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RENEWABLE ENERGY SOURCES FOR BACKUP ENERGY SUPPLY OF
SMALL WASTEWATER PLANTS AND INDIVIDUAL HOUSEHOLDS

Abstract. These researches concern the use of renewable sources of electricity
during emergency shutdowns for uninterrupted operation of water management
systems. The ability to purify drinking water during a power outage requires a
backup power source. A mobile power plant, which is usually used as a backup
power source during blackouts and emergencies, is known to cause environmental
pollution and greenhouse gas emissions. The use of wind energy for these purposes
requires the location of wind stations next to small treatment plants and households
in order to quickly switch to autonomous mode, which does not always meet the
territorial requirements and wind resources of the region. Open areas for the
location of solar panels make the use of this type of renewable sources as a reserve
in the conditions of military operations in Ukraine not quite suitable. On the basis
of foreign experience in the use of small hydroelectric power plants (MHPs) and
with different layouts of their location when working at sewage treatment plants,
four possible options for providing electricity to sewage treatment plants and
households during a blackout are proposed for the conditions of Ukraine. The
option of the location of the MHP, which uses the energy of water transported
through pipelines and which has successfully proven itself at operating treatment
plants, is considered. Variants of using the pressure of an artesian well are
proposed: MHP located in a vertical well that supplies artesian water under
pressure; when an active artesian well supplies water under natural pressure at a
constant flow rate to an above-ground (or underground) tank that simultaneously
supplies normal household needs and a connected turbine-powered alternator. In
addition, an option for the location of the MHPS was considered for the treatment
and further use of rainwater sewage, including for the use of rainwater collected

© O.C. Bonouikina, O.I'. X)Kykosa, T.M. Tkauenko, 1.O. Cssitoropos, 2023
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from "green roofs" in a tank-reservoir. The peculiarities of using this scheme are
that it is easy to combine it with the case of using energy obtained from artesian
wells. The proposed technological solutions allow for significant energy savings,
including in places where high-quality water supply from artesian wells is possible,
depending on the hydrogeological conditions of the area.

Keywords: renewable energy sources; backup power supply; critical infrastructure;
hydroelectric power plant; sewage treatment plant.

0.C. Bogoukina, O.I'. ’Kykosa, T.M. Tkauenko, [.O. CBsiToropos
KuiBchbkuii HallioHabHUH yHIBepcuTeT OyIiBHUITBA 1 apxiTekTypH, M. KuiB, Ykpaina

BIJTHOBJIIOBAHI JIXKEPEJIA EHEPI'1I JI)IsI PE3EPBHOTI'O
EHEPI'OIIOCTAYAHHS MAJINX OYUCHUX CIIOPY [
TA OKPEMHUX TOMOT'OCIIOJAPCTB

Anomauyjin. /lani 00cniodicents cmocylomuvcs NUmMaHb 3acmocy8amHs 8iOHOGII0BAHUX
Ooicepen eleKmpoenepeii nio uac asapiiHux 6ioKmo4eHb 0isl besnepebilinoi pobomu
800ozocnodapcvkux cucmem. Moowcaugicms  ouucmku  numuoi 800U ni0  uac
BIOKIIOUEHHS eNeKMpOoeHep2ii 6UuMazae HasHOCMI Pe3ePEHO20 0JICEPENa JICUBTIEHHS.
Bioomo, wo mobinbua enexmpocmanyis, sAKka 3a36uyall 8UKOPUCHOBYEMbCA K
pesepene 0dcepeno JHCUsNeHHs nid Yac Onexaymy ma HAO36UYAUHUX CUMYayill
CRPUHUHAE 3a0PYOHEHHS HABKOTUUUHBO20 CEPeO0sUA MA BUKUOU NAPHUKOBUX 2A3I8.
3acmocysanus 6impoeoi enepeii 01 OaHux yinel gumazae poO3smauty8anHs imposux
CMAaHyiti NOpyY 3 MATUMU OYUCHUMU CHOPYOAMU MA 0OMO20CNOOAPCMEAMU 3405
ONEpamusHo20 nepexooy 6 AGMOHOMHULL DeXCUM, W0 He 3a8dcou Gionosioae
MEPUMOPIANbHUM BUMOAM MA GIMPOBUM pecypcam peiony. Biokpumi dinauku 07
PO3MAWYBAHHA  COMAYHUX NAHeNel PpoOIsmb  BUKOPUCMAHHA — Yb0O20 — MUNY
BIOHOBIIOBAHUX 0JiCepell 8 AKOCMI Pe3ePEHO20 8 YMO8aX 60CHHUX Oill 6 YKpaini He
306cim  npudamuum. Ha ocnosi 3aK0pOonH020 00C8I0y 3ACMOCYBAHHA MAIUX
ciopoenexmpocmanyiti (MI'EC) i npu piznux cxemax ix po3mauty@ants npu pooomi
HA OYUCHUX CNOpyoax 3anponoHO6aHO Ol YMOG YKpainu Homupu MOCIUGUX
eapianmu 3a0e3neuenHs eNeKmpoeHepicio OYUCHUX CROPYO ma 0OMO20CHO0apCmE
nio yac orexaymy. Pozenanymo eapianm posmawyeanns MI'EC, axa euxopucmosye
eHepeilo 800U, WO MPAHCHOPMYEMbCA NO  MPYOONPoBooax, i AKUU YCRIUHO
3apexomendysag cebe Ha OiOUUX CMAHYIAX OYUCKU. 3aNpoONnOHOBAHO 6apiaHmu
suxopucmanms nanopy apmesiancokoi ceeponosunu: MI'EC, wo posmawosana y
BEPMUKANLHIN CBEPONIOBUHI, KA NOOAE APME3IAHCHKY 600V NI MUCKOM, KOIU HA
Olrouill apme3iancoKit c8epONlogUHi 600a Ni0 NPUPOOHUM MUCKOM RPU NOCMIHIL
BUMPAmMi n00AEMbCs 8 Ha3eMHUll (abo niozemMHull) pe3epayap, 3 sIK020 0OHOUACHO
3a6e3neuyomscs 36Utatiii no6ymosi nompedu ma nio €OHAHUL 2eHEPaAmop 3MIHHO20
cmpymy, sxui  npayroe 60 mypOinu. Kpim yvoco, posenimymo  eapianm
posmawysanns MIEC 0ns ouucmku ma nooanbuio20 8UKOPUCTNAHHS CIIYHUX 600
00w060i Kananizayii, 6 momy 4ucii i 051 BUKOPUCIAHHS 00U080i 600U, 3IOPAHOL 3
«3eNeHux nokpieenvy y bak-pezepsyap. Ocobausocmi suxopucmanhs 0aHoi cxemu
noA2aOMeb 8 MOMY, WO il 1e2Ko NOEOHAmU 00 UNAOKY 3ACMOCYBAHHS eHepaii, o
OMPUMYEMBCS 3 APMEIIAHCHKUX CBEPONOBUH. 3aNPONOHOBAHT MEXHONO0IYHI PIUUEeHHS]
0036071510Mb 306e3ne4uUmy 3HauHe eHepeo30epediCents, 8 MoMy YUCHi 8 Micysx, de
ModicuGe AKICHe 000NOCMAYAHHA 3 APMEZIAHCOLKUX CEEPONOBUH 8 3ALeNCHOCHI Gi0
2I0P02e0NI02IUHUX YMO8 MICYeBOCHI.
Kniouosi cnosa: sionosniosani odxcepena emepeii; pesepene enepeonocmayaHHsl,
Kpumuuna ingpacmpyxmypa, 2iopoeieKmpocmanyisi,; o4ucHa Cmanyis.
https://doi.org/10.32347/2411-4049.2023.1.5-16
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Beryn

BrnimB BoeHHHMX fiii Ha pyHHYBaHHS KPHUTHYHOI iHQpacTpyKTypH YKpaiHH
00yMOBITIO€ HEOOXITHICTh 3aCTOCYBaHHSA PE3EPBHUX JDKEPEI KUBICHHA. s mmx
IiJIe¥ pO3TITHEMO MOIIMBICTD 3aCTOCYBaHHS BiAHOBIIOBAHUX JKEpell eHeprii Iist
el pe3epBHOTO BOJOMIOCTAUYaHHS Ta OYUCTKH CTIYHHX BoA. B pa3i Hag3zBuuaitHux
CUTyallii Ha 00'€eKTax KPUTHUYHOI iH(YPACTPYKTYpPH Taki pIIIEHHS JOMOMAararoTh
YHUKHYTH IOBHOTO OJIEKAYTy Ta IMiITPUMATH HOPMAIbHY JKATTEISTTbHICTD OKPEMHX
rpoMaj, Majoro Ta cepenHboro Oi3Hecy. B pasi aBapiiiHOTO BiAKIIOUEHHS
CJIEKTPOCHEPTil OKpeMe pe3epBHE [DKEPENO JKUBICHHA Ma€ MOXIIMBICTh HE
MIPUIAHATH 10/1a4y MHUTHOI BOAM HACENIEHHIO Ta IMOTOYHY OYHCTKY CTIYHOI BOIHU
MiAMPHUEMCTB Ta KOMYHAJIBHUX CTOKIB.

[TomiOHi goCIiIKESHHS 3a JOIIOMOT'0F0 METOTy OaraTOKpUTEPiaIbHOTO aHaJTi3y 0YJI0
MIPOBENICHO HA ITiICTaBi aHai3y BiTHOBIIOBAHUX JDKEPEN €Hepril Ui BOAOOYHCHOI
CTaHIIi1 B omHOMY 3 perioHiB Yexii [1, 2]. Byno oOpaHo Maiy riIpoeneKTpoCTaHIlo Ha
BXOJ[l BOJIOOYMCHOI CTaHIIii, sIK HAaHOIIBII OLILHUM BapiaHT y BHIIAAKY OJleKayTy.
B narux po0OoTax maHO OIIISA TEXHIYHMX €JIEMEHTIiB BOJIOIIOCTAYaHHS Ta CTYIMiHb 1X
3aJIeKHOCTI BiJl €NEKTPOCHEPrii, a TaKoX OOTOBOPIOETHCS 3aCTOCYBAaHHS METOMY
0araToOKpUTEpiaIbHOTO aHANII3y Uil eHepro3ade3neyeHHs BOJOOYHCHHX CHOpY[ 3a
PaxyHOK JKepell pe3epBHOTO KHUBJICHHS.

3a3BrYaii B Cy4aCHHX yMOBAaX OYMCHA CTAHIIS MOKe OyTH 00TafHaHa pe3ePBHUM
JDKEpeJIoM JKUBJICHHS, SIKe BHKOPHCTOBYE JH3elbHE MalWBO. Bimomo, mo 1e
CIPUUMHSIE TaKi cepHO3HI MPoOIeMH, SIK 3a0pyTHEHHS HABKOJIHMIITHHOTO CEPEIOBHUIIA
BUKHJIaMH Ta I[IHOBE 3POCTaHHS B JOBTOCTPOKOBIHM IEPCIIEKTHBi, OCKUTBKH 3a
OCTaHHI POKHM PECYpCH BHKOITHOTO TAJIMBa B YCHOMY CBITi 3HAYHO CKOPOTHIIHCS.
B po6ori [3] HaBeneno oocsr emiciii CO2 Bij 3ropsiHHS HAJIMBA, 0 IS TU3EITBHOTO
najguBa, OCH3WHY Ta MPUPOJHOTO Ta3y ckiamae Bignosimuo 0,27, 0,26 i 0,21
B kr/KBT*Touny.

B nmesikux kpaiHax cBiTY B OCTaHHI poku Oyja 3ampoBajpkeHa HOBa IOJIITHKA
1010 BUKOPUCTAHHS JUIsl €JICKTPOIIOCTAauYaHHs TiIOpUAHNX €HEPreTHYHHUX CUCTEM 3
BIJIHOBJIFOBAHUMH JDKepeiamu eHeprii [3, 4 Tta iH.]. ABropu HH3KH poOGiT [5-8]
BBKAIOTh IPABOMIPHUM BHUKOPWCTAHHS BiJHOBIIOBAHMX JDKEpEN EHeprii s
BOJIOOYMCHUX CIIOPYJI B IKOCTI PE3EPBHOTO JKepesa xuBjicHHs. B podoTi [9] nane
MUTaHHS PO3TISLAAEThCS UIS PI3HUX KpaiH CBITy 3 BpaxyBaHHSAM IIOMUTY Ha
€JIEKTPOCHEPTit0, i BACHOBKH POOOTH OYJIH MO3UTHBHUMU.

TakuM YHHOM, BIJHOBIIIOBaHI JDKEpeNa EHEprii MOXKYTh JIETKO CIIyI'yBaTH
PE3EPBHUM JKEPETIOM JKUBJICHHS JIJIsl BOJOOYHCHUX ycTaHOBOK. [10puHi cucteMu
MOXYTh 3a0e3leduyBaTH CTaOUIbHE eJEeKTPOINOCTauYaHHS B CKIQJAHUX YMOBax
NUIIXOM  00’eZiHaHHS (DOTOETEKTPUYHOI, BITPOBOi TeHepallii Ta HaKOIMUYEHHS
akymysstopi [10, 11]. IlaquBHI e€leMEHTH TaKOX MOYKHA PO3IJISAATH, SKIIO
BiTpOBa reHepallisi Ta HOTOETEKTPUYH] yCTAHOBKU HE MOXKYTb 3a0€3[IEUUTH ITOTPEOH
BHACJIIIOK METEOPOJIOTIYHIX YMOB MiCIIEBOCTI. B SIKOCTI mpuKITay MOKHA HABECTH
ouncHy crnopyay B Hingepmangax. 3aBAsky TOHOBIIOBAaHMM  JDKepeliam
EJIEKTPOCHEPrii BOJOOYMCHA CTaHIlis camomocTatHs Ha 70-96%. Cepenne
CIOXKMBaHHSI eJeKTpoeHeprii cranoBuTh 69 kB1/rox [12]. Y Bunaaky BiIKiIOUeHHS
CBITJIA IPOTATOM 24 TOHH Ta 3aCTOCYBAHHS IIPOTATOM ITLOTO Yacy TEHEPATOPIB, SIKi
MPaIiol0Th Ha OHU3ebHOMY ManuBi, BUKUAH CO; B HaABKOJMIIHE CEPEIOBHIIEC
cknanu 0 447,12 xr (3a Tiel yMOBH, 0 TPAIIOIOTh JIUIIEC TPUIad, HEOOXITHI IS
roAadi MATHOI BOJIN).
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BuxopucTtanHs BiTHOBIIOBaHWUX JDKEPENT EHEPrii SK pe3epBHOI IMOTYKHOCTI
MOBUHHO OYTH HaJe)KHUM YHHOM OOIPYHTOBAaHO HA OCHOBiI BCiX EKOJIOro-
CKOHOMIYHMX (DaKTOpPiB MICIIEBOCTI Ta crenugiku BogoouncTku. Ha mpukmami
OJIIHIET 3 HAHOUTBIIMX BOIOMPOBITHUX KoMITaHiii Yeckkoi PecyOiiku mokaszaHo, Sk
BiI0YBa€THCS MIATOTOBKA Ui 3a0€3MeUeHHsT aBapiifHOrO BOJIOTIOCTadaHHS y pasi
BiJKJIIOUCHHS €JIEKTPOCHEPrii, a came:

— OIliHKA JIIFOYUX MMOTYKHOCTEHH;

— iHBeHTapH3alis MOOUIHHHX 1 CTALlIOHAPHUX EJIEKTPOCTAHIIII;

— 3a0e3MeyeHHs] MalMBOM, BKIIIOYAIOYM KOHCTPYKIIIO CXOBHIIA Ta OyIb-sKi
momaTkoBi 3amacu [1].

Taki Kpoku MOTPiOHO 3pOOWTH ISl PO3MOILTY OO'€KTIB 3a TPIOPHUTETHICTIO
3a0e3MeUeHHS eIeKTPOIIOCTAYaHHS Ta BCTAHOBJICHHSI YCTAHOBOK 31 CTalliOHAPHUMHU
abo MoOiTBbHUMU TeHepaTopaMu. HacTymHui Kpok — MeToa BUOOpY MPaBUIBHOTO
JDKepelna BiTHOBIIIOBAHOI eHeprii.

Mertoto nanoi poOOTH € aHami3 Ta OOIPYHTYBAaHHS MOXIIMBOCTI 3aCTOCYBaHH:I
BiTHOBJIIOBAaHUX JDKEPEN EJIEKTPOCHEpPril MmiJi Yac aBapiHUX BIAKIIOYEHb IS
Oe3nepebiitHol poOOTH BOAOTOCHOJAAPCHKUX CHCTEM Ha OCHOBI 3aKOPIOHHOTO
JIOCBiTy B YMOBax YKpaiHH.

Marepianau i MmeToqu

Cepen BIIHOBIIOBaHMX JDKEpEN BUAUISIOTH COHSYHY EHEPrilo, CHEprilo BIiTpY,
OioMacu, reoTepMmy 1 TiIPOCHEPreTHKY. YCi 1l JpKepelia eJIeKTPOeHeprii moTpiOHO
Oyi0 O pO3MICTHTH TOpYY i3 CTaHIEI OYMINEHHS BOAM JUISI ONEPAaTUBHOTO
Nepexoay B aBTOHOMHHUHN PEXUM.

OriHKa MOXJIMBOCTEH 3allydeHHs TOTCHIIHHUX EHEProjpKEpen B OKPEMOMY
B3STOMY PETiOHI IPOBOUTHCS Ha OCHOBI aHaJIi3y KOXHOTO BUAY €HEPTOHOCIIB Ta iX
MoTeHmiaxy (MPUPOTHUM, a00 TEOPETUYHUN; TEXHIYHUH, a00 TepIoyeprosuii, abo
peaybHuUM).

ByniBauntBo BiTpoBOi TypOiHM Ha TepUTOpil BOJOOYMCHOI CTaHII MOXKE
BUKOHYBaTH [1Bi (YHKIi: KOJMM BOHAa Ma€ JOCTaTHIO TOTYXKHICTh IS
CaMOITIIATPUMKHA po0OTH cTaHIlil abo iHIIOro 00’€kTa y pa3i BIIKIIOYCHHS
€JIEKTPOCHEPrii 1 KoNM BiTpoBa TypOiHa 3apsypkatuMe Oartapei, siKi ii KHUBISATb.
[loTpiOHy KinmbKicTh OaTapeii B OCTAaHHHOMY BHIIAJIKy MOXKHAa BHU3HAYATH
PO3paxyHKOM 3a aHAJIOTIEr0 3 MaTUMU rifpoenekrpocTanmisivu MI'EC.

AHai3 noTeHIiany BiTPOBOI eHeprii Mo perioHax YKpaiHH OyJio MpOBEICHO B
0araTboX JOCIIPKEHHSX YKpaiHCbKMX BueHHMX. Tak, aBTopamu podotu [13] Oyio
OLIIHEHO KIJIIMaTH4HI pecypcu Tepuropii YKpaiHHM Ta 3a MOKa3HUKaMHU BiTPOBOi
eneprii (B1/mM?), mBuakocti BiTpy (M/C), CyMapHUMH BiTPOEHEPropecypcamu
(M]1x/M?), TPUBAICTIO Pi3HOI MIBUAKOCTI BIiTPY (TOX) NMPOBENEHO paiiOHyBaHHS
TepuTopii YKpaiHW 3a MOTEHI[iaioM BIiTPOBOI eHeprii. 3TiJHO 3 JOCHIKCHHIMU
JIAHUX aBTOPIB 3 IT'SITH BHUJUICHUX PalOHIB KpaiHW TIJIbKU JIBa PETIOHW MArOTh
HEBUCOKHWI Ta HU3BbKHI MMOTEHIIIa]l BUKOpUCTaHHs BiTpoBuX craHiii. e [Tomicbka
it [lpunHinpoBcbka HU30BUHH, BoNMHCHKa BUCOYMHA 3 OOMEKEHO CIIPUATIMBUMHU
ymoBamu Ta Ilepeakapmnarts, 3akapraTcbka HW30BHHA, JOJMHH YKpalHCHKHX
Kapmar, KpuMchKuX Tip 3 HECHPHUATIUBUMHA YMOBaMH BITPOBHKOPHUCTaHHS. Perra
TpH paiiOHM MArOTh OyXX€ BHCOKHMH MOTEHHian BIiTPOBOi eHeprii i HaiOimbIx
CIPHUATINBI YMOBH BiTpoBUKOpUCTaHHS (y30epexckss YopHoro ta A30BCBKOTO
MopiB, [liBgennuit 6eper Kpumy, Bepmuau Yipaincekux Kapmnar, KpuMcbkux rip),
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BHCOKHWH MTOTEHIIIAN 1 CIPHUATINBI yMOBHU BITpOBHKOpUCTAaHHS (/lOHEIbKa BHCOYHHA,
[IpuazoBcrbka Ta IlpuyopHOMOpCHKAa HU30BHMHH), JOCTATHIM MOTEHLial i JOCHUTH
cnpusTianBi ymoBH BitpoBukopructanus ([logineceka i [IpuaHinpoBcbka BUCOYMHN).
HaBeneni moka3HWKH paiioHyBaHHS BITPOBOTO IMOTEHIIady €Heprii cBim4ath mpo
TOTTUTHHICTh HOTO BUKOPUCTAHHS Ha OUTBIIIH YaCTHHI TepUTOpii YKpaiHu.

JocnipkeHHs BITPOSHEPTETHYHUX pecypciB Ha ()OHI CyYacHHUX KIIMATHUYHUX
3MiH Ta 3aCTOCYBaHHS IIUX [TOKa3HUKIB AJIs1 OOJIAIITYBAHHS BITPOBUX Ta COHSYHUX
€JIeKTPOCTaHIIil po3risiHyTO B poboTtax [14—17 Ta ixm.]. OmHak, cii 3a3HAYUTH
PO HEOOXiHICTh BPaxyBaHHS SIK €KOHOMIYHOI OI[IHKM BUOpPaHOTO BapiaHTa, Tak i
PHU3HKY BiJ HAJA3BHYAMHUX CUTYyauil Ha ()OHI BOEHHHX [iii B YKpaiHi.

Buxopucranast MI'EC nmis pe3epBHOTO hKepela €HEprii Ha MaJluX OYHCHHX
CHOpYy/ax Ta B JOMOTOCIIOIapPCTBAX MOXKHA PO3IIISIATH SIK MEPCIEKTUBHUAN MiAXizn
B yMoBax YkpaiHu. OCKUIbKM TOTYXHICTh CTaHIi 3aJeKUTh, TEpIl 3a BCE, Bij
TEXHOJIOTIYHOI CXEMH, PO3TIITHEMO JIeSKi BUAN MOXKJIHBOTO 3actocyBanHs MI'EC B
YMOBax Ha/3BUYAHHUX CUTYAIlill B IEHTPAJIbHIN €HeproMepexi.

Bapianm 1. MoxHa 3aCTOCOBYBaTH SK OIWH 3 BapiaHTIB M 3a0e3MeUeHHS
BOJIOOYMCHOI CTaHIi eJeKTpoeHepricto min uac Onexayty. [lpm BomooumcHiit
CTaHIii, Mpamdiii B HOpMaIbHOMY cTaHi, posramryBanHs MI'EC mno3Bomse
BUPOOJISTH EIIEKTPOCHEPrito Uis camMo3abe3ledeHHsT Ta, MOXIIUBO, J03BOJISE
Mpo/aBaTH HAIUIMIIOK CHEprii B Jep)KaBHY eJCKTpoMepexy. B sikocTi mpuknamy
MI'EC, sika BUKOPHCTOBYE €HEPTit0 BOJIH, IO TPAHCIIOPTYETHCS MO TPYOOTIPOBOIAX,
MO’KHa HaBECTH CTaHIIiO, siKa € mirouoro B Uexii [2]. YV pa3si BiIKIIOUCHHS CBITIA,
3armo0KHAN KOHTaKTOp aBTOMAaTHYHO BiJIKIIOYA€ BOJOOYUCHY YCTAHOBKY Bif
SNeKTPUYHOI MEpeXi Ta MOYMHA€E 3apspKaTu Oarapei, Mo 3a0e3reduye KUBJICHHS
JMIIe Ui BIANOBITAJbHUX HPUCTPOIB TPAHCIOPTYBaHHS NHTHOI Boau. Take
TEXHIYHE pIlIEHHS JI03BOJISIE 3JIHCHIOBATH PETYNIOBaHHS THCKY B MicCIi
CTIOKMBaHHSI 3a JIOMIOMOTOI0 CEPBOKJIATIAHA, M0 KEPYE 3MiHOKO MapaMeTpiB MOTOKY.
HapiitHicTh MiAIMMITHWKIB Ta peryoBaHHA TypOiHM TOBHHHI 3a0€3MeYnTH
CaHiTapHUI CTaH BOJM Ha HAJIEKHOMY piBHI. KiNbKICTh €JIEMEHTIB KHUBIICHHS
HEOOXI1THO po3paxyBaTH BIAMOBIIHO JI0 CEPEAHBOTO CIIOKUBAHHS €JICKTPOCHEPTIT 3a
00y Ta BUXITHOI MOTYKHOCTi YCTaHOBOK (pwuc. 1).

Cesonpusio M2 ~
L 1 «—

Cesonpusio M3

JlivunvHuk

|
N\

Cesonpusio M1 Knanan

LSS S

Puc. 1. Cxema nepekpuTTst HAMOPHOTO TPYyOOIPOBOAY 3 HEOOPOOIECHUMH CTIYHUMH BOJAMH
(3a mxepenom [2])
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Sk 3a3HaueHO YECHKMMHM IOCHITHUKAMH, BapiaHTu posmimenass MI'EC
BIUTMBAIOTh Oe3MocepeIHbO Ha i1 HOTy X HicTh. [Ipy po3MmillieHHi y TPUILTUBHIN TpyOi
PO3MOIIBHOT KaMepH, CTaHIlisI CKIIAJAEThCS 3 ONHIET TypOiHM i TPHOX HACOCHHX
yctanoBok. [lotyxnocti miei MI'EC ckmamarore 90, 110 ta 130 xBr. Hpyruit
BapianT — MI'EC po3ramoBana y BXifHii TpyOi *KUBIJIFHUKA HEOUWIIIEHOT BOJIH.
B koMmieKkT ManiHu BXOAUTH ABOKaMepHa TypOiHa. Buxinna notyxHicts 348 kBT.
[Ipu posramnryBaHHi cTaHIll y NPUIUTMBHINA TPyOi pO3MOMIIBHOI KaMepHu MaeMO IBi
TypOiHU 3 BUX1IHOIO MOTYXKHICTIO 200 KBT Ha KOXXHY IpY BKIIFOYEHHI IMapaienbHOl
omepauii. | y Bunaaky posmimenas MI'EC y Bximniii TpyOi BomocxoBuIIa IMmpu
HasBHOCTI ofHi€T TypOiHU, BUXiJHA MOTYXKHICTH CTAHOBUTH 37 KBT.

Bapianm 2. ]Ina mopadi nmuTHOI BOIW Ha OYHCHI CIIOPYAM TaKOX MOKHA
3anpononyBati MI'EC, mo po3raimoBana y BepTHKaIbHIM CBEPUIOBHHI, SIKa MOJIA€
apTe3iaHCbKy BOJAY MiJl THCKOM. 3aCTOCYBaHHS TaKOi KOHCTPYKIIi 3aJeXHTh Bil
TiAPOTEONOTIYHAX YMOB Ta TTTUOWHU 3aJIATaHHs HAaMOpHHUX BoA. llpu mpomy mixk
IUTACTOM  BHCOKOTO THCKYy Ta O€3HalipHUM BOJOHOCHHM T'OPHU30HTOM
BCTaHOBIIIOETHCA TYpOiHa, IO 3'€JHAHA 3 TEHEPATOPOM eJIeKTpUIHOI eHeprii. Cxema
3aCTOCYBaHHS Takoi KOHCTPYKINii TTOKa3aHa Ha puc. 2. AHANOTiYHE pilleHHs OyIo
3armporoHoBaHo B pobori [18].

lNpgpaBniuHa MOTYKHICTH TYpOiHH PO3pPaxOBY€ETHCS 32 BiZIOMOIO (DOPMYIIOIO:

N=QXxAP xn/75x36, (1)

ne Q — mo6osuil neber apresiaHchKoi Boau, M/106, AP — Mixmaposuii nepenas
TUCKY 3 ypaxyBaHHIM (QiIbTpalifHUX ONOPIB, 17 — Koe(ilieHT KOPUCHOT Aii TypOiHu.

Enexmpoenepeiz 3aodsudicka 3 pecymoouum
< cucmenmy ———_ Openadicem
| | ]
/ Typobina
|
beznanipnugi .
Pezymorouuil knanan
20pU30HM

Dinomp

Apme3siancoki 600u

Puc. 2. Cxema po3zranryBanns MI'EC 3 BUKOpHCTaHHSIM Haropy apTe3iaHChKOT CKBaKUHU
Bapianm 3. Konu Ha nitodiii apTe3iaHChKIA CBEPIJIOBHHI BOJA ITiT IPUPOTHAM
THUCKOM TIpH NIOCTIHHIN BUTpPATi MOJAETHCS B HA3eMHUH (200 mig3eMHUI) pe3epByap,

3 SKOr0 OJHOYACHO 3a0e3MeuyroThCs 3BHYaiHI MOOYTOBI MOTPEOH MiAPHEMCTBA
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abo mpuBatHOI OyAiBmi (OoiIep, eneKTpudHi 6aTapei, KOHBEKTOPH TOIIO), a TAKOXK
i’ €IHAHUK TeHepaTop 3MIHHOTO CTPyMy, SIKMH IMpalioe Bif TypOiHW. Ane mpu
ILOMY B €MHOCTI (0aKy) Hamip MOBHHEH OYTH IOCTATHIM JJIs pyXy Ii€i CUCTEMHU.
JlaHe pileHHs IPYHTY€EThCS Ha OCHOBI TaHWX BUHAXO/TY JUTs TpuBaTHOI Oymismi [19].
TyT HamIMIIIOK eJIeKTPOCeHEPTii, AKHiI HEe MOTPIOeH y mepioau HU3BKOI MOTpeOn B
EJIEKTPOCHEPTii, MOJAETHCS HA HKEPETIO eNeKTPOCHEPTii, sIke BUKOPHUCTOBYETHCS B
Iepior IIKOBOTO CIIOKWBAaHHS €JIGKTpOSHeprii, a BoJga 3 apTe3iaHCHKOI
CBEPJIOBHHU JI0IATKOBO 3a0€3MeUy€e OXOJIOKCHHS IPUMIIIEHb Y IEBHHUI Yac POKY.

[Ipu 3actocyBaHHi NaHOTO pimIeHHA UII POOOTH MalHMX OYHCHUX CIIOPY/,
EHEepTisl, L0 MEPETBOPIOETHCS Ha TIOCTIHHUM CTPYM, MIATPUMYE 3apsi] aKyMyJIaTopa,
SIKAA i€ JINIIE SIK pe3epBHE JDKEPENO eJeKTPOCHeprii mia Jac Haa3BHYaiHOL
curyanii. Ha puc. 3 HaBegeHO cxeMy MOJIMBOCTI 3aCTOCYBaHHS JAHOTO PillICHHS.
Jis Ginbinoi Oe3neku Oak-pe3epByap MOXKHA MEPEHECTH Y MiBAIBHE MIPUMIILICHHS
HIK49e ToBepxHi 3emii. CTidHI BOAM 3 TypOoarperaty MoXHa CKHIATH Ha 3€MITEO
yepe3 cremiadbHO obnamroBany TpyOy. Taka cucrema mo3Boisie e(heKTHBHO
BUKOPUCTOBYBAaTH apTE3iaHChKi CBEPAJOBMHH JUIsi 3MEHILICHHS TOTped y
CHOKMBAHHI €HEeprii Ta MOKEe 3aCTOCOBYBATHUCS Y TIEPI0/] TIOBHOTO ii BIIKITFOYEHHS B
SIKOCT1 Pe3epBHOTO JKepela eJIeKTPONOCTaYaHHS.

Pesepsyap ons
30epediceHHs 600U

Booa ona
20CN00ApCLKUX Ma
NPOMUCTIOBUX nOomped

| -

Lad
Ilepeoaua
enexkmpoenepeii 00

| — L

Typbozenepamop,

Cxuo ¢miynux 600

. Apme3siancoki 600u
Apmesiancoxa

€6epON0BUHA

Puc. 3. Pozramysanns MI'EC s po3psiiky akyMynsTOpHOT OaTapel Ha apTe3iaHCBKii
CBEP/IJIOBHUHI

Bapianm 4. Jlane TexHiuHe pIIICHHS MO)KHA 3aCTOCYBaTH ISl OYMUCTKU Ta
TTOAAITBIITOTO BUKOPUCTAHHS CTIYHUX BOJI IOIIOBOI KaHAITI3aIlil, B TOMY YHCII 1 IS
BUKOPHUCTaHHS JOIIOBOI BOAM, 310paHOl 3 «3eJIeHUX TOKPiBEIb» y Oak-pe3epByap.
[Ipu posramtyBaHHI OCTAaHHHOTO HA JIaxy OYIiBIi, a y MiABaILHOMY IPHUMIIICHHI
OyxiBi TypOoreneparopa (10 CKIaAa€ThCs 3 TYpOiHH, HANPHUKIAL HEIbTOHHOTO
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IMITyJTCHOTO THITy, Ta T€Heparopa 3MIHHOTO ab0 MOCTIHHOTO CTPyMy), cXema
Mmojadi eJeKTpPOeHeprii /A0 BHYTPIIHBOTO MPOCTOPY MoXKe OyayBaTHCA 3a
HACTYITHOIO CXEMOIO0, 1110 MIPe/ICTaBIIeHa Ha pUC. 4.

Bona mix meBHEMM HAmopoM TOMAEThCA IO TypOOoreHeparopa, a nam — J0
eIeKTPOMEpEKi, a Jalli — Ha TepeTBOPIOBaY Ta HAa AaKyMYJATOPHUN OJIOK.
Enextpoeneprisi Big mepeTBOproBaua IMOCTaYaeThbcd 1O KOTIA, TUM CaMUM
JOCATAETbCA 3MEHINEHHS KUTBKOCTI MalMBa MpW OMalieHHI Ooiinepa B OyIHHKY.
Takoxx 10 mepeTBOprOBada MOXke OYTH MiTKIIOYeHUH OJIOK, M0 MPU3HAYCHAN IS
noJiadi B eIeKTPOMepey OyAb-sKoi HaUTMIIKOBOI MOTYKHOCTI 3MIHHOTO CTPyMY,
sKa HE BUKOPUCTOBYETbCA B JAaHMKH MOMEHT B OYIMHKY uepe3 JIUMIbHUK IS
BIJICTE)KEHHSI BKa3aHOI MOTYKHOCTi. Jlo JiYMIbHMKA MOXE OyTH MiIKITIOYEHHUI
IHBEpTOpP CHHXpOHI3aTopa pa3oM i3 aBTOMAaTHYHUM OJIOKOM KepyBaHHS
MEpEeHeCeHHIM HaBaHTaXEHHs. J[ist 37ifiCHEHHS OXOJOMKECHHS Mae OyTH
nependadyeHo 1Ba INIIAXOBUX KIAMaHW Y 3BOPOTHHNA OIK Taps40oi BOAW Bif
KOHBEKTOpa 10 Komia. Komm moTpiOHE OXOJOMKEHHs, NUISIXOBUH KilaraH
MOBEPTAETHCS B TIOJIOKEHHS, 1€ BO/IA, [0 BUXOAUTH 3 KOHBEKTOPA, HE MIOBEPTAETHCS
B KOTEJ, a MOJAETHCS B JIHIIO, SKa MOBEPTAE BOAY B 3eMilt0. [10OKEeHHS IIbOTO
KJIallaHy AUKTYETHCS] HEOOXIHICTIO BCTAHOBJICHHS CUCTEMH OXOJIOIKCHHS.

bax-pezepsyap Koneexmopu

UlInaxosuii
K1anau, y
360pOMHILL
JiHITL 2apava Jliuunonux
600a Y

Tpyba
nooaui 600u

Ilepeoaua cmpymy
00 Komia

‘ A
| | / \
~+4

, \
/ :
Typboeenepamop Axymynsimopuuii
onox Knanan
nepexpummsi

Cmiuni 600u 6
3eMI0

nooaui 600u

Tpvoxmipruil
nepemeoprosau

Puc. 4. Cxema BUpOOJICHHS EIEKTPOCHEPTIT 3 OIIOBOT BOJIN «3€JICHUX» TIOKPiBEIh
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[lpu nmaniii cxemi OymiBns 3a3BHYail 3a0€3MEUYETHCA EINEKTPOSHEPTicro, M0
BUPOOJISETHCS BOJOIO B pe3epByapi Ta JO3BOJISIE€ 3MEHILIUTH OTPEOY y 30BHIIHEOMY
okepeni enektpoeneprii. Komn motpebu OyaiBini HE MOXYTh OyTH 3aJ0BOJICHI
€HepTi€r0 3 reHepaTopy, AOAATKOBO HEOOXiHA €IeKTPOCHEPTIA 3 IHIIOTO JHKEpena.

BucHoBku

MoOinpHI eneKTpocTaHIii MaloTh 0araTo IMmepeBar: MOXYTH IMPAIIOBATH Biapasy,
BapTiCTh MOKYIKH BiJTHOCHO HEBHCOKA, a eKCIUTyaTamis ix mpocTta. OgHaK HeraTUBHI
MOMEHTH, IO IOB’s3aHi 3 BHKHIAMH B TMpOILECi 3rOpsHHS, OCOOJIMBO IIpH
HEMOBHOMY OKHCIIFOBAaHHI B MPOIIEC] CIIAFOBAHHSA, MTOTPEOYIOTH OLIBIT I€TaThbHOTO
C€KOHOMIYHOTO aHaNi3y MpH iX 3aCTOCYBaHHI MOPIBHSIHO 3 OiNBII EKOJOTIYHO
«UUCTUMH» PE3EPBHUMH JDKepellaMH eHepromoctadanHs. [IpobGnema 3amiHM
MOTOYHUX PE3EPBHHUX JPKEpeNl JKUBICHHS BiJHOBIIOBAHUMH JDKEpEIaMHU 3apas3
IIUPOKO OOTOBOPIOETHCSA Y CBITI.

BitpoBi Typ6iHnn moTpeOyroTh iX po3TamryBaHHS MOOJM3Y HAaCEIeHUX IyHKTIB
(110 MOXe BUKJIMKATH CKapTH MiCIIEBUX JKUTEIIB) Ta OUMCHHUX CIIOPY Ta 3aJIeXkKaTh
BiJl HAsIBHOCTI BITPOBHIX pecypciB perioHy. POTOENeKTpHYHI YCTAaHOBKH MAalOTh
BUXIJTHY TOTYXHICTh, IO KOJNHUBAETHCH, 1 Led (akT moTpedye aKymyssTopiB
JOCTaTHBOi €MHOCTI. TpuBami TEepMiHM OKYMHOCTI Ta BIAKPUTI MAISHKH IS
pO3TalIyBaHHS COHSYHHMX TIaHeNed poONSATh BHUKOPHCTaHHS IIOTO  THILY
BiTHOBJIFOBaHUX JDKEPEN B SIKOCTI PE3epBHOTO B yMOBAaX BOEHHHX Jili B YKpaiHi He
30BCIM MIPUIATHUM.

Hani pocmimpkeHHs nokasand, mo MI'EC MoxyTs OyTH MIMPOKO BHKOPHCTaHI
Ul yMOB YKpaiHu B SIKOCTI Pe3epBHOTO JKepelia Mija yac BiAKIIOYEHb OYMCHHUX
CHOPY/L BiJ] IICHTPAJILHOT €JICKTPOMEPEXKI, ajie TIOTYXKHICTh IX CUJIBHO 3aJICKUTh Bijl
MOTOKY BOJIM Ta Haropy. Miciie po3rairyBaHHs B JaHOMY BUIAJKy Ma€ BUpilIaIbHE
3HAUCHHS, OCKUIBKU € oTpe0da po3MilIeHHs IX Y BOJOBOJAX, JIe Ha IOTIiK BOAU HE
BILIMBA€E BIJKIIOYCHHS CBiT/a. TakoX OMMCaHI CHCTEMH 3a0€3IeuyrOTh 3HAYHE
eHEepro30epeKeHHsT B MICHSX, JIe¢ € SIKICHE BOJOMOCTA4YaHHsS 3 apTe3iaHChKUX
CBepUIOBHH. IcHye Oarato MicIlb 10 BCii KpaiHi, e Taki apTe3iaHChKi CBEPIIOBUHH
MOXXYTh OyTH 00JIaIITOBaHI, 3B2YKAI0YH Ha TiPOreoIOTiYHI YMOBH MiCIIEBOCTI.
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ASSESSMENT OF THE IMPACT OF WASTE OF MINING
AND CHEMICAL ENTERPRISES ON SURFACE WATER QUALITY

Abstract. The mining and chemical industry causes pollution of the soil and water
environment both during its operation and after its termination. The waste of large
industrial complexes poses a particular danger to the aquatic environment. Tailings
storage facilities located in the Dniester River basin are characterized by a low level
of environmental safety of these facilities, which indicates unsatisfactory
management and their neglected state. Violation of the rules for the operation of
tailings can lead to industrial accidents on a transboundary scale with uncontrolled
emissions of pollutants and devastating consequences for the environment.

The purpose of the study is to assess the impact of waste from State Enterprise
“Rozdil mining and chemical enterprise “Sirka”” on the quality of the largest water
bodies in the area of influence of this enterprise — lakes Serednie, Hlyboke and
Kysle, located near industrial waste storage areas, and the mine channel through
which water flows into the transboundary river Dniester.

The work experimentally determined and analyzed the indicators of water samples
taken in 2021-2022 from the largest reservoirs in the zone of influence of
SE “Rozdil MCE “Sirka”” — lakes Serednie, Hlyboke and Kysle, located near
industrial waste storage sites and the water from which flows into the transhoundary
Dniester River along the mining channel (channel of Lake Hlyboke-Dniester River).
In the analyzed water samples of the Hlyboke, Seredne, Kysle lakes and the mine
channel, an excess of the MPC for sulfates is observed by 1.5-6 times, and the
mineralization index by 2.3-3 times. There is a tendency to decrease the content of
ammonium nitrogen in the studied reservoirs. In 2017 and in 2021-2022, there was
a deviation from the water pH standards in Lake Kysle, as well as exceeding the
MPC for phosphates, sulfates, ammonium nitrogen, and mineralization. In the mine
channel, the maximum limit was found to be exceeded according to the following
indicators: pH, sulfates, ammonium nitrogen.
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It is expedient to consider the issue of environmental safety of tailings at both the
international and national levels. It is extremely important to improve the policy of
prevention and liquidation of the consequences of accidents, interaction between
civil protection management bodies and enterprises.

Key words: mining and chemical enterprise; tailings; waste, environmental hazard;
water pollution.

A.M. llIu6anosal, O.IL. Mitpsacosa?, E.A. [l:xymens', M.B. Pyna'

HauionaneHwuii yHiBepcuTeT «JIbBiBChKa moJiTexHika», M. JIbBiB, Ykpaina
YopHOMOpCHKHIA HallioHaIBHUH yHiIBepcuTeT iMeHi [lerpa Morwiun, M. Oneca, Ykpaina

OIIHIOBAHH4 BIIVIMBY BIAXOAIB I'TPHUYO-XIMIYHUX
HIAIMPUEMCTB HA SAKICTh IOBEPXHEBUX BO/J|

Anomauyia. I'ipuuuo-ximiuna npomucnogicme 5K nio uac OIIbHOCMI, MaK i nicisa
NPUNUHEHHA GUKIUKAE 3A0PYOHEHHS TPYHMOBO20 MdA 600HO20 CEpedosuUud.
Ocobnugy Hebesnexy 015 600H020 cepedosulyd CMAHOBIAMb BI0X00U BEeTUKUX
iHOycmpianeHux Komnaexcie. Xeocmocxosuwya, po3mauiosani 8 Oaceuui piuku
Lnicmep, xapaxmepusylomvcsa HU3bKUM pigHeM eKon02iuHoi 6e3nexu yux oo 'ckmis,
wWo ceidyumsb Npo He3a008inbie Ynpasiinua ma ix saneddanuii cman. Ilopyuwienns
npasui excniyamayii X60CmMocxouuy Modice npu3eecmu 00 NPOMUCTIOBUX ABapill
MPAHCKOPOOHHO20 MACWMADY 3 HEKOHMPOIbOBAHUMU SUKUOAMU 3A0PYOHIOIOUUX
Pevosun ma pyuHiGHUMU HACTIOKAMU 01 O0BKIIA.

Memoro docnidsicenns € oyinosanusa enausy 6ioxoodie HII «Po3zdinbcvke cipruuo-
ximiyne nionpuemcmeo (I'XII) «Cipkay»» Ha sKicms HaAuOiILWUX 6000UM Y 30HI
enaugy danoeo nionpuemcmea — ozep Cepeone, I iuboxe ma Kucne, posmawioganux
nobu3y OLAHOK CKIAOYEAHHS NPOMUCIOBUX GI0X00I8, Ma PYOHUYHO20 KAHALY, NO
AKOMY 800a CMIKAE Y MPAHCKOPOOHHY pIuKy /[Hicmep.

Y pobomi excnepumenmanvho usHaueno ma npoOAHANI308AHO NOKAZHUKU NPOO
600u, gidiopanux y 2021-2022 poxax 3 HaAUubinbwux G000UM ) 30HI GNIUGY
I «Posodinvcoke I'XII «Cipxay» — o3ep Cepedne, Inuboxe ma Kucre,
PO3MAUOBAHUX NOOIU3Y OLIAHOK CKIAOYBAHHA NPOMUCTOBUX 8i0X00i8 i 600a 3 AKUX
cmikae 'y mMpanckopOoOHHy piuky JIHicmep no pYyOHUYHOMY Kauany (Kawauny
03. I'nuboxe-p. /[nicmep).

Y npoananizosanux npobax eoou ozep I'nuboxe, Cepeone, Kucie ma pyoHuuno2o
Kanany cnocmepicacmocs nepesuwenus IJ[K 3a cyrepamamu 6 1,5-6 pasis,
noxkaznukom minepanizayii ¢ 2,3-3 pasu. Cnocmepicaemovcsi menoenyisi 0o
3MEHWeHHsI BMICIY A30MYy AMOHIUH020 8 docaiddcysanux oooumax. ¥ 2017 poyi
ma ¢ 2021-2022 pokax cnocmepicacmucsi 8ioxXuneHHs 6i0 Hopm pH 6oou 6 o3epi
Kucne, a makooic nepesuwenns IJIK 3a gocpamamu, cyrvpamamu, azomom
aMouitiHuM ma minepanizayicio. Y pyoHuuHoMy KaAHALi 6CIMAHOBIEHO NepesUeHHtsl
I'JIK 3a makumu noxazuuxamu.: pH, cyrvgpamu, azom amoniunuil.

Ilumanns exono2iunoi be3neku X60CMOCX06Uw OOYINbHO po321a0amu 5K Ha
MIdCHAPOOHOMY, max i Ha HayionanvbHoMy piensx. Haossuuatino eadxciusum e
600CKOHANIEHHSL NOJIMUKU NONepeddiceHtss ma aikeioayii Hacniokie aesapit,
83AEMOOIS MIJIC OP2AHAMU YRPABTIHHA YUBITLHO20 3AXUCHLY A NIONPUEMCMBEAMU.
Knrouosi cnoea: 2ipruuo-ximiuna RpoOMUCTIOBICHIb; X80CMOCX08UWA; BI0X00U,;
eKo/102iuHa Hebe3neKa; 3a0pYOHEeHHs 8600U.
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Beryn

lNpHryo-XiMiYHAa MPOMHUCIIOBICTG SIK MiJ] Yac AiSJIBLHOCTI, TaK 1 MiCId NPUIHHECHHS
BUKJIMKAE 3a0pyIHEHHsI IPYHTOBOrO Ta BoaHoro cepemosuina [1-4]. OcobiauBy
HeOe3MeKy /715l BOIHOTO CEPEeIOBHUIIA CTAHOBIISATE BiTXOAH BEIMKHUX 1HAYCTPlaTbHIX
KOMIUTEKCiB. OHUMU 13 00’€KTIB MiABUIEHOI HEOE3NEKH IJi BOJHUX PECYpCIB
VYkpainu, ki MOXXYTh IIPU3BECTH JI0 €KOJIOTTIHOI KaTacTpo(u, € XBOCTOCXOBHIIA.

XBOCTOCXOBHINIA — II¢ TPHPOAHO abo IMITYYHO CTBOPEHI (3a JOIIOMOTOIO
OTOPOKYBaJbHOT aMOM) HA MOHWKEHUX IUISHKAX 36MHOI MOBEPXHI €MHOCTI JUIS
OpraHi30BaHOTO CKJIaJyBaHHs 1 30€piraHHs XBOCTIB, OCBITJICHHS 1 BIJBOJY BOJIU.
3anexHo BiJ HEOOXiIHMX 00’€MIB CKJIQAOBAaHMX BIAXOAIB 1 HASBHOCTI 3eMEIbHUX
pecypciB po3Mipd XBOCTOCXOBHI MOXYTh OyTH DPi3HHMH. XBOCTOCXOBHIIA €
MOTCHIIHHUM J[KEPEIOM BHHUKHCHHS HaJI3BHMUYANHOI CUTYyaIlil, OCKIJIBKHU IiJ[ Yac
MTOBEHEW Ha HUX MOXe MpopBaTh AamMOy. XBOCTOCXOBHIIA, pO3TAIIOBaHi B OaceiHi
piukm [lHicTep, XapaKTepHU3YIOThCS HHU3BKHUM PIBHEM EKOJIOTiYHOI OE3MeKH ITHX
00’€KTIB, a I1e CBIIYUTH NMPO HE3aJ0BUILHE YIPABIIIHHS Ta X 3aHEJ0AHUI CTaH.

Ha teputopii Oaceitny piuku Jmictep inmeHTH(]iIKOBaHO 32 XBOCTOCXOBHIIA i3
162 MiTH TOHH BIZXOmiB, IO mepeOyBaroTh Ha Oamanci 12 mimmpumemctB. [o
MINPUEMCTB 3 HAHOUIBIIMM OOCATOM BIIXOJIB, SIKI BHMAararoTh HEBIIKJIQIHHX
3aXOfiB MIOAO 3amoOiraHHs asapisiM, BigHOCATH: JlepikaBHE MiANPHEMCTBO
«Po3ginbcbke TipHHYO-XiMiuHe mignpueMctBo «Cipka», TOB «Opana-Exoy,
[MAT «Crebnuipke ripando-ximiune mignpueMctBo «llomiminepan». [Ipu Buxoni 3
Jaay Oynbp-sKOI CHCTEMH XBOCTOCXOBMINA pijka CKJIaJoBa BIIXOMIB 3/aTHA
MOPYIINTH 3aXWCHI  (QYHKIII OTOPOKYBAbHUX KOHCTPYKIIiM, BHKIWKATH
pyiiHyBaHHs 1 BuiiTH HaszoBHi [5, 6]. BimmosimHo 1o JlepskaBHOro peectpy
noreHuiHo HeOesmeunnx o00’ekTiB ([THO) VYkpainm Il «Pozminmeceke ['XII
«Cipka»» HaJeKUTh 10 00’ exTiB MOoHITOpHHTY [103.

[Ipu BumajgaHHi 3IMBOBMX JOUIIB Yy paiOHI XBOCTOCXOBHII BiJI0YBa€ThCS
MOCHJICHHS TIPOIIECiB PO3MUBY JIaMO Ta HANIOBHEHHS XBOCTOCXOBHII i3 3arpo3010
MIPOPHBY Ta IIEPEIIUBY BiJXO/IiB Uepe3 rpediHb 1aM0, a TAKOK 3MHUBY IHIIHMX BiJIXOIB
3 IPOMHCIIOBOTO MaiJaH4YMKa — Ty IPOHIB, 3AJIMIIKIB Cipku Ta PibTpaTy 3i 3Baiuia
TIIB [7, 8]. BrutuB BiZx01iB Ha JOBKIJUIS CIIPUYMHEHHI TOKCHYHOIO JIIE0 PEUOBHH,
0 Yy HUX MICTATHCS, MEPEBAKHO CIPKH 1 CipyaHOI KHCJIOTH, a TaKoX (DEHOINIB,
Ba)KKHX BYTJIEBOJIHIB y CKIIaJIi TYIPOHIB.

[lopymenHss mpaBuil eKCIUTyaTalii XBOCTOCXOBHII MOXE NPU3BECTH JI0
MPOMHUCIIOBUX aBapiii TPAHCKOPJAOHHOTO MacliTady 3 HEKOHTPOJIbOBAHUMHU
BUKHJaMU 3a0pyAHIOIOYHX PEYOBWMH Ta PYHHIBHUMH HACHiJKAMHU JUIS JTOBKLILIS
[9-11]. B VYkpaini BigOyBaimucs aBapii Ha XBOCTOCXOBHIIAX TiPHUYO-XiMIYHOTO
mianpuemcta «[loximinepan» B 1983 pomi, kamiiiHoro 3aBojy B micti Kamymn
y 2008 porii, B pe3yJIbTati SIKKX B1JIX01 BUPOOHUIITB MOTPAILISLIN B piuky [JHicTep.

OcHOBOIO MiXKHAPOIHOT HOPMATUBHO-TIPABOBO1 0a3u IS BXKUTTS 3aX0/iB L1010
3HWKEHHS PU3MKY TPAHCKOPAOHHOTO 3a0pyAHEHHS BOJ Yy Ppe3yibTaTi
npomucioBux apapiii € goroBopu €EK OOH, a came: KonBeniis mpo
TPAHCKOPJAOHHMI BIUIMB NMPOMHCIOBHX aBapiil (mpuiiHsata y 1992 p., BcTymuia
B aito B 2000 p.) i KoHBeHLis Mpo OXOPOHY Ta BUKOPUCTAHHS TPAHCKOPAOHHHUX
BOJIOTOKIB Ta M>XKHapOAHUX 03ep (mpuiiaara y 1992 p., Bcrynuia B aito B 1996 p.).
OcHoBHI 3aBfanHHsa nMuX KOHBEHINH — IIe CIPUSHHS TPAHCKOPIOHHIN CIiBIpar
B 00JIaCTi CTaJOro BHKOPHCTaHHS BOAHHUX PECYPCIB, 3aMOOITaHHIO MTPOMHCIOBUM
aBapisM, a TAKOX ITATOTOBIII Ta pearyBaHHIO Ha TaKi aBapii.
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Exomnoriuna cutyariis B 6aceiini p. nicrep 3a octansi 15-20 pokiB mi BILTMBOM
aHTPONOTeHHUX (pakTopiB HaOysa Kpu3zoBoro xapakrepy [12-17]. Buusy mo Teuii
3HaXOAATHCS BOA03a00pu OaraTthox micT YKpainu i MongoBu, a ockinbku JlHicTep
€ pIYKOI0 MDKHAPOJHOTO 3HA4YeHHS, TO ii 3a0pyAHEHHS MOXE TPU3BECTH [0
MDKIEP)KaBHIX KOH(MIIIKTIB Ta 3HAYHUX (DIHAHCOBUX CAHKITIH.

Mera nocaimkeHHs: — oriHroBaHHS BIumBY BinxofiB JIT «Po3minmeceke I'XI1
«Cipka»» Ha AKICTb HAaHOUTBIIMX BOJOWM Yy 30HI BIUIMBY JAHOTO MiANPHEMCTBA —
o3ep Cepenne, ' muboke ta Kucne, po3ramoBannx moOnMmu3y AISITHOK CKIIaTyBaHHSI
MPOMHCIOBUX BiAXOMiB, Ta PYJHHYHOIO KaHaly, MO SKOMY BOJa CTIKae y
TPaHCKOPAOHHY piuky JHicTep.

MeTtoau nocaiIKeHb

B pesyneraTi BEKOHAaHHS TpoeKTy «KoMmruekcHHA omnepaTHBHUN MOHITOPHHT
TEXHOTEHHO HE0Ee3NMeYHNUX HAKOMWYeHNX MPOMHUCIOBUX BiIXOiB TipHHYO-
XIMIYHUX MiANPUEMCTB SIK 3alopyKa HaI[iOHAJIbHOI Oe3lekw» MPOBEACHO
PEKOTHOCTYBaJIbHI OOCTEKEHHS CTaHY XBOCTOCXOBHII, BiJJBaTiB, BiACTIIHHUKIB Ta
iHmmMX wMicie 30epiranHs npomucioBux BimxomiB Il «Posmimeceke ['XII
«Cipka»» i monepeaHbol OIiHKM 1X CydacHOTro cTaHy. 30KpeMa, OI[iHEHO CTaH
CipuaHOTO CKJIaJy i3 3aJIMIIKaMH CiPKH Ta yJIBTPAKKCIUX BOJ, XBocTocxoBu] Ne 1
ta Ne?2, me 3ackimamoBaHi XBOCTH (uioTamii cipku, BigBam docdorincy Ta
BIICTIHHMK KHCJIMX BOJ i3 MIJISHKAMHU MPOMHMTOTO aTMOC(EPHHMH ONaJaMH Ta
HACUYEHOTO KHCIoTaMHu (ocdorimncy, Tpu TYAPOHHUX BiJBanH, Ae 30epiraloThcs
3aJUIIKH YTOPCHKUX TYAPOHIB, a TakoX HOBOpPO3AiNbCHKHUN IOJIITOH TBEPAUX
MoOYyTOBUX BiIXOMIB.

Takox y poOOTi eKCIIEPUMEHTAJILHO BU3HAUYCHO Ta MPOAHAJI30BaHO MTOKA3HUKH
po0 BoawM, Biiopanux y 2021-2022 pokax 3 HalOIIBIINX BOJOIM Y 30HI BIUIUBY
HAIT  «Pozgineceke I'XIT «Cipka»» — o3ep Cepenne, I'nmmboke Tta Kucie,
pO3TalIOBaHUX TOOJIU3Y IUISHOK CKJIaayBaHHs MPOMHUCIOBHX BiAXOMIB (CipKku Ta
yIBTPAKUCIUX BOJ Ha CipYaHOMY CKJaji, XBOCTIB (uioTamii cipku, docdorimncis,
TYIPOHHUX 3aJUINKiB, TBEpANX MOOYTOBUX BINXOMIB) i BOJa 3 SIKUX CTiKae y
TPaHCKOPAOHHY piuky [lHicTep MO Tak 3BaHOMY PYAHHYHOMY KaHaly (KaHaly
03. ['muboke-p. Iuicrep).

Kap’epni o3epa 3arorumoBanucs 3 2003 o 2010 pp. Ha micui Po3ninscskoro
[liBHiuHOTO Kap'epy cTBOpeHO Kackay i3 o3ep Yucroro, Cepeanporo Ta I'miubokoro.
[Tmoma o3epa Yuctoro — 10 ra, rmmbuHa — 15 M, toiomma o3epa Cepenanoro — 45 ra,
rmmbunaa — 12 M. O3epo ['muboke mae rmubunHy 10 30 M, ToToma o3epa — 82 ra. s
BUTOKY BOAHM 3 03ep Yy piuky JlHicTep € KaHall AOBXHUHOK 3 KM. 3arajbHa IUIOIIa
BO10300pY Kap’ €pPHUX 03€p IiANPHEMCTBA CTAHOBUTE 6 KM2,

Ha puc. 1 300paskeHo kapTy MicIib BigOOpY MpoO BOIH.

Pesynpratn BUMiproBaHb MOKa3HUKIB MpoO Boau 3 o3zep ['nmuboke, Cepenne ta
Kucne ta xananmy o3. I'mnboke-p. Hmuictep, mpoBeaeHux y 2021-2022 pokax,
MOPIBHSHI 3 pe3yabraTaMu, oTpuManumMu y 2017 porri [13].
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Puc. 1. Jlokanizanis To4ok Bibopy npo6 Bou y 30Hi BBy Pozainbebkoro I XIT «Cipkay
PesyabTaTi gocaigxeHHs

[IpoBeneHO excriepuMeHTaNbHI AOCTIIKEHHS AKOCTi Boau o3ep 'nmuboke, Cepenne
ta Kucne ta kanany o3. ['muboke-p. J{HicTep Ta OTpUMaHO pe3yIbTaTH BUMIPIOBaHb
3a TAKMMU MTOKa3HUKaMU: BOJHEBH MoKa3HUK (pH), cynbdaTu, Minepanizaiis, a30T
aMOHIITHHH, HITpaT-10HH, QocdaTH.

pH Boam Mae Benwke 3HA4YEHHS U1 XIMIYHHX 1 O10JOTIYHHX TPOIECIB, IO
BiJOYBarOTBCSl B MPUPOJHUX BOJAX, @ TAKOXK BIUIMBAE HA IMPOIECH MEPETBOPEHHS
pizHOMaHITHUX (opM OiOTeHHHWX ejleMeHTiB. BMicT ioHIB BOAHIO (TOUHilIE,
TIIPOKCOHIIO) Y NPUPOJHUX BOJAX BH3HAYAETHCS B OCHOBHOMY KUIBKICHUM
CHiBBITHOIIIEHHSIM KOHIIEHTpAIlill ByTiJIbHOT KHCIIOTH Ta ii i0HIB. pH BoM — o/tuH 13
HaHBaXJIMBIIIMX MOKa3HUKIB sKOCTI BoJ. Hopmu pH cranosisTs Bixg 6,5 10 7,5.

V 3anexnocTi Bix pH npupoaHi BOAM MOAUISIOTH HA CiM TPYI: CHJIBHO KHCITI
Boau — pH < 3; kucni Boau — pH = 3.5; cnabokucni Bonu — pH = 5-6.5; Heltrpanbhi
Boau — pH = 6,5-7,5; cnabonyxui Boau — pH = 7,5-8,5; nyxui Boau pH = 8,5-9,5
[18, 19].

VY 2017 poui Ta B 2021-2022 pokax crocTepiraeTbcs BiAXuieHHs Big HopMm pH
Boau B o3epi Kucne (pH < 6,5, cmabokucmi Bomu). Takoxk y 2017 pomi 3a
MokazHUKoM pH Boja pyAHHYHOTO KaHAIly XapaKTepH3YEThCs K ciaabokuciia
(pH = 6,05), y 2021 poui — nelitpansua (pH = 6,9), a B 2022 poui — cnabomnyxHa
Boja. Bona o3epa 'muboke 3a nmokaznukoM pH HeiitpansHa. Bona o3epa Cepenne
B 2017 pomi xapakTepu3yeTbCs sSK ciabonyxnHa, a B 2021-2022 pokax —
HelTpajbHa.
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Puc. 3. Buict cynbaris y npodax Boau ozep 'mnboke, Cepenne, Kucie Ta py JHUMHOTO KaHATY

onoBHUM JpKepesioM Cyib(haTiB y HOBEPXHEBHX BOJAX € MPOLECH XiMIYHOTO
BUBITPIOBaHHS 1 PO3YMHEHHS MiHEpalliB, SIKi MICTSTh CIpKy, B OCHOBHOMY TiIIC,
a TakoX OkucieHHs cynbdigiB i cipku. CynbhaTd B OCHOBHOMY I€pPEBaXarOTh
Y BOAAX 3 MiABHUILEHOIO MiHEpaTi3ali€lo.

Y mnpoanamizoBaHux mpoOax Boau o3ep [nmbOoke, Cepenmne, Kucme Tta
PYIHHYHOTO KaHany crioctepiraetsest nepesumenns [JIK 3a cynbdaramm B 1,5—
6 pasiB (puc. 3). B o3epax I'nmuboke, Kucine ta py THUIHOMY KaHaJli BiJICTEKYETHCS
TEH/ICHIIIs 10 3MEHIEHHs BMicTy cynbdaTiB y Boxi. Hanpuxkiaz, B o3epi I'mnboke
3mina nepeBumieHHs ['JIK cynbdarie cranoButh Bin 5,4 paza y 2017 pomi 1o
4,8 paza y 2022 pori; y kaHani pyaanunomy nepesunienns ['JIK cynbdaris y Bogi
3MIHIOETBCA Bif 5,5 pa3a 'y 2017 pomi jo 1,5 paza B 2022 pori.

V mopiBHSAHHI 3 THIIUMH BOJOWMaMH Jiist Bosu o3epa CepellHe XapaKTepHUM €
Makcumaibhe nepesutiens ['JIK nokasnnka minepanizanii (2,8—3 pasn). J{ist Boau
o3epa ['mmOoke XapakTepHHM € TOCTYIIOBE HE3HAYHE 3MEHIICHHS IOKa3HUKa
MiHepaitizanii, oro nepepurierns [ JIK cranoButs 2,3—2,5 pa3a. Boxa pynHnyHOTO
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KaHaJly XapaKTepH3YEThCSI TEHICHIIEIO 10 3MEHIICHHS ITOKa3HWKa MiHepai3aril.
VY 2017 poui Horo mepeBHIIEHHSI CTaHOBWIO 2,5 pasa, a B 2022 pormi moka3zHUK
MiHepanizauii 3HaxoauThest Ha piBHI ['IK. 3MeHIIeHHsT MOKa3HUKA MiHepaiizamii
CBIIYUTh TIPO 3HWKCHHS HETATHBHOTO BIUIUBY BIJXOIB TipHHYO-XiMIYHOTO
HiAPUEMCTBA HA BOJHE CEPEIOBHUIIE.
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Puc. 4. Minepanizauis Bonu y mnpobax, Binibpanux 3 ozep 'muboke, Cepenne, Kucne ta
PYAHUYIHOTO KaHATY

VY Bcix BopHux 00’ekTax Qikcyerbes nepesuineHHs 'JIK asoty amoniiiHoro
(puc. 5). Lle moB’si3aHO 3 TUM, IO HA TEPUTOPIT miAnpueMcTBa Oinst 03. [boKoro
30epiratoteess Tyaponn (17 Tmc. T), 3aBe3eni B 2003 p. 3 VYropumHu. bins
03. Kucnoro posramosanmii  BimBan ¢ocdorincy. Mix o03. Cepennim Ta
03. ['mubokum posramoBano HoOBOPO3AIIBCHKMI TMOJIITOH TBEPAMX MOOYTOBUX
BIJIXOJIiB, 110 TAKOXK Ma€ HETaTUBHUI BILIUB HA BOJHE cepeioBuiiie. BIuus BixoziB
Ha JIOBKIJUIA CIPUYMHEHWA TOKCHYHOIO Ji€I0 PEYOBHH, IO Y HUX MICTITHCA,
MEPEeBAXHO CIPKHU 1 CipyaHOI KUCIIOTH, a TaKOX (PEHOJIB, BXKKUX BYIJIEBOJHIB Y
ckiaal ryapoHiB. OHAK CIOCTEPIraeThCs TCHJEHINS /10 3MEHIIICHHS BMICTY a30Ty
AMOHIMHOTO B JIOCJI/PKYBaHUX BOJIOMMAX.
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Puc. 5. Bwmict a3ory amonifiHoro y mpobax Bomm o3ep ['muboke, Cepenne, Kucme Ta
PYAHHYHOTO KaHAITY
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Y 2017 pomi mepesumenas ['JIK a3ory amoniiiHoro y Boai osepa Kwucie
cranoBmwio 13,8 pasa, osepa Cepeane — 10,4 pasa, o3epa ['muboke — 5,6 pa3sa,
pynHUYHOTO Kanamy — 9,2 pasza. Bxke B 2022 pomi y npobax Boau o3epa Kucne
nepesumieHHs [JIK asory amowniiiHoro cranoBmio 3.2 pasa, o3epa Cepenne —
2,4 paza, o3epa ['muboke — 3,2 pasa, pyanudHoro kaHany — 1,8 pasa.

VY Bonoimax nignpuemctsa Hema nepesuiieHHs ['JIK 3a Hitpar-ionamu (puc. 6).
[ligBumieHHs BMICTy HITpAaTiB, SIKE€ CIIOCTEPITA€ThCS BIPOIOBXK TOCIIIKYBAHHX
POKIB, BKa3y€e Ha MOTipIICHHS CaHITApHOT'O CTaHy BOJOHM.
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03. I'mudoke O3. Cepenne O3. Kucie Kanan
pyIHUYHUAN

Puc. 6. Bmict HiTpariB-ioHiB y mpobax Boau o3ep ['muboxe, Cepenne, Kucne ta pyaHunaHOTO
KaHay

VY 2017 poui B o3epi Kucne Bmict docdari y Boni 3Hauno nepepunrye ['JIK
(208 pasis), y 2021-2022 pokax nepepuiienns I'JIK dbocdariB y Bozi CTaHOBHTH
138 paszis. IIpucytHicts QocdaTiB y BoAi ICTOTHO BILIMBAE HA PO3BUTOK BOJHOI
POCIUHHOCTI.

BucHoBku

VY npoananizoBaHux mpodax Boau ozep [muboke, Cepenne, Kucne ta pyqHHIHOTO
KaHamy crocrepiraetbess nepesumienHs ['JIK 3a cynsdaramu B 1,5-6 pasis,
MMOKa3HWKOM MiHepamizanii B 2,3—3 pasu. CrocTepiraerbcss TEHACHINS JIO
3MEHIIICHHS BMICTY a30Ty aMOHIMHOTO B JOCHIDKYBaHUX BojoviMax: y 2017 pori
nepesuiieHHs I'IK azory amoniiitHoro y Boai craHoBmio 5,6—13,8 pa3a, a Bxe B
2022 poui nepesuenns I'JIK azory amoniiiHoro y Bozi ctanosuiio 1,8-3,2 pasa.

VY 2017 pomi Ta B 2021-2022 pokax CHOCTEpIraeThbesi BiAXWIIEHHS Bij HOpM pH
Boau B o3epi Kucrne, a takox nepesumenns [JIK 3a ¢docharamu, cynbdaramu,
a30TOM aMOHIMHMM Ta MiHepaJIi3aLi€lo.

Y pyaHuyHOMY KaHajgi BcraHoBiieHo mepeBuiieHHs [JIK 3a  Takumu
noka3Hukamu: pH, cynbdaru, a30T aMOHIHHHH.

OckinbKy HaWONMMK4Ya BiJICTAHB BijJl XBOCTOCXOBHUI J0 piuku JlHicTep swiie
380 M 1 BHM3y mO Tedwil 3HaXOAATHCS BOAO3abopu OaraThbox MIicT YKpaiHu i
MomzoBu, TO 3a0pyIHEHHS PIYKA MOXE MMPU3BECTH 10 MIKICPKaBHUX KOH(ITIKTIB
Ta 3HAYHUX (PIHAHCOBUX CAHKIIiM.
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Uepes BiaCyTHICTH (DiHAHCYBAHHS CTaH XBOCTOCXOBHII Ta CTIHKICTH AamO, sKi
CTPUMYIOTh HEOE3MeUHi BigXOJH, HEBIWHHO MOTIPIIYETHCS Ta BHUMAarae HeraiHOTO
pearyBaHHs. BomoBinBiaHI KaHaiu MOTpeOyrOTh PO3YMIICHHS 337151 MOXKIMBOCTI
BiJIBEJICHHSI IHTCHCHBHHUX OIIAJiB BiJl XBOCTOCXOBHII[ Ta 3aITOOIraHHs TIEPEITOBHEHHIO
1 mmMuBaHHIO 1aM0. ABapii Ha  XBOCTOCXOBHIIAX MOXYTh  3aBAATH
OaraTominbiioHHMX 30MTKiB. BuTpatn Ha momonaHHsl HACTIJKIB aBapiii MPaKTUYHO
3aBIK/IM TIEPEBUIIIYIOTh BUTPATH Ha 3a0€3M€UCHHS HAICXKHOTO PiBHS O€3MeKH 00’ €KTIB
Ta PO3pO0JICHHS 3aXO0iB 3 MONEPEHKCHHS 1 pearyBaHHs Ha HAI3BUYAKHI CUTYAITil.

[MutanHs exonoriyHoi Oe3MeKH XBOCTOCXOBHUIN JAOLIIBHO PO3TISAATH SK Ha
MIXKHapOAHOMY, TaK 1 Ha HamioHaJbHOMY piBHsIX. Han3BW4aliHO Ba)KIMBUM €
BIOCKOHAJICHHS TIONITHKH TIONICPEDKEHHA Ta JIKBiAamil HACTiAKIB aBapii,
B3a€MOJIisl MIXK OpraHaMH yIPaBIliHHs LUBUIBHOTO 3aXUCTY Ta MiAMPUEMCTBAMH.

Tomy HayKOBIISIM Ta €KOJI0TaM HEOOXiHO CepHO3HO TIOCTABUTHCH JI0 BUPIIICHHS
MpoOJieMr  eKCIDTyaTallii XBOCTOCXOBHWII, PO3POOHBINK YIiTKy Hporpamy i3
3a0e3reueHHs Oe3leKH Ha TaKuX MOTEHIIHHO HeOe3leuyHux 00’ €KTaX, a TaKOX
CKJIacTH IUIaHU MIOJ0 3amoliraHHs 1 pearyBaHHs Ha HaJ3BUYalHI CHUTYaIlil.
BaxiauBuM 3aX00M € TPOBEACHHS CIUIBHOTO Ta MOTOHKEHOTO 30BHIIIHBOTO
IUIaHyBaHHS MOi B HaI3BHYAHUX CHUTYyallifx MK YkpaiHoto i Pecmybmikoro
MonnoBa, a caMe BCTAaHOBJIEHHSI CHCTEMH OMOBIIIEHHS MPO BHIAAKH aBapiifHOro
3a0pyJqHEHHS BOJHHUX pecypciB B OaceitHi piuku JlHicTep. YkpaiHa Mae
BripoBakyBatu BuMorn Jupextusu 2006/21/€C €spomneiicbkoro Ilapramenty Ta
Pagu Bim 15 Oepesns 2006 p. «IIpo ympaBmiHHS Bigxomamu BUI0OYBHOI
ITPOMUCIIOBOCTI T2 BHECEHHS 3MiH 1 JonoBHEHb 10 JupektuBu 2004/35/€C» mus
MoTIepe/DKEHHST Ta MiHIMI3alii HEraTWBHOTO BIUIMBY Ha JOBKULIS, IO MOXE
BUHUKATH B PE3yJIbTATI YIIPABIIHHS BiJIX01aMU BUAOOYBHOI IPOMHUCIOBOCTI.
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MODERNIZATION OF ELECTRICAL EQUIPMENT AS A WAY
OF REDUCING THE RISKS OF EMERGENCY SITUATIONS
AT NUCLEAR POWER PLANTS

Abstract. An analysis of major accidents in the electric power and coal industry was
carried out. It is shown that for many types of technological equipment, the cause of
failure was the unsatisfactory performance of the seals. It is shown that in two
known nuclear accidents, the cause is the failure of coolant supply systems.
Moreover, it had catastrophic consequences at the Fukushima nuclear power plant.
The direct cause of the cessation of cooling of the reactors was the ingress of water
into the electric motors of the circulation pumps. Most electric drives of nuclear
power plants are synchronous electric motors. Turbogenerators are also
synchronous four-pole electric machines of great value, which determines the
expediency of increasing their reliability and service life. The solution to this
problem is possible with the help of magnetic fluid sealing complexes (MFCs). To
compare the level of man-made safety when using MFCs and traditional sealing
systems, an improved method of risk assessment is proposed, developed at the
expense of a systematic analysis of sealing complexes of equipment of hazardous
industries for synchronous electric motors of the SDN type under different modes of
operation, power and revolutions of the rotating shaft. The man-made risk
assessment shows that the level of man-made danger is reduced by 1.5 to 4 times
when sealants are introduced.

Keywords: technogenic risk; magnetic fluid sealing complex; safety.
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MOJAEPHI3AIIA EJIEKTPOTEXHIYHOI'O OBJIAJHAHHSA
SAK HJISAX 3HUKEHHS PU3UKIB ABAPIMHUX CUTY AL
HA ATOMHUX EJEKTPOCTAHUIAX

Anomauin. Ilposedeno ananis 8eIuKux asapitl 6 eiekmpoenepeemuyi ma 8y2inbHill
npomucrogocmi. Ilokazano, wo 015 6a2amvox 6udi6 MexHOI02IUHO20 0ONAOHAHHS
npUdUHOIO 8i0MO8U YA He3a008inbHaA poboma ywinbhens. Tlokasano, wjo y 080x
BIOOMUX SOEPHUX ABAPIAX NPUHUHOIO € BI0MO8A CUCHEM NOCMAYAHHS MENIOHOCITS.
Ipuuomy na AEC ®@yxycima ye mano kamacmpoghiuni nacuioku. bBesnocepednvoro
NPUYUHOIO NPUNUHEHHS. OXON0ONCEHHS pPeaKkmopie Oyn0 NOMPAnIsHHA 800U
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Y eneKkmpood8uyHU YUPKYIAYIUHUX Hacocis. Binbwicmob enekmponpueodie amomuux
cmanyiili € CcuHXpoHHuMu enekmpoosuzynamu. Typbocenepamopu maxodxc €
CUHXPOHHUMU YOMUPUNOTIOCHUMY eNIeKIMPUUHUMU MAWUHAMY 8€IUKOI 86apmMOCmi,
wo 006yMO8NI0E  OOYiNbHICMb  NiOBUWEHHA X HAOIIHOCMI ma MmepMiHie
excnayamayii.  Bupiwenna — yiei  npobnemu  Modciuge  3aCMOCYBAHHAM
MacHimopiounnux 2epmemusyrouux xomniexcie (MPI'K). /[na nopienauna pieHs
mexHoeenHoi besnexu npu 3acmocyeanni MPI'K i mpaouyitinux ywineHOOUUX
cucmem NPONOHYEMbCA YOOCKOHANCHUU MemoO OYIHKU DPUSUKY, PO3GUMUL 34
PAXYHOK  CUCEMHO20  aHANi3y 2epMemu3yiouux KOMNIeKCié  0Onaonanis
Hebe3neuHux upoOHUYMS 0l CUHXPOHHUX enekmpoosuzyrie muny C/[H npu pisnux
pedicumax excniayamayii, nomyosicnocmi i obopomax 0bepmogozo eana. OyiHka
MEXHO2EHHO20 PU3UKY NOKA3VE, WO pieHb mexHocennoi Hebesneku npu
6NPOBAOIICEHHI 2epmemu3amopie 3Hudcyemocs 6 1,5 ... 4 pasu.

Knrouosi cnoea: mexnoceHnuti  pusux, MASHIMOPIOUHHUU — 2epMemu3yioquil
KoMneKc, besnexa.

https://doi.org/10.32347/2411-4049.2023.1.29-42
Beryn

PesynbTaTroM HayKOBO-TEXHIYHOTO TMPOTpPeCy B PO3BHMHEHUX KpaiHax CTayo
YTBOPEHHsI €KOJIOT1YHO HeOe3MeuHuX 00'€KTiB, A0 SKUX HaJekKaTh eJICKTPOCTAHILI,
MeTaNypriiHi, XiMiuHi, HaQTOXiMiUHI Ta TIpHUIOAO0YBHI IiANPHUEMCTBA, HaTO- Ta
ra3onpoBOIH.

IcToTHO GiNBIIOT MIKOIW HABKOJIHMIITHBOMY CEPEIOBHINY MPH KOPOTKOYACHHUX 1
JOBrOTPUBAIMX HACHIJIKaX 3aBJalOTh HE CTAlliOHApHI INKI[UIMBI BUKUAA IIHX
00'eKTiB, a aBapiiiHi cCUTYyaIlil, K1 y IEIKUX BUIIQJKaX MAOTh TTT00ANBHUHN XapaKTep.

[ligBuieHHsT TEXHOTEHHOI OE3MEeKH TiINPUEMCTB EHEPreTUKH € OJHUM 3
MPIOPUTETHUX HAMpPAMIB JIOCH/DKEHb Ta TPHUKIAAHUX PO3POOOK y Tamysi
€KOJIOT14HOi Oe3neKkH SIK B YKpaiHi, Tak i B yCbOMY CBITi.

Cepen Takux O00’€KTIB aTOMHI EJIEKTPOCTAHINI € MOTCHIIHHO HaHOIIbII
HEOE3NeUYHUMHU dYepe3 MAaCHITa0HICTh BIUIMBIB HA HACEJICHHS 1 HABKOJIMIIHE
Cepe/IOBHILE Y pa3i BUHUKHEHHS aBapiil 3 BUKUIAMHU PaAioaKTUBHUX peuoBHH. [Ipo
IIe CBiJ4aTh HAcCIiAKU aBapiii Ha YopHOOMIBbCHKIH cTaHIii Ta Ha cTaHIii DykyciMma.
Cepen Bigomux aBapiii Ha nitounx AEC — Tpu-Maiin-Ainenn, YopHOOWIBCHKIN Ta
dykycima — miepia Ta TpeTs Oylii BUKITUKaHI aBapiiHUMU CUTYAIlisSIMU Y CUCTEMax
OXOJIOMKEHHS peakTopiB. Skmio Ha cranuii Tpu-Maiin-Alinena nepcoHan BY4acHO
HE 3pearyBaB Ha Te, 1110 3aCyBKH JIiHiT aBapiiHOr0 MOCTaYaHHs BOAM 3aYMHEHI, TO Ha
crannii dykycima curyaiis iHma. [ToTparuisiHHS BOAW Y €NEKTPOIIPUBOJL HACOCIB,
SKI TPOKAaYYyIOTh TEIJIOHOCIH Kpi3b aKTUBHY 30HY PEaKTOpPiB, MPH3BENIO 10 iX
neperpiBy W pyHHyBaHHA KOHTYpIB 3 pajialiiHO 3a0pyJHEHOI0 BOAOIO Ta
IIIUIABJIIOBAHHS TEIUIOBUAUIAIOUNX eJIeMeHTIB. TakuM 4MHOM, 0e31ocepeIHbOI0
NPUYMHOIO aBapiil cTaja HeHajiliHa po0oTa JOMOMIKHOIO ENeKTPOTEXHIYHOrOo
oOnamHanHsa. Ha choromHimmHIM A€HP IS MJIBUIICHHS HaIiHHOCTI poOOTH
CJIEKTPOJIBUTYHIB, TEHEpaTopiB Ta 30IUIbIICHHS iX PECYPCHOCTI 3aCTOCOBYIOTh
MAarHITOPIIMHHI TePMETU3aTOPH, SKi 3amo0iraroTh MOTPAIUISIHHIO BCEPEIUHY
BOJIOTM, TWJIy TOIIO. IX 3aCTOCOBYIOTH JUIsl IIJBHMIIEHHS HaAiiHOCTI POOOTH
€JICKTPOIIPUBOIY CHUCTEM BEHTIUIALI] HA MiAIPUEMCTBAX XIMIYHOI IPOMHUCIOBOCTI,
MamuHOOYAIBHOI Tamy3i, TpOeIeKTPOCTAHIIIH TOIIO.

Crienuikoro aTOMHHX €IEKTPOCTAHIIIN € Te, M0 Yepe3 iX IMiIBUIICHY HeOe3MeKy
aBapiiiHe 3HIDKCHHS TMOTY)KHOCTI PEaKkTOpiB a0 IMOBHA 3YNHMHKA 3A1HCHIOIOTHCS
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ABTOMAaTHYHO BHACIIIJOK MPUITMHEHHS HABITh BIAOOPY T€HEPOBAHOI €NeKTPpOeHePrii
4yepe3 BHUXiA 3 Jaay MiABHMILYBaJIbHUX TpaHCPOpPMATOpiB, aBapii Ha BIAKPUTHUX
PO3MOAIMBYUX MPHUCTPOSIX, OOpUB IPOTIB JiHIA eNeKTpomepenadi BHACTIIOK
npupoaHux ABuIl. [Ipyu 1bOMy B aKTHBHI 30HI PEAKTOPY uyepe3 iX BEIUKY Macy Ta
iHepHilHICTh (I3UYHUX TPOIECIB BUAUIAETHCS 3aJUIIKOBE Teruio. Lle motpedye
IHTEHCUBHOTO OXOJIOJDKEHHSI yNPOJOBX 3HAYHOTO dYacy. ToMy JOLIIBHO
PO3TISHYTH MOKJIMBOCTI 3HIKEHHSI PU3WKIB aBapifHUX CHTYyalliii Ha aTOMHHX
CTaHISIX, 30KpeMa, 3a paxyHOK IMIBUIICHHS eKCIUTyaTaliiHol HaJiiHHOCTI
CJIEKTPOTIPUBO/Y .

Hnst YKpaiHU eKOJIOTiYHa CHUTyallis MOTIPUIYEThCS THM, IO B YMOBaX BilHH
WMOBIPHICTH TMOIIKO/KEHHS 00’€KTIB KPUTUYHOI 1HQPACTPYKTYpH Pi3KO 3pocia,
a (i3uYHEe Ta MOpaJIbHE CTapiHHSA OOJIAJHAHHS IPOTITOM OCTAaHHIX POKIB 3HAYHO
BUIIEpE/KAE TEMITH HOTO 3aMiHKM Ta OHOBIEHHS [1]. B pe3ymnbraTi 3HOC OCHOBHUX
3ac00iB 3 BHINEBKA3aHHUX Tally3el HEOE3MeUHNX BUPOOHHIITB XapaKTePU3Y€ETHCS HE
Oinpe 50-90% 1 BiIHOBIIOBATU MapK IIIOYOr0 YCTaTKyBaHHS 3 GKOHOMIYHHX
TIPUYHH BAXKKO [2].

AHai3 BETUKUX aBapiii B €NEKTPOSHEPreTUIll Ta BYTLIbHIN MPOMHUCIOBOCTI B
CIIA, Pocii, ®panmii, [axaii, Itanii Ta Ykpaini nokasye, mo B OLTBIIOCTI BHITAIKIB
ix Oe3mocepenHiMK MPUUMHAMY OYJIM MEXaH14HI HECTIPABHOCTI, a 3arajibHOI0 PHCOI0
TEXHOTEHHUX KaTacTpo(, CHPUUMHEHUX MEXaHIYHUM MOLIKOPKEHHSIM, OYB ITOYaTOK
aBapii 3 BIIMOBH JOTIOMIDDKHOTO, HE3HAYHOTO €JIeMEHTa 3 HACTYIMHHM KaCKaJIHUM
PO3BUTKOM y HalliOHAJILHY KaTtacTpody [3].

CraTucTHyHI JjaHi CBiqYaTh, O JUIS 0araThoX BUIIB 00JIaJHAHHS, SKE HIMPOKO
3aCTOCOBYETHCSI Ha BUIIEBKA3aHUX MiANPHEMCTBAX (EIEKTPOABUIYHH, PEIYKTOPH,
MIIIAJIKA, BEHTWIATOPH 1 T.A.), HampalfoBaHHS HAa BiIMOBY HaidacTimie
BHU3HAYAETHCS HAIHHICTIO M AMUITHUKOBUX BY3iB [4]. KpiM Toro, 10 90% Bunaakis
aBapiiHUX pyWHYBaHb MiJIIMITHUKOBUX BY3JiB CIPUYMHEHO HE33/I0BLILHOIO
po0oTOIO yIIiNBHEHB [5].

AHai3z BUXoy 3 Jaay MiAIIUITHAKOBUX BY3JIiB TIOKa3aB, IO OJIHIEI0 3 IPHYHH €
HEMOXITUBICTh 3a0e3leveHHs] MPaKTUYHO TOBHOI TrepMeTHyHOcTi. [loTeHmiiiHi
MOXKJIUBOCTI TpPaJWIIIMHUX YHIUTbHEHh 3HAYHOK MIpOr Buuepnanmm cebe, i
3a0e3rneynTy HeoOXiTHUI PiBEHb TePMETUYHOCTI BOHH HE B 3MO3I.

Jiist 3aXUcCTy MiANIMITHAKOBHX BY3JIiB 32 BaKKUX YMOB €KCILUTyaTamii (CuiibHa
3alUJIeHICTh, ITiJIBUINEHA BOJIOTICTh, HASBHICTh a0pa3WBHUX YACTHHOK TOIIO)
JOCUTh J00Ope cebe 3apeKOoMEeHIyBalli MarHiTOPIAMHHI repMETH3YI04i KOMILIEKCH
(MXTK). Haiibinem mmpoko MPI'K BcranoBmoBanmcss B eJIEKTPOJBUTYHAX
BEHTHJISITOPIB TpajupeHbh Ta amnapariB NOBITpsHOro oxonomkeHHs (ATIO),
CJIEKTPUYHMX  MallMHAX Ta  BEHTWIATOpaX, MOBOPOTHUX  peLyKTOpax
BYTJIeJ00YBHUX Ta MPOXiAHUIIBKUX KOMOaiHiB ToIIo [6, 7, 8, 9].

AHali3 mpoBeJCHUX BHUIPOOYBaHb, JOCTIJHOI Ta MPOMHUCIOBOI eKCILTyaTaril
MOKa3y€e 3HWKEHHS PHU3UKY aBapiil YIIIbHIOBAIbHUX CHUCTEM, IO BKIIOYAIOTH
MPI'K, y nopiBHsHHI 3 TpagUUiHHUMK YIIUTBHEHHSMH 32 PaXyHOK IIiJIBUIIECHHS
0€3BIIMOBHOCTI Ta 0e3aBapiiHOCTI POOOTH TEXHOJOrIYHOIro oOsagHaHHs. [IpoTe
KUTBKICHY OLIIHKY PU3HKY TEXHOI'€HHHUX aBapiii MOXKHA HaJaTH JIMLIE 3 ypaxyBaHHIM
CHCTEMHOT0 0araTOpiBHEBOIO aHaJII3Yy.

Ilpu owiHIII TEXHOreHHOI OE3MEeKH CIIiJi BpaxOBYBAaTH 3arajbHi HPUHIUIIH
IHTETPOBAaHOI CUCTEMH PHU3HKIB, IO MICTUTHh TaKi KOMIIOHEHTH — SKICTh, O€3IeKa,
€KOJIOTis, OXOpOoHa Mpali. BOHN periaMeHTyroThCsl MKHAPOAHUME CTaHAAPTAMH
cepiit ISO 9000, ISO 14000 ta ISO 18000.
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Kpim Toro, cmim BpaxoByBaTH, IO PiBEHb TEXHOTEHHOI OE3MEKH € CHCTEMHOIO
kareropiero. CyTHICTh CHCTEMHOI METOJIOJIOTII MOJISATae y TPaKTyBaHHI Oe3MeKu sIK
(yHKIIOHATIBHOI BIACTUBOCTI CKJIaJHUX TUHAMIYHHAX OaraTopiBHEBUX cucTeM. Lle
MOB'SI3aHO 3 THM, IO BIIACTUBICTH CHUCTEMH € OIUIBIINOI0, HDK IMpOCTa cyma
BIIACTHBOCTEH 11 KOMITOHEHTIB. B 3aramsHOMY BHIIJKy METOIH CHCTEMHOTO aHATI3y
Ta CUHTE3Y PO3MIAAAI0Th TEXHOJOTIUHE YCTATKYBaHHS SIK OJHY 3 CKJIAIOBUX YaCTUH
3arajJibHOI CHCTEMH «IIOJMHA — MAlllMHA — JOBKULID». BUBUCHHS Ta AOCHIIKEHHS
TaKOi CHCTEMH — II€ 3a/1a4a aHai3y BETUKUX 00CSTiB pi3HOPIAHOI iHpopMarii Ta ix
B3a€MO03B’s13KiB. OIHAK TaKa cHCTeMa MICTUTh YCi1 TUIIM PUYKH, B PE3YJIbTaTi KUX
BiIOYBaIOTbCS TEXHOTCHHI MOl — TOMWIKH (JIIOJMHA), BiIMOBH (TEXHIiKa),
HECTIPUATIIMBI BIUIMBH Ha HUX 330BHI (p0O0OYE Ta 30BHIIIHE CEPEIOBHUIIIC).

st anamizy BBy Ha Oesneky MPI'K 3actocyeMo mpHHIMII CUCTEMHOCTI,
KU mependavae miAxiJ A0 HOBOI TEXHIKH SIK A0 KOMIUIEKCHOTO 00'€KTa, IO €
CYKYTHICTIO B3a€MO3aJIS)KHUX OKPEMHX eleMeHTiB ((PyHKIiil), peamizallis SKUX
3abe3nedye qocsITHeHHs HeoOXimHoro edexTy. [IpuHImn cucreMHOCTI iepenbavae
BHBYCHHS 00'€KTa, 3 OTHOTO OOKY, SIK €MHOTO IIJIOTO, 3 1HIIOrO — SK YaCTUHU
Oimpmoi cucreMu, B SKid O0'€KT, M0 aHANI3yeThcs, mepedyBae 3 IHIINMHU
CHUCTEMaMHU y MEBHUX 3B’s3Kax. OTke, NPUHLMI CHCTEMHOCTI OXOIUIIOE BCi
croponu o0'exta [10].

e mno3Boiyisie TEpEeTBOPUTH 3arajbHy CHCTEMY Ha TPHUPIBHEBY i€papXidHy
CUCTEMY «MAarHITOPIAMHHUN TepPMETU3YIOUHAd KOMIDIEKC — TEXHOJIOTidHe
o0JalHaHHS — TEXHOTCHHA Oe3reka», a nmuTanHs BBy MPI'K Ha 3a0e3neucHHs
npuiHATHOI Oe3meku 1iHTerpyBaTH K (DYHKIIOHAaTbHY BIACTUBICTH TaKOTO
CKJIaJHOTO 00'ekTa. BasJIMBUM € TakoX Te, 10 TaKy CUCTEMY MOYKHA MIPEICTABUTH
Yy BUIJBIII MOAENI, 3py4YHOI Al aHAJTITUYHOTO JOCHIDKEHHS Ta CHHTE3yBaHHS
KOMIIOHEHTIB — ITiJICUCTEM.

Ha nanmii yac Hemae 3aralbHONPUMHSTOTO KUIBKICHOTO TOKa3HHWKa Oe3MeKu
TeXHIYHOro o0'ekta um cucremu. [IpoTe 3aranbHOBM3HAHO, IO TOXKEXi, BHOYXH,
TpaBMHU TOILO € BHIIQJAKOBUMM TMOJISIMH, JUIsl ONUCY Ta KIJIBKICHOT OIIHKUA SIKHUX
MOKYTh OyTH 3aCTOCOBaHI BiJIOMI TIOKa3HUKH Ta METOJU Teopii iiMoBipHOCTEH. Tomy
KUIBKICHI ITOKAa3HUKHM Oe3IeKku 00IafHaHHA ITOB'A3aH1 3 MOKa3HUKaMHU Oe3B1IMOBHOCTI
Ta Oe3aBapiltHOCTI, MaTeMaTU4HI MOZET SKUX 100pe po3podieHi [11].

AHaJi3 OCTaHHIX JOCHiIKeHb i my0aikaniit

Amnari3 HaykoBuX jpkepen [12, 13, 14] nokasas, 10 OCHOBHA yBara HayKOBHX Ipallb
(OKYCYEThCS Ha MIUTAHHAX OI[IHKM PU3UKY ITiJ] Yac peaizallii mporeciB >KUTTEBOTO
UKy poaykiii. Citif 3ayBaXKUTH, 10 TUTAHHSM OIIHKH PU3HUKIB, SKi BUHHUKAIOTh
miJi 4ac pO3poOKH, BIPOBAKCHHS Ta/ab0 MOJEpHi3amii TEeXHOJIOTIYHOTO
oOyiaJJHaHHS Ta WOTO €JEeMEHTIB, NMPAKTUYHO Maibke He NPHUIUIIEThCS yBara.
BignosigHo B niTeparypi Ayke Majo BUCBITJIIOIOTHCS NMHUTAaHHA KIIMAaTHYHUX Ta
EKOJIOTTYHUX OCOOIMBOCTEH pO3TallyBaHHA MiANPHEMCTB, a TaKOX 1CHYIOUHH
TEXHOJIOTIYHUH PIBEHb Y Tany3i IPOMHUCIOBOCTI.

B po6ori [11] BkazyeThcsl, 0 METa MOJANBIIHX JTOCHTIPKEHb TOBHHHA TIOJISITaTH
B OLIHIII CTYIEHs BIUIMBY KOHKPETHHX BJIACTMBOCTEH JIFOJUHO-MAIIMHHOI CUCTEMH
Ha YMOBH IIPOsIBY Ta BEJIMYMHY TEXHOI€HHOT0 pu3uKy. Hacamnepen 1ie ctocyeThes
BJIACTMBOCTEH TEXHIYHMX cucTeM. L{e moB’s13aH0 3 THM, 1110 ApiOHI BIIMOBH MOXKYTh
MPOBOKYBATH 3HauHi HACHiAKK. HakonueHHs: MPHUXOBaHUX MOIIKOIKEHb, CTApiHHS
MarepianiB, IWHAMIYHI BTOMIIOBAJIBHI TIPOIECH B KOHCTPYKINSX MOXKYTh
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MIPU3BOIUTH JI0 PI3KUX SKICHUX 3MiH. DakTOp poOOYIOro MOBKIULISA MOYKE BUSBHTHCS
CYTTEBUM HABITh JUISI OJHOTUITHUX TEXHIYHUX CHCTEM Yepe3 «BiK» Ta OCOOJIIMBOCTI
excruryaTarii. Ta um iHIIA Jis, sSIKa BUSBICHA SK «Bpa3jvBa JIAHKA B TEXHIYHIH
CHUCTEMI», MOKE TIPU3BECTH JI0 JIAHITFOTOBOI PEaKIIil BiTMOB.

OCHOBOIO aHaJIi3y TEXHOTEHHOTO PU3HUKY Ma€ OyTH He MOPIBHAHHS 3 KPUTEPISIMH
MPUAHATHOCTI, @ BUSBIICHHS «BY3bKHX» MICIb B CUCTEMi (DYHKLIOHYBaHHS 00'€KTa
JUTS TTOAJTBIIIOTO OOTPYHTYBAHHS 3aX0/[iB OE3MEKH.

Ha cporomHimHii [eHh y CBITOBIM MPaKTHI TPHU OIIHII PH3UKIB HIHPOKO
BUKOPUCTOBYIOTBCS METOJA ~ aHajiily BHIIB Ta HACHiAKIB  MOTCHLIHHMX
Hesignosinnocreld (FMEA-Potential Failure Mode and Effects Analysis). baussko
80% po3po0OK TEXHIYHMX BHPOOIB 1 TEXHOJOTI NPOBOIWUTHCS Hapasi i3
3acrocyBaHHsAM MeToay FMEA uu #ioro moaudikamii [14]. Baxxnuum s 1iieit
JAHOTO JIOCTIDKEHHS € Te, MO0 METOA OXOIUIIOE YCi €TamH XUTTEBOTO IHKITY
MPOAYKIii Ta OyIb-sKi TEeXHOJOTI4HI mporecH. [Ipumaomy wmeTon mo3BOIIsE
aHai3yBaTH CKJIAJHI TEXHIUHI CUCTEMH, SIK 3arajioM, TaK i ix ckmajosi [15].

3a AOMOMOrOI0 IIBOTO METOMY MOYKHA BHUPIIIYBaTH TPsSMi Ta 3BOPOTHI 3aaadi
omiHkM Oesmeku. llpsMi 3amadi MO3BONAIOTH BH3HAYUTH BEIHYWHY PHU3UKY
KOHKPETHOTO yCTaTKyBaHH:. 3BOPOTHI 3aj1adi MalOTh Ha MeTi 3a0€31eYNTH TEXHIYHE
pillIeHHs] TAKMM YWHOM, 100 BUKOHATH yMOBY O€3MeKH i3 3a3falieTifib 3aJaHor0
KUIBKICHOIO MIpOIO PH3HKY.

BuxopucTtoByroun KiNbKiCHI TIOKa3HHKH pPHU3HKY, MOXXHA «BUMIPIOBATID)
MOTEHIIIHHY HeOe3MeKy 1 HaBiTh MOPiBHIOBATH HeOe3MeKH pi3Hoi npupoau. J{o Takux
METOJIiB HajeKuTh pizHOBUI FMEA — meton ®aiin-Kinni (Fine & Kinney) [16].
BigmoBigao no meromy Paitn-KinHi TexHOreHHMI pu3nK R po3paxoByeThbes 3a
dhopmyoro:

R=ExAxS, (1)

ne E (Existence) — iiMOBipHICTh BHHHKHEHHsI HeO€3IeYHOT CUTYaIlii;

A (Avoidance) — #MoBIpHICTE TOro, M0 HeOe3MeYHa CHTyallis TPU3BEAE JI0
3aBJIaHHS KO/,

S (Severity) — TKKICTh HACTIiAKIB.

Lle#i MeTo 1 BpaXOBY€E TAKOX CTYIIHb CXHJILHOCTI JIFOMHU JIO BIUTMBY LIKIJTUBUX
YUHHUKIB MPH TEXHOTCHHIN 3arpo3i. ToOMy NMpOMOHYETHCSA HOTO BJOCKOHAIHMTH 3
METOIO OI[IHKM TEXHOTEHHOT'O PU3HKY.

BenuunHa TeXHOTEHHOTO PU3UKY R B pe3ynbrari MOXKe MaTh 3Ha4YeHHs Bix 1 110
1000. Onst R 3azmanerigp Mae OyTH BCTaHOBICHUH KPUTEPIH Ripamw. (TpaHHUYHE
3HA4YEHHS) TEXHOTEHHOT0 PHU3MKY. BiamosimHo mo pexomenaauiil [14] rpaHuuHe
3Ha4eHHS Ripanny 3a/1a€Thest B Mekax 100 < Rppama < 125 (six 100yTOK cepenHix
OIIHOK Ripama =5 x 5 X 5 =125). [linnpuemcTsa, sIKi JaBHO BUKOPHCTOBYIOTH IIHO
METOJIOJIOTII0, B OCOOJIMBO BiJIMIOBiajbHUX BHITAJKaX MPAIIOIOTh Yy Jiara3oHi
20 < Rrpamus < 40 [14].

MeTo10 A0CTiTKEHHS € BJOCKOHAICHHS METO/IY OIIHKH TEXHOTEHHUX PU3HKIB
32 PaxyHOK CHCTEMHOro 0araTOpPiBHEBOTO aHalli3y TePMETHU3YIOUYHX KOMIUIEKCIB
obnagHaHHsA HeOE3MeYHNX BHUPOOHUIITB IS BUBUEHHS BIUIUBY MAarHITOPIIHMHHUX
TEPMETH3YIOUNX KOMIUIEKCIB Ha TEXHOTeHHY Oe3meky 1 OOrpyHTyBaHHA ix
3aCTOCYBaHHS y aTOMHIl €HEPIeTHII.
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Bukiaan ocHOBHOTo MaTtepiary

HapiiHicTb Ta HOCTOBIpHICTD pe3ynbTaTiB aHaiizy 0araro B 4YOMY BH3HAYAIOTHCS
MMOBHOTOKO BHUXIOHUX MJaHWX. B SAKOCTI BUXITHUX MJaHAX [UISI aHami3ly Oyl
BHKOPHCTaHI PE3yNbTaTH CTEHAOBUX, IOCIiTHO-TIPOMUCIOBHX BHIPOOyBaHb Ta
eKCIUTyaTamii MPI'K Ha pi3HOMY TEXHOJIOTTYHOMY o0JIaIHAHHI.
BukopucToByBanucs xKypHaJId TEXHIYHOTO CTaHy TEXHOJIOTTYHOTO OOJIaHAHHS, 1€
3anposamxerno MPI'K. 3 ypaxyBanusam TepMminy excruryaraitii MPI'K, sixuit Ha HE3II
00'ekTiB cTaHOBUTH 15-20 pOKiB, BUXOAMIa JOCTOBIpHA CTaTUCTUYHA BHOIpKa 3
OIIIHKK HaJIMHOCTI Ta Oe3aBapiliHocTi pobOotm oOmagHaHHs. Takox Oyio
BHUKOpHCTaHO aHami3u podotn MPI'K, mpoBesieHi TexHIYHUMH CITy>kOaMH 3aBO/IIB,
ne ekcrutyatytotbess MPI'K [18]. KpiMm Toro, TexHiuHi ciyxOu 3aBOJIIB Haiaau
CTaTHCTUYHI MaTepialu y BUTJIAAI OaHKY JaHHUX 00 BiIMOB, TIOJIOMOK, HEIIIACHUX
BHIIAJIKiB, aBapid, IO CTaNHWCAd 3 BHHU TPAAULIWHUX YIIUTbHEHb (JTaOipHHTHI,
MaHKETHI TOIIIO).

BuximHumu qanuMu Aj1sl aHalizy OyJid TakoX TMOBHA JIOKYMEHTAIIisl PO 00'€KT,
HOT0 TeXHIYHI XapaKTePUCTHUKH, PEeXUMH POOOTH, Iiama3oH 3MiHU IapameTpis,
MPOEKTYBANIBHI, MTEPEBIPOYHI PO3PAXyHKH (Mi3MYHUX IPOIECIB, IO MPOTIKAIOTH B
00'€KTi, JaHi ITPO Pi3Hi CUCTEMH 00'€KTa Ta XapaKTep B3a€MO3B'A3KY MiXK CHCTEMaMH.
BukopucToByBanics 1aHi, OTpUMaHi Ha IHIIMX BUJIaX YCTaTKyBaHHS, aJie SIKi MaIOTh
MeBHI TOMIOHI XapaKTepUCTUKU. JIOTIOBHIOBANMCS i BiJJOMOCTI HasBHUMH
peKIaMallisiIMK Ta MPETSH31IMH CITOKHUBAYIB, 10 eKCILTYaTYIOTh 1I¢ 00IaJHaHHS, 0
3aBO/1iB-BUPOOHHUKIB.

3 ypaxyBanHusaM cneundiku 3acrocyBannsi MPI'K (nepeBaxxno abo Ha joporomy,
a0o0 BiJMOBITaTbHOMY yCTaTKyBaHHi) OyJI0 IPUHAHATO PIIlIEHHS PO HEIOCTATHICTH
HAKOMWYEHOI CTATUCTUYHOI 0a3| JJIsl 3aCTOCYBaHHS METO/IIB Teopii HMOBIPHOCTI i
ToMy OyJIO IPOBEACHO sIKicHUIA aHami3. Lle mo3Bossie 3po0uTH TpyIy METOIIB, SIKi
TakoX BXonATh g0 FMEA, ne BuximHi JaHi i3 3aJy4eHHSM EKCIIEPTHUX OIIIHOK
3BOJISITHCS 10 KBAIIMETPUYHHUX TAOJMUHUX IIKAJI 3HAYYIIOCTI, 1[0 XapaKTePU3yIOTh
BUHUKHEHHs HeOEe3Me4yHoi cuTyallil Ta TSOKKICTh ii HacmigkiB. lle mo3Bosisie
OTPUMYBATH KiIBKICHI XapaKTEePUCTHKH PU3UKY.

[Nonepenni po3paxyHku 3a (opmynoro (1) Ta aHani3 OTpUMaHUX PE3yIbTATIB
MOKa3aJjy, 110 HU3KY YNHHHUKIB, SIK1 BIUTUBAIOTh HAa PIBEHb TEXHOTEHHOI O€3IIeKH, HE
BpaxoBaHO y KBaJliMeTpuyHUX Tabnuisix 1 Ta 2, HaBenenux y [16, 17, 14].

Tabmur 1. [llkana omiHKK KMOBIPHOCTI BHHUKHEHHS HeOe3meyHoi curyarii, E

Kpurepiit iMOBIpHOT MOCITiOBHOCTI MOiT 200 BUTIAKOBOT Orminka Py,
00CTaBHHA oar
OxuH pa3 npoTaroM TepMiHy excrryaTamii (20 pokiB)
OxuH pa3 Mk 00CTeKEHHIMH (5 pOKiB)
[T'saTh pa3iB Mi>k 0OCTEKEHHIMHU — MIOPITHO
Jecats paziB Mixk 00CTe)KEHHSIMH — JIBi4i Ha PiK
Ilomicss
JIBa pa3u Ha MicsIb
IoTrmxHsS
JIBa pa3u Ha THXKIEHBb
Iomms
[TocTiitHa MpUCYTHICTH HEOE3MEKH

OO (N[OOI WIN|F-

[y
o

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023



Tabmums 2. [lkana omiHKKA HMOBIPHOCTI 3aIOIISTHHS IITKOAH, A

Kputepiit iMOBIpHOCTI 3aTOAISIHHS IIKOAH Ominka Py,
6an

MizepHa (IJTKOM HEMOYKJIMBO)

Hesnauna (MpakTHIHO HEMOXJIMBO)
BenbpMu HeBenmKa (Malke HEMOXKIIMBO)
Hegenuka (#iMoBipHiCTh Tpoxu Mermie 50%)
[omipHa (fiMoBipHicT O1H3bK0 50%)
Benuka (fimoBipHicTs npubiusHo 50-60%)
Benbmu Benuka (HMOBIpHO)

Bucoka (mysxe HMOBipHO)

Jy>xe Bucoka (Mae rapaHTOBaHO)
Busnauena (HeMHHYy4Ya)

OO (N1~ WIN|F-

[EY
o

3a0e3meunuTr IOCTOBIPHICTH pE3yNbTaTiB piBHA TEXHOTCHHOI Oe3MeKu
3aMpONOHOBAHO 33 PaXYHOK J0JaTKOBOTO OOJIIKY CTYIEHS CXMJIHOCTI JIFOJUHH JI0
BIUTMBY IIKIJUBUX (PaKTOPIB BiJ] MEXaHIYHUX MOLIKO/KEHb Ta CTaHy OOaHaHHS.
Jus poro popmymna (1) Oyna mepeTBopeHa Ha BUTIISA:

R=ExAxSxK, )

Jie TIKaJla OI[iHKK TSHKKOCTI HacHiakiB S Oyna po3poOieHa Ha OCHOBI 0OpoOKH
BUXITHUX JIaHMX, WI0 BHKOPHUCTOBYIOThCS TpHu aHamizi poborn MPIK 3
ypaxyBaHHSIM CTYIEHS CXHJIBHOCTI JIFOJIMHU JI0 BIUIMBY HIKIITMBHUX (DakTOpiB mpu
MEXaHIYHUX TOIIKO/KEHHSIX, 1 MpeicTaBieHa B Tabum. 3.

K=K: x Kz %X K3z x K4 x Ks x Ks — monpaBouHi koe(illieHTH, 10 BpaXOBYIOTb:

K1 — xoeditient, mo BpaxoBye TepMiH eKkciutyaTanii ycratkyBanss, (Ky = 1,0... 1,1);
K> — koeoimieHT, mo BpaxoBye BIUTUB (Pi3MYHOTO i MOPATBHOTO CTapiHHS
ycTaTtkyBaHHS, ioro pemoHT (K2 =1,0...1,1);
K3 — xoedimieHT, 1110 BpaxoBye 3anpoBa/KEHHS HOBUX TEXHIYHUX PillleHb HA eTarli
moepwizarii (K3 = 0,9 ... 1,0);
K4 — xoedimienT, 1Mo BpaxoBye BHTOTOBICHHS TEXHOJOTIYHOTO yCTATKYBaHHS Ta
HOT0 KOMIUIEKTYIOUMX Ha cepTudikoBanux ainsakax (K4 =0,9...1,0);
Ks — koedimieHT, 1m0 BpaxoBye B3aeMHE pO3TalllyBaHHS HeOE3NEeYHHX OO'€KTiB
Ks=1,0...1,2);
Ks — koedimieHT, 1110 BpaxoBy€e yMOBH 00CIIyrOBYBaHHS Ta HAABHICTbh PE3€PBYBAHHS
ycratkyBaHHs (Ke = 0,9...1,0).

[MompaBouni koedimientn Ki - Kz ogepkano ekcriepTHUM HIISIXOM Ha TiICTaBi
PE3yJIbTATIB eKCIUTyaTallii.

B nanomy BumNanxy, 3BaXar04M Ha Te, IO JETAJIbHO aHAI3y€eThCs TUTBKU OIUH
B/ HEOE3TEeKH, TIOB'I3aHUH 3 YIIUTFHIOBATLHUMHU CHCTEMaMH, JIOMILHO PO3TIISIATH
IpaHnYHe 3HAUCHHS TEXHOI'€HHOT0 PU3HUKY B Jiana3oHi 15 < Rypaum < 30.
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Taomuia 3. Ilkana OmiHKY TSHKKOCTI HACHIAKIB, S *

Kpwurepiit TSHKKOCTI HacmiakiB, S Omwinka S,
6an
J1st mroauHu JI71s1 TeXHOJIOTIYHOTO 00JIaJHAHHS

TpaBmu, mopanenHs, omiku abo | OyHkuioHaTpPHUN 30i B 007agHAaHHI 1

3a0UTTS BIACYTHI Yl TpoIeci — HeMae IOTCHIIHHOI
Hebe3NneKku

HeBenuki  nomkomkeHHs Ta | IloBHicTio JIOCTaTHBO HassBHUX 2

MIOBHE BiJTHOBJICHHS 0e3 | TeXHIYHMX 3aCO0IB Ta 3aXO0/IiB 3aXUCTY

HEOOXITHOCTI  BiAICYTHOCTI Ha

pobouomy Micui

IToBHe BiIHOBJICHHS ta | HeoOxiqHe NpoOBeNeHHsI CTaHIapTHUX 3

TIOBEpHEHHS MICJIs BIICYTHOCTI HA | mpouenyp Yy cdepi  peMoHTY,

poboyomy Micii MeHIe 3 qHiB €KOJIOTIYHOT Oe3MeKH Ta OXOPOHH Tpalti

IToBHE BiIHOBJICHHS Ta | YacTkoBe MOMIKOMKEHHS 00IaIHAHHS, 4

MMOBEPHECHHS TICNIA BIACYTHOCTI | HEOOXiTHWH PEMOHT i3  3aMiHOIO

Ha po0OYOMY Mici Bil TPhOX | KOMIUICKTYIOUHX, TTOIITKOIKCHHS

JIHIB JI0 TPhOX THXKHIB MO>KHA IIBUKO JIIKBITyBaTH

IToBre BiZTHOBJICHHS Ta | YacTkoBE MOIIKO/DKEHHA OOaTHAHHS, 5

MMOBEPHECHHS TICNIA BIACYTHOCTI | HEOOXiTHWI PEMOHT i3  3aMiHOIO

Ha pobOodomy Micumi Oinblie | KOMIUICKTYIOUUX, IIOIIKOKCHHS HE

TPHOX THXKHIB MOJKHA IBUJIKO JIIKBiTyBaTH

[ToBepuenHss Ha poboue Micie | Cepiio3He MOIIKOKEHHS OO0Ja HAHHS 6

ITiCIIsl BIICYTHOCTI OlIbIlie TPHOX | BUMAarae CreliaibHUX 3aXO0JliB 3aXHCTY

THXKHIB, IPOOJIEMH 31 3710pOB'ssM | Ta O€3MeKH, s YCYHeHHs HeoOXiJHO
OLIBLI TPUBAJIUIT Yac

[ocritine cnabke 3HmwkeHHs | [loBHe  BigHOBIIEHHs  OOJaJHAHHS 7

3aTHOCTI bi o) TPYAOBOI | HEMOXIIMBE, TMPH EKCIUTyaTalii He

JUSTBHOCTI BUTPUMYETHCS pan TEXHIYHUX
XapaKTepUCTUK (Hanpukman,

i ABUIIEHHAS BiOpaIlii To1o)

[ocrifiHa cepiio3Ha iHBaniAHICTh | Excruryarariiss oOnagHaHHS MOXXe OyTH 8
J03BOJICHA Ha OOMEXEHWH TepMiH
creniaJTbHIM ceprudikaliiHIM
LEHTPOM a00 TalTy3eBHM IHCTHTYTOM,

0 Ma€ BiANOBIAHY JLEH3II0 TMicis
YCYHEHHSI BCIX OTpPHMAaHHMX BiJ HHX
3ayBaXKeHb

TTocriiiHa moBHA 1HBAIIAHICTH ABapisi, HEMOXJIMBICTh BiJHOBICHHS 9
oOnagHaHHS, MOXYTb OyTH Cepio3Hi
HACJi IKK ISt HaBKOJIUIIHBOTO
cepeIoBHIla

CmepTh TexHorenHa karactpoda 10

*Jms BU3HAUSHHS TEXHOTEGHHOTO pH3MKYy R BHOHMpaeTbcst OUTbII BaroMuilt KpuTepiil TSKKOCTI
HacmiakiB, S

3anponoHOBaHUIl METOZA [O3BOJIIE OOIPYHTYBaTH BHOIp 3aXOXiB IIOJO
3a0e3nedYeHHs PIBHSA TEXHOTCHHOTO PHU3UKY IUISXOM CIIBBIIHOINICHHS BEIMYHHU
PHU3HKY, BU3HAYCHOTO 3a (opMyJor (2), 3 TPaHUYHMMH 3HAYCHHSIMM KaTeropii
PHU3UKY, PO3pOOJIEHMX aBTOpaMH Ha OCHOBI yMOB eKcIUTyartamii oOmagHaHHS
HeOe3MeYHNX BUPOOHUIITB Ta BUKIAACHHUX y Ta0I. 4.
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Tabmuns 4. Kateropist pu3uxy

Kareropii pu3uky TexHOTCHHMIT Omnwc Ta HeOOXiTHI 3aX0TU
pusmk, R
|. Heznaunwuit prsuk <15 CrreriasnpHi 3axX0IH HE moTpiOHi.
JIOKyMEHTYBaTH PU3UKH HEOOOB'SI3KOBO
II. [TpuiHATHAN PH3UK 15-30 CroeuianbHi  3aXoAuM Ul 3MEHIICHHA

PHU3UKYy HE TOTPiOHI, ale PeKOMEHAYEThCS
OLIHUTH, sIKi 3aXxoAu MOXHa Oymo ©O
peainizyBaTd 3 MiHIMAaJbHUMH BHTpaTaMu.
Pusuk  Bce k  Takum  HEOOXiIHO
KOHTPOJIIOBAaTH

II1. Teprumuii pu3uk 30-125 Heo0xinHi 3aX0111 3MEHIIIEHHS PU3HKY, alle
iX HEOOOB'SI3KOBO peaNi30ByBaTH HEralHO,
HEOOXigHO OpaTw 10 yBarm EKOHOMIYHi
MipKyBaHHSI. 3axonu HEOOXITHO
MPOBOIUTH TpPHUHAWMHI TpoTaroM 3-5
MICSIIIiB MiCJIsl OIIHKH PU3HKY

IV. 3naunnii puzuk 125-400 PoboTty He MOXHA TIPOJTOBKYBATH, JOKH HE
BXHTO 3aXOJiB JJIs 3MEHIICHHS abo
YCYHEHHs  pH3HMKy. SIkmo  poboty
HEMOXJIMBO  TIepepBaTH, TO  3aXOIH
(KOJEKTHBHI) HEOOXITHO BXXUTH TPOTIrOM
1-2 wMicAwmiB 3ale€XHO Bix KIIBKOCTI
OpAIiBHUKIB, [0 MiJAOTECS PHU3UKY.
HeoOximgHO cBoe€wacHO TpHAOATH 3aCO0HU
IHANBIyaTbHOTO 3aXUCTY

V. Henpunycrumuii >400 3MCHIIICHHS PU3HKY € 000B'sI3KOBHM. SIKIIT0
PpHU3HK gyepe3 Opak KOMITIB HEMae MOXIJIHBOCTI
3IHCHUTH NMPEBEHTHUBHI 3aX0/IH, TO poOOTa
y  HeOe3meuyHill  30HI  KaTEerOPUYHO
3a00POHSETHCSI.

Pesynprati po3paxyHKiB TEXHOTC€HHHX PHU3WKIB 3TigHO 3 ¢opmynon (2) Ha
MpUKIaai CHHXpOHHUX enektponsuryHiB tuny CJIH BupoOuunra AT «3aBox
BEIMKHX EJIEKTPUYHMUX MammH» (M. KaxoBka), mpu KOMIUIEKTalii BHHOCHHX
MiAMUITHAKOBHUX CTIHOK Ja0ipuHTHUMH yiiasHeHHs MU Ta MPI'K npencrasieni Ha
pucyHkax 1, 2, 3. 3a3HadeHi eNeKTPOIBUTYHH 3aCTOCOBYIOTHCS B SIKOCTI MPUBOLY
JUIs  BOJSIHAX,  I[UIAMOBHUX  HACOCIB;  LEMEHTHHX,  BYIJIEPO3MEIbHHX,
PYJOPO3MENILHUX Ta 1HIIUX TPOMHUCIIOBHX MJIMHIB, IIAXTHUX BEHTUJISATOPIB
TOJIOBHOT'O MIPOBITPIOBAHHS; Ha MaricTpalbHUX Ha)TO- Ta ra300poBoAax i T.. BoHu
MOXYTh E€KCIUTyaTyBaTHUCh SK Yy TPUMIIIEHHAX, TaK i HAa BIAKPUTOMY IOBITPI.
HaBkonuiHe cepelnoBuIle MMiJ Yac €KCIUTyaTalii CHHXPOHHUX MallliH MOXe
MICTHTH 3HaYHY KiJIbKICTH BOJIOTH, MWy, abpa3uBy (LIEeMEHTHUH, BYTIJIbHUN TIHJI,
mTHO 1 T.iH.)

3 puc. 1 BUIHO, IO YMOBH €KCIUTyaTallii eIeKTPOJBUTYHIB OJHAKOBOTO POKY
Bunycky (mouatky 90-x pokiB), OJHAKOBOI MOTY>KHOCTI Ta OOOpOTiB Baja, IO
00epTa€eThCs, JOCUTh CHIIBHO BIUTMBAIOTH HA PiBEHb TEXHOT'CHHOTO PU3UKY. binmbim
KOM(OPTHI YMOBH €KCIUTyaTallii y MPUBOIY BOASHHUX HACOCIB, SIKI pO3TaIllOBaHI B
3aKpUTUX NpuMilIeHHAX. [le UIIOCTPYEThCS HM3BKHUM PIBHEM PHU3HKY 1, MaOYTh,
noscHioe Toil Qakt, mo MPI'K 3a takux ymoB He BcraHoBmroBamucs. [lorpeba
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y BpoBamkeHdi MPI'K mia Bcix iHmmX icHye Ha 3aBogax moctiiiHo. HaiiBaxdi
YMOBH €KCIUTyaTalii y IaxXTHUX BEHTHIATOPIB TOJIOBHOTO MPOBITPIOBAHHS, OCKITBKH
npu ix ekcrutyaTarii oOOB'SI3KOBO BigOyBa€ThCsl HATUMAHHSA MYy Ha IOBEPXHIO
JIOTIATOK, IO TIPH3BOAMTE JO AWCOaTaHCy POTOpa Ta TOSBH IiABHINEHOI BiOparrii
M AITUITHAKOBHX BY3JiB. Lle 301bI1ye BemmanHy TeXHOTeHHOTO pr3uKy 11t MPI'K.
Moxmnusicte MPI'K 3a06e3neunTr npakTHYHO MOBHY F€PMETHUYHICTh JO3BOJISIE
MiATPUMYBATH TEXHOTEHHY O€3MeKy Ha MOCTIfHOMY Ta JOCUTh BHCOKOMY DiBHI.

R

L 80 III

2
"27 |
L 18 “ E
- 12 I
0
al o alo alo alob a

Puc. 1. 3aynexHICTh TEXHOrEHHOTO PU3MKY enekTpoasuryHiB tumy CJIH 3anexHo Binx ioro
MIPU3HAYCHHS:

a) 3 komruiekTamiero MPT'K;

0) 13 KOMIUIEKTalli€l0 IaOipUHTHUMH YIIIJIbHEHHSIMUY;

1 — 1715 IpUBOAY BOJSHUX HACOCIB y 3aKPUTHX MPHUMIIICHHSX;

2 — [T IPUBOJTYy BOJISIHUX HACOCIB Ha CBIXKOMY TOBITDI;

3 — U1 IPUBOTy IEMEHTHUX MIIMHIB;

4 — 1St IPUBOJTY BYTJIEPO3MOJIBHUX MIIMHIB;

5 — 1y IPUBOJY MAaXTHUX BEHTHIISITOPIB

(=)

Byno npoananizoBaHO TEXHOT€HHUH PU3HK IIPH 3aCTOCYBaHHI €EKTPOIBUTYHIB
cepiit C/IH-14 Ta CAH-15 mpu 1000 00/xB Ta 3 pi3HUM Aialla30HOM MOTYKHOCTI:
800 kBrT; 1,25 MBT; 1,6 MBT; 2,5 MBT; 3,2 MBT, siKi BUKOPHCTOBYBAJIUCS B SIKOCTI
OpUBONIB BOAAHMX HacociB. OmiHKa pHU3UKY IOKas3ajga, [0 13 3POCTaHHIM
MOTY>KHOCTI €JIEKTPUYHOI MAIIMHU PiBEHb TEXHOT'€HHO1 O€3MEeKH HE 3MiHIOETHCS, 1110
BHILIUBAE 3 PUC. 2.

Le 1103BOJIMIIO HA HACTYITHOMY €Talli POaHalli3yBaTH BIUIMB YaCTOTH 00EpPTaHHS
Baja Ha TEXHOTGHHMH PpU3MK 3a TPUOIM3HO OJHAKOBOI  MOTY>KHOCTI
enekTponBuryHiB. Posrmsimanucs enekrpomsurynu cepii C/AH-14 ta CJIH-15
BHUITYCKY MmouyaTky 90-X pOKiB 3 TakMMH MOKa3HuKamu: 375 00/xB., 1000 kBrT;
500 06/x8., 1250 xBT; 600 00/xB, 800 xBT; 750 00/xB, 1250 xkBT; 1000 006/XB,
1000 xBr.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023



R it
1 D 3 4 5 6
27 ’ 7 I
&) I
a|b a|o a |6 a |0 a |BS a|b

Puc. 2. Texnorennuid pusuk einekrponsuryHiB cepii C/AH-14 ta CJ/IH-15 3 pizHum
Jiarma3oHoOM MOTYKHOCTI:

a) 3 komuiekTamiero MPT'K;

0) 13 KOMILIEKTalli€l0 TaOipUHTHUMH YIIIJIbHEHHSIMUY;

1 — 3a mortyxHocTi 800 kBT; 2 — 3a motyxkHocTi 1,25 MBT;

3 —3a mortyxHocti 1,25 MBT; 4 —3a notyxHocTi 1,6 MBT;

5 —3a motyxHocTi 2,5 MBT; 6 —3a motyxHocTi 3,2 MBt

AHari3 pe3ynbTaTiB prc. 3 MOKa3ye He3HAYHUH BILTUB 301JIbIICHHS 00€epTiB Baa,
mo 00epTaeThCs, Ha TEXHOTEHHUH pU3WK. 3O0UTBIICHWUH PU3HK TPU HEBEIUKHUX
000poTax MoB'I3aHUH 3 TUM, 1110 KOHCTPYKTHBHO Ha HUX 3aCTOCOBYIOTHCSI MAH)KETHI
VIIUIbHCHHS, SKI BUSBHJIMCS MCHII HaIidHUMM, HDK jJa0ipuHTHI. Lleit BUCHOBOK
MOXe OyTH 3aCTOCOBAaHWH JIHMIIE JO IOr0 KOHKPETHOTO BHIAJIKY, TOMY IO
BUBYAIINCS €JIEKTPOJBUTYHH, IO eKCILTyaTylOThcs Om3bko 2025 pokiB, B HUX 3a
PaxyHOK 3HOCY €(DeKTHBHICTh MAH)KETHOTO YIIUIbHEHHS 3HU3WIacs. TeXHOrCHHUMN
pusuk npu BukopuctanHi MPI'K npakTuyHO He 3alie)XHTh BijJ KUTBKOCTI 00epTiB
BaJIa, 10 00EPTAETHCSL.

R 3 II1
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r 36 < . T
- 27 . I
E 12
0 I
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Puc. 3. 3anexHicTh TEXHOTEHHOTO PH3UKY eyeKTpoaBHryHiB Turmy CJIH 3anexHO Bix
4aCTOTH OOEpTaHHs Baja:

a) 3 kommekTanielo MPT'K y BchoMy miama3oni gactor;

0) 3 KOMITJIEKTALI€I0 TPAAUIIIHHIMH YITITEHEHHIMHU:

1375 06/xB; 2 — 500 06/xB; 3 — 600 06/x8; 4 — 750 06/xB; 5 — 1000 06/xB

AHai3 MpPOBEICHUX PO3pPaXyHKIB IOKa3ye, IO BCI EJICKTPOABUIYHHM, SKi
JOCTKYFOThCSI, 3HAXOASITHCS B 30HI TEPIUMOTO pU3HKY. 1le MOsSCHIOETHCS THM, 110
BCi €NIEKTPOJBUTYHH 3HAXOASTHCS B CKCIUTyaTallii i TOMy TIOBHHHI 3a/I0BOJILHSATH
BHMOTaM, III0 BHUCYBAIOTHCSA JO HUX, Y TOMY YHCII ¥ 3 ekojoridHoi Oe3meku. [lpu
MIPOEKTYBAHHI HOBOTO YCTaTKYBAaHHSI UM MOJICpHi3allii YMHHOTO IMOTPiOHO MparHyTH
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MaKCHUMaJIbHO MOJIMBOTO 3HWKEHHS TEXHOT€HHOTO PH3WKY, OCKIIBKH aHaii3
BEJIMKUX TEXHOTEHHUX KaTacTpOd OCTAaHHBOTO Yacy MOKa3ye, IO caMe CHCTEMH
VIIUTbHEHHS HaYacCTille OyJIH MEePIIO0 JAHKOO B JAHIIOKKY BiIMOB, 110 KACKaHO
nepepocTtaioTh B aBapiro. Came Tomy pobdotu B III kxareropii (nuB. Tadm. 4) momxo
3HIDKEHHSI PU3UKY € aKTyalbHUMH, II0 MiATBEpIKYyIOTh BrposamkernHs MPI'K
3aMiCTh TPAIUIIITHUX YIIIIEHEHb.

BpaxoByroun BHKIaZieHe, MOXHA MIATH BHUCHOBKY IIOAO JOIUIBHOCTI
3actocyBanHss MPI'K ©Ha ycix 7maHKax aTOMHHX €JNEKTPOCTaHIH, [ie
BUKOPHUCTOBYETHCA ENEKTPONPHUBOA. Lle cTocyeTbest Takok TypOOreHepaTopiB, SIKi €
CUHXPOHHUMH MalllMHAMHU.

BucHoBku

1. AmHami3 BeNMKMX TEXHOTEHHWX KaracTpod Ha 00’€KTax KpPUTHIHOI
iH(PACTPYKTYpH MiATBEPIKYE, M0 Yy OLIBIIOCTI BUMAAKIB iX MpUYUHAME OyIH
MEXaHIuHI HECIPaBHOCTI 0araTboX BUIIB TEXHOJOTIYHOTO 00JaHAHHS (OCOOIHMBO
iX MIAIMUITHUKOBHAX BY3JiB), KOJHM BigMOBa BiOYBa€ThCS Yepe3 HE3aJ0BLIbHY
po0OTYy crcTeM YIIIEHIOBAYiB.

2. 3abesmnedeHHs] BUCOKOTO PiBHS FEPMETHYHOCTI JOCSTAETHCS 3aCTOCYBaHHIM
MPTI'K. Ile 00yMOBJICHO AOIIBHICTIO X BUKOPHCTAHHS B YCiX €JICKTPOABUTYHAX
AEC 3 ormsiny Ha MOXJIHBICTD BUHUKHEHHS aBapiHUX CHUTYallid Ha IPYTOPSTHAX
JIAaHKaX TEXHOJIOT1YHOTO MPOIIECY 3 HACTAHHSM JIAHIFOTA HEIITATHUX CUTYAaIIiM.

3. IlopiBHAHHS piBHIB TEXHOTEHHOT OE3MEKH MPH 3aCTOCYBaHHI Pi3HUX CHCTEM
VIIIJIbHIOBAYiB MOJJIMBE 3 BHUKOPUCTAHHSIM YJOCKOHAJIEHOTO METOLY OLIHKH
PHU3HKIB 3 ypaxyBaHHIM CHCTEMHOTO 0araTOpiBHEBOTO aHAi3y Ha OCHOBI METOAY
®aiin-Kinni s tpupiBHeBoi iepapxiuHoi cucremu «MPI'K — TexHomnoriune
00naIHaHHS — TEXHOTEHHA Oe3reKay.

4. Anani3 OUIHKM PHM3MKIB IJIi CHHXPOHHHMX eJnekTpoisuryHis cepii CIH
BupoOHunTBa AT «3KEM» (HoBa KaxoBka) 3a pi3HHX yMOB eKcIuTyararii,
MOTY>KHOCTI Ta 000pOTax Baiy, 10 00EPTAETHCS, TOKA3aB 3HIKCHHS TEXHOT€HHOTO
pusuky npu BupoBamkeHHi MPI'K B miamasowi 1,5...4 pasmu.
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ECONOMIC VALUATION OF ECOSYSTEM SERVICES
OF NATURAL PLANT ASSOCIATIONS OF THE PLUZHNE FORESTRY

Abstract. Ecosystem services are the basis of human development and existence.
The resilience and balance of ecosystems is the key to the well-being and comfort of
the human race, but their role and value of services provided is often
underestimated. The aim of the given research is to conduct economic assessment
of ecosystem services of natural plant associations of the selected area — Pluzhne
forestry. Forests are known to provide the most diverse and comprehensive complex
of ecosystem services and thus represent complicated object for assessment. The
first step of the assessment included formulation of the list of ecosystem services to
be included into the assessment procedure, giving priority to the most well-studied.
The second step was aimed at determination of the unit prices for the chosen
services. They were elaborated based on similar valuations, sufficiently supported
by research data. The resulted cost of ecosystem services provided were compared
to the assessments, performed for forest ecosystems in Ukraine and European
countries, which is an element of novelty and originality. Although there are
noticeable deviations in specific value of ecosystem services per unit of forest area,
the general trend in consistent with European experience. The reasons of differences
could be explained by the choice of approaches to unit prices evaluation and list of
services included into assessment. The obtained data are important for raising
awareness of local population and authorities about the importance of ecosystems
functioning and need to invest resources in their support and protection. Research
works of such kind are still rare in Ukrainian academic sphere despite their high
importance for efficient management of environment quality and use. Thus, there is
a clear need develop this research field and the given research contributes
theoretical and applied provisions for further assessments of such kind.

Keywords: forest ecosystem,; support of ecosystem services; unit service price;
direct and indirect valuation.

https://doi.org/10.32347/2411-4049.2023.1.43-58
Introduction

The concept of ecosystem services, as certain benefits received by a person from
nature in its modern formulation, originated in 70s and went though some steps of
reconsideration and terminological variations: nature services (Holdren, Ehrlich,
1974; Westman, 1977), environmental services (Wilson, Matthews, 1970); public
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services of the global environment (Ehrlich et al., 1977) and nature functions
(De Groot, 1992), and finally, ecosystem services (ecosystem services Ehrlich,
Ehrlich, 1981). The final formulation, which is now widely accepted and used in the
given research, was established in the Millennium Ecosystem Assessment (MEA)
(2003, 2005) [1]. The central idea of this collective work under the auspices of the
UN was to form clear understanding of nature role in our well-being. The reflection
of this task is seen in multiple works on the identification and valuation of ecosystem
services that followed the publication of this report.

According to the Millennium Ecosystem Assessment, ecosystem services can be
divided into the following four classes:

1. Provisioning Services represent materials and products that people extract from
nature, including food, drinking water, timber, etc.

2. Regulating Services are natural process, which make life possible for people:
cleaning air and water, decomposition of wastes, prevention of erosion. All these
processes work together to make environment safe, functional and resilient.

3. Cultural Services include attributes of nature, able to provide spiritual and
cultural needs and development of people, recreation, research and education.

4. Supporting Services are fundamental process, which make ecosystems
themselves able to exist and function. These are natural processes, such as
photosynthesis, nutrient cycling, the creation of soils, the water cycle, etc. Without
supporting services, provisional, regulating, and cultural services wouldn't exist.

The formulation of the fact, that nature makes key contribution to our well-being,
the concept of ecosystem services implies the need to account these services in
making decisions about nature use and expansion of human activity. Therefore,
ecosystem services are gaining recognition in the national environmental policies
and legislation of many countries, undergo spatial attribution and financial valuation
with corresponding market development. The most important achievement in the
field of ecosystem services research is the fact that they are not considered
inexhaustible and free. Most countries gradually realize that ecosystem services must
be paid for and at the same time must be preserved and developed.

Different ecosystems provide the necessary services to varying degrees and
assortment. This must be accounted when planning economic and protection
measures. Moreover, under current intensity of human intervention into natural
ecosystems a compulsory element of any policy or project is the purposeful support
of ecosystem services.

Conceptual framework: forest ecosystem services

Existing international guidance documents such as the UN Forest Instrument and the
UN Strategic Plan for Forests provide a framework for national actions and international
cooperation to sustainable management of forests. This framework is also the tool for
integration of forest ecosystem services support into all aspects of national policymaking
and planning. Countries must introduce legal incentives to acknowledge the role of
ecosystem services in the overall national prosperity and environmental safety.

A range of comprehensive theoretical and practical works cover many of the
aspects of forest ecosystems functioning and their role in the balance of biosphere
and human civilization. In particular, Jenkins and Schaap state that the support of
ecosystem services from forests is the way to achieve not only SDG 15, but generally
progress to sustainability at regional and further to national level [2]. Through the
analysis of the related publication it is possible to see that number of identified
ecosystem services is growing and has already reached 100 [3]. The issues of forest
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ecosystem services are most intensively studied in the USA, Australia, the United
Kingdom, Canada, Germany and Spain [4]. The number of such research is growing
since there is increasing interest to the assessment of ecosystem resilience and ability
to sustain the welfare of population.

In Ukrainian research community the theme of ecosystem services is also gaining
popularity. L. M. Arkhypova, B. V. Burkynskyi, V. F. Horiachuk, N. V. Dehtiar,
E. V. Mishenin, A. A. Osaul, M. M. Prykhodko, I. P. Solovii, M. A. Fedorenko,
M. A. Holubets have published relevant works, however, most of them deal with
ecosystem services as components of natural resources potential of territories [5]. At
the same time ecosystem services are gradually becoming a factor of importance in
making decisions about land use practices [6] and in the support of environmental
safety at urban areas [7]. As for the forests ecosystem services specifically, a limited
number of works is available; the most cited are focused on recreational services [8],
restoration of degraded forest for the provision of ecosystem services [9], rural
communities’ dependence on provisioning forest ecosystem services [10] and source
of financial support for sustainable transformations in the region [11].

Mechanisms of forest services provision represent a broad field of research,
which grants new opportunities for provision of many human needs and builds up
understanding of the nature’s functioning regularities [12]. The core of ecosystem
services provision by forests is biodiversity of forest communities [13, 14], which is
currently decreasing due to practice of substitution reforestation with single species
plantations [15]. Moreover, even the commercial plantations of mixed composition
have higher potential for ecosystem services provision compared to respective plant
monocultures [16]. The other parameters like stand-level forest attributes (including
structure, composition, vertical and horizontal stand heterogeneity) and
environmental factors (location, soil depth, pH and slope) of the area are also of great
importance [17]. Thus, the most favorable preconditions for the supply of ecosystem
services exist in natural forest associations or at least well managed mixed
plantations [18]. This provides additional solid reason for the preservation of old-
stand forests over any form of reforestation. However, this must be clear not only to
scientists, but also to the managers and local communities and the best way to deliver
such information is through the monetization of the services provided.

Measuring ecosystem services is currently developing in three major directions —
monetary valuation, modeling and mapping, with monetary valuation most popular
initially and non-monetary valuation (modeling and mapping) has started to gain
popularity in recent years [19]. Mapping is able to present spatial distribution of the
services provided, but often lacks the demonstration of the interactions between
formation, delivery and consumption [20]. Modeling of ecosystem services uses
mechanistic, probabilistic, statistical, GIS and conceptual models, and the mechanic
approaches and GIS-based models were the most frequently used. Despite the well
developed background, modeling is not the top choice for ecosystem services
analysis due to the need in extensive data and use of non-specialized software, which
reduces quality of the data received [21]. Finally, valuation of ecosystem services
using economic tools is the most widely implemented method generally and for those
from forests in particular [22].

The fundamental principles of ecosystem services valuation were set by the
research compiled by The Economics of Ecosystems and Biodiversity (TEEB)
global initiative. It is an international initiative led by Pavan Sukhdev from 2007 to
2011 to bring into the light the real value of nature functioning [23]. Still the question
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of economic assessment of ecosystem services has been raised before that and the
first publications on the topic are dated with 1995. Since then over a thousand works
were published. A meta-analysis of the papers dealing with valuation of ecosystem
services over the period from 1995 to 1997 revealed that most of them (80% of
studies) considered multiple functions of forests, but the biggest attention was paid
to the regulating services [24]. The same analysis has demonstrated that the study of
ecosystem services is more active and covers a variety of forests by types and
management status, while forests in mountain regions in low to lower-middle income
countries were considered in only few works. Some reasons for this disparity in ES
research under four themes are discussed, in connection with the global climate
change, biodiversity policies, and national, bilateral and multilateral initiatives.

In Ukraine evaluation of forest ecosystem services is also studied, but mostly in
the field of theoretical foundations of the assessments [25], generating funds for
implementation of sustainable practices in branches of economy [26] and changing
composition of plantations towards greater diversity [27]. However, case studies
with real valuation data are very limited, but involve different types of forests
communities: shelterbelts [28], protected areas [29, 30] and timberlands and
forestries [31]. Under such conditions, there is a need to expand the application of
forest ecosystem services valuation to enable comparative analysis of forest
communities, attract investments in their protection and conservation, as well as
aggregate new theoretical data about the functioning of forest ecosystems and
develop practical recommendations for the strengthening of services provision. So,
the aim of the research was to valuate ecosystem services of a forest and compare
the results obtained with other case studies available for Ukraine. The sample forest
ecosystem for investigation was the Pluzhne forestry.

Methods and materials

Valuation methodology

Forests are known to be suppliers of the most diverse ecosystem services among
all types of ecosystems [32, 33], but these depends on their attributes [14]. Quite
often the value of forest ecosystems is limited to only provisional services [34] and
underrates cultural and supporting services [17]. However, it is necessary to account
all the services we are aware of by the date of calculation. At the same time, valuation
of service is possible if there is a market for it or the mechanism of its provision
produces some measurable and sellable outcomes. In all other cases it is necessary
to apply some indirect approaches to evaluate the obtained benefits.

Valuation of ecosystem services is still a complicated task, due to multiple issues
and the nature of the most of ecosystem services:

e the larger the scale of the study, the more difficult it is to determine the

economic value of forest ecosystem services;

o the results of the assessment of the economic value of forest ecosystem

services are valid only for one specific area and cannot be extended to others;

o the value of the economic value of forest ecosystem services may change

over time, so it is necessary to periodically review and evaluate them;

e the choice of method affects the resulted sums considerably;

e the volume/amount of the service provided can be measured differently or is

accepted based on some evidence, but not direct measurements;

e expert opinion is often a part of all steps of the research and computation

procedure, which inevitable reduced the reliability of the obtained results.
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Accounting all the mentioned limitations of the forest ecosystem services
assessment the valuation of ecosystem services, presented in the given paper was
based on a combination of direct and indirect methods, depending on the type of
service (Table 1) and prices per unit of services were derived from few sources:

- official financial reports of the forestry (OFR);

- recommendations of the international expert groups;

- data from open access publications;

- personal elaborations, based on the available information about the essence

of ecosystem service.

Table 1. Unit prices for ecosystem services

Name of Subunit Units Price, Source of price and
service USD/unit comments
Provisional services
Wood Round timber usD/m?® 95 OFR for 2021
Firewood usb/m?3 55 OFR for 2021
Non-timber | Berries USD/kg; 3 Average market price
products Mushrooms USD/kg 20 Average market price
(dry mass)
Hazelnut USD/kg 4 Average market price
Resin USD/kg 3.75 Average market price
Game Roe deer USD/ind. 750 Average price in the
Boar USsD/ind. 250 hunting season 2021-22
Fox uUSD/ind. g75 |basedonthe analy_sis of the
Hare UsDiind. | 625 | Oamereservesin the
Grass Hay USD/t 45 OFR for 2021
Pasturing uUSD/ind. 1.5  |Average price established in
the oblast based on open
data
Medicinal Rosehip USD/kg 10 Average market price
plant Leaves of wild USD/kg 8.75 Average market price
strawberry and
Blackberry
Linden USD/kg 125 Average market price

Regulatory service

Regulation of | Carbon storage UsSD/t 40 [2], [35], [36]

climate = in soil Accepted accounting the

carbon Carbon used by USD/t 40 growing price under the

sequestration phytomass pressure of climate change
threats

Soil Erosion USD/ha 96 [37]

stability prevention

Soil Soil profile USD/ha 10 [37]

formation development

Flood Water retention USD/ha 820 Elaborated from [37] and

prevention [38], accounting low flood

risk of study area
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Name of Subunit Units Price, Source of price and
service USD/unit comments
Air quality Dust retention USD/ha 416 [37]
regulation Oxygen USD/ha 400 | Oxygen generated from ha
generation was taken from [39] and
combined with market price
of oxygen
Cooling effect USD/ha 20.75 [37]
Clean water | Water USD/ha 96 Elaborated from [40]
purification
Supporting services
Nutrient Mobilization of USD/ha 146 [37]
cycling and| atmospheric
provision nitrogen
Adsorption of| Mineralization USD/kg 87 [37]
waste and and
toxins decomposition
of dead matter
Biodiversity | Genetic USD/ha 19 Mean values for contingent
resources assessment at the study area
and results from [41-42]
Cultural services
Aesthetic Scenery USD/ha 35 Data obtained by contingent
value assessment
Recreation Non-organized USD/person 4
visitors
Ecotourism | Organized USD/person 5 Data provided by the staff of
tourists the forestry, based on the
price for excursion.
Educational | Venue for | USD/hour 4 Standard payment for
education training

Contingent assessment of cultural ecosystem services was conducted according
to the recommendations of [43] and involved survey among the population, local to
the area. The survey involved 62 respondents, each of whom is a native of the area
and has lived there for more than 10 years. The age of the respondents is 1875 years.
The survey was conducted through a personal meeting with each respondent, which
included a short 3-minute information introduction. The respondents were asked to
suggest how much they are ready to pay for keeping the forest view intact and how
much they would pay for the access to the forest for recreation if it stopped to be
Open access.

Site description

The Pluzhne forestry is a part of the state enterprise "lzyaslav forest enterprize"
and is located in its northern part at the territory of Shepetivka administrative district
of Khmelnytsky oblast. The area of forestry location belongs to the zone of western
forests of the Male (Small) Polissya region. The forest area is 7490 hectares. The
climate is temperate continental. The average annual temperature is +7 and the
average annual rainfall is 510-580 millimeters. The duration of the growing season
is 202 days from April 15 to October 25. The average depth of soil freezing is 73 cm,
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the maximum — 114 cm. A characteristic feature of the Pluzhne forestry is intensive
erosive footprint — the area here is sometimes hilly with gentle slopes. The area is
characterized by heavily eroded gray forest and podzolic soils.

The territory includes only forests. There are no water bodies on the territory. The
composition of the plant community is dominated by coniferous trees, including
Scots pine, Weymouth pine, European spruce and European larch. Overall, the main
tree species on the territory of the forestry are pine (59%), oak (20%), birch (8%),
alder (7%), spruce and other species (1-2%). The undergrowth mainly consists of
buckthorn, mountain ash, hornbeam, hazel, etc.

The annual growth of wood in the tract is 6.7 m*ha per year. Recently, much
attention has been paid to European and Japanese larch wood species, which are fast-
growing and technically valuable wood.

Typical representatives of the fauna: hare, roe deer, wild boar, fox. Moose were
spotted a few years ago, but have not been seen in these areas recently. There is also
Pluzhne ornithological reserve of local importance in the western part of the Pluzhne
forestry. The area of the reserve is 1.4 hectares. It was created in 1992 in order to
preserve the natural hydrophytic complex of the wetland forest with a predominance
of boreal (coniferous) forest-swamp, swamp and forest plant species, where blue
pigeons and black storks (listed in the Red Book of Ukraine and Annex Il of the
Berne Convention) often settle. Among the species of plants listed in the Red Book,
the reserve grows prickly plantain, Devella sedge, large astrantia, and common
thicket. Accounting the presence of rare species the position “biodiversity” was
added to the list of ecosystem services for the following assessment.

Economic and social importance of the forestry for local community is very high.
Large number of local people works directly in forestry, so they assess forest
resources as an opportunity for formal employment. Simultaneously, most of
population use forest resources to meet their own needs: harvest firewood, building
material, medicinal plants, mushrooms and berries. The forest itself plays a
recreational role, but its recreational potential is not fully developed, since there is
only one recreation area at the forestry, called "Pine Forest" and ecotourism and other
forms of cultural services are just single cases. However, the forestry conducts active
education program for school children and that was also accounted in the ecosystem
services valuation.

The anthropogenic pressure on the ecosystem is quite noticeable, since mass
felling of the tree stand takes place on a constant base, even though it is done
according to all requirements. However, this does not negate the fact that this type
of economic activity inflicts anthropogenic pressure. As for illegal logging, it is not
common in this area. A more serious factor is illegal hunting of animals in terms of
seasonal terms, volumes and methods used. The uncontrolled harvesting of
medicinal plants, berries, mushrooms by local population is also the case for the
given area. However, according to the opinion of the forestry staff and personal
survey results during the field trips, the condition of the forest ecosystem at the site
is normal, since it doesn’t demonstrate degradation of the physical environment
guality and plant community depression.
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Results and discussions

Using the defined unit prices and specific parameters of the Pluzhne forestry, we

have evaluated ecosystem services of this site (Table 2).

Table 2. Calculated costs of ecosystem services

Name of service Subunit Price, Number/Units| Cost, USD
USD/unit

Provisional services total =5401116.656 USD

Wood Round timber 95 501801 4767100
Firewood 55 97922 538560

Non-timber Berries 3 6841 2052

products Mushrooms 20 1764 35280
Hazelnut 4 4761 1904
Resin 3.75 57.175% 214.41

Game Roe deer 750 25° 18750
Boar 250 103 2500
Fox 8.75 323 280
Hare 6.25 63° 393.75

Grass Hay 45 450! 20250
Pasturing 15 175! 262.5

Medicinal plant | Rosehip 10 7t 70
Leaves of wild
strawberry and 8.75 400! 3500
blackberry
Linden 12.5 800? 10000

Regulatory services total = 20932677.5 USD

R{sgulati_on of Ca}rbon storage in 40 149800 5992000

climate = carbon| soil

sequestration Carbon storage in 40 25466 1018640
phytomass

Soil stability Erosion prevention 96 7490° 719040

Soil formation 32:/2}:3;325”'{ 10 24905 24900

Flood prevention| Water retention 820 7490° 6141800

Air quality Dust retention 416 7490° 3115840

regulation Oxygen generation 400 7490° 2996000
Cooling effect 20.75 7490° 155417.5

Clean water Water purification 96 7490° 719040

Supporting services total = 1887480 USD

Nutrient cycling| Mobilization of

and provision atmospheric 146 7490° 1093540
nitrogen

Adsorption of Mineralization and

waste and toxins | decomposition of 87 7490° 651630
dead matter

Biodiversity Genetic resources 19 7490° 142310
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Name of service Subunit Price, Number/Units Cost, USD
USD/unit
Cultural services total = 50521 USD
Aesthetic value| Scenery 35 7490° 26215
Recreation \I;li(;ir;;;gamzed 4 37006 14800
Ecotourism Organized tourists 5 18707 9350
Educational Venue for education 4 398 156
Comments:

!Data represent maximal possible harvest based on the type of forest and percentage of
productive area (based on the staff assessment), as well as records of the forestry for the
previous years.

2Data about volumes of goods and services are derived from the official financial reports
of the forestry.

SNumber of each game type allowed for hunting at the territory of the forestry from
official call for hunting season 2021-2022.

4Average annual sequestration rate of carbon by phytomass and soil was derived from
[44] and [45] respectively and multiplied by the area of the forested territory.

SService is provided by the whole area of the forest.

Recreation is only possible at the territory, limited by the economic activity area and
preserved area.

"Areas, possessing ecotourism potential represent approximately 25% of the forestry
according to the staff.

8The area of 39 ha is allocated for the educational activity according to the official
information from the staff.

So, for the given forestry provides ecosystem services by 28271795.16 USD
annually, based on the above presented methodology and approximation. The most
financially valuable are regulatory services, accounting limitations of our knowledge
and market for most of them, this figure might be even underestimated. The
supporting services are obviously underestimated too, since only three of them, for
which some economic valuations are available in the open source publications, are
accounted. Provisional services are the most accurately calculated, because they are
provided by market prices and data on quantitative characteristics from official
reports of the forestry. Direct cultural services occupy the last place due to their
underdevelopment and non-prevalence in this area.

The most important issue of the obtained valuation is the choice of unit prices.
They are partially derived from open access works for forests of the similar type or
at least the same natural zone. Moreover, some of them are referred to different
periods and are the subject of the USD purchasing power changes. However, the cost
of the service might be modified by other environmental, economic and political
issues, which doesn’t follow financial trends. This is especially seen in the case of
carbon sequestration, which will probably increase its value under the pressure of
environmental problems induced and international responsibilities on climate change
mitigation taken by the countries. This possibility is already under consideration in
the recent research and was accounted in the unit price definition. But the factors of
anthropogenic pressure and climate change and other impacts may change over time,
modifying the quality and quantity of the delivered services.

Another possible limitation of the valuation covers the indirect valuation of
cultural prices using contingent assessment. The results of such studies are highly
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dependent on the educational component, public awareness and environmental
policy of the country on the whole. They are also affected by the demographic
characteristics of respondents and focus of the assessment, for which survey is
conducted, which is widely discussed in literature [46].

In general, all the data obtained are relevant only for this area and for a short
period of time. There are not many similar research results for the forests of Ukraine,
but their comparison (Table 3) shows that there is a immense difference in the results
obtained by assessments due to lack of single standard methodology. However, this
is also the case for the similar assessments across Europe, demonstrated in recent
meta-analysis [47]. Of the total 60 papers analyzed, the mean value of temperate
broadleaf and mixed forests was set at the level of 1204 USD/ha per year, which was
much larger compared to the corresponding figure for Mediterranean and conifer
forest biomes. The valuations were done using mostly cost-based and price-based
methods, when over 80% of provisioning services were valued by direct price-based
approaches and cultural services were calculated using indirect (survey) methods, as
in the given study. The valuation obtained is based on a limited number of services,
on average 8 group of services, including timber and non-timber provision, air
quality, climate regulation, habitat maintenance, liquid flows, and leisure.

In the given research the obtained value is higher than those in European
publications due to higher number of services accounted and different approach to
the calculation of climate regulation: it was done based on the amount of carbon
sequestered in phytomass and soil, rather than cost-based approach widely used in
similar publications.

Table 3. Comparative analysis of the ecosystem services valuation for selected
forests

Name of forest

State enterprise

State enterprise

National natural

“Pluzhne forestry” | "Vovchanske forestry” | park “Holosiivsky”
Location Shepetivka Vovchansk, Kharkiv Kyiv city, Kyiv
administrative and Chuhuiv oblast
district of administrative district
Khmelnytsky oblast of Kharkiv oblast
Area, ha 7490 27930 10988

Composition of
phytocenosis

Mixed forest (pine,
oak, birch, alder)

Mixed forest (oak,
pine, aspen, maple,

Deciduous forest
(hornbeam, oak,

birch) maple, linden)
Services Provisioning, Provisioning, Provisioning,
accounted regulatory, regulatory regulatory,
supporting and supporting and
cultural cultural
Methods of Direct, indirect Direct Direct
valuation
Total value of 3774.6 4894.8 249297.9
services provided,
USD/ha*
References Current research [28] [29, 48, 49]

*In order to enable a comparison between economic values, they were standardized to
2021 international US$ dollars per hectare per year.
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The provision of ecosystem services by the natural environment has always been
free of charge. From the point of view of financial payment, few people understand
that all natural resources, even if they cannot be assessed as a market commodity,
must be paid for. However, the information about the real value of the forests people
leave by is important to raise their awareness about the dependence of their well-
being on forests. This will contributed to more balanced personal use of forest
resources and more attentive public control over the management of forests by
authorities. It will also substantiate the need to invest efforts and finance in the
actions aimed at the support of ecosystem services provision. In particular, at the
local level there is a need to improve environmental awareness of local residents and
authorities and develop ecological tourism on the basis of the forestry. At the level
of forest enterprises and protected areas the study and valuation of ecosystem
services provided should be initiated and supported. For this, the national regulatory
framework must be created, including the following measures:

- formulate the role of ecosystem services as a separate commaodity/value in legal
documents;

- update methodological approaches to the assessment of ecosystem services;

- develop ecosystem services inventory for protected areas and forest enterprises;

- develop and implement action plans at protected areas and forest enterprises
directly aimed at the support of ecosystem services.

- develop payment mechanism for these services;

- introduce the closed cycle of funds circulation in the environmental protection
system — to self-support nature at the cost of funds received from its own resources.

These measures will develop more sensible and frugal use of natural resources
and land use decisions. It will in turn contribute to the resilience of forest ecosystems
and sustainability of local communities.

Conclusions

1. Stability and well-being in human existence and ecosystems are interdependent
and inseparable. Natural complexes create conditions for humans’ existence
through a complex of functional processes and interactions, known as ecosystem
services.

2. Adequate assessment is needed to preserve and maintain these processes, and
currently there is a wide range of methods applicable for the valuation of ecosystem
services, including direct and indirect approaches. In most cases a combination of
methods should be used to obtain accurate results. And the exact methods applied
depend on the type of service. The main valuation methods used in the work are
direct and indirect market valuation, contingent assessment.

3. Forests are the most diverse and complex natural ecosystems, and as such they
provide the widest range of services that need to be clearly identified and valued in
order to be appreciated and protected.

4. The object under investigation was Pluzhne forestry, a part of the state
enterprise "lzyaslav forestry". This area is characterized by a fairly high level of
biodiversity and natural value, despite the anthropogenic impact. The territory has
no water bodies, but is covered by mixed forest, dominated by pine and oak by 90%.
Itis actively logged according to the regulatory limits and also provides a wide range
of non-timber products.
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5. The list of ecosystem services, provided by the forestry, was formulated and
evaluated using direct and indirect marketing valuation. The results demonstrated
that the value of services far exceeds the direct incomes from traditional timber and
non-timber products supply to the market. The regulatory services turned to be the
most valuable, while cultural ones are the least expensive due to low development
of recreational potential of such ecosystems. The supporting services were valued
partially — only those, for which some approximations of unit prices are available in
the literature. The resulted ecosystem value of 1 ha of the Pluzhne forestry was
compared to similar research works of Ukraine and EU showing considerable
deviations due to lack of consistent methodology. However, the order of numbers in
the value was close to average European assessments.

6. The results of this work are the basis for further study of the forest ecosystem
services in our country, both at the local and national level. The recommendations
on the support of ecosystem services through the creation of legal framework were
given together with the need to improve population and authorities’ awareness about
the ecosystem services to promote reasonable use and protection of forests and their
resources.
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M.M. Papomcbka, O.M. Tuxeunko, T.I. Hazapkos
EKOHOMIYHA OIIIHKA EKOCUCTEMHUX MOCJYT NPUPOJHUX
POCJIMHHUX ACOLIALIN MY KHEHCBKOTI'O JICTOCITY

AHoTamnisg. ExocucteMHI MOCIyrH € OCHOBOIO O€3IEYHOTO CepelOBUINA iCHYBaHHS
JIOAWHU Ta 3a0€3MeUYeHHs OTped CycmiabcTBa. Pa3oM 3 UM poutk i WiHHICTH MOCIYT, IO
HAAIOTBCS TPUPOJAHUMH CKOCHCTEMaMH, 4YacTO HENOOI[HIOITE. MeTOo  TaHoTO
JOCITIJDKEHHSI € TIPOBEICHHS EKOHOMIYHOI OIIHKH EKOCHCTEMHHX MOCIYT IPHPOTHIX
POCIMHHUX yrpyHoBaHb 00paHoi Tepurtopii — [Lry>xHeHCEKOTO JTicHUITBa. Bigomo, mo micu
HA/IAl0Th HaWPi3HOMAHITHIIIMNA KOMIUIEKC E€KOCHCTEMHHX IOCIYT i TOMY € CKJIaIHHM
o0'ekrom ouinku. Ha mnepriomy erami JocimifpkeHHS Oyio c(hOpPMYJIBOBAaHO IEpeIiK
€KOCHUCTEMHHUX TIOCHYT JICIB, WI0 MiUIArajnd HACTYIHIH OI[HI, BiJJIal0ud IPIOPUTET
HaiO1bII 100pe BUBYeHUM. [lpyruii eTan OyB CIpsIMOBaHHii HA BU3HAYCHHS OAMHUYHHX IIiH
Ha oOpani mociayru. BoHu Oyiu po3poOsieHi Ha OCHOBI aHAJIOTIYHUX OIIHOK, JOCTATHBO
MIATBEPIKCHUX JaHUMH J0CTiKeHb, OTprMaHy BapTICTh HAIaHUX €KOCHCTEMHHUX MMOCIYT
MOPIBHIOBANM 3 pE3yJbTaTaMH IHIIUX aBTOPIB, BUKOHAHUMH JUIS JICOBUX EKOCHCTEM
VYxpainu Ta kpaiH €BpomH, 110 € eIEMEHTOM HOBHU3HU Ta OPHUTIHAIBHOCTI poOoTH. Xoua €
MTOMITHI BiIXHWJICHHS B TUTOMIii BAPTOCTI €KOCHCTEMHHX TIOCIIYT Ha OTUHHMIIIO JIICOBOT LTI,
3arallbHa TECHJCHIIIS Y3TOJDKYETHCS 3 €BPOINEHCHKUM JOCBioM. [IpW4mHU BigMiHHOCTEH
MOJKHA TOSICHUTH BHOOPOM MIiIAXOJIB A0 OLIHKKA OJUHWYHHX I[iH Ta IEPEJiKy MMOCIYT, M0
Oynu BpaxoBadi B omiHii. OTpUMaHi JaHI € BaXJIMBHMH JUIS IMiJBUINCHHS O0I3HAHOCTI
MICIIEBOTO HACEJICHHS Ta OPTaHiB BIAJW MPO BAXUIIMBICTh (PYHKI[IOHYBAaHHS €KOCHUCTEM Ta
HEOOXiJHICTh BKJIAIEHHS PECYpCiB y iX HMIATPUMKY Ta 3aXHCT. J[OCIiHKEHHS Takoro pomy
BCE IIE € PIAKICTIO B YKPaiHCBKOMY HayKOBOMY CEPEIOBHII, HE3BAXKAIOUM HA IX BEIHKE
3HAYCHHS I C(EKTHBHOTO YIPAaBIiHHA SKICTIO Ta BHKOPHCTAHHSIM HABKOJIUIIHBOTO
cepenoBumma. TakuM YMHOM, iCHY€ O4YeBHIHA MOTpeda PO3BHUBATH IO Taly3b TOCIIIKCHD
i JaHa poOOTa JOTOBHIOE TEOPETHUHI Ta MPHUKIATHI TOJOKEHHS JUIS MOMAIBIINX OILIHOK
TaKOTO POIY.

Kuro4doBi ci1oBa: micoBa eKoCHCTEMA; MIATPUMKA €KOCUCTEMHHX TOCIYT; iHA OJJUHHULI
MOCIYTH; TIPsSIMa Ta HEMpsiMa OIliHKa.

Cmamms naditiwna 0o pedaxyii 17.11.2022 i nputinama 00 OpyKy nicia peyeH3y6aHHs.
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PRINCIPLES OF DESIGNING ELECTROMAGNETIC SCREENS
OF THE RESONANT TYPE BASED ON LIQUID PROTECTIVE
COMPOSITIONS

Abstract. The work explores the possibilities of creating resonance-type
electromagnetic shields to protect workers and the population from man-made
electromagnetic fields. It is shown that traditional resonant screens are not
technological enough to cover large surfaces and are tuned to monochrome or
narrow-band electromagnetic fields. Based on the analysis of the experience of
using liquid shielding mixtures, the possibility of creating a multilayer structure
without fixed layer thicknesses, which will allow protection against the influence of
the frequency band, has been proven. At the same time, the wave resistance of the
outer layer allows you to minimize the reflection coefficients of electromagnetic
waves, which makes the material practically absorbent. A calculator for the
preliminary calculation of the electrophysical properties of each layer is presented,
which allows rationalizing the required coefficients. For calculations, the formulas
of Odelevsky and Debye for the dielectric constant of mixtures are adapted.
Experimentally obtained empirical coefficients are presented, which are a
component of the ratio for obtaining acceptable screen parameters. To determine
the exact concentration of the shielding filler in the matrix, a correction factor is
provided. This is associated with errors when determining the volume content of the
filler of low dispersion and differences in the morphology of the filler particles,
which does not allow for an accurate calculation of the depolarization coefficient of
the filler particles. Given the lack of reference data on the electrophysical
parameters of the compositions due to their diversity, it is advisable to conduct
thorough laboratory studies with different compositions of the compositions. This
will make it possible to form a reference database that will speed up the execution
of electromagnetic safety work and reduce their cost.

Keywords: electromagnetic safety; shielding; resonant absorption; electrophysical
properties.
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'KuiBchkuii HalioHANbHUI yHiBEpCUTeT OyAiBHULITBA 1 apXiTekTypu, M. Kuis, Ykpaina
’Hauionansuuil Texiunuii yniBepcuter Ykpainu «KuiBchbkuif NONiTEeXHiYHMHA iHCTHUTYT
imeni Irops Cikopcekoro», M. KuiB, Ykpaina

3ACAIU ITPOEKTYBAHHA EJTEKTPOMATI'HITHUX EKPAHIB
PE3OHAHCHOT'O THITY HA OCHOBI PITIKHX 3AXHUCHHUX
KOMIIO3UllInu

Anomayin. Y pobomi 00CRiOHCEHO MONCIUBOCI CMBOPEHHS eeKMPOMASHIMHUX
€KpaHi@ Pe30HAHCHO20 MUny OJNs  3aXUCTY Npayiolodux i HACENeHHA  Gio
€NIeKMPOMACHIMHUX ~ NOJI8  MeXHO2eHH020 noxooxcennsa. Ilokazano, wo 0na
O0NUYIOBAHHA  NOBEPXOHbL  GEUKUX — NIOW — MPAOUYiliHi  pe3oHaHcHi — eKpaHu
He00Cmamub0 MEXHONO0IUHI | HANAWMOBAHI HA MOHOXPOMHI ab0 8Y3bKOCMY206i
enekmpomacHimui nons. Ha ocnosi awnanizy 00ceidy 3acmocy8aHHs pIOKUX
eKpamyiouux — cymiwiell  006e0eHO  MOICIUGICb — CIMBOPEeHHA  6azamoulaposoi
cmpykmypu 6e3 Qikco8anux mosuwuH wapis, aKa 003601UMb Peanizyeamu 3axXucm 6i0
enaugy cmyeu uyacmom. Ilpu ybomy Xeuaboguii onip 306HIUHBO20 WAPY 00380JAE
MIHIMIZy8amu  Koegiyienmu i0buUmMms eneKmpoMAasHImMHUX X6Ulb, Wo podoums
mamepian npakmuuno nozauHanrbhum. Haeedeno pospaxymxosuti anapam uo0o
HONEPeOHbo20 PO3PAXYHKY eNeKMPODI3UUHUX BIACMUBOCIEN KOICHO20 WaApy, WO
003801€ payioHanizyeamu nompioui xoeghiyienmu. [ns po3paxynkie aoanmosari
@opmynu  Oo0enescokoeo i Jlebas 0ns OieleKmpuuHoi RPOHUKHOCME Cymiulell.
Ipedcmaeneni excnepumenmanvbHo OMPUMAHI  eMRipuyHi  Koegiyienmu, SKi €
CKNIA0060I0 CNiBGIOHOUEHHS Ol OMPUMAHHS NPUUHAMHUX NAPAMEMPIG eKpaHie. [
BU3HAYEHHS MOYHOI KOHYEeHMPayii eKpanylouo20 HanogHIo6aya y Mampuyi Ha0aHo
nonpasounuil koeiyicnm. Lle nos’szane 3 NOXUOKaMu npu 6UHAYEHHI 00 EMHO20
éMicmy HANnoBHI08AYA Manoi OucnepcHocmi ma po3discHocmi y  mopgonozii
YACMUHOK HANOBHIOBAYA, WO He O00360JAEC MOYHO po3paxysamu KoegiyicHm
denonapusayii 4acmuHOK HAnoeH8ayd. Bpaxosyouu eidcymuicmv 008i0K08UX
O0aHUX w000 enekmpoqi3uuHUX napamempie KOMRO3UYil yepe3s ix pisHOMAaHImHicCmb,
OOYiIbHO Nposecmu TPYHMOBHI 1aO00PaAMOPHi  OOCHIONCEeHHA 3a  DI3HUX CKIAOI8
Komnosuyii. Lle 0ozsonums cpopmyeamu 008i0Kko8y 6azy 0aHUX, Wo RPULUEUOUIUMD
BUKOHAHHSL POOIM 3 eIeKMPOMAHIMHOT Oe3neKy ma 3HU3UMb ix apmicme.
Kniouosi cnosa: enexmpomacnimua 0Oesnexa, eKpamyeawms, pPe30HAHCHE
NOSNUHAHHS, eNeKMPOQI3UUHT 61ACMUBOCTII.
https://doi.org/10.32347/2411-4049.2023.1.59-67

Beryn

OCHOBHOIO TEHJICHIII€I0 OCTAHHIX POKIB y raiy3i eJIeKTPOMAarHiTHOi Oe3reku €
PO3pOOIIEHHS 1 AOCHTIKEHHS 3aXVCHUX BIACTHBOCTEH KOMIO3UIIIHHUX MaTepiajiB
JUIsl eKpaHyBaHHS €JIEKTPOMAarHiTHUX noiiB. Lle 00yMoBieHO THM, 110 TpaAMLiiHI
MeTaJIeBl €KpPaHHU arpiopi MarTh BUCOKI KOE(DIli€HTH BIAOUTTS €IEKTPOMArHITHUX
xBwib. [lpy npoMy koedilieHT BiTOUTTS MPAaKTUYHO HE 3MIHIOETHCS y Aiana3zoHax
yIBTPABUCOKMX 1 BHIIMX dYacToT. Y pe3yiabTaTi pa3oM 3 HeOaXaHUMH
BUTIPOMIHIOBaHHSIMH OJIOKYIOTBCSI CUTHAIH O€37]pOTOBOTO 3B'S3KY, IO Y CyYaCHUX
yMOBax HenpunyctuMo. KpiM TOro, BiIOMTTS XBWJIb MOXE BiIOyBaTHCS Yy
HeOa)XaHUX HampsMKax, JOAATKOBO MOTIPIIYIOYN €JIEeKTPOMAarHiTHY OOCTaHOBKY.
Aze OiNBIICTh 3aXUCHUX KOMIIO3UIIH MIMPOKOCMYTOBI, MPUHAWMHI y MeXax
OJTHOTO YaCTOTHOTO Jiana3oHy. A y pealbHUX BUPOOHHYIHMX yMOBAX MaiiKe 3aBxkKIH
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ICHYIOTh TEXHOT€HHI €JIEKTPOMArHiTHI TONS BY3bKOi HYacTOTHOI cMyru abo
MOHOXpOMHI. JIJsl 3aXMCTy BiJ BIUIMBY TakKMX IMONIB JOLIJIBHO 3aCTOCOBYBATH
MOKPUTTA, MpHU3HAYeHI AN 1X eKpaHyBaHHS, NPUUYOMY IMEPEBAXHO 3a PaxyHOK
TIOTJIMHAHHS eJIeKTPOMarHiTHoi eneprii. Lle moTpedye po3poOiieHHs TEOPETHYHIX Ta
TEXHOJIOTIYHHX 3acajl X MPOEKTyBaHHS.

Cran nuTaHus

CTBOpEeHHIO Ta BUMPOOYBAaHHIO 3aXHUCHHUX BIIACTHBOCTEH KOMITO3HIIHHIX MaTepiajiB
IIO/I0 €KpaHyBaHHS EJIEKTPOMArHiTHUX IIOJIB IMHPOKOTO YACTOTHOTO ialta3oHy
npualIseTbest  Oarato  yBaru. OcoOJMBICTIO KOMIO3WIIL €  HEOOXigHICTh
BUKOPHCTOBYBAaTH Pi3HI CKJIagOBi (€KpaHyIO4i HAllOBHIOBaYi) A1 €(PEKTUBHOTO
eKpaHyBaHH €JIEKTPOMArHITHUX MOJIIB HU3bKOI YaCTOTH (B OCHOBHOMY HaJJHU3BKOT —
50 I'r Ta 1i rapMOHIK) Ta BUCOKOi YaCTOTH (B OCHOBHOMY YJIBTPAaBHCOKHX Ta BUIINX
4acToT).

VY miama3oHi yIbTPaBHCOKHX YacTOT €(EeKTHBHICTh €KpaHYBaHHS IPOIOpIliiiHA
MMATOMIH TIPOBiAHOCTI Martepiany. ToMy HamOBHIOBaYeM MATpPHIi IMOBHHEH OYTH
npoBiAHUE Matepiai. ¥ poOoTi [1] TakuMm HamoBHIOBaYeM € MiJHHH MOPOMIOK 3i
chepruHOO (hopMOIO HYaCTHHOK. Pi3ke 3pocTaHHA KoedillieHTa eKpaHyBaHHSI
BiIOYBAETHCSA 3a MPOSBICHHSA MEPKOIAMIMHOIO e(heKTy — 3pOCTaHHS IPOBITHOCTI
Mmatepiany. lle BinOyBaeThcst 3a 00'eMHOro BMicCTy HamoBHIOBaua 15-16%. Lle
BEJIMKWUH BaroBUW BMICT, IO pOOUTH MaTepian JOCUTH aoporum. [Ipu 1pomy
BHHHKAE TIpobiemMa HOro i30TPOIHOCTI — PIBHOMIPHOCTI PO3MOMITY MiTHHX
YaCTUHOK Yy MaTrpuli. bidbll OpUAHATHUM € [JOJaBaHHS Yy MAaTPHIO
CJICKTPONPOBIIHOTO  ByIJIeloo. Y  JOCHDKeHHSX [2—7]  3acTOCOBYBaBCS
myckoroniOHui rpadir, rpadituzoBana caxa ta rpadenu. Lli martepianm marwTh
BHCOKI eeKTHBHOCTI ekpaHyBaHHs (20 nb i BuIe), ajge BapTicTh HAIOBHIOBAYiB
00YMOBITIOE BEJTMKY BapTICTh KIHIIEBOTO MPOAYKTY, IO POOUTH HOTO HENMPUAATHAM
JUISL TIOKPUTTS BEJIMKHMX IUTONI. BHUCOKI Koe(ilieHTH eKpaHyBaHHS aBTOMATUYHO
3a0e3neuyloTh eKpaHyBaHHA YCiX BHIIB O€3IpOTOBOrO 3BSI3KY, IO BKpai
HebaxxaHo. B octaHHi poku 6arato yBaru NpuaiISIEThCSl HAHOMaTepianam [5]. Ane
HQ/I3BUYAHO BHCOKA JUII MAacoOBOTO BHKOPUCTAaHHS BapTiCTh BHPOOJICHHS
HaIOBHIOBAYiB HAHOPO3MIpPIB TajJbMye€ MOMIUPEHHS MOJIOHNX KOoMIo3uIii. HaBiTh
3aCTOCYBaHHS JUIS IIiJIed eKpaHyBaHHS MAarHITHUX DPIIUH, IO BUPOOJISIOTHCS y
BEJIUKUX KIJBKOCTSAX JUJIs YIIIJIBHIOBAYIB EJIEKTPOJBUIYHIB Ta T€HEPAaTopiB, 3
HATIOBHIOBAYEM 3 HaHO3ajli3a HE BUpIIIye MpoOIeMH eKOHOMIYHOI JTOUIIBHOCTI iX
3actocyBaHH: [6—8]. [Ipu bOMY €KpaHYIOThCS MOJIS AyKE IIMPOKOI CMYTH, IO TEXK
BIUTMBA€ Ha SIKICTh MOOIJIBHOTO 3B'SI3Ky. AJie Y MarHiTHHX PiJIFH € TIeBHA IepeBara
Yyepe3 MOKIIMBICTh iX 3aCTOCYBAHHS JIJISl BATOTOBJICHHSI 3aXUCHUX KOHCTPYKIIIH sIK
BiJl BUCOKOYACTOTHHX TIOJIB, TaK 1 IOJIIB HAJHU3BKUX 4YacTOT. J[isi 3axucTy Bin
BIUIMBY MArHITHAX TIOJIiIB HAJHWU3bKOI YacTOTH 3 BHCOKOIO e(QEKTHBHICTIO
3aCTOCOBYBAaBCSl HAMOBHIOBAY 3 KOHIIGHTPATy 3alli3HOI pyAH, TOJOBHUM
KOMITOHEHTOM sikoro € MaraeTut (60—-80%) [9, 10]. Takuii HanoBHIOBaY MoXe OyTH
OTPUMaHHH y pe3yjibTaTi OYMIICHHS NPOMHUCIOBHUX CTIYHHUX BOJ, L0 3HIMAe
npobnemy  #oro  yrwmzamii  [11,12].  EdektuBHicTh  expaHyBaHHSI
CJIEKTPOMArHITHUX TIONiB YJIBTPABUCOKMX YAacTOT 13 3aCTOCYBaHHSIM TaKOTO
HaTOBHIOBAa4a BiTHOCHO HEBHCOKA (KoeilieHTH eKpaHyBaHHs 3—4), ane y peallbHUX
YMOBaX, 3 OISy Ha PiBHI IUX I10JIiB HAaBITh MOOJU3Y PAIIOTEXHIYHUX 00'€KTIB, TaKi
mapamMeTpu 3amoBimbHI. lle BigkpmBae MOXKIWBICTh MIATPUMATH CHUTHAIIN
0e3IpOTOBOro 3B'SI3KYy Ha HAJECKHOMY DiBHI OJHOYACHO 3 E€KpaHYBaHHSIM IIOJIiB
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HeOaKaHMX YacTOT. 3a3BHYall y BHPOOHHYMX YMOBax ICHYIOTH BY3BKOCMYTOBI
CJICKTPOMATHITHI TOJISA, SKi MOXJIMBO YaCTKOBO 3HU3UTH MPSMHUM IMOTJIUHAHHIM Y
3aXUCHOMY Marepiajli Ta CKpaHyBaHHSIM 3a pPaxyHOK pPE30HAHCHHX SBUII Yy
OaratomapoBoMy marepiaini. Lle morpeOye po3pobIeHHs] METOIONOTIYHUX 3acajl Ta
MaTeMaTHYHOTO amapary I MPOEKTYBAaHHS 3aXHCHUX KOHCTPYKIIH HE0oOXimHOi
e()eKTUBHOCT!I.

Mera poGoTM — poO3poONEHHS  3aralbHAX  3acaj]  MPOEKTYBaHHS
CJICKTPOMATHITHUX E€KPaHIiB PE30HAHCHOTO THUIYy Ta HAJaHHS PO3PaXyHKOBOTO
amapaty IIOJ0 iX MaKCUMallbHOI €()eKTUBHOCTI Ha BHM3HAUCHUX YacToTax abo
CMyTax 4acTor.

Bukaan ocHoOBHOTO MaTepiairy

PezonaHcHI 3ax¥CHI TOKPUTTS TMpU3HAYEHi, y TEpHly depry, Ui MiHimizamii
KOeillieHTIB  BiIOWUTTS  €NEKTPOMArHiTHUX  XBWIb. 3a  CIEKTPaJbHUMH
XapaKTepUCTUKaM{ TIOTJIMHAIBHI MaTepialid TMOAUIAIOTECS Ha IIHPOKOCMYTOBI 3
MIEPEKPUTTSAM YaCTOTHOTO Jiama3oHy (BiIHOMIEHHS MaKCHMAaJbHOI 1 MiHIMaNbHOT
gactotd Bifg 2 g0 20 i Oinblne) Ta BY3bKOCMYIOBI 3 HEPEKPUTTSIM YaCTOTHOTO
niana3zony +3-10% BiZHOCHO ILIEHTPaAIbHOI (PE30HAHCHOI) YaCTOTH Jiala3oHy
(cmyrn).

[lInpoxocMyToBi MaTepiany 3a3BHYail BHPOOISIOTHCS Y BUTIIAI OaraTomapoBux
TPaJieHTHUX CTPYKTYyp. MiHIMambHO MOCSKHE 3HAYCHHS KoedillieHTa BIIOWUTTS
BU3HAYAETHCS Ai€JICKTPUYHOIO TIPOHUKHICTIO TOBEPXHEBOTO IIApY.

Skuo  gieNekTpuvHa MPOHMKHICTh TIOBEPXHEBOTO IIapy JIOPIBHIOE &
(Y mOBepXHEBOTO 1Iapy BOHA MPAKTHYHO JIIHiCHA), TO y HIMPOKiil CMy3i 4aCTOT BaKKO
3poOUTH KOe(IIliEHT BIIOWTTS HIKYUM 32 KOe(illieHT BIIOMTTS Ha MEXi pO3IiTy
MOBITPSl 1 MOBEpXHEBOTro Imapy. [y HeMarHiTHUX MarepialliB 32 HOPMAILHOTO
MaJIiHHS €JICKTPOMArHiTHOT XBUJII KOS(DILIEHT BIIOUTTS BU3HAYAETHCS SIK:

15
K@—m. (D)

By3pkocMyTOBI TOTNIMHANEHI MaTepiand y OibIIOCTI PE30HAHCHI, Y SKHX Ha
YacTOTI PE30HAHCY HAIPYKEHOCTI OIS XBHJII, BIOUTOT Bijl 30BHIIIHLOT TIOBEPXHI,
1 HampyXEHOCTI XBWJI, BIAOWUTOI BiJl BHYTPIIIHBOTO MAapy 3 OUIBIIOKO
CJIEKTPONPOBiAHICTIO, mepedyBaloTh y mnpoTtudasi. IcHyroui migxomm 1o
3a0e3NeUeHHs] MiHIMAIbHUX KOE(ILi€HTIB BIZOUTTS E€IEKTPOMArHITHUX XBHJIb
nepeadavaroTh Y3ro/PKEHHS TOBIUH IApiB OKPHUTTS, 110 ABTOMATHYHO IiIBHIIYE
3arajibHy TOBIIMHY €KpaHa Ta YCKJIAJHIOE HOro BHPOOJEHHA Oe3mocepenHbo Ha
Mici Bukopuctanus [13]. IlorpeOye po3pobieHHs METOAONOris pamioHami3amii
(a 3a meBHUX YMOB — OINTUMIi3allii) TapaMeTpiB MOTIIMHAILHOTO MaTepialy, 3a SKuX
MaTtepiagl Ma€ HahWMeHIn Koe(illieHTH BIAOWUTTS Ha CITII YacTOT y 3aJaHOMY
Jiana3oHi. Y BIAMOBIAHOCTI IO HBOTO 3AJEKHICTh KOe(illi€eHTa BiOUTTS Bif
YacTOTH Tajawdvoi  enekrpomarHiTHOl xBwiai f Hamaetbes y  BUDIISMI
OararomapameTpuiHoi pyHKii F:

Ke () =F(f1, P, P2--Pu) s 2

pi — mapaMeTpu Marepiaiy.
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OnTuMizariitHuM mapamMeTpoM ISl KOJKHOTO MIapy y BHUIIAAKy OaraTomiapoBoi
CTPYKTYPH € JieleKTpHuYHa IPOHUKHICTh MaTpHIli 6€3 EeKpaHyIoUuoro HaloOBHIOBAYA,
00'eMHUI1 BMICT HAllOBHIOBaya, TOBIIMHA IIApiB 3a QiKCOBaHOI (3a1aH0i) CyMapHOi
TOBITUHHU, MOPQOJIOTisS HAaOBHIOBaYa (BiIHOIICHHS CEPEIHBOI TOBKUHN YaCTHHOK
1o X miameTpa).

Lle Hamae 3Mory parioHani3yBaT KOS(IIliEHTH BIIOUTTS IIEPEBaXKHO 33 paXyHOK
BMICTy HAIlOBHIOBada, €JIEKTPOQi3NIHIX MOKA3HUKIB KOXKHOTO Mapy Ta OOMpaHHs
HaIMoOBHIOBaYa IMEBHOI Mopdoorii 1 J03BOJNSE YHUKHYTH (PIKCOBAHOI TOBIIMHHU
mapiB. Peanizanist Takoro mixoay MOXKIIHMBA i3 3aCTOCYBaHHSIM PiAKUX KOMIIO3HUIIIH
pi3HOTO CKIamy. 3a JKOPCTKHX YMOB IIOJO BUCOKOTO KOC(QillieHTa eKpaHyBaHHS
KUTBKICTh mapiB Mo)ke 30umbIryBaTucs a0 3—4, aje X HAHECEHHA HE BUKIINKAE
npobJeM, SKIIO He MOTPiIOHO BUTPUMYBATH TOBLIMHY KOXKHOTO HIApy.

VY mpolieci MPOEKTYBaHHS Marepiaiy i3 3alaHUMH 3aXMCHUMHU BJIACTHBOCTSIMH
BUKOPHCTOBYETHCSl  3QJIEKHICTh IENEKTPUYHOI TPOHWKHOCTI BiJ HYacTOTH,
pO3paxoBaHoi 3 BUKOpHUCTaHHIM (hopMynn OJieneBCbKOro s cymimeit. J{ms mammx
KOHIIeHTpaliii HamoBHiOBaua (mo 30% 3a Barow) il MOXXHA TPHUBECTH JIO
cuiBBigHOmeHHs [ebast Ans MieneKTpudHOi TpOHUKHOCTI [ 14].

Lle croiBBiIHOWmIEHHS BpPaxoOBy€e TMONSAPU3AIlifiHI TPOIECH THITy peTaKcaiii.
Po3paxyHoKk nieneKTpruyHOT IPOHUKHOCTI 3AIHCHIOETHCS 32 (POPMYIIOF0, aHATIOTTYHOO
¢dopmyni [lebast i3 BBeCHHSIM MapaMeTPUIHUX KOSPILIEHTIB 01, 02, OL3.

exe. = €m +M ) (3)

A
1+(-L
@)

I€ & — BIJIHOCHA JdieNieKTpUYHA IMPOHUKHICTH MATPHIl, A — IOBXKHHA XBHIJI Y
BIJILHOMY TIPOCTOPI, 4, — JOBKHWHA XBUJII pesiakcariii.

N
— H 4
A== (4)

ne V, — 00’eMHa KOHIICHTpAllis HallOBHIOBaYa.
Haii6inbin iMoBipHa JOBKWHA XBWJII peNaKcallii BU3SHAYa€ThCS SIK:

gMpH
:—, 5
P 60F ©)

1€ py — IATOMHH OTTip HAIIOBHIOBAYA.
KoediuieHT aenossipusaliii BU3HAYAE€THCS 31 CIIBBIHOIICHHS

|
In2 )

F=—U=
I/d

(6)

ne |, d — cepenni oBKUHA 1 AiaMeTp YaCTHMHOK HAIIOBHIOBAYa.

KoedimieHT o1 BpaxoBye OpieHTALiI0 BEKTOpa HAPYKEHOCT] €IEKTPUIHOTO OIS
BiTHOCHO opieHTaIlii yacTuHok a1=0,33 3a XaoTH4YHOI opieHTAaIl YacTHHOK, a1=1,00
3a Opi€HTAallii YACTUHOK Y HaNpsIMKY BEKTOPa HATIPYKEHOCT1 EJIEKTPHYHOTO TOJIS.
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HaBenene mo3Bojisse KepyBaTH ITMM KOE(QIIIEHTOM 3a IOMOMOTOI0 BILTUBY
CJIEKTPUYHOTO TOJsI HA OpIEHTAII0 YaCTUHOK HAMOBHIOBAYa, SIK 1€ peali3oBaHO
moAo0 (QepoMarHiTHOro HamoBHIOBaYa, KOHLEHTpalii 1 OpieHTawis sKOTo
3MIHIOETHCS BILTHBOM HEOIHOPITHOTO Mar"iTHoro o [15].

Emrmipuaamii koeirieHT o2 BU3HAYAE€THCS eKCTIEPUMEHTATBHO TSI KOHKPETHOTO
MaTepiady 1 KOHKPETHOI TEXHOJIOTii Ta BpPaxOBYE HEOOXITHICTH 30iIbIICHHS
MTOTPiOHOI peaslbHOT KOHIIEHTpAIi1, TOPIBHIHO 3 TEOPETHUHOIO. 1{e BUKIHKae TIeBHI
TPYMHOII y MPOIIeCi MPOEKTYBAHHS KOMIIO3HIH. AJle y OyIb-IKOMY BHIIAAKY IS
poboTa BUMarae 1abopaTOPHHUX JOCTIKEHb Yepe3 BIJICYTHICTh JTOBIAKOBHX JaHHUX
100 KOMITO3UIIIHHUX MaTepialiB, SKi po3pO0IAI0THCS 32 THYYKHMH TEXHOJIOTISMHU.
Ho toro x dopmyna OmeneBCHKOTO A€ TiIIBKA OPIEHTOBHI IMOKA3HHUKH IIOJO
JeNeKTPUIHOI MPOHUKHOCTI cymii. [lo-mepie, BoHa onepye 06'eMHUM BMiCTOM
HaTNOBHIOBAauYa, SKWH s JApiOHOAMCIEPCHOI CyOcTaHIii BHU3HAYUTH BaXKKO
(3a3BHUail poOUTHCS MEepepaxyHOK BaroBOro BMiCTy B 00'€MHHI y BiIITOBITHOCTI 31
CIIBBIAHOIICHHAMH NMHTOMHX TYCTHH MaTepially MaTpHIli i HamoBHIOBada). [lo-
apyre, koedilmieHT nemossipu3anii F Texx mpuOIM3HUWIA dYepe3 BiAMIHHOCTI Y
Mopdoorii yacTHHOK HamoBHIOBa4ya. J[OCBiA CBiMYHTH, IO IS KOHIIEHTpAITii
HallOBHIOBa4Ya Ha MeEXi NpoTikaHHS enekTpocTpymy (14-16% 3a 00'emom)
koediieHT op npudausHo nopieHioe 0,5. Ile & crocyeThcs koedilieHTa o3, AKUAH
JIOLTBHO BU3HAYHUTH €KCIIEPUMEHTAJIBHO, BPAXOBYIOUM MEBHUH PO3KU TOBKUHH
XBWJII penakcaiii. [ist HaBeIeHuX BUIIE YMOB BiH Onmm3bkwuid 10 0,16-0,17.

3acTocyBaHHSI HABEACHOTO MiIXOAY J03BOJISiE 00paTH 1 peani3yBaTH HAHOLIbII
OPUAHATHI JUIS KOHKPETHOI eJEKTPOMArHiTHOI OOCTaHOBKH eNeKTpodi3zuuHi
BIIACTHBOCTI KOXKHOTO IMapy OararomapoBoi CTPYKTypH. AJie HeoOXiIHICTh
BHUKOHYBATH TOTIEPeIHI 1a00paTOPHi JOCTIHKEHHS 3HAYHO ITiIBUIIYE Yac PO3POOKH
Ta ii BapTicTh. TOMy JIONIUILHO MOTIEPEAHBO BUKOHATH JAOCIIIHUIIBKY pOOOTY 111010
rapaMeTpiB KOMITO3UIliH, po3p0o0JICHUX Ha OCHOBI PI3HUX MaTPHIlh 1 HATIOBHIOBAYIR
pi3HHX eNneKTpodi3HYHNX BIACTUBOCTEN, TUCIIEPCHOCTI, MOP(OIIOTii, KOHIIEHTpAaITii
s GopMyBaHHS 0a3M JIaHWMX, SKa JI03BOJIMTH HA OCHOBI OOCTEKEHb
€JIEKTPOMArHiTHOI  OOCTAHOBKM  PO3POOJISITH  €NEKTPOMATHITHI ~ €KpaHH Ha
NPUHIHUIAX PO3YMHOT JOCTaTHOCTI.

BucHoBku

1. HemosikoM OUIBIIOCTI €JIEKTPOMArHITHUX €KPaHIB PE30HAHCHOIO THIY €
CKJIaJHICTh KOHCTPYKLIil (HEOOXiAHICTH TOYHOTO JOTPUMAHHS TOBIIMH IAPiB)
1 IpaKTUYHa MOHOXPOMHICTh €KPAaHOBAHOTO TIOJISI.

2. IlokazaHo, 0 JIsI OTPUMAHHS PE30HAHCHHUX 3aXHUCHHUX IMOKPHUTTIB AOLIIBEHO
BUKOPUCTOBYBAaTH piKI 3axHCHI CyMilli 3 Pi3HUMHU eNeKTpOPi3HIHIMHU
BiractuBocTsIMH. Lle Hamae 3mory orpuMatH TMOTpiOHI  KoedimieHTH
eKpaHyBaHHsS Yy TEBHIM CcMy3i 4YacToT i3 3a0e3NeYeHHSIM MiHIMaTbHUX
Koeili€HTiB BIJOUTTS €IEKTPOMArHITHUX XBHJIb.

3. Ins TporHO3yBaHHS 3axXMCHUX BIACTHBOCTEH MarepialiB  JOLUIBHO
BUKOpUCTOBYBaTH (Gopmynn OpneneBcekoro Ta Jlebas it AieIeKTPUYHOL
MPOHHUKHOCTI cyMiteil. HasBHicTh eMripnaHnX KoedillieHTiB 32 HE0OXiTHOCTI
BpaxyBaHHs OaraTbOX MapaMeTpiB KOMIO3WLIlI 1 HEZOCTAaTHS TOYHICTb
MOTIEPE/THIX PO3PaXyHKIB OOYMOBIIIOE HEOOXITHICTh BUKOHAHHS IPYHTOBHHX
Ja0OpaTOPHUX MTOCHIHKEHh 3 METOI OTPUMAaHHS JOBIIKOBHX JaHMX, SKI
JTO3BOJISATH 3MEHIIIUTH Yac peaizallii 3aX0/1iB eJIeKTPOMAarHiTHOI O€3MeKH Ta 1X
BapTICTh.
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DEVELOPMENT OF MATERIALS WITH A MULTILAYER STRUCTURE
OF THE GRADIENT TYPE BASED ON LIQUID COMPOSITIONS
FOR THE SHIELDING OF ELECTROMAGNETIC FIELDS

Abstract. Nowadays, for shielding and absorption of electromagnetic fields of a
wide frequency range, composite materials or solid metal structures are offered and
widely used. The article deals with research and development of multilayer
protective liquid materials for shielding electric, magnetic and electromagnetic
fields of a wide frequency range. A series of liquid shielding mixtures based on
standard certified paints and finely dispersed magnetite was produced. Testing of
the protective properties of these mixtures was carried out by sequentially applying
2-3 layers of mixtures to the surface, each of which had a certain concentration of
the shielding substance. The shielding and reflection coefficients for these
multilayer structures are given. It is shown that the advantage of the developed
multilayer protective liquid materials lies in obtaining a gradient of electrophysical
and magnetic properties of the protective structure with the possibility of calculating
dielectric and magnetic permeabilities, taking into account the morphology of the
shielding particles. A method of obtaining protective materials of the gradient type,
which reduce the influence of electromagnetic fields, is proposed, which is possible
for the treatment of surfaces of large areas and complex configurations.

Keywords: electromagnetic field; shielding; liquid compositions.

H.B. Bypaeiina?, SL.1. Bipyk', K.JI. Hikosiaes?

IKuiBchKuit HallioHANEHUH yHiBEpCUTET OyIiBHMIITBA 1 apxiTekTypH, M. Kuis, Ykpaina
’HanionansHuii apianilinuii yHiBepcuter, M. Kuib, Ykpaina

PO3POBJIEHHSI MATEPIAJIIB BATATOIIAPOBOI CTPYKTYPH
T'PAJIEHTHOI'O TUITY HA OCHOBI PIIKUX KOMITO3UIIINI
JJIs1 EKPAHYBAHHSA EJIEKTPOMAT'HITHUX ITOJIIB

Anomauin. Ha cb0200mi 0151 eKpanysanist i NO2IUHANHHS eNeKMPOMASHIMHUX NONIE
WUPOKO2O  HACTNOMHO20 OIAna3ony NPONOHYIOMb I WUPOKO 3ACMOCO8VIONb
KOMRo3umui mamepianu abo Cyyintbni memanesi Koucmpykyii. Y cmammi
PO32NAHYMO  00CHIOMNCEHHS | pO3POONEeHHs 6a2amouaposux 3aXUCHUX pPIOUHHUX
mamepianie Onsi eKPAHY8AHHS eNeKMPUYHUX, MASHIMHUX A e1eKMPOMASHIMHUX
NOIG WUPOKO20 YACMOMHO20 0lanasony. Bueomoesneno cepito piokux ekpanyouux
cymiwiell Ha OCHO8I CMAHOAPMHUX cepmuikoganux ¢apb ma OpidHOOUCnepCHO20

© H.b. bypnetina, f.1. Bipyk, K. 1. Hikonaes, 2023
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MmaecHemumy. Bunpobyseanns 3axucnux eracmugocmeit Oanux cymiwell 6i00yeanocs
NOCNIO0BHUM HAHECEHHAM HA NOBepXHI0 2—3 wapie cymiuiell, KOJCHA 3 AKUX MAd
neeHy  KoHyewmpayilo — ekpaHyrouoi cybocmanyii. Haeedeno — koeghiyienmu
eKpaHysanHs ma giobummsa 0 0anux bazamowaposux cmpykmyp. Ilokazarno, wo
nepegaza po3poobienux 6azamouaposux 3axXUucHUX PIOUHHUX Mamepianie noiaedc 8
OMPUMAHHT 2pAdi€HmMA eneKmpo@Ii3UUHUX A MACHIMHUX 61ACMUBOCTEN 3aXUCHOT
KOHCMPYKYIT 3 MOXNCIUBICINIO PO3PAXYHKOBO20 NPOSHO3YBAHHA OleIeKMPUYHUX ma
MASHIMHUX RPOHUKHOCMEN 3 YPAXYBAHHAM MOPEON02Ii eKpAHYIOUUX YACMUHOK.
3anpononosano cnocib6 ompumanHs 3aXUCHUX Mamepianie 2padicHMHO20 MUny, siKi
3MEHWYIOMb BNAUE eNeKMPOMACHIMHUX NOI6, WO € MONCIUBUM Ol 0OPOOKU
NOBEPXOHb GENUKUX NIOW | CKIAOHUX KOH@I2ypayiil.
Knrouosi cnosa: enexmpomaznimue noue; eKpaHy8ants; pioki KOMRO3Uyii.
https://doi.org/10.32347/2411-4049.2023.1.68-75

Beryn

[lutanHs expaHyBaHHS NPALIOYMX Ta HACENCHHS, KOMII I0TEpHOI TEXHIKH,
CJIEKTPOHHUX MPHUJIAJIiB T IPUCTPOIB BiJl €JIEKTPOMATHITHUX TOJIB, HE3BAXKAIOUH Ha
BEJIMKY KUIBKICTh TEOPETHYHHUX iled Ta MPakTHYHUX PO3POOOK, 3aJUIIAETHCS
akTyansHUM. L{i 00’€KTH € Bpa3nuBUMH 0 MIii 30BHINIHIX €JIEeKTPOMArHiTHIUX TOJIB.
OxpiM MPUPOTHOTO MATHITHOTO ITOJISA, HA MPAIIOI0YNX i HACETICHHSI, KOMIT I0TEPHY
TEXHIKYy, €JEKTPOHHI MpHIaaud Ta TMPHCTPOI MiIOTh EINEKTPOMATHITHI OIS, IO
TeHEepPYIOThCS CUCTeMaMH 3a0e3nedeHHs 1 QYHKIIOHyBaHHS 3ac00iB 0€3IpOTOBOTO
3B’SI3KY, JIHISIMH eJIeKTporepeaadi, BIIKPUTUMHA PO3MOMUTEHAMH TIPUCTPOSMH, 10
CKJIaJy SKHX BXOJATh KOMYTAlliiHI amapaTd, MPUCTPOI 3aXHCTy W aBTOMATHKH,
BUMIDIOBaJIbHI TNPWIAAW, a TaKoX paJiOTeXHiYyHI O0O0'€KTH, TeJeBi3iiiHi Ta
pamionoKamiiHi CTaHIi, TEPMiYHI [EXHU, TEJIEeBI30pH, MUCIUIC], MIKPOXBUIHOBI
(HaIBUCOKOYACTOTHI) Tiedi, XOJIOAWIbHUKH, KaOIHM aBTOMAIWH, CTaHIi
panioniokanii i pajiomneneHraiii, MepCcOHAIbHI KOMI'IOTEPH, pajJiapHi YCTAHOBKH
Tomo. Y moOyTi [DKepenaMu eNeKTPOMAarHiTHOIO IOJIA 1 BUIPOMIHIOBaHHS €
TEJEeBi30pH, MUCIUIE], MiKPOXBHJIBOBI T€Yi Ta iHII MPUCTPOI, a TAKOK CHUHTETHYIHI
KWJIIMH, 1HII TOJIMEpHI MOKPUTTS B YMOBaX 3HMKEHOI BOJIOTOCTI — MEHIIE HIXK
70%.

Binbmmicte marepialiB, MPOMOHOBAHUX IS €KPaHYBaHHS €JIEKTPOMArHITHUX
OJIIB, MarOTh 3HauHi KoedimieHTH BiAOUTTS. Cymneprno3uilisi BETUKOI KUIBKOCTI
CJIEKTPOMATHITHHX IOJIiB, K1 MOLIUPIOIOTHCS Bl TEXHOICHHHX JPKEPEIT Ta BiIOUTHUX
MOJIB BiJl €KPaHYIOUHX MOBEPXOHb NPU3BOIUTH 10 MOCHJICHHS a00 MOCIa0JIeHHS
MPUPOJHOTO MArHiTHOrO MoJiss 3emili. BimxwieHHS BiJi HOPMallbHUX 3Hau€Hb
MPUPOAHOTO MArHITHOTO TOJNA SIK y OIK MOCWJIEHHS, Tak 1 y OiK mocia0iieHHs
HETaTMBHO BIUIMBAa€ Ha CTaH NPAIIOIOYMX Ta HaceJIeHHSA. ToMy akKTyalbHUM
3aBJAaHHSAM € PO3POOJICHHS TaKUX MarepiaiiB, fKi €KPaHyIOTb 1 MOTJIMHAIOTH
CJICKTPOMATHITHI I10JIs1, HE BIOMBAIOYH 1X.

Ockinbkn B OCTaHHI  POKM  CIOCTEpIraeTbcsi — CcTayle  MigBUILCHHSA
CJIEKTPOMArHITHOTO HABaHTAKEHHA Ha JIIOJCH, JMOBKULIL Ta BHUPOOHWYE
CEpelIOBHIIE, 110 OOYMOBIIIOETHCS MIJABUIICHHAM KIJIBKOCTI 1 II[UIBHOCTI
pO3TallyBaHHs BHWIIEONMCAHOTO EJIEKTPHUYHOTO Ta EJIEKTPOHHOTO OOJaHaHHS,
cucteM 3abe3nedyeHHs 1 (yHKUOIOHyBaHHs 3aco0iB  0e3ApOTOBOTO  3B’S3KY,
301IBLICHHSM HABAaHTKEHHS HA CHJIOBI €JIEKTPUYHI MEPEeXi TOLIO, TOMY BHHUKAE
moTpeda B IMPOEKTYBaHHI Ta PO3POOJICHH] 3aXMCHUX MaTepiajiB, sKi eKpaHyIOTh 1
MOTJIMHAIOTD €JIEKTPOMATrHITHI MOJISL IIUPOKOTO YaCTOTHOTO Jiarna3oHy.
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Jisa  expaHyBaHHS 1 TIOTTIMHAHHA EJIEKTPOMArHITHUX TIONIB IIMPOKOTO
YaCTOTHOTO Jlialma30Hy MPOIMOHYIOTh 1 3aCTOCOBYIOTH CYIUJIBHI ~ METajeBi
KOHCTPYKLii a00 KOMIO3UTHI MaTepianu. JlaHi KOHCTPyKILii i MaTepiaiy He B TOBHIH
Mipi BIIITOBITAIOTH ITMM BHUMOTAM, OCKIIBKH TBEpAl KPHUCTANIYHI 1 amopdHi
Marepiaay MalTh BEIUKHA KOe(DIiEHT BiZOWTTS €JICKTPOMArHITHUX IIONIB Ta
BUIIPOMiHIOBaHHSA. JlJis eKpaHyBaHHS €JICKTPOMATHITHUX TONIB IIHPOKOTO
YaCTOTHOTO J[iama3oHy JOIJIIBHUM € pO3poOJieHHS MarepiaiiB, IO MAaioTh
OaraTomapoBy CTPYKTYypy TPaJi€HTHOTO THIY €NeKTpOo(i3MYHMX Ta MAarHiTHUX
BJIACTHBOCTEH Ha OCHOBI PIJIKUX KOMITO3HIIIM.

AHaJi3 ocTaHHIX J0caiKeHb i myOikanii

EnexTpomartitHe eKkpaHyBaHHS aKTyaJbHE Ul 3aXHCTY JIFOIUHM Ta €JIEKTPOHHUX
MPUCTPOIB BiJl HEOE3NMEUHOTO BIUIMBY EJIEKTPOMArHITHOTO BUMpOMiHIOBaHHA. Ha
JaHWi 4ac mpoOsieMi po3poOJIeHHsT Ta MOCTIIKEHHS 3aXUCHHUX BIACTHBOCTEH
KOMITO3UIIIHUX ~ MartepiaiB  Uisi eKpaHyBaHHA EJIEKTPOMArHITHHX TIOJNIB
npuaisieTbess 6arato yBaru [1]. ¥V crarTi [2] mochmimKeHO 3aXHCHI BIIACTHBOCTI
METaJIONOMIMEPHHUX EJIEKTPOMArHiTHUX eKpaHiB. EKCIepUMEHTaTbHO IOKa3aHO
MOXXJTUBICTh OTPUMAaHHS EJIEKTPOMArHITHOTO €KpaHa TpPaJi€eHTHOTO THUIY B
OJTHOIIIApOBOMY MaTepiaii. Y mociimxkeHHl [3] HaBemeHO po3poOJIeHI 3acaau
MPOEKTYBAHHS Ta TOCIIPKCHHS 3aXMCHUX BJIACTUBOCTEH PiIMHHHUX MaTepialiB JJIs
CKpaHyBaHHS €JEKTPUYHHMX, MAarHiTHUX Ta EJIEKTPOMATHITHUX IIOJIiB IIMPOKOTO
JacTOTHOTO miama3oHy. B myOmikarii [4] TmpoBeIeHO eKCIEpPUMEHTAIbHI
JOCHTI/DKEHHSI E€KpPaHyIOUMX Ta eJNeKTPOMAarHiTHUX BIACTUBOCTEH TOHKOTO
€JIEKTPOMATHITHOTO €KpaHa, KW Mae€ KOMIO3UTHY CTPYKTYpY 1 BUTOTOBJICHHH
CHO0CcOOOM HAHECEHHS! MAarHiTHOI PiAMHY HA AieNEeKTPUUHY MiAKIaaKy. Y poOoTi [5]
pO3po0IEHO CHOCIO BHUTOTOBJIICHHS €IEKTPOMArHITHOTO €KpaHa 3 TPaieHTOM
eJIeKTPO(I3UYIHUX BIACTUBOCTEH, SIKMI TONATae€ y MOCTYIOBOMY ITiBUILEHHI
KOHIIEHTpamii ApiOHoaucepcHUX (EpPOMAarHiTHUX YACTHHOK HAlOBHIOBadYa Y
JUENeKTPUYHI MaTPHIll BiJ| JHWIEBOTO JI0 THIIEHOTO OOKY JHCTOBOTO MaTepiay.
V [6, 7] po3pobiieHo METOIOIOTIHHI 3acay ONTUMI3allii MapaMeTpiB eKpaHyBaHHS
CJIEKTPOMATHITHUX IIOJIiB PI3HOTO TOXO/PKEHHA Yy OyAiBIsSX Ta CHOpYAax.
3anponoHOBaHO PigKUil MaTepiai Ha OCHOBI cepiiHuX (apO Ta qpiOHOANCIEPCHOTO
KOHLICHTpATy 3aJ1i3HOi pyau. [loka3aHo, 1110 3HWKEHHS 3aXMCHUX BIACTHBOCTEH Ha
BOJIHO-IMCIIEPCIITHOMY HOCIT BiIOYBa€ThCsl 32 PaxyHOK OKMCIICHHS HAIlOBHIOBAYA.
VY poGoti [8] po3rasHYTO OCHOBHI NPUHLIMIM NPOEKTYBAHHS Ta BHPOOJICHHS
MaTepiasiB Uil eKpaHyBaHHS €JEKTPOMAarHiTHUX MOJIB LIMPOKOYACTOTHOIO
Jiarma3oHy BKJIFOYHO 3 MPOMHKCIIOBOIO YaCTOTOK Ta PI3HOMAaHITHHM Jiara3oHOM ii
rapMOHIK Ta IHTEPrapMOHIK, sSIKi T€HEpYIOThCS TPU BUPOOHUIITBI Ta Tepeaadi
eslekTpoeHeprii. Y gociniikeHHi [9] BU3HAUCHO OCHOBHI 3acaau po3poOJyieHHA Ta
MPOTHO3YBaHHs 3aXMCHUX BIIACTHMBOCTEH METANIONMONIMEPHUX €JICKTPOMArHITHUX
eKpaHiB.

MeToro nociaizaeHHsi € po3poOJeHHs MaTepiajliB 0araTomapoBoi CTPYKTYpH
TPaJi€eHTHOrO THUIY Ha OCHOBI pIOKUX KOMIO3MLIA A  eKpaHyBaHHS
€JIEKTPOMArHiTHUX MOJiB HIMPOKOYACTOTHOTO Jiarma3oHy.

Buknan ocHoBHOro martepiany

CydacHi 0OJMIFOBANIbHI MaTepiaiy MOBHHHI BiMOBiIaTH 0araThOM 3arajlbHUM i
CIeIlaJIbHUM BHUMOTraM. 3arajibHi BHMMOIM JO MEXaHIYHUX BJIACTUBOCTEH
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BKJTFOYAIOTH MIIHICTh, MUTOMY Bary, HaJiiiHICTb, HaAiIHHE KPIIUIEHHS A0 poOOUNX
MMOBEPXOHb, @ TAKOX BUCOKY BOTHECTIMKICTh 1 MiHIMaabHE BUIIJICHHS LIKiTMBUX
peuoBuH. Jlo cremiadbHUX BUMOT OOJHIIOBAJIBHUX MaTepialiB BiHOCATH BHCOKI
Koe(ili€eHTH eKpaHyBaHHS B IIMHPOKOMY Jiama3oHi YacTOT Ta MiHIMalbHI
KOoe(ili€HTH BiOWTTS €IEKTPOMATHITHUX XBWIJIb. 3a0e3MeueHHs YCiX HaBEICHHX
BUMOT' B OTHOMY MaTepialli Ha ONTUMAaJIbHOMY PiBHI MPAKTHYHO HE € MOKIUBUM.
HaiinpocTimoro 3agadeio € 3HWKEHHA pPIBHIB €JEKTPOMArHiTHUX IIOJNIB JyXKe
BHCOKHUX, YIIFTPABUCOKNX Ta HAJA3BUYAHO BHCOKHX 4YacTOT. byniBmro abo okpemi
OPUMIIIEHHS] MOYKHAa 3aeKpaHyBaTH MeTajeBUM a00 KOMIIO3MLIHHUM IUIACKUM
MaTepiaioM, BPaxOBYIOUM Majly AOBXKHHY €JIeKTPOMArHiTHOI XBWJII 1 He3HayHi
TG paKIiifHi SBUIIA Ha KPOMKAX 3aXMCHUX KOHCTpYKIii. [Ipore, Bemmkuii BHECOK
y 3aXMCT Bil BHUCOKOYACTOTHHX BHIIPOMIHIOBaHb MpPUMANAE HA BiJOUTTA
CJIEKTPOMATHITHUX XBHJIb, IO € HEOAKAHUM. Y HHKHEHHS TAKOTO €PEKTY MOKITUBE
3a paxyHOK 3acTOCYBaHHA TPaJi€HTHHX €KpPAaHYIOUMX MaTepiamiB, sKi He
BiJIOMBAIOTh, & IOTJIMHAIOTH €IEKTPOMATHITHI TTOJIS.

Bimomo, mo edekTuBHICT €KpaHyBaHHsS 30UIBIIYETHCSA, SKIIO Yy TOBIII
KOMITO3WIIIHHOTO 3aXWCHOTO Marepialny € TpaJieHT elneKTpodi3udHux abo
MarHiTHUX BiacTuBoctei [8]. ToOTo mienmexkTpudHa i MarHiTHA MTPOHUKHICTH
3pOCTalOTh Bijl 30BHIIIHBOI MOBEPXHI MaTepiany IO BHYTpimIHboi. [Ipu mpomy,
SIKIIIO BMiCT MPOBITHOT Ta MarHiTHOT CyOCTaHIi1 y BEpXHIX MIapax MiHIMalbHHUN Ta
3HAYCHHSA IUX TapaMeTpiB OIM3bKI JO OJUHUIN, TO XBIIIBOBHIA OITip IIOBEPXHEBOTO
mapy Oyae  Onu3bkHMiA 1O  ONOPY  CEPEIOBHUINA  PO3MOBCIOKCHHS
CJIEKTPOMArHiTHUX XBHIIb, JUIsl TIOBITPs BiH ckiagae 377 OM. 3a Takux yMmoOB
Koe(ilieHT BIIOUTTS €IEKTPOMArHITHUX XBWIJIb ONHM3BKHHA 710 HYJs. Take sBUIIE
3MEHIIy€ TIOMINPEHHS IMOoJIsl Y HeOakaHUX HanpsMKax, a eKpaHyBaHHsS 30HH a0o
00’exTa 3a0€3MeUyeThCS 32 PAXYHOK TOIVIMHAHHS €JIEKTPOMArHiTHOI eHeprii
IIapoM 3aXHMCHOI0 Marepiany. ¥ po3po0iii [8] e peanizyerbest 00poOKOI0 pijiKoi
METaJOIOIiIMEPHOT CYMillli HEOTHOPITHUM MarHiTHHM TOJIEM, Y Pe3yJIbTaTi SKOi Y
HWKHBOMY IIapi CyMimni 30UIBIIYEThCS  KOHIEHTpalis  (epoMarHiTHUX
EKpaHyIUYNX YaCTHHOK. AJle Taka TEXHOJIOTis MoTpedye OaraTto BUTpaT 4epe3
HEOOXITHICTh 3iMCHEHHs OOpOOKM BENMKOI IUION[I MaTepialy y mpomeci
nomimepusanii. [Ipn mpoMy Ui IOCATHEHHS CYTTEBOrO e(EeKTy TOBIIMHA
Marepiany mOBHHHA OyTH JIOCUTh BEIHKOK — 1-3 MM.

Amnanoriuauii eekT MoxHa oTpuMmardu y iHmui croci6. ns mporo Oyio
BUTOTOBJICHO CEpil0 PIIKUX EKpaHyIOUHMX CyMilled Ha OCHOBi CTaHIAApTHUX
ceprudikoBanux Gapd (MaTpuils) Ta ApiOHOIUCIIEPCHOTO MArHETUTY (EKpaHYIOUHHA
HaToBHIOBa4). Pe3ynpTati BUIIPOOYBaHb 3aXMCHUX BIIACTUBOCTEH TaKMX CyMIIIeH
HaBeseHo y Tabmuui 1.

Tabmuus 1. KoediuieHTn ekpaHyBaHHS €JIEKTPOMATHITHOTO IOJISl yJIBTPAaBUCOKOT
4acTOTH

Cepist pizkux KoedimieHT ekpaHyBaHHS ITPH PI3HUX KOHIEHTPALIAX CyMimeit
eKpaHy4nX
cyMilmeit 15% 30% 45% 60%
Cymim Ne 1 1,2-1,3 1,3-1,4 1,8-1,9 4,0-4,1
Cymim Ne 2 1,3-1,4 1,6—-1,7 2,9-3,0 5,5-5,6
Cymim Ne 3 1,7-1,8 2,3-2,4 4,0—4,1 7,8-7.9
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VY HaBenmeHiii TabmuIl Koe(illiEHTOM €KpaHyBaHHS BBAXKA€THCS 3arajbHe
3HW)KEHHSI IIJIBHOCTI MOTOKY €HEprii eNeKTpOMarHiTHOro noJjs yactotoro 2,45 I'T'w.

BunpoOyBaHHs 111010 BHECKY Y 3araibHUi KOe(ilieHT eKpaHyBaHHs BiIOHUTTS
€JIEKTPOMAarHITHUX XBUJIb HABEJEHO y TaOIuIIi 2.

Tabmuus 2. KoediuieHTH BiIOWTTS €IEKTPOMArHITHOTO MOJSl yJIBTPaBHCOKOI
9acTOTH

Cepis pinkux KoedillieHT BiAOUTTS NpHU Pi3HUX KOHLEHTPALIAX CyMileit
EKpaHyI04HX

eymimeit 15% 30% 45% 60%
Cywmim Ne 1 - - 0,10-0,15 0,22—0,23
Cywmim Ne 2 - - 0,15-0,18 0,28-0,29
Cywmim Ne 3 - - 0,22—0,24 0,32-0,34

Ha nactymHOoMy erami Ha TOBEpXHIO HAaHOCWIIHCS TOCIIOBHO 2-3 mapu
cymimei. HrkHil map MaB KOHIIEHTpaIlifo eKpaHytoo4oi cyoctanmii 60%, BepxHild —
30-45%.

VY pe3ynbTatri AOCHiIKEHHS OTpUMaHWN Koe(illieHT BiIOMTTS OaraTomapoBoi
CTpyKTypu He mnepepumryBaB 0,1, a 3aragbHuil Koe(illieHT €KpaHyBaHHS OYB
OLTBIIMIA 32 cyMapHUH Koe(illi€eHT eKpaHyBaHHS OKPEMHUX IIapiB.

Hampuxitag, mmst 1BOMapoBOro MOKPUTTS HA OCHOBI BOJHO-AWCIIEPCHOI (hapOu
3 KOHIIeHTpaIismMu 45 Ta 60% xoedimieHT BiaOWUTTS ckiagaB He Oimbme 0,1,
a 3aranbHUI Koe(illieHT eKpaHyBaHHS CTaHOBUB 6,2—6,3.

Jst TpUIIapoBOro MOKPHUTTS Ha OCHOBI reomosiMepHoi ¢ap6u (30, 45, 60%)
koedimieHnT BinouTTs ckianar 0,15-0,16, a 3arajabHu KOSQIIIEHT eKpaHyBaHHS —
11-12. 3HayHe MiABUIICHHSA SPEKTUBHOCTI TPHUIIAPOBOI CTPYKTYPH MOPIBHIHO 3
CYMapHOI €(eKTHBHICTIO IIapiB MOXKHA IMOSCHHUTH JOJATKOBHM PO3CIFOBAHHIM
eNIEKTPOMArHITHUX XBWJIb Ha TPAHUIISAX PO3LTY HIAPiB.

[lepeBaroro Takmx 3aXMCHHX KOHCTPYKIIH € OTpUMaHHS TpajieHTa
eNeKTPOQI3NYHUX Ta MAarHITHUX BIACTHBOCTEH 3 MOXIIHMBICTIO PO3paxyHKOBOTO
NPOTHO3YBaHHS JICNEKTPUYHUX Ta MAarHITHUX HPOHUKHOCTEH 3 ypaxyBaHHSM
MopdoIIorii ekpaHyHOUNX YaCTUHOK, SKi 3aK/IaJIcH] Y KOe]Il[iEHT AeToIIpHr3ariil.

st Bu3Ha4YeHHs e(heKTUBHOCTI MaTepiainy HeoOXiJJHO MOTepeJHhO PO3paxyBaTu
MAarHiTHi Ta eneKTpo()i3W4Hi BIACTHBOCTI KiHLIEBOro marepiamy. Lle mouinbHO
3MIMCHIOBATH 3a CIHIiBBIAHOMIEHHSIM JlopeHia Jjii MAarHiTHOI MPOHMKHOCTI
MarHiTOMieJIeKTPUKIB:

v (i =) ( 1)

1-v
3 m (ﬂm -1

u=1+

1+

ne u — eeKTHBHA MarHiTHa MPOHUKHICTh MarHiTOJieNeKTPUKa,
Mm — MarHiTHa MPOHUKHICTh HAIIOBHIOBAYA,
Om — 00’€MHHUI BMICT HAIIOBHIOBaYa y Marepiaii.
s BusHaueHHS e(OEKTHBHOCTI ICTCKTPUIHOI IPOHUKHOCTI MaTtepianiB
JOLTBHO BUKOPUCTOBYBATH CIiBBigHOIMEHHs MakcBemna-I"apHera:
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&d, €&m — MICTICKTPUYHI MPOHUKHOCTI MATPHIII Ta HAIOBHIOBAYA,
0m — 00’€MHa JI0JIS1 HAITOBHIOBAYA y JiENEKTPUIHIN MaTpHIIi.

Jlst Bu3HaYeHHS e(heKTHBHOI AieIEKTPUIHOT TPOHUKHOCTI KOMIIO3HIIIT JOIIIEHO
ckopucratucs hopmyioro O1eIeBCbKOro:

Om (Em —&4) (3)

E=¢&q |1+ )

(A=) F * (e —2a) + £
k

1€ &d, €m — A1CIEKTPUYHI MPOHUKHOCTI MAaTPHIIi Ta HAIOBHIOBaYa,

vm — 00’ €MHHI BMICT HAIIOBHIOBAaYa,

vk — KPUTHYHUM 00’€MHMIA BMICT HAIOBHIOBaYa, 3a SKOTO €KPAHYIOYi YaCTHHKH
KOHTaKTYIOTh MiX COOOF0,

F — xoedirient aenonspusartii.

JJist MpOEKTYBaHHS 3aXMCHUX MaTepialliB HeOOXiIHI BiJOMOCTI MPO MarHiTHi Ta
eNeKTpoi3uvHI BIACTHBOCTI MaTepiaiiB 32 BU3HAYCHUX 00 €MHUX KOHICHTpAIIii
HarroBHIOBava. HaBeeHi CITiBBiJHOIIESHHS TO3BOJISIOTH IPOSKTYBAaTH OaraTomapoBi
MOKPUTTS 3 MOTPIOHUMH 3aXHUCHUMH BIIACTUBOCTSIMH Y 3aJIE)KHOCTI BiJl KOHKPETHOT
€JIEKTPOMAaTrHITHOT OOCTaHOBKH.

BucHoBku

1. Jlnst expaHyBaHHSI ENEKTPUYHMX, MAarHiTHUX Ta €JIEKTPOMATHITHHX IIOJIiB
HaHOUIBII MOIIMPEHMX 4YacTOT JOLUIBHUM € PO3POOJICHHS MaTepiaiB
OaraToIapoBoi CTPYKTYpH IPaliEHTHOTO THITY HA OCHOBI PiTKUX KOMITO3UIIIH.
2. Byno BUTOTOBIIEHO CEPIil0 PIIKUX EKPAHYIOUHUX CyMillleH, B SKHX MaTPHIICIO
BUCTYNAIOTh cTaHmapTHi cepTudikoBaHi ¢apdu, a B SKOCTI EKPaHYIYOro
HaIOBHIOBa4a — APiOHOIUCTIEPCHUI MAarHETHT.

3. Pesynbraty mociimpKeHb CBiAYATh, 10 KOSQIIIEHTH BiIOUTTS IOBEPXHEBOTO
Iapy ABOMIAPOBOI CTPYKTYpH cTaHOBHIM He Oinbie 0,1, a MOBepXHEBOTo mapy
TpumapoBoi cTpykrypu — 0,15-0,16, mpum npomy 3aranbHi KoedimieHTH
€KpaHyBaHHS U1 JBOIIAPOBOI CTPYKTypH cTaHoBHIM — 6,2-6,3, mid
Tpumaposoi — 11—-12.

4. TlepeBaror 3ampoIlOHOBAHOTO CIOCOOYy € 3pY4YHICTh 1 MPOCTOTa Yy
BUTOTOBJICHH] 1 BUKOPUCTAaHHI €KpaHyIOuOro MaTepiaiy, HOro Hu3bKa BapTiCTh,
MOJKJIUBICTH OOPOOJICHHS TOBEPXOHb BEIMKKX TUIOII 1 CKIIaJHUX KOH(ITrypariii.
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TRANSMISSION OF INFORMATION
IN AUTOMATED SPECIAL PURPOSE SYSTEMS

Abstract. This paper is devoted to solving the problem of optimizing the message
transport service, which is one of the basic for automated special purpose systems.
The NATO model of network-centric transformation of automated control and
communication systems, which is presented in the form of a general plan for the
development of information systems, was taken as the basis for the construction of
special-purpose systems. An analysis of the development of information systems was
carried out within the framework of the program of modernization and improvement
of automated management systems. Under this program, large-scale work was
carried out on the creation of new mobile nodes and means of communication for
the perspective automated communication system at the tactical level Warfighter
Information Network-Tactical. Therefore, it is proposed to use wireless,
decentralized, mobile IP networks such as MANET (Mobile Ad hoc Network) for
automated special purpose systems at the tactical level. Each of the mobile devices
of such network can move independently in any direction, and, as a result, often
break and establish connections with neighbors. For the MANET network the
messaging service is considered in the context of: one automated workplace, one
domain and interconnection between domains. The efficiency of information
transmission systems is considered. Circular transmission algorithms for messages
with the highest urgency category are defined and a control algorithm is provided
for selecting the optimal message transmission channel in which the time spent on
message transmission between these subscribers is minimal (dynamic programming
problem with additive effect function). Bellman's functional equation for the
conditional optimization stage was adapted for this problem.

Keywords: message transport service; network-centric model.
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C.0. Jlosruii, O.B. Koniiika, O.C. Ko3J0B

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

NEPEJIAYA IHO®OPMAIIIL B ABTOMATHU30BAHUX CUCTEMAX
CIIEHIAJIBHOI'O TIPU3HAYEHHS

Anomauin. Cmamms npucesayeHa po3e’sA3anHI0 3a0ayi onmumizayii cepsicy
MPAHCNOPMY NOBIOOMIEHb, AKUU € OOHUM 3 0A308UX 0N ABMOMAMUSOBAHUX
cucmem CneyianbHo20 NPUHA4eHHs. 3a OCHO8Y n0OY008U CUCEM CNEeYianrbHO20
npusHauenns ezama modeno HATO mepesceyenmpuunoi mpancgopmayii
aA8MOMamMuU308aHUX CUCmem YNpAaeuiHHA Ma 36 A3KY, AKA NPe3eHmMo8and y euenaoi
3a2a1bHO20 NAAKY PO36UMKY iHpopmayitinux cucmem. IIposedeno ananiz po3eumky
iHhopmayitinux cucmem 6 pPAMKAX GUKOHAHHA NPOSpaMu MoOepHizayii ma
B00CKOHANIEHHS A8MOMAMU308AHUX CUCTeM YNpaeninHA. 3a yierw npozpamorn
NPOBeO0eHO WUPOKOMACWMAOHI poOOmMU 31 CINBOPEHHS HOBUX PYXOMUX 8Y31i8 ma
3aco00i8 36'A3Ky 011 NEPCHeKMUBHOI A8MOMAMU308aHOI cucmemu 38'3Ky Ha
maxmuunomy  pieui  Warfighter  Information  Network-Tactical.  Tomy,
NPONOHYEMBCA O ABMOMAMU308AHUX CUCTIEM CHeYlanbHO20 NPUSHAYEHHS HA
MAKMU4YHOMY DIBHI BUKOPUCTNOBY8AMU 0e30pOmMosi, 0eyeHmpanizo8aHi, MOOLIbHI
IP-mepesici  muny MANET (Mobile Ad hoc Network). Koowcen 3 mobinorux
npucmpoie maxkoi mepexci Modice HEe3WIENHCHO nepecysamucsi y 0y0b-sKux
HANpAMKAx i, AK HACTIOOK, 4acmo po3spusamu i 6CMAHOBNIO8aAmMU 3'€OHAHHA
3 cycioamu. Jna mepexci MANET pozensnymo cepsic obminy nogioomnenv 6
po3pizi: 00noeo APM, oo0unozco odomeny ma iHMepKOHHEKmM) MidC O0OMeHAMU.
Poszensnyma  egpexmusnicme  cucmem nepedaeanns ingopmayii. Busznaueni
aneopummu  YupkyaiapHoi nepeodaui Onsi NOGIOOMAEHb 3 BUUOKN) KAME2OpIE
MePMIHOBOCMI MA HAOAHUU ANCOPUMM YRPABIIHHA U000 8UOOPY ONMUMATLHO2O
mapwpymy nepeoayi NOSIOOMIEHHs, NpU SAKOMY SUMPAMU 4YACy HA nepedauy
nOGIOOMICHH MIdJIC OAHUMU AOOHeHMAaMu MIHIMATLHI (3a0a¥a  OUHAMIYHO20
npocpamyeanHs 3 aoumusHow QyHKyico egexmy). DYyHKYIOHATbHE PIBHAHHS
bennmana ons emany ymosnoi onmumizayii 6yno adanmogare 051 0aHOi 3a0ayi.

Kniouogi cnosa: cepsic mpancnopmy nogioomieHsb, MepeiceyeHmpuyna mooeis.
https://doi.org/10.32347/2411-4049.2023.1.76-90

1. BCTYII

ITocTanoBka 3aBIaHHA

B HATO npuiiHsitTa MOAenb  MEpPEKEHNEHTPUIHOT  TpaHcdopmarrii
AaBTOMAaTH30BaHMUX CHCTEM YTIPABIiHHS Ta 3B’SI3KY, SKa NPE3EHTOBaHA y BHIJISAIL
3arajibHOTO TUIAHY PO3BHTKY iH(pOpMAIiHHUX cHcTeM. B IuiaHi BUAUICHO YOTHPH
eTanu po3BUTKY iH(popmalliitHux Texnosorii [1]. Ha kokHOMY 3 1HMX eTamiB st
MPOEKTYBaHHS ABTOMAaTH30BAHUX CHUCTEM YIPABIiHHS BHKOPHCTOBYBAIUCH Pi3HI
TEXHOJIOTIT sl TMOOYJOBU TpOLECy NPHUHSATTS YHpPaBIiHCBKUX pimens [2-5].
[Morounmii eTam PoO3BUTKY TEXHOJIOTIH CTaBUTh 3a METY MOBHY CYMICHICTh YCiX
MiXBiToMuMX iH(popManiiHux cucteM. OCHOBHI XapaKTEPUCTHKHN IOTOYHOT'O €TaIly
HACTYMHI: TMpOrpaMHe 3a0e3Me4YeHHS] PO3POOIIETHCS SIK CEpPBICH; apXiTEeKTypa
iHpOpMAIIHHUX CHCTEM € CEPBICHO-OPIEHTOBAHOI; Mepeka € IpOrpaMHO-
koHpiryposanoro — SDN (software-defined networking).
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AHaJi3 ocTaHHIX 10CaiIKeHDb

SDN — me miaxim J0 YIpaBIIiHHS MEPEXer, SKUi 3a0e3nedye TuHaMiuHy,
MPOrpaMHO ePeKTUBHY KOH(ITYpaIlif0 MEPEKEBUX SJICMEHTIB 3 METOIO MOKPAIICHHS
MIPOIYKTHBHOCTI MEpeKi Ta MOHITOPHHTY, IO POOUTH ii OLTBIIIE CX0XKOI0 Ha XMapHi
oOYmCcIeHHs, HiXK Ha TpaAuliiHe KepyBaHHSI Mepexero [6]. SDN mpusHaueHa mis
CTBOPEHHSI CTAaTHYHOI apXiTeKTypu TpaguuidHux wMepexk. SDN HamaraeTbcs
LEHTpaJi3yBaTH JlaHI MpPO MeEpeXy B OJHOMY MEpEeKEBOMY KOMIIOHEHTI,
BIIOKPEMJTIOIOUH TIPOIIEC TEPECHIaHHI MEPEKEBHX TaKeTiB (TUTONIMHA TaHWUX) Bill
mpolecy MapmpyTtusamii (IwiommHa kepyBanHs) [7]. IlimomuHa yrpaBiiHHS
CKJIaJIa€ThCsl 3 OMHOTO a00 KiTBKOX KOHTPOJIEPiB, SIKi BBAYKAIOTHCS MO3KOM MeEpEKi
SDN, B skiit 00’eanano Bech inTenekT. OmHAK LEHTpaTi3allis Mae CBOI HEIOMIKH,
KOJIM HaeThcs mpo Oe3neKy, MacIiTa0OBaHICTh Ta THYYKICTh [6], 1 1€ roJIOBHA
npobsiema SDN [8].

SDN 3a3Buuaii acoritoBanack 3 mportokoioM OpenFlow (mist BigmameHoro
3B'I3Ky 3 €NeMEHTaMH MepeXeBOi IUIONIMHU 3 METOI0 BH3HAYCHHS MUIIXY
MEpPEKEBHX MAKETIB Yepe3 MepeKeBi KOMYTaTOPH) 3 MOMEHTY IOSIBH OCTAHHBOTO B
2011 pomi. Omgrak 3 2012 poky meidl TepMiH TakOX BUKOPHUCTOBYBAIH BIACHI
cuctemu [9, 10]. lo HEX HanexaTh BiIKpuTe Mepexene cepenopuiie Cisco Systems
i matdopma BipTyamizarii mepesxi Nicira.

Jnisi aBTOMATH30BaHUX CHUCTEM CIIEIiaJbHOTO TMPH3HAYCHHS HA TaKTUYHOMY
piui 3a mpummumoM SDN Oymyrotees Mepexi tumy MANET (Mobile Ad
hoc Network). MANET — 6e3nporoBa, aeueHTpanizoBaHa, MoOiipHa IP-mepexa,
o0 3JaTHa [0 caMooprasizamii Ta 3a0e3ledye BCTAHOBJICHHS 3'€HaHb MiX
noBiutbHUMH By3namu [11]. KoskeH 3 MOOUIBHHX MPUCTPOIB TAKOI MEPEKi MOKE
HE3aJIeKHO NepecyBaTHCS y Oy/Ib-SIKUX HAIPSMKaX i, IK HACIIJOK, YaCTO PO3PUBATH
1 BCTAHOBIIIOBATH 3'€IHAHHS 3 CYCiIaMHU.

Buxomsium 3 TmuaHy po3BUTKY iH(OpMamiiHUX CHCTEM, KOMAaHJIyBaHHS
cyxonyTHux Biiicbk (CB) CILIA y paMkax BUKOHaHHS HNPOrpaMy MOJAEpHi3aLil Ta
BJIOCKOHAJICHHS ABTOMAaTH30BaHUX CUCTEM YIpaBIiHHS POBETIO
HIMPOKOMAcIITaOHI poOOTH 31 CTBOPEHHS HOBUX PYXOMHX BY3JIiB Ta 3aC001B 3B'S3KY
JUISl IEPCIIEKTHBHOT aBTOMATH30BaHOT CHCTEMH 3B'SI3KY Ha TakTHyHOMY piBHI WIN-T
(Warfighter Information Network-Tactical) [12—15]. He ocrauHi0 posib pu BUOOpI
MOJIeJTi 3aCTOCYBaHHS 3aC00iB 3B'3KY Ha TAKTUYHOMY PiBHI BIJIIrpatoTh 1 (hiHAHCOBI
MOKa3HUKH [16].

[punnun poGotu mnepcnektuBHoi ACY WIN-T cyxomytaux Bidicek CLLIA
(puc. 1).

OCHOBHI 3ycHJUIsi aMepUKaHCHKHUX (axiBI[iB OyiH 30Cepe/KeHi Ha po3poOii
pyXoMHuX (BHCOKOMOOINBHMX) By3JiB 3B's3ky (B3), komMaHgHO-IITAOHMX MAaIIWH
(KIIM) Ta KOMIUIEKTIB anapaTypH 3B'sI3KY, TAKHX SIK:

— pyxomuit Taktnaanit B3 TCN vl (Tactical Communications Node) qiist taHku
"muBi3ist — Opuraga — GaTanbioH";

— pyxomuii B3 poru SNE (Soldier Network Extension node);

— koMaHHO-Tabna Marmmaa PoP vl (Point of Presence);

— aBTOMOOIJTBHUI KOMIUIEKT arapatypu panioss'szky VWP vl (Vehicle Wireless
Package).

KpiM Toro, Benmka yBara MpUAITISETHCS CTBOPCHHIO arapaTHO-NIPOTPAMHUX
3aco0iB IS MIEHTPIB Oe3reku 3B's3ky Ta ynpaBmiaaI Mepexero (IIB3YM) NOSC
(Network Operations and Security Center).

Posrnspamuck Tineku B3 i 3a6e3nedeHHs 383Ky Y pyCl.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023



- ~."_-.L‘l: '.’:,T\ c
FOMA
ni Network Diagram
8.,
Ewgans bp
oy ' L
DOVEION TNy "~y ‘?.., L
PRGADE toty N
o YA e whe
- - " [ ~ .
q‘ F" 3 ;d rll -
) "N ot v
BATTALION
AR “' ’ thl
& e L i - i ‘ l -
“~". Ny O \h“, — .%.
COMPANY el
TOMA (2 4 My - ~ - o i

2 ~
< L L A - 8
— VT T el T
Puc. 1. ABToMaTH30BaHA CHCTEMA 3B'SI3Ky Ha TaKTHIHOMY piBHI WIN-T

Komangno-mradbna mammnaa (KIIIM) PoP vl 3abesmeuye pamiomocTym 1o
OIOpHOI mupoKocMyroBoi mepexi 3B'13ky WTN-T nuBizii (Opuranm) sik y pyci, Tak
1 Ha 3yMHMHKAX, a TAKOX CIOJyueHHs 3 TakTHaHuMEU Y KB-pamiomepexamu Opuray.

o KIIIM miepenbavaeThest ak THBHO 32/1iSITH B CUCTEMi 00 OBOTO yIIpaBIiHHS Ta
3BSI3Ky JaHku "Opuraga i Hmx4ue". BoHa moBHHHA 3a0e3redyBaTH HEOOXiTHY
CUTYyalliiHy 00i13HaHICTh Ha KOMaHJHUX IYHKTaX, a TAKOX CBOE€YACHE JIOBEICHHS
rpadiuHoi iHpopMallii, MOBiIOMIIEHb Ta OOMOBUX HaKa3iB 10 KOMaHMPIB Ta IITA01B
pi3HOTO piBHA Ta BHINOTO KoMaHayBaHHS. Kpim Toro, amapatypa 3B's3ky KIIM
MO>KE BUKOPUCTOBYBATHCS K pafiopeTpaHcIsaTop, 3a0e3neuyBaT JOCTYI Y MEPExi
TaKTUYHOI JIAHKH B 30H1 IPSIMOT BUIMMOCTI Ta 0€31I0BHE 3'€THAHHS MK Oy Ib-IKHMMHU
aboHeHTaMHM Ha 1oJi 60to.

Pyxomuii B3 poru SNE vl npusHaueHuii nist 3a0e3neUeHHS 3aKPUTOTO
CYITyTHUKOBOTO 3B'I3Ky B pyCi, 3 KOPOTKMX 3YIUHOK Ta PO3LIMPEHHS 30HH Jii
pamiomepexx OoioBoro kepyBaHHs. DakTHUHO BiH BUKOHYE (YHKIIO 0a30BOi
CTaHUI1 3B'SI3Ky y TAaKTHYHIH JaHL.

VY koxHil Opuraai Ta AWBI3ii TUIAHYETBCS MaTH Ha O30pPOEHHI OJIUH LEHTP
0e3MeKH 3B'13Ky Ta MEPEKEBUX OIEpallild BiJIIOBITHOTO PiBHS.

HB3YM Opuraau Ta muBizii 3a0€3MeUyoTh:

— IJIaHyBaHHS, OpraHi3alilo, YIPaBIiHHS Ta KOHTPOJIb (PYHKIIOHYBAaHHS MEPEX,
a TaKOX aHai3 Ta 3MiHy 1X KOH(ITrypaIii Ta mpoIrycKHOI CIPOMOKHOCTI;

— BU3HAYECHHS 30H Jii (€JIeKTPOMAarHiTHOi JOCTYMHOCTi) 3aco0iB paaio- Ta
paniopeieiiHoOTo 3B'13Ky, 110 BXOIATH A0 ckiany B3;

— YOpaBIiHHA Ta KOHTpPOJNb  iHQopMmariiiHoi Oe3lekn B JIOKAIBHO
obuncmoBagbHUX Mepexax (JIOM);

— pO3MOALN CHEKTpa pafioyacToT AJIS BCIX THUIIB paaioniepeaaloynx MpUCTPOiB
Ta YIpaBJIiHHSA IepelaBadyaMy 0€3IpOTOBUX JIOKAIBHUX MEPEXK;

— poboTy i3 cUCTeMaMK MIKU(PPYBAHHS 3 BIIKPUTHUMH Ta 3aKPUTUMH KIFOYaMH,
a TaKOX PO3MOJiT IIU(PY KITFOUIB.
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3a TakuM IPUHLUIIOM OYIY€ThCsS IEPCIEKTUBHA ABTOMAaTH30BaHa CHCTEMa
3B'A3KYy Ha TakTHuHOMY piBHI WIN-T.

Takum 4MHOM, HA TyMKY aMEPUKaHCHKUX (axiBLiB, PO3ropTaHHS B CyXOIyTHUX
Biiicbkax CHIA cucTemu 3B'I3Ky HOBOTO MOKOJNIHHA Y JIaHII "poTa — OaranbiioHn —
Opurama" mpu3BeAe 10 3HAYHOTO TIABUINCHHS OOMOBHX MOMIIMBOCTCH 1
MaHEBPEHOCTI BIMCHK, & TaKOX 30UIbIICHHS MPOMYCKHOI CIPOMOXKHOCTI 3B'S3KY
B TAKTUYHIN JIAHIII.

Merta gociinkeHb

OCHOBHHMM HEJIOTIKOM BUKOPUCTaHHS ITMPOKOCMYTOBOI CUCTEMH Paslio3B’sI3Ky €
i1 HeCTiliKiCcTh MPH poOOTI 3aCO0IB pagioeIEKTPOHHOT OOPOTHOU.

CamMuM 3aBafOCTIKKUM 3aCO00M pafio3B’si3Ky 3anumraeThest Y KX-pamio3s's3ok
B PEXHMIi NICEBJOBUIAIKOBOTO TepenamTyBaHas pobouoi yactoru [TTTPY.

Y upomy BUNAAKY IS iH(GOpMAaIiHHONO OOMIHY B aBTOMAaTU30BaHUX CHUCTEMax
ympainiaas (ACY) 30poWHUX CHI BHUKOPHCTOBYIOTHCS TOBIIOMIICHHS: HaKasH,
JOTIOBiAl (TATBEPIKEHHS TIPO OJIepXKaHHsS Haka3iB, TOHECEHHS MPO BHKOHAHHS
HakasziB), iHpOpMalIlis PO CTaH BUKOHABYUX OPraHiB i CHUJI, PO HASBHICTH 3amaciB
pecypciB cneriansHOro (30posi, BiiCbKOBa TEXHiKa, 3acCO0M pagio3B’s3Ky) i
3arajpHOTO (TIAMIMBHO-MACTHIIBHI MaTepialid, MaTepiand, MaiHO) MPU3HAYEHHS,
ciy:x00Ba iHpopMallis PO CTaH BY3MIIB 1 JiHIN pamio3s’si3ky Tomio [17-24].
T.a. YKX-panioss'sizok B pexxumi IIITPYU mae HU3BKY NpOIYCKHY 3AaTHICTB, TO
Tpeba BUKOPHUCTOBYBATH JIOIATKOBI 3aXOH JUIS YCIIIITHOI TIepeaadi MOBiTOMIICHb.

ToMy, MeTol JaHOI CTaTTi € pO3B’sA3aHHS 3a7ayi ONTUMI3aIlil cepBicy
TPaHCHOPTY MOBIIOMJICHB, SIKUH € OMHUM 3 0a30BHX JJIsl aBTOMAaTH30BaHUX CHCTEM
CHELiabHOTO IPU3HAYEHHS.

2. PE3VJIBTATHU JOCJIIIXKXEHDb

OmvH 3 OCHOBHHX CEpBICIB JUIS aBTOMATH30BAHUX CHUCTEM YIPABIIHHS IS
00l0BUX /il HA TAKTUYHOMY piBHi, SIKWH BUMarae HalO1IbII01 3aBa0CTIHKOCTI IPH
3ajJjaHii e)eKTUBHOCTI, € CEPBIC TPAHCIIOPTY MOBiJOMIICHb.

PosrissHeMo cTpyKTypHI JiarpaMu OOMiHY MOBiIOMIIEHB /ISl Pi3HUX BapiaHTiB
no0OymoBu pagiomepexi Tury MANET.

2.1 CTpykTypHa Aiarpama o0MiHy MOBiIOMJIeHHSIMH B po3pi3i oqnoro APM

Bunnkae mpobimema mnpu po3poOlli MpOrpamMHOrO 3a0e3NeveHHs BiTHOCHO
MOCWUJIaHb Ha CepBiC TPAHCIOPTY MOBIIOMJIEHb. BuHUKae ckiagHa 3agada
BUKOPHUCTAHHS PI3HUX TEXHOIOTIH MPH 3aCTOCYBaHHI PI3HUX PajlioOMEpex.

Tomy, ans moainy 3aja4 MPUKIAIHOTO MPOrpaMyBaHHS 1 3ajadi TPaHCIOPTY
noBiloMJieHb Oyna oOpaHa apxXiTeKTypa, SIka BUKOPHUCTOBYE 3arajlbHy IIWHY JUISA
OOMiHY MK pi3HUMH piBHSAMH. TOOTO TpPH HEOOXITHOCTI y Takili apXiTeKTypi
MOKEMO TPOrpaMyBaTH 1 MIHITH MOJYJI Ha OKpeMOMY PiBHI 0e3 mepenucyBaHHs
MPOTPaMHOrO 3a0€3MeUYeHHs 1HIIOTO PiBHSL.

Hanpukman, MOXIMBO 3aMiHUTH  TpPAHCIOPT JJs  TOBIOMJIEHb  MIX
aBTOMAaTH30BaHUMU pobounmmu MicusmMu (APM) 3 brokercentric MQTT Ha
brokerless ZeroMQ, He wmiHAtouM npukiaaHi mporpaMu. | HaBHakW, MOXHa,
Hampukian, nomiHstu Java-backend wa Go-backend, we mnepepobGroroun
3a0e3nedYeHAs] Ha PiBHI Mepexi. [HIMWMM NpuKiIagoM MoKe OyTH Iepexim Bil
BukopucTtauus mpotokoniB TCP/IP un UDP 6e3 mepemnmcyBaHHS IPOrPaMHOTO
3a0e3NeueHHs.
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MQTT B siKOCTI 3araibHOI BHYTPIIIHBOI ITUHU 00paHO 332 TAKUMHU (PaKTOpPaMH:

® IIMPOKO PO3MOBCIOKEHUH MMPOTOKON 3 KOHHEKTOPAMH TPAKTUYHO 110 Oy/b-
SIKOi 010J1i0TeKH 9u COPTY;

® BHKOPHCTOBY€E apxiTeKTypy public-subscribe, He nmpus’s3anuii 10 popmary
moBimomieHs (data-agnostic);

® BUKODHCTaHHS MPOTOKONY Ta 1 caM MPOTOKOJ JOCTaTHBO JIETKHH IO
BiTHOIIIEHHIO JI0 PECYPCiB;

® i caMe roJIoBHE — IPU HEOOX1THOCTI € MOKJIMBICTh MEPEKII0YaTH KITi€HTCHKI
KOHHEKTH 3 BHYTPIIIHHO-KOMIT IOTEPHUX Ha 30BHIITHbO-MEPEKeBi 0€3 CTPYKTYPHHUX
3MiH.

Ha pucynky 2 HaBeneHa cxema Takoro OOMiHy depes 3arajibHy IIHHY.

HacrymHoro 3amadero € CTpyKTYpHi JiarpaMu oOMiHY TOBiTOMIIEHb Y PO3pisi
OJTHOTO Ta JICKIJIBbKOX JOMEHIB.

O6miH nosigomaeHHAMM Ta yeprysaHHa (MQ):
¢dparmeHT APM

APM
Doparox

Frontend
Go backend
Java hackend
etc.

BHYTpilWHIA i 308HIWHIK MQ

Protocol: MQTT
topics: flocal, /core, /prostir, fcis, etc.

3arancHa BHYTPILWHA WKHA

MQTT - Mosquitto

External MQ

Protocol: MQTT
topics: fcore, /prostir, /cis, etc.

MepeKeBuid TpaHCnopT
Mepexa MQ
MQTT - Mosquitto Protocols: MQTT, MQTT-SN, ZeroMQ, etc.
MQTT-SN - RSMB

ZeroMQ. - Zyre

Puc. 2. Cxema 0OMiHy uepe3 3arajibHy OIHHY

2.2 CrpykTypHa aiarpamMa o0OMiHY NOBiIOMJICHHSMHM B PO3pi3i 0IHOro
JAOMeHy

PosrnstHeMo nexinbpka TUTIB 00MiHY OBIJOMJICHHSIMH B paMKaX OJIHOTO JOMEHY.
Posmonin 3a Tumamu opranizarii oOMiHYy: cHCTeMa 3 IIEHTPAJILHUM OpOKEpOM
i cuctemu 0e3 BuAieHOro Opokepy. | apyruii po3monin — oOMiH MOBIIOMIICHHSIMH
Peer-to-Peer (P2P, 3a3zBuuait TCP unicast) abo >k One-to-Many (3a3Bu4ait e UDP
multicast). Ha pucynky 3 HaBeaeHi qiarpamu BiOBIIHO /10 TAaKHX THIIB OOMIHY:
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e A: Broker-centric + Peer-to-Peer;
e B: Broker-less + Peer-To-Peer;
e C: Broker-less + One-to-Many.
O6miH nogigomneHHAMU Ta yepryeaHHa (MQ): cermeHT fomeHy

BapianT A — moaenb, opieHToBaHa Ha Bpokep

APM-M

/-P

% APMN

APM3

Bpokep

APM2

APM1

BapiaHT B — 6e3 6poKepis i P2P (oaHOpaHrosuii)

APM2
APM3

APM4

APMS5

APM-N

APM1
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BapianT C — Bes bpokepa Ta baratoagpecHa nepegava (oguH a0

baratbox)
APM2
APM3
APMA
APMS
APM-N

APM1
Q6miH nosigomneHHaMM Yepes UDP multicast

Puc. 3. [liarpamu BigmoBigHO 10 Takux TumiB obminy: A: Broker-centric + Peer-to-Peer;
B: Broker-less + Peer-To-Peer; C: Broker-less + One-to-Many

Crig BigMITUTH, III0 HEMAE OJHOTO €AMHOTO TUITy 0OMiHYy, HAHKPAIIOro B yCiX
BUTAJIKAX, — TIPH JISSKUX Ma0oHax poOOTH Kpalle BUKOPUCTOBYBATH, HAITPUKIIA],
p2p oOmiH, B iHmmx — mMmulticast poscuiky. ToMy, MOXIHBO, IO B JESKUX
3aCTOCYBaHHSX ONTHMAILHUM € BAKOPUCTAHHS IBOX THIIIB B paMKax OJHI€l Moieri.

Peaizaniisi, ska BUKOPUCTOBYETHCS HaWdacTille, — MOJEIb 3 LEHTPAILHUM
OpOKEpOM 1 PO3CHIIKOIO MOBIJOMJICHb OJIMH-BCIM B YCiX BUMNaAkax. Taka MOZCTb
3aCTOCOBYETBCS [UIsl peanizaiii GpyHkuil «3aranpHa oneparuBHa kaptuHa» (COP —
A common operational picture). COP — me eauHe iIeHTHYHE BimOOpasKCHHS
BiJNOBIZHOT (omepaTUBHOI) iHpopMallii (HANpUKIaJ, TO3UIT BIACHUX BICBK Ta
BOPOXKHX BIHCBK, IMO3MIIT Ta CTaTyCy Ba)JIMBOI iHPPACTPYKTYpH, TAKHX SIK MOCTH,
JIOPOTH TOIIO), IO JUTHTHCS OLTBII HiX oftHier0 KomaHoro. COP cripusie ciinbHOMY
IUTAHYBAaHHIO Ta KOMOIHOBAaHOMY BHKOHAHHIO Ta JIOTIOMAara€e BCIM €IIeJOHaM JUIs
JIOCSITHEHHsI CHTYaIliitHoi 00i3HaHoCTi [25-32].

2.3 CrpykrypHa pgiarpama o0MiHy NOBiZOMJIEHHSIMH B  po3pisi
IHTEPKOHHEKTY Mik JTOMEeHAMH

B ckmagHMx cucremax cepBiC TpPaHCIOPTY IOBIIOMIIEHb MPOCKTYEThCS 3
BUKOPHUCTAHHSM JIEKIJIBKOX TOMEHIB, SIKi ALIATHCS 38 QYHKLIIOHATBHUM IIPHHIUIIOM
(po3BinKa, apTHIIEpist, CyXOIyTHI MiPO3IIH 1 T.I1.).

Buxozasium 3 CyTHOCTI iHTEpKOHHEKTY, 1ie 3a3Buyaii P2P 3'ennanns (Peer-to-
Peer). BigmoBigHo — HalOimbII MPUPOJHO Ha TakOMy 3’€lHaHHI BHUTIIsIae P2P
OpHUIK MK OpOKEepamH.

Hanpukman, Ha pucyHKy 4 HaBeIEHO JliarpaMy TaKOTO 3 €THAHHS MIiX JBOMa
JToMeHaMu pi3zHoro tuiy (Mixk Peer-to-Peer Ta One-to-Many noMenamm).

2.4 AITOpUTM ONTUMAJIBHOT0 MAPLIPYTY Nepeaayi noBiqoMIeHHS

Jns mepenadi «moBiToMiIeHb» (HakasiB) 3 BUIIOI KaTEropi€lo TEPMiHOBOCTI B
iHQopMaIifHUX CHCTEMax CHCIIbHOTO TPU3HAYCHHS BHKOPHUCTOBYETHCS
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ANTOPUTM IHUPKYIIAPHOI Mepenadi («XBUJIS»), IPU I[bOMY TTOBIJOMIICHHS BHIAETHCA
Bif aOoHeHTa B yci JiHii pagio3B’d3Ky OJHOYACHO 1 PO3MOBCIOIKYETHCS IO
TenekoMyHikamiiHii Mepexi (TM) mo ycix MOMXIMBUX MapmipyTax — (QYHKLis
«3aranpHa oneparuBHa kaptuna» (COP — A common operational picture).

06miH noeigomaeHHaMM Ta uepri (MQ): midkaomeHHMli 3piz

P2P (peer-to-Peer) 3'eaHanna

HomeH A

i
i

i

1

1

;

;

i

APM 2a :
APM 3a i
i

;

i

i

1

;

i

;

1

i

APM 4b

APM da APM 5b

g}

APM Na

APM Nb

APM 1a APM 1b

\

v
'
1
'
'
'
|
'
|
'
|
'
|
|
|
'
|
|
1
|
'
'
'
|
|
|

Puc. 4. [liarpama 3'eqHaHHS MiXK IBOMa JJOMEHaMH pi3HOTO TUMY (Mixk Peer-to-Peer Ta One-
to-Many momenamm)

[epeBaramMu «XBUIIBOBOTO» AITOPUTMY TIepeiadi € HACTYIIHi:

— JIOBEJICHHS MOBIJIOMJICHHS 710 a0OHEHTa-OJepKyBaya 3a MiHIMAJIbHHUN Yac
(OCKLUTBKH OJTMH 13 TOBHOT MHO>KMHHU MapIIPYTiB 3aBXKIN € ONTHMAIHHIM );

— BUCOKAa HAIiMHICTH JOBEIEHHS TOBIIOMIIEHHS, IO BH3HAYA€THCS
IMOBIpHICTIO 34aTHOT'O CTaHy X04a O OJJHOTO 3 MOBHOT MHOYKHHH MaplIPYTiB;

— BIACYTHICTH HEOOXimHOCTI 300py ciyx)00Boi iH(popmMamii mpo cTaH miHii
panio3B’si3Ky 1 BUpILICHHs 331241 YIIPaBIiHHS PyXOM MOBigoMiIeHHs o TM.

Ane mUpKyJsipHA Ieperada IOBIJOMIIEHHS INPHUBOAWUTH A0 MaKCUMaJIbHOTO
3aBaHTaKeHHA TM €TMHUM HOBiJOMIICHHSIM.

ToMy, pO3TIsSHEMO aQITOPHTM YHPABIIHHS II0J0 BHOOPY ONTHUMAIHLHOTO
MapIIpyTy nepenadi MoBiJJOMJICHHS B KOHKpETHHI MOMEHT 4acy [33-36].

Hexait s TM Bigoma MaTpuus cepelHbOro yacy 7 nepefadi 1 moBiJOMIIEHHS
(maketa) 1o KOXKHIM JIHIT pajio3s’s3Ky, ToOTO MK N cymikHuME Bysnamu (d;,d;)

T = (1)

nxn

Jlns nepeznavi MoBiIOMIEHHS MiXK aOOHEHTaMH (a,,a, ) AaHoi TM na MHOXuHI
MOMKJIUBUX «yIpaBiiiaby {U} (111010 CKJIaJaHHsS MapIIpyTy paaio3B’s3Ky), KOKHE 3
KOTpHX € BekTop — anmor K = N—1 nyr-niuiii panioss’ssky mix (a,,a, ) MaTpui

CYMDKHOCTI BepIIMH-BY37iB TM

U:‘u 2

-~ ,
Ullnxn
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1e Uij — BUOpaHa JIiHist paaio3s’s13ky Ha K-i MUIBHUII MapumipyTy, «IpHIaTHa» s
HasBHOI CTPYKTYpu TM, noTpiOHO 3HAWTH Take (ONTUMAaJIbHE) yIpaBIiHHA (CKIACTH
MapIipyT)

U° =|ugf, U ={uU ©)

P SIKOMY BUTpaTH 4acy Ha Tepeady MOBiJIOMIICHHS MiX JaHUMH aOOHCHTaMHU
MIHIMaJIBHI

T(a,,a,U°%)= mlnT(U)— > z(ug)- (4)

ujcu®

e — 3a0aua ounamiuno2o npoepamysants 3 AOUMueHoW QYHKYie egexmy.
OyHKIiOHANBHE pIBHSAHHS bennmana uist erarmry yYMOBHOI  ONTHMi3arlii,
aanToBaHe JUISl IAHOI 3a/1a4i, Ma€ BUIJIS —

T (A ,u0) = mm{ (A9 U )+ T (D 0 )} k=sr,  (5)

ne d{*),d**Y)— cymixkui Bysnu panioss’s3Ky 1 K- QinsHKM MapuipyTy;
T,.T.,, — «moTeHmiamm» (piBeHb edeKTy) CyMiKHUX BY3IIB pamio3B’ssky amsd K-i
JUISTHKA MapIupyTy;

— YMOBHE ONTUMAJIbHE YIIPABIIHHS U151 K-1 AUISHKH MapIipyTy.

Axmo gans TM Bioma MaTpuIlsl iMOBIPHOCTI HE3aHSATOCTI JIIHINA pajio3B’si3Ky
MDK CYMIKHUMH BY3J1aMH —

(6)

P=|p,

1
nxn

TO CKJIQ/IAHHSI MaplIPYTy 3 MAKCUMAaIBHOIO IMOBIPHICTIO IOTO HE3aHSTOCTI OTpedye
HOIIYKY TAKOTO (OMTUMAITBHOTO TI0 JAHOMY KpUTepito) yrpasiinds U°, mpu KoTpoMy

P(a,,a,U°)=max P(U) = T py(ui)- (")

ujcu’

Ue — 3a0aua ounamiunozo npozpamyanHs 3 MYIbMUNIIKAMUGHOI DYHKYIEN
epexmy. DyHKUiOHATIbHE PIBHAHHS bennMmana ais eTtamy yMOBHOI ONTHMI3aii,
aJIanToBaHe JIsl IAHOT 3a/1a4i, Ma€ BUTIIS] —

R.(d*) uf)= %%{pij(di(“,uij )% B2 (A g )}, K=s,, (8)

O ) o .o, e .
Ae d{k) d(k+D— CyMIKH1 BY3JIH PaJ103B 3Ky AJIA K-i mifstHKY MapIipyTy;
PP, — «HOTeHUiann» (piBeHb e(eKTy) CyMiXKHUX By3IiB pajiio3B’si3Ky Juis K-i
JUISTHKA MapIupyTy;

— YMOBHE ONTHUMAJIbHE YIPaBIiHHS (HAMPIMOK) [uist K-T TUISTHKH MapIipyTy.

AJTOpUTMH TUHAMIYHOTO YIpPAaBIiHHA IMOTOKaMH iHpopMamii € HaHOiIbII
e(eKTHUBHUMH IIPU BpaxyBaHHI SIK IMOBIPHOCTI 3aHATOCTI JHIA paaio3B’ 3Ky, TaK i
ix ¢akTHyHOrO CTaHY JUIA CKJIQJaHHSA HAHKOPOTIIOTO 3a TEPMIHOBICTIO YU
JOCTaTHBOTO 32 MPOITYCKHOI0 CIPOMOKHICTIO MAapUIPyTy MiXK aOOHEHTaMH.
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3. BUCHOBKHU TA NIEPCIHEKTUBHU MTOJAJIBIINX TOCILI)KEHb

3a 0CHOBY MOOYAOBU CHUCTEM CIIEIiaTbHOTO Mpu3HaueHHs B3aTa Moxeins HATO
MEpEeKELEHTPUYHOI TpaHchopMalii aBTOMATH30BAHMX CHCTEM YMpPaBIiHHS Ta
3B’SI3KY.

[IpoBeneHo aHami3 pO3BUTKY IHPOPMAIIMHUX CHCTEM B pPaMKaX BHUKOHAHHS
MpOrpaMu MOJIEPHi3alii Ta BJOCKOHAIEHHS aBTOMATH30BAaHUX CHUCTEM YITPABIIIHHS.
3a 11i€r0 IPOrpaMoro MPOBENICHO IMUPOKOMAcIITaOHI poOOTH 31 CTBOPEHHS HOBHX
PYXOMHX BY3JIB Ta 3aC00iB 3B'SI3KY JUIA MEPCIIEKTUBHOI aBTOMATH30BaHOI CHCTEMHU
3B's13Ky Ha TakTHaHOMY piBHI Warfighter Information Network-Tactical.

[IponioHyeTbCA A7l ABTOMATU30BaHUX CUCTEM CIEIiajJbHOTO MPU3HAYCHHS Ha
TaKTUYHOMY piBHI BHKOPHUCTOBYBAaTH OE€3JpOTOBi, JEIEHTpalli3oBaHi, MOOITBHI
IP-mepesxi Tuimy MANET (Mobile Ad hoc Network).

1. OcHoBHUM ejeMeHTOM iH¢popMaliiHOro oOMiHY B aBTOMAaTH30BaHUX
cucTeMax ympaBliHHS 30pOHHHMX CHJ Ha TaKTUYHOMY DiBHI BH3HAYEHO IMepeady
MIOB1IOMJICHb.

2. PosrmsHyTO cepBic 0OMiHY MOBiIOMIIEHBP B po3pi3i: ogHoro APM, omHOTO
JOMEHY Ta IHTEPKOHHEKTY MiX TOMEHAMH.

3. BuzHaueHi alropuTMu HUPKYJSIPHOI Mepeadi Juisl MOBiIOMJICHD (HaKa3iB) 3
BHIIOI0 KaTETOPIi€0 TEPMIHOBOCTI.

4. Hapauwii anropuTM YHOpaBIiHHS HIOAO BHOOPY ONTHMAIBHOTO MapIIpyTy
nepeaayi MoBiJOMIICHHS, IPH SIKOMY BUTPATH Yacy Ha Nepeaady MoBiIOMIICHHS MiX
a0OHEeHTaMH MiHIMaJbHI (3a/a4a JWHAMIYHOTO NPOTPaMyBaHHS 3 aJUTHBHOIO
¢byHKIiEO edekTy).

5. @dyHkiioHankHe piBHAHHA bennmana ans eramy yMOBHOI ONTHMi3arii
aJlanToBaHe JUIS JAHOT 3a/1a4i.

6. Pobotn Oyne mMpoaOBXKEHO M PI3HUX YHCENbHUX NPHKIAAIB BHOOpY
ONITUMAJILHUX MapUIPYTiB pajioMepexi.

CIIUCOK JIITEPATYPU

1. Hapmma, C., & Koxanos, 0. (2010). KoHmenmuu ceTeneHTPUIESCKOTO OOEBOTO
ynpasnenust BC CHIA, Benukxo6putannn u OBC HATO. O6mee u pasmuuma. URL:
http://factmil.com/publ/strana/velikobritanija/koncepcii_setecentricheskogo_boevogo_upra
vlenija_vs_ssha_velikobritanii_i_ovs_nato_obshhee_i_razlichija_2010/9-1-0-420.

2. Josruii, C.O., & Komiiika, O.B. (2001). ABromarn3oBaHa cucTeMa JJIsl MiJTPUMKH
NPUIHATTS pillieHb pH JiikBifauii Hacuiakis aBapii Ha YAEC. K.: Hayk. nymka, 211-266.
3. Hoeruii, C.A.(2001). HoBble TEXHOJOIMH B TEJIEKOMMYHHKAI[MH: BBIOOD
TEXHOJIOTUUECKOH apXuTeKTypbl. CoBpeMeHHbIe TeHIeHInH pa3BuThs. K.: Ykprenekom.

4. Kometika, O.B. (2013). CeTeBble ciry>KObI 1 CITy>KOBI CETEBBIX YCTPOMCTB B JJaTa-IEHTPaX.
Cucremu ynpaBiliHHS, HaBiramii Ta 38’s13Ky: HayKoBe nepioanyne BunanHs, Ne4(28), 98-104.
5. Hosruii, C. (2000). CraH Ta nmpobieMu po3BUTKY TeJIeKOMYHIKaliiHOT Mepexi YKpaiHu.
Hayxka Ta HayKO3HaBCTBO.

6. Benzekki, Kamal, & El Fergougui, Abdeslam, & Elbelrhiti Elalaoui, Abdelbaki (2016).
Software-defined networking (SDN): A survey. Security and Communication Networks,
9 (18): 5803-5833. d0i:10.1002/sec.1737.

7. Montazerolghaem, Ahmadreza (2020). Software-defined load-balanced data center:
design, implementation and performance analysis. Cluster Computing, 24 (2), 591-610,
doi:10.1007/s10586-020-03134-x. ISSN 1386-7857. S2CID 220490312.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023


https://scholar.google.ru/scholar?oi=bibs&cluster=3036362814198524355&btnI=1&hl=ru
https://scholar.google.ru/scholar?oi=bibs&cluster=3036362814198524355&btnI=1&hl=ru
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fsec.1737
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs10586-020-03134-x
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1386-7857
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:220490312

8. Montazerolghaem, Ahmadreza (2021). Software-defined Internet of Multimedia Things:
Energy-efficient and Load-balanced Resource Management. IEEE Internet of Things
Journal, 9 (3): 2432-2442. d0i:10.1109/J10T.2021.3095237. ISSN 2327-4662.
S2CID 237801052.

9. Software-defined networking is not OpenFlow, companies proclaim. (2022). URL:
searchsdn.techtarget.com.

10. INCNTRE's OpenFlow SDN testing lab works toward certified SDN product. (2022).
URL.: https://www.techtarget.com/news/.

11.Cmocap, B.M. (2008). Boennast cBsizp ctpan HATO: mnpoGnembl COBpeMEHHBIX
TexHonoruil. dnexkmponuxa: Hayxa, Texnonoeus, bBusnec. Ne 4, 66—71.

12.URL: https://gdmissionsystems.com/communications/warfighter-information-network-
tactical.

13. URL: https://en.wikipedia.org/wiki/PM_WIN-T.

14. Warfighter Information Network-Tactical (WIN-T). (2012). URL.:
https://peoc3t.army.mil/wint/index.php.

15. Army tactical communication network organization reflects on its rich history. The
United States  Army. (2012). Army.mil. Retrieved 2012-10-14. URL.:
https://www.army.mil/article/78284/.

16. Barabash, O., Open'ko, P., Kopiika, O., Shevchenko, H., & Dakhno, N. (2019). Target
Programming with Multicriterial Restrictions Application to the Defense Budget
Optimization. Advances  in  Military  Technology, 14, no. 2, 213-229.
DOI: 10.3849/aimt.01291.

17.Choi, M.-J., Ju, H.-T., Hong, J. W.-K., & Yun, D.-S. (2008). Design and Implementation
of Web Services-based NGOSS Technology Specific Architecture, Annals of Telecom-
munications. Special Issue on “Next Generation Network and Service Management”,
Vol. 63, No. 3-4, April 2008, pp. 195-206.

18. Kopeika, O., Tarasenko, I., Kisselevskiy, A., Karichenskiy, A. & Valiulin, T. (2007).
Softline applies TMF standards as a guide when building Resource Inventory solution for
nation-wide carrier Ukraine Telecom. TM Forum Case Study Handbook, Volume 3.

19. Bosommns, O. @. & Mamenko, C. O. (2010). Mogeni Ta MeToIu TPUHHSTTS PIlICHb.
Hapu. moci6. m1st cTya. BHII. HaBY. 3aKi., 2-T€ BHI., Tepepo0. Ta gonos., K. : BunaBauyo-
nojirpagiunuii uentp "KuiBcbkuit yHiBepcuret".

20. Josruit, C.0. (2001). ITpuBatu3aiiis, iHBeCTHIIIT Ta POHIOBUI PUHOK: ITPABOBI 3acau Ta
npaktuka. Y 4 1., BigkpuTe akiioHepHe TOBapHCTBO « YKpTenekom», K.: Ykprenexom.
21.Rubinstein, A. (2013). Lecture Notes in Microeconomic Theory. 2nd., Princeton
University Press, ISBN 978-0-691-15413-8.

22.Komeiika, O. B. (2014). Apxurekrypa cucteMsl ympasieans UT-uadpacTpykrypoii B
coBpeMeHHBIX /Jlara-neHTpax. HaykoBi 3ammcknm YKpaiHCBKOTO HayKOBO-JOCIHiIHOTO
iHCTUTYTY 3B 513Ky, Ne 29, 29-37.

23.Choi, M.-J.,, & Hong, JW.-K. (2007). Towards Management of Next Generation
Networks. IEICE Transaction Communications E Series B, Vol. 90., No. 11, 3004-3014.
24. banamos, B.A., Komumiika, O.B., Jlsxoeukwii, .M. (2005) VDSL — Ommxaiimee
Oyayuiee muppoBOro abOHEHTCKOro 1ocTymna. 385130k, Ne 4, 10-16.

25.P 1-02, DOD Dictionary of Military and Associated Terms (2001). As amended through
17 October 2008."Archived copy" (PDF).

26. URL.: https://www.dhs.gov/sites/default/files/publications/CommonOpER_HLT _ 0908-
508.pdf.

27.URL: https://constanttech.com/what-a-common-operating-picture-means-for-mission-
critical/.

28. Kristine Steen-Tveit & Bjorn Erik Munkvold (2021). From common operational picture
to common situational understanding. An analysis based on practitioner perspectives. Safety
Science. Volume 142, October 2021, 105381. URL: https://doi.org/10.1016/j.ssci.
2021.105381.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023


https://ieeexplore.ieee.org/document/9475487
https://ieeexplore.ieee.org/document/9475487
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1109%2FJIOT.2021.3095237
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/2327-4662
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:237801052
http://searchsdn.techtarget.com/news/2240158633/Software-defined-networking-is-not-OpenFlow-companies-proclaim
http://searchsdn.techtarget.com/guides/Guide-OpenFlow-SDN-not-the-only-show-in-town-for-vendors
https://www.techtarget.com/news/
https://gdmissionsystems.com/communications/warfighter-information-network-tactical
https://gdmissionsystems.com/communications/warfighter-information-network-tactical
http://www.army.mil/article/78284/
http://www.army.mil/article/78284/
https://doi.org/10.3849/aimt.01291
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/9780691154138
https://web.archive.org/web/20081123014953/http:/www.dtic.mil/doctrine/jel/new_pubs/jp1_02.pdf
https://www.dhs.gov/sites/default/files/publications/CommonOpER_HLT_%200908-508.pdf
https://www.dhs.gov/sites/default/files/publications/CommonOpER_HLT_%200908-508.pdf
https://constanttech.com/what-a-common-operating-picture-means-for-mission-critical/
https://constanttech.com/what-a-common-operating-picture-means-for-mission-critical/
https://www.sciencedirect.com/journal/safety-science
https://www.sciencedirect.com/journal/safety-science
https://www.sciencedirect.com/journal/safety-science/vol/142/suppl/C

29.Kumsap, C., Mungkung, V., Amatacheewa, |. & Thanasomboon, A. (2018).
Conceptualization of Military’s Common Operation Picture for the Enhancement of Disaster
Preparedness and Response during Emergency and Communication Blackout. Procedia
Engineering 212, 1241-1248.

30. Lelardeux, C.P., Panzoli, D., Lubrano, V., Minville, V., Lagarrigue, P. & Jessel, J.-P.
(2017). Communication system and team situation awareness in a multiplayer real-time
learning environment: application to a virtual operating room. The Visual Computer 33 (4),
489-515.

31. Munkvold, B. E., Radianti, J., Red, J. K., Opach, T., Snaprud, M., Pilemalm, S., &
Bunker, D. (2019). Sharing Incident and Threat Information for Common Situational
Understanding. Proceedings of the 16th ISCRAM Conference Spain.

32.Steen-Tveit, K. (2020). ldentifying Information Requirements for Improving the
Common Operational Picture in Multi-Agency Operations. Proceedings of the 17th ISCRAM
Conference, Virginia.

33. CrexkJios, B.K. (2006). Teopist enextpuanoro 38’s3Ky. [linpyaank nns BH3, K.: Texwnika.
34.CrexnoB, B.K., bepkman, JLH. & Kimpunmpkwii, €.B. (2004). Onrumizamis Tta
MOJICITIOBAHHS IPUCTPOIB 1 cucteM 3B’ s13Ky. [linpyu. s Bum. HaBd. 3aki., K.: TexHika.
35. bepkman, JI.H. (2014). TeopeTn4Hi OCHOBH METOJOJOTII CHHTe3y iH(pOpMAIiiHO-
KOMYHIKaIlitHuX cucteM. TenexoMyHikamiiHi Ta iHpopMamiiHi TexHomorii, Ned, C. 12-20.
36. Crexinos, B.K. & Bepkman, JI.H. (2002). [IpoexTyBaHHs TeleKOMyHIKaliiHUX MEpEX.
Migpyunuk st BH3, K. : Texnika, ISBN 966-575-070-4.

Cmamms naditiuna 0o pedakyii 23.11.2022 i npuunsma 00 OpyKy nicisa peyeH3yeauHs
14.02.2023

REFERENCES

1. Parshin, S. & Kozhanov, Yu. (2010). Concepts of network-centric combat control of the
US Armed Forces, Great Britain and NATO Allied Forces. Common and Differences.
Retrieved from: http://factmil.com/publ/strana/velikobritanija/koncepcii_setecentricheskogo
boevogo_upravlenija_vs_ssha_velikobritanii_i_ovs_nato_obshhee_i_razlichija_2010/9-1-
0-420 [in Russian].

2. Dovgiy, S. O., & Kopiika, O. V. (1996). Automated system for the process of taking
decisions during the liquidation of the inheritance of an accident at the CNPP. K.: VPC
TYRAG [in Ukrainian].

3. Dovgiy, S.0O. (2001). New technologies in telecommunications: the choice of
technological architecture, Modern development trends. Kyiv: Ukrtelecom [in Russian].

4. Kopiika, O. V. (2013). Network services and network device services in Data Centers.
Control, navigation and communication systems, 4 (28), 98-104 [in Russian].

5. Dovgyi, S. (2000). The state and problems of the development of the telecommunications
network of Ukraine. Science and scientific studies [in Ukrainian].

6. Benzekki, Kamal, & El Fergougui, Abdeslam, & Elbelrhiti Elalaoui, Abdelbaki (2016).
Software-defined networking (SDN): A survey. Security and Communication Networks,
9 (18): 5803-5833. https://doi.org/10.1002/sec.1737.

7. Montazerolghaem, Ahmadreza (2020). Software-defined load-balanced data center:
design, implementation and performance analysis. Cluster Computing, 24 (2), 591-610.
https://doi.org/10.1007/s10586-020-03134-x.

8. Montazerolghaem, Ahmadreza (2021). Software-defined Internet of Multimedia Things:
Energy-efficient and Load-balanced Resource Management. IEEE Internet of Things
Journal, 9 (3): 2432-2442. https://doi.org/10.1109/J10T.2021.3095237. ISSN 2327-4662.
S2CID 237801052.

9. Software-defined networking is not OpenFlow, companies proclaim. (2022). Retrieved
from: searchsdn.techtarget.com.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023


https://doi.org/10.1002%2Fsec.1737
https://doi.org/10.1007%2Fs10586-020-03134-x
https://ieeexplore.ieee.org/document/9475487
https://ieeexplore.ieee.org/document/9475487
https://doi.org/10.1109%2FJIOT.2021.3095237
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/2327-4662
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:237801052
http://searchsdn.techtarget.com/news/2240158633/Software-defined-networking-is-not-OpenFlow-companies-proclaim

10. INCNTRE's OpenFlow SDN testing lab works toward certified SDN product. (2022).
Retrieved from: https://www.techtarget.com/news/.

11. Slyusar, V. 1. (2008). Military communication of NATO countries: problems of modern
technologies. Electronics: Science, Technology, Business, Ne 4, 6671 [in Russian].

12. Retrieved from: https://gdmissionsystems.com/communications/warfighter-information-
network-tactical.

13. Retrieved from: https://en.wikipedia.org/wiki/PM_WIN-T.

14. Warfighter Information Network-Tactical (WIN-T). (2012). Retrieved from:
https://peoc3t.army.mil/wint/index.php.

15. Army tactical communication network organization reflects on its rich history. The
United  States  Army. (2012). Army.mil.  Retrieved 2012-10-14  from:
https://www.army.mil/article/78284/.

16. Barabash, O., Open'ko, P., Kopiika, O., Shevchenko, H., & Dakhno, N. (2019). Target
Programming with Multicriterial Restrictions Application to the Defense Budget
Optimization.  Advances in  Military  Technology, 14, no. 2, 213-229.
https://doi.org/10.3849/aimt.01291.

17. Choi, M.-J., Ju, H.-T., Hong, J. W.-K., & Yun, D.-S. (2008). Design and Implementation
of Web Services-based NGOSS Technology Specific Architecture. Annals of Telecom-
munications. Special Issue on “Next Generation Network and Service Management”, 63 (3-4),
195-206.

18. Kopeika, O., Tarasenko, I., Kisselevskiy, A., Karichenskiy, A. & Valiulin, T. (2007).
Softline applies TMF standards as a guide when building Resource Inventory solution for
nation-wide carrier Ukraine Telecom. TM Forum Case Study Handbook, VVolume 3.

19. Voloshyn, O. F., & Mashchenko, S. O. (2010). Decision-making models and methods.
education manual for students higher education acc., 2nd ed., revision. and added. K.: Kyiv
University Publishing and Printing Center [in Ukrainian].

20. Dovgyi, S. 0. (2001). Privatization, Investment and the Stock Market: Legal Principles
and Practice. In the 4th grade: Ukrtelecom [in Ukrainian].

21.Rubinstein, A. (2013). Lecture Notes in Microeconomic Theory. 2nd., Princeton
University Press, ISBN 978-0-691-15413-8.

22. Kopiika, O. V. (2014). The architecture of the IT infrastructure management system in
modern data centers. Scientific Notes of the Ukrainian Scientific Research Institute of
Communications, 29, 29-37 [in Ukrainian].

23.Choi, M.-J., & Hong, J.W.-K. (2007). Towards Management of Next Generation
Networks. IEICE Transaction Communications E Series B, 90 (11), 3004-3014.
24.Balashov, V. A., Kopiika, O. V., & Lyakhovetsky, L. M. (2005). VDSL — near future of
digital subscriber access. Communication, 4, 10-16 [in Russian].

25.P 1-02, DOD Dictionary of Military and Associated Terms (2001). As amended through
17 October 2008."Archived copy" (PDF).

26. Retrieved from: https://www.dhs.gov/sites/default/files/publications/CommonOpER_
HLT_ 0908-508.pdf

27.Retrieved from: https://constanttech.com/what-a-common-operating-picture-means-for-
mission-critical/.

28. Kristine Steen-Tveit & Bjorn Erik Munkvold (2021). From common operational picture
to common situational understanding. An analysis based on practitioner perspectives. Safety
Science. Volume 142, October 2021, 105381. https://doi.org/10.1016/j.ss¢i.2021.105381.
29. Kumsap, C., Mungkung, V., Amatacheewa, |., & Thanasomboon, A. (2018).
Conceptualization of Military’s Common Operation Picture for the Enhancement of Disaster
Preparedness and Response during Emergency and Communication Blackout. Procedia
Engineering, 212, 1241-1248.

30. Lelardeux, C. P., Panzoli, D., Lubrano, V., Minville, V., Lagarrigue, P. & Jessel, J.-P.
(2017). Communication system and team situation awareness in a multiplayer real-time
learning environment: application to a virtual operating room. The Visual Computer, 33 (4),
489-515.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023


http://searchsdn.techtarget.com/guides/Guide-OpenFlow-SDN-not-the-only-show-in-town-for-vendors
https://www.techtarget.com/news/
https://gdmissionsystems.com/communications/warfighter-information-network-tactical
https://gdmissionsystems.com/communications/warfighter-information-network-tactical
https://en.wikipedia.org/wiki/PM_WIN-T
https://peoc3t.army.mil/wint/index.php
http://www.army.mil/article/78284/
http://www.army.mil/article/78284/
https://www.army.mil/article/78284/
https://doi.org/10.3849/aimt.01291
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/9780691154138
https://web.archive.org/web/20081123014953/http:/www.dtic.mil/doctrine/jel/new_pubs/jp1_02.pdf
https://constanttech.com/what-a-common-operating-picture-means-for-mission-critical/
https://constanttech.com/what-a-common-operating-picture-means-for-mission-critical/
https://www.sciencedirect.com/journal/safety-science
https://www.sciencedirect.com/journal/safety-science
https://www.sciencedirect.com/journal/safety-science/vol/142/suppl/C
https://doi.org/10.1016/j.ssci.2021.105381

31. Munkvold, B. E., Radianti, J., Red, J. K., Opach, T., Snaprud, M., Pilemalm, S., &
Bunker, D. (2019). In Sharing Incident and Threat Information for Common Situational
Understanding. Proceedings of the 16th ISCRAM Conference, Spain.

32.Steen-Tveit, K. (2020). Identifying Information Requirements for Improving the
Common Operational Picture in Multi-Agency Operations. In Proceedings of the 17th
ISCRAM Conference, Virginia.

33. Steklov, V. K., & Berkman, L. N. (2006). Theory of electrical communication: Textbook
for universities. K.: Technology [in Ukrainian].

34. Steklov, V. K., Berkman, L. N., & Kilchytskyi, E. V. (2004). Optimization and modeling
of communication devices and systems. Understudy For higher education closing K.:
Technology [in Ukrainian].

35.Berkman, L. N. (2014). Theoretical bases of methodology of synthesis of information and
communication systems. Telecommunication and information technologies, 4, 12-20
[in Ukrainian].

36. Steklov, V. K., & Berkman, L. N. (2002). Designing telecommunication networks:
a textbook for universities. K.: Technology. ISBN 966-575-070-4 [in Ukrainian].

The article was received 23.11.2022 and was accepted after revision 14.02.2023

JoBruii CranicinaB OuekciiioBu4

akanemik HAH VYkpainu, moktop ¢i3uko-matreMaTHnyHux Hayk, npodecop, [louecHuit
JUPEKTOp, IHCTUTYT TenekomyHikamiii i riobGansHOro iHgopmauiiiHoro npocropy HAH
VYkpainu

Anpeca po6oua: 03186, Ykpaina, M. Kuis, HokoniBchkuii OyibBap, 13

ORCID ID: 0000-0003-1078-0162 e-mail: s.dovgii@gmail.com

Komnitika Oger BasienTnHOBHY

JOKTOp TEXHIYHHX HayK, mpodecop, 3aBiayBad Biamiry, [HCTUTYT TeneKOMyHIKarii i
riobansHOTO iH(pOopMamiiHoro poctropy HAH Vkpainu

Anpeca podoua: 03186, Ykpaina, m. Kui, YokoniBcrkuit OymsBap, 13

ORCID ID: 0000-0003-0189-3915 e-mail: okopiyka@gmail.com

Ko3noB Onexciii CepriiioBny

acmipaHTt, [HCTHTYT TelekoMyHikawiii i rinodanpHoro iHdopmauiiiHoro mpocropy HAH
VYkpainu

Anpeca po6oua: 03186, Ykpaina, m. Kuis, HokouniBchkuii OynsBap, 13

ORCID ID: 0000-0003-1889-3153 e-mail: alexey.ua84@gmail.com

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023



V1K 551.46.08

Oleksandr Shyptsov?, Doctor of Geographical Sciences, Professor, Corresponding Member
of National Academy of Sciences of Ukraine, Director
ORCID ID: 0000-0002-6285-0663 e-mail: shiptsovb3@gmail.com

Anton Gordeev?, Doctor of Geographical Sciences, Senior Researcher, Deputy Director
ORCID ID: 0000-0002-7263-0525 e-mail: drangoru@gmail.com

Oleksii Lebid?, Doctor of Engineering Sciences, Senior Researcher
ORCID ID: 0000-0002-4003-8068 e-mail: 0.g.lebid@gmail.com

Viacheslav Okhariev?, Candidate of Engineering Sciences, Senior Researcher
ORCID ID: 0000-0001-6270-6293 e-mail: okhariev.vo@gmail.com

Roman Telychko?, leading engineer
ORCID ID: 0000-0002-3574-7919 e-mail: roman.telychko@gmail.com

Sergiy Fedoseienkov?, Candidate of Engineering Sciences, Senior Researcher, Head of the
Department of panoramic acoustic systems
ORCID ID: 0000-0002-9576-2977 e-mail: 22lex22s@ukr.net

Oleksiy Shundel?, Candidate of Physics and Mathematics Sciences, Senior Researcher
ORCID ID: 0000-0002-3076-9553 e-mail: lixyta666@gmail.com

IState Institution «Scientific Hydrophysical Center of the National Academy of Sciences of
Ukraine», Kyiv, Ukraine

2Institute of Telecommunications and Global Information Space of National Academy of
Sciences of Ukraine, Kyiv, Ukraine

INFORMATION TECHNOLOGIES
FOR AUTOMATION OF HYDDROPHISICAL SITUATION
MOLELLING AND FORECASTING IN THE BLACK SEA REGION

Abstract. The article offers a solution to the scientific and applied problem of
automating the acquisition and analysis of a certain set of hydrophysical indicators
with the subsequent formation of a forecast of the hydrophysical situation in the
Black Sea water area. This topic is of great relevance both in peacetime and in the
conditions of the current armed aggression of the Russian Federation against
Ukraine. The solved task is an important element of solving the more complex
problem of operational obtaining of oceanographic data for highlighting the
hydrographic situation in the Black Sea water area, collection, accumulation and
visualization of oceanographic data in the interests of navigation and hydrographic
support of users of such information. To solve this problem, a software environment
was created for automatic search and selection of hydrophysical data, as well as
their automatic input into specialized software for modeling and forecasting the
hydrophysical situation with subsequent calculation of forecasts of hydrophysical
fields. A set of the most important data was formed, which includes indicators of
salinity, temperature, circulation. Automatic search and selection of meteorological
and hydrophysical data takes place from international GFS and COPERNICUS
profile databases. Also, to increase the effect of the simulations and forecasts,

© O.A. Illunuos, A.1O. I'opaees, O.I'. JIe6inp, B.O. Oxapes, P.I. Tenuuko, C.I'. denoceeHKoB,
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a specialized interface was developed for searching, visualization, and the
possibility of downloading by the user the results of the forecast module of the
mathematical modeling of the spatio-temporal variability of the hydrophysical fields
of the northwestern part of the Black Sea. The developed scientific and practical
approaches and toolkit are designed to function within the framework of the
distributed and centralized Bank of Oceanographic Data of the National Academy
of Sciences of Ukraine, part of which is an intellectual information system for
highlighting the hydrographic situation in the Black Sea water area. The obtained
results are also aimed at increasing the level of environmental safety in the Black
Sea water area and can be used to monitor nature management in this region.

Keywords: hydrophysical situation; water area of the Black Sea; mathematical
modeling; predictive model; automated information system; environmental safety.
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Nepxapna ycramoBa «HaykoBmil rimpogisnunmii mentp HamioHanpHOi akamemii Hayk
VYxpainn», M. KuiB, Ykpaina

2[HcTHTYT TenekoMyHikaliii i robansHoro indopmariiinoro mpoctopy HAH Vkpainu,
M. Kui, Vkpaina

IHO®OPMALIIHI TEXHOJOIT B 3AJJAYAX ABTOMATHU3ALIT
MOJEJIIOBAHHSI TA IPOTHO3YBAHHS I'IPO®I3NYHOT
OBCTAHOBKM B AKBATOPIi YOPHOI'O MOPSI

Anomauin. B cmammi nponoHyemscs SupiuieHHs HAYKOBO-NPUKAAOHOT 3a0aui
asmomamu3zayii OMPUMAHHA MA AHANI3Y GU3HAYEH020 HAbOpy 2iopogizuunux
NOKA3HUKIE 3 NOOATLUUM (POPMYBAHHAM NPOSHO3Y 2i0poPizuyHOi 06CMAHOBKU 6
akeamopii Yopnoeo mopa. [ana memamuxa mMae 3Ha4Hy aKkmyaibHicme K O
MUPHO20 Yacy, max i 8 ymogax nomounoi 30pounoi acpecii Pociticoxoi @edepayii
npomu Ykpainu. Po3e’sa3ana 3a0ava € 6asjicaugum eiemeHmom eupiuienus 0inviu
KOMNJIEKCHOT npodaemu OnepamusHo20 OmpumMants OKeaHoepapiunux 0anux ona
suceimuenns 2iopoepagiunoi obcmanosxu 6 axeamopii Yopnozo mops, 360py,
HaKonu4exHs ma 6izyanizayii okeanozpaghiuHux Oanux 6 iHmepecax HagieayiliHo -
eiopoepaghiunoco  3abesneuvenns Kopucmyeauie maxoi ingopmayii. s
supiwennss 0anoi 3adayi OY10 CMEOPeHo NpocpamHe cepedosuuje Onis
ABMOMAMUYHO20 NOWYKY ma 6i000py 2i0po@isuyHux OaHux, a maxoxc ix
agmMoMamu4Ho20  66e0eHHsi 6  chneyianizosame npocpamue  3a0e3neyenHs
MOOENI0BAHH MA NPOSHO3YBAHH: 2IOPOQI3uuHOi 0OCMAHOBKU 3 NOOATLULUM
PO3PAXYHKOM RPOHO3i6 2i0poghizuunux nonis. byno cghopmosano nabip naibirbu
8ANCIUBUX OAHUX, 00 AKO20 6X00AMb NOKA3HUKU COJOHOCMI, memnepamypu,
yupkyaayii. Aemomamudnuii.  nOWYK ma  6i00ip  MemeopoaociuHux — ma
2i0pohizuynux Oanux 8i006y8acmuvcs 3 MidCHAPOOHUX npoginbrux 6asz oanux GFS
ma COPERNICUS. Takxoxc oOns nioguwenns egexmy 8i0 npogedeHux
MOOEN0BANHS MA NPOSHO3YB8AHHS OVI0 PO3POOAEHO cheyianizosanull inmepgetic
0N NOWYKY, Gi3yanizayii ma MOICIUBOCI 3A6AHMAICEHHA KOPUCMYBAYEM
pe3yrbmamie npO2HO3y MOOYISL MAMEMAMUYHOZ0 MOOeN08AHH NPOCMOPOBO-
4aco6oi MiHAIUBOCMI 2IOPODIZUUHUX N0 NIGHIYHO-3aXIOHOT yacmunu YopHozo
mops. Po3pobaeni naykoso-npakmuyni nioxoo0u ma iIHCMmpyMeHmapiti nPU3HayeHi
0N YHKYIOHY8AHHA 8 PAMKAX PO3NOOIIeH020 ma yeHmpanizosanozo banxy
okeanoepagiunux danux HAH Vkpainu, wacmuuoio saxoeo € iHmenexmyanivha
ingopmayitina cucmema guceimients 2iopoepagiunoi 06cmanosku 8 akeamopii
Yopuoeo mopa. Ompumani pe3yibmamu maxKolc CNpamo8ami Ha NiOGUWEHHS
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pisHs exonoeiunol besnexu 6 akeamopii Yopnozo mopsi ma moxcyms Oymu
BUKOPUCMAHI 0151 MOHIMOPUHZY NPUPOOOKOPUCIYBAHHS 8 YbOMY PeiOHi.
Knwuosi cnosa: ziopogizuuna obcmanosxa, akeamopis Yopuoeo mops;
mamemamuyne — MOOENIOBAHHA,  NPOSHO3HA — MOOeNb,  ABMOMAMU306AHA
iHGhopmayitina cucmema, eKon02iyHa besnexda.
https://doi.org/10.32347/2411-4049.2023.1.91-103

Beryn

YkpaiHa Big caMoro modatky 3400yTTS CBO€i HE3aJeXHOCTiI 3aiiCHIOBaja
TUTAHOMIPHI AocTiIkeHHs: YopHOTO MOp# 1, B TIEPITY Yepry, MiBHIYHO-3aX1IHOI HOTO
gactuau [1-3]. CrpareriuHe 3Ha4YeHHS MaHOI aKBaTOpii 3apa3 3HAYHO 3POCIIO
BHACHIIOK 30poitHoi arpecii Pociiicexoi ®@exneparnii mpotu Ykpaiau, BimOBigHO,
OTlIEpaTUBHE OTPUMAHHS MPOTHO3IB TiApo(}i3MYHOT OOCTAHOBKH CTA€ KPUTHYHO
Ba)KJIMBOIO CKJIAI0OBOIO HAllIOHAJIBHOI O€3MeKu.

B Takux ymoBaxX B@KIMBOIO 3HAYCHHA Ha0yBae 3ajaua ONEPATHBHOIO
OTpMMAaHHs MPOTHO3Y TigpodisnuHoi o6cTanoBkH B YopHOoMy Mopi. [i BUkoHaHHS
3a0e3neuyeTbcss B paMKax (YHKIIOHYBaHHS —EKCIEPUMEHTAILHOTO  3pasKy
riApodi3UIHOTO MPOTPaMHO-TEXHOIOTIYHOTO KoMITIeKcy. Komimieke sBisie coboro
CYKYIIHICTh OKeaHOrpa(iyHMX METOJIB JOCHI[PKeHb, TEXHIYHUX 3aco0iB i
oOaHaHH, TPOTPaMHOTo 3a0e3MEeUCHHS, SIKi TPU3HAYAIOTHCS ISl BUKOPUCTAHHS
B iHTepecax peaiizamii HayKOBOi CKJIaJIOBOi BiliCBKOBO-MOPCBHKOI IisUTBHOCTI 3
METOIO JOCATHEHHS OYiKyBaHOTO pe3yJbTary.

BuMmipyn Takux TIOKa3HUKIB TPOBOJSTHCS B O€3MEpepBHOMY pEXKUMI  SIK
KOHTaKTHUMHU (Oe31mocepe/JHb0 B aKBATOPIi 32 IOIIOMOTOI0 CIeliani3oBaHuX OyiB Ta
iHIIOr0 OONamHAaHHS), TaK 1 JUCTAHIIMHUMHU (30HAYBAaHHS 3eMili 3 KOCMOCY)
Metomamu [4]. baraTopiuyHi MacMBU JJaHMX AarperyroThcs y MPOQUIBHHX
MiKHApOIHUX Oa3ax 3HaHb, Aeski 3 skux (Hanpukiaa, COPERNICUS) napaoTsh
BIIKPUTHH [TOCTYN KOPUCTYyBadaM JUIsi TOJANbIIO OOpOOKH. AHai3 JWHAMIKH
MOKa3HUKIB Ta TMOOyA0Ba TPOTHO3Y Tigpodi3nYHOI OOCTAHOBKH TPOBOAMTHCS
METOJJlaMM MAaTEMAaTHYHOTO MOJICIIIOBAHHS, PEali30BAHMMHU Y CIICLiali30BaHOMY
nporpaMHoMy 3a0esneueHHi. Bubip, oTpumanHs Ta BBeaeHHs NaHux y Take 13
notpelye 4yacy Ta 3yCHib, a NOAAIBIINA TPOIec MOOYI0BH MaTeMaTHIHOI MOJIE
TakoXX MOTpeOye crieliajli3oBaHuX 3HAHb Ta HABUYOK, SIKUMH HE 3aBKIIU BOJIOJIE
oriepaTop iHhopmMaliitHoi cucteMu. BiIMoBiTHO, TOCTaE HAYKOBO-TIPUKIIAIHA 3a71a4a
PO3pOOKH  MPOrpaMHOrO  CepeloBHINa, 110  3a0e3medye  aBTOMATH3ALIIo
BUIIEONIMCAHUX MPOIIECIB K 0 M0OYJOBM NPOTHO3Y ripodi3ndHoi 00CTaHOBKH [5].

Meta podoTu. Po3po0ka mporpaMHOTO CepeIOBHUINA aBTOMATHIHOTO TIONTYKY Ta
BiZOOpY BHM3HAYEHOTO MEPENiKy TiApoQi3WYHMX NaHUX Ta aBTOMATHYHOTO iX
BBEJICHHS B crienianizoBaHe mporpamHe 3abesmeuenHs Delft 3D Mesh Suite i3
MOJIANBIIOK 100y MoBOI0  10-7000BUX TPOTHO3iB TiAPOQIZUYHUX TOTIB  JUIS
MiBHIYHO-3aX1THOI YacTHHU YOPHOrO MOPS, IO PO3MIMPUTH TEXHIYHI MOXKIUBOCTI
EKCHEpUMEHTAIBHOIO  3pa3ka  TiIpo¢i3udYHOr0  MPOrpaMHO-TEXHOJIOTIYHOTO
KOMILIEKCY 3a PaxyHOK CTBOPEHHS Ha OeperoBoMy cepBepi LEHTPalli30BaHOTO
Banky oxeanorpadiuaux nanux HAH Ykpainu intepdericy Moays aisl MOLIyKY,
Bi3yautizalii Ta MOXIIMBOCTI 3aBaHTaXCHHSI KOPUCTYBaueM DPE3yJIbTaTiB MPOTHO3Y
rizpo¢iznyHuX (METEOPONOTIYHNX) TTapaMeTpiB.
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Bukiax ocHOBHOT0 MaTepiay 10CTizKeHHS

BpaxoByroun crnenudiky mocTtaBieHoi B po0OOTI HAayKOBO-NPUKIAIHOI 3ajadi,
HeoOXiTHO BU3HAYNTH KPUTEPIi, 32 AKUMH Oyze chOopMOBaHHUN TIEpeTiK HEOOX1THIX
JaHUX, [0 XapaKTepu3yloTh Tigpo¢izmaHy oOctaHoBKy. Ilim «rimpodizuunoro
00CTaHOBKOIO» B AaHii poOOTi po3yMi€EMO pe3ybTaTH BUMipIOBaHb APaMETPIB, 110
OTpUMaHiI SIK IHCTPYMEHTAJIbHMM NIISXOM (BHUMIPIOBaHHS Oe3MOCepenHbO B
aKBaTopii), TaKk 1 TUCTAHIIIHHUMH MeTomaMH (KOCMIYHHN MOHITOPHHT TOIIO).
OCHOBHMMH BHMOTaMH JI0 IaHUX Oy/IeMO BBKATH HACTYIIHI:

- BUMipHicTh. [HQoOpMamis MOBMHHA MaTH KUIBKICHHH XapakTep, Le €
HEOOX1AHUM JUTS OJAJIBIIOT0 MOJIEIOBAaHHS Ta IPOTHO3YBaHHS;

- perynspHictb. JlaHi MalOTh HAagXOJIUTH Yepe3 PIBHUH MPOMDKOK dHacy,
NPUYOMY Taka pEeTyJSpHICTh Mae OyTH 3a0e3rneueHa B JOBIOCTPOKOBOMY
aCIeKTI;

- omeparuBHIiCTh. J[aHi MalOTh OyTH aKTyalbHUMH, TOOTO Yac Ha OTPUMAaHHS
Ta 00pOOKY Ma€e OyTH HE3HAYHUM;

- HaouHicTh. [H(opMaris Mae aaeKBaTHO BHCBITIIOBATH AHHAMIKY
rigpodi3nyaoi 0OOCTAHOBKM Ta BIANOBINATH camMe THM 3a7adaM, SKi
MOCTaBIIEHI Mepe KOPUCTYBaueM MPOrHO3HOI Mozedi [6].

OtpumyBaueM Ta arperatopoM aaHux mae Oyt pospoOieHa B HaykoBomy
rizpodizuanomy nentpi HAH VYkpaiam OeperoBa iHTenekTyansHa iH(MOpMaIiiiiHa
crcTeMa BUCBITIEHHs Trifporpadiunoi oOcTaHOBKHM B akBaropii YopHOro mops,
30kpeMa baHk oxeaHorpadiyHUX JaHMX SK ii KPUTUYHO BAXKJIIMBA CKIIJ0Ba.

BpaxoByioun BUMOTH A0 IaHMX Ta 00’€KTUBHI MOXKJIMBOCTI iX OTPUMAaHHS B
MMOTOYHUX YMOBaX, METOJIOM eKCHepTHOoi omiHku [7, 8] Oy cdopmoBaHuit
HACTYIHUH HaOIp:

- rigpodi3uyHi JaHi: COJIOHICTh, TEMIIEPATypa, PIBEHb OBEPXHI BOJIN;

- okeanorpadivHi maHi: mudpoBa MOJENb penbedy akBaTopii, MpeacTaBIcHa

y BUIUISII HA0Opy OaTUMETPUYHHX BEIHMYUH;

- METEeOpOJIOTiYHI JIaHi: MBUAKICTH BITPY; aTMOC()EPHUH THUCK; XMapHICTB;
BOJIOTICTb; TEMIIEPATypa MOBITPAL.

Otpumaru okeaHorpadiuHi AaHi MOXHa 3a JONOMOIOI0 PI3HHX METOliB
JOCTaBKM — TPaBWJIBHHWA JJIsI Bac 3aJeKHTh B BUNAJIKy BHKOPHUCTAHHS.
Hampuxian, icropuuni okeaHorpadiuHi naHi 3a3BW4ail TOCTYITHI Ui MacoBOTO
3aBaHTaKEHHS. 3 iHIIOTrO OOKY, SIKIIO HEOOXiIH] OTepaTHBHI 1aHi, MOKHA ITpUAOATH
JaHl y peajJbHOMY daci, KaHajJd Ta IOTOKH, 1100 3aBaHTAXUTH HAWHOBIIIY
iHpopmariro [9]. Ilpu BOMy, iICHYIOTH aBTOPHTETHI 0a3W JNaHHX, 10 HAJAIOTh
OaraTtopiuHi JaHi y BUIBHOMY peXuMi, moTpeOyroui JMiIe peecTpanii Ha
BiJINOBITHOMY cepBici. [T BUKOHaHHS 3ajiad, MOCTaBIEHUX B HAYKOBO-TEXHIUHIH
po0oTi, OyJI0 00paHO OJIUH 3 TAKUX PECYPCIB, IKUH HaJa€ ONEPaTHBHI, PEryJIspHI Ta
JOCTaTHBO TOBHI aKkTyaii3auii JaHUX, B TOMY YUCII 00 akBaTopii HopHOTro Mops,
a came 0a3y 3HaHb IpoekTy Copernicus.

Copernicus 3aCHOBaHHI Ha TPHOX KOMIIOHEHTaX:

- KOCMiuHa CKJIaJi0Ba (CYyIMyTHHKH CIIOCTEPEKEHHS Ta BiANOBIJHUN Ha3eMHHH
CerMEHT  JJIi  CIIOCTEPEXEHHS  Ha3eMHHX, aTrMocepHHX  Ta
okeanorpagiuanx mapamerpiB) [10]. Ile Bkmouac B cebe aBa THIH
CYMyTHUKOBHMX MICiH, m'saTh ciMeiicTB ESA Sentinel Ta iHIIMX KOCMiYHHX
areHTCTB;
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-  TONBOBI BUMIpIOBaHHA (Ha3eMHI Ta OOpPTOBI Mepexi 300py maHUX, IIO
Ha/JAI0Th 1HQOpMALil0 NpPO axkBaTopii, KOHTUHEHTAIBHY IOBEPXHIO Ta
atMocdepy);

- cepsich, po3poOiieHi Ta kepoBaHi Copernicus i 3amporOHOBaHI CBOIM
KOpHCTyBadaM i TpOMaICBKOCTi B IIiIOMY.
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Puc. 1. BikHO BUOOpKHM aKBaToOpii JOCHIKSHHS Ta TUIY TiIpodi3uYHMX JaHUX HA MOPTai
Copernicus Marine

[IporHosyBanHs Tinpodi3myHOi OOCTAHOBKM HEMOXJIMBE 0€3 TOYHHUX Ta
OTIEPAaTUBHHUX METEOPOJIOTIUHUX JAHUX, TAKUX SIK MIBUIKICTH BITPY; aTMOCQEpHHI
THACK, XMAapHICTh, BOJOTICTh, TemmepaTypa mnositps [11]. IIporHo3yBaHHs
METEOpOJIOriuHOl CHUTyalii — HaA3BHYAHO CKIagHa 3ajada 3 TOYKH 30py
MaTEeMaTHYHOTO MOJISIIIOBAHHS Ta BUMOT JI0 IPOTPaMHOI peatizailii, BiAMOBIIHO,
B CBITI IpAIIO€ JIUIIE JCKiIbKa aBTOPUTETHUX MPOTHO3HUX MOJICNICH, HAPUKJIA/L,
ECMWF, GFS, METEOBLUE, ICON-EU. [Ins BupimenHs 3amad podotu Oyio
obOpano 3actocyBaHHs cuctemu Global Forecast System (GFS) Bim NOAA
(HarmionanbHOTO YIIpaBIiHHS OKeaHIYHUX 1 atMocdepHux pociimkens CIIA).

I'moGansHa cucrema mnporHozyBanHsi (GFS) — me cucrema uuncenbHOrO
MPOTHO3YBAaHHS TIOrOAM, SKa MICTHTh TJI00aJbHY KOMII'IOTEPHY MOJENDb 1
BapialiiiHuii aHaJi3, 110 BUKOHYeTbCs HarrioHanbHowo ciyx0oro morogu CIIIA
(NWS).

MareMaTHyHa MOJEINb 3aIlyCKAETHCSl YOTUPH Pa3H Ha JI€Hb 1 CTBOPIOE IPOTHO3U
Ha 16 1HIB Hamepe/, aje 31 3HIKEHOI IPOCTOPOBOIO PO3AIILHOK 3IaTHICTIO Yepe3
10 guiB. 31aTHOCTI MPOTHO3yBAHHS 3a3BHYal 3MEHIIIYIOTHCS 3 YacoM (5K 1 3 Oy/ib-
SKOI0 MOJIEJUII0 YHCJIOBOTO MPOTHO3YBaHHA IOTOIH), i JUIS JIOBFOCTPOKOBHX
OpOTHO3IB Jmmie Oinplii macmradbu 30epiratoTh 3Ha4HYy TOYHiCTh. lle oxna 3
HaWKpamux  CHHONTHYHHUX  MOJENEH  CepelNHbOi  NaabHOCTI  3araJibHOTO
KOPUCTYBaHHI.

Mopnens GFS € Momemmo 3 TpUONHM3HOI TOPU3OHTAIHHOK PO3AUIEHOO
3matHicTIO 13 kM mns nmHiB (0-16 mmiB). Ilo BepTukami Moienb MOmiJicHA Ha
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127 mapiB i MOMUPIOEThCS HA Me3omay3y (nmpubiu3Ho ~80 KM), a TAMYACOBO BOHA
CTBOPIOE TIPOTHO3HI JaHi MOTOIUHU IPOTIroM nepimx 120 roauH, Tpy roIuHU Ha
10-ii nenb i 12 rogun Ha 16-ii nenb. BuxinHi gani 3 GFS Takok BUKOPUCTOBYHOTHCS
JUIsS. OTPUMAHHS CTATUCTUKU BUXIJTHAX JAHUX MOJIETI.
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Puc. 2. BikHo BHOOpY Ta 3aBaHTa)XEHHs Trinpomereoposioriunux nanux cucremu GFS
npoekty OpenGribs

Jdnst 3agad MOJETIOBaHHS Ta NPOTHO3YBaHHS TilpOoQi3WYHUX ITOKa3HHKIB
MIPOTIOHYETHCS BUKOPUCTAHHSI CIEIialli30BaHOTO MPOTpaMHOro 3abe3meueHHs. Jist
poro Oyno oopano nporpamawmii naket Delft 3D Mesh Suite BupoOuuiTBa Deltares
(Hinepnanam). Delft3D — e npoBigauii y cBiTi maketr 3D-mopentoBaHHS st
JOCII/DKEHHS TiAPOAMHAMIKH, TPaHCHOPTYBAaHHS HAaHOCIB, MOPQOIIOrii Ta SKOCTi
BOJM JUIS PIYKOBHX, €CTyapHHX 1 NpUOepexHuX cepenoBuil. CTaHOM Ha CbOTOJHI
monyni Delft3D flow (FLOW), mopdouorii (MOR) i xBunb (WAVE) noctynHi y
¢dhopmMmarti open source.

Mogens Delft3D mosxe OyTu 3acTocOBaHa y TaKMX 00JIaCTsX:

- NPWIUBHI Ta BITPOBI NOTOKH, IIIIBHICHI IPalieHTH Ta XBUJIbOBI iHIyKOBaHi
MIOTOKH;

- NOUIMPEHHS CIIPSIMOBAaHUX KOPOTKHUX XBUJIb HaJl HEPIBHOIO TIOBEPXHEIO [THA,
BKJIFOYAQIOYH B3AEMO/IIFO XBUJIbOBUX TEUIi;

- QJBEKI[is Ta JUCIEPCisl CTOKIB PiK;

- MopdoauHaMiuHI 00UYHCIICHHS;

- [epeHOC JIOMIIIOK, HAHOCIB Ta 0Cajy;

- JIOCHIDKEHHS SKOCTI BOIM, BKJIIOYAIOYM €KOJIOTIYHE MOJEIIOBAHHS,
MPOrHO3YBaHHS KOHIICHTpAI[il BAKKUX METaJiB, B3a€MOIiS 3 OpraHIYHUMHU
Ta HEOPraHIYHUMH 3BLKCHUMH HAHOCAMH, B3a€MOJIiSl MK BOJIOIO Ta JHOM
(HampuKia, CrO’KMBaHHS KUCHIO), LIBITIHHS BOJIOPOCTEH;

- BIICTeXXCHHS YaCTHHOK, BKJIFOUAIOUN PO3JIMB HATH TOIIO;

- [OYaTKOBi Ta/ab0 AMHAMIYHI (THMYACOBI) ABOBUMIpHiI MOPQOIIOTivyHI 3MiHH,
BKJTIOYAI0YH BIUTMB XBUJIb Ha MIEPEMIlIyBaHHS OCaay Ta JOHHUX HAHOCIB.
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Puc. 3. BikHo npoekTy y nporpamHoMy cepenosuii Delft 3D

Pesynpratn po3paxyHKy MOKHa Bi3yadi3yBaTH Ta KOHBEPTYBATH B OJAWH i3
3pyunux rpadigaux QopmariB (Hampukian, PNG abo GeoTIFF) y wmomymi
QUICKPLOT, mio po3pobienuii y nporpamuomy cepenoBuini MATLAB. Bikno
o0y IOBU KiHIIEBOTO 300paKeHHsI TOKAa3aHO HM)KYE HA PUCYHKY 4.

3aaua CTBOPEHHSI CIIELialli30BaHOTO IPOTrPaMHOI0 CEPeIOBHIIIA, L0 3a0e3medye
aBToMaTu4Hui (0€3 yJacTi ornepaTopa) npoiiec 300py BU3HAYCHOTO MacHBY JaHHX,
iX OTpuMaHHA Ta aHali3y M[UIIXOM MAaTeMaTHYHOTO MOJICNIOBAaHHS Ta
MIPOTHO3YBaHHS y CIIEIiali30BaHOMY TPOTPaAMHOMY 3a0e3IeYeHH] i3 MOAaIBIION
1moOyI0BOO MPOTHO3Y, 3yMOBIIIOE HEOOXITHICTh C(hOPMyBATH BUMOTH JI0 KiHIIEBOTO
npoaykty [5]. [lepenik BUMOT € HACTYITHUM:

- MpOTrpaMHUH MPOAYKT Mae OyTH iHTerpoBaHUM 3 (QyHKIIOHYIOYNM bankoM

okeanorpa¢iuaux ganux HAH Ykpainy;

- posMmimyBatuch Ha OeperoBomy cepBepi HaykoBoro rizpodiznanoro
uentpy HAH VYkpainu;

- 3a0e3nedyyBaTH y BU3HAYEHUH Yac i3 BU3HAUCHOIO PEryJIPHICTIO MOMIYK Ta
3aKayyBaHHS JaHUX TEMIIEPAaTypH, COJIOHOCTi, PIBHA TOBEPXHi BOAU 3
pecypcy Copernicus.Marine (metani HaBeneHi y momatky A) y dopmarti
netCDF (.nc);

- 3a0e3mnedyyBaTH TOLIYK Ta 3aKauyBaHHA JaHUX METEOPOJIOriuHOi Mojeni
GFS;

- BUKOHYBATH BBEJCHHS MOYAaTKOBUX JaHWUX Y MpPOTrpaMHE CepellOBHUIIE
Delft3D Mesh Suite i mpoBoAUTH PO3paxyHOK MPOTHO3iB TiApodi3MYHHUX
1oJ1iB (COJIOHOCTI, TeMIIEpaTypH, UPKYJIAIII, BITPY, aTMOC(HEPHOTO THCKY)
MiBHIYHO-3aX1HO1 4yacTuHu YopHoro mops Ha 10 1i0 i3 MOAAJIBIION
Bi3yastizalli€elo OTpUMaHoi KapTorpadiuHoi Mojesni B 3araJbHONPUHHITHX
rpa¢iunux ¢popmarax GeoTIFF Ta PNG;

- 3a0e3mevyyBaTH pO3MIIICHHS OTPHMAHHMX pE3YJbTaTiB Ha OeperoBoMy
cepBepi banky okeaHorpadiunnx manunx HAH VYkpainu y cneuianbHoMy
po3aii.
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Puc. 4. Bikao mo6ymoBu BizyanpHO1 reomoneni y Moxyii QUICKPLOT

Monyb po3TanioBaHuii Ha GeperoBomMy cepepi banky okeaHorpadiuHuX TaHHX
HAH VYkpainu Ta 4acTKOBO iHTErpOBaHUH 3 HOro ¢pyHKIioHaI0M. MOy b BKIIOUAE
B ceOe HACTYITHI CKJIaJI0Bi:

- CxuiazioBa MoIyKy Tipodi3uyHUX JaHHX;

- Cknagosa BinOopy rigpoisuyHuX JaHHX;

- CknagoBa MPOrHO3YBaHHS TUHAMIKY T1ApOQi3NUHIX TOKA3HUKIB;
- CxuiazoBa Bi3yadizailii pe3yJibTaTiB MPOrHO3yBaHHS.

XapaKTepUCTHUKH  PO3POOJICHOr0  MOAYNA  JIO3BOJISIIOTH  3abe3medyBaTu
aBTOMATH30BaHUH peXXUM poOOTH BHIIETIEPEPAXOBAHUX CKIIATOBHUX.

ITporpamHa ckJ1azoBa 3BEPTAETHCS JJO BCTAHOBJIEHOTO HA CEPBEP] MPOrPaMHOTo
3abesneuenns Delft 3D Mesh Suite y aBromatnunomy pexumi. Takox y
aBTOMAaTHUYHOMY DPEXHUMi BiIOYBa€TbCs Bisyamizalis pe3yJbTaTiB  LUISIXOM
aBToMatnaHoro 3BepHeHHs 110 Moayisi QUICKPLOT (¢yHkiioHye B cepeloBHILI
MATLAB y pamkax Delft 3D Mesh Suite). CkpiHior po60o4oro BikHa Ta IPHKIA]]
pe3yJbTaTiB MPOrHO3yBaHHs HaBe/ICH] Ha puc. 5 Ta 6.
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Puc. 6. BikHo Bupjaui pe3ynbTariB poOOTH IPOrpaMHOI CKIJIAJOBOI, Bi3yali3oBaHUX Y
(opmari mpoctopoBoi reomoseni akBaTopii HopHoro Mops

3aBeplIaIbHUM €TarioM poOOTH € CTBOPEHHS MOJIYJIS MOIIYKY, Bizyamizauii Ta
MO>KJIMBOCTI 3aBaHTaKEHHS! KOPUCTYBaueM DPE3YJIbTATiB MPOTHO3Y TiApo¢i3nYHuX
napametpiB. Hukue copMoBaHi BUMOTH J10 HOTO QyHKITIOHAITY:
- Monmynb Mae OyTH IHTErpOBaHUM B €IWHY cucTteMy 3 baHkom
okeanorpa¢iuanx ganux HAH Ykpainuy;
- 00OB’S3KOBOIO € HAasABHICTH rpadiuHoro intepdeiicy, 110 y 3pydHii dhopmi
JI03BOJISIE TIPOBOAUTH BHUOIPKY Cepell MacuBy IPOTHO3HHX Mojeneil 3a
BHU3HaUYE€HNM HaOOpOM MOKa3HUKIB;
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- MOAyJNb Ma€ MICTHUTH OJIOK TIONIyKy IIPOTHO3y 3a HACTYHHHMH
XapaKkTepUCTUKAaMH: JaTa Ta 4ac MPOTHO3Y; TiIpodi3nvHuil mapaMmeTp
(comonicTe, TeMnepaTypa BOJIHU, HUPKYJIALIs, BiTep); TAMONHA IIapy BOIH,
Ha SIKUH T00YZ0BaHO MPOTHO3;

- HajgBHICTh BiKHA Bi3yamizamii MPOTHO3Y Yy BHUIJAAI KapTorpadidaoi
reomojeni, nodyaoBanoi 3acobamu Delft 3D Mesh Suite (koHKpeTHO,
Moy QUICKPLOT).

Mogynb MaTeMaTUHHOro MoAesioBaHHA NPOCTOPOBO-4ACOBOI MIHMBOCTI
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Puc. 7. Iutepdeiic Momyns momniyKy, Bidyamisaiii Ta MOMIHBOCTI 3aBaHTa)KCHHS
KOpHUCTYBa4eM pe3yJIbTaTiB POrHO3y TiApodi3ndHUX MapaMeTpiB

BucHoeku

3a pe3ynbTaTaMu JIOCHTIPKEHb, ONHMCAaHUX B JaHIH poOOTi, PO3IMIISIHYTO MHUTaHHS
300py OaraTopiYHUX MacHBIB ripodi3uvHoi, oOKeaHOrpadhigHOT Ta METEOPOJIOTIUHOT
iHpopMaIii 3 MDKHapOJHHMX ©0a3 3HAHb, BHU3HAYCHO ONTUMAJIBHUN IEPENTIK
iHpopMalii, 110 € KPUTUIHO HEOOXiTHOIO I ONEepaTHBHOI OLIHKH TiapoQi3udHOi
00CTaHOBKH; CTBOPEHO IPOIrpaMHE CEPEIOBHIIE, 10 3a0e3leuye aBTOMATHU3AIII0
polecy 300py BH3HAYEHOI'O MACHBY JAaHMX, iX OTPUMAHHS Ta aHAII3Y ILJITXOM
MaTeMaTHYHOTO MOJENIOBAaHHA Ta MPOTHO3YBAaHHA Yy  CIeENiali30BaHOMY
MPOrpaMHOMY 3a0€3IMEYCHHI 13 MONANBIIOK MOOYIO0BOIO IPOTHO3Y; CTBOPEHO
inTepdelic  BUBEIEHHS  pe3yJbTaTiB  IMPOrHO3y  MOXYJII  MaTeMaTHYHOrO
MOJIETIOBAaHHS MIPOCTOPOBO-4aCOBOL MiHJIHBOCTI rizpo¢iznyHuX
(MeTeopoIOTiYHMX) HapaMeTpiB MiBHIYHO-3aX11HOI YacTHHH YOPHOTO MOps, SIKUI
JI03BOJISIE KOPUCTYBauy 3JIMCHIOBATH MOIIYK pe3yJbTaTiB MPOTHO3Y 3a JaToro,
OTPHMYBAaTH Bi3yali3allifo pe3yJIbTaTiB MPOTHO3y Y BUIJAI  KapTorpam,
3aBaHTa)KyBaTH (paiiny pe3ynpTaTiB NPOrHO3Y y rpadidHuX Ta NC.-popmarax.
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EXPLORATION AND EXTRACTION OF DEEP MINERALS WITHOUT
MINES AND QUARRIES WITH THE HELP OF NUCLEAR
AUTONOMOUS THERMAL DRILLS-GEOPRODES

Abstract. The Earth's interior at 10-15 km depth horizons is a geoastrophysical
space within which direct contact access of research instruments and other
devices is not yet possible. At the same time, the list of fundamental and applied
tasks that can be solved with the help of direct contact deep research of deep
matter with the delivery of its samples to the surface of the Earth is a rather
voluminous process and has an extraordinary scientific and technical
significance, physical significance. Extraction of deep minerals without mines and
quarries with the help of nuclear geosondes, for this it is necessary to consider
the hydrodynamic problem of the vertical melt flow from the front part of the
geosonde in the opposite direction to the movement of the geosonde vector. The
need for a comprehensive consideration of thermophysical and hydrodynamic
problems is justified by the presence of a common parameter — the speed of the
geosonde as a heat source. The paper examines aspects of the theory and
construction of autonomous nuclear deep thermal drills-geoprobes, which are
used to solve fundamental scientific and applied industrial tasks, as well as
significantly reduce the ecological burden on the environment with the help of
geotechnical methods and means of exploration and extraction of deep minerals.
The purpose of this work is a detailed theoretical study of the most fundamental
possibility of creating ultra-deep nuclear autonomous geoprobes-thermodrills
and an assessment of the main engineering parameters of the heat and mass
transfer process in real conditions of contact melting of deep rocks. The results of
theoretical studies show that the possibility of deep thermal penetration is
theoretically substantiated quite correctly. Moreover, even today the problem of
creating an ultra-deep geosonde is a fundamentally solvable scientific-technical
and engineering-physical task. New deep industrial geotechnologies are a
fundamentally new concept of greening the mining process and are suitable for
the development of poor and deep ore horizons for which the construction of mines
or quarries is impractical or impossible.

Keywords: thermal drilling; nuclear reactor; autonomous thermodrill-geoprobe;
geotechnologies.
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MisxBigomunii HaykoBuil LeHTp (QyHIAMEHTANLHMX AOCHIIKEHb 3 MUTAHbL €HEPreTHKH i
exororii, M. Oneca, Ykpaina
2KuipchKuil HALIOHANLHMI yHiBepcUTET OyNiBHMIITBA i apXiTekTypu, M. Kuis, Ykpaina

PO3BIAKA TA BUAOBYTOK I'"IMBUHHUX KOPUCHUX KOITAJIMH
BE3 IHAXT I KAP'E€PIB 3A IOIIOMOI'OIO AJJEPHUX ABTOHOMHMUX
TEPMOBYPIB-'EO30H/IB

Beryn

Anomayin. Haopa 3emni na copuzonmax enubun 10—15 km € eeoacmpoizuynum
NPOCMOPOM, )y MeXNCAX AKO20 NOKU HeMONCIUUL Oe3n0cepeOHill KOHMAKMHUL
docmyn OOCHIOHUYbKUX Npunadie ma iHwux npucmpois. Boounouac nepenik
PYHOAMEHMANBHUX | NPUKIAOHUX 3A80AHb, SKI MOJICHA SUPIUUMU 3d OONOMO20I0
NPAMOKOHMAKMHUX 2TUOUHHUX OOCTIOJCEHb 2AUOUHHOT peyosunu 3 00CmasKkoio ii
3PA3Ki6 Ha nogepxHio 3emii, docums 06 €EMHUL [ MAE HAO3BUUAUHY HAYKOBO-TNEXHIYHY
SHAYUMICMb MA THHCEHEPHO-I3UYHY YiHHICMb. Budo6ymox nubuHHuUx KOpucHux
Konanun 6e3 waxm i Kap'epié 3a 00NOMO2010 A0ePHUX 2e030H0I8 NOmMpeOye po32nsAdy
2I0pOOUHAMINHOT 300a4l 8epMUKATLHOZ0 NOMOKY PO3NIAgy 6i0 100080i YacmuHu
2e030HO0A 8 NPOMUTLEHCHOMY HANPAMKY 00 pyXy eekmopa 2eo30H0y. Heobxionicmo
KOMNJIEKCHO2O0 P032780Y MenaoQi3udHux i 2iI0pOOUHAMIYHUX 3a0ay OOTPYHMOBYEMbCS
HASIBHICIO 3A2ATIbHO20 NApamempa — weuoKocmi pyxy 2e030H0d K 0xcepea mend.
Y pobomi pozenanymo acnexmu meopii ma no6y0o8u a8moHOMHUX AOEPHUX 2TUOOKUX
mepmiunux 0ypi6-2e030H0I8, BUKOPUCMAHHA SAKUX MAE 6eUKe 3HAYEHHs OJisl
icmomno2o 3HUMNCEHHS eKON02IUHO20 HABAHMANCEHHA HA HABKOIUWHE cepedosuiye.
Memoto Oanoi pobomu € OemanvHe meopemuyte OOCHOINCEHH HAUOLTbLUL
NPUHYUNOBOI  MOMCIUBOCI  CMBOPEHHS HAONUOUHHUX AO0EPHUX —ABMOHOMHUX
2€030H016-MmepMoOYpi6 ma OYIHKA OCHOBHUX [HIICEHEPHUX napamempis npoyecy
MEenIoMAaAco0OMIHY 8 PeanbHUX YMO8AX KOHMAKMHO20 NIAGNEHHS 2IUOUHHUX NOPIO.
Pezynomamu meopemuunux 00cniodiceHb NOKA3VIOMb, U0 MONCIUBICNb 2TUOUHHOSO
MEPMIYHO20 NPOHUKHEHHST MeOoPemuyHo 0OIPYHMOBYEMbC OOCHAMHbLO KOPEKMHO.
Ha cvocooni npobrema cmeopenHs HAO2MUOUHHO2O 2€030HOY € NPUHYUNOBO
BUPTULYBAHUM HAYKOBO-MEXHIYHUM mMaA  THICeHepHO-pisuynum 3ae0annam. Hoei
2UOUHHI NPOMUCIOB] 2e0MEXHON02I] — Ye HO8a KOHYenyis exorocizayii npoyecy
8UO0OYMKY KOPUCHUX KONAIUH, | 60HU NPUOAmHi 071 po3poOKu OIOHUX ma 2UOOKUX
PYOHUX 2OPU3OHMIB, O] SAKUX HEOOYLTbHE a0 HEeMONCTUBE CNOPYONCEHH WaAXm Y
Kap'epis.
Kniouogi cnosa. mepmobypinns, s0epHull peaxmop; AGMOHOMHUL MepModyp-
2€030H0;, 2e0MEXHONO2II.

https://doi.org/10.32347/2411-4049.2023.1.104-110

3emHi Hazpa Ha MIMOMHHUX ropu3oHTax 10—15 kM € reoacTpodizuuHUM ITPOCTOPOM,
y MEXi SKOT0 Oe3Mocepe/IHIi KOHTAKTHUN JOCTYII JJIS TOCIIi THUIIPKUX TIPUIIaIiB Ta
IHIIMX MPUCTPOIB MOKH M0 HeMOXXIuBHUi. [Ipu 11boMy nepernik GyHaaMeHTaTbHUX
Ta TNPHUKIAJHUX 3a]ad, [0 MOXYTh OyTH BHPpIIICHI 3a JOMOMOIOK MPSMHX
KOHTAKTHUX TJIMOMHHUX JOCHIKEHb MITMOMHHOI PEYOBHHH 3 JOCTABKOIO 11 Ipo0 Ha
MTOBEPXHIO 3eMIli, IOCUTh 00'€eMHUH i Ma€ HaJ3BHUYAlHY HAYKOBY Ta iH)XKEHEPHO-
¢dhizuuny 1iHHICTE [1].

OnHak, HE MUBIITYUCH HA CYIACHHM MPOTPEC ¥ TEXHOJIOTISAX TNIHOOKOTO OYypiHHS,
JIOCi HE BIAETHCS MiTHATH HA TIOBEPXHIO 3eMJIi 3pa3Ku peYOBHUHU 3eMHOI MaHTii. Ha
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rmbnHax 6mu3pko 10 KM TeMmeparypa 3eMHUX Hafip gocsrae mpudmmsao 300-
350°C, a Ha rOuHax 0au3bK0 12 KM 11 3HaYeHHS MoKe caraTd noHag 530°C.

[Ipu Takux TemnepaTtypax OyJab-Ki OypOBi pO3YHHH CTAIOTh HEMPUAATHUMH JJIS
BHUKOpHCTaHHS. J[01aTKkOBUM 0OMEKEHHAM TNIMOMHHOTO OYPIHHS € BUCOKHH THCK B
MMOMHHUX HaApax 3eMii, SKAH MPU3BOAWUTH N0 OJNOKYBAaHHSA Ta pPyHHYBaHHSI
OypoBux MexaHi3miB. Kpim TOro, y TpiliMHyBaTux TOpoAax Ha CTiHKax
CBEpIJIOBUHM BHACIINOK AMHAMIYHMX HABAaHTA)XEHb YTBOPIOIOTHCA KABEPHH, SIKI
TaKOX 3aBa)KalOThb OYPIHHIO.

Hocin Konbcbkoi HagrmmOokoi CBEpAJIOBUHM TOKa3aB, WOI0 HAaBiTh 3
BUKOPHCTaHHSM HalCydacHIIoro 0ypoBoro o0aJHaHHsI IPOXOIKEHHSI CBEPATIOBHHU
mOMHOIO 10 15 kM 3afime moray 20 pokiB i BAMaraTuMe COTCHb MiTBHOHIB JI0JIapiB.

BurigHow anpTepHATHUBOIO TPAAMIIMHOMY TIIIMOOKOMY OYpPIHHIO B yMOBax
BUCOKHX TEMIIEPATYp i THCKIiB MOXE CTaTH METOA TEPMIUHOTO TIPOILIABIICHHS MTOPiA
3a JIOTIOMOTOI0 aBTOHOMHHX TE€PMOOYPiB-T€030HIIIB 3 MOTY>KHUMH aBTOHOMHUMH
TeIIoreHeparopaMu. s Takux HpUCTPOiB BHUCOKA TEMIlepaTypa CTae poOOoYuM
rapaMeTpoM 1 BTpayae CBOI OOMEXyBaJIbHI BIacTUBOCTI. CHPOIIYEThCS TaKOXK i
mpo0JieMa 3aXHCTy BiJl BUCOKHX THCKIB.

Cepen BiZoMUX Ha CHOTOJHI T€HEPATOPIB TETUIOBOI €HEPTii 3 TOCHTh TPUBAIHUM
TepMiHOM ii reHepanii HAHMOTYXHILIINMU € SAEPHI peakTopu. Posirpituii spepHum
TEIUIOM T€030HA-TEPMOOYp 3 TYTOIUIaBKUM KOPITyCOM Oyze pO3IUIaBIATH MOPOY,
0 KOHTAKTY€E 3 HUM, 1 IIiJl BIACHOIO Barol OMyCKaTUMETHCS yIITHO 3eMHHUX Hap.
[Ipu npoMy B 3eMHHX MOpOJax A0 MEBHUX TIIMOMH MOXKHA 3a0€3MEUUTH TaKHH
3aJaHU{ TETUIOBHHA PEXUM TEPMOOYDIHHS, MPU SIKOMY CTIHKH CBEPJIOBHHU Ha
r€030HI0M OYIyTh 3MiI[HIOBATUCS CKJIOTIOAIOHMM IIAPOM OXO0JIOJHDKEHOTO PO3ILIaBY .

I'ol0BHOI0O MeTOI0 1aHOT POGOTH € AeTalbHE TEOPETHYHE AOCIHIPKEHHS camoi
MPUHIMIIOBOI MOKIIUBOCTI CTBOPEHHS HAJITTUOWHHUX SJEPHUX aBTOHOMHHUX
IC030HIIB-TEPMOOYPIB Ta OIliIHKA OCHOBHHX IHXCHEPHHX IapaMeTpiB IMPOIECy
TEIJIOMACONIEPEHECEHHSI B PEAIbHUX YMOBaX KOHTAKTHOIO IUIABJICHHS TTTMOMHHHX
3eMHUX TOPi/I.

OcHoOBHHUI 3MicCT

Jlo movaTky HUHIIIHBEOTO CTONITTS HE MPOBOAMIIVCS JIETANbHI TEOPETHYHI, (hi3HKO-
MaTeMaTH4Hi Ta iHKeHepHO-Qi3WYHI aHaTi3u MPo0IeMU TTTMOMHHOTO POHUKHEHHS
B 3€MHI Hajipa, 3a JIOMOMOTOK aBTOHOMHOTO SJIEPHOTO TepMoOypa MNpU THX
TEIUIOBHX IapaMeTpax, siKi HoMy Moske 3a0e3MeunTH peaabHul SAepHUN peaKTop 3
peanbHO NPUHHATHUMHU rabapuTHO-MAaCOBUMU XapaKTEPUCTHKAaMU [2].

3a/ia4a npo BEPTHKAIBHHUN PyX T€030HJY B TiPCHKUX MOPOJIaX abd0 KPYKaHHUX
TOBII[AX BHACTIJIOK X MPOIUIABICHHS 3BOJUTHCS JIO PO3MIISLY CaMOY3TOKEHOTO
mpoliecy MOLIMPEHHS TelJla Bil MOBEPXHI KOPITyCY T'€030HIY Yepe3 Liap po3ILIaBy
HABKOJIO HBOTO JIO TBEP/I01 MOPOIX JUIA ii MporpiBaHHA Ta IuiaBieHHs. [Ipu ipoMy
TAaKO)X HEOOXIJIHO PpO3IMISIHYTH TiAPOAMHAMIYHY 3aJadyy TMpoO BepTUKAIbHE
nepeTiKaHHA PO3IIIaBy BiJ TI0O0OBOT YACTHHHU I'€030HAY B IPOTUIIEKHOMY JI0 BEKTOpa
HOTO pyXy HaNpsSIMKY.

HeoOxifiHicTh KOMILIEKCHOTO PO3IJSAY TeroQi3uyHol Ta TigpoJuHaMidHOT
3aa4 OOIPYHTOBYETHCS HAsBHICTIO 3arajbHOrO IMapameTrpa — MIBHIAKOCTI PyXy
TC030HAY SIK TeryiomKepena. [ cTBOpeHHsI MaTeMaTHIHOi MOJIENi, aAeKBAaTHO] 10
BIIHOIIICHHIO JIO0 MPOIIECIB TEIUIOMACOIICPEHECCHHS IMPH KOHTAKTHOMY TUIaBIICHHI,
BUKOPHCTOBYBAHY CHCTEMY PIiBHSHb HEOOXiTHO 3aMKHYTH PiBHSAHHSM ITOIIMPECHHS
Tewia B OTouyrouid moponi. Lo cuctemy piBHSHb MOXHA BUPIIIMTH HUISIXOM
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BBEJCHHSI MaJIOro Oe3pO3MipHOTO TapameTpa, SKHH BH3HAYAETHCS BiTHOIICHHIM
HaliMEHIIOT TOBIMHM Iapy PO3IJIaBy 10 BEIMYMHU XapaKTEPHOTO PO3Mipy CaMoro
re030HAy. 3HaYCHHS [BOTO MapaMeTpa MOXKYTh 3MIHIOBATUCS B Jiaa30Hi BETHYUH
Bix 107 mo 107,

Jaii MeTooM YHCeIhbHOro KOMITIOTEPHOTO iHTeTpyBaHHS MOXHA OTPUMATH i3
3a3[laJIeriib 3a/1aHOI0 TOYHICTIO HACTYIIHI TOJIOBHI BUXIiJHI 1HXEHEPHO-(i3uuHi
napamMeTpy: LIBUIKICTH PyXy TI€030HAY, TOBLIMHY IIapy pO3IUIaBy HABKOJIO
I€030HAYy, HONs IIBUIKOCTEH Ta TemmepaTyp po3IUlaBy Ta TeMIeparypy
HarpiBarouoi MOBEPXHi F€030HTY.

Jns onTUManbHOTO 32 Maco-TabapUTHUMH MapaMeTpaMu TEO30HAY, 3 PealbHO
MOYIMBOK IIUIBHICTIO TEIIOBOrO MOTOKY B 1 MBT/M? 4epe3 HOro MOBEPXHIO B
HaNpsIMKy pyXy B pealibHUX TiPCHKHX IMOPOJAX Pe3yNbTaTH OLIHKU Aal0Th 3HAYCHHS
IIBUJIKOCTI OIyCKaHHS reo30Hay /10 10 M/TomuHy, 0 B JICCATKH pa3iB MEPEBUIIYE
MIBHUJIKICTh POXOKEHHS TPAIUIIHHIMA OYPOBUME METOJaMH. 3a TaKOi IMIBHIKOCTI
IVl HENEpepBHOTO IPOXODKEHHS BCi€l 3eMHOI KOpH 3 TOBIIMHOKIO MPUOIM3HO
B 30—40 kM motpiOHO Bix 125 mo 167 ni6. A B aKTHBHY 30HY SJIEPHOTO peakTopa
nmoTpibHO 3aBaHTaxuTH Onm3pko 100 kr smepHoro mammea 3 U235, mo mobpe
Y3rOIUKY€ETBCA 3 XapaKTEPUCTUKAMU CyYaCHUX MaloradapuUTHHUX SICPHUX PEaKTOPiB.

Criix TakoX BiMITHUTH, IO JUIA ONTUMI3alii Mpolecy TepMOOYPIHHS 3HAYHY
porb Bimirpae gopma TermnoakTUBHOT pobouoi moBepxHi. [Ipu 11bOMY OCHOBHUMHU
OIIIHIOIOYAMH KPUTEPISIMH € IIBHIKICTh OIYCKaHHS Te030HAY Ta KoedilieHT
kopucHoi nii (KK/I), 1o Bu3Ha4YaeThCs K BiJHOIICHHS MiHIMAJIBHOI MOTYXHOCTI,
IO BUTPAYaEThCsl Ha 3a0e3ledeHHs] BEPTHKAIBHOTO PyXy T'€O30HIY i3 3aJaHOI0
MIBUJIKICTIO, /IO BCi€T TIOTYXKHOCTI, 110 3HIMAETHCS 3 pOO0OYO0T TOBEPXHI T€030HTY.

Po3paxyHKH KOHCTPYKLIM reo30HAIB 3 i30TEPMIYHOIO MTOBEPXHEIO OJIHAKOBOI
MOTY>KHOCTI JIaJid HaKpallli MOKa3HUKU sl TapaboiuHoi MOBEpXHi HarpiBaHHS.
Pesynbrat TEOpeTHYHHX JOCHTIHKEHb IMOKA3yHOTh, IO MOMIIMBICTh TTUOWHHOTO
TEPMIYHOTO NPOHUKHEHHS TEOPETUYHO OOIPYHTOBYETHCS IOCTATHBO KOPEKTHO.
Binbie Toro, Bxke ChOrojHi mpobiemMa CTBOPEHHS HAATIMOMHHOIO TE€030HIY €
MPUHIMIIOBO  BUPINIYBAaHUM  HAyKOBO-TEXHIYHMM Ta  IH)XKEHEPHO-(i3UIHUM
3aBJaHHSM.

CTBOpeHHsl reo30HIA, 34aTHOro mpaimoBatu npu Tucky 7000 Gap Ta mpu
temneparypax 1600°C, 103BOJIUT 3A1HCHUTH TPAHCKOPOBE KEPOBaHE MPOHUKHEHHSI
B Hajpa 3emuni. 3BMYAiHO, IO JUIA KEpyBaHHS TE€O30HIOM IOTPiOHI cremiaabHi
TEPMOCTIHKI MPUCTPOI Ta KEpyBaJbHO-BUMIPIOBAJILHI PUIIaH, 31aTHI NPaLOBATH
B EKCTpEMAIIbHUX TEPMOOAPUYHUX yMOBax. TOMYy TepMIYHHUN MeToJ| OypiHHS, IO
PO3TIIAIAETHCS, HE Ma€ allbTEPHATUBH cepe]l IHINX BIJIOMUX METOJIB OypiHHS 3a
LIBUIKICTIO Ta IMTUOWHOIO MPOHMKHEHHS B 3€MHI Hajpa. A OOMEXEeHHs SAEPHOTO
TepMOOYpiHHS BU3HAYAIOTHCS, B OCHOBHOMY, KUIBKICTIO SIJIEPHOTO MAIBHOTO,
TEPMOCTIHKICTIO KOHCTPYKI[IMHUX MaTepialiB Ta XapaKTePUCTUKAMH MillHOCTI
camMol KOHCTPYKLii reo3oHny. BaxJIuMBUM Ui CTBOpPEHHS SACPHOTO TE€O30HIY-
TEpMOOYpY TAKOXK € HassBHICTh Ta MOKJIMBICTH BUOOPY AEPHOrO TEIIOreHepaTopa 1a
KOHCTPYKIIIHHAX MaTepiaiiB i KOMIUIEKTYIOYHX JUISi OCHOBHHX CHCTEM TE€030HIY —
KOpITyCcHOi 000JIOHKH Ta oro J1000Bo1 TemoBoi “koponku”. HeoOxinHi MaTepianu
MOBHHHI TO€AHYBaTH BHMCOKY MILHICTh, XiMiYHY CTilKiCTh, TEIUIONPOBIAHICTb,
TEPMOCTIHKICTD, 3a/IaHy €IEKTPOIPOBITHICTS Ta iHIII BIACTHBOCTI.

CyuacHi KOHCTPYKI[ifHI MaTepiaiu 34aTHi 3a0e3MeUnTH POOOTYy TE€030HIY MPH
temmneparypax no 1600°C i Buime, Tomi SK TemIepaTypa IDIaBIEHHS OLIBLIOCTI
peTbHUX TIPCHKUX TOPIJI, 0 BXOAATH 0 CKJIamy 3eMHOi KopH, ctaHOBUTE 1100°C.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpUpoJoOKOpucTyBaHHs, Buil. 1 (45), 2023



~ 108 ~

KpiM nporo, B Takux TeMmIlepaTypHHUX YMOBaX KOHCTPYKLIS I'€030HIY IOBHHHA
BUTPUMYBATH BHUCOKI THCKM 1 MaTH BHCOKY XiMiYHYy Ta pafiauiiiHy cTifkicTb. s
LBOT0 MPUIHATHI MaTepiany 3 KapOiaHoi Ta HITpUAHOI Kepamiku. HiTpuno-kpeMHieBi
MaTepiaid BiTHOCATELCS A0 AieTICKTPHKIB, a KapOimo-KpeMHI€EB] — IO HAITIBIIPOBI THHKIB.
KpiM kepaMidHMX MaTepiaiiB, AT CTBOPEHHS JIAOOPaTOPHUX MOJEIICH Te€O30HIIB Ta
MPOBEACHHS 3 HUMH JOCHITHHUIBKHX BUMPOOYBaHb MOXKYTh BHKOPHUCTOBYBATHCS
rpadiToBi marepiand. bymyun AOCTyMHUMH Ta HEIOPOTHMH, BOHU ITOCTYIIAIOTHCS
KepaMiIli JIMIIe 3a XiMi9HOO CTIHKICTIO Ta MEXaHIIHOIO MIITHICTO.

B nanwmii yac B AHTapKTHII 31iHICHIOETRCSI OaraTopiunuii €Bpomneiicbkuii 6ypoBuit
npoexT EPICA 3 BuOyproBaHHSI TTMOMHHMX KPW)KAHUX KEpHiB. BUKOHYEThCS wiei
MIPOEKT CIiIbHO benbriero, @panrmiero, ['ommanmiero, Himeuunmoro, Iramiero,
Hopgerieto, llBeriero, [IBeiinapieto Ta Benukoro bpuraniero.

[IpoxomxkeHHsT THOAOBOI CBEPAJIOBUHM TIIMOMHOI 1O 4 KIJIOMETPIB B YMOBax
AHTapKTHIM BHUMara€ 3HA4HUX pecypciB. Y MallOyTHhOMYy HOBI aBTOHOMHI
TEPMOKPUTOOYpH TIOBHHHI BUKJIFOYATH 3aCTOCYBaHHS €KOJOTIYHO HeOe3meyHnx
He3aMep3alounX PiJH, 0 BHUKOPUCTOBYIOTHCS B CYYacHHX 3ac00ax JbOJOBOTO
TEPMOOYPIHHS.

Bzarani mpukiagHe MPOMHCIOBE 3aCTOCYBaHHS TEPMO30HIIB MOXe OyTH
HaWpPi3HOMAHITHIIIAM 1 HECHOAIBaHMM. ABTOHOMHI IIPOMHCJIOBI TepMOOypH
pOOJIATE MOKITMBHM CTBOPEHHSI HOBHUX T'€OTEXHOJIOTiH, 3aCTOCYBaHHs SIKMX He
BHMaraTuMe MPUCYTHOCTI TipHUKIB MiJ 3€MJICI0 Ta HE 3aBJaBaTUME €KOJIOTi9HOI
IIKOJY HaBKOJMITHEOMY CEPEIOBHILY TOMY, 11O CYIPOBOIKYIOTHCS TIraHTCHKUMHU
TEPUKOHAMH Ta BiJIBaJlaMH TOPOJIH.

CydacHe mif3eMHe MiANPHEMCTBO JHINE 3a A00Yy IOTIMHAE IIiJ 3eMJIO 0
200 xyOoMeTpiB KpilMMIBHOTO 100ipHOTO JTicoMaTepiany, 10 250 Tucsd KyOoMeTpiB
noBitpst, 200 TuCsu KimoBaT roAWH enekTpoeHeprii, 2 500 TonH BuOyxiBku. Ilix
3eMJII0 TIOJIAI0THCSl TPYOH, peiKu, METaloKOHCTPYKIIii, moOyToBe OOJIaHAHHS Ta
Matepianu. KpiMm Toro, y ByritbHUX OaceifHax 3 KOXKHO1 TOHHU BYTUJUISI Ha TIOBEPXHIO
BIJIKAUYIOTBCSI JICCATKU TOHH BOJU. A 30UIbIICHHS TJIMOMH BHUIOOYTKY KOIAJIMH
MTOMITHO 3HM)KYE SIKICHI IOKQ3HUKU BU00YTKY.

JlerkonocTtymHi st po3poOKH TIACTH BXX€ BHPOOJIEHI a00 pyXaroThCs A0 i€l
MeX1, TOMY PO3BHTOK TipHHYO00YBHOI ITi/[36MHOI IPOMHCIOBOCTI MOTPeOy€e HOBUX
BKJIajieHb. [1in3eMHI po3p00KHU KOMAIUH Ha ChOTo/(HI morauommucs 10 600 MeTpiB i
Oinpie. OHAK HA TaKUX TIAMOWHAX B YMOBaXx IMiJBUINEHHS THCKY TiPCHKUX TOPia
JIOAMHA 3 TPaIULiHOI0 TEXHIKOIO BXXE HE 37aTHa KEpyBaTh MiA3eMHUMH
CHUTYaIlisIMU Ta TIpoliecaMu 1 0yTH ix rocrogapem.

CyuacHi T€OTEXHOJIOTII € MPOJYKTOM Teolorii, (i3uKku, XiMii Ta IHIINX HayK.
Taxwuii mporpecyrourii KOHIIIOMEpAaT HayK y MaiilOyTHbOMY 00O0B'SI3KOBO 3aIPOIIOHYE
HOBI, BOXKIIMBI JUIS TPAKTUKU, METOAM BUAOOYTKY KOIAIHH, SIKi 3aJIy4aTh JI0 chepH
ICOTEXHOJIOTIH TPaHIIIFHI Ta HOBI KOPUCHI KomajauHu. HoBI IIMOMHHI TPOMUCIIOBI
TEOTEXHOJIOTIT — 11e TPUHLIMIIOBO HOBA KOHLETIIs €KOJI0Ti3alii IpoLecy BUA0OYTKY
KOPHCHHX KONAaJIMH, 1 BOHM NPUAATHI JUIA PO3poOKH O1MHUX Ta TIMOOKHUX PYIHHX
TOPH30HTIB, JUIS SIKUX HEJIOIIIbHE a00 HEMOXIIUBE CIIOPYIXKSHHS IAXT YU Kap'epiB.
VY Hanpa 3emii MO>KHA IEPEHECTH HaBITh YaCTHHY JIMBAPHOTO MPOIECy. A mepeik
KOPHCHHX KOTaJIMH, SIKi MOXHA 100yBaTH r€OTEXHIYHUMH METO/IaMH, BEIUKUH.

[HIIMM epCIeKTUBHUM 3aCTOCYBAaHHSIM € MOXIIMBICTD PO3BUTKY HOBUX METOMIB
JIOCTYITY O HEBUUCPITHUX JHKEPE Fe0TepMaTbHOI €Heprii, BAKOPUCTOBYIOUH Pi3HI
BUAM arperarTHoro CcTraHy €EHEeproHociiB, a TakoX KOMOIHOBaHMX LIMKIIiB
re0CHEepPreTUYHUX TEXHOJIOT1H.
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TakuM YUHOM, aBTOHOMHI 30HIM-TEOHABTH, IO MOXYTh 3allyCKaTHUCS B
HaNpsMKY, AlaMeTpaibHO MPOTHIEKHOMY KOCMIUYHHM BEpPTHKAsIM, a came —
y TeOKOCMIYHI Hajpa Haoi 3emili, € 0 CBOIH CyTi FT€OKOCMIYHOIO TeXHIKOF0. | yum
mBUIIIe Oyae CTBOPEHO TaKy MPHHIMIIOBO HOBY TEXHIKY, THM IIBHJIIC
TipHAY000yBHA TIPOMHCIIOBICTh Ha0y/le HOBHUX MAaKCHUMAaJbHO EKOJOTIYHHX
METOAIB OJIepXKaHHs KOPHUCHUX KOMaJMH 0e3 MmIaxT Ta Kap'epiB. BukopucroByroun
SIIEpHUAN  peakTop IMma 3eMiIel0 SK TEIUIOTeHepaTop, MOKHAa 3a0e3neduTH
HeoOXiMHMI miama3oH poOOYMX TeMIepaTyp 1 3aKadyBaTH IIiJ 3e€MIIIO XOJOTHI
peareHTH JUIs iX HarpiBaHHs "Ha MicHi" 10 e)eKTUBHHX POOOUHX TEMIIEPATYpP.

BucHoBku

Ha croromni icHye MOMIIMBICTH CTBOPEHHS OE3MEYHUX SIIEPHUX PEaKTOpPiB, IO
MpaliolOTh Ha HAWIOIIMPEHIIOMY y MPHPOAlI Ta nemeBoMy i3ortomi 238 U.
B ocHOBY CTBOpeHHsI TakuX pEaKTOpiB TMOKIAJeHO KOHIENTYalbHY iJ€0
HAJMOBITFHOTO HEHTPOHHO-SIIEPHOTO (POHTATLHOTO TOpiHHSA (DEeoKTHCTOBA-
Tennepa, cyTh sKOI HOJSra€e B TOMY, IO TOJOBHHUM TalbMOM 1 aOCONIOTHUM
3aXHMCTOM MPOTH BUOYXOBOTO PO3BUTKY SACPHOI PEaKIii B SIEPHUX CHEPreTHUYHHX
KOHCTPYKIIIAX Ma€e OyTH (pi3WYHHI 3aKOH — HE aBTOMAaTHKa, He 06ararocTyIiH9YacTi
Oap'epu Oe3meku, i HaBITh He OMNEpaTOP-MIOAWHA, SKA B CHCTEMi YIpPaBIiHHSI
SIEPHUM 00'€KTOM € HalOiIbII cIa0KO0 JIaHKOIO, a HenepeOOpHi 3aKoHH (i3HKH.
Peaktopu 3 BHYTpIIIHBOIO OE3MEKOI0 BIAMOBIIHO JO TOYHOTO BHCIIOBIIOBAHHS
Bimomoro ¢izuka-saepuauka JI. [1. eokTrcToBa — 1€ siIEepHI YCTAHOBKY, SIKi HIKOIH
He BUOyXaroTh. Taki sjepHi peakTopH, Ha BiJIMiHY Bijl TPaJIUIIHHUX PEAKTOPIB, HE
BAMAraroTh HAJIKPUTHIHOTO 3aBaHTAXKSHHS SIIIEPHOTO MaJIMBa, & OTXKE, TPUHIIUIIOBO
He 37aTHI BHOYXHYTH. B HHUX TakoX BHKJIIOYAEThCS ydacTh omeparopa [3-6],
a TAaKOXX BWJIYYAIOThCSI 3 SIIEPHOTO MAJIMBHOTO LHUKIY TEXHOJIOTIYHI Mpouecu
30aradeHHs SIEPHOTO MaNKBa — B IXHIX aKTUBHHUX 30HAX CHAIOETHCS MPUPOIHUH 1
HaBiTh TexHiuHMA U238 mpHW BiACYTHOCTI CHCTEMH DPETYJIIOBaHHS PEaKTUBHOCTI
peaxTopa, a CTyliHb BUTOPSTHHA NaiuBa Moke pocaratu 5—70% i sume.

Taki 6e3neuni peakTopy MOKHA BUKOPUCTOBYBATH B Oy Ib-SKMX BaXKKOJOCTYITHHX
MiCISIX [UTAHETH. IX CTBOpEHHs MO’Ke MO3MTMBHO BIUIMHYTH Ha PO3BUTOK 0araThox
MaTepialbHUX Ta JyXOBHUX IIHHOCTEH y CYCIJIBbCTBI, KapAWHAIBHO 3MiHHTH
TEXHOJIOTIYHHUH CTaH Ta EKOHOMIKY MallOyTHBOT IIEpHOT EHEPIeTHUKH CBITY.
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THE FORMATION OF ATMOSPHERIC AIR POLLUTION EMISSIONS
FROM SEPARATE EXPLOSIONS AS A RESULT
OF MILITARY OPERATIONS

Abstract. As is well known, military operations in urbanized areas lead to
deterioration of atmospheric air quality. The article examines the model of the
formation of atmospheric polluted air from individual explosions as a result of
military operations. A technique based on the theory of the convective jet is
proposed for estimating the concentrations of hazardous substances formed above
the burning area as a result of the explosion. The proposed approach makes it
possible to obtain the concentration of pollutants in the conditions of emission into
the atmosphere open to solar radiation at a height of three or more diameters of the
explosion funnel (or the conventional diameter of the warm surface), the
temperature and speed of hot air jets over the warm surface, the consumption of the
desired substance. The obtained data make it possible to calculate the emission of
hazardous substances into the atmosphere according to the formulas for a high
unshaded source of pollution depending on the meteorological conditions of the
area, to determine the concentration of the main acid-forming substances when
assessing the probability of acid precipitation, and to serve as a basis for modern
innovative atmospheric air monitoring systems.

An assessment of the existing approach to determining atmospheric air pollution
due to the impact of X-101 missile fragments in Kyiv on December 16, 2022 was
made, which is a confirmation of the validity of this approach when calculating the
impact of a separate explosion on atmospheric air quality. Calculated emissions of
pollutants and their concentrations in the air in the upper part of the convective
polluted jet in the case of separate explosions of the Kalibr cruise missile,
the Kh-101 missile and the BUK-ML1 projectile. The error from the comparison of
these calculation results with the atmospheric air monitoring system depends on the
nearest active observation points. This approach to assessing and forecasting
concentrations of pollutants in atmospheric air can be used under neutral
atmospheric conditions that determine the emission of pollutants and
transformations of chemical substances in the air.

Key words: military operations; separate explosion; atmospheric air quality;
convective jet.
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A.B. 'onuapenko, P.B. Cinakon
KuiBchkuii HaiOHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

®OPMYBAHHS EMICII 3ABPYJTHEHHSA ATMOC®EPHOI'O ITOBITPSI
BIJI OKPEMUX BUBYXIB BHACJIIIOK BOEHHUX 1IN

Anomauin. Ax 8ioomo, 80€HHi Oii Ha YPOAHIZ08AHUX MEPUMOPIAX NPU3BOO0AMb 00
nocipwanHa aKocmi ammocgeproeo nogimps. B cmammi pozenanymo mooens
dopmysanns ammocgeprozo 3a0pyOHeHo20 NoGIMps 8i0 OKpemux 8ubdyxie
BHACNIOOK BO€HHUX Oill. 3anponoHo8ano Memoouxy, wjo 3ACHO8AHA HA Meopii
KOHBEKMUBHO20 CMPYMEHA NpU OYinyi KOHYeHmpayii nebe3neunux peuosut, uwo
YMBOPIOEMbCSI HAO NA0Wel0 20PIHHA GHACHIOOK 6ubyxy. [Ipononosanuil nioxio
003607151 OMpUMy8amu KOHYenmpayii 3a6pyOHIOIOUUX PeHOBUH 8 YMOBAX eMicii y
GIOKpUMY COHAUHOMY SUNPOMIHIOBAHHIO AMMOCHEPY HA 8UCOMY 00 MPbOX i Oinblie
Jdiamempie 60poHKu 6ubyxy (abo ymosHo20 Odiamempa Meniol NOBEPXHI),
memnepamypy ma WGUOKICMb 2apA4020 CMPYMEHA NOGIMps HAO Menaol
nogepxnero, umpamy wiykyeanoi pewosunu. Ompumani Oani 0036019mMb 6
HOOANLUIOMY PO3PAxX08yeamu emicilo 6 ammocgepy HeOe3neuHux peuosun 3d
dopmynamu 051 8UCOKO20 HE3AMIHEH020 0dxcepend 3a0PYOHEHHs. 8 3aNeHCHOCTI 8i0
MEMeOopONOIYHUX YMO8 MiCYeBoCmi, GUIHAYAMU KOHYEHMPAYil0 OCHOBHUX
KUCTIOMOYMEOPIOIOYUX DeYO8UH NPU OYIHYI IMOGIDHOCMI BURAOIHHSA KUCIOMHUX
onadie ma cayeyeamu NIOOCHOBOK Ol  CYYACHUX IHHOBAYILIHUX —cucmem
MOHIMOPUHZY AMMOChepHo20 nogimpsl.

3pobaeno oyinky icHyou020 nioxody 00 U3HAUEHHS 3aOPYOHEHHS AMMOCHePHO20
nosimps énacaioox nonaoauns yramkis pakem muny X-101 ¢ m. Kuesi 16 2pyous
2022 poxy, wo € niomeepodriceHHIM NPABOMIPHOCMI 0AHO20 NIOX00y Npu
PO3PAXYHKAX GNIUEY OKPemMo20 GubyxXy Ha AKICMb ammoc@epnozo nogimpsi.
Pospaxosani euxuou 3ab6pyoHIoOuUx peuosun ma ix KOHyeHmpayii 6 nosimpi y
BEPXHIll 4ACMUNI KOHBEKMUBHO20 3AOPYOHEH020 CMPYMeHs V) 8UNAOKY OKpeMux
subyxie kpuramoi paxemu «Kaniopy, pakemu «X-101» ma cnapsoy «BYK-M1».
Ioxubka 6i0 cniecmagienHa OaHux pe3yibmamie po3paxyHKy 3 MOHIMOPUH2Z060I0
CUCMEMOI0 amMoc@epHo20 Nosimps 3anedcums 6i0 GIOCMani 00 HAUOIUNCYUX
Oitouux nyHKkmie cnocmepedxcensv. [lanuil nioxio 00 OYIHKU ma NPOSHO3YEAHHS
KOHYeHmpayiil  3a0pYOHIOIONUX PedosUH 8 amMOChepHOMY NOSImpi MOdlCHA
BUKOPUCIMOBYBATNYU NPU HEUMPATTLHUX YMOBAX AMMOCPePU, WO BUSHAUAIOMb eMICiIo
3a6pyoneHb ma nepemeopetb XiMiyHUux pevosun 8 noGimpi.

Kniouogi cnosa: 6ocumni 0ii; okpemuii 6uOyx, sKicmv ammocpeproco nogimps,
KOHBEKMUBHUL CIMPYMiHb.

https://doi.org/10.32347/2411-4049.2023.1.111-120
Beryn

Bracnifok pociiicbkoi BoeHHOT arpecii B YKpaiHi, OCTaHHIM 4acoM BOPOT 3aBJa€
OKpeMHX PaKeTHHX yJapiB IO LMBLIBbHIA 1HQPACTPYKTYpi y BEIUKUX MICTax, IO
MPU3BOJIUTH, KPIiM JIFOJICBKUX BTPAT Ta PyHHYBaHHS MaTepiallbHUX 00'€KTiB, TAKOXK
JI0 3HAYHOT0 3a0pyAHEHHS aTMOC(EPHOTr0 MOBITPS MICBKOTO cepenoBuina. Huskoro
ABTOPIB JIOBEJICHO BILTUB BiCHKOBOI MisITLHOCTI Ta BOEHHUX Jili BHACIIIOK arpecii
Ha r00aibHI eKojoriyi npodaemu [1, 2, 3 Ta iH.]. [ BU3HAYEHHS KiIBKOCTI
HeOe3MEeYHNX PEYOBHH, [0 BUBUIBHIIOTHCS B aTMOCc(epy Mia gyac BUOYXy, B TOMY
YHCHi i TaKuX, IO BIUIMBAIOTH HA 3MiHY KJIiMary B Iio0aJbHOMY MacmTadi abo
MPOXOJATh MOBHE OKHUCIICHHS Ta CHPUYMHSIOTH KUCJIOTHI JOMI, HEOOXiTHO MaTH
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3pyYHUN MaTeMaTHYHUH amapar, SKAH 3aCHOBAHO HAa 3aCTOCYBAaHHI METOIIB
MaTeMaTHYHOTO MOJICIIOBAHHS, METOJIB CTaTUCTUYHOTO aHali3y Ta BpaxyBaHHI
3aKOHIB XiMiYHOi KiHeTHKH. KpiM I1[Oro, CiiJ 3a3HA4MTH, IO HEBiJl'EMHOIO
YaCTHHOIO KOHIIEIii CTBOPEHHS Cy4acHOi 1HHOBAIIIHOT MOJIENi MOHITOPHHTOBUX
CIIOCTEpEXeHb € TOW (paKT, MO BOHA MOBMHHA 0a3yBaTHCS HA B3a€MOIIOB’S3aHUX
HasBHUX MaTeMaTHYHHX MOJEISX, CTATUCTHYHHX 3aJIeKHOCTSX 1 TAaHUX ICHYIOUHX
cucteMm crocrepexkenp [4]. Jlanuii MaTeMaTW4HHAN amapaT MOXKE CIIyT'yBaTH
OKpeMUM OJIOKOM B CHCTEMi MOHITOPHHTOBHX CIIOCTCPEKCHh 3a CTaHOM
aTMOC(EpHOTo MOBITPs, BPaXOBYIOUH NP IIbOMY 3a0pyTHEHHS MOBITPSI BHACHTIOK
BOEHHUX /il Ha MICBKill TEpUTOPIi.

IMocTanoBka npod.iemMu

JochimkeHHsT 3aKOHOMIPHOCTEH PO3MOBCIOKEHHST HEeOe3MeYHNX PEYOBHH, IO
MOB's13aH1 3 BUOYXaMu OOETPUTIACIB, € aKTYaIbHUM ITHTAHHSIM €KOJIOTIYHOT OE3ITeKH.
B icHyrouMxX JOCHIJKCHHSX Ba)UIMBE 3HAYCHHS MNPUAULIOCT BH3HAYCHHIO
3arajbHOTO CKJIAMy Ta KITBKOCTI 3a0pYyIHIOIOYHMX PEYOBHH, SKi YTBOPHINCH
BHACJIIOK BUOYXiB, 3 IIOIaJIBIIAM iX BIUTMBOM Ha AOBKULI i HaceneHHs. Lli mutanHs
YaCTKOBO PO3MISIHYTI B poOoTax [5, 6] Ha mpuKIIaai aBapii Ha CKJaai Ooempunacis.
[Ipobnema ¢opMyBaHHS BTOPHHHHX 3a0pynHIOBadiB B arMocdepi NpH pi3HHX
METEOPOJIOTIYHIX YMOBAaX HABKOJIHIIHBOTO CEPEIOBHINA, BUCOTI CTOBIIA BUOYXY Ta
eMicii aHTPONOreHHUX JOMINIOK B atMocdepy 3emii posrisaanacs, B OCHOBHOMY,
CTOCOBHO BHCOKMX HE3aTiHEHHMX JpKepen 3abpyaneHHs [7]. B maniii poborti
posrisianacs MaTeMaTHYHa MOJIEIb MPOoIeciB (JOpMyBaHHS KUCIOTHHX OMAJiB Ta
iX BUIQJAHHA Ha TEPUTOPIAX, MO mpwisrarote a0 30HM TEC, ska BpaxoBye
JIBOBHUMIpPHE TEIUIO- Ta MaCOIICPEHECCHHS, KIHETHUKY MPOIIECY KOHCH AL, TU(y3it0
Ta KOHBEKIIIIO TTApH OKCHUIIIB CIpKH, BHUPIIIYETHCS YHUCEIBHUM CIIOCOOOM METOIO0M
KIHIIEBHX Pi3HHUIIb.

Bimomi MeToaMKM OIIIHKM BijcTaHed, Ha SKIi MOXYTh IOIIWPIOBATHCS
AQHTPOTIOTCHHI KOMITOHEHTH BHIKHIIIB, TE€X CTOCYIOTHCS, B OCHOBHOMY, BHUCOKHX
BUPOOHHYMX TPYO. MeTouKH nepeadadaroT BUSHAYSHHs KOHIIEHTpAIii Ha IUIIXY
PO3BUTKY 3a0pyIHEHOrO CTpPyMEHS Ha TpbOX JUISHKAaxX: BHKHAY (akery
3a0pyIHEHHS, 30HI MaKCHMaJIbHOTO 3a0pyJHEHHS 1 IOCTYIIOBOTO 3HWKEHHS
KOHIeHTpalii. BoHr ocHOBaHI Ha peami3allii MaTeMaTHYHO! MoAEei aTMochepHOl
mudysii Ta cratuctuaHUX Mozenei [8—10 Tta in.]. 3amaua xapakrepy GopMyBaHHS
TEIUIOBOTO KYIOJY HaJl TEIJIOK IMMOBEPXHEIO0 MICHKOTO CEPEIOBHIIA 3a JIOTIOMOT OO
PIBHSHHSL KIJIBKOCTI pyXy 3a0pyZHEHOIr0 TIOBITps, WOTO MapaMeTpH Ta KUIbKICTh
TEIUIOTH JDKepella NOCHTh JIeTalbHO omucaHi B podori [11]. [ns Bu3HaueHHS
napameTpiB KOHBEKTUBHOTO CTPYMEHSI aBTOPaMHU BHKOPHUCTOBYBABCS iHTETPabHUIA
meton JI. Einepa, sikuii moysirae B piBHOCTI 3MiH KUIBKOCTI BXIJHMX Ta BHXIJHHX
PYXiB NOTOKY B OKpECJIEHHH 00’€M Ta CyMH IMIYJbCIB 00’€MHHMX aKTUBHHX 1
PEaKTHBHUX CHJI. AHAJOTIYHMHA MiAXiA NPaBOMIPHO 3aCTOCYBAaTH NPH PO3IIISAL
TEIJIOr0 3a0pyAHEHOTO CTPYMEHS MPH OAMHOYHOMY BHOYXY (puc. 1).

MeTor0 JaHOTO JOCHIIKEHHS € OIIHKAa BUKH/IIB IIIKiUTMBUX PEYOBUH HA ITiJICTaB1
CTBOPEHHS MOJENli KOHBEKTHBHOTO CTPYMEHs, IO JO3BOJSIE BU3HAYUTHU
dbopMyBaHHS Kymoja 3a0pyJHEHHS HajJ MICIeM BHOYXY B 3aJICKHOCTI Bij
METEOyMOB MiCIICBOCTI.
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OcHOBHA YacTHHA

Huninapuasmii 00°eM, 10 PO3TISAAAETHCS, OKpecieHuid nepepizoM | — I 31 croponu
Terwioi moBepxHi 1 mepepizom I — I Ha Mexi minstHKH popMyBaHHS KOHBEKTHBHOTO
cTpyMeHs. Bei BekTopu miaTikaHHS aTMOC(HEPHOTO TOBITPS € ePIeHINKYIAPHUMHA
BEPTUKAJIbHIN OCi CHCTEMHU.

» X

Puc. 1. Cxema nmocraHoBKkH 3a/1a4i: 1 — cTOBI BUOYXY; 2 — HAIPSIMOK PyXy BHOYXOBHX ra3iB;
3 — YMOBHE JIOKQJIbHE JKEPEII0 BUKHIIB ITPH PO3MOBCIO/PKEHH] B aTMocdepi

Bix meBHHMX METEOYMOB MICIICBOCTI Ta IX KOMOIHAIil 3ajiexkaTh YMOBH
(opMyBaHHS OCHOBHHMX NUISXiB PO3MOBCIOJDKEHHS 3a0pysHEHb B MOBITPI.
[IpoBimHUME MeTeOpONOTiyHUME (aKTOpaMU MOKHA Ha3BaTU IIBUAKICTH BITpY,
TYpOYJIEHTHICTb aTMocepy B MeKaxX IUIAaHETAPHOTO NPUMEXKOBOTO MIapy i
BEpTUKaIbHE PO3MOJUICHHS TeMmIepaTtypH (aaiadaTudHe, iHBepciliHe i miapyBate
pi3HOMaHiTHE).

3 BukKopHcTaHHSIM Kputepis Pidapacona Ri pospisHstoTh crtabineHi Ri > 1,
HecTalinbHI Ri < 1 1 HelTpanbhi pu Ri = 1 ymMoBHU aTMocdepH.

3rigHo 3 Bu3HaueHHsM (1) HeHTpanmbHICTP HacTa€ TNpPU BPiBHOBAKEHOCTI
(akTopiB, sfKi 0OOYMOBIIOIOTH IpoLecH jAecTabimizamnii i crabimizamii artMocdepu.
Bekropu nmigrikanHs atMoc(epHOro HOBITPA € MEPIECHIUKYIIPHUMH BEPTUKAIBHIH
0Ci CHCTEMH.

Ri = iﬁ’_i) . 1)
7+(gi)

IMutoma eHeprist BUOYXOBUX peqoBUH npuitMaetses 4184 Jix/r. s kpunaroi
pakern tuny «KaniOp» 3 60iioBoro yactuHOO 450 Kr TeroTa o IOl TOPiHHS
cknagae 1,88%10° [k, a6o 449330,78 xxain; paketu X-101 3 60l0BOK YaCTHHOIO
400 xr ckmamae 1,67*10° JIxx, abo 339139,57 Kka; 3€HITHOI paKeTH CEPEIHBOL
nansHOCTI «BYK-M1» 3 60iioBor0 yactrHO Barorw 50-70 xr Terwrora Imo IUIOLI
ropinns cknazgae 2,5%108 Ik, a6o 59751,43 xkan [12, 13]. Po3paxyHOK BUKHUIIB
JESKNX KACIOTOYTBOPIOIOYNX PEYOBHH Ta MTAPHUKOBUX r'a3iB HaBeIECHO B Tabmimi 1.
KoedirieHT mUTOMUX BUKHIIB PEUOBHH 3 ACIKUMH MPUIYIICHHIMH OYyJIO B3SITO
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HamMu 3 MeTOINKHN po3paxyHKy HEOPraHi30BaHUX BUKUIIB 320y THIOIOUIX PEYOBHUH
abo cyMiln TakuX PeYOBUH BHACIIIOK BUHUKHEHHS HAI3BUYAHUX CUTYalliil Ta/abo
i Jac Ail BOEHHOTO CTaHy Ta BU3HAYEHHS PO3MIpiB 3aBIaHOI IIKOIU. 3aTBEPAKCHO
Hakasom MinicTepcTBa MOBKUUIA Ta TPUPOTHUX pecypciB YkpaiHu 13 KBiTHS
2022 poky, Ne 175 [14].

Tabnuis 1. Po3paxyHOK Macw BHUKHIy OKPEMHX PEUYOBHH IPH BHOYXY KPHIIATOL
pakeru tuiy «Kamibp», pakern Tamy X-101 ta cHapsagy «bYK-M1»

o RS- 2 < Z
S '5&5\32 ==
£EBE | 22839 £433¢
No 3abpyaHIO09a SEfc| 28 QFQN% - N&exa
- pevoBUHA as g F DEEZET SEgsY
S8z gSeE¥ted E5% LR
"t | SE5CEE| SETEER
= 1) 5}
1 Hiokcun azory, NOx 0,000756/0,00056/
0,0014 0,540/0,400/0,070 0,000098
2 CipuucTtuii  aHrimpum, 0,000007/0,0000052/
S0, 0,000013 | 0,540/0,400/0,070 0,00000009
3 Byrnero giokcun, CO; 3,449 0,540/0.400/0,070 1,86246/1,3796/
0,24143
4 Byrnerio oxcuna, CO 0,0034/0,00252/
0,0063 0,540/0,400/0,070 0,000441
5 Teepai PEUOBHHN,
OKBU+PMI10+PM2,5 | 00026 | 0,540/0,400/0,070 0'00%483601*@2104/
(caxa) '

Pi3HHIIO MK CepelHBOI0 TEMIIEpaTypOIO TOBITPs Ha IMOBEPXHI TOpIHHS Ta
HaBYXUOMY TMepepi3i TEMI0ro KOHBEKTUBHOTO CTPYMEHSI, IO MiIiHMA€eThCs BrOpY,
a TaKOX CEepeNHI0 INBHIKICTh MiJHIMAHHS TEIUIOro 3a0pyIHEHOTrO TOBITPS
3HAXOJIUMO 3TiJHO 3 (hOpMyJIaMU KOHBEKTHBHOI TEILIONIEPEIayi.

CepenHss TemmepaTypa B TEpPEXiJIHOMY Iepepi3i KOHBEKTHBHOTO CTPYMEHS
3HAXOAUTKCS 32 HOPMYIIOIO:

2
3

Atye, = i QSE rpaj. (2)
r—y0)3

CepenHO 1O IUIONI HIBUAKICTH TEIUIOIO TMOBITPS, SAKE MiAIMa€eThCS Bropy,
3HAXO0JIUMO 32 (HOPMYJIOHO:

% =056 (&) 033, (3)

Jie: Y — Yo — BIIICTaHb BiJI IOBEPXHI 3eMIIi JI0 NIYKAHOTO TMEpepi3y KOHBEKTHBHOTO
BEPTUKAIBHOTO CTPYMEHSI, M.

[puiimaroun niameTp BOpOHKH BHOYXY (200 muiomii ropiass) npuOnusHo 20 M
(D), BHCOTY KOHBEKTHBHOIO CTpyMeHs mpuOmm3no 100 M, mIykanwii mepepis
BEPTUKAIBHOTO KOHBEKTHBHOTO CTpyMeHs Oyae mpubausHo 3D = 60 M ans paketu
tuny «Kanidp» 1 30 M — 1151 3eHiTHOT pakeTn cepeaHboi nanbHocTi «BYK-M1».
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BinmoBigao anst xpunatoi paketn tuiry «Kamibp» maHi MBHIKOCTI CKIIAAArOTh
V, = 18,99 m/c; pakeru tuny X — 101 V), = 17,03 m/c; 3€HITHOT pakeTu
cepennboi ranpHocTi «BYK-M1» V), = 6,86 M/c.

KonuenTparist 3a0pyAHIOIOUNX PEYOBHH BiJ BHOYXY B HaiBy)KUOMY mepepisi
3a0pyIHEHOTO CTPYMEHS NpeCTaBlIeHa B Ta0I. 2.

Tabmuus 2. Konuenrtpauis 3a0pyTHIOIOUHMX PEUYOBHH B KOHBEKTHBHOMY CTPYMEHI
BuOyxy Bim kpmmaroi paketn «Kamibp», paketm X-101 i cHapsamy «BYK-M1»
Ha Bigctani 60 M 1 30 M BiJ MOBEpXHi 3eMIIi B 3aJI€KHOCTI BiJl THITY CHAPSAY

>
N = ‘-
® T — 5 .« X I %
;gaz. §§§§§ '§§§§3 g
S 8 x & & 855 | 872855 & =
3a6pyaHIo0ua 532 8= 534 E 2 =34 g8
No £ & a8 - 8 & A 59 € ax s =
pedoBHuHA EE’Q:( w§§9> u%gyg{% M%
=2sE5= | SEE5% | 55558% =¢
Mgy | gody | HELY ol
°© @
. 5962,86/
1 ﬁ‘o"mﬂ BOTY: | 756/560/98 5347,42/ 10%12%% g 0,2/0,04
x 251,985 : :
. . 5962,86/
g | ClpmacTuit 7/5.2/0.9 534742/ 117009721 1 4 510 005
anriapua, SOy 251 985 3,57
Byremmo 1862460/ 5962,86/ 312430/
3 i-‘gKCH“ co 1379600/ 5347,42/ 257990/ /-
JuoKcena, L2 241430 251,985 958110
Byrrero 3400/2520/ 5962,86/ 570,1/471,2/
4 5347,42/ 5/3
oxcuzn, CO 441 251 985 1750
Trepai
5962,86/ 0,5/0,15
o || oo | S| 2o o,
PM2.5 (caka) 251,985 +0,15/0,05)

Ha ocHoBi nmaHoro migxoAy OO BH3HA4YeHHS KOHLEHTpauid 3a0pyIHIOI0YHX
PEUOBHH y BEPXHii YaCTHHI KOHBEKTHBHOIO 3a0pyIHEHOTO TEMJIOr0 CTPyMEHS Bif
BHOYXY, MOYKHA BUPIIITYBAaTH TAKOX HU3KY 3a]a4, B TOMY YHCJII 1 THX, 1110 OB’ s13aHi
3 BIUTMBOM BOEHHUX JIill HA PO3BUTOK TII00ATHHUX €KOJIOTIYHUX TPOIIECIB, a caMe:

— BU3HAYATH KOHIICHTPAI[II0 KUCIIOTOYTBOPIOIOYMX PEUOBUH Y BEPTUKAITEHOMY
KOHBEKTHBHOMY CTPYMEH1 HaJl IOBEPXHEI0 BUOYXY Ta YaCTKY IEPETBOPEHHS HOTO y
KHCJIOTH TIPH MEBHUX METeOyMoBax (ITpH BUPIIIICHHI 3aj1a4ui yTBOPEHHS KHCIOTHHX
OTIa/IiB BiJl KOHKPETHOT'O BUOYXY pakeTH abo CHapsy);

— BHU3HAYaTH KOHIIEHTpAIlli MapHUKOBHX Tra3iB B 3a0pyJHEHOMY TEILIOMY
CTpYMEH1 TOBITpsl Ta 3HAXOOUTH 3arajbHUN BUKWJ NMapHUKOBUX Ta3iB Big cepii
OJMHOYHUX BHOYXiB B MEXax JIOCIIKYBaHOI TEPUTOPII;

— po3paxoByBaTh  eMicito  3a0pyAHeHb HEOE3MEYHHWX  PEUYOBHH  Bif
KOHBEKTHBHOTO CTPYMEHS 3a QHAJIOTI€I0 3 BHCOKHM HE3aTIHEHHM JDKEPETIOM 3a
BIZIOMHMH METOJIMKAMU;
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— CIYTyBaTH MiJICKCTEMOIO TPU peaiizallil iHTerpoBaHOi MEPEXi eKOJIOTYHOTO
MOHITOPHHTY CKJIaJI0BUX HABKOJIUITHHOTO CEPEIOBHUIIA BHACTIIOK O0HOBHX Miif;

— 3OICHIOBATH PO3PaXyHKHA €KOJOrO-eKOHOMIYHMX 30WTKIB Bifl BEIEHHS
0o0MoBHX il Ta 1HII.

OO0roBopeHHs pe3yJIbTaTiB A0CTiIKEeHb

st mepeBipKkd MPaBOMIPHOCTI J@HOTO MiAXOMy 10O BH3HAYCHHS 3a0pyAHEHHS
aTMoc(epHOTO TMOBITPA BiIl OKpeMHX BHOYXIB BHACNIIIOK BOEHHUX i OyIo
3po0JeHO PO3PaxyHOK KOHIIEHTPAIid OCHOBHHX 3a0pyIHIOIOUMX PEYOBHH Ta
MOHITOPHHIOBUX AaHUX IIOJO SKOCTi atMocepu B M. KueBi BHacIiiok o0CTpiny
pakeramu X-101 Teputopii ['onociiBcbkoro ta J[HimpoBcbkoro paiioHiB M. Kuesa
16 rpynns 2022 poky (tab6mn. 3). KonnenTpartii 3a0pyTHIOI0OUYHX PEUOBHH CTAHOM Ha
3a3HavyeHy AaTy Opajich 3 CUCTEMU MOHITOPMHIOBUX CIIOCTEPEIKEHb M0 M. KueBy
[15], po3paxyHok iHmekcy sikocti moBitps AQ| mpoBoauBcs 3a JOMOMOrolo
KanmpKymsTopa [16].

[ToxnOka Bix criBCTaBIEHHS JAHUX PE3YIBTATIB PO3PAXyHKY 3 MOHITOPHHTOBOIO
CUCTEMOIO aTMOC(EPHOT0 MOBITPS 3aJISKHUTh BiJl BIICTaHI 10 HAMOIMKIMX JIFOUUX
MMyHKTIB CIIOCTepekeHb. B Tabmuili 3 HaBelneHO IMyHKTH CIIOCTEPEKEHb B JAAHHUX
paiioHax, Ha AKX 3a¢iKCOBAaHO HANOUTBIN JTaHI MEPEBUIICHHS OKPEMHX PEYOBHH
BUKHU]Y, OcepeHeHi faHi o M. KneBy 3a3HaueHNX peyoBHH, a TAKOXK PO3PAXyHKOBI
JlaHl Ha BiJcTaHi 2 KM BiJf YMOBHOTO MICI BHOYXY 3a JNiFOUUMU METOIUYHUMU
BKa3iBKaMH MIOJI0 MPOTHO3YBaHHS METEOPOJIOTIYHHX YMOB (POPMYBAaHHS PIiBHIB
3a0pyHEHHs TMOBITPs B MicTax Ykpainu, K/I 52.9.4.01-09 [8].

Tabmuns 3. Konnentparii 3a0pyJHIOIOUMX pPEYOBHH B aTrMoc(epHOMY MOBITpi
crtanoM Ha 16 rpynas 2022 poxy B M. KueBi (po3paxyHKOBiI Ta OCEpeIHEHi IO
Hapuaunbkomy Ta ["onociiBcbKoMy paiioHax)

=% % % 2o | E
= E e SES | EE
g = - 2 o 2o~ S EN o Zd
° g = 2= 3 RN 2 H3
2= —~ ] Do~ A~ ) : O ~ ﬁ | M g !
B % 2 E5%| x5 3% 2 5s g = X
= o S ¥ o = c| & 2
SxE| 2 2E| 88 gE m27% 5 Ex
No | 320pymHioioua s.p CAEFp| 2aEiz E5gE|lUEEE
- pedoBHHA -§§§ é’éﬁ*g §’§g§ ?Eg;ég&;
S5g| o52g|sieg 25 g 2.3
E28 g 28| g REL 5 A&E Ex 3
TS s iz s o 5 'z 9 = ='m 2
25 | <8 ~ES | 528 |d:z¢%
E Z g
g | & 5| 858 | 2o
1 Hiokcun  aszory, | 104,72 55,2 41,4 471 65,0
NO.
2 Cipuuctuii 0,972 1,3 1,6 2,1 0,55
anrigpua, SO,
3 Byrneuto  okcup, 471,2 581 466,6 710,7 292
(0]
4 | PM2,5+PMI10 194,48 186,9 121,5 73,2 120,7
5 | AQIPM2,5 185 184 149 103 182
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Crig 3a3Ha4MTH, O AAHWN MIAXIT A0 OMIHKH Ta MPOTHO3YBAaHHS KOHIICHTPAIIii
3a0pyIHIOIOYHMX PEUYOBHH B aTMOC(EPHOMY TMOBITPi B MEPioj BEACHHS BOEHHUX [Iiif
MO>KHa BUKOPUCTOBYBATH MPH MEBHUX YMOBAX aTMOC(EPH, 110 BU3HAYAIOTh EMICII0
3a0pyIHEHb Ta IEPETBOPEHD XIMIYHUX PEYOBUH B IOBITPI.

BucHoBku

OrmiHKy Ta MPOTHO3YBaHHS BUKHIIB IIKIIJIMBUX PEYOBHH B aTMOC(EpHE MOBITPS
ypOaHi30BaHHX TEPHUTOPiil MPH OKpeMUX BHOyXax CHapsIiB Ta PakeT Pi3HOTO THITY
BHACJIIJIOK POCIMChKOT BOEHHOT arpecii MO>KHA 311iCHUTH Ha TTiJICTaBi MAaTeMaTUYHOT
MOJIETIi TapA40ro KOHBEKTUBHOTO CTPYMEHS BiJ| MOBEPXHI BHOYXY 3 IMONATBIINM
3aCTOCYBaHHSAM TEOPil pO3CIIOBaHHS Ta KIHETHYHHUX MEPETBOPEHb B MOBITpI. JlaHuit
MiAX11 103BOJIsIE BU3HAYUTH (HOpMYBaHHS KyTI0Jia 3a0pyTHEHHS HAJl MicLIeM BUOYXY
B 3aJIEXKHOCTI BiJJ METEOYMOB MICIIEBOCTi, a TaKOX OIIIHUTH BIUIMB eMicii
3a0pyZHEHb Ha HABKOJIMIITHE CEPEIOBHIIE Ta OPTaHi3M JIOIMHH.
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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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