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OPERATIONAL ENVIRONMENTAL MONITORING BASED ON THE
INTERNET OF THINGS: OPPORTUNITIES AND CHALLENGES
IN WARTIME CONDITIONS

Aartvork Feniks', Trunova Olena’

Chernihiv Polytechnic National University, Ukraine
Tnicksnickslaw@gmail.com, e.trunova@gmail.com

Abstract. Operational environmental monitoring (OEM) is a key tool for the
rapid detection of threats, and its effectiveness is enhanced through integration with
the Internet of Things (IoT). OEM-IoT is a comprehensive system for continuous
assessment of environmental status, predictive modeling, and real-time decision-
making.

The full-scale military aggression against Ukraine has fundamentally changed
the environmental situation, causing massive destruction and pollution. In this context,
OEM-IoT becomes critically important for minimizing damage, ensuring rapid
detection of threats (toxic substance leaks, air/water pollution), assessing the impact of
hostilities on ecosystems, protecting the population, documenting environmental
crimes, and preparing for recovery.

The example of explosions in a border area demonstrates how mobile IoT
sensors record air quality indicators (PM2.5, NOx, VOCs, CO). Based on these data,
OEM-IoT performs predictive modeling of pollutant dispersion using software tools in
Python. Although the modeling formulas are well known, their application requires a
specialized analytical system for processing streaming data and integration with GIS.
Comparison with WHO maximum allowable concentrations (MACs) shows
significant exceedances.

The integration of IoT measurements and dispersion models is critically
important for rapid and informed response during wartime, especially for border
regions, which are particularly vulnerable.

Keywords: Operational Environmental Monitoring, IoT, Predictive Modeling,
Environmental Safety, Military Conflict, Air Pollution.

OEM is a key tool for the rapid detection of environmental threats, thanks to its
responsiveness, adaptability, and integration of modern technologies. The
implementation of the IoT paradigm revolutionizes OEM by providing continuous
assessment of environmental status, trend identification, predictive modeling, and
automated alerts. OEM-IoT is a comprehensive system for collecting, processing, and
analyzing environmental data in real-time, enabling the timely tracking of changes and
decision-making.

The full-scale military aggression against Ukraine has fundamentally changed
the environmental situation, causing massive destruction and pollution [1]. In this
context, OEM-IoT becomes critically important for situation assessment and damage
minimization. It enables rapid detection and localization of threats (toxic substance
leaks, air/water pollution); assessment of the impact of hostilities on ecosystems
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(extent of destruction, affected areas); protection of public health (basis for evacuation
and sanitary-protective measures); documentation of environmental crimes (evidence
base for legal actions); preparation for recovery (basis for environmental
rehabilitation).

In wartime conditions, traditional environmental monitoring approaches are
insufficient. Unlike them, OEM based on the application of modern digital
technologies and IoT systems can ensure effective environmental control and rapid
response in crisis situations.

To illustrate the capabilities of OEM-IoT in such situations, let us consider a
scenario of explosions in a border area (combat zone). As input data for modeling,
mobile IoT sensors promptly recorded the following air quality indicators immediately
after the event: PM2.5 (average 150 ug/m?, maximum 350 ug/m’); NOx (converted to
NOz, average 0.15 mg/m?, maximum 0.4 mg/m?); VOCs (elevated levels CO average 5
ppm, maximum 15 ppm). Additional data included: temperature 18°C; humidity 75%,
smoke.

Based on these real-time measured data and considering meteorological
conditions, the integrated OEM-IoT system performs predictive modeling of pollutant
dispersion. The calculated parameters of this modeling, presented in Table 1, were
obtained using software tools, in particular, the Python programming language.

Table 1 — Parameters of emissions and pollutant dispersion modeling

Parameter

PM2.5
Value

NO2
Value

VOCs
Value

CcO
Value

Emission rate (M), g/s

0.001616

0.002155

0.007543

6.174x107

Maximum ground-level
concentration (C), mg/m’

0.0001225

0.0001634

0.0005717

4.679x10°

Distance (X), m (to maximum
concentration)

194.17

194.17

194.17

194.17

Total concentration (CS), mg/m’
(relative to MAC)

Maximum hazardous wind value
), m/s

Dimensionless parameter
Dimensionless coefficient d

0.5146

8.64
0.0587
32.36

Dimensionless parameter P 3

It is worth noting that although the formulas for modeling pollutant dispersion
(for example, Gaussian or Lagrangian models) are known and tested in environmental
engineering, their application requires significant computational resources [2]. Modern
IoT sensors usually do not directly provide these calculated parameters. Therefore, the
creation of a specialized analytical system is essential to process streaming data from
sensors and perform these complex calculations in real time. In the future, such a
system could be integrated with geographic information systems to visualize maps of
pollutant distribution in the area.



A comparison with the maximum allowable concentrations (MACs) for civilian
conditions recommended by the WHO (maximum daily average PM2.5 — 15 ug/m’;
annual average NO, — 10 ug/m’; daily average CO — 7 ppm) revealed that the initial
measured and modeled values significantly exceed these standards [3].

Figure 1 clearly illustrates the dependence of pollutant concentrations (PM2.5,
NO2z, VOCs, CO) and their total concentration (CS) on the distance X, m from the
emission source.
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Fig. 1. Distribution of pollutant concentrations (PM2.5, NO», VOCs, CO) of
unidirectional action and their total concentration (CS) depending on the distance X
(modeling results).

The presented figure is the result of predictive modeling, confirming the
capability of OEM-IoT to predict pollutant dispersion based on initial and
supplementary data. This forms the basis for rapid and informed decision-making in
crisis situations.

The graphical interpretation of the model allows determining the highest
concentrations of all pollutants. They are observed at a certain relatively short distance
— about 194.17 meters from the source. This identifies the most dangerous zones,
which is critically important for prompt response. As the distance from the source
increases, pollutant concentrations decrease sharply, indicating an effective dispersion
process in the atmosphere. This allows predicting the boundaries of safe zones and the
impact reduction in remote areas.

Thus, OEM based on the integration of IoT measurements and dispersion
models is critically important for a comprehensive assessment of environmental
threats in crisis conditions. This approach provides rapid risk assessment,
identification of sources, and prediction of pollutant dispersion, forming the basis for
urgent decision-making and building an evidence base for environmental crimes.
Especially for vulnerable border regions, where traditional monitoring is insufficient,
OEM-IoT ensures continuous environmental control, contributing to public safety and
environmental preservation during wartime.
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ASSESSMENT OF THE TECHNICAL CONDITION OF THE
CONSTRUCTIONS OF THE LOCALIZING STRUCTURE OF THE
"SHELTER" OBJECT, NOT SUBJECT TO "EARLY" DISMANTLING

Balan O.V., Brylka S.G., Derenhovskiy V.V., Pavlovskiy L.1., Rudko V.M.,
Menshenin Y. A.

Institute for safety problems of nuclear power plants of
National Academy of Sciences of Ukraine
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The main objective of the work was to obtain additional information to assess
the technical condition of the constructures of the localizing structure of the "Shelter"
object that are not subject to “early” dismantling, but belong to structures of I and Il
categories of responsibility for nuclear and radiation safety. A comparison was also
made of the state of each constructure and the localizing structure of the “Shelter”
object as a whole with the state after the completion of emergency stabilization, with a
forecast of the possibility of extending its operation until 10/31/2029 at a safety level
of the localizing structure of the “Shelter” object no lower than that achieved after the
completion of emergency stabilization. A special feature of this work is the fact that
most of the constructures that are not subject to “early” dismantling have not been
previously studied due to the lack of safe access to them. To solve this problem, a
number of decisions were made, including the organization of special openings on the
roof of the “Shelter” object for photo and video recording of the condition of the
constructures being studied and their supporting parts.

Based on a visual inspection of the constructures and their supports, the
following conclusions can be drawn: no damage was found on the supporting
reinforced concrete constructures that could indicate a tendency to lose load-bearing
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capacity; no metal deformation, curvature of elements relative to their axes, defects
and breaks in welded seams, reduction of element cross-sections due to corrosion
damage, or displacement of elements in nodes were detected in metal constructures; it
can also be taken into account that since the New Safe Confinement was moved into
its design position and put into operation, the conditions (snow and wind loads, natural
wetting from precipitation, freezing/thawing, etc.), which in general can affect the
condition of the constructures of the “Shelter” object and specifically the constructures
under study, have significantly improved.

BIIPOBAJIKEHHSI TEXHOJIOTTI MMP B YKPAIHI.
AJIAIITALISI ICHYIOYOI CUCTEMM NOBO?KEHHSI 3 BSIII

bezyn B.B. (0.m.n., ooyenm), I'awuumos A. M. (PhD)

IHCcTUTYT MpobiieM MaTeMaTHYHUX MariuH Ta cucteM HAH Ykpaiuu,
03187, m.Kuis, npocrext Akanemika [nymikosa, 42.

Abstract:This report examines the possibility of using Ukraine's existing RW
and SNF management infrastructure when implementing SMR technology. The use of
the existing infrastructure for the management of RW and SNF, including technologies
for collection, processing, transportation and storage, will significantly increase the
economic efficiency of the implementation of SMR technology. To perform an
appropriate analysis, it is necessary to consider the features of SMR that potentially
affect the operational limits of RW and SNF management systems. Such features
include the type of fuel, initial enrichment, maximal and average burnout

Kumouosi ciiosa: AEC, MMP, BAIIL, LICBAII

B TemepimHiii yac cTpIMKOro pO3BUTKY HaOyBae aTOMHA EHEPreTHKa SK
JOKEpENo «YUCTOI» eHeprii 1 HalOimpII TMEepCIeKTHBHUM 3aci® JTOCATHEHHS Iliiel
KIIIMaTH9HOI HEUTpanmpbHOCTI. B yMoBax cTpiMKOTO PO3BHTKY aTOMHOI €HEpPIeTHKH,
CTBOPEHHS HOBHX THIIIB pEaKTOPHHUX YCTaHOBOK, 30kpema MMP [1], Ta mepcrexTs ix
HIMPOKOTO PO3MOBCIO/IKEHHSI BAXK/IMBUM € IMHUTaHHS 1HTErpaiil HOBUX TEXHOJIOTIH B
SNepHy eHepreTuky YkpaiHu. OJHUM 3 HalBaXIUBIIIMX MMUTaHb, IO OE3MOCEPETHBO
BIUIMBA€E Ha Oe3IeKy Ta eKOHOMIYHY e()eKTHBHICTh BIPOBaKeHHS TexHoiorii MMP e
iHTerpamiss TexHousorii moBopkeHHs 3 BSIl 3 MakcMMaibHUM BHKOPHUCTaHHSIM
ICHYIOUYHX TEXHOJIOTIH.

[oBomxenns 3 BSII € onniero 3 HalirocTpimux NpodiieM aTOMHOI €HEPTreTHKN
Ta TOoTpedye 3HAYHMX IHBECTHIIl MpOTSAroM TpuBanoro dacy. IIpu BmpoBamkeHHI
HOBUX THWITIB pPEaKTOpiB, BHpimieHHs mpodmemu BSIl € BayJIMBHM YHHHUKOM
YCHINIHOT Ta €KOHOMIYHOT iHTETpallil HOBUX THITIB PEAKTOPHUX YCTAHOBOK.

Hapasi, B pamkax Eneprernunoi ctpaterii Ykpaiau Ha niepiog mo 2050 poky
[2], mepembadaeTbcss CTBOPEHHS 3aKPHTOTO TAJIWBHOTO IUKIY 13 3a0e3MeYCHHIM
noBrotpuBanioro 36epiranas BSIl B mnpucranmiinomy cxoBumi 3AEC  Ta
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LenrpanizoBanomy CxoBunii  BiampanpoBanoro simepHoro namusa.  Cxema
noBopkeHHs 3 BSIII B YkpaiHi ck1aiaeThesi 3 HACTYITHUX €TalliB:

e [lomepenHss BUTPUMKAa B NPUCTAHLIHHOMY OaceiiHI BUTPUMKH MiCI
0CTaTOYHOTO BUBAHTa)KEHHS 3 aKTUBHOT 30HH.

o 3aBaHTakeHHs B OararoninsoBuii koHTeitHEp (BLIK) HAa AEC

o [lepeBeseHHss Ha lleHTpanmizoBaHe CXOBHIIE BiANPanbOBAHOTO SIEPHOTO
nanuBa (L{CBJIII).

e [lepeBantaxennss BIIK 3 TpaHcnmopTHOro KoHTelHepa B KOHTEHHED
30epiranHs.

o 30epiraHHs.

Jlnst MOXIIMBOCTI BHKOPUCT@HHS ICHYIOYOI TEXHOJOTii HEeOoOXiIHO BUKOHATH
oOrpyHTyBaHHs O€3IeKH BKJIIOYAIOYH aHANI3 HACTYITHUX KIIOUOBUX (haKTOpiB:

e TeruioBuii aHais.

® AHaJti3 KPUTHIHOCTI.

o bionoriunuii 3aXuCT Ta paialiifHa Oe3meka.

dakTopH 110 BIUIMBAIOTH HA OOIPYHTYBAaHHSA OE3IEKH:

e ['comerTpis manusa.

¢ PiBeHp 3aIMIIKOBUX EHEPrOBUAIICHh Ta MaKCHMAalbHHUH TEIIOBHH ITOTIK
TBEIL.

o PanionyxumigHa komnosuiis BAIT MMP.

MManuBo it MMP, B 3anexxHocTi Bin mpoekty [3] Moxe mMaTH 0COOJIMBOCTI,
Taki sk 30araueHHs Oijbie 5%, Binpmiuii piBeHs BUTOPSHHS (32 paXyHOK OLTBIIOrO
30araueHHs MPU MEHIIOMY F€OMETPUYHOMY IapaMeTpi aKTHBHOT 30HN).

Cnig 3a3HauuTH, IO OOMEXKYIOYMM (DaKTOPOM € iCHyluYa KOHCTPYKIisS H
napamerpu BIIK, 30kpemMa THCK Tejifo, II0 € KPUTHYHUM HapaMeTpoM JUis
3a0e3neueHHs TeIUIOBOTIO PeXUMY 30epiraHHsI.

TakuMm 4YMHOM, JUISi BUKOPHCTaHHS iCHYI0UOi 1H(pacTpyKTypu MOBOJUKEHHS 3
BSIII HeoOXiqHO BUKOHATH HACTYIHI KPOKH:

o [IepenpoekTyBaHHs BHYTpinrHboro Kommka BIIK.

o Bukonaru anai3 6e3neku.

e OTpuMaHHs 103BOJY Ha BUIIPOOYBaHHS Ta JOCIIAHUIBKOI eKCILTyaTarlii.

o [IpoBeneHHs BUnpoOyBaHb Ta JOCITITHUIbKA EKCILTyaTarlis.

Iepenik nocuiaanb:

1. VIII INTERNATIONAL CONFERENCE on Nuclear Decommissioning
and Environment Recovery INUDECO 23. BymiBHUOTBO MaiMX MOIYJIBHUX
peaxkTopiB B yKpaiHi — IepcreKTHBH Ta BUKIMKH. beryn B. B. (begunw@ukr.net),
lammmoB A. M. (arturgm@ukr.net).

2. Eneprernuna crpareris Ykpainu Ha nepiox go 2030 poky.

3. TAEA. Advances in Small Modular Reactor Technology Developments.
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BU3HAYEHHS PATIAIIIMHAX XAPAKTEPUCTHK BIJIIIPAIIOBAHOI'O
AAEPHOTI'O ITAJIUBA BIAITOBI/ITHO 1O BUMOI' MIZDKHAPOJHUX
CTAHJIAPTIB

Bopucenxo Bonooumup, I'opanuyk Baoum, Jlaoan Cepziii

IactutyT npo6Girem 6esnekn AEC HAH VYkpaian, Kuis, Ykpaina
vborysenko@ispnpp.kiev.ua

Abstract: Nowadays, the situation with accumulation of spent nuclear fuel in
the world is quite complicated - the dynamics of accumulation significantly exceeds
the dynamics of spent fuel reprocessing. The key parameters of spent fuel are radiation
characteristics and decay heat. The article represents comparison of results of
calculation of decay heat of irradiated nuclear fuel based on: SCALE codes, ISO
10645/ANS 5.1 models and SOU NAEK:099. Based on the calculation authors
concludes that fuel power histogram has significant influence to the decay heat of SNF
and the assumption of the SOU NAEK:099 may lead to incomplete/inaccurate
information on the SNF characteristics. The results of calculation of the decay heat of
SNF based on the ANS 5.1/ISO 10645 models precisely correlated with SCALE code
result can be used in control systems for evaluation of the decay heat during operation
of nuclear power plants

Ha cporopHimiHiii 1eHp cuTyallis 3 HAaKOIUYEHHS BIANPALbOBAHOTO SIEPHOTO
NajMBa B CBITI € JIOCUTh CKJIAJHOIO - JIMHaMiKa HAKONHWYEHHS 3HAYHO IEPEBUILYE
nuHamiky nepepoOku BSIT [1]. Came ToMmy akTyaibHOI € poOOTa 1o opraHizaii
3ax0/1iB Ta 3ac00iB 1o 30epiranuio BSIII, a oTke 1 HATEKHUM YMHOM BH3HAYCHHS HOT0
XapaKTepPUCTHUK.

B Vkpaini ekcmryatyetbest 3 cyxux cxomima ais 30epiranas BAIT: Cyxe
cxopuine BAIl Ha matinanunky 3AEC, LiertpanizoBane cxosume BAIT (LICBAII) Ta
IIpomixkHE CXOBHINE BiAIpPaIlbOBAHOTO SIEPHOrO MaimBa «cyxoro» tumy (CBAII-2).
KoskHe 31 cXOBHIIl Ma€e CBOIO ITPOEKTHY MICTKICTb Ta BXK€ YaCTKOBO 3aIlOBHEHE.

KnrouoBnmu mnapamerpamu BIl € Horo paniamiliHi XapakTEpUCTUKH Ta
sanumkoBe eHeproBuaiieHHs (3E). BigmoBimHO 10 sAAepHMX TpOIECiB, SIKi
BinOyBarOTbCA B SIEPHOMY MaiMBi 1 KOHCTPYKIiHHHMX enemeHTax TB3 micus
OTIPOMiHEHHS, JKepera TeHepallii Teruia OyayTh HaCTyIIHi:

[poxyxTu moxiny;

Bakki eneMeHTH — aKTHHOIIH;

[Toxinu BUKIMKaHI HEUTPOHAMHU, IO 3aM3HIOIOTHCS,
CHOHTaHHMI MO,

KoHCTpyKTHBHI MaTepianm Ta eJIeMEHTH KOPIYCY peakTopa.

Ha pary nanmcanHs po0otTum, pajiamiiiHi XapakTEpUCTUKU Ta 3aHIIKOBE
eneprosuainenuss BSIl B VYkpaini permamenrtyrotscst COY HAEK 099:2023. B
NPUITYIIEHH] JaHOTO CTaHAapTy MPUHHATO, IO PO3paxyHKH IIPOBOJSTHCS IS
mutomoi notyxuocti TB3 B 40 MB1/T U [2]. Takox naHwWii HOpMATUBHHUNA TOKYMEHT
HE BpPaxOBy€ B pPO3paxyHKax 3yNHMHKH pEaKTopa Ha IUIAHOBO-MONEPEKyBalbHI
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PEMOHTH, 110, K Oyae NMOKa3aHO Jaii, TAKOX Mae 3HAYHWH BIUIMB HA pPE3yJbTaTH
pospaxyHkis 3E.

Jlnst HOpiBHSIHHS Ta aHasi3y OyJio B3STO MDKHAPOAHI CTAHIAPTH 3 PO3PaXyHKY
3E B peaktopax tumy PWR: ANS 5.1 ta ISO 10645 [3, 4]. dani cranmapta Oyno
BHOpaHO, SK HAHOUTBII aKTyaJlbHI Ta PEJIEBAaHTHI JJI MOKIMBOTO 3aCTOCYBaHHS B
VYxpaiHi.

3aranpHuM TpuHIWN po3paxyHKy 3E B wac t micis 3ymMHKH peakTopa Bil
mykriga j (3°U, 238U, 2Py, 2*'Pu) Busnagacthes Gpopmynoro (1) cymm 23 €KCHOHEHT 3
BignoBigHUMH KoedinieHTamu [3, 4]:

m;(t) = Y23, aj e Hitt )]

ne aj;, Aj: yactka Ta craja posmnany i-oi rpymu suaep 3E, yTBopeHMX HpH mogiii
130TOITy j, BIAMOBIAHO.

Buxonsun 3 ¢opmu naHoro HaOMIDKEHHS, IHTETpai eHeproBuiineHHS Mj (t)
Moxke OyTH BW3HAYeHHWH BimmoBimHO m0 ¢opmymn (2), a BpaxoByldH Tpadik
HaBaHTaXXCHHS PEKTOpa — YMOBHE po30HTTA rpadika poOOTH Ha TEpioAd 3 BiTHOCHO
MOCTIHHUMHA PIBHAMH MOTYXHOCTI QK (BKIIOWHO 3 TepiofaMy 3YNHHKH), (opMmyia
HaOyBa€e BUTJISAY CYMH, SIK TpejicTaBieHo B ¢popmydi (3) [4]:

Qji . ..
M;(t) = fjll—;i(l—e AJLT)e Ajit (2)
i —7.. —7..
M;(¢t,T) = ’z:lz?:lsfk-okzﬁslﬁ(l—e jiTk ) e~ Ajitk 3)

ne T, T, — HOBHUI Yac OIPOMIHEHHS Ta Yac ONPOMiHEHHS Ha IHTEpBaJi k, BIIIOBIIHO;

t; — 4ac BiJf MOMEHTY 3aKiHU€HHS 4acy ONPOMIHEHHsI Ha MOTYXHOCTI Ty ;

Sjx- vacTka notysxHocTi 3E BiJl MpoAyKTiB MOAiNY i30TOIY j, HA YaCOBOMY IIPOMIXKY
T

OCHOBHUMH i30TOIAMH, 5IKi BHOCATH BKiIan B 3E B maniil inTepnperanii € 23U,
28U Ta nakonuueni 3 uacom podotu 2Py, 2#!Pu.

Ha Puc. 1 mpexncrasneno pesynbratn pospaxoBaHoi B SCALE [5] monemni
nopiBHsiHEA motyxkHOocTi 3E TB3 (mouarkoBe 306aradenHs 4,4 %), oTpuMaHHX B
npunymenHi cranaapry COY HAEK 099:2023 (nocriiiHa nutoma notyxHicts TB3 y
40 MBrt/t U) no Buropanns 6 MBT a/kr U, a Takox mis qBox aHanorivaux TB3, sxi
nocarny Buropanus 6 MBt1 n/kr U, ane mpu nuromiii motyxHocTti y 20 MB1/T U 1 80
MBT/T U.

Ha Puc. 2 npencrasineno ananoriudi pesynbratu po3paxoBanoi B SCALE [5]
Mozeni mopiBHsAHHSA noTyxHocTi 3E TB3 ane mo Buropanus 60 MBT a/kr U, a Takox
s aBox aHanoriyamx TB3, ski pocsriau Buropanas 60 MBtT a/kr U, ane mpwm
nuroMii norysknocti y 20 MBt/t U 1 80 MBt/T U.
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Puc. 1. Totyxwuicts 3E B SCALE mozeni mis TB3 3 Buropanasm 6 MBt o/xr U
Ut IToMoi oTyxHocTi 20, 40 ta 80 MBT/T U.

Sk mMoxHa OaunTtH 3 rpadikiB, pisHUNI 3E CyTTEBO 3aneXUTh BiJ MHTOMOI
motyxHocTi, i cupomeras COY HAEK 099:2023 mono exBiBaienTHOCTI 3E micms 1
POKY BUTpUMKH B OaceifHi He3aJIe)KHO Bil rpadiky HaBaHTaXeHH: [ 1] He € TouHNMH
Ta KOPEKTHUMH.
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Puc. 2. Tloryxuicts 3E B SCALE mopneni s TB3 3 Buropauusm 60 MBt a/kr U
Juist muToMoi motysxHocti 20, 40 ta 80 MBt/t U.
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Ha Puc. 3 npexacrasneni rpagiku 3E - nopiBHSIHHS METOIIB pO3paxyHKiB Ha
ocHoBi koxy SCALE Ta panime onucanoro mMeroay y BixnosigHocti 1o ISO 10645.
IMuroma motyxuicts TB3 y 40 MBt/r U no Buropanas 6 MBr a/kr U (uepBonnit
rpadik (40) — pospaxynok SCALE , 6nakuthuit (m40) — ISO).
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Puc. 3. Tloryxwuicts 3E B SCALE mogmeri ta po3paxoBane BianosiaHo 1o ISO 10645
it TB3 3 mutomoro notyskHictio 40 MBt1/t U 1o Buropauus 6 MBt n/kr U.

SAx Gaummo 3 rpadiky maHi pospaxyHky mo ISO ta SCALE maroTh BHCOKHIA
piBeHb Y3TOIKEHOCTI, a aOCOJIOTHI 3HAYEHHS PI3HUII JBOX METOIIB pPO3PaxyHKiB
BimoOpaxeHno B Tabmumi 1, i ik MOXKHa 0a4nTH, MaKCHMaJIbHA 1X BIIMIHHICTH CKIIa/Ia€
MeHIue 3%.

Tabnuys 1. BiaxuieHHs TOTY)XKHOCTI 3aJIMIIKOBOTO EHEPrOBHIIICHHS Ha
ocHoBi Mozeneit ANS 5.1\[SO 10645 Ta orpumanux y koai SCALE.
ITapameTtp Yac BUTPUMKH NTAJIKBA, 1002
10 20 40 60 80 100 | 200 | 300 | 400
Bigxunenss, % | -2,3 1,3 1,9 2,2 2.4 2,5 2.4 09 | -1,2

Takum 9MHOM, pe3yJIbTaTH BU3HAYCHHS MOTYXHOCTiI 3E oTpuMaHWX Ha OCHOBI
mozeneit ANS 5.1/ISO 10645 3 BHCOKOIO TOYHICTIO BiAMOBIJNAIOTH pPE3yJIbTaTaM,
orpumanux y koai SCALE i M0oXyTh OyTH 3aCTOCOBaHI y CHCTEMax OINEPaTHBHOTO
Br3HaueHHs moryxkHocti 3E TB3 y BignoigHOCTI A0 ¢akTuuHOrO Trpadiky
HaBaHTaxeHHs TB3 mig yac i ekcruryararii.

Ha Puc. 4 npencrasneno pospaxynok 3E (mogens B SCALE) mns peansHol
TB3 (TB3-9) ans 4oTMphOX NaJMBHUX 3aBaHTAXXEHb Ta PO3PAXyHOK BIANOBITHO 10
npunyenas COY HAEK:099 mono 3E B ekBiBaneHTi 10 TUTOMOI MOTYKHOCTI B 40
MBrt/T U.
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Puc. 4. TlopiBastHEA pe3ynbTaTiB po3paxyHKy 3E B SCALE mozeni mis peanpHOT
TB3-9 ta po3paxynky B npunymensi COY HAEK:099.

Sk Gaummo 3 rpadiky, icTopis HaBaHTaxkeHHS TB3 Mae 3Haunuit BB Ha 3E,
30KpeMa, B JaHOMY BUMAJKY: PI3HHILI MiX MonenbHUMH pe3yibratamu 3E TB3 micms
3yNMHKH peakTopa 4yepe3 1 Tiknens ~150%, yepes 1 pik ~70%, yepes 6 pokiB ~ 10%.

TakuM YMHOM, TIABOASYH MiJCYMKH:

rpadik  3aBaHTaXGHHS MAJIMBAa CYTTEBO  BIDIMBa€ HA  3aJIMIIKOBE
eneprosunaiienns BT, i nHeBpaxyBauus ioro, Bigmosiano go COY HAEK, moxe
MPU3BECTH JI0 HETIOBHOI/HETOYHOI iH(OpMAIIii mpo pamiamiitHi xapakrepuctuku BAIT;

pe3yJabTaTH  BU3HAUCHHS IMOTYXKHOCTI  3aJUINKOBOTO  €HEPrOBUIUICHHS,
orpuMmaHi Ha ocHoBi wmogeneir ANS 5.1-ISO 10645, 3 BHCOKOK TOYHICTIO
BIAMOBIAIOTH pe3yJibraram, orpuManuM y kouai SCALE;

1 MOXyTh OyTH BHKOPHUCTaHI B CHCTEMaX OIICPATUBHOTO BH3HAYCHHS
MOTYKHOCTI 3aJIMIIKOBOTO eHepropunineHHss TB3 BinmoBigHo 10 hakTrmaHOTO rpadika
HaBaHTaxxeHHs TB3 mix vac 11 ekcroryaTanii.
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This text explores the potential application of unmanned aerial vehicles
(UAVs) for remote monitoring and analysis of the radiation environment—such as
detection of ionizing radiation sources, measurement and mapping of radioactivity in
the environment and atmosphere. This data is intended to support the development of
scenarios for actions in contaminated areas and the mitigation of nuclear incident
consequences.

The current state of situational management (SM) increasingly demands in-
depth analysis of accumulated data through scenario construction and modeling.
Scenario-based modeling has gained significant popularity in SM operations as it
enables the description of the most probable developments and potential consequences
of decisions made. It serves as a scientifically grounded approach for the study of
forecasting the development of various processes.

An analytical scenario is a specific sequence of actions aimed at solving
designated tasks by describing the anticipated or possible course of events concerning
the activity of a particular object.

Scenario analysis provides a set of detailed descriptions of event sequences
that, with a certain probability, may lead to desired outcomes. In this context, the
primary objective of a scenario is to provide a key to understanding the problem.

Mobile platforms can be classified as ground-based or aerial, and each type can
be either piloted or unmanned. Investigating the actual situation being modeled may
require a significant amount of time. Therefore, the use of UAVs is considered
appropriate for scenario development.

Aerial radiation reconnaissance using UAVs allows for rapid identification of
the scale and consequences of a nuclear incident, including in areas that are difficult to
access by ground-based radiation survey teams or where radiation levels are
particularly high. Urban areas pose particularly challenging environments for UAVs,
with complications arising from navigation issues (e.g., GPS interference),
communication difficulties (e.g., signal loss or delays), and potential collisions with
infrastructure.

Unmanned systems offer several advantages, such as the ability to operate in
high-risk environments (e.g., high radiation levels, contaminated zones, or explosive
hazards), cost-effectiveness, and the capability for prolonged inspection and
monitoring operations.

16



Depending on the degree of human intervention in the robot’s decision-making
process (a property known as autonomy), such systems can be fully teleoperated
(remotely controlled), semi-autonomous (under dispatcher supervision), or
autonomous.

It has become evident that the demand for portable systems capable of real-time
detection of radioactive and nuclear materials poses both radiological and
technological challenges. Radiation sensors integrated into mobile platforms must be
lightweight and low-power to avoid adversely affecting data processing, payload
capacity, or battery life.

A new era began with the first use of small UAVs following the nuclear
disaster at the Fukushima Daiichi Nuclear Power Plant. The incident in March 2011
significantly accelerated UAV technological advancement [1]. Since then, UAVs have
been actively employed for radiation monitoring and mapping purposes [2].

Connor et al. [1] provided an overview of airborne platforms used for radiation
mapping and their prospects, while Schneider et al. [3] presented unmanned systems
potentially applicable for radiation measurements and sample collection.

Despite only two UAVs (versus seven ground-based unmanned vehicles) being
utilized during the Fukushima incident [2], the event marked the debut deployment of the
Honeywell T-Hawk UAV [4,5]—an 8 kg ducted-fan aerial vehicle. It was used for
radiological reconnaissance, structural damage assessment, and planning debris removal.
The T-Hawk was equipped with a camera, infrared sensor, directional gamma dosimeter,
and a GPS-enabled time-stamped gamma dosimeter. This setup enabled the acquisition of
objective information upon which operational scenarios were developed.

UAV-based airborne gamma spectrometry systems make it possible to produce
high-resolution radiation contamination maps without exposing human health to risk.
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MI’KHAPOJHA TA HAIIIOHAJIBHA TPAKTUKHU ®YHKIIIOHYBAHHSA
OCBITHIX ITPOTPAM CEKTOPY SJIEPHOI BE3NIEKU

Onexciit ZKyuenxo', Cepziii Byp'an’, lempo Hononcokuii’, Muxona Iluxmap?
U KIII im. Irops Cikopcrkoro, 2 CnaBytumpka ¢imis KIII im. Iropst Cikopepkoro

Abstract: The work shows the developed "System of internal post-
accreditation monitoring of educational programs of energy specialties", which, based
on certain measures and practices, forms a holistic system of internal quality assurance
of higher education in the relevant educational institutions. Each of its components
must be provided with high quality and function closely with other components of the
entire system. Taking into account the autonomy of educational institutions,
approaches to the formation of each of its components may be different, but as a result,
all of them must be provided and fully function. Only with such an approach will the
quality of the educational process be ensured with maximum efficiency, which in turn
will ensure the successful accreditation of the educational program and its subsequent
post-accreditation monitoring.

Keywords: educational institution, educational programs, monitoring,
accreditation, post-accreditation monitoring, certificate, academic integrity,
educational and methodological support.

KoarouoBi ciioBa: 3akiaj oCBiTH, OCBITHI IPOrpaMu, MOHITOPUHT, aKpeAMTALlis,
MOCTAKPEUTAI[IHUI ~ MOHITOpUHT, cepTH(dikaT, akajeMiyHa JO0OPOYECHICTD,
HaBYaIbHO-METOJUYHE 3a0€3ICYCHHSI.

MixHapoaHa Ta Hal[lOHaJbHA MPAaKTHUKK (YHKIIIOBaHHS OCBITHIX Iporpam
CEKTOpY sSAepHOi Oe3leKH CIpsAMOBaHI Ha MIATOTOBKY (haXiBHiB AT BHPIIICHHS
MUTaHb Oe3MeKH BUKOPUCTAHHS sAepHOi eHeprii, SKi BiAOBiAAaOTH MiKHAPOJIHUM
CTaHJapTaM OCBITH ¥ BHpPOOHWIITBA Ta BIANOBIAAIOTH HOPMaM TEXHIYHOI,
€KOHOMIYHOi, €KOJIOTIYHOI OLIHKHM BIUIMBY, a TaKOX KOMIUICKCHOI OIIIHKH PU3HUKIB.
Jist cTBOpeHHS UWITKMX Ta e(EeKTHBHHX IIPOLEAYp aHallidy, BpaxyBaHHI Ta
MOHITOPHHTY PE3yNIbTaTiB aKpeAUTAliMHUX eKCIIePTH3 OCBITHIX HporpaM HeoOximHa
«CucteMa BHYTPIIIHBOTO ITOCTaKpEANTALIITHOTO MOHITOPHHIY OCBITHIX IIpOrpam
SHEPreTUYHHX CIeNiaTbHOCTEN.

Y po6oTi MoKa3aHa po3pobiieHa «Cucrema BHYTPIllTHHOTO
MTOCTaKPEIUTAL THOTO MOHITOPUHTY OCBITHIX porpam E€HEPreTUYHUX
CHCIIaTbHOCTEW», sSKa HAa OCHOBI IEBHUX 3aXOJliB Ta IMPAKTHK (POPMY€E ILIICHY
CHCTEMY BHYTPIITHHOTO 3a0e3TeUeHHs SKOCTI BUIOT OCBITH y BIAMOBITHUX 3aKiajax
ocBiTh. KokHa ii ckiamoBa Mae SKiCHO 3a0e3MedyBaTHCs Ta TICHO (YHKI[IOHYBaTH 3
IHIIMMHU CKJIaJIOBUMHU BCi€l CHCTEMH. BpaxoBylOYHM aBTOHOMHICTH 3aKJIaJiB OCBITH,
BCi BOHM MaroTh OyTH 3a0e3ledeHi Ta TOBHOIIIHHO (YHKI[IOHyBaTH. TiIBKH TIpH
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TaKOMY IIJXOJ1 SIKICTb OCBITHBOTO Iporecy Oyze 3abe3nedyBaTucs 3 MaKCHMaJIbHOIO
e(heKTUBHICTIO, IO Y CBOIO Yepry 3a0e3MednTh YCIINTHE MPOXOKEHHS aKpeauTarlii
OCBITHBOI IIpOTpaMH Ta ii MOJaNBIIN TOCTaKPEAUTAIIIHHNI MOHITOPHHT.

Beryn. Axpemurariii OCBiTHIX mporpam — 1e 0araTOeTamHui Iporec, I Jac
SIKOTO BH3HAYAIOTHECS MOSKIIMBOCTI 3aKjIafiB OCBITH SKICHO 3IIMCHIOBATH OCBITHIX
IpoLec 3a PI3HUMH OCBITHIMH TporpamMamu. B pesynbraTi ycmilmHOI akpexuTamii
areHTCTBOM, IO ii 3[iHICHIOBANO, BUAAETHCSA BIANOBITHUNA CepTHU(IKAT, 3a3BHUail
TEPMIHOM Ha 5 DOKiB, 3aBISKH SKOMY 33 aKpEIHTOBAHOIO OCBITHBOIO IMPOTPaMOI0
MOXHA 3[IIiiCHIOBaTH Hablp Ta BUAABATU JUIUIOMHU JIEPKaBHOTO 3pa3Ka BHITYCKHUKAM.
[lix yac NPOXOMKEHHS aKpeIUTaliiHOT eKCIIEPTH3H TapaHTy OCBITHBOI HpOrpamu
HaJafoThCsl TEBHI PEKOMEHJamii IMIOA0 IOKPAIIeHHS OCBITHBOTO IIpOLEcy, SKi
HEOoOXiTHO BpaxyBaTH O HACTYIHOI akpenutanii depe3 5 pokiB. [[ns KOHTpoJrO
BpaxyBaHHS TaKWX pPEKOMCHIAIli y OUIBIIOCTI 3aKOPJAOHHUX 3aKJIaliB OCBITH
BIPOBAKEHO MPOLEAYPY TaK 3BaHOTO IOCTAKPEAMTAliHHOTO MOHITOPHHTY (abo
crocTepekeHHs). Takuii MOHITOPHHT 3MIHCHIOETHCS IMiJ] 9ac IMOCTaKpEAHUTAIIIHOTO
nepiofly y TEpMiHH, 3aTBEp/UKEHI areHTCTBOM, SKE IPOBOJIWIIO aKPEIHTAIlilo,
Hanpukirag Romanian Agency for Quality Assurance in Higher Education (ARACIS)
MPOBOANTH MOHITOPHHT 1O 3aBEPIICHHIO 2-TO POKY ITOCTaKpEAWUTALIHHOTO Mepiony
[1], German Accreditation Body (DAkkS) npoBoanTh criocTepexeHHs Iij] 4ac BChOTO
UKy TOCTaKpeauTamiiHoro mepioay [2], a National Evaluation and Accreditation
Agency (bormapis) TpoBOANTE MOHITOPHHT Micis 12 MICAIMiB 3 IaTH PilIEHHS PO
akpemutanito [3]. 3a #oro pesyiabraTaMu NPUAMAETHCS PIlICHHS IIOJ0 JIOMYCKY 10
HACTYIHOT aKpeAuTalii JaHoT OCBITHBOI IPOrpaMH, MOJaJbIIOI pOOOTH 3 BpaxyBaHHS
pexoMeHpamiii abo y TipmioMy BHIAgKy HaBITh pIIIEHHS TPO aHYJIIOBaHHS
ceprudikaTa mpo akpeauTaIlio.

He 3Baxaroum Ha Te, IO B 0araThbOX 3aKOPAOHHMX 3aKjiagaX OCBITH BXKe
BIIPOBQ/DKCHUN  MMOCTAKPENUTAIMHUN  MOHITOPHHI, B  YKpaiHi BIiH TaKOX
nepenbadenuii cratrero 24 3akoHy YKpaiHH Ipo BHIIY OCBITY [4], aje mie Ha erami
MpaKTUYHOT peanizanii HarioHambHUM areHTCTBOM i3 3a0e3MeueHHs] SKOCTI BHUIIOI
ocsitn (HA35BO) [5]. Ilpore ycmimHe NPOXOMKEHHS MOCTaKpeIUTaliiiHOTO
MOHITOPUHTY, SK 1 caMoi NpoLexypH akpeauTamii OCBITHIX mHporpam (0coOJIMBO
CEeKTOpY sAepHOi Oe3lekn), HE MOXIMBE O0e3 Ji€Boi CHCTEMH BHYTPIIIHBOTO
3a0e3NeueH sl SKOCTI OCBITH, sika Mae Oa3yBaTHCs SK Ha HaliOHAIBHUX Tak 1
MDKHApOIHNX HaWKpaIIuX NpaKTHKaX.

3arajbHa CTPYKTYpa CHCTEMH BHYTPIlIHHOT0 3a0e3NeYeHH s SIKOCTi BHIIOT
ocsitn (CB35IBO). 3aramom, CB3fIBO moBuHHa TIpyHTyBaTHCA Ha Micii Ta Bi3ii
YHIBEPCUTETY, MaTH BJIACHY MOJITUKY Ta MeTy. IloniTHka 3abe3rneueH s SKOCTI BULIOT
OCBITH B 3aKJIaJli OCBITH — II¢ CUCTeMa IIIHHOCTEH 1 HOpM, ITijIeH 1 3aB/IaHb, IPUHIIAIIIB
TUSTIBHOCTI 'y cdepi SKOCTI OCBITH Ta CYKYIHICTH 3aco0iB, METONIB Ta NUIAXIB ii
peamizanii, mo chopmynboBaHi B oQiliHHUX (HOPMaTHBHHUX) JOKYMEHTax 3aKiaiy
OCBITH 1 BU3HAYaIOTh HOTO CTPATETII0 PO3BUTKY.
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®opMyBaHHS SIKICHOTO KaJpPOBOT0 CKJIAAYy € OJHIEI0 3 HAWBaXKIMBILIMX
ckmangosux CB3SBO y Oyme-skomy 3akmami ocBiTh. OCBiTHIH Tporiec Mae
3a0e3medyBaThCs BUCOKOKBai(hikOBaHUMH TpodecioHaTaMHI-TIPAKTHKAMH, SKi MarOTh
BIJINIOBiJHI JIOCATHEHHS Yy TpodeciiiHiii IisUTBHOCTI Ta BIAMOBIAATH OCBITHIX
KOMIIOHEHTaM SIKi BOHH BHUKJIAJAIOTh 3TiqHO 11.37-38 JIineH3iiHuX yMOB POBaKCHHS
ocBiTHRO{ HisttbHOCTI [6]. Takok HEOOXigHO 3BEPHYTH yBary, IIO JO OCBITHHOTO
NPOLIECY MAaIOTh 3aJy4aTHCs MPEICTaBHUKK 30BHIIIHIX CTEHKXOJIepiB: poboToaaBIi,
BHITYCKHAKH Ta iHIII HAYKOBIl, B TOMY YHCIi i3-3a KOpAOHYy. TakoX HEoOXiTHO
3BEpHYTH yBary Ha 30allaHCOBAHICTb KaJpPOBOTO CKJAMy: 3aKJaJd OCBITH HMOBHHHI
MaTd KaJpOBUH MOTEHLIal Yy BHIJBSLII MOJIOJIOTO TOKOJIHHS, B TOMY YHCI Ha
ajMiHICTpaTHBHI mocaad. MoJoAi HayKOBI MalTh IIMPOKO 3alydaTucs M0
acIipaHTypHU 3 METOIO MOJAIBIIOTO OHOBJIEHHS KaJpOBOTO CKJIaly, a BUAATHI BUCHI Ta
JOCHITHUKY MaroTh 3a0e3leynTd iX IHTerpamilo B Cy4YacHE OCBITHbO-HayKOBE
cepenoBHILe.

Cucrema 3BiTHOCTI Ta peATHHTYBaHb Ma€ Ha METi TPUMAaTH BHCOKHA
HAYKOBHUI Ta OCBITHIH piBeHb BHKJIAIadiB, a TAKOXK, OYTH CTUMYJIOM [UIS TOCTIITHOTO
BJOCKOHAJICHHSI iX BHKJIQJAIbKOI MalcTepHOCTi. 3pO3yMijo, IO 3BITYBaHHS
BUKJIaJaqiB TIepe0aueHo 3aKOHOJIABCTBOM YKpaiHH, INPOTE BOHO HE Mae OyTu
MIepeTBOPEHO Ha (opManbHIicTh. Ll mpouenypa Mae OyTu cpsiMOBaHa Ha BU3HAYCHHS
MOXITMBHX MPOOJIEMHUX NUTAHHSAX y POOOTI BUKIIA/IauiB Ta IIBUIKOMY X YCYHEHHI.

CucremMa onUMTYBaHb € KJIIOYOBOIO MPOIETYPOIO JUISi OTPUMAHHS 3BOPOTHOTO
3B’S3Ky BII yciX credkxonmepiB (3mo0OyBadiB, BHKIamadiB, poOOTONABIIB,
BUITYCKHHKIB Ta IHIIMX OCi0) CTOCOBHO SIKOCTI OCBITHIX HpOTpaM Ta BpaxyBaHHsS iX
no0a)xaHb 3 METOIO MOKPALIEHHs SKOCTI OCBITHBOTO Tpoliecy. Pe3ynbraT OnuTyBaHs,
a TAaKOXX IX aHaJi3 Ta MOAabIIe BpaxyBaHH:, 3aBXK/IM € 00’ €KTOM yBaru eKCIepTiB ITi[
4yac TPOBE/ICHHS aKpeAUTallill OCBITHIX HporpaM Ta MpoueaAyp NOCTaKpeAUTaliiHOTO
MOHITOpUHTY. BpaxyBaHHsI pe3yJbTaTiB ONMUTYBaHb JO3BOJISIIOTH €KCIIEPTaM OLIHUTH
HACKUTBKH e€()EKTHBHO OCBITHS IpOTrpaMa B3aeMOJIIE 31 CTSHKXOIAepaMU Ta BPaXOBYE
iX TyMKy CTOCOBHO Oprai3aiii Ta peasi3arii OCBITHbOTO MPOIECy.

Cucrema 3anpoBa/yKeHHsI, MOHITOPHUHTY TAa OHOBJIEHHSI OCBIiTHiX mporpam
— 16 KOMIUIEKC 3aX0/iB, METOIO SIKOTO € TOCTilHE 3a0e3MeueHHs SKiCHOTO OCBITHBOTO
mporecy 3a 3aTpeOyBaHMMHU CKOHOMIKOK OCBITHIMH TporpaMamu. B mmx 3axomax
CBOIO POJIb MAIOTh BiFirpaBaTH aOCOJIFOTHO BCi CTEWKXOJAEPH: BUKIagadi, 3100yBadi,
poOOTONABI, BUITYCKHHKH Ta IHII 3aIlikaBlIeHI OCOOW. 3ampoBa/KCHHS HOBOL
OCBITHBOI TIPOTpaMu MOYMHAETHCS 13 CTBOPEHHS MPOEKTHOI TPYIH, KA Ma€ OLIHUTH
3aTpeOyBaHIiCTh HOBO1 OCBITHHOI MPOTPaMU HOBOIO MOJIEIUTI0O €KOHOMIKH, BU3HAYUTH
3apyOiKHI Ta BITYM3HSAHI aHAJOTH, MpPOaHATI3yBaTH MalOyTHI KOMIIETEHTHOCTI Ta
NPOrpaMHi pe3yJIbTaTH HaBUaHHS, SKMMH OBOJIOAIIOTH MaiOyTHI BHITyCKHHKH, a
TaKOX, BU3HAYNTH TEPEIIiK HEOOXiTHUX OCBITHIX KOMIOHEHT. MOHITOPHHT i1CHYIOUHX
OCBITHIX ITPOrpaM Mae BiOyBaTHCS HE PiJillie HiXK OMH pa3 Ha pik. Jlo mporo mporecy
3aJTy4aroThCsl BCI CTEHKXOJIEpH, MPOBOISTHCS OOrOBOPEHHS Ta ONMMTYBAHHS, aHAJi3
OCBITHBOI JisSITHHOCTI T2 HAYKOBOT CKJIAJIOBOI TOIIIO.

20



lopiuHe OHOBJEHHHA 3MICTy OCBITHIX KOMIIOHEHTIB € HEBiJ €MHOIO
YAaCTHMHOI0O MOHITOPHUHTY OCBITHBOI IIPOrpaMH 1 HalpaBJIeHe Ha IIOCTiiHE
BiJICTIIIKOBYBaHHS BHKJIaZadaMH CYYaCHUX TEOpiil, MPaKTHK, IHHOBAIH Y HaIpPsSIMKY
OCBITHIX KOMIIOHEHTIB, SIKI BOHH BHKJanatoTh. OHOBIICHHSI MOX€e OYTH Pi3HOTO DiBHS,
MOYMHAIOYH BiJ] BUKOPUCTAaHHA HAWCYyYaCHIIINX JNITEpaTypHHUX DKEPeEN, 3aKiHIyIOUu
MOBHAM TiepeOpMaTyBaHHAM OCBITHBOTO KOMITOHEHTA. 3PO3yMilo, IO IIiJ dac
OHOBJICHHSI 3MICTY OCBITHBOI'O KOMIIOHEHTa HEOOXIZIHO BpPaxOBYBaTH TaKOX
pe3yIbTaTH ONUTYBAHHA 300yBadiB, BiATyKH pOOOTONABIIIB Ta BUITYCKHHUKIB.

AxkaneMmiyHa 100poyecHicTh — 0a30BHH CKIAIHUK CHUCTEMH 3a0e3MCUCHHS
SAKOCTI BHUINOI OCBITM Ta BaXJIUBUH (HAKTOp YCIHIIIHOCTI YHIBEPCHTETIB, iXHIX
HAYKOBI[IB, BUKJIaJaduiB Ta BUIYCKHUKIB. JI0OpOUYECHICTH Ta SKICTh HEPO3PO3PHBHO
OB’ sA3aHi 1 TOCATTHA OJHOTO 0€3 1HIIIOTO HEMOKIINBO.

Indopmaniiino-xoMyHikaniliHe cepegoBHIe — II€¢ KOMIUIEKCHA CHCTEMa
MPO30POTro JOCTYIY YCIX YYaCHUKIB OCBITHBOTO IMPOIIECY 10 HEOOXIIHUX OCBITHIX Ta
HAyKOBHX  MaTepiamiB, JOKYMEHTIB, MpOrpaMHOTO  3a0€3IEeYCHHSA  IHIINX
iH(pOpMaLiHHUX pPecypciB.

HapuanbHo-meTonuyHe 3a0e3nedeHHss Ta Ilnardopma pucranuiizoro
HABYaHHSA — OCOONHMBI CKIIAJOBi, 0e3 SKMX HEMOJXIIMBA OpTaHi3alis Ta peaizailis
CYYacHOTO OCBITHBOTO Ipomecy. CTBOPEHHS Ha OHOBJICHHS HABYAJIHHO-METOAWIHOTO
3a0e3MeucHHs] Ma€e 3MIHCHIOBATHCSA Ha TOCTiHIA OCHOBI, B 3aJI€KHOCTI BiJ 3MiH Y
HAYKOBHUX HaIpsIMKaX, sIKi JOTHYHI JJO ICBHUX OCBITHIX KOMITOHEHT.

BucnoBok. OmnrcaHi BHIE 3aX0IH Ta MPAKTUKA (POPMYIOTH HITICHY CHCTEMY
BHYTPIIIHBOTO 3a0€3eueHHs] SKOCTI BHIIOI OCBITH y BIANOBIIHHMX 3aKlajax OCBITH.
KoxkHa 11 ckiiazioBa Mae sIKICHO 3a0e3leuyBaTHCs Ta TICHO (pyHKLIOHYBATH 3 1HIIMMHU
CKJIaJJOBUMH BCi€l CHCTeMH. BpaXxoByroun aBTOHOMHICTG 3aKJIaJiB OCBITH, MiAXOIHU 0
(opmyBaHHS KOXKHOI ii CKJIaZOBOI MOXYTh OyTH pi3Hi, aje B pe3yibTaTi BCi BOHH
MaTh OyTH 3a0e3redeHi Ta MOBHOIIHHO (YHKLIiIOHYyBaTH. TUIbKM TPU TakoOMy
MiAXOMl SKICTh OCBITHBOTO TIporecy Oyae 3alesmedyBaTHCsA i3 MaKCHMATBHOIO
e(EeKTHBHICTIO, III0 B CBOIO Yepry 3a0e3MeuuTh YCIIIIHE MPOXOKEHHS aKpeauTarlii
OCBITHBOI ITpOTpaMH Ta ii MOJaNBIINI TOCTaKPEAUTAIIIHHNI MOHITOPHHT.

Cnucok BUKOPHCTAHHUX J)KepeJt:

[1] https://www.aracis.ro/en/about-aracis/

[2] https://www.dakks.de/en/step-5-monitoring.html#tab

[3] https://www.neaa.government.bg/en/legislation

[4] https://zakon.rada.gov.ua/laws/show/1556-18#Text

[5] https://en.naqa.gov.ua/?p=2510

[6] https://zakon.rada.gov.ua/laws/show/365-2021-%D0%BF#Text
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POST-ACCIDENT RADIATION MONITORING
Kazymyrov O.S., lievliev S.M., Chorny E.V. Bykovsky V.Yu.

Research and Production Enterprise "AtomComplexPrylad",
Yakova Hnizdovskoho Street 1, Kyiv, Ukraine.
E-mail: akp@akp.kiev.ua

Uncontrolled emissions of radionuclides to the atmosphere, water or ground
environment may occur due to normal operation and the accident.

Permanent monitoring is an important and necessary component of the gaseous
and liquid effluents’ control. Both the source and the environment monitoring for
ensuring the protection of the population and the environment effect it.

Military actions on the territory of Ukraine, especially in the areas adjacent to
the nuclear facilities, may cause the gaseous and liquid effluents’, which may lead to
the regional nuclear accident. Sources of releases may include:

* NPPs, including the reactor facility and elements necessary for its operation,
as well as

* Spent nuclear fuel or radioactive waste storage facilities.

The possible military actions’ consequences expand the list of radionuclides
present in the releases. In the event of a severe accident, monitoring should also be
conducted outside the sanitary protection zone and observation area.

(a) the presence of short-lived radionuclides in the environment, including
radioactive noble gases, which cause high intensities and gradients of gamma fields;
(b) significant releases of iodine radioisotopes in the early phase of the accident result
in the so-called iodine period, during which there is a serious threat of inhalation and
ingestion of these radionuclides into the human body and, as a result, thyroid exposure
of the population, especially children; (c) surface contamination of pastures, hayfields,
and agricultural products."

The monitoring program includes the types of measurements, their frequency,
locations of stationary monitoring posts, recommendations on locations and frequency
of sampling of air, water, soil, agricultural products, etc. This may include:

¢ Continuous measurement and recording of gamma radiation dose rate,
concentration of radionuclides in the air, and aerosol activity at 4 locations in the
immediate vicinity of the nuclear facility;

» Sampling of precipitation in the facility environment;

* Radiation monitoring of the terrestrial environment should include sampling
of topsoil, agricultural products, sampling of pasture grass and milk;

* Continuous automatic measurement of gamma radiation dose rate at the
locations specified in the license;

* Continuous measurement of meteorological parameters;

* Regular sampling of water and sediment samples, flora and fauna in the
discharge water bodies, continuous measurement of river water flow;

* Monitoring of groundwater and, if necessary, other water bodies when used
as a source of drinking water;
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+ Radiation monitoring of the critical population (in case of a severe
accident).

The monitoring support needs technical and methodological means. The
authors propose a draft of a radiation measurements system, based on proven technical
and methodological developments, which may cover part of the monitoring needs,
namely the laboratory measurements:

* Operational means of detecting radiation anomalies and characterizing
radiation contamination of objects by gamma emitters:

- At acute stage of the accident all measurement need to be effected using
mobile laboratory I order to fix the plume.

- Once the radiation situation becomes better it feasible to use Portable
spectrum recorder PRS-01. This device can be used as an operational dosimeter.

- Gamma radiation scintillation spectrometer SEG-001m "AKP-S" "Lesovik"
is designated for express control of not exceeding the permissible levels of
contamination of agricultural and forest products, etc. packed in primary containers
(boxes).

- SICH-ACP whole —-body counters are designated for gamma-emitting
radionuclides’ content determination in the human body. The measurement procedure
is approved in accordance with the established procedure.

- The gamma radiation spectrometer SEG-001m "AKP-S"-TRO is designed
to determine the isotopic composition and activity of gamma-emitting radionuclides in
solid radioactive waste of the first and second groups without sampling directly in
packages of various shapes. It is implemented at all Ukrainian NPPs and can be used
for similar work during the liquidation of the accident consequences.

+ Systems for monitoring the activity of the first circuit coolant and
controlling the specific activity of liquid radioactive waste are installed at almost all
operating reactors. These systems are used for operational needs of the NPP. An
important area of monitoring in emergency conditions is the measurement in the
laboratory of a significant flow of heterogeneous environmental samples.

* Achieving sufficient reliability and efficiency of measurements requires the
introduction of a measurement quality system. For this purpose, we have developed
and implemented the AKLAB system in a number of laboratories in Ukraine.

* It maintains a database containing information about the sample:

- number and name of sample, measuring instrument, performer and date,
place of selection, time of measurements, measurement results, compliance of results
with established safety criteria.

In addition, it is possible to enter data on the state of the environment:
temperature, humidity in the laboratory, date and time of measurement of the radiation
background in the laboratory, relevant information, minimum detectable activity
(MDA) for certain nuclides. Such information is necessary to carry out the following
data analysis.
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ASSESSMENT OF RADIATION SITUATION IN GROUND LEVEL AIR
IN SITE NEAR COMPLEX NSC-SO

Kalynovsky Olexander, Krasnov Victor, Khan Valery, Filippov Olexey

Institute for Safety Problems of NPP of NAS of Ukraine, Chornobyl, Ukraine
o.kalynovsky@ispnpp.kiev.ua

Abstract: For assessment of radiation situation, the results of long-term monitoring
of radioactive aerosols (RA) in the ground level air near the Shelter Object (SO) in stages
of creation, commissioning and operation the the New Safe Confinement (NSC) were
used. The composition of long-lived nuclides (LLN) in RA are included nuclides: Xo- LLN
(38,239,240py 241 Am) and IB- LLN ('¥7Cs, ©Sr+Y, 2*Py).

The mains worse of aerosol situation in air were: in 2010, at earthworks at build
foundation strips of the NSC, the average annual volumetric activity (AAVA) of %-
LLN rose to 80 mBg/m3, and weekly maximum activity reached to 6 mBg/m3 for Xa-
LLN and for £B-LLN to 520 mBg/m3; in 2016, at dismantling concrete and metal
structures of SO, the AAVA of X-LLN was 62 mBg/m3, and weekly maximum
activities were for Za-LLN — 18 mBg/m3 and XB-LLN — 1400 mBqg/m3. After the
commissioning of NSC complex the VA of X-LLN significantly decreased to 0.6
mBg/m3. This indicates the effectiveness of environmental protection by the NSC
from radioactive releases of SO.

During aerosol sampling from 12.02.2025 to 18.02.2025, occurred the direct
strike of combat drone into the NSC arch structure. The maximum VA of X-LLN — 1.7
mBg/m3 were recorded at sampling point “Northwest”. It was a significant increasing
in compare with VA in January 2025, but close to the AAVA of £-LLN was 0.44
mBg/m3, at a maximum of 1.3 mBg/m3. Conservative estimates of values activity of
>-LLN at the accident don’t exceed the established reference levels.

Ba/m?
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3-Unit ChNNP arch of NSC
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1 2 3 4]
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== == — s
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Figure. Dynamics of average annual volumetric activity of > LLN in ground level air
near SO
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For assessment of radiation situation, the results of long-term monitoring of
radioactive aerosols (RA) in the ground level air near the Shelter Object (SO) during
works by implementing projects to creation the New Safe Confinement (NSC), and
also commissioning and operation the NSC were used. The composition of long-lived
nuclides (LLN) in RA are included following nuclides: Za- LLN (238 23 240py_ 241 Am)
and XB- LLN ('¥Cs, 2°Sr+°°Y, 2*!Pu). RA near the Shelter Object layer sampled by
three aspiration units [1, 2 ].

The dynamics of annual average volumetric activity (AAVA) of Z-LLN in air near SO
from 1998 to 2024 period is presented in Figure. Time analysis of dynamics allows to
select four periods at a conversion of SO into an ecologically safe system.

First period from 1998 to 2000 years, when ChNPP’s last power Unit 3 had
been operated yet. At that time, the average volumetric activity (VA) of Z-LLN was
about 17 mBg/m3. Second period from 2001 to 2007, stage of realization of
stabilization measures to provide stability of unstable building structures of ruined
building of power Unit 4. The main worse of aerosol situation near SO was in third
period from 2008 to 2017, when activity of RA increased ten-fold as compare to
preliminary stage. The growing of RA activity was connected with radioactive dust
resuspension during technological works. At earthworks at build foundation strips of
the NSC in 2010 [2], the average annual VA of [-LLN rose to 80 mBg/m3, and
weekly maximum activity reached to 6 mBg/m3 for Xa-LLN and for X-LLN to 520
mBg/m3. At dismantling concrete and metal structures of SO in 2016, average annual
activity of Z-LLN was 62 mBg/m3, and weekly maximum activity increased to Xo-
LLN — 18 mBg/m3 and 2B-LLN — 1400 mBg/m3. The fourth period from 2019 to
2024 came after the commissioning of the NSC complex when the average annual VA
of Z-LLN air significantly decreased to 0.6 mBq/m3. This indicates the effectiveness
of environmental protection by the NSC complex from radioactive releases of SO.

During the aerosol sampling from 12.02.2025 to 18.02.2025, occurred the
accident related to the direct strike of combat drone on 14.02.2025 into the NSC arch
structure. The average value of the VA of [/-LLN in ground level air at of the site of
NSC-SO complex was 0.94 mBgq/m3. The maximum values VA of Xa-LLN — 0.034
mBg/m3 and XB-LLN — 1.7 mBg/m3 were recorded at sampling point No. 2
(“Northwest”) it was a significant increasing in compare with an aerosol activity in
January 2025 when values VA were for Zo-LLN — 0.034 mBg/m3and X3-LLN — 0.054
mBg/m3. At the same time the average annual value of the VA of [I-LLN at sampling
point No. 2 for 2024 was 0.44 mBg/m3, at a maximum value of 1.3 mBqg/m3.
Conservative estimates of the possible values activity of [1-LLN at the accident do not
exceed the established reference levels. A minor radioactive release during the drone
strike confirms the reliability of the arch design for environmental protection from
radioactive contamination.

Keywords: monitoring of radioactive aerosols, long-lived nuclides, volumetric
activity, New Safe Confinement.
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o.kalynovsky@ispnpp.kiev.ua

Hus  omiHkM pamiamiifHol 00CTaHOBKM OyJO0 BHKOPHCTAHO pe3ylbTaTd
JIOBTOTPHUBAJIOTO MOHITOPHHTY pamioakTHBHHX acpo3oiiB (PA) y mpusemHOMy miapi
moBiTps mobmm3y o0'ekta «Ykpurtss» (OY) mix gac pobiT 3 pearizamii MpoeKTiB 3i
ctBoperHss HoBoro Oesmeunoro koHdaiiamenty (HBK), a Takox BBemeHHS B
excrutyartanito Ta ekcrutyarauii HBK. Ckian nosroxuByuux Hykmigis (JDKH) y PA
BKJIrouae Taki Hykmian: Zo-JDKH (238, 239, 240Pu, 241Am) Ta XB-/DKH (137Cs,
90Sr+90Y, 241Pu). Ilpobu mapy PA moGmusy o00'ekta «YKPUTTS» BiaOHpasucs
TpbOMa acripaiiiHiMu ycraHoBKamu [ 1, 2].

Ba/m3
0,09 Stopping Installation
3-Unit ChNNP arch of NSC
0,084 Start of operation
0,06 NSC

4]

0,03

0,005

2010 12 2 2016 2018 0 2024

Pucynox. [lnnamika cepeanbopiunoi 06'emHoi aktuBHOCTI ) LLN y npuzemHOMy
noBiTpi no6amuzy OY
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Junamika cepenubopiuHoi 0o06'emuoi akrtuBHOCTI (OA) X-LLN y mnositpi
nobmmzy LLN 3 1998 mo 2024 pik mpezncraBieHa Ha pUCYHKy. YacoBuid anaii3
JUHAMIKH J03BOJISE BHAUINTH YOTHPH Nepioan meperBopeHHs OY Ha €KOJIOTIYHO
0e3neuHy cUCTEMY..

Iepummit mepion 3 1998 mo 2000 pokm, KomM Ie MPamiOBaB OCTaHHIN
enepro6mok Ne3 YAEC. Ha To#t wac cepemns OA Z-JI’KH cranoBmia Omm3pko 17
Mbx/M3. [pyruit nepion 3 2001 mo 2007 pik, me eram peamizarmii cradimizaritHuX
3aXOMiB UIA 3a0e3MEeUeHHS CTIMKOCTI HecTaOIMpHUX OydiBeTbHUX KOHCTPYKIIH
3py#HOBaHOI OyniBii eHeproOmoky Ned. OcHOBHE MOTIPIICHHS aepO30JbHOI CHTYaIlii
nobmmzy OV cmoctepiranocs mpoTsrom tpersoro mepiona 3 2008 mo 2017 pik, komun
akTHBHICTH PA 3pocia B necsaTh pasiB MOPIBHSIHO 3 MONEPEIHIM €TaroM. 3pOCTaHHs
akTuBHOCTI PA Oyjio moB'a3aHe 3 pPeCyCHEH3I€I0 pPaJiOaKTHMBHOTO MWy i 4ac
TeXHOJNOrYHUX poOiT. Ilig yac 3emisHUX poOIT HpH OyAIBHUUTBI (QyHIaAMEHTHUX
cmyr HBK y 2010 poui [2] cepennbopiuna OA [1-JIXKH 3pocna no 80 mbk/M3, a
TIKHEBA MaKCHMajbHa aKTUBHICTH focsarima 6 Mbix/m3 mns Xo-/[DKH ta 520 mBbx/M3
s X3-J0KH.

Ilin wac nemoHTaxy OETOHHMX Ta MeTaieBHX KoHCTpykmii OY y 2016 pomi
cepenabopiuna aktuBHICTE X-JIJKH cranoBmna 62 mbx/mM3, a TkHEBa MakCHMajbHa
akTUBHICTB 3pocia mo Xa-JKH — 18 mbx/m3 Ta ZB-KH — 1400 mbx/m3. UerBepTuit
nepion 3 2019 mo 2024 pik HacTaB MmiciIA BBEACHHS B eKcIuTyararito komiuiekcy HBK,
KOJIU CepelHbOpiuHa aKTHBHICTH moBiTps X-J2KH 3mauHO 3HM3MIacs mo 0,6 mbx/m3,
IO CBIJYUThH MPO €(PEKTHUBHICTH 3aXMCTY HABKOJIMIIHBOTO CEPEJOBHUIA KOMILIEKCOM
HBK Bin pamioakTuBHUX BUKHIIB OY.

ITin gac Bigbopy mpod aeposzomro 3 12.02.2025 mo 18.02.2025 cramacs asapis,
MoB'sI3aHa 3 MNpsIMEM yjaapoMm OoiioBoro OesminotHuka 14.02.2025 B apouny
koHcTpykuito HBK. Cepenne 3HaueHHst akTuBHOCTI aeposoito X-/[DKH y npuzemHomy
nmoBiTpi Ha Maiganuuky komiuiekcy HBK-OV cranosmio 0,94 Mbk/mM3. MakcumaiibHi
3Ha4YeHHsS aKTUBHOCTI aepo3oiio Xa-JXKH — 0,034 mbx/M3 Ta ZB-2KH — 1,7 mbx/m3
Oynu 3adikcoBaHi Ha MyHKTI BigOopy mpod Ne 2 («[liBHIYHO-3aXiqHAY), IO € 3HAYHUM
30UTBIICHHSM TMOPIBHSAHO 3 akTUBHICTIO PA y ciuni 2025 poky, konu 3HaueHHS OA
cranoBun s Xo-J0KH — 0,034 mbrx/m3 ta Zf3-J0KH — 0,054 mbx/m3. BogHouac
cepenHbopiyHe 3HaueHHs akTuBHOCTI X-/IPKH Ha myHkTi Ne 2 3a 2024 pik cTaHOBMIIO
0,44 mbx/m3, mpu makcumanpHOMY 3HaudeHHI 1,3 Mbk/M3. KoHcepBaTuBHI OIIHKH
MOXITUBUX 3HadeHb akTWBHOCTI X-/[PKH Ha MOMEHT aBapii He TNepeBHUIIYIOThH
BCTAHOBJICHI KOHTPONBHI piBHI. He3Haunmii pamioakTHBHMH BUKHA WA 9ac yaapy
JIpOHA MiATBEP/UKYE HAMIMHICTD KOHCTPYKIIi apKé JUIA 3aXHCTy HABKOJMUIIHBOTO
CepelloBUINA BiJl palioaKTUBHOTO 3a0py THEHHSI.

Kaio4oBi cjioBa: MOHITOPMHT pagioOaKTHBHHMX aepo30JiB, JIOBTOXHBYYI
HYKIIi1, 00'€MHA aKTHBHICTh, HOBU Oe3reYHui KOH(pAHHMEHT.
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STUDY OF 90SR INCREASED MIGRATION CONDITIONS WITH
GROUNDWATER IN THE ZONE OF CHORNOBYL NPP INDUSTRIAL SITE
INFLUENCE

Kovalenko 1., Panasiuk M., Sosonna N. , Levin G., Roenko G., Buzynnyi M.

Kovalenko I. (Institute for Safety Problems of Nuclear Power Plants National
Academy of Sciences of Ukraine, Chornobyl, maddoc01001@gmail.com),
Panasiuk M. (Institute for Safety Problems of Nuclear Power Plants National
Academy of Sciences of Ukraine, Chornobyl, nipanasyuk53@gmail.com),
Sosonna N. (Institute for Safety Problems of Nuclear Power Plants National
Academy of Sciences of Ukraine, Chornobyl, natalyasosonnaya@gmail.com ),
Levin G. (Institute for Safety Problems of Nuclear Power Plants National
Academy of Sciences of Ukraine, Chornobyl, georglevin1961(@gmail.com),
Roenko G. (Institute for Safety Problems of Nuclear Power Plants National
Academy of Sciences of Ukraine, Chornobyl, roenkogrigorij7@gmail.com),
Buzynnyi M. (O. M. Marzeyev Institute of Public Health, Ukraine, Kyiv,
michael.buzinny@gmail.com)

Abstract: Study shows the conditions under which high 90Sr concentrations
are formed in the interval of neutral or close to neutral (pH = 6.5-7.5) groundwater at
the ChNPP industrial site. The study is based on samples from well 21-1A .

It was found that high volumetric activity of 90Sr in groundwater, in the range
of 50-2550 Bq/l, are formed under the influence of ionic strength (IS). The data
obtained during the monitoring observations at the ChNPP industrial site show that the
dynamics of 90Sr activity concentration increase in the observation wells is similar to
the dynamic of groundwater IS increase from low values of 2-5 mmol/l to about 18.2
mmol/l. Increased volumetric activity of 90Sr in groundwater fully or almost correlate
with high values of ionic strength, concentration of chlorine, nitrate, sulfate,
bicarbonate, potassium and sodium ions. Similarly, calcium ions fluctuate
synchronously with the dynamic of 90Sr distribution.

Such data shows that 90Sr, cations and anions have the same rate of
distribution with groundwater, in other words, practically without sorption, as is
usually typical for chloride ions (Cl-), nitrate ions (NO3-), sulfate ions (SO42-),
bicarbonate ions (HCO3-)... If the ionic strength of groundwater exceeds 10-12
mmol/l, the sorption properties of soils decrease.

Introducton

The monitoring observations were analyzed for well 21-1A, as an example
(Fig. 1). Well located near the New Safe Confinement - Shelter Object (NSC-SO
Complex). The high volumetric activity of 90Sr was observed in groundwater samples
from this well, the source of which is radioactively contaminated soil.
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Figure. 1. General scheme for the
NSC-SO complex, and well 21-1A
location.

The share of water contamination in
the Pripyat and Uzh rivers due to
radionuclides entering with groundwater
reaches 34% (Kireev et al., 2011), and in
low water periods it increases to 60-65%.
(Bugai et al., 2010).

The analysis of the distribution
coefficient of 90Sr as a function of the
ionic strength of the solution led to the
conclusion that a higher ionic strength,
caused by the presence of competing ions,
primarily Na+, in the tank liquid, leads to a
much lower observed sorption. Also, the
article (Wallace et al., 2012) shows that the
effects of cationic competition are not
important in systems with low ionic
strength (IS = 8 mmol/L) and in solutions

containing low concentrations (up to 5 mmol/L = 200 mg/L) of Ca2+ and/or Na+. At
higher ionic strength, competing ions cause a decrease in 90Sr sorption.

In a study (Powell et al., 2014) on the determination of sorption coefficients for
radium and stable strontium in soils at the Savannah River Site (SRS), it was found
that the sorption of radium and strontium by soils is strongly dependent on ionic
strength due to competition for ion exchange sites.

The purpose of this work is to determine the factors that lead to the formation
of an increased migration capacity of 90Sr in a real aquifer based on long-term

monitoring observations.
Results

The calculation of °°Sr
migration forms in neutral
groundwater was  performed
using the Geochemist's
Workbench Community Edition
software package. To confirm
and understand the migration
processes, the distribution of
various *°Sr complex compounds,
such as SrCO3° SrHCO*,
SrS04°, SrOH* and SrNO3",
with groundwater was modeled
based on hydrochemical analyses
of samples from well 21-1A.
Materials and methods are
described in detail in (Kovalenko
etal., 2023).

Figure 2
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Figure 2. Dynamics of changes in pH, IS,
volumetric activity of °°Sr, and individual
components of chemical composition in
groundwater samples from well 21-1A.
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dynamics of *°Sr volumetric activity, according to radiohydroecological monitoring
data. High concentrations of 90Sr are always accompanied by relatively high values of
IS, varying in the range of 13.8-18.2 mmol/L, with "background" values of 2-5
mmol/L.

A comparative analysis of the dynamics of changes in the components of
chemical composition in the observation well (Fig. 2) shows that the concentrations of
CI', HCO3, NO3- and SO4* anions, which are transferred with groundwater without
being sorbed, increase simultancously with the concentrations of calcium (Ca*"),
magnesium (Mg?"), sodium (Na*) and potassium (K") cations and of 90Sr in the II-III
periods.

In the computational experiment for well 21-1A, in groundwater observed
increase in the pH range of 6.2-7.1, in the concentration of strontium in the form of
SrS04° and a decrease in the form of the cation Sr?'. Proportion of °Sr in the form of
a soluble neutral complex compound that is not sorbed reaches 12.0-15.5% (Table 1).
This is also a significant factor in the increased migration of *°Sr.

Table 1. pH, chemical composition, volumetric activities and forms of *Sr in
groundwater from well 21-1A, depending on the monitoring period, mg/L.

Components of the . Sampling date, period .
chemical composition Period [ Period III
28.02.2012 12.07.2017
pH 6,20 6,65
Forms of *°Sr+Sr?", mg/L
Water type Na-SOq4 Na-SO4
SrCO;5° 0,00002 0,00021
SrHCO5" 0,00659 0,02766
SrSO,° 0,2742 0,3304
% °°Sr in form of SrSO4° 12,9 15,5
SrOH* 0,00000 0,00000
Sr**+Sr 0,86490 0,8257
SINOs* 0,00069 0,00035
Ionic strength, mmol/L 5,8 12,1

Conclusions

Increase in ionic strength of groundwater above 7-9 mmol/L significantly
reduces the sorption of *°Sr by soils and creates conditions for its migration with
groundwater. This coinsides with the results obtained (Wallace et al., 2012).

An important factor of increase of the **Sr migration capacity with groundwater
is the formation of *°Sr complexes with inorganic compounds anions. Increased *°Sr
migration capacity in neutral waters associated with its significant content (12-15.5%)
in the form of a soluble neutral complex compound SrSO4°, which is poorly or not
sorbed by soils.

So, the factors influencing on increased migration capacity of *°Sr are - the
ionic strength of groundwater, formation of strontium complex compounds.
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MOPYIIEHHS TPOEKTHOI'O PEXKUMY BEHTWJISIIII KIJIBIIEBOI'O
ITPOCTOPY I TIPOCTOPY IIIJ] APKOIO B PE3YJIBTATI IIPSIMOI'O
BJIYUAHHSI IPOHA B APKY HOBOI'O BE3IIEYHOI' O
KOH®AMHMEHTY
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Annotation. The paper presents the results of applying the NSC hydraulic state
model to analyze the unorganized air exchange of the main volume and annular space
with the surrounding environment using the sample of operational measurements
provided by the ChNPP for the period from 10.03 to 16.04.2025. By agreement with
the ChNPP, the use of the sample of operational parameters of the NSC after the drone
attack was performed to analyze the air exchange of the NSC with the surrounding
environment after the drone attack with estimated areas of air leaks from the RA.

The paper shows for the first time the continuous dynamics of changes in the
flow of unorganized air (low emission) from the main volume of the NSC to the
surrounding environment for the specified period at an arbitrary wind direction and
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speed. Also measured and calculated dependences of pressure drops at the values of leak
areas provided by the Chernobyl NPP, calculated flows through unorganized air leakage
points from the RA, both after the drone attack and if the drone attack had not occurred
with constant values of VU flows at the level of 2024, as well as the value of the fraction
of air entering the MV and exiting under the walls and through the NSC shells.

Hoswmit besneununit Kondaitamenr (HBK) YAEC mnoOynmoBaHuii 3 MeTOIO
mepeTBOpeHHss OyniBenbHUX KOHCTPYKIiH O6’exta «Yikpurrs» (OY) B eKOIOTi4HO
6esmeuny cucremy. [Ipsme Brydanns aporna B Apky HBK 14.02.2025 p. mpusseno 1o
MOPYIICHHS MPOEKTHOI TepMeTHYHOCTI KinmbiieBoro mpocropy (KII) Ta ocHoBHOTO
00’emy (OO), mo TpH aBapiifHAX CHUTyaIlisIX MOXE TPHU3BECTH OO0 HEOE3MeKH
NepCOHaJTy, HACEJICHHS Ta HAaBKOJIHMIIHBOro cepeposuiia HBK ockinbky B KinblieBoMy
npocropi (KIT) HBK ne minrpumyetbest HagmumikoBuii Tuck (5-20 I1a), a B ocHOBHOMY
00’emi (OO) He miaTpuMmyeTbcsi HeraTuBHMHM THcK (MiHyc 5-10 Ila) mpm Bcix
HarnpsiMKax i IMBUIKOCTSIX BITPY.

ATaka JpoHa TpU3Beia M0 PYWHYBAHHS IMIIHAPUYHOI YACTHHHU 30BHINIHBOT
o6osonkn HBK, 1€ BUHMK OTBip po3mipoM 15 M?, Ta JOAaTKOBHX OTBOPIB B IiBIECHHO-
3axigmiit (posmipom 1 M%), miBmeHHO-CXimHil (po3MipoM 55 M?) Ta miBHIYHO-CXimHik
(po3mipom 2 m?) wacturax HBK.

Metoro pobotu € omiHka o00’emiB moBiTpooOMiny HBK 3  oTtouyroumm
cepenosumieM (OC) micns ataku npoHa 14.02.2025 p. Ha 30BHImHIO 060m0HKY HBK.
OmiHKA TOBITPOOOMIHY BHKOHYBAaJlach 3a JOIOMOTOI0 MOJENI TigpaBIidHOTO CTaHy
HBK Incturyry texuiunoi teruodizukn HAH VYkpaiun (ITT®) i wactunu (37 1i0)
excrutyataniitnux ganux YAEC 3 10.03 — mo 16.04.2025 p. 3poOutu HOpiBHSHHS
06’emiB nosiTpoodminy HBK 3 OC i B camomy HBK nipu aTani apoHa Ta BiCcyTHOCTI
aTakKu.

Pe3yabraTn podorn.

Jnst  OLIHKM TIOPYLICHHS MPOEKTHOTO PEeXHUMY BEHTHJIALI KiJbLEBOTO
IIPOCTOPY 1 MPOCTOpY i/l apKOIO B Pe3yNbTaTi MPsIMOTO BiIy4aHHs JpoHa B Apky HBK
JUIl MOJENIOBaHHS HU3bKOTOo BHKHMAY 3a Mexi HBK Oymm Bukopucrani HacTymHi
excruryaraniiiai nani YAEC 3a mepiozn 3 10.03.2025 mo 16.04.2025p.:

- 3MIHH HanpsiIMKy Ta IIBHKOCTI BITPY.

- 3HAUYEHHS BUTPAT NPUIJIMBHUX Ta BUTSHKHUX BEHTWILIHHUX ycTaHOBOK (BY)
B KimbIeBOMy i OcHOBHOMY o00’emax HBK Oymm BinCyTHi, OCKUTBKHM cHCTEMa
BerTusalii HBK He mpamroBana.

- 3HA4YEHHS JATYUKiB TepemajiiB THUCKYy MK 00’emamm HBK i1 30BHImHIM
CEepPEIOBHILIEM.

- OIIHKH IUIOII JOAATKOBUX OTBOPIB MPOTIYOK MIC/IA aTAKH JPOHA.

HeoOxigHi [y1g BH3HA4YE€HHS HHU3BKOTO BHKHAY TOBITPA (TOBITPOOOMIHY),
YMOBHI IIJIOIIi MPOTIYOK 1 po3noxin Tucky Ha nosepxHi HBK pospaxoByroTbes 3a
po3pobnenumu ITT® monensmu rigpasnidnoro crany HBK [1] i Mojeni 30BHIITHBOTO
oorikanus HBK [2].

[Ticns ataku ApoHa B po3paxyHKaxX BHKOPUCTOBYBAJIWCH 3HAYEHHS ILIOII
npoTiukM 30BHIMHEOT o6onmonku mik KIT i OC (15,7 m?, 36inbluena na 15 m?) Ha
nuninapuanomy naxy (LIJD), mix 06’emie KIT i OO 9,0 m? (3minroBanack na 1 M?),
IUIOIIA MPOTIYKH IIij 3axigHoro cTinoro (3I1) 2,72 M2 (3MiHoBanack Ha 1 M?) i moma
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IPOTIYKK MiJ CXigHOIO cTiHOIO (62,6 M?, 30inbieHa Ha 57 M%), BKIIOYHO ILIOLLY
IpOTIuKK Ha Ainaani sentmaxtu JCPB 2,4 M2,

Ha puc. 1 HaBeneni po3paxyHku 00’emiB noBiTpooominy HBK 3 oTtouyrounm
CepelIOBHUILEM IIICHIs aTaku JpoHa Ha 30BHimHIO obonmonky HBK. Ha puc.l yepBoHa
JiHis moka3ye HaiOumbim 06’emu noitps i3 OC B OO HBK B GinpmiocTi HampsiMKiB
OBITPs 9epe3 HaHOIbINY IOy IIpOTiYkA 62,6 M B cximmii crini. Ha puc.1 gopHi
TOYKH TaKOXX MOKa3yIOTh CYTTeBiI 00’emu mepeToky moBiTps Bxe i3 OO B KII wepes
nporiukn B 9,0 M? i mami i3 KI1 B OC uepes miomry npotiuku 15,7 M? B AT HAPAYHIH
JacTHHI 30BHINMTHBOT 000moHKH HBK.

10.03 12.03 14.03 16.03 18.03 20.03 2203 24.03 26.03
Jara (2062)

Puc. 1. 3anexHocTi BuTpat nositps 3 PA Bix wacy ms 37 ni6
310.03.2025 o 16.04.2025

Puc.]1 nokasye IMpPOKHIA Aiama3oH BHTpaT (o 35 M>/c) "epes cXilHy HpoOTiuKy
wiomero 62,6 M? i Mermmit (1o 10 M3/c) "epes 3axigHy mpoTiuky mwiomero 2,72 M2,

Jnist OpiBHSIHHSL Pe3yJIbTaTiB Ha puc.l BUTpATH MOBITPS J0 aTakd JpPOHA Bif
yacy it Tux-ke 37 a0 3 10.03 o 16.04 Mar0Th NO3UTHUBHI 3HAYCHHS, 10 CBIAYUTH
Npo TOBHY BIACYTHICTh HU3bKOrO BuKuay 3a Mmexi HBK 6e3 araku npona npu
HOpMaJIbHIi poOOTi CHCTEMH BEHTHIISLLII.

BucHoBku.

1) Araka [IpoHa Tmpm3BeNa IO IOBHOI pO3repMeTH3arlii KUTbLEBOro i
ocHOBHOTO 00’eMiB HBK 1 BiICyTHOCTI MIATPUMKH MPOSKTHUX MapaMeTpiB (Tepemnaiin
THUCKIB, BOJIOTOCTI Ta iHIIIE) 3@ JIOTIOMOTOI0 ICHYFOUOi CHCTEMH BEHTHIIALLII.

2) Pisko mixBummBcs noBiTpooOMiH 00’emiB HBK 3  orouyrounm
CepeIOBHUILEM, SIKUH Mae MiCIle TP BCiX HANPsSMKax 1 IBHIKOCTSAX BITpY.

3) 3MiHWINCH OCHOBHI HANPSIMKH NMOTOKIB mMoBiTpst B 00’emax HBK, ski 1o
aTakyd TMepeTiKaau i3 KIJIBIEBOTO MPOCTOPY 1 OTOUYYIOUOTO CEpEeHOBHUINA dYepes
nmpoTiuky B ocHOoBHMIA 00°’eM HBK 1 gami BUTSHKKOIO yepe3 GinbTpu HA30BHI, a Micis
aTaKW MOBITPS MpPSIMye€ TUIBKH 13 OTOYYIOYOTO CEpEIOBHINA dYepe3 IMPOTIUYKH B
ocHoBHHUH 00’eM HBK 1 mami maiike Bech MOTIK B KiIBIIEBHI TPOCTIp 1 HA30BHI Yepe3
3pyHHOBaHYy YacTUHY IIiHApHYHOTro naxy HBK.

4) IlopiBHSHHS pe3yNbTaTiB 3aJeKHOCTEH BUTPAT MOBITPS IiCis aTaku i 6e3
aTakl JpOHA IIO0Ka3ajM Maike IMOBHY BiACYTHICTH Hu3bkoro Bukuay i3 HBK B
creHapii 6e3 aTakH, 1110 IOKa3ye HeoOXiaHy poOOTy CHCTEMU BEHTHIISLII.

5) TIleperox BenuKoi KiIBKOCTI MOBITPs 13 ocHoBHOro o6’emy HBK B
KUTbIIEBUH TIPOCTIp 1 OTOUYYIOUE CEpelOBHINE TMPHU3BOAWTH JO BIIBHOTO BHUXOAY
pPamioaKTUBHOTO MHIY, SKUH MoOXe BHXOIUTH i3 OO0’ekTy YKPUTTS TpH DPi3HUX
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CUTyallisiX 1 NpH BCIX HampsiIMKax i OcOONMBO MIBUAKOCTSX BITPY, IO BIIEpIIe
MOKa3aHo Ha puc.| (IMB. HETaTUBHI 3HAYCHHS).
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Resume

An approach to cleaning user queries to online assistants created on the basis of
artificial intelligence is proposed, which allows breaking down the information block
of the query by constructing piecewise linear attractors. Paired semantic expressions
are formed based on the query text. Based on the specified semantic expressions, a
query is formed that is cleared of information noise, which ultimately leads to chaos
and an incorrect answer. A new query is created from these expressions, which allows
you to get the most accurate answer from the chatbot. The task is solved by presenting
a methodology for controlling the selection of substitute words, based on the
operations of generating the next substitution and calculating the number of a given
substitution. An application has been created and initially tested that simulates the
process of constructing a user query with transmission according to the rules of the
user's natural language. The user chooses one of two modes: splitting or permutation.
After that, the user can specify the paths to three files intended for recording the
source information, the transcoded expression, and the converted information.
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Based on the proposed work is underway to implement an online assistant on
the new version of the site "Tritium on Planet Earth" with further testing, which
involves restricting access to individual results and topics. The proposed work can be
used in practical activities to improve chatbot technologies based on generative
artificial intelligence, to form key data sets for artificial intelligence systems to solve
problems with a logical component, as well as to increase the efficiency of the work of
specialists involved in environmental restoration after disasters and military
operations.

AHoTanis

3anpornoHOBaHO MiAXiJ /0 OYMINCHHS 3alMTIB KOPHUCTYBauiB /0 OHJIAWH-
MOMIYHHKIB, CTBOPEHMX Ha OCHOBI IITYYHOTO IHTENICKTY, SIKHH J03BOJSE PO3OUTH
iHpopMamiiHUI OJOK 3amUTy HUITXOM MOOYAOBH KYCOYHO-JIHIHHUX aTPaKTOpIB.
dopMyIOThCS HapHI CMHCIIOBI BUpPa3W 3a TEKCTOM 3amuTy. Ha OCHOBI 3a3HaueHHX
CMHCIIOBHX BUPa3iB (OPMYEThCS 3aMUT, OYUICHUNA B iHQOPMAIIITHOTO IyMYy, IO Y
MiICYMKY MPHU3BOIHUTH O Xa0Cy Ta HEBIPHOi BiMNOBIiMi. 3 IMUX BHPa3iB CTBOPIOETHCS
HOBHU 3aIlUT, KU MO3BOJISIE OTPUMATH HAMOUIBII TOYHY BIAMOBIAB Bil 4aT-00TYy.
3aBIaHHs BHUPIMIEHO 3 MPEACTABICHHSAM METOJUKH MEXaHi3My yNpaBiiHHSI BHOOpPOM
CIIiB-3aMIHHHKIB, 3aCHOBaHOi Ha OIEpallifX TeHepallii HACTYMHOI MiACTAaHOBKH i
OOYHCIICHHST HOMepa 3alaHoi mifcTaHoBKH. CTBOPEHO Ta IIEPBHHHO ampoOOBaHO
JIOJIATOK, SIKUI 1MiTye mporiec MOoOyIOBH 3amuTy KOPHUCTYBadya 3 MEpeaadcio 3a
NpaBWIaMU TMPUPOJHOI MOBH KopucTyBaya. KopuctyBau BuOMpae oauH i3 JBOX
PeXUMIB: pO30UTTS abo mepecTaHoBKa. [liciisi OO KOPHCTYyBa4 Mae 3MOTY 3aJaTH
UUISIXH 70 TpboX (paidiiB, NpH3HAYEHHMX JUIsl 3amnucy BHUXiAHOI iHdopmaii,
NEepPEeKOJOBAHOTO BUpasy Ta MepeTBOpeHol iHopmarlii.

Ha ocHOBI 3ampormoHOBaHOTO TpUBaEe poOOTa 3 peanizallii OHJIAWH-TOMIYHHKA
Ha HOBIiH Bepcii caiity «TpuTiii Ha rulaHeTi 3eMiIs» 3 TOAANBIINM TECTYBaHHSIM, SIKE
nepeabavae 0OMEKEHHS JOCTYIy JO OKPEMHX pe3ysbTaTiB 1 TeM. 3amporoHOBaHE
MOKe OyTH BHKOPHCTaHE y MPAKTHYHIA MisTIBHOCTI IJIs BIOCKOHAJICHHS TEXHOIOTIH
4ar-00TiB, L0 MpAIOIOTh HA OCHOBI TEHEPATUBHOIO IUTYYHOTO IHTENIEKTY,
(hopMyBaHHS KIFOYOBUX HAO0OPIB JaHWX CHUCTEM IITYYHOTO 1HTENEKTY JUIsl BUPIIICHHS
3a7a4 3 JIOTIYHOIO CKJIAJIOBOIO, @ TaKOX JUIsl ITJBHIIEHHS ONEPaTHBHOCTI poOOTH
(axiBIiB, AKi 3aliMarOThCS MpOOJIEMaMH BiJIHOBJIEHHS JIOBKULIA Micis KaTacTpod Ta
BICBLKOBHX HiH.

Hacninkn exouuny B YkpaiHi, MoB’s3aHi 3 TOBHOMAcIITaOHUM BTOPTHEHHSIM,
MaroTh 3HAYHHUU BIUIMB HA JAOBKULIA. Lle Bxke 3apa3 BiquyBaroTh He JHIIe B YKpaiHi, a
i y cBiti (mpoOieMu 3 IPOJOBOJILCTBOM, 3a0pyAHEHHS IIPICHUX JOKEped BOJH,
HeOe3MeKH BIIIMBY Ha)TH Ta IHIIMX PiAMH 3 X MOTpaIuIHHAM 10 CBITOBOTO OKeaHy).
Biftna cnpuuyuHmia 3a0pyJHEHHS BOIHUX pECypcCiB, PYHHYBaHHS EKOCHCTEM,
TEXHOT'eHHI aBapii Ta 3arpo3y 0iopi3HOMaHITTIO. EKOJIOTIYHUN MOHITOPHHT TOTPiOCH
Juist pikcarii eKoJOTiYHMX 3JI0YMHIB, OLIHKU piBHS 3a0pyAHEHHs, PO3pOOKHU ILIaHIB
BITHOBJICHHS.
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TpuBanuii yac Tpyma JOCHIAHUKIB 3 IHCTHTYTY TeneKoMyHikamid i
mo6ansHOTO iH(pOopManiiHoro mpocropy HAH Vkpainm Tta IactutyTy spaepHUX
nmocmimkerb HAH VYxkpaian iHiiaTHBHO mpaIfoBana Haj 3aBIAHHAM CTBOPCHHS
IHTEPaKTUBHOT'O OJIOKHOTA JIOCHIJHUKA, SKUH OyJI0 peali3oBaHO y MUJIOTHOMY BapiaHTi
SIK IHCTPYMEHT 300py Ta MepBHHHOI 00poOKH iH(pOpMATIiil 1T MOAETIOBaHHS Mirparii
TPHTIIO y JOBKIJLII.

3 posmmpeHHsM (QyHKIH mporpaMHOro 3aco0y Ta cmpobamul peanmizamii Ha
BeOmmardopmi  anms  BigmameHoi  poOOTH  CHEMIalicTiB  PI3HUX  HANpPSMKIB,
MPECTaBHUKIB JEPKABHUX OPTaHiB YIPaBIiHHA Ta TPOMAICHKHX MisS4iB BUHHUKIO
MUTAaHHS CTBOPEHHS OHJIAHH-TIOMIYHMKA IS 3a0e3NeueHHs €IUHOTO DPO3YMIiHHS
TEPMiHiB, IOHATh, BU3HAYECHb Ta €(PEKTUBHOI B3aEMOIil.

3a pe3yabTaTaMy IOTO JIOCHTIPKCHHS OYJIO BUSIBICHO, IO BUKOPHCTaHHS YaT-
OOTIB 31 MITYYHHUM IHTEIEKTOM JUIs peaiizailii OHIaWH-TIOMIYHUKA HE € MOLLUIbHHM,
OCKIJIbKM TP BHUHHMKHEHHI MaTeMaTHYHHX IIMTaHb 13 JIOTIYHOIO CKJIaJ0BOIO, Y
0araTb0oX BHIIAJKaX OTPUMYETHCS HEBipHa BinmoBims. Bymo 3pobieHo mpumyrieHHS,
[0 KOPHUCTYBa4 Ta 4aT-00T € OKPEMHUMH CKIIQJHAMHU CHCTEMaMH, MOJEII MOBEIIHKA
SKUX MiANaAaoTh Mg Jiro Teopii xaocy. s mporo Oynu mociikeHl yaT-00TH
Copilot Ta ChatGPT-40 mini. [HhopMaIiifHuM Xa0COM MOKHA Ha3BaTH CTaH CUCTEMHU
3a HAasfBHOCTI HAaJAMIpPHOI KIJBKOCTI CIIAOKOCTPYKTYPOBAaHOI, HECHCTEMaTH30BaHOI
iHpopMallii, siKa € CynepedIMBOIO Ta HEMEPEBIPEHOIO.

JocmimkeHHs MOKa3ano, mo iHGOpMamiiHUA OIyM, SKHA BHHHUKAB IIiJl Yac
reHepanii 3anuTy 4epe3 BBEACHHS JIOTIYHOI CKJIAJ0BOI, NMPHU3BOJIUB JIO CTBOPEHHS
IHIIMX TPaBHWJI BHUpIIIeHHs 3aaa4i. [loxiOHuil mporec OyB MPEACTaBICHUH CHCTEMOIO
IuQepeHIliaTbHIX PIBHAHDb, PO3B’S3aHHSA SKHUX JIO3BOJISIE BCTAHOBIIOBATH UiTKi
MpaBWJjIa Ul OTPUMAaHHS TOYHOI BiIIIOBil Ha 3aIIHT.

Jlyisi ToAaHHs 3alMTy BiJl KOPUCTyBada OyJIO 3allpPOIOHOBAHO MiJIXi[l, SKHI
JI03BOJISIE  PO30UTH 1HGOPMAIHHUI OJOK 3amHuTy UUISIXOM I[O0YJOBH KyCOYHO-
NMiHIHHEIX aTpakTopiB. ToOTO, BinOyBaeThcs (pOpMyBaHHS MAPHUX CMHUCIIOBHX BHpPa3iB
3a TEKCTOM 3anuTy. Ha OCHOBI 3a3HaYEHMX CMHCJIOBUX BHPa3iB (OPMYETHCS 3aIINT,
OYHNIIEHUH Bif iHGOPMAIIHHOTO HIyMy, SKHH y MiACYMKY HPHU3BOAWTH IO Xaocy Ta
HeBipHOT BiANOBIMl. 3 IMX BUpPa3iB (JOPMY€ETHCSI HOBHH 3aIIHT, L0 JO3BOJISIE OTPUMATH
HAMOUIPII TOYHY BIAMOBiAB BiJg 4aT-00Ty. 3amada BUpINICHA 3 MPEICTABICHHIM
METOJWKH MEXaHi3My VIpaBIiHHA BHOOPOM CIHiB-3aMiHHHUKIB, 3aCHOBaHOi Ha
oreparlisix TeHepalii HacTyNHOI WiJCTAHOBKM 1 OOYMCICHHS HOMepa 3a/aHol
MMiJICTAHOBKH.

3anpornoHoBaHa cxema MepeTBOPEHHS 3aUTy KOPUCTYBaya JUisl OUUILEHHS BiJ
iHpOpPMAIIHHOTO IIYMy Ha OCHOBI IMKJIIYHMX aTPaKkTOpiB KyCOYHO-JiHIHHMX
IIpe/CTaBIeHb peasizoBaHa MoBoro C++. ToOTo, 1e monaTok, sIKMH iMiTye Ipolec
noOyZOBH 3alMTy KOPHCTyBada 3 IIEpefadeio 3a MpaBWIaMU TIPUPOAHOI MOBH
kopuctyBada. KopuctyBau BHOHMpae OIWH i3 JBOX PEXKHMIB: po30HUTT abo
nepecrtaHoBka. [licis bOro KOpUCTyBad MOXKE 3aJaTH IUIAXH 10 TPhOX (ailiis,
MIPU3HAYCHUX IS 3alKUCy BUXiMHOT iH(OpMAaIii, [UTsl 3amucy NepeKoJ0BaHOTO BUPa3y
Ta ISl 3aIicy TepeTBopeHoi inpopMmarii. OCHOBHUMH (aKTOpaMH, IO BIUTMBAIOTH HA
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4yac BUKOHAHHS IIPOILIECIB IEPETBOPEHHS 3aIlUTy, € KUIBKICTh CHMBOJIIB Y TEKCTi,
JIOBXKMHA OJIOKY, PEKYpCUBHI aNTOpPHTMHU TeHepallii MMepecTaHOBOK Ta iX HOMEpiB.
JeranpHi pe3ynbTaTH MOAIOHMX EKCIEPHUMEHTIB OO0 MOJMINBOCTEH CTBOPECHHS
3allUTy, HAlJICHOTO Ha OTPHMaHHS MaKCHMaJIbHO TOYHOI BIAINOBIJ, YacTKOBO
HaBeneHi y pobori [1].

[Tomanpme DOCHIMKEHHS TOJSTaeE y Po3poOIi HEe3aIeKHO CKOMIIIEOBAHOTO
MPOTPaMHOTO MOJIYJIA, SIKUH Moke OyTH BOYZOBaHMI Ha calT aist peaiizauii GyHKIIH
oHJNaiH-noMiuHKKa. [lomiOHe 3aruraHoOBaHO 1O 37iMICHEHHS Ta TECTYBaHHS Ha HOBIiit
Bepcii mopranmy «Tpurii Ha madeTi 3eMis», IO PO3POOISABCSA paHiIIe. YMOBOIO
3aCTOCYBAHHSI OHJIAIH-TIOMIYHHMKA € PO3JUICHHS MOTOKIB iH(OpMalil Ha mopTami s
BHYTPIIIHBOIO KOPHCTYBaHHS Ta 30BHIIIHBOTO MpeJCTaBlIeHHs. BiamosigHo, cdepa
BIJINIOBiZICH OHJIAWH-TIOMIiYHHKA Oyae oOMekeHa paMKaMH CHelialbHUAX N03BoiiB. Lle
JIO3BOJIUTH OOMEKUTH PO3KPHUTTS MIEBHOI €KOJIOrivyHOi iHpopMail anst iHpopMyBaHHS
IPOMAJISTH TIPO HACJIJKU Ta MPOIIECH, IO BiOYBAIOTHCS B JOBKIU/UII 3TiIHO 3 YHHHUM
3aKOHOJJaBCTBOM Ta PO3MEXKYBaHHA 3 POO0Y0I0 iH(pOpMAIi€l0, HEOOXITHOIO I
NPUHHATTS PillIeHb Ta JOCIIKEHb Yy cepi eKoNoriuHOi Oe3NneKH.

BucHoBOok:  po3po0iieHO METOOMKY TNpPaKTU4HOI peamizamii  po30HTTS
iHpopmamii Ha ONOKM I 3amoOiraHHsA iHGOPMAIIHHOTO Xaocy TpH 3amuTi
KOpHUCTyBada 10 4aT-00Ty. OCOONUBICTIO METOANKH € MEXaHi3M YIPaBIiHHSI BUOOPOM
CIJIiB-3aMIHHMKIB, 3aCHOBaHUI Ha OIEpalisX TeHepauii HACTYNMHOI IiJICTAaHOBKU Ta
o04YnCIIeHHsT HOMepa 3aaHoi MiICTaHOBKH. Lle 1o3Bosste Moy 1yBaTH 3alMUT y BUTIIAL
KOJIOBAaHOTO IIpOliecy NPHPOJHOI0 MOBOIO 3a UiTKMMH mpaBuiamu. Halikpammit
BapianT 3anuty a0 4ar-Oory Copilot mae 182 cumBonu, mo npexacraBiaeHo 48
cioBaMy, IIM(paMu Ta CHenialbHUMU 3HakaMu. Halkpammii BapiaHT 3amuTy 10 4at-
6oty ChatGPT-40 mini mae 219 cumBomiB.

3anpornoHoBaHe MOXe OYTH BUKOPHUCTaHE Yy TPAKTUYHIN MisTIBHOCTI ISt
BIOCKOHAJICHHSI TEXHOJIOTI 4aT-00TiB, L0 MpAIfOI0OTh HAa OCHOBI T'€HEPAaTHMBHOI'O
IITYYHOTO 1HTENEKTy, (OpMyBaHHS KIIOUYOBMX HA0OpIB JaHWX CHUCTEM IUTYYHOTO
IHTEJICKTY JI1 BUPILICHHS 3a/1a4 3 JIOT1YHOO CKJIAIOBOIO, IiABUIICHHS OMEPATUBHOCTI
poboT ¢axiBIiB, fAKi MPAIIOTh Haa NpoOIeMaMH BiTHOBIICHHS TOBKIJUIA TiCIIS
KaTacTpo( Ta BIICEKOBHX M.

CnucoKk BUKOPHCTAHOI JiTepaTypu
1. Kryazhych, O., Ivanov, L., Iushchenko, K., Kuprin, O., Vasenko, O., Riznyk,
V., Ryzhkov, O. (2025). Devising an approach to preventing information chaos in chat
bots using generative artificial intelligence. Eastern-European Journal of Enterprise
Technologies, 2 (2 (134)), 84-95. https://doi.org/10.15587/1729-4061.2025.324957

37



OIIHKA MPUPOJHO-KIIMATHUYHHUX YMOB, IIIO CITIPUAIOTDH
JIICOBIITHOBJIEHHIO HICJIA HOXKEXK, 3A BUKOPUCTAHHAM JAHUX
INPOEKTY «COPERNICUS» LANDDATA_ERAS

T./1. Jles, IO.B. Auenxo, LII. Illeoemenko

IactuTyT npoGiem 6esnekn AEC HAH Ykpainn, Kuis, Ykpaina,
tatianalev46(@gmail.com

Abstract: A technology for primary processing of meteorological information
(monthly and daily) has been developed to assess the conditions of forest regeneration
after fires. Information support has been created using open up-to-date databases from
the “Copernicus” project and mathematical support for reading and organizing
information source and calculation forecast databases based on MatLab software.

A number of factors have been identified that must be taken into account when
zoning the study area based on the unity of climatic and soil conditions that determine
the nature of forest regeneration processes. The formation of blocks of parameters
according to natural and climatic characteristics and their combination into three
groups: water-thermal block, soil block, landscape block.

The technology of analysis and assessment of forest-vegetation conditions in the
study area is based on the calculation and geoinformation analysis of hydrothermal
characteristics of weather conditions in the study area for the growing season: "April -
October" with the construction of thematic maps with optimal hydrothermal conditions.

A comprehensive assessment (of forest vegetation productivity according to
data on the leaf surface index with subsequent calculation of leaf mass) and the
selection of the most optimal reforestation conditions were carried out, taking into
account the natural (local) properties of the territory and the water-thermal regime of
the soil, the impact of climate change on reforestation conditions using open data of the
"Copernicus" Land Data ERAS project.

Studies of the intensity of the processes of restoration of woody and herbaceous
vegetation on burned areas will be used to develop recommendations for promoting the
restoration of forests in Polissya (including the Exclusion Zone).

Keywords: forest fires, hydrothermal conditions, forest restoration, information
databases.

AHoTania: Po3pobieHO TeXHOJOTI0 MEPBUHHOI OOPOOKHM METeopOIOTiYHO1
iHpopmanii (MicsaHOi Ta J060BOT) I OMIHKKM YMOB BiTHOBJICHHS JIICIB MiCTISI TIOXKEX.
CtBopeHo iH(popMariiiiHe 3a0e3neueHHs 3 BUKOPUCTAHHIM BiIKPUTHX aKTyaJlbHUX 0a3
nmaHux mpoekty “Copernicus” Ta MaTeMaTHYHOTO 3a0€3MCYCHHS YUTAHHSA Ta
opranizauii iHGOpMaLIHNX BUXIAHUX Ta PO3PaxXyHKOBUX IPOTHOCTHYHMX 0a3 AaHUX
Ha OCHOBI IIporpaMHoro 3ade3neycHus MatLab.

BuznaueHo HM3KY (akTopiB, sIKi HEOOXiHO BpaxoOBYBAaTH IPH paiOHyBaHHI
TEpUTOPii JOCIHIIKEHHS Ha OCHOBI €IHOCTI KJIIMAaTHMYHHUX Ta I'PYHTOBHX YMOB, SIKi
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BU3HAYAIOTh XapakTep JiCOBIIHOBIMOBAILHUX mpoleciB. [IpoBeneno dopmyBaHHS
0JI0KIB IapamMeTpiB 3a MPUPOAHO-KIIMATUYHUMH XapaKTEPUCTHKAMHU Ta 00'€HAHHS Y
TPY IPyNHU: BOAHO-TEIUIOBHH OJIOK, IPyHTOBHUI OJIOK, TaH A THUHA OJIOK.

TexHonoriss aHajily Ta OLIHKK JICOPOCIMHHUX YMOB IO TEPHUTOPIil
JOCHIJDKEHHST 3aCHOBaHa Ha pO3paxyHKy Ta reoindopmauiiiHomy —aHauisi
TiIAPOTEPMIYHAX XapaKTePUCTUK TIOTOOHUX YMOB TEPUTOPil IOCITIDKEHHS IS
BETETAIlIIfHOTO TepioAy: «KBITEHb — XOBTCHb» 3 MOOYZOBOIO TEMATHYHHX KapT 3
ONTUMAJIEHIMH TiIPOTEPMITHUMH YMOBaMH.

BuxoHaHO KOMIUIEKCHY OMWIHKY (TIPOXYKTHBHOCTI JICOBOi POCIMHHOCTI 3a
JMAHUMU 1HAEKCY JINCTOBOI IMOBEPXHi 3 MOJANBIINM PO3PaxXyHKOM JIACTOBOI MacH) Ta
BUOIp HANOLIBII ONTUMAaNTBHUX YMOB JIICOBIIHOBJIEHHS 3 YPaxyBaHHSIM IPUPOIHHX
(JIOKaNbHUX MICLEBHX) BJIACTHBOCTEH TEPUTOPIi Ta BOJHO-TEIUIOBOTO PEKUMY IPYHTY,
BIUIMBY 3MiHHM KJIIMaTy Ha YMOBH JIICOBIIHOBJICHHS 3 BHMKOPHCTaHHSM BiIKPUTHX
nanux npoekty “Copernicus” Land Data ERAS.

JocnimkeHHs IHTEHCUBHOCTI TIPOLIECiB BiJHOBJICHHS JIEPEBHOI Ta TPaB'sTHUCTOT
POCJIMHHOCTI Ha 3rapuiiax OyayTh BHKOPHCTaHI JJIsI pO3POOKH PEKOMEHIAIIN 1070
cupusHHS BigHOBICeHH!O JTiciB [lomices (y ToMy uucii 30HU BiUYKCHHS).

Kaw4oBi ciaoBa: micoBi MmokexXi, TiAPOTEPMiYHI yYMOBH, IiCOBiTHOBJIICHHS,
iHpopMamiiiHi 0231 TaHUX.

JlicoBi mOXexi 3amMIIAlOThCS OJHUM 13 HAHNOTYXXHIMIAX TPUPOITHUX
KaTacTpO(IYHUX SIBUIL 1 BOJHOYAC € MPHUPOJHOI0 OCOONMBICTIO y (YHKIIIOHYyBaHHI
OaratboX ekocucTeM. B3aemopis MK POCIMHHICTIO Ta KIIMaTHYHUMH YMOBaMH
NPOTATOM TPUBAJIMX IIE€PIOJIB 4Yacy BCTAHOBIIIOE OCOOJIMBY CXeMy ITOBTOPEHHS
JICOBHX TMOXEX y MEBHIH ekocucTeMi, BijoMy sik ii pexxum noxex [1]. Bigxunenns
BiJl TIEPEBaKAIOUYOTO PEXKUMY MOXKEK — 4Yacy, 4acTOTH, PO3MIpy Ta IHTEHCHBHOCTI
JCOBHX TOXKEX — MOXYTh NPU3BECTH [0 3HAYHUX EKOJOTIYHHMX 3MIH Yy
MOXKeKo3IeKHNX ekocucTemax. 3 2003 mo 2016 p. B ycbOMY CBITI CTajocs MMOHAJ
13 MITH. OKpeMHX TI0KEX, KOXKHa TpHUBaJicTio 4-5 mi6. Y cepeqHbOMY MPH KOXKHOMY
3aropanHi Buropasa mmioma 440ra mo BchOMy cBiTy. B ocTaHHe necaTHIITTS
3aroctpuiacsi ImpoOiemMa JICOBIJHOBJICHHS 10 Tepuropii YkpaiHcekoro Ilomiccs
BHACIIJIOK 3MiHM KJIIMAaTHYHUX (aKTOpiB — TiIPOTEPMIYHOrO peXuMy arMmocdepu Ta
nismpHOTO 1apy rpyHTy (0 — 300 cm) [2]. Ha curyariro, 1o cknanacs, BIUIMHYJIN TaKi
(hakTOpH: MiIBUIIEHHS TEMIIEPATypH, 3MEHIICHHS aTMOC(HEPHUX OMAiB i MOXKEXi, 10
MOYACTINIAIA B OCTaHHI POKH. 3MIHM METEOPOJIOTIYHUX YMOB 332 OKpEMi CE30HH POKY
MPOTSATOM KUIPKOX pOKIB BiIOMBAIOTBCS Ha 3MiHaX MPHPOCTY, IUIOAOHOIICHH,
MOCHJICHHI UM OCJTa0JICHHI MOKEKHOI HEOE3MEeKH TOIIO.

3 KOMIUTEKCY KIIMaTHIHUX (PaKTOPiB OCHOBHE 3HAYCHHS MAIOTh TEIIOBI YMOBU
Ta KUIBKICTh OMAJIB, II0 BUMAAAIOTH [3 - 4]. YCHIMIHICTE PO3BUTKY POCIHH 3AJICKHUTh
BiJl CHIBBIJHOIICHHS MIiX KIJBbKICTIO OMAIiB i KUTBKICTIO TeIUla B JAHOMY paioHI.
[opanbiie NOCHIECHHS KIIMAaTHYHOI KPH3M BXE HAHOMMKYMMHU  JECATHIITTIMH
3arpoxye jicaM YKpaiHM TaKUMM HacyiJKaMH: 3MEHIIEHHs MPOJYyKTHBHOCTI JICiB, a
BiATaK 1 IIOIVIMHAHHS HHUMHU BYIJICIFO, Yepe3 4YacTilll Ta TpHUBANilIl IOCYXH.
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BigHoBneHHs1 yicy O3Hayae MNpOLEC BIIHOBJIEHHS OCHOBHOI'O KOMIIOHEHTa Jicy —
JIEpeBHOI POCIHMHHOCTI, JepeBocToro. [losiBa /IEepeBOCTOI0 CHpUsIE YTBOPEHHIO
JICOBOTO CEPENOBMIA, IHIIMX KOMIIOHEHTIB JIICY SK POCIMHHUX, TaK 1 TBapuH,
XapaKTepHUX JUIsl HbOTO TiJUTiCKY, IPYHTOBOTO TOKPHBY.

BigHOBNIEHHSAM JIiCy Ha3MBA€THCS YTBOPEHHS HOBOI'O IOKOJIIHHS JIEPEBHHX
pociuH. PoO3pi3HAIOTE Taki METOMW BIAHOBIEHHS JIiCy: NPHUPOAHE, INTYy4YHE Ta
koMmbOiHoBaHe. [IpupomHe BiTHOBICHHS JIICy — M€ BIIHOBICHHSA JiCy MPHPOIHUM
HITAXOM.

Bubip HaiiOLIPII ONTHMAIBHUX YMOB JIICOBITHOBICHHA 3 YpaxyBaHHIM
MPUPOTHUX (JIOKATFHUX MICIEBHX) BIIACTHBOCTEH TEPUTOPil Ta BOIHO-TEIIIOBOTO
peKUMY TIPYHTY 1 € 3aBJaHHIM JOCHIIDKEHHsS. Po3risHeMo HH3KY (akToOpiB, sKi
OyZeMO BpaxOBYBaTH MPH PaliOHYyBaHHI TEPUTOPIl MOCTIIKCHHS Ha OCHOBI €THOCTI
KJIIMaTHYHHUX Ta IPYHTOBHUX YMOB, SIKi BU3HA4YalOTh XapaKTep JICOBIIHOBIIOBAIbHUX
nporiecis [5].

Tepumopin ma memoou odocniodcenus. Byno po3rissiHYTO Ta MpOaHaTi30BaHO
JlaHI XapaKTepHCTHK JICOBMX moxex 3a mepiog 2006-2020 pokiB Ta Onok
METEOPOJIOTIYHUX (PAKTOPIB, IO CHPHUSIOTH JIICOBIAHOBICHHIO TICIA TOXEXK, SKHHA
TPYHTYETBCS HAa  NPUPOTHO-KIIMATHYHHX YMOBax TEPUTOPii  PagioaKTUBHOTO
3a0pynHeHHs Ykpaincekoro [Tomiccs. Ha puc. 1 BimoOpaskeHO TepHUTOPIitO JOCIIIHKESHHS,
dKa MOEJHAHA i3 PETYJIPHOIO CITKOK, Y BY3JaX KOMIPKH SIKOi HOIAETHCS IOBTOPHO
MpOaHalli30BaHa METEOPOJIOTiYHa Ta arpoMETEeOopoJIoTidHa IH(oOpMaIis peaHali3y
npoekty ERASLand [6]. 3 anamizy mincTwibHOI HMOBEpPXHI BHILIMBAE, 1o Ha 60 %
TepUTOPIi po3TaioBaHi arponanamadpTy (cepenHs Bucora micuerocti 158 m) i Ha 39 %
— JicoBa pociuHHICTh. [To TepuTopii, Mo 3akpimicHa 3a MeTeocTaHiiero M. KopocteHs,
arponanaimad T 3aiiMaoth 85 %, a micoBi macuu — 14,5 %. Cuix 3a3HayuTH, M0 y
YopHOOUIECEKOMY perioHi Omusbko 28 % Teputopii Mae 3abpyauenns '*’Cs > 185
kBr/M? (> 5 Ki/km?), y KopocTtencrkomy — 6imusnko 7 %.

Hoci '¥’Cs Ta °°Sr poGmAThH iCTOTHHI BHECOK y pPaJioaKTHUBHE 3a0pyIHEHHS
JicoBoi JIEpeBUHU B NeIKUX pailoHax YKpaiHu, 3a0pyJHEHHX YHACIIJOK aBapii Ha
YAEC. Hanpuknan, y nociipkenai M. M. JlazapeBa Ta criiBaBTOpiB nokasaHo [7], mio
3a6pynnenns nepesunn 'Y’Cs Bce e 36epiraethes B JKutoMupehbkili o6macTi, 1mo
Oyna ozHi€ro 3 obnacreil YKpaiHu, sika HalOibIIe mocTpaxaana Bijg YopHOOMIbCHKOT
aBapii. Konnenrpanis muromoi aktuHocTi 2’Cs y mpo6ax mormeny ApoB, OTPUMAHHX
BiJl IPUBAaTHHUX JOMOTOCIIOIAPCTB LIFOTO pailioHy, CyTTEBO BapitoBana — Bix 230 o 32
900 Bx/kr, mo 6yno 3adikcoBano y M. Hapoaudi. Kpim toro, npu6mmssao B 30 % npo6
HOMeNTy 3 bOTO MiCTa KOHIEHTpamis muroMoi aktusHOCTI *’Cs mepesmuryBana 10
000 Bx/kr, 1m0 MOHA BIJHECTH 1O HHU3bKOAKTHUBHUX PaJlIOAKTUBHUX BITXOMIB, SIKi
MIISTal0Th PEryJIbOBAHOMY KOHTPOIIIO 3TiHO 3 YKPaTHChKUMU HOPMaMH.
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Puc. 1. Perion Ykpaiacekoro [lomices i3 3aKpilUICeHUMH METEOCTAHIIISIMHU Ha CIiTIIi
9 kM X 9 kM 3 marnmu npoekty Copernicus - ERAS (Land monthly averaged data/
Land hourly data from 1950 to present) (a), uHaAMiKa TprBasoCTi MOXkex 3a 2006 —
2022 (6), nmHaMika Temmeparypu Ta onamis 3a 1981 — 2019 ().

ITo Teputopii mocmimkeHHS OyJIO TMPOBEACHO OIIHKY Ta aHajii3 IMMOTOYHUX
KJIIMaTHYHAX YMOB Ta IX BIUIMB Ha IHTEHCHBHICTh Ta YacTOTY JIICOBUX IIOXKEK 3
BukopuctanuaM 6asu nanux METEO — CORDEX («COPERNICUS») [8].

Jlunamixa noowcesrc 3a ocmanni 20 pokie. TpuBanicTh 3aropaHHs y IHSAX IO
TEPUTOPISX, 3aKPIIUICHUX 3a METeocTaHIisMu, y mepiog 2006 — 2022 pp. (puc. 1.0)
MOKa3ye, 110 33 KUIBKICTIO /1i0 3 TOXKeXaMH BHIUISIOTHCS PEriOHU 3 METEOCTAHIIIIMU
MicT Kopocrens, TerepiB Ta HopHOOMmWIH 3 Makcumymamu 3a 2009, 2012, 2015, 2019,
2021 ta 2022 pp. PesynpraTéi NMOPIBHSUIBHOTO aHANi3y pPO3MOIUTYy YHCIa BUIAJIKIB
cnanaxiB 3a m'situpivdi mepiogu 3 2006 mo 2020 pp. Ta mTomIi 3aiMaHHs MTOKAa3yHOTh,
mo 3a mstupivusiMu Juist perioHiB M. Kopoctens Ta M. CapHM 3 MakCHUMallbHUM
YHCIIOM TOYOK 3aropaHb, Ha TEPUTOPIT IKMX MaKCHMaJIbHUN BifcoTok moxex (92 % Ta
60 % BiMOBIIHO) NpHIIAla€ HA arpojaHAmadT — TEPUTOPIIO CUIBIOCTIBUPOOHHIITBA.
OxpeMo OyJii BHNAJIKH JIOKAIBHUX JIICOBUX MOXeX y kBiTHI 2020 p. mo teputopii
XKuromupcrkoi obnacti (JIyruncwekuii Ta OBpylbkuil paiionn). 3a mepion 2021 —
2023 pp. MakCUMaJbHA KiJIBKICTh MTOXKEX IMPHIaAajia Ha perioHu Mict YopHoOumsa ta
TetepeBa, MO TMOB'SI3aHO 3 BIHCHKOBUMH MiIMH Ha ITUX TEPHUTOPIsX. AMpPOKCUMAITiS
KPHBOi XOAY PIiYHOI KUTBKOCTI Mi0 13 TMOXKeXaMH JTIHIHHUM TPEHIOM IEMOHCTPYE
30UTBIICHHAS] TPUBAJIOCTI TEPIOAIB i3 TIOXKEKAMH B PETiOHAX METEOCTAHINH KOXKHI
10 pokis Ha 50 — 60 1i6.

Junamixa memnepamypu ma onaoig 3a 40 poxis (puc. 1.8): 1) 3 1981 p. mo
2019 p. npuseMHa TemIieparypa mopitps B cepeaHboMy 3pocrana Ha 0,5°C/10 pokis,
30inbmIytouncs B ocraHHi 15 pokiB g0 0.6 °C/10 pokis; 2) miHifHI TpeHIW Ui
(hakTHYHOI TeMIIepaTypH IMOBITPS [TOKA3YIOTh CEPEAHIO TEMIIEpATypy Ul 3-X CTaHIIH
6mm3bko 8°C, a 3MiHM TemmnepaTypu 3a 15-piunuii nepiox na 1.5°C, 3) nopiBHSHHS
MOJIETTPHUX JaHUX Ta (DaKTHYHUX 3a OCcTaHHI 15 pokiB moka3sye, mo mozaens MPI-
ESM-LR (Germany) y cepemHbOMYy [a€ 3aHIKCHHS TEMIIEpaTypH IO BCIX pOKax
(3mimenns) Ha 3,27° C, toni sik momens CNRM-CMS (France) mae B cepeqHbOMy
abcomorHy moMmmwiky 0,69°C (B oxpemi pokm mocsraiounm +1.7-1.9°C). [Iumamika
piuHOoro xomy omapniB mokasye, mo g0 2010 p. He Oymo pi3KuX 3MiH, 3HAYCHHSA
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KonuBaiucst 61amu3bko cepeanboro 3a 40 pokiB (550 mm/pik). Ilounnatoun 3 2011 p.
CHOCTEpirajucsi MakcuMaibHi piydi omaau po 800 MM/pik 3 MiHIMaJIbHUMH
3HadeHHAMH 110 350 MMm/pik (2011, 2015, 2020 pp.).

IcHyBanHs, ¢opMa Ta IPONYKTUBHICTH JICY BH3HAYAIOTHCA CKIATHUM
KOMIIUIEKCOM 30BHIIIHIX ()aKTOpiB - KIIMaTHYHUX, enadidamnx Ta Oiotmuyamx [9]. B
OCTaHHE NECATHWIITTA 3arocTpwiacs IpoOiieMa JCOBITHOBIEHHS IO TepHUTOPil
VYxpaiacekoro Ilomicess BHACHINOK 3MiHH KIIMaTHYHUX (DaKTOPIB — TiIPOTEPMITHOTO
pexumy atmocthepu Ta misuieHOro mapy rpyHTy (0 —300 cm). Ha curyarmito, mo
CKJaymacs, BIUIMHYJIM Taki (aKTopu: MIBUINEHHS TEMIIEPaTypH, 3MEHIICHHS
aTMOC(EepHHX OmaaiB 1 MOXEXi, M0 T[OYACTIMIad B OCTaHHI POKH. 3MiHHU
METEOpOJIOTIYHUX YMOB 3a OKpEMi CE30HH pPOKY TIpOTArOM KIJIBKOX POKIB
BiIOMBAIOThCS Ha 3MiHaxX MPUPOCTY, IUIOAOHOILIECHHI, IOCHJCHHI YW OCIA0JICHHI
MOKeXKHOT Hebe3meku Tomio [8].

3 KOMIUIEKCY KIIMaTHYHUX (PaKTOPiB OCHOBHE 3HAYCHHS MAIOTh TEIJIOBI YMOBHU
Ta KUIBKICTh OMNajiB, IO BHIAJAIOTh. YCHIIIHICTH PO3BUTKY POCIWH 3aJICKHUTh Bij
CHIBBITHOIICHHS MK KUTBKICTIO OMAMiB i KUTBKICTIO TEeIJIa B JaHOMY paiioHi. Brim,
9yiM OLIBIIE TeIIa i BOJIOTH MPOTATOM BETETaliiHOTO Mepioay B IIbOMY paioHi i 9uM
JIOBIIIC BETCTALIWHUIA TEpioN, THM BHUIIE KiJIbKICHA MPOAYKTHBHICTH Jicy. Pianmit
MPUPICT JAEPeBHHH dYacTimie 30UIBIIYEThCS y POKHA TINBUIICHUX TEMIIEPATyp
BeTeTaIiITHOTO Tepioxy abo MOCHITIOETHCS HACIIAKOM KOJNHMBaHb KiIbKOCTI onaniB. Ha
OCHOBI itepaTypHux mkepen [10-11] 3i0paHi MONOXEHHS IOJO BH3HAYCHHS
ONTHMAJIBHUX YMOB BIJIHOBJEHHsS JICIB MiCIs IOXEX: TMOMIpHHH KiiMar
(TemmepaTypa, Omaau), COHSYHE CBITJIO, IPYHTOBA BOJIOTICTh, BILUIUB MIKPOKIIMATy
(penbed), manmadyt), BUIOBI OCOOIMBOCTI, BIICYTHICTh EKCTPEMAIbHUX SBUII (TIOCYX,
CUIIbHUX BITpIB, €KCTpeMaJlbHUX TemrepaTryp). B minomy, Haiikpamuii BapianT -
KJIIMaT MOMIpPHOTO a00 MOMipHO-KOHTHHEHTAJIbHOTO THITYy 3 IOMIPHUMH OIaJIlaMH,
CTab1JIbHOIO BOJIOTICTIO IPYHTY Ta BIJICYTHICTIO Pi3KHX TEMIIEPaTyPHUX KOJINBAHb.

Dopmysanns 0110Ki8 napamempig 3a NPUPOOHO-KIIMAMUYHUMU
xapaxkmepucmuxamy. BiIIOBITHO O ONHCAaHWX TiAPOTEPMIYHHUX IApaMETPiB, IO
OepyTh ydJacTb y 3pOCTaHHI JICOBHX POCIHH, 3a3HaYeHI MapaMeTpH, o 00'eqHaHi y
TpH TPYIH, Ki MOB'A3aHi 3 00'€KTaMM: MOBITPS, I'PYHT 1 JaHamadT (puc. 2): 600Ho-
mennoeuil 010K, IPYHMOBUN 00K, TaHOwagmuuil 010K,

Boono-mennosuii 610K BKIIOYAE TapaMeTpH, IO OMHUCYIOTh KIiMaTHYHI
YMOBH TEpHUTOPii: TiZpoTepMidHUIl KOoe]illieHT 3BOJOXKEHHS, iHAEKC CYXOCTi Ta
Koe(]iIieHT 3BOJIOKEHHS, 3allacy MIPOAYKTHUBHOI BOJIOTH y TPYHTI.

Ipynmoeuii 610K TPEICTABICHMHA B OCHOBHOMY THIOM IPYHTY 3
BiAMOBIAHUMH TapaMeTpaMH: MeEXaHIYHWHW CKJIaag TpyHTy, o0'eMHa Maca Ta
BOJIOTICTH CTIHKOTO B'sHEHHs. [ pyHTOBHI GJIOK 3aCHOBaHWM Ha Kaprorpadidrmx
naHux (rpyHroBux kaprax M 1:3 500 000 ta M 1 : 200 000), sxi nmpuBeaeHi a0
PEryJspHOT CITKH 3 KPOKOM 2 KM.

Ha mipcraBi jaHux mpo rpyHTOBI BJIACTHBOCTI, iX ONTHUMAaJIbHI Ta TPaHUYHI
3HAYCHHS, PO3PAaxXOBYIOTh YHCEJbHI IIOKa3HUKM IPyHTOBOi poarouocti [12]:
3BEJICHUH MOKa3HUK SIKOCTI IPYHTIB; 3arajJbHUN Oayl poxtodocti IpyHTIB (OOHITET) Ta
CTYIiHb HACHYEHOCTI OCHOBAMU; CyKYIIHUI I'PyHTOBUIT OaJl.
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Jlanowagpmuuii 610k 3aCHOBaHWHM Ha ToOmOrpaiyHUX MJaHUX — BHCOTAX
MICLIEBOCTI, MPOIHTEPIIOJILOBAHUX HA PETYJSIPHY CITKY 3 KDOKOM 2 KM Ta JaHHX KapTh
piukoBoi Mepexi macmrady 1:200 000 [14]. dopmyBaHHS 3a3Ha4eHHX OJIOKIB i3
CKJIQIOM TeMaTH4HOI iHpopMaii Ta 6a3 JaHUX MPEJCTaBICHO Ha pHC. 2.

Cxema ingpopmauiiinozo 3abesneuenns. IadopmariiiHi MOTOKH, IO
BH3HAYAIOTH 1 3aIIOBHIOIOTH OTHCAHI OJOKH, IMOKa3aHi HA PUC. 2 CIIJIBHO 3 00paHUMU
HaMH €KOJIOT1YHUMHE HapaMeTpaMH Y BUITIAAI KapTorpadpiqHuX MOKPHUTTIB, SKi Hamami
OyIyTh CIIUTBHO MTPOAHAJI30BAHI.

[Hdopmariiine 3abe3nedeHHs BKIIOYAa€ IIPOCTOPOBI METEOPOJIOTIUHI JaHi
npoekTy «Copernicus» [6] - mo6oBi Ta micsuni maHi (ERAS5-Land monthly/hourly
averaged data from 1950 to present), a Takox kaprorpadiyni naui [13] npo rpyHT,
naHamadT i BUCOTY MICIIEBOCTI, 310paHHX y IBOX 0a3aX JaHHX.

Project -"C icus” Kaprorpad 6a3a
Climat Data Store AauHeix M 1:200 000

l

/Hnurly Land Data \ et \
ERA5 A (Month Land Data

\. ERA5

1.0cHogHi Tunu rpywtie M 1: 3500 000
M 1: 200000 3 xapaKrepucTHKamu
MexaHiuHui cknag, ob’'emHa maca,
BONONICTL B'AHEHHA

2. Kapra oporpadii

Komnnekc
KniMaTHuHX
takropis

I

BogHo-TennoBuit pexxum rpyHTy:
riapoTepMiuHHii KoediLEHT, iHAEKC CyXocTi,
KoedilyeHT 3s0noXekHA, sonoricts | Ly %
Ta Temneparypa fpyHTy 3a Wwapamm 7

Ob'emna
maca Bonoricts
BAHEHHA

EnementapHuit nanawagr
BoaHo-tennosui 6nok enioBiankHMit
TpaHCentoBiansHMii

IpyHTOBMI 6noK

Naupwadtini 6nok

Puc. 2. Cxema inopmartiitHOTO 3a0e3MeYeHHsI 3aBIaHHS OI[iIHKA YMOB BiTHOBJICHHS
JICy TMIiCTIS 3rapuIl.

OnumemMo TEXHOJOTiI0 OOpPOOKM MEepBHHHOI METeoposIoTidHol iH(opmartii
(micstyHOiI Ta 100OBOT) UIA OWIHKM yMOB BiJIHOBIIGHHS JICIB mmicis moxkex [2].
TexHosorist aHa i3y Ta OI[HKM JICOPOCIMHHUX yMOB Ha TEPUTOPIi JOCIHIKEHHS
3aCHOBAHA HA HACTYMHUX MOJIOKEHHSIX [3 - 5]:

a) Ha crajii aKTUBHOTO 3pOCTaHHS (BECHA —JIITO) Olnblie 3HAYCHHS Mae
BepxHii map (0 — 28 cm),

0) Ha cTazil AepeBHOI MPOIYKTUBHOCTI (JIITO — OCiHB) BaXIMBIMI MIMOOKI Iapu
(0—100 cm T2 0 — 300 cm),
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B) TiAPOTEPMIYHUI PEXHUM NPHUPOAHUX YMOB BIUIMBAE HAa 3POCTAHHS JIICOBOI
POCIIMHHOCTI Yepe3 JiBa OCHOBHI (akTopu:

- 60102a: TIPY TIOCYCI 3pOCTaHHS POCINH OOMEXKEHE uepe3 HecTauy BOJH, NpU
BHUCOKOMY 3BOJIOXKCHHI (Ha/UIMIIKOBE 3BOJIOXKEHHS) KOPIHHS MOXE CTpaKAaTH Bif
TIOKCIT;

- memnepamypa: BUCOKI TEMIIEpaTypH 3 HHU3BKOIO BOJIOTICTIO 30iJBINYIOTH
BUIIAPOBYBAHHSA Ta CTPEC U POCIIHH.

OO0pobOka Ta aHaNi3 MiArOTOBICHUX MapaMeTpiB MPOBOAWINCH 3a HACMYNHUM
aAnOPUMMOM:

1) moxin MiCOPOCTMHHUX YMOB Ha TPH CTaZil POCTY 3aJEKHO Bil BHIIB AepeB i
YarapHUKIB, 0 POCTYTh, CTPYKTYPH Ta BiKYy HacaJKEHHS;

2) MO 32 IIapaMu IPYHTY, 10 3a0€3MEUYIOTh 3POCTAHHS Ta PO3BUTOK JIiCOBOT
POCIIMHHOCTI Pi3HOTO BIKY;

3) mozin BereTaniitHOro 3pOoCTaHHs Ha JIBa MEpioJu: PO3BUTOK («BECHA — JITO»
— KBITEHb — JIUIICHB) Ta B'SHEHHS («JIITO — OCIHBY - CEpPIIEHb — JKOBTCHB);

4) po3paxyHOK CepelHiX 3a JjBa IIepiofy BETeTaliifHOTO 3pOCTaHHS ITOKa3HHUKIB
TEMIIEPaTyPHO-BOJHOTO PEXKUMY — TEMIEPATypH Ta BOJIOTOCTI IPYHTY 3 IIapaMH;

5) ¢dopmyBaHHS MaTpHllb 3a CTaAiIMH 3POCTaHHS, IIapaMH IPYHTY Ta
nepiogaMu Beretamii B MacuBH po3MipoM: (51 x 17) mikcemiB 3 KpokoM 9 KM IS
TCONPHUB'I3KH MIPOCTOPOBOI iHPOPMaIii O peryIsIpHOI CiTKH 9 KM X 9 KM;

6) TeomnpuB'sI3Ka JaHUX 10 CITKH 3 KpokoM 9 kM 3acobamu ['IC Maplnfo 15.2 ta
MIPOCTOPOBE MPEACTABIICHHS JAHUX;

7) BCTQHOBIICHHS 3B'SI3Ky 3 I'PYHTOBUMH IaHUMH, NPEJCTABICHUMH Ha KapTi
M 1:200000 Ta mnpOIHTEPHOJLOBAHMMHU y BY3JIM PETYJISIPHOI CITKH 3 KPOKOM
2 KM X 2 KM HUISIXOM HEpPeTHHY KapTH 9 KM X 9 KM 3 METCOpOJIOTIYHHMH JaHUMH 3
IPYHTOBOIO KapTOIO 2 KM X 2 KM;

Jnst onucy Ta OLIHKU 2iopomepMiunux yMo6 Ha TEepUTOPIl IOCHIIKEHHS
BUKOPHCTOBYBAINCS TakKi METEOPOJOTIUHI XapaKTEpPUCTHKH, IO OIHUCYIOTh CTaH
MIPU3EMHOTO IIapy aTMOC(EepH Ta BILTUBAIOTH HA JIICOPOCIHHHI yMoBH [14 — 15]:

- rimpotepmiunmii koedimieHt B. I'. Censninosa (GTK, xapakTepucTuka piBHA
BOJIOr03a0€3NeYeHOCT TepUTOoPii),

- koegimieHT 3BonoxeHHs (K, MOKa3HHUK CITIBBITHOIICHHS TEIUIA 1 BOJIOTH),

- iHgexc cyxocTi (Indsux, BUpaXkae CTyIiHb MOCYIIIMBOCTI KIIIMATY),

AHai3 TiAPOTEPMIYHHX JTaHUX IOKa3ye, M0 Ha BCIH TepuTOpil YKpaiHCHKOTO
[Momiccst ymMoBH 3a0€3ME€YEHOCTI BOJIOTOIO JOCHTH BHCOKI JUIA AOMiHYBaHHS Ha ITHX
maHamadTax JicoBOi POCTMHHOCTI. lle mMOKa3yloTh po3paxoBaHI 3HAYEHHS BCIiX
xapaktepucTk (GTK, Ky, Indsu), 110 CBiTYUTH PO COPUATINBI YMOBHU IS JIiCOBOTO
rocriogapcTBa. OJMHAK y HOCYNUIMBI POKM MOKa3HUKH MOXYTh 3HMXKYBATHCS, IO
notpedye JI07aTKOBOTO aHaNi3y y HacTymHi poku. [unHamika piuaux 3HadeHb (GTK,
Kuw, Indwx) mo Bcili Tepuropii nocnmimkeHHs (puc.3.a) Ta pPO3MOALT KIaciB
TiIPOTEPMIYHUX XapakTepUCTHK (puc. 3.0), BH3HAYEHHX 3a JONOMOrol Tabi. 1,
mokasye, HaiOuIpm onTuManpHuMu Oymu 2012, 2015, 2018 Ta 2020 poxw.
Po3paxyHOK KiJIBKOCTI BHUIAJKIB 3 ONTUMaJbHUMH TiIPOTEPMIYHUMHM YMOBaMH Ta
BIiINOBiTHO 10 Taba. | MOXHA 3a3HAYMTH, IO TEPUTOpis YKpaiHcekoro Ilomices e
CIIPUSITIIUBOIO JUTS JIICOBITHOBIIEHHS. AJie TEHICHITiS 10 3MEHIICHHS TiIpOTepMidHOTO
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KoeillieHTa Bil3HAYAETHCA 3a TEPiof,
3aikcoBaHO Ha puc. 3.a.

sk posrisgaetses (2006 — 2020 pp.), 1o
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Tabnuys 1. Upanaiii 3Ha4eHb TiAPOTEPMIUHUX TOKA3HUKIB 33 KJIacaMH 3 METOIO

a)

0)

Puc. 3. Jlunamika rizpoTepMidyHUX XapaKTepUCTHUK 3a POKaMH (a)
Ta PO3MO/IiJ ONTUMAJIBHUX YMOB 32 TiIpoTepMidHUM KoedilieHToM (0).

OLIIHKH YMOB MIPOPOCTAHHSI J1iCOBOT POCJIIMHHOCTI.

Kiac | Tiaporepmiununii Koedimient Inpexc cyxocri
KoeimieHT 3BOJIOYKEHHS (Indgux)
3BOJIOKCHHS (Kw)
(GTK)
1 <l1 0,00 <Ky <045 IndSux < 0,053,
HecTaya BOJIOTH HaJIMIPHO BOJIOTi Oy MPAKTHIHO BiJICYTHI
2 1-2 0,45 <Kyw <0,68 0,05 < Indsux < 0,20,
JIOCTaTHLO BOJIOTH JIOCTAaTHE OMaJiu yxKe Mi3epHi
3BOJIOKEHHS
3 2-3 0,68 <Ky < 1,00 0,20 < Indux < 0,50,
BOJIOTi YMOBH BOJIOTi YMOBH OmajiB HeJJOCTaTHLO
4 3-4 Ky > 1,00 0,50 < Indsux < 1,00,
HaJIMipHa HEJOCTATHE YMOBH CIPUSTIUBI
BOJIOTICTh 3BOJIOYKEHHS
5 4-5 Indsux > 1,00,
0TIy MIEPEBHUIIYIOTh
norpeou

Busnauenna onmumansnux ymoe aico6iono81enHa nicisa noscedsc. Bomoricth
rpyHTy (BI') — ocHOBHa XapakTepucTHKa 3a0€3MEeYEeHOCT] POCIHH BOJIOTOK0. BHIimstoTs
NPOAYKTUBHY (IOCTYIIHY /IS POCIHH) BOJIOTY, ska popiBHioe BI', 3menHmieHoi Ha
BEJIMYMHY BOJIOTOCTI B'STHEHHS (BOJIOTICTH IPYHTY, HPH SIKiH POCIHMHH HOYHMHAIOTH
B'sHyTH). BI' 321€XUTH BiA TPaHyJIOMETPUYHOTO CKIaay, OCOOIMBOCTEH 3BOJIOKEHHS Ta
CE30Hy POKy. 3a IHIIMX PIBHHX YMOB BOJIOTICTb BHILA y BaXKKHMX 33 TPaHyJOMETPUYHUM
CKJIaZIOM 1 HM)KYA Yy JIETKHMX IpyHTaX. sl OLHKHK 3amaciB MpOAyKTUBHOI BOJIOTH OYJI0
PO3IIISIHYTO IUHAMIKY 3MiH 3amaciB BOJIOTM B PI3HHMX WIapax IPyHTY it 9-TH
OCHOBHHX IPYHTIB TepuTopii nociimkerns 3a nepion 2006 — 2020 pp. (puc. 4).
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Puc. 4. Po3nonin 3anaciB NpoayKTHBHOI BOJIOTH 110 TEPUTOPIl OCHOBHUX THIIIB IPYHTIB
y mapi 0 — 28 cm (a), y mapi 0 — 100 cm. (6), y mmapi 0 — 289 cm (B) 3a niepion
«BecHa — qito» 2006 — 2020 pp.

[IpoaHanizoBaHO IWHAMIKY pO3PAaXOBAaHHMX 3allaciB MPOXYKTUBHOI BOJIOTH 3a
miapam, SKi Qy’Ke BaXIIMBI MPH PO3MIBAL PI3HUX TEpiOHiB POCTY POCIHH MPOTATOM
BETCTAIiHOTO Iepioay (BeCHA-JITO Ta JITO-OCIHB).

Jlyist BCiX mapiB IPYHTY Ta JUIsL BCIX THIIB IPYHTY BiJMIY€HO CTiHKe 3HIIKCHHS
3amaciB npoayktuBHoi Bosoru (3[IB), 1o BimoOpakae JiHiliHE amnpoKcHMaIlliiiHe
PIBHSHHS 3 J0CUTh BHCOKHMM (>0,3) 3HaueHHsM noctoBipHOCTi. OcoOuuBi TOYKH (3
MaKCUMaJIbHUMHK 1 MiHIManbHUMHU 3HaueHHAMH) - 2007 i 2015 pp.. Cnoctepiraiucs
MiHimManbHi 3HaueHHs 3[1B 1 Mmakcumanbhi 3HadeHHs - 2008, 2010, 2012 1 2019 pp. Le
HAWOIIBII XapaKTepHO VI JYYHHUX 1 TOP(POBO-OONOTHUX IPYHTIB 3 HaWMEHIIUMHU
3amacamu 3[IB mo Bcix mapax IpyHTy. bBimem 3rimajpkeHa nuHamika 3amacisB
MIPOJYKTUBHOI BOJIOTM B CEpEeIHbOMY IO BCiH TEpHUTOpii TAaKOX CBIAYUTH IIPO
3MEHIIECHHS 3amaciB BOJOTH 3 4acoM. [l CyrIMHKOBMX IPYHTIB, SIKI CTaHOBIATH
OCHOBHMH cKiajx IpyHTIB Ykpaincekoro [lomiccs, Oyma cTBopeHa TemMaTHdHa Kapra
3amaciB MpOAYKTHBHOI Bosord y mapi 0 —289 cm (puc. 5) 3 BOJOTMMH paiioHaMH
(150 — 200 mm) 3a 2019 p. [Tonepeanro, 3a mepiog 2006 — 2010 pokiB. 0yJI0 OIIHEHO
(puc. 6) PO3MOIN CyMH ONaJiB 3a BereTaliiiHui repios Ha TepuTopii YKpaiHCHKOTO
[oniccs. [ns niBHiuHOT Ykpainu notpidoHo 500 — 700 MM Ha pik, 1100 miATpUMYBaTH
HOpPMaJIbHY IPYHTOBY BOJIOTICTh JUIs 3pPOCTaHHS JICiB. AHai3 oONpambOBaHHUX
pe3ynbTaTiB MOKa3ye, 10 HalOiIbIIa KUIBKICTh OMaIiB CIHOCTEPIraeThCs Ha 3aXiTHUX
TepuTopisix Ykpaincekoro [lomiccsi, mo 3abe3medye i OUIbII BHUCOKI 3amacu
IIPOJIyKTUBHOI BOJIOTH (JIUB. pHUC. 5).

ot 390900 Oy TAmek
wonor (150 200w4) y gk 0209 ¢

Puc. 5. 3anacu npo;[yKTnBHo'i BOJIOTH Y Puc. 6. Pognozun CepeIHbOI KITBKOCTI
mrapi 0-289 cm (2019 p.). OMaJIiB Ha TEPUTOPIii YKPaTHCHKOTO
IMouices 3a nepiox 2006-2010 pokis
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Jns  BU3HAYCHHS ONTHMAJIBHMX YMOB JIICOBIIHOBJIEHHS ICIS  IOXKEK
BUKOPHCTOBYBAJINCSI HACTYITHI JaHi: XapaKTEpUCTUKHU rixporepMidHux ymoB (SGTK
ta Ky) Ta 3amacu nponyktuBHOI Bojoru y IpyHTi (map 0 — 289 cm). 3onu, mio
BUAUIAIOTBCS 3a 3alacaMy IPOJYKTUBHOI BOJIOTM B METPOBOMY MIapi IPYHTY
kiacuikyoTecs B Takui crociO. Bix 101 MM no 120 MM - 3adosinsui, Bix 121 MM 10
160 MM - xopowi, Oinbmie 160 MM - giominui. BuaineHO 30HH ONTHMAIBHUX YMOB (Y
1-my mapi rpyHTy 3amacu Bojora -150-200 MM, GTK>2, KUv > 0.68 3a 10 poxkiB) Ta
Y BUTJIAIL IPOCTOPOBOTO PO3MOIITY IpeAcTaBiIeHo Ha puc. 7. Lle — miBreHHO-3aXiqHi,
3axigHI Ta TepuUTOpii y 3amiaBax Benukux pidok [lomiccs 3 mepeBakaHHAM TOP(OBO-
OOJOTHHX Ta IJyrOBHX IpyHTiB. TpebGa BpaxoBYyBaTH, MO0 YOPHO3EMH YTPHUMYIOTH
OiIbIIe BOJIOTH, HIX MillaHi ado CymilaHi IPyHTH, SIKi HIBHUIIE BTPA4alOTh BOJIOTY Ta
NoTpeOyroTh OUIBIIOT  KIIBKOCTI ONafiB; Ha CXHiax (TpaHCENIOBIaJbHUIM THII
naHamadTy) IPyHT BTpadae BOAy WIBHJNIE 4epe3 CTIK, W0 30UIblIye moTrpedy B
omaiax. [lpu BUOUIEHHI ONTHMAIBHUX YMOB JIICOBIZIHOBJIEGHHS BPaxOBYBaBCs
JqudepeHniioBaHmid BILIMB BOJIOT03aIlaciB IPYHTY Ha cTajii pocTy pociauHHOCT. Ha
CTaii akKTUBHOTO 3pOCTaHHS (BECHA-JiTO) OlibIIe 3HaUYeHHS Mae BepxHiil map (0-28
CM), Ha CTalii JepeBHOI MPOAYKTUBHOCTI (JIITO-OCiHB) BaxIuBimi rimboki mapu (0-
100 cm i 0-300 cm).

Puc. 7. 3001 ONTHMANBHAX YMOB T1IPOTEPMIYHOTO PEKUMY IPYHTY.

lgporepMmiuHi yMOBHM BIUIMBAIOTh Ha 3POCTAHHS JCOBOI POCIMHHOCTI.
[HTeTpaNbHUM TOKa3HUKOM CTaHy POCIMHHOCTI BUKOPHCTaHUH «IHIEKC IHMCTOBOI
noBepxHi» (Leaf Area Index — LAI). [naexc nucToBOi MOBEPXHI € OJHUM i3 OCHOBHHX
MOKAa3HWKIB ~ AKTUBHOCTI  mpomecy  (OTOCHMHTE3y  POCIMHHOCTI,  IIHPOKO
BUKOPUCTOBYETBCSI TPH OIlHII IMPOAYKTUBHOCTI JICiB, po3paxyHKax (iromacu
JIEPEeBOCTaHIB IPOTATOM BETeTAaIliifHOTO Mepiogy, a TakoX SK Mipa 3pOCTaHHS Ta
MPOAYKTHBHOCTI JTiCiB y MPOCTOPOBUX MacmTadax.

TIpoBeneHo po3paxyHKH CYMapHOTO iHJEKCY JIMCTOBOI MOBEPXHi JJISI BUCOKOI
Ta HU3BKOI POCIMHHOCTI 3 IEpepaxyHKoM y ¢iroMacy 3a JOBiIKOBMMH JaHuMH [16] Ta
MPOaHaJli30BaHO IIPOCTOPOBO-YACOBHH PO3IMOJUT 1HJEKCY JIMCTOBOI MOBEpXHI Ha
TepuTopii mociikyBaHoro perioHy Yxkpaincekoro [lomices (puc. 8). InTerpanbha
IUIOIIA 1HAEKCY JIMCTOBOI IOBEPXHI AJIsl JBOX THIIIB POCIMHHOCTI OIiHIOBanacs 3a
IUIOLIEI0 OCEpPEe/IKIB y KBajpaTHUX MeTpax. (CBITJIO-3€J€HHM KOJHOPOM MOKa3aHO
JICOBY POCIHMHHICTH (JIiC) 3 iHIEKCOM JINCTOBOI MOBEPXHI JUI BUCOKOI POCIMHHOCTI
>3 m%/m?). BHKOPHCTOBYIOUH NOBiIKOBI naHi, 6yaM pO3paxoBaHi JIMCTOBA Maca IS
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Bciel Tepuropii, mpexacrtaBieHa Ha puc. 8.0 3a smnens 2006 p. 3 HacTymHUM
PO3IOJIIOM CEPENHIX 3HA4YEHb JIMCTOBOI MacH (Kr/M?) 3a TUNAMM POCIMHHOCTI:
arponangmadr - 3,74 kr/m?, mic - 1,80 kr/mM> , Jyroea Ta OONOTSAHA POCIMHHA —
3,80 kr/m2. Jnst Teputopiil JicoBOi POCIMHHOCTI (3HaueHHs Macu Big 0,44 kr/m? 10
2,72 xr/M%) TpeACTaBIEH] CEpemHi 3HAYEHHS iHAEKCY JIMCTOBOI IIOBEPXHI 3a JIMIICHB
2006 p (4.37 m?/m2).

Puc. 8. Po3noin inekcy Mo JUCT BUCOKOT POCIMHHOCTI (M%/M?) 3a JIMIIEHb
2007 p. (a) Ta po3MOLN JUCTOBOT MACH MO TEPUTOPIi AOCIIIKeHHS (KI/M?) 3a JIMTIEHb
2006 p. (0).

Ciiz 3BepHYTH yBary, 1o Jjist JaHoro rnepioay (iumexs 2006 p.) muctoBa Maca
JUISL POCITMHHOCTI CilTbCHKOTOCIIOAAPCHKHUX TEPUTOPId Ta TPaB'sHOT POCIMHHOCTI BUIIA
HDXK JUTS JTICOBOT IGPEBHHU (MIIIIaH1 JIICH).

TakuM 4YHHOM, OTPHMaHO TIPOCTOPOBHI PO3MOIIN JIMCTOBOI Macu, IO
3aJICKUTh BiJl IPYHTOBO-KIIMATHYHUX YMOB, THIIB IIICOBOI POCIMHHOCTI, THIIIB
IPYHTIB Ta jaHmmwadriB. PailoHH 3 MakCUMaJbHUMH 3HAYCHHSIMH iHJIEKCY JIMCTOBOI
MMOBEPXHI PO3TANIOBaHI y 3alliaBax piK 3 JICOBOI POCIHHHICTIO (MiIIaHi Jicw).
Teputopis 3 JMCTOBUM iHAEKCOM MEHIIMM 2 M%/M?> — 1€ TepuTopis Tpas'sHOi
pociuHHOCTI (arposianqmadry), Mo BiANOBIAaE KapTaM MiICTHIBHOT HOBEPXHI.

BucHoBku

Busnaueno  onmumanvhi  ymoéu  NICOBIIHOBJIEHHS  TMiCis —TOXKEX 3
BUKOPUCTAHHAM IaHUX MpoekTy «Copernicus» mMpo CTaH BOJHO-TEILIOBOTO PEKUAMY
IPYHTY TEpHUTOPIl JOCTIHPKEHb 3 MOOYIOBOIO PO3PAaXOBAaHMUX 3aMaciB MPOAYKTHBHOT
BOJIOTH 33 TPhOMA IIapaMU IPYHTY JUISI ABOX MEPIONiB «BECHA-JIITO» Ta «IITO-OCIHBY,
BHU3HAYCHHS ONTUMAJIbHUX 3aMaciB MPOYKTUBHOI BOJOTH i3 MTOOYIOBOIO CUTYAIIITHIX
KapT ONTHUMAaJbHUX 3amaciB BoJOrH. [loOyZOBaHO Ta NPOAHANI30BAHO PO3MOJLI
cepenHbOi CyMH KiIbKOCTI omafgiB 1o Tepuropii VYkpaincekoro Ilomices 3
ypaxyBaHHSIM IPYHTOBHX JaHUX Ta BU3HAUYCHHS HAWOLIBII ONTHUMAILHUX TEPUTOPIH i3
BHUCOKHMMH 3alacaMu OMa/iB Ta 3ammaciB MpOLyKTHBHOI BOJIOTH.

Ilposedeno amaniz TPOAYKTUBHOCTI JIICOBOI POCIMHHOCTI 3a ITaHUMHU IIPO
{H/IEKC JTMCTOBOI OBEPXHIi 3 MOJAIBIINM PO3PAaXyHKOM JIMCTOBOI MacH JUIsI BUCOKOI Ta
HU3BKOI JIICOBOI POCIMHHOCTI Ta TOOYZOBAaHO PO3IOJIN JIMCTOBOI MacH MO TepUTOPil
nmociikenb. [loOynoBaHO TeMaTH4HI KapTH IIOMO PO3MOAUTY iHAEKCY IJHCTOBOL
MOBEPXHI 3a THUIAMU MIJCTWIBHOI MOBEPXHI Ta BUAAMH JiCOBOI POCIMHHOCTI.
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BusHaueHo AMHaMIKy IHJIEKCY JIMCTOBOI ITOBEPXHI 3a THUIaMH IPYHTIB JJIs Pi3HUX
HepioziB BEereTaiitHoro ce30Hy.
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JepxaBHa ycTaHOBa «[HCTUTYT reoxXiMii HABKOJIUIIHBOTO cepenoruima HAH

VYxpaiam» (M. KuiB, Ykpaina)

Today in Ukraine, as in the entire civilized world, attention is focused on the
development and implementation of smart infrastructure in satellite cities of nuclear
power plants. Digital technologies help to develop and build such infrastructure. The
work is based on an analytical and systems approach to the implementation of smart
city technologies in the sustainable development of satellite cities through the spread
of digital technologies.

Digital technologies in the city's infrastructure form multifunctional capabilities
and are a significant factor in the evolution of satellite cities. They solve urbanization
problems, affect industrial production, contribute to increasing the level of innovation
in the economy, creating assets in the fields of healthcare, education, finance and
services, gradually reducing the carbon intensity of the economy within Ukraine,
expanding opportunities for re-profiling and increasing jobs, and become a tool for
achieving the strategic goals of the country's socio-economic development.

Digital technologies are used to monitor and map the condition of infrastructure
and determine its degree of aging and remaining design operational life, which is
especially important for the safety of the population of satellite cities.

Knwouosi cnoea: wmicro-cynyTHuk, mmdpoi TexHojorii, [aTepuer Peueii,
LITYYHUH iHTEJIEKT, TAPHUKOBI Ta3H, INMPOKOCMYTOBHI JOCTYII 10 Mepexi [HTepHeT.

Beryn. 3 kKo)XHUM poKOM IH(POBi TEXHOJIOTI] 3MiHIOIOTh MTOBCAKIECHHE JKUTTH,
CTBODIOIOYM 3acajyl Ul CTaJoOro COLialbHO-€KOHOMIYHOTO PO3BUTKY. AKTHBHE
BUKOPHUCTAaHHS IU(PPOBUX TEXHOJIOTIH — 11e MallOyTHE TEXHOJIOTTYHOTO, EKOHOMIYHOTO
Ta COIIaJIBHOTO PO3KBITY MicT-cymyTHHKIB AEC; miIBHUIIEHHS COIiaIbHOI CBiIOMOCTI
Ta OOMIHY JIOCBiIOM y cepi OCBITH Ta OXOPOHH 30POB’SI HACEICHHS, MOIITOBX IS
po3uMpeHHs cHiBpoOiTHHITBA y ninoBid cdepi. [lepexin no umdpoBux mocmyr i
HaJlaJli MOIIHPIOBATUMETHCS.

[udposizaris BruMBae Ha po3BUTOK MicTa-cynmyTHuka AEC Ta momsrae B
HaCTYITHOMY:

1. 3HIKEHHS 3aJeKHOCTI BiJl BUKHIIB TAPHUKOBUX T'a3iB PH BYTJIEIEBIii
IHTEHCUBHOCTI TTPOMHUCIIOBOTO BUPOOHHIITBA B MEXKaX TEPHUTOPIi;
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2. HOPMAaTHBHO-IIPABOBE PETYJIIOBAHHS Ta MPO30PICTh y peecTpaii Ta BeJeHH1
OizHecy;

3. migBMINEHHS IHHOBAIIMHOTO, TEXHOJIOTIYHOT0, EKOHOMIYHOI'0, OCBITHHOTO
Ta npodeciifHoro NOTEeHIiaTy BUPOOHUIITBA;

4. OmaroycTpiii MicTa 3 IIEpPCIIEKTHBOIO CTBOPEHHS HOBHX POOOYHX MiCIIb;

5. CTBOpPEHHS KOMIUIEKCY aKTHBIB y cepax OCBITH, OXOPOHH 3I0POB'S,
(hinaHciB Ta OyIiBHUIITBA.

Haii6inpmm mommpeni y cBitTi Taki mudpori TexHomorii, sk Internet of
Things/Intepuer  Peueid, naponu, 3D-mpyk, O€3HIIOTHI CHUCTEMH 3axHCTY,
iH(popManiiHi 00YNCIIeHHS Ta 1HIII.

Hapasi yBara mpukyTa 10 NUTaHb YIOCKOHAJICHHS MICBKOTO IUIAaHYBaHHS, B
OCHOBI SIKOTO, peaii3allisi TEeXHOJOriH smart-iHppacTpykTypu. MicTa-CynmyTHHKH
aToMHuX enexrpoctaniii (AEC) He € BUKITIOYEHHSIM.

OcobmBocti  OynmiBHUINTBa MicT-cymyTHHKIB AEC momsraiote B iX
po3TallyBaHHI Ha TIEBHOMY BiJJAJCHHI BijJ BEJIMKHX HACEJICHUX MYHKTIB (3a3BHYail
50—100 xm). Ilopsn 3 iHmWIUMH OCOONMBOCTSIMH BHOOpPY MalJaH4WKa IIiJ
OynisannTBo AEC, BpaxoByeThCS MOXKJIMBICTH PO3MICTHTH HAYKOMICTKHH ICHTP
SHEepPreTUKH TaM Jie, MpPOXKUBAE 3/AeOINbIIOr0 CUIbCHKE HACENECHHS 3 METOI0
PIBHOMIPHOTO PO3MOALTY TPYAOBHX pecypciB. MicTa-CynyTHUKH OTPHUMYIOTh IIHPOKI
MPOCTOPI BYIHIIi, 3pyYHI TPAHCIIOPTHI PO3B'SI3KH, BAJIC PO3TAITYBaHHS TPOSH]I BITPIB,
POBIIOIIN KUTIOBHX 1 HAPKOBUX 30H, TOLIO.

ChOrofiHi HECHIPUATIIMBA MONITHYHA 1 EKOHOMIYHA CUTYyallis B YKpaiHi BUSBHIA
P €KOHOMIYHX, COLIANBHUX Ta €KOJOTIYHHX HEIOJIKIB B Taly3i MYHIIHIIAIEHOTO
MICBKOTO YIIPABIIHHS, OCBITH, OXOPOHH 3IOPOB’S Ta COIialbHOTO 3a0e3ledeHHs,
JIOBKIJIIISL.

HesBaxkatoun Ha pyHHIBHI Haciigku arpecii st YKpaiHu, MicTa-CyIyTHUKH
AEC moBWHHI TOTPUMYBATHCS YCBIIOMIICHOI CTpaTerii E€KOJOTIYHOI Oe3MeKH st
30epexeHHs1 MailOyTHIX MOKOJIIHB 32 JONOMOTOI0 HU(PPOBUX TEXHOJIOTIH.

Merta poGotu. IIpoanamizyBatm cydacHI TEHICHII peawi3amii CcTajIoro
po3BuTKy Smart City 3aBISKH HOIIMPEHHIO Ta PO3BHTKY IM(POBHX TEXHOJIOTIH, Ta
BIIPOBA/KEHHIO iX y iH(pacTpykTypy MicT-cymyTHHKIB AEC.

MoskauBocTi  TexHoJsoriii  posymHoro wmicra. Iludposi TtexHomorii B
iHppacTpyKkTypi MicTa (OpMyIOTh O0araToyHKIIOHaJbHI MOXIJIMBOCTI PO3BUTKY
HACTYITHHUX HalpsMKiB CyCIJIbCTBA.

EneprocnoxxuBannsi. CucteMu UQpOBOTO YIPABITiHHS, 3aCTOCYBaHHS smart-
JMYMIBHUKIB, JATYMKIB 3a0€3MeUy0Th aBTOMATH3AI[II0, MOHITOPUHT Ta ONTHMI3aIlil0
€HEeproCHOoXMBaHHA. 3a  JIOIOMOTOI0  CHEPreTMYHOi  smart-iHppacTpyKTypH
YCBIIOMJIEHO PO3MOMIISEThCS BUPOOHHMIITBO €HEPTii, BIPOBAIKYIOTHCS pPalliOHATbHI
MEpEeKEeBl TEXHOJIOTIl, aBTOMAaTHYHE pearyBaHHS Ha 3MiHY IIOIUTY CHOXKHBaya.
VY nockoHaneHa nUQpOBa CHUCTEMa PAIlOHAJIBHUX SHEPreTUYHUX IPHUCTPOIB JI03BOJISIE
pETEeNIbHO BiACTEKYBAaTH Ta €KOHOMHTH CHEPrOCIIOKHBAHHS, IPOBOAUTH MOHITOPHUHT
E€HEPrOCIIOKUBAHHS HA PiBHI TPOMAaJIH.
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[Mpononyetbes aktuBHO 3amisati [utepHer Peueit (IoT) B sixocti nmudposoro
BYJIMYHOTO OCBITJICHHS, TOOTO BYJW4YHI JixTapi (DYHKIIOHYIOTH sSK Toukum Wi-Fi,
OCHAIIIEHI KaMepolo CIOCTEPEKECHHS, 3apsAIKAIOTh PO3ETKH JIJIS eNeKTpOMOOiNIiB Ta
TesIe)OHIB 1 BUMIPIOIOTH SIKICTB MOBITPS, III0 OCOOJIMBO aKTyalbHO Ha TEIepillHii Jac.

Y TpoMascEKOMY TpPaHCIOPTI AATYHMKH, PO3TAIIOBaHI Ha KOPIYCi MAIIMHH,
HAQ/ICWIIAIOTh JaHi mpo Tpadik y mporpamMHe 3a0e3NeUeHHS YIPABIIHHI MiCBKAM
TPaHCIIOPTOM. Y pEXHMI peajbHOTO Yacy BUPAxXOBYEThCS Yac, MOTPIOHMH Jyist
OUiKyBaHHA Ha TPAHCIIOPT, TAaKOXXK MOXIJIMBUM CTa€ OTpHUMaHHA iH(popMarii mpo
3aTopH 200 TPO 3aTPUMKH PYXy.

Yupasiinas Bigxogamu. YpOaHizauis crnpusie 30UIbIICHHIO BiIXoxiB. 3a
JIOTIOMOT0I0 IU(POBUX TEXHOJIOTTH MOXKHA:

- IPOBeCTH 30ip BiIXOIB;

- BIJICTEXKUTHU IOXOIKEHHS CMITTS,

- kiacu(ikyBaTH Ta COPTYBaTH HOT0 3a PI3HUMH JDKEPETIaMHU MOXO0KCHHS;

- MOXKJIMBICTB TIepepoOKH, IIOBTOPHOTO BUKOPUCTAHHSA ab0 yTHIIi3alii;

- TPAHCIIOPTYBaHHS.

3HIKCHHS 00CSTIB BIIXOIB JTOCITAETHCSA KOMILICKCOM METO/IIB PallioHAIBLHOTO
mudpoBoro ympaeimiHHA. OnTUMi3aIis KUTBKOCTI CMITTEBO3IB Ta Tpadik BHBO3Y
BIIXO/IB BU3HAYAETHCSI 00CITOM OCTaHHIX.

Y OymiBjisx AOIJIBHO BOPOBATUTH HU(GPOBY CTaHIIO 300py BIAXOMIB, €
MEIIKaHII YTHIi3YIOTh PO3AUTbHE 30MpaHHS BiIXOIIB Ha OpraHidyHEe Ta HEOpraHidHE.
Cranmis 300py BiAXOIIB TICNs 3alOBHEHHS aBTOMATHYHO CIIPSMOBYE OCTaHHI [0
LEHTPY TepepoOKH.

BnuimB Ha moBkiLIs. YpOaHi3almiss HETaTHBHO BIUIMBA€ HA 3arajbHHUN CTaH
exonorii. 30kpema, cepHO3HOI0O Ta HaWOIIBII PO3MOBCIOKEHOIO € IIKOJa ISt
JIOBKIJUISL 4epe3 HECHPOMOXKHICTh KOHTPOJIIOBAaTH BHKHAM Ta MapHOTpaTHE
CHOXKMBaHHS BOJW. A HeEperyjbOBaHa, IIOraHO CHpPOEKTOBaHa a0 HEHaJIeKHO
KepoBaHa KOMYyHaJIbHa 1H(QPACTPYKTypa BOJONOCTavaHHS Ta KaHalli3amii — 4acTo €
OJTHMM 13 HaMOLIBIINX JKepes 3a0py JHEHHsI JOBKLLIS y MiCTaX-CyIy THUKaX.

Exomoriuna  crabinmpHICTP MicTa 3aJeXHTh BiJ JOCKOHAJOi  smart-
iHppacTpykTypu, cuctemi loT ta mryuynoro intenexty (ILI). Tak, KOHTpoOIb SKOCTI
NOBITPSL B PEKUMI PEAJBHOTO Yacy IPOBOAMTHCS AAaTUYMKaMHM, PO3MIIIEHHMMH Ha
JMXTapAx, BYJIMYHHX JIaBKaX, CMITTEBHX Oakax, TPOMaJCBKOMY TpPaHCIOPTi, MpH
LbOMY TIapaJelbHO IiJBUIIYETHCS €HEProe(EeKTHBHICTh Ta CKOPOYYIOTHCS BUKHIU
MTapHUKOBUX Tas3iB.

Buxopucrannsi BogHuX pecypciB. Hectaua BoaM CTaHOBUTH OJHY 3
HalOIbIMX 1pobneM MmicT-cymyTHUKIB AEC. Bbpyani criuHi BoaM NpHBOIATH 10
npoOiieM 31 370pOB’SIM HaceleHHsS Ta ICTOTHOTO 3a0pyIHEHHS HaBKOJIMIIHBOTO
cepenoBumia. I[liIBHINEHHS SIKOCTI BOIW JOCSTAETHCS HAIIMHUM Ta TPaBUIHHUM
BOJZIOPO3TOIIIIOM BOJIOTIPOBIAHOT crcTeMHu. ParioHanpHa 1u)poBa TEXHOJIOTIS Haaae
Ta aHayi3zye iH(OPMALIIO PO BUTPATH 1 TUCK Y MICBKUX BOJHUX MEPEXaX y PEeKUMI
pETbHOTO 4acy, IO TMPHBOIUTH A0 peallbHOI eKkoHoMii Bomu. TexHosorii smart-
iH(GpacTpyKTYpH B cepi BOAOTIOCTaYaHHS:
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- BHSIBJICHHS BUTOKIB: OCHAIEHHS PO3IIOALIBHOI MEPEXi JaTYNKaMH 3 METOIO
3a0e31eueHHs B peKUMi peabHOro Jacy iHdopMallii mpo THUCK, ITOTOKH/BUTOKH Ta
SIKICTB BOJIH;

- BUSIBJICHHS 3a0pYHEHHS: BUMIPH JIaTYUKaMH SIKOCTI IOBEPXHEBOT BOAU B
PEXUMI peabHOTO Yacy, IO CIPHSE CTATIOMY PO3BUTKY MICBKUX PECypCiB;

- IDIaHyBaHHA TEXHIYHOTO 00CIyTOBYBaHHS BOIHOI iHPpacTpyKTypH —
MOHITOPUHI' BUKOPUCTaHHS BOJIH, ii SIKOCTI Ta KOHTPOJIIO BUSBJICHHS BUTOKIB [2].

Meauune o6cayropyBanHs. CucremMa mu(poBOTO YHPaBIiHHA MEIHIHUM
o0ciyroByBaHHAM (depe3 3aCTOCYBaHHS Smart-TEXHOJIOTiH) TO3BOJSAE HEPETBOPHUTH
JlaHi MpO 37I0pOB’sl HAcEJIEHHs Ha KIIHIYHY iH(QOpMAIlilo, SKa OXOILIIOE EIICKTPOHHY
peecTpaulilo mamieHTa, MeJUYHEe OOCIyroByBaHHS Ha JIOMy Ta MeXaHI3MH
JTUCTAHIIIHHOT TIarHOCTHKH, CIOCTepe)KEHHsS 1 JikyBaHHsS. llommpeHHs OHU(POBUX
TEXHOJIOTIM B rajy3i OXOPOHHM 3J0pOB’S Ma€ MOTYXKHHMH MOTEHILIaN 3 ypaxyBaHHIM
CTapilo4oro HaceleHHs, CHpUs€E COLiaNbHIM iHTerpamii Ta IHKIIO3ii, J03BOJISIOUU
nanieHTaM, OIiKyHaM Ta MEAWYHUM IIPaIliBHUKAM IIBHIKO OTPHMYBATH JOCTYII /IO
JaHux iHdopmarii i mokpailyBaTy SKiCTh MEAWYHOI JOTIOMOTH.

OcBiTa. CyuacHa J0JMHa TOBHHHA OyTH BCEOIYHO OCBIYEHOIO 1 IIBLOMY
CHPHUSIOTH CyJacHI TU(PPOBI TEXHOIOTII:

- 3MiHa popM Ta crocoOiB HABUAHHS,

- aJanTHBHE/AUCTaHIIiHE HABYAHHS Ta KOHCYJIbTYBaHHS;

- TIepCOHAITI3aIlis OCBITH;

- OesmepepBHa ocBita (online-ocBita).

Be3neka. Cy4acHa Jro/iiHa TIOBUHHA BiJ{4yBaTH ceOe 3aXHUILEHOIO i JOTIOMOITH
B IIbOMY MOXYTb II(POBI TEXHOJIOTII:

- Ui 3’SICyBaHHS OOCTaBMH 3J0YMHY IPOBOJUTHCS CKAaHYBaHHS HOMEPHHX
3HAaKIB TPAHCIIOPTY Ta OOJIMYYS JIFOJMHH B PEKUMI PEALHOTO Yacy;

- JUI TiJBHIIECHHS PiBHS O€3IEKH 3aCTOCOBYETHCS BYJIMYHE €HEProola/yinBe
OCBITJICHHS B HIYHHI{ yac;

- 3'acyBaHHS KPUTHYHHMX Micupb (aBapid, MOXeX, 3JI0YMHIB) 32 JONOMOTOIO
JIPOHIB Ta OE3MUIOTHUX CHUCTEM 3aXHUCTY;

- Yy BHIIQJIKaX HaJ3BUYAHHMX CHUTyallili Ha JOIOMOTY MPUXOIATH «aBapilHiI»
JIOZIATK! B cCMapT(OHaX.

3aBIAKM  BIOPOBAKEHMM LU(PPOBUM  TEXHOJIOTiIM MOXHAa  OTpHUMATH
iHpopMamito 1po  e(pEeKTHBHICTh, BHKOPHUCTAaHHS Ta MOHITOPUHTY pPOOOTH
iHQpacTPyKTypu 1 TOJANbIIOMY CKJIQJ@HHIO KapTH CTaHy I1HQPAaCTPYKTYpH, IO
JIO3BOJISIE  BU3HAYMTH  CTYMiHb {i CTapiHHI Ta  3QJUIIKOBHIl  MPOEKTHHUH
eKCIUTyaTalliifHui TepMiH.

udposi TexHOMOTIT MalOTh SIK MO3UTHBHI, TaK 1 HEraTUBHI HACIIIKU. 30KpeMa
JO TIO3UTUBHUX MOJKHA BiJHECTH: 3MEHIICHHS BapTOCTI HAaJaHHS IOCITYT, Ollbina
MPO30PICTh 1 €(hEKTHBHICTh BUKOPUCTAHHS PECYPCiB, 3pOCTAHHS MPOIYKTUBHOCTI Y
MPOMHUCIIOBOMY CEKTOpi, 3MEHIIEHHS BapTOCTI HAJaHUX IOCIYr Ta iH. 3-NOMDX
HETaTHBHHUX HACTiJKIB HAHOUMeII WMOBIpHUMH € — BTpaTa pPOOOYMX MiCIb
HU3bKOKBATI()iKOBAHUMH TIpAIliBHUKAMH, TIOPYIIEHHS KOH(QIACHIIIMHOCTI, BTpara
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NIEBHOT YaCTKM KOHTPOJIIO, 3JI0BMHCHE NMPOHUKHEHHS XaKepiB JI0 CUCTEM Ta 3arposa
Oesmeri.

B mpomy acmiekti AEC po3rismaeTbes K iHTENEKTyalbHe BUPOOHHITBO [3] 3
NepeloBUMH BUPOOHMYMMHM cUcTeMaMH. [yl MiIBUINEHHS DIBHS eKcIulyartaiii Ta
eHeproepekTHBHOCTI BHpoOHMYoro mpouecy AEC, 0310pOBICHHS HABKOJIUIITHBOTO
cepenoBuIa Ta 3a0e3nedeHHs 0e3MeKH MePCOHATy BIPOBAKYIOTECS CHCTEMH Pi3HIX
IU(POBUX TEXHOJOTIH.

Cepen TOTOBHAX XapaKTEePUCTHK HU(PPOBUX TEXHOIOTIMH:

- iHTepomepabebHICTh: CHCTEMHI MiAPO3IIMTN MaTh 3MOTY OOMIHIOBATHCH
iHpopMaIli€l0 ONWH 3 OJHMM. 3aBIsIKH MEPEKeBill poOOTI CHUCTEeMHU 3AaTHI
CHIBIIPALIIOBAaTH B PpI3HUX acCHEKTaX, IIOB’S3aHUX 3 BHPOOHUYMMHU IPOIIECAMHU.
AHAIOTIYHO, PO3MOIUICHI CHCTEMHU TO3BOJSIOTh OTPUMYBATH JOCTYII 0 iH(opMarii i
JAHWX OJHI€T CHCTEMH IHIIIMMHU B MEPEKI;

- MpO30pHi KOHTPOJb Ta IIBUIAKICTH pearyBaHHs Ha MOJIl 3a JONOMOTOI0
cuctemu 1I;

- eHepro30epeKeHHs1/eHeproe()eKTUBHICTb;

- Bi3yaJIbHI TEXHOJIOT1i (BUKOpUCTaHHs rojiorpam/3D-300pakeHsb;

- aHAIITHYHUI MOHITOPUHT iH(pOpMaIii y BUpOOHUUIN cHCTEM;

- BUKOPHCTAaHHS pOOOTIB y BHPOOHHUYOMY ITPOIEC] Il BAKOHAHHS aBTOHOMHHX
HeOe3NeYHNX 3aB/IaHb.

Jis cygacHOro MicTa, Ta, 30Kpema, MicT-cynmyTHHKiB AEC Takox XapakTepHi
npo0JieMH, TMOB'A3aHi 31 CKYNMUEHHSM TPAHCIOPTY Ha JOPOrax, IO CIIPUSE€ 3HAYHUM
BUKHJIAM BYIJICLIO B IIOBITPS; HepaliOHAIBHUM CIHOXHBAaHHSAM EJIEKTPOCHEPTii;
HECKOHOMHUM BHUKOPHCTAHHSIM BOAW; 30UIBIICHHSM KINBKOCTI BimxomiB. SKicHa
po3opa cucreMa HaJlaHHS a/IMIHICTPAaTHBHUX TOCITyT CTHMYJTIOE
KOHKYPEHTO3/IaTHICTh MICIIEBOI E€KOHOMIKH, Mi/IBUILY€E MPOIAYKTHBHICT TPYIOBUX
PECYPCIB Ta BUPIIy€e MYHIIIUITAIbHI THTAHHS.

CporomHi OJHWM i3 TOJIOBHHX BHKIHKIB Jis MicT-cymyTHHKiB AEC crama
pociiicbka BiliCbKOBa arpecisi, HacJiJIKaMH SIKOi € TIEPeOCMHCIICHHs Po30yIOBH MicTa,
AK€ POOUTH MICBKYy CHCTEMy OUIBII CTiHKOI0, MOTHBYE IUIIXOM MOJEpHi3aIlii
TEXHOJIOTIH 1HQPACTPYKTYpH BIUIMBATH HA COIaJbHO- €KOHOMIUHY Ta EKOJIOTIYHY
CTPYKTYpPY MicCTa.

Jlns  xoMmIUleKCHOTO 300py Ta aHamizy iHdopmarii uepe3 Mepexy
HIMPOKOCMYTOBOTO [HTEpHETY HEOOXiIHWMH ONEepaTHBHUM LEHTP-IITA0 3 MOTY)KHOIO
TEXHOJIOTIYHOI0 ~ OOYMCIIIOBAIPHOIO ~ CHCTEMOIO, IO  MICTHTh  aHaJITHYHE
mporpamyBaHHi. Hacmigkom pobotn mTaly € BHpIMIEHHS CYCHITBHHX TpoOIeM B
PI3HHX rajy3sx rocroJiapcTaa.

[NepeBaru udpoBUX TEXHOJIOTIH.

1. CopomurytoTh Ta BUpPILIyIOTh HUTaHHS OIIAAIMBOTO CHEPrOCIIOKUBAHHS Ta
IiABUIYIOTH SIKICTh BOJOMOCTAYaHHSI, IO MPUBOJHUTH IO iICTOTHOTO 3HMKEHHSA
KIHIIEBOT LIIHK Ha EJICKTPOEHEPTIIO Ta BOAY VIS CIIOXKHBAYA.
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2. BnpoBamkeHHs equHOT KoHIenuii udpoBoro ynpasiiHHs BiAX0AaMH, IO
BKITIOUA€ B ceOe iX CKOPOUYESHHS, TOBTOPHE BUKOPUCTAHHS Ta YTHIII3AIII0 OCTAaHHIX i3
30epe)eHHIM 3T0POBOTO JOBKIJIIS.

3. TpaHcnopt 3 eNeKTPUYHUM ITPUBOJOM 3MEHIIIYE IIyM Ta 3a0pyAHEHHS
TIOBITPSI BUXJIOITHUMHY Ta3aMH; MiABHUINYE ¢(PEKTUBHICT JOPOKHBOTO PYXY.

4. EnexTpoHHE YpsIyBaHHS CIPOIIYE YIPABIiHHSI MiCHKOIO
iHppacTpyKTypoOIO.

5. CucTemHu 3aXHCTy CBOEYACHOTO MOTIEPEHKEHHS PO CTHUXIiHHI THXa
CHPUSIOTH Oe3Meli HaCeIeHHS.

PazoM i3 TuM, ICHYIOTh NEpEeUIKOAM Ta PHU3UKK Uil po30ynoBM smart-
iHppacTpykTypH MicTa-cynytauka AEC:

- HeocTada KBami(ikoBaHOTO MEPCOHANY UIS POOOTH 3 OTPUMAHOIO
iH(OpMaIli€ro;

- HENOBHHI ab0 HeCBO€YaCHUH 0OMiH iH(pOPMAIi€I0 MiX PI3HUMH
yCTaHOBaMU;

- HEJOCTaTHIN MPOCTIip AJsl BUKOPUCTAHHS OTpHUMaHo1 iH(dopmalii;

- BIICYTHICTh KOH(IACHIIHHOCTI 0coOucTOl iHbOpMaIlii MICTSIH;

- poOoTa HaJ MPOTHUIIEI0 XaKEePCHKHUX aTaK Ha TEXHOJIOTI] HN(PPOBUX CHCTEM.

HaBuanHs 1UQpOBIA TpaMOTHOCTI HACENCHHSA, NOCTiifHE BIOCKOHAICHHS
KOMIT'TOTEpPHOI OCBITH, MiJBHUIIEHHS KBasidikamii € HaJBaXIMBOIO IHBECTHILIEIO IS
po30ymoBu smart- iHppacTpykTypu micta-cynytHiKa AEC nms MaitOyTHIX MTOKOIiHb.

BucHoskn.

1. IudpoBi TEexXHONOTIi CTUMYJIOIOTH CYTTEBE 3POCTAHHSA 1HHOBAIIWHOIO,
TEXHOJIOTIYHOTO, EKOHOMIYHOTO, OCBITHBOTO Ta NpOQeciiHOro TMOTCHIiaTy 3
MPO30pPUM HOPMATHBHO-TIPABOBUM PETYJIIOBAHHSIM ISl PO3KBITY MICT-CYIyTHHKIB
AEC.

2. IHTeHCUBHUI PO3BUTOK LU(PPOBUX TEXHOJOTIH, Kk 10T, mWTy4HMid iHTENEKT,
3D-apyk, OpoHH, OE3MUIOTHI CHCTEMHU 3aXUCTy Ta iH. — BaroMuid ()akTop €BOJIOLIi
mict-cynyTHUKIB AEC Ta BupimeHHs mpo0iemu ypOaHizaiii.

3. Hudposi TexHOIOTI{ — KPUTUIHUHN (haKTOp siAepHOI Oe3MeKn IHBiII30BaHOTO
CBITY.
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of Ukraine, 12 Lysogirska Street, Kyiv, 03028, Ukraine

Abstract

The radiometric monitoring network is one of the key tools for detecting and
tracking the transport of radioactive contamination resulting from both local releases
and transboundary transport of radionuclides. This study presents an assessment of the
capability of the existing network of radiation monitoring stations in Ukraine, based on
measurements of gamma radiation exposure dose rate, to detect accidental releases
from the Kursk and Belarusian NPPs, as well as a hypothetical emergency at the
Zaporizhzhia NPP.

The results show that the efficiency of detecting radioactive releases using the
current monitoring network strongly depends on the release magnitude, meteorological
conditions, air mass transport direction, and the spatial density of monitoring stations.
Moreover, for typical meteorological scenarios of radionuclide atmospheric transport,
it was found that even an extensive nationwide network based solely on exposure dose
rate measurements is insufficient to detect reliably the effects of transboundary
radionuclide transport to Ukraine in the event of nuclear accidents in neighboring
countries, especially when the total iodine-131 release does not exceed 3x10' — 10
Bq. Therefore, the existing gamma dose rate monitoring network must be
complemented with as many aspiration-based sampling units as possible—both
stationary and especially mobile—for measuring radionuclide activity concentrations
in the near-ground atmospheric layer.

The aim of the study is to assess the effectiveness of Ukraine’s radiation
monitoring network in detecting transboundary transport of radioactive contamination
by modeling the atmospheric dispersion of radioactive releases from potentially
hazardous sources.

To conduct the study, the consequences of radioactive releases spreading over
the territory of Ukraine were estimated for three potential radiation accident scenarios:

1. An accident at the Kursk NPP (Russian Federation);

2. An accident at the Belarusian NPP;

3. An accident at the Zaporizhzhia NPP (under military conflict conditions).

Each scenario was modeled assuming a short-term (10-hour) release of
radionuclides: iodine-131 (*3'I) with an activity of 2.5%10'¢ Bq and cesium-137 (**’Cs)
with an activity of 2.5x10" Bq. The modeling was performed using the RODOS
decision support system.

The selected source parameters correspond to emission estimates during large-
scale nuclear accidents (Fukushima-1, Chernobyl), where the characteristic ratio of 3'I
to 1¥7Cs activities is 10:1-20:1 [1,2]. This emission level allows for modeling scenarios
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of potential transboundary radionuclide transfer, the detection of which is primarily
possible with highly sensitive aspiration systems. Similar initial conditions were used
in a number of scientific works [3-4].

Based on the simulation results, an assessment was carried out to determine the
capability of the existing Ukrainian radiation monitoring network to detect an
emergency release at one of the mentioned nuclear power plants using measurements
of ambient gamma dose rate. It was assumed that the time series of measurements at
each monitoring post fluctuates around a mean value with typical variations of 1072 —
3x1072 pSv/h. Therefore, if an increase in gamma dose rate of 5x1072 pSv/h is
recorded at a monitoring post, it should be considered as an indicator of additional
radioactive contamination in the environment during the measurement period, i.e., the
arrival of a radioactive plume at the measurement point.

The capability of the existing network of radiometric posts of the Ukrainian
Hydrometeorological Service to detect exceedances of background gamma dose rates
was assessed.

Scenario 1: Kursk NPP

To model radioactive contamination of Ukraine’s territory resulting from a
release at the Kursk NPP, a meteorological situation was selected in which air masses
in the lower atmospheric layer were transported in a southwesterly direction, followed
by a shift toward the north.

The estimated deposition density of '*’Cs in Sumy and Poltava regions reaches
37-46 kBg/m?, while the volumetric activity during the passage of the radioactive
cloud at nearby monitoring posts is about 4—5 kBq/m3. Within the first 24 hours after
the onset of the accident, the radioactive release reaches the Sumy, Poltava, and
Cherkasy regions. On the second day, the radioactive cloud continues spreading across
Central, Northern, and Western Ukraine.

> Grouna contamination dry+wet 1-131 (BT 06 05 2022 G000 (Europendev)
Progect: KURSK_2022 05.04_0000_48_H60_800km, Task: Emergency - run Shalonda
Exercise
Masmum value. 9 5TE6 Bgim?*

W 1e2-1€3
W E1-1e2

WGS B4 Scale 1:5 214800

150 300

Fig. 1. Calculated field of '3'I fallout dens1ty (Bq'm™) following a rad1at10n acmdent
at the Kursk NPP.
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The maximum ambient gamma dose rate was recorded at the meteorological
station in the city of Sumy, where it reached 0.37 pSv/h during the passage of the
cloud and decreased to 4.2x1072 uSv/h afterward due to surface deposition. At
monitoring posts in Central and Western Ukraine (e.g., Vinnytsia, Fastiv, Shepetivka,
Cherkasy), these values were 3—4 times lower.

The calculated field of '*'I radioactive fallout density, generated by such a
release, is presented in Fig. 1.

Scenario 2: Belarusian NPP

The meteorological conditions for the release dispersion were defined using
results from the WRF numerical weather prediction model for October 8-9, 2022.
Under the selected meteorological scenario, the radioactive release reaches the
territory of Ukraine 2628 hours after the onset of the accident, with maximum
gamma dose rate and airborne activity levels recorded at nearby monitoring posts
around 30 hours after the start of the release.

The highest volumetric activity of iodine-131 (**'I) was observed at the
Potashnya monitoring post — nearly 600 Bg/m?. The highest deposition density and
gamma dose rate were recorded in the southwestern part of Ivano-Frankivsk due to
intensive wet deposition of radionuclides onto the ground surface, as rainfall occurred
in this area during the cloud passage.

The calculated field of "'l radioactive fallout density, generated by such a
release, is presented in Fig. 2.

--> Ground contamination dry+wet: 1-131 [Bg/m?], 09.05.2022 18:00 (UTC) Map Legend X
. Project: Belarus1_07-09.05.2022_1800_48_H60m_R800km, Task: Emergency - run:Trudie
Exercise ]
. Maximum value: 5.83E7 Bg/m? ! nep.
e —— s {# Max of Ground cont:
1 51 5 [ [ ) T Ground contaminati
[IEIIEIE] HHH =] .Projecl: Belarus1_0'
I [ Haatdt Exercise
M >1E9
M 1E8-1E9
I 1E7 - 1E8
1E6 - 1E7
1E5 - 1E6
1E4 - 1E5
mma 0 1E3-1E4
T M 1E2-1E3

M 1E1-1E2
W 1E0 - 1E1
Computational grid

Fig. 2. Calculated field of '3'I deposition density (Bq-m™2) during a radiation
accident at the Belarusian NPP.
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Scenario 3: Zaporizhzhia NPP

Similar contamination calculations were carried out for the case of an
emergency release from the Zaporizhzhia NPP. The maximum ambient gamma dose
rate of 2.40 uSv/h was recorded at the monitoring post in Nova Kakhovka, located 120
km from the plant. In this case, the deposition density of iodine-131 (**'I) reached up
to 160 kBg/m?, and the volumetric activity during the passage of the radioactive cloud
exceeded 35 kBg/m?®. After the cloud passed, the ambient gamma dose rate at the Nova
Kakhovka post was 0.16 pSv/h due to radiation from deposited radionuclides on the
ground surface.

The calculated field of '3'I radioactive fallout density, generated by such a
release, is presented in Fig. 3.

—> Ground contamination dry+wet |-131 [Bo/m?, 03.05.2022 18:00 (UTC)
Project ZAES_01.052022_1800_48_H60m_R800km, Task Emergency - run Kathi:
Exercise © @nep
Maximum value 1 54E7 Bgim® © [ Maxof Ground c
Ground contami
& @ Project ZAES 01
Exercise
W >1E9
W 1E8-1EQ
W 1€7 - 1E8
1E6 - 1E7
1E5 - 1E6
1E4 - 1E5

|
[
i ;
b Y |

Fig. 3. Calculated field of '3'T deposition density (Bq-m™) during a radiation
accident at Zaporizhzhia NPP.

Conclusions

For the considered typical meteorological scenarios of radionuclide
atmospheric transport, modeled using the RODOS decision support system, it was
found that even an extensive nationwide network of radiation monitoring posts —
relying solely on ambient gamma dose rate measurements — does not provide reliable
detection of transboundary transport of radioactive substances into the territory of
Ukraine in the event of nuclear accidents at neighboring countries' NPPs, if the total
iodine-131 release does not exceed 3x10'> — 10'¢ Bq.
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RADIOACTIVELY CONTAMINATED WATER IN THE ROOMS OF THE
SHELTER OBJECT WITHIN CONDITIONS OF OPERATION OF THE NEW
SAFE CONFINEMENT
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Institute for Safety Problems of Nuclear Power Plants NAS of Ukraine,
Kirova str., 36a, Chernobyl, 07270, Ukraine, ooodin@ukr.net

To reduce the environmental impact of the destroyed Unit 4 of the Chernobyl
Nuclear Power Plant (ChNPP), on November 29, 2016, the Arch of the New Safe
Confinement (NSC) was installed in the design position over the Shelter object (SO).
The installation of the NSC in the design position led to changes in the regime of
atmospheric water inflow into the SO rooms. The arrival of atmospheric precipitation
in the form of rain in the summer and snow in the winter, and accordingly meltwater in
the spring, was stopped. The temperature and ventilation conditions of the SO rooms
have changed. This led to significant changes in the conditions of formation and the
existence of unorganized accumulations of radioactively contaminated water (RCW)
in the rooms of the NSC-SO complex [1].

Before the Arch NSC was installed in the design position and the NSC contour was
sealed in the OS rooms at levels below +12.5 m, depending on the season, there were
constantly 330 — 350 m? of RCW. The main amount of RCW, approximately 270 m?, was
localized in room 001/3 at the minus 2.60 m mark of the reactor compartment auxiliary
systems (RCAS). In the rooms of the pressure suppression pool system (PSP) at the levels
of minus 0.65 m and + 2.20 m, there were constantly 40-50 m* of RCW [2].

As a result of the drying of unorganized accumulations of RCW on the floor of
the PSP rooms, highly active bottom sediments (BS) are formed, which contain
uranium, *°Sr, '¥’Cs, 23"24Py and ?**'Am [3]. The uranium content in the PSP rooms
012/5 — 012/8 is 1 — 3 g/kg. The activity of radionuclides *°Sr, *’Cs, 23°*240Py and
2Am in the PSP of rooms 012/7 is 5.7x10°% 6.3x10%, 6.1x10%, 3.9x10* Bq/g,
respectively.

The study of the speciation of uranium and radionuclides in the BS of room
012/7 showed that the percentage of mobile forms of uranium and radionuclides is 5—
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20%, which determines the high migration capacity of uranium and radionuclides
under conditions of changes in the water regime in the NSC-SO complex.

Drying RCW due to secondary wind-driven uplift of the dispersed phase of the
radioactive material makes an additional contribution to changes in the composition of
radioactive aerosols in rooms at lower marks of the SO [4].

The aim of the work is to study changes in the volumes, element composition,
activity of radionuclides and radiation characteristics of RCW in the rooms at the
lower levels of the NSC-OS complex under NSC operating conditions for the period
2017 — 2024 years.
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Fig. 1. Plan-scheme of the location of RCW accumulations and water depth
monitoring points in the rooms of the OS at mark 0.00 m (a — 2016, b — 2024)

Fig. 1 shows the locations of water accumulations, control points of the depth
of the RCW and sampling of waters on the plan of the rooms of the 4th unit of the
ChNPP at the level of 0.00 m as of 2016 and 2024.

Most of the water leaks of the SO are collected in room 001/3 (Fig. 2), which is
located between rows U and Ul and axes 42 and 51. The flow of RCW from the PSP
into room 001/3 and, as a result, the increase in the concentration of radionuclides
before the installation of the NSC occurred mainly during the period of intensive
moisture inflow into the SO in the spring-summer period. Water from room 001/3
seeped through the dividing wall along axis 41 into room 001/3 of the RCAS of the
3rd unit of the Chernobyl NPP. During 2016 - 2020, the water level at the control
point (axes 49-50, row U-U1) was about 1.1 m and practically did not change.
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Installing the Arch NSC in the design position and sealing the contour from the
eastern and western sides stopped the admission of atmospheric precipitation into the
NSC space and, accordingly, into the SO rooms. Starting in December 2016, the
volumes of RCW in rooms at the lower levels of the SO began to decrease due to
water evaporation. The decrease in the height of the water layer in rooms 001/3 and
012/6 from November 2020 to the present time is well described by an inverse
proportional relationship R? 0,884 and 0,966 Fig.3.

B=T ™

Roorﬁ 001/3 on the mark minus 2,60 m Room 012/6 pit on the mark minus 0,95 m
Fig. 2. RCW in the rooms of the NSC - SO complex

Calculation of the time according to the obtained equations of extrapolation of
the height of the water layer in room 001/3 equal to 0 cm, i.e. complete drying of the
water under unchanged temperature and humidity conditions of these rooms gives a
value of approximately 26 years, i.e. 2047, and in room 012/6 approximately 15 years
until 2036 (beginning of depth redaction November 2020).

26+

120+
24
1104
22
g £ 100
= 20 S
& .'g. 90
18 & Y =109,4 - 0,343X
5 Y =24,6 -0,136X 3
k] 16 2 80 Equati =a+b>
H 6 i meonar 08548 E A:r;gn&uare ! 03,96603
Value  Standard Erro Value Standard Error
144 5 intercept | 24,6150 019938, 704 B Intercept  109,38353. 0,26146|
B Slope -0,1358 0,00701 B Slope -0,34341 0,0092
124 T T T T T J 60
0 10 20 30 40 50 60 0 10 20 30 20 50 60
Time, month Time, month
a b

Fig. 3. Change in the height of the water layer in the rooms of the SO depending on time
a-012/6,b-001/3
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The dynamics of changes in water volumes in unorganized water accumulation
at the lower levels of the SO after the installation of the Arch NSC in the design
position from 2016 to 2024 is shown in Fig. 4. As follows from Fig. 4, for the period
from December 2016 (when the volume of RCW was about 340 m?) to July 2017, a
decrease in RCW volumes was observed due to evaporation and flow RCW to the 3rd
unit of the Chernobyl NPP.

Further, after a period of increasing water accumulation volume, due to
moisture condensation and dust suppression sessions, the decrease in the volume of
RCW in the NSC-SO complex continued until June 2018 and decreased to 290 m? by
evaporation. In some rooms, where RCW accumulations were always present before
the installation of the NSC in the design position, water was completely absent in June
2018. A similar pattern was observed in 2019 — 2021 years. In rooms 009/4, 013/2,
014/2, 017/2, 018/2, 061/2, 012/5-8 (except for the pits mark minus 0,95 in the
northern part of rooms 012/6 — 8), 012/14 — 16 and 210/7 — 9, the water had
completely dried up by November 2021.
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Fig. 4. Dynamics of changes in the volumes of RCW in the rooms at the lower levels
of the NSC-SO complex
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The dynamics of changes in uranium concentration (g/m®) in the RCW of
rooms 012/16 (southern part, sampling water point (s. p.) 6), 009/4 (s. p. 7), 014/2
(s. p. 17), 017/2 (s. p. 18), 01/3 (s. p. 20), 012/13 (northern part, s. p. 21), 001/3 (s. p.
30), 012/6 (northern part, s. p. 31), 012/7 (southern part, s. p. 32), and 012/8 (southern
part, s. p. 35) in the period 2016 — 2024 is shown in Fig. 5. As can be seen in Fig. 5, in
rooms 017/2 (s. p. 18), 01/3 (s. p. 20), 012/7 (s. p. 32) and 012/16 (s. p. 6) after the
installation of the Arch NSC over the SO, due to water evaporation, the uranium
concentration increased to a value of more than 50 - 150 g/m’. In alkaline carbonate
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conditions, uranium is found in the form of complex compounds that are highly
soluble in water [(UO2)(CO3)2(H20)2] and [(UO2)(COs)s]* [5].

Fig. 6 and 7 shows changes in the volume activities (Bq/m?®) of *°Sr, '¥’Cs,
2394240py and >’ Am in the RCW of the NSC - SO rooms for the period 2016-2024.
The volume activity of *°Sr (Fig. 6 - a) significantly increased by the time of complete
drying in room 012/7 (s. p. 32) and in February 2018 was 2.5x10'° Bq/m>. In the RCW
of room 012/16 (s. p. 6), under conditions of a decrease in the volume of water due to
evaporation, the volumetric activity of °°Sr increased somewhat less than in room
012/7 and amounted to 3.8x10° Bg/m? in March 2020.
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Fig. 5. Uranium concentration in the RCW rooms number 012/16 (s.p. 6), 009/4
(s.p-7), 014/2 (s.p. 17), 017/2 (s.p. 18), 01/3 (s.p. 20), 012/13 (s.p. 21), 001/3 (s.p. 30),
012/6 (s.p. 31), 012/7 (s.p. 32) 1 012/8 (s.p. 35)
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Fig. 6. Volume activity of radionuclides in the RCW rooms NSC — SO complex
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This is probably due to the formation of compounds that are difficult to
dissolve in water, namely calcium carbonates under conditions of increasing
concentrations of Ca?" cations and COs* anions - due to water evaporation and co-
precipitation of strontium (*°Sr) and calcium carbonates. The volume activity of '3’Cs
(Fig. 6 - b) in the RCW of rooms 012/7 and 012/16 also significantly increased to
values of 7.5x10'" and 1.4x10'! Bq/m?, respectively. In the RCW in rooms 012/6 and
012/13, the volumetric activity of '3’Cs is at the same level as before the installation of
the Arch NSC in the design position: 012/6 — 2.7x10'° Bg/m? and 012/13 — 5.2x10°
Bg/m?. It should be noted that in room 001/3 a constant volumetric activity of '*’Cs is
observed (see Fig. 6 - b).
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Fig. 7. Volume activity of radionuclides in the RCW rooms NSC — SO complex
a— 239+240Pu and b — 241An,1

The volume activity of 23**?%Py (Fig. 7 - a) in the RCW of rooms 012/7 and
012/16 increased by almost an order of magnitude and amounted to 5.6x10° Bg/m? in
room 012/7 in February 2018, and 1.5x107 Bg/m? in room 012/16 in March 2020. The
volumetric activity of 2! Am in the RCW of rooms 012/7 and 012/16 also increased by
an order of magnitude and reached values of 1.1x10% and 9.2x107 Bg/m? (Fig. 7 - b).

The activity ratios of radionuclides '37Cs/*'Sr, '37Cs/?397240py, 90Sr/239240py,
1345 2394240py  244Cm/239240Py and 2*'Am/?*?%Py in the RCW of the SO differ
significantly by one or two orders of magnitude from the calculated values for the
irradiated fuel of the 4th unit of the Chernobyl NPP.

During water evaporation, an increase in the alkalinity of the NBK-SO RCW is
observed, the pH increases to values of 9.5-10.2. March 2020, the concentration of
carbonates in the RCW of room 012/16 increased 4 times and amounted to 620
mg/dm?, and hydro-carbonates 5 times and amounted to 2,560 mg/dm?. In the RCW of
room 017/2, the concentrations of COs* and HCO;™ increased almost 10 times and
amounted to 2,370 and 9,940 mg/dm?, respectively, in July 2020.

Monthly monitoring of the composition of macro-components, uranium and
volumetric activities of %°Sr, '3’Cs, 23¥Pu, 2°*24py and **'Am in the water of
unorganized accumulations at the lower levels of the NSC-SO complex showed a
steady trend of increasing concentrations of carbonates, hydro-carbonates, uranium

65



and volumetric activities of radionuclides *°Sr, 1*’Cs, #3%*24Py and ?*! Am in the water
of rooms 009/4, 012/7, 012/16, 014/2 and 017/2 until the water evaporated completely.

Conclusions

In the eight years since the installation of the NSC in rooms SO 013/2, 014/2,
017/2, 009/4, 012/5-8 and 012/13-16, unorganized accumulations of RCW have
completely dried up. The volume of RCW at the lower levels of the SO decreased by
almost 95 m*. RCW remained only in rooms 012/6-8 (pits at minus 0.95 m) and 001/3,
the total volume of RCW is approximately 230 m?.

Under conditions of water evaporation, there was a significant (10-20-fold)
increase in the concentration of uranium, macro-components, and volumetric activity
of radionuclides *°Sr, '¥’Cs, 2*8Pu, 23*240Py, and **'Am in the accumulations of RCW
in rooms 012/7, 012/16 and 017/2.

As a result of the drying of radioactively contaminated water in the premises at
the lower levels of the NSC - SO, highly active bottom sediments containing uranium
and radionuclides *°Sr, 37Cs, 2**Pu, 2***?*Py and **'Am were formed on an area of
approximately 1000 m>.
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MPOTHO3 PAJIIAIIIMHOIO CTAHY OKPEMMX 30H BUKOHAHHSI
POBIT 11O JEMOHTAKY HECTABLIbHUX KOHCTPYKIIIN OB’€EKTA
«YKPUTTS» HA ITEPIOJ IOJOBKEHHSI TEPMIHY MOI'O
EKCILTYATAIIII

Ilagnoecvkuii JI. 1., I'opooeywkuii /. B., /lepenzoecvkuit B. B., Menvuienin €. A.,
Bbpunka C. I., Odinyoe O.0., Ilanamap JI.A.

IactutyT mpobnem 6esneku AEC HAH Ykpainu, Byn. Kiposa, 36a, YopHOOMITE,
07270, Yxpaina. l.pavlovsky@ispnpp.kiev.ua

Abstract: Based on the analysis of data from sample studies in 2021 and 2024
of the parameters of the radiation situation in the future areas of work on dismantling
unstable structures of the Shelter facility, a probable forecast of their dynamics for the
period of extending the term of its safe operation until 2029 is given. It was
determined that for the period until 2029, the values of the ambient dose equivalent of
gamma radiation will practically not change, and the total dusting and total activity, as
part of unfixed surface contamination of working surfaces in the areas of work, tend to
increase.

Keywords: Shelter object, life extension, radiation situation.

Ha migcraBi aHamizy manux BHOIpKOBHX mocmimkeHs y 2021 i 2024 pp.
napaMeTpiB pagiaiiiiHoi 0OCTaHOBKM B MaHOyTHIX 30HaX BHKOHaHHS poOIT 3
JIEMOHTQ)XY HECTaOUIbHUX KOHCTPYKILIH 00’ekTa «YKPUTTS», HaBeIEHO HMOBIpHHii
NPOTHO3 IXHBbOT JWMHAMIKM Ha TIepioJ NOJOBKEHHS TEepMiHy Horo Oe3neyHol
excrutyaranii 1o 2029 p. Busnaueno, mo 3a nepiox no 2029 poky BeIMYMHU
MOTY)KHOCTI aMOIEHTHOTO €KBIBaJ€HTa J03M TaMMa-ONpPOMIHEHHS, MPAaKTH4HO, HE
3MIHATBCS, a 3arajibHe 3alMJICHHSA i CyMapHa aKTHBHICTh, Y CKJIaJi He]iKCOBaHOTO
MIOBEPXHEBOTO 3a0pYAHEHHS POOOUYMX MOBEPXOHb Y 30HAX BHKOHAHHS POOIT, MAIOTh
TEHJCHIIII0 10 301JIbIICHHSI.

Kniouosi cnosa: 00’€xT «YKPUTTS», TOAOBKEHHS TEPMiHY eKcILTyaraii,
paniarniitna 00cTaHOBKA

Beryn

IIpoexTHHI TepMiH eKCIUTyaTalii KOHCTPYKIiil 00’ e€kTa « YKPHUTTS, 3BEACHUX
NpOTSATOM dYepBHSA —Jmcromaga 1986 p. Hax 3pyifHOBaHMM 4-M €HEproOJIOKOM
Yopuobmecskoi AEC, cranoButs 30 pokiB. Hampukinmi 1990-x pokiB, mim gac
KOHTPOJIO TEXHIYHOTO CTaHy OyIIBeNPHMX KOHCTPYKIIH 00’€kTa «YKpUTTSD»,
BUSIBJICHO HHU3KY HECTaOUTbHHX KOHCTPYKLiH, IMOBIpHICTH OOBameHHS sgKkux Oyna
HENPUITYCTUMO BHCOKOI0. Bu3HauyeHO, 110 3MEHIIEHHS PH3HMKIB OOBAJICHHS TaKHX
KOHCTPYKLIHA MOXJIMBE JIMIIC NUISXOM IXHBOI cTabumi3amii (MOCHIICHHS), IO i OyIo
peamizoBano y 2004-2008 pp. 3BaxkarouW Ha 3ampOEKTOBaHUM 15-piuHuil TepmiH
eKCIUTyaTalii cTabili30BaHuX KOHCTPYKIIH, 11 J03BOJIMIO 3a0€3M1eYNTH NPUHHATHUI
piBeHb Ge3nekn 00’ exTa « YKpUTTs» 10 ki 2023 p.
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Ha nowarky 2021 p. po3mnouaBcst Ipoliec IPOEKTYBAHHS 3aXOIB 3 AEMOHTaXY
HecTaOUIbHUX KOHCTPYKLiH 00’ekta «YKpuTTs». Ha Toii wac yxe OyiaM BHKOHaHI
MepeIIPOEKTHI JAOCII/DKEHHs TapaMeTpiB TOKa3HHWKIB pajialiiiHoi oOCTaHOBKU B
MaiOyTHIX 30HaX OyAiBENbHO-AEMOHTAXHUX POOIT.

VY 3B’s3Ky 3 BIHCBHKOBOIO arpecieto pociiicekoi ¢enepauii npotu Ykpainu
MIPOEKTYBAHHS POOIT 3 JAEMOHTaXXy HECTaOiTbHHX KOHCTPYKINH 00’€kTa «YKPUTT»
OyJno TpU3YNHUHEHO, a 3aIUIAHOBaHYy [aTy MOYAaTKy BUKOHAHHS POOIT 3 IEMOHTaxy
MIEPCHECEHO HA HEBU3HAUYCHHUH TEPMIiH.

Uepes 3aTpuMKy poOiIT 3 TEMOHTaXy HEeCTaOlIbHUX KOHCTPYKIIiH Ta BHACIIIOK
3aKiHYEHHAM TepMiHy Oe3ledYHol eKCIUTyaTalii JOKami3ylo4oi cropyaud o0’ekra
«Yxpurts» (JIC OY) BuHUKIIa HEOOXIAHICTD TEXHIYHOTO OOIPYHTYBaHHS I10/IOBXKEHHS
TepMiHy ii ekcruryaTamii. Y mocraHoBi koJjerii JlepkaBHOi iHCHEKLil sAepHOTO
perymoBanus Ykpainu (JISIPY) Bix 19.10.2023 p. [1] Oys0 BU3HAYCHO BUMOTH IS
MOJIOBKEHHS TepMiHy Oe3meuHoi ekciutyarauii JIC OY. Bouum 06asyBamucs Ha
HEOOXITHOCTI  JOJATKOBOTO  JOCHIJDKEHHS TEXHIYHOTO CTaHy  OyaAiBeNbHHX
koHcTpykuii I Ta Il kareropii BiANOBiZambHOCTI 3a  sIEpHO-padialiiiHy
6esmeky JIC OY. Oco0nuBo I CTOCYBAJIOCh KOHCTPYKIHM Ta iXHIX Ormop, SKi He
TOCTIKYBAIHCS 3 MOMCHTY 3aBEpIICHHS OyIiBHUITBA 00 €kTa « YKPUTTS» B 1986 p.
y 3B’S13KY 3 BIICYTHICTIO (Di3HYHOTO IOCTYIY 10 HUX.

VY Opuramu, sSKi BUKOHYBaJIM OOCTS)KEHHS TEXHIYHOTO CTaHy OY.IiBEIbHUX
KOHCTPYKIIH Ta IXHIX OMOp, TaKOX OyJIM BKIIOYEHI (paxiBIl 3 pamiamiifHol Oe3meku.
OxpiM ponoMiXKHUX (YHKIIH 3 0OCTEXKEHHS TEXHIYHOTO CTaHy KOHCTPYKILii, BOHU
BUKOHAQJIM JIOJIATKOBI BHMMIPIOBAaHHS NapaMeTpiB pajialiiiHoi 0OCTAaHOBKM B 30HAX
oOctexeHb. Lli poOOTH € MPOJOBKEHHSIM NEPENIPOEKTHUX JOCHIIKEHb pajialliifHoi
00cTaHOBKH, 1110 Oynu posmodati y 2021 p., i Maau Ha METi BU3HAYCHHS Cy4acHOT'O
(Ha TOit MOMEHT yacy) pajJialiifHOro CTaHy OKPEMHX 3allPOEKTOBAHUX 30H BUKOHAHHS
poOIT MO NEeMOHTaXy HECTAOUTbHUX KOHCTPYKIiH 00’€kTa «YKPHUTTS» B YaCTHHI
«PaHHBOTO» JEMOHTaXYy [2, 3].

Mertoro mi€l poOOTH € aHaNi3 JUHAMIKH MMapaMeTpiB padialiifHOi 0OCTaHOBKH
Ha JESKHUX NULTHKAaX MO JEMOHTAXY HECTaOUTbHUX KOHCTPYKIINA 00’€KTa «YKpPUTTD»
3a mepion 2021-2024 pp., a TakOX BU3HAYCHHS TEHACHIII B JUHAMII iXHIX BEITUYNH
Ha HacTymHHUH nepiox xo 2029 p.

Bucnosnroemo mupy BasuHicTh cmiBpobitHukaM JICIT «YopHOOMIBECHKA
AEC», ocobucro O.Il. ComoHeHko, 3a BaromMy TEXHIYHY JOMOMOTY IIiJl dac
BHKOHAHHS JIOCITiPKEHb.

O0’eKTH Ta METOAH TOCTiTKEHb

O06’ekTaMu JOCHiKEHb TTapaMeTPiB MOKa3HUKIB pajiaiiiHol 00CTaHOBKU OyJTH
NIISTHKA MalOyTHIX 30H BHKOHaHHsA poOit (3BP) 3 nemoHTaxy HecTaOUIBHHUX
KOHCTPYKILiH 00’ €KTa « YKPUTTS» B YaCTHHI «PaHHBOT0» JIEMOHTAXY, a caMe:

o npumitnenns ['635/3 neaeparopHoi etaxkepky 00’ €KTa « YKPUTTSI»;

® METaJOKOHCTPYKLIsS OJIOKY « MUIIKIH AiM»;
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e 3axinmHa 30Ha oOnupanHHs Oyoky Oanok b1 1 B2 Ha MmeramokoHcTpykuii
IT1ICAJICHHSI,

® 3aXiJJHi TOPU30HTAJIbHI IIIUTH;

® CX0JI0BO-JiI(hTOBHUI OJIOK.

Hpumiwenna 1635/3 oOeaepamoproi emadscepku 00’ekma  « Vkpummsy.
VYuacmigok aBapii Ha YopHoOmmbchkiii AEC neaeparopHa etaxepka ([E) 4-ro
€HEeproOJIOKy OTpHUMalia CYTTEBI MOMIKOHKEHHS HECYYHX OYHiBENBHUX KOHCTPYKIiH.
Jus crabimizamii xapkaca JIE Oynm BuUKOHaHI pilIeHHS, CIPSIMOBaHI Ha BKIIOYCHHS
ICHYIOUNX MeTalleBuxX L-momiOHuX omop BepxHbOTO sipycy JE (Bume 3a BiaMiTKy
24,300 M) y cminbHY poOOTY i3 3aKpiluleHHs HaXWJICHHX KOJIOH Bif 3MiIIeHHA B Oik
MamuHHOrO 3aimy. Crabimizamis kxapkaca JIE 3 KomoHamu, IO BiAXHIIMIIHCS,
MPOBOIUIIACS 3a JOMOMOTOK) YCTAHOBKM JIOJATKOBHUX CIEMCHTIB MiJCHJICHHS 1
3aKPIIUICHHS OMOPHUX BY3JIB YXK€ iICHYIOUMX CIIEMCHTIB MiJCHICHHs. Peamizalfis nux
piireHs 3a0e3meunia cTadii3alliio BEpXHOTO Ipycy 3aiizo0eToHHOro kapkaca JIE B
ocsx b-B, Bume BimmiTku 24,270 M, sika Tonsraga B MOCHJICHHI paM KapKaca B OCSX
42-50. BignoBinHo 1o 1ux pimens y npuMimensi 1'635/3 Oyno nocuneno 10 pam
kapxkaca Oyxisii JIE B ocsix 42—50 st 3anobiranas oOBaiy.

Takox mnsg 3amoOiraHHs 0O0Bally aBapifHUX IUIMT BEPXHBOTO MEPEKPHTTS
npumimerHs [635/3 6ynismi JE, sa Bigmitoi 38,900, Oyma BukoHaHa cradimi3aris
aBapiifHUX IUINT IUISXOM BCTAHOBJICHHSA KOJIOH 13 KPYIVIMX CTaJeBHX TPYyO pi3HMX
tunopo3MipiB. KonoHm, mo crnmparoTbecs Ha TepekpuTTs Ha Bigmitoi 16,400 M
y npumimenHi ['553/2, npoxoasTh Kpi3b OTBOPH, BUKOHAHI B HUKHBOMY MEPEKPUTTI
npumimienss '635/3 (Biamitka 24,300). Ha iXHIX BepXHIX KIHISIX YCTaHOBIICHO
TpaBepcH 3 NPOKATHUX NPO(MLTIB Ul CHPUHHATTS HaBAaHTAKEHHS aBapiiHUX ILTUT
MEePEKPUTTSL.

Memanokoncmpyryii 610Ky «Muwkin Oimy HaleXaTh 0 CIEMEHTIB MiBHIYHOT
30HHM TOKPIiBJIi, (yHKIIOHANbHE NPU3HAYCHHS SIKUX IIOJISITa€ B 3aKPUTTI KyTOBOI
Oamtm 00’ekTa «YKPHUTTS», SKa € KOHCTPYKIIEH 3’€IHAHHS MK IiBHITHOIO
KacKaJHOIO CTIHOKO i 3aXiTHOFO KOHTP(HOPCHOIO CTiHOIO.

Bbnok «Mmumkin 1iM» — IycTOTiIa IIPOCTOPOBA MeETaleBa KOHCTPYKIis, IO
posramoBana Mix ocsimu 50 — 51, C. Bucora 6moky 3,0 M, mupuHa 5,7 M, JOBXHHA
9,0 M, maca 010Ky 6,5 1. Kapkac 6oy «MUIIKIH 1iM» CKIIaIa€THCS 3 BEPTHKAIBHUX,
MOB3/IOBXKHIX Ta MOMEPEYHHUX JBOTABPOBHX OaJOK, B’S3iB i3 IIBENEPiB 1 KYTHHUKIB Ta
METaJIeBUX MOKPUBHUX JIHCTIB (BEPXHBOTO Ta OOKOBOTO), 3 TOBIIMHOIO JIUCTa 4 MM.
MertanokoHCTpyKii 610Ky «MUIIKIH AiM» YTPUMYIOTBCS Ha OTIOPHUX MOBEPXHAX 3a
paxyHOK CWJI TepTa (He MaroTh (iKCyrouux 3’€qHaHb). JlijsHKA 30HU JOCIHIIKEHb
610Ky «MUIIKIH JiM» 3HAXOAUThCS Mixk ocsamu 50 — 51, C, Mae miomry ~ 54 m2.

3axiona 3oma obnupanus 6aoxa 6anox bl i B2 na memanoxoncmpykyii
niocunenns. OcHoBHI Hecy4i Onoku 6anok b1 i B2 mo ocsax XK i I1 mpusHaueHi jyis
CIPUHHSATTS HAaBaHTaKCHHS BiJl METAJIOKOHCTPYKLIH, [0 HAKPUBAIOTH LIEHTPaJbHY
YaCTHHY DPEaKTOPHOIO BiJJIIEHHsS aBapiiiHOro 4-ro eHepro0yioky YopHOOMIBCHKOT
AEC. Besnocepennpo Oankm B2 crnpuiiMaroTh HaBaHTa)KECHHS Bil Hakary i3 TpyO
LHEHTPAILHOTO 3ajy 1 JIerkoi mokpisimi, a Oanku b1 crnpuiimMaioTh HaBaHTa)KeHHS Ha
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MiBAHI BiJ MBACHHUX IIWTIB, a HA MIBHOYI BiJ MBHIYHUX IIUTIB-«KIOUY0K». banku b2
o ocsix 2K i I MaroTh 3axifHi Ta CXiHI MicIs OOIUpaHHS.

Ha 3axoni, mo ocsax X i I1, 6imoku 6anok b1 1 B2 oOnuparoTscst Ha 3ayIMIIKK
6eToHHOI cTiHM 10 oci 50, mo y cBoO uepry OyJM MiJCHICHI METaJOKOHCTPYKLISIMHU
Ta JOJaTKOBO 3abeToHOBaHi. [licis 3BefeHHS 00°€KTa « YKPHUTTS» MICIl OOMUpaHHSI
OyJ0o 3aKpUTO METaJIeBUMH KOHCTPYKISIMH. Y TIporeci peaiizarii crabimi3amiifHoro
3axoxy Ne 2 mig 610ku 6anok b1 1 B2 Oyo minBeaeHi MeTanOKOHCTPYKINT HiACHICHHS
(MKII), a g 3MCHIICHHS HaBaHTAXCHHA Ha CTiHy Oylno BHKOHAaHO
miamoMKpadyBaHHa OnokiB Oamoxk bl 1 B2 3 Meroro mepeHeceHHS 4YacTHHHU
HaBaHTAXXCHHS BiJl KOHCTPYKIiM IEHTPAIbHOI YaCTHHHU TOKPIBIi 00’ €kTa « YKPHUTTS»
Ha MKIL

30Ha JOCHIIKeHb 3aXiTHUX JAUISHOK oOmupaHHs OsokiB Oamok Bl i B2
3HAXOMTKLCS B MICIIX iXHBOTO criupanHs mo ocsx XK i I1, mae miomry ~10 M2.

3axioni copuzommanvhi  wumu. 3axXigHI LMTH TOKPHUTTS IPEACTaBICHI
KOHCTPYKTUBHMMH eneMeHTaMu (Mapkamu) A3 1 A4. MertanokoHCTpyKIii 3axiaHOi
30HHM MOKPUTTS 00’ekTa «YKPUTTS» € BUIbHO OONEpPTOI0 Ha JIBi ONMOpPH OalKoBOIO
cucteMoro, ska mae mporiH 11,495 m. Y3moBxk oci 51° MeTanoKOHCTPYKIII BiTBHO
oOmuparoTecs Ha 3axigHy rinky 6amok K1-U i K2-U. Y3goBx 3aximHOi KOHTphOpCHOT
cTian Mapku A3 i A4 oOmmparoThes Ha 3BapeHy OaJKOBY CHCTEMY, IO Y CBOIO 4epry
pO3TamioBaHa B3JIOBXK METAJIOKOHCTPYKIiH crinu. OOmupanHs mapok A3 i A4 Ha
0aTKOBY CHCTEMYy B3JIOBX METAJOKOHCTPYKIIH 3aximHOI KOHTP(HOPCHOI CTiHH
3mificHeno Ha mo3Hauri 51,200 M. Mapku A3 i A4 posramoBani mMix ocsmu J[ — C,
npu upoMy mapka A4 BcraHoBineHa Mik ocsimu J| — K, a worupu mapku A3
BcraHoBieHi Mixk ocsmu JK — C. Tliciast MOHTaXy I[MX KOMIUICKCHHX IIHMTIB IIITHHU
MDK HUMH 3aKpHUTI HaIliJIbHUKAMH 3 JINCTOBOT CTAJI.

Cx00060-1ipmosuil 610k Mix ocsimMu 51 — 52 npumukae 0 610Ky B, a Takox
no oci B’ npumukae no 6yaini AE. CxonoBo-nidToBuil 6JI0K BUKOHAHUN Yy BHUTIISI
0araTomoBepXOBUX 3aTi300€TOHHUX paM (KOJIOHHW, pHreli), sKi 00’€THaHI B €IWHY
IIPOCTOPOBY CHCTEMY 3a JIOTIOMOTOIO0 TTO3/I0BXKHIX B’SI31B y BUIIIAMI IUTUT TIEPEKPHUTTS,
a TaKOK MOHOJIITHUX Ta 30ipHO-MOHOJIITHHUX CTiH.

Metoan pgocaimkens. Ilin wac pociipkeHb TapaMeTpiB  pajianiiHol
0OCTaHOBKM BHMIpIOBAINCh BEIMYMHA IIOKa3HMKA IIOTY)KHOCTI ~aMOI€HTHOTO
eKBiBaJICHTa /103H (aMOi€HTHOI 7J03M) raMMa-ONPOMIHEHHS Ha MOTEHHIHHUX PoOOUMX
MicIpiX (Ha BHUCOTI | M Bijf TOBEpXHi) Ta BU3HAYAJICh XaPaKTEPUCTUKN 3arajIbHOTO i
HedikcoBaHOro moBepxHeBoro 3abpyaHeHHs (I13) TumoBHX poOOYNX MOBEPXOHB Y
mexax 3BP.

Metony BH3HAUEHHS TMapaMmeTpiB IMOKAa3HUKIB padiamiiHoi 00CTAaHOBKH, IO
3aCTOCOBYBAINCH, AETAIBHO HABEJCHO B HAIIMX MomepenHix podortax [3, 4, 5]. [Ipu
LbOMY MpsIME BH3HaueHHs ajib(da- 1 Oera-akTUBHOCTI 3pas3kiB HedikcoBanoro I13
BuKoHyBaiock y nadoparopii LIPb I'CIT «Hoprobunscbka AECy Ha npunani KPK-01.

OKpeMO BHKOHYBAJIHMCh JIOCHI/PKCHHS 3 BU3HAUCHHSI MacH MUY, 10 ITOKPHBAE
poboui moBepxHi y TumoBux Micisix 3BP, muaxom BinOupaHHsS 3paskiB nuiy 3i
crangapTHOi miomi mosepxHi (100 cM?) 3a JOIOMOIOK AaBTOHOMHOIO IIMIOCOCY i
NOJAJIBLIOTO 3BaXKYBaHHS B JJa0OpaTOpHUX yMoBax (3 TounicTio 1o 0,0001 r).
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3Ba)kalo4yM Ha BHUCOKI PiBHI 10HI3yI0YOTr0 BHUIIPOMIHIOBAHHS B MEXaX MUISHOK,
Jie BUKOHYBJIMCH JociiukeHHs (moHax 10 mM3B/rox), KUIBKICTh OKPEMHUX BH3HAYCHb
napaMeTpiB pamianiiiHoi oO0cTaHOBKM Ta BiniOpanux 3paskiB 13 Oyna MiHiManbHOIO.
Takuii miaxin 3ampoBaPKEHO 3 OMISAY Ha OTPHMAHHS SIKOMOTa MEHIIOi JI03M
OIIPOMIHEHHS NIEPCOHAJIOM IIiJ] Yac JOCHTIPKEHb Y 3B’SI3KY 3 THUM, 110 BKa3aHi poOOTH
BUKOHYBAJIHUCH OJHOYACHO 3 OCHOBHOIO JiSUTHHICTIO — OOCTEKEHHAM TEXHIYHOTO CTaHy
koHCcTpyknii I Ta Il kareropii BiAmoBimampHOCTI 3a  sSAEPHO-pamiamiiHy
6esnexy JIC OY. 3a3HaueHui miaxiz BifMOBiTa€ BUMOTaM i3 3aCTOCYBaHHS MPUHITHAITY
OoNTUMI3aIlil MPOTHpamiallifHOTO 3aXWCTy Wi dYac BHUKOHAHHS paialliifHo
Hebe3meyHnx pooir [6].

Pe3yabTaTh 10caitKeHb

PesynbTatit MOCTIIKCHb NapaMeTpiB IMOKA3HHKIB pamialliiiHoi 00CTaHOBKH
HaJaHO 3a OKpeMHMH MaiiOyTHiMu 3BP 3 nemoHTaxky HecTaOlIBHMX KOHCTPYKLit
00’exTa «YKpUTTS» (Y 4aCTUHI «PAaHHBOT0» JIEMOHTAXY ).

Hpumiwennss 1635/3 JIE 06’exma «Vkpummsy. BuMIpiOBaHHS BEIUYUHHU
amOieHTHOT 103U Ta 3aranbHoro 113 y npumitnenni ['635/3 BukoHyBajHCh y3/10BXK OCi
B (Bix oci 51 mo oci 42) ta y3moBx oci b (Bix oci 41 mo oci 43), a TakoX y3I0OBX OCi
49 (Bim oci B mo oci B) — Ha mepeximHux MicTkax (Biamitka 29,670 M) Ta Oins
nepeTrHy oceil B Ta 49 (BimMmiTka 24,000 m).

Benmunna aMOi€eHTHOT 1037 3HAXOAMIACH y iHTepBaii 3Ha4eHb Bix 0,08 mo 0,36
M3B/rog. Benunumna saransHoro I13 cramoBwia Bim 1,2 - 10* mo 1,0 - 10° Gera-
yacT./(cM? - XB) HpHU 3HAaueHHi cepeauboro — 5,7 - 10* 6era-uact./(cM? - XB).

Memanokoncmpyxyis 610Ky « Muwikin dimy». BumiproBaHHs aMOi€HTHOT 1031 Ta
3aranbHOro 113 BUKOHYBaJIOCH HA TIOBEPXHI METAJIOKOHCTPYKIIT 070Ky «MUIIKIH JTiM»
Ta OINOPHHUX IOBEPXHIX IBHIYHOI KOHTP(OPCHOI CTiHM, Yy MicUsX 3’€JHaHHSA 3
HIDKHBOI) YaCTHHOI METAJIOKOHCTPYKIIIi MIBHIYHUX IIUTIB-«KIIOYOK» MO ocix 50 —
41 ta oci C (Binmitka 53,000 m).

Bennunna aMOi€eHTHOI 1034 3a JaHUMH JOCTIKeHb 2024 p. 3HaXOIuiIach B
inTepBaii 3HaueHsb Big 0,20 mo 1,50 m3B/ron (cepenne — 0,63 m3p/ron). Benmunna
saransHoro I13 cranosuna 2,0-10° Gera-uacr./(cm? - XB).

Bennunna aM0ieHTHOT 03 3a maHWMU JnociimkeHp 2021 p. Ha Wil AUISHIN
3HaXOAWIach B iHTepBaii 3HaueHsb Bix 0,16 1o 1,25 m3B/rox (cepenue — 0,44 M3B/rox).
BpaxoByroun MOXHOKH BUMIPIOBAJIbHUX MPWJIA/IB Ta HETIOBHUH 30ir KOOPJMHAT TOYOK
BUMIpIOBaHb, MOXHA 3pOOUTH BHCHOBOK, [0 BEJMYMHA aMOI€HTHOI JO3W Ha JUISHIT
METaJIOKOHCTPYKIii OmoKy «MUIKIH AiM» 3a OCTaHHI TPH POKH CYTTEBO HE
3MIHHTIACK.

3a pesynpraTamu BuMipioBaHHa 2024 poky, Maca MWIy HAa TOPH3OHTAIbHIM
MMOBEPXHI METAJIOKOHCTPYKIIi1 670Ky « MHIIKIH iM» CTaHOBUTH Bix 38,2 mo 47,4 v/m>.

Anbga- 1 Oera-akTuBHICTH pi3HMX ¢pakuiii HedikcoBaHoro I3 HaBeneHi
B TaOI. 1.
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Tabnuys 1. Anb(a- i GeTa-aKTUBHICTb (I'yCTHHA TIOTOKY, YaCTHHOK/CM? * XB)
okpemux (pakuiit HedikcoBanoro [13 na ginsHui 3BP «Meranokoncrpykuii 610Ky
“MuLkig gim”y»

IToxa3Huk, 10 Binbip muny | «Cyxuii» «Moggfg;xawlc He(blKHCBO pane
BU3HAYAETHCA MTHJIOCOCOM Mas3oK IM HNO) (cymapHe)
2021 p.
B-gacTuHKM 415 31 52 498
O-4YaCTHHKH 0,4 0,1 0,2 0,7
2024 p.
B-gacTuHKH 611 5 21 637
O-YaCTUHKH 2,7 0 0 2,7

Amnani3 naHux tabiu. 1 moxasye, MO CIiBBITHOMICHHS MIUTFHOCTI HOTOKY B- 1 -
YaCTHHOK y 3pa3kax HegikcoaHoro II3 3a pi3Hi poku He 30iraetscs, y 3B’S3KY 3
HasIBHICTIO y 3pa3kax 2024 p. OinbLIOl YacTKU MajuBHOI KOMIOHEHTH y ckuani I13.
[IpoTe mpocTex)yeThCs TCHACHIIIS y 301IbIIICHHI aKTUBHOCTI He(ikcoBaHoro I13 Ha mii
JUISHI.

3axiona sona obnupanns 6aoxy 6anox Bl i B2 Ha memanokoHcmpykyii
niocunenns. BUMIpIOBaHHS BETMYUHN aMOIEHTHOT 103M BUKOHYBAJIOCh Y 3aXiJHil 30H1
obnupanust 650Ky 6anok b1 i B2 Ha meranokoncTpykuii migcusaenHs mo ocsix XK i I1.

3a pesynbraTamu gocaimkeHs 2024 p. BenndrHA aMOi€HTHOT 103U 3HAXOIIIACh
B IHTEpBAaJIi TAKMX 3HAYCHB:

o 110 oci [1—Bin 0,59 no 2,60 m3B/rox (cepenne — 1,10 M3B/rox);

o 110 oci XK — Bix 0,65 mo 2,50 m3B/rox (cepenne — 1,40 m3B/rox).

3a pesympratamu mpociimkerp 2021 p. BenmumHAa aMOI€HTHOI J03W Ha I
JUISHIT 3HAXOIWIACH B IHTEPBAJl TAKUX 3HAYCHb!

e 110 oci [T — Big 0,47 no 1,00 m3B/rox (cepenne — 0,81 M3B/roN);

e 110 oci XK — Bix 0,44 no 1,10 m3B/rox (cepenne — 0,71 mM3B/rox).

BpaxoByroun MmoXuOKH BHUMipIOBaJbHUX TNPHIAAIB Ta HEMOBHUH 30ir TOYOK
BHMIipIOBaHb, MOXHA 3pOOHTH BHCHOBOK, IIIO CEpPEIHS BEIMYMHA aMOi€HTHOI 703U Ha
IiTAHI 3axinHoi 30HM oOmmpaHHsA Oyoky OGamok bl i B2 Ha meramokoHCTpyKii
MiCHICHHS, IPAKTHYHO, HE 3MIHIIIACh 32 OCTAHHI TPHU POKH.

3axioni copuzonmanvhi wumy. BUMIpIOBaHHS BeIWYMHM aMOIEHTHOI 103U
BUKOHYBaoch B ocax 51°+10 M ta Bix oci [l o oci C. Bennuuna amGieHTHOT 1031
3HaXOAWIachk B iHTepBali 3HaveHsb Bix 0,32 mo 3,20 m3B/ron (Memiana — 1,64 M3B/rox).

Jleeka nokpiensi Hao Hakamom 3 mpyd. Bu3HaueHHs MacH TWIYy Ha
TOPU3OHTAJIbHIH MOBEpXHI KOHCTPYKLIi JEerkoi MOKpiBii (MiBHIYHO-3aXiJJHA YaCTHHA)
MOKa3ajo, IO el TOKAa3sHWK CTaHOBHTh Bin 25,4 mo 51,6 1/M2. AHamnoriusi
BHMIpIOBaHHS, SIKi BUKOHYBAJIWCH Ha il qinsaii y 2021 p. [4], moka3zanu, 1o Ha TOH
9ac 3aNUIeHHS HUX TOBEPXOHb CATAN0 Benuuuau 15,0 r/mM%. Ha migcTasi [soro MoxHa
3pOoOHTH BHCHOBOK MPO TEBHY TEHJACHIIIIO0 Y 30UIbIIEHH] 3 IUIMHOM Yacy 3aIlliJICHHS
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TOPU3OHTAILHUX IIOBEPXOHb Ha MOKPIBISIX 00°ekTa «YKpUTTS». Anbda- 1 Oera-
AKTHBHICTB (TyCTHHA NOTOKY YaCTHHOK) pi3HHUX (pakuii HedikcoBanoro I13 HaBeneHi
B Ta0I. 2.

Tabnuys 2. Anbda- i GeTa-aKTUBHICTh (IyCTHHA MOTOKY, YACTMHOK/CM>-XB) OKPEMHUX
¢pakuiii Hedikcoanoro I13 Ha ninstaui 3BP «Jlerka nokpisist Hax HAKaToOM 3 TPYO»

IToka3zHuk, 110 BinGip muny | «Cyxwuii» «Moxpuib> HedikcoBane
BH3HAYAETHCS MTHIIOCOCOM Masox | TOK (posams I13 (cymapre)
IM HNO:3)
2021 p.
B-gacTHHKT 1260 41 55 1356
O-YaCTHHKH 5,0 0 0 5,0
2024 p.
B-gacTHHKT 2350 12 20 2382
O-YaCTUHKH 7.4 0 0 7.4

AHati3 [aHux TaOuUIll 2 TOMITHO, IO MiJBUINCHHS aKTUBHOCTI HE(PiKCOBAHOTO
MOBEPXHEBOTO 3a0pynHEHHs BiAOyJOCh 3a paxyHOK 30UIBIIEHHS HOro HaWOuIbII
pyxomoi ¢pakuii, sika Oyna BijiOpaHa 3a JIOMOMOrOI IHIJIOCOCY 1 CTaHOBMWIIA,
BiMOBIZHO, 92,9 1 98,7 % [lpu oMy, aHaiti3 HOro pagioOHyKIIIHOTO CKIIAdy, a camMe
CIIBBITHOILIEHHSI TIMTOMOI aKTMBHOCTI OCHOBHHX /030 YTBOPIOIOUHMX PaJiOHYKIIIJIIB,
manpukian *’Cs/*°Sr, Bkasye Ha HOTo 0HAKOBE MOXOMKEHHS K y 2021, Tak i y 2024
pokax. IlopiBHSHHS IaHWX CBIMYUTH MPO TEHICHIIO A0 30UTBIICHHS aKTUBHOCTI
HedikcoBaHoro [13 Ha AiNsgHIN, IO TOCTiIKyBaidack. BpaxoByoYH, IO MPU IEOMY
BinOyBasocss 30UTBIICHHS MacH MWIY Ha POOOYHMX TOBEpXHSIX MaiOyTHBROi 3BP, TO
MOJKHa 3pOOUTH BHCHOBOK, IO IPOIECH 30LIBIICHHS aKTHBHOCTI HedikcoBaHoro 13
TPUBATUMYTh 1 IPOTIATOM HACTYHHOTO repiomy 2025-2029 pp..

Cxo0060-nigpmosuii  6a0k. 3TifHO 13 3alUlAaHOBAaHUM OOCSTOM poOIT 3
JIEMOHTaXY HECTaOlTbHUX KOHCTPYKIIH, CXOI0BO-Ti()TOBHI OJIOK HE BKIIOYCHHH Y
nepesik KOHCTPYKIIH, sSKi MOBUHHI OyTw naeMoHTOBaHi abo crabimizoBani. Tomy
JIUISHKA CXOJ0BO-Ti(TOBOr0 670Ky He € moTeHmiHuME 3BP. V 3B’a3ky 3 mum
BUMIpIOBaHHS aMOI€HTHOI 03 BUKOHYBAJIWCH TIJIBKM IO MapUIpyTy OOCTEXEHHS
TEXHIYHOTO CTaHy KOHCTPYKIIiil OJIOKYy.

BumiproBanHs amMOi€HTHOI /103 BHKOHYBAJINCh Y CXOJ0BO-JTihTOBOMY OIori
Mik ocamu B-J[ Ta ocamm 52-54, y mexax Bigmitok Bixm 5,800 mo 49,900 wm.
AmbOientHa go3a Ha BigMmitmi 49,900 M cranosmia 2,5 m3B/roa. Ha BigMiTkax Bifg
43,000 mo 35,500 M BenuvHMHA FOTO MOKA3HHWKA MOCTYMOBO 3MEHIIYETHCA Bix 1,7 10
1,1 M3B/roa, MO TakoX croctepiraeTbess Mik BimMmiTkamu Bixm 31,000 no 16,400 m
(3menmenns Bix 1,0 mo 0,2 M3B/rox), a Takoxk Mix BiaMiTkamu Big 10,000 mo 5,800 m
(3menmenns Bix 0,15 mo 0,05 m3B/roxn).
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BucHoBkn

1. TlotyxHicTe aMOi€HTHOTO €KBiBaJICHTa JO3W TaMMa-BHIIPOMIHIOBaHHSA, Ha
IUITHKaX MalOyTHIX 30H BUKOHAHHS pOOIT IO IEMOHTaXXy HeCTaOlTbHUX KOHCTPYKIIN
00’exta « YKpHUTTS» (y YaCTHHI «PaHHBOTO» NEMOHTaXy), MPOTAroMm mepioxy 2021—
2024 pp., NpakTHYHO, He 3MiHMIAch. FIMOBIpHO, IO MPOTATOM HACTYITHOTO MEpPiOy
2025-2029 pp. BenMUYHHA IIHOTO MOKA3HUKA TAKOXK CYTTEBO HE 3MIHIOBATUMEThHCS.

2. TlopiBHAHHS  JaHUX  JOCHIKEHb  HE(IKCOBAaHOTO  MOBEPXHEBOTO
3a0pyJHEHHsS POOOYMX MOBEPXOHb MaMOYTHIX 30H BHKOHAHHS POOIT Ha MOKPIBISAX
00’exra «YkputTs» y 2021 i 2024 pp. cBiIUUTH NPO MEBHY TEHICHIIIO y 301IbIICHH]
MacH iXHBOTO 3arajJlbHOTO 3allICHHS, a TAKOXX Ha 30UIbIIEHHsS] aKTUBHOCTI y CKJajl
HE(IKCOBAaHOTO ITOBEPXHEBOTO 3a0pyIHEHHS. BiAMoOBiIHO MPOTATOM HACTYITHOTO
nepioxy 2025-2029 pp., iMOBiIpHO, BinOyBaTUMEThCA MOAANBIIC HAKOMHMYCHHSI Mach
MATy Ha TOKPIBIAX 00’€kTa «YKPUTTS» 31 30UIBIICHHSM CyMapHOi aKTHBHOCTI y
cKkJai HepiKCOBaHOTO OBEPXHEBOTO 3a0py THEHHS.

3. Bimplnr TOYHE TMPOTHO3YBaHHA IUHAMIKH aKTHBHOCTI HE(iKCOBAHOTO
MOBEPXHEBOI'0 3a0pyAHEHHS 3 IUIMHOM 4Yacy IOTpeOy€ BHKOHAHHS CHELialbHUX
JIOCIIIKEeHB, 1110 BKJIIOYaTUMYTh BiAOIp Ta aHaNi3 BiINOBIAHOT KUTBKOCTI HOT0 3pa3kiB
JUIsl OTPUMAaHHSI CTaTHCTHYHO JIOCTOBIPHUX BHCHOBKIB.
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JAHAMIKA TEMIIEPATYPH I BUTHOCHOI BOJIOT'OCTI B
HNPUMIINEHHAX HBK - OY B IIEPIO/{ BECHA 2024 -3UMA 2024-25.

Ilasnwuenko Mukona
IHCTHYT IpOOIEM Oe31meKkn aTOMHUX eNIeKTPOCTAHITIH

HanionansHoi akanemii Hayk Ykpainu, Byi. Kiposa, 36a, YoproOwuis, 07270,
VYkpaina, m.pavlyuchenko@ispnpp.kiev.ua

Abstract: The paper presents and discusses the results of temperature and
relative humidity measurements in the premises of the NSC-SO complex in the period
spring 2024 - winter 2024-25 (4 seasons).

Measurements were made using temperature and air humidity loggers of the
DLT-11-Pt, RC-4HC type and weather stations of the PCE-FWS-20 type.

The average monthly values of temperature and relative humidity for the above
period were analysed and discussed. It has been established that the dynamics of the
temperature field inside the NSC-SO correlates with the seasonal and daily dynamics
of the external environment. There is also thermal inertia along the vertical, which is
associated with different thermal conductivity and volumetric heat capacity of
materials at lower levels, and the dynamics of relative humidity also has a seasonal
and daily character.

The average temperature in the rooms for the period March 2024 - February
2025, in which measurements were taken, was within 15.34+3.43°C with a probability
of 0.954, a coefficient of variation of 11.18%, which characterizes the variability as
average, a standard deviation from 0.58°C at the lower levels to 6.38°C at the upper
levels.

In the rooms in which there are FCM (012/7, 210/7, 305/2), the temperature is
1.5-2.0°C higher than in the adjacent ones where there are no FCM (for example,
premise 318 /2, 006/2, 207/4), thermal overheating in the premises is not observed,
FCM have low temperatures and cool down naturally.

The relative humidity at the levels of 43,000-67,000 did not exceed 86%, the
minimum was not less than 36%, at the lower levels of 0,000-9,000 it reached 100% in
the summer season, the minimum value was 36.3%.

Currently, there is no problem of thermal danger, it can be considered only in
the case of SO conversion options, in which the natural ways of cooling the FCM will
be blocked.

Key words: temperature field, temperature, NSC-SO, FCM, average monthly
temperature, relative humidity.

Anoranis. B poOori npexacraBneni B Burisai tabnumubs 1 rpadikiB Ta
00roBopeHi pe3yJIbTaTH BUMIPIOBaHHS TEMIIEpPaTypd 1 BIJHOCHOI BOJIOTOCTi B
npumimeHHsax komruiekcy HBK-OY B nepion BecHa 2024 - 3uma 2024 — 25 (4 nopu
POKY).
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BumiproBaHHsl IPOBOJMIIM 33 JOINOMOIOIO JIOIE€piB TEMIEpaTypH i BOJOTOCTI
noBiTps tury DL-11-Pt, RC-4HC Ta meteoctanmiii Tunry PCE-FWS-20.

Amnanizy Ta 00roBOpeHHIO i jaHi cepeHbOMICAYHI 3HAYSHHS TEMIIEPAaTypH Ta
BIZJTHOCHOI BOJIOTOCTI 3a BKa3zaHMH BHIIE Iepiof. BcraHoBieHo, MmO AWHAMiKa
Temneparypaoro nois BcepeamHi HBK-OY xopemoe 3 ce30HHOI Ta J000BOIO
IUHAMIKOIO 30BHIITHHOTO CEpPENOBHINA, TAaKOXX INPUCYTHS TEIUIOBA IHEPINS IIO
BEPTHUKaJI, sIKa MOB'I3aHa 3 PI3HOI0 TEIJIONPOBIIHICTIO Ta 00'€EMHOIO TEIIIOEMHICTIO
MaTepialiB Ha HIDKHIX BiMITKaX, CE30HHHH Ta JOOOBHH XapakTep HOCHUTH TaKOX
JTMHAMIKa BITHOCHOI BOJIOI'OCTI.

Cepenns Temreparypa B MPHUMIIICHHAX 3a repioa Oepesenb 2024 — mOTHIA
2025, B SKMX NPOBOJWINCH BHUMIPIOBAaHHS, 3Haxoawiach Mexax 15,34+3,43°C 3
imoBipHicTio 0,954, koedimient Bapiamii 11,18%, mo xapakTepusye MIHIHMBICTH 5K
cepenHo, crangaptHe BimxwieHHs Big 0,58°C Ha HIKHIX Bigmitkax ao 6,38°C Ha
BEPXHiX.

B mpuminiennsx, B skux npucytHi [IBM (012/7, 210/7, 305/2), Temnepatypa
Ha 1,5-2,0°C i Oinblie BUIIA, HOK B CyCiiHIX 3 HUMH Je BincytHi [IBM (nanpukian,
npuM. 318/2, 006/2, 207/4), TemoBuil eperpiB B MPUMIIICHHIX HE CIOCTEPITacThes,
[1BM maroTh HE 3HaYHI TEMIEPATyPH i 0XOJIOKYIOTHCS IPUPOJHAM HUISIXOM.

BigHocHa Bosoricts moBITps Ha BimMmiTkax 43.000-67.000 He mepeBuIyBaia
86%, minimanpHa He MeHire 36%, Ha HwkHIX BigmiTkax 0.000-9.000 gocsrama 100%
B JIITHIM Ce30H, MiHIMaIbHe 3HaUYeHHs 36,3%.

B nanuit yac mpobsiema TerioBol HeOE3MMeKH BiACYTHS 1 MOXKE PO3TIISIATHCS
JMiIe npu BapiaHTax neperBopeHHs OY, Npu SKUX MPUPOJAHI HIISIXH OXOJIOJDKEHHS
[1BM OynyTh epeKpHTi.

KuouoBi cioBa: TemmepatypHe monie, Temmeparypa, HBK-OVY, IIBM,
CcepeHbOMICSIUHA TeMIIepaTypa.

Beryn

VY uepBHi 2017 poky B pexxiMi MOHITOpUHTY [1, 2], TOOTO micisi BCTAaHOBIICHHS
apK{ B IPOCKTHE TTOJIOKEHHS, PO3I0YaTO POOOTH MO KOHTPOJIO OCHOBHUX ITapaMeTpiB
MiKpoxstimMary B npuMiieHHsx kommiekcy HBK-OVY (puc. 1):

1) Ha jerkiit mokpisii 00’ exty « YkputTs» (OY) mix apkoro Ha BIAMITI ~67 M
Ta B mpuM. 6004 — BigmiTKa ~67 M;

2) y mpoctopi 6ins 3axigHOi omopu Oanku “MamoHT” Ta Ha cxomax 059/2 na
BiaMITKax ~43 —~41,5 M, BIAMOBIAHO;

3) B mpum. 318/2, cymixue 3 mpum. 305/2 Ta 304/3, sxi BMIilyroTh
nanmBHOBMicHUX (IIBM) — migpeakTopHi npuMilieHHs Ha BIAMITII ~9 M;

4) B mpum. 210/7 (Bminxye [IBM) ta npum. 207/4 Ha BigMiTIi =6 M;

5) B mpum. 012/7 (Bmingye [IBM) ta mpum. 006/2 Ha BigmiTi = 0 M.

Ha nannit yac BumeBkasani poOOTH 10 KOHTPOIO TPUBAIOTH I BUKOHYIOTHCS B
CKJIaJli KOMILJICKCY JTOCIiKeHb 110 MOHiToOpuHTy [IBM.

3aBAaHHAM KOHTPOJIO MIKpOKJIIMAaTy € OTpHUMaHHs 4YHUCIoBOi iHdopmarii B
PEKMMI MOHITOPUHTY TPpO JMHAMIKYy OCHOBHHMX METEOpPOJIOTIYHHX IapameTpiB
(TemmiepaTypu, BiJTHOCHOI BOJIOTOCTI Ta iH.) B mpocTopi kommiekcy HBK-OVY.
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Merta poboTH — OLIHMTH BIUIMB MiKpokiiMaTy B kommuiekci HBK-OY na
snepHy Oesmeky (SB) ta pamiamiiiny 6esmexy (PB), cram IIBM, OyniBenapHHX
KOHCTPYKIiH, 3MiHy IMHaMiK{ BHIIAPOBYBAaHHI-KOHJICHCALI] BOJIOTH, PEKOMEH/yBaTH
KOPHUTYBaJIbHI 3aX01 MOA0 POOOTH CHCTEM BEHTHJLSLI.

VY npaHiit poboTi po3rnsmaroThes pesynpraTh MoHiTopuHTy T°C T1a Rh% 3a
mepiox 3 Oepesns 2024 poky mo sotuit 2025 poky BkmowHO (4 ce3oHH abo 12
MiCSILIB) Ha JIerKiil mokpisii Ta B mpumimenHsax OV B ymoBax kommiekcy HBK-OY.

ES
' MereocraHuja
Darymk
: e Tednepanypmi
JaTYHK TEMNEepaTyPH | BONOM BONOTH

Puc.1 Cxema po3rairyBaHHsI METEOPOJIOTIYHUX TIPHIIA/IIB

Martepiaam i MmeToaun

s BUMiproBaHHS TeMneparypH i BiTHOCHOI BosiorocTi B npuminieHHsx HBK-
OY 3acToCcOBYyBaJICh TPH THUIIN MPHUIALIB:

6) mereopooriuni crannii Tumy PCE-FWS-20 (puc. 1) — 2 koMIutexT;

6) norepu (matumku) Temmepatrypu (T°C) i BimHOCHOI Bojorocti Rh% tumy
DLT-11-P°B xomruiekTi 3 30BHilHIM garuukoM temmnepatypu TCII-1-6 (puc. 2) — 3
KOMILJIEKTH;

B) peecrpatopu (naruukn) remneparypu (T,°C) i BigHocHoi Bosorocti (Rh, %)
tuny Elitech RC-4HC (puc. 3) — 2 npunaam.

KaniObpyBanHs mpuiafiB BAKOHAHO BUTOTOBJIIOBAYEM, MPHJIAJAA BUTOTOBJICHI 1
MPUIHATI Y BIAMOBIIHOCTI 3 000B'SI3KOBUMH BUMOTaMH JIEp>KaBHUX CTaHAApTiB i TY Y
33.2-14242882-004-2011.

IIpr mpOMy TOYHICTH 3aCTOCOBaHMX HpwiIaniB mo temneparypi + 0,5°C (-
20°C/+40°C) i £1°C (B inmmx intepBanax) [3, 4, 5].
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<°/ Puc.3

Pe3yabTaTi i 00roBopeHHst

Pesynsratn BumiptoBanHs T°C i Rh% cucremaTtnszoBani 1 npencraBieHi B
TaOIMIIX Ta HA PUCYHKaxX HIDKYE.

B Tabmmmsax 1-5 mpuseneHi cepemupomicsauni 3HadeHHs T°C i Rh% Ta meski
MOKa3HUKK OIMCOBOi CTAaTHCTHKH (MiH., Makc., CTaHIapTHe BixxwieHHs) B 10
npuMitienusx komiuiekey HBK-OVY 3a mepiox 0epesens 2024 p. — motuit 2025 pp.
[6], a B Tabnuui 6 pe3ysbraTu iX HOPIBHSIHHS 3 MONEPEHIM aHAJOTTYHAM HEPIoAoM -
6epesenp 2023 p. — motuit 2023-24 p.

Kpim Bkazanoi iH¢popmarii, o tabuuisiM 1-5 Mo)kHa BHpaxyBaTH KOe(DillieHT
Bapiarii, a TaKOX JOBip4Yy HMOBIPHICTh, BAKOPHCTOBYIOYH IIPUBUIIO TPHOX CHUTM.

Ha pucynky 4 BizyanizoBaHO THIIOBY JOOOBY AuHaMIiKy croctepeskeHux T°C i
Rh% na nerkiit mokpimi OY Ha BimMmiTmi 67.000, ska XapakTepHa s iHIIHX
MPUMIIICHb Ha JaHil BiAMITII Ta Ha BigmiTkax 41.500 — 43.000.

Ha pucynky 5 BisyanizoBaHo THIIOBY 1000BY anHaMiKy criocrepeskennx T°C i
Rh% B npumimennsax 318/2 i 304/3 (Biamitka 9.000), sika XapakTepHa 1 A iHIIMX
npuMimieHs Ha Bigmitkax 9.000 — 0.000.

MinnusicTb (pO3CisSHHS) cepeIHbOMICAYHUX 3HaueHb 1°C 3a nocmipKyBaHUH
nepiof cnabka (koed. Bap. 0,15% - 5,92%) na Bigmitkax 0.000 — 9.000, Bix cinadkoi
1o cepeapoi (koed. Bap. 1,4% - 17,32%) Ha Bigmitkax 41.500 — 67.000.

MiHIUBICTh BBaXKAETHCSA CIAOKOIO, SIKIIO Koed. Bap.<10%; skmo xoed. Bap.
Bix 11-25%, To cepemupoIo i 3HAUHOIO TIpH Koed. Bap. >25%.

MinnuBicTh (pO3CisHHS) cepeaHboMicIuHIX 3HadeHb Rh% 3a mocmimkyBaHMiA
nepion, Bif crmabkoi qo cepenroi (koed. Bap. 0,06% - 15,8%) ma Bimmitkax 0.000 —
67.000.
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Tabauys 1. TIoka3HUKN ONMKCOBOT CTATUCTUKY 3HAUYEHb TEMIIEPATYPH 1 BiIHOCHOT
BoJiorocrti B npumimennsx HBK-OVY na Bigmirni = 67.000
(nepion cocrepexens 01.03.24 —28.02.25 pp.)

Ipum. 6004 - T°C & Rh% Jlerka nokpiBJs - T°C & Rh%

Jata T°C Rh % T°C Rh %
MiH |Make fpa.-Mic.| MiH |Makc cnlq)?c- MiH |Makc cpa.-Mic.| MiH |Make cpa.-Mic.
Bep.24 | 48 | 86 (56.6792) 66.0 | 85.0 (li'%) 99 |132 (ﬂl)%zﬂ 46.0 | 62.0 (if‘:;g)
Kei24 | 8.6 | 125 (ig'_gg) 67.0 | 84.0 (E:‘S‘% 13.1 | 16.0 (igﬁ% 540 | 64.0 (iggg)
Tpa24 | 12,0 | 188 (Eﬁ) 71.0 | 86.0 (2‘6‘:3?) 15.1 | 20.1 (ﬁég) 47.0 | 60.0 (ig:gi)
Yep.24 187 [22.5 ég:g% 65.0 |81.0 (E:ﬁ) 19.8 |22.0 ég:g% 550 | 673 (gzg)
Mun24 | 22.1 | 254 (ig'.g‘s‘) 56.0 | 74.0 (22132) 214 [ 262 (i‘l‘%) 565 [ 733 (ﬁzé?)
Cep24 227 242 (13:2‘5‘) 46.0 | 64.0 (ig';z) 235|251 é‘gé; 505 | 572 (ﬁ:gg)
Bep.24 | 213 | 243 (%2‘2‘) 39.0 | 62.0 (12133) 228 [25.9 (i?):gg) 420 | 545 (igzgg)
Kow.24|17.5 [ 22.0 (E:gf) 490 |51.0 (ig'_gg) 184 227 (Bzgg) 450 |51.0 (1%2)
Mue24 | 72 | 175 (Efg) 43.0 | 60.0 (i;:g?) 115 | 185 (Efé) 400 | 51.0 (4f2’.519)
Ipy24 | 69 | 103 (fd%z@ 480 | 62.0 (ig'_gg) 115 | 13.6 (ﬁ)éi) 40.0 | 520 (igzg)
Cin25 | 66 | 9.7 (50'.1530) 510 | 73.0 (ﬁ'_;‘g) 10.7 [11.9 (i(l)éé) 43.0 |58.0 (g:gé)
hor25| 45 | 73 (fd%) 50.0 | 73.0 (i;gz) 68 [119 (fl'?s(;) 40.0 | 67.0 (izj‘;)

Tabnuys 2. [Toka3HUKH OMACOBOT CTATHCTUKY 3HAYCHb TEMICPATYPH 1 BITHOCHOT
Boorocti B npuminierasx HBK-OVY na BigmiTi =~ 43.000

(mepion crioctepexens 01.03.24 —28.02.25 pp.)

cxoau 059/2 - T°C & Rh% BiaM. +43.0 - T°C & Rh%

Jarta T°C Rh % T°C Rh %
MiH | MAKC | CPA.-MiC. | MiH | MaKC | cpa.-MiC. | MiH | MaKc | cpa.-Mic. | MiH | MaKc | cpa.-mic.

1 2 3 4 5 6 7 8 9 10 11 ] 12 13

10,27 57.11 10.33 57.14
Bep.24 | 9.7 [ 11.9 (£0.34) 50.0| 66.0 (£4.37) 9.7 |1 12.0 (£0.46) 47.0| 67.0 (£4.97)
. 11.87 67.14 12.57 64.07
Kgi.24 |11.5| 124 (£0.28) 66.0| 69.0 (£0.78) 12.0] 13.1 (£0.37) 61.0]68.0 (£2.28)
*Tpa.24 16.10 67.22 16.57 64.66
20.35 67.30 20.56 65.25
Yep.24 |19.0 21.8 (£0.64) 63.0(72.0 (£2.26) 19.3]22.5 (£0.73) 60.0| 75. (£0.28)
23.30 64.06 23.70 59.83
JIum.24 |21.8| 243 (£0.74) 59.01 69.0 (£2.39) 2241248 (£0.78) 53.0] 66.0 (22.84)
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3akinuennsa mabn. 2

I 23] 4 [576] 7 [8]o] 10 [uu][12] 13
Cep.24 |23.5|25.1 (:2:01',22) 53.0] 60.0 (i?ég) 23.5]25.1 (2f6.2;) 48.0|57.0 (fj';g)
Bep24 |22.6(253 | 1020 146 | sa | 2041 |227] 250 F200 Las | sa | B
Kos.24 [ 19.1]22.6 (ig'gg) 440/ 50, (‘fl'% 18.4] 22,6 (iﬁiﬁﬁ) 420(51.0 (i?iz(g))
Jue24 |145]19.1 (E%Z) 400/ 50, (ﬁﬁ% 135] 185 (Eji) 41,0 50.0 (iﬁﬁﬁé)
Tpy.24 |11.7] 145 (ié';i) 36.0| 49.0 (i;‘:?‘l‘) 11.5]13.6 (i(z):é?) 40.0| 52.0 (ig'ég)
Ciu2s |11.1|117 (i(l)';‘g) 42.0| 55.0 (452572) 107/ 11.9 (i(l)éz) 43.0| 58.0 (122(9)3)
JThor.25 | 6.6 | 115 (31'123) 40,0 56.0 (454'102) 6.8 [ 118 (fi?som 40.067.0 (féfl)

Tabnuys 3. Iloka3HUKH OIMCOBOI CTATUCTUKH 3HAUYCHb TEMIIEPATypH 1 BiTHOCHOT

Boorocti B npumimerasax HBK-OV na Bigmitmi = 9.000

(mepiop crrocrepexens 01.03.24 — 28.02.25 pp.)

npuv. 304/3- T°C nprn. 318/2 - Rh% &T°C
T°C Rh % T°C
. MiH MaKc c;: fc- MiH MaKc CRI: flc- MiH MaKc cnﬁ?c..-
Bep24 | 153 | 157 (i(s)'ﬁ) 507 | 67.0 (ii'gg) 108 | 114 (i(l): ié)
Kei24 | 153 | 157 (ig'jg) 672 | 785 (E'gg) 114 | 122 (i(l)'gg)
Tpa24 | 157 | 163 ég:?g) 669 | 804 (Egg) 121 | 138 (1(2)'19‘)
Yep.24 | 162 | 175 (ig'gg) 779 | 914 (igzié) 138 | 151 (ig'gé)
Mun24| 175 | 188 (ig'_if)) 904 | 904 (i%g) 149 | 163 (if)j;)
Cep24| 188 | 199 (ig‘_;‘g) 93.0 | 994 (2?12(7)) 162 | 173 (1(6)';3)
Bep24 | 199 | 207 (ig';g) 788 | 93.0 (ii: ;g) 172 | 19.1 (lg'gi)
Kos24| 206 | 21.0 (igi??) 543 | 79.0 (ﬁgi) 19.0 | 19.6 (1(9):?3)
Jue24 | 204 | 210 ég}g) 394 | 558 (ﬁgg) 171 | 213 (ig'é?)
Tpy24 | 188 | 204 (igj% 369 | 473 (jé'g%) 142 | 178 (if)'g;)
Ciu25| 174 | 188 ég:gg) 414 | 527 (i;jg) 130 | 144 (if)'gg)
Mor2s| 161 | 175 (ig‘gz) 363 | 528 (i;gi) 117 | 144 (if)zg‘s‘)
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Tabmuns 4. [Toka3HUKK OIMCOBOT CTATUCTUKY 3HAUYEHb TEMIIEPATyPH i BiIHOCHOT
Bosiorocti B npumitenHsax HBK-OV na Bigmitii = 6.000
(nepion crocrepexens 01.03.24 —28.02.25 pp.)

npum. 304/3- T°C npum. 318/2 - Rh% &T°C
Jara T°C Rh % T°C
MiH MaKe |cpa.-Mic.| Mmin MakKe |cpa.-Mmic.| mim MaKe |cpa.-Mic.
Bep.24| 141 | 146 (i?):i?) 476 | 678 (ig'.ii) 121 | 142 (ﬁﬂ)
Kei24| 139 | 143 (if):?g) 617 | 69.8 (i?'gz)) 125 | 133 | ig:;‘)
Tpa24| 138 | 14.0 (if):gi) 677 | 769 (1(3):(2)2) 133 | 135 (iéf)z)
Yep2d| 140 | 143 (i?):if)) 770 | 933 (ii'. i% 134 | 140 (ﬁ)'jg)
Jun24| 143 | 150 (i?):g?) 929 | 9738 (ii :?é) 140 | 148 (i?)'éi)
Cep24| 150 | 154 (if): ii) 963 | 985 (2(7):2(5)) 146 | 153 (i?):?‘;)
Bep24| 154 | 157 (if):g;) 940 | 984 (i?'zg) 152 | 156 (if)iﬁé)
Kop.2d| 157 | 158 (13133) 735 | 953 ég:gg) 154 | 157 ég:g‘s‘)
Jue24| 158 | 16.0 (igzgg) 477 | 742 éé:gg) 155 | 159 (ig:gg)
Tpy24| 158 | 160 (igzgg) 406 | 50.1 (i?'é% 145 | 154 (ig'g(z’)
Ciu25| 154 | 158 (E)%) 04 | 554 (g'_ 22) 137 | 145 (igzgé)
Mor.2s| 149 | 154 (igzﬁ) 375 | 574 (if‘:‘ég) 1.7 | 142 (ié:?g)

Tabmuns 5. [Toka3HUKK OIMCOBOT CTATUCTUKY 3HAUYEHb TEMIIEPATYPH 1 BIIHOCHOT
BosiorocTti B mpuMimeHHsx HBK-OVY na BinMiTiti = 0.00
(nmepiox crioctepeskens 01.03.24 — 28.02.25 pp.)

npum. 012/7- T°C

npum.006/2 - Rh% &T°C

JHata T°C Rh % T°C
MiH MaKe | cpA.-Mic. | MiH |[MaKc| cpi.-mic. MiH Makc | cpi.-mic.
1 2 3 4 516 7 8 9 10
12.42 56.27 11.45
Bep.24 | 124 12.5 (+0.04) 47.8] 66.6 (+4.96) 11.3 115 (£0.05)
] 12.67 73.91 11.78
KBi24 | 125 12.8 (£0.09) 66.7| 76.5 (£1.75) 11.5 12.0 (+0.14)
12.83 77.13 12.06
Tpa24 | 128 12.9 (40.04) 73.4| 81.6 (£2.01) 11.9 12.2 +0.07)
13.06 89.83 12.37
Yep.24 | 129 13.2 (£0.09) 81.6]95.2 (43.55) 12.2 12.6 0.11)
13.33 97.47 12.73
Jun24 | 132 13.5 (40.09) 89.9] 96.6 (£1.42) 12.5 13.8 =0.12)
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3akinuennsa mabn. 5

1 2 3 4 516 7 8 9 10
Cep24 | 135 | 137 (E)'_g(g)) 97.9(100.0 (ig'gé) 129 | 133 (E)'.ig)
Bep24 | 123 | 138 (ig';g) 98.4/100.0 (li()oggg 133 | 141 (3133)
Kow24| 124 | 140 ég:gg) 80.4/100.0 (ié'g?) 136 | 139 (E):Z(z))
Tuc24 | 139 | 142 (ig:(l)% 50.1| 82.6 (g";‘) 13.8 14.4 (r(‘):(l)g)
Ipy24 | 139 | 142 (ig'.(l)(g)) 407|524 (g'jg) 135 | 1656 (ig-gé)
Ciu2s | 135 | 139 (if)'.ﬁ) 41.8] 56.3 (ig';g) 128 | 143 (1332)
Mor25| 126 | 136 (if):;g) 38.5(56.7 (ilgg) 109 | 144 (if):g?)

Tabmuns 6. [TopiBHATBHA TaOIHIIS.

TopiBHstbHi Hepion npum. 6004 JIerKka noxkpisJs
T°C Rh % T°C Rh %
2024 - 2025 14,75 61,64 17,03 52,87
2023 - 2024 13,26 66,24 16,19 51,70
(2024-25) — (2023-25) 1,49 -4,60 0,84 1,17
TopisHsmbHi nepion cxoam 059/2 Bigm. +43.0
T°C Rh % T°C Rh %
2024 - 2025 16,64 54,83 16,54 54,28
2023 - 2024 15,85 54,21 15,78 53,84
(2024-25) — (2023-25) 0,79 0,62 0,76 0,44
TopisHsmbHi nepion npum. 318/2 npum. 304/3
T°C Rh % T°C
2024 - 2025 14,99 67,88 18,13
2023 - 2024 14,34 66,82 17,56
(2024-25) — (2023-25) 0.65 1,06 0,57
MopisHstbHI Mepios npum. 207/4 npum. 210/7
T°C Rh % T°C
2024 - 2025 14,19 71,26 15,01
2023 - 2024 13,56 69,24 14,70
(2024-25) — (2023-25) 0,63 2,02 0,31
MopisHstbHI Mepios npum. 006/4 npum. 012/7
T°C Rh % T°C
2024 - 2025 12,73 74,34 13,35
2023 - 2024 12,51 71,11 13,09
(2024-25) — (2023-25) 0,23 3,23 0,26
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Puc. 6. Tunamika T°C i Rh% mpumimennsx 318/2 1 304/3 na Bigm. 9.000

IMopiBusHES cepennix 3HaueHb T°C i Rh% 3a mepiox 2024-25 (12 micsiiB) 3
norepeaHiM  aHasorigyauM  Tiepiogom 2023-24 (12 wicamiB) Mmokasye, IO CepeaHi
3raveHHs T°C 1 Rh% B mepiox 2024-25 pokiB MpakTHYHO HE 3MIiHWIHUCS (IUB. Ta0I. 6).

Junamika temmneparyproro mons Bcepenuti kommiekcy HBK-OY Binnosimae
CE30HY 1 KOpPEIIE 3 TEMIIEPATypOl0 30BHIIIHBOTO CEPEIOBHIIA Ta il JOOOBUMU
KOJUBaHHAMU, AuHaMmika Rh% ananoriuna.

Skmo npoananizyBatu rpadiku (puc. 4 - 5), TO MOXHa I[00aYUTH, LIO
exkcTpeMyMu (MiH., Makc.) Ha Biamitkax 0,00-9,00 3cyBaroTbCsl 10 BIAHOLIEHHIO 1O
Bigmitok 43,00-67,00 Ha 1-1,5 micsmi, mo mHOB’s3aHO 3 ePEeKTOM «miaBamy», e
BiUYBA€ThCSI 3HayHAa TEIUIOBA IHEPIs (TepMiH «IHEpLis» HE Mae NPsSMOTO
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BiJTHOIICHHS JI0 3aCTOCOBYBAHOT'0 B MEXaHIIli), sIKa 3aJIC)KUTh BiJ] TSIUIOMPOBITHOCTI Ta
00’€MHOT TEMJIOEMHOCTI MaTepiais.

BucHoBkmu.

Hunamika temmnepatyproro mois Becepenudi HEK-OY B ocHOBHOMY 3aeXHUTh
BiJl TEMIIEPATyPH 30BHIIIHBOTO CEPEOBUIA Ta HOr0 CE30HHUX KOJIHMBaHb, HE3HAYHUI
BIUIUB BHOCSITH 00IrpiBayi B 3MMOBHI CE30H, a TAKOXK TeMIepaTypa ckynuens [IBM.

Cepenns Temreparypa B MPHUMIIICHHAX 3a repion Oepesenb 2024 — mOTHIA
2025, B SKMX NPOBOJWINCH BHUMIPDIOBaHHS, 3Haxoawiach Mexax 15,34+3,43°C 3
nmogipHicTio 0,954, koedinient Bapiamii 11,18%, mo xapakTepusye MIHIMBICTH 5K
cepenHo, cranmaptHe BimxwieHHs Bing 0,58°C Ha HIKHIX Bigmitkax ao 6,38°C Ha
BEPXHIX.

B mpuminiennsx, B skux npucytHi [IBM (012/7, 210/7, 304/3), Temnepatypa
Ha 1,5-2,0°C i Oinpme BWIIA, HIX B CyCimHIX 3 HUMHU ne BiacyTHi [IBM, TemmoBwmit
TeperpiB B MPUMIMICHHSAX HE criocTepiraetscsi, [IBM MaroTh He 3HAYHI TeMIIepaTypH i
OXOJIOKYIOTHCS TPUPOAHUM IITISIXOM.

Ha nmanwmit yac tenyoBa HeOe3meka BiACYTHS 1 MOXKE PO3IIIAAATHCS JIMIIE TPH
BapiaHTax nepeTBopeHHs OV, IpH SKUX MPUPOIHI NUIIXH 0XonomkeHHs [IBM OynyTh
MIEPEKPUTI.

BigHocHa Bosoricth moBiTps Ha BimMmiTkax 43.000-67.000 He mepeBuIyBaia
86%, minimanpHa He MeHire 36%, Ha HkHIX BigmiTkax 0.000-9.000 gocsrama 100%
B JITHI# ce30H, MiHIMalbHEe 3HaYeHHS 36,3%.

IMOBIpHICTh TOCSATHEHHSI TOYKH pocH (Kparenb) BHCOKa Ha BiamiTkax 9.00 i
HIDKYE, KOJIM BIJIHOCHA BOJIOTICTh nocsrae 90% 1 Buiie.

Cepenni 3nauenns T°C 1 Rh% B mepiox 2024-25 pokiB NpakTH4HO HE
3MIHIJIHCS B TIOPiBHSHHI 3 aHAJIOTIYHIM ToTiepeHiM nepiogom 2023-24 p..
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JOCJLIKEHHS ®I3UKO-MEXAHIYHUX BJACTUBOCTEIM
PAJIIOAKTUBHO 3ABPYJHEHOI'O META.TY, JE3AKTUBOBAHOTI'O
METOJOM METAJIYPTTHHOI IIIABKU

Pax Ilagno Bikmopoeuu, banaxin Banepin @edoposuu,
Mawunicmos Bikmop €zoposuu

VYxkpaiuceknit lep:xaBauil YHiBepcuTeT Hayku ta Texnosoriii, micto [Hinpo,
office@ust.edu.ua
Acmipant: Pak ITasmo Bikroposma
HayxoBuii kepiBHUK: 1.T.H., mpodecop banakin Banepiit denoposuu

Annotation: The purpose of this scientific work concludes in studying the
effects of corrosion on the final state and change in the physical and mechanical
properties of steels used as structural materials of components, equipment and
structures of nuclear facilities during their operation, which can be decontaminated by
the improved method of metallurgical melting.

The result of studying the metal samples of NPP’s equipment and structures
decontaminated by the method of metallurgical melting will be an engineering
statement and certain recommendations based on the results of research, regarding the
possible use and certain restrictions (or their absence) for the production of the
metallurgical assortment, as well as further use in the production of goods, parts,
equipment and structures according to the needs of national economy.

If the unexpected results will be raised or the scientific finding, news or
discovery will take place during research process, then all aspects of such finding
(news) will be properly noted.

Separately, during the laboratory metallurgical melting, a change (decrease) in
the levels of radioactive contamination of samples of metal will be noted to confirm
the possibility of decontamination of certain types of radioactive contaminated metal
without prior chemical or mechanical decontamination that will make this
decontamination technology more economically attractive compared to similar ones.

AHortanis: Meroro 1iei HaykoBoi poOOTH € BUBYEHHS BIUIMBY KOpO3ii Ha
KIHIIEBUH CTaH Ta 3MiHY ()i3UKO-MEXaHIYHUX BJIACTUBOCTEH CTajel, BUKOPUCTAHUX B
SKOCTI KOHCTPYKI[ITHMX MarepiajiiB KOMIIOHEHTIB, OONaJHaHHA Ta KOHCTPYKLIH
00’eKTiB sAIEpHOI EHEepPreTHKH B Iporeci ii ekcruryartamii, fki MOXyTh OyTH
JIe3aKTUBOBaHI BiJl paZi0aKTHBHOTO 3a0pyAHEHHS METOIOM METaITyprigHOi IUTaBKH.

TlimcyMKoM JOCTiIKEHHS 3pa3KiB METalliB, sIKi MPAIIOBAIN B CKJIAJi CHCTEM Ta
koHCTpyKIiit AEC Ta omicns Oynu Ae3aKTUBOBaHI METOIOM METaNypTiiHOI IMJIaBKH,
Oyne imkeHepHe TBEP/DKEHHS Ta pEKOMEHAIlii Ha MiJCTaBi pe3yJabTaTiB JIOCIHIIKECHb,
I0JI0 MOXKJIMBOTO BHKOPHCTaHHS Ta MEBHI oOMexeHHs (abo X BiACYTHICTB) s
BUPOOHMITBA METAIYPriHHOIO COPTAMEHTY, a TAKOXK MOAAJBLIOTO0 BUKOPUCTAHHS Y
BUPOOHMIITBI TOBApiB, AeTasieil, 00aaHaHHS Ta KOHCTPYKIIIH.

JonarkoBo, miJ 4ac MpOBEJCHHS JaOOpPaTOPHUX METANYyprilHNX IUIaBOK,
OylyTh 3aHOTOBaHI 3MiHM (3MEHILEHHS) PIBHIB PaJi0aKTUBHOIO 3a0pyJHEHHS 3pa3KiB
MeTaxy JUIsl MiATBEpKSHHS MOXJIMBOCTI JIe3aKTHBalii MEBHUX THUIIB PajiOaKTHBHO
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3a0pyJHeHNX MeTaniB Oe3 morepenHbol XiMiYHOI Ta MeXaHIYHOI Je3aKTHBalii, 110
3pOo0OHMTh TaKy TEXHOJOTIIO Je3aKTuBalii OUIbII EKOHOMIYHO NPHUBAOIMBOIO B
MOPIBHSHHI 3 aHAJIOTIYHUMH.

ATOMHA €HEpreTHKa Mae CBOi OCOOJHMBOCTI B Taiy3i MaTepiasio3HaBCTBA Ta
KOHCTPYKIIIfHAX MaTepiamiB, fKi HEoOXiTHO MpHUHAMATH JO0 yBarM Ha BCIX eTamax
KHUTTEBOTO IMKITy OYyIb-sIKOTO siIepHOTO 00’€KTa, 30KpeMa, ATOMHUX EnekTpraHmx
Cranmii (AEC). [1]

B mpomeci ekcmmyatamii AEC  HeBimBOpPOTHO BifOyBaeTbCs pamiariiiiHe
OTPOMiHIOBaHHA (3a0pyIHEHHsS) IIEBHOI YAaCTHHM KOHCTPYKLIHHUX Marepiais,
BUKOPUCTAHHUX JJIsI BUPOOHUITBA TEXHOJOTIYHOTO OONaHAHHS Ta TPyOONPOBOIIB
saepHol eHepreTnuHoi yctaHoBku (SIEY) Ta KOMNOHEHTIB 1 0ONagHaHHS CHCTEM Ta
KOHCTPYKII#, sKi Oe3mocepenHbo 3adisHI B MpoIecax IMOBOMKCHHS 3 SACPHUM
MAJIMBOM Ta panioakTMBHUMH Bigxonamu (PAB), 110 reHepyroThCs Ta HAKOIMYYIOTHCS
i vyac ii ekcmyararii [2].

[MpobGnema MOBOMKEHHS 3 pagioakTUBHO 3a0pyaHeHuM MertaioMm (P3M) Ha
MalilaHIWKaX THMYacOoBOTO 30epiraHHA Ha iHPpacTpyKTypHHX OO0’€KTaXx Ta Ha
Maiinaguankax AEC croromHi € Haa3BUYallHO aKTyaJbHOIO TEMOIO, TOMY IO TaKUi
3axig morpedye 3HAYHUX BUTPAT Ha 3a0e3eueHHs TEXHIYHUX Ta OPraHi3aliifHIX yMOB
Ui X Oe3nmeyHOro 30epiraHHs, a B yMOBaX BIMCHKOBHX i Ha TepuTOpii YKpaiHud i
MOXXJIMBHX BIMCHKOBHX BIUTMBAaX HAa TUMYACOBI CXOBHINA, BOHH CTBOPIOIOTH JOJATKOBY
3arpo3y 3J0pOB’I0 JIFOACH Ta OTOYYIOUOMY CEpeIOBHINY. TakuMM YHWHOM, HaWCKopilia
JIKBifaLiss TUM4YacoBUX cXOBHUI P3M HUIAXOM A€3aKTUBALil LIUX METaliB 3 METOI
MOBEPHEHHSI X YaCTHHM B OOIr Ui MOAAIBLION0 BHUKOPHUCTAHHS 1 BiIIpaBIICHHS
meBHOT yacTuHM P3M, [e3akThBallisl SKUX € HEMOXKIHBOK YM HEIOMIIBHOI0, Ha
JIOBIOCTPOKOBE 30epiraHHs B CreliaJibHO 00JIa/IHAHI CXOBHIIA € BAKIMBUM aCIIEKTOM
3a0e3reueHHs] KOMIUIEKCHOI pajialiifHoi Oe3nexku saepHOro o0’ekra mij 4ac ioro
eKCIITyaTanii B yMOBaxX CbOTOJICHHSI.

3 iHmoro 00Ky, HEBiTBOPOTHOIO CTAIIEI0 JKUTTEBOTO MUKITY SACPHOTO 00’ €KTY €
eTarr HOTro 3HATTS 3 eKCILTyaTallii, i yac SKOTO HANTOJOBHIIIMMHU BUAAMH JisITBHOCTI
€ JIEMOHTaX CIIOpYyA Ta 00JagHaHHS 00’€KTa, a TAKOXK IOBOMKEHHS 3 Pa/li0aKTHBHUMH
BiIXOaMH, a, TAKUM YHMHOM, i moBomkeHHs 3 P3M. BpaxoByroum, o mepeBakHa
Oinpuricte eHeproOinokiB Ykpaincekux AEC Bke BiamnparoBana CBii NPOEKTHUH
TEepPMiH eKCIuTyaramii i 11 MoJOBKEeHHsI TIOB’sI3aHe 31 3HAYHUMH OOCSTaMH MOZepHi3aIii
3 3aMiHOI0 OOJagHAHHA, BUPOOJICHOTO caMme 3 MeTaily, KWl OTpHMaB pi3HI BHIM Ta
piBHI pamioakTHBHOTO 3a0pyIHEHHS IIiJ 4Yac eKCIDTyartallii, MOBODKEHHS 3 HHUM 1,
30KpeMa, MOro JIe3aKTUBAIlisl € BKpail BXKIMBOIO 3a7adero 3ayisd 3amoOiraHHs HOTo
CKYITYECHHS Ha TIPOMUCIIOBUX MalgaHunkax airouux AEC.

Haii6inpm nomupeHnMu MEeTO/IaMu JIe3aKTUBAIliT METaliB € XiMiuHi, MEXaHiqHi
Ta TEPMIYHI METOH JI€3aKTUBAIl METAIB, & TAKOXK METO/U, 3aCHOBaHI Ha €ICKTPOIi3i
Ta HaHeceHHI Ha noBepxHi P3M 3axucHoro mokpurts. Bubip KOHKpeTHOro Merony
Jle3aKTuBalii 3aJeKUTh Bl TUIy pPaaioaKTUBHOTO 3a0pyIHEHHS, BJIACTUBOCTEH
MeTaiy, JOLUIBHOCTI HOrO OYMINEHHS, HOPMAaTHBHUX BHMOT III0YOTO 3aKOHO/ABCTBA
Ta JIOCTYIHOCTI (hJiHAHCOBUX KOIUTIB Ha BIPOBAKEHHS TOI UM 1HIIOT TEXHOJIOTII.

B To#i e yac HeoOXiTHO mam’sTarH, 10 3a0e3MeUeHHs SIEPHOT Ta pajiaIiiHol
0e3IeKu SIepHOTo 00’ €KTY Ha BCIX eTarax Horo ekcruryatailii € 6e3yMOBHUM MPiOPUTETOM
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Ta OOOB’S3KOM SIEPHOTO OIEparopa 3riJHO BUMOI 3aKOHONABCTBA. TakMM YHHOM,
€KOHOMIYHa JOLIBHICTh NIPH BUOOPI METOMIB €3aKTHBALll MeTalliB 0e3yMOBHO Mae OyTH
BpaxoBaHa, aJie K e(eKTUBHICTh OYMILEHHS METaJiB 33Ul 30UIbIIEHHS YacTKU 00Csry,
SKUM MO)Ke OyTH MOBEPHYTO JUIsi OOMEXKEHOTO YW BUIBHOTO BHKOPHCTAaHHSI Mae OyTH
30UIBIIICHO HACTUIBKM, HACKUIBKH II€ € TEXHIYHO Ta EKOHOMIYHO TNPUHHATHAM IUIS
3anobiranHs 30ubIIeHEs 00csTy PAO, siki moTpeOyIoTh 3aX0poHeHHSI. [3]

Cama mo cob6i nesakruBamis P3M MeromoMm MeTamypriifHOI IIaBKH HE €
HOBITHBOIO Ta BUKOPHUCTOBYETHCS B CBITi 3 MO3UTUBHUMH Pe3ylIbTaTaMH. [4]

BinMmiHHICTE TEXHOJNOTII, Ky IUIAHYETHCS BIIPOBAJAWTH B YKpaiHi MoATae y
BiZICYTHOCTI momepenHboi ae3akrtuBarii P3M mepen ImraBkoro, mo poOWUTH TaKHi
MiAX11 3HAYHO ORI EKOHOMIYHO MPUBAOIUBUM.

Texnomnorii nezakruBaiii P3M MeTogoM MeTaayprifiHOi IUIaBKM 3aCHOBaHa Ha
BIZIMIHHOCTI BiJIbHOI €Heprii yTBOPEHHS OKCHIB MeTaiB a00 BiJMIHHOCTI TeMIepaTyp
KUIIHHS OCHOBHOTO MeTainy 1 pamioHykmigiB. Tak sK Temmeparypa KHUITIHHS
pamioHyKIiJiB, SKI CTBOPIOIOTH 3arajbHe 3a0pyJHEHHS € 3HAaYHO HWXKYOI0 32
TeMIlepaTypy IUIABICHHS 3ajli3a, TO NpPH pO3IUIABJICHHI 3aji3a Oliblla YacTHHA
PaIiOHYKIIOIB BHIIApPOBYETHCS, IHIIA YacTHHA 3aXOIUTFOETHCS LUIAKAMH, IO
3HaXOIAThCS Ha MOBEPXHI PO3IUIABY, a 3AJUIIKH PiBHOMIPHO PO3MOIUIAIOTHECS IO
00’€My HepeIlIaBICHOTO METaIY.

Tabnuys 1 — Temneparypu IUIABJICHHS Ta KHUIIIHHS OCHOBHHUX 3a0pYIHIOIOUHX
paIioHyKIiIiB

Marepian T maBnenns, °C T xwminns, °C
Lesiit 28.44 670.8

Crponrii 777 1382

[IayToHi# 639.4 3232
3aiizo 1538 2862

Takum uwmHoM, ne3aktuBauiss MmeraniB AEC Ta i1X moOBepHEHHs y 00ir
BUKOPUCTAHHS JIJIsL OTPeO siIepHOI Tamy3i Ta eKOHOMIKM KpaiHu JJ0IaTKOBO CTBOPIOE
OCHOBY JIJIsl HOBUX BHKJIHKIB Tepell HAYKOI, a caMme aHalli3 3MiH (pi3UKO-MeXaHIqHUX
BIIACTHBOCTEH JI€3aKTHBOBAHOTO MeETally, 3 METOI0 BHSBJICHHS MEXaHI3MIiB HOTo
Jerpanarmii mij gyac ekcruryaraiii Ha AEC mij BIDTMBOM TaKHMX IIKiJJIMBUX YHHHUKIB,
SK 10HI3yI04e BHIIPOMiIHIOBAHH:], BUCOKI TEMIIEpaTyp, 3Ha4HI poOOYMX HABAaHTAKECHb,
KOpo3iiiHo-epo3iiiHi mpomecu. llel acnmekr Mae OyTH mepeBipeHO A BUpadi
0OIPYHTOBaHMX PEKOMEHAIIIH 1010 MOMKJIMBOTO BUKOPHCTAHHS Ta NEBHI OOMEXEHHS
(abo ix BiACYTHICTB) I BUPOOHHWIITBA METAIypriHOTO COPTAMEHTY 1 MOJAIIBIIOTO
BUKOPDHCTAaHHS B BHUPOOHHUITBI KOMIIOHEHTIB, OONagHaHHS Ta KOHCTPYKIH 3a
norpedamMyu eKOHOMIKH KpaiHW. 3aJeXHO BiJl 3aCTOCYBAaHHS TOTO YH iHIIOTO METaIy
aHATI3YIOThCS OKPEeMi BIACTUBOCTI Ta iX KOMOiHAaIIii.

HeoOximHO BW3HAYMTH HASBHICTH Ta CTYIiHb JAerpajamii MeTamiB, fKa
BiIOyBa€eThCs B HUX, MiJ 4ac eKcIuryaTailii Ha saepaomy 00’exti (AEC) mix BrmmmBoM
TaKUX LIKIJUIMBUX YMHHUKIB, K 10HI3yloue BUIIPOMIHIOBAHHS, BUCOKI TeMIIEpaTypH,
KOpO3iiiHO-epo3iiiHi npouecH, aue, KpiM Toro, Tpeda BpaxyBaTH, IO 3pa3KH METAIIB
JUIS JTOCIIJDKEHHS OyIyTh OTPUMAaHI IWiCHsA Je3aKTUBAIi METOIOM METaaypridHOl
IIaBKu TpH Temneparypax nonaza 1500 °C, mo Takok MOXKe MaTH NEBHI BIUIMBH Ha
KIHIIEBUI cTaH Ta (i3UKO-MEXaHIYHI BIACTUBOCTI OTPUMAHUX 3JMTKIB METAITY.
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Came TOMy BaXIMBO NpOAHAJI3yBaTH Maiodi MICIe CYKYIHI IpoLecH
Jerpajanii Ta BHM3HAYMTH KIHLIEBMH CTaH J€3aKTMBOBAaHMX METAliB 3 METOIO
BUSIBJICHHSI 3MiH iX (Di3MKO-MEXaHIYHUX BJIACTUBOCTEH MICIs Je3aKTHBAlii METOIOM
METaJTyprifHOi IIaBKH.

Haii0inpmmii iHTepec BUKIMKAae BHUBYCHHS KIHIIEBOTO CTaHy Ta 3MiH (hi3uKo-
MEXaHIYHUX BJIACTHBOCTEH MeETaTiB BHACTIJOK KOPO3iMHHMX TIIpoIeciB B HHX, 3
ypaxyBaHHSIM TOTO, IO OKpeMHUM ¢akTopoMm mix gac excruryaranii AEC, e pamiamiiiae
BHIIPOMIHIOBAaHHS, SIKE, BHACIIIOK OIPOMIHEHHS METally, IPUCKOPIOE TPOLECH HOTo
Kopo3ii [5].

Pi3ni Buam Kopo3il MO-pi3HOMY BIUIMBAIOTH HA MEXaHIYHI BIACTHBOCTI
MarepianiB. Buan koposii kinacu@ikyloTh 1 3aJe)XHO BiJl XapakTepy MOUIKOIKEHHS
KOpO3iHHOro Marepiany, SK TO 3arajbHa Ta MicCIleBa KOpO3isi, pIBHOMIpHAa 4YH HE
PIBHOMIipHA, TOYKOBa YM MDKKpHCTAIIITHA [6].

Cepen iHIINX BUAIB KOPO3ii, SIKi MOXKYTh OyTH BUSBIIEHI B CTPYKTYpi 3pa3KiB
MeTaly, o AOCIIKYEThCs, 0coONMBa yBara Oy/e MpuIiieHa sIBUIY MDKKpICTaIiTHOT
KOpO3ii, sikKa BHHHMKA€ BHACIIJOK HAKOIMYEHHS Ta3iB y MeTajax B MpPOIECi
TpaHCMYTAIiHHUX peaKIliii Mpu HEHTPOHHOMY OTIPOMiHEHHI.

Cepen mpu4MH BHHHMKHEHHS MEXKpPICTaJITHOI KOpO3il € HarpiBaHHS MeTary
mpu o0poOIi THCKOM abo 3BaprOBaHHI, a TaKOX TPHBajia €KCILTyaTaIlis o0OJaTHaHHS
pu temneparypax suie 450 C.

3 3aCTOCOBYBaHHX Yy €HEPTETHIN CTaJei, 10 MIKKPHUCTAIITHOI KOPO3ii CXUIIBHI
XPOMOHIKeJIeBi, XPOMOHIKeIbMOJIOAEHOBI, XPOMOHIKeIbMapraHeBl KOpO3iiHOCTIMKI
cTajmi  ayCTeHITHOro,  ()epUTHOrO,  ayCTEHITHO-(QEepUTHOr0 Ta  ayCTEHITHO-
MapTEHCUTHOTO KJIACIB, 8 TAKOXK BUCOKOJICTOBaHI HIKeJIbHI CIUIaBu[7].

OcHoBHO®0O BiaMmiHHICTIO SIEY € HasgBHICTH MOTYXHHUX paMialliiHUX MOJIB, 110
BUKJIMKAIOTh CTPYKTYPHI 3MiHM B 00Cs31 MaTepiajdy i Ha MOBEpXHI i, SK HACIIIOK
1[LOTO, MOTIPIICHHS BIACTUBOCTEH MaTepiairy, 10 OMPOMIHIOEThCSL.

BrnacTrBOCTI MeTaliB i CIUIABiB ICTOTHO 3aJIeKaTh Bifl JE(PEKTiB KPUCTATIIHUX
pemritok. Taki BIACTHBOCTI MeTaliB, SK 3AaTHICTb YWHUTH OINp MEXaHIYHUM
HaBaHTaXCHHSAM, paJialiiiHa CTIHKICTh, CYMICHICTb, MOB'SI3aHI 3 BIACTHBOCTIMHU
TOYKOBHUX Ta JTIHIHHUX JE(PEKTiB KPUCTATITHUX PEUIITOK.

Cneumndika panianidiHoro BIUIMBY siaepHOro BumpoMiHioBanHs SIEY Ha
TIOIIKO/KEHHSI Ta 3MiHY CTPYKTYpPH B 00CsI31 Marepiary Nmojisirae y HasBHOCTI MIBUAKHX
(momaxg | MeB) HeWTpoHIB, fKi BHOWBAIOTH AaTOMH TBEPIOTO Tijla HAIITAIOYOIO
(6ombapmy0U0I0) YaCTHHKOIO.

3MIIIeHHS aTOMiB CYHPOBOMKYETHCS HAKONMWYEHHAM Y MaTepiayi JedeKTiB:
MDK CO0OI0 Ta 3 eJeMEeHTaMH CTPYKTypH KOHCTPYKIIHHI Marepiaand poO3IyXaroTh,
3a3HAIOTh PaAiaIlifHO-TIPUCKOPEHOT TIOB3YJOCTi Ta CTPYKTYpHO-(a30BHX 3MiH [8].

Tomy ocHOBHMMH KpuTepisMu omuiHku posrosignocti KM SEY, e: pagianiitne
KPHUXTiHHSI, PO3ITyXaHHs Ta pajianiiiHa IOB3y4iCTh.

JlabopatopHe BUBYEHHS 3pas3KiB MeTaly, [E€3aKTHBOBAaHOIO  METOIOM
METaIypriiHOi IUIABKHM, MICTUTh B COOi JBa BUAU IOCIHIIDKCHB: a) MOCHIHKCHHS
3pa3KiB INEeperIaBIeHOro MeTajy 33Ul Bi3yaJbHOTO BHSBICHHS O3HAaK Ta HACIiJIKiB
IpOLECiB KOpO3ii B CTPYKTypl BHIUIABJICHOIO 3JIUTKY MeTaily; ©) BHMKOHAaHHS
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Ja00paTopHUX BUIPOOYBaHb (TECTIB) 3 METOI0 BCTAaHOBJECHHS IOTOYHHMX 3HAYECHb
MOKa3HUKIB (Di3MKO-MEXaHIYHHX BIACTUBOCTEH BUILJIABICHOTO 3JIUTKY METAIYy.

Jlnst  BCTaHOBIIGHHS BI3yaIbHUX O3HAK KOpO3ii IUIAHYETHCS 3aCTOCYBaTH
IIOHaMEHIIIe 1Ba 3 MepepaxoBaHUX HWKYE METONIB JUIS MEPeKpHUTTS Ta BepHgikarii
OTPUMAHHX pe3ylbIaTiB: a) Meramorpadiuamii aHamiz: Ielf MeTom BKIIIOYae
MIKPOCKOITIYHHIA ~ aHaJl3 CTPYKTYpH MeETaly T CBITIOBUM YH EJIEKTPOHHHM
MikpockoroM. Koposist Mo)ke TIPH3BOAMTH 10 3MiH Y MIKPOCTPYKTYpi, TAKHX, 5K II0SBA
MOp, TPIMIWH, BUOO3MIHH 3€pEH, a TaKoX 3MIH CTPYKTYpH Ha MEXi 3epeH, TOIIO.
Meranorpadidyanii aHali3 MOKe BUSIBUTH ITyXHPUYacTi 007acTi, By3/IOBi AeeKTH Ta iHII
O3HaKW; 0) eJIeKTPOHHA MIKPOCKOIIS 3 PO3CIIOBAaHHIM CHEPTii PeHTTCHIBCHKUX IPOMEHIB
(EDX): Ileit MeTo/ TO3BOJISE BUBUUTH XIMIYHUI CKITa MDKKPHCTATITHAX MEXK, III0 MOXKE
BKa3aTH Ha HasBHICTh MDKKPHCTAIITHOI KOpO3ii; B) €NEKTpOXiMiuHAa MIKPOCKOMIS: AesiKi
eJICKTPOXIMIUHI METO/HM, Taki SK CKaHyBaJbHA eJIeKTpoxiMiuHa Mikpockoris (SECM),
MOXKYTb JIOTIOMOT'TH BUBUUTH JIOKJIbHI KOPO3iHHi IPOLIECH Ha MeXaX 3epeH.

Pesynbrarm  BizyanpHOro BHBYEHHs OyayTh BKIIOYaTH B cebe  OmuUC
CIIOCTEpEKEHb Ta BUCHOBKH, SIKI MOXXYTh OyTH 3p0o0JieH] Ha OCHOBI Bi3yaJIbHUX JaHHX
II0/I0 OIIHKU CTYTICHS IOIIKO/KEHHS METAIy.

JJs BCTAaHOBJICHHS MTOTOYHUX 3HAYCHB MOKA3HHUKIB (PI3UKO-MEXaHITHUX 3pa3KiB
MeTany, OymyTb HpoBemeHi JabopaTopHi BUMPOOYBaHHS Ha PO3TAT, CTHUCK, 3TiH Ta
yAapHY B’SI3KIiCTb.

IlincymKoM IOCIiIKEeHHS 3pa3KiB METaiB, SAKi MPAIIOBAIN B CKIIa/i CHCTEM Ta
koHCTpykiii AEC, Ta omicist Oynu 1e3aKTHBOBaHI METOIOM METaTypriiHOI IUIABKH,
Oyne iHXKEHEpHE TBEP/DKEHHS Ta MEBHI peKoMeHnalii Ha miacTaBl pe3ysbTaTiB
JIOCII/DKeHb, 100 MOXJIMBOTO BHKOPHCTaHHS Ta TMeBHI oOMexeHHs (abo ix
BIZICYTHICTB) /ISl BUPOOHHUIITBA METAYPrilHOTO COPTaMEHTY, a TAKOX IOJAJIBIIOrO
BUKOPUCTaHHS B BUPOOHUIITBI TOBAPIB, JIeTalel, 00NaIHAHHS Ta KOHCTPYKIIiH.
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BORON-CONTAINING LRW

Alla Rozko *, Yuriy Fedorenko **, Boris Zlobenko **

* Institute of Geochemistry, Mineralogy and Ore Formation of the National Academy
of Sciences of Ukraine
** State Institution "Institute of Environmental Geochemistry of the National
Academy of Sciences of Ukraine"

Radioactive waste is diverse and covers various radionuclides, half-lives,
activity concentrations, volumes, and physical and chemical properties. Because of
this diversity of composition, the selection of processes to treat and condition the
waste is quite complex and depends on the activity level, the type (form and
characteristics) of the waste, and the overall waste management strategy.

The technologies and methods for processing and conditioning are well defined
for the most common waste streams. However, some problematic waste streams still
do not have optimised treatment routes. It is known that the most common method for
conditioning LRW is their cementation. Most often, Portland cement with a small
admixture of bentonite clay is used. The resulting compounds are characterised by
high strength and meet the requirements for cemented waste. Currently, the search for
a replacement for Portland cement is gradually expanding. This is because the
production of 1 ton of cement emits more than 800 kg of CO; into the atmosphere,
contributing to global warming. In addition, in conditions of a combination of Portland
cement with boron-containing salt melt, there is uncertainty about maintaining
sufficient strength of Portland cement compounds for a long time.

As a new treatment method, the technology of cementing boron-containing
LRW into mineral matrices using geopolymer binders based on blast furnace slags is
considered. Such mineral matrices have increased chemical resistance and can increase
mechanical strength over time. The technology is much cheaper due to the low cost of
Blast Furnace Slag (BFS). Some works show the possible conditions of cementing
LRW at an ordinary temperature [1, 2] with Cement II type, in which alkalis are added
to the composition [3].

For the composite binder, the amount of Portland cement in the mixture was
50%, and another 50% was Granulated BFS, which had the following chemical
composition (Table 1):

Table 1. Chemical composition of the BFS of Kamensk Metallurgical Plant

SiOs | ALOs | FeO3 | CaO | MgO H,S TiO Loss on ignition
416 | 49 0,42 45,6 3,84 0,1 1,1 0,72

The ratio between Portland cement and slag can differ, but the geopolymer
composition binder only becomes apparent when combined with alkaline activation.

An essential point in conditioning boron-containing LRW with composite
binders is the temperature of the process itself. It has been established that at a
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temperature of 55°C - 60°C, the imitate of the liquid salt melt is uniformly mixed with
the composite binder powder and forms a paste-like mixture with an initial plastic
strength of about 2 kPa - 3 kPa. Such a mixture can contain (36 + 38) % of the
simulant and has sufficient plasticity to fill out the corresponding forms for subsequent
setting and a gradual increase in strength. Compressive strength of the mix composite,
after 7 days - 24.9 MPa, and 28 days - 44.7 MPa. Start setting the mix at 130 min.

Experimental studies of a series of samples showed that one sample, in which a
composite binder with bentonite was used as a component, had a strength of 13.5 MPa
and a porosity of 2.4%. Adding bentonite clay instead of zeolite powder increased
porosity (11.1%), and adding metakaolin reduced the strength to 12 MPa and
increased porosity to 24.5%.

It has been shown that the composite binder can be used for conditioning
boron-containing LRW at a temperature of (55-60) °C in an amount by weight of up to
35% of the boron-containing salt melt simulant.
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Lithuanian Energy Institute (Kaunas), Riga Technical University (Riga), the
University of Tartu (Tartu), and the Arctic University of Norway (Narvik). The project
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Institute for Problems of Materials Science of the National Academy of Sciences of
Ukraine.

The aim of the project is to develop a new, efficient material for radiation
protection: fiber-reinforced concrete with modified basalt fiber. The core idea is to add
neutron-absorbing additives to basalt fiber and use it as a reinforcing component in
concrete. This type of fiber not only increases the strength and durability of the
material but also significantly improves its ability to shield against neutron and gamma
radiation. The research includes both the development of the fiber itself and modeling
its effectiveness using Monte Carlo simulation codes. The new material is expected to
have practical applications at nuclear power plants, in storage facilities for radioactive
sources and waste, and to contribute to greater public acceptance of nuclear
technologies.

KuarouoBi cioBa: monmudikoBane 0a3anbTOBE BOJOKHO, 0a3anbToBa (ibdpa,
Monre Kapiio MoznenroBaHHsl, paaialliifiHui 3aXUCT.

3abe3mnedeHHs eEKTHBHOTO 3aXHCTY Bill i0HI3YIOUOTO BHUIIPOMIHEHHS € Jy)Ke
BXJIMBOIO CKIIAJJOBOIO Oe3neyHoi eKcIutyarauii o0'ekTiB aToMHOi eHepreTukw [1].
OmHHMM i3 TNEpCIeKTUBHUX HANPSIMKIB YJOCKOHAICHHS pamiallitHOrO 3aXHCTy €
BUKOPUCTAHHSA KOMIIO3UTHHX MarepiajgiB 3 MOIU(iKOBaHUMHU (PYHKIiIOHATHPHIMHU
BJIACTUBOCTSIMH [2].

BazampToBe BOMOKHO (iOpa) — 1e Marepian, SKUHA BHTOTOBISETHCA 3
MPUPOTHOTO 0a3aJbTOBOrO IIeOEHI0 NIISIXOM #oro rasneHHs. [ToTiM posruiaBieHnit
0azanbT BUTATYETHCS B TOHKY HHTKY, SIKY Hapi3aloTh 1 J10JaloTh jJ0 OeToHy. Taka
¢ibpa nobpe 3apexoMeHyBasia cebe y OyAiBHUIITBI — BOHA MIJBHUILY€E MIIHICTD Ta
TPILIMHOCTIHKICTh OeToHy [3]. Mmu 3anporoHyBanu BIOCKOHAJIMTH L€l Marepiall,
JIOJIaf0un 10 0a3aIbTOBOTO PO3ILIABY OKCHAM O0py, TajoiHitoo, radHio abo iTpio. Y
pe3ysbTaTi YTBOPIOETHCSI HOBE BOJIOKHO 3 YHIKQIbHHUMHU BIAacTHBOCTAMH. Ilicis
moIpiOHEHHST HOTO MOYKHA TOJaBaTh O OSTOHHHUX cyMimed sk moaudikoBany ¢iopy,
sSKa HE TUIBKH TIOKpamrye (i3uuHi XapaKTepUCTHKH O€TOHy, a ¥ 3a0e3medye
pamianiitauii 3axucT [4].

VY nabopatopisix IHcTHTYTYy mpoOiemM Mmarepiano3HaBCTBa OyJM BHTOTOBJIEHI
3pa3KM TaKHX BOJIOKOH, 30KpeMa 3 TajIojliHio, radHilo Ta iTpito — OyJIu OoTpHMaHi
BIIEpIIIE Y CBIiTi. YCi 3pa3kyd BOJIOKOH TPOUIIIN AeTajdbHE JOCHIHKCHHS Ha XiMIYHHHA
CKJIaJ] Ta MIKpOCTPYKTYpa 3a JIOTIOMOTOIO €IEKTPOHHHUX MiKPOCKOITIB.

Jis  OmiHKM e(eKTHBHOCTI HOBOTO MaTepialy MpOBOJIATECS HYHCENbHI
MOJICTTIOBAHHS Ta PO3paxyHKH 3a jponomoroto Monte-Kapiio kozaiB Serpent, MCNP Ta
OpenMC.

Ha niepriiomy erarii 0yJi0 3M0JIeJIbOBAHO MPOCTY TE€OMETPHUYHY MOJIEIb 3 IIAPOM
¢ibpobeToHy, po3milieHnM Inepes JkepenoM BunpoMinenHs. Ha Puc. 1 npencrasnena
cxema npocToi MOAEI.

PesynbpraTi mokazanu, 10 J0JaBaHHS MOAM(IKOBAHOTO BOJIOKHA 3HHIKYE
IHTEHCHBHICTh ~ TEIUIOBOrO0 MiKy HeWTpoHiB. Haiibinpm BupaxeHuid edekr
criocTepiraBcsi Ipu 3acTocyBaHHI (iOpH 3 OKCHIaMu rajoiHilo Ta iTpito. OgHaK, y
BUIAJKy 3 rajfoJiiHieBolo (idporo 3adikcoBaHO 30iJbLICHHS BTOPMHHOIO TraMMa-
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BUIPOMIHEHHSI, 10 TOTPeOy€e JOMATKOBOrO aHamizy Ta Oyle BpPaxOBYBaTHCh MPH
PO3po0II KIiHIIEBOTO MPOAYKTY.

Concrete

Source

pENRERE

Air T~ Air

Puc. 1. Cxema npocroi Mmozemni it MonTte-Kapio moaemoBaHHS

Ha ngpyromy erami nocmimkeHs 0yio moOyqoBaHO OLTBII pearicTHYHI MOJIENi
koHTeliHepiB Tummy Hi-Storm 190 (s 36epiraHHs BiIIpanboBaHOTO SASPHOTO HalBa
3 peakropiB BBEP-1000) Ta Constor (s PEMK-1500). Vei mozaeni peainizoBaHi B
konmax Serpent Ta MCNP. Pesynbratu miaTBepuiIM 3MEHILIEHHS MMOTOKIB HEHTPOHIB
NPY BUKOPUCTaHHI MOIU(iIKOBaHOTO (hiOPOOETOHY SIK YACTHHH 3aXHCHOI 0OOJIOHKH.

OxpiMm Toro, B pamkax iHmoro mnpoekty — ACES — wmopemoerscs
MoBHOMAcIITa0Ha CTpykTypa peaktopa BBEP-1000 3 0ioforidHUM 3axHCTOM, 1€
TUTAaHY€ETHCS 3aMiHa 3BUYaiHOTO OeTOHY Ha (iOpoOEeTOH 3 MOIN(IKOBAHUM BOJOKHOM.
[MapanensHO BeneTbesi poOOTa Hall MOJAETIOBAHHSAM 3aXHUCTy BiJl aKTUBOBaHOI BOAW B
TepMosiiepHoMy peaktopi DEMO.

Monudikopane 0a3ambTOBE BOJIOKHO 3 IOIABaHHSAM OKCHIIB EJEMEHTIB 3
BHCOKHUM II€PEPi30M IOTJIMHAHHS HEWTPOHIB MOKa3al0 MEPCIEKTHBHI Pe3yJIbTaTH SIK
ckiamoBa (iOpoOeToHy uis pajiamiiHoro 3axucTy. KomMOiHOBaHe 3acTOCYBaHHS
BOJIOKOH pI3HOTO CKJIaJy JO3BOJISIE JOCSATTH THYYKOTO KepyBaHHs 3aXHCHUMHU
BIACTUBOCTAMH Matepiany. [lomampmii mocnmimkeHHS OyayTh 30CEpeKEHi Ha
onTuMizanii ckinaay ¢idpu Ta OIiHII JOBrOTPUBAJIOI palialiifHOT CTIHKOCTI MaTepiaty
B pealibHUX YMOBAaX EKCILTyarTarli.

Po3pobxa HOBOTO THIy O€TOHY 3 MOAM(iKOBAaHNM 0a3aJbTOBHM BOJOKHOM M€
BCl IIAHCH CTaTH BaXKJIMBOIO TEXHOJIOTIEI0 Ui 3a0e3medueHHs Oe3NeKw B sAAepHiil
enepreruri. Komanma BXe oTpumana mepili HO3WTHBHI  pe3yibTaTH, SIKi
MiATBEPIUKYIOTh e(EKTUBHICTh IHOTO MiAXony. Bci HampamroBaHHS aKTHBHO
MyOJKYIOTbCS B MDKHAPOJIHHMX BHJAHHSAX, II0 CIPHSE MiJBHIIEHHIO BITI3HABAaHOCTI
YKpaiHChKOT HayKH Ha CBITOBiH apeHi [4].

VY HaiibmmxuyoMy MaiilOyTHbOMY IUIAHY€TbCS MaclITaOyBaHHS JIOCHIKCHb,
NOJAJbLIEe BIOCKOHAJIECHHS CKIaniB (iOpH Ta, MOMIIMBO, NMPAKTUYHE BIPOBAIKEHHS
MaTepiany B 00’eKkTax eHepreTH4Hoi iHQpacTpyKTypu YKpainu Ta €Bpomy.
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Abstract: This article deeply analyzes the potential and challenges of creating
a scientific and industrial park within the Chornobyl Exclusion Zone (ChEZ). It
considers this endeavor not merely an economic project, but a strategic step to
transform the legacy of a man-made catastrophe into a catalyst for Ukraine's
innovative development. Particular attention is given to the rapid growth of renewable
energy, the formation of a unique international scientific environment, and the
exploration of the groundwork for establishing small modular reactor (SMR)
technologies. Furthermore, it highlights the potential for utilizing large areas of the
ChEZ for testing advanced demining complexes. The article integrates an analysis of
existing infrastructure, the unique natural laboratories, and the economic stimulus for
regional development, while thoroughly examining key challenges related to radiation
safety, funding, investment attraction, and effective project management.

Keywords: Chornobyl Exclusion Zone, Scientific and Industrial Park,
Renewable Energy, Small Modular Reactors (SMR), Demining Technologies,
Radiation Safety, Innovation, International Cooperation

YopHOOMIIBEChKA 30HA BiAYYXKEHHs, IO KOJHMCh Oyina CHMBOJIOM Tparedii Ta
eKOJIOTiYHOi KaracTpodu, HHMHI IIOCTAa€ MEpeJ HaMM SIK YHIKaJbHAa TEPUTOPIA 3
KOJIOCAJIbHUM, JIOCI HE TOBHICTIO peayi30BaHMM NOTEHIagoM. JlecATHIiTTs micis
aBapii, 10 NMpH3BeJNa /10 YTBOPEHHs Iii€i 30HU, PiBHI paniauii B Oararbox ii yacTHHax
3HAQYHO 3HU3WIIMCS, BIJIKPUBAIOYM HOBI TOPHU30OHTH JJIsl TIEPEOCMHUCICHHS 11 pouri.
Opmniero 3  HaWOUIBII  TEPCIEKTUBHUX  IHIMIATUB € CTBOPEHHS  HAyKOBO-
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IHIYCTPiaJIbHOTO MapKy — aMOITHOTO NPOEKTY, L0 Ma€ Ha METi MOE€JHATH IEepeaoBi
HAyKOBI JIOCJI/DKEHHS 3 BHCOKOTEXHOJIOTIYHUM BUPOOHMIITBOM, BHKOPUCTOBYIOYH
IpU [[bOMY YHIKaJbHI OCOOJIMBOCTI Ta BXKE ICHYIOUY, X04 1 oTpeOye MojepHizalii,
iHppactpykrypy U3B.

IlepeBaru Takoro CTpaTeTiqHOTO pimieHHs € OaratorpanHuMi. [lo-nepmre, U3B
€ HeTIepPEeBEPIICHOI0 Ta YHIKAIBFHOIO NPHPOTHOI0 JTAO0OpaTOpi€ro IS IOCTiIKEHb B
ramy3i pafmiamiiHoi exojorii, pamioximii, 0i0i0Tii, TeHETHKH, MyTareHe3y, a TaKOX
BUBYCHHS JOBIOCTPOKOBHX HACTINKIB pafiamifHOTO BIDIMBY HAa EKOCHCTEMHU.
HasBHICTP peasibHUX MaHUX, IO OXOIUTIOIOTH AECSATWIITTSA, O3BOJISIE IPOBOIUTH
VHIKaIIbHI €KCIICpUMEHTH Ta MOHITOPHHT, SIKi € HEMOXJIMBUMH B iHIMNX yMoBax. Llen
(baxTOp 31aTHUI TPUBAOUTH NMPOBIAHI MIKHAPOAHI HAYKOBI YCTAHOBHU Ta JOCIIIIHUKIB,
(hopMyHOUH MOTY)XHE MIKHAPOJHE HAYKOBE CEPEJOBHINE, L0 € PYIIHHOI CHIIOK
inHoBauii. [To-apyre, 30Ha Bxke Mae 3HaYHYy KUIBKICTh 1H)KEHEPHUX CIIOPY/, TOPOXKHIX
Mepex, 00'€KTIB eHEepronocTayaHHs Ta IHIIUX 1HQPACTPYKTYpHUX elleMeHTIB. Xoua
BOHU TNOTPeOYIOTh e3aKTHBAlii Ta CYTTEBOI MOJAEpHi3allii, IXHE ICHYBaHHS MOXe
3HAYHO 3HM3UTH ITOYATKOBI KaIlTaJIOBKIAACHHS Y CTBOPEHHS MAPKy, POOJISTIN MPOEKT
OiTBII €KOHOMIYHO TPUBAOTUBUM. Hanpukian, Bxke iCHYOUi JIiHii eeKTporepenayd ta
migcTaHmii MOXKyTh OyTH aJanToBaHi I MOTPeOd MaitOyTHIX 00'€KTiB, a BENUKI BUTHHI
TUIOIII € i7IeaTbHIMU JJIS PO3MIIICHHS BiTHOBIIOBAFHUX JKepeN eHeprii. [3,4]

ExoHOMIUHMH CTHMyJ, IO BHHHKHE BiJ] CTBOPEHHS IapKy, € HE MEHII
3HaYymuM. BiH He TiTbKH 3a0€3MeYnTh HOBI po00Yi MICIIS IS HACEICHHS MPHIICTIINX
perioHiB, aje ¥ CHpusATHME 3aJly4eHHIO NPSMHUX I1HBECTHI[H, PO3BUTKY CYITYTHIX
MOCIIYT Ta 1HPPACTPYKTYpH, 110 MOKE BUBECTH Ii TEPUTOPIl 3 EKOHOMIUHOI Jenpecii.
Lle MO>xe CTBOPUTH LM KJIaCTep IMOB'I3aHUX BUPOOHHUIITB Ta MOCIYT, BiJl JIOTICTUKU
JI0O HayKOBOI'O CymnpoBony. KpiM TOro, mpoOeKT Takoro Macimrady 34aTeH CYTTEBO
3MIIHUTH MDKHapOIHMH IMIDK YKpaiHM, JEMOHCTPYIOYM 3JaTHICTh KpaiHu
MEepEeTBOPIOBATH BHUKJIMKM Ha YHIKaJdbHI MOXJIMBOCTI JJIsi 1HHOBaIiif Ta crajioro
PO3BUTKY.

OcoOimmBe Miclle B KOHIEMINI HAayKOBO-IHAYCTPialbHOTO MApKy 3aiiMae
CTPIMKHH PO3BHTOK BiTHOBIIOBANFHOI €HepreTWkd. Bemwuesni mnomi Y3B, mro
XapaKTepU3yloThCsl ~ HHM3bKOIO  IIUIBHICTIO  HAacejleHHS  Ta  BiACYTHICTIO
CUTBCHKOTOCIIOIAPCHKOI TisTTBHOCTI, CTBOPIOKOTH ifieaibHi YMOBH JUIs OYIiBHHIITBA
MacImTabHUX COHSYHHMX Ta BITPOBUX eyiekTpoctaHiid. Oxpemy yBary Tpeba
NPUAUIMTH BUKOPUCTAHHIO CTaBKa-OXOJIOJDKYyBada Ta IPYHTOBUX BOJ. 3a OLIHKaMHU
eKCIepTiB, MOTEHIlias COHsAYHO] eHepreTukd B U3B € omHuM 3 HalBUIUX B Y KpaiHi.
[Tapk MoXxe cTaTH HE MPOCTO MiclleM BHUPOOHHUITBA "3eseHoi" eHeprii, a i HeHTpoM
PO3poOKH, TECTYBaHHS Ta BUPOOHHUIITBA KOMIIOHEHTIB JUIS BiIHOBIIIOBAJIBHUX JKEPEII,
BKITIOYAIOYH TTaHelNi, TypOiHH, CHCTeMH 30epiraHHs eHeprii Ta IHTeNeKTyaabHi MEepexKi.
Lle BiamoBizae CBITOBUM TEHJCHLISM Ta CTPATEriyHUM MNpPIOPUTETaM EHEPreTHIHOi
oe3mexu. [2]

IIle omHUM MEPCHEKTUBHUM HANpsSMKOM € BUBYCHHS IIATPYHTS IS
3aM04aTKyBaHHS TEXHOJIOT1H MajiMX MOIyJpHUX peakropiB (MMP) . Xoua e nutanHs
BUMarae HaJ3BUYaiHO PETEILHOTO Ta BUBAYKEHOTO MIAXOY 3 TOUYKH 30py padialiiHol
Oe3mekn Ta CyCHUIBHOTO CHIPHHHATTS, KoHuenmis MMP, mo mependayae BUCOKHMi
piBeHb OE3MEKH Ta MOKIIMBICTh IMOSTAITHOTO PO3IMIUPEHHS MOTY)KHOCTEH, MOXKE CTaTH
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LiKaBUM JUIS BHBYCHHS 3 TOYKHM 30pY MalOyTHHOTO pPO3BUTKY EHEPIreTHKU Ta
HAYKOBHX JIOCII/DKEHb, @ TaKOX 3aJIy4UTH 10 POOOTH BENMKY IUIONIY 3aHEeJ0aHHX
3eMenb. [loyaTkOBHM €TanmoM Mae CTaTh NPOBEAEHHS I'€0/Ie3UYHOTO Ta CEHCMIYHOTO
aHanizy. U3B, 3 ii JOCBiIOM sSJepHOI EHEPreTHUKH Ta iCHYIOYHMH 00'€KTaMu, MOXe
Ha/JaTH YHIKQIGHUH TECTOBHWH TONITOH /IS IOCHiKeHb 3 IX Je3aKkThBamii Ta
€KOJIOTIYHOTO BiJHOBIICHHS, a TaKOX U BiANpAIfOBaHHS TEXHOJIOTiH, MOB'SI3aHUX 3
MMP, 3a yMOBH OOTpUMaHHS HaWBUIINX CTAaHJAPTIB O€3MMEKH Ta MIKXHAPOIHHUX
perymamiit. g imes morpelye momampmux TIAMOOKMX HAYKOBHUX [OCTIKCHb Ta
00TOBOpPEHHS 3 MIXKHAPOIHOIO CITIIIHHOTOIO.

Ockinpku 3Ha4yHI TepuTOpii VYKpaiHM HHHI 3a0pynHeHI MiHAMH Ta
BHOyXoHeOe3neYHNMH npeiMeTamMu, YopHOOMIbChKa 30HA BIAUY)KEHHS MOXKE CTaTh
iIcaJbHAM TIOJTITOHOM JIJIsl TECTYBaHHS HOBITHIX KOMIUIEKCIB PO3MiHYBaHHS, 30KpeMa
MOJYJBHI pILIEHHs, [0 BKJIOYAIOTH JIITAlOYWl JAPOHH pPI3HUX THIIB Ta Ha3eMHI
pobotu3oBani maarGopMu, KEpOBaHI €TUHUM MPOTPAMHHUM 3a0e3MCUCHHIM. YMOBH
30HM — 1Ie PI3HOMAaHITHUH JNaHmuadT, pi3Hi TUIM IPYHTIB Ta POCIMHHOCTI, @ TAKOX
MOXIIMBICTh POOOTH B yMOBax, IO HE 3arpoXKyloTh HUBUIBHOMY HaceleHHo. lle
JTO3BOJIMTH BiMUpAIlIOBATH €(PEKTUBHICTH, IMIBUAKICTH Ta OE3MEKy POOOTH CyYacHHX
TEXHOJIOTif PO3MIHYBaHHS, SKi TaK HEOOXINHI IS TICIIBOEHHOTO BiTHOBIICHHS
kpainu. TecTyBaHHS TyT MO’KEe BKJIIOYATH SIK AMCTAHIIHHO KEPOBaHI MAaIIWHHM, TaK i
MOBHICTIO  aBTOHOMHI ~ po0OTH, 3[OaTHI  PO3Mi3HABaTH Ta  3HEIIKOIKYBaTH
BHOYXOHeOe3IeuHI IpeIMETH, MIHIMI3yIOUH PU3UKHU IS JIFOAWHU.

Cepen IHIIMX MOXJIMBUX HAaNpsMKIB cCrieriaiizamii mapKy CIiJi BUIUIATH:
pO3po0OKYy Ta BHPOOHHITBO OOJNAAHAHHS IS PATIAifHOTO KOHTPOJIIO, CHUCTEM
MOHITOPUHTY HaBKOJIMIIHBOT'O CEpeNIOBUINA Ta 3acO0iB IHAMBIAYaJbHOTO 3aXHCTY;
JIOCHIJDKEHHSI Ta BIPOBAJDKEHHS HOBMX METOIB J€3aKTHBAlii IPYHTIB, BOIU Ta
OyniBeslb, a TAaKOXK TEXHOJIOTIH NepepoOKH Ta 30epiraHHs pajioakKTUBHHUX BiJAXOIB;
JIOCIHI/KEHHST BIUIMBY MajMX 103 pajiaiii Ha JKMBI OpraHi3Mu Ta po3poOKy HOBHX
METOJIB JIKYBaHHS padialliiHUX ypakKeHb, a TaKOXX OIOJNIOTIYHI JOCHIIKEHHS Ha
VHIKaJIIbHUX 3pa3kax ¢uopu Ta GayHH 30HH; BUBYCHHS BHPOIIYBAaHHS PaIiOCTIHKHX
KyJIBTYyp Ta TEXHOJIOTIH U1 O€3MEeYHOro CiIbChKOTO TOCHOAAPCTBA HA TEPUTOPIAX 3
HU3BKUM PiBHEM 3a0pYIHEHHS, a TAKOX PO3pOoOKy Ta TECTYBaHHS aBTOHOMHHUX CHCTEM
Ta poOOTIB 17151 poOOTH B HeOe3neuyHnx ymoBax. [1,5,6]

[Ipote, peanizarmist TAKOTO MacIITAOHOTO MPOEKTY MOB'A3aHA 3 HU3KOIO 3HAYHUX
BUKJIMKIB. Paniariiina Oe3neka € 1 3aauIIaTHUMETHCS TEPIIOYEPTOBUM 3aBIAHHSIM.
Heo0OxigHa peTenpHa OIiHKa pajiamiiftHoT 00CTAaHOBKH Ha KOXKHOMY eTarli, po3poOka Ta
BIIPOBA/DKCHHS HANCYBOPIMIMX TIPOTOKONIB O€3MeKH, IMOCTIHHUI MOHITOPHUHT Ta
KOHTPOJIb, 110 BUMaraTMe 3HaYHUX 1HBECTHIIN Ta MOCTIHHOTO HAyKOBO-BIHCHKOBOTO
cynpoBoay. PiHaHCYBaHHS Ta 3aJIyYeHHS 1HBECTHIIIN TAKOX € KPUTHYHO BaKJIMBUMH.
HeoOximHo po3pobuti npuBaONMBI  MeXaHI3MM  CTUMYJIOBAHHS  iHBECTOPIB,
BKJIIOYAIOYM IIOJIATKOBI IiJIBIH, JAEp)KaBHI TrapaHTii Oe3mekn Ta miATpUMKy. TyT
KJIFOYOBY pOJIb Bigirpae (opMmyBaHHS BiINOBiAHOI 3akoHOnaBuoi 0a3u. Hampuxian,
ICHYIOTb IHILIaTMBM IIOJO CTBOPEHHS CIELialbHUX EKOHOMIYHHMX 30H Ta
IHAyCTpiaNbHUX TapKiB B YkpaiHi, ski mMormu O Oyru apmanroBani mins U3B, 3
ypaxyBaHHsAM 1 crienudiku. Baxnupo, mo0 Oyab-ski MalOyTHI 3aKOHONPOEKTH, IO
crocytotbess U3B, d9iTko BU3HA4YaM TPaBOBHH CTATyC, MEXaHI3MH 3ay4CHHS
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IHBECTHLIH, pEryJIOBaHHS MAisUIBHOCTI Ta CTaHIApTH Oe3leKu, a TakoX 30eperiiu
CTaTyC 3allOBIHMKA JUIsi 30€peeHHs YEePBOHOKHIXHUX INPEJCTaBHHUKIB (IOpH Ta
(daynu. lle Moxe BKJIFOUATH TOJIOKCHHS, MOAIOHI 70 THX, II0 OOrOBOPIOBAIKCS B
KOHTEeKCTi "3akoHy YKpaiHM Tpo iHaycTpianbHi mapku" abo IHIIMX 3aKOHOIABYMX
aKTiB IOJI0 IHBECTHINIHHOT MisUTHHOCTI. [2]

KangpoBa momiTika BUMaraTHMe He JIMIIC 3aJy9eHHS BHCOKOKBai(piKOBaHMX
HAYKOBIIIB Ta iH)KEHEPIB, ajie if CTBOpEeHHs MPUBAOIMBUX YMOB MpAaIli, BECOKOTO PiBHSI
Oe3meKkn Ta COmialbHUX TapaHTid MM HUX Ta ixHiX pomuH. CycIinbHE CIPHHHATTS
TaKOX Bimirpae 3Ha4uHy poib. IleperBopenHs YopHoOwis 3 micms karactpodu Ha
ocepeloK iHHOBalilf MOTpedyBaTHMe IMUpOKOMAacIITabHOI iH(OopMaIiifHOT KaMIaHii,
sKa 0 BUCBITJIIOBAJIA MIOTEHIIiall 30HU Ta 11 BHECOK Y CBITOBY HayKy Ta TEXHOJIOTTYHHN
po3BuTok. Haperuri, eeKTUBHE YMpaBIiHHS MPOEKTOM, sike O 00'€HANO HAYKOBI,
MPOMHUCIIOBI Ta JIepXKaBHI IHTEPECH, € KPUTUYHO BAXKJIMBUM JJIS YCIIIXY.

Ha nosixy mo peanizamii 1bOrO TpaHiO3HOTO IMPOEKTY HEOOXinHA HHU3Ka
MOCTIMOBHUX KpOKiB. CTBOpEHHS MDKBiIOMYOi po0OOYOi TIpymu 3a ydacTio
mpeacTaBHUKIB MiHiCTepcTBa 3aXWCTy IOBKULIA Ta MPHPOJHHUX pecypciB YKpaiHw,
Jlep>xaBHOTO areHTcTBAa YKpalHM 3 YHpaBIiHHA 30HOIO BimuyxeHHs, HamioHambHOi
akazemii Hayk VYKpaiHHM, a TakoX MDKHapOJHHX €KCIEPTIB € IepIIOYeproBUM
3aBnaHHsIM. Po3poOKa geTanbHOTO TeXHiKO-eKoHOMiuHoTo 00rpyHTYBaHHS (TEO), mo
BKITIOYAaTHME OILIHKY pajiamiifHoi OOCTaHOBKH, aHaNi3 iCHYr04oi iH(pacTpykKTypw,
pPO3paxyHOK HEOOXiMHMX IHBeCTHIIi, Oi3Hec-TNIaH Ta MOJENb YIPaBIiHHA, €
000B's13k0BOI0. [IpOoBe/IeHHST MIDKHApOJHOr0 KOHKYPCY HPOEKTIB [UIs 3aJlydeHH:
NPOBIJHUX HAYKOBHX Ta IH)KEHEPHMX KOMaHJ, a TaKOX aKTHBHE 3aJlydeHHs
MDKHApOJHUX OpraHizamid Ta KpaiH-JIOHOpIB 10 (IiHAHCYBaHHS Ta EKCIIEPTHOI
HIATPUMKH € KIIOYOBHM Juisi mioOaneHOro ycmixy. CTBOpEHHs —creniaibHOl
€KOHOMIYHO{ 30HH 3 MiJIbIOBUM I10JJATKOBUM PEKUMOM Ta CHPOLICHUMH TIPOLEypaMHU
JUIS 3aJTy4EHHsI IHBECTHIIIH MOKE CTaTH BU3HAYAIIBHUM (AKTOPOM YCITiXY.

OTxe, CTBOpPEHHS  HAayKOBO-IHIYCTpiaIbHOTO IapKy Ha  TepHUTOopii
YopHOOMITECHKOT 30HH BiUyKEHHS € HE IIPOCTO aMOITHHUM, a CTPATETIYHO BAXKIIMBIM
npoekToM uia Ykpainu. Bin 3maten tpanchopmysatn U3B 3 cumBony Tparenmii Ha
[CHTP CBITOBHX IHHOBAaIlil, MO CIEI[ialli3yBaTUMEThCSI HAa  BiJHOBIIOBAJIBHIN
SHEpreTHlli, paaianiiiHiii Oe3meri, YHIKAIbHUX €KOJIOTIYHHX MOCHIPKEHHIX, a TaK0XK
BIIKpHE TMEPCHEKTHUBH s MailOyTHROTO BHBUYEHHS Ta PO3POOKH TNPOTPECHUBHHUX
EHEepreTHYHNX TEeXHOJOTiH. VYcmilmmHa peami3amis IIbOTO TPOEKTY BHMaratume
KOHCOJIITOBAaHUX 3YCHJIb YpSIAy, HAayKOBOi CHUIBHOTH, Oi3HECy Ta MiKHapOJIHUX
MapTHEPiB, ajie HOro MOTEHIIIHI BUTOAH, SIK s YKpaiHH, TaK 1 JUId CBITOBOT HAyKH Ta
€KOJIOTi1, 3HaYHO TMEPEBUIIYIOTh TOB'SI3aHI 3 HUM BHUKJIMKH. A TaKOX 3MIIIHCHHS
MDKHapOJHOTO CIIIBPOOITHHIITBA Ta KOOPAMHALII 3yCHJIb Yy CHpaBi BHUBYEHHS,
NOM’SIKIIIEHHsI Ta MiHiMi3anii HaciniakiB YopHOOMIBbCEKOT KaTacTpodu Ta cpsiMOBaHa
Ha BUKOHaHHS YKpaiHOIO 3000B’s3aHb B pamkax 1) PamkoBoi konseHuii OOH mpo
3MiHy KiiMmaty (3akoH Ykpainu Big 29.10.1996 p. Ne 435/96-BP); 2) Ilapusbkoi
KOHBEHILIHHOT yroau npo 3miHy kiimary (3akon Ykpainu Bix 14.07.2016 p. Ne 1469-
VIII); 3) MonpeanbchbKOro NPOTOKONY Ta 3MiH 10 Hboro (3akoH YKpaiHu BiA
02.11.2000 Ne 2083) ta 4) Kiranilicpkoi nonpaBku 10 MoOHpeaIbChKOro MPOTOKOIY
(nmpoext 3akoHy Ykpainu nepeOyBae Ha po3risini BP Ykpainn).
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AHAJII3 XIMIYHOTI'O TA I3OTOITHOI'O CKJIALY CKUAHOT O I'A3Y II1 [
YAC TEPMIYHOI OBPOBKH OITPOMIHEHOI'O TPA®ITY

L2Cimeinxo K.B., >/lobau K.B., 'Ckoonux O.M., * Bonoapsxos M./I.,
Topowenxo A.0., 'Cabenin I1.B.

TucruryT npo6nem 6e3nexn AEC HAH Ykpainu, M. YopHoOuns, Kuiscbka 0601,
VYkpaina, k.simeiko@ispnpp.kiev.ua
Iuctutyt rasy HAH Vkpainn, m. Kuis, Ykpaina, k_simeyko@ukr.net
*HarioHanbHUN HAYKOBHH HEHTP «XapKiBCHKUH (Bi3MKO-TEXHIYHMMI iHCTHTYT»,
M. XapkiB, Ykpaina, lobach0709@gmail.com
YopHOOUILCHKMI HEHTP 3 MPOOJIEM SIEPHOI O€3IIEKH, PaliOaKTUBHHUX BiJXOJiB Ta
pamioekororii, m. CnaBytrnd, KuiBcbka 0011., Ykpaina, mbondarkov(@chornobyl.net

AHoTamisi. Y  po0OTI  NpEACTaBICHO  Pe3y/lbTaTH  MDKIHCTHTYLIHHOTO
JIOCTI/KEHHS, IPUCBSMEHOT0 aHajli3y CKJIaQy CKHAHOIO Tasy, L0 YTBOPIOETHCS IIijl 4ac
TepMiuHOi OOpOOKM OMpOMIHEHOTro TpadiTy 3 SIEPHUX YCTAHOBOK. 3arpONOHOBAHHUM
METOJ] aHANI3y JO03BOJSIE OIHOYACHO OIIHIOBATH, XIMIYHMH Ta 130TONMHHUNA CKJIa]
ra3onoMiOHMX MPOIYKTIB, IO YTBOPIOIOTBCS IiJ 4ac TepMidHOI 0OpoOku. Po3poOxa
MIPOXOIUTH Ha 0a3i eKCIIEPUMEHTATIBHIX JOCIIKEHb 13 BUKOPUCTAHHSM YHUCTOTO TPadiTy,
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3 MOJAJIBIIMM BIPOBA/KEHHSIM IPOTOTHUITY JiabopaTopHoi ycraHOBKM. OTpuMaHi JaHi
MalOTh CTaTH OCHOBOIO /UL ONTHMI3alli cCTparerii IOBOPKEHHS 3 OIPOMIHCHUM
rpa¢itom, BKIIOYAIOUYH iJeHTU]IKaLIII0 Ta KOHTPOJIb paioHyKiiiB. PoboTa € akTyanbsHO0
Yy KOHTEKCTI BHMBEJICHHS 3 eKCIUTyartauil sZIepHMX €HEproOJIOoKiB i 3MEHIIEHHs 00CsriB
TBEPNX PaIiOaKTHBHUX BiIXOIIB.

PeakropHmii TpadiT CTaHOBUTH OMHY 3 HAHOUIBIINX YACTHH HAKONHYCHHUX Y
CBITI TBEpIMX PaliOaKTHBHUX BiAXOMIB, OYEBUIHO, IO MOIIYK CHOCOOIB MMOBOKEHHS
3 TakuM TpadiToM € aKTyaJbHOI0 HAyKOBOIO mpoOiemoro. Ha TemepimmHii wac y
NPOBIJHUX HAYKOBHX YCTaHOBAaX pO3MNISAAIOTHCSA IBA BAPiaHTH IIOBOUKEHHA 3
BiANpanboBaHUM onpoMiHeHuM rpaditom (BOI'): cnamroBanHs Ta i3omsmis 3
MOIaJIbIIUM 3aXOpOHEHHAM [1].

Bubip meromiB Ta ix peanizamis 3 noBomkeHHsM BOI' GesnocepenHbo
NOB’si3aHa 3 JOCIHIUKEHHSIM HOro OCHOBHHMX xapaktepucTtuk. Cepex SKUX L€
130TOMHUI Ta XIMIYHUIH cKiax rpadiry.

ABTopamu po3poOJeHI METOAM aHalli3y i30TOMHOTO Ta XIMIYHOTO CKIaIy
CKHIHOTO Ta3y TiJ 9ac TepMidHOI 00poOku rpadity [2, 3, 4]. Came iX mOeTHAHHS B
MEPCTIEKTHBI JO3BOJISIE OJHOYACHO BU3HAYATH iX CKIIa.

[lomepenHst excriepUMEHTaNbHA ampoOallis METOXNIB aHali3y Ha YHCTOMY
rpaditi Hajgama HeoOXimHI HAyKOBO Ta TEXHIUHI JdaHI IS KOHCTPYIOBaHHS Ta
BUTIPOOYBaHHS J1a0OPaTOPHOI YCTAHOBKH JUII BU3HAYCHHS PaiOaKTHBHHUX 130TOINB Y
orpomiHeHoMY rpadiTi.

OtpuMani pe3ynbTard Oe3yMOBHO IO3UTHUBHO BIUIMHYTh Ha Oe3redHe
MOBOJKEHHS 3 ONPOMIHEHUM IpadiToM sIIEPHUX YCTAaHOBOK.

KoarouoBi cmoBa: onpomiHenuii rpadirt, sizepHa YCTaHOBKA, 30JIBHICTB,
XIMIYHHH CKITaJ, 130 TOIHHUH CKIIa.
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Abstract. This paper addresses the pressing issue of managing irradiated
graphite generated during the operation of uranium-graphite nuclear reactors. The
scale of dismantling graphite masonry is emphasized, particularly in the case of the
Chornobyl NPP, where over 5,400 tons of highly radioactive graphite with a
significant fire load was accumulated. The current state of disposal technologies is
analyzed, revealing a lack of effective and safe solutions that adequately account for
radioisotope hazards (particularly the presence of 14C), environmental safety, and
technical feasibility. The authors highlight the urgent need to develop new
technological approaches that consider the reactor type, graphite characteristics, and
operational and storage conditions. This study was carried out within the framework of
Project "7121" with the support of the Science and Technology Center in Ukraine.

Keywords: irradiated graphite, graphite-moderated nuclear energy systems,
high-power channel-type reactor (RBMK), gas-cooled reactors.

AHoTanis. Y po0oTi po3risgaeTbes akTyallbHa MmpobiemMa 1o IMOBOKEHHIO 3
onpoMiHEeHMM TpadiToM, IO YTBOPIOETBCS B pe3yibTaTi eKCIulyaramii ypaH-
rpaditoBux sgepHuUX peakropiB. [limkpecmroeTbes MacmTaOHICTh — 3aBJaHHSA
JIEMOHTaXy TrpadiToBOi KIamKH, 30KpeMa Ha mpukiani Yopaobumscekoi AEC, ne
HaKONMYEHO TOHAA 5,4 THC. TOH BHCOKOPATiOaKTUBHOIO Tpadiry i3 CyTTEBUM
MOKS)KHUM HaBaHTAKEHHAM. [IpoaHani3oBaHO Cy4acHUI cTaH TEXHOJOTIHM yTwii3arii
Ta HAroJoOIIeHO Ha BiJICYTHOCTI e(peKTHBHUX i Oe3MeYHuX pilleHb, SKi BPaXOBYIOThH
pamioizoronHi pu3muku (30KkpeMa HasBHICTH 14C), exonorigHy Oe3neKy Ta TEXHIUHY
peaii3oBaHiCTh. ABTOPH aKLEHTYIOTh yBary Ha HEOOXiJHOCTI pO3pOOKH HOBHX
TEXHOJIOTIYHUX IIJXOJIB 3 ypaxyBaHHSM THUILy PEaKkTopa, BIacTHBOCTEH rpadiry Ta
YMOB Horo ekcrutyarauii i 30epirants. PoOoTy BUKOHaHO B Mexax mpoekty «7121» 3a
niarpumkn Science and Technology Center in Ukraine.

Karouosi cioBa: onpomiHenuid rpadir, saepHi €HEpreTHYHI YCTaHOBKH 3
rpadiToOBUM CIIOBUIbHIOBAYEM, PEaKTOp BEJMKOI NOTYyHOCTi KaHanbHuii (PBIIK),
rpadiTo-ra3oBi peakTopH.
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Iupoke BUKOpUCTaHHS TrpadiTy B SAEPHUX PEAKTOpax MOSCHIOETHCS HOTO
JIOCTYIIHICTIO, 33/I0BIJIbHUMH CIIOBUILHIOIOYMMH BJIACTUBOCTSIMHU TA MaJIUM IIEPETHHOM
3aXOIUICHHS HEHTPOHIB. Y CBITOBI MNpPAKTUI[ HAWOLIBII TOMIMPEHI PEaKTOPH 3
rpagiToBUM CIOBUILHIOBaYEeM KiJIBKOX THIIIB: KaHAJIbHI BOAO-rpadiToBi 3 KUIUISYOO
BOJIOIO Ta 3 MEPETPiBaHHAM IapH; KOPITYCHI BOAO-BOJISAHI 3 HEKUIUITIOO Ta KUIIITIOI0
BOJIOIO; PEAKTOPH 3 Ta30BUM OXOJIOKEHHSM (B SIKOCTi TEIUIOHOCIS BUKOPHUCTOBY€ETHCS
BYTJICKHCIHHA Ta3); BHCOKOTEMIIEPATypHI PEaKTOPH 3 Ta30BUM OXOJOKCHHIM (3
TeNIiEBUM TEIDIOHOCIEM); pEaKkTOpH Ha IIBHAKAX HEUTPOHAX i3 HATPi€eBHM
TEIUTOHOCieM; OaceltHOBI BOI0-BO/IsAHI peakTopH [1].

Ha panmii wac smepHi eHEpreTW4HiI YCTaHOBKM Ha YOpHOOWIBCHKIA Ta
Irnanincekiit AEC (snepHi peakropu Ty PBITK-1000 Ta PBIIK-1500, BinnosigHO)
NPOXOJSTh MPOLEAYPY 3HATTA 3 ekciulyaraunii. Hanpuknax, BigmoBimHo mo [2] Ha
YopHoounecbkiit AEC nporsirom HactynHuX 40 pokiB HEOOXiJHO JEMOHTYBATH IOHA]
5,4 THC. TOH BiJIIPalbOBaHOTO PEaKTOPHOTO Tpadity.

Hapasi y cBiToBili mpakTHLi BiACYTHI anpoOOBaHi METOM Ta TEXHOJIOTII 00
JEMOHTaXy rpadiToBOi KIAAKU SACPHHX YCTAHOBOK 1 IOJAJBIIOTO MOBOMKCHHS 3
BiJIIpaIribOBaHNUM OTIIPOMiHEHHM TpagiToM.

IIpn mnaHyBaHHI 3aXOMiB IMOMO IOBOKEHHS 3 ONPOMIHEHHUM TrpadiToM
HEOOXITHO BpaXxOBYBAaTH THII PEAKTOPa, XapaKTEPUCTHKH I'padiTy, 0COOIMBOCTI HOTO
eKcIuTyararii Ta 30epiranus [3].

VY Bumanky aBapiiiHHX CHTYyaliif 200 TEPOPUCTHYHOTO aKTy (MOMIIUBICTH SIKOTO
MIATBEP/KEHO BIy4YaHHSIM OE3MIJIOTHOIO JIITAILHOTO anapary pociichbkol denepanii y
HoBuii 6Oe3neunuit koudaiiument YopuoOmibcbkoi AEC) mi ¢axkropm MOXKYTbh
CIPUYMHUTH BUOYX 1 TOXEXKY 3 TOpiHHAM rpadiTy, sKy Oyae JOCTaTHBO BaXXKO
3aracHTH.

BpaxoByroun BuiesrajaHe, 0O4eBUIHO, 110 BUKIMKHA CTOCOBHO MOBOJDKEHHS 3
BIANpaIbOBaHUM IpadiToOM sSAEPHUX EHEPTeTHYHUX YCTAHOBOK (Y TOMY YHCII MpOILEC
JEMOHTAXY) € BKINBUMH Ta aKTyalbHUMH.
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JUHAMIKA 3MIH HOBITPOOBMIHY HBK 3 OTOYYIOUUM
CEPEJOBULIEM I1J BIVIMBOM KIIMATUYHUX YMOB
IYACY EKCILIIYATANII
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Annotation. The paper is devoted to modeling the dynamics of changes in the
areas of air leaks through the NSC shells into the surrounding environment under the
influence of climatic conditions and the time of NSC operation.

The paper considers a calculation model that allows determining the areas of
leaks based on NSC operational data and calculating the costs through these leak
points in the shells and building structures under the NSC walls, and the model also
takes into account the external flow of air around the NSC Arch in the form of variable
boundary conditions and variable NSC ventilation costs over time.

A description of the existing locations of air leaks from the main volume under
the walls of the NSC in the environment is also provided, as well as a description of
the methodology for performing the work. The results of modeling the dynamics of
changes in the areas of air leaks are presented, which show an increase in the values of
the areas over the time of operation of the NSC and the leakage of air flows from the
main volume outside the NSC ("low" emission) for the five-year period of operation of
the NSC from 2020 to 2024 and quantitative clarifications of these dependences of the
areas of leaks on the seasons of the year (winter-summer), which should be carried out
as a permanent monitoring of the NSC for the purpose of controlling, predicting air
flows outside the NSC and planning work on dismantling unstable structures of the
shelter object.

Hosuit besneunnit Kongaitamenr (HBK) YAEC mnoOynoBaHwii 3 MeETOO
MepeTBOpeHHsT OymiBeapHUX KOHCTpyKIiid OO0’ekta «Yikpurrs» (OY) B eKOJOTiYHO
Oesmeuny cucremy. Jlng 3a0e3medyeHHsT OE3MEKW  INEpPCOHANTY, HACEJCHHS Ta
HaBKOJMITHLOTO cepenoBuiia HBK mae 30BHINTHIO 1 BHYTpIlIHIO OOOJOHKH, SIKi HE €
MOBHICTIO TepMetnyHuME. llle OUThII He TepMETHYHHUMH € MICHs YINUIBHEHHS IIif
3axigHOI0 Ta cximHoro criHaMu HBK i OymiBenbHMMH KOHCTPYKIISMH, a TakoXX cami
OyZiBenbHI KOHCTPYKIT i My cTiHamu. OcKiabky B KutsiieBoMy npoctopi (KIT) HBK
MiATpIMY€EThCS HammvmkoBuit THCK (5-20 I1a), a B ocHoBHOMY 006°emi (OO) HeraTuBHUIA
TucK (MiHyc 5-10 [1a), To OCHOBHI IPOTIYKY MOBITPS 3 PalioaKTUBHUMH aepo3ossivu (PA)
MatoTb Micte i3 OO mix crinamn HBK 1 wactkoBo uepes o6ononku HEK.

MeTo10 po0OTH € aHATI3 Ta YTOYHEHHS IJIOMNI IPOTIYOK Ta BUTPAT HOBITPOOOMIHY
Yyepe3 BHYTPIIIHIO OOOJIOHKY i3 KUIBLIEBOTO IIPOCTOPY B OCHOBHHI 00’eMm, i3 OO B
orouyroue cepenouire (OC) 3a qonomororo po3podiieHoi moneni HBK i 6aratopiuHoro
00’eMy eKCIUTyaTalliiHUX JaHuX, ozaepkanux Bix HBK npu pisHuX Hanpsimax i
MBHUIKOCTSIX BITPY, @ TAKOXK BUBYMUTH MOYKITHBI 3aJICKHOCTI TUTOII MPOTIYOK 1 KoedilieHTIB
NIPOTIYOK BiJ| PI3HUX CE30HIB POKY 1 BiJ yacy exciuryarauii HBK.
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PesysabTaTn podoTu.

Hageneno pe3ynbTaTyl OMKMCy HasBHUX Micllb MpoTidok moBiTps i3 OO B OC, B
MiCISIX YUIJIbHEHHS MeMOpaH Ta Kpi3b OyniBesbHI KOHCTPYKLIi Mix 3axifHOIO Ta
cxignoro crinamu HBK ta mginsumi oommBku BenTmaxtu JJCPB.

IIpencrasneni B Tabn.1 pe3ynbTaTé MOJEIIOBAHHS BUTOKY IOTOKIB IOBITPS 13
00 3a mexi HBK («Bucoxoro» Bukungy depe3 BUTKKY HBK Ta «HI3BKOTO» BHKHIY
noBiTps 3 PA mig crinamu HBK).

IIpoBeneHo aHami3 BIUIMBY KJIIMaTHYHUX YMOB i "acy ekcruryartarii HBK na
3HAYCHHS IUIOINI MPOTIUOK Ipu 00podui 24-x BuOipok excruryarariitanx manunx HBK
3araJibHOIO KITBKICTIO ~336 THC. TaHUX 3a Mepio]] eKciuTyaTarii 4,5 kaleHIapHi poKu 3
2020 mo 2024 poxwu.

[1ix yac BUKOHaHHS poOOTa 3aCTOCOBYBAJAaCh Po3polIIeHa TiApaBIiyHa MOJIENb
HBK, sixa 3acHOBaHa Ha piBHAHHI bepHymi:

G =R-AP; (1)

ne: G — Butpara; AP — nepenan cratnaHuX THCKIB (Poo-Pic, Poo-Pec, Poo-Prcps,
Pun-Poo, 3-put Pin-Poc); R — rizjpaBiiuHa mpoBiAHICT Y BUTIISII:

2

R=p-S- P

2)

ne: p=0,6 — xoedimieHT BUTpaTH; S — yMOBHA IIIOMIA MIPOTIYKHA MiXXK BHOpaHUMH
yactuHamMu HBK i1 oTouyrounM cepeioBuineM; p — I'yCTHHA TOBITPSL.

KoedinienT BuTparn | uepe3 OTBIp y TOHKIM CTIHII 3aJ€XHUTh BiJ] 0aratbox
mapamMeTpiB Ta Horo 3HadeHHs 3MiHIOEeThCA Bix 0,1 mo 1 ms pisamx ymos. dus HBEK
JIOCTEMEHHO HEBIJIOMO 1€ 3HaueHHs Koe(ilieHTa BUTPATH L 1 33/1a10TbCSl BIZIOMUM
3HayeHHsM 0,6, sike BiANOBinae Ui OTBOPY B TOHKiH CTiHLI. TOMYy HOIIYK TOYHUX
3Ha4eHb IUIOLI MPOTIYOK Oyne sanexuth BijI, TOTO SIKUM 3HA4YeHHSIM Koe(ilieHTa
BUTpaTH W 3amaeMoch, Toni st HBK Oiblr KOPEKTHOH po3MsaaTd KoedilieHT
nporiukn K Ta mykatd Horo 3HadeHHs 3a JONOMOTOK EKCIUTyaTalifiHUX NaHuX 3
HBK:

K=u-S; 3)

OTtpuMaHi pe3ysibTaTH YTOYHEHHS IUIONI S MPOTIYOK, KoedilieHTiB mpoTidok K
st HBK 3a momomororo po3pobnenoi mozeni [1] Oymu 3pobrieni nmpu koedilieHTi
Butpartyu P=0,6 Ta moxasyloTh iX MocTynose 3pocTaHHs 3 pokamu exciuryatanii HBK, a
came miomma BHyTpimHB0i 06omorkn HBK mix KIT i OO 3a 4,5 poxu 3pocna 3 7,08 no
8,10 M? (ma 12,6%), abo 3a pik Ha 2,8%, PIBHAHHA JiHii TPEHLY: SPin-00 = 0,26°T —
508,06. Ilnomra HU3EKOTO BUKKAY Tij 3axigHoro cTiHoro (3m) HBK 3a 4,5 poku 3pocna
3 1,48 M2 10 1,79 m? (Ha 17,4%) a6o 3a pik Ha 3,9%, piBHAHHSA IiHIT TpeHAY: SPoo-sn =
0,081 — 156,40. ITnoma HU3BpKOTO BUKMAY Mix cximHot criHo (cm) HBK 3a 4,5 poku
3pocna 3 3,35 m? 10 5,03 m? (ma 33,4%) abo 3a pik Ha 7,4%, piBHAHHSA JiHII TpEHTY:
SPog.cn = 0,42-1 — 844,62.

OTpuMaHi pe3yJbTaTH YTOYHEHHsI IION] MPOTIYOK 1 KoedilieHTa MPOTIYOK B
obOomoHkax 1 wmicusx mnpotidok mig crinamu HBK mokaszano, mo iX 3HaueHHS
3pOCTAIOTh B JIITHIH Tepioj NEPioy POKY i YaCTKOBO 3MEHINYIOTHCS B 3UMHIN MepioJ
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poky. KibKiCHI yTOUHEHHS IUX 3aJIeKHOCTEH IUIONI NPOTIYOK 1 KOe(ili€HTiB BUTpAT
BiJl CE30HIB pOKY (3UMa-JIiTO) MOTPeOy€E MOAATBITNX JOCHTIKEH].

Tab6n.l. Buxigni excrutyaranii nqani HBK s 2020-2024 pokiB Ta pe3ynbraru
cepeHpoMIcUHMX BUTpaT npuIninBiB nositps i3 OC B OO Ta «HU3bKOTO BUKHIY» 13 OO
B OC (MyH. M*/Micsp)

CepenHboMicsUHi 3a PiK BUTPaTH (MIIH. M>/Micsup) Mixk | PesynbTaTn aHamisy BaTpar,
00’emamu HBK MJTH. M>/MiCSITb
Y P Y P Bucoxknii CepenmHbOMICSYHI
= P pu BUKHUJ [Mpumus BUTpPATH
B . OCYLIEHOTO MOBITPS ) L
S| Pik noBita i3 | gepes BY is HOBITPA | TOBITPA i3 «HH3BKOTO»
= KII :;pOO Op CrOO | 9€Pe3 BY iz | OCOO | BuKHZY HOBITPA
00 BOC i300B0OC
1 2 3 4 5 6 7
1 | 2020 49,15 1,99 -58,08 10,26 -3,31
2 | 2021 46,32 1,85 -84,94 38,01 -1,21
3 | 2022 36,65 0,00 -70,79 35,24 -1,10
4 | 2023 32,32 0,00 -73,96 43,27 -1,63
5 | 2024 39,72 0,00 -95,28 55,58 -0,02

Piuni 0ani — e CyKymHICTh eKCIDTyaTalliiHUX NaHUX, oxepkaHux Bim YAEC
MPOTSTOM POKY 3 Pi3HOO KUTBKICTIO MiCAIIIB 1 YaCOBUMH Kpokamu | gac abo 5 XBrinH

Burparu «Hm3pkoro» Bukumy i3 OO B OC 3MEHIITYIOTECS 1€ TIOB’S3aHO 3 THM
o 3 2022 poky Maiike MOCTIHHO MpalooTh 3-1 BUTSDKHI BY «BHCOKOTO» BHKHAY 13
OO B OC Ta TnM, 1o npuuuB ocyuieHoro nositps B KII 3xilicHIOETbCS TibkK 2-a
BY, 3amicth 3-x sik Oyno y 2020 ta 2021 pokax 3 METOI €KOHOMII eJleKTpoeHeprii
npu 3abe3nedeHi ymoB ekcrutyaranii HBK.

BucHoBku.

1. TIpoBeneno anaii3, 0OpoOKy 1 BUKOPHCTAHHS JaHHUX 3a I’ ITUPIYHUIA nepios
excruryaranii HBK 3 2020 mo 2024 poxu Ta BigiOpanux 258 THC. BUMIpiB BUXITHHUX
JITaHUX BIIEpLIE JI03BOJIMB BUKOHATH BAXXJIMBY POOOTY 3 yTOYHEHHS IO POKaM ILUIOII
MPOTIYOK B OOOJIOHKAX 1 MICIIX MPOTIYOK HHU3BKOro BHKHAY min crtiHamMu HBK, a
TaKOX MOXJIMBI 3aJI€KHOCTI IIJIOII TPOTIUOK BiJl POKY 1 CE30HIB POKY (3UMa-JIiTo).

2. OrtpumaHi pe3yabTaTH YTOYHEHHS IUIOLI TPOTIYOK Ta KoedilieHTiB
npotidok K B o6ostonkax i micisix nporivok mij crinamu HBK mokasano 3pocranns ix
3Ha4eHb 3 pokamu ekciuryaranii HBK, a came ruroma Tta koedimient mpotiukn K
BHyTpimHBOi obomonkn HBK mix KII i OO 3pocrae 3a pik Ha 2,8%. Ilmoma i
koedimient npotiukn K «HU3bKOTO» BHKHMAY mif 3aximHoro criHoro HBK 3poctae 3a
pix Ha 3,9%. Ilnoma i xoedimienT mpoTiukun K «HM3BKOr0» BUKHAY MiA CXITHOIO
crinoto HBK 3pocTae 3a pik Ha 7,4%.

3. Ilmomii i xoediuieHnt npotiukn K nepeBakHO 3pOCTalOTh B JITHIN Hepiof
Mepiofy POKy 1 MEpeBaKHO 3MEHINYIOTBCS B 3HUMHIA mepion poky. KimbkicHi
YTOUHEHHSI LIUX 3aJIS)KHOCTEH 101N 1 KoediuieHT npotiuku K Bix ce30HIB poky (3uma-
JIiTO) MOTPeOy€e MOJANBIINX JOCITIKCHb.
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Abstract. The study is dedicated to the development of a prototype digital twin
for the hydraulic state of the New Safe Confinement (NSC) of the Chornobyl Nuclear
Power Plant. Given the critical importance of preventing radioactive aerosol leakage,
the work substantiates the need to create a digital twin capable of assessing,
forecasting, and optimizing the behavior of the ventilation system in real time. The
novelty of the proposed approach lies in the use of an emulator as a virtual test bench
that simulates realistic input conditions and enables the validation of digital twin
algorithms prior to their implementation on the actual facility. The schematic diagram
of the prototype, based on a nodal Bernoulli model, is described, with the potential for
further integration of a CFD model for detailed simulation of aerosol transport.
Additional experiments will allow for the evaluation of the digital twin’s sensitivity to
changes in leakage areas, investigation of the impact of measurement errors, and
testing of various ventilation control strategies under both normal and emergency
operating conditions.

Anortanisg. PoOory mpucBsSueHO pPO3pOOJIEHHIO TNPOTOTHITY IH(POBOTO
IBifiHUKa rigpasimigHoro craHy HoBoro besneunoro Kondaitamenta (HBK)
YopuobOmiecskoi AEC. 3Bakaiounm Ha akTyaJbHICTh 3aadi 3amoOiraHHS BUTOKaM
pamioaKTUBHHUX aepo30JiB, y poOOTIi OOIPYHTOBAHO JIOMUIBHICTE CTBOPEHHS
upoOBOTro NBIMHUKA, MO 37aTEH B PEaJbHOMY dYaci OIIHIOBATH, MPOTHO3YBATH Ta
ONTUMI3yBaTH TOBEAIHKY CHCTEeMH BeHTWIAHii. HOBH3HOIO POOOTH € BHKOPHCTaHHS
iMiTaTropa SIK BIpTYalbHOTO CTEH[A, IO MOJIENIOE PeanbHi BXiTHI YMOBHU Ta JI03BOJISE
BIATIPAIIOBATH aJTOPUTMH LU(PPOBOTO IBIMHUKA O €Taly HOro BIPOBA/KEHHS Ha
peanbHOoMy 00’ekTi. [loka3aHO NPHHLMIIOBY CXeMy IPOTOTHILY, 3aCHOBAHOTO Ha
By3JIOBill Mozem bepryii, 3 MoxmBicTio monanemoi iHterpanii CFD-monmem s
JIETAILHOTO MOJICIIOBAHHS IIEPEHECeHHS] aepo3oiiiB. [IpoBeneHHs JONATKOBUX
€KCIIEPUMEHTIB JO3BOJIHUThH OLIHUTH Yy TJIMBICT LU(PPOBOro NBIHUKA /10 3MIHHU IUIOLI
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MPOTIYOK, IOCHIAWTH BIUTUB NOXMOOK BHMIPIOBAHHS Ta BIiJNpAIFOBATH BapiaHTH
KepyBaHHS BEHTWIALIHHUMH yCTAaHOBKAMHU B HOPMAJIBHUX 1 aBapiiiHUX peXUMax.

3 Meroro MiHiMizanii HachiakiB aBapii Ha YAEC, mo cramacs y 1986 pori,
Oyno 3BeleHO 00’€KT «YKPHUTTS», NMOKIUKAHWUM 3MEHIINTH O0CAT paji0OaKTUBHUX
BUKHIIB y HABKOJIMIIIHE CEPEIOBHINE. 3 HYacOM KOHCTPYKIS «YKPHUTTS» CTaia
MOTEHINIHO HeOe3MeYHO0 Yepe3 PHU3WK OOBally HECTaOTBHMX EJIEMEHTIB, 30KpeMa
MIOKPIBJI Ta HECYYHX OTOp. Y 3B’SA3KY 3 IIIIM BHHUKJIA HEOOX1IHICTh CTBOPEHHS OiTbIT
HamiiHOI Ta mOBroTpmBamoi imkeHepHOI cmopynu — Hosoro besmednoro
Kondaitamenra (HBK). OcuoBHa ¢ynknis HBK momsrae B i3omamii 3anumkisB
3pyHHOBAaHOTO €HeproOioKka, 3armoOiraHHi MOJANBIINM pPaJiOaKTUBHIM BHUKHIAM Ta
CTBOPEHHI YMOB JJIsl 0€31I€YHOT0 IEMOHTaXy CTaporo 00'ekTa « YKPHUTTSI».

MeTtow naHoi poOOTH € aHali3 OCHOBHMX YWHHHKIB, IO BIUIMBAIOTh Ha
rigpaBmiuanii cran HBK, a Ttakox oOOIpyHTYBaHHS HEOOXIIHOCTI CTBOpPEHHS
NPOTOTUIy #Horo uM(pPOBOr0 IBiifHMKAa Ta BIAIpalIOBAaHHS TEXHOJOTIT 3
BUKOPUCTAHHSAM CIICI[iaIbHO CTBOPCHOI'O IMiTaTopa, IO BHKOHYE POJb PEabHOIO
00’€eKTy.

HBK ckmamaeTbcss 3 OCHOBHOTO 00°€My, B SKOMY PO3MIIICHO 3aJTUIIKA
3pyHHOBAHOTO €HEpProOJIOKa Ta EJIEMEHTH CTaporo o0’ekTa «YKpPHUITSI», IO €
TOJIOBHOIO 30HOI0 YTPHMaHHS PaiOaKTUBHHX MaTepialiB, i KUIBIIEBOTO IIPOCTOPY,
SIKFH JOJaTKOBO OTOYYE OCHOBHHIA 00’ €M IO BepXHiil MoBepXHi i 3a0e3mnedye OypepHy
30Hy. Ockineku HBK He € repMeTnyHOI0 COPYMOI0 Ta, BHACTIIOK KOHCTPYKTHBHHX
0COOJMBOCTEW, MICTUTh 3HAYHY KUIBKICTh HEUIUIBHOCTEW, HOro TiJpaBiiuHHUi CTaH
3HAYHOI0 MIPOI0 3aJIeKUTh BiJ IIBHIKOCTI Ta HANpsAMKY BIiTpy. Bitep dopmye
pO3MOJI THUCKY Ha 30BHIMIHIX TOBepXHsAX o00’ekta. [lpu 1poMy HaiOLIbII
HECIIPUATIMBUMH € 3aXiTHUH Ta CXiJHUI HaNpsSMKH BITPY, IO 3yMOBIICHO BEJIHMKOIO
rromieto koutakty HBK i3 3anmumkamu koncrpykuiit YHAEC 3 BinnoBigHux OOKiB.

3 Merow 3amno0iraHHs BHUTOKaM paJiOaKTUBHHUX aepo30jiB ImepeadaueHo
MOXIIMBICTh ~aKTHMBHOTO KEPYBaHHS TiIpaBIiYHMM CTaHOM 32  JIOIIOMOTOIO
BEeHTWIAMIHUX ycTaHOBOK (BY). Buninstrors nBa ocHOBHI Tumu BY: ycraHOBKH, 110
BUKauyIOTh HOBITPS 3 OCHOBHOI'O 00’€My Ta YCTaHOBKH, IO IOJAlOTh HOBITPS 10
KiJIbLIEBOTO ITPOCTOPY.

3rigHo npoekTy, BY moBuHHI 3a0e3neuyBaTi BUKOHAHHS TAKNX BUMOT:

1. MiaTpumaHHs HeBesMKOoro BakyyMmy (mpubmmsno -5 Ila) y 3oHi
po3sraiyBaHHs 00'€kTa « YKPHUTTSI», IO CIPHSE 3MEHILEHHIO PU3UKY BUXOLY TIOBITPSI 3
aepOo30JIbHUM 3a0pyAHEHHSIM y JTOBKIJLISL,

2. CrBopeHHs miaBumieHoro Tucky (+15 Ila) Ta miaTpumaHHS BiTHOCHOI
Bostorocti He Buiie 40% y KiTBIIEBOMY IPOCTOPi 3 METOIO YIOBUTBHEHHS KOPO3iHHUX
MIPOIIECIB.

BpaxoBytoun, mo QakTHYHI IUIOM MPOTIYOK TMEPEeBHILYIOTh MPOEKTHI
3HaYeHHs [l] Ta MaroTh TEHJACHIIO 1O 30UIbIICHHS, a 3alUIAHOBAHUH CTPOK
excryarauii HBK nepesumtye 100 pokiB, mocrae HU3Ka HaAyKOBO-IH)KEHEPHHX 3a/1ad.
Cepen HUX:

1. Inentuikalis aKTyalIbHUX IUIOII IPOTIYOK;

2. Po3paxyHOK 0OCSTriB BUTOKIB PaaiOaKTHBHHUX aepO30JIiB;

3. Onrumizaniss pexuMiB poOOTH BEHTWIALIMHUX CHUCTEM 3aJIeXXKHO Bil
napameTpiB BITPY;
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4. MopentoBaHHs aBapiitHuil pexnumiB (00BaJ KOHCTPYKLIH, TOXKeXa, BUXIT 3
Tagy obnagHaHHS TOLIO).

Po3p’s3aHHs  BKa3aHWX 3aad HEMOXJIMBE 0€3 pO3poOJieHHS LU(PPOBOrO
nBiliHKMKa rimpasmiuHoro crany HBK, skuii 103BONHTH MPOBOAWTH MOJCTIOBAHHS,
TIPOTHO3YBaHHS Ta ONTHMI3aIii0 B PEKUMI PeaJIbHOTO Jacy.

ImiTaTop

7 -
>
OrpumaHHs AN
3 00'ekTy 2
Iadposnii npilinak Cawmo-
HaBYaHHA
OnTaMansHi
BHTpaTH BY

Tigpasmiunmii cran: I
OLHKA, IPOrHO3YBAHHA
Ta KepyBaHH:

Pucynox 1 — Bzaemonuist undpooro jasiiiHuKa 3 imitatopom HBK

Hudposnii asiitnuk (digital twin) — e BipTyansHa (po3paxyHKOBa) MOJIEIH
peanbHOro 00'€KTa, SIKa MOCTIIfHO OHOBIIOETHCS 3a JOIOMOTOI0 JaHUX 3 (Di3WYHOTO
NPOTOTUIly B pEaTbHOMY 4Yaci Ta BHKOPUCTOBYETHCS JUIS 3aJad MOHITOPHHTY,
MPOTHO3YBaHHS Ta KepyBaHHSA 00’ekToM. Ha BimMiHy Bij paHilre 3amporoOHOBaHOL
CHUCTEMH MIATPUMKH NPUUHATTA pimeHs [2], KoHHmemIis upoBOro ABIHHIKA
nepeabadae  MOMIIMBICTH DPO3MIMPEHHS PsAy 3aKiIaJeHHX MoJeNneld, MOCTIHHY
iHTerpalliio 3 06’ eKTOM (MOT0 eKCIUTyaTaliHHUMU JaHIMH) Ta OIIEPaTHBHE OHOBJICHHS
PO3paxyHKOBHX MOJEJIeH y BiIOBIAs Ha 3MiHY IapaMeTpiB 00’e€kTa (IO IPOTiYOK,
PEXUMIB BEHTHWIIALI TOIIO).

OckinbKu npsiMa iHTerpanis 3 peansauMu cucremamu HEK Hapasi Hemosximga,
3 METOI0 BIJNPAlIOBAaHHSA BIJIOBIIHOI TEXHOJOTIi 3alpPOIIOHOBAHO CTBOPEHHS
NPOTOTHUITYy, WO CcKianaereesi 3 imitTatropa HBK Tta mmdposoro ngidiamka HBK,
3aCHOBaHMX Ha BY3J0Bili mozaenmi bepuymni [1]. omaTkoBo B muQpoBHil INBIHHUK
moximBa iHTerpanist CFD-moneni, 30kpema, Uil JETAIbHOTO aHaji3y MOIIMPEHHS
paIioaKTHBHUX aepo30diB [3].

ImitaTop Bimirpae posib peaqbHOro 00’€KTy, IJIsl SKOTO 3a[al0ThCsl PETJIAMEHT
pobotr BY Ta 1utonni mpoTidok, Ha KOXHiH iTepallii 3a1at0ThCsl peajbHi MBHIKICTD Ta
HanpsM Bitpy. LludpoBuii qBITHIK Ha KOKHOMY KPOIli OTPHMY€E eKCIUTyaTamiiHi JaHi
3 iMiTaTOpa Ta po3paxoBye BUKUAU pamioakTHBHHX aeposomiB 3 HEK (Pucynok 2), a
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TaKoX po3paxoBye onTuMaibHi BuTpath BY. Ilpm 1pomy Takox nepioandHO
PO3pPaxoBY€EThCS CEpeIHs MOXUOKA MiXK MepernagaMy THCKIB OTPUMAaHHX 3 iMiTaTopa Ta
TUX IO pO3paxOBaHi CaMUM JABIHHMKOM — IpPU BEIMKUX BIIXWICHHSX, MUIIXOM
BUPINICHHS ONTHMi3amiiHOl 3a1a4i 1UPPOBUA MBIHHUK 3HAXOIWTH aKTyaJlbHI ILIOIII
MpoTidoK. TaKuM YMHOM, BUKOPHUCTAHHS iMiTaTOpa T03BOJIE:

1. JocmiguTy BIUIMB NOXHOKK BUMIPIB HA TOYHICTh PO3PAXyHKIB TipaBIigHOTO
cTany nA(pPOBUM IBIHHIKOM;

2. Bu3HaunTH 4yTAUBICTH TMU(POBOTO IBIfHWKA IO 3MiHH IUIONI IIPOTIYOK
00’€xTYy;

3. BigmpamroBatu pi3Hi CTpaTerii KepyBaHHS BEHTHIAMIHHAMHI YCTaHOBKAMH.

HarnitanHs B KMN: 50007.6 [M3/rog], 13.89 [mM3/c] WeupkicTs BiTpy [...  HanpsmM sitpy [°]
HarnitanHs B 00: 0.0 [M3/roa], 0.0 [M3/c] l . 14 200
Butsaxka 3 00: 59968.8 [M3/rop], 16.66 [M3/c] PN O 1 6 ~ 3 7

Nporiska 3a3op 3axia Nporivxa 3a3op Cxia

Pucynox 2 — Po3paxoBaHi NpOTIYKH Pa/Ii0aKTUBHUX aepO30JIiB

BucHoBkH. 3acTocyBaHHS iMiTaTOpa Ja€ MOXKIHMBICTH EKCIIEPHMEHTAIBHO
MepeBipUTH ePEKTUBHICTE OOPAaHOTO MiAXOMy IO MOOYIOBH IU(PPOBOTO ABIHHHKA
rigpasmiuaoro crany HBK, BusBuTH mOTEHIiiHI 0OOMeXEHHS TEXHOJOTIl Ta
c(hopMyBaTH pEKOMEHAAIIIT OO0 ii MOJATBIIOTO BIOCKOHAICHHS.
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ENSURING INFORMATION SECURITY IN THE TRANSPORTATION OF
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Abstract. Nuclear waste transportation is a critical and high-risk process where
information security (IS) plays a key role along with physical and radiation protection.
This is due to high risks associated with unauthorized access to transportation
information. The study analyzes key aspects of ensuring security in the organization of
this process in Ukraine, including cyber, physical, insider, man-made and natural
threats to information assets. National and international legal and regulatory
frameworks in this area are considered. The main threats to IS, such as cyberattacks,
phishing, theft and human factor, are identified. A comprehensive approach to
ensuring an adequate level of security is proposed, including risk management, access
control, data protection, network security, incident management, staff training and
physical security. It emphasizes the need for continuous monitoring, legislative
updates, risk assessment, multi-level protection and prioritization of critical
information, investment in technology, communication security, training, response
plans and international cooperation. It emphasizes the continuous nature of the IS
process to ensure safety of nuclear waste transportation.

Keywords: nuclear waste, transportation, information security.

Transportation of nuclear waste is an integral part of the nuclear fuel cycle and
the process of radioactive material management [1]. This process is associated with
increased risks, which requires an integrated approach to security, including physical
protection, radiation safety and, last but not least, IS. Unauthorized access, disclosure,
modification or destruction of information related to the transportation of nuclear
waste can lead to serious consequences, including increased risk of theft or sabotage,
panic among the public and damage to national security.

Information Security in nuclear waste transportation in Ukraine is governed by
national legislation, including the Law «On physical protection of nuclear facilities,
nuclear materials, radioactive waste, and other sources of ionizing radiation» [2],
which sets access restrictions, and «Rules for Handling Information on Physical
Protection of Nuclear Facilities, Nuclear Materials, and Other Radiation Sources,
Access to Which is Restricted» [3]. The State Nuclear Regulatory Inspectorate plays a
key role in enforcing these. Globally, the International Atomic Energy Agency (IAEA)
provides standards for safe handling, integrating information protection into physical
security. Additionally, international dangerous goods transport regulations (ADR for
road, RID for rail, IMDG Code for sea, [CAO TI/IATA DGR for air) mandate specific
requirements for information documentation and transmission.

Information related to the transportation of nuclear waste is a valuable asset for
attackers. The main IS threats in nuclear waste transportation include:
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Cyber threats: hacking of information systems (attacks on route planning,
transport monitoring, personnel databases, and communication systems to gain
unauthorized access to confidential information: route details, traffic schedules, cargo
information, security measures, personal data of personnel); malicious software
(infection of systems to steal data, block access to critical information or demand
ransom, such as Malware or Ransomware); phishing and social engineering (attempts
to deceive personnel into disclosing confidential information (passwords,
transportation details) or installing malicious software); attacks on communication
systems (intercepting, jamming or distorting communications between the vehicle and
the control center); attacks on the software and hardware supply chain (compromising
the software or hardware components of systems used in transportation at the stage of
their development or delivery).

Physical threats to information assets: theft or loss of storage media (laptops,
USB drives, paper documents containing transportation plans, personnel lists, contact
information, etc.); unauthorized access to documents and premises (penetration of
document storage areas or transportation management systems).

Insider threats (human factor): intentional actions of personnel (leaking
information to intruders, sabotage of information systems); negligence and mistakes of
personnel (violation of rules for handling confidential information, accidental
disclosure of data, use of weak passwords, loss of information media). Lack of
awareness of threats and IS rules).

Man-made and natural threats: damage or destruction of IP and data storage
media as a result of accidents, natural disasters, and military operations.

To ensure an adequate level of information security, it is necessary to
implement a comprehensive approach, the key elements of which are the following:

1S risk management: regular identification and assessment of information assets
related to nuclear waste transportation (route plans, GPS tracking data, communication
protocols, personal data, etc.); analysis of potential threats and vulnerabilities of IS and
processes; development and implementation of measures to reduce identified risks to
an acceptable level.

Access control: physical (restriction of access to premises where confidential
transportation-related information is processed and stored); logical (implementation of
reliable user authentication and authorization systems - multi-factor authentication, the
principle of minimum required privileges - Role-Based Access Control, differentiation
of access to information depending on the job responsibilities of personnel); access
control to mobile devices and storage media.

Data protection: encryption (use of reliable encryption algorithms to protect
confidential information both during storage (data-at-rest) on servers, workstations, mobile
devices, and during transmission (data-in-transit) through communication channels);
protection against information leakage - Data Leak Prevention (implementation of
technical means and organizational measures to prevent unauthorized copying and
transmission of confidential information); data backup and recovery (regular backup of
critical information and availability of plans for different scenarios).

Network and communication system security: network perimeter protection (use
of firewalls, intrusion detection and prevention systems); secure communication
channels (use of VPNs, encrypted radio protocols or satellite communications to
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exchange information between vehicles and control centers); regular monitoring of
network security (detection of suspicious activity and potential attacks); endpoint
security (anti-virus software, application control on workstations and mobile devices).

IS Incident Management: developing and implementing plans for responding to
IS incidents (data breaches, cyberattacks on tracking systems): conducting incident
investigations, remediation, and taking measures to prevent reoccurrence.

Personnel training and awareness raising: regular IS training for all personnel
involved in the organization and transportation of nuclear waste; training on the rules
for handling confidential information, recognizing phishing attacks and other social
engineering methods; and developing an IS culture in the organization.

Physical security of information assets: ensuring the security of premises where
documents and IS are stored; control over the use and storage of removable media.

Supply chain security: assessing the security risks associated with the
involvement of third-party organizations (logistics companies, security companies, IT
service providers); including security requirements in contracts with contractors.

The human factor: remains pivotal in ensuring security. Even robust technical
protection tools can be compromised if personnel disregard established rules or
succumb to social engineering. Therefore, continuous training, awareness, clear
instructions, and compliance monitoring are critical.

Information security is an integral part of the overall security system for
nuclear waste transportation. An integrated approach, combining regulatory
frameworks, modern technical measures, effective organizational practices, and
ongoing personnel engagement, is essential to minimize risks from unauthorized
information access. Key recommendations for ensuring IS include: continuous
monitoring and updating of the regulatory framework; regular, threat-aware risk
assessments; implementing a multi-level IS system; investing in advanced
technologies (encryption, network protection, monitoring); ensuring secure and
redundant communication channels; strengthening personnel training and security
culture; developing and testing incident response plans; and fostering international
cooperation. This continuous process of adaptation and improvement guarantees
maximum safety for this highly responsible activity.

Ensuring security in the transportation of nuclear waste is a continuous process
that requires constant attention, adaptation to new challenges, and improvement of
security measures. Only such approach will guarantee the maximum level of safety of
this extremely responsible activity.
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Abstract. " Almost four decades have passed since the day of the world's largest
man-made accident, which resulted in the complete destruction of the 4th power unit
of the Chornobyl NPP. During this time, the containment facility "Shelter" (LS SO)
was erected and the unstable structures of the "Shelter" facility were strengthened, a
strategy was developed for transforming the LS SO into an environmentally safe
system and a "New Safe Confinement" (NSC) was built. The next step in solving this
problem is the early dismantling of unstable structures.

The article presents the results of work that was carried out within the
framework of pre-design studies on the "early" dismantling of unstable structures of
the LS SO. Calculation analysis of the bearing capacity and stability of the position of
structures of categories I and II of NRS responsibility, taking into account the data of
visual inspections of their technical condition and an assessment of the probability of
failure of these structures. Drawing up a final list of unstable structures subject to
reinforcement or "early" dismantling, based on an analysis of calculations of the
bearing capacity and stability of the position of the LS SO structures.

And in the same 1986, the protective structure of the "SO" was erected. Given
the scale of the destruction and the great danger to the health and life of personnel, it
was decided that as part of emergency measures to support the main load-bearing
structures, the rubble and building structures of the 4th power unit, which had
supercritical defects, should be used.

Since 1989, the State Research Institute of Building Construction has been
carrying out work on scientific and technical support and monitoring of the structures
of the Shelter facility, namely: survey of the technical condition of the structures of the
Shelter facility of the Chernobyl NPP; development of design criteria when developing
stabilization measures and "NSC" projects; preparation of passports of building
structures of the SO; development of a stabilization measures project; calculation
assessment of the bearing capacity of the damaged structures of the 4th power unit and
the stability of the structures of the Shelter facility of the Chernobyl NPP built in 1986;
determination of the list of unstable structures of the 4th power unit; development and
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optimization of the list of stabilization measures (from "List 29", "List 20" to "List
15"); calculations as part of the work on developing the stabilization project;
development and analysis of design options for a new safe confinement and
identification; development of a conceptual design of the NSC (the "Arch" option).

Currently, work is being carried out on the early dismantling of unstable
structures within the framework of the SIP program to transform the SO into an
environmentally safe state.

AHoTanisgs. MuHyn0 Mai)ke YOTHPH NECSATWIITTS BiJ AHA HaWOIMBIIOl y CBIiTi
TEXHOTEHHOI aBapii, B pe3ynbTaTi Kol OyB MOBHICTIO 3pyHHOBaHMA 4-if €HEProOIOK
Yopuoounscbkoi AEC. 3a meli yac Oyno 3BEIEHO JIOKATi3yrouy CIopyny o0’€KT
«Yxpurts» (JIC OY) Ta BUKOHAHO MOCWICHHS HECTAOLIbHUX KOHCTPYKIIH 00’€KTa
«YKputTs», po3podieHa crpateris neperBoperHs JIC OY B ekoyoridyHo Oe3mnedHy
cucreMy Ta nodynoBaHo «HoBuii Oe3neynnii koHpaHMeHT». HacTynmHuM KpokoM y
BUpIIIEHHI I1i€i 3a/1a4i € paHHBOTO AEMOHTAXY HECTAOIIbHUX KOHCTPYKIIiHi.

B crarti HaBemeHO pe3ydbTaTH poOiT, MmO Oynmn BUKOHAHI B paMKax
NEPEANPOEKTHUX  JOCHIKEHb INOJO «PAHHBOTO» JEMOHTaXY HecTabLIbHUX
koHcTpykuiit JIC OY. A came, po3paxyHKOBHIA aHai3 HECYydoi 31aTHOCTI Ta CTIHKOCTI
moJIoxkeHHs1 kKoHeTpykuiit [ ta II xateropii BiamoBimanpHOCTI 32 SIPB 3 BpaxyBanHsIM
JMAHUX Bi3yalbHUX OOCTEXEHBb iX TEXHIYHOTO CTaHy Ta OIliHKa IMOBIPHOCTI BiIMOBHU
IUX KOHCTPYKIiH; CKIaJaHHs 3aKIOYHOTO MEPeiKy HeCTaOUTPHIX KOHCTPYKIIH, 110
OiUITaloTh  MIACHICHHIO a00 «pPaHHbOMY» JEMOHTaXy, Ha OCHOBI aHali3y
PO3paxyHKiB Hecyuoi 37aTHOCTI Ta CTIMKOCTI moJyioxkeHHst kKoHcTpykuii JIC OV.

Beryn

26 xBiTH 1986 poxy Ha YopHOOMJIBCHKIN aTOMHINM enekTpocTaHuii cranacs
HalO1IbIIa y CBITI TEXHOT€HHA aBapisi, B pe3yJIbTaTi Kol OyB MOBHICTIO 3pyHHOBaHUI
4-it  eneproomox YoprHoOmnbcekoi AEC. KoHcTpykTHBHa cucTeMa OymiBii
EHEeproOJIOKy He 3MOTIIa 3a0e3MeYNTH CTIHKICTh 10 HeMPOMOPIIHHOTO pyiHYBaHHA. Y
3B’S13Ky 3 IIMM, OyJa IOCTaBJeHa 3a/a4ya B HaWKOpOTIIMH uac 30yqyBaTH 3aXHCHY
CIIOpYJly 3 METOI0 3MEHIIEHHs pa/ialliiHOro BIUIMBY HAa HABKOJIMIIHE CEPEJOBHILE 1
nepconait. I y tomy s 1986 pomi Oyna 3BeseHa 3aXMCHA CHOpYa 00’ €KT «YKPHUTTS.
BpaxoByroun macmrad pyHHyBaHHS 1 BENHKYy HEOE3MEKy Ui 30pOB’S Ta 3arpo3u
XKWUTTS IepCOHANTY Oylno MPUHHATO PIIEHHS, [0 B paMKaxX NMPOTHABAPifHUX 3aXO0iB
JUIA CITUPaHHS OCHOBHHX HECYYHMX KOHCTPYKIH BHKOPHCTaTH 3aBajd i OyIiBeNbHi
KOHCTpYKLii 4-r0 eHeproOioKy, fKi Manu 3aKpUTHYHI JOeeKTH. 3po3yMmino, M0
MPOEKT 00’€KTY «YKPUTTs» Oyino 3po0JeHO 3a MeXaMH BHMOT OyIiBEILHUX HOPM.
TakuM YMHOM, HOBi KOHCTPYKIIii BUTOTOBIISUIMCH 31 3HaUHUM 3amacom (y 2-3 pasm)
Hecy4oi 34aTHOCTI B TOH 4ac, SIK CTIMKICTh 1X MMOJI0KEHHS 3aBXK/I1 BU3NBAJIa CyMHIBH.

3a MpoeKTOM TepMiH eKciutyarauii 00’ekty YKpHUTTS» ckianas 30 pokiB, mio
JIO3BOJISUIO  PO3POOMTH TPOEKT 1 BUKOHATH poOOTH MO OyniBHULTBY. Poszsan
Papsucekoro Coro3y 3aBaJuB BUKOHAHHIO BKa3aHHX POOIT y TepMiHHM, nependadeHi
IUIAHOM, 1 116 BUKJIMKAJIO PO3POOKY Ta peaiizalliio MpoeKTy craburizalifHuX 3aXo/iB
IO IICWIICHHIO KOHCTPYKLIH 00’€KTY « YKPUTTS» B KPUTHYHMX 30Hax. [lounHarouu 3
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1989 poky AIT HJIBK BukoHyBaB poOOTH IIOA0 HAyKOBO TEXHIYHOTO CYNpPOBOAY i
MOHITOPUHTY KOHCTPYKIii 00’ €KTy « YKPUTTS», a caMe:

* 00CTEXEHHS TEXHIYHOTO CTaHy KOHCTPYKLiit 00'ekTy «Ykputts» YAEC;

* po3po0Ka TMPOEKTHUX KPHUTEPIiB NMpU PO3poOIl MPOEKTIB crabinizauiitHux
3axoiB Ta «HoBoro 6e3neynoro koudaitHMeHTa»;

* CKJIaJaHHs [1acropTiB OyAiBeNbHUX KOHCTPYKLid OY;

* po3poOKa MPOEKTY CTAOUTI3AIITHUX 3aX0/iB;

* pPO3paxyHKOBa OIIHKa HECY4ol 3JIaTHOCTI MOIIKO/PKEHUX KOHCTPYKIIH 4-ro
eHeproOJIoOKy Ta cTiiikocTi 30ymoBaHnx y 1986 pomi KOHCTPYKIH 00'€KTy «YKPHUTTS»
YAEC;

* BU3HAUCHHS MEPEJiKy HECTaOlIbHUX KOHCTPYKLii 4-r0 eHeprodiIoKy;

* po3poONCHHSA Ta ONTHMI3amis NepeNmiKy 3aXxomiB 3i cradimizamii (Bix
«Ilepemniky 29», «Ilepeniky 20» mo «Ilepemiky 15»);

* pPO3paxyHKH y CKJIAZi pOOiIT 3 po3pOOIeHHS MPOEKTY CTadiIizamii;

* po3poONCHHS Ta aHali3 KOHCTPYKTHBHHX BapiaHTIB HOBOTO O€3MEYHOTO
KOoH(alfHMEHTa Ta BU3HAUYCHHS PAIliOHATBHUX TIEPENPOEKTHUX MPOTIO3HUIIIH;

* po3pobnenHs KoHIenTyansHoro mpoekta HBK (BapiaHT «Apkay).

Ha pmanwmii yac B pamkax mporpamu SIP 10 mepeTBopeHHIO 00°€KTy «YKPHUTTS
B CKOJIOTIYHO O€3MeYHHiI CTaH BHKOHYIOTHCS POOOTH IOJO PAaHHBOTO JEMOHTAXKY
HecTablIbHUX KOHCTPYKIIIH.

MincraBu 1Jisi BUKOHAHHS PO0iT

* Crparerisi mepeTBOpeHHs 00'ekTa «YKpUTTS» (CXBajleHa pIlICHHSIM
MIDXKBIZOMYOi KOMicii 3 MHTaHb KOMIUIEKCHOTO BupimeHHss mpobiem YAEC Bin
12.03.2001) [1];

* TeXHUKO-3KOHOMHUYECKOe O0OCHOBaHHE (KOHIIENTYaJbHBIN MPOEKT) HOBOTO
6e3omacHoro koHpaiamenTa. Jomonnenune k IloscautensHoil 3amucke SIP K 0021
000 EXN 001 01. Crparerus manpHelmen peanusanuu npoekra HBK, SIP-P-PM-21-
330-EXN-004-01 [2];

* I'panrtoBa VYroma Ne2 PaxyHKy MIDKHApOJHOIO CIHIiBPOOITHHITBA ISt
Yopuobwuns (PMCHY) [3];

* IToctanoBa Komnerii Jlep:xaBHOi iHCHEKIii SAEPHOTO PETYIIOBAHHA YKpaiHU
Bix 19 xoBTHA 2023 poky Ne 03 "IIpo pe3ynbTaTi AepKaBHOI €KCIEPTH3H SACPHOI Ta
pamiamiiiHoi Oe3meku 3BiTy 3 TEPEOIiHKM O€3MeKH eKCIUTyaTamii JIOKami3yrdoi
ciopynu  o6’ekra  «Yipurts» (JIC OVY) 3  oOrpyHTYBaHHSIMH MOKIHBOCTI
nponoBxeHHs ii excruryaranii o 31.10.2029 na piBHi 6e3nekn JIC OV He Hmxue
TOTO, 0 OyB MOCATHYTHU TIiCIIs 3aBEPIICHHS HEeBiIKIaMHOT cTabimizamii [4].

Ckaan po0ir

* Po3poOka IlpoexTHux KpuTepiiB Ta BuMOr g0 iHdpactpykrypu HBK
JUISl IEMOHTaXKy HecTaOlIbHIX KOHCTPYKIIH 00'ekTa « YKPUTTS» B 4aCTHHI:

» BHM3HAQUCHHS BUXIJAHUX TOAIH 1A NPOEKTYBAaHHS IHPPACTPYyKTypH IUIs

JIEMOHTaXXy HECTaOUIbHUX KOHCTPYKLIiH,

» BHUMOT Ta KpPUTEPIiB OymiBEIBHOIO MPOEKTYBAHHS,
» BuMoOr a0 kimacuikamii Ta D0 MOCIIZOBHOCTI AEMOHTaXy HECTaOlLIbHUX

KOHCTPYKIIIH.
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* BukoHaHHS CHCTEMaTH30BaHOTO PO3PaxyHKOBOIO aHAJI3y HECydoi 31aTHOCTI
Ta CTIMKOCTI IOJIOKEHHS OO CEHCMIYHMX BIUIMBIB Ta CHUCTEMaTH30BaHHMX OLIHOK
IMOBIpPHOCTI BiIMOBHU KOHCTpYKLiit kateropii I ta Il BianoigansHocTi 32 SIPb JIC OY
B TIEpioj MPOJOBXKEHHs X eKCIuTyaTamii 10 3aBEepUICHHS JEMOHTaXy 3 BpaxyBaHHIM
PEe3yJNbTATIB 10JaTKOBUX 00CTEKEHb.

* [IpoBeneHHs aHaNi3y pe3yNbTaTiB PETJIAMEHTHOTO KOHTPOJIO (Bi3yaslbHOTO,
IHCTPYMEHTaJIBHOI'0, Te0ie3n4HOoro Ta apromatnzoBanoro koHtpoiaro CKCBK IACK)
TEXHIYHOro cTaHy OyniBenbHHX KoHcTpykuin JIC OV  kareropii I Ta 1I
BignoBigameHOCTI 32 SIPb Ta po3poOka mpomosmiiii moao 3MiH peryiaMeHTy
nocuieHoro KoHTpomoo 3a craHoM JIC OY Ta MeTomWKH aHami3y pe3yNbTaTiB
KOHTPOIIIO.

* Po3paxyHKH Hecyd4oi 34aTHOCTI Ta CTIHKOCTI KOHCTPYKIii OV ams pimeHs 3
JIEMOHTAXY/ T ICUIICHHS, BKITFOYAIOUH MIEPEOIiHKY CTiiikocTi cuctemu 6amok b1/b2 Ta
iX OomopHUX KOHCTPYKUiH mix BrummBoM MP3 Ha OCHOBI MpOBEAEGHOTO aHANIZY 3MiHU
KoeilieHTa rmepegadi HaBaHTaXCHH: Bi mokpisii OY Ha cTiHy no oci 50 Ta MKII 3a
pe3ynbTaTaMHM TEOJEe3WYHHX CcrHocTepexeHp Imicns HacyBanHid HBK B mpoekrtae
MOJIOXKEHHS, MEPErJIA] MOUITBHOCTI Ta TEPMIiHY peatizamii cTabimi3amiiHOro 3aXomay
Ne4 ta migcuieHHS AT TEPEKPHUTTS JieaepaToOpHOi eTakepky Ha BiamiTi 38.600.

* 3aKiIIOYHMN aHaji3 Iepelliky HecTaOUIbHUX KOHCTPYKLIHM, IO MiUIsraloTh
MiJICUICHHIO a00 «PaHHbOMY» IEMOHTAXKYT.

ITocraHnoBKa 3aBIaHHA

Mertoro naHoi poOOTH € BU3HAYCHHS TEXHIYHOTO cTaHy KoHCTpykii JIC OV, a
came:

* PO3paxyHKOBUH aHaai3 HECydoi 3MaTHOCTI Ta CTIMKOCTI IOJIOKEHHS
koHcTpykuiii I ta Il karteropii BigmomimaneHOCTI 3a SIPB 3 BpaxyBaHHSIM JaHMX
Bi3yaJIbHUX O0CTEKEHb X TEXHIYHOTO CTaHY;

* OLIIHKA IMOBIPHOCTI BiIMOBM KOHCTpYKIiil kareropii I Ta Il BigmoBinansHOCTI
3a SPb;

* PO3paxyHOK CTIMKOCTI MOJIOXKEeHHs cucTemMu Oanok B1/B2 Ta ix omopHHX
KOHCTPYKLiH mia BruimBoM MP3;

* pileHHS 3 JEMOHTaXy/MACWICHHS cucteMu 6anmok B1/B2 Ta ix omopHux
KOHCTPYKIIi;

* anani3 crany wmt JIE Ha Bigm. 38,600;

* pimeHHs 3 neMoHTaxy/miacuieHnst mwuT JIE ra BimM. 38,600;

* aHaui3 pe3ynbTaTiB perIaMeHTHOTO KOHTPOJIIO (BizyanpHOTO,
IHCTPYMEHTAJIBHOT0, Teofie3ndHoro Ta apromaru3oanoro koutpomo CKCBK IACK)
TEeXHIYHOTO cTaHy OyxiBensHHX KoHCTpykHin JIC OY «kareropii I Tta 1I
BigmoBiganpHOCTI 3a SIPB;

* po3poOKa MpoMo3uIliii moAo0 3MiH "PernaMeHTy NOCHIIEHOTO KOHTPOJIO 3a
craHoM OymiBenbHUX KOHCTpyKIii I Ta II xateropii BimnosigamsHoCcTi 32 SIPB JIC OY
xomiutekcy HBK-OVY" ta Meronuky aHamizy pe3yjbTaTiB KOHTPOJIO 3 ypaxyBaHHSIM
3ayBakeHb BUCHOBKY nepkaBHOi ekcrieptusu SPb;

* Ha OCHOBI aHai3y PO3PaxyHKIB HECY4Oi 3aTHOCTI Ta CTIHKOCTI MOJIOKEHHS
koHcTpykuid JIC OY 3 BpaxyBaHHSAM NaHUX Bi3yallbHUX OTJISMIB i OOCTEXEHb Ta
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THCTPYMEHTAILHUX CIIOCTEPEKEHb CKJIACTH 3aKIIOYHHHA TEpeNik HecTabimbHUX
KOHCTPYKIIiH, 110 TiJISATAI0Th IMiICHICHHIO 200 «PAaHHBOMY» JEMOHTAXKY.

Ha pucysky 1 HaBemeHO 3arampHUIl BHUIIAL O0’€KTy «YKPHTTS» TiCIA
BHKOHAHHS 3aXO0/iB 3 cTabii3amii KOHCTPYKIiH.

Knacudikanis OyniBe1bHUX KOHCTpYKLiid OY

Buxonsun 3 OIiHOK pajialliiHUX HACTIJKIB Y pa3i pyWHyBaHHS JIOKaTi3yl04ol
cnopynu OV, 1s criopyza 3arajgom Moske OyTH BigHeceHa a0 [-i kaTeropii 3a ymoBamu
BiJINIOBITAJIHOCTI 3a SACPHY Ta pamialliiiny Oe3mnexy.

BonHouac, BpaxoByrouW, IO 00BaJll OKpEMHX KOHCTPYKLIH JIOKadi3yro4oi
cnopynu OY He mnpusBeie 10 ONPOMIHEHHS IIEPCOHANTY Ta HAcelIEeHHS MOHal
BCTaHOBJICHI CAHITAPHUMH HOPMaMH MeXi 403, IIi KOHCTPYKIII MOXYTh OyTH
BigHeceHi 1o Il kareropii 3a ymoBamu BifmoBizansHOCTI 32 SIPB.

Ho I xateropii BinHeceHo KoHCTpYKLii OY, 0OBaJieHHS SKHX MOXE TPH3BECTH
IO HaMOLIBIIOTO aBapiifHOTO BUKUAY Mty B ocHoBHHuH obcsr HBK i, BinmosigHo, 10O
Brcokux piBHiB 3a0pynaenHs HBK. Kpim Toro, mo I kareropii BitHEeCeHO KOHCTPYKIIiT
OV, BiIMOBH SIKHX MOXYTb BIUIMHYTH Ha CTaH SJEpHOI O€3IIEKN BHACIIIOK:

e nopyweHHs (QyHkuiii kontpomo crany [IBM Ta migtpumkm  iX y
I JKPUTHYHOMY CTaHi (BHACIIIIOK MOIIKOKEHHS/pyiHyBaHHs BimoBiiHUX cucteM OY);

® HEKOHTPOJIbOBaHOTO mepeMimienHss [IBM 3 yTBOpEeHHsSM HOBHX sJIEpHO-
HeOe3MEeYHNX KOMITO3HIIIH.

Jo I karteropii koHcTpykuiii 3a ymoBamm BiamosinanbHocti 3a SIPB
HAJIeKATh:

® METAJIOKOHCTPYKIIii MOCHJICHHS (3axXiIHa 30Ha);

KoHcTpyKLii kapkaca JIE B ocsix b-B (miBnenna 30na);
MiBJIcHHA BEHTIIAXTa (CXiHa 30HA);

MiBHIYHA BEHTIIAXTa (CXiJIHA 30HA);

6anku b1 ta B2 o ocsx XK 1 I1;

6anka "MamoHT" Ta 1i onopu;

6anku b3 Ta BS.

Jo II xarteropii xoHcTpykuiii 3a ymoBamu BiamosinanbHocti 3a SIPB
BilHOCATHCA:

® TIBJCHHI IUTH MOKPUTTS;

MiBJAEHHI IUTH-"KIFOYKH";

CXIiJTHI ITUTH TOKPHUTTS;

CXI1JIHI IIUTH -"KIIOYKH";

MiBHIYHI IIUTH-"KIIIOUYKU";

cTiHa 1o oci 50 3 KOHCTPYKIISIMH, 10 TIPUMHUKAIOTh (3aX1J{Ha 30HA);
3axiJHa KOHTP(OpPCHa CTiHA;
CX0J10BO-TiTOBUI OJIOK (3aXiTHA 30HA);
posnoninbHi 6anku K1, K2;

6ayika "BocemuHIT" Ta ii omopw;

3axX1IHI IUTH-CKITIOYKIDY;

3ax1HI IUVIOCKI IIHATH;

nerka mokpisis 113;

MiBHIYHA KOHTPGOpPCHA CTiHA.
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[Ipy BUKOHAHHI CHCTEMAaTHU30BAHOTO PO3PaXyHKOBOTO aHaNizy HeCcyd4oi
30aTHOCTI Ta cTiikocTi mosiokeHHsT KoHcTpykuiii JIC OY Bukopucrani HacTyIHI
Marepianu:

* Texniune pimenns Ne04 Bix 29.01.2015 «IIpo BuOip BapiaHTa «pPaHHBOTO
JeMOHTaXy Uit po3pobku Pobouoro mpoekrty I1K-2 HBK «ludpactpykrypa mis
JIEMOHTaXXY HEeCTaOUIbHUX KOHCTPYKLild OVY»»;

* Texniune pimenHs NeO7 Bim 21.02.2024 «Illogo mpomoBXKEHHS TEepMiHY
excmryaranii JIC OV no 30.10.2029;

* Pepepar AHTL] SIPb Ne 14-11-7601 «IIpo BHKOHaHHS TEXHIYHOI OLIHKH
nokymenTa JICIT HAEC «3BiT 3 IepeoiHky cKi1aay HecTaOlIbHUX KOHCTPYKUid OV, mo
T UITaI0Th «paHHBOMY» HeMoHTaxy» SIP 09-2-001-NI-03-RPT-037-04». 2014 p.;

* 3eiT JHTLL SAPB Nel5-11-8107 mpo BuKOHaHHSA JepxaBHOI ekcriepTusu SIPb
mokymenty JCII YAEC «Texuiune pimenas «IIpo BuOip BapiaHTa «paHHBOTO)
IEeMOHTaXy it po3pobku Pobodoro mpoektry IIK-2 HBK «ladpactpykrypa mist
JIEMOHTAXY HECTAOUTFHIX KOHCTPYKIiH OY»», 2015 p.;

* TexHoNOTIUHUI periaaMeHT ekcruryararii komriekcy «HBK-OVY», 1E-C-
HBK-OV (IToromxeno 10.08.2021 p.);

* HasgBHI KpecieHH: OyaiBenbHUX KoHCTpyKuiit JIC OY;

* macmopty OyniBensHUX KoHCTpyKLiit JIC OV

* aKTH NEpIOJMYHUX Bi3yallbHUX OIISAJIB KOHCTPYKIIH, 110 BHUKOHYIOTBCS
cniBpobitHrkamu JICIT YAEC;

* pe3ynbTaTH OOCTEXEeHb OyniBenbHUX KOHCTpykuid JIC OV, mpoBeneHux
cniBpoditHrkamu 11 HAIBK Tta IT1b HAH VYkpaiuu;

* JOKYMEHTH, PO3pO0JICHI B CKJIaAi PoOOYOro MPOEKTY MO CTabimi3amiiHuM
3axo0JaM;

* iHII JOKYMEHTH, pO3po0JIeHi 3a Yac ekciuryaTarii 00'ekta « Y KpUTTSD».

OcHoBHUIi MaTepiaJ i pe3yJbTaTn

[Ipn BUKOHAHHI CHCTEMAaTH30BAHOTO PO3PAaXyHKOBOTO aHaNi3y Hecydoi
30aTHOCTI Ta CTIHKOCTI INOJIOXKEHHS N0 CEHCMIYHMX BIUIMBIB Ta CHCTEMAaTH30BAHHX
OIIIHOK IMOBIPHOCTI BiTMOBH KOHCTPYKIIi# kateropii I Ta Il BixmosimaneHOCTI 32 SIPB
JIC OY B mepiox NpomOBXKEHHS iX eKCIUIyartalii a0 3aBEpIICHHS JEMOHTaXy 3
BpaxyBaHHSIM pE3YJIbTATIB JIOJATKOBHX OOCTEeXEHb Oyinu po3polieHi HOBI Ta
aKTyaJi30BaHi HasBHI KOMO'IOTEPHI Mozemi as Beix kKoHCTpykiiit JIC OY kateropii |
ta Il BixmosinaneHOCTI 32 SPB.

Hmwxue nHa pucyHkax 2 — 3 HaBeIeHI IPOCTOPOBI KOMIT IOTEpHI Mojemi
okpeMux 30H Ta KoHCTpykmii JIC OV, mo BHKOPHCTOBYBAIHCH IPH BHUKOHAHHI
PO3PaxXyHKOBOTO aHAI3Y.

ImoBipHicTs BiaMoBH KoHCTpyKIi JIC OV, mo BigHOCATBECA m0 I Ta II
KaTeropii 3a ymoBamH BifmoBinansHOCTI 3a SIPB, 3 BpaxyBaHHAM aHami3y AaHHX
Bi3yaJIbHUX Ta IHCTPYMEHTAJILHUX OOCTEXEHb 1 pe3yJbTaTiB PO3paxyHKiB HaBE/ICHA B
tabmuui 1 Ta 2 BignosigHo. Lli pobGoru BukonyBamuchk pazom 3 TOB «}OTEM -
THXUWHIPUHI» Ta ICIT HAEC.
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Tabauys 1 - ImoBipHicTh BinmMoBH koHCTpyKLii JIC OV, mo BixHOCATECS 10 |
KaTeropii 3a yMoBaMH BixnosigaibpHocTi 3a SIPb

Orminka KMOBIpHOCTI
. -
Koncrpyxkuii .BmMOBH’ PIK IMpumitka
micis Ha JaTy
crabimizamii 3BITY
MKII 1-104 1-10*
Banku 51/b2 3araypHa OIiHKa HMOBIPHOCTI BiIMOBH
Ta iX OIOPH IO 1-10 1.104 BU3HAYAEThCS Bi,ZIMOBO}O‘OHOp 6aok
ocsiM XK ta IT Ha koHcoax MKII ta cTinax
BEHTILAXT
IliBnenna )
BCHTIIIAXTA ] 110"
ITiBHiuHa
BCHTIIIAXTA ] 110"
HeaepaTopna 1103 1103
eTaXepKa
Banka 3arayibHa OI[iHKa HMOBIPHOCTI BiIMOBH
«MamoHT» Ta 1.103 1.10° BH3HavaeThes BinmMosamu JIE i omop
11 oropu Oamku « MaMOHT» Ha TOPU30HTAJIbHE
HaBaHTaKCHHS
Banka B3 ta ii 3araipHa OIliHKa HMOBIPHOCTI BiIMOBH
onopu _ 1104 Oamku BU3HAYAETHCA BiZ[lY[OBOIO 11 onop
Ha IIBEJIEPONOIIOHUX CTiHAX
ToBIHHOIO 1400 MM o ocsim U ta H
Banka B5 ta ii 3araipHa OIliHKa HMOBIPHOCTI BiIMOBH
ornopu ) 110 6an1<1/‘1 BH3HAYAETHCS BiAMOBOIO 1i 01Op
Ha CTIHAaX BEHTIIAXT TOBIIMHOIO 700
MM

Tabnuya 2 - ImoBipHicTs BigMoBH KoHCTpYKLiH JIC OV, mo BigHOCATHCS g0 11
Kareropii 3a yMoBaMH BiJnoBigansHOCTI 3a SIPb

Ouinka HMOBIpHOCTI
BigMoBH, pik’!

Konerpyxuii ; [pumiTtka
micis Ha JaTy

ctabimizamii | 3BiTY
Crina o oci 50 3
KOHCTPYKIIISIMU 2-107 2:10°3
(3axijHa 30Ha)
Kopobu-6anku K1 OIIIHKa 3aranpHa OIliHKa HMOBIPHOCTI BiIMOBH
n,K2HU BiJICYTHSI 2.103 BH3HAYAETHCS BiIMOBOIO KOHCTPYKITIH

Kapkacy B ocsax 50-51'
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Ouinka WMOBIpHOCTI
BigMoBH, pik’!

Konctpyxkuii S p— [pumitka
crabimizanii | 3BiTY
3axiaHi [KATH 3arayipHa OIliHKa HMOBIPHOCTI BiIMOBH
2-1073 2-10 | BM3HAYAETHCS BiJIMOBOKO KOHCTPYKILii
Kapkacy B ocsix 50-51"
3axiaHi IUTH - 3arayibHa OIiHKa KMOBIPHOCTI BiIMOBH
CKITIOIKT 2-1073 2-107 | BU3HAYAETHCS BiAMOBOIO CTIHM IO OCi
50 3 KOHCTPYKIIISIMH
3aximHa
KOHTp(OpCHa 1-10* 1-10#
CTiHA
IliBaenHi MATH - 3araipHa OIiHKa HMOBIPHOCTI BiIMOBH
CKITFOUKID 1.10° |.103 | BH3HAYACTCA BiAMOBOIO CXigHOT
omopu 0anku «MaMOHT» Ta KapKacy
JE
IliBnenHi mutu 3arajpHa OIliHKa IMOBIPHOCTI BiIMOBH
MOKPUTTS 1-10°3 1-10° | BU3HAYAETHLCS BIAMOBOKO CXiIHOT OMIOPU
6anxu «MamoHT» Ta Kapkacy JIE
Banka 3arayibHa OI[iHKa KMOBIPHOCTI BiIMOBH
«BocbMuHir» Ta ii 1-10°3 1-10° | Bu3HauaeThCs BiaMOBOIO Kapkacy J[E
onopu
ITiBHiuna .
KOHTp(hOpCHa otuHKa 1-10#
. BiJICYTHS
CTiHA
IliBHIYHI IIATH - 3araipHa OIliHKa HMOBIPHOCTI BiIMOBH
CKIJTFOUKH 1-10* 1-10* | BU3HAYa€THCS BiZIMOBOIO MiBHIYHOT
KOHTP(OPCHOT CTiHI
Jlerka nokpiBis OLIIHKA 3araipHa OIliHKa HMOBIPHOCTI BiIMOBH
3 BiJICYTHs 1-10* | BU3HAYaeTHCS BiIMOBOIO OJIOKIB OATOK
B2
TpyOHnuit HakaT OIliHKa 3arayipHa OIiHKa HMOBIPHOCTI BiIMOBH
BiJICYyTHSI 1-10* | BU3HAYa€eTHCS BIAMOBOIO OJIOKIB OaI0OK
B2
CxinmHi muTH 3arayipHa OIiHKa HMOBIPHOCTI BiIMOBH
TOKPUTTSA Ta UIUTH — \ BH3HAYAETHCS BIJIMOBOIO C’.l“iH '
- CKITFOYKW» T 1-10° BEHTILAXT Ta mBenepo§oa16HHx CTIH
1o ocsaM U ta H, Ha k1 civparotbes
Oanku b3 ta b5
CxognoBo- CrifiKicTh MOJIOXKEHHS PU CeHCMIYHMX
niToBUi OJI0K OLIIHKA 2.103 BIUIMBAX 3aJI€XKUThH BiJl CTIMKOCTI CTIHA
BiJICYTHs o oci 50 3 IpUIIerauM KapKacoMm

(xosoH 1o oci 51"
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[MpoBenenuii ananiz pe3ysbTaTiB  Bi3yaJbHUX ONNISAIB Ta OOCTEXKEHb 1
pe3yIbTaTIB PO3PaXyHKIB KOHCTPYKIiH, 1m0 BigHocsaThes a0 I ta 11 kareropii 3a SIPB,
JI03BOJISIE 3pOOUTH HACTYITHI BUCHOBKH:

*  migyac Bi3yaJIbHHX OIVISIIB Ta 0OCTEXKEHb, B TOMY YHCIIi, BAKOHAHUX Y
2024 pouii, He BUABJIECHO Ae(EKTIB, [0 MOXYTh BIUIMHYTH HA HECYdy 31aTHICTh
KOHCTPYKIIH Ta CTIMKICTh IX IMOJIOXKEHHS;

* Hecyuya 3JIaTHICTb Iepepi3iB KOHCTPYKIIN Ta CTIMKICTh TX MOJIOXKEHHS NpU
celicMIUHMX BIUIMBax 3a0e3neueHa;

* IMOBIPHICTb BiIMOBM KOHCTPYKILi# | KaTeropii 3HaXoqUThCS B MeXax
1103 - 1-10%

* IMOBIPHICTIO BiIMOBH KOHCTpYKLi# Il kaTeropii 3HaX0aUTHCS B MEXKax
2:107 - 110",

Ha ocHoBI aHanizy pe3ynbTaTiB 0araTopiuHHX CIIOCTEPEKEHb, Bi3yalbHHX Ta
IHCTPYMEHTAJIBHUX OOCTEIKEHb 1 PO3PaxXyHKOBOTO aHaNi3y CKIAJACHUN 3aKIFOYHUN
nepeik  HecTaOimbHUX KOHCTpykmin JIC OV, mo mniiraiots «pPaHHBOMY»
JEMOHTaXY.

3akmoYHAA TIepeik HecTaOIMpHUX OymiBeNbHUX KOHCTpyKHih OV, mo
HIJUIATAI0Th «PaHHBOMY» JIEMOHTaXKy, HaBEICHO B TabiuIi 3.

Tabnuya 3 - 3aKiIIOUHUA TEpeliKk HecTaOlIbHUX OYIiBENbHUX KOHCTPYKILiH
OV, 1o miuIAraroTh «paHHBOMY» TEMOHTAXKY

BucHoBok mpo
Y/q HaiimeHyBaHHS KOHCTPYKITiit HEOOXIiHICTh [Mpumitku
TOCHIICHHS
HecTabinbHI KOHCTPYKITiT, 0 BKIIOYEH] B IIEPETIiK 3a pe3ybTaTaMi 00CTE)KEHb Ta
PO3paxyHKIB

1 TTiBaeHH] IUTH-KKITFOYKI» B OCAX HE
40-52/b-B na BigMm. 43,160-57,565 MOCUJIIOBATH
2 | Jlerka mokpiBist Hax TPyOHUM HE
HakaToM B ocsx 43-50/2K-I1 na MOCHJIFOBATH
Bigm. 62,700
3 ITiBgenni muty B ocax 40-50/B-XK HE -
Ha BigM. 57,565-63,920 TOCHITIOBATHU
4 | banka «MaMOHT» (3 BUKOHaHHSAM HE

MPOMDKHHUX OTIOP JJISI MOXKITHBOCTI MIOCHJIIOBATH
po3aiIeHHs OaNKu Ha OKpeMi
YaCTHHH, 110 IEMOHTYIOTHCSI)

5 | banka «BoceMuHir» B ocsix 40- HE -
52/b na Bigm. 43,000 MOCHITFOBATHU

6 | 3axigHa omopa 6anku «MaMOHT» B HE -
ocsix 50-51/B Ha Bigm. 45,880- TOCHJTIOBATH
52,760

7 | Posnoxinbua pama cxinHOT onopu HE -
Oanku «MaMOHT MMOCHJTIOBATH
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BucnHoBoxk npo

Y/q HaiiMeHyBaHHS KOHCTPYKIIH HEOOXIiHICTh [Mpumitkn
TIOCUJICHHS

8 | Cxinna omnopa Ganku «MaMOHT» B HE -
ocsix 41-42/B na Bigm. 43,000- MTOCUJTIOBATH
51,970

9 | IInutu nepexputts JIE B ocsax 40- HE -
51/b-B na Bigm. 38,600 ITOCHJTIOBATH

10 | IiBHIYHI IIHATH-CKITFOYKI» B OCSIX HE -
41-50/T1-C na Bigm. 54,600-63,920 ITOCHJTIOBATH

11 | TpyOuwmit HakaT B ocsix 43-50/K-11 HE -
Ha BigM. 62,700 MOCHITIOBATH

CymyTHI KOHCTPYKIIii, [0 3aBaXKAIOTh JEMOHTaXy HecTad

ITbHUX KOHCTPYKITIH

12 | MeraneBa epma IMOCHIICHHS, IO Bceranosnena i yac
00'eHye€ MiBICHHI IIUTH Ta peadmizarmii
MMBIEHHI IIATH- KUK cTa0LIi3ainHOrO

3ax0/y 8 Ta 3aBaxae
JIEMOHTAXKY
MiBIEHHUX LLIUTIB-
CKITFOUOK» 1
MiBJCHHUX IUTIB

13 | TToxwmui myty, sSiKi 0ONUPAOTHCS 3aBaXkaroTh
Ha MOKPUTTS MAIIMHHOTO 341y Ta JIEMOHTAXKY
Ha MIBICHHI IIUTHA-KKIIOYKN» B MMBJAEHHUX IIATIiB-
ocsax 40-50/B «KJITFOYOK»

14 | TpyOompoBoau iCHYIO9OT 3aBaXkaroTh
MOJICPHI30BaHOT CHCTEMH JIEMOHTAXY JIETKO1
mutonipurHideHHs (MCIIIT) TTOKPIBII HAJ

TPyOHHM HaKaTOM

15 | O6’eMuuii 6iok «Kimkig gim» B 3aBaxkae JEMOHTaXy
ocsax 50-52/E na Bigm. 59,000 Oankn «MaMOHT)»

16 | O6’emunii 610Kk « MUIIKIH AIM» B 3aBaxkae JEMOHTaXY
ocsax 50-51/C na BigM. 55,200 MBHIYHUX IIMTIB -

CKITFOUOKY

17 | HomaTkoBa omopa Oajiku 3aBakae JEMOHTaXY
«MamoHT» 3aBaiiB Ha JIE

18 | 3aBanu Ha JleaepaTopHiit 3aBakarTh

eTaxkepIli, oOCHOBa 0aoK
«MamoHT» Ta «BOCBMHHIN» B 0CIX
40-51/b-B na BiamM. 38,600

JIEMOHTAXY TIITUT
nepekpurts JIE B
ocsix 40-51/b-B Ha
Bigm. 38,600
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Pucynox 1 — 3aranpHuii BUDs 00’ €kTy « YKPUTTSD) IMICHs BUKOHAHHS
crabimizaiiHuX 3aX0/iB

Pucynox 2 - Komm'rotepaa Moiens 3axiaHoi 30uu 3 6ankamu b1/b2,
TPyOHMM HAKaTOM Ta BeHTHIIALIHHUMH MIaXTaMU
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Pucynox 3 - Komn'torepHa MoieJib MiBJCHHOT 30HH:
a) leaepaTopHa eTakepka; 0) MiBIEHHI IMUTH Ta MiBACHHI IATH — «KITTOYKID)
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BucHoBknu

[MpoBenenuit 3aKimOYHMI  aHaNMi3 PE3yNbTATIB  Bi3yaJbHUX OOCTEIKEHB,
IHCTPYMEHTAJIBHUX CHOCTEPEXEHb 1 Pe3yNIbTaTiB po3paxyHKiB KoHcTpykuii [ Ta II
KaTeropii 3a yMoBaMH BianoBinaiabpHoOCTI 3a SIPb nokasas:

* Hecy4a 3IATHICTh Ta CTIHKICTh IIOJIOKEHHS NPH CEHCMIYHMX BIUIHBAX
iHTeHCHBHICTIO 5 OamiB mo mkam MSK-64/ICTY B B.1.1-28:2010 [5] Ta
Bumor JIBH B.1.1-12:2014 (3mina Ne 1) [6] xorCcTpykmii JIC OV, mo BKIOYeHi 10
MIEPENTIKY «PaHHBOTO» JEMOHTAXy, 3a0e3ledeHa 0 3aBepIICHHS BUKOHAHHS POOIT 3
«paHHBOTOY» AeMOHTaxy y 2029 pori;

* Hecy4a 3[ATHICTh Ta CTIHKICTh IIOJIOKCHHS NPH CEHCMIYHMX BIUIHBAX
iHTCHCUBHICTIO 6 OamiB mo mkam [S] ta Bumor JBH B.1.1-12:2014 [6] inmux
koHctpykuii JIC OV I kateropii 3a ymoBamu BifnosinansHocTi 32 SIPb 3a0e3neuyena
JI0 3aBEpILEHHS] BUKOHAHHS POOIT 3 «paHHBOTO» JAeMOHTaxy y 2029 pori;

*  Hecy4a 3JaTHICTb Ta CTIMKICTh IIOJIOKCHHS TPH CEHCMIYHMX BIUIMBAX
iHTeHcHBHIcTIO 5 OaniB mo mkani [5] Ta Bumor JIBH B.1.1-12:2014 [6] koHCTpyKIIiii
JIC OY, mo He BKIIOYEHI N0 MEpeNiKy «PaHHbOTO» IEMOHTaXYy, 3a0e3nedeHa 1o
3aBepIICHHS BHKOHAaHHA pOOIT 3 «paHHBOTO» JeMoHTaxy y 2029 pomi 6e3
HEOOXIIHOCTI TX MiACHIEHHS.

Biosiorpadiunmii cnucox

1. Crpateris meperBopeHHS 00'ekta «YKpUTTS» (CXBaJeHa pilICHHIM
MIDXKBiZIOMYOi KOMicii 3 HHTaHb KOMIUICKCHOrO BupimieHHs mpobiem YAEC Big
12.03.2001)

2. TexHIKO-eKOHOMIUHE OOIPYyHTYBaHHs (KOHUENTYaIbHHH IMPOEKT) HOBOTI'O
6esmeuynoro kougaitumenty. Jomarok mo IosicuroBanbhol 3amucku SIP K 0021000
EXN 00101. Crpareris nogansuioi peanizauii npoekty HBK, SIP-P-PM-21-330-EXN-
004-01

3. I'pantoBa VYroma Ne2 PaxyHKy MDKHApOIHOTO CIIBPOOITHHITBA ISt
Yopuoduns (PMCY)
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LONG-TERM IONIZING RADIATION EFFECT ON THE SEXUAL
REPRODUCTIVE CAPACITY OF THE COMMON REED
PHRAGMITES AUSTRALIS (CAV.) TRIN. EX. STEUD.

Shevtsova N., Belyaev V., Prysliak S., Gudkov D.

Institute of hydrobiology of National Academy of Science of Ukraine, Kyiv, Ukraine,
shevtsovanl245@gmail.com

The modern state of seed productivity of the dominant helophyte species in the
Chernobyl Exclusion Zone (ChEZ) was studied. The obtained data were compared
with our own data from previous years. A consistently low seed productivity of
Phragmites australis (Cav.) Trin. ex. Steud. in ChEZ is recorded with a tendency to
decrease. The state of macrophyte reproduction is affected by a decrease in the length
and width inflorescences-panicles, the number of flowers in the inflorescence and
number of seed at the panicle.

Anatomical and morphometric studies of the one of plant reproduction organs,
namely, panicle, of the dominant species of cenoses of aquatic plants of the ChEZ -
common reed Phragmites australis (Cav.) Trin. ex Steud was done. The studies were
carried out on the most polluted water-bodies of the ChEZ - lakes Glyboke, Azbuchyn,
Daleke, Yanivskyi backwater of the Pripyat River, as well as on four water residues
that were formed within the former water area of the cooling reservoir of the
Chernobyl NPP (ChNPP) after the water level decreased. Conditionally, the control
water in the ChEZ was Lake Plyutovyshche, located 17 km far from the ChNPP,
characterized by relatively low levels of radionuclide contamination.

Measurements of the specific activity of '*’Cs in water, bottom sediments and
plants were performed using a y-spectrometric complex Mirion Technologies —
Canberra (Japan). Determination of the °°Sr content was performed using a beta-
radiation energy spectrometer SEB-01-70 (AKP Atom Komplex Prylad, Ukraine). The
measurement error was 15-25%. The calculated standard deviation fully characterized
the sample variations according to [1]. The absorbed dose rate (ADR) of ionizing
radiation on plants was determined using the conversion factors recommended [2]
based on data on the specific activity of *°Sr and '*’Cs in water, bottom sediments in
thickets of aquatic plants of polygonal reservoirs, as well as in plants in general.

Common reed, a plant with very high adaptive potential and genetic diversity
[3, 4], has two reproductive organs: roots, responsible for the vegetative reproduction
pathway, and panicle with grains - responsible for the sexual reproduction pathway of
the plant and the genetic diversity of individuals within the species. Genetic diversity
is represented by the diversity of alleles present within a population. And, if a gene is a
fundamental unit of heredity, then alleles are its specific versions. The source of new
alleles is mutations, changes in DNA sequences, etc. As a result of sexual
reproduction, individuals can have different combinations of alleles for each gene, and
this ensures its genetic diversity, which is important for preserving and expanding the
adaptive potential of the population to possible environmental changes [5].
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Figure 1. Samples of common reed panicles from different years of vegetations
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At modern time, a decrease in panicle size is recorded for common reed in
water bodies, where the internal absorbed dose rate per plant is from 15 to 84
uGy/day, and the percentage of dose from incorporated *°Sr significantly exceeds
50%. For example, compared to previous observation periods, namely before the
beginning of the decrease in the water level in the Chernobyl NPP reservoir at the end
of 2014, the size of the panicle of reed from Lake Azbuchyn (which was subjected to
hydrological backflow from the reservoir and the water level in which also decreased)
decreased almost 2 times and is on average 15 cm, compared to 32 cm in the period
2008-2014 [6, 7, 8].

Morphometric indicators of reed panicles from other studied reservoirs are
almost beyond the minimum limit for linear values inherent in reed panicles under
optimal conditions of existence [6], and range from 17-34 c¢m for length and 2.14-5.84
cm for panicle width.

For plants from majority ChEZ water bodies, we continue to record almost
complete panicle sterility. The actual productivity of common reed panicles in 2023
did not exceed 11%, even in plants from Lake Plyutovyschie, where the absorbed dose
rate per plant is two orders of magnitude lower than the threshold value for biota.
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Figure 2. Reproductive indicators of reed panicles from the northwestern part of the
Chernobyl NPP cooling reservoir
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The seed reproductive potential of common reed in the ChZV reservoirs, where
plants receive a dose load in the range of absorbed dose rates of 1.3—-84 uGy/day, is
critically low, considering the significant reduction in anatomical and morphometric
indicators of one of the reed reproductive organs — the panicle, and it’s almost

complete sterility.
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Morth-eastern part

Morthwestern part
L.Daleke
L. Glyboke

[ 1
= :

—

—

no
]

L.AsrbBuchin I]

(& S0 B 150 200 250 kL0

Figure 3. Average number of grains in a reed panicle in the water bodies of the
Chernobyl Exclusion Zone, 2023

In practice, the exclusion of the sexual pathway from the reed reproduction
stage can lead to an imbalance in maintaining the genetic diversity of reed populations
in the ChZV reservoirs and reduces the possibility of exchanging genetic material
between individual plant coenoses and, if this situation persists in the future, can lead
to a weakening of their adaptive capabilities and a narrowing of the plant's adaptive
potential.

The loss of genetic diversity in individual populations of reeds in the ChZV
reservoirs makes them particularly vulnerable to other stress factors for the plant and
can lead to a decrease in the ability to adapt to new conditions of existence (changes in
temperature, chemical composition, hydrological regime, etc.), the appearance of pests
new to the species, or the occurrence of atypical diseases. In this regard, the study of
changes in the reproductive organs of reeds responsible for their sexual reproduction is
another link in the study of genetic changes in plants exposed to long-term low-dose
radiation.

1. Statistical Methods in Biology Design and Analysis of Experiments and
Regression By S.J. Welham, S.A. Gezan, S.J. Clark, A. Mead, (2014),
doi.org/10.1201/b17336

2. ICRP, 2017. Dose coefficients for non human biota environmentally
exposed to radiation. ICRP Publication 136. Ann. ICRP 46(2).

3. Fundamentals Of Ecology, Eugene P Odum. 1971 ( Third Edition ): W. B.
Saunders, Comp.

4. 3. Teitnn, K.M. Cutauk (Bign. pem.) MakpodiTh — iHIAKATOpU 3MiH
npupoaHoro cepenosumia (Kuis, Hayk. nymka, 1993) 434 c.

127


https://www.taylorfrancis.com/search?contributorName=S.J.%20Welham&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=S.A.%20Gezan&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=S.J.%20Clark&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=A.%20Mead&contributorRole=author&redirectFromPDP=true&context=ubx
https://doi.org/10.1201/b17336

5. A.M. I'poasincekuii AnanTuBHa cTpaTerist (i3ioNoriyHuX NpoLECiB POCIUH
(Kuis, Hayk. Iymka, 2013) 302 c.

6. J. Barescut et al. Radioprotection, 44, Issue 5: ECORAD 2008 -
Radioecology and Environmental Radioactivity, 2009, pp. 941 — 944,
doi.org/10.1051/radiopro/20095168

7. C. Mothersill, V. Korogodina, C. Seymour (eds), D. Gudkov. et al.,.
(2012). Radiobiology and Environmental Security. NATO Science for Peace and
Security Series C: Environmental Security. Springer, Dordrecht. , pp. 233-244

8. Yavniuk, A.A. Shevtsova N.L., Gudkov D.I. Disorders of the initial
ontogenesis of seed progeny of the common reed (Phragmites australis) from water
bodies within the Chernobyl Exclusion Zone (2020), J. of Environmental
Radioactivity, V.218. 106256. doi.org/10.1016/j.jenvrad.2020.106256.

PAJIOAEPO30OJIBHA CUTYAIA IIIJT YKPUTTAM «APKA»
HICJIA ATAKH BILJIA 14.02.2025

B. K. lllunukapenxo, M. M. Tanepko, A. M. Hogikos, B. O. Kpacnos, B. O. Kawunyp,
0. A. Ceupuo, B. B. Aé2ycmos.

IactutyT mpobiem Oesneku AEC HAH Ykpaina, Byn. Jlucoripebka, 12, 03028, Kuis,
e-mail: shynkarenko.viktor@gmail.com

Abstract: On February 14, 2025, at 1:54 a.m., a Russian explosive-laden drone
struck the New Safe Confinement (NSC) over Chornobyl Unit 4, damaging both layers
of its protective shell. Although the main air volume of the NSC remained sealed, a
fire broke out, followed by prolonged smoldering of the insulation layer that lasted
until March 7. This led to depressurization and a temporary increase in airborne
radionuclide activity beneath the NSC.

Aerosol samples were collected using stationary impactors and filter ventilation
systems, and were subsequently analyzed via gamma spectroscopy and
autoradiography. The highest recorded volumetric activity of *’Cs reached 1.8 Bg/m®.
Autoradiographic analysis of the collected particles revealed soot contaminated with
radionuclides; however, no fuel-containing particles with activity levels exceeding 10
Bq were detected. The observed *’Cs/**'!Am activity ratios (ranging from 30 to 70)
suggest a mixed origin of the radionuclide contamination.

No direct damage to radioactive materials was confirmed, indicating that the
elevated airborne activity likely resulted from secondary resuspension of previously
deposited contamination. This incident underscores the vulnerability of post-accident
confinement systems to external kinetic impacts and highlights the need for enhanced
radiological monitoring capabilities.

Keywords: radioaerosols, Chornobyl Exclusion Zone, New Safe Confinement,
137Cs, 2*! Am, resuspension, monitoring, impactor, autoradiography, hot particle.
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Bxigni mani Ta MmeToau aocaiIKeHHS

3riHO IITAaTHOI NMPOTrpaMu KOHTPOIIIO BiJIOIp aepo3oyibHUX MpoO mix ApKoro
HBK npoBonuBcs 3a J0OMOMOIO0 CTaliOHapHOI (UIBTP-BEHTHILILIHHOT YCTaHOBKA
/®BY/ I'pan-1,8 po3ramoBaHoi B IiBJEHHO-CXIJIHOMY KyTKY HENOAAIIK BiJ 3aXimHOi
criem Apku HBK Ta immaktopa IB®-VTE po3ramoBaHoro B MiBHIYHO-3axXimHiH ii
gactuHi. Kackamm mporo iMmakTopa 30HMparOTh Ta COPTYIOTh YaCTKH 32 iXHIMHA
aeponuHaMiyHUMHK miamerpamu: 17,0 - 8,5; 8,5 - 3,7; 3,7 - 1,2; 1,2 - 0,5 Ta meHme
0,5 mxm. [epionuaHiCTh 3MiHH KOJIEKTOPHUX IDIACTHH iMITakTopa — 14 mib.

ITo3za HBK mo6mnm3y #oro cximHoi crinm 3Haxommiace @BY I'pax 1.5. OBY
VENT 0Oyna posramosana mpuonn3ao 3a 500 M Ha 3axif - niBgenHaunit 3axin Bix HBK.
Cxema po3TanryBaHHS TIpoOOBiIOIpHMKIB HaBejeHa Ha puc. 1. OcCHOBHI
xapaktepuctuku @BY HaBeneni B Tabia. 1. Marepian noBiTpsiHUX (ibTPiB — TKAHWHA
[MerpsinoBa DIIII-15-1,5. [TepioanunicTs 3MiHK QiIbTPIB — 7 1i0.

{.;

| MawmnnHmii 3an

Yizzzzzzzzzzzz RO~ ®BY I'pan 1,5

OBY I'pan 1,8

o

ﬁ ®OBY VENT

CI1-1430

Puc. 1. Cxema po3TanryBaHHs IpOOOBIIOIPHUKIB

Tabauys 1. OCHOBHI T€XHIYHI XapaKTEPUCTHKH MPOOOBiAOIPHUKIB a€p0O30JII0

XapaKTepucTUKU OBY DOBY DOBY ImmakTop
po6OBi A0 pHUKIB Vent I'pan-1,5 I'pan-1.8 1I6®
Micre3HaxoKEHHS:

[Iupora 51°23°13.0”| 51°23°17.9” | 51°23°17.9” |51°2321.6”

Hosrora 30°05°31.4”| 30°05°53.4” | 30°05°52.4” |30°05'48.5”

Bucora BinoupanHs npoOu, M 1,0 1,5 1,8 1.5
TpoayKTUBHICTE, M>/TOJ1. 300 450 450 3
Inoma ¢insTpa, M 0,36 0,56 0,56 3.85-107
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BumiproBanns aktusHocteit ’Cs Tta 'Am mWa nositpanux (insrTpax
IIPOBO/IMIIM 32 JIOIIOMOT'OI0 HaIliBIPOBITHUKOBOTO Y-CHEKTPOMETPA 3 0XO0JIOPKYBaHUM
JIETEKTOPOM 13 HaJUUCTOT0 TEPMaHIlo.

ApTtopaaiorpadiuHi JOCTIHKEHHS MPOBOJMIN 3riHO 3 [3] i3 BUKOPUCTAHHIM
MEeAWYHOI peHTTeHIBCHKOI IUTiBKH. LudpoBi neHcuTorpaMu aBropamiorpadpiqHux M
OTPUMYBAJIHU 32 JOIIOMOTOI0 CKaHYBAaHHS Y PEXHMi BiIOMBaHHS, PO3AUTbHA 3aTHICTh
600 Touok Ha mroliM. Bu3HadeHHS mapameTpiB pamiorpadivHHAX IDIIM IPOBOAMIH 32
JIOTIOMOTOI0 TTakeTa o0poOku 300pakeHp Image-Pro Plus 6.0. J{ns BusHaueHHs [-
aKTUBHOCTI YacTOK 3a IMapaMeTpaMH IXHIX pazmiorpadidHux 300pakeHp OyIoyBaiH
KaJiOpyBaibHYy 3aJIe)KHICTh, OTPIMAaHy 3a JaHUMH aBTOpazmiorpadii miHIHKN JacTok 3
BioMOI0 akTHBHiCTIO. CBOro wyacy
(2002-2003 pp.) ui yactku Oyiu
i30JIbOBaHi 3 MOBITPSHUX (QUIBTPIB,
€KCIIOHOBaHUX nooIu3y 00’ekTa
«YKpUTTS»; P-aKTHBHOCTI BiniOpaHUX
YacTOK Oy BH3HAUYCHI 32 JONOMOTOO
HU3BbKO(OHOBOTO MIPONOPIIHHOTO
miammsHuKa LB-720 (Bekman).

Pe3yabTaTi T2 00rOBOpEeHHS
Hoitpstanic Gimetp ®BY ['pan-
1,8, mo OyB eKCIOHOBaHWI B TMEpPIOf

Puc. 2. ®parMeHTH eKCIIOHOBaHHUX 12.02 - 18.02 i1 mpogoB»kKyBaB MpaIfoBaTH
MOBITPSHUX (PITBTPIB Bif: micist ynapy BIUJIA maB  iHTeHCHBHE

a -28.01-06.02.2025, O =30 000 m3 TeMHE 3a0apBJICHHS 1 3aJTHIIABCS JIUITKHUM
6-12-18.02.2025, QO =14000 v, BHACITIIOK BiIKJTaIaHHs BEJIUKOT
ae O — npokayaHuii 00’eM MOBITPSL. KUIBKOCTI YacToK KintsiBu. Ha puc. 2 s

TOPIBHSAHHSA ~ HaBeleHI  300pakeHHS
(parMeHTIB TBOX MOBITPSHHUX (UIBTPIB, eKCIIOHOBAHUX 1O 1 ITij Yac yaapy.

Ha puc. 3 HaBezmeHi aBTOpamiorpaMu IMX (parMeHTiB. BimMmiTumo, mo BepxHiit
map TKaHWHM [leTpsHOBa 3aiMIIABCs JIMIKUM TPHUBAJIMH 4ac MICJsl EKCIIO3MWIil, MI0
NPU3BEJIO /10 YAacTKOBOTO 3JIMIAHHS INapiB CKJIaJeHOro (iabTpa, CBITII IUITHKA Ha
aBTOpajiorpami puc. 3 6 YTBOPWIMCS BHACTIOK YaCTKOBOTO BUJAJICHHS BOJIOKHHCTOTO
mapy, TeMHa AUITHKA Bropi BiIIOBigae mapy MOABIHHOI TOBITMHHU. AKTHBHOCTI Tapsidux
4acTOK Ha 000X (hparMeHTax He mepeBuinytoTh 5-10 bk. Buxomsuwm 3 cepemHpoi Ha
CHOTOJIHI IUTOMOT OeTa-aKTMBHOCTI onpoMideHoro mamusa' mopsaky 1,31-10° br/r UO> Ta
ryctiHd mammBa ~ 10 T/cM’, MaeMo OLIHKY aepoJMHAMIYHMX [iaMeTpiB YacToK 3
akTuBHICTIO 5 Bk mopsiaxy 28,5 ta = 36 MkMm i 9acTok 3 akTuBHiCTIO 10 Bk. TobTo,
O®BY I'pan - 1,8 mepeBakHO AOCATIN YaCTKU 3 aepOJMHAMIYHIMH JiaMeTpaMy MEHIIe
30 - 40 MxM. AHaoTigHa cUTYyaIlist criocTepiranack B 2019 pori mig gac o6Baiy B k. 402/3,
KOJIM HA MOBITPAHUX (iIbTpax ITi€i yCTAaHOBKU TeX OyIM BiICYTHI 9acTKH 3 OUIHIIMMH

! Po3paxoBaHo BUXO/sUM 3 JaHUX HaBejaeHux B [5]. Bera Bumpominiosanns 2#'Pu ne
Opanu 10 yBaru, ockimbku eHeprii (< 20 xeB) 1ux gacTHHOK 3amaii Uit JOCATHEHHS poO0Y0ro
mapy (pOToeMyJIbCil PEHTTeHIBCEKOT IUTiBKH.
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AKTUBHOCTSIMU. BunaeTbcst HMOBIpHNM, IO [IbOMY CIIPHUSUIO SIK BiJUJajIeHE PO3TAIIyBaHHS
YCTaHOBKH BiJl MicIisl 00BaJly, TaK i HasBHICTb 3QJIMIIKY CTIHM MaIIMHHOTO 3aJ1y MOPSK 3
YCTaHOBKOK. B pe3ynbTaTi OUTBIN KPYITHI YacTKH, a00 HE YTBOPHIKCS B IPOCTOPI It
ApKkoro, a00 HE 3MOTJIU JIOJICTITH IO YCTAaHOBKH [4].

(DL

Puc. 3. ABTopaniorpadivyai 300paskeHHS (parMeHTiB MOBITPSHUX (QIiIBTPIB.
a -28.01-06.02.2025, pamiorpadiyaa excnosutis 14 mi6. 6 - 12-18.02.2025,
exkcnosulis 7 mio.
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Puc. 4. Iunamika 06’ eMuoi aktuHocTi 1*’Cs B moBiTpi mo6musy ®BY I'pax-1,8.

Junamika 06’emHoi aktmBHOCTI *’Cs B MOBITpi MOGNHM3Yy TOYKH PO3TALTYBAHHS
OBY I'pan-1,8 naBemena ma puc. 4. B mepiog 3 12.02 mo 18.02 cmoctepiraerscs
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I IBUIIICHHS 00’ €MHOT aKTUBHOCTI, aJIe MOTPIOHO Mam’sITaTH, IO 11e 3HAYCHHS yCePeIHCHE
3a THXKIEHb, TOMY IIKOBa aKTHBHICTh MOTJIa OyTH Ha | — 2 MOPSAKY OLIBIIONO.

Ha puc. 5 HaBeneHi 3HauyeHHA 00’eMHOi akTuBHOCTI *’Cs B moBiTpi moGM3y
postanryBanHs iMmaktopa IB®D-VTE. J[lani 3a mepiom 6.02 — 18.02 yacTkOBO
BIZIKOPHTOBaHI — BPaXxOBaHO, IO HA/IXO/DKEHHS PATiOHYKIIIIB BiIOyBamocs 3 MOMEHTY
ymapy, T06to 3 14.02. CrocrepiraeTbCsi TBOTOpOMA PO3MOIIT aepO30JFHUX YAaCTOK 32
aepoMHAMIYHAMHY JliaMeTpaMHX: APiOHI 9acTKU B 3 PO3MipaMu Mopsiaky | MKM i OuTbII
KpymHi 3 miamerpamu mopsaky 10-15 mxM. BigMmiTmo, 1o maianBHAM 9acTKaM TaKHX
po3MipiB BimmoBimarots B-aktmBHOCTI 4°10° — 4-10* Bk mia Giaemn apiOHMX YacToK i
0.15— 1.73 bk mma Ginpm kpymHUX. s BIIBTPIB CHOCTEPIraeThCs CIIiBBiIHOIICHHS
37Cs/2' Am mopsaxy 30-70, mo Jemo BHINE PO3PaxOBaHMX BHXOIIYM 3 JaHuX [5] =~ 20
JUTSL TETIEPINIHLOTO CTaHy onpomineroro namisa Ha YAEC. Lle Moxke OyTH MOSICHEHO, SIK
OyJI0 MOKa3aHO B pOOOTI [6], HASBHICTIO OJATKOBOI 11€31€BOi KOMIIOHCHTH 3a0pyTHCHHS
OKpiM 3a0pyAHEHHS! MaJMBHUMH YaCTKAMH.

BigMiTUMO TakoX, IO BEJWYMHA CKOPUIOBaHOI CyMapHOi II0 CTYHEHSIM
iMnakTopa 06’emuoi aktusHocTi 3’Cs 1,36 Bx/m® 61usbka 1o 3apeectpoBanoi ®BY
I'pan 1.8 aktusHOCTI — 1,8 BKr/M3. HeBennke po3xokeHHs MOXe OyTH MOB’SA3aHO 3
TUM, IO IMIIAKTOP BiJICIKAE YACTKH 3 aePOAMHAMIYHUMHE JiaMeTpaMu Oinbine 17 MKM,
a Ha noBiTpstHOMY (inbTpi @BY mpucyTHI MOOAWHOKI YaCTKH MOPSAKY 27,3 - 34 MKM.
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BucHoBkH

Araka BITJTA 14.02.2024 cnpuyvHWIIA TUMYACOBE, aJI¢ MOMITHE IiABUICHHS
pieniB '¥’Cs Ta iHmmx Hyknigie y nositpi mig Apkoro HBK. Ockinbku micns BuGyxy
BIIJIA He Oyino 3apeecTpOBaHO MOUIKOMKEHb O0’€KTiB, IO MICTHIM O NaJHMBHI
MaTepiaiy 9¥ iHIIi pajiOaKTHBHI PEYOBHHH, MO’KHA BBAXKATH, IO CIIECK aKTUBHOCTI
mix ykputtasm HBK BinOyBcsi BHACTIIOK BTOPMHHOI PECyCIeH3ii aepo30JIbHAX YaCTOK
13 TIOBEpXOHB ycepeauHi 00’ ekTiB Apka Ta « YKPHUTTA». BapiadT 3 BUKUIOM ITaTMBHAX
YacTOK [ dYac TIIHHI TepMETH3YI04O0i OOOJOHKH BHUTIISAAE MAaJOHMOBIPHHM,
OCKIJIBKM TO-TIepIIe MaJOWMOBIDHHM € HAKONHWYCHHS MANWBHUX YacTOK Ha IIiH
000MOHII, TO-Apyre Ime OuLTPII HEeWMOBIPHHUM BUTIJISN/Aa€ BUBUIBHEHHS MHATUBHIX
YaCTOK B IIPOLIEC] TIIHHSL.
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PAJIIALIITHA PO3BIJKA TA MOJEJIOBAHHS
B YOPHOBMJILCHKOMY CAPKO®A3I

HImegan B.M."", Casenvece M.B.%, I'peuaninos B.®.! Ckomm T.B.3

! IHcTUTYT Npo6IIEM MATEMATUYHKX MAIINH T4 CHCTEM
HamionansHoi akagemii Hayk Ykpaian, Kuis;
2 IncTHTYT Ipo6IeM GE3MEKH aTOMHUX €EKTPOCTAHIIii
HamionansHoi akagemii Hayk Ykpainu, Kuis.
3 VuisepcureT Bpucrons, bpucrons, Benka Bpuranis.
“shtefan0110@gmail.com

Abstract: The transformation of the “Shelter” object into an environmentally
safe system requires the conditioning of fuel-containing materials. Working within the
“Shelter” presents significant challenges, including lethal radiation levels, hazardous
environmental conditions, difficult physical access, and degradation of the structures.
Developing safe work plans necessitates the modeling of the interiors of the
Chornobyl Nuclear Power Plant. This paper presents the results of modelling of level 0
under the former Unit 4. Photos and plans of the object “Shelter” were analysed and
transformed into 3D environmental model. Additionally, a radiation contamination
map was generated using the Kriging method of spatial interpolation. Created virtual
model allows us to effectively use robotics by supplementing the robot’s navigational
sensor data with a 3D model of the environment. In turn, the robot updates radiation
contamination data by conducting reconnaissance in hazardous areas. The results of
the 3D modelling and radiation mapping can already be used as a training simulator
for personnel. Despite the challenges posed by the ongoing war, development of this
system is actively continued.

Keywords: Chornobyl NPP, Object “Shelter”, dose rate, radiation survey,
radiation mapping, robotic systems, UGV.

Karouosi ciaoBa: YopnoOmnbceka AEC, 00'€kT «YKpHUTTS», NOTYXKHICTH
eKCIIO3MLIHHOT 103, pajiamiiHa po3Bimka, pagiamiiiHe KaprorpadyBaHHS,
pobotuzoBani cucremu, BHT3.

[eperBopenHs 00’ €KTy «YKPUTTSD» HA €KOJIOTIYHO OE3Ie4Hy CUCTEMY BUMarae
MpOBEACHH pOOIT MO TpPHUBENEHHIO NaluBOBMicHHMX Matepiamie ([IBM) B
KOHTPOJBhOBaHUH cTaH. [lmanyBaHHS pobiT B 00°€KTi «YKPHUTTS» CTABUTh BUKIHKH Y
BHTJISAI HEOE3[EYHOro CEepeoBHIa, CMEPTEIHHO BHCOKMX pamiallifHUX OB,
CKJIaTHOCTI (pi3UYHOTO AOCTYIY Ta Aerpafariii KOHCTPYKIiH.

3ams po3poOKH TUIaHIB OE3MMeYHOr0 BHKOHAHHSA POOIT HEOOXiAHO BHUKOHATH
MOJICIIIOBAHHS IPUMIIIECHD « YKPUTTS.

VY pobori Oymno BHKOHAaHO aHani3 Kaprorpam Ta ¢ororpadiii 3pobneHux
JIKBIiJATOpaMU B XOJi JIIKBiJAIlil HACIHIAKIB 3ampoeKTHOi aBapii Ha 4 eHeproOoIi
Yopuoobunbscskoi AEC. Ha ocHOBI IpoaHalli3oBaHUX JaHUX Ta 3a JOIMOMOTOI0 METOMY
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npocropoBoi inTeprnossiuii Kpiriar Oyno nmoOynoBaHo kapTy 3a0pyIHEHHsS HyJIbOBOT
BIAMITKH.
Kriging Interpolation with Walls (Logarithmic Scale)
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Puc. 1. Kapra pagianiiHoro 3a0pyIHCHHS HYJIbOBOI BIIMITKH 00’ €KTY «YKPHTTSD»

Tako)k Ha OCHOBI IIpOAaHANI30BaHUX MJaHUX 10OynoBaHO aeTanbHy 3D
PEKOHCTPYKIIiI0 NPUMILIEHb HYJILOBOT BIZIMITKH 00’ €KTy « YKpUTTs». TouHe BizyanbHe
BIATBOPEHHS CEPEOBHIIA JIa€ MOXIIMBICTH O3HAHOMHUTH IEPCOHAN 3 HUM IpHU
IUIaHyBaHHI po0iT. O3HAOMIICHICTh MPAIiBHUKIB 3 CEPEJOBHIIEM HPHU3BOAMTH 1O
MIBUALIOTO NPUHHATTS pillleHb, 10 € HEOOXIAHICTIO MmiJ 4ac poOOTH B yMOBax
MIABUIIICHOTO PU3UKY.

CrBopeHa BIpTyaJibHa MOJENb TNPHUMIIIEHb 00’€KTYy «YKPHUTTS», O3BOJISIE
e(eKTUBHO BHKOPHCTOBYBaTH pOOOTOTEXHIKY IISXOM  JIOIOBHEHHS JaHHUX
HaBiramifHUX ceHcopiB poOota 3D wmopemmo otodeHHs. B cBoro uepry poOor,
BUKOHYIOYH PO3BIJIKY B HEOE3MEUHOMY CEPEAOBHIII JOIIOBHIOE TA OHOBIIIOE JaHI PO
panioaKTUBHE 3a0pyIHECHHS.

IHctutyT podnem Gesmekn AEC HAH VYkpainm B koomeparnii 3 [HCTHTYTOM
npobiieM MareMaTMyHMX MamuH Ta cucteM HAH Vkpainm ta VYHiBepcuteToMm
Bpicrons mpaitoe Haj poOOTH30BAHOIO CHCTEMOIO pajiallifHOi pO3BIIKM HAa OCHOBI
YOTHUPUHOTHX POOOTIB. MaHeBpeHicTh TakuX pPOOOTIB, a caMe iX 34aTHICTH J0JaTH
CXOJH, IOPOTH Ta HEPiBHI MOBEPXHi, pOOUTH IX YHIKAIBLHO MPHCTOCOBAHUM IS 3a/1a4
PO3BiKM Ha TpoMHUCIOBUX 00’ekTax. Moneni dotupuHOorux podotiB «Unitree GO1»
Ta «Boston Dynamics SPOT» cropsypkeHi pi3HUMH CHCTEMaMH BHMIpIOBaHHS
paniauii, Oynu ycnimHo BunpoOysaHi B ymosa HAEC.

VY noenHaHHI 3 JaHUMH pajianiiiHoro kaprorpadyBaHHs, cTBopeHa 3D moxens
MOXe BX€ OyTH BHUKOPHCTaHA y SIKOCTI TpeHaKepy I HEepCoHANy, IO BUKOHYE
poOoTH B X NpUMilIeHHsIX. He3Bakaroun Ha BUKIMKH 3yMOBJIEHI BilfHOIO, po3po0OKa
CHCTEMH TPOJIOBXKYEThCS, IOCTYIIOBO MOJENIOIOTHCS HACTYIHI BiJMITKH 00 €KTY
YKPUTTSL Ta BEAYTHCS pOOOTH 3 IHTErpalii B cucTeMy pOoOOTOTEXHIKH 3a JOIOMOTIOI0
Robot operating system (ROS).
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