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AOCIIUKEHHA OONIHKU CUCTEM I'NTOBAJIBHOI'O MOHITOPHUHI'Y _
HABKOJIMIIHBOI'O CEPEJOBHUIIA 3ACOBAMHU IHOOPMAIIMHUX TEXHOJIOI'TAU

bapan Map’ana
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JIvsis, Yrpaina

mariana.m.baran@Ipnu.ua

MoHITOpUHT 3a0pyTHEHHS € Ha/[3BUYAHO [IIHHUM 1HCTPYMEHTOM Y IIUBUIHOMY IJIaHYBaHHI,
BUPOOHUIITBI Ta CUTLCBKOMY TOCTIOAPCTBI. MOHITOPUHT XIMIYHOTO CKJIay 3amaciB BOJH, MOBITPS Ta
IPYHTY MOKE€ HAJIaTH SK JEP’KaBHUM, TaK 1 MPUBATHUM OpraHi3allisM ILiHHI JIaHi, IKUMH KepYIOTh
yepe3 miatgopmu IHTepHery peueil. lle n03Boisie KOMIaHisIM LIBHJIIE pearyBaTH Ha BIUIMB
3a0pyqHEeHHS, Oe3MeKy NpalliBHHUKIB, TPOMAJChKE 3IOPOB’S Ta 3aXOJU IIOAO CTAJIOTO PO3BHTKY.
Tomy akTyaabHMM IIOCTA€ NMTAHHS I[IOJ0 PO3POOJIEHHS CHUCTEMHM, sKa aBTOMAaTH3ye Jii 10
PO3paxyHKy Ta BUBEJCHHIO iH(popMarlii mpo rio0aibHUl MOHITOPHHT.

Knwuoei cnoea: monimopune, 3a0pyonenns, 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 KJimary, 3a0pyJHEHHs IPYHTY, BOAM Ta MOBITPs, BTpaTa OlOPI3HOMAHITTS - 1€ JIMIIIE
NesiKl 3 €KOJIOTIYHUX NpoOsieM, 3 SIKUMU CTUKaeThes JOACTBO. Ll mpobiemMu MaroTh cepiio3Hi
HACNIJAKU JJs 370pOB'S JIIOJEH, €KOHOMIKM Ta HABKOJIMIIHBOTO cepelnoBuIa. J[ns BupileHHsS
€KOJIOTTUHUX MpoOIeM HeoOX1IHI TOYHI Ta aKTyasbHI JaHl PO CTaH HaBKOJIMIIHBOTO CEpPEeIOBUIIA.
Cuctemu riobanbHoro MoHiTopuHry (CI'M) 30uparoTh Il JaHi 3 pPI3HUX JDKEpesd, TaKuxX SK
CYIYTHHKH, JATYUKU Ta MeTeoposioriuni craniii. [Hdopmariiini Texuomorii (IT) MoxyTh 3Ha4HO
nokpamutu epextuBHicTs CI'M. 3 iX 10momMororw Mo)kHa: 30upat, oOpoOIsATH Ta aHali3yBaTH JIaHi
3 CI'M Ounpmi edeKTHBHO; Bi3yali3yBaTH JaHI y 3py4YHHUH cmoci0 A NpUHHATTSA PpIilIEHb;
po3po0ONIATH MoOAeni Ui MPOTHO3YBaHHS ekonoriyHux 3MmiH. JocmimkenHs ominku CI'M 3a
nornomoroto IT € Hag3BUUaliHO aKTyaJbHOK TEMOIO, OCKIJIBKU PE3yIbTaTH LUX AOCITIIKEHb MOXYTh
JIOTIOMOTTH HaM pO3pOOUTH Oibill e)EeKTUBHI cTpaTerii A BUPIMIEHHS €KOJOTIYHUX IpobieM Ta
30epeKeHHs HAIIOTO JTOBKIJIIA.

OcHOBHAa MeTa MOHITOPUHTY HAaBKOJHUIIHBOTO CEPEJOBMINA IMOJISArae B YHOPaBIiHHI Ta
MiHIMIi3aIii BIUTMBY IisJIBHOCTI OpraHi3ailli Ha HaBKOJUIITHE CEPENOBHUINE, a00 i 3a0e3MeueHHs
JOTPUMAaHHS 3aKOHIB 1 HOPMATUBHUX aKTiB, a00 JJIsl MOM SKIIEHHS PU3MKIB LIKiAJIUBOTO BIUIMBY Ha
MPUPOIHE CEPEAOBUIIE TA 3aXUCTY 30POB’ S JIFOJICH.

besnepepBHa po3pobOka meperoBUX MporpaMm i MPUCTPOIB aBTOMATU30BAHOTO MOHITOPUHTY
Ma€ BUpIIaJbHE 3HAYEHHS AJS MIABUIIEHHS TOYHOCTI 3BITIB MPO MOHITOPHHI HABKOJHUIIHHOTO
Cepe/IoBHINA Ta €KOHOMIYHOI €()eKTUBHOCTI MPOIECY MOHITOPUHIY HaBKOJMIIHBOTO CEPEIOBHIIA,
OCKUIbKM YHCENbHICTh HACEJEHHS, MPOMUCIIOBA ISJIBHICTh 1 CIOXHUBAHHS €HEprii MpOJOBKYIOTh
CTPIMKO 3pOCTaTH.

[Iporpamu MOHITOPUHTY — II€¢ ONyOJIiIKOBaH1 B OpraHi3allii TiiaHu, B sSIKUX TOYHO BKa3aHO, SIKi
€JIEMEHTH MOHITOPUHTY IMIUIATalOTh MOHITOPUHTY, 3arajbHi LiJi, KOHKPETHI CTpaTerii,
3ampoIOHOBaHI METOIHM BHOIPKH, MPOEKTH B paMKaX KOXKHOI CTpaTeTii Ta 4aCOBI PaMKH.
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[TpoayKTH MOHITOPUHTY HaBKOJHUIIHBOTO CEPENOBHILNA Ta MpOrpamMHe 3a0e3NedeHHs I
MOHITOPUHIY HAaBKOJIMIIHBOIO CEpPEeAOBUINA, HANPHUKIAJ, CHUCTEMU YIPaBIIHHA JaHUMHU IIPO
HaBkosiuiiHe cepenopuiie  (EDMS), monerinyioTh BIPOBaKEHHS Ta MOHITOPHHT IPOrpam
MOHITOPUHTY Ta OL[IHKH HaBKOJMILHBOIO CEPEJOBHILA, 1110 BKJIIOYAE LIEHTPAIbHUN LEHTP KEPYBaHHS
JAaHWMH, aBTOMAaTH30BaHI CHOBIIIEHHS MPO MOHITOPUHI HABKOJHMIIHBOTO CEPEOBHUIIA, MEPEBIPKY
BIJIMOBITHOCTI, BaJIiJaIlit0, KOHTPOJIb SIKOCTI 1 CTBOPEHHS 3BITiB IIPO MOPIBHSHHS HA0OOPIB JaHUX.

[cHYIOTH TPU OCHOBHI THUIH MIO0AIEHOTO MOHITOPUHTY [1] HABKOJNMIIHBOTO CEPEeIOBHUINA - 1IE
IPyHT, atmocdepa Ta Boja. Jleski MeTOOM CKaHYBaHHS Ta MOHITOPUHIY HaBKOJIMIIHBOTO
Cepe/IOBUINA BKIIIOYAIOTH (UIBTPALil0, CEIUMEHTAIlI0, eNEeKTPOCTaTU4HI MpoOH, Biabip mpol i3
3axBaTy Ta BiJI0Ip KOMIIO3UTHUX TPOO.

Jani, 3i06paHi 3a JONOMOTOK IIUX METOJIB MOHITOPUHTY HABKOJMIITHHOTO CEPEIOBUINA,
MOXyTb Oyru BBenmeHi B CYBJl, ne ix mokHa kiacuikyBaTH, aHaI3yBaTH, Bi3yalli3yBaTH Ta
CTBOPIOBATH NMPAKTHYHI BUCHOBKH, SIKi CHPUSTUMYTh IPUAHATTIO OOTPYHTOBAHUX pillicHb [2].

MOHITOPUHT TIOBITpS: JIaHI TPO HABKOJIMIIHE CEPEIOBHUINE, 3i0paHi 3a JIOIOMOTOIO
CTeiaTi30BaHNX IHCTPYMEHTIB CIIOCTEPE)KEHHSI, TAaKUX K Mepexi AaryukiB i moxaeni ['eorpadiunoi
inopmartiiinoi cucremu (I'IC), 3 6araTbox pi3HUX €KOJOTTYHHX MEPEXK 1 IHCTUTYTIB, IHTETPYIOTHCS B
MOJIEINII PO3CIFOBaHHS TOBITPS, SKI MOEJAHYIOTh BHKHIW, METEOPOJIOTIYHI Ta Tomorpadivni JaHi ays
BUSIBJICHHS Ta MPOTHO3YBAaTH KOHIIEHTPAILIiI0 3a0pyIHIOBAaUIB MOBITPSI.

MoHiTopuHT TpyHTY: BiaOip mpoO (oKpemMux mpoO) i KOMIUIEKCHHUX Mpod (Kijgbka mpoO)
BUKOPUCTOBYIOTbCS JUIsl MOHITOPUHI'Y IPYHTY, BCTQHOBJICHHsSI 0a30BHMX JIHIM 1 BHUSBICHHS 3arpos,
TaKMX sIK IJKUCICHHS, BTpara OlOpI3HOMAHITTS, YIIUIBHEHHS, 3a0pyQHCHHS, €po3is, BTpara
OpraHiYHUX MaTepiajliB, 3aCOJECHHS Ta HECTAOIBHICTh CXHIIB.

- MoHITOpHHT CONOHOCTI: nucTaHuiiiHe 30HayBaHHg, ['IC Ta enmekrpomarHiTHa IHIYKIis
BUKOPHUCTOBYIOTBbCSI /1711 MOHITOPUHIY COJIOHOCTI IPYHTY, $IKa, SKIIO ii He30aJaHCOBaHO, MOXKe
CIPUYMHUTH IIKIJTUBUH BIUTMB HA SKICTh BOJH, IHPPACTPYKTYPY Ta BPOKANHICTH POCIUH.

- MoHITOpUHT 3a0pyIHEHHS: XIMIYHI METOIM, Taki SK Xpomarorpadis Ta CHEKTpOMETpis,
BUKOPHUCTOBYIOTHCS JIJISl BUMIPIOBAaHHS TOKCUYHMX €JIEMEHTIB, TAKUX SIK SJIEPHI BIJIXOJH, BYTiJbHA
30/1a, MIKPOIUIACTUK, HA(PTOXiIMisl Ta KHMCIOTHI JOIIi, $KI MOXYTb HPU3BECTH OO PO3BUTKY
3aXBOPIOBaHb, MOB’SI3aHUX 13 3a0pYAHEHHSM, SIKIIIO BOHU CIIOKHBAIOTHCS JIFOJbMHU 200 TBapUHHU.

- MOHITOPHHT €po3ii: MOHITOPUHT 1 MOJEIIOBAHHS €po3ii IPYHTY € CKJIAJAHHUM IPOLIECOM, Y
SIKOMY TOYHI IPOTHO3M Maie HEMOXKJIMBI JUIsl BEJIMKUX TEPUTOPIH. YHIBepcalbHE PIBHSHHS BTPAT
rpyuty (USLE) Haifuacriiie BUKOPHCTOBYETHCS [Tl IPOTHO3YBaHHsI BTPAT IPYHTY BHACHIIOK BOIHOI
eposii. Epo3sist Moxe OyTu cipuunHeHa TakuMu (paKkTopamH, sIK KiJIbKICTh OTa/liB, TOBEPXHEBHM CTIK,
pIUKH, CTPYMKH, ITOBEHI, BITEP, PyX Mac, KJIiMaT, CKJIaJ 1 CTPYKTypa IPYHTY, pelbed 1 BIACYTHICTh
YIPaBIiHHS POCIUHHICTIO.

MOHITOPUHT BOJM: METOAM BiAOOpPY MpOO HABKOJIMIIHBOTO CEPEJOBUINA BKIIOYAIOThH
OLIIHOYHE, MPOCTE BUMAJKOBE, CTpaTU(iKOBaHE, CUCTEMAaTUYHE Ta CITKOBE, a/JallTUBHE KIIACTEPHE,
3aXOIUIGHHST Ta TIacMBHE; HamiBOe3lepepBHUN 1 Oe3nepepBHUI EKOJOTIYHUA MOHITOPHHT;
JTUCTaHIIiHE 30HIYyBaHHS Ta MOHITOPUHI HABKOJIMIIHBOTO CEpPEeJOBHINA; 1 OIOMOHITOPHHT
BUKOPHUCTOBYIOTbCS JUIsl BHUMIPIOBAaHHS Ta MOHITOPUHTY Jiana3oHiB O10JO0T1YHUX, XIMIYHHX,
PaaioJIO0rTYHUX, MIKPOOIOJIOTIYHUX 1 HOMYJIALIMHUX TapaMeTpiB.

MOHITOPUHIOM €KOJIOTIYHOIO CTaHy BOJAM KepyrloTh (enepanbHi, JepKaBHI Ta MICIEBi
YCTaHOBH, YHIBEPCUTETH Ta BOJIOHTEPH, 1 BIH Ma€ BHUpIIIaJbHE 3HAYCHHS JUIsl XapaKTEepPUCTUKU BOJ,
BHU3HAYECHHSI €(EKTHUBHOCTI ICHYIOUUX IMpPOrpaM KOHTPOJIIO 3a0pyJHEHHS, BU3HAUEHHS TEHICHLIN 1
HOBHUX MpoOJeM, TIepeHanpaBICHHS 3yCHIIb 13 KOHTPOJIIO 3a0pyIHEHHS 3a MOTPeOH, 1 B 3yCHILIAX 3
pearyBaHHs Ha HaI3BUYaiHI CUTYaIlii.

[lepeBarn MOHITOPHMHTY HaBKOJHMIIHBOTO CEPENOBHINA TOJSATAIOTh y WOTO 3JaTHOCTI
MOKpAIIyBaTH SIKICTh JKUTTS CYCHUIbCTBA MLUIIXOM BHUCBITJIEHHS 3B’A3KYy MIDK HaBKOJHILIHIM
cepenoBHLIeM i 310poB’siM [3]. [lepeTBOpeHHSI TaHUX MOHITOPHUHIY HAaBKOJHIIHBOTO CEpEIOBHUINA B
iHpopMallil0 Ta CBOEYaCHE JOHECEHHS [0 CHUIBHOTH KOPUCHHUX BHCHOBKIB Ma€ BHpIIIaJbHE
3Ha4eHHs AJ1s IHPOPMYBaHHs IPOMAJISH PO CTaH HABKOJUIIHBOTO CEPEJOBUIIIA.



[TpakTH4HI TPOrpaMd MOHITOPHHTY HABKOJHUIIIHBOTO CEPEJOBHINA BKIIOYAIOTh 3aXHCT
IpPOMAJICKOr0 BOJOINOCTAYaHHS, YIpPABIIHHA HEOE3NeYHUMU Ta PaJiOaKTUBHUMH BiAXO0/aMH,
imeHTudikamio Ta aHai3 Jpkepen 3a0pyIHeHHS, SKi BIUIMBAIOTh HA SIKICTh MICHKOTO MOBITPS Ta HOTO
BIUIUB Ha 3/I0pPOB’S JIOAMHM, 3aXUCT 1 YOPABIIHHA MPUPOIHUMH pPECypcaMu, TaKUMHU K IPYHT 1
BOJIOTIOCTaYaHHs, MPOTHO3 TOTOAM, PO3MOALT PEecypCiB JUIsl IUIAHYBAHHS 3eMJIi Ta €KOHOMIYHOTO
PO3BUTKY 3 €HEPreTUYHOIO aHANITUKOIO Ta EHEPreTUYHUM Ol3HeC-aHAIITUKOM, BU3HAUYEHHS MOJeel
IIJTBHOCTI HACEJCHHS Yy 3B’SI3Ky 3 TPUPOJAHUMH pECypcaMd Ta EKOHOMIUYHUM PpO3BUTKOM,
KapTorpadyBaHHs MPUPOIHUX PECYPCIB, 3aXUCT BUAIB, 10 3HAXOMIATHCA IiJl 3arPO30I0 3HUKHEHHS,
Ta r1100agbHa 3MiHA KITIMAaTYy.

Ormsin cydacHMX WiAXOAIB Ta 3aco0iB JI0 MPOEKTYBaHHS Ta PO3POOJICHHS IPOrpamMHOTO
3a0be3neueHHs 103BOJIMB 00paTu il CTBOPEHHS CUCTeMH e(DeKTHBHI TEXHOJIOTIT Ta IHCTpYMEHTAJbHI
3acobu: mporpama Visual Studio, mosa mporpamysanus C#, 3 Bukopucranasm texHosorii ASP.NET
st ctBopeHHs Web-monatky. linst popMyBaHHS Ta poOoTH 3 0a3amMu JaHHX OYJIO BHKOPHCTAHO
MySQL.

Po3pobneno mporpamue 3abe3neueHHst iH(GOPMAIfHOT CHCTEMH MOHITOPUHTY, OCHOBHUMU
GYHKIISIMU SIKOT €: MOXJIUBICTD Meperisay iHdopMallii Ta MOKa3HUKIB 3a0pyTHEHHS HABKOJIUIITHLOTO
Cepe/IOBUINA, PO3PAXYHOK HaHUX Y CHEMiaJbHOMY pEXHMiI KOPHUCTYBAaHHS, IMEPErJisi] 3araJbHOi
iHdopmartii mpo rinodaabHUN MOHITOPHHT.

JIist IKiCHOTO PO3pOOJICHHS Ta TECTYBaHHS MOJIENI CHCTeMH OyJI0 BUKOHAHO BUOIp HAMOLIBII
XapaKTEepPHUX MapaMeTpiB, 10 BILUIMBAIOTh HA OIIHIOBAHHSA 00’€KTy mocimipkeHHs [4]. s KoKHOI
3MiHHOi Oy/0 BUKOHaHO mpouenypy ¢asudikamii, chopmoBaHo mpaBuia JIOTIYHOTO BUBEICHHS 3
BpaxyBaHHSM BCiX BU3HAYEHUX TEPM-MHOKUH BXITHUX JIIHIBICTUYHUX 3MIHHHUX JUIS KOKHOTO TEPMY
BUX1AHOI 3MIHHO].

['moGaIbHUIT MOHITOPHMHT 3aJICKUTh BiJl TPhOX (DaKTOPIB: SKOCTI BOIH, SKOCTI TOBITPS Ta
SIKOCTI IpyHTY [5].

Jlnst mepeBipkU SIKOCTI IIUX MOKAa3HHUKIB, HEOOXITHO KOHTPOIIOBATH BMICT MEBHUX PEUOBHH.
Tomy, nyist cucteMu r7100a1bHOTO MOHITOPUHTY OyJI0 BU3HAYEHO HACTYITHI BX1HI TapaMeTpu:

Bwmict 3aiiza y Boi (3MiHHA «3aj1i30») — BUCOKHIA BMICT 3aj1i3a y BOJI J0/1a€ 1if XapaKTepHUi
HENPUEMHUN MpPUCMAaK, SIKUH HE BUKIMKae OaxaHHs ii mutu. Hopma BMicTy 3aii3a B MHUTHIM Bojl
cranoButs 0,30 mr/m (MinirpamiB Ha mitp). Moro Ha3MBarOTh BTOPMHHMM MAKCHMAIBHHM DiBHEM
3abpynnenss, abo SMCL, ockinbku piBeHb 0a3ye€ThCsl HA €CTETHYHHUX (KOJIP 1 CMaK) CKIIAJOBUX, a
HE Ha BIUIMBI Ha 370poB’s. SIKIIO piBEeHb 3alli3a y BOJI CTaHOBUTH abo mepesuinye 0,30 mr/i, Mmoxe
OyTH MeTaJeBUi NpUCMaK.

Bwmict cynbdariB Ta xmopuaiB y Boai (3MiHHa «Cynbgartd i XJIOpHIM») — e OJHI 3
HaWMOLIMPEHIINX aHIOHIB B CKJaAl BOJM, OUIBIIICTh TaKMX HEOPraHIYHUX CIIOJIYK € TOBHICTIO
po3uMHHUMH Y BoAi. Jliama3oH xnopuaiB 35-125 Mr/n muist TpyHTOBUX BOJ BBaXKAETHCSI HOPMAIbHUM.
Komm xonnenTpamis xmopuai nepesumye 250-400 mr/i, Boja Oyie COJIOHOIO0 Ha CMaK.

Bwmict niokeuay a3oty y noBiTpi (3MiHHa «Jli0KCH a30Ty») — BUKUU a30Ty B aTMocdepy, ix
MIEPETBOPEHHST y HITPAaTH Ta a30THY KHUCIOTY TNPHU3BOAATH 10 BHUHUKHEHHS KHCJIOTHHX JIOIIiB.
Jiokcua a3oTy ayxe OTpyHHUN. BauxaHHs HOro BHUKIMKAE CHUIBHE TMOJPa3HEHHS AUXaTbHHUX
opraui. Becranosieno 1-rogunnunii crangapt NO2 na piBai 100 yactun Ha Mimbsapa (ppb). Takox €
30epexeHuM cepennbopiunuil  cranaapt NO2 — 53 ppb. l-roguHHME CTaHAApT 3aXUCTUTh
IPOMaJICbKE 370pOB’sl, 0OMEXYIOUN BILITMB KOPOTKOYACHUX IMiKOBUX KoHIeHTpalid NO2 Ha mrojei,
SIKi B OCHOBHOMY BUHUKAIOTh O1J151 TOJIOBHUX JIOPIT.

Bwmict 030Hy y moBiTpi (3MiHHA «O30H») — 030H (OPMYETHCS Ha PiBHI 3¢MHOT MMOBEPXHi, KON
3a0pyHIOIOYl PEYOBHHHU, BHUKIUKAHI aBTOMOOUIBHMM TPAHCIIOPTOM Ta 3aBOJAMM, BCTYNAKOTh Y
ximiuHi peakmii mig BrumBoM Conil. JKomaHMX BIUIMBIB Ha 3/I0POB’S HE OYIKYETHCS, KOJH SKICTh
MOBITPs1 3HaX0AUThCs B aiana3oni Bix 0 mo 50 wactun Ha minbion (PpmM). [Toka3HUKM BHII IBOTO
Jiana3oHy TOYMHAIOTH TMPOSIBISATH BIUIMB HA JIIOJACHKE 3J0POB’s, TOMY MOTPiOHO OOMEKHTH
nepeOyBaHHS Y BIIKPUTHX MPOCTOpax.

Bmict kammiro y rpyHTi (3MiHHa «KamMiii») — BelMue3HOI HEOE3IMEKOI IS OpraHizMmy
JIOAMHU € 3a0pyaHEeHHS IPYHTY KaaMmiem. [loTparuisioun B 1Ky, BiH BUKIIMKae aAedopMmarliito ckesera,


http://asp.net/

3YIUHKY POCTY y JiTel 1 cuibHi 0oii B cruHi. Memiana Bmicty Cd B kopi cranoButh 0,2 Mr/kr. Y
rpyarax Cd 3ycrpivaerbes B koHieHnTpamisx Big 0,01 mo 1 Mr/kr i3 cepefiHiM CBITOBUM 3HAYEHHSIM
0,36 mr/kr. BuiTproBanHs MOke mpu3BecTH 10 KoHieHTpaiii Cd 10 5 MK/ y IrpyHTOBI# BoJi Ta 110
1 MKT/11 y TpyHTOBI# BOI.

Bwmict cBuHIO y IpyHTI (3MiHHa «CBHHEIB») — € ayXe HeOe3nmeuHuM i JIrojed 1 BCix
KUBUX OpraHi3MiB. BiJl HaIIMIIKy CBUHIIO ypajKaeThCsl LIEHTpaJlbHA HEPBOBA CHCTEMa, TOJIOBHUMN
MO30K, IeUiHKa 1 HUpKU. BiH HeOe3meuHuil CBOIMU KaHIIEPOTCHHUMHU 1 MyTareHHUMU Haismu. [lpu
OIIIHI[I HACTAHOBH BUKOPHUCTOBYETHCS HAWOIBIN YyTIIMBUHN perienTop (MaJeHbKa TUTHHA) 1 HAHO1IBII
eKCTpeMalbHUI BIUMB. [HIIMMH cioBamH, SKOM IyK€ MajeHbKa JUTHHA Oyia MiJJaHa BIUIUBY
IPYHTY 3 KOHIIeHTparlieto cBuHI0 140 yacTUH Ha MUTBHOH npoTsAroM 24 roauH Ha 100y, 365 qHIB HA
piK IIe HE BIUIMHYJIO O Ha piBEHb CBUHIII0O B KpPOBi. ATEHTCTBO 3 OXOPOHH HAaBKOJIWIIHHOTO
cepenouina (USEPA) BBaxkae, mo piBai cBuHIl0 B IpyHTI A0 400 yacTMH Ha MITBHOH «HE
noTpe0yloTh XKOAHUX Aii». PiBeHp cBuHIO B TpyHTI Mik 400-1200 ppm BBa)kaeTbcsi «piBHEM
3aHETIOKOEHHSI.

MOHITOpH SIKOCTI IMOBITPSl OCHAMICHI TaTYMKAMU, IPU3HAYCHUMHU JJIsI BUSBIICHHST KOHKPETHHIX
3a0pyaHIOI0YNX pedoBHH [6]. Jlesiki BUKOPUCTOBYIOTH Jla3epH JUIsl CKaHYBAHHS HIUIBHOCTI TBEPAMX
YaCTUHOK Yy KYOIYHOMY METpi MOBITPsI, TOAI K 1HIII MOKJIAJAI0ThCA HA CYITyTHUKOBI 300paskeHHS JUIs
BHMIPIOBAaHHS €HEPrii, BiIONTOT 200 BUIIPOMiHIOBAHOT 3eMJICHO.

3a0pyaHIoBaYi, OB’ s3aHI 3 BIUIMBOM Ha 3JI0pPOB’S JIIOAWHH Ta HABKOJMIIHE CEPEIOBHIIIE,
BKiouarote PM2,5, PM10, mpuszemHuii 030H, MIOKCHJ a30Ty Ta MAiOKcHJ cipku. Yum Oinblia
HIUTBHICTD 3a0pYAHIOIOUNX PEYOBUH Y MOBITPI, THM BHIHH iHIEKC SKOCTI MOBiTps (AQI), mkana Bifg
uyns 10 500. AQI 50 ab6o HukK4Ye BBaXKAETHCS Oe3MeUHUM, TOA1 K mokazHuku Buile 100 BBaxKkarOThCs
HE37I0POBUMH.

SkicTh Boau [7] MOKHA BUMIPATH HUIIXOM 300py MPOO BOIH IS JIAOOPATOPHOTO aHANi3y ab0
3a JIOTIOMOTO0 30H[IB, SIKIi MOXYTh 3allUCYBaTH JaHi B OAMH MOMEHT 4Yacy a00 peecTpyBaTH IaHi
gyepe3 peryyspHi IPOMIXKKH 4acy MPOTATrOM TPUBAJIOTO MEPIoy Yacy.

Konopumerpu Ta poTomMeTpr BUKOPUCTOBYIOTHCS JIJISl aHAII3Y TTPOO BOJIHU, 3BAXKEHHUX OMAIIB 1
JIOHHOT'O MaTepialy Ha BMICT HEOpPraHIYHUX 1 OpraHiYHUX KOMIIOHEHTIB.

TecT-cMy)XKH € €KOHOMIYHMM CIIOCOOOM MPOBEACHHSI BHOIPKOBOI MEPEBIPKU SIKOCTI BOJH.
BoHM 3MiHIOIOTH KOJIp MiJ] BIUIMBOM LIIKaBUTh (PaKTOpA.

3arasoM KOJIOpUMETPHUYHA TIpolienypa Tmepeadadae A0JaBaHHS IEBHOTO THUITY XIMIYHOL
peuoBHHH (a00 «peareHTy») 10 3pa3ka Boju. [IoTiM peareHT pearye 3 peuoBHHOIO, SIKy HaMararThCsl
BUMIPSITH, BUKJIUKAIOYH 3MIHY KOJILOPY 3pa3Ka.

IcHye Tpu OCHOBHI KaTeropii iHAUKATOPiB IPYHTY [8]: XimiuHi, Pi3uuHi Ta Oiosoriyni. TUMOBI
BUNPOOYBAaHHS IPYHTY pO3IJIAJAIOTh JIMIIE XIMIYHI TOKa3HUKU. SIKICTh IPYHTY HaMaraerbcs
0o0’eTHaTH BCl TpU THUMHM MMOKa3HHUKIB. KaTeropii He TOYHO Y3rOMKYIOThbCA 3 PI3HUMH (QYHKLISIMHU
IPYHTY, TOMY HEOOX1JHa 1HTerpais. ¥ TabauIl HUKYE ITOKa3aHO 3B’ SI30K MIXK TUIIOM 1HAMKATOpa Ta
(GYHKIII€IO TPYHTY.

XiMIYH1 1HAMKATOPH MOXYTh JIaTH 1H(QOPMAII0 MPO PIBHOBAry MiX I'PYHTOBUM PO3YHMHOM
(rpyHTOBa BOJIa Ta MOKMBHI PEYOBHUHH) Ta MICISIMU OOMiHY (4aCTHHKH IJIMHHU, OpraHiuHa pe4OBUHA);
3/I0pOB'S POCIIMH; Xap4yoOBl MOTPEOH yrpyrnoBaHb POCIUH 1 IPYHTOBHUX TBapHH; PiBHI 3a0pyIHIOBaUiB
IPYHTY Ta 1X JOCTYMHICTb JJIsl IOTJIMHAHHS TBApUHAMU Ta POCTHHAMHU.

@i3UyH1 1HAMKATOPH HAJAI0Th 1H(OpMaIlil0 IPO T1IPOJOTIYHI XapaKTEPUCTUKU IPYHTY, Taki
K HAJXOJDKCHHS Ta YTPUMaHHS BOJH, IO BIUIMBAE HA JAOCTYIHICTh IS POCTUH. Jleski MOKa3HUKU
OB’ s13aH1 3 HASBHICTIO MOKUBHUX PEUOBHH Yepe3 iX BIUIMB Ha OOCAT YKOPIHEHHS Ta CTaH aepaitii.

BionoriyHi iHAMKATOPU MOXYTh PO3MOBICTH HaM IPO OpraHi3MH, SKi YTBOPIOIOTb XapyoBY
MEpeXKy TPYHTY, BIAMOBIJAIBHY 3a PO3KIAJaHHS OPraHIYHOT PEYOBHMHU Ta KPYrooOir MOKXWBHHUX
PEUOBHH.

B mpomeci po3poOneHHsS cucteMu OynO BHKOPHCTAaHO TEXHOJIOTIIO HEUITKOI JIOTIKH.
TexHoIOTisI HEYITKOT JIOTIKK — 1€ KOMITFOTepHUN MiaxXia 10 6araThoX cyd4acHUX cucteM. BoHa Gepe
CTYIEHI ICTHHHOCTI SIK MAaTEMAaTHYHY OCHOBY 3a MPHHIIUIIOM acCeKTy ABO3HAYHOCTI [9].

[TepeBaru TEXHOJOTi{ HEYITKOT JIOTIiKH:



1. Bucoka TOYHICTbh, OCKUIBKA BOHA 0a3yeTbCd Ha JIIOJCHKUX MIPKYBaHHSAX 1 JIIHTBICTUYHIN
Mozenl

2. 'nyukuil y BAKOPUCTAHHI Ta 3aCTOCYBaHHI B 6ararboX rajy3sx IMPOMHUCIOBOCTI

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

4. EdexTuBHE BUKOPUCTAHHS KEpPYBaHHsS JJs OUIBIIOCTI EJIEKTPOHHUX 1 MPOMHUCIOBUX
CHCTEM

BxigHi Ta BUXigHA 3MIHHI B HEUITKid Mojeni Oyiu MpeacTaBlieHI TPUKYTHHUMH (DYHKIISIMU
HAJIEXKHOCTI. YCi BXigHI 3MiHHI BH3Ha4YcHI 0a30BOI0 MHOKKMHOKO TepmiB: low, high, B mexax
THAVBITyaTbHIX MHOXUH:

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

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

3. Miokcua azoty: low — [0, 30], high — [20, 180];

4. O30mH: low — [0, 60], high — [50, 300];

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

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

Buxinnum mnapamerpoM € 3MiHHa “Exosoriunuii aHami3z”, BU3HaueHa 0a30BOI0 TEpM-
muoxkuHO {low, medium, high}, B mexxax yniBepcansHoi muoxxunu [0,3] (puc.l).
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Puc. 1. Bxigni Ta BUXigHa 3MiHHI MOJIEN]

CTpyKTypHa MOJENb CHUCTEMHU CKJIQNA€ThCS 3 5 €JIEMEHTIB: JaHl 3 JaT4MKiB, 0a3a JaHUX,
cepBep, MporpaMa, KOpUCTyBalbKHi iHTep(eiic.

Jani 34yuTylOTbCA 3 JaTYMKIB Ta 3alMCylOThCs B 0a3zy aganux. Jlami 3a Jgomomororo
CIeLiaIbHOTO KOHEKTOPa, iH(opMarllis 3 6a3u JaHUX IMIIOPTYETHCSI HA CEPBEP, 3BIJIKM B CBOIO UEpPry
nepenaeTbest y MoAyidi mporpamu. Jlami HEoOXigTHO HamucaTH MPOrpaMHUN KOJ, SIKUH 00poOise
OTpHMMaHi JJaHi Ta 3alKMCye€ HAa KOPUCTYBAlbKHUH iHTepdeiic Ui moganbiioi poboTH Ta B3aeEMOAIL 3
HUMH.

Cepen HalBaXJIMBIIINX 3aBJaHh KOPHUCTYBaua CHUCTEMH €. OTpMMaHHS iH(opMarii, a came
PO BIUIMB Ha JIOAWHY, MPO SKICTh TOBITPS, BOAM, IPYHTIB Ta MEPErjsa IHTEPAKTUBHOI Maru
3a0py/IHEHHS, PO3pPaxXyHOK pIiBHSA 3a0pyJHEHHs, a caM€ BBEJICHHs IIOKa3HUKIB Ta TEPeryisl
IpPaHUYHUX 3HAYEHbB, MIEPETIIA]] CTATUCTUYHHX JIaHUX.



Po3paxyHok piBHS 3a0pyAHEHHS € HAWrOJOBHINIOW (YHKLIED CHCTEMH MOHITOPUHTY.
Cucrema MOXe JOMOMOITH KOPHCTYBadeBi pO3paxyBaTH SIKICTb HABKOJMIIHBOTO CEpEIOBHUINA 3a
BJIACHUMH TOKa3HMKaMM y Horo micueBocTi. JlJIi HbOTO JOCTaTHHO JIUINE BBECTH MOKA3HHKH Ta
HAaTUCHYTH KHONKY «Po3paxyBatu». Cuctema BUBEJE€ BHUCHOBOK 3TiJIHO 3allUTy KOpPUCTyBaua, a
TaKOX MOKaXkKe piBeHb 3a0pyAHEHHS Ta IPaHWYHI 3HAUCHHS, SKi HE BIUIMBAIOTh HA CTaH Ta 3JI0POB’s
JIFOJTUHH.

Cucrema Oyne HajgaBaTH JOCTYN A0 po3mupeHoi iHpopmamii s kopuctyBauya. Cepen
OCHOBHHMX MOYKJIMBOCTEH OyayTh Taki BUIU iHGOpMaIlii: sIKiCTh MOBITPS, SIKICTh BOJIU, SKICTh IPYHTIB,
a TaKOXX Teperjsi IHTepaKTHUBHOI Malu SIKOCTI HaBKOJMIIHBOTO cepenoBuiia. J[0ogaTkoBo, MOXKHA
Oyze oTpuMaTH iH(GOPMAIIiIO TIPO BIUIUB HA JIIOJIUHY.

KopuctyBauam moxe Oyzae IiKaBO TMEPEBIPUTH Ta TMOPIBHATH JaHi, sAKi Oynu 3amucaHi
MPOTATOM IIE€BHOTO Yacy y MuHyiaomy. i 1uporo € (QyHKIiS Meperiasay CTaTHYHUX JdaHHX.
KopucrtyBauy Oyne BUBOAWTHCS TaOnMis 3 BUMIPSIHUMH paHille TMOKa3HUKaMU 3a0pyAHEHHS 3
MOJKJTUBICTIO BUOOPY MEPioy, AKHIl HOTO IIKaBUTb.

KopucTtyBau Mae MOXIMBICTh BHECTH JaHi, sIKi BiH 3HAa€ MpO 3a0pyIHEHHs, a Mporpama
CaMOCTIHHO BU3HAYHUTh WOTO PIBEHb, 3T1THO MPOTPAMHUX MPABUIIL.

baza manmx cucremu cknamaerbes 3 9 Tabmune: «KopucryBau», «Micto», «IlokasHUKH
Boau», «ITokasuuku Iloitps», «llokasuuku IpyHTy», «Monitopunr», «Bmicr Peyosun Bomu»,
«Bwmict Peuosun ITosiTpsa», «Bmict Peuosun IpynTy».

Konmu xopucTyBau 3aXxOAWTh Ha CalT TJI00alIbHOTO MOHITOPUHTY, HOMY BiJKPHUBAETHCS
TOJIOBHA CTOPIHKA, SIKa MICTUTH JCSIKY iH(GOPMAIIiF0 IPO MOHITOPUHT B 3arajlbHOMY.

[Tepexonsuu Ha i cropinku: «IloBiTpa», «Boma» ta «[pyHT», BinoOpakacThes aKTyajabHa
KapTa 3 MiCTaMH Ta IMO3HaYKaMu Ha Hil. JlaHi oTpuMyrOThCs 3 0a3u gaHux. Haruckaroum Ha KOXKEH 3
MOKa3HUKIB, KOPHCTyBad MOXKE M[MO0QUYUTH MOro KoopaMHATH. TakoX Mig KOOpAHMHATAMU
po3TamoBaHa akTHBHa KHomKa «IHdopmamis mpo 3a0pyJHEHHs», sika POOUTH Tepeajpecaliilo Ha
CTOPIHKY 3 TOKa3HUKAaMU 0 JAHOMY MICTY.

HarucnyBmm Ha kHONKY «IH(pOpMaliist po 3a0pyIHEHHS», KOPUCTYBady BIJIKPHUETHCS HOBA
CTOpiHKa 3 JeTalbHOI0 iH(GOpPMAIli€l0 MO [BOMY MICTY, Cepel SKUX 3arajibHUi IMOKa3HHUK
3a0pyIHEHHS Ta MOKA3HUKU BMICTY PEUOBHUH, SIKi € PI3HUMU TSI KOYKHOTO BHIY MOHITOPUHTY.

[Ile onHI€IO CTOPIHKOI € KaIbKYISITOp, SKUM BHU3HA4Ya€ piBEeHb 3a0pyIHEHHS, 3TiAHO
BBeICHUX MpaBwil. Ha 1iit cTopiHiii € mosist 1 BBOy iH(MOpMaIlii, sk MOBITPS, TaK 1 BOAU Ta IPYHTY.
HeoOxigHo BHecTH mgaHi Ta HaTUCHYTH KHOMKY «PospaxyBatu». Ilporpama paxye piBeHb
3a0pyIHEHHS Ta 30epirae BBeICHI MOKa3HUKH, 1 BUBOAUTH 111 TOPAaxOBaHi JaH1 Ha €KpaH.

Jlns KOHTpONO 3MIHM TOKA3HUKIB 3a0pyAHEHHs Ha CTOPIHKA BHBEACHO Tpadik 3MiHU
3HadeHb. Ji1g moOymoBH rpadiky 3 60a3m JaHuX OepyThCs MOKA3HUKH 32 OCTaHHI S JTHIB, 3T1THO SKHX
MO’KHa MOOAUUTH TUHAMIKY 3a0pyAHeHHs. SIKio B e JeHb JOJaHO JIeKiIbKa 3aluCiB, TO OepeThCs
HAWHOBIIIMN JAOJaHUK 3amuc. SIKII0 MOKa3HWK B IIeW JACHb HE JIOJAaHWIA, BIATOBIIHO ITOKA3HHUK OyJie
nopiBHIOBaTH HYI0. ['padiku MoxHa MOOYyAyBaTH AJI1 KOKHOTO MTOKA3HUKA.

Po3pobiiene mporpamue 3abe3neueHHs 0ya0 MPOTECTOBAHO HA KOXKHOMY €Tari Horo poooTH.
3anpornoHoBaHa CUCTEMA MpaItoe 0e3 TOMHUIIOK.

Orxe, y poboTi Oyio po3pobieHo nmporpaMHe 3a0e3redeHHs s TII00aTbHOTO0 MOHITOPUHTY, a caMe:
cdopmoBano 1H(OpMaIIiifHY MOJEINs AOCIIKEHHs; OMMMCAHO BXIMHI Ta BHUXITHI JaHI Ta MapaMeTpu
pO3po0IIOBaHOT MOJIENi; METOIM OTpUMaHHA iHQOpMalii NPOEKTOBAaHOI CHUCTEMHU Ta 3aco0H
BUMIPIOBaHHS TNOKa3HMKIB. JlaHa cucteMa jae 3mMory 30MpaTH, oOpoOJisATH Ta aHaIi3yBaTWU BCi THUIH
JNaHUX, HEOOXIMHUX JUIsl TJI00aJbHOrO MOHITOpHUHTY. JlaHi, sKI 30HpalOTbCd MOXYTh
BUKOPUCTOBYBATHUCS AJIsI MPUNHATTS BAXKITUBUX pimieHb. Cuctema € e)eKTUBHOIO, IIBHUJIKO MPAIIOE 1
0€e3 MOMUJIOK, € IPOCTOIO0 Y BUKOPHUCTAHHI.
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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.

AHoTanisg. Ha ceorogHimHiii JeHb 3 PO3BUTKOM IPOMHUCIIOBOCTI NMUTaHHA OOpOTHOM i3
IIYMOBUM 3a0pyJIHEHHSIM HaOyBae Bce OLIbIIOro 3HayeHHS. DI3UYHO MOHATTS IIYMY ONHUCYEThCS
XA0THYHUMH TIPOLIECAaMH 1 TICHO TIOB’S3aHO 13 TaKUM TOHATTSAM SIK BHUIAIAKOBICTb. MoKHA
CTBEpP/KYBaTH, IO IIYM € HACIiAKOM BHIIQJAKOBOCTI. MeTOIU CTBOPEHHS ICEBIOBUIIAJIKOBUX
MIOCTTIZIOBHOCTEH MOXHA BUKOPUCTATH JUII CTBOPEHHS KOHTPOJIBOBAHOTO IIIYMY, IIO B CBOIO YEPTy
Jla€ MOJKJIMBICTh CTBOPIOBATH AKTHUBHI CUCTEMHU KEpPYBaHHS HIyMOM. TOMY JOCHIJDKEHHS B 00JIacTi
MOIIYKY HOBHUX TICEB/IOBUIAIKOBUX TMOCIITOBHOCTEH, SIK1 HAUOIIbINE MIIXOAATh JJI 3aCTOCYBaHHS Y
SAKOCTI JDKepelda IIyMy 3 KOHTPOJbOBAHMMHU IapaMeTpaMd Ma€ BaXJIMBE 3HAYCHHS SK IS
3aCTOCYBaHHA B c(epl 3aXMCTy HaBKOJIMIIHBOTO CEPENOBHUIIA Bl IIYMOBOTO 3a0pyJHEHHS TaK 1B
cdepi 3axucty iHpopMarii.

Knrwowuosi cnoea: bopomvba i3 wymom, wymoge 3a0pyOHeHHs, OO0BKILIA, NCeB800 ULYMOBI
NOCNi008HOCMI, 2eHepamopu Nced0o8UNAOKO8UX NOCTI008HOCELI.

1. Beryn.

BypxnuBuil pPO3BUTOK MICT, KOHIIEHTPYBAaHHS B HHUX BCE OUIBIIOI KIJIBKOCTI HOBHUX
BHUPOOHMIITB, TPAHCIIOPTY, MOsIBA a€PONOPTIB MOOIU3Y — 1€ BCE CYTTEBO YCKJIAIHIOE KUTTS JIIO/IEH,
JUTSL SIKUX 37aBajiocs Ou 1 OymyroTbest 1l Micta. KpiM 3a0pyaHeHHS TOBITPS, JTOBKOJHUITHBOTO
Cepe/IoBUINA, BOAM TaKOXK MOXKHA HABECTH 1 TaK 3BaHE «3a0pyAHEHHs» IMiJIBUIIEHUM IIyMoM. YacTto
HeOa)XaHUM SIBUIIEM € HasBHICTh NIYMIB B EJEKTPOHHHX CXEMaxX, J€ BOHH € pPe3yJIbTaToOM
¢dbyHgameHTanbHUX (iI3MYHUX TpoueciB. PiBeHp IIyMy Takox Tpeba BpaxoByBaTH IpH Iepenayi
pamiocurHani. [lo 3axucTy cepenoBHila BiAg IMmIymMy MaOyTh TakoXX MOXHA BIJHECTH 1
KpunrorpagiuHuii  3aXMCT  BiJ ~ IIyMiB, IO HampaBlieHI TNEpemKOAUTH  HOPMaIbHOMY
(YHKI[IOHYBaHHIO TEXHIYHUX 3aCO01B.

BrnuB mymy Ha CTaH JIIOJMHHM Ma€ sIK HETAaTWBHUM Tak 1 MO3UTUBHUM xapakrep. OTxe —
HEraTUBHUM BIUIMB 1€ HANpUKIaJ HE MOJJIMBICTh 3aCHYTH IHiJ 3BYK TPAHCIOPTY 3a BIKHOM,
CKJIAJHICTh y CHUIKYBaHHI IiJ] 4ac TaJaciMBUX BEIMKHX MyONIYHMX 3i0paHb, (i3UUYHUN BIUIMB
MOTYKHOTO 3BYKY Ha OpPTraHH CIIyXy, II0 MOX€ IIPUBECTH 5K 10 MMOHMKEHHS YYTJIIMBOCTI CIyXY TaK 1
710 TIOBHOI #oro BTpaTu. Bce 1e miaATBepIKYyeThbCa 1 OTpUMaHUMHU HayKoBUMH jaaHumu [1]. Takox
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IIyM 32 CBOIMHU IIEBHUMHU XapaKTEPUCTHKAMH MOKE TIPU3BOAUTH JI0 PI3HUX HETaTUBHUX BIUIMBIB, TaK
KOJIMBaHHS 1H(PA3BYKOBHX XBWJIb OYKBAIBHO MOXYTh BOWUTH JOauHY. Tomy y OUIBIIOCTI
[UBUTI30BaHUX KpaiH BCTAHOBJEHI JOMYCTHMiI HOPMH IIyMy Yy TPOMAJICHKHX MPUMILICHHSX.
AHaroriuHi € 1 B YkpaiHi [2]. MeToauku OIIHKH BIUIMBY IIYMYy Ha HAaBKOJIUIIHE CEPEIOBHIIE
HaBesieH1 B «PeKoMeHaMifaxX 3 OIIHKH BIUIMBY LIYMY Ha HaBKOJIMIIHE CEPEOBHUIIE», OMYOIIKOBAHUX
[HCTHTYTOM yTmpaBIliHHS Ta OIIHKK HaBKOJUIITHLOTO cepenoBuiia (IEMA) B 2014 [3].

Jlo mo3uTHBHHMX (AKTOPIB MOXKHA BIAHECTH CKaXiMO HOro BIUIMB Ha JIIOAWHY, fKa
BIIMIOYMBAE MM IIyM J0IMy, MOpsi abo Jyicy. [lo3uTHBHUI BIUIMB IIyMy Ha OpraHi3M JIFOAUHU
BiIMIYa€Thca y 0araThbOX IMOBIJOMIICHHSX, alleé BCi BOHU MEPEBAKHO HE SIBJISTFOTHCS aKaJIeMIYHUMH
nociipkeHHsMU. Ha npukiaz iCHYIOTh MPakTHUKK Tak 3BaHOT'O CHY Ha BYJIMKaXx, ajie MpU UbOMY SK
BKa3aHo Ha caiiti MO3 Ykpaiuu [4], 5koIHHUX MiATBEpHKEHb e()EKTHBHOCTI TAHOI'O METO/1Y HE iCHYE.

2. [Ipupona mymy.

3riIHO €TUMOJIOTIYHOTO CIOBHUKA [5] CIOBO HIyM «rajac; BUp», BiloMe 1€ B MOBI JaBHBOI
Pyci 3 2-1 nonoBuau 11-r0 BiKy 1 MOXOIUTH BiJ MPaciOB’SIHCHKOTO KOpeHs. J[aHe MOHATTS Takoxk
MOJKHA TIOB’S13aTH 1 3 MOHATTAM XaocCy, K€ € aHTOHIMOM CJIOBY HOpsIoK. B ¢i3umi i maremaruii
Teopis Xaocy BUJLJIEHA B OKPEMUH MIAPO3ILL.

3 ¢i3UYHOI TOYKH 30py 3BYKOBHH IIyM SIBJIsi€ COOOI0 XAOTHYHY CYKYIHICTh 3BYKOBHX
KOJIMBaHb PpIi3HOI 4YacTOTH, IHTeHCHBHOCTI 1 THCcKy [6]. Illym 3a CBOiMH YacTOTHHMH
XapaKTePUCTHKAMU MOXKHA PO3IMOJAUIATH IO THIAM. 32 aHAJOTIE0 31 CBITIIOM BHIUISIOTH IEBHI
«konbopu» mymy. PosrisiHemo mo yepsi ix yci. OTke «OinuMif» mIymM Mae y CBOEMY CKIali yci
YaCTOTH, TOOTO MOTYXHICTh Or0 CHTHAJIy PIBHOMIPHO PO3IOJiJICHA 1O BCii 1moJioci yacTot (mpsMa
1 na puc. 1.). Ha puc. 1 HaBeneHi aCUMOTOTH 3MOICIbOBAHUX 3AJIC)KHOCTEH CHEKTPaIbHOI I'YCTHHH
MOTY>KHOCTI CUTHAJTy BiJl YaCTOTH.
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-60 — 2
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Puc. 1. ACHMOTOTH 3MOJIETbOBAHUX 3aJISKHOCTEH CIIEKTPAIbHOI I'YCTUHH MOTY>KHOCTI CUTHAIY BiJ
YaCcTOTH JJIS PI3HUX THUIIB IIYyMiB

Cam peasibHUI CUTHAN, Ha IPUKJIAA A «OLI0ro» mymy, Mae GopMy 3aJIeXKHOCTI, HaBeJIeHY
Ha puc. 2. Komip mrymy BH3HA4Ya€ThCs IO TOMY B SIKYy 00JacTh 3MillleHa YaCTOTHA XapaKTEPUCTHKA
CHTHAJY IIyMY, JUIS OLJIOr0o IIyMy 3MIlIeHHs BiACyTHE. sl «depBoHOro» mymy (mpsima 2 Ha puc.
1.), iumra #oro Ha3Ba OpoyHiBChKOro abo mrymy bpayna [7], MaemMo BIAMOBIZHO 3CyB OLITBIION
IHTEHCHUBHOCTI CHUTHANly B 00JIACTh HU3BKHX 4acTOT. TOOTO HOro 4acTOTHA XapaKTEPUCTHKA Mae
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Bursig ~ 1/f i3 maxumom -20 dB/dec. dismuna mpEpoxa AHOrO IIyMy 6GasyeThCsh Ha PO3TIIS
OpOYHIBCHKOTO PYXy YaCTHHOK, 3BAKEHUX y cepenoBuili. JlaHui myMm noaioHui 10 IIyMy CHIIBHOTO
nomty abo Bomocnany. B [8] Oyino moka3zaHO sk METOJOM IHTEPYBaHHS MOXKHA i3 «OLIOT0» IIymy
OTpUMATH ‘“UepPBOHMIL".
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Puc. 2. AMIniTyaHO — 4yacoBa 3aJie)KHICTh CUTHAITYy «O1I0ro» Iymy

Takox Ba)KIMBUM THUIIOM LIYMY € TaK 3BaHMM I1ymMoBuil nipouec OpHiureiiHa-Ynenoeka, skui
IIMPOKO BUKOPUCTOBYETHCS Y PI3HUX MOJACTIOBaHHSX [8], B €KOHOMIYHHUX MOJICIIOBAHHSIX KYPCiB
OOMiHY BaJIOT, NPOLIEHTHUX CTaBOK IO KpeAuTaM 1 JEeHo3uTaMm, I[iH Ha TOBapH, B TEXHIYHHUX
MO/ICITIOBAHHSX TMOBEIIHKH PI3HUX CUCTEM 32 JIOTIOMOTOIO IITYYHOTO 1HTENEKTY, HAPUKIA]] TIOJIBOTY
JpOHA B Pi3HHUX MOTOHIX yMOBax [9].

Tak 3BaHMi «poxeBuit» mym (mpsima 3 Ha puc. 1), mie HWOro Ha3MBaIOTh JIPOOOBHM abO
¢GpakTadbHUM, Ma€ BIANOBIAHO YaCTOTHY XapaKTEPUCTHKY ILIUIBHOCTI MOTY)KHOCTI CHUTHAIY
npomnopiiitno ~ 1/f. 3Byk “poxeBoro” mymy momiOHuil 10 3ByKy Bopocmany. Januii Tmn mymy,
TOOTO IIyMY i3 YaCTOTHOK XapakTepHCTHKOW 1/f MOB'S3yrOTh i3 eNeKTPOHHUMH (IIYKTYyaIlisiMU Yy
tBepaux Tinax [10]. KsauroBa teopis 1/f mymy [11], ctBopena Ilitepom I'engenem i Oyna
onyOmikoBaHa Bmepme B 1980 p. Azne 1 Teopis oTpuMaia 3amepedeHHs 2-Ma HEe3aJeKHUMU
JOCIITHUIBKIUMHU Tpymamu [12; 13], mio i Oyno BigMiueHo B ornsnoBii cratti M. Baiicmana [14].
Takum YHHOM NHTaHHS OCTATOYHO 00 KBaHTOBOI Teopii 1/f mymy a Ttakox Oararbox
eKCIIEpUMEHTAJIbHUX POOIT, 10 1i MIATBEPKYBAIIH, 3TUILAETHCS BIAKPUTUM.

3. MeToam q0CTiAKeHHS LIIyMY.

Tak sk (i3UyHO TIYM € pe3yNbTaTOM IEBHUX BHUIIAJKOBUX IIPOIIECIB TO BIAMOBIIHO
IPUPOJHIM € PO3MNIS IIYMy 3 TOYKM 30pYy Teopii HMOBIPHOCTEW 1 CTATHUCTUKU. YCTaTHUCTHII
PO3IIIAA0Th PI3HI TUNH MPOLECIB, SIKI BIIPI3HAIOTHCS MK COO0OI0 MEBHUMHU mHapamerpamu. Kpim
MyacCOHIBCHKOTO TPOIIECY Y CTATUCTHIII 1l BUAUIAIOTh MapKiBChKHUii 1 BiHEpOBChKHH mporecu [15;
16]. 3rigao i3 [17] ¢i3uuni mpomecw, IO NPU3BOAATH 0 APOOOBOrO 1 TEIUIOBOTO IIYyMY
HiAMOPSIKOBYIOTECSI CaMe ITyaCCOHIBCBKOMY 3aKOHY pO3MOALTYy. SIKIIO po3risaaTd LIyM SK
IMIYIbCHUM BUITAJIKOBUN TMOTIK, SIKUH 3a/J0BOJIbHSE YMOBAaM CTaI[lOHAPHOCTI, OPAMHAPHOCTI 1
BIJICYTHOCTI MicHsAil TO BiH OyJae OMUCYBAaTHCh KIACHYHUM IyaCCOHIBCBKUM HAONMKEHHSIM IS
O1HOMIABHOTO PO3MOJILTY, a00 MO 1HIIOMY MPOCTO ITYaCCOHIBCHBKUM PO3MOIIIOM y (hiKCOBAaHOMY
iHTepBali yacy t :

P(k,At) = e M (At)/k! (1)
ne A - cepedHs KUIBbKICTh IMIYJBCIB 3a OJWMHHIO 4acy, e - uucio Eiinepa, K — kinmbkicTb
iMImysibeiB 3a oxmHMIO dacy. Tob6To mama ¢opmyrna omucye iimosipaicte P(k,At) mosBu K
iMyneciB 3a yac t. Konu 3a10BUIBHAIOTBCA yC1 TPU YMOBHU TO MPOILEC HA3UBAETHCS CTAI[IOHAPHUM 1
HE CTalllOHApHUM KOJHM BIAMOBITHO BIJCYTHS yMOBa CTalllOHapHOCTI mpouecy. [lo BiacTHBOCTEH
MyaCCOHIBCHKOTO PO3MOJUTY, SKI BIAPI3HAIOTH WOTr0 BiJ I1HIIMX, 1 BUAMOBIAHO TO SKUX MOXKHA
eKINEPUMEHTAJIbHO BH3HAYaTH MPABJOMOMIOHICTh TIMOTE3W NP0 MNPUHAIEKHICT TMPOLECy A0
MyaCCOHIBCHKOTO, € PIBHICTh MaTEeMaTHYHOT'O CIIOJIBaHHSI 1 JaucCIepcli BHUMAJAKOBOI BEIHMYMHU
(M(k)=D(k)).

Buxoasuu 13 cratucTuyHOl MOAIOHOCTI IMIyMy 0 TaK 3BaHUX IIYMO MOMIOHUX MPOIIECIB, 10

SKHX BIIHOCATBHCS 1 MPOIIECH T€HEPYBAaHHS IICEBOBUIIAJKOBUX YHCEIN, ICHYE MOMJIUBICTh IITYYHOTO
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CTBOPEHHS CUTHaNy Hrymy. [Ipu 1bOMYy BiIKpHBAIOThCS IMEPCHEKTUBU KEPYBaHHS BIIACTUBOCTSIMHU
3MO/ICJIbOBAHOTO IIYyMY. 3a JIOTIOMOTOI0 PI3HOMAaHITHHX T'€HEPATOPiB MCEBJIOBUIAJKOBUAX YUCE] MU
MOXXEMO  TCHEpyBaTH  TICEBJOBUIIAQJKOBI  TMOCIIJOBHOCTI, SKi  BIiANOBIAlOTH  IEBHUM
XapaKTepUCTHKHAM IIyMOBUX reHeparopiB [17]. Tak BapiaHTH MOJETIOBAHHS «Y4E€PBOHOTO,
«POXKEBOTO», «roy0oro» i «(iojgeToBoro» mymis 3a gqonomororo nakery Matlab naseneni B [*9].
BaxmBor0 XapaKTepUCTUKOI IS aHali3y 3TeHEPOBAaHHMX IIYMO TMOJIOHUX IOCIIJOBHOCTEH €

aBTOKOpesiniiina pyHkuis (AKD):
1
Ryx == dij=1 XiXi4j (2)

n

ae j = 0, m. [Ipu ubomy AK® mipu j = 0 mae mik, a npu Beix iHmux | (] > 0) 11 3HaYeHHs OIU3bKe
HyI10. JIJIsl OIIIHKK CTEIEHs IIYMOTIOIIOHOCTI MOCTIIOBHOCTI 3aCTOCOBYIOTh BIAHOIIECHHS aMILTITYI!
TOJIOBHOTO TIiKa JI0 BEJIMYMHU MAKCHMAJILHOTO po3Maxy OOKOBOTO TETIOCTKA, YAM BOHO OLIbIIE, TH
MOCITIIOBHICh, TOOyJOBaHA HAa TEHEPAaToOpl IICEBJOBHMIAAKOBOI  IMOCTIZIOBHOCTI, OUIBII M
nymoroniOHa. Ile 1LIOCTpyeThCSs OTPUMAHUMH — €KCIICPUMEHTAIBHUMHU — JaHUMH IS 2-X
MOCTIIOBHOCTEH, OTpUMaHUX Ha 0a3l TeHepaTOpiB IICEBJIOBUITAJIKOBUX YHCEN: - JIHIHHOTO
KOHrpyeHTHOTro renepatopa (JIKT)

X; = (aX;_1 + b)mod m 3)
ne a=106, b =1283, m=6075;
1 MoaudikoBaHOTo TeHepaTopa Pi0oHAYYI 13 3aITI3HEHHSIM

Xps1 = Xp_g + Xpp) mod (2™),mpun = 55 (4)

nea=>55b= 24, m= 20

1.2 1.2

1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

0 r’1r11"‘1‘r1li R R L e R ¥ o USRI [ JU SIS S ——
0.2 0.2

0 20 40 60 80 100 “5 20 20 a0 80 100
a) 0)

Puc. 3. a) AK® mrymo nozaibnoi nocaigoBHocTi Ha ocHoBi JIKT', 6) AK® nrymo moaidHo1
MOCJIIJJOBHOCTI HAa OCHOB1 MOAM(IKOBaHOT0 reHeparopa Pi6oHayul 13 3aMi3HEHHM.

Ax BumHO 13 TpadikiB BIAHOMIEHHS OCHOBHOTO TMIKYy 10 OOKOBHX TMEIIOCTOK JIJIst
myMonoaioHoi  mociigoBHOCTi Ha ocHoBi JIK[T MeHmIe aHanmoriyHOro BITHOLIEHHS IS
ITyMOTIOAI0HOT TTOCITITOBHOCTI Ha OCHOBI Monu(dikoBaHOTO TeHepaTopa diboHayi 13 3amMi3HEHHSM,
10 CBIYUTH IO Te, L0 APYTUi TeHEepaTop Mae MepeBaru y BUKOPUCTAHHI Y SIKOCTI IIyMO MOJiOHOT
nocigoBHOCTI. Lle TakoXk y3ro/uKyeThesl 3 TUM (DaKTOM, 1110 3arajioM CTaTUCTHYHI XapaKTEePUCTUKH
3a tectaMd NIST Takox Moka3yloTh BHUILY SKICTh JUIsl reHeparopa @iOoHaydi i3 3ami3HEHHSM.
CrtBopuBIIM Ha 6a31 BUOPaHUX FeHEpaTOpiB TICEBOBUITAIKOBUX YHCENl, FEHEPATOp IIYyMY MU MOXKEMO
NEeperTH 0 CTBOPEHHSI CHCTEM AaKTUBHOTO MOAABICHHS IIyMY, SIKIi MOXKHA BUKOPHUCTOBYBATH K B
3aXMCT1 HABKOJIMIIHBOTO CEPEIOBUINA BiJl 3a0pYAHEHHS IIYMOM TaK.

4. AKTHBHE NOABJICHHS LIYMY.

Ines akTMBHOrO MOJABJIEHHSA WIYMYy MOJIAra€ B TOMY, II00 3a JOMOMOTrO0 iHTepdepeHIii
CUTHaJIIB TOOMTHCH CKACyBaHHSA IIyMY, IUIIXOM HaKJIaJaHHS TaKOTro XX LIyMYy aje 3CyHyTuM 1o ¢asi
Ha 180 rpagyciB. Takum 4UHOM, THITUN KOPUCHUN CHTHAJ Oy/ie OYHIIIEHUH Bij IITyMYy MOBHICTIO a00
* 3HauHOIO Miporo [18]. IIpu umdpoBoMy MojaenmtOBaHHI, 3a OTOMOTOI0 JAaHOI TEXHIKM MOXHA
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JTOOUTHCH TIOBHOTO OYMILEHHS BiJ LIyMY, OAHAK MpH POOOTI 3 aHAJIOTOBUMHU MPHUCTPOSIMHU, a0 X
peanbHOI epeadl CUrHaIy MOXYTh BAHUKHYTH TPYIHOLLI.

B konTekcTi kibepOe3neku, TeHepaTOpH IIyMy MOKYTh BUKOHYBATH POJIb TACHBHOT'O 3aXUCTY
iHpopMaii a0 >k aKTUBHOI'O BIUIMBY Ha 3JI0BMUCHHKA, II00 YHEMOXKJIMBUTH BUKOPUCTaHHS IEBHOT'O
NPOMDKKY 4acToT. Y BHUMAJKy, KOJH 3JIOBMHCHUK BHKOPHCTOBYE T€HEpaTOp IIyMy Ha 30HY, AKY
HEOOXIJHO 3aXUCTUTH, €(PEKTUBHHUMU METOJIAaMHU 3aXHCTy € IICEBJIOBHMIIAJKOBE II€peJalliTyBaHHs
po00OYOi YacTOTH Ta PO3MMUPEHHsS creKTpa. OCKUIBKH 3 PO3IMIUPEHHSIM CIEKTPY YacTOT, T'eHepaTop
IIyMy BTpava€ CBOI €(EKTHBHICTh 1 BHMarae OUIBIIMX PECYpPCiB BiJ 3JOBMHUCHHKA, I TEXHIKA
IIMPOKO 3aCTOCOBYETHCS /11 OOPOTHOH 3 IIIYMOM.

OpHak OyBarOThb BUNAJKH, KOJM LI TEXHIKM HEMOXXJIMBO BIPOBAJAUTH ab0 kK BOHU €
HeeeKTHBHUMU. Hampukian, SKIo reHepaTopa IIyMy JOCTaTHbO LI00 MOKPUTH yCi KaHAIU, MiX
SAKUMH BiJOYBA€TbCA NEPEMHUKAHHS 4YacTOTH a00 BUKOPUCTaHHs ILIMPIIOrO CIEKTPY 3a00pOHEHE
gepes MOXIIHMBY iHTepdepeH o 3 iHmumMu curHanamu. llle omqHuM MpUKIagoM € CUTHAIM, SKi He
MOKYTh BUKOPHCTOBYBAaTH OINMCAHI TEXHIKHM yepe3 OOMEXEHHs NMPHUCTPOI0 ado y BHUIAAKY, KOJIH
CHTHAJI € MpUPOAHIM. B Takomy pa3i iMIUIeMEHTallis aKTUBHOTO IOJABJICHHS IIYMYy € XOPOUIOKO
aJIbTEPHATUBOO JJIs1 BIJOKPEMJICHHS KOPUCHOTO CUTHAITY.

5. IIpobiemMu aKTHBHOTO NMOJABJIEHHS LIYMY.

€ xinpKa GaxkTopiB, AKi MOTPiIOHO OpaTH A0 yBaru Npu peanizaiii akTHBHOTO MOJaBICHHS
rymy:

® IIBUIKO/is TPUCTPOIO TIOAABICHHS ITYMY;

e [DKEpeJIo Ta MPUpoJia IIyMy, SKM HE0OX1JHO MOJABUTH;

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

® [IOTY)KHICTh LIYMY.

SIK10 icHYye MOMIJIMBICTH MPSAMOI CHHXPOHI3allli 4M IMIUIEMEHTAIlli aKTUBHOTO IMOAABIICHHS
rymy 0e3nocepeiHbO Ha MPUCTPOi, OOSpHEHHIA ITyM MOKHA T€HEPYBAaTH B PEXKHMMI PEabHOTO Jacy i
TAaKUM YMHOM MPOTHIATH 30BHIIIHBOMY IIyMy. B iHIIOMY BHMajKy HEOOXiJHO BUKOPHUCTOBYBAaTH
a/IalITUBHI aJITOPUTMHU, SIKI B PEXKHUMI peajlbHOr0 4acy MOXKYTh aJalTOBYBAaTUCh MiJ 3MIHU B IIyMI,
a0o0 anropuTMH, SKi MOXYTh HepeadadaTd IIyM Ha OCHOBI IONEPEIHBO ONpalbOBaHUX AaHUX. B
OyIb-IKOMY BUIAJIKy, €(EKTUBHICTh TAKOTO TMOABIICHHS 3aJI€KaTUME OJJHOYACHO BiJl BCIX BXIJTHUX
CUTHAJIIB, KOpEJsLii IIyMy 3 KOPUCHHUM CHUTHAJOM 1 MapaMeTpiB 3 SKUMHU Oylu peani3oBaHi
aIropuT™Mu. B SKOCTI anropuTMmiB BHUKOPUCTOBYIOTH: aJITOPUTM HaWMeHIIMX KBaapaTiB [19] ta
PEKYpCUBHMI aNropuTM HalMeHIIMX KBajpaTiB, ¢ineTp Binepa [20; 21]. Skmo cratuctuyHi
XapaKTepUCTUKU CUTHAy HE € CTaJuMHU, €(EeKTUBHICTb aJIropuTMiB Oyne MeHma. Takox i
JITOPUTMU HE JTAI0Th 3MOT'Y BUAUTUTH CUTHAJ SIKUM OyJie 11eHTUYHUI KOPUCHOMY, TOMY 1110 YaCTHHA
IyMy Bce 1ie 0y/1e MpUCyTHS.

6. Peanizanisi akKTHBHOTO MOJABJIEHHS LIYMY.

Habip Benukoi KUIBKOCTI BX1IHUX YMOB BUMara€e KOMIUIEKCHOTO MiJXOY JUIsl BIIPOBAIKEHHS
e(EeKTUBHOTO CIMOco0y akTHUBHOTO TojaBieHHsS mmymy. Came TOMYy BaXJIMBO peaji3yBaTu
MOJKJIUBICTh aHaNI3y B peaJIbHOMY 4aci Ta aJanTallii MpUCcTPoIO 0 3MIHU 30BHINIHIX yMOB. Ilepmr 3a
BCe HEOOXITHO MaTu MOIyJb(AH, puc. 4), skuil Oe3nepepBHO aHai3yBaTUME 30HY, SIKY HEOOXiIHO
3axuctutu. lle BomgHOYWac MO3BONMWTH 310paTh HEOOXImHI JaHl I 1HIMIAmi3aIli aJdroOpuTMy
BUJIAJICHHS LIIyMY, 1 JOIIOMOKE BHUSIBIISTH Ta CHOBIIATH PO BIUIMB IIYMY Ha CUCTEMY 3a JIOTIOMOTOIO
pe3epBHUX KaHaNiB 3B’SI3Ky. Takox el MOAynb MOXe 3HAaXOAWTH KOpeslli 3 MomepeaHiMHU
nrymMmamu. SIKIo MoJyib 3MOXKE BUSBUTH KOPOTKHM Mepioj reHeparopa mymy abo K OJHAaKOBI
IIyMH, $IKi CIPHYMHEHI KOHCTAaHTHHUMH TOYAaTKOBUMH 3HAUYCHHHSMH, BHUJAJICHHS IIymy Oye
IpocTUM Ta e(eKTHBHUM. B IHIIOMY BHMAJIKy KepyBaHHS Mepeiae 10 MOIYJII0 3 alrOpUTMaMH
BUJIAIEHHS IyMY(AJT).
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Puc. 4. CtpyktypHa cxema 3aporoOHOBAHOTO aKTUBHOIO MOJIABJICHHS IIYMY

3HaIYM OpUTiHAIBHMUI CHUTHAJ, ICTOPUYHI JaHI IIyMy Ta 3allyMJICHHH KOPUCHUUN CHUTHAJ,
MOJIyJIb TIOYHE IiI0MpaTH mapaMeTpu (piTbTpiB, MpH SKUX BiA(IIBTPOBAHUN CUTHAI MaKCHMAJIBHO
KOPENOBaTUME 3 OpPUTIHAIBHUM CUTHAIOM. SIKII0 3HaYeHHS QyHKIIT Kopemsii Oyae JoCTaTHIM JUis
OTpHMaHHSI KOPUCHOI iH(opMalii, o0epHeHHI CUTHAN OyJe MOMMPEHUI pa3oM 3 KOPHCHUM. SIKIIo
1Ieé MOXIIMBO, JTOJATKOBOIO omiliero Moxe Buctynatu miacumoBad(Ilin) xopucHoro curnamy(Ilp),
SIKUJ BMHKATHMEThCS JIMIIE y BUTMAAKY il HeOakKaHOTO IIyMy HA BIANOBIAHY 30HY. lle BUMaraTume
BiJl 3TOBMHUCHHKA OUTBIINX PECYPCIB, a caMe MOTY>KHIIIOT aHTeHU. TaKoX CJIi/1 aM’aTaTy 10 CUTHAT
BTpada€e MOTYXHICTh 3 BIJICTAHHIO, TOMY TOW XTO BHUKOPHCTOBYE T'€HEPATOp IIyMy, MOBUHCH
BpPaxOBYBaTH BTPATH MOTYKHOCTI CUTHAITY.

BucnoBku

B naniit my6nikamii Oynu po3risiHyTi iICHYIOU1 CHOCOOHM aKTUBHOTO MOIABICHHS IIIYMY
HABKOJIMIIHBOTO CEPEJIOBHIIA TaK 1 B KOHTEKCTI KibepOesneku. Jlocmimkeno npobiemu, sKi
BUHUKAIOTH MPU BUOOP1 METOAY MOJABJICHHS IIyMY Ta METOJIU iX BUPILIEHHS. 3aIIPOIIOHOBAHO
MOJIeTh AKTUBHOTO ITOAABJICHHS IITYMY TSI CHCTEMH, SIKa HE MOXKE BUKOPHUCTOBYBATH METOIU
TICEBJIOBUITAIKOBOTO TepealTyBaHHs poO040i 4acTOTH a00 PO3IIMPEHHS 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.

Key words. OECD, financial market regulators, Country-by-Country Reporting (CbCR),
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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 Description
regulators
Organisation for Develops guidelines and standards for transfer pricing that are widely

Economic Co-operation | adopted by many countries.
and Development

(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 The UK tax authority plays a crucial role in regulating transfer
and Customs (HMRC) pricing for companies operating in the United Kingdom.

Australian Taxation The ATO oversees transfer pricing regulations in Australia and
Office (ATO) enforces compliance.

Bundeszentralamt fir In Germany, the Federal Central Tax Office is involved in regulating
Steuern (BZSt) transfer pricing.

Autorité des marchés In France, the AMF regulates financial markets and may influence
financiers (AMF) transfer pricing practices.

State Administration of In China, the SAT is the primary regulatory authority for tax matters,
Taxation (SAT) including transfer pricing.

Swiss Federal Tax In Switzerland, the SFTA oversees tax matters, including transfer

Administration (SFTA) pricing.

European Securities and | While primarily focused on securities markets, ESMA's activities can
Markets Authority influence financial regulations that may impact transfer pricing.
(ESMA)

*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, and
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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
Transfer Prices

Tax Assessments: Regulators may make adjustments to the 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

transactions are subject to transfer pricing scrutiny. Business partners may be
reluctant to engage with a corporation facing regulatory issues.

Relationships:
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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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Anoranis. CtaTTs npucBsYeHa OISy BUKOPUCTAHHS Cy4acHUX 1HQOPMALIHHUX TEXHOJIOT1H
JUISL 3aXUCTY MOBKULISL B YKpaiHi uepe3 MpU3My KOHIICIIII CTajJoro po3BHTKY. Po3misHyTO CTaH
YKpaiHCHKOTO EJIEKTPOHHOTO BpsiAyBaHHS y cepi ekoiyorii, a Takox MpoOiaeMHu BETUKHX HaOOpiB
TaHuX y mid ramy3i. CucremaTru3oBaHO iHGOpMAIliI0 PO ICHYIOUI 1H(POPMAIHI pecypcH, o
BUKOPUCTOBYIOTHCS AJI1 MOHITOPUHTY JOBKULIS B YKpaiHi, IpoaHaAIi30BaHO MPOOIeMH, MOB’sA3aHi 3
ix 3acTocyBaHHsIM. OKpPECICHO MEPCIIEKTUBH BUKOPUCTAHHS 1HCTPYMEHTIB IITYYHOTO 1HTEJICKTY JIJIst
3aXUCTY HABKOJHUIIIHBOTO CEPEIOBHUIIA.

Kniouoei cnosa: ingopmayitini mexnonocii, 3axucm OO0SKiIA, CMAIUL  PO3GUMOK,
MOHIMOPUHE, WMYYHUL IHMeleKm.

Beryn. IlpoGnema 3aXuCTy AOBKULIA FOCTPO CTOITh MEpe] JIIOACTBOM BXKe MOHAJ CTOMITTA 1
MOMINOMIOETBCS 3 MOWIMPEHHSIM 1HAycTpiamizamii. OpHak CbOTOJHI, KOJIM TpHUBae LHUQpoBa
PEBOMIONIS,, MM MOXEMO CTBOPIOBAaTH HOBITHI W HECTaHJApTHI IHCTPYMEHTH Ul BUPILICHHS
HETMPOCTUX EKOJIOTIYHUX 3aBHaHb. TOMy aKTyaJbHHUM THUTAaHHAM € BUKOPHCTAaHHS CydYacCHHX
1HpOpMaLIfHUX TEXHOJOT1H Ul 3aXUCTy JOBKULIA B YKpaiHi, 30KpeMa mpoOiaeMu Ta BUKIMKH, fKi
[IOCTaIOTh Mepel HaMU Hapasl B KOHTEKCTI TPUBAKOYO01 BIHHU.

IMocTanoBka npodjemu. B ocHoBy Konueniii cramoro po3BuTky, npuiinaToi y 1992 poui
Opranizauiero 00’e€AHaHUX Halli, OyJl0 IMOKJIAJAE€HO 1/1€10 AMHAMIYHOI pIBHOBaru SIK PO3BUTKY Y
MeXax TIOCHOJapChKOI €MHOCTI NMPHUPOJHOTO CEpeAOBHINA, L0 HE BHOCHTH HE3BOPOTHUX 3MiH Y
NPUPOY 1 HE CTBOPIOE 3arpo3u IS TPUBAJIOTO ICHYBaHHS JIFOJMHHM SIK Oionoriunoro Bumy [1, ¢. 34]
ta i1 MaiOyTHIX MOKONiHb. P BUEHMX BBaXKAIOTh CTAJIMM PO3BUTOK HAUMEPCHEKTHUBHIIIONO
igeosoriero XXI cTOMTTA 1 HaBiTh YCbOI'O TPETHOTO TUCSYONITTS, KA, 3 MOTJIUOJIEHHSM HayKOBOI
OOIPYHTOBAHOCTI, BUTICHUTh YCi HasiBHI CBITOIJISJHI 1€0JOTii, K Taki, 0 € (parMeHTapHUMH i
HECIIPOMOKHUMH 3a0e3MeunTy 30aJ1aHCOBAaHUN PO3BUTOK IIUBLTI3AITIT.

Ockinbkn YKpaiHa sk Jiep)kaBa He ICHye y BaKyyMi, KOHCEHCYC MIDXHApOJHOI CHUIBHOTH Y
MeXax eKOJIOTIYHOI CTpaTerii HakJjaJae Ha Hally KpaiHy 3000B’s3aHHS Y peani3allii Takoro miaxoay
y chepi OXOpOHH HABKOJHUIIHBOTO MPHPOTHOIO CEPEAOBHUINA, SKUH OM BimoOpakaB yke iCHYHOY1
MDKHApPOJHI HOPMH, MIIXOIU Ta KOHIEMNIi 10 exosoridyHoi Oe3meku. OcobanuBoi yBarm morpedye
Jep)KaBHE  peryiaioBaHHS  1HQOPMAIIfHUX  TEXHOJOTIM  eJEeKTPOHHOTO  ypsAyBaHHS,  ILO
BUKOPHUCTOBYIOTBCSI Y cdepi OXOpPOHH HAaBKOJMIIHBOTO CEpEIOBUINA, SKE € HEJOCTaTHIM Ta
(parMeHTapHUM, 110 YHEMOKJIMBIIOE 3aCTOCYBAHHS IUX TEXHOJIOTIH HA MPAKTHUIL.

3rimtHo 3 moJokeHHsAMH KoHmeniii po3BUTKY €JIEKTPOHHOTO BpsAyBaHHS B YKpaiHi,
3arBepkeHol Posnopsmxennam Kabinery Minictpi Bix 20 BepecHs 2017 p. Ne 649-p, ouikyeTbces,
mo y cdepi ekosorii ta npupoanux pecypcis 10 2020 poky HeoOXigHO 3ampoBaauTH [2]: cuctemy
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€KOJIOTIYHOTO MOHITOPHHTY; €JIEKTPOHHHUI 1HTErpOBaHUM 03B y cdepi eKoyorii Ta MpUPOIAHUX
pecypciB; €IEKTPOHHY CUCTEMY BOJHOI0 OajlaHCy YKpaiHu.

Cepen iHIIOrO, METOIO KOHICMIIi € CHpPUSHHS peani3alii NepuoyeproBuX MHpPiOPUTETIB,
Bu3HadeHnx CTpareriero crajaoro po3BuTky «Ykpaina-2018» [3], mio 3Haiimnnia cBoe MpoaOBKEHHS i
y Crpaterii g0 2030 poxy. Ha Bukonanns 1iei Konmemiii, mo Mae Ha MeTi HaOIU3HUTH
BHKOPHUCTAaHHS 1HGOpMAIiHHUX TeXHOIOTiH B YKpaini 1o ctanaaptiB €Bponeiickkoro Coro3y, 0yio
po3pobiieHo Ta mnpuitHATO BigmoBigHuit Ilnan 3axoxmiB [4]. OmHak BiH HE MICTUTH JKOJHHX
KOHKPETHUX TOJOXKEHb IM0JI0 BHU3HAUEHHS YITKHUX TEXHOJOTIH, sIKi HEOOXITHO pPO3pOOMTH Ta
BIIPOBAJUTU B EKOJIOTIYHINM cdepi, TEXHIYHMX BHUMOI Ta IXHBOTO NPU3HAYEHHS, a caMe — SKi
npoOJjieMd BOHHM TOKJIMKaHI BUPIMUTH. BkazaHo nuiie, 1m0 moTpiOHO po3poOMTH Ta peajlizyBaTH
IUTAHW KOMIUIEKCHOTO BIIPOBA/DKEHHS MEXaHI3MIB €JIEKTPOHHOTO YpAAyBaHHS B MIHIIpHpPOIU Ta
IHIIUX OpraHax BHKOHABYOI BJIAJIM, K1 HOMYy MiamopsakoBaHi. Tomy I mjiaHu Oyiau peai3oBaHi
JIMILIE YAaCTKOBO.

SIKIIO 3BEpHYTHCS [0 CIUCKY HAOOpiB BIIKpUTHX MaHuX [5], omyOiikOBaHMX Ha CaiTi
MiHIOBKIUISA SIK PO3MOPSAAHHUKA iH(POpPMaIi€o, TO KOKEeH Hadip HEe MICTHUTHh BEJIWKI HAOOpW JaHWUX
(big data), Ha OCHOBI SKMX MO)KHA aHaJTi3yBaTH KOPEJALii, OLIHIOBATH PEATbHUIN CTaH MPHPOIHUX
00’€KTiB Ta 30H Ta SIKICHO MOKPAIIyBaTH MPOLEC IPUHHATTS pillieHb Ta BUPOOJICHHS 3aX0/iB y chepi
OXOPOHHM HAaBKOJMIIIHHOTO CEPEJOBHUINA HAa OCHOBI LMX JaHUX. 30KpeMa, #aeTbcs Mpo JaHi
MOHITOPUHTY JIiCiB, BOJHUX O0’€KTIB Ta 3arajbHOJCPXKABHOI CHCTEMH MOHITOPUHTY HOBKULIAL. {0
TOTO X MpoOJIEMATHKA CUCTEMAaTUYHOCTI 300py Ta myOiKamii X JaHUX TAKOX MOCTAaE, OCKUIBKHU,
HaNpUKIIa, HalakTyalbHINN JaHi MOHITOpHHTY JiciB naTyioThcsi 2020 poxom. Po3B's3aHHs Takux
MepuIoYeproBux mnpoobieM, sk Hec(hOpMOBaHICTH HOPMATHUBHO-NIPABOBOI 0a3u, 110 peryitoe chepy
HAJaHHS CJICKTPOHHHMX IIOCIYT, OpakK IOBIpH O EJIEKTPOHHOI B3aeMOJii CYO'€KTIB HaJTaHHS
aJIMIHICTpaTUBHUX TIOCAYr Ta CYyO'€KTiB 3BEpHEHHS Ta BIJACYTHICTh €AMHOI iH(OpMaIliiiHO-
TEJICKOMYHIKAIIHOT 1HQPACTPYKTYpH, IO 3a0e3ledye HaJlaHHS CIIEKTPOHHHUX TOCIYT Ha OCHOBI
BCTAHOBJICHUX BHMOT [6, c. 76] 103BOMUTH CKOPOTUTH 3HAYHE BiICTaBaHHS YKpaiHW BiJl CBITOBHX
PIBHIB PO3BUTKY Y cepi €KOJIOrii.

Bapro 3a3HaumtH, 1o yxe BinOyBaiMcs CHpoOM IIOAO 3alpOBaPKEHHS CUCTEMHOTO
BUKOPHUCTAHHS 1H()OPMALIMHUX TEXHOJOTIN JJI MOHITOPUHIY CTaHy HaBKOJHIIHBOIO CEpeJOBHUIIA
Ta AM3aiiHy MOJAIbIIO] €KOJIOTr1UHOI MOJIITUKU Ha OCHOBI 310paHux naHuX. Lle ctocyeTbcst CTBOpEHHS
€IMHOT 1H(OPMaLIMHO-KOMYHIKALIMHOI cucTeMu cheprd OXOPOHH HABKOJIMIIHBOTO IPUPOJHOTO
Cepe/loBHINA Ta CTAJIOro PO3BUTKY, iHiLiIHOBaHOT PosmopsypkenHsam KaGinery MinicTpiB YkpaiHu
«IIpo cxBanenns KoHuenuii cTBOpeHHs 3arajlbHO/IEPKaBHOI aBTOMATHU30BaHOI cuctemMu “Binkpure
noskius”» Bix 07 muctonama 2018 p. Ne 825-p [7].

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

1) ctBopeHHs1 cydacHOro iH(OpMAIIHO-aHATITUYHOTO CympoBoay (OpMyBaHHS —Ta
BITPOBA/KEHHSI YPSA0BOT MOMITHKH Y il cdepi;

2) eneKTpOHHA KOMYHIKalis i3 TpoMajasHamMH Ta Oi3HECOM INOJIO CTaHy Ta BIUIMBY Ha
JIOBKIJIJIS;

3) inpopMarliitHe MATPYHTS UIS TPOMAJCHKOTO KOHTPOJIIO 32 BHUKOPHCTAHHSAM ITyOJIYHUX
KOUITIB JIJIs1 BIATBOPEHHS 1 OXOPOHU MPUPOTHUX PECYPCIB;

4) HaaHHS €NEKTPOHHHMX aJMIiHICTPAaTHBHUX IIOCIYT, SIKi BU3HAYaIOTh TpaBa Ta 00OB’S3KH
IpOMaJIsiH Y MOBOKEHHI 13 IPUPOIHUMH pecypcamu, iX BUKOPUCTAHHS Y €eKOHOMIYHIN Ta couianbHii
JISTBHOCTI.

Takox B Mekax MPOEKTY Mepeadavanocs: CTBOPEHHS IBOX CEPBICIB JUIsl TpOMAJIsiH Ta O13HECY
— «[eomoprasl eKOJOTIYHUX MJAaHUX» [UId MOHITOPHUHTY eKoJjoriuHoro crtany Tta «llopran
aJIMIHICTPATUBHUX TOCIYT» Ta TPU CEPBICH €EKTPOHHOIO BpsAayBaHHsS. OnHaK He OyJlO CTBOPEHO
KOHKPETHOTO MPOAYKTY, 3 SIKUM OM MO>KHa OYyJl0 O3HaHOMHTHCS, Ta SKUH J103BOJIUB OU €NEKTPOHHY
y4acTh TPOMAJICHKOCTI y JOCTYIIl O €KOJOTIYHUX JaHHMX Ta JI0 CEPBICIB €JIEKTPOHHOTO BPSTYBaHHS
33yl CyCHUIBHOTO BIUTMBY Ha MoOynoBY eKoyoridHoi nmomituku. [lounnatoun 3 ceprus 2018 poky,
Ha caiiti po3pooHmKiB IT-cuctemu «Bigkpute IOBKULIA», BIACYTHS Oynab-iKa aKTHUBHICTH Ha
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o(iuiiiHiii BeO-CTOpIHIN, IIO Ja€ MiACTaBU BBaKaTH, IO aJAMIHICTPAllil0 Ta OOCIYrOBYBaHHSA
BIIMOB1THOT 1HPOPMAIIIHHOT CHCTEMH €KOJIOTTYHOTO MOHITOPHUHTY OYJI0 MIPU3YITUHEHO.

Pe3yabTaTn. 3HaYHOTO PO3BUTKY B YKpaiHi MoyaB HaOyBaTH MOHITOPUHI CTaHy NMPUPOIHUX
pecypciB 3a JOMOMOTO0 iH(OpPMAIIHHUX TEXHOJOTIH. [IpuKIagoM TakKuX TEXHOJOTIYHUX PIIICHb €
MouimopuHe axocmi nogimps 3 BukopuctantsM |OT neaiiciB. [IpukinamaMu TakuX CUCTEM MOXKYTh
oyt SaveEcoBot ta Eco-city. Taki TeXHOJIOr1YHI pillICHHS MPALOIOTh Ha OCHOBI JaHUX, OTPUMAaHUX
3 3araJIbHOJIOCTYITHUX CTAHI[Il MOHITOPHUHTY SIKOCTI MOBiTps. JlaHi HamalThCs B pisHOMY (hopmari,
OCKIJIbKH CTaHIli HE € YHiI()IKOBaHMMH, TOMY Yepe3 116 MOHITOPUHTOBI CUCTEMH 3MYIIICHI IPUBOIUTH
ix go omuoro Buay. Hapasi B 3aranbHOMY MOCTyIi HamiuyeTbes 0m3pk0o 300 mpaiforounx CTaHIIIH,
MpOTE JaHa KUIBKICTh € JOBOJII HE3HAYHOIO, IO CHPHYMHSIE MPOOJEeMy BIJACYTHOCTI aKTyaJIbHHX
JAHUX TSI HeBEITMKUX MICTEUOK Ta CEJNHII, SIK, Hanpukiaj, BacuibkiB Ta bosipka KuiBcbkoi o0macri.
Ili micTta He MarOTh >XOAHOI CTaHIli, OAHAK MpobieMa 3a0pyAHEHHS IOBITPS NPHU CHATKOBaHHI
OpPTraHIYHMX BIJXOMIB HAWOUIBII akTyalbHa caM€ B MajUX HAceJeHUX MyHKTaX. HasBHICTbH
MOHITOPHUHTOBUX CTaHII SKOCTI MOBITpS B HEBEJIMKHX MICTax Ta celax Jao3Boimia O Kpaiie
aKIEHTYBAaTH yBary Ha MmpoOJieMi CIallOBaHHS OPraHIYHUX BIAXOMIB Ta cCIpHsiia O MOMEepeIKEHHIO
TaKHX MPABOMOPYILEHb.

Jpyroro CyTTEBOIO MPOOIEMOIO ONMMMCAHUX CUCTEM € PI3SHOMAHITTS MOHITOPUHTOBUX CTaHIIIH,
iX miQOOpsAAKYBaHHS PI3HUM OpraHizallisM Ta MPUBATHUM 0co0aMm, sKi HisIK M cO0O0I0 He OB’ sI3aH1
Ta HE TapaHTYIOTh Oe3mepepBHy poOOTY craHmiid. Takox 10 HEMONIKIB MOXHA BiTHECTH BiJICYTHICTh
¢dbysukionany s GopMyBaHHS aHamiTU4YHOI iH(opmanii. HasgBHicTh Takoro QyHKUIOHATY
J03BOJIMIIA O BiJICITIIKOBYBATH JMHAMIKY 3MIH €KOJIOTIYHOI CHTYaIlil. 3 BUIE3a3HAYCHOTO 3PO3YyMLiJIO,
[0 HAMpsIMOK MOHITOPHUHTY 3a0pyIHEHHS MOBITPS JWHAMIYHO PO3BUBAETHCS B YKpaiHi, MOMPHU
poOieMu 31 300pOM Ta aHAJI30M JIaHUX.

[Topsin 13 UMM, ICHYIOTH YMCJIEHHI reoiH(opMalliiiHi pecypcu, e MyOaiKyloThCsS pe3ylbTaTu
paodiayitinoco MoHimopuney — (PaKTHIHO B PEKUMI peabHOTO 4Yacy. PosrmsHemo numie odimikHi
pecypcu. Tak, J[lepxkaBHa ciyx6a VYKpaiHM 3 HaJ3BUYaWHUX CUTyalid myOJliKye MAaHi Tpo
panianiiiauii GoH B YKpaiHi y BUIJISA1l IHTEPAaKTUBHOI KapTu Ta Tabnuib. BogHouac, naHi 1OCTyIHI
JIMILE 3a TIEBHUHU Mepiof] 4acy, Ta BIACYTHS MOXIIUBICTD iX 3aBaHTAXKEHHsI JJIS MMOJANIBIIONO aHaTi3y.
VYKpaiHCBKUN T1IPOMETEOPOJIOTIYHUIM HEHTp MyOJIIKy€e HIMPOKUN CIEKTp JaHUX PO paalaliiHui
¢oH, BKIIOYAIOYM [JaHI NpPO TaMMa-BUIIPOMIHIOBaHHsS, OeTa-BUIIPOMIHIOBAaHHS Ta aibga-
BUIIPOMIHIOBAHHS, MOJAIOUM IX y BUINIAAI Tabnuub Ta rpadikiB. JaHi Takox BI3yalli3ylOTbCs HIl
IHTepaKTHBHI KapTi, IpoTe 1HTepdeiic caiiTy Moxe OyTH CKIaJHUM AJIsl KOPUCTYBaUiB, sIKi HE MalOTh
JOCBiy poOOTH 3 TeoiH(OPMAIIHHUMH CUCTEMAMH.

OnHMM 3 aKkTyalbHHUX Ta TMEPCHEKTHBHUX HANPSAMKIB 3aXUCTY JOBKUUISA € MOHIMOpuHe
3a0pyOHenHs1 60OHUX pecypcis. JIsl BOpOBaKEHHS €BPOIEUCHKUX MIIXO/IB 10 MOHITOPUHTY SIKOCTI1
MOBEPXHEBUX BOJ BiANoBiAHO 10 BUMOr Bonnoi PamkoBoi Jupexktusu €C B YkpaiHi NpUHHATHIA
HoBuil [lopsok mpo 371iiCHEHHs AepKaBHOTO MOHITOPUHTY BOJ, 3aTBepakeHuit [loctanoBoro KMY
Bin 19 Bepecus 2018 poky Ne 758. IlopsaxoM BU3HAUEHO YITKHHM pO3MOMAIT OOOB’SI3KIB MiXK
cy0’eKTamMu MOHITOPUHTY 0€3 TyOJtOBaHHS MOBHOBA)KEHH, BBEIEHO HOBI TOKA3HWKH MOHITOPHHTY,
gKi B YKpaiHi 0 L[bOr0 Yyacy He BUMIPIOBAJIMCH — MPIOPUTETHI, TiipoMop¢ooriyni Ta Oionorivsi. 3
2019 poky B YkpaiHi nependadyeHO BUKOHAHHS TPhOX BHJIB JAEPKABHOTO MOHITOPUHTY BOJ JUIS
MacHUBIB TOBEPXHEBUX BOJ: JIarHOCTHYHUMN, ONEpalliiHuN Ta JOCTITHULIBKHUH, SKi 3MIHCHIOIOTHCS 3a
O0aceiHOBUM MpPHUHIUIOM. Pe3ynbTaTh MOHITOPUHTY MOJAIOThCS Ha calTi Jlep’kBogareHTCTBa B
nporpaMHiid cuctemi «MOHITOPHHT Ta €KOJIOTIYHA OIlIHKa BOJHUX pecypciB YkpaiHu» (Ha
€JIeKTPOHHIN KapTi TPEICTaBleHI JaHl MO0 KUIHPKOCTI TMOKAa3HUKIB, MO SKHX CIOCTEPIraloThCs
MIEPEBHIICHHS HOPM Ta KPaTHICTh NEPEBUILEHHS HOpM) [9].

[ToTpeba parioHAIBHOTO Ta €(PEKTUBHOTO BUKOPUCNAHHS YCIX 3eMENbHUX pecypcis, a TaKOXK
30epexeHHsl iX SKICHOTO CTaHy, BIANOBIAHO, SKOCTI I'PYHTIB CUIBCHKOTOCIONAPCHKHUX YTi/lb, IO
3YMOBJIIOIOTHCSI IEBHUMH HETaTUBHUMH TeHAeHLIsIMU. CriocTepiraeTbcs MOHAJ TPETHHA 3eMellb, SIK1
€ epOJOBaHMMH, Maibke IOJIOBHMHA, 30KpeMa YOpHO3EMH i3 cepelHiMH abo, HaBiTh, HU3BKUMH
MOKa3HUKAMH PiBHS 3a0€3MEYeHOCTI HEOOX1THUMH TTOKUBHUMH PEUYOBHHAMMU.
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Ha cpborogni Mu MOXeMO KOHCTaTyBaTH, IO Cy4yaCHE BUKOPHUCTaHHS 3€MEJIbHUX PECypCiB
VYkpaiHu He BIANOBIJAa€ BUMOTraM palliOHAJIbHOTO NPUPOIAOKOPUCTYBaHHS. BomHOIO Ta BITpPOBOIO
eposiero ypaxkeHi 6mu3pko 57 % Ttepuropii Ykpainu, monan 12 % tepuropii aepxaBu 3a3HAIOTH
MIITOTUICHHS. 3a PI3HUMH KpHUTEpisIMH 3a0pynHeHuMu € 6an3bko 20 % 3emenb Ykpainu. YHaCHTiI0K
abpasii pyiHyerbes 10 60 % y30epexoks A3zoBcekoro i HopHoro mopiB Tta 41 % GeperoBoi miHil
JTHITTPOBCHKUX BOAOCXOBHUII. butbm sk 150 THCSY TekTapiB 3eMelb MOpPYIICHI BHACHIIOK
ripHu40/100yBHOI Ta iHIUX BUAiB AisuibHOCTI. Ll{opoky ¢ikcyerscs maiixe 23 THCAYI BUIAJKIB
3cyBiB. KilbKiCTh MiI3EMHUX 1 TOBEPXHEBUX KAPCTOMPOSIBIB CTaHOBHUTH OM3bK0 27 TrCsy [10].

Briepuie nepenbaueHHs mpoBeIeHHSI MOHITOPUHTY Ta OXOPOHH 3eMelb B YKpaiHi BigOynocs 3
npuiiHatuM y 1990 p. 3emenbHHM KoJeKCcOM. A Bke (aKTHYHO CHUCTEMATHYHI JOCTIIKCHHS Ta
CIIOCTEPEKEHHS 32 CbOTOICHHUM CTAaHOM Ta MOTEHIIaIbHUM PO3BHTKOM 3€MEIbHUX PECYPCIB MOYAIH
3MiMCHIOBaTH B YKpaiHi yxke micis 3aTBepmkeHHs KaGinetom MinicTpie Ykpainu IloctaHoBu Bin
20.08.1993 p. Ne 661 «IlomoskeHHsSI MPO MOHITOPHHI Ta OXOPOHY 3€MeNby». YK€ Ticlisi, a came
MPOTATOM MEBHOTO MEpiojy Mmoyaja BiAOyBaTUCs AeTali3allis MPaBOBOTO PEryIlOBaHHS MOHITOPUHTY
Ta OXOPOHH 3eMeJIb.

MOHITOPUHT 3€Mellb € OJHI€I0 3 TOJOBHUX CKIAIOBHX YAaCTHH JEp)KAaBHOI CHUCTEMHU
MOHITOPUHTY HAaBKOJHUIIHBOTO NPUPOAHOTO CEpeAOBUINA. SIKIMIO B3SATH JO YyBard raiysb
BUKOPUCTAHHS T4 OXOPOHU 3€MeJlb, TO 3eMEIbHUI MOHITOPUHT € HEBIA'€MHOIO CKJIa/IOBOIO CUCTEMU
VIpaBIiHHSA Hi€I0 Tamy33t0. OIHAK MU BBaXa€MO, II0 CHCTEMa YIPAaBIiHHS B rajry3i BUKOPUCTAHHS
Ta OXOPOHHM 3eMellb MoTpedye 3HayHOro pedopMyBaHHS Ta BJOCKOHAJIEHHS MPaBOBOi 0a3u Ams
e(EeKTUBHOTO 3IIMCHEHHS YIPaBIIHCHKOI MISUTBHOCTI Yy LIl Tamy3i. AKTyaJIbHOIO IMPOOJIEMOI0 Ha
CHOTOJIHI 3aJMIIAETHCS yIOCKOHAJICHHS CTBOPEHOI B)KE€ METOAOJOrii Ta METO/AIB MOHITOPUHTY Ta
OXOPOHH 3eMellb, 00 1€ BUCTYIIA€ OCHOBOIO OOTPYHTYBAHHS YIIPaBIIHCHKUX PIICHb Yy cepi 3aXucTy
Cepe/loBUIla Ta BUKOHAHHI HPUPOJOOXOPOHHUX 3axofiB. OcoOnMBY yBara B IIbOMY AacCHEKTi
HAQ/Ia€ThCSI CaMe€ MOHITOPMHTY CTaHy 3€MEJbHHX pecypciB. BaJIMBO HarojocuTH, IO BOHHU
BIJIrpatoTh YU HE HAMTOJIOBHILIY POJIb Y PO3BUTKY AEP)KaBH, a TAKOXK 3alMalOThCS YCHIIIHUM
BUPINICHHSIM arpapHAX Ta €KOHOMIYHUX NMUTaHb. Take YAOCKOHAJCHHS JTaHOi CUCTEMH B YKpaiHi €
0e33alepeyHol0 YMOBOKO Ul MOJANBIIOI  Y3rO/KEHOCTI METOAIB Ta UHUIAXIB MPOBEICHHS
JOCITIDKCHHS Ta CIIOCTEPEKEHHSI IPYHTIB JI0 €BpONEHChKUX cTaHmapTis [11].

JlocmipkeHHsT CTaHy 3eMellb Ta SIKOCTI IPYHTIB SIK CKJIaJOB1 JEp’KaBHOI Iporpamu
MOHITOPUHTY IpyHTYIOThcsl Ha [lomoxenni «IIpo aepxkaBHYy CHCTEMY MOHITOPUHTY JOBKIJISA.
BignosigHo 110 3emenbHOro kojekcy Ykpainu Ta 3akoHy «IIpo 0XOpoHy 3emenb» MisiIbHICTb, SKY
MPOBOJIUTh MOHITOPUHI Ta OXOpPOHA 3€MeNlb B YKpaiHi Mae Ha MeTi 3abe3neuuTucs JlepxkaBHUM
areHTCTBOM YKpaiHu. BiamoBigHo 3 HuM, 3rimHo 3akoHiB «IIpo oxopony 3emens» Ta «lIpo
Jep>KaBHAN KOHTPOJIb 32 BUKOPHCTAaHHSIM Ta OXOPOHOIO 3€MEJb», 0 MOBHOBaXEHb LleHTpanbHOTO
OpraHy BHUKOHABYOi BJIAJH, SIKUI 3aliMaeTbCsl MUTAHHSIMU arpapHOi MOJITHUKHU, A0 SKOTO HAJEXKHUTh
MIPOBE/ICHHSI MOHITOPHHTY Ta OXOPOHH 3€MeJb CITbCHhKOTOCMOJAPCHKOTO TMPHU3HAYEHHS, a TaKOXK
IPYHTOBOTO TOKpHBY [12]. MOHITOPUHT Ta OXOpOHA 3eMellb BUPIIIYIOTh HU3KY IMHTaHb Ta MalOTh
BUKOHYBATH 3aBJIaHHS, 1110 CTOCYIOTHCSI CBOEYACHOT'O BHUSBJICHHS yCIX 3MiH 3€Mellb, Kl BinOyBanucs
BHACIIIJIOK HEPALliOHAJIBbHOIO BUKOPUCTAHHS JIIOJMHOIO. 3AIMCHEHHS OIIHKH 3axO0JiB I0J0
30epekeHHs Ta BIATBOPEHHS POAOYOCTI IPYHTIB, BIAMOBIIHO, MONEPEHKEHHSI HETATUBHOTO BIUIUBY
Ha TPYHTOBUI IOKpHUB, a TaKOX YCYHEHHs pI3HOOIYHMX HaciifkiB. [IpuiiHATTS 3akoHy YKpaiHu
«[Ipo MOHITOPUHI Ta OXOPOHY 3€MeJIb» CTaJ0 BAXJIMBUM KPOKOM Yy BHUPIIIEHHI AaHOI IpoOieMu.
3riJHO TaKOro 3aKOHY B OCHOBY METH NpPOBEJIEHHsS Takoi poOOTH, IO CTOCYETbCS MOHITOPHMHTY Ta
OXOPOHH 3€MeJNIb JISTJIO CTBOPEHHs 1H(GOPMAIIIHOTO 3a0e3MeUeHHs CTajJoro €KOJIOTIYHOTO Ta
€KOHOMIYHOT'0 3€MJICBOJIOJIHHS 1 3eMJIEKOpUCTYBaHHs. Lle B CBOIO yepry BCTaHOBIIOE MPHHLUIH
MOHITOPHHTY: OTIEPATHBHICTh Ta 3aKOHHICTH, O€3MepepBHICTH Ta €aHICTH [13].

VYkpaiHa € arpapHOI0 JepXaBOol0, TOMY MOHITOPUHI 3€Mellb € CKJIAJHOI0 1 KOMIUIEKCHOIO
3a/1aueto, y BUKOHAHHI SKOI 3ajisiHa BETWKAa KIUIBKICTh CyO’€KTIB. 3BICHO, TOJIOBHUM CYO €KTOM
MOHITOPUHTY 3eMeNb € JlepKreokanacTp, OAHAK KpiM HbOTO, MOHITOPUHI 3€Mellb BUKOHYIOTH LIe
JecsITh OpraHiB JepaBHOI BIaJM, KOXKEH B Mekax cBOei kxommereHuii. Came TOMy pe3ynbTaTu
MOHITOPUHTY 3€Mellb TaK BaXXKO 3BOJAMTH BOEIUHO, 1 L€ MeXaHi3M J0Ci He peai30BaHMM.
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MinicTepcTBO arpapHoi MOJITHKM Ta MPOAOBOJIBCTBA YKpaiHW cmiBIpauioe 3 MiHiCTepCTBOM
€KOJIOT1i Ta MPUPOIHUX pecypciB YKpaiHu, [lep:kaBHUM areHTCTBOM 3€MENbHHUX pecypciB YKpaiHu,
Jlep>kaBHUM areHTCTBOM BOJHHMX pecypciB YKpaiHH, a TaKoX 3 HayKOBO-AOCIITHHUMH YCTaHOBaMH
HamionaneHoi akagemii arpapHux HayK YKpaiHu IS 3[1MCHEHHS MOHITOPHUHTY IPYHTIB Ha 3eMJISIX
CUIBCHKOTOCIIOAPCHKOTO MpU3HaueHHs. OTpuMaHi pe3ysibTaTH AOCHIHKEHb BUKOPHUCTOBYIOTHCS JUIS
PI3HOMaHITHUX L1JI€H, TAKUX SK €KOHOMIYHA Ta IPOILIOBA OLIHKA 3€MeJb, BPETr'YIIOBaHHS MTPABOBUX
BIIHOCHH MO0 3€MJi, BH3HAYCHHS 30H Ui BHPOOHHUITBA CiIHCHKOTOCIOIAPCHKOI MPOIYKITii,
BU3HAUEHHS pO3MIpY IJIATH 3a 3€MJIIO0, IUTAHYBAHHS 3aXOMIB 3 BITHOBIIEHHS POJIOYOCTI IPYHTIB Ta
MiABUILEHHS YPOXKaWHOCTI CUIBCBKOTOCIIONAPCHKUX — KYIBTYp, a TakKOX Ui PO3pOOJICHHS
peKOMeH ALl 00 iX parioHAIbHOTO BUKOPUCTAHHS.

3riiHO 3 AIIOYUM 3aKOHOJABCTBOM, iH(oOpMallis MPO MOHITOPUHT 3€Mellb BKIIOYAETHCS 0
Jlep>xaBHOTO 3€MEJIbHOTO KaJlacTPy, BIJOMOCTI SIKOTO ONPHITIOIHIOTHCS Ha [1yOmiuHii KagacTpoBiid
kapTi. OgHak B giiicHocti Ha IlyOniyHii KamacTpoBiil KapTi HASBHI JIMIIE BA IIApH, 3MICT SKHX €
JOTUYHHUM JI0 Pe3yibTaTiB MOHITOpUHTY 3emenb. Llap «J/lepxkaBHuil Harmsj 3a 3eMJISIMU» TOBUHEH
BiJI0OpakaTh KOHTYPH 3€MEIbHUX JIISHOK, MO SKUX 3TiTHO 3 PiYHMM TUIaHOM 3I1HCHEHHS 3aXOIiB
JepKaBHOrO Harjsay (KoHTpono) J[lepkreokanacTpy Ha BIANOBIAHUN pPIK 3A1HCHIOIOTHCS Taki
3axoau. [loBuHEH — TOMy MO IIeW MmIap Hapasi € MOPOXKHIM, XOo4a IUJIaH 3IHWCHEHHS 3aXOIiB
nepxasHoro Harsay Ha 2024 pik Oy 3aTBepmxenuit Jepxreokagactpom y aucronaai 2023 p. lap
«3emimi, MO MOTPeOYIOTh KOHCEpBAIil» MICTUTh JaHI O[O0 KOHCepBallii JerpajoBaHUX 1
MaJOMPOAYKTUBHUX 3€MEb, TOCIOAAPChKE BUKOPHUCTAHHS SIKUX € EKOJIOTIYHO HeOe3MeyHuM Ta
€KOHOMIYHO Hee(DEeKTHBHUM, a TaKOXX TEXHOTCHHO 3a0pyJHEHHUX 3E€MENbHUX MAUISHOK, Ha SKUX
HEMOJKJIMBO OJIEpXKAaTH €KOJIOTIYHO YUCTY HPOAYKIII0, a mepedyBaHHA JIOJCH Ha LHUX 3eMEeIbHHUX
TUISTHKaX € Hebe3meuHuM Juist iX 310poB’s. Ha caiiti [lepkreokamacTpy 3a3HadyeHo, 10 OO0WaBa I
[IapH HE MICTATH OQIIiHNUX BiZOMOCTEM 1 HOCATH iH(popMaTtuBHuUil Xapaktep [14]. Kpim Toro, Hapasi
[TyGniuna kamacTpoBa KapTa € 3aKpUTOFO 1 JOCTYITHA JUTSI TIEPETIISTY JUIIe 0OMEKEHOMY KOy 0cib —
BJIacHe cHykOoBUsAM [Jlepkreokagactpy 1 cepTH(IKOBAaHUM iH)KEHEpaM-3eMIIEBIOPSIHUKAM,
MIJKITIOYEHUM /10 Hei B 1HAUBIAyalbHOMY HOPSAAKY. 3 OISy Ha 1€, MOHITOPUHI 3€MeNb Y Hallii
KpaiHi € HallMeHII NMpPO30pHUM BUIOM MOHITOPHHIY, & OTPUMaHHsS T'POMAJICHKICTIO HOro 3BEJCHHMX
o iiitHUX pe3yabTaTiB Hapa3i € BKpail yCKIIaJHEHUM.

I'pomadcvruii MonimopuHe 006KiNA pealizyeThes 3a JonomMororo miargopmu «Exo3arposay,
7€ MOXHA 3IMIIATH 3asABKY TPO JPKEPENIO MOTCHIIWHOI IKOAM 3eMebHUM, BOTHHM 1 JIICOBUM
pecypcam, 00’€KTaM HPUPOAHO-3aMOBIAHOTO (OHIY, POCIMHHOIO 1 TBAPUHHOIO CBITY, MOBIIOMHUTH
PO HASBHICTh HEOE3MEYHMX BIIXOJIB UM 3HUIIEHOI TexHIKK. Exo3arposa — me odimiitnuii pecypc
MinpoBKiuIsA, po3poOneHuit 3a miATpUMKU MiHicTepcTBa 1udpoBoi TpaHchopmauii YkpaiHwu,
cTaHAapTU30BaHa (popma st aBTOMATHIHOTO 300py Ta ¢ikcari iHpopmMarlii mpo eKOJIOT14HI 3arpo3u
B peXHMi peaqbHOT0 dYacy, 3 reorpadiuHor0 TpHUB’s3kor0 g0 MicieBocti [15]. Vei 3asBku
BiTOOpaXXarOThCs HA TEOTIOPTai, a TAaKOXK (iKcyeThes iX craTtyc. CTBOPEHHS TaKol MIIATGOPMH CTaIIO
3HaYHUM KPOKOM BII€pe/ B YaCTHHI IMIUIEMEHTAIil IPOMaJChKOr0 KOHTPOJIO 32 BUKOPUCTAHHAM 1
OXOPOHOIO 3eMelb Ta IHIIUX MPUPOAHUX PECYPCIB.

OcCTaHHIMH JAECATWIITTSMH HaOHpae MOMYISAPHOCTI OUCMAHYIUHUL MOHIMOPUHE 3eMensb 3
BUKOPHUCTAHHSIM CIIEKTpaJIbHUX 1HJAEKCIB. Lle 0cobiMBO akTyanabHO JUIsl HAIIOi JAepiKaBH, OCKLIbKU
TaKUM YMHOM MOXHa JIETKO OTpUMYyBaTH iH(QopMaIilo Mpo CTaH BEJIUKUX MAacHBIB
CLIbCHKOTOCTIOAAPChKUX 3eMeNb. MaOyTh, HaWMOLIMPEHIIUM cepell arpapiiB € HOpMaii30BaHUI
BigHOCHMI BereTamiiiauil inaekc (NDVI), skuii € moka3HUKOM KUJIBKOCTI JOTOCHHTETUYHO-aKTHBHOT
O0iomacu. Takox 1HOZI BUKOPHUCTOBYIOTH HOpMalli3oBaHUM BigHOCHMN Bomumi iHAekC NDWI, skumii
Jla€ 3MOTy BUSIBUTH Bapiallii pOCIMHHOTO MOKPHBY, OB’ 3aHl 3 YMOBaMH 3BOJIOKEHHS, 1 BU3HAYATH
Bechb 00’€M BOJIOTHM Yy BereTaliiiHOMy pOCIMHHOMY MOKpHBi. OJIHaK HacHpaBjAl CIEKTpaTbHHUX
1HIEKCIB icCHye HabaraTo Ouiblle, 1 KOKEH 3aCTOCOBYETHCS IS BUKOHAHHS CBOIX CHEIH(IUHUX
3aBJ/IaHb.

HemonaBHo 3’sBHBCS 1HCTPYMEHT, IO CHCTEMAaTu3ye iH(OpMAIiI0 3 YCIX CHEKTpalbHUX
iHIeKciB, sKi 3apa3 icHyoTh. Ile 6a3a Index Data Base, sixka mictuth iHdopMmarttito mpo 519 ingekcis,
167 cynyTHUKOBUX ceHcopa, 43 HampsMKH 3acTocyBaHHs iHJeKCiB, 230 miTepaTypHHX IKeped.
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OxpiMm TOro, € 1me JBa rpadiyHUX MEpeliKd — Bizyanmizalii KaHaiB 3HOMKH JUIS PpI3HUX
CYIIyTHUKOBUX CEHCOPIB Ta Bi3yaji3allii Jlanma3oHiB CIEKTPY, 3MOMKa B SIKUX NOTpiOHA is
po3paxyHKy iHziekciB [16].

B Vkpaini 3 24 mrotoro 2022 p. (a Ha Cxoni Ykpainu — Bxke BIpoaoBxk 10 pokiB) IMI0I€HHO
IHTEHCUBHO BEIyThCS OOCTPINHM, YTBOPIOIOTHCS BUPBU BiJ aBiaOoMO Ta apTHIEPIHCHKUX OOCTpiNiB,
CTBOPIOIOTHCS] HOB1 3aMiHOBaH1 TEPUTOPIi, 3HUIIYETHCS BaKKa BIMIChKOBA TEXHIKA, 1110 IPU3BOIUTH 0
BUTOKY Ha(TONPOAYKTIB, BUMTAJIEHHS 3eMiIi Tomo. 111 HachmiAKy BOEHHUX [iil 3a0pyaHIOIOTH IPYHT, a
3 IIMM ¥ HETaTUBHO BIUIMBAIOTh HA €KOHOMIKY KpaiHM Ta 3J0poB’s Jtojei. Biitna npunecna Ykpaini
Oarato mpobiem, cepel AKHX Jerpajaiis Ta 3a0pyaHeHHs IpyHTiB. [Ipore mepexn <«ITiKyBaHHSM)
3eMJI1 BapTO MPOBECTH I aHaJII3 Ha 3a0pyIHIOIOY] YacTKU. be3 aHaizy HEeMOXKIMBO BU3HAUUTH, IKUH
YMHOM III0 36€MJII0 MOYKHA OYMCTHTH, 1€ € TJI00AIbHUI BUKJIMK JUIS HAIIOI JEpKaBH, SKy NOTPiOHO
OyJie BUpIITyBaTH came 3a JOTIOMOTOr0 iH(GOpMAIiiHUX TEXHOJIOTIH.

Cporonni Bce Ounbmux 00epTiB Habupae suxkopucmanus wmyunozo inmenexmy (LI) B ycix
chepax kutTenismpHOcTi. llTyuHuii iHTEeNeKT €, B TepUIy Yepry, HOTY)KHUM aHaITUYHUM
IHCTpYMEHTOM, TOMY B MailOyTHROMY BiH BilirpaBaTHME BaXJIMBY POJIb Y 3aXHCTI HABKOJHUIIHBOTO
CepeloBUILA IUISIXOM BUPIILIEHHS HACTYITHUX 33/a4:

1. Mounimopune nasxonuwmboco cepedosuwa. 111 Moxe BHKOPUCTOBYBATHCS IJISI aHAII3Y
BEJIMKUX OOCSTIB JaHUX, 30KpeMa, OTPHUMAaHMUX 3 JOMOMOTOK CYNMyTHHKOBHMX 3HIMKIB, JPOHIB a0o0
CEHCOpIB Ha TOBEpXHI 3eMyi. BiH MoOXe BHSIBIATH 3MIHM Yy 3€MJICKOPUCTYBaHHI, 3a0pyTHEHHI
MOBITPSI T2 BOJAHUX PECYPCIB TOIIO.

2. Ilpocnosysanns smin kaimamy. I moxe aHamizyBatw rio0ajibHI JaHi MPO KiIiMar i
BUKOPHUCTOBYBATH iX JUIsl IPOrHO3YBaHHSA HOro 3MiHH, IO JONOMAra€ y NPUHHATTI CTpaTeriuHux
PIIICHB 1010 3MEHIIICHHS BIUTMBY JIFOJICHKOT JISTTBHOCTI HA TIPUPO.TY.

3. Onmuwmizayia enepeoegpexmuenocmi. Il  moxke pomomaraTé B yHpaBiiHHI
SHEePrOoCIO)KMBAaHHSAM Ta BIPOBA/DKEHHI EHEProe(EeKTHBHUX TEXHOJOTIH y MPOMHCIOBOCTI,
Oy/IIBHULITBI Ta TPOMAJICBKOMY CEKTOPI.

4. Ilpoenosysanus npupoonux kamacmpogh. 111 moxxe aHamizyBatu JaHl MpO 3eMIIETPYCH,
MIOBEHI, JIICOBI MOXKEXI1 TOLIO JJIsi MPOTHO3YBAHHS 1 3a1100iraHHs IPUPOAHUM KaTacTpodam.

5. Vnpaeninna eioxooamu. Buxopucranns III y cucremax copTyBaHHS BIAXONIB Ta
yIpaBJliHHI BTOPMHHUMH peCcypcaMH MOK€ 3HU3UTH KUIBKICTh BIAXOJIB, SIKI MOTPAIUIAIOTH Ha
CMITTE3BAIMILA, Ta COPUSITH iX HepepoOIl.

6. Oxopona oOiopisnomanimms. 1l moxe momomaratu B ineHTH(IKalii Ta BiJCTEXKEHHI
PI3HOMAHITTS BU/IB, a TAKOK y BUSIBIIEHHI PU3UKOBAaHUX 30H I O10p13HOMAHITTSL.

BucHoBku. Bumie nepemiueni npoGiemMu Ta BUKJIMKM CBiAYaTh MPO 3HAYHE BiJCTABAHHS
VYkpaiHu BiJ CBITOBHUX TEMIIB pPO3BUTKY 1HQOpPMAIIHHUX CHUCTEM 3aXHCTy HaBKOJUIIHHOTO
cepenoBuina. OHaK Ha HALly AYMKY, caM€ BUKOPUCTAaHHS iH(pOpMaLiHHUX TEXHOJOTIH 1711 300py Ta
00poOku 1HpopMarlii Oyae pyIIifHOK CHIIOK JUIs MO3UTHBHUX 3PYIICHb Y MOKpPAIIEHHI HAsBHOTO
CTaHy JOBKUUIA LUISXOM CIIIBIIpali IyOJIYHUX OpraHiB BIaJd 3 T'POMAICHKHUM CYCHUIBCTBOM Ta
J03BOJIUTH TepeadavyaT HEraTHUBHI €KOJOTIYHI HACHIIKH 110 iX MOSBH Ta SKICHO iM 3amooirarw.
Boanouac, BaxxIuBO, 100 Taki TEXHOIOTT BUKOPHCTOBYBAIIMCS B €KOJIOTIYHO BiMOBIIHUHI CIOCIO, 3
ypaxyBaHHSIM E€THYHUX Ta COIllaJbHUX HACHiaKiB. BogHouac, BiffHA MPOJOBKYETHCS, 1 BOEHHO-
TEXHOTE€HHE 3a0pyIHEHHs TpUBae. SIKIIO MPO TepUTOpii, A€ BeayThcsa OOHOBI Jii, MOBa HE HIEThCH,
TO Ha JICOKYIOBAaHMX 3€MJISIX MEPIIOYEPTOBUM 3aBJIaHHSIM € PO3MiHYBaHHs, TOMY Ha JaHOMY eTari
rapHoIo i71e€r0 Oyno O CTBOPEHHS TEOPETHYHOI Ta 3aKOHOaBuO0i 0a3u Ui MOJANBIIOI PeKyIbTUBALIT
TaKWX 3eMeJlb.
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JOCHIIDKEHHA MYJbTUKOIVTHEAPHOCTI 3 BUKOPUCTAHHAM ITAKETY
MCTEST CTATUCTUYHOI'O CEPEJIOBHIIIA 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.

Y cTaTTi mpoaHalli30BaHO MOXKJIMBOCTI BUKOPHCTAHHS CTaTUCTUYHOIO cepenoBuina R s
JOCIIJKEHHSI MYJITHKOJIIHEapHOCTI y OaratodakTopHii JNiHIHHIN perpeciiiniii Moaemni. Buznaueno
repeBard Ta HEMONIKM JIHIMHOI perpeciiiHoi  Mojeni, ONUCAaHO NPUYMHM BUHUKHEHHS
MYJIBTHKOJIIHEAPHOCTI, BIUIMB I[HOTO SIBHIIA HAa OI[IHKH MapameTpiB perpecii. HaBeneHo ocHoOBHi
KpUTepii BU3HAYEHHS HASBHOCTI MYJIBTHKOJIIHEAPHOCTI perpeciiiHiii mojeni. BusHaueno mepeBaru
CTaTUCTHYHOTO cepefioBUIa R s omparfoBaHHS E€KCIIEPHUMEHTAIBHUX MaHWX. Ha KOHKpEeTHOMY
MpHUKJIaAi TOKa3aHO 3acTOCYBaHHS MakeTy MCtest ams JochikeHHs perpeciiiHoi Mojeni Ha
MyJIbKOJIHEapHICTh. JIJIg JOCHIKEHHS Ha MYJbTUKOIIHEApHICTh BHUKOPHUCTOBYIOTHCSA (PyHKIIIT
imcdiag Ta omcdiag. Jlist qociipKeHHsS BUKOPUCTaHO AaHi longley, siki € BOynoBanumu B R.

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

[TobynoBa miHIMHOI perpeciiiHoi Mojeni mnepeadavac BUKOHAHHS JCSIKAX yMOB. OfHIi€O 3
YMOB 3aCTOCYBAaHHSI METOAY HaliMEHIIMX KBAJApaTiB JUIs OLIHIOBAHHS MapaMeTpiB JiHIIHOI perpecii €
BIICYTHICTh JIIHIMHUX 3B’S3KIB MK HE3aJIOKHUMHU 3MIHHHUMH. SIKIIO Taki 3B’S3KUA ICHYIOTh, TO B
MOJIeJli € HasiBHA MYJIbTUKOJIIHEAPHICTb.

MynbTHUKOMIHEAPHICTF HE € MPOOJIEMOI0, SIKIIO HAc HE I[IKaBUTh TMOBEIIHKA OKPEMHUX
Koe(illieHTIB perpecii, a IikaBUTb Mojenb 3aranoMm. IIpore Take OyBae He wacto. Sk mpaBumio,
JOCTIAHUKIB I[IKABUTh SIK PIBHSHHS perpecii 3arajoM, Tak 1 3HAYEHHsS KOE(QILIEHTIB PIBHSIHHS
perpecii 30kpema. 3a 3HaAUEHHSIMH TapaMeTpiB PIBHAHHS perpecii MO)KHA OLIHUTH BIUIUB KOXXHOTO
(dakTopa 30KpemMa. Y TakoMy BHUIIQJKy HAsIBHICTh MYJBTHKOJIHEAPHOCTI Oy/1e Tpo0IeMOor0, OCKITBKH
nesiki (abo Bci) mapameTpu perpecii 3a t-CTaTHCTUKOI0 MOXKYTh OyTH HE3HAYYILIUMH.

Jns  onpanbOBYBaHHS —€KCIIEPUMEHTANBHUAX JIaHUX BUKOPHUCTOBYETHCS Pi3HOMaHITHE
nporpamMHe 3a0e3NedyeHHs: BiJ TaOIMYHMX MPOLECOPIB JO CTATUCTUYHHUX IMAKETIB Ta CUCTEM
KOMIT' FOTEpHOT MaTeMaTWKd. TOoMy TpaMOTHE iX BHKOPHCTAHHS [a€ MOXIIMBICTh INBUAKO Ta
0€3MOMHIIIKOBO MTPOJAEMOHCTPYBAaTH TEOPETUYHI MPUMYIIEHHS Y BUTJISAAL KUTbKICHUX 1 IKICHUX OLIIHOK
Ta IpoaHali3yBaTH ix.

Jns nochikeHHs perpeciiiHoi Mojeni Mu oOpaiu craTHcTH4He cepenoBuile R. Bubip
00yMOBJICHU#T TaKUMU YMHHUKamHU [7, €.315]:

— 1€ BUIbHO NOUIMPIOBAHE MpOrpaMHe 3a0e3MeyYeHHs, OyAb-XTO MOXE 3aBaHTAXHUTHU HOTO 3
http://www.r-project.org;

— € pearizanis s onepaniiaux cucrem cimeiicts Windows, Mac OS, Linux;

— ©OazoBa Bepcis R 3aiimae Mamo Miclii Ha JKOPCTKOMY JUCKY Ta MICTHTHh yci (PYHKITIT,
HEOOXiH1 UIsl CTATUCTUYHOTO aHAaJi3Yy;
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— PO3pOo0JIEHO MaKeTH PO3MIMPEHHS, SIKi 3aCTOCOBYIOThCS MPAKTUYHO B YCIX Taly3sX HAayKH,
JIe BAKOPUCTOBYETHCSI CTATUCTUYHHI aHaMi3;

— € MOXKITUBICTh CAMOCTIIHO MHCaTH HEOOX1IH1 (QyHKIIIT;

— JlaHi MO’KHa BBOJAMTH 3 KJaBiaTypu a0 IMIOPTYBAaTH 3 TEKCTOBUX (aililiB, eNEKTPOHHHUX
TaOJMIb, CTATUCTHYHOTO MPOTPAMHOTO 3a0€3MeUYEeHHs, CHCTEM KOMIT I0TepHOI MaTeMaTUKU, CHCTEM
yIpaBiIiHHSA 0a3aMu JTaHUX.

Sk mpaBuiI0, OUIBLIICTH SIBHII YM MPOLIECIB MAIOTh HeNiHiHHMIA Xxapakrep. [Ipore HemiHiiHI
3B’SI3KU 32 TIEBHUMH MEPETBOPEHHIMH (3aMIHOIO 3MIHHUX YU JIOTapU(PMYBAHHSIM) MOXKHA 3BECTH 10
JHIHHOTO BUIIIALY, TOOTO apOKCUMYBATH BiINOBIIHI 3aJIC)KHOCTI JiHIKHUME (QyHKIisIMH. Mopaenb
JiHIMHOI perpecii € HAHMPOCTIIMM 1 HaW4yacTille BUKOPHUCTOBYBAaHUM BHJIOM 3aJICKHOCTI MIXK
3MiHHUMH. A0O0: JiHIIIHA MO/IETh MOXeE MEPIINM eTaroM JO0CIIPKEHHS OUTBII CKIIAAHOTO 00’ €KTa YH
SBUIIA, SKI MarOTh HENHIWHUKA XapakTep. ToMy BaXKJIMBUM €TarioM JOCIHIDKEHHS € IMOo0yI0Ba
TiHIIHOT perpeciiiHoi Mojeni.

Cepen nepeBar JiHIIHOT perpecii MOKHA BUIIJTUTH TaKi:

1. IIBuAKmiA Ta MPOCTHIA Mporec MO0y I0BH MOJIEITI.

2. Monenb 10CTaTHBO 3pO3yMijia JUIsl IHTepIpeTarii.

3. JliniitHa perpecis € qOBOJIi YHIBEPCAIBHOIO Ta MAa€ MIMPOKUH CIICKTP 3aCTOCYBAHHSI.

4. Mertoa € TOCTaTHBO BIIOMHM, a, OTKe, 1 100pe BUBYEHUM, TOXK yCi HasiBHI MPOOJIEeMU MalOTh i
YK€ PO3pOOJICH] IIJISTXH BUPIIIICHHS.

J1o HeqoITKIB MOXKHA BiTHECTH:

1. 3xaTHICTb 4O MOJIEITIOBAHHS JHUIIE JIHIMHUX 3aJIEKHOCTEN.

2. 3HayHa YYTJIUBICTb O BUKHU/IB.

Onna 3 mepeayMOB 3aCTOCYBaHHS METOJy HAWMEHINUX KBAJpaTiB JUIS  OIIHIOBAHHS
napaMmeTpiB JiHIHHOT MHOXXUHHOI perpecii — BIJICYTHICTb JIHIHHUX 3B’S3KIB MDK HE3aJICKHUMHU
3MIHHAMH MOJIEI. SIKIIOo Taki 3B’SI3KH iICHYIOTh, TO II¢ SIBUIIEC HA3UBAOTh MYJIbTUKOJIIHEAPHICTIO.

OsHaku MyJIbTHKOMIHEapHOCTI € Takumu [9]:

—BEJIMKE 3HAUYEHHS Koe(iLIeHTY AeTepMiHalLii NOps/] 3 HE3HAUYIIICTIO KOe(ILIEHTIB MO

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

Jns nocnipkeHHsT Ha MYJbTUKOJIIHEApHICTh 3pYyYHO BUKOPHCTOBYBAaTH (yHKLII MakeTy
mctest [5] craTucTruHoro cepenopuiia R.

3okpema, y makeri mctest mictuthest i QyHkmii: omcdiag ta imcdiag, 3a sSKUMH
3a0e3neuyeThCcsl 3arajibHa Ta 1HAUBIAyaJlbHA [JiarHOCTUYHA TIEpeBipKa MYJIbTUKOIIHEApHOCTI
BiAmoBinHO. 3a QyHkiiero mc.plot, sky MoxxHa BuKoprcToBYBaTH sl rpadiunoro noganus VIF i
BJIACHUX 3HAYEHb.

Y makeri mctest Tectu BUSBICHHS MYJIBTUKOJIIHEAPHOCTI 3rPYNOBAaHI TaKUM YHWHOM:
nepeBipka MYJIbTUKOIIHEAPHOCTI BCHOTO MAacHUBY JAaHMX — 3aralilbHi TECTH TEPEBIPKU
MYJIbTUKOJIIHEAPHOCTI; 1 BUSBIIEHHS PETpPecopiB, sKi MPU3BOIATH A0 MYJIbTHUKOIIHEAPHOCTI —
1HIAWBIAyaIbHI TECTH.

3azanvui mecmu nepesipKu Mya1bMUKOLIHEAPHOCHI.

3a (QyHKLIEIO peanizyeTbcsi IEpeBipka YChOrO MACHUBY JaHUX Ha HAasBHICTb Y HBOMY
MYJIbTUKOIIHEKAapHOCTI. Y 11l (QYHKIIT peaai3oBaHi TaKi TECTHU:

—  nepesipka pigHocmi HYMIO 8USHAYHUKA Kopeaayiunoi mampuyi. OUiHKH Koe(illieHTIB perpecii €
pO3B’SI3KOM  cHCTeMHM  HopMaibHHX  piBHAHb (XTX)B == XTY. Sxmo perpecopu
MyJIBTHKOIIIHEApHi, TO BU3HAYHMK HOPMOBaHOI KopensuiitHoi Matpuui | X7 X | 6nusbkuii 10 Hys.
3a 3amoBuyBaHHsM nopir gopisHioe 0,1 (detr=0.01).

—  mecm Pappapa-Inobepa (xputepiit x? ) [2]. Jlns nepeBipku HasgBHOCTI MyJIbTHKOTIHEAPHOCTI y
BCbOMY MacCHUBI JaHUX OOYHMCIIIOETHCS CTAaTUCTUKA

FGon = —|n—1-3(2p +5)| In(det[R]),

Je N — KUIBKICTh CIOCTEpEeXEHb, P — KUIBbKICTh (akTopiB, det[R] — BU3HAUHUK KOpPEIALiHHOT
MaTpHILi.
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L5 cTaTiCcTUKA Mae po3nonin y? («xi-kBagpar»). O6uncnene 3HadeHHs F G, NOPIBHIOEThCS 3
TabauunuM 3HaueHHAM y2 3 0,5p(p — 1) cTymeHsMu cBoGoau Ha piBHI 3HAuymocTi a. SIKmo
FG., > x?, To BBaXaecThbes, 10 B MACUBI JAHHUX € MYJIbTHKOIIHEAPHICTb.

— Red Indicator (Yepsonuui inouxamop). YepBoumii imgukatop II. Kosaua [8] mokHa
BUKOPHUCTOBYBATH JUISI KUIBKICHOT OIIIHKH CTYTIEHSI HAaAMIPHOCTI. BH3HAUNTH H1OT0 MOYKHA TaKUM

YUHOM:
V2

Red = W=y

2P, (a-1)°

. . . _ _ . . T
1€ P — KIIBKICTh akTopis, V) = = 0y, A; — BacHi 3Ha4eHHs Marpuni (X* X).

Skmo 3HaueHHs Red Onm3pke g0 HymIs, TO 1€ CBIIYHTH IMPO  BiJCYTHICTBH
MYJIbTUKOIIHEAPHOCTI, a 3HAYCHHS OJIM3bKE 10 OJWHUII BKa3ye HA HASIBHICTh MYJIbTUKOIIHEAPHICTb.

3a 3amoBuUyBaHHAM mopir popisHioe 0,5 (red=0.5).

" . 1
— Cyma obepHenux 3HayeHb G1acHuUx ducen. B opToroHanpHiil cuctemi 25‘):1; = p, a OTKe, WA
j

. *en 1
MaTpull KOpEJIAnll R 3 BilacHMMM 3HaYEHHSIMHU /1] Z?=1; MOKC€ BUKOPHUCTOBYBATUCA IJIA
]

D 1

j=17 OlspIIe, HIXK KUTBKICTH (paKTOPiB B MOJEI, TO
j

BUSIBJICHHSI MYJIbTHKOJIIHEAPHOCTI. SIKIIO ),

(hakTOpH KOJIiHEapHi.

— Theil inouxamop. X.Teiin [11] 3anpornoHyBaB Mipy KOJIIHEAPHOCTI HA OCHOBI OIIIHIOBAHHS
BKJIQJy JONOMDKHHX perpecii (RZ —RJ-Z) y KoeQillieHT neTepmiHarii. Rjz € KxoedimieHTOM
JeTepMiHallii JOMOMDXKHOI j-01 perpecii ko k = 0, To Bci GakTOopu B3a€EMHO HEKOPEIbOBaHi,
Ko k~1, TO iCHye MyJIbTHUKONIHEAPHICTh CEpell perpecopiB. 3a 3aMOBYYBAHHSM IIOPOTOBE
3gauenHs € 0,5.

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

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

2. mecm TOL. TOL; = — = 1—R;.
VIF;

Beaxaerbesd, sxmo VIF; > 10 ab6o 3nayenns TOL;~0, TO 1e BKasye Ha iCHyBaHHS
MYJIBTHKOJIIHEAPHOCTI cepell paKTopiB.

3. Farrar wi (tect ®appapa-I'nobepa, F-kputepiit) [2]. Lle e peamizauist F-mecmy ons eusnauenms
mynomuxonineaprocmi (moOya0Ba JOMOMIXKHOI perpecii).

4. Tecm Fi. Lleit Tect [4] npaxTuyno ay6mioe nonepeniit. 38’130k F-kpurepito i R? mozeni perpecii
Xj Ha iHm (aKTopu Mo)ke OyTM BMKOPHMCTaHa i BHUSBJICHHS MYJIbTHKOJIIHEAPHOCTI. 3B’A30K
OIHCYETHCS TAKOIO 3AJIEKHICTIO!

R2

F o= XjX1,-Xp

g 1- R)%jxl,...xp/(n —k—-1)

SIkmo pospaxoBane 3HaueHHs F; nepesumtye kputudane F*(a,n — p,p — 1) Ha piBHI 3Ha4ymoCTi @,
TO Xj € KOJIIHEAPHUM 3 IHIIMMH (aKTOpamu.

5. Leamer’s test. Jlimep [3] 3anpornonyBaB Mipy AJsl BA3HAYEHHS BIUTUBY MYJIbTUKOJIIHEAPHOCTI JUISI

Jj-To daxTopa

—110.5
—\2\71
C = 3((i=%5)°)
j Tx)71
xTXx) i
. 2 0-5
Slkmo x; He xopemoe 3 iHmmMHU (akropamu, 10 C; = 0. Inakme C; = (1 - Rj) , T006T0 C;~0
BKa3ye Ha iICHYBaHHS KOJIIHEApHOCTI cepel] PaKTopiB.
6. mecm CVIF. Jlanwuii Tect [1] omiHIO€ BIUTUB KOPEIALii Mixk (haKTOpaMH y JUCIIEPCIFO

1-R?
CVIFj = VIP}- -1_—R(2),
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ne R§ = Ry, + Rz, +.. . RSy .
ko |C Vi F}| > 10, To MO’KHa BBa)KaTH, LI0 j-U MPU3BOAUTH A0 MYJIbTHUKOIIHEAPHOCTI.
7. Klein’s rule [6]. ko koedimieHT aeTepminarii 10moMi>kHOT perpecii Oinbmiui Big KoedimieHTa
OCHOBHOI perpecii, To HasiBHA MyJbTHKOJIHEAPHICTb.
PosrisiHemo Bukopuctanus ¢yukmid omcdiag ta imcdiag na takomy npukiani (Tabmums 1).
JIns nocnipkeHHs MU BUKoprcTanu nasi longley [9], siki € BOynoBanumu B R.

Tabnuys 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 444546 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

JliniiiHuii perpeciiiauii anani3 y R peanizyerbes 3a qonomoroto ¢yHKIil Im, cuaTakcuc skoi €

TaKHUM:

ne formula — ominkoBa monens 3anexsocrti; data — nmami, ...
(HEOOOB A3KOBI).

Im(formula, data,...),

- 1HII JIOJAaTKOBl MapaMeTpu

3anamo gani Tabmuis 1 gepes Bextopu Y, X1, X2, X3, X4, X5. lns dyukiii Im sk mapameTp
BUOpaHa JiHiltHA Mojenb 3 BUIbHUM dieHOM (Y~X1+X2+X3+X4+X5). Pesynbratu perpeciiHoro

aHaii3y HaBezeHo Ha Puc. 1.

Coefficients:

{Intercept])
GNP .deflator

GNP

Unemp loyed
Armed.Forces
Fopulation

Year

Signif.

Residual standard error:
Multiple R-scuared:

F-statistic:

codes:

Estimate

-3482.258635

0.015062
-0.035819
-0.020z20z2
-0.010332
-0.051104

1.829151

Std. Error t wvalue

§90.420384

0.084915
033491
. 004854
002143
226073
. 455478

oo ooo

Fri>|t]]
-3.911 0.003560 **
0.177 0.863141
-1.070 0.312681
-4.136 0.002535 **%
-4.622 0.000944 *=*%
-0.226 0.826212
4.016 0.003037 *%

"' 0.1

o '#®*®*! Q0.001 '**' 0.01 '*' 0.05 '.

330.3 on 6 and 9 DF,

Puc. 1

0.3049 on 9 degrees of freedom
0.9955; Adjusted R-squared: O
p-value:

9925

4,954e-10

1
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3a 3HaueHHsM koegimienta aerepminarnii (Multiple R-squared) (0,9955) moxxna 3pooutn
BHUCHOBOK mpo Te, mo npubmuzno 100% Bapiamii 3anexHOi 3MIHHOI HOSICHIOETBCS BapialisiMu
HE3AIeKHHUX 3MIHHHX, TOOTO 3MiHM 00csTy mpojax maibke Ha 100% MOsSCHIOIOTHCS 3MiHAMU 4acy,
BHUTpAT Ha peKJIaMy, I[IHM TOBapy, IIIHM Ha TOBAp y KOHKYPEHTIB, 1HJAEKCY CIOXMBYMX BUTpaT. 3i
crosmis (Pr(>[t))) Bummo, 1mo koedimientu perpecii by, b,, bg 3a t-kpurepiem CrbromeHTa
CTaTUCTHUYHO HE BIAPI3HAIOTHCS Bix HyIs (TOOTO € CTaTUCTUYHO HE3HAYYIIMMH). AJICKBAaTHICTh
moOyI0BaHOT MOJIENIi OILIHIOEThCS 3a nonomorot F-kpurepito ®imepa. ['imore3y mpo BiICYTHICTH
JNiHIAHOT 3aleKHOCTI MOXHA NpHAHATH 3 HMOBipHicTIO p = 4,984 -1071% T06TO Maiike 3
HMOBIpHICTIO 1 MOXHA CTBEpPKYBATH, 110 MOJIEIb € JEKBATHOIO I[0JI0 CTATUCTUYHUX JaHHUX (TOOTO
PIBHSIHHS perpecii € CTAaTUCTUYHO 3HAYUMHUM ).

BpaxoByroun oTpuMani pe3yabTaT ITOCIIHKCHHS perpeciinoi Moaeni, a caMme 3HauyIicTh F-
CTaTUCTHKM Ta HE3HAYylmlicTh {-CTATUCTHKH, MOXXHA TPHUIYCTHTH, IO MOJEIl ICHYe
MYJIbTUKOIIHEApHICTh. [IpoBeaeMo MOCHIKeHHS Ha MYJIbTUKOIIHEAPHICTh, BUKOPHCTOBYIOUH
¢ynkiii omcdiag Ta imcdiag 3 6i6miorexkn mctest.

Pesynbrat 3actocyBanus ¢ynkuii omcdiag (Puc. 2)

Overall Multicollinearity Diagnostics

MC Results detection

Determinant |X'X|: 0.0000 1
Farrar Chi-Sqguare: 216.5559 1
Fed Indicator: 0.7442 1
Sum of Lambda 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 MYJIbTUKOJIIHEAPHOCT1 Y MOJEIIL.
Jnis BU3Ha4YeHHs (DaKTOpiB, SKI € MYJIbTUKOIIHEAPHUMH 3 IHIIMMU BUKOPUCTAEMO (PYHKIIIIO
imcdiag, pe3ynbTatr BUKOHaHHS sK0i € TakuMm (Puc. 3):

411 Individual Multicollinearity Diagnostics Result

VIF TOL Wi Fi Leamer CVIF EKElein 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 §9.7012 0.1725 -0.0469 0 0.0142 1.0249
Armed.Forces 3.5889 0.2786 5.1779 7.118%6 0.5279 -0.0050 0 0.1393 0.7620
Population 399.1510 0.0025 796.3020 10594.9153 0.0501 -0.5574 1 0.0013 1.0537
Year 758.9806 0.0013 1515.9612 2084.4466 0.0363 -1.0598 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-square of v on all x: 0.9955

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

Puc. 3

SIK BUIHO 3 OTpUMaHUX pe3ybTartiB hakropu X1, X2 ta X5 € KOJTiHEapHUMU 3 IHIIUMH.
Cepen crioco0iB YCYHEHHS! MYJIbTUKOJIIHEAPHOCTI CJIiJT BII3HAYUTH TaKi:
*  30UIBIIUTH KIJIBKICTh CIIOCTEPEKCHD;
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*  BUKIIOYHATH 3 Mozeli (akTop (pakTopu), sKHii Mae (MarOTh) BUCOKY TICHOTY 3B’SI3KY 3 1HIIUMH
¢bakxTopamu;

* [EPETBOPUTH MYJIBTHKOJIHEAPHI 3MIHHI NIISXOM MOJAHHS 1X y BUIJISIII JTIHIHHOT KOMOiHAITIT;

* BUKOPUCTATH CTATHCTUYHI METOJ, 30KpeMa METOJ| TOJIOBHMX KOMIIOHEHT, (paKTOpHUH aHali3,
rpebeHeBa perpecis.

BBaxkaerscs, mo HaWOUIBII e()EeKTUBHUM CIIOCOOOM YCYHEHHSI MYJbTHUKOJIIHEApHOCTI €
BIJIYYEHHS 3 perpeciiiHoi Mozeni He3Hauymux KoedinieHTiB. ToMy BHKIIIOUMMO 3 pO3TIISAY GakTopH
X1, X2 ta X5 (muB. Puc. 4) Ta nepeBipuMo OTpUMaHy MOJIE/Ib Ha HASBHICTh MYJIbTHKOJIIHEAPHOCTI
(muB. Puc. 5, Puc. 6):

Coefficients:

Estimate 3td., Error t wvalue Pr(>|t]|)
(Intercept) -1797.221112 68,641553 -26.183 5.89e-12 *#**
Unemployed -0.014697 0.001671 -8.793 1.41e-06 #**
Armed.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 '*' 0.05 '.' 0.1 "' ' 1

Residual standard error: 0.3321 on 12 degrees of freedom
Multiple R-squared: 0,9928, Adjusted R-sguared: 0.9911
F-statistic: 555.2 on 3 and 12 DF, p-value: 3.916e-13

Puc. 4

Overall Multicollinearity Diagnostics

NC Results detection

Determinant |X'X|: 0.2489 o
Farrar Chi-Square: 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

411 Individual Multicollinearity Diagnostics BResult

VIF TOL Wi Fi Leamer CVIF Klein IND1 INDZ
Unemp loyed 3.3179 0.3014 15.0665 32.4510 0.5450 -0.0586 0 0.0464 1.0522
Armed.Forces 2.2233 0.4458 7.9516 17.1264 0.6707 -0.0393 0 0.0692 0.8287
Year 3.88909 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-square of v on all x: 0.9928

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

Puc. 6
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SIx BHIIHO 3 OTPUMAHMX PE3YyJbTATIB, B IIUIOMY PIBHSHHS € CTATUCTHYHO 3HAUYIIHUM, KOXKCH
koedimient (X3, X4 ta X6) € TakoX CTAaTHCTHYHO 3HAYYIIMM, JOCTaHHO BUKOKHH KOE(IIIEHT
MHOXXHHHOT JIeTepMiHarlii i BiICyTHS MyJIbTHKOJIIHEApHICTb.

3acrocoByroun (yskiiro confint 1o 06’extiB ¢yukmii Im, orpumyemMo Mexi HamiiHHX
IHTEepBAIIiB I AapaMeTpiB ag, d,, as (Puc. 7).

| > confint (fml)

2.5 % 97.5 %
(Intercept) -1946.77820772 -1647.66401665
Unenployed -0.01833832 -0.01105510
brmwed.Forces -0.01172562 -0.00372001
Tear 0.87897787 1.03378174

Puc. 7

AHani3 MeX HaAIMHUX I1HTEpBAIIB JUIsl TapameTpiB J03BOJSIE 3pOOWUTH BUCHOBOK, IO 3
imoBipHicTIO p = 1 — a = 0.95, 3Haxonf4YKCh y BKa3aHUX MEXax, BOHM HE HaOYBalOTh HYJIHOBOTO
3HA4YEeHHs, TOOTO BOHM € CTATUCTUYHO 3HAYYIIMMH Ta CYTTEBO BIIPI3HAIOTHCS Big Hyms (1€
MIATBEPIKYETHCS 1 MepeBIpKOIo 3a t-kKpuTepieM CThIOJICHTA).
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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, ANNSs 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 quantum dot is a
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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 Kj, dynamic neurons. Their
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number should be equal to the number of decision classes Ki, = N;iN,, 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 @,j= 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 -2
X m- Z xnma)nm sin (wnmt) )
-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]:
d2y,,
dt?
Here, fn 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 £, when
the frequency of the external signal @,, 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 di=Ri—Ri1 (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)

dy N .
+ zﬂm dtm + a)ng m- Z:lx nma)r?m sin’ (a)nmt) . (1)
n_
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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)

. e . .
A(D(I) == E(i)g (Né') - n(l))1 (3)
0

where £ is the dielectric permittivity of QD materials; n® is the concentration of electrons;
3) the Schrddinger equation

(—éﬁﬁlﬁﬁ +w 0 +6¢(i)]‘l’mm =E, ¥ (4)
0, 0<r<Ry,
I AE® _ a0 | a0, 0 Ry<r<R,,
AE@ — a0 4 (@) R, <r<R,,
AE® — a0 4 50)0), R, <r <R,.

Here, AEL(.” = Yo — %; 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)\{lnlm(r)

AR (5)
exp(”'ﬂj +1
KgT
where 4 is the chemical potential,
5) the stationary equation of mechanical equilibrium for a spherically symmetric system
Al _WA(Hd 5(r)+ NS )=0, (6)

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

P, = > —|—g, s 7
® 1+nS, Par Ir=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:

PRI =R,

NE(Ri) = N§ ™ (R),

oO(R) =" (R),

50 dp®(R)) _ 2+ dp"(R)

dr dr (8)

L jn(i)(r)dv =1y,

M&(”%R)u(R» v,
sDR)+PO(R)=ci(R)+PI(R), 1=012,

M(R,)+PM(R) = -Py;

where @ is the mechanical strain; AV® = . 47r(R R,31) is the change in QD volume in the
vicinity of corresponding heteroboundary due to the mismatch of lattice parameters

f0 2 — (a® is the crystal lattice parameter) [15]; PL(')(Ri ):T is the Laplace pressure;
(i)
(i _ 7bu|k
}/ =
1,2
Ri

The energy spectrum E,, and wave functions of electron in the investigated system are found

from the solution of the Schrddinger equation with corresponding continuity conditions of wave
functions and probability flux densities at heteroboundaries:
R(I)(R ) R(I+1)(R )
1 dR(n'I)(Ri) 1 dRUDR) i=012 9
m  dr om0 ar
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:

Em=E@mg+E9mg+Emm> (10)
where Eé‘)( ) is the energy gap; E{V(n,), E\)(n,) are energy of electron and hole,
EJ(n,)=E§(0)+ AEé”(ns)+ AEY) )(ns),
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.

; 1 9. 0020, - .
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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 Ej, 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
guantum 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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Keywords: atmosphere, observation, website, pollution, scalable system.

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 accurate
due to the strict adherence to the technologies for measuring various indicators that characterise the
state of the air.
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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:
name of the settlement where the sensor is installed;
latitude
longitude
unique identification number;
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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 Data Data Data Data
_ collection collection collection collection collection
E SENSOrS SENS0rS SENSOrS SENSOrs SENsors
E —, 7 —
g
& _ Temporary _
storage bank
E 2 Data Data
= acquisition . acquisition
.E E SEnvice ¥ sernvice
§ f Processing
. 5elrw:e
B S
- [
L)
Database
REST AFI
senice
T
VWebsite

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.

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

Temnepatypa

Fig. 6. Temperaturaéﬁd humidity graphs

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 (...

& Begin Transaction D Text - Filter % Sort A Import m Export
CreatedDateTime Locationld + VYalue StoredDateTime

b SAVEDNIPRO_4202 5,67 2020-10-29 21:48:35.069272
2020-09-27 18:46:20 SAVEDMIPRO_12928 5,55 2020-10-29 21:49:35.069272
2020-10-29 00:01:39 SAVEDMIPRO_1297 15,08 2020-10-29 21:4%:35.069278
2020-05-12 22:29:48 SAVEDMIPRO_1295 0,78 2020-10-29 21:49:35.069272
2020-10-29 00:06:08 SAVEDMIPRO_1254 45,98 2020-10-29 21:49:35.069273
2020-05-07 18:59:23 SAVEDMIPRO_1293 14,85 2020-10-29 21:4%:35.069278
2020-03-13 14:04:43 SAVEDMIPRO_1280 999,9 2020-10-29 21:4%:35.069278

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 OpenAPI 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"
}
"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"

}

2
"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 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.
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Fig. 12. Scheme of the Location database

The Location database stores basic data in the following tables:

B LocationHumidity @public - Table

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.

=g Add Field =4 Insert Field =g Delete Field 4~ Primary Key - T MowvelUp < Mowe Down

Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Locationld

Walue

StoredDateTime

Type Length Decimal Mot null  Key
timestamp ] 0 -1
text 0 0 Py
float8 53 ] O
timestamp B ]

Fig. 13. Table with humidity indicators

Comment
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i LocationPM10 @public - Table

=@ Add Field =4 Insert Field =g Delete Field A< Primary Key ~ 4+ MoveUp 4 Move Down

Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Mame Type Length Decimal  Motnull  Key Comment -
| timestamp 6 0 M1

Locationld text ] 0 | = )

Value floatd 53 ] O

StoredDateTime timestamp 6 0

Fig. 14. Table with indicators of PM10 particle pollution

i LocationPM25 @public - Table

g Add Field =4 Insert Field =& Delete Field 4= 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 6 0 M1

Locationld text ] ] ~2

Value floatd 53 o (|

StoredDateTime tirmestamp & 0

Fig. 15. Sign with PM25 particle pollution indicators

88 LocationPressure @public - Table

=&y Add Field =4 Insert Field =& Delete Field &4 Primary Key - 4+ MoveUp + Move Down

Fields  |ndexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment

Type Length Decimal Mot null Key Comment
timestamp 6 0 1

Locationld text i i M 2

Value floatd 53 0 (|

StoredDateTime timestamp 6 ]

Fig. 16. Table with pressure indicators

i8* LocationTemperature @public - Table

Sy Add Field =4 Insert Field =g Delete Field &< Primary Key - 1+ MovelUp ++ Move Down
Fields  Indexes Foreign Keys Uniques Checks Excludes Rules  Triggers Options Comment
Mame Type Length Decimal Mot null Key Comment
timestamp +] o -1
text 0 o 22
Value floatd 53 o (|
StoredDateTime timestamp +] o

Fig. 17. Table with temperature indicators

We also use two additional tables for statistics and analysis of the amount of data:
e BatchInfo — 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.
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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.BIl;

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

L _ 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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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
PrimeVue 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" ;

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 1D, 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 CI1/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:
reduced system downtime;
faster delivery of updates;
the update process is automated, the developer does not have to do it all manually;
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 (1oT) 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, IoT,
machine learning.

AHoTamisg. Bpkonu € BaKIIMBOIO JIAHKOKO IS MIATPUMAHHS CTIHKOCTI ekocucteM. Bonu
CIPUSIOTh 30€pEKEHHI0 NPUPOAHMX JAHAMA(TIB 1 JomomararoTh 3a0e3nedyBaTH €KOJOTiuHY
piBHOBary. bBIKUIBHMIITBO € OJAHIEI0 3 TOUIMPEHUX 1 TpaAuLIMHUX Taly3edl CUIbCHKOTO
roCIO/IapCcTBa, /e pilleHHs Ha ocHOBI [HTepHetry peueit (IoT) i miaxoau 10 MANIMHHOTO HaBYAHHS
MOXXYTh 3HAQUHO TMOJETIIMTH Ta MOKPAIIUTH YNPaBIiHHSA MacikamMu. Y Il CTaTTi NpPONOHYETHCA
IHTENeKTyallbHa CHCT€Ma MOHITOPHHTY O/ koiauHOI mnaciku Ha ocHOBI loT. OcHOBHuUI akIeHT
JOCITIJKEHb OYJI0 30CepePKeHO Ha BUKOPUCTaHHI METOJIB IITYYHOTO IHTEJEKTY IS BHUSIBICHHS
PI3HOMAaHITHMX IIKIJHUKIB Ha maciui. Po3poGneHi MeToau Ta OTpUMaHi pe3yiapTaTd Oynu
BUKOPHCTAHI y PealbHUX yMOBaX OJKiNLHMIITBA. IX 3aCTOCYBaHHS HE TilLKH MOJETIIYE BUSABJICHHS
HIKITHUKIB, ajleé 1 CHpHUs€ TOKPALIEHHIO 3arajbHOro YHPaBIiHHA OJUKOIMHUMH KojoHismu. lLle
BIJIKpUBA€ MEPCIEKTUBY I 30UIbIIEHHS TPOJYKTUBHOCTI BYJIMKIB Ta 3HM)KEHHS BIUIMBY LIKITHUKIB
Ha 37I0pOB's OJ[KIJI Ta SIKICTh MACIKU.

Knrwouosi cnoea: cucmema mouimopuney, me0oHocHi 00xconu, nacika, Varroa destructor,
Inmepnem peyeul, MawuHHe HABUAHHAL.

MenoHOCHI OKOJM € BaXJIMBUM 3allMJIIOBa4eM CUIBCHKOTOCIONAPCHKUX KYIBTYp Ta
BIJIIFPalOTh BAXJIMBY POJIb B INIOOANIbHIA €KOJIOTIUHIN cucTeMi. 3apa3 L 3aluiioBadl BCe yYacTille
3HAaXOIAThCS IMiJ] 3arpo30l0 3HUKHEHHS uepe3 iX MPHUPOJHUX XM)KaKiB, 3MIHY KIiMary Ta HOBI
3arpo3u, M0 MPU3BOJIATH O MACOBOTO 3HUKHEHHS OJKOJIMHUX KOJIOHIM. 3araioM momyJsiiist O/K1T y
BChbOMY CBITI 3MeHmyeTbes 3 2007 poky. OnHi€l0 3 NPUYMH 3MEHIIEHHS KUIBKOCTI JOPOCIIUX
poboumnx O/KIT € Bapoo3, Mapa3suTapHE 3aXBOPIOBAHHSA, CIpUUYMHEHE KiimeM Varroa destructor (V.
destructor) [1]. Lle Bumarae mocTiifHOro MOHITOPHHTY MPOTATOM MEPiO/iB aKTMBHOCTI OJDKIN, 1100
nepeKoHarucs, mo kmmil V.destructor OyayTh BUSIBIEHI 10 TOTO, SIK BOHM MOIIUPSTHCS Ha YBECH
BYJIUK. AJDKe 1€ 3aXBOPIOBAHHS MOXHA IIBUJIKO 3HUIIUTH 3 BYJIUKIB IICJIA HOTO BUSBJICHHS.

3a momomororo IoT (IHTepHery peuelt) BigKpuUBaeTbcsi O€3J1i4  MOMKIMBOCTEH IS
PI3HOMAHITHUX pIICHb IOJOJIAHHS JEAKUX 3 HaAMOUIBII TOUIMPEHHMX EKOJOTIYHUX MpoOJieM.
Ockinbku 30epeKeHHs 3I0POB S Ta MOMYJIALIT OJKIJT HE € BUKIIIOUCHHSIM, [HTepHET pedueli € 4yJOBUM

60



pilieHHsM, 1100 JOMOMOITH NAaciyHHUKaM KOHTPOJIIOBATH Ta pIATYBaTW CBOI OKONMUHI CIM’I.
Texnonorii IoT MOXyTbh 10IIOMOI'TH OTHOYACHO Y KIIBKOX HaIPSIMKaXx:

-30ip TOYHMX JaHUX /IS TOJAIBLIOrO aHalli3y, MOHITOPHHTY Ta Iepea0adeHHIo 3a
JIOIIOMOT'OF0 TEXHOJIOT1H IITYYHOI'O 1HTEJIEKTY;

- aBTOMaTU30BaHUH KOHTPOJIb MIKPOKJIIMATy BCEPEANHI KO)KHOTO BYIINKA;

- aBTOMAaTH3allisl 30MpaHHSI MEYy.

TouHi JaHi B peXUMi peaibHOTO Yacy, 310paHi 3a JOMOMOT0I0 MOHITOPUHTY [HTepHETY peuet,
CIIPOMOXH1 JIOTIOMOTTH O KOJIsIpaM MmoOyyBaTH O1IbII TOYHE PO3YMIHHS MOBEAIHKHM OJDKLT y TXHIX
kosoHisx. Texnonorii [oT Takok 9acTo BUKOPUCTOBYETHCS IJISi MOHITOPUHTY MIKPOKIIIMATY, €
MIJIKJIIOYEH] J1aBadi 30Mpar0Th JaHl MpO TeMIIepaTypy Ta BOJOTICTh, a TaKOX JaHi PO I1HIII
KIiMaTuyHi (hakTopH, SKI MOXKHA 30MpaTH Ta IHTEPHPETYBATH B PEXHUMI peanbHOro yacy. JlaBadi,
pO3MIIlIEHI Yy BYJWKAaX, KOHTPOJIIOIOTH BOJIOTICTh 1 TEMIIepaTypy 3a JABOMa KJIIMaTUYHUMH
¢dakTopamu, SKi MOXKYTh ICTOTHO BIUIMHYTH Ha 370poB’st Okin. Komu Bonoricts abo temmeparypa
3MIHIOETHCS 10 HECIPUSATIMBOTO CTaHy, OJUKOJISIPI MOKYTh OTPUMATH HeraiiHe CIOBIILIEHHS, a 3B1JITH
MOXYTh HaiCIIaTH JWUCTAHLIWHY KOMaHIY, 00 BHECTH HAJIEXKHI 3MIHU JIO MIKPOKJIIMAaTy BYJIHKA.
Kpuxitai mikpodoHu, SKi IMIUIAHTOBaHI Y BYJIMK, MOXYTh 30UpaTH ayJioJlaHi MpO MOBCAKICHHY
MOBEIIHKY OJDKIJI, KPiM TOTO KOKEH PyX OKpPeMOi OJKOJIH IMEBHOIO MipOI0 IPU3BOJMTH 10 BiOparii B
noBiTpi ab0 Ha MOBEpXHi. 3 OTPUMAHUX 3BYKOBHX 4YacTOT Ta BiOpaiiif, ki € pe3ylbTaToM
HOPMAJIBHOI JTisSUTBHOCTI OJIK1JI, MO’KHA BUSBHTH [2]:

- XBOPH BYJIUK 1 11arHOCTYBaTH 3aXBOPIOBAHHS;

- KOJIM y BYJIUKY € JIB1 4M OiibIe OPKOTMHUX MAaTOK a00 K KOJH y BYJIUKY 1X HEMAE;
- KOJIM OJIKOJIM BiTUyBalOTh HEOE3IEKY Ta 3aXHUILAIOThH BYIIHK;

- iepe0ir 3MMyBaHHS;

Ha nanuii yac, icHye TakoX BeNUKa KiJIbKICTh MPUCTPOIB, 3A€OLIBIIOI0 PO3YMHUX Bar, sKi
JI03BOJISIFOTh ONTUMI3yBaTu Tpouecd. [laciunuky He MOTpiOHO 3aiiBWil pa3 TypOyBaTm OmKiIT Ta
NEPEBIPATH COTH, €JIEKTPOHHI Bar, J0MOMAraroTh i3 Ii€l0 33/1a4et0. 3 1IHIIOro OOKY € Majlo TOTOBUX
cTaHAapTHUX pimeHb B po3pizi loT, me 3amisHi pi3HOMAHITHI JaBadi, XMapHi TEXHOJOTii Ta
B3a€MO3B’ 130K MIX MpUCTposiMU [3]. B OibII0CTI 111 pillIeHHs € JOKaJIbHUMHU Ha PUHKY CBOET KpaiHU.

[ryunuit intenext (LLI) y cuneprii 3 [HTepHeToM peueil Mae moTeHmian, mo6 OyTu ayxe
KOPHUCHUM y MOHITOPUHTY 3JI0pOB’sl BYJIMKIB, 1I€HTU(IKAII] MIKIAHUKIB, TAKUX K KIiIy Varroa, i
nonomaratu OjpkonspaM e(eKTHBHILE KepyBaTH cBoimu macikamu [4]. BpaxoByroun crernudiky
OIDKUTHHUIITBA, CHUCTEMa MOHITOPHHTY CTaHy MAaciki MOBHHHA BiJIMOBIAaTH NMEBHUM BUMOTaM Ta
KpuTepisiM sl 3a0e3nedyeHHs] e(QEeKTUBHOTO (YHKI[IOHYBAaHHS Ta YCHIIIHOI IMIUIEMEHTalli B
pearbHUX YMOBaXx.

Jlns 3abe3neueHHss €()EKTHUBHOIO MOHITOPHHIY CTaHYy OKpPEMOro BYyJHMKa Ta OTPUMaHHS
KOMIUIEKCHOT iH(popMallii HEeoOXiTHO CHUCTEeMAaTUYHO 30MpaTH pI3HOMAHITHI BXiAHI JaHi, fKi
HalOUIbIIEe B1IOOpaXaloTh aKTyaJlbHUN cTaH maciku. OCHOBHI MapaMeTpH, sIKl BapTO BpaxOBYBaTH
npu 300pi 1aHKUX, BKIIOYAIOTh [5]:

- Temneparypa y Bynuky: Lleit mapameTp 103BOJISIE BU3HAYUTH TEIUIOBUIM PEXHUM BYJIHMKA, [0
€ KPUTHYHUM JUTsI KOM(OPTHOTO PO3BUTKY O/IK1JT Ta MOXKE CBITUUTH MPO MOKIIMBI 3aXBOPIOBAHHS YU
CTPECOBI CHUTYaITIi.

- Bosoricte y Bynuky: BumiptoBaHHsI BOJIOTOCTI BaXJIMBO JIsi KOHTPOJIIO HaJl MIKPOKJIiMaToOM
BYJIMKa Ta 3amoOiraHHs 3aiiBiil BOJOTOCTI, sIKa MOXKE CTAaTH NMPUYMHOIO XBOPIO Ta MOTIPUICHHS YMOB
JUTSL 00K

- Bara Bynuka: MOHITOPHHT Barm [O3BOJISIE BU3HAUMTH 3amacd Meay, a TaKoXX MOXKe
BKa3yBaTH Ha 3arajbHUM CTaH OJUKUIBHOTO HAPOKEHHS.

-3ByK YM 4YacToTa 3BYKY Yy BYJIHKY: 3BYKOBHI aHai3 MOXE CIYXXHTH 1HJIUKATOPOM
AKTUBHOCTI Ta CTaHy OJKOJIMHOTO BYJIUKA.

- CraTucTrKa KiTbKOCTI OKin, mopaxoBaHa 3a gornomoror II: Bukopucranus Lltyunoro
[HTeNeKTY MNIA TiApaxyHKY OJDKIT JTO3BOJISE TOYHO Ta aBTOMATHYHO BH3HAYATH YHCEIBHICTH
TOTYJISIIII.
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- CtaTuCcTHKa BWSIBJICHHUX KIIIIIB Bapoa: BakIMBO BUSBIATH HAsSBHICTH I[LOTO IIKITHUKA,
SIKUA MOYE CEpHO3HO 3arpoKyBaTH 3I0POB'T0 OJIKIIL.

KonTponep, po3ramoBaHuii y ByJIHKY, TIOBUHEH TepeJaBaTH Ili JaHiI Ha CEpPBEp 3 3aJaHOI0
4acTOTOM0, sika 0a3yeThCs Ha 3MIHHMX YMOBaXxX JOBKULIS Ta BJIACHUX HaJAIITyBaHHIX Omxkoispa. Lle
3a0e3mneuye THYYKICTh CHCTEMH Ta MOXJIMBICTD aanTallii 10 3MiH Yy CePeOBHUIILI.

Ha puc. 1 mnpencraBieHo CTpyKTypy po3pobineHoi iHTenekryanbHoi loT-cuctemu
MOHITOPUHTY cTaHy mnaciku. L[ cxema aeTanbHO OMKHCYE CHCTEMY MOHITOPUHTY, SIKA YMOBHO

po3aineHa Ha xmapHy yactuny (Cloud) ta mokaneHy (On-premise), 31 CKJIaJJOBUMH, 10 B3aEMOIIIOTh
MiXk c000¥0.

\ --------------------------------- S8H-rwmmsanst Raspberry P - nokanehui cepsep

Beb6 inTepdeinc

Aamisicrparop (React)

ArperaTop MeTpuk
(Python App)

TNoxansHe

cxoBUwWe
Cepsep 06po6ku

(Backend)

: A
Mo6inbHui /
—> [oAaToK

Cnosiwenna CRUD
onepauii

Mdikpodhon fasay Bonorocri

|

Mporpama
cnosiulens

AGHUX Moayns < Aasay Temnepatypu
T (ESP)
Cepsep 6a3u aaHux l
TpaHcnopTHUIA
<k_.__l moaynb Aasay Barn

RS-485

Moaynb
BU3HAYeHHA Kniwi
Bapoa

etrics
Tabnuus

PoanizHaBaHHa
narepHia

: Hive
Tabnuus

Puc. 1. Ctpykrypa iHTenekTyanbHoi 10T-cucTeMy MOHITOPUHTY CTaHy BYJIMKa

Xmapse pimenss (Cloud). CknanoBuMu cepBiciB, KOJI SIKMX BUKOHYBATHUMETHCS y XMapi €:

- Be6 inTepoeiic (React): Be6-nonaTok cTBopeHHil 3 BUKOpUCTaHHAM 0i0mioTekn React s
BI3yaJIbHOT'O OTJISITY TTACiKH.

- MoOGinbHuN JnoaaTok: MOKIMBICTE CTBOPEHHS MOOUIBHOTO JI0/IaTKy JAJsl KOPUCTYBadiB
(6mKxoNAPIB), IKUH MOYKE HAJICUIIATH PUSh-crioBiTeHHS.

- [Iporpama croBimenb: CHOBILIEHHS, fKI NPUXOJUTUMYTh y JOJATOK IpPH KPUTHUYHHX
YMOBax y BYJIMKY a00 CHCTEMHHX MOB1IOMJIEHb.

- CepBep 00poOku (Backend): Cepmepna wactuHa miusi oOpoOku 3amuti 3 frontend i
MOOUTHHOTO TOJIATKY, a TAKOXK ISl YIIPABIIIHHS 0a3010 JTaHUX.

- Cepep 6a3u jaHux: MicTUTb pi3Hi TaOIUII:

User (Table): 30epirae mani KOpUCTyBadiB CHCTEMH.
Hive (Table): MictuTh iH(popMaIiito Ipo KOXKeH BYJIHUK.
— Metrics (Table/DB): 3anucye meTpuyHi naHi, 310paHi 3 BYJIHKIB.
— ML output (Table): 36epirae pe3ynbraTit 0OpoOKH JaHUX MAIIMHHUM HABYAHHSIM.

- Po3niznaBanns narepHis (ML Batch Jobs): Moxynb MaliMHHOTO HaBYaHHS, KM BUKOHYE
aHaJi3 METPUYHUX JAHUX JIJIs BUSBJICHHS MAaTEPHIB, a caMe JUIsl pAHHBOT'O BUSIBJIIEHHS XBOPI0 BYJIMKa,
YH Mapa3uTiB Y HbOMY.

JlokanbHa vactuHa (On-premise). lleHTpanbHUid MOIYNb TACIKW, SKHH IiJI€JHAHUH 0
[aTepHeTy, 30upace naHi 3 BYJIUKIB 1 HAJCHIIAE:

- Raspberry PI: Mikpokomm'torep, SIKHi BHUKOPHUCTOBYETHCS SIK JIOKaJIbHUM cepBep abo
IIUTIO3 JIJIs1 300pYy JIaHKUX 3 BYJIMKIB.
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- Arperarop metpuk (Python App): 3acrocynok, Hanucanuid Ha Python, sikuit BiamoBigae 3a
KOMYHIKAI[IIO 3 BYJIMKaMH, 30€peXEeHHAM JIaHUX Y TUMUYAcoBY 0a3y JaHUX, arperyBaHHs METPUYHUX
JaHUX Ta IX BIMpaBICHHSAM 110 XxMapH, BukopuctoBytoun HTTP 3anutu 1o 6ekeH yacTuHu.

- JlokasnbHe cxoBuie: JIokanpHa 0a3za JaHUX JUIs THMYACOBOI0 30epiraHHs METPUK nepes ix
CHHXPOHI3AIII€I0 3 XMapHOIO 023010 JaHUX.

Kommonentu Bynuka (Hive):

- Mikpodon: BuKOpPHUCTOBYEThCS Al 3amUCy 3BYKIB BYJIHKA, SIKI MOXYTh JOMOMOITH
BUSIBUTH CTaH OKLIIL.

- JlaBaui: /laBaui BOJIOTOCTi, TEMIEpaTypH Ta Bark JUIsi MOHITOPUHTY CTaHy BYJIHKA.

- Uenrpansuuit Moayns (ESP): Monynb Ha ocHoBl ESP 17151 3unTyBaHHs JaHUX 3 1aBaviB.

- Moaynp BusHaueHHs kiimiB Varroa (ESP): Momynb ayis BUSIBIGHHS KJIIIIIB, IO €
3arpo3010 JIst 01K,

- Tpancnopramii moxyns RS 485: Moaynb Ta NpOMHUCIIOBHI CTaHIApT KOMYHIKaIlil, KA
no3Boisie MmoaynsM Arduino Bzaemoniatu 3 Raspberry Pi.

[TigxmtoueHHs 10 XMapHOI YaCTHHH JJIsl YIPaBIiHHS CHCTEMOIO 3IIMCHIOETHCS Uepes3
MepexeBuil mpoTokosn SSH, B Toil 4ac sk KiHLEBUI KopucTyBay (O1KOJsp) B3aEMOJIE 3 CUCTEMOIO
gepe3 BeO moptan. Cucrema mintpumye CRUD omepamii (CTBOpeHHS, YWUTaHHS, OHOBIICHHS,
BUJIAJICHHS) JJIs YIIPaBJIiHHS JTaHUMU B XMapHiil 06a3i TaHuX.

OCKUTBKM TAcCiKM YacTO pPO3TAllOBaHI y BiIJalieHHX paiioHax, Je MOKe OyTH ToraHe
HOKPUTTSI T€XHOJIOTIi IHTEepHEeT, TOMy ONTUMAJIBHUM PIIIEHHSAM CTal0 BUKOPHCTAHHS HCTPYMEHTY
mamuHHOTrO HapuaHHs tinyML (Tiny Machine Learning). Llg rinka po3BUTKY IITYYHOTO iHTEIEKTY
JI03BOJISIE PO3TOPTaHHs MOJIesIel MAallIMHHOTO HaBYaHHS Ha MPUCTPOAX 3 OOMEKEHUMH pecypcamu —
9acTO 3 HHU3BKUM EHEPrOCHOXHBAHHAM, MaM ATTIO Ta OOMEKEHHMH MOXXJIHBOCTSIMH OOpOOKH i
BIJIOME SIK «KpUXITHE MalllMHHE HaBuaHHsI». Metoro TinyML € nmepeHeceHHs mepeBar MallMHHOTO
HaBYaHHS Ha TepudepiliHi TPUCTPOI, TaKi sIK MIKPOKOHTpoJiepH, mpuctpoi [ntepuery peueit (IoT) Ta
i BOynoBaHi cuctemu. Lle ocoOamMBO BaXXIMBO Ui MpOTpam, /i€ HEMOXKIIMBO HAJCHIIATH JaHI B
xMapy Juisi 00poOKu yepe3 mpoOaeMu 3 IPOIMYCKHOIO 37aTHICTIO, 3aTPUMKOI0 200 KOH(1ICHITIHHICTIO
[6]. dnst inTerpanii 3 TexHonoriero TinyML Oyso Bukoprcrano mikpokontpoiep ESP32-CAM [7].
ESP32-CAM cymicHuii i3 ppeiiMBOpKaMH MAITMHHOTO HaBYaHHsI, TakKUMU K TinyML, mo mo3Bosse
JIETKO peali3oByBaTH Ta BIPOBAIXKYBATH MOJIeNi Ha MPUCTPOi 3 oOMekeHUMHU pecypcamu. HasBHICTB
BOynoBaHoi kamepu poouts ESP32-CAM rotoBuM 10 BUKOpPHCTaHHS 0€3 0JaTKOBUX MOAYINIB a0o
30BHIIIHIX MPUCTPOIB, IO MOJIETIIYE MPOLEC po3poOKHU Ta 3HMXKYE BUTpaTH. Takoxx kamepa Oyne
3adikcoByBaTH 300pakeHHsI O/1K1J1, 320€3MeUyI0YN MOXKIIMBICTh BUSBJICHHS HasBHOCTI KiiuiiB. 1106
YHUKHYTH TpoOjeM 3 mepefadyero JaHWX, OCOOJMBO B YMOBAaX HECTaOLIbHOTO IHTEpHET 3B'S3KY,
nependayeHo MOXJIMBICTH 30€piraHHsl JaHUX y JIOKalbHIM 0a3i y Burisal yepru uum kemry. Lle
rapaHTye HaJliiHICTh Ta LUTICHICTh OTPUMAHUX JJAHUX, HaBITh Y BUINAJKY HEJOCTYITHOCTI CepBepa.

3acTOCYBaHHSI HITYYHOI'O IHTEJIEKTY HAa MIKPOKOHTPOJIEPl JO3BOJIIE€ MPOBOJIUTH aHAII3 Ta
00poOKy JaHuX Ie Ha eTami ixHboro 36opy. Lle 3amobirae HeoOXiTHOCTI BiANPaBKHU 300pakeHb Ha
CepBep Ta MOKpalrye ePEeKTUBHICTh CHUCTEMH, OCKIIBKH IJIsi IbOTO HE MOTpiOCH CTallIbHUN Ta
IIBUAKUHN iHTepHET-3B's130K. HaBuanus moneni TinyML ans BusBiIeHHsI OJDKUT Ta KIJIIIIB Bapoa 3a
nonomoroto ESP32-CAM Bin0OyBanocs y KiIbKa €TalliB.

Ha nouatkoBomy ertamni 31ilicHIOBasIOCsS (pOpMYBaHHS HabOpy JaHUX, L0 BKIJIIOYAE B ceOe JBi
Kareropii 300pa)keHb: Ti, Ha SKUX MPUCYTHI OJKOIHU, Ta Ti, Ha SIKUX BOHHU BiACyTHIi. [[ns 1poro
BUKOPHUCTOBYBAJIUCS BIIKPUTI pecypcu B IHTepHeTI, ski HajaoTh GoTorpadii 60K Ta MOB'I3aHUX 3
HuMH 00'exTiB. KoxkHe 310paHe 300paKeHHsI aHOTYBaJoCs IUIIXOM BKa3aHHS Ha HbOMY MITOK, UM €
0J1KOJIa IPUCYTHBOIO, Ta UM € Ha 300pakeHH1 kil Varroa. 310paHi 300paxkeHHs Oy MONEepeaHbO
00po6eHi, o0 3abe3neunT ogHAKOBHUM PopMmat Ta po3mip. KoxkHe 300pakeHHs Oyi0 MO3HAYEHO
HasBHICTIO O/pKONIM Ta KB Varroa. B pe3ynbTari oTpuMano HalOip aHOTOBAaHUX JaHMX, SIKHH OyIo
BHKOPHUCTAHO JIJIsl HaBYaHHs Moeni. Habip maHux Oyio po3mojaiIeHO Ha JIBl YaCTHHH: HaBYAJIbHY Ta
TecTyBaJibHy. HaBuanbHa 4acTHHA BUKOPUCTOBYBAJIACS JUIsl TPEHYBaHHS MOJIENI, @ TECTyBaJIbHA - IS
OIIHKH i1 €)eKTUBHOCTI Ha HOBHUX, paHillle He OAYeHUX JaHUX.
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Jnst BusiBneHHST 00'eKTiB Ha 300pakeHHAX Oyno oOOpaHO alNropuT™M, CYMICHUH 3
MOXUTHBOCTSIMU KoHTpoJsiepa ESP32-CAM Ta 3 ypaxyBaHHSIM HH3bKHX OOYHMCIIIOBAJILHUX PECYPCIB.
Jis mporo Oyno 3acrocoBaHo crenianbHy 0i0mioreky FOMO. FOMO — me amroputwm, sKuit
3a0e3medyye BUSBIICHHS OO’€KTIB 'y pealbHOMY 4Yacl, BIJACTEXKEHHS Ta IiJIpPaxXyHOK Y
MiKpOKOHTpoJiepax i Moxe mpairoBati 3 <200 K6 omeparuBnoi nam’sti [8]. Ha ocHoBi oGpanoro
QITOPUTMY Ta HaBYaJBLHOTO HAOOpPYy AaHUX Oysjo mpoBeaeHO HaByaHHs moneni Ha ESP32-CAM.
Mopens oTpuMyBaia 300paXeHHS 3 HAaBYAJIbHOI YAaCTUHU HAOOpy JaHMX Ta BJOCKOHAIIIOBaja CBOI
nmapamMeTpH, mo0 BU3HAYATH HASBHICTH OJDKII Ta KB Varroa Ha 300pakeHHsX. [[ns omiHku
e(eKTUBHOCTI MO/ieN1 OyJI0 BUKOPUCTAHO TECTYBaJIbHUNA HaOip JaHux. Mojienpb yCIiIIHO BIOpajiach 3
BH3HAYEHHSM OJDKUI Ta KJIIIIIB Bapoa — IpoaHaizoBaHe 300paxkeHHs (puc. 2a), Ta 300pa)KeHHS 3
MPABIWJIBHO PO3CTaBICHUMHU MiTKamu (puc. 20) 60k (3e1eHa MiTKa) Ta KITiiia Bapoa ()KOBTa MITKa).

Puc. 2. [lepeBipka Moielli Ha TECTOBOMY HaOOPi IaHUX: a — BX1JIHE TECTOBE 300paKCHHSI,
0 — mpoaHasi3oBaHe 300pa)xeHHs 3 MiTKaMu OJIK11 (3e7ieHa MiTKa) Ta Kiima Varroa (JkoBTa MiTKa)

[Ticnst ycmimHoro HaBuyaHHs Mojenai TinyML BusBiaenHs Omkin i kmimge Varroa, 0yio
CTBOPEHO TMPOTPAaMHHUHA KOJ, SKWUH JI03BOJISIE BUKOPHUCTOBYBAaTH MOJIENb HAa MiKPOKOHTPOJIEPI.
OcHOBHI KpOKHU KOy JJIsl BUSBIIEHHS Ok Ta kiimiB Varroa Ha ESP32-CAM:

1. Inimianizamist — HaJlAIITYBaHHSA Ta iHimiami3amis Serial mopTy /uist BUBeeHH 1H(opmaii.

2. HanamtyBanHsi kamepu — BHKopHcTaHHS 0i6mioreku ESP32-CAM juis HanmamtyBaHHS
rapaMmeTpiB KaMepH, TaKHUX SIK SKICTb 300pa’keHHS, HACUUYEHICTh, Ta PO3IIUPEHHS.

3. 3axomnenHsa kaapy — 3a gpomomoroio ESP32-CAM kamepa 3axoruioe kaap, sikuii Oyne
BUKOPHUCTOBYBATHCS JIJIS TIOAAJIBIIIOTO aHAII3Y.

4. 3amyck mozaeni FOMO — Bukopucranss HapueHoi mojeni TinyML FOMO nans BusiBieHHs
00'exTiB (0/K1T Ta KB Varroa) Ha 300paKeHHI.

5. BuBezneHHs pe3ynbTaTiB — SIKIIO 00'€KTH BUSBIIEHI, BUBEJCHHS iH(popMallii mpo KUIbKICTh
Ta po3TallyBaHHs KOXHOTO 00'ekTa. SAKIo 00'ekTH HE BUSBIICHI, BUBEACHHS MOBioMIIeHHS "O0'ekTH
HE BUsIBJICH1".

Jns peanizauii BeO iHTepdelicy MOHITOpMHTY mTaciku Oyna BHKopucTaHa JavaScript-
6i0moTteka — React, sika IIUPOKO BUKOPHCTOBYETHCS IJIsi CTBOPEHHS 1HTepdeiciB KopucTyBaya,
0COOJIMBO ISl OAHOCTOPIHKOBUX IpOrpaM, J€ KOPHUCTyBau MOXKE B3a€EMOJISTH 3 CTOPIHKOIO 0€3
HEOOX1THOCTI ii OHOBJICHHS [9].

KnienTchka 4yacTHHA CUCTEMH MOHITOPHUHTY OJPKOJIMHUX BYJIMKIB peajli3oBaHa y BUTJISII BeO-
J0JaTKy, ONTHMI30BAaHOTO JUIsl 3a0e3MeueHHs] 3pYYHOTO Ta IHTYITHMBHO 3pO3yMUIOTO JOCTYIY [0
KJIFOYOBMX METPUK 1 ympaBiiHHsA Bynaukamu. [HTepdeiic kopuctyBaua (Ul) Oymo pospobieno 3
BUKOPHCTaHHSM CyYacHUX MiIXOMIB J0 Iu3aiHy Ta TexHojorii frontend-po3pooku.

Ha puc. 3 npeacraBieHuii TOJIOBHUN €KpaH J0AaTKy, SIKUi jeMoHcTpye ocHoBamii dashboard
CHCTEMH.
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Puc. 3. Be6 iarepdeiic loT-cuctemu MOHITOPUHTY TACiKU

LlenTpanpHe Miclle Ha €KpaHi 3aiiMalOTh KapTKW BYJIHKIB, KOXHa 3 SIKUX BlJOOpaXkae
aKTyalbHYy iH(POpMALII0 MPO CTaH KOHKPETHOTO BYJHWKA, BKIIOYHO 3 TEMIIEPATypOIO, BOJIOTICTIO Ta
Baroto. Ili maHi OHOBIIOIOTBCS B pEATbHOMY dYaci Ta CYNPOBOKYIOTbCS YacOBOK MITKOIO
OCTaHHBOTO OHOBJICHHS, IO € KPUTHYHO BKIMBHUM JIJIsI 3a0€3MEUEHHS] CBOEYACHOTO pearyBaHHsS Ha
3MIHH YMOB BYJMKa. J[0aTOK TaKOK MICTUTh CUCTEMY CIIOBIIIEHb, KA IHPOPMYE KOPUCTYBaya Mpo
BKJIMBI 3MIHHM YH TIOJIIi Yepe3 1HTEerpaio 3 MOOUIbHUMHU MPUCTPOSIMH Ta €JIEKTPOHHOIO MOIITOIO.
Ile 3abe3neuye MOCTIHHUI 3B'A30K 3 CUCTEMOIO Ta MOXJIMBICTh IIBHJIKO pearyBaTH Ha MOTEHIHHI
npo6semMu ab0 HEOOX1IHICTh BTPYYaHHS.

CepBepHa uyacTMHa apxiTeKTypHo BukopuctoBye REST API (intepdeiic mporpamyBaHHs
nporpamu Tepenadi npejcraBieHHs crany). Backend yactiHa BUKOHYEThCS B XMapi 1 il OCHOBHUMHU
GYHKIISMU €:

—301p JaHuX 3 macik ( KO)KHa macika HaJICUJIa€ JaHl Ha cepBep).

—poboTa 3 CXOBHUILIEM JaHUX Ta 30€pEeKEHHS BCIX JTaHUX.

—pobora Beb iHTepdeiicy KopucTyBada, skuii oTpumye nani Haacwiaoun HTTPS 3amutu 1o
cepBepa.

—arperartist JaHux Ta oOpoOKa CTAaTUCTHYHHX JaHUX.

Bukopucranus Python ta SQLAlchemy mns peamizamii 6a3u gaHUX y JaHOMY IPOEKTI
JT03BOJIMIIO 3a0€3MEeYNTH HaliHy Ta €()EeKTUBHY OCHOBY I 30epiraHHs Ta OOpOOKM NaHWX, IO
HaAXoIATh BiJ MikpokoHTposiepa ESP32-CAM. besneunicte Ta edextuBHicth SQLAlchemy, sk
ORM (Object-Relational Mapping), 3a0be3mneuye BUCOKHI piBeHb aOCTpaKIii JJsl B3aeMoii 3 6a30r0
nanux. Moro BUKOPHCTAHHS 103BOJSAE YHUKHYTH HpsMoi poGotu 3 SQL-3amurtamu Ta 3a0e3neunTy
BHCOKHI piBeHb Oe3MeKH Ta e(peKTHBHOCTI Ipu podoTi 3 6a3oro manux [10].

[Ticnst po3poOKHM MPHUCTPOIO Ta HABYAHHS MOJENI 3a JOMOMOIol Ha0Opy AaHuX, 310paHoro 3
IHTEepHET-300pakeHb, HOro OyJ0 BCTaHOBJIEHO B OJHIN 13 macik Cambipcbkoro paiiony JIbBIBCHKOI
ob6uacTi. I[Iporiec ycTaHOBKH BKJIIOUYaB B ceOe poO3TalllyBaHHS MPUCTPOIO B HAH3PYUHIIIOMY MICI ISt
300py aHUX, MIIKIOYEHHS /10 JKUBJICHHS Ta HaJAaIUTyBaHHS KOMYHIKallli 3 XMapHOIO 1 JIOKaJbHOIO
yacTUHaMU cucteMH. [1iciast BCTAaHOBJIGHHS MIPUCTPOIO PO3IOYABCS MPOLEC 300py JaHMUX 3 BYJIHKA 32
JIOTIOMOTOI0 JTaBadiB Ta MOAYJIB, BKIIOYEHHX 10 cucreMu. OTpuMaHl JaHi BKJIOYaId B cebe
iH(popMallilo PO TeMIepaTypy, BOJOTICTh, Bary BYJIMKa, 3BYKOBI CUTHAJIM Ta 300pakeHHS 3 KaMepH,
K1 OyJlM HaAiCJIaHl 0 XMapHOI YaCTHMHHU CHUCTEMH IS MOJAibIIoro aHamizy. OCHOBHOIO METOIO
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JOCHIKeHb OyJI0 BH3HAueHHsS €()eKTUBHOCTI MOZENI IUTYYHOIO 1HTEJEKTY JUIsl BUSBICHHS KIIIIA
Varroa Ha 310panux 300pakeHHsX. Moienb, HaBUE€HA Ha PI3HOMAHITHUX 300pakeHHIX 3 [HTEpHETY,
OyIa 3aCTOCOBaHa J10 300pa)keHb, OTPUMAHHUX B peaIbHUX YMOBaX BYJIHMKA.

Ha ocHOBi pe3ysbTaTiB MPOBEACHUX IOCTIKEHb OyJI0 BU3HAYEHO HAIPSIMKH IOJATBIIOTO
PO3BHUTKY peali3oBaHOi CHCTEMH MOHITOPUHTY, BKIIOYAalOUM BJIOCKOHAJIECHHS MOJEII HITYYHOTO
IHTEJIEKTY, PO3IUPEHHS (YHKIIIOHATLHOCTI CHCTEMH Ta IIJIBHINCHHS CTIMKOCTI MPUCTPOIO B PI3HUX
yMOBax eKcIulyaramii. BcTaHOBIEHO, IO MOJAENb BUSBJICHHS KIIIIIB HEOOXITHO TMPOJOBKUTH
TPEHYBAaTH, 1 ONTUMAJIBHUM METOJOM TOKpamleHHs 11 eeKTHBHOCTI Oyae CTBOPEHHs BIACHOTO
Habopy AaHUX 300pakeHb OKLT 3 MOAYNA Ta NEepeHaBUYaHHS MOJENI 3 HOro BHKOpHCTaHHsIM. Lle
3HaYHO MOKPAIIUTh TOYHICTh, aJDKE PaKypc, KaMepa Ta OCBITICHHS Iy)K€ CHIIbHO BIUTUBAE Ha
BHU3HAYCHHS HEBEIMKHUX YEPBOHUX IATOK Ha Okonax. Llei miaxig cnpusTiMe MoMMmeHHI0 poOoTH
CHUCTEMH Ta 3a0e3MEeUnTh CTIHKICTh 0 3MiH y cepeloBHUII. TaKkoX MiABUIIUTH €()EeKTUBHICTh MOJIEI1
JOLITEHO OyJe 3aCTOCYBaHHSIM OOpOOKH 300pa)KeHHsI Mepe]l HOoro aHalli3oM, KOJbOPOKOPEKIS 4u
penaryBaHHsI IHILIUX ITapaMeTpiB.
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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.

Keywords: ecological monitoring, information technology, pollution, environmental
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 time of use,
and running measurement systems that ensure the quality of monitoring (measurement accuracy) can
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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.
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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 (IoT), data processing

AHoTaniss. MOHITOPHHT HAaBKOJMIITHHOT'O CEPEJOBHINA IMPUBEPTAE BCE OLIBIIE yBaru 4yepe3
3pocTaroue 3aHEMOKOEHHS 1010 3MiHU KiiMaTy. [IpoTsarom ocTtaHHIX KiUTBKOX AECATUIITH MEepeaoBi
iH(popMaLliiiHI Ta KOMYHIKallIliHI TEXHOJOrll OynIM 3acTOCOBaHI Ui pPO3POOKU PIZHHUX CHCTEM
€KOJIOTIYHOr0 MOHITOpuHTY. Cepes iHIIMX, BaXIUBY pojib Yy Liil cdepi Biairpae IHTepHer peueit
(I0T). V crarri nmpeacTaBlieHO OIS OCOOTMBOCTEH OOpOOKM JaHUX EKOJOTTYHOTO MOHITOPHHTY B
cucremax [HTepHeTy pedeil. PO3risiHYTI acekTH BKJIIOYAIOTh 00'€IHAHHS JaHHUX 3 PI3HUX JIKEped,
3a0e3MeueHHs] peaqbHOro 4acy OOpoOKH, BHKOPUCTAHHS QJITOPUTMIB MAIIMHHOTO HABYAHHS JUIS
aHalli3y Ta MPOTHO3YBAHHHS, a TaKOXX BAKIUBICTh 3a0e3MedeHHs Oe3MeKd Ta LITICHOCTI JaHUX.
BucBiTieHo 3HaueHHs IHTerpauii pi3HUX THUIIB CEHCOpIB Ta €(PEKTUBHOTO YIPABIIHHS BEIUKUMU
oOcsiramu iH(OpMaIii 17 3a0e3MeUYeHHs TOUHOTO MOHITOPUHTY HABKOJIUIITHBOTO CEPEIOBHUIIIA.

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

CBoero nosiBoro [ureprer peueit (anrm. Internet of Things, 10T) 3minuB croci6 B3aemoii 3
OTOUYYIOUUM CBITOM, IPU LOMY PO3LIMPIOIOYH MOXKIUBOCTI PO3BUTKY MPOMMCIOBOCTI Ta HayKH, a
TaKOXX BIIKPUBAIOUM HOBI TalTy31 ociipkeHb. Ha nanuit yac texHonoris [HTepHETY pedeid oTpumana
6arato MOBCSKJIEHHHX 3aCTOCYBaHb y c(epl OXOPOHHU 3/I0pOB’S, OCBITH, CLIBCHKOTO T'OCHOJApCTBA,
aBTOMATHU3aIlll y MPOMHUCIOBOCTI Ta Oi3Hec-mporecax. Kpim Toro, [oT Takoxk cTaB TEXHOJOTIYHUM
IIPOPUBOM Y c(hepi eKOJOTiYHOr0 MOHITOPHHTY. BaxnuBumu dakTopamu 310poBOi €KOJIOTii € SKICTh
MOBITPs, 3a0pYAHEHHS BOAM Ta YIPaBIIHHS B1IXO0JIaMU, JIe HACEJIEHHS CBITY MOXKE KHUTH O€3MeyHO.
OCKINbKM TEXHOJIOTII MOHITOPUHTY NpPOTpPEeCyBad 3a OCTAaHHI POKHU, CHUCTEMHU MOHITOPHHIY
€BOJTIOIIOHYBAJIH BiJl MPOCTOTO BIIJIAJIEHOTO MOHITOPHHTY JI0 BJOCKOHAJICHUX CHCTEM €KOJOTIYHOTO
MOHITOPHUHTY, L0 BKJIIOYAIOTh TEXHOJIOTiI0 [HTEpHETY peueil, CKJIaHi CeHCOPHI MO Ta IITYYHHUH
1HTENeKT. BUKOpPHCTOBYIOUM Mepexi B3a€EMOIIOB’SI3aHUX JaBadiB 1 MPUCTPOIB, EKOJOTTYHHM
MOHITOpUHT Ha ocHOBI I0T 30upae, nepenae Ta aHaizye JaHi, M0 CTOCYIOThCS PI3HHUX (PAKTOpIB
HaBKOJIMIIHBOTO CEpeNOBHINA. 3aBJIsSKH 3aCTOCYBAHHIO BEJIMKOI KUIBKOCTI JlaBadiB, KOXKEH 3 SKUX
NpPU3HAYCHUN JJI1 BUMIPIOBAHHS TMEBHUX XapaKTEPUCTHK HABKOJIHUIIHBOTO CEPEIOBUINA, TEXHOIOTIS
[oT no3BoONMIIa CTBOPUTH KOMIUIEKCHI CHCTEMH MOHITOPHUHTY, 3/1aTHI (hiKCyBaTH CKJIaJIHI B3a€EMOJIii y
HaBKOJIMIIIHBOMY CEpEIOBHILI 3 BUCOKHM PIBHEM JeTai3alii Ta oxoruieHHs faHux. CeHCopHi Mepexi
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3a0e3neuyoTh nepeady CIoCTepeKyBaHUX JaHUX 10 JCSKHX IEHTPaJbHUX CaiTiB 00poOku. Bonu
MOEHYIOTh Pi3HI THUIHW JaHUX JaBadiB 13 TreompoCTOpOBOIO iH(GOpMaIli€ro, mod 3po3yMiTH 3MiHU
YMOB HAaBKOJHIIHBOTO CEPENOBHINA B YHCICHHMX MPOTrpaMax MOHITOPUHTY. BrpoBamkeHHS
OCTaHHIX JOCATHEHb IITy4uHoro intenekty (auri. Artificial intelligence (Al)) i MalMHHOTO HaBYaHHS
(amrn. Machine learning (ML)) y cucremu eKOJOTiYHOIO MOHITOPHHTY NEpPETBOPWIIO iX Ha
IHTENIEKTyaJIbHI CHUCTEMH MOHITOPHHTY, IO JO3BOJIMJIO TOYHIIIE KOHTPOIIOBATH (HAaKTOpPH, IO
BIUTMBAIOTh Ha HaBKOJMIIHE cepepoBuiie [1]. 3araiom loT-cucteMu MOHITOPUHTY HaBKOJIHIITHBOTO
CepeIOBUINA PEaTi3ylOThCs IS PI3HUX 3aCTOCYBaHb, SIKi MOXKYTh BKIIFOYATH K MOHITOPUHT OKPEMHX
exocucteM [2-6], Tak i MPOTrHO3YBAHHS MOTOAH [ /], KOHTPOJIb 3a0pyTHEHHS TOBITPs [8], KOHTPOIb Ta
MOHITOPHHT SKOCT1 Bo1u [9], ominka 3aBaaHoi mkou nocieam [10] Ta iH.

CucrteMu eKoJIOri4HOr0 MOHITOPUHTY Ha ocHOBI 10T 3abe3meuyroTh GBIy aBTOMATH3AILIIO,
JOCTYITHICTh JaHUX y PEAIbHOMY Yaci Ta MOXIIHMBICTh MacmTaOyBaHHS, IO POOUTH iX OLIBII
e(peKTUBHIUMHU [UII MOHITOPUHTY HaBKOJMIIHBOTO CEPEIOBHINA y CY4acHOMY IHM(POBOMY CBITi.
OnHak, pa3oM 3 TiepeBaraMd 3acTOCYBaHHS I[HTepHETy peded, BHHUKAIOTH 1 IMUTAHHS 10O
e(eKTUBHOCTI TepenaBaHHs, 0OpoOKH Ta OE3MEeKH JaHUX MOHITOPHHTY, SIKi MOTPIOHO BUPIIITYBATH.
MeTtoro naHoi pobOTH € aHaji3 METOIB, MPOOJIeM 1 HOBUX TEHJEHILIH OOpOOKM Ta aHali3y JaHUX
€KOJIOTIYHOTO MOHITOPUHTY Y KOHTEKCTI [HTepHeTy peueit.

OCHOBHUMH KOMIIOHCHTaMH 1 MPOILIECAMH CHCTEM EKOJIOTIYHOTO MOHITOPUHTY Ha ocHOBI [0T

e JlaBaui. /i1 MOHITOPMHI'Y HABKOJMIIHBOI'O CEPEAOBUINA 3a3BUYAl BUKOPHCTOBYIOTHCS
pi3HI naBadi ISl BUMIPIOBaHHS TaKHX IMapaMeTpiB, K TEMIIEpaTypa, BOJIOTICTh, SKICTh IMOBITPS,
SKICTh BOJIM, BOJIOTICTh IPYHTY Ta piBeHb OcBiTIeHHs. L]i JaBaui MO>kKHa BUKOPUCTOBYBATH B I0JIi, HA
OyaiBIIsIX 1 HABITh HAa TPAHCIIOPTHUX 3ac00ax 1 OE3MIJIOTHHX JIITAIBHUX anapaTax.

e 30ip mammx. /[aBaui moctiiiHO 30MparoTh iH(MOpPMaIi0 uepe3 3a3Jaieriib BU3HAYCHI
npoMikku 4acy. [loTiM maHi mepemaroThbesi sl 0OpOOKHM Ta aHami3y Ha IMEHTPAIBHHUN BY30JI a00
XMapHy muatdopmy. Jns mepedadi JaHUX YacTO BUKOPUCTOBYIOThCS TNPOTOKOIM O€31pOTOBOTO
3B’s13Ky, Taki sik Wi-Fi, cTineHukoBuHii 38’5130k, LoRa WAN 1 Zigbee.

o OOpoOka Ta 30epirannss naHux. [lani naBauiB oOpoOISAIOTHCS Ta 30epiraroThCsl Ha
xMapHuX Tatdpopmax abo  JIOKAIBHHX — cepBepax. XwmapHi miatrgopmu  3a0e3medyroTh
MaciTaboBaHICTh 1 MPOCTUH AOCTYH 10 JAHUX 3 OYyAb-SIKOrO MICI, IO POOMUTH iX MOMYJISAPHUM
BapianToM 1 loT-crcTeM eKolI0riYHOrO0 MOHITOPUHTY.

e AmnajiTuka. Po3mmpeHa aHanmiTHKa Ta aJrOPUTMH MAaIIMHHOTO HaBYaHHS MOXYTb OyTH
3aCTOCOBaHI /10 310paHUX JlaHUX JJI1 OTPUMAaHHS BUCHOBKiB. Hampukia, mporHo3Hi MoJeni MOXYThb
Oyt moOyaoBaHi /s mepeadadeHHs 3MiH HABKOJIUITHBOTO CepPeIOBHUIIA a00 BUSBIICHHS aHOMAiH.

o Bisyaaizanis. [lani MoxyTh OyTH NpeACTaBlIEH] ClIOKUBayaM 4yepe3 BeO-1maHesni, MoOIbH1
nofatku abo iHmN iHTepdelicn KopuctyBada. JlOCHITHMKM, JepXaBHI YCTaHOBM Ta HIMPOKa
IPOMAJICBKICTh MOXKYTh JI3HATUCS MPO YMOBH Ta TEHJAEHIII HaBKOJMIIHBOTO CEpPEJOBMILNA 3a
JIOTIOMOT0I0 1HCTPYMEHTIB Bi3yaui3arlii.

o Ilonepemkennsi Ta cnoBimenHs. CHCTeMH MOHITOPHHTY HaBKOJHIITHHOTO CEpPEIOBHINA
MOKHa 3amporpaMmyBaTH Ha HAJACHUJIAHHS IONEpe/KeHb ab0 CHOBINEHb, KOJIM BUKOHYIOTHCS
3a3aJeri/ib BU3HaA4€H1 YMOBH a00 KOJIM BUSBISAIOTHCS aHOMaNii. L{e 703Bomsie mBHUAKO pearyBaTH Ha
KPUTHYHI CUTYaIlil, TaKi K 301IbIIEHHS 3a0pyIHEHHS Ta eKCTpEMalbHI MOT0/IH1 SBUIIIA.

e InTerpaunisi. 10T-cuctemMu €KOJIOTTYHOTO MOHITOPUHTY MOXHA IHTETpyBaTH 3 IHUIMMH
cHUCTeMaMHM Ta JpKepelaMH JaHuX, TaKuMH sK mporuo3u norogau, I'IC (reorpadiuna indopmariiiina
CHCTEeMa) Ta ICTOpPUYHI J1aH1, 1100 3a0e3MeUnTH MMOBHE YSIBJICHHS PO HasBHI yMOBU a00 3MIHM YMOB
HaBKOJIUIIHBOTO CEPEJOBUIIIA.

e KepyBanus sxuBieHHsiMm. EnHeproedexkTnBHa KOHCTPYKI[iSI CHUCTEM MOHITOPUHTY €
BaXJIMBOIO, OCOOJMBO Ul TPUBAJIOrO Ta BiAEHOro po3ropranHs. [leski maBaui Ta mpuCTpoi
[aTepHeTy peuelt po3pobIIeHO NI TpUBaJIOl poOOTH Bix Oatapei abo KMBJIECHHS BiJl BiJHOBIIOBAaHUX
JDKEpes eHeprii, HampUKIIaa COHIYHOT eHeprii.

e be3neka. BaximBoro yMoBOIO € 3a0e3medeHHS O€3MEeKH JaHMX, sIKI MEepelaloThCs Ta
30epiratoTbes B loT-cucremMax eKoOriYHOTO MOHITOPUHTY, OCKIIBKH BTpaTa KOH(QIACHIIHHIX JaHUX
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PO HABKOJMIIHE CEPEJOBUINE MOXYTh MaTW 3Ha4yHI HACHiAKU. BaxnuBo 3ampoBaguTH
mudpyBaHHs, KOHTPOJIb JOCTYITY Ta PEryJsipHi IEPEBIPKHA OC3MEKH.

e BignmoBignicte HOpMaMm. 3ajiiexHO BiJ NpU3HAYCHHS Ta Micis posramyBanas [oT-
CHUCTEMH €KOJIOTIYHOTO MOHITOPUHTY ITOBUHHI BiJMOBIAATH HU3III IPUHHATAX HOPM 1 CTAaHIAPTIiB.

Ockinpku po3poOka mojenelr 00poOku nmaHux s cucteM loT Bce mie 3HAXOMUTHCS Ha
MOYATKOBIN CTafli, TO BUKOPUCTAHHS TPAAMIIIHHUX MAXOMIB Ta miatdopm s oOpodku manmx loT
Mae meBHI oOMexxeHHs. OCHOBHUMH INpoOiieMaMH €: OOMEKEHHsS B3a€MOJIl PI3HUX TEXHOJIOTIH,
oOMexeHui po3mip mam’ati npuctpoiB [oT, 1m0 MoOXe BIJIMHYTH HA AOCTYI A0 JIaHUX y PEATbHOMY
Yaci, BHU3HAYCHHS KOHTEKCTY OOpOOKM MJaHWX, HAJAAHUX PI3HUMHU JDKEpEelaMu, MpoOIeMu
MacITaboBaHOCTI MPHU IHTETpallii JaHUX, CTIMKICTh 10 BIIMOB B CUCTEMax 0OpOOKHU Ta 3a0e3redeHHs
0e3nexu Ta KOH(DIeHIIHHOCTI TaHUX KOPUCTYBAUiB.

VY 6inbIIOCTI BHUITAJIKIB, B OCHOBI CHCTEMH €KOJIOTITYHOT'O MOHITOPHHTY Ha OCHOBI [HTEepHETY
pedeii IeKUTh YOTUpUpiBHEBa apxitekTypa [11], y sikiii maHi MOHITOPHUHTY 30MPAIOTHCS MEPEIKEIO
JlaBadiB, arperyloThcs, a MOTIM NEpeNaloThCs Ha cepBep uepe3 xmapHuil cepsic. [loTim mi mani
aHAITI3YIOTHCS PI3HUMU aHATITHYHUME iHCTpyMeHTamu [oT, micist 9oro mepenarThbes JoAaTKaM IS
MoAAJIBIII0T 0OPOOKH.

PiBensb cnpuiinarTa. Lle ¢ismunmii piens IHTeprery peueii (IoT), sikmii BUKOPUCTOBYE
naBadi Ui 300py iH(opMarlii mIpo HaBKOJUIIHE CEpPeIOBUIIE. 3arajoM, y mporpamax MOHITOPUHTY
KO)KEH CEHCOPHHMI BY30JI TIOBUHEH NEpPIOJMYHO BUKOHYBAaTH TpPWU OCHOBHI 3aBIaHHS, a came
TeHepallio JaHuX 3a JOIIOMOTOI0 30HIyBaHHs, 0OpOOKY JaHuX 1 3BiTyBaHHS naHuX. [1{00 BUKOHATH
3aBJaHHs TeHepallil JaHuX, OKa3H JIaBaviB 30MPArOThCS MEPIOAMYHO 3 TIEBHOIO 0aKaHOIO YaCTOTOIO,
a JaHi JaBaviB 3a0e3MeYylOThCS MITKaMH Yacy i 4Yac BHOIpKH, IO BUMAarae riio0ambHOI
CUHXpOHi3aIii gacy B mepexi. [lorim, mo0 BUKOHATH 3aBHaHHS OOpPOOKH JaHWX, BY3JIM JlaBadiB
KaJiOpyIOTh, arperyroTh, MiJCYMOBYIOTh 1 CTUCKalOTh AaHi. OOpoOKa JaHMX CEHCOpPaMH IOJIATrae y
MEPEeTBOPEHHI (PI3UYHUX MapaMeTpiB MOHITOPUHTY (TeMIepaTypy, BOJOTICTh, PIBEHb BYTJIEKHCIOTO
rasy, TOIO) Y €NeKTPUYHI CUTHaIU abo nu@poBi 1aHi, AKi MOXKYTh OyTH 0OpOOJIEHI €1eKTPOHHUMHU
IPUCTPOSIMH. Y JESKMX BUMAJKAaX CHTHAJIM BiJl CEHCOPIB CIOYATKy KOHBEPTYIOTHCS 3 aHAJIOTOBOTO
BUTIIAAY B LU(POBUN 3a JIOMOMOIOK aHAJIOTOBO-IU(POBOrO IEPETBOPIOBaYa, IO JIO3BOJISE
KOHTpoJiepaM (HampHKJjIaa, MIKPOKOHTpoJiepaM abo KoMIT'roTepam) oopoOssity mi naHi. [lepm Hix
JaHi OyayTh MepenaHi Mo Mepexi, AesKi MPUCTPOi MOKYTh BUKOHYBaTH 0a30By 0OpOOKYy JAaHUX Ha
oopty (anra. On-board Processing), wampukian, ¢imsTparito adbo ycepeanenus. lle momomarae
3MEHIIUTH 00CST NepelaBaHuX JIaHUX Ta BUKOHYBAaTH 0a30B1 OOYHMCIEHHS Ha MiCIIi.

SkicTh JaHMX BIJITpa€ BaXJIMBY pOJb Yy 3acTocyBaHHI fAaBadiB [oT st ekosjorigyHoro
MOHITOpUHTY. BoHa 3a0e3nedye TOUHICTh, TOBHOTY, Y3TOJKEHICTh 1 HaAIHHICTh JaHUX, 310paHuX 3
pi3HUX AaBauiB 1 npuctpoiB B ekocucteMi [0T. Ockinbku cucremu loT renepyroTs BenuuesHi o0csaru
JAHUX 13 PI3HOMAaHITHHUX JKepesl, 3a0e3MeYeHHs] BUCOKOI SIKOCTI JaHUX MAa€ BaXJIMBE 3HAUCHHS IS
OTpUMaHHS 3Hauyloi 1HQopMarlii, NPUUHATTA OOIPYHTOBAaHMX pILIEHb 1 3a0€3MEYEHHSI TOUYHUX
nporuo3is [12]. J{nsg BupimeHHs mpo6iieM 3 SIKICTIO JaHUX BUKOPHUCTOBYIOTHCS BIOCKOHAJIEHI METOI!
MoTNepeTHhOI 0OPOOKU JaHUX, SIK1 BiJICIFOIOTH MMOMHUJIKOBI MTOKA3W Ta 1HTEPIIONIOIOTh BiJICYTHI TOYKH
JaHuX. BaxinMBUM 1HCTPYMEHTOM JUIsl HaJllHOTO 300py aHUX € e(eKTHUBHE Ta TOUHE KaniOpyBaHHS
JaBa4yiB 3 BUKOPHUCTAHHSIM QJITOPUTMIB MAIIMHHOTO HABYAHHS JUIS ajanTarlii 10 3MiHU TOBEHAIHKH
ceHcopa.

Mepe:xkeBuii piBeHb. OCHOBHOIO (DYHKIII€I0 MEPEKEBOT0 PIBHSA € Nepeada pi3HUX 310paHux
JAaHUX Ha piBeHb IMomeperHboi 00pOOKH JaHMX yepe3 Mepexi 3B s3Ky. Ha oMy piBHI MpHUCYTHI
[HTepHeT/MEpexkeBi IUTI03U, CEHCOPHI MEpeXki Ta B OKPEMHUX BHIIaJKaxX CUCTEMH 300py JaHUX (aHTJL.
Data Acquisition System, DAS). Po3mmpeni numo3u Takok MOXKYTh 3a0e3MeuyBaTd 3B’S30K MiX
CEHCOPHHUMH MepeKkaMu Ta [HTepHeTOM, JT03BOJISIFOYH M CIIUTIKYBATHUCS OJIMH 3 omHUM. DAS BuKOHYE
OCHOBHI (DyHKIII HUIIO3y, Taki SK arperaisi Ta MEepeTBOPEHHs AaHuX (30ip AaHUX 13 JaBadyiB i
MoJaJIbIIIe IEPETBOPEHHS 1X y mudpoBuil hopmar).

VY OuIBLIOCTI BHIAIKIB OCHOBOIO MEpEXeBOro piBHs cydacHuX loT-cuctem ekosoriuHoro
MOHITOPHHTYE € Oe3IpOTOBI CEHCOPHI MEpexi, sIKi BCTAHOBIIOIOTH (PakTHyHUU 1HTEpdErc MK
npuctposmu loT 1 JaHMMU, OTPUMaHUMHM 3a JOIIOMOTOIO Pi3HHMX THIIIB JaBadiB. BoHH 00’ €1HYIOTH
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CydYacHi JaBaui, sIKi IPaIlOIOTh 3 BUKOPUCTAHHAM METOIB MOHITOPHHTY Ta KepyBaHHS Ha ocHOBi Al.
[13]

Ha mepexeBoMy piBHI BUKOPHCTOBYIOTBHCSI Pi3HI MEPEKEBI TEXHOJIOTII JUIA mepenadi JaHuX
BiJI CEHCOPIB JI0 IIEHTPAJIBHOI CHCTEMH, SIKI MOXKYTh BKJIFOYATH B cebe Oe3IpoTOBI Ta MPOBOIOBI
NPOTOKOJIHM 3B’ 513Ky, Taki sik Wi-Fi, Bluetooth, Zigbee, LoRa, NB-IoT Tomio. Kpim Toro, 1eii piBeHb
BHpIIIy€E 3aBJaHHs Iepeaadl JaHUX Ha BEJUKI BiACTaHI Ta 3a0e3nedye cTablUIbHY KOMYHIKAII0 MiX
CEHCOpaMH Ta IIEHTPAIBHOIO0 CUCTEMOIO.

MepexxeBuii piBeHb 3a0e31e4ye o4aTKoBy 00poOKy Ta rnepenady JaHuX:

— BU3HAYAETHCSA MPOTOKOJ, KUK Oyae BUKOPHCTOBYBATHCA JJs mepenadi naHux. Lle moxe
oytu Ethernet, Wi-Fi, Bluetooth, Zigbee, LoORaWAN Tomo. Koxxen nmpoTokon mMae cBoi 0COOIUBOCTI
IIOA0 IIBUIKOCTI Mepesadi, JalbHOCTI CUTHATY, CIIOKMBAaHHS €HEPTii, 110 BPaXxOBYETHCS Mia Yac
BHOODY.

—JaHi, SIKi TOTOBI JI0 iepeaadyi, popMaTyroThCs BIIOBITHO A0 0OOPaHOTO MPOTOKOIY Iepeiadi
JAHUX Y BUTJIAJIl MTAKeTiB 3 3ar0JIOBKaMH, 110 MICTAThH 1H(OPMALIiIO PO HKEPENo, TPU3HAUCHHS, TUI
JTaHUX TOIIIO.

BaxnuBumu axkropamu, 10 BU3HA4a0Th BUOIp MPOTOKOIY Mepeadl JaHUX €:

— o0CHT 1 THTI JaHUX JIJIsl HaJICUJTAHHS,

— OakaHa MIBHJIKICTh Ta IHTEPBAJ Iepeadi,

—HAIMHICT MiIKITFIOYSHHS 0 MEPEXKi,

— €Heprocro)XKMBaHHA I1J1 4ac rnepenadi JaHuXx;

— Oesreka JaHuX 1 Mepexi;

— 3B 530K MK nepudepiitHUMH PUCTPOSIMHU.

MepexeBuii piBeHb TaKOXK 3a0€3MeUye MiIKII0YESHHS J0 1HIINX PO3YMHHUX peueH, MPUCTPOIB 1
CEpPBEPIB.

PiBens momnepeaHboi o0poOkm. Lle piBeHb mMporpaMHHX 1 amapaTHUX KOMITOHEHTIB, SKi
BINOBIJAlOTh 3a 30ip, aHami3 Ta IHTeprperanito naHux 3 npuctpoiB loT. Bin Bignosinae 3a
OTpUMaHHS HEOOPOOJIEHUX JTaHUX 13 MPUCTPOIB, iX 00pOOKY Ta HaJaHHS JOCTYMY JUIS MOAAIBIIOrO
aHaJi3y 4d Jii Ta BKJIIOYAE PI3HOMAHITHI TEXHOJOTI Ta IHCTPYMEHTH, K CHUCTEMHM KepyBaHHS
JaHUMH, QHAIITUYHI MIaTQOPMU Ta aAJIrOPUTMH MAIIMHHOIO HaBYAaHHS. YCl LI 1HCTPYMEHTH
BUKOPHUCTOBYIOTBCS Ul OTPUMAaHHS 3HAuymloi iHQopmarii 3 AaHUX 1 OPUHHATTA pillleHb Ha iX
OCHOBI.

Cucrema IoT Ha piBHI OOpOOKM BUKOPHUCTOBYE TPUETANMHHM MiAXiM AJS MIATOTOBKHU IIMX
JaHUX JJIsl TPUKIIaqHoro piBHs [14]:

— Hakonuuenns npanux. IIpomikHe mnporpamHe 3a0e3nedyeHHs NpPaBUIBHO BU3HAYa€E Ta
MpU3HAYaAE Pi3HI TUMU JAHUX JUIsSl BIJMOBIIHOTO cxoBUIa. HecTpykTypoBaHi NaHi, sIK-OT ayaio- Ta
BIJICONIOTOKH Ta 300pakeHH, 3a3BUYall BUMAraroTh OUIbIIIE MICIA A7 30epiranHs Ta 30epiratoThes B
03epax JaHuX. Y TOM Yac K CTPyKTypOBaHI1 JjaHi, 110 MICTATh [MOKa3U MPUIaJliB, 3HAUEHHS KypHaITy
Ta BUMIPIOBAaHHs (AaHI TeleMmeTpii), € OUIbIl e(eKTUBHUMH Ta 30epiraroThbCsi B CXOBHUINAX JaHUX.
XMapHi cXOBHINA € HAWNOUIBII e()eKTUBHUM METO/I0M 30epiraHHs Aanux B cucremax loT.

— AOctpakuiss nanux. Ilepenbadae arperyBaHHS [OaHMX 13 KUIBKOX JDKEpes, a TaKoX
3a0e3neueHHs] TEPEeTBOPEHHST AaHUX y (QOpMaT, KU MOXe OYTH «IIpOYHTaHUI» MPOrpaMHUM
3a0e3neueHHsIM MTPUKIIQTHOTO PiBHS.

— Amnani3 naHux. BukopucroBye MamHHe HaBYaHHS a00 alropuTMHU IIHMOOKOTr0 HaBYAHHS,
K1 CTIeIiai3yIOThCs Ha BUSBICHHI MA0IOHIB y BETUKUX 1 BUMAIKOBUX HA0OpaxX JaHUX.

[Tornubnena o6pobKa JaHMX, [0 HE BUMarae HeraifHoro 3BOPOTHOTO 3B’ 513Ky, BUKOHY€ETHCS B
xMapi a00 y Qi3WYHUX LIEHTpax oOpoOKM AaHUX, Jie MOTyXHi [T-cucremu 31iHiCHIOIOTh KepyBaHHS,
aHami3 Tta Oe3neuyHe 30epiraHHs gaHuX. lle Takox Micie, e MaHi JaBadiB MOXKHA TOEIHYBaTH 3
THIIMMU JOKepeslaMu JaHUX 7S OUTBII IeTalbHOTO aHaJIi3y.

Ipukaaguuii piseHb. OCHOBHOIO METOIO IIOTO PIBHS € HAJAHHS 1HTEJICKTYyaJlbHUX CIYKO
JOJATKIB JIJIsl 3aI0BOJICHHSI MOTpeO KOpUCTyBauiB. PiBeHb 101aTKIB — L€ iHTepdeiic Mk MPUCTPOEM
IoT 1 wMepexer, 3 sKOW KoMy TOTpiOHO cHiaKyBatuca. Bin kepye ¢opMaryBaHHIM 1
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MIPEJICTABJICHHIM JaHUX 1 BIAMOBIgAE 3a 3a0e3meueHHs nepenadi JaHuX Mij] 9ac MepeMilieHHs JaHuX
3 OJIHIET MEPEXi B 1HIITY.

Taka OararopiBHEBa apxiTeKTypa CUCTeMH 3a0e3ledye SKICHy KapTUHY TOTOKY
naHux/iHdopmartii B cucreMax €KoJI0riYHOr0 MOHITOPUHTY Ha ocHOBI [oT.

OCKUTBKH Pe3yJIbTaTOM MIBHJIKOTO PO3BUTKY 1 pO3ropTaHHS TEXHOJOriH [HTepHeTy peueit y
CUCTEMax €KOJIOTTYHOTO MOHITOPUHTY CTajO CTBOPEHHS BEIMYE3HHX OOCSTIB JaHUX, TO BIANOBITHO
3pociu mpobiemMu 30epiraHHs, meperadi Ta OOpoOKM BETUKUX 00csariB AaHux. YacTKOBHM
BUPIIICHHSM LUX MPOOJIEeMH € BUKOPUCTAHHS METOJIB 00’ €AHAHHS JAaHUX Ta CTUCHEHHS YacOBHX
psmiB

O0’eqnaHHs AaHMX i3 0aratbox /KepesJ Ta MYJbTUMOJAJbHUX JaHuX. Cucremu
€KOJIOTIYHOTO MOHITOPUHTY € CKJIQJHUMU CUCTEMaMH, SIKi 30MparoTh, OOPOOISIOTh Ta aHANI3YIOTh
BEJIMKY KUIBKICTh JaHUX 3 PI3HUX JDKepen (HampuKjaa, CEHCOpIB, CTaHIIA MOHITOPHUHTY,
METEOPOJIOTIYHUX JaHMX). L0 JIO3BOJISIE OTPHMATH MOBHINIE Ta KOMIUICKCHE PO3YMIHHS CTaHy
noBkimist. O0'eqHaHHs JaHMX 3 pisHuX kepen (anrr. Data Fusion) no3Bosisie oTpumary MoBHille Ta
KOMIUIEKCHE PO3yMIiHHSI CTaHy JOBKUUISA, MOKPAIIMTH TOYHICTH Ta JOCTOBIPHICTH iH(popMarlii,
BUKOPUCTOBYBATH PO3LIMPEHI METOAM aHalli3y Ta MAIIMHHOTO HaBYaHHS U1 OTPUMAHHS 1HCAWTIB Ta
BUSIBJICHHS MATEPHIB B CTaHI JOBKULISA, pO3pOOIATH MOJeli nepeadayeHHs: 3a0pyIHEeHHS JOBKIII,
MIPOTHO3YBATH 3MIHU KIIIMAaTy Ta pO3pPOOJISITH CTpATerii yIpaBIiHHS PU3UKAMH 1 T.J.

Metoau 00’e€HAHHS TaHUX MOKHA 3aCTOCOBYBATH Ha PI3HUX PIBHAX 300py ab0 TpymyBaHHS
nanux [14]:

— HeoOpoOiieHi AaHi ab0 3MUTTS JaHUX HU3BKOTO piBHA. OO0’ €HAHHS JaHWX Ha I[bOMY PiBHI
3MIACHIOETHCS OJlpa3y IMicis 300py JaHMX BiJA JAaBadiB. AJTOPUTMH, IO BUKOPHUCTOBYIOTHCS Ha
IOMY PiBHI, 0a3yIOThCS K Ha alTOPAUTMAX OOPOOKH CUTHAIIB Ta 300pakeHb, TaK 1 BUITy4EHHS O3HAK
ab0 XapaKTepHUCTUK, Kl OMUCYIOTh 00 €KT y CepeIOBHUIIT;

— ¢yHkii a6o 00’eTHAHHS JaHUX CEPeIHBOro piBHA. Ha mipoMy piBHI SIK BXiJ, TaK 1 BUXIJ
nporecy o0’eHaHHS JaHUX € (QYHKUIAMU. TakuM 4YMHOM, Ipouec 00’€THAHHS JAHUX CTOCYETHCS
Habopy (QYHKIHN /Ui TOKpalleHHs, BJOCKOHAJIEHHs a00 OTpUMaHHA HOBUX (yHkuii. Llei mpormec
TAKOXX BIZIOMHH SIK 3JIUTTS O3HAK, 3JIUTTS CUMBOJIB, 37AUTTA 1H(opMaIii ab0 3IUTTS Ha MPOMI)KHOMY
piBHI;

— pimeHHs abo 37TUTTS AaHUX BHUCOKOTO piBHA. Lleil piBeHb oTpuMye HaOip QyHKIINH 5K
BXIJIHI JIaHI Ta HaJa€ HaOlp PIlIeHb SK BUXIAHI JaHl a00 MOEIHYE BX1JAHI PIMICHHS JJII OTPUMaHHS
Kpalux abo HOBUX PillIeHb 1 BIJOMUH SIK 3JIUTTS pillI€Hb.

HajinommpeHimmmu anropuTMaMu 3JIUTTS TaHUX CHCTEM €KOJIOT1YHOTO MOHITOPHUHTY € :

1. ®inerp Kanmana (amrn. Kalman Filter) e edexkrtuBum anroputmMom [uisi 00'eTHaHHS
TaHWX 3 PI3HUX JDKepel 3 METOI OTPUMaHHS ONTHMAIBHUX OILIHOK CTaHy CHCTEMH.
BukopucToByeTbesl 1151 TPOTHO3YBAaHHS CTaHY CHCTEMM Ha OCHOBI BHMIPIOBaHb 3 PI3HHMX JUKepel,
BpaxOBYIOUM BHIAJKOBICTb BHUMIpIB 1 JuHamiky cucreMu. @uiptp Kanmana B OCHOBHOMY
BUKOPHCTOBYETBCS JJIS 3IUTTS HU3bKOPIBHEBUX JaHuX [15].

2. T'panynsapuuit Ginetp (anrn. Particle Filter) me meron ¢imbrpamii, skuii Moxe OyTH
BUKOpUCTaHUN ansi o0'eqHaHHA iH(pOpMAIi 3 pI3HHUX JUKEepel Ta BHUMIpIOBaHb. BHKOpHCTOBYE
ampokcuMalliro GyHKIlIi po3MmoalTy 3a JOTIOMOTOK0 YaCTUHOK JIJISl OI[IHKUA CTaHy CHCTEMH.

3. baiieciBcbki Mmepexi (anrit. Bayesian Networks) mo3BossitoTh MOICTIOBATH 3aJICKHOCTI MK
PI3HUMHU 3MIHHUMH Ta OLIIHIOBATH WMOBIPHICTh PI3HUX CTaHIB CHCTEMHU Ha OCHOBI BXIJHHMX JaHHX.
BukopucroByroThest s koMOiHawii iHpopMalii 3 pi3HUX JUKepes Ta BpaXyBaHHS HEBU3HAYCHOCTI B
nanux [16].

4. O0’eHaHHS JaHUX 3 CEHCOPIB (aHTI. SENsSor Fusion) BUKOPHCTOBYEThCS AN 00'€THAHHS
BUMIPIOBaHb 3 PI3HUX CEHCOPIB 3 METOI0 MiJBUIIEHHS TOYHOCTI Ta HAJIIHHOCTI BUMIPIOBaHb.
BukopucToByeTbesl Ui BHUSBICHHS aHOMallil, KOPEKIii MOMUIKOBUX BUMIPIOBAHb Ta BUPIICHHS
cynepewmBux gaHux [17].

5. O0’enmnanHg Ha piBHI npudHATTS pimensb (anrn. Decision-Level Fusion) nomsrae B
o0'eTHAHHI PE3yJbTATIB aHANI3Yy JAHWX 3 PI3HUX JDKEPEN JUIA MPUUHATTS OUThIT OOIPYHTOBAHUX
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pimieHs. BuxopucroByetbcst st 00'eqHaHHs iH(pOpMaIii 3 PI3HUX JOKEpesl Ta JDKepen Ui
3a0e3nedeHHs OUIBII MOBHOTO aHAI3y Ta MPUUHSTTS pimeHs [17].

i anropuT™M# JOMOMAararTh MiABUIIATH SIKICTh Ta KOPUCHICTh JaHUX, 310paHuX y cHCTEMax
€KOJIOTIYHOTO MOHITOpUHTY Ha ocHOBI loT, cripusitoun eexTHBHIIOMY aHa3y CTaHy JOBKULISA Ta
OPUAHATTIO 1HQOPMOBAHMX pIlIEHh IOJO0 OXOPOHM HPUPOAH. BHOIp KOHKPETHOTO alroputMy
3aNeKUTh BiJ] KOHKPETHHX IOTpe0 Ta XapaKTepUCTUK CcHCTeMU MOHITopuHTY. {00 Bu3HaUUTH
MOJIMBICTh  3aCTOCYBaHHS MeTOAy 00’eiaHaHHS JaaHux/iHdopmariii, HEOOXiTHO OLIHUTH
00YHCITIOBAJIbHY BapTICTh MPOLECY Ta 3aTPUMKY, BBEJICHY B 3B’SI30K.

OO0'enHanHs JaHUX JI03BOJISIE BUKOPUCTOBYBATH PO3LIMPEHI METOAM aHANIi3y Ta MAIIMHHOTO
HaBYaHHS JIJIs1 OTPUMAaHHS 1HCAlTIB Ta BUSBJICHHS MaTEPHIB B CTaH1 JOBKLJUIA.

CTucHeHHS 4YacoBUX psiaiB. OTHUM 13 HAHOUIBII YaCTO BUKOPUCTOBYBAaHUX (POpPMATIB TaHUX
y CHCTEMax €KOJOTIYHOTO MOHITOPHUHTY € YacoBl PSAAM 4Yepe3 iX BIJIACTHUBICTH 30epiraTv 4acosi
3alMCH BUMIPIOBAHUX 3MIHHHX, IIIO JI03BOJISIE€ CIIOCTEPIraTH 3MiHU [IUX MapaMeTpiB Yy 4aci, BUABISATH
3aKOHOMIPHOCTI, TPEHAMU Ta CE30HHI Bapiaiii, a TakoX pPO3pOOIATH MOJEl MPOTHO3YBAHHS IS
nepeabavyeHHs: MaiiOyTHIX 3HAUYEHb MapamMeTpiB MOHITOPHUHTY. [IpoOaemMor0 BUKOPHUCTaHHS YacOBUX
padiB K popmary JaHUX €KOJIOTiYHOro MOHITOpHUHTY y loT-cucremax € oOMekeHU 0OCsT mam’ArTi,
a TaKOX CepefoBHINA 3 OOMEXKCHHMH pecypcamul 3’€THaHHS, IO YCKJIAJHIOE MaHIMyJTIOBAHHS
iH(popMmaliero Ta 11 nepegauy [19].

Y 1mpoMy KOHTEKCTI albTEpHATHBOIO JJISI 3MEHIICHHS OOCITY MaHHUX MOHITOPHHTY, IO
o0pobusitoThes [oT nmpuctposiMu € cTucHeHHs iHOpMallii, mpeacTaBieHoi y ¢opMaTi YaCOBUX PSIIIB.
IcHye KinbKa cTparerii CTUCHEHHS JaHUX, SIKi 3aCTOCOBYIOTHCS 10 YacOBHX psdiB. Y KoHTeKcTi [oT
CTpaTerisi CTUCHEHHS MOBHUHHA 3a0€3MeYUTH 3MEHIICHHS OOCATY JaHUX 13 TrapaHTi€lo TOro, Mo iX
akicTe He Oyne moripmeHa. [Ipote, BpaxoByroun ocobmauBocTi mpuctpoiB i nporpam loT, mporec
CTHCHEHHSI TaKOX Ma€ MeBHI OOMEXEeHHS

— binpmricte mpuctpoiB [oT maroTh 0OMexeHi OOYMCITIOBANIBHI pecypcH, Taki SIK 00CsT
nam'sTi Ta MBHUAKICTH Tporiecopa. Jleski MeToau CTHCHEHHS, SKi BUMararoTh CKJIaJHUX OOYHCICHb
(HampukJaa, TUCKpeTHE nepeTBopeHHs Dyp'e), MOKyTh OyTH HeedeKTHBHMMHM JUIs peajizauli Ha
TaKUX MPUCTPOSIX.

— bararo npuctpois loT npaiooTs B yMoBax oOMexeHoi eHeprii. Bukopucranus ckiiagHux
JITOPUTMIB CTHUCHEHHSI MOKE MPU3BOJUTH J0 30UIBIIEHOr0 CHOXHUBAHHS €HEprii, [0 CKOpOUYYye yac
pOOOTH TIPUCTPOIO BiJ OJHOTO 3aPSY.

— Jonatku [oT moTpeOyroTh 0OpOOKM NaHUX B pealbHOMY 4Yaci Ta HHU3bKOi 3aTPUMKH B
nepeaadi TaHUX y CHCTEMaxX PeajlbHOTO 4Yacy, i BUKOPUCTAHHS CKIIQJHUX METOMIB CTUCHEHHS MOXKE
OyTH HeeeKTUBHUM JJIsl TAKUX 3aCTOCYBaHb.

OcTaHHIMH poKaMu OyJI0 JOCSATHYTO 3HAUYHOTO MPOTPeCy B TEXHILI CTUCHEHHSI JaHUX 3aBISIKU
nporpecy TexHosnorii. OCHOBHUMH MeToJjaMu cTHCHEHHs naHuX B [oT € cratuctuuni merony, sk 0e3
BTparT, TaK 1 3 BTpaTaMu. BUKOpUCTaHHS METO/IB CTUCHEHHS 0€3 BTpaT, TakMX K MeToau Xaddmana
Ta apu(METUYHOTO KOAYyBaHHs, Oyno momupeHuM y poxatkax loT mpoTsaroM ocTaHHBOTO
TECATUIITTSA. MeToAM CTUCHEHHS 3 BTpaTaMH — I1€ METOIU (PUIbTpalii JaHUX, BUJAICHHS IIyMiB a00
iHImoi HenotTpiObHoi iHdopmarii. Lli MeToaM CTHUCKAIOTh JaHi, BUKOPUCTOBYIOUM CTaTUCTHYHI
BJIACTUBOCTI JTaHHWX 1 OUThII epeKTUBHO KOoAyroun iX. Llei minxim qoOpe BiIOMUMN 1 3aCTOCOBHUU Y
KUTBKOX CHUTYallisIX; OJHAK BIH Ma€ OOMEXKEHHS II0J0 MPOAYKTUBHOCTI, OCKUIBKH YWUM CKJIaJHIIIE
OOYMCIIEHHS, TUM BaXXUHM CTa€ 3aBJIaHHS, 1, OTXKE, 1€ MOXKE MOTIPLIIUTH MPOIYKTUBHICTH MPOTrPaMu
IoT 3 oOmexenum pecypcoM. CTaTUCTH4YHI MeTOAM CTUCHEHHS aaHux B loT Moxyrs Oytu
KOPUCHMMHU B JIESIKUX KOHTEKCTaX, OCOOJIMBO KOJIM JlaHI MEHII CTPYKTYpOBaHI Ta MICTSTh MEHII
nepenbauyBaHi madnonu. KpiM TOro, CTaTUCTHUHI METOAM MOXYTh OyTH MEHII BPa3IUBUMH J10
arpecMBHUX aTak, 110 POOUTH iX OUIBII OE3MEYHUM BapiaHTOM Y JICSIKUX BHUITAJKaX, 1 11l METOAN HE
BUMAraroTh BEJIHUKOi KUTBKOCTI MIYEHHWX HAaBUAIBHHUX JaHUX, IO POOUTH iX OLIBII 3AIHCHEHHUM
BapiaHTOM y CHUTYAIlIAX, KOJIU MIY€HI1 TaHl HEIOCTYIIHI .

[HIIMM 3HAYHUM JOCATHEHHSM y cTUCHEHH] ganux it 10T € Bukopuctanss anroputmis ML,
SIKI MOYKHA BUKOPHCTOBYBATH JIJIs1 €PEKTUBHIIIOTO0 CTUCHEHHS JTAHUX IUISIXOM BHBYCHHS IIA0JIOHIB Y
JaHUX 1 iX BIANOBIAHOTO cTUCHEHHS. KpiM TOoro, anroputMu riauOOKOTO HABYaHHS, Taki SIK
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aBrokojepH [20] MoxHa BUKOPHCTOBYBATH Ul BUKOHAHHS HEKOHTPOJILOBAHOTO CTUCHEHHS JaHUX,
Jie CTUCHEHE IPEJCTABICHHS JAHUX MOXKE BUKOPHUCTOBYBATHUCS [Jsl BUSBJICHHS aHOMAaid, L0 €
BOXJIUBUM JUI E€KOJIOTIYHOTO MOHITOPUHTY. BUKOpHUCTaHHS TEHEpAaTHBHHX MOJEJIEH, TaKuX SK
reHepatuBHi 3MmaranbHi Mepexi (amri. Generative adversarial networks, GAN) i Bapiariiiai
aBrokojepu (anria. Variational autoencoder, VAE) st cTHCHEHHSI TaHUX, € C(EPOIO JTOCHIKEHb,
sSKa TI0Ka3ye Oararoo0dirstoui pesynbTaTH. KpiM TOro, BHKOPHUCTaHHS METOAY IHTETPOBAHOTO
HaBuaHHs [20], xoam Mojeni HaBYAKOTHCS JOKAIbHO Ha mpHcTposix [oT, a moTiM arperyroThcs Ha
LIEHTPAJIbHOMY cepBepi, Moxe 3abe3nedynTH edeKTHBHE CTHUCHEHHS aaHux loT i3 30epekeHHSIM
KOH(DiIEHIITHOCT!I.

Buxopucranas ML nmns crucHenns manux B loT mae kinpka mepeBar, Takux sK Kparie
CTHCHEHHSI, CTUCHEHHSI B peaJlbHOMY dYaci, HaJilHICTh 1 MacmrTaboBaHicTh. OHAK BiH TaKOX Mae
HE/IOJIIKM, TakKl SIK BUCOKI BMMOTH A0 OOYMCIIEHb, BUMOIUM 10 HaBUAJIbHUX JaHHUX, MOXKJIHMBICTbH
iHTepnpeTamii Ta mpobiemu Ge3neku. Bupinryioun, 4n BUKOpUCTOBYBAaTH ML Ui CTUCHEHHS TaHUX
B [oT, BaXJIMBO BpaxoOBYBAaTH I'OJIOBHUM YHMHOM TaKl aCHEKTH, SIK XapaKTEPUCTUKU JITAHUX, BUMOTH
0e3meKkn Ta JOCTYIHICTh HaBYAIBHHUX JaHUX. PerenpHMil aHami3 nux (akTopiB MOXKe JOMOMOTTH
BU3HAYMUTH, yu € ML BIANOBITHUM HiAXOJIOM Il KOHKpETHOro KoHTeKcTy loT.

OTtxe, npu peanizanii loT-cuctem €KOIOTiYHOTO MOHITOPUHTY MOXYTh BUHUKATH HACTYITHI
npobseMu 0OpOOKH JaHUX.

1. Oopodka Besmkux oocsriB ganux (Big Data): /laBaui, ki BUKOPUCTOBYIOTHCSI B CUCTEMI
IoT, MoxyTh HajaBaTH BENUKI OOCSATH JaHUX, 10 MOTpeOye ePeKTUBHOro 300py, 30epiraHHs Ta
00poOku. Ile Moxe CTBOPUTH MPOOJIEMH 3 MPOITYCKHOIO 3JIATHICTIO MEpPEeXi Ta OOYHCITIOBATHHOIO
MOTYXXHICTIO.

2. SIkictb nanux: Jlani naBaviB MOXYTh CIIOTBOPEHI NMOMWJIKAMH, TaKUMH SK IIyM,
HETOYHOCTI Ta BTpaTH 3B's3Ky. OOpoOka HemepeBIpeHUX MaHUX MOXE IMPHU3BECTU 10 HETOUHHUX
pe3yJIbTaTIB aHATI3Y.

3. Cranpaprusania ganux: /[y 3a0e3meyeHHs CyMICHOCTI Ta JIETKOCTI OOpPOOKHM JaHUX
BAXJIMBO MaTH YITKI CTaHAApTH, K1 BU3HA4alOTh (OpPMATH JAHUX, MIPOTOKOJHU 3B'A3KY Ta METOIHU
imeHTudikaIii JaHux.

4. 3axuct ganux: Jlani, uo nepenaroThes uepes mepexy [oT, MoxxyTh 3a3HaBaTH Kibeparaxk,
BKJIIOYAIOUM TEPEXOIUICHHs, MOAUdiKalilo Ta BUTIK KOH(iAeHLiHOI iHpopmawii. 3abe3neueHHs
0e3neKy JaHUX BUMAarae BIIPOBAKEHHSI MEXaH13MIB M PYBaHHs, ayTeHTU(IKAII] Ta aBTOpU3allii.

5. Hepocrarus macimradoBaHicTh: 301IbIIEHHS KUIBKOCTI MHIAKIIOUYEHUX IaBadiB MOXKE
MIPU3BECTU 710 MPOOJIEM 3 MacCIITaOOBAHICTIO CUCTEMH, SIKA MOXKE HE BUTPHUMATH BEJUKY KUIBKICTb
OJTHOYACHUX MIJKII0UEHb Ta 00pOOKY BETMKOT KUIBKOCTI JaHUX OHOYACHO.

6. Ilpodaemu 3 enepro3ade3meyennsim: J[aBaui loT moxyTe morpeOyBatu eHeprii uis
CBOT'O KHMBJIEHHS, 1110 MOXKE CTaTH MPOOJIEMOI0 B YMOBaX OOMEXEHHUX PECYpCiB €HeprornocTayaHHs
a00 y BiiJaJIeHNX TOYKAX, JIe BAXKKO 3a0€3MEYNTH TIOCTIHHUN JOCTYI IO €HEPTOKHUBIICHHS.

7. Jlokanizanisn panmux: Jlig  jgeskux  JOJaTKiB Moke OyTHM  BaXJIMBUM  3HATH
MICILIE3HAaXO/DKEHHs JesikuxX AasauiB. [Ipote, 30ip 1 00poOka reorpapiyHUX JaHUX MOXE BUMaraTu
JOJJATKOBUX 1HCTPYMEHTIB JUIsi 3abe3nedeHHs KOH(IASHIIIHHOCTI Ta JOTPUMAaHHS BHUMOT IIOJIO
3aXUCTy IPUBATHOCTI.

8. Interpauniss aanmx: /1 oTpUMaHHS TOBHOI KapTH €KOJOTIYHOI CHUTyalii Moxe
3HaJIOOUTHUCS 1HTErpalis JaHUX 3 PI3HUX JDKEpes, TaKUX SK JaBayi, 0a3u JaHUX, CYyTHUKOBI JaHl
tomio. Lle BuMarae po3B’s;3aHHsI IPOOIEMH 31 CTAaHIAPTU3ALIEIO Ta 3UTTAM PI3HUX (POpMaTiB TaHUX.

Bupimenns uux npo0Osem 3abe3neuyeTbcss BUKOPUCTAHHSIM MEPEIOBUX TEXHOJIOTIH 00poOKu
JaHUX, PO3POOKOI0 €(PEKTUBHUX AJITOPUTMIB aHaANI3y, BIPOBAKEHHS 3aX0/iB 3a0€3MeUeHHs Oe3MeKH
Ta BJOCKOHaJIEHHs 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 YMHHMKH, IO BIUIMBAIOTh HA €KOJIOTIUHY OE3MEeKy PerioHiB
VYkpainu B yMOBax MOBHOMACIITAOHOI BiHH. BOHU CTOCYIOTHCS €KOJIOTIYHUX 3arpo3 IMI0JI0 SKOCTI
MOBITPSTHOT'O Ta BOAHOTO MPOCTOPY, CTaHy I'PYHTOBOT'O MOKPHUBY, YTBOPEHHS BIJIXOMAIB pyHHYBaHHS,
TUCKY Ha €KOCHUCTEMH Ta PO3BUTKY HEOE3MEUYHMX CUTYyallli BOEHHOTO XapakTepy. Bkazano, mio
3aX0/JH MO0 MICISIBOEHHOTO BiJIHOBJICHHS J€p>KaBU BapTO PO3POOJIATH 13 BpaxyBaHHSAM MacllTabiB
BIJIUBY BOEHHHUX Jil HA €KOJIOTIYHUN CTaH PETiOHIB. 3a3HAUYEHO, 1110 BaXIJIMBa POJIb B OL[IHIOBAHHI
BIUIMBIB BIJABOJHUTHCS MOHITOPUHTY, €(EKTHBHICTh NPOBEAEHHS SKOTO 3HAYHO ITiJICHIIIOETHCS
BUKOPHUCTAHHSIM IreoiH(QOpPMaliifHUX CUCTEM Ta TEXHOJIOT1H.

Knwouoei cnoea: exonociuna besnexa, pecionu Yxpainu, pociiicbko-ykpaincoka 6itiHa.

[ToBHOMacIITaOHa BiliHa B YKpaiHi Ta Ti BIUTUBY, 1110 YAHATHCS HA JOBKLILIS, CIIOHYKAIOTh TI0-
HOBOMY OLIIHMTH €KOJIOTIYHI 3arpo3u Ta MpoOsieMH, SIKi BUHMKAIOTh 1 3aIMIIATHCS aKTyaJlbHUMU
BIIPOJIOBXK TPUBAJIOrO Yacy. YKpaiHa Brepie 3 yaciB J[pyroi cBiTOBOI BiliHM peasibHO 3ITKHYJAcCh i3
H/I3BUYAHHIMH CHUTYaIliIMHA BOEHHOTO XapakTepy. BoHU MpHU3BOIATH 0 MOTipIIEHHS €KOHOMIYHOT
Ta COLIAJBbHOT CKIIAJIOBUX CYCIIUIBCTBA, 110 KaTaCTpO(iuHO MO3HAYAIOTHCS HA €KOJIOTIUHIN CUTYyaIli.
KpiM Toro, Hacmiku TakuX CHTYyalliil 3yMOBIIOIOTh HEOOXIAHICTb MeEperisay I[OKa3HUKIB 1
HOpPMATHBIB, 3a SKUMHU IOTPIOHO OLIHIOBATH SKICTb KOMIIOHEHTIB JOBKULIS Ta BUMAaralTh
HaIpalioBaHHS 3aX0/1iB, 3aBJSKU SKUM Yy ONM3bKIHA Ta y MOJaNbIIIN MEPCHIEKTUBI MOXIUBUM Oyl0 O
MOKPAIIUTH CTaH IPYHTIB, AKICTh aTMOC(EPHOT0 MOBITPS Ta BOJMU Ui 0€3ME€YHOr0 BUKOPUCTAHHS X
JIFOJIbMU.

Ha cporonni 3HauHa yacTWHA TepUTOpii YKpaiHM OXOIUIEHA BOEHHUMH IisIMHM, Ta HaBiTh
TEpUTOpii, /1€ BOHU OE3MOCEPENHHO HE BINOYBAIOTHCS, TIEKD YH IHIIOK MIPOI CTPAXKIAOTh
BHACIIIZIOK JAii aepkaBu-arpecopa. Hikue 3anmponoHoBaHUi YMOBHUHN MOJIT PETiOHIB II0/I0 BIUIMBY
BIfHM Ha CTaH JOBKLUISI, BIAMOBIIHO 10 SKOTO BapTO TMPOBOJUTH OIlIHIOBAHHS MacIITaliB
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HETaTUBHUX BIUIMBIB, HAIpaIbOBYBAaTH CTpATETrii Ta GOpPMYBaTH IUIAHU IS TOJATBIIOTO TTOA0TAHHS
1X HACJIIKIB.

Kaacudikauis perionis moao MmacmradiB BIVIMBY BOCHHHUX Jili:

e Pecionu, na mepumopii akux He eeoymuvcsa 00ii06i Oii ma AKI 3A3HAIU HE3HAUHO20
eénugy @illHu w00 eKonociunoi Oesneku (3akapmarcbka, TepHomiibcbka, YepHiBEIbKa,
PiBnencrka Ta BonumHchka oOumacti). JIBi ocTtaHHI 00yiacTi MarTh KOpJIOHHU 13 bimopyccio, Tomy
MAalOTh MEeBHI OOMEKEHHS 1010 IEPECyBaHHS Y IPUKOPIOHHUX TEPUTOPIAX;

e Pecionu, AKi He nepedysanu y 30HI 0e3n0cepeoHix B0EHHUX Oill, 00OHAK 00CHAMHbBO
nocmpasicoanu/cmpaxcoaroms  6i0  pakemnux  yoapie  (JIbBiBcbka, IBaHO-DpaHKIBCHKa,
XmenwsHUIbKa, Binauieka, KipoBorpanceka, [TonrtaBckka, Uepkacbka 061acTi);

e Pecionu, na akux eedymucsa (eenucs) 00iioei 0ii abo mumuacoeo oxynoeani Pociiicbkor
Deoepauiero, xaacudikoBani BiamosiaHo 1o [1] sx:

O mepumopii moxcnusux 6Ooiiosux Oin (nesxi paitonu JlHimponeTpoBchKkoi, JloHENBKOI,
3anopi3pkoi, KwuiBcbkoi, MukonaiBcbkoi, Onecpkoi, Cymcbkoi, XapKiBcbkoi, XepCOHCBKOi Ta
YepHiriBcbkoi o0sacTeii);

O mepumopii akmugenux 0oiosux Oiu (neski paiionun J[HinmporerpoBcbkoi, JloHEIbKOT,
3amopi3ekoi, KwuiBcekoi, Jlyrancekoi, MukomaiBcekoi, Opecbkoi, Cymcbhkoi, XapKiBChKOI,
UYepHniriBchkoi obnacreii Ta micto Kuis);

O mepumopii aKmueHux 00U0eux Oiil, HA AKUX (PYHKUIOHYIOMb 0EPHCABHI e/1eKMPOHHI
ingpopmayiuni  pecypcu (nesxi padionu JIHinpomerpoBcbkoi, JloHembKkoi, 3amopi3bKoi,
MuxonaiBchKkoi, XapKiBcbKoi 1 XepcOHCHKOI obnacTeit);

o mumuacoeo okynosani Pociiicekorw ®edepauicto mepumopii Yxpainu (Oynu abo
3anumaroThesi — ABToHOMHa PecmyOmika Kpuwm, gesxi paitonn Jonenpkoi, YKHTOMHPCHKOI,
3anopi3pkoi, KwuiBcbkoi, Jlyrancekoi, MuxkonaiBcbkoi, Cymcbkoi, XapKiBCbkoi, XepCOHCBHKOI,
YepniriBcpkoi obnacteid Ta Micto CeBacTOnob).

OueBUIHO, 0 HAMOUIBII Bpa3IMBUMU € TEPUTOPIi, sIKi nepeOyBaiu uu nepedyBaroTh y 30HI
Oe3rocepeHiX BOEHHUX 11, 0OCOOIHMBO Ti, AK1 1 JaJli € T OKYNaIli€l0, BHACIIIOK YOT0 HEMOXKIIUBO
MOBHICTIO OIIIHUTH MaclITaOu BIUIMBY Ha JOBKULISA, IOpaxyBaTH OUIbII TOYHO 30MTKH,
3aJIOKyMEHTYBaTH HETaTUMBHI BIUIMBU Ta CHPOEKTYBATH 3aXOAM 3 MiHIMI3alli iXHIX HAaCIIAKIB.
Macutabu pyiliHyBaHb 1 30MTKH JJOBKULITIO OLIHIOIOTHCS Ha KBiTeHb 2024 poky npuOiau3Ho B 2,4 TpuI.
IpUBEHb 1 11 udpa OyJie TUIbKU 3pOCTaTH.

OCHOBHMMH BILUIMBAMH Ha €KOJIOTiIYHY 0e3IeKy PerioHiB B yMOBax BiliHH €:

e Exouoriuni 3arpo3u KOMIoHeHTaM J10BKIiJLIsA:

0 Bnnue mna sakicme ammocgepnozo nogimpa — BUBUIBHEHHS TIOMIOTAHTIB (OKCUIY
BYIJIELIO, AIOKCUAY 30Ty, CIpPYMCTOrO aHTIAPUY, APIOHOAMCIEPCHOTO MUY, HEMETAaHOBUX JIETKUX
OpraHiuHUX CIONYK, (OopMaibJerily Ta IHIIMX) BHACIIAOK IOXKEX BIJ MOTPAIUISHHSA DPaKeT y
HadToOa3M, aBTO3aNpaBHi CTAHIII1, CKJIQJAN 3 MOJIIypETAaHOM Ta IHIIMMHU MaTepiajamMu. 3arpo3IrBoIO €
CHUTYyallisl HE TUIbKHM Ha JIOKAJIbHUX TEPUTOPIAX, K1 0€31MocepeTHhO MPIIIATaloTh A0 30HU TOPIHHA, a i
Ha JalbHIX TEPUTOPISAX, OCKIIBKH 3aJE€KHO B BITPOBOTO PEeXUMY (CHJIM 1 HANpsIMKY BITpY) Ta
BEPTUKAIbHOI CTIMKOCTI MOBITps (1HBEpCisl, 130TE€pMisi Y KOHBEKI[isl) TOKCUYHI MPOJYKTH TOPIHHS
MOXYTh NEPEHOCUTHCh Ha 3HAuHi BifcTaHi. [loTparuisHHA pakeT y UUCTEPHH 3 XIMIYHUMH
pPEUOBHHAMU TPHU3BOAUTH HE JIMINE 10 BUBUIBHEHHS NUX 3a0pyIHIOIOYMX PEYOBUH B TOBITPS, a U
YTBOPEHHS MPOAYKTIB peakilii, ki MOXYTbh OyTH e OiIbll HeOe3neuHUMH. BunanianHs KUCIOTHUX
JIOTIIB TIPU3BOJUTH JO TMOIIKOKEHHS POCIMHHOCTI, 3HIKYIOYH 010Macy CLIbChKOTOCTIOIaPCHKHUX
KYJIBTYp 1 TOCTA0IOI0UN CTIHKICTh JIICOBUX KynbTyp. OKpeMoO Clifi 3a3HAaYMTH BIUIUB BEIUYE3HOT
KUIBKOCTI TEpPECYBHUX JpKepen 3a0pyAHEHHS aTrMochepHOro MoBiTps, TOOTO pI3HUX BUIIB
TPaHCIOPTY, Ha YUCTOTY MOBITpsA. 3HaYHA YaCTHMHA TaKOi TEXHIKM, HE 0O0JaJHaHA BIANOBIAHUMH
CUCTEeMaMU Ul 3MEHILIEHHS KUIBKOCTI BIANpAlbOBaHUX Tra3iB, 110 CIPUYHMHSE MOTPAIUISIHHS B
aTMOoc(epHE TOBITPS 3HAYHUX OOCSTIB OKCHUIY BYIJICIIO, OKCHUIIB a30Ty, BYIJIEBOJAHIB, Caxi,
OeH3amipeHy. BiamoBiqHO 10 MOHITOPUHTOBUX JIaHUX, TIOJIaHUX MiHICTEPCTBOM 3aXUCTy JTOBKULIS Ta
IPUPOJHHUX PECYpCiB OOCAT BUKUAIB, IO MOTPANWIM B aTMOC(EpHE MOBITPsS TIIBKU 32 OJUH PIK
BiifHU 3pic 3 2 Tucs4 ToHH suxudie y 2021 pori 10 46 tucsd ToHH BUKUAiB y 2022 porri. Cimig Takox
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3a3HAYUTH, 10 BOEHHI i1 TO3HAYAIOTHCS 1 HA 30UTBIIEHHI BUKUIIB TAPHUKOBHX Ta3iB, 30kpeMa CO,
00csr SKOTo Ha TeNepiliHii yac omiHTh y 180 MiIH. TOHH.

o Bnaueé ma akicmv IpyHmoe020 nOKpugy — BHACTIJIOK MEPECYBaHHS BAXKKOi BIHCHKOBOL
TEXHIKH, CTBOPEHHsS OOOpOHHUX cropynx (OKomiB, OMiHA&XKIB 1 T.M.) BiAOYBa€ThCA MOPYIICHHS
LUTICHOCTI TPYHTOBOTO OKPUBY Ta MOTO SKICHI 3MiHU (BTpaTa Y 3MEHIIEHHS BEPXHBHOTO POAIOUOTO
11apy ryMycy, 3HHUIIEHHS POCIMHHOCTI, MOPYLIEHHsS BOAHOIO OajaHcy Ta iHTeHcu@ikalii eposii).
®i3u4HI BIUIMBH, TaKi K 3pOCTaHHS TEMIIEPATypu I'PYHTOBOTO MOKPHUBY Yepe3 MOTPAIUIIHHS pakeT 1
BUHUKHEHHS [10’KEX, YTBOPEHHS BUPB B1Jl OO€NPUIIACIB YCKIIAIHIOIOTh IPOPOCTAHHS POCIMHHOCTI Ta
CIPUYMHAIOTH i1 BunamoBaHHsA. [lomiOHI BIUIMBH CIOCTEPIralOThCS 1 BHACHIAOK XIMIYHOTO
3a0pylHEHHsI CIIOJIyKaMM CIPKH, HasBHUMH Yy PaKeTHOMY MalMBi Ta HAQTONPOAYKTaMH IAIHUBHO-
MaCTUJIBHUX MaTepialliB, HEraTUBHO IiIOTh Ha POCIMHHICT, YW BUNAMOOTH ii. Ile, B cBOrO uepry,
HEraTMBHO I03HAYA€ThCSl HA 1CHYBaHHI )KMBUX OPraHi3MiB, HacamIiepe]l TUX, L0 HACeJIAI0Th BEPXHI
[Iapy TIPYHTOBOTO TOKPHBY. 3HAa4YHAa KUIBKICTh B@XXKKUX METaNiB (CBUHINO, Ka/JMil0, THTaHY,
CTPOHIIiIO, HIKENII0) MOTpaIUsie B IPYHT MiJ Yac IETOHalii MiH Ta CHAPSMAIB, SIK 1 MPOJYKTH TOPIHHA
¢dochopuux 6om0. L1i HeOe3meuHi XiMiYHI KOMITOHEHTH MOXYTh MITpYBaTH y IPYHTOBY BOJIOTY, Jalli
HAKOMUYYBAaTUCh y POCIUHHOCTI, 1 Yepe3 XapuoBi JAHIIOKKU OCIIaTH B OpraHi3Max TBapHH 1 JIt0JIeH,
CIpUUYUHSIOUN Hebe3meky st kutts [2, 3]. Ha Ttakux teputopisix mpoOIeMaTHYHUM CTa€e
IPO’KMBAHHA, 3a3HAu€Hl HEraTUBHI BIUIMBUM Ha (ayHy Ta (uiopy MO3HAYalOThCS Ha BHUIOBOMY
010pi3HOMAHITTI 1 BEAyTh A0 3MIiHM MPUPOIHHUX €KOCHUCTEeM. Ti IUIONI IPYHTIB, HA SIKUX BHSBHUTHCS
3Ha4yHe 3a0pyIHEHHs, MOKYTh CTaTH HENPUIAATHUMHU J10 BUKOPUCTaHHs Ha AOBrui yac (y @paHiii Ha
TEepUTOPii, Ac¢ BIiOOYBaIUCh OCOOJIMBO IHTEHCHBHI OoioBi mii mig wac Ilepmioi cBiTOBOi BiliHH,
3aKOHOJIaBY0 BWJIyYE€H1 13 MPAKTUKU IPOBEACHHS HAa HHUX CUIBCBKOTOCIOJAPCHKUX POOIT MOIpH
CTOJNIITHIN Tepion BigHOBIEHH:) [4, 5]. BapTo BpaxyBaTH i BHCOKMI CTYIiHb MiHyBaHHSI BHACIIIOK
4Oro 3Ha4yHi TEPUTOPIi BUIYYAIOThCS 3 TOCIOAAPCHKOr0 KOpHUCTyBaHHSA. OCOOIUBO MPUKPUM € TOH
(axT, 0 3HAYHOIO MipOIO 3aYETUICHUMH € POJII0Yi YKPaiHChKi YOPHO3EMH.

o Bnaue na akicmv 600Hux 00’ckmie¢ — BHACIIJOK OOCTPiJIIB YaCTKOBUX a00 IMOBHHX
pyliHyBaHb 3a3Hayi noHal 500 iHGpacTpyKTYpHUX 0O0’€KTIB, sSIKi 3aJy4eHl y BOJOINOCTayaHHS Ta
BOJIOKOPUCTYBaHHs (TLAPOTEXHIYHI CHOPYIH, AaMOM, CIIOpyId BOAOCXOBUIN). BuBeaenHs 3 nany
KaHaJi3alliHUX MEpeXX, YCTAHOBOK BOJIOOYMILEHHS, IMOPYIICHHS CaHITApHUX 30H MOXXE MaTu
HacJiKaMH MOTPAIUITHHS HEOUHUIIEHUX CTIYHUX BOJ JI0 BOJHOTO cepefoBuIla. Taki BOAH MICTATH K
HeOe3neyHl XIMIYHI PEYOBHMHHU, HAsBHI Yy IPOMMCIOBUX CTIYHUX BOJAx, TaK 1 3a0pyAHUKHU
010JIOTIYHOTO  TOXO/DKEHHS B MOOYTOBUX CTiYHMX Bogax. Okpemi perioHd 3MyIIeHi
BUKOPUCTOBYBAaTH BOJy HE3aJO0BUIBHOI SKOCTI, SIKYy MO>KHAa BUKOPHCTOBYBATH TIIbKHU SIK TEXHIUHY.
Taka cuTyanis crnocrepiraetbcs B MMKOJa€eBl — BHACHIIJOK pYyHHYBaHHS BoJorony JlHimpo-
MukonaiB, 1IEHTpaIi30BaHE BOJIONOCTaYaHHsS y MicTi Oyjae BigHOBiIeHE TUIbKU 10 2025 poky [6].
Yepe3 munyinopiunuii miapuB Kaxoscbkoi 'EC opienToBHO 700 THCSu mroAed 3alumuinch 6e3
MUTHOI BOJY HAJIEXKHOI sIKOCTi. 3a0pynHeHHs: YopHOro Ta A30BCHKOIO MOPIB BHACIIJOK pYHHYBaHHS
NOpTOBOI 1H(PACTPYKTYpH, MOTPAIUITHHS HEOE3MeYHUX pPEYOBUH Y BOJY, ICTOTHO BILJIMBA€ Ha
MOPCBKiI €KOCHUCTeMH (3arubesib 3Ha4HOI KiTIbKOCTI MenbgiHiB, Miaid Ta iHIMUX TiApoOioHTiB) [7].
Bapto Takox 3rajaTé Mmpo MOXJIMBICTh TPAHCKOPJIOHHOTO IMEPEHECEHHs 3a0pyIHIOI0UYMX PEUYOBUH
BOJAHMMH 00’€KTaMH, MEPEHECeHHs MiIH BoJaMu MoOpiB (Bke Oynau 3adikcoBaHI Taki BUKHIU Ha
O6eperax bonrapii ta Pymynii). CkiagHO OLIHUTH HACKUIBKM MaclITaOHUMHM OyAyTh BIUIMBH
€HEePTreTUYHOTO Ta 1HTPEIIEHTHOTO 3a0pyaHEHDb Ha SKICTh BoaAu YOpHOTO Ta A30BCHKOTO MOPIB 1 5K
1€ BIUTMHE HA MOPCHKI.

e YTBOpeHHs BiAX0liB pyiiHyBaHb — II€ CHEUM(IUHUNA TUIl BIIXOIB, IO SKOTO BIAHOCSTH
peITKH BIMCHKOBOI TEXHIKM 1 (parMeHTH BUOYXIBKM, 3pyilHOBaHI MMOoOyTOB1 OyIiBIl Ta
1HGPACTPYKTYpHI HMiANPHUEMCTBA, 3HUIIEHI MOCTH, JOPOTH, 3HaYHI 00CATH OJHOPA30BUX MaTepialiB.
3a iHdopmartiero MinnoBkuuis Ykpainu y 2022 poui 06’eM BiIXoAiB pyiiHyBaHb ckiaB 10-12 muiH.
TOHH, 1110 PIBHO3HAYHE KUIBKOCTI TBEPAMUX MOOYTOBUX BiIXOJIB, Ha BCii TepUTOpii YKpaiHH 3a pik
[8], a ma Gepesennr 2024 poky i obcsaru 3pocau Ha moHax 600 THcsd TOHH. 3HAYHA YaCTHHA
KOMIIOHEHTIB 3pYyHHOBaHUX OyiiBelb MoOKe OyTH 3acTOCOBaHA $K BTOPMHHA CHPOBHMHA IIICIIA
BIJIMOBITHOTO TIEpepOOICHHS IJI1 BUPOOHUIITBA MaTepialliB, MO OyIyTh BUKOPHUCTAHI MIPH BiIOYTI0BI.
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Pemry BinxoniB noTpiOHO Oyze cOpTyBaTH 1 BU3HAUUTHCH, K1 3 HUX MIOBUHHI OyTH niepepobieHi abo
3aXOPOHEHI.

¢ BUHMKHEHHS] TeXHOTeHHO-He0e3MeYHNX CUTYalliil, 10 OB’ A3aH0 HacaMIepesa 3 PU3UKOM
XIMIYHOTO Ta paialiiHOrO 3a0pYAHEHHS, CIPUYMHEHOTO SK IMOPYIICHHSMU POOOTH €KOJIOTrO-
HeOe3MeYHUX MIANPHEMCTB B 30HI OOWOBUX [i, TaK 1 MOXJIMBHUMHU PYHHYBAaHHSMH BHACIiIOK
pPaKeTHHUX yJapiB MO pO3TalloBaHUX y TUIY BUpoOHUITBAX. 3 4 mitounx AEC B Ykpaini 3amopi3bka
AEC Bix moyaTKy OBHOMACIITaAOHOTO BTOPTHEHHS Tepe0yBae IiJ KOHTPOJIEM BOpOTa i MPAIIOE B
aBapiiHOMy pexxumi. BoHa HeoJHOpPa30BO 3a3HaBajla 3HECTPYMJIEHb BHACIIIOK IPHUIIMHEHHS
€JIEKTPONIOCTAaYaHHs, CIPUYMHEHOTO OO0CTpilaMH, 3HauHAa TEPUTOPisS MOOIM3Yy 3aMiHOBaHA, IO
3arpo’ky€ MOJKJIMBICTIO BUHUKHEHHSI BUTOKIB pajialii, a To i saepHoi kaTacTpodu, MacmTadu sikoi
MOXYTh OyTu nyxe 3HaunuMu. Henitoua YopHoounscrka AEC (HAEC) nepebyBaina mij OKymnaljiero
OunbIIe Micsls (TOBHICTIO TOBEPHYJIACH MiJ KOHTPOJIb YKpainu 5 kBiTHA 2022 poky). [lepeOyBanHs
Bopoxoi apmii Ha Teputopii HAEC Bix mo4arky CIpUYMHUIIO MPOOJIEMH, 30KpeMa BKe Ha JIPYTHid
JIeHb iX nepeOyBaHHs, BIANOBIAHO A0 «/laHMX aBTOMaTH30BaHOI CUCTEMH PaiallifHOr0 KOHTPOJIIO
30HH BITYYXXCHHs», OyJI0 3adikCOBaHO 3pOCTaHHS paniamiiiHoro ¢ony. B moganbmiomy Oyiio
BTPAayeHO 3B'SI30K 3 MoHITOpuHrouMu cuctemamu YAEC, craHiis 3a3HaBajga HEOAHOPA30BOrO
MOBHOTO 3HECTPYMJICHHS, CIIOCTEPIraioCh BUHUKHEHHS KITBKOX JOKAJIbHHUX OCEPENKIB MOXKEXK, fAKi
BuacHO Oynu mikBigoBaHi. CropymxeHHs ¢opTudikaniifHux cnopyn Ha Teputopii Pynoro nicy, skuit
3a3HaB HAWOULIBIIOrO ypakeHHs mig vac YopHOOWMIBCHKOI aBapii, NPU3BENO [0 TMiIHATTS
palioaKTHBHOTO THJTY i PO3CIIOBaHHSA HOTO MO TEepUTOpii. 3HaYHA IIKOJA HAaHECEHa B pPe3yJbTaTi
po3rpabyBanHsi 1 3HuIIEHHs LleHTpanbHOi aHamiTHUHOT Jnaboparopii, fSka Mala y CBOEMY
PO3MOPSKeHHI YHIKaIbHE OOJaJHaHHSA Ta MPOBOJWIA POOOTH IMIOJAO BCIX €TalliB TMOBOKECHHS 3
PagioaKTUBHUMH BiJXOIaMHU.

Y cxinniii yacTuHi YkpaiHu, ska € 30HOK OOMOBHX Jii, 30cepe/KeHa 3HaYHA KUTbKICTh
BYTUIBHUX ILAXT, SIKI 4aCTO 3HECTPYMIJIEHI, Uyepe3 10 HEBYACHO B1JIKAYYIOThCS IPYHTOBI BOJM, a L€
MPU3BOAUTH JI0 3aTOIUIEHHS IIaxXxT. 30KpeMa, 3adikcoBaHMi (akT YacTKOBOro abo TMOBHOIO
3aroryieHHa 36 miaxT. [TiATOmUIeHHs maxXT Ta MPHIETJIMX TEpUTOPIH — OJHa 3 OCHOBHUX IMPHYUH
3a0pyIHEHHs MiJ3eMHUX Ta MOBEPXHEBUX BOJA. Take 3aTOIIEHHS MPHU3BOIUTH [0 MPOCIIaHHS
IPYHTIB, 10 MiTBEPKYETHCS JAHUMH CYITyTHUKOBUX 3HIMKIB [9].

e HeGe3neyHni BnJMBU Ha OiOPi3HOMAHITTH, CTaH eKOCHCTEM Ta KUBHMX OPraHi3MiB —
OpPIEHTOBHO TpETHWHA IUIOII MPHUPOI0-3aMOBIAHOTO (OHAY MOTPANMIM Yy TEPUTOPII0 AKTUBHHUX
OoiioBHX 1iii 4m posramoBaHi NoOmM3y HUX (OKymoBaHUMH Hapasi € 8 3amoBimHukiB i 10
HAI[IOHAIBHUX TNPHUPOJHUX MapKiB), TOMY HEMOXJIMBO 3a0€3ME€UYMTH HaJEXKHE BUKOHAHHS 3aXOjiB
10710 30epekeHHs1 010pI3HOMAHITTS, 30€peKEeHHsI PLAKICHUX BUIIB, 110 MPU3BOAUTH 10 PYHHYBaHHS
YHIKQJIbHUX eKocucTeM. BiiiHa B YkpaiHi BIUIMBa€ He TUIBKM Ha €KOJIOTIYHY O€3NeKy OKpeMHX
pErioHIB 4YM KpaiHM B LUJIOMY, a W MOXe€ MPU3BECTH A0 3MIH MIIpaliiHUX HUIAXIB, 3HUKHEHHS
MOMYJISALIN MEBHUX BUJIIB POCIHMH 1 TBAPUH Y CBITOBOMY KOHTEKCTI, a/pke MEeBHI TepUTOpii YKpaiHu
MalOTh OXOPOHHMUH CTaTyC 3arajbHOEBpoONenchkoro piBHA. TyT posramoBani 160 006’exTis,
BimHeceHnx a0 CmaparmoBoi mepexi, 17 Pamcapcbkux 00’€KTiB, BXIMBHUX I 3a0€3MEUeHHS
JISUTEHOCTI BOJTHO-OOJIOTSIHUX YTiJb Ta BUJIB, 10 TaM MemkaroTh [10].

[ToBHOMacmITaOHa BiifHA TaKOX COPUYUHSE MOPYIIEHHS HOPMAIbHUX YMOB KHUTTEIISIIBHOCTI
1 CTBOpIOE Oe3mocepeiHi 3arpo3u AJIs KUTTSA Ta 370poB’s rojeil. OKpiM MpSMUX BIUIMBIB — CMepTe
1 MOpaHeHb BHACIIJOK OOCTPUIIB, MIJPUBIB Ha MiHAX, MOXEX, MOTPAIUISHHS MiJ 3aBalM, CI1J
BpaxoBYBaTH TaKOX 1 BiAJaJCHI HACHIIKA HA 370pPOB’S JIIOJAEH, Taki SK PO3BUTOK 3JIOSKICHHX
HOBOYTBOPEHb, XPOHIUHUX 3aXBOPIOBaHb, AJIEPTIYHUX PEAKI[iH 1 T.II.

ITepmioyeprosi 3axoam 3 BiAHOBJICHHSI €KOJIOTIYHOI 0e3leKH PperioHiB YKpaiHm y
BOEHHMI Ta MICISBOEHHMI MepioJ BUKIIAAEH] y po3auii [1nany BiiHOBIEHHS YKpaiHU y BOEHHUM
Ta MICIASBOEHHUH MepioJ], MPUCBIYCHOMY €KOJIOT1YHIN Oe3meli.

[IpiopuTeTHUMH HampsiMaMu BHU3HA4YCHO: pehOpPMYBaHHS JEPKABHOTO YIPABIIHHSA Y
NPUPOJOOXOPOHHIM Tally3i; KIIMAaTHYHY TMOJITHKY; €KOJOriyHy Oe3neky Ta eQeKTHUBHE
yIOpaBIiHHSA BigxomaMu;, 30ajaHCOBaHE BHUKOPHCTAHHS TMPHUPOJHHUX PECypciB B  YMOBax
MiJBUIIEHOTO TONMUTY 1 OOMEXKEHHUX MOXJIMBOCTEH; 30€peKeHHs MNPUPOJHUX EKOCHUCTEM 1
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010J0TIYHOTO pPI3HOMAHITTS;, BIJHOBJEHHS Ta pPO3BUTOK IPUPOJOOXOPOHHHX TEPUTOPIH Ta
06’exriB [11].

3axoau 1040 3a0e3MeYeHHsI eKOJIOTIYHOT O0e3MeKH PerioHiB MOBHHHI CYMpPOBOKYBATHUCH
peTeNbHUM IPOBEIEHHIM MOHITOPUHIY LIOJ0 PI3HMX KOMIOHEHTIB NOBKILIA. [lepmodyeprosum €
OTpUMaHHs BUYEpNHOi iH(opMmalii moa0 3a0pyJHEHb Ta BUSABICHHS €(PEKTUBHOCTI MPHUIHATHX
pillleHs [OA0 MiHIMI3amii Ta JiKBigamii HEraTUBHUX BIUIMBIB. MOHITOPUHT HEOOX1THO
MPOBOJIUTH 13 3aCTOCYBaHHSIM HOBHX METOJUK HIOJIO OL[iHIOBaHHS 30MTKIB, SIKi CTOCYBaTUMYThCS
Bpa3JIMBUX PETIOHIB Ta BPaxOBYBaTH Ti pillleHHs, AKi BUMararoTbcsa €pponeiicbkkum Coro30M Ui
ajanTamii HaliOHAJbHOTO EKOJOTIYHOTO 3aKOHOJABCTBA Yy BIJAMOBIIHOCTI 3 €BPONEHCHKUMHU
HOPMAaTUBHUMH JOKYMEHTaMH. YacTMHAa TakMX HOPMATHUBHUX JOKYMEHTIB B)Xe po3poOieHa i
JOCTYIHA JUIs IPOBECHHS po3paxyHKiB [12-15].

BaxxnuBuMu s NMOKpalleHHS 1 NPUIIBUIIIEHHS TAaKOTO OLIHIOBAHHS € MOXJIUBICTb
BUKOpUCTaHHs iH(popmaniiiHux cucreM, Takux sk ['1C/[A33-rexnomnorii. [ndopmaniitai cucremu
JAl0Th 3MOTy OyJyBaTH KapTH 3 Bizyaji3ali€lo piBHIB 3a0pyJHIOIOYUX PEUOBHH Ta MapHUKOBUX
ra3iB B aTMOC()EPHOMY TOBITpPi, MPOTHO3YBATH MOJIMBICTH BIUIMBY METCOPOJIOTIYHHX SIBUII Ha
MOIIMPEHHS MOJIIOTAHTIB HA TEPUTOPIi, BiAJaNeHi BiJ Oe3nocepeHix mpkepen 3adpyaHenss. Tak, 3a
JOTIOMOTOI0  CHCTEMH JIHCTAHLIMHOTO 30HIYBaHHSA 3eMJIi TMPOBOAMIIOCH MOHITOPHUHTOBE
OI[IHIOBAHHS 3MiH aTMOC(EpPHOTO MOBITPS Yy MEpIli NepioAr HUPOKOMACIITAOHOTO BTOPTHEHHS.
3a TaHUMU CYNYTHUKOBUX aepo(oTO3HOMOK aHATI3yBAIMCh 3MIHH 010 KOHIIEHTpPAIlil TIOKCUIY
azoty (NO2) Ta okcuay Byriemto (CO) y BeJMKMX MicTax Ta MOOJM3y KOPAOHIB, Ol SIKUX
MPOXOJHUTB JIiHis (POHTY Ta MPOBOJUIUCH MOPIBHSAHHSA 3 PE3YJIbTATAMH JOCTIIKEHb y MOMEPEeaH]
poku. Biamiuanoch, 110 TepUTOpis aKTUBHUX BOEHHUX /1M XapaKTepU3YEThCs MiJBUILEHUMHU
piBHsiME NOj, sKi TOB’A3yIOTh 3 IEpECyBaHHSM 3HAYHOI KUIBKOCTI BIMCHKOBOI TEXHIKH 1
BUKHAMHU BiJl 00CTpiIiB, a 3pocTaroui KoHeHTpalii CO BiTHOCATD 10 MAcIITAOHUX JIICOBHX MOXKEK
[16]. Kocmiuni cuctemu aucTaHiiiiHOro 3oHayBaHHs Ta GPS-HaBiraifis J03BOJSIFOTH MPOBOJUTH
MOHITOPUHT €KOJIOT14HOI CHUTyalii Ha BOAHMX OO0’€KTax, 30KpeMa BiJCIiJKOBYBAaTH CTaH
3a0pyAHEHHsS BOAM BHACIIJOK TMOTPAIUISIHHS CTIYHUX BOJ MpU pPYyHHYBaHHI 1HXEHEPHUX
KaHaTi3alliiHUX MepeX 1 BOJOTOHIB, OI[IHIOBAaTH 3MIHU MEX BOJOWM MiCIS 3HUIIEHHS aamo,
MOCTIB Ta 1HIIUX KOHCTPYKLIiH (K 11e Oy70 MpOBeAEHO s OLIHIOBAaHHS MacluTaliB pyHHYBaHb
KaxoBcbkoi rpe0ii 3a cynmnyTHUKOBUMHU 300pakeHHsAMHU) [17]. 3a monmomororo reoinpopmaniitHux
CHUCTEM IPOBOJATh €PEKTUBHUN aHATI3 MOPYLIEHHS LUIICHOCTI IPYHTOBOTO MOKPUBY BHACIIJOK
YTBOPEHHUX BijJ OO€npunaciB BUPB, OLIHIOIOTH CTYIIHb (DI3UYHOTO YIIKOJKEHHS 3a oOcsramu
MEPEMIIIEHOT0 TPYHTY 1 BEJIWYMHY XIMIYHOTO 3a0pylIHEHHS, OOMEKEHY 30HOI pPO3PHUBIB
6oenpunaciB [18], cTBOpIOIOTH KapTH 30H MOLIKO)KEHHsI, YTBOPEHI BHACIiIOK OomOoTypOanii,
BHOKPEMIIIOIOTh HaWOUIBII MOCTpaXaanl 3emMil, 10 NOTPeOyIoTh MePIIOYeProBUX 3aX0/I1B L1010
BigHOBNeHHs [19], aHami3yloTh cTaH OIOIEHO31B 1 3€JIEHUX HACAIKEHb, SAKI MOCTPaKIAIU Bif
MOKEX, CIPUUMHEHUX oOcTpinamu i T.1m. [20, 21].

BucHoBku. 3a0pyqHEHHS KOMIIOHEHTIB JOBKULISA (TPYHTIB, BOJHOIO CepeloBHUINA Ta
aTMoc(epHOro MOBITPs), YTBOPEHHSI BIIXO/IB pyHHYBaHb, 3MEHILIEHHS 010p13HOMAHITTS 1 3HUIICHHS
€KOCHCTEM — OCHOBHI €KOJIOT14HI MPOOJIeMH, PO3B’sA3aHHS SKUX MOTpeOyBaTHME 3HAYHMX KOIUTIB 1
HOBUX PIIlIeHb MIOJI0 MOJ0JIAHHS IXHIX HACHiJKiB. MacmTadu 3a0pyIHeHb HACTUIBKU 3HAYHI, 110 HE
OOMEXYIOTbCS TUIBKM TEPHUTOpi€l0 YKpaiHHM, a W MaloTh TpPaHCKOpAOHHMN BrymB. CKIIagHO
CIPOTHO3YBaTH, HACKUIbKU TpUBAJIUM OyJe BIUIMB 3a0pyIHIOIOYHMX PEUOBUH 1 CTPOKU BiJHOBJICHHSA
HAJIKHUX TOKA3HUKIB CTaHy KOMIIOHEHTIB JIOBKULIS Ta MPUPOAHUX eKocucTeM. BaxiuBum Oyne
MpaBUJIbHE OIIIHIOBAHHS 30WTKIB, JCTAJIbHI TUTAHW Ta 3aXOIM 3 BITHOBJICHHS, a TaKOXX HAsIBHICTH
e(EeKTHUBHOI CHCTEMH MOHITOPUHTY.
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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.

Key words: atmospheric air, fuzzy logic, evaluation model

AHoTanisg. B mpencraBneHiil craTTi omMcaHO peani3alilo web-Opi€HTOBAaHOi CHCTEMH,
MPU3HAYEHOI JUII MOHITOPUHTY aTMocpepHOro moBiTps y MicTi JIbBOBI Ta mpeacTaBICHHS
pe3yibTaTIB y 3pyYHOMY CTPYKTypoBaHOMY ¢opmarti. st JOCSATHEHHS L€l METH BUKOHAHO JEKiTbKa
HACTYITHUX 3aBJaHb: IPOBEJEHO aHalI3 ICHYIOUMX METO/IIB Ta MOJIEJIEl OLIIHKU CTaHy aTMoc(epHOoro
MOBITPSI, MPOAHAI30BAaHO Ta BHOKPEMJIEHO OCHOBHI UYMHHHMKHM HABKOJIMIIHBOTO CEPENOBMIIA, SKi
HaNOUIbIIE BIUIMBAIOThH HA SKICTh aTMOC(EPHOIO MOBITPS, PO3pOOIEHO MOJEb OL[IHIOBAHHS MOBITPS
Ha OCHOBI HEYITKOI JIOTIKH Ta peaji3oBaHO MpOrpaMHe 3a0e3MeUeHHs CUCTEMHM Ul MPEICTaBICHHS
CTaHy €KOCHUCTEMM Ta OLIHIOBaHHIO SIKOCT1 aTMOcC(epHOro MoBiTps. B pe3ynbTaTi BIpPOBaIKEHHS
CHCTEMH MO>XKHA 3a0€3M1eYNTH MOHITOPUHT Ta MOKPAIEHHS CTaHy aTMOC(EPHOT0 MOBITPS B MICTI.

Knrwouosi cnosa: ammocgepne nosimps, Heuimka 102ika, MoOeb OYiHIOBAHHSL.

1. Orasaa Ta anani3 npeaMeTHoi 00J1acTi

Jlrofchka MisUIBHICTD HEMUHYYE NPU3BOAWUTH J0 3MiH aTMocdepu. 3 METO OOMEeXEeHHS
IIKIJUIMBUX BIUIMBIB Ha aTMoc(epHe MOBITPsI HEOOX1HO 31MCHIOBATH MOCTIMHUN MOHITOPUHT HOTO
CTaHy.

MomniTopuHr armocepu — 1€ CIOCTEPEKEHHS 3a CTAaHOM TIOBITPSA 1 TMOMEPEIHKEHHS
KPUTUYHHUX CHUTYyallilf, 110 HEraTWBHO BIUIMBAIOTH HA 37I0POB’S JIIOAEH Ta CTaH IHIIMX >KUBUX
oprani3mis [1].

MoHiTopuHr aTMochepu 3IHCHIOETBCS Y BIAMOBIIHOCTI 13 3aKOHOM YKpaiHU MPO OXOPOHY
atMocepHoro moBITpa. BiH mnepeadauae cnocTepekeHHA 3a 3a0pyAHIOIOYMMH PEYOBHHAMM,
MIKIATUBUMHA  (DI3MYHMMH BIUIMBAaMHM Ta OIIHKY 3MiH TNPUPOJHOTO CEpeAOBUINAa B pe3yibTaTi
OlosoriuHorO 3a0pyIHEHHS [2].

MOoHITOpUHT aTMOC(EepH BKIIOYAE TaKi €TAIH:

® BU3HAYCHHSI METH Ta 00’ €KTIB CITIOCTEPEIKCHHSI;

® CIIOCTEPEKEHHS 3a JKepeaaMu 3a0pyIHEHHS;
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® BCTAaHOBJICHHS OCHOBHHX BU/IIB 3a0pyIHEHHS 1 3a0py/AHIOIOUUX PEUOBHH;

® BUBUCHHS BIUIUBY 3a0pyAHEHHS aTMOC(EPH Ha KHUB1 OPraHI3MH;

® [IPOT'HO3 3MiH CEPEIOBUINA B pe3y/IbTaTi 3a0pyIHEHHST aTMOC(HEPHOTO MOBITPSI;

® p0o3po0OKa 3axX0JiB 1 MPUUHATTS YIPABIIHCHKHX PIIICHb, sIKI HAIlpaBJCHHI Ha 30€pEKCHHS
MOBITPSI.

I[Tix yac MOHITOPUHTY aTMOC(hEpPU BEAYThCSA CHOCTEPEKEHHS 32 TAKUMU PEYOBUHAMH: OKCH]L
BYIJIELIO, JBOOKCHJI BYIJIELIO, OKCHIM a30Ty, OKCHJU CIpKH, amiak, O30H, BYIVIEBOJHI, 3aBHUCII
PEUOBHMHHU, MIJKO Ta KPYMHOIUCIIEPCHUN NHJ. Bu3HA4aeThCS BOJIOTICTH 1 TeMmepaTypa HOBITpS,
PIBEHb MIKiUTMBUX (PI3UYHUX BIUIMBIB.

3a0pynHeHHsT aTtMOochepHr BUKIMKAE TakKi TI00allbHI MPOOJeMH SK TMOTEIUTIHHSA KIIIMaTy
(mapHuKOBUH €(EKT), KUCIOTHI JIO1Ili, PyWHYBaHHS 030HOBOTO APy, OMYCTEIOBAHHS Ta 1HIII.

[TpupogaumMu xepenaMu 3a0pyAHEHHS € ByJIKaHIUYHI BUBEPKECHHS, MUJIOBI Oypi, KOCMIYHUAN
w1, reisepu, Jeski mkiammBl JOMIIKY (BYTJICKUCIUHN ra3, OKCU BYTJICIIO, CIpPKOBOJICHb, XJIOPUIU
i 1HIII CIOJTYKM) MOCTYMAl0Th B aTMochepy 3 okeany. OcoOIMBICTh IPUPOAHUX 3a0pyAHEHD MOJISTAE
B TOMY, 1110 BOHU HE TaKi TOKCHYHI, SIK aHTPOIOTeHH], 1 JIFOTh HEPIOAUYHO.

B pesynbrari aHTPOMOTEHHOI AiSUTBHOCTI 3MIMCHIOEThCA MITYYHE 3a0pyTHEHHS, TPU IBOMY
3HAYHO 3MIHIOETBCA CKIIaJ aTMocepHOro mOBITPsA. 3a OCOONMUBOCTAMU OyJOBH 1 BIUIUBY
PO3PI3HAIOTH TaKi BUIU aHTPOIIOTCHHUX 3a0pyIHIOBAYiB:

e MeXaHIYHI — BUKAIM [IEMEHTHHUX 3aBOIB, UM, ca)ka 1 iH.;

® XIMIYHI — Ta3omo/Ai0HI PEeYOBUHU, 3/1aTHI BCTYNATU B PEAKIlil 3 KOMIIOHEHTaMH MOBITPA,
Hanpukiag CO, CO2, SO2, NOX.

OCHOBHUMH JDKEpelaMH aHTPOIOreHHOro 3a0pynHeHHs atMmocdepu [3] B Ykpaini Ta
O1UIBIIOCTI KpaiH CBITY €:

© 00’ €KTH TEIUIOCHEPTETHKH (TETIOB1 €IEKTPOCTAHIII1, TONTKA KOTEJICHb Ta OY/IiBEIIb);

® [[POMUCIIOBI MIANPUEMCTBA (YOPHOI, KOJIBOPOBOI MeTanmyprii, XiMiyHOi MPOMHCIOBOCTI,
MaIMHOOYIyBaHHs, 00'€KTH BUAOOYTKY 1 IepepOoOKH MPUPOTHUX KOMAIHH);

® TPAHCIIOPT (MEPEBaYKHO aBTOTPAHCIIOPT);

® [TIIMIPUEMCTBA  arpolpOMUCIOBOIO KOMIUIEKCY (TBapUHHHIIbKI KOMIUIEKCH, puLIg 1
POCITMHHUIITBO, KOHCEPBHI 3aBOJIM TOIIO);

¢ OyniBeNbHI MailTaHYUKH.

[TopiBHSHHS Ta aHali3 MOXJIMBUX MiAXOMIB Ta 3aco0iB A 3a0e3MeueHHs MOHITOPHUHTY
aTMOC(epHOTO TOBITPSI, MOKa3aB, IO i BUMOTH JIaHOTO NIPOEKTY, HE BAACTHCS alaliTyBaTH KOIHY 3
HasgBHUX cucteM. Tomy, Oyno po3poOJeHO KOHIENTyalbHO HOBY CHUCTEMY, SKa JI03BOJIUTH
BUKOHYBAaTH BECh CIIEKTP TOCTABICHUX 3aBJaHb Y aBTOMAaTHYHOMY PEXKUMI.

Po3poOka Ta iMIIJIeMeHTallisi CHCTEMH MOHITOPHHTY aTMOc(hepHOro NoBiTpst y MicTi JIbBOBI —
1€ CKJIAIHU KOMIUIEKCHUH MPOIIeC 1 Iepei HOro MoYyaTKOM MOTPIOHO YITKO BU3HAYUTH OCOOIMBOCTI
CHCTEMH Ta HeOOX1AHUN MalOyTHIH QyHKIIIOHA.

[TincymoBytoun Bce BHIIE BUKIAJCHE, pPIIIEHHS T[MOBUHHO 3a/I0BOJIBHATH HACTYIIHI
(GyHKIIIOHATIbHI BUMOTHU:

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

2. cucTteMa TNOBHMHHA arperyBaTH JaHi 3 JEKUIBKOX PI3HHUX CTaHLIA €KOMOHITOPUHTY IS
MaKCUMAaJIbHO TOYHOI OIIHKH;

3. MaTu (QYHKLIOHAN JUIi PYYHOT'O PO3PAaXYHKY IHAEKCY SKOCTI aTMOC(HEpHOro MOBITPS 3
BKa3aHUX MapaMeTpiB;

4. MOBMHHA MICTHTU ICTOPUYHI JaHI Ta HAJaBaTH MOXIHUBICTH OTJISAY PETPOCIEKTUBHHUX
TaHUX;

5. Matu GyHKILIOHAT Meperisily JaHUX KOHKPETHOI CTaHIIi;

6. moBuHHA MaTh (PYHKIIIOHAN JUTSI TIEPETJISINY CTAHIIN Ta JaHUX 3 HUX, MPEICTABICHUX SIK
CIIMCKOM, TaK 1y BUTJIS1 KapTH;

7. cucTteMa MOBHMHHA MaTH 1HTETpallito 3 skuMochk AP| Big cucTem mapTHEpIB ISl TOCTIHHOTO
OHOBJICHHS JIaHMX 31 CTaHII} MOHITOPUHTY B PE&KHUMI PEaTbHOTO Yacy;
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8. MaTu amanTUBHUN KOPUCTYBAlbKUi iHTepdeic mig pi3Hi THIM miaatdopM (KoMI IOTEpH,
IJIAHIIETH Ta cMapT(OHN).

Oxpim 11bOT0, po3po0Ka Ta IMIJIEMEHTAILiSl JAHOTO PIICHHS JUIsI MOHITOPUHTY aTMOC(epHOro
noBiTps y micTi JIbBOBI nependavae 3a0e3reueHHs HACTYITHUX HEQYHKIIIOHATLHUX BUMOT

1. pimeHHs TOBUHHO BUTJIS/IATH JIOTIYHUM Ta IHTYITUBHO 3pO3YMIINM;

2. cucTeMa MOBMHHA MPAIIOBATH MPOJYKTUBHO, 3aiid 3a0e3MeueHHs] HalKpamoro J0CBily
BUKOPUCTAHHSA JJIs1 KOPUCTYBaya.

2. Bubip TexHoJioriii 151 po3po0KM CHCTeMH MOHITOPUHIY aTMochepHOro moBiTpsi y
MmicTi JIbBOBI.

[Ticns meranpbHOTO aHali3y Ta MOPIBHSHHS HAsBHUX Ha PUHKY TEXHOJOTIH IS PO3POOKH
cucremMu Oyno BuOpaHo HacTynmHui HabOip Texnosoriii: Python Django; SQLite; HTML + CSS;
JavaScript; JQuery; Virtualenv; Materialize.css; Pillow; Sklearn; Leaflet.

Django — ne Hanucanuii Ha Python, BinbHMIA 1 BigkpuTHii QpeHMBOpK Ui po3poOKU BeO-
nonatkiB. dpeiiMBopk — 11e He OUIbI, HDXK HAOlp MOIYIIB, SIKI CIPOINYIOTH PO3poOKy. Bonmu
3rpyINoBaHi Pa3oM i TO3BOJISIOTH CTBOPIOBATH JOJATKH a00 BEO-CAlTH 3 ICHYIOUMX BUXITHUX KOJIIB, a
He 3 HyJs. 3aBASKU LIbOMY BeO-CaliTH, HaBITh HAWUIMIPOCTIII 3 HHUX, PO3POOJIEHI O/IHIEI0 JIFOJUHOIO,
MOXYTh BKJIIOYAaTH B ceOe po3mmpeHi ¢yHKmii, Taki fK MiATpUMKa aBTeHTH(ikamii, manem
KepyBaHHS Ta aJMiHICTPYBAaHHS, KOHTaKTHI (opmH, KOMEHTapi, 3aBaHTakeHHs (ailiiB, 1 OGarato
iHmoro. BukopucroByroun (peMBOpK, IIi KOMIIOHEHTH OTPHMYIOThCS B)XXE BOYIOBaHUMH 1
MOTPiIOHO MPOCTO HAJAIITYBATH iX HAJICKHUM YHHOM JUIsl POOOTH 3 CATOM.

Django — ue BucokopiBHeBa BeO-muiardopma Python, sika 3a0xouye IIBUAKHNA PO3BUTOK i
YUCTUM, MparMaTuyHuil qu3aiiH. [loOyaoBaHuii 1OCBIAYEHUMH PO3POOHUKAMU, BiH BHUPIIIYE OLIbIITY
YacTUHY TpoOieM 3 BeO-po3poOKOI0, TOMY MOYKHA 30CEPEIUTHCS Ha HaNHMCaHHI mporpamu 06e3
HEO0OX1THOCTI "BUHAXOIUTH Kojieco". Lle BiIbHUI 1 BIIKPUTHHI KOJI.

SQLite — e BOymoBaHa pensiiiiHa 6a3a JaHWUX, 3 BIAKPUTAM BHXIAHUM KOJO0M. T0OTO BOHA
HE BHUKOPHCTOBYE 3BUYHY MOjE]Ib poOOTH 0a3M JaHUX KIIIEHT-CEpPBEp 1 HE € OKPEMHUM MPALIOI0UUM
nporecom. Hampukian, 6a3a mgaamx MySQL. Iammmu crnoBamm nBmkok SQLite crae sk Oum
YacTUHOK Hamoro BeO-moxatku. Ilpu Takomy mimxoai 6a3za manux SQLite (3 ycima TabuuusMn)
SBJIg€ COOOI0 3BUYAMHMI TEKCTOBUH (aiin, KU BM MOXKETE PO3TallyBaTH B 3pyYHOMY JJis Bac
Mici. OcHoBHi nepeBaru SQLite Bka3aHi HIKYeE.

e CamonocratHicTh — 6a3i nanux SQLite He moTpideH okpemuit cepBep st podbotu. JIBUryH
SQLite BOyI0BY€eThCS IPSMO B IOJATOK 1 MOTPEOYE JIMIIe OCTYII 10 (aiiiiB.

e [lpocrora BCTAaHOBJIEHHS Ta HaNalITyBaHHS HOBOi 0a3M Jyxe mpocTa i He MmoTpedye
BTpY4YaHHS CHCTEMHUX aJIMIHICTPATOPIB.

e BOymoBanwmii nBuryn SQLite noBHicTio BOygoBanuii B Django i He moTpiOHa ycTaHOBKa
J0JIaTKOBOT'O MPOrPaMHOro 3a0e3MeyYeHHs.

e Hapnae sik npouenypHuii, Tak 1 00’ €KTHO-OpiEHTOBaHU 1HTEepdeic s podoTH.

e Bucoka npoayKTUBHICTh — JABUTYH CIOKHBA€ JIy>KE€ MaJlo PECYPCIB 1 HE BUTPAYAETHCS 4ac
Ha BIATIPaBKY JaHUX IO OKPEMOTO BHIIIEHOTO CEpBEpA.

SQLite 9ynoBO MiAXOAWUTH A BeO-I0/aTKIB, KOJIM OCHOBHA Maca 3allUTIB SIBIS€ COOOIO
3aMUTH HA YATAHHS, TAKOXK JTy’Ke T0OpE MiIXOAUTh JIJIsl HEBEIMKHUX MpoeKTiB. Tak sk SQLite mparroe
3 TakuMu K SQL 3anmuTamu, 110 i 6a3u JaHUX CEPBEPHOIO THILY, a 1€ Ja€ MOKJIMBICTD JIETKO MEPEenTH
Ha 1Hmy O0a3y JaHUX, HE BHOCSYM KapAWHAIHHUX 3MIH Yy JIOTIKY BeO-101aTKy (0CcOOIHMBO
BUKOPUCTOBYIOUHM po3iuperHs PDO).

JavaScript ("JS" ckopoueHO) — 1l MOBHOIIIHHA JAMHAMIYHA MOBa NPOTpaMyBaHHS, sIKa, MPHU
3actocyBanHi B HTML nokymeHTi, MOXe HaJlaTH JUHAMIYHY 1HTEPaKTUBHICTh Ha BeO-caliTax. Bona
Oyna BuHaiiena bpennanom Eiixom, criB3acHOBHUKOM MpoekTy Mozilla, the Mozilla Foundation, Ta
Mozilla Corporation. JavaScript Mmae HaJ3BHUaifHO 6araTto 3aCTOCYBaHb, 30KpeMa: MOXKHA CTBOPUTH
"kapyceni", ranepei 300pakeHb, JUHAMIYHI MAaKeTH CTOPIHOK, BIAMOBI/II HA HATUCKHA KHOIIOK, TOIIIO.
I3 mocBizom, MoxHa cTBOoproBaty irpu, 2D Ta 3D rpadiky, ckiaaHi 3aCTOCYHKH 3 BUKOPHCTaHHIM
0a3 gagux Ta 6araTto iHIIOTO.
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JavaScript 10BoJII KOMITAKTHA Ta THyYKa MOBa. Po3poOHuKHN 3a0e3Meyriii BeJIrKe po3MaiTTs
IHCTPYMEHTIB, 11O JIONMOBHIOIOTH OCHOBY MOBH JavaScript, sKi BIAKPHUBAIOTh BEIMYE3HY KUIBKICTh
JOJJATKOBOTO (PYHKIIIOHATY 3 MiHIMaTBbHUMHE 3ycHiuissMu. Cepell HuX:

e mnporpamui inrepdeiicu (APIS) mis Opaysepis — API, sxi BOymoBani y Opaysepu, 1o
Ha/1al0Th (DYHKIIOHAN Ha 3pa30k AuHamiuHoro crBopeHHs HTML ta 3acrocyBanns CSS-ctuinis, 36ip
Ta 00poOKa B1J1€0-TIOTOKIB 3 BeO-Kamepu KopucTyBaya, renepaitis 3D-rpadiku Ta aymio-ceMInis;

e API Tperix oci0, 110 T03BOJISAIOTH PO3POOHUKAM IHTETPYBATH Y BIIACHI CAiTU (yHKITIOHAT
HIIMX MpoBaiinepis, Takux sk Twitter abo Facebook;

e (peiimBopku Ta 0i0ioTeKHM TpeTix oci0, skl MokHa 3actocyBatd g0 HTML, mo6
MIPUCKOPUTH CTBOPEHHS CalTIB Ta 3aCTOCYHKIB.

Virtualenv — mnporpama s cTBopeHHs 1 ympaBiiHHS orodeHHsimu Python. Jlo3Bosse
CTBOPUTH CEPEIOBHILNE 31 CBOIMH OKPEMHMH MOIYJISIMHM, HaJAlITyBaHHSMHU 1 MpPOTrpamMamH.
CepenoBuiie 0OMEXYEThCS paMKaMH OJHOTO Katajory. Jlyxke 3pydyHa aist poOOTH 3 DPI3HHUMHU
BEPCISIMU OJTHUX 1 TUX K€ MOJYJIB, JIJIsl CTBOPEHHSI MPOEKTIB, y AKUX "Bce 3 cO0010", SIK1 HE 3allekaTh
BiJI ONepaIiitHoi CHCTEMH.

CSS ¢peiimBopk Materialize — cipo6a cTBOPUTH yHiBepcaIbHUI IHCTPYMEHT ISl IIBUIKOTO
MIPOTOTHITYBaHHS iHTepdeiicy web-mporpam, ciiayroun igeonorii koHmenty Material Design. Bys
po3pobnenuit B Google. J1o3BoJisie CTBOPIOBATH aIaliTUBHI CaliTU. PO3pOOHUKH PO3ALINIIH €JIEMEHTH
Ha JIBi OCHOBHI TPYIIU: «KOMIIOHEHTH» Ta «MOOUIbHE». B KOXHIH Tpymi MOXKHa 3HAHTH BEIUKY
KUIBKICTh TOTOBUX KOMIIOHEHTIB, B OMHKCI KOYKHOTO 3 HUX CKa3aHO, B IKMX BUMAJAKaX 1 K HOro Kpare
BUKOPUCTOBYBaTH. He3Bakaroun Ha BEJHMKY KUIBKICTh KOMITOHEHTIB, ()peHMBOPK Ma€ MPHUEMHY
a”IMaLiro.

Python Imaging Library (PIL) — Giomioteka Python crBopena s poOOTH 3 pacTpoOBOIO
rpadikor. Po3pobka 6i6miorekn npusynuauiaacs me B 2011 pomi. ITicas uporo 3’sBUBCS MPOEKT
Pillow, € ¢popxom PIL. Bin po3BuBaeTbes 10 CUX IMip 1 BKIOYae B cede miarpumky Python 3.x . 3
gacoM 1ei Gopk OyB MpUMHITHUN B SKOCTI 3aMiHM OpPUTIHAIBHOI O10TIOTEKH 1 BKIIIOUEHUH B JIEsK1
nuctpudytuBy Linux.

Sklearn — ne BimkpuTe mporpamHe 3abe3mneueHHs (0i0Ti0TEKa) UIT MOBH MPOTPaMyBaHHSI
Python, sike Hajgae MMPOKUN CIEKTP IHCTPYMEHTIB Il MAlIMHHOI'O HABYAHHS 1 aHaI3y JaHUX.
Scikit-learn cTBopeHO Ha OCHOBI iHIIMX MoMyJspHuUX Oibmiotek Python, Takux sk NumPy, SciPy i
matplotlib, 1 BoHa € ofHi€el0 3 HaWnmomymsgpHIMX O10J10TEK AJi PO3pOOKH Ta 3aCTOCYBAHHS
JITOPUTMIB MAlIMHHOT'O HABYAHHS.

Leaflet — e mposigna JavaScript 6i0mioTeka 3 BiKPUTHM KOJOM JUIS iHTEPAKTUBHUX KaprT,
3pYYHMX JJI1 MOOUIBHUX MpPUCTPOiB. BoHa po3pobiieHa 3 ypaxyBaHHSM MPOCTOTH, IPOJTYKTUBHOCTI
Ta 3py4yHOCTI BUKOpUCTaHHS. E(QexTHBHO mpairoe Ha BCIX OCHOBHUX HACTUIBHUX 1 MOOUTHHHX
wiargopmax, Moxke OyTH pO3IIMPEHUI 3a JONOMOrorw 0araThboX IUIAriHiB, Ma€ TapHUM, IPOCTUH y
BUKOPHUCTaHHI Ta 100pe 3aokyMmeHToBaHuil API, a Takox nmpocTuii, yntabenbHU BUX1THUH KO/I.

3. ®opmyBaHHs iHopmaiiiHoi Moaei 00'€KTa J0CTiTKEHHS

Cucrema orpumye iHQOpMaIiO 31 CTaHLIA EKOJOTIYHOTO MOHITOPHHTY aTMoc(epHOro
noBiTps y micti JIbBoBi. [locTyn mo nanux, mo 30uparoTh I cTaHuii, Hajae maptHep. B pamkax
pob6oTr po3pobiieHo 3 ormilii 3aBaHTAKEHHSI IAaHUX B CUCTEMY:

® pyuHE JI0JIJaBaHHs 3alKCIB aJIMIHICTPATOPOM Uepe3 MaHelb aJAMIHICTPaTopa;

e mifcucTeMa (CKpHIIT), IO J03BOJsiE 3aBaHTaxUTH AaHi 3 CSV ¢aiimiB maHux craHIii
€KOMOHITOPHUHTY;

e qijcucTeMa (CKpHUNT), U0 aBTOMAaTHYHO MiAKIodaeTscs 10 APl mapTHepa Ta OHOBIIOE
JlaH1 B peXHUMI1 pealbHOIo Yacy JJIs 3aJJaHUX CTaHI[Il eKOMOHITOPUHTY.

B cucremy mnoTparuisitoTh JIMINE HOBI PSIKM, aJpKe CTaHIIl €KOJOriYHOro MOHITOPHHIY
YKOJTHIM YMHOM HE 3MIHIOIOTh BXK€ HajaHl fAaHi. B 6a31 qanux 30epiratoThCs JaHi Mpo cami CTaHIIii
€KOJIOTIYHOTO MOHITOPHMHTY Ta JaHi 3 HUX. TakoX JaHi B CHCTEMY MOKHA 3aHOCHUTH B PYYHOMY
pexuMI 4epe3 aHeb aAMIHICTpaTopa. bjoku cTaTHYHUX MmapaMeTpiB He 30epiraroThes B 0a3i JaHUX,
aJpKe BOHU HE3MIHHI.
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TakuM YWHOM cHUCTeMa OTPHUMYBAaTHME MaKCHMAJIbHO CBO€YacHy iH(opmario s
MOJAJIBIIIOTO aHaJli3y Ta BHUJAYl OIIHKKA CTaHY HaWBAKIIMBINIOLI JJIS JIFOJCHKOI >KHTTEIISIIBHOCTI
cdepu TOBKLLISA, TOOTO aTMOC(HEPHOTO MOBITPSI.

BaxnmuBuMH BXiJIHUMHU [apaMeTpaMu JUIsl CUCTEMH OIIHKA OyayTb 6 mapamerpis:
TeMIeparypa TOBITPs, BIJHOCHA BOJIOTICTh, aTMOC(GEpHUN THUCK, YacTKa BMICTY B TOBITpi
JIPiOHOIUCIIEPCHOTO THITY Po3MipoM | MIKpOH, 4acTKa BMICTY B MOBITP1 ApiOHOIUCTIEPCHOTO THITY
po3mipom 2.5 MIKpOHiB, 4YaCTKa BMICTY B MOBITPi APIOHOAUCIIEPCHOTO MYy po3MipoM 10 MiKpOHIB.

3arajpHy CXeMy CUCTEMH MOYKHA BiTOOPa3UTH HACTYITHUM YHHOM:

CTaH atmochepHoro nogirpsa

h h h h Y Y

Temnepartypa BigHocHa BonoricTe ATMOCHEDPHWH THCK pm1 pm2.5 pm10

Puc. 1. Cxema indopmariiitHoi Mozesni cucTeMu

TakuM 4YMHOM CTaH aTMOC(hEepHOro MOBITPSI MPOPAXOBYETHCS 3a CYKYIHICTIO CTaHIB ITUX
BXIJIHUX TTapaMeTpiB.

4. Po3poOjieHHs1 MoJeJi CHCTeMHM HAa OCHOBIi HeuiTkol JIOTiKM Ta ii mepeBipka B
cepenosumi MatLab 3 Bukopucrannsam Fuzzy Logic Toolbox

B nmanomy po3nini mpencTaBieHO adbTEPHATHBHY MOJENb JJIsl OIIHIOBAHHS CTaHy SIKOCTI
aTMOC(epHOT0 MOBITPsI HA OCHOB1 HEYITKO1 JIOTIKH.

Jlyig ipeicTaBiaeHHs BX1IHUX 1 BUX1IHUX MMapaMeTpiB HEUITKOI Mojienl Oysio oOpaHO TPUKYTHI
(GyHKIIIT HAJIEKHOCTI.

Hnst onucy BuxigHoi 3MiHHOI Oyno BuszHaueHo tepmu (low, average, high) ta mobymnoBano
BIIMOBIAHI PYHKIII HAJIEKHOCTI JIJIs1 KOKHOTO TTapameTpy.

s cipoieHoro onucy mojeni B cepenosuini MatLab Fuzzy Logic Toolbox 3 6 napamerpis
Oys10 06paHo 3 ocHOBHI. B camiii cucreMi BUKOPUCTOBYIOThCS BCi.

4. Fuzzy Logic Designer: cursova - O X

File Edit View

hurmidity \

XX -
(mamdani)

pm25

AR

pressure

‘ FIS Name: cursova FIS Type: mamdani
And method min o Current Variable
Or method e o ||[|-EE humidity
T it
Implication min “ D= b=
Range [0 100]
Aggregation max v
Defuzzification centroid ~ Help Close ‘ ‘

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

Puc. 2. 3apanHs BXiJHUX Ta BUXITHHUX MapaMeTpiB y cepenoBuiii MatLab
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Jns npuknany Ha puc. 3 mpeicTaBieHO (DYHKINT HaJeKHOCTI [UIs Hapamerpy «BiTHOCHA

BOJIOTICTE):

low

(]
T

hig

h

e =i [=1 )
{ Lo LN p=p ¥

" o

Puc. 3. ®yHKI1ist HANEKHOCTI MapaMeTpy «Bi1THOCHA BOJOTICTHY

fa'a!
LN

Omuinka BuUXiIHOI 3MiHHOT Ta nedaszudikaiis BiAOYyBarOTHCS 3a MpPaBHIAMU, 32 SKUMU BMICT
pm2.5 B TOBITpi — HaWOULIBII MpiOpUTETHA YaCTHHA, aTMOC(EpHHH THCK — MEHII IpPiOPUTETHA
YacTHHA, a BIJIHOCHA BOJIOTICTh — HAMEHIIIE BILUTUBAE HA OI[IHKY CTaHy aTMOC(EpPHOro MOBITPSL.

Ornuc mpaBuII JIOTIYHOTO BUBEICHHS NIPEICTABICHUN Ha puc. 4.

If (humidity is medium) and (pm25 is low) and (pressure is medium) then (air_quality is good) (1)
If (humidity is medium) and (pm25 is low) and (pressure is high) then (air_guality is medium) (1)
humidity is medium) and (pmZ25 is low) and (pressure is low) then (air_quality is good) (1)
humidity is medium) and
humidity is medium) and
humidity is medium) and
humidity is medium) and (pm25 is high) and (pressure is low) then {(air_quality is poor) (1)
humidity is medium) and (pm25 is high) and (pressure is medium) then (air_quality is poor) (1)
If (humidity is medium) and (pm25 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_quality is medium) (1)
12. If (humidity is high) and (pm25 is low) and (pressure is low) then (air_guality is good) (1)

If
If
If
If
If
If

Oom N oM R W N

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 (humidity is hioh} and (em25 is hioh) and (pressure is low) then (air_ouality is poor) (1)

pm25 is medium) and (pressure is medium) then (air_quality is good) (1)
pm25 is medium) and (pressure is low) then (air_quality is medium) (1)
pm25 is medium) and (pressure is high) then (air_quality is medium} (1)

(
(i

13. if (humidity is high) and (pm25 is medium}) and (pressure is medium) then (air_quality is medium) (1)
(

If and and
humidity is pm2s is pressure is
medium medium
medium high high
none none nong
v W
[Onat [Onot [Onot
Connection Weight:
Cor
®) znd 1 Delete rule Add rule

Change rule

Then

air_quality is

not

Puc.4. HabGip npaBui1 TOTIYHOTO BUBEICHHS

['padiuHe npeacTaBIeHHS MPaBUI MOJENI:
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humidity = 50 pm25 = 100 pressure = 750
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Input: 150:100:750]

Plot points: 194 HMM: left ‘ right | down ‘ up |‘

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

Puc. 5. I'padiune npeacraBieHHs mpoiecy

5. Po3po0bienns Mojaeni 1Jisi BUBHAYEHHSI iHAeKCY SIKOCTI aTMocepHOro moBiTpsi Ha
OCHOBi MAIIIMHHOT0 HABYAHHS.

3a OCHOBHUH alTOPUTM BU3HAUEHHS 1HAEKCY SIKOCTI aTMOC(EpPHOTro MOBITPs OyJI0 BUPIIIEHO
B3SITH CUCTEMY MAIIMHHOTO HaBUaHHS 3 BUKOpHCTaHHS Moayis Scikit-learn, abo npocro sklearn.

Jlyia TpeHyBaHHS Ta OLIHKH MOJIENI MAaIIMHHOTO HAaBYaHHS MOTPiOEH BETMKUN 00CAT JaHHMX
[4]. 3a ocHOBY Bi3bMeMO iH(OPMAIIiIO B3STY 3 BIAKPUTUX JHKEPET MOHITOPUHTOBUX CTaHIIHN y MICTi
JIbBOBI.

Cupi (HeoOpoOJIeH1) JaH1 BUIIISIAl0Th HACTYITHUM YHHOM: KOXHY XBUJIMHY a00 /1Bl XBUJIMHU
cucrema 30epirae 6 OCHOBHMX mapamerpiB: pml, pm25, pml0, Temmeparypy, BOJOIiCTb Ta
aTMoc(hepHUil THCK

device id,phenomencn,value, logged at,value text
1864¢,pml,16.3571,2021-08-14 01:28:00,NULL
18¢4¢e,pm25,21.928¢,2021-08-14 01:28:00,NULL
18¢64¢,pml0,23.928¢6,2021-08-14 01:28:00,NULL

l8ede, temperature, 18.5685,2021-08-14 01:28:00,NULL
18ed4¢, humidity, 54.5096,2021-08-14 01:28:00, NULL

18646, pressure pa, 984267.9263,2021-08-14 01:28:00,NULL

Puc. 6. «Cupi» naHi 3 cTaHIlil €EKOMOHITOPUHTY

Jlyia HaBuaHHS BI3bMEMO JaHi 3a 2-4 poKHM 3 JEKUIbKOX PI3HMX CTaHIM Ta 00’elHaeMoO iX B
oauH HaOip naHux. OTpuMyeMo Habip AaHux, mo wmictute 17 810 823 3amucis. Ilicns mporo
3poOMMO ACKITbKA MAHIMYJISIIIIN JIJIS MATOTOBKU JAHUX: BUAAJIMMO yCi yOiKaTH 1o O13HEC-KITovy,
nepedMeHyeMO JesiKi KOJIOHKM, IMPHBEIEMO OJMHMII BUMIpYy B OUIbII 3po3yMiamii ¢opmar Ta
3aII0BHUMO BiICYTHI JIaHi.

HactynHuM Ba>kiMBUM KpOKOM € orepalis Pivot — po3Bepranns tabnuii. Tak sik 3apa3 naHi
npencrasieHi B popmari 1 psgok — 1 yHikampHUM 3aMip EBHOTO BXiAHOrO napamerpy. O0’enHaeMo
1€ 32 CTaHII€I0 Ta YacoM 3aMipy. OTpUMaEMO HACTYIMHMI HAOIp JaHUX, Je KOKEH PAJIOK — e 3aMip
yCiX 6 BXIJIHUX TapameTpiB NMEBHOIO CTAHINEI B MEBHHUM Yac. 3a paxyHOK IIbOTO pO3Mip HabOpy
naHux ckopotuscs a0 3 070 260 3anucis.
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v station humidity pml temperature

Puc. 7. O6’eqnani gaHi 151 KOXKHOTO 3aMipy

Ha npomMy erami y Hac € rotoBuil Habip JaHUX BXIAHHMX MapaMeTpiB, ajue AJis TPEHYyBaHHS
MoJieNli TOTPIOHO TaKOX BU3HAYMTH 1 LUIBOBUI MapaMeTp, SKUH Mojaenb Oylae HamaraTHCh
nepen6ayntu. J{s 1bOro 3a JOMOMOTOI0 TEBHOTO AJITOPHUTMY HEYITKOI JIOTIKHM IOPaxyeMO iHJIEKC
SKOCTI aTMOC(EPHOTO MOBITPS I KOKHOTO PSAIKA IMiArOTOBaHUX AaHUX. OTpPUMaeMO HACTYIMHHI
(hiHaBbHMI HAOIp TaHKX:

emperature_label humidity_labe e pml_labe 8_labe pm25_labe

Puc. 8. dinanbanii HaGip JaHUX JJIS TPEHYBAHHS MO

[licnss oTpuMaHHsS TrOTOBOro HalOOpy JaHUX, pO3AUILEMO HOr0o Ha TpPEHYBAJIbHUN Ta
TecTyBallbHUN HaOip. TakoX A Kpamoro pe3ysbTaTy TpeHyBaHHsS, oOpoOMMO JaHi 3a METOA0M
StandardScaler [5]. Cam Scaler 36epexxeMo sik (aiin 715 TOAaNbIIOT0 BUKOPUCTAHHS MOJICIII.

Tak sk 3aBIaHHAM € MepeadayuTH OJUH YHMCIOBUN MapaMeTp Ha OCHOBI 1HIIMX YHMCIOBUX
rapameTpiB — 1€ HaWOIbII €TaTOHHUHN MPUKIIAL JiHIHHOI perpecii. OTxke, CTBOPIOEMO 00’ €KT KJ1acy
LinearRegression 0i6miorekn Sklearn Ta TpeHyeMO 1 OIIHIOEMO MOJEIb Ha IOMNEPEIHBO
IMiIFTOTOBAaHUX HA0Opax JaHUX.

LinearRegression

LinearKegression(n_jobs=1000)

Puc. 9. Ilpornec TpenyBanHs Mol
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@DiHaTBbHUM €TaroM € OI[iHKa TOYHOCTI MPOTHO3YBAaHHS MOJIENI BUKOPHCTOBYIOYH HaHOIIBII
MONYJISIPHI aJITOPUTMH JIUIS IUX IT1ICH.

Puc. 10. Pe3ynbratu orinku Mojiei

OcTaHHIM KpOKOM € 30epeKeHHS HaTpeHoBaHOI Mozeni B dain ans MOAANBIIOro

BUKOPUCTAHHSA ii B 1HIIMX KOMIIOHEHTaX CHCTEMH, B TOMY YHCJi, B SKOCTI OEKEeH]] YaCTHHH Ha BeO-
CaMTI.

Puc. 11. 36epexxenHs mozeni B (paiiin Ta mogasibiia BUUUTKA 11 3 bOTO (haitmy

6. Onuc cTPyKTYPHOI MoJei cHCTeMH

Cucrema ckianaerbes 3 6 mapamerpuzoBanux html cropinok. ['omoBHoto € index.html, Bona
* Main page, 3 sIKOT MOXHa MOTPANUTH HA CTOPIHKHU APYrOro MOPSJIKY B iepapXii. 3 KOKHOT CTOPIHKU
MOXHa OJipa3y TMEpPEeHTH Ha TOJOBHY CTOPIHKY J@HUX 3 CTaHII, 0 METOJOJOrii pO3paxyHKIB,

CTOPIHKY 3 iH(popMaIli€el0 Npo pPO3pOOHMKIB, CTOPIHKY 3 MaloOl CTaHLii Ta CTOPIHKY 3
KaJIbKYJISITOPOM 1HAEKCY SIKOCTI MOBITPSL.

Main page

[ I

Stations

Cards with stations
data

Calculations

About us

Map with stations
data

Puc. 12. CtpykTypHa MOJI€Th CUCTEMU
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Iarepdeiic KopucTyBaua BUKOHAHWN B MIHIMAJIICTUYHOMY CTWJII, Jajli HaBEACHI NMPHUKIAIH
BAOKJIMBUX CTOPIHOK calTy. Takoxk, cekmii header ta footer — 1ie equHuit MadI0H I YCIX CTOPIHOK.
CaliT KOpPEeKTHO aJanTOBaHWM JuIs POOOTHM Ha PI3HUX THUMAX TPUCTPOIB, yci Meaia-00’eKTH

3aJIUIIAI0THCS YITKUMHU Ta YNTAOETbHUMU Ha OYyJIb-IKOMY NPUCTPOT

0 ECIJITIIJI'lifIJI" CraHuii  Mana  Kanbkynatop  Po3paxyHku  [po Hac

3apas y MicTi JIbBiB 4ys0BUIA
CTaH atMochepHoro nosiTpa!

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

®: Temneparypa: 27.874 (C)

@ BiaHocHa sonoricTs: 32.934 %
® Tuck: 986.09... rMa

& pm1: 2.286 mkr/m®

 pm2.5: 3.581 mkr/m*

& pm10: 11.16 mxr/m?

lpadik 3MiHM AKOCTI NOBITPA 3@ OCTaHHI 24 rOANHN:

s |

Puc. 13. InTepdeiic o0CHOBHOI CTOPIHKHU BeO-CaliTy
o Ecﬂmonll'[)r CraHuji Mana Kanekynatop Po3paxyHKu MNpo Hac

CTaHLil eKOMOHITOPUHTY

IHdopmMalia Npo cTaHUil Ta oCTaHHI AaHi 3 HtX

CTaHUiA eKOMOHITOPHHIY CTaHUiA eKOMOHITOPUHTY
N218646 * N218659
JlaHnx 3 uiel cTaHuil He

O [lani oHoBAEHO: 3HaiiaeHo
18.11.2023 15:25

#® Temneparypa: 27.874 (C)

@ BiarocHa sonoricTs: 32.934
%

® Tuck: 986.09... Ma
S pmil: 2.286 mkr/m®
© pm2.5: 3.581 mkr/m’
& pm10: 11.16 mkr/m*

CraHuia eKOMOHITOPHHTY
N216732

pmian [aTpa Bopssscsxora 28

Puc. 14. InTepdeiic cTOpiHKH 3 CTAHIIIMU Ta OCTAaHHIMH JTaHUMU 3 HUX
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o EEUFI'IUI'IIfDr Cranuji Mana HanerynaTop Po3paxyHKrK MNpo Hac

Kanbkynatop skocTi nositps

3a AONOMOrQi0 UbOro KaNbkKyNATOPa BM MOXETe BPYUHY po3paxysaTi iHAeKC AKOCTI NOBITPA
£ o = ® = [
& & s

Yyaosuid cTaH atTmocdepHoro
nositpsa!

Puc. 15. IHTep(beﬁc CTOpiHKI/I 3 KAJIBKYJIAITOPOM BPYUYHY BBCACHUX JAHUX
0 Ecumﬂn"’ﬂr CraHuii  Mana  Kanokynatop  PospaxyHku  [lpoHac

Mana cTaHLii EKOMOHITOPUHTY

——

Puc. 16. InTepdeiic CTOpIHKH 3 MAIIOK0 CTAHIIIMA

Kanbkynatop aKoCTi NOBTips

3a AOMOMOroH UbOTo KanbKyIATOPa B MOXETE BPYUHY PO3paxyBaT iHAeKC AKOCTI MoBITPA

‘@ 5o d 1o : @ o)

Value must be less than or equal to 100 |

&S S

[©] PO3PAXYBATK

Puc. 17. Baniganis ganux metofoM intepdeiicy



Kanbkynsatop sKocTi NOBTips
3a AOMOMOrOH LbOro KanbKyaaTopa BU MOXKETe BpYUHY pO3paxyBaTu iHAEKC AKOCTI MOBITPA

Temneparypa

. = O Bonorics @ Twck (Ma) & pm1

Pleaze fill out this field. |
%ﬁ e & o

PO3PAXYBATH

Puc. 18. IlepeBipka 3armoBHEHOCTI TOJIIB

Sk mokazaHo Ha puc.17-18, Ha caifTi TakoX NPUCYTHS BaJliJamis JaHUX Ha CTOPOHI
KOpUCTyBava, BOHa 3po0JIcHA JIMIIE JJIsl TOTO, MO0 TMOKa3aTh KOPUCTYBady MpaBWIBHUN (opmar
JMaHWX, IO OYIKYEThCS CHCTEMOIO. TakoX, yCi JaHi Tepel BIAMPaBKOI 3allUTy Ha CepBep,
OYMINAIOTHCS Bl MOMJIMBOTO MIKIJJIMBOTO KOAY Ta CIEHiaJbHUX CHMBOIIIB, IO HE OYIKYHOTHCS
CHCTEMOIO.

7. Onmc cTpyKTypH 0a3M JaHUX CHCTEMHU

Ha puc. 19 300pakeHo KOHIENTyalbHE BioOpaXkeHHS 0a3u JaHMX, 10 Oyae BHKOpHCTaHA
npu 1oOynoBi cuctemu. [Ipu mpoexTyBaHHI Oysi0 BUKOPUCTAHO IpaBHJIa NPUBEICHHS JIO TPbOX
HOpMaJTbHUX (OPM, OCKITBKM KOXHE Mmoje B 0a3l JaHWX MICTUTh OJHE aTOMapHe 3HAYCHHS,
aTpubyTtu B Tabmuuax 0a3uW JaHUX 3rPYHOBaHI pa3oM JIOTIYHO Ta HE MArOTh TPAH3UTHUBHUX
3aJIEKHOCTEN OJHE BiJ OJHOTrO.

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 qaHux

B 0a3i gaHux € 2 0oCHOBHI Ta0IUIII.

Station — TabmuI, 110 BUKOPHUCTOBYETHCS IS 30€piraHHs JaHWX PO CTaHIIli €KOJOTIYHOTO
MOHITOpUHTY. BoHa MicTHTB B c001 HacCTyIHI aTpuOyTH:

e station_id — inenTrdikaTop craHiii;

e title — HasBa cranuii;

e address — azjpeca cTaHilii;

e provider — Ha3Ba mapTHepa, 10 HAJIA€ JaHi;

e |lat — reorpadiuna mmpoTa craHIii;

e long - reorpadiyHa qOBroTa CTaHILii.

AirPollution — Tabnurs, 1110 BUKOPUCTOBYETHCS /ISl 30€piraHHsT CUPUX JIaHUX, SKI HAJXOMSATh
3 CTaHIIIM €KOJIOTTYHOTO MOHITOPUHTY. BOHa MICTUTh HAaCTyMHI aTpUOyTH:
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e station_id — inenTudikarop craniii, 3 Kol 0yJ0 OTPUMAaHO JaHi;

elogged_at — nara ta yac 3amipy JaHUX CTAHILE;

e temperature — temneparypa;

e humidity — BiHOCHA BOJIOTICTB;

e pressure — arMochpeHuii TUCK;

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

¢ pm10 — yacTka B mOBITpi ApiOHOaMCTIEPCHOTO MITY po3MmipoM 10 MikpoH;

® pM25 — yacTKa B MOBITPi APiOHOJUCTIEPCHOTO MUITY PO3MIpOM 2.5 MIKpOHa;

®SCOre — iHAEKC SKOCTI aTMOC(EpHOro MOBITPsA, IIO0 ABTOMATHYHO PO3PAXOBYETHCS NpPHU
BHECCHHI JJAHUX B CUCTEMY,

Takox B 0a3i JaHUX MPUCYTHI CUCTEMHI TaOJMI, sIKi 30epiraroTh JaHi nMpo 3MiHy cxemu bJ]
Ta TaOIUIA 3 00JIKOBUMH 3allMCaMHU a/IMiHICTPATOPIB.

baza nmanux cTBOpro€Thbcs Ha cepBepi 3a gomomoror Django. CtBopeHHs 0azu JaHHX
MPOBOAMTHCS aBTOMAaTHYHO Ha ocHOBI Django ORM (Object-related model). To6To po3pobHHK
OIUCYE KJIacH, X aTpuOyTH Ta 3B’A3KU MK HUMH, a Django ORM BiATBOpPIOE yCIO OIUCAHY JIOTIKY Yy
camii. CYB/l. Lle 3HauHO mnpumBHIAIIYE pOOOTYy pO3pOOHMKA Ta 3HIMAE 3 HBOTO YACTHHY 3
CTBOpPEHHSM Ta ynpaiinHsaM b/l

3arasiom, B CHCTEMi peani3oBaHi HACTYIHI (DYHKIIIOHAIbHI BUMOTH: MOXKJIMBICTD aHATi3yBaTH
Ta OIIHIOBATU CTaH aTMOC(HEPHOro MoBITPs y MicTi JIbBOBI 3 BUKOPUCTAHHSM €IEMEHTIB MAIIMHHOTO
HaBYaHHS; MOMJIMBICTh TEPETIISY ICTOPUYHHUX JaHUX Ta MOMJIMBICTH Bi3yaJIbHOTO IMPEICTABICHHS
PETPOCIEKTUBHUX JAHUX; MOXKIIUBICTh arperyBaTH JaHi 3 JEKUTbKOX Pi3HUX CTaHLIA MOHITOPUHTY
JUTSE MAKCUMAITBHOT 00’ €EKTUBHOCTI; MOXJIMBICTh PYYHOTO PO3PAXYHKY 1HIEKCY SKOCTI aTMochepHOro
MOBITPSI; HASBHICTh (PYHKLIOHATY JUIsl TMEperjisily JaHUX KOHKPETHOI CTaHIli; HasBHICTb
GbyHKIIOHATY ISl IEPEerJIsiAy Many CTaHIiNd; MOKIIUBICTh HAIIOBHIOBATH CHCTEMY JaHUMH B PEKUMI
peanbHOro 4acy,

3aranoM, po3po0sieHa CUCTeMa IOTOBa /10 BUKOPUCTaHHS Yy pealbHMX yMoBax. PesynbTaTu
poO6OTH MOXYTh OyTHM BHMKOPHCTaHI MICIEBHMMH OpraHaMy BIaJW Ta IHIIMMH 3alliKaBICHUMH
CTOPOHAMH ISl TIPUHHATTS pIlIeHb MO0 KOHTPOJIO 3a CTAaHOM aTMOC(EpHOTO TMOBITPS Ta
MOKPAIIEHHS €KOJIOTIYHOI CUTYAIlil B pErioHi.

1. Monimopune ooexinns: niopyunux | [Boconobos B.M., Knumenko M.O., Mokin B. b. ma
in.]; 3a peo. npogh. B.M. Bozoniobosa. Buo. 2-ee, nepepoon. i donosn. — 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 wuaiikpawux 6ioriomex Python ons mawunnoeo nasuamns ma III". [Enexmponnuil
pecypc]. — Peacum oocmyny: https://www.unite.ai/uk/10-best-python-libraries-for-machine-learning-
ai/
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BE3IIEKA JOBKIVIJIA ¥ BYIVIEBUJTOBYBHUX PEI'TOHAX: .
HACJIAKA ABIJIBHOCTI TA EKOJOITYHI TPOBJIEMH TEPUTOPIN
(HA ITPUKJIAAI JIBBIBCBbKO-BOJIMHCBKOTI'O BYT'IVIBHOI'O BACENUHY)

Onekcrok I'anna

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuikay»
M. Jlvsie, Ykpaina

h_oleksyk@ukr.net

Ilonaouneuv Hazapiu

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuikay
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, 2e02paiuni, MexHIKO-MexXHON02IUHI,
2e0102i4Hi  nioxoo0u 00 npoyecy nio3emMHo20 8udobymky eyeinia y Jlvsigcvko-Bonuncvkomy
gyeinbHOMY Oacelni. Buokpemieno npobiemu exkono2iyHo2o Xapakmepy, 5AKI SUHUKIU BHACTAIOOK
excnayamayii  pooosuwa  bacetiny, 30Kpema Cc@OpMOBAHO OCHOBHI HANPAMU  3A0PYOHEHHS.
HABKOIUUHBO20 NPUPOOHO20 Cepedosuuya, OOIPYHMOBAHO IX KOMNIEKCHUU 6WIU6 HA OO0BKILlA
mepumopii HaceleHux NYHKMie ma 8y2inbHozo peziony 6 yinomy. Cgopmosano nponosuyii w000
WNAXI68 NOOONIAHHS eKOJI02IYHUX NPOONEeM, 36EPHEHO Y8a2y HA BANCTUGICIb NPUUHAMMSA 0epHCAHUX
cmpame2iyHuxX OOKYMeHmMI8 PO38UMKY eHepeemuyHo20 cekmopa YKpainu, 30kpema 0isi NOOOIAHHS
eKOJI02TUHUX NPOOIeM MUHYI020, CMPAMEIYHUX PIUEHb CMOCOBHO MAKCUMANbHO20 CKOPOYeHHs
BUKOPUCMAHHS 8Y2LlIA 8 eHepeemuiHoOM)y CeKmopi, wo 3abe3neuye 30epexcenHss HABKOIUUWHBO2O
NpUPOOHO20 cepedosuiya.

Knrouoei cnosa: Jlvgiecvko-Bonruncokuil yeinvHuil 6acetin, eKono2is, y2ilbHUll pe2ioH,
8y21e6U000Y8HI NIONPUEMCMBA, NPOOIeMU, pPeCmpPYKmypuzayis, Cnpageoiusa mpaHcgopmayis,
mepumopianbHi 2pomMaou, KOMIIEKCHUL CUCeMHUL Ni0Xi0, npodIeMHO-npiopumemHuLl nioxio.

BiguyTHi mpobiemMu po3BUTKY BYTUIBHUX PETiOHIB KpaiHU Ta €HEpreTHYHOI raiysi KpaiHu
BUHUKIIU II¢ B KiHII 80-X POKIB MUHYJIOTO CTOJITTS, Y TOW Yac KOJIM BYIJIEBUJIOOYTOK B YKpaiHi
nocsr Haiiounsmoro miky. [lompu me, HalOUIBIIOrO 3aroCTpeHHs HAaOYJNIM MUTAHHS COLIAIBHOTO
3aXUCTY TIPHUKIB, MPOSIBU HETaTUBHOTO BIUIMBY Ha 370pPOB’A SK CAMUX MpAalLlIBHUKIB IIAXT, TaK 1
MEIIIKAHIIB HACEIEHUX MyHKTIB y 30H1 BYIJIEBUJO0YTKY, 1110 MOB’A3aHO 13 HE33aJOBUIBHIUM 3aXHCTOM
HaBKOJIMIITHBOTO TIPUPOJHOTO CEpPEeIOBUINA, BHACIIIOK YOTO MOCHIIIOBATAach €KOJIOTiuHa HeOe3neka B
PETioHi.

PazoM 13 MM HapoCTaHHsS Ta 3aroCTPeHHs MPoOJeM BiJ HACHIIKIB MiJ3€MHOT0 BUJIOOYTKY
BYTUUIJIL HAPOCTAE 13 MOYATKOM peastizallii mporpamu 3aKpUTTS HEMEPCIEKTUBHUX BYTUIBHUX INAXT,
Ky BTUIOBaB MiHByrienpoM Ha moyaTky 90-X pOKIB MHMHYJIOIO CTOJITTSA. 3aKpUTTS IIAXT HE
BUpIIIye TPSMO €KOJIOTIYHI MpoOJieMH, $Ki CTBOPIOIOTHCSA Yy TpOIECi BYIJIEBUIOOYBAaHHS Ha
KOHKPETHIH JIOKaapHIN TepuTopii. [loripiieHHst eKoJoTIuHO1 CUTYaIlli TOMHUPIOETHCS 1 IEPEPOCTAE y
perioHaJbHUN piBEeHb, KOJIM 3MIHU OXOIUIIOIOTh HE TUIBKU MOBEPXHEBI KOMIIOHEHTH JIaHAIA(TIB
(TpyHTH, POCIMHHICTB, BOJAA), a TPAHC(HOPMYIOTHCSI HA OCHOBHI CepH KUTTENISITBHOCTI CYyCIIBCTRA.
Exonoriuna npoGiiema cTa€ KOMILJIEKCHOIO, MIPU IIbOMY OKpeMi KOMIIOHEHTH MOXKYTh ITiJ[IaBaTUCh
BIIHOBJICHHIO (PEKYJIbTUBAISl 3€MeJb, POCIWHHICTH TOINO), ajie y OUIBIMIOCTI — Ie MpoOsieMu
CHCTEMHOT'0 ITMOOKOTO XapakTepy, SIKi CYTTEBO 3MIHIOIOTb OCHOBHM PO3BUTKY y cepi eKOHOMIKH,
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COIII0JIOT11, MOTPeOYIOTh HAYKOBUX JIOCIHI)KEHb Ta CIIOCTEPEKCHh Ha IHHOBAIlilHIi OCHOBI, IO Ja€
MOXJIMBICTh TepeadadaTt OiIbIl HEraTHBHI HACTHIAKM Yy MalOyTHbOMY, a00 CTBEp/KYBAaTH TPO
cTabii3amio I MOJANIBIIONO CTAIOI0 PO3BUTKY TEPUTOPIi.

Merta nocmiJKeHHS — PO3KPUTH Ta CHOPMYBATH OCHOBHI XapaKTEPUCTUKU KOMILICKCHOI
€KOJIOTIYHOT TpOoOJieMH Yy BYTUTBHOMY perioHi JIBBIBIIMHM B KOHTEKCTI €KOJIOT0-€KOHOMIYHOT
MOMITUKU Y KpaiHH, PEriOHaILHOTO Ta MICIIEBOTO IMIXOMY /0 ii BUPIIICHHS.

Excrmyarariiss ByriIbHUX MIAXT 3aJIeXKaTh BiJl HASBHOCTI BUYEPITHUX, HEBITHOBIIOBAIBHHUX
IPUPOJHUX IIJ3€MHUX KOPHCHUX KOIAIMH, SIKI IONEpPEIHbO PO3BIAAHUX Ta BU3HAYEHUX JUIA
BU00yBaHH:. PO3riissHEMO KOPOTKY iCTOpHYHY, TreorpadiunHy Ta TeoJIOTi4Hy OCHOBY, LIO MOCITYKHIIA
(hopMyBaHHIO TEPUTOPIATLHO-BUPOOHUYOTO KOMIUIEKCY — JIbBIBChKO-BONMHCHKHMIT BYTriIbHUN
OaceiiH, SKUH pO3TAIIOBAHWI Ha MIBHIYHOMY 3aXxojl YKpaiHu y BepxHid Teuii pik 3aximHuii byr.
Pazowm i3 ium Gaceiin y mexax JIbBIBChbKOI Ta BoMHCHKOT 001acTel € MiBACHHO-CX1IHOK YaCTHHOIO
JIrobniHCBKOTO ByTibHOTO Oaceiiny Ha Teputopii [lonbui.

3aranpHa mioma JIbBiBCcbKO-BoaMHCBKOrO ByrinbHOro OaceiiHy cranoButh 1400 kB. KM,
npoTsokHICTIO 190 kM, mupuHOO 60 kM. JlOCTIDKEHHS TOKIAIIB KaM SHOTO BYTULIS Ha IIiH
TepUTOpii PO3MOYANIUCH 1€ HAa MoYaTKy 20-r0 CTOJITTS MOJIbCBKUMHU BUEHUMH Y rajry3i IeoJiorii, fani
npopoBxmwiuch B dacu icHyBaHHsS CPCP, i Timeku y 1931 pomi Oyno miaTBEpIKEHO HasSBHICTD
rajbKu KaM’ ssHOBYT'UIbHUX nopia. 3rogoM y 1938-1939 pokax nourykoBi OypiHHsS HaOyJIu aKTUBHOCTI
Ta CTBOpEHA CIIeliajbHa KOMICiSl TeOoJIOTiB Ta MignpueMcTBO «JIbBIBBYIIIEpPO3BiKa», podOTa SIKOI
Oyna nmepepBaHa BifHOIO, ajie BIJHOBJIEHAa Yy MiciAsABoeHHMM Tmiepion. IlomykoBi reonoro-
PO3BiqyBalIbHI POOOTH Ay MO3UTHBHHUNA PE3YNIBTAT, IO MiJTBEPANIO MOXKIUBICTh Ta JOIUILHICTH
PO3pOOIIeHHsT BYTUILHOTO POAOBHINA Ta OYAIBHUIITBA B MEXaX MOro TEPUTOPIN BYTUIBHUX IIAXT, 110
€ TI0YaTKOM 1 3HAYHHUM JIOCSTHCHHSIM B TaJTy3i BYTiJIbHOI T€OJIOTII, 1 SIK pe3ysbTatr BiAKpUTTS y 1949
poui JIbBiBchbKO-BonnHCBEKOrO BYrinbHOrO OaceiiHy i OyIIBHUIITBO OKPEMHUX BYIJIEBHAOOYBHUX
nianpueMcTB - maxt.llepmi ToHn Byrimis Oynu BuAaHi Ha-Topa B KiHII 1957 poky Ha omHii i3
30yOBaHUX Ta BBEJEHHMX B EKCIUTyaTallilo IIaxT. 3rojJ0M po3Modajach €KCIUIyaTallis 1HIIMX,
30kpeMa octaHHs 12-ta maxta Ne 10 «BemukomocTiBebkay (HuHI — maxta «CTemnoBa» po3royvala
cBoto poboty B KiHIi 1978 poky. Ilaxtu JIbBiBmnHU Ta maxtd Bomuni (9 maxr), LleHTpanbHa
30arauyBasibHa pabpuka «YepBoHOTpaChKay, JOTIOMIXKHI MiAMPUEMCTBA Y cdhepi aBTOMOOUTLHOTO Ta
3aJI3HUYHOTO TPAHCHOPTY, OYAIBHHUIITBA, MOHTaXY 1 HajaJku OOJaJHAHHS, KOHTPOJIO SIKOCTI,
couianpHOi cepu Ta iHII Oynu 00’eAHaHI y HaWOUIbIIe Ha 3axoAl YKpaiHM MiJNPHUEMCTBO —
Bupo6unue 06’eqHaHHsA «YKp3axiABYriuisa». 3rofoM B KiHIi 90-X pokiB 3a3HayeHe MiJIPUEMCTBO
OyJ0 peopraHizoBaHe IUIIXOM CTBOpPEHHs Ha Horo 0asi [lep:kaBHoro mianpuemMcTBa «JIbBIBBYTULIS
Ta Jlep>kaBHOrO MiANpUeEMCTBAa «BOTMHBBYT LS.

Oxpema yacTUHA JIOCHIKEHb MPUPOJHUX pecypciB Ta YMOB JIbBIBCHKOI 00JacTi, y TOMY
MOKJIAJIB KaM STHOTO BYT'ULIS, BHCBITIIOETHCS Yy MpallsiX CydacHUX BUEHHX, 30kpema M. Hazapyka,
JIe 3a3HAYAETHCS, [0 KaM siHE BYTULIS po3po0JIsiioTh B Mekax JIbBIBChbKO-BOIMHCHKOTO BYTUJIBHOTO
OaceiiHy, KMl € MIBAEHHO-CX1IHUM NpoJoBkeHHAM JlroOmiHcekoro Gaceiiny (Ilonbma). ¥V periosi
pO3MIIIEHO JBa 3 TPhOX reosioro-mpomucioBux paioHiB (I'TIP) Oaceliny: Yepgonoepaocvkuii
(3a0y3pke, Cokambchke 1 Mexupidancbke pogoBuma) 1 Iligdenno-3axionuti (TarmiBceke 1
JlroGenncke pomouma) [1].

Jns  Ounbmr  rMOOKOro pPO3yMiHHS MNPOOJEM 3aXUCTY HaBKOJHUIIHBOTO MPUPOJHOTO
Cepe/loBMINA, II0 MAalTh Miclle Ha TepUTOpisix BIUIMBY JIbBIBCbKO-BOIMHCHKOTO BYT1LJIBHOTO
OaceiiHy, HEOOXiIHO pO3IJIIHYTH TeOJOriuHy OYyAOBY BYTUJIBHMX IUIACTIB 3a KIJIbKICHUMH Ta
SKICHUMH MOKa3HUWKaMH. ByrinbHi mactu OaceifHy 3a CBO€IO MOTYXKHICTIO HajleXaTh /10 Kareropii
NEPEeBAXHO TOHKHX, PIJIIe CepeHiX, HEBUTPUMAHUX, BUTPUMAHUX 1 MOPIBHIHO BHUTPUMAHUX
CEPeIHBOI0 TMOTYXHICTIO pobounx TuractiB — 0,4-1,5 M, a TakoX TPAIUISFOTHCS IUIACTH OiTBIIOT
TOBIIUHU (3arajibHOI MOTyX)HOCTI) 1,5-1,9 M, 110 € HAlOLIBII MPOAYKTUBHUMU y OaceitHi.

3 METOI0 MOXJIMBOTO MEPCIEKTUBHOTO BUKOPUCTAHHS Y AKOCTI MajuBa rasy, 0 BUALISETbCS
y Tporeci MiA3€MHOTO BYITIEBUAOOYTKY, a TAaKOXX MOIMEpEHKEHHS HEOE3MEeKH IMi3eMHUX BUOYXIB,
BKJIMBI1 JOCTIHKEHHS 1010 Ta30HOCHOCTI BYT'UIBHUX TUIACTIB MOCTIMHO 31HCHIOBAIHCH (haxXiBIIMH
Ta HAayKOBLSIMH BIATOBIAHOTO HAINpsMy, 3a KOMIOHEHTaMM CKJIaay Ta3iB y BYIVIEHOCHIH TOBIII
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BHOKPEMITIOIOTH 3 ra30Bi 30HU: 10 400 M — MeTtanoBoazoTHa, 400-500 — a30THOMETaHOBA, METaHOBA
— 500 ™M 1 HUXK4e, siKka nae 50-98% meTany, penita y HEBEIMKUX KUIBKOCTAX — a30T, BYTJICKUCIININ ra3,
KHCEHb Ta BOJICHB [2].

Buno6yTte Byriiis i3 Haap Ta MiJHATE HA MTOBEPXHIO SK MPABHUIIO € Y BUTJISAI TIPHUYOT MacH,
MOKAa3HUKHM SKOCTI SIKOI HE BIiANOBIAAIOTH BCTAHOBICHHUM IapamMeTpaM Jjsi BUKOPHUCTaHHA Ha
€JIEKTPOCTAHIIIAX YU K TMOOYTOBE MaIMBO, 110 MOTPeOye BiMMOBIIHOTO 30aradeHHs (BiIIiIJICHHS HE
BYT'UIBHOT MacH BiJi BYTUIIS 32 TEXHOJOTISIMH CyXOT'O Ta BOJIOTOTO Tpolecy). 30aradeHHs BYTUUIA
3MIMCHIOETHCS SIK Ha BIATIOBIAHMX TEXHOJIOTIYHMX KOMIUIEKCAX IIaxXT (MeXaHIYHHUH BiOip mOpoau),
ta Ha LleHTpanbHiii 30arauyBanbHiil (adbpuii «YepBoHoraaceka», moOyaoBaHiid B KiHui 70-X pokiB
MHUHYJIOT'O CTOJIITTSI.

[TponykT 30araueHHs (KOHIIEHTpAT) HAOyBa€ HAIKHHUX SKICHUX IIOKa3HUKIB MO0
30JIbHOCT1,BMICTY CIpKH, JIETIOUUX PEYOBHH, BOJIOTOCTI 1 TEIJIOTH 3rOPSHHS Ta BiBAHTAXYETHCS IS
noTped TEeIIoBOi €HePreTHUKH, a BIIXoau 30aradeHHs (IOpoja) CKIaay€eThCsl Y BiABAIU (TEPUKOHH)
Ta BOJIOT1 BIJCTIMHHUKHU (XBOCTOCXOBHINA). Pazom 13 1uM, HaJ3BUYAHO HEOE3NMEYHUMH € 3a3HAUYECHI
HAKOTIMYECHHS TiPHUYOMPOMHCIOBHUX BiJXOJIB, K MEPETropiii, TaK i CBIXI MOPOIU € HANOLIBIINMU
HAKOMUYyBayaMM XiIMIYHUX €JIEMEHTIB 1 3yMOBJIIOIOTH YTBOPEHHS aHOMAJii Ha MOBEPXHI HIAXTHUX
TEePUKOHIB [3].

Sx Bimomo, TexHoioris BUAOOYTKY Yy JIbBiBChKO-BoMHCEKOMY BYyTibHOMY OaceiHi
MOJKJIMBA JIMIIE TIA3€MHUM CIIOCOOOM, TakK SIK 3aJsiTaHHs BYT'UIbHUX IJIACTIB 3aXOIUTHCS HA TIHOWHI
B cepenubomy 400-500-600 M, mo He 103BOJsIE BUKOPUCTOBYBATH Kap €pHUN CHOCIO OCBOEHHS
ponoBumia. Ilim3emHuii crmoci® ByriieBUAOOYTKY —3OIHCHIOETHCS BHMMaHHSIM pOOOYHMX IUIACTIB 3
MMOBHUM OOBajoM OOKOBHX TMOpiJ, 13 3aCTOCYBaHHSM BYTJIEBUJOOYBHOI TEXHIKM Ta TEXHOJOTIH,
HasBHUX B MIANPHUEMCTB IS PO3POOKH TEBHOI TOBIIMHU IUTAacTiB. B iHmIOMYy BHmanky, mpu
BUI0OYBaHHI BYTULISA 13 HEBIAMOBIAHO TOHKOTO IUIACTY TEXHIKOK, IIO po3paxoBaHa Ha 1HIIY
MOTYXKHICTP IIACTa, 3IHCHIOETHCS IPUCIKAHHS TIPHUYOI IIOPOAX HE BYTUIBHOTO CKIIANY, IO 3HUXKYE
SKICTh BYTULIS, a00 K HaBMaKH, YaCTHHA MOTY>KHOTO IJIACTY 3AIMIIAETHCS B HAApaXx, K BiAMOBIIHI
BTpAaTH.

To6T0, Ha3BUYAMHO BaXXJIMBUM JJIs 3a0€3MEeUCHHs BYIJIEBUA00YTKY BIAMOBIIHOI SKOCTI Ta
3MEHIICHHS OT0 TEXHOJIOTIYHUX BTPAT Y IiI3€MHUX MOKJIAAaX, € BUKOPUCTAHHS BUCOKOC(PEKTHBHUX
TEXHOJIOT1H BiANpallOBaHHs HaJlp, SKI Halkpalie 3a0e3neuytoTh 30epeXeHHs 3eMHOI TOBEPXHI.

3 orsiny Ha €KOJIOTIYHY CUTYallilo IO CKIIAJAaeTbcs B PErioHI, a TaKoX Kypc KpaiHM Ha
CKOPOYEHHs TeHepallil eJIeKTpOeHeprii i3 BUKOMHUX BUMAIB NallMBa, CTOITh NUTaHHS IOBHOTO
3aKpUTTS BYIVIEBUIOOYBHUX MIANPUEMCTB Ha Tepurtopii JIbBIBUIMHM y BianoBigHuinepion. Ilompu
e, sk 3a3Hayae M. Haszapyk, 3BakarouM 1m0 MeXHpIYaHChKE PpOJOBHILE MaikKe MOBHICTIO
BUYEPIIAJIO CBOI 3alacH, BENMKI NEPCHEKTHBH Ma€ pO3pOOJIEHHS KaM SHOTO BYIULIS B MEKax
3a0y3bpkoro Ta COKaJbChKOTO POJOBHILN. 3a OCTaHHI pokuM B Mexax YepBonorpajacekoro I'TIP
PO3BIIaHO Ta MEpeaHo ISl MPOMHUCIOBOTO OCBOEHHS JUISHKU M1 OyAiBHUITBO ABOX mmiaxT Ne3 14
«YepBoHOorpajaceki 3 OamaHcoBuMM 3amacamMu 169.1 MJIH T KaMm’ SHOTO BYTUUIsA, a Iie JBi
nepcrnekTuBHI IUITHKU (Ne5 1 6 «UepBoHorpajachki) nepeOyBaroTh B CTajii JOopo3Biaku. Pazom i3
UM ICHYIOTh 3HAuHI TMEPCIEeKTHBH pO3pOOJEHHS MOKIaAiB Kam’sHoro Byriuwis y IliBnenHo-
3axiTHOMY pEeTioHI, 30KpemMa y Mexax TsarmiBchkoro Ta JIFOOEIbCHhKOTO POJIOBHII, 3arajibHI 3armacu
AKHUX yJBI4l IepeBaXKar0Th 3aMacu J1F040i YacCTUHU OaceiHy 1 CTaHOBMIATH 1.1 MIIpI T, y epCHeKTHUBI
MO>KHa oOynyBaTH 1ie 5-8 HoBUX miaxT [1].

3a3Haya€eThCs 110 ChOTOJIHI JOKOPIHHO 3MIHIOIOTHCS MIAXOAM Ta OaueHHs 1110710 (OpMYyBaHHS
SHePreTUYHOI TONITHKH YKpaiHW, SKi JUKTYIOTBCS CYYaCHHMH €KOJIOTIYHUMH BUKIIHKAMH,
HEraTUBOM IOBHOMAcIITa0HOTO BTOPTHEHHS pPOCIMCBKMX BIHCBK Ha TepuTOpilo KpaiHu. Bubip
€BPOIHTETPAIIITHOTO BEKTOPY PO3BUTKY JepPKaBH CTUMYIIIOE 0 PO3B’sI3aHHS IUX MPOOIJIEM Ha OCHOBI
MO3UTHUBHOTO CBITOBOTO MOPSAKY 30€peXEeHHs MOBKULISA, COLIAJIBHOTO 3aXUCTY, HAJIEKHOI SKOCTI
PiBHS KUTTS TroauHu [4].

VY 3B’M3Ky 13 MM, JEp>KaBOIO 3alOYaTKOBYETHhCS MEPEXil Kypcy BiJl pecTpyKTypu3arii
BYT'UTBHOI rajy3i, 10 OalaHCYBaHHS €HEPTreTUYHOTO 3a0€3MeUeHHS KpaiHH 13 BpaxyBaHHSIM 3HIKCHH S
MOTY>KHOCTI TeHepallii TerJI0BUMH €JIEKTPOCTAHIIISIMH, SIKi BUKOPUCTOBYIOTh BYT1JIS.
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Ha ocHOBI BHKIAIE€HUX BHIIE OCHOBHHX TEXHIKO-TEXHOJOTIYHHUX MOMEHTIB IMiA3EMHOIO
BYIJIeBH00yBaHHs Ha JIbBIBIIMHI, TpHBaANOCTI OyMIBHUIITBA Ta eKcruryaTallii maxt (Outeme 70-Tu
POKiB), MOkHa c(OpMYyBAaTH 3arajibHi HampsSIMU MOPYLICHHS 3aXUCTy JOBKULISA Ta HOro BIUITUB y
maxtapcbkomy perioHi. Sk crBepmkye M. CMoispuyk Ha ChOTOAHI ICHYE TOCTpa HEOOXiAHICTH
MIPOBE/ICHHS €KOJIOTO-€KOHOMIYHOI OLIHKA B MEXax TiPHHYOIPOMHUCIOBUX TEPUTOPIH, OCKUIBKH
HACHIKA TIpHUYUX PO3POOOK BigoOpakaroTbcs Ha CTaHi JaHAmadTiB, sAKi € CepeloBUIIEM
ICHYBaHHS JIIOJUHH [5].

3a omepatuBHUMHM JaHuMH JlepkaBHOro miAnpuemMcTBa «JIbBIBBYriuIss» 3a mepiof
¢dbyHkionyBanHs maxT y JIeBiBCchkiid obmacti (1958 — 2024 pp.) Ha MOBEpXHIO BUIO0YTO,
BI/IMOBITHUM YMHOM 30aradeHo Ta peari30BaHo SK CHEpreTHYHe Ta mMoOyToBe maymBo 358, 6 MIIH TOH
BYTiJLIsL, 06’€MHa Bara sKOro MpHOIM3HO cKIanae 256 MitH M° [6].

Pazom i3 mummM, BHIOOYTO Ta HarpoMajpKeHO Ha TOBEPXHI 3€MJII MOPYY 13 HACEJICHUMH
nyHKTaM# UepBOHOrPaCHKOTO PaifoHy MPHOIM3HO 38 MJIH M° TipHHYO! MACH IOPOIHHX BiIBAiB
(TepukoniB). OKkpiM ByIrJIeBHI00YBHUX BHOOIB, CyMapHO Ha YCiX IIaXTaX MPOWIEHO Ouiblle THCSYi
KUIOMETPIB ~ MiATOTOBYMX TIPpHUYMX BHUPOOOK, (MiJA3eMHUX TYyHenei), HeoOXimHUX Ui
TPaHCIOPTYBaHHS BYTULIS, MOPOAM, BAaHTaxXiB, OONAIHAHHS, TIPHHUKIB MiJ 3€MIICI0, Hapi3aHHs
BYIJIEBHI0O0YBHUX TUISHOK (J1aBM), MPOBITPIOBAHHS MiA3E€MHOTO MPOCTOpy. Takum 4uHOM 00’€eM
MOPO’KHUH, KU YTBOPHUBCS BHACTINOK JMISJIBHOCTI 3aKPUTHX Ta JIIOYMX IIAaXT HA TEHEPIllHIN Yac
OpIEHTOBHO MOXHa BBaXkaTu puOim3Ho 300 MiH M.

[Tnoma mig3eMHUX TEPUTOPIM MOKIAIIB KaM’ SHOTO BYTi/UIA, SIKI HA3WBAIOTHCS HIAXTHUMH
MOJISIMHA Ta BIABOJATHCS JJISI KOXKHOI IIAXTH OKPEMO, OJHAK HE MOETHAHI MK COOOIO IMiI3eMHUMH
Mepexo/laMy, a BIIOKPEMIJICH] JIMIIE LITICHUMHU HEBEJITUKUMHU IUIOIMIAMHU BYTULIS, sIKE HE MiAJsArae
BHIOGYTKY, 1 MiATpHMYe THCK 3eMHOT MacH 186,92 kv?,

TexHonoriero BuaoOyBanHsa Byriums ans mignpueMctB 11 «JIpBiBByrimisay, sika HE3MiHHA 3
9aciB X CTBOpEHHs, ependadeHe MoBHE OOBAIICHHS MOPiJ] BCIIJ 32 BUMMaHHSIM BYTUIBHOTO IUIACTA,
TOOTO YTBOPEHY MOPOKHUHY MOCTYMOBO 3alIOBHIOIOTH BEPXHI MOPOAM Bij MpocigaHHs nokpisii. el
MIPOLIEC PO3TATHYTUM B 4Yacl 3aJ€KHO BiJ (PI3MKO MEXaHIYHUX BJIACTUBOCTEH OOKOBHX MOpiA, aie
3BOAMTHCS JI0 OTHOTO — IMOCTYIIOBOT'O 3alIOBHEHHS MYCTOT HAa BCIO BUCOTY BUHHATOIO LIapy BYTULIA.
TpuBanuii macmtaOHUNA BUAOOYTOK BYTiUIA MIAIPUEMCTBOM pO3PAXOBaHMM Tak, 110 B MeXax
[IaXTHOTO TOJIA TO BHUCOTI PO3pOONSIIOThCS 2-4 OajaHCOBI IUIACTH, TOMY CyMapHa TOBIIWHA
BUMHSATUX BYTUIBHHX TUIACTIB MOXE CATaTH 10 S5-TH MeTpiB. HasBHICTH MacmITaOHUX TMiI36MHUX
TEXHOJIOTIYHUX TMOPOKHHUH MIAXTHOTO TOJS, IO CIPHYMHSAIOTH OOBaJ€HHS 1 MPOCIJAHHS BEPXHIX
MOpiJ MiJl TUCKOM 3€MHHMX Mac, CIPUYMHAIOTH MPOCIJAaHHS 3E€MHOI IOBEPXHI HaJ HHUMHU 1
PO3LIUPIOETHCS TPOCTOPOBO, HE3BAKAIOUM HA HACENIeH! MyHKTH, BUPOOHUYI 00’€KTH, TPAHCIOPTHI
LUISAXY, 3a113HULI, )KUTIOBI OyAMHKH, 3€MENbHI YTiJUIs, PIKH, JIICK Ta 1HII MOBEPXHEBI CHOPYAU
Tomo. SIK BHMKIIIOYEHHS, AJS OXOPOHM BAXIMBHUX OO0 €KTIB Ha TMOBEpXxHI (Michbka 3a0ynoBa,
MIJIPUEMCTBA, CIOPYIM) MiJ 00 €KTOM Ha pO3paxoBaHIl IJIOLI BYTUIBHUMN IJIAaCT HE BUHMAETHCS
(CTBOPIOETHCS TaK 3BaHUN OXOPOHHHM IITUK), 1HIII 00 €KTH B MEXax BIBEJACHOTO IIAXTHOTO IMOJIS
BB@XAIOTHCA MIAPOOJIEHUMH, TOOTO TMPOCIAAIOTH pa3oM 3 ocigaHHsAM penbedy moBepxHi. Lle
3YMOBHWJIO HETaTUBHI KOMIUIEKCHI TE€XHOTEHHI 3MIHH Yy HaBKOJIWIIHHOMY CEpPEIOBHII, Cepel SIKUX
HaNOUIbII 3aTPO3TUBUMH €:

1. HarpomamkeHHS TyXKHX 1 HECTIMKMX TEXHOTCHHHMX BIJKJIAAIB TIPCHKOI MOPOIM Ha
3eMHIN TTOBEpPXHI (TEPUKOHIB) OJU3BKO J0 HACEIEHUX MYHKTIB Ta MPOKUBAHHS JIIOJIEH, SKI MICTATH
XiMi4HI CyOCTaHIil, IO BUAUIAIOTHCS BHACTINOK BIUIMBY NPUPOJHUX KIIMATHYHUX SIBHIIL,
camo3aiiMaHHs 3aJIMIIKIB BYT' LS.

2. Brpara 3HauHUX MJOL[ MPUPOAHMX Ta aArpoKyJIbTYPHHX EKOCHCTEM, SIKi BiIirparoTh
HAJ3BUYAlHO Ba)JIMBY JIOKAJIbHY €KOCTaOUII3youy (QYHKIIIO, MiITOMJIEHHS Ta 3a00JI04YeHHS
TEpUTOPiil 3MIHIOIOTH (3HUIIYIOTh) JIICOBI AUISHKH, JyKH, (ropy i1 ¢ayHy, ska Mama Micue y
MPUPOJAHBOMY CEPEIOBUIIIL 10 LIHOTO.

3. IpocimanHs 3eMHOI MOBEpxHiI 13 €(EKTOM «3arajJbHOr0 KOTJAa» BEJIUKOI IO,
HEKOHTPOJIbOBAHE 3aTOIUICHHS Ta HeOe3IleKka MOPYIICHHS CTIHKOCTI Ha3eMHOI 1HPPACTPYKTypu Ta
MiA3€MHUX 1H)KEHEPHHUX 1 KOMYHIKAlIHHUX MEpEexK.
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4. 3mina 6anmaHcy Ta 3MiHa XIMIYHOTO CKJaxy IPYHTOBUX BOJ IiJl BIUINBOM BUHUKHEHHS
MTYYHUX BOJHHMX MiA3€MHHX TOTOKIB (03€p) 1 MiHEpali3alli€lo IaxXTHUX BOJ, SIKI IMepedyBaroTh y
MOCTIHHOMY pyci Ha MiI0OYMX IIaxTax, Tak 1 3akpuTux. [Ipu 1ipboMy udepe3 3MillaHi IPYHTOBI BOJIU
B1IOYBA€ETHCS JAECTPYKIIS IPYHTIB, TOPYIIYIOTHCSA XapuyOBUN, MIKpOO10JOTTYHHUMA, BOJHO-TIOBITPSHUM
PEKUMH.

5. TlopymenHs mnpupogHOT HHUPKYJALii BOX Ta iX 3a0pyIHEHHS Yy OUIBII IIMPOKOMY
MacmTaoi.

6. 3al0pynHeHHss atMochepu TpPH aKTUBHIM TOCHOJAPCHKIM ISIIBHOCTI IMAXT ILIIXOM
BUKHY IIKIJIMBUX PEYOBUH BiJl CHATIOBAHHS BYTUUIS Y KOTEJIBHAX, TOPIHHS TEPUKOHIB.

7. 3miHa MIKpOKJIIMATy BHACHIAOK pyXy (IpOCilaHHs) 3eMHOI TOBEpPXHi, 3a0pyaHEHHS
MOBEPXHEBOTO LIapy I'PYHTIB, TEIUIOBOTO BIUIMBY BUKUAY B aTMoc(epy MIKiITUBUX PEYOBHUH TOLIO,
30KpeMa CIpYMCTOr0 aHT1IPUAY, 10 € IPUYUHOIO BUIAIaHHS KUCIOTHUX JIOIIIB.

3 orisay Ha 3aBIaHHS Po30yNIOBU HAIIOHATHHOI CKOHOMIKH Ta ii €KOMEpEXi, 3alydeHHS
TEPUTOPIH, 10 MOTEPHaIOTh CTOCOBHO HASBHUX EKOJOTIYHHX IMPOOJIeM, OCOOIHMBO SIKIIO Taki
MEPEIUTITAIOTHCS, MTOTIHOIIOIOTHCS, PO3MIMPIOIOTHCS Y IPOCTOPI 1 Yaci, MalOTh CHCTEMHHI XapakTep,
BUHUKA€ TMOTpeda KOMIUIEKCHOTO KOHIENTYalbHOTO JIOCHI/DKEHHS Ta ONpalllOBaHHS IIJISAXiB
BITHOBJICHHS TPHUPOJHOTO CepeloBUINa. Pa3oM i3 mMM HEOOXiZHO pO3yMITH, IO MPOOJIEMH
30epekeHHs JOBKLIS BHACTIIOK MiJ3€MHOT0 BUAOOYTKY KOPUCHUX KOMAIUH PO3TIISAAI0THCS SIK TaKi
IO MiUISTAI0Th BiIHOBJICHHIO €KOJIOTIYHOTO CEPEIOBUINA 3aBJISKH BUKOPHCTAHHIO TEXHOJIOTIH Ta
pecypciB (HampukiaJq peKyJIbTHBAIlisl 3€Melb), Ta 1HII, 3 SKUMHU HEOOXIJHO aJamnTyBaTHUCh,
MPOXKUBATH, 3IIHCHIOBATH BUPOOHWYO-TOCIIOAAPCHKY MISIIBHICTh, CHCTEMHY OXOpOHY TOIIO,
BIJIMOBIHO JI0 YMOB, SIKi BIIHOBJICHHIO Ta HE IiJIJISTal0Th.

Hacammepen moTpiOeH MPOTrHO3 PO3BHUTKY JACTpalalliiHUX MPOIECiB, IIOB’SI3aHUX 13
MIPOCITaHHSAM 3€MHOI MOBEPXHIi, PO3IMIUPEHHAM TepuTopii mpocimanHa. Takuil mporHo3 moxe OyTH
3IACHEHNI Ha OCHOBI MPOCTOPOBOTO aHAJI3y MAXTHUX IOJIiB MUHYJIOTO JIIOYHMX Ta 3aKPUTUX IIAXT,
CYy4acHOro Ta MaiOyTHBOro BHIOOYTKY BYIUUIS 13 BHMKOPHCTAHHSIM CYYaCHUX TEXHOJIOTIH
KOMIUIEKCHOTO F€0JMHAMIYHOI'O Ta €KOJIOTIYHOI'0 MOHITOPHHTY (puc. 1)

MME 1L YK

FIT “Teminnyrinaa”

Oor'JIIJOBA
KAPTA
HepromorpascHKoro A 5

Trennora-NpOMITETONOTo
paiiony

M 150000

i X

Puc. 1. [ligzemHuii mpocTip MIAXTHUX MOJIB BYIJIEBUA00YBHUX MiANPHEMCTB JIbBIBIIMHN
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SIKIIO TOpIBHATH MiA3€MHHMHA TPOCTIp, SK €IUHY CYKYNHICTh LIAXTHUX  IIOJIIB
ByriieBua00yBaHHs JIbBIBIIMHM, sKa ckiagae roomy 186,92 KM? Ta 3HAXOJUTHCS MPAKTHYHO I
MEPEeBAXHOIO OLIBIIICTIO HAcelieHMX MyHKTIB YepBoHOrpaacekoro paiiony JIbBiBchkoi oOmacTi,
mwowa sikoro 2970 km?, UepBOHOTPaICbKO1 TEpUTOPiATBHOT TpoMaIH, ruroma sikoi 230,3 KM%, MOXKHa
CTBEp/PKYBaTH TPO MAacIuTabW BIUIMBY 3arajJibHOi TEHACHII] NPOCITaHHA 3E€MHOi MOBEpPXHI Y
perioHalbHOMY BU3Ha4eHHI (puc. 2). He3Bakarouw, 10 BiAMOBIIHUMH HOPMaTHBaMH 3a00pPOHEHO
BUHMaHHS BYTUUIA 0e3MOCepeHbO MiJ MICTaMH, BEIMKHMH CEJIMIIAM Ta CEJaMH i3 JKUTIIOBOIO
3a0y/10BO10, €EKT «3araJibHOr0 KOTJIa» MPOCIIaHHS MOBEPXHI 3eMJIl TaK UM 1HAKIIE TOPKAETHCS IIUX
HACEJICHUX IYHKTIB 1 CTBOPIOE MPOOJIEMH MIOAO IMPOBATIB KaHATI3aIlfHUX Mepex, BOI03a00piB,
po3TpickyBaHHS y OyauHkax Tomio. Pa3oM i3 1uM, 3Ha4YHA KUIBKICTh HACEJICHHS IiJyIsATac
HEraTUBHOMY BIUIMBY Ha JKUTTS 1 3[0pPOB’S, 4YacTillle BHSABISAIOTHCS XBOpOOM mpodeciiHoro
xapakTepy i cnernudigai XBopoOH, MOB’s3aH1 MEPEBAXKHO 13 NepeOyBaHHSAM JIIOJIMHU B 30HI BIUIUBY
€KOJIOT1YHUX MPOOJIEM BYTJIIeBHI00yBaHHS (TiMOIIIasis).

Brponox TpuBaioro mnepiogy AiSUIBHOCTI BYINIEBUIOOYBHUX MiANpueMcTB JIbBIBIIUHU
3IHCHIOBAJIMCS BIJIIOBIIHI 3aX0/IH CTOCOBHO TIOKPAIICHHS €KOJIOTIYHOI CUTYaIlii B perioHi. 30kpema,
BHACHIIOK OyAiBHHUIITBA MOTY>KHUX AaMO B 30HAX MiATOIJICHHS, @ B OKPEMHUX HACENIEHUX MYHKTaXx,
ITOBHOTO 3aTOIUICHHS TOCIOIAPChKUX OYHIBENb Ta )KUTIOBUX OynuHKIB (cena BoncBun, Mexupiaus,
bennmrora, Cinenp Ta iHmii), 1o mMano micie y 60-70-x pokax MHUHYJIOTO CTONITTS y MHijJ 4ac pO3IUBY
piku 3axigauii Byr i i mpurtok pidox Conokii Ta Parm, neil HeraTMBHHMIA Tpouec 3yHHHEHO.
BinHoBneHo Tepurtopii, macoBuIla, 3eMeNbHI YT TOIIO, MOOYJOBaHI HOBI aBTOMOOIIbHI IUISXH,
B0/103a00pH, IHIII CHOPYAM s aKTHBHOTO TOCIOJAPCHKOTO Ta CYCHUIBHOTO BHKOPUCTAHHS.
3a0e3neuyroThes MPoleC TaCiHHA TEPHUKOHIB, iX 3aiCHEHHA, IO MOKpAIIye SIKICTh aTMOC(hepHOro
MOBITPSI.

na CaguuH @ “Co < o
YEPBOHOIPAACbKA TEPUTOPIANIbHA TPOMALA
Jbeiecbka o6nacTb

N— V\ YepBoHorpaacbkui panoH
Y S Motopuus P R pa Mepe'aTui

Kaupka

noNblWA

= COKANILCBKA
TEPUTOPIANIbHA
TPOMARA

4 2
Myposatie, OCTPIBCLKMA

! CTAPOGTUHCbKMA

I gKPYT L

\ e | Nepecna -
Kyxensiu L /

Bena

Bonuusa

]
YepeoHorpaa?’
OV
BEN3bKA v ) b - N
TEPUTOPIASIBHA Banis PN )
POMAIA /' 2 ‘/ Poaxanis

[O3AMMUPCLKMUIA
A% POCTUHCHKMI
| MEXUPIMAHCEK MR QUPY &
| CTgPOCTUHCEKI N
oRpYT T a
Mosaumup |~

e

Kopuun

FIPHULULKW)
CTAPOCTHHCH
S OKPYT,

/ AcTpyGusi PAZIEXIBCbKA

!
/ KyAuturi \ TEPUTOPIAZIBHA [7-12-10]
§ TPOMALA

CInEWbKI . Hoswit Burkil
{nEUbl o Podean

CTAPOCTUHCERUA ;/ Cocniska [

g OKPYT AN D

~ -
=\ \

COCHIBCHKMI ~
CTAPOCTUHCBKUA \
OKPYT

Bopos

BE/IMKOMOCTIBCbKA
TEPUTOPIANIbHA
TPOMADA

i ROEPOTBIPCbKA
I TEPUTOPIA/TbHA

Benuki Moctu

Puc. 2. Tepuropisa YepBonorpaacskoi MTI" UepBoHOTrpaacekoro paiiony

3aranoMm, BOA4arOThCS HACTYMHI MiAXOAW 1040 (GOpPMYBaHHS UUIAXIB BHUPILIECHHS
€KOJIOTIYHHUX MPOOJIEM y MIAaXTapChbKUX PErioHax, y TOMY 4ucii Ha JIbBIBIIHMHI, peani3allis SKUX MOXe
3/IACHIOBATHCA 3a PaXyHOK (DIHAHCOBUX, TPYAOBHX, MaTe€piallbHUX PECypCiB, IO BKIIOYAIOTHCS 10
CKJIaqy €JEeMEHTIB c00IBapTOCTi BUAOOYTKY BYIUUIS Ha JIIOYMX IIaXTaX Ta JOMOMDKHHUX
MIMPUEMCTBAX, OIOPKETHUX PECYPCIB yCiX PIBHIB, KOIITIB JEPKABHO-TIPUBATHOTO TMApTHEPCTBA,
TPaHTOBI PECYPCH Ta iHII, He 3a00POHEHI 3aKOHOM.
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30KkpeMa, IPOBECTH KOMIUIEKCHY OI[IHKY €KOJIOT1YHOI CUTYAIlil y BYT'JIbHOMY pPerioHi, y TOMY
yucit Ha JIBBIBIIMHI, 32 OKpEMHUMH HaIpsiMaMu Ta OJIOKAMH €KOJIOT1YHHUX MPOOJIeM, OI[IHUBIIHN iX
TEXHIKO-TEXHOJIOT14HI KiJIbKiCHI, SIKICHI, BI/IHOCHI MOKa3HUKH 1 TapaMeTpyu MUHYJIOTO, CY4acHOTO Ta
MaiOyTHBOTO TIEPIOTY, a caMe:

- €KOJIOT1YHI MpOOJIeMH Ta HACTIJIKM 3aKPUTHUX LIAXT Ta TEPUTOPiH, HA SIKUX BOHHU OyIn
PO3MIIIIEHI;

- HaCJIIIKW JISIBHOCT] ICHYIOYHMX MiJIPUEMCTB 3 BYIJIEBHAOOYTKY Ta 30aradeHHs 00
3a0pyHEHHs JIOBKIJUIA y peaJlbHOMY 4aci Ta 3aXOJM, L0 3J1HCHIOITbCS HUMHU y NEpioJ OCHOBHOT
ISUIBHOCTI,

- PO3TJISTHYTH TIEPCIIEKTUBY OYJIBHHUIITBA HOBHUX KOIIJEHb 3 OIVISAY Ha ICHYIOUl pO3BiaaHi
nepcnekTuBHI  3amacu  JIpBiBChbKO-BomHChKOrO — ByrinmbHOro OaceiiHy, aje y  KOHIEMIl
nekapOoHi3alii eKOHOMIKM, 3pOCTaHHS TEMITIB BHUPOOHUIITBA CHEPreTUYHUX PpECcypciB i3
BiTHOBJIIOBAJILHUX JIKEPEJl, «3€JICHOT EHEPTeTUKMY Ta CKOPOUCHHS BUKOITHUX BUJIIB MaJIUBA, OPH 1Ie
BPaxoBYIOUM pyHHYBaHHS 1H(QPACTPYKTYpH Ta 3yNUHKY BYIJIEBUAOOYTKY Ha TUMYACOBO OKYITOBAaHUX
Teputopisx Ykpainu;

- OI[IHUTH HACHIJKU 3aKPUTTS MIIOYMX MIAXT, K1 OyAyTh 3aKpuUTi HAMOMMKYUM YacoMm
BHACITIJIOK BUYEPIIAHHS 3aI1aciB, a00 MPUHHATO PIICHHS HA YPSIOBOMY PiBHI PO 3aKPUTTS KOMAIbHI
y 3B’S3Ky 13 (DOPMYBAaHHSM EHEPreTMYHOIO PUHKY KpaiHW 1 CBITY, MOIIMOJIEHHS EKOJOTTYHMX
po0JieM y cBiTOBOMY MaciiTabi, 30KpeMa i Ha IIUIAXY 10 BCTyiy A0 €Bporneiicbkoro Coro3y;

- 3JIHCHIOBATH CHCTEMHHH €KOJIOTO-€KOHOMIYHUH, TEXHIKO-TEXHOJOTIYHUM MOHITOPHUHT
€KOJIOTIYHUX TPOLECiB Ha TEpUTOpil BYrUIBHOTO pErioHy i3 BUKOPUCTAHHSIM CyYacHUX
KOMIT'IOTEPHUX TEXHOJOIH Yy IPOCTOPOBOMY Ta YaCOBOMY BHMIpi, BUKOPHCTOBYIOUM iX HAyKOBO
OOTIpYHTOBaHI OOMEKEHHS;

- CBOEYACHO BUSBJISATH 3arpo3d Ta PU3MKKM MalOyTHIX 3MiH MOBEPXHI 3€MIli, IPYHTIB,
MiA3€MHUX Ta TOBEPXHEBHX BOJ, HEOE3NEKH BUXOAY Ta3y-MeTaHy Ha IOBEPXHIO Ha TEPUTOPIAX
3aKpUTHX IIAXT, 3a0pyAHEHHS aTrMoc(epHOro MOBITPS BHACHIAOK  HE3BOPOTHMX IPOLECIB Yy
MOPOJIHUX BiJBajax;

- OI[IHUTU MOXKJIMBICTh Ta HaAIWHICTH IOBEPXHEBOro OYAIBHMIITBA HAa3eMHUX OO0 €KTIB,
CHOpyZA, TPAHCIOPTHUX  MaricTpajied, MiJ3eMHUX KOMYHIKaIlli Ta30-eJeKTPONOCTavYaHHs,
IH)KEHEpHUX MepeX, BUPOOHUUYUX MIANPHEMCTB, KHUTJA, COLIAIbHUX 00’ €KTIB TOIIO, SKi € 6a30BOIO
OCHOBOIO COL1aJIbHO-€KOHOMIUYHOTO PO3BUTKY TEPUTOPIN;

- pO3pOOUTH TPOMO3HULT CTOCOBHO OYyJIBHUITBA €KOJOTIYHHUX OO’€KTIB, OYMCHUX CHOPY.,
YUCTUX BO0/03a00piB, BOJOIOHIB Ta MEpEeX, a TaKOX MOMKJIMBOCTI BUKOPUCTAaHHS CHUPOBUHU
MOPOJHUX BiABaJIiB y OYy/iBENbHIN UM 1HILIIHN ramyssx;

- OI[IHUTH COIIaJbHY CKJIAIOBY, 30KpeMa IUIAXH TMOKPAIICHHS 3II0pOB’Sl HaceJIeHHS,
COL1AJIBHOT'O 3aXHUCTY I11[0JI0 HEraTUBHOTO BIUIMBY HABKOJIMIIHHOI'O IPUPOJAHOTO CEPEOBHUIIIA;

Ha ocHOBI MmatepiaiiB JOCHIKEHb, MOHITOPHUHTY Ta OLIHKH TPOBOJUTHCS 3arajibHe
30alaHCyBaHHSI BTpAT Y 3BS’3KY 13 KOHKPETHOIO €KOJIOTIYHOI MpOOJIEeMOI0, pa3oM i3 BETHMYHUHOIO
BUTpAT [JIsi 3AIMCHEHHS 3axXxoJiB Imojo0 1ii BupimeHHs. Ha ocHOBI Takoro 30amaHCyBaHHS
BHU3HAYA€ThCIHEOOXIHICTh HAa OCHOBI MPOOJEMHO-TIPIOPUTETHOTO MIAXOAY Ui PO3PAXyHKY
(1HAaHCOBUX peECcypciB, TEXHOJOTIYHHUX Ta TEXHIYHMX MOXJIMBOCTEH 1 Jpkepen ix moOumizamii 1
BUKOPHUCTaHHS.

3acTocoBaHMM TNpUHIUN 30alaHCyBaHHS MpoOieM Ta TmepeBar, sSKi AaHATITHYHUM,
JOCHITHUIBKUM, HAayKOBUM METOJaMM TIOBMHHI OTPUMAaTH HaJeXHY KOMIUIEKCHY OLIHKY Ta
pe3yiapTaT Uil KOXKHOI TepuTopianbHOi TrpoManud. KoMmIuleKCHUN CHCTeMHIN TMiaXiJ TaKoro
30aJlaHCyBaHHSl TOJISITa€ y BUSBJICHHI peaJbHUX MPUYUH, (PAKTOPIB, UYMHHMKIB, IX SKICHHX,
KUIbKICHUX, BIJIHOCHHX XapaKTEpUCTUK, SKI TOKa3yloTb OOCATH BIUIMBY, [0 MpPHU3BEIH
JOTENEpIilIHBOr0 CTaHy, HAaCHiAKIB 1 JOCBIYy  PECTPYKTypHu3allii BYTUIBHUX MIiANPUEMCTB Y
MUHYJOMY [4].

OpxHUM 13 IUISAXIB MiAXOAY MOAONAaHHS MPoOIeM Ta HACHIAKIB MiA36MHOTO BYTJIEBHIO0YTKY
Ha JIep>)KaBHOMY PiBHI € MpUHHATTS moctaHoBu KaGinetry MinictpiB Ykpainu Bix 22 BepecHs 2021 p.
Ne 1024 «IIpo cxBanenns Konuenii Jlep>kaBHOT LibOBOT MpOrpaMu CIpaBeyInBoi TpaHchopmariii
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BYIUIbHUX perioHiB Ykpainu Ha mepiog 10 2030 poky». (Hamami — Konuenis). BinnmosinHo 1o
Konmenmii ByriuibHI perioHM BU3HAYAKOTHCSA SIK PEriOHW, Ha TEPUTOpIi SKUX pO3TalloBaHI
BYIJIEBHI00YBHI Ta BYIJenepepoOHi MigNpUEMCTBA, y TOMY YHCHi Ti, sSKi mepeOyBalOTh y cTauii
JKBigaIii, KOHcepBalii a0o mepeopieHTallli Ha 1HII BUIX €KOHOMIYHOI AISUTBHOCTI, Ta MiAMPUEMCTBA
BYT'UJIBHOI TEIJIOBOT reHepallii, He3anexHo Bia GopM BimacHocTI» [7].

3rizHo 3 HamioHaneHOIO €KOHOMIUHOIO cTpaTeriero Ha mepiog g0 2030 poky, ska
3aTBepkeHa nmocraHoBoio Kabinery MinictpiB Ykpainu Bix 3.03.2021 poky Nel79 nepenbavaeTnes
nekapOoHi3allisi eKOHOMIKHY (T1IBUILEHHS eHeProe(eKTUBHOCTI, PO3BUTOK BITHOBIIOBAIBHUX JKEPEIT
eHeprii, PO3BHTOK IUPKYISIPHOI EKOHOMIKM Ta CHHXPOHI3allis i3 1HIMIATUBOIW «CBPOIMEHCHKHIA
3esieHui Kypey» [8].

[Mpuiinsatrs Eneprermunoi crparerii Ykpainm Ha mnepion mo 2030 poky, y sKii
nepeadavyaroTbCs LIl Ta 3aBJaHHS JIOBITOCTPOKOBOI'O PO3BUTKY €HEPreTUYHOI'O CEKTOpa KpaiHH,
30KpeMa Jep)KaBHA TIOJITHKA PO3BUTKY MaJIMBHO-CHEPTETHYHOTO KOMIUIEKCY MOBHHHA OyTH
BH3HAY€Ha SIK Kypc Jiil OpraHiB JIep»KaBHOI BJIaJM3 METOIO BIUIMBY HA HAI[IOHAIBbHY €KOHOMIKY IS
3a0e3neueHHs CTa0lIbHOTrO (PYHKIIOHYBAHHS Ta CTAJIOTO PO3BUTKY €HEPTeTUYHUX PUHKIB, YCYHEHHS
HEraTUBHMX HACIHIJKIB IXHROTO (PYHKIIIOHYBaHHS ¥ 3aXMCTy HAIlIOHAJTLHUX 1HTEpeciB [9].

Hapmani, i3 npuiiaarrsm Eneprermunoi crparerii Ykpaimm Ha mnepion mo 2050 poxy,
3aTBepakeHol posnopsamkeHnsm Kabinery MinictpiB Ykpainu Big 21 kBiTHs 2023 poky Ne 373-
p,sKa morimMHyna noyokeHHs Exeprernynoi crparerii Ha mepiox g0 2030 poky,mepexia Ha HUIsxX
CTaJIOr0 PO3BUTKY B €HEPreTHIll Mae Ha yBa3l IPOLEC 3MiH, 3a SIKOTO €KCIUIyaTalis NMPUPOIHUX
pecypciB, HaPsSMU 1HBECTHIIIH, Opi€HTALis HAyKOBO-TEXHIYHOTO PO3BUTKY 3/IHCHIOBATUMETHCS Ha
OCHOB1 JIOCATHEHHS MAaKCHUMaJbHOIO pIBHA KJIIMAaTUYHOI HEUTPalIbHOCTI, MaKCHUMAaJIbHOI'O
CKOPOYCHHS BUKOPUCTAHHS BYTULIS , PO3BUTKY IbTEPHATUBHUX JDKEPEN €HEeprii, HOBUX MPOAYKTIB
Ta IHHOBAIIIIHUX pillleHb B eHepreTuyHoMy cextopi [10].

Omxe, BIONOBIIHO JI0 Mepea0adeHUX CTPATETIYHUX I PO3BUTKY EHEPreTHYHO! Tamysi
KpaiHM Ha JOBrOTPUBAIMN TMepioJ, TENepillHii CTaH y BYTUIBHUX pETrioHax, MiAXOIU [0
pecTpykTypu3alii MiANpUEMCTB cepu BYIiIeBUAOOYBaHHS, 3aKPUTTS AIIOUMX IIAXT, OyAIBHHUITBA
HOBMX, IOBHHHI OyAyBaTHCh 13 BpaxyBaHHSAM IIMPOKUX BUMOI' 30€peXeHHsS HaBKOJIHUIIHBOTO
MIPUPOJIHOTO CEPEOBUILA, MTOAOTAHHS €KOJOTTYHUX MPOOIIEM.

BucHoBku. Exonoriydi npoGieMu y ByriieBUA00YBHUX PETIOHAX CTBOPIOIOTHCS CUCTEMHO SIK
y TpOoIeci MOTOYHOTO IMiJ3EMHOTO BHIOOYTKY KaM SHOTO BYTILIA, TaK B BIPOJOBX TPHBAIOTO
nepioay Micis 3aKpUTTS MAXTH, Ta MalOTh HETaTUBHUM BIUIMB Ha COLIaIbHO €KOHOMIUHUM pPO3BUTOK
TEPUTOPIH.

Enepretnuna mnomjiTMka MalOyTHHOTO KpaiHM pO3IJISAA€ETbCS B KOHTEKCTI 3HUIKEHHS
BUPOOHUIITBA EJIEKTPOEHEPril TEIIOBUMH €JIEKTPOCTAHLISIMU, 3TOPTAaHHS MIA3EMHOTO BHI00YTKY
KaM’sTHOTO BYT'ULJISI, aKTUBI3aLliI0 IEpeXoay Ha aJlbTEpHATHBHI €KOJIOTTYHO YUCTI JKepesa eHeprii.

Exosoriuni npo0iaemMu Ha TEPUTOPISIX pO3TAIYBaHHS IIAXT Ta iX MIA3€MHUX MIAXTHUX IOJIB,
3 SIKUX 31HCHIOETHCS BYIJIEBHJIO0YTOK, CTBOPIOIOTHCS BHACHIJOK OCOOJIMBOCTEH TEXHOJOTTYHOTO
mporecy, a came oOBaJl TOpiJ B Haapax y MICHAX IMOPOXHUH BHOpaHOi TIpHUYOI MacH, IIO
CIPUYMHSE TPOCIIAHHS 1 3eMHOI MOBEPXHi, YTBOPEHHs 03€p, 3a00JI0UEHHS IPYHTIB, pyWHYBaHHS
POCIIMHHOCTI, 3a0py/IHEHHSI BOJIW, BUBEACHHS 3€MEJbHUX JUITHOK 3 TOCIOJAapPChKOT0 000pOTYy 3a iX
NoTepeIHiM Mpu3HayeHHsIM. YacTHHA TipHUYOi Macu HEBYTUJIBHOTO CKJIaay (MOpoja, KaMiHb TOIIO),
BU00yTa Ha TMOBEPXHIO Ta BIJJUIEHA Bl BYruuis, GOpMYeThCsl y MOPOJHI BiABalu (TEPUKOHH),
MOCWJIIOE TUCK 3€MHOT MacH Ha MiJI3eMHI MyCTOTH, a TaKOX 3a0pyIHIOE HAaBKOJIMIIHE CEPEOBUIIE
HEraTUBHMMHM BUKUJAMU B aTMoc(epy BHACIIAOK FOPiHHS, TOBEPXHEBI Ta MiI3eMHI BOJIU XIMIYHUMU
eJIEMEHTaMH Y HaCEJIEeHUX IyHKTAaX, 1110 HETaTUBHO BIUIMBAE HA 37J0POB’S JIIOCH.

[TpocizanHs 3eMHOI MOBEPXHI CTBOPIOE NMPOOIEMH CTOCOBHO MOPYLIEHHS CTIHKOCTI Oy/IMHKIB,
CIOpYA, NUIAXIB, 1HKEHEPHUX MeEpexX, 3a0pyJHEHHS IOBEPXHEBHX 1 3€MHUX BOJA XIMIYHHUMHU
eJIeMEHTaMH, SKI MOXKYTh MOTPAIUBITH Y KPUHUIN MENIKAHIIIB, 10 MOTPeOye 3HAYHUX JTOAATKOBUX
KOIIITIB Ta BiJIMOBITHUX 3aC0O01B JUIsI PEMOHTY 1 BiIHOBJICHHS.

TakuMm YWHOM, BUPIIICHHS EKOJOTIYHUX MPOOJEeM BYTUIBHMX PETiOHIB, MOMEPEIHIKCHHS
HACJIIJKiB HEraTUBHOTO BIUIMBY MiA3€MHOTO BYIJEBHI00YBaHHS y MalOyTHOMY, (DYHKIIIOHYBaHHS
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TepuTopiil ans  aumBepcudikamii €KOHOMIKM BHACHIOK 3TOPTaHHSA OOCSTIB  BYIJIEBUAOOYTKY,
HEOOX1THO TPOBECTH KOMIUICKCHY OIIIHKY €KOJOTIYHOI CHUTYyallii TepUTOpii 13 BHUKOPHCTAHHIM
Cy4acHUX IHHOBAIlIMHUX TEXHOJIOTiH, chOpMyBaTH BIANOBIAHY HpOrpaMy, IUIaH Iid, HEOOXITHICTH
yCiX BUIB JOJIATKOBHX PECYPCiB, 30KpeMa 13 BpaxyBaHHSM Cy4YaCHHX TEHICHIIN 3MiHHM OajaHCy 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.

AHoTauisg. Y ny0iikanii HaBOIUTbCA JeTajlbHA XapaKTEepUCTUKA CYYaCHOTO CIPSIMYBaHHS —
610MiMIKpii (O10MIMETHKH), 1€ HEAOCTAaTHHO MOMYJISPU30BAHOIO B YKPAIHCHKIM OCBITI Ta Haylil.
BucBiT/IIO€TECS ICTOPUYHE HIATPYHTS JAHOTO AJIbTEPHATHUBHOIO CHpPSIMYBaHHA, sKe 0a3yeTbcs Ha
MIPOTOTUITYBAaHHI MpUPOAHUX (GopM, MaTepianiB, (yHIIH, Mojened Ta KOHCTPYKIIM B crami
TEXHOJIOT14HI pillIeHHs; 3aKOHOAABY1 MiJAXO0JU; MOXIUBOCTI Cy4yacHHUX 1HQOPMAaLIHHUX TEXHOJOTIH,
K1 poOJATH GIOMIMIKpPIIO JOCTYMHOIO JJii HAYKOBOT'O IONIYKY Ta MPAaKTUYHOI peaii3allli HOBITHIX
i7eil. ABTOpamMu BUCBITIIOETHCS JOCBIJl MPAKTUYHOTO BIPOBAKEHHS JAHOTO MiAXO0AY B pi3HI chepu
Ta raiysi, B T.4. B IO€JIHaHHI 3 CydacHUMU MOxJHBOCTsIMU [KT.

Knrouoei cnosa: oOiomimixpis, 6Giomimemuxa, iHHO8ayii, iHgopmayitini mexnorozii, cmai
MEXHONO2TYHI PIULEHHA.

«biomimikpin» (ado Oiomimermka) (Bix rpen. bios — KHUTTA 1 mimesis — IMITyBaTH)
OyKBaJIbHO O3HAya€ «HACTiAyBaTH, IMITYBaTH XUTTA». TepMmiH «OlOMIMIKpis» 3’SIBHBCA IIe B
1982 pomi. bionika abo Giomimikpis (3 aHTI. «biomimicry») OJHa 3 KOHIIEITYaJIbHUX CHCTEM, IO
JISKUTh B OCHOBI KpYroBOi €KOHOMIKHM sika HaOyja momyssipHOCTI 3aBAsku KHu31 DxaHiH beHnioc
«biomimikpis: 1HHOBAIlli, Ha sIKI HaAUXHYAa npupoaa» (1997), ska dhakTuyHO MOMyNIsApU3yBaia AaHe
cnpsiMyBaHHs. 3rojoM 6e3iiu 610JI0TiB, HATYpalicTiB, (JiIHAHCUCTIB, OCBITSH 1 €KOJOTIYHO CB1IOMHUX
nu3aitHepiB npueaHanucs 10 . beHroc, o6 po3noyary Te, M0 TEMep MOXKHA Ha3BaTH TI100aTbHUM
pyxoMm 3a 010MIMIKpItO.

ABTOpKa BU3HA4a€e 010MIMIKPIIO SIK HOBY HayKy, sSika BUBUA€ MOJICII TPUPOIH, a TIOTIM IMITY€E
a0o 3amo3uyye i71€i, 10 JIe)KaTh B OCHOBI MPUPOJHUX MPOLECIB, I BUPIMICHHS JIOJACHKUX IPOOIeM.
VY cBoiif KHK31 BOHA (HOPMYJITIOE TMPUHIIMITH, Ha SK1 TOKIAAAEThCS OIOMIMIKpIs, 30KpeMa «IIpupoa-
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MOJIENIbY, «IIPUPOJA-Mipay Ta «IIPUPOAA-HACTABHUKY», a TAKOXK MIJKPECIIOE CTIMKICTh SIK 3arajibHy
MeTy OioHiku [1].

KeMOpuKChbKUIT  CTIOBHUK HaJa€ BHU3HAUCHHS TEpPMiHYy OIOMIMIKpis, SK TMpaKkTHKa
KOITIFOBAaHHSI TEXHOJIOT1YHOT'O Ta IMPOMHUCIOBOTO 3pa3ka MPUPOJHUX IMPOIECiB: iaes OioMiMiKpii
TMOJIATAE B TOMY, 1110 TPUPOJIA BXKE BUPIIIHIIA TPOOJIEMH, SIKI MU HaMaraeMocs BUpIimuTH [2].

ITo dakty TepMiH «OIOMIMIKpisS» € MOXITHUM BiJ] BU3HAYEHHS «O0IOMIMETHKa», KU Mae
OLUIBII JaBHIO ICTOPIIO MOXO/KCHHS JTAHOTO BU3HAYEHHS. TepMiH, KU MOXOUTh BiJ TPEIBKUX CIIiB
«bios» (KHUTTA) 1 «mimesis» (HacHiayBaTH), OyB 3alpONOHOBAaHWUN aMEPUKAHCHKHM YYECHHUM 1
BuHaxigaukoM Otrto HIMmigToM y 1960-X pokax aisi OMUCy TpoOIecy Mepexoay Bix O6ionorii o
TexHousorii. B icropuyHoMy acriekTi 010MIMETHKY 4acTo acomitoeTbes 3 Jleonapao na Binui, sikuid
BBXXAETHCS MEUINM Y CBITI BUCHUM-010MIMETHKOM.

IcTopuyHO PO3BUTOK OIOMIMETHKH MOXHA PO3IUIMTH HAa HACTYMHI eTamu: OlOMIMETHKa,
3aCHOBaHA Ha MOJIEIISX, OyJia 3apoBaHKEeHA, MOYUHAIOYH TPUOIN3HO 3 1950 poKy, rOJIOBHUM YHHOM
JUI. BUKOPUCTAHHS B MPOEKTYBaHHI Ta OYHIBHUITBI JITaKiB, TPaHCIOPTHUX 3aco0iB 1 KOpalOiiB
[UITXOM BUBEACHHS IPaBHJ MOJEIIOBaHHS Ha OCHOBI Teopii momiOHOCTI Ui TepeHeCeHHS
MPUHLIMITB O10JOTIYHUX CHUCTEM Yy TeXHIuHI KoHCTpykuii. bmmspko 1960 poky nBa croBIU
OiomimeTrnku (6i0JI0TiSI Ta TEXHOJOTIS) Oy BHEpIIE JIHTBICTHYHO 00’€HAHI 3aBASKH BIUTUBY
KiOEpHETHKH Ta MMOCTABIICH] Ha CIUIBbHY JIIHIBICTHYHY Ta METOJUYHY OCHOBY. [10TiM 1151 ocCHOBa cTana
BaXJIMBOIO OCHOBOIO JIJISl IEHTPAJILHOTO €JIeMEHTa rairy3i 6iomimMeTuku: nepenavi 3Hanb. [Ipubnmsno
3 1980 poky OiomiMeTHKa Takox Oylia po3IIMpeHa 10 MiKpo- Ta HaHoMmaciTabiB. Kirouem mo mux
po3mupeHs Oynu HOBI METOAM BUMIPIOBaHHS Ta TexHoJorii BupoOHHNTBAa. 3 1990-x pokiB
0610MiMeTHKa OTpHUMala MoAaJIbIINI NOIITOBX, 30KpeMa 3aBJSKU CTPIMKOMY PO3BUTKY TEXHOJIOTIH y
CYMIKHHX TaIy3sX iH)OpMATHKH, HAHOTEXHOJIOT1H, MEXaTpOHIKH Ta 6ioTexHooriH [3].

Coorogai ob6macte 6iOMIMETHKHM Bce OiNblIe BBaKAETHCS HAYKOBOIO JAHMCLMUILIIHONO, fKa
MOPOJIWIIA YUCIICHH] 1HHOBALii B MPOAYKTax i TexHOJOrisx. lle MiKAucUMIUTiHApHE CHpPSMYyBaHHS,
1o 00’€/IHy€e eKCIepTiB y Tamy3i 010JI0Tii, IHKEHEpHUX HAayK Ta 0araTbOX IHIIMX JAUCLUIUIIH, Ma€
0C00JIMBO BUCOKHI MOTEHIIA AJI1 PO3BUTKY 1HHOBAIIiH.

VY cydacHOMY pO3yMiHHI LIbOTO CJIOBa MiJ 610MIMETHKOIO PO3YMIIOTh 3aCTOCYBaHHS MiIXOMIIB
70 JIOCHIJKeHb 1 po3po0OK, SIKI MPEACTAaBJIAIOTH I1HTEpeC Jid MPAKTUYHOrO 3acCTOCYBaHHS Ta
BUKOPHUCTOBYIOTh 3HaHHS, OTPUMaHI B pe3yJbTaTi aHaIi3y O010JI0TTYHUX CUCTEM, JJIS TIOUIYKY pillleHb
npo0JieM, CTBOPEHHSI HOBHX BHWHAXOJIB Ta 1HHOBAIlM 1 mepenayl MuX 3HaHb TEXHIYHUM CHUCTEMaM.
Ines nepeHecenHs 010JIOTIYHUX MPUHLUIIB Y TEXHOJIOTIIO € IIEHTPAJILHUM €JIEMEHTOM 010MIMETHKHU.

3akoHonaBuo 3 2015 poky naHe HayKOBE CHpPSIMYBAHHS PEIrJIAMEHTYEThCS MIKHAPOJHUMH
Cranpapramu [SO 18458 ta ISO 18459:

*ISO 18458:2015 «biomimernka. TepMiHONOTris,, MOHATTS 1 METOJOJIOTISL» — CIHYXUTh
OCHOBOIO JJIsl TEPMIHOJIOTIT B G10MIMETHKH Il HAYKOBOi, IPOMUCIIOBOI Ta OCBITHBOI 001acTei;

*ISO 18459:2015 «biomimeruka. bioMiMeTnyHa oNTHMI3allis CTPYKTypU» — BHU3HAUaE
¢yHKuii Ta 00cArH 010MIMETHYHUX CTPYKTYPHHUX METOJIIB ONTUMI3allii, AKi BPaXOBYIOTb CTPYKTYpY
KOMITOHEHTIB 3 ypaxyBaHHSIM CUJIH, Baru ab0 TepMiHy ekcruryaTartii [3].

Biomimikpist — 11e BIJHOCHO HOBE CHpsIMYBaHA, c(hoKycoBaHEe BUKIIOYHO Ha €BOJIOLIHHOMY
JOCBIII TPUPOJHUX €KOCUCTEM, OCHOBHUMH CEPEJ] SIKUX €:

IpUpOJIa BUKOPUCTOBYE JIMILIE HEOOXIIHY il eHepriio;
npupoJa migdupae onTUMaIbHI GopMu A GYHKIIOHYBAHHS;
y IIPUPOTHOMY CEPEIOBUIII BCe epepoOIseThCs;

MIPUPO/Ia CIUPAETHCS HA PI3HOMAHITHICTH;

KO’KHA perioHajibHa eKocucTeMa — yHikasbHa [1; 4].

Buninsiote Tpu piBHI O1OMIMIKpIi: piBeHb OpraHi3My, IOBEIHKM Ta IMITalis BCI€l
exocucteMd. Ha KOXKHOMY piBHI € I’STh BUMIpIB, SIKI BH3HAUalOTh CTYIIHb iMiTawii: ¢opma,
MaTepiall, KOHCTPYKIIis, rmporiec i pyHkiis [4; 5].

TakuM 4YHHOM, MpPHPOJA YACTO KOHLENTYANI3YETbCA SK «KaTajor MPOAYKTIB», (CKUBA
SHITMKIIONE IS BUHAXNIMBOCTI», sKa Mae 3,8 MIIpA. POKIB i€ 1 pO3yMHUX ajamnTalliid, MICTUTh
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ITMOMHHY MYJpPICTh, 3 SIKOIO JIIOJU TOBHHHI KOHCYJIBTYBAaTHCS, HACTINyBaTW Ta BYHUTHUCSH, 1100
«IIOCSTTH» CTIMKOCTI [6, 7].

[IpoTsirom ocTaHHIX TPHOX AECATUIITH OioMiIMiKpist HaOyna MOMYIAPHOCTI K JUCHUIUTIHA Ta
opraHizaiiiiHa CTPyKTypa, fKa IO€IHYE 1H)XXCHEPHI, NPOEKTHI Ta OIl0JIOTIYHI JOCIIIKEHHS.
I'moGanbna Mepexa «bioMimikpis» — 11e 00’ €1HaHHS NPAKTUKIB Ta OpraHi3aliil, siki npamoTs y 21
Kpaini, 36 perioHaAJIbHUX MEpekKax 1 OXOIUTIOIOTH MOoHaa 12 Tuc. dieHiB. Mepexa MOXOIUTh Bijl
IacTuryTy Giomimikpii B MonTani, CIIIA [6; 8].

Hyxxe gacTo G10MIMIKPIiHI TiX0IU TO3UIIOHYIOTECS K KOHIENTYaJIbHI MJIX0W Ha IUIIXY
70 CTaJoro PO3BHUTKY, ajieé 3 OISy Ha JaHe TBEP/UKCHHS IyMKa HAYKOBIIB OYXKE PI3HUTHCH,
BHUKJIMKA€ HAYKOBI MPOTHPIUYS Ta MOCTIHHI AUCKYCii. [IpuXuIbHUKY 11i€1 TimoTe3u (MOYWHAIOYH Bij
K. Benroc, kepiBHHUIII KOHCAJIITUHTOBOI (ipMHU Ta OCBITHBOI Mepexi Biomimicry 3.8), cTBepaxKyIOTh,
110 BUKOPUCTAHHS HOBHX TEXHOJIOTIH, Kl € MPOTOTHUIIAMHU MPUPOAHHMX (GopM, (PYHKIIIH, NUIIXOM
CKOPOYCHHS PECypCOBUKOPUCTAHHS, pPOOUTH KIIOYOBHH BHECOK B JIOCATHEHHS IIJICH CTanoro
PO3BUTKY. A TaKOX € TBEPIXKEHHS, IO MPSMUN 3B 530K BAXKKO BIIACTEKUTH, a «OiOMIMIKpis He
00O0B'I3KOBO 3a0e3redye CTiKI pe3ylbTaTH» IO KOHIENTYaJbHOI KPUTHKM IaHOTO MiAXOAy Ha
OCHOB1 €KOHOMIYHOI CTaJIOCTi, CTBEP/DKYIOUH, 110 <JIFOAChKA BUHAX1IJIMBICTh 3aJUINAETHCS BUIIOIO
3a Oiosoriuni popmm» [9-11].

KoxHa rpyHTOBHA KPUTHKA, y T.4. 1 HAyKOBa, Ma€ MICIle Ha iCHYBaHHA, a JOMOKHU (axiBii
JOBOJATH, IO OIOMIMIKPIHHI TPUHIMIKA CTBOPIOIOTH MPOTHUPIUYS JJIsl TEBHUX CBITOTJISIHUX
KOHIEMIil Marepiaii3My, JaHe KPOCHUCIHUILIIHAPHE CHpsIMyBaHHA HaOyBae OO0EpTiB y BHIJIAL
HOBHX TEXHOJIOTIYHUX MOJIENIeH, HATXHEHHHX MPHUPOJOI0, a MPOTOTHIYBAHHS pEANI3yEThCH Y
HE3BUYHHUX Ta BEJIbMH 1HHOBAIIHHUX (OpMax Ta TEXHOJIOTISX.

Y cBiii uac OIOMIMIKpiIfO CHOPHHHSIM SK MEWHCTpPIM, Opi€eHTOBaHWH Ha Oi3Hec-
1HBallpOHMEHTAJII3M, SIK JI0OKa3 TOro, L0 €KOHOMIYHE 3pOCTaHHsS Ta MIKJIYBAHHS PO HABKOJIUIIHE
cepeIoBHIIe OUIBIIE HE MOTPIOHO PO3MIIAIATH SK OMO3MINI0 ofgHe a0 oxHoro. Ha mouarky XXI cr.
6arato NMpUXUIBHUKIB OlOMIMIKpIi MOKJIaAamy HajJil Ha OlOJIOTIYHY PEBOJIIOLII0 B MPOMHCIOBOMY
BUPOOHUITBI, sIKA 3MOXKE CKacyBaTH TOKCHYHY Ta PECYpPCOMICTKY MPAaKTHKy XX-TO CTONITTS Ta
npusBene 10 Oinblll e(eKTUBHOI, €KOJOriyHO CTIHKOT MaTepialibHOi KYyJIbTYpPH, ONHUCYIOYH
010MIMIKDIIO SIK KJIFOYOBUM METOJT CTBOPEHHS OUIBII €KOJIOTIYHO CTIHKOT eKOHOMIKH [12].

IIpakTuyni npukjaaaum OiomMiMikpiiiHMX pilIeHb 3’BWINCH 3aJ0BrO 10 IOSIBU CaMOIo
TepMiHY Ta cupsiMyBaHHsA. HalmomupeHimmm 3arajbHOBKUBAHUM MPUKIAIOM OIOMIMETHKH € YCIM
no6pe BifgoMi 3acTiOku-munyyku (abo «Velcro»), Bunaitneni y 1948 poui mBeiiapcbkuM iHXeHEpOM
Kopxkem ne Mectpanem. I[lpupogHuM NPOTOTHIIOM CTald OCOOJMBOCTI TMPUCTOCYBATBHHUX
MexaHi3MiB KOpOOOUOK HaciHHs HeTpeOu 3Buuaitnoi (Xanthium strumarium). e oquuM 3 npuKIiIaaiB
TEXHOJIOTI MaTepiaiiB € KielKka IMiTallisl JIamoK TeKOHa, Cy4YacHI I1HHOBalifHI Marepiaiu
BKJIIOYAIOTh (apOH, sKi IMITYIOTh KOJBOPH KpWUJI MeETelIMKa, HaJMIlHA KepaMika, L0 IMITye
nepiamyTp; HajpykoBaHi Ha 3D npuHTepax, CTiHKI O IEPEOMiB, CXOKI1 Ha KICTKH MaTepiaju.

@i3i0M0ri4HI 0COOIUBOCTI JHUCTS JIOTOCY HAAUXHYAM Ha CTBOpeHHS TinpodoOHuX ¢apo
CTIMKUX 70 3a0pyaHeHHS Ta MIicHABU. [loBepxXHS AUCTS 1€l POCIMHU HACTUIBKU 100pe BIAIITOBXYE
Opyn 1 Boay, IO ISl BIACTUBICTh caMoouuuieHHA y 1977 p., 3aBaguytoun npod. BboHcbkoro
yHiBepcuteTy Bimerensmy bapriorTy, oTpuMana Ha3By «iotoc — edekt». Y 1999 p. Himenpka
OyniBenbHa KOMIaHis Sto BUITycTUIa ekctep’epHy ¢dapOy mia Hazsoro «Lotusan» (puc.1) [13].

% = SRS 3 = B o

Puc. 1. Ilpupoanwnii «1otoc — epexTy», BTUICHUI HIMEIIBKOIO KOMITaHi€r0 Sto y ekcrep’epHii ¢Gap0Oi
«Lotusan» [13]
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[licns BucuxaHHA MIKpoTeKcTypa ¢apOu iMITye TOBEpPXHIO JHCTA JIOTOca, 100
BIIIITOBXYBATH BOJIOTY Ta Opy 1 330BHI.

[ToBepxHi, CTiiiKi A0 momMpeHHs OaKTepil 1 MIKpoOopraHi3miB, HoBallis Bia kommnaHii Sharklet
Technologies — mporotunu akyssdoi mkipu (puc. 2) [14]. V ximii 6arato pobitT 30cepemkeHo Ha
MTYy4HOMY (POTOCHHTE31, HAPUKIIAJI, pO3pOOKa JEeNIeBUX, CHEProe(PeKTUBHUX COHAYHHX OaTapeil.

[Ipodecop  opraniuHoi  ximii
Kanigopniiicbkoro YHIBEPCHUTETY
I'epGepr  Be#iT, mnpamroroun — Hafg
CTBOPEHHSM  KJE€K  JUIi  MOKpPHX
MOBEPXOHb 3BEPHYB yBary Ha MPUPOAHY
3[ATHICTh MOJIOCKIB yTPUMYyBAaTHUCS Ha
OJIHOMY MicCIIi 3a J0omoMoror Oicyca,
OIIKOBMX  HHTOK, 3JaTHUX  MIITHO
MIPUKJICIOBATUCS 10 BOCKY, CKJa, KICTKH
Puc. 2. Criiixi 10 6akTepiii i Mikpoopranizmis Ta Metany. Pobora Beiita 3 po3poOku

noBepxHi Big Sharklet Technologies [14;15] aHaloriyHuX  OUIKIB  Jala  IOYaToK
0araTbOM IHIOMM JOCTI[DKCHHAM Ta

crpusiia CTBOpeHHIO TexHojorii PureBond, mo 3actocoByeThcsi B AepeBHIl MPOMUCIOBOCTI Ta HE
notrpe0ye BUKOPUCTAHHS (POPMAIIbAETI/IIB.

CTBOpEHHsI €KOJIOTIYHO YHCTUN MOPOIIOK KapOOHATY KaJbIII0 TAKOX «3aBASUYE» JOCBITY
MpUPOAM, a caMe Tporecy ikcamii BYTIEKHCIOro Ta3y KopajlaMH; TOPOIIOK MOXE 3aMIiHUTH
YaCTUHY MOPTIAHALIEMEHTY B TPaJAMUIIMHMX OETOHHHMX CyMIlIaX, IO 3MEHIIY€e BYIJICLEBHH CIif
LEMEHTY

bputancbka kommnanis Stabilitech cTtBopuna O0iOMIMETHYHY TEXHOJOTIO, IO JO03BOJISIE
30epiratu Ta 0OpoOIsATH OioJorivHi 3pa3ku 0e3 oxoyoKeHHS. TpaauIiiftHo 0i0JIOTiYHI MaTepianw,
Taki SK BakKIMHU, TMOBHUHHI 30epiraTHcs B XOJOAMJIBHUKY O MOMEHTY IOCTAaBKH MAalli€HTY, 1100
3amo0irTu ix aerpananii. MeaudHi 3akiiagd B KpaiHax, 10 PO3BUBAIOTHCS, HE MAarO4M HaJIHHOI
XOJIOIMIIBHOI 1H(GPACTPYKTYpH, Oynu 3MyIlIEeHI BUKHAATH TOJOBUHY MOCTaBICHHX BaKIMH Yepes3
npobyieMu 3 TeMIeparyporo. IMiTyroun NpUHUMIM poOOTH O10JIOTIYHUX MEXaHI3MIB (HAIpHUKIA,
Jesiki BUIM MOXIB Ta KPEeBETOK), kommanis Stabilitech ycnimuo po3po6uiia HETOKCHYHI Ta HEAOPOTi
JOTIOMIXKHI ~XIMIYHI PEYOBHHM, #AKI CTaOLII3ylOTh OI0JOTiYHI Marepiaii MpH TeMIleparypi
HaBKOJIMILIHBOTO cepeaoBuia [16].

CydacHe 1H)XXEHEpHE pIIIEHHS SMOHCHKOTO MOTATY-KYJi, SKUM po3BUBae MBUAKICTH 10 200
MUJIB/TOA. T€XK € OJHUM 3 HAMMOIIMPEHIINX MPHUKIaIiB MPOTOTUITYBAHHS MPUPOTHUX IMPOIIECIB Ta
O3HaK B TexHoJIoTiuHl cucreMu (puc.3). IlepBuHHa Monenp MOTATY Majla NEBHUN HENOJIIK,
BUKJIMKAHWN TiJABHUILEHHSAM TUCKY TOBITPS B TYHEISX, IO CTBOPIOBAIO 3BYKOBHUH T'YPKIT KOKHOTO
pasy, KOJH 10131 BUXOAUB 3 TyHEN0. JIr0au, sK1 )KUBYTh Ha BiJICTaHl 10 15 MMIIb, CKap)KUIUCS Ha
myM. [HXeHepH, SKUM JOpYYWJIM TNEepepoOMTH HOCOBY YaCTHHY MOi3/1a, MI00 3MEHIIUTH IIyM,
CTBOPHJIM HOBY KOHCTPYKIIIO 3a 3pa3koM 13b00a pubanouku (Alcedo atthis), mraxa, skuii mipHae
TOJIOBOIO BMEpeN y BOAY, NPH LIbOMY HE YTBOPIOIOUM OpU30K Ta ciulecky Boau. HoBwuii moisn
TUXIMIUNA 32 OpUTiHAJIbHY MoAelb, Ha 10 % mBuAIMN 1 IpU IIbOMY CIOKHUBA€ €NEKTPOCHEPTii Ha

15 % menme [17].
o P Ei \§’

MILLIONS Esoveoanss >>

Puc. 3. Aepoarramika OOTIYHOTO AU3aiHY BJOCKOHAJICHOTO SIMTOHCHKOTO BUCOKOIIBUIAKICHOTO
noizna Shinkansen Series 500 Oyna 3Moep0BaHa 3a 135000M NTaxa 3umMopoaka [17]
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di310510T19HI 0COOIMBOCTI HaMiOIMCHKOTO KyKa
(Stenocara gracilipes) cramu gi€eBUM TPOTOTHIIOM
azcopOI1ii atMocepHOi BOJIOTH B MyCTEIBHUX YMOBaxX
(puc.4). Bueni MaccauyceTchbKoro TEXHOJOTIYHOTO
iHctutytry ¥ Kartomumpekoro  yHiBepcurery — Umiti
criocTepiraiy 3a MpOIECcOM 1 BHHAWIIUTA HOBE JHM3aiH-
pimeHns. IxHsa ciTuacta TexHosoris 360py BOJOTH 3
TymMany Moke mnornuHatu 10% BoasHOl mapu 1 €
TOTOBHM DIIICHHSIM IS HamliB3aCylNUIMBUX PETi1OHIB.
Hampuknan, y Unni nornuHanHs jmine 4% BMICTY BOIH
3 TyMaHy 3a/I0BOJIbHUTH NMOTPeOH MiBHIYHUX PETIOHIB y
Boji. CyyacHi TEIUIMYHI CHCTEMH 3 MOPCHKOIO BOJIOIO
iMITYyIOTb mporiec  300py BOIM, SIK II€¢ poOUTH
HaMiOIMCPKUH KYK, IO BHUKOPUCTOBYE OE3MEXKHI
COHSIYHI pecypcH, 1000BI mepenaan TeMIeparyp i, epeBa)KHO, TEIJIi BITPH AJIs KOHEHCAIIll BOJIOTH
B mpicHy Bony. Karapcekuii mocmigauii 3aBoz kommanii Sahara Forest Project 3anisiB mro cucremy
JUIS BUPOIIYBaHHS I[IHHUX IPOJOBOJIBYHMX KYJIbTYp, BUKOpHCTOBYroun Ha 50% wMeHIIe Bo.H,
MOPIBHSHO 3 TpaAuLiiHUMK 3acobamu [15].

Texnonoriss ORNILUX — e yrerseHe Ckjo, BUTOTOBJIEHE HIMEIbKOIO KommaHiero Arnold
Glas, 3aBaskm sSKOMY BHAJIOCS 3amoOirTH BHIagkaMm THOeni mnraxiB (puc.5). s 1moro
BUKOPHUCTOBYETHCS CIIEIialbHe yIbTpadiolieTOBE CBITIOBIIOMBAIOYE MMOKPUTTS, SIKE Ui JOIACHKOTO
OKa 3JIa€ThCS MaiKe TPOo30pHuM, ajie no0pe BHIHE MNTaxam, aJKe BOHHU 3JaTHI OauuTH OLIbII

‘ : HIUPOKUH  yIbTpadioneToBUil CHEKTp, HIK IIOJChKE
oKo. Imes BukopucTatu ynbTpadioneToBe MOKPUTTS
3’sBUJIACSl 3aBISKH HAYKOBUM JIOCHIJDKEHHSM, SIKi
BUSIBUJIH, 1O €K1 BUIU TABYKIB BILUTITAIOTh y CBOIO
NaByTUHY CBITJIOTEXHIYHI MacMa. Tak MaBYyKH
3aMaHIOIOTh KOMaX Ta BUIISKYIOTh BEIUKHUX TBapHH,
30kpema nraxis [18; 19].

[TpoBigHa HayKkoBO-mOCTiTHA KOMaHaa Nanomik
CHeliai3yeTbCsl Ha po3podLi peuentyp, BIAKPUTTI
HOBUX O010MOJIEeKys 1 OloiHXKeHepii MIKpOOpraHi3MiB.
VBech 1l JOCBiJ 10MOMarae po3poOiisiTH €KOJOTiYHO
YHUCTI, €KOHOMIYHO €(EeKTHUBHI Ta BHMCOKOOIOJOIIYHI
MPOAYKTH, Taki SK OlOQYHTIUAH, Ol0IHCEKTHIIUIH,

Puc. 5. Ornilux bird protection glass [18] = HaTypaypHi iHriOiTOPH 1B, BOAOpPOCTEH 1 OakTepiit
tomro [20].

B IKT noBeninka po3noairy O/KiT HAIUXHYJIA Ha AUHaAMIYHUN po3nojain cepBepiB. REGEN
Energy - TexHonoriuHa KOMIaHis, 3aCHOBaHa Ha OCHOBI O10MiMIKpii, 3aCHOBHHUKH SIKO1 TTOCTAaBUIIN
co0l 3a MeTy TpaHcOpMyBaTH MiIXOIU 1O €HEeproeeKTUBHOCTI Ta PO3POOUTH HOBY CKIIAIHY
TEXHOJIOTII0 YIPAaBJIiHHS EHEPri€l0 Ha OCHOBI KOMYHIKAI[IMHMX Mojieliell MEIOHOCHUX OJUKIJI.
bmxomu cniikyroThCsi MK COOOIO 3a JOMOMOTOI0 MOBH Tijla Ta 3aJIMINAIOTH (EPOMOHHI Cian. Y
BYJIUKY HEMae€ YIpaBliHHS «3BepXy BHU3». HoBatopu Mapk Kepbens Ta Poman Kynuk 3po3yminm,
0 3MOXYTh KEpyBaTH MpWIaJaMH OiIbIl €()EKTUBHO, SIKIIO aJanTyHTh IF0 JIOTIKY 1O CBOE€i
texHousorii. Ilg iHHOBamiiiHa imes mpu3Bena 10 3amMycKy KOMIaHii, sSKa IMO3UIIOHYe cele Is
CHJIBHOTO MalOyTHBOTO HAa PHHKAX, IO PO3BHBAIOTHCS, HE3BAXKAIOYM Ha MOYATKOBUH CKENITHIIU3M,
MEPENOBHEHUH 1 3aCTUTIIMI PUHOK €HEPTeTHUHUX TexXHoJorii [19].

Ha cporosni 6e31iv 1ikaBUX PIlIeHb 0 BChOMY CBITY HapaXxOBY€ 3aCTOCYBaHHsI 010MIMIKpii B
apxiTekTypHi Ta au3aiiHi. Bimomuii cBoiMum poOotamu 3imM0a0Biiicekmii apxitektop Mik Ilipc,
CIIOCTEpIrarour 3a TEPMITHHKOM, IIWIIOB BHCHOBKY, IO Woro ¢opma Ta BEHTHIIIS 11€aTbHO
MiIXOASATH JJI1 HABKOJUITHBOTO CEpeOBHINA. BiH CTBOPUB MPOEKT-TIPOTOTUIT TEPMITHHKA y BUTIISI1

b‘ ‘L - € -
Puc. 4. Ilpuknaa mpoTUIyBaHHS 3a
MPUHIUTIOM (Di310JIOTIYHAX OCOOIMBOCTEH
HaMi0ilichKoro xykKa [15]
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ToproBo-oicnoi Oynieni Eastgate Center Xapape (3im06a0Be), odicuoi OyaiBni B MensOypHi
(ABcrpais), a mi3nime inanbHi B lllenpwkeni (Kuraii). Posymna O6ynisns Eastgate 3koHCTpyiioBaHa
3 HEpIBHHX KaM’ sHHUX JaeTaneil Ha (acaai (MPOTOTUIH KOJIOYOK KAKTYCY). 3arocTpeHi MOBEpXHI,
MOTJIMHAIOTh MEHIIE TeIjla, HDK 3BUYaiHE IJIOCKE CKJIO, Ierjla Yd KaMiHb, BOHHU TaKOX JIETIIE
BiJIBOISITH TEILIO, 30epirato4yu XOJIOAHIIIUM, HiXK 3BHUaiiHa OyniBis [21].

Bapro 3ayBakuTu, 110 JTOCBIJ BNPOBAI:KeHHs 0ioMiMikpii B OCBITHIO CKJIAaJ0BY Mae
MiCIle B €BpOINEHCHKUX Ta aMEPUKAHCBKUX YHiBepcuTeTax. Hampukian, YHiBepcuter AKpOHA
(Oraito, CIIIA) ta Inctutyt muctentB KiliBjieH1a CTBOPUIIN CIIUJIBHY Mporpamy 3 010MIMIKpii, sKa
MPONOHYE 37100yBauaM TpH OCHOBHI KypcH (OCBITHI mporpamu): 6akanaspa 3 010MiMikpii, mporpamy
CTUTIEHIIH 3 610MIMIKPii Ta mporpamy aoktopa ¢igocodii.

YHiBepcuTeTOM MmTaTy ApH30HA (CHIIBHO 3 KOHCAJITUHTOBOI KOMITAHI€IO0 3 OlOIHTEIEKTY
Biomimicry 3.8) po3po0ieHO Ta BIPOBAKEHO JBI OHJIAWH-TIPOTPAMU DPIBHS Marictpa, a TaKOX
OakayiaBpa B opMmaTi IeHHOT (OpMU HABUAHHS.

VuiBepcuter YTpexta B Himepianmax mpornoHye marictepchKy mporpamy Bio-Inspired
Innovation — e 1BopiuHMIA Kypc ACHHOI (popMH HaBYAHHS, OPIEHTOBAHUI HA CTYACHTIB 31 CTYIICHEM
OakanaBpa OionmoriyHUX Hayk. JlaHa mporpama MpOMNOHYeE YHIKallbHE MO€IHAHHS 3HAHb 1 HAaBYaHHS
HaBUYKaM, SIKi MIATPUMYBAaTHUMYTh IMOIIYK 1 PO3pOOKY HUKITYHUX Oi3HEC-MoJeneil 1 JoCiKeHb Ta
IHHOBAIIi}, HATXHEHHUX 010JI0TI€I0.

bakanaBpceka mporpama «biomiMeTnka» TpOMOHYEThCS BecTdanbChbKkuM yHIBEPCUTETOM
npukiaaHux Hayk (HiMeuunHa) Ta MO3UIIOHYETHCS SIK MDKIUCIUILTIHAPHUMA KypC, B MeXaX KOTPOTO
3100yBaIOTHCS KOMIIETEHTHOCTI 3 HAYKOBUX €JIEMEHTIB 0i0J10Ti1 Ta XiMmii, ocHOB MaTemaTuku Ta IT Ta
OTPUMYIOTbCSI HABUYKU TEXHIYHOTO CTBOPEHHS MPOTOTHUIIIB HAa OCHOBI MPHHIIMIIIB, 3HAWJCHHUX Y
TIPUPOII.

biomiMikpis BKJIIOUYeHa B OCBITHI mporpamu l6epoamepukancbkoro yHiBepcuteTy (Mexiko,
Mexkcuka), 1Ba Kypcu BIPOB/DKEHI B YHIBEpCHUTETI MUCTenTBa Ta nu3aiiHy Ontapio (ToposTo,
Onrapio, Kanana), nocnimxeHHs B cdepi OlOMIMETHKM Ui 1HXKEHEPHOTO IPOEKTYBaHHS € B
Manuecrepcbkomy yHiBepcuteTi (Benukobpuranis).

Marictepcbka mnporpama «biomimikpis» lymaxepcekoro kosemxy (BemukoOpuranis),
3aHYpIOE CTYIIEHTIB Yy CEpENOBHINE HABYAHHS, MOEIHYIOUYM HAyKy, MHUCTENTBO Ta JAW3aWH JUIS
BHUBUYEHHS TOHKOIIIB O10MIMIKpii.

Konemx mucrenrsa ta nuzaitny Minneanoziica (MCAD) (Minneanodic, Minnecora, CIIIA)
MPOIOHYeE 3100yBayaM OH-JaiH Kypc «Biomimicry» (120 roa.) y TematuyHiii 06JIaCTi €KOJIOT1UHOTO
nu3aiiny. Kypc Bkitodae ctpaTerii IpoeKTyBaHHs, 3aCHOBaH1 Ha IPUPO/I1, €KOJIOTTYHUN JU3aiiH.

B Vuisepcureti FOtu (CILIA) € ToBapucTtBo 6i0MiMIKpii — 116 HOBUH MIKAMCLUUIUTIHAPHUN
JNOCTIAHULIBKUN IIEHTp, a caMe 3apeecTpoBaHa CTYAEHTChbKa opraHizamis. A B YHIBEpCHUTETI
Iagnepcdinaa (Benukobpuranis) crBopeHo Center for Biomimetic Societal Futures.

VuiBepcurer Kanidopnii, bepkii, a came LlenTp ekomoriunoi xiMii Mae Kypc JUisl acIlipaHTIB
mig Ha3Bow «buTbII E€KOJNOriuHI pIIIeHHs» MPU3HAYCHWH A7 O3HAHOMIIEHHS CTYJEHTIB 1
MOTEHIIMHUX MaOYTHIX JOCTITHUKIB 13 METOIOJOTIE OIOMIMIKpIi Ha MPaKTUYHUX MpuKiIagax. Ha
BiIMiIHY BiJl OITBIIOCTI IHIIMX KYypCiB HaBYaHHS, 1€ HE TIMOTETHYHI TEeMAaTU4HI TOCHIHKCHHS, a
CIpaBXH1 TIPOOIeMH, MPEACTaBICH] ASSIKUMH 3 HAMOUTBIINX 1 HAMYCHINTHINIUX KOMIAaHINA KpaiHu Ta
cBiTy [22, 23].

B ocBitHiX mporpam ykpaiHcbkux 3BO BenbMu piAKO MOKHA 3yCTPITH «O1OMIMIKpiIO» B
SKOCTI OKPEMOT'O OCBITHHOI'O KOMIIOHEHTY, HE YacTO JaHa TeMaTHKa BUCBITIIOETHCA 1 B CTPYKTYPI
ci1abyciB OKPEMHX OCBITHIX KOMIIOHEHTIB, IPOTE€ BapTO 3ayBa’KUTH, IO JlaHA MPAKTHUKA € 1 BOHA
YCIIIIHO MONYJISIpU3y€eThes [24].

CyyacHi MoxiauBocTi iH(popMaliiiHMX TeXHOJOTiH — OJWH 3 OCHOBHHX KpHUTEpIiB
JOCTYITHOCTI /ISl BUKOPHCTAaHHS B OCBITHbOMY MpOIECI Ta HAyKOBOMY MOILIYI O10MIMIKpiHHUX
CTpAaTerii.

[pyHTOBHMH TIaAapM iHGOPMAIMHOTO KOHTEHTY — 1€ Pe3yybTarT IUIJHOI OararopiuHoi
po6otu Ixanin bentoc ta ii komanau. /{aHi po3poOKH BKIIOYAIOTh:
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e Biomimicry 3.8 — me mpoBigHa y CBiTI KOHCAJITHHTOBa KOMMaHis 3 OiOIHTENIEKTY, SKa
MPOTIOHYE KOHCYJIBTAIll 3 MUTaHb O10JOTIYHOTO IHTENEKTY, IpodeciiiHe HaBYaHHS Ta HATXHEHHS
(https://synapse.bio/);

e BebOcaiit 3 mudpoBumu pecypcamu Incturyry Oiomimikpii (Montana, CIIA), skuit
mictute TOOLBOX — Habip iHcTpymenTiB 6iomimikpii (https://toolbox.biomimicry.org/),

e ASKNATURE (https://asknature.org/) inHOBamiiiHUi UUPPOBHN pecypc s TOIIYKY
010JIOTIYHMX MPOTOTUMIB Ta OIONOTIYHMX CTpaTerid, 0a3y HJaHMX O10JOTiYHOTO IHTENEKTY,
OpraHi3oBaHy 3a MPOEKTHUMH Ta IH)KCHEPHUMHU (DYHKIIISIMHU.

CyuacHi MOXJIMBOCTI T€HEPATUBHOTO LITYYHOTO IHTENEKTY, SKHH 3JaTeH JOMOMOITH 3
OIpalLfOBaHHAM HasiBHOI 0a3M JaHUX Ta HAIITOBXHYTHU JAOCIHIJHUKA HA MOLIYK 17€H-IPOTOTHIIIB.

Inpopmaniiini Texnosorii (IT) BigirparoTs negani Baximsimy poasb y chepi 6iomimMikpii.
IT-iIHCTpYMEHTH BUKOPUCTOBYIOTHCS JISL:

e BUBUCHHS ITPUPOIH — IMiIBUIIECHHS MOXIIMBOCTEH HAyKOBUX JIOCIIIKEHD;

e pO3pOOKU 610OMIMETUYHHX MPOAYKTIB, TOCIYT Ta MOJEIIEH;

e HABYAHHS Ta MPOCBITH — 3aB/SKU 3aXOIUTIOIOYMM Bi3yallizallisiM, IHTEPAaKTHUBHUM OHJIANH-
Kypcam Ta irpam, [T pobnaTe BUBUEHHS 010MIMIKpPil JOCTYITHUM Ta LIKaBUM JAJISl HIUPOKOT ayTuTopii,
HA/IMXA04Y1 HOBE TIOKOJIIHHS JIOCIITHUKIB Ta iHHOBATOPIB;

e 3D-IpyKk aKTUBHO BUKOPHUCTOBYETHCS JUISI CTBOPEHHsSI OiOMIMETHYHUX CTPYKTYD,
MPOTOTHUITYBAaHHS, TPOSKTYBAHHS Ta MOJICITIOBAHHS;

o [1IT BUKOPUCTOBYETHCS ISl pO3POOKH HOBUX aJITOPUTMIB, HATXHEHHUX IIPHPOJIOI0;

e AHANITUKM 0a3 JAHWX, OMPAIIOBAaHHS BEJIUKMX MACHBIB JaHUX NP0 TPHUPOJHI CHCTEMH,
MOLIYK 3aKOHOMIPHOCTI T4 CUCTEMHHUX 3B’SI3KIB, SIKI MOXKHAa BUKOPUCTOBYBATHU JJIsI pO3POOKH HOBUX
TEXHOJIOT1{, ONTUMAaIBHUX MTPHUPOJOOXOPOHHUX PillICHb;

e criiBIpalli, oOMiHI 3HaHHsAMH Ta jgocBigom: IT-rurarpopmMu Ta OHJIAHH-CIUIBHOTH
MOJIETHIYIOTh CIIIBIIPAIIO MK JOCHITHUKAMH, I1H)KEHepaMH Ta [IU3aifHepaMH 3 YChOTO CBITY,
CTUMYJIIOIOYM OOMiH 3HaHHSIMM Ta MPUCKOPIOIOYM MPOIIEC IHHOBALIIH.

Bapro 3a3maumth, Ha OaraThOX NPAKTUYHHUX NPUKIANAX JOBEIEHO, IO BHKOPHCTAHHS
€BOJIIOLIITHOTO JIOCBIJy NPHUPOJHUX EKOCHUCTEM MLUISXOM IPOTOTUIIYBAaHHS — L€ albTepHATUBHE
CHpsSIMYBaHHSI NIl PO3POOKM TEXHOJOTIH pillleHb, ONTHUMI3alli AII0YMX MIAXOAIB Ta CHUCTEM. Y
noeananHi 3 IKT OiomiMikpis MOXe CTaTH HNOTYXHHM 1HHOBAI[ifHMM 1HCTPYMEHTOM Ha HUIIXY J10
CTaJIOTO PO3BUTKY, NMPH MEPEXOi N0 MHUPKYISIPHUX EKOHOMIYHHUX MOJENIeH, a TaKOX J03BOJIUTH
PO3MIUPUTH HAYKOBUN MOUIYK JJIs TOCIIHUKIB PI3HUX Tally3ei.
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MEPCIEKTUBU BUKOPUCTAHHS LITYYHOI'O IHTEJEKTY B 'AJIY3I EKOJIOITI:
OCBITHIH, HAYKOBII TA MPAKTUYHIN JISITbHOCTI
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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.

AHoTanig. Y myOmiikamii npoaHaai30BaHO MOXJIMBOCTI BUKOPHCTAHHS IUTYYHOI'O 1HTENEKTY
(III) B ramysi ekojorii 3a TpbOMa OCHOBHMMH cIpsiMyBaHHsMH: 3actocyBaHHs Il y cucremi
(opManbHOI €KOJIOTIYHOI OCBITH, IIPU MPOBEIEHHI HAYKOBUX JOCIIPKEHb Ta MPAKTUYHIN JiSIbHOCTI.
[IpoananizoBaHO MepeBarM Ta PHU3MKH 3aCTOCYBAHHS T'€HEPATUBHOTO IITYYHOI'O IHTENEKTY B
OCBITHBOMY TpOIleCi, fIKI Ha ChOTOJHI BUKJIMKAIOTh XBUJIIO HEOJHO3HAUYHUX OOTOBOPEHb Cepen
ocBiTsiH. HaBezieHO mepesnik OCHOBHUX MOXJIMBOCTeH 3actocyBaHHs LI B ocBiTHIN AisUIBHOCTI Ta
HAYKOBUX JIOCII/PKEHHSIX 3 BpaXyBaHHSM MPHHLUIIB akaJeMidyHoi JoOpouecHocTi. Ha KOHKpeTHuX
MpUKJIaaX BHUCBITIEHO MPAKTUYHUN JIOCBIJ 3aCTOCYBAHHSI TEXHOJIOTIM IITYYHOTO 1HTENEKTY s
BUpIIIEHHS MPHUKJIAIHUX 3aBJaHb B Taly3l ekoyorii Ta mnepcrnekTuBHUM mnotenmian LI s
CIPOIIEHOTO BUPIMIECHHS BY3bKOCTIECIIaTI30BaHUX 3aB/IaHb.

Kniwowuosi cnoga: wmyunuii inmenekm, I[HMEPAKMUEHi Memoou HAGUAHHA, HOPMAIbHA
eKOJI02IUHA 0C8IMa, NPAKMUYHA OISLILHICMb 8 2A1Y31 eKOLO2II.

Beryn. [TosiBa watry GPT Ta 3acTocyBaHHS pO3MIMPEHOT0 (DYHKIIIOHATY IITYYHOTO IHTEIEKTY
(ILI) crama cBoro poxy NpOPpUBHUM MEHHCTPUMOM B ycixX cpepax xutts. [lomanbina nepcrnekTuBa
po3Butky IIII Ta iHTErpyBaHHS OTO0 MOXJIMBOCTEH B Oy/ICHHI MPOIECH, 3aMiHa 3BUYHUX ITIIXO/IIB TIO
BUPIIIEHHIO TOCTABJIEHUX 3aBJaHb TEXHOJOTISIMU ILITYYHOTO IHTENEKTY, BUKJIMKAJIa PE30HAHCHY
XBUJIIO OOrOBOPEHb Y HAYKOBIM Ta OCBITSHCBHKIN cliIbHOTaX. [lepeBa)kHUM YHHOM BOHA IPYHTY€ETHCA
Ha JIBOX CKJIQJIOBUX: MO-TIEpIIe, 1€ MEPCHEKTUBU Ta MOXKJIHMBOCTI, SIKI BIIKPHBAIOTHCSA MeEpes
JIIOJICTBOM 3 MOXJIMBOCTAMH 3actocyBanHs IIII, a, mo-gpyre, 11e mMOTEHIIHI PU3WKHK TOB’s3aHi 3
JOTPUMaHHsS aBTOPCHKOTO IpaBa, MPUHLHUIIB aKageMiuHOi JOOPOYECHOCTI Ta BIPOTITHUX MOMMUIIOK
CUCTEMU TIpH BUKOpHUCTaHHI reHeparuBHoro 1.
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BpaxoByroun MoTeHLiHHI PU3UKH Ta MEPCHEKTHUBH, HaMH OyJia MOCTaBlIeHa MeTa JOCIIIUTH
oco0mMBOCTI Ta mocBia BukopucranHs I mpu BmpoBaKeHHI OCBITHBOTO TPOIECY, MPOBEACHHI
HAYKOBUX JIOCII/DKEHb Ta 0E€3MOCEpeaHbO B MPOIECI MPAKTHYHOI AISIIBHOCTI B rayly3i €KOJIorii, Ta
MEPCIIEKTUBHUX MOXKJIMBOCTAX IHTETPYBaHHSA JAHOTO TEXHIYHOTO 1HCTPYMEHTY B OCBITHIN IpoIecC
JUIs 3100yBaviB BUIIOI OCBITH crienianbHocTi 101 «Exomorisy».

AHaTi3 OCHOBHMX J0CJi:KeHb i myOJikaniii. OcTaHHI POKHM TOKa3aJld 3HAYHUU Tporpec i
JOCSITHEHHS B aHAJITHYHUX OOYHMCIIOBAIBHUX 1HCTPYMEHTaX 1 BIAKPUTTAX. OCOOIMBO 1€ CTOCYETHCA
METOOJIOTI, TOB’sI3aHUX 13 HOBUMHU cepamu mTydHOro iHTenekTy. LITyunuii inTesiekT — 1€
IHCTpyMEHTapiil CUCTeMH, YU CepBiCY 3 BUKOPUCTAHHAM SKOTO MOYKHA 30MpaTH Ta ajanTyBaTH JaHi
KopucTyBayva (200 J1aHi, [0 PO3MIIIIEHI Y BIIKPUTHX PEMO3UTOPISX), Ta HA IX OCHOBI T€HEpYBaTH HOBI
pILLICHHS YY1 BUCHOBKH, BiJIIIOBIHO JI0 TIOIaHOTO 3aMUTy KOpUcTyBaua [1].

Po3poOka cucTeM IITYy4HOrO IHTEJIEKTY Ma€ CBOIO IiIKaBy ICTOpIiI0, ajie¢ MPOPHUBHHM CTaB
MOMEHT MOSIBH Il pi3HOMaHITHOTO (yHKIioHaTbHOrO BHKOpHucTaHHS ChatGPT. ®@eepuuna nosiBa
BUKJIMKAJIa HE MEHIIY KUIbKICTh TUCKYCIMHHMX MHUTaHb 3 MPUBOAY apryMeHTallii Ta JOOpOYEeCHOCTI
IUIE BHUKOPHCTAHHS B MEXKaxX OCBITHBOT'O TPOLECY Ta TPU IMPOBEIACHHI HAYKOBHX JOCIIIKCHb.
OCBITSHU 3aHEMOKO€HI, WI0 MOXJIMBOCTI reHepatuBHoro LI BmMHYTP Ha akaaeMiuyHy
JIOOpOYECHICTh 1 SKICTh HAaBYAHHS CTyHAeHTIB. Lle HOBHMH iHCTPYMEHT, SKHii, O€3yMOBHO, Ma€
Oarato mepeBar 1 BIJIKPMBAaE HOBI MOXJIHMBOCTI, MPOTE, II€ 1 TEXHOJIOTiSA, SKOK HEMOXKHA
37I0B)KUBATH.

OctanHi napy pokiB B HayKoOBOMY iH(ompocTopi 3’sBHJIaCh BETUKa KUIBKICTh MyOmikariiit
MPUCBAYCHUX aHAJI3y MEPCHEKTHB Ta HEIOJiKiB BUKOpUCTaHHS TexHoioriii LI B ocBiti Ta Hayi.
30kpema, 1€ HayKOBi MyOIiKaiii MpeACTaBHUKIB YKPAiHCHKOTO OCBITHBOTO CEpEeIOBHINA
Anpapomryk A. T'., Mamtoru O. C., Coxens O., Konomiens A., Kymmip O., Map’enko M., ComeHko
N., Tpudonosoi O., CamoBoro M., lllaposa C.B., [Ipau I., Ilerpoe O., bopomieako O., Pereiino I.,
bazemok O., bazemtok H., Cno6onsaiok O., Bizarok . M., byrnait H. M., Kymak JI. B., [Tomimyk A.
C., KumuBnuk B. B.,. Ilegan O. A., YmaxkoBa I. O., bukoBa B., Bbaxpymmna B., Ocanuoro B.,
Houenko 1.O. ta 6aratbox iHmMX. CTpiMKa MOsIBa BEJIMKOI KUIBKOCTI IMyOJIIKallii, sk B YKpaiHi, Tak
1 32 KOpZIOHOM, 00YMOBJIEHa OOTPYHTYBaHHAM JouibHOCTI BUkopuctanus 111 y cepenosuii BUIIOi
OCBITH, €TMYHUMHU HOPMaMHU JIOTPUMaHHS TNPUHIUIIB aKaJeMIYHOi J00podecHOCTI Ta CBOOOAM,
CIIPOMOXKHOCTI MOMEPEUTH yCl PHU3UKH, TOB’SI3aHI 3 aJanTalliel0 HOBHUX TEXHOJOTTUHUX
MOXJIMBOCTEN reneparusHoro 1.

Bukiaa ocHOBHOrO MaTepiajty 10CJiI2KEHHS.

I'enepaTuBHMii WITYyYHMIl iHTeJeKT Ta ¢opMajibHA €KOJOTiYHA OcBiTa. Y mepeBaxHIN
OUNBIIOCTI OCBITSHU TOTPUMYIOTHCS AYMKH, 110 HABYANIbHI 3aKJIaJM MAOTh MPUUHITH TEXHOJIOTIIO
I Ta 3HaiiTH ciocobu 1HTETrpyBaTH ii y CBOi METO/AM HaBUAHHS, OJIHOYACHO 30€epiratouu akajaeMivHl
CTaHJApTH Ta 3a0e3Meuyloyd aKaJeMiyHy JOOpOYecHICTb. 3a YMOBHM PETEIBHOTO KOHTPONIIO Ta
HaJIE)KHOTO YIPABIIIHHSA 1HCTPYMEHTH HAa OCHOBI HITYYHOI'O IHTEJEKTY, MOXYTb OyTH HEHMOBIpHO
KOPHCHHMMH $IK JIUISl CTY/ICHTIB, TaK 1 JJIs BUKJIJadiB.

o nepeniky xkimodoBux Moxkauoctei LI B ocBiTHIN AiSIIBHOCTI Ta HAYKOBHUX JTOCIIIPKEHHSIX
MO>KHA BiJTHECTH:

— aBToMartu3oBaHui anHanmiz naHux (LI 3matHuii oOpoGmsitu Benuki 00CATH JaHUX 1
3MIMCHIOBATH 1X aHaJi3 3 MUTTEBOIO IIBUIKICTIO);

— 3HA4YHE CIPOIIECHHS pOOOTH 3 TEKCTAMHU 1 MOBaMHU;

— TIOIIYK HOBOI iH(opMaIlii Ta JaHUX, CHHTE3 HOBHX MaTepiaiiB i 3ac00iB;

— TeHepallisi HOBHUX Till0Te3, MOJICITIOBAHHS CKJIAIHUX CHCTEM;

— MIJBUIIEHHS TOYHOCTI MOJICIIIOBAHHS Ta IPOTHO3YBaHHS;

— odopmiteHHs UTYBaHHS [2].

3 oxHoro Ooky LI Mo’xe ctaTu TigHMM NMOMIYHMKOM BHUKJIaJadya B OCBITHBOMY MpOIIECI.
Onnak, He3BaKalOYW Ha MOTEHITIAN MTYYHOTO IHTEJIEKTY B OCBIT1, TAKOXK € 3aHETIOKOEHHS 11010 HOTO
MOTEHI[ITHOTO HETraTMBHOTO BIUIMBY Ha SIKICTh BUKOHAHHS 3aBlaHb. Cepea KIIOUOBHX PH3UKIB
nojanbioro po3utky I HayKkoBII BHOKPEMIIOIOTH HACTYITHI:
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—Trno0alibHe MOPYLICHHSI aBTOPCHKUX MpaB (TEPIIOHKEPENO TBOPY, HAYKOBOI Mpalli 3HAWTH
BCE€ CKJIAJIHIIIE);

—3HWKEHHS  SKOCTI  KOHTEHTY, BTpara OpHUTIHAIBHOCTi, (DAKTOJOTIUHI  TOMMIIKH,
"raronMHarnii", AKi Mo)ke o0aYNTH JIUIIIE JIFOUHA;

—BTpara kpeatuBHOCTI (LI He MoXxe BUTagaTH CBOIO BIIACHY 1/1€10, BIH KOMIILIIOE YyXKi i71el
Ta poOUTH 1X HEBITI3HAHHUMH, ajie¢ HE HOBUMHU );

—3pocTaHHs 0e3po0ITTS y KpeaTuBHil cdepi;

—HM3bKAa SKICTh JaHUX Ta IiX HamIMHICTH (WIg ycmimHoro ¢yHkmionyBanus IIII Ta
HEHpoMepeki TOTPeOYIOTh BETUKOI KITBKOCTI SKICHUX JaHWX, SKIIO JaHi, Ha SKAX BOHHU
HABYAIOThCS, MICTATh IOMIJIKM a00 HETOYHOCTI, II€é MOXKE IMPHU3BECTH [0 HENPaBUIbHUX
pe3yibTariB);

—HEaJIeKBaTHICTh BIAMOBIICH Ta PU3HKH TOMHUJIKOBUX PIllICHb;

—nutaHHs 6e3neku: Bukopuctanns LI ta Helipomepex CTBOPIOE pU3UK AJisl O€3MeKn JaHuX;

—PH3HK 3aJICKHOCTI BiJl TEXHOJIOT1H Ta BTpaTh (a00 HETOOTPUMAaHHS ) HABUYOK CAMOCTIMHOTO
HaBuaHHs [3; 4].

Buxopucranus LI ans npoBeneHHsI eKOJIOTIYHHX J0CTiAxKeHb. JlOCTIIKEHHST B Tamys3i
€KOJIOTi1 3 BHKOPHCTAaHHSIM IITYYHOTO 1HTEJEKTY CIPSMOBaHI Ha MPOTHO3HE PO3YMIHHS CKJIaTHUX
CUCTEM, Yy SIKUX HEJIHINHICTh BUHUKA€E BHACIIJOK 0araTOBUMIPHOI B3a€MOJIT Ta 3BOPOTHOTO 3B 3Ky
B pi3HuX MacmTabax. [licist CTOMTTS He3aleKHUX, ACHHXPOHHHUX JIOCSTHEHb Y OOUHCITIOBAIbHUX Ta
€KOJIOTIYHUX JOCITIDKCHHSAX, TMepea0davyacTbcsi KPUTHYHA TOTpeda B HABMHUCHIM CHHEprii s
BUPINIEHHS MOTOYHUX CYCIUIBPHUX BUKIIMKIB HA T II00ATBHUX 3MiH [5].

BapTto 3a3naunty, 110 crnenudikor eKOIOTIYHUX JTOCIIHKEHb € BaKJIUBICTh HASBHOTO DSy
CHCTEMAaTHYHHUX CIIOCTepPEe)KeHb. EKONIOTIYHI  JOCHIUKEHHST BUMAaralOTh TPOTHO3YBaHHA 1
MOJICTIIOBaHHS B TMEPCIEKTHUBHUX 3MiHAX MOTOYHOTO CTaHy MOKAa3HHUKIB, IO JO03BOJSE CTBOPUTHU
MPOTHOCTUYHI MOJEJI BIPOTiIHUX EKOJOTIUYHUX CIEHapiiB, OLIHWUTH TEPCIEKTHBHI 3MIHH Ta
IIBUJIKOTO pearyBaHHsS Ha MOTEHILIMHI pU3MKH 1 iX Hachiaku. 3actocyBaHHs TexHousorii HII mpu
MIPOBEJICHH]I €KOJIOTIYHUX JOCIIIKEHb PO3LIMPIOE CHEKTP MOXKIMBOCTEW B PI3HUX METOJUYHUX Ta
TEXHOJIOTIYHNX MIAX0IaxX.

[Iponymano pospobsennit 1 emmipuyHo miarBepkeHuid Il B eKOJOTIYHUX TEXHOJOTIAX
CIIPOMOXKHUM MOJIENIIOBATH CKJIQJHI €KOCHCTEeMH1 3B’s3kd. lle HOBITHE NapTHEPCTBO MiX
JNOCTIAHMKAMH Ta MAalIMHAMU TOIVIMOMTH €KOJIOTIYHE PO3YMIHHSA JJIs CTaJoro YIpaBJiHHSA
eKOCHCTEMaMH Ha TUIAHETI, IKa CTa€ Bce OUIbII epeHaceneHoro [6].

JlocniAHUKY BUIUISIOTH OCHOBHI CHpSIMyBaHHSI aganTuUBHOCTI BukopuctanHs I B ramysi
€KOJIOTi:

e ABToMaTH30BaHa ineHTH(ikania BuaiB. OMHUM 3 HAyKOBUX BHKJIHUKIB €KOJOTI SIK
HayKd - € Kartajorizamis Ol0pi3HOMaHITTA pociuH. BBaxaerbcs, mo 10-20% BHIIB pPOCIMH Ha
TUTAHET] JI0C1 3aJTMIIAI0THCS HEBHSIBIICHUMH. TeXHOJIOT1T KOMIT IOTEPHOTO 30pY MOXYTh aBTOMaTHIHO
i1eHTudiKyBaTl BUAM BCIX BHUJIB TBAapUH 1 POCIMH 13 300pakeHb (OTOMACTOK JUIs MacIITaOyBaHHS
300py JaHUX.

Kpim inentudikarii, metogu 30opy maHux 3a monomoroto I 3miawmu cnociO, y sxuit
eKoJIorh 30uparoTh 1H(QOpPMAII0 TPO BHUIM POCIAUH. TexHomorii JUCTAHIIHHOTO 30HIyBaHHS,
ocHaieHi anroputmamu 11, 7103BONAIOTH aBTOMAaTH30BAaHO 30MpaTd JlaHi, 3MEHIIYIOYH MOTpely B
TPYJIOMICTKIN MOibOBIM poOoTi. L9 iHHOBaLisl HE TUIBKH MPHUCKOPIOE OTPUMAaHHS [aHUX, ale i
3abe3mneuye OUTBII MOBHE Ta Oe3MepepBHE PO3YMIHHS MOLIMPEHHS BUIB POCIHH.

e 30epe:keHHss OiopisHomaniTTA. IlITyyHMil 1HTEeNeKT TmMoOJerurye BJOCKOHAJEHE
BIJICTE)KCHHS Ta 1IeHTU(IKAIIIO BU/IB, 0 MepeOyBarOTh IMiJl 3arp0o30i0 3HUKHEHHA. DOTOMacTKH Ta
CEHCOpH1 Mepexi, ocHauleHl anroputMmamu I, MoxyTh TOUHO 1I€eHTH(IKYBaTH OKpEMHUX TBapHH,
BIJICTE)KYBaTH MIrpaiiifHi Ta OI[iHIOBaTH AWHaMiKy momynsiii. [li gaHi qomomararTh 3po3yMiTH
CXeMHu wMirparitii, ymogo0aHHS CepeoBHUIN ICHYBaHHS, 3J0pPOB’S MOMYNAIi Ta ONTHMI3yBaTH
MIPUPOJIOOXOPOHHI 3aXO/H.

BusHnaueHHs1 B3a€MO3B'SI3KIB MK O10pI3HOMAHITTSAM 1 (hakTOpaMu CepeOBHINA: AITOPUTMHU
MalIMHHOTO HAaBYaHHS JO3BOJSIOTH BCTAHOBUTH OaraToBapiaHTHI 3B’SI3KH MiXK TaKCOHOMIUHHUM,
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(GyHKLIOHATHUM, TCHETHYHUM PI3HOMAHITTSAM Ta €eKOCUCTEMHUMHU MPOLIECAMHU.

bopotbba 3 OpakoHbEpCTBOM. PO3yMHI IaTyuku, APOHU Ta IHTEIEKTyalbHI CHCTEMH Kamep
CIPOMOXKHI BUSIBJSITH Ta CIHOBIIIATH KOHTPOJIOIOYI OpraHM Mpo TMOTCHLIHHY OpaKOHbEPCHKY
TISUTBHICTh Yy PEXKUMI peasbHOro 4acy. IIporHO3HE MOJENOBaHHS 3 BHKOPHCTAaHHSIM INTYYHOTO
IHTEJIGKTY MOJXKE JIOTIOMOITH IepelI0ayuTh 30HH BUCOKOTO PHU3UKY OpaKOHBEPCTBA, JTO3BOJISIIOYH
BXXUBATH MPODUIAKTUYHUX 3aXO0A1B JJI 3aXMCTY BPa3JIMBUX BHIIB.

Takox LI momomarae AOCHITHWKAM BHBYAaTH TEHETUYHE PIZHOMAHITTS MOMYJSIIN, 10
nepeOyBaroTh IMiJl 3arpO30K0 3HUKHEHHS, BU3HAYaTH KIIOYOBI T'€HW IS ajanTaiii Ta npuidMaru
OOTpYHTOBAHI PIIICHHSI IOJI0 MPOTPaM PO3BEACHHS JIJISI ITi IBUIIIEHHS TEHETUYHO1 CTIHKOCTI.

¢ MOHITOPHMHI CTaHY HABKOJHUINHBOIO CePeIOBHMINA: MEPEXKI JIATYMKIB, KEPOBAHUX
IITYYHAM 1HTEJICEKTOM, aJalTHBHO KOHTPOJIOKTH EKOCUCTEMH B PEXHMI pPEaTbHOro dacy,
BIJICTe)KYIOUH JTMHAMIKY TTOKa3HUKIB.

® Moje/ni0BaHHs Ta NPOrHO3YBaHHS CTaHYy AOBKiLIA. B yMoBax kiiMaTH4HOI KpU3H Ta
aJanTUBHOCTI ekocucTeM A0 mux 3MiH, Il Moxke cTBOpWTH pi3HOMaHITHI creHapii. Hampukian,
CIPOTHO3YBAaTH 3MiHY TeorpadiuHuX apeaiiB MOMMPEHHS BUIIB BiAMOBIIHO 10 MOTCHLIHHOI 3MiHU
KJIIMaTUYHHUX TTOKa3HUKIB.

MoentoBaHHsl  €KOJIOTIYHOTO BIUTMBY JO3BOJISIE TPOAHATI3yBaTH BIUIMB MOTEILTIHHS,
NIEPETBOPEHHS 3€Meb Ha Ol0pi3HOMaHITTS. BHUKOpHCTaHHS LMX MOXIMBOCTEH NPOTrHO3YBaHHS
JI0TIOMarae CTpaTerivHoMY TUIAaHYBAaHHIO alanTaii 10 KIiMaTy Ui 3aXUCTy 010pi3HOMaHITTSL.

e ArpoekoJsoriunuii Monitopunr. Bukopuctanss LI B rany3i pocJiMHHUNITBA:

v’ 3a0e3medye MOJIEIOBAHHS Ta MPOTHO3YBAHHS PO3BUTKY KYJIBTYP, TEPMiHIB BUPOIILYBaHHSI
1 BpO’KalfHICTh HA OCHOBI TaKMX 3MiHHHX, SIK T€HETHKA, METOJU YIPABJIIHHS, IOTOJHI YMOBH, CTaH
IPYHTY, 30HH 3 JAe(DIUUTOM TMOXHMBHUX PEYOBHH, CTPECOM BiJ IOCYXH, ClajaxaMH XBOpoO,
BUKOPHCTOBYIOUH aepO(OTO3HIMKHA BHCOKOI PO3IUIBHOI 3aTHOCTI, 3p00JIeH] 3a TOTIOMOTOI0 JIPOHIB,
JiTakiB a00 CyNyTHHKIB, a TAKOX perpeciiHi MoJeli;

v’ JI03BOJIsIE MPOJAYKTUBHO BUSIBJISATH XBOPOOM Ta IIKiJHUKIB C/T POCIHMH; HPOBOIUTH
CerMeHTallilo Oyp'sHiB Ha 300pa)KeHHAX, OTpUMaHUX 3a jgonomoroi BIUJIA, BusBistoun Mmicus
1HBa3WBHUX a00 CTIMKHUX 10 repOinuaiB Oyp siHIB, IO A€ MOKIIMBICTh PAHHHOTO BTPYYaHHS JI0 TOTO,
SIK BOHU HOLIMPATHCS, BUKOPUCTOBYIOUM TOYHE LIIECHIPSIMOBaHE OONPHUCKYBAaHHS JIMIIE TaM, € L€
HEOOXIIHO;

v/ ONTHMI3ye KepyBaHHs 3POIICHHSM 33111 MAKCHMI3aIlil BPOKalHOCTI KyJIbTYp TMOPIBHSIHO 3
e(eKTUBHICTIO BUKOPUCTaHHS BOJIHU;

v/ Hajae 3MOTy 3[iCHIOBATH arpoxXiMidny
ONTHUMI3AIlI0: TOYHE BHECEHHS 3MIHHUX HOPM
N00puB, MNECTHLUAIB 1 repOiUMIIB Ha Moy 3a
nornomororo moaened ML, ski 00’€1HYIOTh aHi Mpo
IPYHT, TOrOJy Ta BpOXail, IO B CBOI Yepry
JI03BOJIsIE MIHIMI3yBaTH €KOJIOTIYHUHN BIUIUB;

v’ 3abesmneuye TOYHIIIe IPOTHO3YBaHs
BpO’KalHICTI 32 paXyHOK 0araropakTOpHOTO aHasi3y;

v/ CTBOPIOE TEPCIEKTUBH TSI PO3BUTKY Ta
MOIIYKY 1HHOBAIIIWHUX TIAXO/IB /O CEJIEKIIHHOTO
pPO3BENIEHHSI  CUIBCHKOTOCHOJAPChKUX  KYJBTYP.
CygacHl JAOCHIDKEHHS TIOKa3ald, W0 OUIBIIICTh
O3HaK KOHTPOJIOIOTHCS JIEKIJIbKOMa TeHaMH, SKi
B3acEMOIIOTE OJWH 3 OJHWM 1 HaBKOJHIIHIM
CEpe/IOBUILEM CKJIaJHUM YHUHOM (Ha BIAMIHY BIJ
TpaaULIAHOI CeNeKIil MPUHIMIY YCHaJKyBaHHS 3a
Mennenem). Biporigno, mo I cnpomoxuuit
1meHTU(IKyBaTH 3aKOHOMIPHOCTI B  JIaHUX, SKi
MOXYTh OyTH HEOYEBHIHUMHM JJIS JIIOJCH, IIBUALIE
Ta edeKTuBHINE iACHTH(IKYIOUN OakaHl pUCH IS

Puc. 1. [Tpuxnan inenrudikarmii
POCIIMHHOCTI 3 BUKOPUCTAHHSAM
texuotorii I [7]
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Moaudikarii.

e [III B ra;y3i TBAPMHHULTBA J03BOJISIE BIICTEXKYBATH PYX, HOBEAIHKY Ta 3[J0POB’S TBAPUH
3a JIONIOMOTOI0 KOMIT IOTEPHOTO 30pY, MEPEHOCHUX MPHCTPOIB 1 aIrOPUTMIB BUSBJICHHS aHOMAii,
3a0e3neuye paHHIO JIarHOCTUKY 3aXBOPIOBAHHS.

° CynyTHHKOBe KapTorpayBaHHsi cepeaoBHIIL icnyBannsn: [I-anami3
CYIYTHUKOBHUX 300pa)k€Hb MOXKE KapTorpadyBaTH pOCIMHHICTH (MPUKIAI 300pakeHuid Ha puc.l),
PO3MOALT BUAIB 1 3¢MJIEKOPUCTYBAHHS 3 BUCOKOIO PO3JIIBHOIO 3[AaTHICTIO HA BEJIMKHUX TEPUTOPIX,
1100 BUSIBUTH TTPOCTOPOBI MOJIENI.

° InTenekTyaIbHUI aHAI3 €KOJIOTIYHMX JAHUX: METOAM 1HTEIEKTYaJIbHOTO aHANTi3y
JaHWX MAalIMHHOTO HAaBYAaHHS JONOMAararoTh BUSBUTH MPHXOBaHI 3B’A3KH Ta TCHICHII Y MaCUBHUX
HaOOpax eKOJIOTTYHMX JaHUX, SIKi HEMOKIMBO PO3Mi3HATH Bpy4HY [7].

IIpakTH4HiI NPUKJIAAN TEXHOJOTIYHUX PO3PO0OK B rajysi ekoJiorii, siki 0a3yloTbcsi Ha
BuKopuctanHi texnoJorii I,

Kommnanis DeepMind, mo Hanexxuts Google i1 cremiami3yeTbesi Ha JOCITIHKCHHSX Y Tamy3i
LITYYHOTO IHTEJIEKTY, BHMKOPHCTOBYE MOXJIMBOCTI HEHpoMepek Mg BHpIIEHHS mpolieM,
NoB’s13aHUX 31 3MiHOO KimiMaty. CiMc BizepcnyH, crenianict 31 cTanoro po3BUTKy 3a3Havae, 1o 111
MO’K€E JIOTIOMOI'TH y TPbOX OCHOBHHX HalpsiMKax:

e [Iporno3yBanHsi Ta MOHITOPHHT KiiMaTHUYHUX 3MiH. Mogeni DeepMind cmnpomosxHi
MaKCHUMaJIbHO TOYHO IPOrHO3YBaTH onajau (BiA ABOX rofuH 1o 10 nHIB Briepen), 1ie BIAKPUBAE MUIAX
710 MOJICITIOBAaHHS 111€ CKJIQAHIIINX IPUPOIHUX MPOIECIB.

e OnTuMizalisi  ICHyrOUMX cucTeM Ta  iHpacTpykrypu. Komnanis crnpoOyBana
BukopucrtoByBatu I B mara-nenTpax Ta 3ymina 3aomanuti 40% eneprii, 110 Ay)Xe Ba)KIMBO JUIS
ckopoueHHs BUKUIIB CO;.

e ¥V pamMKax OJHOIO 3 IPOEKTIB HEHpoMepeKy HaBUMIM KepyBaTh (OpPMOI0 IUIa3MHU
y CIIPaBXKHBOMY TEPMOSIIEPHOMY PEAKTOpi TUITY TOKaMaK, 1€ BaXKJIMBHHM KPOK Ha IIJISAXY CTBOPEHHS
JOCKOHAJIOT0, €KOJIOTIYHO YHCTOTO JPKEpeia eHepril, mepeKoHaHi cremianictu [8].

Ha croronmni BmpoBamkeHHs TexHonorid Il mokHa 3HalTH B 1HHOBALIMHHUX PO3pPOOKAX
HaIpaBJICHUX Ha BIPOBADKCHHS PECYpPCOOINAIIMBUX TEXHOJIOTIH, SKi HAmpaBleHI Ha JOCSITHEHHS
JIeH CTaJIoro po3BUTKY Ta KJIIMAaTHYHOI HEHTPaJIbHOCTI.

Cucrema Algoretail (I3painb) BUKOPHUCTOBYE MAIlMHHE HABYaHHS IS aBTOMAaTH3aIlil
OpoLeyp 3aKyIiBIi NPOAYKTIB y po3apiOHiil TopriBmi. [Hctpyment aBromatm3arii Algoretail 10
MIPOTIOHYE TIPOTHO3YBaHHS MPOJaXiB HA OCHOBI JIaHUX, IO JTO3BOJISIE CKOPOTHUTH BTPATH MPOIYKTIB
MOBCSAK/JIEHHOIO TOMMUTY, MO0 IMIBUAKO TICYIOTbCS, TUM CaMHM 3HA4YHO MIHIMI3yIOUH KIUJIbKICTh
Xap4yoBUX BIAXOJIB. 3a BIArYKaMH KOPHCTYBadiB, iM BHAJOCS CKOPOTHUTH XapuoBi Bimxomwm Ha 30-
40% [9].

TpeHaoBUMU € cTapTanu A COPTYBaHHS Ta NEpepoOKM BIIXOJIB, K1 TaKOX 0a3ylOThCs Ha
texunosorii IIII. Cycled Technologies AS (Hopserisi) — po3yMHHH KOUIMK 3 TEXHOJOTIEKO
CaMOCOPTYBaHHs Ta MOOLTBbHU# 101aTOK. Cx0oxuM € mpoekT Bin-e (I[lombia) — po3yMHUiT CMITTEBUI
06aK aBTOMaTHYHO PO3IMI3HAE MPEIMETH 1 COpPTYyE iX 3a JOMOMOIrOI0 pPO3IMi3HABAaHHS 300paXeHb 1
mammaHOro HaByanHs. CleanRobotics (CIIIA) — inTenekTyanbHa CHCTEMa yIPaBIIiHHS BiIX0J1aMH 3a
nonomororo I Ta po60TOTEXHIKH.

@paHily3pkuii  cTapTan riZzy TpONMOHYe MOMIYHMKA 3 YIPABIiHHA BiIXOJaMH JUIs
KOPIIOPAaTUBHUX KOMIIAHIM Ta CHUIBHOT. 3a JOMOMOTOI0 HITYYHOTO IHTENIEKTY BiH PO3Mi3HAaE pi3Hi
BHJIM BIJIXOJIIB 1 BIJMIOBIa€ HA 3aNTUTAHHS KOPHUCTYBAUiB MPO Te€, SK MOBOJAUTHCS 3 TIEBHUMH BHIaMU
BIIXOMiB, Hadae iHpopmanilo npo rpadiku 300py, KOMIOCTYBAaHHS, HAMOMMKYMX IEHTPax
nepepoOKH Ta 6araTo 1HILIOTO.

[IpoaykT i3 MIATPHUMKOIO IMITY4HOTO iHTeNeKTy mix Ha3Boro Winnow Vision, 3amymieHuit
OpuraHcbkoro kKommaniero Winnow Solutions € peBosrOMiiHIM CTapTarioM YIPaBIiHHS XapUYOBUMH
BiXoJaMu Ha KoMmepuiiHux kKyxHsx. Winnow Vision moeanye B co0i kamepy, pO3yMHI Baru Ta
MallliHHE HaBYaHHS, 00 pO3IMi3HABAaTH Pi3HI THIH 1K1, BAKUHYTOI y CMITHUK. CHCTeMa PO3paxoBye
(iHaHCOBI Ta €KOJOT1UHI BUTPATH Ha iXKYy, 1100 KyXapi YCBIAOMWIN IIHHICTh BiaxoaiB. Komnanii, siki
BUKOpHCTOBYIOTH WINNOW Vision, 3MEHIIyIOTh BUTPATH Ha MPOIYKTH Xap4yBaHHS B CEPEAHBOMY Ha
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2-8%, 110 CBITYHTH TIPO Te, IO 1€ pimeHHs Ha ocHOBI LI mpUHOCUTH KOPHUCTH SK MiIIPUEMCTBAM,
TaK 1 HaABKOJUIIHBOMY CEpPEIOBHUINY Ta BIJAMOBIIATH KOHIEMIISAM CTaJOCTI, IepeadadeHuM
KOpHopatuBHUMU ctpaterisimu [10, 11].

Clearbot (Kurait) — 11¢ aBTOHOMHI po60TH-30Mpayi okeaHi4HOro cMitTs Ha ocHoBi 1111 (puc.2),
SIKI MOXKYTh BUSIBJISATH Ta 30upatu cMitTs 3 Boau. Clearbot Neo 3naten 3i0patu 1o 15 i1 Hadu Ta 200
KT IUIaBal04yoro CMITTS 3a JICHb MPHU MiHiMaabHUX BUTpaTax eHeproHociiB. Clearbot Neo — cyuachwuii,
e(eKTUBHHUIA 1 €KOJIOTIYHO YHCTHI CIIOCIO OYMIIIEHHS BOJHUMX NULIXiB [12].

Komannma Buenux 3 Descartes Labs (CIIA,
Canta-®e) 3amycTuia IHHOBAllIHHHMIA  JETEKTOP
PaHHBOTO  BHSIBIICHHS ~ JIICOBUX  TOXKEX,  SKUH
BukopuctoBye LI s ananizy 300paxenp, siKi KOXKHI
KUTbKa XBUJINH HAJICUITAI0THCS 3 TIBOX
METEOPOJIOTIYHUX  CYNYTHHKIB. AITOPUTM  IIIyKa€e
HAsBHICTh AUMY a00 3MiHU 1HGPaUYEPBOHUX TETJIOBHX
JaHUX, a TOTIM BHUKOPHCTOBYE JIETEKTOp, II00
HaJICIIaTH ToMepekeHHs: JicHuKkaM. Hapasi Oyno
BusiBieHo 6200 micoBUX TOXeX, y TOMY YHCHi 1
MajoMaclITaOHi, sIKi OXOIUTIOIOTH Juiie 4 ra Jicy.
Cxoxorto € po3pobka Pano (CIIA), sika BAKOPUCTOBYE
I rmmOGoKOoro HaBYaHHS Ta KOMI'FOTEPHHU 3ip s
aBTOMATUYHOTO BUSIBJICHHS, MePEeBIpKH Ta
KIacudikaiii JiCOBUX MOXKEK y peanbHOMy vaci [13,
14].

7

Puc. 2. Clearbot Neo — 36upau

: : Cervest (BenukoOpuTaHis) CTBOpPUB MEpIILY
OKEaHIYHOTO CMITTS [ 12]

wiatgopmy LI, mo6 momomMorTu KOMIaHisAM, ypsaam
1 BHUpPOOHMKAM aJanTyBaTUCA [JO HecTaOlIbHOCTI
KJIIMaTy Ta 3axucTUTH Hamy miaHety. IlepemoBa Ttexwnomoris EarthScan BuxopucroBye
MOJICJIIOBAHHSl JIaHMX, MAIMHHE HaBYaHHSA Ta HaNCyYacHINly KIJIIMaToJOriio, 100 HaaaTH
IHIUBIYIBHUN  aHAI3 KJIIMAaTHYHUX PHU3UKIB, TIOB’SI3aHUX 3 TIOBEHSIMH, TIOCYyXaMHu Ta
eKCTpeMalbHIUMU Temmeparypamu [15].

Bunopo6Hi E. & J. Gallo Winery Baanoch CKOpOTUTH CIIOKMBAaHHS BoJU Ha 25%, mpu 1IboMy
301utbIMBIIK Joxoau Ha 30 %. Jns 1poro JaHi mpo moroay, cTaH IpyHTY, CyXiCTh, BITEp TOIIO OyiH
310pani Ta ouiHeHi LI, 3 momampmmM 0OpaxyHKOM HEOOX1JHOI HOPMH 3pOIICHHS JUISl KOKHOI
okpemoi j03u [16].

TexHonorii MalIMHHOTO HaBYaHHA B TNO€JHAHHI 3 Mmiaxogamu ¢oTorpaMmeTpii Ta
JUCTAHIIMHOTO 30HJyBaHHSA 3eMHOi TMOBepxHI 3 BukopuctanHsM bBIIJIA Tta cynyTHUKOBUX
300pakeHb Ha0YBaIOTh MOMYISIPU3AIlil Ta € EPCIEKTUBHAM CIIPSIMYBaHHSIM HaYKOBHUX JOCIIKEHb.
JlaHi TeXHOJOTIl aKTHBHO aJamnTylOThCs JJii BUBYEHHS OlOpI3HOMAHITTS, BHU3HAUEHHS 3MiH B
JMICOBKPUTHX JUISHKAX JaHAmadTiB, a TaKoX 33y TIJBUIICHHS CTIMKOCTI B CUIbCBKOMY
rocnogapcTsi [17].

Wegaw (IlIBefimapiss) — 1me cuctema OOpOOKH CYNMYTHUKOBUX JaHUX JUCTAHIIHHOTO
30HAyBaHHA 3a gonomororo I st onTumizanii BUpOOHUIITBA TiIPOCHEPTETUKN HAa OCHOBI JaHUX
reoNpoOCTOPOBOTO CUHTE3Y, MOHITOPUHTY Ta MPOTHO3YBAHHS BOJAHMX 1 CHIrOBUX pecypciB. Cuctema
703BOJIsIE€ 301IBIINTH reHepartito eHeprii Ha 10%. A xommnanist GE Renewable Energy BukopuctoBye
HITYYHUH THTENEKT Y CBOiX BITPOBHUX TypOiHaX, 1100 MOKPALIUTH IXHIO IPOAYKTUBHICTh. Lli TypOiHu
OCHAIIlEH]1 JaTYMKaMM Ta aJIFOPUTMaMH IITYYHOTO IHTENIEKTY, SIKi mependavaroTh 3MiHU IIBUIKOCTI
BITpY Ta BiJIMIOBIIHO KOPETyIOTh poboTy TypOinu [18, 19].

Pachama (CHIA) ta Treefera (CLHA) — me pMHOK KpeIuTiB Ha BHJIAJIEHHS BYTJCLIO B
npupoi Ha ocHoBi [III. Pachama BukopucTOBYE OCHOBHI TEXHOJIOTI:

* OLIHKa BYIJeL0 (MOJENl MAIIMHHOTO HAaBYaHHS, SKi 00 €IHYIOTh CYNYTHHKOBI JaHi,
nmoboB1 AinsHKHA Ta 3D-mimapHi 300pakeHHs 3 MOBITPS, 100 KapTyBaTH JICOBUN BYIJICIh y ITUTHX
perioHax i, 3pemToro, y Oynb-sAKiid TOUIIl CBITY);
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* MOHITOPHHI 3MIiHU JIICOBOTO TOKPHUBY: CYIMYTHHKOBI 300pa’k€HHsI BHCOKOI PO3ILTBHOT
3IATHOCTI J03BOJIAIOTH BiJCTEXKYBATH BTPATH Ta MPUPOCTH JIICOBUX MacuBiB 3 yacom [20, 21].

Y mortoyHoMmy pori mmiaHyerbesi 3amyck Ha opOity 3emui CynyrHuk QDOHAY 3aXUCTY
HaBKOJIMIIHBOTO cepenoBuiia MethaneSAT. Bin npuszHauenuii 1y1s 300py NaHMX, sKi B TIOE€THAHHI 31
I Google i kaprorpadyBaHHsAM iHPPACTPYKTYpU JOMOMOXKYTH Kpaile 3pO3YMITH, SIK 3MEHIIUTH
Bukuau Mmetany. Hosumit cynyrauk EDF, MethaneSAT, kaprtorpadyBatuMe, BUMIprOBaTHUME Ta
BIJICT€KYBAaTUME METaH 13 0e3MpeleICHTHOIO TOUYHICTIO, IPOMIOHYIOYHM MTOBHE YSBJICHHS PO BUKUAN
MeTaHy. BiH BuMiproBaTHMe piB€Hb METaHy B HaMOUIBIINX HA(PTOTa30HOCHUX PETiOHAX CBITY IJIA
peryispHoro aHamuisy [22].

Buxopucranns mrydnoro intenekty (L) B exosorii, sike € BUBYCHHSM B3a€EMO3B’ SI3KIB MIXK
BJIACTUBOCTSIMHU OpPTaHi3My Ta MOTO POJUTIO B €KOCHCTEMI, MA€ BITHOCHO KOPOTKY 1CTOPIIO MOPIBHSHO
3 iHmmMMU HanpsiMkamu gociipkens 11 TIpote B ocTaHHI poKHM 3pocTae iHTEpEC 10 BUKOPHCTaHHS
IITYYHOTO IHTEJNEKTY JJisi BUBYCHHS (DYHKI[IOHAIBHOI €KOJIOTii Ta PO3YyMIHHS EKOJIOTIYHOI poui
PI3HHUX BHJIB 1 MEXaHI3MIB, IKi KEPYIOTh €KOJOTIYHHUMH IpoliecaMu 3arajbHOAOCTYITHI aHOTOBaHI
0a3W [MaHWX BCE 4YacTille MOXKHA 3HAaWTH B [HTepHeTi, MO0 MOJEIMUTH HAaBYaHHS TIUOOKUX
HEWpOHHUX Mepexk B ekojorii. Ile imeHTudikamii BuUAiB 3a 300pakeHHSAM, a00 BHU3HAYHHKHU
pi3HOMaHITTS OpHITO(ayHH 32 3BYKaAMH.

OpuiTtosnoriuni 6i6morekn Macaulay (https://www.macaulaylibrary.org/) a6o Merlin Bird ID
(https://merlin.allaboutbirds.org/), Bird ID (https://www.natureid.no/bird/), mobinpHuii HOomaTox Ha
ocuosi I BirdNET (https://birdnet.cornell.edu/), Iltaxu Ykpaiau — OpHITOJIOTIYHUI BH3HAYHUK 3
¢doro, onmcaMu Ta 3ByKaMHu NTaxiB, B SIKOMY BMilIeHO 428 BHIIB CydacHOI OpHiTOpayHH YKpaiHH.
[nazynn Ta 3emHoBoAHi  Xeno-Canto  ( https://www.xeno-canto.org/ ), KpUKH  KaKaHiB
(https://www.batdetective.org/). Pociuau abo 300pakeHHs: TBapuH, Hanpukiaz, e miarpopma Wild
Me (https://www.wildme.org/), sika po3po0iise Biakpute mnporpame 3abesneueHds ta 1T mos
HAYKOBOI CIJIBHOTH nipupoooxopoHiiis; iNaturalist (https://www.inaturalist.org/) — ue 6a3a nanux 3
nonan 470 tuc. Buais; PlantNet (PlantNet) — komnekitist 20 THC. BHIIB €K30THUHHUX pociuH [23, 24].

ITpoexkt AMMOD (Automated Multisensor station for Monitoring Of Specific Diversity),
cTBopeHui y HimeuunHi, cipsMOBaHUI BIJCTE€KYBAaTH 3MIHM B PO3BUTKY BHJOBOIO PI3HOMAHITTS.
Bin noennye naui 3 aTomatudHo B3sATHX 3paskiB JJHK, po3niznaBanns 300paxkens LI, 0ioakycTuky
HITYYHOTO IHTEJICKTY (KPUKH MTaXiB, A3MKUYaHHS KOMax) i aBTOMAaTH30BaHUi aHasi3 3amaxiB [25].

V¥ BepecHi 2023 poky HayKoBIL1 YKpaiHCbKOTO TipoMeTeopoioriyHoro iHCTUTYTY (YkpI'MI)
JNCHC Vkpainu 1a HAH Vkpainm ycmiBopani 3 IBM Research 1 Texas Agrilife Research
MPE3EHTYBATN CHUIBHUM €KOJIOTIYHUI NPOEKT, PO3pOOJIEHHM Ha OCHOBI IITYYHOI'O I1HTENEKTY.
3aBnsku  ownaiiH-arpopmam  «Land & Water»  (https://landwater.uhmi.org.ua/, puc.3) Ta
«AgroStats» (https://agrostats.uhmi.org.ua/,) MokHa oTpuMarté iH(GOPMAIIIIO 00 MPOTHO3YBAHHS
MOCYX, YIPaBIiHHSA BOAHUMH PECYpPCaMH, CTATHCTHKHU CLIbCHKOTO rocroaapcTBa Ykpainu [26-28].

‘Voamahsicrs, Gos, 2006-2020
‘3anopisees sanact

gl OgePa g 7000

[27; 28]

Puc. 3. Inrepdeiic onnaitn-ruiatdpopm Land & Water Ta AgroStat

[lepcriekTHBU BUKOPUCTaHHS TEXHOJIOTIH Ta MoxiauBocTei LI nas HaykoBuX po3poOok Ta
MOITYKY HOBHUX MIAX0/iB oueBHAHI. [lonmpu yci BiporigHi pyu3HKH, OUTBIIICTh OCBITHS CXUJISIETHCS 10
TOTO, 1110 3a00poHUTH BUKOopucTanHs LI B 0cBITHROMY TpOIleCi BCE OJHO HE BIACThHCS, TOMY Kparie
aZanTyBaTH WOTO MOXJIMBOCTI JUIsl OTPUMAaHHS B3a€EMHOI KOPHCTI B CHUCTEMI B3a€MOJIl «BUKJIa/a4-
3100yBaw».
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[TizcymoByrOUM BHKJIQJICHUIN BHIIIC MaTepial, BOAUaeMO JIOIIIBHUM 3anutaTi B yaty Gemini
(https://gemini.google.com/app), ski >k mnepcnekTuBu Bukopuctanus 1[I mis BopoBamKeHHS
€KOJIOT1YHOT OCBITH, Ha 10 OTPUMY€EMO BEJIBMH CTPYKTYPOBaHY BiIIIOBib HABEJCHY HHUXKYE:

«Ityunnii iaTenekt (II) mae 3HAUHMIA MOTEHMIIAN YIS PEBOJIIOIIMHUX 3MiH Yy cdepi
€KOJIOTIYHOI OCBITH, MPOMOHYIOUM IHHOBALlIiHI Ta 3aXOIUIIOIYi CIOCOOM HaBYaHHS JIIOJACH IMpo
noBkiiA. Och KijlbKa NepCneKTUBHUX HanpsAMKiB Bukopuctanus LI qist ekonorigyHoi ocBiTH:

1. IlepconaniizoBaHe HABYAHHS Ta A1aNITUBHI OCBITHI cUCTEeMH:

[I-anropuTMu  MOXYTh  aHaNI3yBaTH JaHi 1po 3100yBadiB, 100 CTBOPIOBATH
NEePCOHATI30BaHI HaBYAJIbHI IJIAHU Ta aJaNTyBaTH HAaBYAJIbHUIA KOHTEHT /10 TXHIX moTpeOd, iIHTepeciB 1
CTHIIO HaB4YaHHS. [le Moke 3poOHUTH €KOJIOTIUHY OCBITY OULTbIN €(DEKTHBHOK Ta IIKABOIO JJIS YYHIB
yCiX piBHIB.

IHTepakTHBHI  HaBYANBbHI  CcHUMYJAIIi  Ta  BipryasubHi  cepemoBumia: LI moxe
BUKOPHUCTOBYBATHUCS JUII CTBOPEHHS PEATICTUYHHMX CUMYIALIA Ta BIPTyaJbHUX CEpPENOBHIL, SKi
JO3BOJIIIOTH YYHSM JOCIIPKYBAaTH Pi3HI €KOCHUCTEMHU, BUBYATH €KOJIOTIYHI MpoOIeMHu Ta BiAUYBaTH
HACJIIJKU CBOIX [l HA JTOBKIJLIS.

Irpu Ta revimidikaris: I Moxe BUKOPUCTOBYBATUCS ISl PO3POOKH 3aXOIUTIOIOYHMX Irop Ta
3aCTOCYHKIB, SIKi pOOJIATH HABUYAHHS ITPO JOBKIJUIS OUTBII BECETUM Ta IHTEPAKTHBHHM.

2. Joctyn po ingopmaiii Ta pecypcis:

HII-cucremMu MOXyYTh 30MpaTH Ta arperyBaTH JaHi 3 pi3HUX JPKEPEeTl, TAKUX K HayKOBi CTATTI,
YPSAIOBI 3BITH Ta JaTYMKU MOHITOPUHTY JOBKULIS, HAaJal0uu 3700yBayaM JOCTYI 0 aKTyaJbHOI Ta
JOCTOBIPHOI 1H(OpMAIIi TPO EKOJIOTI9HI TPOOIIEMH.

Yar-60tu Ta BipTyanbHi mnomiuHuku: [II-moMiyHMKM MOXYTh BIANOBITATH HA 3alUTH
3100yBaviB Mpo TMapaMeTpu CTaHy JOBKULISA, HamaBaTH iM iH(OpMAIIO MPO MICHEBI SKOJOTIYHI
1HII[IaTUBY Ta 3'€IHYBATH iX 3 EKCIIEPTaMU Ta PeCcypcamu.

[lepexnan moB Ta anmantamis KoHTeHTY: LI Moxe BHUKOpHUCTOBYBaTHCS MJsl MEPEKIALy
HaBYaJbHMUX MaTepialliB Ha Pi3HI MOBM Ta ajanTauii iX 10 pi3HUX KYIbTYpPHUX KOHTEKCTIB, pOOJIsTUH
€KOJIOT1UHY OCBITY OUIbII JOCTYIHOO /Ui JIOJeH Yy BCbOMY CBITI.

3. IlinTpuMKa qOCTiAKeHb Ta iHHOBALi B €KOJIOTIYHIl OCBITI:

[T moxe BUKOPUCTOBYBATHCSA AJIs aHAJII3y BEIMKUX OOCATIB JaHUX PO €KOJOTIYHY OCBITY,
00 BUSABIATU TEHCHIN{, BU3HAYATH €(PEKTHUBHI METOIM HaBUaHHS Ta OI[IHIOBATH BIUTUB PI3HUX
OCBITHIX IIPOrpaM.

Po3poOka HOBMX IHCTpYMEHTIB Ta TeXHOJIOTIH i ekosoriyHoi ocsita: I Mmoxe
BUKOPUCTOBYBATHUCS NIl pO3pOOKM HOBHMX IHCTPYMEHTIB Ta TEXHOJOTIH, TaKUX SIK 1HTEpaKTHUBHI
KapTH, CHUCTEMM MOJEIIOBAaHHSI Ta IHCTPYMEHTH Bi3yami3auii AaHUX, sSKI MOXYTb JOMOMOITH
BUUTEJISIM OUTHIIT €(PEKTUBHO HABUATH MIPO JOBKUILIS.

CrBopeHHs BipTyalbHUX JlabopaTopiii Ta pochmigHMubkux cepepoBuil: I moxe
BUKOPUCTOBYBATHUCS JUIsl CTBOPEHHS BIPTyaJlbHUX JaO0OpaTopiid Ta AOCHIIHULBKUX CEpPEIOBUII, 5Kl
J03BOJISIFOTh  YYHSM TIPOBOJAMUTH JOCHTIJDKEHHS Ta EKCHEPUMEHTH 3 EKOJOTIYHUX IpoldsieM, He
BUXOJISIYH 3 JIOMY.

BaxxnuBo 3a3HaunTH, mo BukopuctanHs LI B ekonmoriydiil OCBiTI TaKOX Ma€ BUKIUKH, K1
HeoOxiaHOo BuUpimuTH. Hanpukman, BaxknuBo rapantyBatu, mo IlI-cuctemu rpyHTYIOTBCS Ha
HAyKOBO-ZIOCTOBIpHii iH(popMalii Ta He ynepeakKeHO CTaBIAThCA 10 EBHUX TOUOK 30py. B mimomy,
I ™mae BenWKWN TOTEHIAN JJIs TOKPAIIEHHS EKOJOTIYHOI OCBITH, pPOOISYM 1i  OUIbII
MEPCOHATI30BAHOI0, 3aXOIII0I0YO0I0, IOCTYITHOIO Ta €(peKTUBHOIO. 3 BiJMOBIJAILHIUM PO3BUTKOM Ta
BukopuctanasM 11 Moke TOTTOMOTrTH HaM HAaBYMTH HOBE TIOKOJIIHHS JIFO/ICH IIHYBATH Ta 3aXHINATH
JIOBK1ILIISI.

BucnoBku. OTxe, agantuBHi MOXJIMBOCTI BUKopucTaHHs Il oxpecnmioloTh KOJIO BaroMux
MEPCIEKTUB 5K JUIsl OCBITHBOI, TaK 1 JUII HAYKOBOI JisUIbHOCTI. BpaxyBaBiu yci MOTEHUINHHI PU3HKH,
noB’si3adl 3 BukopuctanHs III, MoxHa ypi3HOMAHITHUTH TPAIUIIHHI Ta IHTEPAKTHBHI METOIU
HaBuaHHs [29] (ocoOmuBO B aucTaHUiiiHOMY Qopmati) Ta iHTerpyBatu moxuBocTi LI s
B3a€EMOKOPHCHOT'O BUKOPUCTAHHSM SIK 37100yBadaMHu, TakK 1 BUKJIaJauaMu.
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[TpoanamizyBaBIIM HasBHUA MPAKTUYHUNA JOCBIM JUIS BHPIIICHHS MPUKIAJHUAX 3aBIaHb B
rajy3i eKoJIOrii, CTae 3p03yMUINM, 110 HAYKOBI PO3POOKHU Ta CTapTaly aKTUBHO IMOIMYJISIPU3YIOTHCS Ta
3HaXOATh BIATYK B KOPHCTYBAyiB Ta IHBECTOPIB JIMILE BIPOJOBK OCTaHHIX JIEKIJIBKOX POKIB, ajie 3
KO)KHAM POKOM aKTHBHO PO3LIMPIOETHCS CIIEKTP MOXJIMBOCTEH Ta TaiyseH, siki interpyrots LI B
CBOi TEXHOJIOTIYHI PO3pOOKH, a caMe: CHUCTEeMH COPTYBaHHS CMITTS, IIBHJIKOTO Ta JETaJbHOTO
aHaiizy OIOpi3HOMaHITTA (OCOOJIMBO Ha TEPUTOPISIX 3 OOMEKEHUMH MOXKIUBOCTAMH (Di3UUHOTO
JOCTYITY), aHai3y Ta MOOYIOBU MOJENIeH JJIsi ONTHUMI3AIlil peCypCOBHKOPUCTAHHS Ta MOTCHIIHHOTO
3MEHIICHHS BiJIX0/1iB BUPOOHUIITBA HA MUIAXY MEPEXOy O MUPKYIAPHOI EKOHOMIKHU Ta JOCSITHEHHS
[Ied CTaJoro pPO3BUTKY, IEPCIEKTUBHI MOXIMBOCTI IMPOrHO3YBAaHHS KIIMAaTHYHUX 3MIH Ta
MONEPEPKEHHS BIPOTIHUX KIIMAaTUYHUX PHU3HMKIB B T.4. JJIA Taly3l CUIbCBKOTO TOCIOJApCTBa,
OIlIHKA TOTEHINaly BPOXKANHHOCTI Ta eKOHOMIYHOi edekTuBHOCTI. [Ipukmamu momiOHUX po3pobOK
Jy’)Ke PI3HOMaHITHI, BOHHM 1HTErPYIOTBCS Ha 3aMiHy IEBHOMY TEXHOJIOTIYHOMY IpOIleCy, abo sK
JOJATKOBUM 1HCTPYMEHT JUISI ONTHUMI3allii BUPOOHMIITBA, alleé YCi BOHM MAlOTh KJIIOYOBY METy —
3MEHIICHHSI PECYPCOCIIOKHUBAHHS, ONTUMI3aIlil0 EHEeProe(EeKTUBHOCTI, CKOPOYCHHS YTBOPEHUX
BIJIXO/IiB Ha IUISIXY J0 CTAJIOTO PO3BUTKY.

Texuonoris LI Moxe OyTH NMOBHOIIIHHOI aJbTEPHATUBOIO JCSIKHUM TPAIUIIIMHAM METOIaM
MIPOBE/ICHHS HAYKOBHX JOCIIHKEHB Ta MPAKTHYHOI JiSUTBHOCTI, JI€BUM iHCTPYMEHTOM €KOHOMIi Jacy
Ta pecypciB MpH poOOTI 3 BEIMKUMHU MaCUBaMU JIAHUX 3 HOBUMHU MOXKIIMBOCTSIMH Ta TEXHOJIOT1SIMH.
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CLIbChKHH TYPU3M - OJIMH I3 EKOJIOI'THO OPIEHTOBAHHUX BU/IIB
TYPU3MY, CIPAMOBAHHNU HA PEAJIIBALIIIO KOHIEIII
CTAJIOI'O PO3BUTKY CLIIbCHbKAX TEPUTOPINI

Cenema 3opana

Hayionanvnuii nicomexniunuii ynigepcumem Yxpainu,
Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuixay
M. Jlvsig, Ykpaina

seneta.zoriana@nltu.edu.ua

AHoTauis. YHIKaJIbHI MPUPOIHI YMOBH 1 PECYPCH Ta MOTEHIINHI MOYKIMBOCTI JIJISI PO3BUTKY
TYPUCTUYHOI chepH CBigUaTh, MO CUICHKUA TypH3M B YKpaiHi MOXKE CTATH OJHUM i3 BAXKIMBHUX
IHCTpYMEHTIB 3a0€3Me€UYeHHsl CTaJlor0 PO3BUTKY CUIBCHKUX HAceleHMX MYHKTIB. BcraHOoBIEeHO, 110
CUIbCBKUH TYpU3M € OJHHM 13 BHIIB TypH3MY, SKHH MO€IHye Yy co01 IHII WiABHIH, IO
0e3nocepelHbO TIOB’sA3aHI 3 BIAMOYMHKOM Yy CUIBCHKIM MICIIEBOCTI. 3ampONOHOBAaHO aBTOPCBHKY
Kiacu(}iKaIiro KOMIUIEKCY MPSIMHUX 3B’S3KIB CUIBCBKOTO TYypH3MY 3 IHIIMMHU BUIAMU TypH3MY Ta
JIeTali30BaHO X KIJIIOYOBI OCOOJIMBOCTI IIOJIO0 HAJaHHS BIANOYMHKOBHX IOCIYT. Y3arajabHEHO
OCHOBHI ()YHKIIi CUIBCBKOTO TypH3My. BUSBIEHO KIIOYOBI 3aBJaHHS, SKI CIPUATHMYTH
BIJIPO/KEHHIO CUIBCHKUX HACEJIEHUX IYHKTIB 1 PO3BUTKY CUIBCBKOTO TYpU3MYy. 3alpOIIOHOBAHO
IUISIXH peajtizamii MuX 3aBllaHb, IO B MOAAIBIIOMY (OpMYyBaTUME TMO3UTUBHHUMA IMIK YKpaiHU Ha
CBITOBOMY TYPUCTHUYHOMY PUHKY.

Knrwouosi cnoea: cinbcokuili mypusm, mypuzm, uou mypuzmy, CiibCbKa MiCYegicmy, CilbCbKd
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 AECATHIITH POJIb TYPHUCTUYHOI iHAYCTpii 3Ha4HO 3pocia. ChrorojHi
TYpU3M € HE JIMILIE CIOCOOOM BiANOYMHKY Ta I[IKABOTO NPOBEAEHHS O3BULIA, aje W OJHUM 3
OCHOBHHUX JKEpelsl TONOBHEHHSI MICIEBUX OIOKETIB perioHiB Ykpainu. s Garatbox nepkas
TYpU3M B)KE€ JIaBHO CTaB OJHUM 13 CTpPATEriuHUX HANpsMiB PO3BUTKY HAlllOHAJIBHOI €KOHOMIKHU. 3
po3mUpeHHsIM chepr HaJaHHS TYPUCTHYHUX TOCIYT 3 SIBUIIMCS HOBI BHIU TYPU3MY, SIKi IIOCTYTIOBO
YTBEPAWINCA HA TYPUCTHUHOMY pHHKY. OJHUM 13 HUX € CUIBCBKUH TYpuU3M — INEpPCIEKTUBHUMN
HampsiM PO3BUTKY TYpU3MY, SIKUH BIAKPUBAE HOBI MOXJIMBOCTI JUISl BUPILIECHHS HU3KU IpobOiieM
PO3BUTKY CUIbCHKUX TepUTOpiH. Came TOMY MJOCHIJKEHHS OpraHi3aliifHO-eKOHOMIYHUX 3acaj
PO3BUTKY CUIBCHKOI'O TYpU3MY, BUBUEHHS MpoOsieM Ta (opMyBaHHS 3aXOMiB A iX €()EeKTHUBHOIO
BUDIIIECHHS € AaKTyaJIbHUMH 3aBJaHHSAMH, $IKI ChOTOJHI MOTPEOYIOTh MOTIHOJIEHUX HAYKOBUX
JOCITIJKEHB Y 1iK cdepi.

CinbChbKHI TYpU3M € OJHHUM 3 €KOJIOTIYHO OpPI€EHTOBAHUX BHUJIB TYPU3MY, OCKUIBKU
CIpSIMOBAaHUN Ha 30€PEKEHHS JOBKULISA Ta KYJIbTYPHO-ICTOPHYHOI CHAAIIMHN CUTHCHKUX TEPUTOPIH,
a TaKOX Ha MIATPUMKY MICIICBOTO HACEICHHSI MUISIXOM CTBOPEHHS HOBHX poOoumx Micib. Lleit Bua
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Typu3My nepeadavae BiABIIYBaHHS CUIbCBKMX TEPUTOPIN I O3HAHOMIJICHHS 13 CIIOCOOOM KHUTTS
MICIIEBOI'O HACEJICHHsI, TPATULIsIMH, KYJIbTypOl, a TaKOX 3 MOJJIMBICTh LIKaBOTO MPOBEICHHS
NO3BLLISA (AKTUBHUH BIAMOYMHOK, €KCKYPCil TOIIO).

Bapro 3ayBakuTH, M0 ChOTOAHI CUIBCBKHH Typu3M B YKpaiHi nepeOyBae Ha crajii
CTaHOBJICHHS, @ TYPHCTHYHI MOCIYTM B CUIbCBKIM MICHEBOCTI MOYaIM CHUCTEMHO PO3BUBATUCS
MOYMHAYH 3 KiHIg 20 CTOMITTS. BiAMOYMHOK y MaJIbOBHUYOMY CEJIi B MMPUBATHIN caaubi rocrogaps
MO3UTHBHO BIUIMBAE€ HE JIMIIE HA 3J0POB’Sl TYPHUCTIB, aje H Ha MICLEBY E€KOHOMIKY CLIbCHKHX
perioHiB YKpaiHu. SIK HaclliJJOK, CUIbCbKE HACEJICHHsI OTPUMYE IIUPLIMHA CHEKTP MOXJIMBOCTEH I
MpaLEBIAMITYBAaHHs, a €KOJIOTIYHO YHUCTI MPOIYKTH, BHUTOTOBJICHI BJIACHUKAMH CUIBCBKUX Canuo,
MOXKHA TIPOJIaBaTH OE3MOCEPETHBO Y CUIBCHKIN MICIIEBOCTI.

CinbChbKHI TypU3M BHUCTYNA€ BaXIJIUBUM IHCTPYMEHTOM 3a0€3MEUEHHS CTajlor0 PO3BHUTKY
CUTbCBPKMX HaceleHuX NyHKTIB I[IpobGnema peamizariii KOHIEMNIi CTaJOro PO3BUTKY TOYHHAE
HaOyBaTH B@XJIMBOIO 3HAYEHHS BHACTINOK BHHUKHEHHS TpPYAHOILIB Yy B33a€MO3B’A3KaX MiX
JIOAMHOIO Ta HABKOJMILIHIM MPUPOAHUM cepenoBuileM. Ctanuil po3BUTOK MOBUHEH (POKyCyBaTHC
Ha TPOIIEC, 110 TAPMOHIHHO MOEIHY€E BUKOPUCTAHHS MPHPOTHUX PECYPCIB, ACTIEKTH TEXHOJIOTIHHOTO
PO3BUTKY Ta IHCTUTYIIHHI 3MIHM B MO€JHAHHI 3 MOTpeOaMu TEMepiliHbOro 1 MaHOYTHIX MOKOIIHb.
Came TOMY KIIFOYOBUMH OCOOJHMBOCTSIMH CTajJOr0 PO3BHUTKY CIIBCBKOTO TYpU3MY €: 30€peKeHHs
IPUPOJHUX PECYPCIB Ta €KOCUCTEM IUISIXOM BIPOBAKEHHS €KOJOITYHO YUCTHX BHJIIB BIANOYMHKY;
HMiATPUMKA MICHEBOI €KOHOMIKM IIISXOM COLIOKYJIBTYPHOTO OOMiHY; CUTBCBKHI TYpU3M CIIpHSE
30epeXEeHHI0 KyJIbTYPHOI CHAALIMHU Ta TPaIulliif, a TaKoX PO3BUTKY E€KOJIOTIYHO YHMCTUX (OpM
rOCIOJapIOBAHHS.

1. Cinbcbkuii Typu3M sIK OJMH i3 BHAIB Typu3My, 110 crnpusie e¢eKTUBHOMY COIio-
€K0JI0r0-eKOHOMIYHOMY PO3BHUTKY CiJIbCbKHX TEPUTOPIid.

VkpaiHa po3risgae TypU3M K OAMH 13 HPIOPUTETHUX HANPSAMIB EKOHOMIYHOIO Ta
KYJIbTYPHOI'O PO3BHTKY 1 CTBOPIOE HEOOXIJIHI YMOBH JIJIsi TYPUCTUYHOI JISUIBHOCTI Ha OCHOBI YiTKOL
eKOHOMIUHOi Ta mpaBoBoi 0a3u, a Koncrutyuis Ykpainu (crarrs 45) [10] rapantye mpaBo Ha
BIJIMTOYMHOK yCIM IpoMa/isiHaM Y KpaiHu.

OCHOBHHUM JIOKYMEHTOM, SIKUI O€3MOCepeIHbO PEryIIto€e 3/IIHCHEHHS TYPUCTUYHOT AISITBHOCTI
Ha TepuTopii Ykpaini € 3akon Ykpaiau «IIpo Typusm» [9]. Ileii 3akoH Bu3HaYae 3araibHi MPaBOBI,
opraHizaliifiHi, colliaJibHi Ta €KOHOMIYHI 3acagy peaiizalil Aep>KaBHOI MOJITHKH YKpaiHu y cdepi
Typu3My. Y HBOMY TaKOX OKPECJEeHI BHMOTH HIOAO PAalliOHAJBHOTO BUKOPUCTAHHS TYPUCTHYHHUX
pecypciB 1 3BepHEHO yBary Ha BIJJHOCHMHM, IO TMOB’s3aHI 3 OpraHizaii€lo Ta 3I1HCHEHHSIM
TYPUCTUYHOI AISUIBHOCTI Ha Teputopii Ykpainu. [IpaBo censtHCBKHMX ToCTOAapcTB 3aliMaTHUCs
CUIbCHKUM TYPU3MOM BU3Ha4YeHe 3akoHOM Ykpainu «IIpo ocoducre censHCbKe rocnonapctsoy [8].

BpaxoByroun neBHI NpoOieMH PO3BUTKY TYPUCTUYHOI ramysi, Ypsa YKpaiHM CXBajuB
Crpareriio po3BUTKY TypHU3My Ta KypopTiB Ha mepion ao 2026 poxy. Crpareris crpsMOBaHa Ha
CTBOPEHHS CIIPUSATIMBUX YMOB JUISl TOAAJBIIONO PO3BUTKY chepH Typu3My Ta KypOpTiB BiAMOBIIHO
710 MDKHApOJHUX CTaHIAPTIB SKOCTI 3 ypaXyBaHHSAM €BPONEUCHKUX LIHHOCTEH, epeTBOPEHHS i1 Ha
KOHKYPEHTOCIIPOMOKHY Ta BHCOKOPEHTA0EIbHY Tally3b, IHTETPOBaHY y CBITOBUI PUHOK, sIKa CIIPHUSIE
COLIaIbHO-€KOHOMIYHOMY DPO3BUTKY PETiOHIB 1 JEp’KaBU B IJIOMY, MiJBUIIEHHIO SKOCTI XHUTTS
HaceJIeHHs, KOHCOJIAallil CyCIbCTBA Ta MOMyJigpu3alii YKpaiHu Ha cBITOBOMY piBHi [6].

KoHueniisi ciIbCHbKOrO0 TYpU3My TICHO MOB’A3aHa 3 IMIJXOJAaMHU «CTAJOr0 TYpHU3MY», i€
TypU3M IOBMHEH BpPaxoOBYBaTH YCl MOTOYHI Ta MaHOYTHI COI10-€KOJOT0-€KOHOMIUHI HACIHiJIKHU,
OepyuH 710 yBaru MoTpedu TYpPHUCTIB, TOBKIUISA Ta raiy3i eKoHOMikH [2].

Peanii chorosieHHs BUMararoTh THYYKOCTI Ta IIBHMJKOI aJanTaiii 10 Cy4acHMX TEHJIEHIII
po3BUTKY. Typu3M sIK COLliaIbHO-€KOHOMIYHE SIBUILE HE € BUHATKOM. HaBmaku, Typu3M IHTEHCHBHO
CIpusi€ BIPOBAKEHHIO HOBITHIX TEXHOJOTIH, (opMye coliadbHI OpIEHTHUPU Ta MPUHOCHUTH
€KOHOMIUHY BUTOAY. Y 3B’S3KYy 3 IIMM 3 SIBJISIIOTHCS HOBI HAllpsIMKH Ta BUJIU Typu3My. Po3BUTOK
MEBHUX BHJIIB TYpU3MYy B KOKHOMY perioHi YKpaiHH 3aJeXHUTh Bia reorpadidyHuX, COIialbHUX Ta
ekoHOoMiuHUX (akTopiB. [losBi Ta MOMMPEHHIO HOBUX BHIIB TypU3MY TAaKOX CIPHSIIOTH MPOIECH
miobamizamii Ta HAYKOBO-TEXHIYHHMW TIporpec. 3pemiToro, iHTEpHAI[lOHATI3aIlisl €KOHOMIKH Ta
BIIPOBA/PKEHHsI HOBITHIX JIOCATHEHb HAYKH 1 TEXHIKU CIIPHSUIN MOSBI Ta PO3BUTKY a0COJIFOTHO HOBUX
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HanpsAMiB y Typusmi [3].

AHA3YyIOYM TEOPETHYHI aCIeKTH CUIBCHKOTO TYPU3MY SK HayKOBO-TEPMIHOJIOTTYHOTO
MOHATTS, MOXKHA CTBEPKYBATH, 110 IIeW BUJ TYpU3MY 1€ i 0Ci € 00’ €KTOM JOCHIHKEHHS y Mpansx
0aratbOX HAYKOBIIIB 1 TPAKTYETHCS BIJIMOBIIHO O 3MiH Y CYCHUIbHO-€KOHOMIUYHUX BiJHOCHHAX.
OKpiM TOTO, CUICHKHI TYpH3M € BHJIOM HiANPHEMHUIBKOI AiSUIBHOCTI, COPSIMOBAHOT HAa HaJaHHS
SIKICHUX TIOCIIYT 3 BIMIOYMHKY Y CLICHKIN MICIIEBOCTI Ta OTPUMAHHS JIOXO/IIB.

AHaJli3 HayKOBHX JDKEpeN 32 TEMOIO JOCITIDKEHHS CBIAYUTH MPO HASBHICTH PI3HUX TOYOK
30py BUYEHHX CTOCOBHO MIiCIlsl CUIBCBKOTO TYpU3My cepel IiHIUX BUAIB Typusmy. Lmsxom
y3araJbHEHHS HasIBHUX IIXOIB BITYUM3HAHUX 1 3apyODKHUX BYSHUX 110 Kiacuikamii BUIIB TypU3My
Ta MOHITOPUHTY OCHOBHHX CKJIQJIOBHX CUIBCHKOTO TYPH3MY 3alPOIIOHOBAHO KJIacH(IKaIiio IMiIBUIIB
CUTBCHKOTO TYPH3MY Ta OCOOJIMBOCTEH HAaJJaHHSI HUMH BiIIOYMHKOBUX MOCIYT (pHC. 1).

KYNbTYPHUA TYPU3M
ICTOPUYHUIA TYPU3IM

PEKPEALINHUA TYPU3M I
\ / HAYKOBWUWA TYPU3M

NIKYBANIbHO-0340POBYUIA s Cln b c b K M ﬂ d ATPAPHUA TYPU3M
TYPU3SM
EKONIOrI4HUNA TYPU3IM ’ \

/1\

PENICIAHWUA TYPU3M

AKTUBHWUA TYPU3M

OPHITONOMYHUA TYPU3M KYNMIHAPHUA TYPU3M

Puc. 1. Kommeke npsiMux 3B’sI3K1B CIIIbCBKOTO TYPU3MY 3 BUJIAMU TYPU3MY
Ipumimka. Po3pobneno agmopom.

CinbChbKUM TypH3M BKJIIOYAa€ B ceO€ PI3HOMAHITHI HampsMU BIAMOYMHKY, SIKI TOB’S3aHI 3
BIJIMIOYMHKOM Yy CUIBCBKIM MiCHEBOCTI (CUIBCBHKIN caaubi 4u OyaUHKY rocrojaps), moxojaaMu B JIic,
ropH, MOJOPOKi JI0 BU3HAYHHUX MICIb MEBHOrO perioHy tomio (Tadu. 1). CinbChbKuil Typu3M MOXKe
OyTH SIK TAaCUBHMM BHJIOM BIAMOYMHKY, TaK 1 aKTUBHUM (B 3aJI€)KHOCTI BiJI OCOOMCTHUX BIOJI00aHb
TYpHUCTA).

CinbChKHI TYpU3M € OJITHUM 13 BHJIIB TYpPU3MY, AKHI MO€aHYE B co01 iHII miaBuau. Benuka
KUTBKICTh ~ KJacuikamiii MTABUIIB CUTBCBKOTO TYpPHU3MY BKazye Ha 0OararorpaHHICTh Ta
6araToBEKTOPHICTh TYpUCTHYHOI ranysi. Ha cboroasi cinbChbkuil Typu3M € €(pEeKTHBHUM METOJIOM
MOIIMPEHHS] 3HaHb NP0 MPHUPOIHI, ICTOPUYHI, KYJIbTYpHI, eTHOrpadiyHi Ta KyJiHapHI 0COOJIMBOCTI
Ykpainu.

Tabnuys 1
Kaacudikaunis miaBuaiB cliibCbKOro Typu3mMy Ta 0co01MBOCTel HAJAHHA
Bi/INOYMHKOBUX MOCJYT

IlinBnan Oc00JMBOCTI HATAHHS BiAMOYNHKOBHUX MOCJIYT

HaykoBuii OpieHTOBaHUH HA BUBUCHHS MPUPOTHUX €KOCHCTEM Ta CIIOCTEPEIKECHHS.

IMoennye y cobi akTHBHI cIOCOOM BiANOYMHKY Ha MPHUPOJAL: MIlIl MOXOIH,

AXKTUBHUN ..
MPOTYJISTHKH, aJIbITIHI3M, BEJIONIPOTYJISTHKY, KaTaHHS Ha KOHSX TOIIIO.
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[Toi3aku 3 METO O3HAWOMJICHHS 1 Mi3HAHHS ICTOPUYHOI CHAAIIMHUA PI3HUX

IcToprununit NP
pETioHiB.

KynbTypHuii Ho'1'3z[1<1.40 3 METOI0 'OBIanI;'IOMHeHHSI 1 Ti3HAHHS KyJbTYpHOI CHAIIIMHU Ta
TpaIuIlii PiI3HUX PETIOHIB.

Exonoriunuit | [Togopox [0 OpUpOIHUX pe3epBaTiB 3 METOK HACOJOAUTHCH KPAEBUIOM,
(IpUpPOIOOXOPO | BKIIOYAIOYM POCTUHHMNA Ta TBapuHHHIA CBIT. CHpsIMOBaHMI Ha OXOpPOHY
HHU) MIPUPOJIHOT Ta KYJBTYPHOI CaMOOYTHOCTI PETI10HIB, K1 BIABIAYIOTh TYPHUCTH.

JisTBHICT, MiJ 9ac AKOi TypHCT BiBigye depmy, mo0 OTpUMaTH BpakKeHHS,
Arpapruii H?16yTH IL‘OCBiI[ a00 B3ITH y4YacTb Yy 6y,Z[B-$IKiI71. ciHLCLKoroq}oz{apCLKiﬁ
nisutbHOCTI. [lepenbauae akTUBHE 3allydeHHsS! TYPUCTIB O TPaAULIHHUX (HOpM
TOCIIOJIAPIOBAHHS Y CIIILCHKIN MICIIEBOCTI.
Kyminapruii HoenH}{eu y co0i 3 OSI‘iaf/'IOMJIeHHSI Ta z[eFYCTauim HaLIiOHaJILHI/‘IX KXHiHapHHX
TpaJulii NEBHOTO PErioHy, HAJa€ MOKIIMBICTh B3SITH YPOKHU KYyJiHapii.
Ilepenbavae HamaHHS TMOCAYr 1 3aJOBOJIGHHS MOTpPeO TYpHCTIB, SKi
Pemniriitauii MOJOPOXKYIOTh J0 CBSATHUX MICIb 1 PENriiHUX IEHTPIB, M0 3HAXOIATHCSA 3a
ME)KaMH 3BUYaifHOTO Il HUX CepeIOBHIIA.
) . | OmuH 13 BUAIB aKTUBHOTO BIiJIMTOYMHKY, SKUH IOJISITA€ Yy CIIOCTEPEKEHHI 3a
OpuiTonoriyHu . .
KUTTSIM NTaXiB y IXHbOMY PUPOJTHHOMY CEpPEOBHIIL.
JlikyBasibHO- | 3/iCHIOETHCS 3 METOI 3MII[HEHHs 30pOB’s | mepeabadae nepeOyBaHHS y
037I0pOBUUI CaHATOPHO-KYPOPTHUX yCTAHOBAX.
BinmHoBneHHsT (I3MYHUX 1 ICHUXOJOTIYHMX CHJI 32 JOIOMOTOK) AKTHBHOTO
Pexpeariiimii BIJIMOYMHKY Y CUIBCHKIM MicieBocTi. Lle MOkyTh OyTH MPOTYISHKH CITBCHKOIO

MICIIEBICTIO YH JIICOM, BiJIMTOYMHOK HAa CBDKOMY TOBITpi y caaubi, COHSYHI
BaHHU, KylaHHsl, 30upaHHs rpubiB, Arif, O KITLHUITBO Ta pUOAIBLCTBO.

Ipumimka. Po3pobneno agmopom.

CyTHICTh CUTBCBKOTO TYPU3MY TaKOX PO3KPHBAETHCS Y HOro OCHOBHUX (pyHKIIsX (puc. 2).

3HaAoMCcTBO i3
micuesicTio,
TpaguuiaMmM, 3BMUYaAMK Ta cnocobom
JMNTTA MiCLIEBOr0 HaceNeHHA.

EKOHOMIYHMIA POSBUTOK CiNbCbKUX
TepuTopiid, 3mMeHweHHA 6e3pobiTTA
Ta mirpauii HaceneHHa, CTBOpPEHHA
HOBUWX poGounx Miclb.

MoxnusicTs Bignountn Big Micbkoi mMeTywHi,
HAcoNOAMTUCA KPacow NpUpoAK, MOAUXATH CBIXXUM
noBiTPAM Ta XapuyBaTUCA EKONOTIUHO-YNCTUMU
npoAyKTaMu.

3axncT Ta 36epeXeHHA MPUPOAHOro CEpeaoBMLLa,
icTopuKo-apXiTEKTYpHMX NaM'ATOK, KYyNbTYpHO-
eTHorpagivHoi cnaguwy =10
n6ainueoro cTaBNeHHA A0 AOBKINNA.

MoxnuBicTe Ha6yTTa TeopeTuuHux |
MPaKTUYHNX HaBUYOK BeAeHHA
AOMALLHLOTO FOCNOAAPCTBA, HABYAHHA |
OBOMOAIHHA HApPOAHMMK  pemMecnaMmu
TOLWO.

cinbcbKo

KynbTypow, noByTom,

DYHKUii cinbCcbKoro
Typnsmy

PauioHansHe BUKOPMUCTaHHA
npupoaHKX pecypcie, BignoeigansHe
NoBOAXEHHS 3 sigxogamm,
BRNpoBagyKeHHA anbTepHaTUBHMX
fAxepen  edeprii, 36epexeHHs Ta
3aXMCT Nnprpoan.

Mo nmeicTe oTpumaTtyu  gaHi  npo  pecypcHuiA
noteHyian  TepuTopii, eKonoriumi, couiansHi,
eKOoHOMIYHI npo6nemn, piBeHb PO3BUTKY NIDACLKOr0
noteHuyiany, BigGyBaeTbcA KOMYyHiKauiliHWiA o6miH
M KUTENAMM MicT i cin.

3HaMOMCTBO 3 HOBUMW noasmu, BCTaAHOBNEHHA
APYMHIX  KOHTaKTIB, MOMNMBICTE Y4acHWKiB
noAopoXi cNiNKyBaTUEA 0AMH 3 0fHAM.

Puc. 2. OcHoBHI QyHKIIIT CITECHKOTO TYpU3MY

IHpumimra. Pospobaeno asmopom na ocnosi [4].
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Bapro 3ayBakuTH, mo cnenudika CUIBCBKOIO TypU3My BKJIIOYA€E y Taki €JIEeMEHTH:
rOCIIOIaPChKY YaCcTUHY (OpraHizailis BIAMOYNHKY 0e3IM0CepeIHRO Y CepelnHi OyIMHKY TOCIoIaps Ta
Ha BJIACHIM TepHTOpii O HHOTO); MPOTYJISHKH A0 JICY, PIUKH, 03€pa; ICTOPUKO-KYIbTYpHI (GaKkTh
MICIIeBOCTI; O37OpOBYI Ta JIKyBaJbHI BJIACTUBOCTI IEBHOI TEpUTOPil; KyliHApHI OCOOIMBOCTI
perioniB Tomo. ToOTo, el BUI TyprU3My OXOIUIIOE KOMIUICKC IHIIUX MiABUIIB, AKi OE3MOCepeaHBO
CTOCYIOTBCS BIAIIOYMHKY y CUIBCHKIN MiciieBOCTi. Oprani3oByr04M BiATIOYMHOK Y BIACHIN CLIbCHKIN
caaubi, TOCMOAAPIO TAKOX CJiJ Moa0aTH MPO KOMIUICKC JOJATKOBHX TOCTYT, SKI BIH MOXE
3alpONOHYBATH TYPHUCTY YW TPymHi TypuCTiB. Bubip H0AaTKOBUX MOCIHYT IUIsl PI3HHUX KaTeropii
TYPHCTIB MOKE BIAPI3HATHUCA.

OTxe, CUIbCBKUH Typu3M — Ii¢ 0araTOacleKTHUH BiJIMOYMHKOBUN BUJA TYPU3MY, SKHMA
B1IOYBA€ETHCS Y CUIBCHKIM MICIIEBOCTI Ta OpPraHi30BaHUM JIIOJIbMH, 10 MMEpeOyBalOTh Y CIMEHHUX YH
POIMHHUX BITHOCHMHAX Ha TEPUTOPii 0COOMCTOTO CEISTHCHKOTO rocronapceTa (y CUIbChKii canubi) 3
ypaxyBaHHSAM IPHUHIIMIIB CTAJOr0 PO3BUTKY. BiH BKiIO4Yae B cebe MIMIOXiAHI Ta KiHHI MPOTYIISIHKH,
eKCKYpCii, MOJOPOXKi BUXIAHOTO JHS, (HDOTOIMOJIIOBAHHS, PUOOJIOBIO, O3HAMOMIICHHS 3 MICIICBUM
100yTOM, HalllOHAJIBHOIO KYXHEI0, (DOJIBKJIOPHOIO TBOPYICTIO, TPAAMULISAMHU MPOBEIEHHS HAPOIHUX
CBSIT Ta YHIKQJIbHUMHU OCOOIMBOCTSIMH BiJIIOBITHOI MICIIEBOCTI.

2. OcHoBHI Ipo0/ieMH Ta NEePCHeKTUBH PO3BUTKY CiIbCHKOI0 TYpU3MYy B Y KpaiHi.

VY mepioa nii BOEHHOTO CTaHy BHYTPIIIHIA TYpU3M Ta €KCKYpCii O CITbCHKUX MiCLEBOCTEH
VYkpaiHu BHCTYMalOTh OJHI€I0 3 ¢opM Tepamii g HaceneHHS. Takuil BHUI BIAMOYHHKY Ja€
MOJJIMBICTh TYPHUCTaM BiIYYTH TO3WTHBHI €MOIii Ta BIAMOYUTH BiJl MICBKOTO PHUTMY JKHTTS.
BaxiuBuM € TakoX BIUIMB TYpU3MY Ha €KOHOMIYHHMM PO3BUTOK CLIbCBKMX HACENICHMX ITYHKTIB.
Amxe, oOMparOYM TaKWid BHJ BiANOYMHKY, TYPHCTH MiATPUMYIOTh PO3BHTOK TYPHCTHYHOI Taiy3i
KpaiHu, IHBECTYIOUHU B PI3HOMAaHITHI BUJU MOCIYT, AKi MPOMOHYIOTh BIIACHUKH CUTBCHKUX caiuo0.

CporosiHi OCHOBHUMH MOTHBaMH BUOOPY BIATIOYMHKY Y CUTBCHKIN MICIIEBOCTI BBaXKAIOTh:

— BIJCYTHICT 3HAaYHMX KOIUTIB Ha BIANOYMHOK Yy (emieHebenbHOMY — KypopTi
(mepeBaxkarouuii MOTHB);

— Oa)xaHHS MEBHOT KaTeropii Jrojel BIAMOYNTH Y CLIIbChKIN MiCLIEBOCTI;

— HEOOX1JIHICTh PEKOMEHIOBAHOTI'0 JIIKapEM 03/J0OPOBJIEHHS y MEBHUX KIIMaTUUYHUX YMOBAX;

— ONM3BKICTh 10 MPUPOJIU Ta MOKIJIMBICTH BIJMOYUTH Ha CBIXKOMY IOBITpI, B Jici, Ha 03epi
TOIIIO;

— XapyyBaHHS EKOJIOTIYHO YHUCTHUMM HPOAYKTaMH, sIKI MOXKHa MpuAOGaTH 3a JOCTYIIHUMH
IIHAMH;

— MOMXJIMBICTb JJOJTYYUTHUCS J10 MIEBHUX CLIbCHKOIOCIIOAAPCHKUX POOIT;

— mnorpeda B CHOKITHOMY pUTMI KHUTTS;

— MOJXJIMBICTb JJOJYYHUTHUCS 10 MICLEBUX CBAT, po3Barax, CUIbChKOI KyJIbTypU Ta 3BHYAIB,
CIIUJIKYBaHHSI 3 JIFOJIbMH 1HIIOT CYCTIUTLHOT popmartii [5].

KirouoBumu npobiemamMu po3BUTKY chepH CUIBCHKOTO TYpU3MY B YKpaiHi € HACTYIIHI:

1. Tucrurymiiini. BigcyTHiCTh HOpMATUBHO-TIPaBOBOI 0a3H, 10 peryitoe chepy CUIbCHKOTO
TYpU3MY; BIJICYTHICTh MEXaHI3MY pPalliOHAJbHOI'O BHKOPHCTAHHS Ta YIpPaBIiHHSA MPUPOJHUMU Ta
KyJIbTYpPHIUMH PECypcamH JUIsl 3a0e3NeUeHHs iX CTalIor0 BUKOPHCTAHHS.

2. Opranizaniiini. HenmoctaTHiil piBeHb pekiaMHO-iH(OpMaIiiiHoro 3abe3neyeHHs s
MPOCYBAHHS TMOCIYT CUTBCHKOTO TYPH3MY; HEIOCTaTHIA piBE€Hb 3HAHb 1HO3EMHHUX MOB BJIACHUKAMHU
arpooce’b; He0OX1IHICTh 3alpPOBaPKEHHS €(PEKTUBHUX MAapPKETUHIOBUX CTpaTeTii.

3. ®inancoBi. HemocraTHiil piBeHBb AepkaBHOI MATPUMKHA c(epu CUIBCBKOTO TYpH3MY;
HE3HAYHUI 00CST 1HBECTUIIH Y 1aHy rainy3b TypU3My.

4. ExoHoMmiyHi. EKOHOMIYHa HeCTaOUIBHICTh y JIep>KaBi; BIACYTHICTh JOCBIJly Y BJIACHHUKIB
CUIbCBKMX caaub Ul 3armodaTKyBaHHs Oi3Hecy y cdepi CLIbCHKOTO TYpU3MY; HEIOCTaTHE
CTUMYJIIOBaHHS OpraHiB BIaJM Ta MICIIEBOIO CaMOBpPsAYyBaHHS IO TPOBEJICHHS HaBYaHb Ta
KOHCYJIbTAII} IJIs1 BIACHUKIB CUTBCHKUX Caauo.

5. ComianeHi. HemoctaTHil piBeHb KaapoBOTo 3a0€3MeUeHHs, 110 nepeadadae HeoOXiTHICTh
MiArOTOBKY KBaTi()iKOBAHUX MPALiBHUKIB JUII 0OCIYTOBYBaHHS TYPHCTIB; HU3BKUN PIBEHb PO3BUTKY
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TYPUCTUYHOI 1H(PACTPYKTYpH y perioHax YKpaiHH, 110 mependadae 3HAYHOTO 1HBECTYBaHHS y JaHY

TYPUCTUYHY Taly3b.

6. IlomitTnuni. BiiiHa HeraTMBHO BIUIMBAaEe Ha (POPMYBaHHS Ta BIPOBAKCHHS IMOJITHKA
CTaJIOr0 PO3BUTKY B YKpaiHi.

Jist Toro, o6 akTUBi3yBaTH TYPUCTHUYHY AISTBHICTD y CUIBCHKIM MiCIIEBOCTI, HEOOX1THO:

—  MOCHJIUTH MIPOMOLIII0 TYPUCTUUHUX MOMKIMBOCTEH y CUTbCHKINA MICIICBOCTI Ha MiCIIEBOMY,
perioHaIbHOMY, HallIOHAILHOMY Ta MIXKHApOJIHOMY PiBHSX;

— COpUATH BHWBYCHHIO 3apyODKHOTO JOCBITYy IIOJAO PO3BUTKY PI3HOMAHITHUX BHU/IIB
CUIBCBKOTO TYypH3MY, 03HAHOMJICHHS 3aI[IKaBICHUX MIAMPHUEMIIB 1 MEIIKAHIIB CUTLCHKUX TEPUTOPIN
3 0COOJMBOCTSIMU 3aII0YaTKYBaHHS Ta BEJICHHSI CIIIbCBKOTO TYPU3MY;

—  3IIWCHIOBATH IUJIECHIPSIMOBAaHY JisUIbHICTh CTOCOBHO BIJHOBIICHHS, 30€pEKCHHS Ta
BIIPOJKEHHSI MICIIEBUX TPAJHUIIINA 1 3BUYAIB 3 METOIO peaiizailii KOHKYPEHTHHX IepeBar ClIbChKOTO

TypU3My;

— COpUSTH  yYacTi

MPEICTaBHUKIB ~ arpOTYpUCTHUYHOrO Oi3HECYy B  MIKHApOJIHUX,

HAI[IOHAIBHUX Ta PETIOHAJHHUX BUCTABKAX 1 ApMapKax;
— 3a y4yacTIO JiTed WIKUIBHOTO BIKY, a TaKOXX MOJIOJII OpPraHi30BYBAaTH MPUPOIOOXOPOHHI
3aX0M 3 METOI0 CIIBHOTO MPUOMpAHHS CUIBCHKUX TEPHUTOPIH, JIICIB Ta BOJOWM Bia MOOYTOBUX

BIZIXO/iB;

—  IHIIFOBaTH CTBOPEHHS MOXKJIMBOCTEH, HEOOXITHUX ISl 33JJ0OBOJICHHSI TYPHUCTHYHUX YMOB
Jroziel 3 ocodnuBuMH otpedamu [1; 7].

VY Tabn. 2 HaBeACHO NPIOPUTETHI 3aBAaHHS Ta NUIAXM IX peaiizaimii, Mo CIPUATHMYTb
PO3BUTKY cpepH CLIBCHKOTO TypU3My B YKpaiHi.

Tabnuys 2

OcHoBHI 3aBJaHHA Ta LIUIAXHM IX peaJizauii, 0 CHPUATHMYTH CTAJIOMY PO3BHTKY CLILCHKOIO

TypHu3My B YKpaiHi

3aBaaHHA

Hlasxu ix peanizamii

CTBOpEHHSI CIIPUSATIMBUX
YMOB JIJIs1 pO3BUTKY chepu
CUIBCBKOTO TYpU3MY

JocTynHicTh Ta palioHaJbHE BHUKOPUCTAHHSI MPUPOIHHUX PECYPCIB
perioHy. 30epexeHHs KYJIBTYpHO-1CTOPUYHOI CMaJIIINHU.
@®opmyBaHHA  SIKICHOI ~ TYpPUCTUYHOI  IHQPACTPyKTypu  JUIs
KOM(OPTHOTO BIJMOYMHKY TYPHUCTIB, PO3POOJICHHS TYPUCTHUHUX
MapuipyTiB. CTBOPEHHS CIPHUSTIMBUX YMOB JIJIi HABYAHHS BJIACHUKIB
CUIbCBKUX cafu0 (MPOBEACHHS CEMIHApPIB, TPEHIHTIB TOLIO).

[Monmynsipuzartis
TYPUCTHYHOTO
MOTEHIlialy Periony

[IpoBenennss  ¢opymiB, (dectuBamiB, 3axo[iB,  COI[IOJOTIYHUX
ONHUTYBaHb Ta JIOCHIUKEHb Yy Tajly3l CLIbCBKOTO TYpHU3MY,
MapKETUHTOBUX 3aX0/iB, 3a0e3meueHHsT  SKICHOT  mpoMmoiii

TYPUCTHYHOTO MTOTEHITIATy PETIOHY.

CTBOpEHHS TPUBAOINBOTO
1HBECTULITHOTO KIJIIMATy y
cdepi CiTbChKOTO
TypU3My

HanaromkeHHst cmiBmpaii 3 3aKOpJAOHHMMH HapTHEpamH, po3poOka
MPOEKTIB  PETIOHAIBHOTO  PO3BUTKY Ha  OTPUMAaHHS  KOLITIB
CeKTOpalibHOI MIATPUMKH 3 OOKy nepxkaB €Bpomneiicbkoro Corosy,
TPAHTOBA OiATpUMKa — Ta (iHaHCyBaHHS, TPAHCKOPJAOHHE
CHIBPOOITHHUIITBO.

[TinroroBka KampiB y
BIJIMOBIAHOCTI 10 TOTPeO
€KOHOMIKH PET10HY

HananHst OCBITHIX MOCIYT 3 METOI HAOyTTA NMpogeciiiHuX HaBHUOK
JUISL YCIIIITHOTO PO3BUTKY CUIBCBKOTO TYPU3MY.

CrumyntoBaHHs
€KOHOMIYHOI aKTHBHOCTI
MEIMIKaHI[iB TpOMa/l

[TinTprmka CLIBCBKOTO TypU3MYy, depmepcTBa,
CITbCBKOTOCTIOIAPCHKUX ~ BUPOOHHUKIB, TOKpAIIEHHS MaTepiaabHO-
TEXHIYHOI 0a3u, HaNaro/KeHHS B3a€MOJIi MiICLEBUX BUPOOHHUKIB

MIPOJTYKIIIi.
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30epeKeHHS YUCTOTH 3MeHIIeHHs 3a0pyTHeHHSI BOJIHUX PECYPCIB Ta MOBITPSHOTO OacerHy.
JOBKIJLIS BripoBaykeHHs albTEpHATHBHUX JDKEpes eHeprii. PO3BUTOK cuctemu
KOHTPOJIIO Ta OONIKYy BHKHAIB Ha JDKepenax 3a0pyaHEHHS,
3aIpOBA/KEHHSI MOHITOPUHTY SIKOCTI BOJIH.

30epexeHHs 3anobiranHs BTpari 010J0TIYHOTO Ta JAHAMA(THOTO PI3SHOMAHITTS;
010pi3HOMAHITTS Ta 3a0e3neueHHs] HaJIe)KHOTO PIBHA YTPUMAaHHS ICHYIOUHMX Ta CTBOPEHHS
PO3BHTOK HOBUX OO’€KTIB MPHUPOJIHO-3aMOBiIHOTO (GoHAY; 3a0e3medyeHHS
MIPUPOIOOXOPOHHUX €KOJIOrIYHOI O€3leKM MUIIXOM BIiJHOBJIEHHS JICIB Ta OITHMIi3arii
TEPUTOPIH CTPYKTYpH JaHAmadTiB.
BuxoBaHHS €KOJOT1UYHO @®opMyBaHHS BHCOKOTO PIBHS €KOJOTIYHOI OCBITH, OpraHizamis
CBIJIOMOTO CYCITUIBCTBA comiabHUX Ta I1H(QOpMAIIMHUX 3axOMdiB 3aIsl IMOIH(POPMOBAHOCTI
HACEJICHHS PO €KOJIOT1YHI MPOOJIeMH, IMiIBUIIEHHS PiBHA €KOJIOTIYHOI
CB1OMOCTI.
BripoBamkenns uudposux | HanaromkeHHss MOHITOPHHTY €KOJIOTIYHOTO CTaHy peKpeaniiHuX 30H;
CHUCTEM MOHITOPUHTY 30ip Ta aHalli3 CTAaTUCTHUYHUX JAHUX B PEKUMI peajbHOro Yacy 3a
TYPUCTUYHHX JTAHUX JOTIOMOTOI0 TEXHOJIOTiH [HTepHeTy, oOnamTyBaHHS BeO-KamMepamu

TYpUCTHYHHUX  00’€kTiB, BOpoBamkeHHa  QR-koxmiB, cucrem
0€3roTiBKOBUX pPO3PaxyHKIB, HPOTpaM JIOSIIBHOCTI Ta €JIEKTPOHHHX
KapTOK TYpHCTA; CJICKTPOHHUX KBUTKIB HA TYPUCTHYHUX 00’€KTax i B
3aKJI1aJax J03BLLIS TOIIO.

Ipumimka. Po3pobneno aemopom.

VYkpaiHa Mae 3HauHUN TypucTHYHHI moTeHuian. CiTbChbKUI TYypu3M € TEepCIEKTHBHUM
HAmpsIMOM PO3BUTKY 1HAYCTpii Typu3My B OyIb-SKOMY pErioHi, KMl MpUBaOIIOE TYPUCTIB CBOIMH
MPUPOJHUMHU OCOOJIMBOCTSAMHU Ta 0araTor iCTOPHUKO-KYJIBTYPHOIO CHAAIIMHOK. AJie B TOH K€ 4ac
KOXXEH PErioH Mae Ie 3HAUYHUN HEBUKOPUCTAHHWM JIOACHKUIN 1 peKpealliiHuil MOTEeHIIanu s
PO3BUTKY CUIBCBKOTO TYypHU3My, Kl MOKHa Oyno O e(pEeKTUBHO cHpsMyBaTH B MalOyTHBOMY Yy
PO3BHUTOK TYypHUCTHYHOI cdepu. s 1boro aepkaBa Mae CTBOPUTH YMOBHU JUIS CIIPUSHHS PO3BUTKY
MaJioro MiJNPUEMHHULITBA Y BIAIOYMHKOBIN cepl B CLIIBCHKIA MICIIEBOCTI Ta BCEOIUHOTO 3a0X0UYECHHS
y4yacTi HaCeJIeHHs [yl PO3BUTKY CLIbCHKOT'O TYPU3MY.

BucHoBku

He3Baxatoun Ha yHIKaJbHI NMPUPOAHI YMOBHM 1 PECypcH Ta MOTEHIIMHI MOMJIMBOCTI JUIs
PO3BUTKY TYpPUCTHUYHOI cepu, YKpaiHa Ha JaHUM yac Il€ HE MOXKE CTBOPIOBATH KOHKYPEHLIIIO
MPOBIIHUM CBITOBUM Jiep:kaBaM. Came TOMY PIOPUTETHI HAIIPSIMU PO3BUTKY JI€P>KABHOI MOJIITUKHU Y
cdepi Typu3My MOBUHHI 0a3yBaTHCs Ha MPUHIUIAX CTAJIOTO PO3BUTKY, 110 OyIyTh MIATPUMYBATHUCS
Ha MICLIEBOMY, pPETiOHAJbHOMY Ta MIDKHapoJHOMY piBHsAX. Lle [acTh MOXXJIMBICTH CTBOPUTH
CHPUATINBI YMOBHU JJIsi PO3BUTKY c(epH TypU3My B JOBTOCTPOKOBIN HEPCHEKTHBI BiANOBIIHO 0
MDKHApPOJHHUX CTaHJApPTIB SKOCTI Ta 3 ypaxXyBaHHAM €BPOINEHCHKUX LIHHOCTEH, L0 CHpUATUME
MIJIBUIIICHHIO SIKOCT1 JKUTTSI HACEJICHHsS, TapMOHIMHOMY PO3BUTKY 1 KOHCOJIJAIli CYCHIJIbCTBA,
(bopmyBaHHS IMIKY YKpaiHU y CBITI.

[TicnsBoenHMiA Typu3M B YKpaii, 0COOIMBO CUTHCHKHI, MA€ BCI MEPETYMOBH ISl YCITIIITHOTO
PO3BUTKY, apKe BiH CIpUS€E MIATPUMII E€KOHOMIKHM KpaiHH, CTBOPEHHIO HOBUX pOOOYHUX MICIIb,
MOKPAIIEHHIO CUTbCHKOI 1HPPACTPYKTYpU Ta 3aXHUCTY KYJIbTYPHO-ICTOPUYHOI CHAJUIMHH KOXXHOTO
periony. Ilicis 3akiHYeHHs BiMHHM, sKa 3aBJIa€ HEMOIPABHOI IIKOAM JIIOJSAM, HAaBKOJIMIIHHOMY
cepenoBUIly Ta 1HOPACTPYKTYpl KpaiHU, TYPUCTH 3aHOBO OIIHATH MOMJIMBOCTI JUIsI BIATIOYMHKY B
CUIBCBKIM MICIIEBOCTI Ta PI3HOMAHITHICTH TOCIYT CUIBCBKOTO TypH3MYy, SIKI poOJaTh 10 chepy
TYpU3My YHIBEPCAJIbHOIO Ta HE3AJIEKHOIO BiJl reorpadiuHOro po3TallyBaHHS Ta HAaABHOCTI LIHHHUX
npupogHux pecypciB. CUIbChKUH Typu3M BHUCTyNae€ e()EKTUBHUM IHCTPYMEHTOM JIOTIOMOTH
CITbCHKOMY HACEJICHHIO TMOKPAITUTH COI10-€KOJIOTO-€KOHOMIYHUN PO3BUTOK CUTbCHKUX HACEICHHX
MYHKTIB Ta € NMEPCHEKTUBHUM IIJISIXOM PO3BUTKY Ta BiIOYAOBM YKpaiHCHKHMX CiJ1 B YMOBAax BifHU Ta
MICIISIBOEHHOTO TIEPioy.

134



1. Dubovich 1., Seneta Z. Current state and prospects of the development of cross-border
cooperation between Ukraine and the European Union countries in the feld of rural tourism.
Romanian-Ukrainian relations. History and contemporaneity. 10-th Edition. Satu Mare: Editura
Muzeului Satmarean — Bucuresti : Editura RCR Editorial. 2021. P. 263-277.

2. United Nations Environment Programme. In Making Tourism More Sustainable: A Guide
for Policy Makers. URL:
https://www.globalnature.org/bausteine.net/f/6955/MakingTourismMoreSustainablePart1.pdf?fd=2.

3. Kopowcunos JI. I. Typusm 6 Vkpaini. Knacugixayis ma euou | JI.I. Kopoicunos. Epexmuesna
exonomixa. 2014. Ne 9. URL: http://www.economy.-nayka.com.ua/?0p=1&z=3345.

4. [leuenrok A. Il. @opmysanns cmpamezii poO36UMK) CilbCbKO20 3€/IeH020 MYPUM - OUC. ...
kano. exon. nayk : 08.00.03. Kam sneywv-Ilodinecokuu, 2018. 225 c.

5. Ilokonoona M. M. Pexpeayitina eeoepaisn . nasu. nocio. Xapxkie . XHAMI', 2012. 275 c.

6. Cmpamezis pozeumxy mypusmy ma Kypopmis na nepiod 0o 2026 poky 6io 16 Oepesmns
2017 p. Ne 168-p. URL: https://zakon.rada.gov.ua/laws/show/168-2017-%D1%80#n9.

7. Bacunvyie T. I, boiiko B. B. Hanpsmu ma 3acobu po3sumky CilbCbKUX mepumopiil 8
KOHMeKCMi 3MIYHEeHHs1 COYIanbHO-eKOHOMIuHOI be3nexku Ykpainu . monoepadpisn. Jlveis . Jliea-Ilpec,
2016. 262 c.

8. Ilpo ocobucme censncoke 2ocnooapcmeo  3axon Ykpainu 6io 15.05.2003 p. Ne 742-1V
URL: https://zakon.rada.gov.ua/laws/show/742-15#Text.

9. Ilpo mypusm . 3axon VYrpainu ei0 15.09.1995 p. M 324/95-BP. URL:
https://zakon.rada.gov.ua/laws/show/324/95-%D0%B2%D1%80#Text.

10.  Kowcmumyyis Ykpainu 8i0 01.01.2020 No 254k/96-BP. URL:
https://zakon.rada.gov.ua/laws/show/254%D0%BA/96-%D0%B2%D1%80#Text.

135
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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 mMetoau i 3aco0u BUKOPUCTaHHS 1H(POpPMAIITHUX TEXHOJOTINH s
aHaimizy Ta OOpOOKM [aHWX Yy JOCHIDKEHHI HaBKOJHUIIHBOTO cepepoBuma. [IpoaHanmizoBaHO
npioputetn €Bpomneiicbkkoro Coro3y y IOCSITHEHHI el mudpoBoi Tpancdopmariii. BeranosieHo,
0 3 TMOCWIEHHSIM poii UudpoBizamii y pi3HHX IOCTDKEHHSX BAKIMBHM € BHUKOPHCTaHHS
edeKTUBHUX METO/IIB 1 3ac00iB At 00poOKH Ta aHai3y iH(popMallii, 10 cCupusITUME SIK TU(POBOMY,
Tak 1 3emeHoMy nepexoxay. st OiIbII TOYHUX PO3PaXyHKIB BaXKJIMBO BHKOPHCTOBYBATH aITOPUTMH
Ha HEHpPOHHUX Mepekax, L0 3apa3 HaOyBaloTh Bce Outbmioi momymspHocTi. Ilizkpecneno, mio
1upoBizalis B rajly3i €KoJIOr14HOT0 MOHITOPUHTY JOMIOMOYKE aBTOMAaTU3YBaTH 1€l Mpoliec Ta CTaHe
y Harojii AJisi AUCTaHIIHHOTO MOHITOPUHTY 1 IOCIHIKEHHS JTOBKIIIS.

Knrwowuosi cnosa: yugposizayis, 3enena y200a, MOHIMOpUHZ OO0BKINAA, [HHOBAYIUHI
MexXHON02II.

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 intelligence, 5G,
cloud and edge computing and the Internet of Things can accelerate and maximize the impact of
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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
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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.

Digital learning and education should support a workforce where people can acquire
specialized digital skills to gain quality employment and rewarding careers.
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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.

- digital education and standards compliance. Developing digital literacy among the
population and supporting standards that promote the sustainable use of technology.
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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 (IoT). The introduction of 10T 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 10T. The use of sensors and the Internet of Things (IoT) 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
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
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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
R Digital
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;

« real-time visualization of data processing and results on a display or web page;

140



» 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|learth, 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.
Quantum technologies can also be used for environmental monitoring, providing more accurate, fast
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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;

- quantum 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;

- qguantum 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 I0oT 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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AHoTauis. IIpoBeneHO oI OCHOBHHX CIIOCOOIB BHUKOPUCTAHHS KBAJPOKONTEPIB JUIS
MOHITOPHUHTY HaBKOJMIIHBOTO CEpeloBUINA. 3poOJIeHO aHami3 iCHYIOYHMX JOCHIDKEHb MO0
BUKOPUCTAHHS OE3IMIJOTHUX JITAJIBHUX amapaTiB s JOCTIDKEHHS JOBKULISA. Po3risHyTO psig
nporpaM aBTOMAaTU30BaHOI OOpOOKM OTPHMaHHMX 3 KBaJPOKONTEPiB 300pakeHb JJsI CTBOPEHHS
mudpoBux kapt. HaBenmeHo mpukiaam oOpobieHHX (OTO 3 KBAaIPOKONTEpa HAa OCHOBI IpOTpam
DroneDeploy ta QGIS. 3a3na4eHno, 1m0 oTpuMaHHs JaHUX 3 KBaJPOKONTEPa B PEAUTLHOMY Yaci MOXKe
3MIIACHIOBATHCS 32 JIOTIOMOTOI0 Pi3HUX METO/IB Ta 3ac00iB 00POOKH TaHUX.

Knwuoei cnoea: monimopune 0oexinns, 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 NOWMPEHHAM JIJDKUTami3alli Ta 3poCTaHHSAM pojial LU(POBUX TEXHOJOTIH Jenaii
BOXIUBINIMMU Yy pI3HUX cdepax craoTh Oe3nutotHi JitaneHi amapatu (BIUJIA, nponw,
KBaJpOKONTEpH). Y TIOEIHAHHI 3 MPOTPECcOM Yy TMporpamMHOMYy 3a0e3nedeHHI BOHHM € I[IHHUM
IHCTpYMEHTOM JJIsl IHBEHTapH3allii Ta MOHITOPMHTY HaBKOJIMIIHBOTO cepenoBuina. Kagpokonrepu
JI03BOJISIOTH 32 KOPOTKUN yac 3/1IHCHIOBATH OIJISi BEIMKUX TEPUTOPIN Ta OTPUMYBATU JTOCTYIHI JUIs
nocTOOpOOKM JaHi, 30KpeMa 13 3aCTOCYBAaHHSAM ULITYYHOTO IHTEJIEKTYy Ta HEHPOHHHX MeEpex.
besminoTH1 miTanpHI amapaTd J03BOJSIOTH CHOCTEpITaTH BEJIWKI TUIONII JOBKIUIS JJIS OIIHKH
MOKAa3HHKIB 3 BUCOKOIO JIOCTOBIPHICTIO 3 MOAAJIBINIOI0 X 00poOKoro. Taki anapaT Jar0Th re0Ae3UUHY
TOYHICTh MIPU CAHTUMETPOBIN MPOCTOPOBI PO3AUIBbHIN 3aTHOCTI, @ 3aCTOCYBAaHHSI HAaHOTEXHOJIOTIH
JUIsL KaMep 3HIMaHHS Ja€ MOXKJIMBICTh POOUTH X TOCUTh KOMITAKTHUMH.

Cepen cydacHHX JOCHIDKEHb € Oarato poOit, mo omucyroTh BuUKopuctaHHs BITJIA mis
aHaJi3y SKOCTI JOBKULIS, MOHITOPHUHTY Ta IHIIMX TOCTIKEHHAX. 30Kpema, aBTopu pobotu [1]
PO3MIISIIAI0Th MOHITOPUHT TIACOBHII 3a JOIMOMOTOI0 JPOHIB, a y pobOoTi [2] mpoBeaeHO aHami3
METOIB pO3Mi3HaBaHHS 00’€KTIB Ta Komrpecii 300paxkeHp mia yac aepodorositomku 3 BIIJIA. Kpim
TOTO, BXJIMBUM € JIOCHIDKEHHS TMPUPOTHUX SBHII 1 I €(EKTUBHOTO TJIaHYBaHHS PyXy APOHIB.
3okpema, aBTOpu poOOTH [3] OMMCYIOTH AITOPUTMHU MOBENIHKU 3Tpail y MPUPOAL AT MOKIMBOCTI
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3aCTOCYBaHHS B TPYMOBHX MOJbOTaX OE3MIIOTHHX JITaTbHUX amapariB. Tak 3BaHMid “poinuit merox”
€ OJIHMM 3 TMPOTPECUBHUX METOMIB JOCIHI)KE€Hb, OCOOJMBO B Taly3l MOHITOPUHTY AOBKULIA. Llei
METOJ BUKOPUCTOBYE I'PYITY KBaJIPOKONTEPIB, SKI MPALIOIOTh Pa3oM i 300py NaHUX Ta BUKOHAHHS
3aBJlaHb, 110 IMPEJICTABISAE MOTEHLa]l s BJOCKOHAJIEHHS Ta PO3IIMPEHHS MOXKIMBOCTEH
MOHITOPUHTY JOBKIUUIS, JO3BOJISIFOUN 30MpaTH OUIbIIE JAHUX 3 OUTBIIOI0 TOYHICTIO Ta MIBUAKICTIO.

1. CpnocodH MOHITOPMHIY HABKOJMIIHBOIO CePeAOBHUINA 3 BHKOPHUCTAHHAM
KBa/JIPOKONTEPiB.

3acTocyBaHHs KBaJPOKOITEPIB y AOCIIPKEHHSIX CTaHy HaBKOJUIIHBOIO CEpelOBUILNA Ma€e
IIMPOKE KOJIO 3aB/IaHb, 30KpeMa:

- MOHITOPHUHT JIICOBHX €KOCHCTEM;

- BUSIBJICHHSI CEPEJIOBUIII ITOXKEK Ta TOTIOMOTa TIPH 3/11HCHEHH]I TPOTUIIOKEKHHUX 3aXO0/IiB;

- kapTorpadyBaHHs, YTOYHEHHS Ta aKTyali3allis iCHyrOYHX KapT;

- CIIOCTEPEKEHHS 32 3MiHAMH JOCIIPKYBAaHHUX ILUIOL] 32 JOMOMOTOIO MOPIBHAHHS OTPUMaHHUX
B pi3HHUH Yac opTO(OTOILIAHIB;

- KOHTPOJIb 32 HECAHKI[IOHOBAaHUM OYAIBHHIITBOM B ITPHPOIOOXOPOHHUX 30HAX;

- CIIOCTEPEXEHHs 3a TBapMHAMU 3 METOI JIOCHIDKEHHS iX 4YHMCElIbHOCTI Ha MEBHHUX
TepuTOpisixX (OE3MIIOTHUK T03BOJISIE BECTH 3HOMKY HEITOMITHO);

- IJITaHYBaHHS POOIT Ha 3eMENIbHUX JITITHKAX 1 1X pO3MOALT Ha YACTHHH,

- OOTPUCKYBaHHS JIICIB Ta MOJIIB BT IIKiTHUKIB.

Y OCHiKEHHSX CTaHy HAaBKOJMIIHBOIO CEpeAOBHUINA IiJi 4Yac MOHITOPHUHIY JIICOBHX
€KOCHCTEM KBAaJPOKONTEPH BIAIrpalOTh BAXIMBY POJIb 3aBISKH MOMJIMBOCTI OTPUMAHHS JaHHUX 3
BHUCOTU Ta BUKOPHCTAaHHIO PI3HOMAHITHHUX ceHcopiB. KBaapokonTepu OCHAIEHI BUCOKOSKICHUMHU
KaMmepamH, sIKi 3[1aTHI 371iCHIOBATH acpoOTO3UOMKY 3 BEJIHMKOi BHCOTH. Lle mo3Boiisie oTpumyBaTu
JieTanbHl 300pakKeHHs JIICOBUX MAaCHBIB Ta iX CTPYKTYPH Ul MOJAAIBLIOrO aHalizy. 3a JI0IOMOIO0
BIIJIA MoxHa 37iMCHIOBATH TOJILOTH HABKOJO JICOBUX MAUISHOK JUII CTBOPEHHS TPHUBHMIPHUX
Mojienet Jticy. Lle 1o3Bosisie oTpuMaTu AOKJIaIHe MPEICTaBIEHHs PO CTPYKTYPY JIICOBOT MIiCIIEBOCTI.
KBagpokonrepn MOXYyThb BHKOPHUCTOBYBATHCH ISl BUSIBJICHHS 3apaXKCHUX JIEPEB Ta IHIIMX O3HAK
3aXBOPIOBaHb a00 MOIIKOKEHHS BiJ] K1 THUKIB.

JlpoHu MOXXYTb JONOMOITH BMSIBUTH O€3/iu PYyWHIBHUX (aKTOpiB, HANPHUKIaJA, 3HUILEHHS
Jicy depe3 pyOkn abo HE3aKOHHY AiSUIBHICTb. BOHM J03BOJISIOTH BYacCHO pearyBaTH Ha Taki
po0OJieMHy Ta BXKMBATH 3aXO0/1B JUISl X BUPIILIEHHS.

KBagpokontepu BUSBISIOTBCS HAI3BUYAHO KOPUCHUMM Yy JOCHIUKEHHSX Ta BHSBIICHHI
CEpEeJIOBUIL TOXKEX, HAAlOTh 3HAYHY JONOMOTY IpPH 3/1HCHEHHI NPOTHIOXEKHUX 3aX0fiB. BoHu
MOXYTh OyTH 00NaJHaHI TEIUIOBI3IMHUMHU KamepaMu, K1 JO3BOJSIOTH BHUSIBISITH 30HH TiABHILEHOL
TeMIepaTypd, IO MOXKE CBIAYUTH IMPO TOXexXy. Lle mo3BosiE€ omepaTHBHO BUSBISTH TMOXKEKHI
YPaKEHHS Ha BEIMKHUX TEPUTOPISAX, BKIIOYAIOUM BaXXKOJOCTYIHI Micisd. KBajgpokonrepu craloTh y
JI0TIOMO31 TIOKEXKHIM cyk01, 11100 MOKpaIUTH €PEeKTUBHICTh Ta O0€3MeKy MPOTUIIOKEKHUX 3aXO0/1B
HUIAXOM HaJaHHS IIBUAKOI Ta TOYHOI iH(opMaIlii Mpo CUTYyaIlil0 Ha MICII MOXEeXi, a JOAaTKOBE
oOJasiHaHHS Ha KBaJPOKONTEPI 103BOJISIE MPOTHUIIOKEKHY MOPOIIKOBY CYMIIll TOCTABUTH B €MILIEHTP
3aropsiHHA.

BIUUVTA € xopucHUMHM I1HCTpyMEHTaMHu Ji1 KapTorpadyBaHHS, YTOUHEHHS Ta akKTyajizamii
ICHYIOUMX KapT 3aBJSIKM CBOIH MOXKIIMBOCTI 3/iiiCHIOBAaTH aepo(OTO3HOMKY Ta BUCOKY MaHEBPEHICTb.
OTpuMaHi BUCOKOSIKICHI 300paXeHHsI TEPUTOPiN MOKYTh OYTH BUKOPHCTaHI JJIsi CTBOPEHHS HOBUX
KapT abo OHOBJEHHs IiCHyrouMxX. KBajgpokonTepu MOXYyTb OYTH OCHAIEHI PI3HOMaHITHUMHU
JaTYMKaMHU, 10 J03BOJISIE OTPUMYBATH JOJIaTKOBY 1H(OpMaIliI0 Mpo TepUTOpito (BUCOTa penbedy,
7epeB Ta OyaiBelb TOIO), 10 MOKpaIlye sKicTh KapT. [licas 300py JaHUX KBaJpOKONTEPH MOXKYTh
BUKOPUCTOBYBATH IpOrpaMHe 3abe3nedeHHs uis oOpoOKH OTpUMaHMX 300pakeHb Ta CTBOPEHHS
nudpoBux kapT. Lle Moke BKIO4aTH B ceOe aBTOMATU30BaHI aJTOPUTMU JJIsi BUSBICHHS O0'€KTIB,
aHai3y 3MIH Ta IHIIMUX 3aBJaHb. YCi IIl 3aCTOCYBaHHs KBaJpPOKOITEPIB JOIMOMArarTh MOKPAITUTH
AKICTh Ta aKTyaJbHICTb KapT, IO BHUKOPHUCTOBYIOTHCS JUIS DPI3HUX IIiJIel, BKIIOYAIOUM MiCbKe
TJIaHyBaHHS, JTaHAMA(QTHUN TU3aiiH, €KOJIOTIYHI TOCTIKEHHS TOIIO.
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TakoX KBaJApOKONTEpU MOXKYTh OyTH HAA3BHUAHO KOPUCHHUMHM TIPU KOHTPOJi 3a
HECAHKIIIOHOBAaHUM OyJIIBHUITBOM Yy IPHUPOJOOXOPOHHMX 30HAX 3aBIJKH I1X MOJKIJIMBOCTI
3MiHCHIOBaTH aepo(OTO3HOMKY Ta HagaBaTH BIAJAJICHUH MOCTYN 10 CKJIAIHOAOCTYIMHHX MICIb.
JlpoHn MOXyTh OyTH BHUKOPUCTAaHI JJI JIOKYMEHTYBAaHHS IOpYyLIEHb Y BHUINIAAI (oOTO- Ta
BimeomarepianiB. Ha ocHOBI 3i0paHuX HaHUX KBaJIpPOKONTEPH MOXKYTh OYTH BHMKOPHCTaHI Ui
MIJIFTOTOBKY 3BITIB IPO BUSBJICHI MOPYIIEHHS Ta PO3POOJICHHS PEKOMEHIAIlii 1010 TMOMAIBIINX il
JUIs1 BUPILICHHS TPOOJIEeMH HECAHKIIIOHOBAHOTO OY/1IBHUIITBA.

KBagpokonrepu MOXXyTb OyTH Jy’e KOPUCHUMH IIPU CIIOCTEPEKEHH] 3a TBAPUHAMHU 3 METOIO
JOCHIJKeHHST 1X YHCENbHOCTI Ta 30epekeHHs Oiopi3HOMaHITTA (aepodoTo3iioMKa, TerioBiziiiHa
3lioMKa, po3poOKa TpacmopTyBaJbHMX UUIAXIB, BHU3HAUCHHsS PO3MOJALITY Ta PO3MILICHHS TBapHH,
MOHITOPUHI TOTEHIIMHUX 3arpo3 sl TBapuH Tomio). Bukopucranns BIUJIA y mocmimkeHHSX
TBAPUHHOTO CBITY MOJXXE JOTOMOITH 30UTBIIMTH €()EKTHUBHICTh Ta TOYHICTH JOCIHIKEHBb IOJ0
YHCEIBHOCTI Ta PO3MOTYy TBAPUH, a TAKOXK CIIPHUATH iX 30€pPEKEHHIO Ta OXOPOHI.

Bapro 3a3HaunTH, 110 OTPUMAaHHS JaHMX 3 KBaJPOKOINTEpa B PEaJbHOMY 4aci MOxe OyTu
3MIICHEHE 3a IOTIOMOTOI0 PI3HUX METO/IB Nepeaadi JaHuX. BUaimuMo feski 3 Hux:

» be3npoBigHi TexHomorii mepenadi gaHux. KBagpokonTep Moxke OyTtu oOnagHaHUN
6esnpoBinaumu TexHoiorismu (Wi-Fi, Bluetooth), sxi mo3BonsoTh nepenaBatu JaHi B pealbHOMY
yaci Ha 3emunto. Lli TexHomorii MOXyTh OyTH BUKOPHCTaHI JUJIs Mepeaadli Biieo- Ta GoromarepiaiiB
a00 IHIIUX TUMIB JaHUX.

» Panios3B'sizok. BIJIA moxe OyTtu obnagHaHuii pagionepenaBadyeM, SKHi mepenae naHi Ha
3eMJII0 3a JIOMOMOTOI0 pamioxBuiib. lleit meron mepemayi AaHuX Moke OyTH €QEKTHBHHM IS
BEJIMKHX BiJICTaHEeH Ta B yMOBaX 0OMEXEHOro JJOCTYIy 110 Mepexi [HTepHer.

» CynmyTHHKOBe 3'eqHaHHA. Jleski KBaapokomnTepu oOiagHaHI CHCTEMaMH, IO JO3BOJSIOTH
nepeaBaTu AaHi yepe3 CyNnyTHUKOBE 3'enHaHHs. Llelt MmeTon 103BoJIs€ nepeaaBaTu AaHi B Oyb-sKui
MYHKT TUTAHETH, JI€ € 3B'I30K 13 CYNYTHUKOM, aje MOKe OyTH MeHII e(EeKTUBHUM 3 TOYKH 30Dy
IIBUAKOCTI Mepeiadi TaHuX.

» BOynoBaHi HakonuuyBaul JaHuX. KBagpokonTepu MOXYTh 3I1MCHIOBATH 3allUC JaHUX Ha
BOYJIOBaHMI HaKoNWYyBad IIiJ] 4ac MOJbOTY, a MOTIM IMepeJaBaTH ILi JaHi Ha 3eMJII0 MICiA
3aBepuieHHs Micii. Llelt meTon mMoxke OyTH KOPUCHUM JJsl 30€peXeHHsS JaHuX Yy BUNAAKY BTpaTH
3B'SI3Ky 200 1HIIUX TEXHIYHUX MPOOIIEM.

KosxeH 3 1mmux MeToAIB Ma€ CBOI TMepeBard Ta OOMEXEHHS, 1 BHOIp KOHKPETHOTO METONIY
3aJIeKUTh BiJl KOHKPETHUX BUMOT Ta YMOB BHUKOpHUCTaHHS (puc. 1). Hampuxiaz, [uist peaibHOro yacy
TpaHCHAIli Bileo Moxke Oytu oOpana Oe3mpoBiJHA TEXHOJOTIS Tepeaadi AaHuX, a Uil nepeaadi
BEJIMKOI0 00CSTy JaHUX Ha BEJIMKI BIJICTaHI MOKe OyTH BUKOPUCTAHE CYIyTHUKOBE 3'€JTHAHHS.

OcHOBHUM KapTorpadiuHMM MarepiajJoM, III0 € OCHOBOIO JUIsl TOOYJOBH KapT 1
BUKOPUCTOBYETHCS JUIsl aHANI3y MPOCTOPOBOi iHpopMalii, € oprodoToruian — ¢oTtorpadiuauil nian
MICLIEBOCTI Ha TOYHIN Te€O0[e3W4Hiil OCHOBI, OTPUMAHHUI HUIAXOM aepoPOTO3NOMKH UM KOCMIYHOT
3MOMKHM 3 TMOJAIBIINM IEPETBOPEHHSIM 3HIMKIB 3a JOMOMOTOK METOJIB OPTOTPaHC(POPMYBAHHS.
OptodoTomnian He3aMiHHUHN IS CTBOPEHHS KapTorpadiuHux MmaTepiaiiB 1 BU3HAYEHHS KOOpIMHAT
00’€KTIB, IPU MPOBE/ICHHI iIH)KEHEPHHX IMOITYKIB 1 BAKOHAHHI KaJlaCTpOBUX poOiT [4].

3aBIsSKH 3aCTOCYBaHHIO CYIYTHUKOBHX CHCTeM HaBiraiii 1 moayniB RTK, kaptu, ctBopeHi 3a
JIOTIOMOTOI0 KBaJIPOKONTEPa, MAlOTh CAaHTHUMETPOBY TOYHICTh. BUKOHAHHS MOJNBOTY Ha IPaHUYHUX
BHCOTaXx IMABHUIIYE JETATi3aIiI0 1 AKICTh 3HIMKIB. Taka TOYHICTH 0 OJHOTO CAHTUMETpa Ha TIKCEIb
Jla€ MOJJIMBICTH JI€TalbHO aHAJi3yBaTH CTaH KPOHHU JiepeBa, MOpaxyBaTH 00’€M 3aJlMIICHOI Ha
JUISIHIII MEPTBO1 J€PEBUHH, IIJIOLII BKPUTI MPUPOAHIM OHOBJICHHSIM, MPOTSXKHICTH JICOBUX JOPIT Ta
JCOBUX MOTOKIB TOIIO.
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k. BuBIp AaTK Ta Yacy, WO CNPUATUME ONTUMaNkHIN 3Homul.
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/- MepesipKa cTaHy KBajpoKonTepa Ta Aoro obnaaHaHHs.
HIAFOTOBKA » 3apapaka GaTapeli Ta BCTaHOBNEHHA HEOBXIAHWX CEHCOPIB
(kamepw, TepManbHI CEHCOPW TOLWO )
"\L
* 3T KBaAPOKONTepa Ta Haelrawa go o6paHoi obnacrl.
* MNpoeejeHHA aepodoTozAOMKM a60 BIALOIAOMKN 3 BUCOTH.
BMKOHAHHA * 361p gaHux Npo AOBKINNA (306paxeHHs, BIeO, AaH
CeHCOopIB).

~

O6po6ka oTpMMaHuWX 306paxeHs Ta Bljeo.

* BW3Ha4YeHHA 30H 3a6pyaHEHHs ab0 IHLWIKMX BaXNNBUX
AHANI3 AAHUNX BlaOMOCTE.

\- AHanI3 pesynbTaTIB B KOHTEKCTI Linei Micii.

/

e MAroToBKa 3BITY NPO PeE3yNbTaTh MICI. )
3BITHICTb NpUAHATTA pilleHs abo po3pobKa AINOBUX NNAHIB Ha

= OCHOBI OTPUMAHWX JaHUX.
TA Al BXMWTTA NOTPIGHWX 3aX0A41B LWOAO AOCIIAKYBAHOTO

\__ CepefoBuLLa. S

Puc. 1. Cxema BUKOpHCTaHHS KBaIPOKONTEPIB JJIs1 MOHITOPHUHTY JTOBKIJIIS

JI7ist MpOEKTYBaHHS MapIIPyTy 3HIMaHHsS BUKOPUCTOBYIOTH Tporpami, Taki sik DroneDeploy
g Pix4D. Taki mporpamu [aio0Th MOKJIMBICTh IUIAHYBATH MapUIPYT 3HIMAHHS Ha OCHOBI KapT Ta
BUKOPHUCTOBYIOUM MPHUB'A3KY J0 KBAPTAJbHO-BUIUIBHOI CITKH, a TAaKOX JOJATKOBHX IapaMeTpiB
MIOJIOTY: BUCOTH 3HIMaHHS, PI3HOCTOPOHHE MEPEKPUTTS 3HIMKIB, SIKE HAJAa€ MOKIUBICTh HE TUIBKU
CTBOpIOBaTH Kaprorpadiuni oprodotorutanu, a i OyaysBatu 3D mpoeknii micueBocti. IIporpama
MOBHICTIO TUIAHYE TIOJIT OE3MUIOTHUKA, PO3PaX0OBYIOUH 3aps/l OaTapei Ta 3a HEOOX1AHOCTI i1 3amiHy.

IcHye Oarato BapiaHTIB MporpamMHOro 3a0e3nedyeHHs s OOpoOKM OTpUMaHUX 3
KBaJIpOKOIITEPIB 300pakeHb Ta CTBOPEHHS MPpoBux KapT. [llupokoro 3actocyBanHs HaOyu:

Pix4D — onmuH 3 HaWNOMyJSIPHINIMX MPOTPaMHUX 3aco0iB y Tanmy3i 0OpoOKH 300paxeHb 3
MOBITPSI Ta CTBOPEHHS TPUBUMIPHUX Mojeneil Teputopiid. BiH q03Boisie cTBOproBaTH TOYHI HU(POBI
KapTH, MOJielli penbedy Ta OLIHIOBATH 00'€KTH HA 3eMIII.

DroneDeploy — xmapHe mporpamte 3a0e3MedeHHs, sIKe T03BOJISIE aBTOMATU3yBaTH O0OpPOOKY
Ta aHai3 aepo(oTO3HOMOK, a TAKOK CTBOPIOBATH IIU(PPOBI KAPTH Ta MOAEII 3 BUCOKOIO TOUHICTIO.

Agisoft Metashape - iHcTpymMeHT 0OpoOKHM Ta aHami3y 300pakeHb, OTPUMAHUX 3
KBaJpoKkonTepiB. BoHa 103Bossie cTBOproBaTy TOYHI LU(poBi Mojieni, opTodoToruianu Ta 3D mMoxeni
300pakeHb.

QGIS — OeskomroBHMM i1HCTpyMeHT reorpadiynoi iHpopmariiinoi cucremu (I'IC) nmns
CTBOpEHHS, peflaryBaHHs aHaJIi3y Ta IHTEepHpeTalii JaHUX y reorpadiyHOMY KOHTEKCTI.

ArcGIS Pro — reompoctopoBe mporpaMmHe 3a0e3ledyeHHs, ke Mae BOYJOBaHI 1HCTPYMEHTH
uisi 00poOKM  aepoOTO3HOMOK Ta CTBOPEHHS HHU(PPOBHX KapT. BoOHO [103BOJIsIE aHaAMI3yBaTH
reorpadiuHi JaHi Ta CTBOPIOBATM BHCOKOSKICHI KapTW 3 pI3HUMH ILIapaMH 1 aHATITHYHUMH
MOJKJTHBOCTSIMH.

Global Mapper — mporpamue 3a0e3nedeHHs [Uisi OOpPOOKH TE€ONMPOCTOPOBHX JaHUX, SKE
MiATpUMYy€E 00poOKy aepodOoTO3WOMOK Ta CTBOpEHHs IU(poBUX KapT. BOHO /103BOJIsSIE BUKOHYBATH
aHaJi3 Ta Bi3yanisamiio reorpapiqHuxX JaHHUX 3 PI3HUX JHKEped.
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OpenDroneMap — Binkpute mporpamHe 3abe3meueHHs sl 00poOKH 300paKeHb, OTPUMAHUX
3 IpoHiB. BoHO Hajjae MOKIIMBOCTI JIJ1s1 CTBOPEHHS OPTO(OTOIIaHIB, HUPPOBUX MOAeNel penbedy Ta
3D-mozeneit Ha OCHOBI BIIKPUTHX CTAHAAPTIB.

Ili nmporpamui 3aco0M HagalTh IIMPOKI MOXKIHUBOCTI JUIA IUGPOBOTO MOHITOPHUHTY
HABKOJIMIIHBOTO CEPEeIOBHILA, 0OpOOKH 300pakeHb 3 KBaJIPOKONTEPIB Ta CTBOPEHHS HUPPOBUX KapT
3 BUCOKOIO TOYHICTIO Ta JeTaii3aiicro. Bubip KOHKpETHOro mporpaMHoOro 3a0e3NedeHHS 3aJIeKUTh
BiJl mOTped KOpUCTYBada, 00CATY Ta CKIQJHOCTI MPOEKTY, a TAKOXK BiJ (IHAHCOBUX pecypciB.

2. Tlpukjgaau MOHITOPMHIY 3MiH JIiICOBOIr0 MOKPHMBY i3 BHKOPHCTAHHSIM MPOTrPaMHHX
3aco0iB 00poOKH

Sk mnpuxkiman, posriasHeMo oO0poOieHe ¢GOTO 3 KBaJAPOKONTEPAa HA OCHOBI IpOrpamu
DroneDeploy (puc. 2) [5].

= Home / BepxHiit Maitpan/  Fly

{10 Map Plan - e

8:38 8 127 1

Flight Altitude
2= Resolution: 1.9 cm / px 84m
Suggested: <60m

& Enhanced 3D ()

[l Live Map HD O

Live Map is unavailable Learn more
/‘ Advanced >

() RTK Coverage C °

Test the simulator

G
WETEL] 4

A

@ Help

Puc. 2. [Tpuknan HamamTyBaHHs BUOOPY MEX MOJBOTY TSl 3A1MCHEHHS 3HOMKH TEPUTOPIi 3
KBaJIpOKOINTEpa Ha OCHOBI iporpamu DroneDeploy

[Tig wac mpoBeneHHS] MOHITOPHHTY TEPUTOPII 3a JOTIOMOTOI0 KBAIPOKONTEpPa MEXi MOIBOTY
MO’KHa HaJalITOBYBATHU SIK B PY4YHUH CIIOCIO, 33/1at04M CITKY JUIsl 311HCHEHHS MOJIbOTY, TaK 1 TOTOBUM
daiinom popmary KML. Jlanwuii popmar KML (Keyhole Markup Language) MicTuTh reonpocTopoBy
iHpopmaniro y popmati XML. @opmar KML € noctynHoro s nporpamuoro 3abesnedenHs QGIS
ta Google Earch Pro ta moke Oyt BIAKpPHUTHI B iHIINX A0AaTKax reorpadiunoi indopmariiitHoi
cucremu (I'IC). Lleit popmar nae 3mMory 3aaatu ToUHy (HopMy KBapTaJlbHO-BHILIBHOT CITKH, 30KpeMa
OKpeMUH BUALI, SKU TOTPiOHO oOcTexuTH (puc. 3). JlogaTkoBo q0/1a€Thes 3BIT MPO 00POOKY KapT,
3 PO3IUIBHOI 3MaTHICTIO aepodoTo3itomku 1,2-2 cm/miKe, BHCBITIIOETHCS KIIOYOBa 1HGOpMAILis,
BKa3YIOThCSI HA pO30DKHOCTI B TIOJIbOTAX 1 BUCBITIIOIOTHCS (HaKTOpH, SIKi, MOXIIMBO, TOTPIOHO Oy/e
CKOperyBaTu abo po3risiHYTH, 100 CTBOPUTH OUIBII TOYHY KapTy.
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Puc. 3. KBapranbHo-BuainbHa ciTKa JlepkaBHOTO MignpueMcTBa «JlensaTuHcbke JicoBe
rOCIIOIapCTBO» MaiiITaHChKOTO JIICHUIITBA KB.55-56 13 HAHECEHUM OpTO(OTOILIAHOM KB.56. BHI. 7. 3
BUKOpUCTaHHIM nporpamu QGIS

Jlane nocmiJKeHHsT TPOBOJMIIOCH JUIsl MOHITOPUHIY 3MiH JIICOBOTO IOKPHUBY 13 BHUSBICHHSIM
MO>KJIUBUX PU3UKIB MOPYILIEHHS MEX 0COOJIMBO LIIHHUX JIICOBUX AUISHOK Ha Tepurtopii [lepxaBHoro
nianpueMcTBa «/lensTHHCBKeE JIiCOBE rocroapcTBo» MaiijaHChbKOro JIICHULTBA, J1e 0YyiI0 BHSBIEHI
3MIHU JIICOBOTO MOKPHUBY y KB. 55. Bua. 2. JlaHa AUIsHKA BiJHOCHTHCS O MPaAICOBHX MaMSITOK
MIPUPOIN Ta BITHECEHI 10 KaTeropii “kBasimpanicu’. 3rigHo 13 3akoHoM Ykpainu Ne 2063-VIII Big 23
tpaBHs 2017 poky «[Ipo BHECEHHs 3MIH A0 JESKHX 3aKOHOJABUMX AKTIB YKpaiHM 11100 OXOPOHU
IpajiciB 3rilHO 3 PaMKOBOIO KOHBEHIII€I0 MPO OXOPOHY Ta cTaJuil po3BUTOK Kapmar» HaBKOJIO
MPATICOBUX, KBA3IMPaTiCOBUX 1 MPUPOJHUX JIICOBUX MUISHOK CTBOPIOEThCA OydepHa (0XOpOHHA)
30Ha, UIMPUHOIO y JIBI BUCOTU JAEPEBOCTaHY “‘B SIKUX 3a00pOHSAIOTHCSA OyAb-iKi CYLUIbHI, Y TOMY
YHCJIl CaHITapHI, a TaKOX MOCTYNoBI pyOku”. OCKUIbKH B KB. 56 BuA. 7 MaiilaHCBKOIO JICHUIITBA
IIPOBOJIMIIACH PIBHOMIPHO-TIOCTYNIOBA pyOKa, TO MOTpiOHO OyJ0 YTOYHMTH 4YHM 32 Y4acTio
JICOroCTIOAapChKOi JISIBbHOCTI HE OyJ0 BTpydYaHb Y KBa3lpalliCOBY AUISHKY CYCIIHBOT'O BHILIY.
3niiCHEHHs JIICOTOCHOJAPChKUX 3aXOMIB, a TaK0X CTBOPEHHS BOJIOKIB 1 JIOPIT HPU3BOAMUTH [0
YacTKOBOI 3MIHM IOYAaTKOBOrO penbedy. Taki 3MIHM YHEMOXKJIUBIIIOIOTH BU3HAYEHHS MEX MpU
MOJILOBUX OOCTEXEHHSAX. 3a JIOMOMOTOI0 KBAJIPOKONTEPIB Ta CTBOPEHUX HMMHU OPTO(OTOIUIAHIB i3
HAHECEHHSIM KBapTaJbHO-BUJIIJIBHOI CITKM MOXXHa MOOAYUTH MOPYIIEHHS MeX OCOOJMBO IIHHUX
JTCOBUX IUISTHOK. 3a JIOTIOMOTOI0 CTBOPEHOTO OpTO(OTOMIAaHYy HA MOCHiIKYyBaHIN MUISHINL 3MiH
JIICOBOTO MOKPHBY y KBa3iNpaiici He BUSBIEHO.

[Tonanbma o6poOka opTodoToNIaHy Aa€ MOKIMBICTh BUPaXyBaT TOYHY IJIOLLY MiCIIE€BOCTI,
Ha SKifl MPOBOIMINCH NMPUPOAOOXOPOHHI 3aXO0/Y, 1 YTOUYHUTH YM JAHOIO JISJIBHICTIO HE MOPYIIEHI
Mexi (puc. 4).

[Ilo6 aBTOMaTu3yBaTH OOpaxXyHOK pI3HMX  XapakTepUCTHMK Ha  opTodoTormiaHi,
NEPCIEKTUBHUM € BUKOPHCTAHHS 1HTEJEKTYaJIbHUX CHCTEM, KOJH SIK pe3yibTaT OOpOOKH MOXKHa
Oyne oTpuMaTH OUIBIN ACTalbHI TapamMeTpu, HAMPUKIAA, JOBXKWHU 3aIHIINCHOI JEPEBUHM, TUIOIIL
JOpiT, TTOTOKIB TOIIO.
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BumipaTty

3aranom 10,390 ra rekrapu X
) OekapTosuii ®) EnincoiganbHuii
P IHdopmauis

Help I Hosuii | KoHdirypauis Close

Puc. 4. ®parmeHT 06paxyHKY IUIOIII MICIIEBOCTI 32 OPTO(OTOITIAHOM Ta YTOUHEHHS MEXi
HEBTPYUYaHHs y MPaJIiCOBY NUISHKY 3 BUKOpUCTaHHAM nporpamu QGIS

[Tpu 006poOI1i maHuX OopTO(OTOIIIAHIB HA MICIIEBOCTI MOXHA TaKOX PO3paxyBaTH KUIBKICTh
3aJMILEHUX COPTUMEHTIB JACPEBUHM Ta iXHIO JIOBKMHY, KUIbKICTh MOBAJECHUX JIEPEB 1 PO3MIPH KPOH
(puc. 5. a, 6, B).

BunipsTH

24,470 M*  kBanpatHi MeTPH
) Enincolpanshuii

Bumipar

0,026 ra | rexrapn

0) MpUKJIaJl PO3PAXYHKY TUIOII JOPOTH
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BunipaTI

CermenTy [MeTpu]
28,682

28,682m  wmerpu

5

P Indopmauin

| Help || Hoswi | Kowsirypauia = Copy Al Close

i

B) IPUKJIAJ] pPO3PaXyHKY JTOBXKHHHU JIEKA4Or0 COPTUMEHTA

Puc. 5. ®parMeHTH MOXKIMBOCTI PO3paxyHKIB MOKA3HUKIB HA OPTO(OTOIUIAHI y KaMepaTbHUX
YMOBax 3 BUKOPUCTaHHSM IporpaMHoro 3adesnedyenns QGIS

3. TexHoJiorii 00pooxu aepodoro3iiomox

Ha pmaHmii 4ac AOCHIHMKY PO3BHUBAIOTH HOBI METOAHM Ta TEXHOJIOTIi, 100 IMOKpAIIuTH
TOYHICTb, €(EKTUBHICTh Ta JOCTYIHICTb JAaHUX, 310paHMUX 3a JOMOMOTOIO JAPOHIB, JUISl €KOJOTIYHOTO
MOHITOpHUHTY. Taki JOCTiIPKeHHS BiJlIrPalOTh BXJIUBY POJb y 30€peKeHHI MIPUPOIHUX PECYPCIiB Ta
JOBKIISL.

Bukopucranas HEHpOHHHX Mepex Uit 0OpoOKM aepodoTO3HOMOK BiAKpuBae 0e3mid
MO>KJIMBOCTEN 111 0OpoOKM Ta aHamizy iH(opmarii 3 nux 300paxkeHs. PosrisgHemo nesiki crocodw,
SIK1 MOXKYTb OYTH BHKOPHCTaHI [Tl aHAITi3y aepo(OoTO3HOMOK.

- CermeHTanis 300paxeHb. HellpoHHI Mepexxi MOXyTb OyTH HaBu€Hi /Uil CerMEHTallil
300pakeHb, TOOTO BHIUICHHS pPI3HUX O00'€KTiB a00 obOnacteil Ha 300paxkeHHsx. lle moxe Oyrm
KOPHCHO /111 BU3HAUEHHs Ha aepo(OTO3HIMKAX PI3HUX TUIIIB POCIMHHOCTI, I0PIr, OyiBeNb TOLIO.

- Busnauenns 00'extiB. HelipoHHI Mepexi MOXKYTh OyTH HaBYEHI JJIsl BUSBIICHHS! KOHKPETHHX
00'ekTiB Ha aepo(OTO3HIMKaxX, HANpPUKIAA, aBTOMOOLTI, JIIOAW, TBapuHU Tomio. Lle moxe Oytu
BOXJIMBO JUIsi BUKOHAHHS PI3HHMX 3aBJiaHb, 30KpeMa PO3paxyHOK Tpadiky, BUSBICHHS TBapHH abo
MOHITOPHHT JIFOICHKOT TiSUTbHOCTI Ha MEBHIM TEPUTOPI.

- Knmacudixkarrist 3emMenbHUX BUKOpUCTaHb. HepoHHI Mepexi MOKYTh OyTH BUKOPHUCTaHI ISt
kinacudikamii  pi3HUX ~ THUMIB  3€MENIbHUX  BHUKOPUCTaHb Ha  aepo(OTO3HIMKax:  JIiCH,
CUTBCBKOTOCTIONAPCHKI YT/, BOIHI JUISHKY Tomno. L{e Moke OyTH KOpHCHO JIJisi BU3HAYEHHS TUTOIII
MEBHUX THIIIB TEPUTOPii a00 MOHITOPHHTY 3MiH Y 3€MEJIbHOMY BUKOPHCTaHHI 3 4aCOM.

- Jlerexmiss 3miH. HeiipoHHi Mepexi MOXYTh JIOIOMOTTH BUSIBIISATH 3MIHM  Ha
aepo(oTo3HIMKax, IO MOXe OyTH KOPHCHO JUIs BHSBICHHA 3MiH B JOBKULIL (BUpyOKa Jicy,
OyIIBHHUIITBO 1HGPACTPYKTYpH ab0 €po3is IPYHTY).

- [TokpareHHs sIKocTi 300pakeHb, YCYHEHHS IIyMy a00 pO3MMTTS, IO JOIIOMAarae OTpUMaTH
OLTBII YiTKI Ta JIeTaIi30BaH1 300paKeHHS.

3aranoM, BUKOPHCTaHHS HEMPOHHUX MepexX y cdepi aepooTO3HOMOK BIIKPUBAE IIMPOKI
MOXJIMBOCTI JIJISl aBTOMATH3AIll1 aHATI3y Ta OTPUMAaHHS IIHHOI 1H(opMaIlii 3 X 300pakeHb.

i MoxmuBOCTI pOOIATH KBAaJPOKONTEPH BAXKIUBUM IHCTPYMEHTOM JJISi €KOJOT1YHOIO
MOHITOPHHTY Ta 30€pEKEeHHSI TIOBKIJLIA.
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Tabauys 1
IlepeBaru BUKOPUCTAHHA KBaJAPOKONTEPIB B JOCIIKEHHI JOBKIJLISA

AcneKkT Onuc

KBaapokonrepu [103BOJISIIOTH OTPUMATH 300paKEHHS 3 BHCOTH, IO
JTO3BOJISIE OTPUMYBATH MTOBHHIA OTJISIIT TEPUTOPII.

MO>KJIUBICTh JOCTYIUTHUCH O BAXKKOJOCTYITHUX MICIb, TAKUX SIK T1pCHKI

OrJisia 3 BUCOTH

JlocskHICTR paiionn a0o 30HHM, J€ IHII TPAHCIOPTHI 3aCO0M HE MOXYTh JIETKO
ICTaTHUCH.
Bincrexenms 3IIaT}‘IiC"FB 3/IIHCHIOBAaTH TIOBTOPHI Micii’ Ta Bi[[CTe)KYBa’FI/I 3M1HI/I y
it JMOBKULII 3 4YacoMm, HAmNpuKiIaa, 3MiHH B pO3TalllyBaHHI JIiciB a0o
3a0pyTHEHHS BOJIOVMHMIILL.
ToumicTs MOXJIHMBICTh 3IIHCHIOBATH AYXE€ TOYHE KaprorpadyBaHHS Ta 30MpaHHS

JIAHUX 3aBJISIKM BUCOKIHM CTaOIJILHOCTI Ta KEPOBAHOCTI KBAJIPOKOMITEPIB.
31aTHICTh BUKOHYBAaTH 3aBJAHHS MOHITOPUHTY JIOBKULIS 3a 3HAYHO
Baprictb MEHIIII KOIITH TOPIBHSAHO 3 TPAJUIIMHUMH METOJaMH, TAaKUMH 5K
[MUIOTOBAHI JIITAKH.

MOXJIHMBICT,  aBTOMAaTHU3YBaTH  JEAKl AacleKTH  Miciif, Taki K
ABTOMAaTH3aIlisl | aBTOMATUYHUN WiAHOM, PyX MO 3aJaHiii TPaeKkTopii Ta aBTOMAaTHYHE
30MpaHHs JTaHUX.

3a momomoror BOynoBaHumx y kBaapokontep GPS abo iHepmiitHmx
CHUCTEM HaBiramii € MOJIMBICTh CIIOCTEPEKEHHS 3a IOCIiIKyBaHUMHU
00’€KTaMU Y PeIKUMI PEabHOTO Yacy.

Hocryn'y
peaibHOMY Yaci

OTpuUMaHHS 1aHUX 3 KBAaJPOKOINTEPA B PEaIbHOMY 4aci MOXKe 3/1HCHIOBATUCS 3 JOTIOMOTOI0
PI3HUX METOMIB, 3a3BMYail 3aJe€KHO BiJ] KOHKPETHUX NOTpeO Ta O00JIaJHaHHS, SKUM OCHAIlEHHH
KBaJpokonTep. 30KpeMa, MOXKyTb OyTH BUKOPUCTAHI TaKl METOJIU:

- BineoctpiMm. barato kBaspokonTepiB MOXYTh IepelaBaTH BiJJEOCUTHAN Y pealbHOMY 4aci
Ha 3eMJII0 3a JIomoMororo BOynoBaHux kamep. Lle mo3Bossie omeparopy moOauuTu Te, M0 OauuTh
KBaJIPOKOINTEP Yy JaHUH MOMEHT.

- Tpancmsuis nanux depe3 Wi-Fi abo iHmm 6e31poToBi 3aco0u 3B's3Ky. Jlesiki KBaJpoKonTepu
MOXKYTh MIepe/iaBaTé JaHi (BKIHOYA4H Bijfeo, (oro, Ta iHmry iHpopMmarir) Ha 3emto yepe3 Wi-Fi
abo 1Hm 0e3apoToBi 3aco0M 3B'A3Ky. lle mo3Boisie OoTpuMyBaTH JaHl B pealbHOMY 4Yacl Ha
KoMmm'toTep abo MOOLTbHUIN TPUCTPIi.

- Bukopucranus FPV (First Person View) cucrem. FPV cucremu H03BOJSIIOTH ONEPaTopy
NUIOTYBAaTH KBAJPOKOMTEpP, CIIOCTEpIiraloyu 300pakeHHs 3 BOyAOBaHOI kaMmepH B cnemianbHux FPV
OKyJisipax abo Ha eKpaHi 3 mynbTa KepyBaHHs. Lle Hamae MOKIUBICTh MOOAYUTH TOYHHM Kajap, STKUM
0aynTh KBaJIPOKONTEP, 1 KEPYBATH HUM Y pealbHOMY Yaci.

- ToukoBi mani yepe3 GPS abo Inepuiiini cuctemu Hairarii. [lesiki KBaIpOKONTEPH MOXKYTh
Ha/1aBaTH TOYKOBI JIaH1 PO CBOE TOJIOKEHHS B pealbHOMY daci yepe3 BOynoBani GPS abo inepuiiiHi
cuctemMud Hapiramii. lle mo03Boisie OTpUMyBaTHM akTyajdbHI KOOPAMHATH Ta IHII TapaMeTpu
KBaJIpOKOINTEpA IiJ] 4yac MOJIbOTY.

Ili meroau MOXYThb BHUKOPHCTOBYBATHCS OKpeMO a0o0 KOMOIHOBaHO [yisl 3a0e3ledyeHHs
oIreparopy JIOCTYIy 10 JaHUX 3 KBaJIpoKonTepa y peanbHoMy 4aci. Lle no3Boisie epekTHBHO
KepyBaTH IMOJBOTOM, 30MpaTH MNOTPiOHY i1HGOpMalil0 Ta NpUAMATH IIBUIKI PIIIEHHS MiJ Yac
BUKOHAHHS PI3HUX 3aB/IaHb.

4. BUuCHOBKH

BukopucraHHs KBaJIpOKONTEPIiB y JOCTIKEHHAX HABKOJIHUIIHBOTO CEPEIOBHUIIA, 30KpeMa IS
MOHITOPHHTY JTOBKULIS, € BOKIUBUM CIIOCOOOM OTpUMAaHHS OLIbIN TOYHOI iH(pOpMAIii 111 00poOKH
JaHUX Ta aHaji3y pe3yabTariB. PO3IISHYTO OCHOBHI mporpamHi 3acobu i  0OpoOKH
aepo(doTo3iOMOK, BHOIp KOXKHOI 3 SKUX 3aJCKHUTh Bl KOHKPETHUX ITIe aociimpkeHHs. HaBeneHo
(parMeHTH pe3yabTaTiB MOHITOPHHTY JTOCTIKYBAHUX TEPUTOPIA 3 BUKOPHCTAHHSAM KBaJpOKONTEpa
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Ta mporpamHoro 3abesmeueHHs DroneDeploy ma QGIS. Bapro 3a3HaymTH, MO BaXJIHMBHM €
OTPHMaHHSI JAHUX B PEXKUMI PEATBHOTO 4Yacy 3 BHUKOPUCTAHHSM BiJIEOCTPIMY YU OE3APOTOBUX
3aco0iB  3B's3Ky. IlepCieKTMBHUM € BHUKOPHCTAHHS HEHPOHHMX Mepex [uii 00poOku
aepodoTo3MOMOK, 110 BIAKpUBAE O€37114 MOKIMBOCTEH /I Kpamioi oOpoOKH Ta aHasizy iH(opmMarlii 3
IUX 300paKeHb.
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AHoTanis:

QOyHKIIOHYBaHHS Cy4aCHHX JaTa-IICHTPIB MOB’s3aHE 3 ICTOTHUM CHOKHUBaHHAM €HEprii, 1o
csirae O6mu3bko 3% Bix cBiTOBOro mokasHuka [1]. Lle ekBiBaJ€HTHO piYHOMY €HEProCHOKUBAHHIO
JesIKUX KpaiH, 0 POOHUTH JaTa-IeHTPH 3HAYHUM JDKEPEIIOM €KOJIOTTYHUX Ta eKOHOMIUYHUX MPOOIIEM.
3aJIeKHICTh BiJl BHKOIHOTO TMAJIMBa, SKE TPAIUIIIMHO BHKOPHCTOBYETHCS JJIsi JKWUBJICHHS JaTa-
LEHTPiB, Bele A0 3POCTaHHS BUKU[IB MAPHUKOBHUX Ta3iB, 30UIBIICHHS PU3UKIB JUIS €HEPreTUYHOT
Oe3reku, poOJsun 1aTa-IeHTPU BPa3IUBUMHE 10 1epeOoiB y MOCTayaHHI €HEeprii, a TaKoX BHCOKHUX
eKCIUTyaTal[ifHUX BUTPAT, MOB'SI3aHUX 3 KYIIBJICIO Ta TPAHCIOPTYBAHHAM TPATUIIMHUX JKEpel
eHeprii. Y craTTi MOJaHO aHalli3 METOIIB PO3PaxyHKy EHEProCIOXKWUBAHHs JaTa-IEHTPIB Ta
PO3TIITHYTO Pi3HI CITOCOOM HOro onTuMi3allii, 30kpemMa, yTUIi3allis BiAMpaOBaHOTO TEIUIa, a TAKOXK
BHKOPHUCTAHHS BiTHOBIIOBaHMX Jixkepel eHeprii (BJIE) Takux sik: sk COHsSYHA, BITPOBa, T1IPOCHEPTis,
reoTepMaibHa €Hepris Ta Oiomaca, M0 € EKOJOTiYHO YMUCTHMMH Ta HEBUYEPITHUMHU JDKEpelaMH
eHeprii. OqHak, iCHYIOTh i IIEBH1 BUKJIMKH, NOB's13aH1 3 BukopucTanusaMm BJIE, 30kpema MOXITUBICTh
3abe3nedyBaTu cTabiIbHY poOOTY JaTa-IEeHTPiB B yMOBaxX HerependadyyBaHUX 3pOCTaHb Tpadiky 4u
HaBaHTaXeHb Ha iX iHQpacTpykTypy. Ilepexin nmara-nentpiB Ha BJIE moTtpebye KOMILTIEKCHUX
MIIXOMIB Ta IHBECTHINMA, alie [ HEOOXIMHWUU KpPOK JJIsi 3MCHIICHHS iX E€KOJOTIYHOrO BIUIMBY Ta
3a0e3neueHHs! CTIHKOro po3BUTKY iH(OpMariiiHo-koMyHiKaliitHux TexHomnorii (IKT).

Knwuosi cnosa: oama-yenmp, 6i0HO8II08ANLHA eHepP2is, eHepeoepheKmusHicmy, YMuiizayisi
BIONPAYLOBAHO20 MENIA, EHEPSOCNONCUBAHHSL.

Keywords: data center, renewable energy, energy efficiency, waste heat recovery, energy
consumption.

1. Berym.

CrpiMKuii PO3BUTOK 1H(OPMALIMHUX TEXHOJOTI HOBOTO TOKOJIHHS XapaKTepU3YEThCS
MosIBOI0 Takux TepMiHiB sk: IHrepuer Peueir (Internet of Things), Big Data (Bemuki Habopu
CTPYKTYpPOBaHHMX Ta HECTPYKTYPOBAaHMX JaHHWX, [0 HE IMUIATal0Th aHaNi3y TpaaulliiHIMA
METOAAaMH), IITYYHUN 1HTENEKT, KPUITOBAIIOTH Ta 1H. Yce 1e 0yno 6 HeMOXJIMBUM 0e3 HasiBHOCTI
BIIMOBIIHUX OOYHMCIIOBATBHUX TOTYXXHOCTEH, $KI HamalooTh AaTa-mieHTpu. OpHak, apXiTeKTypa
CY4acHOT0 JJaTa-IEHTPY BKJIOYA€E B ceOe He JIMIIEe HOBITHI MPOLIECOPH, IIBUJIKY ONEPaTUBHY MaM’sITh
YH, MPAaKTUYHO, Oe31iMiTHE cXoBHIe AaHuX. OCHOBHA ii 0COOIUBICTh — 1€ HAJAaHHS KOMITJIEKCHOTO
cepeloBHUINA JUIs 3a0e3MeueHHs KIHIEBOro KOpPHCTyBaua yciMa HEOOXIJHMMHU NPOrpaMHUMH Ta
arapaTHUMHU pecypcaMy TaKUM YHWHOM, I100 KOpPUCTYBad 30CEPEIUBCS Ha BHPIIIEHHI CBOET
KOHKpETHOI 3ajaui, MIHIMI3yIOUd TNpU LbOMY MOTpedy a0aTu Mpo 3aXMCT BiA MOTEHIIHHHUX
30BHIIIHIX BTpy4YaHb, a TaKOX IIBHJKE 1 THYYKE pearyBaHHS Ha 3allUTU IIOAO0 BUIICHHA
OOYHCITIOBAJILHUX TOTYKHOCTEH He3alexHOo BiJg 00’eMy, Ta MOHITOPUHT 3a iX €(EeKTUBHOIO
BukopuctanHsa. llle OomHUM BaXIMBUM €IEMEHTOM apXiTeKTypH MJaTa-IeHTPIB € 3MEHIICHHS
3aTpUMKH BiAKIUKY. Lle MOHATTS BKiIo4ae B cebe HE JIMIIEe yac Ha T.3B 3alUT-BIATYK (request-
response), a i MOXJIMBICTH OOPOOKH JaHMX B Tiil JOKAIIil, sSKa € 3py4HOI0 Ui KOpHCTyBada. SIK
HACIZOK, c(OpMYyBaUCh CHPUATINBI YMOBHU JUISL PI3KOTO 3pOCTaHHSA TMOMMTY Ha XMapHi
0o0YHCIICHHS, 0 MPHU3BEIO N0 TJIOOAIBHOI cTpaTerii MacmTaOyBaHHS Ta JElEHTpasli3allii jara-
ueHtpiB. Tak, 3a octanHi 10 pokiB 3arajgbHa KUIBKICTH cepBepiB 30inbmimiace Ha 647%, 3anmacu
€MHOCTI MarHiTHHUX Ta TBEPJIOTUIbHUX Hakonu4yyBayiB iHdopmanii Ha 2500%, a mepexeBuil Tpadik
3pic Ha 1000% [2]. Xoua, cymapHe 4KCI0 OKPEMHX JaTa-IEHTPIB Ma€ TCHJICHIIIIO HA 3HUKCHHS — 13
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6mu3pko 8.5 miH y 2015 10 7.2 mutn y 2021 potti, KiTbKICTh BEJIMKUAX Ta HAATIOTY)KHUX J1aTa-IIeHTPIB
CTPIMKO 3pOCTa€, 301IbIIYIOYNCH MOKBapTany mpuoOau3Ho Ha 16 omuuuns [3]. Tyr, MoBa iiae, B
OCHOBHOMY, TIPO ITyOJIiYHI XMapHi CEPBICH TaKKX KOMITaHil, ik Amazon, Microsoft Ta Google, kotpi
B 3M03i 3a0e3neunTH moaioHI moTyHOCTi [4]. BiamoBigHo, cydacHuil myOIiyHuMiA gaTa-IEHTP MOXKE
XapaKTepU3yBaTUCh PIBHEM €HEPrOCIOKMBAHHSI, aHAJIOTIYHUM /10 25 THC. )KUTJIOBUX OYyAMHKIB, a00
y 100-200 pa3iB BuIle, HDK CepeaHbOCTATUCTHYHA OdicHa OyMiBIA Takoro >k po3mipy [5]. B
abcomoTHUX TMQpax, 3a OCTaHHI JECATh POKIB EHEProCIOXUBAHHS JaTa-IEHTPIB JACIIO
crabim3yBanocs. Bin 3poctanns i3 193.7 tepaBar-roaus (TBT1-rox) y 2010 pomi go 205.2 TBt-ron y
2018 pomi, ta mo 209,6 TBr-rog y 2023 poui. Y 3Ha4yHill Mipi, 116 CIPUIMHEHO ITiBUIICHHIM
eeKTUBHOCTI 1HOPACTPYKTYpPH 1 CBOEYACHUM OHOBIICHHSM oOjamHanHs [2; 6; 7]. B Toii ke yac,
BUTpPATH Ha 3a0€3MEYEHHs eJeKTPOSHEPrielo Uit poOOTH JaTa-IeHTPIB MOJBOIOIOTHCSA KOXKHI I1'Th
pokiB [8]. Ilomepemui mocmimkeHHs CBim4arTh, moO craHoM Ha 2020 pik CcyMapHi BHKHIH
BYIJIEKHCIIOTO Tra3y cTaHOBWIHM Onm3pko 200 MIIH METPUYHHMX TOH Ha piK, IO €KBiBaJEeHTHO 2%
3arajibHOCBITOBMX BHKH/IIB Ta Maike 4% BiJg CBITOBOrO CIOXHBaHHS ejaekTpoeneprii [9], korpe
3pocratuMe 1 Hamam. Y 2025 pomi oOdyiKyBaHE CHOXHBAHHS €JIEKTPOEHEprii naTa-lieHTpamMu
craHoButuMe 110 4.5% [1]. dns npukiany, B Ipmanii piBeHb €HEProCMOKHUBAHHS JaTa-ICHTPAMH
Moxe csaraytd 28% Bin 3aranpHoro nomuty cranoMm Ha 2031 pik [10], a B [anii uell moka3zHuk
ckimagae 6inpme 16% [11]. i mpukiagu cBigyarh, 110 €HEPrOCHOXKHBAHHS JaTa-I[CHTPIB € BArOMOIO
CKJIaJIOBOIO Y pO3paxyHKaxX IOMUTY Ha €JIEKTPOCHEPTio IIMX KpaiH, MO € He JIUIIe BUKIMKOM 3
TOYKH 30py BUPOOHUYHMX MOTYKHOCTEH €JIEKTPOMEPEIXK, a i MOKEe HECTH 3HAYHI PUBUKH ISl €KOJIOTi.
Tomy, o6 MiABHIIUTH eHEeproe(EeKTUBHICTh Ta 3HU3UTH PAaXYHKH 32 €JIEKTPOSHEPriio, JOKIaICHO
0e3J114 3yCHIIb I ONTHMI3allii eHeprocoXKUBaHHS B poOOTI laTa-IIeHTPIB.

2. Po3paxyHok eHeproe(eKTUBHOCTI JaTa-LEeHTPiB.

s Toro, abu OIiHUTH eHeproedeKTUBHICTh JlaTa-IIEHTPIB Ta 3MOAENIOBATH ii MOBEIIHKY Y
pI3HUX yMOBax, iCHYIOTb TPH OCHOBHI METOIH BH3HAUCHHS €HEProe(heKTUBHOCTI — «3BEPXY-BHH3Y,
«GHHU3Y-BBEPX», Ta METOJ] €KCTPATOJIALII].

MeTto «3BepXy-BHM3» BUKOPUCTOBYE 3arajibHi MOKa3HUKU PETIOHY, 30KpeMa, JlaHl ypsa0BOi
abo oprani3aiifHOl CTaTUCTUKA YU ONWUTYBaHb MJIs OI[IHKM 3arajlbHOTO CIIOKUBAHHS EHEPTii.
OCHOBHUMH TI€pEBard 1bOT0 MiAXOAY € MOXJIMBICTh BUKOPUCTAHHS (DAKTUYHUX 3HAYEHb, TAKUX SIK:
3araibHUA 0OCST NaHUX, 110 MEPECUTIAIOTHCS 110 MEPEXKi, Ta 3arajabHi 3HAUEHHS CIIOKUBAHHS €Hepril
3 eJIEKTPOJIIYMIBbHUKIB. Lle, o1HOYacHO, Aa€ 1 MEBHY TOYHICTh 1 BUCOKUH PIBEHb y3arajibHEeHHs. Taki
MOKa3HUKH MOKHA PO3MOJITUTH 32 aOOHEHTaMH 4M KJII€HTaMHU, ajie¢ HaIiWHICTh 1i€i KOpemsii 1 €
OCHOBHUM TIPUIYLIEHHSAM /s MailOyTHiX mnporHosiB. Hemonmikamu miaxoay «3BEpXy-BHU3) €
CKJIQJIHICTh BpaxyBaHHsI TEXHOJOTIYHHUX 3MiH 4epe3 OOMEKEHY JAeTami3allilo JaHUX Ha OCHOBI SIKUX
OyayeTbcsi OLiHKA. TakoX, 4acTOIO NEPENOHOI0 €, PEJIEBAHTHICTh Ta JOCTYIHICTh JaHUX, KOTpa
3aJIeKUTh BiJl TOTO XTO € JDKEepesloM MyOJikaiii JaHUX — MpHUBaTHA opraHizauis, abo aep’kaBHa
ycTaHoBa. ToMy, aKTyalbHICTh Ta MPaBIUBICTh JAHUX MOXE 3MIHIOBATHCS 3aJIEKHO BiJ MOTOYHOI
MOJIITUKH, Ta MOXE HE BiI0OpakaTy BChOTO CIIOKUBAHHS B TIEBHOMY PETiOHI.

HalinomupeHimuM MeTOA0M BH3HAUEHHS €HEeproe(eKTHUBHOCTI JaTa-LIEHTPIB € METOoJ
«3HM3Y-BBepx», a0o PUE (Bim anri. Power Usage Effectiveness) [12]. Lleit MeTton € MiKHApOIHO
BH3HAHOIO MIpOIO €HEepPTroe(HEeKTUBHOCTI JaTa-IICHTPIB 1 BU3HAYAETHCS SIK:

Ener
PUE = ——97b¢ (1)
Energy;r
ne, Energypc — mue enepria, cmnoxuta [T oOnagHaHHsSM, BKJIIOYHO 13 CepBEpamy,

MEpEeKEeBUMHU MPUCTPOSIMU, OI0KaMU 30epiraHHs JaHuX, nepudepiiHuMU IPUCTPOSMH, a TAKOXK yCIM
o0JIaJTHAHHSM, 110 BUKOPUCTOBYETHCS sl 00poOKH, 30epekeHHs Ta MapUIpyTU3alii JaHUX y jJara-
ueHtpi. Energy;r — 1e 3arallbHe EHEProClOXHBaHHS B  JaTa-IEHTPi, BKJIIOYAIOYN
eHeprocrioxkuBanas [T oOnamHanHs Ta iHGpacTpykTypu (Energypc), IUIIOC €HEProCIIOXHBAHHS
T.3B. OOCIIYrOBYIO4Oi 1HQPACTPYKTYPH, IO CKIAJAAETHCS 13 CHCTEMH €JIEKTPONOCTaYaHHS, CHCTEMH
OCBITJICHHS, CUCTEM KOHIUIIIOHYBAaHHS IMOBITPSA Ta HOr0 OXOJOMKEHHS. UMM HIDKYMM € 3HAYCHHS
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PUE, tum BuImKM € piBeHb €HEeproeeKTUBHOCTI Aara-IEHTPY. [HIIMMU clIOBaMH, B i€aIbHOMY
Bunaaky 3HadyeHHHa PUE mnoBuHHO nopiBHioBaTH oauHMII. Ile 6 o3Hagano, mo Bce
SHEeproCIOKUBAaHHS JlaTa NEHTpy #ae BukimouHo Ha IT obnamHanHs. Benuwki mpoBaiimepu Ta
CIO’KMBAYl XMapHUX CEPBICIB JIOKJIAAaI0Th 0arato 3ycwib abu 3MeHmuTH nokasHuk PUE. 3okpema,
Google, Meta, Amazon ta Microsoft nocsiriu 3Haunoro nporpecy y 3HmwkenHi PUE nuisxom 3Minu
apxiTeKTypd Ta OHOBJIEHHS OONagHaHHsA CBOIX mara-nieHTpiB. Tak, Google 3BiTye mpo TOYKOBI
noka3uuku PUE menmie 1.06 npu notpumanHi criocoOy HOro 00UMCICHHS 3TiAHO CTaHJapTIiB raly3i.
OpnHak, 3asBJS€ThCS, 1O NPU y BUIAAKY BUKOPUCTaHHS IPOIPIETAPHOIO CHOCOO0Y BUMIPIOBAaHHS,
KU BKJIIOYae B ceOe OUIbIIy KUTBKICTh (DaKTOpiB, BAAJIOCH JOCATTH 3HaYeHHS T.3B. piunoro PUE
piBHOro 1.10 B Meax ycCix Jara-IleHTPiB, HE3aJEKHO BiJl MOPHU POKY Ta BKJIIOUYAIOUM BCI CYITYTHI
BUTpPAaTH Ha OOCIYyroByBaHHS JaTa-LEHTPIB (YNpaBIiHHSA IaM’STTIO, CHCTEMH O€3MeKH Ta
mrdpyBaHHsa, KoMyHikariiHi Burpatd Ta iH.) [13]. 3rimHo ocrtanHix 3BiTiB KommaHii Meta,
cepennbopiuanii nmokazHuk PUE 3menmmuBes 3 1.10 y 2017 poni go 1.08 y 2022 poui. [lo cnosa,
Meta nmomaroTh y cBoix 3Bitax mie i mokasuuk WUE (Water Usage Effectiveness), kotpuii mopiBHioe
0.2, 1 siByIsI€ COOOIO CIIBBIAHOIIEHHS MK KUIBKICTIO BOZOBIOOPY (B JIITPax) Ta KUIBKICTIO CIIOKUTOT
eneprii (y KBr-rox). Yum Onrkue 11eil mOKa3HUK 10 HYISI, TUM €(EKTUBHIIIOW € CUCTeMa BOASIHOTO
oxonomkenus IT indpacrpykrypu [14]. Amazon ue poskpuBae 3HaucHHs PUE y cBoiX mopiunux
3Bitax (Sustainability reports), oguak 3asBise, mo mokasauk WUE cranoButs 0.19 craHoM Ha KiHEIb
2021 poky [15]. Haromicth, Microsoft myOmikye mi maHi. 3TiJHO OCTaHHBOTO JIOCTYITHOT'O
nyosidHoro 3BiTy, 3Ha4eHHss PUE cranoButs 1.12 y HenoaBHo 30y10BaHKX HaTa-iieHTpax [16].

TperiM METOJIOM BHU3HAYCHHS CHEProeeKTUBHOCTI JaTa-IEHTPIB € METOJ EKCTPAIOIsIil
[17]. OcobauBicTIO 1ILOr0 METOIY OLIHKK € BHOIp 0a30BOr0 3HAYEHHS OJHOIO 3 BOX MOMEPEIHIX
METOMIB Ta MPUITYIIECHHS MO0 KOPEJAMil MK MOMUTOM Ta (PaKTUYHUM CIIO)KMBAHHSM €HEprii 3
BpaxyBaHHAM KOe]illi€HTY 3pOCTaHHs I MaiOyTHIX MPOrHO3iB. 3 MOCHTiHKEHHS, ogaHoro y [17],
0aynMo, IO HE3BaXAalOYM Ha CHiTbHe 0a30Be 3HAYEHHS [UII METOJIB «3HH3Y-BBEPX» Ta
eKCTPANoJIsALii, PO30LKHICTh y pe3yibTaTaX OLIHKHM CTa€ BCE OUIBIIOI MO Mipi TOTO HACKUIBKH
nanexko (GOpMYeEThCS TMPOTHO3 EHEProCHOKMBAHHSA. bBUIbIIICTE  pO3paxyHKIB 32 METOJIOM
eKCTpanoJsLii 0a3yroTbcs Ha EHEPTOEMHOCTI Ha OJJMHHULIIO NEPEAaHNX JTaHUX 13 IPUITYLIEHHAM 1010
e(eKTUBHOCTI MalOyTHIX MPOrHO3iB. BiAMOBiNHO, Pi3HI AOCHIIHUKH MOXKYTh IOCIYTOBYBaTHCh
pi3HUMH KOpHTyrOunMHU Koedimientamu. Hanpukian, P.Corcoran ta A.Andrae y cBoiit pooori [18]
BUKOPHCTOBYIOTH OILIIHKH, 3arpononoBadi J.G.Koomey y 2011 pomi [19], ane BHOCATH mpu IIbOMY
CBOi KOPEKTUBU — 3MiHa TeMIHiB 3pocTaHHA 3 8% 10 12% st 2011 Ta 2012 pokiB, MOSCHIOOYH 1€
THM, 1110 BIIPOBA/’KEHHsI HOBUX CEPBICIB Ha 0a31 XMapHUX 00YMCIIEHb MPU3BEIE A0 POCTY 3arajJbHOro
eHeprocnoxupanHs. [Topanemn pozpaxynku s 2013-2017 pokiB 6a3yroThCsi Ha TPbOX CLIEHAPIAX —
Maii Temnu 3poctaHHs (7.5%), ouikyBaHi Temnu 3pocTaHHs (14%), Ta BHCOKI TeMNM 3pOCTaHHS
(20%). 3HOBY *k Taku, aBTOPH MOSICHIOIOThH 1€ OYIKYBAHUMH IOKPAIIEHHSAMHU B IUIaHI ONTHUMI3aLlii
eHeproe(eKTUBHOCTI MEPEKEBUX MPUCTPOIB, 30UIBIIEHHS IM KUIBKOCTI, Ta 3pOCTaHHSI MEPEKEBOIrO
tpadiky. OmHak, B JOCIIPKEHHI aBTOPH HE PO3KPUBAIOTH -- SIK cCaMeé BOHM BHPaxOBYBaIM IIi
koedimienTu. ICHYIOTh, TaKOX, 1HII JOCIHIPKEHHS OIIIHKA €HeproeeKTHBHOCTI Ha OCHOBI METOIY
eKCTPANOJIALii, 10 6a3yI0ThCsl Ha €HEProCIOKUBAaHHI O/IHIET IHCTPYKIIII IIEHTPAILHOTO MpoLecopa B
TUIIOBOMY KJacTepl JaTa-IeHTpy, A€ eKCTpamojsauis 0a3yeTbCs HA 3arajbHIM OIHII YMcia TaKUX
IHCTPYKLIH T100aJbHO B MeXaX poKy. Aue, K 1 B NONEpPeIHbOMY BUIAJKY, I OLIHKA CHJIBHO
KOpEeJIIoe€ 3 peallbHUMM JAaHUMHU 1O Mipl 30UIbIIEHHS YacOBOTO MpPOMIXKY. BiamoBinHo, moctae
MUTAHHSA — YU MOXE METOJ eKCTpanoJjsnii OyTu epeKTUBHUM IHCTPYMEHTOM HE JIMIIE B KOHTEKCTI
OLIIHKM JaHMX 3a MHUHYJl POKH, a ¥ Ay MaiOyTHIX MPOTHO3IB y 3B’A3KY 31 CBO€I0 HHU3BKOIO
HAJINHICTIO Yepe3 3aJeXKHICTh BiJl IHIIMX 0a30BUX OMIHOK? AJDKE, Taki pPO3paxyHKH YacTO HE
BPaxOBYIOTh YCIO MHOXKHHY PEJICBAaHTHUX MapaMeTpiB, 0COOIUBO 1010 MOTCHIIIMHIX TEXHOJIOTTYHHX
3MiH, 3MiH MOMHUTY YU MEPEXEBOro TpadiKy, 10 MPU3BOAUTH BEIUKHX HETOYHOCTEH. TaKuM YMHOM,
MOJKHa TPHUUTH 10 BHCHOBKY, IO METOJl EKCTPAmojslii He € e(EeKTUBHUM pIlIEHHAM JUIs
nepeadayeHb EHEproCHOXKUBaHHA [aTa-IEHTPIB y JOBTOCTPOKOBIM NEPCHEKTHBI, 1, 3arajiom
CIIpPOTHO3YBaTH TOAIOHY JWMHAMIKy € CKIAQgHO 4depe3 HemependadyyBaHi yMOBH B TaKOMY
JTMHAMIYHOMY CEepeIOBUILI, SIK iIHPOpMAaLiiHI TEXHOJIOTI].
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Tomy, nouinbHiIIEe TOBOPUTH MPO Ti COCOOM ONTHUMI3alii €eHeProcoKUBaHHS JaTa-1IeHTPIB,
K1 0a3yloThCsl Ha peallbHUX JaHUX, a TaKoX Ti, IO MPOMOHYIOTH IMEpEHANpaBiICHHS 1CHYIOUO1
TEIJIOBOI €HEprii, MmepeMillleHHs Ta/ab0 IEeKJIACTepU3aI[i0 XMAPHUX MOTYXHOCTEH, BUKOPHCTAHHS
BJIE 1 edbexTuBHYy ii yTHriti3aIio.

3. MeToam nmiABUILCHHSI eHeproedeKTHBHOCTI po0OTH JaTa-LEeHTPIB.

[TutanHs TiABUIIEHHST €HEProePeKTUBHOCTI J1aTa-IIEHTPIB € aKTyaJIbHUM Yyke 0araTo poKiB.
3okpema, 1e y 2009 pori B crarti L.Liu Ta in. [20] 3’sBnsetsest Tepmin «GreenCloud» (B mepexiani,
«3enena Xmapa»), KOTpHH SBISB COOO HOBHM IMIAXiJ JO apXiTEKTypd, B OCHOBI SIKOTO OYju:
BipTyaJli3allis MPOrpaMHHUX CEPEAOBUII, MOCTIHHUI MOHITOPUHT BHKOPHCTOBYBAaHUX PECYpCIB Ta iX
pPO3MIIIIEHHST SIKOMOTa OJIIbKYe JO0 KOPHUCTyBaya, OINTHUMI3allisi CXOBHII JaHUX Ta KeIIiB,
aBTOMATH3allisl PYTMHHUX 3aBIaHb, MOAM(IKamis poOOTH JOAATKIB s 3MEHIICHHS MEPEXKEBOTO
Tpadiky, CBO€4acHEe OHOBJICHHSI arapaTHOro 3abeneyeHHs, a Takoxxk Bukopuctanusa B/IE. 3 wacom, 1
1[e TATBEP/DKYEThCS MOJAHWMH BHINE MIOPIYHMMHU TyOmiuHumu 3BitTamu [13,14,15,16], ocHOBHI
MpOBaiiepy Ta CIOKMBa4Yl XMapHUX CEPBICIB, TaK UM 1HAKIIE, OYJIM 3MYIIEH]I 3aCTOCOBYBATH MOi0HI
TEXHIKH Ta MiJXOAW B CHJIY CTPIMKOTO POCTY IOMHTY 1 BHCOKOI KOHKYpEHIi B cdepi XMapHHUX
TexHojorii. OgHak, € BHCOKAa HMOBIPHICTh, IO Y BUMAAKY MPOJOBXKEHHS TUHAMIKU MOIMUTY Ha
KOPUCTYBaHHS Jara-lieHTpaMu Ta/abo TMOsSBM HOBOro BaromMoro kommoHeHTy B cdepi IKT (s
HAMpUKIaJ, KpPUITOBAIIOTH), IOTO MOXe OyTH HeAOCTaTHhO. ToMy, ICHYIOTH UHCIIEHHI
JOCIIKSHHS 010 OUTBII paMKaIbHUX CIIOCOOIB IMiBUINEHHS €HEProe(eKTUBHOCTI JaTa-1EeHTPiB,
PO SIKI JaJi | Imijie MoBa.

3.1. OgauM 3 TakuX crnoco0iB € MEPEBUKOPUCTAHHS TEIUIA, 3T€HEPOBAHOTO JaTa-lEHTPaMH Ta
foro iHTerpamis B cucreMy IHeHTpamizoBaHoro teruionocrtadanus (L[T). Cuctemu 0X0J0MKEHHS
Cy4acHUX JaTa-IEHTPIB AUIATHCS HAa 3 THIHU: MOBITPSHE OXOJIOKCHHS, BOJSHE OXOJOKEHHS Ta
nBoxdazose oxonomkerns [21]. [I{o ctocyeTbes yTHITi3aIil BiAMPAIbOBAHOTO TEILIA, TO HOTO SKIiCTh
1 KITBKICTh CHJTBHO 3aJICKATh BiJ] THITY CHCTEM OXOJIOJDKEHHS Ta MicIs BiIOOPY.

[ToBiTpsiHE OXOJIOPKEHHS 1 10C1 € HAMMOIINMPEHIIO TEXHOJIOTI€0, 1[0 BUKOPUCTOBYETHCS B
rany3i. OCHOBHUM HPHUHIIUIIOM pPOOOTH TaKMX CHCTEM € BIBEJIEHHS Tapsdyoro MOBITPS 3 CEPBEPHUX
CTIMOK Yy 30BHIIIHE CEPEOBUIIE BUKOPUCTOBYIOUHN YULIEp (XONOAUIbHY YCTaHOBKY). ONTHMaNbHUM
MicueM i 3a0opy  BIANPAlbOBAHOTO Trapsiyoro MOBITPS B HUIAX HOTro  MOJANBIIOTO
NEPEBUKOPUCTAHHSA € BUXIJJHUNA KaHal cepBepHOi cTiliku (35-45 °C) o ioro 3milyBaHHS 3 HOBITPSIM
B IPUMIMICHHI 331151 3MEHIIICHHS €HEPTeTUYHNX BTpPAT.

BonsiHi cucteMu 0X0JIOJUKEHHS € O1bIl e(peKTUBHUMHU Yepe3 BUCOKY TEIJIOEMHICTh BOJIH Ta
OpsIMAKA  KOHTaKT PIOUHA 3 KOMIIOHEHTaMH cepBepy. Y BHIIQIKy BHKOPHCTAHHS BOISHOTO
OXOJIOJKEHHSI TeMIlepaTypa BOJIH, 1[0 BHBOJUTHCS 3 CEPBEPHHX CTiHOK, € HaiBuiow (75-80 °C).
TakuM 9YUHOM, ONTUMAIBHUM MICLIEM JIJISl TIEPEBUKOPUCTAHHS BiIPAIlbOBAaHOTO TEIUIA € BUBIIHHUN
KaHaJl CUCTEeMM OXOJoipkeHHs. Lle MokHa 3poOMTH, OJABIIM BOAO-BOJSHHUM TEMIOOOMIHHHK Ha
BUXO/Il BOJIU 3 cepBepHOi cTiiiku. Kpim Toro, BilpanboBaHe TEIJIO MOKHA 310paT Ha 3BOPOTHOMY
KaHaJli KOHJEHCATy, alie piBEeHb Teria Oy/1e HUKIUM.

JBoxdazHi cucTeMu OXOJIOKEHHS Oyau po3po0eHi s poOOTH 3 BUCOKOIOTYKHHMH JlaTa-
IIEHTPaMM, JUIS AKX T.3B. HILIBHICTB TIOTYXHOCTI € Oinbimoro 3a 1000 Bt/cM?, i € edekTHBHIIMMU
3a BojsHI [22]. Taky Ha3By BOHM OTpUMAJH 3aBISKH TOMY, IIO OXOJIO/DKIOYA PiguHa (TETIOHOCIN)
nepedyBa€e B ABOX CTaHAX: PIIKOMY Ta Ta30mMo1i0HOMY. Y MpoIeci 0XOJ0HKEHHS PIIKHN TETIOHOCIH
3aKayyeThCsl B XOJOJIHY IUIACTMHY (SIKUM KOHTAaKTye O€3MOCepelHbO 3 ENIEKTPOHIKOI0), Jie BiH
MOYMHAE KHUMITH Ta BUIAPOBYBATHCS, OXOJIOMKYIOUM MPHUCTPIH 1  HAKONUYYIOUM EHEpriio B
npuxoBaHoMy Terul. IloTiM mapa HagXoIuTh 10 KOHAEHCATOpA, /i€ BOHA KOHJEHCYEThCS Haszal y
piaxy a3y, a TemIo BUAUISETHCS 3 PIAMHU B HABKOJIMILIHE cepefoBuIle abo B morimuHay napu. Okpim
TOTO, TPU BHUKOPUCTAHHI TaKUX CHCTEM OXOJIO/DKEHHS TMOTPiOHI MEHIN TOTYKHI HAacOCH, a
TeMIiepaTypa TEIJIOHOCIS B ABO(a3HIN CUCTeMI OXO0JIOMKEeHHS Moxe nocsrati 80 °C, 1o miIBHUIIye
SKICTh BIJNPAIbOBAHOTO TEILIA, a OTXKE, JT03BOJSIE €PEKTUBHO HOro yTHi3yBaTh. SIK ISl BOISIHUX
CHUCTEM OXOJIO/DKCHHS, TaK 1 sl MBOX(ha3HUX ONTHUMAIBHUM MICIleM 300py BiAMPaIbOBAaHOTO TEIlia
€ koHaeHcarop (45-90 °C) 3 BUKOpHCTaHHSIM BTOPHUHHOI poOouoi piguHM (y OLIBIIOCTI BUIAJKIB
BOJIY) JIJIs1 OXOJIOJPKEHHSI OCHOBHOTO TETUIOHOCISI.
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[TincyMoBYyrO4M, MOXHA CTBEP/KYBAaTH, IIO SIKICTh BIAMPAIbOBAHOTO TeIia B JBO(A3HUX
CUCTEMax OXOJIOJKEHHS € HAllBUIIOIO cepejl YCIX TPhOX THUIIIB CUCTEM 3aBJISKH BUIIiH e(EeKTUBHOCTI
Terutonepenavi. st cucteM 3 MOBITPSIHUM OXOJIODKCHHSM SKICTh BiAMPAIlbOBAaHOTO TEIIa HHU3BKA,
TOMY JJIs IIABUIICHHS HOTO TeMIlepaTypH B CUCTEMY, 3a3BUYail, J0JJal0Th TEIJIOBI HACOCH.

CrocoBHO mepenmaui BiAmparnpoBaHoro temna a0 cucrem LT, To icHylots 4 wmeromu
M1JKITI0YSHHS] MK PO3MOALIEHUMU JiKepenaMu Teruia Ta cucremamu LT:

e Return/Supply: IloBepuennsi/Ilomaua - pinmuHa-HOCIH HarpiBa€Tbesi, MOTIM MOJAETHCS JIO
TEIUTIOOOMIHHMKA, JIe BiJJIa€ TEII0, 1 MOBEPTAEThCs i HarpiBaHHs. Llel cmocid € epexTuBHUI Ta
THYYKHiA, 1 BAKOPUCTOBYETHCSI B CUCTEMAX OMAJICHHS, KOHIUI[IOHYBAHHS Ta OXOJIOKCHHS.

e Return/Return: TIloBepuenns/IloBepHeHHS — [BI pIZMHK 3 PI3HO TEMIIEPATYPOIO
LHUPKYJIIOIOTh MO0 3aMKHYTHX KOHTYpax, Mepelaloyu Terwio uepe3 TemnooOMiHHuK. Lleit croci0 €
e(EeKTUBHHIA JJI1 CHCTEM 3 JIBOMA TEINIOHOCISIMH, HAIPUKIIA]], OTIAJICHHS Ta OXOJIO/KCHHS.

e Supply/Return: Tlomaua/IloBepHEHHST — pigMHA-HOCIH IMOMAETHCS 1O JABOX ab0 Oijblie
TEIUTIOOOMIHHMKIB, JIe BIJA€ TEIUIO, a IMOTIM MOBEPTAETHCA JI0 JpKepesa HarpiBaHHs. Llei crocio €
e(eKTUBHHI TSI CUCTEM 3 JICKUTPKOMA TOYKaMH PO3IOJILTY TETlIa.

e Supply/Supply: Tlomaua/Ilomaya — ABi pimuHH 3 PI3HOIO TEMIIEPATYPOIO IMOMAIOTHCSA [0
TEIUI000MIHHHKA, Jie IePeJaloTh TEII0, a MOTIM BiIBOASTHCS. Takuil miixiJg BUKOPUCTOBYETHCS IS
CHCTEM 3 OJJHOPA30BUM BUKOPUCTAHHSIM TEIUIOHOCIS.

Cepen ycix 1MX CHOCOOIB  HAWOLIBII  JOIIBHO  BHUKOPUCTOBYBATH  CHCTEMY
[Tosepuenns/ITogaui (Return/Supply), OCKiIbKM BOHAa Mae HAWMEHIIWN BIUIUB HA TEMIICPATypy
BiaBigHOi cuctemu LT [23].

3araioM, TOBTOpPHE BUKOPUCTAHHS TEIUIOBOI €HEprii BHACHIZOK poOOTH JaTa-IEHTPIB Yy
cucremax LT € Oinbll momwMpeHUM y MIBHIYHHMX perioHax. 30KpeMa, 3HaY€HHS PEeKylepoBaHOTO
Teria aata-1eHTpy kommnanii Rosenberg AB (mouipus xommawnist Ericsson) y CTOKrosibMi CTAaHOBHTh
80 I'Br-roa. Taka KijbKICTh TerJia 3AaTHa 3a0e3neunty noHan 15000 kBapTup Ta 3MEHIIYE BUKHIN
ByIJIeKUCIIOro razy npubiam3no Ha 4800 ToHH Ha pik [24]. Takox, iHTepHeT mposaiaep Bahnhof
3BITY€E MPO peKynepoBane Temio B KinbkocTi 112 I'Br-rox [25]. Tpu 3 n’stu 1ata-neHTpiB KOMITaHii
Telecity Group, nomatots BigmpanpoBane Temio B cuctemy LT, mo0 3abesneuntn teriom 500
okpemux OymuHKiB i 4500 OaratomoBepxoBux KBaptup. [26]. [ara-uentpu kommanii Meta (B
munynomy Facebook) B micti Odense ([lanist) pexymnepytors 6auszbko 100 I'Bt-rojg mopoky, 1o
eKBIBaJICHTHO KIIbKOCTI eHeprii, HeoOXiaHoi wist 06irpiBy 6900 nomisok [27].

3.2. OmHUM 3 HANPOCTIOBCIODKEHIMIMX CIOCOOIB IMiIBUINEHHS €HEProe(eKTHBHOCTI Jara-
ueHtpiB € BJIE. IcHy10Th 4 OCHOBHI IIJISXU 1HTErpallii BiIHOBIIOBAIBHOI eHepril i 3a0e3neueHHs
ix podotu [21]:

e BuyrpimHe BHpPOOHHUITBO €Heprii 3 BIACHUX BIJHOBIIOBAIBHUX JpKepen. JlaTa-neHTpu
BCTaHOBMIOIOTH cucteMu BJIE 6e3mocepeHbo Ha cBOiX 00'ekTax, 1 reHeparlis Bii0yBaeThCs B MEXax
BHYTpILIHBOI 1H(pacTpykTypu (abo Ha Teputopii) aara-neHTpy. Croau BXOJATh: TEIJIOBA €HEPris,
10 BUPOOJIIETHCSI COHSYHUMH KOJIEKTOPAaMH, Ta €JIEKTPUYHA €HEpris, 10 BUPOOIIAETHCS COHTYHUMHU
MaHeJsIMH, BITPOBUMH a00 TiApOoTypOiHaMHU.

e BuyTtpinHe BUPOOHHUIITBO €HEPTii 3 BIJHOBIIOBAHMX JIKEPEN 10332 MEXaMU JaTa-IeHTpy. Y
[IbOMY BHIIJKy JlaTa-IEHTPU BCTaHOBIOIOTH cucteMu BJIE Ha cBoix 00'ekTax, aje MOKJIaJatoThCs
Ha JpKepesa BiJHOBJIIOBAHOI €Heprii, po3TalioBaHi 3a MexaMmu ix Tepurtopii. IlpukimagoM Takoi
iHTerpauii € TpaHCIOpTyBaHHS Oiomacu abo Oiorasy 3-3a MeX JaTa-LIEHTPIB A BUPOOHHUIITBA
HEeoOXiIHOT TeruIoBoi abo enekTpuuHOi eHeprii. 3okpema, kommnanis Apple cminbHo 3 OpXychkum
yHiBepcuteToM (JlaHist) po3poOiisie MPOEKT 13 BHUKOPHCTAHHS O0ioMacH CLIbCHKOTOCIONAPCHKUX
BimxomiB. Takum 4YWHOM, MeTaH, BHUPOOJEHHH Yy peakTopi 010Ta30BOi YCTAaHOBKH, Oyje
BUKOPHUCTOBYBATHCS JJIsl IaTa-IIEHTPiB KommaHii [28].

e Bukopucranns Bigganenux BJIE. Yacro, BuyTpimHs renepauis B/IE € nHemoxnuBoro yepes
CYKYMHICTh pi3HUX (hakTopiB. ToMmy, B 0ararbox BHUMNAAKaxX JaTa-TIPOBAMIEPU CIPSIMOBYIOTH CBOIi
iHBectuuii y no0ynoBy cranuiii BJIE B Tux Micisx, e BoHM Oy1yTh MaTu BHUILY €()EeKTUBHICTH, a00
K HampsMy 3aKylmoOBYIOTb BHPOOHWYI TOTY)XHOCTI TmeBHuUX Yy BupobnmkiB BJIE. Tyr,
BUKOPHUCTOBYETHCS €NIEKTPUYHA a00 TEIUIoBa Mepeka B SKOCTI HOCis BUpOOJeHOi eHeprii. OnHak,
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MOBUHHA ICHYBaTH ¥ BIAMOBigHA 3aKOHOAAaBYa 0asza MJsl MiAKIIOYEHHS HOBUX BHPOOHUYHX
notykHocteii BJIE 6e3mocepennpo n0 OymiBenb JgaTa-IICHTPIB, @ TaKOXK MEXaHi3M, IO PEECTPYE
BUPOOHUIITBO €HEprii 3a MekaMu O0’€KTa Ta BKJIOYAE IF0 YAaCTHUHY CHEPrii B pPaxyHKH 3a
€JICKTPOCHEPTil0 JlaTa-IEeHTPy. ICHYIOTh 4YHCJICHHI TpUKIAad 3 OOKYy TPOBIIHMX CBITOBHX
TEXHOTITaHTIB, KOTpI BUKOPUCTOBYIOTH Iiei cmoci6 inTerpauii BJIE. 3okpema, xommanis Meta
mopiuno 3akyrnoBye 200 MBT motykHOcTe# BiTpoBoi enekrpoctaniii Rattlesnake Creek B okpysi
Hikcon, mrat HeOpacka, 1o 30y10BaHa CremiaibHO 3 METOI0 00CITYyroBYBaHHS pOOOTH JaTa-IICHTPIB
kommadii. Kpim Toro, Meta mranye po3mmpuTH 11ei 00’ €M MOCTYIOBO BUKYITUBIIH BCIO MOTY>KHICTh
cranuii 1o 2029 poky [29]. Inmum npuknagom € kommanis Apple, ska mae 25 nil0YMX MPOEKTIB y
chepi BIIE 1o BchoMy CBITY 3arajibHOIO MOTYXHICTIO TeHepaiii 626 MBT. [Ipu nsomy, 286 MBT
COHSYHOI (POoTOENeKTpUIHOI TeHeparii Oyrno BBeneHo B fito B 2017 pomi. Takoxk, 15 mpoekris
KOMITaHii nepeOyBaroTh y cTaii OyAIBHUIITBA, O 3aBEPIICHHIO KOro 1,4 I'BT 4nCTO1 BIIHOBIIIOBAaHOT
eHeprii Oyne posnoziieHo B 11 kpainax [30]. Bapro 3ragatu i kommanito Google, sika me y 2019
poui posnodana OYIIBHULTBO JBOX BEIMKHUX COHSYHHUX EJEKTPOCTaHIiM y mratax TeHHeci Ta
Amnabama. Lli craHmii mMaioTe Ha MeTi craThm oxHUMH i3 HaiOumemmx BJIE mpoektiB B perioHi,
3patHUX npoaykysatu 150 MBT koxna [31].

e Buxopucranus BJ/IE Bin croponHix mpoBaiinepiB. OxpiM 3a0e3NedYeHHs] eIeKTPOCHEPTIE0
BJIACHOTO BHUPOOHMIITBA, MPOBAiIepH XMapHUX TOCIYr BUKOPUCTOBYIOTh W 1HIII MEXaHI3MHU
interpanii BJIE, Taki six enepretuuni ceptudikaru (anrn. Energy certificate systems, abo ECC) Ta
JIOTOBOPH  KYIIBJI-MPOJaxKy enekrpoeHeprii (anria. Power purchase agreements, ato PPA).
Konnenmiss ECC monsarae y mokynii cepTudikariB, 10 MiATBEP/HKYIOTb BUPOOHUITBO MEBHOT
KUTBKOCTI €JIEKTPOCHEpTii 3 BIJHOBIIOBAaHMX JDKEpeN. I[HIIMMH ClIOBaMH, EJIEeKTPOCTAHIi, IO
BUKOPHUCTOBYIOTh BiJTHOBIIIOBaHI JKepena, OTPUMYIOTh cepTU(diKaTH 3a KOXKHY OJUHHII0 BUPOOICHOT
HUMH «4JUCTOI» €Heprii, a KoMMaHii 3aKymoBYIOTH LI cepTH(]iKaTh Ha Cremiaigi3oBaHUX Oipxax.
Kymnisns takoro ceprudikara He rapanTye 0e3MocepeHbOro MOCTayaHHs eNeKTPOCHEPTii, aie BoHa
JloTIoMarae KOMIIEHCYBaTH BIUIMB BYIJIELIEBOIO CIIIy, CHpPUAIOYM (IHAHCYBAHHIO MPOEKTIB, IO
3MEHIIYIOTh BHMKHMJIM MapHUKOBUX ra3iB. Jlorosopu PPA — 1me mnpsmuii J0roBip Ha
€JIEKTPONOCTAaYaHHAd MDK KOMIIaHI€0 Ta BUPOOHHMKOM eJeKTpoeHeprii. B mpoMy Bumaaky nara-
LEHTPH OTPUMYIOTh (DI3UYHY MOCTABKY EJIEKTPOEHEPrii 3 BiAHOBIIOBAJIBHUX JKEPEN 3a CTalloo
1iHoto. Xoua, PPA norosopu BuMararoTh OUIbIINX (DIHAHCOBUX BUTPAT Ta 3000B’s3aHb, HIK KYIIBJISA
ECC ceptudikatiB, oHaK iX 3aranbHuil BIUIMB Ha po3BUTOK BJ/IE € 3HauHOo BumuM. Sk mpuxiaz,
MOXKHa Ha3BaTH KommaHito Microsoft, korpa Hemonasuo nignucana PPA kortpakt Ha 900 MBT mst
3abe3neueHHst poOOTH CBOro Aata-leHTpy B Ipmanaii. s Gararopiyna yrosna mae Ha METi OXOINUTH
omm3bko 28% Bin 3aranmbHoro o0csary BJIE Ipnannii mo 2030 poky [32].

Tomy, niIcyMOBYIOUH, MOXKHA CTBEPKYBATH, 1110 B 3aJIE)KHOCTI BiJl CYKYITHOCTI YMOB, B SIKUX
nepedyBarOTh JaTa-IEHTPH, TaKUX SK: KpaiHa, KJIIMaTH4YHA 30HA, COHSYHI IMKJIH, KapTa BITPIB,
Tapu(u Ha eIeKTPOCHEPrito, MONITHKA JiepkaBu 1oA0 BukopuctaHHs BJIE Ta iH., B moenHaHHI 3

TEXHIKaMU TIeperUlaHyBaHHS HaBaHTa)KEHHS Ta JUHAMIYHOTO HOro po3mojauly, KOXHa 3
BUIIIEHABEACHUX cTparerii inTerpanii BJE ans enepro3abesnedyeHHs: Mae CBO€ 3aCTOCYBaHHSI.
BucHoBku.

VY crarTi nmpoaHani3oBaHO AMHAMIKY pOCTY IMOMMUTY Ha XMapHi oO4McieHHs 3a ocTaHHi 10
pokiB. OnucaHo OCHOBHI MIAX0/AU BUMIPIOBaHHS 1 mepedaueHHsl eHeproeeKTuBHOCTI poOOTH Aarta-
LEHTPIB 3 BIANOBITHUMHU iX HEJOJIKAMH Ta IepeBaramu, 0a3ylo4Huch Ha iICHYIOUMX JOCIIJKEHHSX.
KpiM Toro, HaBeneHO KIIIOUOBI HUISXU MIJABHUILEHHS €HeproeeKTHUBHOCTI poOOTH JaTa-leHTPiB,
TaKUX SK: NEpeHaNpaBieHHs BiANpalboBaHOI TemjaoBoi eHeprii Ta BukopuctanHs BJIE. MoxHa
3pOOUTH BHCHOBOK, IIO0 KOXK€H 3 IIMX HUISAXIB SBJISE COOOI0 CYKYIHICTh KOMIUIEKCHUX PILLIEHb 3
PI3HUMH MOXJIMBUMH BapiaHTaMU 3aCTOCYBAaHHS B 3aJI€)KHOCTI BiJI MHOXXHHM 30BHIIIHIX (DaKTOPIB.
AHani3 neTaabHuX MyOJIIYHUX 3BITIB KJIIFOUOBUX IPaBIiB HA PUHKY XMapHUX OOYHUCIIEHb [10Ka3aB, 1110
X 1HBECTHLIi Ta 3yCHIUIS 11010 MiABHILIEHHS eHeproeeKTUBHOCTI poOOTH Cy4acHUX JaTa-IEHTPIB €
3HAYHOK0 YAaCTHHOKO MIOPIYHUX OFODKETIB, KOTpa Ma€ TEHJICHIIO J0 3pOCTaHHA. SIK HaACTiIoK, B
NEBHUX BHIIAJKaX, OCOOJMBO KOJIM MOBa e Mpo MOOYJOBY OKpPEMHUX HE3aJICKHUX E€HEPreTUYHUX
00’ekTiB, MmO BUKOpHCTOBYIOTh BJIE, 11e Mae 3HauHMil BIUIMB HE JIMIE HA €HEProe(eKTHBHICTH
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BIIACHUX JaTa-IIEHTPiB, a ¥ Ha EKOJOTiI0 IUIMX PETiOHIB. 3aBASKKM YUCICHHUM JIOCIHIKCHHSIM
HayKOBIIIB CTOCOBHO TMIOIIYKY HOBHUX pillleHb, a00 KkoMOiHamik icHyrounx [33], dopmyerhcs
IPYHTOBHa TEOPETHYHO-TIpAaKTHYHa 0a3za Ui  SKICHOTO pO3BUTKY MHUTaHb ONTHMi3amii
CHEePrOCIIOKUBAHHS IaTa-I[CHTPIB, 3MEHIICHHS X 3aJIEKHOCTI BiJ] BHKOPUCTAHHS BHKOITHOTO ITaJHBa
Ta MepexiJ Ha BiIHOBIIIOBAJIBHI JKEpela eHeprii.
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CKJIaIOBOI0O YaCTUHOIO €KOJIOTIYHOTO MOHITOPHHTY € €KOCHCTEMHHH ab0 Ol0IeHOTHYHHIA
MOHITOPHHT, BiH MPOBOAUTHCS B YCTAaHOBaX HPUPOJHO-3amoOBiIHOTO (oHAY YKpaiHu 3a €IUHOIO
nporpamoro, ska mae Ha3By Jlitornuc npupomu. MoHITOpHHT mnependadae KOMILIEKCHY HayKOBO-
iHdopMaLliiHy CUCTEeMYy TMepiOANYHUX, Oe3MmepepBHUX, JOBIOCTPOKOBHUX CIIOCTEPEKEHb 3a
010JIOTIYHMMH BHJAMH Ta X OCEIMIIAMH 3 METOI0 BUSBIICEHHS HETAaTUBHUX 3MiH 1 BHPOOJICHHS
peKoMeHaalid moAo0 iX ycyHeHHs a0o ocnabieHHsa. B po0OoTi HaBeneHo omucH iH(OpMAaLIMHUX
CUCTEM, PO3pOOJICHHX HAYKOBUMH KOJIGKTMBaMH KadeIpw aBTOMATH30BAHHMX CHCTEM YIIPABIIIHHS
HamionansHoro yHiBepcurery «JIbBiBChbKa MOJITEXHIKa» Ta MPUPOIHOTO 3amoBiiuHKa «Po3rouusy»
Takux sk «®DeHonorisny, «EnekTpoHHUil TepOapiiiy, MNPOrpaMHO-anapaTHOTO  KOMIUIEKCY
METEOPOJIOTIYHOTO MOHITOPHHTY.

Knrouoei cnosa: ¢enonoziuna 6aza oanux, yugposuti cepoapiil, 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 Herbariums», software and
hardware complex of meteorological monitoring.

Keywords: phenological database, digital herbarium, faunal database.

OpauH 13 piBHIB €KOJOTNYHOIO MOHITOPUHTY — OlOLEHOTHYHMH abo exocucTeMHuil. Bin
nependadyae  KOMIUIEKCHY HayKoBO-iH(OpMaliiiHy cucTeMy MepioJu4yHHX, Oe3NepepBHUX,
JIOBFOCTPOKOBHX CIIOCTEPEKEHb 3a O10JOTIYHMMHU BHJAMHU Ta iX OCEIHUIIAMH 3 METOI0 BHSBICHHS
HEraTUBHMX 3MIH 1 BUPOOJIEHHS PEKOMEHJAI 11010 iX ycyHeHHs abo ocnalieHHs. 30epeXeHHs
010IICHOTHYHOTO PI3HOMAHITTS — 3alI0pYKa CTIHKOCTI €KOCUCTEMH, a 3HAYUTh 3a0€3MeYeHHsI BUCOKO]
SIKOCTI JKUTTS JIFOJ€l Ha IUIaHETI.

3akoH VYkpainu «[Ipo npupoaHo-3amoBigHuid ¢onn Ykpainu» (1992 pik) nependauae
BEJICHHS O10IIEHTUYHOTO, METEOPOJIOTIYHOT0, (DEHOJIOTIYHOTO Ta IHIIMX BHJIB MOHITOPUHTY Ha
TEpUTOpii YCTaHOB MPHPOTHO-3aMOBIIHOTO (POHIY, NMPEICTABICHHS PE3YyJIbTATIB CIIOCTEPEKEHb Y
HaykoBoMy 3BiTi — JliTomuci mpuponu. JliTomuc mpuUpoau € OCHOBHOIO (OPMOIO y3aralbHEHHS
pe3yabTaTiB HAyKOBHUX JOCHIDKEHb, TOJOBHOIO HAayKOBOIO TEMOIO, fKa BEIeThCS IOCTiMHO, a
pe3ynbTaTd JOCHKEHb LIOPIYHO OQOpPMIISIIOTBCS y BHUIJISAI okpeMux ToMmiB [1]. Ilpupoano-
3anoBiaHi yctanoBu (I13Y) — e npupoani Ta 6iochepHi 3armoBiAHUKY, HallIOHATBHI IPUPOJIHI TAPKH,
perioHanbHI JaHamadTHI TApKU, B YCiX BeaeThes JliTonmuce mpupoau, 1 3 pokaMu HarpoMaKy€eThCs
BEIMYE3HUI MacHB pI3HOMAHITHUX JaHUX, SKI B IallepOBOMY BapiaHTI BaXXKO COPTYBaTH,
00po06IsATH, aHATI3YBaTH.
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B kinmi XX na novatky XXI cronitts B 6i00rii, exosorii, cepi OXOpOHH TOBKIIIS MHUPOKE
3aCTOCYBaHHS OTpPUMAaJIM €JIGKTPOHHI 0a3W JaHux Ta Treorpadivni iHdopmaliiiHi CUCTeMH, SKi
JIOTIOMAraroTh HE TUTbKM CHCTEMATHU3YBaTH Pe3yIbTaTH HAYKOBHUX JOCIHIHKEHB, aJle i 10IoMaratoTh y
NPUHAHATTI pimeHb. JIJis 1HBeHTapu3allii BHUIOBOTO OIOPIZHOMAHITTS PO3POOJICHO BIJIOMI BEIHKI
ellekTpoHHI 0asu Www.faunaeur.org, www.floraeur.org, siki MIiCTSTh BeJIMuYe3HY KUIBKICTh BHJIIB
TBapUH 1 POCIIMH 1 MPEACTaBsA0Th (hayHy 1 ¢uiopy Bcboro cBity. IHTepHET-pecypc «lleHTp maHux
biopiznomanitrs Ykpaiam» (Biodiversity of Ukraine Data Centre), cTBopeHUil 1 KepyeTbes
HepxxaBauM npupoao3HaBunM MyzeeM HAH VYkpainu (JIbBiB), MicTuTh iH(MOpMAII0O TPO BUIAOBE
010pi3HOMaHITTS YKpaiHu, OCHOBY 0a3 JaHUX CTAHOBIIATH NPUPOAHUYI KOJEKIIil, IKi HAKOMMYYIOTHCS
JNECATUIITTAMUA 1 TOMY JO3BOJISIIOTH aHATMI3yBaTH CTaH 1 3MiHM O10TH Yy BEJIMKOMY HPOCTOpi M
TPUBAJIOMY Yaci.

[Tpuponuuii 3anoBigHUK «Po3TOYYS» — MNPUPOJOOXOPOHHA, HAYKOBO-IOCIHIJHA YCTaHOBA
3arajibHOJICPKABHOTO 3HAYEHHS, CTBOpeHUH BianosigHO 110 IloctanoBu Paau Minictpis YPCP Bix
5.10. 1984 p. Ne403 na momr 2084,5 ra. Bxoauts a0 cknany 6iocheproro pesepsary «Po3roudsy,
BHeceHoTo B CBiTOBY Mepexy Oiochepnux pesepsariB pimenssm 23 cecii MAB FOHECKO y 2011 p.
3 2019 p. € 4aCTMHOIO TPAHCKOPJOHHOTO YKPAaTHCHKO-TIONBCHKOTO 0i0chepHOro pesepmary, SKHii
yrBOpeHuit  pimenHsM 31-i cecii Mixnaponnoi koopamuaniitnoi pagu I[Iporpamu IOHECKO
«Jlromuna 1 Giocdepa». 3anoBiguuk Biamoinae la Kareropii Mixkuapognoro Corozy OxopoHH
[Ipupoau (IUCN).

VY 3anoBinHUKY «P03TOUYs» MPOTATOM OCTaHHIX ABAALSTH POKIB BUKOPUCTOBYBAIM KiJIbKa
BapiaHTIB eJICKTPOHHKUX 0a3 manux: «EaToMOodayHa», «EnekTponnuii repbapiii», «DaynictiuaHa 6a3a
nanux», «®Denonorist», «['pubu makpomineTuZ Ta iH., po3poOJIeHI BUKIAJadyaMd Ta CTyIEHTaMU
kadpenpu ACY HY «JIbBiBcbKka MONITEXHIKa» y CHIBOpali 3 HAYKOBHUM BIJIIOM 3alOBiTHHKA.
Koxna 3 HuUX Mae cBOi 0coONMBOCTI, mepeBaru Ta Hemoiiku [3, 4]. HaiiGinbiie 3acTocyBaHHS
orpuMmana 0a3a maHux «®DeHoNOrisl» (HAyKa TPO CE30HHI SBUINA B MPHPOJIi), SKA YCIIIIHO
BUKOPUCTOBYETHCS MPOTATOM IBAAIATH pOoKiB. CTPyKTypa eleKTpOHHOI 0a3u JaHMX HaBelIeHa Ha
puc. 1. g Oa3a maHux Mae OIM3BKO AECATH MOJIB, NPUUOMY JE€AKI 3 HHUX 3allOBHIOIOTHCS
aBTOMAaTHUYHO.

J - pik
2022 pix
Hara «<3—] MeTeonoKa3HHKH
2023 pik
degoMapmpyT 1 DeHOMAapIWIpPyT 2 $eHOMapmpyT N
DeHONyHKT 1 DEeHOIYHET 3 DeHONIYHET 5
DEeHONYHET 2 DEeHOIYHKT 4 $eHOMYHKT M

Bun 1 Bun 4 Bun L

Tlomis 3acodu 36epekeHH, 0GpoOKH,
®denodaza COpTYBaHH#, Bizyamizarii,
CrocTeperkeHH EKCTIOPTY-IMIIOPTY

Puc. 1. CtpykTypa enexTpoHHOI 6a3u ganux «DeHomnoris»
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[lepeBarn BHKOPHCTaHHS €JIEKTPOHHOI 0a3M JaHMUX BiJ3HAYAIOTHCA 3 POCTOM MAaCHBY
HaKOMMYCHUX JMaHuX. Hanpukiana, Taki 3amadi, sk OBUIOBE COPTYBaHHA 3a (eHOo(da3aMu POCIHH B
4acOBOMY pO3pi3i 3a MEBHHM mepiof] 3aiiMaroTh Ha MOPSAOK MEHIIE 4Yacy BiJl COPTYBaHHS JIaHHUX y
rarepoBOMy BapiaHTi, ab0 HaBiTh JaHWX 3 (HalHIOBOI CHCTEMOK 30epexeHHs iHdopmarii. Yum
OlnpIle JaHUX HAKOMUYYyeTbcs B 0a3l maHMX, TUM edektuBHIimIoOw Oyxae 11 ekcruryararis. Lle
HacamIiepes] OOYMOBICHO THM, IO JUIS EJIEKTPOHHOI 0a3W JaHWX HEMaE€ HiIKOro 3HAYCHHS
MPOBOJIUTH OOPOOKY AaHUX 310paHMX 3a OJWH PIK, YU 32 IECATh.

baza «®eHonoris» BKiIOYae IHGOpPMAIiID TPO JaTy MPOBEACHHS CIIOCTEPEKCHBD,
METEONOKA3HUKH, (EHOMApIIPYTH, CKJIAJOBUMHU SKHUX € OKpemi (eHomyHKTH. Ha KoxHOMY
(EHOYHKTI MPOBOAMTHCS MOHITOPHHT CTaHy OKPEMHX BHJIIB POCIHH 1 Pe3yJbTaTH CIOCTEPEKCHb
3aHOCAThCS B 0a3y. baza mae 3aco0u monepeaHboi 00poOKH, pefaryBaHHs, COPTYBaHHS JaHUX (pHC.
2) i, mpu HEOOX1IHOCTI, EKCITOPTY-IMIOPTY JaHKX B Tabimuauii pegaktop Excel [4].

Jist cTBOpeHHst (PeHONIOTIYHOI 06a3u JaHUX PO3pOOJIEHO CTPYKTYPY iH(OpMaIiitHOi crucTemMH,
sKa BpaxoByBasa crenudiky (EeHOIOTIYHUX CIOCTEpeKeHb Yy perioHi. B 3amoBigHuky «Po3rouusi»
(eHOIOT1uHI CIOCTepEKEHHS BEAYThCSA Ha MOCTIHHUX (heHOMapmpyTax i peHomyHKTax mpotsrom 40
POKIB 1 CYHPOBOJDKYIOTHCS TIIPOMETCOPOJIOTIYHUMH JaHUMH MeTeoctaHilii. [lepmoyeproBum
3aBJaHHSIM IIPH OpraHizalii (PeHOIOTIYHIX CIIOCTEPEKEHB € BiAOIp 00’ €KTIB CIIOCTEPEIKEHD.

OcHoBHa 4yacTuHa TepuTOpii 3amoBinHuKa (92%) MOKpUTa JICOBOIO POCIMHHICTIO, TOMY
OCHOBHHMMH 00’ €KTaMH CIIOCTEPEKEHb € EPEBHI Ta YarapHUKOBi, a TAKOXK JIICOBI TpaB’sIHUCTI BHUIIH.
OckinbKHM JepeBaM BiacThBa ()EHOJIOTIYHA T'eTEPOrCHHICTh, TO CIHOCTEPEKEHHS 3a POCIHHHICTIO
BEIyThCS 3 POKY B PIK Ha OJHHMX 1 THX CaMUX JUISHKAX 32 OJHUMHU 1 THMH X TPyHamMH YH
€K3EeMIUISIpaMH POCIIHH.

El ®eHoaoriuHa Kaptka CnocTe pe ke Hb
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Puc. 2. Burnsin Bi1oMOCTi OIIyKY JaHUX Y Jiama3oHi gaT

®nopuctuyHa 0a3a MaHUX 3a CTPYKTYPOIO BiJIMiHHA BiJl MOMEPEIHHOI, BOHA 1€PAPXIIHOTO
TUIy, TOOy/Z0OBaHA 3a CHCTEMATHMYHUM MPUHIIMIIOM HAa OCHOBI BM3HAUHMKa BHIIUX pochuH. baza
JI03BOJIIE PO3MICTUTH TakKy KUIbKICTh QoTtorpadiil, sika 3abe3MeunTh BU3HAYEHHS DPOCIMHU 3a
MEeBHUMHU O3HaKaMHu (0COONMUBICTH OYJOBH JTHUCTKIB, CYHBITTS, KBITKM, THYMHKH Ta iH.), IPUUOMY,
3HIMKM MOXYTbh BiloOpa)kaTh peaibHI pO3MiIpH POCIMHH, a00 y HeoOxigHOMy MacmiTall, 11100
MiAKPECIUTH 11IarHOCTUYHY 03HaKy (puc. 3). [lepeBaru eaekTpoHHOTO «repOapiro»:

* EnekTpoHHI KOMii Jal0Th MOXKJIMBICTh YHUKHYTH HETIOMPaBHUX BTPAT PIAKICHUX KOJICKI[IH B
XOJIl PUPOJHUX KATacTpod, BOEH, TOKEXK 1 IHIMUX HECTPUATIMBUX YMHHUKIB, SKi BIUTUBAIOTH HA
30epexeHHs KOJIEKIIIT (TeMIepaTypHHU peKUM, BOJIOTICTb, IITIKITHUKH TOIIO).
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* 3a0e3mevyroTh MOKIJIMBICTh ICTOTHOI €KOHOMIi Yacy i 3aco0iB, 1m0 HAyTh Ha 30upaHHS,
BUCYILIyBaHHS, 30epiranHs repOapito, HAyKOB1 BIAPSKEHHS  JUIsl BU3HAUEHHS, JIMCTYBaHHS,
MIEPECUITKY 3Pa3KiB.

e [ludpoBuit  «repOapiii» Moxxke OyTH JOCTYNMHHM uepe3 cHCTeMy I1HTepHeT abo
PO3MOBCIOKYBATUCS HA KOMMAKT-IUCKaX, IO JIO3BOJUTH BECTH ONEPATHUBHHNA TMONIYK 1 OOMiH
HayKOBOIO 1H(OpPMAIII€IO 3 CBITOBOIO HAYKOBOIO CIUILHOTOIO [3].

omicrosofeword |5

®ain Opsexa Bua Bcraeka opmar Cepeic Tabmvua OkHo  Crpaeka -

| % "FEPBAPIN" (=]
Dain Basa Moea [Mpomporpamy  Buxia -
e | ] 8| & N| = E| = ukp ENG 5
baza rpagiuHHx 306pakeHb ’m ApTUBYTH 306paxeHHA

Anemone nemorosa LJPG P
petiv hiest luskaty] JPG Galanthus nivalis L. JPG
3P

D =&

E MNMepernsHyTH HACTYNHWA pain

' Bugparty sci darim lMoBHOEKPAHHWIA pEXHM

X OUMCTHTH BCi BILMITKH PeaneHuil poeMip 206packeHHa: 1984x1488

27 EkcriopTyBaTty gainu y ..

% Bunanutu daini 3 6asu

&% 11:15

Puc. 3. ®nopuctuuna 6a3a nanux «EnekrponHuii repbapiii»

EnextpoHHuii «repbapiii» MoO)KHa YCHIIIHO BUKOPHUCTOBYBATH INPHU IPOBEIACHHI HAYKOBHX
JOCIIJKEHD 1 MPaKTUYHUX POOIT B 0OnacTi aHatomii i MopoItorii pocuH, MiKOJIOTIl, CHCTEMaTHKH
BUIIMX 1 HUXKYUX POCIIHH, JIIXEHOJIOTI], MOPIBHAIbHIN Mopq)onori'l' 1 aHaToMii POCJIMH, €KOJOrii
pociuH, (ITOIEHOJIOTI, Maaeo00TaHIKH, (IOPUCTUKH, JIIKAPCHKUX POCIHH, Opiojorii, O0TaHIYHOT
reorpadii, J1iCO3HaBCTBa, /IEKOPaTHBHOTO KBlTHI/IKapCTBa 1 TI. (DJ'IopI/ICTI/I‘IHa 0a3a aHMX MOXe
3aCTOCYBATUCS Y HABUYAIBHOMY TIPOILIEC], 1€ MMiIBUIIUTH SKICTh MPO(deciiiHOi MATOTOBKH CTY/CHTIB,
HAyKOBO-JIOCHIJIHOT, MOMYJspU3aTOPChKOi, mpodopieHTaliiHoi poOOTH, JacTh MOXKIHUBICTD
YIIOCKOHAJIIUTH CHCTEMY OOJIKy 1 iH(popMariiiHe 0OCITyroByBaHHS, MPUCKOPUTH IATOTOBKY [0
BUIYCKY HAyKOBHMX Ta HAayKOBO-TIONYJSIPHUX BHJaHb (KaTajoriB, OyKJETiB, aTjiaciB, aibOOMIiB,
BH3HAYHUKIB 1 1H.) 1 MOJETIIUTH KOHTPOJIb 32 30€PEKEHHIM KOJICKITIH.

Jns ¢ikcarii ce30HHUX 3MIH B KHUTTI TBapHUH, CTBOpPEHA MOHITOPHHIoBa (hayHiCTHYHA 0a3a,
KyIud BHOCSTH JaHi 0OiKiB 300yord. baza mns ¢dayHICTHYHOTO MOHITOPHHTY Tepeadavaa
MO>KJIMBICTh HarpoMaJDKeHHs JAaHUX, SKI HEOOXITHO (iKCyBaTH BIAMOBiAHO 10 mporpamu Jlitonucy
npupoau. Lle pesynpraTé 00JIKIB IpIOHMX CCABIIB, MUCIUBCHKOI (payHU, OpHITOPAyHH B PI3ZHHUX
6ioTomax Ta B pi3HI MOpHU POKy. 3 6a3010 JIETKO MpalfoBaTH, KapTKa MO3alHUCHOTO OINpallOBaHHS
JIaKOHIYHA, MICTUTH I1H(OpMAIlI0 MPO MICIe, Yac CIOCTEPEKEHb, METEOPOJIOTIYHI TMOKA3HUKH,
0cOOJIMBOCTI BHIy, HOrO 4YMCENbHICTh, CTaThb TBAapMHHU, JIATMHCBKY 1 YKpaiHChKY Ha3By. 3
BCTAHOBJICHHSIM Yy 3alOBIIHUKY (POTO MACTOK Ta 3BYKOBUX PECHBEPIB, 3alOBHEHHS (hayHICTHUHOI
6a3a CyTTEBO CHPOCTUIIOCH. JlJIi MOHITOPHHTY (hayHu Oe3XpeOeTHHX TBapHUH PO3pOOJIEHO OKpeMy
iHdopmartiiiny cuctemy — « EHTOMOIor14Ha 6a3a JaHUX», sIKa Ma€ MPUB’ 3Ky 10 MICIIeBOCTI (puc.4).
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Puc. 4. EntoMonoriuna 6aza qaHuX, BUTIISA KapTKU (PEHOJOTIYHUX CIIOCTEPEIKEHD

EnTomororiuna 6a3a 1aHuX MICTUTh 1HGOpPMAIIiO PO BUA, HOTO CUCTEMATHYHE TOJIOKCHHS,
YHCENBHICTh OCOOMH, iX CTaTh, (ha3sy pO3BUTKY (siille, JIMUMHKA, JiAJedka, Jopocia Komaxa alo
imMaro), #oro oxopoHHHMH cTaryc. TakoX HaBOAUTHCS iH(OpPMAIsS NMPO OCEIMIIE — BKA3YETHCA
¢itorenos3, 6i0Tom, €KOJOTiuHa Himna, reorpadivyHi KOOPAWHATH, KBapTaj, BHAUI, THI JICY Ta MPO
JIOCJTITHUKA — BKA3Y€ThCS XTO 310paB MaTepiall 1 XTO BU3HAUMB.

Jiist mpoBeIeHHST METEOPOJIOTIYHOTO MOHITOPUHTY B TIPUPOJHOMY 3alOBiTHUKY «Po3TOoudsy
Ha nouyatky 2000-x pokiB Oysi0 po3po0JIeHO crieliani30BaHUil MpOrpaMHO-anapaTHU KOMILIEKC.
JlaHu#l KOMIUIEKC 3aCTOCOBYETHCS ISl TPOBEACHHS EKOJOTIYHOTO MOHITOPUHTY - 3MIH CTaHy
HaBKOJIMIIHBOTO CEepelOBUINA Ta IMOTOJAHHUX YMOB, TaKUMH SIK: IIBUIKICTh BITpPY, TeMIeparypa
MOBITPs, aTMOC(EpHUIl THUCK, HANpPsSMOK BITPY, KUIBKICTb OMNajiB, MOTYXHICTb I0JIbOBOI
€KBIBaJEHTHOI /03U raMa - BUITPOMiHIOBAaHHSI TOLIIO.

ArmapaTHa yacTHHA KOMILIEKCY (pHC. 5) BKJIIOYAE: 1aBavl aHAJIOTOBUX Ta IM(PPOBUX CUTHAIIB,
a”asnorosi komyraropu, AL, mudpoBi KOMyTaTOpH, JTIYMIBHUKHU, PETICTPU, MYJIBTUILUIEKCOP, OJIO0K
YIOPaBIiHHSA TPUCTPOEM Ta OJIOK >KUBJIEHHS cucTeMu. ONMUTYBaHHS JaBadiB B CUCTEMI MPOBOJUTHCS
MOCTIIOBHO, MPOTE KaHall BBOJY aHaNoroBoi iHdopmauii 1 nudpoBoi npaioroTs napaienbHo. I1ia
4yac ONMWUTYBAaHHS aHAJIOTOBHX JaBayiB JIYWIHHUK 3HIMAE MOKA3HUKHU 3 IU(PpoBUX naBadiB. Cucrema
JI03BOJISIE MIKIIIOYATH 10 256 ananoroBux 1 256 nudpoBux aasaviB. Kpim Toro cucrema 103BoJIsi€
MIIKT0YaT  (PYHKIIOHAIBHO 3aBEpIlEH] MPUCTPOi, SKI MEePEeTBOPIOIOTH OyIab SKI MOKa3HUKH B
eJIEKTPUYHUI (aHasoroBuil abo 1UGpPoBUil ) curHai. 30Kpema, B HAIIOMY BMIAJKY, IO CHUCTEMHU
nigkmoueHo «[Ipunax koMOiHOBaHUH /1Sl BUMIpIOBAaHHS 10HI3yrounx BunipomiaoBanb PKCB-104».
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LPT
bnok
MopTt 10 .
perictpis
Pezicmp ynpasniHHA

ynpaeniHHsA, NPUCTPOEM
i Bnok KomyTatop AuUn 10 i
i aHaNoroBumx > aHanoroBmx // > I
1 . 10-1m :
' . AaTumKis .
I OaTUMKiB po3pagHe 14 LPT
i :/ MopTt
i Bnok KomyTtatop 1/6 !
' | undposux > undposux > ’ . > Myabtu- |
! aTunKie NiynnbHuk Perictp naekcop |! .
i [AaTUYMKIB A | Peeicmp
| | cmaHy
R — [ S— I i (SR)

BNoOK XuBneHHA

Puc. 5. bnok-Cxema arapaTHO1 YaCTHHU KOMIUIEKCY

Jlns miIKIIFOUeHHST CUCTEMH 10 KOMIT'toTepa obOpamu iHtepdeiic Centronics, tak sk HUM
OCHaIlleHa TpeBakHA OLTBIIICTh KOMIT IOTEpPIB 1 3aCTOCYBAaHHS CHUCTEMHU HE BUKIUKATUME HISIKUX

pooJieM.

MerteonapameTpu 3MiHIOIOTHCS MOBLUIBHO, TOMY HBHAKoAll LPT — mopra, sika cknagae 100 -

150 Koaiit/c, MOBHICTIO BHUCTadyae Uil KEPyBaHHS CHUCTEMOIO, ONUTYBAHHS

pe3yJbTaTiB BUMIPIOBaHHSA B 06a3y 1aHUX.

JlaBa4yiB 1 BBOJIY

Jani kopekull gaTunka (KamGpoeka)

MaHi 5 gariuka:

BrriptoBaHa BeiHyMHa:

SUHTATH A3HI S ASTUYHES =P |‘I .23

1,44

Nani 5 paraika

| Buripioe. BEnLYLba |

1.23
1.44
2.36
3.45
4677
5.265
£.589
7852
9564

1.44
1.56
366
4.56
E.452
9.56
18.66
30,56
E0.45

#* Braamimi sanuc

Mokas paTHuEs

Puc.6. KaniOpyBaHHS MOKa3HUKIB JJaBa4yiB CUCTEMH
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Cucrema TpPOEKTyBalach 3 MAaKCHUMAaJbHHUM CIIPOUICHHSM amapatHoi YacTUHH 1 3
MaKCUMaJIbHUM HaBaHTa)KEHHSIM Ha IPOrpaMHy YacTHHY, LIUM CaMHUM OYJO AOCSATHYTO THYYKOCTI 1
IHTENEKTYaIbHOCTI pO3po0IeHOi cucTeMu. ['HydKicTh HoJsrae B TOMY, LIO CUCTEMa HE BHMArae
naBaviB 3 (PiKCOBAaHMMHU MapaMEeTPaAMH.

BumiproBana BenMuMHA, THII JaBada, IapaMeTpPH, OJWHHII BUMIpIOBaHHA Ta iH.,
BCTaHOBJIIOIOTHCSI KOPUCTYBAaueM B IPOLIEC] HalAIITyBaHHs cucTeMu. [Iporpama nae 3mory poouru
KajgiOpyBaHHS JaBaya, 3 JONOMOTOK YOro MOKHA 3MEHIIMTH TIOCTiMHI 3aBaau 1 HENiHIHHOCTI
XapaKTepUCTHK JlaBaya, 3SMEHIIYIOUM TAKUM YHHOM OXUOKY OTPUMYBAaHUX JaHUX. (puc.6)

[Ticns mpoBexeHHst KaniOpyBaHHsS JaBayiB IporpaMa iHTEPHOJIOE BXigHI curHamu. Bona
Oynye pemniTyacty QyHKUIIO Y1) 3 iHTepBanoM auckperusamii T mo kiHneBii MHOXKUHI {X(0), X(mT),
X@mT) ... X(mT)} BLIOMHUX 3Ha4eHb PEIITYACTOl QYHKIIT X1y = XumT) TAKOi, IO B 33JlaHUX TOUKaAX
Ynm) = Xemm) (N =0, 1, ..., K), a B inmmx toukax (NT # 0, mT, ..., KmT) ¢byHKuis YTy npudauzHo
piBHA QYHKILIT X(t), 3 SIKOI yTBOpEHa I0YaTKOBa peliTyacta GyHKLis XmT). [HIIMMU c1oBaMu micis
IIPOBEICHHS omepanii KajliOpyBaHHA cCHCTeMa caMa BHM3HAUa€ 3HAYEHHS BXIIHUX CHUTHAIIB 3
HiIBUIIEHOI0 YaCTOTO AUCKpEeTU3alii Yty MO CUTHANaX X1y = XwmT), AKi OyJIM BU3HA4EH] Hij yac
KaJiOpyBaHHS J1aBayiB.

[HTENeKTYaNIbHICTh CUCTEMH MPOSIBISIETHCS B aHAi31 BUMIPIOBAHUX BEJIMYWH 1 B pearyBaHHI
Ha Hamepe] 3amporpaMoBaHi MOKa3HUKU. B cuctemi mependaueHa MOMXKIHMBICTH ONMUCY CUTYyaIiH i
porpamMyBaHHs IOBiIOMIIEHb, $Ki BHJABaTHME CHCTEMa 3aJIEKHO BiJ IIOKa3iB JaBadyiB.
[loBinomyieHHsI MOXYThb OyTH: IUTOPMOBHUM IOMNEPEIKEHHAM, KEpPIBHULTBOM ISl HPUHHATTS
pilleHHS B KPUTUYHUX CHUTYaIlisiX, MOMEPEKCHHSM NpO OYiKyBaHy 3arpo3y NpH 30iry NeBHUX
OPUPOJHUX AaHOMAaJIiM, pe3yJbTaTH aHali3y TEXHIYHOIO CTaHy CHUCTEeMHM 1 IUISXHM HOUIYKY
HECIPABHOCTI Ta iH.

[Iporpama po3poOJIEHO 3 OpIEHTYBaHHAM Ha HEMIArOTOBJICHOTO KOPUCTYBaya, TOMY
iHTEepdeiic mporpaMu € MaKCUMAaJIbHO JOCTYIHUHN 1 IHTYITUBHO 3po3yminuii. Lle no3Bossie mBuaKo i
3py4YHO KOPUCTYBATHCA MIPOrpamolo, Ta J0MOMarae 3MEHIINTH Yac sIKUil MOTpiOHMHN A7 11 OCBO€EHHH 1
TOJIETTIIYE POOOTY KIHLIEBOMY KOPHCTYBA4€eBi.

Jns poOoTH 3 mporpamMor0 He MOTPIOHO MaTH SKHXOCh OCOOJMBHX 3HaHb, JOCTATHBO
€JIEMEHTAapHUX HaBHUKIB pOOOTH 3 KOMII'IOTEPOM, SIKIIO KOPUCTYBau BUIBHO OPIEHTYETHCS B
omnepauiiHiil cuctemi Windows, JIeTKO KOPUCTY€EThCS CTAaHAAPTHUMH IpOrpaMaMHu, TO Ipu poOoTi 3
JaHOIO TIPOTPAMOIO B HHOTO HE BUHHKHE MTPOOIIEM.

VYes BxigHa iH(OpMalis 3 JaBayiB, 3alUCYeThCS y TEKCTOBI (ailiu Ta MOJAETbCA Y
rpadiyHOMY 1 TAOJIMYHOMY BUTJISAL, SKI MOXKHA MEpPEryisJaTH B 3BUYAiTHOMY TEKCTOBOMY PEAAKTOP1
(Notepad, Word). Jlns 3pydHOCTI MOAAJIBIIOrO ONpPALIOBAHHS JaHMUX, MpOrpaMa MoOXKe POOHUTH
excriopt manux B Excel. KpiMm Toro cucrema mo3BOJISIE TEpETIsiaTH Pe3yabTaTH MOHITOPUHTY B
¢dopmari 3D rpadiku.

OcTaHHIM 4YacoM 3’gBHJIaCh BeNMY€3HA KUIBKICTh €(EeKTUBHMX 3aco0iB JUIsl CTBOPEHHS
iH(pOpMalIHUX CUCTEM €KOJIOTIYHOTO MOHITOPUHTY, MIKpPO KOHTPOJIEPIB MPU3HAYEHUX I CUCTEM
aBTOMAaTHU3aIlll, pOOOTOTEXHIKM Ta 3aJ1a4 MOB’sI3aHUX 3 MOHITOPUHTOM 1 KJIIMaT KOHTPOJIEM.

CrtBOpeHHs MiKpornpolecopa K (pyHKIIOHATbHO 3aKIHYEHOT YaCTMHU KOMII I0Tepa Ha OJHIN
IHTErpaJIbHIA CXeM1 € OJJHUM 13 HaWOIbIINX JOCSITHEHh MUHYJIOTO JIBAJIIATOTO CTOJITTS. 3AaTHICTh
porpamMyBaTH IOCIIOBHOCTI BUKOHYBaHMX (YHKILIH, TOOTO 34aTHICTh MpALIOBATH 3a 3a/1aHOIO
MPOrpaMol0, € OCHOBHOIO BIJMIHHICTIO MIKPOKOHTPOJIEPIB BiJl €JIEMEHTIB <OKOPCTKOI» JIOTIKU
(IHTerpaJIbHUX CXE€M MaJoro 1 CepeJHbOro CTYNEeHs iHTerpauii). YJOCKOHaJeHHS TEeXHOJIOTIH
BupoOHunTBa IC 1 BIC mpuBeno mo Toro, mo 3a MOPIBHSHO HEBEIMKUN yac 3’ SIBUIMCS KUIbKa
MOKOJIIHb MIKPOKOHTPOJIEPIB, SIKI BIAPI3HAIOTHCS CBOIMU TEXHIYHUMH XapaKTepUCTHKaMH [2].

Jlo nmpukianmy HaWNOMYJSpHINII  CydacHI  MIKPOKOHTpOJepU 3 iX  OCHOBHUMH
XapaKTepUCTUKaMH, MPHU3HAUEH] Ui MOHITOPUHTY, O€3MeKH 1 KJIIMAaTKOHTPOJIO, sIKIi MOXYTb OyTH
BHKOPHCTAHI /I CTBOPEHHSI PI3HOMAHITHHX IPOEKTIB, CIPSIMOBAHMX Ha 30ip 1 0OpoOKy maHuUX 3
JAaTYMKIB Ta KEPYBAaHHS PI3HUMU NPUCTPOSMHU:
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1. CimeiicTBO MikpoKOHTpoJepiB 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: [IpocTrii y BUKOpHUCTaHHI, BeJIMKA CIUJIBHOTAa KOPUCTYBAYiB,

0araTo JOCTYMHUX PO3IMIUPEHB (IIIIIB).

2. Raspberry Pi ( MmikpokoMIroTep, ayXe MOMYJISPHHIA I IPOEKTIB

MOHITOPUHTY Ta KJIIIMAaTKOHTPOJIIO):

* Mikpomnportecop: ARM Cortex-A cepii

* Yacrora pobotu: PizHa 3anexHo Bix moseni (3a3Buyaii Big 1 I'T' 1 Buie)

* BOynoBana nam&#39;a1b: 3anexxuts Big Mmozeni (3a3suuait Big 512 Mb 1o 8 I'b)

* Bxig/Buxing: GPIO ninm, 12C, SPI, UART

* OcobnuBocTi: Linux-miaTpuMKa, MOKIUBICTh 3alyCKY Pi3HUX MPOTpaM,

HiAKII0YeHHS 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 nam’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 niuu, 12C, SPI, UART, Wi-Fi

* Oco6muBocti: BOynoanuit Wi-Fi, npoctuii y Bukopucransi s npoektis loT [2].

L{i MIKpOKOHTpOJIEPH MAIOTh PI3HI MOMJIMBOCTI 1 XapaKTEPUCTUKH, TOMY BHOIp 3ajiexaTume
BiJl KOHKPETHHUX MOTped npoekTy. BoHn 103BONATH 3AiKiCHIOBAaTH 301p 1aHUX, BUKOHYBaTH aHAII3 i
YIOPaBIiHHS MPUCTPOSMU JUIsI MOHITOPHUHTY, O€3MeKH 1 KIIMaTKOHTposto. CTBOPEHHS Ha iX OCHOBI
CHCTEM MaKCHUMaJIbHO CIHpPOIIEHO 1 pO3paxOBaHO Ha BUKOPUCTaHHA HE MiATOTOBIEHUMHU
KOPHUCTYBaYaMH.

BucnoBku. CTBOpeHHs iH(GOpMaliMHUX CHUCTEM [UIS IPHPOJHO-3aMOBIIHUX YCTAHOB
N03BoOJIsl€ 30MpaTH 1 OOpOOISATH BETUKI MacHUBU JIaHUX E€KOCHUCTEMHOro (O10I€HOTHYHOTIO)
MOHITOPUHTY, TependayeHoro mnporpamoro Jlitonucy mnpuponu. Ha mopsinky aeHHomy - inest
CTBOpPEHHS 1 BIIPOBA/KEHHS €JIEKTPOHHOTO BapiaHTy JliTomucy, icHye moHaiimMeHme 2 Bepcii Takoi
0a3M JaHuX, sIKI B TECTOBOMY PEXHUMi anpoOyroThcst B okpemux ycraHoBax [13®. BrnposamxeHHs
TaKMX CHCTEM Yy MPAKTUKY BCIX 3aMOBIAHUX 00’€KTiB (MpUPOAHHUX, OlocepHUX 3aroBIIHHUKIB Ta
HAI[IOHAJILHUX TApKiB) 1 MIIKIIOYEHHS iX 10 Mepexi [HTepHeT JacTb MOXKIUBICTH MpalliBHUKAM
MingoBkuuis B Oyap SKUA 9ac MaTu AOCTYN 10 iH(opwmarii, ska BHUCBITIIO€TbCA B JliTomucax
IPUPOJH, Ha AP KaBHOMY PiBHI MPHUIMATH PillIeHHS MO0 aKTUBHUX 3aXOiB 30€peeHHs BUJIB Ta
X OCEJIHIII.

1. Anopienxo T.JI., Ilonosuu C.IO., Ilapuyx I'.B. ma in. Ilpoepama Jlimonucy npupoou oz
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BUKOPUCTAHHS IHTEJIEKTYAJILHUX CUCTEM B OLIIHLII CTAHIB TEPUTOPIii
MPUPOJIO3ANOBIIHOTO ®OHY

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.

AHoTauisg. Ha crorofHimHiil 1eHb BUKOPUCTAHHS 1HTEIEKTYAJIbHUX CHUCTEM € HaJA3BUYAHO
aKTyalbHUM. [HTeNeKTyallbHI CHUCTEMH, B TOMY 4YHCIl 1 IUTYYHUH IHTEJNEKT, MOXKHA HIMPOKO
BUKOPHCTOBYBAaTH B OE3MEKOBUX NMHUTAHHIX EKOJIOTIYHOTO XapakTepy Ha Pi3HUX TEPUTOPIAX. 3emii
IIPUPOJI03aNOBIAHOTO (OHIY B YKpaiHi 3MEHIIYIOTHCS B pa3d y 3B'SI3KY 3 BiICBKOBUMH JisIMH SIKi
BeIyThcad Ha ii Tepuropii. ToMy Ha JIep:kaBHOMY piBHI IPOBOJUTHCS IMOJITHKA CIpPSMOBaHA Ha
30epexeHHs, JOCIIPKEHHS 1 PO3BUTOK THUX TEPUTOPIM 1€ MOXKHAa MPOBOJUTH MPOQLIAKTHYHO -
B1JIHOBJIIOBAJIbHY 037I0pOBUY AISUIBHICTD SIK BIICHKOBOCITYOOBIIIB TaK 1 BCbOI'O HACEJIEHHS Y KpaiHH.
B poGoTi npoBeaeHO JOCTIKEHHS MOXKIUBOCTI BUKOPUCTAHHS 1HTEIEKTYaJIbHUX CHCTEM B OIIHII
€KOJIOTIYHUX CTaHIB TEPUTOPIM, PO3IIISHYTO METOAM, MOJENl 1 aJIrOpUTMHU OLIHKHM aHalizy 1
MIPOTHO3YBAaHHS CTaHIB TaKUX TEPUTOPIH, 3aIPONOHOBAHO OPIaHi3allil0 1HTEIEKTYalbHOI TEXHOJIOTI]
KEepyBaHHs CTaHaMU TEPUTOPIN IPUPOI03aNIOBIAHOTO QOHY.

Knwuosi cnoea: inmenexmyanvui cucmemu, mepumopii npupooo3anogionozo Gouoy,
MOOeN08aHH s, NPOSHO3YBAHHS, eKON02IUHA be3neKa.

IutenextyanpHi 1HQOpMaIiiiHI CHUCTEMM 3aCHOBAHI Ha 3HAHHAX 1 € KOMILUIEKCOM
JHTBICTUYHUX MPOTPAMHHUX 1 JIOTIKO-MaTeMaTHYHUX 3ac00iB 110 JONOMAararTh peai3yBaTu OCHOBHI
3aBJaHHSA B TiM Taiy3i B SKiM BOHM 3aCTOCOBYIOTHCS, 30KpeMa B ekojorii. Taki iHTeneKTyaabH1
CHCTEMH MOXKYTh OyTH pO3MillleH] sIK Ha cailTi je KopucTyBay OyJie BECTU NPUPOAHIN A1aJior 3 TaKOIO
CHUCTEMOIO, TaK 1 Ha TEXHIYHOMY 3acoli ae Oyzae oOpoOmsTucs HeoOximHa iHbopmarisa. o
MOBHOMACINTA0OHOTO BTOPTHEHHS CTaTUCTHYHA iH(oOpMalis Mpo EKOJOTYHUM CTaH TepuTopii
30epiranacst 1 oOpoOisiiacs BiAMOBIAHUMHU LeHTpaMu. OCKIIBKM 3apa3 AisUIbHICTh TaKMX LIEHTPIB
oOMerkeHa, TO MPH aHalli31 JTaHUX SKI BXK€ HAKOIHMUEH] 1 IKi MOKHa OTPUMATHU 3 TUX TEPUTOPI AKi HE
OKYIOBaHI Ta Ha SKUX HE BEAYThCS OOHOBI J1i MOIITFHO BHUOWpATH KOMIUIEKCHE MpOTpamMHe
3a0e3neueHHs K€ BUKOPUCTOBYE METOJM 1 TEXHIKM IITYYHOT'O 1HTENEKTY JJIS PO3B'A3KY 3a/1ay sKi
MOB's13aH1 3 aHaI130M, 0OPOOKOI0 CTATUCTUUHUX JAaHUX Ta MPUHHATTAM PillICHb.

BukopucraHHs IHTENEKTyaJbHMX CHUCTEM B OIHII CTaHIB TEepUTOpii, po3poOsIeHHS
BIAMOBITHOTO 1H(MOPMAIIIHHOTO amapary Jyuisl MPOTHO3YBAaHHS 1 BITHECEHHS JOCTIIHKYBaHHX 3€MEIb
70 TPHUPOA03AMOBIAHOTO (OHAY, [0 0a3yeTbcss Ha METOJaX MOJCTIOBAHHS OIIHKK CTaHIB
€KOCHUCTEM, CTAJI0 METOIO AAHOTO JOCHIIKEHHS.
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KinbpKicTh KypOpTiB MICIIEBOTO 1 JepKAaBHOTO 3HAUEHHS 3MeHIIyeTbes. Jlo BiliHM B YKpaiHi
craryc JepxkaBHOro manu: KypopT KysuibHUK - mpupoaHi teputopii KysuIbHUIBKOrO JIMMaHy
Opnecbkoi 061acTi, KypopT Mupropon - mpupoaHi Teputopii micta Mupropoaa [lonraBebkoi 061acTi,
kypopT CkamoBchbk - mpupoaHi TeputTopii micta CkagoBchbka XepCOHCBKOI 00JacTi, KypopT
XMUTBHUK - TpUPOAHI TepuTopii micta XMinbHHMKAa BiHHHMIBKOI 0o06nacti, KypopT bepasHchk -
npupoHi TepuTopii Micta bepasHcbka 3anopizbkoi obsacti, kKypopT Cakwu [1]. V JIbBiBCbKil 00sacTi
TUIBKM Yy YEpBHI BIAJIOCS MOBEPHYTH Iied craryc micty MopumH [2]. enyratu BepxoBnoi Pamu
IIPOTOJIOCYBAJIN 32 3aKOHOIPOEKT, KU Hazae MOpIIMHY CTaTyC KypopTy AEpXKaBHOI'O 3HAYCHHS. 3
HAOyTTSM CTaTycy JIEep>KaBHOTO KypOpPTY MICTO OTPHMAE JIOCTYII IO OKPEMHUX AEp)KaBHUX IMpOrpam,
o (inaHcyroThesa 3 aepxkOromkery. Kypopr MopmmH, sK IiTicCHa €KOCHCTEeMa, 3aCiy)KHB CBIii
CTaTyC 3aBISKH HAYKOBUM JOCIHI/DKEHHSIM BJIACTHBOCTEH HOTO JKyBaJIbHUX JKepen. Tpyckasens i
Cxignung me me aBa Micta JIbBIBCbKOT 00J1acTi SIKI 3aCIyrOBYOTh Ha IIEH cTaTyc. A TPOBIBIIH
€KOJIOT1YHY OLIIHKY CTaHiB TEPUTOPIH MPUpPOA03anoBiIHOTO (GOHAY i BUKOPUCTABIIY IHTEIEKTYyaIbHi
CHUCTEMH MOXKHa Oyle CTBOPUTH MaTeMaTHMYHy MOJ€db 3 MOJAJbIIMM BUKOPUCTAHHAM IS
MIPOTHO3YBAaHHS CTaHy L€l eKOCUCTeMH B IoMy. OnTumalibHe KEpyBaHHS CTAHAMHU EKOCHUCTEMHU
TEPUTOPI BUMarae BUKOPUCTAHHS Cy4yaCHUX TEXHOJIOTiHM MpH iX JOCTiIKeHHI, ki 6 0azyBanuch Ha
3aCTOCYBaHHI IHTENEKTyaIbHUX 1H()OPMAIIITHUX CHCTEM 13 3aCTOCYBAaHHSM IITYYHOTO IHTEIIEKTY.

CporosiHi iHTENEKTyalbHUMU CUCTEMaMH MO>KHA BBaXKaTHU T1 CUCTEMH 5IKI BUKOPHCTOBYIOTh
TEXHOJIOTIi IITYYHOTO 1HTEJIEKTY JJIsl pO3yMiHHS Ta BIAIOBI/l HAa 3alMTAHHS KOPUCTYBAiB

[uTenekTyanbHi CHUCTEMH MOXYTh OYTH BUKOPHUCTaHI [Uisi OOpOOKM CTaTUCTHYHUX
eKOJIOTIYHUX JAaHUX JJISl aHaNli3y 3MiH B CEpPEIOBHILI NMPH MPOTHO3YyBaHHI €KOJOT1YHUX TEHICHIIIN
MIPUPOI03aMOBIIHUX TEPUTOPIN 1 pO3pOOKH CTpATEriil yIpaBliHHA pecypcaMu JaHUX TEPUTOPIi.

Takumu cucremamu MOXyTh OyTH [3]:

1. Cucremu HaBYaHHS JuTsl Kiacudikallii THIIB €KOJOTIYHUX JAaHWUX HAa OCHOBI 300pakKeHb 3
JpOHIB 200 CYITyTHHKOBHX 3HIMKIB.

2. AHaliTUYHI CHCTEMH JJI NMPOTHO3YBaHHS 3MiH Ha OCHOBI METEOPOJIOTIYHMX JaHUX 32
TIEBHUI MEepioj.

3. ExcriepTHi cucTeMu JUIsl BU3HAYEHHS €KOJIOTIYHHUX BIUIMBIB JISUIBHOCTI JIOJMHHU HAa OCHOBI
B1JIOMOCTEH MPO 3€MJIEKOPUCTYBaHHS Ta 010p13HOMAHITTS.

4. Cuctemu aHaji3y JNaHUX [ BUSBICHHS 3B'A3KIB MDK 3a0pyIHEHHSIM JOBKULIS 1
MMOKA3HUKIB 3/I0POB'St HACEJICHHSI IAaHUX TEPUTOPIH.

InTenekryanpHi iHGOpPMaLIHHI CHCTEMH MOXKYTh BUPIILIUTH Taki 3a7ayi:

e [HTEepIIpeTyBaTH JAaH1 HEOOXIIHI 1 €KCIIEPTHOI CUCTEMH, TOOTO BU3HAUYUTHU 3MICT JIAHUX iX
KOPEKTHICTb 1 JIOCTOBIPHICTH 1110 Nependavae ObaraToBapiaHTHUHN aHai3.

e [[poBecTH NiarHOCTUKY CIIBBIIHOIICHHS O0'€KTY MOCHIIKEHHS 3 TUM KIAacOM O0'€KTiB sKi
MO>KYTh BUKJIMKATH BIIXWUJICHHS B1J HOPMHU B JOCTIIPKEHHSX 1 IPUBECTH 10 XUOHUX PE3ysIbTaTiB.

¢ 31IICHUTH  MOHITOPMHI  €KOJIOTIYHOTO  CTaHy  HIPUPOO3AMOBIAHOI  TEpUTOPIi,
IHTepIpeTyBaTH JIaHi B peaJlbHOMY 4aci 1 pearyBaTH Ha BXiJIHI 1 BUXiHI TapaMeTpH.

eHa erami mnpoexkTyBaHHS MOKHa NPOBECTH cleUU(]IKail0o Ha CTBOPEHHsSI O0O0'€KTIB 13
3a3/aJerilb BU3HAYCHUMH BIIACTHUBOCTSIMH, IMIArOTYBaTH MOKyMeHTalito. [IpoexTyBaHHS 103BOIISIE
TICHO TIO€IHATH JIBA MPOLIECH MPOLIEC BUBEACHHS PILIEHHS 1 MPOIEC MOSICHEHHS.

e [[porHo3yBaHHs OJUH 13 BaXJIMBHUX €TaliB BUKOPUCTAHHS IHTENEKTYalbHUX 1H()OpMAaLiHUX
CHCTEM JI03BOJIsIE TepeA0aYNTH HACIKY BIUIMBY THX YU 1HIIMX YUHHHUKIB HAa €KOJIOTIYHY CUTYaIlilo,
noJii abo sBMINA Ha MIJACTaBl aHaNi3y HAasABHUX JaHUX. Taka cHUCTeMa 3MO)Xe€ BMBECTH HMOBIpHIi
HACITIJIKH, BAKOPUCTOBYIOUH TTapaMeTPUIHO-IHHAMIYHY MOJIEIb siKa Oy/ie OCHOBOIO JUIS MPOTHO3Y 32
HMOBIpHICHUMH OIIIHKaMHM IJIAHYBaHHS 1 3aCTOCOBYE MOJIENb MOBEIIHKU peabHUX O0'€KTIB 3 THUM,
1100 JIOT1YHO BMBECTH HACIHIJIKHM IJIAHOBAHOI AISUIBHOCTI Ha TEPUTOPIi MPUPOA03aOBITHOTO (QOHTY.
3HaueHHs mapaMeTpiB YiTKO BiMOBIAATUMYTh 3a/1aHIi CUTYaIIii.

e 3aaya HAaBYAHHS TOJIATAE Y 1arHOCTYBaHHI TOMIJIOK 1 MPUHAHATTI MPABWJIBHOTO PIIlICHHS.

eKepyBaHHs — 1IIe OJHA 3aJada IHTEIEKTYaJIbHOI CHCTEMH, SKa BKJIIOYAE (PYHKIIIIO
YIIPaBIIHHS MOBEIIHKOIO CKJIAJHUX €KOCUCTEM BIAMOBIAHO JI0 3aaHUX Crierdikarii

e3anavya MIATPUMKH HPUHHATTS PilIEeHb MICTUTh CYKYIHICTh HPOLERyp sKi 3a0e3meuyloTh
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¢axiBusg HEOOXiTHOIO iH(pOPMaLIi€I0 IO 103BOJIsiE BUOpATH 3 Oe371iui BapiaHTiB NOTPiOHE pillIeHHS .

[Ipu BuKopucTaHHI 1HGOPMAIIMHUX CHCTEM 3aCTOCOBYIOTh IJIXOAM SIKI JIO3BOJISIOTH
e(EeKTHUBHO BiACITIIKOBYBATH Ta OI[IHIOBATH CTaH TEPUTOPIi MPHPOI03AMOBIIHOTO POHIY:

e AHaI3 CYNyTHHUKOBHUX 3HIMKIB. CHcTeMH OOpOOKHM 300pakeHb MOXKYTh aBTOMAaTHYHO
BH3HAYaTU 3MiHU Y MPUPOJHBOMY CEPEJOBUII, BKIIIOYAIOYM BUPYOKY JIICiB, 3MIHU B POCIMHHOCTI,
3a0pyTHEHHS BOJM 1 MIOBITPS.

e [IporHo3yBaHHs 3MiH. Mopeni iHTENEKTYyaJbHOIO HaBUYAHHS MOXXYTh BHUKOPHUCTOBYBATU
CTaTUCTHYHI JIaHi JUIsl MPOrHO3YBAaHHS 3MiH Ha JJOCIIJDKYBaHiil TepHUTOPIi.

e Mounitopunr. CucremMu posmi3HaBaHHS 00pa3iB MOXYTh AaBTOMAaTHYHO BHU3HAYaTH
pPI3HOMAaHITHI BUAM POCIWH 1 TBapUH HA OCHOBI 300pa)KEHHS Ta ayAio3allvciB, IO JOIOMAarae
BiJICTE)KYBaTH 3MiHU B CTaH1 JIOCII[)KYBaHOT €KOCHCTEMHU.

e OrmiHKa €KOJOTIYHUX I1HJEKCIB. I[HTeNeKTyanmbHI CHCTEMH MOXYTh OOPOOIATH pi3HI
rmapaMeTpy €KOCHCTEeM 00 po3paxyBaTH IHJIEKCH TaKi SK 1HJIEKC CTalOlIbHOCTI €KOCHCTEMH abo
1HICKC PI3HOMAaHITHOCTI, 10 JIONIOMAra€ B OIIHI[I CTIKOCTI i€ €EKOCUCTEMH.

OcHoBaHa yBara rnoBuHHa OyTH 30cepeKeHa:

—Ha BHPINICHI 3araJlbHAX 3aKOHOMIPHOCTEH 1 MEXaHi3MiB B3a€MO/Iii OpraHi3miB 3 (pakTopamu
HABKOJIMIIIHBOTO PUPOTHOTO CEPEIOBUIIIA;

—Ha PO3poOIli METOMOJOrIT BCTAHOBJICHHS KUIBKICHMX 1 SIKICHUX 3B’SI3KIB MK CTCIICHEM
BIUIUBY PI3HUX WIKAMUBUX (DAKTOpiB Ha CTaH 3J0POB’S OKPEMUX KOHTHHIEHTIB HAcEJIeHHS Ta
MIPOTHO3YBAHHS IIMX TPOIIECIB;

—yIIOCKOHAJIEHHSI Teopii Ta MPaKTUKW periaMeHTallii KIIMaTU4YHHX, (PI3UYHMX Ta I1HIIUX
(hakTOpiB B PI3HUX CEPEOBUINAX;

—HaMpPsIMKIB MOIIYKY IIJISXIB MiJBUIICHHS PE3UCTEHTHOCT] OpraHi3MiB, HOro HaliHHOCTI MpH
BIUIMBI IIKiNTMBUX (DaKTOPIB;

—METOJIM 1 TEXHOJIOTii 3amobiraHHs Ta YCYHEHHs BIUIMBY LHX (DakTOpiB Ha OpraHizm
nronuHu[4].

Tomy neranbHe BUBYEHHS OpraHizalii B3aeMOJlii )KUBUX CUCTEM 3 MPUPOJHUM CEPEAOBHUIIEM
BUMarae g KOMIUIEKCHOTO JOCHI/DKEHHS Ta aHali3y iX CTaHIB CHCTEMHOrO IMAXOAy —
BCECTOPOHHBOI'O aHaNi3y TEpUTOPIi MPUPOI03aNOBIAHOTO (POHAY 3a JOMOMOTOI0 1HTEIEKTYaIbHUX
CUCTEM, SIKI MOXKHA HAaBUMTHU aHaJI3yBaTH 3 HaMpI3HOMAaHITHIIIMX CTOPIH BIUIMBH aHTPOIOTEHHUX
¢dakTopiB Ha enemeHTu Oiochepu[S]. IHTENEKTyanbHOIO CUCTEMOIO MPOBOAUTHCS TIIMOOKHUNA aHai3
e(deKTIB IMX BIUIMBIB 3 METOIO0 BUSBICHHS HAWBaXJMBIMIUX CTOPIH IJIs ONTHUMI3allli B3aeMOJIii
KHMBHX CHCTEM 3 HAaBKOJIMIIHIM CEPEOBUIIEM, Ta KEPYBAaHHS CTaHAMHM L[bOTO CEPEOBUIIIA.

Ile no3BOMMIIO 6 YCHIITHO peaTi3yBaTH HACTYITHI KOMIUIEKCH MTUTaHb:

—IUIAXU Mirpamii IKiAJTUBUX J1s1 )KUBUX CUCTEM PEYOBHMH B €KOCHCTEMAX;

—PO3MNOJ1T LUX PEYOBUHU B IPUPOJTHOMY CEPETOBHIIL];

—iX KOHIIHTpalis B TOMY YW IHIIOMY eJeMeHTi Oiocdepu Ta OioleHO31 B HIJIOMY, i
JAHAMIKa;

—sKy Jif0 31MCHIOE TIABUIICHUN BMICT MIKiIJIMBUX PEUOBUH B HABKOJIUIITHHOMY CEPEIOBHIII
Ha ’KMB1 CUCTEMH 1 SIKa PEaKIIis [IUX CUCTEM;

—SIK1 ONITUMAJIbHI IIJISIXM YCYHEHHsI a00 HelTpanizarii Aii mKiAIUBUX (HaKTopiB.

BupimeHHss MX THTaHb JO3BOJSE BCTAHOBUTH CTaH TNPHUPOJHOTO CEpEeIOBHUINA TPH il
AHTPOIIOTEHHHUX 1 TEXHOTeHHHUX (aKTOpPiB, 10 HAJIAE MOXKJIHMBICTb MPUUMATH PIIIEHHS 1O BHOOPY
ONITUMAIIFHUX METOJIB T4 METOJUK IO YIPABIIHHIO CTaHAMH MPHPOTHOTO CEPEIOBHINA TCPUTOPIH

Ha nmpukmami kypopty MopmuH BHAHO, M0 PO3BUTOK E€KOCHCTEM  TEPUTOPIH
MPUPOJIO3ANOBIAHOTO (GOHAY — 1€ Hacammepen 30epeXeHHS 1 palioHalbHE BHUKOPHUCTAHHS
npuponHux pecypciB [5-6]. A opHi€r0 i3 OCHOBHHX 3aJay CTa€ BUBYCHHS MEXaHi3MiB, sKi
BU3HAUYAIOTh JIMHAMIYHI BJIACTUBOCTI TIPOIECIB, MO BiIOYBAaIOThCS BUOPAHOMY MPUPOIHOMY
cepenoBuili. Tomy, iCHye HEOOXITHICTh B pO3pOOIIl CIeIiaIbHUX METO/IB, K1 O JO3BOJISUIM BUBYATH
JUHAMIYHI BJIACTUBOCTI NPUPOAHUX OO €KTIB, HE MIJNAI0YU X pyHHYBaHHIO. A 3aCTOCYBaHHA
IHTEJIEKTYJIbHIUX CUCTEM JOCITIIKEHHS Ta TPOTHO3YBAHHS CTaHIB MPUPOIHOTO CEPEAOBHINA HA BCIX
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pIBHSAX 1 IHTENEKTyaJIbHUX CHCTEM YIIPaBIiHHSA CTaHaMU MPUPOJHOTO CEpeAOBUINA MpH il

AQHTPOIIOTCHHUX Ta TEXHOTEHHUX (AaKTOpPiB B KOMILIEKCI

CTaHOBUTHUMYTb

IHTEJIEKTYaJbHY

TEXHOJIOT10 KEpYBaHHS CTAHAMHU €KOCUCTEM, CTPYKTYpa SIKO1 IpecTaBieHa Ha puc. 1.

| BA3A JIAHUX |
[TpuiiHATTS pineHb [TpuiiHATTS pineHb
| Bucuosku | | 3mammslpony | | Bucwosku | | 3mammslpoxy |
1o 110 YIIPaBIIIHHIO
| Excnepr | | Excnepr |
CTaHax CTaHaMH
3uaunns Il pony IaTepdeiic 3uanns Il pony IaTepdeiic
KOpHCTYyBaya KOpHUCTYBaya
€KOCHCTEM €KOCHCTEM
4 4
| ¥ BAHK JJAHUX \
14 %
I[ocnimlc!HHﬂ CTaHiB MonemoBaHHX CTaHIB
O06pobOxka Ominka i bnok indopmarii
IIPOrHO3YB.
€KOJIOTIYHOT CTaHIB
iHdopmarrii €KOCHCTEM bank monenen Cunres
1- monens MOJEIIEN
Amnauiz 30ip 2 — MOJIeINb
€KOJIOT1YHOT €KOJIOT1YHOT e IIpencrasnen.
1H(popmarii 1Hdopmarii N — MOJIEb pe3ynbTariB
| Iarepdeiic koputyBaua | Intepdeiic kopuctyBaua
€KOCHCTEM €KOCHCTEM

EKOCHUCTEMHU

I !

OOPMVYBAHHA TA PEAJIIBALLA YITPABJIAKOUMX BIUIMBIB

OCTATOYHE ITPUUHSTTS PILIEHD

OPI'AHU T1O OXOPOHI ITPUPOJHOI'O CEPE/IOBUIIIA

\

<

Puc. 1. CtpykTypa iHTEIeKTYaIbHOI TEXHOJIOTIi KepYBaHHS CTaHAMH €KOCHCTEM

OcrarouyHe NPUUHATTS pilIEHHS J03BOJIUTH MEPEHTH 10 MPOTHO3YBaHHS CTAaHy TOTO YU
IHIIIOTO €KOJIOTIYHOT'0 TPOIECY Ha JOCHIKYBAHMX TEPUTOPISX 3 METOK ONTUMI3allli AisIBHOCTI
JIOAMHU IIOJ0 3a0e3NedyeHHs MIHIMAJIbHOTO CTYNEHs i HEraTMBHOIO BIUIMBY Ha €KOJIOTiYHe
cepenoBuIne. SKmo MoxkHa OyJie 3MOJIEIIIOBATH CTaH €KOCHCTEMH Ha TEpUTOPil MOPIIMHKYpPOPTY ,
TO BIJIMOBITHO MO>KHA OyJle CIIPOrHO3YBATH 1 CTaH eKOCUCTeMHU TepuTopiit Tpyckasist 1 CxigHuUI, SKi
MalOTh CXOXI1 TNPUPOJHI CepeloBUIIA 1 MOXYTh TaKOXX NpPETEHIyBaTH Ha CTaTyc TEPUTOPIH
MPUPOI03aMOBITHOTO (HOHAY Ta KYpOPTIB JAEPKABHOTO 3HAUCHHS. 3a JOMOMOTOK) MOJICIIOBAHHS
OJICPKUMO MOXKJIMBICTD OIIIHIOBaHHS TOTEHIIMHUX HACTIAKIB 3aCTOCYBAaHHS PI3HUX CTpaTrerii
OIIEPaTUBHOTO KEPYBAaHH T BIUIMBY HA €KOCUCTEMY.
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Pekpeariiiti pecypcu perioHiB MOXKHa €()eKTUBHO BUKOPHCTOBYBATH 32 YMOBHU PO3POOJICHHS,
BIPOBA/KEHHSI Ta BUKOPUCTAHHS CyYacHHMX 1H(GOpPMAIIHHUX TEXHOJIOTIM Yy JOCHIKCHHI CTaHIB
exocucreM [7-8]. B mocnipkeHHsSX HEoOXiHAa po3poOKa OOIPYHTOBAHOI JOBrOCTPOKOBOI CTparerii
i 3 BpaxyBaHHSM YCi€l CKJIQJHOCTI E€KOJIOTIYHUX Ta colianbHux (akropiB. s onTumizarii
B3a€MO/IiT KUBHUX CUCTEM 3 HABKOJHIIHIM CEPEAOBUIIEM, Ta KEPYBaHHS CTaHAMU I[LOTO CEPEIOBUIIA
MPOBOJATH ITMOOKHMI aHaii3 e(eKTiB WX BIUIMBIB. A I KUIBKICHOTO BHBUEHHS LIUX MPOIECIB 1
CTBOpEHHS iH()OPMALIIHUX CHUCTEM BUKOPHCTOBYIOTh METOIM MATEeMATHYHOTO MOJICIIOBAHHS, SKi
J03BOJISIFOTh ~ IIPEJCTAaBUTH IEPEHOC 1 TEPETBOPEHHS IIKIUIMBUX PEYOBHMH B IPUPOAHHUX
cepenoBuinax[9-10]. 3MiHHUMH TaKUX MOJICIICH € BEIUYMHH, IO 1ICHTHU(IKYIOTh BMICT B €JI€MEHTaX
Olocdepu pi3HUX PEUOBHH, SKI [UPKYIIOIOTH Y MPUPOi. B KOXHIN 3 UX MOJEIeH pO3TIIsIaeThes
CyMiCHa JUHaMiKa [IJI0r0 KOMILJIEKCY PEYOBUH B MPUPOJHUX CepeoBUIIIax abo pi3Hux ¢a3 (TBepnoi,
piIMHHOI, Ta30moAiOHOi) oaHi€l 1 Ti€l K pEUYOBMHHU. B cydacHHMX MOZENISIX 3MiHHI TEpPEeBa)KHO
JIe3arperyloThesl O MPOCTOPY, TOOTO PO3IIIAAAETHCS BMICT JJaHOI PEUYOBHHU B OKPEMOMY €JIEMEHTI
6iocthepu, a He B OioreoneHo3i, uu B 6iocdepi B iIoMy.

OCKUTbKH TIKIJJIMBI PEUOBUHU IMOCTIHHO MITPYIOTh, BaXJIMBHM € JOCIIPKCHHS IHHAMIKU
CTaHIB €KOCHUCTEM TEPUTOPIH MPHUPOA03aMoBIAHOrO POHIY Ta KOHIEHTpalii MKIAIUBUX PEUOBUH Ha
HuX. Pi3HI pe4OBUHH, ONMHUBIIKNCH B aTMOC]EPi, MOKYTh IEPEHOCUTUCH TOBITPSIHUMHU MTOTOKAMH 32
paxyHok mpoueciB audysii, ocigatu B aepo30iuX, BHUBOJUTUCH 3 arMmochepu ormajaamu,
HAKONMYYBaTHCh B I'PYHTaX, NEPEHOCUTHCH BOAOTOKAMH, BCTYIAIOUM NPU IOMY B Pi3HI XiMidHI
peaxuii i CTBOPIOIOYM Pi3HI OpPraHiyHi 1 HEOPraHi4yHi CIONYKH, SKi MOTIM OyAyTh BIUIMBAaTH Ha
XIMIYHHIA CTaH BOJM sSKa € OCHOBHHMM MUTIONIMM 0ararcTBOM IUX TEpHUTOpPii. s KiIbKiCHOTO
BHUBYEHHS LIUX IIPOILIECIB 6yz[eM0 BUKOPUCTOBYBAaTH CaM€ METOJU MaTeMaTHYHOTO MOJICIIOBAHHS, SIK1
JI03BOJISIFOTH B TIEBHIN Mipi CHHTE3yBaTH MPEJCTABICHHS PO XapakTep reoismuHuX Ta TeOXIMIYHUX
IIPOILIECIB, B 3arajJlbHUX pHCax MPEACTaBUTH IEPEHOC 1 IMEPEeTBOPEHHs ILIKIUIMBUX PEYOBUH B
MPUPOJHHUX CEPEOBUIIAX. 3MIHHUMHU LUX MOJENEH € BEIMYMHH, W0 iACHTUQIKYIOTh BMICT B
eleMeHTax Oiocepu pi3HMX PEYOBMH, SKI LUPKYIIOIOTH y HpupoAi. B koxkHIN 3 1mux mozeneit
pO3IIAaeTbcsd CyMiCHA JMHaMiKa LIJIOTO KOMIUIEKCY PEYOBHH B MPHUPOAHMX CEpeJoBHIIAX abdo
pi3Hux (a3 oaHiel 1 Ti€l % pedoBUHU. B cTBOproBaHiil Mojeni BUpa3 KU BU3HAYa€ BMICT PEYOBUHU
B BOJ1, [PYHTI 4YM MOBITP1 MICTUTh 3aJICKHI 3MIHHI SIKI MalOTh MEPEBAKHO TPU 1HIAEKCHU: THAEKC JUIS
MO3HAYeHHsI 00JIaCTI MPOCTOpY; 1HAEKC Ul MO3HA4YeHHs reo(i3MYHOro CepelOBUINA; 1HIEKC IS
MO3HAYEeHHsS caMmoi pedyoBUMHHU. OIIHKA, aHali3 Ta IPOTHO3YBAHHSA CTaHIB €KOCHCTEM B JaHI|
IHTEJIEKTYalIbHIM TEXHOJOTil MPOBOJUTHCS Ha OCHOBI JaHIOriB MapkoBa. J[ns 1mporo craHu
€KOCHCTEM IMIPEJACTaBISAIOTh Yy BUINISAAl 1€papXiuHOi CTPYKTYpH, Ji€é cTaHu Oiocdepu Ta
JOCHIJKYBAaHMX  O10r€OlleHO31B  MPEACTaBIAIOTECA TpadaMu  YOTHPHOX  CTaHIB:  «HOOpHil»;
«3aZIOBUTHHUNY»; «HE3aJOBUIBHUINY; «IIOTaHUN» — SIKI BUBYAIOTHCS KOHIEHTPAINEID IIKIIJIUBOI
peuoBHHH eneMeHTa Oiocepu meBHOI Tepuropii. TOMy KOHIEHTpALilO IIKIJUIMBUX PEYOBHUH B
Mojieni OyJie OMUCAaHO YOTHpMa CTaHAMH: «HOPMay; «HUXKYE HOPMHY; «BHIIE HOPMHY»; «CYTTEBO
BUIIIE HOPMIY. 3HAUEHHSI IUX CTaHIB JUI1 KO)KHOT PEUOBHHU MOXKYTh OyTH PI3HUMH.

3HaueHHs! IHTEHCUBHOCTEW MEpeXo/iB 13 CTaHy B CTaH JJIs KOKHOTO €JeMEHTa lepapXiuyHoi
CTPYKTYPH MPEACTABISAIOTH COO0I0 CTAaTUCTUYHY iH(pOpMaIlito, IKYy MO)KHA OTPUMYBATH B pe3yJbTaTi
(GYHKI[IOHYBaHHS JOCIII)KYBaHOI CUCTEMH.

JUis OIiHKM Ta MPOTHO3YBAaHHS CTaHIB LIMX EKOCHCTEM TEPUTOpPill MPHUPO03aroBiAHOTO
¢dbonny 1 iX eneMeHTiB, iIHQOpMaII0 AOLUIIBLHO 30UpaTH B pi3HI MPOMDKKHM 4acy (YHKIIOHYBAHHS
cUCTeMH. 3MIHCHIOBATH JOCTI/DKEHHS CTaHIB KOHILEHTpalii IIKIVIMBUX PEYOBMH Ta CTaHIB
€KOCHCTEM B JUHAMIYHOMY Ta CTAlllOHAPHOMY PEXXHMMAX, 1110 103BOJISIE MPOTHO3YBATH 111 CTaHH.

OTxe, OIliHKA CTaHy TEPUTOPIi IPUPOA03aNOBITHOTO (POHY € BaXKJIMBUM €TarioM B Mpoleci ii
YIOPaBIiHHSA Ta OXOPOHH, OCKUIbKM HAJla€ BAXIMBY 1HGOpMAIiI0 i IPUWHATTS pillIeHb 3 METOI0
30epexeHHss OlOpI3HOMAHITTS Ta CTIMKOCTI MNPUPOJHOIO CEpeOBMINA Ha JaHiil TepuTopii.
[HTENeKTyabHI CUCTEMHU JIO3BOJIAIOTH 310paTH AaHi, NMpoaHaIi3yBaTH, BHSBUTH 3arpO3H, OI[IHUTH
CTIMKICTh €KOCHCTEMH 10 3MiH, BKJIIOYAIOYM 3MiHY KJIIMaTy, 3a0pyaHEHHS Ta iHIII (aKTOpH,
BpaxyBaTH Pi3HI MOKa3HUKHU 3JI0POB'Sl €KOCHCTEMHU. | Ha OCHOBI CTBOPEHOI MAaTeMAaTHYHOI MOJEINi
BUKOPUCTAaTH OTPUMAaHi pe3yjibTaTH Uil MPOTHO3YBAaHHS MOJIMBHUX 3MIH B CTaHI €KOCHCTEMH 3
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METOIO 3amoOiraHHsl pPi3HOMaHITHUM 3arpo3aMm siKi MOXYThb BUHUKHYTH B MailOyTHBOMY Ha JaHUX
TEpUTOPIAX. IHTENeKTyanbHI CHCTEMH JO03BOJIATH 3aCTOCYBATH PO3POOJICHY MOJENb, 3AiHCHUBIIN
MOTIEPETHIO OIHKY, J0 TEpUTOPiil SKI MOXYTh CTaTH HPUPOO3AMOBIIHUMH MAlOUd B CBOEMY
apceHalll CX0KHi HaO1p MPUPOTHUX IMapaMeTPiB.

B nauiii poGoti OyB MpOBEACHHI aHANI3 IHTENEKTyalbHHX CHUCTEM 3a JOMOMOTOK SKUX
MOXHa BUKOPHUCTATH 1HTEICKTyaJIbHY TEXHOJIOTIIO OILIHKW CTaHIB TEPUTOPIA MPHUPOI03aIIOBITHOTO
¢donny. Ha ocHOBI MOJENbHUX IOCTI/DKEHb JWHAMIKK CTaHIB €KOCHUCTEMH OyAyTh c(pOpMOBaHi
KpUTepii SIKOCTI Ta IOMYCTHMiI OOMEKEHHsS. MOJeItoBaHHS CTaHIB 1HTEICKTYaJIbHOIO CHUCTEMOIO
BUKOPUCTOBYETHCS 3 OJIHIET CTOPOHU JJISl MPOTHO3YBAHHSI CTAaHIB €KOCUCTEMHU IIPU HAsIBHOCTI B OaHKY
JaHUX TI0YaTKOBUX YMOB, a 3 JIPYroi CTOPOHM JUIS TPOTHO3YBAaHHA IUIIXOM MOPIBHSHHS 3
€TaJIOHHUMH JJAaHUMH MIPOTHO3Y 10 MICTUTHCS B OAHKY JAHHX 1 AKMHA OTPUMAHUH IIJISIXOM peatizanii
MaTeMaTUYHUX MOJEJIel IPH 3aJaHNX OYaTKOBHX YMOBaX.
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BIIPOBAI)KEHHS SMART TA 10T TEXHOJIOT'TH JJ151 CACTEM TEILITO- TA
EJEKTPOIIOCTAYAHHSA

Hneuxo Bonooumup

Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuixay
JIvsis, Yrpaina

Volodymyr.l.Yalechko@Ipnu.ua

VY cTarTi po3rIsIaloThCs MEPCIIEKTHBY Ta MOYKIIMBOCTI PO3BUTKY €HEPTeTUYHOTO KOMILICKCY
YkpaiHu 1 MOXIJIHMBICTH CTBOPEHHS CYYaCHOTO CHEPrOKOMILICKCY 3a PaxyHOK BIIPOBAKCHHS
konnenuii Smart Grid. B crarTi onucani cnocodu ocy4acHEeHHsS! eHePreTHYHOTO KOMIUIEKCY Y KpaiHu
OTMMUPAYKNCh HA BIJIMOBIIHI TEXHOJOTIYHI PIMIEHHS Ta TEXHOJIOTIi. Y3arajJbHEHO NPEICTaBICHO
MOPIBHSUIbHY XapaKTEPUCTUKY BIIACTUBOCTEH JIIOYMX CHEPTETUYHHUX CHCTEM 1 CHEPIeTHYHUX CHUCTEM,
K1 MOXKYTb OyTH chopMoBaHi Ha 0a3i TexHosoriit Smart Grid Ta IoT.

Kniouosi cnoea: mepesica, 10T, pobomomexnika, enepeemuyHuil KOMNIEKC, MOHIMOPUH2
obnaounanus, 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 KOXKHUM POKOM LHM(POBI TEXHOJIOTIT 3MIHIOIOTh MOBCSAK/IEHHE HUTTS, CTBOPIOIOYU
3acagu JUIsl CTaloOro COLIabHO-€KOHOMIYHOTO po3BUTKY. ChOTrOJHI Yy CBITI MOIIMPEHUMH € TaKl
mudposi texHozorii, sk IoT, 3D-apyk, xmapHi oOuucieHHs, pOOOTOTEXHIKa, JPOHH, OJIOKYElH,
JIOTIOBHEHA, BipTyajibHa Ta 3MmimaHa peaibHICTh (AR, VR, MR) ta iHmi. 3aBasku aBTomaTu3alii ta
pPOOOTOTEXHIlll, CEKTOp IPOMHUCIOBOCTI Ta EHEPreTUKU 30KpeMma, CTa€ OuIbII NPOJYKTUBHUM
(manpuknaa, 3a gornomMororw 3D-npyky), 3MEHIIYIOThCS 3001, 3yMOBIICHI MOJIOMKOKO BIMOBITHUX
YCTAaHOBOK Ta 00JaHaHHs (HAMPHKIAJI, 32 JOMOMOTO0 aBTOMAaTH30BaHOTO o0ciyroByBanus) [1, 2].
Intepuer peueit (IoT) — TexHoiOrIs, SKOIO MIATPUMYETHCS 3B’SI30K MEpEX1 KOMIT IOTEPU30BAHUX
IpUCTPOIB 3 I[HTEpHETOM, IO BHUKOPHCTOBYIOTH MIKPOKOHTPOJIEPH, PI3HOMAHITHI JATUMKH Ta
amapartHi 3aco0u 0e3pOoTOBOTO 3B’SI3KY /s 300py, Mepeaadl Ta BUKOHAHHS i moj0 iHdopmartii. B
OCHOBI KOKHOTO MpUCTpoIo B cucteMi [oT 3HaxomsaThCs AaBaui, ki 30MpaloTh Ta MepeAar0Th JaHi 10
“xmMapu’ 3 METOKO TIOABIIOrO iX aHali3y, 00poOKH Ta MpUAHATTS “po3ymMHuX’ pimeHb[1]. CydacHi
HaBaHTAXEHHS Ha €HEProCHCTEMY BHMAraloTh IIBHJIKOTO 1 MaKCHUMAaJIbHO TOYHOT'O aHali3y CTaHy
pobovoi cucTteMu IS JIOKadi3aiii HEeMoyiagok, ado iX 3amobiraHHsS 3a JOMOMOTOK IPOTHO3Y
HAaBaHTA)XCHb HAa OKpPEMi CErMEHTH CHUCTeMH. B IIbOMYy TUIaHI €HepreTH4yHi Mepexi Bce Ouiblie
BAMAraloTh JIOTIOBHEHHS HOBHMH NH(PPOBUMH IHTEIEKTYAIbHUMH PIIICHHSAMH, 3JaTHAMHU
JI0TIOMaraTu BUKOHYBATH 3aBJaHHs 300py Ta aHaNi3y BEJIUKOI KIJIbKOCTI IaHUX.

IlocTranoBka nmpodaemu. Metoro poOOTH € TTpOBENCHHs orisAoBoro aHam3y Smart ta [OT
TEXHOJIOT1H B cHCTeMax TeIIo- Ta eJIeKTPOoNnocTadyaHHs YKpaiHH Ta OlliHKA MEePCTIeKTUB 11 pO3BUTKY.

PesyabTatn gociimkenb. Y TpanchopMoBaHOMY MHUGPOBUMH TEXHOJOTISIMH  CBITI,
aKTyaJbHOCTI HaOyB mpoliec po30yI0BU smart-TeXHOJOT1H y Pi3HUX acleKTax >KUTTA Ta TisSIbHOCTI
(smart-micTa, smart-eaepreruka tomro) [1, 3]. Bukopucranust smart-texHosoriit s 300py JTaHUX
PO 3aTOPH, BUKOPHUCTAHHS EJEKTpOeHeprii abo BOAM, a TaKOX IPO piBEHb SKOCTI MOBITPS,
€KOJIOTIYHOT 0OCTAaHOBKH B IIIJIOMY, CTaHY MEPEX y Jenaiai OUIbIIii KIJTbKOCTI MOKpAIlye HaaaHHS
BIJNOBITHOI MOCIyrd. Pa3om 3 TuM, NONpPH MHUPOKY JTOCTYIHICTh PI3HUX smart-pillieHb Ha PUHKY, iX
BIPOBAKEHHS 3AJUIIAETHCS HA PIBHI MJIOTHUX TIPOEKTIB.
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CyTTeBY posib y CTBOPEHHI KOM(DOPTHUX YMOB Ul KHUTTS BIJirpa€e CEKTOpP €HEpreTHku. Bin
PO3BUTKY CEKTOPY €HEpPreTHMKM 3aleXHuTh Oe3mnepeOiiiHe eNeKTpo- Ta TemIOoNoCTa4aHHs
CMOXHMBayaM, a Bil BUAY TeHepalii — eKomoriyHuii  ctan  jgoBKUmiA.  CyuacHWd  pO3BUTOK
CHepreTUYHOr0 CEeKTOpy 3aCHOBAaHMM Ha TpbOX TOJOBHUX 3acajax — JeKapOoHi3alisd,
AeueHTpanizamis Ta mudposizamis. ToMy mojmanplie MOMMPEHHS IUX 3acaa y TpaHchopmarii
€HepreTUYHOro CEeKTOpy MaTHME CYTT€BMH BIUIMB Ha IIOIIMPEHHSA SMart-rexHosorii y
€HEePrOCEeKTOPI.

VY psni €BponeHChKUX KpaiH MpoLec MOJEpHi3alli €HEpreTMKH B HaNpsIMKy CTBOPEHHS
«PO3YMHHX» MEPEX EJIEKTPOINOCTauYaHHs, CHCTEMHO 1 TIIOCIIJIOBHO i/ie¢ BXX€ TpUBaIMH dYac.
«IHTeneKkTyaapHe» KEPIBHUIITBO EJICKTPOMEpEker 3a0e3nedye aBTOMATH3aIll0, MOHITOPUHT 1
KOHTPOJIb Tepeiadi B 000X HalpsiMKax €Heprii Ha BCiX eTanax — Bijl eJIeKTPOCTaHLIi A0 CIOKHUBayYa.

Croroani HaibuIbm MacmTabHi nporpamu 3xaiicHIoOTEC B CIIA, Kanaai 1 y Bcix kpaiHax
€Bpocoro3y, ocobonuBo B Jlarsii, Itamii, ®pannii, Himeyunnu. o cepeaunn 2020-2025-x pokis
100%-¢ ocHareHHs cMapT-TiumibHiKaMu anyetbes B CIIA, Kutai, Bpaswii, SAnowii [1, 2, 7].

B Vkpaini poboTta Hax BOPOBAKEHHSIM TEXHOJIOTIH «PO3YMHHUX» MEPEK B €HEProcHUCTeMi
posmouanacs BimHOCHO HemaBHO. Hampukmax, 3 2014 poky Oenbrificbka kommanis Tractebel
3aiMa€ThCST PO3POOKOIO 1 BIPOBAKCHHIM HHU3KH MIJIOTHUX TEXHOJIOTiH 1 mpoekTiB Smart Grid Ha
piBHi cucremHoro omnepatopa — HEK «Ykpenepro». Omneparopu cucTeMH pO3NOALTY TaKOX
MOCTYIIOBO HAMArarThCsl BIPOBA/DKYBATH €JICMEHTH PO3YMHHX €JICKTPHYHUX Mepex [7].

Pesynbrarom BmpoBamxkeHHs Smart Grid mae ctatu mosiBa eHeproiHdopMaiiiHoi Mepexi.
OcnogHi nepeBaru Smart Grid:

— HQIIHHICTB Ta AKICTh enekTponocTadanHs (Smart Grid 3amo6irae MacoBUM BiTKIIFOUYCHHSIM,
3abe3neuye HaJliiHE MOCTaYaHHs €Heprii);

— Oesneka (Smart Grid mOCTIAHO KOHTPOJIIOE BCl €IEMEHTH MEpEeKi 3 TOUKU 30py Oe3MeKu ix
(byHKIIOHYBaHHS);

— eHeproe(eKTUBHICTh (3HMKEHHS CIOXHMBAHHS €JEeKTPUYHOI eHeprii; ONnTUMalibHe
CTIOKMBAHHS TIPU3BOAUTS JI0 3HIDKEHHS TOTPEO B MOTYKHUX T€HEPYIOUUX MOTYKHOCTSX);

— €KOJIOTisl Ta OXOPOHA HAaBKOJIMIIHBOTO CepeIoBUINA (HAWTOJIOBHIINN e(heKT JOCATAETHCS 3a
pPaxyHOK 3HI)KEHHS KUIBKOCTI 1 NHOTY)KHOCTEM TeHEepyl4HX €JIIEMEHTIB Mepexi, Le Beae, A0
3HWKEHHS BUKUY BYTJIEKHUCIIOTO razy B atmochepy);

— EKOHOMIYHI TiepeBaru (3HIKEHHsSI BHUTpAT; CIOXWBa4dl MalTh TOYHY 1H(OpMaIli0 Mpo
BapTICTh 1 MOXKYTh ONITUMI3YyBaTH CBOi BUTPATH HA €IEKTPUUHY UM TEIJIOBY €HEPTiI0).

V¥ pamkax xonuenuii Smart Grid iHTeNnekTyajllbHa €HEpreTHYHa CHUCTEMa PO3IJIISIA€ThCS SIK
€lMHa Mepeka 1H(popMaIiiiHO-KepyIOUrX CUCTEM, 1110 3a0e3euye:

— 1HTerpaiilo BCiX BMIIB reHepauii (y TOMy uuciai Majoi reHeparii) 1 Oyab-siKi THIH
CMOXKMBAYiB (BiJ IOMAIIHIX TOCMOJAPCTB J0 BEIMKOI IPOMHUCIIOBOCTI) JUIsl CUTYalliiHOTO KepyBaHHs
MOMMUTOM Ha TXH1 OCTYTrH Ta 3a0€3MeUeHHs] aKTUBHOI 1X y4acTi y poOOTi eHEprocucTeMH;

— 3MiHYy B peXKHMI peaJbHOr0 Yacy IMapaMmeTpiB 1 TOMOJOTii Mepexi 3a MOTOUYHUMH
PEKUMHUMH YMOBaMH, BUKITIOYalOUH BHHUKHEHHS Ta PO3BUTOK aBapiif;

— PO3LIMPEHHS PHHKOBUX MOXJIMBOCTEH 1H(QPACTPYKTypu WIISXOM B3AEMHOTO HaJaHHS
HIMPOKOTO CIEKTPY MOCIYT cy0'€eKTaMU PUHKY Ta 1HGPACTPYKTYpPOIO;

— MIHIMI3alil0 BTPAT, PO3IMIUPEHHS CaMOJIarHOCTUKM 1 CaMOBIHOBIIEHHS MPH JIOTPHUMAaHHI
YMOB HaJIIHHOCTI Ta SIKOCT1 €JIeKTPOEHEPrii;

— IHTerpauilo MepexxeBoi Ta iHQOpMaLiiHOi 1HQPACTPYKTYypH IUIi CTBOPEHHS PEXHUMHOT
CUCTEMHU KepyBaHHS 3 TOBHOMACIITaOHUM 1H(GOpMAIITHUM 3a0€31E€UEHHSIM.

Eneprernka HOBOTO MOKOJIIHHS — 11€ €HEPreTHKa, J€ HOBE MiJKIIOYEHHS 10 MEpexi MOXHa
OTPUMATH TaK CaMoO JIETKO 1 IMIBUIKO, SIK MIIKIIOYEHHS 10 IHTEPHETY — 3a npuHIunoM plug & play.
3’ABISAETBCA MOXKIIMBICTH MHUTTEBO 3MIHIOBAaTH BHUMOTH JI0 HAIiHHOCTI, 30KpeMa, OTPUMYBaTH
JOJATKOBY HAIMHICTD 4YM MPOAABATH HAUIMLIIKOBUHA peE3epB €Heprii, KOJIM B HbOMY HEMae
HeoOXxigHocTi. EHepris Mae crath «MOOUTBHOIO» Ta OyTH JOCTYIHOIO B OyAb-iKiil TouIli, sK
MOOUThHUI [HTEpHET.
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Y T1abn. 1 mnpencTaBieHO y3arajJbHeHE TMOPIBHSAHHS XapaKTEPUCTHK (PYHKIIOHATBHUX
BJIACTUBOCTEH JIIOUNX CHEPreTUYHUX CHCTEM 1 CHEPIreTHYHUX CUCTEeM Ha 0a3i koHmeniii Smart Grid.

Tabauys 1

IMopiBHsAHHSA QYHKIIOHAJbHUX BJIACTHBOCTEH JAil0UMX eHEPreTHYHUX CUCTEM i
eHepreTMYHUX cucTeM Ha 0a3i koHnenuii Smart Grid

Enepreruuna cucreMa cbOroaHi

Enepreruuna cucrema Ha 6a3si
Smart Grid

OIHOCTOPOHHS KOMYHIKAIIIsI Mk
esleMeHTaMu a0o ii BiICYTHICTb

JIBOCTOpOHHI KOMYHIKaIIii

LlenTpanizoBaHa reHepailis — CKJIaIHO
IHTErpoBaHa PO3MOIiICHA TeHEepaIlis

Posnopinena reneparis

Tomonorist — mepeBaxHO pajianbHa

MeperxeBa TOosoris

Peaxist Ha HacmigKy aBapii

Peaxuiist Ha 3amobiranHs aBapii

PoOora oOnagHaHHS Ta €JIEMEHTIB
S€HEProCHUCTEMH JIO BiIMOBH

MOHITOPHHT 1 CaMO/IiarHOCTUKA, 110
MIOJIOBXKYIOTh TEPMIHH €KCIUTyaTallii 00 HaAHHS
Ta €JICMEHTIB EHEPrOCHCTEMHU

Pyune BinHOBICHHS

ABTOMAaTHYHE BiJHOBIIEHHS -
MepeXi MarOTh 3aTHICTh JI0 CAMO/IIarHOCTUKH

CXUIIBHICTD IO CUCTEMHHX aBapiit

3ano0iraHHs pO3BUTKY CUCTEMHUX
aBapiit

Pyune i1 dikcoBaHne BUAIICHHS MEPEK]

AjanTUBHE BUIIEHHS

[TepeBipka oOagHAHHS Ta €IIEMCHTIB
CHEProCUCTEMH 33 MICIIEM PO3TalllyBaHHSI

Binnanenuii MOHITOPHHT 00IaIHAHHS Ta
€JIEMEHTIB EHEProCHCTEMHU

OOMmerxeHni KOHTPOJIb IEPETOKIB

. VYrpaBiiHHS IEPETOKaMU MOTY>KHOCTI1
MTOTY>KHOCTI

Henoctynna abo cuiibHO 3ami3HeHa
iHpopMallisg po LiHy Ta HapaMeTpH
€HEProHOCIs JJI CII0OKUBaya

[ina Ta B1ANOBIIHI TapaMeTpU EHEPrOHOCIS B
peargbHOMY Yaci

[TpoananizyBaBIIM TOPIBHAABHY XapaKTEpPUCTUKY, HaBeJeHy y Tabia. 1, mMoxHa 3poOuTH
BHUCHOBOK, II0 Y €HEPreTHIl, K TEIUIOBIM TakK 1 eNeKTPOCHEPTeTHlll, BaXKIUBO BIPOBATUTH PH3UK-
opieHTOBaHe KepyBaHHs.IIpHKIaIOM Takoro miaXomy A0 KEpyBaHHS € CHUCTeMa IMPOTHO3YBaHHS
TEeXHIYHOTOCTaHy o0JaJiHaHHA (MIPeIMKaTHBHA aHANITHKA), 1[0 JO3BOJISIE€ CIPOrHO3YBATH BIIXUICHHS
B poOoTi o6nagHaHHs 1 3ano0irae aBapiiiHi cutyanii. CucTeMu IPOTHOCTUKU CTaHy €HEPreTHYHOTO
YCTaTKyBaHHS TEPETBOPIOIOTh IMOTIK TEXHOJIOTIYHOI iH(opMalii y BaXKIUBI IS MEHEIKMEHTY
BimoMocTi. OTpuMyroun JaHl B PEKHUMI OHJIANH, CHCTEMa 3a JOMOMOTOI0 MU(PPOBOTO MOICITIOBAHHS
Ha 0a3i IHTEeNeKTyaIbHUX MaTeMaTHYHUX aJIrOpUTMIB BUSBISE HEOE3MEYHI TEHACHII B MOMEHT iX
3apOPKEHHS, 32 IBa—TPHU MICSII 0 aBapii a00 MOJOMKH. 3aCTOCYBaHHS TEXHOJIOT1H MTPOTHOCTUKU HE
TIIBKU TABUINYE HAAIMHICTh OONaTHAHHS, alleé W T03BOJISIE KOHTPOJIOBATH MIAPSIHUKIB 1 BIACHUN
MIepCcoHal, aHaNII3yBaTH €()eKTUBHICTh POOOTH YCTAHOBOK.

Jlnst 3HMDKEHHST HETaTUBHOTO BIUIMBY Ha €KOJIOTIIO Ta MiJBUIIEHHS €HEePreTUYHOi Oe3MeKu,
JOTUTHHUM € BUKOpUCTaHHs enekTpoeneprii 3 BJIE. Bonnouac, BupoOHHITBO enekTpoeneprii 3 BJIE
HE € TOCTIMHUM, TOMY KpIM TeHepauii 3 BIAHOBHHUX JDKEpeN BaKIMBOIO YMOBOIO Oe3MepepBHOIO
MOoCTayaHHS “BITHOBHOI  €Heprii Mae CTaTH BIPOBA/DKEHHS CUCTEM HAKOMHYEHHS EJIeKTPHUYHOT
eHeprii Ta TeXHOJNOTIN It 3a0e3MedeHHs] CTablTbHOTO eJIeKTPONocTadyaHHs. A 1€, CBOEI0 YEeproro,
MOBUHHO CIIPHUSATH TIPOIIECY JACIEHTpami3alii B EHEPreTHYHOMY CEKTOpl, IO MaTHUME Baromi
pe3yabTaToM 3a0e3neueHHs Oe3NepepBHOrO E€HEprornocradaHHs y cdepi eHepreTH4Hoi Oe3meKu
VYkpainu.

Po3BUTOK BiHOBJIIOBAHOI reHepamii Ta BIPOBAKEHHS ACLEHTPATi30BaHOTO BUPOOHUIITBA
TEIUIOBOT Ta EJIEKTPUYHOI EHeprii MPU3BOIWTH 1O TOCTAYaHHS €HEprii BiJ BEJIMKOI KUIBKOCTI
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BUPOOHMKIB 3aMiCTh OfHI€T CTaHIii, sIK Oyno paHime. ToMy BaXJIHBOIO CKIIQJOBOIO JUISI CEKTOPY
EHEepreTHKU B YKpaiHi € PO3BUTOK MEPEX Ta BIPOBAPKEHHS TEXHOJIOTIH smart-Mepex.

Smart-mepexxa — mepeka, sKa 3a JONOMOTH iHTEerpamii HM(ppoBUX Ta IHIIMX TEXHOJIOTIH
KOHTPOJIIOE TIPOIIEC Tepeaadi eHeprii BiJl pi3HUX TCHEPYIOUYMX CTAHIN IS 3aJ0BOJICHHS MOTPEO
KopuctyBadiB[4-6]. BaxiauBo 3a3HauuTH, 110 Smart-Mepexi 3abe3NnedyroTh IBOCTOPOHHIN IMOTIK
eHeprii 1 JaHuX 3a JOMOMOTOK HMUGPOBUX KOMYHIKAIMHMX TEXHOJOTIH. Smart-Mepeki MOXYThb
CaMOBIHOBIIIOBATHCS Ta JI03BOJISIIOTH CIIOKMBAYaM €JIEKTPO- Ta TEIIOBOI €HEeprii cTaTH aKTUBHUMHU
YYaCHUKaMH €HepreTuyHoro cexropy[l-2]. JlemenTpaiizailisi eHEprornocTadaHHs uyepe3 PO3BUTOK
Smart-mepex MOBHHHA CIPUATH BUPIIIEHHIO POOJIeM i3 IepepBaMu B €JIEKTPO- Ta TEIJIONOCTaYaHH,
10 OCOOJIMBO aKTyaJIbHO y CBITJIi IOBHOMACIITAOHOTO BTOPTHEHHS POCIi Ta MOCTIHHUMH paKETHUMU
oOcTpilaMu cexTopy eHepreTuku. OJHAK MOKJIMBICTh BIPOBADKCHHS Smart-Mepex 3aJIeKUTh BiJ
crynens udpoizallii cekTopy eHepretuku. [{ludposizalis 103BoJIsi€ KOHTPOJIOBATH T€HEPAIIIIO SIK 3
BJIE, Tak i3 TpamuiiiiHUX JoKepesl eHeprornocTadyaHHs, Ta BOJHOYAC MIATPUMYBATH CTAOUTBHICTH 1
HaJIAHICTh Mepex. | aume 3aBasku 1udpoBizallii MOXKJIMBE BUKOPUCTAHHS PO3MOAUICHOT TeHepallii
Ta BIPOBADKCHHS Smart-Mepex.

VYkpaiHcbki Mepexi, SK ycl TpaauuiiHi mepexi (puc. 1), cmpsmMoBaHi Bif TeHeparii 10
CMOXHMBAYIB Ta HE 3JaTHI 3JIHCHIOBATH [BOCTOPOHHIA OOMIH JaHMUMH. [OJIOBHOIO O3HAKOIO
TPaAULIMHAX MEpeX € “IeHTpali30BaHe EHEePrornocTauyaHHs 3 BHKOPUCTAHHSIM OUIBII BHCOKOI
Hanpyry (eIeKTPONOCTauaHHs) Ta CTBOPEHHS BEJIMKOMACIITAOHUX eleKTpomepex. [Ipu npomy came
B Mepekax Takoro TUiy 3001 MOXKYTh BIUIMBATH Ha BCIO €HEPrOCUCTEMY Ta MPU3BOJIUTH J0 BEIUKHUX

aBapii.
TpapuuiiHi Mepexi

leHepauisn Mepepaya Posnogin CnoxuBay

Puc. 1. Ctpykrypa BUpOOHHUIITBA Ta PO3MOALIY €HEPrii y TpaIuLIHHUX MEpPEeKax

CrtBopeHHS K smart-mMepex (puc. 2) Tojisrae B MOJCpHI3aIlii EHEProCUCTeMH IS
3a0e3neueHHs] MOHITOPUHTY, aBTOMaTH3allil Ta KOHTPOJIIO B PEKUMI peajbHOro yacy. Smart-mMepexi
JI03BOJIIIOTh BKJIIOUUTU B EHEpProcucreMy sk Oe3mu posnoauieHux mxepen eHeprii (BJE,
KOTeHepaIliiiHi yCTaHOBKHU), TaK 1 3/IHCHIOBATH B3aEMOJIIIO 3 TPAAMIIIHOIO reHepallielo (aTOMHa Ta
TerioBa TeHepailis). [Ipu mpoMmy reHepalisi Ta po3MOAUT €HEprii 3a JOMOMOTror smart-Mepex
JI03BOJIsIE 3HU3UTH BTpATH €HEprii Mij] yac nepeayi Ha BEIMKI BiICTaHi.

AromHa

reHepauis

CnoxuBay

o
onn
(9] = om]

[omo-
rocnogapcTea

ByrinbHa reHepauis Nignpuemcrtea

Enektpomobini
Puc. 2. CtpykTypa BUpOOHUIITBA Ta pO3MOALTY €Heprii y sSmart-mepesxax
Kpim TexHiYHOTO CTaHy Mepex, CUcTeMa Iepeadi Ta po3noaily B YKpaiHi moOynoBaHa min

TpaauLilHI JKepena eHeprii, Ae O6mmu3pko 50% eHeprii BUpOOsiETbCS aTOMHOIO TeHepalli€ro. 3a
naHuMH MiHicTepcTBa eHepreTuku Ykpainu, po3Butok Smart Grid-texnonoriii B YkpaiHi 1actb
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MO>KJIMBICTh 3HHM3UTU BUTPATH €HEpPrii B Mepekax, 3MiHCHIOBaTH e(eKTHBHUI online-MOHITOPHHT
rapamMeTpiB SIKOCTI €JIEKTPUYHOI Ta TEIJIOBOI €Heprii Ta aHaji3 OajaHCiB €Heprii B Pi3HUX BY3Jax
MEpEeK.

B 3anexnocti Big tumy kepoanoi mepexi (Network Manager) — mepeka mepemaui uu
PO3MOALTYy — MO’KHAa BHOKPEMUTH CUCTEMHU KepyBaHHs nepenaueto enekrpoeneprii (TMS) i cucremu
KepyBaHH: po3nouioM enekrpoeHeprii (DMS). [lo ckacyBaHHS ep»aBHOI'O PETYIIOBAHHS CUCTEMU
KepyBaHHs eHeprocnokupaHHaM (EMS) BukopucroByBamucs, B OCHOBHOMY, Ul KOMILIEKCHOTO
KEepyBaHHS BHMpPOOHMLITBOM 1 mepenadero esekrpoeHeprii. Ilicms ckacyBaHHsS —JAep)KaBHOTO
peryaroBaHHS MOJLT IUX IBOX (PYHKI MPU3BENO 10 CTBOPEHHS CHCTEM KEpyBaHHS BUPOOHHIITBOM
enextpoeHeprii (GMS) ais He3aIeKHOTO KepyBaHHS T'eHEPYIOUUMHU MOTYXKHOCTsIMH [8, 9].

Cucremu KepyBaHHS po3noAiUTbHUMH Mepexxkamu (distribution management system, DMS) i
cucTeMu 0OpoOKHM BifKIIOUEeHBb (outage management system, OMS) 3 mIMHOM Yacy 3a3HaJIM CXOXKI1
3MiHH, 3HAYHOIO MipOIO 3aBIISIKH PO3BUTKY oOuncmoBainbHoi TexHiku [8, 10]. PozButok cuctem DMS
MoYMHANIOCSA 3 JonoBHEHB 110 cucteM SCADA / EMS, agantoBaHuX 10 PiBHS PO3MOIIILHUAX CUCTEM,
a TAKOX 3 aBTOHOMHHUX CHUCTeM. BiIMIHHICTh TaKMX CHUCTEM BiJ iX aHAJIOTIB 3 MariCTpalbHUX MEPEX
TMIOJIATAE B IOJIATKOBUX MPUKIAAHUX (YHKINIAX, COCHUBIYHUX 111 PO3MOAUIBHUX MEPEXK.

[TapanenpHO 13 PO3MOAIICHUMH MEpEKaMH, JCUEHTpati3alisi BUPOOHUIITBA €IEKTPOSHEPTii,
Teria i X0y MOBMHHA pealli3yBaTHUCS B paMKax KOHIICMIIii BipTyaiabHOI enekTpocraniii (virtual
power plant, VPP). VPP sBise co00r0 CyKYyIHICTh MaluX 1 IyXe MaluX JCIHEHTPaTi30BaHUX
IEHEPYIOUHUX HOTYXHOCTEH SIK TEeIJIOBOI, TaK 1 €eKTPUYHOI €Heprii, KOHTPOJbOBAHUX 1 KEPOBAHUX
CHCTEMOIO KepyBaHHS BUPOOHHIITBOM i PO3MOIIIOM eHeprii Ouibin Bucokoro piBHsi[S, 10]. Vemimna
po6ora VPP BuMarae HacTynHOro TeXHIYHOI'O 00JIaHAHHS:

— CHUCTEMH KEpyBaHHS BUPOOHHITBOM 1 CHOXHBAHHSM EHEprii, sKa BIACTEXKYeE, IUIAHYE 1
ONTHUMI3y€e pOOOTH JELIEHTPANI30BAHUX CUIIOBUX arperaris;

— CHCTEeMH TPOTHO3YBAaHHS HABAHTAXEGHHS, fAKa 3JaTHA PO3PaxOBYBaTH  JyKe
KOPOTKOCTPOKOBI (710 1 roj.) 1 KOpOTKOCTPOKOBI MPOTHO3H (10 7 AHIB);

— CHUCTEeMH NpOrHO3yBaHHA BUpoOHMITBa BJIE 3 BUKOpUCTaHHSIM IPOTHO3Y MOTOAM, 1100
nepeadauuTH MPOyKTUBHICTh BITPSHUX €JIEKTPOCTAHLIHN 1 COHSIUHUX OaTapei;

— CHCTEMH KepyBaHHS €HEepreTHYHHMHU JIaHUMHU, sika 30Upae Ta apXiBye JlaHi, sIKI MOTPiOHO
JUIS ONTUMI3allil Ta MPOrHO3YBaHHS, HANPHUKIAJ, Mpo(iaiB BUPOOHUIITBA 1 HABAaHTAXEHHS, a TaKOX
KOHTPAKTHHX JIaHUX JJISl TIOCTaYaHHS CIIOKMBAYa,;

— TOTYXHOTO iHTepdelicy 3B'SI3Ky CHUCTEMHM KepyBaHHS BHUPOOHUITBOM 1 CIIO)KMBAaHHSAM
eHeprii 3 AeLeHTPaII30BaHUMHU CUJIIOBUMH arperaramMu.

Jns gynkuionyBanHs VPP moTpiOHMI 1BOHANpaBieHUH 3B'A30K MiX JELEHTPaTi30BaHUMHU
CHWJIOBUMH arperaTramMi reHepailii eHeprii 1 LEHTPaJbHOK CHUCTEMOIO KEpyBaHHS BHUPOOHHUIITBOM 1
CMOXXMBAaHHAM eHeprii. s onepalliifHOro niaHyBaHHS Ta CKJIAJaHHS JUCHETYEPChKUX TpadikiB
MOTPIOHI JOCHUTh TOYHI MpOrHo3u. Jlyig mapameTpyBaHHS IMPOTHO3Y BHUKOPHUCTOBYETHCS KlJIbKa
ornepaliiHUX MOKAa3HUKIB, 30KpeMa TaKuX, SIK Cepe/iHs MOoXHOKa MpOorHo3y Ha Jo0y abo abcoaroTHa
noxubka Ha 100y abo Ha mepioAl MPOTrHO3yBaHHS. 3ajeXHO Bil ocHOBHOI Metu VPP, Bumoru mo
METO/IB MIPOTHO3YBAHHS MOXKYTh 3MIHIOBAaTHCS. SIKIIIO OCHOBHA MeTa MOJIArae y 3HMKEHHI MKOBOTO
HaBaHTa)XeHHs a00 GanaHCyBaHHI €Heprii, MPOTrHO3 MOBUHEH OyTH J1y’Ke€ TOYHHUM Yy MIKOBUH yac abo
Yac 3 BUCOKMMHM I[iIHAMM Ha OalaHCylouy eHeprito. AJrOpUTMH MPOTHO3YBaHHS IMOBHHHI BMITH
IIBUAKO TPUCTOCOBYBATHCS JO HOBUX cuUTyalid. Ha ocHOBI pe3ynbTaTiB poOOTH alropUTMIB
MPOrHo3y 1 (hakTu4HOro crany VPP, HaBaHTa)keHHs y 30H1 BiJIOBIJAILHOCTI MOXe 3a0e3reuyBaTucs
3a IOTIOMOT 010 JICLIEHTPaIi30BAHUX CUJIOBUX arperariB UM ICHYIOUHMX €HepreTUYHUX KOHTPaKTiB. Mae
OyTH JOCTYMHUMH TaKOX Ill€ HU3Ka KOMIIOHEHT (yHKUiOHYBaHHSI VPP, ski BUKOpPHCTOBYIOTHCS i
HaJIAIITOBYIOTbCS BIAMOBIIHO A0 3aBAaHb KEPyBaHHA THUM UM IHIIUM OO ’€KTOM €JIEKTPO- YH
TEIIOTEHEPYIOUOTro 001aTHAHHS.

OmHuM 13 TakWX KOMIIOHEHT, sKI BapTo Oyyio O BIA3HAYWTH Yy MEXax BIpTyaabHOI
€JIEKTPOCTAHLIi - TeonpocTOpoBi AaHi. ['eompocTopoBi 1aHi MOXKYTh OYTH IMIOPTOBaHI 3 GaraTbox
CHUCTEM CTOPOHHIX BUPOOHHUKIB 200 MOXXYTh OyTH 3MOJIeTThOBaHI OE3MOCEPETHBO B TEOMPOCTOPOBUX
CNIEKTPUYHUX Ta TEIUIOBUX cXxeMmax. [lepeBarm eJEKTPUYHMX Ta TEIUIOBHX CXeM TIeorpadiuHux
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iHpopmaniiinux cucreM (I'IC): ckopoueHHS BUTpaT Ha BBEACHHS JaHuX 3a ponomoror ['IC-
OHOBJICHUX TEXHIYHUX JaHUX JJIi CHCTEMHHX JOCITIJDKCHb, aBTOMATHYHA KOPEKIIsl MOMMUIIOK
MapaMeTpiB €HEeProHOCis JO3BOJII€E YHUKHYTH AYyOJIFOBaHHS / HEMPAaBHILHOTO BBEJICHHS JIaHUX;
aBTOMAaTHYHE CTBOPEHHS 0a3 NaHUX 00JaHAHHS €JICKTPUYHOT UM TEIUIOBOI CTaHIIIl B ONTHMi30BaHiH
0a3i JaHUX; MOBHUN KOHTPOJIb PE3yJbTATIB aHANI3y, IO BiZOOPAXKAIOTHCS HA CXEMi eIEKTPHUYHOI Un
teroBoi cxemu ['1C; THYYKiCTh y BHKOPUCTaHHI KapT B SKOCTI (OHOBHX 300pakeHb IS
POCTOPOBOTO 1HGOPMYBAHHS; THYYKE BUKOpHCTaHHA Bcix MmomymiB ['IC-cucrem mis anamisy;
OararopiBHeBe rpadiune BimoOpaxenus ganux ['IC.

BucnoBok. J[ns YkpaiHM € IOCHTH aKTyaldbHHM, OCOOJMBO Yy CBITJII OCTaHHIX TOIiH,
PO3BHUTOK Ta BIIPOBADKCHHS SMart-mepex, podoTa y 1bOMY HANPSMKY € Ba)XJIMBOIO JUISl iHTErparii
Kpainu B eHepretuyHi puHku €C. Peanizaris xonnenuii Smart Grid HemoxnuBa 0e3 MacmTabHOTO
(GI3MYHOTO OHOBJICHHS TEHEPYIOUOro 1 MEpEeKEBOr0 YCTATKyBaHHs, 3a0C3MCUUBIINA KEPYyBaHHS
TEXHOJOTIYHUMHU TPOIECaMU Ta B3AEMOJISIMU BiJ JIOKAIHHOTO JO HalioHanpHOro piBHA. Came y
cdepi cucteM KepyBaHHS (PYHKIIIOHYBaHHSIM 1 PO3BUTKOM EHEPIeTUKH, BiAOYBAIOTHCS HAMOLIBII
MacmTaOHI 3MiHHM, $SKi B pe3yJbTaTi MaiOTh MPHUBECTH [0 SKICHOI TpaHcopmalii yMmoB
€HEeprornocTauyaHHsl CIOKMBAYiB 32 paXyHOK MiJABHUIICHHS PIBHIB aBTOMaTHu3allii, iHpopmaruzaii ta
iHTeNneKTyanbHOCTI. s cTajoro po3BUTKY smart-Mepexx B YKpaiHi BaXIMBO MHiATPHUMYBATH
nocTiiiHe BrpoBa/pkeHHs Smart Grid-TexHosorid, mo MaTUMe Ha METi MiIBUIIEHHS pPiBHA
€HEepreTUYHO1 Oe3MeKH HaIloi 1epKaBU.
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