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ANALYSIS OF TECHNOLOGIES OF DISPOSAL AND USE FIBROUS
PAPER SKOPJE

Abstract. The article examines the current state and trends in the development of
waste management technologies in the pulp and paper industry, with the aim of
analyzing the reasons that hinder, and sometimes make impossible, the effective
utilization of fibrous waste paper to obtain environmentally safe materials and raw
products. The production of paper products is one of the most capital-intensive and
energy-intensive industries, second only to the metallurgical and chemical
industries, with a correspondingly large amount of waste and a negative impact on
the environment. The technological processes of scum formation as a result of waste
paper recycling and paper production wastewater treatment are considered and
analyzed. Skopje is the final waste of the pulp and paper industry, which is formed
at various stages of the paper and cardboard manufacturing process, therefore it is
deposited in landfills. Multiton volumes of skopje require significant areas for its
storage. Despite the low IV hazard class, this leads to serious environmental
problems, as the leachate from the skopje landfill pollutes surface and ground water.
Technologies of possible disposal and reuse of skopje, known in domestic and
foreign literature, are described and analyzed. The technology of reusing scoop is
determined by its relatively environmentally safe physicochemical composition. The
indicated fibrous, mineral, extractive constituents and lignin determine the
possibility of reusing skopje, mainly for the construction industry. The perspective
of the complex use of multi-tonnage waste — slag, sludge, ash and slag of thermal
power plants as plasticizers, fillers, binders and binding components in the
production of building structural and heat-insulating materials is named.
Technologies for using scapula as a filler in the production of building materials
require a high content of inorganic compounds and a minimum amount of organic
compounds. A high content of fibrous particles and a low content of mineral
substances is necessary when using scapula in the production of composite wood
composite materials. The specified technological limitations ensure only small
amounts of skopje use in the production of building materials. The effectiveness of

© LM. Ilerpymxa, B.I. Moxpuii, 5.A. imutpis, 2024

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024



~6~

using skopje as an additive to the asphalt mixture for road construction and
production of fuel materials is determined by the economic costs of transportation
and dewatering. It is noted that the high humidity, ash content and low calorific
value of scum are the main reason for the lack of effective technologies for its
utilization. The solution to the problem is the use of low-energy technologies
through the direct use of osprey as a component of the soil mixture for biological
reclamation of man-made landscapes. The article substantiates an environmentally
safe and socially favourable option for using a soil substrate based on osprey. It is
emphasised that the humidity and organic viscosity of the plant origin of osprey
form the agrotechnical properties of soil substrates of prolonged action, which
ensure optimal technological efficiency of phytomelioration of degraded lands. The
reclaimed areas will reduce greenhouse gas emissions from the soil, prevent wind
and water erosion, and ensure the environmental safety of natural and man-made
ecosystems.

Keywords: pulp and paper industry, waste, paper skopje, disposal technologies,
reuse, environmental safety, reclamation.

L.M. Herpywmika, B.I. Mokpuii, b.A. [Imutpis

HauionaneHwuii yHiBepcuTeT «JIbBiBChKa moJiTexHika», M. JIbBiB, Ykpaina

AHAJII3 TEXHOJIOI'TA YTHJIIBALIL TA BAKOPUCTAHHS
BOJIOKHUCTOI'O MAKYJIATYPHOI'O CKOIIY

Anomauin. Y cmammi po3ensiHymo Cy4acHuil Cmax ma meHOeHyii po3eumxy
MEXHONI02Il YNPABHIHHA GI0X00AMU YETI0JI03HO-NANEPOBOT 2ay3i, 3 MEMOI0 AHAIZY
NPUYUH, WO NEPeUKOONCAlOmb, A I[HKOAU U YHEMONICIUBTIOMb eDeKmueHy
VMU3ayiio 80JOKHUCIO20 MAKVAAMYPHO2O CKORY 015 00ePI’CAHHS eKOLO02IYHO
bezneunux mamepianie i cupo8uUHHOI npoodykyii. Bupobuuymeo nanepogoi npodyxyii
€ OOHi€w 3 HaUbLIbW KANIMANO3AMpAmHUX mMa eHePROEMHUX — 2anysel,
ROCMYRAIOYUCy Ulie MemanypeitiHill ma XiMiuHill npoMUcio8ocmi, 3 8iON0BIOHO
BENIUKOIO KINLKICMIO 8i0X0018 Ma He2AMUBHUM BNAUBOM HA 008K Posenanymo
ma npoaHanizoeano MexHoN02iuHi npoyecu ymeopeHHs CKOnYy 8HACTIOOK nepepooKu
MAKyiamypu ma O4UCMKU CMIYHUX 800 nanepogozo eupodonuymea. Ckon €
0CTMAmMOYHUM 8i0X000M YeNtoI03HO-NANEPO8Oi NPOMUCTIOBOCI, WO YMBOPIOEMbCS
Ha pIi3HUX Ccmaodiax npoyecy 6UCOMOGIEHHA nanepy ma KapmoHy, MmMOMy
CKAa0yEMbCA Ha nonieonax. bacamomonnadcui obcsazu cxony nompebyioms
SHAUHUX naow, 07 tioeo ckaadysauns. Hessaoicaiouu na mesucoxuu IV xiac
Hebesneku, ye npuzeo0Ums 00 CEPUOHUX eKONO2IUHUX Nnpodaem, OCKLIbKU
iHGinbmpamom 3 noONiCOHY CKIAOYEAHHS CKONY 3a0pYOHIOIOMbCL NOBEPXHesl ma
Ipynmosi 6oou. Onucano ma nPoOaHaniz308aHO MeXHOI0I MONCIUGOT ymunizayii ma
NOBMOPHO20 GUKOPUCMAHHS CKONY, 6I0OMI YV GIMYUSHAHIL ma 3apyOidcHill
aimepamypi. Texnonociunicms NOGMOPHO20 BUKOPUCAHHA CKONY GU3HAYAEMbCS
11020 GIOHOCHO €KON02IYHO Oe3neuHum @I3UKO-XIMIUHUM CKAA0OM. 3azHayeni
BOJIOKHUCMI, ~ MIHEPANbHI, eKCMPAKMUGHi  CKI1A006i Ppeuo8UHU Ma  JieHIiH
00YMOBI0I0Mb MONCIUBOCMI NOBMOPHO20 BUKOPUCIAHHS CKONY, NEPesadCHO OJis
byoigenvroi indycmpii. Hazsano nepcnexmuehicms KOMIIEKCHO20 BUKOPUCTNAHHS
06a2amomonHaXCHUX ~8i0X00i8 — CcKOny, MYy, 304U I WAAKY Meniosux
eNeKMPOCMAanyitl 8 SAKOCMI NAACMU@IKAMOPI8, HANOBHIOBAYIS, B'SJHCYYUX |
CNONYUHUX  KOMNOHEHM Npu  8U20MOGNeHHI  OVOiBeIbHUX — KOHCMPYKYINHO-
mennoizonayiunux mamepianie. TexHono2ii 6UKOpuUcmaHHusi CKONY 6 AKOCHI
HANOBHIBAYA NPU BUPOOHUYMEI OYOigenbHUX Mamepianie nompedyIoms GUCOKO20
6MiCmy HeOpeauiyHux i MIHIMAAbHOI Kinbkocmi opeauiunux cnoayk. Ilpu

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024
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BUKOPUCIMAHHI CKONY Y GUPOOHUYMBI NAUMHUX OEPeSUHHUX KOMUOZUYILHUX
Mamepianie HeoOXiOHULl 6UCOKUL 6MICI BOIOKHUCTHUX YACUHOK A HUSLKULL
eMicm MIHepanbHUX peuosuH. Brazani mexnonociuni oOmedcenHs 3abe3neyyoms
Juuie He3HAuHi 00cA2U BUKOPUCMAHHA CKONY 'y 6UpPOOHUYME Mmamepianie
byoigenvrnozo npusnavenus. Egpexmuenicms euxopucmanus ckony 6 AKOCMI
0obasku 0o acghanemosoi cymiuii 011 O0OPOAHCHLO20 6YOi6HUYMBA MA BUPOOHUYMEBA
NATUBHUX — Mamepianié — GUIHAYAEMbCA — EKOHOMIYHUMU — 3ampamamu  Ha
MPAHCNOPMYBAHHA MA 3HEGOOHEHHA. 3a3HAYAEMbCA, WO BUCOKA 60N02ICMDb,
30IbHICMb [ HU3bKA MENIOMEOPHICMb CKONY € OCHOBHOIO NPUYUHOIO 8I0CYMHOCMI
eexmusHux mexnonoeill 1io2o ymunizayii. Po36 ’a3kom npobiemu € BUKOpUCMAHHA
MEeXHON02IU 3 HU3LKUMU EHepeemUYHUMY 3ampamamu, WIAXOM NpsamMo20
BUKOPUCMAHHSL CKONY 6 SKOCMI CK1A0080I IpyHMoOcymiwi Oasi  0i0N02IYHOT
pexynomugayii  mexuozennux aanowiagpmis.  OOIPYHMOBYEMbCA — €KONOIUHO
Oe3neunuli i COYiANbLHO CAPUAMAUBUL BADIAHM BUKOPUCMAHHA IPYHMOBO20
cybcmpamy na ocnogi ckony. Hazonowyemocs, wo eonozicme ma opeaniuna
8'A3KIiCMb POCIUHHO20 NOXOOJCEHHA CKONY (YOPMYE azpOmexHiuHi 81aCmMueocmi
IpYHmMoBux cyocmpamie nponoH208anoi Oii, AKi 3abe3neuyiomsv ONMUMATLHY
mexHonoziunicms  imomeniopayii  deepadoganux 3emenv. Pexynomueogani
mepumopii 3MeHwiams SUKUOU IPYHMOM NAPHUKOBUX 2a3i8, 3anobieamumyms
8IMpositi ma 800HIU epo3ii [pyHmY, 3ab6e3neuams eKoio2iuny 6e3neKy npupooHo-
MexHO2eHHUX eKOCUCmeM.

Knrouogi cnoea: yenonosno-naneposa npomMuciogicms, 8i0Xoou, MaxKyiamypHuil
CKON, MexXHOoNo2li ymunizayii, noemopHe GUKOPUCMAHHA, eKOoNo2iuHa be3nexa,
PeKyIbmueayis.

https://doi.org/10.32347/2411-4049.2024.3.5-21

IMocTanoBka nmpod.iemMu

Hemtonozno-nanepoe  BupoOHunrso (LIIB) Vkpainm o0'ennye Onu3pko
100 mignmpueMcTB i3 BUpOOHMIITBA TIATIepy 1 KAPTOHY Ta BUPOOIB 3 HUX, a Pa3oM 3
nepepoOHUKaMK, TpeWaepaMu, MOCepEeAHUKaMHU, HAayKOBUMH, MOHTXHHMH Ta
CHeIialli3oBaHUMH TOPTOBEPHUMHU OpraHizamisMu ix Hamiuyerbes moHazn 300.
VY ranysi npamtoe 61m3pko 30 THC. 0ci0, a Ha MiAIPUEMCTBAX raly3i BCTAHOBJIEHO
72 maniepo- Ta KapTOHOPOOHHMX MammHU, ToHaa 80 rodpoarperariB, Mmaibke
50 mianpueMcTB MaroTh OOJaJHAHHS 3 BUIOTOBJICHHS 30IIMTIB Ta 10 —
3 BUTOTOBJIGHHSI IIMajsep. 3arajibHa BCTAHOBJEHA IMOTYXKHICTb Mamepo- Ta
KapTOHOPOOHUX MalllMH B YKpaiHi CTaHOBUTh OJIM3bKO | MIH TOHH marmepy i
KapToHY Ha ik [1]. ¥ cTpyKTypi BUpOOHHIITBA APy 1 KAPTOHY MEPEBAKAIOTH TaKi
BUAM, SIK KapTOH TapHUM, mamip ans roQpyBaHHA, KapTOH KOPOOKOBHH, marip
CaHiTapHO-TIri€HIYHUH.

Buacnigox gisutbHocTi L{[IB yTBOprOE€ThCS 3HAa4YHA KUIBKICTH BIJXOJIB, SKi
CIPUYMHAIOTH HErATUBHUM BIUIMB Ha HABKOJUIIHE cepeaoBuile [2, 3]. 3 ornsay Ha
1€, BAYKJIMBUM 3aJIMIIAETHCS TOCIIIKEHHS Cy4YaCHOTO CTaHy Ta TEHIEHII PO3BUTKY
TEXHOJIOTI yNpaBIiHHS BiJXOJaMH IENOJI03HO-TIAMEPOBOi Taly3i 3 METO
BUSIBJICHHS Ta aHANI3Y IPUYHH, 10 MEPENIKOJKAIOTh, 8 IHKOIU i YHEMOXKITHBITIOIOTh
e(eKTHBHE MTOBTOPHE BUKOPUCTAHHA BiIXOAIB, Ta BHOOPY ONTUMAIBLHOIO CIOCOOY
ix yTumizamii.

['oTOBHOIO TIPUYMHOIO YTBOPEHHS BEIMKOI KUIBKOCTI BIAXOIB Ta HE3HAYHHUX
00CsriB X TOBTOPHOTO BUKOPUCTAHHS, KpiM (Di3MYHOT Ta MOpaJbHOI 3acTapiiocTi
OCHOBHHUX (OH/IIB OaraTboX KapTOHHO-TANICPOBUX MiANPUEMCTB, € 00JIaAHAHHS, 1110
npairoe moHan S50 pokiB, poOOYHMi CTaH SKOTO IMITPUMYETHCS TIEPEBAKHO 32
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PaxyHOK BiJHOBIIIOBAJIFHOTO PEMOHTY Ta MOJEpPHI3allii i pijiie — NUISIXOM 3aMiHA
3HOILIEHOTO OOJagHaHHS, Ta CUPOBHMHHA 0a3a, IO CIOHYKAaE€ OPIEHTYBaTHCS Ha
BUIYCK TaKMX BHIIB Marepy i KapToHy Ta BHPOOIB 3 HUX, SIKi BUPOOJSIOTHCS 3
BTOPUHHOT'O BOJIOKHA — MaKyJaTypHu.

VY mpomeci BHpOOHHWIITBA KapTOHY Ta TMarepy YyTBOPIOIOTHCS BIIXOAHW BiA
PO3IMYCKY MaxyJaTypd, OYMCTKH MaKyJIaTypHOI MacH, OYMCTKH CTiYHUX BO[,
ManepoBoi, KAPTOHHOI, roPpoTapHOi poayKIIii Tommo. L1i Biaxomu B 3a1eKHOCTI Bif
iX BHIy HiIJISATal0Th CBOEYACHOMY BHIAJICHHIO 3 IPOMMAaWIaHINKIB, 30€piraHHIO B
CHEIaIbHO BINBEJACHUX MICISMX, YTWMI3allii 4YM 3aXOPOHEHHIO Ha TMOJIIrOHAX
MTPOMUCIIOBUX BiJIXOJIiB.

Bimomo, mo memoi03HO-TIariepoBa Tanly3b HAI3BHYAfHO BOJOEMHA — B
cepeanboMy Ha | T nmamepy Butpadaethes 10 60 M° Boau [4]. Bakiauso 3a3HaunTH,
IO CTiYHI BOAM MiANPUEMCTB (0COOJIHMBO KAPTOHHUX 1 MANEpOBHX) 3aBXKIH
BOJIOKHOBMICHI, TOMY TEXHOJIOTiYHA CXeMa 3 IX OYHMCTKU IPOEKTYETHCS TaKUM
YIHOM, 1100 3a0e31eqyBaiocs BUIYyYeHHS CTOPOHHIX PEYOBHH i CIIONYK, 30KpeMa i
BOJIOKOH POCJIMHHUX TOJIIMEPIB IS BiAMOBIJHOCTI CTOKIB BCTAHOBJIICHUM PIiBHSAM
I'IK. OmHi€ro 3i CIONyK, IO BUIYYAIOTHCS 3 OYUCHUX CITOPY/I, € BOJIOKHUCTHH CKOII.
BcranoBneHo, 1o 3Ha9HUH 00CST KapTOHHO-TIAIEPOBHX BiIXO/iB (30KpeMa, CKOITY
BOJIOKHHCTOTO MAaKyJIaTYpHOT0) He Miajsrae mepepoOi 4u yTwiizamii, a TOMy
PO3MIILIYEThCST HA TONIroHax. Y cepelHbOMY, 3a PiK Ha TONIrOHH YKpaiHH
notparursie 51815,404 T BomokHHCTOTO cKoOITy [2].

Tomy, akTyabHUM 3aBIaHHSIM TEXHOJIOTIH 3aXMCTy JOBKIJUIA € MOIIYK Ta BHOIp
e(eKTUBHUX CIOCOOIB  yTwimizalii OararoToHHaxkHux Biaxomis L[[IB —
MaKyJaTypHOTO BOJIOKHHUCTOTO ckKomy. OnNTHManbHE BHUKOPHCTaHHS CKOITY
CHPUSITHME 3/CIIEBICHHIO OCHOBHOI IPOIyKIii, 30€peKeHHI0 IPUPOAHUX PECYPCiB,
3MEHIIINTh TEXHOTCHHE HABAHTAXXCHHS Ha JOBKIJIIIS.

Merta gocaiIzKeHHSI — cHCTEMaTH3allisl TEXHOJOTIH yThIi3alii Ta TOBTOPHOTO
BUKOPUCTAHHS CKOIly JJsl OJEp)KaHHS EKOJOIiyHO Oe3MeYyHMX MarepiaiiB Ta
CHPOBHUHHOI TPOIYKIIii.

Buxkian ocHOBHOro Mmarepiasy

1. Texnonocii ma oécazu ymeopenna crkony. Cyuacue L[[IB Ykpainu ymoBHO
MO>KHa PO3TOALINTH Ha JIBi TPYITM BUPOOHUIITB, BiIITOBITHO 10 TUIIIB CUPOBUHH, sIKa
BUKOPHUCTOBY€eThCSA. Bimnosimno, Bigxomu LIIB mominswotrecs Ha  Bigxomau
BUPOOHHIITBA IICJIFOJIO3H Ta BIIXOAM BUPOOHHUIITBA MANepPy 1 KApTOHY Ta BUPOOIB 3
HUX.

Ponp mepmoi rpynm (11€MFOI03HOT MPOMECIOBOCTI) TMONISATaE y CTBOPEHHI
MOBHOIIIHHOI CHPOBUHH ISl Tany3i — 1ienrosio3n. OCHOBOKO JUIsl BHPOOHHIITBA
LIEJTFOJIO3HU CIIYTYE JEPEBUHA SIK XBOWHUX, TaK 1 JUCTIHUX nopia. OCHOBHI crioco0u
nepepoOKH JEpeBHHU B ILIETIOJIO3Yy — Cylb(aTHUil mpouec i Cyib(iTHa Bapka.
BupoOHn4i MOTYXKHOCTI 3 BUITYCKY LIEIIOI03H BUCOKOT'O BUXOAY (HAaIliBLEIIOI03H)
Ta gepeBHOl Macu MawTh juine BAT «KupauiBChbKuil 11€J1I0JI03HO-TIATICPOBHIA
koMOiHaT», BAT «I3mainbchkuil IEMIOIO3HO-KApTOHHMI KoMmOiHat» Ta BAT
«Jlyupkuit  xapTOHHO-pyOepoimHMii  KOMOiHAT», IO  BHUPOOJSAIOTH I
HarmiBGaOpHUKaTH BUKIIOYHO IS 3a0e3MeYeHHS BIaCHUX MOTPeO.

Bigxomu 11e1r0I03H01 IIPOMHUCIIOBOCTI YTBOPIOIOTHCS BHACIIIOK TEXHOJIOTTIHUX
MPOIIECiB BUPOOHMIITBA IENIONIO3U B YKpAiHi, 110, SK IPaBUIO, 3BOJUTHCS JIO
HACTYITHUX €TalliB: 3arOTOBKM JEPEBHHU XBOMHHMX Ta JHCTAHUX TOPiA JEpeB;
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nepepoOKH AEPEeBUHH B TEXHIYHY IIEMy; BapiHHA IIENIONIO3U; TMPUTOTYBaHHS
XIMIYHHMX peareHTiB Ta iX pereHepais 3 NOJaJbIIUM ITOBTOPHUM BUKOPUCTAHHSIM;
OYMCTKU CTIYHHX BOJ MPOMHUCIIOBOCTI. 3arajoM, Ha NPOMHUCIOBHX MOJITrOHaX
YkpaiHu BHACTIIOK AiSUTHHOCTI MAMPUEMCTB TENIOI03HOI Tamy3i mpotsrom 2018 p.
ckimanoBano 10679,191 T nmpoMuciaoBUX BiIxomiB [2].

Ponb npyroi rpynu (kapTOHHO-NIANIEPOBOI MPOMHCIIOBOCTI) TOJISITAE Y TIOBTOPHOMY
BUKOPWCTaHHI ITOJIIMEPHOI CHPOBWHH SIK albTEPHATHBHU LIENIONO31 — MaKyJIaTypu
(BTOpMHHOTO pOCIMHHOTO BOJNOKHA). [lepepoOkoro Makymarypm B YKpaiHi
3alMarOThCA [IpAT «KuiBcpkuit KApTOHHO-TIANIEPOBUI KoMOiHaT»,
TOB «lloHiHKiBcbKa KapTOHHO-TIaniepoBa padpuka — Ykpainay, [IpAT «Manuaceka
manepoBa ¢adbpuka — Badimmana», I[IpAT «Kaptonno-Ilanepoa KowmmaHisy,
TOB «/lninponierpoBcbka mamnepoBa (abpuka», AT «KoxaBuHChKa mameposa
(habpukay Ta iHIII HiIPUEMCTRA.

Ha BiaMiHy Bix IEI0I03HOT IPOMHUCIIOBOCTI, KAPTOHHO-TIAIIEPOBa OPiIEHTOBaHA
Ha TIepepoOKy BTOPUHHOI CHPOBHHH, 1110 0OYMOBITIOE YTBOPEHHS O1BIIOT KITBKOCT1
BiJIXO0/1iB BUPOOHUIITBA, B TIOPIBHAHHI 3 TIEPIIOIO TPYIOI0 MiANPHEMCTB. ['0I0BHOIO
0COOJIMBICTIO BTOPMHHOI CHUPOBHHU € T€, L0 BOHA, IIOHAWMEHIIE OIUH pa3,
MpoWIIIa TOBHUA NHMKI TmepepoOku. Bimomo, mo mepepodka MakymaTypu
XapaKTepU3YEThCSl YACTKOBOIO YTPATOIO MarepoyTBOPIOBATILHUX BIACTUBOCTEH, 1110
MPOSIBIISIETBCSI Y CKOPOYCHHI BOJIOKOH, 3HMIKCHHI 37aTHOCTI JIO0 HaOyXaHHS,
YaCTKOBIH BTpaTi €1aCTUYHOCTI TOMIO. 3Bi/ICH BUIUIMBAE HEMOXKIIUBICTh IEPEPOOKH
BTOPHHHOI CHPOBUHH HECKiHUEHHY KIBbKICTh pa3iB. 3arajibHa TEXHOJIOTIYHA CXeMa
nepepoOKH MaxkyjJaTypd Ha MiANPUEMCTBAX JAPYroi Tpynu MpeAcTaBieHa
y poborti [7]. 3 BiAXOOOYTBOPIOBAIBHOI TOYKH 30pY Y KapTOHHO-IIAIIEPOBOMY
BUPOOHUIITBI HAOLIBIII BAYKIIMBE 3HAYEHHS MAIOTh J[Ba B3a€EMOTIOB s13aHi MPOIIECH:
mpoliec MepepoOKH MakyjaTypH; TpOIeC OYHCTKH CTiYHMX BOA. [Ipm anamizi 3
BiJIXOJIOYTBOPIOBAJILHOT TOYKH 30py THIIOBOI JUIsi YKpaiHH TEXHOJIOTIYHOI CXEMH
BOJIOOYMCTKH CTIYHHMX BOJ MiJIPUEMCTB APYroi I'PYNH BCTAHOBIEHO NPUYMHU
YTBOPEHHS cKory (puc. 1).

Puc. 1. 3aranpHa TEXHONOTiIYHA CXE€Ma OYHCTKH CTIYHUX BOJ TiJNPUEMCTB KapTOHHO-
TIariepoBOi MPOMHUCIOBOCTI: |— BoJla Ha OYMCTKY; 2 — O6apabaHHA pemriTka; 3 — HepBUHHUN
BiCTiiHUK a00 ycepeaHioBad 3 TypOoaepaTopamu; 4 — koaryisaTop; 5 — ¢morarop; 6 —
aepoTeHK; 7 — BTOPHHHUH BiACTIHHUK; 8 — QinbTp; 9 — 3He3apakyBad Boau; 10 — Bomoiima
a00 MOBTOpPHE BOJOKOPUCTYBAHHS (IUIs 3aMKHEHOTO IUKITY); 11 — cTOKHM Ha O4HCTKY; 12 —
rpy6e cmitts; 13 — noBitpst; 14 — akTUBHUIL MyJ1; 15 — BOJIOTHIA BOJIOKHUCTHH CKOII
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OuniieHHsT BOAM TOYMHAETHCS Ha KOMIUIEKC pemriTok OapabanHoro tumy. Ha
LBOMY €Talli 3aTPUMY€ETHCS] KPYIIHE CMITTSI, L0 BKJIFOYAE: 3AIUIIKN KJICHKOI CTPIUKU —
22,658 T1/pik; 3amumku riiBku — 211,52 1/pik [3]. Kommiekc i3 mepBHHHOTO
BIJICTIfHMKA Ta KOAryJisaTopa 3aTPUMY€E Ta BIIOKpeMItoe nuiam ¢ap0, mo MiCTATh
raJIOTeHOBI PO3YMHHMKH, (DapO Ha BOJISTHIM OCHOBI, Gap0, o HE MiCTATH T'aJIOTCHOBI
PO3YMHHUKH, Ta 3aTBEPALIHX APYKapchbKux ¢apd cymapHo B KibkocTi 74,584 T 3a
2018 pix [3].

Kommuiekc i3 aepoTeHka 3 BTOPHHHUMH BiJCTIHHUKaMHU 3abe3redye TOBHY
010JIOTIYHY OYMCTKY CTIYHMX BOJ MiJIPHUEMCTB LIETIOJIO3HO-NIANIEPOBOI ramysi 3a
paxyHOK poOOTH akTUBHOTO Myity. [IpoTsrom 2018 poky, BiamoBiaHo 10 nanux [3],
YTBOPEHO Ta BUBE3EHO Ha IIPOMHUCIIOBI MOMITOHHU 122,9 T HaAIUIIIKOBOTO aKTHBHOTO
MyJTy.

Kommnekc ¢moTaniiHuX ycTaHOBOK y 3B SI31 13 BTOPUHHUMH BiACTIHHUKaMH
3a0e3redye BiZOKPEMIIEHHS BOJIOKOH POCIMHHHUX MOJIMEPIB 31 CTIYHHX BOI, IO
HaJXOAATh Ha OYHCTKY. BHachimok poboTu xomriniekcy mpoTsrom 2018 poky 3a
manumMu [3], yTtBopeHO 55436,132 T BOJIOKHHUCTOTO CKOIY, HAKOMWYCHOI'O Ha
OYHCHUX CHOpYJax.

OTxe, BpaXxOBYIOUH BHINE3a3HAYCHE, HAWOLIbIII OOCATH BiIXOIIB KapTOHHO-
MmarnepoBoi MPOMUCIOBOCTI, MO HE MOXYTh OyTH YTHJII30BaHI YM BHUKOPHCTaHI
MOBTOPHO Ta IiUIATal0Th CBOEYACHOMY BUIAJICHHIO 3 BUPOOHWYNX MaJIaHYMKIB i
BHBE3CHHIO Ta CKJIQJyBAaHHIO HA MOJITOHAX MPOMHCIOBUX BiIXOIIB, CKJIaJalOTh:
BOJIOKHUCTHH ckon — 55436,132 T/pik; BiAXOOW OYMIIEHHS CTIYHMX BOJ —
8361,43 1/pik; HenpoBap — 2194,861 T/pik; 3anumikud Ta nuiam ¢ap0, 30Kpema
IpyKapchkux — 972,968 1/pik.

BcraHoBIIeHO, IO BOJIOKHHCTOTO CKOITy 33 PIK YTBOPIOETHCS B II SITh Pa3iB
OUIBIIIE aHIXK IHIIWX BHINE3a3HAYCHHUX BIJAXOJIB Pa3oM B3SITHX. Horo o6csru
3pOCTalOTh y Pa3i BHKOPUCTAHHS MaKyJaTypud HHU3BKOI SIKOCTI SIK CKJIaJ0BOI
nanepoBoi KoMIo3uilii. KibKicTh BiIXOiB Y TAKOMY BHUIIaJIKy MOXE CTAHOBHUTH JI0
20% Bix Macu BUXiHOT cupoBuHH [18].

[TpuiiHsaTO BBa)XaTH, MO0 BOJOKHUCTUIN CKON € MOEIHAHHSAM TPHOX CKJIAJIOBHX
YaCTHH: BOJIOKHHCTOI, MiHEpaJIbHOI Ta Hepo34rHHOI [8]. /1o BOMOKHHCTOI YacTHHI
BiJIHOCHTBCS I[EITI0JI03a Ta TEMIIIEI0I03a, 10 MiHEpAIbHOT — MiHEpaIbHI PEUOBUHH,
JOMIIIKH, XIMi9HI CIHOJYKH TOINO, JO HEPO3YMHHOI — JIIFHIH Ta €KCTPaKTHUBHI
pedyoBuHH (Tabm. 1).

Tabmus 1. XimMiuHuil cKiiaz cKomy

Komrmonent SiO; Al,O3z | Fe,O3 | CaO Na,O K,0 MgO
Bwict, % 25,00 | 16,20 | 7,27 28,80 | 0,30 0,24 1,65

Llenrono3a y ckormi — 1ie SKiCHE BOJIOKHO, B SIKOMY, IPOTE, MICTHUTHCS BEJIMKA
KUTBKICTh JIPIOHOIO BOJIOKHA Ta HOTO OOPWBKIB, IO CYTTEBO BilOOpa)kaeThCsi Ha
SKOCTI Tarepy Ta KapToHy. [ emimenrono3a — CKJIQJIHI MOJicaxapuId, MOJEKYIIH
SIKUX MICTSITh TICHTO3H, TEKCO3H, & TAKOK YPOHOBI KUCIOTH. JIIrHIH — KOMIIOHEHT 31
CKJIQJIHUM XIMIYHHM CKJIQJIOM, IO 3aIOBHIOE TIPOCTIP MiK BOJIOKHAMH IIEITIOIIO3H,
TaKMM YHHOM 3a0e3Ieuy0YM MILHICTh CKOMY Ta HOT0 HEPO3YMHHICTH Y BOI.
ExcTpakTHBHI pEYOBHUHU Y CKOIIi MIPECTABICHI CyMIIIIIII0 apOMAaTHYHUX 3 €THAHB,
a MiHepaJbHI peYOBUHH — B OCHOBHOMY KapOOHATOM KaJbIito [8].
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Ckrai BOJIOKHHCTOTO CKOITy BH3HAUYAa€THCS BUJIOM BTOPHUHHOI CHPOBHHH, IO
nepepo0isieTbes. OCKUIBKH YacTO MakyJaTypa sBIsie COOOI0 Pi3Hi CIiBBiAHOLICHHS
nanepy 3 KapTOHOM, 1[0 TIEpepOOIISIOTHCS MiANPUEMCTBAMY APYroi IPYIH, TO 1 CKOM
B pe3yibTaTi OTPUMYETHCS 3 PI3HUM CIIIBBITHOIIEHHIM CKIaaoBuX (Tabdm. 2). o
XIMIYHOTO CKIIQTy CKOITY BXOJISITh TaKi KOMIIOHEHTH: 11emrono3a (48%), mirHiH (24%),
reMinenronosa (24%), ekctpakTuBHi peuoBunH (3,5%), MinepasbHi pedoBunu (0,5%).

Tabmung 2. Ckiaa BOIOKHHUCTOTO CKOITY, IO YTBOPIOETHCS BHACIHIIOK MEPEPOOKH
MaKyJIaTypy Ha IiIPUEMCTBAX KapTOHHO-TIAIIEPOBOT IPOMHCIIOBOCTI

Hazsa IIpAT AT TOB Cepenniit
KOMIIOHCHTY «KwuiBcpkmit | «KoxaBuncbka |  «IIoHIHKIBCHKA CKJIaj
KIIK», Bmict, | I1®», BmicT, % | KII® — Ykpaina», | BOJTOKHHCTOTO
% [9] [10] BMicT, % [11] ckomy, %
ITemon03a 49 47 48 48
Teminenronosa 23 25 22 23
Jlirain 24 24 26 25
ExcrpakTuBHi 3.6 3.4 35 35
PEYOBHHHI
Minepanbi 04 0,6 0,5 0,5
PEYOBHHHI

3rigao 3 [9] Bimomo, MO cepex MiAMPHEMCTB, IO 3aHMAaIOTHCS TEPEPOOKOIO
Makynatypu B YkpaiHi, [IpAT «KuiBcekuit KIIK» nepepo6isie ne menme 30%
MaKyJaTypH, IpY [[bOMY YTBOPIOKOYHX Ta PO3MIIIYIOYH HA IPOMHUCIOBOMY MOJITOHI
moHaiiMeHie 18 478,526 T BonokHucroro ckony B pik. AT «KoxaBuncbka [1D»
nepepobisie He MeHme 14% MakynaTypd, YTBOPIOIOYM Ta PO3MILIYIOUHM Ha
BIIACHOMY TPOMHUCIIOBOMY TOJIITOHI IoHaiMeHmne 7 761,05 T BOIOKHUCTOTO CKOITY
B pik. TOB «Iloninkisceka KII®D — VYkpaina» mnepepobiisse He Menme 6%
MakKyjiaTypy, BIINOBIJHO YTBOPIOIOUM Ta  PO3MINIYIOUM HA  BJIACHOMY
MIPOMHUCIIOBOMY TIOJITOHI moHaliMentre 3 326,17 T BOJOKHHCTOTO CKOITY B PiK.

BiamoBiHO 10 BUCHOBKIB JepXKABHOI CaHITAPHO-EII1IEMIOJIOTIYHOT EKCIIEPTH3U
[10-12] ckon BOJOKHHCTHI MaKyJaTypHHH, [0 YyTBOPIOEThCS HA MiINPUEMCTBAX,
BIJIOBiZIa€ BCTAHOBJICHUM MEIUYHUM IOKa3HUKAM Ta KPUTEpisM Oe3leKu Ta Mae
CKJIaj, npeacraBieHui y tabmn. 1. IIpoaHamnizyBaBuIn CKiia] BOJIOKHHCTOIO CKOILY,
10 YTBOPIOETHCS BHACIIZIOK OYHCTKH CTIYHUX BOJI TPhOMA MiANPUEMCTBAMH JIPYToi
rpynu, Ha ski pazoMm npunazae 50% BHPOOHHYMX IMOTYKHOCTEH 3 mepepoOKH
MaKyJaTypH, BCTAHOBJICHO, 1110 BMICT OCHOBHMX KOMIIOHEHTIB CKOILY 3HaXOAUTHCS
y Onmm3pkux Mexax (Tabi. 2). Ckiiaa CKOMy 3aIeKUTh BiJl THITY BHKOPHCTOBYBAHOTO
nanepy, KiIbKOCTI 1 BH/IIB CTYIIEHIB OYHIIICHHS.

HesBaxxatoun Ha HeBHcOKuii [V kiac Hebe3neku, TOBOKEHHS 3 AaHUM BiIX0J0M
HAa  MJIPUEMCTBAX  OOTSHKIIMBE,  BUKIMKAE€  HapiKaHHS  pPerioHaJbHUX
aJIMIHICTPATHBHUX OpPTaHiB, EKOJIOTIYHUX CTYK0 Ta rpoMajickkocTi. MakyiaTypHui
CKOITI, BEJIMKOTOHH&)XHWH BiAXiA BHpPOOHMITBAa Mamnepy Ta KapTOHY, IOaBHO €
npodaeMor0 BUPOOHHKIB KapTOHHO-TIanepoBoi raiysi. IlocTiiiHe BIOCKOHAJICHHS
TEXHOJIOTI] Tarepy Ta KapToOHy 1 CIpoOHM PEUUKIIHTY CKOIy B TEXHOJIOTIYHOMY
mpoleci He NO3BOJSIIOTH MOBHICTIO YHUKHYTH HOT'O YTBOPEHHS Ta HAKOIWYEHHS.
CrniocoOu knacugikarii, HanpsIMH YTUITI3aLil Ta MOBTOPHOI'O BUKOPHCTAHHS CKOILY
Ta BojjokuucToro nuiamy LIIIB HaBegeHo y poborax [5, 6].
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2. Texnonocii ymunizayii ckony. Uepes 6araToTOHHaXHI 00CATH BOJIOKHUCTOTO
CKOIly, IIO YTBOPIOIOTHCS BHACTIMOK MEPEepOOKHM MakKyJlaTypH i B pe3ylbTati
3aiiMalOTh 3HAYHI IUION[ MPUAATHOI IJIS MPOBAKCHHS IHIIMX BUAIB MisJIBHOCTI
3eMJTi, BITYM3HSIHAMH Ta 3apyODKHUMHU BUEHHMH Taly3i aKTHBHO PO3POOISIOTHCS
CrocoOM Ta METOIM YTHIII3AIlil MaKyJIaTypHOTO cKoIry (puc. 2).

Crnioco6u yritisauii Ta BAKOPHCTAHHS BIAXO/IB LIEMIONO3HO-TIENIEPOBO] IPOMUCIOBOCTI (MaKyIaTypHOIO CKOILy)

3HEBOJHEHHS THCKOM HITKYE
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Puc. 2. Cioco6u yTwrimizamnii BOJIOKHHCTOTO MaKyJIaTypHOTO CKOITY

Haii6ib1n nonmpeH|M croco0oM yTHITI3ali CKOITy € Horo ckiaayBanHs. [Ipore,
TaKA{ CIIOCiO MPU3BOAMTH JI0 CEPUO3HUX EKOJIOTIYHUX MpPOOIeM, SKi BUHHKAIOTh
BHACJIIIOK TPOHUKHEHHS B IPYHT PiAKoi (ha3u 3 BiAXOIiB, 0COOIMBO KOJHU 3BaJIHIIA
po3TanioBaHi Ha BIAHOCHO TPOHWKHUX IPYHTax. BOJNOKHHCTHII CKOM, IO
BHUJIUTSIETHCS TCISL OYUCTKU CTIYHUAX BOJ| IATIPUEMCTB JPYTOl TPYIIH, SBISIE COOOI0
ocaj| ciporo Koisopy 3 BoJoricTio moHan 80% [14]. Ak Hachinok, iHiTETpaTOM 3
MOJIITOHY CKJIQJIyBaHHSI CKOITy 3a0py/IHIOIOTECS TOBEPXHEBI Ta MiJ3EMHI IPYHTOBI
BOJU, AKi € jpkepenioM muTHOI Boau [13]. MakynarypHuil CKOIN € HE3py4YHUM
BiJIXOJIOM 4epe3 HOro BUCOKY BOJIOTICTb, @ CKJIalyBaHHS BUMarae 3HaYHHUX IUIOLL.

J1ist 3MEHIIeHHS TUTOII CKIIalyBaHHS CKOITY Ha IOJIITOHAaX HOro 3HEBOHIOIOTH.
3aBIsKY MTpOIIeCy 3HEBOIHEHHS Ha IITHEKOBUX NPEcax, B KIHIIEBOMY Pe3YJIbTaTi CKOII
SIBIITE COOOI0 0CaJ 3 MacoBOK YACTKOK Cyxoi peuoBnmHH B Mexax 40% i
30epiraeThes y clieliagbHo BiiBeAeHUX Micisix. Lle oqHuM nonyssipHUM 1 HIKPOKO
3aCTOCOBYBaHMM METOJIOM 3HEBOJHEHHS BOJIOTOTO BOJIOKHUCTOTO CKOITy €
¢binpTpyBaHHA Yepe3 TKaHUHHUKA QineTp [15], mo nomsdrae y 3aTpuMaHHi BOJIOKHA
LEJIONIO3M, HAaBiTh HAMKOPOTIIOrO, HA TKAaHWHI, L0 OJHOYACHO IPOIYCKA€E
MOJIEKYJIM BOJHM. TakMM YHHOM CKOIl BiJUIIJISIETHCSI B HAJJTUINIKOBOI BOJIOTH.
BumiesasnadeHi criocoOu 3HEBOAHEHHS BOJIOKHUCTOTO CKOILY, & TAKOX 3HEBOAHEHH:
3a JIOTIOMOrol0 BakyyM-(iibTpiB, HeHTpU(]YT BiTHOCATHCA A0 MexaHiuHHX. Kpim
TOro, ICHYIOTb TEpPMiYHI CIOCOOM 3HEBOAHEHHS CKOMy 33 JIOTIOMOTOIO
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KOHBEKTHBHUX Ta 0apa0aHHWX CYIIMIBHUX YCTaHOBOK. IIpm 3HeBOmHEHHI
IITBHICTB CKOITY 3pOCTAE 1, BIIIOBITHO, TAHUH THII BIIXO/[iB YMOBHO 3aliMa€ MCHIIIE
MiCIIA.

Y HIIB cnocrtepiraeTbcs OaraTopidHa TPamWIlis CHATIOBAHHSA BimxomiB. Lleit
BapiaHT yTWmi3amii IIIaMy IIHPOKO BHUKOPUCTOBYETHCA [UIS BHPOOHUIITBA
enektpoeneprii [16, 22]. Ilpore, ckom Mae HHM3BbKY €(QEKTHBHICTH 3TOPSHHSL,
30iNBpIIye  KOHIIEHTpAIif0 3a0pyIOHEHHS TOBITpS Ta moTpedye BHCOKOTO
IHBeCTHIIHOTO KamitanoBkimaneHas [13]. ABrtopamu [23] BCTaHOBIEHO, IO
30JIOIUTAKOBI BIIXOAM Bi CHAJIOBaHHA MaKyJIaTypHOTO CKOIy MaloTh B’SDKYdi
BJIACTUBOCTI, YTBOPIOIOTH TBEPAHYYlI CHUCTEMH 1 MOXXYTh BUKOPHUCTOBYBATHCA SIK
JOJTATKOBUH IIEMEHTYIOUMd Marepian y OymiBHUITBI. Po3pobieHo TexHOJoTio
yTHIII3allii, o nepeadayae KOHCEPBAIlil0 CKOITy HETalllCHUM BAaITHOM 13 MO1aJIbIIAM
(hopMyBaHHIM 13 TOPTIAHALEMEHTOM Ta 30J000. BHpoOM Ha OCHOBI Takux
KOMITOHEHTIB Jal0Th 3MOTY PEKOMEHIYBATH IX ICII JAOAATKOBHX arpoOamiifHuX
JOCTIKEHb SIK TETIO130JIAMIiHI MaTepiam.

[NoTeHMiiHI MOXKITMBOCTI yTHIi3aMii CKOMY HUITXOM Oi0TpaHCOpPMYBaHHS IS
BUTOTOBJICHHSI €TAaHONY, KapOOKCHMETHIILEIIONIO3H, AaKTUBOBAHOTO BYTULIA 1
MOJIOYHOT KHCIOTH po3risHyTi B poboti [13]. Takoxk ckonm € TpUAaTHOIO
CHUpPOBHMHOIO JIsi aHaepoOHOro 30po/KyBaHHS 3 METOK OTpPHMaHHs Oiorasy.
ABtopamu pobotu [16] nposeMOHCTPOBaHO MOXKIIHBICTD OioTpaHchopmarlii ckommy
B piaki HaQTONMPOAYKTH IJIs peKymepariii eHeprii, MUITXOM IPSIMOTO 3piHKEHHS Y
rapsiyiii CTUCHYTIM BOAI. 3riiHO 3 AaHuMU [ 18], CKOIl MOXKe CITyTyBaTH CHPOBUHOIO
JUISS BUTOTOBJICHHS OaKTepiajdbHOI IICJIOJI03M Ta (EPMEHTIB, ILJISAXOM HOTO
NOCITiIOBHOT (pepMeHTalii. Po3risiHyTo 3acTOCYBaHHS CKOITy SIK TEPCIIEKTHBHOTO
cyOcTpaTy ansi BUPOOHUIITBA KIIITHHHHX OLUIKIB JJI1 BHKOPUCTAHHA B KOPMax
TBapuH. Takok B TBAPUHHHIITBI MOXKIIMBE BUKOPUCTAHHSI CKOITY B SIKOCTI MTiICTHITKH,
aJie monepeaHbO Moro 3HEBOIHUBIIH.

[epcriekTHBHUM CIIOCOOOM yTHITI3ALil CKOIy € HOTO TepMiuHE PO3KIIAJaHH,
BHACITIZIOK SIKOTO YTBOPIOETbCS O10BYriLis. BioBYriuist MiCTUTh BHUCOKY YacTKY
MiHepaJliB, AKi € IIHHUM JUKEPeoM MOKHBHUX PEUOBMH. MOro 3acTocoByroTh s
MiBUIICHHS POJAIOYOCTI TIPYHTIB, IO CHpUSE 30UTBIIEHHIO MPOTYKTUBHOCTI
CUTBCBKOT0 TrOCTIOIapCTBa. B arpapHOMy CeKTOpi CKOI MO’KE BUKOPUCTOBYBATHUCS SIK
no0aBKa JI0 IPYHTIB (MEJIIOpaHT) JUIs TIOKPAIIEHHS 1X SKOCTI 1 HaBITh K OpraHo-
MiHepaJibHe TOOPHUBO IS TIOKPAIIEHHS BPOXKAMHOCTI SIK y YUCTOMY BUTIISAI, TaK i B
cyMimi 3 iHmmMHu KomrnoHeHTamu [24]. [IpoTte, icHye HEOOXiIHICTh y MOJANBIINX
JOCIIJPKEHHSIX BIACTUBOCTEH CKOMY JUIS BUKOPHCTaHHS B arpapHiid chepi. Bonu
BKITIOYAIOTh aHAalli3 Pi3HUX CIIOCO0IB MOMEPEHBOI 00pOOKH CKOIYy, Pi3HHX HOPM
BHECCHHSI B IPYHT Ta KOMOiHaUii 3 IHIIMMH OpPraHiYHUMH i MiHEpaJbHUMH
No0puBaMH, JUTs 3a0€3MeYeHHS €KOJIOTIYHOT YUCTOTH MPOJYKIIii arpOBUPOOHHIITBA.

3. Texnonocii noemopnozo euxopucmanus ckony. OKpiM pi3HHX CIOCOOIB
yTWmi3amii CKOIMy, OCTaHHIM YacoM Bce Oinblle NpUIUIIETbCS yBara HOro
MMOBTOPHOMY BHKOpPHUCTaHHIO (puc. 3). LliHHICTh CKOMy ToJsiTae HE TUTLKH B HOTO
€KOJIOT1YHIM YUCTOTI Ta TEIUIOCHEPTeTHYHOMY TOTeHIiani (BiH 37aTeH ropiTH B
CyXOMY CTaHi), ajie 1 B OUIbIIiN Mipi 3yMOBJIeHa HOro MaTepialbHOIO CKIIaJOBOIO.
Wnerscs npo 50% IIMHUCTOI CHPOBMHM — KAONiHY, IO € L[iHHOK MPHPOIHO
CHPOBHHOI. 3a TAKOTO CKJAaay Il BITXOAW MOXKHA BHUKOPHCTATH SIK BTOPHHHY
CHPOBHHY [IJI1 BHUTOTOBJICHHS PI3HHX KOMIIO3HTIB. IIpOMHCIOBI MOXKIMBOCTI
MOBTOPHOTO BUKOPUCTAaHHS CKOIy PO3IUISIOTBCS Ha [JBI Kareropii: Ti, IIO
MOTPeOYIOTH BUCOKOTO BMICTY HEOPTaHIYHUX 1 MiHIMAJIBHOI KITBKOCTI OpTraHIIHUX
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CIONIyK, IHIII — BHCOKOTO BMICTY BOJIOKHa Ta HH3BKOTO BMICTy MiHEpaJIbHUX
peuoBuH. [Ipu BUKOpUCTaHHI HI1aMy y BUPOOHHUITBI JEPEBUHHUX KOMITO3HLIIHHUX
MaTepialliB BaXXJIMBE 3HAUYCHHsS Ma€ BHCOKHM BMICT BOJIOKHHUCTUX YAaCTHHOK, MPH
BHTOTOBJICHHI OY[iBeNbHOI TPOAYKIIi — HANOBHIOBAadiB, a TpPH BHUTOTOBIICHHI
MTOKPIBETFHUAX MaTepialiB Ma€ 3HAYCHHSI BHCOKHI BMICT BOJIOKHA Ta HAIIOBHIOBAUiB.

CriocoGn OBTOPHOTO BUKOPHCTAHHA MaKyJIaTyPHOTO CKOITy

Kommnekcue Bupobuuireo
BUKOPHCTAHHSA Bupobunureo KOHCTPYKTHBHHX . Bupo6HunTBOo .
- P - p_ .py Mexaniune P . TanuBHi BupobuuuTBO
6araToTOHAKHHX Oy, HIL Teroi ABTOJIOPOKHIX . -
. X - BUPOOHHUIITBO L Matepiaiu copOentiB
BIIXOZB -CKOILy, MYy, matepiais LIYMOTIOTTHHAIOYHX Marepiaiis
301, nutaky TEC WIHT
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Puc. 3. CtocoOu MoBTOPHOTO BUKOPHCTAHHS BOJIOKHUCTOTO MAKYJIATypHOTO CKOITY

[ToBTOpPHE BUKOpPUCTAHHS CKOMY JJisi BUPOOHUIITBA Mamepy i KapToHy Mae
neBHe OOMEXeHHS. BBexeHHs ApiOHOrO BOJIOKHA A0 CKJIagy MAanepoBoi YU
KapTOHHOI KOMTIO3HIIii ICTOTHO MOTipInye (i3MKO-MeXaHiuHi1 TOKa3HUKH TOBApHOI
npoaykiii [19]. Tomy ckoIl MOke BUKOPUCTOBYBATHCS IPH BUTOTOBIICHHI SIEYHUX,
(hpYKTOBHX JOTKIB, IPOMHUCIIOBOI MAaKyBalIbHOI MPOAYKIIii, OJJHOPA30BUX BUPOOiB,
OpU3HAuYeHUX M TPOMAJCHKOro XapdyBaHHS Tomo. Bizoma mnpaktuka
BUKOPHCTaHHS CKONY IPU BUPOOHUIITBI KaPTOHY, KW BUTOTOBISEThCS 13 100%
nepepobiieHoro BosiokHa [13].

HasBui po3poOku y cdepi moBomkenHs 3 Biaxogamu LIIB mnokasyioTs
MEePCIEKTUBHICTh BAKOPUCTAHHS CKOITY JIJIs BAPOOHUIITBA MaTepialiB Oy1iBeIbHOTO
npu3HaveHHs. Bennki o0cary i JieleBu3Ha CKOIMy € BaroMHM apryMEHTOM HOTro
BUKOPHUCTAHHS B IKOCT1 3aMIHHUKA JESIKMX TPAAULiHHIX J0OABOK ITPH BUPOOHUIITBI
OymiBeTbHUX MaTepiaiiB. Y BHPOOHHITBI OyJiBENFHUX MaTepialiB CKOI MOXe
MOBTOPHO BHUKOPUCTOBYBATHCh K y POJI B SDKYYOro KOMITOHEHTA, Tak 1 B poJi
HaIOBHIOBaYa.

BukopucTOByOUM CKOIl B SIKOCTI KOMIIOHEHTa OETOHHHMX CyMillleH, mnpu
MOETHAHHI 3 TOPTIAHIIIEMEHTOM MOXKHA OJICpP’KaTH KOMIIO3HWITIHHI MaTrepiaim,
MPUIIATHI JJIsl BUTOTOBJICHHS OYIiBENbHUX OJIOKIB, CTIHOBUX TMaHeNeH Tomio. 3oa
MaKyJaTypHOTO LUIaMy € I[iHHOIO CHPOBHMHOIO Ui BHPOOHMLTBA IIEMEHTY Ta
IIEMEHTHOI TIPOYKITii, OCKUTBKH MICTHTB Y CBOEMY CKJIaJli BEJIUKY YaCTKY JTIOKCHIY
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KpEMHiI0, alTOMiHII0 Ta KapOoHaTy Kanbmiro. OHaK, BMICT IUTaMy B KOMIIO3HIII{ HE
Mae nepeBuiryBatd 10%, OCKUTbKM HOTO 301bIICHHS MPU3BOJUTH 10 3HWKECHHS
MeXaHI4HOi MIIHOCTI KOMIO3UTIiB. Y poOoti [20] mocmimxyBanacs MOMIUBICTH
BUKOPHUCTAHHS 30JM LIaMy JUIS YacTKOBOi 3aMiHM IIEMEHTY IPU BUI'OTOBJICHHI
HOBOT'O BUJY OETOHY.

SIK HamoBHIOBAaY CKOIl MOKHa BHKOPHCTOBYBAaTH TaKOXX Yy BHPOOHHIITBI
KOHCTPYKITIHHO-TETIO130ISAIITHOTO JIETKOTO O€TOHY (CKOMOOETOH), Ha OCHOBI
SIKOTO MOKHA BHIOTOBJISITH CTIHOBI OJOKM KiacoM He Menme B 12,5,
tertonposignictio 0,15 Bt/(M'K) 1 moposocridikictio no F  35. Burpary
MOPTIAAHIUEMEHTY JJIsl BUTOTOBJICHHS! CKOOOETOHHUX OJIOKIB MOYKHA JAOBECTH JI0
200 xr/m [19].

Y OyHmiBHUITBI CKOIl 3aCTOCOBYIOTh $IK KOMIIOHGHT OCTOHHHUX CyMIIICH,
BUTIATTIOBAIbHY JT0OABKY Y BUPOOHHIITBI KEPaMiyHOI IETJIM, OCHOBY CyXOi TilcoBoi
LITYKaTYPKH, KOMIIOHEHT BOJIOKHHUCTHX Ta HaIliBTBEPAMUX BOJIOKHUCTUX IUT [13].

MakynaTypHHil CKOII MOE 3aCTOCOBYBAaTHCh IPU BHUT'OTOBJICHHI KepaMidyHHMX
MatepianiB (uernu). OfHAK, HA OCHOBI MPOBEACHUX JOCHTIHKEHb OYJ0 3p00JeHO
BUCHOBOK IIPO T€, LI0 HASsBHICTh LUIAMY Yy KOMIIO3HMLIAX [UIS BUTOTOBJICHHS
KepaMivqHO1 TN TPU3BOIMIIA JIO MTOTIPIIEHHS MEXaHIYHIX BIIACTUBOCTEH BUPOOIB,
HecTabiTbHOCTI popMu Ta po3mipiB MaTepiady. CIMHAM NO3UTUBHUM PE3YJIETATOM
OyJ10 Te, 110 3MEHIITyBaNIach IUIBLHICTh MaTepiany [13].

[Mupoko  mpencTaBieHi  MOXKJIMBOCTI  OAEPKAHHA  KOHCTPYKTHUBHUX,
TEIUIOI30JSIIMHMX Ta ITYMOIIOTJIMHAKYMX TUTMT Ha OCHOBI ckoty. Ckoll y Matepiaii
BUCTYIIA€ SIK OpraHiuHa KOMITO3UIliiiHA CKJIaJI0Ba, 10 Ma€ BSDKY4YY 3/IaTHICTb, 1 K
BOJIOKHHCTHH apMyIOUni KOMIIOHEHT. B’shkyda 31aTHICTh CKOITy 00yMOBIIEHA HOTO
XIMIYHOIO OYZIOBOIO Ta aAre3iiHUMH BIACTUBOCTSAMU. Y TIPOIIECi 3aTBEPAIHHS CKOII
MPOSIBJISIE BIACTUBOCTI B'SHKYYOTO0 KOHTaKTHOTO TBEPAiHHS, JO SKUX BiIHOCSATHCS
TakoX B'SDKy4i aMopdHOi 1 HecTaOUTbHOT KpPUCTATIYHOI CTPYKTYPH, 3AaTHI
KOH/ICHCYBaTHCS B MOMEHT BHUHHMKHEHHS KOHTAKTiB MDX YaCTHHKaMHU Mija 4ac
HaODKEHHS 1X Ha BIJICTaHb Jii TOBEPXHEBUX CHJI IPUTSATaHHS. HasBHICTH y cucTeMi
JITHIHY TaKOX MPU3BOJAUTE JI0 YTBOPEHHS KOPCTKHUX 3B'SI3KIB MK BOJIOKHAMHU, IO
TTOCHITIOE 3B'S3YI0UMH e(DeKT.

Boke HasBHI B Wil rary3i HanpalroBaHHs MOKa3ylOTh MOXKJIMBICTb BUKOPUCTAHHS
CKOIy JUIsi BHPOOHMIITBA TiNICOBOJIOKHHUCTHX IUIUT $IK HANOBHIOBaYa, 3aMicTh
nanepoBoi Makyiarypu [21]. Ilpu BUTOTOBIEHHI TIiNCOKAPTOHY BOJIOKHHUCTI
YaCTUHKH IIJIaMy TOKPALIyIOTh MEXaHiuHI BIACTUBOCTI MaTepiaiy, 3a0€3MeuyoTh
HOMy TOpUCTY CTPYKTYpPYy Ta HH3bKY INiJIbHICTh. [IpoTe, MOXYTh HETaTHBHO
BIUTMBATH HA BOTHECTIHMKICTB.

Ckon MOKHa BUKOPHUCTATH Il BAPOOHHIITBA TEIUIOI30JIALIHHIX BOJIOKHUCTUX
TUTHT 13 3aCTOCYBAHHSM SIK OpPTaHiYHUX, TaK | HEOPraHiYHUX BSDKy4YuX. Po3pobnenuit
CKJIaJ] JUIsSl BATOTOBJICHHS TEILIOI30JIAIIIMHNX MaTepiaiB, 1110 MicTsTh ckor 60...90%,
cnyuenuii nepmit 8...20%, ¢ropuctuit Harpiit 0,5...2,5% 1 B'sbKyye — HpPOIYKT
cyMicHOI HelTpauizauii oprodocdopHoi kucnoru, kapdbaminy, hopmaniny 1...12%.
Tako  HaBeJGHO  MOXIIMBICTH  3aCTOCYBaHHS  SIK  BSDKYYMX  TJIMHH,
(TOPaHT1IPUTOBOrO B'SHKYHOro. 3acTOCyBaHHS LBOTO CKJIAAY y BHUPOOHHUIITBI
TEIUIOI30JSIMIHHOTO  Marepiaidy MiABHIIYE MEXaHIYHy MILHICTh 1 3HHXKYE
3aMMHUCTICT, Marepiay. Teruroi3oismidHI IUIHTH Ha OCHOBI CKOITy MAaloTh
termionposiaHicTs 0,063...0,087 Bt/(M°K) [19, 21].

Ckon MOXHa BHKOPHCTOBYBATH Yy BHPOOHMITBI HaiBTBEPIUX BOJOKHUCTUX
IUTUT. YKPAiHCHKUM HAyKOBO-BHPOOHHYHMM OO0'€ THAHHSIM IIEITIOJI03HO-TTAIIePOBOL
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IIPOMHCIIOBOCTI OTPUMAHO CKJIAaJ JUIS BHUIOTOBJCHHS BOJOKHUCTHX IUIMT, IO
MICTATh 0CaJl CTIYHMX BOJ KapTOHHO-TIAIIEpOBOrO BHpOOHUITBA a0 85% i
MaKyJaTypHi BojokHa [21].

[Ipn BUTOTOBICHHI TakWX HOEPEBHHHHUX KOMIIO3UIIIHHAX MaTepialliB, SK
cTpyxkoBa miuta, MDF, BolOKHUCTa IUIMTA, CKON MOKE€ BUKOPUCTOBYBATHCH B
SKOCTI HAlOBHIOBaYa B TIIO€JHAHHI 3 MEPBUHHUM MAaKyJIaTypHHM IUIAMOM.
Pesynpratu nocnimkeHb MOA0 BUKOPHUCTAHHS INJaMy IPH BUTOTOBJICHHI TaKUX
MaTepiajiB JAOBEJIH, IO 3aCTOCYBAaHHS HOTO € MOMIJIMBHM IIPH OOTPYHTOBAHOMY
MPOLEHTHOMY CIHIBBIJHOIICHHI IIOM0 IHIIMX KOMIOHEHT KOMIIO3MINT JIJIst
OTpPUMAaHHS MaTtepiaiy i3 3aJOBUIbHUMHU BIACTUBOCTSAMH. [IepBHUHHUI HIIaM, KU
JIOJA€EThCSI B CYMIII KOMIIO3MLII, MAa€ 3HAY€HHS apMyBaJbHOTO KOMIIOHEHTA,
OCKUIBKM MICTUTh BEJHKY KiJbKICTh BOJIOKHHUCTHX 4YacTWHOK. CKom Moxe
JIOJTABATHUCS SIK CIIBIIOJIMEP 10 KJICHOBOI KOMITO3HIIiT, OCKIJIBKH MICTUTh B CBOEMY
cknai 6iyok. [Ipy BUTOTOBIEHHI KOMITO3UTIB IEPBUHHHN IITAM MOKE 3MIIITyBATHCS
3 MaKyJaTypHUM ckoroMm [13].

3aciIyroByIOTh yBaru TEXHOJIOT11 KOMILJICKCHOTO BUKOPHCTaHHS
0araTOTOHHaXHUX BIAXOMIB — CKOITy, Myiy, 3omu, nuiaky TEC. 3ampomoHoBaHO
TEIUTO130JIAIIHHI MaTepialii Ha OCHOBI CKOITy Ta aKTUBHOTO MyITy. MyII Tak camo, K
1 CKON, HAaJeKUTh N0 OaraTOTOHH&XHUX BLAXOIIB MENOI03HO-TANEePOBOi
MPOMHCIIOBOCTI. AKTUBHHIA MyJ MoOke OyTH miuacTU(iKaTOpoM Ui AUCIEPCHUX
CUCTEM Ha OCHOBI B'SDKYYHMX PEYOBHH 1 CIIOJYYHHM KOMIIOHEHTOM y CyMimiax 3
OpTaHiYHUX BOJIOKOH. PO3TISHYTO TEXHOJOTil BHTOTOBICHHS KOHCTPYKIIHO-
TEIUIOI30JIMIHHIX MaTtepianiB, TaKMX SK IUIMTH HE3HIMHOI onasyOKd Ha OCHOBI
CKOIy 1 TOpTIaHALeMeHTY [6].

Y po6oti [11] po3po01eHO KOHIENIIiI0 TEXHOJIOT1] CITUIBHOI YTHITI3AIIi] 3019, 1110
YTBOPIOEThCA BHACTIIOK cniamoBanHs Byrimwis Ha TEC, Ta ckomy 3 yTBOpEHHSIM
KOHCTPYKTHBHO-TEILIOI30JSIIHHOTO BHpoOy. BceraHoBneHo, 1mo cymimn, —sika
ckinagaetbest 3 60% 30mu, 20% uementy, 10% BOJIOKHHCTOrO CKOIly Ta
10% neramieHoro BarmHa, MOXXe OyTH BiJHECEHA /A0 TPYIMU KOHCTPYKIHHO-
TEIUIOI30JIMIHHIX MaTrepialiB Ta BHKOPUCTOBYBATHCh B SIKOCTiI OyAiBEIHHOTO
MaTepiany IpH yKJIaJaHHI MiJUIOTH Ta IIOCKOI MOKPIBII Yepe3 MIlHICTh Ha CTHUCK
Oinpmre 6 MIla [11].

BukopucTaHHsT BTOPUHHOT CHPOBHHM Ta TPOMHUCIIOBHX BIIXOMIiB € OJHUM 3
HaWOUMBII  eQEeKTUBHUX HAMpPSIMKIB  pecypco30epexeHHs Yy BHPOOHHUITBI
OyniBenbHHUX MatrepiasniB. EKOHOMIYHO Ta €KOJIOTIYHO BUTITHHUM METOJIOM
nepepoOKH MakyJIaTypHOTO CKOIY € JIOJIaBaHHS Y BUPOOHHUITBO arjoNOPHTOBOTO
rpaBito Ha ocHoBi 3omu TEC. Marouun HEBUCOKY TYCTHHY, BHCOKI copOIiiiHi
BJIACTUBOCTI 1 INIACTUYHICTb, BiH 3AaTHUH MMOKPAIIWTH YMOBH I'PYyAKYBaHHS 30JIbHOL
IIUXTH ¥ MIBUIIATH MIIHICTD SIK BOJIOTHX, TaK 1 CyXHX CHPIEBUX IpaHy’1. Ha #oro
OCHOBI MOYKHa OJIEp»aTH, 30KpeMa, JIeTKi OETOHH.

BupoOHHMITBO BHUIOTOBJIEHHS MajIMBHUX IeEJET 31 CKOIY 3alpOlOHOBAHO
aBtopamu [17]. [Jna minBumieHHs eQEeKTHUBHOCTI BHPOOHMLTBA, 30€piraHHs,
TPaHCHOPTYBAaHHSI Ta CIHATOBaHHS, B pPOOOTI [22] pO3MIIIHYTa MOMKJIUBICTh
BUPOOHWITBAa MANMBHUX OIOKOMIIO3UTHHMX TpaHyd 1 OpHKEeTIB Ha OCHOBI
BOJIOKHHCTOT'O CKOITy, II0 BUKOPUCTOBYETHCS B SIKOCTI B SDKyYOrOo KOMIIOHEHTA.
CyTbh TEXHOJIOTI TOJIATAE Y BUBUILHEHHI 31 CKOIY YHUCTOTO JITHIHY I BUCOKAM
trckoM (Troran 90 MIla), mo 3B’ s13y€ HAIMIOBHIOBAY OPHUKETY, B POJIi IKOTO BUCTYIIA€E
MepeBaXHO THUPCa, CTPYXKKa, APiOHOANCTIEPCHE BYT/LIA TOLIO.
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Ckolm MOX€ BHKOPHCTOBYBATHUCh SK 100aBKa B acqalbTOBY CyMIMl IS
JOPOXKHBOTO TMOKPUTTs [25]. BonOKHHCTI 700ABKU CHPUSIIOTH 3MEHILICHHIO IIYMY,
3a0e3MeuyoTh MiIBUIICHE 3B'SI3yBaHHS, €JIaCTUYHICTD 1 TOBTOBIYHICTH TPOTYapiB,
BEJIOCUNIEAHUX [IOPDKOK, CIIOPTUBHMX MaWJaHYMKIB, TEPEHKYPOBHX ajlell Ta
€KOJIOTIYHUX CTEXOK B ITapKax.

BukopucTtanHsi ckomy B SIKOCTI COPOLiHO-aKTUBHOI PEYOBMHH MOXKJIMBE Y
PI3HUX TEXHOJIOTISX OYHWIIEHHS Ta30BHX 1 PIAMHHUX ITOTOKIB BiJ IIKIIITHBUX
KOMITOHEHTIB, 10 3a0pyIHIOITh MOBKILIA. B [6] 0OTrOBOPIOIOTHCS MOKIHBOCTI
BUKOPUCTAaHHS (UIbTpamiiHUX BIACTHBOCTEH CKOMY IO BiJHOLICHHIO [0
Ha(TOMPOIYKTIB, IO MICTATHCS y CKJIA/Il BOAOMACIISTHUX eMYJIbCil. AcopOitis, 1110
3MIACHIOBATAch B JIAOOpaTOpHii (PpimbTpamiiHiii yCTaHOBI NIISXOM IPOITYCKaHHS
BOJIOMACIISIHOT eMyJbcii 3 HaTOMpPOAYKTaMH dYepe3 3armoBHEHI MOAPIOHEHHM Y
MOPOILOK Ta MONEPEIHBO NPOCYLIEHNM B CylmwibHil madi npu 110°C nporsrom
250 XB BOJIOKHHCTHM CKOIIOM KOJIOHKH, 3a0e3leumnsia 3HWKEHHS KOHIEHTpAIii
HaTompoaykTiB 3 modatkoBux 4170 mr/m go 279 wmr/m, T00TO eheKTHBHICTH
ouncTtku ckiana 93,3%. IlpoTe, BUKOPHCTaHHS BOJIOKHHUCTOTO CKOIY B SKOCTI
ancopOeHTy Mae psAl CYTTEBHUX HEIOMIKIB, cepel SKAX: HHU3bKa IIBUAKICTH
MPOTIKaHHS BOJIOMACTISTHOI eMYJIbCil 3 HaTompomykTamMu depes Imap ancopOeHry;
BIJICYTHICTh TEXHOJIOTIi pereHepaiii ajcopOeHTy. TakuM YHWHOM, CIIOCTEPIraeMo
TpaHC(OPMAIIIF0 CKOMy, SK BIIXOAY OYHCTKH CTIYHHX BOJIOKHOBMICHHX BOJI
MiIPUEMCTB KapTOHHO-TIAIIEPOBOI MIPOMHUCIOBOCTI, Y BiIXOJM OYUCTKH CTOKIB Bif
HapTONPOAYKTIB, IO Yepe3 BIJICYTHICTh TEXHOJOTIl yThmizamii (pereHeparii)
Hisrae po3MIIEHHIO Ha moliroHi. OTKe, BUKOPHUCTaHHS CKOMY B SKOCTI
a/IcOpOEHTY € TMEPCIEeKTUBHUM HANpsIMKOM, IPOTE CY4YaCHHH PIBEHb PO3BUTKY
HAayKd HE J03BOJISIE BUPILIMTH NPOOJIEMY 3allOBHEHHS CKOIOM IIPOMHCIIOBUX
TTOJIIFOHIB 32 JIOTIOMOT'OFO 3aITPOITIOHOBAHOT i/1el.

B manmHoOymyBaHHI CKOIT MOXKE BUKOPUCTOBYBATUCH JUISl BUTOTOBJICHHS JIETAJICH.
VY pobori [19] po3pobaeHo npec-mMacy Ha OCHOBI CKOITY AJIsI BUTOTOBJICHHS JIeTAllel y
By3J1aX TEpTs, IO MPAIOIOTh 03 MacTWia, & TAKOXK — MPEC-KOMITO3MIIII0 Ha OCHOBI
CKOIIy JJISl BUTOTOBJICHHS BUPOOiB, 110 MPAIIOIOTH 3 MiIBUILIEHUX TEMIIEPaTyp.

BucHoBku i npono3umii

JocniauBig Ta mpoaHalizyBaBIM iH(QOpPMAIlIO PO ICHYIOYI CIOCOOW yTHImi3alii
MaKyJIaTypHOTO CKOITy, MOJKHAa KOHCTaTyBaTH (hakT BiJICYTHOCTI Ha JIaHMHA MOMEHT
JHCHO e(eKTUBHOI Ta EKOHOMIYHO JIOUIJIBHOI TEXHOJOTII HOro mepepoOKy.
Haii6inpin mmpoko y HayKOBiH JiTepaTypi NMpeACTaBIeHI TEXHOJOTii MOMXIUBOTO
BUKOPHCTAHHSI CKOIY SIK BOJIOKHUCTOTO HAIIOBHIOBAYa B HE3HAYHHX KUTBKOCTSIX JIJIS
BUPOOHMIITBA JEPEBUHHNX 1 OyAiBEIbHUX KOMIO3ULIHHUX MaTepianiB. TeXHOI0Tri4HO
MEpPCIIEKTUBHUM TEPMIYHMHA PpO3KJIa] CKOIy B IIHPOKO BHKOPHUCTOBYBAaHOMY
o0JlaJIHaHHI TIPOJI3HMX YCTAHOBOK JuIsi BUpOOHMITBAa OioByrimis. OTprMaHe B
mpoueci KapOoHizawii ckomy OlOBYriuii MOXKe MaTd IIMPOKWH  JianasoH
3aCTOCyBaHHs B OUThIl HDK 50 Tamys3sx HNPOMHCIOBOCTI (CUIbCBKE TOCHOAAPCTBO,
BUPOOHHIITBO JOOPHB, KOCMETHKA, (PapMaIleBTHYHA TIPOMHCIIOBICTB).

Bucoxka BiIHOCHA BOJIOTICTh, 30JIbHICTh 1, IK HACJIIJIOK, HU3bKa TEILJIOTBOPHICTh
MaKyJaTypHOTO CKOITy € OCHOBHOIO IIPUYHHOIO BIJICYTHOCTI Ha CHOTOJIHIIIHIHN 1€Hb
e(eKTHUBHUX TEXHOJOrii Horo yrumizamii. Po3’s3kom mpobiemMu edeKTuBHOI
yTHII3amii MaKyJIaTypHOTO CKOIy € BHUKOPHUCTaHHS TEXHOJOTIH 3 HH3LKHMH
CHEepPreTHYHUMU 3aTpaTaMu.
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ATpPOTEXHOJIOTIYHE BUKOPHUCTAaHHS CKOITy MOXIIHBE, aje IMOTpedye CYyTTEBHX
YTOUHEHb TEXHIYHMX MOXKIUBOCTEH Ta e(QeKTHUBHOCTI. BpaxyBaHHs cTaHy
KOHKPETHHX TPYHTIB, KJIIMaTHUYHUX 30H Ta (Di3MKO-XIMIYHUX BIACTHBOCTEH CKOITY
BiX KOHKPETHOTO BHpPOOHHKA 000B’sI3K0BE pu BHPOIIyBaHHI
CLTBCHKOTOCITO/IAPCHKOI TTPOAYKIIii.

Haii0inpm mepcrneKTUBHOIO € TEXHOJIOTisl MPSMOro BHUKOPHCTAHHS CKOMY B
SIKOCTI CKJIAJJOBOI TPYHTOCYMIII U Oi0NOTiYHOI pPeKyIbTHBAIii TEeXHOTEHHHX
nmanmmadTiB. Brcoka BigHOCHAa BOJIOTICTH Ta OpraHidHA B'S3KICTh POCIHMHHOTO
MOXO/DKEHHST  CKOIMy  3a0e3NedyloTh ONTHUMajbHy  TEXHOJOTIUHICTH  HOro
BUKOPUCTAHHS ISl ITPYHTOBUX cyOcTpartiB. OCHOBHI arpoTeXHi4Hi BIaCTHBOCTI
TPYHTOCYMIIIIi TIPOJIOHTOBAHOI il Ha OCHOBI CKomy 3a0e3redarb e(eKTUBHICTh
O3CTICHEHHS! TEXHOTEHHHMX 3eMelb. PeKkynbTHBalis Kap’e€piB, TEPUKOHIB,
XBOCTOCXOBHILI, BiIBaJiB 301U 1 HUIAaKy, 3 BUKOPHCTAHHSM CyOCTpaTiB Ha OCHOBI
CKOITY, MOKE 3MEHIIUTH BUKH/IY IPYHTOM NapHUKOBHX I'a3iB, SMEHITUTH BUMHBAHHS
MMO)KMBHUAX PEYOBHH, 3MEHIIUTH MOTPeOM B 3pOIIEHHI Ta M0o0pwBax pOCIUH
JeTpajoBaHKX 3eMeJb.
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MODERN PROBLEMS OF UKRAINE'S ECOLOGY:
AGRICULTURAL POLLUTANTS AND THE QUALITY OF DRINKING
WATER IN THE CITY OF KY IV

Abstract. Considered modern problems of Ukraine's ecology. The problem
“influence of agriculture on the quality of underground water” is considered in
detaile. In 1998-2002, 163 analyzes of underground waters of the aquifer of
Cenomanian sediments and the aquifer of Jurassic sediments in the city of Kyiv for
the content of persistent chlorine-organic pesticides: DDT and its metabolites,
hexachlorocyclohexane (HCCH) and its isomers, aldrin, heptachlor and the fluor-
containing pesticide treflane were carried out by the gas-chromatographic method.
In the water of the aquifer of Cenomanian sediments and the aquifer of Jurassic
sediments of the city of Kyiv, the average concentration of DDT was at the level of
105 mg/dm3. According to our calculations for the year 2024, the concentration of
the amount of DDT in the drinking groundwater of the city of Kyiv has decreased
by 2-3 orders of magnitude, depending on natural conditions. This indicates that
there no new inputs of DDT to natural ecosystems, and retrospective contamination
is gradually decreasing. The need to conduct fundamental research of establishing
concentrations of new pesticides in groundwater, developing criteria for assessing
the danger of co-presence of pesticides of various classes of chemical compounds
in groundwater and other natural objects remains relevant. In 2023-2024, 58 wells
were examined for the quality of drinking water in Kyiv.

Key words: problems of ecology, agricultural pollutants, the quality of drinking
waters.

HL.IL. Ocoxina
[HctutyT reonoriunnx Hayk HAH Vkpainu, M. Kuis, Ykpaina

CYYACHI TPOBJIEMH EKOJIOI'Ti YKPATHU:
CLIIbCBKOI'OCIOJIAPCHKI 3ABPYTHIOBAUI I AKICTH MATHOI
BOJU M. KUEBA

Anomauin. Pozensinymo cyuachi npobdremu exonocii Yxkpainu. Binvw demanvHo
PO32ISAHYMO NpoOIeMY «BNIUE CLIbCbKO20 20CHO0ApPCMBA HA SIKICMb NIO3eMHUX
600». B 1998-2002 pp. npogedeni 00CaiodceH s Memodom 2az080i xpomamozpaii,
163 ananizu niozeMHux 600 000OHOCHO20 20PU3OHMY CEHOMAHCLKUX GIOKIAOEHb I
B8000HOCHO20 20PU30HMY OPCbKUX 6i0K1adeHs M. Kuesa Ha emicm cmitikux
xnopopeaniunux necmuyudie (XOII): /[T ma tioco memabonimis, I' X[{I" ma tioco
i30mepis, anvOpumy, cenmaxiopy ma @mopemiwyrouoeo necmuyudy (@II) —
mpe@nany. Y 600i 6000HOCHO20 20pU3OHMY CEHOMAMCLKUX GIOKIAOEHb |
B6000HOCHO20 20PU3OHMY T0PCLKUX GIOKNIAOeHb cepedHi konyewmpayii T
snaxoosmocsa na pieni 10° me/om®. 3a mawwmu pospaxynxamu na 2024 pix
xonyenmpayis JT y numnux niozemuux 6ooax m. Kueea smenwunace na 2-3
nopsAoKU, 8 3ANEHCHOCMI 8i0 NpupoOHuUx ymos. Lle ceiduumv npo me, wo HOBUX
Haoxooxcenv JAT 0o npupoonux exocucmem He OY10, a4 pempoCneKmugHe
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3aOpYOHeHHs NOCIMYNOBO SHUNCYEMBCA. AKMYANbHOIO 3AIUMAEMBbCA He0OXIOHicCMb
npoeeoenHs: (PYHOAMEHMANbHUX OOCHIONCEHb U000 6CMAHOBNICHHS KOHYEHMPayiil
HOBUX necmuyudis y nio3eMHUX 800ax, po3podieHHs Kpumepiie oyinKu Hebe3nexu
CRIBHOI npucymunocmi necmuyuoié pisHUX Kiacié XiMiuHUx CROIYK Y NUMHUX 800aX
ma iHwux npupoonux o6'ekmax. ¥ 2023-2024 pp. oocniosceno 58 ceeporosun ma
sakicmv numnoi 6oou m. Kuesa.

Knrouosi cnosa: npobiemu exonocii, cinbcbko20cnodapcoki 3a0pyonI08ayi, AKicmy
RUMHOI 8OOU.

https://doi.org/10.32347/2411-4049.2024.3.22-27
Beryn

OjHI€I0 3 aKTyadbHUX MPOOJIEM CYYaCHOCTI € mpoOdiieMa 3a0e3NeueHHs HaceIeHHS
VYkpaiHu SKICHOIO THTHOIO BOJOK. BpaxoBylouM HE3alOBUIbHY SIKICTh BOAW B
MMOBEPXHEBHUX JDKEpeNiaX, 3HaYyHI BHUTPATH Ha I OYMINEHHS Ta HEMOXXIHMBICTh
e()eKTHBHOTO 3aXHCTY BiJl TEXHOT€HHHX Ta CLILCHKOTOCIOAPCHKUX 3a0py/THIOBAUIB,
CTpATEeTivHOTO 3HAYCHHS HaOYBAIOTh MOUIYKH T4 BUKOPHCTAHHS MPICHUX MiIA3EMHUX
Bo 1t ToTped HaceneHH. [lounnatoun 3 1960-x pokiB, mpobdiaemMaM 3aXHIEeHOCTI Ta
YPa3IHMBOCTI TiI36MHUX BOJI BiJI aHTPOIIOTEHHUX 3a0pYyHIOBAUiB (BaXKKUX METAIIB,
MIECTUIUIIB, PAIIOHYKITIJIIB) IPUAUISETHCS OCOOJIMBA yBara.
Exomnoriuni npo6iemu Ykpainu [5]:

1) 3a0pyaHEHHS MUTHOI BOJOMPOBIIHOI BOIM;

2) 3abpyaHeHHS aTMOC(hepH, 0COOIMBO B MPOMHUCIOBUX PErioHax KpaiHwu;

3) 3HUILCHHS 3eMENIBHUX PECYpCiB (Aerpaailis 4OpHO3eMiB YKpaiHu);

4) 3HUIIEHHS 3¢JICHUX Haca/DKEHb (BUPYOKa JIiCiB);

5) 3abpyaHeHHs BOJHHX pecypciB (akBaropii YopHOro Mopsi, MOBEPXHEBI

BOJN);

6) medinuT TUTHOT BOJM;

7) BIUIMB TipHUYOBHI00YBHOT TPOMHUCIOBOCTI Ha TOBKILIS [4];

8) HadroximiyHe 3a0pyTHEHHS JOBKULIA (ITi13eMHI BOJH, IPYHTH);

9) BmmB AEC i mnianpueMcTB ypaHOBHIOOYBHOI Ta ypaHOIEepepoOHOi

MTPOMUCIIOBOCTI Ha JIOBKIJUIS;

10) BMIMB CiTBCHKOTO TOCIIOAAPCTBA HA SKICTh IMTiI3EMHUX BOJI;

11) BmIMB BifiCBKOBO-ITPOMHCIOBOTO KOMILJIEKCY Ha TIPUPOTHE CEPEAOBHIIIE;

12) exomun BHacinok Pociiickko-Ykpaincekoi Bitiau 2014-2024 pokis (miapus

KaxoBcekoi I'EC, 3HMIIEHHS 3allOBiIHUX TEPUTOPIH, JiciB, MiHyBaHHS
CIJIbCBKOTOCIIOIAPCHKUX YTiflb Ta 1HIIIE).

B pesynbrari BiliHM Ha JloHOAaci HEKOHTPOJILOBAHUMH 3AITUIIWINACST OIU3BKO
4500 moteHuiitHO Hebe3meuHMX NpoMHUcIoBUX 00'ekTiB. 3 2014 mo 2017 pik Ha
MiANPUEMCTBAX periony 3adikcyBaiu noHa 500 BUIIaKiB TOPYIIEHb Ta aBapiitHAX
CUTYyallll, YaCTHHA SKHUX IOB'13aHa 3 HEOE3MEKO IS JIIOACH Ta HABKOJHUIIHBOTO
cepenosuma [5].

[lix gac ©0iB HEOTHOPA30BO YIIKOHKYBAJIUCS CHUCTEMH BOJOBIIBEACHHS B
[IaxTax, MIATOIUICHHS SKUX MPU3BOJUTH JI0 3a0pyIHEHHS WiJ3eMHUX Ta
MOBEPXHEBUX BOJA 3ali30M, XJIOpUAAMH, Cyib(aTamu, iHIIMMH MiHEPaIbHUMH
COJSIMM Ta BaXKUMM METalaMH. 3a CIOBaMH €KOJIOTiB, BiifHa MOIIKOAWIA BCi Oe3
BHHSITKY KOMITOHEHTH HaBKOJIMITHBOTO CEPEIOBHINA. 3a0pyIHEHO IMOBITPS, BOIA,
TTOIIKO/KEHO 3HAYHI IIONII 3€MITi, 3HHUINCHO POCIWHHU, 30KpeMa Ha 3aIlOBiIHHIX
Teputopisx. 3amiHoBaHO Omu3bko 30% TepuTopii Ykpainu. Benuky mxoay npupoai
3aBJAIOTh MTOXKEXKI1, KIJIBKICTh AKHUX 301IbIIHIIACE.
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[IutHa Boma B YKpaiHi Bke CKOPO MOXKe cTaTh AediruToM. My 3HaX0IUMOCS Ha
32-my micui cepen 40 3a 3a0e3MEUEHICTIO TUTHOO BOJIOKO B €BPOITi Ta BXOAUMO JI0
CIHCKY KpaiH, SIKUM 3arpoKye HecTaua BOJHHUX PECYpCiB. A 3TiJHO 3 pe3yJbTaTaMu
nociimpkeHHs, nmposeaeHoro y 2019 pormi Ha 3amosneHHst CBiTOBOTO (hiHAHCOBOTO
0aHKYy, 3a KIJTBKICTIO MUTHOI BOJY Ha AyIIy HAceIeHHs Y KpaiHa mocina 125-Te micie
cepen 180 kpain [5].

B 1miit pobGoTi posrmsHeMo MpoOieMy BIUIMBY CUIBCBKOTO TOCIIOAApPCTBA Ha
AKICTh mmim3eMHuXx Bojx (Ha mpukiami M. Kuesa) [3]. Hama poGora «BwmicT
3QJIMITKOBUX KITBKOCTEH MECTUIMAIB Y MiJ3¢€MHHX BOJAX Ta IHIIUX 0O0'€KTax
MPHUPOTHOTO CEPEIOBUINA OKPEMHUX PerioHiB Ykpaium» [3] mpoaoskuia HaMpsIMOK
3 Oioreoximii, po3moyaTHii BUAATHAM YYEHHM, MHCIUTENIEM Ta TPOMaISHIHOM
B.I. Bepraacekum.

@DakTHYHUNA MaTepiaj Ta MeTOI0JIOTif JOCTIIKEeHb

Y 1998 p. Hamu MeTogoM razoBoi xpomarorpadii Oynm mpoBeneHi MOCIiHKEeHHS
migzeMHUX Box M. KueBa Ha BMIcCT cTilfikux xiopopraniyaux mnectuiunais (XOIT):
JJT Ta #oro mera6omitie, [ XII[" Ta #oro izoMepiB, albpIpHHY, FENTaxjIoOpy Ta
¢dropemimtytodoro nectunuy (OII) — tpedany.

Y M. Kuesi Oy1mo Bifibpano 8§ mpob Bo 11 BOJIOHOCHOTO TOPU30HTY CEHOMAaHCHKHUX
BIJIKJIQJICHB 1 5 mpo0 BOJM BOJOHOCHOTO FOPU30HTY IOPCHKUX BiAKIaACHb. Y BOII
BOJIOHOCHOTO TOPH30HTY CEHOMAaHCBKMX BifgkiageHb (Tabn. 1) cepemni
xonnentpamii Y JIJIT 3Haxomsatees Ha piai 3.5-10%; STXII npucytHs y
koHueHTpanii 2.3-10° mr/mve,

Tabmums 1. BMicT mecTHUmiB y TiI3eMHHUX BOJAaX BOJOHOCHOTO TOPHU30HTY
CEHOMaHCHKHUX Binkianenb M. Kuepa, Mr/om®

Ne | Micue Bigbopy SHAAT YI'XUI | Ampapun |[enraxmop | Tpedman
/n | Paiion M. Kuesa

1 Crepn.212 O60s10Hb 2410% |5810° | H.o. H.o. H.o.

2 Caepmin.358 Tpoenmua | 1.2:10% 3.310* H.o. H.o. H.o.

3 Caepain.221 O6onoHs 1.110°% 1.6:10° H.o. 6.210° 3.7108
4 Caepan.9 Jlecusancokuii | 5.4:10°° 3.410° H.o. 9.210° 3.710°®
5 Ceepmn.41 Meuepcernii | 1.0510° | 2:10° H.o. H.o. H.o.

6 Caepi.59 Husku H.o. 110° 3107 H.o. H.o.

7 Ceepmn.170 5.710°% 3.6110° 6:10® 110° H.o.

8 Ceepmn.3 Jlecnsncekumii | 1.810° | 410° H.o. H.o. H.o.

9 Cepenns konnentpanis | 3.510° | 2.310° 7.8107 | 2110° 910°

Y Boai BOJIOHOCHOTO TOPU30HTY IOPCHKUX BiAKIaneHb (Tabi. 2) cepenHi
konueHTpaiii /1T 3Haxonsarecs Ha piHi 7.9:107; I X" MicTSITbCS B KOHIIEHTPAIIIT
2.310° mr/mm.

3a HammMu po3paxyHkamu Ha 2024 pik koHueHTpauis AT y nuTHUX mia3eMHIX
Boaax M. KueBa 3MeHImmace Ha 2-3 IOPSAKY, B 3JICKHOCTI BiJl IPUPOAHUX YMOB.
Ile cBigunuTh Mpo Te, MO HOBUX HaaxomkeHb /[T 10 mpupomHuX eKoCHUCTEM He
0yJ10, a peTPOCIIEKTHBHE 3a0pyAHEHHS TIOCTYIIOBO 3HIKY€ETHCSI.
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Tabmumsg 2. BMiCT mecTHIUAiIB y MiA3€MHHUX BOJaX BOJOHOCHOTO TOPHU3OHTY
I0pCHKUX Bimknanensb M. Kuesa, mr/nm®

Ne | Micue Binbopy SIAT >IXUr Anpapun | Ientaxnop | Tpedunan

n/n_ | paiion M. Kuepa

1 Crepni.359 1.610° 5.910° H.o. H.o. H.o.
ByJ1. Jlpaiizepa

2 Crepai.72 3.110% 8.810° H.o. H.o. H.o.
[Inowa Ilepemoru

3 Ceepmn.193 6.910° 2.1'10° H.o. 7.910° 3.7108
O00110HB

4 Ceepai.10 9107 1.510° 6107 H.o H.o.

5 Caepmn.349 3.6:107 1.410°% H.o. H.o. H.o.
Tpoemuna

6 Cepennst 7.910° 2.310° 1107 1.510°% 710°
KOHIICHTPAIIis

Pesynbratu posmmperoro nociimkeHHs 150 cBepIIOBUH SKOCTI apTe3iaHChKOT
MMTHOI BOJM B CUCTEMi OFOBETHOTO BopomnoctayanHs M. Kuesa [1], mpoBeneHoOro B
1999-2002 pp., nokazanu, mo Boaa 3 rauduHu 90-193 M BOJOHOCHOTO TOPU3OHTY
CCHOMAaHCBHKHUX BifkiaaeHb (93 OroBeTH), BoAa 3 inbOuHHu 256-337 M BOJOHOCHOTO
TOPU30HTY IOPCHKUX BifkmaneHb (26 OroBeTiB), Boma 3MilllaHA — BOJOHOCHUX
TOPU30HTIB CEHOMAaHCHKHX Ta IOPCBHKUX BiakmaneHs (31 OroBer), Bojga NHTHA
BojonposinHa M. Kuesa mictars y-I'XLIT na pisai 10 mr/am®, renraxnop Ha pisHi
10 mr/am®, anpapun — 10° mr/amé, AT, JJIE, JJIJ] Ha pisai 10° mr/am3, mo
amwxae I'JIK (CanlliH 2.1.4.559-96) mo > JJIT na 2 mopsaxu; I' XL Ha 5 nopsakis
Hwxue I'JIK; renraxiop Ha 4 nopaaku Hwkde I'JIK; anbapuH Ha 2 MOPSIKYA HIOKUYE
I'J1K.

Cepenni 3HaUSHHS TIOKA3HUKIB SKOCTI TIPOO Mi3eMHUX BOJI, BimiOpanux y 2023-
2024 pokax B M. Kuesi, HaBesieHi B Tabu. 3 [2].

Tabmurs 3. CepenHi 3HaUCHHSI TOKA3HUKIB SIKOCTI P00 MiA36MHUX BOJ, BiIiOpaHux
y 2023-2024 pokax B M. Kuesi (58 cBepiioBuH)

HopmartuBHe 3Hau€HHS IOKA3HUKA M. Kuis
sriguo 3 JICan ITIH 2.2.4-171-10

3amax, 0anu <2 0.00
MyTHiCTB, MI/aM? <0.58 0.9
Komnbsopogicts, Tpajn <20 10
TBepaicTh 3araibHa MT-eKB/IM> <7 8.7
Cyxwuit 3amuiok, Mr/am* <1000 575
3aii30 3araiabHe, MI/om3 <02 0.1
Hitparu, mr/am? < 50 18
Xnopumau, Mr/om? < 250 53
Maprasueis Mr/am? < 0.05 0.01
[TepmaHTraHaTHa OKHCITIOBaHICTh, MI/IM? <5 1.3
dropunu, mr/om? <1.5 1.3
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[loka3HWKM MYTHOCTI 1 TBEPAOCTI 3araibHOI TEPEBHUIIYIOTh HOPMATHBHE
3HaYeHH MMoka3Huka 3riguo 3 J|CanlllH 2.2.4-171-10.

[HIII MOKa3HUKY HE MEPEBUINYIOTh HOPMATUBHE 3HAYCHHS MOKa3HUKA 3TiTHO 3
JCanllIH 2.2.4-171-10.

BucHoBku

3HIKEHHS piBHA 3a0pyAHEHHS MiA3€MHHUX BOJ| XJIOPOPTaHIYHWMH TECTHITUIAMH,
IO CHOCTEPIraeThCsi, >KOTHOI0 MIpOl0 HE 3MCEHIIYE AaKTyaJbHOCTI 3aBIaHHA
MPOBEICHHSI CUCTEMAaTUYHUX CHOCTEPEKEHb 38 BMICTOM MECTHLUAIB y MiA3EMHUX
BOJAaX TOCHOAAPCHKO-TIUTHOTO Ta KyJIBTYPHO-TIOOYTOBOTO BOJOKOPHCTYBAHHS.
[loBuHHA AiSITM HaNaro/yKeHa CHUCTEMa IPOBEACHHS EKOJOTIYHOI eKCIEepTU3H
TEPUTOPiH 3 METOI0 YCyHEHHS a00 3MCHIICHHS! HETATUBHOTO BIUIMBY MECTUIIHIIB,
ACOPTHMEHTH Ta HOPMH BHUTPAaTH SKUX MOXYTb 3MIHIOBATHCS. AKTYaJbHOIO
3aJUIIAE€THCS HEOOXIAHICT, TPOBEACHHA (yHIAMEHTaIbHUX JJOCHIHKEHb II0I0
BCTaHOBJICHHSI KOHIICHTPAIiil HOBUX MECTHILIU/IB y MiA36MHUX BOJIaX, pO3pO0IeHHs
KpUTEpIiiB OIIHKK HEOE3MEeKH CIUIFHOI MPHUCYTHOCTI MECTHIHIIB PI3HUX KJaciB
XIMIYHHX CIIONYK Y TUTHHUX BOJaX Ta IHITUX MPHUPOJHUX 00'€EKTaX.

B xoHTekcTi TpuBarO4oi BiHM, MOHITOPHHI SKOCTI BOIU HaOyBae 0coOIMBOI
BaknuBocCTi [2]. BiiiHa MOKe MPHU3BECTH 0 3a0pyIHEHHS BOJHUX PECYPCIB uepes
OoiioBi mii, pyliHyBaHHS 1HQPACTPYKTYpH Ta MOXKIUBI BUKHIA B HABKOJHIITHE
Cepe/IOBHIIE XiMIYHUX pedoBHH. Lle cTaBUTh il 3arpo3y AOCTYM JO YHCTOI MUTHOI
BOJH JUISI MUIBHOHIB JIOIEH.
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FERTILITY INDICATORS OF SOILS IN THE SIYAZAN-SUMGAYIT
MASSIVE

Abstract. Recently, the reforms in the direction of increasing manufacture of the
agricultural products, ensuring food safety have given their positive results. There
are some opportunities to produce material goods, to ensure economical
development, to raise people’s standard of living in the country. As it is known,
Azerbaijan possesses natural underground and surface resources. But the soil and
water supplies are quite limited. Lately, some difficulties have been created in
provision of agricultural plants with irrigated water.
It should be noted that, one of the factors negatively affecting the agriculture is soil
salinization and solonetzification. The soil salinization led not only to decrease of
the productivity and qualitative indicators but also to disturbance of the ecological
balance, to long-term loss of fertility and other insufficiencies. Today elimination of
the same difficulties is considered one of the most important problems.
From this point of view, the researchers conducted in the deluvial salinized soils are
important and definition of the fertility indicators in the same soils is considered
one of the most important issues.
Keywords: massiv, fertility, humus, salinization, solonetzification.
https://doi.org/10.32347/2411-4049.2024.3.28-32

1. Introduction

The experimental areas have been selected as a research object in the Gilazi and
Shurabad villages of the Khizi district located in the Siyazan-Sumgayit massive.
The soil sections have been applied in the same areas, the samples have been taken,
the required chemical analyses have been realized according to the wide-spread
method [10].

2. Analysis and Discussion

With the Decree of the President of the Republic of Azerbaijan dated December 6,
2016 the issues arising from the “Strategic Road Map” are being resolved.
Realization of nine strategic marks is noticed in order to create a good environment
in terms of achievement of formation of the production and processing sector of the
agricultural crops by grounding on stable development principles at the expense of
realization of the Strategic Road Map in the country in 2016-2020 years. These
strategic marks include intensification of food safety stability, increase of
manufacture potential of the agricultural crops, development relevant resources,
including financing, increasing the scientific certainty in agriculture and educational
guality, development of the advice-information services system, development of the
market structure and facilitating market access for producers, formation of
mechanisms for sustainable resource use, improvement of the business environment

© N.Z. Mehdiyeva, 2024
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on agrarian area and welfare promotion issues in the villages [3]. At present,
adoption of the law “On Soil Fertility” approved by the President of the Republic of
Azerbaijan, Mr. Ilham Aliyev, and the State Program (2008) on the Provision of
Food Products to the population in the Azerbaijan Republic in 2008-2015 regulates
soil fertility indicators and requires the elimination of soil-ecological changes.

As it is known, the irrigated soils are intensively used in agriculture of our
republic. These soils strongly differ for their some indicators, including physical
structure and chemical compositions. The same difference shows itself in
granulometric composition, salinization, solonetzification, swamping, an amount of
the nutrients, eroding rate and other signs of the soils. Changes have occurred in
morphological signs of the irrigated soils while they are exploited for a long time
[2, 13]. Fertile soil layer is formed as a result of the mixing of various plant and
animal remains and debris. Therefore, there is a great importance in correct use of
soil and its protection. So, deforestation, incorrect use of the meadows caused soil
weathering, i.e. washing out of its fertile layer by the water and wind [7].

The comparative analyses of the local and foreign scientists’ researches show that
it is impossible to use amelioration for preservation and restoration of soil fertility in
the using agricultural areas. Senchukov H.A. and others show that of individually
and complexly and timely application, degradation processes occurring in soil helps
restoration and increase of soil fertility. Use of the different sorts of amelioration
improves agro-physical, water-physical and chemical features of soils, rises humus
guantity, stimulates collecting of the organic substances in soil and increases bio-
metric indicators of the growing crops and this causes increase of the plant
productivity [14]. The carried out investigations show that the present state of
fertility of some soils isn’t satisfactory in agricultural usage. Deterioration of the
fertility indicators is due to the human’s direct influence on soil, changes in the
environment and global ecological problems. According to V.R. Williams fertility is
a main and from the mountain rocks from which it is formed [11]. According to the
author all the life factors of the plant is closely related to each other and equally
important. It is known that one of the factors affecting the soil fertility is a quantity
and composition of absorbed bases. K.K. Hedroyts has great services in formation
of how that soil and experimentally determined an absorbing ability of soils [12]. It
is possible to regulate the composition of absorbed cations in soils under sowing by
the chemical means which serve fertility increase. There is great importance of
composition of the exchangeable bases for soil fertility. Firstly, alkalinity and acidity
of soils are determined by them. The soil characters change depending on quantity
of Ca*2, Mg*?, Na* and H* absorbed cations in absorbing complex or ratio of soil.
These cations coagulate soil colloids, restore its structure and creates water-resistant
in soil aggregates. The soil possesses inconvenient feature while H* ions are in
absorbing complex of soil. The best condition for plant nourishment is created when
the cations necessary for plant nourishment and Ca*2 prevail in absorbing complex
of soil. Na* ion peptifies colloids in absorbed form and negatively affects the
physical and water-physical features of soil [6]. Study of the absorbed bases in soils
is one of the main issues in determination of solonetzification process in them. The
carried out scientific researches show that the sum of absorbed or exchangeable
cations that can be removed from the soil is a characteristic quantity that determines
its absorption capacity. It can be changed at that time when the zone is irrigated for
a long time, fertilizer is applied and large agro-technical measures are fulfilled [8].
From this point of view the issues listed in the conducted researches in the Siyazan-
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Sumgayit massive have been clarified. Some scientists conducted large and
comprehensive researches in the massive in different years (M.A. Abduyev,
A.K. Alimov, E.M. Eyvazov, M.I. Iskandarov, I.A. Akbarov, N.R. Suleymanov,
I.LN. Shirinov, etc). M.R. Abduyev conducted a large-scaled researches in the
massive in 1968, the author studied physical, physical-chemical characters of the
soils exposed to deluvial salinization and gave his suggestions. It was determined
that grey-cinnamonic soils (Calcic Cypsisols) spread in a wide zone in the massive.
The meadow-desert — grey-cinnamonic soils are available in the zones where grey-
cinnamonic (Calcic Cypsisols) soils spread and they develop under grainy-
wormwood plants in the depression areas. The grey-cinnamonic (Calcic Cypsisols)
soils belong to chloride-sulfate type. Weak structure is characteristic for these soils
and the humidity supply isn’t great. Higher alkalinite is observed in grey-cinnamonic
soils of the massive (0.08-0.13%).

As it is known, a role of the humus composition is very great in formation of soil
fertility, in growing and development of the plant. The humus substance provides
continuity of nutrients assimilation by the plant. Humus possesses absorbing ability
and creates soil buffering together with the colloid particles. Nitrogen, phosphorus,
sulfur, calcium, etc., which are main nutrients gather in humus composition. Its
majority in soil is stipulation of the higher production. A main point is that, as the
amount of humus decreases in soil, its participation in formation of the product
becomes more effective [7]. The amount of humus was also studied in the
experimental area and it was determined that its quantity on the upper layers was
1.79-1.82%.

Table 1. Composition of absorbed bases in the soils of the experimental area

Section Ne | Depth, Mg.eq Total In % of total Humus | pH | CaCOs,
cm Mg.eq %
Ca | Mg | Na Ca | Mg | Na
N-1 0-23 |10,12| 1,75 | 8,75 | 20,62 |49,08| 8,48 |42,44| 1,79 |7,87| 7,95

23-61 | 842|343 |1352| 2537 |33,18|13,52|53,30] 1,13 |8,15| 843
61-112 | 6,87 | 597 | 11,92 | 24,76 |27,75|24,11|48,14| 0,82 |8,23| 8,75
112-178|10,89| 3,02 | 2,35 | 16,26 |66,97|18,57|14,46| 051 |8,14| 9,25
N-2 0-35 1554|232 | 7,89 | 25,75 |60,35/9,010/30,64| 1,82 |7,86] 8,35
35-68 | 9,35 3,67 [ 12,13 | 25,15 |37,17]14,60/4823| 1,16 |8,18| 8,58
68-91 | 7,05| 6,12 | 11,54 | 24,71 |28,53|24,76|46,71| 0,89 |8,13| 8,72
91-182 | 9,76 | 2,97 | 2,67 | 1540 |63,37/19,29|17,34] 0,48 |8,10] 9,05

Absorbed bases, a quantity of pH, humus and CaCO3; have been determined
in 2 sections in the research area and the obtained results have been shown on the
table. As it is seen from the table, a quantity of Ca is dominant in a sum of absorbed
bases and its amount is 28.53-66.97%. A quantity of Mg is 7.29-24.76% and Na is
14.46-53.30%. pH is 7.86-8.23. Accordingly, an amount of humus is 0.48-1.79%
and CaCOg vibrates by 7.95-9.25%.

Generally, establishment of profitable irrigation networks, application of the
progressive irrigation methods are important among the agro-ameliorative measures
which have been conducted in the direction of increase of soil fertility and production
of the growing agricultural plants [4, 9].
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3. Conclusion

1. As a result of the researches it was determined that SAB was 20.62-25.75 mg.eq
on the upper layer in the soils of the experimental area. Ca prevails in SAB and its
quantity is 27.75-66.97%. Na is 17.36-53.30% and they are solonchak. This is
characteristic for the same soils.

2. A gquantity of humus in the same soils is 1.79-1.82%. According to the results
the same soils are poorly provided with humus.

3. pH is 7.86-8.23% and these soils possess alkaline environment. An amount of
CaCOs is 7.95-9.25%.

4. The researches show that application of the irrigation methods for increase of
soil fertility and production of the agricultural plants and ensuring the use of complex
agro-ameliorative measures are suggested.
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H.3. MexaieBa
MOKA3BHUKHU POJIOYOCTI TPYHTIB CISA3AHCHKO-CYMI'AITCBKOI'O
MACHUBY

AHoTanisa. OcraHHIM dYacoM pedopMH y HampsIMKy 30iMbIICHHS BHPOOHHUIITBA
CLITBCHKOTOCIIONaPCHKOI MPOIYKIIii, 3a0e3IIeYeHHsT XapuoBol Oe3MeKH Jali CBOI IMMO3UTHBHI
pe3ynpTaTi. € IeBHI MOKJIMBOCTI T BUPOOHUIITBA MaTepiaibHUX OJar, Ui 3a0e3medeHHs
€KOHOMIYHOTO pO3BHUTKY, WiJBHIICHHS pIBHSA JKATTS Joge B Kpaimi. SIk Bimomo,
AzepOaiipkad BOIIOJIiE€ TPHPOTHIMH MiI3€MHUMH i Ha3eMHHMH pecypcaMu. AJe 3amacu
IPYHTY Ta BOOM JOCUTH OOMexeHi. OCTaHHIM YacoM BUHHKIM II€BHI TpyAHOLI i3
3a0e3MeueHHsIM CiJIbChKOTOCIIOIaPCHKUX POCIIMH ITOJIMBHOIO BOJIOKO.

Cuij 3a3HaYMTH, 1110 OAHUM 13 (PaKTOPiB HEraTUBHOTO BILIMBY Ha CiJIbCHKE FOCIIOIAPCTBO
€ 3aCOJICHHSl Ta COJIOHIFOBAHHS IPYHTIB. 3aCOJIEHHS I'PYHTIB NPU3BOJAUTH HE TIJIBKH 1O
3HW)KEHHSI TNPOMYKTUBHOCTI Ta SIKICHMX IIOKa3HMKIB, a W JI0 MOPYIIECHHS EKOJIOT14HOT
piBHOBaru, TPWBajoi BTPaTH POMIOYOCTI Ta IHMMX HeraTHBHHUX edekriB. Ha cporoxHi
YCYHEHHS ITUX TPYIHOIIIB BBRXKAETHCS OJTHIEIO 3 HAHBAXUIMBIIINX POOIIEM.

3 mi€l Touku 30py, JOCIHIKCHHS, MPOBEACHI B JETIOBIANIHUX 3aCOJCHUX IPYHTaX,
€ BKpail BaXXJIMBHMH, a BU3HAYCHHS ITOKAa3HMKIB POAIOYOCTI B IUX IPYHTAX BBAKAETHCA
OJTHMM i3 KJIFOUOBHX ITUTaHb.

KoaiouoBi ciioBa: MacuB, poaio4icTh, TyMyc, 3aCOJICHHS, COJTOHIIIOBaHHS.

Cmamms naoitiwna 0o pedaxyii 29.03.2024 i nputinama 0o OpyKy nicisi peyen3y8anHs
03.07.2024
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JOoKTOp inocodii, [HCTUTYT rpyHTO3HABCTBA Ta arpoximii MiHicTepcTBa HayKH 1 OCBITH
Azep0aiimkancbkoi PecryOmiku
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ASSESSMENT OF THE IMPACT OF CONSTRUCTION WASTE
GENERATION ON THE ENVIRONMENT

Abstract. The purpose of the work is to analyse the impact on the environment of
construction waste based on the analysis of literary sources with the determination
of the priority of the flow, as well as the standard of environmental assessment with
the establishment of the probability of impact and to determine management
strategies to mitigate environmental risks.

A detailed review of the world literature on the environmental impact of
construction waste was conducted. Seventeen relevant environmental impact factors
of construction waste were determined based on the analysis of scientific articles.
The predominant factor for our country in wartime is the generation of waste in the
process of destruction from explosions and, as a result, environmental pollution in
the process of creating construction waste, including hazardous chemicals. Priority
factors also included: risks to public health and safety, dust pollution of the
atmosphere, etc.

The analysis of regulatory documents and obligations aimed at improving the state
of the environment at the state and international levels, which must be taken into
account in the process of construction, waste generation and handling, has been
carried out.

Taking into account the "Methodical recommendations for the implementation of a
strategic environmental assessment...", for the first time we carried out a description
of the consequences for the environment of the generation of construction waste in
the process of construction or destruction of structures, including for the health of
the population — any possible consequences for flora and fauna, biodiversity, soil,
climate, air, water, landscape (including man-made), natural territories and
objects, safety of the population and its health, material assets, objects of cultural
heritage and the interaction of these factors.

The research was focused on the ecological assessment of the impact of construction
waste on the environment and the search for the best strategies for handling this
type of waste for the conditions of Ukraine using construction waste as an example.
Mitigating the negative environmental impacts of construction waste on the
environment is possible through the implementation of global practices for handling
such waste. Fifteen recommendations are proposed based on a review of literature
sources.

Keywords: environmental assessment, environmental impact, construction waste.
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B.€. MaiikoBuu, 51.0. AnameHko

IBaHO-DpaHKIBCHKMI  HAI[IOHANPHUI  TEXHIYHWHA  yHiBepcuTeT HadTth 1  Tagy,
M. IBaHO-@paHKiBCHK, YKpaiHa

OIIHKA BIUIMBY YTBOPEHHA BY AIBEJIBHUX BIAXO/AIB
HA JOBKIJIJIA

Anomauin. Mema pobomu — npoananizyeamu 6niue Ha OO0GKLLIA 0)0i6eIbHUX
8i0X00i6 3a aHANI30M NiMmepamypHux Oxcepen i3 8USHAYEHHAM NPIOPUMEmHOCI
6NAUBY, MAKOJIC 3G CMAHOAPMOM €KONO2IYHOI OYIHKU i3 6CMAHO6IeHHAM
UIMOIpHOCMI 8NAUGY MA SUBHAYUMYU CMpamezii YNpaeninHA OAs NOM SAKuleHHA
EKOJI02IYHUX PUBUKIE.

byno nposedeno demanvuuili oenad ceimogoi nimepamypu i3 AUy Ha 00K
6yodisenvHux 6i0x00ie. basyrouuce Ha ananizi Haykosux cmameil, OYI0 BUSHAYEHO
CIMHAOYAMb pene8aHmHUx (akxmopie enaugy Ha 008K 0y0ieebHUX 8i0X00i8.
Iepesascarouum yuHHUKOM 0151 HAWIOI KpaiHu Y BILICbKOBUU YAC € YMBOPEHHS
8i0x00i6 6 mnpoyeci pyUHY8aHHA 6I0 6ubyXxig I, AK HACMIOOK, — 3a0pyOHeHHs
HABKOTUWHB020 cepedosua 8 npoyeci ymeopenus 0y0isenbHux 8i0xo0is, 8 momy
yuci HebesneuHuMU XIMIYHUMU peyosuHamu. [{o npiopumemnux pakmopie makoic
Veiuuu: pusuky OJid 2pOMAOCbKO20 300p08°s ma be3neKu, nuioge 3a0pyOHeHHs.
ammocgepu moujo.

Buxonanuii ananiz HopmamuHux OOKYMeHMIG i 30006 ’53aHb, CHPAMOGAHUX HA
NOKpAWjeHHsi CmaHy OO0GKiNNA HA O0EepPIAHCABHOMY MA MIJICHAPOOHOMY PDIGHAX, AKI
HeoOXioHo epaxosysamu 8 npoyeci 0yOieHuymea, YmMEOpeHHs B6i0X00i8 i
NOBOOICEHHS 3 HUMU.

I3 epaxysaunam «Memoouunux pexomenoayiti i3 30iliCHeHHs cmpameziunHoi
€KOJI02IUHOI OYIHKU...» enepuie Hamu OYl0 NPO8edeHO ONUC HACTIOKIG 05t O0GKIIA
ymeopenHs 6ydisenbrux 8i0x00i8 6 npoyeci OyoieHuymea abo pyiHy8anHs cnopyo,
y momy uucii 015 300p08's HaceneHHs — 0yOb-5Ki UMOGIPHI HACTIOKU 011 ¢haopu,
Gaynu, OiopisHomaHimms, IpYHMY, KIiMamy, ROGImps, 800U, JaaHouwagpmy
(6KIIOUAIOYU MEXHOLEHHO20), NPUPOOHUX mepumopiti ma o00'ekmis, 6esnexu
AHCUMMEDIATLHOCMI  HACENeHHsT ma U020 300p08's, MAMepianbHux aKmueis,
00'ckmig Ky1bmypHOi cnaowunu ma 63a€moo0is yux paxmopis.

Jlocnidoicenns Oyno 30cepeddceHo HA eKONOTUHIll OYIHYI 6NIUBY HA OO0GKINLIA
0yoigenbHUX 8i0X00i8 MA NOWYKY HAUKPAWUX CIPAmMe2iil NOBOONCEHHS 3 MAKUM
munom 6i0xo0ie 0ns ymMoe VYkpainu Ha npuxnadi 6i0xodie 6OyOigHUYmMEa.
Tlom’aKuwenHs HeeamueHUX eKoN02IYHUX BNAUGIE 0)0i6eNbHUX 8I0X00I8 HA 00BKILIS
MOJCIUBE WLTIAXOM BNPOBAONCEHHS CIMOBUX NPAKMUK NOBOONCEHHS 3 MAKUMU
gioxooamu. 3anponoHoeano n'AMHAOYAMb PEKOMEHOayiti HA OCHOB8I 02150y
JimepamypHux 0dicepei.

Knrouosi cnosa: exonoziuna oyinka, 6nius Ha 008K, OYOigenbHi 8I0X00U.

https://doi.org/10.32347/2411-4049.2024.3.33-46

Beryn

ByniBenbHUN CEKTOpP BiJIrpae >KUTTEBO BAXKIMBY POJIb Y 3aI0BOJICHHI MOTPEO
CYCHIIBCTBA, a TAKOXK MOKpaIIeHH] sKocTi )kuTTA [1]. B Ykpaini mopivHi iHBeCTHIIT
B OYIiBeNbHY JisUIbHICTh CKJIAJIAIOTh JECATKHA MIUIBAPAIB J0JapiB 1 y mepiof
MICISBOEHHOTO BIJIHOBJICHHS OYIKYIOTBCS CYTTEBI TeMIHW 3pocTaHHs [2]. 3a
MOTIEPEAHIMHA  OI[IHKAMHU IS BIJHOBJICHHS 3pYHHOBAHOI 1HQOPACTPYKTYpH B
HactynHi 10 pokiB HeoOXigHO 6mr3bk0 400 MiTBSIpAIB AOMAPIB.
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ExoHOMiuHMIT PO3BUTOK YKpaiHU HaBITh Y BOEHHHIA Yac CYTTEBO 3aJIEKHUTH BiJ
OyniBenbHUX TpoekTiB [3]. ByniBenpHa ramy3s y M. [Bano-®PpaHKiBCBK, 30KpeMa,
MPOTNOHYE 3HAYHY KITBKICTH POOOYMX MiClb, Y BHUIVIALI TMOAATKIB MiATPUMYE
OIO/KET TepUTOPiaIHbHOT TPOMAIN Ta CIYKUTH OCHOBOIO TSI iHIIMX BHIIB Oi3HECY [4].
Ponp, siky OyniBenmbHa Taimy3b Bifirpae B COIiaIbHO-€KOHOMIYHOMY PO3BUTKY
VYkpaiHu y BOEHHUH 4Yac, BKJIIOYAE MPOEKTH HE TINBKH LUBLIBHOTO, 8 i BaXKOTO
MalmHOOyAyBaHHS, OyaiBHUITBA (GOPTH(IKAIIHHIX CIIOPY, SIKi BiIMTOBINAIOTH 3a
MaiOyTHE iCHyBaHHsI KpaiHU Ha KapTi €Bpon [S].

AHaJi3 OCTaHHIX J0CaiTKeHb | myOaikaniii

VY kpaiHax, 110 pO3BHBAOThLCS, OyAiBENbHA NiSUIbHICTh CTaHOBUTH 80% 3araiabHUX
KarmitarsHuX akTuBiB, 10% ix BBII [6].

3 EKOJIOriyHOI TOYKH 30py Oy/iBelibHA Tally3b CIIOKUBAE€ 3HAYHUN 00CAT
MIPUPOIHUX PECYPCIB 1 yTBOPIOE OUTBIITY YACTHHY TBEPANX MOOYTOBUX BiIXomiB [7, 8].
[opiBHSHO 3 IHIIMMYK BHIAMH BifXOiB Oy liBeIIbHE CMITTS Mae BeluKuii 06’eM [9, 10].
[IpoBeneHi TOCIIHKEHHS CBITOBOTO PiBHS CTBEPIPKYIOTh, IO OYyiBEIbHI BiAXOIU
CKJIaJIal0Th TPETHHY BCix BimxoxiB [11]. 3rigao 3 gocmimkeHusMm [12], OyniBensHe
cMitTs craHoBUTH npubau3Ho 10-30% Bigxonis, AKi 3aXOpPOHEHI HA 3BAIMINAX IO
BChOMY CBiTy. OILIHEHO KUIBKICTh CIIOKUTHX MPHUPOAHUX PECYPCiB i BIAXOMIB, AKi
YTBOPIOIOThCS Ha OyniBenbHMX MakjgaHuukax [13]. [loBemeHo, mio OymiBenbHI
po6oTH Ta Oy IIBHULITBO CIIOKUBatOTh 60% MpUPOAHKX MiHEpaJIbHUX pecypciB, 40%
IBOTO O0CATY CTAHOBISTH MPOEKTH OyHiBHUITBA. ByniBenbHa ramy3b BHPOOISE
puOIM3HO 35% Bij| 3arabHOTO 00CSTY BIIXOIIB, SIKI MOTPAIUISIFOTH Y HABKOJIUIIIHE
cepeoBHIe B ychboMy cBiTi [14, 15]. V mopiBHSHHI — CBiTOBa NPOMHCIIOBICTb
BUKOpUCTOBYe 35% Bciel eHeprii Ta mnpoaykye 40% ByIJIEKHUCIIOTO ra3y
AHTPOIIOTEHHOTO MOXO/PKEHHS, KUK moTparuisie B atMocdepy [9]. Ha citoBoMy
piBHI OynaiBenbHa Tanmy3b Biamosigae 3a 40% Bix 3araqbHOTO OOCATY CITOKWBAHHS
eHeprii Ta mpupoIHUX pecypcis [16].

MeTta poGoTn

Lle mocnipkeHHs: Mae Ha METi MPOaHaJIi3yBaTH BIUIMB HAa JOBKULIA OYJiBEILHHX
BIZIXOJIiB 32 aHAIII30M JIiTEpaTypHUX JHKEPEI 13 BU3HAUSHHSIM MPIOPUTETHOCTI BILUIUBY,
TaKOX 32 CTAHAAPTOM EKOJIOT1YHOI OL[IHKH 13 BCTAHOBJICHHSIM IMOBIPHOCTI BIUIUBY Ta
BU3HAYMTH CTpATeTii yIpaBIiHHSA U1 [IOM SIKIIEHHS €KOJIOTIYHUX PU3HKIB.

MeTtoau nocaixKeHHSA

JocnimkeHdss 0yJi0 30CEpe/HKEHO Ha EKOJIONYHIN OI[HI[ BIUIMBY Ha JOBKLLISL
OymiBEeTbHUX BIJXOIB Ta MOIIYKY HAaWKpalluX CTpaTeriii MOBOPKEHHS 3 TaKUM
TUATIOM BiIXOAiB I yYMOB YKpaiHM, Ha TPHUKIAI BiAXOMIB IUBIIBHOTO
OyaiBHULTBA. ByJ0 npoBeaeHo AeTaNbHUIA OIS CBITOBOI JTiTEPaTypH 13 BIUTUBY Ha
JOBKIJIS OY/IIBEIBHHUX BIJXOJiB, aHAII3 HOPMATUBHHUX JOKYMEHTIB, 3aKOHOABYUX
aKTiB JIepKaBHUX 1 MDKHApOIHHMX, fAKI DPEryJiol0Th BIUIMB Ha JOBKULIA. I3
3aCTOCYBaHHSIM «MeETOOMYHUX PpEKOMEHJAIiil 13 3OiHCHEHHS CTpaTeriyHol
€KOJIOTIYHOi OINiHKH...» BIEpIIe HaMH OyJ0 NPOBEICHO OMHC HACTIAKIB IS
JOBKIUIA YTBOPEHHs OYIIBEJbHUX BIiAXOMiB B mporeci OynaiBHUIITBA abo
pyWHYBaHHS CIIOPY .
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Bukiaan ocHOBHOTo MaTtepiary

Ba3zyrounce Ha aHaITi31 HAYKOBUX CTaTel, OyJI0 BU3HAUYCHO CIMHAIIATh PEJICBAHTHUX
(hakTOpiB BILIMBY Ha MOBKULIA OynmiBenbHUX BimxoniB (tadm. 1). [lepeBaxkaroumm
YMHHUKOM JJI HAIloi KpaiHW y BIMCHKOBHU Yac € YTBOPEHHS BIAXOIIB Mif dac
pyliHyBaHHS Bix BHOYXiB 1, SK HacliIoOK, 3a0pyIHEHHS HABKOJIHUIIHHOTO
CepeloBHINAa B TIpoIleci yTBOpPEHHS OymiBeNbHUX BIIXOIiB, B TOMY YHCIHI
HeOe3MeYHUMHU XIMIYHIMH PEIOBHHAMH.

HactynHum KpokoM JOCHIIPKEHHS CTaB aHali3 HOPMAaTHBHUX JOKYMEHTIB,
3aKOHOJABUMX aKTiB JEPKaBHUX 1 MDKHApPOAHUX, SIKi PEryJIOITh BIUIMB Ha
JTOBKUIISA B YKpaiHi, a 0TKe, SIKi He0OXiTHO BpaXOBYBAaTH B IPOIIeci Oy /IIBHAIITBA 1
yYTBOpPEHHSI BigX0iB (Tabm. 2).

Tabmums 1. [lepeBaxkatodi GakTopy BIUTMBY HA JOBKLLISA MpoIecy OyIiBHUITBA i

YTBOPEHHS BiIXO/IiB 32 JITEPaTyPHUM OTJISIOM

Panr ®dakTop BILIUBY JlitepatypHe JuKepeso

1 2 3

1 3a0pyHEHHS HaBKOJIUIIHBOTO Hossain, and Ng (2019) [17]
CEpEIOBHIIA B MTPOLIECT YTBOPEHHS Luangcharoenrat et al. (2019) [9]
OyniBeJNbHUX BiIXOMIB (B T.4.

HeOe3NeYHHUX XIMIYHUX PEUOBHH)

2 HaaMipHe crio)XHBaHHS TPUPOTHUX Asif et al. (2007) [16]
MiHEPaTbHUX PECYPCIB 1 BUCHAKCHHS Ignacio et al. (2011) [18]
POIOBHII OY/IIBEIbHUX MaTepiasiB

3 Pusuku s rpomajcekoro 3mopos’sita | Nguimalet (2007) [19]
Oe3meKu Tafesse (2021) [10]

4 3abpyaHeHHSs IPYHTY OyIiBeIbHUME Luangcharoenrat et al. (2019) [9]
BiJIX0/J[aMH (B T.4. XiMiKaTtammu) Aboginije et al. (2020) [20]

5 [Munose 3abpyaHeHHs aTMOC(HEpHOTO Nguimalet (2007) [19]
MOBITPS

6 YTBOpeHHs BiX0/iB, ki cupuuunHsaioTe | Olusanjo et al. (2014) [21]
3a0py/IHEHHS BOJH Aboginije et al. (2020) [20]

7 BukopucTaHHS 3eMeNbHUX TUIOI IS Yeheyis 1a in. (2013) [22]
CKJIlyBaHHS BiIXO/IiB Polat et al. (2017) [12]

8 BrumB Ha Oiopi3HOMaHITTS Ta ELARD i GAA (2009) [23]
pyWHYBaHHS )KHUTTEBOTO CEPEIOBHUIIA ®dicynenko Ta in. (2022) [3]
6ioTH mporecy OyIiBHUITBA i
YTBOPEHHS BiAXOIIB

9 Buxuau mapaukoBux rasis B atmocepy | Baek et al. (2013) [24]

Ta BHECOK OyaiBeNbHOI iHmycTpii y 3miny | Ajayi et al. (2015) [25]
KIIiMarty

10 | 30inbLICHHS BIUIMBY Ha JOBKIILIS Memon et al. (2020) [26]
BHACJIIIOK 3aTPUMKH pearizarii mpoekty | Tafesse, Adugna (2021) [10]
ab0 MepeBHILCHHS Yacy MPOLEeCy
OyHiBHHIITBA

11 | 3axBoproBaHH:, NOB'I3aHi 3 BACOKHM Nguimalet (2007) [19]
piBHEM 3a0pyIHEHHS MOBITPS B IIPOLIEC]

OYIIBHHIITBA i YTBOPEHHS BiIXOIB
12 | 30inbLIeHHS HeJICTAIBHUX 3BAJIHIIL Tafesse, Adugna, (2021) [10]
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[Ipomosxenns Tadm. 1

1 2 3

13 | 3MeHIIEHHS CTIHKOCTI CEKTOPY Ghaleb et al. (2021) [27]
OymiBHHUIITBA ELARD i GAA (2009) [23]

14 | Hacnigku mst o6poGyTy rpoman Eze et al. (2016), [28]
BHACJIIIOK 301JIbIICHHS BiIXO/IiB, IO Aslam et al. (2020) [29]
BUBO3SATHCS, YTHII3YIOThCS,
CKIIAYIOTHCSI

15 | 3aromeHHs yepe3 3acMiueHHS Nguimalet (2007) [19]
OyniBenpHUME Binxomamu moBepxHeBux | ELARD i GAA (2009) [23]
BOJIHUX 00’€KTIiB

16 | 3HMWKEHHS MPOILYKTUBHOCTI ClILCHKOTO Josimovic et al. (2014) [30]
rocroaapcTBa Olusanjo et al. (2014) [21]

17 | Po30i:KHOCTI MiXK 3alliKaBIICHUMH IIn6aesa ta in. (2023) [1]
CTOPOHAMHM, KOHMIIKTH 3 IPOMaJI0I0 Honik Ta in. (2023) [2]

Tabnuis 2. 3000B’s3aHHsA, CHPSIMOBaHI Ha IOKPAlICHHS CTaHy JOBKULIS Ha
JepXKaBHOMY Ta MI>KHapOTHOMY PiBHSX

HopmatuBHI akTH Ha JAepKaBHOMY PiBHI

HopMmartnBHI akTH Ha Mi>KHAPOTHOMY PiBHI

1

2

YV cepi oeporcasnozo ynpaeninms, wo
PO3GUMKY

Cmocyemscsi OXOpoHU O00BKINISL MaA CMAN020

3V «IIpo Crpareridyay eKoJIOoTigHy
OIIHKY»

[IpoToKoI TIPO CTpaTETiuHy EKOJIOTIYHY OLIHKY
(ITpotokoi po CEO) no KoHBeH11ii npo owiHKy
BIUTMBY Ha HaBKOJIMIIIHE CEPEIOBUIIE Y
TpanckopaoHHoMy koHTekcti (Konsenuist Ecrio),
patudikoBanuii Bepxosuorw Pamoro Ykpainu

3V «IIpo OuiHKy BIUIMBY Ha JOBKLLIS»

Jupextua 2001/42/€C npo OLiHKY BIUTHUBY
OKpEMHUX IUIaHIB 1 IPOrpaM Ha HABKOJIMIIIHE
cepelIoBHIlIe, IMIUIEMEHTALlis SIKOT epeadadeHa
Yromoro npo acormiariro Mk Ykpainowo ta €C

3V «IIpo ochosHi 3acaau (Ctparerito)
JIep’KaBHOT €KOJIOT1YHOT TOMITUKH Ha
nepion 1o 2030 poky

Crparterist €C mist [lyHalicbkoro periony

Vxa3 [Ipesunenta Yxpainu «IIpo
PO3BUTOK perioHy ykpaiHcpkux Kapmary
Bin 22 numHs 2019 poky Ne543/2019

PamKoBa KOHBEHIIIS TPO OXOPOHY Ta CTaJIMH
possurok Kapmnat (Kaprnatceka KonBenmis)

Y cipepi oxoponu npupoou, nanowadmmuozo ma 6iopiznomanimms

3V «IIpo 0XOpOHY HABKOJIHIIHBOIO
MPUPOJTHOTO CEPEIOBHIIA»

KonBeHuis npo auki Buau ¢uiopu ta GayHu i
cepenosuina icHyBaHHsa y €Bpori (bepHchka
KOHBEHIIis)

3V «Ilpo npupoaHo-3amnoBigHuii GoHx
VYkpainny

KonBeHwist po 30epexeHHs MIrpylounx BUIIB
JuKuX TBapuH (BOHHCHKa KOHBEHIIIsN)

3V «IIpo exonoriuny Mepexy
VYkpainny

KongeH1is mpo 0XopoHy 0i0JI0Ti9HOTO
Pi3HOMAHITTS

3V «IIpo YepBoHy KHUTY YKpaiHI»

KouBeH11ist mpo BOIHO-00JIOTHI yTiams, Mo
MaloTh MKHAPOJIHE 3HAUCHHS, TOJIOBHIUM
YHHOM SIK CEepEeIIOBHIIE iCHYBaHHS
BOJIOIUIaBHUX NTaxiB (PaMcapchka KOHBEHIIs)
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IIponoBskeHHs TadI. 2

1

2

3V «IIpo 3eneny kHATY YKpaiHI»

KonBeH1ist mpo MiXKHapOIHY TOPTIBIIIO BUAAMHA
Kol (¢ayHu 1 Gpropwu, mo nepedyBaroTh mija
3arpo3oro 3aukHeHHS (CITES)

3V «IIpo pocnmuHHUI CBIT»

MixkHapoaHa Yrona npo 30epekeHHs
appoeBpazifiCHKUX MITPYIOYHNX BOJHO-O0IOTHHX
nTaxiB (AEWA)

3V «IIpo TBapuHHMH CBIT»

MixnapoaHa Yroza npo 30epeeHHs MOy
eponeiicbkux kaxaHiB (EUROBATS)

3V «IIpo 0XOpoHY 3eMelb)

€Bporeiicbka nanmmadTHa KOHBCHIIIS

3V «IIpo atmocdepHE TOBITPsD»

KoHBeHI1ist PO TPAHCKOPIOHHE 3a0pyIAHEHHS
MOBITPSI HA BEJIUKI BiZICTaHI

Bopanwuii koneke Ykpainu

KonBeHIis momo criBpoOITHUIITBA IO OXOPOHI
Ta CTAJIOMY BHKOPUCTAHHIO piku JlyHaii
(KonBeHttis mpo oxopoHy piku J{yHaii)

JlicoBwmii koneke YKpaiHu

3eMeNbHuH KoJieKe YKpaiHu

Kozaekc Ykpaiau mpo Haapa

Konsernis €EK OOH 3 oxoponu Ta
BUKOPHUCTAHHS TPAHCKOPIOHHUX BOJIOTOKIB

3V «IIpo moparopiit Ha IpOBEICHHS
CYHJIBHUX PYOOK Ha TPChKHUX CXHJIaX B
AIMLEeBo-OykoBuX Jicax Kapnarcekoro
periony»

3V «IIpo BHECEHHS 3MiH [0 ACSIKUX
3aKOHO/IaBYMX aKTIiB YKpaiHU 11010
OXOPOHH MPAJICiB 3riHO 3 PaMKOBOIO
KOHBEHIIIEIO TIPO OXOPOHY Ta CTAINIH
po3BuTok Kapmat»

[TpaBuna pyOOK roJIOBHOTO
KOPHUCTYBaHHs y TipchKux Jicax Kapmat

CamniTapHi npaBmia B Jicax YKpaiHu

YV cghepi ynpasninna sioxooamu

3V «Ipo Bigxomu»

HarionansHa cTpareris ynpaBiiHHI
Bimxogamu B Ykpaini 10 2030 poky

Bazenbchka KOHBEHIIIS ITPO KOHTPOJIb 3a
TPAHCKOPAOHHHUM MEPEBE3CHHIM HEOC3ETHUX
BiaXoiB Ta IX BUAAIEHHIM

Harmionansuuii maH yrpaBiiHHSL
Bimxomgamu 110 2030 poxy

Y cipepi micmobyodysanna

3V «IIpo I'enepanbny cxemy
TUTAaHyBaHHS TepuTOpii YKpaiHm»

3V «Ilpo perymtoBaHHS MiCTOOY1iBHOT
JISUIBHOCTI»

Y cgpepi oxoponu 300poé’s

3V «IIpo 3abe3neueHHs CaHITapHOTO Ta
eMiIeMITHOTO OJIarOTMOTy Ust
HaceJEeHHD»

3V «OcHOBM 3aKOHOABCTBA Y KpaiHH
PO OXOPOHY 3I0POB’SI»

KoHuBeH1is mpo goctyn g0 inopmariii, yaacts
TPOMAJICHKOCTI B MPOIECi MPUWHATTS PillIEHHS
Ta JIOCTYT J0 IPAaBOCYAIS 3 UTaHb, SKi
CTOCYIOThCS AoBKULIS (Oprychka KOHBEHITIS)
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3rimao 3 «METOOMYHUMH PEKOMEHIAIIAMH 13 3IIHCHEHHS CTpaTeriqHol
eKOJIOTIYHOi OIIHKH...», 3aTBep[ykeHMMH Haka3om MiHicTepcTBa ekomorii Ta
npupoaHuX pecypceiB Ykpainu Big 10.08.2018 Ne 296, Hamu Boepiie O0y10 MpoBeeHO
ONMC HACTIAKIB i JOBKULIA YTBOPEHHS OyIiBeNBHHX BIOXOHIIB B TIpoIeci
OyaiBHUIITBA a00 pyHHYBaHHS CIIOPY/, Y TOMY YHCII JJISl 30POB'sl HACETIeHHS — Oy1b-
SKi WMOBIpHI Hacmigku st (uopu, (ayHu, OiOpi3HOMAHITTS, IPYHTY, KIIiMaTy,
TIOBITPSI, BOJH, JIaHAIIA(TY (BKIFOYAIOYH TEXHOT€HHOTO), IPUPOIHUX TEPHUTOPiil Ta
00'eKTiB, O€3MEKHN >KUTTEMISUIBHOCTI HACEJICHHS Ta HOTO 3IOpOB'Sl, MaTepiabHUX
aKTHBIB, 00'€KTIB KyJbTYPHOI CIIAJIIIMHU Ta B3aEMOIis IIUX (akTopis (Tad:. 3).

Tabmumns 3. OmiHka WMOBIPHOTO BIUTMBY YTBOPEHHsS OY/iBETbHHMX BiJIXOIIB Ha
TOBKLIIS BIATIOBITHO A0 KOHTPOJIBHOTO TIEPETiKy

Heratupamii | _ "5
BILJIMB E >
o =5
Yu Moke YTBOPEHHS OyAiBeTbHUX BiIXOMIB CIIPHIMHATH s g3
2 | S |28
< 2 = = )
= o o
= E 2
= 8
1 213 |4 5
IoBiTps
1. | 30inbHICHHS BUKUAIB 3a0pyAHIOIOUNX PEYOBHH BiJl o
CTAIIOHAPHKX JDKEPET
2. | 30inpIICHHS BUKAIB 3a0pYIHIOIOUNX PEUYOBHH BijI o +
MePECyBHUX JKEPEI
3. | HoripmenHs SKOCTI aTMOC(HEPHOTO TOBITPS ° +
4. |TlosiBy /pKepen HEMPUEMHUX 3araxiB ° +
5. | 3MiHM NOBITPSIHUX MTOTOKIB, BOJIOTOCTI, TEMIIEPATyPH 200 o
Oy1b-sIKi JIOKJIbHI YM pEriOHaNbHI 3MIHH KIIMaTy
Boawni pecypcu
6. | 30impImIeHHAS 00CATIB CKHUIB Y IOBEPXHEBI BOAH ° +

7. | Byap-sKi 3MiHU SIKOCTi MOBEPXHEBUX BOJ (30KpeMa TaKuxX
MOKa3HUKIB, SIK TEMIIEpaTypa, PO3YMHEHUH KHCEHb, ) +
IPO30PICTh, ajle He 0OMEKYIOUHCh HUMH)

8. | 30inbIIeHHS KITBKOCTI BOJI, IO BUKOPUCTOBYIOTHCS ISt

BOJIOTIOCTAYaHHS HACEJICHHIO ® i
9. | 3HauHe 3MEHIICHHs KiJIbKOCTI BOJI, 1110 BUKOPUCTOBYIOTHCS o )
JUTSL BOJIOTIOCTAYaHHS HACEIICHHIO
10. | 30uIbIICHHST HABAHTAXXEHHS HA KaHaJi3aliliHi CHCTEMHU Ta o +

TIOTiPIICHHS SIKOCTI OYMCTKY CTIYHHUX BOJ

11. | [osiBY 3arpo3 ais Moaei 1 MaTepiadbHUX 00 €KTIB,
OB’ SI3aHUX 3 BOJOIO (30KpeMa TaKuX, sIK MaBOAKH abo o +
i ATOTUICHHS)

12. | 3MiHM HanpsIMiB 1 IBUAKOCTI Teyil MOBEPXHEBUX BOA a00

3MiHH 00CSTIB BOJIM OY/Ib-5IKOTO TIOBEPXHEBOTO BOJIHOTO ° -
00’eKTa

13. HOpyHIe.HHﬂ ri;[ponoriqﬂoro Ta TiIPOXIMIYHOTO PEKUMY o +
MaJIMX PIYOK PETioHy

14.| 3minu HanpsiMy ab0 MIBUAKOCTI IIOTOKIB MiJJ36MHUX BOJ ° -
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IIponoBskeHus Tadm. 3

1

15. | 3minn 00csTiB MiA3eMHUX BOA (IIJIIXOM BifOOpYy UM CKHUIIB
a00 X IUIIXOM TOPYIICHHS] BOJOHOCHUX TOPHU30HTIB)

16. | 3abpyqHEHHS MiI3eMHUX BOJJOHOCHUX TOPHU30HTIB

Binxoan

17. | 36inpIIeHHS KUTBKOCTI yTBOPIOBAHUX TBEPIHX MOOYTOBUX
BiJIXO/IiB

18. | 30inpIIeHHS KUTBKOCTI yTBOPIOBAHUX UM HAKOITMICHUX
OyniBenpbHUX BimxoxiB IV kiacy HeOe3mneku

19. | 36imprenHs kinbkocTi BigxoxAis I-111 kmacy HeOe3nekn

20. | CiopymKeHHs €KOJIOro-HeOe3euHNX 00’ €KTiB TIOBOIKECHHS 3
Bigxomamu

21. | YTBOpeHHs a00 HAKOMMYCHHS PaliOaKTHBHHUX BiIXOIB

3emeJbHI pecypcu

22. | TlopymieHHs, IepeMillieHHs, YIIUTEHSHHS IPYHTOBOTO IIapy

23. | Byap-sike nocuieHHs BiTpOoBOi ab0 BOIHOT epo3ii IpyHTIB

24. | 3minu B Tomorpadii abo B XapaKTepUCTHKaX peiabedy

25. | TlosiBy Takux 3arpo3, ik 3eMJIETPYCH, 3CyBH, CEJIEBI MMOTOKH,
TIPOBAJIM 3eMJIL Ta 1HII MOAI0HI 3arpo3u Yepe3 HecTabiIbHICTh
JIITOTCHHOT OCHOBH 200 3MiHH I'€OJIOTIYHOT CTPYKTYPH

26. | CyTTeBi 3MiHH B CTPYKTYpi 3eMeNbHOTO (DOHIY, YUHHIH a00
IUIAHOBAHIN MPAKTHUIl BUKOPUCTAHHS 3eMEllb

27. | BuHUKHEHHS KOH(DIIKTIB MK YXBaJICHIMH IIIIIMHU CTPATETii
Ta IUIIMH MICIIEBUX TPOMaJ

BiopiznomaHiTTS Ta pexpeauiiini 30Hu

28. | HeraTuBHMii BIUTMB Ha 00’ €KTH MPUPOIHO-3ATIOBITHOTO
(doHy (3MEHIIICHHS TUIOI, TOYaTOK HeOEe3MeYHOT qisUTbHOCTI
y Ge3nocepe/Hii 6JU3bK0CTI 00 Ha X TEPUTOPIT TOMIO)

29. | 3MiHH y KUIBKOCTI BUJIIB POCJIHH a0 TBapuH, iXHiii
YHCEIBHOCTI 00 TEPUTOPIAILHOMY MPEICTABHUIITBI

30. | 30LIBIICHHS IO 36PHOBUX KYJIBTYp a00
CLILCHKOTOCTIOJAPCHKHX YTi/ib B LILIIOMY

31. | ITopymieHHs abo Aerpaalio CepeJOBHUII iCHYBaHHS TUKUX
BHJIIB TBaPUH

32. | Bynp-sKuii BIUIMB HAa KUTBKICTB 1 SIKICTh HASIBHUX
peKpeaniitHuX MOKIHBOCTEH

33. | Byap-sixuii BIUIMB Ha HasiBHI 00’ €KTH iCTOPHKO-KYJIBTYPHOT
CHaNIMHA

34. | Inmri HeraTUBHI BIUTMBH HA €CTETHYHI TIOKA3HUKU 00’ €KTIB
JOBKUIS (TIepenoHy 1S Iy OIIIYHOTO OTJISILy MalbOBHHYHMX
KPAa€EBU/IIB, MOSBY SCTETUYHO HEMPUIHHATHUX MICIIb,
pyWHYBaHHS I1aM’ ITHAKIB TIPUPOJTU TOIIO)

HacenenHns Ta iHdpacTpykTypa

35. | 3miHu B JtoKai3alii, po3MillleHHI, HIILHOCTI Ta 3pOCTaHHI
KUIBKOCTI HaceJIeHHs OyIb-sIKOT TepUTOPii

36. | BriuiuB Ha HUHIIIHINA cTaH 3a0e3Me4eHHs KUTIOM abo

BHHHUKHEHHSI HOBUX MTOTPEO Y KUTIIL
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IIponoBskeHus Tadm. 3

1 2| 3| 4 5
37. | CyrreBwmid BILTHB Ha HUHIIITHIO TPAHCTIOPTHY CHCTEMY. 3miHn o +
B CTPYKTYPi TPAaHCIIOPTHHX MTOTOKIB
38. | HeoOxiaHicTh Oy IIBHUIITBA HOBUX 00’ €KTIB ISt o +
3a0e3reueHHs] TPAHCTIOPTHHX CIOJTyYeHb
39. | [lorpebu B HOBHX a00 CYTTEBUI BIUIMB HA HasSBHI KOMYHAaJIbHI o +
TIOCITyTH
40. | [TosiBy Oyab-KuX peabHUX a00 MOTEHLIHHNX 3arpo3 s o +
310pOB’s JItoJIel
ExoJjioriune ynpasjiiHHSI Ta MOHITOPUHT
41. | [TocnabieHHs IPAaBOBHX i EKOHOMIYHHUX MEXaHI3MIB o )
KOHTPOJIIO B TaTy3i €KOJOTIIHOT Oe3IeKH
42, | TloripuieHHsI €KOJIOTIYHOTO0 MOHITOPHHTY ° -
43. | YcyHeHHs HasBHUX MEXaHi3MiB BIUTBY OpraHiB MiCIIEBOTO o )
CaMOBpsAyBaHHS Ha MPOIIECH TEXHOI€HHOI0 HaBaHTAXKECHHSI
44. | CTuMyIOBaHHs PO3BUTKY €KOJIOTTYHO HEOE3NeuHHX rainy3ei o )
BHUPOOHHUIITBA
Inme
45, | TTinBueHHsS piBHﬂ.BI/IKopI/ICTaHHﬂ OyIb-IKOTO BUILY o +
TIPUPOJTHUX PECYPCIB
46. | CyTTeBe BIITyYeHHS OYAb-IKOTO HEBITHOBHOTO PECypCy ° +
47. | 30ibLICHHS CIOXKMBAHHS 3HAYHUX O00CATIB MayuBa abo o +
eHepril
48. | CyTTeBe MOPYIICHHS SIKOCTI MPUPOHOTO CEPeIOBHIIA ° +
49. | [TosiBy MOXKITUBOCTEH JOCATHEHHS KOPOTKOTEPMIHOBHX IIUICH,
SIKi yCKJIaJHIOBATUMYTh JIOCSTHEHHS IOBFOTPUBAIINX LIEH y ° +
MaiioOy THLOMY
50. | Taki BrIHBH Ha TOBKULISA a00 30POB’S MOACH, SIKi caMi IO
c00i OyIyTh HE3HAYHUMH, aJle Y CYKYITHOCTI BUKIHIYTh
3HAYHHUI HETATHBHUH €KOJOTIYHHIA €(PEeKT, 0 MaTUME ° +
3HAYHMI HETaTUBHUH NpsIMHNA a60 0NOCepeIKOBaHUI! BIIIIHB
Ha 100poOyT Jtoieit

[Tom’sKIIEHHST HETAaTUBHUX EKOJIOTIYHUX BIUTUBIB OY/iBEIBHHUX BIJIXOMIiB Ha
JOBKIJUII MOJKJIMBE IIJIAIXOM BIIPOBA/DKCHHS CBITOBUX IMPAKTUK ITOBOKCHHS 3
TaKMMHM BiJIXOJaMH, JIO SIKUX HaJIe)KaTh HACTYIIHI:

1. 3anydeHHs crnemialbHUX OpoQecioHaniB (EKOJIOTIYHUX MEHEIDKEPIB) s
BUPINICHHS THUTAaHb EKOJIOTIYHO JAPYKHBOTO TIOBO/DKCHHS 3 OyAiBEIIbHUMU
BIIXOJMaMH.

2. 3ampoBa/keHHsT 30ipHOro abo 30BHILIHBOTO BUPOOHHUITBA OyHiBEIBHUX
KOMITOHEHTIB 1 3aIIpOBa PKEHHS HOBITHIX TEXHOJIOTIH, MaTepialiB, IO JO3BOJSIOTh
3MEHIIUTH Oy 1iBEIbHI BIIXOIH.

3. TicHa KOOPAMHALLISA MiXK €KOJIOTIYHMM MEHEDKEPOM, KITIEHTOM, IIAPAIHUKAMH
Ta IHIIVMMH 3aIliKaBJICHUMHU CTOPOHAMH Ha €Talnax IUIaHyBaHHS, MPOEKTYBAHHS Ta
OyAiBHULTBA, a TAKOXK 3aBEPILECHHS KUTTEBOTO LUKITY OyIiBEIbHUX KOHCTPYKIIH.

4. BripoBakeHHSI e¢(DeKTUBHOT MPAKTUKHN YIIPABIIiHHS OYIiBeTEHUMH BiTX0IaMHU
Ha Miclli Ta IOMUpPEeHHs 0013HAHOCTI cepe]] yYaCHHUKIB OyAiBEIbHUX POOIT.
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5. [loBTOpHE BUKOPHUCTAHHS Ta TIEpepoOKa MaTepiaiB.

6. 3ampoBa/UKCHHSI  3aXOJiB  CTHUMYJIIOBaHHS  €KOJIOTIYHO  JIPY>KHBOTO
MOBO/IXKEHHS 3 BiAXOAaMHU.

7. PosmmpenHs 1 3ampoBaKeHHS HOPM 1 croerudikamiii - eKoJoTidHOTOo
OyIiBHUIITBA.

8. [lizBuiieHHs1 TIATH 32 YTBOPEHHSA OYIiBENbHUX BiJXOHIB MiANPHEMCTB.
3anpoBa/pKEHHST 3aXOMiB [I€BOTO BIUIUBY JUIS Opradizaiiii, fKi MOPYIIyIOTh
3aKOHOJIaB4Yi HOPMH MOBOPKEHHS 3 BIAXOJaMH.

9. Po3poOka nosiTHKY MiHiMi3allil Oy1iBeTbHUX BiXO/IB.

10. Po3poOka oOHJalH KalbKyJasTOpa 3 BHUMIPIOBaHHSAM pO3Mipy poOOTH Ta
BUKOPDHCTAHHSAM HAaJe)KHOI KIUTBKOCTI OyIiBENBHHX MaTepialiB  JIOTIOMOXKE
3MEHIIUTH KUTBKICTh YTBOPIOBaHUX OYIiBEIbHUX BiJIXOIiB.

11. JloTpuMaHHs HAJIGKHOTO 30epiraHHs OyiBelbHIX MarepiatiB, e(eKTUBHHN
1 IepiOAMYHIIA HATTIS HA MICITi.

12. BpaxyBaHHS BIUIUBY Ha HaBKOJIMIITHE CEPEIOBHIIIE TTi]] YaC TIPOEKTYBAHHS Ta
MparHeHHs TOCATTH HOTO ONTHMI3aIlii.

13. IlpoBeneHHsT HaBYaHb MJIs TEPCOHANY, 3aiSHOTO y OyIIBHHUIITBI, MO0
CTpaTeriii MiHiMi3allii yTBOpEeHHS OYiBEIbHUX BiIXOJIIB.

14. Tlam’ATaTH PO SKOHOMIYHI, COIlIAJIbHI Ta €KOJIOTTYHI HACIIIKHU MOBOHKCHHS
3 OyZiBeTbHUMH BiIXOAaMH Ha BCiX eTamax >KUTTEBOTO IIUKITY MPOEKTY.

BucHosknu

IIpoBeneHe AOCTIPKEHHS 3aTIOBHIOE IPOTAIMHY B 3HAHHSX PO BIUIMB Oy/1iBEIbHUX
BiIX0/iB Ha AOBKUDIA. OTpUMaHa cucTeMaTHdYHa i BceOidHa i€papXisl MOTeHIIIHHNX
BILIMBIB Ha BCi cdepu JOBKULISA, BKIFOYAIOYU COIANBHY, 1 peKOMEHIAIli 1010
MOM’SIKIICHHSI HACHIJKIB MOXYTh OyTH BUKOPHCTaHI 3alliKaBICHHMH CTOPOHAMH
OyIiBHUIITBA Ta JIEPXKAaBHUMH OpTraHi3allisiMH K KepiBHUIITBO s 1ii. Lle ocobmuBo
aKTyanbHO B YKpaiHi, B AKiii BHACIIZOK BOEHHHX [l IOJHS PYHHYIOTBCS CIIOPYAN
BHACITIZIOK paKkeTHHX aTakK, BHOYXIiB 1 3aCTOCYBaHHs BCiX BHJIB 30poi. Brums nHa
atMoc(epHEe TIOBITps, BOJHE CEpENOBUINE, IPYHTH, 3E€MENlbHI pecypcu i
010pI3HOMAHITTS BiOYBAa€ThCS HE TINBKU B IMPOIEC] NUBUTLHOTO OYAiBHHUIITBA, a
OLTBIIOI0 MIPOI0 B CHOTOJHINIHIX pealisX B Mpolieci pyWHYBaHHS 1 yTBOPEHHS
OyZIiBenbHOTO CMITTS. MaifOyTHI JOCHIDKEHHS, SKi MalOTh Ha METi MOTIHOUTH
€KOJIOT14HY OL[IHKY MPOLECY i HACIIAKIB yTBOPEHHs OyAiBEIbHUX BiAXOAIB, MOXKYTh
MIATBEPIUTH CBOT BACHOBKU 3 BUKOPHCTAHHSIM PE3YJIBTATIB I[bOT0 JOCITIIKSHHS.
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STUDY OF PATTERNS OF PM2.5 AND PM10 CHANGES
IN THE ATMOSPHERIC AIR OF IVANO-FRANKIVSK REGION

Abstract. The purpose of this research is to analyse the temporal patterns of changes
in concentrations of dust particles — aerosols, regression modeling of the
interdependence of PM2.5 and PM10 at the level of instantaneous, average hourly,
average daily and average weekly concentrations, and assessment of the impact of
the anthropogenic component of dust pollution of atmospheric air in the lvano-
Frankivsk region on regularities of the temporal distribution of these shares.

The database for the study included measurements of the concentration of PM10,
PM2.5 every hour at four Ecocity public monitoring stations: in the central part of
the city of Ivano-Frankivsk, in the village of Bovshiv within the influence of the
Burshtyn TPP, in the village of Broshniv-Osada within the influence of the
woodworking enterprise "SVISS KRONO" and within the recreational territory of
the village of Mykulychyn, Nadvirnyan district. The general regularity of the
temporal distribution of PM10, PM2.5 was established for all posts for daily
fluctuations — the highest concentrations are observed at night, the lowest — during
the period of maximum daily temperatures. It has been proven by actual data that
the greater the level of atmospheric air pollution (the greater the anthropogenic
component of PM), the higher the daily concentrations of PM10, PM2.5 and the
more often the one-time standards of solid suspended particles are exceeded.
According to the data of monitoring stations from the territories with different
anthropogenic influence, functional dependences of PM2.5 content on PM10
content were obtained for instantaneous values, hourly average values, daily
average values, and weekly average values. The scientific novelty of the conducted
research consists in the establishment of identical functional interdependence of
temporal changes in concentrations of PM2.5 and PM10 dust particles within a
conditionally clean area and within the limits of the influence of stationary sources
of pollution with a high level of direct regression dependence and a coefficient of
determination greater than 0.9 in all cases. This allows us to conclude that the
temporal patterns of changes in both PM2.5 and PM10 will not differ in clean and
polluted air conditions for the Ivano-Frankivsk region. In conditions of incomplete
data on the temporal distribution of the concentration of PM10, the obtained
equations can be used to forecast the temporal distribution of the concentration of
PM2.5.

Keywords: time regularities, concentrations of dust particles, functional
dependencies.
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IBaHO-®DpaHKIBCHKMI  HAIIOHAIBHUI  TEeXHIYHWHA  yHiBepcuTeT HadTth 1  Tagy,
M. IBaHO-@paHKiBCHK, YKpaiHa

TOCJLTKEHHS 3AKOHOMIPHOCTE# 3MIH PM2,5 TA PM10
B ATMOC®EPHOMY MOBITPI IPUKAPIATTS

Anomauin. Mema Oano2o O00CHiONCeHHA — NPOBEOeHHS AHANIZY YACOBUX
3aKOHOMIpHOCMEU 3MIH KOHYEHMPAayill NUL0BUX YACMOK — aepo3onie, pezpeciiine
MoOeniosanus  e3aemosanexchocmi PM2,5 ma PMI10 wua pieni mummesux,
CepeOHbO200UHHUX, CepeOHbO00D0BUX MA CePeOHbOMUNCHEeSUX KOHYeHmpayil ma
OYIHKA BNAUBY AHMPONO2EHHOI CKIA0080I NUN06020 3a0PYOHEHHSI amMMOCHEPHO20
nogimps 6 lsano-®@panxiscvkill 0d1acmi Ha 3aKOHOMIPHOCII YACOB020 PO3NOOITY
YUux Yacmox.

basza oanux ons docnioocenus sxmouana eumipu konyenmpayii PM10 ma PM2,5
uepes KOJHCHY 200UHY HA YOMUPLOX CIANHYIAX 2pOMa0CcbKko2o Monimopuney Ecocity:
6 yenmpanvhiti wacmuni M. lsano-@panxiecvka, 6 c. bosuiie 6 medxcax niugy
Bypumuncekoi TEC, 6 cenuwyi Bpownis-Ocaoa 6 mexcax 6niugy 0epesooopodoHoco
nionpuemcmea «CBUCC KPOHO» ma 6 medicax pexpeayiiiHoi mepumopii
¢. Mukynuuun Haosipuaucovkoeo paiiony. Bcmanoenena 3aeanvha 3aKOHOMIpHICHb
yacogoeo posnoodiny PM10, PM2,5 ons ecix nocmig 011 00008Ux KOausawv —
Haueuwi KOHYeHmpayii cnocmepizaiomovcsi 8 HIYHUL YAC, HAUHUJCYI — 8 nepioo
MAKCUMATbHUX 00006ux memnepamyp. /[06edeno gaxmuunumu OaHUMU, WO YUM
binbuull pisensb 3a0pyOHeH S AMMOCHepHO20 nosimpsi (Yum 6ibuLa AHMPONO2EHHA
cknadosa PM), mum euwi 00606i xonyenmpayii PM10, PM2,5 i mum uacmiwe
nepesulyeHHs pa3oeux HOPMAamueie meepoux 3a8UcIux 4acmox.

3a oanumu cmanyiti mMouimopumey 3 mepumopii i3 pisHUM AHMPONOEHHUM
6NAUGOM OYIU OMPUMAaHi QYHKYIOHAAbHI 3anexchocmi emicmy PM2,5 6i0 emicmy
PMI10 ona mummesux 3Hauenv, cepeOHbOLOOUHHUX 3HAUEHb, CepPeOHbO00DOBUX
3HAYeHb ma CepeOHbOMUIICHesUx 3HaveHb. Haykosa HoeusHa nposedero02o
00CNIOJNCEeHHsI  NONA2AE Y GCIMAHOBNEHHI  [0eHMUYHUX  DYHKYIOHATIbHUX
63AEMO3ANEICHOCMEN YACOBUX 3MIH KOHYeHmpayit uyacmunok nuiy PM2,5 ma
PM10 6 medxxcax ymogHno uucmoi mepumopii ma 6 mexicax 6naugy CmayioHapHux
Ooicepen 3aOPYOHEHHs I3 8UCOKUM DiBHeM NpsAMOI peepeciliHoi 3anedcHocmi ma
koegiyicnmom demepminayii 6inoue 0,9 y 6cix eunaokax. Lle 0o3sonsne 3podumu
BUCHOBOK NPO me, Wo 4acosi 3axonomipnocmi 3min ax PM2,5, max i PMI10 ue
06y0ymo GIOPI3HAMUCL 8 YMOBAX HUCMO20 NOGImMps | 3a0pyonenozo 0as leamno-
@pankiecokoi obracmi. B ymosax menosnux oanux 3a uacosum po3noodiiom
xkonyenmpayii PM10 3a ompumanumu pieHAHHAMU MOIICHA 30IUICHIOBAMU NPOSHO3
4ac08020 po3noodiny konyenmpayii PM2,5.

Kniouosi cnoea: wuacosi 3axonomipnocmi, Kouyenmpayii RULOSUX YACMOK,
@DYHKYIOHAbHI 3A1€HCHOCIL.

https://doi.org/10.32347/2411-4049.2024.3.47-58
Beryn

J1o OCHOBHHMX aHTPOIIOTCHHHUX 3a0pyIHIOBAaYiB MOBITPS, 10 MAIOTh 3HAYHUN PHU3HUK
JUISL 37I0pPOB’s, BIIHOCSTH TBEpAl MiKpoyacTHHKU giamerpom 10; 2,5 Mmikpona Ta
menme (PM10; PM2,5) [1]. Teepai wactuaku PM — Takox BifloMi SK YacTKH
arMoc(epHHX aepo30IiB, aTMOC(EPHI TBEPAI YACTUHKH, TBEP/1 YACTUHKH a00 3aBHUCII
tBepai yactuHky (TY abo PM) — € MIKpOCKOIIIYHUMH YaCTHHKaMH 3 TBEpAoi abo
PIAKOT pEYOBHHH, 10 3HAXOIATHCS B 3aBUCIOMY CTaHI B atMocepHOMY MOBITpi [2].
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JoBeneHa ix HeOe3neKa s OpraHi3My JIOJAWHU TOJSITa€e Y 31aTHOCTI TIIMOO0KO
MPOHMKATH B JIETEHI i MOTPAIUIATH B KPOB; CIPUUMHSITH 3aXBOPIOBAHHS SIK CEPLIEBO-
CYIMHHO{, TaK 1 TUXaNbHOI CHCTEMH; IPOBOKYBATH 1HCYJIbT, pakK JIETEHIB i XpPOHIUHY
00CTpYKTUBHY XBOpOOyY JereHs [3].

Bwmict 1mmx pedoBMH y TOBITpI HOPMYETHCS peKOMeHnalisMu BcecBiTHBOI
oprasizaiii OXOpOHU 370pOB's [4], B SKUX OE3MCYHMMU BBAXKAIOTHCS PIiBHI
PM2,5-5 mxr/m? (111 piBHI IEPIOTUIHO TTEPETIATAIOTHCS, OcTaHHIH meperisin BOO3
Bim 22 BepecHsa 2021 poky). BHyTpimHi ykpaiHChKI HOpPMAaTHBH 3 OIJISAYy Ha
€BpoiHTErpalifHuil Kypc MOBHHHI BiAMOBIATH €BPONEHCHKUM TUPEKTHBaM [5].
HupextuBa 2008/50/EC «IIpo skicte arMochepHOro mOBITpA A €Bpomm»
BCTAHOBJIIOE TPAaHWYHE CEPEeIHBbOPIYHE 3HAaYeHHS Mt PM2,5 Ha piBHI 20 MKr/™M>.
Hiroue B €C cepennbonoboBe rpaHnyHe 3HadeHHs PM10 ckmamae 50 mr/m?
(3a yMOBH He OiJiblle 35 nepeBHUIlCHb Ha PiK) [6].

AHaJi3 ocTaHHIX J0CTiTKeHb i myOikanii

JlxepenaMu yTBOPEHHS MMJIOBUX YaCTOK € MPUPOAHA Ta aHTPOIIOI'€HHA TiSUIBHOCTI.
PM2,5 i PM10 MoxyTh aficopOyBaTH Ha CBOIX OBEPXHSX 1HIII IIKiIJTUBI pEYOBUHI
Y BUKJIMKATH JTOJATKOBI HETaTUBHI HACIIAKY JJIS 3JI0POB’ S MICHs X MOTPAIUISHHS B
oprani3m moauHu [7]. ATMOChepHi aepo3oili € MPOAYKTOM CKIaIHOT CYKYITHOCTI
¢i3uKo-XiMiuHUX TIporeciB 'y arMmocdepi [8]. Bemmka KinmbKicTh aepo3ouiB
YTBOPIOEThCA B pe3yNbTaTi NpUpoAHUX mponeciB [9]. Jlo mpupomHux mrepen
HaJIeKaTh aepo30Ji MOPCHKOI CONi, BYJIKaHH, JICOBI MOXEXi, MUIOBI Oypi,
pocnuHHICTE 1 OiomoriuHi aepo3onbHi yactuHkH [10]. AHTpomoreHHi mxepena
TBEPAMX MIKPOUACTHHOK BKJIIOYAIOTh BUKUAM TPAHCIIOPTHHUX 3aC001B, CIIAIIOBAHHS
TBEPJIOTO najmBa 1 moOyroBoi  Oiomacwy, MPOMHUCIIOBI  BUKHJIH,
CLIBCBKOTOCTIONAPCHKY AisUIbHICTE [11, 12].

VY cepenHbOMY IPYHTOBHI NOKpPHUB Ta POCIMHHUI cBiT fgaroth monan 40%
aTMoc(epHHX aepo30J1iB, BojHa oBepxHs — 10-20%, mpoMUCIIOBI IANPUEMCTBA —
1o 20%, Tpancnopt — Tpoxu Oinbmie 10% [13]. MakcumanbHuil aHTPOTIOI€HHUH
BHECOK IIPUIAJIA€ HA CHEPreTUKY Ta TPAHCIIOPT, SKi Aat0Th 2/3 3arajibHOi KiJIbKOCTI
YAaCTUHOK aHTPOIOT€HHOr 0 NoXoKeHHs [14, 15].

VY Gararpox perioHax CBIiTy BHUSBIICHI YiTKi CE30HHI 3aKOHOMIPHOCTI JAMHAMIKH
koHneHTparii PM2,5 i PM10 [16, 17]. HaykoBisiMu pi3HUX KpaiH BCTAHOBJICHO, 10
MIPOCTOPOBO-YACOBI KOJIMBAaHHA KOHIEHTpauiii PM2,5 1 PM10 € pe3ynbraTom pizHHX
THTIB 1 KOMIIOHEHTIB aHTPOIIOTCHHUX BILIMBIB TIEPEBAYKHO BiJI CHAIIOBAHHS MATUBA
[18, 19, 20]. Ame TrOJOBHOIO TPUYMHOI IPOCTOPOBO-UYACOBUX KOJIHMBAHB
koHueHTpauii PM2,5 i PM10 e npuponHi YMHHMKH, cepell SIKMX aTMOC]epHi
MpoIiecH MaroTh MPOBiAHY poib [21, 22]. THoAl BiAOYBaIOTHCS 3MIHH MPHPOIHUX
JOKEpeNl BUKUIIB Yepe3 eKCTPEeMalibHI MOTOAHI SBHUIIA, TaKi SK JIICOBI MOXKEXI Ta
nwioBi Oypi, mo mnepeHocatscsi BiTpoM [23, 24]. IlpoBimHuMH mXKepenamu
AHTPOIOTeHHUX TN00anbHuX BUKUAIB PM2,5 1 PM10 y BchoMy CBITi € criaiitoBaHHs
BUKOITHOTO TMAJMBa B KOMYHAJIBHOMY TOCHOJAPCTBi, MPOMHUCIOBOCTI Ta JUIS
BUpOOHMITBA enekTpoeHeprii [25]. OCHOBHMMHM JUDKepenaMH BHCOKHX DiBHIB
TBEPIUX MIKPOYACTUHOK Y BEIMKHX MICTaX € sIK BUKUAW TPAHCIOPTHUX 3ac00iB, TaK
1 BUKWIM BiJI CHCTEM IIEHTPAIBLHOTO OrmajieHHs [26, 27].
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MeTta po6oTn

Le mocnmimkeHHS Mae Ha MeETi MpoaHANi3yBaTH YacOBI 3aKOHOMIPHOCTI 3MiHH
KOHIICHTpAIlifl MJIOBUX YaCTOK, 3MOACITIOBATH B3aeMo3aiiexkHicTe PM2.5 1 PM10 ta
OIIHUTH aHTPOIIOTEHHY CKJIAJIOBY IMHJIOBOTO 3a0pyaIHEHHS aTMOC(HEpPHOTO MOBITPS
B IBano-®paHKiBCBKil 00aacTi.

Marepiaju i MeTOaH

baza manux juist JOCHiKEHHS BKIIOYalla BUMIpU KoHIeHTparii PM10 ta PM2,5
pa3oM i3 TeMIlepaTyporo TMOBITPA, aTMOC(HEPHUM THCKOM, BiJTHOCHOIO BOJIOTICTIO
MOBITPs Uepe3 KOXKHY TOJMHY 110 KOKHOMY IMapaMeTpy 3i CTaHIiid TpOMajChKOro
MoHiTopuHry Ecocity B meHTpanbHiil yacTuHi M. IBaHo-®DpaHkiBchka, B ¢. boBIiB
mobmm3zy  bypmrmacekoi  TEC, B cemmmi  bpomHiB-Ocama  mo0muzy
JIEepeBOOOPOOHOTO  MIANPHEMCTBA Ta B MeXaxX peKpeariiiHoi TepuTopii
c. Mukynnuna ~ HangipHsHcbkoro — paiiony. [loOmm3y  ocraHHbOi — craHmii
CIIOCTEPEXEHHS BIICYyTHI CTaIliOHAPHI JpKepela 3a0py/THEHHSI Ta aBTOMAaricTpali.

BukJiag 0CHOBHOT0 MaTepiary

[louaTkoBuii aHami3 TPOBOAWBCSA 3a MaHUMHU CTaHIii M. IBaHo-DpaHKiBCHKA.
CepeHpOTOIMHHI 3HAYEHHsI KOHIEHTpalii yacTHHOK mny PM2,5 Ta PM10 Oymu
oTpuMaHi i3 3aranbHoi KijgbkocTi Oinbme 7000 3Hayenp 3a 2019 p. 31 cranmii
IrPOMaJICKOTO MOHITOPUHTY B IEHTPANbHIA YacTUHI MicTa [BaHO-DpaHKiBChHKA.
CratucTHYHHUNA PO3MOILI CepeAHbOTOJUHHNX 3HAYEHb (KOXKHE 3HAUYEHHS OTPUMAHO
K cepenHe apudmMeTnyHe 3 moHaa 600 MOKa3HUKIB Ii€l TOJMHU MPOTATOM POKY)
JIOBOJIUTh, 10 KOHIIEHTpalis PM2,5 Mae TEHICHIIIO 10 3HIKEHHS IMPOTATOM
PAHKOBUX 1 JEHHHUX TOJMH, IOCATA0YH MiHIMyMy Onm3bko 16-17 roguHm, a moTtiMm
MOYMHAE MIBUKO 3pOCTaTH BBEUEPi Ta JOCATAE€ MAaKCHMAIBHUX 3HAa4eHb OJIU3BKO
omiBHOYi (23-24 ronunM) (puc. 1). MiHiManbHe Ta MaKCUMaIIbHI 3HAYCHHS B MEXKaX
ypOaHizoBaHOi TepuTOopii (CTaHIlisg po3TamioBaHa B IEeHTPi M. IBaHo-DpaHKiBChKa)
KOJIMBAIOThCS Bif 6,5 10 15 MKI/M®, 110 3HAXOAUTHCS B TOMYCTUMHUX MeXaX SKOCTI
noBiTps (Tadu. 1).

CepeaHe 3HaveHHs PM2.5 3a roguHoio

CepeqiHe 3HaYeHHs PM2.5 (Mkr/m3)
— - = - -
L e o — ~N w &

~
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Foanxa aobu

Puc. 1. JIo60Bi 3MiHM KOHIIEHTpaIii YacTUHOK ity PM2,5 B M. IBaHo-®paHKiBCbKY
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Tabmuns 1. HopmyBanHS nuiaoBoro 3a0pyaIHEHHS aTMOC(EpPHOTO MOBITPS, MKI/M?

[4,5, 6]

PedyoBuHa Yac ocepeqHeHHs Ykpaina €C CIIOA BOO3
PM10 24 rop. 0,05 0,05 0,15 0,05
1 pik - 0,04 0,02

PM2,5 24 ron. 0,025 - 0,035 0,025
1 pik - 0,025 0,015 0,015

J1a OIiHKM pEeNeBaHTHOCTI OTPHUMAaHMUX PE3YIbTATiB AaHAIOTIYHUN PO3IMOMLT
CepeTHROTOMHHUX 3Ha4YeHb 3a 18 xoBTHA 2022 poky OyB OTpUMaHHUH 31 CTaHIIMH,
sKi po3ramoBasi (puc. 2):

— B ¢. bormiB mo6nmu3y bypmruacekoi TEC — nHaiibinpmoro 3abpynHioBada
arMocdepnoro nositps Ha [Ipukapnarri (psx 1);

— B cemumi bpomuiB-Ocana (psx 3) moOimM3y JIito4oro JepeBooOpOOHOro
i IPUEMCTBA, IO BXOAWTH B I’ ATIpKY HAHOUTBIIIX 3a0pyAHIOBa4iB aTMOC(HEPHOTO
noBiTps Ha [Ipukapmarri;

— B Me¥ax pekpeaniiiHoi Tepurtopii HanpipHsHCbKOTO paiiony (psg 2) —
KOHTpOJIbHA TOYKa 0€3 aHTPOIOTeHHOI CKJIaJ0BOI 3a0pyIHEHHS TTOBITPS;

— B Mexax M. [Bano-®pankiBcbka (psag 4) (ta x cranmis Nel — ypbaHizoBaHa
TEepUTOpis i3 3a0pyTHEHHSM BiJl TPaHCIOPTY Oe3 MEepPEeBHIICHHS HOPMATUBHHX
MMOKA3HUKIB).
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Puc. 2. TlopiBHsIHHS 3aKOHOMipHOCTEeH 1000BOi 3MiHM KOHUEHTpauii PM2,5 B Toukax
3 Pi3HUM PiBHEM aHTPONOT€HHOT'O HaBaHTa)KCHHS

Particulate matter (PM) — 11e mikpockomiuHi TBepai YacTHHKHA. DaKTHIHO — II€

BCE T€, IO € Y TMOBITPI, IO HE € Ta30M 1 CKIaIaEThCS 3 BETUUC3HOTO PI3HOMAHITTS
XIMIYHHX CITOJIYK Ta MaTepiajiB, IeAKi 3 SKMX MOXYTb OyTH TOKCHYHUMHU [3, 21].
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AHami3 OTpUMaHUX JAaHHWX IIOKa3ye, IO B MeXaxX peKpeariiHol TepuTopii
CTIIOCTEPIracTbcsl HAWHWKYMK piBeHb KOHUEHTpauii PM2,5 Tta aHanoriuxmii
(nuB. puc. 1) 1060BUIt pO3NOALT CepeAHBOTOTUHHNX 3HAUEHb, OTPUMAHUHN 3 MaCUBY
JMEKUTBKOX THUCSY BUMIPIOBaHb. 3arajbHa 3aKOHOMIPHICTH IS BCIX ITOCTIB IS
KOHKPETHOI OOM — HaWBWINI KOHIICHTpAIli CIOCTEpiraloThCS B HIYHHMMA dHac,
HaWHWKYI — B IEP10/] MAKCUMATBHUX JIOOOBUX TEMIIEpaTyp.

[lopiBHAHHS TaHUX TTOCTIB MOHITOPUHTY MIATBEPKYE BUCHOBOK PO T€, M0 YUM
OLTBIIMA piBeHb 3a0pyAHEHHS aTMOC(HEPHOTO MOBITPs (UMM OiNTbIIa aHTPOTIOTEHHA
cknamoBa PM), TuMm BuIi JOOOBI KOHIIEHTpAIli i THUM 4YacTillle TMEPEBUIICHHS
Pa30BHUX HOPMATHBIB TBEPAMX 3aBHCIMX YacTOK. [linTBEpIKEHHIM € MakCUMaIbHI
ITKOBI 3HAYCHHS, IO CIIOCTEPITAINCh Ha CTaHIlil B ¢. boBmriB (Ha BimcTaHi 10 3 KM
BiJ cramioHapHHX JpKepen 3a0pyaHeHHs bypmtuacekoi TEC), ski  csaramm
80 MKr/™M?, 110 3a IHAEKCOM SIKOCTI MOBITPS BIAMOBiJAa€ QyXe LIKiATHMBOMY PiBHIO
U1l TPOMAJICBKOTO 370POB .

AHTpOTIOTEHHE 3a0pyIHEHHS JIepeBOOOPOOHOTO T ATPHEMCTBA B
3aKOHOMIPHOCTSIX 1000BUX 3MiH PM2,5 mposiBUIOCH HE CTUTBKH Yy TEepeBHIICHHI
MaKCUMAaJIbHUX TPaHNYHUX KOHIEHTPAIli, CKUTBKH y 3MiHI HOPMAJIEHOTO PO3MOALTY.
Tyt croocrepiratloTecsi JeKinmbka MMKOBHX 3Ha4eHb (OuB. puc.2). Moxemo
CTBEP/XKYBaTH, 10 PAHKOBE MiABHUIICHHS 3 6 10 14 TOIMHM € aHOMAJIBHUM IS
3arajJbHUX 3aKOHOMIPHOCTE! JOOOBHX KOJIMBaHb a€pO30JIiB B aTMOC(EPHOMY TIOBITPI
[IpukapmarTs i MOB’s3aHO 13 BUKHAAMHU JIEPEBOOOPOOHOTO MiANIpreEMCTBA (CTAHIIiS
MOHITOPUHTY pO3TaIlllOBaHa Ha BifcTaHi 1,5 KM BiJl cTalliOHApHHUX JKEPENl BUKUIIB).

Hanai cipoGyeMo OpiBHATH OTPUMaHi CEPeAHbOTOMHHI 3HAYCHHs 1st PM2,5
ta PM10 (puc. 3). OuikyBaHa rinoresa 1mogibHOro po3noaity miATBepAUIach, 40ro
i cimig Oyno ovikyBat, ockiibku PM10 Brirouae PM2,5.

CepepnHe 3navenna PM2.5 Ta PM10 3a roauno

© 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Foawwa pobn

Puc. 3. TlopiBHAHHA CepeIHBOTOJMHHUX 3MIiH KOHIEHTpamiii vacTuHOK nmiay PM2,5
ta PM10 B M. IBano-®paHkiBCBKY

PM10 mae Takok TEHISHITIIO JI0 3HIKEHHS ITPOTATOM PAHKOBHX i ICHHUX TOJIUH,
JOCATar0YM MiHIMYyMy o 17 TOAMHI, a MOTIM MIBHIKO 3pOCTAa€ B 4Yaci Ta JOCITae
MaKCHUMaJbHHUX 3Ha4eHb 0 24 romuHi. MiHIManbHEe Ta MaKCHMajbHI 3HAYEHHS B
Mexax M. IBaHo-DpaHKIBChbKa KOJIMBAIOTHCS Big 12,5 10 27 MKr/M3, 110 3HAXOIUTHCS
B MeXaxX 3aJ[0BUTbHOI SIKOCTI ITOBITPSL.
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s TopiBHSAHHSA TOOOBHX 3MIiH 1 B3a€EMO3AJICKHOCTI KOHIICHTpAIliii YacTOK
PM2,5 ta PM10 Gynu npoananizoBaHi aati 3a 100y 31 sxoBTHs 2022 p. 31 cTaHLii B
c. boBmiB, mo BigOOpaxkaloTh 3a0pydHEHHS Big bBypmITHHCHKOI TEMIOBOI
€IIEKTPOCTAHIIIT 3a TIepEBaKAIOUOI0 PO30I0 BiTpiB (puc. 4).
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Puc. 4. B3aemo3asie)xHICTh MUTTEBUX 3MiH KOHIEHTpaliil yacTHHOK iy PM2,5 ta PM10
B ME)Kax BIUIMBY CTalliOHApHUX JpKepen 3a0pyauenus By TEC

Awmrutityza 100oBux 3HaueHb PM10 KOIUBAETHCS BiJl MIHIMAJILHOTO 3HAYCHHS
18 mxr/m® o 13 roguni a0 194 mxr/m® o 20 romuHi, IpH IBOMY IEPEBUIICHHS
JOOOBHX JIOIMYCTUMUX 3HAYEHB CIIOCTEPITaeThes Takoxk 3 19 10 21 romuHm, a Takox
omiBHOYi. Amrmuityna no0oBux 3HaueHb PM2,5 konmBaeTbes Bif MiHIMaIBLHOTO
3HaueHHs 8 Mkr/M® o 13 romuni go 127 mxr/m® o 20 roauHI, NMPH ILOMY
MEPEBUILIEHHS JTOOOBUX JIOMYCTHUMHX 3HAYEHb CIIOCTEPIraeThest Takox 3 19 mo 21
TOIWHY Ta OMiBHOYI.

OTxe, HaBeIEHI JaHi 31 CTaHII MOHITOPUHTY, J€ CIIOCTEPIracThCs CYTTEBE
TEXHOTeHHE 3a0pyAHEHHs aTMOC(EpHOTr0 TMOBITPS NHIOBUMH YacTKaMH Bij
CHAJIOBaHHA BYIUUIA Ha  TEIUIOBI  €JIEKTPOCTaHLii, JOBOAATH  YiTKY
B3aeMo3aexHicTh yacTok PM10 ta PM2,5. O0uncienuii koedilieHT Kopemsii
cknagae 0,99.

O6unsa mnokasnuku (PM2,5 ta PM10) MaroTh CXOXi JEHHI TpeHAH, Je
KOHIIEHTpALlisl 3MEHILIYEThCS BIACHb 1 301IBLIYETHCA BBeUepi Ta BHOUI. Xoua
abcoumroTHi 3Ha4eHHs 11t PM10 Bumi 3a PM2,5, o0niBa MOKa3HUKNA MaIOTh CXOXKI
(hopmu nenHuX nuKIiB. Li criocTepesxeHHs BKa3yrOTh Ha Te, 110 JpKepena i MpoIecH,
SKi BIUIMBAalOTH Ha JIeHHI KoHmeHTpauii PM2,5 ta PM10, € nonionumu abo
B3a€MOIIOB'I3aHUMU.

OTxe, IpoBeicHE JOCITIPKEHHS B3aEMO3JIE)KHOCTI JOOOBUX 3MiH KOHIICHTpAITii
gacTUHOK ity PM2,5 Ta PM10 B Mexkax yMOBHO YHCTOI TEpUTOPIii Ta B MExkax
BIUIMBY CTalllOHAPHUX JDKEpes 3a0pyIHCHHs I0Ka3y€e BHUCOKUH DIBEHb MPSAMOI
KOpPEeJALIHHOT 3a1eKHOCTI Ha piBHI Ouibie 0,95. e 103B0JIsIE 3pOOUTH BHCHOBOK
Opo Te, M0 YacoBi 3aKOHOMipHOCTI 3MiH sk PM2,5 tak i PM10 nHe OymyTsb
BIIPI3HATUCh B NPHUPOJHUX YMOBaX YHCTOTO TIOBITPS 1 aAHTPOIOTCHHO
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neperBopeHoro. ToOTo, B yMOBax HENOBHUX MAaHUX 33 YacOBUM DPO3MOILIOM
koHueHTpanii PMI10 wMoknHa 3AiiicHIOBaTH MPOTHO3 YacoBOTO  PO3MOILTY
KoHIeHTparii PM2,5 i HaBnakwu.

Buxopucraemo miHiiiHY perpecito (maHi ctaHmii ¢. MUKyIH4YWH), 00 3HAWTH
MaTeMaTHYHY 3aJIeXKHICTh MK CEpeIHbOTOAMHHNMY 3HadeHHs MU PM2,5 ta PM10
JUIs pekpealtiiinoi Teputopii. Y upomy aHamnizi PM 10 Oyzae BucTynatu sk He3allexHa
3MinHa, a PM2,5 — sk 3ajekHa. MaremaTwdHa 3aIeKHICTD MDK CEpeIHIMH
roguHHIMHA 3HadeHHIMA PM2,5 Ta PM 10 onucyeThest HACTYITHUM PiBHAHHSM:

PM2,5 = 0,5501 x PM10 — 0,0757, (1)

ne PM2,5 i PM10 BUMIpIOIOTBCS y MKT/M®.

KoegiuienT nerepminariii R? mjis miei Moaeni craHoBUTh pubiu3Ho 0,9794, 1110
CBIUUTH PO JiHiITHMIA 3B's130K Mixk PM2,5 Ta PM 10 Ha moromnHHOMY piBHI.

B momanpmomMy Mu po3riisiHyIH cepenHbo1000B1 3HaYeHHs At PM2,5 ta PM10
Juis ctaHuii B ¢. bpomnHiB-Ocana, mo BijoOpakatoTh MepioudHi 3a0pyTHEHHS Bij
CTaIllOHAPHUX JDKEpe AepeBooOpoOHOro komOiHaty (puc. 5).

CepenHbonoboBa 3anexHictb PM2.5 sia PM10

Ninina perpecis
60} — y=0.5741x + -0.5021
R?=0.9080

X PeanbHi paHi

501
40
30
20

10

CepeaHbonobose 3Ha4yeHHs PM2.5 (Mkr/m3)

0 20 20 60 80 100
CepeaHboaobose 3Ha4eHHs PM10 (Mkr/m3)

Puc. 5. 3anexHicTh cepeqHpOA000BUX 3MiH KOHIIEHTpaii yacTnHOK ity PM2,5 ta PM10
ISl TEPUTOPIT 3 aHTPOIIOTCHHUM HAaBaHTAKEHHIM

Cepennpono00Bi 3MiHM KOHLEHTPALildi YacTMHOK NHJIY IIOB’s3aHi JiHIHHOIO
3aJICKHICTIO 13 KoedimienTom perpecii 0,9. MaTeMaTuuHa 3aJ€KHICTh MIX
cepeaHbo000BMMH  3HauYeHHsAMH PM2,5 ta PMI10 omucyerhcsi HACTYITHUM
PIBHSHHAM:

PM2,5 =0,5741 x PM10 — 0,5021. 2
KoeinienT nerepminariii R? s miei moxeni cranoButh mpudim3Ho 0,9080, 1o

CBIIUUTh TIPO BHCOKHH piBeHb 3B'SI3Ky MK PM2,5 T1a PMI10 Ha piBHI
CEpeTHhOJOOOBUX 3HAYCHB.
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J11g o1liHKH B32€MO3B’SI3Ky CEPEeTHHOTIYKHEBUX 3HaYEHb OYJIM BUKOPHCTAHI JaHi
3  pekpeauiiiHoi  He3aOpyaHeHoi TepuTopii (craHmis B ¢. MuKynuuuH
Hapgipuasincekoro paiiony). Ilicns oOuucneHHs cepeIHbOTHKHEBUX 3HAYCHb LIS
PM2,5 ta PM10 6ymno moOynoBaHo rpadivHe mpeacTaBIeHHs 3anexHocTi Mixk PM10
ta PM2,5 (puc. 6). 3a momomororo JNiHIHHOI perpecii BCTAHOBICHO MaTeMATHIHY
3aJIeKHICTB (3).

CepenHbOTUXHEBA 3anexHicte PM2.5 Big PM10

30 NiniiHa perpecia
— y=0.5948x + -0.8811
R*=0.9172

x PeancHi pani

20F
15}

10F

CepeHbOTWKHEBe 3HavYeHHA PM2.5 (MKr/m3)

0 10 20 30 40

CepeAHbOTHMKHEBE 3HaYeHHA PM10 (MKr/m3)

Puc. 6. 3anexHicTh cepeTHOTHIKHEBUX 3MiH KOHIIEHTpallil YacTHHOK ity PM2,5 Ta PM10
JUTSL peKpealinHol TepuTopii 6€3 aHTPOIIOreHHOTO HAaBAHTAKCHHS

Ha rpadiuvnomy npencraBneHHi ycix 3anexxnocteid PM2,5 Big PM 10 cuni kpamku
MPEJCTaBISIIOTh pealibHi 3HAYEeHHS, YepBOHA JIiHIS MPEACTaBISE JiHIHHY perpecito
MiX LIUMH 3HAYEHHSIMH.

OTpumaHa MaTeMaTHYHa 3aJE€XKHICTh MIX CEPEeAHbOTHKHEBUMH 3HAUYCHHSIMHU
PM2,5 ta PM10 onmcyeThcs HACTYITHUM PiBHSIHHSM:

PM2,5 = 0,5948 x PM10 — 0,8811. 3)

KoegiuienT nerepminariii R? mjis miei Moaeni craHoBUTh mpubiu3Ho 0,9172, 1o
MiATBEPIUKYE BUCOKHH piBeHb 3B'13Ky Mk PM2,5 Ta PM10 Ha TH>kHEBOMY piBHI.

BucHoeku

Otxe, B pe3ynbTaTi MPOBEACHHUX JIOCTIKEHb OyJIO JOBEIEHO, IO JO0OOBHIA
PO3MOIiT KOHIIEHTpAIlil MUy B Yaci 000X mokasHukie PM2,5 Ta PM10 mae cxoxi
TPEHH 1 3aKOHOMIPHOCTI, JIe KOHIIEHTPAIIIs 3MEHITY€EThCS BACHD Ta 3POCTA€E BHOMI.
Hns ypOanizoBanoi teputopii M. IBaHo-®paHKiBCbKa Ta peKpealiiiHuX TepUTopii
[MpukapraTTss Ha TpUKIaAI JAHUX CTaHII ¢. MUKYIHMYWH aOCOJIOTHI 3HAYCHHS
KOHIICHTpAIliil He IEPEBUIIYIOTh BCTAHOBJICHIX HOPM JT00OPO1 Ta 33I0BITHLHOL IKOCTI
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MTOBITPs 3a IHIEKCOM sIKOCTi TOBITpsI. J{0O60Bi 3MiHM moka3uukie PM2,5 ta PM10 B
MeXaX BIUIMBY CTalllOHAPHUX JoKepen 3a0pyJHEHHS  JepeBOOOPOOHOTO
mianpueMcTBa Ta BypIITHHCBHKOI TEMIOBOi €1eKTPOCTaHIil IeMOHCTPYIOTh 3HAYHI
KOJIMBAaHHS 13 BHXOJOM 3a MEXi BCTAaHOBJICHHUX HOpMaTWBiB. HalBuimi MUTTEBI
TIePEBUIIICHHS KOHIICHTPAIIIH aep030JIiB CIIOCTEPIratoThCs BHOYI.

3arajgpHa 3aKOHOMIPHICTh JUIS BCIX TMOCTIB JJIi KOHKPETHOI 10O — HaWBHII
KOHIICHTpAIlii CTIOCTEPITaloThCS B HIYHUN Yac, HAHIKYI — B TIEPi0l MAaKCHUMaTbHUX
no0oBux Temmeparyp. [lOpiBHAHHS MaHUX TOCTIB MOHITOPHHTY IIiITBEPIKYE
BHUCHOBOK TIPO T€, II0 YMM OUIBIINI piBeHb 3a0pyIHEHHS aTMOC(EPHOTO MOBITPsI
(4™ OijbIlla aHTPOTIOTEHHA CKiIaoBa PM), TM BUILi TOOOBI KOHIEHTPAIT 1 THM
YacTille TEePeBHINCHHS pPa30BUX HOPMATHBIB TBEPAWUX 3aBHCIHX YaCTOK.
[linTBep/UKEHHSAM € MaKCUMAaJIbHI IMKOBI 3HAYEHHS, 1[0 CIIOCTEPIraIuCh Ha CTaHIIiT
B c. boBmiB (Ha BimcTaHi M0 3 KM BiA CTaliOHApHUX JpKeped 3a0pyIHEHH:
Bypmrtuacekoi TEC), axi csramm 80 MKr/m®, mo 3a iHIEKCOM SIKOCTI TOBITpS
BIJIMTOBiTa€ My’Ke MIKiAITTUBOMY PiBHIO TSI TPOMAICHKOTO 37I0POB 5.

3a AaHWMH CTaHIil MOHITOPHHTY 3 TEpUTOPi i3 PI3HUM aAHTPOIOTCHHUM
BIUTUBOM OynM oTpuMaHi (hYHKITIOHAJBHI 3ayexHOCTI BMicTy PM2,5 Bim BMmicTy
PMI10 nms MATTEBHX 3HA4YeHb, CEPEIHBOTOAMHHUX 3HAYEHB, CEPEAHBOIO00BUX
3HAYCHb Ta CEPEIAHBOTIDKHEBUX 3HAUCHB. Y BCIX BUIIaJKaX 3HAYCHHS KOS(ILi€HTIB
JeTepMiHallii Juisl perpeciiHux mozenei ckiaaae Oinpiie 0,9.

[IpoBeneHe mOCTIHKEHHS YacOBUX 3MiH 1 B3a€MO3AIEKHOCTI aepO30JBHHUX
4acTOK B arMoc(epHOMY TOBITPi J03BOJISIE 3pOOUTH BHUCHOBOK, IO JKepena i
MpoIiecH, SIKi BINIMBAIOTh HA XapaKTep po3nonaiiny Konuenrpanii PM2,5 ta PM10, €
HONIOHUMM Ta B3a€EMOIIOB'I3aHUMMU. ﬁMOBipHO, 4acoBi 3MiHU KOHIEHTpAIIiif
AepOo30IIiB MiAMOPSIKOBYIOTECS JTOOOBUM 3MiHaM METEOPOJIOTIYHHX MapaMeTpiB.
JocnipkeHHs IHOTO € IPEAMETOM HAIIUX MOJANBIIHX JOCTIPKEHb.
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may be predominantly negative and will intensify in the future.

change.
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Abstract. Climate change is one of the most important and acute environmental
problems of our time. It includes a complex of changes, such as rising ambient
temperatures, changes in precipitation patterns, rising sea levels, and more frequent
extreme weather events. According to the Intergovernmental Panel on Climate
Change (IPCC), the average global temperature has risen by about 1.1°C since the
late nineteenth century. Projections point to a possible increase of 1.5°C by the
middle of this century unless significant measures are taken to reduce greenhouse
gas emissions. On the basis of the above, the paper analyzes trends in changes in
atmospheric air temperature on the territory of risky agriculture in the South of

The purpose of the study: to determine and substantiate the regularities of changes
in the temperature regime of Mykolaiv and Mykolaiv region in the context of climate

Research results. The values of temperature characteristics for the year and season
in Mykolaiv and Mykolaiv region during 1991—2023 are analyzed. In Mykolaiv,
about 60-67 days with a negative average daily air temperature and about 32 days
with a negative maximum daily air temperature are recorded. The duration of the
period with a negative minimum air temperature can be an average of 93 days per
year: 64 in winter, 16 in spring and 14 in autumn. At the same time, on a large
territory of the Mykolaiv region, autumn is warmer than spring. The average
seasonal air temperature is 10.6°C, the average maximum temperature is 15.4°C,
and the average minimum temperature is 6.4°C. In the Northern Black Sea region,
both maximum and minimum temperatures in autumn are higher than in spring. The
dynamics of changes in average annual temperatures in the city of Mykolaiv in the
period from 1980 to 2023 are analyzed. A stable linear trend towards a gradual
increase in average annual temperatures has been determined. The warmest year
for this observation period is 2023, the coldest are 1985 and 1987. It is determined
that the rate of increase in average temperature is 0.61°C for every ten years.
Maximum temperatures are increasing at a rate of 0.0884°C per year and minimum
temperatures are decreasing at a rate of 0.0136°C per year. Every year, the average
annual temperature increases by approximately 0.021°C. The largest number of
days accompanied by heat stress (up to 90%) is observed in July — August. Thus,
changes in air temperature indicate a significant change in the temperature regime
of the entire climate system of the region, and the consequences of climate change

Keywords: air temperature, temperature regime of atmospheric air, climate
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A . Man
YopHOMOpCHKHI HalioOHATBHUHN yHiBepcuTeT iMeHi [letpa Mormmm, M. Mukonais, Ykpaina

JOCJII)XEHHSI OCOBJIUBOCTEN TEMIIEPATYPHOI'O PEXKUMY
MICTA MHUKOJIAEBA I OBJIACTI B KOHTEKCTI IMTAHHA 3MIHHU
KIIIMATY

Anomauin. 3mina Kiimamy € OOHIEIO 3 HAUBANCIUGIWUX [ HAULOCMPIWUX
eKono2iuHux npobaem cyuachocmi. Bona oxonnoe komniekc 3MiH, MAKux K
nIOBUWEHHS meMnepamypu ammocQepHo2o Nosimps, 3MIHU peXdcuMy onaois,
NIOBUWEHHS PI6HSL MOPSL | YACMIUAHHS eKCMPEeMATbHUX NO20OHUX s6uwy. 32i0H0 3
Oanumu  Mixcypsioosoi epynu excnepmis 3i smin xuimamy (IPCC), cepeous
enobanvha memnepamypa niosuwunacs npubauswo ua 1,1°C 3 kinys XIX
cmonimms. Ilpoenosu exasyrome na mooicnuee niosuwenns na 1,5°C eoce 0o
cepeOuHu Yb020 CMOIMmms, AKWO He 0yOe excumo 8ionogioHux 3axodis. Ha
niocmasi guwyesasHavenoi npobiemu, y pobomi NpoaHanizo8aro meHoeHyii ujooo
3MIH memnepamypu ammoc@eprHo20 nosimps Ha MmMepumopii pusUKO8aHO20
semnepobocmea I1isona Yxpainu Muxonaigcekoi oonacmi.
Mema Oocnioycenna: susnauumu ma oOOIPYHMY8AMU 3AKOHOMIPHOCMI 3MIH
memnepamypnoeo pedxcumy Muxoraesa i Muxonaiecvkoi obracmi 6 Kowmexcmi
NUMAHHA 3MIH KAIMAm)y.
Pesynomamu  d0ocnioycenna. Ilpoananizogano  3HaueHHss meMnepamypHux
xapaxmepucmux 3a pix ma ce3on y Muxonaceei i Mukonaiscokiti odracmi ynpoooesoic
1991-2023 poxie. ¥ Muxonaesi ¢ixcyemuvcsa 6auzoko 60—67 ouie i3 6i0 emnoio
cepeonboio 3a 000y memnepamypoio nogimps i 01uzbko 32 OHi 3 8i0 €MHOIO
MakcumanvHolo 3a 000y memnepamyporo nosimpa. Tpueanicme nepiody 3
8I0 EMHOI0 MIHIMANBHOIO MEMNepamypor nosimps modxce oymu y cepeonvomy 93
OHI 3a pik: 64 — e3umky, 16 — nasecni i 14 — 6ocenu. Pasom 3 mum, na 3naunii
mepumopii Muxonaigcokoi obnacmi ocine meniwia 3a gecHy. CepedHs 3a ce30H
memnepamypa nosimps cmanogums 10,6°C, cepedns maxcumanvna — 15,4°C,
a cepedns minimanvua — 6,4°C. V Ilisniunomy Ipuyopromop’i sk makcumanvua,
mak i MIHIMalbHA memnepamypu 8oceHu euwl, Hixc Hasechi. lIpoananizosano
OUHAMIKY 3MiH cepeOHix piyHux memnepamyp y micmi Muxonaesi y nepioo 3 1980
no 2023 poxu. Buznaueno cmivkuti AiHIUHUL MpeHO y HANPIMKY HOCHYNOB020
30inbUenHs cepednix piyHux memnepamyp. Hatimenniwwuil pik 3a oanuii nepioo
cnocmepedicev € 2023, uauxonoomniwi — 1985 i 1987 poxu. Busnaueno, wjo
wWeuoKicms 3pocmanus cepednvboi memnepamypu cmanosums 0,61°C 3a kooicHi
Oecsimb pokie. Makcumanvui memnepamypu spocmatomse 3i weuoxicmio 0,0884°C
Ha piK, a MiHiManbHi memnepamypu smenuyromocs 3i weuoxicmio 0,0136°C ua pix.
LJopoxy cepeons piuna memnepamypa 30inbuyemsca npubausno na 0,021°C.
Haiibinvwa xinvkicms OHig, wo cynposooicyemvcs mennogum cmpecom (0o 90%),
cnocmepieaemocs y aunHi — cepnHi. B cepeonvomy Kinvkicmv cnekomHux OHIG
s0invuyemocs na 1,9353 omi wopoky. Omoice, sminu memnepamypu nogimps
cgiduams Npo CYmMmegy 3MiHy MeMHepamypHo20 pedcumy 6Cici KIiMamuyHoi
cucmemu pe2iony, a HACHIOKU KAIMAMUYHUX 3MIH MOJCYMb MAMu NepedatcHo
He2amusHull xapakmep i 6y0ymv NOCUTIOBAMUCL Y MAUOYMHbOMY.
Knwuosi cnoea: memnepamypa ammocgepHozo nosimps, memnepamypHui
DpedcumM ammoc@epro2o nosimpst, 3MIiHU KIiMamy.
https://doi.org/10.32347/2411-4049.2024.3.59-71
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Beryn

VYrpomorx XX cromiTrs, a Takok y nepmriii uBepti XXI cTomiTTS MaroTh Micie
CYTT€EBI 3MIHU TEMIIEPATYPHOTO PEXUMY. 3a TaHUMHA MiKypSI0BOi TpyIH eKCIepTiB
3 MUTaHb 3MiHA Kiimaty [11—13], croctepiraroTbes aHOMaJIbHO BHCOKI TEMIIepaTypu
y OaraTthox perioHax miaHeTH. Tak, mepmi aBa gecatwtittst XX cromitts va 0,99°C
€ TeIWNIIAMH 3a CepemHI0 TeMIepaTrypy HOOIHAYCTPialbHOTO  Iepiomy
(1850—1900 poxm), a ympomosx 2011-2023 pokiB — Ha 1,09°. Crnocrepiraerscs
aHOMaJTisl CepeIHIX 3HaueHb rI100anbHOI TeMiepaTypu ynpoaosx 2013—2023 pokis,
a came — 1,14 [1,02 mo 1,27]°C, mo cBig4uTh NPO MNPOMOBXKEHHA MEPiOLY
noterutinas [8]. Taki aHOManbHI BUCOKI TeMIIEpaTypH Ha IUIAHETI CIIOCTEPIraliCh
125 000 pokiB ToMy, KoJIu Tiio0alibHa TemiepaTypa Oyna Ha 0,5—1,5°C Bumioro 3a
TeMIeparypy, MOPIBHAHO 3 JOIHAYCTpiaJIbHUM mepiofoMm. lledi yac Bimomui sk
EMCBKHi MDXKITBOTOBHKOBHI TIEP10/1, KOIM 3MIHH Y KIIIMATI PU3BEIIH JI0 TTiABUIIICHHS
PiBHS MOpsI Ta OLIBII TETUTMX YMOB HA 3HAYHIN YaCTHHI 3eMITi.

CydyacHi 3MiHM KIIMaTy, Ha JAyMKy 0arathboX JOCIIJHHKIB, BHKIIMKaHI
AQHTPONIOTEHHUMH UYWHHHUKAaMH, JIEMOHCTPYIOTh CXOXKI TEHAEHILI{ IiJBUILEHHS
temnepatypu. [lounnatoun 3 1970 poky, rimodanpHa TemnepaTtypa Oyiia HailBHIIIOIO
3a octanHi 2000 pokiB, a OCTaHHE AecATHPIUYs € HalTerunmuM 3a 6500 pokis. Jlo
TOT0, OCTAaHHE JCCATUIIITTA JicHO Oysi0 HaiTemtimuM 3a octanHi 6500 pokis. Lle
T IKPECITIOE CEPHO3HICTh CYYaCHUX 3MiH KIIIMATy Ta HEOOXITHICTh BKUTTS 3aXO0/iB
JUIE 3MCHILNCHHS BHUKHAIB TAapHUKOBUX Ta3iB 1 YMOBUIGHEHHS TJI00aIBHOTO
noterinas [11].

Bimomo, mo TemmepaTypHHI peXHM perioHy 3alexuTh Bia reorpadidHoi
LIMPOTH, 5Ka, Y BIACHY 4epry, BU3HaUa€ 3HAUCHHs COHAYHOI pajiallii, 0COOIUBOCTI
MIJCTHJILHOI TIOBEPXHI, a TakoK crHenudiky arMochepHOl IUPKYJIALil, Ha II10
3HAYHOIO MIpOI0 BIUTMBA€E ONM3bKa BijcTaHb Bijg YopHoro mops. TemmnepaTypHuii
peXHM aTMOC(PEPHOTO TOBITPS TaKOX 3aJeXKUTh BiJ 3MiH KIiMary, TOOTO
JOBIOTPUBAIMX TEHJIEHIIIH y 3MiHI TeMIEpaTypH, IO BUKJIWKAHI MPUPOTHUMHU Ta
AQHTPOTNIOTEHHUMH YHHHHKAMH, a TaKOX BiJl BIUIMBY JIFOACHKOI JisUTBHOCTI, a came:
ypOaHizallii, IpOMICIOBHX BUKHIIB, 3MiH B 3eMJIEKOPHUCTYBaHHI.

3miHa TeMInepaTypu MOBITPS. CBIAYUTH HPO CYTTEBY 3MiHY TeMIIepaTypHOro
peXUMy BCi€l KIIMaTHYHOI CHCTEMH IJIaHeTH. Ha JyMKy ydYeHHX, HaCIiIKH
KJIIMaTUYHUX 3MiH MalOTh MEPEBAKHO HETAaTHBHHUI XapakTep i, 32 MPOTHO3aMH,
OyAyTb MOCHIIIOBATUCH Y MaiOyTHHOMY.

B Ykpaini mereoposioriuti crioctepexxeHHs IpoBoasIThes 3 1881 poky. Yipomosxk
OCTaHHIX JIECATHIITh B YKpaiHi TakoX BH3HAYEHO CYTTEBI 3MiHM KIIMaTUYHOI
CHCTEMH, IHIMKATOPOM SIKHX € TeMIIEPaTypHHI peKUM aTMochepHoro noBitps [6; 8].

VY nmocmijkenHi [7] momaHo aHami3 3MiH PiYHOI TeMriepaTypu B YKpaiHi,
nourHarouu 3 1901 poky. OOGIpyHTOBAHO TE€3Y, IO CTIHKICTh Cy4acHOI MaJIOBOIHOT
¢a3u piuku [liBgennuii Byr BukimkaHa cTiHKUM MiABUIIEHHSIM PiYHOI TEMIIEpaTypu
B YKpaiHi, sike cioctepiraerscs 3 2000 poky 1o TenepimHii yac.

BBaxxaemo 3a HeoOXigHE aKIEHTYBaTH yBary Ha TOH ()akT, IO YIPOJOBK
1991-2024 pokiB crmocrepiragich HaWBUINI TEMIU 3MiHH CEPEAHbOI 3a PIK
TEMIIEpaTypyu aTMOC(HEPHOro MOBITPps, MOpiBHIHO 3 1961 pokoM. Bonu maibke
BTPHYI IEPEBUIIYBaIH TEMIIH 3MIiHM CEPEIHBOI 3a PIK II00aNbHOI TeMIEpaTypH
(0,21°C/10 pokiB) y me#t mepioa. Sk Hachimok, 3a ominkoro NOAA, Vkpaina
MOTpanwia [0 PErioHiB Halol IMJIaHETH, 332 BHHATKOM MOJSIPHUX LIHPOT, €
3pOCTaHHs TeMIIepaTypy BinOyBanoch HaBUIIMMU TEMIIAMH.
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3a manumu ananizy Copernicus Climate Change Service, rio0aibHa cepeaHs
TeMmIeparypa MoBiTps Ha MOBEpXHi y KBiTHI 2024 poky Oyja BHUILOW, HIX y Oylb-
SIKOMY TOIIEPEeAHbOMY KBITHI B HA0Op1 JaHHUX MMOBTOPHOTO aHaNi3y, MOYMHAIOUH 3
1940 poxy (puc. 1) [8].

Kgitens 2024 poky € oAMHAOISATAM MICSIIEM ITOCIILTb, SKUH € HANTEIDIIINM 3a
BIJIMOBITHUN MicCsIb pOKY. Bu3HaueHO, 110 KBiTeHb i auneHb 2024 poky Oynu Ha
1,58°C rermmimumu, HDK cepeqHe 3HAYEHHS Ui JOIHAYCTpiadbHOro 0a30BOTO
nepiony (1850—1900). Tak, Hanpukian, rodanbHA MPU3EMHA TEMIIepaTypa HOBITPs
B kBiTHI 2024 poxy ctanoBuna 15,03°C, mo Ha 0,67°C BuIIe cCepeAHBOTO 3HAUCHHS
s kBiTHE 1991-2023 pp. 1 Ha 0,14°C Bume NONEPEAHBOTO MaKCHMYyMY,
BcraHoBieHoro B KBiTHI 2016 poky. Lle MicAmpb, y SKOMY BCTaHOBIIOIOTHCS
TeMIIepaTypHi peKOPIH AJIs BIAIOBIIHOTO NIepioqy. 3araioM, y BChOMY CBITi epiof
yrpoaoBx 12 micsuiB (3 TpaBus 2023 poky 1o kBiTeHb 2024 poky) OyB TEILTIIIHM,
HiK Oyzap-skuil nonepennii 12-micsiunmii nepion, Ha 0,73°C Buine cepeqHbOTO 3a
1991-2023 pp. i Ha 1,61°C BuIe cepenHbOro 10iHAyCTpiasibHOTO Nepiony [8].

OTmxke, BIIKPHUTI JaHi MOHITOPHMHIOBUX croctepekeHb Copernicus Climate
Change Service mOKa3yiOTh, IO PEKOPOM  IMOOWIPHUX  TEMIeEpaTyp
CIIOCTEPIraloTHCS YIPOIOBX ocTaHHIX MicstiB 2023 1 2024 pokiB B pi3HUX perioHax
CsitoBoro oxeany. 21 mumHst 2024 poky € HaibKapKillMM JHEM 3a iCTOPio
cnoctepekeHb. CepeHs TeMIiepaTypa Ha IUTaHeTi B el Jenb ckiana 17,09°C. Lle
HaiiBuIa Temmeparypa, 5Ky Oyno 3adikcoBano 3 1940 poky. [lonepeniii pekopa
Oyno BcraHosieno y 2023 porii, i Bin ckimagas 17,08°C [12].

Merta pociuigikeHHsI: BU3HAYUTH Ta OOIPYHTYBAaTH 3aKOHOMIPHOCTI 3MiH
TEMIIEpPaTypHOTO pexnMy MukomaeBa i MukonaiBChkoi 001acTi B KOHTEKCTI
MUTaHHS 3MIHU KJIIMaTy.

Anomalies and extremes in sea surface temperature in April 2024
Data: ERA5 1979-2024 « Reference period: 1991-2020 = Credit: C35/ECMWF

Sea ice & Coolest Much cooler Cooler Near avg Warrmer Much warmer  Warmest
ice shelves than avg than avg than avg than avg

PROGRAMME OF Clim

THE EUROPEAN UNION Q)pgrnl(zys c ECMWF @ Cra:v;: Bervies

Puc. 1. AHOManbHI TeMIepaTypu MOpchKkoi Boan B kBiTHI 2024 poky 3a manumu Copernicus
Climate Change Service [8]
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Marepiajin Ta MeToau. 3 METOIO OIIHIOBAaHHSA IapaMeTpiB aTMoc(epHOTo
MOBITPst OYJI0 BUKOPHUCTAHO 0a3M JJAHUX CTPATETiYHUX Ta MPOTPAMHUX JIOKYMCHTIB,
a caMme: eKoJIoTiuHi nacnopTu MukonaiBceKkoi oonacti ynpoaosxk 2005—2023 pokis;
perioHanbHI JOMOBIAI PO CTaH HABKOJMIIHBOTO MPHPOTHOTO CEPEIOBHUIIA
MuxkomnaiBcbkoi 001acti ynpogosxk 2005—2023 pokiB To1o.

[Tix yac mocmimkeHHs OyJI0 BUKOPUCTAHO METOMAU: 30ip Ta MomnepeaHs o0podka
IaHuXx; mooyaoBa rpadikis i3 1o1aBaHHAM JiHII TPeHIY I Bi3yaii3allii 3arabHIX
TEHIICHIIIH 3a JTOIIOMOTOI0 JIiHIHHOT perpecii. Perpeciiinuii anami3z 11 BU3HAYCHHS
CTaTHCTUYHOI 3HAYYIIOCTi. BU3HaUeHHs eKCTpeMaabHUX 3HAYCHb, & CaMe POKIB 3
HaWBUIIIOK Ta HAWHIKYO KiIBKICTIO CIICKOTHUX JIHIB. AHaII3 aHOMaJbHUX POKIB
Ta MOXITUBUX TIPUYMH IIMX aHOMAaJii, a caMe: KIIIMATHYHUX SIBUII, aHTPOIIOTCHHUX
YUHHUKIB. [l OOpoOKM Ta aHamizy AaHuX OyJ0 BUKOPHUCTAHO CTaTHCTHYHI
nporpamu Excel.

Pe3yabTaTu AociaigxeHHs

Temnepatypauii pexkuM atMochepHOTro MOBITPS — 1€ CYKYITHICTh XapaKTEPUCTHK
TEMIepaTypyu TOBITPS B NEBHOMY PETiOHI a00 MiCIEBOCTI YIPOAOBXK IEBHOTO
nepiogy uvacy. BiH oxoIwioe cepenHi, MakCHMMajbHI Ta MIiHIMadbHI 3HAuCHHS
TEMIIEPaTypH, a TAKOXK 1X CE30HHI Ta JOOOBI KOJUBaHHS. TeMIepaTypHHUA PEKUM €
OJTHUM 3 OCHOBHHX TTOKQ3HUKIB KJIIMaTy PerioHy i BIUITMBAa€ Ha €EKOCUCTEMH, CLIThChKE
rOCIIOIapPCTBO, 3I0POB'S JIOIeH Ta EKOHOMIYHY JisUTbHICTb.

OCHOBHHMHM XapaKTEpPUCTUKaMHU TEMIIEpaTypd aTMOC(HEpHOro TOBITpS €
CepeTHhOMICAYHI, CEepPEeIHHOCE30HHI IMOKA3HUKH, IO BiJOOPaXKalOTh PO3IOILT
TeMIlepaTypy yIpoAoBK poky. CepeaHbOMICSuHAa TeMieparypa — IOKa3HUK
CepeIHBOI TEMITEPATypH 3a MEBHUH MiCsIIb, IO I03BOJISIE 3pO3YMITH TeMITEpaTypHi
TEHJICHIIT BIPOJOBXK KOXHOTrO Micsis poky. CepenHbOCE30HHA TemIepaTypa —
MOKa3HUK Cepe/IHBOI TEMITepaTypy 3a MEBHUI CE30H (3MMa, BECHA, JIiTO, OCIHb), IO
BijoOpakae OLNBII TpUBAJl TEHJCHINI TEMIEPATypHHUX 3MiH MpOTsIroM poky. Lli
MOKa3HUKH € BOKJIMBUMHU JIJIsl aHANI3Y KIIMAaTHYHUX 3MiH, IPOrHO3YBaHHS ITOTOJIH,
CUTBCBKOTO TOCHO/APCTBa Ta 0OaraThOX IHIIMX Tamy3eldl. BoHu momomararorsb
3p03yM1T1/I po3nozun TEMIIEPaTypH  YIPOOBK POKY 1 BHSIBUTH JOBrOCTPOKOBI
TEH/ICHIIIT KIIIMaTUYHUX 3MiH.

Bimzaaunmo, 1o 1ociipKyBaHUA PETi0H HACKUTH 10 TIOMiPHOTO KITIMATY, SIKUH
Ma€ TaKi 0COOIMBOCTI:

— YITKO BUPa)XKEHA CE30HHICTh Yepe3 BUALICHHS YOTHPHOX MOP POKY — 3HMMa,
BECHa, JIiTO Ta OCiHb, KOKHA 3 SIKUX Ma€ CBOI XapaKTepHi TeMIepaTypHi Ta MOro Hi
YMOBH;

— TIOMIpHI TeMIIepaTypH, SKi He JOCATAIOTh EKCTPEMAaJIbHUX 3HAYCHb. 3UMU
MOYTb OyTH XOJIOIHUMH, aj€ He HaTO CYyBOPHUMH, a JIiTa — TEIJIMMH, aJie HE HAATO
CIIEKOTHHUMU;

— pI3HOMAaHITHICTH OHaJiB MOK€ OYyTH PI3HOIO 3aJIeXKHO Bifl reorpadidHoro
pO3TalllyBaHHs, alie 3araJioM IMOMIpHUH KIIIMAT XapaKTEePH3YEThCS JTOCTATHBOO
KUTBKICTIO OMafiB, SIKi PO3MOAUISIOTHECSA MPOTATOM poky. Omaau MOXyTb OyTH Y
BUIJISAJII 0TI, CHITY, TYMaHy TOIIO;

— M'SKi IepexiJHi Ce30HU Yepe3 Te, IO BeCHa 1 OCiHb y MOMIpHOMY KIIiMarti
3a3BUYAil  XapaKTepU3YIOThCS IOMIPDHUMH TEMIEpaTypaMH 1 IIOCTYIIOBUM
MIEPEXO0JIOM BiJT XOJIOAHOT 3UMH JI0 TEIUIOTO JIiTa i HABIIAKH;
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— CHOCTEpirarThCsl 3HaAYHI 3MiHM y TPHBAJIOCTI IHS YIIPOAOBXK POKY. BiiTky mHi
JIOBT1, @ HOYi KOPOTKI, TOAI K B3UMKY — HaBIIaKH;

— pi3HOMaHITTS JaHAmAadTiB MOKE BKIIFOYATH Pi3Hi JaHAmadTH, TaKi SK JICH,
CTEIH, TOPH Ta y30epexaKs, 10 CTBOPIOE PI3HOMAaHITHI €KOCUCTEMH.

l'onoBHOIO % 0COONMBICTIO TOMIPHOTO KJIIMAaTy € HAasBHICTh YOTHPHOX CE30HIB:
IBOX OCHOBHHUX, 3WMa Ta JITO, i ABOX NIPOMDKHHX — BECHa Ta OCiHb. Taka
0COONMBICTH KITIMATy XapaKTepHa Takox Juit MukomnaeBa i obmacri (taba. 1).

CriocTepeskeHHsI 3a TIOTOJI0K0 Ta KIIMAaTOM Y MiCTi MPOBOJUTH METEOPOJIOTiYHA
CTaHIlisl, po3TamoBaHa y MuKkomaeBi. MuKomaiB 3HAXOOUTHCA Y CTEMOBIii
arpoKIIiIMaTH4HINA 30HI YKpaiHu, y O6acelHi HIKHIX Tediil pidok IliBmennuit byr i
Turyn [6].

Tabmuns 1. 3HaueHHs TeMIepaTypHUX XapaKTePUCTHK 32 PiK Ta ce30H y MuKonaeBi
i MukonaiBcbKiit o6macti ynponosxk 1991-2023 pokis

Tloxa3zHuk Ce30H, MukonaiB MukonaiBcbka
piK 00J1acTh

3nma -0,9 -1,1
Becna 10,4 10,3
Cepenns T(?MnepaTypa, Tito 227 22.3
¢ Ociub 10,9 10,6
Pix 10,1 10,5
3uma 2,2 2,0
Mafg“;if’“a Becna 157 159
TeMHeI‘)’aTypa oC Jlito 29,0 28,6
’ Ociub 15,0 15,5
Pix 15,7 15,4
.. 3umMa -3,7 -3,9
Mg;;t?:;}la Becna 5,6 53
Temnepatypa, °C HltFO 16,9 16,3
’ Ocinb 6,8 6,4
Pix 6,4 6,0

3a OaraTopiYHHMHU JAHUMH METEOPOJIOTIYHUX CIIOCTEPEKEHb, BH3HAYCHO, IO
yrpoJioxk 19912023 pp. kiiMaT MicTa HaJiexKaB JI0 TOMIpHOT'O KOHTHHEHTAILHOTO,
nocyuunBoro. Tak, y Mukounaesi ¢ikcyerbes 6mu3pko 60—67 qHIB 13 Bia €MHOIO
CepelHbOI0 3a J00y TEMIepaTypor0 MOBITPs, sIKa € XapaKTEPHOI O3HAKOIO
3MMOBOTO Tiepiony, Onm3pko 32 JHI 3 BIJI’EMHOIO MaKCHMAIBHOIO 32 JI00Y
TEMIIepaTyporo TMOBiTps. TpuBajicTh TIepiogy 3 BiJ’€MHOI MiHIMAaJIbHOO
TEMIIepaTyporo NOBITPS MOKe OyTH BTpHUUi OLIBILIOIO — y cepeaHboMy 93 aHi 3a pik:
64 — B3uMKYy, 16 — HaBecHi 1 14 — BoceHHU.

Jist OoUmiHKY BiM4yTHOT Temmeparypu (200 «peanbHOi» TeMIeparypu), sKy
BiJUyBa€ JIIOAMHA, BUKOPUCTOBYETHCS [HAEKC BiTpoBOro oxonomkenHs Caiiria Ta
IMaccena (Siple-Passel Wind Chill Index) [9]. Lleit inaekc BpaxoBye KOMOiHOBaHUIA
edeKT TemrepaTypu IOBITPS Ta IIBHIKOCTI BITPY, 1100 BHU3HAYMTH, HACKIIBKH
XOJIOZIHIIIE BiAYYBa€EThCS TEMIIEpATypa 4epes BiTep.
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[Hmexc BITPOBOTO OXONOKEHHA y KKajl/M?/TOA BHKOPHUCTOBYETHCS ISl OLIHKH
piBHS TEIUIOBTpAT Tijda 3a YMOB XonoxHOoi morogu. YuM BUIIUE 1HOEKC
(Bu3HavaeThCs 3a (GopMmynoro 1), THM IIBUALIE JIOAWHA BTpadae TEIUIO i THM
XOJIOJHIIIIE BIIyBAETHCA TEMIIEpaTypa:

WCI=(10V—F+10.5) x(33—T,), 1)

ne WCI — ingekc BITpOBOIo OXOJI0KEHHS B KKajI/M2/TO/,
Ta — TemmepaTypa moBiTps B rpaaycax Llembcis,
V — HIBUJKICTb BITPY B METpax 3a CEKyHIY.

Leit iHAeKC € BaXXJIMBUM IHCTPYMEHTOM JUI PO3YMiHHS, SIK XOJIOX 1 BiTep
BIUTMBAIOTh HA BIAUYTTS TEMIIEPATYpH 1 TEIIOBTPATH, 3a0e3Meuyroun HEeOoOXiaHy
iH(opMaIlito s 3ano0iranHs HeOe3MeYHUM JJIs 37J0POB'S CUTYyallisM. BusznaueHo
3HA4YeHHS 1HJIEKCY BiTpoBOro oxonomkenHs Caiinna ta [laccena, siki JOBOASTS, 1110
BEeIMYMHA BTPAT TeIUIa IIFOJCHKAM OpPTraHi3MOM Ha TepuTopii MukoiaiBCchbKoi
o6nacti KonmBaeThesi B Mexax 850—900 kkan/m® rom i 3aranom 30iraetbes i3
JnociipkeHHsaME [ 1], BiAmoBigae kareropii «XOJOIHO» 1 HAJICKUTH J0 MOMIPHOTO
PHU3HKY 1010 OOMOPOKEHHSI.

TemnepaTypHUil pe’kuM 3 IIOTOTO MOYHHAE 3MIHIOBATUCH. Tak, crioctepiraeThes
301JBIICHHSI TPHUTOKY COHSYHOI pajialfii, MmO NPU3BOJUTh OO0 IHTCHCHBHOI'O
3pOCTaHHS TEMIIEPATypPH MOBITPsI, TOMY O€pe3eHb TEILTIIIUHI 32 JIIOTHH MPAKTUIHO
Ha 5,1°C, a xBiTeHb 3a Oepe3enp — Ha 7,0°C.

Ternmii mepiox y MukonaiBebKiii 001acti TpuBae 6mu3pko 300 nHiB. Y TpaBHI
MepeBaXkaloTh JITHI TEMIeEpaTypu, a cepelHsl MicsuHa TeMIlepaTypa CTaHOBHUTb
om3eko 17,01°C, a cepennst makcumanbHa — 23,6°C.

Otxe, y MukonaiBcbKiit 00651acTi BeCHa JOCUTB TEIUIA, PO 10 CBIIYUTE CEPEaHs
3a ce30H Temmeparypa mositps 10,3°C (tabm. 1), 1m0, 3arajoM, BHIIEC 3a
TeMIepaTypy BererariiiHoro nepiony. Tak, HaBecHi 2024 poxy IBITIHHS 0araThox
pocnuH o MuKoJaiBChKil 007acTi OYaAIOCh HA TPU THXKHI paHille CepeHhOro
TepMiny. Toi, Ik BBAXKAETHCS, 10 CEPEIHBOIO JIATOIO MOYATKYy aKTUBHOI BereTarrii
y MukonaiBchKiii 00JIaCcTi € cepeiiHa KBIiTHS, a 3aKiHYCHHS BEreTal[liiHOro Tepioy —
15 xoBtHs. Ilepion akTHBHOI Bererallii TpuBae O1au3pko 187 mHIB.

Cepennst mitHsa Temmeparypa — +22,3°C (tabn. 1). HaiiBuma Ttemmeparypa
crocrepiraerbes nepeBakHo (58%) y cepmHi, cepeiHs TeMIieparypa SIKOro
cranoBuTh +24,3°C, cepenns makcuManbHa — +29,6°C, a cepeqHs MiHIMaiabHA —
+17,2°C. 3nauno piame (43%) HaliBuina TeMneparypa OyBae y JIHITHI.

3a KiJbKICTIO ONaJIiB Ta TEMIIEPATypPHHUMH YMOBaMH IiBHIYHA YacTUHA 00JIACTi
HAJIC)KHUTh JI0 30HH HEJOCTATHHOI'O 3BOJIOXKEHHS, LIEHTpallbHa 1 MiBJEHHA — JIO
nocyuunBoi. CepenHs 3a pik TemIeparypa nositps B obnacti ctanoBuTh +10,5°C,
a piuyHa aMIUliTyJa Temreparypu (PI3HUISI MK CEpeIHBOI TEMIIEPaTyporo
HaMTeIuInmoro i HaiixojoaHImoro micsis) — +25,4°C. 3a pik BUNIaJia€ y cepeiHbOMY
470 MM omnaiB. IxHs pivuHa KinbKicTh 3MiHIOETHCA Bif 407 MM Ha miBaHi (O4akiB) 10
553 mM Ha miBHOYI ([TepBoMaiichk).

AHamiz 3WMOBHX TeMIIEpaTyp 3acBiJUWB, IO CEPeIHs TeMIeparypa 3UMH
craHoButh Onu3bko -1,01°C 1 Mae giamason koamBaub Big -0,27°C mo -1,71°C.
Busnaueno, mo Ha miBaHi MuKkonaiBcbkoi 00MacTi cepenHs TeMIepaTypa HUKYE
0°C cmocrepiraeTbcss Jnwme y cigdHi 1 JroToMmy. HadixomomHimmii  wmicsim
MukonaiBcbkoi 00acTi — ciueHb. CepeHii TeMepaTypHui pesxuM ciuds —2,02°C,
npoTe cepeans MiHiManbHa — —4,75°C, a cepennst MmakcumansHa — +0,91°C.
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Ha 3nauniif Tepuropii MukonaiBcbkoi 007acTi OCiHB TEIUTINIA 33 BECHY, IIPO IO
cBimuath gani Tabn. 1. Tak, cepemHs 3a ce30H TemIeparypa IMOBITPS CTAaHOBUTH
10,6°C, cepenns MakcuMmanbhHa — 15,4°C, a cepemHs MiHiManeHa — 6,4°C.
VY IliBaiunomy [IprgopHomop’i sk MakcHManbHA, TaK i MiHIMalbHA TEMIEpPaTypH
BOCEHH BHILII, HI)K HaBECHI,

[IpoananizoBaHo AMHAMIKY 3MiH CepeIHIX PIYHUX TeMmepaTyp y M. MukonaiB y
mepiox 3 1980 mo 2023 pokw 3a JaHUMH CIOCTEPSKEHL aBiaMeTeOpPOJIOTITHOI
cranrii micta. Tak, rpadik puc. 2 CBITYHTH MPO HASIBHICTH CTIHKOTO JIIHIHHOTO
TPEHAY y HamnpsIMKy MOCTYHOBOTO 30iUbILICHHA CEpPEeIHIX pIYHUX TeMIeparyp.
Haiirerimuii pik 3a gaHuii nepioa cnocrepeskeHs € 2023, natixomonHimi — 1985 i
1987 poku. BaxxnmuBo BiAMITHTH, IO IIBUAKICTH 3pOCTAHHS CEPEAHBOI TEMIIEPATyPH
cranoButh 0,61°C 3a KOXHi AECATH POKIB.
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Puc. 2. lunamika 3miHu cepeHpoi pignoi remnepatypu 3 1980 mo 2023 poku

Pipastrasa Tpenny y = 0,0215x — 32,59 o3Hauae, 1m0 MOpPOKY cCepemHs pidHA
Temneparypa 30inbnryerbess npudnuszHo Ha 0,021°C. Koncranra (—32.59) mae
3HA4YEHHS Y KOHTEKCTI KOHKPETHOTO Jliala30Hy POKiB. 3 puUC. 2. BHIHO, IO € MEBHI
KOJINBAaHHS TeMIIEpaTypH HABKOJIO JiHii TPEHAY, 110 € 3BUYAHUM 151 KIIIMaTHYHUX
JNaHuX. SIKIIO0 TPOJIOBXKHUTH LIeH TpeHIl, MOXHA Mepe0adnTy, 10 CepeHs piyHa
TeMIIepaTypa IPOJOBXKHUTH 3pOCTaTd 1 B MaiOyTHboMy. Ha OCHOBI JiHIT TpeHmy
y 2050 pomi cepemHsi piyHa TeMmIeparypa MOXE CTAHOBUTH NPHONH3HO:
0,0215 x 2050 — 32,59 = 10,7175 — 32,59 = +13,68°C.

Omxe, rpadik puc. 2 IEMOHCTPYE JOBFOCTPOKOBE 3POCTAHHS CEPEIHBOI PiduHOT
TeMIIEPATypH, 110 MOXE OyTH O3HAKOI IJI00ANBHOrO MOTEIUTIHHA a00 I1HIIMX
KIiMaTnyHuX 3MiH. lle BakiauBHH TOKa3HMK AJISl €KOJOTIYHHMX IOCTIUKEHb Ta
IJIaHYBaHHS 3aXO0/iB 3 aJIaNTallii J0 3MiHU KJIiMary.

Ha rpadiky puc. 3. 300paxeHo piuHi MaKCUMaJlbHI Ta MiHIMaJIbHI TeMIIEpaTypx
noBitpst 3 1970 mo 2023 poxu. 3eleHUMH TOYKAMH BigMiueHI MaKCHUMaJbHi
TEMIIEpPaTypH, a CHHIMH — MiHiMaIbHI. TPeHIOBI JIiHIi TOKa3yITh TEHACHIIT 3MiH
JUIST 000X TeMIEepaTypHHX PsAMiB. 3TiTHO 3 TPEHAOBHMH JiHISIMH, MaKCHUMAaJbHI
TeMmIeparypu 3poctatoTh 3i mBHuaKicTio 0,0884°C Ha pik; MiHIMaIIBHI TeMIepaTypu
3MeHIIyI0Thes 31 mBuAKicTio 0,0136°C Ha pik. O0uIBa TPEHIM BKa3ylOTh Ha 3MiHY
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TEMIIEPATypPHUX EKCTPEMYMIB 3 4acoM, IO MOKE OYTH MOB'SA3aHO 3 TI00ATHHUMHU
KIIMaTHYHUMH 3MiHaMU. TakoX BH3HAueHO, IO Yy MuKonaiBCchkid 00macTi
ynpogoBx 1991-2023 pokiB He 3adikcoBaHO >KOJHOTO BHIAAKY, KOIH ©O
BiMiYaslach HAaWBHIA TEMIIEpaTypa y YepBHi. AHAII3yI0UN TeHIEHI] mOoa0 3MiH
MaKCHMaJIbHHX PIYHUX TEMIIEPATyD, IO MOIAHO Ha pUC. 3, MOXKHA BIIMITHUTH TaKOXK
MOCTYIIOBY CTIHKY 3aJIeKHICTh /10 301IbIICHHSI MAKCUMAIIBHUX PIYHUAX TEMIIEPATYP.

JliHis TpeHIy MOA0 MiHIMAJIHHHUX TEMIeEpaTyp 3acBiguye craiictb. KoedimieHT
kopensatii mopiHIoe 0,7 1 € MO3UTHBHAM, IO BKa3ye Ha Te, IO KOJIW OJHA 3MiHHA
3pocTae, iHIIa TAaKOXK Mae TeHeHwito 3poctaT. KoegimienT kopensuii 0,7 cBiqunTh
PO CHJIBHHM 3B'SI30K MK 3MiHHHMH, anie He abcomoTHui. Lle o3Havae, mo 3miHHI
MaroTh TEHACHIII0 3MIHIOBATHCS Pa3oM, aje 3 JEesIKUM po3KuaoM. MoBa iiae mpo
KOPEJIAIII0 MiXK POKOM Ta CEPEIHOI0 TEMIIEPATYPOIO.

[IpoTe, BU3HAUEHa KOpEISLis He 03HAYAE TPUINHHO-HACIIIIKOBUH 3B'S30K, TOOTO
kopenstis 0,7 Bka3zye Ha JMiHIHHUHN 3B'S130K, alie HE BPaXOBY€ HENiHIHHUX 3B'SI3KiB.

Temnepatypuuii MakcuMyM Ha TepuTopii micta ympomoBxk 1980-2023 pokis
3adikcoBano y 1998 pomi (+40,1°C); temneparypuuii Minimym — y 2006 porri
(—25,9°C).

Pazom 3 TiM, BH3HaUYEHO, IO 1O 001acTi ypo1oB:k mepioxy 3 1991 mo 2023 poku
motuid y 37,0% pokiB OyB XOJOAHIIIMM 32 CiueHb. YTIPOAOBK 3UMOBOTO MEPiOAY B
MukonaiBchbKiii o0macti crioctepiraeTbest 10 10 qHIB 3 MiHIMATBLHOK TEMITEPATYPOIO
noBiTps Hmwk4e —10,0°C, 3 HEX — 1m0 3 AHIB i3 CHJIBHUMH MOPO3aMH, KOIHU
TeMIieparypa TOBITps crocTepirasack Hiwkde —20,0°C. JluHamiky 3MiHH
MaKCUMaJIbHOI 1 MiHIMaJIbHOI piyHuX TemrepaTyp 3 1980 mo 2023 pokn HaBeAeHO
Ha puc. 3.
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Puc. 3. JlunaMika 3MiHH MakCUMAaJIbHO1 1 MiHIMaJIbHOT pigHKX Temnepatyp 3 1980 mo 2023
poKH

3pocTaHHS MaKCUMAalbHUX TEMIIEpaTyp MOXE CBIJUUTH TMpO 3aralibHe
MOTETUTIHHS KJIiMaTy. 3MEHIICHHS MiHIMaJbHUX TEMIIEpaTyp BKa3ye€ Ha MOXKJIHBI
OLIbII XOMOAHI 3uMH a00 Houi. 30iIbIIEHHS MaKCUMAJIBHUX TEMIIEPATyp MOXKE
MPU3BECTH A0 MiJBUILCHHS YaCTOTH TEIUIOBUX XBWJb, IO MOXE BIUIMHYTH Ha
3I0POB'S JItOJIEH, CIIbChKE FOCIIOAAPCTBO Ta EHEPreTHUHI ITOTPEOH.

BukopucTtoByroun oTpuMaHi pPIiBHSHHS TPEHIOBUX JIiHIHA, MOXHA 3pOOUTH
MPOTHO3 LIOA0 MaOYyTHIX MaKCUMAIIbHUX Ta MiHIMAIBHUX TEMIIEPaTyp.
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Hampuxutazn, s 2030 poky:

Maxkcumanbha Temneparypa: y = 0,0884 x 2030 — 140,36 = +39,009.

Minimansna Temnepatypa: y = —0,0136 x 2030 + 9,2904 =—18,32.

Y1pomoBxk JOCIIMHKYBAaHOTO NIEPIOAY B 00IACTI CriocTepiranock 61m3bpKo 98 aHiB
13 CIIEKOTHOIO MOTOJI0I0, KOJIM MaKCHMallbHa TeMIIepaTypa IOBITPs MEPEBUIIYE
25,0°C. TemmepaTypHi yMOBHM, 3a SKHX MiHIMaJbHa TeMIIepaTypa MOBITPS
nepesuirye 20,0°C, xapakTepHi Il TPOMIYHUX IIHUPOT (KTPOIMIYHI HOUI»), IO €
XapakTepHUM st MUKomaiBchKkoi o0macti. Y cepenHpOMY 3a PiK CIIOCTEepIraeThCs
6mu3pKo 20 TpomiyHUX HOYel. Taki ekcTpeMallbHi TeMIIepaTypHi YMOBH HaHOLIbITY
MOBTOPIOBAHICTh MAIOTh YIPOIOBIK JIMIHSI — CEPITHSI, IO BUKIIMKAE TETJIOBUI CTpec
Ta TEIUIOBE HAaBAaHTAKCHHA Ha >KWBI opraHi3aMu. J[o Toro, 30UIBIIIEHHIO IHOTO
HaBaHTa)XCHHS CIIPHsIE 3POCTAHHS BIJIHOCHOI BOJIOIOCTi, 3MCHIICHHS IIBUIKOCTI
BITPY, & TaKOXX 301IbIICHHSI IPUTOKY COHSIYHOI pajiarii.

Bimomo, 110 3a 0THAKOBUX TEMIIEPATyP, BOJIOTOCTI MTOBITPS Ta MIBUIKOCTI BITPY
TEIUIOBE HABAHTAXCHHS HA OPraHi3M JIOAWHMA Oyae OLmbmmM mpu Oe3xmapHiit
MOTO/Ii, MOPIBHSIHO 3 TAKMMH X METEOPOJIOTIYHUMH YMOBaMH 32 MOXMYPOT TIOTO/IH.
HatiGinbina KijgbKiCTh JHIB, 110 CYNPOBOPKYEThCS TEIIOBUM cTpecoM (10 90%),
CIIOCTEPITaEThCA y JIUIMHI — CEPITHi.

BBaxxaeMo 3a HeoOXigHE 3a3HAYMTH, IO BAKIMBOIO XapaKTEPUCTHUKOO
TEMIIEPATypPHOTO PEXKUMY € BIIXWICHHS IIOJACHHUX 3HAYCHb MIHIMAJIbHOI Ta
MaKCHMaJbHOI TEeMIlepaTypd Bif iXHIX cepeaHiXx OaraTopiuHuX 3Ha4YeHb. Taki
CTpUOKH TEeMIIEPaTypPHOTO PEXUMY OOYMOBIIOIOTH IHTEHCHBHICTh Ta TPHUBAIICTD
MePioJIiB MOTEIUIIHD 1 TIOX0JI0/aHb, 1[0 CTBOPIOIOTH TIEBHI CKOJIOTIYHI PU3UKHU JIJIS
BOJHHX PECYPCiB, sKi € (POKyCOM Haioi yBar# mij 4ac MmoAaibIIoro TOCIiKEeHHS.

3Ha4YeHHS 5 MPOLEHTWIIIB MiHIMAJIbHOI TEMIIEPAaTypH MOBITPS XapaKTEPHU3YIOTh
Ny’Xe CHJIbHI TOXOJOAaHHs. BIiTKy m0pH IyXKe CHIBHOMY TOXOJOJAHHI Y
MukomnaiBcbKii 00J1aCTi MOXKYTh CIIOCTEPITaTUCh TaKi X TEMIIEPaTypH MOBITPSL, K 1
B3UMKY, I Ay’K€ CUJIbHOMY NOTEIUTiHHI. Bu3HaueHo, 110 3a c€30H TpUMaTUMEThCS
710 5 JHIB 3 TAKMMHU €KCTPEMaIbHUMH TEMIIEPATypaMH.

ExcTpemManbHUMU € MOTEIUTIHHS, 332 SKUX MaKCcUMallbHa 3a 100y TemIeparypa
moBiTpst OLIbIe 95 MpoleHTIINIB 11 cepenHiX OaraTopiyHUX 3HaYeHb 3a IeH JIeHb, Ta
MOXOJIOAAHHS, TPH SKUX MiHIMalbHa 3a 100y Temmeparypa TOBITPS HIKUE
5 npoueHTHIIB 11 Oro JHS. Taki XBHIII TEIJia CIIOCTEPIraloThes Y JITHIN TIepiof,
CTaHOBJISITh y CE€peIHbOMY 3a ce30H 35,6°C 1 XapakTepu3yIoTh 1YK€ CHJIbHY CIIEKY B
perioHi.

PazoMm 3 TuM, yNpoIOBK 3MMOBOIO IEPioay MarOTh MICIE BiJ 3-X JIHIB 3 JyXkKe
BHCOKOIO TEMIIEPATypOIO MOBITPSA, KOJH 1 MaKCUMalIbHI 3HaYEHHSI MEPEBUIIYIOTh
BennuuHy 95%, a cepenHe MakcUManbHE MEPEBUIIEHHS cTaHOBUTH 2,6°C. CuibHe
MOTEIIIHHS HABECHI crocTepiraeThcs wyacrimie, HibK Bocenu (4,08 Tta 3,06
BIJINOBIZIHO). Y cepeHboMy, y MUKONaiBCBKii 00JIACTI CIIOCTEPIraeThes OIU3BKO
15 nmHiB 3 myke BHCOKOIO IJISi JQHOT'O CE30HY MAaKCHMAIBbHOIO TEMIIEPAaTypOIO
noBitps. JunHamiky 3miHM KinbkocTi cnekoTHuX AHIB (Tmakc > 25°C) 3 1981 mo
2023 poku moJiaHo Ha pHC. 4, 3 AKOT0 IPOCTEKYETHCS CTIMKE MOCTYNOBE 3POCTAHHS
KUIBKOCTI CHEKOTHUX IHIB mopoky. Koedimient naxuiny 1,9353 mnokasye, 1o B
CepeIHbOMY KIIBKICTh CIEKOTHUX JAHIB 30inbmryerscst Ha 1,9353 mHI mIOpOKY.
[Tepexormenns 226,18 Bkazye Ha MOYATKOBE 3HAYCHHS KiJTbKOCTI CIICKOTHHUX JHIB Y
porti, ko x = 0. HaliBHIIa KUTEKICTh CLICKOTHUX JHIB CITOCTEPITAETHCS OIHKIE IO
2024 poky, 110 MiATBEPAXKY€E TPEH 10 MiABHUIICHHS TEMIIEPaTyp.

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024



OTrxe, aHajmi3 CBIMYUTH MPO CTaOITbHE 30UIBIICHHS KIUIBKOCTI IHIB 3
TeMrieparyporo Buie 25°C ynpoIoBxk JOCHipKyBaHoro nepiony. Lle moxe Oytn
pe3yabTaTOM III00aNBHOTO TOTEIUIiHHA Ta 3MiH Kiimaty. [Ipore, B Okpemi pOKH
KUIBKICTh CIIEKOTHHX JTHIB MOKe OyTH HIDKYOI0 a00 BHIIOIO 32 TPEH/IOB1 3HAUEHHS,
0 CBIAYMTH PO MPUPOIHI KOTHMBAHHS a00 MOYKJIMBHH BIUIMB 1HIIAX KIIMAaTHIHIX
YHHHUKIB. 3aranoM, rpadik 1eMOHCTPYE SIBHY TCHICHLIIO 10 30UTbIIEHHS KiTBKOCTI
CHEKOTHHX JHIB, IO € BAXKIIMBUM ITIOKa3HUKOM 3MiH KJIIMaTy B PerioHi.
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Puc. 4. lnHamika 3MiHH KiTbKOCTI criekoTHHX IHIB (Tmakc > 25°C) 3 1981 mo 2023 poku
BucHoBKH

[IpoananizoBaHO 3HAYEHHS TEMIEPATYPHUX XapaKTEPHCTHK 3a PIK Ta CE30H Y
Muxonaesi 1 MukonaiBebkiit 06macti ynponosk 1991-2023 pokiB. Y Mukonaesi
¢ikcyeTbest 0113bK0 60—67 AHIB 13 BiJI’EMHOIO CEPEIHBOIO 3a 00y TEMIEPaTYPOIO
MOBITPs 1 01m3pK0 32 AHI 3 BiJ’€MHOK MaKCHMAaJbHOK 3a JI00Yy TeMIlepaTyporo
noBiTpsA. TpuBamicTh mepioAy 3 BiJi’€MHOIO MiHIMAIFHOK TEMIIEPATYPOIO TOBITPS
Moke OyTH y cepenabpomy 93 nHi 3a pik: 64 — B3uMKy, 16 — HaBecHi i 14 — BoceHH.
Pazom 3 TriM, Ha 3HAUHIH TepuTopii MHKOIAIBCHKOT 001aCTi OCIHB TETLTIINA 33 BECHY.
Cepennsi 3a ce30H Temneparypa noBitps craHoBUTh 10,6°C, cepeanss MakCUMabHa —
15,4°C, a cepenns wmiHimanpHa — 6,4°C. YV [liBHiunomy IIpuuopromop’i sk
MaKCUMaJlbHa, TaK 1 MiHIMAJIbHA TEMIIEpaTypy BOCCHHU BHIL[i, HI’K HABECHI.

[IpoananizoBaHo AMHAMIKy 3MiH CepelHIX pIYHMX TeMIeparyp y MicCTi
Muxonaesi y niepiog 3 1980 no 2023 poku. BusHaueHo CTiMKui TiHIHHUN TpeH] Y
HaNPSMKY TIOCTYIOBOTO 301JIbIIEHHSI CEPEHIX PIUYHUX Temreparyp. Hahrermimmii
pik 3a naHuii nepion cnocrepexxeHs € 2023, natixomonHimi — 1985 1 1987 pokwu.

BusHaueHo, 110 MIBUAKICTH 3POCTaHHS CEPEIHBOI TEMIEpaTypd CTAHOBUTh
0,61°C 3a koxHI JeciTh pOKiB. MakCHMallbHI TeMIIepaTypy 3pOCTalOTh 3i
mBuakicTio 0,0884°C Ha pik, a MiHIMaJbHI TEMIIEPATypHU 3MEHIIYIOThCS 31
mBuakicTio 0,0136°C Ha pik. Haiibinbpima KiTbKICTh AHIB, IO CYIPOBOIKYETHCS
TeroBuM ctpecoM (10 90%), crocTepiraerbest y JuiHI — ceprHi. B cepeabomy
KIUJIBKICTh CIICKOTHHUX JIHIB 301IbIIy€eThCs Ha 1,9353 aHi HIOpOKY.

Omxe, 3MiHM TeMIlepaTypd TMOBITpSA CBig4aTh NP0 CYTTEBY 3MiHY
TEMIIEPaTypHOTO PEXUMY BCi€i KIIMaTHUYHOI CHCTEMH pETiOHY, a HaCTigK{
KIIMaTHYHUX 3MiH MOXXYTh MAaTH II€PEBRKHO HETAaTUBHMHU Xapaktep 1 OymyTh
MOCUITIOBATUCH Y MalOyTHEOMY.
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THE PROCESS OF DANGEROUS EVENT MANAGEMENT TAKING
INTO ACCOUNT ECONOMIC, ENVIRONMENTAL AND
OCCUPATIONAL LOSSES

Abstract. Aim of the research is in risk management process development of a
dangerous event taking into account economic, environmental and professional
losses.

Materials and methods. To develop the process of risks management from various
dangers through the integration of their losses (economic, environmental, life and
health of employees), we take the most common model "bow tie", which allows to
establish a cause and effect relationship between danger — a dangerous event and
the severity of the consequences.

Results. As a result of the research, it was found that each hazard must be
considered based on three different types of damage. This makes it possible to
implement another mechanism for identifying the most significant dangerous factors
that lead to significant general economic losses. In the case of risk acceptability
from each individual dangerous factor, there is an additional opportunity to analyze
them based on the relationship between financial activity, economic and
professional losses. The second consists in determining the limits of the acceptability
of risks, which are formed not only based on the total acceptable economic losses,
but also taking into account the stability of the enterprise's work. This implies the
need to actively invest in new technologies based on short-term and long-term
perspectives. The main types of dangers are defined in the risk register, which is
developed by the organization to determine the integration of dangers consisting of

© V. Tsopa, O. Yavorska, O. Borysovska, L. Cheberyachko, T. Nehrii, 2024

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024


file:///C:/Users/Сім'я/Desktop/роб%20зб%2051/ORCID%20ID:%20https:/orcid.org/0000-0002-4811-3712
mailto:elenayavorska80@gmail.com
mailto:0000-0001-7309-0236
mailto:borysovska.o.o@nmu.one
mailto:0009-0001-2685-7809
mailto:tetiana.nehrii@gmail.com

natural, technogenic, environmental, occupational and economic groups of dangers
and dangerous factors. The authors develop the model and algorithm of risk
management based on the combination of different consequences of dangers in
economic, environmental character, life loss and health.

Scientific relevance. The article determines the relationship between the probability
of a dangerous event and the severity of different types of consequences — economic,
environmental and occupational dangers through the analysis of Euler-Venn
diagrams.

Practical relevance. The authors develop the basic principles of risk management
of different types of losses: economic, environmental ones, loss of life and health of
employees.

Key words: Risk, occupational dangers, economic risk, environmental risk,
occupational risk.

https://doi.org/10.32347/2411-4049.2024.3.72-87
Introduction

Integrated Management System (IMS) is defined as a set of interrelated processes
that use a single fund of human resources, information, materials, infrastructure and
financial resources to achieve the goals to meet various stakeholders [1]. The basis
of such a system is the risk management process, which allows to identify the
dangers and evaluate their risks, which, in turn, lead to the consequences of losses:
economic, environmental and occupational (human health) losses.

As a result, it is possible to substantiate and provide protective and preventative
measures to ensure the stability of the organization in changing conditions [2]. That
is, the purpose of risk management is to predict the development of negative events
under the influence of various types of devastating dangers and dangerous factors
and to find measures to reduce risks — economic, environmental and occupational
ones. This fact shows the necessity in creation of risk management process in an
organization as the measures to find constructive solutions to effective control under
the economic, environmental and occupational risks in organization management
systems [3].

Creating an effective organization management is needed, first of all, to reduce
losses from various hazards and dangerous events, increase profits, identify and
attract new consumers, strengthen positions in the market, train staff, reach safety of
technological processes, reduce wastes, and search for ways for the future business
processes development. In this case, the integration of management systems, as we
can see, is a natural stage of growth, which creates new opportunities for
organizations, also leads to the need for special management of risks from various
dangers due to differences of consequences, respectively, and financial costs to
reduce them. It generates a task to identify priority directions to reduce risks under
conditions of limitation of financial resources.

The most common approach to providing the effectiveness of the mentioned
management systems of the organization is the well-known PDCA cycle [4], which
is used in most organizations to ensure the planning, resource management,
implementation and measurement process, constant improvement. To maintain a
unified global risk management approach, the ISO 31000 standard was developed,
but the issue of inconsistency, ambiguity only increased, especially when it applies
to various types of dangers and dangerous events related to economic, environmental
and professional (life and health of employees) losses that require the allocation of
resources to ensure sustainable development of the organization.
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Literature review

The construction of an integrated management system in organizations is a rather
difficult task. Its solution can greatly simplify the management system by reducing
the workflow, removing duplicated procedures, decreasing financial costs [5]. The
main advantage of such systems is the increase in transparency in making decisions,
determining goals, choosing technological processes, and even justifying risks
assessment methods [6]. In their research [8], the authors offer to evaluate the risks
into the integrated system using the advanced FMEA method (Failure Mode and
Effects Analysis). For this purpose, it was developed a universal matrix for ranking
different types of risk, taking into account the intensity of their manifestation, but it
is still not clear how to assess the risks of various dangers.

The introduction of management systems in organizations is often based on the
"blind" compliance with the requirements set by the standard, while sometimes they
are not directly related to risks, which leads to a disagreement of the assessment
scales, and most importantly to the real needs of organizations [9]. In this research,
there are no recommendations for combining the various requirements of standards
that contradict each other.

The integrated model of quality management and environmental safety is
transmitted in study [10], which is based on hypothesis that the processes that have
a greater risk should be adequately evaluated and described for the development of
preventive measures. The authors, protesting the model in several companies,
concluded the need to reduce the volume of documented information, which requires
the development of a new algorithm for processing risks and measures to reduce
them.

In the next study [11], the authors to successfully manage the risks, offer a system
of ranking with discrepancies and threats to priority, which were determined by the
strategic goals of the organization, which, in their opinion, would ensure effective
management of the company. However, it is not always an assessment of the risk
based on this approach, which corresponds to the reality formed due to the global
change in values of partners or the state, which requires constant processing of a risk
ranking system.

The analysis of scientific papers showes that most wide-spread approaches to
integration of organization management systems are based on the combined two
areas (quality and ecology, quality and safety) at the centre of which is the "bow tie"
model [12]. There are also general approaches to combining management systems
based on the requirements of well-known standards. The main purpose of building
such systems is to reduce any loss in the organization. Hence there is a significant
need to understand the process of risk management of various dangers.

The aim of the research is in development of a risk management process of a
dangerous event taking into account economic, environmental and professional
losses.

Materials and methods

To develop a risk management process of a dangerous event, taking into account
losses of economic, environmental character and life and health of employees, we
take the most common model "bow tie", which allows to establish a cause-effect
relationship between danger — a dangerous event and a dangerous event severity of
consequences. Taking into account that every dangerous event can lead to the
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economic, environmental loss and life and health problems of employees at the same
time the loss model can be represented in the following form (Fig. 1). In this case,
the level of risk is determined by the importance of each type of loss, including the
influence of different groups of dangerous factors [13].

Each danger — j leads to three risks: economic, ecological and occupational ones:

Rf* = XL (Bjy X THES), 1
Rf' =31 (Bj; x THED), (2)
R =¥ (B x THY), ©)

where Rf";Rfl; R}“r — the level of appropriate risk: economic, environmental and
professional risk of danger j from dangerous factors i; B;; — probability of dangerous
events occurrence from danger j under the influence of dangerous factors;
THfi"; THjeil; THﬁr — the severity of the economic, environmental and loss of life
and health of employees from the occurrence of a dangerous event that arose from
danger j under the influence of a dangerous factor i.

Dangerous factors
Dangerous actions
Dangerous inactions

Losses
- e - financial
DANGEROUS \ faconemic
EVENT L
from »
; \ danger Losses of
] Preventive * E";EIJJ ieaft}:fe
— measures . measures
= R™-> (B: <TH!)

Occupational risk

R'-> (B:<TH)

Ecological risk

R'™->(B:<TH!)

Fig. 1. Model of risk management: economic, environmental and occupational risks from
danger —j

The form for identifying all the dangers, taking into account the influence of
dangerous factors (DF) analysis and assessment of risk from dangers for each
negative consequence to determine the level of risk as acceptable or unacceptable is
presented in Table 1.

The risk management algorithm with various types, which is different from well-
known variants and the need to identify the severity of economic, environmental
losses and losses of life and health of employees from each dangerous danger, taking
into account the influence of various dangerous factors, is presented in the following
steps.
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Firstly, we identify risk components: dangers — dangerous event and negative
consequences on economic, environmental and occupational consequences. Taking
into account that most often in companies the following combination of standards —
ISO 9001, ISO 14001, ISO 45001 is introduced, the following danger groups can be
distinguished: natural; biological and social; technogenic; ecological; professional;
information; economic; terrorist; military; economic, qualitative ones. Every danger
leads to a certain dangerous event, the consequences that we divide into economic,
environmental and occupational.

Table 1. Form for danger identification — j, DF, analysis and risk assessment from
danger — j provided that the risk level is acceptable Acc/unacceptable Ina for the
consequences DF: loss of economic, environmental ones and life and health of

employees
The primary analysis — determining the level
A for each DF and risk and assessment of risk
Identification . :
on the loss of economic, environmental and
life and health of workers
- [%2] .
L 4 3 © Severity from the occurrence of
g a ‘gg S S5 a dangerous event of each DF
5 s 2 S 3 3 for each negative consequence
an O o - [%2) C
= D = pgg =1 2o
S gl 5% 588 | 3% &
& e = c > o S0 =
o = < 29 ¢ 8 =¥
ol = @ O o 20 g E D
z <) (%] D B = o O c o @
2 3 2 2 5SS SES -
© e I8 8 T = “5 — O — [5+]
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> o = © o ., >0 2 g ) )
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Zlegs DF 2 Secp | Secolp Socc
Sl 2x 8¢ DF 3 Secis Secoljs Soccjz
©
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£/ 8/ 5§52% ! ! !
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| E| 38 2% i j i
J | £ ols82 2 DF 9 Secj Secolis Soccje
®| 2| EGE3Z DF 10 Secio | Secolio | Socciio
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| 55 B 5 DFi SeGiji Secolji Socg;i
£ S o %g
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Total risk from dangers by type of loss
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Continuation of table 1

- The primary analysis — determining the level for each DF and risk
Identifica- - . -
- and assessment of risk on the loss of economic, environmental and
tion .
life and health of workers
The level of risk from the . . .
2% onset of dangerous event Primary risk assessment of danger — j
.l 929 on each DF — and for each negative
5| > 8 of each DF for each
| 2 S . consequence
S| E88E negative consequence
S| 8398
[ o C v o
°c1 232«
2| 2583 _ _
£323%| o = g o = s
wn ¥ C o o o o
5358| § > e 5 > =
gg2°| 9 S s S 5 s
2 c's 3 o 8 3 o 3
Es % o o
< N
DF1 Reci1 | Recolis | Roccji | Pr’NegCons | Pr/NegCons | Pr/NegCons
DF 2 Recj | Recoli | Roccj, Pr/NCons | Pr/NCons | Pr/NCons
DF 3 Recjz | Recoliz | Roccjs Pr/INCons | Pr/NCons | Pr/NCons
DF 4 Recjs | Recolis | Roccia | Pr/INCons | Pr/INCons | Pr/NCons
DF5 Recjs | Recolis | Roccjs Pr/INCons | Pr/NCons | Pr/NCons
DF 6 Recjg | Recoljg | Roccis | Pr/NCons | Pr/NCons | Pr/NCons
DF 7 Reciz | Recoliz | Rocciz | Pr/NCons | Pr/NCons | Pr/NCons
DF 8 Recjs | Recolig | Roccig | Pr/NCons | Pr/NCons | Pr/NCons
DF 9 Recjs | Recoljg | Roccig | Pr/NCons | Pr/NCons | Pr/NCons
j DF 10 Recjio | Recoljip | Roccjio | Pr/NCons | Pr/NCons | Pr/NCons
DF 11 Recji1 | Recoljns | Roccjin | Pr/NCons | Pr/NCons | Pr/NCons
Pr/INCons | Pr/NCons | Pr/NCons
DFi Recji | Recoli | Roccj Pr/INCons | Pr/NCons | Pr/NCons
Pr/INCons | Pr/NCons | Pr/NCons
DF n Recjn | Recoljn | Roccjn | Pr/NCons | Pr/NCons | Pr/NCons
Total risk
from
dangers by | YRecji | YRecolji | >Roccji | Pr/NCons | Pr/NCons | Pr/NCons
type of
loss

For the first risk management step, it is important to establish a relationship
between danger, dangerous event and consequences that affect the organization [14].
The analysis of national regulatory documents has allowed to develop an appropriate
register of dangers (see Table 2), which are characterized by different losses.

Economic losses are characterized by violation of normal economic and financial
activities due to the loss of the value of fixed assets of the enterprise; losses of value
of circulation funds of the enterprise; lack of potential income due to the appearance
of dangerous events; loss of contracts of suppliers and consumers; losses of the
image of the enterprise; compensation to legal entities and individuals affected by
the manifestation of dangerous events.
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Table 2. Analysis of the dangers consequences of different character

Consequences
Group Dangerous E i
Ne | (kind) of events ff:onor_mlc Ecological | Occupational
dangers (financial) cological losses losses
losses
1 2 3 4 5 6
Geological
(earthquake, lava
stream, rock .
collapse Destruction eDrﬁatlg’ Iené:ry Eg
Hydrogeological | and . . ployees
. - Disruption of the | an organization,
1. Natural (flood, flooding, | destroying human life svstem hvsical  and
villa) of tangible Y Py
. mental
Metrological assets .
L exhaustion
(whirlwind,
hurricane, storm,
rain, frost, icing)
Epidemic
(influenza,
kovid, The death of
tuberculosis) Deterioration of the | employeesin the
5 Biological | Epizootia Financial state of  biota, | organization,
" | and social | (bird flu, African | losses disease, death of | physical and
plague, rabies) people mental
Epiphytone exhaustion
(rust of grain
cereals, blight)
Industrial
accidents .
(radioactive, Pollution 'of the
. . natural environment .
chemical, Destruction b harmful Death, injury of
biological and y employees,
Techno- o . substances that .
3. - contamination) destroying experience  of
genic - - exceed the .
Fire of tangible L stress, physical
. permissible )
Explosions (shock | assets - - exhaustion
concentrations in the
wave) - .
air, water and soils
Transport (road,
rail, air, water, etc.)
Destruction | Pollution  of the
and natural environment
Pollution destroying by harmful substances Death. iniury of
4. | Ecological | (abiotic, biotic, of tangible | that exceed the » njury
. . employees
anthropogenic) assets, permissible
financial concentrations in the
loses air, water and soils
Pollution of the
natural environment | Death, injury of
Incidents, by harmful | employees,
5 Occupati- | accidents, Financial substances that | experience of
’ onal occupational loses exceed the | stress,
diseases permissible physiological
concentrations in the | strain
air, water and soils
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Continuation of table 2

1 2 3 4 5 6
. Pollution of the natural | Death, injury
Destruction -
Attacks on and environment by | of employees,
. .. | infrastructure, . harmful substances that | experience of
6. | Terroristic destroying of . .
transport tangible exceed the permissible | stress, physio-
systems, etc. 9 concentrations in the | logical strain
assets . .
air, water and soils
Death, injury to
Pollution of the natural |a large number
Destruction environment by |of people, an
and harmful substances |increase in
7. Military | War actions destroying of | that exceed the |psychological
tangible permissible stress of stress
assets concentrations in the |experience,
air, water and soils physical
exhaustion
Leakage of Loss of Reduction of financing Stress
Informa- | commercial - - and environmental .
8. - - - financial - experience of
tional information from rofit safety protective emplovees
the organization P measures ploy
Organizational Reduction of
errors funding for
Reduced demand Reduction of financing | safety  and
.| Changes of L.OSS O.f and environmental | protective
9. | Economic financial .
currency rofit safety protective | measures,
Licenses loss P measures experience of
Credit debt stress by
Bankruptcy employees
Qualota- | Lack of L_oss o_f Experience of
10. tive roduction financial Increasement of wastes | stress by
P profit employees

Environmental losses from dangers violate life in a certain territory, which is
manifested in the increase in the disease and/or death of people; deterioration of biota
(environment), pollution of the environment.

Occupational losses are characterized by the creation of a threat to the life and
health of the staff of the organization, the experience of stress and physiological
overload due to violations of production cycles, the refusal of technical means of
production, which lead to dangerous situations (accidents, fires, explosions).

In the second step, there is an identification of dangerous factors (DF), dangerous
actions or inaction that increase the probability of a dangerous event and the severity
of the consequences. For this step, for example, we can use methods such as SWOT
analysis, PEST analysis or PIMs analysis, questionnaire, observation, employee
surveys, discussions and etc. As a result, we get a register of dangerous factors that
are convenient to divide into several groups: human, organizational, ergonomic,
technical and others. An example of such registers is given in the researches [15].

During the third step, we analyze and determine the risk of danger from the
influence of all the identifyed dangerous factors, which are determined by formulas
(1-3). That is, the level of risk from each dangerous factor is culculated by summing
the risks from all dangerous external and internal factors at the workplace, taking
into account dangerous actions and inaction of employees. At the same time, as it is
mentioned above above, three types of risk of economic, environmental and
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occupational losses are calculated. An important condition for conducting this
procedure is to establish the scale of the probability of a dangerous event and the
severity of the consequences. If the first one can use the recommendations of the
ISO 31073: 2022, which determines that probability is a measure of the possibility
of occurrence, which is given by the number between 0 and 1, where 0 is inability,
and 1 is absolute confidence, then with the scale of severity of consequences.
Determination of the severity of the consequences of economic environmental and
occupational losses should be made specific and understandable to employees of
companies (Table 3).

During the fourth step, we evaluate the level of risks from economic, environmental
and occupational losses, based on certain conditions of acceptability or inacceptability
of their level [20, 21]. Initially, we evaluate the risks of each type of consequences
separately, summing the points from the influence of all the identified dangerous
factors. Then, we compare the calculated risk with a critical one (for example, for
matrix 5 by 10 it is 50 points), which is established in terms of the matrix of risk
assessment, taking into account the financial capabilities of the organization.

Table 3. The criteria of the scale of severity of consequences from economic,
environmental and occupational losses from the occurrence of a dangerous event
[16-19]

The severity of The severity of the consequlences of a dangerous event from
0SSes
Ne losses
Name oINS Economic Ecological Occupational
Ecosystem objects in the
0-100% natural state are usually Injury of the
1 Low 1 . . .
oligotrophic, suitable for all employee
kinds of residence
i Ecosystem objects are close Lo
5 Insignifi- 2 1%)%%$ to the natural state or poorly ngehr:]w:turg/eogrthe
cant eutrophied, suitable for all roﬂ >i/n'ur
types of residence group injury
Ecosystem objects are under
the influence of sources of Moderate injury
1000- collapse or other types of of the employee
3 | Moderate 3 10000$ o .
technogenic influence, or light group
suitable for residence only injury
for strong species
Ecosystem objects are
significantly contaminated in
10000- the result of harmful Significant injury
Signifi- pollutants, objects are only of the employee
4 4 500000% . S L
cant suitable for those species in or significant
which less stringent group injury
requirements for the quality
of components
Death of an
5 Catastro- 5 more than Ecosystem destruction employee or grou
phic 500000$ Y ployee or group
serious injury
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In case of lack of risk from each loss, we move to the fifth step, where we
determine that significant dangerous factors that have the highest rates or the
probability of a dangerous event or severity of consequences. We analyze the ways
of reducing their impact, using a hierarchy of preventive and protective measures.

If the levels of risk from each loss are acceptable we move to the sixth step, where
we compare them with the limit of acceptability, which is set from three losses at a
time. Itis not possible to do the usual summation of the set critical levels of risk from
each loss. Because the risks are interconnected and have some impact on each other.
For example, through human activity [19]. So, most environmental problems
(depletion of biodiversity, lack of fresh water, etc.), as well as dangerous situations
(injury to employees, accidents, failures) are caused by people. On the other hand,
the reduction of human activity can be the most effective technique, both to reduce
environmental problems and to increase the size of the resource base. However,
human activity is important for the economic development of organizations. Hence
their relationship can be expressed due to a general economic loss from a dangerous
event (Fig. 2).

Losses of future profit from sales of products as a YSTT—TI—”
consequence: simple technological equipment and »» =
employees rom the consequences of a dangerous event consequences o  dangeres evet
DANGERQUS Envimnmenlallussesfmmthecnnsequencesoi » Economic lass of future profitfrom the ‘ =
EVENT a dangerous event consequences of an ecological dangeraus x
event
\ Losses of employee’s ife and health the consequences Economic loss of future profit from
ot dangerus event » consequences oflasses of emplayees e »
and health
Fig. 2. Relationship of general economic loss from a dangerous event and its components:

economic losses from benefit decrease, environmental losses and losses of life and health of
people

A TOTAL
FROM THE CONS

If we present the limits of acceptability of economic, environmental and
occupational risks from the occurrence of a dangerous event, a certain set
(eg monetary equivalent), according to the Euler-Venn diagram (Fig. 4), it is possible
to establish a zone (1-2-3) that will provide minimal losses which on the other side
allows to determine the limits of stability of the organization [22].

Hence, there are several variants (Table 4) of the risk distribution, which are
determined by the intersection of sets that are illustrated in Fig. 6. So, variants A - D
with Fig. 6 show that it is not possible to ensure the limit of acceptability due to the
discrepancy of one of the components of costs.

Again, in the event of inacceptability of total losses from certain levels of risk,
we return to the fifth step and suggest additional safety and protective measures,
based on what level of losses for the organization is the most critical. Afterwards,
we return to the stage of analysis and reassessment of the risk to find out the
effectiveness of the offered measures or actions.
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Table 4. Analysis of options for distribution of dangers risk by three types of losses

(the Euler-Venn diagram)

Risk of economic Risk regarding
. (financial) losses — the loss of life Risk regarding
Variant Zone .
decreased and health of environmental losses

economic benefit employees
Nel 1 Acceptable Unacceptable Unacceptable
Ne2 2 Unacceptable Acceptable Unacceptable
Ne3 3 Unacceptable Unacceptable Acceptable
Neq 1-2 Acceptable Acceptable Unacceptable
Ne5 2-3 Unacceptable Acceptable [puiitHaTHUH
Ne6 3-1 Acceptable Unacceptable Acceptable
Ne7 1-2-3 Acceptable Acceptable Acceptable

Fig. 3. Euler-Venn diagram of risk of economic (1), environmental (2), occupational (3)
losses

The seventh step is documentation of risk levels where the relevant registers are
created, both hazards and dangerous factors, as well as the description of the possible
consequences of their manifestation. The appropriate risk maps are filled, which
record the initial risk assessment data, and then, taking into account preventive and
protective measures — a permanent one. An appropriate plan for periodic risks is
predicted.

During the last step, we develop a risk monitoring procedure, including lines of
informing, staff training and increased maturity of risk management activities (level
of risk management development, which is characterized by the efficiency and
effectiveness of the approaches over the results of the organization's activities).
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Discussion of research results

An important condition for the effective functioning of an organization is the ability
to find interaction between the requirements of society, which is ensured by
economic growth and the capabilities of the environment.

With consideration of 1SO 9001: 2015, the International Standardization
Organization has tried to focus on improving the processes and identification and
control of risks, which will allow us to better conduct a risk management process:
economic, environmental and occupational focus on these purposes, any
organization determines the way to manage risks for satisfaction of stakeholders.
We pay attention to the peculiarity of integration of environmental risks specified
inthe ISO 14001: 2015. It turns out that it requires organizations to follow the rules
to ensure environmentally friendly technologies by reducing pollution and
maintaining investment in sustainable projects. Hence, there is a need to support
stakeholders through the developed tools to ensure the improvement of the overall
corporate style on the organization development, in combination with economic
and occupational dangers, which are often interconnected and even interdependent.
Such dangers include inadequate waste management, uncontrolled consumption of
energy and emissions of pollutants into water, air and soil, risks to improve
production processes and reduce environmental risks, which is also characteristic
of economic discrepancies, as dangerous factors that increase the probability of
economic losses [7].

As a result of the proposed risk management process, a better consistency of
actions within the organization is ensured, enhancing the synergistic effect, which is
that the overall result of mutual actions is higher than the sum of individual results.
It allows:

1) to increase the competitiveness of the enterprise by increasing the level of its
business reputation and the quality of management of the organization;

2) to minimize the functional separation of staff in an organization that arises
during the development of autonomous management systems;

3) to ensure the functioning of integrated control systems with the help of less
efforts than creating several parallel systems;

4) to ensure the balance of interests of the external sides of the organization than
several systems that operate in parallel;

5) to achieve greater "transparency™ and control by the organization, because the
number of internal and external connections in the integrated system is less than the
total number of these connections in several systems;

6) to reduce the total volume of documents in several parallel systems;

7) to reduce the conflict and probability of possible contradictions between issues
related to economics, ecology and security, more complete approach to the growth
of profitability, more efficient use of resources, increasing the coherence of the
information exchange process, preventing duplication.

Sustainable development of the organization is an important issue that will not
only provide competitive advantages in the future, but also contribute to the
minimization of losses through appropriate risk management processes, taking into
account the economic losses from their consequences. This encourages
organizations, seek the limits of stability that will balance the challenges (dangers)
and the losses that the organization will incur to eliminate them. Considering that the
largest economic burden of organizations is imposed by environmental standards,
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there is a task in the redistribution of financing and determining the boundaries of
safe activity of the organization. This is quite convenient to use here the Euler-Venn
diagrams that will demonstrate how much the boundary of opportunities will be
changed under different input conditions (Fig. 4).

al b) q

Fig. 4. Euler-Venn diagram on risk acceptance of general risk (4) from economic (1),
ecological (2), occupational (3) loses: a) acceptable occupational risk of less than other
acceptable risks; b) acceptable occupational risk of less than other acceptable risks;
c) acceptable occupational risk of less than other acceptable risks

All kinds of sustainable development activities can be determined by the overall
economic loss that allows us to set an unacceptable level of general economic

risk — R; should be not more than or equal to the amount of unacceptable levels
of risks:

.
Ry =R+ R+ R, (4)

This research shows two contributions. The first one consists in the fact that every
danger must be based on three different losses. This allows us to implement another
mechanism to identify the most significant dangerous factors that lead to significant
general economic losses. Even in the case of risk of each individual dangerous factor,
there is an additional possibility of analyzing them from the condition of sustainable
development, that is, on the basis of the relationship between financial activity,
economic and occupational losses on the stability of the organization. The second
contribution consists in determination of the limits of the risks acceptability, which
are formed not only on the basis of the overall acceptable economic loss, which
should not exceed the profit, but also taking into account the stability of the
enterprise. This implies the need to actively invest in new technologies, based on
short-term and long-term prospects.

It is important to understand that sustainable management helps organizations to
perform innovative processes, reduce wastes and get an idea of possible areas of
growth. Thus, sustainable development is not only an environmentally oriented
strategy, but a multifunctional solution that encompasses the concern and the
environment, society and effective management in public and private sectors.
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Conclusions

1. The article identifies the main dangers consisting of natural, technogenic,
environmental, occupational and economic groups of dangers and dangerous factors.

2. The authors develop the model and algorithm of risk management based on a
combination of different consequences of economic, environmental characters, life
loss and health problems.

3. Through Euler-Venn diagram the authors determine the relationship between
the probability of a dangerous event and the severity of the consequences between
groups of economic, environmental and occupational risks.
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B.A. Ilona, O.0. AABopceka, O.A. Bopucoscbka, JI.M. Yedepsauxo, T.O. Herpiii
MPOIEC KEPYBAHHSA PU3UKOM HEBE3IEYHOI MO/Ii 3 YPAXYBAHHAM
EKOHOMIYHHUX, EKOJIOTTYHUX I IPO®ECIMHUX BTPAT

AHoTamiss. Mera po6oThm monsArae y po3poOIli IMporecy KepyBaHHS PH3HUKOM
Hebe3meyHo1 moii 3 ypaxyBaHHSIM €KOHOMIYHHX, €KOJIOTIYHIX 1 Mpo¢eciifHuX BTpar.

Martepianun i Meroam. Jlns po3poOKu Tpollecy KepyBaHHS PHU3UKAMH BiJ PI3HUX
Hebe3mek 4epe3 iHTerparilo ix BTpaT (€KOHOMIYHHX, €KOJOTIYHHMX 1 JKUTTA Ta 3A0POB’S
MIPAaLliBHUKIB) 32 OCHOBY Bi3bMEMO HAHOLIBII HMOMMUPEHY MOJETb «KpaBaTKa-METEIHNK», SKa
JIO3BOJIIE BCTAHOBUTH IPUYMHHO-HACHIJKOBHHA B3a€MO3B’SI30K MiX HEOE3NEeKOH —
HeOE3MEUYHOIO MOICI0 1 TSHKKICTIO HACIIIKIB.

PesyabraTu. B pe3ynbTari NpoBeJeHUX JOCIHIIKEHb 3’ICOBAHO, 10 KOKHY HeOe3neKy
HEOOXI1THO pO3MIISAaTH, BUXOSUH 3 TPHOX Pi3HUX BUAIB 30uTKiB. Lle no3Bossie peanizyBatu
e OAMH MEXaHi3M 3 BHABJICHHS HaWOUIBII CyTTEBHX HEOE3MEYHMX UWHHUKIB, SIKi
NIPU3BOJIATE JI0 3HAYHMX 3arajibHUX €KOHOMIYHUX BTpaT. Y BHUIAJKY NPUAHATHOCTI PU3UKY
BiJl KOXKHOTO OKPEMOTO HEOE3NEeYHOro YMHHHUKA 3 SBIISETHCS J10JaTKOBa MOXIIMBICTB iX
aHai3y Ha OCHOBI B3a€MO3B’SA3Ky MK (DiHAHCOBOIO MisSUTBHICTIO, €KOHOMIYHHMHU Ta
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npodeciiiHnnmu BTpatamu. Jpyruii mossrae y BU3Ha4€HHI MEX NPUUHATHOCTI PU3HUKIB, SIKi
(OPMYIOTECSL HE TIIBKM BHXOASYM 13 3arajlbHUX NPUHHATHUX EKOHOMIYHHMX BTpaT, a i 3
ypaxyBaHHSIM CTaOUIBHOCTI poOOTH BCchoro miampuemcTBa. lle mepembadae HEOOXiTHICTH
aKTUBHO IHBECTyBaTM B HOBI TEXHOJIOTii, BUXOIIYHM BiJJ KOPOTKOCTPOKOBUX 1
JOBFOCTPOKOBHX HNEPCHEKTHB.

BusnadeHi OCHOBHI BHIM HEOE3MEK, sIKi HABEJCHI B PEECTPi PU3MKIB, KUl po3po0Iste
OpraHizamisi JUii BH3HAYCHHS IHTerpamii HeOe3lmek, IO CKIANaeTbes 3 TNPHUPOIHUX,
TEXHOTEHHHX, €KOJIOTIYHUX, IPO(ECiiHIX Ta eKOHOMIYHHUX Ipyn HeOe3mek i HeOe3meTHnx
YUHHHKIB. Po3po0ieHo Mozenb 1 anropuTM KepyBaHHS PHU3MKAMHM Ha OCHOBI IO€JIHAHHS
PI3HMX HACHiAKIB HeOE3MeK 10 eKOHOMIYHHMM, EKOJOTIYHUM (haKTopaMm, BTpATH JKUTTS Ta
310pPOB’ 5.

HaykoBa wHoBH3Ha. Bu3HaueHO B3a€MO3B’S30K MK IMOBIPHICTIO HacTaHHS
HeOe3neyHol Mofil Ta TSHKKICTIO Pi3HUX BHIIB HACHIAKIB — EKOHOMIYHHX, €KOJIOTIYHUX Ta
npodeciifHnx HeOe3nek yepe3 anani3 niarpam Eitnepa-Benna.

IpaxTHyna winHicTh. PO3p0o0ICHO OCHOBHI NMPUHIUIY KePYBaHHSA PU3UKaMU Pi3HUX 3
ypaxyBaHHSAM pi3HHX BHIIB BTpaT: E€KOHOMIYHHX, CKOJOTIYHHX Ta JKHATTS 1 3I0POB’S
MIPaLiBHUKIB.

KurouoBi cinoBa: Pusnk, mpodeciiini HeOe3mekn, eKOHOMIYHHIA PH3HK, €KOJIOTIdHHN
PpU3HK, podeciitHuil pU3HK.

Cmamms uaoitiwna 0o pedakyii 27.03.2024 i nputinama 0o OpyKy nicisi peyen3y8anHs
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ENSURING THE NORMALIZATION OF THE AERO-IONIC REGIME IN
PRODUCTION AREAS BY MEANS OF ULTRASONIC AIR IONIZATION

Abstract. The results of studies on the normalization of the aeroionic regime in rooms
under ultrasonic ionization of humidified air are presented. The increase in the
concentration of negative aeroions under these conditions by the combined effect of the
balloelectric effect and ultrasonic cavitation is substantiated. It has been established that
when distilled water is used as a source of air ions under the action of a 10 W ultrasonic
generator at a distance of 0.5 m, the concentration of negative air ions increases almost
sixfold. At the same time, due to the joint effect of ultrasonic cavitation in the surface
layer of water and the balloelectric effect, no generation of ozone and nitrogen oxides is
caused. It is proved that with a decrease in the degree of water mineralization, the
concentrations of negative and positive aeroions increase due to changes in the
physicochemical properties of water and the resulting mechanochemical phenomena.
The mechanism of formation of air ions in the air of industrial premises under the
combined action of the balloelectric effect and ultrasound is proposed. It is substantiated
that the quality of the air ionic composition of industrial premises air improves at a
temperature of demineralized water of 20-25 °C and a directed air flow of 6 m/s towards
the working area with the combined effect of ultrasound and balloelectric effect, which
contributes to the improvement of sanitary and hygienic working conditions. The
structure of an automated system for controlling the aeroionic regime of the working
area of industrial premises with artificial ionization of humidified air using an aeroion
generator and a ventilation system is proposed. This will allow monitoring and
processing of information on technological, electrical and microclimatic parameters,
adjusting, coordinating and jointly controlling the ventilation system devices and the
ultrasonic generator of air ions.

Key words: aeroionic mode, balloelectric effect, ultrasonic cavitation, working area,
production facility.
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3ABE3NEYEHHS HOPMAJII3AIII AEPOIOHHOI'O PEXKUMY )
Y BAPOBHUYMX TPUMIIIEHHSX HIJISAXOM YJIBTPA3ZBYKOBOI
IOHI3AIIII ITOBITPSA

Anomauyin. Haseoeno pesynrvmamu 00CniodceHdb ujoo0o HOpManizayii aepoionHo2o
pedcumy y NPUMIleHHsIX nio 4ac yismpasgyKosoi ioHi3ayii 3601001CeH020 NOGIMPS.
ObrpyHmogano nidsuuenHs NOKA3HUKIG KOHYEHMpAayii He2amueHux daepoioHis y
BUPOOHUYUX YMOBAX 30 PAXYHOK KOMIIEKCHO20 6NIUBY OANI0ENEeKMPULHO20 ehexmy U
VALMPaseykosoi kasimayii. Bcmanosneno, wjo 3a 6UKOPUCMAHHSL OUCUTbOBAHOT
800U SIK Odicepena aepoioHig y pesyibmami O YIbMpa3gyKo8o2o 2eHepamopd
nomyoicnicmio 10 Bm na eiocmani 0,5 M noxasHuku KOHYeHmMpayii He2amueHux
aepoionis 3pocmaroms NPAKMuUYHO y wicmov pasie. Boonouac, 3a paxyHox cninbhozo
6NIUBY OANOETIEKMPUUHO20 eheKmy U YIbMpPA3eyKoeoi Kagimayii y noepxHesoMy
wapi 600U He CNPUHUHAEMbCA 2eHepayis 030y Ul okcudig Himpoeeny. J{osedero, wo
31 BHUDICEHHAM CMYNEeHs MIHepanizayii 600U NOKA3HUKY KOHYEHMPAayii NO3UMuHUX i
He2amueHux  AaepoiOHI8  3pPOCMAOMb  VHACKIOOK — 3MIHU  (DI3UKO-XIMIUHUX
enacmugocmeli OUCMUNLOBAHOI 600U MA BUHUKAIOUUX MEXAHOXIMIUHUX A8ULY.
3anpononosano 600CKOHANEHUNl MEXAHI3M YMBOPEHHS AepoioHi6 Y NOGImpi
BUPOOHUYUX 00 ckmig ni0 uac cninvbhoi Oii YIbmMpaszeyKy ma 06anoeieKmpuyHoco
eexmy. ObOIpyHmosano, wo cymmese NOKPAWEHHs SKOCMI AepOiOHHO20 CKIAdY
noGimpsl y 6UPOOHUYUX YMOBAX 8I0DYBAEMbCA 3a MeMNepamypu 0eminepanizo8anoi
600u 20-25 °C ma Hanpaenenozo nosimpsiHo2o nOmoKy weuokicmwo 6 m/c 6 OiK
po60uOi 301U NIO uac cninbHOi Oii banoerekmpuiuHo2o epekmy il YIbmpasgyKy, uo
CHPUAE 3HAYHOMY HOKPAUWEHHIO CAHIMAPHO-2I2IEHIYHUX YMO8 npayi. 3anponoHo8ano
B00CKOHANIEHY CMPYKMYPY A8MOMAMU308AHOI CUCMEMU KePYBaHHs aAepOiOHHUM
pedcuMom  pobouoi 30HU BUPOOHUYUX 00 '€Kmig ni0 yac wmyyHoi [oHIZayil
380J1024CEH020 NOGIMPSL 34 PAXYHOK GUKOPUCMAHHS GEHMUNAYIUHOI cucmemu ma
eenepamopa aepoionis. lLle emoociusums 30iliCHenHs MOHIMopuHey U 00poOKu
iHghopmayii npo MexHoN02IYHI, eNeKMPUYHI MA MIKPOKTIMAMUYHi napamempu, a
MAKONC — HANAWMOBYBAHHSA,  V3200)CEHHA poOOmMU ma  CHilbHe  Kepy8aHHs
VALMPA38YKOBUM 2eHEPAMOPOM AePOIOHI8 | NPUCIPOAMU 8EHMUNAYIUHOL cucmemu.
Knwuosi cnosa: aepoionnuii pedicum, 6anoenekmpuunuii egexm, yaibmpa3eykosad
Kagimayis, poboua 30na, UPOOHUYE NPUMILYEHHSL.
https://doi.org/10.32347/2411-4049.2024.3.88-101

Beryn

Komnrenrpairist aepoioHiB 000X HOJISPHOCTEH Y MOBITPI BAPOOHUYOTO CEPEIOBHUIIA €
Iy’e BaXKJINBUM IIOKA3HUKOM HOT0 SIKOCTi, OCKUJIBKH /1715l BAPOOHUYOT O CepeI0BHIIA
€ XapaKTEepHOIO HAsBHICTh y 0araTb0X BUIAJKaX YMHHUKIB i0Hi3aWii Ta qeioHizamii
MOBITPS Y BUTJISAI €JIEKTPOTEXHIYHOTO 00JIaIHAHHS, KOHIUIIOHEPIB, IEPCOHAIBHUX
KOMIT'I0TepiB Tomo. BogHoyac, 3HaUuHMI BIUIMB Ha 3a3HAa4YeHi MOKA3HUKHA MaTuMe
MPUCYTHICTH JIIOJEeH. 3a TAKUX YMOB KOHIIEHTpALil aepOi0HIB MOXKYTh 3MIHIOBATUCH
Heriepe0adyBaHUM YHHOM.
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AHaji3 BIDIMBY aepoioHIB Ha OopraHi3M JroauHu [1] mokaszas, mo 301TbIICHHS
KOHIIGHTpALii HEraTUBHO 3aps’KEHHX AaepOiOHIB CHPUSE 3HWKECHHIO BiAUYTTS
BTOMH IIiJ] Yac BUKOHAHHS PoOiIT pizHOro Tuny. BogHouac, HopMaitizyeThesi 0OMiH
PEYOBHH, TIOJIETIIYETHCA JWXAaHHSA, MABUINYIOThCS pO3yMoBa Ta (i3udHa
npare3gatHicte. OTxke, 3arajioM BigOyBaeThCsS 3MIMHCHHS HEPBOBOI CHCTEMH
JIIOAMHY 32 PaxXyHOK IMiABHIICHHS 11 CTPECOCTIMKOCTI.

Taxk, TocTaTHHO BUBUEHUMH € TAKOXK IIUTAHHS yTBOPSHHS a€POiOHIB 32 HAIBHOCTI
nBookcuay kapoony (COz) Ta po3poOicHHS, TPYHTYIOUHCh Ha 3a3HAYCHOMY,
MaTeMaTHYHUX MOJeJel 3/11HCHEHHS! MOHITOPUHTY KOHUEHTpPAaLii i€l peuoBHHU Yy
BUPOOHMYMX npuMinieHHsX [2]. [IpoTe, Ha CbOTOHI HEMA€E OTHO3HAYHOT'O YSIBICHHSI
OO0 MEXaHi3MIB YTBOPEHHS aepoiOHIB B YMOBax 3BOJIOXKEHOTO TIIOBITPS
BUPOOHWYMX MTPUMIIIEHB 3aJIE)KHO BiJl CTyIEHsI MiHepasi3alii MiKpOKpaIIMH BOJIH,
SIKi BU3HAYAIOTh BOJIOTICTh MOBITPS, 32 HASIBHOCTI YaCTUHOK MUY Pi3HOI MPUPOJIH.
BincyTHi Tako AaHi 070 HOPMATHBIB BMICTY 32 BIATIOBITHIX BUPOOHHYNX YMOB.
Tak, mume y JBH Ne 2152-80 BcTaHOBICHI HOPMATHBH BMICTY HETaTHBHHUX
AcpOIOHIB y TIOBITPI BUPOOHMUYMX 1 TPOMaZCHKUX MPUMIIIEHb: HEOOX1THIA MiHIMyM —
600 aepoionis/cm®, a onTumanbHuii pisens — 3000-5000 aepoionis/cm®.

OTxe, aKTyalbHICTh MOCIIIKEHHS IOJIATa€ Y BU3HAYECHHI MEXaHi3MiB BILTUBY
BOJIOTOCTI B 3aJIe)KHOCTI BiJ CTyINeHs MiHepami3alii BOIUM Ta CyMIcCHOI mii
OanoenekTpuyHoro edekTy ¥ yIbTpa3ByKOBOi KaBiTalii Ha (OpMyBaHHS
AepOIOHHOTO CKJIAMy IOBITPS BHPOOHWYHMX MPHUMIIIEHb i3 METOI0 IOJIIIICHHS
CaHITapHO-TITIEHIYHUX YMOB IIpalli poOiTHUKIB.

AHaui3 JiTepaTypHUX [IzKepeJt

JocmipkeHHsT KOHIIGHTpAIid aepoioHIB Yy TOBITPI BUPOOHHUYUX TPUMIIIEHB
Oe3rmocepeIHRO OB’ 3aHi 3 BUBYSHHIM BIUIMBY TEXHIYHUX 3aCO0IB 1 MPUCYTHOCTI
moae 3amis  (i3ioNoro-TirieHiYHOTO OI[iHIOBAHHS MIKpPOKIJIIMATy Cy4YacHHUX
odicHUX MPUMIIIEHb 1 alanTalifHUX peakiil opranizmMy pooiTHukiB [3, 4]. Tomy
po0oTa Ccy4acHMX aBTOMATHU30BAaHMX CHUCTEM MIATPUMKH MikpokiiMaTty [5]
IPYHTYETBCSI Ha 3aCTOCYBaHHI KOMII IOTEPU30BAaHUX BUMIPIOBAIBHUX TMPUIIAJIIB
3ai1 300py THapaMeTpiB MIKPOKJIIMATy MPOMHCIIOBUX MPUMIIICHb. 3a3HaudeHi
aBTOMAaTH30BaHI CHUCTEMH BUKOPHUCTOBYIOTBCS Y CYYacCHHX  CHUCTEMax
BUTHCHIOBAJIBHOI BEHTHWIANII [6]. 3HauHMI IHTEpeC BU3HAYAETHCS JIBOMA
NPUYMHAMH: OJHA 3 SIKUX — TMEBHA «HETPAIAMIINHICTH» METOMIB PO3pPaxyHKy, a
Apyra OB’ si3aHa 3 THM, 1110 00s1acThb 3actocyBanHs Displacement Ventilation (DV)
i momudikamiii — Cooled Beam, UFAD Tomo, MeToaM NpPOEKTYBaHHS Ta
pETyJIIOBaHHA Ha CHOTOJHI YITKO Tak i He BWU3HA4eHi. BapTo 3a3Ha4uTH, M0
CUCTEMHU KepyBaHHS SK KOMIUIEKCIB BEHTHIAIII, TaKk W OKPEMHUX CHCTEM
HNiATPUMaHHS aepOiOHHOIO CKIAAY IOBITPSA MOXYTh OyAyBaTuCsl 3a Pi3HHMH
NpUHIMIaMH. BinnoBigHo, 3a7a4a 3a0€31e4YeHHs ONTHMAILHOTO PIBHS acpPOiOHIB
y MOBITpPi € 0araToQpakTOPHOIO, y SAKiH yCi MapaMeTpH TICHO B3a€MO3AJICIKHI OHH
Big oxHOTO [7].

Came [ po3B’si3aHHS TaKMX 3a]la4 3aCTOCOBYIOTH 1HTEJIEKTyallbHI CHCTEMH,
Y SIKUX BUKOPHUCTOBYIOTh 3aCO0M HEUITKOTO KepyBaHHS UM T'€HETHYHI aJrOPUTMHU
[8, 9].

[IpoTe, He3Baxaroum Ha BCi MepeBarn TaKWX MiIXOMAIB, Hapasi He icHye
(hopMaTbHUX TIPOIEAYP MPOEKTYBAHHS 1HTEIEKTYyalbHUX CHCTEM, a OCHOBHI ifel
MIPOEKTYBAHHS IPYHTYIOTHCS Ha JOCBiAlI Ta 3HAHHAX PO3POOHHKA, OTpUMAaHI
MeTOJIOM cripod 1 mommtok. OCTaHHIM YacoM IS OMUCY CKJIATHUX JUHAMIYHUX
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MIPOTIECIB 1 I IBUIIICHHS SIKOCT1 PETYJIIOBAHHS, 30KpeMa if 6araTOBUMIipHUX MOJIEIICH,
HaOyJIM MOIIMPEHHS CUCTEMH i3 APOOHOBUMIpHUMH perynstopamu [10, 11]. [Ipore,
y 0OaraTbOX BWIIaJKax [0 TMPUMIIICHHS HAJXOIUTh 30BHIIHE TIOBITPS 3
HE3aI0BUTbHUMH KOHIICHTPAIISIMH aepoioHIB 000X UM OAHIEI MOJSIPHOCTEH, IO
BKa3ye Ha CKIIATHUN MEXaHi3M YTBOPCHHS Ta AMHAMIKHA KOHIICHTpAIlili aepoioHIB Y
BUPOOHUYMX MPUMILICHHSX MPOTATOM POOOYOTO JTHS.

Aptopamu [12] mokaszaHo, IO oOJagHaHHSA iHQOPMAIIHHUX TEXHOJOTIN
(cucTemHI1 OJIOKH TIEPCOHABHUX KOMIT I0TEPIB, IPYKYBAIBbHI IPUCTPOT TOITO) TAKOK
30IHCHIOE BIUIMB Ha iOHi3aliro MOBITpA. Tak, iCHye CyTT€BUIl B3a€MHHH BIUIMB
ioHI3aLii MOBITPS Ta PIBHIB BMICTy JApiOHOAMCIEPCHOTO MWIIy ¥ aepo3oio y
BHPOOHHYOMY CEPEIOBHIII Ta BiZHOCHOI BOJIOTOCTI ToBiTps. Y [13] BimmparsoBaHo
CHCTEMY aepo30JIbHOTO 3a0pyAHEHHs MpPUMIIIEHHsI # 0OpaHO METOAM KOHTPOIIIO
aepo3oibHOrO 3a0pynHeHHs. [IpoTe, y Hili HE PO3KPUTO MHUTAHHS PETyIIOBaHHS
AEpOIOHHOTO CKIIAy TOBITPS BHPOOHWYMX MPHUMIMICHb 3311 KOMIUIEKCHOTO
OIIIHIOBAHHS CaHITAPHO-TITIEHIYHUX YMOB Tpari. Ha choroaHi BiZOMHMH € TiIEKH
poOOTH, SKi TPUCBAYCHI JOCHIIPKEHHSIM TIOJIIMIICHHS] aepOiOHHOTO CKIIAay
MpUMilIeHs To0yToBoro mpu3HadeHHs [14, 15] mmisxom 3acTocyBaHHS HOBHX
MapoK IPYHTOBOK 1 ¢ap0, SKi CIIPHUSAIOTH ITiIBUINCHHIO KOHIICHTPAIIH HETaTHBHUX
AepOIiOHIB Iijl Yac BUKOHAHHS PEMOHTHHX POOIT.

BaxmBUM OKpeMHM NHTaHHAM € TaKOX Te, 10 BHUKOPUCTAHHSA INTYYHHX
10HI3aTOPIB MOBITPS Y POOOYUX MPHUMIIICHHIX MPU3BOAUTH IO YTBOPEHHS TaKHUX
LIKiITTMBUX PEYOBHH, SIK 030H W OKCHIHU HITPOTEHY, SIKi 38 3HAYHOI KOHIICHTpAIIil
3MIHCHIOIOTh HECTIPUATIMBHIIA BIUIUB Ha JTIOJUHY. BUKOpUCTaHHS y TaKUX BUIAJIKAX
KaTaJiTHYHUX TIOTJIMHAYIB € AyXe MPoOJIieMaTHYHUM 1 B 10HI3aTOpax IMOBITPS HE
MPAKTUKYETHCS. TOMY JAOIIBHUM € TOIIYK 1HITUX 3aC001B 10HI3aIIi] MOBITPS, y TKUX
BiJICYTHI M001uHi eextn. Tak, BiIOMO, 1110 YHHHUKOM 10HI3allii € OaloeIeKTPUIHUN
edexT [16, 17] — ioHizaris MOBITPS i1 9aC MEXaHIYHOTO MOPiOHEHHS BOIM.

[IpoBeneni 3amipu moOIM3y AYIIOBUX YCTAHOBOK i3 TeHEpAIlil JISTKUX aepOiOHiB
MOKa3yI0Th, IO JTUCIEPTyBaHHsS BOJU MOYHUHAETHCS 3 YTBOPEHHS MOJICKYJISPHUX
KOMILIEKCiB. 30KpeMa, BCTaHOBJICHO, IO TiJ 4ac poOOTH 3BOJIOXKYBada IMOBITPS
«lon» B ymoBax TepMocTaTyBaHHS BOAONPOBIIHOI BOAM MOXKHA CIIOCTEpiraTu
IHTEHCHUBHHUI PO3BUTOK MIKPOOPTaHi3MiB, HaBiTh 3a KIMHATHOI Temnepatyp# [ 13].

Omxke, UIsi YCYHEHHS 3a3Ha4eHOI TpoOJieMH HEOOXiHUM € MPOBEICHHS
eKCIIEPUMEHTAIBHAX  JIOCHI/DKeHb 3MIHM  KOHIIEHTpallii  aepoioHiB 000X
MOJISIPHOCTEH BiA cTymeHs MiHepamizanii Boxu. Tak, MoOKHa OYIKyBaTH, IIO
HaOLIBII edeKTUBHUM OyJie MoIpiOHIOBAHHS BOHM 32 CITUIBHOT /il yIIbTPa3ByKOBOI
KaBitamii Ta OanoenekTpuyHoro edekrty. BukopucToByBaTH 3a3HadeHHU crocio
10HI3aLil MOBITPS JOUIIBHO Y NPUMIMIEHHAX 13 CHJIBHO J€10HI30BAaHUM IOBITPSIM,
a 0TKe, HeoOXiTHO 3a0e3MeUnTH 3Ha4H1 00CSTH I'eHepallii aepoioHiB.

MexaHi3M yTBOPEHHsI JIETKUX aepOiOHIB TiJl Yac pyHHYBaHHS MOBEPXHI BOIU
JI0C1 3aNMIIA€ThCs He3 sicoBaHUM. BogHouac, pe3ynbTaTi MpOBeAEHUX AOCIiIKEHb
€ TPOTWICKHUMH Ta cynepewimBuMH. IIpore, y OiNbLIOCTI eKCIIEPUMEHTIB
MOKa3aHo, MO caMe OaloeNeKTPUIHUN eQeKT crpuse 30UTBIICHHI0 KOHIIEHTpAIIii
TiJIbKY HETaTUBHHUX a€POiOHIB.

Otxe, 32011 MATPUMAHHS MaKCUMAIBbHOI KUIBKOCTI a€pOiOHIB y BUPOOHHYOMY
CEpPEeNOBUIII HEOOXIMHO IPOBECTH HHU3KY EKCIEPUMEHTAILHUX IOCHIHKCHB 13
BHKOPHUCTAHHSM BOJI PI3HOTO CTYIICHS MiHEpaJi3allii, TeMIiepaTypH, KOHIICHTpaIii
PO3UYMHIB COJIOHOI BOAM, 3MiHM IIBHIKOCTI PyXy TMOBITpS ¥ 1HTEHCHBHOCTI
YIIBTPa3BYKY.
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JlocmimKkeHHsT i€l CTaTTi € JIOTIYHWM TPOJOBXKCHHSM BJIACHUX TEOPETHKO-
eKCIEpUMEHTABHUX JOCTIPKEHb MapaMeTpiB TiApoacpoioHHOTO CKJIaxy HOBITps
MPUMIIIEHb PI3HOTO TUIY Ta MPHU3HAYEHHS, SIKi BiIOOpaXeHO y HAYKOBHX CTaTTAX

[18-20].

MeTta po6oTn

MeTo10 MOCHIIKEHHS € MIBHINCHHS PIBHA KOMGOPTHOCTI Ta Ipame3gaTHOCTI
POOITHHKIB NMUISIXOM 301TBIICHHS KOHIICHTpAIlili HETATUBHUX aepOiOHIB y poOOUiif
30Hi.

JlJis noCATHEHHS 3a3HaYeHOi METH HeOOX1THO BUPIIIMTHU TaKi 3a1adi:

— BUKOHATH EKCIICPUMEHTAIBHI TOCHIMHKEHHS 3MIH KOHIICHTpAIId aepoioHiB
000X TONSPHOCTEH 3 METOI BH3HAYCHHs (aKTHMYHHUX DPIiBHIB i0Hi3amii MOBITpA
BUPOOHMYMX TIPUMILICHb | BCTAHOBIICHHS HEOOXITHUX MEX KEepyBaHHS IXHIMH
KOHIIEHTpAIli MU,

— eKCIIEpUMEHTAIbHO BU3HAYNTH JTWHAMIKY KOHIICHTpAIIM acepoioHiB Y
3aJIeKHOCTI BiJf 3MiHM (i3M4HMX (AKTOPIB MiJ Yac yIbTPa3ByKOBOI iOHi3amii
TTOBITPS;

— pO3pOOUTH CTPYKTYPY aBTOMATH30BaHOI CHCTEMHU KEpPYBaHHS acpOiOHHUM
CKJIaJIOM TOBITPS BHPOOHWYMX MPUMIIIEHh 3 METOIO IOJIIIICHHS CaHiTapHO-
Tiri€eHIYHUX YMOB TIparti.

Marepianau i MeToqu

[lix yac mpoBeACHHS SKCIIEPUMEHTAILHUX JOCIIKEHD s TeHepallii aepoioHiB
BUKOPHCTAHO MajorabapuTHUH ynbTpa3BykoBuil renepatop aepoioniB (UAG) i3
noryxHictio 10 BT, Hanpyroto 19-24 B DC, ctpymom 500 MA 1 pe3oHaHCHOIO
yactororo 1,7 MI'm. Boma nHa memOpany UAG Haugxoauna 3a JIOIOMOIOO
3aHyproBalbHOTO Hacocy My 108, motyxknicTio 2,5 Br, makcuMansHOMO
MIBUKICTIO TOTOKY Boau 180 am®/ron., hmax — 0,48-0,55 M. s PO3CitOBaHHS
aepoioHiB 3actocoByBaBcs BeHTWwIsATOp ROTEX RATO1-E, wmaxcumanbHOi
notyxxHocti 20 Br.

IBuakicTs pyxXy NOBITPS BHUMIpSHa 3a JOINOMOIOI0 TEPMOaHEMOMETpa
TM-4001, mortoxy mnositps (o6csary) 0-9999 mm3, Temmeparypu 20-50 °C,
mBuakocti nositps 0,01-25,00 m/c.

3 MeTOI0 aBTOMAaTH3alii MpoLecy KOHTPOJII0 BUKOPUCTAHO JIIYMIBHUK aepOioHIB
«Cangip 3K», obnagnanmuii moprom RS 232 nmns migkiaroueHHs MEPCOHATBHOTO
koM 'totepa (puc. 1). BuMiproBaHHS KOHIEHTpaIlil aepoioHiB BHKOHYBAIHChH 3a
po3pobiieHoto Metonukoro [12] Ha cepiiiHomy npunani «Candip 3K» 3a moxubku
BumiptoBanHs  20%. BimoBimHO, KOHIEHTpamis JIETKMX aepoioHiB  (Nsy)
BU3HAYAEThCS K CepellHeE apudMeTudHe 24-X TOKa3iB MPHUIIaay, 3apeecTPOBAHHX
Oe3repepBHO MPOTITOM JIBOX XBHJIMH BHMiproBaHb [16]. BogHodac, BumajgkoBa
noxubka Ap < /3, WO € NOCTaTHBOIO YMOBOIO, 3a SIKOI MOXMOKa BUMIipIOBaHb
KOHIICHTpAIIi aepoioHIB 4 € PIBHOIO CUCTEMHIH IHCTPYMEHTAIBHIH MOXUOIII J.

Pe3yabTaTH 10CTaiTKEHHS

Marematnyna o0poOKa OTpUMaHMX MAacHBIB JaHMX 3aMipiB KOHIEHTpALii
aepoioHiB 000X MOSIPHOCTEH 3MiCHIOBAIACH BiAMOBIHO 110 [12].
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Puc. 1. KoMIutekc  JOCHIDKEHHS JMHAMIKKM KOHIICHTpAIlii acpoioHIB 3a paxXyHOK
0aTOCIEKTPUIHOTO ePEKTy 1 yIIbTPa3ByKOBOI KaBiTarlil

3 METOI0 BCTaHOBJICHHS 3aJIKHOCTI 3MIHM KOHIEHTpalii aepoioHiB 000X
MOJIIPHOCTEH BiJl TEMIIEpaTypH BOIHOTO PO3UYHHY, IPOBEACHE JIOCIIDKEHHS, 32 SIKOTO
Ha TIpalody MeMOpaHy yJIbTpa3ByKOBOTO FeHEpaTopa HAIXOIUB TOHKUI CTPyMiHb
JMCTUIILOBAHOI BOJAM 3 TemIlepaTyporo B iHTepBami Bix 15 mo 50 °C. Biacranp Bix
YIBTPa3ByKOBOTO TEHEpaTopa aepoioHIB 10 JiumibHUKa aepoioHiB «Candip 3K» —
0,5 M. AmpokcrMoBaHi Tpadiky 3aIeKHOCTEH HaBeIeH] Ha pHC. 2, a, 0.

Polynomial Regression (degree=9)
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Puc. 2. [luHamika KOHIICHTpAIii aepoiOHIB 3a YJIBTPa3BYKOBOI OOpPOOKH 3alie)KHO Bif
TeMIepaTypy AUCTUILOBAHOI BOAM: a — HeraTUBHKX (oH — N = 371 cm™®); 6 — Mo3UTUBHKX
(or — n* =394 cm™3)
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AHaJi3 OTpUMaHUuX EKCIIEPHUMEHTAIbHUX HaHuX (pHC. 2, a, 0; Tabj1. 1) mokasas,
o0 HaiOIMBIIOI KOHHIEHTpauii HeraTWBHUX ACpOiOHIB MOXHA  JOCSTTH,
miaTpUMyroun Temneparypy Big 20 go 25 °C.

Tabn. 1. dyHKIiOHaNbHI  3aJIEKHOCTI 3MIHHM  aepOiOHIB  BiA  TeMmepaTypHu
JUCTHIILOBAHOT BOJU

Aepoionu Anpokcumyrodi QyHKii
n- y=18,782x3-362,8x*+1931,1x-1258,1; R>=0,99
n* y=-12,633x3+197,92x?>-784,73x+1067,7; R*>=0,99

KoHueHnTparisi mo3sUTUBHUX aepoioHIB HaiOiNbLIIOro 3HaueHHs HaOyBae NpHU
42-45 °C, nporte, nicis 45 °C 3H0By cnagae. Kpim Toro, B miana3oHi Temneparyp
35-37°C  cmoctepiraeTbCs  BCTAHOBICHHS  MEXaHOXIMIYHOI  pPiBHOBaru:
KOHIICHTpAIlii HETaTMBHUX 1 MO3WTHBHHUX acpPOiOHIB € MPAKTHYHO OTHAKOBHMH.
VY npoMy BUMNAAKy MIBHUIKOCTI YTBOPEHHS aepoioHIB 000X 3HAKIB JOPIBHIOIOTH
MIBUAKOCTSM PEKOMOiHAIIi].

XapakTep KpHBHX 3MiHHM KOHIICHTpAIlii aepoOiOHIB Bill TEMIIEpaTypHd BOIHOTO
po3uuny (puc. 2, a, 6) €, 3 oqHOro OOKY, OJJHAKOBHUM, a 3 iHIIOrO — rpadik 3MiHH
KOHICHTpAlliii MO3UTUBHUX aepoiOHIB € BiAa3epKajcHHsAM rpadika 3MiH
HETaTHBHUX aepoioHiB. Binpi3HAeThcs NHIIE IHTEHCHBHICTH MmiKiB. HeoOxigHO
TaKOXX 3a3HAYUTH, IO 31 3POCTAHHIM TEMIIEPATypH CEPEOBHILNA 3MEHIIYETHCS
B’S3KICTh BOJHU, 30UJIBIIYETHCS PYXJIMBICTh MOJEKYJA BOAM. BHacmigok mboro
OJTHOYACHO CIJIA0MIAIOTh MIDKMOJIEKYISPHI Ta BHYTPIITHHOMOIIEKYJISPHI BOIHEBI
38’s3ku  ....H-OH....OH-H...... 3a3HaueHe mnoserumrye yTBOpEHHS TiApPOreH-
aepoioniB (H"), rigpokconiii-aecpoioniB (HsO" — rigpatoBana ¢opma rigpores-
aepoioHa) Ta rigpokcui-aepoionis (HO").

OckinbKky MOJIEKYJISIpHA Maca riIporeH-aepoioHy CTaHOBUTH ychoro nume | a.o.,
a TiapokcoHii-aepoioHie — 19 a.o., To H* mermre BUXOAWTH Ha TMOBEPXHIO 3i
BHYTPIIIHIX MpOMAapKiB BOIU. TOMY CHOCTepIiraeThest 30UTbIIEHHS KOHIIGHTpAIIIT 32
temneparypu 20-25 °C. MonekyisipHa Maca TiipoKcuiI-aepoioHa ckiagae 17 a.o.
Ha iioro Buxij i3 BOJHOT TOBII HEOOXITHO BUTPATUTH OLIBIIIE CHEPTii, 1[0 MOYKITMBO
3a remmnepatypu 42—-45 °C.

OnnouacHo B iHTepBaii Temneparyp 20—42 °C MOXHa CIIOCTEpIiraTH MOCTYIOBE
3HM)KEHHS KOHLEHTpALil rAporeH-aepoioHiB 1 3pOCTaHHs I'iIPOKCHII-aepOiOHIB, 110
MOB’S132HO 3 THM, IO 31 3pOCTAHHSAM TEMIIEPATYPH BOJIY Ha 11 TOBEPXHIO BUXOJISATh
BracHe Moyiekyu HoO Ta moYnHa€eThCS MPOIeC «PO3KIIaI—peKOMOIHAIIIS.

H,O+H*—H307, D
H3;0*+OH —2H;0, @)
H*+OH —H,0. 3)

OTke, MiABUILEHHS TEMIIEPAaTypH CIPUSE aepoioHi3alil MOBITpsS BUPOOHHMUYOTO
CEpelIOBUINA, W y TOEAHAHHI 3 SIBUIIEM YIIBTPAa3BYKOBOI KaBiTaIlii JOCATAETHCS
JIOMAaTKOBE 3BOJIOKEHHS IIOBITPS TMPHUMIIIEHB, IO CIpHUsAE 30ITBIICHHIO PiBHS
KOM(OPTHOCTI AJIS MpaliBHUKIB. BapTo 3a3HaumMTH, 0 YJIBTPAa3ByKOBa KaBiTallis
TeHEpye aKyCTHUHY KaBiTaIlifo, Ska 3a paxyHOK ITIBUIIEHOTO THCKY B ITyCTOTax
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PIAMHY SIK CYIUTBHOTO CEPEOBUINA CIIPHSIE PO3PHBY MIKMOICKYIISIPHIX BOJTHEBHX
3B’SI3KIB 1 BiIpMBY MOJICKYJ BOaM Bix 4acTHOK H3O', BUIITOBXYBaHHIO 3 TOBIII
MOJICKYJT BOJIM, IIO ¥ IMiJIBUIIIYE BOJOTICTH MOBITPS BUPOOHHYOTO CEPEIOBHIIA.

[Mopanelie MOCTIHPKEHHSI MPOBOJWIIOCS 3 METOK BCTAHOBICHHS 3aJICKHOCTI
3MIiHH  KOHIICHTpAIlii aepoiOHIB, KOJM Ha TPAMIOIOYUN  IT €30CIEMEHT
yIBTPa3ByKOBOTO I'€HEpaTopa, Hampyra sSKOro 3MiHIOBalach y Mexax Big 16 1o
24 B, HaaxoIWB TOHKHH CTPYMiHb JUCTHJIBOBAHOI BOIU. Binctane Bix
YIBTPa3ByKOBOTO T'€HEPATOpa acpOiOHIB 0 JiUMIbHUKA acpoioHiB «Candip 3K» —
0,5 M. AnipokcuMoBaHui Tpadik 3aJIeKHOCTESH HaBeIeHUH Ha puc. 3, a, 0.

Polynomial Regression (degree=8)
1800 ; T T

T T ———
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e i
1200 [ P 1
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Puc. 3. /lunamika KOHIEHTpaLlii aepOiOHIB 32 YJIBTPa3ByKOBOI 00pOOKH AMCTHIHOBAHOI BOAN
Bin Hanpyru Ha UAG: a — HeratuHux (pon — N~ = 371 cm®); 6 — nosuruHux (PoH —
n*=394 cm?)

Sxmo 3a monepenHiMu AaHUMHU (puc. 2) mig vac ioHizauii moBiTps BigOyBaBcs
CHUIBHUHA BIUIMB OaJIOENeKTPUYHOrO edekTy W ynbTpa3ByKOBOI KaBiTawii, TO Y
3a3HauYE€HOMY BHUIAAKY (puc. 3, a, 0) CIIOCTEPIraeThCs NEPEBAXKHUM BIUIUB Came
KaBiTAallIfHUX TPOLECIB 3a paxyHOK TpaHchopMmamii HM3bKOI LIUIBHOCTI eHeprii
yIBTPa3ByKy Ha BHCOKY UIUIBHICT eHeprii moOnu3y # ycepeauHi TIa30BOi
Oynp0ammku. 3a 3poCTaHHS HANMPYTH Ha PE30HAHCHIN MeMmOpaHi y miama3oHi Bix 16
10 24 B BimOyBaeThCsl 30UIBIIICHHS] IHTGHCUBHOCTI YIBTPa3BYKY Ta, SK HACIHIIOK,
KaBiTaIlIHUX TPOIIECIB, O 3YMOBIIIOE 30UTBIIICHHS BMICTY T1IPOIOHHUX YaCTUHOK
y TIOBITPI.
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AmHaniz rpadikiB TUHAMIKH KOHIICHTpAIlil aepoioHIB Iia Yac yIbTPa3ByKOBOI
00poOKku AucTHILOBaHOI Boau Bix Hanpyru Ha UAG (puc. 3, a, 0, Tabn. 2) nokasas,
10 KOHIEHTPALlisi HETaTUBHUX a€pOiOHIB 301IBIIYETHCS MPAKTHYHO Y TPHU Pas3H, a
KOHLICHTpAIliI TMO3WTHBHUX TIPAaKTUYHO HE 3MiHIOETBCS. lLle  3ymoBieHo
MEXaHOXIMIYHOIO TIPUPOIOI0 SIBUII, SKi BiOYBAIOTHCS, Ta JAECTPYKTHBHOIO IIE€I0
yIBTPa3BYKY.

Tab:. 2. dyHKIIOHATBHI 3AJISKHOCTI 3MIHU KOHIICHTpAIlii a¢pOi0HIB BiJl HATPYTH HA
UAG

Aepoionu Anpokcumyroui QyHKIT
n- y= —134,7x>+1088x-153,7; R?=0,99
n* y=—3,958x%+60,62x+223,3; R?=0,99

VY 3a3HaueHOMY BHIIQJIKy MOXKHa BBaXKaTH, MOIO BiJOYBAETHCS IPOIEC
nepeopieHTalii AWIIONIB BOAM Yy TONI BIUIMBY HAmNpYTH BiJl YIBTPa3ByKOBOTO
reHepaTopa aepoioHiB W OJHOYACHO MEXaHOACCTPYKIlSl y BHIJISIII PO3PUBY
XIMIYHHX 3B’S3KiB 3 YTBOPECHHSM BiAMOBITHUX acpoioHIB 000X IMOSIPHOCTEH.

VY TakoMy BHNAAKy MAif0 yIbTPa3ByKy MOKHA MPHUPIBHATH JO aKyCTHYHO-
MEXaHIYHOTO BIUIMBY, OCKUIBKM 3AiHCHIOETHCS 3BYKOBHH THCK Ha BOJIHE
CepEeIOBHUIIE i OJHOYACHO HA XIMIUHI 3B’ SI3KH.

Tak, y mosi npukiIaeHHsI MEXaHIYHUX CHJT Y BUTJISIAL 3ByKOBOTO TUCKY 3HAUCHHS
HaOyBarOTh IIBUAKOCTI HOBITPSHOTO TIOTOKY Ta, Bi/IMIOBITHO, PIBEHb EHEPTETUYHOTO
BUXOJY MOJIEKYJl Ha IIOBEPXHIO, TOOTO, BIUIMB TEMIIEpaTypH CEPEeJOBHIIA 3
MOJAJIBIIMM YTBOPEHHSIM aepoiOHIB 000X MOJIApHOCTEH. 301IbIICHHS BEIMYMHH
Hamnpyrd YJIbTPa3ByKOBOTO TeHEparopa aepoioHiB € MPOTHIIEI0 Mpolecam
pexoMOiHaIlli yTBOPEHUX aepoiOHIB, YHACHIIOK YOT0 KOHIEHTpAIlii HEraTUBHUX 1
MTO3UTHBHUX a€POiOHIB 3pOCTArOTh. [licis 3HATTS HANPYTH KOHIIEHTPAIlii aepOioHIB
3MEHIIIYBaTUMYThCS 3a PAXyHOK IPOIIECy PEKOMOIHAIIIT Ta SABUII XIMIYHOT B3a€MO/IIT
3 JIOMIIIKaMH, IKi 3HAXOMSATHCS y MOBITPI BUPOOHUYHX MPUMIIIEHb.

Oxpemo HEOOXiTHO 3a3HAYMTH, MO0 [€ JOCI/DKEHHS TPOBOIMIOCS 3a
BIJICYTHOCTI JIIOJICH 1 3a BUMKHEHOI'O TEXHOJIOTIYHOT'O OOJaJHAHHS, SKE MOXKE
BIUIMBAaTH Ha KIJBKICTh 1 HampaBleHICTh PO3MOBCIOKEHHS aepOiOHIB Y
BUPOOHUYOMY CEPEIOBHIIT.

[IpoBeneHi eKcrepUMEHTAIbHI JOCTIKCHHS JTO3BOJMJIM  3allPONIOHYBATH
CTPYKTYpY aBTOMATH30BAaHOTO MPOIPAMHO-TEXHIYHOTO KOMIUIEKCY yIbTPa3ByKOBOi
aepoioHizarii po6ouoi 30Hu y moeaHanHi 3 YD-perupkymsatopom (puc. 4).

OnHoyacHO 3 ra3onoJiOHUMH CKJIaJOBUMH Y MOBITPi BUPOOHHYHMX NPUMIILICHb
3aBK/IM TIPUCYTHI YACTHUHKH BUPOOHUYOTO MTHITY, TOMY HEOOXITHUM € TX YIIOBJICHHS
IJISIXOM 3BOJIOKEHHSI POOOYOTO TOBITPSL.

HeoOxingna KinbKicTh HEraTUBHUX 10HIB, AKi 374aTHI 3a0e3neuyBaTd KOM(POPTHUI
aepoiOHHHMH CKJIaJl 1 HeOOXiIHY IBUAKICTH OCiIaHHS BUPOOHUYOTO THITY, 3aJa€ThCS
napameTpoM N s, [ToToOuHMIT piBeHb 10HIB HA POOOYOMY MICIi KOHTPOJIIOETHCS B
1HAMBIAyaIbHIN 30HI KOM(OPTHOCTI poOOYOro MicIs HpaliBHUKA 32 JOINOMOTOIO
JMYMIFHUKA aepOIiOHIB 1 CUCTEMH BINMOBIAHMX NaT4MKiB. KiNbKiCTh HETaTHBHUX
10HIB y 30H1 KoM opTHOCTI TpamiBHUKA (N'ye 1 N'ysra), SKi 3reHEpOBaHi CHCTEMOIO
mTy4JHOT 10Hi3aril Ha ocHOBI Y3I'A #t Y ®-penupKyasaTopa, IMOCTIHHO Y3ToIKy€EThCS
OJIOKOM MOPIBHSHHS KOHTPOJBHUX MOKA3HHUKIB aepOiOHHOIO CKIady 3a 3aJaHUMH
HOPMAaTHBHUMH TNOKa3HUKaMU (N Ta (GOopMye Ha OCHOBI PO3Y3TOUKEHHS ITHX
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rmoka3HukiB curHal (¢) cucremi kepyBanHs (CK). CK € ocCHOBHHUM eJleMEHTOM, sKa
Kepye HU3KOIO MiAMOPAAKOBAHMUX T MPUCTPOIB Y 3aI€KHOCTI Bijl 331aHOTO PEXKUMY
poOOTH Ta CUTHaly PO3y3rOKCHHS Bif OJIOKY MopiBHAHHS. [0 HUX HaleXaTh:
Hacoc, SKui 3a0e3nedye 3aJaHi MOKAa3HWKH Tofadi Bogu Ha meMmOpany Y3I'A;
BEHTHJIATOD, AKHMK 3a0e3medye HeoOXiTHY MBUAKICTh PyXy MOBITPSHUX MTOTOKIB B
IHIVBIIyaJIbHIA 30HI TpAI[iBHUKA Ta PO3MOBCIOJDKCHHS acpOIiOHIB; pEryJsTop
TEeMIIepaTypy, peani3oBaHHH Ha eleMeHTax [lenbThe MNIi KOHTPOJIHOBAHOTO
OC3IHepIIIHHOTO MIATPUMYBAHHSI TEMIIEPAaTypHUX peXnuMiB Boau Mg Y3['A;
perynasTop HampyrH, SKAH KOHTPONIOE MpoAyKTuBHiCTE Y3I'A, Ta curHan
yOpaBIiHHA, KU Kepye YD-pernupKyasTopoM ajsl 3abe3nedeHHs J0AaTKOBOTO
JoKepeTia 10HIB Y TIEPio] KpUTHYHO HU3BKHUX MOKA3HHUKIB KIJIBKOCTI 10HIB 1 CHUIBHOTO
3allWIIeHHs] TOBITpsSHOrO Tpoctopy mpaniBHuka. Big CK momaetscs curaan
3apnanHsa (Uxpn) Ha meperBoproBau yactotd (ITH), skuii kepye MIBUAKICTIO
o0epTaHHs MPUBOTHOTO IBUTYHA Hacocy (m,). Lle 3a0e3neuye HeoOXiaHI TOKa3HUKH
rogadi Boau Ha MmemOpany Y3I'A (Q). BeHTunaTop mia mi€ro Kepyrodoro CUTHAIY
Big T4 (w,) 3abe3neuye HEOOXiIHY MIBUAKICTh PyXy aepoioHiB y podouy 30mny (V).
JJ1s KOHTPOIBOBAaHOTO OE31HEPIIHOTO MIATPUMYBAaHHS TEMIIEPATYPHHUX PEKUMIB
Bomu i Y3I'A (T) Ha perysaTop TeMIepaTypH MOJAEThCS CUTHAJ 3aBIaHHS Bil
CK  (Ukepr), sKuii, 3amexHO Bl HEOOXITHOTO TEMIEPATYpHOTO PEXHUMY
(oXONOMKEHHsI 4M HarpiB), kepye pobororo nBox enemeHtiB Ilenbthe (Ur).
Perynsarop manpyrm, skuii oTpumye kKepyrouwmii BIIMB (Uye,r) BiIl cHcTeMH
KepyBaHHsI, 3a0e31e4uye HeoOXiqHY MpoayKTUBHICTh podotn Y3I'A (Ur).

U KkepY d
YO-penupkynsarop

N U

el [0}
| PH IleperBoproBau " Hacoc Q
gacroru (ITY)
§ o)
‘ Useps TeperBoproBay * [ M

vacrory (ITY) P

Cuctema

Py I Userr Peryxarop Ut Enementu [lenbThe
TeMIIepaTypu

‘ Usepr Perysitop Ur
HaIpyru

Yy YyVY Y

VabTpasByKkoBuii
TeHepaTop aepoioHiB
(V3ra)

N-:an o
Brnok Bnok KOHTpOITI0 MapaMeTpiB ITYIHOT
TOPiBHSHHS i0Hi3aIi1 MOBITPsI PO6OUOTO MiCIIst

N V3rA;
3ayiani mapamerpu

aepOIOHHOTrO
CKIIazy

3ona 2ic

jpoaep q p

Puc. 4. CtpykTypHa cxema peatizamnii CHCTEeMH KepyBaHHS TapaMeTpaMH IITyYHOI 10Hi3amii
IHAMBIyaTbHOT 30HH KOM(MOPTHOCTI POOOYOT0 MicIlsl IpaIliBHUKA

YnpoBampKkeHHs] TPOrpaMHO-TEXHIYHOI'O KOMIUIEKCY aBTOMAaTHU30BaHOT CUCTEMHU
VIIpaBIiHHSA yIbTPa3BYKOBOI TiJpoaepoioHi3amii 3a paxyHOK KOMIUIEKCHOTO
MiAXO0Yy A0 HOPMYBaHHS 10HHOTO CKJIaay MOBITPS Ta KOHTPOJIbOBAHOTO OCaIKEHHS
BUPOOHMYOrO MUy B poOodill 30HI IEXiB MEXaHIYHOT OOPOOKM KOMIO3WIIIHUX
MaTepiajiB J03BOJIUTh CTBOPUTH KOMGBOPTHI Ta O€3IeUHI YMOBH Ipali.
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BucHoBku

VY pe3ynpTaTi BHKOHAHOTO KOMIUICKCHOTO JOCHIIPKEHHS MOXHa 3pOOHUTH
BHUCHOBOK, HIO:

1. BukopuctanHs ManorabapuTHOTO YIBTPa3BYKOBOTO T'€HEpaTopa aepoioHIB
notyxHicTio 10 Bt ma Bimcrani 0,5 M i3 3acTocyBaHHSM AMCTHIHOBAHOI BOJHU
301IblIy€e KOHICHTPALII0 HEraTUBHUX AaepoiOHIB MPaKTHYHO Y INICTh pasiB. 3a
PaxyHOK CITUTFHOTO BIUTMBY yJIbTPa3ByKOBOI KaBiTallii HOBEpXHEBOTO Mapy BOAM Ta
OamoeneKTpuyHOTO e(heKTy He BiAOyBaeThCa reHeparlii 030HY i OKCHIIIB a30Ty, IO
CTBOPIOE KOM(OPTHHI acpOiOHHMH CKIIaj TMOBITPS y poOouiil 30HI BUPOOHUUMX
MPUMIIICHB.

2. 3ampomoHOBaHAa  CTPYyKTypa  aBTOMAaTHU30BAaHOI  CHCTEMH  KEpyBaHHS
ACpOIOHHMM CKJIQJIOM TOBITPS BHPOOHWYMX TMPHUMILICHb peanizye KoMOiHOBaHY
3MiHy MIBHJKOCTi 00epTaHHs BEHTWISATOpA Ta HACOCY, TEMIEPATYPHOTO PEXHMY
BOJHOTO PO3UMHY 32 PaXyHOK eJeMeHTIB [1ebThe Ta HOTYKHOCTI YIBTPa3ByKOBOTO
reHepaTopa aepoioHiB.
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NONLINEAR WAVE MODEL OF TOWED SYSTEM AND NUMERICAL
METHOD FOR ITS CALCULATION

Abstract. Towed systems have found wide practical applications. Notable
underwater systems for the long-distance extraction of minerals (concretions) from
the ocean floor extend over 5-10 km. The existing mathematical models for solving
dynamic problems of such systems in various environments are not entirely accurate
regarding the diversity of wave processes. This necessitates the development of
refined wave models. This article presents a new quasi-linear mathematical model
describing the nonlinear four-mode dynamics of a towed system in a spatially
inhomogeneous field of mass and surface forces. It is described by a nonlinear
system of twelve first-order partial differential equations. The principles of
boundedness and hyperbolicity are satisfied. The validation of the two-mode
reduction of the model is based on the numerical solution of the problem of the
propagation of two waves: longitudinal and configurational. Using a numerical
algorithm and a program based on the finite difference method, a comparison of
two difference schemes — Crank-Nicolson and Euler — was conducted. The main
limitations for applying the finite difference method used for numerical modeling of
wave propagation and reflection in a towed system are the peculiarities of the
defining quasi-linear equations, which are related to the necessity of simultaneous
computation of variables responsible for fast and slow processes. For such systems
of equations, the term "singularly perturbed system of equations™ is used. These
perturbations result from the significant differences in the propagation speeds of
longitudinal and configurational waves at the physical level. Consequently, it is
necessary to employ special time-stepping regularization and filtering methods for
numerical results. This imposes certain restrictions on the ability to model real
processes and on the accuracy of the obtained results, necessitating the use of
implicit difference schemes and high-frequency filtering.

Keywords: mathematical modeling, towed systems, waves, finite difference
method, stability of computation.
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O.M. Tpopumuyk, O.I'. JIebins, FO.1. Kaarox

[HCTHTYT TeNnekoMyHiKatliii i rmobansHOTO iHpOpMariitHoro mpocropy HAHY, Kuis, Ykpaina

HEJITHIHHA XBHJIbOBA MO/JIEJIb BYKCHUPYBAHOI CUCTEMHA
TA YUCEJBHUU METO/I 11 PO3PAXYHKY

Anomauin. Pyxcupysani cucmemu 3HAUWIU WUPOKe 3ACMOCY8AHHA HA NPAKMUYI.
Bioomi niosoowni cucmemu eprigpma eenuxoi npomsadxcnocmi 01 8UOOOYMKY
Minepanie (KoHKkpeyiil) 3 OHa okeany npomsadicHicmio 6 5-10 km. [Qns eupiuienns
3a60aHb OUHAMIKU MAKUX CUCTEM 6 PI3HUX Ccepedosuuiax 6i00Mi MameMamuyiHi
MoOeni € He YIIKOM KOPEeKMHUMU 3 MOYKU 30pY BPAXYE6AHHS PISHOMAHIMMS
Xeunvosux npoyecis. Lle usnavae neobXioHicms no6y006u YmouHeHux XeunbOGUx
MoOeneu. Y cmammi ompumana HO8a KEA3LMIHIIHA MAMeMamuyHa Mooeisb, Wo
ONUCYE  HENIHIUHY YOMUPLOXMOO08Y OUHAMIKY OYKCupyeamoi cucmemu 6
NPOCMOPOBO-HEOOHOPIOHOMY NOJL MACOBUX | NoepXHesux cuil. Bona onucyemovcs
HeNHINIHOI0 CUCMeMO 08AHAOYAMU DIGHAHb NEPuio20 NOPAOKY 8 HACMKOBUX
noxionux. /[nsa Hei GUKOHYIOMbCA NPUHYUNU SPAHUYHOCMI [ 2inepOoaiYHOCH.
Y cykynnocmi 3 Kpatiosumu i nouamkosumu ymosamu Mooenb  MOdice
3acmocogysamucs Oisi Onucy OUHAMIKU | CMAMUKU 2eoMempuyHo i Gizuuno
HENIHIUHUX CMPUJICHe8UX eleMeHmie, Nnalb 6 IPYHmI, KAHAMi8 KpaHo8020
OONAOHAHHS, WAXMHUX NIOUOMHUKIE, NIOGICHUX KAHAMHUX OO0pie, CUCMEM, WO
byKcupyromscsi 6 nomoyi piounu i 2azy, in. Anpobayis 060xmo0060i pedykyii mooeni
nposedena Ha OCHOGI YUCENbHO20 pPiuleHHs 3a0adi npo NOWUPEHHS 080X X6UTb:
n03008JICHIX | KOH@ieypayitinux. 3a 00noMmo2010 HUUCETbHO20 aN0pUmMy i
npoepamu Ha OCHO8i MemooOy CKIHUEHHUX Pi3HUYb NPOBedeHO NOPIGHAHHA 080X
piznuyesux cxem: Kpanxa — Hikoncon ma Einepa. OcnogHumu 0bmedxceHHAMU 05
3aCMOCYBAHHS MeMOOy CKIHUEHHUX PI3HUYb, BUKOPUCHOBYBAHO20 OJi YUCENbHO20
MoOenosants nowupenHs ma ¢iooumms xeuns y bC, € ocobnusocmi eusnauanvrux
K6A3LMIHIUHUX PIBHAHb, WO NOB A3aHI 3 HeOOXIOHICMIO OOHOYACHO20 OOYUCTIeHHS
3MIHHUX, BIONOGIOANLHUX 34 WGUOKONAUHHI ma MNOGLNbHI npoyecu. [[na maxux
cucmem pi6HAHb BUKOPUCMOBYEMBCA MEPMIH «CUHSYIAPHO 30ypeHa cucmema
piensanvy. Lli 30ypenns € HACTIOKOM 3HAUHOT PI3HUYT Y WEUOKOCTNAX NOUUPEHHS
N03006JICHIX, KOHQI2ypayiuHux Xeuiv Ha @QisuuHomy pieHi. V 383Ky 3 yum
HeoOXiOHO 3aCmMOCo8y8amu CneyianibHi NOKPOKOGI 3a 4aCOM Memoou pe2yaapu3ayii
ma @inempayii yucenrvnux pesyrvmamie. Lle naknadae neeni obmedicenHs Ha
MOHCIUBICMbG MOOENIBAHHS DedsibHUX Npoyecie ma Ha MOYHICMb OMPUMAHUX
pe3yiemamie I 3MYWYE  3ACMOCO8Y6AMU  HEA6HI  pISHUYESl cxemu ma
BUCOKOUACMOMHE QLIbMPYBAHHSL.

Knrouosi cnoea: mamemamuyne MoOent08aHHs, OYKCUPYBAHI CUCmeMU, XU,
MemMOoO CKIHYEHHUX PI3HUYb, CIITIKICIb PO3DAXYHKY.

https://doi.org/10.32347/2411-4049.2024.3.102-111
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Beryn

Bykcupysani cuctemu (BC) — me OykcupyBaHi CHCTEMH IMOCTIHHOI Ta 3MiHHOL
JIOBXHMHU B IOTOLI PiIWHM Ta Tra3y, Y KOCMIYHOMY CepeAOBHILi, MiIBOIHI Kabemi
3B’S3Ky, OMOPH MOpPCHKMX HadTOBMX maTdopm Ta iH. [lim me BU3HAUEHHS
MiAnagaroTh yci MexaHiyHi 00’€KTH, e OAMH 3 JiHIHHMX PO3MIpiB SK MiHIMYM B
10-20 pasis Oinpimii 32 ABa iHMX. BC 3HaWNIIM IIMPOKE 3aCTOCYBaHHS HA IPAKTHULI.
Lle xocmigHi 3B'I3KM HAa HABKOJIO3EMHOMY IPOCTOPI 3aBIOBXKKH [ECSATKH KM;
miBoIHI HaTO- Ta Ta3ompoBoad; OykcupyBani cucremu (puc. 1 Ta puc. 2) [1-3].
MarematuyHi MOJeIi, IO BiI0OpakaroTh JuHaMiuHy noBeiHky bC B mpocTopoBo-
HEOIHOPITHOMY TIOJIi MAacOBHUX 1 TIOBEPXHEBUX CHJI, 3a3BHYall OMHCYIOTHCS
HETIHIHHUMHA PiBHIHHAMHU B YaCTKOBUX ITOX1THHUX, BUPIMIEHHS SKUX MOXIIMBE JTUIIIC
3 BHKOPHUCTaHHSM OOYHMCIIOBATBHUX METOAIB. PO3BUTKOM OOYHCITIOBAaIBHUX
METOAIB 1 aJlropuTMiB, AKi MOXYThb OYTH BHKOPHCTaHi IJsI MaTeMaTHYHOTO
moxmemoBanHs bC, aktmBHO 3aiimammcs B.O.T'opbanmp, 1O.I'. KpuBonoc,
10.1. Kamox, [.B. Ceprienko, I.T. Cenesos, B.B. Ckoneupkuii, iH.

Fairing

— Bare Cable

Towed
. Body

Puc. 1. Bykcupysana B mororii piguau BC [2] Puc. 2. Kocmiuni 38's13ku [3]

[IpobiieMn dYuCeNMpHOTO MOJENIOBAHHSA HENMiHIMHNX 3amad  amHaMmikun bC
MOJISITAI0Th Y HACTYITHOMY:

1. F'eomerpuunmii po3mip (B310BK bC) Ha IeKiTbKa TOPSIKIB IEPEBUIILYE PO3MIp
BC B monepeynomy HampsMky. Lle mpu3BoANUTH 1O CKIIATHONIIB MPHU PO3PAXYHKY
MONEepeYHuX XBWIb pi3HOi mnpupoau B bBC (xoHQirypauiiiHux, 3ruHajIbHHX,
KPYTWIBHUX, JIeTUIaHAIiiHUX TOIIO) 3 OJHOYACHOI HEOOXITHICTIO BpaxyBaHHS
IO30BKHIX XBUJIb.

2. 3acTocyBaHHS TPOEKIIMHUX METOJIB YUCEILHOTO aHali3y KBa3lLTiHIMHUX
piBHsHb nuHamikd BC mnpu3BoaMTH 10 MPHCYTHOCTI B MATPUYHUX PIBHSHHIX
KOeQIILIEHTIB TPU HEBIOMHUX, II0 MOXYTh BIAPI3HATHUCS OIWH BiJ OJHOIO Ha
JeKibKa TopsaakiB. Sk go0pe BigoMo, 1ie IPU3BOJUTH O BETUKUX CKIIQIHOIIIB 3
o0uYnCIIeHHsIM OO0EpPHEHOI MaTpUIi UX PIBHSHB 1 10 HEOOXiTHOCTI 3aCTOCYBaHHS
cHeriajibHUX METOJIB Ta aJIrOPUTMIB HOABIHHOI TOYHOCTI 1 T. 1H.

3. YV 3B’S3Ky 3 BEJHMKOI YYTJIMBICTIO YHCEIBHUX AITOPUTMIB J0 MOXHOOK B
MOYaTKOBMX 1 KpallOBUX YMOBax, CKJIAIHO MOJ0JAaTH PO30OBTKY YHCEIbHUX
anroputmiB. Jlas 1bOro HEOOXIJHO 3aCTOCOBYBAaTH CIEI[iajibHI METOIU Ta
MPOTpaMHi BUCOKOYACTOTHI QLIBTPH.

4. Bigomi matemaruuni mozeni BC € He LiJIKOM KOPEKTHUMH 3 TOYKH 30Dy
BpaxyBaHHS pPI3HOMaHITTA XBWJILOBUX TiporieciB. lle BH3HAUae HEOOXiTHICTH
noOyJIOBH TaKOX YTOYHEHHWX OaraToXBWiIbOBUX Mojeneit BC noxatkoBo o
ClieliajJbHUX YUCEIbHUX METO/IIB Ta aJITOPUTMIB iX po3paxyHKy [4].
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Kgasininiiina mogenn nunamiku BC. Pazgiyc-BekTop M09aTKOBOTO MOJIOKEHHS
CTPYKHS O3HAYMMO R (S,0), @ 1epOpPMOBAHOTO — R(S,t) . Beenemo nedopmariro
& (1)
as|

esemenTa bC: . (ds’-dSg)
— T

Tonmi 3minHi S; 1 S, WO XapakTepu3yrOTh HEAEPOPMOBAHY Ta PO3TATHYTY

nosxuHy BC, 6yayTh OB’ 3aHi Mik co6010 criBBigHOMEHHAM: S =+/1+ & - ds,. (2)

Beenemo HPUPOIHY CHCTEMY KOOPIHHAT 3 OJIMHUYHUMH
B32€MOOPTOTOHAIILHUMHU BeKTOpamH t, N i b. Bektop t — oaunuuHuil BEKTOP
JOTHYHOI, BA3HAYAETHLCA 31 CIIIBBiHOIIEHHS: t(S,t) = M (€))

oS

JIBa inmmx BexTopy — N i b — oproronansHi 1o t. IToxigna pagiyc-BexkTopa R
B 1e(OPMOBAHOMY CTaHi Ma€ BUTJIST Z_z =t(l+e). 4)

3 inmoro 60Ky, 1y MOXigHOI Bix pagiyc-BekTopa R(S,t) - 0R/ot Maemo Takwii

R . - =
BHpA3: —=UT+Un+U,b. ®)
ot

Tyr U, ,U, i U, — mpoexuii BiTHOCHOI IIBMIKOCTI HAa TOTOYHI OJMHHMYHI
BexTopH t, N i b. SIKIIO J0MyunTH yMOBH G€3MEPEPBHOCTI, iICHYBaHHS MOXIIHHUX Bij
pazniyc-Bekropa R(S,t) HEOOXiZHOro MoKy Ta PiBHOCTI 3MillIaHUX ITOXiTHHUX, TO

MOKEMO OTpUMATHU HaCTyrIHi BHUpa3n

ouU oJ

%f=%%‘—kpn—kzub: —(1+s)91:a—sb—k2ut+k3un; (1+s)QZ=a—S“+k1Ut+k3Ub. (6)
[ToBHI MOXiIHI KPUBU3HU ki 3a 4aCOM MAaIOTh BUTIIS:

o _ofang) aban o aan 1 )abo: Ko &y o K & (7)

ot ot\ oS ot S ot oS l+¢ ot

0Sot ot 0S1l+e

3a ananorieto s Ky i Ky :
¥ _ XY ky %;a—kz=—agl+k3§22+kl£23— Ky @ )
ot oS l+¢ ot ot oS 1+¢ ot
3anuiieMo 3aranbHi TEOpeMHU MPO 30€pexeHHs KUIBKOCTI pyxy 1 30epexkeHHs
MOMEHTY KUIBKOCTI pyXy a1 enementa bC B BekTopHiit opwmi [5]:
N —¢ =1 = M o —E) () (M)
£+F(E’+F“)+F(M):O; ¥+th+M +M 7 +M T =0. ©)

+K,Q, + K0, —

a0o0 B CKaIAPHOMY BUITIAIL

%+klN3—k3N2+IE(E)ﬁ+If(')ﬁ+ﬁ‘M)ﬁzo.%+k3Nl+kzN3+IE(E)5+IE“)5+IE(M)5=0. (10
10
%—klNl kN, + FET+FOT+FME =0

3 3akony ['yka 171 ocboBoro 3ycumns as efementa bC summsae: N, = EFe, (11)
ne E — moxyns HOnra matepiamy bC, F — mmoma nomepeunoro nepepizy bC no
nedopwmariii, € — BigHOcHa TMO3MOBXHS nedopmamis bC. 3ammmemMo ymoBH
30epeXeHHS MOMEHTY KUIBKOCTI pyXy B TPOCKIIAX HA  OJMHHUYHI
B3a€MOOPTOTOHAJIbHI BEKTOpH t, N i b mpuitHATOl cuctemu KoopauHar [5]:
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oM _EOF  ~0 =i OM 6 () e (M)m
7652 +k,M, —k,M, + N, + @b + @b + @™o =0;—as1 +kM, —kM, - N, +m&n+mn+m"a=0; (12)
M, AET +mOF +mE = 0:
= +kM, -k M, +mET+mVT + MV =0;

JLst 3ruHATBHUX MOMEHTIB M1, My, a Takosk M3 ipuiiMeMO CITiBBiTHOIIICHHS:
M, =—EL,k,; M, =El k ; M, =GIk;k =k, —1,. (13)
Tyt Loz, l11, J — MOMenHTH iHEpIII, @ 13 — KyT 3aKpydyBaHH: oauHUIL JoBXUHH bC.
Otpumana cucrema piBHsiHb (10)—(13) ommcye ¢i3U4HO Ta TEOMETPUYHO
HeNiHIiHY mnpocTtopoBy Moaens auHamikd BbC. OpHak BoHa € mapaOomiyHO-
rinepOOIIYHOI0, TaK K HE BPAXOBAHO IHEPII0 TOBOPOTY MOMEPEYHOTO TMeEpepizy
BC. Mogens (10)—(13) ommcye Tinbku dotupu xBuwii B bC 3 mectu (1M0o310BXKHI,
KpYTWIbHI, 3THHANBHI (1B1)), a KOH}IrypaiiiHi (monepeyHi) XBuii He onucye. J{ist
YCYHEHHS IBOTO HENOJNiKy TinmepOomizyemo moxaens (10)—(13) muisxoM BBemeHHS
KyTiB o 1 3. Bonu OynyTs XapakTtepusyBaTu HOBOpPOT HonepedHux nepepisie bC,
T00TO Medopmallito 3CyBy B ycepeqHeHoMy cerci. [lonepedni nepepisu, miocki 10
nedopmMariii, 3aIMIIAI0THCS TAKKMMH XK TUIOCKUMU 1 micis nedopMaliii, ajie, MOKIIHBO,
noBepHyTHMH. [IpuoMy He 000B’SI3KOBO MEPIECHANKYISIPHUMHE 10 CEPEIMHHOL OCi
BC. Martepiamizaris 1iei rimoTe3u 1 nepepisytouux cuil N1 i No HabyBae Takoro
BUIIIAY N, =al,GF,; N, =pl,GF, (14)
ze |, |, — xoediuienrn, mo BpaxoByroTs BILHB 3cyBY, F, — mioma nonepedxoro

nepepizy bC. ¥V migcymky, cucrema piBHsHb (11)—(15) mMoxke Oyt 3amucana y
BUTJIS/II OJTHOTO MaTPUYHOTO PIBHSHHS TUIY IEPEHOCY B CTaHJAPTHIH dopmi:

eW .M _p (15)
ot 0S

Tyr E — omuanuna matpuus posmipHocti 12x12, B — marpuns konsekTuBHuX
uneHiB 12x12. BekTop-croBnens npaBux 4acTHH D BH3Hauae€ThCS PO3MOALIIEHUMU
MacOBUMH Ta TIOBEPXHEBHMH CHJIAMH, a TaKO)X MOMEHTaMH IMX CWiI. Bekrop-
croBieis D 3anmexuts Bijg yacy {, marpamxeBoi KOOpAUHATH S, BEKTOPA-CTOBIIIIS
HeBigoMux W , KOMIIOHEHT PO3IOIIIEHUX MACOBHX 1 MOBEPXHEBHUX CHIL.
Kpatiosi ma nouamxogi ymosu ons modeni (15). V Bepxniit yactuni BC (npu
S =L ) MOXyTh OyTH 33JaHi MPOEKIIii ITBUAKOCTI u:
* * *
U, (L t) =U (1)U (L, t) =U @)U, (L, ) =U (). (16)
Ha mwkusomy kinni BC (mpu S =0) MoxyTs GyTH 3a1aHi yMOBH JMHAMIYHOT
piBHOBaru cun F. i MOMeHTIB |\7|J. Ha kinii bC (Hanpukiaj, Ha TPaHCIIOPTOBAHOMY

BaHTaxesi (mpunazi) puc. 1, puc. 2):
3 _ 3 _
YE=0, Y M,=0 (17)
i1 i1

B sxocTi MOYaTKOBUX YMOB BHKOPHCTOBYETBHCS PIIICHHS 3aj1adi CTATUKU Ha

ocHoBi Mojemi (15) mpu %(_") =0 . Mogens (15) 3 mouaTkoBUMH Ta KpaHOBUMH

ymoBamu (16)—(17) siBisie coOOK0 3aMKHYTY CHCTEMY KBa3UIHIHHHX DIiBHSHB B
YaCTKOBHX IMOXIJHHX, @ TAKOK TI0YaTKOBO-KpaloBy 3a1auy.
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YuceabHuii aaroputm. JlocaiTHIKaMA IJII YUCEIIBHOTO BHPIIIICHHS KpaioBoi
3amadi  (15)—(17) (y 3HAYHO CHpPOLICHOMY BHIVISNI, MEPEBAXKHO B OJHO-
JIBOXBUJIHOBOMY HAOJM)KEHHI) BHKOPHUCTOBYIOTHCS KiJIbKka TiaxofiB. HaiiGinpin
TIOIMPEHUMH cepell HUX € MeTol ckiHdeHHux pizHuipb (MCP). Cepen HesBHUX

PI3HUIIEBUX CXEM PO3B’SI3aHHS

i+1, ] i+1, j+1 i+1, ] i+1, j+1 i+1, j+2 .
MaTpu4HOIro P1BHAHHSA

K ° IepeHocy  3YNHUHAMOCS  Ha
pizHUIEBUX cxemax KpaHka —

Hikonbcon Ta Eitnepa.

iod i+l i i+ bi#2 JllabmoHM cXeM 300paxkeHi
Puc. 3. I1la6nonu KiHueBo-pisuuneBux cxem Kpauka—  Hibk4e Ha puc. 3. Marpuns B
Hikosbcon (a) Ta Eitnepa (0) i BekTop-ctoBIelb D €

HEeNTIHIMHIMHU (YHKIISIMH, SIKi 3aJIeKaTh BiJl He3aJleXHUX 3MIHHHX t 1 S, a Takox
IHIIMX 3MIHHUX Ta mapameTpiB. [Ipu nopiBHIIBHOMY aHali31 pI3HUAIIEBUX CXEM MPH
po3B’si3aHHi piBHSHHA (15) OyneMo BHXOIUTH 3 KBasuliHeapu3aiii KoedilieHTIB
Mmatpuui B iBekropa-cToBmisi D Ha MOTOYHOMY pO3paxyHKOBOMY Kpolii 3a yacom .
[Ipu BukopucranHi pizHunEeBoi cxemn Kpanka — HikombcoH s dncenpbHOTO
PO3B’sI3aHHS CHCTEMH HENIHIHHUX TinepOoNiYHUX pPIBHSAHD TPYAHOLIIB MpPH
anpoKcUMaIlii KpaioBUX YMOB 3a3BHYaii HE BUHHKA€E. 3aCTOCYBAHHS Pi3HHUIEBOL
cxemu Elinepa Bumarae 3ajaHHs AOJATKOBUX TPaHUYHUX YMOB. PosrisiHeMo
npukan bC y mimockiil mocTaHoBIli (T03I0BXKHBO-KOH]IrypaliiiiHa (monepeyHa)
B3aemoJis). Ha mpaktuii 3a3Buyvail BiJoMi YOTHPU TPAHUYHUAX YMOBH: 3aJICKHICTD
koopauHat Bepxy bC Big yacy Ta rpaHn4Ha ymMoBa Ha ii HHXKHBOMY KiHLI. 3 HHX
MO’KHA BU3HAYHUTH KpailoBi yMOBH JJI YOTHPHOX mpoekitii meuakocti — Uy(0,t),
Tlpu S=L TTpu S=0 Un(0,t), U«(L,t), Un(L,t). KpaiioBi ymOBH TpH
B Hae Iy IOMY MOYKHa alIPOKCHMYBATH OJIHUM 3 BiJJOMHUX
cnoco0iB [5]. [lpu BukopucTaHHI pI3HUIEBOT
cxemu Eitnepa HeoOXiHI 111e YOTHPH TPAaHUIHIX
11 LN ymoBu Ha T(0,t), ¢(0,t) ta o(L,t), T(Lt) B
Pc. 4. I1laGrionm 115 anporcumari TUIOCKIH  3ajmadi. ATNpPOKCHUMAIlI0  BiJICYTHIX
BiiCyTHiX rpanmunux ymoB s |PAHMUHHX YMOB JUIs ]T(O,t), o (0,) Ta o(L,t),
T, 00 Ta oL, TLY B T(L,b) MOYHA 3IICHUTH JIEKUIBKOMA
cxemu Eiitepa, N — kimkicrs CHOco0amu. Mn  BHKOPUCTaEMO — HACTYIHI
€JIEMEHTIB B Pi3HHIIEBIH cxeMi 1raGJIoHH, 1o 300pakeHi Ha puc. 4, A JTiBOTO
(Bepxuporo) kinusg BC 1 mpaBoro (HHXKHBOTO)
ki BC. Jlns mopiBHSHHSA e€(EeKTHBHOCTI Ta TOYHOCTI PO3B’SI3aHHS PiBHSHb
nuHamiku BC Ha ocHOBI pi3HMIIEBOI cxemu Elinepa i pisnuneroi cxemu Kpanka —
HikonbcoH mpoBeeMo TecTyBaHHS YHCEIBHUX AJITOPUTMIB Ta MPOrpaM OKPEMO Ta
y MOpiBHsIHHI. Po3risiHeMO 00UKCIIEHHST MOJICBHOT 3a/1a4i Il HACTYITHUX KPaHoBUX
YMOB, Jie TOPH30HTAIIbHA IBUIKICTE V Ha BepxHboMy KiHIi bC mpu S = L:
v, t<0

V =4V, +0.05t te[0;20]

Vv, te [20; oo]
Ipu takux daktnunux ganux bC: nomxuHa cuctemu — 200 M (L ); xoedirient
onopy tepts — 0.01 (k, ); xoedinient onopy popmu — 0.2 (k); edekTuBHuMIi po3TAT

(18)

BC —0.014 (€); edexrnBHa mupuHa obTikaua o mizemo — 0.05 m (d,); Bin’emua

miaBy4icTh JiHil — 25,4 H/M (@); edextuBHa moronHa maca (Maca i mpueaHaHA

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024



~ 108 ~

Maca) oOrtikaua — 2.5 kr/m (M+ M ); edekTuBHa Maca 3arauoOmoBada — 500 kr
(M); #oro xoedimient omopy — 0.5(K"); muoma wMigenesoro mnepepisy
sarnuomoaua — 0.2 M? (Z°); 3armu6moroua cuna — 4000 H (P*).

Pe3yabTaTu NOPiBHAJIBHUX PO3PAXYHKIB IS BIIHOCHUX TIOXHOOK Y BIZICOTKAaX
Jutst pisHAIEBO1 cxemu Kpanka — HikoibCOH HaBeIeHO B TabuuIli 1, a u1st pi3HUIIEBOT
cxemu Einepa — B Tabmuui 2. BHachimok cuHTymsipHOCTI Matpumi B, mis
MPUAYIICHHS IIKIIMBUX BHCOKOYACTOTHUX OCIMJISAIIN PillleHHS 3aCTOCOBYBAIOCH
yCepeqHeHHS pe3yIbTaTiB MEPBICHUX PO3PaxyHKIB Ha TPHOX MOCTITOBHUX KPOKax
3a yacoM 3a GopMyJIIOr0:

YiJ—l +YiJ +YiJ+l
3 .

Tyt YiJ — [MO3HAYE€HHA OJHI€T 3 BEIUYUH U, U,.T,o; | — KpOK 3a KOOP/IMHATOIO;

Y = (19)

J — kpok 3a yacom. OOUKCIIEHHS BiZIHOCHOT MOXMOKHK OCBOBOTO 3yCHJUIA | 1KyTa

HaxXWily ¢, BUIHOCHHMX JIOTMYHOi U, Ta HopMambHOi U, mBHakocteld BC

t
3IACHIOBANIOCS 33 (POPMYIIaMH:

(2
®

u

Uy; —U,

u, |

T, -T
AT :‘,T Mg (20)

o |
1AUt= L thUn=
| u |

ne T, ¢, U ¢, U,; — 3HAYCHHS 3MIHHHX, OTPUMaHi Ha MOJApiOHEHil B 1Ba pa3u

pisuunesiii citui Kpanka — Hikonbcon (Eitnepa), T, @, U, , U, —3HaueHHs 3MiHHMX,
OTpHMaHi Ha nepBicHil pi3HuIEeBii citi Kpanka — Hikonbscon (Eiinepa).
Tabnuns 1. [MopiBHAHHS pe3yibTaTiB PO3paxyHKiB Ha pi3HUIIEBIH cxemi KpaHka —

Hikonbcon mpu At =0.2cek. i AS = 30M, a Tako Ha NOAPiOHEHi B ABa pa3u — pu
At=0.1cek.1 AS =15Mm

Yac (¢) S (m) AT, % Ag,% Ay, % Au,, %
6.4 0 0,7 0,6 5,6 34
6.4 30 0,8 1,2 9,4 3.4
6.4 60 0.9 3,2 9,2 0,0
6.4 90 1,0 2,3 91 0,6
6.4 120 1,2 2,7 9,6 1,5
6.4 150 1,5 2,7 11,6 2,7
25.6 0 0,6 0,7 0,0 0,7
25.6 30 0,7 0,8 0,1 0,7
25.6 60 0,7 1,4 0,3 8,9
25.6 90 0,9 2,1 0,5 1,3
25.6 120 1,0 2,1 0,6 2,7
25.6 150 1,1 1,0 0,3 0,1
64.0 0 0,8 0,0 0,0 0,3
64.0 30 0,9 0,4 0,0 0,5
64.0 60 1,0 0,6 0,7 1,0
64.0 90 1,1 1,9 0,3 1,8
64.0 120 1,3 1,6 0,8 1,6
64.0 150 1,5 2,1 2,4 0,2
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Tabnuus 2. [TopiBHSHHS pe3yJIbTaTIB PO3pPaxXyHKIB Ha pi3HUIEBIH cxemi Elinepa npu
At=0.2cex. i AS =30M, a Takok Ha noxapiOHeHiit B aBa pasu (At=0.1 cek. i
AS =15M)

Yac (¢) S (M) AT, % Agp,% Ay, % Au,_, %
6.4 0 1,3 0,0 0,0 1,0
6.4 30 0,2 6,1 3,1 1,8
6.4 60 1.0 0,3 0,5 53
6.4 90 1,2 4,9 5,03 4,5
6.4 120 0,8 12,7 4,0 6,3
6.4 150 0,4 5,7 2,4 10,6
12.8 0 3,1 1,6 0,4 1,3
12.8 30 3,6 2,7 1,6 8,4
12.8 60 3,0 8,0 11 6,0
12.8 90 5,8 10,1 2,2 6,0
12.8 120 2,1 18,2 5,3 26,3
12.8 150 10,1 24,4 38,0 25,0
64.0 0 7,1 1,7 4,8 15,5
64.0 30 8,3 2,1 15,4 19,8
64.0 60 7,4 2,1 1,6 6,4
64.0 90 12,2 35,1 11,3 9,5
64.0 120 8,4 55 2,1 44,2
64.0 150 23,4 11,3 2,7 72,9

[opiBHspHMIA aHai3 TOXMOOK pi3HMIEBUX ciToKk Kpanka — HikonbcoH Ta
Efinepa mpoBezieMo 10 MakCHUMaJbHIN MMOXMOIl B OJUH MOMEHT 4dacy. 3 Taoi. 1
BUIUIMBAE, 110 YHCEIbHUHM ANrOpPUTM Ha OCHOBI pi3HMIEBOI cxemu Kpanka —
Hikonbcon Mae HEOOXiHY TOYHICTH i MOXKe OYTH BUKOPUCTAHHH JUTIS YUCEITHHOTO
MoJieTioBaHHs mepexigaux nponeciB B BC. Tlpu 1pomMy pi3HHUISE B CHJIOBHX 1
reOMETPUYHHX XapaKTEepPUCTUKaX HarpyskeHo-aedopmoBanoro crany bC, orpuMaHux
Ha rpy0ill i HoApiOHEHNX PI3HUIIEBUX CITKAX, € He3HAUHOH (B CEPeTHhOMY HE OiIbIle
5-8%), KpiM IIEPEXiAHOTO PEKUMY PYXY 3 IPUCKOPESHHSIM, KOJIHM BiJIMIHHOCTI MOXYTh
30ibiyBaTrcs 10 20%. 3 Tabi. 2 BUIUIMBAE, 110 YMCEIbHHN aJIrOPUTM Ha OCHOBI
pi3HuneBoi cxemu Efinepa Mae MEHIIy TOUHICTB y IOPiBHSIHHI 3 PI3HULIEBOIO CXEMOIO
Kpanka — HikosibcoH, a TOMy i BHKOPHCTaHHS MJIsi YUCEIHHOIO MOJICIFOBAHHS
nepexigaux mpouecie B BC 3anuimaerbcs mig nuTaHHAM. PI3HUIS B CHJIOBHX 1
reoMeTpuuHux Xxapakrepuctukax bC, orpumanux Ha rpyOiii 1 moapiOHeHii
pisHuueBid cxemi Elnepa, € OuIbIIOI0 B TOPIBHSHHI 3 BIAMIHHOCTAMH NpHU
BUKOPHCTaHHI pi3HUIIEBOT cxemu Kpanka — HikoJibCoH.

BucnoBku

1. He3Baxkarouu Ha YUCIICHHI JJOCTIKEHHS, TIPOBEICH] B 00J1aCTi BUBYCHHS CTATHKU
1 guaamikn BC, HesICHMMM 3aIHINAIOTECS 0arato OCOOJMBOCTEHN IX MOBEIIHKH:
npobaemu retaeyTBopeHHs B bC mpu OykcupyBaHHI B KOCMOCI, IIOBITPi Ta BOJHOMY
CEPEIIOBHII, TNpaBWIBHUN BUOIp KoedillieHTa JUHAMIYHOCTI TpPH CKIQJIHUX
MaHeBpax OyKcHpyBaJbHUKa i T.1. [6-14].
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2. PosrnsHyTO 0cobmmBocTi 3actocyBaHHs MCP misi oOuuciieHHs! HemiHIHHUX
nuHamiuanx 3agad BC. OcHoBHUME oOMexeHHsiMH aisi 3actocyBanHs MCP,
BUKOPUCTOBYBAHOTO ISl YUCEIHHOTO MOICTIOBAHHS OIIMPEHHS Ta BiAOUTTS XBUJIIb
y BC, € ocobmmBOoCTI BM3HA4aNbHUX KBa3UIIHIWHUX pIBHAHB, IO TIOB’S3aHI 3
HEOOXIAHICTIO  OJHOYACHOTO  OOYHMCIEHHS 3MIHHHMX, BIANOBIZAJbHHUX  3a
LIBUIKOIUIMHHI Ta MOBLIBHI pouecH. [Ipu po3s’s3anni CJIAP, BpaxoByrouu norany
00yMOBJIEHICTh MATPHIli, €KCIIEPUMEHTAIEHUM OOYHCITIOBAIEHUM MHUIIXOM OyII0
00paHo MeToA peryspu3ariii.

3. Po3paxynku 3a pisauneBoro cxemoro Kpanka — HikonbcoH HaBiTh Ha rpyoux
CITKax MOXYTh AaBaTH Pe3ylbTaTh 3 HEOOXiTHUM CTyNEHEM TOYHOCTi. [Ipumuomy
BHUTPATH Yacy MpH I[bOMY OyIyTh MiHIMAJIbHUMH. [HIIA KapTHHA CIIOCTEPITA€THCS
MpU TOPIBHSHHI pe3yibTaTiB Ha rpyOidl 1 OimbIn ApiOHIN ciTKax Ijsl Pi3HHULIEBOI
cxemu Einepa. HenepeOopHi MOMUIIKH, IO BHOCSATHCS MOXMOKAMU ampOKCUMAIlii
BIJICYTHIX TPAHUYHHUX YMOB, PU3BOJIATH J0 OUTBIINX BiIMiHHOCTEH.
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OF INNOVATIVE PROJECTS

Abstract. The contemporary business landscape demands agility, innovation, and
the seamless integration of diverse approaches. Traditional project management
methods often struggle to adapt to this dynamic environment. This abstract
introduces the framework model of syncretic management for innovative projects.
Syncretic management emphasizes the unification of various elements to achieve a
cohesive whole. In this context, it signifies a framework that blends methodologies
and tools to optimize project outcomes. Key components include — Interdisciplinary
Collaboration, Agile Methodologies, Al Integration. The syncretic management
model offers several advantages — Enhanced Innovation, Improved Efficiency,
Increased Adaptability. Reduced Risks: data-driven insights from Al facilitate
proactive risk identification and mitigation strategies. Paper provides a concise
overview of the syncretic management model for innovative projects. Subsequent
sections will explore the core components of this framework in greater detail, delve
into its practical applications, and discuss potential challenges and considerations
for successful implementation.

Keywords: Syncretic Management, Innovative Projects, Framework Model, Agile
methodology.
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Introduction

Syncretic Management is an integrative approach to project management that blends
elements from various management methodologies, disciplines, and technologies to
create a cohesive and adaptive framework. This approach is particularly relevant to
innovative projects, which are characterized by high levels of complexity,
uncertainty, and the need for rapid adaptability.

The current business landscape is characterized by rapid change, intense
competition, and a growing emphasis on innovation. Traditional project
management approaches often struggle to keep pace with this dynamic environment.
To address these challenges, a new framework is emerging: the syncretic
management model for innovative projects.

Syncretic management refers to a philosophy that integrates diverse elements to
achieve a unified whole. In the context of innovative projects, this translates to a
framework that seamlessly blends various approaches and tools to optimize project
outcomes.

© S. Bushuev, A. Ivko, 2024
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The contemporary business landscape demands agility, innovation, and the
ability to navigate constant change. Traditional project management approaches,
often rigid and siloed, struggle to keep pace with this dynamic environment. To
address these challenges, a novel framework is emerging — the framework model of
syncretic management for innovative projects.

Syncretic management emphasizes the unification of diverse elements to achieve
a cohesive whole. In the context of innovative projects, this translates to a framework
that seamlessly blends methodologies and tools to optimize project outcomes. This
model fosters a culture of creativity and adaptability, crucial for success in today's
ever-evolving marketplace.

Syncretic management represents a forward-thinking approach to project
management, particularly suited for innovative projects in today’s fast-paced,
technology-driven environment. By blending diverse methodologies and leveraging
advanced technologies, it offers a robust framework that is both adaptable and
resilient, capable of navigating the complexities and uncertainties inherent in
innovative endeavors.

The core components of the syncretic management model provide a
comprehensive framework that combines traditional project management practices
with the latest advancements in Al technology. This integrative approach enables
organizations to effectively manage innovative projects, ensuring they are adaptable,
efficient, and ethically sound.

The goal of the research to introduce and define the framework model of
syncretic management for innovative projects. This involves explaining the core
principles behind syncretic management and how it integrates various approaches
(interdisciplinary collaboration, agile methodologies, Al integration) to optimize the
success of innovative projects. To explore the benefits and potential applications of
the syncretic management model. This could involve discussing how the model
fosters innovation, improves efficiency, increases adaptability, and reduces risks in
innovative project management. The paper might also showcase real-world
examples or case studies demonstrating how organizations have successfully
implemented this framework.

1. Literature review

The seventh version of the PMI PMBOK knowledge system [1] formed the
prerequisites for the implementation of syncretic management. At the same time, the
integration of project management methodologies with artificial intelligence systems
is not foreseen. This is due to the release date of the knowledge system long before
the appearance of industrial versions of artificial intelligence systems.

The system of knowledge on the management of innovative projects and
programs P2M [2] also provides for the integration of essentially different
methodologies, including Agile, but the use of artificial intelligence in the processes
of managing innovative projects is not discussed.

The paper [3] claims that artificial intelligence can replace people in innovation
management, requiring companies to rethink their innovation processes and consider
the possibilities of digital transformation. This confidence is based on the
expectation that versions of "general artificial intelligence™ will be released in the
near future.
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In [4], it is emphasized that artificial intelligence can improve project
management by managing stakeholders' expectations, resolving conflicts, and
ensuring flawless project support and execution, but there are no examples or ideas
about integration with artificial intelligence.

Technological progress in the field of artificial intelligence is leading to the
development of human-like machines capable of operating autonomously and
imitating cognitive behaviour. The progress and interest among managers,
academics, and the public has created excitement in many industries, and many firms
are investing heavily to capitalize on the technology through business model
innovation [5]. However, managers are left without support from academia when
they seek to introduce Al into their firm's operations, leading to an increased risk of
project failure and undesirable outcomes.

In the study [6], it is determined that Al has the potential to revolutionize the
economy and society, but to ensure its successful implementation and future impact,
it is necessary to solve industry problems and develop research programs for the
effective application of artificial intelligence.

In [7] aspects of smartization of artificial intelligence models are considered. An
integrated model of the competencies of artificial intelligence application specialists
is proposed. The model is a dynamic and multidimensional system of competencies.
This study was built within this model.

Convergence of knowledge, rapid progress in the application of artificial
intelligence and the need for adapted project management to stimulate innovation
and effective communications create fertile ground for research in certain fields of
knowledge [8]. Although the specific field of "syncretic management" for Al-driven
projects is still emerging, there is a need to find relevant application ideas scattered
across several fields of activity in the digitalization and development management
of complex systems.

The work [9] is devoted to the application of the entropy approach in managing
the dynamics of the development of organizations. At the same time, information
entropy is considered as an element of resistance to the development of
organizations. These studies are fundamental to understanding the impact of
uncertainty when applying artificial intelligence in organizational development
projects.

The work [10] examines the problems of the interaction of interested parties in
the processes of sustainable development. At the same time, artificial intelligence is
not a driver of interaction and decision-making. This significantly reduces the
effectiveness of the actions of project managers. The work [11] is devoted to the
study of the model of syncretic management, competition and cooperation in the
field of economic development. The models and methods considered in this study
do not take into account the development of artificial intelligence, which reduces the
effectiveness of applications of syncretic management of innovative projects.
Interesting results were obtained in [12], where a syncretic control model based on
the "win-win" model was used. This allowed stakeholders to engage in sustainable
development processes without the use of artificial intelligence technologies.

The work [13] examines the problems of strategic management based on
sustainable development in the Industry 4.0 model based on social responsibility. At
the same time, the transition to Knowledge Industry 5.0 opens up fundamentally new
opportunities in managing sustainable development.
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Problems of value creation based on cross-sector cooperation are studied in [14].
A value approach is key from the point of view of sustainable development
management. At the same time, an important role is played by the processes of
digitization and the use of artificial intelligence, which is not taken into account in
the research.

The paper [15] examines the issues of sustainable development of social
organizations based on the hybridization of management of public organizations.
This is an important direction of application of syncretic management. But the
transition to the Industry 5.0 economy significantly reduces the practical application
of the authors' proposals.

The model of sustainable development based on innovations within the
framework of collaboration of cross-sector business models to create a multi-level,
dynamic organizational environment is considered in work [16]. This is an important
step in the development of syncretic management.

2. The Principle of Augmented Competency in Managing innovation Projects
in an Artificial Intelligence Environment

Artificial intelligence (Al) is becoming an integral part of modern innovation
projects, transforming approaches to management, planning and execution of tasks.
The principle of augmented competence is the use of Al to increase the efficiency
and effectiveness of human activity in innovation project management.

In the modern world, where artificial intelligence (Al) is rapidly developing, its
influence on various spheres of activity is becoming more and more noticeable.
Innovation project management is no exception. Augmented Competency Principles
offer a new approach to innovation project management that uses Al to strengthen
and expand the capabilities of management teams.

The essence of the principle of augmented competence is that Al does not replace
human project managers, but complements their knowledge, skills and experience.
Al can automate routine tasks, analyze large amounts of data, provide
recommendations and predictions, freeing up time for human team members to focus
on more complex and creative tasks.

Let's consider the advantages of using the principle of enhanced competence. This
is improved efficiency and productivity based on the automation of tasks and the
provision of new knowledge, which leads to a significant improvement in the
efficiency and productivity of the project team. Data-driven Al recommendations
and predictions help teams make more informed and effective decisions. Access to
new knowledge and insights drives innovation and leads to new ideas and solutions.
At the same time, Al de-risking helps identify and mitigate potential risks, which can
lead to more successful projects.

Examples of the use of the principle of augmented competence in innovation
project management are related to the use of Al to automate software testing,
customer data analysis can help companies better understand their customers and
their needs, which can lead to improved marketing campaigns and products, demand
forecasting can help companies better manage your inventory, which can lead to
lower costs and better customer service.

The principles of augmented competence do not mean that Al should replace
human project managers. Instead, Al should be used as a tool to empower human
teams and help them achieve better results.
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As Al technologies continue to evolve, the principle of augmented competence
is likely to become even more important for innovation project management. Al can
help teams overcome complex challenges, make better decisions, and succeed in a
more changing and competitive environment.

This is just the beginning of research in the field of augmented competence. Let's
take a closer look at its concepts, advantages, examples of use and mathematical
modelling.

The purpose of the article is to research the principles of enhanced competence,
conduct a SWOT analysis of applications, and build a mathematical model of the
implementation of enhanced competence within the Agile methodology.

3. SWOT analysis of enhanced competence in innovation project management

A SWOT analysis of enhanced competence in innovation project management shows
that the use of Al can significantly increase the company's efficiency, productivity and
competitiveness (Table 1). However, the high cost of implementation, technical
limitations, and potential ethical and regulatory challenges must be taken into account in
order to succeed. By leveraging strengths and opportunities, companies can successfully
integrate Al into their processes, minimizing risks and maximizing benefits.

The SWOT analysis showed that the added competence that uses the capabilities
of artificial intelligence (Al) in the management of innovation projects has
significant advantages. Key strengths include increased efficiency, more informed
decisions, resource optimization, improved communications and reduced risk. The
integration of Al allows project managers to focus on strategic aspects of
management, improving overall productivity and quality of project execution.

At the same time, the SWOT analysis revealed weaknesses in the use of
additional competence. These include high initial implementation costs, dependence
on data quality, complexity of integration, technical limitations, and the need for
changes in organizational culture. The implementation of Al requires significant
financial and human resources, as well as the company's readiness to adapt new
approaches and technologies.

Analysis of opportunities shows that the use of additional competence opens wide
prospects for companies. The implementation of Al can contribute to the development
of innovative products and services, the expansion of markets, improved customer
satisfaction and increased competitiveness. In addition, Al helps manage complex
projects more efficiently by providing better coordination and control.

However, there are also threats that can affect the success of Al implementation.
These are high competition, regulatory changes, technological risks, ethical issues
and economic instability. Companies need to be prepared to meet these challenges
by implementing appropriate strategies to minimize risks and protect their
investments in new technologies.

A SWOT analysis of enhanced competence in innovation project management
shows that the use of Al has significant potential to improve the efficiency and
competitiveness of companies. Key benefits include improved decision-making,
resource optimization, increased productivity and reduced risk. However, high initial
costs, complexity of integration, and potential ethical and regulatory challenges must
be considered for successful implementation. Companies that are ready to invest in
Al and adapt new approaches will be able to make the most of its opportunities and
gain competitive advantages in the market.
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Table 1. SWOT analysis of enhanced competence in IT project management

Strengths

1. Increased efficiency

Using Al to analyze and automate routine
tasks allows managers to focus on strategic
aspects of project management.

2. More reasonable decisions

Al's analytical capabilities provide deep
data analysis and forecasting that helps
make more informed decisions.

3. Optimization of resources

Al helps to optimally allocate resources,
reducing costs and increasing team
productivity.

4. Improvement of communications
Intelligent communication systems
facilitate better interaction between team
members and stakeholders, increasing
overall coordination.

5. Reduction of risks

Through forecasting and data analysis, Al
allows better identification and
minimization of risks, which increases the
overall safety of the project.

Weaknesses

1. High initial costs

Implementation of Al technologies
requires significant financial investment in
development, implementation and training
of personnel.

2. Dependence on data quality

The effectiveness of Al strongly depends
on the quality and volume of available
data. Insufficient or unreliable data can
lead to incorrect predictions and decisions.
3. Complexity of integration

Integrating Al into existing processes can
be complex and require significant effort
from the IT department and management.
4. Technical limitations

Al technologies still have limitations that
can affect the accuracy and reliability of
the results obtained.

5. Change of organizational culture
Implementation of Al requires changes in
the organization's culture and ways of
working, which may be met with
resistance from the staff.

Opportunities

1. Innovative products and services
Using Al opens up new opportunities for
creating innovative products and services,
which can become a competitive
advantage in the market.

2. Expansion of markets

Thanks to optimization and increased
efficiency, the company can expand its
activities to new markets and segments.
3. Improvement of customer satisfaction
More accurate forecasting of customer
needs and adaptation of services to these
needs increase the level of customer
satisfaction.

4. Increasing competitiveness

Using advanced management technologies
allows the company to stay ahead of
competitors by offering better and more
efficient solutions.

5. Management of complex projects

Al helps manage complex projects more
effectively, providing better coordination
and control over all aspects of the project.

Threats

1. Competition

Competitors may also introduce advanced
technologies, which reduces uniqueness
and competitive advantage.

2. Regulatory changes

Implementation of new technologies may
face regulatory restrictions and data
security and privacy requirements.

3. Technological risks

Technological failures and cyberattacks
can significantly affect the operation of Al
systems and the overall security of the
project.

4. Ethical issues

The use of Al raises ethical questions
about privacy, transparency and fairness of
decision-making.

5. Economic instability

Economic fluctuations and volatility may
affect investments in new technologies and
a company's ability to innovate.
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4. Method of Syncretic Management of Innovative Projects

The syncretic management model for innovative projects proposes a framework that
integrates various approaches and tools to optimize project outcomes. This section

dives deeper into the core methods that make up this framework. Key elements of
Syncretic management of innovative projects presented on fig. 1.

'nterdisciplinary Collaboration

lAgiIe Methodologies

lAI Integration

'ntegration and Synergy

Fig. 1. Key elements of Syncretic Management of Innovative Projects

Let’s define each element.

4.1. Interdisciplinary Collaboration:

o Rationale: Innovation often thrives at the intersection of diverse expertise.
Bringing together individuals from various backgrounds, such as
engineering, design, marketing, and data science, fosters creative problem-
solving and the generation of novel ideas.

e Methods:
o Forming cross-functional teams with members from different
disciplines.
o Implementing brainstorming sessions that encourage diverse
perspectives.

o Utilizing knowledge-sharing platforms to facilitate collaboration

and communication between team members.
4.2. Agile Methodologies:

e Rationale: Traditional project management approaches can be rigid and
struggle to adapt to the inherent uncertainties of innovative projects. Agile
methodologies offer a more flexible and iterative approach.

e Methods:

o Adopting frameworks like Scrum or Kanban, which emphasize
short development cycles, continuous feedback loops, and a focus
on delivering value iteratively.

o Embracing rapid prototyping to test and refine ideas quickly.

o Encouraging open communication and adapting project plans based
on feedback and emerging requirements.
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4.3. Al Integration:

o Rationale: Artificial intelligence (Al) can offer valuable tools for data
analysis, risk prediction, and automation of routine tasks. This frees up
human resources to focus on more strategic endeavors and creative problem-
solving.

e Methods:

o Utilizing Al for tasks like data analysis, identifying trends and
patterns in complex datasets.
o Implementing Al-powered risk prediction models to proactively
identify and mitigate potential challenges.
o Automating routine administrative tasks and data entry processes,
allowing team members to focus on higher-value activities.
4.4. Integration and Synergy:

e The success of the syncretic management model hinges on the seamless
integration of these core methods.

o Interdisciplinary collaboration fosters a culture of innovation, which is then
supported by the iterative nature of agile methodologies. Al tools further
empower this process by providing data-driven insights and streamlining
workflows.

5. Mathematical Syncretic Management Models of Innovative Projects

In the ever-evolving landscape of innovative project management, the integration of
mathematical models provides a robust framework for optimizing processes,
predicting outcomes, and mitigating risks. Syncretic management models, which
combine multiple methodologies and leverage advanced technologies such as
Artificial Intelligence (Al), offer a holistic approach to managing complex projects.
This introduction outlines the fundamental aspects of mathematical models within
the syncretic management framework and their significance in innovative project
management.

Mathematical models serve as the backbone of the syncretic management
approach, enabling precise planning, execution, and monitoring of projects. These
models provide a quantitative basis for decision-making, allowing project managers
to optimize resource allocation, forecast potential issues, and measure project
performance accurately. By incorporating Al and machine learning techniques, these
models can adapt to changing conditions and provide real-time insights, making
them indispensable tools for managing innovative projects.

To formalize the syncretic management process of innovative projects using Al,
the following mathematical approaches can be used.

Let’s look on the Core Components of Mathematical Syncretic Management
Models

Optimization Model.

The optimization goal is to maximize the efficiency indicator E, which can be
expressed through various project parameters:

Max E=f(X,R, T, C),

where X — completed tasks, R — resources, T —time, C — costs.
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Risk Management Model.
The model can use probabilistic analysis methods to assess risks:

Npg.
P(R) =",

where P(Ri) — the probability of risk Ri, Nri — number of risk Ri occurrences, N —
total number of analysed cases.

Prediction Model Using Al.

Using machine learning to predict key project indicators.

Y = W-X+Db,

where Y — predicted performance indicators, X — input data (influencing factors),
W — model weights, b — bias.

The integration of mathematical models in syncretic management provides a
powerful framework for managing innovative projects. These models enable precise
planning, efficient resource allocation, effective risk management, and real-time
performance monitoring, ensuring that projects are executed successfully in a
dynamic and complex environment. As the field of Al continues to evolve, the role
of mathematical models in project management will become increasingly significant,
offering new opportunities for innovation and excellence.

Conclusion

The framework model of syncretic management of innovative projects,
incorporating Al technologies, offers a holistic and dynamic approach to project
management. By integrating clear goal-setting, adaptive lifecycle management, and
robust risk and resource optimization, this model ensures a comprehensive strategy
for addressing the complexities of modern projects.

Key to this framework is the seamless integration of Al technologies at various
project stages, enhancing automation, predictive analytics, and decision-making
capabilities. This not only optimizes resource allocation but also significantly
improves risk management through advanced predictive models.

Ethical and legal considerations are embedded within the framework, ensuring
that Al applications are transparent, accountable, and compliant with evolving
standards. This focus on ethical Al use underscores the importance of responsible
innovation, fostering trust and sustainability in Al-driven projects.

Effective communication and collaboration tools are emphasized to engage all
stakeholders, ensuring a cohesive and cooperative project environment. This
collaborative approach leverages interdisciplinary expertise, enhancing the
innovative capacity of project teams.

Mathematical models support the framework by providing formalized methods
for optimization, risk management, and performance prediction. These models
facilitate data-driven decision-making, further enhancing the effectiveness of project
management practices.

The framework model of syncretic management of innovative projects with Al
integration represents a forward-thinking, adaptable, and ethically responsible
approach. It equips organizations to navigate the rapid advancements in Al, ensuring
project success and sustainability in an era of unprecedented technological growth.
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C. Bymyes, A. IBxo
PAMKOBA MOJIEJIb CHHKPETUYHOI'O MEHE[)KMEHTY IHHOBAIL[IMHUX
IMPOEKTIB

Anoranis. CydacHuit Oi3Hec-maHmmadT BHUMAarae THYYKOCTi, IHHOBAIii Ta
Oe3moraHHoi iHTerpamii pi3HOMaHITHHX HiAXOAiB. TpagWmifHUM MeTonaM yHpaBIiHHS
NPOEKTAMH YacTO BAXKKO aJANTyBaTHCS O LBOTO JHHAMIYHOTO cepenoBuma. Ll crarts
NPEACTABIsIE PAMKOBY MOJENb CHHKPETHYHOTO MEHEDKMEHTY MUl 1HHOBAiHHHUX
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FORECASTING THE DESIGN MAXIMA WATER DISCHARGES
OF FLOODS ON THE LATORICA RIVER ACCORDING TO
THE DATA OF THE MUKACHEVO GAUGING STATION
USING PLOTTING POSITION FORMULAS

Abstract. This article presents the results of forecasting design maxima discharges
on the Latorica River within Mukachevo town based on hydrological observation
data at the “Mukachevo” gauging station using plotting position formulas. While
solving the task, a novel non-parametric method of forecasting using observation
data is applied. The method includes extrapolating the discrepancy (divergence,
disagreement) between the estimates of the statistical annual probabilities of
exceedance obtained by different plotting position formulas. The task is considered
in the frame of the stationarity hypothesis of the maximum river flow employing a
time series of maximal discharges of the Latorica River observed at the
“Mukachevo” gauging station from 1947 to 1999.
We involved the thirteen plotting position formulas. There was no specific criterion
for choosing them to solve the task. All applied formulas were considered admissible
options, and results obtained after using them — expert judgments reflecting
decision-makers’ predisposition to more cautious or less expensive decision options
in flood management strategies.
The epistemic uncertainty of the different plotting positions was reduced by
employing the Fishburn rule. According to this rule, the significance of various
plotting positions was given by arranging their estimates in descending order of
importance of their values under decision-making. Depending on the selected
significance option assignment of the different plotting position formulas, such rank-
weighted estimates of the design peak discharges (each of them for annual
exceedance probability 1%, 0.5%, and 0.2%) were computed: (1) the rank-weighted
upper bound estimate (sup-estimate) corresponding to the predisposition to more
cautious decision options; (2) the rank-weighted lower bound estimate
(inf-estimate) corresponding to the predisposition to less expensive decision
options. As possible control theoretical alternatives for forecasting design maximal
discharges considered were five parametric probability distributions: 1) the
Kritskyi-Menkel three-parameter gamma distribution; 2) Pearson’s type III
distribution; 3) the Extreme value type I distribution (Gumbell’s type I distribution);
4) the Logarithmic Pearson type Il distribution; and 5) the Two-parameters
logarithmic-normal distribution. The population statistical parameters for these
parametric probability distributions were estimated from the sample statistics by the
method of moments.
Keywords: Annual exceedance probability, design maxima discharge, epistemic
uncertainty, extrapolation, flood, forecasting, observation data, parametric
probability distributions, plotting position formulas, rank-weighted estimates.
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1. Introduction

Riverine floods are among the essential natural hazards threatening human life and
activity in Ukraine. In terms of frequency, area of distribution, and losses, they
outweigh any natural disasters, including storms, earthquakes, heat waves,
landslides, droughts, forest fires, etc. According to national natural hazard statistics
for 1980-2020, floods caused more than 34% of annual natural hazard occurrences
in the country [1]. Floods threaten more than 27 per cent of the country’s territory
and about a third of Ukraine’s population lives in flood-prone areas [1-3].

Most often, disastrous floods occur in the western regions of Ukraine. Namely,
the basins of the Ukrainian Carpathian Rivers form one of the most flood-prone
regions in Europe and the world [4, 5], and disastrous floods in the Tisza, Dniester,
Prut, and Siret Rivers’ basins seem to be common natural phenomena [6].

The region that especially suffers from river floods in Ukraine is Transcarpathia.
The region is located within the south-western slopes and foothills of the Ukrainian
Carpathian Mountains (Fig. 1), which cover around 80% of its area. Transcarpathia
has the densest river network in Ukraine. According to [4, 7-9], the region has the
highest risk of catastrophic floods in Ukraine.
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Fig. 1. Topographical sketch of Transcarpathia Digital Elevation model: SRTM 1 arc sec
(https://ta.cr.usgs.gov/SRTM1Arc) (Taken from [10])

One of the most destructive floods in Ukrainian Transcarpathia, which caused
significant damage to the region, occurred in November 1998 [4, 11]. The snowmelt
and rain by origin flood exceeded all previous floods in this region in water level
height rise and consequences of flooding. Because of the snow-melting and intensive
rains, the Tisza, Tereblya, Teresva, Uzh, Borzhava, Latorica and other rivers burst
their banks, flooding almost 120 settlements. Nearly 350,000 people, around a third
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of the region’s population, were in the disaster zone. In particular, the town of
Mukachevo (Fig. 2), through which the Latorica River flows (Fig. 3), was seriously
affected too. Almost 80 per cent of the town territory was submerged. As you can
see below in the photo, Fig. 4(a), the water level rose to the bridge in the town centre.
The level continued to grow. In a matter of hours, Latorica, which divides the town
into two halves, left its banks.

Fig. 2. View the Mukachevo town and Latorica River from the Palanok Castle, May 2012
(Author’s photo)

Fig. 3. River Latorica, May 2012. Right — Monument to victims of the flood “1998. Year of
trouble and trials” (Author’s photo)

Heavy floods on Latorica, which threaten the town of Mukachevo, with more
than 85,000 inhabitants, occur almost annually (See, for example, Fig. 4(b)) [8, 9, 12].
The Latorica and Uzh Rivers form the so-called Transcarpathian Sub-river Basin
Area characterised by heavy floods. Around 1.2 million people live within this area,
where climate-soil conditions of the lowland favour the development of agriculture
[13]. They live under constant flood threat. Today, the region’s only physical
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protection against floods is provided with dikes and levees [14], not all of which
stand in condition to correspond to realities and modern requirements. In particular,
in [14], there is no information on design discharges for many of these structures, for
example, for the dikes on Latorica within Mukachevo (See Table 1).

Y Rt o S o)

Fig. 4. Flooding cases in Mukachevo: (a) November 1998 (https://www.mukachevo.net/
ua/news/view/186143); (b) May 2019 (https://www.rbc.ua/ukr/styler/zhutkoe-navodnenie-
zakarpate-pokazali-vyso-ty-1558682813.html)

Table 1. Dikes within Ukraine in the Latorica River (Taken from [14])

No. Dike name Locality | Length | e | agp2 | ces?
name (m)
1 | Right bank dike Latorica river | Vinkovo 27,840 | 1939 | 5% M
2 | Left bank dike Latorica river Solomonovo | 21,900 | 1967 1% B
3 | Left bank dike Latorica river Chomonyn | 20,900 | 1939 | 5% M
4 | Right bank dike Latorica river ialad - 17,600 | 1967 1% B
omarivtsi
Left bank dike Latorica river
5 | (from the Sadova-Monastery | Mukachevo | 6,855 ? ? M
Bridge to railway bridge)
Left bank dike Latorica river
6 | (from the railway bridge to the | Mukachevo | 6,855 ? ? M
road bridge)
Right bank dike Latorica river
7 | (from the Sadova-Monastery | Mukachevo | 5,013 ? ? M
Bridge)
8 | Left bank dike Latorica river Bystrytsa 2,450 | 1948 | 5% M
9 | Right bank dike Latorica river | Kolchyno 1,600 | 1936 | 5% M

LYFO - Year of function into operation
2AEP — Annual Exceedance Probability (year, %) of design peak discharge of flood
3CCS — Current Condition Status: G — good, M — moderate, B — bad
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As of 2010, there were eight hydrological gauging stations (HS) in the Latorica
basin [15], four of them — on the Latorica River: in Pidpolozzia, Svaliava,
Mukachevo, and Chop. In the HS “Pidpolozzia” and “Mukachevo”, hydrological
observations of peak discharges of floods have been carried out since 1947; in the
HS “Chop” — since 1957, and in the HS “Svaliava” — since 1962. However, the
hydrological risks relating to floods on the Latorica River have not been explored
enough within Ukraine.

2. The case study and the purpose of this paper

Latorica is a river belonging to the watershed of the Danube. It is one of the longest
rivers in the Transcarpathians. The Latorica River flows from Ukraine into Slovakia,
confluences with the Ondava River in Zemplin, within Slovakia, and gives rise to
the Bodrog River, itself a tributary of the Tisza River, which flows into the Danube
River. The total length of the Latorica River is around 190 km. The river flows about
156 km within Ukrainian territory, the rest — in Slovakia. Its source is in the
Ukrainian Carpathians (Eastern Carpathian Mountains), near the Latirka village, at
an altitude of about 800 m. The total river drop is 703 m, and the average slope is
3.7%o [15, 16]. It flows the Svaliava, Mukachevo, Solomonovo, and Chop towns in
Ukraine, and the Velké Kapusany town — in Slovakia. Its basin size is around
7,740 km?,

Latorica forms a unique landscape of oxbow lakes, soft and hardwood
floodplain forests, grasslands, and meadows. The river valley is an important
migration corridor supporting the natural biodiversity, a habitat for rare and
threatened bird species, including other endemic species' biodiversity hotspots,
particularly, indigenous fish species [10, 17]. The Latorica River is also applied to
meet different water needs — in drinking and industrial water supply, irrigation,
recreation, fish farming etc [16].

The nature of Latorica along its flow is very variable. From its source to the town
of Svalyava, the river is a mountainous character. In Mukachevo, Latorica turns into
a slow-flowing river. They say Mukachevo owes its origins to the river. In ancient
times, there was a big mill on Latorica. Initially, the town was mainly developing on
the left bank of the river. Today, Latorica divides Mukachevo on the right bank part
(the central part) and the left bank part. The town is protected by three dikes, totalling
18,723 m (See above Table 1). However, we do not know how reliable these
structures are and against which floods they can protect the town’s residents. Also,
we are unaware of what design discharges of floods should be discussed to
reconstruct the dikes.

This study's purpose was to discover the epistemic uncertainty in forecasting
design maxima discharges of the Latorica River using observation data to open the
discussion regarding the reconstruction of the flood-protected dikes in Muchachevo.
The article presents the preliminary results of forecasting design maxima discharges
in the Latorica River within Mukachevo town based on hydrological observation
data at the “Mukachevo” gauging station using plotting position formulas.
Considered were thirteen plotting position formulas. In order to minimise the
epistemic uncertainty of the plotting positions’ options, the Fishburn rule was used.
Depending on the selected significance option assignment of the different plotting
position formulas, such rank-weighted estimates of the design peak discharges (each
of them for annual exceedance probability 1%, 0.5%, and 0.2%) were computed:
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(1) the rank-weighted upper bound estimate (sup-estimate) corresponding to the
predisposition to more cautious decision options; (2) the rank-weighted lower bound
estimate (inf-estimate) corresponding to the predisposition to less expensive decision
options.

3. Data, materials, assumptions, and techniques used in the study

The study employs a fragment of the time series of maximal discharges of the
Latorica River, which were observed at the hydrological station (HS)
“Mukachevo” from 1947 to 1999 (Fig. 5). The data were taken from the
Hydrological Yearbooks [18].

The data sample length is 53 years. The maximum observed peak discharge value
within the data sample is 1630 m?s (in 1980), and the minimum value is 114 m¥/s
(in 1961). Four outliers of peak discharges that exceeded 827 m®/s (in 1968) were
observed: 1480 m3/s in 1957, 1630 m3/s in 1980, 1300 mS/s in 1981, and 1310 m®/s
in 1998. The mean peak discharge within the data sample is 525 m¥s; the sample
standard deviation — of 326 m%s. The coefficient of variation of the time series C,

is 0.62, the skewness Cg is 1.62, and the C4/C,, is 2.60.
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Fig. 5. Time series of annual maximum water discharges, the Latorica River, the
“Mukachevo” gauging station, the data sample of 1947-1999

We used two well-known flood frequency analysis techniques to discover the
epistemic uncertainty in forecasting design water discharges based on observational
data. The first technique is parametric by applying probability distribution functions.
The second technique is non-parametric by using plotting position formulas. Two
assumptions were applied. The first was a true (the best, an optimal etc) discharge
maxima probability distribution would remain unknown [19]. The second was that
choosing a plotting position formula among possible options to examine the
adequacy of alternative parametric probability distributions can be arbitrary [20].

Admittedly, various parametric probability distributions, independently of
techniques of assessing their parameters, can fit observed annual maximum
discharges practically equally [19, 21-23]. Correspondingly, any of them might be
considered a permissible hypothesis for design peak discharge forecasting [22]. In
confirmation of this, let us mention that the national standards of different countries
in the world propose for frequency analysis of maximum peak discharges of floods
to use various probability distribution function types [24, 25]. However, as practice
shows, they can forecast nonsimilar peak discharges with a chosen annual
exceedance probability. The same forecasted discharge can have different values of
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exceedance probabilities depending on the distributions used [21-23]. In turn, similar
to forecasting results using different probability distributions, the results of
calculating empirical probabilities of exceedance observed maxima water discharges
show an increase in the disagreement between the estimates obtained using the
different plotting position formulas in case of more extreme events. So, we have to
consider both a family of parametric distributions and a family plotting position
formulas to shed light on possible estimates and check how substantive the
forecasting uncertainty could be.

In this study, we applied thirteen plotting position formulas (Table 2). They
appear in the hydrological literature most commonly. We arranged them from the
least plot position (Hazen’s formula) for the most observed peak discharge to the
most plot position (according to the Weibull formula).

Table 2. Plotting position formulas used in the study

No Author (year) Formula to calculate P, (1/year)* References
m-0.5 [20, 26, 27,
1 | Hazen (1914) - 29, 30]
] m—0.44 [20, 26, 28,
2 | Gringorten (1963) N3 012 27,29, 30]
m—0.42 .
——— =, Cg4 isskewness
3 | Nguyen et al. (1989) n+03C, +005 S [28, 30]
m-04 [27, 28, 29,
4 | Cunnane (1978) N7 02 30]
m-3/8 [20, 27, 29,
5 | Blom (1954) 14 30]
. -0.35
6 | Hosking (1990) m - [28, 30]
m-1/3
7 | Tukey (1962) 13 [27, 29, 30]
| m—0.02C5 —0.32 )
8 | Goel (1993) n—0.04C +0.36 [28, 30]
m—0.3175 [20, 26, 27,
9 | Beard (1945) 17 0.365 29, 30]
_ m—0.32
10 | Kimetal. (2012) n+00149C° —0.1364C, +03225 | 12830
m-0.3
11 | Chegodaev (1965) 204 [27, 30]
. m—-0.25
12 | Adamowski (1985) 05 [27, 29, 30]
. m [20, 26, 27,
13 | Weibull (1939) 1 28,29, 30]
“ P, is the empirical exceedance probability of the m-th order observed value, m is the rank

of the value, where the highest one being “1”, and n is the number of observed statistics.
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As possible theoretical alternatives for forecasting design peak discharges of 1%,
0.5%, and 0.2% annual exceedance probabilities considered were five parametric
probability distributions: 1) the Kritskyi-Menkel three-parameter gamma
distribution (KM3) (C,, =0.62, C4 =3C, ); 2) Pearson’s type IlI distribution (P3)

(Cg = 1.62); 3) the Extreme value type I (Gumbell’s type I) distribution (EV1);
4) the Logarithmic Pearson type Il1 distribution (LP3) (C4 =-0.11); and 5) the Two-
parameters log-normal distribution (LN2). Results of forecasting are shown below

in Fig. 6 and Table 3. Fig. 6 also shows Weibull’s and Hazen’s plot positions for
observed peak discharges.
3000
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Fig. 6. Alternative parametric probability distributions of annual maxima discharges of the
Latorica River, the HS “Mukachevo”, the data sample of 1947-1999; P and P, are forecasted
and empirical annual exceedance probabilities

Table 3. Results of alternative forecasting the design maxima discharges of 1%,
0.5%, and 0.2% annual exceedance probabilities for the Latorica River, the HS
“Mukachevo”, using parametric probability distributions

Probability distribution P_(Lyear, )
0.2 0.5 1.0
Two-parameters log-normal distribution (LN2) 2462 | 2056 | 1772
Logarithmic Pearson type I11 distribution (LP3) 2274 | 1933 | 1688
Kritskyi-Menkel’s three-parameter gamma distribution (KM3) | 2232 | 1897 | 1657
Pearson’s type III distribution (P3) 2091 | 1831 | 1634
Gumbell’s type I distribution (EV1) 1959 | 1725 | 1548

The population statistical parameters for the alternative parametric probability
distributions KM3, P3, EV1, LP3, and LN2 (Fig. 6) were estimated from the sample
statistics by the moments’ method by equating the sample characteristics to the
population parameters.
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4. The forecasting method used in the study
4.1. Some preliminary remarks about the method being used

While solving the task, a novel non-parametric method of forecasting based on
observation data was applied, which was the author’s development [30, 31]. This
method includes extrapolating the discrepancy (divergence, disagreement) between
the estimates of the statistical annual probabilities of exceedance obtained using
different plotting position formulas.

Previous research [30, 31] discovered that different plotting position formulas
provide similar results for high probable events with return periods T, = of 5 years

and less or the annual exceedance probabilities P, of 20% and more, where
T n=1/B,, or T. =100/R, if B, is calculated as percentages. However, the

r,m
disagreement between probabilities tends to increase while enlarging the modelling
horizon towards low probable (more extreme) events. The same conclusion relates
to alternative parametric probability distributions (See above Fig. 6).

As a disagreement metric between empirical probabilities obtained using
different plotting position formulas, proposed indicator d ,, , namely:

P T
dm: m,1 ,or dm:ﬂ,iij’ (1)
I:)m,j r,m,i

where B,; and P, ;are the empirical annual exceedance probabilities (plot
T

r.m,j are return periods of the observed maximal discharges,

positions), and T,

,m,i?
calculated using the i-th and j-th counterparty plotting position formulas, which
provide B> B, T i < T, and d,>1, m is arank of a maxima water

m,j* tr,mii r,m,j?
discharge value where the highest one has the rank m = 1.

In the next step [30, 31], we have studied the possibility of modelling such kind
of regression dependencies relating to the disagreement indicator d, : (1) between

the return periods T, T, calculated using i -th and j -th counterparty plotting

r,m,j

position formulas and the indicator d ., d.;="f(T ;). dy;=FT 0

,m,i?

(2) between the observed peak discharges Q,, and the indicator d,, d,, = f(Q,,)-
Thus, by estimating the indicator d,, and building the before-mentioned regressions,
we can make forecasting by applying extrapolation.

4.2. Applying the Fishburn rule to reduce the epistemic uncertainty of using
various plotting position formulas

In the study, the results of using different plotting position formulas are considered
expert judgments, which may have different importance in decision-making [30, 31].
For instance, Weibull’s plotting positions may contribute to choosing more cautious
decision options among alternative flood management strategies. However, such
options can be associated with increasing capital costs. Hazen’s plotting position
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estimates may contribute to choosing cheaper decision options, but the risk of flood
losses increases.

Thus, when making decisions, we can consider different plotting position
formulas as indicators of the predisposition to more cautious or less expensive
decision options. In other words, various plotting position estimates obtained using
different plotting position formulas can acquire their weight level in a system of
indicators’ importance under the decision-making process [30, 31].

In the method, the corresponding “weights” w; for the i-th plotting position

estimates P, ; i =1 k according to the Fishburn rule [32, 33] will be:

W, = 2(k |+1), @
(k+1)-k

where i is the rank of the i-th plotting position estimate obtained using the i-th
formula taking into account the level of the formula importance; the highest estimate
gets the rank i =1 when there is a predisposition to more cautious options, and vice-
versa, when there is a predisposition to options with lower capital costs, the smallest
one has the rank i = 1; k is the total number of the ranked-set plotting position
estimates (formulas) (k =13, See Table 2).

Accordingly, depending on the selected significance option of the different
plotting position formulas the rank-weighted estimate of the plotting position
probability

Kk
I:)m,w = z I:)m,i ‘Wi, (3)

i=1
where m is the rank of the observed peak water discharge Q.

5. Results of the study

For the total number of the used expert estimates (formulas) k = 13, the following
weights of the i-th different plotting position estimates (formulas) were obtained
depending on their rank of importance: (i =1, w; = 0.143); (2, 0.132); (3, 0.121);
(4, 0.110); (5, 0.099); (6, 0.088); (7, 0.077); (8, 0.066); (9, 0.055); (10, 0.044);
(11, 0.033); (12, 0.022); (i = 13, w;; = 0.011). Depending on the selected
significance option of the different plotting position formulas, the Fishburn rule
enabled us to get two rank-weighted estimates for the considered annual plotting

position probabilities B, : the rank-weighted upper bound estimates (sup) psuP.

m,w !
the rank-weighted lower bound estimates (inf) Pr;]“\j, Accordingly, for the Latorica

River, the HS “Mukachevo”, two grades for each possible rank-weighted estimate
of the maxima discharges of 1%, 0.5%, and 0.2% annual exceedance probability
using the non-parametric method have been forecasted: the lower bound (“inf”’) and
the upper bound (“sup”) estimates of design peak discharges. The results are
presented in Tables 4-6 and Figures 7, 8.
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Table 4 presents empirical exceedance probabilities P, of the m-th order
observed peak discharges of the Latorica River, the HS ‘“Mukachevo”, the data
sample of 1947-1999, m =18, depending on the different plotting position formulas.

Table 5 shows estimates P&, Piv of B, the indicator d,, = P3P/ Py, and the

m,w ! m,w ! mw 1
return periods TS aP = 100/ P, T, =100/ Py, .

Table 4. Exceedance probabilities P, for the observed peak discharges with ranks
m=18 depending on the different plotting position formulas

0, — 3

. E(I):ﬁ:gg 1 : P, (lg/year, /04) m—];8, QmG(m /s) : 8

formula

(author) 1630 | 1480 | 1310 | 1300 | 827 | 813 | 794 | 788
1 | Hazen 094 | 283 | 472 | 6.60 | 849 | 10.38 | 12.26 | 14.15
2 | Gringorten 105 | 294 | 482 | 6.70 | 858 | 10.47 | 12.35 | 14.23
3 | Nguyenetal. 1.08 | 295 | 482 | 6.69 | 856 | 10.42 | 12.29 | 14.16
4 | Cunnane 113 | 301 | 489 | 6.77 | 8.65 | 10.53 | 12.41 | 14.29
5 | Blom 117 | 3.05 | 493 | 6.81 | 8.69 | 10.56 | 12.44 | 14.32
6 | Hosking 123 | 311 | 5.00 | 6.89 | 877 | 10.66 | 12.55 | 14.43
7 | Tukey 125 | 3.13 | 500 | 6.88 | 8.75 | 10.63 | 12.50 | 14.38
8 | Goel 122 | 3.09 | 497 | 6.84 | 8.72 | 10.60 | 12.47 | 14.35
9 | Beard 128 | 3.15 | 5.03 | 6.90 | 8.77 | 10.65 | 12.52 | 14.40
10 | Kimetal. 128 | 3.16 | 504 | 6.92 | 881 | 10.69 | 12.57 | 14.45
11 | Chegodaev 131 | 3.18 | 5.06 | 6.93 | 880 | 10.67 | 12.55 | 14.42
12 | Adamowski 140 | 327 | 514 | 7.01 | 8.88 | 10.75 | 12.62 | 14.49
13 | Weibull 185 | 3.70 | 556 | 741 | 9.26 | 11.11 | 12.96 | 14.81

Table 5. The estimates Py, Poy,, do, TP, T depending on the m-th order’s
peak discharges

Observed peak discharge Q (m?3fs)
Parameters
1630 | 1480 | 1310 | 1300 | 827 | 813 | 794 | 788

m 1 2 3 4 5 6 7 8
P (%) 1,34 | 322 | 509 | 69 | 883 | 10,71 | 12,58 | 14,45
P, (%) 115 | 303 | 491 | 6,78 | 866 | 10,54 | 12,42 | 14,30
d, 1,168 | 1,062 | 1,037 | 1,026 | 1,020 | 1,016 | 1,013 | 1,011
To0 (years) 74 31 20 14 11 9 8 7

inf
T (years) 87 33 20 15 12 9 8 7
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Fig. 7 and Table 6 present the results of forecasting the peak discharges of 1%,
0.5%, and 0.2% annual exceedance probability for the Latorica River, the HS
“Mukachevo”, carried out according to the data shown in Table 5.
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Fig. 7. Forecasting the peak discharges of 1%, 0.5%, and 0.2% annual exceedance probability
for the Latorica River, the HS “Mukachevo”, by extrapolating the regressions

i = F(T i) dm,j = f(Tr’m’j) (a), and the regression d,, = f(Q,,) (b)

Table 6. The results of forecasting the peak discharges of 1%, 0.5%, and 0.2% annual
exceedance probability for the Latorica River, the HS “Mukachevo”

P T =100.-p? Design maxima discharge Q (m?%/s) :
.
(1/year, %) (years) estimate “inf” estimate “sup”
1 100 1650 1690
0.5 200 1805 1915
0.2 500 2108 2510

Finally, Fig. 8 shows the visualisation of the forecasted peak discharges (Table 6)
obtained using the discussed non-parametric method in comparison with the plots
giving the chosen alternative parametric probability distributions.
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Fig. 8. The visualisation of the forecasted peak discharges (estimates “inf” and “sup”) of 1%,
0.5%, and 0.2% annual exceedance probability for the Latorica River, the HS “Mukachevo”,
obtained using the discussed method in comparison with plots of the chosen alternative
parametric probability distributions

In the considered case (the Latorica River, the HS “Mukachevo”), it should be
noted the nice goodness of fit of the lower bound (“inf”) estimates of the forecasted
peak discharges of 1%, 0.5%, and 0.2% annual exceedance probability obtained by
applying the non-parametric method to the proper forecasts by the Pearson type Il
distribution (P3). We have 1650 m?/s, 1805, and 2108 m?/s (See Table 6) opposite
to 1634 m¥s, 1831, and 2091 m3/s (See Table 3). The estimates differ by 1.0, 1.45,
and 0.82%. The upper bound (“sup”) estimates of the 1%, 0.5% exceedance
probability peak discharges forecasted by applying the non-parametric method
correspond better to the Logarithmic Pearson type I distribution (LP3). We have
1690 opposite 1688 m*/s and 1915 opposite 1933 m?/s. The estimates differ by 0.14
and 0.94%. However, the upper bound (“sup”) estimate of the 0.2% exceedance
probability peak discharge forecasted by applying the non-parametric method
corresponds better to the Two-parameters logarithmic-normal distribution (LN2).
We have 2510 opposite 2462 m3/s. The estimates differ by 1.95%.

6. Some discussion remarks

There are a lot of parametric probability distributions to forecast peak discharges of
floods based on observation data [19, 24, 25], including proper technigues to assess
the distribution parameters [23]. As practice shows, different probability
distributions can forecast various peak discharges of a chosen annual exceedance
probability [19, 21-25]. Accordingly, depending on the chosen distributions, the
same forecasted peak discharge can have different exceedance probabilities.

Moreover, we can apply different plotting position formulas to fit parametric
probability distributions with the observed data (Table 2). The issue is the choice of
an unbiased empirical formula to plot the observed data [20]. Any plotting position
formula can be an option for fitting parametric probability distributions.

This is because there are two basic kinds of uncertainty relating to hydrological
forecasting: natural (or stochastic) and epistemic (non-stochastic or model)
uncertainty. The stochastic uncertainty relates to the issue that available data are
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always insufficient to define the probabilities of extreme events more precisely,
independently of the forecasting way — parametric one by applying probability
distributions or non-parametric one — based on plotting position formulas. In
addition, the epistemic uncertainty related to the incomplete knowledge about the
river runoff phenomenon [19] will remain a serious challenge despite the data
volumes, their variety, veracity and monitoring scopes [32].

Possibly, just the multi-model approach to forecasting by applying alternative
techniques and probabilistic models will promote revealing epistemic uncertainty of
peak discharges' forecasts. At least, considering both a family of parametric
distributions and a family of plotting position formulas can shed light on the spread
of estimates to check how substantive the forecasting uncertainty could be in various
cases. Based on a multi-model approach, the non-parametric, numerically analytical
method, which is based on extrapolating the discrepancy (divergence, disagreement)
between the estimates of the statistical annual exceedance probabilities obtained by
applying different plotting position formulas, might improve forecasting of peak
discharges of floods using observed data. It is also worth noting, in terms of forecast
quality and accuracy, the estimates of the design peak discharges of the Latorica
River, the HS “Mukachevo”, obtained by applying the non-parametric technique, do
not principally differ from similar estimates obtained using the selected parametric
probability distributions.

Conclusions

1. Some preliminary results of forecasting design peak discharges of floods of the
Latorica River, the “Mukachevo” gauging station are presented. While solving the
task, a novel non-parametric technique of forecasting based on observation data was
applied, which is based on extrapolating the discrepancy (divergence, disagreement)
between the statistical annual exceedance probabilities obtained using plotting
position formulas. The task was considered in the frame of the stationarity hypothesis
of the maximum river flow employing a time series of maximal discharges of the
Latorica River observed at the “Mukachevo” gauging station from 1947 to 1999.

2. The main purpose of this study was to discover the epistemic uncertainty in
forecasting design discharges of the Latorica River using observation data to open
the discussion relating to the reconstruction of the flood-protected dikes in
Muchachevo, the Transcarpathia region. Depending on the selected significance
option of the applying plotting position formulas, two rank-weighted estimates of
the design peak discharges (each of them for annual exceedance probability 1%,
0.5%, and 0.2%) were computed: (1) the rank-weighted upper bound estimates (sup-
estimates) corresponding to the predisposition to more cautious decision options;
(2) the rank-weighted lower bound estimates (inf-estimates) corresponding to the
predisposition to less expensive decision options. As possible control theoretical
alternatives for forecasting design maximal discharges considered were five
parametric probability distributions: 1) the Kritskyi-Menkel three-parameter gamma
distribution; 2) Pearson’s type III distribution; 3) the Extreme value type
| distribution (Gumbell’s type I distribution); 4) the Logarithmic Pearson type
111 distribution; and 5) the Two-parameters logarithmic-normal distribution.

3. Among the practically significant results of the study, the following ones
should be highlighted. There was revealed nice goodness of fit of the lower bound
(“inf”) estimates of the forecasted peak discharges of 1%, 0.5%, and 0.2% annual
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exceedance probability obtained by applying the non-parametric method to the
proper forecasts by the Pearson type Il distribution (P3), namely: the discharges of
1650 m®/s, 1805, and 2108 m®/s opposite to the discharges of 1634 m?¥s, 1831, and
2091 m¥/s. The estimates differ by 1.0, 1.45, and 0.82%. The upper bound (“sup”)
estimates of the 1%, 0.5% exceedance probability peak discharges forecasted by
applying the non-parametric method correspond better to the Logarithmic Pearson
type 11 distribution (LP3). The estimates are 1690 m3/s opposite 1688 m®/s and
1915 m®/s opposite 1933 m?/s and differ by 0.14, 0.94%, correspondingly. Finally,
the upper bound (“sup”) estimate of the 0.2% exceedance probability peak discharge
forecasted by applying the non-parametric method corresponds better to the Two-
parameters logarithmic-normal distribution (LN2): 2510 m®s opposite 2462 m?/s.
The estimates differ by 1.95%.
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A.B. Crepanumun

MNPOI'HO3YBAHHSI PO3PAXYHKOBUX MAKCHUMAJIBHUX BUTPAT BOIAU
MABOJKIB HA PIULI JATOPUILISI 3A JAHUMMU T'TAPOJIOTITYHOI'O IMMOCTA
«MYKAYEBO» 3 BAKOPUCTAHHSM ®OPMY.JI EMIIPHYHOI KMOBIPHOCTI

AHoTanig. VY crarTi HaBEJEHO pPE3YJbTaTH MPOTHO3YBAHHS PO3PAXyHKOBHX
MaKCHUMaJIbHUX BHUTpaT BOJM IaBOAKIB Ha piumi Jlaropuns B MmMexxax M. MykadeBo 3
BUKOPHUCTaHHAM (popMyI eMIipHYHOT HIMOBIPHOCTI 32 JAHUMH T'iJIPOJIOTTYHHUX CIIOCTEPEIKEHD
Ha TigpoJoriyaoMy nocty «MykadeBoy». [Ipu BupilIeHHI mocTaBieHOT 3a1a4i 3aCTOCOBAHO
HOBUI HemapaMeTPUYHUH METOJ] NPOTHO3yBaHHA 3a JaHUMH CIIOCTEpeKeHb. Meron
IPYHTYETBCS. Ha EKCTpaNoJisilii pPO30DKHOCTI MK CTaTHCTHYHMMH OLIHKaMM pIYHHX
HMOBIpHOCTEW MEPEBUIEHHS MIKOBHX BHUTPAT BOAM, OTPHMAHMMH 3a JIOTIOMOTOI0 Pi3HUX
(dhopmyn eMIipuaHOT HIMOBIpHOCTI. 3aBAaHHS JOCIIIKEHb PO3TIIIAETHCS B MEXaX TIMOTE3U
CTaIliOHAPHOCTI MAaKCHMAJIBHOTO CTOKY pPIYKH 3 BHUKOPHUCTAHHAM pAOy MAAaHUX IIOAO
MaKCHMaJIbHUX BUTpaT Piukd JIaTopwils, CHOCTEPEKEHHX Ha TiAPOnocTy «MykadeBo» 3
1947 o 1999 pik.

Bceboro Oyno BHUKOPHCTAHO TPHHAALATE (GOpMyN emmipudHOoi HMoBipHOCTI. Bubip
¢dopmyn OyB NOBUIBHMM. YCi 3aCTOCOBaHI B JIOCHIPKEHHI (POPMYJIM PO3IIISANUCS SIK
JOIYCTUMI ajJbTEPHAaTHBU OLIHIOBAHHS EMIIPUYHMX IMOBIpDHOCTEl NEpeBUILCHHS
CIOCTEPEKEHUX BUTPAT, @ OTPUMaHI 3a IX JONMOMOI0I0 Pe3yJbTaTH — K €KCIEPTHI OLIHKH,
SKi BiOOpa)kalOTh CXWJIBHICTh HOCIIB pIIEHHS INpH po3poOLi cTparerii ynpasiiHHS
MTOBEHSIMU JI0 OUITBIIT 00CPEKHUX, ayie OLIBII BAPTICHUX, 00 JJO MCHII BapTiCHUX, ajic OLIbIIT
PU3MKOBaHUX BapiaHTIiB PillICHb.
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Jlis 3MCHIICHHS CMiCTeMIYHOI HEBM3HAYCHOCTI OILIHOK EMIIPUYHUX HMOBIpHOCTEH
MIEPEBHIICHHS eKCTPEMaJIbHUX BUTPAT, OTPUMAaHMX 3a Pi3HUMHU eMIipUYHUMH popMynamu,
BHKOpHUCTOBYBasiocs mpaBwio dimbeprHa. 3rigHO 3 UM MPaBAIOM piBEHb 3HAYYIIOCTI
OLIIHOK eMIIpHYHUX HMOBIPHOCTEH IIEPEBHILICHHS eKCTPEMaIbHUX BUTPAT BOAH, OTPHMAaHUX
3a pi3HUMH (QOPMYyJIaMHU EeMITipHYHOi WMOBIPHOCTI, BCTaHOBIIOBABCS iX PAaH)KyBaHHAM B
MOPSAKY 3MEHIICHHS BaXXMBOCTI IX 3HAYEHHS NPH TPHHHATTI pilleHHs. 3aJeXKHO Bif
BHOpAHOTO BapiaHTy MOBEIIHKM HOCIS PINICHHS IIOAO 3HAYYIIOCTI EMITIPHYHHUX OIIHOK,
OTPUMAHUX 32 PiI3HUMH (POPMYIAMHU EMITipHIHOT HMOBIPHOCTI, OyJI0 OOYICICHO HACTYIIHI,
«3BaXKEH1» 32 PAHTOM, OLIIHKH PO3paxyHKOBUX ITIKOBHUX BUTPAT (LIOPIYHUMH HMOBIPHOCTSIMU
nepesuiieHHs 1%, 0,5% ta 0,2%): (1) 3BaxkeH1 OLIHKY AJIs1 BEPXHBOI MeXi (SUP-OLIIHKH), 1110
MOXYTbh BIAIIOBIJATH CXMJIBHOCTI HOCISI pillIeHHs A0 OUIbII 00EpeXHUX BapiaHTIB PillICHb;
(2) 3BakeHi OLIHKHU IS HIDKHBOT MexKi (inf-OIiHKH), 110 MOKYTh BIAMOBIIATH CXUIBHOCTI
HOCIS pillIEHHs 10 MEHII BapTICHUX, aje OlIbIl pU3MKOBAHUX BapiaHTIB pillleHb B CTPATETIsNX
VIPaBIiHHSA TMOBCHAMH. B SKOCTI MOMIHMBHX TEOPETUYHHMX AIBTCPHATUB, SKi MOXYTh
BUKOPUCTOBYBATUCS IJIsl IPOTHO3YBAaHHSA PO3PaxXyHKOBHX 3HaYCHb MAKCHMAaJbHHX BHUTPAT
BOJIH, PO3IIIATANINCS I'ATh napaMeTpUYHHX po3moniniB HMOBipHOCTEH:
1) tproxmapamerpuunuii ramma-po3noain Kpunskoro-Menkens; 2) po3mnoain [lipcona 111
Tumy; 3) ekcTpeManbHuid po3mnonain I tumy (posmoxin I Tumy I'ymbens); 4) morapudmigHuiz
posnoxin [lipcona III tumy; 5) qBOXMapaMeTpHIHUI ToTapUPMITHO-HOPMAITEHIH PO3MOILIL.
CratucTuuHI IapaMeTpu CYKYHNHOCTI Uil BHOpaHMX IapaMeTpUYHHMX PO3MOJiIIB
HMOBIPHOCTI OLIIHIOBAJIKCS 32 BUOIPKOBOIO CTATUCTUKOIO METOJIOM MOMEHTIB.

Kuarouosi ciaoBa: Il[opiuHa HMOBIpHICTh MEPEBUIICHHS, PO3PaXyHKOBA MaKCHMallbHA
BUTpAaTa BOJH, CMICTEMiYHA HEBU3HAYCHICTh, CKCTPAIOJIALLIS, TIOBIHb, IPOTHO3YBaHHS, JaHi
CIOCTEpEeKEHb, TApaMETPHYHI PO3MOALIN HMOBIPHOCTI, (POPMYJIH eMITipUYHOT HMOBIPHOCTI,
«3BaXKEH1» OI[IHKH.
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INFORMATION AND ANALYTICAL SYSTEM FOR RESEARCHING THE
IMPACT OF CRYPTOCURRENCY MINING TOWARDS CO: EMISSIONS

Abstract. The article is dedicated to a current scientific and applied problem — the
development of an information-analytical system for studying the impact of
cryptocurrency mining on CO: emissions. The paper describes a system consisting of
three modules, each of which has its own area of responsibility and functionality,
providing flexibility for the use of various analytical models. The results of this
research were achieved through the application of this system. The Pearson
correlation coefficient for semi-annual data of hashrate and CO: emissions from 2014
to 2023 was calculated to be 0.87, indicating a strong linear relationship. Using Holt's
linear model, it was forecasted that CO: emissions in 2025 will range from 3,895,776
to 5,259,276 tons per day. The proposed information system has a modular structure,
uses data mining methods, and can be applied in other applied fields both
independently and as part of other information-analytical systems as a subsystem.
Keywords: mathematical modelling, data processing, information and analytical
system, CO: emission, cryptocurrency mining, Holt's linear trend model.

O.M. Tepentnes, B.O. lyna
[HCTHTYT TEeNekoMyHiKaiH i TTobanpHOTOo iHpopMariitHoro mpocropy HAHY, m. KuiB, Ykpaina

IH(I)OPMA]_[IIZIHO-AHAJIITI/IIIHA CUCTEMA JJ1AA JOCHIIKEHHSA
BIIVIMBY MAUHIHI'Y KPUIITOBAJIIOT HA BUKUIH CO:

Anomauin. Cmamms npucesyeHa aKkmyaibHili HAYKOBO-NPUKIAOHIU npobremi —
Ppo3pobyi inghopmayilino-aHanimuuHol cucmemu 0 O0CHIONCEHHS 6NAUBY MAUHIHY
kpunmosanom Ha euxkuou CO:. B pobomi onucano cucmemy, KA CKIA0AEMbCA 3
MpbLOX MOOYIIB, KOJNCEH 3 SKUX MA€E BIACHY 001acmb ION08IOATbHOCMI Ma
@yukyionan, wo 3abe3neyye zHYuKicmb 0N BUKOPUCMAHHA DISHUX AHALIMUYHUX
Mmooenell. Pezyrnomamu 0anoeo 00CHIONCEHHS 00CASHYMI 3A805KU 3ACMOCYBAHHIO
oanoi cucmemu. Obuucieno 3uauenus xopensyii Ilipcona onn nigpiuHux OaHux
xewpeumy ma euxkuodige CO: 3a nepiod 3 2014 no 2023 poxu, i eono dopisuioc 0,87,
Wo CioUUmsb Npo HAAGHICMb CUNLHOI JIHIUHOI 3anedcHOCmI. 3 BUKOPUCTNAHHAM
JIHitHOT Modeni Xonbma 6y10 cnpocHo306aHo, wo Kinbkicmov euxudie ¢ 2025 poyi 6yoe
cmanosumu 6i0 3,895,776 0o 5,259,276 m wooob606o. Ilpononosana inghopmayiina
cucmema Mae MOOYIbHY CHMPYKMYPY, SUKOPUCMOBYE MemoOou [HMeNeKmyaIibHO20
AHANIZY OAHUX MA MOJICE 3ACMOCO8Y8AMUCH 8 THULUX NPUKIAOHUX 0ONACMSAX OKPEMO
ma 6 cknaodi iHWUX IHPOPMayitiHO-aHATIMUYHUX CUCTEM SIK niOcUcmema.

Knruosi cnosa: mamemamuune mooenosauts, 06pobka Oanux, IH@OpmayitiHo-
ananimuyna cucmema, eukuou CO:, maiinine Kpunmosanom, mooelns Xoabma 3
JHTUHUM MPEHOOM.
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Beryn

Maiininr kpunroBairor [ 1], Takux sk bitkoitn (Bitcoin) ado Erepiym (Etherium), 3a
OCTaHHE JecATHPIT4s HAOyB HEaOMIKOI MOMYIISIPHOCTI Ta PO3MOBCIOKEHHS Y CBITI.
OpHax 11e TPU3BOAUTH IO TIOSBH MPOOJIEMH €HEPTOCTIOKUBAHHSA, OCKITLKA MalHIHT
KpUNTOBAJIOT, Hacammepen biTkoiHa, mnoTpeOdye B3HAYHHUX OOYMCIIIOBATBHUX
MOTYKHOCTeH. J[7151 BUKOHAHHS BiJTIOBITHUX O0YHCIIeHD, B KpUNTOMepexi biTkoiHa,
BHKOPHCTOBYIOTBCSI CIIEHiaTi30BaHi MPUCTPOI, SIKi CIIOKHMBAIOTH BEIUKY KiJIBKICTh
enekrpoeneprii. lle cnpuumHse 3HauHWE ByriieneBuil ciig [2], ocoOimBO y
BUMAJIKAX, KOJH EJIEKTPOCHEPTisl TeHEPY€ETHCS 3 HEBITHOBIIOBAHUX JDKEPETl, TAKUX
sK Byriuis abo Hadrta. binbricte MaifHIHTOBUX (hepM pO3TaIIOBaHi B perioHax i3
JICIICBOI0 Ta YaCTO HEEKOJIOTIYHOK EJIEKTPOCHEPTIEI0, IO JOAATKOBO 301JIBIIYE
eKoJIoTiuHe HaBaHTaXeHHA. Lle mpu3Beno no pimieHb 3 0OMEXEHHSIMH Ha PiBHI
KpaiHW 9Yd TIOMIYKYy aibTepHaTuB. lIporpecWBHiI Ta BiAMOBigaNbHI MaWHIHTOBI
KOMIIaHil TOYMHAIOTh BHKOPHCTOBYBAaTH BiIHOBJIIOBAHI JDKepena eHeprii, moo
3MEHIIUTH HETaTHMBHUU BIUIMB Ha JOBKULIA. [leski kpainum, Hampukian Kurai,
BBOJATH peryisinii abo 3a00pOHU Il 3SMEHILIEHHS €HEPreTHYHOI0 HABAHTAXKECHHSI.
JochimkeHHs] BIUIMBY MAaWHIHTY KpPHUITOBAIIOT Ha €KOJOrifo moTpedye
BUKOPHUCTaHHS KOMIUIEKCHOT iHpopMalliifHo-aHaITHYHOT cicTeMH [ 3], sika MOBHHHA
3a0e3nevyyBatyu 30ip, 30€pEKEHHs, aHATI3 Ta Bi3yali3allif0 JJaHUX, 10 CTOCYIOThCS
€HEepProCMOKUBaHHS, EKOJIOTIYHUX aclekTiB. Taka iH(opMamiifHO-aHaTiTHIHA
ciucreMa TOBHHHA 3a0e3redyBaTh aBTOMATHYHWU 30ip JaHUX TPO XEIIpeHT
KPHUITOBAJIOT 3 PI3HUX JKEPE, a TAKOK BUAOOYBATH JIaHi PO €HEProCHOKUBaHHS
MaiHIHTOBOro o0OJaJHaHHS, NP0 BapTICTh EIEKTPOEHEPTrii Ta BUKOPUCTAHHS
OpUPOAHUX pecypciB A ii renepauii. s po3yMiHHS €KOJOTIiYHOTO BIUIUBY
00YHCITIOBATH BYTJICIIEBHI CTiJ1 HA OCHOBI 310paHUX TaHUX PO EHEPrOCIOKUBAHHS.
Kpunromepexi BUKOPUCTOBYIOTh pi3HI MeXaHi3MH KOHCEHCycy. MaiiHiHr, abo
Proof-of-Work (PoW), mpamoe Ha ingei, mo mis MiITBEPUKEHHS OJIOKY Ta
OTPHMaHHS HAropoJu MOTPIOHO 3pOOUTH BENWKY KUIBKICTH  OMEparii.
ANbTepHATHBOIO 1HOTO miaxoay € Proof-of-Stake (PoS), sxuii He BUMarae 3Ha4HUX
00YHCITIOBATIbHUX TOTYKHOCTeH. HeoOXifHO nuie BOJIOMITH MEBHOK KUIBKICTIO
MOHET, 1 BiJl iX KiJIBKOCTI 3aJIeKUTh UMOBIPHICTH OyTH OOpaHUM BalliJaTOPOM JIJIst
OTpPUMaHHSI BUHATOPOIM 32 TiITBEPKEHHS TPAH3aKI[ii y KPUIITOMEPEKi.

ITocTaHoBKa 3agaui

MeTo 1BOTO JOCTi/PKEHHS € po3poO0Ka CHUCTeMH I BUBYCHHA MAaHHIHTY
KPHUIITOBAIIOT, 30KkpeMa bitkoiina ta ETepiyma, 3 akiieHTOM Ha HOro e()eKTHBHICTb,
IHCTPYMEHTH, IO BUKOPUCTOBYIOTHCS B IOMY IPOIlECi, a TaKOXX Ha BIUIMB
cnoxuBaHHs enektpoeneprii [4] ta Bukuau CO:. [laHe HOCHIKEHHS CHpSIMOBaHE
HAa CTBOPEHHS CHUCTEMH aHami3y eQeKTHBHOCTI MaWHIHTY 3 TOYKH 30Dy
BUKOPUCTAHHS PECYpCiB, OIIIHKY BapTOCTI €JIEKTPOCHEpPrii, HEOOXiqHOT s
3MIMCHEHHS MAaWHIHTOBHX OIepalliii, Ta BHUBYCHHS EKOJOTIYHUX HACIIJIKIB
nisutbHOCTI MaiiHepiB. OcoOnuBy yBary Oyae MNpUAIIEHO BHBYEHHIO BIUIUBY
BHCOKOTO CIIOXHMBAHHSI €Heprii Ha JOBKULIS 1 PO3TJLYy MOXIMBHX IUISXIB
3MEHILIEHHSI HETaTUBHOTO E(EKTY.

3amada TOCTiIKEHHS ONIATae B HACTYITHUX eTarax:

— Tlomyk iH(MOpPMAIIHUX KEpen Ui BUBAHTAXKCHHS TAaHUX PO XCHIPEHT
BUOOYTKY biTkoiHa, BuKuau CO:2 TOIIO.
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— Po3pobka cucremu mmst 360py Ta 00poOku indopmartii. Po3outTs ii Ha Moyl
3 pi3HEM (DYHKITIOHAJIOM Ta 00JIACTAMU BiIIOBIAIBHOCTI. PO3po0Kka aHaII THYHOTO
MiAMOAYIS U TMiATOTOBKY, HOpMalizamii Ta MepeBipku Ha KOPEKTHICTh 3i10paHux
JAHUX TIepe/T OAAIBIINM aHATI30M.

— CTBOpEHHS METOIIB Ta aJTOPUTMIB IS BHUSBIICHHS 3B S3KiB MK Pi3HUMH
napameTpamu, TAKUMH K XCIIPEHT Ta BYTJICLEBUI CITiI.

— BukopucTaHHS CTaTHCTHYHHX METOMIB Ta MOJENEH I MpPOTHO3YBaHHS
BIUTMBY MaiHIHTY Ha €KOJIOTIIO.

— Ominka piBas BukuniB CO:. Busnauenus piBas BukuiiB COz, MoB's13aHUX 13
CTHOKMBaHHIM €JIEKTPOCHEPTIi I MalHIHTY. AHali3 BIUIMBY CIIOKUBAHHS €HEpTii
Ha BYTJICIEBHUH CITi.

— [Tomryk MOXXJIMBHX PIllIEHb AJIsl 3MEHIICHHS BIUIMBY MalfHIHTy Ha JOBKIJUIA.

— JlocniKeHHsS anbTepHATHBHUX METOJIB MAHHIHTY, SIKi MOXKYTb OyTH MEHII
€Hepro3aTpaTHUMH Ta MalOTh MiHIMaJIbHI HETaTUBHI BIUIMBU Ha €KOJIOT1IO.

AHaJi3 ocTaHHIX J0cCaiTKeHb | myOaikaniii

VY crarti "Cryptocurrency energy consumption: Analysis, global trends and
interaction" [5], 3acTOCOBYIOUYHM KOpPEJSILIHHO-PErPECiiHUI aHai3, JOCITiTHUKA
po3pobmIM MOJENb, SKa BimoOpaxkae 3alexHiCTh MK BuUTpaTamu B IT-cekrtopi,
CHEProCIOKMBaHHAM JIJIs MaliHiHra MOHeT biTkoiHa Ta Etepiyma i rio0aibHOO
KalliTanizalielo puHKy KpUOTOBAIOT. B 1X mocmimkenHi Oyio mporHo3oBaHo, 110
CIIOYKMBAHHS €Heprii s MaiHiHTy biTkoina moxe 30inpmmTucs no 142 TB1rox
Ha pik 10 2026 poKy, a BIUIUB Ha MOBKLUIA BiJ BUA0OYyTKY biTkoina B 2022 porri
craHoBMB IjoHaiimene 27,4 Mian Toud BUKUIIB COx.

KemOpumxcokuii  bitkoitn-innekc cnoxusanHs enextpoeneprii (CBECI —
Cambridge Bitcoin Electricity Consumption Index) [6] € iHCTpYMEHTOM IS OLIIHKH
IIOZIGHHOTO CIIOKMBaHHS €JEKTPOeHeprii Mepexero biTkoiHa Ta MporHo3yBaHHS
LIOPIYHOr0 CIIOKMBAHHS eIeKTpoeHepril. Moro Meromosoris 6asyeTbcss Ha
riOpuHOMY TIIXOJi 3BEpXy BHH3, CIOYATKy po3poOiieHomy Mapkom beBaHmowm,
SIKM BUKOPUCTOBYE KOIIMK PEaIbHOTO 00JaTHAHHS 3 TPUIYIICHHIM, 110 MaliHepH
JIIOTh SK pallioHabHI €KOHOMIYHI areHTH, BUKOPUCTOBYIOUH TiJIbKH MPHOYTKOBE
oOJIaTHAHHS.

VY nocnimxensi "Implications of cryptocurrency energy usage on climate change"
[7] Oyno BcTaHoBIEHO 3B's130K MiX Bukugamu CO: Ta €HEProCroXKMBaHHIM JIJIs
MaitHiary biTkoiHa. Pe3yibpraTy mokasaiy, Mo XempenT Mae HaiOUTb NI BIIJIUB Ha
Bukuau CO: Ta €HeprocoKUBaHHA AJ1s1 HOTO BUIOOYTKY.

TeopeTH4Hi OCHOBHU J0CJIiIKEHHS

Maitninr, abo Proof-of-Work [1], € mporiecom BumoOyTKy Iu(poBOi BaliOTH 3a
JIOTIOMOTOI0 CIIEIiali30BaHOr0 OONIaAHAHHS, IKUH 3A1HCHIOIOTh YYaCHUKH MEpexi
[8]. TMokasuuk ckiaagHocti maiHiary [10] Bu3HauaeThes XempeHToM Mepexi Ta
4acoM, BHTPadeHWM Ha 3HAXOJ/DKEHHs TomnepenHix OnokiB. SIKmo xempenT
301IBLIYETHCS, 1I€ O3HAyae€, IO 10 MANHIHTY KPHUIITOBAIIOTH HPUETHATUCS HOBI
YYaCHMKH, JOJABIIN CBOE OOJajHaHHA A0 Mepexi. Lle mpu3BoguTh A0 3pOCTaHHS
00YMCITIOBAIBHOI TOTY)KHOCTI MEpPEeXi, [0 3MEHIIYE 4Yac, HEOOXimTHUH Jis
3HAXO/KEHHs OJIOKY, TOPIBHSHO 3 HIJKYUM XCHIPEHTOM.

Xempe#ir [9] — me cymapHa oOYMCITIOBaJbHA IOTYXKHICTH MAaiHIHTOBOTO
o0saTHaHHs, 3aJTy4EHOT0 B POLIEC BUNOOYTKY KPUIITOBAIIOTH.
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Cucrema 300py Ta 00po0Kku iHpopManii

[ndopmaniiino-anamiTHYHa cUcTeMa Uil JOCTIDKCHHS BIUIMBY MaWHIHTY
KPUITOBAJIOT Ha €KOHOMIKY Ta €KOJIOTiIO SBIISIE COOOI0 CKIIQJHY CTPYKTYpY, IIO
OXOIUTIOE JIeKIIbKa B@)KJIMBHUX KOMIIOHEHTIB Ta IpomeciB. [l KoMIUIEKCHOro
MiIXO/TY IO NaHOTO JIOCIIHKEHHS CHCTeMY OyII0 TIOIIIEHO Ha TPH TOJIOBHUX MOJYJII,
K ITOKa3aHo Ha puc. 1: Moxymb 300py iHpopMaLii, MOLyJb aHANI3Y AaHUX, MOLYJIb
30epekeHHs Ta Bisyai3allii TaHuX.

Monyme 360py iHMopMariii mpu3HadeHui it 300py Ta 30epekeHHs aHWX,
MOB'A3aHUX 3 €HEPrOCIOKUBAHHAM, EKOJIOTIYHUMH Ta €KOHOMIYHHMH acIeKTaMH
Maitinry. [TouaTkoBi gaHi 30MParOTHCS 3 PI3HUX JKEpell, O BKIIYAIOTh JaHi Mpo
XCMIPEUT Ta IIIHA KPUNTOBAIIOT, ¢PEKTHBHICTP MaWHIHTOBOTO OOJIATHAHHS Ta
iH(pOpMAIIiI0 PO EKOJIOTTYHHIA BIUTUB IS TeHEpallil eeKTPOSHEPTii.

Mojyiib aHai3y TaHUX BIAMOBINA€E 3a 00POOKY 310paHUX JaHUX, IEPETBOPIOIOYH
ix y TabmuaHi pezynpraTi. Crepiny MpoBOAUTHCS MOTIEPEAHS 00poOKa: OUNIIICHHS
BiJl MOXKJIMBHX TIOMWJIOK 1 aHOMAJTii, a TAKOX 3alIOBHEHHS BiJICYTHIX 3HAYEHbB.

Hnst obuucnenHss kinbkocTi BUKUAIB CO> BHKOPHCTOBYIOThCS JaHi Ipo
SHEProCIIOKUBAHHS ISl PO3PAaXyHKY BYTJIeLeBoro ciuiny. Lle Bkiarouae o0umcieHHs
BukuAiB CO:, MOB'SI3aHMX 3 BHPOOHHMITBOM EJIEKTPOCHEPTii IUIs MaWHIHTY, i3
ypaxyBaHHSIM THITy €HEPreTHYHHX PEecypciB, IO BHKOPHUCTOBYIOThCS. Cucrema
aHaJli3ye, HACKUJIbKYA MaiHIHT BIUIMBA€E Ha HABKOJIMIIHE CEPEIOBUIIIC.

Monyne 30epekeHHs Ta Bi3yami3allii JaHWX BIJNOBIJAaE 3a CXOBHIIE, IO
HAKOMUYy€E pe3ylbTaTh aHallizy y BUIVIAII 3BITiB, Tabmuub, rpadikis. Uepes uei
MOJyJIb KOPHCTYBa4 B3a€MOJII€ 3 pe3yJIbTaTaMi POOOTH CUCTEMH.

Moays 360py 1HpopManii

Brok arperamii Biok mirotoBkn
JuKeper JIaHIX

Y

brok 30epexeHHs
JaHIX

~~

Moy aHami3zy JaHHx

briok anamzy
brrok nonepennHpoi 06poOKi P»|(anropuT™MH 1 MO UIA BHABJIEHHA
3aJIeKHOCTell 1 TPeH/IIB)

~~

Moxy1b 36epexeHHA Ta BisyaTisalil JaHHX

brnok Bisyamizamii

biok crBOpeHH: 3BITIB .
pe3yJIbTaTiB

brnok 36epesxenns
3BITIB

Puc. 1. Ctpykrypa iHpopMariitHo-aHATI THIHOT CHCTEMH
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Exouoriuna npodsiema

MaifHiHT KpUNTOBAJIOT € €HEPrOEMHHM IPOIIECOM, 1 TOMy 0arato MaiHiHT-(QepM
po3TamioBaHi B perioHax 3 jemieBor einekrpoeHepriero (I'pysis, YopHoropis,
VYkpaina, Kazaxcran), sika 9acTo BUpOOISETHCA 3 BYT1UIA 200 MPUpOAHOTO razy. Lle
3YMOBIIIOE 3HAYHWHA BYTJCNEBUHA CiJ, OCKUIBKA CHAOBAaHHA BYTUUIA Ta
MPUPOAHOTO Ta3y € OCHOBHMMH JDKepelaMy BUKHIIB Byriiekucioro rasy (CO:) i
IHITUX TTKIITABAX PEUOBHH.

3arajgpHOBIIOMO, IO 30IUMBIIEHHS CBITOBOTO XEMIPEHTY TICHO KOpPENoe 3i
30inpmenHsM BUKUAIB CO:. To0TO, SKIIO BYIJIEKUCIOTO ra3y MpH CHAOBaHHI
BT BuALIsieTbest Oimbme 1 kr Ha 1 kBtrog [12], To, Ha OCHOBI MoOmNepeaHix
o0uncnens, B atMochepy norparuisie Oiipme Hixk 216 000 Tor CO:2 KOKeH IeHb.

3BS130K MiX 3pocTaHHsM Xempeity Ta Bukuaamu CQO: HaBeJeHO Ha puc. 2.
O6uncnene 3HaueHHs Kopensnii [lipcoHa, Ans MiBpiYHMX AAaHUX XEIIPEUTy Ta
Bukugamu CO: 3a nepion 3 2014 mo 2023 pokwu, nopisuroe 0,87, 1m0 CBITUUTH IPO
HasIBHICTh CHJIBHOT JIIHIHHO 3aJ1€KHOCTI.

le20

74— XewpendT
=== Bukwou CO2 4 F 420

F 415

410

XewpendT
Buknamn CO2

405

- 400

T T T T T T T T T T
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
lNaTa

Puc. 2. I'padik xewpeity (CyuinbHa JiHis, J1iBa Bich OpAMHAT, ofuHUL BuMipy 10720 X/c)
ta BukuAiB CO: (IUTprxoBa JiHis, IIpaBa Bick OpauHAT) 3a nepiox 3 2015 mo 2024 poku

OCKUIbKH XEHIPEHT MOCTIHHO 3 4YaCOM 3pOCTaE, MoTpeda B eHeprii sl MalHIHTY
301IBLIYETHCS, 1110, Y CBOIO uepry, miasumiye BUkuau CO2, 0cOOIMBO SKIIO 3HAYHA
YacTUHA EJIEKTPOEHEpril MOXOAWTH BiJ CHANIOBAHHS CaMe€ BUKOIHOTO IIajiBa
(tabm. 1).

[lepexin 10 BUKOPUCTAHHS €JIEKTPOCTAHIIM 3 BiIHOBIIIOBAHMMHU JDKEPEIaMHU
eHeprii ajs MalHIHTY KpUOTOBAIIOT cCHpus€e: 3MeHIIeHHIO Bukuais COq,
3MEHIIICHHIO 3aJIeXHOCTI BiJI IOCTAYaHHs BYT1UJUIS Ta ra3y, cTabiIbHUM BUTpaTaM Ha
SHepTilo, TMO3UTHBHOMY IMIIDKY KPHIITOIHAYCTpil dYepe3 MIATPUMKY CTalloro
PO3BHTKY.

Tak sIK elXeKTPOCTaHWil 3 BiTHOBIIOBAHUMH JDKEPEIaMH TMEPIOANYHO MAIOTh
HaJ[TUIIIKOBY €HEPTiI0, TO BUKOPUCTAHHS ii TSI MAaitHIHTY MOKE CTAaTH JOJATKOBUM
JoKepenoM noxony ans kpainu. Lle mo3Bonse eeKTHBHO BHUKOPHUCTOBYBATH
pecypew, sKi paHimie Oy HEeNPUAATHUMU AJIS1 KOMEPLIiHHOTO BUKOPUCTAHHSL.
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Tabmung 1. IlopiBHsSHHES TeHepamii eHeprii Ta kimbkocTi BUKHIIB CO: pizHUMH
eHepropecypcamu B €C 3a 2023 pik [11]

Enepropecypc | Min. reneparis | Makc. rereparis | Min.  k-ctb | Makc.  K-CTb
enekrpoeHeprii | enmekrpoeneprii | BukumiB CO: | Bukuzpie  CO:
(I'BT) (I'B1) (MTt/nenn) (Mt/nenn)
Byrimns 23.63 57.46 0.65 1.58
Buxonawmii raz | 30.52 57.9 0.29 0.53
AToMHa 56.71 78.43 Hewmae Hewmae
BUKHUIIB BUKUIIB
Iiapo 29.42 50.5 Hewmae Hewmae
BUKHUIIB BUKUIIB
BitpsiHa 26.89 74.03 Hewmae Hewmae
BUKUIIB BUKUIiB
ComnsiuHa 5.19 36.3 Hemae Hemae
BUKUIIB BUKUIIB

3a00opoHa MaiHIHTY KpPUIITOBAIIOT € TaKOX OJHUM i3 BapiaHTIB PO3B'SI3aHHS
mpobJeM, OB'sI3aHUX 3 BUCOKHM €HEPTOCIIOKUBAHHSIM Ta HETATUBHUM BIUIMBOM Ha
exouorito. Ile migxin nependavae BBEACHHS HA JepKaBHOMY PiBHI peryIsiii abo
MMOBHHUX 3a00POH Ha MisITBHICTH, MOB'SI3aHy 3 MalHIHTOM KpunrToBamoT. Hacmigku
3a0opoHu MaitHiHTy B KuTai mokaszano B Ta0im. 2, y BUrisiai 3HmwKeHHs BUKAAiB CO:
BiJl MaHIHTY JI0 HYJIS B Iii KpaiHi.

Ta6muus 2. TopiBasaHs KinbkocTi BukuaiB CO2 3a 2022 ta 2024 poku [5]

Kpaina Kinbkicte | BigcoTok KinpkicTh BiacoTok KisbkicTh
BUKHUIIB CBITOBOI'O Bukuais CO: | cBITOBOrO Bukunis CO:
CO:  na | xempeiTy Ha | Ha 2022 pik | xempeiity | Ha 2024 pik
1 Ter'rom | 2022 pik (M) Ha 2024 pix | (MT)

CIIOA 0.367 41 10.34 354 25

Kurait 0.531 23 8.39 0 0

Kazaxcran | 0.636 14 6.12 18.1 22.1

Mamaizis | 0.544 3 1.12 4.58 4.7

Himeuunna | 0.385 3 0.79 4.48 3.3

Kananma 0.128 7 0.62 9.55 2.3

IIporno3yBaHHsi 3Ha4YeHHS XeLIPeiTy Ha OCHOBI JiHiiTHOI Mogesi XoJbTa

3 MeTOl NPOTHO3YBaHHS MaiOyTHHOTO 3HAUCHHS XEUIPEHTy KPUITOBATIOTH
Bitkoin, mo Oyne gocsarayto B nepion 3 2024 mo 2030 poku, Oyna moOynoBaHa
MoJiesIb X0JIbTa 13 ypaxyBaHHsIM JiHiiiHOro TpeHay. Jlana Moaens — e Moaudikaris
METOAY EKCIIOHEHIIIMHOro 3r7a/KyBaHHs, IO BKIIOYAa€E TPEHIOBY CKJIaIOBY.
OmnucyeThest JaHa MOJIe b HACTYITHUM piBHsHHM [13]:

X (t) = @y + T Ay,

ne X;(t) — 3Ha4YeHHs MPOTHO3Y XeWPEHTy, @1, — MPOTHO3, OYNIIECHUI BiJ TPEHIY
(3a CBOEIO CYTTIO — EKCIOHEHUIIMHE 3INIaJUKyBaHHs), d, ¢ — MapaMerp JiHiHHOro
TPeHIy, TIapaMeTp T — TOpu3oHT mporrosdysanus [13]. XomsToM Oyiu
3allpONOHOBAH1 HACTYIHI PiBHSHHS I OOYHMCIICHHS IapaMeTpiB ajanTalii Moaeni
JHIAHOTO POCTY:
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Ae=ay x+ (1 —ay): (‘311—1 + az,t—1)y 1)
Ay = ay- (du + dl,t—l) + (A —az) a1, (2)

1e aq,ay € (0;1) — mapamMeTpu eKCIOHEHIIIHHOTO 3IJ1a/KyBaHHS.

B pamMkax qaHOTO JOCHTIHKEHHS HA OCHOBI BUKOPHCTAHHS MOBHU IPOTPaMyBaHHSI
Delphi 6ymo peanizoBaHO HACTYIHUI aJTOPUTM OIIHIOBAHHS MapaMeTpiB MOJEII,
IO CKJIAIAETHCS 3 IBOX KPOKiB.

[lepmuii kpok — omiHIOBaHHS KoedilieHTiB. [ BU3HAYEHHS MMOYaTKOBUX
3HaYCHb TapaMeTpiB amanTailii (OIIHOK KOEQIIlIEHTIB amalTHBHOTO ITOJIiHOMA
HEpIIOro MOPsAKy) A 1 Ta Ay ¢, AKIIO PO3ITISHYTH TOPH30HTH NPOrHO3yBaHH: Ha 0
Ta 1 KpOKiB, TO MOKHA OTPHUMATH HACTYITHI piBHAHHS [13]:

X1 =R=o(t=1) =ay,,
Ry =Rt =1) =081, + Gy1.

Hexait X; = x1, X, = X, ToJi MOXHA OTpUMATH d;; Ta dp; B MOMEHT Yacy
t = 2 y Burysini [13]:
a1 = X,
dpp = X3 — Xq.

Hpyruii kxpok — noOyaoBa nporHody mMojeni XonbTa. OOUUCIUBINN 3HAYCHHS
KoedilienTiB d; , Ta d, ¢ HAa MOMEHT 4acy t, MOXxHa OymyBaTu mporsos X(t + 1),
TOOTO B MOMEHT 4acy Ha T KPOKiB Briepe ] (Tropu30HT T) 3a opmysioro [13]:

f(t + T) = X\T(t) = filrt + T azrt.
HaHpI/IKHaH, JJId TOPU3OHTY MPOTHO3YBAHHA T = 1 maemo:
5('\3 = 55(2 + 1) = 551(2) == C’il,z + &2,2’

e (’1\1’2 = Xq Ta (’1\2‘2 = X — Xq.
ITicns yoro o6UMCIIOIOTECA @4 3 Ta A, 3 3a hopmynamu (1) Ta (2) i oTpuMyeMO

o= 2@B+1)=%03) = a3+ a3,

Jlalli aHAJIOTIYHUM YMHOM TIPOIIEC MPOIOBKYETHCS.

Ilepen mobOynmoBoro Mogeni, AaHi xewmpeity Oyino mnposjorapudMoBaHo
JECATKOBHUM JIOTapu(MOM, 3 METOIO 3TJIaJ)KyBaHHSI BUKHU/IB Ta aHOMaNil B JaHUX
JOCIIJDKEHHSIX Ta 3BY)KEHHS 00NacTi JONMYCTHMHUX 3HaueHb. B pesynbrari Juis
HaBeJCHOI Mojie/Ii X0JibTa 0yJI0 OTPMMAaHO HACTYITHI 3HAUYEHHS OLIIHOK KOe(illi€HTIB
mozeni: d;, = 0,75 Ta dy ¢ = 0,34. Jlna obuncienHs ouiHok koediuieHTiB Oy10
BHUKOPHCTAHO BJIIACHOPYY HAITKMCaHy MPOrpamy, Ha MoBi nporpamysansst Delphi. Ha
OCHOBI1 OTPHMaHOi MoJieJli MOOYAOBaHO MPOTHO3 Ha JIOrapu(hMOBaHUX AaHUX, MiCIIS
4Oro BHKOHAHO OIEpalifo 0OEpHEHOr0 AECATKOBOTO JOrapu(MyBaHHS, TOOTO
JeCcATH MiJHECeHA A0 CTYNEeHs 3Ha4eHHsS NMPOoruo3y. CTaTHCTHYHA XapaKTepUCTHKA
mozeni 3a kpurepiem MAPE (mean absolute percent error — cepenst abconroTHa
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MPOIIEHTHA TOXHOKa) ckiana 35%, To6TO Ha peTPOCHEKTUBHIX iICTOPUYHUX JAHUX
MPOTHO3 MOJETI BIAXWIISABCS Bifl pealibHOro B cepenubomy Ha 35%. B Tabm. 3
HaBEJICHO BIJMOBI/IHI peasbHi Ta OTPUMaHI, Ha OCHOBI OOy 10BaHOI MOIelTi XO0NbTa,
3Ha4YeHHsI MPOTHO3Y XempeiTy 3 2014 mo 2030 poxky.

Tabnuug 3. PeanbHe Ta MpOrHO3HI 3HAYESHHS XEIIPEUTY KPUIITOBATIOTH BiTKOTH

Pik Ta XeUpeur Xewpeur IIporuosne IIporuosue
MicCsILIb (peanbHe (mecaTUUHMHA 3HAYCHHS 3HAYCHHS
3Ha4YeHHs) (X/c) | jmorapudm) XETIPEUTy XempenTy
(X/c) (mecaTnaHMI (X/c)
sorapudm)
2014 12 | 3,12109E+17 1,2429 17,3635 2,3094E+17
2015 12 | 8,22063E+17 1,2532 17,8407 6,92968E+17
2016_12 | 2,54042E+18 1,2649 18,4505 2,82171E+18
2017_12 | 1,42492E+19 1,2823 18,9662 9,25119E+18
2018 12 | 4,25221E+19 1,2929 19,8560 7,17724E+19
2019 12 | 9,51742E+19 1,3006 20,0703 1,17566E+20
2020_12 | 1,44611E+20 1,3045 20,2788 1,90027E+20
2021 12 | 1,72503E+20 1,3061 19,9764 9,47182E+19
2022_12 | 2,5304E+20 1,3097 20,4323 2,70586E+20
2023 12 | 4,1271E+20 1,3142 20,6097 4,07094E+20
202412 20,8170 6,56195E+20
2025 12 21,0199 1,04691E+21
2026_12 21,2228 1,67027E+21
2027_12 21,4257 2,66478E+21
2028_12 21,6285 4,25145E+21
2029_12 21,8314 6,78287E+21
2030_12 22,0343 1,08216E+22

Ha ocHoBi oTpuMaHuX pe3ynbTaTiB MOKHA PO3POOHTH JIEKiIbKa CLIEHAPIiB.

Cuenapiii 1 (6a30Buii, no3uTuBHMIA). 3HaueHHs xempeity y 2030 poui Oyzae
nopiBaroBatn  1,08216E+22, a miHa Ha eNEKTPOCHEPril0 He 3MIHUThCSA 1
cranoButume 0,11 eBpo. B mpomy Bumaaxy koxxeH aeHb Bukuau CO: OyayTh
craHoBuTd 3895776 T, a 3araJpHi BWUTpPaTH HA MaWHIHT JOpiBHIOBAaTH
428,53 MinbHOHIB €BPO.

Cuenapiii 2 (kpuTHYHMIi, HeraTuBHUii). 3HaueHHs xempeity y 2030 pori
Oyzne Ha 35% Oinpire Bijg 0a30BOro MO3UTHBHOTO CLEHAPII0 Ta JOPiBHIOBATUME
1,46091E+22, npu upoMy BapTiCTh €NEKTpOEHeprii 3pocTe Maibke yaBiul o
0,2 eBpo. B mnpomy Bumaaky koxeH jeHb Bukugu CO: OyayTh CTaHOBUTH
5259 276 T, a 3aranpHi BUTpATH HA MallHIHT JopiBHIOBaTH 1,052 MiNBSpIiB €BpO.

s apyroro crieHapito, 3HaYCHHS IiHU 3a eliekTpoeHeprito y 0,2 eBpo Oyio
BH3HAYCHO  SK  HAWOLIBII  OYIKyBaHy, Ha  OCHOBI  aHali3y  3MIiHH
CEPEeIHBbOEBPOIICHCHKO] ITiHY 3a OCTaHHI 7 POKiB. IIpoTsarom mporo mepiomy IiHa Ha
EJIEKTPOCHEPTiIo 3pocia Maiike Ha 85%.

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024



~ 149 ~

BucHoBku

V wiii poboTi npencTaBneHo iHGopManiiHO-aHATITUYHY CUCTEMY AJIS JOCHiPKEHHS
BIUTMBY MaiHIHTY KPUIITOBAJIOT HA CBITOBE CIIO’KUBAHHS €JICKTPOCHEPTii Ta BUKHIH
CO.. Cucrema cki1agaeTbCsi 3 MOJIYJIIB, KOKEH 3 SKHX MAa€ BJIacHy o00JacTb
BiJIMOBiMambHOCTI Ta (hyHKITIOHAN, M0 3a0e3Mmedye THYYKICTh JUII BUKOPHCTAHHSI
PI3HMX aHAJITHYHUX MoOJieNiel. Pe3ynmbTatu JOCHIIKCHHS HABEACHI y BUIJISII
Ta0IUITH Ta TpadikiB.

B xozi gocimkeHHst TOPIBHIOIOTHCS Pi3HI IHCTPYMEHTH MaitHIHTY KPUIITOBAIIOT
Ta miaxoau, Taki sk Proof-of-Work (PoW) i Proof-of-Stake (PoS). OcobmuBa yBara
OPUIIISETCS OLIHLI cHoXuBaHHS enekTpoeHeprii B €C Ta piBHIO Bukugis COs-,
MOB'A3aHUX 13 MaHIHIOBOIO AISUTBHICTIO.

Po3pobnieno momynb juis 300py, OOpoOKM Ta aHamizy iHdopMalii mpo
oOnagHaHHs AJ1s1 MalHIHTY, XeWPEeHT, [iHu Ha enekTpoeHeprito B €C T1a BUKUAM
CO.. 3 BukopHuCTaHHIM Mozedi XoibTa i3 BKIIOUEHHAM JIiHIMHOrO TpeHxmy Oyio
CIPOTHO30BaHO BIUIMB MalHIHTY Ha €KOHOMIKY Ta ekouoriro Ha 2030 pik.

JocnipKkeHo MOKITHBI PillIeHHs ISl SMEHIIIEHHS HETaTUBHOTO BILUTUBY MaiHIHTY
Ha JOBKI/UISA. 30Kpema, 3amporoHoBaHo mepexin Ha Proof-of-Stake, mo mo3sosse
3HAYHO 3MEHIIUTH CIIOXUBaHHA eHeprii Ta BUKuIu CO-.
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INFORMATION AND MATHEMATICAL MODEL OF QUANTUM
COMMUNICATION CHANNEL STATE CONTROL PROCESSES

Abstract. The most protected and stable communication systems today are quantum
channels of information transmission and processing. Thanks to the unique
properties of photons as information elements, it becomes possible to monitor and
analyze the state of information flows in communication or information
transmission channels. Physical attributes such as spin, polarization, radiation
frequency, phase synchronization, and the quantum entanglement effect can be
tracked and interpreted online to improve the quality and reliability of information
in computer systems. In order to effectively use information in support or decision
support systems, it is necessary to carefully formalize the processes and indicators
of quantum systems for the creation of information processing and transmission, for
which information and mathematical models should be created that describe the
state of the quantum communication channel (QCC).

The information model should allow the convolution of the information space. The
mathematical model must prove the processes of tracking the states of quantum
information and provide a description of the phase state of indicators of the quantum
environment. A lock in a closed space with established cause-and-effect
relationships is equal to a system of clear logic.

The authors summarize the experience of developing and implementing the method
of simulated dynamic modeling of events in an abstract communication channel,
which allows formalizing and classifying cause-and-effect relationships of quantum
carriers in the analyzed channels. It is proposed to use a unified neural network for
the organization of SPPR in quantum-mechanical information transmission systems.
Such a network could provide an automatic intelligent system state analysis mode.
Such an analysis makes it possible to classify the aggregates of current system
parameters to the level of diagnostics of the state of information flows and
conclusions based on such diagnostics with the support of decision-making about
the quality and reliability of the transmitted information. Such a system, working in
OLAP (Online analytical processing) mode, could automatically manage the
process of generation and transmission of information, reacting without human
intervention to emerging critical errors or attempts at unauthorized system hacking.
The observer effect leads to the fact that an attempt to measure the state of a photon
inevitably causes an almost instantaneous change in this state. Attempting to
parallelize a photon has the same consequences. This cannot be unnoticeable during
further authorized acceptance of information. The analyzed quantum
communication channel (QCM) consists of a set of technological elements
distributed in space. The channel works in its own time, which is formed by clock
pulses and creates a flow of information.

Keywords: information, mathematical model, cryptography, quantum, neural
network, information protection, decision support.
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ucTutyT TenekomyHikauii i rmo6ambHoro ingopmauiitnoro mpoctopy HAH Vkpainu,
M. KuiB, Ykpaina

2CxigHoykpaiHchbkuil HalioHanbHUM yHiBepcuTeT iMeni Bonoaumupa Hans, M. Kuis,
VYkpaina

TH®OPMAIIIHHA TA MATEMATHUYHA MOJIEJIb ITPOLIECIB
KOHTPOJIIO CTAHY KBAHTOBOI'O KAHAJIY 3B’SA3KY

Anomauin. Haiibinew 3axuwjeHumu i CMIUKUMU CUCMeMAMU 383Ky HaA
CbO2OOHIWHIN OeHb € KBAHMOBI KaHAu nepedayi i 06pobku ingopmayii. 3agosaku
VHIKQIbHUM  8IACTIUBOCMAM (OMOHI8 5K IHOOPMAYIIHUX eleMeHmié Cmae
MONCIUGUM  GIOCMENCYSAMU | AHANIZYBAMU CMAH IHOOPMAYIUHUX NOMOKIE 6
Kananax 36's3xy abo nepeoaui ingopmayii. Taxi ¢pizuuni ampubymu, sIK CRiH,
NOMAPU3AYIS, HYACMOMA GUNPOMIHIOBAHHS, CUHXPOHI3ayisi (a3 ma egpexkm
K8AHMOBOI 3anaymanocmi, MONCHA GI0cniOKo8yeamu ma inmepnpemysamu 6
OHNIQUH pedicumi, wob nokpawumu SKicmb ma O00CMOGipHicmb Hpopmayii 6
Komn'tomeprux cucmemax. [lna mozo wob egexmugno 3acmocosygamu
iHGhopmayio 6 cucmemax cynpogoodceHHs ab0 NIOMPUMKU pilieHb, HeoOXiOHO
pemenvHo popmanizyeamu npoyecu ma NOKA3HUKY K8AHMOBUX CUCHIEM CIMEOPEHHS
00pobKku ma nepedaui ingpopmayii, 0na wozo cnio cmeopumu inpopmayitini ma
MamemamuyHi Mooeni, wo ONUCYIOMb CIAH K8AHM08020 Kanay 38'a3ky (KK3).
Inghopmayitina modenv nosuHHA 00360IUMU 320PMKY THPOPMAYIUHO20 NPOCMODY.
Mamemamuuna modenv nosunna niomeepoumu npoyecu GiOCMedCenHs CMaHie
K6anmosoi iHgopmayii ma Haoamu onuc Gazoeoco Ccmamy IHOUKAMOPI6
K8AHMO0B8020 cepedosuwa. 3amKHeHa cucmemd 6 HNpPOCMOpi 3 YCMANLeHUMU
NPUYUHHO-HACTIOKOBUMU 36 I3KAMU PIBHOZHAUHA CUCEMT YIMKOi T102IKU.
Asmopu y3azanbHioloms 00C6i0 po3podKU I GNPOBAOICEHH MemOdY IMIMAYIUHO20
OUHAMIYHO20 MOOEN08aHHA NOOJI 8 ADCMPAKMHOMY KAHALL 368 3KY, WO 00380J€E
Gopmanizyeamu ma Kiacupixysamu RPUYUHHO-HACAIOKOBI 36'13KU  K8AHMOBUX
Hociig 6 ananizoeanux kamanax. [na opeanizayii CIIIIP 6 k6anmogo-mexaHiunux
cucmemax nepedaui iHGopmayii RPONOHYEMbCS GUKOPUCMOBY8AMU YHIQIKOBAHY
Heliponny mepeoicy. Taxa wmepesxca mozia 6 3abesneuumu  asMOMAMUYHUL
iHmeneKmyanvHull  pedxcum awanizy cmawy cucmemu. Takuii awaniz  Oae
Moxcaugicmey  Kiacugikayii cykynHocmel NOMOYHUX Napamempis cucmemu 00
Pi6HsL OlaeHOCMUKY CMAHY THHOPMAYITHUX NOMOKIE | GUCHOBKI6 HA OCHO8I MaKoi
OdiacHocmuKu 3 NIOMPUMKOIO NPULHAMMS PIEeHHs Npo AKICMb ma HAJIUHICMb
nepeoanoi ingopmayii. Taxa cucmema, npayiowyu 6 OLAP (Online analytical
processing) pescumi, mozna 6 agMoOMamuyHo 3a6e3nevumu YnpasiiHHa npoyecom
eenepayii ma nepedayi ingopmayii, peazyrouu 6e3 empyuamHs JOOUHU HA
BUHUKAIOYT KPUMUYHI NOMUIKU abO cnpobu HeCaHKYIOHOBAHO20 3/10MY CUCHEMU.
Egexm cnocmepicaua npuzeooums 00 moeo, wjo cnpoba uUMIpHGAHHS CMAHY
@omona HemMuHyHe GUKIUKAE NPAKMUYHO MUMMEBY 3MiHY yboco cmany. Cnpoba
PO3NApanent08anHs omona mae mi g Hacaioku. Lle ne mooice Oymu Henomimuum
npu ROOAILULOMY CAHKYIOHOBAHOMY NputimManui ingopmayii. Kanan keanmosoeo
38’asky (KK3), wo ananizyemocs, CcK1a0aemvCcsii 3 MHONICUHU EXHOI0STUHUX
enemenmie, posnoodinenux 6 npocmopi. Kanan npayioe y enachomy uaci, ujo
dopmyembcs maxkmosumu iMIYIbCamu ma CMeoproe NOmix ingopmayii.
Knrouogi cnosa: ingopmayiiina, mamemamuyna mooennb, Kpunmozpagis, Keanm,
HeUpoOHHa Mepedxca, 3axXucm iHgopmayii, niompumra piuieis.
https://doi.org/10.32347/2411-4049.2024.3.151-160
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Beryn

ABTOpaMu 3aIpoNoOHOBaHa HEWPOHHA MepeKa AJIs A1arHOCTUKY KBAaHTOBOTO KaHATY
3B'A3Ky — II¢ INTy4YHAa HEWpPOHHA MepeXa, sKa 3/1aTHA BUSBISATH Ta BHIIPABISATH
MTIOMWJIKH, IO BUHUKAIOTH IIJI dYac Iepemadi KBAaHTOBOI iHdopMamii Mix
BiT&JICHUMK  KBaHTOBUMH  cucremMamu [1-6]. Taka Mepexa  Moxe
BHKOPHCTOBYBATHCH IS TTiABUINEHHS HAIIMHOCTI Ta 6e3meKy KBAaHTOBOTO 3B'SI3KY,
a TaKOX JIJIsl TPUCKOPEHHS KBAHTOBUX O0YHCIICHb.

OnHuM i3 IPUKIAAiB Takoi HEHPOHHOT MEpPEXi € 3ropTKOBa HEWPOHHA MepeKa,
sIKa MOXXE BHUSBISATH TATOJOTIT B KBAaHTOBOMY KaHalli, Taki sK BTpata abo
nedopmariist GOTOHIB, HA OCHOBI aHaNI3y CHEKTPATHHIX XapaKTePUCTHK. 3TOPTKOBA
HEHpOHHA Mepeka CKIANAEThbesl 3 KUTBKOX INapiB, Y SKUAX BiOYBa€ThCs 3rOpTKa,
migBuOipka Ta Kinacudikaiis BXIIHUX JaHuX. 3ropTKOBa HEHPOHHA MEPEeKa MOXKE
OyTH HaBU€HAa Ha BENHKill KIIBKOCTI €KCIIEPUMEHTAJIBHHUX JaHWUX, OTPUMAHHUX 3a
PI3HHX YMOB KBaHTOBOTO KaHaNy, i TOTIM BHKOPUCTOBYBATHCS ISl iarHOCTHKH
HOBHX JJaHHUX B PEXKHMi PEATBHOTO Yacy.

ITocTanoBka 3agaui

B 3aranpbHOMy KOMILICKCI 3aXOiB IOAO0 3a0e3MEUCHHs HAI[lOHAJIbHOI Oe3MeKu
JeprKaBU BaXKITUBE MiCIle 3aiiMal0Th 3aX0/IH, TIOB’s13aHi 13 Oe3mocepeTHiM 3aXIUCTOM
iHpopMallii BiJ 3arpo3, pealizallis SKHX MOKe 3aBJIaTH 0C001, CyCIiIbCTBY, epKaBi
MOJIITUYHI, EKOHOMIYHI, (JiHAHCOBI Ta iHII 30UTKU.

Cepen 3arpo3 iHpopmariii 3a CBOIMH HeOE3MeYHIMHU HACITiIKaMH OCOOJIHBE MicIIe
3aliMaroOTh:

1. 3mo0yBaHHS TEXHIYHMMH PO3BiKaMH BifomocTell y cdepi 000poHH,
C€KOHOMIKH, HAYKH 1 TEXHIKH, 30BHIIIHIX BIIHOCHH, ACP>KaBHOT OE3MEKH Ta OXOPOHH
MpaBoIopsaKy. He3Bakarounm Ha MO3WTHBHI 3MIiHM B MIXHApPOIHINA OOCTaHOBII
HaBKOJO YKpaiHW, MJiSUIbHICTh TEXHIYHUX PO3BIJOK I1HO3EMHHMX JEepXKaB i3
3100yBaHHs HpopMaIIl npoaorxkyeThes. [Ipotn Ykpainu Oe3nepepBHO BEACTHCS
po3Bigka OaraTo(yHKI[IOHATHPHUMH KOCMIYHUMH, TOBITPSIHUMH, Ha3eMHHUMH,
MOPCBKUMH CHCTEMaMH Ta KOMIUIEKCAMH TEXHI4HOi po3Binku. [IpoBigHi kpainu
CBITY IIPOJIOBXKYIOTh MOJICPHI3yBaTH CBOT pO3BiTyBalibHI CITyKOH, BIIOCKOHAIIOIOTh
TEXHIYHY PO3BiJIKY, HAPOUIYIOTh ii MOXJIMBOCTI. HasBHI MOXJIMBOCTI TEXHIYHHUX
PO3BIIOK TPAaKTUYHO BXKE CBHOTOAHI JAIOTh 3MOTy 3ale3neuuTH OesnepepBHE
CIIOCTEPEIKSHHS 32 BCIEIO TEPUTOPI€I0 YKpaiHH, 1 y OJaNbIIOMY, 3aCO0H TEXHIYHOT
PO3BIIKH, 30KpeMa KOCMIYHOT KOMIIOHEHTH, OYJIyTh MaTH BUKJIIOYHO BHCOKI
XapaKTePUCTUKH, SKi JO03BOJISITH 3a0€3MEUUTH TIOCTIHHE CTEXKEHHS 3a BCIEO
TEPUTOPIEIO JAEPIKABU B PeaIbHOMY MacIITabi Jacy.

2. HecaHkiioHoBaHUit JocTy1 10 iHpopMallii, ska 00pOOIIIETCS Ta IIUPKYITIOE B
iH(pOpMaLiTHUX Ta TEJICKOMYHIKAL[ITHUX CHCTEMaX, a TAKOXK CIIEIiaJIbHUN BIIMB Ha
iHpopMaLilo 3 MEeTOI ii CHOTBOPEHHS, PyHHYBaHHS, 3HMIICHHS, MOPYIICHHS
HOpPMAalIbHOTO ~ (DYHKI[IOHYBaHHS cucTeM 0OpoOku iHdopmamii. 3a yMoBH
HEJIOCTaTHHOI HOMEHKJATypu 3aco0iB oOpoOku iHdopmalii Ta NOporpamMHOTO
3a0e3MeUeHHs] BITUM3HSAHOI PO3poOKH B  iH(pOpMaLiHHO-TeTeKOMYHIKaiHHUX
CHCTEMax INUPOKO BHKOPHCTOBYIOTHCS MPOIYKTH iHO3EMHOTO BHPOOHMIITBA, SIKi
31e0IIBIIIOT0 HE MAaIOTh 00 €KTHMBHUX OIIIHOK MEXaHI3MIB 3aXHCTy, a TaKOX
CTBOPIOIOTH TEPEIyMOBH BIIPOBAKCHHS B yCi CepH KHUTTEMISUIBHOCTI OCOOH,
CyCHUIbCTBA Ta JEpKaBH 1H(POPMALIMHUX TexXHONOTiH. Ile 3ymMoBHIIO MIHUpOKe
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posropraHHs iHGOpPMAIIITHO-TETEKOMYHIKAalIHHUX CHUCTEM, pi3Ke 30UTBIICHHS
o0csriB iHpopMarlii, mo oOpoOIIETECs 1 30epiracThCcs B IMX CHCTEMaX, 3HAYHE
30iJBIIICHHST KOJIa KOPWUCTYBauiB, SKi MaloTh O€3MocepenHili JocTynm Jio
iHhpopMaIifHNX  pecypcis, TOIIIO. [Ipu  mBOMY, 32 BIACYTHOCTI
KOHKYPEHTOCIIPOMOXXHUX ~ BITYM3HSHHMX  3pasKkiB,  IepeBara  HAIa€ThCs
iHpOpMaLliHHUM TEXHOJNOTiIM Ta TEXHIYHUM 3acobaM o0poOku iHdopmarii
1HO3eMHOTO BHPOOHUIITBA, SIKi 37A€01IBIIOr0 He 3a0e3MeuyroTh 3aXUCT iHpopMarlii,
a TaKOXK CTBOPIOIOTH EPEyMOBH HEKOHTPOJILOBAHOTO BUKOPUCTAHHS CHELiaTbHIX
MPOTpaMHUX Ta anapaTHUX 3aco0iB (“‘3aKkIagHUX TPUCTPOIB™). Y CBITi 30epiraeThes
TEH/ICHIIIsl TOINPEHHS MaclITabiB KOMIT FOTEPHOI 3JI0YMHHOCTI, PO3IIOBCIOKEHHS
KOMIT FOTEpHUX BipyCiB, HacaMIiepe]], 3 BUKOPHUCTAaHHSIM IHTEPHETY, iICTOTHO 3pOCTaE
HeOe3eka HACHiIKiB HeMPaBOMIpHUX JAild, TEXHIYHHUX 1 TEXHOJIOTIYHUX MOMHJIOK Ta
300iB TIpu 3acTOCyBaHHI iH(OpMAIIHO-TEIEKOMYHIKAIHHIX CHUCTEM, IO €
0COOJIMBO aKTyaJTbHO B yMOBaX IIMPOKOTO BXO/KEHHS BITYM3HAHUX iH(OpMaIliitHO-
TEJEKOMYHIKAI[ITHIX CHCTEM 10 TIIo0anbHuX. OKpeMIMH IepiKaBaMU Peai3y€eThCs
“koHIeniis iHGopMaIiiHOro MPOTHOOPCTBA”, sIKa TOJSIra€ B peaizallii 3axojiB
II0/T0 CTEiajJhHOTO BIUIMBY Ha iH(popMaIliiHy iHPaCTPYKTypy 3 METOIO YPayKEHHS
(3HumeHHs) iHGOpPMAIITHUX pecypciB Ta pyHHYBaHHS CHUCTEMH YIPaBIiHHSI B
cepax 000pPOHHU, CKOHOMIKH, Oe3MeKH, (hiHAHCIB TOIIIO.

3. Burik ingopmarii 3 00MeKXEHUM JOCTYIIOM TEXHIYHUMH KaHaIaMy BHACIIIJIOK
BUHUKHEHHSI TIOOIYHHX ENEKTPOMArHiTHUX BUIIPOMIHIOBaHb i HaBOJIB, BEIEHHS
AKyCTHYHOI Ta OINTHUKO-CJICKTPOHHOI PO3BiIKM B Oe3mocepenHiid OIM3bKOCTI Bij
o0’ekta iH(MopMamiiHOi nissibHOCTI. B mpomeci 3xilicHeHHs iH(opMamiiHOT
TUSUTBHOCTI st 30epiranHs, oOpoOKH Ta TiepefaBaHHs iHpOpMaIii, B TOMy 4HCHi i
iH(opMaIlii 3 0OMEKEHUM JTIOCTYIIOM, IIIMPOKO BUKOPUCTOBYIOTHCS TEXHIUHI 3aCO0N
pi3HOrO Tpu3HAYeHHs (3acO0M OOYMCITIOBATIbHOT TEXHIKH, OPrTeXHiKa, 3aCO0H
3B’s13KY, aBTOMaTHU30BaHi cucTeMu Tomio). Ha 00’exrax iHndopmaniiHOi JisIbHOCTI
3IICHIOETBCS OOTOBOPEHHS CIY)KOOBHX TIMTaHb 3a PI3HUMH HANPSMKaMH
JISUTHOCTI YCTAaHOBH, B XOJli IKHX MOX€ O3BYydyBaTHCS 1HPOpMAITis 3 00MeKEeHUM
nocryrnoMm. [Ipore, okpemi (i3udHI TpOIECH, IO BiI0OYBAIOThCS B TEXHIYHHUX
3acobax Ta mig wac oOroBopeHHs iH(opwmarii, Ta iHON ()aKTOpU CTBOPIOIOTH
00’€KTHBHI TepeIyMOBH ISl TIOSBH TEXHIYHMX KaHAIB BUTOKY iH(opMarlii, mo
3YMOBJIIOE HEOOXiJHICTh peai3allii 3ax0fiB 31 CTBOPEHHS KOMILICKCIB (CHUCTEM)
TEXHIYHOTO 3aXHCTy iH(OpMaIlii, CIpsIMOBaHUX Ha 3aro0iraHHs BUTOKY iH(GopMariii
LUMH KaHAJIAMU.

Ilpn MopnenroBaHHI BUKOPHCTOBYIOTHCS KBAHTOBI KOJHM, IO BHIIPABIISIOTH
noMuikd. [Ipu nepeaayi indopmaiiii 0 KaHay 3 IIyMOM, a TaKOXK IMPH BUKOHAHHI
KBaHTOBHX ollepauniii 0a’kaHO BUKOPUCTOBYBATH KOJ, SIKMM OyB OW CTiMKHMi 110710
MOMHJIOK. Y KJIIACHYHOMY BHIIQJIKy IPUHITUIIOBA MOYKIIMBICTD TAKOTO KOJIyBaHHS IPH
MIBUAKOCTSX Tiepe/iadi, MEHIIUX 3a TPOIYCKHY 3JIaTHICTh, BHUILUIUBAE 3 TEOPEMHU
[llennona. OmgHak 11 TeopeMa HE Ja€ KOHCTPYKTHBHOTO CIIOCOOY TMOOYAOBH
MEPEIIKOJOCTIHKOrO KOAY, 1 MPaKTHYHOMY BHUPIIIEHHIO 1€l mpo0ieMu NpUCBSIYeHa
3HAYHA YaCTHUHA JOCIIHKEHb 3 Teopii iHpopMallii, IO CTAHOBUTH TEOPII0 KOAYBAHHS.

Haiinpsimimmit cnoci® 3actpaxyBaTucsl BiJ MOMMJIOK IMOJIATa€ y TOBTOPEHHI
noBiloMJIeHb (110, 3BUYaHO, 3HIKY€E MIBHIKICTb mepenaui). Hexait B andasiti €
Bchoro n1Ba cuMBoiu 0, 1. Tomi mpuiryCTHMO, 110 HMOBIPHICTE 3MiHH OJHOTO 0iTa B
TIporieci mepeaadi JOPiBHIOE MaJlii BETWYUHI P, TaK IO WMOBIPHICTH 3MIHH JABOX
0iTiB p2 3HeBaxxaMBO Mana. PosrmsHemo kog 0 — 00, 1 — 11. Xoua meit kox i
JI03BOJIIE BHSIBUTH TA BUIIPABUTH JI€SIKI IOMMJIKH, BIH Ma€ ICTOTHUH HENOJIK:
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HaMpUKIAJ, Y CUTYyallii OAHI€] MOMWIKH y apyromy 4u mnepmomy outi 00 — 01,
11 — 01 Mu MOXEMO CKa3aTH, SKE MOBIJIOMJICHHS OYJI0 3aKOJI0OBaHO. AJle I[bOTO
HEJ0JIIKY MOXKHA MO30yTHCS, SKIINO OAaTH e oauH po3psa: 0 — 000, 1 — 111.
Taxkwit ko Oyze BxKe Ha 3aBajii CTIHKKM I10 BiTHOIIEHHIO 0 IIOMIUIKH B OYIb-SIKOMY
OTHOMY OWTi, B TOMY CEHCI, IO 3IIICOoBaHi cioBa, mo BuxoaaTh 3 000 i 111, Hikomn
He 30iraroThCs i TOMy OE3MOMMUIIKOBO MOMITHI [7—12].

Y KBaHTOBIiil cTaTHCTHII OE3MOMIUTKOBA MMOMITHICTh YHCTHX CTaHIB (2 MH TYT
MaTHMEMO CIpaBy TUTBKK 3 HAMH) PIBHOCHJIbHA OPTOTOHAIBHOCTI BEKTOPIB CTaHIB.
[IpsimoniHiiiHe y3aragbHEHHS KJIACHYHOI'O PELENTy ITOBTOPEHHS MOBIAOMIICHb Ha
KBaHTOBHH BHUINAJOK HAIITOBXYETHCS Ha TPYOHOLII — KBAHTOBY iH(OPMAILiO
HEMOXIIUBO PO3MHOXUTH. [lo cyTi KBaHTOBOI iH(OpMaIlii, M Yac mepenaqi depes3
KaHaJl 3 TIOMIJIKAaMH OE3[TOMMUIIKOBO TIOBHHHI HpHHMATHUCS sIK OA3UCHI CTaHH, Ta i
ycinski ix cymepnosumii |y). TakuM 4YuMHOM, TPSMOINIHIIHE y3araJbHEHHS KOIY
noBTOpeHHS V) — W) @ |v) & |v) € HesniticnennM. Ha meprimit mormsin, 3aBaanHs
3MTA€THCS HEPO3B'SI3HUM, TIpoTe y pobotax [1lopa i Ctina HezanexHo Oynr moOyq0BaHi
HepII TPUKIaIM KBAHTOBUX KOJIIB, SIKI BUMPABIISIOTH MOMIIKH [12—-17].

Heo0OxinHO po3poOuTH iH(opMalliiHy Ta MAaTeMaTHYHY MOJEI /IS 3TOPTKH Ta
3aMKHEHHS TPOCTOPY OOYMCIIOBaHR B 00JacTi BH3HAUYeHHS Ta oOsacTi
3aCTOCYBaHHS MOJIENeH, 0 IMITYIOTh peaibHi KaHaJll KBaHTOBOTO 3B SI3KY.

Bupimenns mocrasJieHoi 3axaui

ABTOpaMu y3arajbHeHa MaTeMaTHYHa MOJICIb MPOLIECIB KOHTPOIIO CTaHy CUCTEMH
KBaHTOBOI mepenadi iHpopmaiiii Ta alrOpuTMIB IMiATPUMKH PillleHb, 0 MOXKEe OyTH
MPe/ICTaBIECHA KOPTEXKEM:

GIQ=(PK,R,Qb,F(S),Kk, DSS), (1)

ne Pk = { pk j} — MHOKMHA MTOKa3HUKIB KBAHTOBOTO KaHAITy 3B’SI3KY;

R — muoxwuna perictpis kanaiy 3B'3Ky 10 po3psaax;
Qb —MHOxUHa iHpopMaLitHUX eneMeHTIB Q OiTiB, sKi (POPMYIOTh CTaH (POTOHHOTO
CepeoBHIa KaHATy 3B'S3KY;
. . . .
F(S)= { f(s; )} — (yHKIiS PO3pOOKU MPHUUHATTS PIllIEHHS, SK TIOBHE CIOP'€KTHBHE

BiJJOOpakeHHsI MHOXXHHU CHMIITOMIB S Ha MHOXXWHY pitieHs DSS;

KK - MHOXHHA MOKa3HUKIB KBAaHTOBOTO KaHaJIy 3B'A3Ky, IO BiJIOBIJAE
(hopMyBaHHIO CTaHy ITOPO3PSIHUX EICMEHTIB;

DSS — MHOXHHA eleMEeHTapHUX PillleHb, M0 (GOPMYIOTh AITOPUTMH Il B CUCTEMI
MiATPUMKH TPUNAHSTTS PilllCHb.

[lepenbauaeThes, 1110 BiIOMI IeTEpMIHOBaHI MOKA3HUKU (i3MYHUX HPOLIECIB, AKi
MOXYTh BHHHMKATH B - MIJCHCTeMi JUIf J-X CTaHiB, IO BioOpakae BEKTOP
CHUMIITOMIB Ha BEKTOP MOJiH:

fe, :S; —> @,

ij?

j=1.J, (2)
fe ] — Habip eJeMeHTapHUX MOJii, 10 MPU3BOAATH JO BiMOB B KaHai, Sij -
BEKTOp [apaMeTpiB, IO BiAIOBIIAE MOTOYHOMY CTaHy i-i MIACHCTEMH; @ — BEKTOP

(ha30BUX 3MIHHAX KBAaHTOBHUX ITPOIICCIB, SIKI MOYKYTh BUHUKHYTH B i-H MIICHUCTEMI.

ISSN: 2411-4049. Exonoriyna Ge3neka ta npupogokopucrysanss, su. 3 (51), 2024



~ 156 ~

Posrnsimaerees y3aranpHeHa iHpopMartiiiina mogens HemrTaTHOI cutyamii B KK3
JUTSL aHATi3y 1 iepe0aYeHHs HACITIIKIB BiIMOB.

Hnst po3poOku HafmiiHOI cucTeMu Kiacudikamii cTaHy JiHIi KBaHTOBOTO
nepenaBaHHs iH(QOpMaIli TPOIOHYETHCS BHKOPHCTOBYBATH TIOpHUIOHI METOIN
aHami3zy Ta 3axWCTy BiJ HeOe3NeKW KaHaiB 3B'S3Ky, SKi, 3 OJHOTO OOKY,
3a0e3Meuyl0Th HaiiHICTh A1arHOCTYBaHHS CTaHiB CUCTEMH, a 3 1HIIOTO — HA/IAI0Th
MOXJIMBICTh AKTHBHOTO 3aCTOCYBaHHS MaTEMaTHYHOTO KOJYBAaHHS CHTHATIB I
301BIIEHHS HAIITHOCTI KaHAIB 3B'SI3KY /10 IPUHHATHOTO piBHA. Ha 0CHOBI TOCBiTy
BUKOPHUCTAHHS Pi3HUX KOJIB aBTOP PEKOMEHAY€E ONMMCAHUN HIDKYEe MOTU(IKOBaHUIHA
anroputM npotokosry BB84 Ta inmii #ioro pisHOBHIH.

Ines monsrae B HACTYMHOMY: € JJBa BiUTAJICHNX OAWH BiJl OJJHOTO YYacCHHKH, A Ta
B, siki moTpeOyIOTh CIiIbHUI OIHAPHUIA KITFOU, TOOTO MOCIITOBHICTD K = (K1, . . . , Km)
JnokuHE m. Llell kmoy ydacHUKH Oa)KaroTh BUKOPHCTOBYBATH JUIsi KOMYBaHHS Ta
JEKOyBaHHsSI CBOiX TIOBIIOMIJIEHP, SIKI TaKOXX € OIHAPHUMH MOCHTiIOBHOCTSIMHU
JOBKUHH M, 3a Aonomoroto omnepailii XOR mocuMBONBHO: Yk = Xk @ Kk, Xk = Yk D K.
Tyrx=(X1,. . . , Xm) — IOBIZIOMJICHHSI, SIKE KOIYETbCS, @y = (Y1, . . . , Ym) — 3aKOJIOBaHE
MOBIIOMJICHHS, sike A Bignpanise B s noganbinoro naexomysanHs. Lleit meron
KOyBaHHS/JIeKOyBaHHS BijoMuii sik mmdp Beprama.

IIpoTokon po3noaijay ceKpeTHOTro KJIK4a.

OCKIJIbKY KJTFOY Ma€ OYTH CEKPETHHM, BaXJIMBOIO MPOOJIEMOIO € 3HAXOKCHHS
croco0y Horo mepenadi (po3moairy) o0OM yYacHHKaM, 3a SKOTO KIF0Y HE MOXe
OyTHu mepexoruieHuil abo momkomkeHui. KBantoBa kpumnrorpadist mporoHye Taki
crocoOu (TPOTOKOJIH ), HaAIHHICTh IKUX MOYKE OYTH B IIPUHITUIII SK 3aBI'OJHO BUCOKA
i 3a0e3meuyeThCsl 3aKOHOMIPHOCTSIMH KBAaHTOBOI 1H(OpPMAaTWUKH, TaKUMHU SK
HEMOJKJIUBICTh KJIOHYBaHHS KBAaHTOBOTO CTaHy 1 JOJATKOBICTh MK KBAaHTOBHM
BHUMIPIOBaHHSM 1 30ypEHHSIM CTaHy.

VYci BUKIIa/IeH] HUKYE TPOTOKOIM BUKOPUCTOBYIOTh TOM (hakT, 1o cranu |0), |1)
30ypIOFOTHCS ITiJ] Yac BUMipIOBaHHs B 6a3uci {|+), |-)}, TouHimie, 3 iMoBipHicTIO 1/2
NEPeXoAATh y CTaH! [+) abo |—), i HaBNaKM, cTaHu [+), |[—) mia yac BUMipIOBaHHSA B
6aswuci {|0), |1)} mepexomaTh y cTaHM I[LOTO OA3MUCY.

[Iporokon BB84, 3anpomonoBanuii bennerom 1 bpaccapom, wMoxHA
Moan(iKyBaTH B HACTYIIHI KPOKU:

1. YyacHUK A CTBOPIOE [IBI BHITQJKOBI JABIMKOBI MOCTIIOBHOCTI a = (a,...,an),
b = (by,...,bn) moBxuHOIO N = (4+8)n, n > 1, TakoX BPaxoBYIOUH, 10 KOXKEH OIT ak,
by mezanexnmuii i mac posmomin {1, 1}.

2 2

2. YuacHUK A CTBOPIOE YHCTHI KBAaHTOBHUI CTaH 3 BEKTOPOM

‘¢> = ®l’:‘:1 ¢akbk > !
o) =10), o) =11,
1 1
)=l =T(048) =)= (0)-1)-
3. Yuacuuk A HaJcuIae ueﬁ CTaH Y4YaCHUKY B Bi,ZIKpI/ITI/IM KBAaHTOBHUM KaHAaJIOM.

Skuo kaHan ineanbHUH (IryM a00 CTOPOHHE BTPYYaHHS BiZICyTHi), To B oTpumye cTan
[w){y|, B iHIIOMY pasi — 30ypenuii cran E (|w){y|), ne E no3Hauae airo xaHamy.
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VYuacuuk B reHepye BUmaakoBy mociimoBHicTe b’ = (b1’ , ..., bn' ) i Ha k-my
Kpori 3fificHioe BuMiproBaHHsA B 0asuci {|0), |1)}, sxmo b’ = 0, abo B Gasuci
{+), |)}, saxmo by’ = 1. Pe3ynapraT #Oro BHMIpIOBaHb YTBOPIOIOTH JBIHKOBY
MTOCTiMOBHICTh 8’ = (a1', .. ., an’ ).

4. YyacHWMK A HaJCWIIa€ TOCTIIOBHICTH b ywyacHWKy B uepe3 BimkpuTHii
KinacuyHui KaHajn. B mopiBHioe b 3 b’ i moBimomisie A HOMepHu OiTiB, sKi
criBmagaroth (bx = by').

Sxmo kaHanm igeanbHUM, TO IS WX OITiB 3 IMOBIpHICTIO | BHUKOHYETBHCS
ak = aK’, 00 BUMIpIOBaHHS MPOBOAWIN B 0a3MCi, MO MICTUTh HaJICIaHUN CTaH.
3 BEJIMKOI0 HMOBIPHICTIO KUTBKICTh TaKHX OiTiB Maike JOPiBHIOE MOJIOBHHI BiJ N,
o AO0piBHIOE (2 + 6/2)n > 2n. SIKmI0 KUTBKICTh CHiBHazaodux OiTiB a 1 2’ 3HAYHO
BIJIPI3HAETBCS Big 2n, 1€ O3HAYa€ MOXKIUBICTH CTOPOHHBOTO BTPYYaHHS Yy
KBaHTOBUH KaHan mepenadi. Tomy ydacHMKM A i1 B mpunussioTe mepenmady i
HAMaraloThCsl YyCYHYTH MOKJIMBICTh BTpYYaHHSI.

5. A 1 B BUKOHYIOTH TeCTH, MO0 BHU3HAYMATU BEIWYUHY BTPYYaHb dYepes
MOXJIUBUH 1IyM a00 TijciayxoByBaHHs. J[s 1[boro A BHITaJKOBO OOHMpae n OITIB
Bi(LIBTPOBAHOTO KITIOYA 1 Iepesae IXHi 3Ha4eHHs (Pa3oM 3 HOMEpaMHu) YYaCHUKY
B uepe3 Bimkputuii xaHanm. IMOBipHICTH OoTpuMaTH < vn TOMWIOK y IUX N
KOHTPOJBHUX OiTax i MpH IpOMY > (V+e)n MOMHIIOK Yy pemTi OiTiB Mae MOPSIOK
exp[O(&°n)]. Tomy 32 BENMKMX N MOYKHA BBAXKATH, IO YaCTKa PO3OIKHOCTEH y HX

CEKPETHHUX 0iTax, 10 3THIIFITUCS, TPAKTUIHO JOPiBHIOE v. SK0 A 1 B BUABISIOTH,
IO V MEPEeBepIIye NEAKe MOPOroBe 3HAYCHHS Vi, TO BOHM BUPIIIYIOTH, IO OYJIO
BTPYYaHHS, 1 TAKOXK IPUITMHSIOTH Liei payH[ IpoToKoy. BenuunHa vt 3a51eXXuTh Big
TOro, LIO BiJOMO PO MOXJIMBOCTI mepexornoBaya E. Y miteparypi HaBOIATH
3HaueHHs v¢ = 0.11 + 0.25, 3anexxHO BiA BUIY aTak MepexoruioBada i
BUKOPHUCTOBYBAHMX 3ac00iB npoTuiii. Jlokmaauimie mpo e aus. y [3].

6. Skmo BcraHOBIIEHO, MO V < Vi, To0 A 1 B 3xiiicHIOIOTE "y3ro/KeHHS
iHpopmanii", mo0 ycyHyTH  HecmiBnaaiHHs  OiTiB, 1  "MigBUIICHHS
KOH(}1IeHIIHHOCTI" 3ATMIIKOBUMH ~ N 06iTaMH, 100 3HUIIUTH iHPOPMAIIi0, SIKY MIT
nepexorutd E mig wac momepenHix Biakputux omepariii. Ilpu mpomy myxke
KOPHCHOIO € BEpPXHs KBaHTOBA OIliHKAa KUTBKOCTI iH(opmarii mepexorumoBaya E.
OcranHi oneparii BiAHOCATECS 10 KiacuuHoi iHpopmaTtuku. B pesynbrati A 1 B
OTPUMYIOTH MXN OITiB CIIIJIBHOTO CEKPETHOTO KITFOYA.

[okaxkemo, 10 y pasi Manux o

P{2n < (#kb, =b,) < (2+8)n}> 1—2exp[—%n(52 +0(82))}. (3.1)

BBomsum GiT po3dixkHOCTI vk = bk @ by, maemo P{vk = 0} = P{wx = 1} =

N |-~

Mvk = = . imMoBipHicTb, 110 Hac HikaBuTh, KopiBHIOE (N = (4 + 8)n)

P{Zn sZN:vk < (2+8)n}=1—2P{ZN:(Vk <2n},

k=1

N |-

YHACTIIOK CHMETPIii pO3MOAITY CyMH IIOAO0 ii MaTeMaTHYHOTO OYiKyBaHHS
N/2 = (2 + 6/2)n, y Takomy pasi
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P{kZN;vk <2n}: P{%ﬁ;(vk —%j<—s}’

1 2n :£(5+0(5)). 3ayBaxuMo, 10 TIPU BUKOPUCTaHHI HEPIBHOCTI

E==————
2 (4+5)n 8
qe6nmeBa, Hiﬂ 4JacC OOBCACHHA 3aKOHY BCIIMKHX YHCCJI, BUILIMBAE

N
P iz‘,[vk—ij»e Dy 1 —0
N = 2

" Ne®  4Ng?
mpu N — oo. EkcroHenmianpHa orinka (3.2), Habarato TOYHIIIA 3a
€KCITOHEHIIIATbHY, 1[0 BUTUTHBAE 3 HEPIBHOCTI UepHOBa:

P{%i(\/k _%j < _g} = P{%i(vk —%} > g} < exp[—ZN (52 +(82)):|- (3.2)

k=1 k=1

ac

Le BurumBae 3 HactynHoro. Hexaii s > 0, Tomi

P iZN:(V —1j>8 =P CSZN:(V _EJ>GSNS <esNaMesi(V _lj
N&SUK 2)7 7 =G = | Y73
N
— efsNz; Mes(Vk —%) _ efst |:C05h E:lN _ e—N(ss—lncoshEJ '
2

HpI/I MaJIuX 3HAYCHHAX S
s ¢’
Incosh = = —+0(s?)..
2 8
3 iHmoro 60Ky,

SZ
max(sa—gjzkz,s >0,

JI0O TOTO X MaKCUMyM JOCSTaeTbcs st s = 4g. 3Bigcu orpumyemo (3.2), a
BpaxoBytoud, o N = (4 + §)n, maemo (3.1).

Ipotoxoa B92 (ionatkoBi aaHi).

1. YuacHuK A TeHepye BHIIQJIKOBY JIBIHKOBY MoCioBHICTh a = (al, ..., aN )i
Ha KOYKHOMY KpoIli kK CTBOPIOE YHCTHI CTaH 3 BEKTOPOM [yo) = |0), sikmio ak = 0, abo

|‘If1>=|+>=%(|0>+|1>),sn<1uo ax= 1.

. N
2. YyacHMK A BiAmpaBise CcTaH, 3aJal0Yd BEKTOPOM |¢>:®k:1

4,),

Y4acHHUKY B 10 BiIKpUTOMY KBAHTOBOMY KaHaIy.

Vuacuuk B renepye BHIAIKOBY IOCTIIOBHICTE a'=(ai',...,an"), ¥ K-Tomy kporii
BUKOHY€ BUMiproBaHHs y 06azuci {|0)|1)}, sxmo ax' = 0, abo y 6a3uci {|+)[-)}, a' = 1.
Cximamii 1omoc koxyerbes sk 0, miHyc sk 1. TakuM dYWHOM, pe3ylIbTaT
BUMipioBaHHS B yTBOproe mBiiikoBy mocaimoBHicTs b = (b1,...,bn). Cruix Takox

3a3HaunTH, mo ak = a', Tomi bk =0, ToMmy 3 bk =1 =8, # 8, ', To6T0 ak = 1- ay’.
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3. Yuacauk B Biampasise TOCTiIOBHICTH b y4acHWKY A 1O BIIKPUTOMY
KJIacCMYHOMY KaHaiy. A (BiamoBizHo B) 3anumiae Tiapku Ti OiTH HOCHiZOBHOCTI a
(BigmoBigHO a'), s skuX bk = 1. OTpuMaHi TaKUM YMHOM TaeMHi Oith ax = 1-ay'
CKJIAJaiOTh Bim(UTETPOBAHIM KITFOU.

4. HacTtymHi KpOKH aHAJNOTIYHI BIATIOBIAHIM KpoKaM mpoTokoiry BB84.

poroxoa EI1.

VYyacHuku A i B oTpuMyroTh "MOIOBUHKK" 3YETIJICHOTO CTaHy

N
|¢> = ®k:l ¢ak>
1 [g) = 5(1100)+ 1)) =+ )+, 33
2 2
e Tepimii q-0iT HaJCUIaeThCsl yUaCHUKY A, a Apyruii — B.

VYuacHUK A TeHepye BHIIAIKOBY ABIHKOBY MOCIIIOBHICT a = (a1, . . . , an ).
Ha k-my kpomi A mpoBomuth BuMiproBanus B 6asuci {|0), |1), skmo ax = 0, ab6o
B Oasuci {|+), |-)}, sxmo ax = 1, Ta orpumye pesymsTatd a’' = (ai’, . . ., an’ ).
Bignosigao B renepye mocmigoBaicts b = (b1, . . . ., by ), BuMiproe B 6a3uci,
obpanomy 3a by, i orpumye pesynbTatu b’ = (b, ..., bn').

3 piBuocti (3.3) BummBae, mo skmo Ha K-my kpori A i B mpoBomsth
BUMIpIOBaHHs B oJHakoBuX Oasucax: {[0), [1)} abo {|+), |-)}, TO BOHH OTpUMYIOTH
criBnaaaroui pe3yibrary, P{a’ = b’} = 1.

BuxopuctoByroun BiIKpuUTHI KiIacHYHWNA KaHai, A 1 B mopiBHIOIOTE a i b i
3aJIMINAITh Y BiAQIIBTPOBAHOMY KITFOUi TUIBKH Ti OiTH ' (BIMOBIIHO b'), 1151 IKKX
ak = bk, To6TO A i B BuKOpHCTOBYBanu Juis K-ro BUMIpIOBaHHS OJHAKOBI Oa3ucH.
VY upomy npoTokoiti OiTH NpocisHOro Kimoya ax’ = bk’ He mpocTo BiAOMparoTh, aje
CTBOPIOIOTH TIiJ] YaC BHUMipIOBaHb.

OmnwcaHi BUIIe MPOTOKOJIM PEai30BaHO B EKCIEPUMEHTI; OUIbIe TOTro, IS
NepIINX JBOX CTBOPEHO KOMEpLiifHI 3pa3ku oOmamHaHHS. JloBeneHHs TXHBOT
CTIHKOCTI € HENpOCTHM 3aBIaHHSM, SK€ BHMara€ 3aJ[ydeHHS BCHOTO
THCTpYMEHTapil0 KBaHTOBOI Teopii iHpopmalii.

BucHoBku

lopunHe BUKOpUCTaHHS iHTeNeKTyalbHOro aHamidy crtaHiB KK3 Ha ocHOBi
HEHpOHHOI Mepexi Ta KpunTorpagiuHUX NPOTOKONIB HPU CTBOPEHHI CTIHKHX
KIIO4iB Oe3nevyHoro MmuQpyBaHHS Ja€ NPUAHATHUH pPeE3yNbTaT IO 3axXHCTY
KBaHTOBUX KaHAJIB Bijl KiOep3amiB.

[Hdopmariiiina Ta MaTeMaTH4HA MOJIEIb, 10 PO3PO0JICHA aBTOPAMH, 1A€ 3TOPTKY
iHpOpMaLiiHOTO MPOCTOpY M0 piBHA, sAKUiA MoxHa oOumciautu. Koprex
iH(pOpMAaIIITHOT MOJIeNi MICTUTh 3aMKHYTI MaTeMaTHYHI BUPa3M Ta BiJOOpaKeHHS,
IO € TTaJIKUMH Ta HE MAOTh PO3PHBIB 1, TAKMM YHHOM, MOKYTh OYTH ITOX1JTHUMH,
110 He0OX1/THO /7151 pO3paxyHKiB Bar 3B’sA3KiB B HEMPOHHIM Mepexi.
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USAGE OF INTELLECTUAL ANALYSIS OF ECOLOGICAL-ECONOMIC
DATA IN THE PENSION INSURANCE SYSTEM AND FOR
FORECASTING EXPENDITURES ON SOCIAL PROTECTION

AND SOCIAL SECURITY

Abstract. The paper is devoted to an actual scientific and applied problem — the
development of methodology for applying mathematical models and data mining
methods for actuarial calculations in mandatory state pension insurance system.
The paper describes methodology for modeling changes in the number of pension
recipients taking into account the impact of environmental factors, in particular air
pollution. The basis of the proposed method is a multi-model approach,
characterized by combination of data mining and probabilistic models in the form
of Bayesian network, which are appropriate in conditions of statistical, parametric
and structural uncertainty.

The proposed approach describes the change in humber of pension recipients, in
particular for disability and breadwinner loss, under influence of air pollution from
organic and inorganic compounds. The scientific novelty of the paper is in the use
of an ensemble of models including probabilistic and statistical models in the form
of Bayesian network and regression models, in the system of actuarial calculations
of mandatory state pension insurance.

The paper considers several scenarios for the impact of pollutants on the growth of
number of pension recipients. The indicator of the share of expenditures on social
protection and social security of the population in the gross national product was
chosen as the target variable of the process under study. Mathematical models were
found to be adequate to the modeling process, and the Bayesian network
classification error is about 20%. The model structure is built in Genie 2.0 modeling
system. The principal component analysis, is used to reduce the data dimension. The
proposed methodology can also be applied to other tasks of forecasting social
protection and social security expenditures.

Key words: expenses for social protection and social security, air pollution,
Bayesian network, principal component analysis, the system of actuarial
calculations.
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O.B. 3apynnuii

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

3ACTOCYBAHHSA IHTEJIEKTYAJIBHOI'O AHAJII3Y

EKOJIOT O-EKOHOMIYHUX JJAHUX Y CUCTEMI HEHCIHHOI'O
CTPAXYBAHHJ TA JJIs1 IIPOTHO3YBAHHSA BUTPAT

HA COLIAJIBHUM 3AXUCT I COIIAJIBHE 3ABE3IEYEHHSI

Anomayin. Cmamms npuceésuena akmyaivHill HAYKOSO-NPUKIAOHIU npobiemi —
PO3pOOYI  MemOOUKU 3aCMOCY8AHHI MAMEMAMUYHUX MoOeNell ma Memooié
IHMENeKMyanbHo20 AHANI3Y OaHUX Osl AKMYAPHUX PO3PAXYHKIE Y  cucmemi
3a2a1bH00008 513K08020 OEPICABHO20 NEHCIIH020 cmpaxysanis. B pobomi onucano
MEMOOUKY MOOENIOBAHHS 3MIHU KOHMUH2EHMY 00€PIICYBaAdi6 NEHCIll 3a YPaXy8aHHs
BNIUBY EKONOSIMHUX YUHHUKIB, 30Kpema 3abpyonenocmi nogimps. OcHogy
NPONOHOBAHOI MeMOOUKU CMAHOBUMb bazamomooenvrull nioxio, ocobaugicmio
K020 € NOEOHAHHS IHMENEeKMYAIbHO20 AHALIZY OAHUX MA UMOBIPHICHUX MoOenell Y
@opmi mepesc Batieca, 3acmocy8ants AKUX € OOYITbHUM 8 YMOBAX CIMAMUCHUYHOT,
napamempu4Hoi ma cmpykmypHoi HeU3HaAYEeHOCII.

Ilpononosanuii nioxio onucye 3MiHy KOHMUH2EHNY 00epPIHCY8aUi8 NEeHCIll, 30Kpemd
no iHeanioHocmi ma no 8mpami 200Y8ANbHUKA, NI0 GNIUBOM €KOIOSTYHUX YUHHUKIG —
3MiHU  30OpYOHEHHS NOGIMPs OP2AHIYHUMU MA HEOP2AHIYHUMU CHOJYKAMU.
Haykosoio Hosusnow pobomu € 3acmocysanusi ancamomo mooenet, 00 K020
6X0051Mb  UMOBIPHICHO-CMamucmu4ni mooeni y @opmi mepedxc baiieca ma
pezpecitini modeni, y cucmemi akmyapuux pOo3paxyHKie 3aeaibH00008 13K06020
0epIHcaABHO20 NEHCIUHO20 CIPAX)8aAHHSL.

B pobomi pozenamymo Oexinvka cyenapiie eniugy 3a0pyOHIOIOUUX PEYOBUH HA
3DOCMAHHA KOHMUHSEHMY 00epiicy8ayié neucii. B saxocmi yinbogoi 3minHO!
00Ci0ACYBAHO20 NpOYecy 0OPAHO NOKA3HUK HACMKU BUOAMKIE HA COYIANbHUL
3axucm ma coyianvHe 3a0e3neueHHs HACEeNeHHs ) 6al1080MY HAYIOHAIbHOMY
npoodykmi. Mamemamuuni MmoOeni GUAGUAUCA AOEKEAMHUMU O0OPAHOMY OJisl
MoOeniosanus npoyecy, nomuaka kiacugixayii mepexc baiicca cmanosumo
onuzvro 20%. Cmpykmypy modeni no6ydoearno ¢ cucmemi mooeniosanus Genie 2.0.
s 3menwenns po3mipHocmi OAHUX 3ACIOCOBAHO MeMOO 20JI08HUX KOMNOHEHM.
Ilpononosana memoouka Mmodce Oymu 3acmocogana i Ons IHWUX 3404y
NPOSHO3YBAHHS GUMPAM HA COYIANLHULL 3AXUCT MA COYiabHe 3a0e3neueHHs.
Knwuosi cnosa: sumpamu na coyianvHull 3axucm ma coyiaibHe 3a0e3nedeHns,
3a6pyoOHenHs nosimpsi, mepedica batieca, memoo 20106HUX KOMNOHEHMIB, cucmema
AKMYapHux po3paxyHKie.

https://doi.org/10.32347/2411-4049.2024.3.161-176

Beryn

[luTanHs BUKOPUCTAaHHS MaTeMaTHYHHUX MOJEJEH, METOAIB i1HTEIEKTyaJbHOTO
aHaJIi3y JaHUX TOLIO Yy aKTyapHHUX PO3paxyHKax Ta Ui POTHO3yBAaHHS JIEpKaBHUX
BUJIATKIB Ha COIaJbHUN 3aXUCT Ta colianbHe 3a0e3NeueHHs, HEe3BaKAIOUM Ha
3HA4YHy KIJIBKICTh JIOCIIJDKEHb, MPEACTaBICHUX Y POOOTaxX BITUYM3HSHUX Ta
3akopioHHUX (axiBuiB [1-9], 3ammmaerscs He BupimeHuMm. [lepm 3a Bce, 1e
IIOB’S3aHO 13 3HAYHOIO KITBKICTIO (PakTOpiB, 30KpeMa JeMOorpa(idHuX YHHHHKIB,
ITOTOYHOIO COITIATbHO-CKOHOMIYHOIO CHTYAITIEI0 B KpaiHi, HACHiIKaMH BiHCEKOBOTO
KOH(QJIIKTY, 10 BIUIWBAIOTH HA 00CSTY BUAATKIB, KPiM TOT0, HEOOXiTHO BpaXOBYBaTH
i 0COOMMBOCTI YMHHOTO 3aKOHOAABCTBA. KpiM TOT0, OCTaHHIM 4acoM B myOuTiKaLisx
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MDKHApOJHUX OpraHi3amii, poOOoTax HAyKOBI[B, IOB’A3aHUX 13 COIIAIFHUM
3a0€e3MEeUeHHsAM Ta COLIAIBHUM 3aXHUCTOM HaceleHHs, ocoOnuBa yBara
MPUIIISETHCS OLIHIOBAHHIO EKOHOMIYHOTO BIUIMBY CMEPTHOCTI Ta 3aXBOPIOBAHOCTI
BHACJIIOK BIUIMBY €KOJOTIYHUX (akTopiB Ta KiiMatuyHux 3miH [8, 9]. Sk
3a3HAYAETHCS Y MiJICYMKOBOMY 3BiTI «BIUIMB Ha 340pOB’S Ta comiaidbHI BUTpATH,
NOB’sI3aHi 13 3a0pyIHEHHSM MOBITPS Y BEUKHX MicTax Ykpainmw» [9], BukoHaHOMYy
B pamkax [Iporpamu po3sutky OOH B YkpaiHi, «y BeTUKuX MicTax YKpaiHu, 1€
SIKICTD TIOBITPSI SIBHO HE ONTHMAJIbHA, MOKPAIIEHHS SKOCTI TIOBITPS IO PIiBHSA, IO
BBaYKAETBCS «XOPOIINMY», MOTJIO O 3amOOIrTH TPEeTHHI BHIAJAKIB yCiX 1HCYNBTIB i
BUIMAJKIB XPOHIYHOI OOCTPYKTHBHOI XBOpoOH JjereHb» [9]. 3a maHUMHU TPOEKTY
«CaitoBwuii iHaekc skocti moBiTpsi» [10], y 2019 porti 42 900 nepeadacHux cMepTeit
1 953 500 pokiB kHTTs 3 monpaBKkor Ha iHBaMiAHICTH (DALY) Oynu moB’s3aHi 3
BIIMBOM PM2,5, a 3a manmmu I'moGansHOro Tsiraps xeopo6 (GBD), 1ie Biamosimae
6mu3pk0 10% BCiX BHUIMAAKIB 3aXBOPIOBAHOCTI Ta cMepTHOCTI. ToMy akTyanbHOIO €
3aj7a4a ypaxyBaHHS €KOJIOT1YHOI CKIIaJOBOi y aKTyapHHX PO3paxyHKax y CHCTEMi
3arajibHOOOOB’SI3KOBOTO  JICP)KABHOTO ~ TIEHCIHHOTO  CTpaxyBaHHA Ta  JUIA
MIPOTHO3YBaHHS BUTPAT Ha COIIAIbHUHN 3aXUCT Ta couianbHe 3abesnedenHs. [llo B
CBOIO Uepry norpedye po3poOIeHHs BiIMTOBITHOTO aHATITHYHOTO IHCTPYMEHTAPIIO.

Hnst po3B’si3aHHs AaHOi 3ajadi 3alpONOHOBAHO METOJUKY BHUKOPHUCTAHHS
IHTETIEKTYalIbHOTO aHali3y JaHWX Ta MaTeMaTHYHOTO MOJENIOBaHHS (aHcamOIiB
MoOJIeTIel, 30KpeMa TaKHX, 10 MOEAHYIOTh WMOBIpHICHI Mojeni y ¢opmi Mepex
Baiieca Ta perpeciiini Moeni) A7 pO3MUPEHHS MEPENiKy BXiJHUX MOKA3HUKIB IS
MPOBEICHHS aKTyapHHUX PO3PaxyHKIB 32 paXyHOK BKJIIOUEHHS y MOJIENb €KOJIOTO-
€KOHOMIYHHX YNHHUKIB — IIOKA3HUKIB 320y THEHHS TTOBITPSI.

Otxe, TeMa poOOTH € aKTyalbHOIO, Ma€ MPAKTHYHY 3HAUYYILIiCTh Ta HAYKOBY
HOBH3HY.

ITocTanoBka 3agaui

MeToro JOoCHiPKEHHS € YJOCKOHAJIEHHS iCHYIOUMX METOAUK IPOrHO3yBaHHS BUTPAT
Ha COLaJIbHUI 3aXUCT Ta COIliabHe 3a0€3MeUeHHS.

3amaui JOCIiIKEHHS:

- BUKOHATH OIJISIJ CyYaCHUX METOJiB MOJICIIOBAHHS Ta IPOTHO3YBAaHHS BUTPAT
Ha COLIaJbHUI 3aXHMCT Ta coUialbHE 3a0e3MeUeHHS B yMOBaX HEBH3HAYEHOCTI,
CIPUYMHEHOT BIUTMBOM Pi3HUX TPy YHHHHUKIB, B TOMY YHUCIIi €KOJIOTIYHHX;

- TpoaHaNi3yBaTH JlaHi, 110 BUKOPUCTOBYIOTECS AJIS aHAJi3y Ta IPOTHO3YBaHHS
aKTyapHUX pO3pPaxyHKIiB y CHCTeMi 3arajJbHOOOOB’S3KOBOTO  J€p>KaBHOTO
MEHCIHHOTO CTpaxyBaHHS,

- pO3pOOUTH METOAMKY TOOYJOBH KOMII'IOTEPHUX MOJENEH i OIUCY Ta
MPOTHO3YBAaHHS YMHHHKIB, 110 BIUIMBAIOTH HA 3pPOCTaHHS BUJATKIB Ha COLIAIbHUM
3aXHCT Ta ColianbHe 3a0e3NeveHHs B YMOBaX HEBH3HAYEHOCTi, CIPHUYUHEHOT
MOTIPIICHHSM €KOJIOTIYHOT CHTYyaIlil y KpaiHi, 30KpeMa 3pOCTaHHIM 3a0pyIHEHOCTI
MOBITPsI OPraHiYHUMH Ta HEOPTAHIYHUMH CIIOTYKaMHU;

- YIOOCKOHAJHMTH METOAMKY MOJICJIIOBAaHHS KIJIBKOCTI OJIepKyBadiB IEHCIH,
30KpeMa IeHCIi O 1HBaJiHOCTI B yYMOBax 3pOCTaHHs 3a0pYAHEHOCTI MOBITPS
OpTraHIYHUMHM Ta HEOPraHIYHNUMH CIIOJTyKaMHM;

- moOyayBaTH HMOBIpHICHO-CTAaTUCTHYHI Mozemi y ¢opmi Mepexi baiieca, siki
OTIMCYIOTh BIUIMB €KOJIOTIYHMX YHHHUKIB Ha TUHAMIKY KOHTHHTCHTY OJCpPXKyBadiB
MEHCIH;

- BUKOHATH ampoOalliro po3po0ieHOi METOJUKH HA CTATHCTHYHUX JaHHX;
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- TMpoaHai3yBaTH AKICTh MPOTHO31B, OTPUMAHHUX 3a MO0y I0OBAHUMH MO/IEIISIMH,
3pOOUTH BUCHOBKH MIOJ0 MOXJIHMBOCTI IX BHUKOPHCTaHHS Yy pPOOOTI YCTaHOB Ta
OpraHi3alliif CHCTeMH COLIANbHOTO 3aXHUCTY Ta COLIAILHOTO 3a0e3MeveHHS;

- 3aIpPONOHYBATH IUISTXH MOKPAIIEHHS Ta MPAKTUYHOTO 3aCTOCYBAHHS BKa3aHOT
METOJIMKH.

AHaJi3 ocTaHHIX J0caiTKeHb i myOJikanii

[MutanHas po3pobIEHHS CY9acCHOTO aHATITHYHOTO IHCTPYMEHTAapilo, MPU3HAYCHOTO
JI0 BUKOPUCTAHHA TIPH MTPOBEACHHI aKTYapHHUX PO3PaxXyHKIB y CHCTEMi TIEHCIHHOTO
3a0e3MeUYeHHs Ta MPOTHO3yBaHHI BUTPAT HAa COIAJIBHUN 3aXUCT 1 COI[iaJIbHE
3a0e3MeUeHHs, € aKTyaJlbHUM Jjs 0araTboX KpaiH, Mpo IO CBIAYUTH 3HAYHA
KiJIbKiCTh MmyOuTiKariii sik (haxiBIiB-akTyapiiB, Tak i HaykoBiis [1-9, 11-14]. Barato
METOAMK TIepeadadaloTh BHKOPUCTAHHS — pPerpeciiHuX, eKOHOMIYHHX Ta
MaKpOSKOHOMIYHHX MOJIENEH TOIIO, SIKi MpU3HAueH] 10 BUKOPUCTAHHS y KpaiHax i3
CTaJINM EKOHOMIYHIM PO3BUTKOM, YCTAJIEHOIO CHCTEMOIO IIEHCIHHOTO 320e3eueHHS
Ta COLIaJBHOrO 3aXUCTy HAceleHHS. AJanTyBaTd BKa3aHI METOIUKH JI0
BUKOPUCTAaHHS B YKpaiHi B MOBHIA Mipi MPaKTUYHO HE MOXKIMBO, aJKe KpaiHa
OXOTIUIeHa BIHHOIO, IO 3HAYHO Ta MIBUJIKO 30LIBIIYE BUTPATH HA COIIAIbHUHN 3aXUCT
Ta comiagbHe 3a0e3leueHHs, TPUBAIOTH peQOpMH CHCTEMH TIEHCIHHOTO
3a0e3MeUeHHS Ta COLIaTBHOTO 3aXHCTY, KpaiHa € reorpadiyHo BEIUKO0, ii perioHu
MalOTh Pi3HUH piBEHb COLiANILHO-EKOHOMIYHOTO PO3BUTKY, a JesKi 3 HHUX
3HAXOJATHCS y 30HI aKTHBHHUX OOWOBHX [ii. [HImIMM, He MeHII TpPOOJIEeMHHM, €
MUTaHHS 300py CTaTUCTHYHUX JAHHUX, JOCTOBIPHOCTI OTpHUMaHoi iHQopmarii,
HEOoOXiHOT /Uil MOOYIOBH CKIIQJHUX MOjeJel, BUKOPUCTOBYBAaHUX Y aKTyapHHX
pO3paxyHKax y CHUCTEMi JepKaBHOTO NEHCIHHOTO 3abe3meueHHs. Tomy moTpiOHI
HOBI, JIEIIO CHPOINEH] MiXOIU 10 BUKOHAHHS aKTyapHUX PO3pPaxyHKIB y CHCTEMi
3arajibHOOOOB’SI3KOBOTO JIEPIKABHOTO TEHCIHHOTO CTpaxyBaHHs, MPOrHO3yBaHH:
BUTPAT Ha COIIaJIbHUMN 3aXUCT Ta COIliaJibHE 3a0e3MeYeHHs. 30KpeMa, Y TOCIIPKeHH1
«[nobanpuuii Trap xBopoO» [15] 3ampornoHoBaHa CTaTHCTHYHA MOJEIb, Y SIKi
BpPaxoBaHO, 110 BHACIIJOK MOTipIICHHS CTaHy 3J0POB’Sl i WMOBIPHOTO HACTaHHS
IHBaJIIIHOCTI JIIOJIMHA BTPAvya€ MOXJIMBICTh OpaTH aKTUBHY y4acTh y COILIaJbHO-
€KOHOMIYHHX TpoIecax i poOWTH CBii BHECOK, IO BIUTUBAE SK Ha 30LIBIICHHA
COIiaJIbHUX BUTPAT, TAK i HA BTPATH JIFOJICKKOTO KaIliTaly, a TAKOXK i HA EKOHOMIYHEe
3pocTaHHs Kpainu. [lane n1ociiKeHHs BUPI3HSAETHCS TUM, 1110 B HHOMY BUKOPHCTaHI
perpeciiini Mozeni, siKi BimoOpakatroTh BIUIMB 87 (aKTOpiB PHU3MKY, 1 HaHOINbII
BaroMMMH 3 HUX BHSBHMJIMCH TOKa3HUKH 3a0pyJHEHHS NOBITPS. 3 OISy Ha
MOTOYHY EKOJIOTIUHY CHTyallil0o B YKpaiHi Ta 3pocTaHHs piBHS 3a0pyJHEHOCTI
MOBITPSI BHACHIJIOK OOWOBHX i, ypaXyBaHHSI €KOJOr0-eKOHOMIYHUX YMHHUKIB y
3ajadi MPOrHO3YBaHHS BUTpPAT Ha IEHCIi, COLIANbHUM 3aXHUCT Ta COLiaJIbHE
3a0e3MeyYeHHs € OOTPYHTOBAHUM Ta JOIUIbHUM.

TeopeTH4Hi OCHOBHU J0CJIiIKEHHS

MerToayrka npoBeAECHHS aKTyapHUX PO3PAaXyHKIB Y CUCTEMi 3aralbHO000B’ I3KOBOTO
Jep>KaBHOTO TIEHCIHHOTO CTpaxyBaHHSA, 3aTBep/UKeHa MocTtaHoBor Kabinery
MinictpiB Ykpaiuu Big 16 rpyans 2004 poxky Nel1677 [16], sika BperyiboBye, B TOMY
4ucii, i mUTaHHS MO0YJOBU KOPOTKO-, CEPEAHBO- Ta TOBIOCTPOKOBOTO MPOTHO3IB
(iHaHCOBOTO CcTaHy MEHCIHOT cucTeMu. TakoX, B Hiii BU3HAYAETHCS, IO Y CHCTEMI
NPOBEACHHS aKTyapHHX pO3PAaXyHKIB BHKOPHCTOBYIOTHCS METOIHMKH, SKi
«06a3yI0ThCSl HAa TIOEMHAHHI METOIB TEeOpil IMOBIPHOCTi, MATEMaTUIHOT'O aHAII3Y,
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MaTeMaTHYHOI CTaTHUCTHKH, TEOpii CTOXaCTHYHOTO aHall3y, Teopil CKIaTHHX
BiJICOTKiB, AudepeHIillHnX piBHSHB Ta ONTHMi3amii». B cydacHMX yMoBax, IO
XapaKTepU3YIOThCSl HAsSBHICTIO HEBU3HAUYEHOCTEH pI3HOTO THITYy, AMHAMIYHUM
repediroM Mo, HeOOXimHICTIO POOOTH 3 KOPOTKUMH BHOIPKaAMHU Pi3HOPITHUX
MTOKa3HUKIB, BAXJIMBO 3a0€3MEYNTH CHUCTEMHICTH BHKOPHUCTAHHS PI3HUX METOIIB
aHaii3zy, oOpoOKM AaHUX, ypaxyBaHHS MOJIIMBUX CIIEHApiiB PO3BUTKY CHUTYallii,
BHUPIIIYBATH 3a/1a4i MPOrHO3YBAHHS Ta MIATPUMKH MPUAHATTS pitieHp [17].

OmauM 13 I[OIAXiB  BHpPINIEHHSA JaHOI TpoOJIeMH €  BIPOBAKCHHS
0araToMo/IeJIHHOTO MiAXO0y, OCHOBAHOT'O Ha MOEHAHHI IHTEICKTYaILHOTO aHAaJi3y
JaHUX, BAKOPUCTAHHI PErpeciiHuX MoJIenel, HMOBIpHICHO-CTATUCTUYHUX METO/IIB,
CIIEHAPHOTO aHaji3y, METO/IB €KCIIEPTHUX OLiHOK Tormo [17, 18].

PerpeciiiHi Mozeni MMPOKO 3aCTOCOBYIOTH JJISl aHaji3y Ta MPOrHO3YBaHHS
npoueciB pizHoi npupoau [17, 19]. Meroauku iX BUKOPHCTaHHS TPEACTABIICHI Y
OarathoXx po0OTax sIK 3aKOPJAOHHUX, TaK 1 BITYM3HAHUX (QaxiBuiB [19-24].
OCHOBHOIO TIEPEBArol0 MaHOTO IIiAXOAY € MPOCTOTa, IO H 3yMOBHIO HOTO
BUKOPHWCTAHHS JUTSL BUSIBJICHHS 3B’SI3KiB B JaHUX, TECTYBaHHS TilOTE3, aHANI3Y Ta
MPOTHO3YBaHHS YacOBHX PAMIB TOMmO. Y perpeciiHoMy aHami3i BUPI3HAIOTH
AQHATITHYHWHA TIXiA Ta TMPOTHO3YBaHHA. 3a IMPOTHO3HOTO IMITXOXy 3HAXOASATh
HaHOUIBII 3HAYMMI MapaMeTpH MOJIENeH, a 32 aHAJITHYHOTO — JOCIIKYIOTh CHUITY
Ta HaIpsIM 3B’SI3KiB MK perpecopaMu Ta BiATYKOM.

Perpeciitauii ananiz 4acTo 3aCTOCOBYIOTH pa3oM 13 KOPEISIIHAM aHaIi30M,
1HKOJTM HaBiTh 3aCTOCOBYIOTh TEPMiH «KOPEJISIIHHO-pEerpeciitHuii aHami3», OCKiJIbKH
1l METOJIH TOTIOBHIOIOTH OJIUH 0/THOT0. OJTHAK, SKIIIO 32 JOTIOMOTOK KOPEIAIIHOTO
aHaNi3y MOCHIDKYEThCS HANPSMOK Ta IMIIBHICTh 3B’SA3KYy MK HE3aIeKHUMH
3MIHHHMH, TO B perpeciiHOMYy aHami3i IOCHiIKYeTbCsA (GopMma 3aleKHOCTI MiK
HE3aJIC)KHUMH 3MiHHUMH.

Y cheunianizoBaHiii JIiTepaTypi perpecito BU3HAYAIOTH K  3AJICIKHICTD
MaTeMaTHYHOTO O4iKyBaHHs (cepeanporo 3HaueHHs) [19, 23] He3anexxHOI 3MiHHOT
BiJ oxHiel a00 MEKUIBKOX 1HINUX 3MIHHHX.

Hexaii, y Toukax X, He3anexHOI 3MiHHOi X oTpuMaHi BuMipu Y, [22], i moTpiOHO

3HANTH 3aJIEKHICTh CEPEIHBOTO 3HAYEHHs BeAMYMHU Y BiJ BEJIMYUHH X, TOOTO,
MaeMO

Y(x) = f(xa),
Jie & — BEKTOp HEBiJJOMHX NapameTpis a; [22].
®ynknis f (X|a) — e pynkuis perpecii. [Ipunyckaiots, mo f (x|a) € JTIHIHHOIO

¢dyHKIi€ero mapaMeTpiB a, mae Bursiy (1) [32]:
[
f (X|a) = Zai(Di (X), 1)
i=1

ne f,(X) —sanani Gpynxuii.
Toxi, marpuio A, = fi (Xn) HA3UBAIOTh Perpeciitnoro Matpurieto [22].
JIns BU3HAYEHHS IapaMeTpiB @; 3a3BMYail BUKOPUCTOBYIOTH METO/ HAWMEHIIHX

KBajpaTiB [22].
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[Ipu momryky ymukmii perpecii y Burisiai (1) HeoOXiqHO BU3HAYUTH KUTBKICTh
uneniB | y cymi (1).
Skio | — mane, He MOXHa f0csArTH puiiHsTHOTO omucy Y (X) , AKIO BenuKe —

€ PU3VK BUHUKHCHHS BEJIMKHX CTATUCTUYHUX MOMIIIOK QYHKIIT perpecii [22].
[apui miHiiHI perpeciifHi MomeNi OMUCYIOTH JiHIWHY 3aJ€KHICTh MK JTBOMa
3MigHUMU [22]. Y 3araapHOMY BHIIAAKY TTapHA BHOIpKOBa perpeciiina Moaens [19]
Mae Burisia (2):
Z=ay+a,;X+E, (2)

ne Z — BeKTOp 3HAYCHb 3aJIeKHOI 3MIHHOI, Z = [Zy1, Z3, ..., Z,|; X — BEKTOp 3HAUCHb
HE3aJIeXKHOT 3MIHHOT X = [Xq,X5,..., X, ]; a0, 1 — HEBIIOMI TTapaMeTpH perpeciitHol
moneni; E — BekTop 3HaueHb BUMAAKOBHX BenuuuH E = [eq,e,,...,e,], #Horo
HasBHICTh 3yMOBJICHAa BHITQJKOBHMHU 30YPEHHSMH, HEJOCKOHAJIOK CTPYKTYPOIO
MOJIeTIi, TOXUOKaMH BUMIPIB Ta HETOYHICTIO OOYHCIICHb OIIHOK ITapaMeTpiB MOIEITI.

Hnst mociimkenHs 3B's3ky Mik k + 1 3MiHHUMH (kK perpecopiB IUTIOC OAWH
BIITYK) BUKOPHCTOBYIOTh Kk —MipHY MOBEPXHIO IJisi MPOTHO3YBaHHA, TOOTO, Y
3arajibHOMY BUITaJKy B MOJIETTb perpecii MOKHA BKJIFOUATH 1 OLTBIT CKIIaIHI 3B'SI3KH —
KBaJIpaTU4Hi, KyOiuHi, OJIHOMIiaJIbHi, epeTuH 3MiHHuX [19].

PiBHsIHHS perpecii i3 HeNiHIIHUM 3B SI3KOM BIATYKY Ta perpecopiB Mae BATIISA (3):

Y=Bo+ B Xy + B X} + B3 Xo+ Ba- X5 +&. (3)

Mopens MHOKHHHOI JIIHIHHOT perpecii, Ha BiAMiHY BiJl MO JTiHIHHOT perpecii,
JI03BOJIIE JOCIIAKYBaTH 3B'SI3KM 3 JIEKUIbKOMa perpecopamu, 10, 3BHUYANHO,
YCKIaiHIOE BUOIp Kpamoi Mojeni Ta MOAalblly il iHTEepIpeTarliro, ajle CTBOPIOE
YMOBH JISI BUSIBJICHHSI CKJIaTHIIIINX 3aJI€KHOCTEH.

Ax 3asHavarore [17, 25], mpu moOymoBi Momeneld eKoJOTo-COIiaabHO-
€KOHOMIYHHMX MPOLECIiB Kpallli pe3yJbTaTH MOXHa OTPUMATH, BUKOPUCTOBYIOUH
aHcamM0ni mozenel (mpu OGaratomoaenbHOMY Tinxoxai). ToOTo B ymoBax, sKi
XapaxkTepHi Ui OLIBIIOCTI COIIAIbHO-EKOJIOT0-eKOHOMIYHUX CUCTEM, KOJIH 3329y
CKIaHO (hOpMaTi3yBaTH, a SBUIIE M MPOIIEC ONMUCYE 3HAYHA KUTbKICTh YNHHHKIB,
cepes SIKMX Ba)KKO BHU3HAYMUTH HaWOUIBII 3HAYMMI Ta BCTAHOBUTH TNPHYHUHHO-
HACIIAKOBI 3B’SA3KM MK BXIJHAMM [JaHUMH Ta BHXIIHUMHU I[TOKa3HHKAMH, a
MPOTHO3M iX PO3BUTKY € HIAIPYHTAM AJSl NPUAHATTA BAXKIMBHUX YIPABIIHCHKUX
pimens. Kpamyi pesynbratd, sk 3a3HauyaroTh [17], oTpumaHi 3a BHKOPHCTaHHS
aHcaMmOJIiB MoJieliel, 10 CKJIaay SKMX BXOJSTh PErpeciiiHi Mozeli B MOEIHAHHI 13
Mepexamu baiieca, nepeBaMu pilieHb, KOTHITABHIMH MOJIEIISIMU.

Bukopucranns mepex baiieca, sk 3a3Hauaroth (axiBui [26-32], akryanbHe,
SKIIO HEOOXIAHO MoOyayBaTH aJeKBaTHY MOJEIb, B YMOBaX, KOJU BIJACYTHS
BUYEpITHA THPOPMAILIiS TPO JIOCHIPKYBaHE SBUILNE YW 00’ €KT, CHIYy Ta XapakTep
BIUIMBY Ha HUX BHYTPIIIHIX Ta 30BHIIIHIX YMHHUKIB, iX JAWHAMIKY, B3a€MOJIIO 3
THIIUMH TIPOTIECaMH Ta CUCTEMaMH.

Mepexa baiieca sBnse coboro mapy [32] <G,B>, ne G — ue nanpasnenmii

anuKIiYHui rpad, a B — 1ie MHOKMHA MapaMeTpiB, sSKi BUBHAYAIOTh MEPEKyY, abo
Li=1...N

MHOXKHHA TaOJIHIlb YMOBHUX HMOBIpHOCTEH BepmuH: P = P(X ® ‘ pa(X ® )

ans koxkuoro Moxkuporo suavenns X7 e X® ra pa(X©)ePa(X®), ne

Pa(X ") — muoxuna 6athkis sminnoi X € G.
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Koxna 3minna X" eG e Bepmmmoo mepexi Baiteca. IloBHa crinbHa
imoBipHicTe BM o0uncmoeThes 3a popmysioro (4) [32]:

P(X®,..,X™) :ﬁP(X“)‘Pa(X‘”)). (4)

3 MaTeMaTH4HOI TOYKH 30pYy, Mepexa baiieca — e Mozenb mogaHHs iCHYIOUYHX 1
He icHyrouux iMoBipHicHMX 3anexnocteil. Ilpu usomy 3B'ssok A—>B €
NPUYMHHAM, KOJMHM Tofmis A — mnpuyMHa BUHUKHEHHA B, ToOTO KoM icHye
MEXaHi3M, BIAIMOBIZHO 10 SKOro 3HaueHHs, HaOyTe A, BIUIMBAE HA 3HAYEHHS,
HaOyte B.

[MpaBuno Baiieca [32] mae Burmsin (5):

P(E[H)-P(H)
P(E)

P(H|E)= (5)

Jlana 3aJ1eKHICTh ONHICY€E TPUINHHO-HACIIAKOBI 3B’ I3KH MIXK CIIOCTEPEKEHHIMHU
ta rinorezamu. Umosiprocri p(H) ta p(E|H) e anpiopaumu, T06TO 3a5210ThCS

JI0 MOYATKY CIIOCTEPEkKEHD, a imoipHicts P(H | E) € anocrepioproro.

[lepeBaru 6aiteCiBCHKOTO METOMY TOJATAIOTH B TOMY, IO allPiopHI KMOBIPHOCTI
MOJKHa YTOYHIOBAaTH (OHOBIIOBATH), BIAMOBIZHO /O XapakTepy mepediry
JOCTIKYBaHOTO TIPOIIECY, IO Ja€ MOXKIIMBICTh YTOYHIOBATH HMOBIPHOCTI MO 3a
HAJXO/DKEHHS JT0JIATKOBOI iH(opMaItii.

lonoBne npunymieHHs Teopii moOyaoBu Mepexx baiteca monsirae B ToMy, 11O

n . .
noxii € BuuepmauMH (L _ H. = Q)i e neperunarorses (6). ITpu BUKOHAHHI IUX
p i=1 'l p p

yMOB HMOBIpHicTh mofii E MoxHa 0O0YHMCIMTH 3a JOMOMOTOK YMOBHHX
HMOBIPHOCTEH.

p(E)=ép(EmHi)=ip(E|Hi)-p(Hi)- ©

i=1

[lincTaBuBmm manuii BuUpa3 B Qopmyny (4), orpumaemMo QopMmyidy, sKa €
OCHOBOIO Jitst 00y 10BU Mepex Baiteca (7) [32]:

P(EIH)-p(Hy)
Zinzlp(ElHi)'p(Hi)

IloGynoBa mepexi balieca oxommoe KOMIDIEKC 3aaad, 30KpeMa, IOIIyK
ONTUMAIILHOT CTPYKTYpH Mepexi [29] — HampaBieHoro amukiigHoro rpada, 1o
HaHOUIBII aJeKBATHO BIJAIMOBIAa€ HAaBYAJIBHUM JAHUM a00 JIOCIIDKYBAaHOMY
nporecy, OOYMCICHHAM 3HAa4YeHb TaOJMIb YMOBHHMX HMOBIPHOCTEH IJisi KOXKHOL
BepIIMHHU Tpada.

[Hdopmariro mpo Tomoorito rpada (CTPyKTypy) 1 mapaMeTpu KOXKHOT BEPIIHHU.
MO>KHA OTPUMATH 3 HaBYaJIbHUX JaHuX. HalOiab1I CKITagHOIO 33/1a4€I0 € OTPUMAaHHS
Tomoorii Mepexxi. OCOOIMBO CKIIaIHO OTPUMATH PABUIILHY TOTIOJIOTIIO y BUIIAAKY,
KOJIM JICSIKI BEPIIMHHU MPUXOBaHi a00 JaHi € HEKOPEKTHUMH YU HETIOBHUMHU.

pP(H¢|E)= @)
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JJ11 BUKOHAHHS TOYHUX PO3pPaxyHKiB, ITOB'SI3aHUX 3 BHOOPOM MO/IeINi, HEOOX1THO
o0uncnnTn P(D) = Z P(D|G), mo € 3a1a4€r0 eKCIOHEHIIAHOI CKIIaIHOCTI.
G

Jus BupimeHHst 11i€i mpoOiieMu 3acTOCOBYIOTH OaifecoBmid iH(pOpMamiiHUI
kpurepiii (8) [32]:

A log(N) ..
09(P(G | D)) = log(P(D] 6, )~ ™. dim(G), ®
ne N —uncno moaeneit, dim@G) — posmip Mmoneni (kinbkicTs BimbHUX MapaMeTpiB),
- . . , log(N)
6, — MaKkCMMalbHO IIPaBIONOAIOHA OLiHKA MapaMeTpiB, — mG) -

mrpadyroda KOMIOHEHTA 32 HaJMIpHY CKIIaIHICTh MOJIEINI.

Ockinpku Gopmyna baiieca, GpakTHIHO, € MOJEILTIO paIliOHATBHOTO BHOOpPY B
yMOBax HETOYHOI a00 HEmoBHOI iHPOpMaIlii, 110 OCOOINBO aKTyalbHO IS JAHOTO
JOCIIDKEHHSI, o ¥ 3ymMoBHIO0 BUOIp Mepex baiieca 1o BUKOpUCTaHHS y CKIIami
aHcaMOJII0 MOZETICH.

Otxe, oOpaHi 10 BUKOPUCTAHHA Y JAaHOMY JOCHIPKEHHI METOJIU Ta MOJAENI €
MOMYyJSIPHUMH METOAAaMH 1HTENEKTYyaJbHOTO aHali3y JaHUX 1 MOXYTb OyTH
e()eKTHBHO BHKOPHCTaHI I JOCTIHKEHHA (paKTOpiB, IO BIUIMBAIOTH Ha 00OCATH
BHJIATKIB Ha COLIaJIbLHMI 3aXMCT Ta COLiiajbHe 3a0e31eYeHHs, BUSBICHHS 3B I3KIB B
JAaHWX, B TOMY YHMCII, i IPUXOBAHMX, Ta JIAIOTh 3MOTY IMepe0avynuTH MO3UTHBHUH
(HeraTHBHMIA) BIUIMB OKPEMHX YMHHHUKIB TOIIO. Bce me 103BOJMTH MOKpAIIuTH
SIKICTh YTIPaBIIHCHKHUX PIlIeHb, ONTHUMAJIBHIIIIE BAKOPUCTOBYBATH HasBHI (piHAHCOBI

pecypcH.
MeToauka qocaiIKeHHA

HocnimpkeHHss BUKOHaHO Ha MaTepianiax JlepxaBHOI ciIy>kOM CTAaTUCTHKH YKpaiHU
[33] ta moprany «Bigkputi mani» [34]. Beboro posrisiHyTo S0 MOKa3HHKIB, 110
CTOCYIOThCSI TICHCIHHOTO 3a0e3MeYeHHs, COLIAIbHO-CKOHOMIYHOTO PO3BUTKY Ta
eKoJIOTii. Y JOCHi/KEHHI BHKOPUCTAHO MAaTeMaTW4HI MOJeNi Ta MEeTOIu
IHTEJIEKTYaJIbHOTO aHaJi3y IS MiATOTOBKU JIaHHMX, BUSBICHHS 3aKOHOMIPHOCTEH,
BigOOpy HAOLIBII 3HAYMMHUX TTOKA3HUKIB Ta JUIsi HPOTHO3HOT'O MOJICTIOBAHHSI.
OCHOBHMMH €TanlaMyd METOJUKH €:
1. 306ip ta nonepenHs 0OpoOKa CTATUCTUYHHUX MMOKA3HUKIB, BinOip HaWOIIbII
3HAYMMUX JJIs1 JIOCTIJIKCHHSI.
2. TunonoriuHe rpyryBaHHS BXiIHUX JaHUX.
3. 3MeHIIEeHHS MPOCTOPY BXiAHUX 3MIHHUX (METOJ TOJIOBHUX KOMITOHEHT) JUIs
KOKHOI IpYIH JaHUX.
Bin6ip perpecopiB Ta moOy0Ba perpeciiHiux Moienen.
OuiHIOBaHHS SKOCTi IPOTHO3iB, OOYA0BAaHKX 33 PI3HUMH MOAEISIMU, BUOIp
Kparioi MOJIeJIi.
6. TloOymoBa Mepexi baiieca Iuis OIIHIOBaHHS PI3HUX CIICHAPIiB BIUTUBY
€KOJIOTYHUX YMHHHKIB HA 3MIHY BUTPAT HA TICHCIHHE 3a0e3IeYeHHSI.
AHani3 no0y/10BaHUX CIICHAPIIB.
8. IliaroroBka BapiaHTIB YIIPaBIiHCHKUX PIIICHb.

ok~

~
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PesyabTaTi gocaigxeHHs

BxigHumu gaHuMu € AepikaBHI BHUIATKH Ha COLIAJBbHHNA 3aXHCT Ta COLiaJIbHE
3a0e3MeUeHHs], MAaKpPOEKOHOMIYHI IMOKAa3HWKH, Taki K BaJOBUH BHYTPIIIHIH
MPOIYKT, 1HAEKC CIOXUBYMX IIiH, AeMOTpadivdHi TOKa3HUKU Ta €KOJOTIYHI — CTaH
3a0pyqHEHHS TOBITPA PI3HUMH OPTaHIYHUME Ta HEOPTaHIYHUMH CIIONyKaMu B
pO3paxyHKy Ha ofHYy ocoOy HaceneHHs. [lepeiik MOKa3HUKIB MpPEACTaBICHUH Y
Tabm. 1.

Tabmums 1. Iepenik 3MiHHAX, BAKOPUCTAHUX Y POOOTI

ITo3nauenns INoxasHuk
Jlep>kaBHI BUIATKU HA COLIANIBHUI 3aXHUCT Ta COIliajbHE 3a0e3eueHHs,
Target :

% 1o BBII

x01 Bceboro, HaceneHHs TUC. YOI,

%02 CepenHs ouikyBaHa TPUBAIICTH KUTTS IIPH HAPOKEeHHI (00MIBI CTaTi),
pokHu

X03 Innexc coxkuBuux 1iH, %

x04 BanoBuit BHyTpIIIHIA TPOIYKT, THC. TPH

x05 YucenbHICTh NEHCIOHEPIiB (Ha MOYAaTOK POKY), THC. YOJI.

x06 UmcenbHICTh OepKyBadiB ICHCIH 32 BIKOM, THC. JOII.

x07 YncenbHICTh 0JIepKyBaviB MEHCIH 1O IHBAJIIAHOCTI

x08 UmcenbHICTh OIepKyBadiB ICHCIH 0 BTpaTi rOAyBalbHAKA

x09 YncenbHICTh 0JIepKyBadiB MEHCIH 32 BUCIYTY POKIB, THC. YOJI.

x10 YncenbHICTh 0JIepKyBadiB COLIANBHUX MEHCIH, THC. YOJI.

x11 UmcenbHICTh OTPUMYBAYiB TOBIYHOTO YTPUMAaHHS CyIIiB, YO.

¥12 Bukuan peqoBUH y BUTIISII CYyCIICHOBAaHUX TBEPANX YaCTHHOK Ha
OJIHY 0c00Yy, KT

¥13 Bukuan pedoBUH y BUTIISII CYCIICHIOBAaHUX TBEPANX YACTHHOK
Oumpime 2,5 MkM Ta MeHIIe 10 MKM Ha oIHY 000y, KT

14 Bukuan pedoBUH y BUTIISII CyCIICHIOBAaHUX TBEPANX YaCTHHOK
2,5 MKM Ta MeHIIIe Ha OJTHY 0c00y, KT

x15 Buxkumn niokcuay a3oTy Ha oHY 0co0y, KT

x16 Bukunan amiaky Ha oHy 0co0y, KT

x17 Buxuan niokcuay cipku Ha OHY 0CO0Y, KT

x18 Bukuan okcuy Byriento Ha oJjHy ocoly, Kr

x19 Bukuin HeMETaHOBHX JISTKUX OPTaHIYHUX CIIOJIYK HAa OJTHY 0CO0Y, KT

daktopu, mpexnctaBieHi B Tabm. 1, Oyio po3nomilieHO Ha TPU TPYIH, ILIO
BiJIMOBITalOTh HANpsIMKaM — TICHCIlHE 3a0e3NeUeHHs, MAKpOCKOHOMIKa, eKOJIOTisl.
Jnst rpynu 3MiHHHX, IO ONHCYIOTh YHCENBLHICTH OJIepKyBadiB TEHCIH (3MiHHI
X5—X11) METOJOM TOJIOBHUX KOMHOHEHT [35], 3MeHuIyeThcs TPOCTIp BXIJAHHX
3MiHHUX. BHU3HaveHo, 110 Ba TOJIOBHUX KOMIIOHEHTH onmucyioTh 80% indopmarii
TIpO TICHCIHE 3a0€3MCUCHHS.

Jlist TPYIH €KOJIOTIYHMX YMHHHUKIB (3MIiHHI X12-X19), BUKOPHCTOBYIOUH METO/I
TOJIOBHUX KOMITOHEHT, BU3HAYCHO J[Bi 3MiHHI, BOHH onUCy0Th 80% iH(pOopMarlii mpo
BHUKHUIY IIKiJIMBUX PEUYOBUH Ta 3a0pyAHCHHS MTOBITPAI.
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JInst BU3HAUCHHS XapaKTepy 3aJIeKHOCTEH y JTaHWX, IO BHKOPHUCTOBYIOTHCS Y
JocHipKeHH1, Oyna moOymoBaHa cepis perpeciiHux Mopesei. 3MiHHI, SKi MalOTh
OyTu BHUKOpHCTaHi ans noOydoBM (iHAIBHOI MOAENi, BH3HAYEHO HA OCHOBI
3HA4YeHHsI P-3HAYEHHS CTATHCTUKH Xi-KBaJpaT I OIIHOK Koe(illi€eHTIB MOJeIN y
BHUTJISAI JIiHIAHOI perpecii. B sKocTi KpUTHYHOTO 3HAYCHHS MipH PIiBHS JOBIpH
BuKopuctano 10%.

Kpamoro cepen moOynoBaHnX Mozeneit BUSBIIACH MOJIEIb, PETPEcCOpaMH SIKOI €
CepeHsl OUiKyBaHa TPUBATICTh KUTTS TP HAPOKEHHI (00MaBI cTaTi) (X2), iHIEKC
CIIO’KUBYMX IIiH (X3), BAJIOBUI BHYTPILIHIN MPOAYKT (X4), TOJIOBHA KOMIIOHEHTA, 1110
OIMCYE KiJIbKICTh OIepKyBauiB NeHciit (Pension), roJoBHa KOMIIOHEHTA, SIKa OTUCYE
MaKpoeKoHOMIuHI moka3uuku (Econom), rososxa kommonenta (Emissions) omwucye
exoJyoriuni 4YMHHUKK. CTAaTUCTUYHI XapaKTEPUCTUKU MMOOYyIOBaHOI MOJENI:
Koe(ILieHT eTepMiHallil R? = 0,81, CKOpEroBaHUH KOEQIIiEHT AeTepMiHallii
R? = 0.71, cepennbokBanparnuna noxubka RMSE = 0,52, cepeans abcomoTHa
npouenTHa noxudka MAPE = 4,92%. To0to, BigXuneHHs peaJbHOro 3HaYCHHS Bif
MPOTHO30BaHOTO CTAHOBUTS, B cepenHbomy, 4,92% (puc. 1).

11 -
[TepKaBHi BHAATKH Ha
OIiaTEHHI 2aXHCT Ta 2
coTliansHe /
10 3a0e3meaenns, Yo 10 A N

BBII \

9 ™\ /\ A \
VAN ‘ N\ \
AV
8 '/ \\ / (v
I \ ’
7 \/

Poxn

th

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

e PeaIBHE 3HAYCHHA w= == 3HAYECHHA IPOTHO3Y

Puc. 1. TlporHo3oBaHi Ta peayibHI 3HAYCHHS MMOKAa3HWKA YaCTKW JIEP)KaBHUX BUAATKIB Ha
COIliaJIbHUH 3aXUCT Ta comiaibHe 3a0e3neuenHs y BBII, %

Otxe, K BUJHO 3 Ta0I. 2, yci 3HadeHHs Pr > |t| menmi 0,1, ToOTO npu 3HaYEHHI
Mipu piBHA goBipu 10% Monens BaigHa.

Jns nmoOynoBu Mmepexi baiteca (puc. 2) Oyao BHKOPHUCTAaHO IpOTpaMHe
3abe3neuenns Genie 2 [36]. IToOymoBa Tomosorii Mepexi 3miliCHIOBalach B
ABTOMaTHYHOMY peXHMi i3 BUKOpuctanHsMm anroputmy Greedy Thick Thinning
(Moanikaris anroputmy K2).

Bynu HakiazieHi 0OOMEKEHHS: KOJKHA BEpIlIMHA-HAIAI0K MOXE MaTH He Oijbliie
BOChMHU 0aTBbKiBCHKUX BeplinH. CTaTUCTHYHI XapaKTEPUCTUKH OOy I0BAHOT MOJIEI —
noxubka nomunkoBoi knacudikanii (MISC) nopisaroe 20%.
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Tabnuis 2. 3HadeHHs OIIHOK KoedilieHTiB Moei

Orminka mapameTpa MoAemi
Kinexicts Ormigka 3HaYeHHS p-3HaYCHHS
3miHHA CTYIICHIB | IapameTpa Crangaptia t-CTaTUCTHKH| CTaTUCTHKH
cBoboOaM Mojeni noxubia CrbrosieHTa | Xi-KBajpar
BinbHuit uineHn 1 71.28906 26.36255 2.70 0.0205
X2 1 -0.73005 0.34617 -2.11 0.0587
X3 1 -0.07780 0.02516 -3.09 0.0103
X4 1 -0.00000147 | 4.53494E-7 -3.24 0.0079
Pension 1 -1.46774 0.70558 -2.08 0.0617
Econom 1 1.36263 0.40293 3.38 0.0061
Emissions 1 -1.92650 0.61879 -3.11 0.0099
= 08 ] %03
o e \ -]
>

(=] x08
Down 73% [

up  27%

[v|

(=] x16

Down 25% [l
Up  50%
lzere 25% [l =

(=} x07
Dowen 5% R]
up  4s%
(=]

Down 25%
Up  65%
[zero_10%

|

*02

[
Down 34% [l

Up  66%

Target

e —
[ M

Puc. 2. Tonomnorisi Mepexi baiieca s MoIemOBaHHS CILEHApIiB BIUIMBY 3a0pyIHEHHS
MOBITPSL HA 3pOCTaHHS 00CATIB BHIATKIB Ha TEHCIHHY CKJIAaJOBY BHUTpAT Ha COI[aJbHUI
3aXMCT Ta colialbHe 3a0e3MeueHHs

Sk mokasano JOCHIKCHHS, BHUKOHAHE 13 BHKOPHCTaHHAM Mepexi bBaiieca,
mpeacTaBieHoi Ha pUC. 2, MOXHA PO3MISHYTH JIeKiibka creHapiiB. OmuH i3
BapiaHTiB — 30UIbLIEHI KUIBKOCTI OJepKyBadiB IMEHCIH MO iHBaIiTHOCTI 3a
301IBIICHHST PiBHA 3a0pyIHEHHS MOBITPS PEYOBHHAMH Y BHTIISII CYCIICHIOBAHUX
TBEPJUX YACTUHOK Pi3HOTO po3mipy. B mboMy BHIaAKy, HMOBIpHICTh 301IBIIICHHS
YacTKU Jep>KaBHUX BUIATKIB Ha COLIaJbHHUNA 3aXHMCT Ta COLiabHE 3a0€3MeYeHHS Y
BBII 36inpmyerscst 1o 75%. 3a iHImIOro, MeHII HMOBIpPHOTO CIIEHapilo, NpH
3MEHIIICHH] PiBHS 3a0pyIHCHHS ITOBITPS PEUYOBHMHAMHU Y BUIJIAAI CYCIICHIOBaHHUX
TBEPIUX YACTUHOK Pi3HOTO pO3Mipy, KIIBKOCTI MEHCIH MO 1HBaNiJHOCTI, IO BTPaTi
roAyBalbHUKAa WMOBIPHICT 3MEHIIEHHS YacTKH JACp)KaBHUX BHIATKIB Ha
CoILiaJFHUM 3aXUCT Ta collianbHe 3a0e3nedenHs y BBII smenmryerscs 10 49%.
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BucHoBKH Ta nepcneKTUBYU MOAAJBIINX T0CTiIKEHb

[IpoBeneHHst akTyapHMX pPO3pPaxyHKiB y CHUCTEMi 3araibHOO0OOB’SI3KOBOTO
JIep>KaBHOTO MEHCIITHOro CTpaxyBaHHS BPETYJIbOBaHE YNHHUM 3aKOHOJABCTBOM Ta
0a3yeTsCsl Ha TIOEAHAHHI METOMIB TeOpii IMOBIPHOCTI, MAaTEMAaTHYHOTO aHaJi3y,
MaTeMaTHYHOI CTAaTHUCTUKH, Teopil CTOXAaCTUYHOTO aHalli3y, Teopii CKIAJIHUX
BIJICOTKIB, AudepeHIliiiHnX piBHAHL Ta onrTuMizamii. B maHomy mocimimkeHHI
3aIPOIIOHOBAHO HOBY METOAMKY IIPOTHO3HOTO MOJETIOBAHHS, fKa Iependadae
BHKOPHCTaHHS aHCaMOIIiB Mojenieil, Moke OyTH 3acTOCOBaHa y iCHyIOUil cucTemi
aHaji3y Ta TPOTHO3YBaHHS BHUTpPAT Ha COLIAJbHUN 3aXWCT Ta COLiaJbHEe
3a0e3MeUeHHs], B TOMY YHCIIi i 715l IPOBEACHHS aKTyapHHUX PO3PaxyHKIB y CHCTEMI
3araTbHOO0OB ’I3KOBOTO JIEP’KAaBHOTO TEHCIMHOTO cTpaxyBaHHA. SIK CBiguaTh
pe3yabTaTH BUKOHAHOTO JOCHIKEHHsI, MPUHHATHUX PE3yJIbTAaTiB MPOTHO3YBAHHS
Jiep)KaBHUX BHUTPAaT Ha COIaJIbHUK 3aXUCT Ta COIiajbHe 3abe3ledeHHs] MOXKHa
JOCSTTH 3aBISKH 3aCTOCYBAaHHIO 3aIllPOTIOHOBAHOI METOIMKH, B OCHOBY SIKOI
MTOKJTaJIeHO aHCaMOJIb 3 perpeciitHux Mojenei Ta 0aifleCiBCHKIX MEpPEeK.

Cepen perpeciiHMX MoOJeNeH Kpallow BUSBWIACE KOMOIHOBaHa MOJENb i3
BKJIFOUCHHSM perpecopis 3a Metoom backward selection [5], komu 3 moBHOT Moaei
BIITy4alOTBCSI PETPECOpH, JUIS SKUX P-3HAYEHHS CTATUCTUKH Xi-KBaapaT OinbIIe 3a
0,1. ITpruoMy 7Sl TIOHMKEHHS PO3MIPHOCTI TPYIT BXIIHUX PErpecopiB — KUTbKICTb
OJIep)KyBadiB TEHCIH, MAaKPOEKOHOMIYHI MOKa3HUKH, E€KOJIOTiYHI YMHHUKH, OyJo
BUKOPHCTAHO METO]] TOJOBHUX KOMIIOHEHTIB, 32 Pe3yJbTaTaMH POOOTH SIKOTO B
MoJiesib  Oylo BKJIFOUYEHO OTPUMaHi TOJIOBHI KOMIIOHEHTH, $Ki BPaxOBYIOTb
BapiabenpHiCTh HaHux Oinbmry 3a 80%. s moOymoBanoi ¢iHambHOT Mogeni y
BUIJIAAl  perpecii Ha TOJOBHMX KOMIIOHEHTaXx OTPUMAaHO  CTaTUCTHYHI
XapaKTepUCTUKH — KoedimieHT nerepminarii 0,81, ceperHr0KBapaTHIHA TOXUOKA
0,52, cepenns abconroTHa mpoueHTHa moxubka 4,92%. Tobro B cepenHbOoMy Ha
KO>KHOMY KpOIIi MPH MPOTHO3YBaHHI 32 OTPUMAHOI MOJEIUII0 peaibHe 3HAUYCHHS
BiJPI3HAETHCA Bifl IporHo3y Ha 4,92%.

Y TnopanpliuX JOCHIPKEHHAX JJIsl TPOTHO3HOTO MOJICIIOBAHHS JIOLIIBHO
3aCTOCOBYBaTH aHCcaMOJIi PI3HOTUIHUX MOJIeNiel, 30KpeMa perpeciiini Mojelni Ta
Mmepexi baifeca y moeqHaHHI, HaNmpuKiIag, 3 METOJOM TPYNOBOTO BpaxyBaHHSI
apryMeHTIB, INTYYHHM IHTEJIEKTOM Ta IHIIUMH METOJaMH 1 MOJCISIMH
THTEJIEKTYaJIbHOTO aHai3y JIaHUX.
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AN EXAMPLE OF THE APPLICATION OF NEURAL NETWORKS
OF A SIMPLE ARCHITECTURE TO UNFOCUSED WELL
ELECTROMETRY PROBES

Abstract. An effective method of finding stable solutions of inverse problems of
electric and induction logging along the well is proposed, which allows avoiding
the influence of the resistance values of the neighboring formations on the
determination of the geoelectrical parameters of the object under study. A highly
efficient method was proposed for solving such an unstable inverse problem. This
method is based on the application of a neural network with inverse error
propagation of a simple architecture. Namely three-layer. The mathematical
statement of the problem is given, both the topology of the neural network and all
its parameters are described in detail. In the course of the numerical experiment,
they were selected as optimal. The process of building a base for training a neural
network is described in detail. Namely, how each of the examples of the learning
base is built by solving a direct problem. With this cut parameter, the training for
each example is chosen arbitrarily, which guarantees a comprehensive range for
training the neural network. The number of examples in the training base is one
hundred thousand examples. As the activation function, the sigmoid is chosen due
to the fact that it is differentiable everywhere. The results of testing the written
program are given. The learning rate was estimated to obtain the required small
error. It is shown that this approach is stably convergent. For testing, the
parameters of the layers of the cut, which are inherent to the geophysical parameters
of the cuts of the Dnipro-Donetsk depression, were chosen. A complex of lateral
logging sounding was chosen as the electrical logging equipment. Four-probe low-
frequency induction logging equipment was chosen as induction logging equipment.
Examples for induction and electrical logging are given separately. The obtained
results are analyzed in detail. Ways of further improvement of the obtained neural
network and its use for other problems of geophysics are given.
Keywords: geophysical exploration of wells, resistivity, oil and gas wells, Shoulder
effect, inverse problem, vertical resolution.
https://doi.org/10.32347/2411-4049.2024.3.177-182

1. Introduction. The solution of most mathematical inverse problems faces the
problem of stability. Inverse problems of electrometry are no exception [1]. Consider
the problem of establishing the electrical specific resistivity (SR) of a layer of finite
thickness (in the presence of axial symmetry of the problem), which is part of the
layering opened by a vertical well. Fig. 1-4 shows a comparison of the SP and the
measured apparent resistivity (AR) inherent in the conditions of the Dnipro-Donetsk
basin [2]. It is clear that the measurement of the AR, 5(z) at a single point with the
z coordinate (the depth along the axis of the well in the cylindrical coordinate
system) will be affected by the SR values in some vicinity of the measurement point
proportional to the length of the probe.

© M. Myrontsov, 2024
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It should be noted that the use of NN in the tasks of geophysics and in particular
the geophysical investigation of wells is not new [3, 4]. However, the author is not
aware of the use of such an approach for unfocused probes. A two-layer NN will be
used in the work. Well-known works are devoted to the use of NN of complex
architecture (deep learning) to solve the problem of modeling (prediction) of logging
data (solving a direct problem).

The aim of the work is to create a method that eliminates the influence of
neighboring layers (shoulder effect) on the determination of geoelectrical parameters
of the studied object by using neural networks (NN) of simple architecture.

2. Shoulder effect. For the task of low-frequency induction logging (IL), the
electric specific conductivity (SC) o and the apparent conductivity (AC) & (inverse
of the SR and AR values) are related by the equation:

6(z) = [g(z—2)a(2)dz, (1)

where g is the so-called geometric factor of the probe [5]. The problem of solving
such a Fredholm equation of the first kind of the convolution type is incorrectly
posed according to Hadamard and, accordingly, is unstable [1].

zZ,m zZ,m
10304
120 4 1040 1
1050
130 1060
1070 1
140 1080 +
10904
150 1100 1
11104
160 +——— . S 1120
00 25 50 75 100 0
p,m
Fig. 1. Probe 1L1.25. Code of the curves: Fig. 2. Probe EL A2.0MO.5N. Code of
1- given SR, 2 — measured AR, 3 - the curves: 1 — given SR, 2 — measured
recovered SR AR, 3 —recovered SR
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Fig. 3. Probe EL A2.0MO0.5N. Code of the Fig. 4. Probe EL A2.0M0.5N. Code of
curves: 1 — given SR, 2 — measured AR, 3 — the curves: 1 — given SR, 2 — measured
recovered SR AR, 3 —recovered SR

The sought values of SC are determined through the measured values of AC,
which in turn depend on the values of AC at some interval (determined by the form
of function g). Therefore, the determination of the AC value at some point is
influenced by the measurement values at the neighboring ones. This phenomenon is
called "Shoulder effect". The problem of electrical logging (EL) is generally
nonlinear and does not have an integral description of the type of the given equation
(1), but the Shoulder effect is also present in it.

3. Formulation of the problem. A method of finding a stable solution to the
problem of determining the SR based on the data of the measurement of the AR for IL
and EL will be proposed. In both cases, we will look for the value of SR itself (since
SR and AR are related as o = p~1). For both problems (EL and IL), we need to solve
the problem of finding p; at each point z; of some interval if we know:

ﬁzi(pzi—m’ e Pz ""pzi+m)’ (2)

where the coordinate indices are simply the numbers of an ordered set of
measurement points (the measurement along the well is not continuous and is
performed with a discrete step Az). That is, we use an approximation model where
the SR is a piecewise continuous function along the well and within each interval of
thickness Az, the SR values do not change.
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4. Architecture and education of NN. In fact, (2) means that the direct problem
is the search for the mapping of SR values into one AR value. However, we need to
set another mapping (inverted):

ﬁzi_m: ---:.521-: vﬁsz = Pz (©)

We will use this type of connection for learning NN with backpropagation of the
error [6]. We have [1, 7] a reliable tool for calculating mapping (3). That is,
according to known values of AR at some interval (2m + 1) - Az we need to
determine the AR in its center.

For each example, we will model the AR curves for the interval of the well cut
which consists of a sequence of layers the SR of which we set as a constant (within
each layer) but random value for each of them (if the SR of neighboring layers
defined in this way coincide, then we in fact, we have one layer of permanent SR but
twice as thick).

Therefore, the SR value of each of the well cut of the selected interval will change
randomly for each NN training example within the range of SR values of the field in
which the geophysical wells are surveyed (see fig. 3, 4, curve 1).

Thus, we have for each training example of our NN an "interval-measurement
point" correspondence. The construction of NN training examples in this way was
significantly simplified by using our own software for modeling EL and IL.

We will use the sigmoid e"/ex 4 1 Whose values are limited to the interval (0,1)

as the activation function of all neurons of our NN. The choice of sigmoid is due to
the need for continuous differentiability of the activation function for using the
method of backpropagation of the error. Accordingly, taking into account the limited
range of possible sigmoid values before the learning process, we normalize the input
data (AR values) and output data (SR values) for each example.

The following NN parameters were chosen: two-layer, the activation function is
sigmoid, the learning step is 0.5, the number of epochs is fixed and equal to 20,000,
the number of training examples was 100,000 (both for IL and EL problems). The
number of neurons in each layer was chosen separately for IR and EC problems.

5. NN check, results. It should be emphasized that the examples are given for
unfocused probes. This just demonstrates the possibilities of using NN for more
complex tasks. Indeed, joining the complex of geophysical logging focused down
probes of electric logging or induction significantly improve the vertical resolution
of the method as a whole. This stage of the research did not include the assessment
of the possibilities of using NN for solving inverse solutions of focused problems.
To solve such problems, where both unfocused and focused probes are used at the
same time, it was solved at one time, but under the condition that the layers adjacent
to the studied layer have the same resistance and are of semi-unsheared thickness.
War conditions do not allow references to authors from the aggressor country.

As it is generally accepted to check the quality of training of NN, we set the input
data to examples that were not used during training and compare what the NN gives
at the output and what it should have given.

Consider the IL problem. According to the value of the length of the interval
(12.1 m) on which the data for the examples of NM training were calculated and the
size of the recording step (0.1 m), the number of NN input data is 121, the number of
neurons in the first hidden layer is 20, the number of neurons in the second hidden
layer (corresponds to the number of output signals) — 1. That is, synopses connect: the
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input data layer and the first hidden layer and the first and second hidden layers. The
value at the output of the second hidden layer is the value of the NN output signal.

In fig. 1 shows the results for the 11.25 probe [5] (where the number means the
distance between the generating and receiving coils and thus it determines the
vertical resolution of the method). It turned out that for layers with a thickness of
1 meter (less than the length of the probe), the SR according to the proposed method
is set almost perfectly from the point of view of the generally accepted requirements
of well-logging (determining the boundaries of each layer, determining the value of
its SR with an error of no more than 10%). For the EL problem (recording step
0.05 m), the length of the interval on which the data for the NN training examples
was calculated was 10.05 m. Therefore, the number of input signals is 201. The
number of neurons of the first hidden layer was chosen to be 30, and the number of
neurons of the second was 1.

In fig. 2-4 show the results (Fig. 2 for stratification of layers 2.5 m thick; Fig. 3 —
5 m thick; Fig. 4 — 10 m thick) for the known A2MO0.5N probe (the first digit is the
distance between the current electrode and the first measuring electrode, the second
digit is the distance between the measuring electrodes) [7], which is included in the
complex of standard electrometry of wells used in Ukraine [2].

For the layer thickness of 2.5 m, the boundaries of each of them are determined
precisely, but it was not possible to determine the SR even qualitatively. For layer
thicknesses of 5 m and 10 m, the SR is installed almost perfectly according to the
proposed method.

6. Discussion. The results obtained in a similar way for three-layer NN do not
differ significantly from those obtained for two-layer NN except for an increase in
training time.

Thus, knowing the vertical profile of the SR for each probe of the multi-probe
complex, we can also determine its radial SR distribution with an accuracy that
corresponds to the accuracy of the proposed method. Since the use of NN is
essentially a method of approximation, we, having a very diverse base of learning
using random, have created a reliable method of approximation. Since we did not
have examples of unstable solutions in the basis (the solution of the direct problem),
then such a solution (already the inverse problem) turned out to be stable.

The greater accuracy of setting the vertical profile for IL tasks than for EL
problems is a consequence of a more accurate qualitative coincidence of the
measurement curves AR with the SR curves, which must be restored. But the
achieved accuracy of establishing the SR of layers comparable to two lengths of the
probes is more than high.

The choice of examples selected for learning NN is definitely decisive.

7. Conclusions. The possibilities of using NN to solve the problems of increasing
the vertical spatial ability of unfocused probes are demonstrated. It is shown what
vertical resolution can be achieved for such probes using only two-layer neural networks.
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MLJI. Muponuos
IPAKJIAJI BUKOPUCTAHHSA HEUPOHHUX MEPEK ITPOCTOI APXITEKTYPH
JJUIs1 HE COOKYCOBAHUX 30HAIB EJIEKTPUYHOI'O KAPOTAXKY

AHoTanis. 3anpornoHoBaHO €()EKTUBHHUI METOJI 3HAXOKCHHS CTIMKMX pO3B'I3KIB
o0epHEHMX 33/1a4 eJIEKTPUYHOTO Ta IHAYKLIIHOTO KapoTaXXy B3JIOBXK CBEpPJIOBHHH, SKHI
JI03BOJISIE YHUKHYTH BILIMBY 3HAUSHB ONIOPY CYCI/THIX IU1ACTIB HA BU3HAYEHHS I'€0SNIEKTPUIHHX
mapaMeTpiB MOCTIHKyBaHOTO 00'ekTa. [l po3B’si3aHHSA TakOi HECTIHKOI OOCpHEHOI 3amaui
OyJ10 3aIPOTIOHOBAHO BUCOKOC(EKTUBHUI METO/I. Takuii MeTO/] 3aCHOBaHMI Ha 3aCTOCYBaHHI
HEWPOHHOT Mepeki 3 00EpPHEHNM PO3MOBCIOKEHHAM ITOXHOKHU TPOCTOI apXiTeKTypH. A came
TpumapoBoi. J[aHO MaTeMaTH4YHy MOCTaHOBKY 3ajadi, JETaJbHO OIKMCAHO SK TOIOJOTiI0
HEHPOHHOT Mepexi, Tak i BCi 11 mapameTpu. B Xofi 9HCIOBOTO €KCIIEpUMEHTY BOHH OOpaHi
onTHMabHIMHU. JleTaIbHO OICaHO MpoLec o0y 10BY 0a3H AJIst HAaBYaHHS HEHPOHHOT MEpexi.
A came SIK 3a JOTIOMOTOIO PO3B’SI3aHHS MPSAMOI 3a7a4i Oyy€eThCs KOXKEH 3 NMPUKIaLiB 0a3u
HaB4yaHHA. [Ipy 11bOMy mapaMeTpu po3pi3y ATl KOSKHOTO HPHKIIALy HaBUYAHHS OOMPArOThCS
JIOBUIBHUM YHHOM, 1110 FAPaHTY€ BCEOXOILIIOIOYUHIT JIIara3oH JJisl HABYAHHS HEHPOHHOT MEpexi.
KinpkicTs npukianiB B 0a3i HABYaHHS CKJIAJAE CTO TUCSY MpPUKIAAiB. B skocti (yHKmii
akTuBalil oOpaHO cUrMoimy uepe3 Te, IO BOHa Bcroau mudepenuiiioBaHa. Haseneno
pe3yJibTaTy TeCTyBaHHs HanucaHoi nporpamu. OLiHeHa MBUKICTh HABYAHHS JUIsl OTPUMAHHS
HeoOximHOi Masol moxubOku. IlokaszaHo, 10 Takuil minxig € cradinbHO 30DKHHM. [l
TECTyBaHHS OOpaHO MapaMeTpH IUIACTIB PO3pi3y, IO MPUTAMaHHI Teo(i3NIHIM TTapaMeTpam
po3piziB J{HinpoBceKo-/loHelbKol 3anaquHy. B sikocTi anapatypu eIeKTpHYHOTO KapoTaxy
00paHO KOMIUIEKC OOKOBOTO KapOTa)KHOTO 30HIyBaHHS. B sIKOCTI amaparypu iHIyKI[iHHOTO
KapoTaKy 0OpaHO YOTHPH3OHIOBY anaparypy HM3bKOYAaCTOTHOTO 1HAYKHIHHOTO KapoTaxy.
HaBeneHo oxpemo mnpuxiagy Juisi iHAYKIIHHOTO Ta ENEKTPUYHOTO KapoTaxy. JleranbHo
NPOAHANTi30BaHO OTPUMaHi pe3ysibTaTH. HaBeJeHO NUIIXM IOJajbLIOr0 BIOCKOHAJICHHS
OTpHMaHO1 HEHPOHHOT Mepeski Ta BAKOPUCTAHHS 11 IS 1HIINX 33729 Te0(i3uKH.

KurouoBi ciioBa: reodismuHe HOCHiKEHHS CBEPUIOBHH, MUTOMHH Omip, HadTOra3osi
CBEpAJIOBUHH, 00EpHEHA 3a/1a4a, BEpTUKaIbHA PO3/iIbHA 3aTHICTb.

Cmamms naoitiwna 0o pedakyii 05.07.2024 i nputinama 0o OpyKy nicisi peyen3y8anHs
06.09.2024
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISFOTHCS IO PEOaKIlil, MOBHHEH BimnoBigatu mpodimo ta
HAYKOBO-TE€XHIYHOMY PiBHIO 30ipHHUKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/IJIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAI[iI0 1 KJIOYOBI ClIoBa (HE MEHINE IT'ATH) ABOMa MOBaMH (YKPaiHCHKOKO Ta
AHITIHCHKOIO).

[ligroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY peaakTopi MS WORD for WINDOWS,
3 BukopuctaHHsM mpudty Times New Roman, Cyr, kernb 11, oxuHapHuil iHTepBad,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3alaHIM PO3MIpOM CTOPIHOK 17x26 cM.

VYci hopmynu matoth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBHHHI 00OB'I3KOBO HyMEpYBAaTHCS, MAaTH KHID)KKOBY OpI€HTAIil0 i HE
MOXYTh NEPEBHILYBATH 32 PO3MIpOM 3aJaHy CTODPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKsafacThesl aHTITiHChKOK MOBOKO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY aI(haBiTi) 1 OJAE€THCS BIAIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3aranbHuM CIIMCKOM y KiHII CTAaTTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, /1€ BKA3yHOTHCS Mpi3-
BHIIE, TOBHE iM’s Ta IO 0ATHKOBI aBTOPIB, HAYKOBUIi CTYIIiHb, BUCHE 3BaHHsI, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizailii, 0OCOOMCTI JaHI KOXXHOTO 3 aBTOPIB (aapeca, MICTO,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAJATH ENIEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKIiI0 PYKOMUCH MPOXOMAATH peTelibHe OaraTollaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SKICTh HamMCaHHsA abo mepekiany (yKpaiHChKOIO a00 aHIIIHCHKOIO
MOBaMH) HEperJISIAl0OThCsl KOpeKTopaMy 30ipHHKaA, IPOTE BiJIOBIIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
penaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posnin 36ipHuka, 1m0 sikoro Oyae BigHECeHAa CTaTTs, BH3HAYAETHCS PEAAKINIETO,
Y3rOoJIKY€EThCSI — TOJIOBHUM DPEAAaKTOPOM abo Horo 3acTynmHUKOM. OcTaTouyHHN BHCHOBOK
10710 My OJTiKaIlii MaTepiaiiB CXBAIIIOE pelakiliiiHa Koeris 30ipHuKa.

EnextponHna Bepcis 30ipHUKa, MpaBmiia oGOpPMIICHHS Ta BUMOTH JI0 CTaTed MiCTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, sikuii cucTeMaTHYHO OHOBIFOETHCSL.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTHTYTY TenexkomyHikamid i1 rioGaibHOTO
iHpopmaniiinoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISUIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTro HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxitextypu http:/library.knuba.edu.ua/node/883.
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