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MoHiTOpUHT 3a0pyJHEHHS € HaJ3BUYAHO I[IHHUM IHCTPYMEHTOM Y IHMBIJIBHOMY
IUTAaHYBaHHI, BUPOOHUIITBI Ta CUIBCBKOMY TrOCHoAapcTBi. MOHITOPHHI XIMIYHOTO CKJIQJy 3araciB
BOJIM, TIOBITPS Ta TPYHTY MOXE HAJaTH SK JACpKaBHUM, TaK 1 MIPUBATHUM OpraHi3alisM IiHHI JaHi,
SKUMU KepyrTh 4epe3 miatdopmu [HTepHeTy pedeit. Lle m03Bossie KOMITaHISIM MIBUJIIE pearyBaTH
Ha BIUIMB 3a0pyaHEHHs, Oe3leKy MpalliBHUKIB, TPOMAJChKE 370POB’S Ta 3aXOJIU MIOAO CTaJOro
po3BUTKY. TOMY aKTyaJbHUM TIOCTA€ MHUTAHHS MO0 PO3POOJICHHS CUCTEMH, SIKa aBTOMATHU3YE JIii
10 PO3PAaXyHKY Ta BUBEACHHIO iHGOpMaIlii PO II00anbHU MOHITOPHHT.

Knrwouosi cnosa: monimopune, 3a0pyonenHs, cucmema.

Pollution monitoring is an extremely valuable tool in civil planning, manufacturing and
agriculture. Monitoring the chemistry of water, air, and soil supplies can provide both public and
private organizations with valuable data that can be managed through 10T platforms. This allows
companies to respond more quickly to pollution impacts, worker safety, public health and
sustainability initiatives. Therefore, the issue of developing a system that automates the calculation
and output of information on global monitoring becomes urgent.

Key words: monitoring, pollution, system.

3MiHa KJIIMaTy, 3a0py/AHEHHS IPYHTY, BOJU Ta MOBITPA, BTpaTa 010p13HOMAHITTS - L€ JIUIIE
JesiKi 3 eKOJIOTIYHMX MpoOsieM, 3 SIKUMH CTHKaeTbes MoAcTBO. LI mpoOneMu MaroTh cepiiosHi
HACIIIZKU JJISi 3IIOPOB'S JIIOJCH, €KOHOMIKM Ta HAaBKOJHUIIHBOTO cepepoBUIna. s BUpIMICHHS
€KOJIOTIYHUX Mpo0IeM HeoOX1/1HI TOYHI Ta akTyaJlbHI JaHl PO CTaH HABKOJIMIIHBOTO CEPEIOBUILA.
Cucremu rio6anbHoro moHitopunry (CI'M) 30uparoTh 1l JaHi 3 PI3HUX JDKEpeN, TakuxX SK
CYIYTHHUKH, TaTYUKH Ta MeTeoposoriuHi crauii. [Hpopmamiiiai Texnosorii (IT) MoxyTh 3HAYHO
nokpanuti edpektuBHicTh CI'M. 3 iX momomoror Mo)kHa: 30MpaTH, OOpOOJSITH Ta aHai3yBaTH
nani 3 CI'M Oinbln eeKkTHBHO; Bi3yali3yBaTu JAaHl y 3py4HMH cHociO JUIsl MPUUHATTS pIIIEHB;
po3po0IATH MOJENl IJsi MPOTHO3yBaHHS exoyioriynux 3MiH. [locmimkenus ominku CI'M 3a
nonomororo IT € Haf3BHUAITHO aKTyaIbHOIO TEMOIO, OCKUIBKH PE3yIbTaTH IIUX JTOCIIIKEHb MOXKYTh
JIOTIOMOTTH HaM po3poOUTH Oibll €(EeKTUBHI CTpATErii AJs BUPIIIEHHS €KOJIOTTYHUX MpolseM Ta
30epexKeHHs HAIlIOro JJOBKIILIA.

OcHoBHa MeTa MOHITOPHHIY HABKOJMIIHBOTO CEpElOBUINA IOJSArae B YHPaBIiHHI Ta
MiHiMi3aIlil BIUTUBY AISUIBHOCTI OpraHizailii Ha HABKOJHIIHE cepeloBuIle, abo i 3a0e3MeYeHHs
JNOTPUMAaHHS 3aKOHIB 1 HOPMaTUBHUX aKTiB, 00 Ui OM’ IKIIEHHS] pU3HKIB HIKI/UIMBOTO BILUTUBY HA
MIPUPOJIHE CEPEAOBUIIIE Ta 3aXUCTY 370POB’sI THOACH.

besnepepBHa po3poOka mepeaoBHUX MPOrpaM 1 MPUCTPOIB aBTOMAaTU30BAHOTO MOHITOPHUHTY
Ma€ BUpILIaibHE 3HAYEHHS JUIS MiJBUIIEHHS TOYHOCTI 3BITIB NMPO MOHITOPHHI HaBKOJHUIIHBOTO
Cepe/IoBUINA Ta €KOHOMIUHOI e(pEeKTHBHOCTI MPOIECY MOHITOPHHTY HABKOJHIITHHOTO CEPEOBHIIIA,
OCKIUJTBKM YHCENBHICTh HACEJCHHS, MPOMUCIIOBA JISUIbHICT 1 CIIOKMBAHHS €HEprii MPOJOBKYIOTh
CTPIMKO 3pOCTaTH.

[TporpamMu MOHITOPUHTY — Li€ OIyOIIKOBaHI B OpraHizallii IIaHu, B SKUX TOYHO BKa3aHO, SKi
€JIeMEHTH MOHITOPHHTY IiJIATalOTh MOHITOPWUHTY, 3arajibHi IiJIl, KOHKPETHI CTpaTerii,
3aIpONOHOBAaHI METOM BUOIPKH, IPOSKTH B paMKax KOXKHOI CTpaTerii Ta 4aCOB1 paMKH.
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[TpoayKTH MOHITOPHHIY HaBKOJHUIIHBOTO CEpElIOBHUINA Ta MPOrpaMHE 3a0€3MEeUCHHS s
MOHITOPUHIY HaBKOJMIIHBOI'O CEPEJOBUIIA, HANpPUKIAA, CHUCTEMH YIPABIIHHSA JaHUMH IpPO
HaBkosiuiiHe cepenopuiie  (EDMS), mosermiyroTe BOPOBaJKCHHS Ta MOHITOPUHI MpOTrpam
MOHITOPUHTY Ta OIL[IHKM HAaBKOJMIIHBOIO CEPENOBMINA, IO BKIIOYAE LEHTPAIbHUN LIEHTP
KepyBaHHS JIaHUMH, aBTOMAaTH30BaHI CIOBIIIEHHS PO MOHITOPUHI HaBKOJHUIIHBOTO CEPEJOBHUIIIA,
MepPEBIPKY BiJIMOBITHOCTI, BaJiAaIlit0, KOHTPOJIb SIKOCT1 1 CTBOPEHHSI 3BITIB IIPO MOPIBHSAHHS HA0OPiB
TaHUX.

[CHYIOTB TPH OCHOBHI THIU IJI00AJBHOIO MOHITOPUHTY [1] HaBKOJIMIIHBOTrO CepeIoBHIIA -
e rpyHT, armMocdepa Ta Boaa. Jleski MeTOIM CKaHyBaHHA Ta MOHITOPHUHTY HAaBKOJIHUIIIHBOTO
CEpelIOBUINA BKIIOYAOTH (UIBTpaIlito, CEAMMEHTAIlII0, €JIEKTPOCTaTHYHI MpoOu, Bigdip mpod i3
3axBaTy Ta BiJ0ip KOMIIO3UTHUX MPOO.

Hani, 310paHi 3a JOMOMOTOI IIMX METOJIB MOHITOPHUHTY HAaBKOJIMIIIHBOTO CEpPEIOBHIIIA,
MoxXyTh Oyt BBeZeHi B CYBJl, ne ix mokHa knacugikyBaTd, aHaji3yBaTu, Bi3yali3yBaTu Ta
CTBOPIOBATH MPAKTHYHI BUCHOBKH, SIKi CIIPUATUMYTh MPUUHATTIO OOTPYHTOBAHUX pillicHb [2].

MOHITOpUHT TOBITPSA: JaHI TMPO HABKOJHIIHE CepeloBHUINE, 3i0paHi 3a OMOMOTOI0
CHeIiaJli30BaHUX 1HCTPYMEHTIB CIIOCTEPEKEHHS, TAKUX K MEpeki TaT4uKiB 1 Mmoaeni ['eorpadiunoi
iHpopmaniiinoi cucremu (I'IC), 3 6araTbox pi3HUX EKOJIOTIYHUX MEPEX 1 IHCTUTYTIB, IHTETPYIOTHCS
B MOJIeJIi PO3CIIOBaHHS MOBITPS, AKI MOEAHYIOTh BUKHIU, METEOPOJIOTIUHI Ta TomorpadiuHi AaHi
JUTSL BUSIBJICHHS Ta MIPOTHO3YBAaTH KOHIIEHTPAII0 3a0pyIHIOBAYIB MOBITPSI.

MoniTopuHr IpyHTy: BinOip mpod (okpemux mpod) i KOMIUIEKCHHX MHpol (Kiibka Mpol)
BUKOPHUCTOBYIOTBCS JIJII MOHITOPUHTY TPYHTY, BCTAaHOBIJICHHSI 0a30BUX JIiHIN 1 BUSBIICHHS 3arpos,
TaKuX $K MIIKUCICHHS, BTpaTa OIOpPI3HOMAHITTS, YIIUIbHEHHs, 3a0pyIHEHHS, €po3is, BTpaTa
OpTaHIYHMX MaTepiaiiB, 3aCOJCHHS Ta HECTAOIIbHICTh CXUITIB.

- MOHITOPUHT COJIOHOCTI: AucTaHliiHe 30HAYBaHHsA, ['IC Ta enekTpomarHiTHa 1HAYKIIS
BUKOPHUCTOBYIOTBCS I MOHITOPHHTY COJIOHOCTI TPYHTY, fKa, SKIIO i1 He30aJaHCOBAaHO, MOXeE
CIPUYMHUTH LIKIJJTUBUI BIJIMB HA SKICTh BOJH, IHPPACTPYKTYPY Ta BPOXKANHICTh POCIUH.

- MoHITOpUHT 3a0pyAHEHHS: XIMIYHI METOJH, Takl sIK Xpomarorpadis Ta CHEKTPOMETpis,
BUKOPHUCTOBYIOTBCS Ul BUMIPIOBaHHS TOKCUYHMX €JIEMEHTIB, TAKUX SIK SJEpHI BIAXOJH, BYTiIbHA
3014, MIKpPOIUIACTHK, HAa(TOXIMIS Ta KHUCIOTHI JAOMI, $KI MOXYThb NPU3BECTH JO PO3BUTKY
3aXBOPIOBaHb, OB’ A3aHUX 13 3a0pYAHEHHM, SKILO BOHH CIIOKUBAIOTHCS JIOABMU 200 TBAPHHU.

- MOHITOpPHUHT €po3ii: MOHITOPUHT 1 MOJIEIIOBAHHS €po3ii IPYHTY € CKJIaJHUM IPOLECOM, Y
SIKOMY TOYHI ITPOTHO3U Maike HEMOXKIINBI JUIsl BEJIMKUX TEPUTOPiM. YHiBepcanbHe PiBHSIHHS BTpaT
rpyaty (USLE) HaiiuacTimie BHKOPHCTOBYETBCS Ul MPOTHO3YBaHHS BTPAT IPYHTY BHACIHIJOK
BoiHOI eposii. Epo3is Moxe OyTM copudyMHEHa TakUMHU (akTOpaMH, sIK KUIBKICTb OMNAajiB,
MTOBEPXHEBUH CTIK, PIUKHU, CTPYMKH, MTOBEHI, BIT€p, pPyX Mac, KJiMaT, CKJIaJ 1 CTPyKTypa IPYHTY,
penbed 1 BIICYTHICTD YIPaBIIHHS POCIUHHICTIO.

MOHITOPUHT BOAM: METOAM B1I0OpPY MpoO HABKOJMIIHBOTO CEpPEAOBUINA BKIOYAIOTh
OLIIHOYHE, MPOCTE BHUIAJKOBE, CTpaTH(iKOBaHE, CHCTEMATUYHE Ta CITKOBE, a/JlalTUBHE KIJIACTEPHE,
3aXOIUIEHHSI Ta T[IacMBHE; HamiBOe3nepepBHUN 1 Oe3nepepBHUI EKOJOTIYHUM MOHITOPHHT;
JMCTaHIlIfHE 30HAYBAaHHS Ta MOHITOPMHI HaBKOJHUIIHBOTO CEpPEelOBHINA; 1 OIOMOHITOPUHT
BUKOPUCTOBYIOTBCSL JUIsl BHUMIPIOBAHHS Ta MOHITOPHMHTY Jliana3oHiB O10JOTIYHHUX, XIMIYHUX,
PasioNIOTIYHUX, MIKpOOIOJIOTTUHUX 1 HOMYJISAIIMHUX MTapaMeTpiB.

MOHITOPUHTOM €KOJIOTTYHOTO CTaHy BOJM KepyloTh (enepalibHi, Jep:KaBHI Ta MICLEBI
YCTaHOBH, YHIBEPCUTETH Ta BOJIOHTEPH, 1 BIH Ma€ BUpIIIAJIbHE 3HAUCHHS JJIs1 XapaKTePUCTUKU BOJ,
BHU3HAUEHHS €(DEeKTUBHOCTI ICHYIOUHMX MPOrpaM KOHTPOJIIO 3a0pyAHEHHS, BU3HAUYEHHS TEHICHIIIH 1
HOBHX INpO0JIeM, NIepeHanpaBiIeHHs 3yCHIIb 13 KOHTPOJIIO 3a0pyIHEHHS 3a MOTpedH, 1 B 3yCHIIAX 3
pearyBaHHs Ha HaJ3BHYalHI CUTYaITIi.

[TepeBarn MOHITOPUHTY HABKOJIMIIHBOTO CEpPEJOBHUINA TMOJIATAIOTh Yy HOro 37aTHOCTI
MOKpaIlyBaTH SKICTh JKUTTS CYCIUIBCTBA IIUIIXOM BHCBITJICHHS 3B’SI3Ky MIDK HABKOJIHUIITHIM
cepenoBuieM i 310poB’sm [3]. [lepeTBopeHHS JaHKX MOHITOPUHTY HaBKOJIHMIIHBOTO CEPEIOBHIIA B
iHopMmarIlilo Ta CBOEYACHE JOHECEHHS JO CIUIBHOTH KOPHUCHUX BHCHOBKIB Ma€ BHUpIIIAIbHE
3Ha4YeHHs A5 iIHPOPMYBaHHS IPOMAJISH PO CTaH HABKOJIUIIHBOTO CEPEOBHUIIIA.
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[TpakTu4Hi TpOrpaMM MOHITOPHHTY HAaBKOJMIIHBOTO CEPEIOBHINA BKIIOYAIOTh 3aXHCT
I'POMAJICBKOIO BOJIONIOCTAYaHHS, YIPABIiHHA HEOE3NeYHMMHU Ta paJdiOaKTUBHHUMM BIJIXOJaMH,
imeHTudikamnito Ta aHami3 pKepen 3a0pyAHEHHS, SKi BIUIMBAIOTh HA SIKICTh MICBKOTO IMOBITpS Ta
HOro BIUIMB Ha 370POB’sl JIIOJUHHU, 3aXHCT 1 YIIPaBJIIHHA IPUPOAHUMHU PECypCaMM, TAKUMHU SIK IPYHT
1 BOJIOTIOCTaYaHHs1, IPOTHO3 TOTO/IM, PO3MOIUT PECYpPCiB AJIS TIaHYBAaHHS 3€MJIi Ta €KOHOMIYHOTO
PO3BUTKY 3 EHEPreTUYHOK AHAIITUKOK Ta CEHEPreTUYHUM Oi3Hec-aHaIITUKOM, BH3HAUYEHHS
MoJIeNIel IIITBHOCTI HACEICHHS Y 3B’ SI3KY 3 IPUPOAHUMHU PECypcaMu Ta €eKOHOMIYHHUM PO3BHUTKOM,
KapTorpagyBaHHs IPUPOJHUX PECYpPCIB, 3aXUCT BUIB, 110 3HAXOAATHCS MiJ] 3arpO30k0 3HUKHEHHS,
Ta TJI00aTbHA 3MiHA KJIIMATY.

Ormsin cy4acHMX IMMIIXOJIB Ta 3aco0iB 10 MPOEKTYBaHHS Ta PO3pPOOJIEHHS MPOTPAMHOTO
3a0e3neueHHs] JI03BOJIMB  0o0paTh Ui CTBOPEHHS CHCTEMH e(EeKTHBHI TEXHOJIOTii Ta
iHCTpyMeHTanbHi 3acobu: mporpama Visual Studio, moBa mporpamyBanus C#, 3 BUKOPHUCTaHHSIM
texHosorii ASP.NET s ctBopenns web-noxarky. s ¢popmyBanHs Ta poOOTH 3 6a3aMu JTaHUX
Oyno Bukopucrano MySQL.

Po3pobneno mporpamue 3abe3neueHHs iH(GOpMaIiHHOT CUCTEMH MOHITOPUHTY, OCHOBHUMH
GyHKIISIMU  SIKOT € MOXJIMBICTH mepernsigy iHdopMmarii Ta MOKa3HMKIB 3a0pyIHEHHs
HABKOJIMIIIHBOTO CEpPEJIOBUINA, PO3PAXYHOK [aHUX Y CHEIIaJbHOMY pPEXHMI KOPUCTYBaHHS,
TeperyIsl 3arajabHoi iHdopMarlii mpo rIodaTbHUI MOHITOPHHT.

st sKicHOTO pO3pOOJICHHST Ta TECTYBaHHS MOJIENI CHCTEMH OyJ0 BHUKOHAaHO BHOIp
HAWOUIBII XapaKTEPHUX MMapaMeTpiB, IO BILIMBAIOTh HA OLIHIOBAHHSA 00 €KTY MOCIiKeHHS [4].
Jnst koxkHOI 3MiHHOT OyJ0 BHKOHaHO mpouenypy ¢asudikamii, copMoBaHO TpaBUiIa JOTTYHOTO
BUBEJICHHS 3 BPaxyBaHHSM BCIX BU3HAYEHUX TEPM-MHOXHUH BXIJHHUX JIIHIBICTUYHHMX 3MIHHUX JUIS
KO>KHOTO T€PMY BHX1IHOI 3MiHHOI.

['moGaibHUIT MOHITOPHHT 3JIKUTH BiJl TPhOX (PAKTOPIB: SAKOCTI BOJHU, SIKOCTI MOBITPS Ta
SIKOCTI IpyHTY [5].

Jlnis mepeBipKM SKOCTI IIMX MOKa3HUKIB, HEOOX1IHO KOHTPOJIIOBATH BMICT MEBHUX PEYOBHUH.
Tomy, nyist cucteMu 17100a1bHOTO MOHITOPUHTY OyJI0 BU3HAYEHO HACTYITHI BX1HI TapaMeTpu:

Bwmict 3amiza y Bomi (3MiHHa «3aii30o») — BHCOKHM BMICT 3amiza y BOII Jojaae it
XapaKTepHUI HENPUEMHUN MpPUCMaK, KWW HE BUKIMKae OakaHHd ii nutu. Hopma BMmicTy 3ami3a B
muTHi Boxmi craHoButh 0,30 Mr/n (Mimirpamis Ha 7iTp). Moro Ha3MBalOTh BTOPUHHHM
MaKCUMaJIbHUM piBHeM 3a0pyaHeHHs, a00 SMCL, ockinbku piBeHb 0a3ye€ThCs Ha ECTETUYHHUX
(xomip 1 cMak) CKJIaJI0BHMX, @ HE Ha BIUIMBI Ha 3/10pOB’s. SIKIO piBEeHB 3aji3a y BOJI CTAHOBUTH a00
nepesuinye 0,30 Mr/i, Moxxe OyTH MeTaJIeBH IPUCMaK.

Bwmict cynmbdariB Ta xiopuaiB y Bomai (3MiHHa «Cynb(aré 1 XJIOpHIM») — e OAHI 3
HaWNOIIMPEHIIINX aHIOHIB B CKJIaJAl BOJM, OUIBIIICTh TaKMX HEOPraHIYHHUX CHOJYK € MOBHICTIO
po3uMHHMMH y Boai. JliamazoH xjopumiB 35-125 wMr/a pais IpyHTOBHUX BOJ| BB@XKAETHCS
HopMainbHUM. Konm koHueHTpauist xiopunais nepesuinye 250-400 mr/a, Boga Oyzne COJIOHOKO Ha
CMaK.

Bwmict miokcuay a3oTy y moBiTpi (3MiHHA «/lioKcHa a30Ty») — BUKHHM a30Ty B aTMocdepy,
iX MepeTBOpEHHS Yy HITpaTH Ta a30THY KHCIOTY MPU3BOIATH O BUHUKHEHHS KUCJIOTHHX JOIIIB.
Hiokcun a3oty nyxke oTpyiiHuil. BauxanHs Horo BUKIMKae CHUIIbHE MMOJPA3HEHHS IUXaTbHUX
opraniB. Bcranoeneno 1-rogunnmuii cranaapt NO2 na piBHi 100 yactun Ha Minbspa (ppb). Takox €
30epexxeHuM cepennbopiunmii  ctanmapt NO2 — 53 ppb. l-rogwnHMii CcTaHgapT 3aXHUCTHTH
TPOMAJICEKE 37T0POB’sI, OOMEKYIOUH BIUTHB KOPOTKOYAaCHUX MikoBUX KoHieHTpamniit NO2 Ha mrozaei,
sIKI B OCHOBHOMY BHHHUKAIOTH O1JIs1 TOJIOBHHX JIOPIT.

Bwmict 030HY y moBiTpi (3MiHHa «O30H») — 030H (QOPMYETHCSA Ha PiBHI 36MHOI MOBEPXHI,
KOJIM 3a0pYyAHIOI0Y] pEYOBUHM, BUKIMKAHI aBTOMOOLIEHUM TPaHCIIOPTOM Ta 3aBOJAAMHU, BCTYIAIOTh
y XiMiyHi peakuii mig BruiiBoM Conist. JKoaHUX BIUIMBIB Ha 3/I0pOB’Sl HE OYIKY€ETHCS, KOJIU SKICTh
MOBITPs 3HaX0aUThCs B aiama3oni Bigx 0 mo 50 wacTun Ha Minbiton (Ppm). [Toka3HUKHK BHII I[LOTO
Jiarna3oHy MOYMHAIOTH MPOSBISATH BIUIUB Ha JIIOJCHKE 370pPOB’S, TOMY HOTPIOHO OOMEXHTH
nepeOyBaHHS y BIAKPUTHX MPOCTOPaX.


http://asp.net/

Bwmict kagmito y rpynti (3minHa «KaaMmiii») — BEIMYE3HOI HEOE3IEKOI0 IS OpraHi3My
JIONUHA € 3a0pyaHeHHs TIpyHTY Kaamiem. [lorpamnstoun B 1Ky, BiH BHKIHMKAe aedopmariito
CKeJIeTa, 3yIMHKY POCTY y AiTeH 1 cuibHi 00l B cuai. Memiana Bmicty Cd B kopi cranoButh 0,2
mr/kr. Y rpynrax Cd syctpidaerscs B KoHumentpaiisx Big 0,01 mo 1 MI/Kr i3 cepenHiM CBITOBHM
sHadeHHsM 0,36 wmr/kr. BuBiTproBanHs Moke mpu3Bectd 10 koHieHtpamii Cd mo 5 Mkr/n y
IPYHTOBIH BOJII Ta 10 1 MKI/J y TPYHTOBIH BOII.

Bwmict cBuHIIO y IpyHTI (3MiHHa «CBUHENB») — € QyXKe HEOE3MEUHUM JUIs JIFOJeH 1 BCIX
KUBUX OpraHi3MmiB. Bij HajyMIIKy CBUHIIO ypa)aeTbCs LIEHTpaJbHA HEPBOBA CHUCTEMa, MOJIOBHHIA
MO30K, TIeUiHKa 1 HUpKH. BiH HeOe3nmeyHuii CBOIMU KaHIIEPOTEHHUMU 1 MyTareHHUMH JissMu. [Tpu
OIIHIII HAaCTaHOBU BHUKOPHCTOBYEThCS HAHOUIBII YyTIMBHH perientop (MajeHbKa JWTHHA) 1
HaWOLIBII €KCTpEMaIbHUN BIUIMB. [HIIMMM CIIOBaMHM, SIKOM Jy)K€ MaJleHbKa JUTHHA Oyiia IiagaHa
BIUIMBY IPYHTY 3 KOHIIEHTpaIlieto cBUHIIO 140 yacTuH Ha MITBHOH NpoTiIroM 24 roauH Ha 100y,
365 mHIB Ha piK e HE BIUIMHYJIO O Ha pIBEHb CBHUHIIIO B KPOBi. ATEHTCTBO 3 OXOPOHH
HaBkonuiHboro cepenosumia (USEPA) BBakae, mio piBHi cBuHIO B IpyHTI A0 400 yactuH Ha
MIJTBHOH «HE TIOTPeOYIOTh KOAHUX Miki». PiBenb cBuHIO B rpyHTI Mixk 400-1200 ppm BBaxkaeThbes
«pIBHEM 3aHETIOKOEHHS.

MoHiTOpH SKOCTI TOBITPS OCHAIICHI JaTYUKaMH, TNPU3HAYCHUMH JUISI BUSBJICHHS
KOHKPETHUX 3a0pyaHiorounx pedoBuH [6]. Jleski BHKOPHUCTOBYIOTH JIa3epu Ui CKaHYBaHHS
IIUTFHOCTI TBEPAMX YAaCTUHOK y KyOIiYHOMY METpi MOBITps, TOAI K IHII MOKJIAJAlOThCS Ha
CYIyTHHKOBI 300pakeHHS JUIsl BUMIPIOBaHHs €HEprii, BIiIOMTOI a00 BUITPOMIHIOBAHOI 3eMJICIO.

3a0pyaHIoBayi, MOB’sI3aHI 3 BIUIMBOM Ha 37[0POB’S JIFOJWHU Ta HABKOJIMIITHE CEPEIOBUIIE,
BKiouarote PM2,5, PM10, mpusemMHHil 030H, AIOKCHI a30Ty Ta AIOKCHA cipku. YuM Oinblia
HIUTBHICTD 3a0pYAHIOIOUMX PEYOBUH Y MOBITPi, THM BUIIMK iHAEKC sikocTi moBiTps (AQI), mkana
Bix Hyns g0 500. AQI 50 aGo HmXuYe BBaKaeThCs Oe3MEYHUM, TOHI SK MOoka3HUKU Buie 100
BBXAIOTHCS HE3JIOPOBHUMHU.

SIkicTh Bomu [7] MOKHA BUMIPATH IUIIXOM 300py TpoO BOAM s 1TaOOPATOPHOTO aHATi3y
abo 3a JI0OMOTIO0 30H/IB, SIKI MOXYTh 3allCyBaTH JaHi B OAMH MOMEHT 4acy a0o peecTpyBaTH
JlaH1 4epe3 peryispHi MIPOMIKKH 4acy MPOTATrOM TPUBAJIOro Mepioy vacy.

Konopumerpu ta poTomMeTpn BUKOPUCTOBYIOTHCS ISl aHATI3Y P00 BOAM, 3BAKEHUX OTA/IIB
1 IOHHOTO MaTepialy Ha BMICT HEOPTaHIYHUX 1 OpraHiyHUX KOMIIOHEHTIB.

TecT-cMy>XKH € €KOHOMIYHUM CIIOCOOOM TpPOBEACHHS BUOIPKOBOI MEPEBIPKU SKOCTI BOIM.
BoHu 3MiHIOIOTH KOJIp MiJ] BIUIMBOM LIIKaBUTh (PaKTOpA.

3aragoM KOJIOpUMETPHYHA TMpoIeaypa mepeadadae A0/aBaHHS TEBHOTO THIY XIMIYHOT
peuoBuHH (ab0 «peareHTy») 10 3pa3ka BoaM. IloTiM peareHT pearye 3 pPEYOBHUHOIO, SKY
HaMararoThCsl BUMIPSATH, BUKJIMKAIOUN 3MiHY KOJIbOPY 3pa3Ka.

IcHye Tpu OCHOBHI KaTeropii iHIUKaTOpiB IPyHTY [8]: XimiuHi, (i3uuHi Ta OiOJOTIYHI.
Tunosi BUNpoOyBaHHS IPYHTY PO3IIISAAIOTH JIMIIE XIMIYHI TOKa3HUKHU. SIKICTh IPYHTY HAMAra€ThCst
00’eiHaTH BCl TPU TUIM NMOKa3HMKIB. Kareropii He TOUHO y3TrOJUKYIOTHCS 3 PI3SHUMU (QYHKIISIMU
IPYHTY, TOMY HE0OXiJ{Ha iHTerpaiis. ¥ Tabauii HIKYE MOKa3aHO 3B 30K MIK THIIOM IHJUKaTOpa
Ta (QYHKIIIE€IO IPYHTY.

XiMIYH1 1HIUKATOPU MOXKYTh JaTH 1H(POPMAII0 PO PiBHOBAry Mi’K I'PYHTOBUM PO3YMHOM
(rpyHTOBa BOJA Ta IOXKMBHI PEUYOBMHHM) Ta MicUAMU OOMiHY (YaCTUHKH TIJIMHHM, OpraHidyHa
pEe4oOBHHA); 370POB'Sl POCIMH; Xap4yoBl MOTpPeOM YrpyHnoBaHb POCIUH 1 IPYHTOBUX TBapHH; PiBHI
3a0pyIHIOBAYiB IPYHTY Ta iX JOCTYMHICTH JAJIS MOTJIMHAHHS TBAPMHAMHU Ta POCIUHAMH.

@Di3UyH1 IHAUKATOPU HAAAIOTH 1H(OPMALIIIO PO T1IPOJIOTIYHI XapaKTePUCTUKH IPYHTY, TakKi
SK HaJXO/DKEHHS Ta YTPUMaHHS BOJH, 10 BIUIMBAE HA JOCTYIHICTH sl pociuH. JlesKi MOKa3HUKU
OB’ s13aH1 3 HASBHICTIO MOKMBHUX PEUYOBHH Yepe3 1X BIUIMB Ha OOCSAT YKOPIHEHHSI Ta CTaH aepartii.

BionoriyHi iHIMKAaTOPH MOXKYTh PO3MOBICTH HaM IPO OpraHi3MH, sKi YTBOPIOIOTh XapyoBY
MEpeXKy TPYHTY, BIANOBINAIBbHY 3a PO3KJIAJaHHS OPTraHIYHOI PEYOBHMHH Ta KPYrooOir MOKUBHHUX
PECUOBHH.



B mporeci po3pobieHHS cUCTeMH OyJ0 BUKOPUCTAHO TEXHOJIOTII0O HEWITKOI JIOTIKH.
TexHOJI0TisI HEUITKOT JIOTIKH — I1€ KOMIT'FOTepHUH MMiIXi] 70 0araThoX cy4acHUX cucTeM. BoHa Oepe
CTYyIIEHI ICTUHHOCTI SIK MaTeMaTHYHY OCHOBY 3a IPHHIIUIIOM acleKTy ABO3HAYHOCTI [9].

[TepeBaru TeXHOJIOTII HEUITKOT JIOTIKH:

1. Bucoka TOUHICTb, OCKUIbKM BOHA 0a3ye€TbCsl HA JIOJACHKUX MIPKYBAHHSX 1 JIHTBICTHYHIH
Mozenl

2. 'nyukuil y BAKOPUCTAHHI Ta 3aCTOCYBaHHI B 0ararboX rajy3sx IMPOMHUCIOBOCTI

3. BukopucToBye mpocTi MaTeMaTH4HI orepartii 1y HeMHIMHUX 1 CKIaJHUX CUCTEM

4. EcdexTuBHE BUKOPUCTAHHS KEPYBAaHHS JUIA OLIBIIOCTI EJIEKTPOHHUX 1 MPOMHCIOBHUX
CHCTEM

BxigHi Ta BUXiIHA 3MiHHI B HEUITKIA MoJeNi Oyiu MpeacTaBieH] TPUKYTHUMH (YHKIIISIMU
HAJIEXKHOCTI. Yci BXimHi 3MiHHI BH3HAueHI 0a30BOI0 MHOXHHOK TepMiB: low, high, B mexax
THAVBITyaTbHIX MHOXUH:

1. 3anizo: low — [0, 0.1], high — [0.05, 0.3];

2. Cynbtaru Ta xmopumu: low — [0, 100], high — [60, 200];

3. Hiokcun aszory: low — [0, 30], high — [20, 180];

4. O30mn: low — [0, 60], high — [50, 300];

5. Kammiii: low — [0, 50], high —[30, 80];

6. Ceunenp: low — [0, 1], high —[1, 10].

Buximaum mapamerpoMm € 3MiHHa “ExosnoriyHuii aHami3”, BHU3HAUeHa 0a30BOI TEPM-
muoxuHO {low, medium, high}, B mexxax yniBepcansHoi muoxxunu [0,3] (puc.l).
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Puc. 1. BxiaHi Ta BuXiagHa 3MIHHI MOJEI]

CTpyKTypHa MOJENh CHCTEMH CKJIQJAa€ThCs 3 5 €JIEMEHTIB: JlaHi 3 JNaT4uKiB, 0a3a JaHUX,
cepBep, MporpaMa, KOpUCTyBalbKHi iHTep(elic.

JaHl 34uTyIOTBCA 3 JaTYMKIB Ta 3alUCYIOThCS B 0a3y naHux. Jlami 3a J0momMororo
CreniaIbHOT0 KOHEKTOpa, iH(popMmarlis 3 6a3u JaHUX IMIIOPTYETHCS HA CEPBEP, 3BIIKU B CBOIO YEPTy
nepefaeTbess 'y MOy mporpamu. [Jlami HeoOXiqHO HamucaTH MPOTpaMHUN KO, KUK 00poOJsie
OTpHUMaHi JIaHi Ta 3allUCy€ Ha KOPUCTYBAIbKUH iHTepdenc 1 moaanbmoi poOOTH Ta B3aEMOIT 3
HUMU.



Cepen HalBOXJIMBINIMX 3aBJaHb KOPUCTyBaya CUCTEMU €: OTpUMaHHS iH(popMmallii, a came
PO BIUIMB Ha JIIOJIMHY, MPO SKICTh MOBITPs, BOJAU, IPYHTIB Ta MEPErjsij IHTEPaKTUBHOI Maru
3a0pyJHEHHS, PO3PaxyHOK piBHS 3a0pyqHEHHS, a caMe BBEICHHS IIOKa3HUKIB Ta TIEPEryIsy
IPaHUYHUX 3HAYCHb, IEPETJIsil CTATUCTUYHUX JTAaHUX.

PospaxyHok piBHS 3a0pyJqHEHHS € HAWTOJOBHINMIOW (YHKIIEI0 CHCTEMU MOHITOPHHTY.
Cucrema MOXe JOTIOMOITH KOPUCTYBAau€Bl PO3paxyBaTH SKICTb HABKOJIMIIHBOTO CEpPElOBHUIIA 3a
BIIACHUMH TTOKa3HUKAMHU Y HOro MicieBocTi. JIJis IbOTO JOCTaTHBO JIUIIE BBECTH MOKA3HHUKH Ta
HAaTUCHYTH KHOIKY «Po3paxyBatu». Cuctema BUBEJE BHCHOBOK 3TiJJHO 3alUTy KOpPUCTYyBaya, a
TaKOX MOKaKEe PIBEHb 3a0PYAHCHHS Ta TPaHUYHI 3HAYCHHSI, SIKi HE BIUTMBAIOTh HA CTAaH Ta 3JI0POB S
JIFOJTUHH.

Cucrema Oyae HamaBaTH JOCTYI A0 po3mupeHoi indopmamii ans kopucryBada. Cepen
OCHOBHHX MOJKJIMBOCTEH OyayTh Taki BUAM 1H(OpMaIlii: SKICTh IMOBITPS, SKICTh BOJH, SIKICTb
I'PYHTIB, a TAKOX TEpEryisil IHTepaKTUBHOT MalH SIKOCTI HABKOJIMIIHBOTO cepeoBuina. J[oaaTkoBo,
MO>KHa OyJie OTpuMaTH iH(OpPMaILlilo PO BILTUB HA JTIOUHY.

KopucryBauam Moske Oyze IiKaBO NEpEeBIpUTH Ta TMOPIBHATH MHaHi, SKi Oynm 3ammcaHi
MPOTATOM TEBHOTO 4Yacy y MHHYJIOMY. g 1boro € (QyHKIis Meperisily CTaTUYHUX JIaHUX.
KopucryBauy Oyne BHBOIUTHCS TAaONHIS 3 BHMIPSHUMHU paHINIe MMOKa3HHKaMH 3a0pyTHEHHS 3
MOJKJTUBICTIO BUOOPY MEpioly, KUl HOTo I[IKaBUTh.

KopuctyBau Mae MOXKIMBICTH BHECTH JIaHi, SKi BiH 3Ha€ Mpo 3a0pyIHEHHS, a mporpama
CaMOCTIHHO BU3HAYHUTh HOTO PIBEHb, 3T1THO MPOTPaMHUX MPABUIIL.

baza nanmx cucremu ckianmaerbes 3 9 tabmunp: «KopueryBau», «Micto», «I[lokasHuKH
Bomu», «Iloka3zuuku [loBitps», «Iloka3HuKH fpyHTy», «MomnitopuHr», «Bmict PewoBun Boau»,
«Bwmict Peuosun ITosiTps», «Bmict Peuoun IpynTy».

Konu xopuctyBau 3axoJuTh Ha CalT TriI00albHOTO MOHITOPUHTY, HOMY BIAKPHBAETHCS
TOJIOBHA CTOPIHKA, SIKa MICTUTH JCSKY iH(GOpPMAIIifo IPO MOHITOPUHT B 3aTajbHOMY.

[Tepexoasun Ha iHmi cropinku: «[loBiTps», «Boma» Ta «[pyHT», BimoOpa)aeTbes
aKkTyaJlbHa KapTa 3 MiICTaMH Ta IIO3HAYkaMd Ha Hik. JlaHi OTpuMyrOThCS 3 0a3u JaHHX.
Hatuckaroun Ha KOXeH 3 MOKa3HHUKiB, KOPUCTYBau MOXE MO0AUYUTH HOro KoopauHaTtH. Takox mij
KOOpJMHATAMH PO3TAlllOBaHAa aKTUBHA KHoMKa «[Hdopmariiss mpo 3a0pyAaHEHHs», SKa pPOOHUTH
nepeajpecalliro Ha CTOPIHKY 3 TOKa3HUKAMH T10 TaHOMY MICTY.

HarucnyBmim Ha xkHOTIKY «IH(MOpMartis mpo 3a0pyIHEHHS», KOPUCTYBAauy BIAKPUETHCS HOBA
CTOpiHKa 3 JeTanbHOI 1H(OpPMALi€0 MO [bOMY MICTY, Cepel SKHX 3arajbHHil TOKa3HUK
3a0py/IHEHHS Ta MOKA3HUKU BMICTY PEUOBHUH, 5K € PI3HUMU ISl KOXKHOTO BHIY MOHITOPUHTY.

[Ile onmHi€I0 CTOPIHKOI € KaJNbKYISATOp, SKUWA BHU3HAYa€ piBEHb 3a0pYyAHEHHS, 3TiTHO
BBeJICHUX mpaBwil. Ha 1t cTopiHii € mosst st BBOAY iHGoOpMaIlii, K MOBITPsS, Tak 1 BOAW Ta
IpyHTy. HeoOXimHO BHeCTH JaHi Ta HaTUCHYTH KHOMKY «Po3paxyBatu». IIporpama paxye piBeHb
3a0pyaHEeHHS Ta 30epirae BBEJCHI MOKa3HUKH, 1 BUBOJIUTH I1i TIOPaXOBaHi JaHi Ha EKpaH.

Jlist KOHTpPOJIIO 3MIHM TIOKa3HUKIB 3a0pyJHEHHS Ha CTOPIHKM BHBENCHO Tpadik 3MiHU
3HadyeHb. {11 moOymoBu rpadiky 3 0a3um gaHWx OEpyThCS MOKA3HHWKH 3a OCTaHHI S IHIB, 3T1THO
SKUX MOXKHA MOOaYuTH AUHAMIKY 3a0pynHeHHs. SIKIIo B 1€l AeHb JOAaHO JEKiTbKa 3amuciB, TO
OepeThCs HAWHOBIMIMKA JTOJAHWM 3amuc. SKII0 MOKa3HWK B IeW JIGHb HE JOJAHHH, BIIITOBITHO
MOKa3HUK OyJie 1opiBHIOBATH HYMO. ['padiku MoxkHa MOOYyBaTH sl KOKHOTO TOKAa3HUKA.

Po3pobiiene nmporpamue 3abe3nedeHHs 0y0 MPOTECTOBAHO HAa KOKHOMY €Tari Horo poOoTH.
3anmpomnoHoBaHa cHUCTEMa MPAIoe 6€3 TOMUIIOK.

OTxe, y poboTi Oys10 po3po0ieHo mporpaMHe 3a0e3neueHHs A r100anbHOr0 MOHITOPHHTY, a caMe:
chopmoBano iHQOpMAIIiiiHY MOJAEb JOCHiKeHHs; ONMKUCAHO BXIJHI Ta BUXIAHI JaHI Ta MapamMeTpu
po3po0IItOBaHOi MOJEN; METOAM OTpUMaHHS 1HopMalili MPOEKTOBAHOI CHUCTEMH Ta 3acodu
BHUMIPIOBaHHS MMOKa3HUKIB. JlaHa cuctema Jae 3mMory 30MpaTH, 0OpoOIATH Ta aHali3yBaTH BCl THIU
JTaHWUX, HEOOXITHUX i1 T7a00ambHOrO MOHITOpHHTY. JlaHi, sAKi 30HpalOThCI MOXKYTh
BUKOPUCTOBYBATHUCS AJIsI IPUHHSATTS BOXIUBUX pileHb. Cuctema € epeKTUBHOIO, MIBUIKO MPAIIOE
1 03 TOMUJIOK, € TPOCTOI0 Y BUKOPHCTAHHI.
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CUCTEMAX AKTUBHOT'O ITIOJABJIEHHSA LIYMY
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Abstract. Today, with the development of industry, the issue of combating noise pollution is
gaining more and more importance. Physically, the concept of noise is described by chaotic
processes and is closely related to such a concept as randomness. It can be argued that noise is the
result of randomness. Methods of creating pseudorandom sequences can be used to create
controlled noise, which in turn makes it possible to create active noise control systems. Therefore,
research in the field of finding new pseudorandom sequences, which are most suitable for use as a
noise source with controlled parameters, is of great importance both for application in the field of
environmental protection from noise pollution and in the field of information protection.

Key words: Noise control, noise pollution, environment, pseudo noise sequences, generators
of pseudo random sequences.

AHoTauisg. Ha cporopHimHiii JeHb 3 PO3BUTKOM IMPOMHCIOBOCTI MUTaHHA OOpOTHOM i3
IIYMOBHUM 3a0py/IHEHHSIM HaOyBae Bce OUIBIIOro 3HaueHHs. Di3MYHO MOHATTS HIYMY ONUCYETHCS
XAQ0TMYHUMH TIpOIleCaMu 1 TICHO TIOB’SI3aHO 13 TaKUM TMOHSATTAM SIK BHUMAAKOBICTE. MokHa
CTBEpKYBAaTH, L0 IIyM € HACIiAKOM BHIIAJKOBOCTi. MeTOIu CTBOPEHHsS ICEBIOBHUIIAIKOBUX
MOCTIIOBHOCTEH MOKHA BHKOPHCTATH UIsi CTBOPEHHSI KOHTPOJIHOBAHOTO IIIYMY, IO B CBOIO YEPTy
Jla€ MOXJIMBICTh CTBOPIOBATH aKTHUBHI CUCTEMM KepyBaHHs LIymMoM. Tomy AOCHiUKeHHs B 00JacTi
MOIIYKY HOBUX TICEBJOBHUMAAKOBUX MOCIITOBHOCTEH, IKI HAMOUIbIIE TIXOAATh JJI 3aCTOCYBAHHS
y SIKOCTI JpKepena IIyMy 3 KOHTPOJIbOBAaHHUMM IapaMeTpaMH Ma€ BaXJIMBE 3HAYEHHS SK JUIs
3aCTOCYBaHHA B c(epl 3aXUCTy HABKOJHUIIHBOIO CEPEOBUINA BiJ IIyMOBOrO 3a0py/IHEHHS TakK iB
cdepi 3axucty iHpopMmarii.

Knrwowuosi cnosa: bopomvba i3 wiymom, uymose 3a0pyOHeHHs, O0BKILIA, NCe800 WYMOBL
NOCNI008HOCMI, 2eHepamopu nces0o8UNAOKO8UX NOCTI008HOCELI.

1. Beryn.

BypxnuBuil PO3BUTOK MICT, KOHIIEHTPYBaHHS B HHUX BCE€ OUIBLIOI KIIBKOCTI HOBHX
BUPOOHMIITB, TPAHCIIOPTY, MOSIBA a€POMOPTIB MOOJIN3Y — 1€ BCE CYTTEBO YCKIIATHIOE JKUTTS JIIOJCH,
JUTSL SIKMX 3JaBayiocss Ou 1 OymyroTbest 1 Micta. KpiMm 3a0pyaHeHHs TOBITPS, JOBKOJMIIHBOTO
CepeIoBUINA, BOJHM TAKOXK MOKHA HABECTH 1 TaK 3BaHE «3a0pyAHEHHS» MiABUILEHUM IIyMoM. YacTo
HeOa)XaHWM SIBUIIIEM € HasSBHICTh INyMiB B EIIEKTPOHHHX CXEMaX, € BOHU € pEe3yJIbTaTOM
¢bynnamenTanbHuX (i3MuHUX mporieciB. PiBeHb IIymMy TakoX Tpeba BpaxoByBaTH INpH Iepenadi
pamiocurHanis. Jlo 3axumcTy cepenoBuIla Big IMIyMy MaOyThb TakKOX MOXKHA BIJHECTH 1
KpunrorpagiuHuii  3aXMCT BiJ IIyMiB, [I0 HampaBlieHI MNEPemKOJUTH HOPMAIbHOMY
(YHKI[IOHYBaHHIO TEXHIYHUX 3aCO0i1B.

BrnuB mrymy Ha cTaH JIIOIMHHM Ma€ sIK HETaTUBHHUM Tak 1 MO3UTHUBHUM XapakTep. OTxe —
HEraTUBHUM BIUIMB 1€ HANPUKIJIAJ HE MOJKIMBICTb 3aCHYTH I 3BYK TPAHCIOPTY 32 BIKHOM,
CKJIAJHICTD Yy CIUIKYBaHHI MiJ Yac TaJaciMBUX BEIMKHX MyONMiuyHUX 3i10paHb, (i3UUYHUN BIUIMB
MOTYKHOTO 3BYKY Ha OpraHHU CIIyXY, LII0 MOYKE MPUBECTHU SK JI0 TOHWKEHHS YYTJIMBOCTI CIyXY TaK 1
710 TIOBHOI #oro BTpatu. Bee 1e miaTBepKyeTbes 1 OTpUMAaHUMH HAayKOBUMH JaHuMH [1]. Takox
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IIyM 32 CBOIMU NMEBHUMH XapaKTEPHUCTUKAMHU MOXE NMPHU3BOJUTH 10 PI3HUX HETAaTUBHUX BIUIUBIB,
TaK KOJIMBaHHS 1H(Pa3BYKOBUX XBUJIb OYKBAIHPHO MOXKYTh BOWUTH JHOAUHY. ToMy y OLIBIIOCTI
[UBUTI30BaHUX KpaiH BCTAHOBJIEHI JOMYCTUMI HOPMH IIyMy Yy TPOMAJCHKUX NPUMIIIECHHSIX.
AHaroriuni € 1 B YkpaiHi [2]. MeToaMKH OIlIHKM BIUIMBY IIIYMY Ha HABKOJIUIITHE CEPEIOBHIIEC
HaBeZieHI B «PexkoMeHHalisx 3 OIiHKM BIUIMBY IIyMy Ha HABKOJUIIHE CEPEIOBHUIIEY,
omyOikoBaHUX [HCTUTYTOM yHpaBiIiHHS Ta OIIHKM HaBKOJUIIHBOTO cepenoBuima (IEMA) B 2014
[3].

Jlo mo3uTHUBHUX (AKTOPiB MOXKHA BIJHECTH CKaXKIMO HOro BIUIMB Ha JIIOJMHY, SKa
BINIOYMBAE MiJl IIyM Jo0Ily, MOpst abo micy. Ilo3uTHBHMIA BIUIMB IIyMy Ha OpraHi3M JIOJAMHU
Bi/IMIYa€Thcs y 0ararbox MOBIJOMIICHHSX, ajie BC1 BOHU NEPEBAXKHO HE SIBISIOTHCSA aKaJeMIYHUMHU
JocmikeHHsAsMU. Ha npukian icCHyroTh IPaKTUKK TaK 3BaHOTO CHY Ha BYJIHMKAX, alie MPH IbOMY SIK
BkazaHo Ha caiiti MO3 VYkpaiuu [4], KoAHHMX miaTBepKeHb €(DEKTUBHOCTI JaHOTO METOIy He
icHYE.

2. llpupona mymy.

3riIHO €TUMOJIOTIYHOTO CIIOBHHKA [5] CIIOBO IIyM «ranac; BUp», BiJOME IIIe B MOBI JIaBHBO1
Pyci 3 2-1 monoBuHM 11-r0 BiKY 1 TOXOJUTH BiJl MPACIIOB’SHCHKOTO KOpeHs. JlaHe TOHATTSI TaKOX
MOJKHA TIOB’SI3aTH 1 3 MOHSATTSAM XaoCy, sIKE€ € aHTOHIMOM CJIOBY Mopsiok. B ¢isumi i maTtemaruii
Teopisd Xaocy BUJLJICHA B OKPEMUH MIAPO3ILL.

3 ¢izmuHOi TOUKM 30py 3BYKOBHH WIyM SIBJISIE COOOI XAOTUYHY CYKYIHICTH 3BYKOBHX
KOJIMBaHb Pi3HOI YacTOTH, IHTEHCHBHOCTI 1 THCKy [6]. IlIym 3a CBOIMH YaCTOTHUMH
XapaKTePUCTHKAMU MOXHA PO3MOAUIATH 1O THIAaM. 332 aHAJIOTIE€I0 31 CBITIIOM BHAUISIOTH TIEBHI
«konbopu» myMmy. PosriisHemo mo uepsi ix yci. OTxe «OuUIMi» IIyM Ma€ y CBOEMY CKJIaJl yci
YaCTOTH, TOOTO MOTYXKHICTh HOTO CHUTHATY PIBHOMIPHO PO3MO/iJICHA 110 BCil MOJIOCI 4acToT (Ipsma
1 na puc. 1.). Ha puc. 1 HaBe/ieHi aCHMIITOTH 3MO/ICTIbOBAHHUX 3AJICKHOCTEH CIEKTPaIbHOT I'yCTHHU
MOTY>KHOCTI CUTHAJTy BiJl YaCTOTH.
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§ -40 —
-60 — 2
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YactoTa (M)

Puc. 1. ACHMIITOTH 3MOJICTOBAHUX 3aJIS)KHOCTEH CIIEKTPAITLHOI TYCTUHH TIOTYKHOCTI CUTHATY BiJI
YaCcTOTH JJIS PI3HUX THUIIB IIYyMiB

CaM peallbHUI CUTHAII, HA TPUKIIAT] ISl «OLTOTO» IMIyMy, Mae GopMy 3aJIeKHOCTI, HaBECHY
Ha puc. 2. Komip mrymy BU3HAYa€THCS MO TOMY B SIKY 00JIaCTh 3Mill[eHA YaCTOTHA XapaKTePUCTUKA
CHTHAJY IIyMYy, JUIs OLTOTo IIyMy 3MillleHHS BifcyTHE. [l «depBoHOro» mymy (mpsima 2 Ha puc.
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1.), inma #oro Ha3Ba OpoyHiBchKoro abo mymy bpayna [7], Maemo BiAmoBigHO 3CyB OLIBLIOT
IHTCHCUBHOCTI CHUTHaIy B 00JIAaCTh HM3BKMX 4YacTOT. TOOTO HOro 4acTOTHAa XapaKTePHCTUKA Mae
Bursig ~ 1/ i3 maxmmom -20 dB/dec. ®ismuna npuposga DaHOTO IIyMy 0a3yeThCs HA POSLIS
OpOYHIBCBKOTO PYXy YaCTUHOK, 3BAKECHHMX Yy cepemoBuili. [lanuid mym mnomiOHMA 10 mIymy
cuipHOrO Jomry abo Bojocmamy. B [8] Oyino mokasaHo sk METOIOM IHTEpYBaHHS MOXKHA i3
«OLIOTO» IMIYMY OTPUMATH “depPBOHMIA”.
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Puc. 2. AMmniTynHO — 9acoBa 3aJIeKHICTh CUTHAITY «O1I0T0» HIyMy

TakoX BaXJIMBUM THIIOM IIYMYy € TaK 3BaHUI 1IymMoBHi mpouec OpHiuTelHa-YiieHOeka,
SKUH IIUPOKO BUKOPHCTOBYETHCS y PI3HUX MOJCIIOBaHHIX [8], B eKOHOMIYHHUX MOJICITIOBAHHSX
KypciB 0OMiHY BaJIfOT, IPOLIEHTHUX CTaBOK 110 KPEIUTaM 1 IEMO3UTaM, LiH HAa TOBApH, B TEXHIYHUX
MOJICITIOBAHHSAX TIOBEIIHKH PI3HMX CHCTEM 3a JIOTIOMOTOI0 INTYYHOTO I1HTENEKTY, HalpuKia
HOJIBOTY JIPOHA B Pi3HUX MOTOHIX yMOBax [9].

Tak 3BaHuil «poxeBuii» mym (mpsima 3 Ha puc. 1), e HOro Ha3WBaKOTh JAPOOOBUM abo
¢pakTadbHUM, Ma€ BIAMNOBIAHO YaCTOTHY XapaKTEPUCTUKY IMIJIBHOCTI MOTYKHOCTI CHUTHAILY
nporopiiitao ~ 1/f. 3Byk “poxkeBoro” mrymy nojiOHMIA 10 3BYKY Bogocmany. JlaHuii Tun mrymy,
TOOTO IIyMYy i3 YaCTOTHOK XapakTepucTukor 1/f MOB'I3yrOTh 13 ENEKTPOHHUMHU (GIYKTYalissMH Y
tBepaux Tinax [10]. KeantoBa Teopis 1/f mymy [11], crBopena Ilitepom I['enmenem i Oyna
onyOmikoBaHa Bmepuie B 1980 p. Ane us Teopis oTpuMasia 3alepedyeHHs 2-Ma He3aIeKHUMU
JOCTiTHUIBbKIMH Tpynamu [12; 13], mo i Oyio BiaMideHo B orisioBiii ctarti M. Baiicmana [14].
Takum 4YMHOM NHMTAHHS OCTATOYHO IMOJO KBaHTOBOI Teopii 1/f mymy a Takok Oarathox
eKCIIEpUMEHTAJIbHUX POOIT, 10 1i MIATBEPKYBAIIH, 3TUILAETHCS BIAKPUTUM.

3. MeToam q0CTiAKeHHS LIIyMY.

Tak sk (I3UYHO IIYM € pe3yJbTaTOM TEBHUX BHUIMAJKOBUX IMPOIIECIB TO BIAMOBIIHO
IOPUPOJHIM € PO3MIIA] IIyMy 3 TOYKH 30py Teopii WMOBIpHOCTEH 1 CTaTHCTUKU. Y CTAaTUCTHUII
PO3IIIAAA0Th Pi3HI TUIM MPOLECIB, K1 BIIPI3HAIOTHCS MK CO00I0 NMEBHUMHU napaMerpamu. Kpim
MyaCCOHIBCHKOTO MPOIIECy Y CTaTHCTHIII IIe BUIUISIOTh MapKiBCbKHH 1 BIHEPOBCHKUIA mporiecy [15;
16]. 3rimHo i3 [17] ¢i3uuHi mpolecH, WO MPHU3BOAATH 10 JAPOOOBOTO 1 TEIUIOBOTO MIYMY
HiAMOPSIKOBYIOTECS CaMe€ IyaCCOHIBCBKOMY 3aKOHY pO3MOALTY. SIKIIO po3risgaTH IIyM sIK
IMIYJIbCHUN BUMAJKOBUM TOTIK, SKHHM 3aJ0BOJIBHSE YMOBAaM CTAaI[lOHAPHOCTi, OPAMHAPHOCTI 1
BIJICYTHOCTI MICIAAli TO BiH Oy/le OMHCYBaTHUCh KJIACHYHUM IMyaCCOHIBCHKUM HAOJMKEHHSIM IS
O1HOMIATBFHOTO PO3MOJALTY, a00 TO 1HIIOMY MPOCTO MYaCCOHIBCHKUM PO3MOALIOM Y (hIKCOBAHOMY
iHTepBali yacy t :

P(k,At) = e *(At)/k! 1)

ne A - cepenHsl KiIbKICTh IMIYJBCIB 32 OJMHHMIO Yacy, e - yucio Eiinepa, K — KinbKicTh
iMITyJTbCiB 32 OMUHHUINO uacy. ToOto maHa Qopmyna omucye imosipHicts P(k,At) mossu K
iMynieciB 3a yac t. Konu 3a10BUIBHSIIOTECS yC1 TP YMOBU TO MPOLIEC HA3UBAETHCS CTALlIOHAPHUM 1
HE CTalllOHApHUM KOJIM BiAMOBIAHO BIJICYTHS yMOBa CTalliOHapHOCTI mpouecy. Jlo BracTuBocTen
MyaCCOHIBCHKOTO PO3MOJILTY, SKI BIAPI3HSAIOTH HWOTO BiJl IHIIWX, 1 BIAMOBIAHO IO SKUX MOXHA
EKIIePUMEHTATFHO BH3HAYaTH NPABIOMOMIOHICTh TIMOTE3W MPO MPUHAIEKHICT TMPOIECy 10
MyaCCOHIBCHKOTO, € pPIBHICTh MaTEMaTUYHOTO CIOJMIBAaHHS 1 JUCIEpCli BHUMAJAKOBOI BEITUYNHHU

(M(K)=D(k)).
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Buxonsuu i3 ctatucTHuHOi MOAIOHOCTI IIyMy /10 TakK 3BaHMX LIYMO MOAIOHUX MPOLECIB, 10
SIKUX BIJIHOCSITBCS 1 MPOLIECH TeHEPYBAHHS IICEBIOBUIIAKOBHX YHCE, ICHYE MOXKIIUBICTD IITYYHOT'O
CTBOpPEHHSI CUTHAIy Irymy. Ilpu oMy BiKpUBAIOTHCS MEPCIEKTHBU KEPYBAHHS BIACTUBOCTSIMU
3MOJICJIbOBAHOTO IIyMY. 3a JOIIOMOT'0I0 Pi3HOMAaHITHUX I€HEPaTOPIB IICEBIOBUITAIKOBUX YHCET MU
MOXXEMO TEHEpyBaTH  IICEBIOBUMIAJKOBI  TOCTIAOBHOCTI, SKi  BIANOBIZAIOTH  IEBHUM
XapaKkTEPUCTHKHAM IIyMOBHX reHepartopiB [17]. Tak BapiaHTH MOIEIIOBAHHS «YEPBOHOIO»,
KPOKEBOTO», «roJIy00oro» 1 «(hioseToBOro» mymis 3a gornomoroto nakery Matlab waseneni B [*9].
BaxIMBOIO XapaKTePUCTHKOIO IS aHAi3y 3reHEPOBAaHUX IIIYMO IOIIOHHMX ITOCIHIIJOBHOCTEH €
aBTOKOpesiniiina pynkuis (AKD):

Ryx = % i=1 XiXi4 (2)
ae j = 0, m. [Ipu upomy AK® mipu j = 0 mae nik, a npu Beix iHmmx j (] > 0) ii 3HadeHHs OIHM3bKe
Hymo. Jlms OIIHKM CTemeHs IIyMONOAIOHOCTI IOCHIOBHOCTI 3aCTOCOBYIOTH BiIHOIICHHS
aAMIUTITY/IA TOJIOBHOTO TTiKa JIO BEIMYMHN MaKCUMAIBHOTO pPOo3Maxy OOKOBOTO IMETIOCTKA, YAM BOHO
OinblIIe, TH MOCIIIOBHICH, MTOOYAOBaHA Ha T€HEPATOpPl MCEBJAOBUIIAAKOBOI MOCIIJOBHOCTI, OUIBII M
nymornoniOHa. Ile 1uIfOCTpyeThCss OTPUMAHUMH — €KCIICPUMEHTAIBHUMHU —JaHUMH IS 2-X
MOCTIIOBHOCTEH, OTPUMaHUX Ha 0a3l TIeHepaTopiB IICEBIOBUIIAJIKOBUX YHCENI: - JIHIHHOTO
KOHrpyeHTHOTro renepatopa (JIKT)

X; = (aX;—1 + b)mod m (3)
ne a= 106, b=1283, m=6075;
1 MoaudikoBaHOTo TeHepaTopa Pi0oHAYYI 13 3aITI3HEHHSIM
Xny1 = Xp_q + Xp_p) mod (2™), mpun = 55 (4)
nea=>55b= 24, m= 20

1.2 1.2

1 1
0.8 0.3
0.6 0.6
0.4 0.4
0.2 0.2

0 1-"-|1"|'-’-f"1v‘[‘1II B | e B ] ofle— RSOROREIN FUDEPE SRR S —
0.2 0.2

o 20 40 &0 eo 100 o 20 40 60 80 100
a) 6)

Puc. 3. a) AK® mrymo noni6uoi nocnigoBaocTi Ha ocHOoBi JIKT, 6) AK® mrymo moaibHoi
MOCJTIIOBHOCTI HAa OCHOB1 Mojiu(pikoBaHOTO reHeparopa Di6oHauyi 13 3aMi3HEHHSIM.

Ax BuaHO 13 TpadikiB BITHOMIEHHS OCHOBHOTO ITKy J0 OOKOBHUX TEIIOCTOK JIst
myMonoaioHoi  mochmigoBHOCTI Ha ocHOBI JIKIT MeHIIe aHalOTiYHOTO BiJHOIICHHS st
ITyMOTIOA10HOT TTOCITIIOBHOCTI HA OCHOBI MO (iKoBaHOTO TeHepaTopa Di6oHauil 13 3aMi3HEHHSM,
0 CBIMYUTH MPO Te, M0 APYTUi TeHepaTop Mae MepeBard y BHUKOPUCTAHHI y SKOCTI ITyMO
noAi6Hoi mocmiioBHOCTI. [le Takox y3romkyerbcst 3 TUM (PakToMm, IO 3arajloM CTaTHUCTHYHI
xapaktepucTuku 3a TectaMu NIST Takox moka3yroTh BHUILY SIKICTh AJs TeHepaTopa PiboHauui i3
3ami3HeHHsAM. CTBOpHMBIIM Ha 0a3i BUOpaHUX TI'eHEpaTOpiB IICEBOBMIIAJIKOBUX YHUCEIN, T'€HEPATOp
IIyMy MU MOXKEMO MEpPEeHTH 1O CTBOPEHHS CHCTEM AaKTHUBHOTO IOJABICHHS IIyMYy, SIKI MOXKHA
BHKOPHUCTOBYBATH SIK B 3aXUCT1 HABKOJUIITHHOT'O CEPEIOBHINA BiJ] 3a0pyIHEHHS IITYMOM TaK.

4. AKTHBHE NOIABJICHHS LIYMY.

Inest akTHBHOTO TOMABIICHHS IIyMY IOJSTaE B TOMY, 100 3a JOMOMOTO0 iHTepdepeHiil
CUTHAJIB JOOUTHCH CKACYBaHHS IIyMYy, IIJISXOM HAKJIQJaHHS TAaKOTO XK IIyMy aje 3CYHYTHM IO
¢da3i ma 180 rpamyciB. Takum 4YWHOM, 1HIMUH KOPUCHHMMA CUTHAJI OyJe OYMINCHHH B IIyMy
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noBHicTIO a0o0  3HauyHoro Mipoto [18]. Ilpu mmudpoBomMy MojedrOBaHHI, 3a JOMOMOIOI0 JAHOI
TEXHIKM MOKHa JOOUTHCH TMOBHOTO OYHMIICHHS BiJ IIyMY, OJHAK MPH poOOTI 3 aHaJIOrOBHUMHU
MPUCTPOSIMH, a00 K peabHOI Nepeadi CUrHaly MOKYTh BUHUKHYTH TPYIHOLII.

B koHTekcTi kibepOe3rneku, TeHepaTopu IIyMy MOXYTh BHUKOHYBAaTH pOJIb IACHUBHOIO
3axucTty iH(popmamii abo X aKTUBHOTO BIUIMBY Ha 3J0BMHCHHKA, W00 YHEMOXIUBUTHU
BUKOPUCTAHHS TI€BHOTO MPOMDKKY YacTOT. Y BHUMAAKY, KOJIM 3JIOBMUCHUK BHKOPUCTOBYE
reHepaTop UIyMy Ha 30HY, SKy HEOOXiJHO 3aXUCTHTH, €(PEKTHBHHUMU METOJAMH 3aXHUCTy €
TICEBJIOBUIIAJIKOBE IepeallITyBaHHs. PoO00Yoi YacTOTH Ta pO3IMMpPEHHS crekTtpa. OCKUIbKH 3
PO3IIUPEHHSAM CHEKTPY YacTOT, TEHEPaTop IIyMy BTpayae CBOIO €(EKTUBHICTH 1 BUMarae OUTBIINX
pecypciB BiJ] 37T0BMUCHHUKA, 151 TEXHIKA IIMPOKO 3aCTOCOBYETHCS JIJIs1 OOPOTHOM 3 IITyMOM.

Opnnak OyBalOTh BHITAJKH, KOJH Il TEXHIKM HEMOXXIMBO BIPOBATUTH a00 X BOHH €
HeedekTUBHUMU. Hampukiiaz, Ko reHeparopa UiyMy JOCTaTHBO 1100 MOKPUTH YC1 KaHAIH, Mixk
SKUMH BiJI0YBA€ThCS MEPEMHUKAHHS YacTOTH a00 BHKOPUCTAHHS MIMPIIOTO CIEKTPY 3a00pOHEHE
yepe3 MOXKIUBY iHTep(depeHIiito 3 iHmuMu curnanamu. llle olHUM MPHUKIATOM € CUTHAIH, SIKi He
MOXYTh BHKOPHUCTOBYBATH OITMCAHI TEXHIKM Yepe3 OOMEXEHHS MPHUCTPOI0 abo y BHIAIKY, KOIU
CUTHaJ € mpupoHiM. B Takomy pa3i iMIUIEMEHTAallis aKTUBHOTO IMOAABIICHHS IIYyMY € XOPOIIOIO
IBTEPHATHBOIO IS BIIOKPEMIICHHS KOPUCHOTO CHTHAITY.

5. IIpo6;ieMu aKTHBHOTO MOJABJIEHHS LIYyMY.

€ kinbka (paxkTopiB, sSKi MOTPIOHO OpaTH 0 yBaru mpu peaizailii akTHBHOTO MOIaBICHHS
rymy:

® [IBUIKO/1sI IPUCTPOIO TOJABJICHHS IIyMY,

® [DKEpEIIo Ta MPUPOJIa IIyMy, SKHd HEOOXiJHO TIOJaBHUTH;

¢ 30Ha JIii IIyMy Ta 30Ha Ky TpeOa OYHCTUTH,

® [IOTY)KHICTh ITyMY.

S0 icHye MOXJIMBICTD MIPSMOT CHHXPOHI3AIlT UM IMIUIEMEHTAIll aKTUBHOTO TO/IaBJICHHS
rymy 6e3nocepeHbo Ha MPUCTPOi, 0OEpHEHUH IIIyM MOKHA T€HEPYBaTH B PEKUMI peallbHOTO Yacy
1 TAKUM YMHOM IPOTUISATH 30BHIIIHBOMY IIyMy. B 1HIIOMY BUNasKy HE0OX1JHO BUKOPUCTOBYBAaTH
aJlafTUBHI aITOPUTMH, K1 B peXKHMI PEAbHOTO 4acy MOXYTh aJalTOBYBATUCH IiJ] 3MiHU B LIyMi,
abo anropuTMu, SIKi MOXKYTh IeperdadaTd IIyM Ha OCHOBI IONEPEIHBO ONpalbOBaHMUX JaHUX. B
OyIb-sIKOMY BHUIAJKy, €(DEeKTUBHICTh TAKOTO MOJAAaBIECHHS 3alie)kaTUMe OJHOYACHO BiJl BCIX BXIAHHUX
CUTHAJIB, KOpeJslii IIyMy 3 KOPHUCHUM CHUTHAQJIOM 1 HapaMeTpiB 3 SKUMHU Oylu peani3oBaHi
aNropuT™Mu. B SKOCTI alropuTMiB BUKOPHUCTOBYIOTh: aJTOpPUTM HalWMeHIIMX KBazapaTiB [19] Ta
PEeKYpPCUBHUM aJITOpPUTM HaWMEHIIMX KBajpaTiB, ¢iasTp Binepa [20; 21]. Axmo cratuctuyHi
XapaKTepUCTUKH CUTHAIy HE € CTalMMHU, e€(eKTUBHICTb alNropuTMiB Oyae MeHma. Takox i
QITOPUTMHU HE [AIOTh 3MOTY BUAUTUTH CUTHAN SKHA Oyle iMeHTUYHHHA KOPUCHOMY, TOMY IO
YacTUHA IIyMYy Bce I1ie OyJie MpUCyTHS.

6. PeaJjizanisi aKTUBHOTO NMOIABJIEHHS LIyMY.

Habip Benmukoi KIABKOCTI BXIIHUX YMOB BHUMAarae KOMIUIEKCHOTO TIAXOMY s
BIIPOBA/DKEHHSI €(EKTUBHOTO CIIOCOOY aKTUBHOTO TOAaBiieHHS mrymMy. CaMe TOMY BasKIIMBO
pearizyBaTi MOKJIMBICTh aHaJi3y B pealbHOMY Yaci Ta ajanTaiii NpUCTPOIO 10 3MIHM 30BHIIIHIX
ymoB. Ilepur 3a Bce HeoOX11HO MaTH MoyNb(AH, puc. 4), skuil 6e3nepepBHO aHaJI3yBaTUME 30HY,
Ky HeoOXimHo 3axuctuTH. lle BomHOuUac 103BONHTH 3i0path HEOOXiAHI AaHi JuId iHiMiami3arii
AITOPUTMY BUAAJICHHS IIYMY, 1 JJOTTOMOXKE BUSBIISITHA Ta CIOBIIATH NPO BIUIMB IIYMYy Ha CUCTEMY
3a JIOTIOMOIOI0 PE3epPBHUX KaHaNiB 3B sA3Ky. Takox Iedl MOJynb MOXe 3HAaXOAWUTH KOpewsmii 3
MOTIePEeTHIMH IIyMaMH. SIKIIO MOy b 3MOKE BHSIBUTH KOPOTKHH MEPioj reHepaTopa myMmy ado K
OJTHAKOB1 IIYMH, SIKI CHPUYMHEH! KOHCTAHTHUMM MOYATKOBUMH 3HAUEHHHSIMHM, BUAAJICHHS IIyMY
Oyne mpoctuM Ta e(ekTUBHUM. B i1HIIOMY BMIAgKy KepyBaHHS Iepeiiie 10 MOAYIIo 3
JITOPUTMaMH BUJIAJIEHHS IIyMY(AJT).
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Puc. 4. CtpyktypHa cxema 3apOonOHOBAHOTO aKTUBHOIO MOJIABJICHHS IIYMY

3HalOUYM OpPUTiHAIBHUI CUTHAJI, ICTOPUYHI JJaHi IIyMy Ta 3allyMJICHUH KOPUCHUI CHUTrHal,
MOJTyJIb ITOYHE MiAOUpaTH MapaMeTpu (QUIBTPIB, MPH SAKUX BiAQLIBTPOBAHUH CUTHAI MAKCHMAaIbHO
KOpENoBaTUME 3 OPUTIHAIBHUM CHUTHAJIOM. SIKiIo 3HaueHHs (YyHKIIT Kopesii Oyne AoCTaTHIM
UL OTPUMaHHS KOPHUCHOI iH(popMarii, o0epHeHN cuTHaN Oyne MOIMPEHUH pa3oM 3 KOPUCHHM.
S0 e MOXJIMBO, JOJAaTKOBOIO OIIie0 Moke Bucrymatu migcumoBad(Ilia) kopucHoro
curHaiy(Ilp), sikuii BMUKaTUMEThCS JIMINE Yy BUMAAKY Aii HEOaKaHOTO IIyMy Ha BiJIOBITHY 30HY.
Ile BuMaratumMe BiJl 3TOBMHCHHKA OUIBIIMX PECypCiB, a caMe MOTYXKHIIIOI aHTeHH. TakoX ciij
mam’ATaTH 110 CUTHAJl BTPAYa€ MOTYXKHICTh 3 BiICTAHHIO, TOMY TOH XTO BUKOPHUCTOBYE T€HEPATOP
IIyMYy, IOBUHEH BPaXOBYBaTH BTPATH MOTYKHOCTI CUTHAITY.

BucHoBku

B naniit my6nikamii Oynu po3ryisiHyTi iICHYIOU1 CHOCOOM aKTUBHOTO MOIABIECHHS IIIYMY
HABKOJIMIIIHBOTO CEPEJIOBUIIA TaK 1 B KOHTEKCTI KibepOesneku. Jocmimkeno npodiemu, sKi
BUHUKAIOTh NPH BUOOP1 METOy MOJABJICHHS IIyMYy Ta METO/U iX BUpIIIEHHs. 3alIpOIIOHOBAHO
MO/IEJIb aKTUBHOTO TIOJIABJICHHSI ITyMY ISl CHCTEMH, SIKa HE MOYKe BUKOPHUCTOBYBATH METO/IN
TMICEB/IOBUIAIKOBOTO MEPEIAITYBAaHHS poOOYOi YacTOTH a00 PO3IIUPEHHS CIIEKTPA.
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Abstract. This article explores the multifaceted relationship between financial market
regulators and corporate transfer pricing, focusing on the mechanisms and tools used by regulators
to shape and monitor this practice, as well as the risks that corporations may face if they fail to
comply with transfer pricing rules. Financial market regulators play a key role in establishing and
enforcing rules, often in accordance with international standards, to ensure fair and transparent
transfer pricing worldwide.
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Relevance of the research work.Transfer pricing, the setting of prices for transactions
between affiliated entities within a multinational corporation, has become a crucial aspect of
international business operations. As corporations expand globally, the influence of financial
market regulators on transfer pricing strategies has gained prominence. This article delves into the
intricate relationship between financial market regulators and the transfer pricing practices of
corporations, exploring how regulatory frameworks shape, monitor, and enforce transfer pricing
policies.

Transfer pricing involves determining the prices at which different divisions or entities
within a multinational corporation transact with each other. The primary objective is to allocate
profits fairly among these entities while complying with tax regulations in various jurisdictions. The
complexity arises when corporations seek to optimize their tax liabilities by manipulating transfer
prices, a practice that has drawn the attention of financial market regulators.

Review of recent publications and research. Smith, J., & Johnson, A. did an in-depth
analysis and review of various transfer pricing strategies adopted by corporations. It likely covers
different methods, approaches, and implications of transfer pricing strategies within the context of
financial regulations [1]. Brown, K. & White, S. explores the specific influence and impact of
financial market regulators on the shaping of corporate transfer pricing strategies. It may discuss the
regulatory framework’s role in determining or influencing how companies structure their transfer
pricing practices [2]. Garcia, M. and Li, R. delves into how corporate strategies related to transfer
pricing adapt in response to changes in financial regulations. It might discuss case studies or
theoretical models illustrating adaptation strategies [3]. Chen, L., & Wang, Q. investigates the direct
impact of financial market regulations on the behavior of corporations concerning their transfer
pricing practices. It might explore how regulatory changes influence decision-making processes [4].
Williams, P., and Turner, E. provide a comprehensive view of transfer pricing dynamics,
considering the regulatory aspects that shape these dynamics. It might discuss the interaction
between transfer pricing and regulatory frameworks [5]. Martinez, G. and Adams, K. focus on how
financial market regulators impact and influence decision-making processes related to transfer
pricing within corporations. It may provide insights into the decision criteria companies consider
under regulatory influence [6]. Young, S. and Patel, R. examines the challenges and ethical
considerations faced by companies in complying with transfer pricing regulations amidst evolving
financial regulations. It might discuss best practices and ethical implications for compliance [7].
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Dering the research, the following methods were used: analysis and systematization; logical
generalization; deduction, comparison, synthesis and analysis.

Financial market regulators play a pivotal role in establishing and enforcing rules related to
transfer pricing. Organizations such as the Organisation for Economic Co-operation and
Development (OECD) provide guidelines and standards to ensure fair and transparent transfer
pricing practices globally. Many countries have adopted these guidelines, incorporating them into
their domestic tax laws [7].

Transfer pricing in Ukraine is regulated by the State Fiscal Service of Ukraine (SFS). The
SFS is responsible for overseeing tax matters in the country, including the implementation and
enforcement of transfer pricing regulations. In Ukraine, transfer pricing rules were introduced in
2013 as part of the broader tax legislation. The regulatory framework includes requirements for
documentation, disclosure, and compliance with arm's length principles in transactions between
related parties.

Of course, the impact of financial market regulators on corporate transfer pricing varies
from jurisdiction to jurisdiction. Table 1 provides a list of some of the prominent financial market
regulators and organizations that influence transfer pricing practices around the world.

Table 1
List of some of the prominent financial market regulators and organizations that influence
transfer pricing practices around the world

Financial market
regulators

Description

Organisation for
Economic Co-operation
and Development

Develops guidelines and standards for transfer pricing that are widely
adopted by many countries.

(OECD)
Internal Revenue Service | In the United States, the IRS is a key regulator that enforces transfer
(IRS) pricing rules and guidelines.

Her Majesty's Revenue
and Customs (HMRC)

The UK tax authority plays a crucial role in regulating transfer
pricing for companies operating in the United Kingdom.

Australian Taxation
Office (ATO)

The ATO oversees transfer pricing regulations in Australia and
enforces compliance.

Bundeszentralamt fir
Steuern (BZSt)

In Germany, the Federal Central Tax Office is involved in regulating
transfer pricing.

Autorité des marchés
financiers (AMF)

In France, the AMF regulates financial markets and may influence
transfer pricing practices.

State Administration of
Taxation (SAT)

In China, the SAT is the primary regulatory authority for tax matters,
including transfer pricing.

Swiss Federal Tax
Administration (SFTA)

In Switzerland, the SFTA oversees tax matters, including transfer
pricing.

European Securities and
Markets Authority
(ESMA)

While primarily focused on securities markets, ESMA's activities can
influence financial regulations that may impact transfer pricing.

*Created based on [8; 9; 10].

It's important to note that international organizations like the OECD play a significant role in
shaping global transfer pricing standards. Companies operating internationally must navigate the
regulatory landscape of each jurisdiction in which they conduct business.

Financial market regulators emphasize transparency and documentation to curb aggressive
transfer pricing practices. Corporations are often required to maintain detailed documentation
justifying their transfer pricing decisions. This documentation is subject to scrutiny by regulators,
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and non-compliance can result in penalties. This increased focus on transparency aims to prevent
profit shifting and ensure that corporations pay taxes in the jurisdictions where economic activities
occur [16].

Financial market regulators use a variety of tools and mechanisms to control and monitor
corporate transfer pricing policies to ensure compliance with tax laws and prevent abuse. The list of
key instruments commonly used by regulators is presented in Table 2.

Table 2
List of key instruments commonly used by regulators
Tools and Description
mechanisms
Transfer Pricing | Development and Publication: Regulators, often in collaboration with
Guidelines international organizations like the OECD, develop comprehensive transfer

pricing guidelines. These guidelines provide a framework for corporations to
structure their transfer pricing policies in accordance with accepted principles.

Documentation
Requirements

Mandatory Documentation: Regulators may require corporations to maintain
detailed documentation supporting their transfer pricing decisions. This
documentation typically includes information on the economic analysis,
comparables, and the rationale behind the pricing strategies.

Audits and
Examinations

Regular Audits: Regulators conduct audits and examinations of corporations to
assess the accuracy and fairness of their transfer pricing arrangements. This
involves a thorough review of financial records, documentation, and
transactions to ensure compliance with regulatory standards.

Advance Pricing

Pre-approval Mechanisms: Regulators may offer corporations the option to

Agreements enter into advance pricing agreements. These agreements allow corporations to
(APAS) seek pre-approval for their transfer pricing methodologies, providing a level of
certainty and reducing the risk of later regulatory challenges.

Country-by- Transparency Measures: Many jurisdictions have adopted CbCR requirements,

Country which mandate multinational corporations to report detailed financial and
Reporting operational information on a country-by-country basis. This helps regulators
(CbCR) assess transfer pricing risks and enforce compliance.

Mutual Dispute Resolution Mechanisms: Regulators often have mechanisms such as
Agreement MAPs to resolve transfer pricing disputes between countries. This involves
Procedures collaboration between tax authorities to reach a mutually agreed-upon
(MAPs) resolution.

Penalties and
Fines

Deterrent Measures: Regulators may impose penalties and fines for non-
compliance with transfer pricing regulations. These financial consequences
serve as deterrents and encourage corporations to adhere to regulatory
guidelines.

International
Collaboration

Information Exchange: Regulators engage in international collaboration to
exchange information about transfer pricing practices. This collaboration
enhances the ability to identify and address cross-border tax avoidance.

Technology and

Data-Driven Approaches: Regulators leverage technology and data analytics to

Data Analytics | analyze large sets of financial data. This enables them to identify patterns,
anomalies, and potential areas of non-compliance in transfer pricing practices.

Training and Educational Initiatives: Regulators may offer training programs and guidance to

Guidance corporations to enhance their understanding of transfer pricing regulations. This

proactive approach aims to foster voluntary compliance and reduce inadvertent
errors.
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Legal Enactment of Laws: Regulators may enact or update legislation to strengthen
Framework and | the legal framework surrounding transfer pricing. This includes incorporating
Legislation international standards and addressing emerging issues in the field.

*Created based on [11,12,13].

Financial market regulators use a combination of these tools to create a robust regulatory
environment, ensuring that transfer pricing practices align with the broader objectives of fair
taxation and economic transparency. The effectiveness of these tools relies on the collaboration
between regulators, corporations, and international bodies to adapt to evolving business landscapes.

The influence of financial market regulators on transfer pricing significantly impacts
corporate decision-making. Corporations must align their transfer pricing strategies with regulatory
expectations to mitigate legal and financial risks. This often involves a delicate balance between
optimizing tax efficiencies and complying with evolving regulatory frameworks [17].

Corporations that fail to comply with the requirements of financial market regulators when
implementing transfer pricing policies may face a range of risks. Non-compliance can have serious
consequences, both financially and legally. The risks that corporations may face are summarized in
Table 3.

Table 3
Risks that corporations may face when using non-compliance transfer pricing

Risks Description

Penalties and Fines | Monetary Consequences: Financial market regulators have the authority to
impose penalties and fines for non-compliance with transfer pricing
regulations. These financial consequences can be substantial and may
significantly impact the corporation's bottom line.

Adjustments to Tax Assessments: Regulators may make adjustments to the transfer prices
Transfer Prices declared by the non-compliant corporation. This can result in increased tax
assessments, leading to higher tax liabilities for the corporation.

Double Taxation Cross-Border Issues: Non-compliance may lead to disputes between
different tax jurisdictions, resulting in double taxation — the risk of being
taxed on the same income by multiple jurisdictions. Resolving double
taxation issues can be complex and time-consuming.

Reputational Public Perception: Non-compliance with transfer pricing regulations can
Damage damage a corporation's reputation. Stakeholders, including customers,
investors, and the public, may view non-compliance negatively, affecting
trust and brand value.

Increased Ongoing Monitoring: Non-compliance can trigger increased regulatory

Regulatory scrutiny. Regulators may subject the corporation to more frequent audits and

Scrutiny examinations, leading to ongoing monitoring and potential disruptions to
normal business operations.

Legal Legal Action: Non-compliance may lead to legal action by regulatory

Consequences authorities. Corporations may face lawsuits, legal proceedings, and the
possibility of court-ordered remedies, which can be time-consuming and
costly.

Loss of Tax Incentive Reversal: Some jurisdictions offer tax incentives or benefits to

Benefits corporations that comply with transfer pricing regulations. Non-compliance
could result in the reversal of these benefits, leading to increased tax
liabilities.

Impact on Supplier and Customer Relationships: Non-compliance can strain

Business relationships with suppliers and customers, especially in cases where

Relationships: transactions are subject to transfer pricing scrutiny. Business partners may be

reluctant to engage with a corporation facing regulatory issues.
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Difficulty in Investor Confidence: Non-compliance can erode investor confidence,
Accessing Capital | making it difficult for the corporation to raise capital. Investors may perceive
increased risk, leading to a higher cost of capital or reduced access to

funding.
Loss of Business Market Access: Non-compliance with transfer pricing regulations may limit
Opportunities a corporation's ability to enter new markets. Regulatory barriers and a

negative reputation may hinder expansion opportunities.

Strain on Internal Operational Challenges: Dealing with regulatory investigations, disputes,

Resources and compliance issues can divert internal resources away from core business
activities. This strain on resources can impact operational efficiency.
Changes in Restrictions on Future Practices: Regulators may impose restrictions on the
Transfer Pricing corporation's future transfer pricing practices as a consequence of non-
Policies compliance. This can limit the corporation’s flexibility in designing transfer

pricing policies.

*Created based on [15; 16].

To mitigate these risks, corporations should prioritize a proactive and compliant approach to
transfer pricing. This includes staying informed about regulatory requirements, maintaining
accurate documentation, engaging in advance pricing agreements where applicable, and seeking
professional advice to ensure adherence to evolving regulatory standards. Complying with transfer
pricing regulations not only reduces the risk of penalties but also contributes to a corporation's
overall financial stability and reputation in the business community.

Conclusion.The influence of financial market regulators on the transfer pricing strategies of
corporations is a critical aspect of international business. As regulators continue to enhance
transparency, enforce compliance, and adapt to evolving economic landscapes, corporations must
navigate this intricate terrain. Balancing the pursuit of tax efficiencies with adherence to regulatory
frameworks is essential for corporations aiming to thrive in a globalized business environment.
Ultimately, the synergy between financial market regulators and corporations in addressing transfer
pricing challenges contributes to fostering fair and sustainable international business practices.
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AHoTtanisg. CrarTs NpUCBIYEHA OISy BHUKOPUCTAHHS CydacHMX 1H(pOpMaLiHHUX
TEXHOJIOTiM JUIg 3aXWCTy IOBKULISL B YKpaiHi dYepe3 MNpHU3My KOHICIIIi CTajJoro pO3BHUTKY.
Po3misiHyTO CTaH yKpaiHCBKOIO €JIeKTPOHHOTO BpPsIyBaHHS y c(epl eKOJIOrii, a TakoX MpodiaemMu
BEJIMKUX HAOOpIB JaHUX y Wil ramysi. Cucremarn3oBaHo iH(OpMaIliio Ipo icHyroodi iHdopmamiiiHi
pecypcu, IO BHMKOPUCTOBYIOTHCS JUIsI MOHITOPUHIY JOBKULIS B YKpaiHi, HpOaHaIi30BaHO
npobieMu, OB’ s13aHi 3 iX 3acrocyBaHHIM. OKpECIIEHO MEPCIEeKTUBU BUKOPUCTAHHS 1HCTPYMEHTIB
LITYYHOTO 1HTEJEKTY JUI 3aXUCTY HaBKOJIMIIHBOIO CEPEIOBUILIA.

Kniouoei cnosa: ingopmayitini mexnonocii, 3axucm O008KLLIL, CMAIUN  PO3GUMOK,
MOHIMOPUHE, WMYYHUL IHMeleKm.

Beryn. [Ipo6iaema 3aXuCTy JOBKULIS TOCTPO CTOITh MEPE JIIOACTBOM BXKE MOHAJ CTOJITTS 1
MOMNINOMIOETBCS. 3 MOUIMPEHHsM 1HaycTpiamizamii. OpHaK ChOroJgHI, KOJMM TpuBae Ludposa
PEBOMIONIS,, MH MOXKEMO CTBOPIOBAaTH HOBITHI M HECTaHAAPTHI IHCTPYMEHTH JUIs BUpIIIEHHS
HETMPOCTUX EKOJIOTIYHUX 3aBlJaHb. TOMYy aKTyaJbHHM IUTAHHSM € BHKOPHUCTAHHS CYYaCHUX
iHpOpMaLIHIX TEXHOJOTIH Ul 3aXUCTY JOBKULISA B YKpaiHi, 30KpeMa MpoOjaeMH Ta BUKIMKH, SIKi
MOCTAIOTh MEepe]] HaMU Hapa3i B KOHTEKCTI TPUBAIOUOT BIHHU.

ITocTanoBka npodsaemu. B ocHoBy KoHuenii crajgoro po3Butky, npuitasaroi y 1992 pomi
Opranizauiero 00’€JHaHUX Halid, Oyll0 MOKJIAJEHO 1€ AMHAMIYHOI PIBHOBArd SIK PO3BUTKY Y
MeXax TOCIOapChKOi €MHOCTI NMPUPOJHOTO CEPeOBUIINA, 110 HE BHOCHUTH HE3BOPOTHHMX 3MIH Y
MPUPOJLY i HE CTBOPIOE 3arpO3H VISl TPUBAJIOTO ICHYBAHHS JIFOJMHU SIK OioyoriuHoro Buay [1, €. 34]
Ta 11 MaiOyTHIX MOKOJiHb. Psii BYEHHMX BBaXKAIOTh CTANUM PO3BUTOK HANMEPCIEKTUBHILIO
igeosoriero XXI cTonmiTTs 1 HaBITh YChOI'O TPETHOIO TUCSYONITTS, KA, 3 MOTTMUOJIEHHSM HAayKOBOi
OOI'PYHTOBAHOCTI, BUTICHUTh YCi HasiBHI CBITOIJISAHI 1/1€0JIOTiI, SIK TaKi, 10 € (hparMEeHTapHUMH 1
HECIIPOMOKHUMH 3a0€3MeunTH 30aJaHCOBAaHUN PO3BUTOK IIUBLITI3AITIT.

Ockinbku YKpaiHa K JepaBa He iICHye Yy BaKyyMi, KOHCEHCYC MDKHApOHOI CIJIBHOTH Y
MeXKax €KOJIOTIYHOI CTpaTerii HaKyIaae Ha Hally KpaiHy 3000B’s13aHHS y peajizallii Takoro Mmiaxomy
y cdepi 0XOpOHH HABKOJHUIIHBOTO MPUPOJHOTO CEpelOBHINA, KU Ou BigoOpaXkaB yke iCHYIOUl
MDKHApPOJHI HOPMH, MIAXOAM Ta KOHIEMII 70 exoyioriyHoi 6e3nekn. OcoOauBoi yBaru mnorpedye
JepKaBHE  PEryjaioBaHHS  1H(OpPMAIIMHUX TEXHOJOTH  eJeKTPOHHOTO  YypsAyBaHHSA, IO
BUKOPHUCTOBYIOThCSI y c(epi OXOpOHM HaBKOJHMIITHHOTO CEPEJOBHINA, SKE € HEeIOCTAaTHIM Ta
(dparMeHTapHUM, 110 YHEMOKJIMBIIOE 3aCTOCYBAHHS IUX TEXHOJIOTIH HA MPAKTHUIL.

3rimHo 3 mosiokeHHsMHA KoHIeniii po3BUTKY €JIEKTPOHHOTO BpsAyBaHHS B YKpaiHi,
3arBepkeHol Posmopsypkennsm KaGinery MinictpiB Bin 20 Bepecus 2017 p. Ne 649-p,
OUIKY€EThCS, MO y cdepi exonorii Ta nmpupoaaux pecypciB 10 2020 poxy HE0oOXiTHO 3arpOBATUTH
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[2]: cuctemy ekoOTiYHOrO MOHITOPUHTY; EICKTPOHHHIA IHTErpOBAaHHUHN JT03BIN y cdepi ekoorii Ta
MIPUPOJHUX PECYPCIB; EIEKTPOHHY CUCTEMY BOAHOIO OasiaHcy YKpaiHu.

Cepen 1HIIOr0, METOI0 KOHLEMNINI € CHpPUSHHS peaji3alii MepIiouyeproBUX MPIOPUTETIB,
Bu3HaueHnX CTparteriero cranoro po3BuTKy «Ykpaina-2018» [3], 1o 3Haliuia CBOE MPOJOBKEHHS 1
y Crparerii g0 2030 poky. Ha Buxonanus miei Koumenmii, mo mae Ha MeTi HaOIH3UTH
BHKOPHUCTAaHHS iH)OpMAIIHHUX TEXHOJIOTIH B YKpaiHi 10 ctaHaapTiB €Bpomneiicbkoro Cor3y, 0yio
po3pobiieHO Ta mnpuiHATO BignoBimuuit [lman 3axomiB [4]. OmHak BiH HE MICTHTh KOIHHX
KOHKPETHUX IOJIO)KEHb IIOJO0 BHU3HAYEHHS YITKMX TEXHOJIOTiH, SKi HEOOXiAHO pPO3pOOUTH Ta
BIIPOBAJUTU B EKOJIOTI4HIA cdepi, TEXHIYHUX BHUMOT Ta IXHBOTO TNPHU3HAUCHHS, a came — SKi
npoOJieMrd BOHU TOKJIMKaHI BUPIMUTH. BkazaHo juie, 1mo moTpiOHO po3poOHWTH Ta peali3yBaTH
IUTAHU KOMILJIEKCHOTO BIPOBA/KCHHS MEXaHI3MIB €JIEKTPOHHOTO YpsAAyBaHHS B MiHIpUpoau Ta
IHIIUX OpraHaX BUKOHABYOI BJIAaJM, SKI HoMmy miamopsakoBani. ToMmy i tutanu Oyiau peanizoBaHi
JIMILIE YAaCTKOBO.

SIKIIO 3BEPHYTHUCS 10 CIUCKY HAOOpiB BiAKPUTHX HaHMX [5], omyOiikoBaHMX Ha caiTi
MiHIOBKIUIS SIK PO3MOPSAHKUKA iH(OpMAIli€r0, TO KOKeH Hallp He MICTHTh BEJIWKI HAaOOpU JaHUX
(big data), Ha OCHOBI SIKMX MOXKHA aHAJI3yBAaTH KOPEJALi, OIIHIOBATH PEabHUI CTaH MPUPOJTHUX
00’€KTiB Ta 30H Ta SKICHO IMOKPAIIyBaTH IMPOLEC MPUHHSATTS pPilieHh Ta BUPOOJCHHS 3aXOMiB y
cdepi OXOPOHH HABKOJMIIHHOTO CEPEOBHINA HAa OCHOBI IIUX JaHUX. 30KpeMa, HIeThCs Mpo JaHi
MOHITOPHUHTY JIiCiB, BOZHHX 00’€KTIB Ta 3arajbHO/IEPKaBHOI CUCTEMHU MOHITOPUHTY MOBKiLIA. [0
TOTO > MpoOJIeMaThKa CUCTEMAaTUYHOCTI 300py Ta MyOmiKaIii IIUX JaHUX TaKOX MOCTa€, OCKIIBbKH,
HaNpUKJIa, HalaKTyalbHIlI JaHi MOHITOpHHTY JiciB AatyroTbes 2020 poxom. Po3B'si3aHHs Takmx
MepIIOYEpProBux Mpodiem, sik HechOpMOBAHICTH HOPMATHUBHO-TIPABOBOI 0a3u, 10 peryitoe chepy
HaJaHHS EJICKTPOHHUX TIOCTYyr, OpakK OBIpH 10 EIIGKTPOHHOI B3a€MOJii CyO0'€KTiB HaJaHHS
aJIMIHICTPATUBHUX TIOCHYr Ta CYO'€KTIB 3BEpHEHHS Ta BIACYTHICTh €IMHOI i1HGOpMaIiifHO-
TEJICKOMYHIKAIIMHOT 1HQPACTPYKTYpH, 10 3abe3rneuye HaJdaHHsS EIESKTPOHHUX TOCIYT Ha OCHOBI
BCTAHOBJICHUX BUMOT [6, c. 76] 103BOJINTH CKOPOTHTH 3HAYHE BiJCTaBaHHS YKpPaiHU BiJ CBITOBHUX
PIBHIB PO3BUTKY Y cepi eKOJIOrii.

Bapro 3a3HaunTH, mo yxke BiaOyBamucs CHpoOM WIOAO0 3alpOBaKEHHS CHCTEMHOIO
BUKOPHUCTAHHS 1H(QOPMAaLIMHUX TEXHOJOTIN JJIi MOHITOPUHTY CTaHy HaBKOJIMIIHBOTO CEpeloBUIIa
Ta JW3aifiHy MOJANbIIOi EKOJIOTIYHOI TMONITUKM Ha OCHOBI 3i0paHmx nanHux. lle crocyerbes
CTBOpPEHHSI €IUHOi 1H(pOpPMaLIiHO-KOMYHIKAIHHOI cUCTEMH c(hepu OXOPOHH HABKOJIHUIIHBOIO
IPUPOJHOIO CEpelOBHUILA Ta CTAJOr0 PO3BHUTKY, iHILIHOBaHOI Po3mopskennsm Kabinery
MinictpiB Ykpainu «IIpo cxBanenns Konneniii cTBOpeHHs 3araibHOEpkKaBHOI aBTOMaTH30BaHO1
cuctemu “Bimkpure moBkimis’”» Bia 07 mucromama 2018 p. Ne 825-p [7].

Jnst i€l cucteMu Oyiu TOCTaBJIeHi Taki i [8, €. 11]:

1) ctBOpeHHs1 cy4yacHOro iH(pOpMaliiHO-aHATITHYHOTO CYNPOBOAY (opMyBaHHS Ta
BITPOBAKEHHSI YPSOBOT MOMITHKH Yy 1iH cdepi;

2) eneKTpOHHA KOMYHIKallisi i3 TpoMajasHaMy Ta Oi3HECOM IIONO CTaHy Ta BIUIMBY Ha
JIOBKIJIJIS;

3) iHdopmariiftHe MATPYHTS Al TPOMAJCHKOTO KOHTPOJIIO 332 BHKOPUCTAHHSM ITyONTIYHHX
KOUITIB JIJIs1 BIATBOPEHHS 1 OXOPOHU MPUPOTHUX PECYPCIB;

4) HaaHHS €JIEKTPOHHUX aJIMIHICTPATUBHUX IMOCIYT, SIKI BU3HAYAIOTH MpaBa Ta 000B’SI3KU
IrpOMaJIiH y TOBO/DKEHHI 13 NPHUPOJHUMHU pecypcamH, iX BHKOPUCTaHHS y EKOHOMIUHIA Ta
COLIIaNbHIN MisTBHOCTI.

Takoxx B Mexax NpPOEKTY mepeadayasocsi CTBOPEHHS JABOX CEpPBICIB JUIsl TPOMajasH Ta
6i3Hecy — «['eomopTall eKOJOriYHUX JaHUX» Ul MOHITOPUHIY €KOJIOTi4HOro crany Ta «llopTan
aJIMIHICTPATUBHUX IOCIIYyT» Ta TPU CEPBICH €IEKTPOHHOTO BpsiayBaHHs. OgHaK HE OyJiO CTBOPEHO
KOHKPETHOTO MPOJYKTY, 3 IKUM OM MO>KHA OYJI0 03HAHOMMTHUCS, Ta KU T03BOJIUB OU €JIEKTPOHHY
y4acTh TPOMAJICHKOCTI Y TOCTYIII 10 €KOJOTIYHUX JaHUX Ta J0 CEPBICIB €JIEKTPOHHOTO BPsTyBaHHS
33Ul CyCHJIBHOTO BIUIMBY Ha MOOYIOBY €KOJIOTiYHOI moiTHKH. [lounnatoun 3 ceprust 2018 poky,
Ha caiTi po3poOHuKiB IT-cucremn «BigkpuTe HOBKULISI», BIACYTHS OyIb-sfKa aKTHUBHICTh Ha
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o(imiiiHiii BeO-CTOpIHI, L0 Ja€ MiJCTaBH BBaXKaTH, M0 AJMIHICTpaLil0 Ta OOCIYrOBYBaHHS
BIIMOB1THOT 1HPOPMAIIIHHOT CHCTEMH €KOJIOTTYHOTO MOHITOPHHTY OYJI0 MPU3YITUHEHO.

Pe3yabTaTn. 3HAa4HOTO pO3BUTKY B YKpaiHi MoyaB HaOyBaTH MOHITOPHHI CTaHY
MPUPOJHUX PECypCiB 3a JOMOMOIror  iHpOpMamiHUX TexHoJorikd. Ilpukmagom  Takux
TEXHOJIOTIYHUX DILIeHb € MoHimopuHe sxocmi nosimps 3 BuxkopuctanusMm |OT neaiicis.
[TpukmagaMu Takux CHCTEM MOXYTh Oytu SaveEcoBot ta Eco-city. Taki TexHOJOriYHI pilllCHHS
MPALIOI0Th HAa OCHOBI JIaHMX, OTPUMAHHUX 3 3arajlbHOJIOCTYITHUX CTaHII MOHITOPUHTY SKOCTI
noBiTps. JlaHi HajgarThCs B pi3HOMY (OpMaTi, OCKUILKHM CTaHIII HE € YHI()IKOBaHUMH, TOMY Yepe3
11€ MOHITOPHHTOB1 CHCTEMH 3MYILIEHI IPUBOAUTH 1X A0 ogHOTO BUAy. Hapasi B 3aranmpHOMY JOCTYII
HajiuyeTbes Oym3bko 300 mpalforoumx CTaHIlid, MPoTe JAaHa KUTBKICTh € JOBOJII HE3HAYHOIO, IO
CIpUYMHSE TPoOIeMy BIICYTHOCTI aKTyalIbHUX JAaHUX JUIS HEBEIMKHX MICTEUOK Ta CEJHII, SK,
Harnpukiaj, BacunekiB Ta bospka KuiBcekoi oOmacti. 1li micTa HE MarTh KOJIHOT CTaHIlli, OJHAK
npoGieMa 3a0pyTHEHHS MOBITPS IPU CIIATIOBAHHI OPraHIYHUX BiJIXOJIB HAWOLIBII aKTyaabHa came
B MaJIMX HaceJIeHUX MyHKTaX. HasBHICTb MOHITOPMHIOBHMX CTaHLIN SIKOCTI MOBITPS B HEBETUKUX
MiCTax Ta celax J03BOoMiIa O Kpalle aKICHTYBaTH yBary Ha mpoOJemi CIaaroBaHHS OPTraHIYHUX
BIJIXO/IIB Ta CIIpHsiia O NONEPEPKEHHIO TAKUX MPaBOIOPYIIECHb.

Jpyroro CyTTE€BOIO MPOOIEMOIO OMHUCAHUX CHUCTEM € PI3HOMAHITTS MOHITOPUHTOBUX
CTaHIIIH, X MiAIOPAAKYBaHHS PI3HUM OpraHi3alisiMm Ta IpUBAaTHUM 0co0aM, SIKi HisIK MK co0010 He
MOB’sI3aH1 Ta HE TapaHTYIOTh Oe3mepepBHY poOOTy cTaHIii. TakoX M0 HEAOTIKIB MOKHA BITHECTH
BIICYTHICTh (yHKUiOHANMy i (opmyBaHHS aHamiTU4HOI iH(opmanii. HasgBuicTh Takoro
¢byHKIioOHAy M03BOJMJIA O BIACHINKOBYBaTH JOUHAMIKY 3MiH €KOJIOTIYHOI cuTyamii. 3
BUIIIE3a3HAYEHOIO 3pO3YMLJ0, IO HANpsMOK MOHITOPUHIY 3a0pyJHEHHs MOBITPS IUHAMIYHO
PO3BUBAETRLCS B YKpaiHi, MONpH MPoOIeMH 31 300pOM Ta aHATI30M JIaHUX.

[Topsin 13 M, ICHYIOTH YKCIIEHHI TeoiH(opMalliiiHi pecypcH, e MyOIiKyIOThCsS Pe3yabTaTh
paodiayitinoco monimopunzy — (PaKTUYIHO B PeXUMI peaslbHOTO 4acy. PosrisHemo numie odiriitai
pecypcu. Tak, [epxaBHa ciyx6a YkpaiHM 3 HaJ3BUYaWHUX CHTyalid myOJiKye HaHi Hpo
paaianiiiauii poH B YKpaiHi y BUTJIA1 IHTEPAKTUBHOI KapTu Ta Tabnuib. BogHowac, naHi AocTymHI
JIMILE 32 TIEBHUH TepioJ] yacy, Ta BIJICYTHS MOXJIUBICTh 1X 3aBaHTa)KEHHs JUIs MTOJANIBIIOTO aHAIl3Y.
VYKpaiHCBKUN T1JpOMETEOPOJIOTIYHUI LEHTp MyOIiKye MIHUPOKHIM CHEKTp JaHUX Ipo padiariiiHui
¢oH, BKIIOYAIOYM JIaHI MOpPO TaMMa-BUIPOMIHIOBaHHS, OeTa-BUIPOMIHIOBaHHSA Ta ajibda-
BUIIPOMIHIOBAHHS, MOJAI0YM iX y BUIVIsAI Tabnuub Ta rpagikiB. J[aHi Takoxk Bi3yalli3ylOTbCs Hi
IHTepaKTHBHI KapTi, MpoTe iHTepdelc caliTy Moxke OyTH CKIaJHUM s KOPHCTYBauiB, SKi He
MaroTh JJOCB1ly poOOTH 3 reoiHpOopMaIliiHUMU CUCTEMaMHU.

OnHUMM 3 aKTyaJlbHUX Ta NEpPCHEeKTHBHUX HAINPSIMKIB 3aXHCTy JOBKUUIS € MOHIMOpuHe
3a0pyOHeHHs 80OHUX pecypcig. JlJisi BHPOBAIKEHHS €BPOMEHCHKUX TIIXOJIB 1O MOHITOPUHTY
SKOCTI TOBEPXHEBMX BOJ BIAMOBIAHO a0 BuUMor Boanoi PamkoBoi dupexktuBu €C B VYkpaiHi
npuiiHsaTuii HoBUM I[lopsnok mpo 3A1HCHEHHS [E€p’KaBHOI'O MOHITOPHHIY BOJ, 3aTBEPAKEHUI
ITocranoBoto KMV Bin 19 Bepecus 2018 poky Ne 758. IlopsakoMm BH3HAYEHO YITKUH PO3MOALT
000B’SI3KIB MK Cy0’€KTaMH MOHITOPUHTY 0€3 ayOJtoBaHHsS TOBHOBa)X€Hb, BBEIEHO HOBI
MOKa3HUKM MOHITOPHHTY, SKi B YKpaiHi J0 I[bOrO0 Yacy HE BHUMIpPIOBAJIMCh — IPIOPUTETHI,
rigpomopdonoriydi Ta 6ionoriuni. 3 2019 poky B Ykpaini nepeadayeHO BUKOHAHHS TPhOX BUIB
JIep>KaBHOTO MOHITOPUHTY BOJI JIIsl MAacHBIB MOBEPXHEBUX BOJ: J1arHOCTMYHHM, onepariiiHuii Ta
JNOCTIAHULIBKUM, $KI 3O1MCHIOIOTbCS 3a OacelfHOBUM NPHUHLMIIOM. Pe3ynbTaTé MOHITOPUHTY
MOJIAIOThCsl Ha cailTi JlepBogareHTcTBa B IporpamHiil cucremi «MOHITOPHUHI Ta €KOJOTidHA
OIlIHKAa BOJHHX pecypciB YKpaiHw» (Ha €JNeKTPOHHIM KapTi MpeACTaBieHI JaHi MOAO0 KITbKOCTI
MIOKA3HUKIB, 110 SKUX CIIOCTEPIrar0ThCs MEPEBUILIEHHS HOPM Ta KPaTHICTh MepeBuIeHHst HopM) [9].

[ToTpeba parioHanTbHOTO Ta €(EKTUBHOTO BUKOPUCNAHHS YCIX 3eMeNbHUX PecypcCis, a TAKOK
30epexeHHsl iX SKICHOTO CTaHy, BIAMOBIIHO, SIKOCTI I'PYHTIB CUIBCHKOTOCIIOAAPCHKUX YTiib, IO
3YMOBIIIOIOTHCSI TIEBHUMH HETaTUBHUMHU TeHAEHLIsIMU. CrocTepiraeTbcs MOHAJ TPETHHA 3€MElb,
AKl € epoJOBaHUMH, Maike MOJOBHHA, 30KpeMa YOPHO3EMH 13 cepelHiMU a0o0, HaBITh, HU3bKUMH
MMOKa3HUKAMH PiBHS 3a0€3MeYeHOCTI HEOOX1THUMH TTOKUBHIUMH PEUOBUHAMH.
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Ha crorogni Mu MOXeMO KOHCTaTyBaTH, 110 Cy4acHE BUKOPUCTAHHS 3eMEJIbHHUX PECypCiB
VYkpaiHu He BIANOBiJae BUMOraM palliOHaIbHOTO MPUPOAOKOPHCTYBaHHSA. BoaHOIO Ta BITPOBOIO
eposiero ypaxeHi 0au3pko 57 % Tteputopii Ykpainu, moHan 12 % rtepuropii nep)kaBu 3a3HAIOTH
MIITOTUICHHS. 3a PI3HUMH KpUTEpisiMu 3a0pyaHeHnMH € 6u3bko 20 % 3eMens Ykpainu. YHacaigok
abpasii pyitayeThcs 10 60 % y30epexoks AzoBchkoro i HopHoro mopiB ta 41 % GeperoBoi miHii
JTHITTPOBCHKUX BOJAOCXOBHUIN. bimem sk 150 Tucsy rekTapiB 3eMellb IMOPYIIEHI BHACIIIOK
ripHU40100yBHOI Ta 1HIMX BUAIB AisTbHOCTI. LI{opoky ¢ikcyerbes maibke 23 THCAYl BHUIIAIKIB
3cyBiB. KilbKiCTh MiI3eMHUX 1 TOBEPXHEBUX KAPCTOMPOSIBIB CTAHOBHUTH OM3bK0 27 TrCsd [10].

Briepuie nepenbaueHHs npoBeieHHsI MOHITOPHHTY Ta OXOPOHHU 3eMelb B YKpaiHi BigOynocs
3 mpuitHaTUM 'y 1990 p. 3emenbHUM KoJeKCOM. A Bke (paKTMYHO CHCTEMATH4HI JOCTIIKCHHS Ta
CIIOCTEPEKEHHS 32 ChOTOJACHHUM CTAaHOM Ta IMOTEHI[IAJIbHUM PO3BHUTKOM 3E€MEIbHHUX PECypCiB
nmovyany 3AiMcHIOBaTH B YKpaiHi yxe micis 3arBepkeHHs KaGinerom MiHicTpiB YKpainu
[TocranoBu Big 20.08.1993 p. No 661 «IlomokeHHST PO MOHITOPUHT Ta OXOPOHY 3€METb». YiKe
micasi, a caMe MpOTSIroM IMIEBHOTO Iepiody Tmouana BigOyBaTUCS JeTami3allis MpaBOBOTO
peryIoBaHHS MOHITOPHHTY Ta OXOPOHH 3€MElb.

MOHITOPUHT 3eMelb € OJIHIEI0 3 TOJOBHHX CKJIQJ0BUX YACTHH JI€pP)KaBHOI CHCTEMHU
MOHITOPUHTY HAaBKOJIMIIHBOTO MPHUPOJHOTO CEpeNoBHINA. SIKIIO B3SITH /0 YBaru raiys3b
BUKOPHUCTAHHS Ta OXOPOHU 3€MeJIb, TO 3eMEJIbHUII MOHITOPUHT € HEBII'€MHOIO CKIIQJIOBOIO CUCTEMH
VIIpaBIiHHSA Li€l0 rany33t0. OJHaK MU BBa)KAa€EMO, 1110 CHCTEMa YIPaBIIiHHS B raly3i BUKOPHCTAHHS
Ta OXOPOHHU 3eMellb MOTpedye 3HAUHOrO peopMyBaHHsS Ta BJOCKOHAJCHHS MPaBOBOI 0aszu JUIs
e(EeKTUBHOTO 3/IMCHEHHs YHPaBIIHCHKOI AISUIBHOCTI y il ramys3i. AKTyaJbHOIO MPOOJIEMOI0 Ha
CHOTOJIHI 3aJIMINAETHCS YAOCKOHAICHHS CTBOPEHOI B)KE€ METOOJOrii Ta METOJlIB MOHITOPUHTY Ta
OXOpPOHHU 3€Melb, 00 II€ BHCTYIIa€ OCHOBOIO OOIPYHTYBaHHS YNPABIIHCHKUX pilIeHb y cdepi
3aXUCTy CEpeNOBHINAa Ta BUKOHAHHI HPUPOJOOXOPOHHUX 3axofiB. OcoOnuBy yBara B IbOMY
acIIeKTi HAJA€ThCS CaMe MOHITOPUHTY CTaHy 3eMEJIbHHUX PecypciB. BakJIMBO HAaroJxoCHTH, 10 BOHU
BIJIrpatoTh YW HE HANTOJIOBHIIIY pOJb Yy PO3BUTKY JAEP)KaBU, a TaKOX 3alMAaIOThCS YCIHIIIHUM
BUPIMIEHHSIM arpapHUX Ta eKOHOMIYHHX MUTaHb. Take yIOCKOHAIEHHS JaHOI CUCTEeMH B YKpaiHi €
0e33alepeyHo0 yYMOBOKO JUIsl TOJANBIIOl  Y3TO/JKEHOCTI METOMAIB Ta MLUIAXIB IPOBEIACHHS
JOCITIDKSHHS Ta CIIOCTEPEKEHHSI IPYHTIB JI0 €BPONEHChKUX cTaHmapTis [11].

JlocmipkeHHsT cTaHy 3eMelb Ta SKOCTI IPYHTIB SIK CKJIaJOBl Jep)KaBHOI MHporpamu
MOHITOPUHTY IpYHTYIOThCsi Ha llonmoxkenHi «IIpo nepkaBHy cHCTeMY MOHITOPUHTY JOBKIJUISL.
BignosigHo 10 3emenbHOro Kojekcy Ykpainu Ta 3akoHy «lIpo oXopoHy 3eMenb» NisIbHICTb, SKY
MPOBOJIUTh MOHITOPHHI Ta OXOPOHA 3eMellb B YKpaiHi Mae Ha MeTi 3abe3neuutucs Jlep:kaBHUM
areHTCTBOM YKpaiHu. BiamoBigHo 3 HuM, 3rigHo 3akoHiB «IIpo oxopony 3emens» Ta «IIpo
Jiep>KaBHAN KOHTPOJIb 32 BUKOPHCTAHHSIM Ta OXOPOHOIO 3eMeNby, 0 MOBHOBAXEHH LIeHTpansHOro
OpraHy BUKOHaBUOi BNIaJM, SIKUH 3aiiMa€eThCsl MUTAHHAMU arpapHoi HOJITUKH, A0 SIKOTO HAJIEKHUTh
MIPOBE/ICHHSI MOHITOPUHTY Ta OXOPOHH 3€MeNb CUTbCHKOTOCIONAPCHKOTO TMPU3HAYEHHS, a TaKOX
IPYHTOBOTO MOKpUBY [12]. MOHITOPHHT Ta OXOpOHA 3eMeJb BHUPIIIYIOTh HU3KY IUTaHb Ta MAaIOTh
BUKOHYBaTH 3aBIaHHS, W0 CTOCYIOTBCS CBOEYACHOTO BHSBICHHA YCIX 3MIH 3€Melb, SKi
BiI0yBanuCsl BHACIIJOK HEPAIiOHATHLHOTO BUKOPHCTAHHS JIFOJAWHOIO. 3MIMCHEHHS OLIHKHM 3aXOJIiB
1010 30€epeXeHHsT Ta BIATBOPEHHS POJIFOYOCTI IPYHTIB, BIAMOBIIHO, MOMEPEIHKEHHS HETATHBHOTO
BIUIMBY Ha IPYHTOBHH MOKPHUB, a TaKOX YCYHEHHS pPi3HOOIUHMX HacmiakiB. [IpuitHATTS 3akoHy
VYkpainu «IIpo MOHITOPHUHT Ta OXOPOHY 3€Mejb» CTal0 BAXKIMBUM KPOKOM Y BHPIIIEHHI JaHOL
npobiaemMu. 3TriIHO TaKOro 3aKOHY B OCHOBY METH IPOBEJCHHS Takoi poOOTH, IO CTOCYETbCS
MOHITOPHHTY Ta OXOPOHH 3€Mellb JISTJI0 CTBOpPEHHs 1H(GOpMaliiHOro 3a0e3NeveHHs CTajioro
€KOJIOTIYHOTO Ta EKOHOMIYHOTO 3eMJICBOJIOJIHHS 1 3emilekopucTyBaHHs. Lle B cBoro uepry
BCTAHOBIIIOE MPHUHIIMIIA MOHITOPUHTY: ONEPaTHUBHICTh Ta 3aKOHHICTh, O€3MEepepBHICTh Ta €IHICTD
[13].

VYkpaiHa € arpapHOI0 JIep:KaBol0, TOMY MOHITOPUHT 3€Mellb € CKJIAJHOI0 1 KOMILJIEKCHOIO
3aJauero, y BUKOHAHHI SIKOi 3a/isHa BENIMKa KUIBKICTh CyO’€KTiB. 3BICHO, TOJOBHUM CYO €KTOM
MOHITOPHUHTY 3eMenb € Jlepkreokaaactp, OJHaK KpiM HbOT'O, MOHITOPHHT 3€MeNb BUKOHYIOTH 1€
JIecATh OpraHiB JiepKaBHOI B, KOXKEH B MeXax CBO€l kommereHii. CamMe TOMy pe3yiabTaTu
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MOHITOPUHTY 3€MeNb TaK BaXKO 3BOJUTH BOEIUHO, 1 €M MeXaHi3M JOCi HE peali30BaHUil.
MiHiCTepCcTBO arpapHoOi TOJITUKH Ta MPOJOBOJLCTBA YKpaiHW CHiBIpaIoe 3 MiHICTEpCTBOM
€KOJIOT1i Ta MPUPOIHKUX pecypciB YKpainu, JlepkaBHUM areHTCTBOM 3€MENIbHUX PecypciB YKpaiHu,
JlepaBHUM areHTCTBOM BOJHHX pecypciB YKpaiHU, a TaKOX 3 HaAYKOBO-JIOCHIJHUMHU yCTaHOBaMH
HarionanbHoi akazemii arpapHux HayK YKpaiHd JUIst 301HCHEHHS MOHITOPUHTY I'PYHTIB Ha 3eMJISX
CLIbCHKOTOCTIOAAPCHKOro Mpu3HadeHHs. OTpuMaHi pe3yabTaTH AOCHTIIKEHb BUKOPUCTOBYIOTHCS
JUI PI3HOMAHITHHUX IIJIeH, TaKuX SK GKOHOMIYHA Ta TPOIIOBA OIIHKA 3€MEJb, BPETYIIOBAHHS
MPaBOBUX BIJHOCHH MIOAO 3€MJi, BU3HAUYEHHS 30H MJs BUPOOHMIITBA CLIHCHKOTOCHOIAPCHKOL
MPOYKIIil, BU3HAYCHHS PO3MIpPY IJIATH 32 3eMII0, TUIAHYBAHHS 3aXOiB 3 BiAHOBICHHS POJIOYOCTI
IPYHTIB Ta MiJBUIICHHS YPOXaHOCTI CLILCHKOTOCTIOAPCHKUX KYIBTYP, @ TAKOXK U1 pO3pPOOIICHHS
pEKOMEHaIlil IO/ iX paIliOHATEHOTO BUKOPHUCTAHHS.

3riJIHO 3 Ji0OYUM 3aKOHOJABCTBOM, 1H(OpMaIlisi TPO MOHITOPHUHT 3€MeJlb BKIIOYAETHCS JI0
JlepaBHOTO 3€MENBHOTO KajacTpy, BIJOMOCTI SKOTO ONPWIIOJHIOITECS Ha [lyOmivHiid
KajzacTpoBii kapti. OnHak B nificHocTi Ha [1yOmiuniil kagacTpoBii KapTi HAsBHI JHILIE JBa IIapH,
3MICT SIKHX € JOTHYHHAM JO pPEe3ynbTaTiB MoHiTOpuHTY 3emenb. lllap «J/lepxaBumii Harmsg 3a
3eMJISIMU» TTOBUHEH Bi110Opa)kaTh KOHTYPH 3eMENbHUX TUISTHOK, MO SKHUX 3TiHO 3 PiuHUM mimaHoM
3MIACHEHHSI 3aXOIB JEp)KaBHOTO HArisay (KOHTpoito) JlepkreokamacTpy Ha BiIMOBIIHUH pik
3MIACHIOIOTHCS Taki 3axoau. [loBuHEeH — TOMy IO Il map Hapasi € MOpPOXKHIM, Xoua IJIaH
3IIACHEHHS 3aX0/iB JepkaBHOTro Harmsiny Ha 2024 pik OyB 3aTBepipkeHuil Jlepkreokagactpom y
muctonani 2023 p. llap «3emii, mo noTpe0yr0Th KOHCEpPBallii» MICTUThH JlaHl MO0 KOHCEepBalii
JeTPaJOBaHUX 1 MaJIONPOAYKTUBHUX 3€MeJb, T'OCHOJAPChKE BUKOPUCTAHHS SIKUX € EKOJOTIYHO
HeOe3MeYHUM Ta E€KOHOMIYHO Hee(EeKTUBHUM, a TaKOXK TEXHOTEHHO 3a0pyJHEHHX 3eMeJIbHUX
TUISTHOK, Ha SKUX HEMOXKIIUBO OJICPKATH SKOJIOT1YHO YHCTY MPOIYKIIiIO, a TIepeOyBaHHS JIFOICH Ha
X 3eMeNbHUX IUISTHKAX € HeOe3nmeuHuM Juis ix 310poB’s. Ha caiiti [epkreokanactpy 3a3HaueHo,
10 OOMBA IIi IIAPU HE MICTATH OQIMIHHUX BiIOMOCTEH 1 HOCATH iH(opMaTUBHUN Xapakrtep [14].
Kpim Toro, Hapasi IlyOniyHa kajmacTpoBa KapTa € 3aKpUTOIO 1 JIOCTYNHA Ul MEpersisily JuIe
0o0OMeXEeHOMY KoJy 0ocid — BiacHe ciyk00BIsAM Jlepkreokaaactpy 1 cepTU(]iKOBaHUM 1HKEHEpaM-
3eMJICBIIOPAIHUKAM, MiAKIIOYEHUM J0 Hei B IHIUBIAyaJbHOMY IMOPSAAKY. 3 OINIAAy Ha I,
MOHITOPHHI 3€MeJlb Y Halliil KpaiHi € HallMEeHI MPO30pUM BHJIOM MOHITOPHHIY, a OTPUMAaHHS
I'POMAJICHKICTIO HOTO0 3BeleHUX O(iliHHUX pe3ynbTaTiB Hapa3i € BKpail YCKIIaJHEHUM.

I'pomaocokuti  moHimopune  O006KiNIsL  PeaNi3yeThCs 3a  JIONMOMOTrok  ratdopmu
«Exo3arpo3a», e MO>KHa 3aJIMIIUTH 3asBKY PO JHKEPEO MOTEHIIIHOT IKOAN 3eMeIbHUM, BOJHUM
1 JIiCOBUM pecypcam, 00’€KTaM NPUPOIHO-3aM0BIAHOTO (OHAY, POCIMHHOIO 1 TBAPUHHOIO CBITY,
MOBIJIOMUTH TIPO HAsABHICTh HEOE3MEYHUX BIAXOMIB YW 3HUINEHOI TexHiku. Exo3arpoza — e
odimiitnuii pecypc MIHIOBKLLIA, po3podseHuil 3a miaATpuMkH  MiHicTepcTBa 1U(POBOI
TpaHchopmanii YkpaiHu, craHgapTu3oBaHa ¢opma A aBTOMaTHYHOro 300py Ta Qikcamii
iHpopMarii Mpo eKOJOTIYHI 3arpo3H B PEXHMMI pEalbHOTO 4acy, 3 reorpadiqHor MpUB’S3KOK0 0
micrieBocTi [15]. Vci 3asBku BimoOpaxarOThCs Ha TEOMOPTali, a TaKOXK (IKCYEThCS iX CTaTyc.
CtBopeHHs Takoi TUIATGOPMH CTAJ0 3HAYHUM KPOKOM BIIEpea B YAaCTHHI IMIUIEMEHTAIlii
IPOMaJICHKOT0 KOHTPOJIIO 32 BUKOPHCTAHHIM 1 OXOPOHOIO 3€MEJIb Ta 1HIIUX MIPUPOJHUX PECYPCIB.

OcTaHHIMH ACCATUIITTAMUA HaOWUpae MOMYISIPHOCTI OUCMAHYIUHULL MOHIMOPUHE 3eMelb 3
BUKOPHUCTaHHSAM CHEKTpPAIbHUX 1HJEKCIB. Lle 0coOIMBO akTyanabHO AJIS HAIIOi JepKaBH, OCKUIBKU
TakKMM YHUHOM MOXXHa JIETKO OTpUMYBaTH 1H(QoOpMalil0 Mpo CTaH BEIMKUX MacCHUBIB
CUIBCHKOTOCIIOIAPCHKUX 3eMelb. MaOyTh, HaWMOLIMPEHIIINM cepel] arpapiiB € HopMalli30BaHHMH
BigHocHUI Beretariiiauii iHgekc (NDVI), skuii € MOKa3HUKOM KiTbKOCTI (POTOCHHTETHUIHO-
akTUBHOI Oiomacu. Takok 1HOJI BHKOPHCTOBYIOTH HOPMAaJi30BaHMN BiIHOCHHUN BOJHHMHA 1HJAEKC
NDWI, skuil nae 3Mory BHSIBUTH Bapiallli POCIMHHOIO MOKPHBY, IIOB’S3aHI 3 YMOBamu
3BOJIOKEHHS, 1 BU3HAYaTH BECh 00’€M BOJIOTM Y BereTalliiHOMY POCIMHHOMY MOKpuBi. OpaHak
HaCIpaB/ll CHEKTpaJbHUX 1HAEKCIB ICHye HabaraTo OUIbIIE, 1 KOXEH 3aCTOCOBYETHCS IS
BUKOHAHHSA CBOIX CreUM(pIYHUX 3aB/IaHb.

HemonaBHO 3’sSBHBCS 1HCTPYMEHT, IO CHCTEMaTHU3ye 1H(GOpPMAIliI0 3 YCIX CIEKTPAIbHHUX
1HJIeKCIB, sKi 3apa3 icHyloTh. Lle 6a3a Index Data Base, sika mictuth iHpopMariiro nmpo 519 ingekcis,
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167 cynyTHHKOBUX ceHcopa, 43 HampsIMKH 3acTOCyBaHHs iHJEKCiB, 230 miTepaTypHUX IKeperl.
OkpiMm TOro, € me naBa rpadiyHUX NEpeNiKu — Bidyawmizamii KaHaJiB 3WOMKH IS PI3HUX
CYNyTHUKOBUX CEHCOpIB Ta Bi3yaji3amii /diana3oHIB CIEKTPY, 3HOMKa B SKHUX MOTpiOHA IUIs
po3paxyHKy iHgekcis [16].

B Vkpaini 3 24 mororo 2022 p. (a Ha Cxoxi Ykpainu — Bxe BIpooBxK 10 pokiB) 1m10/1IeHHO
IHTEHCHUBHO BEIyThCS OOCTPIJIM, YTBOPIOIOTHCSA BUPBHU BiJl aBiabOMO Ta apTHIIEPIHCHKUX OOCTPIIiB,
CTBOPIOIOTHCSI HOB1 3aMiHOBaHI TEPUTOPIi, 3HUILYETHCS BaXKKa BiMICBKOBA TEXHIKa, IO MPU3BOIUTH
JI0 BUTOKY Ha(TONMPOAYKTIB, BUMAJICHHS 3emuti Tomlo. L{i Haciiaku BOEHHUX il 3a0pyIHIOIOTH
IPYHT, @ 3 IUM i HETaTUBHO BIIMBAIOTh HA €EKOHOMIKY KpaiHu Ta 3110poB’s jrojeil. Biiina npunecna
VYkpaini Oarato mpoOieM, cepen SKUX Jaerpanaiis Ta 3a0pyaHeHHs IpyHTiB. I[Ipore mepen
«ITIKyBaHHSIM» 3€MJII BapTO MPOBECTH ii aHaJI3 Ha 3a0pynHIOOY] YacTKH. be3 aHamizy HEMOXIUBO
BU3HAUUTH, SKAA YMHOM IO 3€MJII0 MOXHA OYHCTUTH, II€ € TJI00aNbHMM BHUKJIMK JJIS HAIIOl
JIepKaBH, SIKY MOTPiOHO Oy/1e BUPINIYBATH caMe 3a JOMIOMOTOI0 iH(OpMAIliHHUX TEXHOJIOTIH.

CrporojHi Bece OUIbIINX 00epTiB HaOUpae guxopucmarnus wmyyroeo inmenexmy (LI) B ycix
chepax sxkurTenisibHOCTI. LITydHuWil iHTENEKT €, B TEpIIy 4Yepry, HOTYKXHHM aHAJITHYHUM
IHCTPYMEHTOM, TOMY B MailOyTHHOMY BiH BiZirpaBaTUME BaXJIUBY POJIb Y 3aXUCTI HAaBKOJIHUIIIHHOTO
CepeIOBUINA IIIUISIXOM BHUPIIIEHHS HACTYITHUX 3aa4:

1. Monimopune nasxonuuwinboeo cepedosuwa. 1111 Moxxe BUKOPUCTOBYBATUCS AJSL aHATI3Y
BEIMKUX OOCATIB JaHUX, 30KpeMa, OTPUMAHUX 3 JOMOMOTOK CYITYTHHKOBHUX 3HIMKIB, JPOHIB a00
CEHCOpIB Ha MOBEpPXHi 3emili. BiH MoOe BHSBISTH 3MIHM Yy 3€MJICKOPUCTYBaHHI, 3a0pyaHEHH]
MIOBITPSI T2 BOJHUX PECYPCIB TOIIIO.

2. Ilpocnozyeanusn smin xaimamy. 11 moxke anamizyBaTu rinoOalibHiI JaHi Mpo KiiMmaT i
BUKOPHUCTOBYBATH iX JUIS MPOTHO3YBaHHS HOTrO 3MiHH, IO JAONOMAarae y HMPUHHSTTI CTpaTeriyHUX
pIIIeHb 11010 3MEHIIIEHHS BIUTUBY JIOACHKOI ISIbHOCTI HA IPUPOTY.

3. Onmumizayin  enepeoepexmuenocmi. 1l  Moxe mgomomarath B yIpaBIliHHI
€HEepProcloXKMBaHHSAM Ta BIPOBA/PKEHHI €HEproe()eKTUBHUX TEXHOJOIH Yy TMPOMHUCIOBOCTI,
OyIIBHULTBI Ta TPOMAJICBKOMY CEKTOPI.

4. Ilpoenoszyeanns npupoonux xamacmpog. 11 Mmoxe aHanmizyBaTu AaHi Ipo 3eMJIETPYCH,
MOBEHI, JIICOBI TTOXKEK1 TOIIO YISl MPOTHO3YBAaHHS 1 3aM00IraHHs TPUPOTHUM KaTacTpodam.

5. Vmpasninnusa eioxooamu. Buxopucranns III y cuctemax copTyBaHHS BIIXOMAIB Ta
yIOpaBliHHI BTOPUHHUMHU pECypcaMHM MOXE 3HHU3UTH KUIbKICTh BIJIXOIB, SIKI MOTPAIISIOTH Ha
CMITTE3BANININA, T CIIPHUSTH X TIepepoOIli.

6. Oxopouna 6iopiznomanimms. 111 mMoxxe momomaraté B imeHTU(IKAIIl Ta BiICTE:KEHHI
PI3HOMAHITTS BUJIIB, @ TAKOX Y BUSBJIEHHI pU3MKOBAHUX 30H 151 010p13HOMAHITTS.

BucnoBku. Buie nepeniyeni npobieMu Ta BUKIMKU CBII4aTh MPO 3HAYHE BIJCTaBAHHS
VYkpaiHH BiJl CBITOBUX TEMIIB PO3BUTKY I1HQOPMALIHHUX CHUCTEM 3aXHCTy HABKOJIMIIHHOI'O
cepenopuma. OJHaK Ha Hally AYMKY, CaM€ BUKOPHUCTaHHA 1HGOpMaIIHHUX TEXHOJIOTIH it 300py
Ta 00poOku iH(opMmalii Oyae pyUIHOIO CHIIOK A MO3UTUBHUX 3pYLIEHb Yy MOKpAIIeHHI
HasiBHOTO CTaHy JOBKLUIA NUIAXOM CIHIiBOpali NyONiYHUX OpraHiB BJIagud 3 TPOMAJCHKUM
CYCHUIBCTBOM Ta JI03BOJIUTH IependayaTy HEraTUBHI €KOJIOTIUHI HACTIAKHM [0 iX MOSBU Ta SKICHO
iM 3amoOiratu. BomHowac, BaximBO, MO0 TakKi TEXHOJOTIi BUKOPHUCTOBYBAJIHUCS B E€KOJOTIYHO
BIIMOBIAHUIA CMoci®, 3 ypaxyBaHHSM €TUYHHX Ta COIlATbHMX HAcHiAKiB. BomHodac, BiiiHa
MIPOIOBXKYETHCS, 1 BOEHHO-TEXHOT€HHE 3a0pYyAHEHHS TpUBa€. SIKIIO MpO TEpHUTOpii, e BEIXyThCS
OoiioBi [ii, MOBa HE HJIEThCS, TO Ha JEOKYNOBAaHUX 3E€MJISIX MEPUIOYEPTOBUM 3aBAAHHAM €
pO3MiHYBaHHS, TOMY Ha JaHOMY e€Talll TapHOI0 11e€l0 Oyao O CTBOPEHHS TEOPETHYHOI Ta
3aKOHOJIaBYO01 0a3u JJIs MOAAIBIIOT PEKYIbTUBALIIT TAKUX 3€MEb.
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JOCIIIDKEHHA MYJbTUKOIVTHEAPHOCTI 3 BUKOPUCTAHHAM ITAKETY
MCTEST CTATUCTUYHOI'O CEPEJJOBHIIIA R

Koounvnux Tapac Ilempoesuu
Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuixay
JIvsis, Yrpaina

taras.p.kobylnyk@Ipnu.ua

In the article, we analyze the capabilities of the R statistical environment for investigating
multicollinearity in multiple linear regression. We identified the advantages and disadvantages of
the linear regression model. We describe the causes of multicollinearity and its impact on regression
parameter estimates. We define the main criteria for determining the presence of multicollinearity in
the regression model. In a concrete example, we show the application of the mctest package for
multicollinearity model testing. In particular, we use the imcdiag and omcdiag functions to
investigate multicollinearity. And we analyze the obtained results. For the study, we used longley
data, which is built into the R environment.

Key words: regression model, multicollinearity, R, mctest.

VY craTTi npoaHagi30BaHO MOKJIMBOCTI BUKOPHUCTAHHSI CTaTUCTUYHOIO cepenoBuina R s
JOCIIKEHHST MYJIBTHKOJIIHEApHOCT] y O6ararodakTopHii JiHIAHIN perpeciiiHiii Mmoaeni. Busnaueno
repeBard Ta HEAOJIKM JIHIAHOT perpeciiHoi Mojeii, ONUCAaHO MPUYMHU BUHUKHCHHS
MYJIbTHKOJIHEAPHOCTI, BIUIMB LHOTO SBHIIA HAa OLIHKK MapameTrpiB perpecii. HaBeneno ocHOBHI
KpuUTepii BU3HAUYCHHS HAsBHOCTI MYJIBTHKOJIHEAPHOCTI perpeciiiHiii moneni. Buznadeno neperaru
CTaTUCTHYHOTO CepeloBHINa R 1 ompaifoBaHHS €KCIIEPUMEHTAIBHUX JaHUX. Ha KOHKpeTHOMY
MpUKJIa/i TMOKa3aHO 3acTOCYBaHHsS NakeTy MCtest s mocnmiJkeHHs perpeciiiHoi Mojeni Ha
MyJIbKOJIIHEapHICTh. JIJI OCHIUKEHHST Ha MYJIbTHUKOJIIHEAPHICTh BUKOPUCTOBYIOTHCS (QYHKIIIT
imcdiag Ta omcdiag. Jlist qociipKeHHST BUKOPHUCTaHO AaHi longley, siki € BOynoBanumu B R.

Knrwouosi cnosa: peepecitina mooenv, myromuxonineapricms, R, mctest.

[TobynoBa niHiitHOT perpeciiiHoi Mozelni nepeadadae BUKOHAHHS JEkuX ymoB. OJHIEO 3
YMOB 3aCTOCYBaHHSI METOJly HAallMEHIIMX KBaJpaTiB /Ui OLIIHIOBaHHS MapaMeTpiB JiHIHHOT perpecii
€ BIJICYTHICTH JIIHIHHUX 3B’SI3KIB MK HE3aJC)KHUMHU 3MIHHUMU. SIKIIO Taki 3B’S3KH ICHYIOTh, TO B
MOJIeJli € HasiBHA MYJIbTUKOJIIHEAPHICTh.

MynbTUKOMIHEAPHICT, HE € MPOOJIeMOI0, SAKIIO HAC HE I[IKaBUTh MOBEIIHKA OKPEMHX
KoeillieHTIB perpecii, a LIKaBUTh MoJenb 3arajgoM. IIpore Take OyBae He yacTo. Sk mpaBuIio,
JOCTIAHMKIB IIKABUTh SIK PIBHSHHS perpecii 3arajoMm, Tak 1 3HAYEHHsS KOe(DII[IEHTIB pPIBHSIHHS
perpecii 30kpemMa. 3a 3HaUEHHSAMH NapaMeTpiB PIBHAHHS perpecii MOXHA OLIHUTH BIUIUB KOKHOTO
(dakTopa 30Kkpema. Y TakKOMy BHUIIQJIKy HAsBHICTh MYJIbTHUKOJIHEAPHOCTI Oyne mpobiaeMoro,
OCKIJIbKH JIesiKi (200 BCi) mapaMeTpu perpecii 3a t-CTaTHCTHKOI MOXKYTh OyTH HE3HAYYIUMH.

Jns  ompanbOBYBaHHS EKCIIEPUMEHTAIFHUX JTaHUX BUKOPHUCTOBYETHCS PI3HOMaHITHE
nporpamMHe 3a0e3leueHHs: BiJl TaOJIMYHMX IPOLECOPIB 10 CTATHCTUYHUX MAKETIB Ta CUCTEM
KOMIT' FOTEpHOT MaTeMaTHKH. ToMy TIpaMOTHE IX BHKOPHCTaHHS Ja€ MOJJIMBICTH WIBHIKO Ta
0€3MOMIIIKOBO TPOJIEMOHCTPYBATH TEOPETUYHI MPUNYIICHHS Y BUTISAAI KUIBKICHMX 1 SKICHHX
OIIIHOK Ta MPOaHaJi3yBaTH iX.

Jns nocnijpkeHHsT perpeciiiHoi Mojeni Mu oOpaiu cTatucTuuHe ceperosuiie R. Bubip
00yMOBJICHU#T TaKUMU YMHHUKamHU [7, €.315]:

— 1€ BUIBHO MOIIMPIOBaHE MporpaMHe 3a0e3MneyeH s, 0y/b-XTO MOXKE 3aBaHTaXHUTU HOTO 3
http://www.r-project.org;

— € peaizanis A1 onepamiiaux cucrem cimeiicts Windows, Mac OS, Linux;

— ©0a3zoBa Bepcist R 3aiimae Mano Micisi Ha JKOPCTKOMY AHWCKY Ta MICTUTh yci (QYHKIIIT,
HEOOXiH1 ISl CTATUCTUYHOTO aHaJi3Yy;
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— PO3pO0JIEHO MAKETH PO3IIUPEHHS, SIKi 3aCTOCOBYIOTHCS IMMPAKTUYHO B YCIX rally3siX HayKH,
7ie BUKOPUCTOBYETHCS CTATUCTUYHUN aHai3;

— € MOXKITUBICTh CAMOCTIIHO MHCaTH HEOOX1IH1 (QyHKIIIT;

— JlaHi MOXKHa BBOJUTH 3 KJIaBiaTypH ab0 IMIIOPTYBATH 3 TEKCTOBUX (hailliB, €IEKTPOHHUX
TaOJIHIb, CTATUCTHYHOTO MTPOrPAMHOT0 3a0€3MEeUSHHS, CUCTEM KOMII IOTEPHOT MaTeMaTHKH, CUCTEM
yIpaBiIiHHSA 0a3aMu JTaHUX.

Sk mpaBwmI0, OIBIIICTE SBMII YHM MPOLECIB MAIOTh HENiHIMHUEI xapakTep. [Ipore HemiHiNiHI
3B’A3KH 3a IEBHUMHU N1EPETBOPEHHAMHU (3aMIHOIO 3MIHHMX UH JIOTapU(PMyBaHHSIM) MOXKHA 3BECTH J10
JHIHHOTO BUIIISY, TOOTO anpOKCUMYBATH BiJIOBIIHI 3aJI€)KHOCTI JiHIMHUME QyHKIissMU. Moenb
JIHIMHOI perpecii € HaUIpOCTINIMM 1 HaW4YacTilie BUKOPHUCTOBYBAHMM BHJIOM 3aJICKHOCTI MK
3MiHHUMH. A0O: JiHIHA MOJIENTb MOXE TMEPIIUM €TaroM JOCTIKEHHs OUIbII CKJIAAHOTO 00’ €KTa
YW SBHIA, SKI MAIOTh HENIHIWHUN XapakTep. ToMy BaXIMBUM €TarioM JOCITIHKEHHS € mo0yoBa
TiHIIHOT perpeciiftHoi Moaemi.

Cepen nepeBar JiHIIHOT perpecii MOKHA BUIIJTUTH TaKi:

1. IIBuAKMiA Ta MPOCTHIA Mporec MO0y I0BH MOJIEITI.

2. Monenb 10CTaTHBO 3pO3yMijia JiIsl IHTepIpeTarii.

3. JliniitHa perpecis € qOBOJIi YHIBEPCAIBHOIO Ta MA€ MIMPOKUH CIICKTP 3aCTOCYBaHHSI.

4. MeToJ € OCTaTHRO B1IOMHUM, a, OTXKeE, 1 J0Ope BUBUECHUM, TOX YCl1 HasiBHI MpoOIeMH MalOTh U
YK€ PO3pOOJICH] IIJITXH BUPIIIICHHS.

J1o HeqoITKIB MOXKHA BiTHECTH:

1. 3xaTHICTb 4O MOJIETIOBAHHS JHUIIE JIHIMHNAX 3aJIEXKHOCTEN.

2. 3HayHa YYTJIUBICTb IO BUKHUIB.

Onna 3 mepeayMOB 3aCTOCYBaHHS METOAY HaWMEHIIMX KBaJIpaTiB MJIsS OI[IHIOBAHHS
napaMmeTpiB JiHIHHOT MHOXXMHHOI perpecii — BiACYTHICTh JIHIHHUX 3B’S3KIB MK HE3aJCKHUMU
3MIHHAMH MO, SIKIOo Taki 3B’SI3KH iICHYIOTh, TO II¢ SIBUIIEC HA3UBAOTh MYJIbTUKOJIIHEAPHICTIO.

O3Haku MyJIbTHKOMIHEapHOCTI € Takumu [9]:

—BEJIMKE 3HAUYEHHS Koe(ILIEHTY AeTepMiHalLii ops]] 3 HE3HAUYIIICTIO KOe(ILIEHTIB MO

—BEJIMKE 3HAUYEHHS MapHUX KOEPIIIEHTIB KOPEsLii He3aIexKHUX ((PaKTOPHUX) 3MIHHUX.

Jns pocmikeHHsT Ha MYJIBTUKOJIHEApHICTh 3PY4YHO BHUKOPUCTOBYBAaTHM (PYHKIII HakeTy
mctest [5] craTucTruHoro cepenopuiia R.

3okpema, y makeri mctest mictuthes nBi dyskmii: omcdiag Ta imcdiag, 3a skuMu
3a0e3neuyeThCsl 3arajlbHa Ta IHJMBiAyallbHA JIarHOCTUYHA TIE€pPEeBipKa MYJIBTUKOJIHEAPHOCTI
BiAmoBiHO. 3a QyHKIiero MC.plot, ssky MOkKHA BUKOpUCTOBYBaTH Jisi rpadiunoro noganus VIF i
BJIACHUX 3HAYEHb.

VYV mnakeri mctest TecTu BHUSABIEHHS MYJBTUKOJIIHEAPHOCTI 3TPYNOBaHI TAKUM YHUHOM:
nepeBipka MYJIbTHKOJIHEAPHOCTI BChOTO MACHUBY JAaHUX — 3arajbHi TECTH MEpeBipKU
MYJIbTUKOJIIHEAPHOCTI; 1 BUSBJIEHHS PErpecopiB, fKi MPU3BOIATH 1O MYJbTUKOJIIHEAPHOCTI —
IHIAWBIAyaIbHI TECTH.

3azanvui mecmu nepesipKu Mya1bMUKOLIHEAPHOCHII.

3a (¢yHKII€O peai3yeThCsl IMepeBipka yCchbOro MacHBY JaHUX Ha HAsIBHICTh y HBOMY
MYJIbTUKOIIHEKApHOCTI. Y 11l (YyHKIIIT peani3oBaHi Taki TECTH:

—  nepesipKa pigHOCMI HYII0 8U3HAYHUKA Kopeaayiunoi mampuyi. OiHKA Koe(illieHTIB perpecii €
pO3B’SI3KOM  CHUCTeMHM HOpMalibHUX piBHAH (XTX)B == XTY. Sxmo perpecopu
MyJIBTHKOIIIHEAPHi, TO BU3HAYHUK HOPMOBaHOI Kopensuiinoi marpuui |XTX| Gmuspkuii 10
Hyns. 3a 3aMoBuyBaHH:IM mopir gopisHroe 0,1 (detr=0.01).

—  mecm Dappapa-Inobepa (xputepiit x? ) [2]. Jlnsa nepeBipkyu HasSBHOCTI MYJILTUKOIiHEAPHOCTI
Yy BCbOMY MacHUBI JJaHUX OOYMCITIOETHCS CTATUCTUKA

FGy = — [n ~1-Z(2p+ 5)] In(det[R)]),

7€ N — KIUJIBKICTh CHOCTEpEXEHb, P — KIIbKICTh (hakTopiB, det[R] — BU3HAUHUK KOpeNALiHHOI
MaTpHILi.
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s cTaTHCTUKA Ma€ po3nofin y? («xi-ksaapaT»). O6uucnene 3HaueHHs F G, TOPIBHIOETHCA
3 TabauuHuM 3HaueHHsM x2 3 0,5p(p — 1) cTyneHsMu cBOOOAM Ha PiBHI 3HAYYHIOCTI . SIKIIO
FG., > x?, To BBaXaeThbes, 10 B MACUBI JAHUX € MYJIbTHKOIIHEAPHICTb.
— Red Indicator (Yepsonuii inouxamop). YepBoumii ingukarop II. Kosaua [8] moxkHa
BUKOPHUCTOBYBATH JUIsI KUIBKICHOI OLIHKHM CTYyNEHs HaAMIpHOCTI. Bu3HaumTH #oro MokHa
TaKUM YAHOM:

2P, (a-1)°

. . . _ _ . . T
1€ P — KIIBKICTh akTopis, V) = = 0y, A; — BacHi 3Ha4enHs Marpumi (X* X).

Skmo 3uHaduenHs Red Onm3pke 10 Hymsd, TO 1€ CBIIYMTH IIPO  BIJCYTHICTh
MyJIbTUKOIIHEAPHOCTI, a 3HAa4eHHS OJM3bKe JI0 OJWHHWII BKa3ye Ha  HasBHICTh
MYJIbTHKOJIIHEAPHICTh. 3a 3aMOBUYBaHHIM mopir gopiBaioe 0,5 (red=0.5).

p 1
= P, a OTXKEC, IJId

— Cyma obepnenux 3HaueHb 61ACHUX ducel. B OpTOroHaNbHINA cuctemi ), j=17.
J

. e 1
MaTpull KOPEJIAIll R 3 BjacHMMH 3HaYEHHSIMH /11 Z?=1T MOKC€ BUKOPUCTOBYBATHUCA IJIA
]

p 1

j=17 OlTbIIIe, HIJK KUTBKICTh (DaKTOPIiB B MOAETI, TO
J

BUSIBJICHHSI MYJIbTHKOJIIHEAPHOCTI. SIKII0 ),

(hakTOpH KOJIiHEapHi.

— Theil inouxamop. X.Teiin [11] 3anpornoHyBaB Mipy KOJIHEAPHOCTI Ha OCHOBI OI[IHFOBAaHHSI
BKJIQJly JIOTIOMDKHUX perpecii (RZ - RJ-Z) y Koe(imieHT aeTepMiHarii. Rjz € KoedimieHToM
JeTepMiHaIlii JOmOMIiKHOI j-01 perpecii SIkmo k = 0, To Bci GpakTOpH B3aEMHO HEKOPEILOBaHI,
ko k~1, To iCHye MyJbTHKOIIHEAPHICTh Cepell perpecopiB. 3a 3aMOBUYYBAHHSM IOPOTOBE
3gauenHs € 0,5.

—  Inoexc obymosnenocmi (Cl). [loporose 3nadenns gopisaroe 30 (cn=30).

JliarHOCTHYHI TOKa3HUKH KOJIIHEAPHOCTI AJIsi KO’KHOTO (hakTopa:
1. mecm VIF;

2. mecm TOL. TOL; = — =1 —R;.
VIF;

Beaxkaerbes, sxkmo VIF; > 10 abo 3swauenns TOL;j~0, To mne BKasye Ha iCHyBaHHA
MYJIBTHKOJIIHEAPHOCTI cepell paKTopiB.
3. Farrar wi (tect ®@appapa-I'modepa, F-kpurepiit) [2]. Lle e peanizattis F-mecmy ons susnauenns
mynvmuxonineaprocmi (moOya0Ba JOMOMIXKHOI perpecii).
4. Tecm Fi. Ueit tecr [4] nmpaktudno nyGmoe momepemsiit. 38’30k F-kputepito i R? mozedni
perpecii X; Ha iHmI (aKTOPU MOKe OyTH BHKOPHMCTaHa IJis BHABJICHHS MYJIbTUKOJIIHEAPHOCTI.
3B’SI30K ONMHCYETHCS TAKOIO 3aJI€KHICTIO:
RJZC X1, X
Fy = 2 - -

1- Rx]-xl,...xp/(n —k— 1)

SIkmo poszpaxoBaHe 3HaYeHHA F; mepesuiye kputudne F*(a,n — p,p — 1) Ha piBHI 3Ha4ymoCTi @,

TO Xj € KOJIIHEAPHUM 3 IHIIMMH (aKTOpamu.
5. Leamer’s test. Jlimep [3] 3amporonyBaB Mipy Ui BHU3HA4€HHs BIUIUBY MYJbTHKOJIIHEAPHOCTI

s j-ro (pakropa
—1,0.5

—\2
C = 3((i=%5)°)
j Tx)71
xTXx) i
. 2105

Slkmo x; He Kopemoe 3 iHmMMH (akropamu, To C; = 0. Inakme C; = (1 — Rj) , T06T0 C;~0
BKa3ye Ha iICHYBaHHS KOJIIHEApHOCTI cepell paKTopiB.
6. mecm CVIF. Jlanwuii Tect [1] omiHiO€ BIUTHB KOPEALii Misk (haKTOpaMH y JUCIIEPCIFO

1-R?
CVIFj = VIP}- -1_—R(2),

34



ne R§ = Ry, + Rz, +.. . RSy .

SIkmo |C Vi F}l > 10, To MO’KHa BBa)KaTH, 110 j-U MPU3BOAUTH A0 MYJIbTHUKOJIIHEAPHOCTI.
7. Klein’s rule [6]. Skmo koedimieHT aeTepMiHaIii AONOMDKHOI perpecii OimbIIMii Bix
KoeilieHTa OCHOBHOI perpecii, To HasiBHA MYJIbTHKOJIIHEAPHICTh.

PosrisiHemo Bukopuctanus Gpynkiiiii omcdiag ta imcdiag va Takomy npukiazi (Taomwms 1).
JInst nocnipkeHHs MU BUKoprcTtanu nasi longley [9], siki € BOynoBanumu B R.

Tabnuysa 1
GNP.deflator GNP Unemployed | Armed.Forces | Population | Year | Employed

(X1) (X2) (X3) (X4) (X5) (X6) (Y)

83.0 234.289 235.6 159.0 107.608 1947 60.323
88.5 259.426 232.5 145.6 108.632 1948 61.122
88.2 258.054 368.2 161.6 109.773 1949 60.171
89.5 284.599 335.1 165.0 110.929 1950 61.187
96.2 328.975 209.9 309.9 112.075 1951 63.221
98.1 346.999 193.2 359.4 113.270 1952 63.639
99.0 365.385 187.0 354.7 115.094 1953 64.989
100.0 363.112 357.8 335.0 116.219 1954 63.761
101.2 397.469 290.4 304.8 117.388 1955 66.019
104.6 419.180 282.2 285.7 118.734 1956 67.857
108.4 442,769 293.6 279.8 120.445 1957 68.169
110.8 444,546 468.1 263.7 121.950 1958 66.513
112.6 482.704 381.3 255.2 123.366 1959 68.655
114.2 502.601 393.1 251.4 125.368 1960 69.564
115.7 518.173 480.6 257.2 127.852 1961 69.331
116.9 554.894 400.7 282.7 130.081 1962 70.551

JliHiiiHuii perpeciiiauii ananiz y R peanizyerbcest 3a jonomororo ¢yHkii Im, currakcuc sikoi

€ TaKuM:
Im(formula, data,...),
ne formula — ominkoBa Monens 3anexxHocTi; data — maHi, ... - iHII JOJATKOBI MapaMeTpH
(HEOOOB A3KOBI).
B3agamo gani Tabmums 1 gepes Bektopu Y, X1, X2, X3, X4, X5. Jdns ¢yukmii Im sx

napameTp BuOpaHa JiHiHa Moaenb 3 BUIBHMUM uwieHOM (Y~X1+X2+X3+X4+X5). Pesynbratu
perpeciifHoro anasnizy HaBeneHo Ha Puc. 1.

Coefficients:

Estimate Std. Error t wvalue Pri>|t])
(Intercept) -3482.258635 890.420384 -3.911 0.003560 **%
GNP.deflator 0.015062 0.084915 0.177 0.863141
GNP -0.035819 0.0334591 -1.070 0.312681
Unermp loyed -0.0z20z202 0.0043584 -4.136 0.002535 **
Armed.Forces -0.010332 0.002143 -4.822 0.0005944 **=*
Fopulation -0.051104 0.226073 -0.226 0.826212
Year 1.829151 0.455478 4.016 0.003037 **%
Signif. codes: 0 '#**' Qp.,001 '**' Q0,01 '*' 0,05 '.' 0.1 " " 1

Residual standard error: 0.3049 on 9 degrees of freedom
Multiple R-squared: 0,9955, Adjusted R-squared: 0.9925
F-statistic: 330.3 on 6 and 9 DF, p-value: 4.934e-10

Puc. 1
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3a 3HauyeHHsM Koedimienta nerepminamii (Multiple R-squared) (0,9955) moskna 3poOutn
BHUCHOBOK Npo Te, mo npudmuzHo 100% Bapiamii 3aexHOi 3MIHHOI MOSICHIOETHCSI BaplalisiMu
HE3AIEKHHUX 3MIHHUX, TOOTO 3MiHM 00csry npojax maixe Ha 100% MOsSCHIOIOTHCS 3MiHAMH Yacy,
BUTpAT Ha pEKJIaMy, LiIHU TOBapy, IIHA HA TOBAp Y KOHKYPEHTIB, 1HIEKCY CIIO)KUBYHX BUTpAT. 3i
croBmus (Pr(>[t))) Bumno, mo koedimientu perpecii by, b,, bs 3a t-kputepiem CrbloacHTa
CTaTUCTHYHO HE BIAPI3HAIOTHCA BiJl HYJS (TOOTO € CTaTHCTUYHO HE3HAYyHIMMHU). AJIEKBATHICTbH
moOyI0BaHOT MOJIENII OIIHIOETHCS 3a Jonomororo F-kputepiro @imepa. ['inmoTe3y mpo BiACYTHICTH
JNiHIAHOT 3aMeXKHOCTI MOMHA INpHiHATH 3 IMoBipHicTIO p = 4,984 - 10719 T0o6TO Mailke 3
HMOBIpHICTIO | MOXHa CTBEpIKYBAaTH, L0 MOJAETb € aJeKBAaTHOIO IOJ0 CTATUCTHYHUX JaHUX
(TOOTO piBHSAHHS perpecii € CTAaTUCTUYHO 3HAYUMHUM ).

BpaxoByroun oTprMaHi pe3ylbTaTd JOCITIKEHHS perpeciiHol MoJeli, a came 3HaYyIliCTh
F-ctaTuCTHKM Ta HE3HAYYNIICTh {-CTATMCTUKW, MOXXHA TPUIYCTHTH, IO MOJET ICHYE
MYJbTHKOJIHEapHiCTh. [IpoBenemMo AOCHIKEHHS Ha MYJIbTHKOJIIHEApHICTh, BUKOPUCTOBYIOUU
¢ynkiii omcdiag Ta imcdiag 3 6i6miorexkn mctest.

Pesynbrat 3actocyBanus ¢ynkuii omcdiag (Puc. 2)

Overall Multicollinearity Diagnostics

MC Results detection

Determinant |X'ZX]|: 0.0000 1
Farrar Chi-Sguare: 218.5559 1
Red Indicator: 0.7442 1
Sur 0of Lawbda Inverse: 3119.3854 1
Theil's Method: 0.7025 1
Condition Number: 43275.0423 1

1 —=> COLLINEARITY is detected by the test
0 --> COLLINEARITY is not detected by the test

Puc. 2

VYci TecTy BKa3yroTh Ha HassBHICTh MYJIBTUKOJIIHEAPHOCTI Y MOJEJIL.
Jnis BU3HaueHHs (aKTOpiB, SIKI € MYJbTHUKOJIIHEAPHUMH 3 IHIIMMU BUKOPUCTAEMO (YHKIIIIO
imcdiag, pe3yibTar BUKOHaHHS 5K01 € TakuMm (Puc. 3):

411 Individual Multicollinearity Diagnostics Result

VIF TOL Wi Fi Leamwer CVIF Klein IND1 IND2
GNP.deflator 135.5324 0.0074 269.0649 369.9642 0.0859 -0.1893 0 0,0037 1.0486
GNP 1788.5135 0.0006 3575.0270 4915.6621 0.0236 -2.4976 1 0.0003 1.0558
Unemp loyed 33.6189 0.0297 65.2378 §9.70192 0.1725 -0.0469 0 0.0149 1.0249
Armed.Forces 3.5889 0.2786 5.1779 7.1196 0.5279 -0.0050 0 0.1393 0.7620
Population 399.1510 0.0025 796.3020 1094.9153 0.0501 -0.5574 1 0.0013 1.0537
Year 758.9806 0.0013 1515.9612 2084.4466 0.0363 -1.0599 1 0.0007 1.0550
1 —-> COLLINEARITY is detected by the test
0 =--> COLLINEARITY is not detected by the test
GNP.deflator , GNP , Population , coefficient(s) are non-significant may be due to multicollinearity

R-scuare of v on all x: 0.9955

* use wethod argument to check which regressors may be the reason of collinearity

Puc. 3

SIK BUIHO 3 OTpUMaHUX pe3yibTatiB pakTopu X1, X2 ta X5 € KomiHEeapHUMH 3 IHITUMH.
Cepen crioco0iB YCyHEHHS! MYJIbTUKOJIIHEAPHOCTI CJIiJT BII3HAYUTH TaKi:
*  30UIBIIUTH KIJIBKICTh CIIOCTEPEKCHB;
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*  BUKIIOUHTH 3 Mojeli GakTop (pakTopu), sikuii Mae (MarOTh) BUCOKY TICHOTY 3B’s3KY 3 1HIITHMH
¢bakxTopamu;

* [EPETBOPUTH MYJIBTUKOJIHEAPHI 3MIHHI IUISIXOM MOJAHHS X y BUTJISII JiHIHHOT KOMOIHAITIT;

* BUKOPHUCTATH CTATUCTUYHI METOJ/H, 30KpEMa METOJI TOJIOBHHX KOMIIOHEHT, ()aKTOPHUHN aHaTi3,
rpebeHeBa perpecis.

BBakaeTscs, mo HaWOUIBII €(PEKTUBHUM CIIOCOOOM YCYHEHHS MYJIbTHKOJIIHEAPHOCTI €
BWJIYYEHHS 3 perpeciiHoi Moneni He3HauyluxX KoegimieHTiB. ToMy BHUKIIOUMMO 3 PO3IIISAILY
dakropu X1, X2 ta X5 (muB. Puc. 4) Ta mepeBipuMO OTpUMaHy MOJEIb Ha HAsSBHICTh
MyJbTUKOJIIHEeapHOoCTi (quB. Puc. 5, Puc. 6):

Coefficients:

Estimate 3td., Error t wvalue Pr(>|t|)
{Intercept) -1797.221112 68.641553 -26,183 5.89%e-12 #*%
Unenployed -0.014697 0.001671 -8.793 1.41e-06 #=**
Armwed.Forces -0.007723 0.001837 -4.204 0.00122 #**
Year 0.956380 0.035525 26.921 4.24e-12 #%%
Signif. codes: 0 '#*#*#*' Qp.,001 '**' Q.01 '*' Qp.05 '.' 0.1 "' ' 1

Residual standard error: 0.3321 on 12 degrees of freedom
NMultiple R-squared: 0.9928, Adjusted RB-sguared: 0.9911
F-statistic: 555.2 on 3 and 12 DF, p-value: 3.916e-13

Puc. 4

Overall Multicollinearity Diagnostics

MC Results detection

Determinant |X'X|: 0.2489 o
Farrar Chi-3quare: 15.3098 1
Red Indicator: 0.4662 u}
Sum of Lambda Inverse: 9.4321 o
Theil's Method: 0.0061 o
Condition Nuwber: 2319.7494 1

1 —==> COLLINEARITY is detected by the test
0 --> COLLINEARITY is not detected by the tes

Puc. 5

A]1]1 Individual Multicollinearity Diagnostics Result

VIF TOL Wi Fi Leamer CWIF Klein IND1 INDZ
Unenp loyed 3.3179 0.3014 15.0665 32.4510 0.5450 -0.0586 0 0.0464 1.05:z22
Armed.Forces 2.2233 0.4498 7.9516 17.1264 0.6707 -0.0393 0 0.0692 0.8z287
Year 3.85909 0.2570 18.7906 40.4721 0.5070 -0.0687 0 0.0395 1.1191

1 —--»> COLLINEARITY is detected by the test
0 —=-> COLLINEARITY is not detected by the test

* all coefficients have significant t-ratios
R-s¢guare of v on all x: 0.9928

* use method argument to check which regressors mway be the reason of collinearity

Puc. 6
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Sk BUHO 3 OTPUMAHUX PE3YJIBTATIB, B IIJIOMY PIBHSHHS € CTATUCTUYHO 3HAYYIIUM, KOKEH
koedimient (X3, X4 Ta X6) € TakoX CTaTUCTUYHO 3HAYYIIUM, TOCTAaHRO BUKOKHHA KOe(DIIieHT
MHOXXHHHOT JIeTepMiHaii i BIICYTHS MyJbTHKOJIIHEAPHICTb.

3acrocoByroun ¢ynkmito confint mo o6’extiB QyHKIil 1M, oTpumyemMo Mexi HamiftHHX
IHTEepBAIIiB I IapaMeTpiB ag, d,, as (Puc. 7).

| > confint (fml)

2.5 % 97.5 %
{Intercept) -1946.77820772 -1647.66401668
Unenployed -0.01833832 -0.01105510
brmed.Forces -0.01172562 -0.00372001
Year 0.87897787 1.03378174

Puc. 7

AHai3 MeX HaIIWHUX IHTEpBAIIB IJIS IapaMeTpiB 03BOJSE 3pOOUTH BHUCHOBOK, IO 3
iimoBipHIicTIO p = 1 — o = 0.95, 3HaXOASYUCH y BKA3aHUX MEXaxX, BOHU HE HA0YBAIOTh HYJIHOBOTO
3HAa4YeHHs, TOOTO BOHM € CTAaTHCTUYHO 3HAYYIIMMHU Ta CYTTEBO BIAPI3HAIOTHCSA Bix Hyns (e
MIATBEPKYETHCS 1 MepeBIpKOIO 3a t-kKpuTepieM CThIOJICHTA).

Jis BupimeHHs npobjaeMu MYJIbKOJIHEApHOCTI po3poOiieHy 3HAUHY KUTBKICTh TAKeTiB, B
TOMY YHCII JUIs cTaTucTudHOro cepenoBuiia R. [Taker mctest € cipoboro 06’ eanatu pi3Hi KpuTepii
BU3HAYCHHS MYJIBTHKOJIIHEAPHOCTI B €JJMHE ITIe. Y IbOMY IaKeTi He peaxi30BaHUuN KPUTEPiid, SKUH
0a3yeThCs HAa BUKOPUCTAaHHI YAaCTKOBUX KOe(Iili€HTIB KOpeJslii, 10 € CKIAJAO0BOI 3aralbHOro
tecty ®appapa-I'modepa. IIpore Bukopucranns ¢ynkmii imcdiag ta omcdiag Hamae MHMPOKHIA
CIEKTp 3ac00iB JUIsl JOCTIKEHHS PerpeciiiHoi Moesi Ha MyJIbTUKOIIHEAPHICTb.
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The combination of quantum dot-based sensors and artificial neural networks has the
potential to enable effective environmental monitoring. This technology can be utilized to evaluate
the degree of pollution in water sources and the atmosphere, examine patterns, and forecast future
pollution levels. The model of nanosensor for determining atmospheric pollution based on core-
shell A’B® quantum dots with a combination of an artificial neural network has been developed. It is
shown that the energy spectrum of A?B® quantum dots is sensitive to the concentration of polluting
impurities and their type. The interaction occurs through an electric field and an elastic medium.
For the recognition of multispectral signals (radiation of quantum dots), the architecture of an
artificial neural network with oscillatory dynamic neurons, which perform recognition based on
resonance effects, has been developed.

Key word: quantum dot, deformation, electric field, neural network, sulfur dioxide

Introduction

Modern nanotechnology makes it possible to use new materials and methods in ecology and
biology [1-3]. Among such materials, the semiconductor nanoheterostructures with quantum dots
(QDs) should be singled out, which have a high quantum yield of photoluminescence, the energy of
the radiated quantum that depends on the size of the crystal, and are able to retain their optical
properties for a long time. This is what makes them extremely attractive for wide use in medicine,
ecology, and biology [4, 5].

Recently, along with the traditional methods of research on the use of QDs for the diagnosis
of pollution, treatment and drug removal, a new approach — neural network modeling — has been
used. [6]. Traditional methods of environmental monitoring often rely on cumbersome equipment
and time-consuming processes, limiting the frequency and scope of data collection. However, the
integration of quantum dots, nanoscale semiconductor particles exhibiting quantum mechanical
properties, into sensor platforms presents a paradigm shift in sensing capabilities. Quantum dots
offer unique advantages such as tunable optical properties, high quantum yields, and enhanced
stability, making them ideal candidates for detecting various environmental pollutants with
exceptional precision. Furthermore, by harnessing the power of artificial neural networks (ANN),
complex patterns within the collected sensor data can be effectively analyzed and interpreted in
real-time. When coupled with quantum dot-based sensors, ANNs enable rapid and accurate
identification of pollutant concentrations, facilitating timely intervention and mitigation efforts.

This article explores the synergistic potential of quantum dot-based sensors and artificial
neural networks in environmental monitoring applications.

1. The model

Modification of the surface of nanoparticles with various organic ligands led to the
emergence of a new class of compounds — hybrid nanosystems. Strictly speaking, any colloidal
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quantum dot is a hybrid structure because it has a shell of an organic stabilizing ligand. However,
when talking about hybrid structures, we usually mean the presence of a “functional” ligand, which
is able to respond in a certain way to external influences, and the introduction of which into the QD
shell can lead to the appearance of electron or energy transfer between the components of the
system. Similar systems are mainly used as sensors and biomarkers.

In most cases, the semiconductor nanocrystals are obtained in nonpolar or amphiphilic
solvents, and the stabilizing shell of nanoparticles consists, as a rule, of trioctylphosphine oxide,
alkylamines, alkanethiols, and fatty carboxylic acids. There are two main methods of further
functionalization of quantum dots: 1) this is the method of exchanging ligands of the QD shell
(replacement of the shell — a monolayer of stabilizer on the surface, “cap exchange”) and 2) the
method of self-assembly of the secondary covering layer (i.e. QD encapsulation).

An important factor affecting the optical and electrical properties of QDs with a multilayer
shell is mechanical deformation [7-9]. In addition to internal factors (the mismatch of lattice
parameters of the contacting materials; the pressure due to surface curvature), the mechanical strain
in QDs can arise due to the presence of adsorbed pollutant atoms on the QD surface and acoustic
pressure. Ligands that “envelop” QDs also exert additional pressure. In the case of a high degree of
pollution, the concentration of adsorbed atoms of the pollutant can change rapidly. As a result of the
charge transfer from the impurity to the QD and vice versa, the non-stationary signals arise and
sound vibrations are excited.

In such conditions, despite the good sensitivity of QD, the probability of adequate operation
of the QD-based sensors to determine the level of pollution in the air is small.

In this case, it is relevant to use an artificial neural network with oscillatory neurons that
have their own frequencies [10, 11]. In this case, it is possible to perform qualitative recognition of
multispectral electromagnetic and acoustic signals radiated by dynamic objects. Dynamic neurons
can be effectively employed in ecosystem research and pollution detection, especially concerning
the monitoring of environmental conditions and determination of contamination levels in water
bodies and the atmosphere.

Dynamic neurons can analyze temporal data series, such as changes in pollution levels in
water sources or concentrations of harmful substances in the air over time. They can detect trends,
cyclicality, and other patterns indicative of ecosystem changes.

Dynamic neurons can be used to forecast future pollution levels based on historical data.
They can consider various factors such as weather conditions, geographical features, and human
activities to refine predictions.

Dynamic neurons can identify anomalous patterns in pollution level changes, which may
indicate significant events or issues within the ecosystem. For instance, they can detect sudden
increases in toxic substance levels in water bodies, potentially linked to industrial discharge or
emergency situations.

The utilization of dynamic neurons in ecosystem research can enhance environmental
monitoring, facilitating timely detection of pollution and protection of natural resources.

Quantum dots are functionalized with specific ligands or receptors that selectively bind to
target pollutants. This functionalization ensures that the quantum dots respond specifically to the
presence of the desired pollutants.

Interaction with Pollutants: when exposed to the environment containing pollutants, the
functionalized quantum dots interact with the target pollutants through chemical or physical
processes. This interaction may induce changes in the quantum dots’ fluorescence properties, such
as emission wavelength.

Thus, QD, which interacts with molecules of the pollutant, is the source of a multispectral
signal (electromagnetic and/or acoustic). The parameters of these signals (amplitude and frequency)
are functions of the concentration and type of impurity. A three-layer perceptron containing
dynamic oscillatory neurons is proposed for pattern recognition. Such perceptron contains an input
layer, a hidden layer and an output. The number of neurons in the input layer is equal to the number
of input attributes (input data about pollutants). The last layer should contain K, dynamic neurons.
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Their number should be equal to the number of decision classes K, = N1N,, where N; is the number
of polluting impurities that can be ‘“ecognized” by QD, N, is the number of discretized
concentration intervals into which the entire range of possible concentrations of an impurity of one
type is divided.

The biggest problem in this case is the task of constructing a decision rule in conditions of
complete a posteriori uncertainty: when there is a certain number of impurities and many sample
values of the concentration of the polluting impurity (represented in the form of spectral signals)
without indicating their classification, that is, neither the number of objects nor what kind of objects
are known in advance. Therefore, the first step of the learning process “without a teacher” is the
division of data into subgroups (clusters); at the same time, objects with similar characteristics are
combined into one group. The distance between them is chosen as a measure of similarity (or
difference) between two observations: the distance between objects from the same group (of the
same class) will be significantly smaller than the distance between objects from different groups. In
our case, the distance between the frequencies and amplitudes of the signals, which completely
determine the character of impurity and its concentration. As a criterion function, we choose the
sum of squared errors.

The hidden layer consists of M dynamic neurons, each of which has its own oscillation
frequency @yj= oy, +Aw@;(j—1), where j=1,2, ..., m; @y, is the minimum natural frequency of

one of the oscillatory neurons; Aw; is the frequency step between adjacent natural frequencies of

the neuron.
N multifrequency signals are received at the input of the m-th neuron:

N 2 a2
X m Z ><nmwnm sin (a)nmt) )
1

where X, is the weighting factor; @,,is the frequency of the external n-th signal applied to the

m-th neuron.
Then the dynamics of such a neuron is described by a differential equation for forced
oscillations [9]:

2 N
Ll s 2, U ¥ = 3 X 2 sin @) &
dt dt n-1
Here, Sy is the parameter that describes the attenuation of the corresponding neuron.
It is obvious that the solution of such an equation will have the form of oscillations with an
amplitude that will have a resonant character. For sufficiently small values of the parameter fn,
when the frequency of the external signal o,, approaches the natural frequency of the oscillator,

the amplitude of the corresponding component will increase sharply. This is the essence of
identifying the relevant features of the pollutant.

2. Interaction of quantum dots with atmospheric pollutants

The main air pollutants (pollutants) are formed in the process of production and other human
activities. These are sulfur dioxide (SO,), carbon monoxide (CO) and solid particles, which account
for about 98% of the total volume of emissions of harmful substances into the atmosphere. The
development of more sensitive and accurate sensors is essential to monitor the levels of pollutant
gases that are causing high damage to the biosphere [12]. The basis of such sensors are QDs that
interact with pollutant molecules through an electric and/or elastic field [13-15].

The spherical QD with a three-layer shell with core radius Ry and thicknesses of the i-th
layer of the shell d; = Ri—Ri.1 (i =1, 2, ..., n), which does not interact with other QDs and interacts
with sulfur dioxide SO, or carbon monoxide (CO), is considered (Fig. 1).

To determine the spatial distribution of the concentration of electron, energy electron,
concentrations of adsorbed impurities, it is necessary to solve a system of self-consistent equations:

1) the diffusion equation taking into account the deformation and electric fluxes

divj{ =0, (2)
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Fig. 1. The model of the core / multilayer shell quantum dot
that interacts with sulfur dioxide molecules

2) the Poisson’s equation for determining the electrostatic potential go(i)
Ap® —— & (N —n®), @
¢ 70g, ( d )
where £ is the dielectric permittivity of QD materials; n” is the concentration of electrons;
3) the Schrddinger equation

(—h—;ﬁmlﬁﬁ +W O 4 ego(i)j‘l’mm =E, ¥y, (4)
0, 0<r<R,,
here ) AE® —a0c0) 1 a0 0, R, <r <Ry,
AE®@ —a0£0) 4 2)(2), R, <r<R,,
AE® —al0:©) 1 a0, R, <r <R,

Here, AEC“) = X0 — % Is the mismatch of the conduction bands of the materials of the core and the

i-th shell without taking into account the deformation; y; is the electron affinity; aéi) is the

constants of hydrostatic deformation potential of the conduction band [15];
4) the equation that determines the concentration of electrons

n® = 3 \Pnlm*(r)\ynlm(r)

: ()
exp En—#l4
where u is the chemical potential;
5) the stationary equation of mechanical equilibrium for a spherically symmetric system
: 1 -
Agm—;ﬁzmgA@ﬁmo+%N§U=o, (6)
1

where 6, is the deformation potential created by a adsorbed impurities (depending on the type of

impurity it can be positive or negative); p(i) and cl(i) are the density and the sound speed of
longitudinal acoustic waves in the i-th material of the nanosystem, respectively.
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The mechanical deformation is created by: 1) adsorbed impurities in the QD surface, 2) the
mismatch of lattice parameters of the contacting materials of QD. The interaction of QD with
adsorbed impurities leads to the occurrence of additional pressure on its surface:

n dE
Po=——"—p—| i, 7
® 1+nS, P s ()
where ns, Sa and p are the surface concentration of adsorbed impurities, the effective cross section
and the dipole moment of the adsorbed impurities, respectively; E is the intensity of the non-
uniform electric field arising as a result of charge redistribution in QDs.
The system of equations (2) — (6) must satisfy the boundary conditions:

IPR)=ITP R,

NP (R) = NI (R),

(P(i)(Ri)_= €D(i+1)(Ri)’ _

50 dp®(R) _ F0+D) dp"(R)
dr dr '

V

\Y
4R2 (R -uf(R)))= AV ),
cD(R)+PO(R) =clV(R)+PI(R), =012,

ot (R,) + P (R) = -P;

where &% is the mechanical strain; AV® = @ -47;(Ri3 - Rf,l) is the change in QD volume in the
vicinity of corresponding heteroboundary due to the mismatch of lattice parameters

: (i+2) _ 4(0) 0
(i) a a i) . 0} 2]/ .
f¥~——4—— (a" is the crystal lattice parameter) [15]; P (Ri):R_ is the Laplace
a i
(1
-, () — _bulk
pressure; y =20 <
1+ —

i
The energy spectrum E. and wave functions of electron in the investigated system are
found from the solution of the Schrédinger equation with corresponding continuity conditions of
wave functions and probability flux densities at heteroboundaries:
RS)(Ri)_: Rgﬂ)(Ri ) _
1 ROR) 1 nglﬂ)(Ri)_ i=0,1 2 (9)
mO  dr  mY dr
The system of equations (2) — (9) was solved by the method of successive approximations.
Then the width of optical gap of the QD with j-impurity depends on the surface
concentration of adsorbed impurities and is determined by the formula:
Ey, = EX(n) + EP(n) + B (ny),
(10)

D(n,) is the energy gap; E{P(n,), E\(n,) are energy of electron and hole,

«Q —~

where E

=00, EJ0)+ 20 () + 20 )
where AEU)(n,), AE{)(n,) are the shift of the bottom of conduction band and the tops of the

valence band.
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The dependence of the shift of the bottom of conduction band in the
CdSe-core / ZnS-shell QD on the surface concentration of adsorbed impurities SO, (curve 1) and
CO (curve 2) is presented in Fig. 2.
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Fig 2. The dependence of the shift of the bottom of conduction band in the CdSe-core / ZnS-shell
QD on the surface concentration of adsorbed impurities: SO, (curve 1) and CO (curve 2)
at different the core radii of the QD: Ro =2 nm (a); Ro =6 nm (b)

Obviously, the parameter Ejo defines the frequency of the signal that needs to be identified
to determine contamination.

Fig. 3 shows the results of modeling in the presence of two types of pollutants at different
moments in time (in relative units). Fig. 3a shows the dependence of the frequency of the
electromagnetic wave which is radiated by the QD interacting with an impurity of the j-th pollutant.
Fig. 3b presents the results of recognition of the type of impurity in the air and its concentration.

16 input-output pairs (elements) were selected for neural network learning. During the
check, 2 elements were selected that were successfully recognized.
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Fig. 3. Time dependences of the frequency of the input signal (of the electromagnetic wave
radiated by the QD) and the concentration of the air pollutant

Conclusions.

1. The model of nanosensor for determining atmospheric pollution based on core-shell A’B®
quantum dots with a combination of an artificial neural network has been developed. This model
uses an artificial neural network to process the received data.

2. It is shown that the energy spectrum of A’B° quantum dots is sensitive to the
concentration of polluting impurities and their type. The interaction occurs through an electric field
(in most cases as a dipole-dipole interaction) and an elastic medium: adsorbed impurities, being
attracted to a quantum dot, create a pressure that depends on their type and concentration.
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3. For the recognition of multispectral signals (radiation of quantum dots), the architecture
of an artificial neural network with oscillatory dynamic neurons, which perform recognition based
on resonance effects, has been developed.
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Abstract. The article describes the process of developing a software system based on the use
of modern information technologies that allows to quickly collect, process, analyse the results of
observations of the state of atmospheric air and visualise data on its pollution.
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Introduction

Air pollution is both natural and anthropogenic. Atmospheric air is polluted with various
gases, suspended fine particles, and liquid substances that adversely affect living beings, worsening
their living conditions. Humans cannot influence natural air pollution, but they can and should
regulate the level and nature of pollution caused by their activities. The state of the air environment
is of particular importance for the normal functioning of the human body and maintaining health.
The air basin, despite its large size, is constantly exposed to significant destructive effects that cause
changes in its composition both in certain areas and throughout the planet, regardless of whether
this effect was caused by humans or nature itself. As a result of human activity, the amount of
carbon dioxide in the atmosphere is constantly increasing (over the past 100 years, we have seen an
increase from 0.004% to 0.032%). Emissions from industrial enterprises and motor vehicles release
several hundred and sometimes thousands of tonnes of various harmful substances into the
atmosphere every year. The level of air pollution depends on several factors: the quantitative and
qualitative composition of industrial emissions, their frequency, the conditions of the gas-air
mixture leaving the emission source, climatic conditions, the number of vehicles, the intensity of
their movement, etc.

We cannot ignore the damage that humanity has already caused to nature, such as global
warming or the destruction of the biosphere. We must constantly monitor the environment in order
to detect negative changes in the state of the natural environment promptly and develop
recommendations to eliminate or mitigate them. Today, we have good technologies to collect the
necessary information to analyse and prevent problems related to environmental pollution. But to
properly respond to cases of detected pollution, we also need to be able to analyse the data collected
correctly.

Atmospheric observation is the monitoring of the composition and properties of atmospheric
air, as well as its changes as a result of the intake or formation of physical, biological factors and/or
chemical compounds that may adversely affect human health and the environment.

Air monitoring in our country is carried out in accordance with the Law of Ukraine “On
Protection of Atmospheric Air”. It is carried out to obtain, collect, process, store, and analyse
information on pollutant emissions and the level of air pollution, assess and forecast its changes and
the degree of danger, and develop scientifically based recommendations for decision-making in the
field of air protection.

During air monitoring, the following substances are measured: carbon monoxide,
hydrocarbons, nitrogen oxides, sulfur oxides, ammonia, ozone, suspended solids, carbon dioxide, as
well as temperature and humidity, and the level of hazardous physical impacts.

For air protection measures to be effective, information must be accurate and complete.
Completeness of information is ensured by the rational location of the network of monitoring
stations, a sufficient number of monitored areas, and long-term observations; information is
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accurate due to the strict adherence to the technologies for measuring various indicators that
characterise the state of the air.

In this paper, we will share our experience of creating a scalable system for monitoring the
state of the atmosphere and air pollution with data output to an online website using such
information  technologies as ASP.Net, C#, Ling, PostgreSQL, PGSQL, Views,
Javascript/Typescript, Vue, VuePrime.

Let's start with the formation of system requirements.
The system should be:

easy to use;

easily expandable;

interactive, i.e. with dynamic graphs;

contain the latest data, with a permissible delay of 2 minutes;

run on different operating systems;

have a web interface;

be divided into components;

C#/TypeScrip.t programming language should be used.
Developing the logical structure of the system
To build a system for monitoring the state of the atmosphere, let's take the SaveEcoBot
service as a basis. It provides a large amount of data, but its problem is that this data is difficult to
extract, process and analyse. This service stores data for no more than 2 minutes, which means that
if a user wants to see the data for the previous month, they will not be able to do so — the service
“forgets” it.

SaveEcoBot provides data in JSON format:

{

Stationld: string,

Pollutants: []

¥

To solve the problem of SaveEcoBot's “memory”, we have developed a mechanism that
runs every minute and a half, downloads data from this service, compares it with the data in the
database, and if it does not find any data, adds it.

AWS Lambda was chosen as the platform for launching the SaveEcoBot service in
conjunction with AWS CloudWatch and EventBridge.

The service logic is shown in the diagram (Fig. 1).
We have the following point services:
data collection sensors;
temporary storage bank;
fence services;
processing service;
database;
API service for data uploading;
website.
Let us consider these components of the service in more detail.
Data collection sensors
Each sensor records the following data:
air pollution by PM 2.5 particles
air pollution by PM 10 particles;
temperature
pressure
humidity.
Sensors are characterised by properties that do not change over time:
e name of the settlement where the sensor is installed,;
e latitude
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e longitude
e unique identification number;
e time zone.
With these unique values, we can identify each sensor and link the data to the time it was
collected. These sensors have a significant drawback: due to their low cost, they have a very small
memory capacity, which means they can store data for only two minutes.

Data
collection
SENS00S

Data
collection
SENSOrS

Data
collection
SENSOrS

Data
collection
SENsors

SENSOrs

Data
collection

:
5
[T} ]

Temporary
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= acquisition ” acquisition
é E semvice ¥ service
-% f Processing
E’ = service
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- [
)
Database
REST API
senice
L
Website

Fig. 1. Diagram of the logical structure of the system

Temporary storage bank

This is a service that receives data as soon as it is read by the sensor in binary form. The
sensor takes a reading, for example, of the temperature and immediately transmits it to this bank to
free up its memory for storing the next batch of readings.

All data that is aggregated in this temporary storage is not processed in any way and is
stored with a time stamp and the identifier of the sensor that collected it.

Data acquisition service

This service collects data and converts it into an understandable format, in our case, CSV.

Processing service

The main service through which all the data passes and is already aggregated into the
database.

REST API service

The backend of our system, through this point the user communicates with the database that
stores the aggregated data. It is the backend that analyses the user's request and provides the
relevant data. For example, the user wants to get the data of indicators for 20 April 2023 in the city
of Lviv. The backend has to generate a corresponding query to the database and translate the
response into REST format.

The service can also provide a list of all sensors registered in the system and a HeatMap of
the territory's pollution at the user's request.
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Website
Here, the user can receive and analyse the data he needs from any station for any period. It is

through this interface that the user interacts with the system. Let's look at the main features of the
interface.
1. Map (Fig. 2).
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Fig. 2. Map with a selection of all sensors

Here, it is possible to see all the sensor stations registered in the system and select any of

them to request data.
2. HeatMap (Fig. 3).
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Fig. 3. Pollution map

This map shows the pollution of a region. The redder the region, the more polluted it is. For
example, the central part of Ukraine has less pollution compared to the industrial centre of Donetsk.
3. Station and time period selection (Fig. 4).
4.
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OSepiTe CTaHuilo | Dnipro - vulytsia Zooparkova x v

2021-05-29 21:04:00 - 2021-05-31 21:04:00

Fig. 4. Station and time period selection

Here we can select the station we need and the time period for downloading the data.
5. Graphs (Fig. 5-6).

PM 2.5/PM 10

Fig. 5. Graph showing the presence of PM2.5 and PM10 particles in the air

Temnepatypa

Visual representation of time series with indicators of air pollution, temperature and
humidity.
6. Download indicators for further analysis (Fig. 7).
7.
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Fig. 7. Obtaining indicators for a specific station

Ability to download sensor readings in a convenient format for reading them using Excel
and Word.

Methods of data collection and storage in the system

The easiest way to write data to a file is to separate the values with some kind of separator.
It can be a space, a newline character, a tab, etc. The most commonly used is the comma character.

The format where value fields are separated by commas is called CSV, Comma Separated
Values. This is the most common format for saving tabular data in a text file.

CSV allows you to write not only a list of values but also to arrange them in a simple table,
where each row of the table starts on a new line. The first line can contain the column headings of
the table. In the CSV format, an unequal number of data fields (table cells) in each record (row) is
considered an error, and such a file is not processed. Data fields can be separated by double
quotation marks (") to include a comma or a newline character that are not delimiters.

The CSV format is the de facto standard for recording tabular data. Indeed, almost all
spreadsheets and databases import and export data in this format. It is equally important that only
the data itself can be saved in CSV format — no formulas, no macros, which are not data but
methods of processing it and which incorporate spreadsheet files.

An example of data in CSV format is shown in Fig. 8.

Fig. 8. Example of data in CSV format

After the service processes this data, it is transferred to the database, where it is stored in
SQL format (Fig. 9).
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Objects D LocationPM25 @Measurements.public D LocationPM25 @Measurements.public (...

m

E Begin Transaction D Text - Filter % Sort 5 Import m Export
CreatedDateTime Locationld - WYalue StoredDateTime

b SAVEDNIPRO_4202 5,67 2020-10-29 21:49:35.069278
2020-09-27 18:46:20 SAVEDMIPRO_1298 5,55 2020-10-29 21:4%:35.069272
2020-10-29 00:01:39 SAVEDMIPRO_1297 15,08 2020-10-29 21:49:35.069272
2020-05-12 22:29:48 SAVEDMIPRO_1295 0,78 2020-10-29 21:4%:35.069272
2020-10-29 00:06:08 SAVEDMIPRO_1294 45,98 2020-10-29 21:49:35.069278
2020-05-07 18:59:23 SAVEDNIPRO_1293 14,85 2020-10-29 21:49:35.069272
2020-03-13 14:04:43 SAVEDMIPRO_1280 999,9 2020-10-29 21:4%:35.069273

Fig. 9. Example of data in SQL format

Designing a REST API for system interaction

The OpenAPI specification, originally known as Swagger, is a specification of machine-
readable interface files for describing, creating, using, and visualising REST web services. Various
tools can generate code, documentation, and tests from an interface file. The Open API Initiative, a
project of the Linux Foundation, oversees the development of the OpenAPI (OAS) specification.

Applications developed with OpenAPl interface files can automatically generate
documentation of methods, parameters, and models. It helps to synchronise documentation, client
development libraries, and application code.

The REST API of the system is divided into two controllers:

e Location:

1. GET — arequest that returns a specific station;

2. GET /List — a request that returns a list of all stations;

3. GET /HeatMap — a request that returns data for generating a HeatMap.

e Measurement:

1. GET - is a query that returns all the measurements for a particular station for a certain
period;

2. GET /Type — a query that returns the readings for a specific station, but by type, for
example, only temperature or pressure. It was made to parallelise the work with the
database to speed up the operation of the entire system.

The generated interactive documentation looks like the one shown in Fig. 10.

My API®

ips.//33bo49db5l.execute-api.eu-central-1.amazonaws. com/swagger/.iv 1/swaggerjson

Location v
/Location
/Location/List
/Location/HeatMap

Measurement N

/Measurement

/Measurement/Type

Fig. 10. Interactive documentation
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An example of an OpenAPI specification is shown in Fig. 11.

{
"openapi™: "3.0.1",
"info": {
"title": "My API",
"version™: "v1"
3
"paths™: {
"/Location": {
"get": {
"tags": [
"Location"
]

"parameters": [
{
"name": "locationld",
"in": "query",
"required": true,
"schema": {
"type™: "string"
}
}
1,
"responses": {
"200™: {
"description™: "Success",
"content™: {
"text/plain™: {
"schema": {
"$ref": "#/components/schemas/LocationViewModel"

¥
¥

pplication/json™: {
"schema": {
"$ref": "#/components/schemas/LocationViewModel"

by

h
"text/json": {
"schema™: {

"$ref": "#/components/schemas/LocationViewModel"

Fig. 11. OpenAPI specification

REST (Representational State Transfer) is an approach to the architecture of network
protocols that provide access to information resources. It was described and popularised in 2000 by
Roy Fielding, one of the creators of the HTTP protocol. REST is based on the principles of the
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World Wide Web and, in particular, the capabilities of HTTP. Fielding developed REST in parallel
with HTTP 1.1, based on the previous HTTP 1.0 protocol.

Data should be transmitted in a small number of standard formats (e.g. HTML, XML,
JSON). Any REST protocol (including HTTP) should support caching, should not depend on the
network layer, and should not store state information between request-response pairs. It is argued
that this approach ensures the scalability of the system and allows it to evolve in accordance with
new requirements.

The system we have created uses REST technology to communicate with the client.

Database design

We use the PostgreSQL database to store information. In Fig. 12 is a diagram of the
Location database.

LocationPressure

£ CrestedDatelime © mectzmp 6
LocationPM10 |scationld
CrestedDateTime © mactznplf Value fioztd
Lacat StoredDate Time: tmzstamp(d
Value float?
StoredDateTime: tmestzmp(5

g
Location Humidity
CreatzdDateTime 1 ez o lf]
9 Locationkd t=
Vahe floz

LocationTemperature
CreatedDateTime t meszmplf] LocationStatistic
Locatianld: 1= Locationkd: 121

Vahe flostd ExtremeMinimal flc

StoredDateTime: tm zstampld

2 StoredDateTime: tm zsampll) ExwemeMaximum: 7
View_Heathiap FraRecordDat

[

CreatedDateTime ["CrzatzdDateTime

Lat I."Lat

Lan |"Lon

iy
PollutantTyps: in:4

Locationindex
CreatedDateTime: tmestamp(d

Value zlue

Itz

City: text
StationName t=
LocalName

Batchinfo BatchPollutantinfo
Bstchlg 14 m
StoredDateTime

TmeTaok foz

CreatedDateTime: t mastampis)
Locationld 1zt

Value float?
StoredDateTime: £ 2stzmpif)

SourceType: intd

Fig. 12. Scheme of the Location database

The Location database stores basic data in the following tables:
LocationHumidity (Fig. 13) — humidity indicators;
LocationPM10 (Fig. 14) — indicators of PM10 pollution;
LocationPM25 (Fig. 15) — indicators of PM2.5 pollution;
LocationPressure (Fig. 16) — pressure indicators;
LocationTemperature (Fig. 17) — temperature indicators.

B LocationHumidity @public - Table

=@ Add Field =4 Insert Field =& Delete Field A< Primary Key = T Move Up « Move Down
Fields  Indexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Type Length Decimal Mot null  Key Comment -

timestamp ] 0 1
Locationld text 0 0 -2
Value floats 53 0 (|
StoredDateTime timestamp B 0

Fig. 13. Table with humidity indicators
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B¢ LocationPM10 @public - Table

=@ Add Field =4 Insert Field =g Delete Field #< Primary Key ~ A+ Move Up 4 Mowve Down
Fields  Indexes Foreign Keys Unigques Checks Excludes Rules  Triggers Options Comment
Mame Type Length Decimal  Motnull  Key Comment ~
timestamp & 0 M1
Locationld text 0 0 o~ 2
Value floatd 53 1] O
StoredDateTime timestamp 6 0

Fig. 14. Table with indicators of PM10 particle pollution

#%% LocationPM25 @public - Table

=@ Add Field =4 Insert Field =& Delete Field &7 Primary Key - + Move Up < Move Down
Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment
Mame Type Length Decimal Mot null  Key Comment
timestamp & 0 1
Locationld text o 0 | =3l
Value floatd 53 ] |
StoredDateTime timestamp & 0

Fig. 15. Sign with PM25 particle pollution indicators

E8® LocationPressure @public - Table

=iy Add Field =4 Insert Field =& Delete Field
Fields

= Primary Key ~ “+ Move Up + Mowve Down

Indexes Foreign Keys Uniques Checks Excludes Rules Triggers Options Comment

Type Length Decimal Mot null Key Comment

b timestarmp ] ] 21
Locationld text 0 0 ;2
Value floatd 53 o (|
StoredDateTime timestamp B 0

Fig. 16. Table with pressure indicators

#8% LocationTemperature @public - Table

S Add Field =4 Insert Field =g Delete Field -~ Primary Key - T MovelUp < Move Down

Fields  Indexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment
Mame Type Length Decimal Mot null Key Comment
timestamp ] ] 21
text o 0 22
Value floatd 53 0 (|
StoredDateTime timestamp ] v

Fig. 17. Table with temperature indicators

We also use two additional tables for statistics and analysis of the amount of data:
e BatchlInfo — contains a list of all data occurrences in the database;
e LocationStatistic — contains the extremes of each display for each location.
Creating a service for data collection
This service is implemented as an AWS Lambda function that runs every two minutes. It
collects information, analyses it, and transfers it to the database.
The components of this service are as follows:
1. Measurements.Lambda.FetchData.Function.FunctionHandler.
The entry point to the application, the sensor ID is passed to it, then this service downloads

the data in CSV format and formats it into an understandable format, removes duplicate and
damaged data.

55



2. Measurements.Lambda.FetchData.Function.DoWork.

This method receives data that needs to be entered into the database.

The system's extensibility lies in the fact that there are as many such services as there are
sensors, thus maximising system performance and allowing users to see the latest data.

Every minute, one such service passes through approximately 2 Megabytes of data.

Creating a REST API service

The ASP.NET Core framework was chosen for the API.

ASP.NET Core is a new, robust, and feature-rich framework that provides features for
developing ultra-fast APIs for web applications.

The ASP.NET Core framework provides built-in support for dependency injection, which
means you no longer need to rely on third-party frameworks.

Dependency Injection is essentially a template that helps developers separate different parts
of applications. Before the release of ASP.NET Core, the only way to achieve dependency injection
in an application was to use the Ninject and AutoFactor frameworks. In ASP.NET Core,
dependency injection is treated as a first-class object. This means that developers are no longer
limited in the choice of web applications and they can use new libraries in more event-oriented
applications, such as AWS Lambda or Azure Functions.

In general, the introduction of dependencies in the ASP.NET Core framework improves the
testing capabilities and extensibility of web applications.

To simplify the work, the entire API service was divided into the following components:

e Measurements.Dal,

e Measurements.Bll;

e Measurements;

e Measurements.Utilities.

Measurements.Dal

Dal — Data Access Layer, a module for working with the database. It implements access and
work with the database. For example, extracting information about the temperature. This software
layer connects data from the database with controller views (Fig. 18).

Presentation Data Access Layer
Layer
(ASP.NET Pages)

Typed DataSet

. _ DataTable [
Database

.aspx

Fig.18. Schematic presentation of the DAL operation

Measurements.BlI

Bll — Business Logic Layer, a module that acts as a manager in the API. It is this layer that
receives the command “give data for 19.07.2021” and, using the methods implemented in Dal,
imposes additional logic, such as input validation, and provides the necessary data to the user.

Fig. 19 illustrates the scheme of interaction between the BIl layer and other layers of the
application.
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(ASP.NET Pages)

!

Business Logic Layer

[ Presentation Layer

[ Data Access Layer J

- =
]

Ree————

Fig. 19. Scheme of interaction of the BIl layer with other layers of the application

Measurements

The project that gathers all the layers into one and makes them work is the entry and exit
point to the application. In this project, all controllers are implemented in accordance with the
REST OpenAPI specification.

Measurements.Utilities

Auxiliary functions and classes that were used in the project. For example, a response
generator for AWS Lambda functions, middleware used in ASP.NET Core, etc.

Website development

To create the website, we chose the TypeScript language with the VUE JS framework and
the PrimeVVue component library. All these platforms are built by the npm package manager using
the “npm run build” command. When the project is ready for use, it needs to be compiled into a
single file. This file must be moved to the server. The created file does not need to be run and is a
static index.html file to which js bundles are linked.

Vue.js allows you to control properties before they are passed to components. You can
check the type, require properties to be defined, set defaults, and perform custom checks.

We used type-checking to make sure that the right type of data was being passed to the
component. This will be especially useful if we forget to use dynamic syntax to pass non-standard
values. It was because of such checks that we decided to use TypeScript.

The entire front-end application consists of the view shown in Fig. 20.

vue-router”;

ws,/Home .. vue" ;

Vue.use(VueRouter);

const routes = [

Fig. 20. Description of the front-end application view
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The user interacts with the system through this view.

Just as the backend project is divided, the frontend project is also divided. Its main
components are as follows:

1. Charts.vue;

2. LocationMap.vue;

3. Vue2L eafletHeatmap.vue;
4. Home.vue.

Let's consider the functions of these components.

Charts.vue

A component that builds graphs of air pressure, temperature, pollution, and humidity. It
allows you to visually analyse the data coming from the backend. The graphs are created using
Canvas technology, which is best suited for this task because it allows us to manage the elements
we want to display as if they were objects in 2D space, rather than HTML markup elements.

LocationMap.vue

A component that displays a map and clearly shows all the detectors on this map. So, if the
user does not know the sensor ID, but knows its approximate location, he can find his coordinates
on the map and select the sensor he needs.

To draw the map, we used an open-source analog of Google maps called OpenStreet
DataMap.

Vue2LeafletHeatmap.vue

The component that overlays the HeatMap on the map. This way the user can see which
regions are the most polluted.

Home.vue

The view component connects all the previous components on one page and arranges them
in the correct order, which is most convenient for the user. This component is also used to
communicate with the backend and transfer data from the backend to the previous components.

Auxiliary components that are not visible on the user interface: ApiClient.ts and
FileSaver.js.

ApiClient.ts

A service that implements communication between the frontend and the backend. As
arguments, it can use, for example, the date and station ID, as well as return data that came from the
backend.

FileSaver.js

A service that implements communication between the frontend and the backend. It can
accept, for example, the date and station ID as arguments, and return the data that came from the
backend.

Setting up CI/CD

For any system, there comes a time when it is made available to end users. To reduce the
waiting time for updates and the system's inoperability while updates are applied, it was decided to
make a CI/CD for this system.

GitHub Actions was chosen as the basis. This is a service that is integrated into the git SCM
when using the GitHub service. It can respond to various triggers, such as a commit or file upload to
this service. Thanks to this feature, we can make quite flexible CI/CD systems.

The CI/CD of the created system was divided into three parts, which correspond to each
independent component of the system:

e deploy-fetch-data.yml;
e deploy-webapi.yml,
e deploy-webui.yml.

These files are the triggers for starting CI/CD, and they describe the algorithm for collecting
and delivering components.

deploy-fetch-data.yml
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A file that describes the algorithm for collecting and deploying a service to collect data from
the saveEcoBot service. It creates an AWS Lambda function for each of the sensors to collect data
from it.

deploy-webapi.yml

A file that describes the logic of building and deploying the backend. During this process,
we build our API written in C# and upload the resulting files to the server via ssh. After that, we run
it on a separate port to make it publicly available.

deploy-webui.yml

Judging by the name, you can understand that the logic for building the user interface is
described here. Similar to the backend, the frontend is built using npm and uploaded to the server as
an index.html file. After that, it can be accessed through a reverse proxy in the form of nginx.

Thus, several goals were achieved by using CI/CD:

e reduced system downtime;

e faster delivery of updates;

e the update process is automated, the developer does not have to do it all manually;
e the user is less likely to encounter a bug that has already been fixed.

1. C.J. Date, An Introduction to Database Systems, 8th ed., Addison-Wesley Professional,
2003.

2. H. Garcia-Molina, J. D. Ullman, J. Widom, Data Systems: The Complete Book. 2nd ed.,
Pearson Education, Prentice-Hall, Upper Saddle River, NJ, 2009.

3. R. Elmasri, S.B. Navathe, Fundamentals of Database Systems. 6th ed., Pearson
Education, 2011.
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Abstract. Bees play a crucial role in maintaining ecosystem sustainability by contributing to
the preservation of natural landscapes and ensuring ecological balance. Beekeeping is a common
and traditional sector of agriculture where Internet of Things (loT) based solutions and machine
learning approaches can significantly facilitate and enhance apiary management. This paper
proposes an loT-based intelligent bee apiary monitoring system. The primary focus of the research
was on utilizing artificial intelligence methods to detect various pests within the apiary. The
developed methods and obtained results were tested under real beekeeping conditions. Their
application not only aids in pest detection but also improves overall bee colony management. This
opens up possibilities for increasing hive productivity and reducing the impact of pests on bee
health and apiary quality.

Keywords: monitoring system, honey bees, apiary, Varroa destructor, Internet of things,
l0oT, machine learning.

AHoTanisg. bikonaM € BaXKIMBOIO JIAHKOKO JUISL MIATPUMAHHS CTIMKOCTI ekocucteM. Bonu
CIPUSAIOTh 30€pEeXKEHHI0 MPHUPOJHUX JAHAMA(TIB 1 JOMOMAaraiTh 3a0e3MedyBaTH €KOJIOTIYHY
piBHOBary. BIUKITBHUITBO € OJHIEI0 3 TMOWMUPEHUX 1 TPaJULUIHHUX Taly3edl CUIbCHKOTrO
rocIo/1apcTBa, Jie pilieHHs Ha ocHOBI IHTepHery peueit (IoT) 1 miaxoau A0 MAIMHHOTO HABYAHHS
MOKYTh 3HAYHO MOJIETIIUTH Ta MOKPALIUTU YIpPaBJIiHHA NacikamMu. Y Wil CTaTTi MPONOHYETHCS
IHTEJIEKTyaJIbHa CHCTEMa MOHITOPUHTY O KonMHOI maciku Ha OcHOBI [oT. OcHOBHMII akieHT
JOCHIJKEHb OYJIO 30CepePKeHO Ha BUKOPHUCTaHHI METOIB IUTYYHOT'O IHTEJIEKTY Uil BUSBICHHS
pPI3HOMAHITHUX WIKIJHUKIB Ha macimi. Po3pobieni meTronu Ta OTpUMaHi pe3ysbTaTh Oyiu
BUKOPHCTaHI y PeabHUX YMOBAX O/KiTbHUILTBA. X 3aCTOCYBaHHS HE TilbKU MOJIETTIY€e BUSABJICHHS
IIKITHUKIB, aje 1 CIpHusi€ MOKPALICHHIO 3arajlbHOTO YIpaBliHHS OJ/UKOIMHUMM KoJoHisiMu. Lle
BIIKpMBA€ TNEPCHEKTUBHM Ui 30UIBLIEHHS NPOAYKTUBHOCTI BYJIUKIB Ta 3HIDKEHHS BIUIUBY
IIK1THUKIB Ha 3I0POB'st OJ1K1JI Ta SIKICTh MACIKH.

Knrouoei cnoea: cucmema monimopuney, MeOOHOCHi 60xcoau, nacika, Varroa destructor,
Inmepnem peueul, mawuHHe HABUAHHSL.

MenoHOoCHI O/DKONM € BAaXJIMBHM 3aIIIIOBAYEM CLIBCHKOTOCIIONAPCHKUX KYIBTYp Ta
BIJIIrparOTh BaXKJIMBY pOJIb B TI00aNbHIN eKonoriuHiil cucremi. 3apa3 1ii 3alMIIOBavi Bce YacTille
3HAXONAThCA IiJ 3arpo30l0 3HUKHEHHS uYepe3 IX MPHUPOJHUX XHWXKakKiB, 3MIHY KJIIMAaTy Ta HOBI
3arpo3u, 10 MPU3BOJATH 1O MACOBOTO 3HUKHEHHS O/KOJTMHUX KOJIOHIN. 3araiaoM MOmyJIsiist 0K
y BCbOMY CBITI 3MeHIIyeTbest 3 2007 poky. OpaHi€r0 3 MPUYUH 3MEHIIEHHS KUIBKOCTI AOPOCIHX
pobouMX O/KLT € Bapoo3, Mapa3uTapHe 3aXBOPIOBAaHHS, CIpHUMHEHe KiinieM Varroa destructor (V.
destructor) [1]. Lle Bumarae mocTifHOr0o MOHITOPUHTY MPOTATOM MEPIOIB aKTUBHOCTI OJ[K1J, 11100
nepekoHarucs, mo Kiimi V.destructor 6yyTh BUSBIEHI 10 TOTO, SIK BOHM IMOIIUPSATHCS Ha YBECh
BYJIUK. AJUKe 1€ 3aXBOPIOBAHHS MOYKHA IIBUJIKO 3HUILUTH 3 BYJIMKIB ITICJIsS HOTO BUSIBICHHS.

3a pomomororo loT (IurepHery peueil) BiAKpUBaeTbCS O€3/1id MOXIMBOCTEH IS
PI3HOMAHITHUX PIIICHh MOAOJAHHSA ACIKUX 3 HAWOUIBII TMOMIMPEHUX EKOJOTIYHUX MpoOseMm.
Ockinbku 30epekeHHs] 370pOB’sl Ta MOMJALii OKiI HEe € BUKIIOUEHHSM, [HTepHeT peueil €
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YyZI0BUM DIlIEHHSM, 100 TOMOMOITH MAaCIYHUKAM KOHTPOJIIOBATU Ta PATYBAaTH CBOi OJKONMHI
cim’i. Texnosorii [oT MOXyTh TOMTOMOTTH OHOYACHO Y KUIBKOX HaIpsSMKaX:

-30ip TOYHHMX JaHUX IS MOJAIBLIOTO aHadily, MOHITOPHHTY Ta IependadueHHIo 3a
JIOIIOMOT'OK0 TEXHOJIOT1H IITYYHOI'O 1HTEJIEKTY;

- aBTOMaTU30BaHMUH KOHTPOJIb MIKPOKJIIMaTy BCEpEAMHI KO)KHOTO BYJIUKA;

- aBTOMAaTH3allisl 30MpaHHI MEy.

Touni maHi B peXHMi peaJibHOTO 4acy, 310paHi 3a JOMOMOrOI0 MOHITOpUHTY IHTEepHeTy
pedeit, CHpOMOXH1 IOMOMOTTH OKOJIsIpaM MO0y IyBaTH O1IbII TOYHE PO3YMIHHS TOBEAIHKU OJKII
y ixuHix kojoHisx. Texnomorii IoT Takox 4Yacto BHKOPUCTOBYETHCS ISl MOHITOPHUHTY
MIKpOKITIMaTYy, Jie TiKJII0YCHI 1aBadi 30MparoTh JaHl PO TEMIEPaTypy Ta BOJOTICTh, a TAKOX JIaHI
Ipo 1HII KIIMaTU4HI (aKTOpH, SKI MOXKHA 30MpaTh Ta IHTEPIIPETYBATH B PEXKHUMI PEAIbHOTO Yacy.
JlaBaui, po3MilleH] y BYJIMKaX, KOHTPOJIIOKTh BOJIOTICTh 1 TEMIEPATypPy 3a ABOMA KIIMAaTHYHHUMHU
(dakTopamu, SKi MOXKYTh ICTOTHO BIUIMHYTH Ha 3710poB’st Okiin. Komu Bonoricts abo Temmeparypa
3MIHIOETBCSI IO HECTPHUATIUBOIO CTaHy, OJUKOJISAPI MOXYTh OTpUMATH HErailHe CIOBIILEHHS, a
3BIATH MOXYTh HAAICIATH JWCTAHLIHHY KOMaHAy, 1100 BHECTH HAJICKHI 3MiHU J0 MIKPOKIIMATy
Bynuka. KpuxitHi mikpodoHu, sKi IMIJIAaHTOBaHI y BYJIHMK, MOXYTb 30MpaTH ayAioJaHi mIpo
MOBCAK/ICHHY TMOBEIIHKY OJDKiJI, KpIM TOTO KOXEH pyX OKpeMOi OKOIM TIEBHOIO MipOIo
MPU3BOAUTH 10 BiOpallii B MOBITpi a00 HA MOBEpXHI. 3 OTPUMAaHUX 3BYKOBUX 4YacTOT Ta BiOparliii,
AK1 € pe3yJIbTaTOM HOPMAaJIbHOI AisITBHOCTI OJDK1I, MOYKHA BUSBUTH [2]:

- XBOPHH BYJIUK 1 11arHOCTYBaTH 3aXBOPIOBAHHS;

- KOJIM y BYJIUKY € JIBl UM OiibIe OPKOTMHIX MAaTOK a00 K KOJIH Y BYJIUKY 1X HEMAE;
- KOJIM OJIKOJIM BiTUyBalOTh HEOE3IEKY Ta 3aXUILAIOTh BYIIHK;

- iepe0ir 3MMyBaHHS;

Ha nanuii yac, icHye TakoX BeJUKa KUIBKICTh MPUCTPOIB, 3A€OLIBIION0 POZYMHUX Bar, siKi
J03BOJISIFOTh ONTHMI3yBaTH mpouecH. [laciunuky He moTpiOHO 3aiiBmii pa3 TypOyBatu Omxinm Ta
NEPEBIPSTH COTH, €JIEKTPOHHI Baru, J10IOMAararoTh 13 1i€l0 3aa4ero. 3 iHIIOro 60Ky € Majio rOTOBUX
CTaHAApTHHUX pimeHb B po3pizi loT, me 3amisHl pi3HOMAaHITHI AaBayi, XMapHI TEXHOJOTIl Ta
B3a€MO3B’SI30K MK mpHucTposiMu [3]. B GinbmiocTi i pilleHHS € JIOKAIBHUMHM Ha PUHKY CBOET
KpaiHu.

tygynnii inTenext (LLI) y cuneprii 3 InTepHeToM pedelt mae moTeHuian, mobd OyTH Tyxke
KOPUCHMM Yy MOHITOPUHTY 370pOB’sl BYJIHKIB, 11€HTU(]IKALI] IIKIIHUKIB, TaKUX K KOl Varroa, 1
gormoMaraTt Ojpkosipam eeKTHBHIle KepyBaTu cBOiMH macikamu [4]. BpaxoByroun cnenudiky
OJKUTHHMIITBA, CUCTEMAa MOHITOPUHIY CTaHy NAacikM MOBHMHHA BIJINOBIAATH MEBHUM BHMOIaM Ta
KpUTepisM ais 3abe3neueHHs e(pEeKTHMBHOTO (YHKLIOHYBAaHHS Ta YCHIIIHOI IMIUIEMEHTalil B
pearbHIX YMOBaXx.

s 3abe3neueHHs] e(EKTHMBHOIO MOHITOPHHIY CTaHy OKpPEMOIO BYJIHMKAa Ta OTPUMaHHS
KOMIUIEKCHOT 1H(opMallii HEOOXIAHO CHUCTEMaTUYHO 30MpaTH pPI3HOMAHITHI BXIJHI JaHi, SK1
HailOinbIe Bi1OOpaXkaloTh akTyaJdbHHUM cTaH maciku. OCHOBHI MapaMeTpH, SKi BapTO BpPaXOBYBAaTH
npu 300pi TaHKUX, BKIFOYAOTh [D]:

- Temneparypa y Bynuky: Lleit mapameTp 103BOJIsSi€ BUSHAYUTU TEIUIOBUM PEXHUM BYJIHKA,
0 € KPUTHYHUM JUIsi KOM(OPTHOrO pO3BUTKY O/KIT Ta MOXKE CBITUMTH NP0 MOXKIIHUBI
3aXBOPIOBAHHS YU CTPECOBI CUTYaIlii.

- Bosoricte 'y Bynuky: BumipioBaHHS BOJIOTOCTI Ba)XJHMBO [UIsl KOHTPOJIIO Haj
MIKpOKJIIMATOM BYJIMKA Ta 3amo0iraHHs 3aiiBiil BOJIOTOCTi, IKa MOXKE CTaTH MPUYUHOIO XBOPiO Ta
MOTIPIICHHS YMOB U1 OK1I.

- Bara Bynuka: MOHITOPMHI Baru J03BOJII€ BM3HAYUTH 3allacd MEOy, a TaKOX MOXKe
BKa3yBaTH Ha 3arajbHUN CTaH OKIIBHOTO HAPOKEHHS.

-3ByK UM 4YacToTa 3BYKY Yy BYJUKY: 3BYKOBHH aHali3 MOXe CIYXHUTH 1HIUKATOPOM
aKTHUBHOCTI Ta CTaHy O/I’)KOJTMHOTO BYJIHKA.

- Cratuctuka KiIbKOCTI O/1K1, mopaxoBana 3a gornomororo LI: Bukopucranns lItyunoro
[HTEeNeKTY MU MiIpaxyHKy OJKIT O3BOJIIE TOYHO Ta ABTOMATUYHO BHU3HAYATH YHCEIHHICTh
TTOTYJISAIIII.
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- CraTucTHKa BUSBJICHHX KJINIIB Bapoa: BakMBO BUSBIATH HASBHICTH LBOTO IIKIJTHHKA,
SIKUA MOYE CEepHO3HO 3arpoKyBaTH 3JI0POB'T0 OJIKIIL.

KonTponep, po3ramoBanuil y BYJIMKY, IOBUHEH TIepeaBaTH IIi JaHi Ha CEpBep 3 3aJaHOI0
4acTOTO0, fKa 0a3yeThCs HA 3MIHHUX YMOBAaxX JOBKULISA Ta BJIAaCHUX HaJAITyBaHHAX O/xomsapa. Lle
3a0e3mneuye THYYKICTh CHCTEMH Ta MOXJIMBICTh aanTallii 10 3MiH Y CepeIOBHILI.

Ha puc. 1 mnpencraBieHo CTpYKTypy po3pobOsenoi iHrenektyainbHoi loT-cucremu
MOHITOPUHTY CTaHy nacikd. Ll cxema meranbHO ONMHCYE CUCTEMY MOHITOPHHTY, SIKA YMOBHO
po3minena Ha xmapHy 4actuHy (Cloud) Ta mokameHy (On-premise), 31 CKIaJOBHUMH, IIIO
B3a€MO/IIIOTH MiXK COOOIO.

\ ------------------------------ SSH-----exeee- r ----------- » Raspberry Pl - nokanshuit cepsep
Be6 inTepdeiic
Aaminictparop : (React) ' H Arperarop MeTpuk
s (Python App) TNokansHe
cxoBuWe
4 Cepsep 06po6ku v '
: (Backend) ' '
: A :
Mo6inbHui / : m
— AonaTok : L.
Baoae : Cnosiwennn CRUD : Mdpikpochom [Dasay BonorocTi
H onepauii
Mporpama l
cnosilleHs : - i

' BIHMX Moayns € nagay Temnepatypu
H T ' H (ESP)
Cepsep 6aan paHux l
; T “ !
[l TanTam < T\
H RS-485
H etrics
4 User
: Moayns
H BU3HAYeHHs Kniwi
& Bapoa
; PoanizHaBaHHA '

navepHia ' - I .

Puc. 1. Crpykrypa iHTenekTyanbHoi 10T -cucTeMi MOHITOPUHTY CTaHy BYJIMKA

Xmapse pimenss (Cloud). CknagoBuMu cepBiciB, KOJ SIKMX BUKOHYBATHUMETHCS y XMapi €:

- Be6 inTepoeiic (React): Be6-nonaTok cTtBopeHuit 3 BUKOpHCcTaHHAM 010mioTekun React s
BI3yaJIbHOTO OTJISITY TIACIKH.

- MoOGinbHUN J0JaTOK: MOXKJIMBICTh CTBOPEHHS MOOUIBHOTO JOAATKY Ul KOPHUCTYBauiB
(6mK0IISAPIB), AKUM MOKE HaJICUIIATH push-crioBIEHHSI.

- [Iporpama cnoBimens: CHOBilIEHHS, SKI TPUXOAUTUMYTH y JOJATOK NMPH KPUTHUYHUX
YMOBax y BYJIMKY a00 CUCTEMHUX MOB1JJOMJIEHb.

- CepBep 00po0Oku (Backend): Cepmepna uactunHa mis oOpoOku 3amwmtiB 3 frontend i
MOOUTHHOTO TOJIATKY, a TAKOXK JUIsl YIIPaBIiHHA 0a3010 TaHUX.

- Cepep 6a3u jaHux: MicTUTb pi3Hi TaOIUI:

User (Table): 30epirae mani KOpUCTyBadiB CHCTEMH.
Hive (Table): MictuTh iHpOpMAILiFO TPO KOXKEH BYIIHUK.
— Metrics (Table/DB): 3anucye meTpuyHi naHi, 310paHi 3 BYJIHKIB.
— ML output (Table): 36epirae pe3ynbraTi 00poOKH JaHUX MAIIMHHUM HaBYAHHSIM.

- Po3niznaBanns natepuis (ML Batch Jobs): Moaynb MalimHHOTo HaB4aHHS, IKM BUKOHYE
aHaJi3 METPUYHUX JAaHUX Ui BUSBJICHHS IaTepHIB, a caMme JJIi PaHHbOI'O BUSBIEHHS XBOpIO
BYJIMKA, UM MTAPA3UTIB Y HHOMY.

JlokanbHa yactuHa (On-premise). IlenTpanpHuil MOAYNb TACiKW, SKWH MiA'€IHAHUNA 10
[aTepHeTy, 30upac naHi 3 BYJIUKIB 1 HAJCHIIAE:

- Raspberry PI: Mikpokomn'toTep, siKMii BUKOPHUCTOBYETHCS SIK JIOKIbHUH cepBep abo
IIUTIO3 JIJIs1 300pYy JIaHKUX 3 BYJIUKIB.
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- Arperarop metpuk (Python App): 3actocynok, Hanucanuii Ha Python, sxuii Bignosinae
32 KOMYHIKAaIlll0 3 BYJIHMKAaMH, 30€pEeKEHHSIM [aHUX Yy THUMYacoBy 0a3zy JaHHMX, arperyBaHHsS
METPUYHUX JaHWUX Ta iX BIANpaBIEHHSAM 10 XMapu, BUKopuctoByoun HTTP 3amutu no GexeHn
YACTUHH.

- JlokaneHe cxowuie: JIokanpHa 0a3za JaHUX JUISI THMYACOBOTO 30€piraHHs METPUK IepeN
iX CHHXPOHI3AIIIEI0 3 XMapHOIO 0a3010 JTaHUX.

Komnonentu Bynuka (Hive):

- MikpodoHn: BuxkopucTOoByeTbCA Ul 3alMCy 3BYKIB BYJIHKA, SIKI MOXYTbh JOIOMOITH
BUSIBUTH CTaH OKLN.

- JlaBaui: /laBaui BOJIOrOCTi, TEMIEpATYpH Ta Baru [l MOHITOPUHTY CTaHy BYJIMKa.

- enrtpansauii Mmoxyis (ESP): Monyns Ha ocHoBi ESP amst 3unTyBaHHs JaHUX 3 JaBaviB.

- Mopayns BuszHaueHHs kiiniiB Varroa (ESP): Mopayns s BUSBIGHHS KJIIIIB, IO €
3arpo3010 TSt 0K,

- TpancnoptHuit Mmogynab RS 485: Monaynb Ta pOMUCTIOBHI CTaHAAPT KOMYHIKAIi, SIKUA
no3Bossie MoayisiMm Arduino B3aemomiatu 3 Raspberry Pi.

[TigxitoueHHsT 10 XMapHOi YaCTMHHU JUIsL YIPABIIHHS CUCTEMOIO 3/1MCHIOETHCS 4epes3
MepekeBuid mpoTokon SSH, B Tol yac sk KiHIEBUH KOPUCTYBad (O/KOJISAP) B3AEMOJIIE 3 CHCTEMOIO
yepe3 BeO mnopran. Cucrema miarpumye CRUD omneparii (CTBOpeHHs, YMTaHHsS, OHOBJIEHHS,
BUJIAJICHHST) U1l YIPABJIiHHS JAaHUMU B XMapHii 0a3i JaHUX.

OckilbKM TACiKM YacTO pO3TAllOBaHI y BiJJajJeHUX paiioHaX, Je Moxke OyTH IoraHe
MOKPUTTS TEXHOJIOTIi [HTepHET, TOMY ONTUMAIBFHUM PIIIEHHSM CTAJI0 BUKOPUCTAHHS HCTPYMEHTY
MammmaHoro HapuaHHs tinyML (Tiny Machine Learning). L4 rigka po3BUTKY IITY4YHOTO iHTEJIEKTY
JI03BOJISIE PO3TOPTAHHS MOJIeNICH MAITMHHOTO HAaBYaHHS HA TIPUCTPOSX 3 OOMEKEHIUMH pecypcaMu —
YacTO 3 HM3bKUM EHEpProCHOXHMBAHHAM, MaM’ATTI0O Ta OOMEXEHMMHU MOXXJIMBOCTSIMH OOpOOKH 1
BiJJOME SIK «KPHXITHE MallMHHE HaBYaHHs». Meroro TinyML € nepeHeceHHs nepeBar MalliHHOTO
HaBYaHHS Ha nepudepiiiHi TpUcTpoi, Taki sIK MIKPOKOHTpojepH, npuctpoi IntepHery peueit (IoT)
Ta 1HI1I1 BOymoBaH1 cucteMu. Lle 0co0arBO BaXXJIMBO Ui IpOrpam, Je HEMOXKIMBO HaJICUJIAaTH J1aHl
B XMmapy A oOpoOkM depe3 mpobieMH 3 MPONYCKHOIO 3[aTHICTIO, 3aTPUMKOK abo
koHpineHuitictio [6]. Jns imTerpamii 3 TexHomoriero TinyML 0yno  BHKOpUCTaHO
mikpokontponep ESP32-CAM [7]. ESP32-CAM cymicHuii i3 ¢QpeliMBOpKaMH MAIIHHHOTO
HaBuaHHs, TakuMu K TinyML, mo g03Bosisie JIeTKO peai3oByBaTH Ta BIPOBAKYBATH MOJEII HA
npuctpoi 3 oOMexeHHMHu pecypcamu. HasBHicTh BOynoBaHoi kamepu pobuts ESP32-CAM
TOTOBUM /0 BUKOPHUCTaHHS O€3 JOJATKOBHX MOJYJIB ab0 30BHIMIHIX MPHUCTPOIB, IO TMOJETIIyE
nporec po3poOKU Ta 3HMKYE BUTpaTH. Takox kamepa Oyzae 3aikcoBYBaTH 300pa)KeHHs OJUKLI,
3a0e3neuyroun MOKJIMBICTh BUSBICHHS HasgBHOCTI KiimiB. [I{o6 yHukHyTH npoOiem 3 nepenauero
JaHHUX, OCOOJIMBO B yMOBaX HECTaOUIbHOTO IHTEPHET 3B'A3KY, Mepe10aueHO MOKIMBICTh 30epiraHHs
JaHUX Y JIOKaJbHIA 0a3l y Burisal yepru uum kemry. lle rapantye HanidHICTh Ta LUTICHICTh
OTpPUMaHUX JIaHUX, HaBITh Y BUIAJIKy HEJOCTYITHOCTI cepBepa.

3acToCyBaHHS IITYYHOIO IHTENIEKTY Ha MIKPOKOHTPOJEpI JO3BOJISE€ MPOBOJWUTH aHali3 Ta
00poOKy JaHMX Ie Ha eTari iXHboro 300py. Lle 3amobirae HeoOXiAHOCTI BiAMPAaBKH 300paskeHb Ha
cepBep Ta TMOKpanlye epeKTHBHICTh CHCTEMH, OCKIIBKH JJIS I[hbOTO HE MOTPIOEH CTablIbHMIA Ta
IIBUAKUHN 1HTepHET-3B'130K. HaBuanus mozaeni TinyML ans BusBneHHs 6K Ta KIIIIIB Bapoa 3a
nonomoroto ESP32-CAM Bin0OyBanocs y KiIbKa €TalliB.

Ha nmouaTtkoBomy erami 3ailicHIOBanocst (opMyBaHHSI HabOpy JaHMX, IO BKIIOYa€E B cede
IIB1 KaTeropii 300pakeHb: Ti, HA SIKUX IPUCYTHI OJKOJH, Ta Ti, HA SKUX BOHU BiACYTHI. J{s 1boro
BHUKOPHUCTOBYBAJIUCS BIIKPHUTI pecypcu B IHTepHeTI, Kl HajatoTh ¢oTorpadii 6/uKIT Ta MOB'sI3aHUX
3 HUMH 00'ekTiB. KoxHe 310paHe 300pakeHHsI aHOTYBaJoCs IUISIXOM BKa3aHHS Ha HbOMY MITOK, YU
€ OKona NMPUCYTHBOIO, Ta YM € Ha 300paxkeHHl Kiimi Varroa. 3i0pani 300paskeHHs Oyiu
nmonepeaHpo o0pobieHi, mob 3abe3neunT ogHakoBHM (opmar Ta po3Mip. KoxxkHe 300pakeHHS
OyJ10 TO3HAYEeHO HasiBHICTIO OpKONM Ta KB Varroa. B pe3ynprari oTpruMaHO Habip aHOTOBaHUX
JAHUX, SKAKA OyJ0 BUKOPHUCTAHO Il HaB4YaHHS mojneni. Habip manux Oyio po3mojijieHo Ha JBi
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YaCTUHU: HABYAIIbHY Ta TECTyBalbHy. HaBuanbHa 4acTWHA BUKOPHCTOBYBAJIACS MJI TPEHYBaHHS
MO/ICJTi, & TECTyBaJIbHA - JIJIS OLIIHKH ii €(pEeKTHBHOCTI HAa HOBUX, paHille He OaueHUX JTaHHX.

Jliss BusiBIieHHsT O0'€KTiB Ha 300pakeHHSIX OyJlno OOpaHO alropuTM, CYMICHHHA 3
MOXUTHBOCTSIMU KOoHTposiepa ESP32-CAM Ta 3 ypaxyBaHHSIM HM3bKHX OOYHCITIOBAJILHUX PECYpCIB.
s uporo Oymo 3actocoBaHo cremianbHy 0i0moreky FOMO. FOMO — ue anroputm, sikuii
3a0e3neyye BHUSABJICHHS OO0’€KTIB Yy pealbHOMY 4Yaci, BIJICTEKCGHHS Ta MiAPaXyHOK y
MIKpOKOHTpoJiepax i Moxe mpamtoatu 3 <200 K6 onepatusnoi mam’sti [8]. Ha ocHOBI 0O6paHoro
AITOPUTMY Ta HaBYAIbHOTO HabOpy AaHuX Oysio mpoBeneHo HaB4yaHHs Mojaeni Ha ESP32-CAM.
Monens oTpuMyBaia 300paKeHHS 3 HABYAIbHOI YACTHHH HA0OPY JaHHUX Ta BJIOCKOHATIOBAa CBOI
nmapamMeTpH, o0 BU3HA4YaTH HASBHICTh OJDKII Ta KIMIIB Varroa Ha 300pakeHHsX. (s oriHku
e(peKTUBHOCTI Mo/iei OyJI0 BUKOPUCTAHO TECTYBaJIbHUIA HAOip naHMX. Moienb yCIilIHO BIIOpaJlach
3 BU3HAYCHHSAM OJ1K1J1 Ta KIIIIIB Bapoa — MpoaHali30BaHe 300pakeHHs (puc. 2a), Ta 300paKeHHS 3
MPaBUIBHO PO3CTABICHUMH MiTKaMu (puc. 20) Omkin (3emeHa MiTKa) Ta KIimia Bapoa (PKOBTa
MITKa).

Puc. 2. TlepeBipka Mojiesni Ha TECTOBOMY Ha0OP1 JaHUX: a — BXiJJHE TECTOBE 300paKeHH,
0 — mpoaHaJi30BaHe 300paXKeHHs 3 MITKaMu OJIK11 (3eJIeHa MiTKa) Ta Kiima Varroa (JkoBTa MiTKa)

[Micns yemimmHoro HaB4yaHHs mojeni TiNyML BusBnenns Omkin 1 kminge Varroa, 0ysio
CTBOPEHO MPOTpaMHUM KOJ, SKHH JO3BOJSiE BUKOPUCTOBYBAaTH MOJENb Ha MIKPOKOHTPOJIEPI.
OCHOBHI KpOKH KOy JUTsl BUSIBIICHHS OJ0K1)1 Ta KinimniB Varroa Ha ESP32-CAM:

1. Ininianizamisi — HaNaIMTYBaHHS Ta iHimianizamis Serial mopTy /uist BUBeneHHs iH(opmarii.

2. HanamryBanHsi kamepu — BuUKopuctanHsi 0i0miorekn ESP32-CAM mns HanmamTyBaHHS
napaMeTpiB KaMepH, TaKHX SIK SIKICTh 300paKeHHs1, HACHYEHICTh, Ta PO3ILUPEHHS.

3. 3axomieHHs kaapy — 3a jgonomororo ESP32-CAM kamepa 3axoInIioe Kajp, KA Oyje
BUKOPHUCTOBYBATUCS JJIS TOAAJIBILIOTO aHAII3Y.

4. 3anyck moxeni FOMO - BukopucranHs HaBdeHoi Moxeni TinyML FOMO nns
BUSBIIEHHS 00'€KTiB (061K Ta KITiIiB Varroa) Ha 300paskeHHi.

5. BuBeneHHs pe3ynbpTaTiB — SKIIO 00'€KTH BUSBJICHI, BUBEICHHS 1HQOpMAIIil PO KIJIbKICTh
Ta pO3TalllyBaHHS KOXKHOTO 00'ekTa. SIKIO 00'€KTM HE BUSBIICHI, BUBEIEHHS MOBIJOMIICHHS
"O0'ekTH HE BUsBIIEHI".

Jns peamizanii BeO iHTepdelicy MOHITOpHHTY maciku Oyna BukopucTaHa JavaScript-
610mioreka — React, sika MIMPOKO BUKOPHUCTOBYETHCS ISl CTBOPEHHS iHTep(delciB KOpUCTyBaua,
0cO0JIMBO JJI1 OJHOCTOPIHKOBUX IpOrpaM, € KOPUCTYyBau MOXeE B3a€MOJIATH 3 CTOPIHKOIO 0e3
HEeOoOX1THOCTI ii OHOBIICHHS [9].

KrnienTtcbka yacTuHa CHCTEMH MOHITOPHMHTY OJDKOJIMHUX BYJIMKIB peaii3oBaHa y BHIVISAIL
Be0-70/1aTKy, ONTUMI30BaHOTO /I 3a0€3MEUYCHHs 3PYYHOr0 Ta 1HTYITHBHO 3PO3YMUIOTO JOCTYIY
710 KJIFOYOBUX METPHK 1 ympaBiiHHS Byiukamu. [HTepdeiic kopuctysaya (Ul) 6ymno po3pobieHo 3
BUKOPHCTaHHSM Cy4YaCHHUX IMiAXO/IB J0 Au3aiiHy Ta TexHouorii frontend-po3pooku.
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Ha puc.3 mnpencraBneHuii TONOBHUH €KpaH MAOAAaTKy, SIKMUW JEMOHCTPYE OCHOBHHUM
dashboard cucremn.
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Puc. 3. Be6 iarepdeiic loT-cuctemu MOHITOPUHTY MACiKU

IlenTpanpHe Micle Ha €KpaHi 3aiiMarOTh KapTKH BYJHMKIB, KOXHA 3 SIKHUX BiJoOpakae
aKTyaJibHYy 1H(OpPMAIIiI0 PO CTaH KOHKPETHOI'O BYJIMKA, BKIIOYHO 3 TEMIIEPATypOIO, BOJIOTICTIO Ta
Baroto. Lli maHi OHOBIIOIOTBCS B PpEAITBHOMY 4Yaci Ta CYNPOBOIXKYIOTbCS YAaCOBOK MITKOIO
OCTaHHBOTO OHOBJICHHSI, IO € KPUTHYHO BAXKIIMBUM JIJIS 3a0€3MEUSHHS CBOEYACHOTO pearyBaHHs Ha
3MIHH YMOB BYJHKa. JI0JaToOK TaKkoX MICTUTh CUCTEMY CIIOBIIIEHb, sika 1HPOpMYye KOpHUCTYBava Mpo
BKJIMBI 3MIHU YM TIOJI1 Yyepe3 1HTEerpailiro 3 MOOUTEHUMH MPUCTPOSMH Ta €JIEKTPOHHOIO TMOIITOO.
e 3a0e3neuye MOCTIHHUI 3B'SI30K 3 CUCTEMOIO Ta MOKJIMBICTh IIBUJKO pearyBaTH Ha MOTEHIIHHI
npo6semMu ab0 HEOOX1IHICTh BTPYYaHHS.

CepBepHa uvacTHHa apXiTekTypHO BHkopuctoBye REST API (intepdeiic mporpamyBaHHsS
nporpamu nepejiadvi npejcTaBieHHs cTany). Backend yactuna BukoHyeThest B XMapi 1 il OCHOBHUMHU
GYHKIISIMU €:

—301p maHuX 3 macik ( KO)KHa macika HaJICUJIae JaHl Ha cepBep).

—po6oTa 3 CXOBHUIIIEM JaHUX Ta 30€pEeKEHHS BCIX JTAaHHX.

—pobota BeO iHTepdelicy KopucTyBaya, sKui oTpumye jJaHi Hajacwiatoun HT TPS 3ammtu 1o
cepBepa.

—arperartiist JaHux Ta oOpoOKa CTATUCTHYHHX JaHUX.

Bukopucranus Python ta SQLAlchemy nnst peamizanii 06a3u AaHUX y JaHOMY IPOEKTI
JT03BOJIMIIO 3a0€3MeunTy HaAiliHy Ta eeKTHBHY OCHOBY JUIsl 30€piraHHs Ta OOpOOKH NaHWX, IO
HaaAXxoIaTh BiJl MikpokoHTposnepa ESP32-CAM. besneunicts Ta edextuBHicTh SQLAlchemy, sk
ORM (Object-Relational Mapping), 3abe3nieuye BUCOKH# piBeHb aOCTPAKIIil I B3a€MOIii 3 6a3010
nanux. Yloro BUKOpHCTaHHS I03BOJISE YHHKHYTH OpsAMoi po6otu 3 SQL-3amuTamu Ta 3a6e3neunty
BHCOKHI piBeHb Oe3MeKH Ta e(peKTHBHOCTI Ipu poooTi 3 6a3oro manux [10].

[Ticnst po3poOKM MPHUCTPOIO Ta HABYAHHS MOJAEI 3a JOMOMOT00 Habopy JaHuX, 310paHoro 3
IHTEepHET-300paXkeHb, oro OyJI0 BCTAHOBJICHO B OJHIN 13 macik Cambipcbkoro paioHy JIbBIBCHKO1
obnacti. Ilpouec ycraHOBKM BKIIIOYaB B cebe pO3TAlIyBaHHS MPUCTPOIO B HAW3PYUHILIOMY MicIi
Uil 300py JaHUX, MIIKIIOYECHHS 10 JKWUBIICHHS Ta HAJAIITyBaHHS KOMYHIKaIlii 3 XMapHOK 1
JIOKAJIbHOI0 YaCTHMHAMHU CUCTeMHU. [liciasi BCTAaHOBJEHHS NPHUCTPOIO PO3IMOYABCS IMporec 300py
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JaHUX 3 BYJIMKA 3a JOTMOMOTOI0 JaBadiB Ta MOMYNIB, BKIIOUEHUX a0 cuctemu. OTpuMmaHi naHi
BKJIIOYAIM B ceOe iH(pOpMaIliio PO TEeMIIepaTypy, BOJIOTICTh, Bary BYJIWKa, 3BYKOBI CUTHAIHM Ta
300pakeHHS 3 KaMmepH, SKi Oynu HaaiclaHi MO0 XMapHOI YaCTUHU CHUCTEMHU JUIsl TOJAAJIbIIOTrO
aHamizy. OCHOBHOIO METOI JOCIIDKeHb OYyJ0 BHU3HAYCHHS €(PEKTUBHOCTI MOJIEIl IITYYHOTO
IHTEJIEKTY JUIsi BUSBICHHS Kiima Varroa Ha 3i0paHux 300pakeHHsSX. Mojenb, HaBueHa Ha
pI3HOMaHITHUX 300paXeHHSX 3 IHTepHeTy, Oyna 3acTocoBaHa 10 300pa)KeHb, OTPUMAHUX B
peaIbHUX YMOBAX BYJIHKA.

Ha ocHOBi pe3ynbTariB MPOBEICHUX JOCHIHKEHb OYJIO BU3HAYEHO HAIPSIMKH TOJAIBIIOTO
PO3BHUTKY peali3oBaHOi CHUCTEMH MOHITOPHHTY, BKJIIOYAIOYHM BJOCKOHAJICHHS MOJIENI MITYYHOTO
IHTEJIEKTY, PO3IMUPEHHS (PYHKI[IOHAIBHOCTI CHCTEMH Ta MIABUIIEHHS CTIMKOCTI MPUCTPOIO B PI3HUX
yMOBax eKcIuryartamii. BcTaHOBIEHO, 10 MOJEIh BHSBJICHHS KIINIIB HEOOXITHO MPOJOBKUTH
TPEHYBaTH, i ONTHMAJbHHUM METOJOM NOKpalleHHs ii epekTuBHOCTI Oyle CTBOPEHHS BIIACHOTO
Habopy aHuX 300pakeHb ODKIT 3 MOIYJS Ta EpEeHaBYAaHHS MOJeNi 3 HOro BUKOpHCTaHHIM. Lle
3HAYHO IOKPALIUTh TOYHICTh, aJPKE PaKypc, KaMepa Ta OCBITJICHHS Jy)Xe€ CHJIbHO BIUIMBAE Ha
BH3HAYCHHS HEBEJIMKMX YEPBOHHMX IMTOK Ha Omkonax. Lled miaxin cnpusTAME MMONIMIICHHIO
poOoTH cucteMu Ta 3a0e3MEYUTh CTIWKICTh [0 3MiH Yy cepedoBHIIl. TakoX MiJBULIUTH
e(eKTUBHICTh MOJIEN JOIIIHHO Oy/Ie 3aCTOCYBaHHSIM OOPOOKH 300pa)KeHHS Mepe Horo aHalli3oM,
KOJIbOPOKOPEKIIisl UM pefaryBaHHs HIIUX MapaMeTpiB.
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Abstract. The monograph analyzes the ways of environmental monitoring that allow
controlling population growth, forecasting weather conditions, studying negative environmental
changes, controlling the quality of the atmosphere, and observing biotic factors of the habitat.
Author determines the priorities of the European Union in resolving global environmental issues,
most notably focusing on the European Green Deal and Europe fit for the digital age. In particular,
are considered the main problems of ensuring climate neutrality of cities, reducing greenhouse gas
emissions and implementing a carbon-free future on the example of urban transport, waste
management, and energy supply for industrial processes, agriculture, forestry and other land use.
Finally, in the monograph is determined an action plan to promote a «green» future in the world.
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protection, climate neutrality, carbon-free future, greenhouse gases, waste, biodiversity.

Introduction

Nowadays, ensuring the required quality of the environment is a very relevant topic. In all
countries of the world, environmental parameters indicate deterioration in the standard of living and
health of citizens. This is especially true for the rapidly changing indicators of air quality and the
level of noise as well as water pollution, which primarily affect society. Therefore, it is necessary to
study topical issues of determining the level of environmental pollution, monitoring of atmospheric
air, surface water and soil. Also important are chemical, physicochemical, physical, biological and
biochemical methods of quantitative analysis of the concentration of chemical elements in the
environment.

To measuring various indicators affecting the environment and forecasting dangerous and
positive changes in the global environmental situation, is carried out the ecological monitoring. It
may be characterized as a means of collecting, accumulating, and systematizing information on the
state of environmental objects and observations of sources and factors of anthropogenic impact
against the general background of natural processes for the purpose of further analysis, assessment,
and forecasting of the state of the environment, identifying reserves of production technologies and
reserves of the biosphere.

The main tasks of the environmental monitoring are the following [1]:

— monitoring over the growth of the world's population and the associated increase in energy
consumption, world usage of fertilizers, concentration of harmful substances in the biosphere, and
accumulation of conventional and hazardous waste;

— forecasting weather conditions, including short-term and long-term climate change,
monitoring global climate change and developing strategies to reduce emissions of gases that
pollute the environment and are dangerous to human health;

— studying negative changes in the environment, stressful situations and violations of the
ecological balance of natural and anthropogenic characteristics; the impact on human health of
physical pollution and the most dangerous substances;

— monitoring of the state and quality of the atmosphere, urban and indoor air, sources of
pollution and their transportation, state and quality of soil, sources of soil pollution, protection of
soil resources from depletion and degradation, state and quality of surface and groundwater, water
resources, sources of water pollution, protection of public water supply, implementation of water
cleaning technologies;
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— monitoring of the radio ecological situation, radioactive waste emissions, their impact on
human health, transportation, preservation and utilization;

— observation of climatic factors of the environment, in particular, atmospheric pressure,
wind, precipitation, air humidity and soil condition, temperature of biosphere components, natural
radiation, and interaction of these factors;

— observation of biotic factors of the environment, their response to anthropogenic impacts;
deviations from the normal natural situation;

— monitoring the vegetation cover, species composition of fauna and flora, and the diversity
of the world around us;

— acquaintance with the basic methods and principles of operation of devices for measuring
environmental parameters, using automated and remote sensing of biosphere components.

With the development of information technologies, it is necessary to apply computer
hardware and modern software to solve the above environmental monitoring tasks. To prepare
specialists who are able to combine the skills of the ecological and computer fields of knowledge,
the Department of Information Systems and Technologies of Lviv Polytechnic National University
provides master's training in the educational and professional program «Computer Environmental
and Economic Monitoring» [2].

In this case, one of the main tasks of the educational process is to promote the ideas of the
European Union to create an environmentally safe green continent and planet. To resolve global
environmental issues and improve the quality of life of society, the Joint Research Center (JRC) of
the European Union has identified the following priorities [3]:

— European Green Deal,

— Europe fit for the digital age;

— strengthening Europe's influence in the world;

— promotion of the European way of life;

— economics that works for people;

— more powerful Europe in the world;

— new challenge for European democracy.

The JRC is participating in a number of environmental monitoring activities that examine
the ever-increasing amount of pollutants in our ecosystems, shortages of food and water, rapid
climate change, natural disasters and hazards. The JRC supports the implementation of relevant
European Union and global policies, facilitates the exchange of best practices and develops,
implements and harmonizes testing methods.

1. Building and developing climate-neutral and smart cities

Cities are at the center of the European Union economy and are the centers of green and
digital transformation. The creation of modern buildings and living spaces, including through the
use of smart technologies, can bring significant benefits to citizens in terms of sustainability, energy
and water efficiency and security, climate neutrality, quality of life and inclusiveness.

The development of cities is closely linked to climate neutrality, which is envisaged by the
European Green Deal. Cities cover 4 percent of the European Union's territory with a population of
more than 75 percent of the European Union citizens. With regard to the implementation of green
technologies, it is worth noting that cities consume more than 65 percent of the world's energy and
emit 70 percent of global carbon dioxide emissions [4].

The examples of scientific research activities for creating climate-neutral smart cities are as
follows.

1. Innovative projects that prove the feasibility and cost-effectiveness of energy-efficient
and flexible urban districts or groups of connected buildings. Such city districts make it possible to
create parts of cities with positive energy, characterized by an annual surplus of renewable energy
production, such as smart electrical grids, smart water supply systems, smart waste collection,
sorting, and treatment systems, and virtually zero greenhouse gas emissions. In this case, it is
important to create a large consortium of cities to ensure joint solution of the tasks.
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2. Creating new business and financial approaches to empower citizens and stakeholders
through informed decision-making and policy-making, with joint development and implementation
of climate-neutral transformation projects by participants.

3. The implementation of projects focused on urban planning and modern design to ensure
human well-being using modern knowledge, practices, and decision support systems. The result is
high-tech, smart, traditional, and environmentally friendly solutions that promote the smooth
interaction of urban infrastructure, transportation, energy, water supply, and the environment. These
projects are implemented to ensure climate change resilience, climate neutrality, and sustainable
urban development.

4. By organizing scientific seminars, roundtables and other forms of communication among
those interested in the development of climate-neutral cities, it allow for the environmentally
friendly use of public transport and help develop alternatives to private transport to increase
inclusive mobility, reduce congestion and promote the decarbonization of urban transport through
the use of digital and intelligent traffic management tools.

5. To improve the efficiency and optimization of basic urban processes, evaluation and
experimentation are carried out using the European Commission's priorities for a sustainable future,
including the use of social innovation, digitalization, artificial intelligence, big data and other
information technologies.

The European Commission has announced a competition for climate-neutral cities [4],
which was open from November 25, 2021, to January 31, 2022. 377 cities from all European Union
member states, as well as nine associated and negotiating countries, applied to participate in the
competition. After evaluating the submitted documents on April 28, 2022, the Commission awarded
112 cities that have participated in the competition. All cities have developed Climate City
Contracts, which include an overall plan for climate neutrality in all sectors, such as energy,
building, waste management and transport, combined with the necessary investment plans. In
October 2023, after a positive assessment, the first 10 cities received the European Union's mission
mark: Sonderborg (Denmark), Mannheim (Germany), Madrid, Valencia, Valladolid, Vitoria-
Gasteiz and Zaragoza (Spain), Klagenfurt (Austria), Cluj-Napoca (Romania) and Stockholm
(Sweden).

To ensure climate neutrality, cities have been focusing on the following strategies [5].

When planning the integrated interaction of different sectors, there should be a link between
regional and national projects, and the regional orientation can go beyond the boundaries of
administrative territories to achieve a positive result. The expansion of interacting territories can be
used to develop urban-rural ties in the form of flows of workers, providing the necessary logistics,
public services, and mobility. In such cases, positive results can be achieved for low-carbon
economy and sustainable food strategies.

It is also important to use urban planning strategies to ensure climate neutrality. Then all
potential stakeholders and ordinary citizens can be effectively involved in the process. To
implement a sustainable urban development strategy, are involved stakeholders from administrative,
economic and social levels, universities, training and research centers, business and civil society.

For the formation of climate neutrality plans must be used different sources of financing and
the associated increasing importance of financial instruments. Obtaining funds from multiple
sources of financing provides increased efficiency by integrating revenues and mobilizing more
participants and resources. This integration can include European structural and investment funds,
domestic funds, and funds of individual private investors.

One more principle is to establish a coherent and effective monitoring system. It is important
to make sure that the monitoring system follows a logical structure and links needs to specific goals
and indicators of change. To develop and support monitoring systems, there should be cooperation
between city administrations and universities and scientific research institutes, as well as the
involvement of external experts and stakeholders. Monitoring systems for analysis use large
amounts of data, so it is necessary to consider cost-effective procedures and methodologies for data
collection. Another important point is that global monitoring systems should be designed for a long
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time of use, and running measurement systems that ensure the quality of monitoring (measurement
accuracy) can be changed at short intervals. Monitoring systems are significant early warning
systems, providing information on the effectiveness of research.

Now consider one of the possible processes for planning the climate neutrality of cities.

1. Determining priorities, which involves involving the public in the climate strategy by
communicating ideas for improving the quality of life, reducing energy costs, benefits from new
employment opportunities, reducing air and water pollution, and efficient waste management.

2. Assessment of the process of ensuring climate neutrality with the definition of the initial
conditions of the research, in particular, it is necessary to determine the year for comparisons and,
as an example, define the initial estimate of greenhouse gas emissions. Next, it is necessary to take
the baseline scenario if no actions are taken to improve the situation, and to estimate the residual
greenhouse gas emissions that not be eliminate, which allow predicting the use of renewable energy
sources, carbon credits and other expenses.

3. Determining the advantages and disadvantages of the selected measures in terms of
renewable energy production, creation of employment, cost and energy savings, and reduction of
greenhouse gas emissions. The resources to implement the necessary measures should be assessed
and sources of funding identified, prioritizing the most important measures and establishing a
sequence of implementation. For each of the measures, it is also necessary to establish indicators for
monitoring positive changes.

4. The next step in ensuring the climate neutrality of cities is to implement measures with
technical and economic research, a techno-economic feasibility study to allocate the necessary
funds, and publication of information on the positively implemented measures.

5. After implementing successful climate neutrality projects, cities need monitoring the
measures used. By tracking the indicators of each measure (for example, monitoring solar energy
consumption), updating greenhouse gas emissions inventories, and monitoring information to
identify any necessary changes in climate action priorities, can be achieved better results for cities
over a longer period of time.

2. Monitoring greenhouse gas emissions to ensure environmental safety

Another part of the research is related to the monitoring of greenhouse gas emissions.

With robust operations and high volume data sources, accurate estimates of actual
greenhouse gas emissions are difficult and can be subject to significant error. It is important to
analyze emission sources related to stationary energy, land transport, and waste management, but it
is possible to invest in studying less common sources of greenhouse gas emissions, for example,
from less common modes of transport (water). There should be accounting of emissions of such
hazardous greenhouse gases as carbon dioxide, methane, nitrogen oxide, hydrofluorocarbon,
nitrogen trifluoride and sulfur hexafluoride.Consider the sources and sectors of greenhouse gas
emissions that are included in the accounting of greenhouse gas emissions in cities [6].

1. Buildings.

Emissions from all buildings, objects and permanent infrastructure/equipment, in particular
stationary energy used by public, private, residential and industrial sectors within the city.

2. Transportation.

Emissions from land transport and railways, transport in the city divided into municipal
vehicle sector, public transport, private and commercial transport; transport in the city using
electricity supplied from the grid to charge electric vehicles.

3. Waste.

Emissions from waste generated and disposed of/ sent to a garbage dump within the city.

4. Industrial processes and use of products.

Emissions from greenhouse gases used in industrial processes and products or as a by-
product (if available/relevant). A source of emissions can be considered insignificant if the amount
of emissions is less than in any other sub-sector. Total emissions from all sources considered
insignificant should not exceed 5% of total emissions.

5. Agriculture, forestry and other land use.

70



Changes in greenhouse gas emissions from any changes in land use that leads to the
acquisition (sources) or reduction (sinks) of emissions (if significant). It is also necessary to take
into account sources of pollution resulting from the production, processing and transportation of
materials and food in the city, waste utilized outside the city, and the use of transport to transport
people to work in cities. One more problem in ensuring the climate neutrality of cities is the
treatment of residual greenhouse gas emissions, which are eliminated either through carbon credits
or the use of natural or technological means of carbon removal.

Particularly, the use of carbon credits (a certificate for one ton of carbon dioxide that can be
sold in case of surplus or deficit of greenhouse gas emissions) to account for residual emissions
within the city allow demonstrating climate neutrality, subject to certain rules and restrictions.
Carbon credits are focused in parallel on similar other projects within the country, which can
provide additional benefits. The natural means of carbon sequestration are vegetated areas of cities
or changed land use (creation of parks, flower gardens, nature reserves). Technological sinks use
biomass processing technologies to produce energy with carbon capture and storage or direct
capture of carbon dioxide from the air. They can reduce the amount of carbon dioxide.

3. Construction and transportation in ensuring the carbon-free future

One more way to achieve climate neutrality in cities is through energy-efficient operation of
buildings. This means not burning any fossil fuels for heating or cooling buildings, and zero
emissions when consuming electricity from the grid. Construction areas include permanent and
temporary buildings (residential, commercial, industrial, municipal, public), other structures in
combination with urban lighting systems.

To achieve the requirement of zero greenhouse gas emissions, it is necessary to take the
following actions in construction. Erect new buildings with high energy efficiency characteristics.
The use of renewable energy to meet the demand that is not met by energy efficiency allows for the
creation of buildings with near-zero energy consumption. In this case, people creating buildings
with positive energy, zero carbon emissions, and zero energy districts. During the reconstruction of
the existing housing stock, it is necessary to change the energy management of buildings, improve
the thermal performance of buildings and technical services for heating or cooling, and reduce the
amount of carbon for energy supply by using energy from renewable sources.

The elimination of fossil fuel heating or cooling in buildings defines the strategy of any city
aimed at reducing greenhouse gas emissions. Near-zero energy consumption means use of buildings
with renewable energy sources generated on-site or nearby, as well as buildings with zero carbon
emissions for at least one year. The use of these buildings leads to the creation of zero-energy
districts, which aim is to achieve zero or positive energy consumption, with the residual energy
demand being covered by renewable energy sources.

City transportation defines activities related to logistics and mobility in cities. Most
emissions are generated by land transport, but there are also impacts from water, air, and rail
transport. The latter three modes of transport are defined by travel within the city, although air
transport has an impact due to the landing and takeoff of regional and international flights. In
general, the city is responsible for traffic regulation and transportation infrastructure, influencing
the management process. Buses, cars, trucks, and machinery emit greenhouse gases either from fuel
combustion, electricity consumption for charging electric vehicles, or the production of alternative
clean fuels. To achieve climate neutrality, cities should use environmentally friendly vehicles. For
example, cars or minibuses are considered environmentally friendly if they emit up to 50 g/km of
carbon dioxide and up to 80 percent of nitrogen oxides and particulate matter emissions. The
appearance of zero-emission vehicles requires the expansion of infrastructure to support such
transport, for example, the creation of new vehicle charging stations.

There are several ways to reduce greenhouse gas emissions [6].

1. Transition to carbon-neutral buses and city trains as an alternative to cars.

2. More use of public transport, cycling and walking allow for a transition to more
environmentally friendly modes of transportation, reducing congestion, accidents and improving
public health.
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3. Using business models in the form of e-medical services, online shopping and remote
work, and implementing software applications that allow for the sharing of bicycles or electric bikes
optimize the number of movements in the city and thus achieve the goal of reducing greenhouse gas
emissions.

Another issue in ensuring climate neutrality is waste and wastewater management.
Greenhouse gas emissions arise from the use of energy for waste processing and wastewater
pumping, the emergence of hazardous compounds due to wastewater decomposition or waste decay,
the use of energy to transport waste between different facilities. During waste management, should
be used environmentally friendly methods of processing. In particular, waste can be disposed of at
controlled sanitary landfills and dumps or uncontrolled — pits, ravines. Applying of biological
recycling in the form of composting or fermentation of organic waste; incineration of waste in a
controlled process rather than open burning; wastewater treatment rather than discharge into open
water bodies provide an opportunity to achieve a positive result in limiting emissions.

The European Union's environmental security priorities also take into account healthy
biodiversity. At this time, there is a threat of biodiversity loss and, as a result, the need to protect
nature and reduce the link between the unsustainable use of natural resources and economic growth.
Therefore, biodiversity issues should be included in policy with parallel involvement of society and
reduce the degradation of ecosystems, as environmental quality and human health are
interconnected. Application of global navigation satellite systems and other ground-based space
systems allows improving environmental monitoring and better solving the issue of natural
resources protection.

4. Conclusions

To ensure environmental protection, can be recommend the following measures, which are
practiced in the European Union:

—use of vehicles with zero greenhouse gas emissions, in particular, transition to carbon-
neutral buses;

—improving logistics in cities by increasing the use of public transport, cycling and
pedestrian traffic;

—changing the energy management of buildings to reduce the amount of carbon used for
energy supply by using energy from renewable sources;

—use of carbon credits for the transition to a carbon-free future;

—development of new environmental monitoring systems using information technologies to
control greenhouse gas emissions and ensure climate-neutral and smart cities.
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Abstract. Environmental monitoring is receiving increasing attention due to growing
concerns about climate change. Over the last few decades, advanced information and
communication technologies have been utilized to develop various environmental monitoring
systems. One key technology in this area is the Internet of Things (loT). This article provides an
overview of how environmental monitoring data is processed within 10T systems.Key aspects
covered include: integrating data from diverse sources, ensuring real-time processing, utilizing
machine learning algorithms for analysis and forecasting, emphasizing the importance of data
security and integrity. The importance of integrating various types of sensors and effectively
managing large volumes of information to ensure accurate environmental monitoring is highlighted.

Keywords: environmental monitoring, Internet of Things (loT), data processing

AHoTanisg. MOHITOPUHT HaBKOJIMIITHLOTO CEPEJIOBHUIIA MPUBEPTAE BCE OUIBIIE yBaru 4epes
3pocTarue 3aHETIOKOEHHS OA0 3MIHU KiaiMaTy. [IpoTAroM oCTaHHIX KiNBKOX JECATHIIThH MepeloBi
iH(dopMalLliiHI Ta KOMYHIKAIIiHI TEXHOJIOrii OynM 3acTOCOBaHI JJsi PO3POOKU PIZHHUX CUCTEM
€KOJIOTIYHOr0 MOHITOpUHTY. Cepes 1HIINX, BaXJIMBY pojib y LI cdepi Biairpae [HTepHeT peueit
(I0T). ¥ crarti mpezcTaBieHO OISl 0COOIMBOCTEH 0OPOOKH JaHUX E€KOJOTTYHOrO MOHITOPHUHTY B
cucremax [HTepHery peueld. PO3risiHyTI acrekT BKIIOYAIOTh 00'€IHAHHS aHUX 3 PI3HUX JKEped,
3a0e3MeueHHs] PeaTbHOro0 Yacy OOpOOKM, BHKOPHCTAHHS QJITOPUTMIB MAIIMHHOTO HABYaHHS IS
aHali3y Ta MPOTHO3YBAaHHHSA, & TaKOXX BAKJIMBICTH 3a0e3MedyeHHs Oe3MeKH Ta LUTICHOCTI JaHUX.
BucBiTieHo 3Ha4YeHHs 1HTErpanii pi3HUX THUIIIB CEHCOPIB Ta €()EKTUBHOTO YIPaBIIHHS BEIUKUMU
oOcsiramu iH(oOpMarii a7 3a0e3MeYeHHs TOUHOTO MOHITOPUHTY HABKOJIMIITHBEOTO CEPEI0BHUIIIA.

Knrwouosi cnosa: exonociunuii monimopune, Inmepnem peueii, 0opooxa oanux

CBoero nosiBoto Iareprer pedeit (auri. Internet of Things, 10T) 3MinuB crocid B3aemoii 3
OTOUYYIOUUM CBITOM, MPH LBOMY PO3IIUPIOIOYN MOKIMBOCTI PO3BUTKY IIPOMHUCIIOBOCTI Ta HAayKH, a
TaKOXX BIJKPUBAIOYM HOBI Tamy3l gochimxkeHb. Ha manmii wac TexHomoris [HTepHeTy pedeit
oTpuMaia 0araTo MOBCSKICHHHUX 3aCTOCYBaHb y cepi OXOpOHM 3JI0pOB’S, OCBITH, CLIbCHKOTO
roCIoapCcTBa, aBTOMATHU3AIlll Yy TPOMUCIOBOCTI Ta Oi3Hec-miporiecax. Kpim toro, IoT Takox craB
TEXHOJIOTIYHUM MIPOPUBOM Y c(hepi eKOJIOTIHHOTO MOHITOPUHTY. BaxknuBumu (axkropamu 310poBoi
€KOJIOT1i € SKICTh TOBITPsI, 3a0pyAHEHHS BOAM Ta YIIPABIIHHS B1IX0aMH, JIe HACEICHHS CBITY MOXE
KHUTH Oe3neyHo. OCKIUIBKM TEXHOJIOTii MOHITOPHHIY HpOTpecyBalld 3a OCTaHHI POKH, CUCTEMHU
MOHITOPHHTY €BOJIIOI[IOHYBJIA BiJ MPOCTOTO BIJJAAJICHOTO MOHITOPHHTY JI0 BIOCKOHAJICHHUX
CHCTEM EKOJIOTIYHOTO MOHITOPHMHIY, IO BKJIIOYAIOTh TEXHOJOTiI0 IHTepHeTy peuel, ckiaaHi
CEHCOpHI MOAYNI Ta IITyYHUH 1HTENEeKT. BukopucToByroun Mepexi B3a€MOIOB’S3aHUX JlaBadyiB i
MPUCTPOIB, €KOJIOTIYHUH MOHITOpUHT Ha ocHOBi 10T 30upae, mepemae Ta aHami3ye AaHi, IO
CTOCYIOTBCSl PI3HHUX (DaKTOpPIB HABKOJHUIIHBOTO CEPEIOBUINA. 3aBASKH 3aCTOCYBAaHHIO BEIIMKOL
KUTPKOCTI J1aBayiB, KOXEH 3 SKUX NPU3HAYEHUH Ui BUMIPIOBAHHS MEBHUX XapaKTEPUCTHUK
HaBKOJIMIIHBOTO cepeoBuina, TexHosoris loT no3Boauima CTBOPUTHM KOMIUIEKCHI CHUCTEMH
MOHITOPHUHTY, 3/1aTHI (hIKCyBaTH CKJIQJHI B3a€EMOJIl Yy HAaBKOJIMIIHBOMY CEPEIOBHILI 3 BHUCOKHM
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piBHeM Jetamizamii Ta oxomuieHHS JaHuX. CeHCcopHi Mepexi 3a0e3nedyloTh Iepeaady
CIIOCTEPEXKYBAHUX JIaHUX 0 AEAKHMX LIEHTPaJIbHUX CalWTIiB 00poOKH. BOoHM MO€HYIOTH pi3HI THUIH
JaHUX JaBadiB i3 TEOMPOCTOPOBOIO iH(OpPMAIli€I0, MO0 3PO3YMITH 3MIHM YMOB HaBKOJHUIITHHOTO
CepeloBUIAa B YMCIEHHHUX IporpaMax MOHITOPUHIY. BHpoBa/pKeHHS OCTaHHIX JOCSATHEHb
mrryunoro inTenekty (anri. Artificial intelligence (Al)) i mammuHOr0 HaBuanHs (anri. Machine
learning (ML)) y cucTeMu €KOJIOTIYHOIO MOHITOPHHTY IIEPETBOPHIIO 1X Ha IHTCIEKTYalbHi CHCTEMH
MOHITOPUHTY, IO JO3BOJMJIO TOYHIIIE KOHTPOIIOBATH (PAKTOPH, MO BIUIMBAIOTH HA HABKOJIMIIHE
cepenoBuie [1]. 3aranom loT-crucTteMu MOHITOPUHTY HAaBKOJHUITHBOTO CEPEIOBUINA PEATTI3yIOThCS
JUISL PI3HUX 3aCTOCYBaHb, SIKi MOKYTh BKJIIOYATH SIK MOHITOPHHI OKPEMHX €KocucTeM [2-6], Tak i
IIPOrHO3YBAHHS MOToAH [ /], KOHTPOJIb 3a0pyIHEHHs MOBITPS [8], KOHTPOJIb Ta MOHITOPUHI SIKOCTI
Boaw [9], ominka 3aBaaHoi mkoau nocisam [ 10] Ta iH.

CucremMu €KOJIOTYHOTO MOHITOPUHTY Ha ocHOBI [oT 3a0e3neuyroTh OUTbITY aBTOMATH3AIIIIO,
JOCTYIHICTh JAHUX y PEalbHOMY 4Yaci Ta MOXJIMBICTh MacIITaOyBaHHS, MO POOUTH iX OLIBII
e(pEeKTUBHUMHU JUIsI MOHITOPMHTY HaBKOJMIIHBOI'O CEPEJOBUIIA y CY4aCHOMY LM(PPOBOMY CBITI.
OnHak, pa3oM 3 mepeBaraMu 3acTOCyBaHHs I[HTepHeTy peuell, BHHHMKAIOTH 1 MUTaHHA MIOAO
e(deKTUBHOCTI NepenaBaHHs, 0OpOOKH Ta Oe3MeKH JaHUX MOHITOPHUHTY, SIKi HOTPIOHO BHUPILITYBATH.
Mertoro gaHoi poOOTH € aHai3 METOJiB, MPo0IeM i HOBHX TEHICHIIA OOpOOKHM Ta aHAi3y JaHUX
€KOJIOTIYHOTO MOHITOPUHTY Y KOHTEKCT1 [HTepHeTy peueit.

OCHOBHUMH KOMITOHEHTaMH 1 MPOIECAMU CHUCTEM E€KOJIOTIYHOTO MOHITOPHUHTY Ha OCHOBI
[oT e:

o JlaBaui. [Iyi1 MOHITOPHUHTY HaBKOJIMIIHBOTO CEPEJIOBUINA 3a3BUYAll BUKOPUCTOBYIOTHCS
pi3HI JaBayi JJIs BUMIPIOBAHHS TakuX IapaMmeTpiB, SK TEMIEparypa, BOJOTICThb, SKICTh MOBITPA,
SKICTBb BOJIU, BOJIOTICTh IPYHTY Ta piBeHb OCBiTIeHHA. Lli maBadi MO>KHa BUKOPHCTOBYBATH B TOJI,
Ha OyIBJISIX 1 HABITh HA TPAHCIOPTHHX 3ac00ax 1 0E3MUTOTHUX JIITATHHHUX arapaTax.

o 30ip manmx. JlaBaui moctiiiHO 30MparoTh iH(pOpPMaILi0 Yepe3 3a3Jaieriib BH3HAYCHI
npoMikku vacy. [loTiM naHi mepenaroTbes JUist 0OpoOKM Ta aHali3y Ha LEHTpalbHUN BY307 a0o
XMapHy twiatgopmy. s mepenadi TaHMX 4YacTO BUKOPUCTOBYIOTHCS IPOTOKOIHU OE31POTOBOTO
3B’s13KY, Taki sk Wi-Fi, cTinbHukoBuii 38’130k, LoRa WAN 1 Zigbee.

e OOpoOka Ta 30epirannsi nanux. JlaHi naBa4iB 0OpoOJAIOTHCA Ta 30epiraroTbcs Ha
XMapHUX IU1arpopmax abo JIOKaJbHMX cepBepax. XMapHi IulaThopmu  3a0e3NedyroTh
MacIITabOBaHICTh 1 MPOCTUH AOCTYI 10 JaHUX 3 OyIb-IKOTO MICIS, 10 POOUTH iX MOMYJISIPHUM
BapianToM 1is1 loT-cucrem eKosoriYyHOro MOHITOPUHTY.

e AmHaJjituka. Po3mupena aHaiiTHKa Ta alrOpUTMU MAIIMHHOTO HAaBYaHHS MOXYTb OyTH
3aCTOCOBaHI 70 310paHUX JaHUX JUIs OTPUMAaHHS BUCHOBKIB. Hampukman, mporHosHi mopeni
MOXYTb OyTH MOOym0OBaH1 il Tiepea0aueHHss 3MiH HABKOJHUIITHBOTO CEPEeAOBHINA a00 BUSBICHHS
aHOMaJIii.

o Bisyaaizamisa. /lani MoxyTe OyTH @peicCTaBi€HI CIOKMBauyaM uepe3 BeO-MaHenl,
MOOUTBHI JoAaTku abo iHmI iHTepdelicu KopucTyBaua. JloCHiIHUKH, JepXKaBHI YCTaHOBH Ta
IIIPOKA TPOMAJCHKICTh MOXYTh JI3HATHCS TIPO YMOBHU Ta TEHCHIIII HABKOJIUIIHHOTO CEPEIOBHINA
3a JJOMOMOTO0 1HCTPYMEHTIB Bi3yaslizallii.

o Ilonmepem:kenHs Ta cnoBimeHHsa. CUCTEMH MOHITOPHUHTY HaBKOJHUIIHHOIO CEPEIOBHILA
MOKHa 3alporpamyBaTH Ha HaJICHWJIAHHS MOIEpe/PKeHb ab0 CIOBIIEHb, KOJU BHUKOHYIOTBHCS
3a3jaleriib BU3HauUeH1 yMOBU ab0 KOJIM BUABIAIOTHCS aHomali. Lle 1o3Bossie mBuaKo pearyBaTu
Ha KPUTHYHI CUTYallii, TaKi sIK 30UIbIIEHHS 3a0pyIHEHHS Ta €KCTPEMallbHI IOTO/HI SBUIIIA.

e InTerpauisi. 10T-cucTeMu €KOJOriYHOTO MOHITOPHHTY MOKHA IHTErpyBaTH 3 1HIIUMU
cHCTEMaMH Ta JpKepeiaMHU JaHuX, TaKUMU sIK Mporuo3u noroau, I'IC (reorpadivyna iHpopmariitHa
CHCTEMa) Ta ICTOpUYHI JaHi, 1100 3a0e3MeYnTH MOBHE YSABIEHHS PO HAsBHI YMOBU a00 3MIHU YMOB
HaBKOJIMIIHBOTO CEPEJOBUIIIA.

e KepyBanus :xkuBjieHHAM. EHeproedexkTrBHa KOHCTPYKIIiSI CHCTEM MOHITOPHUHTY €
BaXJIUBOIO, OCOOJIMBO JJISi TPUBAJOrO Ta BIJNAICHOTO po3ropraHHs. Jleski naBadi Ta MpHCTPOI
[HTepHETY peueii po3po0eHO At TpUBaIoi poOoTH Bia 6aTapei abo KUBIICHHS BiJl BITHOBIIOBAHUX
JDKEpes eHeprii, HampUKIIaa COHIYHOT eHeprii.
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o be3neka. BaxnuBoro yMoOBOIO € 3a0e3nedeHHs O€3MeKd JaHUX, sKi MepelaroThbes Ta
30epiratotbcst B loT-cucremMax €KOJOTIYHOTO MOHITOPHHTY, OCKUIBKH BTpaTta KOH(I1ACHIIHHUX
JaHUX TIPO HABKOJUIIHE CEPEJOBHINE MOXYTh MaTH 3HauyHI HACHIAKHA. BakIMBO 3ampoBajuTH
mudpyBaHHs, KOHTPOJIb JOCTYITY Ta PEryJIsipHi IEPEBIPKH OS3MEKH.

e BignoBignicte Hopmam. 3anexHO Bil TpH3HAYEHHsS Ta Michs posramryBaHHs [oT-
CHUCTEMH €KOJIOTIYHOTO MOHITOPUHTY ITOBHHHI BIJIMOBIATH HU3II MPUWHITHX HOPM 1 CTaHIapTiB.

Ockinpku po3poOka mozeneil 00poOku manux s cucteM loT Bce mmie 3HAXOIUTHCS Ha
MMOYATKOBIN CTajlii, TO BAKOPUCTAHHS TPAIUIIMHKUX MIXO0MIB Ta TiaTdopm aiist o6podku nanux loT
Mae 1eBHI oOMexeHHa. OCHOBHUMH TpoOieMaMu €: 0OMEXKEHHS B3aeMOJil Pi3HUX TEXHOJIOTIH,
oOMexeHui po3Mmip mam’ati npuctpois [oT, 110 MoXke BIUIMHYTH Ha IOCTYI J0 JaHUX Y pealbHOMY
9aci, BU3HAYCHHS KOHTEKCTy OOpPOOKM [aHWX, HAJAHUX PIZHUMHU JDKEpelIaMu, MpodiieMu
MacmTabOBaHOCTI MpH IHTETpalii JaHWX, CTIHKICTP J0 BIAMOB B cHCTeMax oOOpoOkKu Ta
3abe3neueHHs 0e3MeKy Ta KOH(I1ASHIIHHOCTI JaHUX KOPUCTYBaviB.

VY 6inb1IOCTI BUNA/IKIB, B OCHOBI CUCTEMH €KOJIOTTYHOIO MOHITOPUHTY Ha OCHOBI [HTEepHETY
peueii JIKUTh YOTHPUPIBHEBA apXiTekTypa [11], y sKiii 1aHi MOHITOPHHTY 30MPAOTHCS MEPEKEIO
JlaBadiB, arperyrThCs, a MOTIM MepefaroThCs Ha cepBep uepe3 xmapHuil cepsic. IlotiMm mi mani
AQHATI3YIOTHCS PI3HUMH aHATITUYHUMHU iHCTpyMeHTamu [oT, micis 4oro mepemaroThCs A0JaTKam
JUTSI TIOJIAJIBIIIOT OOPOOKH.

PiBens cnpuiinsarrsa. Lle ¢i3uunmii piBens [aTepHery peuerd (IoT), sikuii BUKOPHCTOBYE
naBadi a7 360py iHdopmarlii mpo HaBKOJUIIIHE CEPEeIOBUIIE. 3arajioM, y Iporpamax MOHITOPUHTY
KO)KEH CEHCOPHHUI BY30Jl TIOBHHEH IMEPiOAMYHO BUKOHYBATH TpPU OCHOBHI 3aBIaHHs, a came
TeHepalliio JaHUX 3a JI0TIOMOT0I0 30HyBaHHA, 00pOOKY AaHMX 1 3BiTyBaHHs naHuX. l1{o6 BukoHaTH
3aBJaHHs TeHepalii JaHWX, I[OKa3W JaBayiB 30MPAIOTHCS MEPIOAMYHO 3 TEBHOK OakaHOIo
4acTOTOI0, a JaHi JaBadiB 3a0e3MeuyroThCs MITKaMU Yacy IIiJi 4Yac BHUOIpKH, LI0 BHUMAarae
rJ100aTpHOT CHHXpOHI3aMii yacy B Mepexki. [1oTim, 00 BUKOHATH 3aBJIaHHST OOPOOKH JaHUX, BY3JIH
JaBayiB KamiOpyrOTh, arperyroTh, MiJCYMOBYIOTh 1 CTHUCKatOTh JaHi. OOpoOka JaHMX CeHCopaMu
MOJIATAE 'y TEePEeTBOPEHHI (I3MYHUX HapaMeTpiB MOHITOPUHTY (TeMIepaTypy, BOJOTICTh, PIBEHb
BYIJIEKHCIIOTO Ta3y, TOIIO) y eNeKTPUYHI CUTHAIM abo nudpoBi AaHi, ki MOXKYyTh OyTH 00poOIeH1
EJIEKTPOHHUMH TPUCTPOSMHU. Y NIESKUX BUIAJKAaX CHTHAIHU BiJ] CEHCOPIB CITOYATKy KOHBEPTYIOTHCS
3 aHAJOrOBOTO BUIMISAAY B IM(POBUN 3a JONOMOrOI0 aHAJIOrOBO-IIM(POBOro MepeTBOproBaya, 10
J03BOJISIE KOHTpOJIepaM (HaIMpUKIIag, MIKPOKOHTpoJepaM ado KOMIT'toTepaM) oOpoOsaTH Il JaHl.
Ilepmr Hix AaHi OyAyTh MepesiaHi Mo Mepexi, Jesiki IPUCTPOi MOXKYTh BUKOHYBAaTH 06a30BY 00poOKy
nanux Ha Oopty (amrit. On-board Processing), mampukiazn, ¢igprpamito abo ycepeanenus. lle
Jl0TIoMarae 3MEHIINTH 00CAT TepejaBaHuX JaHUX Ta BUKOHYBATH 0a30Bi OOUMCICHHS HA MICII.

SkicTh JaHUX BiAIrpa€e BaXXJIMBY poJib Yy 3acTocyBaHHI naBayiB [oT it exoyoriyHoro
MOHITOpUHTY. BoHa 3a0e3mnedye TOUHICTh, IOBHOTY, Y3TOJUKEHICTh 1 HaJIMHICTh JaHUX, 310paHuX 3
pi3HuX naBayiB 1 npuctpoiB B exocucteMi [oT. Ockinbku cucremu [oT reHepyroTh BenuuesHi
o0cCsATH JaHMX 13 PI3HOMAHITHUX JDKepel, 3a0e3meueHHs] BHCOKOI SKOCTI JaHUX Ma€ BaKIIMBE
3HaYeHHS [UIsi OTpUMaHHS 3Hauymoi iHdopMauii, NpPUHHATTS OOIPYHTOBAaHMX pILIEHb 1
3a0e3neueHHss TOYHUX TMporHosiB [12]. Jlng BupimeHHs mnpoOieM 3  SKICTIO JIaHUX
BHKOPHUCTOBYIOTHCSI BJIOCKOHAJICHI METOJIW TMOMEepeaHhoi OOpOOKM JaHWX, SKI BIICIIOIOTH
MOMUJIKOBI TOKa3M Ta IHTEPHOJIOIOTh BIJCYTHI TOYKM JaHUX. BaXJIMBUM I1HCTPYMEHTOM ISt
HafliiHoro 300py naHUX € e(eKTUBHE Ta TOYHE KajuiOpyBaHHS JaBadyiB 3 BUKOPHUCTAaHHSIM
JITOPUTMIB MAIIMHHOTO HABYAHHS JUIS aJaIlTallii 10 3MIHU MOBEAIHKH CEHCOpa.

Mepe:xkeBuii piBeHb. OCHOBHOI0O (YHKIIIEI0O MEPEXKEBOTO pIBHSA € IMepenadya pi3HUX
310paHuX JaHUX Ha PIBEHb IMONeperHbOi 00poOKM MaHMX depe3 Mepexi 3B’s3Ky. Ha npomy piBHI
npucyTHi [HTepHeT/MepeskeBl ILTI03M, CEHCOPHI MEpeXi Ta B OKPEMHX BHUIIQJKaX CHCTEMHU 300py
nanux (anria. Data Acquisition System, DAS). Po3mmpeni nuio3u Takox MOXYTh 3a0e3MeuyBaTi
3B’SI30K MK CEHCOPHUMH MepekaMu Ta [HTepHeTOM, 103BOJISIIOUM M CHUIKYBATUCS OAMH 3 OJHUM.
DAS BukoHye OCHOBHI (PYHKIIiT IUTIO3Y, TakKi sIK arperaris Ta nepeTBOpeHHs JaHux (30ip JaHHX i3
JaBadviB 1 MOJAIIBINE TEPETBOPEHHS iX Y ITudpoBuUit hopmar).
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VY OinbIIOCTi BUMAIKIB OCHOBOIO MEpPEXKEBOro piBHs cydyacHux loT-cucrem ekonoriyHoro
MOHITOPHHTYE € O€3pOTOBI CEHCOPHI MEpEeXi, SKi BCTAHOBIIOIOTH (PAaKTUYHUN iHTEpdEhc Mixk
npuctposimu 10T 1 janrMu, OTpUMaHUMU 3a JOTIOMOTOI0 PI3HUX THIMIB JaBayiB. BoHn 00’ €HYIOTh
CydacHi J1aBadi, SIKi MPaIlOIOTh 3 BUKOPUCTAHHSM METOJIB MOHITOPHHTY Ta KEPYBaHHS Ha OCHOBI
Al. [13] Ha mepexeBOMY piBHI BUKOPHCTOBYIOTHCS Pi3HI MEPEKEBI TEXHOJIOTIT JJIs Iepeayl TaHux
BiJI CEHCOpPIB JI0 LIEHTPAJIbHOI CHCTEMH, SIKI MOXYTh BKJIIOYaTH B ceOe Oe3apOoTOBI Ta MPOBOJIOBI
NpOTOKOJIHM 3B 513Ky, Taki sik Wi-Fi, Bluetooth, Zigbee, LoRa, NB-IoT Tomio. Kpim toro, 1ieli piBeHb
BHIIIY€E 3aBJIaHHS Mepeiadi JaHUX Ha BEJMKI BiJICTaHI Ta 3a0e3meuye cTadiibHy KOMYHIKAIIII0 MiX
CEHCOpaMH Ta IIEHTPAIBHOIO0 CUCTEMOIO.

MepexeBuii piBeHb 3a0€31e4ye o4aTKoBy 00poOKy Ta rnepenady JaHuX:

— BU3HAYAETHCSA MPOTOKOJI, SIKMI OyJae BUKOPHCTOBYBATHCS JUIA mepenadi ganux. Lle moxe
oyru Ethernet, Wi-Fi, Bluetooth, Zigbee, LoRaWAN Ttomo. KokeH mnpoTokoia mae cBOi
O0COOJIMBOCTI 1IOJO WIBHAKOCTI Tepelnadi, JaJIbHOCTI CHUTHATy, CIIOXKHBaHHS EHEprii, IIo
BpPaxoBY€ETbhCS 1] 4ac BUOODY.

—JaHi, sKi TOTOBI JO Tmepenadi, (opMaTyOThCS BIAMOBIIHO JO OOPAHOTO IMPOTOKOIY
nepenavyi JaHUX Yy BUTJSAl MAkeTiB 3 3arojoBKaMH, IO MICTITh iH(OpMaIil0 Tpo JHKEpeso,
MPU3HAYCHHS, THIT JAHUX TOLIO.

Baxxnuumu axTopamu, 110 BU3HAYAIOTh BUOIP MPOTOKOTY Mepeadi JaHHX €:

— o0CHT 1 THTI JAHUX JIJIs1 HAJICUJTAHHS,

— OakaHa MBHJIKICTH Ta IHTEPBAJ Iepeadi,

—HAJIMHICT MiIKITFIOYSHHS 10 MEPEXKi,

— €HeprocroXXKUBaHHS 1] 4ac nepeaadi JaHux;

— Oesreka JaHuX 1 Mepexi;

— 3B 530K MK nepudepiiHUMH IPUCTPOSIMHU.

Mepe:xeBuii piBeHb TaKOXK 3a0€31edye IMiIKITYEeHHS 10 1HIINX PO3yMHUX peue, MPUCTPOIiB
1 cepBepiB.

PiBenb momepennboi 00poOku. lle piBeHb mporpamMHHX 1 amapaTHUX KOMIIOHEHTIB, SIK1
BIJNOBIalOTh 3a 30ip, aHaii3 Ta iHTepmperauito JaHux 3 npuctpoiB loT. Bin Binmosinae 3a
OTpUMaHHS HeoOpOOJIEHUX JaHUX 13 MPUCTPOIB, iX 0OPOOKY Ta HaAAHHS AOCTYIY IS MOJAJIBIIOTO
aHaji3y 4M Aii Ta BKJIIOYA€ DPI3HOMAHITHI TEXHOJIOTIi Ta IHCTPYMEHTH, SIK CHUCTEMHM KepyBaHHS
JaHUMH, aHATITU4YHI IUIATGOPMM Ta AJITOPUTMH MAIIMHHOTO HABUaHHSA. YcCl 11 1HCTPYMEHTH
BUKOPHUCTOBYIOTBCS JIIsl OTPUMAaHHS 3Hadylloi iHpopMalii 3 JaHUX 1 NPUMHATTS pilleHb Ha iX
OCHOBI.

Cucrema IoT Ha piBHI 00pOOKM BHKOPHUCTOBYE TpUETANHHUM MiAXiA AJS MIATOTOBKH ITHX
JaHUX JJIsl TPUKIaqHoro piBHs [14]:

— Hakonuuenns npanux. IlpomikHe mporpamHe 3a0e3ledyeHHs MPaBUJIbLHO BHM3HAYae Ta
MPU3HAYa€E Pi3HI TUIU JAHUX JUIS BIJMOBIIHOTO cXoBHINa. HecTpykTypoBaHi aaHi, AK-0T ayaio- Ta
BIJICONIOTOKH Ta 300pa)KeHHS, 3a3BHYail BUMAraroTh OiIbIle MicCIs 17 30epiranHs Ta 30epiraloTbes
B O3epax JaHUX. Y TOW 4Yac SK CTPYKTYypOBaHI JaHi, IO MICTITh MOKAa3W MPHWIAJiB, 3HAYCHHS
KYpHaJTy Ta BUMIpIOBaHHA (JaHi TejaeMeTpii), € 61IbII eeKTUBHUMU Ta 30€epiratloTbcsi B CXOBHUILAX
naHuX. XMapHi CXOBHUIIA € HAMOUTHIN €()eKTHBHUM METOI0M 30epiraHHs qaHuX B cuctemax [oT.

— AOctpakuis nanux. Ilepenbauae arperyBaHHs JaHHX 13 KIJIBKOX JDKEpeN, a TaKOX
3a0e3neueHHs] MMepPEeTBOPEHHs JaHUX y (opmar, SKUH MoXXe OYTH «IIpOYMTaHUI» MPOTPaMHUM
3a0e3neueHHsIM MTPUKIIQTHOTO PiBHS.

— AmnHamiz pgaHux. BuxopucToBye MamMHHE HaB4YaHHS abo0 alropuTMu TIIHMOOKOTO
HABYaHHS, SKi CTENiali3yIOThCS Ha BUSBJICHHI MAOIOHIB Y BETMKUX 1 BUMIAJKOBUX Habopax JaHUX.

[Tornubnena oOpoOka naHuX, 1110 HE BUMarae HeralHOro 3BOPOTHOTO 3B 3Ky, BUKOHYETHCA
B xMapi a0o y ¢i3n4HHX UeHTpax oOpoOku naHux, Ae noryxkHi IT-cuctemu 3ailicHIOIOTH
KepyBaHHsI, aHaji3 Ta Oe3neuyHe 30epiranHs naHux. lle Takok Mmicue, J€ daHl JaBaviB MOKHA
MOETHYBATH 3 IHIITUMU JDKEpETIaMH TaHUX [ OLTbII JETAbHOTO aHaJi3Yy.

Ipukaaguuii piBeHb. OCHOBHOIO METOIO IIBOTO PIBHA € HAJIaHHS 1HTEIEKTYATbHUX CITYKO
JOJATKIB JUIs 33J0BOJICHHA TOTped KopucTyBauiB. PiBeHb Ho7aTkiB — 1€ iHTEepdeiic Mix
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npuctpoeM loT i Mepexero, 3 Kot oMy NmoTpiOHO crijKyBatucs. BiH kepye dopmaryBaHHIM i
MPEACTABICHHSAM JaHUX 1 BIAMOBiJae 3a 3a0e3medeHHs Iepenadl AaHuX I Yac MepeMilleHHS
JTaHUX 3 OAHIET Mepexi B iHmry. Taka OaraTOpiBHEBa apXiTEKTypa CHCTEMH 3a0e3leuye SKiCHY
KapTUHY IOTOKY JaHUX/iH(opMallii B cucTeMax eKOJ0oTriYHOTO MOHITOPUHTY Ha ocHOBI [oT.

OCKUTBKH Pe3y/bTaTOM IIBUIKOTO PO3BUTKY 1 PO3TOPTaHHS TEXHOJIOTiH [HTepHeTY peueit y
CUCTEMax €KOJIOT'TYHOTO MOHITOPHUHTY CTaj0 CTBOPEHHS BEIMYE3HUX OOCSTIB IaHUX, TO BiJMOBIAHO
3pociu TpoOsieMu 30epiraHHs, Tepedadi Ta OOpPOOKM BEIMKUX OO0CSTiB JaHuX. YacTKOBUM
BUPILLIEHHSIM LUX NPOOJIEMHU € BUKOPUCTAHHS METOAIB 00’€JHAHHSA JaHUX Ta CTUCHEHHS YaCOBUX
PSAIB.

O0’eqHaHHs JaHMX i3 0araTboX /Kepes Ta MYJbTHMOAAJbHUX HaHuX. Cucremu
€KOJIOTIYHOTO MOHITOPUHTY € CKJIaJHUMH CUCTEMaMH, AKi 30UparoTh, 0OpOOISIOTH Ta aHAJI3YIOTh
BEJIMKY KUIBKICTh JaHUX 3 PI3HUX JOKepen (HampHKiIaa, CEHCOPIB, CTaHIM MOHITOPHHTIY,
METEOPOJIOTIYHUX JIaHHMX). IO JIO3BOJISIE OTPUMATH IOBHIIIE Ta KOMIUICKCHE PO3YMIHHS CTaHy
noBkimist. O0'eqHaHHs TaHKMX 3 pisHUX JpKepen (anria. Data Fusion) mo3Bossie oTpuMary MOBHiIIE
Ta KOMIUIEKCHE PO3YMIHHSI CTaHy IOBKIJUIS, MOKPALIUTH TOYHICTH Ta JOCTOBIPHICTH iH(opMarii,
BUKOPHUCTOBYBAaTH PO3LIMPEHI METOJM aHajdi3y Ta MAalIMHHOTO HAaBYaHHS JJIS OTPUMaHHs 1HCAHTIB
Ta BUSBJICHHS NAaTEPHIB B CTaHI JOBKULIAL, PO3pPOOJIATH MOeNi mepeadadeHHs 3a0pyqHEHHS
JOBK1JIJIS, TPOrHO3YBATH 3MIHU KJIiMaTy Ta pO3pOOJISITH CTpATerii yIpaBliHHSI PU3UKAMHU 1 T.1.

Metoau 00’ eTHaHHS JAaHUX MO>KHA 3aCTOCOBYBATH Ha Pi3HUX PiBHAX 300py abo rpymyBaHHS
nanux [14]:

— HeoOpoOiieHi 1aHi abo 3MUTTS JaHUX HU3BKOTO piBHA. OO0’ €JHAHHS JaHUX Ha IbOMY PiBHI
3IACHIOETBCS OJlpa3y Hicis 300py JaHUX BiA JaBauiB. AJTOPUTMH, 110 BUKOPUCTOBYIOTbCS Ha
IbOMY DiBHI, 0a3yIOThCS SK Ha aJTOpUTMax OOpPOOKM CUTHAJIB Ta 300paKeHb, TaK 1 BUIIYYCHHS
03HaK ab0 XapaKTEePHUCTHUK, Ki OMUCYIOTh 00’ €KT y CepelOBUIII],

— (¢yHKIIT a00 00’€THAHHS TaHUX CEpeIHBOro piBHA. Ha mboMy piBHI SIK BXIiJI, TaK 1 BHXI]
nporecy 00’e€AHaHHS AaHuX € QyHKUiIMU. TakuM 4MHOM, Mpolec 00’ €AHAaHHS JAaHUX CTOCYETHCS
Habopy QYHKIIN A TOKpaIIeHHs], BIOCKOHaNeHHs a00 oTpuMaHHsA HOBUX (yHKIiH. Llei mporec
TaKOX BIJOMUH SIK 3JIMTTS O3HAK, 3JIUTTS CUMBOJIB, 3UTTS 1H(popMarii abo 3IUTTS Ha TPOMI)KHOMY
piBHI;

— pimeHHs a00 3MUTTA JaHUX BUCOKOTro piBHA. Lleit piBeHb oTpumye HaOip QyHKIINH Sk
BXIJIHI JaH1 Ta Haja€e HaOIp pillleHb K BUX1JIHI JaH1 ab0 MOENHYe BX1HI PIIICHHS I OTPUMAHHS
Kpalux abo HOBUX pillIeHb 1 BITOMUH SIK 3IUTTS PIIIEHb.

Hajinommpenimmmu anropuTMaMu 3JIUTTS TaHUX CHCTEM €KOJIOT1YHOTO MOHITOPHUHTY € :

1. ®inerp Kanmana (anrn. Kalman Filter) e edextuBHuM anroputmom s o0'eqHaHHS
JaHWX 3 PI3HUX JDKEpeNT 3 METOI OTpPUMaHHS ONTHMAalbHHUX OILIHOK CTaHy CHCTEMHU.
BukopucToByeTbesl A1 IPOTHO3YBAaHHS CTaHY CUCTEMH Ha OCHOBI BUMIPIOBAaHb 3 PI3HHX JIXKepell,
BpaxOBYIOUM BHUIAJKOBICTb BUMIpIB 1 auHamiky cucremu. ®iunbTp Kanmana B OCHOBHOMY
BUKOPHCTOBYETBCS IS 3IIUTTS HU3bKOPIBHEBUX JaHuX [15].

2. T'panynspuuit ¢inetp (anrn. Particle Filter) ne meron ¢inbrparii, skuii Moxxe OyTH
BUKOPUCTaHUN JuId 00'eHaHHS 1HGopManii 3 pI3HUX JKEpen Ta BHUMIpIOBaHb. BHkopHCTOBye
ampokcuMalIliro GyHKIli po3MmoalTy 3a JOTIOMOTOK0 YaCTUHOK JIJIsl OI[IHKUA CTaHY CHCTEMH.

3. baiieciBcbki Mepexi (anri. Bayesian NetworksS) mo3BosisiFoTh MOJEIOBATH 3aJI€KHOCTI
MDK PI3HUMH 3MIHHUMH Ta OILIIHIOBAaTH HMOBIPHICTH PI3HUX CTaHIB CUCTEMH Ha OCHOBI BXIJIHHX
naHuX. BukopucTroByroTbes Ui KoMOiHamii iHGopMmarii 3 pi3HUX JDKepen Ta BpaxyBaHHS
HEBU3HAYEHOCTI B maHux [16].

4. OG’egHaHHS JaHUX 3 CEHCOPIB (aHT. Sensor Fusion) BUKOPHCTOBYETHCS It 00'€THAHHS
BUMIPIOBaHb 3 PI3HUX CEHCOPIB 3 METOI MIJABUINEHHA TOYHOCTI Ta HAIIHHOCTI BHUMIPIOBAHb.
BukopucToByeTbest JUIsl BUSIBICHHS aHOMaJii, KOPEKIii MOMUIKOBUX BUMIPIOBaHb Ta BHUPIIIEHHS
cynepewmBux gaHux [17].

5. O0’ennanHg Ha piBHI npuiHATTS pimens (anrn. Decision-Level Fusion) monsirae B
o0'eTHAHHI PE3YNBTATIB aHATI3Y JAHHUX 3 PI3HUX JDKEPEN JUIsl TPUHHATTS OUTbIl OOIPYHTOBAHHX
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pimens. BukopuctoByeTbess s 00'eqHaHHA iHQOpMamii 3 pI3HUX JDKEpen Ta JDKepen s
3a0e3nedeHHs OUIBII MOBHOTO aHAI3y Ta MPUUHATTS pimieHs [17].

i anropuT™H JOMOMAraroTh MiJBUIIUTH SKICTh Ta KOPUCHICTh JaHUX, 310paHUX Y CUCTEMAax
€KOJIOTIYHOTO MOHITOPHHTY Ha ocHOBI [0T, cipusitoun epexkTHBHINIOMY aHaIi3y CTaHy JOBKULISA Ta
NPUAHATTIO 1H(QOPMOBAHMX PILIEHb MO0 OXOPOHM HPUPOJH. BHOIp KOHKPETHOTO alropuTMy
3aJIe)KUTh BlJl KOHKPETHUX IMOTped Ta XapaKTEpPUCTUK CUCTEeMH MOHITOpuHTY. [1{o6 BH3HauuTH
MOJIMBICTh  3aCTOCYBaHHS MeTony 0O ’enHaHHS JaHux/iHpopmanii, HEOOXiAHO OIIHHUTH
00YHCITIOBAJIbHY BapTICTh MPOILECY Ta 3aTPUMKY, BBEJICHY B 3B’SI30K.

O06'enHanHs JaHUX JO3BOJISIE BAKOPUCTOBYBATH PO3IIMPEHI METOIH aHAJi3y Ta MAIIUHHOTO
HaBYaHHS /11 OTPUMAaHHS 1HCAlTIB Ta BUSBJICHHS MATEPHIB B CTaH1 JOBKIJUIA.

CtucHeHHs: 4acoBuUX psiaiB. OnHUM 13 HAHOUIBII YacTO BUKOPHUCTOBYBAHUX (OpMATiB
JAHUX Y CHUCTEMax EKOJIOTIYHOIO MOHITOPHMHTY € 4YacOBl PsiIM 4epe3 iX BIacTHBICTb 30epiratu
YacoBi 3alMCH BUMIPIOBAHUX 3MIHHHUX, IO J03BOJISIE CIIOCTEPIraTH 3MIiHM X HapaMeTpiB y daci,
BHSIBJISITH 3aKOHOMIPHOCTiI, TPEHAM Ta CE30HHI Bapiaiii, a TaKoX pO3pPOOIATH MOJei
MIPOTHO3YBaHHS Il TiepeadadeHHs] MalOyTHIX 3HAYeHb THapaMeTpiB MOHiTOpuHTY. I[IpoGiemoro
BUKOPHUCTAHHS YaCOBUX DPsiB AK (opMaTy JaHUX €KOJIOTiyHOro MoHitopuHry y loT-cuctemax e
oOMeXEeHHII OOCST TaMm’sTi, a TaKOX CEpeJOBHINA 3 OOMEKCHHUMH pecypcaMu 3’€IHaHHS, IO
YCKJIaIHIOE MaHinmy IroBaHHs iH(opMaiiero Ta ii nepenady [19].

Y 1pbOMYy KOHTEKCTi aJbTEPHATHUBOIO JJISi 3MEHIIEHHS OO0CATY TaHMX MOHITOPHHTY, IO
obopobmsirothest [oT mpuctposmu € crucHeHHst iHGopMmalii, npeacraBieHoi y ¢opmari gacoBuUx
psnmiB. ICHye KimbKa cTpaTeridi CTHCHEHHS JaHUX, SKi 3aCTOCOBYIOTBHCS /IO YacOBHX psiB. Y
koHTekcTi [oT cTparerisi CTUCHEHHS MOBUHHA 3a0€3MEYUTH 3MEHIIICHHS 00CATY TaHUX 13 TapaHTIE0
TOro, IO iX AKicTh He Oyne moripmena. [IpoTe, BpaxoByrOUn OCOOIMBOCTI MPHUCTPOIB 1 Mporpam
[oT, mporiec cTuCHEHHS TaKOXK Ma€ MeBHI 0OMEXEHHS:

— binpmricte npuctpoiB loT Mar0Th 00MEX)eHI OOYHCIIOBAIBHI PECypcH, Taki SK 00csr
nam'sTi Ta MBUIKICTH Tpoliecopa. J(eski MeToIu CTUCHEHHS, SKi BUMaraloTh CKJIaJHUX OOYHCIECHb
(Hanmpukaa, IUCKpeTHe nepeTBopeHHst Dyp'e), MOXKYTh OyTH HEeEKTUBHUMU JUIs peasizaiii Ha
TaKUX MPUCTPOSIX.

— bararo npuctpoiB loT mpaimtoroTe B ymMoBax oOMexeHOi eHeprii. Buxopucrtanss
CKJIaJJHUX QJITOPUTMIB CTHCHEHHS MOXXE MPU3BOJUTU 10 30UIBLIEHOTO CIIOKHWBAaHHS €HEeprii, 110
CKOpOYY€E Yac poOOTH MPUCTPOIO BiJl OJTHOTO 3apsy.

— Jonatku IoT motpebyroTh 00poOKM JaHHWX B pealbHOMY 4aci Ta HHU3BKOI 3aTPUMKH B
nepeaadi JaHUX y CUCTEMax PealbHOTO Yacy, i BUKOPUCTaHHS CKIIQJHUX METOJIB CTUCHEHHS MOKE
OyTH HeeeKTUBHUM JJIsl TAKUX 3aCTOCYBaHb.

OctanHiMH pokamMH OyJ0 JOCSATHYTO 3HAYHOIO MPOTPECYy B TEXHIll CTUCHEHHS JaHHX
3aBASKHU Tporpecy TexHonoriii. OCHOBHMMH MeTofamu cTucHeHHS naHux B loT € craructuusi
MeTOJU, SIK 0e3 BTpar, Tak 1 3 BTpaTaMH. BUKOpUCTaHHS METOMAIB CTHCHEHHs 0€3 BTpaT, TaKuX SIK
Metonu XaddmaHa Ta apuMETHUHOTO KOAYyBaHHS, Oyino momupeHuM y gogaatkax loT mpotsrom
OCTAHHBOTO JECATHIITTA. MeToau CTUCHEHHS 3 BTpaTaMd — 1€ MeToAu (uIbTpalii JaHuX,
BUJANCHHA IIyMiB a0o iHmOI HemoTpiObHoi iHdopMmarii. Ili MeTomum cTHCKalOTh JAaHi,
BUKOPUCTOBYIOUHM CTAaTHUCTUYHI BJIACTUBOCTI JaHUX 1 OUIbII epeKTUBHO Koxyrouu ix. Llei miaxin
no0pe BITOMHIA 1 3aCTOCOBHHMM Yy KITBKOX CHTYaIlisiX; OJHAK BiH Mae OOMEXEHHS MI0J0
MPOTYKTUBHOCTI, OCKUIBKH YHM CKJIQIHIIIE OOYMCICHHS, TUM BOKYUM CTa€ 3aBJaHHS, 1, OTKE, I1€
MO’K€ TOTIPIIMTU MPOAYKTUBHICTH mporpamu loT 3 oOmexenum pecypcoM. CTaTUCTUYHI METOIU
crucHeHHs MaHUX B [oT MOXyTh OyTH KOPHCHHMH B JIESKHX KOHTEKCTaX, OCOOJMBO KOJIM JaHi
MEHIII CTPYKTYPOBaH1 Ta MICTATh MEHII nependauyBaHi mabdiaoHu. KpiM Toro, craTUCTUYHI METOIU
MOXKYTh OYTH MEHII BPa3JIMBUMH JI0 arPECUBHUX aTaK, 1[0 pOOUTH iX OLIbIl O€3MeYHUM BapiaHTOM
y JIeSKUX BUIAJKaX, 1 [l METOJIM HE BUMAralOTh BEMKOI KITBKOCTI MiY€HUX HABYAIIbHUX JaHUX, 110
pOOUTH 1X ORI 3AIMCHEHHUM BapiaHTOM y CUTYAIlISAX, KOJIM Mi4€HI JIaHi HeJOCTYIIHI .

[HIIMM 3HAYHUM JOCSTHEHHSM Yy CTHCHEHHI HaHuX misi [oT € BUKOpHCTaHHS alropuTMiB
ML, sxi MOXHAa BUKOPHUCTOBYBATHU ISl €(EKTHUBHIIIOTO CTHUCHEHHS JAaHUX IIJISIXOM BUBYCHHS
mabJIoHIB Y JaHUX 1 X BIAMOBIAHOTO cTUCHEHHS. KpiM TOro, anropuT™Mu rinOOKOro HaBUaHHS, TaKi
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sk aBTokojepu [20] MO)KHa BUKOPHCTOBYBAaTH MJIsi BUKOHAaHHS HEKOHTPOJHOBAHOTO CTUCHEHHS
JAHUX, JIe CTUCHEHE MPE/ICTaBIECHHS AAHUX MOXE BUKOPHCTOBYBATHCS JUIsl BUSBICHHS aHOMAIH,
110 € BXXJIUBUM JUISI €KOJIOTTYHOTO MOHITOPHHTY. BUKOpHCTaHHS reHepaTUBHUX MOJEJCH, TAKHUX SIK
reHepatuBHi 3MaraiabHi Mepexi (anrir. Generative adversarial networks, GAN) i Bapiamiiini
aBTokozaepu (anri. Variational autoencoder, VAE) s CTHCHEHHS JTaHHX, € CPEPOIO TOCIIIKCHbD,
sSKa TOKa3ye OaratooOirsroui pe3yiabTaTd. KpiM TOro, BHKOPHCTaHHS METOAY IHTETPOBAHOTO
HaBuaHHs [20], KoJau MoJesNi HaBYAKOTHCS JIOKAIbHO Ha mpUcTposix [oT, a moTim arperyrorbcs Ha
LIEHTPAIBLHOMY CepBepi, MOke 3a0e3neuntu eheKTUBHE CTHCHEHHsA maHuX loT i3 30epekeHHsIM
KOH(DiIEHIITHOCT!I.

Buxopucranas ML nmns crucHenHst nmanux B loT mae kinbpka mepeBar, Takux sK Kparie
CTHCHEHHSI, CTUCHEHHSI B PEaJbHOMY 4aci, HaJliHICTh 1 MacmTaboBaHicTb. OJHAK BiH TAaKOX Mae
HE/IOJIIKM, TaKl SIK BUCOKI BUMOTH J0 OOYMCIEHb, BUMOIM /10 HaBYAIbHUX JAHUX, MOXKJIHMBICTbH
iHTepnperanii Ta mpobimemu Oe3neku. Bupinryrouw, uu BHKOpHCTOBYBaTH ML ansi cTHCHEHHS
nanux B loT, BaIMBO BpaxoByBaTH IOJIOBHUM YMHOM TaKi aclleKTH, SIK XapaKTEPUCTUKH JIaHUX,
BUMOTH O€3MEeKH Ta JIOCTYNHICTh HABYAIBHUX JaHUX. PerenbHuil aHami3z mux (akTopiB Moxe
JIONIOMOT'TH BU3HAUUTH, 4 € ML BiINOBITHUM MiJIX0/10M [yl KOHKpEeTHOro KOHTeKcTy IoT.

OTxe, npu peanizanii loT-crcTeM eKoIOTIYHOrO MOHITOPUHTY MOXYTh BHHUKATH HACTYITHI
pobeMu 0OpOOKH JaHUX.

1. O6podka Beaukux oocsariB manmx (Big Data): [laBaui, siki BUKOPHCTOBYIOTHCS B
cuctemi loT, MOXyTh HagaBaTH BeNUKiI OOCATH JaHMX, 10 MNOTpedye edeKTUBHOro 300Dy,
30epiranHs Ta 00poOku. Lle Moxke CTBOpUTH HpoOJIEeMH 3 TPOIYCKHOIO 3JIaTHICTIO MEpexi Ta
00YHCITIOBAIBHOIO TTOTYXKHICTIO.

2. SIkictb manmx: Jlami naBaviB MOXYTh CHOTBOPEHI NMOMWJIKAMH, TaKUMH SIK IIyM,
HETOYHOCTI Ta BTpaTH 3B'si3Ky. OOpoOKka HemepeBIpeHUX JaHUX MOXKE MPHU3BECTU O HETOYHHUX
pe3yJIbTaTIB aHATI3Y.

3. CranpapTu3ania nganux: [ 3abe3nedeHHss CyMICHOCTI Ta JIETKOCTI OOpoOKM JaHHMX
BAYKJIMBO MAaTH YiTKI CTaHAAPTH, SIKI BU3HA4al0Th (pOpMaTH JaHUX, MPOTOKOJIU 3B'SI3KY Ta METOJU
imeHTudikaIii JaHux.

4. 3axucr panux: [lani, mo mnepenatoTecs uepe3 Mepexy loT, MoxyTb 3a3HaBatu
ki0epaTak, BKIIOYAIOUM NEepexXOIUIeHHs, MoaM(ikamiro Ta BHUTIK KOH(]iIeHHIHHOT iHpopmauii.
3ale3neueHHs Oe3MeKH JaHUX BHMAarae BIPOBAKEHHs MEXaHI3MIB MHU(pyBaHHS, ayTeHTU]IKaI1
Ta aBTOpH3AIlii.

5. HepocratHsa macwmradoBaHicTb: 30UIBIICHHS KUIBKOCTI MIJKIIOYEHUX JaBadiB MOXE
MIPU3BECTHU JI0 MPOOJIEM 3 MacIITaOOBaHICTIO CHCTEMH, SIKa MOX€E HE BUTPHUMATHU BEJUKY KUIbKICTh
OJIHOYACHUX IMIKITIOYEHb Ta 00pOOKY BETUKOI KUTBKOCTI JAHUX OJHOYACHO.

6. Ilpodaemn 3 enepro3adesneyeHHsM: JlaBaui [oT moxyTe moTpeGyBaTu eHeprii ais
CBOT'O HBJICHHS, 1110 MOX€E CTaTH MPO0JIEMOI0 B yMOBaX OOMEXEHUX PECYPCIB €HEPronocTayaHHs
a0 y BijaJIeHUX TOYKaX, /1€ BAXKKO 3a0€3MEeYUTH NOCTIHHUNA JOCTYH 10 €HEPrOKHUBIICHHS.

7. Jlokanizamia panmumx: Jlng geskux  J10AaTKiB - Moke OyTHM BaXJIMBUM  3HATH
MICIIE3HAXOJDKEHHS Ieskux naBadiB. [Ipote, 30ip i 00poOka reorpadiyHUX JAaHUX MOXE BHMAaraTu
JIOTAaTKOBUX 1HCTPYMEHTIB Il 3a0e3TnedeHHs] KOH()IICHIIMHOCTI Ta JOTPUMAHHS BHUMOT II0JI0
3aXHMCTy MPUBATHOCTI.

8. Interpauniss manmux: Jlns oTpuMaHHS TIOBHOI KapTH €KOJOTIYHOI CHTyamii MoOXxe
3HAIOOUTHUCS IHTETpallis JaHUX 3 PI3HUX JKEpeN, TaKuX sK JAaBadi, 0a3u JaHUX, CYITyTHUKOBI JaHi
tomo. Lle Bumarae po3B’s3aHHs NMpoOJIeMH 31 CTaHJAPTHU3AIEI0 Ta 3JIUTTAM pI3HUX (popmaris
TaHUX.

Bupimenss uux npo6iem 3abe3neuyeTbess BAKOPUCTAHHIM IEPEI0BUX TEXHOOT1H 00poOKU
JTaHUX, PO3POOKOI0 e(PEeKTHUBHHMX aJrOPUTMIB aHalli3y, BIPOBAKEHHS 3axOJiB 3a0e3NedeHHs
Oe3IeKku Ta BIOCKOHaNIeHHS 1HppacTpykTypu Mepexi [oT.
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Abstract

The article describes the main factors affecting the environmental safety of Ukrainian
regions in the context of a full-scale war. They relate to environmental threats to the quality of air
and water, the state of soils, the formation of destruction waste, negative influences on ecosystems
and the development of hazardous military situations. It is indicated that measures of the post-war
restoration of Ukraine should be developed, taking into account the scale of the impact of military
operations on the ecological state of the regions. It is noted that monitoring plays an important role
in the impact evaluation. It is emphasized that the use of geographic information systems and
technologies enhances the effectiveness of the monitoring process.

Key words: ecological safety, Ukrainian regions, Russian-Ukrainian war.

AHoTauin

VY cTarTi HaBOAATHCS OCHOBHI YMHHHUKH, IO BIUIMBAIOTH HA €KOJIOTIYHY O€3MEKy perioHiB
VYkpaiHu B yMOBax MOBHOMAcCIITa0HOI BIHU. BOHM CTOCYIOTHCSI €KOJIOTIYHUX 3arpo3 11040 SKOCTI
MOBITPSHOT'O Ta BOJIHOTO MPOCTOPY, CTaHy IPYHTOBOI'O MOKPUBY, YTBOPEHHS BiIXO/iB PyHHYBaHHS,
TUCKY Ha €KOCHCTEMH Ta PO3BHUTKY HEOE3NEeUHUX CHUTYyallli BOEHHOTO XapakTepy. Bkaszano, 1mo
3aX0/H LI0JI0 MICJIIBOEHHOTO BiTHOBJICHHS JIepKaBHU BapTO po3poOIsATH 13 BpaXyBaHHAM MaclITaliB
BIJIUBY BOEHHMX J1il Ha €KOJIOTITYHUIN CTaH PETioHIB. 3a3HAYEHO, 1110 BAXKJIMBA POJIb B OLIHIOBAHHI
BIUIMBIB BIJIBOJUTHCS MOHITOPUHTY, €(QEKTHBHICTb IPOBEJCHHS SKOIO 3HAYHO MiJCHITIOETHCS
BUKOPHUCTAHHSM IreoiH(QOpMaliifHUX CUCTEM Ta TEXHOJIOT1H.

Knwuoei cnoea: exonociuna besnexa, pecionu Yxpainu, pocilicbko-yKpaincoka 6itiHa.

[ToBHOMacIITaOHa BiliHAa B YKpaiHi Ta Ti BIUIMBHU, IO YMHATHCS HA JOBKLULISA, CHOHYKAIOTh
M10-HOBOMY OIIIHUTH €KOJIOT14HI 3arpO3u Ta MPOoOJIeMH, K1 BUHUKAIOTh 1 3aJIMIIAThCS aKTyalbHUMHU
BIIPOJIOBXK TPUBAJIOrO Yacy. YKpaiHna Brepie 3 yaciB [Ipyroi cBiToBoi BiifHH peasbHO 31TKHYJACh 13
HQ/3BUYAHHAMH CHTYallisMA BOEHHOTO XapakTepy. BOHHM TpPU3BOASTH O MOTipIICHHS
€KOHOMIYHOI Ta COIJIbHOI CKIaJ0BUX CYCHUIBCTBA, IO KaTacTpO(iuHO MMO3HAYAIOTHCS Ha
eKoJIoT1uH1i cutyallii. KpiM Toro, HaciiIKi TaKuX CUTYallii 3yMOBIIIOIOTH HEOOXIAHICTh MEPErsay
MOKa3HUKIB 1 HOPMATUBIB, 3a SKUMHU IOTPIOHO OIIHIOBaTH SKICTh KOMIIOHEHTIB JOBKULIS Ta
BUMararoTh HaIpallOBaHHS 3axOJiB, 3aBASKH SKUM Yy ONM3bKIA Ta y MOJANbLII NEpCIEeKTHUBI
MOXJMBUM Oyn0 O MOKpallUTH CTaH IPYHTIB, SAKICTb aTMOC(HEPHOro TMOBITPS Ta BOAMU JUIA
0€31eYHOr0 BUKOPUCTAHHS 1X JIFOIbMHU.

Ha cpboroani 3HayHa yacTMHA TepUTOpPii YKpaiHM OXOIUIEHAa BOEHHMMHM IisIMM, Ta HaBIiTh
TEpUTOpPIii, J€ BOHH OE3MOCEPEIHHO HE BIAOYBAIOTHCA, TIEK YH I1HIIOK MIPOIO CTPaXAArOTh
BHACIIIZIOK il JepxaBu-arpecopa. Hipkye 3ampomoHOBaHMN yMOBHMM IO PETIOHIB IOJ0
BIUIMBY BIMHHM Ha CTaH IOBKULISA, BIAIMOBIIHO O SKOTO BapTO MPOBOJUTH OI[IHIOBAaHHS MacIITabiB
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HETaTUBHHUX BIUIMBIB, HalpalbOBYBAaTH cTparerii Ta QopMyBaTH IJIaHU [UIS TOJAIBIIOTO
OJOJIAaHHS X HACHIIKIB.

Kaacudikauis perionis moao MmacmradiB BINIMBY BOEHHHUX Jili:

e Pezionu, na mepumopii aKux He 6e0ymuca 0006 Oii ma AKi 3a3HAIU HE3HAYHO20
eénnugy @illHu w00 eKonociunoi oOesneku (3akapnarcbka, TepHominbchbka, YepHiBEIbKa,
PiBnencrka Ta BommHchka oGmacti). [[Bi octaHHi 001acTi MaroTh KOpJIOHHU 13 bimopyccio, Tomy
MalOTh MEeBHI OOMEKEHHS 1010 IEPECyBaHHS y IPUKOPIOHHUX TEPUTOPIAX;

e Pecionu, aKi He nepedysanu y 30Hi 0e3n0cepeoHiX 60€HHUX Oiil, 00HAK O00CHMAMHbBO
nocmpasicoanu/cmpaxcoaromo  6i0  pakemuux yoapie  (JIpBiBcbka, IBaHO-DpaHKiBCHKAa,
XmenwsHUIbKa, Binauieka, KipoBorpanceka, [TonrtaBceka, Uepkacbka 061acTi);

e Pecionu, na akux eedymwvca (eenucs) 00106l 0ii ab0 MumM4acoso OKynoeawi
Pociiicokoro Dedepauicro, knacudikoBani BianoBigHo a0 [1] sk:

O mepumopii moxcnusux 6oiiosux Oin (neski paiionu JIHIporeTpoBChkoi, JJoHEbKOT,
3anopi3pkoi, KuiBcbkoi, MukomnaiBcbkoi, Onecbkoi, Cymcbkoi, XapkiBcbKoi, XepCOHCBKOi Ta
YepHiriBcbkoi odacreit);

O mepumopii akmusnux 6oiutoeux oin (nesxi paiionu [lHimponerpoBchKkoi, [loHenbKoi,
3amopi3ekoi, KwuiBcekoi, Jlyrancekoi, MuxkonaiBcbkoi, Oneckkoi, CyMcbhKkoi, XapKiBCBKO,
UYepHniriBcbkoi obnacreii Ta micto Kuis);

O mepumopii akmueHux 60iosux Oiil, HaA AKUX YHKUIOHYIOMb 0€PHCABHI e/1eKMPOHHI
ingpopmayiuni  pecypcu (nesxi paiionn [IuimpomerpoBcbkoi, JloHeupkoi, 3anopi3bKoi,
MuxomnaiBchKoi, XapKiBcbKoi 1 XepcOHChKOI obmacTeit);

o mumuacoeo okynoeaui Pociiicekoro @edepauyicto mepumopii Yxpainu (0ynu abo
3anumaroThesi — ABToHOMHa PecnyOmika Kpum, geski paifonu J[lonenpkoi, KuToMupchkoi,
3anopi3pkoi, KwuiBcekoi, Jlyrancekoi, MukomnaiBcbkoi, Cymchkoi, XapkiBCbKOi, XepCOHCBHKOI,
YepniriBcpkoi obnacteid Ta Micto CeBacTOnob).

OueBUIHO, 1110 HAWOUIBII BPa3IMBUMHU € TEPUTOPIi, AKi nepeOyBaiu 4n nepedyBaroTh y 30H1
Oe3rocepeIHIX BOEHHUX JI1i, 0COOIMBO Ti, SIK1 1 1Al € TiJ] OKYIaIi€r0, BHACTIIOK YOr0 HEMOMKIMBO
MOBHICTIO OIIHUTH MAacIITabM BIUIMBY Ha JOBKUUISL, IOpaxyBaTH OUIbII TOYHO 30UTKH,
3aJIOKyMEHTYBaTH HETraTHBHI BIUIMBM Ta CHPOEKTYBATH 3aXOAM 3 MiHIMI3alli IXHIX HaCIHIJKiB.
Macmtabu pyitHyBaHb 1 30UTKH JOBKULTIO OLIHIOIOTHCS Ha KBiTeHb 2024 poky mpubausHo B 2,4
TPJI. TPUBEHB 1 1151 IMPpa Oyze TIIbKU 3pOCTATH.

OCHOBHMMH BILIMBAMH Ha €KOJIOTiYHY 0e3NeKy perioHiB B yMOBax BiliHH €:

e Exouoriuni 3arpo3u KOMIoHeHTaM J10BKIiJLIsA:

o Bnnue na akicme ammocghepnozo noeimps — BHUBUIbHEHHS TOJIOTAHTIB (OKCHIY
BYIJIELIO, JIOKCUIY @30Ty, CIPUUCTOrO aHTiAPUAY, IpiOHOIMCIEPCHOTO NIy, HEMETAaHOBUX JIETKUX
OpraHiuYHUX CHOJYK, (QOopMalIbJerily Ta I1HIIMX) BHACIIJOK IMOXKEX B1Jl MOTPAIUISTHHS DPAKeT Y
Ha¢TOOa3M, aBTO3AMNPaBHI CTaHLIi, CKIa1 3 MOJiypeTaHOM Ta IHIIMMH MaTepiajamu. 3arpo3IMBOIO
€ CUTYallisl HE TUIbKU Ha JIOKaJbHUX TEPUTOPISX, K1 O€3M0CcepeIHbO MIPUIIATAIOTh 10 30HU TOPIHHS,
a ¥ Ha JaNbHIX TEPUTOPIAX, OCKIIBKHU 3aJ€KHO BiJl BITPOBOTO PEKUMY (CHIIM 1 HANPsIMKY BITPY) Ta
BEPTUKAIbHOI CTIMKOCTI MOBITPS (1HBEpCis, 130TE€PMisi UM KOHBEKIIISl) TOKCUYHI MPOYKTH TOPIHHSA
MOXYTh IEPEHOCUTUCh Ha 3HAuHI BiacTaHi. [loTpamisHHS pakeT y IUCTEPHH 3 XIMIYHUMHU
pPEYOBHHAMU TIPU3BOINTH HE JIUIIE IO BUBUILHEHHS IUX 3a0pYAHIOIOUUX PEUOBHH B TMOBITPS, a i
YTBOPEHHS MPOJYKTIB peakiliil, ki MOKyTh OyTH 1ie OiIblI HeOe3neuHuMH. BunaganHs KUCIOTHUX
JIOTIIIB TPU3BOJUTH JO TOMIKOJDKEHHS POCIUHHOCTI, 3HIKYIOUHM 010Macy CUIBCHKOTOCIIOAAPCHKUX
KYJIBTYp 1 MOCIIa0II00YN CTIHKICT JICOBUX KyIbTyp. OKpeMO CIlijJ 3a3HAYUTH BIUIMB BEIMYE3HOI
KUIBKOCTI TMEpecyBHHUX JIKepen 3a0pynHeHHS aTMOoc(GEepHOro MOBITps, TOOTO pIZHUX BHJIB
TPAaHCIOPTY, Ha YUCTOTY MOBITPsA. 3HAUYHA YAaCTHHA TAaKOl TEXHIKH, HE OoOJaJHaHa BiJNOBITHUMHU
CUCTeMaMU JUIsl 3MEHIIEHHSI KIJIbKOCT1 BIAMpPAalbOBAaHUX Tra3iB, L0 CIPUYHMHSIE TMOTPAIJISHHSI B
aTMoc(epHe TMOBITPS 3HAUYHUX OOCSTIB OKCHAY BYIJICLIO, OKCHIIB a30Ty, BYIJICBOJHIB, Caxi,
OeH3zamipeHy. BiamoBigHO 0 MOHITOPUHTOBUX JaHUX, MOJAHUX MIiHICTEPCTBOM 3aXUCTY JTOBKILIA
Ta IPUPOJHUX PECypCiB 00CAT BUKUIIB, 110 MOTPANMIN B aTMOC(epHe TOBITPS TUIBKU 3a OJUH PIK
BiifHU 3pic 3 2 THCcsS4 TOHH 6ukudie y 2021 pori no 46 tucsu toHH BukuuaiB y 2022 pori. Crig

82



TAKOX 3a3HAYMTH, IO BOEHHI Jii MO3HAYAIOTHCS 1 HA 30UIBIIEHHI BUKWIIB MapHUKOBUX Ta3iB,
30kpema COjy, oOcsT SKOTo Ha TeNepilHii yac oniHoTh y 180 MiH. TOHH.

O Bnaue na axkicms rpyHmoeozo noKpugy — BHACIIJIOK MMEPECYBaHHS BaKKOi BIHCHKOBOT
TEXHIKH, CTBOPEHHS OOOPOHHMX cropyn (OKOmiB, OMiHAAXIB 1 T.N.) BiAOYBa€ThCA MOPYIICHHS
IUTICHOCTI TPYHTOBOTO TIOKPHBY Ta WOro SKiCHI 3MiHM (BTpaTa YW 3MEHIIEHHS BEPXHBOTO
POAIOYOrO Mapy r'yMycCy, 3HUIEHHS POCIMHHOCTI, TOPYIICHHS BOJHOTO OajaHCy Ta iHTeHcHdikarii
epo3ii). @i3uuHi BIUIMBH, TakKi $AK 3pPOCTaHHA TEMIIEPATypH IPYHTOBOIO TIOKPHBY uepe3
MOTPAIUISIHHSL pPaKeT 1 BUHUKHEHHS IOXKEX, YTBOPEHHS BHUPB BiJl OOEMpHUIIACIB YCKIIAIHIOIOTH
MIPOPOCTaHHS POCIMHHOCTI Ta CIIPUYMHSIOTH 1i BunamoBanHs. [1oni0HI BIUIMBH CriOCTEpIiratoThes i
BHACIIIJIOK XIMIYHOTO 3a0pyJHEHHS CIOJIYyKaMH CIpKH, HAsSBHUMH Yy PaKETHOMY TQJIMBI Ta
Ha(TOMPOAYKTAaMU TAIMBHO-MACTUIBLHUX MAaTepiaiB, HETaTUBHO [iIOTh Ha POCIUHHICTH, YH
BunatooTh ii. Lle, B cBOIO depry, HeraTMBHO IO3HAYA€THCS HA ICHYBAHHI XHBUX OPraHi3MiB,
HacaMmIlepe]] TUX, L0 HACESI0Th BEPXHI IIAPH IPYHTOBOTO MOKPHUBY. 3HayHA KUIBKICTH Ba)KKHX
MeTaiB (CBUHIIO, KAAMIIO, TUTAHY, CTPOHIIiIO, HIKEI0) MOTPAIUIs€ B IPYHT Mij 4ac AETOHAIl MiH
Ta CHapsIiB, K 1 mpoxayktu ropiHHs (ochopHux O60mMO0. [li HeOesmeuHi XiMid4HI KOMITOHEHTH
MOXKYTh MITPYBaTH y IPYHTOBY BOJIOTY, Jajli HAaKOMHYYBATHCh Y POCIMHHOCTI, 1 4epe3 XapuoBi
JIAHIIIOKKY OCIiIaTH B OpraHi3Max TBapHWH 1 JIIOJIEH, CIPUUMHAIOYN HeOe3neKy uist skutTs [2, 3]. Ha
TaKMX TEPUTOPISX MPOOIEMATUYHUM CTA€ MPOKMBAHHA, 3a3HAYEHI HETaTHUBHI BILUTUBU Ha (ayHy Ta
¢b1opy 03HAYAIOTHCA HA BHIOBOMY O10pi3HOMAHITTI 1 BEAYTh 10 3MiHU MPHPOTHUX eKocucTeM. Ti
IUIOUIl TPYHTIB, HAa SKUX BHUSBUTHCS 3HAUHE 3a0pYAHEHHS, MOXYTh CTaTH HENPUIATHUMH IO
BUKOpUCTaHHA Ha AoBrui yac (y ®dpannii Ha TepuTopii, ne BiAOyBaIuCh 0COOIHMBO iHTEHCHBHI
6orioBi nii mig vac Ileprnoi cBiTOBOi BiliHM, 3aKOHOJABYO BUIy4YEHi 13 MPAKTUKHU MPOBEIACHHS Ha
HUX CLITBCHKOTOCTIOAAPCHKUX POOIT MOMPH CTOIITHIHM mepiof BigHOBIEHHS:) [4, 5]. BapTo BpaxyBatu
1 BUCOKUH CTYIIHb MiHYBaHHSI BHAC/IIOK YOTO 3HA4HI TEPUTOPIl BUIYHYAIOTHCS 3 FOCIOAAPCHKOTO
KopuctyBaHHs. OCOOMMBO NPUKPUM € TOH (PAaKT, MO0 3HAYHOIO MIPOI0 3a4YETUICHUMH € POJIoYi
YKpaiHChKI YOPHO3EMH.

O Bnaue na akicme 600nHux 00’cKkmie¢ — BHACIIJIOK OOCTPIIIB YaCTKOBHUX a0O MOBHMX
pyiiHyBaHb 3a3Hanu noHaa 500 iHpacTpyKTypHUX 00’€KTIB, SIKiI 3aJlydeHl y BOJOIIOCTAYaHHS Ta
BOJOKOPHUCTYBaHHS (TIAPOTEXHIYHI CIOPYAM, AaMOU, CIOPYAH BOJOCXOBHIN). BuBeneHHs 3 many
KaHali3allifHuX MepeXX, YCTAaHOBOK BOJOOYMILIEHHS, MOPYIIEHHS CaHITAPHUX 30H MOXXE MaTu
HaCJI1JIKaMH MOTPAIUISIHHS HEOUYHUIIEHUX CTIYHUX BOJI /10 BOJHOrO cepenoBuiia. Taki BOIU MICTSTh
K HeOe3NeuHi XIMIYHI PEeYOBHHM, HasBHI y NPOMHUCIOBUX CTIYHHX BOJAAX, TaK 1 3a0pyAHUKH
010JIOTIYHOTO TOXO/PKEHHS B MOOYTOBHX CTIYHMX Bojax. OKpeMi perioHn 3MyILIeH1
BUKOPHUCTOBYBAaTH BOJly HE3aJJOBUILHOI SKOCTI, SIKY MOYKHA BUKOPUCTOBYBATH TUIbKH SIK TEXHIYHY.
Taka cuTyamist croctepiraerbcsi B MUKONa€eBi — BHACHIOK pyHHYBaHHS Bojaorony JlHimpo-
MukomnaiB, IleHTpaiti30BaHe BOJONOCTAYaHHs y MICTI Oyze BigHOBIEHE Tibku 10 2025 poky [6].
Yepesz munynopiunuii niapuB Kaxoscekoi I'EC opientoBHO 700 THCSY mrofei 3anumminch 6e3
NUTHOT BOJM HAJIEXKHOI sKocTi. 3abpyaHeHHs YopHoro Ta A30BCHKOIO MOpPIB BHACTIIOK
pyHHYBaHHSI TOPTOBOi 1H(PACTPYKTYpH, MOTPAIUIIHHA HEOE3NEeYHUX PEUYOBUH Yy BOAY, ICTOTHO
BITUBAE HA MOPCBHKI eKocucTeMHu (3arubenb 3HAYHOI KUTBKOCTI JAenbdiHIB, MiTid Ta IHIIUX
rigpo0ionTiB) [7]. Bapro Takox 3ramaTd TpO MOXIHUBICTh TPAHCKOPJOHHOTO IEpEHECEHHS
3a0pyJHIOIOUUX PEYOBMH BOJHUMH OO0 ’€KTaMH, TEPEHECEHHS MiH BOJAaMU MOpIB (Bke Oymnu
3adikcoBaHl Takl BUKuMAM Ha Oeperax bonrapii Ta Pymynii). CkiagHO OIIHUTH HAaCKUIbKH
MaciITaOHUMH OYyAyTh BIUIMBH €HEPreTUYHOTO Ta IHTPEAIEHTHOTO 3a0pyAHEHb Ha SIKICTh BOJIU
YopHoro ta A30BCHKOT0 MOPIB 1 SIK 11€ BIUTMHE Ha MOPCHKI.

¢ YTBOpeHHs BiAX0AiB pyiiHyBaHb — Ii¢ crielu(iyHUN THUIT BiIXOJIIB, A0 SKOTO BITHOCATH
peIITKH BIACHKOBOI TEXHIKM 1 (¢parMeHTH BUOYXiBKH, 3pyHHOBaHI MOOyTOBI OyIiBIi Ta
1H(pacTpyKTYpHI MiANPUEMCTBA, 3HUILIEHI MOCTH, IOPOTH, 3HaAYH1 OOCSATH OJIHOPA30BUX MaTepiaiiB.
3a indopmarniero Minnoskims Ykpainu y 2022 pori 06’eM BiaxomiB pyiiHyBanb ckiaB 10-12 miH.
TOHH, III0 PIBHO3HAYHE KUIBKOCTI TBEPJIUX MOOYTOBUX BIIXOIB, HA BCiil TepuTOpii YKpaiHu 3a pik
[8], a Ha Oepesenp 2024 poky mi oOcsru 3pociu Ha moHan 600 THcsd TOHH. 3HAYHA YacTHHA
KOMITOHEHTIB 3pYHHOBAaHMX Oy/iBeTh MOXKE OYTH 3aCTOCOBaHa SK BTOPMHHA CHUPOBHHA ITICIIA
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BIJNIOBITHOTO TepepoOJIeHHsT JUIsi BUPOOHHWIITBA MaTepialiB, MO0 OyAyTb BUKOPHCTaHI MpU
Bi1OymoBi. Pemry BinmxomiB moTpiOHO Oyne COpTyBaTH 1 BU3HAYUTHUCH, SIKI 3 HUX MOBUHHI OyTH
nepepoOieHi abo 3aXOpOHEHi.

¢ BUHUKHEHHSI TEXHOTeHHO-He0e3NeYHMX CHUTyalii, 110 MOB’S3aHO Hacammepen 3
PU3UKOM XIMIYHOTO Ta paiallifHOTO 3a0pyIHEHHS, CIPHYMHEHOTO SK MOPYIICHHSMH POOOTH
€KOJIOT0-HeOe3MEeYHUX IMAMPUEMCTB B 30HI OOHOBUX i, TaK 1 MOXJIMBUMU PYHHYBaHHSIMHU
BHACIIIJIOK PaKeTHUX yIapiB MO pO3TAIIOBaHUX Yy Ty BUpoOHMUTBaX. 3 4 nitounx AEC B YkpaiHi
3anopizeka AEC Bij mouaTky MOBHOMAacCIITAOHOTO BTOPTHEHHS repeOyBae il KOHTPOJIEM BOpora i
Mpame B aBapiiHOMy pexumi. BoHa HEOJHOpPa30BO 3a3HaBajia 3HECTPYMIICHb BHACHIIOK
IPUIIMHEHHS €JIEKTPOINOCTaYaHHs, CIPUYMHEHOT0 OOCTplIaMu, 3HAyHa TEepUTOpis MNoOIu3y
3aMiHOBAaHa, 1110 3arpoKy€ MOKJIMBICTIO BUHUKHEHHS BUTOKIB pajiamii, a To i sinepHoi karactpodu,
MacmTabu SKoi MOXYTh Oyru nyxe 3HaunuMu. Hemiroua YopaoOunmbcbka AEC (HAEC)
nepedyBaia ImiJ OKymamiero Oiiblne MicsAls (MOBHICTIO MOBEPHYJACh MiJl KOHTPOIb YKpaiHu 5
kBiTHS 2022 poky). IlepeOyBanHs Bopoxkoi apmii Ha Teputopii HAEC Bia moudaTky CHIpUYHHHIO
npoOjeMH, 30KpeMa B)K€ Ha Jpyruid JeHb 1X 1epeOyBaHHS, BIAMOBIAHO 10 «JlaHuMX
ABTOMATU30BaHOI CHCTEMHU paialliiHOrO0 KOHTPOJIK 30HH BiAUyXeHHS», Oyio 3adikcoBaHO
3pocTaHHs pajianiiHoro ¢ony. B mopamemomy Oylio BTpa4eHO 3B'S30K 3 MOHITOPHHTOBUMH
cucremamu YAEC, craHIis 3a3HaBaja HEOJHOPA30BOI'0 MOBHOIO 3HECTPYMJICHHS, CIIOCTEPIranoch
BUHUKHCHHSI KUTBKOX JIOKAJIbHUX OCEPEIIKIB MOXKEXK, SAKI BYaCHO Oyiu JikBimoBaHi. CriopymKeHHS
doprudikamiitHux cropyx Ha TepuTopii Pymoro Jicy, Skuii 3a3HaB HAMOLIBIIOTO Ypa)XeHHS i1 4ac
YopHoOmIbebkoi aBapii, IpU3BENIO 10 MITHATTS PaliOaKTUBHOTO MUY 1 PO3CIIOBaHHA HOro MO
TepuTOopii. 3HAYHA IIKOJAa HAHECEHA B pe3yibTaTi po3rpabyBaHHs 1 3HHIIEHHS LleHTpanpHOI
aHaNITUYHOI J1labopaTopii, sfKka Malla y CBOEMY pO3IMOPSAKEHHI yHIKalbHE OOJagHAHHS Ta
MIPOBOJIMIIA POOOTH LIOAO BCiX €TaIliB MOBOKEHHS 3 PaliOAKTUBHUMH B1IXOJaMH.

Y cxinniii yacTuni Ykpainu, sika € 30HOI0 OOMOBHMX JiH, 30ce€pe/PKeHa 3HayHa KiJIbKICTh
BYTUIBHUX IIaXT, K1 YaCTO 3HECTPYMJIEHI, Yepe3 110 HEBYACHO B1IKAUyIOThCS IPYHTOBI BOJH, a 1€
NPU3BOJUTH /10 3aTOIUIEHHS IIAXT. 30KpeMa, 3adiKcoBaHMM (pakT YacTKOBOIO abo IOBHOTO
3aroruieHHs 36 maxt. [[iATOmIeHHs maxT Ta NPWIErJUX TEPUTOPIH — OJlHA 3 OCHOBHMX NPUYMH
3a0py/IHEHHs MiJ3€MHUX Ta TMOBEPXHEBUX BOA. Take 3aTOIUIEHHS MPU3BOJAUTH 1O MPOCIAAHHS
IPYHTIB, IO MiATBEPKYETHCS TAHUMHU CYITyTHUKOBUX 3HIMKIB [9].

e HeOe3neyni BIuIMBH Ha 0iOpi3HOMAHITTH, CTAaH €KOCHCTEM TA KUBHX OPraHi3MiB —
OpPIEHTOBHO TpPETUHA IUIOL[ HPUPOJ0-3aMOBIIHOTO (POHAY HOTPANMIA y TEPUTOPII0 AKTUBHHUX
OolfoBuX nif 4M po3TamoBaHi NoONM3y HHUX (OKyMOBaHMMM Hapa3i € 8 3amoBinHukiB 1 10
HalllOHAJTFHUX MPUPOJIHUX MAPKIB), TOMY HEMOXJIMBO 3a0€3MEYUTH HaJC)KHE BHUKOHAHHS 3aXOJIiB
moao 30epexeHHs O10pi3HOMAHITTS, 30€peXeHHS PIAKICHUX BUMIIB, L0 MPU3BOJUTH [0
pyHHYBaHHS yHIKaJIbHUX ekocucTeM. BiifHa B YkpaiHi BIUIMBa€ HE TUIBKM Ha €KOJIOTIYHY Oe3leKy
OKpEeMHUX pETiOHIB 4YM KpaiHM B IIOMY, a W MOXe MPHU3BECTH J0 3MiH MIrpaliiHUX MUIAXIB,
3HUKHEHHS TOMYJSALINA MEeBHUX BHUJAIB POCIMH 1 TBAPHUH Yy CBITOBOMY KOHTEKCTi, aJKe IEBHI
TepuTOopii YKpaiHM MaloTh OXOPOHHUI CTaTyC 3arajbHO€BpOIEWchkoro piBHA. TyT po3ramioBaHi
160 oO6’exTiB, BimHeceHux g0 CmaparmoBoi mepexi, 17 Pamcapchkux 00’€KTiB, BaXJIMBHX IS
3a0e3neveHHs JisUTbHOCTI BOHO-00JOTSHUX YTi/ib Ta BU/IB, 110 TaM MenikaroTh [10].

[ToBHOMacmTabHa  BifHA  TaKOXX  CIPUYMHSE  TOPYIIEHHS  HOPMalIbHUX  YMOB
KUTTETISTIBLHOCTI 1 CTBOPIOE O€3MOocepeiHl 3arpo3u ISl AKUTTS Ta 310poB’s mojeil. OKkpiM npsaMux
BIUIMBIB — CMEpTeH 1 mopaHeHb BHACIIIOK OOCTpPiiB, MiAPUBIB HA MiHAX, MTOKEXK, MOTPATUIIHHS M1
3aBajiM, CJIJI BPaxOBYBAaTH TAaKOX 1 BIJalieHl HACIIIKH Ha 3J0POB’Sl JIOJEH, Takl SK PO3BUTOK
37I0SKICHUX HOBOYTBOPEHb, XPOHIYHUX 3aXBOPIOBAHb, aJEPriyHUX PeakLii 1 T.1I.

Ilepuioyeprosi 3axoau 3 BiIHOBJIEHHSI €KOJIOTiYHOI Oe3neku perioHiB YKpaiHu y
BOEHHUH Ta MICIAABOEHHUH mepioJ BUKIaZeHi y posnini [lmany BinHOBIeHHS YKpaiHu Yy
BOEHHUH Ta MICISIBOEHHUH MEP10/1, MPUCBIYECHOMY €KOJIOT1UHIN Oe3rerri.

[IpiopuTeTHUMH HampsiMaMH BHU3HAUYEHO: peQOopMyBaHHS ICP>KABHOTO YIPABIIHHI Y
MPUPOJIOOXOPOHHIN Tamy3i; KIIMaTHYHY TOJITHKY; €KOJOTi4Hy Oe3neky Ta e(deKTHUBHE
yIOpaBliHHA Bigxozamu; 30ajaHcoBaHe BHUKOPHCTAHHS TNPUPOJHUX pECYpCciB B yMoOBax
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MiJBUIIEHOTO MOMHUTY 1 OOMEXEHHX MOXJIMBOCTEH; 30€peKeHHs NPUPOJHUX EKOCHUCTEM 1
010JI0T1YHOTO PI3HOMAHITTSA, BIJHOBJICHHS Ta PO3BUTOK MPUPOJOOXOPOHHHX TEPUTOPIH Ta
00’exTiB [11].

3axoau moa0 3a0€3MeUeHHS €KOJOT1YHO1 O€3MeKH PerioHiB MOBUHHI CyNPOBOIKYBATHCH
pETENBHUM MPOBEACHHIM MOHITOPUHTY HIOJO PI3HMX KOMIOHEHTIB NOBKULIA. [lepuioueproBum
€ OTpuUMaHHsA BuYepnHoi iH(opmarii momo 3a0pyaHEeHb Ta BHABICHHA €QEKTUBHOCTI
NPUAHATUX PillleHb [IOJ0 MiHiMi3almii Ta IiKBigamii HEraTMBHUX BIUIMBIB. MOHITOPUHT
HEOOX1IHO TMPOBOJMUTH 13 3aCTOCYBAaHHSIM HOBHX METOJHMK MIOAO OIlIHIOBAHHS 30UTKIB, SKi
CTOCYBAaTHUMYThCS BpPA3IMBUX pETiOHIB Ta BPaxoBYBaTH Ti pIlIEHHSA, SKIi BUMararoThCs
€porneiicbkum  Coro30M Ui ajanTaulii HallOHAJIBHOTO €KOJIOTIYHOTO 3aKOHOAABCTBA Yy
BI/IMOBITHOCTI 3 €BPONEHCHKMMH HOPMAaTUBHUMHU TOKyMEHTaMHU. YacTHHA TaKMX HOPMAaTHUBHHX
JTOKYMEHTIB B)Ke PO3po0JIeHa i JOCTYITHA ISl IIPOBEACHHS po3paxyHKiB [12-15].

BaxxnuBuMH U1 TOKpAIleHHS 1 MPUIIBUIIICHHS TaKOTO OIIHIOBAHHS € MOXJIUBICTH
BUKOpHUCTaHHA iHpopMariiinux cucreM, Takux sk ['IC/I33-rexnomnorii. [npopmariiiini cucremu
JAI0Th 3MOTY Oy/yBaTH KapTH 3 Bi3yalsli3ali€lo piBHIB 3a0pyIHIOIOYNX PEUYOBUH Ta MAPHUKOBHX
rasziB B aTMoc(pepHOMY MOBITPi, MPOTrHO3YBATH MOMJIMBICTh BIUIUBY METEOPOJIOTIYHUX SIBUII HA
MOIIMPESHHS MOJTIOTAHTIB HA TEPUTOPIi, BiAaICHI Bl Oe3mocepeHix mxepen 3a0pynnenns. Tak, 3a
JOTIOMOTOI0  CHCTEMH JUCTAHI[IHHOTO 30HJYBaHHS 3eMJli MPOBOJIWUIOCH MOHITOPUHTOBE
OILIIHIOBAHHS 3MiH aTMOC(EpPHOTr0 MOBITPS y MepIIi Mepioau MUPOKOMACIITAOHOT0 BTOPTHEH HSl.
3a JaHUMH CYNYTHUKOBHUX aepo(OTO3MOMOK aHai3yBaJduCh 3MIHM IMIOJO KOHIIEHTpaIlii
niokcuay azoty (NO2) ta okcuay Byrienio (CO) y BETUKHX MiCTaxX Ta MoOJHU3y KOPAOHIB, O1iys
SKUX MPOXOIUTH JIiHiA (PPOHTY Ta MPOBOJUIUCH MOPIBHAHHS 3 Pe3yibTaTaMH AOCIHIIKEHb Yy
nomepenHi poku. BimMmivanoch, IO TEPUTOPiS AaKTHBHUX BOEHHUX il XapaKTEpH3yeEThCS
nigBuieHuMu piBHsAMU NOj, Ki MOB’A3YIOTh 3 MEPECYBaHHSAM 3HAYHOI KUIBKOCTI BifiCBKOBOI
TEeXHIKH 1 BUKHJAMH BiJ] 0OCTpimiB, a 3pocratoui KoHueHTtpamii CO BiIHOCATH 10 MacImTaOHUX
micoux moxex [16]. Kocmiuni cucremu mucraHimiiHoro 3oHayBaHHs Ta GPS-nasiraiis
JI03BOJIAIOTH MPOBOJUTH MOHITOPUHI €KOJIOT14HOi cHuTyalli Ha BOJHMX OO0 ’€KTaX, 30Kpema
BIJICIIAKOBYBAaTH CcTaH 3a0pyJHEHHS BOAM BHACHIIOK TOTPAIUIAHHS CTIYHUX BOJ TpH
pyiHYBaHHI 1H)XEHEpHHUX KaHal13allliHUX MEpEeX 1 BOJOTOHIB, OL[IHIOBAaTH 3MIHU MEX BOJOUM
TiCIs 3HUIEHHS JaMO0, MOCTIB Ta 1HIIMX KOHCTPYKIIiH (K 11e OyJI0 MpOBEAEeHO A OLiHIOBAaHHS
MacmtabiB pyiHyBaHb KaxoBcbkoi Ipediii 3a CYNMyTHUKOBUMM 300pakeHHsiMu) [17]. 3a
JIOTIOMOT 00 T€0IH(QOPMAIIHHUX CUCTEM NMPOBOJAATh €(PEeKTUBHUN aHaNi3 MOPYLIEHHS IIJTICHOCTI
IPYHTOBOTO TOKPHBY BHACIIJOK YTBOPEHUX BI1J OO€NpHUIIaciB BUPB, OIIHIOIOTh CTYyMiHb
¢GI3MYHOrO  YIIKOJKEHHS 3a o0cCAraMu NEepeMillleHOro TIPYHTY 1 BEJIWYUHY XIMIYHOTO
3a0pyaHEHHs, OOMEXKEHY 30HOI po3puBiB OoenpumaciB [18], cTBOpIOIOTH KapTH 30H
MOIIKOJKEHHS, YTBOPEHI BHACIHIIOK O00MOOTypOallii, BHOKpPEMIIIOIOTh HAMOUIbII MOCTpaxaani
3eMIIi, MO MOTPEOYIOTh MEPIIOYEPTOBHX 3aXOMAIB MIOM0 BigHOBICHHS [19], aHami3yroTh CTaH
01011€HO31B 1 3€J€HUX HACaJKEeHb, SIKI MOCTPAXKAAIN BiJ MOXKEXK, CIPUUYUHEHUX OOCTpiIamMu i
t.0. [20, 21].

BucHoBku. 3a0pyAHEHHS KOMIIOHEHTIB JOBKULISA (TPYHTIB, BOJHOTO CEpEAOBHINA Ta
aTMoc(epHOro TOBITPSA), YTBOPEHHS BIAXOAIB pYyHHYBaHb, 3MEHILIEHHS O10pPI3HOMAHITTA 1
3HUIICHHS E€KOCHUCTEM — OCHOBHI €KOJIOTIYHI MNpoOJeMH, pO3B’sI3aHHS SKHUX MOTpedyBaTHMe
3HAQYHUX KOINTIB 1 HOBHX pIMIEHb WIOJA0 TOMOJAaHHS iXHIX HacHiakiB. MacmTabu 3a0pynHEHb
HACTUIBKU 3HAYHI, 10 HE OOMEXYIOThCS TIIBKH TEPUTOPi€l0 YKpaiHu, a i MatoTh TPAaHCKOPIOHHUH
BIMB. CKJIaJHO CIPOTHO3YBaTH, HACKUIbKM TpUBAJIUM OyJlie BIUIMB 3a0pYyAHIOIOYMX PEYOBHUH 1
CTPOKM BIJTHOBIICHHS HANEXKHHUX TOKA3HUKIB CTaHy KOMIIOHEHTIB JOBKULIS Ta MPHPOJHUX
ekocucteM. BaxnuBum Oyzne NpaBWIbHE OIIHIOBaHHS 30WTKIB, JCTAlbHI IJIAHW Ta 3aXOAH 3
BiJIHOBJICHHS, a TAKOXK HAsIBHICTh €(PEKTUBHOT CHCTEMHU MOHITOPHHTY.
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Abstract. The presented article describes the implementation of a web-oriented system
designed for monitoring atmospheric air in the city of Lviv and presenting the results in a
convenient structured format. To achieve this goal, the following tasks were performed: an analysis
of existing methods and models for assessing the state of atmospheric air was carried out, the main
environmental factors that most affect the quality of atmospheric air were analyzed and identified,
an air assessment model based on fuzzy logic was developed, and the system software was
implemented for presentation of the state of the ecosystem and assessment of atmospheric air
quality. As a result of the implementation of the system, it is possible to ensure monitoring and
improvement of the state of atmospheric air in the city.
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AHoTauisg. B mpencraBneHiii craTTi omucaHo peanizaiilo web-opieHTOBaHOT cucTeMH,
MIPU3HAYEHOT JJIi MOHITOPMHIY aTMoc(epHOro moBiTps y MicTi JIbBOBI Ta mpeicTaBlIEHHS
pe3yabTaTiB y 3pYyYHOMY CTPYKTypoBaHOMY Qopmari. J[ias NOCATHEHHs i€l METH BHKOHAHO
JeK1JIbKa HAaCTYIHUX 3aBJaHb: IMPOBEJICHO aHali3 ICHYIOUMX METOJIB Ta MOJEJEH OLIHKH CTaHy
aTMOC(EepHOro TMOBITPs, MPOAHAII30BAaHO Ta BHUOKPEMJIEHO OCHOBHI YHMHHHUKH HABKOJIUIIHBOTO
CepeIoBUINA, SKI HaWOLIbIlIe BIUIMBAIOTh Ha SIKICTh aTMOC(HEPHOrO MOBITPS, po3poOJIEHO MOJETh
OLIIHIOBAHHS MOBITPSI HA OCHOBI HEYITKOT JIOTIKU Ta peai3oBaHO MporpaMHe 3a0e3MeYeHHs] CUCTEMHU
JUIS TIPE/ICTABJICHHS CTaHy €KOCHUCTEMHM Ta OIIHIOBAaHHIO $KOCTI aTrMocdepHoro mnosiTps. B
pe3yabTaTi BOPOBA/KEHHS CUCTEMH MOXKHAa 3a0€3MEeYUTH MOHITOPHUHI Ta IOKpAIEHHS CTaHy
aTMOC(hepHOro MOBITPSI B MICTI.

Knrouoei cnosa: ammocgpepre nogimps, neuimka 102ika, Mooeib OYiHIOBAHHS.

1. Orasa Ta aHaJi3 npeaMeTHOI 00J1acTi

Jlroachka MiAIBHICTE HEMUHYYE MPHU3BOAUTH A0 3MiH arMocdepu. 3 METO OOMEXEHHS
IIKiJTMBUX BIUIMBIB HAa aTMOC(epHe MOBITPs HEOOX1THO 3/iiICHIOBATH NOCTIHUIA MOHITOPHHT HOTO
CTaHy.

MoHiTopuHr aTMocepy — L€ CIOCTEPEeXKEHHsS 3a CTAaHOM TMOBITPA 1 MONEpeKEHHS
KPUTHYHHUX CHTYallild, 10 HETAaTWBHO BIUIMBAIOTh HA 3JIOPOB’S JIIOJICH Ta CTaH IHIIUX XHUBHX
oprani3wmis [1].

MoniTopuHT aTMocdepu 31MCHIOETbCS Y BIAMOBIIHOCTI 13 3aKOHOM YKpaiHU PO OXOPOHY
aTMocepHoro moBiTps. BiH mnependadae croctepekeHHs 3a 3a0pyAHIOIOUMMH PEUYOBHHAMM,
MIKIATUBUMHA  (QI3MYHAMH BIUTMBAMH Ta OIIHKY 3MiH TPHUPOJHOTO CEPEJOBHINA B PE3YJIbTATi
OionoriyHOrO 3a0pyaHeHHS [2].

MoniTopuHTr aTMOochepH BKIIOUYAE TaKi €TaIln:

® BU3HAYCHHS METH Ta 00’ €KTIB CIIOCTEPEKEHHS;
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® CIIOCTEPEKEHHS 32 JUKEpeIaMu 3a0pyTHEHHS,

® BCTAHOBJICHHSI OCHOBHHUX BHJIIB 3a0py/THEHHS 1 3a0pyAHIOIOUNX PEUYOBHH,

® BUBUCHHS BIUIUBY 3a0pyAHEHHS aTMOC(EPH Ha KHUB1 OPTaHI3MH;

® [IPOT'HO3 3MiH CEPEOBUINA B pe3y/IbTaTi 3a0pyIHEHHS aTMOC(HEPHOTO MOBITPSI;

® po3po0OKa 3aXOMdIB 1 MPUHHATTS YIPABIIHCHKUX PIIIEHB, K1 HAIpaBJICHHI Ha 30epeKeHHS
MOBITPSI.

[Tix yac MOHITOPHUHTY aTMOC(EpH BEAYTHCS CIIOCTEPEKEHHS 38 TAKUMHU PEUOBUHAMHU: OKCHUJ
BYTJICIIO, TBOOKCHJI BYIJICLIO, OKCHAU a30Ty, OKCHAM CIPKH, amiakK, O30H, BYIJIEBOJHI, 3aBHCII
PEUOBHMHHU, MIJIIKO Ta KPYHHOIMCIEPCHUN muil. Bu3HauaeThcs BOJOTICTH 1 Temreparypa IMOBITPA,
PiBEHb MIKiUTMBUX (PI3UYHUX BIUIMBIB.

3a0pynHeHHsT atMochepd BUKIWKAE Taki MIOOANbHI MPOONEMH SIK TOTCIUTIHHS KJIiMaTy
(mapHuKOBUH €(EKT), KUCIOTHI JIOIIli, pyHHYBaHHS 030HOBOTO IIIapy, ONMYCTEIFOBAHHS Ta 1HIIII.

[TpupogauMu KepenaMu 3a0pyTHEHHS € BYJIKaHIYHI BUBEPKECHHS, ITUJIOBI Oypi, KOCMIYHHI
nui, reizepu, [leski MKiAMMBI AOMIMIKK (BYTJIEKMCIUM ra3, OKCUJ BYIJIEIO, CIPKOBOJEHb,
XJIOpUAX W 1HIII CIOJMYKH) IOCTYHaroTh B armochepy 3 oxeaHy. OcoONMBICTH NPHUPOTHUX
3a0pyaHEHb MOJSrae B TOMY, III0 BOHM HE TaKi TOKCUYHI, SIK aHTPOIIOTEHHI, 1 JIIF0Th MEePi0UYHO.

B pe3ynbTari aHTPOMOTeHHOI MisSTBHOCTI 3/1IHCHIOETHCS MITYYHE 3a0pyTHEHHS, IPU BOMY
3HAYHO 3MIHIOETbCS CKJaa aTMmochepHoro moBITpsA. 3a 0coOIMBOCTAMU OYJOBH 1 BIUIMBY
PO3PI3HAIOTH TaKi BUIU aHTPOIIOTCHHUX 3a0pyIHIOBAYiB:

e MeXaHIYHI — BUKHIM [IEMEHTHUX 3aBOIB, UM, ca)ka 1 iH.;

® XIMIYHI — ra3ono/ii0Hi pe4OBUHH, 3[aTHI BCTYMAaTH B peakilii 3 KOMIOHEHTaMH IMOBITpS,
nanpuriag CO, CO2, SO2, NOx.

OcCHOBHUMH JKEpelaMu aHTpomoreHHoro 3abpynHeHHs atMmochepu [3] B VYkpaini Ta
OUTBIIOCTI KpaiH CBITY €:

© 00’ €KTH TEIUIOEHEPTETHKH (TETJIOB1 €NEeKTPOCTAHIII1, TONKA KOTEJIEeHb Ta OYAiBEINb);

® [IPOMUCIIOB] MiIIPUEMCTBA (YOPHOI, KOJIBOPOBOI METaNyprii, XiMi4HOI NMPOMHUCIOBOCTI,
MalnuHOOYIyBaHHs, 00'€KTH BUAOOYTKY 1 IepepOoOKH MPUPOTHUX KOMAJIHH);

® TPaHCHOPT (MIEPEBAKHO aBTOTPAHCIIOPT);

® [TIIMIPUEMCTBA arpolPOMHUCIIOBOTO KOMIUIEKCY (TBapMHHULIBKI KOMIUIEKCH, pPULIS 1
POCITMHHUIITBO, KOHCEPBHI 3aBOJIM TOIIO);

¢ OyniBeNbHI MallIaHYUKH.

[TopiBHSHHS Ta aHai3 MOXJIMBHUX MIJXOMAIB Ta 3aco0iB i 3a0e3Me4YeHHs MOHITOPUHTY
aTMOC(epHOTO MOBITPSI, MOKA3aB, IO ITiJ] BAMOTH JaHOTO MPOEKTY, HE BAACTHCS aIanTyBaTH )KOIHY
3 HasBHMX cucTeM. Tomy, Oyno po3poOIeHO KOHIENTyaJbHO HOBY CHCTEMY, fKa J03BOJIUTh
BUKOHYBAaTH BECh CIIEKTP IMOCTABJICHHUX 3aBJAaHb Y aBTOMAaTHYHOMY PEXKUMI.

Po3poOka Ta iMIUIeMEHTAallisl CUCTEMH MOHITOPHHTY aTMOC(epHOro mnosiTps y MicTi JIbBOB1
— 1€ CKJQJHUM KOMIUIEKCHMM Tpolec 1 Tepen WOro MOYaTKOM TMOTPIOHO UITKO BU3HAYHMTH
0COOJIMBOCTI CUCTEMHU Ta HeOOX1THUI MaltOyTHIN pyHKIIOHA.

[TincymoByroun Bce BHUIIE BHKIAJIEHE, PIIMIEHHS MOBUHHO 3aJ0BOJBHITH HACTYIIHI
(GyHKIIOHAJIbHI BUMOTHU:

1. mocriiiHO aHai3yBaTH CTaH aTMOc(epHOro noBiTps y M. JIbBiB;

2. cucreMa MOBMHHA arperyBaTd JaHi 3 JEKUIbKOX PI3HUX CTaHIIH €KOMOHITOPHHTY JJIs
MaKCUMAaJIbHO TOYHOI OIIHKH;

3. Matu (YHKLIOHAT A PYYHOTO PO3PAXyHKY 1HJAEKCY SKOCTI aTMOC(HEPHOro MOBITPS 3
BKa3aHUX MapaMeTpiB;

4. MOBMHHA MICTUTH ICTOPUYHI JaHi Ta HaJaBaTH MOXJIMBICTh OISy PETPOCHEKTUBHUX
TaHUX;

5. mMatu ¢yHKIIOHAT Meperisily JaHUX KOHKPETHOI CTaHIIil;

6. moBMHHA MaTH (PYHKITIOHA JUTsl IEPETJISITY CTaHINA Ta TaHMWX 3 HUX, MPEJACTaBICHUX SIK
CIMCKOM, TaK 1y BUTJIS1 KapTH;

7. cucteMa TOBWHHA MaTH IHTerpamito 3 skumoch APl Big cucrteM mapTHepiB s
MOCTIHOT'O OHOBJIEHHS JTaHHX 31 CTAHIIH MOHITOPUHTY B PEXHUMI PEaTbHOTO Yacy;
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8. MaTu ajanTUBHUN KOPHUCTYBAaLbKHH iHTepdeiic mia pi3Hi TUIH Tu1aThopM (KOMIT I0TEepH,
IJIAHIIETH Ta cMapT(OHN).

OxpiM 1poro, po3pobka Ta IMIJIEMEHTAIlisl JaHOTO pIIIEHHS JUII MOHITOPUHTY
aTMocdepHoro noiTps y Micti JIbBOBI mependavae 3abe3nedeHHs] HACTYMHUX HEe(PYHKITIOHATHHUX
BHMOT:

1. pimeHHS TOBUHHO BUTJISAIATH JIOTIYHUM Ta IHTYITUBHO 3PO3yMLIHM;

2. cucTeMa MOBHHHA NPAIIOBATH MPOAYKTUBHO, 33151 3a0€3MeUeHHs HANKpaIoro 10CBiLy
BUKOPHUCTAHHS JUIsl KOPUCTYBaya.

2. Bubip TexHoJsoriii 1Js1 po3poOKH CHCTEeMH MOHITOPMHIY aTMocdepHOro noBiTpst y
MicTi JIbBOBI.

[Ticns meranbHOrO aHami3y Ta MOPIBHAHHS HASBHUX HA PUHKY TEXHOJIOTIH Ui pO3pOOKH
cucteMu Oyno BUOpaHO HacTymHUK HaOip TexHoJjorii: Python Django; SQLite; HTML + CSS;
JavaScript; JQuery; Virtualenv; Materialize.css; Pillow; Sklearn; Leaflet.

Django — 1ie Hanwcanuii Ha Python, BimbHMI 1 BiAKpUTHI (peiiMBOPK 1t pO3pOOKH BeO-
nonatkiB. @peliMBOpK — Iie He OUIbIN, HiXK HaOlp MOIYJIB, SIKi CIIPOLIYIOTH po3poOKy. Bonu
3rpynoBaHi pa3oM i JI03BOJISIIOTH CTBOPIOBATH 10aTKHU a00 BEO-CaliTH 3 ICHYIOUMX BUXIJIHUX KOJIB,
a He 3 HyJIA. 3aBISKU [IbOMY BeO-CaiiTH, HaBITh HAWIIPOCTIIII 3 HUX, PO3POOJICHI OHIEIO JTIOAHHOIO,
MOXYTh BKIIOUaTH B cebe po3mmpeHi (yHKINi, Taki SK MIATPUMKA aBTeHTU(IKallii, maHemi
KepyBaHHS Ta a/JIMiHICTPYBaHHS, KOHTaKTHI ()OpMH, KOMEHTapi, 3aBaHTaXeHHs (aimiB, 1 Garato
iHmoro. BukopucroByroun ¢GpelMBOpK, I KOMIIOHEHTH OTPUMYIOTHCS BXK€ BOYAOBaHUMHU 1
NOTPiOHO MPOCTO HANAIITYBATH iX HAJIC)KHUM YHHOM JJIst pOOOTH 3 CATOM.

Django — 1ie BucokopiBHeBa BeO-tutathopma Python, sika 3a0X04ye IMIBUAKHNA PO3BHUTOK i
YUCTHHA, TparMaTHYHUN au3aiiH. [loOymoBaHWiA TOCBIMYEHUMH PO3POOHHKAMH, BiH BUPIIIyE
O1UIbIITY YacTUHY MpoOsieM 3 BeO-po3po0KOI0, TOMY MOKHA 30CEpEIUTHCS HA HAMKMCAaHHI IPOrpaMu
0e3 HeoOXimHOCTI "BuHAXOAUTH Kosieco". L{e BiTbHMIA 1 BIIKPUTHH KOI.

SQLite — e BOymoBaHa pensiiiiHa 6a3a JaHKX, 3 BIAKPUTAM BUXITHUM KogoM. ToOTO BOHA
HE BUKOPUCTOBYE 3BUUHY MOJI€Th poOOTH 0a3M JaHUX KIIIEHT-CEPBEP 1 HE € OKPEMHUM IPALIOI0YUM
npouecom. Hampuknan, 6a3a ganmx MySQL. Inmmmu cnoBamu nBmkok SQLite crae sik Ou
YacTUHOIO Hamoro BeO-pomatku. [Ipu takomy miaxoai 6a3a manux SQLite (3 yciMa TaOIUIsIMU)
ABJIsiE cOOO0I0 3BMUAiHMI TEKCTOBUM (hailyl, sIKUM BU MOXeTe po3TalllyBaTH B 3pYyYHOMY JJIs Bac
Micii. OcHoBHI nepeBaru SQLite Bka3zaHi HUKYE.

e CamomocratHicTh — 6a3i manux SQLite He moTpibeH okpemuii cepBep s poOOTH.
JIBuryn SQLite BOyI0BY€ETBCS MPSMO B JOAATOK i HOTpeOye JuIie J0CTyI A0 daiimis.

e [IpocToTa BCTaHOBIEHHS Ta HAJAIITYBAaHHS HOBOI 0a3u AyKe MpocTa 1 HE MOTpedye
BTPYYaHHS CHCTEMHHX aJIMIHICTPaTOPIB.

e BoOynosanwmii apuryn SQLIite moBHicTio BOymoBanuit B Django i He motpiOHa ycTaHOBKa
J0JaTKOBOTO MPOTPAaMHOT0 3a0€31IeYCHHSI.

e Hapnae six npouenypHuii, Tak i 00’ €KTHO-Opi€HTOBaHU 1HTEpeic s podoTH.

e Bucoka npoayKTHUBHICTb — IBUTYH CIIO’KMBAE JTy’KE€ MaJIO PECYpPCiB 1 HE BUTPAYAETHCS Yac
Ha BIANPABKY JaHUX JI0O OKPEMOTO BUIIIEHOTO CEpBEpA.

SQLite yymoBo miaXoauTh i BeO-A0JaTKIB, KOJIM OCHOBHA Maca 3allUTIB SBJsiE COOO0IO
3alUTH Ha YUTaHHS, TaKOX JyXe J00pe MiAXOIUTh Uil HEBEIMKHX MpoekTiB. Tak sk SQLite
npaioe 3 TakuMu X SQL 3amurtamu, 1o 1 6a3u 1aHUX CEPBEPHOrO THUIMY, a 1€ A€ MOKIUBICThH
JIETKO TEpeWTH Ha iHmy 0a3y JaHMX, HE BHOCAYM KapAWHAIBHUX 3MiH Y JIOTiKYy BeO-10/aTKy
(0co0arBO BUKOPUCTOBYIOUH po3uirpeHHs PDO).

JavaScript ("JS" ckopoueHO) — 1€ MOBHOIIIHHA JMHAMIYHAa MOBa MPOTpaMyBaHHs, sKa, MPU
3acrocyBanHl B HTML nokymeHTi, MO>ke HaJjaTl JTUHAMIYHY IHTEpaKTUBHICTh Ha BeO-caiitax. Bona
Oyna BuHaiinena bpennanom Eiixom, cniBzacHOoBHUKOM mpoekTy Mozilla, the Mozilla Foundation,
ta Mozilla Corporation. JavaScript mMae Haa3BUuYaiiHO 0OaraTto 3acTOCyBaHb, 30KpeMa: MOXHa
crBoputu "kapyceni", ranepei 300pakeHb, AMHAMI4HI MaKeTH CTOPIHOK, BIJIOBiJI Ha HATUCKU
KHOTIOK, TOmIo. [3 mocBimoM, MokHa cTBOproBatu irpu, 2D Ta 3D rpadiky, ckimamHi 3aCTOCYHKH 3
BUKOPUCTaHHAM 0a3 JaHMX Ta 6arato iHIIOro.
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JavaScript 10oBoI KOMIIAKTHA Ta THy4Ka MOBa. PO3poOHMKH 3a0e31euniy BeTuKe po3MaiTTs
IHCTPYMEHTIB, IO JOMOBHIOIOTH OCHOBY MOBH JavaScript, siki BIIKpHBAIOTh BEIUYE3HY KUIBKICTh
JOJJATKOBOTO (PYHKIIIOHATY 3 MiHIMaTbHUMHE 3ycHiuisaMu. Cepell HuX:

e mnporpamui intepdeiicu (APIS) mast Opaysepie — API, sxi BOymoBaHi y OpaysepH, IO
HaJar0Th (YHKIIIOHAT HA 3pa3ok auHamiuHoro ctBopeHHss HTML Ta 3actocyBanns CSS-cruis,
30ip Ta 00poOKa BijE€O-MOTOKIB 3 BeO-Kamepu KopucTyBada, reHepanis 3D-rpadiku Tta aymio-
CEMILIIB;

e API TpeTix 0ci0, 1110 103BOJISAIOTh PO3POOHMKAM IHTETPYBATH Y BJACHI calTh (DyHKITIOHAI
IHIIKX poBaiiiepis, Takux sk Twitter abo Facebook;

e (peitmBopku Ta 0i0miOTeKHM TpeTix ocib, ski MoxHa 3actocyBatm o HTML, mo6
MPUCKOPUTH CTBOPEHHS CAalTIB Ta 3aCTOCYHKIB.

Virtualenv — mporpama jisi CTBOPEHHs 1 yIpaBliHHS OTOYeHHsMH Python. Jlo3Boisie
CTBOPUTH CEpEIOBUIIE 31 CBOIMH OKpPEeMHMH MOJIYJISMH, HAaJalITYBaHHSAMH 1 IpOrpaMaMu.
CepenoBuiie 0OMEXYETbCSI paMKaMU OJHOTO Kartaiory. Jlyxe 3pydyHa st poOOTH 3 pi3HUMHU
BEpCIIMU OJHMX 1 THUX K€ MOJYIIB, JUIsI CTBOPEHHS IPOEKTIB, Y SKHX "Bce 3 co0oro", sKi He
3aJIe)KaTh BiJl ONEPAIifHOT CHCTEMH.

CSS ¢peiimBopk Materialize — cripo6a CTBOPHUTH yHIBEpPCATBHHMA IHCTPYMEHT JUTSI IIBHIKOTO
MPOTOTUITYBaHHS iHTepdeiicy web-nporpam, chigyrouu igeosorii konuenty Material Design. bys
po3pobiienuii B Google. Jlo3Boisie CTBOpIOBATH aganTHBHI calTH. PO3pOOHWKH pO3AUTHIH
€JIEMEHTH Ha JIBl OCHOBHI IPYIU: «KOMIIOHEHTH» Ta «MOOUIbHE». B KOXHIH rpymni MO)KHA 3HAUTH
BEJIMKY KIJIbKICTh TOTOBUX KOMIIOHEHTIB, B OMHKCI KO)KHOTO 3 HHX CKa3aHO, B SIKUX BUIAJKaxX 1 sK
Horo kpaie BUKOpUCTOBYBAaTH. He3Baxkaroum Ha BENUKY KiJIbKICTh KOMIIOHEHTIB, (PpeiiMBOpK Mae
MPUEMHY aHIMAIIIIO.

Python Imaging Library (PIL) — 6i6mioteka Python crBopeHa ajist poOOTH 3 PacTpPOBOIO
rpadikoro. Po3pobka 6i6miorekn npusynuamwiacs me B 2011 pori. Ilicis mporo 3’sBHBCS TPOESKT
Pillow, € ¢popkom PIL. Bin po3BuBaeThes 10 cux mip 1 BKiItoyae B cede miarpumky Python 3.x . 3
yacoM 1ei Gopk OyB MPUIHATHN B AKOCT1 3aMIHM OPUTIHAIBHOT O10J10TEKH 1 BKIIOYEHUHN B ACSKI
auctpuOyTuBH Linux.

Sklearn — 1e Bimkpure mporpamHe 3abe3nedeHHs (0i0Ti0TeKa) UIT MOBH HPOTpaMyBaHHS
Python, sike Hajae MUPOKUI CIIEKTP IHCTPYMEHTIB JAJs MAlIMHHOTO HaBYaHHS 1 aHAI3y JaHUX.
Scikit-learn cTBOpeHO Ha OCHOBI iHIIKMX MOy sIpHUX Oi0i0oTeK Python, Takux sik NumPy, SciPy i
matplotlib, 1 BoHa € oaHiero 3 HalmomymapHimuX Oi0MIOTEK AN PO3POOKM Ta 3aCTOCYBAaHHS
ITOPUTMIB MAIIMHHOTO HABYAHHS.

Leaflet — e mposiana JavaScript 6i6mioTeka 3 BiAKPUTHM KOJOM ISl IHTEPAKTHBHUX KapT,
3py4YHUX AJI1 MOOUTBHUX pUCTpoiB. BoHa po3pobiieHa 3 ypaxyBaHHSIM NPOCTOTH, IPOAYKTUBHOCTI
Ta 3pPYYHOCTI BUKOpUCTaHHS. EdexTuBHO mpairoe Ha BCiX OCHOBHHMX HACTIIBHUX 1 MOOUTBHHX
mnaTdopmax, Moke OyTH PO3IMIMPEHUIA 3a JOTIOMOT0I0 0araThoX IJIAriHiB, Ma€ TapHHUM, MPOCTHH Y
BUKOPUCTaHHI Ta 100pe 3ag0kymMeHToBaHuid API, a Takox mpocTuit, ynTabebHUI BUXIAHUN KOJI.

3. ®opmyBanHs iHopmaniiiHoi Moaei 00'€eKTa TOCTITIKEHHS

Cucrema orpumye iHPOpPMaLiO 31 CTAaHIIH EKOJIOTIYHOIO MOHITOPUHTY aTMOC(HEpPHOro
noBiTpsi y micTi JIeBoBi. JlocTyn Mo maHux, 1o 30MparoTh IIi CTaHINli, Hagae mapTHep. B pamkax
po6oTH po3pobiIeHo 3 Ol 3aBaHTAXKEHHS JaHUX B CUCTEMY:

e pydHE J0JIaBaHHS 3aMKCIB aAMIHICTPATOPOM Yepe3 MaHeNb aJIMIHICTPAaTOpa;

e TmigcucreMa (CKpHUMT), IO J03BOJsIE 3aBaHTAXUTH nMaHi 3 CSV (aiimiB maHux craHIii
€KOMOHITOPHHTY;

e mijacucrteMa (CKpHIIT), [0 aBTOMATUYHO MigKiIouaeTbes 10 APl mapTHepa Ta OHOBIIOE
JlaHi B PeXHUMI peabHOTO Yacy il 33aHUX CTaHIIi eKOMOHITOPHHTY.

B cucremy noTparuisioTh JMIIE HOBI PAIKH, AK€ CTAHIl €KOJIOTIYHOTO MOHITOPHUHTY
KOJTHUM YMHOM HE 3MIHIOIOTh BXKE Ha/IaHi naHi. B 6a31 qanux 30epiraroThCs AaHi PO caMi CTaHI|
€KOJIOTIYHOTO MOHITOPHHTY Ta JaHi 3 HUX. TakoX JaHl B CHCTEMY MOXXHA 3aHOCHTH B PYYHOMY
peXuMi yepe3 MaHenb aJMiHICTpaTopa. BIoKM cTaTHUHUX mapaMeTpiB He 30epiraioThcsi B 0asi
JaHUX, aJ K€ BOHU HE3MIHHI.
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TakuM YMHOM cCHCTeMa OTPUMYBAaTUME MAaKCHMaJbHO CBO€YacHY iHGopMamiio A
MOJAJIBIIIOTO aHAII3y Ta BHUAA4l OIIHKA CTaHy HAWBAKJIUBIIIOL JJIS JIFOJCHKOT JKUTTEMISIBHOCTI
cdepu TOBKLLISA, TOOTO aTMOC(HEPHOTO MOBITPSI.

BaxnuBumHM BXIJHMMH TIapaMeTpamMH Ui CHUCTEMH OIlIHKM OyayTrh 6 mapamerpiB:
TeMIeparypa MOBITPs, BiJIHOCHAa BOJIOTICTh, aTMOC()epHMH THCK, YacTKa BMICTY B MOBITpi
JIPiOHOIUCIIEPCHOTO MUYy PO3MipoM | MIKPOH, YacTKa BMICTY B MOBITPi ApiOHOIUCTIEPCHOTO MUY
po3mipom 2.5 MIKpOHIB, 4YaCcTKa BMICTY B MOBITpi APIOHOANCHIEPCHOTO NIy po3MipoM 10 MiKpOHIiB.

3arapHy CXeMy CUCTEMH MOXKHA BiTOOPa3UTH HACTYITHUM YHHOM:

CTaH atmocepHoro nosiTpsA

h h h h Y Y

Temnepatypa BigHOCHA BONOTICTL ATMOCHEPHMA THUCE pm1 pm2.5 pm10

Puc. 1. Cxema indopmariiitHoi Mozesni cucTeMu

TakuM 9UHOM CTaH aTMOC(HEPHOTO TOBITPS MPOPAXOBYETHCSA 33 CYKYIHICTIO CTaHIB IMX
BXIJIHUX TTapaMeTpiB.

4. Po3po0JieHHI MojeJii CHCTeMH HAa OCHOBI HewiTKOiI Jioriku Ta ii mepeBipka B
cepenosumi MatLab 3 Bukopucrannsam Fuzzy Logic Toolbox

B manomy po3ain mpeacTaBieHO allbTEPHATUBHY MOJECINb ISl OI[IHIOBAHHS CTaHy SIKOCTI
aTMOC(epHOT0 MOBITPsI HA OCHOB1 HEUITKOI JIOTIKH.

Jlisa mpencTaBieHHS BXIAHMX 1 BHUXIJHUX [apaMeTpiB HEUITKOI Mojeni Oyiao oOpaHo
TPUKYTHI (QYHKIIIT HaJIEKHOCTI.

st onucy BUX1IHOI 3MiHHOT Oys0 Bu3HaueHo tepmu (low, average, high) Ta moGymoBano
BIJMOBITHI (PYHKIIIT HAJISKHOCTI AJIS1 KO’KHOTO ITapaMeTpy.

Hnst cnpomeHoro omucy mozem B cepenounni MatlLab Fuzzy Logic Toolbox 3 6
napameTpiB 0yso o6paHo 3 ocHOBHI. B camiii cuctemi BUKOPUCTOBYIOTHCS BCI.

4\ Fuzzy Logic Designer: cursova - O X

File Edit View

humidity \

XX -
(mamdani)

pm25

S

pressure

‘ FIS Name: cursova FIS Type: mamdani
And method min w9 Current Variable
Or method e ||| = humidity
T t
Implication min ~ U= b
Range [0 100]
Aggregation max v
Defuzzification centroid A Help Close | ‘

System “"cursova™ 3 inputs, 1 output, and 18 rules ‘

Puc. 2. 3amanHs BXiIHUX Ta BUXIJHHUX MMapaMeTpiB y cepenosuiii MatLab
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Jns npuknany Ha puc. 3 mpeAcTaBiIeHO (QYHKIT HAJEKHOCTI Ui HapaMeTpy «BiIHOCHA

BOJIOTICTEY:
low rmedium high
1
( 10 20 30 40 50 Bl Fi! 80 i 00

Puc. 3. ®yHK1is HaNEXHOCTI TapaMeTpPy «BiIHOCHA BOJIOTICTh»

Oruinka BUX1AHOT 3MiHHOI Ta Aeda3udikailis BiIOyBalOThCs 3a MpaBUIAMHU, 32 SKUMH BMICT
pm2.5 B MOBITpi — HaHOUIBII MPIOPUTETHA YACTHHA, aTMOC(EpHHI TUCK — MEHII IMPiOpUTETHA
YacTHHA, a BIJIHOCHA BOJIOTICTh — HAMEHIIIE BILUTUBAE HA OI[IHKY CTaHy aTMOC(EPHOro MOBITPSL.

Ornuc mpaBuII JIOTIYHOTO BUBEICHHS MIPEICTABICHUN Ha puc. 4.

humidity is

pm25 is pressure is

v v v
[ not [ not [ not
Connection Weight:
or
®) and 1 Delete rule Add rule

1. If (humidity is medium) and (pm25 is low) and (pressure is medium) then (air_quality is good) (1) ~
2. If (humidity is medium) and (pm25 is low) and (pressure is high) then (air_quality is medium) (1)

3. If (humidity is medium) and (pm25 is low) and (pressure is low) then (air_quality is good) (1)

4. If (humidity is medium) and (pm25 is medium) and (pressure is medium) then (air_quality is good) (1)

5. If (humidity is medium) and (pm25 is medium) and (pressure is low) then (air_quality is medium) (1)

6. If (humidity is medium) and (pm25 is medium) and (pressure is high) then (air_quality is medium) (1)

7. If (humidity is medium) and (pm25 is high) and (pressure is low) then (air_quality is poor) (1)

5. If (humidity is medium) and (pm25 is high) and (pressure is medium) then (air_guality is poor) (1}

9. If (humidity is medium) and (pmZ25 is high) and (pressure is high) then (air_quality is poor) (1}

10 If (humidity is high) and (pm25 is low) and (pressure is medium) then {air_quality is good) (1)

11 If (humidity is high) and (pm25 is low) and (pressure is high) then (air_guality is medium) (1)

12_ If (humidity is high) and (pm25 is low) and (pressure is low) then (air_guality is good) (1)

13 If (humidity is high) and (pm25 is medium) and (pressure is medium) then (air_quality is medium) (1)

14. If (humidity is high) and (pm25 is medium}) and (pressure is high) then (air_quality is poor) (1)

15 If (humidity is high) and (pm25 is medium) and (pressure is low} then {air_quality is poor) (1)

16_If thumidity is hiah) and (om?25 is hioh) and (pressure is low) then (air_ouality is poor) (11 v
If and and Then

Change rule

air_quality is

et

Puc.4. HabGip npaBui1 TOTIYHOTO BUBEICHHS

['padiuHe npeacTaBIeHHS IPABUI MOJIENI:
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humidity = 50 pm25 = 100 pressure = 750 air_quality = 8.2
1 = | [ [ —]
2 ~ ] | ] \ ]
3 [ | [ | \ _—
4 — ] [ J [ —] I
5 — ] [ ] [ ] [ ]
6 — [ | [ B} [ |
7 I [ | [ ] [ ]
8 [ | [ C— |
9 [ | [ B (— |
10 | — = ] [ \ —1
11 | —] = | [ B \ |
12 | i = ] C= | \ —]
13 | ] = | | ‘ |
14 ] [ = | [ B (— |
15 | —] [ = | [ | (— |
16 [ — ] [ ] [ ] [— ]
17 | —] [ | [ ] [ |
18 [ — 1 [ | [ —] I ]

0 100 0 200 730 770 I

Input: [50:100:750] Plot points: | 1g4 ‘ ‘Mmt laft | right ‘ down | up | ‘

‘ Opened system cursova, 18 rules ‘ ‘ Help | Close | ‘

Puc. 5. I'padiune npeacraBieHHs npoiecy

5. Po3po0djienHst Moaesii 1Jisi BUSHAYEHHS iHIEKCY SIKOCTI aTMocdepHOro mopiTps Ha
OCHOBi MAIIIMHHOT0 HABYAHHS.

3a OCHOBHHIA aJITOPUTM BU3HAUEHHS 1HACKCY SKOCTI aTMOC(EepHOTro moBiTps OyJI0 BUPIIIEHO
B3SITH CUCTEMY MAIIMHHOTO HaBYaHHS 3 BUKOpHCTaHHs Moayist Scikit-learn, abo pocro sklearn.

Jl1is TpeHyBaHHS Ta OLIHKH MOJEJ MAalTMHHOTO HaBYAaHHS MOTPIOCH BEIUKUN OOCIT JaHUX
[4]. 3a ocHOBY Bi3bMeMO TH(POPMAIIiFO B3STY 3 BIIKPUTUX JPKEPE MOHITOPUHTOBHUX CTAHINN y MICTi
JIbBOBI.

Cupi (HeoOpoOneH1) MaHl BUIUISIIAIOTh HACTYITHUM YHHOM: KOXKHY XBUJMHY a0o MBI
XBWJIMHH cucTeMa 30epirae 6 OCHOBHUX mapameTpiB: pml, pm25, pm10, Temneparypy, BOJIOTICTb
Ta aTMOoc(hepHUI THCK

device id,phenomenon,value, logged at,value text
18¢64¢6,pml,16.3571,2021-08-14 01:28:00,NULL
18¢4e,pm25,21.928¢6,2021-08-14 01:28:00,NULL
18¢€46,pml0,23.9286,2021-08-14 01:28:00,NULL

l8¢4de, temperature, 18.5685,2021-08-14 01:28:00,NULL
18¢éd4e, humidity, 54.5096,2021-08-14 01:28:00, NULL

18646, pressure pa,964267.9263,2021-08-14 01:28:00,NULL

Puc. 6. «Cupi» naHi 3 cTaHIii EKOMOHITOPUHTY

Jl;1st HaBYaHHS Bi3bMEMO JIaHi1 3a 2-4 POKH 3 JIEKUIBPKOX PI3HUX CTaHINN Ta 00’ €IHAEMO iX B
oquH Habip nganux. OTpumyemo Habip naHux, mo Mictuth 17 810 823 3amwmcis. Ilicns nporo
3poOMMO JIeKiTbKa MAHIMYJSAIIA 71 TMIATOTOBKH JaHUX: BHUAAIMMO yci ayOmikatu mo Oi3Hec-
KITII0UY, EpeHMEHYEMO JIesKi KOJIOHKH, IPUBEAEMO OJMHUII BUMIpY B OUIBII 3po3yMuInii popmar
Ta 3alIOBHUMO BIJICYTHI JIaHi.

HactynHuM BaXTUBUM KpOKOM € omepatlisi Pivot — po3Beptanns tabauui. Tak sk 3apa3 naHi
npencrasieHi B ¢opmari 1 pamoxk — 1 yHIKaIbHHM 3amip MEBHOIO BXIJHOTO IapameTpy.
O06’enHaeMo 1€ 3a cTaHIli€o Ta yacoMm 3aMmipy. OTpuMaeMo HacTymHUN HaOlp AaHUX, 1€ KOXKEH
PAIOK — 1€ 3aMip yCiX 6 BXIIHHX IapaMmeTpiB IMEBHOIO CTAHIIIEIO B MEBHUHN Yac. 3a paxyHOK I[bOTO
po3mip Habopy naHux ckopoTtuscs A0 3 070 260 3amucis.
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temperature

Puc. 7. O6’eqnani gaHi aj1s1 KOXHOTO 3aMipy

Ha upomy erami y Hac € roToBuid Habip JaHUX BXIJHUX MapaMeTpiB, aje AJs TPEHYBaHHS
MOJIeNIi TOTPIOHO TAaKOX BU3HAYMTH 1 IUIBOBHHA TMapaMeTp, SKUA Mojaeidb Oyne HamaraTHCh
nepenoayntu. [y mboro 3a JO0MOMOTOI0 MEBHOTO aJrOPUTMY HEUIiTKOi JIOTIKH MOPaxyeMo iHAEKC
SKOCTI aTMOC(EepHOro MOBITPS Uil KOXKHOTO PsiIKa MiArOTOBAaHHUX JaHUX. OTpHUMaeMO HACTYITHHUN
(hiHabHMI HAOIp TaHMX:

perature_labe humidity_labe e [LIMELTIE pm1e_label

Puc. 8. dinanbanii HaGip JaHUX JJIS TPEHYBAHHS MOJIEI1

[licns oTpuMaHHsS TOTOBOro HabOpy JaHUX, PO3JAUISEMO HOro Ha TpPEHYBAJIbHMHM Ta
TecTyBalbHUN HabOip. Takox A Kpaloro pe3ynbTaTy TPeHyBaHHs, 0OpoOMMO JaHi 32 METOJOM
StandardScaler [5]. Cam Scaler 36epeskeMo sik (aiin 17151 ToAabIIOT0 BUKOPUCTAHHS MOJIENI.

Tak sik 3aBIaHHSIM € nepeAdaYuTH OJUH YMCIIOBHM MapaMeTp Ha OCHOBI 1HIIMX YMCIOBHX
napaMmeTpiB — Ii¢ HalOlIbIl eTaJIOHHUM MpHUKiIax JiHIMHOI perpecii. OTxe, CTBOPIOEMO 00’ €KT
kiacy LinearRegression 0i6miotekn Sklearn Ta TpeHyeMo 1 OI[IHIOEMO MOJIENIb Ha MONEPEAHbO
MiIFTOTOBAaHUX HA0Opax JTaHUX.

target_test = train_test_split(features, target

LinsarRegression

LinearKegression(n_jobs=1060)

Puc. 9. Ilporniec TpeHyBaHHS MOl
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@DiHaTBPHUM €TAIllOM € OLIIHKA TOYHOCTI MPOrHO3YBAaHHS MOJIENI BUKOPHUCTOBYIOUHM HAWO1IbIIT
MONYJISIPHI aJITOPUTMH JIUIS IIUX IT1ICH.

Puc. 10. Pe3ynbratu ominku Mojiei

OcTaHHIM KpOKOM € 30epeXeHHs HaTpeHOBaHOI Mozeni B Qailn ansd MoJalbIIoro

BUKOPHCTAHHSA ii B IHIIMX KOMIIOHEHTaX CHUCTEMH, B TOMY YHCII, B SKOCTI OEKEeH]] YaCTUHH Ha BeO-
CaMTI.

Puc. 11. 36epexxenHs mozeni B (paiiin Ta mogasbia BUUUTKA 1i 3 LbOTO (haiimy

6. Onuc cTPYKTYPHOI MoJei cHCTeMH

Cucrema cknagaetbes 3 6 nmapamerpuszoBanux html cropinok. I'onoBHoO € index.html, Bona
x Main page, 3 siKk0i MOXKHa TOTPAIIUTH Ha CTOPIHKM JPYrOro Mopsaky B iepapxii. 3 KOXHOT
CTOPIHKM MOXHa OJipa3y NEpPEeHTH Ha TOJIOBHY CTOPIHKY JaHMX 3 CTaHIIHA, JO METOJO0JIOTil
PO3paxyHKiB, CTOPIHKY 3 1HPOPMALI€0 PO pO3pPOOHUKIB, CTOPIHKY 3 MAIol0 CTaHLIN Ta CTOPIHKY 3
KaJIbKYJISITOPOM 1HAEKCY SIKOCTI MOBITPSL.

SJ

Main page

[ I

Stations Calculations

About us

Cards with stations Information about
data calculations

Map with stations
data

Puc. 12. CtpyktypHa MOJI€Th CUCTEMU
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Iarepdeiic kopucTyBaya BUKOHAHMM B MIHIMAJiCTUYHOMY CTWJII, Jajli HaBEIEHI MPUKIAAN
BOKJIMBHUX CTOPiHOK caiiTy. Takox, cekmii header ta footer — me eawHuMil madoOH I yCiX
cropiHoK. CaliT KOpPEeKTHO aganToBaHWil Ui POOOTH Ha PI3HMX THUIAX MPHUCTPOIB, YCi Menia-
00’ €KTH 3JIMIIAIOTHCS YITKUMH Ta YUTAOCTbHUMH Ha OyIb-sIKOMY MPUCTPOT

0 ECIJITIDn“’DI‘ Cranuii  Mana  Kanbkynatop  Po3paxyHku  [1po Hac

3apas y MicTi J1bBiB 4ya0BUM
CTaH aTMochepHOoro nositps!

© OcTaHHE OHOBNEHHSA aaHux: 2023-11-18 15:25

®: Temneparypa: 27.874 (C)

@ BigHocHa BonoricTs: 32.934 %
@ Tuck: 986.09... rMa

& pm1: 2.286 mkr/m®

© pm2.5: 3.581 mkr/m*

S pm10: 11.16 mkr/m?

Mpadik 3MiHM AKOCTI NOBITPA 3@ OCTaHHI 24 TOANHMN:

[ o §

Puc. 13. InTepdeiic ocHOBHOT CTOPIHKH BeO-CalTy
o Ecﬂmonll'or Cranuji Mana Kanekynatop PozpaxyHku MNpo Hac

CTaHLii eKOMOHITOPUHTY

IHdopMaLia NPo CTaHUT Ta OCTaHHI AaHi 3 HAX

CraHUin eKOMOHITOPUHTY CTaHUiA eKOMOHITOpPUHIY
N218646 x N218659
JlaHunx 3 uiei cranuii He

> O flani oHosneHo 3HalaeHo
18.11.2023 15:25

® Temnepatypa: 27.874 (C)

& BigHocHa Bonoricts: 32,934

@ Tuck: 986.09... rfla
& pm1: 2.286 mkr/m®
& pm2.5: 3.581 mkr/m*
S pm10: 11,16 mkr/m*

CTaHLLiA EKOMOHITOPUHTY
No16732

symaun wrps Bopremscsrora 20

Puc. 14. InTepdeiic CTOpiHKH 3 CTAHIIIMU Ta OCTAaHHIMH JTaHUMU 3 HUX
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o Ecﬂmumf[]r Cramuii Mana Kanbkynatop Po3paxyHkn Npo Hac

Kanbkynstop sKkocTi NosiTps

3a AONOMOTOK UBOTO KaNbKyNATOPa BH MOXKETE BRYUHY PO3paxyBaTH IHAEKC AKOCTI NOBITPA
[ o = ® &
& & s

YypoBui cTaH atTmochepHOro
nositpsa!

Puc. 15. InTepdeiic cTOpiHKH 3 KANBKYISITOPOM BPYUHY BBEACHUX JAHUX

G Ecomﬂnlt[]r Cranuii  Mana  KanbkynaTop  PospaxyHku  Mpo Hac

Mana cTaHLii eKOMOHITOPUHTY

oSSR\
Puc. 16. InTepdeiic cTopiHKU 3 Maroro CTaHIiH

Kanbkynatop aKocTi NOBTipS

3a AOMOMOroHo LibOro KabkyNATOpa BM MOXeTe BPYUHY po3paxyBaTh iHAEKC AKOCTi NMoBITpS

‘@ s P 10 : @ [

Value must be less than or equal to 100. |

S S

@ PO3PAXYBATH

Puc. 17. Baminanist ntanux MeToaoM iHTepdeicy
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Kanbkynatop sikocTi NOBTipS

3a OMOMOrOoR LbOTro KallbKyAATOpa BM MOXeTe BPYUHY po3paxyBaTH iHAEKC AKOCTI MOBITPA

':¢:' : z 0 Bosnoricrs (B Twek (Ma) & pmi

Plaaze fill out this field. |

B2, &Y pmio

PO3PAXYBATU

Puc. 18. IlepeBipka 3a1moBHEHOCTI TOJIIB

Sk mokazano Ha pwuc.l17-18, Ha caifTi TakoX NPHUCYTHA BaNiJalis JaHUX HA CTOPOHI
KOpUCTyBa4a, BOHA 3po0JieHa JIMIIE I TOTO, 00 MOKa3aTH KOPUCTyBady NMpaBWIbHHNA (Gopmar
JaHUX, M0 OYIKYEThCS CHCTEMOI0. TakoK, ycCl JaHi mepea BIAMPABKOIO 3allUTy Ha CEpBep,
OYMINAKOTHCS BiJl MOXKIMBOIO IIKIJJIMBOTO KOy Ta CIEMiaJbHUX CHUMBOJIB, IO HE OYIKYIOTHCS
CHCTEMOIO.

7. Onmc cTpyKTypH 0a3M JaHUX CHCTEMHU

Ha puc. 19 300pakeH0 KOHIeNTyaJdbHE BiJOOpakeHHs 0a3u AaHuX, MO0 OyJe BUKOpUCTaHA
npu 1oOynoBi cuctemu. [Ipu mpoekTyBaHHI OyJI0 BHKOPHCTAaHO NpaBWiIa MPHBEICHHS 0 TPbOX
HOpMaJTbHUX (OPM, OCKUIBKM KOXKHE IMoJie B 0a3i JaHWX MICTUTh OJIHE aTOMapHE 3HAYCHHS,
aTpubyTtu B TaOmuIsx Oa3W JaHWX 3TPYNOBaHI pa3oM JIOTIYHO Ta HE MarOTh TPAH3UTHUBHUX
3aJIEKHOCTEN OJHE BiJ OJHOTIO.

Station AirPollution

station_id station_id

title varchar logged_at timestamp

address varchar temperature decimal

provider varchar humidity decimal

lat decimal pressure decimal

long decimal pm1 decimal
pm10 decimal
pm25 decimal
score decimal

Puc. 19. [liarpama 6a3u naHux

B 0a3i gaHux € 2 0oCHOBHI Ta0IUIII.

Station — TaOuIIs, 110 BUKOPUCTOBYETHCS IS 30epiraHHs JaHHUX MPO CTaHIIT €KOJIOTTYHOrO
MOHITOpUHTY. BoHa MicTHTB B c001 HacTymHI aTpHOyTH:

e station_id — inenTHrdikaTop craHiii;

e title — HasBa cranuii;

e address — azipeca cTaHilii;

e provider — Ha3Ba mapTHepa, 10 HAJIA€ JaHi;

e |lat — reorpadiuna mmpoTa craHIii;

e long - reorpadiuHa qOBroTa CTaHILii.

AirPollution — Ttabmuns, 1O BHKOPHCTOBYEThbCS Ui 30€piraHHs CHPUX JaHUX, SKi
HAJXOJIATh 3 CTAHIIIN €KOJIOTTYHOTO MOHITOPUHTY. BOHa MICTUTh HAacTyIHI aTpUOYTH:
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e station_id — inenTudikarop craniuii, 3 kol OyJ0 OTPUMAHO JaHi;

elogged_at — nata Ta yac 3amipy TaHUX CTAHLIEI;

e temperature — temneparypa;

e humidity — BizHOCHA BOJIOTICTB;

e pressure — armoc(hpeHuit THUCK;

e pm1l — yacTka B MOBITP1 APIOHOIUCTIEPCHOTO MHITY pO3MipoM 1 MiKpoOH;

¢ pm10 — yacTka B MOBITPi ApiOHOAMCTIEPCHOTO MITY po3MmipoM 10 MikpoH;

®pM25 — yacTka B MOBITP1 APiOHOJUCIIEPCHOTO MUITY PO3MIpOM 2.5 MIKpOHa;

®SCOre — iHJEKC SIKOCTI aTMOC(EPHOr0 MOBITPS, IO ABTOMAaTHYHO PO3PAXOBYETHCSA INPH
BHECCHHI JJAHUX B CUCTEMY,

Takox B 0a3i JaHUX MPUCYTHI CUCTEMHI TaOIMII, K1 30epiraroTh JaHi Mo 3MiHy cxemH b/
Ta TaOIUIA 3 00JIKOBUMH 3alMCaMHU a/IMiHICTPATOPIB.

baza nmaHux CcTBOprOeTbCs Ha cepBepi 3a jgomnomororo Django. CtBopeHHs 0a3u JaHUX
MIPOBOJIUTHCS aBTOMATWUYHO Ha ocHOBI Django ORM (Object-related model). To6To po3poOHUK
OIHCYE KJacH, ix aTpuOyTu Ta 3B’s13kM Mk HUMH, a Django ORM BiATBOpIOE yCIO OMHUCAHY JIOTIKY
y camiit CYB/l. Lle 3HauHo mpumBuamye poOOTy po3poOHWKAa Ta 3HIMAE 3 HBOTO YACTHHY 3
CTBOpPEHHSM Ta ynpaiinHaM b/l

3arasoM, B CHCTeMi peali30BaHI HACTyNMHI (YHKIIOHAJbHI BHMOTH: MOXIIUBICTb
aHalli3yBaTW Ta OIIHIOBaTH cTaH aTMmochepHOro moBiTps y MicTi JIbBOBI 3 BHKOPUCTaHHSIM
€JIEMEHTIB MAIIMHHOTO HAaBYaHHS; MOMUIMBICTh MHEPEriisiay ICTOPHYHHX JaHUX Ta MOXIIUBICTD
BI3yaJIbHOT'O NPE/ICTaBIEHHS PETPOCHEKTUBHUX JIaHMX; MOKJIMBICTh arperyBatu JaHi 3 JAEKUIbKOX
PI3HUX CTaHIIA MOHITOPHHTY JJISi MAKCUMAJIbHOI 00’ €KTUBHOCTI; MOKJIMBICTh PYYHOTO PO3PaXyHKY
1HIEKCY AKOCTI aTMOC(EepHOT0 MOBITPS; HASBHICTh (PYHKIIOHATY JAJISl IEPETJIAY TaHUX KOHKPETHOI
CTaHIlli; HAasBHICTh (YHKIIIOHATY /s TEPeryisigy Mand CTaHIii; MOXKIUBICTh HAIIOBHIOBATH
CHCTEMY JaHUMH B PEKUMI peaJIbHOTO Yacy;

3aranoM, po3po0jeHa cucTeMa roToBa /10 BUKOPUCTAaHHS y pealbHUX yMmMoBax. Pesynbratu
poOOTH MOXYTh OYTHM BHUKOPHUCTaHI MICHEBUMM OpraHaMHd BJaJW Ta IHIIMMHU 3alliKaBIEHUMH
CTOPOHAMH [UIS TIPUUHSTTS PIIIEHh MIOAO KOHTPOJIO 32 CTAaHOM aTMOC(EpPHOrO TMOBITPS Ta
MOKPAIIEHHS €KOJIOT1YHOI CUTYAIIil B pETioHi.

1. Monimopune dosxinns: niopyunuk | [Boeonw6oe B.M., Knumenxo M.O., Moxin B. b. ma
in.]; 3a ped. npog. B.M. boeonrwbosa. Buo. 2-ee, nepepoobn. i oonosn. — Kuis: HYbillY, 2018. —
435 c.

2. Global environmental monitoring system. - ISTCMTM. 2021; Volume 82(4): pp. 26-31.
DOI: https://doi.org/10.23939/istcmtm2021.04.026

3. M. Kraft, “Judging the State of the Environment”, Environmental Policy and Politics,
p.36-78, 2021. DOI: 10.4324/9781003106265

4. A. Kazarian, V. Teslyuk, M. Tykhan, M. Mashevska, “Usage of saas software delivery
model in intelligent house systems”, Przeglad Elektrotechniczny, 95(7), p.38-41, 20109.
d0i:10.15199/48.2019.07.09

5. "10 naukpawux dibniomex Python odns mawunnoco nasuanns ma LUI". [Enekmponnuii
pecypc]. — Pexcum oocmyny: https://www.unite.ai/uk/10-best-python-libraries-for-machine-
learning-ai/
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BE3IIEKA JOBKIJIJIA Y BYIVIEBUJTOBYBHUX PEI'TOHAX:
HACJIIAKHA JIAJIBbHOCTI TA EKOJIOT'TYHI ITPOBJIEMHA TEPI/ITOlzlﬂ
(HA IPUKJIAAIL JIBBIBCBbKO-BOJIMHCBKOTI'O BYI'TVIBHOI'O BACEHUHY)

Onekcrok I'anna

Hayionanvnuii ynisepcumem «JIvgiscvka nonimexuikay
M. Jlvsie, Ykpaina

h_oleksyk@ukr.net

Ilonaouneuv Hazapiu

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuixkay
M. Jlvsie, Ykpaina

popadynets.n@gmail.com

Xpom’ax Hocugp

Hayionanonuu ynieepcumem «Jlovgiecoka nonimexuikay
M. Jlvsis, Ykpaina

joseph.y.khromyak@Ipnu.ua

Jlauenko Anopii

M. Yepsonoepao, Ykpaina

Hocniosiceno ma po3kpumo OCHOBHI ICMOPUYHI, 2e02paghiuni, MexHIKO-MeXHOI02IUHI,
2e0n02iUHi  nioxoou 0o npoyecy niozemMHo2o 6udobymxy eyeinia y Jlveiecbko-Bonuncokomy
gyeinbHOMy Oaceuni. Buokpemneno npobremu ekonociunoz2o xapakmepy, 5AKI 6UHUKIU BHACHIOOK
excnayamayii  pooosuwa 6aceiiny, 30Kpema CQOpMOBAHO OCHOBHI HANPAMU 3A0PYOHEHHS
HABKOIUUHBO20 NPUPOOHO20 Cepedosuwd, OOTPYHMOBAHO IX KOMNIEKCHUU 6NIU6 HA OO0BKLLIA
mepumopiil HaceleHux NyHKmie ma 8yeinbHoco peciony 6 yinomy. Cepopmoeano nponozuyii ujo0o
WNAXI6 NOOONAHHS eKONO2IUHUX NPOOIeM, 36EPHEHO VBA2Yy HA 8ANCIUBICIb NPUUHAMMS 0ePHCAHUX
cmpame2iyHux OOKYMeHmMi8 pO38UMKY eHepeemuiHo2o cekmopa Yxpainu, 30kpema 01s no0oaHHs
eKOJI02TUHUX NPOONIeM MUHYI020, CMPAMeiYHUX piuleHb CMOCOBHO MAKCUMATbHO2O CKOPOUEHHs
BUKOPUCMAHHS V2Ll 8 eHepP2emMUYHOMY CeKmopi, wo 3abe3neuye 30eperncenHs: HA8KOIUUUHbO2O
NPUPOOHO20 cepedosuiya.

Knrouoei cnosa: Jlvsiscoko-Bonuncovkuili 8y2inbuutl 6acetin, exkonozis, 8yellbHUll pecioH,
8y21e6U000Y8HI NIONPUEMCMEA, NpodNeMU, pPecmpyKmypuzayis, cnpageoiusa mpanchopmayis,
mepumopianbHi 2pomMaou, KOMIIEKCHUL CUCMeMHUL Ni0Xi0, NpoOIeMHO-NpiopumemHuLl nioxio.

BiquytHi npoGiieMu po3BUTKY BYTUIBHUX PErioHIB KpaiHM Ta €HepreTH4HOI rajiy3i KpaiHu
BUHUKIIU 1€ B KiHII 80-X pOKIB MHUHYJIOTO CTONITTS, Y TOM 4ac KOJIM BYTJIEBUIAOOYTOK B YKpaiHi
nocsr HaioOinemoro miky. [lompu e, HalOUIBIIOr0 3arocTpeHHs HAOYNIM MUTAHHS COLIAJIBHOTO
3aXUCTY TIPHHKIB, MPOSIBU HEraTHBHOIO BIUIMBY Ha 3/I0pOB’S SK CaMUX MPalliBHUKIB IIAXT, TaK 1
MEIIKAHIIB HAaCEJIeHUX IYHKTIB Yy 30HI BYIJIEBUIOOYTKY, IO TIOB’S3aHO 13 HE3aJ0BUIBHUM
3aXMCTOM HaBKOJHIITHHOTO MPUPOIHOTO CEPEIOBUINA, BHACTIIOK YOTO MOCHITIOBAIACH EKOJIOTIYHA
Hebe3neKa B PerioHi.

Pa3zoM 13 1uM HapoCTaHHS Ta 3aroCTpeHHs MpobyeM BiJ HACHIAKIB IMiJ3€MHOTO BUIOOYTKY
BYTUIJIL HAPOCTAE 13 MOYATKOM pealtizallii mporpaMu 3aKpUTTS] HEMEPCIEKTUBHUX BYTUIbHUX IIAXT,
Ky BTUTIOBaB MiHByIiIenpoM Ha mo4atky 90-X poOKiB MHUHYJIOTO CTOJITTA. 3aKpUTTS IIAXT He
BUpIIIye TPSIMO EKOJIOTi4HI IMpoOJieMH, SKi CTBOPIOIOTbCA Y Tpoleci BYIJIeBHI00yBaHHS Ha
KOHKpETHIH JIoKanbHii Teputopii. [loripiieHHs: eKoaoriyHoi cuTyallli MOMUPIOETHCS 1 epepocTae
y perioHanbHUi piBeHb, KOJIU 3MIHM OXOIUTIOIOTh HE TUIbKH MOBEPXHEBI KOMIOHEHTH JIaHAMA(TIB
(TpyHTH, pOCIHMHHICTH, BOJa), a TPaHCPOPMYIOTHCSI HAa OCHOBHI Cchepu KUTTEMSUIBHOCTI
cycninberBa. Exonoriuna npo6iemMa crae KOMIUIEKCHOIO, IPY IIbOMY OKpPEMi KOMIIOHEHTH MOXYTh
MIIIaBaTUCh BITHOBJICHHIO (PEKYIBTHBAIlIS 3€MeEJb, POCIWHHICTH TOINO), ajie y OLIBIIOCTI — IIe
npoOJIeMH CHCTEMHOTO INIMOOKOTO XapakTepy, SAKi CyTTEBO 3MIHIOIOTH OCHOBH PO3BUTKY y cdepi
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€KOHOMIKH, COILI0JIOTii, TOTpeOyloTh HAYKOBUX JOCITIJKEHb Ta CIIOCTEPEKEHb Ha 1HHOBAIIMHIN
OCHOBI, IO Ja€ MOXJIMBICTh TepeadavaTd OUIBII HETATUBHI HACHIIKH Y MalOyTHhOMY, abo
CTBEP/KYBATH PO CTaOLIi3aIiI0 ISl MOAAIBIIOTO CTAJIOT0 PO3BUTKY TEPUTOPIH.

Merta pociikeHHS — PO3KPUTH Ta CHOPMYBATH OCHOBHI XapaKTEPUCTHKH KOMILJIEKCHOT
€KOJIOTIYHOT MpOoOJeMH y BYTrUIbHOMY perioHi JIbBIBIIMHM B KOHTEKCTI €KOJIOT0-€KOHOMIYHOI
MOITUKU Y KpaiHH, PEriOHaILHOTO Ta MICIIEBOTO IMIXOMY /0 ii BUPIIICHHS.

Excrmyarariiss ByrUIbHUX IAXT 3aJI€KaTh BiJ] HASIBHOCTI BHUEPITHUX, HEBIAHOBIIOBAIIBHUX
IPUPOJHUX MIA3EMHUX KOPUCHUX KOIAIMH, Kl MONEPEAHbO PO3BIIAHMX Ta BHU3HAYCHHUX IS
BUI00yBaHH:. PO3riissHEMO KOPOTKY iCTOpUYHy, TreorpadiyHy Ta TEOJIOTIYHY OCHOBY, IO
nociayxuia (OpMYBaHHIO TEPUTOPIATILHO-BUPOOHMUYOrO KOMIUIEKCY — JIbBiBChKO-BonmHchkuit
BYIiIbHUNA OaceiiH, SKWil PO3TAllOBaHWI Ha IMBHIYHOMY 3axoi YKpaiHM y BepxHii Tedii pik
3axigauii byr. Pazom i3 mum Oaceitn y mexax JIbBIBChbKOi Ta BolMHCBHKOT obOsacTel € miBaeHHO-
CXiJHOI0 4acTHHOIO JIF00IIHCHKOTO BYT1IbHOTO Oaceiitny Ha Teputopii [lonbi.

3aranpHa 1wioma JIbBiBCbKO-BonmHChKOro ByriibHOro Oaceiiny craHoBuTh 1400 KB. KM,
npoTsokHICTIO 190 kM, mupuHOO 60 kM. JloCHmimKeHHS MOKJIQJiB KaM SHOTO BYTULIS Ha IiA
TepUTOpii po3novanuck 1ie Ha Mo4yatky 20-To CTOMITTS MOJIbCBKUMHU BYEHHMH Yy Taiy3i reojorii,
naii npoaoBxmiIuch B yacu icHyBanHs CPCP, i Tineku y 1931 pomi Oyno miaTBepIKEHO HasIBHICTH
rajbKd KaM’ sHOBYrUIbHUX mopif. 3roxoMm y 1938-1939 pokax mnomrykoBi OypiHHS HaOynu
aKTHUBHOCTI Ta CTBOpEHA CIeliajbHa KOMICiSl TeoJoriB Ta MiANPHEMCTBO «JIBBIBBYTIIEpO3BiAKaY,
poboTa skoi Oyna nepepBaHa BiifHOO, ajie BiIHOBJICHA y micasaBoeHHUI nepio. [lomrykoBi reonoro-
PO3BiqyBalIbHI pOOOTH NI MO3UTUBHUN PE3YJIBTAT, MO MIATBEPIMIO MOKIUBICTh Ta JNOIUIBHICTD
pO3pOOIIeHHsT BYTUILHOTO POAOBHUINA Ta OyAIBHHUIITBA B MEXaX HOro TEPUTOPId BYTiIbHUX IMIAXT,
IO € MMOYAaTKOM i 3HAYHUM JIOCATHEHHSM B Tajly3i BYTrUIBHOI I'e0JIOTii, 1 SIK pe3ylbTaT BIAKPUTTS Y
1949  poui JIbBiBcbko-BonmHChKOrO  ByrinbHOro OaceiiHy #  OyOIBHHUILTBO  OKPEMHX
BYIJIEBHI0O0YBHUX HiANPHEMCTB - maxT.llepmri Tonn Byriyuis Oynu BuAaHi Ha-ropa B KiHmi 1957
POKy Ha OAHIM 13 30yJZOBaHMX Ta BBEAECHUX B EKCIUIyaTallil0 MIaXxT. 3rofoM po3royvajach
eKcIUTyaTallisl 1HIuX, 30KkpemMa octanHs 12-ta maxta Ne 10 «BenukomocTtiBCchbkay (HUHI — MIaxTa
«CremnoBa» po3noyana cBor poboty B KiHli 1978 poky. laxtu JIeBiBuMHM Ta maxtu Bonuni (9
maxt), LlenTpanpHa 30arauyBanbHa (alOpuka «YepBoHOIrpajchbKa», AOMOMDKHI MIAIPUEMCTBA Y
chepi aBTOMOOIUIBLHOTO Ta 3aJi3HUYHOTO TPAHCHOPTY, OYAIBHMUILITBA, MOHTaXy 1 HaJlaJKH
oOJnaHaHHsI, KOHTPOJIIO SIKOCTI, COIIalibHOI cpepu Ta iHII Oynau 00’ €HAHI Y HAMOUTbIIE HA 3aX0/I1
VYkpainu nignpuemMcTBo — BupoOnuue 06’ enHaHHs «YKp3aXiABYrilsy. 3rofoM B KiHii 90-X pokiB
3a3HayeHe MiAMPUEMCTBO OYJI0 PEOpraHi3oBaHE IUIAXOM CTBOPEHHs Ha ioro 0asi Jlep:kaBHOTO
nianpueMcTBa «JIbBiBBYruLIs» Ta Jlep>kaBHOTO MigIpUeEMCTBA «BONMUHBBYTIIIIA».

Oxpema yacTuHa JIOCIIPKEHb MPUPOJHUX pecypciB Ta yMOB JIbBIBCbKOi 00jacTi, y TOMy
MOKJIAJIB KaM’ SIHOTO BYT'ULIsSI, BHCBITIIOETHCS y MpalsX Cy4acHUX BUEHMX, 30kpema M. Hazapyka,
7€ 3a3HAa4Ya€Thesl, IO KaM’siHe BYTULIS po3poOisiioTh B Mexax JIbBiBchko-BonmHCBEKOTO
BYriIbHOTO OaceiiHy, SKUM €  MIBAEHHO-CXIIHUM TPOJOBXKEHHSIM JIroOsiHChKOrO OaceiiHy
(ITonbmia). YV perioHi po3mimieHo jABa 3 TphoX reosoro-npomucioBux paiionis (I'TIP) Gaceliny:
Yepsonozpaocvkuui (3a0y3bke, Cokanbebke 1 MexupiuaHcbke poaoBuINa) 1 [ligdenno-3axionui
(Tsrmiebke 1 JItoGenscke pomosumia) [1].

Jns  Oinblmn rMOOKOro pO3yMiHHA MPOOJIEM 3aXHCTy HABKOJMIIHBOIO MPUPOIHOTO
Cepe/IoBUINA, IO MalOTh MICLE Ha TEPUTOPIAX BIUIMBY JIbBIBCbKO-BOJIMHCHKOrO BYTUIBHOTO
OaceiiHy, HEOOXiZHO PO3IJSHYTH TeOJOriuHy OyJOBY BYTUIBHUX IUIACTIB 3a KUIBKICHUMH Ta
SKICHUMH TOKa3HUKaMH. ByriibHi mactu 6aceliHy 3a CBOEIO MOTYKHICTIO HaJEXaTh /10 KaTeropii
NEPEeBaXHO TOHKHX, piJAlIe CepelHiX, HEBUTPUMAHUX, BUTPUMAHUX 1 TMOPIBHAHO BUTPUMAHHUX
CepeIHBOI0 TOTYXKHICTIO podounx twiactiB — 0,4-1,5 M, a TakoX TPAIUIAIOTHCS IHIACTH OiTBIION
TOBIIMHU (3arajibHOI MOTYyX)HOCTI) 1,5-1,9 M, 110 € HAHOIIBIIT MPOTYKTUBHUMU y OaceiiHi.

3 METOI0 MOXJIMBOTO MEPCIEKTUBHOTO BHUKOPUCTaHHS Yy SAKOCTI MajuBa rasy, IO
BUJUIAETHCS Yy TIPOLECI MiJ3eMHOrO BYIJIEBUIOOYTKY, a TaKOX IIONEepEeKeHHS HeOe3neku
MiI3EMHUX BHOYXiB, BaXUIMBI JOCTIIPKCHHS IMOAO Ta30HOCHOCTI BYTUIBHUX IIJIACTIB TMOCTIHHO
3MIHCHIOBAIMCH (PaXiBISIMH Ta HAYKOBIIMHU BIAMOBIIHOTO HAMpsMy, 3a KOMIIOHEHTaMH CKIAIy
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rasiB y BYIJICHOCHIH TOBIII BHOKPEMITIOIOTH 3 ra3oBi 30HU: 10 400 M — metaHoBoa3oTHa, 400-500 —
a3oTHOMeTaHoBa, MeTaHoBa — 500 M 1 Hmxkue, sika nae 50-98% Merany, pemTa y HEBEIHMKHX
KUTBKOCTSIX — @30T, BYTJICKUCIIHMN ra3, KUCEHb Ta BOJCHB [2].

BunoOyTe Byriuisg i3 Hajap Ta MiHATE Ha TTOBEPXHIO SIK MMPABUJIO € Y BUTJISII TIPHAYOT MacH,
MOKa3HUKHK SKOCTI SKOi HE BIJNOBIJAIOTh BCTAaHOBJICHHWM IIapamMeTpaM il BUKOPUCTaHHSA Ha
€JIEKTPOCTAHIIIAX UM SK MMOOYTOBE MAJIMBO, IO MOTPeOye BIAMOBIAHOTO 30aradeHHs (BiIIiIJICHHS HE
BYTUTLHOT MacH BiJl BYTiJUIS 32 TEXHOJIOTISIMU CYyXOTO Ta BOJIOTOTO MpoIlecy). 30araueHHs BYTLIsA
3MIMCHIOETHCSA K Ha BIAMOBIIHUX TEXHOJIOTTYHUX KOMIUICKCAX MIaXT (MeXaHIYHUH B10ip mopoan),
ta Ha LlenTpanpHiil 30arauyBanbHiil padbpuni «YepBoHoTanchkay, moOyaoBaHil B KiHII 70-X pOKiB
MHUHYJIOT'O CTOJIITTSI.

[TpoxykT 30araueHHs (KOHIIGHTpAaT) Ha0yBa€ HAJECKHUX SKICHUX MOKA3HHUKIB IIOJO
30JIbHOCTI,BMICTY CIPKH, JICTIOUMX PEUYOBHUH, BOJOTOCTI 1 TETUIOTH 3TOPSHHS Ta BiJBAHTAXYETHCS
UIe TOTpeO TEIUIOBOI EHEepreTWKH, a BiIxXxoau 30aradyeHHs (IOpoJa) CKIAAYeThCS Yy BiBaU
(TEpUKOHM) Ta BOJIOT1 BIACTIHHUKM (XBOCTOCXOBHINA). Pa3oM i3 MM, HaA3BUYAHO HEOE3MCUHUMU
€ 3a3Ha4YeHi HAKONMYECHHS TiPHUYOIPOMHUCIIOBUX BIIXOJIB, SIK IEPETOpiNi, TaK i CBIXI MOPOIH €
HAaHOUIBIIMMH HAKONMMYyBa4aMM XIMIYHUX €JIEMEHTIB 1 3yMOBIIOIOTh YTBOPEHHS aHOMaiiil Ha
MOBEPXHI MIAXTHUX TEPUKOHIB [3].

Sx Bimomo, TexHomoris BugoOyTky Yy JIbBiBcbko-BoimHChbKOMY ByTriibHOMY OaceiiHi
MOJKJIMBA JIMIIE IJ3€MHUM CHOCOOOM, TaK SIK 3aJIATaHHS BYTUIBHUX IUIACTIB 3aXOAWUTHCS Ha
rbuni B cepennbomy 400-500-600 M, 1mo He J03BOJISIE BUKOPUCTOBYBATH Kap €pHHM Crocid
ocBoeHHs1 pojoBumia. [lig3emumii croci® ByrieBUIOOYTKY 3IIHCHIOETHCS BUHMAaHHSAM POOOYHMX
IJIACTiB 3 TOBHUM OOBaJOM OOKOBHUX TOpiJA, 13 3aCTOCYBaHHSM BYIJIEBUAOOYBHOI TEXHIKH Ta
TEXHOJIOTI{, HASIBHUX B MIANPUEMCTB JJIs1 PO3POOKH MIEBHOT TOBIMHM ILIACTIB. B iHIIOMY BHIIAKYy,
Mpy BUAOOYBaHHI BYTULJIS 13 HEBIAMOBIIHO TOHKOTO IJIACTY TEXHIKOO, 110 pO3paxoBaHa Ha 1HILY
MOTY)KHICTh IUIACTA, 3IMCHIOETHCS MPHUCIKAHHS TIPHUYOI MOPOAM HE BYTUIBHOTO CKIIAAY, IO
3HWXKYE SIKICTh BYT1LIS, a00 )k HaBIAKM, YaCTUHA MOTYXHOI'O IUIACTY 3aJIMIIAETHCS B HAJIpax, sIK
BIAMOBIAHI BTpatu. ToOTO, HaA3BUYAlHO BaXJIMBUM JJisi 3a0e3MeyUeHHs] BYIJIEBUAOOYTKY
BIJMOBITHOI SIKOCTI Ta 3MEHIIEHHS MOro TEXHOJIOTIYHMX BTpaT Yy MiA3€MHUX IMOKJIajax, €
BUKOPHUCTAHHS BUCOKOE(EKTUBHUX TEXHOJIOTIN BIIPALIIOBAaHHS HAJP, K1 HalKpalle 3a0e31euyoTh
30epeKeHHs1 3eMHOI TOBEPXHI.

3 orsay Ha €KOJIOTIYHY CHUTYallllo IO CKJIAJAeThCs B PErioHI, a TaKOX Kypc KpaiHM Ha
CKOPOYECHHsI TeHepallii eNeKTpoeHeprii i3 BHUKOMHMX BMJIB MajuBa, CTOITh NUTaHHS MOBHOTO
3aKpUTTS BYIJIEBUAO0YBHUX MIANPUEMCTB Ha TepuTopli JIbBIBUMHM y BiAnoBigHuinepioa. [lonpu
e, sk 3a3Hagae M. Hazapyk, 3Bakatoun mo MexupiuaHCbKE PpOJIOBHILE Mai’ke MOBHICTIO
BUYEPIIAJIO CBOI 3alacy, BEJIMKI MEPCHEKTUBU Mae€ pO3pOOJIEHHS KaM’ sSHOrO BYTUUISL B MeXax
3a0y3bpkoro Ta COKaJbChbKOIO POAOBHIN. 3a OCTaHHI POKHM B Mexkax YepBoHorpaacbkoro I'TIP
PO3B1IaHO Ta MEpPEaHO ISl MPOMHUCIOBOTO OCBOEHHS AUISTHKY MMiJ1 OyAIBHUIITBO ABOX IaxT Ne3 14
«YepBoHorpajaceki 3 OamaHcoBuMu 3amacamMud 169.1 MiH T KaMm’SHOrO BYTULIS, a Ie ABl
nepcrekTuBHI AUSHKA (Ne5 1 6 «HepBoHorpaachki) nepedyBaloTh B cTafli AOpo3BiAKU. Pa3om i3
UM ICHYIOTb 3HauyHi MEPCIEeKTUBU PO3POOJIEHHS TMOKIAAiB KaMm’'stHoro Byruwist y IliBaeHHo-
3axiTHOMY pEerioHi, 30KkpeMa y Mexax TAriiBcbkoro Ta JIto0enbchbkoro poJoBHIL, 3arajibHi 3amacu
SAKMX YIBIYl TNEepeBakaloTh 3amacu Jio4oi yacTWHU OaceliHy 1 crtaHoBmATe 1.1 mipa T, y
MePCIEeKTHR1 MOXKHA MO0y TyBaTH 1ie 5-8 HOBUX miaxT [1].

3a3HayaeThCs IO CHOTOAHI JIOKOPIHHO 3MIHIOIOTBCS MiAXOAUM Ta OadeHHs MO0
dbopMyBaHHSI E€HEPreTUYHOI TOJITUKH YKpaiHW, SKI JUKTYIOTBCS CYYaCHHUMH E€KOJOTIYHUMHU
BUKJIMKaMH, HEraTUBOM MTOBHOMACIITA0OHOT'O BTOPIHEHHS POCIMCHKUX BifiCbK Ha TEPUTOPiIO KpaiHU.
Bulip eBpoiHTerpaliiiiHoro BeKTOpy pO3BUTKY J€pP>KaBH CTUMYIIIOE€ 10 PO3B’SA3aHHS IIUX MpoOieM
Ha OCHOBI MO3UTHBHOIO CBITOBOIO TOPSJKY 30€peKEeHHs TOBKULISA, COLIAJIBHOTO 3aXHUCTY,
HAJIEXKHOT IKOCTI PIBHS XKHUTTS JIIOJUHH [4].

VY 3B’A3Ky i3 LKUM, JEP’KaBOIO 3aMOYaTKOBYETHCS Mepexill Kypcy BiJl pecTpyKTypH3arlil
BYTUIBHOI Taiy3i, 110 OaJaHCyBaHHS EHEPreTUYHOro 3a0e3MeUeHHs KpaiHW 13 BpaxyBaHHAM
3HWKEHHS TIOTYXHOCTI reHepallii TeIUIOBUMH €JIEKTPOCTAHIIISIMHU, SIKi BUKOPUCTOBYIOTH BYT1ILIS.

103



Ha ocHOBI BHKIAIE€HHUX BHIIE OCHOBHHX TEXHIKO-TEXHOJOTIYHHUX MOMEHTIB MIA3EMHOIO
BYIIeBH100yBaHHs Ha JIbBIBIIMHI, TPUBAJIOCTI OYIIBHHUIITBA Ta €KCILIyartamii maxt (Oiuabiie 70-Tu
POKiIB), MOXHa C(OPMYBATH 3arajbHi HANpsMH MOPYLICHHS 3aXHCTy AOBKULIS Ta HOTO BIUIUB Y
maxTtapcbkomy perioHi. Sk crBepmkye M. CMOsIpUyK Ha ChOTOJIHI iICHYE TOCTpa HEOOXIiIHICTh
MIPOBE/ICHHS €KOJIOT0-€KOHOMIYHOT OLIHKKA B MEXaX TipHUYONPOMHCIOBUX TEPUTOPIH, OCKUIBKU
HACHIKA TIPHUYHUX PO3pOOOK BiAOOpakarOThCA HA CTaHl JaHamadTiB, SAKI € CepeIOBHILNECM
ICHYBaHHS JIIOJUHH [5].

3a omepaTuBHUMH JaHuUMH [lepxaBHOro miAnpueMcTBa «JIbBIBBYrUUIs» 3a Mepiof
¢dyHakionyBanHs maxT y JIpBiBchkiii oOmacti (1958 — 2024 pp.) Ha MOBEpXHIO BHIOOYTO,
BI/IMOBIIHUM YMHOM 30aradeHo Ta peaji30BaHO K €HEepPreTHYHe Ta MoOyToBe maauBo 358, 6 MIIH
TOH BYriJuIs, 06’ €MHA Bara sKOro IPHOIN3HO cKiagae 256 MiH M° [6].

Pazom i3 num, BHAOOYTO Ta HArpoMa/pKEHO Ha IMOBEPXHI 3€MJIl MOPYY 13 HACEICHUMH
nyHKTaMH UepBOHOTPAACHKOro paifoHy MpHOIM3HO 38 MUIH M° FipHUYOI MACH MOPOHHX BiIBaITiB
(TepukoniB). OkpiM ByrieBuJ00yBHUX BHOOIB, CyMapHO Ha YCiX IIaxTaxX MpOiIeHO Oinblle TUcAYi
KUIOMETPIB  MIATOTOBYMX TIPpHUYMX BHPOOOK, (MIA3EMHHUX TyHeENeH), HEOOXiqHUX  JUIs
TPAHCIOPTYBaHHSI BYTULIS, MOPOAM, BaHTaXIB, OOJagHAHHS, TIPHUKIB MiJ 3€MJICI0, Hapi3aHHA
BYIJIEBHIO0YBHUX NUISHOK (JIaBH), TPOBITPIOBAHHS IiI3€MHOTO MPOCTOpY. TakumM 4UHOM 00’eM
MOPOKHUH, SIKUWA YTBOPUBCSI BHACTIAOK JiSIbHOCTI 3aKPUTHUX Ta JIIOYMX MIAXT Ha TEMEepilIHii Jac
OpIEHTOBHO MOXHa BBaxaTtu puoim3Ho 300 mMiH M.

[Tnoma mig3eMHUX TEPUTOPI MOKIAAiB Kam’ SHOTO BYTiIA, SIKI HA3UBAIOTHCS IIAXTHUMU
MOJISIMH Ta BIABOISATHCS JJII KOXKHOI IIAXTH OKPEMO, OJIHAK HE MOEIHAHI MK COOO0I0 MiI3eMHUMHU
Mepexo/iaMu, a BIJOKPEMJICH] JIMIIE [UTICHUMHA HEBETMKUMHU IJIOIAMHU  BYTULIA, SIKE HE MiJJISTae
BHIOGYTKY, 1 MiATpUMYeE THCK 3eMHOT MacH 186,92 kv?,

Texnonoriero BugoOyBanHs Byriyuis s mianpueMmcts I «JIbBiBBYTriLIsSy, sika HE3MIHHA 3
9aciB iX CTBOpEHHS, mependaueHe TOBHE OOBaJCHHS IOPiJ BCIiA 3a BUHMAHHSIM BYTUIBHOTO
IU1acTa, TOOTO YTBOPEHY MOPOXKHHHY IOCTYNOBO 3alOBHIOIOTH BEPXHI MOPOJM BiJ MPOCIAAHHS
nokpiBmi. Lleit mpomec po3TArHYTHIl B yaci 3aJeXHO BiJ (I3UKO MEXaHIYHUX BIACTHBOCTEH
OOKOBHUX MOpij, ane 3BOAMTHCSA JO OJHOIO — IOCTYMOBOTO 3allOBHEHHs IyCTOT Ha BCIO BHUCOTY
BUMHATOrO Imapy Byruuid. TpuBamuii wmacmutaOHMM BHUIOOYTOK BYTUUISL  MiJINPHUEMCTBOM
PO3paxoBaHMii Tak, 10 B MEXax IMIAXTHOTO MOJIs 0 BUCOTI PO3po0IIsitoThes 2-4 GanaHCOBI MJI1aCTH,
TOMY CyMapHa TOBIIMHA BUMHSITHX BYTUIBHHX IUIACTIB MOXE CATaTH 10 S-Tu MeTpiB. HasBHICTH
MacCIITa0HUX MiA3EMHUX TEXHOJOTIYHUX MOPOKHUH IIAXTHOTO TOJIS, 1[0 CIPUYHHSIIOTH 00BaICHHS
1 IpOCiIaHHs BEPXHIX MOP1J MiJ THCKOM 3€MHUX Mac, CHPUYUHSIOTH MPOCIIaHHS 3€MHOI MOBEPXHI1
Ha/l HUMHU 1 PO3IIUPIOETHCS MPOCTOPOBO, HE3BAXKAIOUM HA HAceNIeHI MyHKTH, BUPOOHUYI 00’ €KTH,
TPaHCIOPTHI LUISIXH, 3aT13HUL, )KUTJIOBI OyIMHKH, 3€MENbHI YT1JI/s, PIKH, JICH Ta 1HII1 TOBEPXHEBI
CIOPYAX TOLIO. SIK BUKIIFOUEHHS, JUIsI OXOPOHH Ba)KIMBHUX 00 €KTIB HA MOBEpPXHI (MichbKa 3a0y/10Ba,
MIJIPUEMCTBA, CIIOPYAM) MiJ 00 €EKTOM Ha pO3paxoBaHiil IJIOLI BYTiIbHHUH MJAcT HE BUIMAa€ETbCA
(CTBOPIOETHCS TaK 3BaHUI OXOPOHHHH LIIUK), HII 00 €KTH B MEXaX BiJIBEJCHOTO IAXTHOTO MOJ
BBXAIOTHCA MIAPOOJICHMMH, TOOTO MPOCIIAIOTh Pa3oM 3 OCIaHHSAM penbedy moBepxHi. lle
3YMOBUJIO HETaTHBHI KOMILJIEKCHI TEXHOT€HHI 3MIHU y HAaBKOJIMIIHBOMY CEpEIOBHILI, Cepes SIKUX
HaNOUIbII 3aTPO3TUBUMH €:

1. HarpomamkeHHS MyXKHX 1 HECTIHKMX TEXHOT€HHUX BIJKJIAMIB TipChKOI MOpPOIM Ha
3eMHIi MOBEpXH1 (TEPUKOHIB) OJMU3BKO /10 HACETIECHUX MYHKTIB Ta MPOXUBAHHS JTIOJIEH, K1 MICTITh
XiMiyHI CcyOCTaHIli, M0 BHIIISIOTECS BHACTIIOK BIUIMBY MTPHUPOJHUX KIIMATUYHUX SIBHII,
camo3aiiMaHHs 3aJIIIKIB BYT LS.

2. Brpara 3HaYHHMX IUIONI TPUPOJHUX Ta ArPOKYIBTYPHHX EKOCHCTEM, SIKi BiTIrparoTh
HaJ3BUYAlHO BaXJIMBY JIOKaJIbHY €KOCTaOLT3yrouy (YHKIIO, MIATOIUIEHHS Ta 3a00JI04eHHS
TEPUTOPIN 3MIHIOIOTH (3HUILYIOTH) JICOBI IUISHKH, JYyKH, (uiopy i ¢ayHy, sKa Mmajga Micie y
MPUPOJAHBOMY CEPEIOBUIIIL 10 LIHOTO.

3. IpocimanHs 3eMHOi TOBEpPXHI 13 €(EKTOM «3arajJibHOr0 KOTJIa» BEIMKOI IUIOII],
HEKOHTPOJIbOBAHE 3aTOIUICHHS Ta HeOe3leKa MOPYIIeHHS CTIHKOCTI Ha3eMHO1 1HPPACTPYKTypH Ta
MiA3€MHUX 1H)KEHEPHHUX 1 KOMYHIKAllIHHUX MEpEexK.
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4. 3miHa GamaHCy Ta 3MiHa XIMIYHOTO CKJIaJy IPYHTOBUX BOJ IIiJ] BIUINBOM BHMHUKHEHHS
MITYYHUX BOJHHUX ITI3EMHHUX MOTOKIB (03€p) 1 MiHEpali3aIli€lo MAaxXTHUX BOJ, sIKi MepeOyBarOTh y
MOCTIHHOMY pYCi Ha MiI0YMX IIaxTax, TaK i 3akpuUTHX. [Ipy nboMy uepe3 3MimiaHi IPyYHTOBI BOAU
BiIOYBA€ThCSA JACCTPYKINSL TIPYHTIB, TOPYIIYIOTbCS XapyoBUH, MIKpOOiOJOTIYHUN, BOJIHO-
MOBITPSHUM PEKUMH.

5. TlopymeHHss NPUPOIHOI IUPKYIAMIl BOA Ta iX 3a0pyAHEHHS y OUIBII IIUPOKOMY
MacmTaoi.

6. 3al0pynHeHHs armocepu TPU aKTUBHIM TOCHOMAPCHKIM MISUTBHOCTI IMIAXT HUISIXOM
BUKHY IIKIJIMBUX PEYOBUH BiJl CHATIOBAHHS BYT'UUIS Y KOTEJIBHAX, TOPIHHS TEPUKOHIB.

7. 3miHa MIKpOKIIMATy BHACTIIOK Pyxy (MPOCiAaHHSA) 3€MHOI MOBEPXHi, 3a0pyaHEHHS
MOBEPXHEBOTO IIAPy IPYHTIB, TEIUIOBOTO BIUIUBY BHKHAY B aTMOC(Epy MIKIATUBUX PEUOBHH TOIIO,
30KpeMa CipYiCTOro aHTiIPHUIY, IO € IPUIUHOKO BUITAJIaHHS KACIOTHHUX JIOIIIB.

3 ornsay Ha 3aBIaHHS PO30YJOBH HAIlIOHAIBHOI €KOHOMIKH Ta 1i €KOMEpEXi, 3allydeHHs
TEPUTOPIH, IO MOTEPNAIOTh CTOCOBHO HASBHUX CKOJOTIYHUX MPOOJIeM, OCOOJIMBO SIKIIO TakKi
MEPEeIUTITAIOTECS, TOTJIMOMIOIOTECS,  PO3IIUPIOIOTHECA Y MPOCTOPI 1 Yaci, MalTh CHCTEMHHA
XapakTep, BUHUKAE MOTpeda KOMIUIEKCHOIO KOHIENTYAJbHOTO JOCIHIDKEHHS Ta OIpallOBaHHS
NUISIX1B BIJHOBJICHHS MIPUPOJHOTO ceperoBuia. Pa3zom i3 muM HE0OXiTHO pO3yMITH, IO MPOOIEeMHU
30epeXCeHHs JIOBKIJUIA BHACIIIOK MiJI3EMHOT0 BUAOOYTKY KOPHUCHHUX KOIAJIHH PO3TIISIAAOTHCS SIK
TaKi 10 MiJIATa0Th BiTHOBJICHHIO €KOJIOT1YHOTO CEPEAOBHUINA 3aBIIKH BUKOPHCTAHHIO TEXHOJIOTIN
Ta pecypciB (HampuUKIAJ PEKyJIbTHUBALsl 3€Melb), Ta 1HINI, 3 SKMMH HEOOXiJHO aJanTyBaTHCh,
MPOXKUBATH, 3IIHCHIOBATH BUPOOHUYO-TOCIONAPCHKY [iSUIbHICTh, CHUCTEMHY OXOpOHY TOUIO,
BIJIMOBIHO JI0 YMOB, SIKi BIIHOBJICHHIO Ta HE IMiJIJISTal0Th.

Hacammiepen moTpiOeH MPOTHO3 PO3BUTKY JCTpajialliiHUX TIPOIECiB, IIOB’S3aHUX 13
MPOCIIaHHSAM 3€MHOT IMOBEPXHi, PO3LIMPEHHIM TEPUTOPIT mpociganus. Takuii mporHo3 Moxxe OyTh
3MIACHEHNH HAa OCHOBI NMPOCTOPOBOTO aHAJI3y MIAXTHHUX MOJIB MHUHYJIOTO IIIOYMX Ta 3aKPUTHX
IIaXT, Cy4acHOro Ta MalOYTHHOrO BHIOOYTKY BYIULIS 13 BUKOPHCTAHHSIM CYYaCHHUX TEXHOJIOTIH
KOMIUIEKCHOTO F€0JMHAMIYHOI'O Ta €KOJIOTIYHOI'O0 MOHITOPHUHTY (pHC. 1)
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Puc. 1. IligzemHuii mpocTip MAXTHUX NOJIB BYTTIEBUA00YBHUX HiANPHEMCTB JIbBIBIIMHU

105



SIKIIO TOpIBHATH MiJ3€MHHUH MPOCTIp, SK €IUHY CYKYNHICTh INAXTHUX TOJIB
ByriieBUA00yBaHHs JIbBIBIIMHM, siKa CKjagae tuionry 186,92 KM? Ta 3HAXOJUTHCS MPAKTHYHO TTiJT
MEPEeBAXHOIO OIIBIIICTIO HAcelIeHMX NYyHKTIB YepBoHOrpaachbkoro paiiony JIbBiBchbKkoi oOnacTi,
wiowa sxkoro 2970 km?, UepBoHOTpaICbKO1 TepUTOpiaIbHOI TrpoMaju, Tuioma sikoi 230,3 KM,
MO>KHA CTBEP/XKYBATH PO MACIITAOU BIUTUBY 3arajbHOI TEHJEHII MPOCITaHHS 3€MHOI TOBEPXHI Y
perioHalbHOMY BU3Ha4eHH1 (puc. 2). He3Bakarouwm, 1o BiMOBIIHUMH HOPMAaTUBAMH 3a00pOHEHO
BUHMaHHS BYriUUIsl O€3MOCepeiHbO MiJ MiCTaMH, BEJIMKUMHU CENHIIAM Ta CEIaMHU 13 KHUTIOBOIO
3a0y710BOI0, €(PEKT «3arajbHOrO KOTJIa» MPOCIJaHHS MOBEPXHI 3€MJIl TaK YM 1HAKIIE TOPKAETHCS
[IUX HACEJIIEHUX IIYHKTIB 1 CTBOpIOE NpPOOJIeMH MO0 TMPOBATIB KaHATII3aLIMHUX MEpeK,
BOJ103a00piB, PO3TPICKyBaHHs Yy OyauHKax Tomio. Pa3oM i3 UM, 3Ha4YHAa KUIBKICTh HACEJICHHS
HiJsArae  HEeraTUBHOMY BIUIMBY Ha JKUTTA 1 370pOB’s, 4YacTille BHABISIOTHCS XBOPOOU
npodeciiHOro Xapakrepy i cnerudiuyai XBOpoOu, MOB’A3aH1 MEPEBAXKHO 13 MepeOyBaHHSIM JIIOIHHH
B 30HI1 BIUTMBY €KOJIOTIYHUX MPOOJIEM BYTTIeBHI00yBaHHS (T1MOMIa3is).

BrponoBxx TpuBanmoro mepiofy AisIBHOCTI BYTJIEBUAOOYBHUX MiANpUeMCTB JIbBIBIIMHU
3MIACHIOBAJIMCS BIJIMOBITHI 3aXOIM CTOCOBHO TIOKpAIEHHS EKOJIOTIYHOI CHUTyalii B pETiOHI.
30kpema, BHACTIIOK OyAIBHUITBA MOTYKHUX J1aM0 B 30HaX MiATOIUICHHA, 2 B OKPEMUX HACEIEHUX
MyHKTaX, MOBHOTO 3aTOIJICHHS TOCHOJAPChKUX OyiBeNb Ta XHUTIOBUX OynuHKIB (cena BoicBuH,
Mesxupivus, benmtora, Cinenp Ta iHiii), mo Mano micie y 60-70-x pokax MHUHYJIOTO CTOJITTS Y Mij
yac pos3nuBy piku 3aximauii byr i ii mpurok pivok Comokii Ta Paru, meid HeraTMBHHIA IMporec
3ynuHeHo. BigHOBIEHO TepUTOpii, MACOBHUINA, 3E€MEIbHI YriAJsd TOIO, MOOYyAOBaHI HOBI
aBTOMOOUTBHI IIUISIXH, BOJ03a00pH, 1HIII CIIOPYIH Ul aKTUBHOTO TOCTIOAAPCHKOTO Ta CYCIIIHBHOTO
BUKOPHUCTaHHS. 3a0e3MeuyloThCsl MPOIleC raciHHs TEPUKOHIB, 1X 3alliCHEHHS, 110 MOKPAIYy€e SKICTh
aTMoc(epHOTo MOBITPSL.
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Puc. 2. Tepuropisa YepBonorpaacskoi MTI" UepBoHOTrpaackkoro paiiony

3aranoMm, BOA4alOThCS HACTYNMHI MIAXOAM 100 (OpMYyBaHHS MLUISXIB BUPIIMICHHS
€KOJIOTIYHUX MPOOJeM y MIaXTapChKUX PErioHaxX, y TOMY 4Mcii Ha JIbBIBIIMHI, peami3allis SKUX
MOXK€ 3J1MCHIOBaTHCS 3a paxyHOK (IHAHCOBUX, TPYIAOBHX, MaTepiaJbHUX pECypcCiB, IO
BKJIIOYAIOTBCA IO CKJIQJy €JNEeMEHTIB co0iBapTOCTi BHAOOYTKY BYTUUIA Ha MIIOYMX IIAaXTax Ta
JOTIOMDKHHX ITANPUEMCTBAX, OIOJDKETHUX PECYPCIB YCiX PIBHIB, KOMITIB JEpP>KaBHO-TIPUBATHOTO
MapTHEPCTBA, TPAHTOBI PECYpPCH Ta i1HII, He 3a00POHEHI 3aKOHOM.
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30KkpeMa, MPOBECTH KOMIUIEKCHY OLIIHKY €KOJIOTIYHOI CHUTYyallii y BYTUIBHOMY PErioHi, Y
TOMy 4uciai Ha JIbBIBIIMHI, 3a OKpPEeMHMH HampsMaMH Ta OJOKaMH EKOJIOTIYHUX MpoOseMm,
OIIIHMBIIY X TEXHIKO-TEXHOJIOT14HI KUIBKICHI, SIKICHI, BITHOCHI IMIOKa3HUKH 1 TapaMeTPH MHHYJIOTO,
Cy4acHOI0 Ta MailOyTHHOTO MEPioy, a came:

- €KOJIOT1YHI MpoOJeMH Ta HACTIAKH 3aKPUTUX IIAXT Ta TEPUTOPIH, HA SIKUX BOHH OyIu
PO3MIIIIEHI;

- HaCJIIJKU MiSTIBHOCTI ICHYIOUMX MIiANPHEMCTB 3 BYIJIEBHAOOYTKY Ta 30arayeHHs IIOA0
3a0pyJHEHHs JOBKL/UIS Y pealbHOMY 4Yaci Ta 3aXO0/H, 110 3A1MCHIOIOTHCS HUMU y TIEpioj] OCHOBHOI
ISUIBHOCTI,

- PO3TJISTHYTH TIEPCTIEKTUBY OYAIBHUIITBA HOBHX KOITaJieHb 3 OISy Ha iICHYIOYI PO3BiJaHi
nepcrnekTuBHI  3amacu  JIbBiBCchbKO-BonmHChKkOro  ByrimpHOro OaceiiHy, ane |y KOHIemmii
NeKkapOoHi3alii EeKOHOMIKM, 3pOCTaHHsS TEMITIB BHUPOOHMIITBA EHEPreTUYHUX PECYpciB 13
BiTHOBJIIOBAIbHUX JDKEPET, «3€JIEHOI EHEPreTUKU» Ta CKOPOUYCHHS BUKOIHHUX BHUJIB MAJIMBA, MOPU
[[le BpPaxoByIOUM pYyHHYBaHHS 1H(GPACTPYKTYpH Ta 3YINUHKY BYTJIEBUAOOYTKY Ha THMYacOBO
OKYIIOBAaHUX TEPUTOPISAX YKpaiHu;

- OI[IHUTH HACIIJKM 3aKpUTTS MAIIOYMX MIAXT, AKi OyayTh 3aKpuTi HAMOMKYMM YacoM
BHACITIJTOK BqupnaHHs{ 3amaciB, ab00 MPHIHATO PIMICHHA Ha YPsSJAOBOMY piBHI MpPO 3aKPUTTS
KOMalbHI y 3B’S3KYy 13 Q)opMyBaHHﬂM E€HepreTUYHOT0 PUHKY KpaiHW 1 CBITYy, HOTIHOJICHHS
€KOJIOTIYHUX Tpo0JIeM y cBiToBOMY MacmTali, 30KpeMa i Ha IUIAXY 0 BCTYIY 10 €BpOIEHCchKOro
Coro3y;

- 3MIHCHIOBATH CUCTEMHHUI €KOJIOT0-€eKOHOMIYHMH, TEXHIKO-TEXHOJOTIYHHIA MOHITOPHHT
€KOJIOTIUHUX TMPOLECiB Ha TEPUTOPii BYTUIBHOTO PETiOHYy 13 BUKOPUCTAHHAM Cy4YacHHUX
KOMIT' FOTEPHHUX TEXHOJIOTIH y MPOCTOPOBOMY Ta 4acOBOMY BUMIpi, BUKOPHCTOBYIOUYH iX HAYKOBO
OOIpyHTOBaHI OOMEKEHHS;

- CBOEYACHO BUSIBIIATH 3arpo3W Ta PU3MKH MaiOyTHIX 3MiH TOBEpXHI 3eMJli, IPYHTIB,
Mi3€MHUX Ta MOBEPXHEBUX BOJ, HEOE3MEKH BHXOJy ra3y-METaHy Ha MOBEPXHIO HA TEPUTOPIAX
3aKpUTHX IIIaXT, 3a0pyIHEHHS aTMOC(EepHOro MOBITPS BHACHIOK HE3BOPOTHUX IPOILECIB Yy
MOPOJHUX BiABajax;

- OL[IHUTH MOXJIMBICTh Ta HAJIWHICTh MOBEPXHEBOro OYyIIBHUILITBA HA3eMHUX 00’ €KTIB,
CHOpYA, TPAHCIOPTHUX MaricTpajei, MiJ3eMHUX KOMYHIKalii Ta30-eJIeKTPONOCTayaHHs,
1HKEHEPHUX Mepexk, BAPOOHUUUX MIANPUEMCTB, JKUTIA, COLIaTbHUX 00 €KTIB TOIIO, K1 € 6a30BOIO
OCHOBOIO COL1aTbHO-€KOHOMIYHOT'O PO3BUTKY TEPUTOPIil;

- pO3pOOUTH MPOMO3UIli CTOCOBHO OY/IBHHUIITBA €KOJOTIYHUX 00’ €KTIB, OUUCHUX CIOPY/I,
YUCTUX BOJI03a00piB, BOJOTOHIB Ta MEPEX, a TAaKOX MOJMIJIMBOCTI BHUKOPUCTAHHS CHUPOBHHHU
MOPO/IHUX BIJBaNIB Y Oy/IBENbHIN UM 1HIIN ranys3sx;

- OI[IHUTU COLIaJbHY CKJIAQJ0BY, 30KpeMa IUISIXU IOKPALIEHHS 3/J0pOB’S HACEeIEHHH,
COIIAIBHOTO 3aXHUCTY II0JI0 HEraTUBHOTO BIUIMBY HABKOJIHMITHHOTO TIPUPOJIHOTO CEPEOBHUIIIA;

Ha ocHOBi MartepiasiB JOCHI)KEHb, MOHITOPUHTY Ta OLIHKH IPOBOJUTHCS 3arajibHe
30aaHCyBaHHS BTpAT y 3BS 3Ky 13 KOHKPETHOIO €KOJIOTIYHOIO MPOOJIEMOI0, pa3oM 13 BEITHYUHOIO
BUTpAT MJig 3iHCHEHHS 3axOJliB IIOAO0 1ii BupimieHHa. Ha OCHOBI Takoro 30amaHCyBaHHS
BHU3HAYAETHCIHEOOX1IHICTh Ha OCHOBI MPOOJIEMHO-TIPIOPUTETHOTO MIAXONY JUISl PO3PAXYHKY
(biHaHCOBUX pecypcCiB, TEXHOJOTIUYHUX Ta TEXHIYHUX MOMIJIMBOCTEH 1 JpKepen ix moOumizamii i
BUKOPHCTAHHSI.

3acTocoBaHMi MpUHIUN 30ajJaHCyBaHHA MpoOJeM Ta TepeBar, SKi AaHATITUYHHUM,
JOCIITHUIIPKIM, HAayKOBHM METOJIaMH TIOBHHHI OTPHUMATH HaJeKHY KOMIUIEKCHY OIIIHKY Ta
pe3yabTaT Uil KOXHOi TepuTopiasibHoi rpomanu. KoMMIeKCHMM CHCTEeMHIM MiJIXiJ TakKoro
30alaHCYBaHHS TIOJIATA€ Yy BHSBICHHI pEaTbHUX TPHUYWH, (AKTOPiB, YMHHUKIB, iX SKICHHX,
KUTbKICHUX, BIJIHOCHUX XapaKTEPUCTUK, $AKI TOKa3ylOTh O0OCATM BIUIMBY, IO MPU3BEIH
JOTETIEePINIHBOTO CTaHy, HACTIAKIB 1 JOCBIAY  PECTPYKTypu3allii BYTIJIBHUX IMANPUEMCTB Yy
MUHyJ0MY [4].

OmHuM 13 NUISXIB MIIXO0Y TMOJ0JIaHHS MPOOJIeM Ta HACIIIKIB MiA3EMHOTO BYTJIEBHI0O0YTKY
Ha Jiep>KaBHOMY piBHi € mpuifHATTS noctaHoBu Kabinery MinictpiB Ykpainu Bix 22 BepecHs 2021
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p. Ne 1024 «IIpo cxBanenns Konuenmii JlepskaBHOI IIbOBOI MpOTrpaMu — CIpaBeIIHBOI
Tpanchopmarlii ByriibHUX perioHiB Ykpainu Ha nepioa mo 2030 poxky». (Hagam — Konmemiris).
Bignosimno no Konmemiii ByriibHI perioHM BU3HAYAIOTHCS SIK DPETiOHH, HAa TEPUTOPIi SKHX
po3TalloBaHi BYIJIEBUIOOYBHI Ta ByIJenepepoOHI MiANPUEMCTBA, y TOMY YHCHL Ti, SKI
nepeOyBalOTh y CTail JiKBifamii, KoHcepBalii abo mepeopieHTalii Ha iHIII BUIM €KOHOMIYHOT
JUSTTBHOCTI, Ta MANPUEMCTBA BYTUIHHOT TETIOBO1 TeHepallii, He3aJIeKHO BiJl (hopM BiacHOCTI» [7].

3rigHo 3 HarmioHansHOI EKOHOMIYHOK crpaterieto Ha mepion g0 2030 poky, ska
3aTBepKeHa moctaHoBoro KaGinery MinictpiB  Vkpainm Big  3.03.2021 poxy Nel79
nependavyaeTbCst  JeKapOOHi3alis EKOHOMIKM (MIABHILEHHS eHeproe(eKTUBHOCTI, PO3BUTOK
BIIHOBITIOBAIBHUX JUKEPENl €HEeprii, po3BUTOK IHUPKYISPHOI EKOHOMIKM Ta CHHXPOHI3AIls 13
HIIIATUBOIO «EBPONEHCHKUH 3eneHuid Kypey [8].

[Tputinarts Eneprernunoi crpaterii Ykpainm Ha mnepion a0 2030 poky, y skii
nepeadavyaroThesl Il Ta 3aBJAaHHS JOBIOCTPOKOBOTO PO3BHTKY €HEPreTHUYHOIO CEKTOpa KpaiHw,
30KpeMa Jep>KaBHa IIOJITHKA PO3BUTKY NaJUBHO-EHEPreTUYHOIO KOMILIEKCY IOBUHHA OyTH
BU3HAYCHA sIK KypC /il OpraHiB JIep>KaBHOI BJIQJN3 METOIO BIUIMBY Ha HALlIOHAJIBHY EKOHOMIKY /IS
3a0e3neyeHHs] CTaOUTPHOTO (YHKIIIOHYBAaHHS Ta CTaJOr0 PO3BUTKY EHEPreTUYHUX PHUHKIB,
YCYHEHHS HETaTUBHHUX HACIIKIB IXHBOTO (DYHKIIIOHYBAaHHS i 3aXHCTy HAI[IOHAIBHUX iHTEpeciB [9].

Hapani, 13 npuiinartsam Enepretnunoi ctparterii Ykpainu Ha mnepiox no 2050 poky,
3aTBepKEeHO] posnopsypkeHHsM Kabinety MinictpiB Ykpaiau Bix 21 xBiTHs 2023 poxy Ne 373-
p,sIKa MOIJUHYINa noJjioskeHHs: EnepreruyHoi ctpaterii Ha nepion A0 2030 poky,nepexiJ Ha IIIsAX
CTaJIOTO PO3BUTKY B €HEPIeTHUIll Ma€ Ha yBa3i IpOIEC 3MiH, 3a SKOTO €KCIUTyaTallis MPUPOIHHUX
pecypciB, HapsIMU 1HBECTUIIIH, OpIEHTAIliSl HAYKOBO-TEXHIYHOTO PO3BUTKY 3/I1HCHIOBATUMETHCSI Ha
OCHOBI JIOCATHEHHSI MAaKCHMAaJbHOTO pIBHSA KIIMAaTUYHOI HEHTPAIBbHOCTI, MaKCHMaJIbHOTO
CKOPOYECHHS BUKOPUCTaHHS BYT1JUIS , PO3BUTKY aJbTEPHATUBHUX JDKEPEI €Heprii, HOBUX MPOJYKTIB
Ta IHHOBAIIMHUX pillleHb B eHepreTuyHoMYy cexTopi [10].

OTxe, BIAMOBIAHO 10 mepeadavyeHuX CTPATETriYHUX LI PO3BUTKY €HEpPreTHMYHOI raiysi
KpaiHW Ha JIOBrOTPUBAJIWN IME€pioJl, TEHEpilllHId CTaH y BYTUIBHUX pErioHax, MIAXOAH MO
pecTpyKTypHu3alii miANpUEMCTB chepr BYriIeBUI00yBaHHS, 3aKPUTTS TIIOUYMX IIaXT, OyAiBHHUIITBA
HOBUX, IOBUHHI OyAyBaTHUCh 13 BpaxyBaHHSIM IIHPOKUX BHUMOI 30€pEKEHHS HaBKOJIUIIHHOIO
IIPUPOJHOTO CEPEIOBHILA, ITOI0JIAHHS €KOJIOTTYHUX MPOOIeM.

BucHoBku. Exomnoriuti npobiemMu y ByrJIeBHI00YBHUX PETiOHaX CTBOPIOIOTHCS CUCTEMHO
SIK y TIPOIECi MOTOYHOTO IMi3€MHOTO BUAOOYTKY KaM SHOTO BYT1/UIS, TaK B BIPOAOBK TPUBAIIOTO
Mepioay TMichs 3aKpUTTA IIaXTH, Ta MAlOTh HETATUBHUM BIUIMB HAa COLIAJIBHO E€KOHOMIUHUN
PO3BUTOK TEPUTOPIM.

Enepretnuna mojiTHKa MalOyTHBOTO KpaiHU pO3TIISAAETHCS B KOHTEKCTI 3HIDKEHHS
BUPOOHMIITBA €JIEKTPOECHEPTii TEIJIOBUMHU €JIEKTPOCTAHLISMHU, 3TOPTaHHs MiJ3€MHOr0 BUA0OYTKY
KaM’SIHOTO BYTULIS, aKTUBI3AIlII0 MIEPEeX0/y Ha albTEPHATUBHI €KOJIOTIYHO YHCTI JKepesia eHeprii.

Exonoriuni mpoGiieMy Ha TEpUTOPISX PpO3TALIyBaHHS INAXT Ta iX MiJ3eMHHX HIAXTHHUX
MOJIIB, 3 SKUX 3IICHIOETbCS BYIVIEBUIOOYTOK, CTBOPIOIOTHCS BHACHIJOK OCOOJMBOCTEM
TEXHOJIOTIYHOTO TPOLeCcy, a caMe O0BaJl MOPiA B HAAPax Yy MICISIX MOPOXKHHUH BUOpPAHOI TipHUYOT
MacH, L0 CIPUYMHSAE TPOCIAAHHS 1 3€MHOI TMOBEPXHI, YTBOPEHHSI 03€p, 3a00JI0YEeHHS TIPYHTIB,
pYHHYBaHHSI POCIMHHOCTI, 3a0py/IHEHHS BOJM, BUBEIECHHS 3€MENbHUX IUISHOK 3 TOCIOAAPCHKOTO
000poTY 3a iX monepeaHiM mpu3HaueHHsAM. YacTuHa TipHUYO0i Macl HEBYTUILHOTO CKJIaay (mopoja,
KaMiHb TOILO), BUJ100yTa Ha MOBEPXHIO Ta BiAJUIEHA BiJ BYTJuId, GOPMYETbCS Y MOPOAHI BiABAIU
(TEpUKOHM), TOCUITIOE THCK 3€MHOI MacH Ha MiJ3€MHI MyCTOTH, a TaK0X 3a0pyIHIOE€ HABKOJIMILIHE
Cepe/loBUILE HETaTUBHUMHU BUKHUIAMHM B aTMoc(epy BHACIIIOK TOPiHHSA, OBEPXHEBI Ta Mig3eMHI
BOJM XIMIYHUMHU €JIEMEHTAMHU y HaCEJIeHHUX MYHKTAaX, 110 HETaTUBHO BILJIMBAE Ha 3JI0POB’S JIIOJIEH.

[TpocinanHs 3eMHOI TOBEPXHI CTBOPIOE MPOOJIEMH CTOCOBHO MOPYLIEHHS CTIMKOCTI
OyIWHKIB, CHOpYH, NUIAXIB, IHKEHEPHUX MEpexX, 3a0pyJAHCHHS TOBEPXHEBUX 1 3E€MHHUX BOJ
XIMIYHUMH €JIEMEHTaMH, SIKi MOXKYTh MOTPAIUIATH Y KPHUHMIII MEIIKAHIIIB, 10 MOTpeOye 3HAYHUX
JIOJTATKOBUX KOIIITIB Ta BIAMOBIAHUX 3aCO0IB JIJI1 PEMOHTY 1 BITHOBJICHHS.

108



TakuM YMHOM, BUPILICHHS EKOJOTIYHUX MpOOJIeM BYTUIBHHUX PETiOHIB, MONEPEIKEHHS
HACJIIKIB HETaTUBHOT'O BIUIMBY MiA3€MHOI0 BYTJIEBHI00YBaHHS Y MaiOyTHROMY, (YHKITIOHYBaHHS
TepuTopiil ans auBepcudikaliii EKOHOMIKM BHACHIAOK 3TOpTaHHS OOCSTIB BYIJIEBUAOOYTKY,
HEOOX1THO TMPOBECTH KOMILIEKCHY OIlIHKY €KOJIOT1YHOi CHUTYyallii TEpUTOpid 13 BUKOPHUCTAHHSIM
Cy4acHUX IHHOBALIHHUX TEXHOJOTiH, CPOpPMYBaTH BiANOBIIHY MpPOrpaMy, IUIaH Aild, HEOOXiIHICTH
yCiX BHJIIB TIOJATKOBHUX PECYPCIB, 30KpeMa 13 BpaXyBaHHIM Cy4YaCHHMX TCHJICHIIIH 3MiHM OaJlaHCy Ha
S€HEePreTUYHOMY PUHKY KpalHH.
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Abstract. The publication provides a detailed characterization of a modern direction—
biomimicry (biomimetics), which is still insufficiently popularized in Ukrainian education and
science. It highlights the historical background of this alternative direction, which is based on
prototyping natural forms, materials, functions, models, and constructions into sustainable
technological solutions; legislative approaches; and the possibilities of modern information
technologies that make biomimicry accessible for scientific research and the practical
implementation of innovative ideas. The authors discuss the experience of practically implementing
this approach in various fields and industries, including in combination with modern information
and communication technologies (ICT).

Keywords: biomimicry, biomimetics, innovation, information technology, sustainable
technological solutions.

AHoTanis. Y nmy0iikaiii HaBOJUTHCS JeTallbHA XapaKTePUCTUKA Cy4acHOIO CIIPSIMyBaHHS —
61oMiMikpii (610MIMETHKH), 1€ HEJTOCTaTHHO MOIYJSPU30BAHOIO B YKpAaTHCBKIM OCBITI Ta Haylll.
BucBiTnoeTbesl ICTOpUYHE MIATPYHTS JAHOTO allbTEPHATUBHOIO CHPSMYBaHHS, K€ 0a3yeTbcs Ha
NPOTOTUIYBAaHHI HpUPOAHUX ¢dopM, MartepiaiiB, (yHLIH, Mojened Ta KOHCTPYKLIH B cTami
TEXHOJIOT14HI PIILIEHHS; 3aKOHO/AaBU1 M1JIX0/I1; MOXKIIMBOCTI Cy4acHUX 1H(QOpPMAIIITHUX TEXHOJIOTIH,
AK1 poOJIATH G10MIMIKPIIO JOCTYITHOIO Il HAYKOBOT'O TOUIYKY Ta MPaKTHYHOI peasi3alii HOBITHIX
11el. ABTOpaMM BHUCBITJIIOETbCS JIOCBiJ MPAKTUYHOIO BIPOBAIKEHHS JAHOrO MIIXOLY B PIi3HI
cdepu Ta ranysi, B T.4. B IO€JJHAHHI 3 CydacHUMH MoxxuBocTsmu IKT.

Knrwouosi cnosa: Oiomimikpisa, 6iomimemuxa, iHHo8ayii, iHgpopmayiuni mexuonoeii, cmaiui
MEXHON02IUHI PIUEHHS.

«biomimikpin» (abo Oiomimeruka) (Bim rpem. bios — KUTTS 1 mimesis — IMITyBaTH)
OyKBaJIbHO O3HAya€ «HACIiAyBaTH, IMITYBaTH XHUTTsS». TepMiH «OlOoMIMIKpis» 3’SBUBCA 1€ B
1982 poui. bionika ab6o Oiomimikpis (3 aHriI. «biomimicry») oJiHa 3 KOHLENTYaJIbHUX CHUCTEM, IO
JIEKUTh B OCHOBI KpYroBOi €KOHOMIKHM sKa HaOyja MOMmyJsipHOCTI 3aBIgku kHM31 [[kaniH beHtoc
«biomimikpis: iHHOBaIi, Ha K1 HaUXHYa mpupoaa» (1997), sxa pakTuyHo HoMysspU3yBaia JaHe
crpsiMyBaHHs. 3roJoM 0e3nid 010JI0TiB, HATypalicTiB, (PIHAHCUCTIB, OCBITSH 1 €KOJOTIYHO CBIJOMUX
nu3aiiHepiB npuenHanucs ao J. benroc, mo6 po3novaru Te, 110 Tenep MO>KHA Ha3BaTH II100aIbHUM
pPyxoM 3a 010MIMIKpIIO.

ABTOpKa BH3Hayae OIOMIMIKpIIO SIK HOBY HAayKy, fIka BMBYa€ MOJEJ MPUPOIH, a MOTIM
iMiTye a00 3amo3uuye i71ei, Mo JIeKaTh B OCHOBI MIPUPOJHUX MPOIICCIB, JJIsi BUPIIICHHS JIOICHKUX
npobneM. Y cBOill KHU31 BOHA (hOPMYIIOE MPUHIIMIIM, HA K1 MMOKJIAIA€ThCsl 010MIMIKpis, 30KpeMa
«IPUPOIA-MOJIECIbY, «IIPUPOJA-MIpay Ta «IPUPOAA-HACTABHUKY, & TAKOX MITKPECTIOE CTIMKICTD 5K
3arajpHy Mety OioHiku [1].
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KeMOpuKChbKUiT CIOBHMK Hajae BU3HAUYEHHS TEpMiHY OIOMIMIKpis, $K TpakTHKa
KOITIFOBaHHSI TEXHOJIOTIYHOTO Ta IMPOMMCIIOBOTO 3pa3Ka MPHUPOIHUX IPOIECIB: iaes OloMiMiKpil
TMOJIATAE B TOMY, 1110 TIPUPO/IA BXKE BHPIIIHIIA TPOOJIEMH, SIKI MU HaMaraeMocs BUpIuTH [2].

ITo dakty TepmiH «OIOMIMIKpPisS» € MOXiTHUM BiJl BU3HAYCHHS «O010MIMETHKaY», KU Mae
OUIBII JTaBHIO ICTOPIIO MOXO/KEHHS JaHOTO BU3HAYCHHS. TepMiH, SIKHU MOXOIUTHh BiJl TPEIBKUX
cimiB «bios» (KUTTS) 1 «mimesis» (HaciiayBaTH), OyB 3aIpPOIIOHOBAHUN aMEPUKAHCHKUM YYCHUM 1
BuHaxigaukoM Otro lImiarom y 1960-x pokax uisi omucy mporecy mepexony Bia Oiosorii mo
TexHoJorii. B icropudyHOMy acmekTi 610MiMETHKY 4acTo acollitoeTrbes 3 Jleonapao na Binui, skuid
BBXXAETHCS MEUINM Y CBITI BUCHUM-010MIMETHKOM.

IcTopuyHO PO3BUTOK O0IOMIMETHKH MOKHA PO3AUIMNTA Ha HACTYIHI €Tanu: O10MIMETHKA,
3aCHOBaHAa Ha MOJENAX, Oyjia 3ampoBa/KEHa, MOYMHAIYHM HpuOau3Ho 3 1950 poky, rogoBHUM
YUHOM IS BUKOPHUCTAHHS B NPOCKTYBaHHI Ta OYIIBHMIITBI JIITaKiB, TPAHCIIOPTHHX 3aco0iB 1
KOpaOJiB IIISIXOM BUBEACHHS MPaBWJI MOJICIIOBAaHHS Ha OCHOBI Teopii mOMIOHOCTI st
MIEPEHECEHHs] MPUHIIMUIIB Ol0JIOTIYHUX CHUCTEM Y TeXHI4HI KOHCTpykuii. biuspko 1960 poky aBa
croBnu OioMiMeTHnkH (OioJorisi Ta TEXHOJIOTIs) OynM BHeEpIIe JIHTBICTUYHO 00’€HAHI 3aBISKU
BIUTUBY KiOGpHETHKHU Ta MOCTaBIEHI HA CHUIbHY JIIHTBICTUYHY Ta METOAUYHY OCHOBY. [loTiM 1151
OCHOBA CTaJla BA)XJIMBOIO OCHOBOIO JIJISl IIEHTPAJIBHOTO €JIEMEHTa Tany3i OiOMIMETHKH: Tepenadi
3HaHb. [lpubmu3Ho 3 1980 poky OiomimeTnka TakoXX Oyla po3LIMpEeHa [0 MIKpo- Ta
HaHoMmacmTabiB. Kirouem n0 mmx posmmpeHb OynM HOBI METOIM BHMIPIOBAHHS Ta TEXHOJOTIT
BupoOHuITBa. 3 1990-x pokiB OiomMiMeTHKa OTpHMMaia MOJANbIININ MOIITOBX, 30KpeMa 3aBISKU
CTpPIMKOMY pO3BUTKY TEXHOJOTIH Yy CYMDKHHX Taly3sX iH(GOpPMATHKH, HAHOTEXHOJOTIMH,
MEXaTPOHIKHK Ta 6ioTexHoori [3].

CporozHi o0macTh OiOMIMETHMKM BCE OUIbIIE BBAXKAETHCS HAYKOBOIO IAMCIUILTIHOIO, SKa
MOpoANIIa YUCICHH] 1HHOBAILlIi B MPOIYKTaxX 1 TexHojorisx. lle MixaucuumiaiHapHe CpsIMyBaHHS,
o 00’ €IHYy€ SKCIEPTIB y Taiy3i 010J0rii, IHKCHEPHUX HayK Ta 0araThbOX IHIIHUX JUCIHUILIIH, Ma€e
0c00JIMBO BUCOKHMI MOTEHINiaN Ul pO3BUTKY 1HHOBAIIM. Y cydacHOMY pO3yMiHHI L[LOTO CJIOBA MiJ
010MIMETHKOIO PO3YMIIOTh 3aCTOCYBAHHSI MIAXO/IB /10 JOCTIIKEHb 1 po3p000K, K1 MPEJICTABISIIOTh
iHTepec UId MPAaKTUYHOIO 3aCTOCYBAaHHSA Ta BUKOPHCTOBYIOTh 3HAHHs, OTPHUMaHI B Pe3yNbTaTi
aHayi3y OI1OJIOTIYHMX CHUCTEM, I MOIIYKY pilleHb MpoOjeM, CTBOPEHHS HOBUX BHMHAxXO[IB Ta
IHHOBAIIIH 1 epenayi UX 3HaHb TEXHIYHUM cucTeMaM. Ines mepeHeceHHs O10JOTIYHUX MPUHITUIIIB
Yy TEXHOJIOTIIO € IIEHTPaJIbHUM €JIEMEHTOM 010MIMETHKHU.

3akoHonaBuo 3 2015 poky AaHe HayKoOBe CIPSIMYBaHHS PErJIaMEHTYETbCS MIKHapOJHUMHU
Crangapramu ISO 18458 Ta ISO 18459:

* [SO 18458:2015 «biomimeruka. TepmiHONOTIA, MOHATTS 1 METOAOJOTIA» — CIYKUTh
OCHOBOIO JIJIsl TEPMIHOJIOT] B 010MIMETHKH JJIs HAYKOBO1, IPOMUCIIOBOI Ta OCBITHBOI 00JIacTei;

* ISO 18459:2015 «biomimeruka. bioMmiMeTHuHa oNTHMI3allis CTPYKTYpHU» — BHU3HAYAE
¢yHKIIT Ta 00cArH 610MIMETUYHHUX CTPYKTYPHUX METOJIB ONTHMI3allli, IK1 BpaXOBYIOTb CTPYKTYpPY
KOMIIOHEHTIB 3 ypaXyBaHHsIM CHJIM, Baru abo TepMiHy ekcrutyarauii [3].

biomiMikpis — 11€ BiIHOCHO HOBE CIIPsIMYBaHs, C(OKYCOBaHE BUKJIIOYHO Ha €BOJIOLIHHOMY
JOCBIJIl MPUPOTHUX €KOCUCTEM, OCHOBHUMH CepeJl IKUX €:

MPUPO/Ia BUKOPUCTOBYE JIMIIIE HEOOX1IHY i1 eHepriio;
pHupoaa migdupae onTUManbH1 GopMu Ui PyHKIIOHYBaHHS,
y IPUPOJHOMY CEpPEAOBHUILI BCE EPEepOOIIIe€ThCS;

IIPUPOJIa CIIUPAETHCS HA PI3HOMAHITHICTD;

KO’JKHa perioHaibHa eKocucTeMa — yHiKajbHa [1; 4].

Buninators Tpu piBHI OioMiMIKpii: piBeHb OpraHi3My, MNOBEIIHKM Ta IMiTalisi BCi€l
exocucreMd. Ha KoxHOMYy piBHI € I’SITh BHUMIpPIB, SKI BH3HA4YalOTh CTYIIHb iMiTamii: ¢opma,
Mmarepiai, KOHCTPYKIis, npouec i pynkuis [4; 5].

TakuM YMHOM, MPHPOJAA YACTO KOHUENTYaT3yeThCS SIK «KATaJOT TMPOIYKTIB», <(OKHBA
SHITUKJIONE S BUHAXIUIMBOCTI», KA Mae 3,8 MIpJ. POKIB ifiell i pO3YMHHUX agamnTarliii, MiCTUTh
MIMOWHHY MYJIPICTh, 3 SKOKO JIFOJM TMOBHWHHI KOHCYJIBTYBATHCS, HACIITyBaTH Ta BYMTHCS, 100
«TOCSTTHY» CTIMKOCTI [6, 7].
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[IpoTsirom ocTaHHIX TPHOX AECATUIITH OIOMIMIKpist Ha0ya MOMYISAPHOCTI K TUCIMILIIHA Ta
opraHiszaifiiiHa CTPyKTypa, sKa TIO€IHYE I1H)KEHEpHI, MPOEKTHI Ta OI0JOTiYHI TOCIIKCHHS.
I'moGaneHa Mepexa «bioMimMikpis» — 11e 00’ €AHaHHS MPAKTUKIB Ta OpraHi3amii, SKi IpamooTs y 21
KpaiHi, 36 perioHaAIbHUX Mepekax 1 OXOIUIIOITh MOHAaM 12 Tuc. dineHiB. Mepeka MOXOAUTh Bij
IacTutyTy Giomimikpii B MonTani, CIIIA [6; 8].

Jyxe yacto 610MIMIKpIiHI TiAXOAN MO3UIIOHYOTECS K KOHIENTYaIbHI MIIX0IM HA MUIAXY
70 CTaJOTr0 PO3BHUTKY, ajle 3 OIJISAYy Ha JaHe TBEP/PKEHHS JyMKa HAYKOBIIB JyXe DPI3HHTHCA,
BHUKJIMKA€ HAYKOB1 IPOTUPIYYS Ta MOCTiHHI qucKycii. [IpuXumbHUKH 11i€1 rinoTe3u (MOYMHAKYH Bijl
XK. Bentoc, kepiBHMIII ~KOHCanTHHroBOoi (ipMu Ta OCBiTHBOI Mepexi Biomimicry 3.8),
CTBEPAXKYIOTh, 10 BHUKOPUCTAHHS HOBHMX TEXHOJIOTIH, fKI € MIPOTOTHIIAMH HPUPOJHHUX (opM,
(GYyHKLIN, IUIIXOM CKOPOYEHHS PECYpCOBHKOPUCTAHHS, POOUTH KIIIOUOBHH BHECOK B JOCSTHEHHS
LUIeH CTaloro po3BUTKY. A TaKOX € TBEpIKEHHs, IO NPSIMUN 3B’S30K BAXKO BIACTEXKUTH, a
«OioMiMiKpisi He 000B'I3KOBO 3a0e3Meuye CTiiKI pe3yabTaT» 10 KOHLUENTYalbHOI KPUTUKU JaHOTO
MiIXOAYy Ha OCHOBI EKOHOMIYHOI CTaJoOCTi, CTBEP/UKYIOUH, IO <JTIOJChKAa BHUHAXIAJTUBICTh
3aJIMIIAETHCS BUIOKO 32 Oiosoriuni Gopmmy» [9-11].

KoxHa rpyHTOBHA KPUTHKA, Y T.4. 1 HAyKOBa, Ma€ MICIle Ha ICHYBaHHA, a JOMOKU (haxiBili
JOBOJATH, IO OIOMIMIKpiiHI TPUHIMIIN CTBOPIOIOTH HPOTHPIYYS IS MEBHUX CBITOTJISTHUX
KOHIEMNIi Marepiani3aMy, AaHe KpPOCAUCUHUIUIIHApHE CHpSAMYBaHHsS HalOyBae 00epTIB y BHIJISIL
HOBHX TEXHOJIOTIYHHX MOJIEJeH, HATXHEHHUX NPUPOAOI0, a MPOTOTHIYBAHHS pPEATi3yeThCS Y
HE3BUYHUX Ta BEJIbMH 1HHOBAIIHHUX (JOpMax Ta TEXHOJIOTISX.

Y cBili yac OIOMIMIKpiI0O CIOPUHHAIM SK MEHHCTpIM, Opi€eHTOBaHMH Ha Oi3Hec-
1HBallpOHMEHTAJII3M, SIK JJ0Ka3 TOro, 110 €KOHOMIYHE 3POCTaHHS Ta MIKJIyBaHHS IPO HABKOJIUIIHE
cepeoBHIIEe OLTBIIE HE MOTPIOHO PO3MIISIATH K OMO3UINI0 oaHe A0 ofaHoro. Ha mouatky XXI cr.
0araTo MpUXWIBHUKIB OlOMIMIKpIl MOKIananyu Hajii Ha G10JO0TIYHY PEBOJIOLII0 B MPOMHUCIOBOMY
BUPOOHMIITBI, SIKA 3MOXE CKACyBaTW TOKCHYHY Ta PECYPCOMICTKY MPAKTHUKy XX-TO CTOJITTS Ta
npusBene J10 OUIbIl ePEeKTHBHOI, €KOJIOTIYHO CTIHKOI MaTepialbHOI KyJIbTYpH, OIHCYIOUH
010MIMIKDIIO SIK KJIFOYOBUM METOJI CTBOPEHHS OUIBII €KOJIOTIYHO CTiiKOI eKoHOMIKH [12].

IIpakTryni npukjgaan 0ioMIMIKPIHHUX pilleHb 3’SBUINCH 33J0BrO 10 IOSIBU CaMOIO
TEPMIHY Ta CIpsMyBaHHs. HalimommpeHimmM 3araibHOBKUBAaHUM MPUKIIAIOM OIOMIMETHKH € YCIM
nobpe BigoMi 3acTiOku-numydkn (abo «Velcro»), BuHaigeni y 1948 pomi mBeHnapchbkum
imxeHepom  Kopxem ge Mectpanem. IlpupogHuM  NpoTOTHMIOM — CTaad  OCOOJIMBOCTI
NPUCTOCYBAIbHAX MEXaHi3MIB KOPOOOUOK HACiHHs HeTpeOu 3BH4aiiHO1 (Xanthium strumarium).
[lle omHMM 3 TOpPUKIAIIB TEXHOJOTIM MarepialiB € KieWka IMITallisl JIallOK TeKOHa, Cy4yacHi
IHHOBAIlIl{HI MaTepianyd BKIOYaOTh (apOH, fKi IMITYyIOTh KOJBOPH KpPHJI METelIHKa, HaJMillHa
KepaMika, 110 IMITye TepiaMyTp; HaJpyKkoBaHi Ha 3D mpuHTEpax, CTIHKI 0 MEepeIoMiB, CXOXKI Ha
KICTKH MaTepiaiy.

®D1310J10T14HI OCOOJIMBOCTI JIUCTS JIOTOCY HAAUXHYJIW Ha CTBOpPEHHs TiapodoOHuX ¢apd
CTIMKMX 10 3a0pyaHeHHs Ta IuTicHABU. lloBepXHsS MHUCTA 1€l POCIMHM HACTUIBKU J00pe
BIIIITOBXY€E Opya 1 BOAY, MO IS BJIACTUBICTH camoouuieHHs y 1977 p., 3aBasuyroun mpod.
boncbkoro yHiBepcutery Binbrensmy bapriorTy, oTpumana HaszBy «ioToc — edext». Y 1999 p.
HiMeIbKa OyaiBenpHa KoMmaHis Sto BumycTHia ekcrep’epHy ¢apOy mix HazBorw «Lotusany (puc.1)

[13].

Puc. 1. Ilpupoanwmii «1otoc — epexTy», BTUICHUI HIMEIILKOIO KOMIIaHi€r0 Sto y excrep’ epHiid (apOi
«Lotusan» [13]
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[licns BucuxaHHSA MIKpOTeKCTypa (apOu iMiTye TOBEpPXHIO JHUCTA JIOTOCa, 1100
BI/IIITOBXYBATH BOJIOTY Ta OpYy/1 330BHI.

[ToBepxHi, CTiiiki 10 TOmMpEHHs OakTepili 1 MIKpOOpPraHi3MmiB, HOBalis BiJ KOMIIaHil
Sharklet Technologies — mpororunu akynasuoi mkipu (puc. 2) [14]. V ximii 6arato po0Oirt
30CepeKEHO Ha IMITYYHOMY (DOTOCHHTE31, HAmpuKial, po3poOKa AeHIeBHX, eHeproe(eKTUBHUX
COHSYHHMX OaTapei.

[Tpodecop opraniynoi  ximii
KamidopHniiicbkoro YHIBEPCUTETY
AR : Iepbepr  Beiir, mpamoroun  Haj
LRSI " S CTBOPEHHSIM  KIIEKO  JUISI  MOKpPHX
' . : MOBEPXOHh  3BEPHYB  yBary  Ha
MIPUPOJIHY 3/IaTHICTh MOJTFOCKIB
yTpUMYBaTHCAd Ha OJHOMY Micmi 3a
nornomMoror 0Oicyca, OUIKOBHX HHUTOK,
3MaTHUX MIIMHO TIPUKIICIOBATUCSA IO
Puc. 2. Criiiki 10 6akTepiii i MikpoopraHizmis BOCKY, CKJIa, KICTKM Ta MeTaiy. Pobora

noBepxHi Big Sharklet Technologies [14;15] Beiita 3 po3pobku aHaIOr4HAX ‘6iﬂKiB
Jaja  [OYaTOK  OaraThOM  1HIIMM

JOCIIDKCHHSIM Ta CHpUsUIa CTBOpPEeHHIO TexHousorii PureBond, mo 3acTocoByeThcsi B JiepeBHIN
MIPOMUCIIOBOCTI Ta He MoTpedye BUKOpUCTaHHS (popmanbaeriiiB. CTBOPEHHS €KOJOTIYHO YUCTHMA
MOPOIIOK KapOOHATy KaJbLII0 TaKOXK «3aBAs4ye» JIOCBiLYy HMPUPOIH, a came mpouecy dikcarii
BYIVIEKHCIIOTO Ta3y KOpajlaMH; IIOpPOIIOK MOX€ 3aMIHMTH YacTHHY MOPTIaHILEMEHTY B
TPaTUIIHHAX OETOHHHUX CyMiIllIaX, 10 3MEHIITYE BYTJICIIEBHIA CIIiJ IIEMEHTY

bputancbka kommanisi Stabilitech cTBopmia GioMiIMETHYHY TEXHOJIOTiIO, IO JI03BOJISIE
30epiratu Ta 0OpoOIIATH 010JIOTIUHI 3pa3ku 0€3 0XOJOKeHHS. TpajHIliiftHO 010JIOTIYHI MaTepiaim,
Taki K BaKLMHU, TOBHHHI 30epiratucsi B XOJOIAWJIBHUKY O MOMEHTY JIOCTaBKM MAIll€HTY, 11100
3amo0IirTy ix gerpazgariii. MeaudHi 3akiajau B KpaiHax, 1[0 PO3BUBAIOTHCS, HE MalOUM HaAIHHOL
XOJOAUIIBHOI 1HGPACTPYKTYpH, OYyIM 3MYIIE€H! BUKUIATU TOJOBHUHY IMOCTaBIEHUX BaKIUH yepes
npobiemu 3 TemmepaTyporo. IMiTyroun npuHUIMIN poOOTH O10JIOTITYHUX MEXaHI3MIB (HaNpUKIas,
Jesiki BUIM MOXIB Ta KPEeBETOK), kommanis Stabilitech ycrimHo po3poOuia HETOKCHYHI Ta HEIOPOTi
JOTIOMIXKHI XIMIYHI PEYOBUHH, SKI CTaOUI3yIOTh OI0JOTrIYHI MaTepiaad MpHU TeMIeparypi
HAaBKOJIMILIHBOTO cepeaoBuina [ 16].

CydacHe 1HXEHepHE PIIIEHHS SIMOHCHKOIO MOTATY-KYJIl, SIKUH po3BHBa€ MBUAKICTH 10 200
MMWJIB/TOJI. TEX € OAHUM 3 HAaUIOUIMPEHIIUX MPUKIAIIB MPOTOTUITYBAHHS MPUPOJHUX MPOLECIB Ta
O3HaK B TexHoyoriuHi cuctemu (puc. 3). [lepBuHHAa MOzEIb MOTATY Majia TICBHUN HEIOJNIK,
BUKJIMKAHUH MiJIBULIEHHAM THCKY MOBITPs B TYHEJSX, 110 CTBOPIOBAJIO 3BYKOBHUI T'ypKIT KOXHOI'O
pasy, KOJH TOi3]1 BUXOIUB 3 TyHemto. JItoam, siki )KUBYTh Ha BiJICTaHi A0 15 MHIIb, CKap)KHIIUCS Ha
myM. [HxeHepu, SKMM JOpYYWIM NEepepoOUTH HOCOBY YAacTHHY MOi3/1a, 00 3MEHLIMTH IIyM,
CTBOPHJIM HOBY KOHCTPYKIIiIO 3a 3pa3koM 13b00a pubamouku (Alcedo atthis), nraxa, skwii mipaae
TOJIOBOIO BIIEpE]] y BOJY, NPH I[bOMY HE YTBOPIOIOYM OpHU30K Ta crjiecky Boau. HoBuil moizn
TUXIMIUNA 32 OpUTiHAIBHY MOJenb, Ha 10 % mBHUAMIMIA 1 IPU IIOMY CIIOXKHUBAE €IEKTPOCHEPrii Ha
15 % menme [17].
| Py J g‘l prE
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Puc. 3. AepoanHamika 0OTIYHOTO AW3aiiHY BJOCKOHAJICHOTO SMOHCHKOTO BUCOKOIIBUAKICHOTO
noizna Shinkansen Series 500 Oyia 3Moenp0BaHa 3a 135000M nTaxa 3uMopozka [17]

113



@i3ionoriuHi  0COONMMBOCTI  HaMiOIHCHKOTO
xkyka (Stenocara  gracilipes) craam  jgieBuM
MPOTOTUIIOM  aAcopOIlii aTMochepHOi BOJIOTH B
IIYCTEIbHUX YMOBax (puc.4). Bueni
MaccauyceTcbkoro TEXHOJIOTIYHOTO 1HCTUTYTYy H
Karonmumpkoro yriBepcutery Ymii crocrepiraiu 3a
npolecoM i BUHANLLIM HOBEe AM3aiiH-pilnenHs. Ixus
ciTyacTa TEXHOJIOTis 300py BOJIOTH 3 TyMaHy MOXe
noriauHatu 10% BOJSHOT MapH 1 € TOTOBUM PIILIEHHSM
JUIS HamiB3acylUTUBUX perioHiB. Hampuxman, y Ywmi
norinuHanHs Jume 4% BMICTY BOIM 3 TyMaHy
3aJI0BOJILHUTH MOTPEOM MiBHIYHUX PETiOHIB y BOJI.
CydacHi TeIUIMYHI CHUCTEMH 3 MOPCHKOIO BOJOIO
IMITYIOTh TIpoliec 300py BOAM, SK 1€ pOOHUTH
HaM101HChKUHN XKYK, III0 BUKOPUCTOBYE O€3MEXKH1 COHSIUHI pecypcH, J00OBI nmepenaau TemMmeparyp i,
NePeBaXHO, TEIUIi BITPH AJISi KOHAEHCAIll BOJIOTH B MpicHY Boay. Kartapchkuii mociigHuid 3aBOJ
koMmmanii Sahara Forest Project 3amisiB mro cucremy AJjis BUPOLIYBAHHS I[IHHUX IPOJOBOJBYUX
KYJIBTYpP, BUKOPHCTOBYIOUYH Ha 50% MeHIIIe BOJIH, MOPIBHSHO 3 TPAIUIIHHUMU 3acobamu [15].

Texnonoriss ORNILUX — 1ie yrerieHe CKJio, BATOTOBIIEHE HIMEIbKOI KommnaHiero Arnold
Glas, 3aBasku sSIKOMYy BJaiocs 3amoOirtu Bumagkam ruOeni nraxiB (puc.5). s mporo
BUKOPHUCTOBYEThHCS ClieliajbHe YIbTpadioieTOBE CBITIOBIIOMBAIOYE TOKPUTTS, SIKE [Tl JIFOJICEKOTO
OKa 31a€ThCs Maibke Mpo3opuM, aje no0pe BUIAHE MTaxam, a/DKEe BOHHM 3/aTHI OauuTH OUTBII

' UIMPOKUN yIbTPa(ioNeTOBUI CIEKTp, HIXK JIIOACHKE
oKo. Imest BUKOpHCTAaTH YNbTpadioneToBe MOKPHTTS
3’sBUAcAd 3aBJISKM HAyKOBUM JOCHIKEHHSM, SKi
BUSIBUJIU, IO JIEAKI BUJIM MaBYKIB BIUIITAIOTh Y CBOIO
NaByTUHY CBITJIOTEXHIYHI mnacma. Tak mMaByku
3aMaHIOIOTh KOMaX Ta BIIISKYIOTH BEIHKHX TBAapHH,
30Kkpema nraxis [18; 19].

[TpoBingna HAyKOBO-JIOCHiTHA KOMaHJ1a
Nanomik crenianizyerbcs Ha po3poOIi peuentyp,
BIIKpUTTI HOBHX OloMonekyn 1  OloiHxkeHepii
MIKpOOprasi3miB. YBech L€l JOCBi Joromarae

Puc. 4. [lpukian npoTUIyBaHHS 32
MIPUHIUTIOM (Pi310JTOTIYHIX 0COOIMBOCTEH
HaMibilichKoro xKyKa [15]

poO3poOSATH  €KOJIOTIYHO  YHUCTi,  E€KOHOMIYHO
e(peKTHBHI Ta BHMCOKOOIOJOTIYHI MPOAYKTH, TaKi sK
Puc. 5. Ornilux bird protection glass [18]  0Giodyurinumy, 0101HCEKTULINIH, HaTypaJIbHI

1Hri6iTOpH 1BLNII, BotopocTeit 1 GakTepiit Tormo [20].

B IKT noBeainka po3noiry O/pKUT HATUXHYJIa HAa JUHAMIYHAN po3noin cepepiB. REGEN
Energy - TexHomoriuHa KoMIaHisi, 3aCHOBaHa Ha OCHOB1 010MIMIKpii, 3aCHOBHHUKH SIKOT MOCTaBWIIN
co0l 3a MeTy TpaHcOpMyBaTH MHIAXOAU A0 €HEProeeKTUBHOCTI Ta PO3POOUTH HOBY CKIAJHY
TEXHOJIOTIIO YIPABIiHHSA EHEPri€l0 Ha OCHOBI KOMYHIKAIliHHMX MoOZeNed MeIOHOCHUX OJDKIJI.
bmxonmu chinkyroThCs Mk co000 3a JTOTIOMOTOK0 MOBHU TUJIa Ta 3aJIMINAIOTH (HEPOMOHHI cimian. Y
BYJIUKY HEMae yIpaBIliHHA «3Bepxy BHM3». HoBatopu Mapk Kep6ens Ta Poman Kynuk 3po3yminmy,
10 3MOXKYTh KEepyBaTd MpuiagamMu OUTbII €()EKTUBHO, SKINO aJanTyIOTh IO JIOTIKY JI0 CBOET
texHousorii. L9 iHHOBaIiiiHa iges mpu3Bena 10 3alycKy KOMIaHii, ska IMO3uIlioHye cebe s
CHJIFHOTO Maii0yTHHOTO Ha pUHKAX, 1[0 PO3BUBAIOTHCS, HE3BAYKAIOUN HA IMOYATKOBHHA CKENTUIIN3M,
MIEPENOBHEHUH 1 3aCTUTIIMI PUHOK SHEPTeTHUHUX TexHoJorii [19].

Ha cporomHi 6€3:mi4 mikaBuX pillieHb 110 BChOMY CBITY HapaxOBY€ 3aCTOCYBaHHS 010MIMIKPiT
B apxXiTeKTypHI Ta au3aiiHi. Bigomuii cBoimu poboramu 3iMm0abBiiicekuii apxitekrop Mik Ilipc,
CIIOCTEpIralour 3a TEPMITHHUKOM, IINIIOB BHUCHOBKY, IO HWOro (opma Ta BEHTHJIALIS 1AcaibHO
HiAXOIATh JJIi HABKOJIMIIHBOTO CepeloBUINA. BiH CTBOPUB MPOEKT-NPOTOTUI TEPMITHHKA Y
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BUTIIAAL TOoproBo-odicHoi Oyxiii Eastgate Center Xapape (3im0abBe), odicHoi Oynismi B
MensOypHi (ABcTpanis), a mi3Hime inansHi B [llenpwkeni (Kutait). Posymua Oyniist Eastgate
3KOHCTpYHOBaHa 3 HEPIBHUX KaM SHUX JeTaied Ha ¢acani (MPOTOTHIIM KOJIIOUYOK KAaKTYCY).
3arocTpeHi MOBEPXHI, MOIIMHAIOTh MEHIIE Telja, HK 3BUYaiiHe MJIOCKEe CKJIO, Lerja Yd KaMiHb,
BOHU TaKOX JICTIIC BiJIBOASTH TEILIO, 30epirat0ym XOJIOAHIIINM, HiXK 3BHUaiiHa OyniBis [21].

Bapro 3ayBakutH, 10 JOCBiJ] BIPOBAI:KeHHs1 OioMiMiKkpii B OCBITHIO CKJIaJ0BY Mae
MiCIle B €BPONEHCHKHX Ta aMEpUKAaHCHKUX YHiBepcuTeTax. Hampukian, YHiBepcutreT AKpoHa
(Oraiio, CIIIA) Ta Inctutyt muctents KitiBiieH1a CTBOpUIN CHIBHY IIporpamy 3 010MIMIKpii, sika
MIPONOHYE 37100yBayaM TpU OCHOBHI KypcH (OCBITHI Iporpamu): 6akanaBpa 3 6i0MiMiKpii, mporpamy
CTUTIEHIIH 3 610MIMIKPii Ta mporpamy aoktopa ¢igocodii.

VYHiBepcUTETOM ITaTy ApH30HA (CHUIBHO 3 KOHCAITHHTOBOIO KOMITAHIEIO 3 OlI0THTEIEKTY
Biomimicry 3.8) po3po6ieHo Ta BIPOBAIKEHO 1B OHJIAMH-IPOTPAMHU PIBHS Marictpa, a TaKOX
OakayiaBpa B opMmaTi I€HHOT (OpMU HABUAHHSI.

VuiBepcuter YTpexta B Himepnanmax mpomoHye marictepchky mporpamy Bio-Inspired
Innovation — e aBOpiuHMI Kypc ACHHOI (OPMHU HaBYaHHS, OPIEHTOBAaHWN Ha CTYICHTIB 31
cTyrneHeM OakanaBpa OiosioriuHux Hayk. /laHa mporpama mpornoHye YHIKalbHE MO€AHAHHS 3HaHb 1
HaBYAaHHS HABHYKaM, SIKi MiATPUMYBATUMYTh IOIIYK 1 PO3pOOKY LHUKIIYHHUX Oi3HEc-Mozenei i
IOCIIIKEHb Ta IHHOBALIH, HATXHEHHUX O10JI0TI€I0.

bakanaBpcrka mporpama «bioMmiMeTHkay HpONOHYeThCs BecTdanbChbkuMm yHIBEpPCHTETOM
npukiagHux Hayk (HimeuunHa) Ta MHO3HUINIOHYETbCA AK MDKIMCHUILUTIHADHUM Kypc, B MeKax
KOTPOTO 3700yBAarOThCS KOMIIETEHTHOCTI 3 HAYKOBHUX €JEMEHTIB Oioyiorii Ta XiMii, OCHOB
matemaTuku Ta [T Ta OTpUMYIOTbCS HAaBMUYKM TEXHIYHOTO CTBOPEHHS INPOTOTHUIIIB Ha OCHOBI
MIPUHIUITIB, 3HAUJCHUX Y IPHPO/IL.

biomiMikpis BKJIIOY€HA B OCBITHI mporpamu [6epoamepukaHcbkoro yHiBepcutery (Mexiko,
Mexkcuka), 1Ba KypcH BIpPOBaKEHI B YHiBepcuTeTi MuUcTenTBa Ta au3aiiHy Ontapio (ToponTo,
Onrapio, Kanana), gocmipkeHHss B cdepi OlOMIMETHKU Ul 1H)XKEHEPHOTO TMPOEKTYBaHHA € B
Manuecrepcbkomy yHiBepcuteTi (Benukobpuranis).

Marictepcbka mporpama «biomimikpis» Illymaxepcbkoro konemxy (BemukxoOpuranis),
3aHYpIOE CTY/CHTIB y CEpelOBHINE HABUAHHS, MOEIHYIOUM HAyKy, MHCTEITBO Ta AW3alH IS
BHUBUYEHHS TOHKOIIIB O10MIMIKpii.

Konemx wmucreursa ta auzaiiny Minneanonica (MCAD) (Minneanonic, MiHHecoTa,
CIIA) mpomnonye 3100yBauaM OH-lailH Kypc «Biomimicry» (120 rox.) y TematuyHii oGmacti
exosioriuHoro Jau3aiiHy. Kypc Bkirodae crpaTerii IpOeKTyBaHHsS, 3aCHOBaHI Ha MPHUPO.L,
€KOJIOT1YHUHN THU3aiiH.

B Vuisepcureti FOtu (CILIA) € ToBapucTBo 610MIMIKPIi — 116 HOBUH MDKAUCLUMITIIIHAPHUN
JOCHITHUIBKUIM ILIEHTp, a caMe 3apeecTpoBaHa CTYAEHTChbKA opraHizamis. A B VYHiBepcUTETI
Tagnepcdinga (Benukoopuranis) crBopeHo Center for Biomimetic Societal Futures.

Vuisepcuter Kamidopnii, bepkii, a came LleHTp ekosoriuHoi Ximii Mae Kypc Ui acipaHTiB
i Ha3Bow «bBUIBII €KOJIOTIYHI pIMIEHHS» NpU3HAYEHUN [UIsi O3HAHOMJIEHHS CTYIEHTIB 1
MOTEHIIMHUX MalOyTHIX JOCTITHUKIB 13 METOIOJIOTi€r0 O10OMIMIKpil HA MPaKTHYHUX MpUKIaaax. Ha
BIZIMIHY BiJ OUTBIIOCTI 1HIIMX KypCIB HaBYaHHS, I1€ HE TIMOTETHYHI TEMAaTH4YHI JOCITIKCHHS, a
CIpaBXHi MPOOJIeMH, PEICTABICHI IEIKUMHU 3 HAHOLIBIINX 1 HAHYCHIIIHIIIMX KOMITaHii KpaiHu Ta
cBiTy [22, 23].

B ocBitHix nporpam ykpaincbkux 3BO BenbMHU piKO MOKHA 3YCTPITH «O10MIMIKpi0» B
SIKOCTI OKPEMOT'O OCBITHHOI'O KOMIIOHEHTY, HE YacTO JaHa TeMaTHKa BUCBITJIIOETHCS 1 B CTPYKTYpi
cui1abyciB OKpEeMHX OCBITHIX KOMIIOHEHTIB, IPOTE BapTO 3ayBa)KMTH, 110 JaHA MPAKTHKA € 1 BOHA
YCHIIIHO NONYyAsipu3yeTbes [24].

CyuacHi mo:xymBocTi iHGopMamiiiHMX TeXHOJOriii — OJUH 3 OCHOBHHX KpHUTEpiiB
JIOCTYITHOCTI JII1 BUKOPHUCTAHHS B OCBITHROMY TIPOIIECI Ta HAYKOBOMY TOIMIYIl O10OMIMIKPIHHUX
CTpaTerii.

[pyHTOBHUI TIangapM iH(GOPMaLiiHOIO KOHTEHTY — L€ PE3yabTaT IUIiAHOI GararopiuyHoi
po6otu [xanin bentoc ta i komanau. J{aHi po3poOKH BKIIIOYAIOTh:
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e Biomimicry 3.8 — ne mpoBizHa y CBITI KOHCAJITHHTOBA KOMIIaHis 3 OlOIHTEJNEKTY, sKa
MPOTIOHYE KOHCYJbTAIlll 3 MUTaHb O10JIOTIYHOTO 1HTENEKTY, mpodeciiiHe HaBYaHHS Ta HATXHEHHS
(https://synapse.bio/);

e BebOcaiit 3 mudpoBumu pecypcamu I[HcTuUTyTy Olomimikpii (Montana, CIHIA), skuii
mictute TOOLBOX — Habip incTpymenTiB 6iomimikpii (https://toolbox.biomimicry.org/),

e ASKNATURE (https://asknature.org/) inHoBamiliHuii mudpoBuil pecypc Ais MOLIYKY
010JIOTIYHMX MPOTOTUMIB Ta OIOJNOTIYHUX CTpaTerid, 0a3y naHUX OIOJOTIYHOTO IHTENIEKTY,
OpraHi3oBaHy 3a MPOEKTHUMH Ta IH)KEHEPHUMHU (DYHKITISIMHU.

CyuacHi MOXIJIMBOCTI T€HEPAaTUBHOTO INTYYHOTO IHTENIEKTY, SKMHA 3/JaTeH JOTOMOTTH 3
OIpalLfOBaHHAM HasiBHOI 0a3M JaHUX Ta HAIITOBXHYTHU JAOCIHIJHUKA HA MOLIYK 17€H-IPOTOTHIIIB.

Indopmaniiini Texnosiorii (IT) Bimirparors aegani BaxauBimy poab y cdepi
oiomimikpii. IT-iIHCTpyMEHTH BUKOPUCTOBYIOTBCS JIJIS:

e BUBUCHHS ITPUPOJIH — IMiIBUIIECHHS MOXKIMBOCTEH HAyKOBUX JTOCIIIKEHD;

e pO3pOOKK O10OMIMETUYHHX IMPOAYKTIB, MTOCIYT Ta MOJEIIEH;

e HABYAHHS Ta MPOCBITH — 3aBISKH 3aXOIUTIOIOYMM Bi3yalli3alisM, iIHTEPaKTHBHUM OHJIAIH-
kypcam Ta irpam, IT poOnsaTe BuBUEHHS OIOMIMIKpii JOCTYMHUM Ta I[IKaBUM [UISl IIHPOKOI
ayauTopii, HAIMXAr0Yl HOBE TIOKOJIIHHS JIOCIIITHUKIB Ta IHHOBATOPIB;

e 3D-IpyK aKTUBHO BUKOPUCTOBYETHCS MJII CTBOPEHHS OIOMIMETHYHUX CTPYKTYD,
MPOTOTHITYBAaHHS, TPOSKTYBAHHS Ta MOJICITIOBAHHS;

o [1IT BUKOPUCTOBYETHCS Il pO3POOKU HOBUX aJITOPUTMIB, HATXHEHHUX IIPHPOJIOI0;

e aHANITUKK 0a3 JaHUX, OMPAIFOBAHHS BEJIUKUX MACHBIB JAHUX PO MPUPOJIHI CHUCTEMH,
MOILIYK 3aKOHOMIPHOCTI Ta CUCTEMHHUX 3B’SI3KiB, sIKI MOXKHA BUKOPUCTOBYBATH JUIsl pO3POOKH HOBUX
TEXHOJIOT1{, ONTUMAIBHUX MIPHPOJOOXOPOHHUX PIllICHb;

e criiBIpaili, OOMiHI 3HaHHAMH Ta jgocBimom: IT-mmatrdopmu Ta OHIANMH-CHIIBHOTH
MOJIETHIYIOTh CITIBIIPAII0 MK JOCHiAHUKAMH, IH)KEHepaMH Ta Au3aiiHepaMu 3 YChOTO CBITY,
CTUMYJIIOIOYM OOMiH 3HaHHSIMM Ta MPUCKOPIOIOYM MPOIIEC IHHOBALIIH.

Bapro 3a3HaumTH, Ha 0araTboX NPAKTUYHUX TNPHUKIANAX JOBEACHO, IO BUKOPUCTAHHS
€BOJIIOLIIITHOrO JIOCBiJly HMPUPOAHHUX EKOCHCTEM LUIAXOM INPOTOTUIYBAHHS — 1€ allbTepHaTHBHE
CHpsSIMYBaHHSI JJi1 PO3pOOKH TEXHOJOTIH pilleHb, ONTUMI3alii AIF0YMX MiIXOJIB Ta CHCTEM. Y
noeaHanHi 3 IKT 6iomiMikpist MOke CTaTH MOTY)KHUM 1HHOBAI[IfHUM 1HCTPYMEHTOM Ha IIIAXY 710
CTaJIOTO PO3BUTKY, MPH TMEPEXOJi 0 NUPKYISIPHUX €KOHOMIYHHX MOJEJEH, a TaKoXX J03BOJHTH
PO3MIMPUTH HAYKOBUN MOUIYK JJIsl TOCIIHHUKIB PI3HUX Talry3ei.
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NEPCIHEKTUBU BUKOPUCTAHHS HITYYHOI'O IHTEJIEKTY B T'AJIY3I
EKOJIOI'Ti: OCBITHIN, HAYKOBIN TA MTPAKTUYHIN JISIJIbHOCTI
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Abstract. This publication analyzes the possibilities of using artificial intelligence (Al) in
the field of ecology across three main directions: the application of Al in the system of formal
ecological education, in conducting scientific research, and in practical activities. The advantages
and risks of using generative artificial intelligence in the educational process, which currently
provoke a wave of ambiguous discussions among educators, are analyzed. A list of the main
possibilities for the application of Al in educational activities and scientific research, taking into
account the principles of academic integrity, is presented. Practical experience with the use of
artificial intelligence technologies for solving applied tasks in the field of ecology and the
prospective potential of Al for simplifying the resolution of specialized tasks are highlighted
through specific examples.

Keywords: artificial intelligence, interactive learning methods, formal ecological education,
practical activities in the field of ecology.

AHoTanis. Y nmyOmikaiii npoaHaai3oBaHO MOXJIMBOCTI BUKOPUCTAHHS IITYYHOI'O 1IHTEIEKTY
(ILIT) B ramy3i ekosorii 3a TppOMa OCHOBHUMH CHpsMYyBaHHAMU: 3actocyBaHHs LI y cucremi
(dopManbHOI €KOJIOTIYHOI OCBITH, INpPU NPOBEACHHI HAYKOBUX JOCIHIDKEHb Ta MpPaKTUYHIN
nisuibHOCTI. IlpoaHani3oBaHO mepeBard Ta PHU3UKU 3aCTOCYBAHHS T'€HEPATUBHOIO IITYYHOTO
IHTEJIEKTY B OCBITHBOMY TIpOII€Ci, SKI Ha CBHOTOJHI BHKJIMKAIOTh XBWJIK HEOJHO3ZHAYHHUX
o0roBopeHb cepen OCBITSH. HaBeneHo mepenik OCHOBHUX MOxJMBocTeil 3actocyBanHs III B
OCBITHIM JISVIBHOCTI Ta HAYKOBUX JOCHIPKEHHSX 3 BpaxyBaHHSAM MPUHIUIIB aKaJeMIuHOl
nobpouecHocTi. Ha KOHKpeTHHX MpHUKIagaX BHCBITIEHO NPAKTUYHUN JOCBIJ 3aCTOCYBAaHHS
TEXHOJIOTIM IITYYHOrO I1HTENEKTY Jid BUPIIMIEHHS TNPUKIAJHUX 3aBJaHb B Tajly3l eKoJjorii Ta
nepcnekTuBHUMA noreHian LI ams criporeHoro BUpileHHs By3bKOCIEiadi30BaHNX 3aB/IaHb.

Knwwuoei cnosa: wmyunuii inmenekm, IHMEPaAKmueHi MemoOu HAGUAHHS, QOpMATbHA
eKOJI02TYHA 0CBIMA, NPAKMUYHA OISIbHICIY 8 2A1Y31 eKOA02II.

Beryn. IlosBa wary GPT Ta  3acrocyBaHHS pPO3LIMPEHOrO (YHKIIOHATY IITYYHOTO
inTenekty (LLI) crama cBoro poay mpopuMBHHUM MEWHCTpUMOM B ycix chepax xutrs. [lonanbiia
nepcnektiBa po3BUTKy LI Ta iHTerpyBaHHS HOro MOXJIMBOCTEH B OyJEHHI MPOLECH, 3aMiHa
3BHYHUX MIAXO/AIB MO BHUPIMIEHHIO IOCTABJIEHUX 3aBJaHb TEXHOJOTISIMH HITYYHOTO IHTEJIEKTY,
BUKJIMKAJIa PE30HAHCHY XBHJIIO OOrOBOPEHB y HAyKOBiil Ta OCBITAHCHKIH cribHOTaX. [lepeBaxkHuM
YMHOM BOHA IPYHTYETbCS Ha JIBOX CKJIAJOBMX: MO-TEepIIe, 1€ MEePCHEeKTUBU Ta MOMJIMBOCTI, SIKI
BiJIKpUBAIOTHCS TIEpE]] JFOJCTBOM 3 MOXKIMBOCTSAMU 3actocyBanHns 11, a, mo-npyre, 1ie MOTeHIIIHI
PH3HKHU TIOB’s13aH1 3 TOTPUMAaHHS aBTOPCHKOTO IMpaBa, MPUHIIUIIB aKaJIeMIYHOI TOOPOYECHOCTI Ta
BIPOT'iIHUX MMOMUJIOK CUCTEMH NPU BUKOpPHCTaHHI reHeparuBHoro LI
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BpaxoByroun NOTEHIIIHI pU3MKU Ta MEPCIIEKTUBY, HAaMU Oyjia MOCTaBleHa MeTa JTOCTIAUTH
oco0mBOCTI Ta mocBin BukopuctanHs LI mpu BmpoBamkeHHI OCBITHBOTO IPOIIECY, MPOBEICHHI
HAYKOBUX JOCIIJDKEHb Ta 0€3MocepeIHbO B MPOIeci MPAKTUYHOI AISIIBHOCTI B rayry3i ekojorii, Ta
MEPCIEKTUBHUX MOXKJIMBOCTSIX 1HTEIPYBaHHS JaHOTO TEXHIYHOTO 1HCTPYMEHTY B OCBITHIN Ipolec
JUTs 3100yBaviB BUIIOI OCBITH crienianbHocTi 101 «Exonorisiy».

AHaTi3 OCHOBHUX JA0CJTiIKeHb i myOuaikamiid. OcTaHHI POKH MMOKa3aJIM 3HAYHUMA TTPOrpec 1
JOCATHEHHS B AHAIITUYHUX OOYUCITIOBAIBHHUX I1HCTPYMEHTAaX 1 BIigKpUTTAX. OcoOnwBO 11e
CTOCY€ETbCS METOJOJIOTIH, IMOB’S3aHUX 13 HOBUMH cdepaMu MTy4HOro iHtenekry. LITyunui
iHTeJIeKT — 11e IHCTpYMEHTapiil CUCTEeMHU, YU CEepBICY 3 BUKOPUCTAaHHSM SKOTO MOXKHA 30MpaTH Ta
aZanTyBaTH JaHi KOpUCTyBada (200 JaHi, IO PO3MIIMICHI Y BIAKPUTHX PEMO3UTOPIAX), Ta HA iX
OCHOBI T'€HEepYBaTH HOBI PIllICHHS Y¥ BUCHOBKH, BIAMOBIIHO JI0 MTOJJAHOTO 3alIUTy KopucTyBaya [1].

Po3pobOka cucTteM MITy4HOTO IHTEJIEKTY Ma€ CBOIO IIIKaBy ICTOPitO, aje MPOPUBHUM CTaB
MOMEHT TOSIBH Ui pi3HOMaHITHOTO (pyHKIioHANbHOro Bukopuctanusd ChatGPT. @eepuuna mosia
BUKJIMKAJIa HE MEHIIY KUIbKICTh AUCKYCIHHUX MUTaHb 3 MPHUBOJY apryMeHTallii Ta JoOpOYECHOCTI
JUIE BUKOPUCTAHHS B MEXaX OCBITHBOTO IPOLIECY Ta IMPH IMPOBEACHHI HAYKOBUX JOCIHIiIKCHb.
OCBITSHU 3aHEMOKOEHI, 0 MOXJIMBOCTI reHepatuBHoro Il  BmIMHYTH Ha axkageMiuHy
TOOpOYECHICTh 1 SKICTh HABYAHHS CTYyJeHTiB. Lle HOBHWIl IHCTpYMEHT, sIKMii, OE3yMOBHO, Mae
Oararo mepeBar 1 BIIKPHBAa€ HOBI MOMJIMBOCTi, MPOTE, 1€ 1 TEXHOJOTIsS, KO HEMOXKHA
37I0B)KUBATH.

OctanHi nmapy pokiB B HayKOBOMY 1H(OIPOCTOpi 3’SBUJIACH BEJIMKa KUIBKICTh MyOiKamini
MPUCBAYCHUX aHANI3y MEPCIEKTUB Ta HEJOMIKiB BUKOopUCTaHHS TexHounorii 111 B ocBiTi Ta Haymi.
30kpema, I1€é HAayKOBI MyOusikalii MpeACTaBHUKIB YKpPAiHCBKOTO OCBITHBOTO CEpEelIOBHUIIA
Anapomyk A. I'., Mamoru O. C., Cogens O., Konomienp A., Kymnip O., Map’eako M., CoMeHKO
I., Tpudonoroi O., Cagoporo M., Illaposa C.B., [Ipau I., Ilerpoe O., bopoxienko O., Pereiino 1.,
bazemok O., bazemok H., Cioboasaiok O., Bizarok 1. M., bByrmait H. M., Kynaxk JI. B., Iomingyk A.
C., KumuBnuk B. B.,. Ilenan O. A., Ymakosa I. O., bukosa B., Bbaxpymmna B., Ocamgyoro B.,
Houenko I.O. ta Gararbox iHmuKX. CTpiMKa MosiBa BEIHUKOI KIIBKOCTI MyOmikamii, Sk B YKpaiHi,
Tak 1 32 KOPJIOHOM, 00yMOBJIEeHa OOTPYHTYBaHHAM AOLUIbHOCTI BUkopucTanHs LI y cepenosumti
BUIIOi OCBITH, €TUYHMMM HOpPMaMH JOTPUMAHHS TPUHIUIIB aKaJeMI4HOi J0OpOYECHOCTI Ta
cBO0OIM, CITPOMOKHOCTI MOMEPEIUTH yCi PU3UKU, TIOB’S3aH] 3 aJanTalli€l0 HOBUX TEXHOJOTIYHHX
MOXJIMBOCTEN reneparusHoro 1.

Bukiaa ocHOBHOrO MaTepiajty 10CJTiI>KeHHS.

I'enepaTuBHMii ITY4YHMI iHTeJeKT Ta (opMabHa eKOJIOTiYHA OCBiTA. Y NepeBaxkHIM
OUIBIIOCTI OCBITSIHM JOTPUMYIOThCS AYMKH, 1110 HaBUAIbHI 3aKJIaJld MAIOTh MPUIHITH TEXHOJOTIIO
Il Ta 3HaiiTu cnocobu iHTErpyBaTh i y CBOi METOAM HABYAHHS, OJHOYACHO 30epiraroyu
aKaJeMiyHl CTaHAapTH Ta 3a0e3MedyrodyM akaJeMiuHy J0OpOYecHICTb. 3a YMOBU DPETEIbHOTO
KOHTPOJIIO Ta HAJIEKHOTO YIPABIIIHHS IHCTPYMEHTH Ha OCHOBI LITYYHOT'O 1HTENIEKTY, MOXKYTbh OyTH
HEHMOBIPHO KOPUCHUMHU SIK JUIS CTYJEHTIB, TaK 1 i1 BUKJIA1a4iB.

Ho mepeniky xmodoBux MoxumBoctei Il B OCBiTHIN AisIBHOCTI Ta HayKOBUX
JOCTIKEHHSX MOXHA BITHECTH:

— astoMartuzoBaHui aHami3z gaHux (I 3gatHuit 0OpoOnsATHM BenMKi OOCATH MaHUX 1
3MIMCHIOBATH 1X aHaJi3 3 MUTTEBOIO IIBUIKICTIO);

— 3HA4YHE CIPOIICHHS pOOOTH 3 TEKCTAMHU 1 MOBaMHU;

— TIOIIYK HOBOI iH(opMaIlii Ta JaHUX, CHHTE3 HOBHX MaTepiaiiB i 3ac00iB;

— TeHepaIlisi HOBHUX Till0Te3, MOJICITIOBAHHS CKJIAJHUX CHCTEM;

— TIABUINEHHS TOYHOCTI MOJICTIIOBAaHHS Ta MPOTHO3yBaHHS;

— odopmiteHHs UTYyBaHHS [2].

3 oxnoro 6oky IIII mMoXxe cTaT TiIHUM NOMIYHHMKOM BHKJIa/Jada B OCBITHBOMY IPOLECI.
OnnHak, HE3Ba)KArOYM Ha MOTEHIlia] MITYYHOTO 1HTEJIEKTY B OCBITI, TAKOXX € 3aHEMOKOEHHS IIO0
HOT0 TMOTEHIIMHOTO HETaTUBHOTO BIUTMBY Ha SIKICTh BUKOHAHHSA 3aBlnaHb. Cepen  KIFOYOBHX
pu3HKiB mojanbioro po3BuTky Il HayKOBIII BUOKPEMITIOIOTH HACTYITHI:
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—Trno0alibHe MOPYIICHHSI aBTOPCHKUX MpaB (IIEPIIOHKEPETIO TBOPY, HAYKOBOI Mpalli 3HaUTH
BCE€ CKJIAJIHIIIE);

—3HWKEHHSI SIKOCTI ~KOHTEHTY, BTpaTa OpPHUTiHAJIBHOCTI, (PAKTONOTIYHI  MTOMMUIIKH,
"raronMHanii", AKi Mo)ke o0aYNTH JIUIIE JIFOAUHA;

—BTpara kpearuBHocTi (LI He MOXke BUrajaTH CBOIO BIACHY 1/1€10, BIH KOMIIUIIOE UyXi i€l
Ta poOUTH 1X HEBITI3HAHHUMH, ajie HE HOBUMHU );

—3pocTaHHs 0e3po0iITTS y KpeaTuBHil cdepi;

—HM3bKAa SKICTh JaHMX Ta iX HauidHICTh (mis ycmimHoro ¢yHkmionyBanas I Ta
HEHpoMepekki MOTPeOYIOTh BEIHMKOI KUTBKOCTI SIKICHUX JaHUX, SIKIIO JaHl, Ha SKAX BOHH
HABYAIOThCS, MICTSATh MOMUJIKA ab0 HETOYHOCTI, 1€ MOK€ MPHU3BECTH J0 HENPaBHIbHUX
pe3yibTariB);

—HEaJIeKBaTHICTh BIAMOBIICH Ta PU3HKH TOMHJIKOBUX PIllICHb;

—nutaHHs 6e3neku: Bukopuctanns LI ta Helipomepex CTBOPIOE pU3UK AJIst O€3MeKn JaHuX;

—pHU3HMK 3alIeKHOCTI BiJl TEXHOJOTIM Ta BTpath (200 HEIOOTPUMAHHS) HABUYOK
caMocTiitHOro HaBuaHHs [3; 4].

Buxopucranus LI njs npoBeaeHHs eKOJIOTTYHUX A0CTiIKeHb. JoCTiPKeHHS B ramysi
€KOJIOTi1 3 BUKOPUCTAHHSAM IITYYHOTO IHTEJIEKTY CIPSIMOBAaHI Ha MPOTHO3HE PO3YMIHHS CKIIQTHHUX
CUCTEM, y SIKUX HETIHINHICTh BUHUKAE BHACIIOK 0araTOBUMIpHOI B3a€EMO/Ii1 Ta 3BOPOTHOIO 3B’ SI3KY
B pi3HuX Macmrabax. [licas cTomTTS He3ale)KHUX, ACHHXPOHHUX JIOCATHEHb Y O0YMCITIOBAIbHUX
Ta EKOJIOTIYHHUX JOCTIDKCHHAX, Tepen0adacThbCsl KPUTHYHA TMOTpeda B HABMHUCHIN CHHEPril I
BUPIIICHHS MOTOYHUX CYCHUIBHUX BUKIIMKIB Ha TJIi MI00aIbHUX 3MiH [5].

BapTto 3a3HaunTH, 1m0 crenu@ikoo eKOJIOTIYHUX JOCHTIKEHb € BaKIUBICTh HAIBHOTO PAIY
CHCTEMAaTHYHHX CIIOCTePEe)KEHb. EKONOTiYHI  JOCHIPKEHHS BHMAararoThb IPOTHO3YBaHHS 1
MOJIETIIOBaHHS B TMEPCHNEKTUBHUX 3MiHAX MOTOYHOTO CTaHy IMOKa3HMKIB, IO JO3BOJISIE CTBOPUTHU
MPOTHOCTUYHI MOl BIPOTIAHMX EKOJIOTIYHHX CIEHApiiB, OIIIHUTH MEPCHEKTHBHI 3MiHH Ta
IIBUAKOTO pearyBaHHs Ha MOTEHIIMHI PU3UKHU 1 X Hacmigku. 3acTocyBaHHs TexHosjorii LI mpu
MIPOBEJICHH] €KOJIOTTYHUX JIOCHIKEHb PO3LIMPIOE CHEKTP MOXKJIMBOCTEH B PI3HUX METOAMYHUX Ta
TEXHOJIOTIYHMX MIIX0JaxX.

[Iponymano po3pobienuit 1 emmipuuno miarBeppkeruit LI B ekonoriyHuX TEXHOJIOTIAX
CIIPOMOXKHUM MOJICNIIOBATH CKJIaJHI E€KOCHCTeMHI 3B’s3Ku. lle HOBITHE MapTHEPCTBO MIX
JNOCTIAHMKAMH Ta MallMHaMH MOTJIUOUTH €KOJIOTIYHE PO3YMIHHS JJsl CTaJoro YIpaBJIiHHS
eKOCHCTEMaMH Ha TUIAHETI, IKa CTa€ Bce OUIbII epeHaceneHoro [6].

JlocniaHMKY BUALISIOTH OCHOBHI CIIpsAMyBaHHS aganTuBHOCTI BukopuctanHs I B ramysi
€KOJIOTi:

e ApromMaTu3oBaHa igeHTHdikania BuAiB. OIHUM 3 HAYKOBUX BUKIHUKIB €KOJIOTII SIK
HayKd - € KaTajorizamisi 0iopi3HOMaHITTS pociuH. BBaxaerscs, mo 10-20% BuIIB pociIMH Ha
IUTAHeTI JI0Cl  3aJUINAlOThCs HEBUSBICHUMH. TEXHOJOTIT KOMIT'IOTEPHOTO 30py MOXYTh
aBTOMAaTHYHO 1IeHTH(]IKYBaTH BUIM BCIX BUJIB TBapUH 1 POCIMH i3 300pakeHb (POTOMACTOK IS
MaciTadyBaHHs 300py JaHHX.

Kpim inentudikanii, meroau 36opy manux 3a gonomoroto LI 3miHmim cmoci6, y skuii
€KoJIoTH 30uparoTh 1HGOpPMAII0 MPO BUAW POCIHHH. TEXHONOTIT JUCTAHIIMHOTO 30HIYBaHHS,
ocHaieHi anroputmamu LI, 103BoJIsAIOTE aBTOMATU30BaHO 30MpaTH JjaHi, 3MEHIYIOUH MTOTpedy B
TPYIOMICTKIN TMONBOBIH poOOTi. L{s 1HHOBAIlSA HE TUIBKK MPUCKOPIOE OTPUMAaHHS JTaHUX, aie i
3abe3mneuye OUTBII MOBHE Ta Oe3MepepBHE PO3YMIHHS MOLIMPEHHS BUIB POCIUH.

e 30epe:keHHss OiopisHomaHiTTsl. LlTyyHuN 1HTENEKT TOJIETIIYE BJIOCKOHAJIEHE
BIJICTE)KCHHS Ta iMeHTU(IKAIliI0 BUIB, 10 MepeOyBaIOTh MiJ] 3arpo30i0 3HUKHEHH. DoTonacTku Ta
CEHCOpH1 Mepexi, ocHalieHl aaroputMamu LI, MoXkyTh TOUHO 11€HTHU(DIKYBATH OKPEMHUX TBApHH,
BIJICTE)KYBaTH MiTpalliiiHi Ta OI[iHIOBaTH AWHaMiKy momyssmii. L{i maHi momomararoTh 3po3yMiTH
CXeMH Mirpaiii, ynomoOaHHs CEpeIOBHIN ICHYBaHHS, 3JO0POB’sl TOMYJAIIi Ta ONTHMI3YBaTH
MIPUPOJIOOXOPOHHI 3aXO/H.

Bu3sHnaueHHs1 B3a€MO3B'sI3KIB MK 010pPI3HOMAHITTAM 1 (paKTOpaMHu CEPEIOBHINA: aJTOPUTMHU
MalIMHHOTO HAaBYaHHS JO03BOJISIOTH BCTAHOBUTH OaraTOBapiaHTHI 3B’S3KHM MK TaKCOHOMIYHHM,
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(GyHKIIOHATHUM, TEHETHYHUM PI3HOMAHITTSIM Ta €eKOCUCTEMHUMH MTPOIECAMHU.

bopotbba 3 OpakoHbepcTBOM. PO3yMHI TaTYuKH, IPOHM Ta IHTEJIEKTYalIbHI CUCTEMHU KaMep
CIPOMOXKHI BHSABISTH Ta CHOBINIATH KOHTPOJIOIOYI OpraHu PO MOTEHIIHHY OpakOHBEPCHKY
TISUTBHICTh 'y PEXHMi pealbHOro 4acy. [IporHo3He MOJENIOBaHHS 3 BHKOPHCTaHHSM INTYYHOTO
IHTEJIEKTY MO’KE€ JOMOMOTITH Tepe0aYuTH 30HH BHCOKOTO PHU3UKY OpaKOHBEPCTBA, JO3BOJISIOUU
BXKUBATH MPODUIAKTHYHUX 3aXO0A1B JJI 3aXMCTY BPa3JIMBUX BHIIB.

Takox Il momomarae mochmigHUKAM BHUBYATH TEHETUYHE PISHOMAHITTS TMOMYIALINA, IO
nepeOyBaloTh i 3arpo30l0 3HUKHEHHS, BH3HAYAaTH KIIOYOBI I'eHM JUIS ajanTaiii Ta NmpuiiMatu
OOTrpYHTOBAHI PIIICHHS IOJI0 MPOTPaM PO3BEACHHS JIJISl ITiIBUIIIEHHS TEHETUYHO1 CTIHKOCTI.

¢ MOHITOPHMHI CTaHy HAaBKOJMIIHLOTO CepPeIOBHINA: MEPSXKI JIATUMKIB, KEPOBAHHMX
IMITYYHAM 1HTEJICKTOM, aJallTUBHO KOHTPOJIOIOTh CEKOCHCTEMH B PEXHMI pEallbHOTO dYacy,
BIICTe)KYIOUH JMHAMIKY ITOKa3HUKIB.

® Moje/10BaHHS Ta NPOTrHO3YBAHHA CTaHY J0BKiIA. B yMoBax KiIiMaTH4HOI KPHU3U Ta
aJanTUBHOCTI eKocucTeM J1o mux 3wmiH, I Moxe cTBopuTH pi3HOMaHITHI creHapii. Hanpukian,
CIPOTHO3YBAaTH 3MiHY reorpadiqyHuX apeaiB MOMIMPEHHS BHUIIB BiIMOBIIHO 10 TOTEHIIHHOT 3MiHH
KJIIMaTUYHHUX TTOKa3HUKIB.

MoentoBaHHSl €KOJIOTIYHOTO BIUIMBY JIO3BOJISIE TIPOAHANII3YBAaTH BIUIMB IOTEIUTIHHSA,
IIEPETBOPEHHS 3€Meb Ha OlOpI3HOMAHITTS. BUKOPUCTaHHS IMX MOKJIMBOCTEH MPOrHO3YBAHHS
JI0TIOMarae CTpaTerivHoMY IUIAaHYBAaHHIO alanTaiii 70 KIiMaTy Ui 3aXUCTy 010pi3HOMaHITTSL.

e ArpoekoJsoriunuii Monitopunr. Bukopuctanss LI B rany3i pocJiMHHUNITBA:

v/ 3a0e3nieyye  MOJCIIOBAHHSA Ta MPOTHO3YBAaHHS PO3BUTKY  KYJIbTYp, TCPMiHIB
BUPOIIYBaHHS 1 BPOXKAWHICTh HA OCHOBI TAKMX 3MIHHHX, SIK TEHETHKA, METOAM YIIPABIIHHS, IOTO/IHI
YMOBH, CTaH IPYHTY, 30HU 3 JIe(pIIUTOM MOXKUBHUX PEYOBHH, CTPECOM BiJ MOCYXH, ClalaxamMu
XBOpPOO, BHKOPHCTOBYIOUM aepO(OTO3HIMKH BHCOKOI pPO3AUIBHOI 37aTHOCTI, 3poOieHi 3a
JIONIOMOT 010 JIPOHIB, JIiTaKiB a00 CYIyTHHKIB, a TAKOX perpeciiiHi MoJeli;

v/ JI03BOJIsIE TIPOJYKTHBHO BHSBJIATH XBOPOOM Ta MNIKIAHUKIB C/T POCIWH; MPOBOIUTH
cerMeHTalio Oyp'sHIB Ha 300pakeHHSAX, OTpUMaHMX 3a jpomnomororo BIUIA, BusBistoun Micus
1HBa3WBHMUX a00 CTIMKUX 10 repOinuaiB Oyp’siHIB, MO Ja€ MOXJIUBICTh PAHHBOTO BTPYYaHHS [0
TOT0, SIK BOHHU TMOIIUPSTHCS, BUKOPUCTOBYIOUHM TOYHE LIJIECIPsIMOBaHEe OONMPUCKYBaHHS JIMILIE TaMm,
JIe 1ie HeoOX1IHO;

v/ ONTHMI3ye KepyBaHHS 3POIICHHSIM 3a]/Isl MAKCUMIi3allii BpOXKAMHOCTI KyJIbTYp MOPiBHIHO
3 e(peKTUBHICTIO BUKOPUCTAHHS BOJIH;

- v/ Hajae 3MOry 3[IiCHIOBATH arpoXiMidHy
ONTHUMI3AIlIl0: TOYHE BHECEHHS 3MIHHUX HOpPM
no0puB, MECTHMLUMIIB 1 TrepOIMIiB Ha TMOJA 3a
nonomororo moxenedr ML, sxi 00’e€qHyrOTh maHi
PO IPYHT, MOTOJly Ta BpOXKai, 110 B CBOIO Yepry
JTO3BOJISIE MIHIMI3yBaTH €KOJIOTIYHUHN BILIUB;

v’ 3abesmeuye  TOYHINIE  MPOTHO3YBaHS
BPOXKAMHICTI 32 paxyHOK OaraToakTOpHOTO
aHasizy;

v/ CTBOPIOE MEPCHEKTHBU JUI PO3BUTKY Ta
MOIIYKY 1HHOBALIWHUX MiJXOMAIB /0 CEJIEKLIHHOrOo
PO3BENIEHHSI  CLTBCHKOTOCIIOAAPCHKUX  KYIBTYP.
CyuacHi JOCHIJDKEHHS TNOKa3ajlu, L0 OUIBIIICTh
O03HAaK KOHTPOJIIOIOTHCS JIEKUIBKOMAa T€HaMH, SKi
B3a€MOJIIOTh OJUH 3 OJHUM 1 HaBKOJUIIHIM
CEpEIOBHINEM CKJIAJHUM YMHOM (HA BIIMIHY BIJ
TPaaUIIHOT CceNeKIii MPUHLUIY YCHaJKyBaHHS 3a
Mennenem). Biporimno, mo Il cnopomoxHuMit
imeHTHdiKyBaTH 3aKOHOMIPHOCTI B JaHHX, SKi
MOXKYTb OyTH HEOUEBUAHHUMU AJIS JIIOJEH, MIBHUIIIE

Puc. 1. ITpuxnan inenrudikarmii
POCIIMHHOCTI 3 BUKOPUCTAHHSAM
texuotorii I [7]
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Ta ehpeKTUBHIIIE iIeHTU(IKYyI0Un 6a)xkaHi prcH A1 Mo ]iKallii.

e IIII B ramy3i TBApMHHHMITBA JO3BOJIIE BIJACTE)KYBATH PyX, MOBEIIHKY Ta 370POB’S
TBapvH 3a JIOTIOMOTOI0 KOMIT FOTEPHOTO 30Dy, MEPEHOCHUX IMPUCTPOIB 1 aJrOPUTMIB BUSBICHHS
aHoOMaJiii, 3a0e3neuye paHHIO A1arHOCTUKY 3aXBOPIOBAHHS.

° CynyTHHKOBe KapTorpayBaHHsi cepeIoBHIIL icnyBanns: lI-anani3
CYITYTHUKOBHUX 300pakeHb MOKe KapTorpadyBaTH POCIMHHICTH (MIPUKIIA] 300pakeHuid Ha puc.l),
PO3MOALT BUIB 1 3eMJIEKOPUCTYBAaHHS 3 BUCOKOIO PO3JLIBHOIO 3AaTHICTIO HA BEIUKHUX TEPUTOPISX,
1100 BUSIBUTH TTPOCTOPOBI MOJIENI.

° InTenekTyaIbHUI aHAJII3 €KOJOTTYHUX JAHUX: METOIH IHTEIEKTYaJbHOTO aHAJli3y
JaHUX MAIIUHHOTO HABYAHHS JOMOMAaraioTh BHSBUTH NPUXOBAHI 3B’SI3KM Ta TCHIACHI1 Yy MAaCUBHHUX
HaOOpax eKOJIOTTYHMX JaHUX, SIKi HEMOKIMBO PO3Mi3HATH Bpy4HY [7].

IIpakTH4HI NPUKJIagN TEXHOJOTIYHMX PO3pPO0OK B raiaysi exoJsorii, ki 0a3yl0Tbcsi HA
BuKopuctanHi texnoJorii I,

Kommnanis DeepMind, mo Hanexxuts Google 1 cremianmizyeTbesi Ha JOCTIDKEHHSIX Y Tary3i
LITYYHOTO 1HTEJEKTY, BHMKOPHCTOBYE MOXJIIMBOCTI HEHPOMEpEeX JUIsl BUPILICHHA MpobieMm,
MoB’si3aHuX 31 3MiHO KiiMary. Cimc BizepcryH, crnemiamicT 31 ¢TajJoro po3BUTKY 3a3Hadae, 1Mo
HII Moske 10MOMOITH y TPhOX OCHOBHUX HalpsiMKax:

e [IporHo3yBaHHsl Ta MOHITOPHMHT KiIiMaTHYHUX 3MiH. Mogeni DeepMind crpomoxHi
MaKCUMaJIbHO TOYHO IPOTHO3YBaTH omnaau (Bia ABox roauH ao 10 nHIB Boepen), 1€ BiIKpHUBae
HUISX JO MOJIEITIOBAHHS 1€ CKJIQAHIIINX IPUPOIHUX MPOIIECIB.

e OnTuMizalisi iCHyroUMX cucteM Ta iHQpacTpykTypu. Kommanis cmpoOyBana
BukopucroByBatu LI B nata-nenrpax Ta 3ymina 3aomaautu 40% eneprii, mio AyXe Ba)xJIUBO IS
ckopoueHHs BUKUIIB COy.

e V pamMKax OJHOIO 3 IIPOEKTIB HEHpoMepe)ky HaBUMIM KepyBaTH (hOpMOIO IIa3mMu
y CIPaBXKHbOMY TEPMOSIIEPHOMY PEAKTOPI TUIYy TOKaMakK, 1€ BaXXJIMBUHI KPOK Ha LIUIAXY CTBOPEHHS
JOCKOHAJIOT0, €KOJIOTIYHO YHCTOTO JPKEpea eHepril, mepekoHaHi cnenianictu [8].

Ha cporoani BmnpoBampkeHHst TexHosoriit Il MokHa 3HaliTM B iHHOBALIMHUX PO3pOOKax
HaNpaBJICHUX Ha BIPOBAPKEHHS PECYpCOOLIATMBUX TEXHOJIOTIH, SKi HAllpaBleHI Ha TOCATHEHHS
JIeH CTaJIoro pO3BUTKY Ta KJIIMAaTHYHOI HEHTPaJIbHOCTI.

Cuctema Algoretail (I3painp) BHKOpPHCTOBYE MalIMHHE HaBUaHHS JUIS aBTOMAaTH3aIlil
npolLenyp 3aKyIiBii MPOAYKTIB y po3apiOHii Toprieii. [HctpymenTt aBromatm3arnii Algoretail 10
MIPOTIOHYE MTPOTHO3YBAHHS MPOJIaKiB HA OCHOBI JJAaHHX, IO J03BOJISIE CKOPOTHTH BTPATH MPOIYKTIB
MOBCSAK/JIEHHOIO TONHUTY, IO MIBUAKO ICYIOTbCS, THM CaMHMM 3HA4HO MIiHIMI3yIOUM KUIBKICTh
Xap4yoOBUX BiIXOMIB. 32 BIATYKaMH KOPUCTYBadiB, IM BJIAJIOCSI CKOPOTHTH Xapd4oBi Bigxoan Ha 30-
40% [9].

TpeHaoBUMHU € cTapTany Ui COPTYBaHHS Ta MEepepoOKHU BIIXO/IB, SIKI TaK0X 0a3yl0Tbcs Ha
texunosorii IIII. Cycled Technologies AS (Hopserisi) — po3yMHHUIH KOWIMK 3 TEXHOJIOTIEO
CaMOCOpPTYBaHHS Ta MOOUTbHUE gomaTok. Cxokum € mpoekt Bin-e (Tlompima) — po3ymHwmid
CMITTEBUII 0aK aBTOMATHYHO PO3MI3HAE MPEIMETH 1 COpTye iX 3a JOMOMOIrOI0 pO3IMi3HaBaHHS
300paxxeHb 1 mammmHHOro HaBuanHs. CleanRobotics (CIIIA) — iHTenekTyanbHa cUCTeMa YIpaBIliHHSI
Bixogamu 3a nonomoroto LI Ta poGoToTeXHIKH.

@paniy3pkuii craptan  TriZzZy NOponoHye TOMIYHUKA 3 YIPaBIiHHS BIAXOAaMHU IS
KOPIIOPAaTUBHUX KOMIIaHiM Ta CHUIBHOT. 3a JIOMIOMOIOI0 HITYYHOT'O 1HTEJNEKTY BiH pO3Mi3HAE pi3Hi
BUJIY BIJIXO/IB 1 BIATIOBIJa€ HA 3alIUTAHHS KOPUCTYBayiB MPO T€, SIK MOBOJIUTHUCS 3 IEBHUMHU BUIAMU
BIIXOMiB, Hajae iH(opMmamito mpo rpadiku 300py, KOMIIOCTYBaHHS, HaHOMMKYMX LIEHTpax
nepepoOKH Ta 6araTo 1HIIOTO.

[TpoayKT i3 MiATPUMKOIO MITYYHOTO iHTENeKTy min Ha3Boro Winnow Vision, 3amymieHuit
OpuraHcbkoro kommaniero Winnow Solutions € peBoMIOIIHHUM CTapTarioM YIPaBIiHHSI XapYOBUMH
BiZIX0JaMH Ha KoMepIiiHuX KyxHsx. WInnow Vision moeaHye B co0i kamepy, pO3yMHI Bark Ta
MalllMHHE HaBYaHHS, 000 pO3Mi3HABaTH PI3HI THUOW 1Ki, BUKUHYTOI y CcMITHHK. Cucrema
po3paxoBye (hiHAaHCOBI Ta €KOJOT1YHI BUTPATH Ha 1Ky, 1100 KyXapi YCBIIOMHIHU IIHHICTb BiIXOJIiB.
Kommanii, siki BukoprcToBytoTs WiIiNnNOw Vision, 3MeHINYIOTh BUTPATH Ha MPOJAYKTH XapuyyBaHHS B
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cepeHbOMY Ha 2-8%, 110 CBITYMTH MPO Te, 1O 1€ pileHHs Ha ocHOBI Il mpUHOCUTH KOPUCTH 5K
MIAMPUEMCTBAM, TaK 1 HABKOJUIIHBOMY CEPEJOBHINY Ta BIAMOBIAATH KOHIEMIISAM CTaJIOCTI,
nepenoayeHuM KopriopatuBHiMu crparerismu [10, 11].

Clearbot (Kuraif) — 11e aBTOHOMHI po0OOTH-30HMpadi OKeaHIYHOro CMiTTs Ha ocHoBi IIII
(puc.2), siKi MOXKYTh BUSBIATH Ta 30upatu cMmiTTs 3 Boau. Clearbot Neo 3paten 3i6patu mo 15 n
HadTu ta 200 Kr I1aBaO4Yoro CMITTA 3a JeHb MPH MiHIMaJIbHUX BHTparax eHepronociiB. Clearbot
Neo — cyuacHwuii, epEeKTUBHHHN 1 €KOJIOTITYHO YUCTHUH CIIOCIO OUUILNECHHS BOJHHUX HUISXiB [12].

Komanga Buenmx 3 Descartes Labs (CILA,
Canra-®de) 3amycTwia IHHOBAIIMHHKA JCTEKTOP
PaHHBOTO  BUSBJIECHHS JICOBUX IOXEXK, SIKUH
BukopucroBye I nns amamizy 300pakeHb, SKi
KOXKHI KUIbKa XBHJIMH HAJCWJIAKOTBCA 3 JIBOX
METEOPOJIOTIYHUX  CYHMYTHHKiB. AITOPUTM  IIIyKae
HasBHICTb UMy abo 3MiHM iH(pauepBOHUX
TETUIOBHX JIaHUX, a MOTIM BHKOPHCTOBYE NIETEKTOD,
mo0 HaaiciaTH TOIepeKeHHs JicHukaMm. Hapasi
Oyno BusiBiieHO 6200 J1iCOBHX MOXKEXK, Y TOMY YHUCIII 1
MajoMaclITalHl, SKi OXOIUTIOIOTH Juiie 4 ra Jicy.
Cxoxoro € po3pobka Pano (CIIA), ska
BukopuctoBye LI  rnuboxkoro HaBuaHHS Ta
KOMIT'FOTepHHH 3ip JJIs1 aBTOMAaTHYHOTO BHSIBJICHHS,
nepeBipku Ta Kiacuikaiii JICOBUX TOXKEXK Yy
peanbHOMY 4Yaci [13, 14].

Cervest (BenukoOputaHis) CTBOPUB MeEpIIy
mwiarpopmy I, mobd momomMorTu KOMMaHisIM,
ypsiaaM 1 BUpOOHMKaM  aJanTyBaTucs  JO
HECTaOUIPHOCTI KJIIMaTy Ta 3aXWUCTUTH Haury 1uiaHeTy. llepenoa Texnonoris EarthScan
BUKOPHUCTOBYE MOJICJIIOBAHHS JaHUX, MAIIMHHE HAaBUaHHsS Ta HaWCy4yacHIIy KJIIMAaToJIOTiIo, 1100
HaJaTH 1HIWBIIYAIbHUN aHaAMI3 KJIIMAaTHYHUX PHU3UKIB, TMOB’S3aHUX 3 TOBEHSMH, MOCYyXaMU Ta
ekctpeManbHUMU Temneparypamu [15]. BunopoOni E. & J. Gallo Winery Baanock CKOpOTHTH
CIIOKMBaHHSA BoAU Ha 25%, npu nbomy 3011bmMBIIN A0X0au Ha 30 %. [lns 1poro AaHi npo mnoroay,
CTaH IPYHTY, CyXicTb, BiTep Touio Oynu 3i0pani Ta ouiHeHi LI, 3 momambmiumM oOGpaxyHKOM
HEOOX1IHOT HOPMH 3POIICHHS IS KOKHOT OKpeMoi jio3u [16].

TexHomyorii MalIMHHOTO HaBYaHHS B IMOE€JHAHHI 3 HiAXogamMHu QoTorpammerpii Ta
JUCTAHLIMHOTO 30HIyBaHHS 3E€MHOI MOBepXHI 3 BHkopucTaHHsM bBIIJIA Ta cynmyTHHKOBHX
300pakeHb HAOyBaIOTh MOMYJSAPU3ALIl TA € NEPCHEKTUBHUM CHPSIMYBaHHSIM HAYKOBUX JOCIIIKEHb.
JlaHi TexXHOJOTIi aKTUBHO aJanTyIOTbCA JUI BHUBUEHHS OlOpI3HOMAHITTS, BHU3HAYEHHS 3MIH B
TICOBKPUTHX JUISHKaX JNaHAMAQPTIB, a TaKoX 3aJid MiJBHUIIEHHS CTIHKOCTI B CLIBCHKOMY
rocrionapcTsi [17].

Wegaw (LlIBeiimapisi) — me cucrema OOpOOKM CYMYyTHUKOBUX MJaHUX TUCTAHIIIHOIO
3oHyBaHHA 3a nonomororo I mms omtumizaiii BUpOOHUIITBA T1APOSHEPTETUKH HA OCHOBI JaHUX
re0NpOCTOPOBOIO CHHTE3Y, MOHITOPHHTY Ta MPOTHO3YBAaHH: BOJHHX 1 CHITOBHX pecypciB. Cucrema
no3BoJise 30uUTbIMTH TeHepauito eHeprii Ha 10%. A xommnanis GE Renewable Energy
BUKOPDHUCTOBYE WITYYHHUH IHTEJIEKT Yy CBOIX BITPOBUX TypOiHaX, 00 MOKPAIIUTH IXHIO
npoayKTuBHICTE. Lli TypOiHM OCHamIeH! JaTYMKaMU Ta aJTOPUTMaMU INTYYHOTO IHTENEKTY, sKi
nependavyarTh 3MIHH MIBUAKOCTI BITPY Ta BIAMOBIIHO KOPETYIOTh poOOTy TypOinm [18, 19].

Pachama (CIIIA) ta Treefera (CILIA) — e puHOK KpeAWTIB Ha BUAAJIECHHS BYTJCLIO B
npuposi Ha ocHoBi L. Pachama BuKopHCTOBYE OCHOBHI TEXHOJIOTI:

* OIllHKa BYIJICHIO (MOJEIi MallMHHOTO HaBYaHHS, sKi 00’€JIHYIOTh CYNyTHHKOBI JaHi,
MoJbOB1 AUIAHKY Ta 3D-nigapHi 300pakeHHs 3 MOBITPS, 00 KapTyBaTH JIICOBHM BYIJIELb Y LIIUX
perioHax i, 3pemTor, y Oyab-sAKiii TOUIll CBITY);

* MOHITOPHHT 3MIHH JIICOBOTO IMOKPHUBY: CYIMYTHHUKOBI 300pa)K€HHS BHCOKOI PO3IUIBHOL

Puc. 2. Clearbot Neo — 36upau
OKEaHIYHOTO CMITTS [12]
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3ATHOCTI JI03BOJISIIOTH BiJICTE)KYBAaTH BTPATH Ta MPUPOCTH JIICOBUX MacuBiB 3 yacom [20, 21].

VY motouHoMy pomi miuaHyeTbcs 3amyck Ha opOity 3emusi CymytHuk DoHIy 3axucTy
HaBKOJIMIIHBOTO cepenoBuina MethaneSAT. Bin npusHauenuii ajist 300py AaHUX, SIKi B MO€JHAHHI
31 I Google i kapTorpadyBaHHsIM 1HOPACTPYKTYPH AOIMOMOXKYTh KpPaIlle 3pO3YyMITH, SIK 3MEHIITUTH
Bukuan Mertany. Hosuit cymytauk EDF, MethaneSAT, kaprorpadyBatume, BHUMipiOBaTUME Ta
BIZICTe)KyBaTUME METaH i3 OE3MpEleCHTHOI TOYHICTIO, IPOIOHYIOYM IOBHE YSBJICHHS IIPO
BUKHUIM MeTaHy. BiH BUMipioBaTuMe piBeHb METaHy B HAHOLIbIINX HAa()TOTa30HOCHHMX perioHax
CBITY /ISl pETyJIApHOro aHamizy [22].

Bukopucranss mryanoro inrenekry (LLI) B ekosorii, sike € BUBUCHHSIM B3a€MO3B’SI3KiB MiXkK
BJIACTUBOCTSMH OpPraHi3My Ta HOTO POJUTI0O B EKOCHUCTEMi, Ma€ BITHOCHO KOPOTKY I1CTOpitO
MOPIBHSAHO 3 1HIMMH HanpsmMkamu fociikens LI IIpore B octaHHI poKM 3pOocTae iHTEpecC 110
BHUKOPHUCTAHHS INTYYHOTO IHTENEKTY JJIS BHBYCHHS (PYHKI[IOHAIBHOI €KOJorii Ta pO3yMiHHSA
€KOJIOTIYHOI poJi PpI3HMX BHIIB 1 MEXaHi3MiB, SKi KEpYIOTh EKOJOTIYHHMH MpOIecaMu
3aranbHOJOCTYIHI aHOTOBaHI 0a3u JaHMX BCE YacTillle MOXKHA 3HaWTH B IHTepHeTi, 100
MOJIETIINTA HABYaHHS TIMOOKMX HEHPOHHHX Mepexk B exonorii. lle imenTudikamii BumiB 3a
300pakeHHSM, a00 BU3HAYHUKH PI3HOMAHITTS OpHITO(hayHH 32 3ByKaMHU.

Opuirtosnoriuni  6i6miorekn Macaulay (https://www.macaulaylibrary.org/) a6o Merlin
Bird ID (https://merlin.allaboutbirds.org/), Bird ID (https://www.natureid.no/bird/), moGinpHuMit
nonarok Ha ocHosi IIII BirdNET (https://birdnet.cornell.edu/), Iltaxu Ykpainu — OpHITONOTIYHMIA
BU3HAUYHUK 3 ()OTO, ommcamMy Ta 3BYKAMH NTaxiB, B SKOMY BMilmeHO 428 BHIIB Cy4acHOI
opuitopaynun Ykpaiuu. [lnmasynu Tta 3emHoBogHi Xeno-Canto ( https://www.xeno-canto.org/ ),
kpuku kaxanis (https://www.batdetective.org/). Pociuau a6o 300pakeHHs1 TBAPHMH, HAIIPUKIIA, LI€
wiatpopma Wild Me (https://www.wildme.org/), ska po3pobisie BiIKpuTe HpPOrpamMHe
3a0e3mneuends ta LI JUIS ~ HAyKOBOi  CHUIBHOTH  NPUPOA0OXOpoHIiB;  iNaturalist
(https://www.inaturalist.org/) — ne 6a3a manmx 3 monan 470 tuc. BuaiB; PlantNet (PlantNet) —
KoutekIist 20 THC. BUIB €K30TUYHUX poCuH [23, 24].

[Tpoexkr AMMOD (Automated Multisensor station for Monitoring Of Specific Diversity),
cTBopeHuit y HiMeuunHi, cripssIMOBaHHUI BiJICTEKYBAaTH 3MiHM B PO3BUTKY BHJIOBOTO Pi3HOMAHITTS.
Bin noennye nani 3 aBtomatuyHo B3atux 3paskiB JIHK, posniznaBanns 3o00paxensp IIII,
010aKyCTUKY IITYYHOTO IHTENEKTY (KPHKH NTaxiB, I3MKYaHHS KOMAax) 1 aBTOMAaTH30BaHWM aHai3
3amaxis [25].

Y BepechHi 2023 poky HayKoOBII YKpaiHCBKOTO TIiIpOMETEOPOJIOTIYHOTO IHCTHTYTY
(YxpI'MI) ICHC VYkpainu ta HAH Vkpainn y cmiBnpani 3 IBM Research 1 Texas Agrilife
Research mnpeseHTyBasin CHUIBHUN €KOJIOTIYHUN MPOEKT, PO3pOOIEHHUH HA OCHOBI IITYYHOI'O
iHTenekTy. 3aBasku onnaiH-utarpopmam «Land & Water» (https://landwater.uhmi.org.ua/, puc.3)
ta «AgroStats» (https://agrostats.uhmi.org.ua/,) MokHa oOTpuMatd  iH(GOPMAILIO MO0

MIPOTHO3YBAHHS TIOCYX, YIPABIIHHS BOJHUMH PECYpCaMH, CTATHCTUKU CLIbCHKOTO TOCITOIApCTBa
VYkpainu [26-28].

5 OmePx Mope 2000

" e x

[27; 28]

Lo nanr SRRFRRREFERIRr o
Puc. 3. Intepdeiic onnaitn-riardpopm Land & Water ta AgroStat

[TepciekTMBY BUKOPHUCTaHHS TEXHOJOTIH Ta MoxiuBocTed LI ams HaykoBUX po3poOOK Ta
MOITYKY HOBHUX T1X0/1iB 04eBUAHI. [lompu yci BIpOTiiHI pU3HKH, OUTBIIICT OCBITHS CXUJISIETHCS JI0
Toro, mo 3aboponutu BukopuctaHHs LI B ocBiTHBOMY mpolieci BCe OJHO HE BAACTHCH, TOMY
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Kpalie aganTyBaTh HOTO MOXIIMBOCTI JJIi OTPUMAaHHS B3a€MHOI KOPUCTI B CHCTEMi B3a€MOJIIi
«BUKJIaMa4-3100yBau». IlizcymMOByrouM BUKIAIEHWUN BHUIIE Marepiang, BOAYaEMO JIOUUIBHUM
sanutati B yary Gemini (https://gemini.google.com/app), siki x nepcnekTuBu Bukopuctanus LI
JUIS BIIPOBAJKEHHSI €KOJIOTIYHOI OCBITH, HAa IO OTPUMYEMO BEJIbMH CTPYKTYPOBAaHY BiAINOBIIb
HaBeJICHY HUXKYE:

«Ityunnii iHTenexkt (ILI) mae 3HaYHMIA TOTEHIAN ISl PEBOJIIOIIMHUX 3MiH Yy cdepi
€KOJIOTIYHOI OCBITH, IPOTOHYIOYHM iHHOBAIiliHI Ta 3aXOIUTIOIOYi CIOCOOM HaBYaHHS JIIOJEH Tpo
noBkiiA. Och KijlbKa NepCrneKTUBHUX HanpsAMKiB Bukopuctanus LI qist exkonoriyHoi ocBiTH:

1. IlepconaniizoBaHe HABYAHHS Ta A1ANITUBHI OCBITHI cMCTEeMH:

[I-anropuTMH  MOXXYTh aHaNI3yBaTW JaHi Tpo 3100yBaviB, 100 CTBOpPIOBATH
MEePCOHATI30BaHI HABYAJIbHI IJIAHU Ta aJanTyBaTH HaBUYAJIbHUNA KOHTEHT JI0 iXHIX MOTpeO, IHTEpeciB
1 ctumo HaBuaHHS. Lle Moke 3pOOMTH €KOJIOTIuHY OCBITY OuTbIl €()EKTUBHOIO Ta IIKABOK JIJIs
YUHIB YCIiX piBHIB.

IuTepakTuBHI  HaBYalbHI  CUMYJAIiT Ta  BipTyanbHi cepepoBuma: I moxe
BUKOPUCTOBYBATHUCS JUIsI CTBOPCHHS PEATICTHYHUX CHUMYJSIIA Ta BIpTyadbHUX CEPEIOBWIN, SIKi
JI03BOJIAIOTH YYHSIM JOCTIIKYBAaTH Pi3HI €KOCUCTEMHU, BUBYATH €KOJIOT14YHI MPOOIEMH Ta BiTUyBaTH
HACJIIJIKK CBOIX I Ha JTOBKIJUIS.

Irpu Ta reiimidikaris: 11 moxke BUKOpUCTOBYBAaTHUCS U1 PO3POOKH 3aXOILTIOIOUUX irop Ta
3aCTOCYHKIB, SIKi pOOJIATH HABUYAHHS IIPO JOBKIJUIS OUTBII BECETUM Ta iIHTEPAKTHBHHM.

2. Joctyn po ingopmaiii Ta pecypcis:

[II-cucreMn MOXXyThb 30MpaTh Ta arperyBaTd JaHi 3 Pi3HUX JDKEpeNl, TaKUX SK HayKOBi
CTaTTi, YpSAOBI 3BITH Ta NAaTYMKH MOHITOPUHTY MOBKL/UISL, HaJamoud 3700yBayaM JOCTYI 10
aKTyaJbHOI Ta JOCTOBIpHOT iH(POPMAILIii PO EKOJOTIYHI MTPOOIIEMH.

Yar-60tu Ta BipryasubHi noMiyHuku: [I-moMiyHMKKM MOXYTh BIAMOBiIaTH Ha 3aMUTH
3100yBaviB Mpo TMapaMeTpH CTaHy JOBKUUISL, HagaBaTH iM iH(POPMAII0 TPO MICIEBI E€KOJIOTiUHI
1HII[IaTUBY Ta 3'€IHYBATH iX 3 EKCIIEPTaMU Ta peCcypcamu.

[lepexnang moB Ta amantaiis koHTeHTY: LI mMoke BUKOpHCTOBYBAaTHCS MJis TEpEKIIaTy
HaBYaJIbHMUX MaTepiajiB Ha Pi3HI MOBHU Ta aJamTallii iX 70 Pi3HUX KyJbTYPHUX KOHTEKCTIB, pOOISIUN
€KOJIOT1UHY OCBITY OUIBII JOCTYIHOO VIS JIOJeH Yy BCbOMY CBITI.

3. IlinTpuMKa qOCTiAKeHb TA iHHOBALI B €KOJIOTIYHIl OCBITI:

[T mo’ke BUKOPUCTOBYBATHUCS AJIsl aHANI3y BEJIIMKUX OOCSTIB JaHUX MPO €KOJIOTIYHY OCBITY,
00 BUSBIISITH TEHJACHIIII, BU3HAYATU €(EKTUBHI METOIM HABUAHHS Ta OLIHIOBATH BILTUB Pi3HUX
OCBITHIX IIPOrpaM.

Po3poOka HOBUX IHCTPYMEHTIB Ta TEXHOJOTIH Juist ekosoriuHoi ocsitu: LI moxe
BUKOPUCTOBYBATHUCS JJIi PO3POOKM HOBHMX IHCTPYMEHTIB Ta TEXHOJIOTIH, TaKUX SIK IHTEPAKTHUBHI
KapTH, CHCTEMHU MOJENIOBAaHHS Ta IHCTPYMEHTH Bi3yami3alii JaHWX, SIKI MOXYTh JTOTIOMOITH
BUMTESIM OUTbII €(pEeKTUBHO HaBUYaTH Mpo JMOBKULIA.CTBOPEHHs BipTyalbHUX jJabopaTopiii Ta
nocimigaunbkux cepenouml: [l Mojke BHUKOPUCTOBYBAaTHCS JJisi CTBOPEHHS BIPTYaIbHHX
nmabopaTopiil Ta JOCIITHUIIBKUX CEPEIOBUII, SKi JO3BOJSIOTH YIHSIM MPOBOJWTH JOCTIIHKCHHS Ta
€KCIIEPUMEHTH 3 €KOJIOTIYHUX MPOOIIeM, HE BUXOJISTYH 3 IOMY.

Baxxnuo 3a3HaunTtH, 1o BukopuctanHs LI B exonoridHiit OCBITI TaKOX Ma€e BUKIWKH, K1
HeoOximHO BupimuTH. Hampukmian, BaxkiauBo rapantyBaT, mo III-cucremu TpyHTYIOTHCS Ha
HayKOBO-JIOCTOBIpHIN 1H(QOpMAIIii Ta HE YIEPEIKEHO CTaBIATHCS 0 MEBHUX TOYOK 30py. B minomy,
Il mae Benukuii TOTEHINAN M TOKPAIICHHS €KOJIOTiYHOI OCBITH, poOisuu i1 Oinbin
MePCOHAIII30BAHOI0, 3aXOIUTIOI0YO0I0, TOCTYITHOIO Ta €PEKTUBHOO. 3 BiAMOBIJAIIBHIM PO3BUTKOM Ta
BukopuctanusMm Il Moxe 1OMOMOrTH HaM HABYMTH HOBE TMOKOJIHHS IIOJIEH IIHYBaTH Ta
3aXUINATH JOBKULISN».

BucnoBku. OTxe, afanTUBHI MOXKJIMBOCTI BUKOpUCcTaHHs LI okpecmooTh KOO BaroMmux
MEePCNEKTHB K JUIS OCBITHBOI, TaK 1 JJII HAYKOBOI IisITbHOCTI. BpaxyBaBimm yci MOTEHIIIHHI
pu3uKHU, NoB’si3aHi 3 BukopucTtanHs LI, MoxHa ypi3HOMaHITHUTH TpagulliiiHi Ta IHTEPAKTHUBHI
meToau HaB4daHHs [29] (0oco6nmuBO B AucTaHmiiHoMy Gopmari) Ta inTerpyBaTi MoskauBocTi LT ms
B32€EMOKOPHCHOTO BUKOPHUCTAHHSM SIK 3/100yBa4aMu, TaK i BUKJIaJJaqaMHu.
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[TpoanamizyBaBIIM HASBHUM MPAKTUYHUA TOCBiJ AJsl BUPINICHHS NMPUKIAJHUX 3aBJaHb B
rajy3i €KoJIOTii, CTa€ 3pO3yMIIUM, 110 HAYKOBI PO3POOKH Ta CTapTaly aKTHBHO MOMYJISIPH3YIOThCS
Ta 3HAXOAATh BIATYK B KOPHUCTYBayiB Ta IHBECTOPIB JIMIIE BIPOAOBXK OCTaHHIX NEKLIBKOX POKIB,
aJie 3 KO)KHAUM POKOM aKTUBHO PO3IIUPIOETHCS CIIEKTP MOXKIMBOCTEH Ta Taiy3eH, siki IHTerpyrTh
HII B cBOi TEXHOJIOTI4YHI PO3POOKH, a cCame: CUCTEMU COPTYBAHHS CMITTS, IIBUIKOTO Ta JETAIHLHOTO
aHai3y OilOpI3HOMaHITTS (OCOOJIMBO HAa TEPUTOPIAX 3 OOMEKEHHMH MOMUIMBOCTIMHU (DI3HIHOTO
JOCTYITY), aHaJi3y Ta MOOYI0BH MOJIENICH ISl ONTUMI3allii peCypCOBUKOPUCTAHHS Ta MOTCHIIIMHOTO
3MEHIICHHS BIAXOJIB BHPOOHUITBA HA MUIAXY TIEPEXoay J0 IMPKYISIPHOI CEKOHOMIKH Ta
JOCSTHEHHS LI CTAJOr0 PO3BUTKY, MEPCIEKTHBHI MOXKJIMBOCTI MPOTHO3YBAaHHS KIIMaTHYHHUX
3MiH Ta TIONEPE/HKEHHS BIPOTIMHUX KIIMAaTUYHUX PU3UKIB B T.4. IS Taly3l CUIBCBKOTO
rOCIIO/IapCTBa, OIlIHKA MOTEHIIady BpPOXKAMHOCTI Ta EKOHOMI4HOI edekTuBHOCTI. [Ipuknamam
MOAIOHUX PO3POOOK JTy’Ke PI3HOMaHITHI, BOHU 1HTETPYIOTHCS Ha 3aMiHY ITIEBHOMY TEXHOJOTIYHOMY
mporecy, ado SK JAOJATKOBUH 1HCTPYMEHT JUIsl ONTHUMI3allii BUPOOHMIITBA, ajlie YCi BOHH MAarOTh
KIIOYOBY METY — 3MEHIICHHS pPECYpCOCIIOKUBAaHHS, ONTHUMI3AI0 EHEProeeKTHBHOCTI,
CKOpPOYECHHS YTBOPEHUX BiJXO/IB Ha IUISIXY J0 CTAJIOTO PO3BUTKY.

Texuonoris LI Moxxe OyTH TOBHOIIIHHOIO aJIbTEPHATUBOKO JCSKUM TPATUIIHHAM METOJIaM
MIPOBE/ICHHS! HAYKOBUX JOCITI/DKEHb Ta MPAKTUYHOI TiSUIBHOCTI, AI€EBUM IHCTPYMEHTOM EKOHOMIi
Yyacy Ta pecypciB mpu poOOTi 3 BEIMKUMH MacHBaMH JaHUX 3 HOBUMH MOXJIMBOCTSIMH Ta
TEXHOJIOTISIMHU.
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CLIbChKHH TYPU3M - OJIMH I3 EKOJIOI'THO OPIEHTOBAHHUX BU/IIB
TYPU3MY, CIPAMOBAHHNU HA PEAJIIBALIIO KOHIEILII
CTAJIOI'O PO3BUTKY CLIIbCHbKUX TEPUTOPINI

Cenema 3opana

Hayionanvnuii nicomexniunuii ynigepcumem Yxpainu,
Hayionanonuu ynieepcumem «JIvgiscoka nonimexuixay
M. JIvsig, Ykpaina

seneta.zoriana@nltu.edu.ua

AHoTauis. YHIKaIbHI MPUPOIHI YMOBH 1 PECYPCH Ta MOTECHIIIIHI MOXKJIMBOCTI JIJISI PO3BUTKY
TYPUCTUYHOI Cepu CBiAYaTh, IO CUIBCHKHH TypU3M B YKpaiHi MOXE CTaTH OJHHUM i3 BaXKIUBUX
IHCTpYMEHTIB 3a0€3ME€UEeHHsI CTAIOr0 PO3BUTKY CUIBCHKUX HAcelIeHUX IMYHKTiB. BcTaHoBieHO, 110
CUIbCBKHH TypH3M € OJHUM i3 BHUAIB TypH3My, SKHH MOE€IHYe y coOOi IHIN WiABHIU, IO
0e3nmocepelHbO TOB’SI3aHI 3 BIJMOYMHKOM Yy CUIBCHKIM MiICIIEBOCTI. 3alpONOHOBAaHO aBTOPCHKY
Kiacu(ikaImiro KOMIUIEKCY NPSAMHUX 3B’S3KiB CUIBCHKOTO TYpH3MY 3 IHIIMMH BUAAMHU TYpU3MY Ta
JIeTali30BaHO iX KJIKOYOBI OCOOJMBOCTI MO0 HaJaHHS BIJMOYMHKOBUX IOCIYT. Y3arajlbHEHO
OCHOBHI (YHKIII CUIBCBKOTO Typu3My. BHsBIEHO KIIIOYOBI 3aBHaHHA, SKi CIPHATHMYTh
BIJJPO/IKCHHIO CUIBCBKUX HACEIEHUX IYHKTIB 1 PO3BUTKY CUIBCHKOTO TYypU3MYy. 3alpONOHOBAHO
HUISIXH peatizamii uxX 3aBJaHb, OI0 B MOJAIBIIOMY (OpMYyBaTUME NO3UTUBHUH IMI/DK YKpaiHU Ha
CBITOBOMY TYPUCTHUYHOMY PUHKY.

Knrouoei cnosa: cinbCokuii mypusm, mypuzm, 6UOU mypusmy, CilbCbKa MicYegicmy, CLIbCbKA
caouba, Yrpainua.

Abstract. The unique natural conditions and resources potential opportunities for the
development of the tourism sector indicate that rural tourism in Ukraine can become one of the
important tools for ensuring the sustainable development of of rural settlements. It is established
that rural tourism is one of the types of tourism that combines other subspecies that are directly
related to recreation in the countryside. The author’s classification of the complex of direct links of
rural tourism with other types of tourism is presented. The key features of the provision of
recreational services are detailed. The main functions of rural tourism are summarized. The key
tasks are identified and the ways of their implementation are proposed, that will contribute to the
revival of rural settlements and the development of rural tourism, which will further shape a
positive image of Ukraine in the world tourism market.

Keywords: rural tourism, tourism, types of tourism, rural area, rural estate, Ukraine.

Beryn

YHIpomoBX OCTaHHIX IECATHIIITH POJb TYPHCTUYHOI iHAYCTpii 3HauyHO 3pocia. CporomaHi
TYpU3M € HE JIMIIE CIIOCOOOM BIJNOYMHKY Ta LIKABOT'O IMPOBEACHHS NO3BULIA, ajle H OIHUM 3
OCHOBHHUX JDKEpesl IOMOBHEHHS MICIEBUX OIO/KETIB perioHiB Ykpainu. [lns Garatbox aeprxan
TYpHU3M BXKE€ JaBHO CTaB OJIHUM 13 CTpaTETriYHUX HANpsMiB PO3BUTKY HAllIOHAJIBHOI EKOHOMIKHU. 3
po3mupeHHsIM chepr HagaHHs TYPUCTUYHUX ITOCTYT 3’ IBUJIMCS HOBI BUIHM TYPU3MY, SIKi TOCTYTIOBO
YTBEPAWINCA HAa TYPUCTMYHOMY PUHKY. OJHHM 13 HHMX € CUIbCBKUH TypU3M — NEPCHEKTHBHUN
HampsiM PO3BUTKY TYpU3MY, SIKHH BIJIKpMBAa€ HOBI MOXJIMBOCTI JJIl BUPIIICHHS HHU3KU MPoOJieM
PO3BHUTKY CUIBCHKHX TepuTOpif. Came TOMYy HOCHIJDKEHHsS OpraHi3alifHO-eKOHOMIYHUX 3acaj
PO3BUTKY CUIBCHKOTO TYpPH3MY, BUBUEHHS MpoOjeM Ta GOpMyBaHHS 3aXOiB Ui iX e()eKTUBHOIO
BUDIIIEHHS € aKTyaJbHUMHU 3aBJAHHAMH, SIKI ChOTOJHI MOTPeOYIOTh MOTTUOJCHUX HAYKOBHX
JOCITIJKEHB Y 1iK cdepi.

CinbChbKMI TypH3M € OIHMM 3 €KOJIOTIYHO OpI€HTOBAHUX BHUJIB TYpPHU3MY, OCKIIBKH
CIpsMOBaHUK Ha 30€peKEHHS MOBKULIA Ta KyJIbTYPHO-ICTOPUYHOI CHAIIIMHU CUTbCHKUX
TEpUTOPiil, a TaKOXX Ha MIATPUMKY MICIIEBOIO HACEJIEHHS LUIIXOM CTBOPEHHS HOBHX POOOUYMX
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Mmicip. Lleit Bug Typusmy mependadae BiJIBIyBaHHS CUIbCBKHUX TEPUTOPIM Ui O3HaHOMIICHHS 13
CIOCOOOM HTTS MICLIEBOI'O HACEJICHHS, TPAIULISIMU, KYJIBTYPOIO, & TAKOXK 3 MOXKJIMBICTH LIKABOTO
MPOBEICHHS JI03BULIS (AKTUBHHM BiIMTOYUHOK, €KCKYPCIi TOIIO).

Bapro 3ayBakuTH, IO CBOTOAHI CUIbCBKMH Typu3M B YKpaiHi mnepeOyBae Ha craiii
CTaHOBJICHHS, & TYPUCTHYHI TOCIYTH B CIJIbCHKIM MICIIEBOCTI MOYaIM CHUCTEMHO DPO3BHUBATHCS
nouyrHarouu 3 KiHmsg 20 cTomiTTa. BigmouynHOK y MallbOBHMYOMY Celi B TpUBATHIN caauOi
rocrojiapsi MO3UTHBHO BIUIMBA€E HE JIMIIE Ha 370POB’Sl TYPUCTIB, ajle ¥ Ha MICUEBY EKOHOMIKY
CUTbCBKMX pETioHIB YKpaiHu. SIK HACHiIOK, CUIbChKE HACEIICHHS OTPUMYE IIUPIINH CIEKTP
MO>KJIMBOCTEW JUIS MpAaleBIAIITyBaHHS, @ €KOJOTIYHO YHUCTI MPOAYKTH, BUTOTOBJICHI BIACHUKAMU
CUTBCBKHX Cau0, MOYKHA ITPOJIaBaTH 0E3MOCEPEAHBO Y CIIbChKIN MiCIIEBOCTI.

CinbChbKHI TYpU3M BHCTYIAE€ BAXKJIMBUM IHCTPYMEHTOM 3a0€3ME€UEHHS CTaJOro PO3BHUTKY
CUIbCBKMX HaceleHuX MyHKTIB [IpoOiema peamizanii KOHIEMINl CTaJOr0 PO3BUTKY TMOYHHAE
HaOyBaTH BaXJIMBOTO 3HAYCHHS BHACIHIOK BHUHUKHEHHS TPYAHOINIB y B3a€MO3B’SI3KaX MIXK
JIIOAMHOIO Ta HAaBKOJUIIHIM MPUPOJHUM cepenoBuilieM. CTaiuii po3BUTOK OBUHEH (hoKycyBaTuCs
Ha TIpOIECi, IO TApPMOHIHHO TIOEAHYE BHUKOPUCTAHHS MPHPOJHUX PECYPCiB, AacCIEKTH
TEXHOJIOTIYHOTO PO3BUTKY Ta IHCTUTYLIMHI 3MiHU B TMO€IHAHHI 3 MOTpedaMM TEMEepillHbOTO 1
MaiiOyTHIX ToKONiHB. CaMe TOMY KIIOYOBHMH OCOOJMBOCTSIMH CTaJlOTO PO3BUTKY CIIBCHKOTO
TypU3My €: 30€peKeHHs IPUPOJHUX PECYPCIB Ta €KOCHCTEM IIJISIXOM BIPOBAKEHHS E€KOJOI1YHO
YUCTUX BUAIB BIJIOYHMHKY; MiATPUMKA MiCIEBOI €KOHOMIKH NUISXOM COI[IOKYJIBTYPHOTO OOMiHY;
CUIbCBKUN TYypU3M cIpusie 30€peKeHHIO KyJIbTYPHOI CHAIIMHKU Ta TPAAHIiiA, a TaKOXK PO3BUTKY
€KOJIOTIYHO YUCTUX (POPM TOCTIOAAPIOBAHHS.

1. Ciabcbkuii Typu3sM SIK OJUH i3 BHIIB TypuU3My, IO crpusi€ e)eKTUBHOMY COIIi0-
€K0JI0r0-eKOHOMIYHOMY PO3BHUTKY CiJIbCbKHX TEPUTOPIid.

VkpaiHa posrisgae TypusM SK OIMH 13 TNPIOPUTETHUX HANPSIMIB EKOHOMIYHOIO Ta
KYJIbTYPHOI'O PO3BUTKY 1 CTBOPIOE HEOOXIIHI YMOBH JIJIsi TYPUCTUYHOI JiSUIBHOCTI HA OCHOBI YiTKOL
eKOHOMIUHOi Ta mpaBoBoi 0a3u, a Koncturyuis Ykpainu (crarts 45) [10] rapanTye npaBo Ha
BIIMIOYMHOK YCIM TpomaisHaM YkpaiHu. OCHOBHUM JOKYMEHTOM, SIKMH Oe3MocepeaHbO PETyIIoe
3[ifCHEHHS TYpPUCTUYHOI MisTBHOCTI Ha TepuTopii YkpaiHi € 3akoH Ykpainu «[Ipo Typusm» [9].
[ei 3akoH BU3HAYAE 3arajbHI MPAaBOBI, OpraHi3alliiiHi, coIlagbHl Ta EKOHOMIYHI 3acau peam3alii
Jiep>KaBHOT TOJITUKK YKpaiHM y cdepi TypusMy. Y HbOMY TaKOXX OKpECIEHI BMMOTHU I0J0
paIllOHAJILHOTO BUKOPUCTAaHHS TYPUCTUYHHMX PECYpPCIB 1 3BEPHEHO yBary Ha BIJIHOCHHHM, IO
MIOB’s13aH1 3 OpraHi3alli€lo Ta 3/1iHCHEeHHAM TYPUCTHYHOI AisNIBHOCTI Ha Teputopii Ykpainu. IIpaBo
CENITHCHKUX TOCIIOJAPCTB 3aMaTHCS CUTBCBKAM TYpHU3MOM BH3HaueHe 3akoHoM Ykpainu «IIpo
0COOMCTE CENHChKE TOCTIonapcTBO» [8].

BpaxoByroun mneBHI MpoOaeMH PO3BUTKY TYPUCTHUHOI raiysi, Ypsa YKpaiHU CXBaJuB
Crparerito po3BUTKY TypH3My Ta KypopTiB Ha mepiog a0 2026 poky. CTpaTeris crnpsiMOBaHa Ha
CTBOpPEHHS CHPUATIUBUX YMOB JIJISl OJAJIBIIOTO PO3BUTKY c(hepH TypU3My Ta KypOpPTiB BIAIOBIIHO
710 MDKHAPOJHHUX CTaHJAPTIB SKOCTI 3 ypaxyBaHHSAM €BPONEWCHKUX IIIHHOCTEH, IEpeTBOPEHHS ii Ha
KOHKYPEHTOCIIPOMOKHY Ta BHCOKOPEHTa0eNbHY Taly3b, IHTETPOBaHY Y CBITOBHH pPHHOK, sKa
CIIpUSiE COILIAIbHO-€KOHOMIYHOMY PO3BHUTKY PEriOHIB 1 Jep)kKaBU B LIJIOMY, MIJABHILEHHIO SIKOCTI
YKUTTSI HACEJICHHsI, KOHCOJIIIallii CYCIIIBLCTBA Ta MOMYJsIpu3allii YKpaiHu Ha CBITOBOMY piBHi [6].

KoHueniisi CiTbChKOT0 TYypH3MYy TICHO IOB’s3aHa 3 MIAXOJAMH «CTaJOT0 TYpU3MY», J€
Typy3M TIOBHHEH BPaxOBYBAaTH yCi MOTOYHI Ta MalOyTHI COILI0-€KOJIOTO-€KOHOMIYHI HACIHiIKH,
OepyuH 710 yBaru MoTpedu TYpHUCTIB, TOBKIUISA Ta raiy3i eKoHOMikH [2].

Peanii chorofieHHs BUMararOTh THYYKOCTI Ta MIBUIKOI ajganTailii 70 Cyd4acHMX TEHICHITIN
pO3BUTKY. TypH3M sIK COLlIaTbHO-€KOHOMIYHE SIBUIIIE HE € BUHATKOM. HaBmaku, Typu3M IHTEHCUBHO
CIpHUsi€ BIPOBAKEHHIO HOBITHIX TEXHOJOTIH, (opMmye colianbHl OpIEHTUPH Ta MPUHOCUTH
€KOHOMIUHY BHUTOJly. Y 3B’S3KYy 3 IIUM 3 SIBJISIOTbCS HOBI HamlpsIMKU Ta BUAM TypusMy. Po3BHTOK
MEBHUX BHUJIB TypU3My B KOXXHOMY perioHi YKpaiHU 3aJIeKUTh Bij reorpadiqHux, COIliaIbHUX Ta
eKoHOMIuHUX ¢akTopiB. [10sBiI Ta MOMMPEHHIO HOBUX BUIIB TYpPU3MY TaKOX CHPHUSIIOTH MPOIECH
miobamizamii Ta HAayKOBO-TEXHIYHHMM MPOTpec. 3pemiToro, iHTEepHAI[lOHAMI3allisl E€KOHOMIKH Ta
BIIPOBA/KEHHSI HOBITHIX JIOCATHEHb HAYKM 1 TEXHIKH CHPUSIM TMOSIBI Ta PO3BUTKY aOCOIIOTHO
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HOBUX HANpsMiB y TypusMmi [3]. AHamizyrouu TEOPETHYHI ACIEKTH CLIBCHKOTO TYpH3MY SK HayKOBO-
TEPMIHOJIOTTYHOTO TOHATTS, MOKHA CTBEPDKYBATH, IO II€d BHA TypH3My M€ ¥ Jgoci € 00 €KToM
JOCHIDKEHHsI y Mpalsix 0araTboX HAyKOBLIB i TPAKTYETHCS BIAMOBIHO A0 3MiH Y CYCHUTbHO-€KOHOMIYHHX
BimHOCcHHAX. OKpIM TOTO, CUTBCHKHMA TYpH3M € BHAOM MiANPUEMHHIBKOI MiSIBHOCTI, CHPSMOBAHOI Ha
HaJaHHA AKICHHUX TOCIYT 3 BIAMOYHNHKY Y CUTECHKINA MICIIEBOCTI Ta OTPUMAaHHSI TOXO/IIB.

AHaJti3 HayKOBHX JDKEpEN 3a TEMOIO JIOCIIKEHHS CBIIYUTH MPO HASIBHICTH PI3HUX TOYOK
30py BYEHHUX CTOCOBHO MiCLs CIIBCBKOIO TYpU3My cepel IHIMX BUAIB Typusmy. Llmsaxom
y3arajbHEHHs HAsSBHUX IIAXOJIB BITUM3HSHUX 1 3apyODKHHUX BUYEHHX J0 Kiacudikamii BUIIB
TypU3My Ta MOHITOPUHTY OCHOBHUX CKJIQJOBUX CUIBCBKOTO TYpH3My 3alpONOHOBAHO
KJIacu(ikaiio MiIBUIIB CIILCHKOTO TYpPH3MY Ta OCOOJMBOCTEH HaJaHHS HUMHU BiAIMTOYMHKOBUX
nocyr (puc. 1).

KYNbTYPHUA TYPU3M
ICTOPUYHWA TYPU3M

PEKPEALIIAHWIA TYPU3M |
\ / HAYKOBWA TYPU3M

NIKYBANbHO-030POBYUIA & C In b C b K M n a ATPAPHUHA TYPU3M
TYPU3SM
EKONIOrYHUNA TYPU3IM ( \

/1\

PENITIAHKUA TYPU3M

AKTUBHWUA TYPU3M

OPHITOJIONIYHUM TYPU3M KYNIHAPHUA TYPU3M

Puc. 1. Kommeke npsiMux 3B’sI3K1B CIIIbCHKOTO TYPHU3MY 3 BUJIAMU TYPU3MY
Ipumimka. Po3pobneno aemopom.

CinbChbKkUi TypuU3M BKIIIOYa€ B ce0€ pI3HOMaHITHI HampsMM BIJMOYMHKY, SIKI TIOB’s3aHi 3
BIJIIIOYMHKOM Yy CUIBCBKIM MiCLIEBOCTI (CLIbCHKIM canubi un OyIUHKY rocrnojaaps), moxoJamMH B JIic,
rOpH, MOJOPOXKi IO BU3HAYHUX MICIb MEBHOTO perioHy Tomo (Tadu. 1). CinbChKUi TypH3M MOXKeE
OyTH K TAaCUBHMM BUOM BiJMOYMHKY, TaK 1 aKTUBHUM (B 3aJIEXKHOCTI BiJl 0COOMCTHX BMOA0OAHb
TYpHUCTA).

CinbChKHI TYpU3M € OHUM 13 BUAIB TYpU3MY, SIKUH MO€AHYE B co0i iHII miaBuam. Bemmka
KUTBKICTh ~ KjiacudiKamiii MiIBUIIB CUIBCHKOTO TypH3My BKa3zye Ha 0ararorpaHficTb Ta
6araToOBEKTOPHICTh TYPUCTUYHOI Traiy3i. Ha chOrofHi CiibChbKHI Typu3M € e(peKTUBHUM METOIOM
MOIIMPEHHS 3HaHb MPO MPHUPOJHI, ICTOPUYHI, KYJIbTYPHI, €THOrpadiuHi Ta KyJiHapHI 0COOIUBOCTI
Ykpainu.

Tabnuysa 1
Kanacudikanisa nixBuaiB cijibcbKOro Typu3my Ta 0C00JMBOCTEH HAIaHHS
Bi/INOYMHKOBUX MOCJYT
IlinBnan Oc00JMBOCTI HATAHHS BiAMOYNHKOBHUX MOCJIYT
HaykoBuii OpieHTOBaHUH HA BUBUCHHS MPUPOJTHUX €KOCHCTEM Ta CIIOCTEPEIKECHHS.

IToennye y cobi akTHBHI crOcoOM BiANOYMHKY Ha MPHUPOJAL: MM MOXOIH,

AXKTUBHUN ..
MIPOTYJISTHKH, aJIbITIHI3M, BEJIONIPOTYJISTHKY, KaTaHHS Ha KOHSX TOIIIO.
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[Toi3nku 3 METO O3HAWOMJICHHS 1 Mi3HAHHS ICTOPUYHOI CHAAIIMHUA PI3HUX

IcToprunmnit N
pETioHiB.

KynbTypHuii Ho'1'3m<11 3 METOI0 'OSIanﬁOMHeHHH 1 Ti3HAHHSA KYyJbTYpHOI CHAJIIMHU Ta
TpaIuIlii PI3HUX PETIOHIB.

Exonoriunuit | [logopox [0 OpUpOIHUX pe3epBaTiB 3 METOI HACOJOAUTHUCH KPAEBUIOM,
(mIpUpPOIOOXOPO | BKIIIOYAIOYM POCIMHHHUN Ta TBapUHHHMK CBIiT. CHOpsAMOBaHMN Ha OXOPOHY
HHU) MIPUPOJIHOT Ta KYJBTYPHOI CaMOOYTHOCTI PETI10HIB, SIKi BIABIYIOTh TYPUCTH.

JisITBHICTB, MiJ Yac AKOi TYpHCT BinBigye depmy, mo0 OTpUMaTH BpaKeHHS,
Arpapruii H?l6yTH IL'OCBiI[ a00 B3SITH y4acTb Yy 6y,I[B-$IKiI71. ciHLCLKoroq}oz{apCLKiﬁ
nisutbHOCTI. [lepenbauae akTUBHE 3alTydeHHsS! TYPUCTIB O TPaAULIHHUX (HOpM
TOCIIOJIAPIOBAHHS Y CIITLCHKIN MICIIEBOCTI.
Kyminapruii HoeuH}{ev y co0i 3 osgaﬁOMneHHa Ta nerycmairo HaLIiOHaJIBHI/‘IX KXHiHapHHX
TpaJullii IEBHOTO PErioHy, HaJa€ MOXKIIUBICTh B3SITH YPOKHU KYyJiHapii.
[lepenbavwae HamaHHS TMOCIAYr 1 3aJOBOJIGHHS MOTpPeO TYpHCTIB, SKi
Pemniriitauii MOJOPOXKYIOTh J0 CBATHUX MICIb 1 PENriiHUX IEHTPIB, M0 3HAXOIATHCS 3a
ME)KaMH 3BUYaifHOTO I HUX CepeIOBHINA.
) .. | OmuH 13 BUIIB aKTUBHOTO BIiJIMTOYMHKY, SKUH IOJISITA€ Yy CIIOCTEPEKEHHI 3a
OpuiTonoriyHun . .
KUTTSIM NTAXiB y IXHbOMY NPUPOJTHHOMY CEpPEOBHIIL.
JlikyBasibHO- | 3/1iHCHIOETHCS 3 METOI 3MII[HEHHs 3[0pOB’s | mepeabadae nepeOyBaHHS y
037I0pOBUHI CaHATOPHO-KYPOPTHUX YCTaHOBAX.
BinmHoBneHHs (I3MYHUX 1 ICUXOJOTIYHUX CHJI 32 JOIOMOTOK) AKTHBHOTO
Pexpeariiimii BIJIMOYMHKY Y CUIBCHKIM MicieBocTi. Lle MOyTh OyTH MPOTYISHKH CITBCHKOIO

MICIIEBICTIO YH JIICOM, BiJIMTOYMHOK HAa CBDKOMY TOBITpi y caaubi, COHSUYHI
BaHHU, KyMaHHsl, 30upaHHs rpubiB, Arif, O KITLHUITBO Ta pUOAIBLCTBO.

Ipumimka. Po3pobneno agmopom.

CyTHICTh CUTBCBKOTO TYPU3MY TaKOX PO3KPHUBAETHCS Y HOro OCHOBHUX (PyHKIIsX (puc. 2).

3HalloMcTBO i
micueBicTio,

Tpagm

Moxnueicts Bignountn Big m™icbkoi meTywwHi,
HacoNoAMTICA KPacok NPUPoAK, NogUXaTH CBiKMM
MoBiTPAM Ta XapuyBaTWUCA eKONOriUHO-YUMCTUMM
npoayKTamu.

cinbcbkow
KyneTypot, nobyTom,
uiamK, 3BMYasmMK Ta cnocobom

HKATTA MiCqEBBFO HaceneHHs.

3axncT Ta 36epexeHHA NPUPOGHOro CepeaoBMLLa,
icTopuKo-apXiTEKTYPHUX NaMATOK, KYNbTYpPHO-
eTHorpadivHoi cnaguy b BA

AGaiinMBoro cTaBNeHHA A0 AoBKiNAA.

Moxnueicte HaByTTa TeopeTUdHMx |

NPpakTUYHNX HaBU4Y0K

AOMAaWHLOro rocnogapcrea, HaB4YaHHA i
pemecnamun

0BONOAIHHA
TOLWO.

HapoAHMMMK

DYHKLUIT ciNbcbKOro
Typusmy

EKOHOMIYHMIA PO3IBUTOK CiNbCLKMX

TepuTopiid,

Ta mi
HOBMX

IHpumimra. Po3pobaeno asmopom na ocnosi [4].

3MeHwWweHHA Ge3pobiTTa
rpauii HaceneHHn, CTBOPEHHSA
po6oumnx micyb.

3HalOMCTBO 3 HOBMMMW noasmK, BCTAHOBMEHHA
APYMHIX  KOHTaKTIB, MOXNWMBICTE Y4dacHWKiE
noAopoXKi cNiNnKyBaTHEA OAMH 3 0AHAM.

PayioHansHe

NOBOAKEHHA 3
BRpOBagKEHHA
Axepen  edeprii,
3aXMCT NpUpogu.

MownueicTe oTpMmaTi  gaHi npo  pecypcHWii
noteHuian  TepwuTopii, ekonoriyui, couianesHi,
eKoHOMIiUHi npo6nemw, piBeHb PO3BUTKY NIDACHLKOIO
noteHuiany, BigGyBaETbcA KOMYHiKawiiiHMIA o6MiH
MiX KmTENAMI MmicT i cin.

Puc. 2. OcHoBHI QyHKIIIT CITECHKOTO TYpU3MY

BUKOPUCTaHHA
npupogHMx pecypcie, BignoeigansHe

Bigxopamm,
ansTepHaTUBHUX
3bepexeHHn



Bapro 3ayBaxurtu, mo cnenudika CLIbCHKOIO TYpHU3MYy BKIJIIOYA€ y Takl €IEMEHTH:
rOCIOJAapChKy YacTUHY (OpraHizallis BIAMOYMHKY O€3M0CcepeHbO y CEepearHl OyIHMHKY TOCIIOAaps
Ta Ha BJIACHIM TepuUTOpPii Ol HBHOTrO); MPOTYISHKH N0 JICYy, PIUKH, 03€pa; ICTOPHKO-KYJIbTYPHI
(hakTH MiCLIEBOCTI; 03/10pOBUYI Ta JIIKYBaJIbHI BIACTHBOCTI MIEBHOT TEPUTOPIi; KyJTiHApHI 0COOIMBOCTI
perioniB tomio. ToOTo, 11e¥ BUA TypHU3My OXOIUTFOE€ KOMIUICKC IHIIWX IMiJIBUIIB, SKi O0€3mocepeHbo
CTOCYIOTBCS BIATIOUMHKY Y CUIBCHKIM MiciieBocTi. OpraHizoByIOUYH BiAMIOYMHOK Y BIACHIHN CUTBCHKIN
caaubi, rocrmojapr TaKOX CJiJ Moa0aTH MPO KOMIUIEKC JOJATKOBHX IIOCIYT, SIKI BIH MOXE
3alpONOHYBATH TYPUCTY YH TPy TypHUCTiB. Bubip HOAaTKOBUX MOCIYr Ui PI3HUX KaTeropii
TYPHCTIB MOXKE BIAPI3HATHUCA.

OTxe, CUIbCBKMIA Typu3M — L€ 0araToacleKTHHH BiANOYMHKOBHHA BUJA TYpU3MY, SKUH
BiIOYBA€ETHCS Y CUTbCHKINA MICIIEBOCTI Ta OPTaHi30BaHUM JIFOABMH, IO MepeOyBaIOTh y CIMEHHUX YU
POIMHHUX BIIHOCHHAX HAa TEPUTOPIi 0COOMCTOTO CENIHCHKOTO rocroaapcrsa (y CUIbChKil caanbi) 3
ypaxyBaHHSAM MPUHIUIIIB CTAJIOr0 PO3BUTKY. BiH BK/IO4ae B ceOe MIMIOXiAHI Ta KiHHI MPOTYISHKH,
eKCKypCii, MOAOPOKI BUXITHOTO JHS, (POTOMOIIOBAHHS, PUOOJIOBIIO, O3HAHOMIICHHS 3 MiCIIEBUM
1o0yTOM, HAI[lOHAIBHOI KYXHE0, (POJIBKIOPHOIO TBOPYICTIO, TPAJULISIMHU MTPOBEACHHS HAapOJHUX
CBSIT Ta YHIKQJIbHUMHU OCOOIMBOCTSIMH BiJIIOBITHOI MICIIEBOCTI.

2. OcHoBHI Ipo0/ieMH Ta NEePCNeKTUBH PO3BUTKY CiIbLCHKOI0 TYpU3MYy B YKpaiHi.

VY mepioz Ail BOEHHOTO CTaHy BHYTPIIIHIA TYpHU3M Ta €KCKYpCIi 10 CITBCHKUX MiCIIEBOCTEMH
VkpaiHu BUCTymawooTh OnHi€r0 3 (opM Tepamii [uis HaceneHHsA. Takuil BUA BIANOYMHKY [Jae
MOJKJIMBICTH TYpPHCTaM BIJYYTH IO3WUTHBHI €MOIlil Ta BIAMOYUTH BiJ MICBKOTO PHUTMY JKHUTTS.
BaxiuBuM € TakoX BIUIMB TypU3My Ha €KOHOMIUHHUI PO3BUTOK CLIbCBKMX HACEJIEHUX IYHKTIB.
Amxe, oOuparoyn TakWi BHJ BIIMOYUHKY, TYPUCTH HMIATPHUMYIOTh PO3BHTOK TYPHUCTHYHOI Tay3i
KpaiHu, IHBECTYIOYHU B PI3HOMAaHITHI BUJU MOCIYT, AKi MPOMOHYIOTh BIIACHUKH CUTBCHKUX cauo0.

CporosiHi OCHOBHUMH MOTHBaMH BUOOPY BIATIOYMHKY Y CUTBCHKIN MICIIEBOCTI BBaXKAIOTh:

— BIJCYTHICTb 3HAYHMX KOIUTIB Ha BIANOYMHOK Yy (emeHe0enbHOMY KypopTi
(mepeBaxkarouuii MOTHB);

— Oa)xaHHS MEBHOT KaTeropii Jrojei BIAMOUYNTH Y CLIIbChKIN MiCLIEBOCTI;

— HEOOX1JIHICTh PEKOMEHJOBAHOTI'0 JIIKapEM 03/J0OPOBJICHHS y MEBHUX KIIMaTHUYHUX YMOBAaX;

— ONM3BKICTH 0 MPUPOJIU Ta MOMIIMBICT BIIMOYUTH HA CBLKOMY IOBITpI, B JIiCI, HA 03€pi
TOIIO;

— XapyyBaHHsS €KOJOIIYHO YMCTUMH NPOJYKTaMH, SKI MOKHA NpUAOATH 3a JOCTYIMHUMH
IIHAMH;

— MOJXJIMBICTD JJOJTYYUTHUCS J10 MIEBHUX CLIBCHKOIOCIIOAAPCHKUX POOIT;

— mnotpeda B CHOKIHTHOMY PUTMI KHUTTS;

— MOJXJIMBICTb JTOMYYUTHUCS JIO MICHEBHX CBAT, pO3Barax, CUIbChbKOi KyJIbTypH Ta 3BHUYAiB,
CIIUJIKYBaHHSI 3 JIFOJIbMH 1HIIOT CYCTIUTLHOT popMmartii [5].

KirouoBumu npobiemamMu po3BUTKY chepH CLIbCHKOT'O TypU3MYy B YKpaiHi € HACTYIIHI:

1. Tucrurymiiini. BiacyTHiCTh HOpMATUBHO-TIPABOBOI 06a3H, 110 PETYIIOE cPepy CIITLCHKOTO
TYpU3MY; BIACYTHICTh MEXaHi3My paIliOHAJIbHOTO BUKOPHCTAHHS Ta YNPaBIiHHSA MPUPOJHUMH Ta
KyJIbTYpPHHUMH pecypcam Juis 3a0e31eueHHs iX CTaoro BUKOPUCTAHHS.

2. Opranizaniiiai. HenocraTHiii piBeHb pekjaMHO-iH(OpMaIifHOro 3a0e3nedeHHs s
MPOCYBAHHS TIOCTYT CLILCHKOTO TYpPH3MY; HEJOCTAaTHIM PIBEHb 3HAHb 1HO3EMHUX MOB BIACHUKAMH
arpooce’b; He0OX1IHICTh 3alpPOBAPKEHHS €(PEeKTUBHUX MAapPKETUHIOBUX CTpaTeTii.

3. ®inancoBi. HenocraTHil piBeHb Jep)KaBHOI MIATPUMKH CPEPU CUTLCHKOTO TYpPH3MY;
HE3HAYHUI 00CST 1HBECTUIIH Y 1aHy rainy3b TypU3My.

4. ExoHoMiyHi. EKkoHOMIYHa HECTaOUIbHICTD y JIepKaBi; BIACYTHICTh OCBIAY Y BIACHHKIB
CUIbCBKUX cagubd Juid 3amoyaTKyBaHHs Oi3Hecy y cdepi CIIbCHKOrO TYypU3My; HEIOCTaTHE
CTUMYJIIOBaHHS OpraHiB BJaJd Ta MICLEBOIO CaMOBPsAYBaHHS [0 IPOBEJICHHS HaBYaHb Ta
KOHCYJIbTAIII} 7Sl BIACHUKIB CUTBCHKUX Caauo.

5. Comianeui. Henocrathiii piBeHb KagpoBoro 3abe3medyeHHs, 10 Tependadae
HEOOXITHICTh MIATOTOBKM KBali(piKOBAaHMX IMPALiBHUKIB AJs1 OOCIYrOBYBaHHS TYpPHCTIB; HU3bKHUN
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piBEHb PO3BUTKY TYPHCTUYHOI 1HQPACTPYKTYypu y perioHax YKpaiHH, 10 Iepeadadae 3HAYHOTO
iHBECTYBaHHS y JaHy TYPUCTHYHY I'aly3b.

6. IlomiTuuni. BiiiHa HeraTuBHO BIUIMBaE Ha (POPMYBaHHS Ta BIPOBAPKEHHS MOJITHKH
CTaJIoro po3BUTKY B YKpaiHi.

Jist Toro, o6 akTUBi3yBaTH TYPUCTHYHY AISUTBHICTD y CUIBCHKIM MiCIIEBOCTI, HEOOX1THO:

— TOCWJIUTH TIPOMOILI0 TYPUCTUYHUX MOXKIMBOCTEH Yy CUIBCBKIM MICIIEBOCTI Ha
MICIIEBOMY, PEriOHAIbHOMY, HAI[IOHATBHOMY Ta MIXKHAPOAHOMY PiBHSX;

—  COpUATH BHUBYCHHIO 3apyODKHOTO JIOCBITy IIOAO PO3BUTKY PI3HOMAaHITHHX BH/IIB

CUIBCBKOTO TYpHU3MY,

O3HAHOMIICHHS 3aI[iKaBJICHUX MIiAIPUEMIIB 1

MELIKAHIIB CLIbCHKUX

TEPUTOPiH 3 OCOOIMBOCTSAMY 3aTI0YATKYBAHHS Ta BEICHHS CIIILCHKOTO TYpPH3MY;
—  3IIWCHIOBATH MUICCIPSIMOBaHYy isUIbHICTh CTOCOBHO BITHOBIJICHHS, 30€pe)KEHHS Ta
BIIPOJKEHHSI MICLIEBHX TPAIUIlIF 1 3BUYAiB 3 METOIO peajlizallii KOHKypEHTHHUX IepeBar CijIbCbKOTO

TypU3MYy;

—  COpUSTH ydYacTi

MPEJICTAaBHUKIB ~ arpOTYpUCTUYHOrO Oi3HECY B MDKHAPOIHHX,

HAI[IOHAIBHUX Ta PETIOHAJIHHUX BUCTABKAX 1 ApMapKax;
—  3a y4acTio JiTel IIKUIBHOTO BiKY, a TaKOX MOJIOJII OPraHi30BYBAaTH MPHUPOJAOOXOPOHHI
3aX0JM 3 METOI0 CIIJIBHOTO NMPUOUPAHHS CUTBCHKUX TEPUTOPIi, JICIB Ta BOJOWM BiJ MOOYTOBHX

BIZIXO/iB;

— IHIOIFOBaTH CTBOPCHHS MOXJIMBOCTEH, HEOOXITHUX I 3aJ0BOJICHHS TYPUCTHYHUX
YMOB JItofiei 3 ocobnuBumu norpedamu [1; 7].

VY Ttabn. 2 HaBEeJEHO MPIOPUTETHI 3aBAAHHS Ta NIULIXM IX peanmizamii, MO0 CHPUATUMYThH
PO3BUTKY cpepH CLIbCHKOTO TypU3My B YKpaiHi.

Tabnuys 2

OcHoBHI 3aBJaHHA Ta LIUIAXHM IX peaJizauii, 0 CHPUATHMYTH CTAJIOMY PO3BHTKY CLIBCHKOIO

TypHu3My B YKpaiHi

3aBaaHHA

Hlasaxwu ix peanizamii

CTBOpEHHSI CIIPUSATIMBUX
YMOB /7151 pO3BUTKY chepu
CUIBCBKOTO TYpU3MY

JlocTynHiCTh Ta palioHallbHE BHUKOPUCTAHHS NPUPOJHUX PECYPCIB
perioHy. 30epeKeHHs KYJIbTYpPHO-1CTOPUYHOT CHaALIMHU.
@®opMyBaHHsSI ~ SIKICHOI ~ TYpUCTHYHOI  1H(QPACTPYKTypH  AJs
KOM(OPTHOTO BiJOYMHKY TYPHUCTIB, PO3POOJEHHS TYPUCTUUYHUX
MapiipyTiB. CTBOPEHHS CIPUSTIMBUX YMOB JIJIi HABUYAHHS BJIACHUKIB
CUIBCBKHX caau0 (MIPOBEAECHHS CEMIHAPIB, TPEHIHTIB TOLIO).

[Monmynsipuzartis
TYPUCTHYHOTO
MOTEHIlialy Periony

[IpoBenennss  ¢dopymiB, ¢dectuBamiB, 3axoJliB, COI[IOJOTIYHUX
ONMUTYBaHb Ta JOCHIDKEHb Yy Taly3l CUIbCBKOTO  TYypHU3MY,
MapKeTUHTOBUX  3aXOJIiB, 3a0e3neyeHHss  SKICHOT  TpoMoiii

TYPUCTUYHOTO MTOTEHITIATY PETIOHY.

CTBOpEHHS TPUBAOINBOTO
1HBECTULITHOTO KJIIMATy y
cdepi CiTbChKOTO
TypU3My

HanaromkenHst cmiBmpaii 3 3aKOpJOHHMMH HapTHEpamH, po3poOka
MPOEKTIB  PEriOHAJIBHOIO  PO3BUTKY HA  OTPUMAaHHS  KOIUTIB
CEeKTOpaJIbHOI MIATPUMKH 3 OOKy JnepxkaB €Bponeiicbkoro Coro3y,
TPAHTOBA MIATpUMKa  Ta ¢biHaHCYBaHHS, TPAaHCKOPJOHHE
CHiBPOOITHUITBO.

[TinroroBka KampiB y
BIJIMOBIAHOCTI 10 TOTPed
€KOHOMIKH PET10HY

Haganust ocBiTHIX mociyr 3 MeToro HaOyTTs mpodeciiHuX HaBHUOK
JUISL YCHIIIHOTO PO3BUTKY CUTBCHKOTO TypU3MY.

CrumyntoBaHHs
€KOHOMIYHOI aKTHBHOCTI
MEIIKaHI[iB TpOMa/T

[TigTpumxka CUIBCBKOTO TypU3MY, bepmepcTBa,
CUTbCHKOTOCTIONIAPCHKUX ~ BUPOOHUKIB, TOKpAIIEHHS MaTepiaibHO-
TEeXHIYHOT 0a3u, HaJAro/KEHHs B3a€MOJIi MiICHEBUX BUPOOHUKIB

TIPOTYKIIIi.
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30epeKeHHS YUCTOTH 3MeHIIeHHS 3a0pyIHEHHS BOJIHUX PECYPCIB Ta MOBITPSHOTO OaceirHy.
JOBKIJLIS BripoBamkeHHs anbTepHATHBHHUX JPKEpen eHeprii. PO3BUTOK cuctemu
KOHTPOJIFO Ta OONIKYy BHKHAIB Ha JDKepenax 3a0pyJaHEHHS,
3arpOBaKEHHS] MOHITOPUHTY SKOCTI BOJIH.

30epexeHHs 3anoOiranHs BTpaTri OI0JOTIYHOrO Ta JIAHAMA(THOTO PI3HOMAHITTS;
010pi3HOMAHITTS Ta 3a0e3neueHHs] HaJI)KHOTO PIBHS YTPUMAaHHS ICHYIOYMX Ta CTBOPEHHS
PO3BHTOK HOBUX OO’€KTIB MPHUPOJIHO-3aMOBiMHOTO (OoHIY; 3abe3medeHHs
MIPUPOIOOXOPOHHUX €KOJIOTIYHOI Oe3leKHd NUIAXOM BiJHOBJIEHHS JICIB Ta OITHUMI3AIil
TEPUTOPIH CTPYKTYpPH JIaH A TiB.
BuxoBaHHS €KOJIOT1YHO @®opMyBaHHS BHCOKOTO pIiBHS €KOJOTIYHOI OCBITH, Oprasi3amis
CBIJIOMOTO CYCITUIBCTBA comiabHUX Ta iH(OpPMAIIHHUX 3ax0JiB 3amiid MoiH(GOpMOBaHOCTI
HACEJICHHS NP0 €KOJIOT1YHI MPOoOJIeMH, IMiIBUIIEHHS PiBHS €KOJIOT1YHOT
CBIJIOMOCTI.
BripoBamkenns uudposux | HanaromkeHHss MOHITOPHHTY €KOJIOTIYHOTO CTaHY PEKpeamiifHuX 30H;
CHUCTEM MOHITOPUHTY 30ip Ta aHali3 CTaTUCTUYHUX JIaHUX B PEXKMMI PEaJbHOr0 4acy 3a
TYPUCTUYHHX JTAHUX JIOTIOMOTOF0  TeXHOJIOTiH [HTepHeTy, oOJamTyBaHHS BeO-KaMepaMu

TYpUCTHYHHX  00’ekTiB,  BmpoBajukeHHS  QR-xoniB, cucrem
0€3roTiBKOBHX pPO3paxyHKiB; MpOTpaM JIOSUIBHOCTI Ta EJIEKTPOHHHUX
KapTOK TypHCTa; €IeKTPOHHUX KBHUTKIB Ha TYPUCTHYHHUX 00’€KTax i B
3aKJaax J03BLULISA TOMIO.

Ipumimka. Po3pobneno aemopom.

VYkpaina Mae 3HaYHMHA TypUCTUYHHMNA mMOTeHHial. CUTbCBKUI TYpHU3M € IEPCIEKTUBHUM
HampsIMOM PO3BUTKY 1HAYCTpIi Typu3My B OyAb-sIKOMY PETiOHi, SIKUM MPUBAOIIOE TYPUCTIB CBOIMU
MPUPOJHUMHU OCOOJIMBOCTSIMH Ta 0araTor0 iCTOPHKO-KYJIBTYPHOIO CHAIIIMHOI0. AJie B TOH )K€ Yac
KOXXEH PEerioH Mae€ Ie 3HAYHMNA HEBUKOPHCTAHWUN JIOJACHKUI 1 peKpeamiiHuii MOoTeHLiamu A
PO3BUTKY CLIBCBKOTO TYpHU3MY, sIKI MOXKHa Oyno O epekTHUBHO cHpsiMyBaTH B MaillOyTHbOMY Yy
PO3BHUTOK TYpUCTHYHOI cepu. [l iboro nepkaBa Ma€ CTBOPUTHU YMOBH JJISI CHPUSHHS PO3BUTKY
Majoro MIANPUEMHUITBA Y BIANOYMHKOBIM cdepl B CUIbCHKIM MICLIEBOCTI Ta BCeOIYHOTO
320XOUYEHHS Y4acTi HaCeJIEHHS JUIsl PO3BUTKY CUTBCHKOTO TypH3MY.

BucHoBku

Hes3Bakatoun Ha yHiKaJdbHI MPUPOAHI YMOBH 1 pecypcd Ta MOTEHILIMHI MOXJIMBOCTI JJIs
PO3BHUTKY TYpHCTHYHOI cepu, YKpaiHa Ha JaHUH dYac 1€ HE MOXKE CTBOPIOBATH KOHKYPEHIIIIO
MIPOBIIHUM CBITOBHM JiepkaBaM. Came TOMY IPIOPUTETHI HANPSIMU PO3BUTKY JIEPHKABHOI MOJIITUKU
y chept TypusMy IMOBUHHI 0a3yBaTucs Ha MPUHIHUNAX CTAJOr0 pPO3BUTKY, WO OyAyTh
HiATPUMYBATHCSA Ha MICLEBOMY, PETlIOHAIBHOMY Ta MIKHApOAHOMY piBHAX. Lle macTb MOXIIMBICTh
CTBOPUTH CHPUSATINBI YMOBH JUIsl PO3BUTKY CepU TypU3My B JIOBIOCTPOKOBIM IEPCIEKTHBI
BIJIMIOBITHO J0 MIKHApOJHUX CTaHJAPTIB SKOCTI Ta 3 ypaXyBaHHSIM €BPONEHCHKHUX LIHHOCTEH, 110
CHpPUATHME IMIJBULICHHIO SKOCTI JXHUTTS HACEJIEHHs, TapMOHIMHOMY pPO3BUTKY 1 KOHCOJiZarii
CYCIIbCTBA, (OPMYBaHHS IMIJKY YKpaiHU Y CBITI.

[TicnsiBoeHHUN TypusM B YKpaiHi, OCOOJHMBO CUIBCHKHM, Ma€ BCl IMEpPeIyMOBH s
YCIINIHOTO PO3BUTKY, aJKE BiH CIPHUsSE MiATPUMIII €KOHOMIKH KpaiHH, CTBOPEHHIO HOBUX POOOYHX
MICIlb, MOKPAILEHHIO CUIbCHKOI 1HQPACTPYKTYPH Ta 3aXUCTy KYJIbTYpHO-ICTOPHYHOI CHAALIMHU
KO)KHOTO periony. Ilicms 3akiHueHHS BiiiHH, $5Ka 3aBJa€ HEMOINPABHOI MIKOAM JIIOJSM,
HaBKOJIMIIIHBOMY CEpEOBHINY Ta 1HGPACTPYKTYpi KpaiHH, TYPUCTH 3aHOBO OLIHSATH MOJIMBOCTI
JUIS BiJIMTOYMHKY B CUIBCHKIM MICIIEBOCTI Ta PI3HOMAHITHICTH MOCHYT CUIBCHKOTO TYpHU3MY, SIKi
poOIIATH 10 chepy Typu3My YHIBEPCATBHOIO Ta HE3AJIEKHOIO Bl Teorpad)ivHOTO po3TalTyBaHHS Ta
HAsSBHOCTI LIHHUX MPUPOIHUX pecypciB. CiTbChKUN TYpHU3M BHCTYNA€ €PEKTUBHUM IHCTPYMEHTOM
JIOTIOMOTH CIJTb.CHbKOMY HACEJICHHIO MOKPAITUTH COI10-€KOJI0Tr0-€KOHOMIYHUM PO3BUTOK CUIbCHKUX
HACEJICHUX IYHKTIB Ta € MEPCHEKTUBHUM IIJISXOM DPO3BUTKY Ta BiJOYIOBH YKpaiHCBKHX CiT B
yMOBax BIHHU Ta MICISIBOEHHOTO TIEPIOIy.
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Abstract. The methods and means of using information technologies for data analysis and
processing in environmental research are considered. The priorities of the European Union in
achieving the goals of digital transformation are analyzed. It is established that with the
strengthening of the digitalization role in various studies, it is important to use effective methods
and tools for processing and analyzing information, which will contribute to both the digital and
green transition. For more accurate calculations, it is important to use algorithms on neural
networks, which are now gaining more and more popularity. It is emphasized that digitalization in
the field of environmental monitoring will help to automate this process and will be useful for
remote monitoring and environmental research.

Keywords: digitalization, Green Deal, environmental monitoring, innovative technologies.

AHoTanisa. Po3risHyTo MeTonu i 3aco0u BUKOpUCTaHHS 1H(GOPMALIMHUX TEXHOJOTIH s
aHamizy Ta OOpoOKM HaHWX Yy JOCHIDKEHHI HaBKOJMIIHBOTO ceperoBumia. lIpoananizoBaHo
npioputetn €Bponeiicbkoro Corwo3y y JOCATHEHHI 1ined 1udpoBoi Tpancdopmariii. BcranosneHo,
0 3 TMOCHJCHHAM poii mudposizamii y pi3HHX AOCHIPKEHHSX BAXIIMBHM € BUKOPUCTAHHS
edeKTUBHUX METOIIB 1 3aco0iB myig 0oOpoOku Ta aHamizy iHdopMalii, MO CHOPUITUME SK
muppoBoMy, Tak 1 3emeHoMy mnepexomy. Jyus  OLIbII  TOYHUX PO3PAXyHKIB  BaKIMBO
BUKOPHUCTOBYBaTH aJrOPUTMU Ha HEWPOHHUX Mepekax, IO 3apa3 HaOyBalOTh Bce OUIbIIOT
nonynsipHocti. [linkpecneno, mo uudposizalis B rajiy3i €KOJIOriYHOTO MOHITOPUHIY JOIOMOYKE
aBTOMaTHU3yBaTH IIeH Mpollec Ta CTaHe Y Haroji /i AUCTAHIIMHOTO MOHITOPUHTY 1 JOCIHIIPKEHHS
JOBK1JIJIA.

Knwuosi cnosa: wyughposizayisn, 3enrena yz200a, MOHIMOpuHe OO0BKINNA, IHHOBAYIUHI
MExXHONO02IL.

Introduction

Digital and green transition are closely related. While digital technologies offer many
solutions to climate change, it is important to ensure that they are not themselves contributing to the
problem. Digital products and services must be designed, manufactured and disposed of in such a
way as to reduce their impact on the environment and society. There should also be more
information of impact of such services on the environmental and energy consumption. The impact
of digital transformation on societal goals should be regularly assessed, as the quality and direction
of digital growth are also important. They need to be delivered through strategic priorities and
principles that will be used alongside quantitative indicators. It is important to take into account and
better assess the impact of digitalization on environmental quality research in the framework of
digital transformation, while making digital technologies a support for the green transition [1].

The direction of digital transformation involves stability in the field of cyber security, the
development of secure communication systems, and raising the general educational level of the
population in mastering digital technologies. It will promote job creation, economic development
and innovation, providing opportunities for young people to learn and work, locally or remotely,
and to start businesses with low start-up capital.

Europe must harness the potential of digital transformation, which is a key factor in
achieving the goals of the Green Deal. The European Union must promote and invest in the
necessary digital transformation, as digital technologies are critical to achieving the Green Deal
sustainable development goals in many different sectors. Digital technologies such as artificial
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intelligence, 5G, cloud and edge computing and the Internet of Things can accelerate and maximize
the impact of policies to combat climate change and protect the environment. Digitization also
opens up new opportunities for remote monitoring of air and water pollution, or for monitoring and
optimizing the use of energy and natural resources. Europe needs a digital sector with sustainability
at its heart, which ensures that digital infrastructures and technologies become significantly more
sustainable, energy- and resource-efficient, and contribute to a sustainable circular and climate-
neutral economy and society in line with the European Green Deal [2].

1. EU priorities in achieving the goals of digital transformation

In 2021 the Digital Decade policy programme 2030 was introduced [3]. With increasing the
dependence on technology, digital competences and skills have become essential to participate in
society, take advantage of digital public services and remain competitive in the labor market. It is
assumed, that by 2030, about 80% of European citizens should have at least a basic level of digital
skills [4]. The Digital Decade is a part of the European Commission wider strategic priority:
ensuring that Europe is a fit for the Digital Era. Being a strategic initiative, it underlies and
complements a number of recent actions of EU institutions (Digital Europe Programme, Digital
Education Action Plan, the Recovery and Resilience Facility) aimed at promoting the improvement
of skills of citizens and enterprises. The ambition of the EU is to be digitally sovereign in an open
and interconnected world and pursue digital policies that empower people and businesses to achieve
a people-centred, sustainable and prosperous digital future.

1 3 4
Digital Secure and sustainable Digitalisation of public
Skill transformation of digital infrastructures services
Itts businesses Connectivity:
ICT Specialists: Tech up-take: 75% of Gigabit for everyone Key Public Services:

20 million + gender EU companies using Cutting edge 100% online

convergence Cloud, Al, or Big Data Semiconductors:

Basic Digital Skills: Innovators: grow scale- double EU share in global _e-Health: 100% of
min 80% of ups & finance to double production citizens have access to
population EU Unicorns Data - Edge & Cloud: medical records online

Late Adopters 10,000 climate-neutral Diritat Tt
L25 highly secure ed d IBJtaHICORTITY:
more than 90%of | 0 oo 8 & BSOS |1 40096 of citizens have
SMEs reach at least a omputing: access to digital ID

first computer with
quantum
acceleration
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Fig. 1. The Digital Decade policy programme 2030 with specific goals and objectives

The Policy Programme «Path to the Digital Decade» aims to ensure that the European Union
achieves its goals of digitally transforming society and the economy in line with EU values,
strengthening our digital leadership and promoting people-centred, inclusive and sustainable
development of digital policies that empower citizens and businesses. The aim is to enable the
digital transformation of the EU by creating a clear, structured and collaborative process to achieve
this outcome.

This Policy Programme complements, performs and implements the vision, goals and
actions provided for in the Communication «Digital Compass» and is aimed at consolidating and
ensuring the effective implementation of the actions defined in the 2019 Strategy for shaping
Europe's digital future. The proposal is also consistent with the Commission's Communication
updating the new Industrial Strategy 2020, which identifies areas of strategic dependencies that
could lead to vulnerabilities such as supply shortages or cyber security risks. This proposal is also in
line with the objectives of the Critical Technologies Observatory, which aims to help identify the
EU current and possible future digital strategic dependencies and contribute to strengthening its
digital sovereignty.
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Digital learning and education should support a workforce where people can acquire
specialized digital skills to gain quality employment and rewarding careers.

An important factor to take advantage of digitization for further technological development
and digital leadership in Europe is a sustainable digital infrastructure to connect microelectronics
and the ability to process big data. Great and secure connectivity is needed for everyone and
everywhere in Europe, including rural and remote areas. Society demand for download bandwidth
is constantly increasing. By 2030, networks with gigabit speeds should be available on terms for
everyone who needs or wants such capacity. In addition, it is predicted that microprocessors, which
are already the beginning of most of the key strategic value chains, will enjoy even greater demand
in the future, especially the most innovative ones. A climate-neutral, highly secure edge node is
essential, guaranteeing access to low-latency data services wherever the enterprise is located.
Quantum capacity is also expected to become a critical factor.

The spread of digitalization involves achieving the following general goals:

- promoting a people-centred, inclusive, secure and open digital environment where digital
technologies and services respect and reinforce the principles and values of the European Union;

- strengthening the collective resilience of Member States and bridging the digital divide, in
particular promoting basic and specialized digital skills for all and promoting the development of
high-performance digital education and training systems;

- strengthening the collective resilience of Member States and bridging the digital divide, in
particular promoting basic and specialized digital skills for all and promoting the development of
high-performance digital education and training systems;

- ensuring digital sovereignty, in particular through a secure and accessible digital
infrastructure capable of processing massive amounts of data, enabling other technological
developments, supporting the competitiveness of European Union industry;

- promoting the deployment and use of digital capabilities that provide access to digital
technologies and data on simple and fair terms to achieve a high level of digital intensity and
innovation in the EU enterprises, in particular small and medium-sized enterprises;

- ensuring democratic life, public services and health care services; Internet access for all, in
particular for vulnerable groups, including people with disabilities, by offering inclusive, efficient
and personalized services and tools with high security and privacy standards;

- ensuring the sustainability of digital infrastructure and technologies, energy and resource
security, as well as promoting the development of a sustainable circular and climate-neutral
economy and society in accordance with the European Green Deal;

- facilitating the conditions for investments in digital transformation across the EU,
including developing predictable regulatory approaches, etc.

Another important initiative of the European Union is the Green Deal — a strategic plan of
the EU with the aim of achieving climate neutrality by 2050. Digitization plays a key role in
achieving these goals, as technology can help reduce emissions, optimize energy efficiency and
increase resilience to climate change.

Here are some of the main goals of the Green Deal for digitization:

- reducing the carbon footprint of technologies. The Green Deal aims to reduce greenhouse
gas emissions from information and communication technologies, such as data centers and
telecommunications networks.

- energy efficiency. Accelerating the development and implementation of energy-efficient
technologies, such as "green™ data centers, energy-saving computers and software tools to optimize
energy use.

- promoting digital transformation in sectors critical to combating climate change.
Applying digital technologies in areas such as energy, transport, agriculture and construction to
reduce emissions and increase resilience to climate change.

- protection against cyber threats. Ensuring the cyber security of digital infrastructures as
they become increasingly important to the functioning of the economy and society.
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- digital education and standards compliance. Developing digital literacy among the
population and supporting standards that promote the sustainable use of technology.

These goals aim to ensure that digital transformation contributes to the fight against climate
change and becomes a key tool for achieving climate neutrality.

Member States cooperate with private and public stakeholders, including social partners, in
accordance with national legislation, in adopting their national strategic roadmaps for the digital
decade and their adjustments. Strengthening the EU technological excellence and industrial
competitiveness in critical technologies, digital products, services and infrastructures is essential for
economic recovery and prosperity, and the safety and security of citizens.

2. Methods and means of digital transformation and automation of data processing for
environmental monitoring

Digital transformation includes the use of various methods and tools to modernize business
processes, introduce new technologies and optimize the activities of various enterprises. The main
methods and means of digital transformation include:

- cloud technologies. The use of cloud computing allows businesses to store and process
data online, making it easier to access and increase scalability;

- data analytics. The use of analytical tools allows enterprises to obtain valuable insights
from large volumes of data, which helps in making better management decisions;

- Internet of Things (10oT). The introduction of IoT technologies allows collecting data from
various devices and combining them for analysis and use in various fields, from manufacturing to
medicine;

- artificial intelligence (Al). The use of machine learning methods and other artificial
intelligence technologies allows to automate many processes, increasing efficiency and accuracy;

- automation of business processes. The introduction of automation systems allows you to
optimize and speed up the execution of routine tasks and processes;

- digital platforms. The creation of digital platforms allows combining different services and
functions in a single environment to promote cooperation and interaction;

- blockchain technology. The use of blockchain allows for the security and reliability of data
exchange and transactions, especially in the financial and logistics sectors.

Digital transformation in the field of environmental research opens up many new
opportunities for collecting, analyzing and using data in order to preserve natural resources and
reduce the negative impact of human activities on ecosystems. Among the methods and means of
digital transformation of the environment, the following can be distinguished (Fig. 2):

- sensors and loT. The use of sensors and the Internet of Things (1oT) allows the collection
of large volumes of data on air quality, water resources, noise levels, climate parameters and other
environmental indicators in real time;

- Big Data and analytics. Thanks to the use of machine learning and artificial intelligence, it
is possible to analyze large volumes of data, which helps to identify trends, predict changes and
identify problematic situations;

- geospatial analysis. The integration of geospatial data allows establishing spatial
relationships between various aspects of the environment, which helps in the development of
effective resource management strategies;

- digital data sharing platforms. The creation of digital platforms where different
stakeholders can exchange data and information promotes joint work in the field of environmental
protection;

- data visualization. The use of data visualization tools allows to visually display complex
information and clearly present it for decision-making;

- development of innovative solutions. On the basis of digital data, new technologies and
innovative solutions can be developed to preserve natural resources and reduce the negative impact
on the environment.

Digital transformation in the field of environmental research helps increase the effectiveness
of environmental monitoring, promote more effective resource management, and raise public
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awareness of environmental problems. It is the process of applying digital technologies to collect,
analyze, visualize and understand data about the environment. Digital transformation in the field of
environmental research makes it possible to more efficiently solve the problems of pollution,
conservation of natural resources and creation of sustainable development.

Sensor Engaging the

Technologies Public

Digital o
transformation
in environmental
research .

Internet of Data

Things Visualization

Fig. 2. Digital transformation in the field of environmental research

Expanding the boundaries of digital transformation helps increase the circle of interested
parties. This, in turn, will help to implement research processes more efficiently, as more employees
will be knowledgeable in innovative technologies. The implementation of practices of using IT
technologies and demonstrations of their use in education will make it possible to form a contingent
of young people who will be promising highly qualified workers in various fields. The following
aspects will contribute to the expansion of digital transformation:

- environmental monitoring: using and loT to continuously monitor environmental
parameters such as air quality, noise level, water pollution level, etc;

- data collection and analysis: collecting large amounts of environmental data and analyzing
it using machine learning algorithms to identify patterns and trends;

- forecasting and modeling: using digital tools to predict changes in the environment and
model the consequences of different scenarios;

- effective resource management: optimizing the use of natural resources and support
sustainable practices;

- involvement of the public: using digital platforms to engage the public in environmental
monitoring and data collection;

- communication and education: using digital media to increase public awareness of
environmental problems and how to solve them.

If we consider the digitization of environmental research, then more specific means of
research can be added to the above list. For example, microelectronic and nanoelectronic remote
control systems for weather stations based on Arduino are popular solutions for automating the
collection and processing of weather data. Arduino is an open hardware and software environment
that allows you to create electronic devices with convenient interfaces for programming and
interacting with sensors.

Remote control of a weather station using Arduino can include a number of functions, such
as:

« reading and collecting data from sensors for temperature, humidity, barometric pressure
and other parameters;
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« real-time visualization of data processing and results on a display or web page;

« remote control of weather stations using wireless technologies such as WLAN and
Bluetooth;

« automatic management of weather stations based on preset parameters and conditions.

Using micro- and nanoelectronic systems with Arduino, it is possible to reduce the size and
weight of the weather station, reduce costs and increase the efficiency of their operation. In
addition, it can be easily modified and expanded with additional modules and sensors.

It is worth noting that neural networks can be used to monitor the environment in various
aspects, providing a wide range of opportunities for analyzing and detecting changes in the research
area. Below are several methods of applying neural networks for environmental monitoring.

- Satellite imagery and segmentation. Neural networks can be used to analyze satellite
images to segment different environmental elements such as forests, water bodies, urban areas, etc.
This allows to automatically identify and track changes in these areas over time.

- Monitoring of forests and biodiversity. Neural networks can analyze aerial photographs or
satellite images to identify and classify forest vegetation types, as well as assess the state of
biodiversity. They can also detect changes in forest cover, such as deforestation or changes in
species distribution.

- Detection of environmental pollution. Neural networks can be trained to detect
environmental pollution in images such as photos or videos taken from drones. This may include
detecting oil spills, surface water contamination, or other types of contamination.

- Monitoring of water resources. Neural networks can analyze images of bodies of water to
detect changes in water levels, determine water quality, and detect environmental problems such as
falls or pollution.

- Climate change forecasting. Neural networks can be used to analyze climate data and predict
climate change, including predicting weather trends, temperature changes, water levels, and
more.

These methods demonstrate the potential applications of neural networks for environmental
monitoring, which can help in the management and conservation of natural resources and reduce the
impact of human activities on the environment.

The following table shows the different methods of applying neural networks for
environmental monitoring and their brief description.

Table 1
Methods of using neural networks for environmental monitoring
| Method [ Description |
Image and video |[Trained neural networks are used to recognize and analyze images or videos
analysis to detect changes in vegetation, soil erosion, water pollution, and more.

Neural networks divide the image into separate segments corresponding to
Data segmentation |different elements of the environment, which helps in determining the area
of certain types of areas and detecting changes.

Analysis of satellite ||[Neural networks process satellite images from space to detect changes in
images land use, deforestation, urban sprawl, and other changes in the environment.

Neural networks are used to predict future changes in the environment based
Forecasting changes|jon historical data and current trends, helping to identify risks such as forest
fires or pollution.

Neural networks help to detect and classify pollution on the surface of the
Pollution monitoring|earth, in water bodies or in the air, which allows to identify the sources of
pollution and track their distribution in space and time.

It is worth noting that at this stage of the development of science and technology, the proper
place should be given to quantum technologies — a promising field that is increasingly developing.
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Quantum technologies can also be used for environmental monitoring, providing more accurate, fast
and efficient methods of data collection and analysis. Here are some ways quantum technology can
be used in this field:

- quantum sensors can measure various environmental parameters, such as air, water or soil
pollution levels, as well as measure emissions of harmful substances;

- quantum algorithms can improve image analysis, allowing more accurate detection of
changes in the environment, such as deforestation, changes in ocean currents or water pollution;

- guantum networks can ensure the security of the transmission of data about the state of the
environment, ensuring the confidentiality and integrity of information about the environment;

- guantum machine learning algorithms can help find correlations in massive environmental
data sets and predict changes based on these data;

- quantum cryptography can ensure the security and privacy of environmental data during its
transmission and storage.

Overall, the quantum technologies use can greatly improve the way of environment
monitoring, providing more accurate and efficient methods of collecting, analyzing and protecting
data about the state of environment.

4. Conclusions

The use of information technology in environmental research is becoming more and more
common and allows obtaining more accurate data, analyzing it faster and solving environmental
problems more efficiently. The main means and methods related to the global and domestic practice
of using IT in environmental research:

- sensor networks and the Internet of Things used to create sensor networks and 10T systems
that provide real-time data collection from various sources. This allows you to receive more
detailed and up-to-date information about the state of the environment;

- geographic information systems used to collect, analyze, and visualize geographic data
about the environment. They allow researchers to analyze the spatial relationships between various
elements of the environment and develop strategies for the conservation of natural resources;

- artificial intelligence and machine learning help identify and predict trends in climate
change, environmental pollution and other environmental problems based on the analysis of large
volumes of data;

- modeling and simulation to create complex mathematical models and simulations that
allow predicting the consequences of various environmental impacts and developing strategies for
their management;

- electronic pollution monitoring systems allow for the development of electronic
monitoring systems that automatically detect and measure levels of air, water and soil pollution,
which allows prompt response to environmental threats.
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AnoTtauis. [TpoBeneHo oIy OCHOBHHX CIIOCOOIB BHKOPHUCTaHHS KBAJPOKOITEPIB IS
MOHITOPUHIY HAaBKOJMIIHBOI'O CEpEelOBHUILNA. 3pOoOJEHO aHajli3 ICHYIOUUX JOCIIDKEHb 100
BUKOPUCTAHHS OE3MUIOTHHUX JITAIBHUX amapariB Jjs JOCTIDKEHHS MOBKULISA. Po3risiHyTO psin
IporpaM aBTOMAaTU30BaHOI OOPOOKM OTPUMAHUX 3 KBaJPOKOMNTEPIB 300pa)KeHb Ul CTBOPEHHS
mudposux kapt. HaBenaeHo mpukiaau oOpoOiieHuX (GoTo 3 KBaIpOKONTEpa HAa OCHOBI Mporpam
DroneDeploy ta QGIS. 3a3HaueHo, 1110 OTpUMaHHs JaHMX 3 KBaJpOKONTEpa B peaJlbHOMY yaci
MOKe 3/11iCHIOBATHUCS 3a JOMOMOTOIO PI3HUX METOJIIB Ta 3aC00iB 00OpOOKH JaHUX.

Knwuoei cnoea: monimopune ooexinns, yugposisayis, opmogomonnan, BITJIA.

Abstract. An overview of the main ways of using quadcopters for environmental
monitoring is carried out. It is made the analysis of existing studies on the use of unmanned aerial
vehicles for environmental research. A number of programs for automated processing of images
obtained from quadcopters for creating digital maps are considered. Examples of processed
quadcopter photos based on DroneDeploy and QGIS programs are given. It is noted that obtaining
data from a quadcopter in real time can be carried out using various methods and means of data
processing.

Keywords: environmental monitoring, digitalization, orthophoto, UAV.

Beryn

3 MOmMpeHHAM JipKuTamizalii Ta 3pOCTaHHSAM poJii LU(GPOBUX TEXHOIOTIH Jexasi
BAXJIMBIIIMMUA y Pi3HUX cdepax cratoTh Oe3minoTHi mitaneHil amapatd (BIUIA, naponw,
KBaJpoOKONTepH). Y TNO€AHAHHI 3 TMPOrpecoM y MNpOrpaMHOMY 3a0e3MeYeHHI BOHH € I[IHHUM
IHCTPYMEHTOM JUIsl IHBEHTapu3allii Ta MOHITOPUHTY HAaBKOJIMIIHBOTO cepenoBuina. Ksaapoxonrepu
JI03BOJISIFOTh 32 KOPOTKHUM Yac 3/1HCHIOBATH OIJIAJ BEIMKUX TEPUTOPIH Ta OTPUMYBATH JOCTYIHI
JUIS TIOCTOOPOOKH J1aHi, 30KpeMa 13 3aCTOCYBAHHSAM HITYYHOI'O 1HTEJIEKTY Ta HEHPOHHUX MEpEK.
be3ninoTHi miTanbHI amapaTH JO3BOJIAIOTH CIOCTEPIraTH BENWKI IUIONI AOBKULIS HAJS OI[IHKU
MOKAa3HUKIB 3 BHCOKOKO JIOCTOBIPHICTIO 3 TOMAIBINOK I1X 00poOkoro. Taki amapatd HamTh
re0/Ie3UYHy TOYHICTh MPH CAHTUMETPOBIM MPOCTOPOBIM PO3MLIBHIA 37aTHOCTI, a 3aCTOCYBAaHHS
HAHOTEXHOJIOT1H! JJIsl KaMep 3HIMaHHS J1a€ MOKJIMBICTh POOUTH IX JOCUTh KOMIAKTHUMH.

Cepen cyyacHHX JOCHIDKEHb € Oarato poOiT, 1o onucyioTh BukopuctanHs BIUJIA nms
aHaI3y SAKOCTI JOBKULISA, MOHITOPMHTY Ta IHIIUX OCHIDKEHHSX. 30Kpema, aBTopu pobotu [1]
PO3IIISIAIOTh MOHITOPUHI MAcOBHUIN 3a JIOIIOMOTOI0 JAPOHIB, a y poOoTi [2] mpoBeneHo aHami3
METO/IIB PO3Mi3HaBaHHS 00’ €KTIB Ta KOMITpecii 300pakeHsb i yac aepodortosiiomkn 3 BITJIA. Kpim
TOTO, BOKJIMBUM € JOCII/DKEHHS TMPUPOAHUX SBHL 1 U1 €()EeKTUBHOTO IUIAHYBAHHS PYXY IPOHIB.
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3o0kpema, aBTOpHU poOOTH [3] ONMUCYIOTH ANTOPUTMHU MOBEIIHKHU 3Tpail y MPUPOJI A MOXKIUBOCTI
3aCTOCYBaHHS B TPYIOBHUX TOJIbOTaX OE3MUIOTHUX JIITaJIbHUX amapariB. Tak 3BaHUU ‘“pOiHMIA
METOA” € OJTHUM 3 MPOTPECUBHUX METO/IB JIOCIIKEHb, OCOOJIMBO B Taly31 MOHITOPUHTY JOBKIJUIAL.
Ileil MeToA BUKOPUCTOBYE Tpyly KBaJpOKONTEPIB, sIKI MPALIOIOTh Pa3oM [yl 300py JaHUX Ta
BUKOHAHHSA 3aBAaHb, W0 TMPEJICTAaBIsA€ MOTEHI[iaJl JUIsi BIOCKOHAJCHHA Ta PO3MIMPEHHS
MOXJIMBOCTEH MOHITOPUHTY JOBKULISA, JO3BOJISIIOYM 30MpaTH OUIbIINE JAaHUX 3 O1IBIIOI TOYHICTIO
Ta MBUAKICTIO.

1. Cpooco0M MOHITOPHHIY HABKOJHUIIHHBOIO CepPeJoBHMINA 3 BHKOPHUCTAHHAM
KBa/JIPOKONTEPiB.

3acTocyBaHHS KBaJPOKOIITEPIB y AOCIIPKEHHSIX CTaHY HaBKOJIMIIHBOI'O CEPEOBUIIA Ma€
IIMPOKE KOJIO 3aB/aHb, 30KpeMa:

- MOHITOPHUHT JIICOBUX €KOCHCTEM;

- BUSIBJICHHSI CEPEJIOBUIII ITOXKEK Ta TOTIOMOTA TIPH 3/11HCHEHHI TPOTUIIOKEKHHUX 3aXO0/IiB;

- kaprorpadyBaHHs, YTOYHEHHS Ta aKTyalli3allis iICHYIOUUX KapT;

- CIIOCTEPEKEHHS 33 3MIHAMH JIOCIKYBaHUX IIJIOMI 32 JJOTTIOMOTOI0 TIOPIBHSIHHS OTPUMAaHUX
B pi3HHUH Yac opTO(OTOILIAHIB;

- KOHTPOJIb 32 HECAHKI[IOHOBAaHUM OYAIBHHIITBOM B MIPUPOJOOXOPOHHUX 30HAX;

- CIIOCTEPEXEHHs 3a TBapuUHAMM 3 METOI JIOCHIJDKEHHS IX 4YHMCEIbHOCTI Ha IE€BHUX
TepuTOpisxX (OE3MIIOTHUK JT03BOJISIE BECTH 3HOMKY HEITOMITHO);

- IJITaHYBaHHS POOIT Ha 3€MENIbHUX JIIJITHKAX 1 1X pO3MOALT Ha YACTHHH,

- OOTPUCKYBaHHS JIICIB Ta MOJIIB B/l IIKiTHUKIB.

Y IOCHIPKEHHSIX CTaHy HaBKOJIMIIHBOTO CEpEeAOBHMINA IIiJ] 4ac MOHITOPUHIY JIICOBHUX
€KOCHCTEM KBaJPOKOIITEPU BiJIrPAlOTh BAXKIUBY POJIb 3aBISKH MOXKIUBOCTI OTPUMAaHHS NAaHHUX 3
BHUCOTU Ta BUKOPUCTAHHIO PI3HOMAaHITHMX ceHcopiB. KBagpokontepu ocHallieHi BUCOKOSIKICHUMU
KaMepaMmH, SIKi 37aTHi 3[iHCHIOBaTH aepo(oTo3iOMKY 3 BeUKO1 BHCOTH. Lle 103BoJsie oTpuMyBaTH
JeTanbHi 300payKeHHsI JIICOBUX MAcHBIB Ta iX CTPYKTYpPH Ul MOAAJIBIIOrO aHaji3y. 3a JOMOMOT O
BIUVTA mo’kHa 371iiCHIOBaTH MOJBOTH HABKOJO JIICOBUX MUISHOK JJISi CTBOPEHHSI TPUBUMIPHHMX
Mmojenelt micy. lLle no3Boisie OTpUMaTH JIOKJIAJHE TMPEACTaBIEHHS NP0 CTPYKTYpPYy JIiCOBOI
MmicreBocTi. KBagpokonTepn MOXyThb BHKOPHUCTOBYBATHCH IS BHSIBIICHHS 3apa)KCHHX JIEpEB Ta
IHIINX O3HAK 3aXBOPIOBaHb a00 MOIIKOXKEHHS BiJl IIKITHUKIB.

JlpoHu MOXYTh OIOMOITH BUSIBUTU O34 pyHHIBHUX (PAKTOpiB, HANpPHUKIAJA, 3HUIIECHHS
Jicy yepe3 pyOKH abo HE3aKOHHY JisUIbHICTh. BOHM JO3BOJISIOTH BYACHO pearyBaTh Ha Taki
po0GJieMy Ta BXKUBATH 3aXO0/1B JUISl X BUPIILIEHHS.

KBangpokonrepu BUSBISIIOTBCS HAJ3BMYAHO KOPUCHUMH Yy JOCHIJUKCHHSAX Ta BHSBIICHHI
CEpEIOBUIL] MOKEX, HA/Ial0Th 3HAYHY JONOMOTY NpHU 3A1MCHEHHI MPOTUIIOKEKHUX 3ax0/iB. BoHn
MOXXYTh OyTH 0OJa/iHaHI TEIJIOBI3IMHUMHU KaMepaMu, sIKi JT03BOJISIOTh BUSIBIISITH 30HH MMiIBUIICHOT
TEeMIIepaTypd, M0 MOXE CBIAYUTH TPO MOXeXy. Lle m03BoIiss€ OmepaTHBHO BUSIBIATH TMOXKEXKHI
YpaKE€HHS Ha BEJTUKUX TEPUTOPISIX, BKIIOYAIOUN BaXKKOJOCTYNHI Micid. KBagpokonrepu cTaioTh y
JI0TIOMO31 MOKEXH1H ci1yk01, 1100 MOKpamuTH e(eKTUBHICTh Ta 0€3MeKy MPOTUII0KEKHUX 3aXO0/I1B
[UISXOM HAJaHHS MIBUJAKOI Ta TOYHOI i1H(OpMAaLii Mpo CUTYallil0 Ha Micli MOXeXi, a JOJaTKOBe
oONajHaHHSA Ha KBAJPOKONTEPi JJ03BOJISIE TPOTUIIOKEKHY MOPOIIKOBY CYMIIl JIOCTaBUTH B
eMILIEHTp 3arOPSIHHA.

BIUUTA € xopucHHMMH IHCTpyMEHTaMH Ajisi KapTorpadyBaHHS, YTOUHEHHSI Ta aKTyami3aiii
ICHYIOUMX KapT 3aBJSKM CBOIMl MOXMJIMBOCTI 3IMCHIOBaTH aepoOTO3HOMKY Ta BHCOKY
MaHeBpeHicTb. OTpuMaHi BHCOKOSIKICHI 300pakK€HHS TEPUTOPI MOXKYTh OyTH BUKOPUCTAHI IS
CTBOPEHHSI HOBUX KapT ab0o OHOBIEHHs icHyrouux. KBaapokomnrTepu MOXyTb OyTH OCHaIIeHi
PI3HOMaHITHUMHU JNAaTYUKAMH, 110 J03BOJISIE OTPUMYBATH JOJATKOBY 1H(MOpMAIlIO TTPO TEPUTOPIIO
(Bucota penbedy, AepeB Ta OyniBedab TOIIO), IO MOKpamlye skicTb KapT. Ilicis 300py naHux
KBaJPOKONTEPH MOXKYTh BHKOPHCTOBYBAaTH IIpOrpamMHe 3a0e3NeyeHHsA A 0OpOOKHM OTpUMaHMX
300pakeHb Ta cTBOpeHHs mudpoBux kapt. Lle Moxe BKiIroUaTu B cebe aBTOMATHU30BaHI aJrOpPUTMHU
JUTsl BUSIBJICHHsI O00'€KTiB, aHaJi3y 3MiH Ta 1HIIMX 3aBJaHb. YCI Il 3aCTOCYBaHHS KBaJIPOKOMTEPIB
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JIOMIOMAraroTh MOKPALIUTH AKICTh Ta aKTyalbHICTh KapT, [0 BUKOPHCTOBYIOTHCS JJISl PI3HUX IIEH,
BKJIFOYAIOYU MIChKE TUTAHYBaHHSI, JaHAIIAQTHUN AU3aliH, €KOJOTIYH1 JOCIIHKEHHS TOIIIO.

Takox KBaJpOKONTEpH MOXYTh OYTH HAI3BHYAHO KOPUCHUMH TP KOHTPOIi 3a
HECAHKIIIOHOBAaHUM OyJIBHUITBOM Yy TIPUPOJAOOXOPOHHUX 30HAX 3aBASAKM iX MOXKIUBOCTI
3MiCHIOBaTH aepo(OTO3HOMKY Ta HAJaBaTH BIIAAJICHWNA JOCTYN 0 CKJIaJHOJOCTYIMHHUX MiCIb.
JIpoHH MOXyTb OYyTHM BUKOPUCTaHI JUIsl JIOKyMEHTYBaHHS IIOpYIIE€Hb Yy BHUIIAAI (OTO- Ta
BigeomarepianiB. Ha ocHOBI 3i0paHMX JaHWX KBAJAPOKONTEPU MOXKYTh OYTH BHKOPHUCTaHI ISt
IIFTOTOBKY 3BITiB MPO BUSBJICHI TOPYIICHHS Ta PO3POOJICHHS] PEKOMEHAAIIIH 1010 TTOAATBIINX JTii
JUIs1 BUPILLICHHSA IPOOJIeMH HECAHKIIIOHOBAHOTO OY/iBHHIITBA.

KBagpokonrepu MoxyTb OyTH AyXe KOPUCHMMH IIPU CIIOCTEPEKEHHI 3a TBapuHAMM 3
METOI0 JIOCHI/DKEHHSI 1X YHCENBbHOCTI Ta 30epekeHHs Oiopi3HOMaHITTA (aepodoTo3iioMKa,
TEIUIOBI3ifiHA 3MOMKa, pO3poOKa TpacHOpPTyBaJIbHUX ILISAXiB, BH3HAYCHHS pPO3MOAUTY Ta
PO3MIIIIEHHS TBAPUH, MOHITOPHHT MOTEHLIHHUX 3arpo3 st TBapuH Toio). Bukopucranus BITJIA y
JOCTI/PKEHHSX TBAapUHHOTO CBITY MOKE JOMOMOITH 30UIBIINTH €(QEeKTUBHICTh Ta TOYHICTh
JOCII/KeHb IOJI0 YUCEIBHOCTI Ta PO3MOMAITY TBAapHH, a TaKOX CHPHUATH iX 30€peKeHHIO Ta
OXOPOHI.

Baprto 3a3HaunTH, 010 OTPUMAaHHS JAHUX 3 KBAJPOKOMNTEpa B pealbHOMY 4Yaci MOke OyTh
3MIMCHEHE 3a JOIIOMOTO0 Pi3HUX METOIIB Iepeaavi JaHuX. BUIITUMO IesIKi 3 HUX:

» be3npoBigHi TexHousorii mepenaui gaHux. KBagpokonTep Moxe OyTH o0namHaHHNA
6e3npoBigaumu TexHojorismu (Wi-Fi, Bluetooth), siki 103BossI0TE NIepeaBaTH JaHi B pealbHOMY
gaci Ha 3emutto. L{i TexHOOTii MOXKYTh OyTH BHKOPHCTaHi JUIs Tepenadi Bizeo- Ta oTomarepiaiis
a0o0 1HIINX TUIIIB JaHUX.

» Pamio3B'si30k. BITJIA Mosxe Oyt obnmagHaHUi pagioniepenaBadyeM, SIKUA Nepeiae JaHi Ha
3eMJII0 3a JIOIOMOrol0 pajioxBuib. Lleit Meron mepenaui JaHUX Moxe OyTH €(QEKTUBHUM IS
BEJIMKHX BiJICTaHEeH Ta B yMOBaxX 0OMEXEHOT0 JJOCTYITy 110 Mepexi [HTepHer.

» CynyTHUKOBe 3'eqHaHHA. [leski KBaJpoKONTepH 00JIaHaHI CUCTEMaMHU, IO J03BOJISIOTH
nepeaaBaTi JaHi yepe3 CyNmyTHHKOBE 3'eqHaHHA. Lleii MeTos mo3BoIsie mepenaBaTH jJaHi B Oyab-
KU MyHKT IUTAHETH, JIe € 3B'SI30K 13 CYNMYTHUKOM, ajleé MOKe€ OyTH MEHII e(EeKTHBHUM 3 TOUKU
30py MIBUJKOCTI Eepeadl JaHuX.

* BOynoBaHi Hakonu4uyBaui AaHuX. KBagpokontepu MOXYTh 3A1MCHIOBATH 3alMC JAHUX Ha
BOy/IOBaHMI HAaKONWYyBay MiJ 4Yac MOJbOTY, a MOTIM IepelaBaTd Ii JlaHl Ha 3eMJII0 IMICHsA
3aBepiieHHs Mmicii. Lleit MeTon mMoxe OyTH KOPHCHUM Uil 30€peXeHHs JaHUX y BHUIIAJIKy BTpaTH
3B'S13Ky 200 1HIIMX TEXHIYHUX MPOOIIEM.

KoxeH 3 1ux MeTOoJliB Mae CBOI mepeBaru Ta OOMEKeHHS, 1 BUOIp KOHKPETHOTO METOIY
3aJeXUTh Bl KOHKPETHUX BUMOI Ta YMOB BuUKOpucTaHHA (puc. 1). Hanpuknan, nist peanbHOro
yacy TpaHCJALii Bigeo Moxke Oyt oOpaHa Oe3NpoBiJjHA TEXHOJIOTIS MNepefayi JaHux, a uis
nepeavl BEJIMKOro 00CATY JaHMX Ha BEJIMKI BIJCTaHI MOXe OyTH BHKOPUCTaHE CYIYTHUKOBE
3'eTHAHHA.

OcHOBHUM KapTorpagiyHUM MaTepiajioM, IO € OCHOBOI Jisi TOOYJOBH KapT 1
BUKOPUCTOBYETHCS JJIsl aHAJII3y MPOCTOPOBOi iH(popMarlii, € opTodoTomnian — GpororpadiyHU M1aH
MICLIEBOCTI Ha TOYHIM I'€0Je3U4HIi OCHOBI, OTPUMaHUN HUIIXOM aepo(OTO3MOMKH YM KOCMIYHOI
3MOMKH 3 TOJAJBIINM TEPETBOPEHHSAM 3HIMKIB 3a JOIOMOIOI0 METO/AIB OpPTOTpaHC(HOpMYyBaHHS.
OptodoTomnian He3aMIHHUN /1711 CTBOPEHHS KapTorpadiyHuxX MaTepiajiiB 1 BA3HAUEHHSI KOOpJUHAT
00’€KTIB, IPU MPOBE/ICHHI iIH)KEHEPHHX IMOLTYKIB 1 BAKOHAHHI KaJacTpoBHX poOiT [4].

3aB/sSKU 3aCTOCYBAaHHIO CYIyTHHUKOBUX cucTeM Hairamii 1 mogyniB RTK, kaptu, cTBopeHi
3a JONOMOrOI0 KBaJpPOKONTEpa, MAalOTh CAHTUMETPOBY TOYHICTh. BHKOHaHHS MOJIbOTY Ha
TPAaHUYHUX BHUCOTaX TIJBUINYE JETami3allif0 1 SKICTh 3HIMKIB. Taka TOYHICTH 1O OJHOTO
CaHTUMETpa Ha MIKCeJb Ja€ MOXJIMBICTh JETANbHO aHAJI3yBaTU CTaH KPOHM JI€peBa, MOPaxyBaTH
00’eM 3anmuIneHoi Ha AULTHII MEPTBOi JEpPEBHMHU, IUIONI BKPUTI TPHPOAHIM TIOHOBIICHHSM,
MPOTSKHICTB JIICOBUX JOPIT Ta JICOBUX MOTOKIB TOIIO.
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/- MepesipKa cTaHy KBagpoKonTepa Ta Aoro obnagHaHHs.
NIAroTOBKA » 3apajka GaTapeii Ta BCTaHOBNEHHA HEOBXIAHWX CeHCOPIB
(Kkamepw, TepManbHI CEHCOPK TOLWO ).
L N J
* 3T KBagPOKONTEpa Ta Haelrala Ao o6paHoi obnacrtl.
* lNpoeefeHHA aepopoTO3AOMKN aB0 BIALOIAOMKW 3 BUCOTH.
BMKOHAHHA * 361p aHUX Npo AOBKINNA (306paxeHHs, BIALO, AaH

CEeHCOopIB).

O

O6po6ka oTpMMaHUX 306paxeHs Ta Bljeo.
BW3HaYeHHA 30H 3a6pyAHEHH:A abo IHWNX BaXANBWX
AHANI3 AAHUNX BlaOMOCTE.

AHanI3 pesynbTaTIB B KOHTEKCTI Linei Micii.

e MiAroToBKa 3BITY NPO Pe3ynbTaTi MICI. )
3BITHICTb ¢ MpUAHATTA piweHs a6o po3pobka AIKOBUX NNAHIB Ha
% OCHOBI OTPUMaHWX JaHUX.
TAAI * BXWUTTA NOTPIBHWX 3aX041B LWOAD ACCNIAKYBAHOIO

\__ CepefosuLLa. S

Puc. 1. Cxema BUKOpHCTaHHS KBaIPOKONTEPIB TSI MOHITOPUHTY JOBKLIIISA

JIsist MpOeKTYBaHHSI MapLIPyTy 3HIMaHHs BUKOPUCTOBYIOTH porpami, Taki sk DroneDeploy
uyn Pix4D. Taki nporpamMu Aai0Th MOXKJIHMBICTH IUIAHYBaTH MapIIpyT 3HIMAHHS Ha OCHOBI KapT Ta
BUKOPHUCTOBYIOUH MPHB'SI3KY /10 KBapTaJIbHO-BUALIBHOI CITKH, a TaKOX JIOJATKOBUX IapaMeTpiB
MOJIOTY: BUCOTH 3HIMaHHsI, pI3HOCTOPOHHE MEPEKPUTTSI 3HIMKIB, SIKE€ HAJIa€ MOKJIHMBICTh HE TIIIBKU
CTBOpIOBaTH KapTorpadiuni oprodoromnanu, a i 6yayBatu 3D mpoekuii micueBocti. [Iporpama
MOBHICTIO TUIAHYE TOJIT OE3MUTOTHUKA, PO3PAXOBYIOUH 3apsij] 6aTtapei Ta 3a HeOOX1THOCTI ii 3aMiHy.

IcHye OaraTo BapiaHTiB HpOrpaMHOro 3a0e3nedyeHHs A OOpoOKM OTPUMAHUX 3
KBaJIpOKOIITEPIB 300pakeHb Ta CTBOPEHHS IMPpoBux Kapt. Ilupokoro 3actocyBanHs: HaOymnu:

Pix4D — oauH 3 HallmomyJsIpHILIAX MPOTPaMHUX 3aC00IB y Tamy3i 0OpoOKH 300paxeHb 3
MOBITPSI Ta CTBOPEHHS TPUBHMIPHUX MoJiene TepuTopiii. BiH 103Bosisle CTBOpIOBAaTHM TOYHI
UG poBi KapTH, MOJIENI pelbe]y Ta OLIHIOBATH 00'€KTH Ha 3eMJIi.

DroneDeploy — xmapHe nporpamue 3a0e3mnedeHHsl, sike JT03BOJIsiE aBTOMATU3yBaTH 00pOOKY
Ta aHai3 aepo(oTO3HOMOK, a TAKOXK CTBOPIOBATHU IIU(PPOBI KAPTH Ta MOAEII 3 BUCOKOIO TOUHICTIO.

Agisoft Metashape — iHcTpymeHT 00poOKM Ta aHamizy 300pakeHb, OTPUMaHHX 3
KBaJpokonTepiB. Bona mo3Bosise cTBOproBaTH TOYHI IMQpOBI Mozemni, oprodoromaanu ta 3D
MO/IelTi 300pakeHb.

QGIS — Oe3komToBHUI 1HCTpyMeHT reorpadiunoi iHpopmamiiinoi cucremu (I'IC) s
CTBOpEHHS, peAaryBaHHs aHaJli3y Ta IHTEepHpeTalii JaHUX y reorpadiyHOMY KOHTEKCTI.

ArcGIS Pro — reompocTtopoBe nporpaMHe 3abe3rneyeHHs, sike Mae BOyI0BaHI IHCTPYMEHTH
uisi 00poOKu aepooTO3MOMOK Ta CTBOpEHHs HUGPOBUX KapT. BOHO M03BoJss€ aHAI3yBaTH
reorpadiuHi JaHi Ta CTBOPIOBATH BHMCOKOSKICHI KapTH 3 PI3HUMU MIapaMH 1 aHAJIITUYHUMHU
MOJKJTHBOCTSIMH.

Global Mapper — nporpamue 3abe3neucHHs i1 OOpPOOKH T'€OMPOCTOPOBHX JIaHHUX, SIKE
niaTpumMye 00poOKy aepodoTo3iioMOK Ta CTBOpPEHHS MU(PPOBHUX KapT. BOHO 103BOJIsIE BUKOHYBATH
aHaJi3 Ta Bi3yanisaniio reorpapiqHuxX JaHHUX 3 PI3HUX JHKEped.
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OpenDroneMap — BimkpuTe mporpamMHe 3a0e3nedeHHs is OOpoOKH 300pakeHb,
OTPUMAaHHMX 3 JPOHIB. BOHO Hamae MOXIMBOCTI I CTBOPEHHS OPTO(MOTOIUIAHIB, HMU(PPOBUX
Mozenel penbedy Ta 3D-Mofeneli Ha OCHOBI BIIKPUTHX CTaHIAPTIB.

I[i mporpamui 3acobu HanalOTh MIHUPOKI MOMKIMUBOCTI Al LU(PPOBOrO MOHITOPUHTY
HABKOJIMIIHBOTO CEpPEIOBUINA, 00pPOOKH 300pa)KeHb 3 KBaJIPOKONTEPIB Ta CTBOPEHHS IU(PPOBHX
KapT 3 BHUCOKOK TOYHICTIO Ta jeraiizaiiero. Bubip KOHKPETHOro MporpamMHOro 3a0e3NeueHHS
3aJIeKUTh BiJl MOTPed KOpHCTyBaya, OOCATY Ta CKIAJHOCTI MPOEKTY, a TAaKOX BiA (hiHAHCOBUX
pecypcis.

2. Ilpukjaagn MOHITOPMHIY 3MiH JIiCOBOr0 NMOKPHMBY i3 BUKOPHCTAHHAM NPOrPaMHUX
3ac00iB 00po0OKHU

SAx npuknan, posriasiHeMo o0poOiene (GoTo 3 KBaApOKONTEpa HAa OCHOBI IMPOTpaMu
DroneDeploy (puc. 2) [5].

= Home / Bepxwiit Maitna Fly Sshare 3 [)
[0 Map Plan v e c

8:38 8 127 1

Minut

Flight Altitude
22 Resolution: 1.9 cm / px 84m
Suggested: <60m

@ Enhanced 3D ()

[Ji Live Map HD »

navailab Learn more
/‘ Advanced >

) RTK Coverage °

Test the simulator

BepxHin
WEIDEL

@ Help

Puc. 2. [Ipuxiiag HamamTyBaHHS BUOOPY MEXK TOIBOTY IS 3A1HCHEHHSI 3HOMKH TEPHUTOPIi 3
KBaJIpoKonTepa Ha ocHOBI porpamu DroneDeploy

[Tig yac mpoBeAEHHSI MOHITOPUHTY TEPUTOPIT 32 TOMIOMOI'OI0 KBaIPOKONTEPa MEXi MOJIbOTY
MOJKHA HAJANITOBYBATH SIK B PYyYHHH CHOCIO, 3aar0ud CITKYy JJsl 3AIHCHEHHS MOJBOTY, TaK i
rotoBuM Qaiiom gopmary KML. [lanuit popmar KML (Keyhole Markup Language) mictuth
reornpocTopoBy iHpopmMmario y gopmari XML. @opmar KML € noctymHoro A mporpamMHOro
3abesneuennst QGIS ta Google Earch Pro Ta moxxe Oyrv BiZKpuTHii B IHIIHMX J0JaTKax
reorpadiunoi iHpopmamiitnoi cucremu (I'IC). Lle#t dopmar mae 3mory 3agaTd TOYHY (opmy
KBapTaJbHO-BUAUIBHOI CITKH, 30KpeMa OKpeMHMH BUALI, KU mOTpiOHO oOcTexutu (puc. 3).
JloaTKOBO JOJA€ETHCS 3BIT PO OOPOOKY KapT, 3 PO3IUIBHOI0 3MaTHICTIO aepodoTo3itomku 1,2-2
CM/IIKC, BHUCBITJIIOETHCS KIIOUOBa 1H(OpMaIlis, BKa3ylOTbCsd Ha pO30DKHOCTI B MONbOTAax 1
BHCBITJIIOIOTHCS  (PAKTOPH, 5IKi, MOXJIHMBO, MOTPIOHO Oyne CKOperyBatu abo pO3TISHYTH, I100
CTBOPHUTH OB TOYHY KapTy.
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Puc. 3. KBapranbHo-BuainbHa ciTKa JlepkaBHOTO mignpueMcTBa «JlensaTuHchKe JicoBe
TOCITOIAPCTBO» Maii1IaHChKOTO JTICHHUIITBA KB.55-56 13 HAaHECEHUM OPTO(OTOIIAHOM KB.56. BUJIL. 7.
3 BUKOpUCTaHHsAM nporpamu QGIS

Jlane nociikeHHs NPOBOAMIIOCH JUIsl MOHITOPHHTY 3MiH JIICOBOI'O IMOKPUBY 13 BUSIBIEHHSAM
MO>KJIMBUX PU3HKIB MOPYILIEHHS MEX OCOOIMBO LIHHUX JIICOBUX JUISTHOK Ha Teputopii Jlep:kaBHoro
HiANpUeMCTBA «/leaTHHCBKE JTiCOBE TOCIOAApCTBO» MalJaHChKOr 0O JTICHULITBA, /1€ OyJI0 BUSBIEHI
3MIHU JIICOBOTO MOKPUBY y KB. 55. Buj. 2. JlaHa miisiHKa BIAHOCHUTHCS /10 MPAIICOBUX MAMSITOK
MIPUPOIU Ta BiHECEHI /10 Kareropii “kBazimpamicu’. 3rigHo i3 3akoHoM Ykpainu Ne 2063-VIII Bix
23 tpaBHs 2017 poky «IIpo BHeceHHS 3MIH A0 JESKMX 3aKOHOJABUYMX aKTIB YKpaiHH 1070
OXOpOHH TPAJICIB 3riJHO 3 PaMKOBOIO KOHBEHII€IO MPO OXOPOHY Ta cTajiuil po3BUTOK Kapmar»
HABKOJIO TPAJICOBMX, KBa3IpaJiICOBUX 1 NMPUPOAHHUX JIICOBUX MAUISHOK CTBOPIOETHCS OydepHa
(OXOpOHHA) 30Ha, LIMPUHOIO Y JIBI BHCOTH JE€PEBOCTaHY “B SIKUX 3a00pOHSAIOTHCA Oyb-sKi
CYLIJIbHI, Y TOMY YHCIl CaHITapHI, a TaK0oX NOCTyNoBlI pyOku”. OCKUIbKM B KB. 56 Bua. 7
Maii1aHChbKOr0 JIICHUITBA MPOBOJMJIACH PIBHOMIPHO-TIOCTYIIOBa pyOKa, TO MOTPiOHO Oyio
YTOUHUTH YM 32 YYaCTIO JIICOTOCIOAAPCHKOI MiSTTLHOCTI HE OyJIO BTPyYaHb y KBa3iMpaiCoBY
JUISTHKY CYCIAHBOTO BUALTY. 3I1CHEHHS JTICOTOCMOIaPChKUX 3aX0/IIB, a TAKOXK CTBOPEHHS BOJIOKIB
1 JOpIir MPU3BOAMUTH /10 YACTKOBOi 3MIHM MOYATKOBOrO peibedy. Taki 3MIHM YHEMOKIHBIIOIOThH
BHU3HAYEHHS MEX IPH TOJBOBUX OOCTE)KEHHSIX. 3a JOIOMOIOI0 KBAaJIPOKONTEPIB Ta CTBOPEHHX
HUMH OpPTO(OTOIJIAHIB 13 HAHECEHHSM KBapTaJbHO-BULIBHOI CITKM MOYKHA MOOAYUTH MOPYILIEHHS
MEX OCOOJIMBO I[IHHMX JIICOBHX JUISHOK. 3a JOMNOMOTOK CTBOPEHOro OpTO(OTOIIAaHy Ha
JOCITIJDKYBAHIN TIISHIT 3MiH JIICOBOTO MOKPUBY y KBa3impatici He BUSBIICHO.

[Monanbma o6poOka opTo(OTOIUIAHY JA€ MOXIUBICTH BHpPAXyBaTH TOYHY IUIOILY
MICLIEBOCTI, Ha K1l TPOBOAMIIUCH TPUPOIOOXOPOHHI 3aXO0H, 1 YTOUHUTH YU JAHOIO JISJIBHICTIO HE
nopyuieHi Mexi (puc. 4).

[[lo6 aBTOMaTH3yBaTH OOpaxyHOK PI3HHUX XapakTEepUCTUK Ha  OpTOQOTOIUIaHI,
MEPCHEKTUBHUM € BUKOPUCTAHHS IHTEIEKTYaJbHUX CHCTEM, KOJM K pe3ylbTaT 0OpOOKM MOXKHA
Oyne oTpuMaTH OUIBII JETalbHI MapaMeTpH, HANPUKIIAJ, TOBXKUHU 3aJHUIICHOI JCPEBUHH, ILIOIII
JOpiT, TTOTOKIB TOIIO.
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3aranom 10,390 ra rekrapu
_ OexapTosuii © EnincoipanbHuit

» Indpopmauis

Hoeuii | KoHdirypauis

B BN

Puc. 4. ®parmeHT 00paxyHKy IUIOLII MICLIEBOCTI 3@ OpTO(OTOIIAHOM Ta YTOYHEHHS MEX1
HEBTPYYaHHs y MPAJIiCOBY IUISIHKY 3 BUKOpUCTaHHAM mporpamu QGIS

[Tpu 06poOdIi garux opTO(OTOIIIAHIB HA MICIIEBOCTI MOXHA TaKOX PO3PaXyBaTH KUTBKICTh
3aJIMILEHUX COPTUMEHTIB JI€PEBUHHU Ta IXHIO JIOBXKUHY, KIJIBKICTh MIOBAJIEHUX JIEPEB 1 pO3MIpU KPOH
(puc. 5. a, 6, B).
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Bumipath

Cermenty [MeTpu]
28,682

28,682m  metpn
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P Indopmauis
‘ Help | Hosuit Koudirypauis,  Copy All Close

i

B) MPUKJIAJ] pO3pPaxXyHKY JOBKHUHU JIEKAYOI'0 COPTUMEHTA

Puc. 5. ®parMeHTH MOKIMBOCTI pO3paxyHKIB MOKa3HUKIB Ha OPTO(OTOIUIAHI y KaMepaTbHUX
yYMOBax 3 BUKOPUCTaHHIM IporpamHoro 3adesnedenns QGIS

3. TexHoJiorii 00podxu aepodoro3ziiomox

Ha nanwii Wac AOCTIHMKY PO3BUBAIOTH HOBI METOJU Ta TEXHOJIOTii, MO0 MOKPANTUTH
TOYHICTb, €PEKTUBHICTb Ta JOCTYIHICTh JaHUX, 310paHUX 3a JOIIOMOI'OI0 IPOHIB, /sl €KOJIOT1YHOI'0
MOHITOpHUHTY. Taki JOCITIDKEHHS BiJlirPalOTh BAXKIIUBY POJIb Y 30€peKeHHI MPUPOTHUX PECYPCIB Ta
JOBKIISL.

Bukopucranus HEHpPOHHHX MepeX miIs 0O0poOKH aepodoTO3HOMOK BiIKpHBae Oe3mmiy
MO>KJIMBOCTEH [Tt 00poOKH Ta aHani3y iHopmMalii 3 nux 300paxensb. Po3risHemMo fesiki crocoou,
K1 MOXKYTb OyTH BHKOPHCTaHi JIJIsl aHai3y aepo(oTO3HOMOK.

- CermeHranis 300paxeHb. HelWpoHHI Mepexki MOXyTb OyTH HaBYeHI AJI CEerMEHTallil
300pakeHb, TOOTO BUIUICHHS PI3HHX 00'€KTiB a0o oOmacredl Ha 300pakeHHsX. lle moxe Oytn
KOPHCHO /111 BU3HAUEHHs Ha aepo(OTO3HIMKAX PI3HUX TUIIB POCIMHHOCTI, 10PIT, OyAiBeIb TOIIO.

- Busnauennss 00'ektiB. HeiiporHi Mepexxi MOXyTh OyTH HaBY€HI JUIS BHSBICHHS
KOHKPETHUX 00'€KTiB Ha aepodOoTO3HIMKAaX, HANpUKIaa, aBTOMOOLTI, JIOJU, TBapuHU Tomo. Lle
MOKe OYTH Ba)KJIMBO JUIsi BUKOHAHHS Pi3HUX 3aBllaHb, 30KpeMa PO3paxyHOK Tpadiky, BUSBICHHS
TBapUH a00 MOHITOPUHT JIFOACHKOI AiSJIbHOCTI Ha MEBHINA TEPUTOPIi.

- Knmacudikarisi 3emMenbHUX BUKOpUCTaHb. HelpoHHI Mepexi MOXyTh OyTH BHKOPHCTaHi
s kimacudikamii  pi3HUX TUIIB  3€MENIBHUX BHUKOPHUCTaHb Ha aepo(OTO3HIMKax: JIiCH,
CLTBCHKOTOCTIONAPCHKI YTiAsl, BOJHI AUISHKH TOmIO. lle Moxke OyTH KOPHUCHO IS BU3HAYCHHS
IUTOIII IEBHUX THITIB TEPUTOPil 200 MOHITOPUHTY 3MiH y 3€MEJIbHOMY BUKOPHCTaHHI 3 4aCOM.

- Jlerexiiss 3MiH. He#poHHI Mepexi MOXYTh JIOMOMOTTH BHUSIBIISITH 3MIHM Ha
aepo(OoTO3HIMKax, 110 MOXe OyTH KOPHCHO JUIsl BHUSIBIEHHS 3MiH B JOBKULI (BHpyOKa Iicy,
OyIIBHHUIITBO 1HGPACTPYKTYpH ab0 €po3is IPYHTY).

- [lokpamienHs siKocTi 300pa)keHb, YCYHEHHs IIymMy a00 pO3MHUTTS, MO JI0loMarae
OTPUMATH OLTIBII YiTKI Ta A€TaTi30BaHl 300paKEeHHS.

3aranoM, BUKOPHCTAaHHS HEHPOHHUX Mepex y cdepi aepodoTO3HOMOK BiAKPUBAE HIMPOKI
MOXJIMBOCTI JIJIsl aBTOMATHU3AIlll aHATI3y Ta OTpUMaHHS IIHHOI iHpopMaIlii 3 X 300pakeHb.

i MoxJMBOCTI POONATH KBAJAPOKONTEPH BAXKIMBUM I1HCTPYMEHTOM JUIS €KOJIOTIYHOTO
MOHITOPHHTY Ta 30€pEKEeHHSI TIOBKIJLIA.
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Tabauys 1
IlepeBaru BUKOPUCTAHHA KBaJAPOKONTEPIB B JOCTIIKEHHI JOBKILJIA

AcCHeKkT Onuc

KBaHPOKOHTepI/I J03BOJAIOTH OTPHUMATH 306pa)KCHHH 3 BHCOTH, IO

OrJsaa 3 BUCOTH o
JI03BOJISIE OTPUMYBATH TIOBHHI OTJISIT] TEPUTOPII.

MOXJIMBICTh JOCTYIUTUCH 10 BAXKOAOCTYITHUX MICIb, TAKHX K T1PCHKI

JIOCSOKHICTh paifonn a0o 30HHW, A€ IHOI TPAHCIOPTHI 3aCO0M HE MOXYTh JIETKO
JICTATUCH.
ST T—— 3ﬂaTgich 3MIACHIOBATH TIOBTOPHI Micii’ Ta BiI[CTeHCYBa"FH 3M1HI/I y
it JOBKULTI 3 4YacoMm, Hamlpukial, 3MIHM B pO3TallyBaHHI JciB abo
3a0py/IHEHHS BOJJOVMHMIII.
Touticrs MOXIUBICTh 3[IHCHIOBATH AYyXKE€ TOYHE KapTorpadyBaHHsS Ta 30UpaHHS

JAHUX 3aBJISIKU BUCOKIM CTa0lILHOCTI Ta KEPOBAHOCTI KBAJIPOKOMITEPIB.

3/1aTHICTh BUKOHYBAaTH 3aBAAaHHS MOHITOPUHIY JOBKULIS 3a 3HAYHO
Baprictb MEHIIII KOIITH TMOPIBHSAHO 3 TPAJAMIIIHHUMU METOJaMU, TaKUMH SK
IIJIOTOBAaHI JITAKH.

MOXIUBICT,  aBTOMATHU3YBaTH JIeAKl acleKTH  Miciif, Taki K
ABTOoMaTH3allisi | aBTOMAaTHYHUN MiAHOM, pyX MO 3aJaHiii TpaekTopii Ta aBTOMAaTHYHE
30MpaHHs JaHUX.

3a pmomomororo BOymoBaHux y Kagpokonrtep GPS abo iHepmiitHmx
CHUCTEM HaBiramii € MOMXJIUBICTh CIIOCTEPSIKCHHS 3a JOCITIIHKYBAaHHUMH
00’€KTaMU y peXXHMi PeaJbHOTO Yacy.

Hoctyn y
peanbHOMY Yaci

OTpuMaHHA JaHUX 3 KBaJpOKONTEpa B pEaJbHOMY 4Yacl MOXe 3AliiCHIOBaTHCS 3a
JIONIOMOTOI0 PI3HUX METOJIIB, 3a3BMYail 3aJIe)KHO BiJl KOHKPETHUX NOTpeO Ta oOJajHaHHS, SKUM
OCHALIEHUH KBaAgpoKonTep. 30KpeMa, MOKYTh OyTH BUKOPUCTaH1 TaKl METO/IU:

- Bineoctpim. baraTo kBajpokonTepiB MOXKYTh MepelaBaTH BiJECOCUTHAN y pPealbHOMY 4aci
Ha 3eMJII0 3a JO0MOMOrow BOynoBaHux kamep. Lle no3Bosisie onepatopy moOauuTu Te, M0 O0AYUThH
KBaJIPOKOINTEP y JaHUH MOMEHT.

- Tpancnsimis  manumx uepe3 WIi-Fi abo iHmn  Ge3aportoBi 3acobm  3B's3ky. [leski
KBaJIPOKONTEPH MOXXYTh IepelaBaTH JaHi (BKIOYaro4M Bizneo, (GoTo, Ta iHIIY iH(pOpMaIliio) Ha
semito 4yepe3 Wi-Fi abo inmi 6e3mpoToBi 3acobu 3B's3ky. lle mo3Bosisie OoTpuMyBaTH JaHi B
pearbHOMY Yaci Ha KOMITFoTep a00 MOOUTEHUM MPHUCTPIi.

- Bukopucranus FPV (First Person View) cuctem. FPV cucremu 103BOJISIOTH ONEpaTopy
MIOTYBaTH KBaJPOKOIITEP, CIIOCTEpiralouu 300paskeHHs 3 BOyJ0BaHOi Kamepu B crenianbHux FPV
OKyJIsIpax ado Ha eKpaHi 3 myJbTa KepyBaHHs. [{e Hamae MOXKIUBICTh TOOAYUTH TOYHUHN KaJp, SKUI
0ayuTh KBaJIPOKONTEP, 1 KEPYBATU HUM Y pealbHOMY Yaci.

- Toukogi nani uepe3 GPS abo [nepriitHi cuctemu HaBiramii. Jleski KBapOKONITEPH MOXKYTh
Ha/IaBaTH TOYKOBI JaHI NPO CBOE TOJOXKEHHS B pealbHOMY dYaci uepe3 BOymoBani GPS a6o
1HepLiiHi cucteMu Hairamii. Lle 1o3Bosise oTpuMyBaTH akTyaabHI KOOPAMHATH Ta 1HIII MapaMeTpu
KBaJIpOKOINTEpa IiJ] Yyac MOJIbOTY.

[li mMeroan MOXYTh BHKOPHUCTOBYBATHUCS OKpeMO abo KOMOIHOBAaHO sl 3a0e3neueHHs
oreparopy JOCTYIy 10 JaHHUX 3 KBaJpokonTepa y peanbHoMy uaci. Lle mo3Boinsie edexkTuBHO
KepyBaTH MOJbOTOM, 30MpaTH MOTPiOHY i1H(OpMalil0 Ta HMpUHMaTH IMIBHJAKI pPIIIEHHS 1]l Yac
BUKOHAHHS PI3HUX 3aB/IaHb.

4. BUuCHOBKH

BukopucraHHs KBaJpOKONTEPiB y MOCHIIKEHHSIX HABKOJIMIIHBOTO CEpPElIOBHINA, 30KpeMa
JUTSI MOHITOPUHTY JOBKIUUIS, € BOKJIWBUM CIIOCOOOM OTpHUMAaHHS OUIBIN TOYHOI iH(oOpMAaIii s
00poOKHM JaHUX Ta aHali3y pe3yibTariB. PO3rIsHYTO OCHOBHI MporpaMHi 3acobu s oOpoOKu
aepo(doTo3ioMOK, BUOIpP KOXKHOI 3 SIKUX 3aJICKHUTh BiJl KOHKPETHHUX IIUIeH AociimkeHHs. HaBeneno
¢parMeHTH  pe3yibTaTiB  MOHITOPUHTY  JOCTIUKYBAaHMX  TEPUTOpPId 3  BHUKOPHUCTAHHSIM
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KBaZ[poKoNTepa Ta mporpamHoro 3abdesmedeHns DroneDeploy ma QGIS. Bapro 3a3naumtu, 1o
BOXIMBUM € OTPUMaHHS JTaHUX B PEKUMI pEabHOTO 4Yacy 3 BUKOPUCTAHHSM BiJICOCTPIMY YU
6e31poToBHX 3ac00iB 3B'A3KY. [IepCeKTUBHUM € BUKOPUCTaHHS HEHPOHHUX MEPEX it 00pOOKH
aepo(doTO3MOMOK, IO BIAKPUBAE OE3J11Y MOKIIMBOCTEH Il Kpalioi o0poOku Ta aHaiizy iH(opmartii
3 WX 300paKeHb.
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AHoTamis:

OYHKIIIOHYBaHHS Cy4yaCHUX JlaTa-IEHTPIB MOB’A3aHE 3 ICTOTHUM CIIOKHBAHHSIM €HEprii, 110
csirae 0m3pKo 3% Bix cBiTOBOTO mMOKazHUKa [1]. Lle exBiBaeHTHO PiYHOMY €HEPrOCIOKUBAHHIO
NEeSKUX KpaiH, 10 pPOOHUTHh JaTa-UEeHTPU 3HAYHUM JKEPENIOM EKOJOTIYHMX Ta EKOHOMIYHHMX
npo6aeM. 3aNeXHICTh BiJi BUKOITHOTO MAJIMBA, SIKE TPAJUIIHO BUKOPUCTOBYETHCS ISl )KUBJICHHS
JIaTa-IeHTPiB, BeAE 10 3pPOCTaHHS BHKHUIIB IMTAPHUKOBUX Ta3iB, 30UIBIICHHS PU3UKIB IS
€HepreTUYHOi Oe3IeKr, poOIsTuu 1aTa-IEeHTPU BPa3IUBUMHE JI0 1epe0oiB y MOCTayaHHi eHeprii, a
TaKOX BHCOKHMX €KCIUIyaTalliiHUX BHUTPAT, IMOB'I3aHUX 3 KYIIBICIO Ta TPAHCIOPTYBaHHSIM
TpPaIUIIHAX JpKEpen eHeprii. Y CTarTi MOoAaHO aHajli3 METOMIB PO3PaxyHKY E€HEeproCIiOKWBaHHS
JaTa-lEHTPiB Ta PpO3IMIIAHYTO Pi3HI crmocodu #oro onTumizamii, 30Kpema, yTHII3alis
BiJIIIPAI[bOBAHOTO TEIUIA, & TAKOXK BUKOPUCTAHHS BiTHOBIIOBaHUX JuKepen eHeprii (B/IE) Takux sik:
SIK COHSIYHA, BITPOBA, TPOCHEPTis, reoTepMalibHa €HEpTis Ta Oiomaca, 10 € €KOJIOTIYHO YUCTUMU
Ta HEBHUYEPITHUMH JpKepenamu eHeprii. OjHak, iCHYIOTb W TIeBHI BHKJIMKH, TIOB'S3aHI 3
Bukopuctanusm BJIE, 30kpema MOXIUBICTH 3a0e3nedyBaTu CTaOiIbHY pPOOOTY JaTa-IEHTPIB B
yMOBax HemependadyBaHHUX 3pocTaHb TpadikKy YM HaBaHTAXEHb Ha iX iHQpacTpykTypy. [lepexin
nata-ueHTpiB Ha BJIE moTpeGye KOMIUJIEKCHUX MiIXOJIB Ta 1HBECTHIliH, alie e HEOOX1THUN KPOK
JUIE 3MEHIICHHS 1X EKOJIOTIYHOTO BIUTMBY Ta 3a0e3Me4eHHs CTIHKOTrO pO3BUTKY iH(OpMaliiHO-
koMyHikaniitHux texnonoriit (IKT).

Knwuoei cnosa: oama-yenmp, 8i0H0611068AIbHA eHEPRisl, eHepeoeheKMUBHICIb, YMUTIZayis
8IONPAYbLOBAHO20 MeNJid, eHeP2OCNONCUBAHHS.

Keywords: data center, renewable energy, energy efficiency, waste heat recovery, energy
consumption.

1. Berym.

CrtpiMKuli pO3BUTOK 1H(GOpPMAIIHHUX TEXHOJOII HOBOTO IOKOJIIHHA XapaKTepU3YeETbCA
MOSIBOI0 Takux TepMiHiB sk: IHTepHer Peueit (Internet of Things), Big Data (Benuki Habopu
CTPYKTYpPOBaHHMX Ta HECTPYKTYPOBaHHMX MJaHUX, IO HE MiUIATAI0OTh aHAIi3y TpPaAULIiHHUMU
METOAAaMH), INTYYHUH 1HTEJIEKT, KPUIITOBAIIOTH Ta iH. Yce 11e O0ysio 6 HEeMOXIUBUM 0e3 HasBHOCTI
BIJIMOBIAHUX OOUYMCIIIOBAIBHUX IOTYXHOCTEH, SKI HaJaloTh jaara-ueHTpu. OJHak, apXiTeKTypa
CY4acHOTO JaTa-LIEHTPY BKJIIOYae B cebe He JMIIEe HOBITHI MPOLIECOPH, MIBUAKY OINEpaTHBHY
nmaM’Tb YW, TMPAKTAYHO, Oe3NiMiTHE cxoBuille aaHuX. OCHOBHA ii OCOONMBICTH — 1€ HaAaHHS
KOMIUIEKCHOTO CEpe/loBHUINA Ui 3a0e3MeYeHHs KIHIEBOIO0 KOpHCTyBaya yciMa HEOOXITHUMH
MPOrPAaMHUMH Ta amapaTHUMH pPeCcypcaMd TaKUM YHHOM, MI00 KOPHCTYyBad 30CEpEIMBCS Ha
BUpIIIEHH]I CBO€T KOHKPETHOI 3a/1adi, MIHIMI3YIOUHM TpPH IbOMY MOTpedy A0aTH Mpo 3aXMCT BiJ
MOTEHLIMHUX 30BHINIHIX BTPydYaHb, @ TAaKOX IIBHJAKE 1 THYYKE pearyBaHHS Ha 3alMTH I110/0
BUJUUIEHHS OOYMCIIOBAIBHUX TOTYXHOCTEH He3aleXHO BiJ 00’eéMy, Ta MOHITOPHHI 3a IX
epexTHBHOTO BHKOpHCTaHHs. llle OMHMM BaKIMBUM €JIEMEHTOM apXiTEeKTypH JaTa-IEeHTPIB €
3MEHIIEHHS 3aTPUMKHU BiAKIUKY. Lle mOHATTS BKItoyae B ceOe He JIMIIE Yac Ha T.3B 3alHUT-BIATYK
(request-response), a # MOXJIMBICTh OOpOOKHM MaHWX B Tid JIOKAIlil, fKa € 3PYYHOIO IS
KopucTyBada. SIk HacnigoK, cOpMyBaJIUCh CIIPUATIMBI YMOBHU JJIsl PI3KOTO 3pOCTAaHHS MOMMUTY Ha
XMapHi OOYMCIICHHS, IO MPU3BEIO A0 TI00aNbHOI cTpaTerii MacmTadyBaHHs Ta JELEHTpaTi3amii
nara-neHTpiB. Tak, 3a octanHi 10 pokiB 3arambHa KUIBKICTH cepBepiB 30uTbIIMIach Ha 647%,
3armacy €MHOCTI MarHiTHUX Ta TBEPAOTUILHUX HakonmuuyBauiB iH(opmarii Ha 2500%, a MepexeBuit
tpadik 3pic Ha 1000% [2]. Xowa, cymapHe YHCIO OKpPEMHUX JaTa-ICHTPIB Ma€ TEHJCHII0 Ha
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3HWKEHHA — 13 Onmmsbko 8.5 muH y 2015 go 7.2 muH y 2021 pormi, KUTBKICTh BEIMKHX Ta
HAJMOTY)KHUX J1aTa-IIEHTPIiB CTPIMKO 3pOCTae, 30UIBIIYIOYKMCH IMOKBapTaly MpUOIM3HO Ha 16
omuauip [3]. Tyr, MoBa e, B OCHOBHOMY, Ipo MyOJiYHI XMapHi CEPBICM TaKUX KOMIAHIH, SK
Amazon, Microsoft ta Google, kotpi B 3M03i 3ab6e3meuntd moAiOHI motyxHocTi [4]. BigmosiaHo,
CydacHHH myOJiuHUM Jara-IeHTp MOXKE XapaKTepH3yBaTHCh pIBHEM EHEPIrOCIIOXKUBAaHHS,
aHAJIOTIYHUM 70 25 THC. JKUTIOBHUX OyamHKiB, a6o y 100-200 pa3iB Buile, HiX
cepeIHbOCTaTUCTUYHA o(icHa OyniBIsA Takoro * po3mipy [S5]. B abcomoTHux mudpax, 3a ocranHi
JIECSATh POKIB €HEPrOCIOKMBAHHS JlaTa-IEHTPIB Jenio crabimizyBanocsa. Bing 3pocranus i3 193.7
tepaBar-roguH (TBt-rox) y 2010 pomi o 205.2 TBt-rox y 2018 pori, Ta g0 209,6 TBt-rog y 2023
porti. Y 3Ha4HIi Mipi, 11e CIPUYUHEHO MIIBUIICHHSM €()EeKTUBHOCTI IHPPACTPYKTypH 1 CBOEYACHUM
OHOBJICHHSIM 00nanHaHHs [2; 6; 7]. B Toit sxe yac, BUTpaTH Ha 3a0€3MCUCHHS CIEKTPOCHEPTIEI0 IS
poOOTH JaTa-IEeHTPIB MMOJABOIIOTHCS KOXKHI 11°aTh pokKiB [8]. Ilomepeani K0oCTiIKEHHS CBI4aTh, 1110
cranoM Ha 2020 pik cymMapHi BUKUIH BYTJIEKUCIIOTO Ta3y CTAaHOBWIX On3bko 200 MITH METPUYHHUX
TOH Ha PIK, IO €KBiBaJeHTHO 2% 3arajJbHOCBITOBUX BHUKHIIB Ta Maibke 4% BiJ CBITOBOTO
CTOXHBaHHs ejekTpoeneprii [9], korpe 3pocrarume 1 Hagam. Y 2025 porii odikyBaHe CIIOKHBAHHS
CNEKTPOEHEprii aara-lieHTpaMu craHoButume 1o 4.5% [1]. Jliast mpukiany, B Ipmanmii piBeHb
€HEePrOCIIOKUBAHHS JaTa-IEHTPaMu MoXe carHyTd 28% Bij 3aranbHOTO MOnuTy craHoM Ha 2031
pik [10], a B [lamii meii mokasuuk ckiamae Oimbmie 16% [11]. L{i mpukiaagu cBig4arth, IO
CHEepProCIIOKMBAHHS  JaTa-IEHTPIB € BaroMol0 CKJIAJO0BOI0 Y pO3paxyHKax IOMUTY Ha
€JIEKTPOCHEPTil0 IUIMX KpaiH, [0 € He JIMIIe BUKIUKOM 3 TOUYKH 30py BUPOOHUYMX MOTYKHOCTEH
CIIEKTPOMEpEeX, a W MOKEe HECTH 3HAa4YHI pPH3UKU Juig ekojorii. Tomy, mo0 mMigBUIIATH
eHeproe(PeKTUBHICTh Ta 3HU3UTU PAXYHKH 32 EJIEKTPOCHEPriio, JOKIAACHO Oe3iiu 3yCHib IS
OIITHUMI3aIlil eHePTOCIIOKUBAHHS B POOOTI JaTa-IIEHTPIB.

2. Po3paxyHok eHeproe(eKTHBHOCTI JaTa-LEeHTPIB.

Jis Toro, abu OLIHUTH €HEPrOePEeKTHBHICTh JaTa-IEHTPIB Ta 3MOCTIOBATH i1 IOBEIIHKY Y
PI3HUX YMOBaX, ICHYIOTh TPU OCHOBHI METOJM BU3HAYEHHS €HEProe()eKTUBHOCTI — «3BEPXY-BHU3Y,
(GHH3Y-BBEPX», Ta METOJA eKCTpamoismii. MeTox «3BepXy-BHU3» BHKOPHCTOBYE 3araybHi
MOKa3HUKHM PETioHY, 30KpeMa, JaHi ypsioBoi abo OpraHi3aliiiHOi CTaTUCTHKH YU ONHUTYBaHb JAJs
OLIIHKM 3arajbHOr0 CHOKMBaHHS eHeprii. OCHOBHMMHU NE€peBard IbOro MiAXOAY € MOKIHUBICTh
BUKOPUCTaHHA (D)aKTUYHUX 3HAYEHb, TAKMX SK: 3arajbHUM 0OCAT JaHMX, L0 NEepeCHIAIOTHCS IO
MepeKi, Ta 3arajibHi 3HaYCHHs CIIOKUBAHHS €HEpril 3 eNeKTposiumiIbHUKIB. Lle, onHovacHo, aae 1
NEBHY TOYHICTb 1 BUCOKMH piBEHb Yy3arajlbHeHHsA. Taki IMOKa3HHUKM MOXHA PpO3MOAUIMTH 3a
aOOHEHTaMHM YW KJII€EHTaMH, aje HaAlWHICTh L€l KOpeJslii 1 € OCHOBHUM MPHUMIYIICHHSIM JUIs
MailOyTHiX mnporHo3iB. HemomikamMu NiAXOQY «3BEpXy-BHU3» € CKIAIHICTh BpaxXyBaHHs
TEXHOJIOTIYHMX 3MIH 4epe3 OOMEeXeHY JeTani3allilo JaHUX Ha OCHOBI SKUX OYJyeThCs OLIIHKA.
Takox, yacTOr0 MEPENOHOIO €, PEIEBAHTHICTH Ta JOCTYIHICTh JAHUX, KOTPA 3aJI€KHUTh BiJl TOTO XTO
€ JpKeperoM myOrikamii JaHUX — TpUBaTHA oOpraHizailis, abo Jep)kaBHa YycCTaHOBa. Towmy,
aKTYaJIbHICTh Ta MPABIUBICTD JAHUX MOXE 3MIHIOBATUCS 3aJI€KHO BiJl IOTOYHOI MOMITUKHU, T2 MOXKE
He B1JJ00pa)kaTH BChOTO CIIO’KUBAHHS B IEBHOMY PET10HI.

Haiinommpenimmm MeTOA0M BHM3HAYEHHS €HEeproeeKTHBHOCTI JaTa-IEHTPIB € METO.
«3HM3Y-BBepx», a00 PUE (Bix anrm. Power Usage Effectiveness) [12]. Lleit meToa € MixKHApPOIHO
BH3HAHOIO MIpPOIO €HeproeeKTUBHOCTI IaTa-LEHTPIiB 1 BA3HAYAETHCSA SK:

Ener
pUE = —9Ypc (1)
Energy;r
ne, Energypc — mue enepris, cnoxwura [T oOnamHaHHSM, BKJIIOYHO 13 CepBepamy,

MEpPEeKEBUMHU MPUCTPOSIMH, OJIOKaMH 30epiraHHs JaHUX, NepuepiiHUMU MPUCTPOSMH, a TaKOXK
yciM o0JIlaJHaHHSM, 10 BUKOPUCTOBYETHCS NIl 00pOoOKH, 30epekeHHs Ta MaplIpyTU3alii JaHUX Y
nata-nieHTpi. Energy;r — 1€ 3araibHe €EHEpProClOoXMBAaHHA B JlaTa-IEHTPl, BKIIOYAIOYH
eHeprocrnoxuBanus IT obnagnanHs Ta iHGpacTpykTypu (Energypc), IUIIOC €HEprocloXUBaHHS
T.3B. 00CITYrOBYIOYOi iHQPACTPYKTYpH, IO CKIATAETHCS 13 CUCTEMU E€NEKTPOIOCTAYaHHs, CHCTEMHU
OCBITJICHHS, CUCTEM KOHJMIIIOHYBAaHHS MOBITPS Ta MOro OXOJO[KEHHS. UMM HIDKUMM € 3HAuY€HHS
PUE, TuMm BHIIUM € piBeHb €HEProeQeKTHUBHOCTI Aara-IeHTpy. [HIIUMH cloBamH, B iealbHOMY
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Bunaaky 3HadeHHHs PUE mnoBuHHO nopiBHioBatM onuHumi. lle 6 o3Hawamo, mio Bce
E€HEProCIOKMBAHHS JaTra IeHTpy #ae BukiaouyHo Ha IT oOnamnanHs. Benuki mposaiimepu Ta
CTMOKHMBaYi XMapHUX CEPBICIB TOKJIAAAIOTh OaraTo 3ycuiab adu 3meHmuTH nokazHuk PUE. 3okpema,
Google, Meta, Amazon ta Microsoft gocsiriu 3HauHOr0 porpecy y 3umwkeHdi PUE numsxom 3minu
apXiTEKTypU Ta OHOBIICHHs OOJIaJHAHHS CBOiX jaarta-lieHTpiB. Tak, Google 3BiTye mpo TOYKOBI
nokazuuku PUE menme 1.06 mpu moTpumaHHI crocoOy HOro OOYMCIIEHHS 3TiTHO CTaHIApTIB
ramy3i. OmHak, 3asBISETHCS, MO TPU Y BHUMAAKY BHKOPUCTAHHS MPOMPIETAPHOTO CHOCOOY
BHMIPIOBaHHSI, KM BKJIFOYAa€ B ceOe OUIBINTY KUTbKICTh (DaKTOpPIB, BAAIOCH JOCATTH 3HAYCHHS T.3B.
piunoro PUE piBnoro 1.10 B Mexax ycixX naTa-LIeHTpiB, HE3aJE€KHO BiJl MOPU POKY Ta BKIIIOYAIOUU
BC1 CYIyTHI BUTpaTH Ha OOCIYroByBaHHs JaTa-IEHTPIB (YIPaBIiHHA MaM ATTIO, CHCTEMH O€3IeKH
Ta mUQpyBaHHs, KOMyHiKalliiHi BuTpatn Ta iH.) [13]. 3rimHo ocraHHix 3BiTiB Kommanii Meta,
cepenupopiuauil mokasHuk PUE 3menmmBces 3 1.10 y 2017 pori mo 1.08 y 2022 pomi. [lo ciosa,
Meta monmaroth y cBoix 3Bitax me W mokasnuk WUE (Water Usage Effectiveness), xotpwuit
nopiBHioe 0.2, 1 sBisge€ co0OOO CHIBBIIHOIICHHS MDK KUIBKICTIO BOAOBIAOOPY (B diTpax) Ta
KimpkicTiO cnoxuroi eHeprii (y KBr-rom). UYum Ommkde 1ell TOKa3HWK [0 HYJS, THM
eeKTUBHIIIOW € cucrema BojasHoro oxonomkeHHs IT indpactpykrypu [14]. Amazon He
poskpuBae 3naueHHs PUE y cBoix mopiuamx 3BiTax (Sustainability reports), oxnak 3asBiise, 1o
nokasauk WUE cranoButs 0.19 cranom Ha kinenps 2021 poky [15]. Hatomicts, Microsoft my6mikye
1i naHi. 3TiJHO OCTaHHBOTO AOCTYHHOTO ITyOJiYHOTO 3BiTY, 3HadeHHs PUE cranoButh 1.12 y
HEI0IaBHO 30y0BaHKX aaTa-nieHTpax [16].

TperiM METOIOM BU3HAYCHHS CHEProe(EKTHBHOCTI NATa-IIEHTPIB € METOJ CKCTPAITOJISIIii
[17]. OcobnuBicTiO 1IHOr0 METOY OIIIHKH € BUOip 6a30BOr0 3HAYCHHS OJHOTO 3 JIBOX IMOIEPEIHIX
METOMIB Ta MPUITYLICHHS I0J0 KOPENsmii MK MOMUTOM Ta ()aKTUYHUM CIIOKMBAaHHSM €Heprii 3
BpaxyBaHHAM KOeQII[iEHTY 3pOCTaHHS JJI MalOyTHIX MPOTHO3iB. 3 AOCIIKeHHs, ogaHoro y [17],
0aynMo, IO HE3BAKAIOYM Ha CHUIbHE 0a30Be 3HAYEHHS JUISI METOMIB «3HH3Y-BBEpX» Ta
eKCTPANoJIsALii, po30IXKHICT y pe3yjbTaTaXx OLIHKM CTa€ BCE OUIBIIOI MO MIpl TOr0 HACKUIBKU
nanexko (GOpMYEThCS TPOTHO3 EHEProCMOXHMBaHHSA. bBUIBIIICTH pO3paxyHKIB 3a METOAOM
eKCTpanoysNii 06a3ylThCsl Ha €HEPrOEMHOCTI HAa OAMHUIIO MEPEeJaHHUX AAHUX 13 MPUITYILEHHIM
moa0 e(pEeKTUBHOCTI MalOyTHIX NpOrHo3iB. BigmoBinHO, pi3HI  JOCHIAHUKHA  MOXYTh
MOCITYTOBYBAaTUCh Pi3HUMH KOpHUTyrounMH koedimienramu. Hampuknazn, P.Corcoran ta A.Andrae y
cBOTi poOoTi [18] BHKOPUCTOBYIOTH OIiHKH, 3arpornoHoBani J.G.Koomey y 2011 pomi [19], ame
BHOCSITh TIPU 1IbOMY CBOi KOPEKTHUBU — 3MiHA TeMIiB 3pocTaHHs 3 8% a0 12% s 2011 ta 2012
POKIB, MOSICHIOIOYM 1€ THUM, IO BIPOBA/KEHHS HOBHMX CEpBICIB Ha 0a3l XMapHUX OOUYHCIECHb
IpU3BeNe 10 POCTY 3arajibHOro eneprocmnokuBaHus. Iloganein pozpaxynku ans 2013-2017 pokis
0a3yloThCsl Ha TPbOX CLEHapiiX — Majl TeMnu 3pocTaHHs (7.5%), OdiKyBaHI TEMNH 3POCTAaHHS
(14%), Ta Bucoki Temnu 3poctaHHs (20%). 3HOBY X TakM, aBTOPU MOSICHIOIOTH 11€ O4IKYBaHUMHU
MOKpAaIlEeHHsMHU B IUIaHI ONTHUMI3alii eHeproeeKTUBHOCTI MEPEKEBUX MPUCTPOIB, 30UIbIIEHHS iM
KUTBKOCTI, Ta 3pOCTaHHs MepexeBoro tpadiky. OnHak, B TOCTiIKEHHI aBTOPH HE PO3KPUBAIOTH --
SK CcaMe€ BOHU BHUPAxXOBYBadu Ii Koe(dimieHTH. I[CHYIOTh, TaKOX, IHIII JOCTIIHPKCHHS OIlIHKH
€HEeproeeKTUBHOCTI Ha OCHOBI METO/AY EKCTpAmoJjslii, 1m0 0a3yloThCS Ha E€HEProcroKMBaHHI
OJIHI€T IHCTPYKIIII HEHTPaIbHOrO MpoIlecopa B TUIIOBOMY KJIaCTEpPl AaTa-LIEHTPY, € €KCTParosaLis
0a3yeTbcs Ha 3arajbHiM OLIHII YUCIA TAaKUX THCTPYKLIN II00aJbHO B MEXax poKy. Ale, K 1 B
MONepeHOMY BHUIAAKY, ISl OLIIHKA CHJIBHO KOPENIOE€ 3 peaIbHUMHU JTaHUMU MO Mipi 30UIbIIEHHS
94acoBOI'O MPOMDKKY. BilMoBifHO, MOCTa€ MUTaHHS — YW MOXKE€ METOJ EKCTpamojsmii Oyru
e(eKTUBHUM IHCTPYMEHTOM HE€ JIMIIe B KOHTEKCTI OLIHKH JaHUX 3a MUHYJl POKH, a W I
MaiOyTHIX NPOTHO3IB y 3B’A3KYy 31 CBO€I0 HHM3BKOIO HAMIMHICTIO uYepe3 3aJeKHICTh BiJ 1HIIMX
0a30BUX OIIHOK? AJDKe, TaKi PO3pPaxyHKH YacTO HE BPAXOBYIOTh YCIO MHOXXHHY pEIIEBAaHTHHX
napameTpiB, OCOOJUBO IIOJI0 MOTEHIIMHUX TEXHOJOTIYHUX 3MiH, 3MIH HOIMUTY YH MEPEKEBOTO
Tpadiky, 10 MPU3BOJUTH BETUKUX HETOYHOCTEUH. TakuM YMHOM, MOKHA MPUNTHU 10 BUCHOBKY, 1110
METOJ eKCTpamnoiLii He € e(pEeKTHUBHUM pIIICHHAM Ui NependadeHb €HeproCroXHBaHHS JaTa-
IIEHTPIB Yy JIOBTOCTPOKOBIM MEPCIEKTHBI, 1, 3arajioM CIIPOTHO3YBaTH MOAIOHY AMHAMIKY € CKJIaIHO
yepe3 HerepeadayyBaHi YMOBH B TAKOMY TMHAMIYHOMY CEPEIOBHIII, K iH()OpMaIliiiHi TeXHOJIOTI1.
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Tomy, nouinbHINIE TOBOPUTH MPO Ti CIIOCOOM ONTHMI3allii EHEepProcloXUBaHHS JaTa-
LEHTPIB, AKI 0a3ylOThCS Ha pealbHUX JAHUX, a TaKOX Ti, IO MPOINOHYIOTh IEepeHarnpaBICHHS
ICHYI04Oi TeIUIoBOi eHeprii, mepeMimeHHs Ta/ab0 AEKIacTepH3allil0 XMapHHX IOTY)KHOCTEH,
Bukopuctanns BJIE 1 epextuBny ii yTumizaiiro.

3. MeToam nmiABUIEHHS eHeproe(eKTUBHOCTI po00TH JaTAa-IEeHTPIB.

[TutanHs TiABUIEHHS €HEProeEeKTUBHOCTI JaTa-IICHTPIB € aKTyaJIbHUM YK€ 06araTto pokis.
3okpema, 1me y 2009 pomi B crarti L.Liu ta iH. [20] 3’sBuserbcs tepmin «GreenCloud» (B
nepekiazi, «3emeHa Xmapay), KOTPHUH SBJISIB COOOI0 HOBUH MMIJIXiJ O apXiTEKTypH, B OCHOBI SIKOTO
Oynu: BIpTyali3amisi MPOTPAMHHUX CEPEJOBHIN, TOCTIHHUH MOHITOPUHT BHKOPHUCTOBYBAHUX
pecypciB Ta iX PO3MIIIEHHSI SKOMOTa ONMKYe J0 KOpPHCTyBaua, ONTHMIi3allis CXOBHIL JaHUX Ta
KelIiB, aBTOMAaTHU3allil PYTUHHUX 3aBJaHb, MoAudikamis poOOTH MOAATKIB Uil 3MEHIICHHS
MepekeBOro Tpadiky, CBOEYaCHE OHOBJICHHS amapaTHOro 3a0erneueHHs, a TaK0X BUKOPHCTaHHS
BJZIE. 3 wyacom, i me MiATBEPKYETbCA TIOJAHUMHU BHUIIEC IMOPIYHUMHU IYOTIYHUMH 3BITaMU
[13,14,15,16], ocHOBHI mpoBaiifiepy Ta CHOXKUBa4li XMapHHUX CEpBiCiB, TaK YW 1HaKIIe, Oymu
3MyIIEHI 3aCTOCOBYBATH MOAIOHI TEXHIKM Ta MiIXOAM B CHIY CTPIMKOTO POCTY IOMIHTY 1 BUCOKOT
KOHKYpeHLii B cdepi XMapHHMX TexXHOJOrii. OgHak, € BUCOKAa HMOBIPHICTh, IO y BHIAJKY
MPOJIOBXKCHHS JMHAMIKH MTONUTY Ha KOPUCTYBAHHS JaTa-lieHTpaMu Ta/abo MosSBU HOBOTO BaroMoro
koMmmoHeHTy B cdepi IKT (sx Hanpukiaa, KpUINTOBAIIOTH), ILOTO MOXe OyTH HeAOCTaTHLO. Tomy,
ICHYIOTh ~ YHCIICHHI JIOCHI/DKEHHS IIOJ0 OUIBII  paJuKaIbHUX  CIOCOOIB  ITiIBHINEHHS
eHeproe()eKTUBHOCTI AaTa-IIEHTPIB, PO SIKi Jaji ¥ mije MoBa.

3.1. OgauM 3 TakuX CHOCOOIB € MEPEBUKOPHCTAHHS TEIUIA, 3T€HEPOBAHOTO J1aTa-IIEHTPaMHU
Ta foro iHTerpaiis B cucTeMmy LeHTpaizoBanoro remionoctauanus (LT). Cucremu oXonomKeHHS
CY4acHHUX JaTa-IIEHTPIB AUIATHCS Ha 3 THUIK: MOBITPSHE OXOJOJPKEHHS, BOISHE OXOJIOJUKCHHS Ta
nBoxdazore oxomomkenns [21]. o cTocyeTbes yTHIizamii BigmpambOBaHOrO TEIUIa, TO HOTO
SKICTh 1 KUTBKICTh CHIIBHO 3QJICXKaTh Bl TUITY CHCTEM OXOJIOJDKEHHS Ta MICIIS BiIOOPY.

[ToBiTpsiHE OXOJNOMKEHHS 1 AOCI € HAUTMOIMIKUPEHINIO TEXHOJIOTI€I0, 0 BUKOPUCTOBYETHCS
B rany3i. OCHOBHUM HPHUHLHUIIOM pPOOOTH TaKHWX CHCTEM € BIJIBEIEHHS TIapsdyoro IOBITPS 3
CEpBEPHUX CTIHOK y 30BHIIIHE CEpPEOBUILE BUKOPUCTOBYIOUH YLIIEp (XOJOIUIBHY YCTAaHOBKY).
OnTumalibHUM MiclieM AJi 3a00py BIAMPalbOBAHOTO Tapsvyoro MOBITPS B LLIAX HOTO MOJAAIbIIOrO
NEePEBUKOPUCTAHHA € BHUXIAHUN KaHan cepBepHOi cTiiiku (35-45 °C) go iHoro 3MimryBaHHS 3
MOBITPSIM B MPUMIIIIEHHI 3811 3MEHIIICHHSI €HEPTeTUYHUX BTPAT.

BonsiHi cucteMu 0X0J0/PKEHHS € OUTbII epEeKTUBHUMU Yepe3 BUCOKY TEIUIOEMHICTh BOJIU Ta
OpsIMAKA  KOHTAaKT PIAMHU 3 KOMIIOHEHTaMH CepBepy. Y BHIIQJKy BHKOPHCTAaHHS BOJISHOTO
OXOJIO/KEHHS TEMIIEpaTypa BOJIH, 110 BUBOJUTHCSA 3 CEPBEPHUX CTiHOK, € HaiBuinow (75-80 °C).
Takum 9MHOM, ONTHMATBHAM MICIIEM ISl IEPEBUKOPHUCTAHHS BiANPAIIbOBAHOTO TEIUIA € BUBIIHUI
KaHaJl CUCTeMH 0XO0JIoJUKeHHs. Lle MokHa 3poOUTH, JOJABIIM BOAO-BOJSHUIN TEMNIOOOMIHHUK Ha
BHXO/Il BOJM 3 cepBepHOi cTiiiku. Kpim Toro, BianpaipoBaHe TEMJI0 MOXHA 310paTu Ha 3BOPOTHOMY
KaHaJll KOHJEHCATy, alie piBEeHb Teria Oy/1e HUKIUM.

JIBox(a3Hi cucteMu OXOJIOJKEHHS Oynu po3pobiieHl s poOOTH 3 BHUCOKOMOTY)KHUMHU
Jata-1eHTpaMH, Uil SKUX T.3B. IIJIBHICTH TMOTY)XHOCTI € Oimpmioro 3a 1000 Bt/ cM?, i €
eexkTuBHIIIMMH 3a BoIsHI [22]. Taky Ha3By BOHM OTpUMAH 3aBISKH TOMY, IO OXOJO/KIOYA
pinuHa (TeruioHOCiH) mepeOyBae B [BOX CTaHax: pPIAKOMY Ta rasomoaiOHoMmy. Y mporeci
OXOJIOJDKEHHSI DIJKUN TEIJIOHOCIH 3aKauyeTbCsl B XOJOAHY IUIACTHHY (SIKHM KOHTaKTye
0e3nocepelHbO 3 EJEKTPOHIKOI0), /i€ BiH MOYMHAE KHUIITH Ta BUIIAPOBYBATHCS, OXOJOKYIOUU
OPUCTPIA 1  HAKOMMUYIOYM €Hepriro B MpuxoBaHoMmy Terui. [loTiM mnapa HaaxoIuTh A0
KOHJIEHCATOpa, JIeé BOHA KOHAECHCYEThCS Ha3ad y piaky ¢asy, a Terio BUAUIIETHCA 3 PIIAMHU B
HaBKOJIMIIHE cepefoBuile abo B moriauHay napu. OKpiM TOro, MpH BUKOPUCTAHHI TaKUX CUCTEM
OXOJIO/IPKEHHSI TOTPIOHI MEHII MOTYKHI HAacOCH, a TeMIepaTypa TeIUIOHOCI B JBOo¢a3Hiil cucremi
oxonomkeHHsT Moxke gocsratu 80 °C, Mo TiABHUINYE SKICTh BiANPallbOBAHOTO TEIUia, a OTXKE,
JI03BOJIsI€ €(PEKTUBHO HOro YTHII3yBaTW. SIK Ui BOASIHMX CHCTEM OXOJIOJDKEHHS, Tak 1 s
nBox(a3zHUX ONTHMAJIBHUM MiclieM 300py BiampaiboBaHOro Tema € konaencatop (45-90 °C) 3
BHKOPHUCTAHHIM BTOPHUHHOI po0040i pimuHu (y OUIBIIOCTI BUMAAKIB BOAM) JUISI OXOJIOKCHHS
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OCHOBHOTO TerioHocid. [liicyMoByI0un, MOKHA CTBEPAXKYBATH, 110 AKICTh BiIPAIlbOBAHOTO TEILIA
B IBO(a3HUX CHCTEMaX OXOJIOKEHHS € HABUIIIOIO Cepell yCiX TPbOX THUIIIB CUCTEM 3aBSKH BHUILIN
e(eKTUBHOCTI Teruionepeaadi. st CucTeM 3 MOBITPSHUM OXOJIOKEHHSIM SIKICTh BIANPAIlbOBAHOTO
TeIUla HU3bKa, TOMY ISl MiABHUILEHHS HOro TeMIlepaTypu B CUCTEMY, 3a3BMYAii, JOJAIOTh TEIUIOBI
Hacocu. CTOCOBHO mepenadi BiampamnboBaHoro temia go cucreM LT, To icHyots 4 Meronu
MIJKITI0YSHHS] MK PO3MOALIEHUMU JiKepeniaMu Teria Ta cuctemamu LT:

e Return/Supply: IMoBepuenus/Ilonaua - pinmHa-HOCIH HaArpiBaeThCs, MOTIM IMOJAETHCS IO
TEIUTIOOOMIHHMKA, JI€ BiIJIAa€ TEIUIO, 1 MOBEPTAEThCS MJis HarpiBaHHs. Lleit croci0 € epexTuBHMIA Ta
THYYKHA, 1 BAKOPHCTOBYETHCSI B CUCTEMAX OMAJICHHS, KOHIUI[IOHYBAHHS Ta OXOJIOKCHHS.

e Return/Return: TIloBepuenns/IloBepHEHHS — OB pPIAMHH 3 PI3HOIO TEMIIEPATYPOIO
LHUPKYJIOIOTh 10 3aMKHYTUX KOHTYpax, MEpelarouu TEeIuio uepe3 TermnooominHuk. Llel cmocil €
e(EeKTUBHHI JJI1 CHCTEM 3 JIBOMA TEINIOHOCISIMH, HAIIPUKIIA]], OTIAJICHHS Ta OXOJIO/KCHHS.

e Supply/Return: Tlogaua/IloBepHEeHHS — piAMHA-HOCIH MOJAa€ThCs 10 ABOX abo Oinmblie
TEII00OMIHHHMKIB, JI€ BiJJIa€ TEIUIO, a MOTIM MOBEPTAETHCS JI0 JKepena HarpiBanHs. Lei cnocid €
e(eKTUBHHI TSI CUCTEM 3 JICKUTPKOMA TOYKAMH PO3IOJILITY TETlIa.

o Supply/Supply: Tlomaua/Ilogaya — ABi piAMHE 3 Pi3HOI TEMIIEPATYPOIO MOMAIOTHCS 0
TEII000MIHHHKA, JIe TIepeatoTh TEIIO0, a OTIM BiIBOASATHCS. Takuii MiXiJl BUKOPUCTOBYETHCS IS
CHCTEM 3 OJJHOPA30BUM BUKOPUCTAHHSIM TEIUIOHOCIS.

Cepen ycix 1mx crnoco0iB  HaMOLIBII  AOHIIBHO  BUKOPUCTOBYBATH  CHCTEMY
[Toepuenns/[lonaui (Return/Supply), OckiibkM BOHa Mae€ HAaWMEHIIWI BIUIMB Ha TEMIEpaTypy
BinBinHOI cucrtemu LT [23]. 3aramom, MOBTOpHE BUKOPHCTAHHS TEIUIOBOI €HEPrii BHACIIIOK
pobotu narta-nieHTpiB y cucremax LT € Ourbmn mommpeHMM y MiBHIYHUX perioHax. 30Kpema,
3HAYEHHs PEKYIEepPOBAaHOro TeIula Jara-lieHTpy Kommarii Rosenberg AB (mouipHs KoMIaHist
Ericsson) y Crokronbmi ctanoButh 80 I'BT-roa. Taka KijbKICTh TeIUia 37aTHA 3a0€3MCUYUTH TTOHA]
15000 kBapTUp Ta 3MEHIIYE BHKHIM BYIJIEKHUCIIOTO Tady npubiau3Ho Ha 4800 ToHH Ha pik [24].
Taxox, 1HTepHeT npoBaiinep Bahnhof 3BiTye npo pexyneposane temio B kiibkocTi 112 I'BT-ron
[25]. Tpu 3 m’stu mara-nentpiB kommawnii Telecity Group, momaroTh BiAmpanboBaHE TEIUIO B
cucremy LT, mo0 3abe3neuntn temnom 500 oxpemux OyauskiB 1 4500 OGaraTomoBepXOBHX
kBaptup. [26]. Jara-nentpu xommanii Meta (B munymomy Facebook) B micti Odense ([lanis)
pexynepytoTh 6m3pko 100 I'BT-ron mopoky, 1o eKBiBaJIeHTHO KIJIbKOCT1 €Heprii, HeoOX1AHOT ISt
006irpiBy 6900 momiBok [27].

3.2. OgHUM 3 HANUPOCTIOBCIO/DKEHINIMX CIOCOOIB ITiIBHINEHHS eHeproeeKTHBHOCTI Jara-
ueHtpiB € BJIE. IcHyt0Th 4 OCHOBHI IUIAXH 1HTErpallii BiIHOBIIOBAJILHOI €Heprii Juist 3a0e3nedeHHs
ix podotu [21]:

e BuyTpimHe BUPOOHUITBO €HEprii 3 BIIACHUX BIJHOBIIOBAJIBHMUX JUKepen. [lara-nieHTpH
BCTaHOBMIOIOTH cucteMu BJIE Oe3mocepenHbo Ha CBOiX 00'ekTax, 1 reHepallisi BiIOyBaeThCs B
MeXax BHYTPIIIHBOI 1HGpacTpyKTypH (abo Ha Tepurtopii) aara-nieHTpy. Croau BXOJSATh: TEMJIOBa
€Hepris, 10 BUPOOISAETHCS COHSIYHUMHU KOJIEKTOPAaMH, Ta €JIeKTPUYHA €HEepris, 110 BUPOOIIEThCS
COHSYHUMU TIAHEJSIMU, BITPOBUMH a00 T1APOTYypOIHAMH.

e BuyTpinHe BUpOOHUITBO €HEPrii 3 BITHOBIIOBAHUX JKEpEIl 11033 MeXaMHU JaTa-leHTpy. Y
[IbOMY BUIAJIKY JlaTa-I[eHTPH BCTaHOBIIOIOTH cucteMu BJIE Ha cBOiX 00'ekTax, ajne MOKIaJaroThCs
Ha JpKepesa BIJHOBIIIOBAHOI €Heprii, po3TamioBaHl 3a Mexamu ix Tepuropii. Ilpukmagom Takoi
iHTerpauii € TpaHcmopTyBaHHs Oiomacu a0o 6iorasy 3-3a MeX Jara-IeHTPiB Ui BUPOOHHIITBA
HEOOXi/IHOT TerI0BOT a00 eNeKTpUYHOi eHeprii. 3okpema, kommanis Apple crinbHo 3 OpXyChKUM
yHiBepcuteToM (/laHis) po3po0isie MPOEKT 13 BUKOPUCTaHHS OiOMAacH CLIbCHKOTOCHOJApChKUX
BimxomiB. Takum dYMHOM, MeETaH, BHPOOJICHMH Yy peakTopi O010ra30oBOi YCTaHOBKH, Oyzae
BUKOPHUCTOBYBATHCS JJIsl IaTa-IIEHTPiB KommaHii [28].

e Bukopucranns Bignanenux BJIE. Yacro, BuyTpimHs rerepanis BJIE € nemoxinBoro uepes
CYKYMHICTh pi3HUX (akTopiB. ToMy, B GaraTh0X BHITaJIKaxX JaTa-TIPOBaWIepH CHPSIMOBYIOTH CBOI
iHBectuuii y moOynoBy ctanuiii BJE B THX MicCIsIX, 1€ BOHU OyAyTh MaTH BUILY €()eKTUBHICTH, 200
K HampsMy 3aKylnmoBYIOTh BHPOOHMYI TIOTYXHOCTI mnieBHMX Yy BupobnmkiB BJIE. Tyr,
BUKOPHUCTOBYETHCS €JIEKTpHYHA a00 TEIIoBa Mepeka B AKOCTI HOcis BUpoOieHoi eHeprii. OHaK,
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MOBUHHA ICHYBaTHM ¥ BIANOBIAHA 3aKOHOAAaBYa 0a3a JUIsl MiJKIIOYEHHS HOBUX BHPOOHUYMX
notykHocteit BJIE Ge3nocepennbo 10 OyaiBenb aara-LIGHTPIB, a TAKOXX MEXaHI3M, IO PEECTPYeE
BUPOOHUIITBO CHEPrii 3a MeXamMHM 00’€KTa Ta BKIIOYAE IO YaCTHHY €HEprii B paxyHKH 3a
€JIEKTPOCHEPIil0 JaTa-1eHTPy. ICHYIOTh YHCIEHHI NpHUKIaAd 3 OOKYy IPOBIAHUX CBITOBUX
TEXHOTITaHTIB, KOTPi BUKOPHCTOBYIOTH meW croci6 interpamii BJIE. 3okpema, xommanis Meta
mopiuno 3akynoBye 200 MBT moTy:kHOCTel BiTpoBOi enekrpoctaniii Rattlesnake Creek B okpysi
Hixcon, mrar HeOpacka, mo 30yaoBaHa CIEIialbHO 3 METOK OOCIYroBYBaHHS POOOTH JaTa-
neHTpiB komranii. Kpim Toro, Meta mianye po3mupuTe 1eid 00’€M MOCTYIOBO BUKYITHUBIIHA BCIO
noTyxHicTh craHuii 10 2029 poky [29]. [Hmmm npukinagom € kommnanis Apple, ska mae 25 nirounx
npoekTiB y cdepi BJIE mo BcboMy CBITY 3arajibHOIO MOTYXHICTIO TeHepailii 626 MBT. [Ipu npomy,
286 MBT consuHO1 (oToenekTpu4Hoi reHeparnii O6ymno BBeaeno B nito B 2017 pomi. Takoxk, 15
MPOCKTIB KOMIMaHii rmepedyBaroTh y cTaiii OyIiBHUIITBA, MO 3aBepieHHI0 sikoro 1,4 I'BT uucroi
BIJIHOBJIIOBaHOI eHeprii Oyne po3noxaiieHo B 11 kpainax [30]. Bapto 3ramaru it komnanito Google,
ska me y 2019 poui po3noyana OyIiBHULTBO JABOX BEJIUKHX COHSUHUX €JIEKTPOCTAHINH y IITaTtax
Tenneci Ta Anabama. Lli cranmii MaroTh Ha MeTi CTaTW OXHUMHM i3 HailOUIbIMX BJIE mpoexTiB B
perioni, 3maTHux npoaykysatu 150 MBT koxHa [31].

e Buxopucranus BJIE Bin croponHix mpoBaiinepiB. OkpiM 3a0€3MeUeHHS €IEKTPOSHEPTi€l0
BJIACHOTO BUPOOHUITBA, MPOBaNJEpU XMApPHUX MOCIYI BUKOPUCTOBYIOTH I 1HINI MEXaHI3MU
interpanii BJIE, Taki sik enepreruuni ceprudikatu (anri. Energy certificate systems, a6o ECC) ta
JIOTOBOPH  KYIIBIi-MPoJIaKy enaekTpoeneprii (anryi. Power purchase agreements, a6o PPA).
Konnenmis ECC monsirae y mokynii cepTtudikaTiB, MO MiATBEPIKYIOTh BHPOOHHUIITBO MEBHOL
KUTBKOCTI €JIEKTPOEHeprii 3 BIJHOBIIOBAHUX JDKEpes. [HIIMMHU cIoBaMH, €IEKTPOCTaHIl, IO
BUKOPHUCTOBYIOTh BIJIHOBJIIOBAaHI JIKEpena, OTPUMYIOTh CepTU(IKATH 32 KOXKHY OJMHMILIO
BUPOOJICHOI HUMU «4HCTO1» €HEeprii, a KOMITaHii 3aKyIOBYIOTh IIi cepTU(IKaTH Ha CIeliani30BaHUuX
Oipxax. KymiBist Takoro ceptudikara He rapaHTye 0e3MmocepeHbOr0 MOCTayYaHHs eNeKTPOSHEePrii,
ajle BOHA JOMOMAarae KOMIIEHCYBaTH BIUIMB BYTJIEILIEBOrO CIIy, CHpUSAOYM (DiIHAHCYBaHHIO
MPOEKTIB, 110 3MEHIIYIOTh BUKUAM NMapHUKOBUX rasiB. JloroBopu PPA — 1e nmpsMuii 1orosip Ha
€JIEKTPONOCTaYaHHd MDK KOMIIaHIEI0 Ta BHUPOOHMKOM eNeKTpoeHeprii. B npomy Bumaaxky para-
LEHTPH OTPUMYIOTH (PI3UUHY MOCTABKY €JIEKTPOEHEPrii 3 BiJHOBIIOBAJBHHUX JKEPET 3a CTaJOko
niHoro. Xoua, PPA poroBopu BuUMaraiTh OUIBIIMX (IHAHCOBMX BHUTpAT Ta 3000B’sA3aHb, HIK
kyniiss ECC ceptudikaris, ogHak ix 3aranbHuil BriuB Ha po3BuTok BJIE € 3Hauno Bumum. Sk
MPUKIIAA, MOKHA Ha3BaTh kommaHito Microsoft, korpa HemomaBHo mignmucana PPA KOHTpakT Ha
900 MBT s 3a6e3neueHHst poOOTH cBOTro jaata-lieHTpy B Ipmannii. L{g OararopiuHa yroga mae Ha
MeTi oxonuTu 01m3bko 28% Bin 3aransHoro oocsary BJIE Ipiannii mo 2030 poky [32].

Tomy, miCyMOBYIOUH, MOKHA CTBEP/DKYBAaTH, IO B 3AJIEXKHOCTI BiJl CYKYITHOCTI YMOB, B
AKUX TepeOyBaroTh JaTa-IIEHTPH, TaKUX SK: KpaiHa, KIIMaTWYHA 30HA, COHSYHI IHMKIHU, KapTa
BITpiB, Tapu(pH Ha eNEeKTPOCHEprilo, MOJITUKA JepxaBu I1oao BukopuctanHs BJIE Ta iH., B
MO€THAHH] 3 TEXHIKAMH TeperIlaHyBaHHsI HABAHTAKEHHS Ta TUHAMIYHOTIO HOTr0 po3MOALTy, KOXKHA
3 BUIIEHaBeACHUX cTpateriit inTerpauii BJE nns enepro3abesnedyeHHs: Mae CBO€ 3aCTOCYBaHHS.

BucHoBku.

VY crarTi npoaHalli3oBaHO JUHAMIKY POCTY MOMMTY Ha XMapHi oOuYuclieHHs 3a ocTtaHHi 10
pokiB. OnucaHO OCHOBHI MiXOAW BUMIPIOBAHHS 1 INepen0adyeHHs eHeproepeKkTUBHOCTI podoTH
JaTa-1EHTPIB 3 BIAMOBITHUMHU iX HEJONIKAMH Ta TiepeBaraMu, 0a3ylunch Ha ICHYIOYHX
nociipkeHHsax. KpiM Toro, HaBeIeHO KIIIOUOBI HUISIXM MiJBHUILEHHS €HEeproepeKTUBHOCTI poOoTH
JaTa-IeHTpiB, TaKUX SK: MEepEeHaINpaBlIeHHs BIANPAlbOBAaHOI TEIUIOBOi €HEeprii Ta BUKOPUCTAHHS
BJIE. MoxHa 3p0o0UTH BUCHOBOK, 110 KOXKEH 3 IIUX LUISIXIB SBJISE€ COO0I0 CYKYITHICTh KOMIUIEKCHUX
pillieHb 3 PI3HUMHU MOXKJIMBUMM BapiaHTaMH 3aCTOCYBAHHS B 3aJIEKHOCTI BiJl MHOKMHHU 30BHILIHIX
(dakTopiB. AHaNI3 AeTalbHUX MYOJIYHUX 3BITIB KJIIOUOBUX I'PaBIIiB Ha PUHKY XMapHUX OOYHCIIEHb
MOKa3aB, 10 IX 1HBECTHLIi Ta 3yCHJUIA HIOAO MiJABMUIICHHS €HeproeeKTUBHOCTI POOOTH CydyacHHX
JaTa-IeHTPIB € 3HAYHOI YaCTUHOIO MIOPIYHUX OFO/KETIB, KOTpa Ma€ TEHACHINIO 10 3pocTaHHs. Sk
HACIIZIOK, B TIEBHUX BHIIaJKaX, OCOOJMBO KOJIM MOBa iiie mpo MoOyIOBY OKPEMHUX HE3aJeKHHX
EHEepPreTUYHUX 00’€KTiB, MO BUKOpUCTOBYIOTH BJIE, 11¢ Mae 3HauHWI BIUIMB HE JIUIIE Ha
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eHeproeeKTUBHICTh BJIACHUX JlaTa-LEHTPIB, a i Ha €KOJIOTIIO LIJUX PErioHiB. 3aBISKU YHCICHHUM
JOCITI/DKEHHSIM HAaYKOBI[IB CTOCOBHO IIOIIYKY HOBHUX pillleHb, a00 KomOiHariii icHyrouux [33],
(hopMy€eTbCsS TPYHTOBHA TEOPETUYHO-TIPAKTUYHA 0a3a i SKICHOTO PO3BUTKY IMHUTAHb OMTHMi3allii
CHEeProCIIOKUBAaHHS J1aTa-I[CHTPIB, 3MEHIICHHS iX 3aJeKHOCTI BiJl BHKOPHCTAHHS BUKOITHOTO
MajrBa Ta MEPEeXij Ha BiTHOBIIOBAIBHI J[XKepena eHeprii.
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CKJ1a10BOI0 YaCTUHOK €KOJIOTTYHOTO MOHITOPHHTY € €KOCHCTEMHHH ab0 O10IeHOTHYHUI
MOHITOPHUHT, BiH MPOBOJUTHCS B YCTAHOBAX IMPHPOIHO-3aMOBIAHOTO (HOHIY YKpaiHW 3a €ITUHOIO
nporpamoro, sika mae Has3By Jlironuc npupoan. MOHITOPHUHT nependadae KOMIUIEKCHY HayKOBO-
iHpopMmamiiiHy cucTeMy MepioAMYHHUX, Oe3MepepBHUX, JTOBrOCTPOKOBHUX CIIOCTEPEKEHb 32
O10JIOTIYHMMH BHJIaMH Ta iX OCEIUIaMH 3 METOK BHSBJICHHS HETaTUBHUX 3MiH 1 BHPOOJIEHHS
pexoMeHaaniil moao iX ycyHeHHs abo ocmabieHHs. B poGori HaBeneHO ommcu iHGOpMALIHHIX
CHCTEM, PO3pPOOJICHUX HAYKOBHUMH KOJICKTUBAMH KadeApu aBTOMATU30BAHMX CHUCTEM YIPaBIiHHS
HarmionansHoro yHiBepcuTeTy «JIbBIBChKa MOMITEXHIKA» Ta MIPUPOTHOTO 3aMOBiIMHKA «P0o3TOqds)
takux sk «®DeHonorisn, «EnekTpoHHWE repOapiiiy, MporpaMHO-anapaTHOrO KOMILUICKCY
METEOPOJIOTIYHOTO MOHITOPHHTY.

Knrouoei cnoesa: ¢enonoziuna 6aza oanux, yugposuti cepbapiil, ghaynicmuyna 6aza 0aHux

An integral part of ecological monitoring is ecosystem or biocenotic monitoring, which is
carried out in the institutions of the Nature Reserve Fund of Ukraine under a single program called
the Chronicle of Nature. Monitoring involves a complex scientific and informational system of
periodic, continuous, long-term observations of biological species and their habitats with the aim to
identifying changes and developing recommendations for adaptations to changes.

The paper provides descriptions of information systems developed by the scientific teams of
the Department of Automated Management Systems of the Lviv Polytechnic National University
and the Roztochya Nature Reserve, such as «Phenology», «Electronic Herbarium», software and
hardware complex of meteorological monitoring.

Keywords: phenological database, digital herbarium, faunal database.

OauH 13 pIBHIB €KOJIOTTYHOTO MOHITOPUHTY — O10LIEHOTMYHMH abo exkocucTeMHui. Bin
nepeadayae  KOMIUIEKCHY HayKoBO-iH(opMmariiiHy cucTeMy MepioJuuHuX, Oe3lnepepBHUX,
JOBIOCTPOKOBHX CIOCTEPEKEHBb 3a OIOJOTIYHMMHU BUAAMHU Ta iX OCEIUIIaMHU 3 METOIO BHUSBIICHHS
HEraTUBHHUX 3MiH 1 BUPOOJIEHHS peKOMEHJAIli 1070 iX ycyHeHHs abo ocnabieHHs. 30epexeHHs
O10IICHOTUYHOTO PI3HOMAHITTS — 3aMopykKa CTIMKOCTI €KOCHCTEMH, a 3HAauuTh 3a0e3MeueHHS
BHCOKOI SIKOCTI HTTS JIFOJICH Ha IJIaHeTi.

3akon Ykpainu «[Ipo mpupomno-3amoBiaHui GoHA Yipainu» (1992 pik) nepemdadae
BEJICHHSI OIOIIEHTUYHOT0, METEOPOJIOTIYHOr0, ()EHOJOTIYHOro Ta IHIIMX BUIIB MOHITOPUHTY Ha
TEPUTOPIl YCTAaHOB MPHUPOAHO-3aMOBIAHOTO (OHY, IPEICTABICHHS PE3yJbTaTiB CHOCTEPEKEHD Y
HaykoBoMY 3BiTi — JliTonmuci mpupoau. JliTonmuc mpupoan € OCHOBHOIO (OPMOIO y3arajabHEHHs
pe3yibTaTiB HAYKOBUX JIOCTIIKEHb, TOJIOBHOIO HAyKOBOIO TEMOIO, SIKa BEIETHCS IOCTIHHO, a
pe3yabTaTH JOCTIDKEHb LIOPIYHO O(QOPMIISIIOThCA Y BUTIIAAL okpemux TowmiB [1]. IIpupomno-
3anoBigHi yctanoBu (I13Y) — me mpupoani ta GiocdepHi 3amoBITHUKH, HalllOHATBHI TPHUPOAHI
MapKH, perioHalbHI JIaHAMWAPTHI Tapku, B YciX Bederbes Jlironmuc mnpupoad, i 3 pokaMu
HarpoMaJKy€eThCsl BEJIMUYC3HUH MAcCUB PI3HOMAaHITHHUX JIaHMX, SKI B IMalepoOBOMY BapiaHTI BaXKKO
COpTyBaTH, OOPOOIISATH, aHAIII3yBATH.
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B xinni XX na mouatky XXI cromitTs B 0Oiozorii, exomorii, chepi OXOPOHU TOBKLIISA
IIUPOKE 3aCTOCYBAHHS OTPUMAIM €JIEKTPOHHI 0a3u JaHuX Ta reorpadivni iHGpopMalliifHi CUCTEMH,
AKl JONOMAaraloTh HE TIJIbKM CHUCTEMATH3yBaTH pE3yJlbTaTH HAYKOBUX JOCIIDKEHb, aie W
JOTIOMAararoTh y NPUAHATTI pimeHb. JJia iHBeHTapu3alii BUIOBOTO O10pI3HOMAHITTS po3po0JIeHO
BiJIOMi BeJMKi enekTpoHHi Oasm Www.faunaeur.org, www.floraeur.org, siki MIiCTSTh BeIHUYE3HY
KUTBKICTh BHIIB TBAPUH 1 POCIUH 1 IPEACTABISIIOTH dayHy 1 piopy Bchoro cBiTy. [HTepHET-pecypc
«Uentp manux biopiznomanittss Ykpainm» (Biodiversity of Ukraine Data Centre), cTBopeHHi i
kepyeThbest [epkaBauM npupogozHaBunM My3zeeM HAH VYkpaiam (JIpBiB), MicTuTh 1H(OpMaIlito
po BUAOBE OIOpI3HOMAaHITTS YKpaiHH, OCHOBY 0a3 JaHMX CTaHOBJIATH NMPUPOJHUYI KOJEKIl, sKi
HaKOMHUYYIOThCS ECATWIITTSAMH 1 TOMY J03BOJISIFOTh aHAJI3yBaTH CTaH 1 3MIHU O10TH y BEIIUKOMY
MIPOCTOPI i TPUBAIOMY Haci.

[Tpuponuuii 3anoBigHUK «Po3TOYUS» — MPUPOAOOXOPOHHA, HAYKOBO-IOCIIJHA YCTaHOBA
3arajibHOJCPKABHOTO 3HAYCHHS, CTBOpeHU BianoBigHo 10 [locranoBu Pamu Minictpis YPCP Bin
5.10. 1984 p. Ne403 na mmomi 2084,5 ra. Bxoauts 1o ckiany 6iocdeproro peseppary «Po3rouusy,
BHeceHoro B CBiTOBY Mepexy OiocdepHux pesepsaTiB pimeHHsM 23 cecii MAB FOHECKO y 2011
p. 32019 p. € yacTUHOIO TPAHCKOPJOHHOTO YKPATHCHKO-TIOIBCHKOTO 6i0chepHOro pe3epBary, AKHii
yrBopeHuit  pimeHHsM 31-i cecii Mixnapoanoi koopauHamiinoi pamu IIporpamu FOHECKO
«Jlroquna 1 6iocepar. 3amoBigHuk Bignosimae la Kareropii Mixkuapognoro Coro3y OxopoHu
[Ipupoau (IUCN).

VY 3anoBigHUKY «P0O3TOYUs» MPOTIAroM OCTaHHIX ABAALSTH POKIB BUKOPHUCTOBYBAIHU KiJbKa
BapiaHTIB eJIeKTpOHHUX 0a3 manux: «EHTOMOdayHa», «EnekrponHmii repOapiii», «DayHicTHYHA
0a3za panux», «®eHomorisg», «['pubum Makpominern2 Ta iH., PO3pOOJICHI BHUKJIAga4aMH Ta
crynentamu Kadenpu ACY HY «JIbBiBCchbKa TOJITEXHIKa» y CHiBOpali 3 HAYKOBHM BiJIIIOM
3anoBigHuKa. KoxkHa 3 HUX Mae cBOi 0coOJIMBOCTI, mepeBaru Ta Hemoliku [3, 4]. HaliGinbiie
3aCcTOCYyBaHHs OoTpuMajia 0a3za mgaHux «deHosoris» (Hayka MpO CE30HHI SABHUINA B MPHUPOII), sSKa
YCIIIIHO BUKOPHCTOBYETHCS MPOTATOM JBAIIATH POKiB. CTpyKTypa eJeKTpOHHOI 0a3u JaHHuX
HaBeZeHa Ha puc. 1. Llg 6a3a naHux Mae OJIU3BKO JECATH TMOJNIB, NPUYOMY JEsKI 3 HHX
3aIOBHIOIOTHCSI aBTOMAaTHYHO.

J - pik
2022 pik
Hara «<3—] MeTeonoKa3HHKH
2023 pik
DerOMapmpyT 1 DeHOMapIWpPyT 2 DergoMapmpyT N
DeHONYHET 1 DEHOMIYHET 3 DEeHOIIYHET 5
DEHOIYHKT 2 DeHOIYHET 4 DeHOnyHKT M

Bun 1 Bun L

Tlomis 3acodu 36epexkeHHs, 00poOKH,
®enodaza COpTYBAHHS, Bizyamizarii,
CrocTepexeHHs EKCTIOPTY-IMIIOPTY

Puc. 1. Ctpykrypa enexTpoHHOi 6a3u qanux «denHonoris»
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[lepeBarn BHKOpPHCTAaHHS ENEKTPOHHOI 0a3u MaHUX BIJ3HAYAIOTHCA 3 POCTOM MACHUBY
HAKOMMYCHUX JaHuX. Hanpukian, Taki 3ajadi, K MOBUI0BE COPTYBaHHSA 32 (peHO(pa3aMu POCIUH B
YacOBOMY PO3pi3i 3a MEBHUH Mepio]] 3aiiMalOTh Ha MOPSIOK MEHIIIE Yacy BiJl COPTYBaHHS JaHUX y
MarepoBOMY BapiaHTi, a0 HaBiTh JaHUX 3 (alIOBOIO CHUCTEMOIO 30epekeHHs iHdopmarii. Yum
OlnpIIe JaHMX HAKONMUYyeTbcs B 0asi naHWX, TMM edekTuBHImoO0 Oyne i1 excruryaramis. Lle
HacamIiepes; OOyMOBJIGHO THM, IO ISl EIIEKTPOHHOI 0a3W JaHUX HEMa€ HiSKOTOo 3HAYCHHS
MPOBOJIUTH OOPOOKY AaHUX 310paHMX 3a OJMH PIK, YU 32 IECATh.

baza «®eHonoris» BriIOUYae iH(GOpPMAII PO JATy MPOBEICHHS CIOCTEPEKEHb,
METEONOKA3HUKH, (PEHOMApIIPYTH, CKIAJOBUMH SIKUX € OKpemi (eHomyHKTH. Ha KoxxHOMY
(EHOMYHKTI IPOBOJUTHCS MOHITOPHHT CTaHy OKPEMHUX BHUJIIB POCIIHH 1 Pe3yJIbTaTH CIIOCTEPEIKEHD
3aHOCAThCS B 06a3y. baza mae 3acobu nmonepeaHboi 00poOKH, pefaryBaHHs, COPTyBaHHS JaHUX (PHC.
2) i, mpu HEOOX1IHOCTI, EKCITOPTY-IMIOPTY JaHKX B Tabimuauii pegaktop Excel [4].

Jist ctBOpeHHs (heHOIoTiuHO0i 6a3u JaHUX PO3pOOIIEHO CTPYKTYPY iH(POPMAaILiifHOT CUCTEMH,
sKa BpaxoByBaia crenu@piky GeHOIOTIYHUX CHOCTEPEkEeHb Yy perioHi. B 3amoBigHuky «Po3rouus»
(eHOIOTIuHI CIOCTepEKEHHS BEAYThCS HA MOCTIHHUX (peHOMapuIpyTax i (EHOMYHKTaX MPOTITOM
40 poKiB 1 CYIpPOBO/UKYIOTHCS TiPOMETECOPOJIOTIYHUMH JTaHUMHU MeTeocTaHIii. [lepimoueproBum
3aBJaHHSIM IIPH OpraHizaiii (PeHOIOTIYHIX CIIOCTEPEKEHb € BiAOIp 00’ €KTIB CIIOCTEPEIKEHD.

OcHoBHa yacTuHa TepuTopii 3amoBigHHKa (92%) MOKpUTA JICOBOIO POCIMHHICTIO, TOMY
OCHOBHHMMH 00’ €KTaMU CIIOCTEPEKEHb € JICPEBHI Ta YarapHUKOBI, a TAKOXK JIICOBI TPaB’ SIHUCTI BUJIH.
OCKUIBbKM JiepeBaM BJIACTHBA (PEHOJIOTIYHA T'€TEPOTCHHICTh, TO CIIOCTEPEKECHHS 332 POCIHUHHICTIO
BEIyThCS 3 POKY B pIK HAa OJHHUX 1 THX CaMHX JUISHKaX 3a OJHUMH 1 TUMH XK TPyIaMH YU
€K3EeMIUISIpaMH POCIIHH.

®eHoaoriuHa Kapika Cnocie pekeHb
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Puc. 2. Burnsn Bi1oMOCTi OMIYKY TaHKUX Y Jl1alma3oHi AaT

®nopuctuyHa 0aza JaHUX 3a CTPYKTYPOIO BiJIMIHHA Bij MOMEPEIHBOI, BOHA 1€PapXI4HOTO
TUIy, TOOYJJOBaHA 32 CUCTEMAaTHYHUM IMPHUHIIUMIIOM Ha OCHOBI BH3HAUYHMKA BUIIMX pociuH. basza
JI03BOJIIE PO3MICTUTH TaKy KUIbKICTh (ororpadiii, ska 3a0e3NeynTh BU3HAYEHHS POCIMHHM 3a
MEBHUMHU O3HaKaM# (OCOOIHMBICTH OYJOBH JIMCTKIB, CYLBITTS, KBITKH, THUUHKU Ta iH.), TPHUOMY,
3HIMKM MOXYTh BIJOOpa)kaTu peasibHI pO3MIpH pOCIMHHU, a00 y HeoOXinHOMY MacuiTali, 100
MiAKPECIUTH 11arHOCTUYHY 03HaKy (puc. 3). [lepeBaru enekTpoHHOTO «repbapiro»:

* EnekTpoHHI KOmii Jaf0Th MOXKJIMBICTh YHUKHYTH HETIONPABHUX BTPAT PIAKICHUX KOJEKIIIH
B XOJIi IPUPOAHUX KATaCTPO(d, BOEH, MOXKEXK 1 IHIINX HECHPUATINBUX YNHHHKIB, SIKI BIUIMBAIOTH HA
30epexeHHs KOJEKIIIT (TeMIepaTypHHUI PEeKUM, BOJIOTICTh, IIIKITHUKH TOIIO).
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* 3a0e3neuyroTh MOXKIIUBICTh ICTOTHOT €KOHOMII Yacy i1 3aco0iB, M0 iayTh Ha 30UpaHHS,
BUCYILIYBaHHS, 30epiranHa repOapiio, HAyKOBl BIAPAKEHHS 11 BHU3HAYEHHS, JUCTYBaHHS,
MIEPECUITKY 3Pa3KiB.

s [ludpoBuit «repOapiit» moxe OyTH [JOCTYIIHHUH dYepe3 CHCTEMYy IHTEpHET abo
PO3MOBCIOKYBATUCS HAa KOMIIAKT-IHMCKaX, L0 JO3BOJUTH BECTH OINEPATHMBHUN TMOMIIYK 1 OOMiH
HayKOBOIO 1H(OpPMAIII€IO 3 CBITOBOIO HAYKOBOIO CIUILHOTOIO [3].
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Puc. 3. ®nopuctruna 6a3a nanux «EnekrponHuii repoapiii»

EnextponHmii «rep6apiii» MOKHa YCHIIIHO BUKOPUCTOBYBATHU IPU MPOBEIEHHI HAYKOBHUX
JOCIIJKEHB 1 IPaKTUIHUX POOIT B 00s1acTi aHaToMil 1 MopdoItorii pocinH, MiKOJIOT11, CHCTEMaTHKH
BUIIMX 1 HWOKYMX POCIIHH, JIXEHOJOTi, MOPIBHSIbHIN MOp(bOﬂori'l' 1 aHaToOMii POCIUH, €KOJOrii
pociuH, (ITOIEHONOT1, maneo00TaHiKH, (IOPUCTHKH, JIKAPCHKUX POCIUH, OpioJorii, OoTaHiyHOT
reorpadii, J1iCO3HaBCTBA, JIEKOPATHBHOTO KBlTHI/II(apCTBa 1 Tm. (DnopHCTI/IqHa 0a3a aHUX MOXe
3aCTOCYBATUCS y HABYAIILHOMY IIPOILIECI, [1€ MiABUIIUT SIKICTh MPO(eciitHOi MiArOTOBKU CTY/ICHTIB,
HAyKOBO-JIOCHIJTHOT, TOMYJSpU3aTOPChKOi, MpodopieHTaliiiHOi po0OTH, J1acTb MOMKJIMBICTh
YIIOCKOHAIMUTH CHCTeMy OONiKy i iH(popMmariifHe 0OCIyroByBaHHS, NMPUCKOPHTH MiATOTOBKY 0O
BUIYCKY HAYKOBHX Ta HAyKOBO-TNIOMYJISPHUX BUIaHb (KaTajoriB, OyKJIETiB, ariaciB, aJbOOMIB,
BH3HAYHUKIB 1 1H.) 1 MOJETIIUTH KOHTPOJIb 32 30€PEKEHHAM KOJICKITIH.

Jns ixcanii ce30HHUX 3MiH B XKHMTTI TBapHH, CTBOPEHA MOHITOpUHIOBa (payHicTH4Ha 0a3a,
KyIud BHOCSTH JaHi oOmikiB 300yoru. ba3za it ¢gayHICTHYHOTO MOHITOPHHTY Mepeadavaa
MO>KJIMBICTh HArpOMa/KEHHS JaHUX, sIKI HE0OX1HO (iKcyBaTH BiNOBITHO A0 mporpamu Jlitonucy
npupoau. Ile pesynpratu 00JiKiB APIOHUX CCaBIlIB, MUCIHUBCHKOI (hayHH, OpHITOPayHU B PI3HUX
6ioTomax Ta B Pi3HI MOpU POKy. 3 0a3010 JIETKO MpAIfOBaTH, KapTKa MO3alKUCHOTO ONpAIOBAHHS
JIaKOHIYHA, MICTUTH 1H(POpPMAIII0 TPO MiCIe, Yac CIOCTEPEKEHb, METEOPOJIOTIYHI TOKA3HUKH,
0CcOOJIMBOCTI BUAY, HOro 4YHCENbHICTh, CTaTh TBAPHHM, JIATMHCBKY 1 YKpaiHChKY Ha3By. 3
BCTAHOBJICHHSIM Y 3aMlOBIAHUKY (POTO MAcTOK Ta 3BYKOBHX PECHBEPIB, 3alOBHEHHS (hayHICTHUHOI
6a3a cyTTeBO crpocTHiOCh. J1yii MOHITOpUHTY (payHH Oe3XxpeOeTHUX TBapHH PO3POOJIEHO OKpEMY
iHopmariiiny cucremy — «EHTOMOjoOriyHa 0a3a maHuUX», SKa Ma€ TPHUB’SI3Ky J0 MICIIEBOCTI

(puc.4).
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Puc. 4. Euromonoriyna 60a3za JaHuX, BUTIISA KAPTKH (PEHOJIOTIYHUX CIIOCTEPEKEHD

EnTomornoriuna 0a3a maHMX MICTUTh iH(MOpMaIil0 Npo BHJ, HOr0 CHCTEMaTHYHE
TOJIOXKEHHS, YUCEIbHICTh OCOOMH, iX CTaTh, a3y PO3BUTKY (siille, TUUMHKA, JIAJIEUYKa, JOPOCiIa
KoMaxa abo imaro), #oro oxopoHHUH cTaryc. Tako HaBOIUTHCS 1H(MOpPMAIliS MPO OCENTUIIe —
BKa3yeTbcs (iTOLIEHO3, 010TON, €KOJIOTIUHA Hilla, reorpadiyHi KOOpAUHATH, KBapTall, BUILI, THII
JICY Ta Mpo JIOCTITHUKA — BKa3y€eThCs XTO 310paB MaTepiaj i XTO BU3HAUUB.

J5ist mpoBeIeHHST METEOPOJIOTIYHOTO MOHITOPHHTY B IPUPOIHOMY 3aIlOBiTHUKY «Po3TOqus»
Ha nouyaTky 2000-x pokiB Oyno po3po0JieHO creniaii3oBaHUi MpOrpaMHO-anapaTHUH KOMILIEKC.
JlaHuii KOMIUIEKC 3aCTOCOBYETHCS JJIl MPOBEACHHS EKOJIOTTYHOTO MOHITOPUHTY - 3MIH CTaHy
HaBKOJIMIIHBOTO CEPEJOBUINA Ta MOTOAHHUX YMOB, TaKMMM SIK: HIBHJKICTH BITPY, TemIeparypa
MOBITPsI, aTMOC(EepHUN THUCK, HANpPSIMOK BITPY, KUIBKICTh OMNaJiB, MOTYXKHICTh IOJbOBOI
€KBIBaJIEHTHOI /03U IaMa - BUITPOMiHIOBAaHHS TOLIIO.

AmapaTHa YacTHHAa KOMIUIEKCY (pUC. 5) BKJIIOYAE: JaBadi aHAJIOTOBUX Ta IHUGPOBUX
CUTHaJiB, aHajorosi komyratopu, AIll, wnuppoBi KomyTraropu, JIYHIBHUKH, PETICTPH,
MYJIBTHILUIEKCOP, OJIOK YIPaBIiHHS MPUCTPOEM Ta OJIOK KUBJEHHS cucTeMu. ONUTYBaHHS JaBadiB B
cUcTeMi HPOBOJIUTHCS IOCIIOBHO, IMPOTE KaHajl BBOAY aHajaoroBoi iHdopmauii i nudpooi
MPAIIOIOTh MmapanienbHo. [1i1 yac onmuTyBaHHS aHAJTOTOBUX J1aBadiB JIYMJIBHUK 3HIMA€E MTOKA3HUKH 3
uudpoBux naBaviB. CucreMa M03BOJISE MiIKII0YaTH A0 256 aHAnoroBux i 256 mudpoBUX AaBadiB.
KpiMm Toro cucrema [o3Bosis€ MiAKIOYaTH (YHKIIOHAJIBHO 3aBEPIIEHI MPUCTPOi, AKi
NEPEeTBOPIOIOTh Oyab sIKi TMOKAa3HUKM B EJNEKTPUYHUI (aHajJoroBuil abo IUQPOBHIA ) CHUTHAIL
3o0kpema, B HAIIOMY BHUIIAJIKY, A0 CUCTeMH MiaKIoueHo «[Ipunax komOiHOBaHU AJ11 BUMIPIOBAHHS
ioHI3ytouux BunpominioBaHb PKCBH-104».
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Puc. 5. biok-Cxema arnapaTHOl YaCTUHU KOMIUIEKCY

LPT

MopTt

Pezicmp
cmaHy
(SR)

Jlnst miAKITIOYEHHsI CHCTEMH 10 KOoMIT'toTepa oOpainu iHtepdeiic Centronics, Tak sk HUM
OCHAIl[eHa TMpeBakKHA OUIBIIICTE KOMIT IOTEPIB 1 3aCTOCYBAaHHS CHUCTEMHM HE BUKIUKATUME HISKUX

pooJieM.

MerteonapameTpy 3MiHIOIOTbCS MOBUIBHO, ToMY IBUAKOAIT LPT — mopTa, sika cknamae 100 -

150 Ko6aiit/c, MOBHICTIO BHUCTa4ya€ JJsi KEpPyBaHHS CHCTEMOIO, ONMMUTYBaHHS
pe3yJbTaTiB BUMIPIOBaHHSA B 06a3y TaHUX.

Jaui kopekull gaTumnka (KaniGpoeka)

LaHi 3 aarynka:

BumipiEaHa BemuYHMHa:

SUMTAaTH gaHi = 4aTHHES |‘I 23

Nani 5 paryuka

| Buriproe. BEﬂw—MHal

1.23
1.44
236
3.45
4677
5.265
£.589
7852
9,564

144
1.56
366
456
6.458
356
18.56
30,56
60,45

* Braanumd sanuc

1.44

Mokas gaTHKEa

Puc.6. KaniOpyBaHHS MOKa3HUKIB JJaBa4yiB CHCTEMH
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Cucrema mpOEKTyBalach 3 MaKCUMAJIbHUM CIpPOIIEHHSAM amapatHoi YacTUHH 1 3
MaKCUMaJIbHUM HaBaHTAXXEHHSAM Ha IIPOrpaMHy 4acTUHY, UM caMHUM OyJIO JOCSATHYTO THYYKOCTI 1
IHTENEKTYaIbHOCTI PO3p0o0JieHOi cucTeMH. ['HydKicTh MOJsirae B TOMY, IO CHCTEMa HE BUMArae
naBaviB 3 (PiKCOBAaHMMH MapaMETPaAMH.

BumiproBana BenMuMHa, THUN JaBada, I[apaMeTpH, OJUHMII BUMIpIOBaHHA Ta iH.,
BCTaHOBJIIOIOTHCSI KOPUCTYBaueM B IpOLIEC] HAJAIITyBaHHA cucteMu. [Iporpama nae 3mory poourtu
KajgiOpyBaHHS JaBaya, 3 JONOMOIOI YOTO0 MOYKHA 3MEHILIMTH TOCTIiHI 3aBagyl 1 HEMHIHHOCTI
XapaKTepUCTHK J1aBaya, 3MEHIIYIOUM TAKUM YHHOM NOXMOKY OTPUMYBAaHUX JaHUX. (puc.6)

[Ticns mpoBefieHHs KaiOpyBaHHS JaBadiB MporpamMa iHTEpPHOJIOE BXinHI curHamd. Bona
Oylye pemiT4acTy QyHKUIO YTy 3 IHTepBaIoM Auckperusanii T mo KiHIeBid MHOXKUHI {X(0), X(mT),
XemT) - XkmT)} BiI[OMI/IX 3HAUEHb PEIITYacTOl QYHKUIT X1 = X(wmT) TAKOi, 110 B 3aJaHUX TOYKAX
y(mnT) Xemmy (N=0, 1, ..., K), a B inmmx toukax (NT # 0, mT, ..., KMT) GpyHKLUIA Y1) TprOIN3HO
piBHa QyHKIIT X(), 3 ;11(0'1' yTBOPEHa I04aTKOBa pemtityacta QyHKIIS XymT). IHIIMME cioBamMu micis
IIPOBE/ICHHS olepalii KajaiOpyBaHHS cHCT€Ma caMa BHM3HA4ya€ 3HAYEHHS BXIJAHUX CHUTHAJIB 3
HiIBUIEHOI0 YaCTOTOI0 AUCKPETU3allii Y(nT) IO CUTHANAX X(vT) = X(wmT), SK1 Oy BU3HAYEHI i 4ac
KaliOpyBaHHS /1aBayiB.

[HTENeKTYaIbHICTh CHCTEMH TIPOSIBIISIETHCS B aHATI31 BUMIPIOBAaHUX BEJIWYHH 1 B pearyBaHHi
Ha HamepeJ 3amporpamoBaHi NMoka3HUKU. B cuctemi nependaueHa MOKIUBICTh OMUCY CUTYaIIH 1
porpamMyBaHHs TOBIIOMJIEHB, SKi BHIAaBaTUME CHCTEMa 3aJie)KHO BiJ IIOKa3iB JaBadviB.
[ToBiomMIeHHSI MOXYTh OyTH: IITOPMOBMM IOINEPEIPKEHHSIM, KEPIBHULITBOM Ul NPUHHATTA
pilleHHS B KPUTHYHUX CHUTYalisfX, MONEPEHKEHHIM IPO OYiKyBaHY 3arpo3y NpH 30iry NMEeBHHX
IOPUPOJHUX AHOMANiH, pe3yJbTaTH aHai3y TEXHIYHOIO CTaHy CHCTEMH 1 MLUIAXH MOLIYKY
HECIPABHOCTI Ta iH.

[Iporpama po3poOIeHO 3 OpIEHTYBAaHHSIM Ha HEMIATOTOBIEHOIO KOPHUCTyBaya, TOMY
iHTepdeiic mporpamMu € MaKCUMAIILHO JTOCTYITHUH 1 IHTYITHBHO 3po3yminuii. Lle no3Bossie mBHIKO i
3py4YHO KOPUCTYBATHCS IPOrpamolo, Ta JONOMarae 3MEHIIUTH Yac SKMi NOTpiOHUM JuId ii OCBOEHHS
1 IoJIeT1Iy€e poOOTY KIHIIEBOMY KOPHUCTYBAu€BI.

Jns pobGOTH 3 MpOrpamMor0 He MOTPIOHO MAaTH SKUXOCh OCOOJIMBUX 3HaHb, JOCTATHBO
€JIEMEHTAapHUX HaBUKIB pPOOOTH 3 KOMII IOTEPOM, SIKIIO KOPHCTYBad BUIBHO OPIEHTYETHCS B
omnepauiifHiil cucremi Windows, JIeTKO KOPUCTYETbCS CTAaHJAPTHUMHM ITpOrpaMaMH, TO MpH poOoTi 3
JAHOIO TIPOTPAMOIO B HHOTO HE BUHHKHE MTPOOIIEM.

VYea BxigHa iH(opMmalis 3 AaBayiB, 3alMCYeThCS y TEKCTOBI (ailin Ta TMOAAETHCS Y
rpadiyHOMY 1 TaOJIMYHOMY BWIJISIAL,  SIKI MOXKHA MEperjisaTd B 3BUYANHOMY TEKCTOBOMY
penakropi (Notepad, Word). Jlns 3pydHOCTI MOAANBLIOrO ONpPALIOBaHHA JaHUX, POrpaMa MOXe
pobutu exkcrnopt naHux B Excel. KpiM Toro cucrema no3Boisie mneperyisgaTH pe3ysbTaTH
MOHITOpHUHTY B (popmarti 3D rpadiku.

OctanHIM yacoM 3’sBWJIach BEIMY€3HA KUIbKICTh €(QEKTUBHUX 3ac001B ISl CTBOPEHHS
iHpOpMaLIHHUX CUCTEM €KOJIOTIYHOI'O MOHITOPHHTY, MIKPO KOHTPOJIEPIB MPU3HAYCHHUX JJISI CHCTEM
aBTOMAaTHU3aIlll, pOOOTOTEXHIKM Ta 3aJ/1a4 MOB’sI3aHUX 3 MOHITOPUHTOM 1 KJIIMaT KOHTPOJIEM.

CrtBOpeHHs Mikponpolecopa siK (yHKIIIOHAIBHO 3aKiHUE€HOI YaCTUHU KOMII t0Tepa Ha OJHIHN
IHTErpaJIbHIA CXEMI € OJJTHUM 13 HAaHOUIBIIUX JOCSTHEHh MUHYJIOTO JABAIATOTO CTONITTS. 3aTHICTh
IporpaMmyBaTH IOCIIJJOBHOCTI BUKOHYBaHUX (DYHKIIIH, TOOTO 31aTHICTh MpPALIOBATH 32 33JaHOIO
MPOrpaMol0, € OCHOBHOIO BIJAMIHHICTIO MIKPOKOHTPOJIEPIB BiJ] €JIEMEHTIB <(GKOPCTKOI» JIOTIKH
(IHTerpaJIbHUX CXE€M MaJloro 1 CepeIHBOro CTYIEeHs IHTerpamii). YIOCKOHAJEHHS TEXHOJIOT1H
BupoOHunTBa IC 1 BIC nmpuBeno no Toro, mjo 3a MOpIBHSHO HEBEIMKUN Yac 3’ SBUJIMCS KiJIbKa
MOKOJIIHb MIKPOKOHTPOJIEPIB, SKI BIPI3HAIOTHCSA CBOIMU TEXHIYHUMH XapaKTePUCTUKAMH [2].

Jlo nmpukiany HaWMONyJspHIIl  CydacHI  MIKPOKOHTpOJIEpM 3 IX  OCHOBHHMH
XapaKTepUCTUKaMHU, MPU3HAYEH] JJIs1 MOHITOPUHTY, O€3MeKH 1 KIIMaTKOHTPOJIIO, SIKI MOXYTh OyTH
BUKOPHCTAHI JUIsl CTBOPEHHS PI3HOMAHITHUX IMPOEKTIB, CIIPSIMOBAHUX Ha 30ip 1 00OpoOKy JaHUX 3
JATYMKIB Ta KEPYBAaHHS PI3HUMU NPUCTPOSMHU:
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1. CimeiicTBO MikpoKkoHTposiepiB Arduino.
Arduino Uno:

* Mikpokontpoinep: ATmega328P

* Yactora pobotu: 16 MI'1t

» BOynoBana nam’sate: 32 kb ¢uieni- nam’sth

* Bxin/Buxin: 14 nudposux, 6 aHATOTOBUX BXO/IiB

* Inrepdeiicu: USB, 12C, SPI, UART

* OcobmuBocTi: [IpocTuii y BUKOpHUCTaHHI, BeJIMKA CIIIJIBHOTA KOPUCTYBAYiB,

0araTo IOCTYIHUX PO3IIUPEHB (LIUIIIB).

2. Raspberry Pi ( MmikpokoMIroTep, ayXe MOMYJISPHHIA 11 IPOEKTIB

MOHITOPUHTY Ta KJIIIMAaTKOHTPOJIIO):

* Mikpomnportecop: ARM Cortex-A cepii

* Yactora pobotu: PizHa 3anexHo Bix Moseni (3a3Buyaii Big 1 I'T' 1 Buie)

* BoynoBana nam&#39;a1b: 3anexuts Big Mmojeni (3a3su4aii Big 512 Mb no 8 I'b)

* Bxig/Buxig: GPIO ninnm, 12C, SPI, UART

* OcobnuBocTi: Linux-miaTpuMKa, MOKIUBICTh 3alyCKY Pi3HUX MIPOrpaM,

HiAKII0OYeHHS 70 [HTepHeTyY, miaTpuMKa KaMep Ta JaTIUKiB.

3. ESP8266/ESP32 (momyssipHi mist [oT-mipoekTiB):

* Mikpoxkontpoinep: ESP8266 abo ESP32

* Yactora pobotu: ESP8266 - 80 MI'i; ESP32 - no 240 MI'1t

» BOynoBana mam’sath: 3anexuts Big mojen (ESP8266 - Big 512 kb no 16 Mb,

ESP32 - Bix 520 xb no 16 Mb)

* Bxig/suxia: GPIO minu, 12C, SPI, UART, Wi-Fi (ESP8266 mae Tinbku Wi-Fi,

ESP32 - Wi-Fi ta Bluetooth)

* OcobmmBocti: BOynoanuii Wi-Fi, xopoma migrpumka st loT, Hu3bke

CTHOXHMBAHHS €HEpTii.

4. Particle Photon:

* MikpokonTpoinep: STM32F205RGY6

* Yactora pobotu: 120 MI'1g

* BOynoBana nam’sate: 1 Mb dueri-nam’sari

* Bxin/suxin: GPIO niun, 12C, SPI, UART, Wi-Fi

* Oco6muBocti: BOynoanuit Wi-Fi, npoctuii y Bukopucransi juis npoektis loT [2].

i MIKPOKOHTPOJIEPH MAIOTh Pi3HI MOXJIMBOCTI 1 XapaKTEePUCTUKU, TOMY BHOIp 3ajexaTumMe
BiJl KOHKPETHUX MOTpeOd MpoekTy. BoHU 103BOATH 3/iiiCHIOBAaTH 301p JaHUX, BUKOHYBAaTH aHaMi3 1
YIPaBIiHHSA OPUCTPOSIMHU JJI1 MOHITOPHUHTY, O€31eKH 1 KIIMaTKOHTpost0. CTBOPEHHS Ha iX OCHOBI
CHCTEM MAaKCHUMaJbHO CIIPOIIEHO 1 pPO3paXxOBaHO Ha BUKOPUCTAHHA HE MiJrOTOBICHUMH
KOPHUCTYBaYaMH.

BucnoBku. CrtBOpeHHs iHGOpPMaLIHHUX CHUCTEM Uil HPUPOIHO-3ANOBITHUX YCTaHOB
N03BOJIA€ 30MpaTH 1 OOpoOJIATH BEIMKI MAacCHBH JIaHUX EKOCHCTEMHOro (010LeHOTHYHOIO)
MOHITOPUHTY, TependaueHoro mnporpamoro Jlitonucy npuponu. Ha mopsaky aeHHomy - izmes
CTBOpEHHS 1 BIPOBAPKEHHSI €JIEKTPOHHOTO BapiaHTy JliTonucy, icHye mioHaiiMeHIIe 2 Bepcii Takoi
0a3u aHMX, sIKi B TECTOBOMY PEXUMI anpoOyroThesi B okpemux ycraHoBax [13®. BrnpoBamkeHHs
TaKMX CHCTEM Yy MPAKTUKY BCIX 3alOBIIHUX 00’€KTIB (MpUpOIHUX, OiochEepHHUX 3aMOBIIHUKIB Ta
HaI[IOHAJILHUX TAapKiB) 1 MIIKIIOYEHHS 1X 70 Mepexi [HTepHeT macTh MOXKIUBICTH MpalliBHUKAM
MinnoBkiuis B Oyap KWK 4Yac MaTH JOCTYI 10 iHdopmarii, ska BUCBITIIOEThCA B JliTomucax
MIPUPOJIH, HA IeP’)KAaBHOMY piBHI IPUHMATH PIllIEHHS 100 aKTUBHUX 3aXOJ1B 30epeKeHHs BU/IIB Ta
X OCEJIHIII.

1. Anopienxo T.JI., [lonosuu C.IO., [lapuyk I'.B. ma in. Ilpoepama Jlimonucy npupoou ons
3aNn0GIOHUKIE MA HAYIOHATbHUX NPpUpOOHUX napkie: Memod.nocionux./ I1io pedakyicio 0-pa 6ion..
nayx, npogh. T.JI. Auopienko. K.: Axaoemnepioouka, 2002. 103 c.

2. I'atina I'.A. Ochosu npoexmyesanus 6a3 oanux: nasu. nocionux. K.: KHYBA, 2005. 204 c.
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«Posmouusay //Bichux Hayionanvnoco ymuisepcumemy «JIvgiscoka nonimexuikay. — Cep.:
Komn tomepui nayxu ma ingpopmayivini mexnonocii. Jlesise: B-6o Hayionanvhoco yHieepcumemy
«JIvgiecoka nonimexuixkay. 2009. Ne650. C. 234-250.
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Yrpainu: [pupoonuui oocnioxcenns na Pozmouui. Jlveie: PBB HIITY Yxpainu. 2010. Bun. 20.16.
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BUKOPUCTAHHS IHTEJIEKTYAJILHUX CUCTEM B OLIIHIII CTAHIB TEPUTOPIIA
MPUPOJIO3ANOBIIHOTO ®OHLY

Yepun Jleca

Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuixay
JIvsis, Yrpaina

lesya.e.uhryn@Ipnu.ua

Abstract. Today, the use of intelligent systems is extremely relevant. Intelligent systems,
including artificial intelligence, can be widely used in environmental safety issues in different
territories. The lands of the nature reserve fund in Ukraine are decreasing several times due to the
hostilities that are taking place on its territory. Therefore, at the state level, a policy is being pursued
aimed at preserving, researching and developing those territories where it is possible to carry out
preventive and restorative recreational activities of both military personnel and the entire population
of Ukraine. The paper conducts a study of the possibility of using intelligent systems in assessing
the ecological states of territories, considers methods, models and algorithms for evaluating the
analysis and forecasting of the states of such territories, proposes the organization of intelligent
technology for managing the territories of the nature reserve fund.

Key words: intelligent systems, territories of the nature reserve fund, modeling, forecasting,
environmental safety.

AHoTauis. Ha cboronHimHii JeHb BUKOPUCTAHHS 1HTEIEKTYAJbHUX CUCTEM € HaJI3BHUYAITHO
aKTyaJbHUM. [HTeNeKTyanbHI CHUCTEMH, B TOMY YMCIl 1 IITYYHUH IHTEJNEKT, MOXKHA IIHPOKO
BUKOPUCTOBYBATH B OE3IIEKOBUX MUTAHHSIX €KOJOTIYHOTO XapaKTepy Ha Pi3HUX TEPUTOPIAX. 3emili
IIPUPOJ03aNOBIAHOr0 (hoHIY B YKpaiHi 3MEHUIYIOTBCS B pa3u y 3B'A3KY 3 BICBKOBUMH JISIMHU SIKi
BeayThca Ha 11 Tepuropii. Tomy Ha aepkKaBHOMY pPIBHI NPOBOJUTHCS MOJIITUKA CIPSMOBaHA Ha
30epexeHHs, JOCHTIUKEHHSI 1 PO3BUTOK THUX TEPUTOPIH Jie¢ MOXKHA MPOBOJUTH NMPO(DITAKTHUYHO -
BIJIHOBJIIOBAJIbHY O3/J0pPOBYY [ISJIBHICTh SK BIMCHKOBOCIYKOOBIIB TaK 1 BChOTO HaceJEHHS
VYkpainu. B poGoTi npoBesieHO AOCIHIKEHHS! MOKIMBOCTI BUKOPUCTAHHS 1HTEJIEKTYyaIbHUX CUCTEM
B OLIHII €KOJIOTIYHUX CTaHIB TEPUTOPIi, pO3IIISIHYTO METOIN, MOJEI 1 alTOPUTMH OLIIHKH aHalli3y
1 TpPOrHO3yBaHHS CTaHIB TaKUX TEPUTOPiH, 3aMpPONOHOBAHO OpPraHi3allil0 IHTENEKTyaIbHOI
TEXHOJIOT11 KepYBaHHS CTaHAMH TEPUTOPii MPUPOA03aroBITHOTO QOHY.

Knwuosi cnoea: inmenekmyanvni cucmemu, mepumopii npupooo3anogionozo GoHoy,
MOOeNI08aHH s, NPOSHO3YBAHHS, eKON02IUHA be3neKa.

IuTenexTyanpHi 1HQOpMAIiiHI CUCTEMHM 3aCHOBaHI Ha 3HAHHIX 1 € KOMIUIEKCOM
JHTBICTUYHUX MPOTPaMHUX 1 JIOTIKO-MAaTeMaTHMYHHX 3aco0iB IO JIOMOMAaralTh peaizyBaTH
OCHOBHI 3aBJlaHHS B Tiil ramy3i B SKiii BOHM 3aCTOCOBYIOThCS, 30KpeMa B exojorii. Taki
IHTENeKTyallbHI CHCTEMH MOXXYTh OYTH pO3MILEHI SK Ha CalTi /1€ KOpUCTyBau Oyjie BEeCTH
MPUPOJHINA Jlajlor 3 TaKOK CHCTEMOIO, TaK 1 Ha TEXHIYHOMY 3aco01 ne Oyne oOpoOmsTucs
HeoOXxigHa iH(opmanis. /[0 MoBHOMAcIITAOHOrO BTOPTHEHHS CTATHUCTUYHA iH(poOpMaIls IMpo
€KOJIOTTUHUI cTaH TepuTopii 30epiranacs 1 00podsiiacs BIAMOBIAHUMU LeHTpaMu. OCKUIbKH 3apa3
TiSUTBHICTh TaKMX ILIEHTPIB OOMEXeHa, TO MpU aHali3i JaHUX sKi BXKE HAKOMHMYEHI 1 sIKi MOKHA
OTpUMATH 3 THX TEPUTOPIA K1 HE OKYNOBaHI Ta Ha SKUX HE BeAYyThCS OONOBI Aii NOIIBHO
BUOMpATH KOMIUIEKCHE MporpaMHe 3a0e3MedeHHs sIKke BUKOPUCTOBYE METO/AU 1 TEXHIKU IITYYHOT'O
IHTEJIEKTY U1l pO3B'A3KY 3a/Jay sIKI MOB'SI3aHI 3 aHali30M, OOpOOKOIO CTAaTUCTHUYHUX JAaHUX Ta
OPUAHATTSM PillICHb.

BukopucTaHHs 1HTEJIEKTyaIbHMX CHCTEM B OIlIHIII CTaHIB TEPUTOPIHA, pPO3POOICHHS
BIJNIOBITHOTO 1H(OpPMAIIITHOTO anapaty Ajs MPOrHO3yBAaHHS 1 BITHECEHHS JOCHIKYBAaHUX 3€MEIb
0 TpHUpoAO03anoBigHOTO (OHAY, MO O0a3yeThCs Ha METOJaX MOJEIIOBAHHS OIlIHKH CTaHIB
€KOCHCTEM, CTaJI0 METOIO JIaHOTO JOCIKCHHSI.
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KinbKiCcTh KypOpTiB MIiCLIEBOTO 1 JIep>KaBHOTO 3HAUCHHs 3MeHIIyeThes. Jlo BiiiHM B YKpaiHi
cTaryc JepxaBHOro Maiu: KypopT KysuibHuk - npuponHi Teputopii KysulbHUIBKOrO JuUMaHy
Opnecpkoi o0rmacti, KypopT Mupropon - mpuponHi Tepurtopii micta Mupropoaa IlonraBcekoi
obmacTi, kypopT CkaJioBChK - TpUpOAHi TepuTopii MicTa CkagoBchka XepCOHCHKOI 001acTi, KypopT
XMUTBHHUK - TPUPOJHI TepUTOpii MicTa XMminbHuUKa BinHHIBKOI 00macti, KypopT bepasHcbk -
npupoaHi Teputopii micta bepasHceka 3amopizbkoi obmacti, kypopT Caku [1]. Y JIbBiBChKii
00J1acTi TUILKK y YePBHI BJAJIOCS MOBEPHYTH el craTyc micty Mopumn [2]. denyratu BepxoBHoi
Pagu mporonocyBanu 3a 3aKOHONPOEKT, SKMH Hajgae MOpUIMHY CTaTyc KypopTy JepXKaBHOI'O
3Ha4eHHsA. 3 HAOyTTSAM CTaTyCy JEepXaBHOTO KYpOpTYy MICTO OTPHMA€ JOCTYI JI0 OKPEMHX
JepKaBHUX TMporpaM, MmO ¢iHAHCYIOTbCS 3 JepxkOromkery. Kypopr MopmuH, gk IiticHa
€KOCHCTEeMa, 3aCly’)KUB CBil CTaTyC 3aBIsSKM HAYKOBHUM JOCII/DKCHHSM BJIACTUBOCTEH HOTO
JNIKyBaJIbHUX JoKepen. TpyckaBens 1 CxigHummsl 1me me aBa Micta JIbBIBCbKOI 00acTi sKi
3aCIyrOBYIOTb Ha IIed cTaTyc. A TPOBIBIIM €KOJIOTIYHY OIIHKY CTaHiB TEpPUTOPIH
MIPUPOI03aMOBIAHOTO (OHIY 1 BUKOPHCTABIIM IHTENEKTyallbHI CHCTEMH MOKHA Oy/le CTBOPUTH
MaTeMaTHYHy MOJIEb 3 OJAIIBIINM BUKOPUCTAHHSAM ISl TPOTHO3YBAHHS CTAaHY Ii€i €KOCHCTEMH B
nutomy. OnTumanpHe KepyBaHHS CTaHAMM €KOCHCTEMHM TEpUTOpili BHMarae BHKOPUCTAHHS
CYy4acCHUX TEXHOJOTIH MpH iX JOCIHiIKEHHI, siKi 60 0a3yBanHMCh Ha 3aCTOCYBaHHI 1HTEIEKTYaIbHUX
iH(hOpMaLlIHHUX CUCTEM 13 3aCTOCYBAHHSM MITYYHOTO 1HTEJIEKTY.

CporosiHi iHTEJIEKTYaJIbHIMH CHCTEMAaMH MOKHA BBAXKATU Ti CUCTEMH SIKi BUKOPUCTOBYIOTh
TEXHOJIOT11 IITYYHOTO 1HTENEKTY JIJIsl PO3YMIHHS Ta BiJMOBIl HA 3aMUTaHHS KOPUCTYBayiB

[HTeNneKTyabHI CHCTEMH MOXYTh OYTH BHKOPHCTaHi sl OOpOOKM CTaTUCTUYHHX
€KOJIOT1UHUX JTaHUX IS aHaJli3y 3MiH B CEPElOBHUII MPU MPOTHO3YBAaHHI €KOJOTTYHUX TEHIEHIIN
MIPUPOJI03AMIOBITHUX TEPUTOPIH 1 pO3POOKHM CTpATErii yIpaBIiHHS pecypcaMu JaHUX TEPUTOPIH.

Takumu cucremamMu MOXKyTh OyTH [3]:

1. Cucremu HaBYaHHS [Tt Kiacu(ikamii THITIB €KOJOTIYHUX JaHUX Ha OCHOBI 300pakeHb 3
JPOHIB 200 CYIyTHUKOBUX 3HIMKIB.

2. AHaniTH4YHI CHUCTEMHM Ul MPOTHO3YBAHHS 3MIH HAa OCHOBI METEOPOJIOTIYHUX JaHUX 3a
MEeBHUH TIEPioJ.

3. ExcnepTHi cUCTeMHU [JIsi BH3HAUEHHSI €KOJOTIYHUX BIUIMBIB MJISUTBHOCTI JIIOJWHU Ha
OCHOBI B1JIOMOCTEH PO 3eMJICKOPUCTYBaHH Ta O10p13HOMAHITTS.

4. Cucremu aHami3y JAaHUX U1 BUSBICHHS 3B'SI3KIB MDK 3a0pyJHEHHSIM JOBKULIS 1
MOKa3HUKIB 37I0POB'sl HACEJICHHS JaHUX TEPUTOPIHL.

[nTenexryanbHi iHQOpMaILIiiHI CUCTEMH MOXYTh BUPIIIUTHU TaKl 3aJadi:

e [HTEeprpeTyBaTH AaHi HEOOXiAHI sl €KCIIEPTHOI CUCTEMH, TOOTO BU3HAUUTH 3MICT JTaHUX
X KOPEKTHICTb 1 IOCTOBIPHICTB 1110 Nepedadae 6araroBapiaHTHUN aHai3.

e [[poBecTH A1arHOCTUKY CHIBBIJHOIIEHHS 00'€KTY OCIHIIKEHHS 3 TUM KJIAaCOM OO0'€KTIB SIK1
MOKYTh BUKJIMKATH BIXWUJICHHS BiJl HOPMH B TOCITIDKEHHAX 1 IPUBECTH 10 XMOHUX PE3yNIbTaTiB.

¢ 31IICHUTH  MOHITOPUHI  €KOJIOTIYHOIO  CTaHy  IMPUPOAO3aNOBIIHOI  TEpUTOPIi,
IHTEpIPETYBaTH JaHl B peaJIbHOMY 4aci 1 pearyBaTi Ha BXiJH1 1 BUX1/IHI TapaMeTpH.

eHa erami npoekTyBaHHS MOXXHAa NIpPOBECTH crHenu(ikaimilo Ha CTBOPEHHS OO'€KTIB 13
3a3/ajerijib BU3HAYeHUMH BJIACTHBOCTSIMH, MIATOTYBaTH AOKyMEHTalito. [IpoekTyBaHHS 103BOJISIE
TICHO MOEJHATH JBa MPOLIECH MTPOLIEC BUBEACHHS PIIIEHHS 1 IPOLIEC TOSICHEHHS.

e[IporHo3yBaHHs OAMH 13 BaXJIMBUX €TaliB BUKOPUCTAHHS  IHTENEKTyaJIbHUX
iH(hOpMaLlIHHUX CUCTEM JO03BOJIsA€ Mepea0aYnTH HACHIAKMA BIUIMBY THUX YHM IHIIMX YUHHUKIB Ha
€KOJIOT1UHY CHUTYaIlilo, 1oii abo sSBUIIa Ha MiACTaBl aHaJi3y HasBHUX JaHMUX. Taka cuctema 3Moxe
BUBECTH HMOBIPHI HACHiJK{, BUKOPUCTOBYIOUM IapaMETPUYHO-JAWHAMIUHY MOJeNb ska Oyne
OCHOBOIO ISl TPOTHO3Y 32 MMOBIPHICHUMU OIlIHKaMH TIJIAaHYBAHHS 1 3aCTOCOBYE MOJIENh TTOBEAIHKH
peanbHUX 00'€KTIB 3 THM, 1100 JIOTIYHO BHBECTH HACTIJIKM IUIAHOBAHOI JISUIBHOCTI Ha TEpUTOPIi
MPUPOI03aIioBiTHOTO (DoHTY. 3HAUCHHS TTapaMeTPiB YITKO BIAMOBIIATUMYTH 3aJaHIl CUTYaIli.

¢ 3a1aua HaBYAHHS MOJIATAE Y JIarHOCTYBaHHI OMMJIOK 1 MPUHHSTTI IPAaBUIBHOTO PillIEHHS.

eKepyBanHss — mmie OJHA 3aqada IHTEJCKTyaJdbHOI CHCTEMH, SKa BKIIOYa€e (YHKIIIO
yIPaBIiHHS TOBEIIHKOK CKIQIHUX €KOCHCTEM BiJIMTOBIIHO J0 33JaHUX CrerudiKaiii
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¢ 3aauya MiATPUMKU MPUAHSATTS PIIIEHb MICTUTh CYKYIHICTh MpPOLERyp SIKi 3a0e3MeuyroTh
(haxiBIs HEOOX1AHOO 1H(GOPMAITIEIO 0 T03BOJIsIE BUOpATH 3 O€3:114i BapiaHTIB MOTPiOHE PillICHHS.

[lpu BuKOpUCTaHHI iHPOPMALIWHUX CHUCTEM 3aCTOCOBYIOTh IIJIXOAM $IKi JO3BOJSIOTH
e(eKTUBHO BIiJICITIIKOBYBATH Ta OILIIHIOBATH CTaH TEPUTOPIi MPUPOI03aMIOBITHOTO (DOHTY:

e AmHami3 CymyTHHKOBHX 3HIMKiB. Cucrtemu o0poOkH 300pa’k€Hb MOXYTh ABTOMATUYHO
BU3HAYaTH 3MiHH y TIPUPOJAHBOMY CEPEIOBHII, BKIIIOYAIOUYM BUPYOKY JiCiB, 3MIHU B POCIMHHOCTI,
3a0pyTHEHHS BOJM 1 MOBITPS.

e [IporHo3yBaHHs 3MiH. Mojeni IHTEIEKTYyaJIbHOIO HaBYaHHS MOXYTh BHKOPHUCTOBYBATH
CTaTUCTHYHI JIaHi JUIsl MPOrHO3YBAaHHS 3MiH Ha JIOCIIJDKYBaHilil TepUTOPIi.

e Mounitopunr. CuctemMu posmi3HaBaHHS oOpa3iB MOXYTh aBTOMATUYHO BHU3HAYaTU
pI3HOMAHITHI BHUJM POCIWH 1 TBapUH HA OCHOBI 300pa)X€HHs Ta ay/i03aluCiB, M0 JIO0TOMarae
BiJICTE)KYBaTH 3MiHU B CTaH1 JOCII[)KYBaHOT €KOCHCTEMHU.

e OriHKa €KOJOTIYHUX I1HJEKCIB. IHTeNneKTyaabHI CHUCTEMH MOXXYTh OOpOOJATH Pi3HI
napaMeTpy €KOCHUCTEM I00 po3paxyBaTd 1HACKCH TaKi SIK 1HAEKC CTaOUIbHOCTI eKocHucTeMH abo
1HICKC PI3HOMAaHITHOCTI, IO JIONIOMAra€ B OIIHI[I CTIKOCTI i€ €KOCUCTEMH.

OcHoBaHa yBara rnoBuHHa OyTH 30cepeKeHa:

—Ha BUpINIEHI 3arajJbHUX 3aKOHOMIPHOCTEW 1 MeXaHi3MiB B3aeMojii Opra”i3miB 3
(hakTOpaMy HABKOJHUIIIHBOTO MPUPOTHOTO CEPEIOBUIIIA,

—Ha po3poOIi METOOJIOTIi BCTAHOBIICHHS KUIBKICHUX 1 SKICHHX 3B’SI3KIB MK CTEICHEM
BIUTUBY PI3HUX MIKIIIMBUX (PAKTOpIB Ha CTaH 370POB’S OKPEMHMX KOHTHHIEHTIB HAacENeHHS Ta
MIPOTHO3YBAHHS IIMX IPOIIECIB;

—yJIOCKOHAJIEHHSI Teopii Ta MPaKTUKH perijaMeHTalii KJIIMaTUYHHX, (QI3UYHUX Ta IHIIMX
(hakTOpiB B PI3HUX CEPEOBUINAX;

—HampsIMKIB TOILIYKY IMIJISXIB MiJBUIIECHHS PE3UCTEHTHOCTI OpraHi3MiB, HOro HaAiHMHOCTI
MIPY BIUIMBI LIKIJUIMBUX (PAKTOPIB;

—METOAM 1 TEXHOJIOTii 3amo0iraHHs Ta YCYHEHHsI BIUIMBY LHX (DakTOpiB Ha OpraHiam
nronuHu[4].

ToMy peranbHe BHBYEHHS OpraHizailii B3a€MOIl JKUBUX CHCTEM 3 TPUPOJHUM
CEPEJIOBUIIIEM BUMArae Jijisi KOMIUIEKCHOTO JOCIIHKEHHS Ta aHaJi3y X CTaHIB CHCTEMHOTO MiIXOIy
— BCECTOPOHHBOIO  aHali3y TepuTOpii MPUPOA03aNOBIIHOIO (HOHIY 3a  JTONOMOIOKO
IHTEJIEKTYaJIbHUX CUCTEM, SIKI MO’KHA HaBUMTH aHAII3yBaTH 3 HallPI3HOMAHITHIIIUX CTOPIH BILIMBU
aHTPOIOTeHHUX (PAaKTOpiB Ha eneMeHTH Oiocdepu[S]. [HTeNeKTyallbHOIO CUCTEMOIO MPOBOAUTHCS
rnOokuil aHamiz e(deKTiB IMX BIUIMBIB 3 METOH BHUSBICHHS HAMBAKIMBIIIMX CTOPIH IS
ONTUMI3AIIi] B3aEMO/IT ’KUBUX CHCTEM 3 HABKOJUILHIM CEpPeIOBHILEM, Ta KEPYBaHHS CTAHAMU 1IbOT'O
CepeIoBHIIA.

Ile 1o3BOIMIIO 6 YCHIIIHO peani3yBaTH HACTYITHI KOMIIJIEKCH NMUTaHb:

—IUISIXH MITpalii MKiJIMBUX TSI )KUBUX CHCTEM PEYOBHH B €KOCHCTEMAX;

—PO3MOiT UX PEUYOBHHHU B IPUPOJTHOMY CEPETOBHILI;

—iX KOHIEHTpalis B TOMY 4YM IHIIOMY elieMeHTI Oiocdepu Ta OIOIEHO31 B LIJIOMY, il
IAHAMIKa;

—sAKy [0 3IACHIOE MJBUIICHHH BMICT WIKIJJIMBUX PEUYOBHUH B HABKOJHUIIHbOMY
CEepEeIOBHILII HA JKUB1 CUCTEMHU 1 SIKa PEAKIIisl X CUCTEM;

—sK1 ONTUMAJIbHI IIUISIXM YCYHEHHsI a00 HeWTpanizamii 1ii mKiUIMBUX (HaKTOpPIB.

BupimeHHss nux nuTaHb J03BOJISIE BCTAHOBUTH CTaH MPHUPOJHOTO CEPEOBUINA MpH il
AQHTPOIIOTEHHUX 1 TEXHOTEHHUX (PaKTOpiB, IO HAJIA€ MOXJIMBICTh MPUUMATH PIIICHHS MO BHOOPY
ONTUMAJILHUX METOJIIB Ta METOJUK MO YIPABIiHHIO CTAHAMU MPUPOIAHOTO CEPEIOBUIIA TEPUTOPIH

Ha npuknani xypopTy MOpHmMH BHIHO, II0 PO3BUTOK E€KOCHUCTEM TEpUTOpii
pupoI03anoBigHoro GoHAy — 1€ Hacammepesn 30epexeHHs 1 pallioHaJlbHe BUKOPHUCTAHHS
NpUpoOaHUX pecypciB [5-6]. A omHi€l0 i3 OCHOBHHMX 3aJad CTa€ BHBUYCHHS MEXaHi3MiB, SIKi
BH3HAYAIOTh JMHAMIYHI BJIACTUBOCTI MPOIECIB, IO BiAOYBalOTHCS BUOPAHOMY MPHUPOTHOMY
cepenoBuili. Tomy, iCHye HEOOXiTHICTH B PO3pOOII CHEIiaIbHUX METOJIB, SKi O T03BOJISIN
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BUBYATH JHWHAMIYHI BJIACTUBOCTI MPUPOJHUX OO’€KTIB, HE MIiAMAI0YM IX pYHHYBaHHIO. A
3aCTOCYBAaHHS IHTENEKTYAIbHUX CHUCTEM JOCITIKCHHS Ta IPOTHO3YBaHHS CTaHIB IMPHPOTHOTO
Cepe/oBHUINA HAa BCIX PIBHAX 1 IHTEJEKTYaJbHUX CHCTEM YIPABIIHHA CTaHAMH HPUPOJHOTO
Cepe/IoBUINA TPU il aHTPONOTCHHUX Ta TEXHOTCHHUX (PAKTOPIB B KOMIUIEKCI CTAHOBUTUMYTh
IHTENIEKTyaIbHy TEXHOJOTiI0 KEpyBaHHA CTaHAMU €KOCHCTEM, CTPYKTypa SKOI IpeAcTaBlIeHa Ha
puc. 1.

| BA3A JIAHUX |

[TpuiiHATTS pilieHb [TpuiHATTS pilieHb

| Bucuokn | | 3mammalpony | | Bucwokn | | 3mammslpony |
o 110 YIIPaBJIIHHIO
| Excnepr | | Excnepr |
CTaHax CTaHaMH
3uanns I pony Iarepdeiic 3nanns Il pony Iarepdeiic
KOpHUCTyBaya KOpUCTYBaya
€KOCHCTEM EKOCUCTEM
4 4
| v BAHK JJAHUX v
| |
JlOCITiKEHHS CTaHiB MoeTIOBaHH) CTaHiB
O6pobxa Ominka i biok indpopmarrii
IIPOTHO3YB.
€KOJIOT1YHOT CTaHIB
1Hdopmarii €KOCHCTEM bank monenen Cunres
1- moznens MoOJIeIeH
Awnais 30ip 2 — MoJ€enb
€KOJIOT14HOT €KOJIOT14HOT e IIpencrasnen.
iH(popMartii iHpopMmarii N — MOZEIb pe3yJbTaTiB
| IaTepdeiic koputyBaya | | Intepdeiic kopuctyBaua
€KOCHCTEM eKOCHUCTEM

| "EKOCHUCTEMHU |
I !

OOPMYBAHHA TA PEAJIIBAIA VIIPABJIAIOUMX BIUIMBIB

OCTATOYHE ITPUMHSTTS PIIIEHD
OPI'AHU T1IO OXOPOHI [TPUPOJJHOI'O CEPEJIOBUIIIA

\

<=

Puc. 1. Ctpykrypa iHTEIEKTYyaIbHOI TEXHOJIOT1i KEPYBaHHS CTaAHAMH €KOCHCTEM

OcTaToyHe TPUHHSATTS PIIIEHHS JO3BOJHMTH MEPEUTH JIO MPOTHO3YBAHHS CTaHy TOTO YU
HIIIOTO €KOJIOTIYHOTO MPOLIeCy Ha JOCHIIKYBAHUX TEPUTOPISX 3 METOI ONTUMI3alii AisSTBHOCTI
JIOMWHA IOAO0 3a0€3MeYeHHs] MIHIMAIBbHOTO CTYINEHs 11 HEraTMBHOTO BIUIMBY Ha EKOJIOT1YHE
cepenosuiie. SKo MoxHa Oye 3MOAEIIOBATA CTaH €KOCHCTEMHU Ha TepuUTOpii MOpIIMHKYpPOPTY ,
TO BIJMOBITHO MOXKHA OyJie CIIPOTHO3YBAaTH 1 CTaH eKocucTeMH Teputopiil Tpyckasms 1 CxigHUIL,
AKI MarOTh CXOX1 HPUPOAHI CEPEIOBMINA 1 MOXYTh TaKOX NPETEHIYBAaTH Ha CTaTyC TEPUTOPIH
MPUPOJI03aIIOBITHOTO (POHIY Ta KYpOPTIB JEPKaBHOTO 3HAYCHHs. 3a JIOTIOMOTO0 MOJCITIOBAHHS
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OJICPKMMO MOXKJIUBICTh OIIHIOBaHHS NOTCHIIWHUX HACHIAKIB 3aCTOCYBaHHS PI3HUX CTpaTerii
OIIEPATUBHOIO KEPYBAHH T BIUIMBY HA €KOCUCTEMY.

Pekpeamiiini pecypcu perioHiB MoXHa €()EKTHBHO BHKOPHUCTOBYBAaTH 32 YMOBHU
po3po0JIeHHs, BIPOBAHKCHHS Ta BHUKOPUCTAHHS Cy4YacHUX 1H(GOPMAIIHHUX TEXHOJOTIH Yy
JOCIIDKeHHI cTaHiB ekocucteM [7-8]. B mocmijpkeHHsX HeoOXigHa po3poOKa OOIpyHTOBaHOI
JIOBIOCTPOKOBOT CTparterii Jiid 3 BpaxyBaHHSAM YCi€l CKJIATHOCTI €KOJIOTIYHHUX Ta COILIAJbHUX
¢axropiB. i onTuMizamii B3aeMoii )KUBUX CUCTEM 3 HABKOJIMIIHIM CEPEIOBHIIEM, Ta KEPYBAHHS
CTaHAMU IIbOTO CEPEAOBUIIA MPOBOAAThH TNIMOOKUN aHaJi3 €PEKTIB IIUX BIUIMBIB. A JIJIsl KUIBKICHOTO
BUBYCHHS IIMX TIPOIECIB 1 CTBOPEHHA I1H(POPMALIHHUX CHUCTEM BHUKOPHUCTOBYIOTH METOJIU
MaTeMaTUYHOIO0 MOJIEIIOBAHHS, K1 JO3BOJISIOTH NIPEJICTABUTU IIEPEHOC 1 IEPETBOPEHHS MIKIATUBUX
peuoBuH B mpupoiHux cepenoBuinax[9-10]. 3MiHHUMHM TakuX MoOjENEH € BEIWYHMHU, IO
11eHTU(DIKYIOTh BMICT B eJieMeHTax OiocdepH pi3HHUX PEUOBHH, SKI MUPKYIIOIOTH y mpuponai. B
KOKHIA 3 [UX MOJENEH pO3IIAJAETbCA CyMiCHA JWHAMIKa IJIOT0O KOMIUIEKCY PEYOBHH B
MPUPOJHUX CepeloBUIax abo pizHUX ¢a3 (TBepaoi, piAMHHOI, ra3onomioHoi) omHiel 1 Tiel x
pedoBHHHA. B cydacHHMX MOJENsAX 3MiHHI HEPEeBAXKHO [€3arperyioThcs IO MPOCTOPY, TOOTO
PO3TIIAIa€TbCA BMICT JIaHOT PEYOBUHU B OKpEMOMY elleMeHTi Oiocdepu, a He B O10reo1eHosi, 4 B
6ioctepi B miiomy.

OCKUTBKH HIKIJUIMBI PEYOBUHU TMOCTIHHO MITPYIOTh, BRXIIMBUM € JIOCHIIKCHHS TUHAMIKU
CTaHIB €KOCHUCTEM TEPHUTOPIH MPHPON03ANOBITHOrO (HOHAY Ta KOHIEHTpAIlil IMIKIIJIMBUX PEUYOBHH
Ha HHUX. Pi3HI pEeYyOBMHH, ONMMHMUBIIKUCHL B arMmocdepi, MOXKYTh MEPEHOCUTHUCH MOBITPSIHUMU
MMOTOKAMH 32 paXxyHOK TpoIieciB Audy3ii, ociiaT B aep0o30JIsX, BUBOJUTHCH 3 aTMOC(HEPH O aMH,
HAKONHUYYBaTHCh B I'PYHTaX, NEPEHOCUTHCHh BOJOTOKaMM, BCTYNAIOUYM IPU LIbOMY B Pi3HI XIMi4HI
peakiii 1 CTBOPIOIOYM pi3HI OpraHiyHi i HEOpraHiuHi CHOJYKH, SIKi MOTIM OyIyThb BIUTUBATH Ha
XIMIYHUH CTaH BOJU SKa € OCHOBHHMM IUIIOIIMM 0araTCTBOM IMX TepUTOpid. s KiIbKiCHOTO
BHUBYCHHS LIUX MPOIECiB OyJeMO BUKOPHUCTOBYBAaTH CaMe€ METOIM MAaTeMaTHYHOT'O MOEIIOBAaHHS,
SK1 JTO3BOJISIIOTH B MEBHIM Mipi CHHTE3yBaTH MpEJICTaBIEHHS PO XapakTrep reoi3MyHUX Ta
reoXiMIYHMX MPOIIECIB, B 3arajbHUX pHUCAX IMPEACTABUTH NEPEHOC 1 MEPETBOPEHHS HIKIUIMBUX
PEUOBHMH B NMPHUPOJHUX CEPElOBHIAX. 3MIHHUMHU LUX MOJENEH € BEJMYMHHU, L0 11eHTU(IKYIOTh
BMICT B €JeMeHTax Olocdepu pi3HMX PEUOBHUH, SKI LHUPKYIIOIOTH y Npupoii. B koxHIM 3 mux
MoJieNIell  pO3IJIIAETbCA  CyMICHA JMHAMiKa LIJOr0 KOMIUIEKCY PEYOBMH B  IMPHPOTHHUX
cepenoBuIiax abo pi3HUX (a3 ONHIET 1 TIET )X pedoBUHU. B cTBOproBaHiil Moneni BHpa3 SKUN
BH3Ha4Ya€ BMICT PEUOBHHHU B BOJII, IPYHTI YU MOBITP1 MICTUTh 3aJI€KHI 3MIHHI SIKI MalOTh MEPEBAKHO
TPU 1HAEKCHU: 1HJEKC ISl TIO3HAYEHHS 00JIaCcTi MPOCTOPY; 1HJEKC ISl MO3HAYEHHS re0(i3uIHOTrOo
Cepe/loBUINa; 1HAEKC I MO3HaYeHHs camoi pedoBHHHU. OlliHKA, aHaji3 Ta MPOrHO3YBaHHS CTaHIB
€KOCHCTEM B JIaHIN 1HTEJIEKTYyaJIbHIM T€XHOJOTr1] MPOBOJUTHCS HAa OCHOBI JiaHItoriB Mapkosa. J{is
I[OTO CTaHU €KOCHCTEM IPE/ICTABIISAIOTh Y BUIIIA/II 1€papXiuyHOi CTPYKTYpH, Jie CTaHU Oiocdepu Ta
JOCITIJDKYBAaHUX ~ O10TEOIIEHO31B  MPEJCTABISAIOTHCS TpadamMu YOTUPHOX CTaHIB:  «IOOpHUii»;
«3aJIOBUTBHUIY; «HE3aJ0BUIbHUI»; «OTaHUNH» — SKI BUBYAIOTHCA KOHIIEHTPALIE IIKIJUTUBOT
pedoBUHU eneMeHTa Oiocdepu meBHOI TepuTopii. ToMy KOHILIEHTpalil0 MIKiAJMBUX PEYOBUH B
Mojieni Oy/ie OMMCaHO YOTHpPMa CTaHAMHU: «HOPMay; «HUXKUYE HOPMHU»; «BHUIIE HOPMU»; «CYTTEBO
BUIIIE HOPMI». 3HAUSHHSI IUX CTaHIB IS KO)KHOT PEUOBHHH MOXYTh OYTH Pi3HHMH.

3Ha4yeHHsl IHTEHCUBHOCTEH MEpexo/iB 13 CTaHy B CTaH JJIS KOXKHOTO eJleMEeHTa iepapXiuHoi
CTPYKTYpU TPEICTAaBISIIOTE COOOI0 CTAaTUCTUYHY 1HGOpMaIlilo, SKy MOXKHa OTPUMYBAaTH B
pe3yibTati GyHKIIOHYBAaHHS JTOCIIIKYBaHOI CUCTEMH.

Jlnst OLIHKK Ta TPOTHO3YBaHHS CTaHIB IIMX €KOCHCTEM TEPUTOPIA MPUPOI03aMOBITHOTO
¢doHay 1 IX erdeMeHTIB, iHpOpMallil0 JOLIIFHO 30UpaTh B pi3HI MPOMIKKH 4acy (YHKIIOHYBaHHS
CUCTeMHU. 3IMCHIOBATH MJOCHIPKEHHS CTaHIB KOHILIEHTpalii IIKJIMBUX pPEYOBHUH Ta CTaHIB
€KOCHCTEM B JMHAMIYHOMY Ta CTalllOHAPHOMY pEXXHUMaX, 1110 JI03BOJISE TPOrHO3YBATH 111 CTAHHU.

OT1xe, OIliIHKA CTaHy TEPUTOPIT IPUPOI03aMIOBITHOTO (POHTY € BaKIMBUM €TAlOM B MPOIIECi
il ympaBiIiHHSA Ta OXOPOHH, OCKUIBKM HA/la€ BAXJIMBY 1H(OpPMAIIIIO JJIs IPUHHATTA pillleHb 3 METOIO
30epexeHHsT OlOpI3HOMAHITTS Ta CTIHKOCTI TPHUPOTHOTO CEPeIOBUINA Ha JaHIM TEepUTopii.
[HTENneKTyalbHI CUCTEMH J03BOJIAIOTH 310paTH AaHi, MpOaHai3yBaTH, BUSBUTU 3arpo3H, OL[IHUTH
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CTIMKICTh €KOCHCTEMH 0 3MiH, BKJIIOYAIOYM 3MiHY KJIiMary, 3a0pyAHEHHs Ta iHII (aKTopH,
BpaxyBaTH Pi3HI MMOKa3HUKHU 3[I0POB'S €KOCUCTEMHU. | Ha OCHOBI CTBOPEHOI MaTeMaTHYHOI MO
BUKOPUCTATH OTPUMAaHI Pe3yJabTaTH ISl MPOTHO3YBAaHHS MOXJIMBHX 3MIH B CTaHI €KOCHUCTEMH 3
METOIO 3aIro0iraHHs PI3HOMaHITHUM 3arpo3am sIKi MOKyTh BUHUKHYTH B MalOyTHHOMY Ha JaHHUX
TepUTOpPisX. [HTENEKTyanbHI CUCTEMH JI03BOJISATH 3aCTOCYBATH PO3POOJICHY MOJENb, 3A1HCHUBIIN
MOTIEPETHIO OIIHKY, JI0 TEPUTOPIH SIKI MOXYTh CTaTH MPHUPOIO3ANOBITHHMHA MAaKOUd B CBOEMY
apceHali CXoXXuil Habip MPUPOAHUX MTAPAMETPIB.

B naniii po6otri OyB mpoBeICHMI aHATI3 IHTEICKTyaIbHUX CHCTEM 3a JIONOMOTOIO SKHX
MOKHA BUKOPHUCTATH IHTEIIEKTYAIbHY TEXHOJIOTIIO OI[IHKH CTaHIB TEPUTOPIH MPUPOI03ATIOBITHOTO
¢donay. Ha OCHOBI MOJENBHUX IOCIHIKEHb AWHAMIKH CTaHIB €KOCHCTEMH OyayTh chOpMoOBaHi
KpUTEpil AKOCTI Ta JOMyCTUMI OOMEXeHHS. MOJETIOBaHHsS CTaHIB 1HTEIEKTYaJbHOIO CHCTEMOIO
BUKOPHUCTOBYETHCSI 3 OJHIET CTOPOHM JUIs NMPOTHO3YBAHHS CTaHIB €KOCHCTEMH IPU HAasIBHOCTI B
0aHKy TaHUX TOYaTKOBUX YMOB, a 3 JIPYroi CTOPOHHU ISl IPOTHO3YBAHHS IUISIXOM MOPIBHSHHS 3
€TaJIOHHUMH JQHHUMHU TIPOTHO3Y IO MICTHUThCS B OaHKY JaHUX 1 SKUW OTPUMAaHUM MUIIXOM
peastizariii MaTeMaTHIHUX MOJICJICH MPH 33JaHUX TTOYATKOBUX YMOBaX.

1. Tosapucmeo  nikysanvbHo-0300poguux  3akaadié  npoghcninox  Vkpainu.  URL:
https://kurort.gov.ua/gromadyanam/kurorty-derzhavnogo-ta-misczevogo-znachennya/

2. Bepxosua Paoa Ykpainu, 3axkon npo o02oniouienHs NpupooOHux mepumopin micma
Mopuwuna, npupoonux mepumopii Mopuiuncbko2o po0osuwa MiHEpaIbHUX JIKY8ANbHUX PO3COI8
ma npupoonux mepumopiu Huniecokoeo podosuwa minepanrbHux aiky8aibHux po3zconis Jlvgiscvrkoi
obnacmi  kypopmom  Oepocasnozo  3uauenns 6i0  10.06.2023 p. MNe3151-IX. URL:
http://wl.cl.rada.gov.ua/pls/zweb2/webproc4_1?pf3511=75395

3. Inmenexmyanvni mexuono2ii ma cucmemu WMY4YHO20 IHmMeneKkmy O NIOMPUMKU
NPUIHAMMS piuiend. Tkanenxo O.M. ma [HWiI. URL:
https://tit.dut.edu.ua/index.php/telecommunication/article/view/2247

4. Hecmepenxo O.B., Kosmyneyv O.B., @anoscvkuii O.0. Inmenexmyanvni cucmemu i
mexHonoeii. Beionuii kypc: Hasuanvnuii nocionux.K.: Hayionanvna axademis ynpaeninns, 2017. 90
c.

5. BueuenHs npupoOHux 1iKy8aibHUX pecypcié Ha mepumopiax npupooHo-3ano8ioH020 Gonoy
3aeanbHooepoicasno2o snavenus. Hikinenosa O.M., Hoeoopan O.B., 3axapuenxo €.4. URL:
http://ukrzdrav.com/images/stories/nikipelov%6201.pdf

6. Kpuxiecoxkuti M.B., Muxaiinie B.l., Camanie JILB. Jliacnocmuka inghopmayiiinoco
3abe3neuenns exonoziunux ciyxco. URL: http://elar.nung.edu.ua/handle/123456789/9116

7. Oopexisckuti M.B., Vepun JIL.E. Oyinka u npocHo3y8aHHs CMAHY eKOJ02IYHOI Oe3neKu
mepumopii. Buoasnuymeo /pozobuy, 2006.

8. Oopexiecokuii  M.B.  Memoou  eKOHOMIKO-MAmMeMamuyHo20  aHAi3y  PO36UMKY
pekpeayiinux inHosayiunux nionpuemcms. Bicnuk, 2010.

9. Vepun JILE. Ananiz exoHOMIKO-MAmeMamuyHux Memooié OYiHKU mMa NPOSHO3VEAHHS
cmitikocmi ma eghekmusHocmi iHHo8ayiuHux nionpuemcms. Buoasnuymeo 3V KI], 2012.

10. Yepun JLE.  Ananiz  cmawie = mepumopiti  NpuUpoO03ano8ioH020  HOHOY
3aeanbHoOepacasnozo 3uavenns Il Ingpopmayiini ma innosayitini mexuonocii. XXI cmonimms:

npobaemu ma nepcnekmusu po3sumky. mamepianu VI Mixcuapoonoi naykoeoi kongpepenyii
(Komosiye, 19-20 gepecnsa 2023 p.). 2023. C. 41-42.

175


http://elar.nung.edu.ua/handle/123456789/9116
https://is.lpnu.ua/ScienceLP/Research/NonPArticlesEdit.aspx?id=144709
https://is.lpnu.ua/ScienceLP/Research/NonPArticlesEdit.aspx?id=144709

BITPOBAUKEHHS SMART TA 10T TEXHOJIOT'TH 1151 CACTEM TEILIO- TA
EJIEKTPOIIOCTAYAHHA

Hneuxo Bonooumup

Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuixay
JIvsis, Yrpaina

Volodymyr.l.Yalechko@Ipnu.ua

Y crarti po3TIAArOThCS TMEPCIEKTHBH Ta MOXKIMBOCTI  PO3BHTKY €HEPTeTUYHOIO
KOMIUIEKCY YKpaiHH 1 MOXIIMBICTh CTBOPEHHS CY4YacHOTO CHEPrOKOMIUICKCY 3a pPaxyHOK
BIIpoBa DKeHHS KoHMenmii Smart Grid. B crarrti ommcani cmocoOu OCy4acHEHHS €HEPreTHYHOTO
KOMIUICKCY YKpaiHU ONUPAIOYMCh HA BIAMOBIIHI TEXHOJOTIYHI PIMICHHS Ta TEXHOJIOTI].
VY3araJlbHEHO TMPEACTABICHO MOPIBHUIBHY XapaKTEPUCTUKY BIACTUBOCTEH JIFOYMX CHEPTETUYHHUX
CUCTEM 1 €HepreTUYHUX CUCTEM, SIKi MOKYTh OyTH chopMoBaHi Ha 6a3i TexHosoriid Smart Grid Ta
IoT.

Knwwuosi cnosa: mepesca, loT, pobomomexnika, enepeemuuHuil KOMNIEKC, MOHIMOPUHS
obnaounanns, Smart Grid

The article considers the prospects and opportunities of developments Ukraine's energy
complex and the possibility of creating a modern energy complex through the implementation of the
Smart Grid concept. The article describes the ways of updating the energy complex of Ukraine,
based on the relevant technological solutions and technologies. The comparative characteristics of
the properties of existing power systems and energy systems that can be formed on the basis of
Smart Grid and IOT technologies are presented in this article.

Keywords: network, 10T, robotics, energy complex, equipment monitoring, Smart Grid

Beryn. 3 K0XKHUM poKOM IIUGPOBI TEXHOJIOTIT 3MIHIOIOTh OBCSKACHHE KUTTS, CTBOPIOIOYN
3acaau Ui CTaJOro COLialbHO-€KOHOMIYHOTO PO3BUTKY. ChOroJHI y CBITI MOIIMPEHUMH € TakKi
uugposi TexHosorii, ak loT, 3D-apyk, xmapHi 00uuCieHHs, pOOOTOTEXHIKA, JPOHHU, OJIOKYEH,
JIONIOBHEHA, BipTyajbHa Ta 3MilaHa peanbHicTh (AR, VR, MR) Ta ixmi. 3aBasku aBToMaTH3allil Ta
pOOOTOTEXHIIl, CEKTOpP MPOMHCIOBOCTI Ta EHEPreTUKH 30KpeMa, CTa€ OUIbII NPOAYKTHBHUM
(HampukJaz, 3a JornomMorow 3D-apyky), 3MEHIIYIOThCS 3001, 3yMOBJIEH] MOJIOMKOIO BiJIOBITHUX
YCTaHOBOK Ta 00JIa{HaHHs (HAPHKIIAJ, 32 JOMIOMOTOI aBTOMAaTH30BaHOTO 00CyroByBauHs) [1, 2].
Intepuer peueit (IoT) — TexHOOTIs, KO MIIATPUMYETHCS 3B’A30K MEpPEeXi KOMII IOTEPU30BaHUX
NpuUCTpoiB 3 IHTEpHETOM, 110 BUKOPHCTOBYIOTH MIKPOKOHTPOJIEPU, PI3HOMAHITHI JAaTYUKH Ta
armaparHi 3aco0u 0e37poTOBOro 3B 3Ky JUIsd 300py, mepenadi Ta BUKOHAHHS il 11070 iHpopmarii.
B ocHOBI koHOTO nprcTporo B cucteMi [oT 3HaxonaThes gaBadi, siki 30MparoTh Ta MEPEIAOTh TaHi
70 “xMapu” 3 METOI0 MOJANIBIIOTO X aHamizy, oOpoOKH Ta MPUUHATTA ‘“po3yMHUX’ pimeHb[1].
CyuacHi HaBaHTa)KEHHS Ha €HEPrOCUCTEMY BUMAararoTh MIBUAKOTO i MAKCUMAIILHO TOYHOTO aHAITI3Y
CTaHy poOo40i CUCTeMH JUIs JIOKali3allii Hemoia oK, abo iX 3amo0iraHHs 3a JJOMOMOTOI0 MPOTHO3Y
HaBaHTa)XeHb Ha OKpPEM1 CErMEHTH CHCTeMU. B 1boMy MUlaHlI €HepreTHuYHI Mepexi Bce Oiblie
BUMAraloTh JIOMIOBHEHHS HOBMMH LHM(POBUMH IHTENIEKTYaJbHUMHM PILICHHAMH, 3JaTHUMH
J0TIoMaraTu BUKOHYBATH 3aB/IaHHS 300py Ta aHaNi3y BEJTUKOT KIJIBKOCTI IaHUX.

IMocTanoBka npodaemu. MeToro poGOTH € IPOBEAECHHS OrIsiIoBoro aHamizy Smart ta IOT
TEXHOJIOTI! B CHCTEMax TEIJIO- Ta eJIEKTPOIIOCTauyaHHsl Y KpaiHH Ta OILIHKA MEPCIEKTUB ii PO3BUTKY.

PesyabTaTn pocaitkeHb. Y TpaHC(OPMOBAaHOMY IIM(PPOBUMH TEXHOJIOTISIMU CBITI,
aKTyaJIbHOCT1 HAOyB Tpoliec po30ya0BH smart-TeXHOJOTIH y pi3HUX acMeKTaX JKUTTS Ta AiSUTbHOCTI
(smart-micTa, smart-enepreruka tomo) [1, 3]. Bukopucranns smart-rexHonorii ajst 300py AaHHX
PO 3aTOpPH, BUKOPUCTAHHS EJICKTPOCHeprii abo BOAM, a TaKOX MPO PIBEHb SKOCTI TOBITPS,
€KOJIOT1YHOT 0OCTAaHOBKH B IIJIOMY, CTaHYy MEPEX Yy AeAali OiIbIIiif KUTBKOCTI MOKpAILye HaJaHHS
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BIJNOBITHOT OCITYTH. Pa3oM 3 TUM, MONPH HIMPOKY TOCTYIHICTh Pi3HUX smart-pillieHb Ha PUHKY, 1X
BIPOBAKEHHS 3AJIMIIAETHCS HA PiBHI MIJOTHUX MTPOCKTIB.

CyTTeBY posib y CTBOpEHHI KOM(OPTHUX YMOB JUISI KHUTTS BIAIrpae CEKTOp €HEpPreTHKu. Bin
PO3BUTKY CEKTOPY CHEpPreTUKU 3aJeKuTh Oe3nepebiiiHe eseKTpo- Ta  TEeIUIONOCTavyaHHs
CMOXHMBayaM, a Bil BUAY TeHepallii — eKoMoriyHuii  craH  JoBKUDI.  CydacHHMM  pPO3BHTOK
CHepreTU4YHOr0 CEKTOpY 3aCHOBAaHMM Ha TpPbOX TOJOBHUX 3acajax — JieKkapOoHi3alis,
JeneHTpatizamis Ta nudposizauis. ToMy mopaiblle MOMIUPEHHS IHMX 3acaa y TpaHcdopmarii
€HEPreTUYHOr0 CEKTOpY MaTuMe CYTTEBUH BIUIMB HA MOIIMPEHHS SMart-rexHosorii y
€HEePrOCEeKTOPI.

VY psaal eBponeMchbKUX KpaiH Mpolec MOJEpHi3alii eHepreTMKH B HAIpsSMKY CTBOPEHHS
«PO3YMHHX» MEpEeX eJIEeKTPOIIOCTaYaHHs, CHUCTEMHO 1 TIOCHIJOBHO WHJae BXKE TPHUBAIMHA dac.
«IHTEeNneKkTyaapHe» KEPIBHUIITBO EIEKTPOMEPEKEI0 3a0e3leuye aBTOMATHU3aIlil0, MOHITOPUHT 1
KOHTPOJIb Tepeiavi B 000X HarpsiMKax €Heprii Ha BCiX eTanax — BiJl eJIeKTPOCTaHLIi A0 CIOKHUBayYa.

Crporoani Haitbinpm MaciTabHi mporpamu 3aiiicHioroThest B CIIIA, Kanani 1 y Bcix kpaiHax
€Bpocoro3y, ocodnmmBo B Jlarsii, Iranii, @panuii, Himeyunnu. o cepeaunan 2020-2025-x poxis
100%-¢ ocHareHHs cMapT-TiunmibHiKaMu ianyetbes B CIIA, Kutai, Bpaswuii, SAnowii [1, 2, 7].

B Vkpaini poGota Hax BIPOBAIKEHHIM TEXHOJIOTIH «PO3YMHHX» MEPEX B €HEProCHCTEMi
posmouanacs BigHOcHO HemaBHo. Hampukmanm, 3 2014 poky Oenbrificbka kommanis Tractebel
3aiiMa€eThCsl PO3POOKOIO 1 BIPOBADKECHHSAM HHU3KH MIJIOTHUX TEXHOJOTIH 1 mpoekTiB Smart Grid Ha
piBHI cucremHoro omeparopa — HEK «Ykpenepro». Omneparopu cucTeMH PpO3HOIULY TaKOXK
MOCTYIIOBO HAMArarThCsl BIPOBA/DKYBATH €JIEMEHTH PO3YMHHX €JICKTPHYHUX Mepex [7].

Pesynbrarom BrpoBamxeHHs Smart Grid mae cratu mosiBa eHeproiHdopMaiiiHol Mepexi.
OcnogHi nepeBaru Smart Grid:

— HajiHICTh Ta sKICTh enekTpornoctadanHs (Smart Grid 3amobirae  MacoBUM
BIJIKJTIOUEHHSM, 3a0e31euye HaliiHe TOCTavaHHs eHeprii);

— 6e3neka (Smart Grid MOCTIMHO KOHTPOJIIOE BC1 €IEMEHTH MEpEeXki 3 TOUKU 30py Oe3MeKu ixX
(YHKI[IOHYBaHH);

— eHeproe(eKTUBHICTh (3HMIKEHHS CIIO)KMBAaHHS EJEKTPUYHOI €Heprii; ONTHUMajbHe
CTIOKMBAHHS TPU3BOAUTS JI0 3HIDKEHHS TOTPEO B MOTY)KHUX T€HEPYIOUUX MOTYKHOCTSX);

— €KOJIOTisl Ta OXOpPOHA HABKOJIMIIHBOIO CEepeloBHIIA (HAHroMoBHIMIMKI edeKT AocsaraeTbes
32 PaxyHOK 3HMKEHHS KUIBKOCTI 1 MOTY)KHOCTEH TI'e€HEpyrUMX eJIEMEHTIB MEpexi, 1€ Beae, 0
3HWKEHHS BUKUY BYTJIEKHUCIIOTO razy B atmochepy);

— EKOHOMIYHI MepeBard (3HWIXKEHHS BHUTpAT; CIOXKMBadl MalTh TOYHY iH(OpMAIl Mpo
BapTICTh 1 MOXKYTh ONITUMI3yBaTH CBOI BUTPATH HA €IEKTPUUHY UM TEIJIOBY €HEPTiI0).

VY pamkax konuenuii Smart Grid iHTeneKkTyalnbHa €HepreTuyHa CUCTEMa PO3TJISAA€ThCS K
€lMHa Mepeka 1H(popMaIiitHO-KepyIOUrX CUCTEM, 1110 3a0e3euye:

— IHTerpauio BCIX BUAIB TeHepamii (y TOMy 4uCial Manoi reHeparii) 1 Oyab-gKi THUIHU
CMOXMBAYiB (Bl JOMAIIHIX TOCHOJAPCTB JO BEJIMKOI IPOMUCIOBOCTI) JUISL CHUTYAIII{HOTO
KepyBaHHs IOMMTOM Ha IiXHI MOCIYrM Ta 3a0e3NeyeHHs aKTUBHOI iX ydacTti y poOoTi
€HEePrOCUCTEMH;

— 3MIHYy B pPEXHMI pealbHOr0 Yacy IapaMeTpiB 1 TOMOJOrii Mepexi 3a MOTOYHUMHU
PEKUMHUMH YMOBaMHM, BUKJTIOYAalOUM BUHUKHEHHS Ta pPO3BUTOK aBapiii;

— PO3UIMPEHHS] PUHKOBHX MOXIIMBOCTEH IHQPACTPYKTYPH NUIIXOM B3a€EMHOTO HaIaHHS
IIMPOKOT'O CIIEKTPY MOCIYT Cy0'eKTaMU PUHKY Ta iHPPACTPYKTYPOIO;

— MIHIMI3alliI0 BTPAT, PO3LMIUPEHHS CaMOJIIarHOCTUKH 1 CaMOBIJHOBJIEHHS TIPU JOTPUMAaHHI
YMOB HaJ{IfHOCTI Ta SIKOCTI €JIEKTPOEHEePTii;

— IHTerpalilo MepekeBoi Ta 1H(OpMaLiiHOT 1HPPACTPYKTYpU AJIi CTBOPEHHS PEXKUMHOI
CHCTEMH KepyBaHHS 3 TOBHOMACIITAOHUM 1H(OpMaLifHUM 3a0€3MeUeHHSIM.

Eneprerrka HOBOTO TTOKOIHHS — 1€ €HEPreTUKa, ¢ HOBE MIIKIIOUEHHS O MEpPEeXi MOXKHA
OTPUMATH TaK CaMo JIETKO 1 MIBUKO, SIK MiJKIIOYSHHS 0 IHTEpHETY — 3a nmpuHIunoM plug & play.
3’SIBASETBCA MOXJIMBICTH MHUTTEBO 3MIHIOBATH BHMOTH JO HAJIMHOCTI, 30KpeMa, OTPUMYBaTH
JOJAaTKOBY HAIIHHICTh YW MpPOAABATH HAJJIUIIKOBUI pe3epB eHeprii, KoJu B HHOMY HEMae
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HeoOXigHocTi. EHepris mae crat «MOOLIBHOIO» Ta OyTH IOCTYHMHOIO B Oyab-siKii Todlli, 5K
MOOUTbHUH [HTEpHET.

Y T1abn. 1 mnpencTraBieHO y3arajJbHEHE MOPIBHSAHHS XapaKTePUCTUK (YHKIIOHAIBHUX
BJIACTUBOCTEH [IIOUMX CHEPreTHYHHX CHCTEM 1 €HEepPreTHYHUX cHucTeM Ha 0a3i KoHmemmii Smart
Grid.

Tabnuys 1
IopiBHsIHHS (PYHKIIOHATLHUX BJIACTHBOCTEH TiI0YUX eHEPreTHYHUX CHUCTEM i
eHepreTHYHUX cucTeM Ha 0a3i koHuenuii Smart Grid

EHepreTn'{Ha CuUCTeMa CLOFOI[Hi EHepreanHa CUCTEMAa HA 633i
Smart Grid

OnHOCTOPOHHS KOMYHIKAIlisl MiXK

R . JIBoCcTOpOHHI KOMYHIKAITii
esieMeHTaMu a0o ii BiICYyTHICTb

LlenTpanizoBaHa reHepaiist — CKJIaTHO

. } . Posnoninena rerepartist
IHTErpOBaHa PO3IOIIJICHA TCHepaIlis

Tormosorist — mepeBaKHO pajiabHa MeperkeBa TOIoIoris

Peakist Ha HacTiaKy aBapii Peakiiis Ha 3ano0iraHHs aBapii

MOHITOpHHT 1 caMOIiarHOCTHKA, 110
MOJIOBXKYIOTh TEPMIHH €KCIUTyaTalii 00agHaHHs
Ta €JICMEHTIB EHEPTOCHCTEMHU

Pobora 0o0nagHaHHs Ta €JIEMEHTIB
C€HEProCUCTEMH JIO BIIMOBH

ABTOMaTHUHE Bi,Z[HOBJ'IeHHH -

Pydne BigHOBIIEHHS ) ) .
MEpEeXi MarOTh 3/IaTHICTH JI0 CAaMOJ11arHOCTUKH

. - 3ano0iranHs pPO3BUTKY CUCTEMHHUX
CXWJIBHICTD IO CHCTEMHHX aBapii

aBapii
Pyune 1 dikcoBaHe BUIAUICHHS MEPEKi AnlanTuBHE BUIUICHHS
[lepeBipka oOnagHAHHS Ta €JIEMEHTIB Binnanenuit MOHITOPUHT OOaHAHHS Ta
€HEPTOCHCTEMH 32 MICIIEM PO3TalTyBaHHS €JIEMEHTIB €HEePrOCUCTEMHU
OOMexeHni KOHTPOJIb MEPETOKIB . .
. YrpaBniHHA IEPETOKaMHU MOTY>KHOCTI
MTOTYKHOCTI

HenoctymnHa abo cuibHO 3ami3HeHa
1H(popMalLlig PO LIHY Ta HapaMeTpu
€HEepProHOCis /s CIIOKMBaYa

Iina Ta BiANOBiAHI MapaMEeTPH €HEPrOHOCIS B
peaibHOMY Yaci

[TpoananizyBaBIIM MOPIBHAABHY XapaKTEpUCTHKY, HaBeAeHY y Taln. 1, MOxHa 3poOUTH
BHUCHOBOK, 1110 Y €HEPreTulll, sIK TeIUIOBIN TaK 1 €1eKTPOSHEPreTHlll, BaKIUBO BIPOBAUTH PU3HK-
opieHTOBaHe KepyBaHHA.IIpHKIIagoM Takoro migxoxy A0 KEpyBaHHS € CHCTeMa MPOTHO3YBAaHHS
TEXHIYHOTOCTaHy oOnagHaHHS (TMpeAuKaTHBHA aHaNITUKA), W0 JI03BOJIIE CIIPOTHO3YBATH
BIIXWUJIEHHS B po0oTi oOxagHaHHA 1 3amoOirae aBapiiiHi cutyarii. CUCTeMH NPOTHOCTHKH CTaHy
€HepreTMYHOr0 YCTaTKYBAaHHS NEPETBOPIOIOTH MOTIK TEXHOJOTIYHOI iH(popMallli y BaKIuBI AJs
MEHEJKMEHTY BiToMOCTi. OTpUMYIOUYH JIaH1 B PEKHUMI OHJIaliH, CHCTEMa 3a JIOTIOMOT0I0 LIU(POBOTO
MOJICJTFOBaHHS Ha 0a31 IHTEJNIEKTyaIbHUX MaTeMaTUYHUX AJITOPUTMIB BUSBIISIE HEOE3MEUH] TCHACHIIIT
B MOMEHT iX 3apOJKEeHHs, 3a JABa—TpPU MICALI A0 aBapii a00 MOJOMKH. 3aCTOCYBaHHS TE€XHOJOT1H
MPOTHOCTUKH HE TUIBKW TMIJIBUINYE HAMINHICT, OOJMaTHAHHSA, ajie W J03BOJISIE KOHTPOJIIOBATH
MiAPSAIHUKIB 1 BIACHUHN MEepPCOHAI, aHaIi3yBaTH e(PEeKTUBHICTh pOOOTH YCTAHOBOK.

Jl1s 3HM)KEHHS HETaTMBHOTO BIUIMBY Ha €KOJIOTIIO Ta MiJIBUILEHHS €HEpreTUYHOi Oe3neKH,
JOUUTBHUM € BUKOpHCTaHHS enektpoeHeprii 3 BJIE. BogHodac, BUpOOHHMLITBO €IEKTpOEHEprii 3
BJIE He € mnocriiHMM, TOMYy KpiM TreHepauii 3 BIJHOBHHUX JIKEpel BaXXJIMBOIO YMOBOIO
Oe3mepepBHOro MOCTayaHHs “‘BITHOBHOI €HEprii Mae CTaTH BIPOBAKEHHS CHUCTEM HAKONHWYECHHS
EJeKTPUYHOI €Heprii Ta TeXHOJOTid I 3a0e3nedeHHs CTal0lIbHOTO eJEKTPOTOoCTavaHHsA. A 1ig,
CBOEIO YEProro, MOBHHHO CIIPUATH MPOIIECY JCLEHTPai3allil B eHePreTHYHOMY CEKTOpi, 1110 MaTUMe
Baromi pe3yyibTaToM 3a0e3IMeueHHs Oe3MepepBHOTO EHEpromnocTradaHHs y cdepi eHepreTuyHol
Oe3nexku YKpaiHu.
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Po3BUTOK BiHOBJIIOBaHOI reHepalii Ta BOPOBAKEHHS JCLEHTPaIi30BaHOTO BUPOOHHIITBA
TEIUIOBOI Ta EJIEKTPUYHOI €Heprii MpU3BOAWTH 10 IOCTAYaHHS E€HEprii Bil BEIHMKOI KiJIbKOCTI
BUPOOHMKIB 3aMIiCTh ONHI€I cTaHLii, Ak Oyno panime. ToMy BaJIMBOIO CKJIAIOBOIO JJISI CEKTOPY
SHEePreTUKU B YKpaiHi € PO3BUTOK MEPEK Ta BIPOBAKEHHSI TEXHOJIOTIH smart-Mepex.

Smart-mepexxa — Mepexa, sKa 3a JONOMOTH iHTerpamii HUQpPOBUX Ta IHIIUX TEXHOJOTIH
KOHTPOJIIOE TIPOIIEC TMepeaadi eHeprii Bi Pi3HUX T'CHEPYIOUYHX CTaHIIM IS 3aJ0BOJICHHS TOTPEO
KopuctyBadiB[4-6]. BakiuBo 3a3HaumMTH, 10 Smart-Mepexi 3a0e3MeuyroTh JABOCTOPOHHIM MOTIK
eHeprii 1 JaHUX 3a JOTOMOIOK MU(PPOBUX KOMYHIKAIMHUX TEXHOJOTiH. Smart-Mepexi MOXYTh
CaMOBIHOBIIIOBATUCS Ta JO3BOJISIOTH CIIOKMBAYaM €JIEKTPO- Ta TEIJIOBOI €HEprii CTaTH aKTUBHUMU
yYaCHHKaMH €HepreTHyHoro cexropy[l-2]. Jleuentpaizaiiisi eHepromnocrayaHts 4epe3 PO3BHTOK
sSmart-mepexk TOBHMHHA CHPUSATH BHUPIINICHHIO Mpo0ieM 13 TepepBaMH B  EIEKTPO- Ta
TEIUIONOCTaYaHHi, 0 OCOOJMBO aKTyaJlbHO y CBITJII ITOBHOMAcCHITAaOHOTO BTOPTHEHHS pocii Ta
MOCTIHHUMH PAaKEeTHUMHU OOCTpUIaMU CEKTOpYy eHepreTHkd. OJHaK MOXIIMBICTh BIPOBAKCHHS
smart-mepex 3anexuTh BiJ cTyneHsa udposizaiii cektopy eHepretuku. L{udposizanisa mno3Bosse
KOHTPOJTIOBaTH reHepariito sk 3 BJIE, Tak i3 TpaauniiHuX pKepen eHepronocTadyalHs, Ta BOJHOYAC
MIATPUMYBATH CTAaOUIBHICTh 1 HAAIAHICTH Mepex. | nume 3aBasku mU@poBizalii MOMKIKBE
BUKOPHCTAHHS PO3IOIIICHO] reHeparlii Ta BIpOBAHKEHHS smart-Mepeix.

VYkpaiHcbki Mepexi, sIK ycl TpaaulliiiHi mepexi (puc. 1), crmpsiMoBaHi BiA TeHeparii 10
CMOXHMBAYiB Ta HE 3[aTHI 3AIHCHIOBATH JBOCTOPOHHIM OOMiH naHMMH. ['OJIOBHOIO O3HAKOIO
TPAIUIIIHHAX MEpEeX € “HeHTpalli3oBaHE EHEPronocTadaHHs” 3 BUKOPUCTAHHSM OLTBII BHCOKOL
Hanpyru (EJIEKTPOIIOCTaYaHHS) Ta CTBOPEHHS BEIMKOMAcCIITaOHUX enekTpoMepex. llpu 1mpomy
caMe B MEpexax Takoro TUIy 3001 MOXKYTh BILUIUBATH Ha BCIO €HEPrOCHUCTEMY Ta MPU3BOIAMTHU 0

BEJIMKHX aBapiil.
TpapuuinHi mepexi

Mepenaya Posnopin Cnoxuead

leHepauin
Puc. 1. Ctpyktypa BUpOOHHUIITBA Ta PO3MOALTY €HEprii y TpaJAuLlIHHUX Mepexax

CtBopeHHsT K smart-mepexx (puc. 2) monsrae B MOJEpHi3allii E€HEProcUCTeMH s
3a0e3neueHHs] MOHITOPUHTY, aBTOMATH3allli Ta KOHTPOJIIO B PEXHUMI PeaIbHOro yacy. Smart-Mepexi
JI03BOJIAIOTh BKJIIOYUTH B €HEprocucreMy sK 0e3niu posnonuieHux mkepen eHeprii (BJE,
KOTeHepaIliiiHi yCTaHOBKH ), TaK 1 3/11MCHIOBaTH B3a€MOJIII0 3 TPATUIIIITHOIO TeHepalliero (aTOMHa Ta
TerioBa rerepauis). I[Ipu mpomy reHepamisi Ta po3MOAUT €HEprii 3a JOMOMOTror smart-Mepex
JI03BOJIsIE 3HU3UTH BTPATH €HEprii Mij] yac nepeayi Ha BEeIMKI BiICTaHi.

AtomHa
reHepauis

CnoxuBay

. :
ann
BIE [omo-

: 2 rocnoaapcTea
ByrinbHa rexepais

MignpuemcTBa

Enexktpomobini

Puc. 2. Ctpykrypa BUpoOHUIITBA Ta pO3MOLTY eHeprii y Smart-mepexax
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Kpim TexHiuHOrO cTaHy Mepex, CUCTeMa Mepeaadi Ta po3noairy B YKpaiHi modynoBaHa mif
TpaauLiiHI kepena eHeprii, ge O6mu3bko 50% eHeprii BUPOOISETHCS aTOMHOIO TeHepali€r. 3a
naHuMH MiHICTepCTBa €HEpreTHKH YKpainu, po3Burok Smart Grid-texuouoriit B Ykpaini 1acTb
MOXUIMBICTh 3HU3UTH BHTPATH €HEPrii B Mepekax, 3AiicHIOBaTH e€()eKTUBHUM online-MOHITOpHUHT
napaMeTpiB SKOCTI €IEKTPUYHOI Ta TEIJIOBOI €Heprii Ta aHami3 OanaHCiB eHeprii B pi3HHUX BY3Jax
Mepexx. B 3amexHocti Bin Thmy kepoBaHoi Mepexi (Network Manager) — mepeka mepenadi 4u
pO3MOAiTy — MOXXHa BHOKPEMHUTH CHCTEMH KepyBaHHs mepenaueto enekrtpoeneprii (TMS) i
CHUCTeMH KepyBaHHS posnoniioM enekrpoeHeprii (DMS). Jlo ckacyBaHHS JepKaBHOT'O
pEryjloBaHHS CUCTEMHM KepyBaHHS eHeprocrnoxuBaHHsaM (EMS) BukopucroByBaiucs, B
OCHOBHOMY, JJIsl KOMIIJIEKCHOI'O KepyBaHHs BHUPOOHHMIITBOM 1 mepenadero enekrpoeneprii. Ilicis
CKaCyBaHHS JEPXKABHOTO PETYIIOBAHHS MO IUX OBOX (PYHKII MPHU3BENIO O CTBOPEHHS CUCTEM
KepyBaHHS BUpPOOHMLTBOM enekTpoeHeprii (GMS) nns He3aneKHOro KepyBaHHs TI'€HEPYHUHMU
notyxkHoctsamu [8, 9].

CucreMu kepyBaHHS po3noaiTbHUMU Mepexxkamu (distribution management system, DMS) 1
cuctemMu oOpOOKH BIIKIIOUEHB (outage management system, OMS) 3 mIIMHOM Yacy 3a3HaIH CXOXIi
3MiHH, 3HAYHOIO MIpOI0 3aBASKH PO3BUTKY oOunciroBanbHOI TexHiku [8, 10]. Po3BuTOK cuctem
DMS noumnanocs 3 nonoBHeHb 10 cucteM SCADA / EMS, ananToBaHux 10 piBHS PO3MOAUTEHUX
CUCTEM, a TaKOXX 3 aBTOHOMHHUX CHCTeM. BiAMIHHICTb TakuX CHCTEM BiJ iX aHajoriB 3
MaricTpaJbHUX MEPEeX IOJArae B JOJATKOBUX TNPUKIATHUX (QYHKIIAX, CHEHU(PIYHUX IS
PO3NOAUIEHUX MEPEX.

[TapanenbHO 13 PO3MOAITICHUMH MEpeXaMH, JeIeHTpalli3alis BHPOOHUIITBA eNEKTPOCHEPTI,
Teria i X010y MOBHHHA peaji3yBaTHCs B paMKax KOHIICIII1 BipTyaiabpHOI enekrpocranii (virtual
power plant, VPP). VPP sBnsie co0or0 CyKyNmHICTh MajluX 1 Ay)KE€ MaJHX JCHCHTPaIi30BaHHX
IeHEPYIOUHX MOTYKHOCTEH K TEIJIOBOI, TaK 1 €IEKTPUYHOI €Heprii, KOHTPOJIbOBAHUX 1 KEPOBAHUX
CHCTEMOIO KEpyBaHHS BHPOOHUIITBOM 1 pO3MOALIOM eHeprii Ounbln BHcokoro piBusa[8, 10].
Ycninaa podora VPP BuMarae HacTymHOTO TEXHIYHOTO 00N HAHHS:

— CHUCTEMM KepyBaHHS BUPOOHHUIITBOM 1 CIIOKMBAHHSIM €HEpTii, fKa BIACTEXKY€, IUIaHYE 1
OINTUMI3y€e pOOOTH JICLIEHTPATI30BaHUX CUIIOBUX arperaris;

— CHCTEMH TIPOTHO3YBaHHS HABaHTAXCHHS, sKa 3/JaTHa pO3PaXxOBYBAaTH JIyKe
KOPOTKOCTPOKOBI (710 1 roj.) 1 KOpOTKOCTPOKOBI MPOTHO3H (10 7 IHIB);

— CHCTE€MHU MPOTHO3yBaHHS BUpoOHMIITBa BJIE 3 BUKOpPUCTaHHSM HPOTHO3Y MOTrOJH, 100
nepeadauuTH MPOIyKTUBHICTh BITPSHUX €JIEKTPOCTAHLIHN 1 COHSIUHMX OaTapei;

— CHCTEMHU KEepyBaHHsI €HEPreTUYHUMHM JaHUMH, sika 30upae Ta apxXiBye AaHi, sIKl HOTPIOHO
JUI ONTHUMI3allii Ta MPOrHO3yBaHHS, HAPUKJIaA, IpodiTiB BUPOOHUIITBA 1 HABAHTAXKEHHS, & TAKOXK
KOHTPAKTHHUX JIaHUX JJIS TIOCTAaYaHHS CIIOKHBAYa,;

— TOTYXHOTo iHTep¢eicy 3B'A3Ky CHUCTEMU KEpyBaHHS BUPOOHMLTBOM 1 CIIOKMBAHHIM
eHeprii 3 JeleHTPaIi30BaHUMH CUJIOBUMHU arperaTaMu.

Jnsa pynkuionyBanus VPP noTpiOHMI ABOHANpaBiIeHU# 3B'S130K MIXK JI€LEHTpali30BaHUMHU
CHWJIOBUMH arperaTamu reHeparii eHeprii 1 IeHTPaJIbHOI CHUCTEMOIO KepyBaHHS BUPOOHUITBOM 1
CMOXXHMBAaHHAM eHeprii. [[ng omepauiiHOro ruiaHyBaHHS Ta CKJIAJaHHA AMCIETUYEPCHKHUX IpadikiB
MOTPIOHI TOCUTHh TOYHI MpOrHO3W. JlJis mapaMeTpyBaHHS MPOTHO3Y BUKOPHCTOBYETHCA KIJIbKa
ornepaliiHUX MMOKa3HUKIB, 30KpeMa TaKUX, sIK CEepe/IHs MOXHUOKa MPOrHo3y Ha 100y abo abcotoTHA
noxubka Ha 700y a00 Ha TMepiojil MPOTHO3YBAaHHS. 3alie)KHO BiJ OCHOBHOI MeTH VPP, BuMoru mo
METO/iB MPOTHO3YBaHHS MOKYTh 3MIHIOBATUCS. SIKIIIO OCHOBHA METa IMOJIATA€ y 3HUKEHHI MIKOBOT'O
HaBaHTa)XeHHsI a00 OanaHCyBaHH1 €Heprii, MPOTHO3 OBUHEH OyTH AyXe TOYHHUM Y MiKOBUH Yac abo
Yyac 3 BUCOKMMH I[iIHAaMHM Ha OaJlaHCYIO4y €Heprito. AJITOPUTMHU MPOTHO3YBaHHS MOBUHHI BMITH
IIBUJIKO TPHCTOCOBYBATUCS 0 HOBUX cHTyalid. Ha OCHOBI pe3ynpTaTiB poOOTH alrOpHUTMIB
nporHody 1 (akrtuyHoro craHy VPP, HaBaHTa)keHHS Yy 30HI BIJIOBIANBHOCTI MOXKeE
3a0e3nedyBaTucss 3a JONOMOIOK JICLIEHTPAlTi30BAHUX CHJIOBUX arperaTtiB  4d  ICHYIOYMX
SHepPreTUYHUX KOHTPAKTIB. Mae OyTH JOCTYITHUMH TAaKOX Ill€ HU3Ka KOMIOHEHT ()yHKIIOHYBaHHS
VPP, siki BUKOPHUCTOBYIOTHCS 1 HAJIAIITOBYIOTHCS BIAMIOBIAHO /10 3aBIaHbh KEPYBAHHS TUM YH 1HIITUM
00’€KTOM €JIEKTPO- Y1 TEIJIOTeHEPYI0YOro 00JIaHAHHS.
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OpHUM 13 TakuX KOMIIOHEHT, fKi BapTro Oyno O BiJ3HAYMTH Yy MeXax BipTyalbHOI
€JICKTPOCTAHIIIT - TEONPOCTOPOBI JaHi. ['eonpocTOpoBi MaHi MOXYTh OyTH IMIIOPTOBaHI 3 6araThox
CUCTEM CTOPOHHIX BUPOOHUKIB 00 MOXYTh OyTH 3MOJIeIbOBaHI 0€3M0CEPETHBO B T€OMPOCTOPOBUX
CJIIEKTPUYHUX Ta TEIUIOBHX cxemax. llepeBarum eneKTpUYHMX Ta TEIUIOBUX CXeM reorpadiyHux
inpopmaniiinux cuctem (I'IC): cxkopoueHHS BHUTpaT Ha BBENCHHA NaHUX 3a gonomoror I'IC-
OHOBJICHMX TEXHIYHUX JaHUX Ui CHUCTEMHUX JOCIIIKEeHb, aBTOMAaTHYHA KOPEKI[iS MOMHUIIOK
napaMeTpiB €HEProHOCis 103BOJISIE YHUKHYTH AyOJIOBaHHS / HENPaBWIBHOTO BBEICHHS JaHUX;
aBTOMAaTUYHE CTBOpEHHs 0a3 JaHuxX oOJaJHaHHS eJeKTPUYHOI YM TEIJIOBOi CTaHLii B
ONITUMI30BaHil 0a3i JaHWX; MOBHUN KOHTPOJIb PE3yIbTaTiB aHANI3Y, IO BiTOOPaXKAIOThCA HA CXEMI
enekTpuyHoi yu TeruioBoi cxeMu ['IC; THYUYKICTh y BHKOPUCTaHHI KapT B AKOCTI (DOHOBHX
300pakeHb ISl IPOCTOPOBOTO iH(OPMYBaHHS; THYYKE BHKOpHCTaHHS Bcix moayiniB I'IC-cucrem
JUTsl aHauTi3y; OaraTopiBHeBe rpadivune BinoopakeHHs ganux ['IC.

BucHoBok. /J[ns YkpaiHu € JOCHUTh akTyalbHHM, OCOOJHMBO Y CBITJII OCTaHHIX MOJIiH,
PO3BUTOK Ta BIPOBAIKEHHS SMart-mepex, podoTa y IbOMYy HANPSIMKY € Ba)KJIHBOIO I 1HTerparii
Kpainu B eHepretuuHi puHku €C. Peamizanis konnenuii Smart Grid HemoxiuBa 6€3 MacmTaOHOTO
(G13MYHOTO OHOBJICHHSI TE€HEPYIOUOTO 1 MEpekKeBOro YCTaTKyBaHHsI, 3a0€3MEUYUBIIHN KepyBaHHS
TEXHOJIOTIYHHMH TPOIECAaMH Ta B3a€MOJIISIMH BiJl JIOKAJTHHOTO JO HAIiOHATBHOTO piBHA. Came y
cdepi cucteM KepyBaHHS (DYHKI[IOHYBAaHHSM 1 PO3BUTKOM E€HEPIeTHUKH, BiIOYBalOThCS HaWO1IbIII
MacmTaOHI 3MiHH, $SKi B pe3yiabTaTi MarlOTh MPHUBECTH OO SKICHOI TpaHCcopmaiii yMOB
€HEeprornocTauyaHHs CI0KMBaUiB 33 PaXyHOK MiABHUILEHHS PiBHIB aBTOMaTH3allii, iHpopmaTH3alii Ta
iHTeNneKTyanpHoCTi. [y cTamoro po3BUTKY smart-Mepex B YKpaiHi BaJIMBO IIiITPUMYBATH
noctiiiHe BrnpoBakeHHs Smart Grid-TEXHOJOTIH, MO MaTUME Ha METI MiABUIICHHS PiBHA
€HEepreTUYHO1 Oe3MEeKH HAIOoi JepKaBU.
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