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This study investigates the process of building a stable method-
ological basis for assessing environmental risks in regions. The pos-
sibilities of using integrated indicators of environmental risks have
been considered, which are a useful tool for summarizing complex
information. However, their interpretation should be especially cau-
tious during periods of social upheaval. The combination of a quan-
titative index with a qualitative analysis is necessary for a complete
and adequate assessment of environmental safety for such periods.

This work analyzes the methodological robustness of composite
indices of environmental safety of regions under war-time conditions
using Ukraine as an example. The influence of the choice of nor-
malization methods, weighting schemes, and processing of missing
data on the results of integrated ranking was studied. It is shown that
under crisis conditions the semantics of key social-ecological indica-
tors undergoes qualitative changes, as a result of which conventional
interpretations of their dynamics become incorrect.

A comparative analysis of combinations of normalization and
weighting of indicators for calculating the integrated index of envi-
ronmental safety of regions in Ukraine over 2021-2022 was conduct-
ed. It was found that the rank approach in combination with equilibrium
weighting is methodologically unstable under crisis conditions and leads
to inversions in regional ranking. An algorithm for calculating the index
has been proposed, which involves checking the stability of regional
indicators for the completeness and reliability of statistical data, which
increases the adequacy of environmental risk assessment during the con-
flict period. This is particularly important for Ukraine but is also relevant
for other countries experiencing or recovering from conflict.

The findings make it possible to increase the readiness of an en-
vironmental monitoring system for emergencies, as well as contribute
to the construction of a robust methodological base for assessing
environmental risks.
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References

1. Nardo, M., Saisana, M., Saltelli, A., Tarantola, S., Hoffmann, A.,

Giovannini, E. (2008). Handbook on Constructing Composite Indica-

10.

11.

13.

14.

15.

16.

17.

tors: Methodology and User Guide. OECD publishing. Available at:
https://publications.jrc.ec.europa.eu/repository/handle/JRC47008

. Saisana, M., Saltelli, A. (2010). The Multidimensional Poverty Assess-

ment Tool (MPAT): Robustness issues and Critical assessment. Publica-
tions Office of the European Union. https://dx.doi.org/10.2788/82008

. Singh, R. K., Murty, H. R., Gupta, S. K., Dikshit, A. K. (2012). An

overview of sustainability assessment methodologies. Ecological Indi-
cators, 15 (1), 281-299. https://doi.org/10.1016/j.ecolind.2011.01.007

. Greco, S., Ishizaka, A., Tasiou, M., Torrisi, G. (2018). On the Method-

ological Framework of Composite Indices: A Review of the Issues of
Weighting, Aggregation, and Robustness. Social Indicators Research,
141 (1), 61-94. https://doi.org/10.1007/s11205-017-1832-9

. Paruolo, P., Saisana, M., Saltelli, A. (2012). Ratings and Rankings:

Voodoo or Science? Journal of the Royal Statistical Society Series
A: Statistics in Society, 176 (3), 609-634. https://doi.org/10.1111/
j-1467-985x.2012.01059.x

. Alqararah, K. (2023). Assessing the robustness of composite

indicators: the case of the Global Innovation Index. Journal of
Innovation and Entrepreneurship, 12 (1). https://doi.org/10.1186/
$13731-023-00332-w

. Becker, W, Saisana, M., Paruolo, P., Vandecasteele, 1. (2017). Weights

and importance in composite indicators: Closing the gap. Ecological
Indicators, 80, 12-22. https://doi.org/10.1016/j.ecolind.2017.03.056

. Zhou, P, Ang, B. W,, Poh, K. L. (2007). A mathematical programming

approach to constructing composite indicators. Ecological Econom-
ics, 62 (2), 291-297. https://doi.org/10.1016/j.ecolecon.2006.12.020

. Munda, G., Nardo, M. (2009). Noncompensatory/nonlinear composite

indicators for ranking countries: a defensible setting. Applied Econom-
ics, 41 (12), 1513-1523. https://doi.org/10.1080/00036840601019364
Wehbe, C., Baroud, H. (2024). Limitations and considerations of us-
ing composite indicators to measure vulnerability to natural hazards.
Scientific Reports, 14 (1). https://doi.org/10.1038/s41598-024-68060-z
Srebotnjak, T., Carr, G., de Sherbinin, A., Rickwood, C. (2012). A
global Water Quality Index and hot-deck imputation of missing
data. Ecological Indicators, 17, 108-119. https://doi.org/10.1016/
j-ecolind.2011.04.023

. Stevens, S. M., Joy, M. K., Abrahamse, W., Milfont, T. L., Pether-

ick, L. M. (2023). Composite environmental indices - a case of rickety
rankings. PeerJ, 11, e16325. https://doi.org/10.7717/peerj.16325
Ghobarah, H. A., Huth, P.,, Russett, B. (2003). Civil Wars Kill and
Maim People - Long After the Shooting Stops. American Political Sci-
ence Review, 97 (02). https://doi.org/10.1017/s0003055403000613
Kachynskyi, A. (2001). Ekolohichna bezpeka Ukrainy: systemnyi
analiz perspektyv pokrashchennia. Kyiv: NISD, 312.

Gan, X., Fernandez, I. C., Guo, J., Wilson, M., Zhao, Y., Zhou, B,
Wu, J. (2017). When to use what: Methods for weighting and aggre-
gating sustainability indicators. Ecological Indicators, 81, 491-502.
https://doi.org/10.1016/j.ecolind.2017.05.068

Krampe, F., Kreutz, J., Ide, T. (2025). “Armed conflict causes long-last-
ing environmental harms.” Environment and Security. https://doi.org/
10.1177/27538796251323739

Cutter, S. L., Boruff, B. J., Shirley, W. L. (2003). Social Vulnerability to
Environmental Hazards*. Social Science Quarterly, 84 (2), 242-261.
https://doi.org/10.1111/1540-6237.8402002




18. Nardo, M., Saisana, M., Saltelli, A., Tarantola, S. (2025). Tools for
Composite Indicators Building. EUR 21682 EN. Available at: https://
publications.jrc.ec.europa.eu/repository/handle/JRC31473

19. State Statistics Servise of Ukraine. Available at: https://ukrstat.gov.ua/

20. Bohringer, C., Jochem, P. E. P. (2007). Measuring the immeasurable —
A survey of sustainability indices. Ecological Economics, 63 (1), 1-8.
https://doi.org/10.1016/j.ecolecon.2007.03.008

21. Dodatok 2. Tendentsiyi sotsialno-ekonomichnoho rozvytku v umo-
vakh povnomasshtabnoho viyskovoho vtorhnennia Rosiyskoi Feder-
atsiyi v Ukrainu. Available at: https://dn.gov.ua/storage/app/sites/1/
uploaded-files/dodatok-2-do-strategii-tendentsii-sotsialno-ekonomi-
chnogo-rozvitku.docx

22. Conflict and Environment Observatory. Available at: https://ceobs.org/
ukraine-conflict-environmental-briefing-industry/

23. The State Emergency Service of Ukraine. Available at: https://dsns.
gov.ua

24. State Forest Resources Agency of Ukraine. Available at: https://forest.
gov.ua/

25. Moretti, A., Arias-Salazar, A. (2025). Computing multidimensional com-
posite indicators for small areas in presence of missing variables: a data
integration approach. Journal of the Royal Statistical Society Series C:
Applied Statistics, 75 (1), 21-42. https://doi.org/10.1093/jrsssc/qlaf032

26. Xavier, A., Fragoso, R., Freitas, M. de B. C. (2025). Building sustain-
ability composite indicators using a multi-criteria approach. Europe-
an Journal of Operational Research, 326 (2), 326-342. https://doi.org/
10.1016/j.€jor.2025.04.024

27. D’Adamo, 1., Di Leo, S., Gastaldi, M., Paris, A. (2025). Evaluating
sustainability in Europe with composite indicators. Discover Sustain-
ability, 6 (1). https://doi.org/10.1007/s43621-025-02129-1

28. Blancas, F. J., Contreras, 1. (2024). Global SDG composite indi-
cator: A new methodological proposal that combines compensa-
tory and non-compensatory aggregations. Sustainable Development,
33 (1), 158-176. https://doi.org/10.1002/sd.3109

DOI: 10.15587/1729-4061.2026.351507

DETECTING CADMIUM BIOACCUMULATION IN SOIL
AND ITS TRANSLOCATION INTO AGRICULTURAL
PRODUCE (p. 22-28)

Maryna Samilyk
Sumy National Agrarian University, Sumy, Ukraine
ORCID https://orcid.org/0000-0002-4826-2080

Serhii Bokovets
Sumy National Agrarian University, Sumy, Ukraine
ORCID https://orcid.org/0000-0003-0466-2426

Oleh Bakhmat

Higher Educational Institution “Podillia State University”,
Kamenets-Podolsky, Ukraine

ORCID https://orcid.org/0000-0002-8015-1567

Ulyana Nedilska

Higher Educational Institution “Podillia State University”,
Kamenets-Podolsky, Ukraine

ORCID https://orcid.org/0000-0001-7427-0087

Taisia Ryzhkova
State Biotechnological University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-3358-7496

Ihor Hnoievyi
State Biotechnological University, Kharkiv, Ukraine
ORCID https://orcid.org/0000-0003-1350-6898

Dmytro Hrinchenko
State Biotechnological University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-7617-1576

Alla Petrenko
State Biotechnological University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-2198-8719

Anna Hotvianska
Dnipro State Agrarian and Economic University, Dnipro, Ukraine
ORCID https://orcid.org/0000-0003-3887-3192

Yevhen Yevtushenko
Sumy National Agrarian University, Sumy, Ukraine
ORCID: https://orcid.org/0000-0003-1036-4652

This paper quantifies transition factors (TFs) of Cd from soil to
feed for dairy cattle (pasture grass, hay, straw) and to cow’s milk.

The study area is a transit area for the movement of military air
objects and is likely to be contaminated with heavy metals. Analysis
of soil and agricultural produce could make it possible to establish the
level of their safety.

Field studies were conducted in July and October 2025 in the
village of Sulske (Ukraine), located within 50 km of the combat
zone. The concentration of Cd, TFs, and the trophic factor of its
transfer from feed to milk (TTF) were determined using generally
accepted methods. The concentration of Cd in the soil ranged from
16.49 to 16.82 mg/kg, with the highest value in the soil of agricultural
land. Bioaccumulation of Cd in straw (0.036 mg/kg) dominated in
October, in grass (0.06 mg/kg) and hay (0.09 mg/kg) in July. Cd levels
in grass ranged from 0.034 to 0.06 mg/kg, exceeding the permis-
sible concentration recommended by the World Health Organiza-
tion (WHO) by three times. Despite this, the TF value in all samples
does not exceed 1, which indicates a slight diffusion of heavy metals
from chernozems. The Cd concentration in milk was practically the
same, exceeding the norm established in Ukraine (0.01 mg/kg) and
was 3.8-4.6 times higher than the WHO recommended value. The
highest trophic factor of Cd transfer from feed to milk (0.6) is possible
when cows are fed straw in July. In October, this indicator is the same
for all types of feed (0.3).

The study showed that Cd bioaccumulation occurs in soils,
plants, and milk in the territories within a 50-kilometer zone of
military operations. The results could be used for subsequent analy-
sis while further monitoring the safety of agricultural produce in
this area.

Keywords: cadmium contamination, trophic transfer factor,
transition coefficient, military operations, milk safety.
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This study investigates a gas generator for a hydrogen storage and
supply system with a heat-shielding coating. The subject is the proper-
ties of the heat-shielding coating of the gas generator for a hydrogen
storage and supply system under fire conditions. The properties of
such a heat-shielding coating are taken into account by the thermal
protection error of the thermodynamic system, which includes the
heat-shielding coating and the gas generator wall.

To describe the dynamic properties of the thermodynamic system
in the frequency domain, amplitude-phase frequency characteris-
tics and their components — amplitude-phase and phase-frequency
characteristics — are used. The frequency characteristics of the ther-
modynamic system have been mathematically described in general
form. It is shown that for the characteristic values of parameters for
the thermodynamic system, its properties are fully reflected using
frequency characteristics in the frequency range (0+1.0) s at a band-
width of 0.02 s%. The thermal effect of fire on the thermal state of the
cavity of the gas generator of the hydrogen storage and supply system
is taken into account using exponential-type correlation functions.

Thermal interference is “white noise”. Under these conditions
and using the amplitude-frequency characteristics of the thermody-
namic system, mathematical models of the components of the error of
the thermal protection of the gas generator were built in general form.
As an indicator characterizing the error of the thermal protection of
the gas generator, its root mean square value was used. It is shown
that for real fire conditions and operation of hydrogen storage and
supply systems, the root mean square error of the thermal protection
of the gas generator is 5.14°C. In practice, the existence of such an
error estimate opens up the possibility for improving the reliability in
determining the thermal protection for a gas generator.

Keywords: hydrogen storage and supply system, thermal protec-
tion, thermal protection error.
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This study investigates the process that forms fire-resistant prop-
erties of SIP-panels with hemp insulation based on reactive coating
and lime. The task addressed is to ensure the stability of SIP-panels
and components when treated with coatings to changes in operat-
ing conditions. This is important since production from renewable
sources for construction is a relevant issue.

It has been proven that during thermal action on samples of hemp
insulation treated with reactive coating and lime, no ignition and flame
spread along the surface occurred. A layer of foam coke formed on the
surface of the sample treated with reactive coating, which is 22 mm.

The study has shown that when a burner is applied to a sample of
SIP-panels with hemp insulation treated with reactive coating, after
110 s of thermal exposure, the process of forming a heat-insulating
layer of coke began, which inhibited heat transfer. Instead, after the
burner was exposed to a sample of SIP panels with hemp insulation
treated with lime, a charring process occurred at the site of thermal
action, but ignition and flame spread did not occur.

Based on the results of determining the strength, it was found that
treating the surface of hemp insulation with a coating increases the
tensile strength by more than 2.5 times. Thus, increasing the amount
of reactive coating on the surface of hemp insulation by half increases
the tensile strength by 2.3 times. In the case of treating hemp insulation
with lime, the tensile strength decreases by 3.4 times while increasing
the amount of lime when treating the surface of hemp insulation to
0.38 kg/m? increases the tensile strength by 5.3 times.

Thus, there is reason to argue about the possibility to design effec-
tive and operationally stable biocomposites for construction.

Keywords: hemp insulation, reactive coating, lime, SIP panels,
fire resistance, coke layer.
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A firefighter’s protective mask with a viewing porthole, in which
a thin layer of water is used as an optical filter, has been considered in
this study. Such mask’s structure is designed to solve the task of protect-
ing the firefighter’s face from intense thermal radiation in a fire zone.

The porthole of the mask is two parallel transparent plates with
a gap between them, through which water continuously flows. The
porthole exploits the unique optical properties of water, which is
transparent in the visible region of the spectrum and opaque in the
infrared region, characteristic of fire radiation. In addition to the
function of weakening the radiant heat flux, water also performs the
function of cooling the protective mask.

This paper reports a theoretical analysis of physical processes,
the calculation formulae, as well as the estimated calculations of the
design and operational parameters for a protective mask under typi-
cal operating conditions in a fire zone. In particular, a methodology
was devised for calculating water consumption, changes in its tem-
perature, and attenuation of radiant heat flux under given conditions
in a fire zone. For example, for a heat flux intensity of 25 kW/m?, a
temperature at the fire site of 1200 K, and a water layer thickness
in the porthole of 1 mm, a 15-fold attenuation of the heat flux was
established. Under these conditions, the maximum operating time in
a fire zone reaches 12 minutes, which is three times higher than the
similar parameter for existing samples of heat-resistant suits. These
parameters indicate the possibility of significant improvement of
protective masks for firefighters.

Subject to experimental confirmation, the results of this work
could be practically applied at design institutions engaged in the de-
velopment of protective fire-fighting equipment.

Keywords: firefighter protective clothing, thermal radiation
shielding, viewing porthole, layer of water.
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CTIMKICTh KOMIIO3UTHHUX IHAEKCIB EKOJIOTTYHOI BE3IIEKU B YMOBAX BIMHU: YYTJIUBICTb 10
METO/I0JIOI'T] TA BILIUB CTATUCTUYHUX BUKPUBJIEHD (c. 6-21)

€. C. Bysirakos, B. B. I'HaTiok, T. O. IllaGiit

O6’exTOM J0CTipKeHHSs OyB Ipoliec (OpMyBaHHS CTiMIKOI MeTO/[0JI0TUHOT 6a3U JJIs OLIHKY €KOJIOT{UHUX PU3HKIB perioHiB. Po3misaaioTs-
Csl MOXKJIMBOCTI 3aCTOCYBaHHS IHTErpajJlbHUX ITIOKA3HUKIB €KOJIOTIYHUX PU3UKIB, IKi € KOPUCHUM iHCTPYMEHTOM /IS y3araJbHEHHS CKJIaZHOI
indopmarii. Ix inteprperanis Mae GyTH 0COGIMBO 06EPEIKHOIO y EPiOAM CYCIiIBHUX OTPACIHb. [TO€HAHHS KiJIbKiCHOTO iHIEKCY 3 AKICHUM
aHaJIi30M € HeoOXiZTHUM U151 IIOBHOT'O i aJIeKBaTHOT'O OL[iHIOBAaHHS €KOJIOTiYHOI 6e3IeKH JIsl ITOAIGHUX Iepiofis.

VY po6oTi TpoaHaTi30BaHO METOAOJIOTIYHY CTiMKiCTh KOMITO3UTHHX iH/EKCIB €KOJIOTiUHOI Ge3IeKH perioHiB B yMOBax BiifHM Ha MPUKJIAZi
Vkpainu. [locsigpxeHo BIUIMB BUGOPY METO/IiB HOpMaJtizallii, cxeM BaryBaHHs Ta 0OPOOKH MPOITYIEeHNX JJAHUX Ha Pe3y/IbTaTH iHTerpaabHOTo
pamxyBaHHs. [Toka3aHo, 10 y KPU30BUX YMOBAX CEMAaHTHKa KJIIOUOBUX iHJUKATOPIB 3a3HAa€ AKICHUX 3MiH, YHACJIiZIOK YOr0 TpaJuLiliHi inTep-
mpeTanii iX AMHAMIK{ CTal0Th HEKOPEKTHUMU.

ITpoBesieHO MOPiBHAMBHUI aHaJIi3 KOMOiHallili HOpMasti3allil Ta BaryBaHHS IOKa3HUKIB J/Id PO3PaxyHKy iHTErpajJbHOrO iHJIEKCYy eKo-
JtoriuyHoi Ge3neKu perioHiB YkpaiHu 3a 2021-2022 poku. BcTaHOBJICHO, 1[0 PAHTOBHI IMiJXiJ| y MO€[HAHHI 3 PiBHOBAYXHUM BaryBaHHIM €
METOZ0JIOTIYHO HeCTIHKUM Y KPU30BUX YMOBaX i IPU3BOJUTS /10 iHBepCiil y perioHaJIbHOMY paH)KyBaHHI. 3aIIpOIIOHOBAHO aJIFOPUTM po3pa-
XyHKY iH/IeKCY, SIKHI ITepesioadae repeBipKy CTifKOCTi TOKa3HUKIB perioHiB 3a IIOBHOTOO Ta HAZIIHICTIO CTATUCTUYHUX JIAHUX, 1[0 ITiZBHIIYE
a7IeKBaTHICTh OLIiHIOBaHHS €KOJIOTIYHUX PU3HUKIB y repioz KoHQIiKTY. Ile BaXKIMBO 1 YKpaiHM, a TAKOXK PesIeBAaHTHO /IS iHIINX KpaiH, sSKi
TIEPEXXUBAIOTH a00 BiJJHOBJIIOOTHCS ITicsIs KOHQUIIKTY. OTpMaHi BUCHOBKHY JJAFOTh MOXKJIMBICTb IT{/{BUIIUTH TOTOBHICTh CCTEMHU €KOJIOT{4HOTO
MOHITOPHHTY 10 HaZIBBUYAHHUX CUTYaIlill Ta CIPUATH (DOPMYBAHHIO CTiIKOI METOZ0IOT{YHOI 6a3M JIsI OLiHKY eKOJIOTi{YHUX PU3HKIB.

Korro4oBi ciroBa: exosioriqHa 6e3mnexa, iHZIeKCH eKOJIOTIUHUX PU3HKIB, €KOJIOTIUHI iHAMKAaTOPH, 30HM BOEHHUX KOH(JIIKTIB.
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BUABJIEHHA BIOAKYMYJIAIIT KAZIMIIO B I'PYHTI TA MIOI'O TPAHCJIOKAIIIA Y
CIUIbCBKOTOCIIOJAPCBKY ITPOAYKIIIIO (c. 22-28)

M. M. Caminuk, C. I1. BokoBens, O. M. Baxmar, V. I. Heainbcbka, T. M. PrpkkoBa, I. B. T'HoeBwmii, [I. M. I'piHyeHKo,
A. M. Ilerpenxo, A. C. ToTBAHCBKA, €. I. EBTyIIIEHKO

O6’exTOM maHoTO JocaiKeHH € koedirienTn nepexoxy Cd (TF) i3 IpyHTY y KOpM J/Ist MOJIOYHOI Xy06H (TpaBy ITACOBUII, CiHO, COIOMY)
Ta y MOJOKO KODiB. JloCaifHa TepUTOPisl € TPaH3UTHOIO IS PyXy BiliCBKOBUX MOBITPSHHUX 00’€KTIB i IMOBIpHO 3a0pyJHIOETHCST BOKKUMU
MeTaslaMH. AHaJIi3 I'PYHTY Ta CLIbCBKOTOCIIOAAPCHKOT ITPOAYKILIT 03BOJUTb BCTAHOBUTU piBeHb iX Ge3rnedHocTi. [T01b0Bi ZOCIiKEHHS TIPO-
BOZVINCS y JIUITHI Ta )X0BTHi 2025 poky y ¢. Cysnbebke (YKpaiHa), sike po3TalIoBaHe B MeXax 50 KM 30HU 60H0BUX Jiiil. 3araTbHONPUIHATIMHI
MeTozilaMM Bu3Ha4yaau KoHneHTpanito Cd Ta TF Ta Tpodiunuit hakrop itoro nepenocy i3 kopmis o mosioka (TTF). Konnenrpanist Cd y rpyHTi
KOJIBaJacsl B MeXkax 16,49-16,82 Mr/Kr, i3 HaBUIUM 3HAYCHHSIM y I'PYHTI CLIbChKOrocHozapchkoro yriaas. Bioakymyssanis Cd y comomi
(0,036 Mr/xr) momiHyBasta y >xoBTHi, y Tpasi (0,06 mr/kr) ta cini (0,09 mr/xr) - y siunsi. PiBai Cd B TpaBi konuBanucs Bix 0,034 xo 0,06 mr/xr,
TIEPEBUIIYI0UN PEeKOMeH/[0BaHy BcecBiTHBOIO opraHizariero oxopoHH 3710poB»si (BOO3) sporycTuMy KoHIeHTpalito Brpudi. [Tomnpu 1ie, 3Ha-
ugeHHs TF y Bcix 3pa3kax He IepeBHIIye 1, [0 CBIAYUTH ITPO He3HAYHY AUQy3il0 BaXKKNUX METAJIIB i3 YopHO3eMiB. KoHrjeHTpanis Cd B Mosomi
Gys1a TIPaKTHUYHO O/{HAKOBOO, ITEPEBUIIlyBajIa BCTaBlIeHy B YKpaiHi Hopmy (0,01 mr/kr) Ta 6ysa B 3,8-4,6 pasu Bulla 3a pekoMeHzoBaHe BOO3
3HaueHHd. HaliBumuii Tpodiunuii paxrop nepenocy Cd i3 kopmiB y Mosioko (0,6) MOXKIMBUI IIPU rofliBJIi KOPiB COJIOMOIO Y JIUIHI. Y YKOBTHI
el MOKAa3HUK € OHAKOBUM JJIs BCiX BUZiB kopMiB (0,3). Jlocii/KeHHs TI0Ka3aJIo, 0 y I'PyHTaX, POCIMHAX Ta MOJIOI Ha TEPUTOPISX B MEXKAX
50 kisloMeTpoBOi 30HU BilICBKOBUX Aili BiOyBaeThcs 6ioakymyssitis Cd. OTpuMaHi pe3ybTaT MOXKYTh BUKOPUCTOBYBATHCS JIJISI ITO/JAJIBILIOTO
aHaJTi3y MY MOAATBIIOMY MOHITOPUHTY GE3II€YHOCTI CLIbCHKOTOCIIOAAPCHKOI TPOAYKIIiT Ha il TepUTOpii.

Kurrouogi cioBa: 3a6py/iHeHHs KaiMieM, TpodiuHMii hakTop nepeHocy, koedillieHT repexozy, BilicbKOBi /i, 6e3meuHicTh MOJIOKa.
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BU3HAYEHHS AITPIOPHOI OIIIHKU ITOXWUBKU TEIIOBOT'O 3AXHCTY TASOTEHEPATOPA CICTEMU
3BEPITAHHJ TA IIOOAYI BOAHIO (c. 29-38)

10. O. AGpamoB, O. €. BacmaHoB, B. I. Kpusnosa, A. 0. Muxaiunok, O. 1. Boratos, B. O. Co6una, I. M. HexJIOHCHKHIA,
P. A. YepHua

OG6’€KTOM JOCTI/PKEHHS € ra30reHepaTop CUCTeMHU 36epiraHHs Ta Iofjadi BOAHIO i3 TEIJI03aXUCHUM ITOKPUTTSAM. [IpeMeToM J0CTipKeH-
HsI € BJIACTHUBOCT] TeIJIO3aXUCHOTO ITIOKPUTTSI ra30reHepaTopa CUCTeMHU 30epiraHHs Ta 1ofadi BOJHIO B YMOBaX MOXKeXKi. BiacTuBoCTi Takoro



TEIUIO3aXUCHOTO ITOKPUTTSI BPAXOBYIOTHCS ITOXUOKOIO TETIJIOBOTO 3aXMCTy TEPMOAMHAMIYHOI CUCTEMH, SIKA BKJIFOYAE TEIUIO3aXUCHE ITOKPUTTS
Ta CTiHKy rasoreHeparopa. [lyig Oonucy AMHAMIYHMX BJIACTHBOCTEH TepMOAWHAMIYHOI CHCTEMHU B YaCTOTHIM 06JIaCTi BUKOPHCTOBYIOTHCS
AMILTITY/{HO-(a30BO YaCTOTHI XapaKTePUCTUKH Ta IX CKJIQJO0Bi — aMILTITyZHO-(ha30Bi Ta (pa3oBo-4acTOTHI XapakTepucTUKU. Ofiep)KaHUi Ma-
TeMaTUYHUI OIIUC YaCTOTHUX XapaKTePUCTUK TePMOJAMHAMIYHOI CICTEMH B 3araJlbHOMY BUIVIAAL. IToka3aHo, 10 /1S XapaKTePHUX BeJIMIUH
rmapamMeTpiB TepMOAMHAMIYHOI CHCTEMH Ti BJIACTHUBOCTI MOBHICTIO BiZl0OPAYKAIOTHCS 3a JOTIOMOTOI0 YaCTOTHUX XapaKTEPUCTHK B Aiarma3oHi
vactor (0+1,0) ¢! mpu nostoci nponyckanust 0,02 ¢ TeruoBUii BIUIMB MOXEXKi Ha TEIJIOBHI CTaH MOPOXHUHU ra30re€HepaTopa CUCTEMH 36epi-
TaHHS Ta [T0fIa4i BOJHIO BPAXOBYIOThCS 32 IOTTOMOT0I0 KOPEJIAIiTHUX (DYHKIIi# eKcIioHeHIiftHoro TrITy. TerIoBi 3aBajy € «OLIMM IIyMoM». 3a
IIMX yMOB Ta i3 BAKOPUCTAHHSIM aMIUTiTyZIHO-4aCTOTHUX XapaKTePUCTHUK TEPMOJMHAMIYHOI CUCTEMU OJIepyKaHi B 3araJIbHOMY BUIVISAZI MaTeMa-
THUYHI MOJIeJIi CKJIaZIOBUX ITOXMOKY TETIJIOBOTO 3aXMCTY ra30reHepaTopa. B KoCTi MoKa3HUKa, SIKU XapaKTepr3ye MOXUOKY TeIJIOBOTO 3aXUCTY
ra3oreHepaTopa, BUKOPMCTOBYIOTECA 11 cepeIHbOKBaZipaTUUHe 3HaYeHH:. [Toka3aHo, 110 Ui PeabHUX YMOB IOXKeXKi Ta eKCIUIyaTallil CucTeM
30epiraHHs Ta Iofla4i BOAHIO BeJIMYMHA CepeJHbOKBALPAaTUYHOI IIOXUOKU TEIIJIOBOTO 3aXUCTy ra3oreHeparopa ciagae 5,14°C. Ha npakrui
HAasIBHICTb TaKOi OI[iHKY IIOXMOKH BiJKPUBAa€ MOXKJIMBICTD JIJIS I1i/[BUIIEHHS JOCTOBIPHOCTI BU3HAYEHHS TEIJIOBOTO 3aXUCTy Ta30reHepaTopa.
KorrouoBi ciroBa: crictema 36epiraHHs Ta IMOAAYi BOJHIO, TETVIOBUI 3aXUCT, TOXMOKA TEIIJIOBOTO 3aXKCTY.
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BCTAHOBJIEHHSA 3AKOHOMIPHOCTEY ®OPMYBAHHS BOTHECTIVIKOI SIP-TTAHEJII 3 KOHOILITHUM
VTEILTIOBAYEM (c. 39-48)

10. B. ITaniko, O. 0. Ifanko, O. 0. BepaHuk, P. B. JlixupoBchbkuii, K. I. Bexxikosa, O. M. Ciayiibka, A. B. Bopucosa, B. B. Jlomara,
0. A. Vkerosa, B. B. YaliKOBChKHIA

OG’€KTOM JIOCTIPKEHB € Ipoliec (hOPMyBaHHS BOTHECTIMKHUX BiacTHBOCTeil SIP-TIaHesi 3 KOHOIUISHMM YTEIlTIOBa4eM Ha OCHOBi peax-
TUBHOTO MOKPHUTTS Ta BarHa. IIpo6yiema, sKa JOCIIi/KyBajIach, IMoJsArae y 3abesnevyeHHi criiikocti SIP-raHe i Ta CKIaZioBUX IIpU 00pO6IeHi
TTOKPUTTSIMH /10 3MiHM YMOB eKcIutyataniii. I{e Bay<IMBo, OCKiJIbKM BUPOOHHUIITBO 3 BiJHOBJIFOBAaHHUX JPKEPEJT 1JIsl OY/IiBHUIITBA € aKTyaJbHUM.
JloBezieHO, 10 TIPX TepMIivHIN /il Ha 3pa3Ky KOHOIUISHOTO YTEIUTIOBada, 06pOOJIEHOr0 peakTHBHUM IIOKPUTTAM i BAallHOM, 3aiiMaHHS Ta
TIOIIMPEeHHSI TOJIyM’sl TTIOBepXHelo He Bifbysocs. Ha moBepxHi 3pa3ka, 06po6IeHOro peakTHBHUM IOKPUTTSM, YTBOPUBCS AP ITiHOKOKCY,
SIKAY CTAaHOBUTD 22 MM. J[OC/Ti/PKEHHS ITOKa3aJIy, 10 NpH Jil NaJbHUKA Ha 3pa30oK SIP-TiaHesi 3 KOHOIUITHUM yTeIlIloBa4eM, 00po6IeHNM
PEaKTUBHUM ITOKPUTTSIM, ITicIg 110 ¢ TepMIYHOTO BILIMBY, PO3IIOYABCS MPOLEC YTBOPEHHS TEILIOi30JIALIITHOrO mapy KOKCY, 110 IaJbMyBaB
Teruionepesady. HaTomicTs, micjist BIUIMBY IaJIbHUKA Ha 3pa3ok SIP-miaHesti 3 KOHOIUITHUM yTeIUToBayeM, 0Opo6GIeHUM BaIlHOM, IIPOXOAUB
TIPOIIeC 3BYIVICHHS B MiCIIi TepMIiYHOI /i1, TpoTe 3aliMaHHs i MOIIMPEHHS ITOJIyM s He Bi/j0ys10cs. 3a pe3ysibTaTaMy BU3HaYeHHs MIITHOCT] BCTa-
HOBJIEHO, 1[0 00POOGJISIHHS ITOBEPXHi KOHOIUISTHOTO yTeIUIIOBAaYa IIOKPUTTSIM ITiABHUIIYE MIiITHICTh Ha pO3TAT MOHAZA 2,5 pa3u. Tak, MmiBUIIeHHS
KiJIBKOCTi PeaKTUBHOI'O IOKPUTTS Ha ITOBEPXHi KOHOIUISHOTO yTeIUIloBava B/Biui, MmiiBuIye Mexxy MillHOCTI B 2,3 pasu. Y pasi 06po6IIssHHS
KOHOIUISTHOTO YTeILTFOBa4a BaITHOM MeyKa MIITHOCTI 3HIDKYeThCS B 3,4 pasu, MpoTe 36i/IbIIeHHs KiJbKOCTi BalTHa ITPH 06pO6IEHHS TOBEPXHI
KOHOIUISIHOTO yTeIutoBada o 0,38 kr/M? mifjpuiiye Mexxy MifjHOCTi B 5,3 pasu. TAKUM YMHOM, € ICTABH CTBEP/PKYBATH IIPO MOMUIMBICTH
e(heKTUBHOTO CTBOPEHHS eKCIIIyaTallillHO CTIHKNUX 6i0KOMITIO3UTIB /st Oy/liBHUIITBA.

KUrro4oBi cyroBa: KOHOIUISTHUN yTeIUIIOBaY, peaKTHBHE ITOKPUTTS, BalTHO, SIP-1maHes1i, BOTHECTIMKICTh, IIIap KOKCY.
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PO3POBKA 3AXHUCHOI MACKHU ITOYXKEXXHUKA 3 TOHKHUM IIIAPOM BOJIH (c. 49-59)

A.T. Bunorpanos, [I. B. KoiecHikos, C. B. Cracs, K. I. MurajeHko

O6’eKTOM JIOCJI/PKEHHS € 3aXMCHA MaCKa TMOXKeXHHMKA 3 OIVIAZIOBUM iJIFOMiHATOPOM, B SIKOMY B SIKOCTi OIITMYHOTO (DisbTpa BUKOPHUCTO-
BYETbCs TOHKUM 11ap Bofu. Macka BKa3aHOI KOHCTPYKIIil TTOKJIMKaHa BUPIIIUTH MPo6IeMy 3aXUCTy 06IMYYs ITOXKEXHUKA Bifl iIHTEeHCUBHOTO
TETJIOBOTO BUITPOMiHIOBAHHSI B 30Hi IMOXKEXi. IIIOMiHATOp MacKu Mpe/icTaBJIsie COO0I0 [IBi MapasiesibHi MPO30pi IIACTUHHU i3 IPOMIKKOM MiXK
HHUMH, Yyepe3 sIKUi HellepepBHO IPOTiKae BoZa. B imoMiHATOPi BUKOPUCTOBYIOTHCS YHIKAIbHI ONITUYHI BJACTUBOCTI BOAH, SIKA € IIPO30POI0 y
BUAMMI JUISHII CrieKTpy i Henpo30polo B iHGbpauepBoHill AUISHIL, XapaKTepHiil s BUIIpOMiHIOBaHHS Noxxexk. Kpim dyHKuii ocabaeHHs
TIPOMEHMCTOTO TEeTJIOBOTO IIOTOKY, BOJjA BUKOHYE TAKOX (DyHKIIiI0 OXOJIOZKEHHS 3aXMCHOI Macku. B po6GOTi BUKOHAaHO TeOpPeTUYHHUIi aHai3
(isuyHUX MpoIieciB, OTPUMAHO PO3PaxXyHKOBi (hOPMY/IN, BUKOHAHO OI[iHKOBi PO3PaxyHKH KOHCTPYKTHUBHUX i eKCILTyaTallillHUX ImapaMeTpiB
3aXUCHOI MAaCKH JJIsl TUIIOBUX YMOB POGOTU B 30Hi Moxexxi. 30kpeMa, BUSHAYEHO METOAUKY PO3paxyHKy BUTPATH BOAH, 3MiHy Ii Temrepaty-
pH, ocabIeHHs TPOMEHMCTOTO TEIJIOBOIO MOTOKY IIPM 33/laHUX YMOBaX B 30Hi noxkexxi. Harpuiiaz, /171 iHTEHCUBHOCTI TEIIOBOTO IIOTOKY
25 kBt/M?, eheKTHBHOI TeMIIEpaTypy ocepeKy noxkeski 1200 K i TOBLMHY 1wapy BOAX B LIFOMiHATOPI 1 MM OTPUMAaHO 0CJIaG/IeHHSI TEIJIOBOTO
MOTOKY B 15 pa3is. ITpy X yMOBaX r'paHUMYHMI yac poOOTH B 30Hi MOXKeXKi JjocsArae 12 XBUJIMH, 1110 BTPUYi IIepeBUIlye aHaIOTYHU MapamMeTp
Ji7151 iCHYIOUHMX 3pa3KiB TeIUIOBIJOMBHUX KOCTIOMIB. Lli mapameTpy CBiuaTh PO MOXKJIMBICT CYTTEBOTO BAOCKOHAJIEHHS 3aXUCHUX MAcOK I10-
JKeKHMKIB. 33 YMOBU eKCIIEPUMEHTaILHOTO Mi/ITBEep/PKEHHsI pe3y/IbTaTi POOOTH MOXKYTh 3HAMTH IPAKTUYHE 3aCTOCYBAHHS Y KOHCTPYKTOD-
CBKMX YCTaHOBAX, 110 3aiiMalOThCsl PO3POOKOI0 3aXMCHOTO IIPOTUIIOXKEKHOTO CIIOPS/KEHHS.

Kurro4oBi coBa: 3aXMCHUI OfIAT MOYKEKHUKA, eKPaHyBaHHs TEIJIOBOTO BUIIPOMiHIOBaHHS, OIVIs/IOBUM i/IFOMiHATOp, IIPOIIApPOK BOJM.



