mMamepianie y yex 3i ckiady mamepianie, 001A0HAHHA OIS
MPAHCROPMHO-02ICIUYHUX CUCTEM HA CKAAOI 3 00HO- ma 6a2amospyCHUMU CINEeAANCamu, 0ONAOHAHHS 05
nepemiujenHs Mamepianie Misc OLISHKAMU yexy ma 00Aa0HaHHs OJisi ApOMIPY ma po30paKy8anHs Mamepiaiis,
B6CMAHOBIEHO OCHOBHI 6UMO2U 00 OONAOHAHHA, WO BUKOPUCTNOBYEMbCA 6 MEXHON02IYHOMY Npoyeci
ni020mMo8Y020 Yexy WeelH020 NIONPUEMCMEA, GUSHAYEHO WIISXU MONCTUBO20 YOOCKOHANCHHS NIO20MO64020
yexy weeliHo20 nionpueEmMcmed.

Haykoea nosusna. Ilposedeno cucmemuuti ananiz 001AOHAHHA, WO BUKOPUCTHOBYEMbCA Y Ni020MO8-
YUX Yexax WEeUHUX NIONPUEMCME. 3anponoHO8aH0 KIACUDIKayilo munoo2o 0Oia0HAHHS Ni020MOEY020 Yexy
WBCUHO020  BUPOOHUYMBA. 3A3HAYEHO NEePCNeKMUBHI HANPAMKU PO3GUMKY 3A60AKU  GUKOPUCHAHHIO
IHHOBAYINIHUX MEeXHON02Il, 30Kpema asmomamuzayii ma pobomusayii. Bcmanosneno, wo enposadicernms
CYHACHO20 THHOBAYTUHO20 0DAOHAHHS CYMMEBO NIOBUULYE eeKmUBHICMb poOOMU RIO20MOBH020 YEX) .

Ilpakmuuna 3nauumicms. O0epoicari pes3yarbmamu 00CAI0NCEHb MONICYMb OYMU SUKOPUCMAHI NPU
NPOEKMYBAHHI, YACMKOBOMY OHOBIEHHI MA NOGHIL MOOEPHI3ayii NiO20MOBYUX YEXi8 WUBCUHUX NIONPUEMCIE,
wo npuzeede 00 NiOBUWEHHSL NPOOYKMUBHOCMI NPAYi.

Knrouoei cnoea: mexnonoziunuii npoyec, nio2omoguuil yex, uselne niOnpuemMcmeo; o001aOHAHHS
ni020moBu020 Yexy; CKAao; 6aAHMAIC.

Beryn. bynp-sike miBeiiHe MiANPHUEMCTBO CTaBUTh 3a METY CTBOPEHHS BHCOKOSKICHOT,
KOHKYPEHTOCIIPOMO>KHOI IPOAYKIIil, IKa B MOBHIM Mipi 3aTHA 3a10BOJIBHUTH NMOTPEON HACENCHHS.
[Ipu oMy Mae NMPUIUIATUCH 3HAYHA yBara MiABUIIECHHIO TEXHOJOTIYHOCTI BCiX IPOIIECIB, IO
BiJI0OYBaIOTHCS B IIeXax JaHOTO miampueMcTBa. [liAroToBumMii 11eX TUIIOBOTO MIBEWHOTO ITiIMTPHUEMCTBA
HE € BUKJIIOUEHHSM, 1 € OJHIEI0 3 HAUTOJOBHIMIUX apTepiil yCHimHOTO (YHKIIOHYBAHHS 3arajabHO1
CHCTEMH BUTOTOBJICHHSI BUPOOIB. YIOCKOHAJIEHHS Ta OHOBJICHHS MapKy iCHYIOUOTo OOJIaHAHHS,
aBTOMATHU3aIlisl TIEBHUX €TamiB BUPOOHMIITBA, MIABUIICHHS €HEProeEeKTHBHOCTI TEXHOJIOTIYHUX
MPOIIECiB, pallioHaIbHE BUKOPUCTAHHS BIIXO/IIB MaTepiaiB BUPOOHUIITBA, TOKPAILICHHS YMOB IIpaili,
OMaHyBaHHS HOBUX TEXHOJOTi BHUIOTOBJEHHA BHPOOIB € 3aMOPYKOI0 PO3BUTKY CY4aCHOTO
IIBEHHOTO MiIPUEMCTBA.

3a3HaueHa TOJIITUKA PalliOHAJIBFHOTO TOCMOJApIOBaHHS 3a0e3Meuye CTBOPEHHS «3JI0POBOI»
KOHKYpEHIII{ Ha pHHKY HIBEWHUX TOBapiB YKPaiHCHKOTO BUPOOHUITBA [1].

IlocranoBka 3aBaaHHs. [lIBeitHa mnpoMuUCTOBICTE YKpaiHM € Trajay33i0, IO CTPIMKO
PO3BHBAETHCS, B TOMY YHCIi B yMOBax BiifHU. CTpiMKa 3MiHa aCOPTUMEHTHOTO Py, OSABa HOBUX
MarepiadiB Ta (ypHITYpHU, METOAIB OOpPOOKHM 3YMOBIIOE HEOOXIJHICTH CHCTEMHOTO TOIIYKY
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epEeKTUBHHX pIlIeHb SK 32 PaXyHOK 3MIHM Oprafi3amiifHOl CTPYKTypuM OKpEeMHX LeXiB Ta
MIIMTPUEMCTBA B IIIJIOMY, TaK 1 32 paXyHOK BIIPOBA/KEHHS Cy4aCHOT'O IHHOBAIITHOTO 00JIaIHAHHS, B
TOMY YHUCJIi aBTOMaTH30BaHOTO Ta pOOOTHU30BAaHOTO.

PesyabTatn gociigkeHHsi. OCHOBHMMH 3aBJaHHSMH ITITOTOBYOTO I[€Xy IIBEHHOTO
BUPOOHMLTBA € cTabiIbHE Ta pUTMiIuHE 3a0e3MeueHHs MaTepialaMu pO3KPIHHOrO Iexy Y
BIJIMOBITHOCTI JI0 IJTAHYBAaHHS BUPOOHUYMX MOTY>KHOCTEH [2].

Jlo TunoBoro o01agHaHHS MiATOTOBYOTO LIEXY IIBEHHOI0 BUPOOHUIITBA MOKHA BiIHECTH:

- 00JIaHaHH JJI TMOoJiadyi MaTepiaiiB y MIATOTOBYMH 1IeX 31 CKJIaay MarepialiB (BaHTaXHI
Bi3KHM, BAaHTAXKOIIJHOMHI TiIpaBlIiyHi CTOJIM HOXHYHOTO THITY, CTPIUKOBI Ta POJUKOBI KOHBEEPH,
nepekuayi);

- 00agHaHHA JJI1 TPAHCTIOPTHO-JIOTICTUYHUX CUCTEM Ha CKJIaJi 3 OAHO- Ta 0araTospyCHUMHU
cTenaxkamu  (mTabenepu, CaMOXiTHI BHJIOYHI €JIEKTPOHABAHTAXXyBadl, KaHATHI EJICKTPHYHI
Tenbdepu, KpaHu-mradbeaepn);

- 00JlaTHaHHSL 711 TIEPEMIIICHHST MaTepialliB MK JTUISTHKaMH 11eXy (BaHTa)XKH1 Bi3KH, BaHTa-
KOMIAHOMHI TipaBIIiyHi CTOIM HOXKUYHOTO TUITY, CTPIUKOBI Ta POJIMKOBI KOHBEEPH, NEPEKUIadl);

- o0ylalHaHHs 1A TpOMIpy Ta po3OpakyBaHHS MarepiamiB (IIepeMOTYBAJIbHI MaIWHH,
IPOMIpPIOBAJILHO-PO30paKyBalIbHI MALITHH).

PoGora Oynp-skoro BUPOOHHWIITBA HEMOXJIMBA 0€3 CHEIiadbHOTO OOJaJHAHHS IS
nepeBe3eHHsT BaHTaxiB. [linbupatu pi3HI BHIM BaHTaKHO-PO3BAHTAKYBAJIBHOI Ta TPAHCIIOPTHOI
TEXHIKH BapTO BUXOJSYH 3 OCOOJIMBOCTEH BaHTaXXy Ta yMOB poboTH [3].

BanTakHi Bi3KM MO NpaBy MOKHA BBaXaTW HE3aMiHHUM aTpHOyTOM MiATOTOBUOTO LIEXY
MIBEHHOTO MiANPUEMCTBA. BUTBIIICTh Oomeparriil MoB’I3aHUX 3 MEPEMIIICHHSIM (TPaHCIIOPTYBAHHSIM)
00’€KTiB BUPOOHUIITBA TIepea0avaloTh BUKOPUCTAHHS came JIaHOTO BUIy OOJiagHaHHS. BaHTaxkHi
BI3KH JJAI0Th MOKJIUBICTh TPAHCIIOPTYBATH 1 CKJIayBaTH BaXKKi BAHTAX1 3 MiHIMATbHUMH 3YCHIJUISIMU
CIBPOOITHHUKIB CKJIa/iB 0€3 KO i TpaBM Ha pobouunx micIisx [4].

B 3anexxnocti Big 0coOMUBOCTEH 3aCTOCYBaHHS, BAHTAXKOIMIJHOMHOCTI M TUITY KOHCTPYKII1
BUIUISIOTH TaKl THIIM BAaHTAXHUX BI3KIB:

- pydHi (IBOKOIICHI, TUTATHOPMHI);

- pyuYHIi TipaBiiyuHi (3 Baramu, 3 HOXKMYHUM IT1IHOMOM);

- eJIEKTPOTIiJIpaBIIIYuHI;

- eNEeKTPUYHI CaMOXIJIHi;

- poOOTH30BaHI.

Pyuni BaHTaxHI Bi3kH (puc. 1) MalOTh JOCUTH ITUPOKHI CIIEKTP 3aCTOCYBaHHS, IOYMHAIOUN
BiJl BEJIMKUX MPOMHCIOBUX MiJIPUEMCTB, CKIAJICHKHX KOMIUIEKCIB, OyAiBEIIbHUX MaillaHYUKIB i
3aKIHYYIOYM BUKOPUCTAHHIM B HEBEIMKHX JTA0O0OPATOPIsiX, MEIMYHUX yCTaHOBaX 1 moOyTi. OCHOBHE
iX MpU3HAYCHHS MepEMIILIEHHS MAJIOTa0APUTHHUX 1 cepeTHhO-Ta0apUTHUX BaHTaiB Macoro 710 600 kr
[5].

JIBokomicHi pyuyHi BaHTaxHI B3k (puc.l,a) — 1me MoOUTbHE OONaAHAHHS, SKE
BUKOPHUCTOBYIOTHCSI Ha JIOTICTHYHHUX CKJIaJax, B IEHTPaX BUKOHAHHS 3aMOBJICHb i HA BUPOOHHYUX
00’€eKTax JAJs epeMillleHHs TOBapiB 3 OJHOrO Micls B iHIIE. Yepe3 cBOI0 MOOUIBHOCTI 1ii PUCTPOT
MarOTh BUpIIIAIIbHE 3HAYCHHS HA MIAMPUEMCTBAX, JI€ TOBAP HEOOXITHO 3a0MpaTh 3 PI3HUX MICIb 1
NEepeMiIIaTi MPOTATOM YChOro BUPOOHHUIITBA [6].

Bizku mnardopmHi (puc. 1, 6, B) — 11e 0OIMH 3 HAHOUIBII MOMMPEHUX 1 3aTpeOyBaHUX BHUJIIB
TPaHCHOPTHUX MPHUCTPOiB. IIpu3HaveHi i MepeMillleHHs PI3HOMAHITHUX BaHTaXIB Macoro [0
600 kxr. XapakTepHi 0COOIUBOCTI — MPOCTOTAa KOHCTPYKIIIi, JIETKICTh €KCIUTyaTaIlli i JOCTyITHA IiHA.
Jlane o6yiaiHaHHS MOXe BUKOPHCTOBYBATHCS B 3aKPUTHX MPUMIIIECHHSX 1 BIAKPUTHX MallaHUINKAX,
a TaKO JJO3BOJISIOTH OMTUMI3YBaTH MPOIIECH BAaHTAXKHO-PO3BAHTAXYBATHHUX POOIT 1 BHYTPIIIHHOTO
nepeMilIeHHs] BaHTaxiB [7].
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Puc. 1. Pyuni BanTaxHi Bisku: a — nsoxosicauiit HT 1827; 6 — maardopmunii Yi-Lift XF3048;
B — tutatgopmumii 3 6opramu Staxx TCZ50C

Pyuni rizpasinivsi Bi3ku (puc. 2) BAKOPUCTOBYIOTHCS JJIsl TPAHCIIOPTYBAHHSI BAHTAXIB Ha BC1X
BUJaxX IiJUIOHIB, B KOHTCHHEpax, AIIMKax, OOKcax 3 majaeTHor ocHOBO [8]. OcHOBHa mepeBara
TiIpaBIiYHUX Bi3KiB — MPOCTOTA B €KCIUTyaTallii, 10 He BUMArae CreliaibHuX HaBUYOK MPH poOoTi
3 HUMHU. BukopucTaHHS TiApaBIiYHUX Bi3KiB MPU BAaHTAXKHO-PO3BAHTAXYBAJIBHUX Ta TPAHCIIOPTHUX
poboTax 103BOJISIE€ 3HAYHO MIABUIIUTH MPOIYKTUBHICTH Ipalli, @ TAKOX CYTTEBO IMOJIETLIYE MPOIIEC
PO3BAaHTAXKCHHS YW 3aBAHTAKCHHA Ta TPAHCIIOPTYBAHHSA, 3MCHIIYIOYHM MpU IbOMY (Qi3udHe
HaBaHTAXEHHs MpaliBHUKIB. HailOinpmr momynsipHa Mojaenb — BI30K, IO NPU3HAYCHUH IS
TPAHCIIOPTYBAHHS €BPOIIIIJIOHIB, OCKUIBKH BEJIMKAa YACTHHA BAHTAXKIB YITAKOBYETHCS caMe Ha Tapi
Takoro tumy [9].

L

Puc. 2. Bi3ku rigpasJiuni (poxan): a — Leistunglift AC-25; 6 — Staxx DFE20;
B — Skiper SKF-111 25 1150PP Profi

Pyuni rigpaBnivai Bi3ku 3 Baramu (puc. 3) AarOTh MOXKJIMBICTH OmepaTopy OKpiM (yHKIIT
TPAHCHOPTYBAHHS, 3BaXYBaTH 3 JIOCTaTHHOIO TOYHICTIO MiJAOHM Ta HajeToBaHI BaHTaxi. [lane
oOnagHaHHS T03BOJIsIE€ 30UIBITUTH KOHTPOJIb NMPU OTpUMaHHI (BIAMPaBKH) BaHTAXy Ta ITABUIIUTH
edeKTUBHICTH po0OUOTo mporecy Ha ckiafi [10].

Puc. 3. PyuHi rigpasJiuni Bi3ku 3 Baramm: a —Yi-Lift YZF20S;
0 — Staxx PS25; 8 — BITI-PK 1000
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Pyuni rizpaBnivHi Bi3KM 3 HOXKUYHHUM MigiioMoM (puc. 4) MOXYTh BUKOPHUCTOBYBATHUCS HE
JIMIIE 71l TPAHCIIOPTYBAHHS MTAJIETOBAHUX BAaHTAXKIB HA CKIIAAX, aje il 1u1d iX migiioMy Ha HEBEIHKY
Bucoty (mo 1000 mMm), ans mpoBeeHHA PO3MOAUTBUMX 1 copTyBaimbHHX poOiT [11]. BanTtaxo-
MIiIIOMHICTE Takoro oomamHadHsa 1o 1500 kr.

Puc. 4. PyuHi riapasJjiuHi Bi3ku 3 HO:KHYHMM nigiiomom: a — Staxx SLD 1500;
0 — Leistunglift SLTN10; 8 — Jungheinrich AMX 10

EnexrporigpaBmiudi BaHTaxHI Bi3kH (puc. 5) 1€ MPOMDKHHUMA BapiaHT MIXK 3BHYAHHUMHU
TiIpaBIIYHUMHU Bi3KaMH 1 CAaMOXiTHUMH Bi3kaMu. Take MoeTHAHHS JO3BOJISE CYTTEBO CIPOCTHUTH i
MIPUCKOPUTH poOoumii mporec omneparopa. [Ipomecu migHIMaHHS Ta OMYCKAaHHS BHJI 3 BaHTaXeEM
IICHTHYHI TaKUM e MpollecaM 3BUYAHUX T1APaBIiYHIX Bi3KiB, a OT MPOIIEC MEPEMIIIICHHS BAHTAXKY
B TOPU3OHTANIbHIN TUIOIIMHI BiIOYBAE€THCS BXKE 32 PAXYHOK €lIeKTpornpuBoy [12].

a 0 B
Puc. 5. EnexrporigpasJjiuni BaHTaxHi Bisku: a — Staxx PPT18H;
6 — Vulkan EPT15MH-CBBA; B — Heli CBD20J-B

EnexTpuyni camoXiiHI BaHTaXH1 Bi3KH (pUC. 6) MOXHA BITHECTH 10 BUCOKOTEXHOJIOTIYHOTO
CKJIaJICBKOTO 00JIaIHaHHS, B SIKOMY ITiTHOM 1 IIEpEMIIICHHSI TATETOBAHUX BaHTAXIB 3/I1MCHIOETHCS 32
JIOTIOMOT'OI0 €JIEKTPOABUTYHA, IO MPAITIOE BiJl TATOBOTO akymyJssitopa [12]. Bukopucranas naHoro
oOJamHaHHS JO3BOJSE 3MEHIIUTH BHUTPAaTH Yacy Ha BUKOHAHHS CKJIAJCHKUX TEXHOJOTIYHHX
oreparliii Ta 3Ha4YHO IMOJICTIIUTHA POOOTY OMEPaTopa.

B

Puc. 6. EnexTpuyHi camoxigni BanTa:kui Bi3ku: a — Staxx RPT254;
6 — Hangcha CBD15-A2MC1; B — Heli CBD20-180
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BanTa)xomiiiiOMHI TiApaBIiYHI CTONM HOKUYHOTO THIY (pHUC. 7) BUKOPHCTOBYIOTBHCS IS
IIBUJIKOTO TIEPEMIIICHHSI BaHTaXIB, JIeTajeli Ta arperatiB B TOPU3OHTAIBHINA TUIONIMHI Ta TIO
BEPTUKAJI. 3py4YHICTb MOJATaE B TOMY, 110 TUIATHOPMY CTOITY, MOXKHA BUKOPUCTOBYBATH SIK BEpCTaT.
BoHa BUIBHO perymtoeTbcsi 0 BUCOTI, Ma€ TOCUTh YUMaly BaHTaxomiaioMHicTh (B 350, 800 kr 1
OinbIIe), TeTKko nepecyBaeThest [13].

[TepCeKTHBHMM € BHKOPHCTAaHHS pOOOTH30BAaHMX BaHTAXHHUX Bi3KiB (puc. 8), sKi
J03BOJISIIOTHh TTOBHICTIO aBTOMAaTHM3yBaTH NPOIECH TPAHCHIOPTYBaHHsS BaHTaxiB [14]. Jlanuii Bux
oOnagHaHHS J03BOJISIE 3 BUCOKOIO IIBUJKICTIO 1 TOYHICTIO BUKOHYBATH TEXHOJIOTIUHI IMPOIIECH B
aBTOMaTHMYHOMY PEXHMi, TOMY iX 3aCTOCYBaHHS B CKJIQJICBKiH JIOTICTHIII CTPIMKO HaOupae o0epTiB
[15]. PoGoTr30BaH1 BaHTa)KHI BI3KM OCHAIIYIOTHCS aKTHBHUMH CHCTEMaMH BHUSBIICHHS TIEPEIIKO]I,
MOTIEPE/HKCHHS 3ITKHEHHS Ta MapKyBaHHs [16].

CrtpiukoBi KOHBeepH (puc. 9) — Oe3nepepBHI TPAHCTIOPTHI MEXaHI13MU, SIKI BAKOPUCTOBYIOTHCS
JUIE  TPAHCHOPTYBaHHS MartepialiiB y BuUpoOHMYOMYy mpoueci. Lleit Bux TpaHcmopTepiB €
HaWTIOMIMPEHIIINM Ta 3HAXOJUTh CBOE 3aCTOCYBaHHs B Pi3HUX cdepax MisUIBHOCTI JIIOAWHH, €
HEOOXITHO MOJICPHI3YBaTH MPOLEC JOCTaBKM BaHTaXiB, 3aolaauTu dvac Ta cuiu [17, 18].
OcoOMBICTIO CTPIYKOBUX KOHBEEPIB € pOOOUMI OpraH — CTpivuKa, 1Mo SKii TPaHCIIOPTYETHCS BAaHTAX
[19]. B miaroroB4omy nexy MIBEWHOTO MiJIPHEMCTBA JUIS TIEPEMIlIEHHs 00’ €KTiB BUPOOHUIITBA 31
CKJIaJy MaTepialiB MOXYTh OyTH BUKOPHUCTaHI TOPU3OHTAIBHI CTPIYKOBI KOHBeepH (puc. 9, a) ta
CTPIYKOBI KOHBEEPH, L0 PO3TAIIOBAHI MiJ KyToM (pHc. 9, 6).

Puc. 7. BanTaxonigiioMHi rixpaBjaivyHi cT0JIM HOXKMYHOTO TUITY:
a — Staxx LPT800; 6 — Yi-Lift AS50; B — Skiper SKT 350

Puc 8. PoooTH30BaHi BaHTaKHi Bi3KH:
a — Inatech MIR 500; 6 — Asseco CEIT 600LC-F; B — Casun C2-22B

PonnkoBi koHBeepu (pOJIBTaHTH), SK MPABHIIO, € HEBIJ €EMHOK YAaCTHHOIO TPAHCIIOPTHO-
JIOTICTUYHOI CHUCTEMH CYYacHOro IIBEHHOro miAnpueMcTBa. JlaHe oOnagHaHHS —JOIUIBHO
BUKOPHUCTOBYBAaTH JUIsI BHYTPIIIHHOTO NeEpeMilleHHs (TPaHCIOPTYBAaHHS) INTYYHHX BaHTaXIB
(KOpoOOK, SAIMMKIB, MIMIKIB, MiJJ0HIB, PYJOHIB TOIIO0) Ha CKIagaX Ta BHUPOOHHMUYMX IeXax
nianpueMcts [19]. PoGoya moBepxHs poJMKOBOIO KOHBEEPA MPEACTABIISLE COOOI0 CUCTEMY POJIUKIB,
10 3MIMCHIOIOTh OO0CPTATbHUNA PYX B MIAIMIMITHUKAX KOYEHHS HAa HEPYXOMHX OCSX HECydoi paMu
KoHBeepa. [lpu ekcruryaTanii gaHoro oGiagHaHHS MOTPIOHO BPaxoBYBATH, IO JOBXKHHA POJHUKIB
3aBXIM MMOBUHHA OyTH O1IBIIOI0 3a MIMPUHY a00 JiaMeTp BaHTaXYy, IO MepeMilnyeTbes. Bincranp
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MDK pOJHKaMu Mae OyTH JENI0 MEHIIOK HIK IMOJOBHHA JOBXKHUHU BaHTaxy. Chif po3maiisTu
POJINKOBI KOHBEEPU HAa HEMPHUBOJHI (rpaBiTalliiiai) Ta nmpuBoaHi [20, 21]. 3a HampsMkoM poOouoi
MOBEPXHI (Tpacu) pOJTUKOBI KOHBEEPU MOXKYTh OyTH IpPsMi, IOBOPOTHI Ta 3Mi€NOIi0HI.

Puc. 9. CtpiukoBi KoHBeepH:
a — TOPU3OHTAIBHUH ; O — PO3TAIIOBAHMIA i KyTOM

HenpuBoHi (rpaBiTaiiifai) poinkoBi kKoHBeepH (puc. 10, a), 3a3BUyaii, BCTAHOBIIOIOTHCS i
MeBHUM KyToM Haxuiy (10 20 rpamyciB). [Ipu oMy posIMKK MarOTh MOMJIMBICTH BUTBHOTO 00€p-
TaHHS MiJ JI€I0 CUIIU Bard TPaHCHOPTYIOYOTo BaHTaXy. POOITHUK BIaCHOPYY MOKE MEpeMillyBaTH
BAaHTAX 110 poOOUiii MOBEPXHI POITMKOBOTO KOHBEEPA HE JOKIJIAIaI0UH HaIMIPHUX (DI3UYHUX 3YCHUIIb.

Ha mnpuBoguux ponukoBux koHBeepax (puc. 10,0, B) meBHUM (IPUBOIHUM) pOJIMKAM
HA/Ia€ThCsl OOEPTANBHUI PYyX BiJ €IEKTPOJBUTYHA Yepe3 CUCTEMYy MEXaHIYHHMX mepenad. BanTax
MOKE MEepPEeMIIyBaTUCs Ha 3HAYHI BiICTaHi 0€3 y4acTi poOiTHHKA.

NI N7 e

a 0 B
Puc. 10. PosinkoBi KOHBeepH:
a — HeMPUBOIHUH (TpaBiTaliiiHuil); 6 — TOBOPOTHUY TPUBOJIHUM; B — THYYKHH TIPUBOTHUNA

[lepeBaroro pOJMKOBUX KOHBEEPIB HaJ CTPIYKOBUMU € 3PY4YHICTh 3aBaHTAXCHHS Ta
PO3BaHTaXXCHHS Y MONIEPEYHOMY HAIPsIMi, a HEJIOJIIKOM — OiTbIIIa METAIOEMHICTH Ta ITiHA.

[lepexkumaui — 1e TMepeBaHTAXYBaJIbHI MPHUCTPOI, SKI BCTAHOBIIOIOTHCS MK OKPEMHUMHU
BUJAMU  OOJaJHAHHS Ta BHKOPUCTOBYIOTHCS JUIS 3aBAaHTAKEHHS Ta  PO3BAHTAKCHHS
TPAHCIIOPTYBAJIBLHOTO, CKJIAJICKKOTO Ta TEXHOJIOTTYHOTO 00JIaHaHHs [22].

ITaGenepu — 11e OKpEeMH BHUJ CKJIAACHKOI TEXHIKH, III0 BUKOPUCTOBYETHCA IS iAoMY,
MepeMIIeHHs, 1 YKJIaJaHHA BaHTaXy B JeKUIbka spyciB. CaMe CIPOMOXKHICTh 0aratospycHOTO
VKJIaJJaHHS BaHTAXy € BIIMIHHOI PHUCOI0 InTadesepa Bijg BaHTaxkHOro Biska [12, 23]. Ckiaachki
mradenepu MOKHA BBOKATH €KOHOMIYHOIO albTEPHATUBOIO BUJIOYHHM HaBaHTaKyBauaM. 30KpeMa
gyepe3 MEHINI radapuTHI po3MipHu Ta Bary, JaHWA BUJA OONaTHAHHS MOXXe OyTH BHKOPHCTAHO B
HEBEIIMKUX TMPUMIMIEHHAX, B TOMY UYHCIl CKIAJACBKUX MPHUMIIIEHb MIANPUEMCTB JIETKOT
MIPOMUCIIOBOCTI [24].

B 3amexxHOCTI BiJT KOHCTPYKTHBHUX OCOOJMBOCTEH INTabelepy MOXHA PO3IUIATH Ha
HACTYITHI BUU:
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- pyuHi ripaBiiuHi;

- HaIBEJICKTPUYHI (3 EICKTPOIiIHOMOM);

- CJEKTPUYHI CAaMOXIJIHi;

- BHICOTHI mITa0eNIepu 3 BUCYBHOIO IIOTJIOK0.

Pyuni rigpasniuni mrabenepu (puc. 11) i Hagani IMIIAIOTHCS OAHUM 13 HAUOLIBII TOIIMpe-
HUX BHUIB CKJIAJChKOI TEXHIKH. 3a3BHYail BUKOPHCTOBYIOTHCS HA HEBEIMKHUX CKiIanax. PydaHuit
rifipaBaiyHuN mTadenep Mae MOKIMBICTD MiJHIMATH BaHTaXXk Macoro 10 1500 xr Ha BHCOTY 70 3 M.
[Iporiec mepeMilieHHs] BaHTaXy Y BEPTUKAJIbHIN TUIOMIMHI 3/IIHCHIOETHCS 32 paXyHOK BUKOPUCTAHHS
TiIpaBIiYHOTO MEXaHi3My, a B TOPH30HTAJIbHIN IUIOMIMHI — 32 PaXyHOK CHJIH orepartopa [12].

[[ITabenepu HaniBenekTpruyHi (puc. 12) BiIPI3HAIOTHCS BiJ pyYHUX T1ApaBIIvYHUX IITabEIepiB
HAsBHICTIO €JIEKTPONPUBO/IA Il aBTOMATU30BAHOI'O MPOIECY MiAHIMAHHS 1 OMYCKaHHS BaHTaKHUX
BuI [25]. Jlane oOstamHaHHS TOIUTEHO BUKOPUCTOBYBATH B TUX BUIIAIKaX, KOJIU MEPEMIIIATH BaHTaX1
PYYHOIO IIEPECYBHOIO TEXHIKOIO JOCUTh CKJIA/IHO, @ Ha MPUAOAHH CAMOXi/IHOT Ha JaHUH MOMEHT He
BHCTaYa€ KOIITIiB a00 HeMae BeTUKOI moTpedu [24].

o
I
&4
of
14

Puc. 11. Pyuni rinpasiivni mradesepu:
a— Hunlift SYC-1516; 6 — Leistunglift H1025; 8 — Vulkan SYG-1530

Puc. 12. lllTadesiepu HamiBeJIEKTPUYHI:
a— Vulkan SDYG-1540; 6 — Cormak B1030; B — Skiper SKD 1530

Enextpuuni  camoxigni mrabenepu  (puc. 13) 1me MOBHICTIO  eneKkTpodikoBaHe
BHCOKOTEXHOJIOT1YHE CKJIAJICbKE OOJaJHaHHS, B SKOMY OIepalii Mo MigidoMy, OIYyCKaHHIO Ta
MEPEMIIIEHHIO BaHTAXY 3[1HCHIOETHCS 32 paXyHOK €JIeKTpONpHBOLYy. BaHTakomiIHOMHICTh TaKOTO
o0JTaiHaHHS CTAHOBUTH JI0 2 TOHH, & MAKCMMajIbHa BUCOTA Miaiomy g0 6 MetpiB [12]. Parionansue
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BUKOPUCTAHHS  CINEKTPUYHHUX  CAMOXITHMX IITabenepiB  JIO3BOJSIE  CYTTEBO  IMiJIBUIUTH
pe3yIbTaTUBHICTH pOOOTH, TIPH MIHIMAJILHOMY BUKOPUCTaHHI pPYYHOI Mpalii oneparopa.

BucotHi mtabenepu 3 BUCYBHOIO HIOTIIOKO (puc. 14) € pi3HOBUAOM CKIAICHKHX €EKTPUIHUX
CaMOX1THHX ITabenepiB, M0 MAIOTh TEJIIECKOMIYHY 0araToCeKIliitHy BUCYBHY IIOTJY 1 MPU3HAYCHI
Ui poOIT 31 CTENAXHUMHU CHCTEMaMHU 3aBBUIIKH BiJ 6 MeTpiB Ta BHILE. BucotHi mrabenepu 3
BHCYBHOIO IIIOTJIOIO CIIPOMO>KHI TITHIMATHA BaHTaXX1 Baroro A0 2,5 T 31 mBuakictio 10 0,6 m/c. Came
MOJKJTUBICTh POOOTH 3 BUCOKMMHU CcTeNakamu (10 12 MeTpiB) 1 BUpI3HsE JaHWUI BU 0O THAHHS Bij
pemTH JIHIMKKA CKJIAJAChKOI TexXHIKK [26]. JlkepenmoM >KUBJICHHS EJIEKTPONPUBOJA BHCOTHHX
mradenepiB 3 BUCYBHOIO IIOTJIOK € TATOBUHM aKyMyJATOp MiJABHUIIEHOI €MHOCTI, IO J03BOJISIE
BUKOPHUCTaHHS JAHOTO OOJIaJIHAHHS BIPOJOBXK TPHBAJIOIO PEXKUMY poOOTH 03 I0AaTKOBOTO
3apsykaHHA. EnekTpuuHuil ABUTyH B IOBHIN Mipi 3a0e3neuye BUCOKUI PiBEHb MPOIYKTUBHOCTI Ta
noTpiOHI mBUAKICHI pexkxuMu pobotu [27]. CydacHi BHCOTHI InTabeaepu 3 BHCYBHOIO IIOTJIOO
BUPI3HAIOTHCS CBOEIO HAIWHICTIO, €HEeproe()eKTUBHICTIO, (PYHKIIOHAJIOM, pIBHEM aBTOMAaTH3AaIlil Ta
IpU HEOOX1THOCTI MOXKYTh OYTH TIIKIIIOUEHI B 3araJIbHY JIOTICTUYHY MEPEKy ckiamy [28].

Puc. 13. EnextpuuHi camoxiani mradenepu:
a — Skiper SDDR15-III; 6 — Staxx WS15S-ei-3300; B — EP equipment ES16-RS

eI HYUNDAI

- - i o

Puc. 14. BucoTHi mradesiepu 3 BUCYBHOIO IIOTJIOK):
a — Instor FBR20S10; 6 — Hyundai — 16BRJ-9; 8 — Xilin CQD15

CamoxifHi BWJIOYHI €JEKTpOHaBaHTaxyBaui (puc. 15) me cydacHi BHUCOKOIPOAYKTHUBHI
MiIHOMHO-TPAHCIIOPTHI MAaIIMHU, W0 MPU3HAYCHI Id MAHATTS (10 6 METpiB), OIYCKaHHS,
NEepeMilleHHs, PO3BAaHTAXCHHS, HABAHTA)XEHHS Ta CKJIalyBaHHA (IUTaOeIOBaHHS) MaleTOBAHUX
BaHTaxiB (10 3,5 T) 3a momomororw BUJOMOAIOHOTO 3axBaTy. CydacHi e€JIeKTpOHaBaHTaXyBadi
BUPI3HAIOTHCSI BUCOKOIO €(PEKTHUBHICTIO POOOTH, MAHEBPEHICTIO, PIBHEM LIYMY IiJ] YaC BUKOHAHHS
CKJIQJICBKUX OIepariil Tomo. J[i1s cCTBOpeHHS KOHKYPEHTOCIIPOMOXKHOTO CKJIQJICKKOTO 00JIaHAHHS
BUPOOHMKHM MAalOTh 3aCTOCOBYBaTH IE€PEJOBI TEXHOJIOTii Ta 3a0e3MeyuTd  BiJNOBITHICTDH

45



ISSN 2786-5371 print Ingpopmauiiini mexunonocii, erexkmponika,
ISSN 2786-538XF())nIine MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,

Texnonozii ma inscunipune, No 4(15), 2023 . - ; .
mechanical and electrical engineering

MiKHapoaHUM ctaHaapram sikocti [29, 30]. B nopiBHSHHI 3 AW3ENbHUMH YU Fa30BUMH aHAJIOTaMH
CaMOX1/IHI BWJIOYHI €JIEKTPOHABaHTaKyBadl MalTh JEIIO MEHIIY MOTYXHICTh, aje HAaTOMICTh
MOXKYTh BUKOPHCTOBYBATHCS B 3aKPUTHUX CKJIAJICBKUX MPHUMIIIEHHSIX, 30KpeMa MiArOTOBUMX IIEXiB
mBeHHUX mignpueMcTB. Ciig BIIMITHTH KOMITAKTHICTh JAHOTO BUAY HaBaHTa)XyBada, 1[0 HEAOUsK
BXXJIUBO MPHU POOOTI B 0OMEXKEHOMY IIPOCTOPI CKIAICHKUX MpuMimieHs [31].

Kanatai enexktpuuni Tenbdepu (puc. 16) 1me miaBICHE BaHTaXOMIAHOMHE CKIAJIChKE
o0aiHaHHS 3 €JICKTPUYHUM IPUBOJIOM, 1[0 BUKOPUCTOBYETHCS JIJIsl TIEPEMIIICHHS BAaHTaXY (10 5 T)
y BEpPTUKAJIbHIA (IMiHIMAHHS, OIYCKAaHHS) Ta TOPH3OHTAIBHIN (B3IOBX HAIPABISAIOUUX OaIOK)
wiomuHax. Enekrpuuni tenbdepu 31aTHI epeMillyBaTH BaHTaX 3 TOPIBHSIHO BUCOKOIO IIBUKICTIO,
0 JTO3BOJISIE CYTTEBO MPHUCKOPUTH MPOIEC BHUKOHAHHS 3aBaHTaXKyBaJbHO-PO3BaHTAKYBAITIBHUX
poOIT Ha cKiagax Ta y BHUpPOOHMUYMX IHexaX. Jlo OCHOBHUX IepeBar TaKOX MOXKHA BiJHECTH
KOMITAKTHICTh KOHCTPYKIIii, HEBEJMKY Bary Ta 3py4HICTh B eKcruryararfii [32].

Bapro 3a3nauntH, mo gaHe OOJIaHAHHS MOXE BHUKOPUCTOBYBATHCS SK HA BIAKPUTHUX
MalIJaHYMKaxX, TaK 1 B 3aKPUTHX CKJIAJChKUX MPUMIIICHHSX, a TAKOXK B PUMIIICHHIX 3 0COOJIMBUMHU
BUMOT'aMH JI0 MOKeK0- Ta BUOyxobe3neku [33]. Exekrpuuni Tenbdepu MOXKYTh 3aCTOCOBYBATHUCS SIK
OKpemMo (He3asie’kHe (YHKIIIOHYBaHHS), TaK 1 B SKOCTI CKJIAMOBOi YacTUHHM (BOYIOBaHi) OLIbIIT
CKJIaTHOTO O0JIaiHaHHs (BaHTAXOIIIMOMHI KpaHH PI3HUX THIIB i Moaudikaiit) [34, 35].

B
Puc. 15. CamoxiaHi BUJI0OYHI eJIeKTPOHABAHTAKYBaYi:
a — NobleLift FE4P20; 6 — Toyota 9FBMK25T; B — Hyster J2.5 XN

Puc. 16. KanaTHi ejiekTpu4Hi Teibdepu:
a — Kraissmann SHT 500/1000; 6 — Sturm EH72121; B — Poltek 380B CD1-2T

Jist 06¢yroByBaHHS CKIIAJICBKUX MPUMIIIEHB MIATOTOBYMX EX1B IBEHHUX MiANPHEMCTB, /1€
MepeBaKaloTh 0OaraTosipycHiI 1 OaraTopsiaHi CTENaki MOXXYTh BHKOPHCTOBYBATHCh MOCTOBI Ta
CTeNaXHi KpaHu-mradenepu [36].

CyuacHui MOCTOBHI KpaH-1ITabesep mpeacTaBiisie COO0I0 KPaHOBUHM TIBOXOATTOYHHI MICT, TTO
SKOMY B TOPM3OHTAQJIbHIN TUIOIIMHI MEPEMILye€ThCSI BAaHTAKHUN Bi30K 3 3aKPIIUICHOI0 Ha HHOMY
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MTOBOPOTHOIO BEPTUKAILHOIO KOJIOHOIO, T10 SIKii y BEPTUKAIIBbHIN TUIOMIMHI IEPEMIIIA€THCS BUIIOTHHMA
BAaHTAXKOMITHOMHUK. MOCTOBI KpaHH-IITAOEIepd MOYKHA BBa)KaTH YHIBEPCATbHUMH BaHTAKHO-
PO3BaHTaXXYBATBHUM 00JIaIHAHHSM, IO MOXE NIEPEMIIIATH HAalPI3HOMAHITHIII BN BaHTaXiB. [{yis
[IOT'0 KOHCTPYKTHUBHO TEepe10a4eHO 3aMiCTh BUJIOYHOTO BaHTAXKOIT THOMHHKA 3aCTOCYBaHHS P13HUX
CrelialbHUX BaHTAXHUX 3axBaTiB [37]. 3a cmocoboM crnmpaHHS Ha KpaHOBI NUISIXH (IiIKpPaHOBI
HaIpaBJIsilo4vi) PO3PI3HSAIOTH MOCTOBI KpaHH-mITadenepu miaBicHoro (puc.17,a) 1 omopHOTO
(puc. 17, 6) Tumy [38].

OnopHHl BI30K CTENAXHOTO KpaHy-mTadenepa (puc. 17, B), Ha sIKOMY BEPTHKaJIbLHO PO3Mi-
IIeH1 oHa a00 JBi KOJIOHU, MEPEMIIIYETHCS 110 PEHKOBUM IUIIXaM (HAIIPABJISIFOYUM) B TIPOXOII MiXK
JIBOMA psJIaMH CTEIaXiB, sIK1 BiH 00ciIyroBye. [1o kooHaM nmepeMimyeThCsi BAHTAXOTIHOMHHMK, 1110
OCHAIIYETHCS IPUUMAIIBHIM CTOJIOM, Ha SIKOMY 3a JOITIOMOTOI0 3aXBaTy pO3MILIyeThcsi BaHTax [39].

Puc. 17. Kpann-mradeJepu:
a — MOCTOBUH MiJIBICHUI; O — MOCTOBHI1 OTIOPHUH; B — CTEIIAXHUHN

[TepemoTyBasibHI MammHA (pUC. 18) BUKOPHUCTOBYIOTHCS IS MEPEMOTYBAaHHS Marepiany B
pynon. CydacHi MOJIeINi I[bOTO BUAY 00JIaHAHHS JO3BOJISIOTH TAKOK BUKOHYBATH IPOMIPIOBAHHS Ta
pO30paKoByBaHHS TKaHWUHHU.

Puc. 18. llepemoTyBa/IbHi MAIIIMHU:
a— Rexel P-3L; 6 — Rexel CTRL -1500; B — Yuli 2100F-JS-ED

[TpomiproBanibHO-pO30OpaKkyBaiibHI MaMHU (pHUC. 19), K IPaBUIIO, KYMYIOTHCS JIJIST BEIUKUX
IIBEWHUX MIANPUEMCTB, MeOJIeBUX (HaOpUK Ta MIANPUEMCTB, 10 3aiMAIOThCS peai3ali€lo TKAaHUHH.
Jlane oOnagHaHHS J03BOJISIE 1HTEHCH(IKYBATH TEXHOJOTIYHUN TIPOIEC, KOHTPOJIOBATH SKICTh
Marepiany, BUSBISATH HEIPaBIIbHI NEpEIICTeHHsI, 3icoBaHi qinsHKY oo [40, 41].
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Puc. 19. IIpomipoBajibHO-pPo30paKyBabHi MAIIMHM:
a—Yuli 2100CP-ED; 6 — Sercon DE-1; B — Rexel PP-5/AE

VY3aranpHeHy Kiacu@ikaiiiHy cxeMy THIIOBOTO O0JIaJHaHHS MiJrOTOBYOTO L[EXY IMBEHHOTO
BUPOOHUIITBA TIpe/icTaBiIeHO Ha puc. 20.

Obnagnanis A1 TPACTIOPTHO-
NOTICTHYHMX CHCTEM HA cKnami | OGnaauanus miaroTop4oro OGnaaHaHHs 1S NpoMipy Ta
3 ofo- Ta aratoapycaumH | LeXy LIBEHHOr0 BUPOOHHLTBA po3GpakyBaHHa mMatepianis
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Puc. 20. Y3aranbHena kiaacudikaniiina cxema THIOBOro 00J1aJHAHHSA MIAT0OTOBYOI0 LeXy
IBEHHOT0 BUPOOHUIITBA

Bucorsi 3 BUCYBHOIO
OO0

BucnoBku. CTpiMKa 3MIHIOBAaHICTh MOJICIIBHOTO PSIIy IMIBEHHUX BUPOOIB, PO3MIUPEHHS iX
ACOPTUMEHTY, BIIPOBAJKEHHS HOBITHIX MarepiajiB Ta (QYpHITYpU 3yMOBIIOE HEOOXIIHICTH
YaCTKOBOTO OHOBJICHHsI a00 MOBHOI MOJEpHI3allii SK OpraHi3aliiHOi CTPYKTYpPH MiANPUEMCTBA B
I[IJIOMY Ta OKPEMHUX IIE€XiB, TaK 1 BIPOBA/KCHHS 1HHOBAI[IHHOTO CydacHOTo obnagHanHs. B poboTi
MPOBE/ICHO CUCTEMHUI aHalTi3 00J1aTHAHHS, 1[0 BUKOPUCTOBYETHCS B MIATOTOBYOMY IIEXY IIBEHHOTO
nianpueMcTBa. Po3poOiieHo y3arajgpHeHy Kiacu@ikalifHy CcXeMy THIIOBOTO OOJIagHaHHS
MIITOTOBYOTO IIEXy IMIBEWHOTO MiAMPHEMCTBA, 32 KO 00JIaJlHaHHS Kiacu(iKOBaHO HAa HACTYIIHI
rpynu: oONaJHaHHSA [UIsl ToJadyi MaTepialiB y IeX 31 CKJIaay MarepiamiB, OONaJHAHHS IS
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TPAHCIOPTHO-JIOTICTUYHUX CHCTEM Ha CKJIaJli 3 OJHO- Ta 0araTosipyCHUMH CTeNakaMH, 001aJHaHHS
JUTS TIEPEMIIIICHHS MaTepialliB MK IUITHKAMU 11eXy Ta 00JIafHaHHS JJIs IPOMIpPY Ta po30paKyBaHHS
MmarepiasniB. BcTaHOBIEHO OCHOBHI BHMMOTM Ta OCOOJIMBOCTI BHUKOPUCTaHHS pI3HUX THIIIB
oOmasHaHHA. BH3HAUeHO NUISIXM MOXMIIMBOTO YAOCKOHAJIEHHS MiATOTOBYOTO IIEXy MHIBEHHOTO
HiANPUEMCTBA, B TOMY YHUCII 32 PaxyHOK BUKOPHUCTaHHS iHHOBAI[IITHOrO Cy4yacHOTo OOJaJHaHHS,

30KpeMa aBTOMAaTHU30BaHOI'O Ta pO6OTI/IBOBaHOFO.
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Kyiv National University of Technologies and Design, Ukraine
INNOVATIVE TECHNOLOGIES IN THE PRODUCTION OF SEWING PRODUCTS:
PREPARATION DEPARTMENT EQUIPMENT

Purpose. Systematic search for rational and effective solutions for the technological process of the
preparation department of a sewing enterprise, including through the introduction of modern innovative
equipment.

Methodology. The method of systematic, theoretical and comparative analyzes was used in the work.
Theoretical studies are based on the basic provisions of light industry production technology.

Findings. It was established that the expansion of the range of sewing products, the rapid introduction
of the latest materials and processing methods leads to the need for partial or complete modernization of
sewing enterprises, including the preparatory department of a sewing enterprise, due to the introduction of
both improved methods of organizing the production process and the introduction of the latest innovative
equipment. The classification of the standard equipment of the preparation department of a sewing enterprise
is proposed, which allows conditionally classifying the equipment of the preparation department into
equipment for supplying materials to the department from the materials warehouse, equipment for transport
and logistics systems in a warehouse with single- and multi-level racks, equipment for moving materials
between sections of the department, and equipment for measuring and rejecting materials; the main
requirements for the equipment used in the technological process of preparation department of a sewing
enterprise have been determined; the ways of possible improvement of the preparation department of a sewing
enterprise have been outlined.

Originality. A systematic analysis of the equipment used in the preparatory workshops of sewing
enterprises was carried out. The classification of the standard equipment of the preparation department of a
sewing enterprise is proposed. Prospective directions of development thanks to the use of innovative
technologies, in particular automation and robotics, are indicated. It has been established that the introduction
of modern innovative equipment significantly increases the efficiency of the preparatory department.

Practical value. The obtained results of the study can be used in the design, partial renewal and
complete modernization of the preparatory department of sewing enterprises, which will lead to an increase
in labor productivity.

Keywords: technological process; preparation department; sewing enterprise; preparation
department equipment; warehouse; cargo.
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YK 621.31: IIBEJYUKOBA 1. O., TICOIIbKHI A. B.
535.215 Kuiscokuil nayionanvHull yHigepcumem mexHono2it ma ousauny, Ykpaina

INONIEPEJHA OLHIHKA E®EKTUBHOCTI ®YHKINIOHYBAHHAA

I'TBPUIHOI BITPO-COHSIYHOI CUCTEMHU s
3ABE3IIEYEHHSI BJIACHHUX TIIOTPEB  JIOKAJBHOI'O
CIHOKABAYA

Mema. [lonepeons oyinka xapaxmepucmux egQexmueHoCmi yHKYIOHY8anHs 2IOPUOHOI COHAYHO-
6IMpo6oi cucmemu, npusHaueroi 0is 3aOe3nedents GIACHUX NOMped JOKATbHO20 CHOICUBAYA, 30 YMOBU
8I0CYMHOCTI MONCIUBOCTI 2eHEPAYii HAOTUWIKIE eHepeil GIOHOBIIOBAHUX 0Jicepell 00 MePediCi.

Memoouxa. basyemvcs na 6ukopucmanHi anarimudHux memooie 00poOKU CMAmuUCmMuyHUx OaHux,
SKI 00360J15110Mb NPOBOOUMU 0eMATbHUL AHANI3 MA THMePNPemayio OMPUMAHUX pe3yTbmamis.

Pesynomamu. [Iposedeno po3paxyHku NOKA3HUKIE eexmueHocmi — Koe@iyieHmy 3MeHUleHHs.
sUMpAm ma NOKA3HUKA camosabe3neueHocmi 071 NIOKIIOUEH020 00 MEPeNCi YMOBHO20 JIOKAbHO20 00 ekma
3 3a0aHUM HABAHMAIICEHHAM. 3a Pe3yIbmamamu po3pPaAxyHKie 00IPYHMOBAHO OOYIIbHICIb 6UOOPY IOKAYIT 05
po3miwenns 2i0puoHoi cucmemu 3 GIOHOBNIOBAHUMU Odicepenamu eHepeii. 30ilicHeHull ananiz nepiodié 3
BUCOKOI) MA HU3bKOK 2EeHEPAYicr0 BIOHOGIIBAHUX Odicepell 8 3a0aHill JIoKayii 01 NoOAIbUio20 8ubopy
PAYIOHATLHUX Napamempié 0OIAOHAHH ma cmpamezill YAPAeNiHH NOMOKAMU eHepeii 0isl MaKCUMATbHOL
camosabesneueHocmi 10KAIbHO20 CROJICUBAYA.

Haykoea nosusna. Bcmanosneno, wjo na emani niaHy8ans 2iOpuoHoi cucmemu nonepeonio OYiHKy
NOKA3HUKIE e(eKmMUBHOCMI MONCHA NpOBOOUmMU Ol CHpOWeHoi Kougicypayii cucmemu, 6 AKil He
nepeodaueHo UKOPUCTNANHS HAKONUYY8AYi6 eHepail.

Ilpakmuuna 3nauumicmes. B pobomi nadani pekomeHOayill wooo OYIHIOBAHHS epheKmuUeHOCmi
BUKOPUCTAHHSL  2IOPUOHUX COHAYHO-GIMPOBUX CUCMEM HA NOYAMKOSUX emanax po3pooKu Cucmemu.
Tokaszano, wo oyinka KoeiyicHmy 3MeHUEeHHs 6MPam 3a CepeOHbOMICAYHOI 2eHepayielo BIOHOBIIOBAHUX
Odoicepen enepeii, ocepeOHeHoio 3a OazamopiuHuil nepiood, Modce npusecmu 00 NOMUIKOBO20 Pe3Vibmamy
(3asuwyenux 3navensv Koegiyienmy). [na Oinouws MOYHUX OYIHOK PEKOMEHOYEMbCA NPOBOOUMU DO3PAXYHKU
NOKA3HUKIG e(heKMUGHOCHI 30 NO2OOUHHUMU 3HAYEHHMU 2eHepayii 8IOHOBIOBAHUX 0Jicepel.

Knwuoei cnosa: 2ibpuona cucmema  eneKmMpoONCUBNEHHS,  omoenekmpuyHa  bamapes,
BIMPO2EHEPAOP, CAMOCNONCUBAHHSL, CaMO3aDe3NeyeHicb,; Koepiyicum 3MeHUeHHs BUMpPan.

Beryn. [NOpuana cuctema elNeKTPOXXKHBICHHS € €JICKTPUYHOI CHCTEMOIO, MO0 «MIiCTHUTh
OlIBIIIE OHOTO JKEpENIa eHeprii, cepell IKUX MpUHAHMHI O[HE € BigHOBIIOBaHUMY [ 1]. Haltyacrimre
Ha JiokanbHUX 00’ekTax (JIO) BimHOCHO HeBenukoi moTyXHOCTI (mo 20-50 kBT) mobyroBoro ta
MIPOMHUCIIOBOTO TTPH3HAYEHHSI BUKOPUCTOBYIOTH MIAKIIOUEH1 10 pOo3noiapHoT Mepexi (PM) ribpuani
cucTeMH Ha OCHOBI (QotoenekTpuunux Oarapeir (DB) Ta/abo Birporeneparopa (BI) [2, 3].
Buxopucranus TiOpugHUX CHCTEM, SKI MOEIHYIOTh COHSYHY Ta BITPOBY €HEPTiI0, € HaWOLIbII
THYYKHM BapiaHTOM, TOMY IO CIIPHUS€E MiBUILEHHIO HAIIHOCTI enekTponocTtadanns B JIO.

OcTaHHIM YacoM HaMITHJIMCS TEHJCHINS MEPEeXOAy BiJi CXeM MiATPUMKH BiTHOBIIOBAHHX
mxepen eneprii (BJIE) 3a nomomororo miieroBux Tapu¢iB A0 CaMOCIOKMBAHHS, KOJIU
enekTpoenepris Bix BJIE cnoxxuBaeThcst B MicIli ii reHepartii 1yis BmacHuxX notped [4, 5]. 3rigHo [6]
camocnioxkuBay eHeprii 3 BJIE — 1e «...KiHIEBHI Cro)kKMBadY, 110 MpAIfO€ B paMKax CBOT'O MiCLs
po3TallyBaHHS B OOMEXKEHHX KOPJIOHAX Ta FeHEepye eJIEKTPOEHEPTio JUIsl BIACHOTO CIIOKMBAHHS 1
MO>K€ HAaKOIMMYYyBaTH a00 MpoJaBaTH caMO3reHepoBaHy enekTpoeneprito 3 BJIE 3a ymoBwH, mo s
CaMOCTIO’KHBAYiB, IKi HE € TOMOTOCIIOIApPCTBAMH, TaKa AISUTBHICTh HE HAJICKHUTH 10 WOTO TOJIOBHOT
KOMepIiitHOi uu mpodeciitHoi nisubHOCTI». OLiHIOBaHHS €(EeKTUBHOCTI (YHKIIOHYBAaHHS TaKUX
CHCTEM € aKTyaJIbHOI0 HayKOBO-TEXHIYHOIO 3a/1a4elo.

AHaJi3 momepeaHix aocaigxkeHb. J[18 OliHIOBaHHS €(QEKTUBHOCTI TIOPUIHUX CHUCTEM
€NeKTPOXKUBIICHHsI Ha OcCHOBI BJIE BHKOpHUCTOBYIOTH TEXHIUHI (€HEpPreTH4yHi) Ta EKOHOMIYHI
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nokasHuky [7]. Sk 3a3naueno B [7], mist riopuaaux Ob-BI' cucteM npoMuciioBoro mpu3HaYeHHs
MOXYTb OyTH BHKOPHMCTaHI TEXHIYHI — JOIYCTHUMI 3HAUYCHHS HeOanaHCy MOTYXHOCTI, TTOKa3HUKHU
HAQJIHHOCTI Ta piBEHb BTpPAT ENEKTPOCHEPTii, Ta €KOHOMIYHI IHIMKAaTOPH — 3arajbHa BapTiCTh
npoexty 3 BJIE, cobiBapTicTh enekTpoeHeprii, piBeHb 3amimieHHs Tpaauiiiaux mkepen BJE. s
MOIIYKY ONTHMAIbHUX 3HAYeHb I[MOKA3HUKIB TIOPUIHUX CHCTEM 3a3BHYaii BUKOPHUCTOBYIOTH
reretnuni anmroputMu [8, 9]. B [10] nHaBemena ekoHomiuHa OIliHKA (OTOETCKTPUIHUX YCTAHOBOK,
MPU3HAYCHUX JUIA 33/10BOJICHHS BJIACHUX MOTPEO MPOMHUCIOBOT0O 00’ €KTa, TOKA3aHO, 10 3MEHIIICHHS
BUTPAT 32 CIIO)KUBAHY EJIEKTPOCHEPTIIO € KITFOUOBUM (PAaKTOPOM KOHKYPEHTO3AaTHOCTI TAKUX CUCTEM.

Ha noxanmpHOMY piBHI (IpUBaTHI JOMOTOCIIONAPCTBA, Mayi HEMOOYTOBI CHOXHBAyi) s
OIIHKHA €()EKTUBHOCTI TIOPUIHUX CHUCTEM EJICKTPOXKMUBIICHHS, IO MPAIIOIOTh Ha BJIAcHI MOTpeOH,
3HAWIIUTA 3aCTOCYBaHHS MOKAa3HUKK camocrnoxkuBaHHs (SC) — i KibKiCHOT OI[IHKYA BUPOOHHIITBA
eneprii BJIE, Ta camo3abe3nedenocti (SS) — a1 KUTBKICHOI OIIiIHKH BUKOpHUCTaHHS eHeprii Big BJIE
[11-13]. Li moka3uuku nmpuitMarots 3HaueHHs Bix 0 1o 100%. Ha npaktuui npodini BupoOHHUIITBA
Ta CIIO’KUBAHHS €JIEKTPOEHEPTii HE CIMIBMAAAI0Th: B IEBHI MOMEHTH 4acy CIIOCTEPITAETHCS HAIITUIIIOK
renepauii Bix BJIE, B inmi — renepartiss BJE mosxe Oyt HHXKUOI0 32 CriokuBaHHS. [[1s oTpumMaHHs
MaKCUMaJIbHUX 3HaueHb moka3HuKiB SC Ta SS HEOOX1AHO MParHyTH 10 MAKCUMaIbHOTO HAOIMKCHHS
BKazaHuX npodimis [12].

B po6orax [14—16] po3rasgatoTbest TIOpUAHI CUCTEMU 3 TEHEpaIli€lo enekTpoeHeprii 1o PM.
Lle 103BOJIsIE 3MEHILIUTH CIIOKUBY1 BUTPATH HA €JICKTPOCHEPTiI0 Ta 3a0e31meunTr O0anaHc MOTYKHOCTI
B cucTeMi. Y TOW camMuii 4ac MakCHUMaJIbHI 00csru reHepartii 10 PM 115 TOKaJIbHUX CIIOYKHWBaviB
MOXYTh OyTH OOMEXEeHI yMOBaMH JIOTOBOPIB Ha MOCTadyaHHS enekTpoeHeprii. IlocTavanbHuku
eHeprii TakoX MOXXYTh 3a00pOHSTH TEHEpallil0 HaJIUIIKOBOI €HEprii B MEpekXy 3 METOI0
MIJIBHUINCHHS ii CTaOUIBHOCTI Ta HAAIWHOCTI. 3a YMOBU HEMOXXJIMBOCTI CKUJAHHS HAJIUIIKY
€IIEKTPOCHEPTil B MEepeKy e(DEeKTHBHICTH T1IOPUIHOT CHCTEMH Ma€ BHU3HAYATHCS Yepe3 3MEHIICHHS
BUTpAT 3a CHOXHUTY 3 PM enekTpoeHeprito, sike NOCATA€ThCS 301IbIICHHSIM CaMOCIIOKHBAHHS Ta
CaMOJI0OCTATHOCTI.

Jlns 301MBIICHHS BJIACHOTO CIOYKHBaHHs, K MokasaHo B [12, 16-18], pexomenmyeTbes
30epiraTy Ha UIMIIKOBY €HEPrilo B HAKOMIMYyBauaxX €Heprii, Meplil 3a Bce B aKyMYJISTOPHUX OaTapesix
(AKB). B [13] obrpyHTOBaHO, IIT0 COHSYHO-BITPOBI CUCTEMH 3 aKyMYJISITOPHUMH HAKOTTUIYBadyaMU
eHeprii ans BIacHoro crokuBanHs JIO € HaWOLIBII €KOHOMIYHO AONUTBHUMH. JIJi 3MEHIIIEHHS
HagyumikiB eHeprii Big BJIE B riOpuaHux cucreMax MPOMOHYIOTHCS TAKOX IHIII MIAXOAM, SIKI HE
nepenbavarots Bukopuctanua AKbB Ta iHmmx HakonuuyBaviB eneprii. Hanpukmian, st 3SMeHIICHHS
HaIUIIKIB eHeprii Bix BI' 3MiHIOIOTH opieHTariiro yomareii TypOinu [12, 19]. [lns 3MmeHIIeHHS
eHeprii BiJl (OTOCTEKTPUIHUX MOAYIIIB 3MIHIOIOTH iX poOouy TouKy, konu @b 3MyIeHi npamnioBaTu
HE B TOYIll MakcuMaybHOI moTyxHOCTi (MPP) Ha BompT-ammephiit xapaktepuctumi [12, 20].
Pimenns, mo He nepeadavatots Bukopuctanus AKDB B ribpuanux cucremax, € HalNmpoCTIilUMU, aie
iX He MOXHA BBaKaTH ¢(EKTHMBHHMH, TOMY IIO0 BOHH HE BpPaxOBYIOTh CHEPreTHYHHI OanaHC 3
JIOKaJIbHUM HaBaHTAXXEHHSM, ICHY€ BUCOKA BIPOT1IHICTh BAHUKHEHHS IEPEBAHTAXKEHb 1 IepeHaIpyr
B JIOKAJIbHIA MEpexKi.

B [21] nokazaHno, 110 B 3aJI€KHOCTI Bl 0COOIMBOCTEN €HEPrOPUHKIB PI3HUX KpaiH MOXKYTh
BHUKOPHUCTOBYBATUCS 1HII 1HIUKATOPH €()EKTUBHOCTI TIOPUIHMX CHCTEM. 30KpeMa, ISl Ti0pumHol
(OTOENEKTPUYHOT CUCTEMH, IO MPALIOE B YMOBaxX Mapokko, fie (piHaHCOBa MiATPUMKA CIIOXKHBAYIB,
SIK1 TEHEPYIOTh HAJUIHMIIKH €JIEKTPUYHOT €HEPrii B MEPEKY, BIACYTHS, IPOTIOHYETHCS 1HIIT TEXHIYHUN
Ta eKOHOMIUHUI Moka3HWKU. Ha OCHOBI aHanmizy TphoX KOH]irypaimiil riopuanoi cucremu Oyio
BCTAHOBJICHO, IO HaWOLIBII e€pEeKTHBHA 3a TEXHIYHUM IHAMKATOPOM TiOpHIHA CHCTEMa HE €
OJTHOYACHO €(DEKTHUBHOIO 32 EKOHOMIYHUM MTOKa3HHKOM.

[Tapamerpu SC Ta SS po3paxoByIOTHCS 3a IEBHUH MEPi0]] Yacy, 3a3BUYAM MPOTITOM IIEBHOTO
THS, MicsIs, poky abo 3a Oaratopiunmii nepion [22]. B [23] 3a3HaueHO, MO MOMEPETHIO OLIHKY
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e(EeKTUBHOCTI JOLIIBHO MPOBOAUTH HA €Talll TNIAHYBaHHS Ta MPOEKTYBaHHI TOPHIHUX CHCTEM Ha
ocHoBi BJIE 3 BpaxyBaHHsSM mo4acoBoi aetamizamii maHux reHepamii BJIE. 3a3Buuaii
BUKOPUCTOBYIOTBCSL [JIBa TIAXOAM JIO MOJETIOBAHHS CHCTEM: HAa OCHOBI CEpEIHBOMICIYHUX
MOTOaMHHUX 3HaveHb reHepamii BJ/IE (Tak 3BaHa CMHTETHYHA TE€HEpallis) Ta Ha OCHOBI peaJbHUX
MOTOJAMHHUX TIOYaCOBHUX DsiiiB JAaHUX. B [23] 3po0iieHnii BUCHOBOK, 110 BUKOPHCTAHHS JaHUX Ha
OCHOB1 cepeaHbOMICAYHUX 3HaueHb reHeparii BJIE € pominbHMM Ha momepenHix CTamisx
MPOEKTYBAaHHS CUCTEM 4Yepe3 BUCOKY CTYIiHb HEBU3HAYEHOCTI AaHWX. J[Jsl AOCATHEHHS] HAMOIIbII
TOYHUX PE3YJbTATIB Ta MPOBEACHHS OUIBII TOBHOTO aHamizy Ta ontumizamii cucrem 3 BJIE
PEKOMEHAYEThCS BUKOPUCTOBYBATH peaibHi MOTOUHHI JaHi mo0 reHepanii B/IE.

Jnst omiHIOBaHHS COHSYHOI pajiarii Ta reHeparlii (OTOENeKTPUYHUX MOMAYJIB 3HAWIILIA
3actocyBaHHA 0Oa3a nanux PVGIS [24], sxa 3HaXxoauThCcs y BIAKPUTOMY JOCTYIl Ta Hajae
iH(opMmaIlifo Ha OCHOBI MOJIENIOBAaHHS IIOJEHHUX JIOBFOCTPOKOBUX CYIYTHHUKOBHMX JaHHMX. baza
JaHUX MICTUTh 1H(OPMAIIO MO0 TOTOJUHHUX Ta CEPEAHBOMICSYHHX 3HAUYEHb MOTYXHOCTI
rerepamii ®b g 3amanoi kKoopauHATH po3MimieHHsT 00’ekTa. ba3za maHMX TakKoXX MICTUTH apXiB
mBHuIKoCcTI BiTpy a0 2020 poky Ha BucoTi 10 M 3 auckpeTHicTIo | roguHa Ui THIIOBOTO
Metreoposorivaoro poky (TMY). Tomy mani PVGIS pominbHO TakoX BHUKOPHUCTOBYBATH IS
nornepenHboi ouinku napamerpis ®b-BI" cucrem [25].

Taxum yrHOM, aHaTI3 IHGOPMAIIITHUX JKepe ToKa3as, 0 HalO1IbI KOHKYPEHTO3JaTHUMU
3 eKOHOMIYHOI TOYKH 30pYy AJs 3abe3neyeHHs BiaacHux notped JIO e ribpuani ®b-BI' cuctemu 3
AKBDB. IcHyIOTh pi3HI METOIWKH Ta MOKAa3HUKH IS OIIHKU €(PEKTUBHOCTI (PYHKI[IOHYBAHHS TaKUX
cucreM. HaiiG11b110r0 MOMmMpeHHs OTPUMAaJIH IOKa3HUKH CAMOCIIOKUBAHHS Ta caM03a0e31e4eHOCTI.
[cHYIOTHP TakOXX METOJMKH PO3paxyHKy TapaMmMeTpiB CHCTEM 3 OIIHIOBaHHSIM €(QEKTHBHOCTI iX
(yHKIIIOHYBaHHSI, SIKI 3aCHOBaH1 Ha JOCATHEHHI IMEBHOTO 3HAYEHHS 3HM)KCHHS CIOKUBaHHS 3 PM.
BuUKOpHUCTOBYIOTHCSI PO3paxyHKOBI 3HAUEHHS cepeaHboMicsuHol renepauii BJIE nns mpuiiHsToro
rpadika HaBaHTaxkeHHs JIO. YV Toi camuii 4yac oIriHka €(pEeKTUBHOCTI BUKOPHUCTAHHS CHCTEMH 3a
cepenHboMicsauHOIO TeHepauieio BJIE, oco6nmBo po3paxoBaHOIO 32 TPUBAIMN Y4acOBU Mepioll, HE
3aBXKIU € JOCTaTHbO 00'ekTHBHOIO. [loTpeOyroTh MOAANbUIOr0 BHUBYEHHS TAaKOX MHUTAHHA
nonepeaHboi ominku epextuBHOCTI @b-BI' cuctem Ha etami iX po3poOKH.

MeTo10 10c/iIzKeHHS € TIOTIEPETHS OIlIHKA XapaKTEPUCTHK e(PEeKTUBHOCTI (PYHKITIOHYBaHHS
riOpHUIHOT COHSYHO-BITPOBOI CUCTEMH, PU3HAYEHOT 17151 3a0e31eUeHHsI BIIACHUX MOTPeO JIOKAIBHOTO
CIOKMBAYa MPH B1ICYTHOCTI reHepartii Hagumkis eneprii BJE mo mepexi.

Pe3yabTaTn aocaimkenHs. BaxmuBum ertarnom po3poOku ribpunnoi cucremu 3 BJIE,
MIPU3HAYCHOI JJIsI CAMOCIIOKUBAHHsI, € BUOIp palliOHAIbHUX TapameTpiB oOnaagHaHHs (TTOTYXHOCTI
B/IE, eMHOCTI HaKOIIMYyBayiB eHeprii) Ta OOIPYHTYBaHHS aJITOPUTMY YIPABIiHHS NOTOKAMH €HEpPTii
JUTsl MakcuManibHOI camo3abesneuenocti JIO. [{poMy eramy 3a3Buuail mnepeaye mornepeaHs OIiHKa
XapaKTePUCTHK CUCTEMH, IX MOKIIMBUX BIIXUJICHD Ta IMHAMIKU Ha OCHOBI CITPOIICHHX ITiIXO/IIB.

B [17, 18] ans KUTBKICHOT OIIIHKA €KOHOMIYHOT BUTOJIU JIJIS CIIO’KMBava BiJ PyHKITIOHYBaHHS
ribpunHoi cuctemu Ha ocHOBI BJIE npornoHyeThcsi BUKOPUCTOBYBATH KOE(illi€HT 3MEHILICHHS BUTPAT
Ke, AKMi BU3HAYAETHCS HACTYITHUM YHHOM

ke =W, IW, =W, / (W, ~Wj), (1)

ne W, — 3aranbHa eHepris, 1110 CHOKHBAETHCSI HABAHTAXKCHHSIM;

W, - emnepris, mo cnoxusaerbes 3 mepexi (W, >03a ymoBn BincyrHOCTI remeparii

naauikis eneprii BJIE mo PM);

W, - renepauis BJIE.
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ExoHOMIUHY BUrOJy Ta CTYHiHb HE3QJICKHOCTI CIIOKHMBada BiJl MEpEXi TaKoX BiAoOpaxae
MOKa3HUK camo3abe3nedeHocTi SS, skuil onucyeThest Bupazom [11]

SS:(\NL_Wg)/WL. (2)
IMokasauku Ke Ta SS 110B’s13aH1 CIIiBBiAHOIEHHSIM
SS=(W, —Wg)/WLzl—llkE_ 3

[TorrepeaHio OMiHKY MOKa3HUKIB K Ta SS M0MIIBHO MPOBOAUTH IS CIIPOIIEHOT KOH(ITryparrii
riOpuHOi cucTeMu, B SIKi He mependaueHO BUKOPUCTaHHS HAKOMHMUYyBayiB eHeprii. 3a HuUX yMOB
Hagymumku eHeprii BJIE (mpu BiACyTHOCTI MOXIMBOCTI iX reHeparlii 1o PM) Brpavarorbes. Takwuit
BapiaHT MOOYI0BU CUCTEMH, K 3a3HAYECHO BUILE, HE € €(PEeKTUBHUM. Y TOH caMUil yac Ha MOYAaTKOBUX
eTanax po3poOKH CUCTEM BiH JI03BOJISE:

- OOIpyHTYBaTH TOUIIBHICTE BUOOPY MicCIsl po3TanryBaHHs TiOpuaHoi cucremu 3 BJIE s
JKUBJIEHHS 3a7aHoro HaBaHTakeHHs JIO. MokHa MPUITYCTUTH, SKIIO IJIs HAUMEHII e¢(EeKTHBHOTO
BapiaHTy TiOpuAHOT CcHCTeMH OyAyThb OTpUMaHi 3aJOBUIbHI TOKAa3HMKH €(EKTHBHOCTI
¢bynkmionyBanus (Ke > 1, SS > 0), To I cHCTEMH 3 PallioHATLHOIO CTPYKTYPOIO, ITapaMeTpaMu Ta
CTpaTerisIMH YIPABIIHHA OTOKAMH €HEprii 11l MOKa3HUKHU OyayTh 3HAYHO BHIIIE;

- 3A1MCHUTH aHaJIi3 TIEPi0/IiB 3 BUCOKOIO Ta HU3bKOIO TeHepatieto BJIE B 3amaniit okamii ais
MOJIAJIBIIIOT0 BUOOPY MapaMeTpiB Ta pEXKUMIB pOOOTH HAKOMHYYBadiB €HEPTi.

Sk Bapiant, nmpuitMaemo rpadik HaBanTaxeHHs JIO 3 mikoBuMm HaBanTaxeHHsM P =200 Bt
[17]. B Tabn. 1 HaBemeHi cepeHi Ha BIAMOBIAHMX IHTEPBAIAX Yacy 3HAUEHHS MaKCHMAalbHOI
MOTY)KHOCTI HaBaHTakeHHs. Enepris WL, 0 CIOKUBAETHCA HaBaHTaKEHHSAM 3a 100y (Tad. 1),
BHU3HAYAETHCS 32 BUPA3OM

24

WL = ; I:)LiAti = PLlZAtJ.Z + PLZSAt23 + I;)L34At34 + PL45At45 + PLSGAtSG + PL67At67 + I:)L71At7il. ' (4)

Ta ckiazaae, BianosiaHo: BITKY WL = 3140 Brrox, B3umky WL = 3060 Bt-rox, B mepexinHuii
nepion (BecHa, ociab) Wi = 3180 Br-rog.

Tabnuysa 1
HaBaHTasKeHHS] YMOBHOI'O JIOKAJIBHOI0 00’ €KTA
Micsii Hiunwuii mepion ITixoBi roguHu Jlennuii epioy WL,
(t6, t7), (t7; ta), (11, t2) (t2, t3), (15, te) (t3, ta), (ts, ts) BrTon
(t7=24.00, t1=7.00) _ _
Tpancis- PL71=0.2P, =40 Bt (t2=8.00, t:=11.00), (Ft,i;jzldo&,f“:‘é%%?
ceprieHp (t2=7.00, t,=8.00), (ts=20.00, ts=23.00), (ts=16 60 t5=20.00) 3140
(t:=23.00, t7=24.00), Ps=Puss=PL= | 5 _1eb 1608
PL12=P167=0.3P. = 60 Bt 200 Bt L4s= . EL T
Bbepesenb, (t7=23.00, t1=6.00) (t2=8.00, t3=10.00), | (t3=10.00, t4=15.00)
KBITEHb, (t1=6.00, t,=8.00), (ts=18.00, ts=22.00), P134=0.9P =180 Bt 3180
BEpECEeHb, (ts=22.00, t7=23.00), PLos=Prsg=PL= (t4=15.00, t5=18.00)
’0BTeHb | PL12=PL67=P171=0.3P =60 BT 200 Bt PL45=0.8P =160 Bt
(t7=23.00, t1=6.00) (t2=8.00, t3=10.00), | (t3=10.00, t4=15.00)
JIucroman- (t1=6.00, t,=8.00), (ts=17.00, ts=21.00), P134=0.9P =180 Bt 3060
JTIOTHNA (ts=21.00, t7=23.00), PLos= Piss = PL= (t4=15.00, t5=17.00)
PL12=PL67=P171=0.3P. =60 Bt 200 Bt PL45=0.8P =160 Bt

Jxepeno: [17].
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Jns mopanbmMx po3paxyHKiB npuiiMaeMo ®Ob 3 BCTaHOBIEHOIO MOTYXHICTIO Ppvr=1 kBT.
BuxopucToByeMo apxiBHi JaHi 11010 TOTOAMHHOI reHepaitii @b Ppy, oTpuMaHi 3a 10MOMOTOI0 6331
nanux (Bl) PVGIS [24] nna nepeamictst KueBa 3 reorpadiuanmmu koopaumHatamu 50°3236" N,
30°12'43" E 3a mepion 5 pokiB. us JIO 3 mepeBakHO ACHHUM CIIOKHBAHHSIM, KOJU HIYHE
HaBaHTAKCHHS HEBEJIMKE Ta BIJICYTHS reHepallis elekTpoeHeprii 1o PM, nomiibHO BUKOPUCTOBYBATH
BT six momoMiXkHE JKEpEIto KUBIICHHS, MEHIIO1, y TopiBHsIHHI 3 OB, motyxuocTi [17]. s nokarrii 3
oOpanuMu TeorpadiuHUMHU KOOpIMHATAMH CEpeIHs MIBUIKICTH BITPY ckiamae 3,36 M/c, ToMy sK
0a30BHil BapiaHT MOXKHA TMIPUUHSITH BEPTHKAIBHO-0ChOBUI BI' 3 mapamerpamu: ctapToBa IMIBUIKICTH
BITPY Vmin — 0,9 M/c, HOMiHaNTbHA IIBUAKICTH BITPY Vi —4,5 M/C, MakcuManbHa poOoya MBUAKICTH BITPY
Vmax — 12 M/c, HOMiHanmbHa IOTYXHICTh Pw — 2500 BT [25-27]. Cepeani moroanHHI 1aH1 1Sl IIBUIKOCTI
BITPY TaK0X BU3HAUAIOTHCS 32 apXiBHUMH JaHuMu 6a3u ganux PVGIS [24]. BusnaueHHsS TOTYXHOCTI
renepariii BI' Py, (y BIAHOCHUX OJMHUIIIX ) 3IIHCHIOETBCS Y BIAMOBIAHOCTI 110 [28] 3a BUpazom
Vv7)?, ifv IV <V <1

< 4 if V' =1,
Rv = *\2 x . * ®)
—-0,8216(V )° +2.1875V —0,3588,if 1<V <1.33,
1.1, if 1.33<V <V __ IV..

Posznonin nmorokiB eneprii B cucremi ®b-BI" onucyerbes HacTynmHUM unHOM [29]
Wy, if W, >W,
W, =W, if W, =0 (6)
W, +We, if Wy <W,

Jami mpoBomuMo mepepaxyHok moryxHocted Db Ta BIT BIZHOCHO BCTaHOBICHHX
MOTY>KHOCTEH Ta y BIJMOBITHOCTI 10 BETMYMHNA HaBAaHTAXKCHHS. 3a PUITHITOT0 0OMexeHHs (6), Koy

W, <W_, Bupas mys eneprii WL, 10 CII0KMBAETHCS HABAHTAKEHHAM, MA€E BUTIIST
W, =W, +W,,
ne W, =W,, +W,, (Wpv, Ww — enepris, 1o renepyerhes, Binnosigno, ®b ta BI).

B Tabn. 2 HaBeneHi cepenHi 3a micsip 3HaueHHs renepaitii ®b Wpy ta BI' Ww 3a nepion
ocepenHeHHs 5 pokiB (3 2012 o 2016 pp.). s BI' mHaBeneni Takox cepeni 3HadeHHs HidHOT Wwe2
ta neHHoi Wwze TeHepallii 3a BianoBigHuMu inTepBanamu dacy (s, t2) — miu, (t2, t6) — meHs.

Tabnauys 2
Iloka3uuku cepeaubomicsaunoi renepaunii ®b ta BI'
Micsmi

Hoxazmmiu = 2 3 4 5 6 7 8 9 | 10 | 11 | 12
Wev, 098 | 1,81 | 2,83 | 3,83 | 4,26 | 448 | 437 | 416 | 3,52 | 2,47 | 0,96 | 1,06
kBTTOon

K];’\T’_V;'OH 33,84 (28,05 34,02 | 27,54 | 22,10 | 24,16 | 24,49 | 20,12 | 25,56 | 25,93 | 31,45 | 35,34
K\];Vﬁf)'ﬂ 19,16 [ 15,69 21,52 | 18,01 | 15,16 | 16,98 | 16,71 | 14,10 | 16,35| 16,14 | 18,07 | 19,35
Wwe?, 14,68|12,35|12,50| 9,53 | 6,94 | 7,18 | 7,78 | 6,02 | 9,22 | 9,74 |13,3815,99
kBTTOon
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Enepris Big BJIE Wy, 3a sikoi BUTpaTt MOXKYTh OyTH 3MeHIIeHi B Kg pa3iB, cTaHOBHTS [17]

1
W, :WL(l—k—) =W, -SS. (7)
E
3aranpHa reHeparis @b ta BT [17]
We =W, m_ +W, /m | (8)

e Mp — KOeIIIEHT TEepepaxyHKy MOTYKHOCTI Db BiJHOCHO BCTaHOBJICHOI IMOTY>KHOCTI
1 xBT;
m — xoedimieHT nepepaxyHKy notyxHocTi BI' o BiHOIIEHHIO /10 3HaY€Hb, HABEICHUX
B Ta0I. 2 i1 HOMiHANIBHOT moTykHOCTI BI' 2,5 kBT.

B niunwmii yac Ha inTepsadni (1s, t2) 3a Bizcyrnocti renepartii @b notpiéHo 3a0e3neunTu 6ananc
MOTYXKHOCTI

WL62 :Wgaz +WW62 Im,

[Ipunyckaemo, mo Ha iHTepBaii (s, t2) enepris BI' komneHcye crio>KuBaHHS HaBaHTAXEHHS
JI0, cnoxkuBanus 3 PM Bincytae Wys2 = 0, TO1 oTpuMy€eMO BHUpa3

m = Wiy e . )
Wig,

HaiiGinbima cepenns renepauis BI' y niuamii wac Wwe2 Mae wmicue y rpyasi (tadm. 2).
Po3paxynkoBi 3HaueHHs cepeaHbomicssuHoi renepartii BI' Wwes2 B mepio1 BecHa-JI1iTO-0CiHb 3HAYHO
MeHmie. BinmoBinHo, MakcuManbHe 3HaueHHs Koediuienty m gt Wiez=660 Brronm (tadm. 1)
cKJIamatuMe m=24,2.

Haiibinbima cepenus renepanis @b Wpy criocrepiraerbes y uepsHi (4,48 kBt-ron). Skuo
3HEXTYBATH CIIOKUBaHHSM 3 Mepexi B neHHu yac Wyoe =0 (mpu mpuitasaTiii motyxHocti BJIE 1e
NPUITYIICHHS € OOIPYHTOBaHMM), TO MOYKHA HalMCaTH HACTYIHUN BHpa3 JUIsd OajaHCy MOTYKHOCTI
BIICHBb

WL26 :sze /'m +WPVmp . (10)

3BiaKH 3HAX0UMO KoedimienT Mp= 0,45.

Sk pesynbraT, UIA OPUKRHATOrO Tpadika HaBaHTaXEHHS 3 moTyxHicTio P =200 Br
otpumyemMo BctaHoBlieH1 MOTYKHOCTI @b Ppyr=450 Bt Ta BI' Pwr=103 BT, BinnosinHo. B peanpHux
YMOBax, HalPHUKJIA, s HaBaHTaxeHHa PL=5 kBT Oynemo MaTu Taki 3HaueHHs noTyxHocTeld b Ta
BI': Ppyvr=11,25 xBt, Pwr=2,5 kBT.

[Monmanpmi po3paxyHku xapakrepuctuk cuctemu Ob-BI' 3xilicHIOBanuch 3a 10MOMOTOI0
IHCTpyMEHTAJIbHUX 3aco0iB mporpamu Microsoft Excel. JIo po3paxyHKOBUX TaOJIWIlb BHOCHIIHUCH
MOTOIMHHI 3HAYEHHS COHSYHOI reHepanii Ppy Ta mBUAKoCTi BiTpy 3 apxiBy BJ] PVGIS [24] 3a nepion
2012-2016 pp. Po3paxyHKM NOTOAWHHHMX 3HA4Y€Hb IOTY)KHOCTI BITpOTreHepalii MPOBOAUIN 3
BUKOpUcTaHHAM (opmynu (5), a moroguHHoi cymapnoi renepanii BJIE — 3a Bupazom (8).
Busnauanucst mokasHukm camoszabesmedenocti Ke ta SS 3a  dopmymamm (1)-(3). Ominka
epekTUBHOCTI BUKOpHcTaHHs riopuanoi @b-BI' cucremu npoBoauiacs 3 BpaxyBaHHsM (6):

- 3a cepenHbOMICIUHOIO TeHepainiero B/IE, ocepennenoro 3a m’stupiuauii nepioxn (3 2012 mo
2016 pp.) — moka3zHuK Kem B Ta0I. 3;

-3a cepeaHboMicsuHOIO reHepalliero BJIE, po3paxoBaHO 3a MOTOJWHHUMH JaHUMHU —
noka3HuK Ke B a0, 3.
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Ha upomy erari O0yI10 BUSIBICHO, 1110 IPU PO3PaXyHKY IMOKa3HUKA KEm 3a cepeTHbOMICSYHOIO
reHepamiero BJIE, ocepemneHoro 3a m’STHpIYHUN TEpioJ, MOXYTh OyTH OTpUMaHI TOMMIIKOBI
pe3yabTaTH 13 3aBUIICHHSAM CEPEIHbOMICSYHMX 3HAYCHb MMOKAa3HWKA 3MEHIICHHS BUTpAT Keps.
CoHsuHa TeHeparllis Ta MBUIKICTh BITPY MalOTh BUNIAQJKOBUN XapaKTep Ta BIIPI3HIIOTHCS BUCOKOIO
BapiabeNbHICTIO, TOMY OJMHUYHI BUMIPU COHSIYHOI TeHepallii Ta MOroAMHHI 3HaY€HHs MOTYKHOCTI
BITpOTeHEpallii, po3paxoBaHi 3a JaHUMHU IIBUIKOCTI BITPY, TAKOXK OYIyTh MOCTIMHO 3MiHIOBATHCH,
MpUiiMarovi pi3Hi 3HA4YCHHs. B 1IbOMy BHITaJIKy BUCOKI Ta HU3bKi JIOKaJIbHI 3HAYCHHS TOTOJUHHOI
reneparii BJIE B3aeMHO KOMIIEHCYIOTh OJIHE OHOT0, 110 MPU3BOIUTH J0 3aBUINECHUX 3HaUYeHb Kpy, B
TabJ1. 4 s MPUKIAAy HaBEJACHUH (parMeHT MOTOAMHHUX JAHUX MOTYXKHOCTI HaBaHTaXKEHHS PL Ta
rerepamii BJIE Pr mist rpyanas micsis 2012 p. ko ans cepeqaboMicsuHux 3Ha4YeHb eHeprii BJIE

Wr=46,95 kBr-roa Ta naBantaxenus Wi =94,86 kBr-rox Bukonyerbest ymoa Wy <W, | 1o B meBHi

roguau 31 rpyaus 2012 p. cmocrepiraeTbesi nepeBUIlieHHs noroauHHoi renepanii BJIE Pr Han
MOTYXKHICTIO HaBaHTaxeHHs P (Pr>PL). BpaxoBytoun, mio Hamuiikosa eneprist BJIE He moxke Oytu
CTIIOYKUTA HABAHTAKEHHSM, pUAMaocs ooMexeHHst Pr=PL y BignoBigHOCTI 10 (6).

Sk MokHa OaunTH 3 TaOi. 3, 3HAYEHHs MOKa3HWKA Kg, po3paxoBaHi 3a MOTOAMHHUMH
3HayeHHsMU TeHepanii BJAE, cyrreBo BiapizasaoThes (y 5...10 pasiB), ocob6iuBo y mepios BecHa-
JiTO-0CiHb, Bif Key, po3paxoBaHoro 3a cepeaHboMicsyHoro renepamiero BJIE, ocepemnenoro 3a
I’ ITUpIYHUE mepiof. Y ToM camuil yac, B 3UMOBHI MeEpioj Ls PI3HHUI HE HACTUIBKU CYTTEBA,
MaKCUMaJbHE Ta MiHIMaJIbHE 3HAYeHHS KoedimieHTy eeKTUBHOCTI BiApi3HAOTECA y 1,2...1,4 pa3u.
Jlo Tabn. 3 Takok JoJaHI 3HAYCHHSI MOKa3HHMKa camosadesnedeHocti SS 3a mepion 2012-2016 pp.
Po3paxoBaHi 3a MOTOAMHHOIO T'€HEpAIl€l0 3HAYEHHs MOKa3HUKa SS 3MiHIOEThCS Bia 46,5% (y
muctonani) 1o 63,2% (y rpynHi).

Tabnuys 3
Pe3yabTaT po3paxyHKy NOKa3HMKIB camM03a0e3ne4eHoCTi
ITokas- Micsiti
skt | 1 | 2 | 3 | 4 | 5 | 6 | 7 ] 8 ] 9 [10]11]12
2012 p.
ke [1.87]245]282 261252272248 258|220/ 1.87 [ 166 1.77
2013 p.
ke | 165166 ] 241|251 |245[239]293]240]234[1.72]2.09 | 1.99
2014 p.
ke [226] 184267 224|236 261233244257 [233]152] 193
2015 p.
kew | 243 1295 | 261 | 2.80 | 247 | 2.97 [ 3.29 [ 2.74 | 2.37 | 2.26 | 2.61 | 2.44
2016 p.
kew | 243 1295 | 261 | 2.80 | 247 | 2.97 [ 3.29 [ 2.74 | 2.37 | 2.26 | 2.61 | 2.44
2012-2016 pp.
kem | 249 | 277 | 6.36 [10.09]10.11[24.82[19.25]| 7.15 | 5.91 | 3.23 | 2.29 | 2.66
SS,% | 59.8 | 63.9 | 84.3 [90,0890.11|95.97 | 94.8 | 86.0 [ 83.1 | 69.0 | 56.3 | 62.4
Ke 2.01 [ 2.04 [ 261 | 262 | 249 | 271 | 272 | 250 | 2.41 | 2.03 | 1.87 | 2.06
SS, % |50.24[50.98 | 61.68 | 61.8 [59.84 | 63.09 | 63.23| 60.0 | 58.5 | 50.73 | 46.52 [ 51.45

BucnoBku. Ilpu po3pobmi riopunnux cucrem 3 BJIE Ha erami momepeaHix IOCIIIKEHb
JOLIIFHO MPOBOJUTH Y3araJibHIOIOUY OLIIHKY MOKa3HUKIB eekTuBHOCTI QyHKIioHYBaHHS (Kg, SS)
JUTSI CTIPOIIIEHOT KOH(pIrypaiii riopuaHoi cucTeMu 0e3 Hakomu4uyBadiB eHeprii. B po6oTi Ha mpukiaai
JIO 3 3amaHMM HaBaHTAXXEHHSAM 3/A1HCHEHO PO3PaxyHOK €(EeKTUBHOCTI TOPUAHOT CUCTEMH, SIKHIM
MOKa3aB, 110 HaBiTh NMPU BUKOPUCTAHHI CHCTEMHU 31 CIPOIICHOIO CTPYKTYPOIO ICHYE MOKIIUBICTH
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3MEHIIeHHs crioxxuBaHHs eHeprii 3 mepexi (Ke>1, SS>0), B cepennbpoMy, y 1Ba pas3u, 0 CBIAYUTH
PO TOCTaTHLO BUCOKUH moTeHIian BJIE B oOpa#niii nokarrii.
Tabauys 4
Ipuxaaag noroaMHHOro po3paxyHky noryxkHocrti B/IE Ta HaBaHTakeHHs

1Jis rpyaHs Micsus 2012 poky
JlaTa l'omuan P., Bt PR, Bt W, Brron | Wg, Brron
01.12.2012 00:00 60 6.61157
01.12.2012 01:0 60 6.286471
01.12.2012 22:00 60 26.52071
01.12.2012 23:00 60 27.93612
94860.0 46950.63
31.12.2012 00:00 60 93.31573
31.12.2012 01:00 60 80.44298
31.12.2012 22:00 60 84.5928
31.12.2012 23:00 60 83.39292

BcranoBieHo, MmO Mpu po3paxyHKY ITOKa3HHWKA €(QEKTHBHOCTI 3a CEPEeIHbOMICIYHOIO
redepaniero BJIE, ocepenHeHoo 3a OaraTopidyHHI Mepioll, MOXYTh OYTH OTpPUMaHi MOMUIKOBI
pe3yabTaTd i3 3aBUIIEHHAM y 5-10 pas3iB mokasHHMKa 3MeHIIeHHs BUTpaT Ke. [ yHUKHEHHS
HEBU3HAYEHOCTI B OIIHII €)EKTUBHOCTI CHCTEMH, PO3PAXYHKH MMOKA3HUKIB €()eKTUBHOCTI HEOOX1THO
MIPOBOJIUTHU JJIsS TIOTOJAMHHMX 3HaueHb renepaiii BJIE 3 BpaxyBaHHsSM NpUAHATHX 00MEKEHb 11010
PO3MOILTy IOTOKIB €HEpTii B CUCTEMI.

HampsiMkoM momanbIIuX JOCIHIDKEHb € OOTPYHTYBaHHS aJlfTOPUTMY BHOOPY paIliOHAIbHUX
napameTpiB obOsagHaHHs (moTyxHocti BJIE, eMHOCTI Hakomu4yBauiB eHeprii) Ta cleHapiiB
YIpaBIiHHS MOTOKAaMHU €HEPTii J1s1 MaKCUMabHOI camo3abe3nedeHocti JIO.

Moasika. /[ana nyonixayis niocomosnena 3a niompumxu Minicmepcmea océimu i HayKu
Vkpainu 6 pamxax  cnitbHO20  YKPAiHCbKO-CIOBAYULKO2O — HAYKOBO-0OCIIOHO20  NPOEKMmYy
«Yoockonanenns enepeomenedircmenmy ciOPUOHUX POMOENEKMPUUHUX CUCTEM TOKANbHUX 00 €KMi6
3 akymyasmopuumu 6amapesmuy (0123U103763) mioxnc Kuiscokum HAYIOHATLHUM YHIBEPCUMEMOM
mexHonoziu ma ousauny (Yrpaina) ma Texniunum ynieepcumemom Kowuye (Cnosauuuna).
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SHVEDCHYKOVAI. O., PISOTSKYI A. V.

Kyiv National University of Technologies and Design, Ukraine
PRELIMINARY ASSESSMENT OF THE EFFICIENCY OF A HYBRID
WIND-SOLAR SYSTEM FUNCTIONING TO PROVIDE THE OWN NEEDS
OF THE LOCAL CONSUMER

Purpose. A preliminary assessment of the efficiency characteristics of the functioning of a hybrid
solar-wind system designed to meet the self-consumption needs of a local consumer, assuming the inability to
generate surplus energy from renewable sources to the grid.

Methodology. Based on the use of analytical methods of statistical data processing, which enable a
detailed analysis and interpretation of the obtained results.

Findings. The calculations of efficiency indicators have been carried out - the cost reduction
coefficient and the self-sufficiency ratio for a conditional local facility with a specified load connected to the
grid. Based on the calculation results, the choice of location for placing a hybrid system with renewable energy
sources has been justified. An analysis of periods with high and low renewable energy generation in the
specified location has been conducted to determine rational equipment parameters and strategies for energy
flows managing for maximum self-sufficiency of the local consumer.

Originality. It has been established that during the planning of hybrid system, it is possible preliminary
to assess the efficiency indicators for a simplified configuration of a hybrid system that does not involve the
use of energy storage devices.

Practical value. The paper provides recommendations for evaluating the efficiency of hybrid solar-
wind systems at the initial stages of system development. It is shown that assessing the loss reduction coefficient
based on the average monthly generation of renewable energy sources, averaged over a multi-year period,
can lead to the incorrect result (inflated values of the indicators). For more accurate assessments, it is
recommended to calculate efficiency indicators using hourly values of renewable energy generation.

Keywords: hybrid power supply system; photovoltaic battery; wind turbine; self-consumption; self-
sufficiency; cost reduction factor.
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Hayionanvnuii mexuiynuti ynisepcumem Yrpainu « Kuigcoxkuti nonimexHiyHuti
incmumym imeni leops Cikopcobkozo», Yrpaina

HAIIPABJIEHI BJIACTHUBOCTI KPYI'OBOI'O
HUWITHAPUYHOT' O IP€30KEPAMIYHOI'O IIEPETBOPIOBAYA
3 IINIOCKUM EKPAHOM B JIAMETPAJIBHIN IIJIOIUHI

Mema. [ocniodcenns HanpagieHux 61ACMUBOCHEN KpPY208020 YUMHOPUUHO20 N €30KEPAMIUHO20
nepemeopro8aya 3 NIOCKUM eKpaHom 8 diamempanvhin naowuti. OcHO8HI emanu 00CIIONCEHHS BKII0UAIOMb
PO3271510 KOHCMPYKYIT Yb020 nepemsoprosaua ma 3anponoHO8aHy HO8Y cxemy no6y008u, po3paxyHKu i aHaiiz
pe3yIbmami6 GUKOPUCMAHHA HIOCKO20 AKYCHUYHO M'SIKO20 eKpaHy O NONINUEHHS GURPOMIHIOBANbHUX
Xapakmepucmux, a maKodlc GU3HAYEHHs 6NAUEY PO3MIPY eKpaHy Ha Oiacpamy HanpagieHoCmi ma iMneoanc
BUNPOMIHIOBAHHS.

Memoouka 00cniodiceHHs KII0UANA 8 cebe 3aCMOCYBAHH MemOoOY 38 S3AHUX NOI8 Y 6a2amo38 s3HUX
obnacmsx 071 GU3HAYEHHS AKYCIMUYHUX NOIG eKPaH08ano20 nepemeoprosaya. Ha ocnosi ybo2o memody 6yno
OMPUMAHO  AHANIMUYHI  CHIBBIOHOWIEHHSI OISl AKYCMUYHUX NONI6 ma HOPMOBaHull eupas diazpamu
HANpaeneHocmi ma iMneoaucy.

IIposedeno pospaxynku ma auaniz KilbKICHUX pe3yabmamie GUKOPUCMAHHA NI0CKO20 AKYCIMUYHO
M'AKO20 eKpany 'y YUNIHOPUYHUX Nepemeopiosauax 3 Memor HOMNUWEHHS iX  BUNPOMIHIOBANbHUX
xapaxkmepucmux. 3anponoHoeamne po3MieHHs eKpaHy 6 OiamMempanvHiil NIOWUHI Nepemeopiosaud
3abe3neyye pIiGHOMIPHE GUNPOMIHIOBAHHS 6 WUPOKOMY CEKMOPI NPOCMOpPOSUX Kymis I Manuil pieeHb
BUNPOMIHIOBAHHSA 38YKY 6 neeHoMY Hanpamky. Lle 0o036onse cmeopumu MakCUMAaibHy SURPOMIHIOIOWY
NOBEPXHIO nepemeopiosaua i 3abe3neuumu 0OHOCMOPOHHIO HANPAGIEHICMb 1020 Gunpominiosanis. Kpiv
mMo20, eKpaHo8aHUll Nepemeopro8ay MAae Maudce He3MIHHUL IMNeoanc SUNPOMIHIOBAHHS NOPIGHAHO 3
HeeKpaHo8aHUuM, Wo CHPOWYE Y3200H4CEHHS 3 eeKMPOHHUM 2eHEPAMOPOM.

Pesynomamu. Ompumani pesynvmamu ceiouams npo me, W0 POIMIWEHH NIOCKO20 aKYCMUYHO
M'AKo20 eKkpama 6 OiamempdanvHil NIOWUHI Nepemeoplosayd  00380458€ 00CAeMU  PIBHOMIPHO2O
BUNPOMIHIOBAHHA 6 WUPOKOMY CEKmOpl NpOCMOpPOSUX KYymi6 mda HU3bKO20 DI6HA 6GUNPOMIHIOBAHHA 6
KOHKpemHoMy Hanpsamky. L{a ocobaugicms 00380156 cmeopumu MAakCUMaibHy GUNPOMIHIOIOUY NOBEPXHIO
nepemeoprosaya ma 3abesneuumu OOHOCMOPOHHIO HANPAGNeHicmy  eunpominiosanns. Kpim moeo,
6CMAHOBNEHO, WO POIMID eKpany ma OuGpaxyitini npoyecu Marnms 8aNCIUSUL 6NIUE HA XAPAKMEPUCTNUKY
nepemeoposaua.

Ilpakmuuna 3nauumicmes  Yyb020  OOCHIONCEHHS  NONAAE 6  MONCIUGOCTNI  NOKPAWUMU
BUNPOMIHIOBANLHI XAPAKMEPUCTNUKU YUTTHOPUYHUX NEPemBOpIosatie WisaXoM 6UKOPUCTIAHHA aKYCHMUYHO
m'axozco expany. Lle mooice 6ymu xopucnum y 6azamvox 2any3sx, 0e 8aiciuéa 00HOCMOPOHHS HANPAGIEHICMb
BUNPOMIHIOBANHA, MAKUX SIK PO3POOKA COHAPIB, MEOUYHUX YIbMPA38YKOGUX HPUCMPOi8, 6ICbKO8a ma
00oponHa mexHika ma IHWI 3aACMOCY8AHHS, 0€ GaAMNCAUBO OO0CASIMU  ONMUMATLHUX — AKYCIMUYHUX
Xapaxmepucmux.

Knrouoei cnoea: xpy2osuil yuninOpusHuil nepemeopiosay, NAOCKull eKpaw, 0iamMempaioHa NIOWUHA,
XBUNbOBI PO3MIPU, HANPABAEHI 61ACHUBOCTNI.

Benyn. AxycTuka Ta akyCTHYHI pUJIaayd HaOyJIu IMHPOKOTO 3aCTOCYyBaHHS Ha movarky 20-
ro croiiTts. Ha Toif "ac ix 3actocyBaHHs Oyn0 BUKJIIOYHO BIHCHKOBOTO XapaKTepy — pi3HOMaHITHI
cucTeMu npoTuroBiTpssHOi o6oponu (I1T10), BiacminkoByBaHHS CyOMapyH, IMONTYK Ta BCTAHOBJICHHS
00’€KTiB 3a JOMOMOTOIO TiJpOJIOKAIlii, TOmO. Y MICISIBOEHHUN Mepio]] BAKOPUCTAHHS aKyCTHUHUX
NpWIAiB Ta CHCTEM Ha0yJIO MPOMUCIOBOTO XapaKTepy — IMOMIYK Ta BCTAHOBJICHHS MiCIIECXOBHII
KOPHUCHHUX KONAJIMH, pudanbCcTBO, KopabiaeOyayBaHHS, PO3BUTOK Tele-Ta pajio- 6adeHHs i1 Oarato
1HILIOTO.

Ha cporoHi akycTH4HI CUCTEMH Ta MPUIIAAN MPEACTABIISAIOTH BUCOKOTEXHOJIOTIYHI PUCTPOT,
3/1aTHI BIATBOPIOBATH 3BYK PI3HOTO THUNY 1 BIAMOBIIHO Pi3HOTO NMpu3HaUYeHHs. Haito1mbmn mupokoro
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PO3MOBCIOKEHHST HAOyNIM MPUIIaZM aKyCTUYHOI JIOKallii, KOTPl 3aCTOCOBYIOThCS, SIK B LIUBLIbHIN
cdepi (akycTHYHA Ta T1APOJIOKAIIIS i Yac HAyKOBUX JIOCHIPKCHb Ta HAJ3BUYaHUX CUTYaIlii),TaK 1
y BifiCbKOBIi (IIPOTHCHANTIEPCHKI KOMIIEKCH) Ta MOXe OyTH BiJHECEHA /10 TEXHOJIOT1H MOoABIHHOTO
MPU3HAYCHHS.

AHaii3 OCTaHHIX JAOCHiKeHb Ta MyOrmikamiil. B mpakTHuHIN eJeKTpOaKyCTHIl 3HA4HE
TIOIIMPEHHSI 3HAWTIUTH JIOKAIIMHI CUCTEMH, aKyCTHYHI aHTCHH SIKUX BUKOHAHI Y BUTJISIII KPYTOBUX
mtiHapuyanX anTeH [1-3]. [Ipu npomy y SKOCTI mepeTBOPIOBavYiB BAKOPHCTOBYIOTHCS CKpaHOBaHI
IAJTTHIPUYHI €JIEKTPOMEXaHIuHI KOJMBAJIbHI CHCTeMHU. BOHUM SBISIIOTE COOOI0 TepMETH30BaHI
I’ €30KepaMiyHi KiIbLisl, TOKPHUTI 330BHI aKyCTUYHHUM €KPAHOM M SIKOTO THUIY, BAKOHAHUM Y BUIJISII
HE3aMKHYTOTO KIJIBIIEBOTO IIapy KOHEYHOI TOBITMHU. L[5 TOBIIMHA BHOUPAETHCS B 3aJI€KHOCTI Bij
po060Y0i YacTOTH 1 PiBHS TIPOCTATHYHOTO TUCKY, B YMOBaX SIKUX MpAIfO€ aKyCcTHYHa aHTeHa [4, 5].
I[Tpu 11pOMy 0COOIMBICTH 3aCTOCOBAHOTO aKYCTHYHOTO €KpaHy IOJIATae B TOMY, IO NP 3HUKHEHHI
po60OYOi YacTOTH JOKALIWHOI CHCTEMH TOBIIMHA €KpaHy MOBHHHA 30UIbIIyBaTuCs. B cBOIO uepry
30UTBIIEHHS] TOBIIMHU €KPAaHYIO4OTo MIapy B LIUIIHAPHYHHUX ITIEPETBOPIOBAYaxX KPYTOBOI aHTEHH
00yMOBITIO€ HEOOX1THICTh 301IbIIICHHS MIDKIIEHTPOBOT BI/ICTaHI MiXK IEPETBOPIOBaYaMU. AJie 3 TOUKU
30py hopmMyBaHHS 3aJaHUX HAIIPABJIEHUX BIACTHBOCTEH aKyCTHYHOT aHTEHH BiJICTaHb MK IICHTPaMH
nepeTBoproBaviB He moBuHHA mnepeBunryBath O <0.654, ne A — goBxkuHA pPoOOYOi XBHWII
T1IpOAKyCTUYHOTO CUTHATTY.

IlocranoBka 3aBaanHsi. [Ipu moOy0Bi KPyroBUX aHTEH Il HU3bKOYACTOTHUX JIOKAITIMHUX
CHCTEM, JIKBIJAIlisl BCTAHOBJICHOTO BHINE HEIOJIKYy MOXXE 3IIHCHIOBAaTHUCA TpPhOMa MUISXAMU:
BUKOPHUCTAHHIM CTEP)KHBOBHUX TIEpeTBOpIOBaviB [7]; 3MIHOK cXeMH TMOOYJOBH KPYroBoi
WITIHAPUYHOT aHTEHHU 1O THUITy, 3alpOIIOHOBAHOMY B poOOTI [5]; 3MIHOIO CXeMM E€KpaHyBaHHS
IUAJITHIPUYHOTO TTepeTBOproBaya [4].

Po3rnsiHemMo OibII I€TaJbHO OCTAHHIO NMPOTO3UIII0, (i3udHa MOJENb SKOI HaBelIeHa Ha
puc. 1. ExpaHoBaHu# HWJIIHAPUIHUA TIEPETBOPIOBAY CKIIATAETHCS 13 11" €30KEpaMidHOTO IMTiHApa 1
1 aKyCTHYHOTO E€KpaHy 2.

N xS K

Puc. 1. ®iznuHa MoJes1b eKPAHOBAHOIO NePeTBOPIOBaYa,
ae 1 — eJIeKTPOAaKyCTHYHHUI IePeTBOPIOBAY; 2 — aKyCTHYHHUH eKpaH,
BHKOHAHMH Yy BUIJISAAi HE3AMKHYTOI0 KUIbLIEBOI0 IIAPY
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OcrtanHiit MOke OyTH BUKOHAHMU y BUTJISAL TUIOCKOTO aKyCTHMYHO M SIKOTO €KpaHy Maloi
TOBIIMHHU, PO3MIIIEHOTO B JlaMeTpaIbHI{ IJIOIMIMHI MEPEeTBOPIOBaYa. 3 TOYKHU 30pYy MEPETBOPCHHS
eHeprii Taka cxema 1moOy0BH MEepeTBOpIOBaYa 301IbIIye HOro aKyCTUYHE HABAaHTAXCHHS 3aBISKU
30UIBIICHHIO TUIONII BUIIPOMIHIOIOYOI MOBepxHi. lle m03BoJisie CyTTEBO 30UIBIIMTH HWOTO CMYTY
PE30HAHCHUX YacTOT, I[I0 BAXJIMBO IS JIOKAIIHMX cHCTEM. 3 TOYKH 30py (hopMyBaHHS
aKyCTUYHOTO TIOJIA Taka (hi3MYHA MOJIEbh MOOYI0BH MEPETBOPIOBaYA 3a0e3Meuye HOro MmepeBakHE
OJTHOCTOPOHHE BUIIPOMIHIOBAHHSI €HEPTii 31 CTOPOHH, IPOTUJICIKHOI EKpaHy.

MeTtoauka Ta martepianu. BusHaunmo akyCTHYHI TOJIS IMITHAPUYHOTO I €30KEPaMidHOTO
NEPEeTBOPIOBAYa 3 E€KPaHOM B JliaMeTpasibHIN IJIONMHI. Po3paxyHKOBa MOJAETh €KpaHOBAHOTO
nepeTBoproBaya (puc. 2), ska Biamoimae (izuuHid moxeni (puc. 1), cCKIamaeTbes i3 KpPyroBOro
WITIHAPUYHOTO BUIPOMiHIOBaYa 1 3 OKPYKHOIO IMOJIAPU3AIIEI0 Ta TWIBHOTO eKpaHy. BHyTpimHs
MOPOKHUHA T’ €30KepaMiqHOT 00OJIOHKM BHITPOMIHIOBaYa TOBIIUHOK N Moxe OyTH BakyyMoOBaHa,

3aroBHEHA Ta30M a00 PIIMHOIO 3 TYCTHHOIO O, Ta IMIBUIKICTIO 3BYKY C; .

Puc. 2. Po3paxyHKkoBa Mo/ieJib €EKPAHOBAHOI0 MepPeTBOPIOBaYa

Okpy:kHa MOJSpHU3allisl peali3yeThCs MUITXOM MOOYI0BH 00OJIOHKHU 3 KOPCTKO CKICEHUX MIXK
coboro N 1m’€30KepaMivyHUX TPHU3M, KOTP1 €IEKTPUYHO YBIMKHEHHI IMapaneibHo. J[o enexTpoiiB

ia

. . . . —iwt
[PH3M i JBOJUTHCS EJEKTPUYHA HAMIPYTa, 0 FAPMOHIYHO 3MIHIOETBCS Y Yaci Y = W8 4acToTor

@, ne | — ysABHa OAMHMLS. TOHKMI TWIBHUN €KpaH aHTEHM BUKOHAHWN 3 aKyCTUYHO M SIKOT'O
Martepiary. AHTEHa pO3TalllOBaHa B CEPEIOBUILI 3 TYCTUHOIO £ Ta MIBUIKICTIO 3BYKY C.

3ayBakxuMo, 1110 Ha BIIMIHY BiJ paJioJIOKAIITHUX aHTEH aKyCTUYHI aHTCHH BUKOHYIOTH JIBI
¢bynkuii — QyHKIi0 nepeTBopeHHs eHeprii 1 (yHKHito (opMyBaHHS €HEprii B OTOYYIOUHMX
cepenoBumax. llpu BUMPOMIHIOBAaHHI 3BYKOBOI €HEprii €JEKTpUYHA EHepris 30yIKEHHS
BUIIPOMIHIOBAYiB aKyCTMYHOI aHTEHU CIOYATKY IEPETBOPIOETHCS B MEXaHIUHY €HEPril0 KOJIMBAaHb
€IeKTPOMEXaHIUHUX  KOJUBAJbHUX CHUCTEM TepeTBoproBauiB. [li MexaHIYHI KOJIMBaHHSA
MepPEeTBOPIOBaYiB  30y/KYIOTh KOJNHMBAJIBbHI TPOIECH B CEPEJOBHINAX. IO OTOYYIOTh IIi
MepPETBOPIOBAYI, 3aBASIKM YOMY B HUX MOUINUPIOETHCS aKyCTHUHA €Heprisl.
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Koxna 3 nux ¢pyHkuid Mae cBoi ocodmauBocti. OcobauBicTIO (yHKIIT MepeTBOPEHHS eHeprii
B MEPETBOPIOBAYaxX, MOOYAOBAaHUX 13 I’€30KEPaMiKH, € B3a€MOJIS €ICKTPUYHUX, MEXaHIYHUX Ta
aKycTU4YHUX 1oniB [9]. dopMmyBaHHS aKyCTUYHOI €HEprii B OTOUYYIOUMX aKyCTUYHI AHTEHU
CEPENIOBUIIAX TEX Ma€ CBOI aKyCTH4YHI OCOOTMBOCTI, (DI3MYHOIO OCHOBOIO SIKMX € OaraTOKpaTHE
NEepeBIIOUTTS BiJ €JIEMEHTIB KOHCTPYKIIIM aHTEH 1 MEepeTBOPIOBauiB BUIPOMIHEHUX 1 BIJOMTHX
3BykoBUX XBuib [10]. Lleli mporec oTpumaB Ha3By akycTW4yHOI B3aemomii. I, HapemTi, GyHKIIil
NEPEeTBOPEHHS eHeprii Ta 11 popMyBaHHS TEX MOB’A3aH1 Mk cOOO00 3aBASKH MPUCYTHOCTI B KOXKHIN
3 HUX aKyCTUYHUX MOJiB [3].

B MaTemaTuuHOMY BiJHOILIEHHI ITPH BU3HAYCHHI aKyCTUYHUX IOJIiB HEOOX1HO BPaXOBYBaTH
BCl BH3HAY€HI BUIIE BUAM B3a€EMOJIN: (PI3UUHUX TONIB MpHU MEPETBOPECHHI €HEPTii, aKyCTUYHOT
B3aeMofii mpu ii popMmyBaHHI Ta B3aeMoJii MpoleciB mepeTBOpeHHsa (opMmyBaHHS eHeprii. Lle
BpaxyBaHHSI MOXe OyTH 3JIMCHEHO NIJISXOM CYMICHOTO PO3B’s3KYy AUGEPEHIIHHUX PIBHSAHD, IO
OIUCYIOTh BIJMOBIHI MPOLIECH.

3 ypaxyBaHHSM MpPHUITYIIEHb, 1[0 BUCOTAa aHTEHW MEPEBUILYE 5—7 NOBXHUH XBWJb [4] npu
BBEJIEHUX CHCTEMax KOOpAMHAT (pHC.2) aKyCTUYHE TMOJ€ PO3MNISHYTOro IIepeTBOpIOBaya
BH3HAYAETHCS Yepe3 CIMUIbHE BUPIIIICHHS:

PiBHSHHS BUMYIIEHOT €IEKTPOCTATHKH IS I €30KEPAMIKH

E=—Vw, divD =0.

PiBHSIHHS pyXy TOHKHX O0OJIOHOK 3 OKPY>KHOIO MOJISIPU3AIIEI0 B IEPEMIIICHHSX

2 3 2

614_/3) 0 i 4_f?!{__ _52_§:=(Z}/£Z%;

op°~ 0@ op ot

3 4 33
__E%i4_ fil%__éiyg __Vv__fig_%.ll_gﬁl+_ (1)
op op° O¢ Cy 271,
h ™ ot’
PiBHsHHS ['efiMroibIs, 10 OMUCYE PyX CEpeIOBUIL BCEPEAMHI Ta 330BHI BUIIPOMiHIOBaYa
AD+ kD=0,

ne E ma D — BEKTOpPU HANpPYKEHOCTI Ta IHAYKII €JIeKTPUYHOro MOJsi; A — OIeparop

Jlarutaca; @ — mMOTeHIia IIBHJIKOCTI; K — XBHJIOBI YHCIIa 30BHINIHBOTO Ta BHYTPINIHHOTO
cepenoBumt;, U, W — TaHTeHIIa]TbHA Ta HOPMaIbHA CKJIAJ0B1 BEKTOPY 3MIIICHHS TOYOK CEPEIMHHOL
h2 e2 r2
nosepxHi o6omonku; b=——|1+—=2—|; @ == 0 — 30BHimHe HaBaHTaKeHHS; Coy; &€y —
12r, Cién -
MOMYJIb MPYKHOCTI MPU HYJIBOBIN €ICKTPUYHIN HAMPYKEHOCTI, AIEICKTPUYHA TMPOHUKHICTH MPHU
HYNBOBIM nedopMarii, IM’€30KOHCTaHTa BIJAMOBIAHO; ) — TyCTHHA MaTepialy I’ €30KepaMidHOi
000JIOHKH BUIIPOMiHIOBAYA.

I'pannuHi yMOBHM Ha MOBEpXHI NMPUHMAIOTh BHIJISAL CD:O,|§0| =7, ST =1, Exekrpuuni
YMOBHU 3BOJSITHCSA 0 3aJaHHS HAMPYKEHOCT1 €JIEKTPUYHOTO TOJIsI B T’ €30KepaMidHiid 00O0JIOHIII
E,=-y,N/(271,) . 11i ymoBH NOIOBHIOIOTECS yMOBAMH BHIIPOMiHIOBAHHS HA HECKiHUEHHOCTI.

P03i6’emo Bcro 0051acTh icHYBaHHS (PI3MYHOTO MOJISl aHTEHU Ha Tpu YacTkoBi obxacti I, 11, 111
(puc. 2). Toni moBHa cucTeMa BUXIAHUX CHIBBIAHOIIEHb 3a7a4i Oy/e MICTUTH HACTYIHI YMOBH
MO€THAHHS TIOJIB HAa KOPAOH1 pO3ALTy 00J1acTei:
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or ot o

oD, ow
_n R o<|plsa, r=,

a ot [ 2

oD oD 2

R U LR A @
(Dul:@u'o£|¢|£”1”:’”31
oD, _ 09,
S 2 o<lpls o, r=r

o o o< 7 :

[IpencraBumo mykani Benmmunan U, W, @ y purnsazi posknaznis paais @yp’e mo BiAmoBigauM
byHKLIAM:

u= iunsin(n(p), W= iuncos(ngo),

n=0 n=0
@, =) E,J, (kr)cos(mp),
n=0
- 3)
@, =Y 4., (k) + BN, (kr)cos(m,p) |
q=0
D, = ZFSHS) (kr)cos(sp),
s=0
pe J,(kr), N, (kr), H®_(kr) — tpaguuiiini mossauenns ¢ynxuiii Beccens, Heiimana,

XaHKeJIst Iepmoro poxy Bixnosiano; My =(20+1)/2 — pu3navaeThes 3 rpaHMYHOT yMOBH Ha €KpaHi.

Anrebpaizanis cuctemu piBHsAHB (1), (2) Ha OCHOBI CHIBBIZHOIICHH (3) Ta BIAMOBITHUX
BJIACTUBOCTEH MOBHOTH Ta OPTOTOHAJILHOCTI BIACHUX KYTOBUX (YHKIIIH 3 ypaxyBaHHAM BUrIALy M
MPUBOAUTSH JI0 CUCTEMH JIHIMHUX anreOpaiuHuX piBHIHb:

aopC Jn(kih) |\ . oa w[ ] _
Wn[Rn+ h Jn|(k1r1) Np "DhPZqZ:;,) Aqqu (erZ)""Bquq(erZ) Nng =

= _83_3n\|/_0bn yn= 0,1, 2,3
ClEl 2n

[Aquq'(k2r2)+ Bquq'(kzrz)J Ng =iy Y WnNpg =0:q =0,1,2,3... (4)
n=0

FHO ()N = > [Aquq (KgT3) + BNy (kzrg)}qu ~0,5-0,1,2,3..
q=0

[Aquq'(k2r3)+ Bquq'(kzrs)J Ng— . FoH® (kor3)Ngg =0;0 = 0,1,2,3...
n=0

a*y*o* —ayo? (1+ pn?)(n? +1)+ pn? (n? +1)
ayw’ —(1+ p)n’ ’

e R =
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{2n,n=0.
Nn: ]
n,n=0.

Pg,N= mq )
Npg =1 2mg (-1)%* cos(ngy)

N=mg. -
nz_qu a,

2¢g,mg =0;
a (po,mq # 0.

{211,8:0;.
Ng = ;
w,s # 0.

Pg,S= mq )
Np =1 2my (-1)%* cos(spq)

,S#My. .
Sz_qu q

Ils cuctemMa BHKOPHCTOBYETHCS JJIi BU3HAUCHHsS HE BIJIOMHUX KOE(QIIIEHTIB PO3KIATLY
u,, W, E.,A,B,F i e Buximnoro 11i oTpuMaHHSA KiIbKiCHMX JaHHMX ITIPO aKyCTHUYHi IO
I’ €30KepaMIvyHOr0 IIepeTBOPIOBaYa.

BukopucraeMo oTpuMaHi aHaNMITUYHI CHiBBITHOIICHHS JJIs1 BCTAHOBJICHHS HAIPaBJICHUX Ta
IMITETAaHCHUX BJIACTUBOCTEH JOCIIDKYBAaHOTO TIEPETBOpIOBavYa. 3 ypaxyBaHHsAM Bupazy (3)
HAOMMKEH! 3HAUYEHHS HOPMOBAHOI JiarpaMy HAmpaBICHOCTI EKPaHOBAaHOTO MEpeTBOPIOBAYA
NPUUMYTh BUTJISAL

M L
> Fe % cosng
n=0

R(P) =m0 ,

> Fe'2'cosng,
n=0

1€ Ppax — HAPAM MAaKCUMAaJIbHOI IHTEHCUBHOCTI BUIIPOMIHIOBAHHSA; j; — PIBE€Hb PEOyKIIl

HECKIHYCHHOI CUCTEMU JIIHIMHUX anreOpaidyHuX piBHSHB JJI1 BU3HAUYCHHs KOe(DIIli€HTIB pO3KiIany B
psanu @yp’e MEXaHIYHUX Ta aKyCTUYHHUX T10JIIB
IMIieanc BUNIPOMiHIOBaYa HAa OJIMHUIIIO BUCOTH MIEPETBOPIOBAYA BU3ZHAYAETHCSI BHPA3OM:

230 4, 1(g)a, ®)

0 ~%

ne P — TYCTHUHA DPIIMHU 30BHINIHBOTO cepefoBuiia. Maroun Bupas (3) Ais MOTECHIATy
mBuaKocTi @, Bupas (5) MOXKIUBO IPUBECTH 10 BUIIISLY:

Z = pcs,, [R'+ X]

J€ ¢ — IIBMAKICTH 3BYKY B CEPENOBHUILI; S, = 2I¢), — IUIONIa BUIPOMIHIOIOYOT MOBEPXHi HA
OAWHUIIIO BUCOTH.
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R' = 1 Z.O:AqR EL Nq

oo S N (ki)

© L. N
X'=— 1 Z|:AJR£+rOLqu (kro)}#,
2041, 550 4 ’ qu (kry)

Af=ReA; A =ImA;

Bennuunn R’ Ta X' HpeACTaBIAIOTH 00010 O€3p03MipHI aKTHBHY Ta PEAKTHBHY BKJIAJIOBI
iMIIe1aHCY BUIPOMIHIOBAHHS.

PesyabTtatn. Ha OCHOBI OTpHMaHUX CITIBBIIHOIIEHh BHUKOHAEMO YHCEIbHUN aHaTI3
HaNpaBICHUX Ta IMIENAHCHUX BJIACTUBOCTEH IEPETBOPIOBaYa 3 EKPAaHOM, IO PO3TJISAAAETHCA.
Po3paxyHKkr BUKOHYBAJIHCS JJISI BUIIQJAKY IIEPETBOPIOBaYa 3 BaKyyMOBAHHUM BHYTPIIIHIM 00’€MOM
npurpu 30y/DKeHI Ha HYNbOBI MOl KOJIMBaHb HACTYNMHUX 3HAYEHHSIX XBHJIBOBHUX PO3MIpiB:

kr, = 4,52; 3,14; 2,26; 1,57; kr, =17,96. [locmijkyBanicst B 3aJ€KHOCTI BiJ XBHIbOBUX

03MipiB; JiarpaMH HAMPAaBICHOCTI; CEKTOP OCHOBHOTO BHIIPOMiHIOBaHHS 7 HEpiBHOMIpHICTH
P

niarpamu B Mexax kyta &y, i piBeHb THIIBHOI ENIIOCTKN O, . Pe3yIbTaTh po3paxyHKiB IIpeICTaBICHi
Ha puc 3 i 4. I'padpiku puc 3 OEMOHCTPYIOTH KyTOBY 3aJIEXKHICTh B JANbHIA 30HI HOPMOBAHHUX
aMILTITY/] 3ByKOBOTO THUCKY.

R(®) A ] \
: 1
0.8 Jai T AL

i I Y RN\

v’ A \
0.4 *}\
) ]
EAN
A
0.2 2

0 30 60 90 120 150 @, rpaa
Puc. 3. KyToBa 3a/1€:KHiCTh HallpaBJICHUX BJIACTHBOCTEH MePEeTBOPIOBAYA 3 EKPAHOM

Kpusi 1, 2, 3, 4 BiANOBi1al0Th MOCIIJJOBHO HABEICHUM BUIIEC 3HAYCHHIM kr,. Kpusi puc. 4
TIOKa3yIOTh 3aeXKHOCTi cekTopy &; OCHOBHOTO BHIPOMiHIOBAaHHS (pHC. 4a), HEPIBHOMIPHOCTI L

JiarpaM# HampaBJICHOCTI B IIbOMY CEKTOpI (puc. 40) Ta piBHA O, TUJIHHOI NMETIOCTKH ITI€T TiarpamMu

r,—r
. . 3 2
(puc. 4B) BiJ XBHJIHOBOI IIMPUHU TIJIOCKOTO €KpaHa 7

AxTuBHa R’ Ta peakTHMBHa X' O0€3pO3MipHI CKJIaJ0BI iMIEJaHCYy BHUIIPOMIHIOBAHHS

r . . - .
BU3HAYAINCS JUIA BUNAAKy —>=2 mpH 30y[DKEHHI BUIPOMIHIOBAaYa Ha HYJILOBIH MO i#oro
2
KOJIMBaHb. Pe3ynbTat po3paxyHKiB YaCTOTHHUX 3aJICKHOCTEH MpeICTaBlIeHI Ha puC. .
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Puc. 4. Kpusi 3anexunocreii 6,7 (a),L (6) Ta 0, (B) Bia XBU/ILOBOI IIMPHHY IJIOCKOT0 eKPAaHa

A

R ! _'_____,_,..-—‘_—'-'_'_"'_____._ s

0,75 A /1 0,75

0,5 / 0,5
ﬁl\
0,25 0,25 P~

o 1 2 3 Krg
a) 0)

Puc. 5. YacTOTHI 32/1€5KHOCTi AKTUBHOI (2) Ta peakTUBHOI (0) 0e3p03MIPHUX CKJIAT0BUX
iMIeancy BUNPOMiHIOBaHHSI HA OJMHHII0 BUCOTH BUIIPOMiHIOBa4a 3 akpaHoM (KpuBi 1)
i 0e3 HBOTO (KpHUBI 2)
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OoroBopenns. [IpoananizyeMo oTpuMaHi KiIbKicHI pe3ynbTaTu. llepir 3a Bce 3ayBaKUMO,
10 3aMpONOHOBAHE PO3MIIICHHS IUIOCKOTO aKyCTUYHO M SKOTO €KpaHy B JlaMeTpaJIbHIN TUIOIIHHI
WTIHAPUYHOTO NEpeTBOpIOBada 3a0e3neuye, Mo-Tmepiie TaKuid BaXIMBUN MOKA3HUK SK BiTHOCHO
PIBHOMIpHE BUIIPOMIHIOBaHHS B IIMPOKOMY CEKTOP1 MPOCTOPOBUX KYTIB 1, MO-APYyTe, MU PiBEHb
BUIIPOMIHIOBAaHHS 3BYKY B TII€BHOMY 3aJlaHOMy HampsMi. TakuM 4YHHOM, HaBeJE€HA CXema
eKpaHyBaHHS IUUIIHIPUYHOTO MEPETBOPIOBAYa JO3BOJSE CTBOPUTH HE TIIBKH MaKCHMAJbHY
BUINIPOMIHIOIOUY TIOBEPXHIO TIE€pPEeTBOpIOBaya ajge W OJHOCTOPOHHIO HAIpPaBIEHICTh HOTO
BUIIPOMIHIOBaHHS. 3ayBakMO, IIO HaBeJeHE 3a0e3nedye IIe OJHY ITO3UTHUBHY BIIACTHUBICTD
€KpPaHOBAHOTO IIEPETBOPIOBAYa — HOro IMIIEAAHC BUIPOMIHIOBAHHS Maike HE 3MIHIOETHCS
MOPIBHSHO 3 IMIIEAAHCOM HE €KPAaHOBAHOTO IUJIIHIPUYHOTO TEepeTBoproBava. lle BaximBo mpu
Y3TOPKEHHI NepeTBOPIOBayYa i3 30y1KyIOUMM HOTO €JIEeKTPOHHUM T'eHepaTOpoM. AHaIIi3 KPUBUX PHC
3 CBIIUUTH MPO TE, IO JliIarpaMu HAMPaBICHOCTI JTOCIIIKYBaHOTO TIEPETBOPIOBaYa € B MEBHIN Mipi
YaCTKOBO 3aJIe)KHUMU. [Ipy 1boMy BelMKa KpUBU3HA BUIIPOMIHIOIOUOT MOBEPXHI 1 BEJIMKI XBUJIHOBI

posmipu Kr,, m'e3okepamiuHoro muiiapa (GopMyIOTh TEHIEHLIIO YTBOPEHHsS IpOBaly Ha Bici
OCHOBHOI TETIOCTKM JiarpaMu HampaBiieHOCTi. HaBeneHe € pe3ynbTaToM IOCSTHEHHS CYTTEBOI
BEJIMYMHH (Pa30BUX BUKPUBIIEHb, 00YMOBICHHUX IMIIHAPUYHOIO IIOBEPXHIO (PPOHTY 3BYKOBOT XBHUII,
YTBOPIOBAHO! €KPAaHOBAaHHM IIEPETBOPIOBAYCM.

I[IpoaHanizyeMo Temep 3aleKHOCTi BEJTHMUYHMHH CEKTOPY OCHOBHOTO BUIIpOMiHIOBaHHS 0 ;
HEPIBHOMIPHOCTI L JiarpamMu HampaBJICHOCTI B LIbOMY CEKTOpi 1 piBHS O, THJIBHOI MEIIOCTKH BiJ
;—h

A

XBUJIbOBOI IIMPUHU expany. Ha puc. 4 xpusi 1, 2, 3 Bianosinaots 3Ha4enHsaM Kr, = 1,57;

L0

2,26; 3,14. Anani3 HaBeIeHUX KPUBUX CBIIYUTH MPO T€, IO 10 3HAUYCHb <1 mae micrie 3HauHa

HeperyIsapHicTh B ToBemiHIi Bemmunan G, L, O,. IIpu 1pOMy piBeHb THIBHOI NETIOCTKH
3aJIMIa€ETbCAd JOCTATHHO BUCOKHUM. Iz 3pOCTAaHHAM XBHJIHLOBOT IMUPUHA CKpaHY 3HAYCHHSA BCIIMYUH
0,7 i L cTabimizyroThes, a piBeHb THIBHOI MENIOCTKH TIpsMYye 10 Hyins. Taka moBeiHKa BKa3aHUX

BEJIMYUH MIATBEPKYE TOW (akT, 1o aAudpakifiitHi mpoiec HalOUIbI SPKO MPOSBISIIOTH cede Ta
MaroTh HAWOUIBII CKIIAIHUI XapaKTep KOJIU PO3Mip eKpaHy MOPIBHAHUHN 3 TOBKHUHOIO XBUIIL.

Sk BKe BiAMiYaJIOCst, BAKOHAHHS aKyCTHYHOTO €KPaHy Y BUTJISAII TOHKOI TUIOCKOT TUTACTHHKH
1 po3MiIIeHHs Horo B JiaMeTpasibHIi MIONMHI HWIIHIPUYHOI BUITPOMIHIOIOYOT 00OJIOHKH JJ03BOJISIE
CYTTEBO 30UIBIIUTH aKyCTUYHE HABAHTAXEHHs OOOJIOHKHM, HAONHM3WBIIM HOro 10 0OOJOHKH 0e3
ekpaHna. Lle miaTBepaKy€eThCsl YaCTOTHUMH 3aJISKHOCTSMU CKJIaJOBUX IMIIEJaHCY BUIPOMIHIOBaHHS
(puc. 5). CmiBctaBieHHs1 iX Ui €KpaHOBAHOTO BHIPOMiHIOBaYa (KpuBi 1) 1 HE €KpaHOBAHOTO
(kpuBi 2) CBIAYUTH NPO TE, 110 BIUIMB aKyCTMYHO M’SIKOTO €KpaHy PO3INIAHYTOI KOH]irypamii i
PO3MIIIIEHHSI Ha IMIIEAaHC1 BUITPOMIHIOBaHHS ITWJIIHAPUYHOTO BUIPOMiHIOBaYa BiTHOCHO Manuid. Lle
B CBOIO Uepry CIPOIIY€E PO3B’S30K TEXHIYHUX CKJIAJHOCTEH, SKi BUHUKAIOTH MIPH MOOYIOBI CHCTEM
«EIIEKTPOHHUN T€HEPATOP — I’ €30KePaMIYHUMA TTEPETBOPIOBAY .

BucHoBku. IIpoananizoBaHi MOXIMBI HUIAXH 30€pEeKCHHS ICHYIOUHX CXEM IO00YHI0BU
KPYTOBHX aKyCTHYHHX IMTIHAPUYHUX aHTEH MPHU MEPEeXo/1l POOOTH JOKAIIHHUX CUCTEM B HU3bKHUI
niara3oH YacToT.

3amponoHOBaHa HOBa cXeMa IMOOYIOBH JUIS IILOTO TIEPETBOPIOBAYa y BUTJISAI KPYroBOi
MTIHAPUIHOT 000JIOHKH Ta TNIOCKOTO aKyCTHYHO M SIKOT'O €KpaHy, pO3MIILIEHOro B ii JiaMeTpanbHil
IJIOMKHI. MeToI0M 3B 'sI3aHUX TOMIB B 0araTo3B s3HUX OOJACTSAX PO3B sA3aHA HACKpI3HA 3ajaya
BUIIPOMIHIOBAaHHSI 3BYKY TaKUM €KpPaHOBAHUM IepeTBoproBaueM. OTpuMaHi aHaIITUYHI CIiBBiIHO-
IICHHSI JUI aKyCTHYHOTO TOJISi BUKOPWCTAHI NPH TPOBEICHHI YMCEIFHUX EKCIIEPUMEHTIB, IO
BCTaHOBJIIOIOTh YaCTOTHI 3aJIEKHOCT] HAIPaBJIEHUX BIACTUBOCTEH €KPAaHOBAHOTO BUIIPOMIHIOBAHHS
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Bil XBHJBOBHUX pO3MIpIB IUIOCKOTO €KpaHy. Bu3HaueHi aKyCTH4HI OCOOJMBOCTI KPYroBOTO
IAJITHIPUYHOTO TTEPETBOPIOBaYa 3 aKyCTUYHUM €KPAHOM B JllaMeTpaibHIN TIJIOMINHI.
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DIRECTIONAL PROPERTIES OF A CIRCULAR CYLINDRICAL PIEZOCERAMIC
TRANSDUCER WITH A FLAT SCREEN IN THE DIAMETRICAL

Purpose. The primary objective of this study is to comprehensively investigate the directional
properties of a circular cylindrical piezoceramic transducer equipped with a flat screen in its diametrical
plane. The research aims to assess the feasibility of enhancing the transducer's radiating characteristics
through the implementation of this novel design.

Methodology. The methodology employed in this research involved the utilization of the coupled field
method in composite regions to determine analytical relationships for the acoustic fields generated by the
screened transducer. This approach allowed for the derivation of normalized expressions for the radiation
pattern and impedance. Extensive calculations and guantitative analyses were conducted to evaluate the
efficacy of integrating a flat acoustically soft screen into cylindrical transducers. This assessment focused on
improving their radiation properties.

Findings. The study revealed several significant findings. Firstly, the placement of a flat acoustically
soft screen in the diametrical plane of the transducer resulted in uniform radiation across a broad spatial
angle sector and minimized sound radiation in specific directions. This innovation enabled the creation of a
larger radiating surface for the transducer and facilitated unidirectional radiation. Moreover, the screened
transducer demonstrated minimal alterations in radiation impedance when compared to its unshielded
counterpart, simplifying the matching process with electronic generators.

The research also examined the relationship between the screen's wavelength and key parameters,
such as the size of the main radiation sector, the nonuniformity of the radiation pattern within this sector, and
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the level of backlobe radiation. It was observed that increasing the screen's wavelength led to stabilization in
the values of these parameters and a reduction in backlobe radiation. This highlighted the substantial influence
of diffraction processes, particularly when the screen size approached the wavelength.

Furthermore, the introduction of an acoustic screen in the form of a thin flat plate in the transducer's
diametrical plane significantly enhanced the acoustic loading of the cylindrical radiating shell, nearly
matching that of an unshielded shell. Frequency dependencies of the radiation impedance components further
emphasized the screen's minimal impact on the transducer's radiation impedance.

Originality. This research introduces an innovative design for cylindrical transducers by
incorporating a flat acoustically soft screen, leading to improved radiation characteristics. The analysis of
diffraction processes and their impact on key parameters contributes to the originality of the study.
Additionally, the research emphasizes the importance of screen size and its influence on transducer
performance.

Practical Value. The practical significance of this study lies in its potential to enhance the radiating
properties of cylindrical transducers, making them more efficient for applications where directional radiation
is crucial. This innovation has relevance in diverse fields such as sonar technology, medical ultrasound
devices, defense equipment, and various other applications where optimizing acoustic characteristics is
essential. Additionally, the simplified matching process with electronic generators facilitates practical
implementation in real-world systems.

Keywords: circular cylindrical converter; flat screen; diametrical plane; wave dimensions;
directional properties.
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ELECTROMAGNETIC SHIELDING EFFECTIVENESS OF
HYBRID KNITTED FABRICS WITH STAINLESS STEEL WIRE

Purpose. The purpose of this paper was to research innovative and simple approaches toward
developing an effective hybrid knitted fabric for electromagnetic shielding application.

Methodology. The work uses the basics of textile material science and the theory of knitting, methods
of analysis and synthesis of the obtained results. The electromagnetic shielding effectiveness of the hybrid
knitted fabrics was measured using a far-field electromagnetic plane wave by the method in ASTM D 4935-18
for planar materials. The shielding efficiency of knitting textiles in the frequency range from 0 GHz to 3 GHz
are presented in a paper in terms of the main mechanisms of EMR attenuation: absorption and reflection.

Results. A comprehensive evaluation of electromagnetic shielding characteristics of hybrid knitting
fabrics has been done in this work. The conductive hybrid fabrics were produced by using cotton yarns and
stainless steel wire in 4 types of knitting interlooping (Rib 1+1, Half Milano rib, Half-cardigan and Cardigan)
to determine the electromagnetic shielding effectiveness, absorption and reflection values over an incident
frequency of 0-3 GHz. For all hybrid knitting samples, a general trend was that shielding effectiveness has
peak values of 23+50 dB in the interval from 200 to 900 MHz. This indicates the "excellent” level of shielding
from EMR of the developed hybrid knitted fabric in the indicated frequency range.

Scientific novelty. The main factor that determines the shielding ability of knitting textiles is the
positioning of the metal components in the structure. The knitted structure of half Milano rib demonstrates the
highest shielding efficiency due to the arrangement of the structural elements namely loops and tucks.

Practical significance. Hybrid knitted fabrics containing stainless steel wire (the stainless steel wire
was fed into the knitting area along with the cotton yarn) have low reflection percentages and high absorption
percentages in the entire range of frequencies and may be used as electromagnetic wave absorbents.

Keywords: knitted fabrics; stainless steel; electromagnetic radiation; shielding effectiveness;
absorption; reflection; multiplied reflection.

Introduction. In apply physic, the term "shield" refers to an enclosure that completely covers
an electronic device (human being) or a portion of that device (human being) and acts as a barrier to
the transmission of electromagnetic radiations. "Shielding" is a process of achieving a certain level
of attenuation using a suitably designed shield.

The electromagnetic (EM) shielding effectiveness (SE) [dB] is determined as the logarithm of
the ratio of the total input to transmitted power, electric field or magnetic field of the electromagnetic
microwaves, as shown by the equation [1]:

SE = -10log P1/Ps, (1)

where P1 — power generated by interference source;
P2 — power passing through the shielding material.

Fig. 1 shows the behavior of an EM wave incident on a textile material of finite thickness and
infinite transversal dimensions. The mechanism of reflection loss on the textile is due to the transition
of the EM wave that propagating of free-space conditions (Z = Z0), where the propagating constant
is a function of the electrical conductivity, permittivity and permeability. Absorption losses depended
to the finite conductivity of the textile and its depth (8) and its thickness — these losses are reflected
in the textile material through heat exchange. Multiple reflection losses are due to the multiple
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reflection of the EM wave between the air-textile material interfaces on either side of the textile
material.

Incident wave
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Figure 1. Basic mechanisms of electromagnetic shielding

Equation (1) can be expressed in a form that corresponds to the physical mechanisms of the
shielding effect [3]:

SE = SEg + SEa + SEw, @)

where SEr — attenuation by reflection;
SEa — absorbent attenuation;
SEwm — attenuation caused by multiplied reflection.

Reflection is the primary mechanism of EM shielding. For reflection the shield must
necessarily have mobile charge carriers of electrons or holes, which interact with the EM fields in the
radiation. Thus, the shield must be electrically conductive, but high conductivity is not required. The
metals are the most common materials for EM shielding. The metals function mainly by reflection.
Metal sheets have many disadvantages: weight, unflexibility and high cost. So, for shielding are
commonly used metal coatings made by vacuum deposition, electroplating or electroless plating [4—
6].

The reflection loss under plane wave can be expressed as [2]:

Zo+Zy Zo+Zy
27 2Z, I

where Zo — impedance of environment (dielectric);
Zwm — impedance of material.

SEr = 20log

©)

Absorption is usually the secondary mechanism of electromagnetic radiation (EMR) shielding.
This type of attenuation occurs by absorption of energy by the shield due to heat losses [7]. As can
we see in Figure 1 when an EM wave passes through a material its amplitude decreases exponentially.
These absorption losses occurs by currents induced in the medium produce ohmic losses and heating
of material. Absorption loss can be expressed as [8]:
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t
SE, = 20log €5, (4)

5= = )

where t — material thickness;
o — intrusion depth;
o — conductivity;
1 — permeability;
w — wave frequency.

The third a mechanism of shielding is multiple reflections. These reflections are reflection at
a variety of surfaces of shield. This mechanism requires a large surface area or interface area in the
shield. Porous or foam materials are an examples of a shield with a large surface area. Composite
materials containing filler with large surface area are an example of a shield with a large interface
area. The losses due to multiple reflections are neglected when the distance between the interfaces or
reflecting surfaces are large compared to the skin depth. The attenuation due these multiple reflections
can be showed as [9]:

2t
SEy = 20log|1—e §|. (6)

Individual characters indicate:

Zo — impedance of environment (dielectric);

Zn — impedance of material.

Textile materials for electromagnetic shielding are widely used in the manufacturing of high-
tech and new-generation interactive structures. Due to their flexibility and comfort [10], low weight
[11], protection against radio frequency interference they have advantages compared to metal sheets.

Textiles depending on the scope of their use for protection against EMR require screening
performance (see Table 1).

Table 1
Electromagnetic effectiveness range of textile
Class Grade e
Excellent Very good Good Moderate Fair
Professional SE <60dB 60dB = SE < | 50dB = SE < | 40dB = SE < | 30dB = SE <
use 50dB 40dB 30dB 20dB
30dB = SE | 20dB = SE | 10dB = SE < | 10dB = SE <
General use | SE <30dB 20dB 10dB 7dB 7dB

Source: [12].

Textiles do not protect against EMR, however, it can be successfully converted into protective
textile after creating a new production process, adapting technologies or changing the raw material
composition that can make them electrically conductive.

The main publications on EMR shielding concern new textiles [13-15] and production
methods [16, 17] as well as their functional properties [18]. Some publications cover the mechanical
[19, 20], antibacterial [21] and antimicrobial [22] properties of such fabrics.

Task statement. The most popular and effective method to protect the electronic equipment
and human beings from the EM waves is the shielding.
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The process of managing the penetration of the EM fields into the space by blocking them
with the involvement of the conductive materials is known as the “electromagnetic shielding”. The
environment used protecting against the electromagnetic waves is named as the "shields". Usually as
materials for the shields uses of the stiff metallic materials those have good electromagnetic
properties. Metallic coated plastics are also used. However, the disadvantage of these kinds of
materials is their weight, flexibility and high cost. These disadvantages have gained attention towards
the use of textiles for the electromagnetic shielding application. These textile-shields with conductive
yarns have the following advantages over the traditional shields like durability, flexibility, low cost,
light weight etc.

The purpose of this investigation was to research innovative and simple approaches toward
developing an effective hybrid knitted fabric for EM shielding application.

Materials. To study the effect of interlooping on EMR shielding properties of hybrid knitted
materials, knitted fabrics were produced on 8-gauge flat knitting machines. Stainless steel (SS) wire
with 0.12-mm diameter was used as a conductive element. Cotton yarn 30x2 tex with 0.31 mm
diameter were used as ground. The control samples of Rib 1+1 are knitted from only from cotton
yarn. Structural parameters of hybrid knitted fabrics are shown in Table 2.

Table 2
Structural parameters of hybrid knitted fabrics
. Stitch density per
Interlooping SS wire Loop length, mm Thickness, GSM, 100 mmy i
for SS wire cor:)tent, : mm gram PEr ™ ales | courses
Y% SS wire Cotton sg. meter (Nw) (No)
Control sample
Ribl+1 | 0 | - |7.40+0.08 | 2.58+0.03 | 42045 | 40+1 | 60+1
Set of EMR shielding hybrid knitted fabrics
Rib 1+1 29 7.58+0.05 | 7.32+0.06 | 2.56+0.02 | 6756 | 30+l 38+1
Half Milano rib 29 7.56+0.08 |7.30+0.08 | 2.62+0.03 | 680+6 | 30%1 30+1
Half-cardigan 29 7.60+0.05 | 7.40+0.05| 3.14+0.04 | 6655 | 30+l 28+1
Cardigan 29 7.64+0.05 | 7.38+0.06 | 3.72+0.04 | 5805 | 301 30+1

a. b. C. d.
Figure 2. Photos and schematic structures of hybrid knitted fabrics:
a— Rib 1+1; b — Half Milano rib; ¢ — Half cardigan; d — Cardigan

To produce the hybrid knitted fabrics, the stainless steel wire is fed to the knitting area together
with the cotton yarn. In order to provide the different positions of the conductive element in the
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structure, four types of interlooping are chosen: Rib 1+1, Half Milano rib, Half cardigan and
Cardigan. Photos of hybrid knitted fabric are presented in Figure 2. It could be seen that the SS wire
is introduced into the knitted structure in the form of loops (Rib 1+1 and Half Milano rib) and tucks
(Half-cardigan and Cardigan). The analyses of structural parameters and their connection of hybrid
knitted fabrics were presented in the previous study [23].

Methodology. The EMR shielding effectiveness (SE) of the textile samples was measured
using a far-field EM plane wave by the method in ASTM D 4935-18 [24] for planar materials. The
measurement method is valid over a frequency range of 30 MHz to 1.5 GHz. As these limits are not
exact, the measurements were performed over a frequency range of 30 MHz to 3 GHz, which
corresponds to the wavelength of 10 m to 0.1 m.

The setup consisted of a sample holder with its input and output connected to a network
analyzer. An SE test fixture (model EM-2107A, Electro-Metrics, Inc.,) was used to hold the sample.
The design and dimensions of the sample holder followed the standard mentioned above (see Figure
2). The measured sample is in the shape of a circle of diameter 13.31 cm. To generate and receive the
EM signals, we used a Rohde & Schwarz ZN3 network analyzer. We used the insertion-loss method
to determine the SE of the fabric. The textile samples were air-conditioned before testing (T =22 °C
+ 3, RH = 50% * 10%), and the measurements were performed (n = 3) at three different sample
locations chosen randomly to facilitate subsequent statistical analysis.

Scattering parameters S11 (or S22) and S21 (or S12) which are obtained through the
measurement of a two port network analyzer, gives the reflection (R), transmission (T) and absorption
(A) components, where R = |S11[? and T = |S21[> and A = 1 — |S11]* - |S21[%. Since, in the case of SEt
> 10 dB, multiple shielding effectiveness due to reflection can be considered negligible. Thus
effective reflection could be shown as (1-R). Since, after reflection, the remaining waves can be
described as (1-R) which will be subjected to either absorption into the material or transmission
through the material, thus the effective Absorption should be equal to (1-T-R)/(1-R). Further to
describe the value of SEr and SEa more convenient in decibel (dB), the values can be described in
the form [25]:

SEr=—10 log (1-R) (7
and
SEA=—101log (T/1-R). (8)

Figure 3. Installatioh setup for measuring the EMR shielding efficiency of textile

Results. The results of the study of SE of knitting textiles in the frequency range from 0 GHz
to 3 GHz are presented in the graphs of Fig. 4 (for control sample), Fig. 5 (for set of hybrid knitting
textiles) on example of the main mechanisms of EMR attenuation: absorption and reflection.
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It is seen from Fig. 4 that sample made from conventional cotton yarn has almost no SE,
especially at high frequencies (frequencies higher than 150 MHz). This result was expected, because
the major part of the traditional textile fibers belongs to electric insulators. This is due to the fact that
each electron is attached to the atomic nucleus or is separated by atomic bonds. In previous studies
[26], it was established that the electrical conductivity of traditional fibers is not neutral and depends
on the content of additives or moisture content.

50

40

30

20

SE [dB]

10 \ \\—R‘¥

0

e SE - Total
SE - Reflected
e SE - absorbed

0,00E+00

-10

e SE - Total

1,00E+09

2,00E+09 3,00E+09

Frequency [Hz]

Rib 1+1
Figure 4. Shielding effectiveness due to absorption and reflection of control sample
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The effects of stainless steel wire and weave type on SE values of the hybrid knitting samples
were investigated and the results are demonstrated in Fig. 5. For all knitted structures was found a
general trend that shielding effectiveness has peak values of 23 + 50 dB in the interval from 200 to 900
MHz. This indicates the "excellent™ level of shielding from EMR of the developed knitted fabrics in the
indicated frequency range. All hybrid knitted fabrics are characterized by the predominance of the
absorption mechanism of electromagnetic waves. This is explained by the fact that stainless steel has a
high absorption and low reflection of electromagnetic energy due to its low electrical conductivity

compared to other metals (Table 3).

Table 3

Electrical conductivity of metals

Metals Electrical conductivity (S/cm)
Silver 6.8-10°
Copper 6.4-10°
Aluminium 4.0-10°
Nickel 9.7-10%
Stainless steel 1.8-10*

The absorption and reflection percentages of the hybrid knitted fabrics were illustrated in Fig.
6. The analysis shows that the hybrid knitted fabrics containing stainless steel wire have low reflection
percentage and high absorption percentages in the entire range of frequencies. According this the
hybrid knitted fabrics can be used as electromagnetic wave absorbents.
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Conclusion: The proposed hybrid fabrics have the ability to EMR shielding, namely the
shielding efficiency at low frequencies (up to 0.9 GHz) is higher than 50 dB.

Hybrid knitted fabrics containing stainless steel wire (the stainless-steel wire is fed to the
knitting area together with the cotton yarn) have low reflection percentage and high absorption
percentages in the entire range of frequencies and can be used as electromagnetic wave absorbents.

From the results it is evident that the main factor that determines the shielding ability is the
positioning of the metal components in the hybrid knitted structure. The knitted structure half Milano
rib demonstrates the highest SE due to the arrangement of the structural elements.
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Memoouka. ExcnepumenmanbHi 00CHiOHMCeHHs 0A3VI0MbCA HA OCHOBHUX NOJIONCEHHAX MEeKCMUIbHO20
MamepianosHagcmea. Y pooomi uKopucmani oCHo8U meopii 8'sa3anis, Memoou amanizy ma y3a2anibHeHHs.
ompumanux  pesyromamis.  Epexmugnicmv — eneKmpomacHimHO20 — eKpamyeamHs — 3paskie  6yna
EeKCNEepUMEHMANIbHO  BUMIPAHA 3 BUKOPUCAHHAM NIOCKOI  eleKMpOMAsHIMHOI  Xeuni 3a Memooom
ASTM D 4935-18 ons nnockux mamepianie. B pobomi nasedena epexmusHicmob eKpany8anHs mpuKomadiCHux
nonomen 6 odianasoui yacmom 6i0 0 [Ty 0o 3 ITy 3 mouku 30py OCHOBHUX MeXAHIZMi8 OclableHHs
eNeKMPOMASHIMHO20 BUNPOMIHIOBAHHA. NOSIUHAHHA Ma 8I0OUMMAL.

Pesynomamu. Y pobomi npogedeHo KOMNWIEKCHY OYIHKY XAPAKMEPUCTNUK eNeKMPOMACHIMHO20
EeKPAaHYBAHHS 2IOPUOHUX MPUKOMAXNCHUX noaomen. IIpogioni 2ibpuoni mpuxomagicui noiomua Oyau
BUSOMOBTIEHI 3 BUKOPUCMAHHAM 6AB0BHAHOI Npaxci ma Opomy 3 Hepaasilouoi cmaii 4 munie nepenjiemenus
(nacmux 1+1, nanieminancoxuti racmux, nanisgane i gpane) 0 USHAUEHHS eeKMUSHOCMI eKPAHY8AHHS.
eNeKMPOMACHIMHO20 BUNPOMIHIOBAHHS, A caMe, 3HAYeHb NO2TUHAHHA ma ei0bumms 6 dianazoui yacmom (0—
31Ty /[na ecix 3paskie 2iOpuOHUX MPUKOMANCHUX NOJOMEH CHOCMEPI2AEMbCs 3a2albHA MeHOeHYIA, AKa
NoJAs2a€E 8 MOMY, WO eBEeKMUBHICMb eKPAHYB8AHHSA Mae nikosi 3navenns 23+50 0B ¢ inmepesani 6io 200 0o
900 MI'y. Lle ceiduumsv npo «BIOMIHHULY piGeHb eKPAHYBAHHS 6i0 eNeKMPOMASHIMHO20 GURPOMIHIOBAHHSL
PO3POONIeHUX 2IOPUOHUX MPUKONANCHUX NOJIOMEH ) 3A3HAYEHOMY Oiana3oni Yacmom.

Haykoea nosusna. Ocnosnum paxmopom, akuil 6USHAYAc eKpanyiody 30amHicms, € po3mauLy8anHs
Memanegoi KOMNOHeHmU Y CIMPYKIMYpi mpuxomanicho2o noiomua. Hailikpawyy eghexmugnicms expamy@amms.
0eMOHCMPYE MPUKOMANCHE NOJOMHO NepenjiemenHs HANIBMITAHCLKUNL TACTUK, 3A80AKU PO3IMAULYE8AHHIO
CMPYKMYPHUX eJleMeHmi8, a came nemens i CMOBNYUKIS.

Ilpakmuuna 3uauumicms. [IOpuOHi MpuKOMAadtCHi NOJOMHA, WO MICMAMb OPIM 3 HEPHCABIIOYOT
cmani (Opim 3 Hepcagitowoi cmani NOOAEMbC 8 30HY 8 SA3AHHA pA30M 3 OABOBHAHON NPANCEID), MAIOMb
HU3bKULL 8I0COMOK GIOOUMMS MA BUCOKULL 8I0COMOK NO2AUHAHHA Y 8CbOMY OIANA30HI YACMOM i MOXCYMb
BUKOPUCIOBYBAMUCA SIK NOIUHAYT eNeKMPOMASHIMHUX X8UILb.

Knrouoei cnosa: mpuxomaoic; Hepoicasgiooua cmaib,  eleKMpOMASHIMHe  SUNPOMIHIOBAHHS,
ehexmusHicmb eKpany8aHHs, NO2IUHAHHA, 8i00umms, bazamopaszose i0OUMMS.
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D®OTOKATAJI3ATOP HA OCHOBI KYIIPYM OKCHAIB,
OTPUMAHHUX EJIEKTPOJII3OM

Mema. Ooepowcanns enekKmpoOXiMiUHUM CUHME30M BUCOKOOUCNEPCHUX OKCUOHUX Mamepianié Ha
OCHOBI Kynpym OKcuoié ma 00CAi0NCEHHsL IX homOoKamaiimusHux 61acmueocmei.

Memoouxa. Enexmponiz 300iCHIO8ANU NpU PIZHUX MEMNEPAmypax y mepMOCMIUKUX CKISAHUX
enekmponizepax. Kamoo i anoo Oyau eueomosneni 3 MIOHUX niacmuHn. B saxocmi enexmponimy
suxopucmosgysamu pozuun NaCl iz  emicmom 280 2/n. Ompumanuii y enekmponizepi npooykm
si0inbmposysanu, npomuan Oucmuibosanoi 6o0ow. Ocad sucyuysanu (40-15°C) y eaxyymnuit wadpi.
Ompumanuii cyxutl nPpoOyKm O0O0CHIONCY8aANU XiMiuHuM ma penmeenoduyopecyenmuum (npunao EDX8000)
ananizamu. AOocopOyitini eumipu nposoOOUNU 3a OO0NOMO20K) KOMOiHO8ano2o npunady ASAP 2400
Micromeritics. Ilepesipky pomokamanimuyunux racmueocmeti OOCIIONCYS8ANU HA NPUKAAOL peakyii po3KIady
OapeHUKA MEMUI08020 OPAHICE8020 V BOOHOMY posuuni. Cnexmpogomomempuyni suMipyu nposoOUIU HA
cnexkmpogomomempi SHUMADZU UV-2450.

Pezynomamu. Enexmponizom o0epoicano nopowkonooionuii OKCUOHUL Mamepian Ha OCHO8I OKCUOig
Kynpymy. Jocaiodcenui napamempu 6niugy Ha weuoKicms ymeopenus oxkcudig. [Ipodykm enexmpocumesy
cknaoaemovcs 3 cymiuti okcuoie kynpymy (1) ma (11), cnissionowenns gaz sanexcumo 610 pexicumie nPoeeoeHH s
npoyecy. Ilpodykm mae possuneny niowuny numomoi nosepxmi. @omoxamanimuyny oOeepadayiio
MEMUTLOPAHICY PO3LTSIHYMO K MOOECIbHY CUCTEMY YHKYIOHANIZAYIT 00epICan020 NOPOUKO8020 MAMepPiaLy
w000 decmpyKyii eKOI02IYHO Hebe3NeUHUX PEeYOsUH.

Hayxoea Hosu3na ckiadaemvbCsi 8 OMPUMAHHI HO8020 epeKmueH020 NPOOYKMY HA OCHOGI KYNpyM
oxcudis. Busnaueno onmumanvii ymosu cunmesy npooykmy. Ilokazano, wo enrexmpoiniz 0036045¢ eniueamu
Ha po3mip 1 hopmy Yacmox ompumano2o npooOyKmy, pooums GLIbHY NOBEPXHIO OKCUOIE KYPRYMY OISl yuacmi
Y Peaxkyisx.

Ilpakmuuna suauumicms. [Ipooykm Ha OCHOBI KynpyM 0OKCUOI8 Modice 6ymu 3acmoco8ano 8 IKOCMi
eghexmuenoeo homoxamanizamopy. 3a paxyHok ceo€i cmabiibHocmi ma niosuweHol GomokamanrimudHol
AKMUBHOCIE NOPOUKONOOIOHULL NPOOYKIM MOJICIUBO 3ACMOCYEAMU 8 YCMAHOBKAX 80000YUWEHHS XIMIUHUX,
(papmayesmuunux, HAGMOXIMIYHUX MA THULUX BUPOOHUYMSE.

Knrouogi crosa: enexmponiz; okcuo Kynpymy; (pomoxamanizamop; (homoxamanimuyna akmueHicmy;,
Oezpadayisi; 60000HUUJCHHS.

Beryn. [IpoTsirom 6aratbox pokiB po3po0iieHO 0araTo HaIiBIPOBITHUKIB, SIKI PO3TIISIAIOTH
y sxocTi hoTokaramizaropis. ['eTeporennuii katams 3 Bukopuctanasm Zn0O, TiO2, WO3, SnO», ZrOo,
Ce02, CdS Ta ZnS y axocTti ¢poTokaTamizaTopiB y NPUCYTHOCTI yiIbTpadioneTy Ta BUAMMOTO CBITIA
3aCTOCOBYIOTH JIJIsl MiHEpaTi3allii TOKCHYHHUX 3a0pyTHIOI0YNX PEYOBUH CTIYHUX BOJ [1].

Cepen pizHux HamiBnpoBinHukiB TiO2 € kpammmM (oToKaTanizaTopoM 3aBISIKU TEPMiuHIi
CTablIIbHOCTI, HETOKCUYHOCTI ¥ IemeBu3Hi [2]. Horo IIMPOKO 3aCTOCOBYIOTH JIJISI ICTOKCHKAIIIT BOJH
BiJl psiLy OpraHiyHuX 3a0pyaHioBadiB. OlHAK BiH Mae€ JesIKi HEIOJIKU: 3HaUYHa IIUpUHA 3a00pOHEHOT
30HHM, TIOTJIMHAHHS JIMIIE B yAbTpad10J1eTOBOI 00JIacTi CIIEKTPa, HEJOCTATHHO BUCOKUN KBAaHTOBHI
BUXII peakuii, BUCOKY IIBUAKICTb €JIEKTPOHHO-AIPKOBOI pekoMOiHamii. Tomy akTyaiabHOIO
po0JIeMOI0 € HeO0OX1THICTh PO3IIMPHUTH Jiana3oH MOTJIWHAHHS a00 3HaWTH anbTepHATHBY T102.

Hampuknan, y [3-8] Oymu mnpomeMOHCTpOBaHI OKCHAM KyNpymy JUii OTPUMAaHHS
MPOTUMIKPOOHHX Ta (HOTOKATATITUIHUX BJIACTMBOCTEH. Taki OKCHUIM MOMKIIMBO 3aCTOCYBaTH IS
3HIKEHHS 3a0py/AHEHHS JOBKUUIL, a caMe JJIsl OYHMIIEHHS CTIYHUX BOJ. TakoXX OKCHUAM KyNpymy
IHTCHCUBHO JTOCTI/DKYIOTBCSL Il TIEPETBOPEHHSI COHSYHOI €HEeprii B eJICKTPUYHY. TeOopeTHIHO
e(eKTUBHICTh I[LOTO Mporiecy ckiangae 6ins 10%.

IlocranoBka 3aBaaHHsA. OKCUAM KYNPyMy SIBISIOTH COOOI0 HAMiBIPOBITHUKH P-THIY 3
BY3bKOI0 3200poHEHO0 30H010 (1,7-2,2 eB), € mmpoko po3NOBCIOIKEHUMH Ta BITHOCHO JICIICBHUMH.
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Taki okcuaM MOXXYTh TMOTJIMHATH 3HAYHY YacTUHY COHSYHOro crektpy [9]. IlomokeHHs 30HM
MIPOBIHOCTI Ta BAJICHTHOI 30HU TEOPETUYHO IMAXOAATH IS MOJeTmeHHs peakiii BimHoBiaeHHs CO»
Ta peakxiii po3IIETUICHHS BOIH.

Metoau cuHTe3y Ta YMOBH (hOpPMYBaHHS MaTepialy CYTTEBO BIUIMBAIOTH Ha MOP(OIIOTito,
dazoBuil cKJag Ta KaTaJNiTHYHI BJIACTUBOCTI  OKCHJIHUX KOMIO3MUIIIMHUX  MarepialiB.
EnexTpoxiMiuHMiA CHHTE3 JO3BOJIAE OJEPKATH BUCOKOIUCIEPCHI OKCHUIIHI CHCTEMH. TakKoX,
€JIEKTPOIII3 JO3BOJISIE CHHTE3YBaTH YaCTKH PI3HOTO PO3MIpPY 1 TOMY MOKJIMBO YIPABIISATH HIUPHHOIO
3a00pPOHEHOT 30HU Ta CTBOPIOBATH (DOTOKATATI3ATOPH 3 UYTJIMBICTIO 0 PI3HUX JOBKHUH XBHJIb CBITJIA.

MeTo10 po6oTH Oyio o/IepKaHHS eEKTPOXIMIYHIM METOIOM BUCOKOIUCIIEPCHIX OKCHTHUX
MarepiaiaiB Ha OCHOBI OKCHJIIB KYIIPyMYy Ta AOCIIHKEHHS iX ()OTOKATATITHYHUX BJIACTUBOCTEH.

PesyabTtaTn pocaigxenHsi. Enextponmiz 3aiiicHIOBaIM TpH pI3HUX TeMIepaTypax y
TEPMOCTINKHX CKJISTHUX eleKTpodiizepax micTkicTio 250-500 mi. Karoy 1 aHo Oyiiu BUTOTOBJIEHI 3
MIHMX TUIACTHH, MajJd OJHAKOBHU po3Mip Ta OyiaM NPUKPIIUIEHI JO KPULIKU EJIEKTPOIi3epy 3
oprckia. Jljs TepMocTaTyBaHHsI €IEKTPONITY €JEKTPOJI3epH PO3MIIIyBadud y TepMmocTtari. Sk
enekTpoit BukopuctoByBamu po3unH NaCl i3 Bmicrom 280 r/m. CkiaBmu cxemy, 3BaKyBald
€JIEKTPO/IY, 3aJIMBATIM €JIEKTPOJIIT B €JIEeKTpoIi3epy 1 BMUKamu ctpyM. Cua cTpymMy BHU3Hadajlach
BEJIMYMHOI0 TYCTHMHH CTPyMy, Ta IUIOIICI0 3aHYPEHOI YaCTUHU EJEKTPOIIB 1 MiATPUMYyBAIaCh
MOCTiHOI0. TpHUBAICTh €NEKTPOJi3y BH3HAUaNach KUIBKICTIO OKCHIY MiJl, Ky HEOOX1JHO
orpuMatd. OTpUMaHUH y €JIeKTPOi3epi NPOAYKT Bi(iIbTPOBYBAIN, IPOMUBAIN AUCTUIHOBAHOIO
Boj010. Ocaj BUCYIITIyBajIu IpH cllabkoMy HarpiBaHHi mig Bakyymom (40—75°C) y BakyyMmHIi madi.

OTtpumanuii cyxuil IpOAYKT aHATI3yBaJi Ha BMICT OKCHUIY KYIPyMY, JIOKCUAY KyIpyMmy Ta
MeTaseBoi Miai 3a Metoaukoro [10]. 3pa3ku mianaBaauch peHTTeHIBChKOMY BHIIPOMIHIOBAHHIO TTPH
pertrenoduryopeciienTHoMy aHamizi (P®A) 3a gomomororo mnpuirany EDX8000. Bumip Ta
pPO3paxyHOK MUTOMOI TUIONII TMOBEPXHI 3pa3KiB MPOBOJWIN B 1HTEpBaIl PIBHOBAXHUX BIJHOCHHX
TucKiB mapiB azoty P/Po = 0,05...0,33 3a i3oTepmoro azacop6bmii. Ilpu po3paxyHkax BeaHuuHa
MOJIEKYJISIPHOT TOCAJKOBOI IUIOIIMHU a30Ty Yy 3allOBHEHOMY MOHOMIapi MpuiiManach PpiBHOIO
0,162 um?. [Toxubka BUMipy BETHYHHU Spur CKIagana £2,8 Bif. %.

HocnikenHs  (GOTOKATATITHYHUX BJIACTUBOCTEH TMPOBOAWIM Ha TPHUKIAAl  peakiii
(boTOKATATITHYHOTO PO3KIALy OapBHHKAa METHIJIOBOTO OPAaH)KEBOTO y BOAHOMY pPO3uUMHi. Y SIKOCTI
JoKepena yabTpadioseTOBOro OMPOMIHIOBaHHS BUKOPHUCTOBYBAJIM PTYTHO-KBapieBy jammy (IPT-
100). 3a 3MiHOIO KOHIIEHTpallii OapBHUKA CIIJKyBaIX 32 JOMOMOTOI0 CIEKTPOPOTOMETPY MO 3MiHI
IHTEHCUBHOCTI TMKa morIMHAHHSA OapBHUKA. CrekTpodoToOMEeTpHYHI BUMIPH TNPOBOAMIA HaA
cnekrpodoromerpi SHUMADZU UV-2450 3 npucraBkoro ISR-240A.

Ha xaronai mpu eneKkTposIi3i MpoXOoAUTh PEaKIlis YTBOPSHHS BOJHIO, HA aHOI BiIOYBA€EThCS
PO3YMHEHHS Mii:

«(Karox) 2H20+2e = H2+20OH"
(Anox) Cu = Cu*+e

lonn kynpymy (1) HakOTUYYIOTECS TTOOJIM3Y KaTOy Ta pearyroTh 3 ionamu OH'.
2Cu*+20H" = Cu20+H:20

YTBOpEeHHMI IPOYKT BUITAAA€ B OCAJ Yy BUIIISAII JUCIIEPCHOTO mopoIky» [11].
Ha anopi, Takox MOxJIuBe yTBOpeHHs 10HIB Kynpymy (II), sike BinOyBaeTbcs OJTHOYACHO 3
yTBOpeHHSAM 10HIB Kymnpymy (I). B Takomy Bumamky m0JaTKOBO B OCaj] BUMAJIAE HEPOIUYMHHUUN

TIOKCUTY KYTIPYMY:
Cu?*+20H- = CuO+H20

[Mo6mm3y katoxy okcua kynpymy (I) Moxe BiTHOBIIIOBATUCH T1JPOr€HOM. 32 PaxyHOK IIbOTO
MPOJIYKT BMIIIIY€E METAICBY MiJIb:

Cu20+2H* = 2Cu+H20
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MertaneBa MiJlb MOXXE€ JOAATKOBO 3'ABISATHCS MPH MEXaHIYHOMY pyHHYyBaHHi anony. Ilpu
BHCOKIH TYCTHHI CTPYMY CIIOCTEPIra€ThCs HEPIBHOMIPHE PO3YMHEHHS EJICKTPOTY.

CkJa Ta KOHIIGHTpALlis €IEKTPOIITY BIUIMBA€E Ha Mpoliec eleKkTpomtidy. [Ipu BukopucTaHHi
po36aBneHoro pozunny NaCl Big0yBaeThcs 3a0pyAHEHHS MPOAYKTY Ta 3MEHBIITYETHCS HOTO BUXI1]T 32
CTPYMOM.

Takum 4MHOM, BIACTUBOCTI Ta BHXIJ] 32 CTPYMOM OTPHMAaHOTO MPOAYKTY 3aJeKaTh BiJl yMOB
CNIEKTPONI3y: CKJIAAy Ta KOHIEHTpalii eJIeKTPOJTy, TEeMIEepaTypH, TYCTHUHU CTpyMYy.
[TepeminryBaHHS €EKTPOITY CIIPUATIUBO JI€ HAa TIPOIIEC YTBOPEHHS MPOIYKTY. 3 €0 METOIO TIPH
eJIEKTPOITI31 uepe3 BU3HAYCHI MPOMIKKH Yacy MPOBOAMIIH 3MiHY MOJIIPHOCTI €JEKTPOIIB.

Y  po0GoTi TPOBOAWMIAM  AOCTIPKCHHS  BCTAHOBJEHHS  JIEIKHUX  3aKOHOMIPHOCTEH
€JIEKTPOXIMIYHOTO OKHCHEHHs Mifi. Ha puc. 1 HaBeneHO 3aJIeKHICTh MBUIKOCTI OKUCIICHHS MiTHIX
€JIEKTPO/IIB BiJl TYCTHHU CTPyMY MPHU PI3HUX Temreparypax. ['padik mokaszye, mo MiIBUIICHHS
TYCTMHH CTpyMy 30UIblIy€ IIBUAKICTH TPOLECY, MiJABUIICHHA TEMIEpaTypu MPHUBOAUTH [0
3MEHIICHHS MIBUIKOCTI EIEKTPOJII3Y.

0,3

. /
. /
N

0 05 1 15 2 25 3 35 4
I'verHHA cTpyMY, Alem2

Puc. 1. 3anexHicTb IIBUAKOCTI OKMCJIEHHA Mi/li IPH eJICKTPOJIi3i Bil TYyCTHHH CTPyMY
NMpH pi3HUX Temmeparypax, °C: 1) 20; 2) 70.

HIeuakicTs okHeaeHH Mifi, TfeM2r ot

EnexTpoiiTHYHNM CHHTE30M IpPHU Pi3HUX TeMIeparypax elIeKTPOJIiTy OTPUMAHO MPOAYKT, Y
ckian skoro BXoaaTh okcuau kynpymy (1), (II) ta meraneBa minp. B tabmuui 1 mpeacraBieHi
pe3yabTaTH XIMIYHOTO aHAIIi3y MPOAYKTY.

Tabnuys 1
Pe3yabTaTi XiMiYyHOr0 aHAJII3y MPOAYKTY €JeKTPOJII3Y
Ne Temnepatypa, Buxin 3a ctpymom CkJa1oBi IpoayKTy, %
3paska oC ponykTy, % CuO Cu,0 Cu
1 20 46,15 31,95 32,95 35,10
2 70 96,25 43,85 27,30 28,85

Buxonsguu 3 XiMi4HOT0 aHaii3y NpoAyKTy (Tabi. 1) mpu enexTposizi MpoXosaTh MmapaieibHi
peakmii yrBopeHHs CuO Tta CuO. «IIpu emekTpocuHTe3l yrBOproeTbest CuO 3 nmedexTHoro
CTPYKTYPOIO PEIIiTKH, sIKa XapaKTePU3YEThCs HAJIMIIIKOM 10HIB KMCHIO. Y I[bOMY BUIIQ/IKY YaCTHHY
MicIp y pemniTii, BimbHEX Bix Cu’, kommencyrots ionn Cu?*. JIudysis ionis Cu* 10 30BHIIIHABOI
TIOBEpPXHi OKCU Ty Ta 00MiH exekTpoHamu Mix Cu* Ta Cu?* cTBOPIOIOTH YMOBH /ISl yTBOPEHHS CyMilli
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kynpym okcuiB (I) Ta (II), oo miaTBEpIKYEThCA pe3ynbTaTaMH XiMIi4HOro aHamizy. [IpucyTHiCTh
METAaJICBOI MijIi MOSICHIOETHCS TUM, IO TIPU CJIEKTPOITi31 BAKOPHUCTOBYIOTh MiHI enekTpomam» [11].

CriBBiTHOIIICHHS OKCU/IIB 3MIHIOETHCS B 3QJICKHOCTI BiJl yMOB eJeKTpodizy. [1pu 36inbiieHH1
T'YCTUHH TIEPEMIIICHHS TOTCHITIATY Y TO3UTHUBHY 00JIaCTh CIIPUSIE MPOTIKAHHIO HOBUX €JIEKTPOTHUX
NPOIECIB MPH ENEKTPOi3i. 3aBASKH TaKUM IPOLECaM YTBOPIOIOTHCS 10HU OUIBII BHCOKOI
BAJICHTHOCTI, MIiJIBUIYETHCS PYXOMICTh TOBEPXHEBHX aTOMIB MeTaiy. Bci 11l siBUIA 3HMKYIOTH
nudy3iliHe 3aTpUMaHHs Ta MOJIETIYIOTh OOMiH 10HIB y pEeIliTIi, CHPUSIOTh IEPEX0/1y 10HIB Y PO3UHH.

3rimHo pe3ynbrariB POA mpoaykTu €neKTpoiizy Mill y PO3YMHI HATPIFO XJIOPHAY MiCs
CYIIKH CKIaJaloThesi 3 cymimi okcuaiB kynpymy (I) ta (II) 3 pi3HHM chiBBiZHOMIEHHSIM (has3.
BcranoBrieHo, mo 3 30UIBIICHHSM TEMIIEpaTypu €JIEKTPoJizy Kuibkicth CuO y mnpomykri
30uIBIIyEThCS (pUC. 2).

Puc. 2. Pesyabratu POA (cnekTp npoaykry, orpumanoro npu 70°C mokasano 4epBoHUM
KOJIbOPOM; CHEKTP MPOAYKTY OTpUMaHoro npu 20°C — ;k0BTHM)

3pasok, sxuii onepxkano npu 70°C mae Ginblne KynpyMmy B OKCHJI, TaK K iHTEHCHBHICTb MKy
Buma. e cniBmanae 3 TaHUMH XIMIYHOTO aHAI3Y.

VY 3pa3kax B OCHOBHOMY CIIOCTEpPIraeThCsl HAABHICTh KYNpyMmy. € CIiIM Kalblilo, XJIOpY Ta
depymy (puc. 3).

JocmipkyBand BIUIMB 3MIHM TYCTUHH CTpPyMYy TIpU €NEeKTpousi3i Ha (i3uKO-XiMivHI
BJIACTUBOCTI MpOAYKTY. OTpuMaHi JaHi MOKa3yTh, IO MPOAYKT EJIEKTPOII3y Ma€ PO3BUHEHY
IUIONIMHY MUTOMOI MOBEpxHi. B Tabmuili 2 HaBelIeHO 3aJeKHICTh MUTOMOI IO TMOBEPXHI Bif
CKJIay 3pa3KiB, CAHTE30BaHHX TP Pi3HUX T'YCTHHAX CTPYMY.

[MuToMa 1uIOIIA MOBEpPXHI 3AJIEKHUTH B CKIAAYy YTBOPEHUX MPOAYyKTiB (Tabdm. 2). Ckman
MPOAYKTY BU3HAYAETHCS yMOBaMU CHHTE3y. [IpW MiIBHINEHHI TYCTMHH CTPyMy 30UTBITYETHCS
NUTOMA IUJIOIIA TIOBEPXHI OKCHAIB Kymnpymy. CTpykTypa MNpOAYKTIB NOYMHAE MaTH OLIbIIY
nedeKTHICTh, OUTBII BUCOKI 3HAYCHHSI TOBEPXHEBOT €HEPTii 1 MiABUIIEHHS TYCTUHUA CTPYMY CTBOPIOE
OLITBIII HEPIBHOBA)KHI YMOBH MTPOXOXKEHHS ITPOLIECY.

91



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 4(15), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

Puc. 3. PesyabraTu POA (cnieKTp npoaykry, orpumManoro npu 70°C nokaszaHo 4epBOHUM
KOJILOPOM; CIEKTP NPoayKTy orpumManoro npu 20°C — :koBTHM)

Tabnuys 2
Di3nK0-XiMiuHI BJIACTHBOCTI MPOAYKTIB B 32JIEKHOCTI Bi/l YMOB €JIEKTPOJIi3y
I'yctuna ITuroma mioma mosepxHi | OCHOBHI CKJIaI0B1 IPOAYKTY, %o
Temneparypa,"C Cpri,/Iy, Alem? IPOXYKTY, M2/T P CuO pCu};KOy

1,0 3 30,05 28,10
20 1,5 8 31,10 33,25

2,0 20 31,95 32,95

2,5 28 31,95 32,95

1,0 11 34,0 20,21
70 1,5 18 39,10 25,10

2,0 24 43,85 27,30

2,5 30 54,60 36,44

Jls1s1 BUKOpPHUCTaHHS KYIIPYM OKCHJIIB Y TIPOIlecax reTeporeHHoro (oTokaTanizy HeoOXiqHIM
€ OTPMMAaHHS HOTO y BUTJISAII HAHOPO3MIPHUX YaCTHHOK. Taki YaCTHHKHU MPHUBOJASTH A0 301JIbIIICHHS
(doToKaTaMITHYHOI AKTUBHOCTI MPOAYKTY. HaHOpO3MipHI YacCTHHKH JAIOTh MOMIJIMBICTH IS
IMOBIDHOCTI ~ BHUXOJY 3apsiB Ha TIOBEpXHIO KaTamizatopa. [ nmuOWHa TNPOHWUKHEHHS
yIabTpagi0IE€TOBOrO CBITJIa B YACTHHKHU OKCHIIIB oOMexeHa (~100 um). TakuM 4YMHOM, aKTHBHOIO €
TUTBKH 30BHIIIHS TOBEpXHS MpoAyKTy [12]. CpustHHIO NI TIOTJIMHAHHS CBITJa y BChOMY 00’ eMi
IPOAYKTY AOMOMArae 3MEHIIEHHS pO3MipiB YACTUHOK JI0 HAHOPO3MipHUX 3HAYCHb.

OTpuMaHi CHEKTPH TMOTJIMHAHHS MPOJYKTIB E€JIEKTPOJII3Y, SKI BMIIIYIOTh YAaCTKH OKCHJIIB
KYIpyMy pPO3pI3HAIOTHCS TOJIOKEHHSAM MUKy MaKCUMyMy TOTJIMHaHHA. Pi3He NOJI0XeHHs
MaKCUMYMYy IOTJIMHAHHS BKa3y€ Ha Pi3HUI po3Mip 9acToK. «HaCTHHKH MPOIYKTY MalOTh Pi3HY
¢dbopmy: onHI 3 HUX OKpyryoi ¢opmu Ta 3i0paHi y arperaTH, iHII MPEACTaBISIOTh TOJKU. Po3mip
OKPYTJIMX YaCTOK CYTTEBO MEHIIIE, HiXK ToJIoK Ta ckianae 300...500 am. dopma 4aCTOK BUBHAUAETHCS
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iX CKJaJoM: 4acTKM OKpyrioi (opMmu HanexaTh okcuay kynpymy — Cu20, a roiku HiOKCHUIY
Kynpymy — CuO» [11].

Jns  omiHkM  (HOTOKATaNITUYHOI  AKTUBHOCTI  HAHOYACTMHOK  OKCHUIIB  KYIPyMy
BHUKOPHUCTOBYBAJIM PEaKiifo (POTOKATATITHYHOTO PO3KJIaay OapBHUKA METHJIIOBOTO OPAHKEBOTO Yy
BOJIHOMY po3uuHi. ITik Ha crieKTpi MOriaMHaHHSA OapBHHUKA — METUJIOBOTO OPAaH)KEBOTO CIIOCTEpiraiu
pu A0BXHHI XBWI 440 HM TIpU OO OKUCJICHH] Y MIPUCYTHOCTI MOPOIIKY 3 OKCHJIIB KYIIPyMy Ta
MEPOKCHTY BOJHIO i Ii€I0 yIbTPadioleTOBOrO OMPOMiHEHHS. 3aIeKHICTh BUCOTH MKy (3HAYCHHS
ONITUYHOI T'YCTHHHM) BiJl Yacy OKHUCJICHHS TIPUBEACHO Ha puC. 4.

[IpakTHyHO TOBHE OKHCICHHS OapBHUKA BiOyBaeThCs depe3 2 TOAMHU ONpoMiHeHHs. Yac
MOBHOTO 3HEOAPBIICHHS METHJIOBOTO OPAH)XEBOTO Yy MPHCYTHOCTI MOPOIIKY 3 OKCHIIB KYIpyMy
ckianae 10 ronus.

TakoX TPOBOMMUIM EKCHEPHUMEHT MPH BIICYTHOCTI TOPOIIKY OKCHIIB Kympymy. bymo
JOCIIIKEHO, 10 po3Mal MOJIEeKYJI OapBHUKA IPU IIbOMY HE Bi10yBa€THCS.

=
Ln

0,4

0,3
0,2
-
. ]
0 30 60 20 120

Hac oxmcaennsa OapEHHEA, XB.
Puc. 4. 3na4eHHs1 ONITUYHOI T'YCTHHHM PO3YHUHY 0aPBHUKA 32JI€KHO Bi/l 4acy iioro OKMCJIEHHS Y
NPHUCYTHOCTI OKCHIIB KynpyMy mij ai€ro Y® — onpoMiHeHHs

OnruaHa I'YCTHHA

Takum YMHOM MU criocTepiraeMo e(ekT po3KiIagaHHsa OapBHUKA — METUIIOBOTO OPAaHKEBOTO
y TMPUCYTHOCTI OTPUMAHOTO TIOPOIIKY 3 OKCHAIB KYNPyMy, sIKI CHHTE30BaHI €JIEKTPOII30M.
EnexTpoini3 € eKOHOMIYHUM Ta 3pYYHHUM, MA€ MPOCTOTY Y BUKOHAHHI Ta MOXIJIUBICTh PEryJIIOBaTH
JUCTIEPCHICTh OJIEpKAHUX MPOAYKTIB, 3MIHIOIOYM YMOBH €JIEKTPOJIi3y, Yac, TEMIEPaTypy, TYCTUHY
CTpyMY Ta iHIII TapaMeTPH MPOLECY.

BucnoBku. JlocmipkeHa MOXJIMBICTh CHHTE3y OKCHJIB KYIMPYMY METOJIOM aHOJHOTO
okHcineHHs MeTtamiuyHoi Mmiai. IIBHAKICTE €leKTpomi3y 30UIbLIyeThCA 3 30UIBIIEHHSM TYCTHHU
CTPYMY Ta 3MEHIIYETHCS 3 MiJBHIICHHSAM TeMmreparypH. [IpoIyKT eleKTpocHHTE3y CKIANAEThCs 3
cymimi okcuaiB kymnpymy (I) ta (II), cniBBigHOImIEHHS (a3 3aleXUTh BiJ PEKHUMIB MPOBEICHHS
npouecy. [IpoxykT Mae po3BHHEHY IUIONIMHY TUTOMOI TOBepXHi. EnexTponi3 103Bosse BIUIMBAaTH HA
po3mip i popMy HacTOK OTPHUMAHOTO MPOIYKTY, POOUTH BUIbHY MOBEPXHIO OKCHJIB KYpIIyMy JUIs
ydacTi y peakmisx. [To pesynpratam poTokaTtamiTHIHOT aKTUBHOCTI OTPUMAHOTO MOPOIIKY OKCH/IIB
KyIpyMY IPOIYKT MOKIJIMBO 3aCTOCYBATH B SIKOCTI (POTOKATAII3aTOPY 11010 NECTPYKIIii €KOJIOTTYHO
HEOE3MEeUYHUX PEUOBHH.
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THE PHOTOCATALYST BASED ON COPPER OXIDES
OBTAINED BY ELECTROLYSIS

Purpose. Production of highly dispersed oxide materials based on copper oxides by electrochemical
synthesis and investigation of their photocatalytic properties.

Methodology. Electrolysis was carried out at different temperatures in heat-resistant glass
electrolyzers. The cathode and anode were made of copper. A NaCl solution with a content of 280 g/l was used
as an electrolyte. The obtained dry product was investigated by chemical and X-ray fluorescence analyses.
The verification of photocatalytic properties was carried out on the example of the reaction of the
decomposition of the methyl orange dye in an aqueous solution.

Findings. A powdery oxide material based on copper oxides was obtained by electrolysis. The
parameters of influence on the rate of formation of oxides were studied. The product of electrolysis consists of
a mixture of copper oxides (1) and (1), the phase ratio depends on the modes of the process. The photocatalytic
degradation of methyl orange is considered as a model system for the functionalization of the obtained powder
material for the destruction of environmentally hazardous substances.

Originality. A new effective product obtained on the basis of copper oxides. The optimal conditions
for product synthesis have been determined. It is shown that electrolysis allows influencing the size and shape
of the particles of the obtained product, making a free surface for participation in reactions.

Practical value. A product based on copper oxides can be used as an effective photocatalyst. Due to
its stability and increased photocatalytic activity, the powdered product can be used for water purification
after chemical, pharmaceutical, petrochemical and other industries.

Keywords: electrolysis; copper oxide; photocatalyst; photocatalytic efficiency; degradation; water
purification.
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JOCIIIKEHHS BIIVIMBY JIOPATAUHY TA AE3JIOPATAIUHY
HA AKTUBHICTD 15-JIIITIOKCUT'EHA3U

Mema. Jlocniodicennsi eniugy anmueiCmamiHHuX akmueHux gapmayeemuunux inepedienmie (ADI)
JIOpamaouHy ma 0e3nopamaduty Ha akmusHicme 15-ninoxkcuzenasu 6 peakyii hepmenmamueHo20 OKUCHEHHS
JIIHONIe801 KUCIOMU K CyOCmpamy.

Memoouka. Busuenns KiHemuuHUux 3aKOHOMIPHOCMEN Ma MeXaHizmie ineidyeanns 15-ninokcueenasu
3 BUKOPUCTHAHHAM CNEKMPOPOmMoMempuyHo2o memody. Pospaxynok xinemuynux napamempis 30iicHiosanu
32I0HO 31 CMAHOAPMHUMU MEMOOUKAMU MA KIHEMUYHUMU MOOeNAMU 3d O00NOMO2010 NPOSPAMHOZO
3abe3neuenns SigmaPlot 14.0.

Pezynomamu. J[ocniodxceno 3anexcHicms cmayioHaproi weuoKocmi nepemeopents cyocmpamy 15-
JINOKCU2eHA3010 8i0 KOHYeHmpayii cyocmpamy b6e3 akmusamopa ma 8 NpUcymuocmi 10pamaouy 6 pisHux
KOHyenmpayisix. Bcmanoeneno, wjo nopamadun 00303a71€XHCHO HPUCKOPIOE NepemeopeHHs cybcmpamy
EH3UMOM 1, MAKUM YUHOM, NpoANAe NomeHyitini nposananvi eracmusocmi (Ka=29,6018,28 mxM).
Toxazano, wo y npucymnocmi desnopamaduny 6 xonyeumpayiax 25 mxM, 50 mxM, 100 mxM 6 cucmemi
oKucHenHns Jninonegoi kucromu 15-LOX cnocmepicacmvbcs  3menulenHs CMAyioHApHOi  WEUOKOCmI
nepemeopents cyocmpamy ¢epmenmom. llpu yvbomy KOHYeHmpayis HANIEMAKCUMATLHO20 IH2IOY8AHHS.
depmenmy crnadae 1Cs0=287,91+£29,02 mxM. Bcmanosneno mexawizm ineibyeanns 15-ninoxcueenasu
deznopamaounom, sakuil gionogioac mooeni Mixed (Partial), mobmo 3miwanoeo (wacmxoeozo) muny
ineibyeanns (R*=0,9688).

Haykoea nHosuszna. Bnepuie 6cmanogneno, wo 10pamadur Ha 6iOMIHY 6i0 0e310pamaouny aKkmugye
15-ninokcueenasy, wo ciduums npo 1020 NOMEHYIUHI NPO3ANATbHI 61ACTIUBOCHIL.

Hlpakmuuna 3nauumicmo. I[lposedeni 00cCaiONCeHHs 00800SAMb, WO 0€310PAMAOUH  MOHCe
NOMEHYINHO 3aCMOCO8YBAMUCS Y SIKOCTHI AKMUBHO20 (PapMayesmuyHo20 iHepedicHma AiKapCbKux 3acobis 3
NPOMU3ANATHUMU 8IACTIUBOCMAMU, MOMY WO GiH € 00303anexcHum ineioimopom 15-LOX. Taxum yumom,
suxkopucmosyrouu oanuti ADI MoxicHaA YHUKHYMU A8UWA NONINpAsMa3ii ma 3HAYHO 3MEHUUmMU KilbKiCmb
NOOIYHUX peakyili 6 Op2anismi MOOUHU, AKI 3A36UYAll CNOCMEPIearomvcsi npu mpaouyiuHit mepanii
HecmepoioHUMU NPOMUSANATBHUMY  JUKAPCOKUMU  3acobamu. 3poOneHo BUCHOB0K, WO 6 2epiampuiHii
npaxkmuyi 015l iKY8AHHS ANepeiuHUX 3aX80PI08alb O0YLIbHO HA0amu nepesazy JiKApCobKUM 3acobam Ha 0CHO8I
deznopamaouny. Tpusanuil nputiom 10pamaoumy y mooeil JimHb0o20 GIiKy Modice NPOBOKYSAMU NOCUNEHHS
3ananbHO20 HPOYeCy | NPULUBUOUEHHS OKCUOAMUBHO20 CINPEC).

Knrouosi cnoea: nopamadun; Oesnopamaoun; axmueHuil apmayesmuunull inepedicnm,; 15-
JAINOKCU2EHA3a,; NPOMU3ANAIbHI 61ACTMUEOCMI, KIHEMUKA.

Beryn. CuHAPOM XpPOHIYHOTO 3aMajieHHs € MOIUPEHUM CTAaHOM Y TAIli€HTIB Pi3HUX BIKOBHX
TPYyI 1, B MEPIIy Yepry, y J0JIel JITHROTO Ta CTapedoro BiKy. BiH Mo)ke BUHMKHYTH B Pe3yibTaTi
OKCHJIATUBHOTO CTpPECy, CIPHUYMHEHOTO OKHCHEHHSM TMOJIIHEHACUYCHUX JKUPHUX KHUCIOT 15-
ninokcurenazow (15-LOX) ta inmumu BHyTpimHbOKIITHHHUME RedOx depmenTamu (eH3uMaMu)
[1]. Bimomo, 110 XpoHiUHE 3anajieHHs PU3BOANUTH 0 HU3KH PI3HUX 3a MATOTEHE30M 3aXBOPIOBAHb,
30KpeMa  TSKKMX  HEWpOJIereHepaTUBHUX  PO3JNadiB, CEPLEBO-CYIWHHUX  3aXBOPIOBaHHbD,
aTepOCKIIepo3y, MiadeTy 2 TUIy, pEBMATOITHOTO apTPUTY, PaKy Tomio [2]. 3Bakar04u Ha 1€ BEIUKY
aKTYaJIbHICTh MPEJCTABIISAE MONIYK Ta JOCTIIKEHHS CIOJIYK, AKi 3/aTHI MPHUTHIYYBAaTH aKTHUBHICTD
15-LOX i, BianoBigHO, po3poOKa JIKapChbKUX 3ac00iB MPOTU3analbHOI MAii 3 BUKOPUCTAHHSAM
1HT101TOPIB IHOTO PEPMEHTY B AKOCTI aKTUBHHX (papManieBTHUHHX IHTpemieHTiB (ADI).
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Jlikapchki 3aco0M TpOTH3amalbHOI Jii MalOTh INMUPOKE TEPANEeBTHYHE 3aCTOCYBAHHS
MIPOTSITOM CTOJIITh 3 METOIO JIIKYBaHHSI 3aMaJIeHHsI P13HOI €T10J10Tii Mpu 0araTboX 3aXBOPIOBAHHAX Ta
€ ONHMMHU 3 HaW4YacTille NpU3HAYyBaHMX (apMaleBTUYHUX NpenapariB y BcboMy cBiTi [3].
HaiiGinpin mommpeHuMu € HeCTepOoiaHi mpoTu3anainbHi Jikapebki 3acoou (HIIJI3), Bukopucranas
AKUX HeOakaHe JUIsl JIFOJCH JIITHROTO Ta CTApedyoro BiKy, IO MOB’s3aHE 3 MiJBUIICHUM PU3UKOM
HECTIPUSATIUBUX CEPIIEBO-CYAUHHUX TOoii [4, 5] Ta moapa3HeHHS CIM30BO1 0OOOJOHKH ILTYHKOBO-
KHUIIIKOBOTO TpakTy. TomMy IyKe Ba)JIMBHM IHTAHHAM € TIOMIYK Ta JOCTIKEHHS CIIONIYK 3
€(EeKTUBHOIO MTPOTH3ANATBHOI0 AKTUBHICTIO Ta MEHIIOIO KUIBKICTIO MOOIYHUX €(PEeKTIB.

3Bakaloun Ha 1€ YK€ aKTyaIbHHUMH € JOCTIDKEHHS, IO CIPSMOBaHI Ha BUBYCHHS
MJIEHOTPONHUX €(EeKTIB yKe BIJIOMUX aKTUBHUX (papMaleBTUYHHUX 1HTpemieHTIB. Takuil miaxin, y
CBOIO UEpTy, IO3BOJIUTh YHUKHYTHU SIBUIIA MOJIMparmasii, Mo € HaJ3BHYaiHO BaXKIMBO, OCOOJIMBO
JUIsl TepiaTpUYHOI TPAKTUKH, 1€ BUHUKHEHHS MOOIYHUX peakIliii Mpyu OJHOYACHOMY MpHHOMI
JEKUIBbKOX JIKapChKUX 3ac001B MiABUILYETHCS Y 5-7 pasi [6].

ITocTanoBKa 3aBAaHHs. [ pyra aHTUTICTAMIHHUX JIIKAPCHKUX 3aCO01B € MTEPCIEKTHBHOO JIJIS
JOCIHIJKeHHS TICHOTPONHUX (apMakoJIOTiYHUX e(eKTiB [7]. AHTUTICTaMiHHI JIIKapChKi 3acoou
MIEPIIOr0 TMOKOJIIHHS PIIIe PEeKOMEHAYIOTHCS /10 3aCTOCYBaHHS, OCKUIBKH ICHYE BUCOKHU PHU3HMK
NoOIYHUX peakIliii uepe3 BIICYTHICTh PELeNTOPHOI CHEeU(IYHOCTI, a TAKOX LI MpernapaTy 37aTHi
nonaty remaroeHuedaniunuii 6ap’ep [8, 9]. Haltuacrime namieHTaM mpu3HAa4alOTh aHTUTICTaMiHHI
npemapaty apyroro nokominas [ 10, 11]. Cepen HUX TopaTaauH Ta AE3I0PATAANH € IEPCIIEKTUBHIMH
MpOTH3aNaJIbHUMU 3ac00aMH, OCKUIBKM 3MEHIIYIOTh BHAUICHHS Ipo3amajbHUX MeEJIaTopiB,
1HT10yI0YH TiCTaMiHOBI PEIENTOPH, alie JOCTiIKeHb, MO0 1X B3a€EMOJIIi 3 CAMHUMH MEAiaTOpaMu,
BKJIIOYHO 3 15-minmokcurenasoro, opakye [ 12—14].

Metoro poOOTH € IOCHIKEHHS BIUIMBY aHTHUTICTAMIHHHMX AaKTUBHUX (apMaleBTHUYHHX
iarpenientiB (A®I) moparanuHy Ta Ae3nopaTaAuHy Ha aKTHUBHICTH 1|5-JIMOKCHUTEHA3W B peakilii
(bepMEeHTaTUBHOTO OKMCHEHHS JIIHOJIEBOI KHCJIOTH K CyOCTpaTy.

Marepianu Ta Meroam aochaimxKeHHs. [l gocmimkeHHS iN VIO KiHETHYHHMX
3aKOHOMIPHOCTe  Ta  MeXaHi3MiB  1HriOyBaHHS  15-7IMOKCHUTE€HAa3W  BUKOPHCTOBYBAIU
CneKTpohOTOMETPpUYHUN MeTO . Po3paxyHOK KIHETUYHUX TTapaMeTpiB 3/1IHCHIOBAIN BIIMOBIIHO JI0
CTaHJAPTHUX METOJMK Ta KIHETHYHUX MOJEJNeH 3a JOMOMOrol0 MpOrpaMHOro 3abe3rnedyeHHs
SigmaPlot 14.0.

VY naniii poOOTi 3acTOCOBYBaIM Take OOJaJHAHHS 1 Marepiaqu: JIBONpoMeHeBHH Y d-
cnekrpodotomerp SPECORD 200 (Analytik Jena, Himewunmna); omHOKaHaJIbHI aBTOMATHYHI
noszaropu 50, 200, 1000 mMki; KIOBETH 3 KBAapLEBOIO CKJIa 3 TOBILMHOK ONTHUYHOrO mapy l cm;
ynbTpa3BykoBy 6anro JP-008 (Skymen, Kurait), maboparopauit myiastumerp pH/mV/EC/TDS/Temp
ADS8000 (Adwa, YropmuHa); Taiimep.

Jlnst mpoBeAeHHsT MOCipKeHHsT akTHBHOCT1 15-LOX BUKOpHUCTOBYBaIM HACTYITHI PEaKTHBU:
minokcuaasza tuny I-B 3 coi (Sigma-Aldrich (Merck), CIIIA); kucnora ninoneBa 99% (Sigma-Aldrich
(Merck), CILIA); kanito riapokcua (Lachema, Yenicrka PecniyOiika); ciupt etunioBuit 96%; Hatpiit
dbochopHokucuit  2-3amimenuit  12-Bomuuit  (Sigma-Aldrich  (Merck), CIIA); Harpiid
dbochoprokucnmii 1-3amimenuit 2-poguuii (Sigma-Aldrich (Merck), CIIIA); aumetuncynsdokcua
(AMCO) 99% (Sigma-Aldrich (Merck), CIIIA); mopatagua (Vasudha Pharma Chem Limited),
Iupis); nesnoparagun (Vasudha Pharma Chem Limited), [nais); Boga ounmena I kmacy.

PesynbraTn BHpaxkeHI SK CepelHE =+ CTaHAapTHE BIOXWJICHHS, IIO OLIHEHO Y TPhOX
He3aIeKHUX moBTopax. OTpuMaHi JaHi MpoaHaai30BaHO Ha CTATUCTUYHY 3HAUYYIIICTh 32 JOTIOMOT OO
OJTHOCTOPOHHBOTO aucnepciiiHoro ananizy ANOVA 3 mocr-gpaktopaum tectom Tukey HSD.
3navenHs p<0,05 BBaxxaau TOCTOBIPHUMHU.

PesynbTaTn pociaigxkeHHs Ta 00roBopeHHs. BHBUEHHS NpOTU3aNaIbHUX BIIACTUBOCTEU
IPYHTYETHCSI HAa BU3HAYEHHI aKTUBHOCTI eH3uMy 15-LOX B peakiiii OKHCHEHHSI JIHOJIEBOI KHCIIOTH
gk cyOcrpary. JlochmimkeHHs 3IIHCHIOBATH 3a JIOMOMOIOK CHEKTPO(HOTOMETPUYHOTO METOIY
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HUIIXOM peecTpauii 30UIbIICHHS CTYNEeHS MOTJIMHAHHS CIPSDKEHOTO JI€EHOBOTO Xpomodopa y
MOJICKYJII TiPONEPOKCUTY JIHOJEBOI KHUCIOTH MPOTITOM TMEBHOTO MPOMIDKKY 4acy MpH JOBXKHHI
xBuJIi A=235 um [15].

[TopiBHSHHS 3HAYEHb CTAIIOHAPHOI IMIBUAKOCTI pEaKIlii OKUCHEHHS JIIHOJIEBOI KHCIIOTH 3a
karamituyHoi fii 15-LOX Ta B mpucyTHOCTI JlopaTaguHy B KOHIEeHTpamiax 12,5 MxM, 25 MM,
50 MKkM B cucTeMi Moka3ajgo, IO JOopaTauH BHUSBIISAE Mpo3anaibHl BIACTHUBOCTI, SK 1€ BHUIHO 3
rpadiky 3anexxHocti Mixaenica-MenreH (puc. 1).
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Puc. 1. 3anexHicTb cTaliOHAPHOI IIBUAKOCTI NepeTBOPeHHsA cyOcTpaTty 15-1inoKkcurenasorn
BiJl KOHIleHTpalliil cyOcTpaTty 0e3 akTuBaTopa (KpuBa 1) Ta B IPUCYTHOCTI JIopaTaguHy
B KOHUIeHTpauiax 12,5 MM (kpuBa 2), 25 MM (kpuBa 3), 50 mxM (kpusa 4)

[IpoBeneHo cepito po3paxyHKiB B pI3HHX YMOBAaxX 3 PaH)XHUPYBAaHHSAM pE3yJbTaTiB 3a
KpUTEpIEM 3HAYCHHsS Koe(]illieHTa KOpensAIii 3 METOK BH3HAYCHHS HAWOUIBII TPHHHATHOL
KIHETMYHOI MOJENIi Ta BIAMOBITHOTO THITy aKTWBallii. BCTaHOBIEHO, IO €H3WM JEMOHCTPYE
3IaTHICTh MEPETBOPIOBATH CyOCTpaT 0e3 aKkTUBAaTOpa, XO04Ya 1 3 MEHIIO MIBHUJIKICTIO, HIK y HOTO
npucytHocti (R?=0,98174). PospaxoBani 3a 06paHOI0 MOJIE/IIO KiHETHUHI KOHCTAHTH MAIOTh TaKi
sHaueHHs: K;=29,60 £8,28 MxM, Kn=67,5+14,8 MkM.

HasBHicTh 11X e(eKTiB moka3aHa Ha rpadiky 3MiHH IIBUAKOCTI IEpEeTBOPEHHA cyocTpaty 15-
JIMOKCUTEHA3010 B 3aJIe)KHOCT1 BiJ IMOYATKOBOI KOHIIGHTpallii cyOcTpary Ta KOHIIEHTparii
aKTHBATOpA JIOpaTaJlMHy B 3BOPOTHUX KOOpAMHATax piBHAHHSA JlaitHyiBepa-bepka (puc. 2).

Y npuCyTHOCTI Je3mopataauHy B KoHIeHTpamisx 25 mkM, 50 mxM, 100 MmkM B cuctemi
OKUCHEHHsI JiHoNeBoi kucimotu 15-LOX cmocrepiranu 3MEHIICHHS CTal[ilOHAPHOI IIBUAKOCTI
MepeTBOpEeHHs cyOocTpary hepmenToM (puc. 3).
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2 - 1/[Substrate] (uM)
Vmax = 1. s A=0
Km =675 a A=125
Ka =296 v A=025
alpha = 6.8 s A=50
beta = 21.

Puc. 2. Jlineapusaunis B koopaunarax JlaiinyiBepa-bepka (1/Vst=f([S])) 3anexnocTi
IIBUKOCTI NepeTBOPeHHs cy0cTparty 15-/1inoKcureHas3or Bil KOHIEHTPauii cydocTpary
0e3 akTuBaTOpa (KpuBa 4) Ta B IPUCYTHOCTI JIOPATAIMHY B KOHIeHTpanisx 12,5 MmxM (kpuBa
3), 25 mxM (xkpuBa 2) i 50 MM (kpuBa 1)

0.8 -

Rate (umol/L/s)

0.0 T T T T T T T 1
0 20 40 60 80 100 120 140 160

[Substrate] (uM)

Vmax = 0.9576 s =0
Km=2527 a | =25
Ki =748 - | =50
alpha = 0.8508 _
beta = 0.3961 v =10

Puc. 3. 3anexHicTb cTalioOHAPHOI HIBUAKOCTI NepeTBOPeHHsA cyOcTpaTty 15-1inoKkcurenasorn
BiJl KOHIIeHTpaiil cyocTpary 0e3 iHridoiTtopy (kpuBa 1) Ta B IPUCYTHOCTI Ae3/10paTaMHy
B KOHIeHTpauiax 25 mxM (kpuBa 2), 50 mxM (kpusa 3), 100 mxM (xpuBa 4)
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Takox BU3HAUEHO HAWOUTBII IPUIHATHY KIHETUYHY MOJIeITb Ta BIAMOBIAHUNA TUII 1HT10yBaHHS
IUSIXOM TIPOBENIEHHS Cepii po3paxyHKIB B PI3HMX yMOBaX 3 pPaHKHUPYBaHHSM pe3yJbTaTiB 3a
KpUTepieM 3HaueHHs KoedilieHTa kopensii R?. BcraHoBIeHOo, 10 HaiOiIbII NPUIATHOIO € MOJIEh
Mixed (Partial), To6To 3Mimanoro (uactkoBoro) Tumy iHriOyBanHs (R?=0,9688). Takwmii THm
1HT10yBaHHS 3yCTPIYa€ThCs TO/1, KOJH 1HT10ITOp 3B'I3y€ThCS 1 y aKTUBHOMY LIEHTPI, 1 30BHI €H3UMY,
a YTBOPEHUM €H3UM-CYOCTPAaTHHI KOMIUIEKC 30epirae 4aCTKOBY aKTMBHICTb IMOPIBHSIHO 3 HATUBHUM
CH3UMOM.

KineTn4H1 KOHCTaHTH, Ki pO3paxoBaHi 3a 0OPaHOIO MOJICIUTIO, MAIOTh HACTYITHI 3HAYCHHSI:
Ki=74,82 £26,55MxkM; Km = 52,67£5,38 MKM; Vmax= 0,957+0,04 mxM/cek.

PesynmpTati mpoOBENEHOTO IOCTI/DKEHHS CBiAYaTh NpPO Te, IO JE3JI0paTaJdH BHCTYIAE
iHTi6iTOpOM 15-TiNMOKCUTeHa3H, 0 MiATBEPPKYE HOro MpOoTH3anaibHiI BIACTHBOCTI, SKi 3alIe)KaTh
BiJI Mioro koHieHTpaiii B cuctemi. Jlannii A®I 3HMKYe MaKCHUMaIbHY MBUIKICTH (EPMEHTATUBHOT
peakuii Ta MIABUIIYE KOHCTaHTy Mixaemica, [0 MOBHICTIO BiIMOBiga€ e(EKTy 3MiIlIaHOTO
iHTi0yBaHHs. HasBHICTH IMX e(eKTiB BioOpaXkeHO Ha rpadiKy 3MiHHM MIBHJIKOCTI TEpETBOPEHHS 15-
JIMOKCUTeHA3010 CyOCTpaTy 3ajJeHO BiJ MOYATKOBOI KOHIIEHTpalii cyOcTpaTy Ta KOHIEHTparii
1HT101TOpa B 3BOPOTHUX KOOpAMHATaX piBHsAHHS JlaitHyiBepa-bepka (puc. 4).
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1/[Substrate] (uM)

Vmax = 0.9576
Km=527

Ki =748
alpha = 0.8508
beta = 0.3961

Puc. 4. Jlineapusauisa B koopaunarax Jlaiinyisepa-bepka (1/Vst=f([S])) 3ane:xxknocTi
IIBH/JKOCTI epeTBOpPeHHs cy0cTpaTy 15-1inokcureHas3or Bi KOHIEeHTpawii cyocTparty 0e3
iHTi0iTOpY (KpUBa 4) Ta B NIPUCYTHOCTI /1€3J10paTaAuHy B KOHIeHTpauisax 25 mkM (kpuBa 3),
50mxM (kpusa 2) i 100MxM (xkpuBa 1)

=0
=25
=350
| =100

< 4 9 e

Jnist KUTbKICHOTO BU3HAYEHHS 1HT1OYBaIbHOT 31aTHOCTI JI€3/I0paTaiiHy 1O BiJHOIIECHHIO JI0
15-minokcureHasu Oynia po3paxoBaHa KOHIIEHTpAIlis JIraHaa-iHrioiTopa, ska HEOOXigHA IS
iHri0yBaHHS KaTaliTUYHOI akTHUBHOCTI ¢epmeHTy Ha 50% BIZHOCHO HOro0 HATUBHOTO CTaHY
(koHIIEHTpAaIlis HamiBMaKcuMalbHOro iHr10yBaHH:): 1C50=287,91 &+ 29,02 MxM.

TakuM 4YMHOM, MOXXHAa BBaXATH, IO JE3JOPAaTaAWH BOJOJIE TMPOTHU3ANATBHUMHI
BJIACTUBOCTSMH SIK 1HT10iTOp 15-mimokcurenasu. [Ipeamerom MailOyTHIX HAYKOBUX PO3BIIOK MOXKE
CTaTU JOCIIJUKCHHS TEXHOJIOTIH BHUKOPHUCTaHHS J1€3JI0paTauHy y po3poOli Ta BHUPOOHMIITBI

repiaTpUYHUX JIIKAPChKHUX 3aCO01B.
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BucnoBku. Jlocmimkeno BB anturictaminanx A®DI, nopataauHy Ta ae3noparaguHy, Ha
aKTHBHICTh 15-7iMmoKcHreHasn B ymoBax IN VIIr0 Ta BCTAHOBJICHO, IO JE3JIOPATaIMH BHSIBIISE
1Hri0yr04i BIACTUBOCTI MIOAO aKTMBHOCTI JOCHIPKYBAaHOTO ()epMEHTY, y TOW Hac, K JOpaTaJauH
JEMOHCTPY€E TpO3anajibHI BIACTHBOCTI Y 11 CHCTEMI.

OpepxaHi pe3yabTaTH JalOTh 3MOTY CTBEPKYBATH, IO AE3IOPATATUH MOTEHIIHHO MOXE
3aCTOCOBYBATHUCA Y SIKOCTI aKTUBHOTO (PapMameBTUYHOTO IHTPEAIEHTA JIKApChbKUX 3aco0iB 3
MIPOTU3ANATFHIMH BJIACTUBOCTSIMHU, 110, BiIOBIIHO, JO3BOJIUTH 3MEHIITUTH YUCIIO MOOIYHUX peaKIIii
B OpraHi3Mi MaIli€HTa, Ki BUHUKAIOTh MPY 3aCTOCYBAaHHI HECTEPOIMHUX MPOTH3AMAIBHUAX 3aC001B Ta

YHUKHYTH SIBUIIA TTOJIIparMasii.

Takox MOkHa 3pOOUTH BUCHOBKH, 110 Y TepIaTpUYHINA MPAKTHIN JUTsl JTIKYBaHHS aJICPTTIHUX
3aXBOPIOBaHb JOIIBHO HAJIATH MEpeBary JiKapchbKUM 3ac00aM Ha OCHOBI Aie3niopaTaauny. TpuBanuit
MIPUIOM JIOpATaMHY Y JIFOJICH JIITHHOTO BiKY MOYKE MTPOBOKYBATH MOCHIJICHHS 3aalibHOTO TIPOIIECY i

HpI/IH_IBI/I,Z[LHeHHSI OKCHUIATUBHOI'O CTpeCY.
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STUDY OF THE INFLUENCE OF LORATADINE AND DESLORATADINE
ON 15-LIPOXYGENASE ACTIVITY

Purpose. Investigation of the effect of antihistamine active pharmaceutical ingredients (APIs)
loratadine and desloratadine on the activity of 15-lipoxygenase in the reaction of enzymatic oxidation of
linoleic acid as a substrate.

Methodology. Study of kinetic patterns and mechanisms of 15-lipoxygenase inhibition using the
spectrophotometric method. Calculation of kinetic parameters according to standard methods and kinetic
models in the SigmaPlot 14.0 software package.

Findings. The dependence of the stationary rate of substrate conversion by 15-lipoxygenase on
substrate concentrations without an activator and in the presence of loratadine in different concentrations was
investigated. It was established that loratadine dose-dependently accelerates the conversion of the substrate
by the enzyme and, thus, exhibits potential pro-inflammatory properties (K.=29.60 £8.28 uM). It was shown
that in the presence of desloratadine in concentrations of 25 uM, 50 uM, 100 uM in the 15-LOX linoleic acid
oxidation system, a decrease in the steady-state rate of substrate conversion by the enzyme is observed. At the
same time, the concentration of half-maximal inhibition of fever is 1C5=287.91 + 29.02 uM. The mechanism
of inhibition of 15-lipoxygenase by desloratadine was established, which corresponds to the Mixed (Partial)
model of inhibition (R>=0.9688).

Originality. For the first time, it was established that loratadine, unlike desloratadine, activates 15-
lipoxygenase, which indicates its potential pro-inflammatory properties.

Practical value. The conducted studies prove that desloratadine can potentially be used as an active
pharmaceutical ingredient of drugs with anti-inflammatory properties, as it has a high efficiency as a 15-LOX
inhibitor. The use of this API will avoid the phenomenon of polypharmacy and reduce the number of adverse
reactions in the patient's body that occur during traditional therapy with nonsteroidal anti-inflammatory
drugs. It was concluded that in geriatric practice for the treatment of allergic diseases it is advisable to give
preference to drugs based on desloratadine. Long-term use of loratadine in the elderly can provoke an increase
in the inflammatory process and acceleration of oxidative stress.

Keywords: loratadine; desloratadine; active pharmaceutical ingredient; 15-lipoxygenase; anti-
inflammatory properties; kinetics.
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