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M. Orfanova

Ivano-Frankivsk National Technical
University of Oil and Gas

DECARBONIZATION AND DISPOSAL OF ASH AND SLAG WASTE
OF THERMAL POWER PLA NTS

Carbon dioxide emissions are one of the causes of temperature increase and global warming. The
legislative framework analysis has shown that all the prerequisites for the transition-tarbmm
devebpment, reduction of greenhouse gas emissions, and industry decarbonization have been created in
Ukraine. The climate change scenarios have shown that general warming is expected in Ukraine by 2050.
The maxi mum temperatur e c arDgoemberaTheanglysiseod indugtrye d  t
decarbonization directions has shown that major studies are focused on the decarbonization of
metallurgical enterprises, coal industry enterprises, fuel and energy complex, transport decarbonization,
productreendof hyiggr ogen as an alternative fuel, |
alternative ones, and determination of economic mechanisms of carbon pricing. The issues of carbon
dioxide capturing, transporting and storing are important. The resessulis have helped to determine
the prospects and advantages of each direction. It is important to assess the possibilities and potential of
using captured carbon dioxide. The carbon dioxide storage in deep geological formations will require a
complex ofactions aimed at preventing the pollution of environmental components. The advantages of
transporting carbon dioxide by pipelines have been defined compared to transportation by road and rail
transport.
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The disposal direction of ash and slag waste of taepower plants has been determined. It
consists in grinding waste in the carbon dioxide medium with obtaining stable Mg and Ca carbonates.
This allows to expand the scope of waste use in the construction industry.

Key words: decarbonization, capture ofrban dioxide, transportation of carbon dioxide, storage
of carbon dioxide, industrial fixation of carbon dioxide, thermal power plant waste, grinding.
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M. Orfanova, N. Moskalchuk,
M. Shtohryn

Ivano-Frankivsk National
Technical University of Oil and Gas

STUDY OF RADIOFREQUENCY ELECTROMAGNETIC FIELD
FROM MOBILE PHONES

Mobile phones are the most common sources of radiofrequency electromagnetic field (RFEMF).
The rapid increase in their number and alobal use have made them a relevant subiect of scientific
research. Therefore, the purpose of the siudy to measure the RFEMF levels from mobile phones in
the environment in order to find out the adherence to reference levels for the pomndtiestablish the
dependence on distance, mobile phone model and operating mode.

The radiation level in the emenment was assessed by the value of the surface density of the
energy flow using the Gigahertz Solutions HFE35C electrosmog analyzer.

The analysis of adherence to reference levels for the general population showed that:

- in the Amobi | eingomodennthe studied mobile phores didtnot create RFEMF
above the permissible levels set by national and international regulations;

-in the Amobile I nternetod operatinag mode, t he
phone was higher than tipge r mi ssi bl e one set by st?hihkeafcfth@i t ar
samples;

-in the fAmobile Internetd operating mode, at
phones were lower than the permissible one.

Levels of RFEMF from mobile phonéasthe environment:

- are different from different phone models;

- are significantly |l ower in the activated mo
mode;

- do not change significantly with distance in the mode of activated mobile connection;
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- areby an order higher at zero distance mn the
reach the levels of the activated mobile connection mode;

- are significantly different in different p h
mode;

- have the lowest values in both modes for the following phone models: Apple iR3oReo
Max, Apple iPhone 11 Pro, Xiaomi Redmi Note 8;

- reauire further multifactorial research.

Key words: mobile phones, radiofrequency electromagnetic field, energy flowitgemaximum
permissible level (MPL), public health.
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K. Baraban, M. Prykhodko,

L. Arkhypova
Ivano-Frankivsk National Technical
University of Oil and Gas

ASSESSMENT OF PROSPETIVE ECOSYSTEM SERVICES OF THE PLANNED
RECLAMATION OF TERRICONES IN THE LVIV -VOLYN COAL BASIN

The article is devoted to the issues of reclamation of lands disturbed by the mining industry and the
prospects of providing ecosystem services by reclaimed lands.

Al t hough coal mi ning makes an i mpor tngmdionscontr
there are significant conflicts between mining enterprises and local communities regarding the
preservation of biodiversity, natural resources, and ensuring a stable ecological situatiomimicggl
regions.

The domestic and international exjgnces of reclamation of disturbed lands under terricones and
the experience of reformatting terricones for other purposes were analyzed.

The essence of the concept of ecosystem services was analyzed. It was established that after
reclamation measures ehdisturbed lands under terricones could provide the following ecosystem
services: regulating, provisioning, cultural and supporting.

With the help of Google Earth software, the estimated areas of the disturbed lands under the
terricones were determinedhd existing and most acceptable terricones for reclamation measures in the
studied coal basin were selected for the prospective assessment of ecosystem services of the disturbed
lands under the terricones and on the adjacent territories. Four typesamfiatah directions were
proposed for the specified territories: sanitaygienic, forestry, construction and recreational. The code
of terricones ecosystems was established according to EUNIS classification before and after reclamation
measures. Ecosysteservices were determined according to the CICES classification. In the future they
could be obtained after the reclamation of disturbed lands under terricones.

Key words: ecosystem services, terricones, reclamation of disturbed lands.

References

1 Movchan M.I. Vykorystannia shakhtnykh vidvalnykh porid Lvivskélynskoho vuhilnoho
baseinu udorozhnomu budivnytstvi / M.I. Movchan, D.M. Akimov // Teoriia i praktyka budivnytstva:
Vi snyk NLUWiv,QQUPie .6 917S.7578.

2 Manko A. Deiaki problemy funktsionuvannia depresyvnykh hirnychodobuvnykh raioniv
Ukrainy (na prykladi Lvivskevolynskoho vuhilnoho baseinu) / A.Manko // Visn. Lviv.tm. Ser.:
heohr..i 2004.7 Vyp. 30.7 S. 184187.

3 Pinder V. F., Popovych V. V. Monitorynh devastovanykh landshaftiv Lvixétitynskoho
vuhilnoho baseinu. Materialy Khlll Mizhnarodnoi naukewkhn. konferentsi"Avia-2017" (m. Kyiv,
19-21 kvitnia 2017 r.). S. 29.3@9.33.

4C Vintr -, L S a n-ndoumal eofl gleanévl préducton,j 2614, Environmental
sustainability in the mining sector: evidence from Catalan companies, pag#63.55
5 Lima, A. T., Mitchell K., O6Connel | , D. W. , Ver hoeven,

legacy of surface mining: Remediation, restoration, reclamation and rehabilitation. Environmental
Science & Policy, 66, 22233. DOI:10.1016/j. envsci.2016.07.011.

6 Ivan Tymchuk, Myrosla Malovanyy, Oksana Shkvirko, Nataliya Chornomaz, Olena Popovych,
Ruslan Grechanik, Dmytro Symak. (2021) Review of the Global Experience in Reclamation of Disturbed
Lands. Ecological Engineering & Environmental Technology 2021, 22(13®4

7 Legwaila, I. A, Lange, E., & Cripps, J. (2015). Quarry reclamation in England: A review of
techniques. Jasmr, 4(2),59.

8 Davi d L°w Beer, Konr ad G¢ertler, Jeremi as H e
Kohlekompromiss. Spannungsfelder und Verhandlungsdynamike®rozess der Kohlekommission,
Zeitschrift f¢r Pol itikwi ssenschalRt002618./ 202 1. DOI

9Vahanov, . I . ¢l nzhenerna heol ohi[Bleatrorinya o0 k h c
resurs] / I. I. Vahanov, I|. V. Maievska, M. M. Popovych. i Rezhym dostupa:
http://posibnyky.vstu.vinnica.ua

10 Zakon Ukrainy c¢cPro Osnovni zasady (stratehi]
period do 2020 r ok Rehyi doktepuhttpr/pakon2yrada.goeuga ur s | .

31


http://posibnyky.vstu.vinnica.ua/
http://zakon2.rada.gov.ua/

ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

11 Glenk K., McVittie, Moran D. Soil and Soil Organic Carbon within an Ecosystem Service
Approach Linking Biophysical and Economic Data. Scottish Agricultural College, 20%h.43

12 Mishenin Ye.V. Ekonomika ekosystemnykh posluh: teoretyligiodolohichni osnovy / Ye.V.
Mishenin, N.V. Dehtiar // Marketynh i menedzhment innovaitsi0151 = RS. 243257.

13 Antwi, E. K., BoakyeDanquah, J., Asabere, S. B., Takeuchi, K., & Wiegleb(2014). Land
cover transformation in two pestining landscapes subjected to different ages of reclamation since
dumping of spoils. SpringerPlus, 3(1), 702. DOI:10.1186/211&B1-3-702.

14 Mykola M. Prykhodko, Liudmyla M.Arkhypova, Liliana T. Horal, Svitla P. Kozhushko
Concept of ecosystem services and its implementation in Ukraine. Journ. Geol. Geograph. Geoecology,
29(2), 387 397.https://doi.org/10.15421/112034

15 Alex Mark Lechner, Owen Kassulke, Corinne dén, Spatial assessment of open cut coal
mining progressive rehabilitation to support the monitoring of rehabilitation liabilities. Resources Policy,
Vol ume 50, Decemi2488r 2016, tcages 234

16Ar khypova L. M. Prykhodako - dhalil. mizh@rkdochy $at e mn i
vitchyznyanoho dosvidu kontseptsiyi. Ekolohichna bezpeka ta zbalansovane resursokorystuvannya:
naukovet ek hni chnyy zhurnal-/lvarmBmnath ENT&ONK: I- B.KeZ300 N H , 2
(fakhove vydannya, ERIHPLUS, SIS, Rootindexing) DOL:31@71/2415318420192(20)-24-32

1 OH' 2h 2O HIE (€ jo20fGay

32


https://doi.org/10.15421/112034

§Jth

Y-ROPBO dz

{04 kydde
cYyjC@nsgERise

23

A1

[ "Ytej 6" ORI [ifitc ©Oo dz' dzdzv

552 .
IProvfrrRed darRAWs ¢ Awy

9.
sw o) R

1 OkS-sp Bdz ydzq 2
054: 662. 6/ .

504.

35:
DOI: 10.31471/241818420231(27)33-42

vl t ol [ wnsd /S

vl 8

BztctSalaszvo e f sfis’ ?dZCfd?)d;

COBOW das G 15

V) = n —_— S - -~ -~ “w v . el
bJWsdwﬁmzb@ BB HWWH N B e
TG T _p N, SOu R s 820
aPu S S o8 5 8
1% g.mu ,Gdo.h.mblo g .BWW i
L&JGII: SGW,H O.m,Gmw (Lm - N¥
&.@.q Hrey- ®*= T U.rq.m& @.Ia-
e 7 T Dpp8s NONFNG - B8
g T gd N s¥H 3=
oo & BTy STy s "8 ©Cn .
= @ 8 L& .m.q U Dy O - TEN
B m50v000 H08 IT0RauT=0s TERS
BuloglBars S Faol28yR Qa2
o ggufuiga’no oCuoy iy bFul
.@ES& u. BT Z N L.WVC,,SU. e
8Ty U.Wa. .@.%U;L.%SO - v 8
BT B0 mMm%odw o217 ®HoNgF 5
@ 93 S88o NEo 27 0._oNp - 83
U@-OBﬂMOM%QO$b&M%B&@uW% Foxz
R TR e Y g TPy o O
® oy R’ =2 E B ggb O 1,
~0p BTOL 3By ¥ 8T o n Yy
O, 3 ffvau g oo, nnBB.&.@QB @ ™3 _s|n_
M\uOt ) Noge ® _n .q.qmg.m.ias.zdn& - o
dL-%WW-I-%JGnnu .Ianmv_”_”H.m rqrm_uua n@nn - qq
=~ ,'T L.Wa..%qga.zrqwuu,La _.“qu o .Jm.mv.@
.Ia.Z.m.m.,G [V/IUL...m.B, U\_.SaH”m © = BBO@
© NS —bx _ 0] BD -% NS
N OpoiN= So. N shmm g =.
o~ vH® U..mme.la 8= B 3 2 R 8
N Opo - N B - Bz N
- OC_. ..qla - U&qu ~ . a2 SBO -
o . B.QLGM qu.WOQ.BIc.@ S U.?H.m.Ha
s o By U8 upsy; o T Ty
© = ,._u..B o, 8T E ..mv‘ s -
o N7 O NovLE .%O:% o 90 . a o8
“n"Cogae “oUfe ou .7 88 §7
TBEev® B0l nipordled S0 Souas
zoe . 2885098 e98F 0,50 2 8 5
Lu Odww: mlc...mau . erq mso .m @ qn%n%
- - ] “ 0 s B
Bstmq.%.%ﬂsarqu:a._v_mu “mrqBBB- 8" o o8 4
e FLo BUL.qubwqu.mQC 2z m ﬁ.B ~ 18
084 2- 8y p7 9 eSwol By S¥Ton
.%,U,.@VBW_&G CPhGe 0@ T o cogd Q.JBQ._%
= @BY =z v 8.9 94 M O & B4
e, 0T ans=9qugld o o 2.V 8
w4 HTZou_.oB8Bovo . »88. Sou" B .M.IB_HH
sto%s Q9o .« 9 9= 08au MJ OJ%dO
.mOb.m..J.z:.q BHir : 08 -80. wUL.% 0 oY
,Smws &barannOB.qnn.m.%mBsOwuww.%sH = RN
Le0-E oozl 2oBoncBi~ G IO
. .mvam”nnu B8 8l. a8 WwNVEOD S _Bbos
- LO.@OLKHL.IQL.Gnmv JTaoNOQW o T ,G-mwu,
. 08. 898, =¥e. NUOPLYEET & 0 u

o NSoUv_SN8N8SeuSErEus N o EN

9
dzC
iz c
d d
7
O]

9
dz
Y

L d&3J
B

OOSClkjtedL i ' f)

His Mifisac®zts ¢ & daOd £ deh JLdimdievh Is Olsiz
H dzw

& Is O dzlz ts «

¥ H
wooWlkdgS y

o
tsc¢ J dzdzd

LOyY'
LOBJ LY JyJ dedz”

Gistes y'

tQ t

mClzyf ud do .
Etes yd Ry € Oazitda ‘o O tstditz

10 OctejcOls

[ 3]:

I a0 P dzQf us'o tS dalxiat
L dzts 3O dz' Is dz
o

[}
m
m
m

2 dzd d3d ;
Isj dzv j dzy*
H dzd

mot

pdCstedmissalz’ Isi fw

odCtstdmssolz’ Is! Mw
¢ st Odzd dz:

f sl
fnd ¢ &34 dzls d

dzj L dzOydzts ©

BztctsG s

o q

9 kze ' dzdzw
BOL tso d ’lzgv

H dzts W Is -

m
-
-
m

m
"

¢ @3l dzj ¢ Mded o3

H dzd
Chdr eSEA Oded dgd & 6O Is !
L dzd
gJtcjH
fjtcjlse stej dadaw
33

9JteH(

Ctstes yd

L
olzeg "' dzazv ,
tGl

-
m

o ke ' dzdzw

w ¢ °

BiLYjSd dzj By dzdo O toj Odz'
Csf Odzddz o °

Ho O o'
olzc ' dzdzw ,

Is j dzH j dzy

9 dzj

GO’

GO’
J daj 86 jlsdydaj

Is s e tizf Is © 2 dzd oz
C5C My

1 ted Yo dheske ZIstsC

oz dzdzw

olza "' dzdzw
[ dzj 6 | Is d | dZOts HBAE' L 5] € ‘OL

o jlsdydzts’

)



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

COROW Az} olkde' dzdzw ;
OdzstcOYydIsd ;
Gt Yy 2 ekecdzdmlks® MdzoOdy'
b dzOdz' L syt C dDD MW " COy' T ke jttHdn et yda S O
dch Yyofm ¢Cdzomd¥W' oy w okce' dzdzw L H' 2fpdzs “ Is! fpw L O
f dz Mmiss , LBOGOYke Odz' Mmiss fJltescteOW " ydzed ds mMSE dzOH
lsg sdzse ' ydz', ftesBdmdss IsO L@ "Od ¢ dzOMdW " " ¢ C
dz''L tMmisOdedz’ = HtsMdz fApdedes & "L §d@BOAMET@OH & M dn
C et @dzd 'ded A S dZOMmdW T €Oyt w. 1 0OH' 9Oy dadzw
HdzflEdd & tc®” dzOr Mo ' skz, E btz ydmd ‘ 9 dzOh
n CfOdzddz B O f SH' dzdlsd dO Isted tsMdatse dz2' Is
GOﬂEQjZﬂZ“uO"lSJ tsfdzts o dz' f OtcOd3j sted (S demisdlsizlsd
h dzg MY " dz' dzg' fifsO " Cots it CodiPfifz ISo jSteHd R G Stes U
W‘QOu“B. v 0¢" Cd&zOMd¥W ' €Oy~ BOsIs! ctsdztso dzd 3
J ndesdztse " ydz' T tGtf iz dzswls) Ise jteHdR et yda €
sfilsj 2. vy - @gsG " widf c O ORY ctsdzso dzd d3 yd dat
sfmMisj?2 beoajteHdr et ydma € 5§ Odzd dz, L dzOdadzv v €
SdCtejlsdy 2 cOdzkzL' fesddmMzsstsms' , ' ksd@kz ot
'dzﬁit@(gﬂﬁ}dzjsdzjslsq’udz(b) Ttkzdziskze Ist MW dzO f 5C OL dz
dz' dzd - , 9 bjindsdztse ydzdra ¢ dZzOMdW* SOy wa. 1
Yy dzj L dzOyj dedzv . 1 s dzqd HOE |s! sy dzd 9 * Mls 9 dL (
duri &z ¢ dzOfmdW " ¢ Oy ¥, O OS5y My cdws Is! tetsL € to
Isd ydats o Oy dzd o dIrd R tsFH WaydfO fij la d otds M lsdgtRdzO dz" IslsWw o dH "' o
tetsH' , totLtesBdzi ds "7 MdMmlsj BOdLOY' ' & L OO dn dz!
Wi €£@sydz,8, 7. [ 5

11 T

&-N’
U:H_s
==

QI
#@o
Qﬁeﬁ

- L

N o
S n
(7}
Q.Q.
N oo

&%% R &

O20ROr .00 _0ON
nmnon 3
(/TQWU(/TUT
QQ&

s OB d&zdyw 1
1 O Odzr dz0 dOEkZCtso © € dZzOMdW ' COypbB;6, 7lso jtcHd R G Bt

s zOMmd Ise g4lsOH' = "' B ydets® Lt dzfs
Ctste ydnrm C| bkistcW O Bktcso z¢ COBRBOVWdztso lf Odzlstc Oy
1 2 3 4 5
w. |28 sd(flusteWd: |1 2te] okzc|lsOBBOWdzj oz ddzlstc Oy
L oadhdr tis|O) ojti®) L jdidzd ©O) Ltsedzs g
Bisdz' Is B) h'dz df(Bdzd S Yy
B ) dzdL (( BdzdMmS zysB) L so dz'
Bisdz' Is BOIstso j (fMdze Ofmis j
9) LORtMmMBBEzeOMIsj|dzOf " 9 B dzd ¢
9) dz' ¢dz
wuw. [ " flstsB|O) wiRlo) f' @617 O) tc OB HUS' -
Mis' 2¢dr WL oaMElomMCE d3ts dz
jdzj fsj dzls* @ |B) Cf(B) wWidklsOtgB) Is¢C' BEZd
to ts fn dzd dz) L Mt (mdiits dz mMi3sdzw dzj o k&
o) W'idg/o) fnl]’tststsa) C tsdzyd dzlg
i ddz kz okeg' dzdzv |¢) MY stetso j
(" HsME| (&' L jJ dzise My
G) lelsq’CH) Cklsdt kzd
oakzce' dzdzw (" S klm Cj
(7" Hd3smME| d) AdzdMmiskze
A Offojjtdts |9 6 ' dzdzw
akze' dzzw )| ( B OteL O+ € §
H) BOtL@Y) ¢ j dadzj dz'
obkg' dzdzw L) dzBH L dgl Is
wuw. dO0f testf| ©) Mot t0O) BBG R j|O) okc' dzdzwu Of et §
dzd ) usftssmdzd dz| ( f o' MdetB) IststcB O ( BSG R j H) fnd toj H
otsHtstotsMIsj 2/B) Ckttle) dBOwOG B) MOtetsf j ddHBSdzj Yy ¢
LOdzdh €' & o) BOdzic) MOt COdASEts oakz(Odzlste Oy
stceOdd L &3 9/c) MOYiMmMjtejH Bl (S dBAPEZ j H
J dzOdz€ Is s dzlz ) okzcg ' dzdzw




35

1 OS¢y Bdz' ydzd 2 RH-ROBOAz
] ctsHBB9 ) j dzdzv s OB dz. 1
1 2 3 4 5
1. 1 &z0Mmdzj (¢ J dedzj oz’
Mo tetstf j dz' Is BSGnJHJ,
J oz o3j dzlsd g ZzOf * 9B 5@
B Miswis: Mmw)
2. d4O0ftetsC s O oSl Of totsC tsdz' I
(M 2¢"  J d MitjH Bl ttCklsMm' CcC
tesmdzd dz o ' H oke' dzdzv |C OO W dgtsG 5
(rOR Ot 2 Mm!
BOIsOc Odzfm* ¢
wVv. | tekzt@ A O) LB hOO) LB hod|¢dzlstcOyC
odH" 9 Isa jts Mo totsf j MO tetsf j dz' ISL dz' " Odzt
cste ydgrn S Gk Isd -2/IMjtejH " twSCEYSARBHYJ
Mo tetstf J S OBOVW dzse s | ME dzOH Iz
fmjted H olzec ' dzdzw Hisdzj y* ¢
f ' HdBsMC S B) L& hOdz' |6z dslzmdzg
Bztoctsets o|dz' flstsB' sdz' | Odzlstc Oy
B) L& hA@fmjtjH ¢ OO
cliz' iIsts o zce ' dzdzw
dz' flstsB' 5§ On ' HdzsG s
ok dzdzw |s " L J dztse ! €
Bkztcsets o/ BOMj 2 dzkz
[ dz' ftesofrpe) € j dadgj dz'
BOMJj 2 dzlz
9) € dzdzj
[ststst]’;?fr]lgo JSdesds’ ydz©0 Stz ' w [ [ L Olse jtoH ddz
oke' dzdzw MjteiHd BEets SO oadMmMtsitsets tOdE ' o, stspslsts € C
CazOmMdW " COy' ‘¥ HEts Blkztotsegts o' HdzgsMWis! eokce' dzdzWw L o dh &
24000 Cry/ ¢c. 1 0Bt BMmdtsodzdr tsL dzOC, weddd ftse
fsCOoLdedS o HBdlslWw o' Isteddz Iskz; " OO&BY ed Y MHIB tcgaf t
o3 Mls dz fIsddz kz; "deH j S 9 dzt desets MY zylke Odada” ;
L sdzt dg' Mis! dg©® Mkrk &OME; odk Ml M'éd dO Mkzrk &GO
[ 8]. v ' Ldedr SO dzOmBd Ofisist) s @ ¢ B dzfmidars jtcte 1 iiEd M th e
¢ s Ozddz
v OB dzd yw
1 sto' o dgW dz2 dzO@ C dzOfMdPy " €Oy v o kzc' dzdzw
ldHd o kg' dzdzw
Lts [ 426 1 - &34 yuddzo
UtsteW U BSicW U SicW
[tolds cdz' Is 1l ktej o ke dzdzw fowegj BEtj okg
, . lktcj okc' dzdzw /|f Ostse j BERZt] okc
[ id® cdz' Is R
[ jlsd® cdz Is kBB Iskd3dzgj] okgl| dwWdyjoj BRI o
kBB kzdidzj okcll sdzkdzdow dzj o kc'
djtojHdy 5 dzj IsC J
: . . lokcg' dzdzw
1" lskzdsdzj okzg i E)ndp 5 dlesCJ{thSSJ tjtédz!zggzxdz
okzg' dzdzw 1 OLBo] okG
r d tcdzj dzarz ¢
[ Odzts dzj sG] B ' IgstseoOdz ! €4 f sdzkz
10" 9 OdzlstcOydlIls |} ' Mdzgj o kc' dzdzw
¢ deseOud s o s Oy s o dzs 6 Oy q Is



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

1 shdtej dz20 S d&ZOMdW ' COY' W odH'e® okc' dzdzv o  ktef’ §
M¢ ZOH e d A

vy dMdzj dzdz  Is j 0 dzts ditste L @ ts off HtS EONL gt itz f O dzdz' Loqom
tesLtctsBSd [BBHtse dqhdzOMdW * SOy w LOfOM" 9/ toj MzteMm® Q
EftcOo dz' dedgv, tsBdZ' Sk SO Ctsdzlstetsdze L O ' & sq’Qtsth’fr]lsO
CtcO’ dzOr o' DR @D dzis @tzlsdIlsj Isdydedr dzOf oW i3S OR : 74
My Odz' Misd ydesc ts sOB tstolz o dH"' dzj dzdzw COljetste’ 2 L C
CJjBdizse' yYydesets odo yj dzdg? dzOH te, E "dhdr SO dzOn [
OHOf OO oo O tj Miztc O Hid Mtsd dgOE . ¢ dzOf W * C Oy |
ftstc' odgvdzdzv ° HEBSLOtGSZWS LdzdLdlsd Mkzeo' Slsdodz fmils! s
Cstedmdzd » € 5§ Odzd dz. V LoOWwWLCE ‘-igd teastats{ed@Ey ris @aylzd F dztct
tej Mktem* @ k& Mmoo ' Is* odL dzOyd dzoOfy! IsjdgHjdzy' W HB L d3j «
tetsL tetsB dzj dzdzW “Hddes’ s zOMmdW ' COoy' 2 dets’ fmMd Mmisj &3 L O
sftcOyY® 9 Odzgdz" | dztsB Odz' detsé s stsHj Sk Lo Isdesmls® htsHts €

1 sfMlsOdztsa C O L Oo HOdzdzY . IsA tXOEdsty e tsid o dswjL, Odpdsy * fydzkz s
fstew HsOCdd3d I COLddSORd wWE odn' H diff sC@icdedeq d.ts 9 Y Uz,
okzedzj ye, IbjfdzslsO LeBwOdzdz?, 9o HBJoO d®j YymDEaA Misod z @«
o 5H j dz' ¢cdmgj dz , ' € O, sjf dzslsO LGetstew dgdgV , H Y] Istss
sy dz2¢d IO fYtstc' adgwdedz" t' Ldzdr o©dH' ® IsojtHdr Citcs -
shdseoddns T5COLddC" o.

Il dH " dzj dedzvy  dzj o dte’ N j dzdDE OlzOdzts M |, qOiAddigdg L §f tcd o w y
MisOlslsWy © HOdzd?2 yoOfm dzaj ' Mdzkz’ “Hddets’ Zdz o j toffOdz' dat
C st Odzd dz. V t'Ldedr CtO dzOr odSBtedMmlstsolzs Is! o' L dz'
L Odzj 4 detsfyls 9" H Md Mg Bzt IsdzOMGW L &0y " dzOB B U dAz " L dz(
CzOMmMd W &ogizvisd, mMkeB ' Ikd detsL dzgj o k@' dzdzw, BU Iskzd3' d
LOC StcHBdzdzed n f tosddd dztso d 7 o SzdzOtfigleff? &Olgyts W 3 d o 'd &'sly dizts & t
COd' v dzj ' OdzglstcOydlilsd L dz'Heti@ @ds Cotisdsdsdy s 9 dz i dzdry dgdzitsdg ls O
ok dzdzw 3. [ dzj Bj dzlsOtedz'  sH' dzflskY jJdr § ZOMHHEE &z§ OYE OF
dzj ® sO¢dn 029 Oy dzdo ' h dn fsCOL dzd C Or Iff jotfsdize f)Ezts of fc?
L Csicl®bptlz’ C dzdob MisOdzj ¥ desls’® o' H C&ZOMdW " COYy" ° fted 2 daw
odmn' ' H ' o dOMmMlsdoetsmis' dzj dzilsStsets L Odkzdh CE.

V 8z2¢ odCtifdsyyj okzce' dzdzw ftsH' dzjdzaj dzO 4 ¢ dzOfnd: dzf
OdzglstcOydlsd. v Sy dsdBz € dzOf' odH' dzj des ctekztf d Hdzw dz
LO o jdzdyddtss odhts’ fHdbtsdkts' Isjfdslsd LétteWddg?" B L
(B bzd3 dBlzldAsGp B & 3" Missdz L o' WL Odgsets o kzcdzj yr o
dzj sBR ' Hdg Mls! fikddk LOYy" ™ CdzomdW ' ¢Oy' ' beajtHdr ¢

l d¢ dzOH sfhdetso dzts ¢ ts BOIsj to' Odzlz Hisfydz' H Y j dzdgW L ts¢
ZOEZ ¢ s dn Is Qdsj'uakztdz Is s tef tesi It s 9 O, ddzgjtegjlsdyudz® O
dzj © ' HO ' d3dzd d3dH diyS deOditsjoLdfdidyydddeds? emsgusy jUisds § dzy’ Odzz iz My
sCtej 3s oL Wistséts, 2BGEB ydlkjdv [13]. tJOd Ld®ys vw,s@C¢
' d0y' BdzOd dets’  dejj L fRE S dzd &£0 yB jpas BHzOH ' 2 desE s W k2 dzS y
jStsdtse ydzs) Zeedjiyij S'd. esHjdz ‘ dzjo' HO' dBdess, B OL &
StecOdz L3 & OC ° COLBYBH BddE, t° HS @F IO s fipdey det
jdzjtec jlsdyudastte 'L §S€ted itz d &t GQlzd tef ¢ Odz ydz' MY sdkz¢d
cste' Isd. JdSCstcdpbplzslsshyf dzssd s’ jdzgjteeg' . 1 sh dtoj dz
Is O B, lcbxtmyWs stos ' dzO dzy) , wimiz®Ws §dPOit’ Isddff oy Yisdz'd dzd
o' Hd dzdz' SO tc@ls OO dRISEC jAcdlis 5) 2 ¢ OLcEALtH * B totzfstadizH
Citey YhlgGdes.y' Ctsted Mdz' M ¢ U2Oth Ozt elzdhv a &z cedigitey y s’ o Qv |,
' $C O BOwWRHsEze fRlehLls ydr Csted @I 50 tf Oz dzls ° okg

1HOd fls! okaedjys L' HdzoOldmw L B' d h ' flss |
Is © BzHBo (, sB Iz 3ss o dzv * o' L dzs 3O dz' Islsw Stec Odz' ydzd
BjLtMjtej HdzebH CIs® Odzglf ts1gfstdzf E LOBj LY jyj dedzg " fdzz 9 O &
JeHdded. [Hd ‘¥ L IOCdr 90)yd&deodr totsdzj 2 LOBJ LY J
2O HOdzd?2 dBsdj dls, ] dzgj By dzde©® BJjL od¢ stcd fls Odada”

ko jBHEBEY ydrn S &§ Odd d

36


https://uk.wikipedia.org/wiki/Вугілля
https://uk.wikipedia.org/wiki/Лігніт
https://uk.wikipedia.org/wiki/Теплота_згоряння
https://uk.wikipedia.org/wiki/Теплота_згоряння
https://uk.wikipedia.org/wiki/Спікливість
https://uk.wikipedia.org/wiki/Антрацит

1 OkzC-bp Bdz' ydzd 2 RPH-RORBOdz
l ¢ dzj y! (o Ordogewds)?2 uj dzj d3j dzls, d3' 3 dzOtetsH dzO dzOL 9

moribtze ' ddv, fsodwL OdisEastsd s de0,0 dO lsgs Gz dapEgEkOr 6 . |
12,011, jdzjSlstetsdzj cOldodz MIS5:50Au6;( LIsjsdgf ] tOIls Hstg ARY
4800Au, ckmbBEMmd5 (ctkBiB3S) s' d S Mis! TdkAMbdzyE e
C'dz €' Ml GlcOd VdHE &g Szl o o BOdz] Y* § 58 Hdzdn. | ke
we b o' d @s@ﬂjmmmnu fASErC . | dz wbky g fshdej dd2
%O utdy' o' d M Ujlojtlsj bagddjwi 1S ga@H 08 s W da
o' H ®OMJ LJ%@B’]%Smd§®@M$BJ%BQM@mM$B' et § ke
9 HBEZOO' k' MW L O ojddSdd ' ®&Oddd yd< &okd. 1 jddcd:
pdo' ISt o Odzdz" &5 o kcdzj y* & ksmijted ' oddshmsd o 6
B OBty Ldsd ° odH' dj dedzv &5 o kze dzj C ¢ Merkls dzj by s Ol 365 M) ¥
L ydlls H' wdz dz' Mlss fStecOds L B 0. Jlozc@d§dgishmy jhtls) cif' 2P,
) dls' Mo ddatsy Hhvw WelkshddlsjL bk toffozidds Oy fifipw
ObditsMy jtek ftod toSL S dZOH Odzdz'  tets filsclzfipls, O o' daghd® H Y| O fintl chex
ZOf 6 C d&ZOH, (GBS kOH' o obkc' ddv ' bkotWbk, ftsHkSl' o t
jfsn. 10c0kts oskcdjyy & Mlswis: OdidsteOydls, € Odow dzj
ROWIsd, ftdetH dsdsntPdz, sEte0dksictklz & nddd *° oot
o Missds o Ljkgde 2 Ctg', dHmsos bk &OHLOdUO2 dts o
odedvH' Gttes YdnthdkEOdddg, Hy S &Zsds jdzjtec' © [ 5
LBty ' SsfOodddd ‘° cOLsfis] Bul , ¢ ®BEF ¢ i sz dx
sMOHtse f stotsHJ, fJdtcjoO)des totsmdzd dzdztscts f tsSm SH Y § dzda”
fitcjloatstcjdzdz" odnmn '  Hdzdr B' BSGjdzdzedr BEOjte" Odz' @ Ek fo

ko jtoHdR Gfstes ydn C sfcddfddy, ss@BE v drjlz teajlz 68 dzdzv , O dzls te
dzOdzy® [ 6] .

st dz Tagf] 1 B' 5G J dgdzg@ § stcdfMmlsO MHMOHBS O §stesHO (€
sj gdzd 2. ) todiots HAM%,0 Sas'chiEB6 g &j ydz 45 § j oh 5% flsOH"
tots ) dzq dzdissictds Odg® E o k¢’ dedew. 1 0Ssidyukz’ s' v o BBESIS
EEL CZOHOYs! M o EdRsoOF ' Hodh jdts' obdscshls' kO
tsd ftod SttWsklsottejdd o' H' GOt ftosyjmyj akd 4
fOdkdots, HA¥ odctlste dj ddv ¢ 3l itz & dzel © dz'tsde s Oaias o daq e
[14].

lkztej okc' dzdzw CGites YO GMOHBSo O f BStesH O tofsfrydzd da
fitejn HdBO WtstedzO o' H IssteWkz Hts -BSHEaRGY dzisc 5| ts 4o ldzis ‘¢ drdzv [
' ctesME s " ydz' Mis+ . 10 MEC ZOHBR dzOdzj ¥ dlIs! HS GEZdiOIs®

okze' dzdzwv (2 cdz' ) ‘L o3 Mistsdi7 bW ¢ dzj P s dfBEYSiElEED did @S
h dzt dgj Bty okce' dzdzw-40%.L. 19@R" fnls pdgO totsHidsEsd UAZOMdW * € C
fsH' dvsils! dzO 6 € dzOf' 830%, GO5086aBAs@ % Mis* T & %)2 0O &0
pdrisHBdR MBsdk d&Of' sCsSMkzoOdd. | 0vCtd df Bkt
9qdH" dzwe¥ Is! 4 G toc i OldAdDY sy  debs 6 dBES, 293 1L, 5« 38 My 3/ 6
okze' dzdzv klotstes ‘st MW " dzZwitsdz MISOH' 2 desé s f jtojlsotste]
MjtejHsoadh' Ek o' Hdsodsdr bLdisso OF Wstedk' k! MV kst . I
stsoh ' of slEthso On ' Hodh jdts' IsjgfjteOlkzted * IsdMmsk
TR ydzgsEts MC ZOHE e Od $d | bkkottkj ddv BRtsct ok
&ZzO v u, we Bkt f Odzdoe s, O IsOCBY HAVY dedef C j Is|
toj Oc j dzls ' 9-9 sfPC ERts(dals Otdalzd ytsects otsMClz) . 1 jtemt j Cilsdo dzad o3
IseEt CEdifd Mk §jtejesBSO [15].

SsORBOVd ekttt fg@ sMOHtS O f stetsH O tots MUY edddsts #s' 1 dB'r lds
Bz oCOQEEA'Y detsc B8 B ks Wery P dZV A3 MISOH " 2 dese s f jtoj lsok
yols ¢ iz, 9 dzOMdz' HiBE L € &zOH & tei hIss¢ v4 9 SH dzts C
Stesldtste iy Odz , ' Mv fjtcjCtedlslw Itk o daj tsOd
Bddzz, " H H Mo p' oy dzdzdf f dztf totshgJ A3 J cOskzted SO Isc
dBOdzdz? otsHd KO L& dz0 SCtiftsdj dsdsets ' °' d& ydzs
stc plzedesdts , o EO RadWzsets o ke dzdzv IsO Odzlste®madzds ..
sddz® o jtH2ME! O g5 Mis 197 dzj (ytsL & M H Y J dzj fd t
OVWdgsozeg' dz des’ , fj @l Cts° IO st Cs5° MmMdMmisj &3

PO NT >
ONGAgwm=@

37



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

ddzstcOYdls Ont diloexd tdzdze nt B dzd dzi t;e , dAribgaritd ‘yithiadite
* fytantracita 1T dzO2 B ' dz! his to Wiz IS © a0 dzd 200z &' dzdzts o CHO 50 WARIEIS G 59 M IS ¢
IsJ § dzts |s & mit©dgldz® s+ . CORBOwd obkc' dzdzw ZO29dh tsets Misk
LOMsMseokz’ Is! Mw w¢ odMmMsCsw e fMdej Jjdzditecdilsdudai ¢ Odzd:
B3 sOdzztec " BQ JFdzd€ Bdas R j =~ dz' ydz' 2 ¢ eudgdigddy aytg fpl©' Mlsf tshsts .
o detslstse dzj dzdz' OBtcOLdo ' 9, 9 ' Hdzso dze-gt®Otmdzhl , Jelgpd fisctsw
B sOdz" yded?2, Iseo jteH" fhls7. Hit 32 ME9 DK s @ 820 § &fnbBl o tots
ftesHEZS s ftodiesHddrn fjtejlsotstejds o HBjtodsEn toisfic
0 dzOMdz' HisC toj @' sdzOdz! dese s B sOBBEEW " L &3z ftod L Odzzte
ls;dz,tjjte@@ﬁ(ﬂa)(SSOsq’ﬁ']QIz. 1 Odzv ¢ O k9 ddg. dzW HTS to dif iz O frEs) Lo
M €O Is: Mw, &BO" 9q’fntSQI235lletjrdzts’lsC9Gts)tadzlzJ di SHECdsgdh) Idipdse! Iz ¢ (Is3
JdZJtGGJlscfudZJJtﬁsOﬁ;tSaBIzb’szNB, LO to' Ldddid HOdd i3, B
' H 1. 3v8a@)y0 s ﬁjzwwfr‘]mlsfglsaa Hdzd n Ed3so ORF Odzlstc O
fited sotstedisdmw dzO GctOW ' Is. VL BektkEgkz otk@L ‘dzdzt
J'l'@dzlsté@zmiszls) LOSC  dgylz' Is' mMw ctcOW ' stsds [ 6] .
e jIsdyded?2 MlsOdz toj ysoddzed, j e’ ¢ ' dzff € tZOKR O
jtoj sotsik] dgdzad B e OC e ® ° wC dzgOfmdz" HisC o f
42 tjyseodded. ¢ o' H OC, JjdzgjtcjIlsdyded?2 |
S H d dzO ¥ dygsdzdOR? dyOaizfiz SGZEGtSdZﬁJZW. dbdzj BEZH! WwWC
jJHES® Is! Mistelz C Is iz tcdz' stcOdzMW stedZOyY" = toj Yytso
otstej deh, BlsQdalf ~L EFOC y* 2 [19].
dzso dzd i3 OC Bz dzw Iststetsds j dzj e’ ° ‘Iz offfcdddmy’! IS'e jlie Hdf

s otHjdz . JIdAatsHwyd L yY! sets, JjdgjtecjlsdydzO
2 L Odzjy dzfr]ls o' H od Mk E ~ Sde sz MSC &ZOH' otk
dzw tsu'dzgq’ sO f stc' o dgv dadaw (A n odHya Iso jts
dzodz desets yYydimdzO wsdatsodzdr o H Csodn fCOL dad
dZOyj dedzy S i W' y' " delsO fjtejojHjdedgw to' Ldedr odH' 9
74
[N ORY

Nz o
[oR7ZM")
-%

O T
=

g g

g -
I

tcjojHjdedg" f jodesets oadHLk bof eBdn Z3®BELY ydr Iz 3k
dls fesfodl’ &t 6L ess d&j . dZoOkd W sk dkk dk

0 _— (1)
Tyt dels e jitgred h  datize s aid T 58 65 620 2O desAdERy d Is ;
Lwisdn H&v BSY' d@guds H Y EiO cadzdp@rEesE T Is o

kdf Hdv By d€d o HiSeo Tkdd: HEEETO IS0 j
o ol dzfQj otfssC OL dzd € 1 S de0 Hizh S &IOE Oy ddsdzL d;

O O F = =0 1]

gR=

o -
PO

6 6 0 2)
HP TMjtejHds 2 f5C0OLddS BOB]odBHOESNORY O dlb OYPh dits
6 3)
H T8ROCHdBOd dZzO0 GOm0 @4r6 dzj | dzd &30 dzks LD IEBEOL O s '
%), 0 ifMj/BANO otHA iz ObEBEELS, odL ZOYO' s L O ¥
o — 4)
HJO @ BOSCMdBOd d&zO GOMO (@)@ dzf i3'e dz'OdBde O SBOMO o S H dgs
(%).

[ dzv o dL dzOyj dedz? yYdmdztse tsets L dabyy digda ts cladn j oty H @aj diafsS
Okt OayydBEHY Y] L BOSMdBOd dds ®R7 o' HINGEO s&d & GBE&O
e &ZOH ', okddz y¥ Is®OF Sotswifyls oo bH fditso ' WHtkagstisdeds 20,ts D ,j H 4
W st sz dz'

o 6 O — — - otv ¢v w®)

1" mdzy edL dzOyj dedzv ydMmdzso se s o de@ i dedz'e sk fif jst€ JOH digid ¢
OdzlstdsrydrH dzv  jtejojHjdgdey fjodesets odHEZ IsojteHds cCistt

38



1 OC-by Bdz' yded 2 PHROBOAz

bdsso dzd?2 OdzssteOydls, b Wsttdwbdz 1 ' HilsOo dz segtzj o 6 et
fs5COLddC O MCdOHE OdbsteOydlskz L W stodkzdd k2" o ¥ ttzek dC

0 —, (6)

H Ju T CtiW" 1 todels j Hj dadg™ lsa;tqu’ Iz dgttaizdRd R OodglstizfEhyR «
okecdzj y¥ E eLwWIlsdres Hdv ty' dSd o H{Y s(8) G)ldzg@fnchsqsqtémdzBBs
oLWIsdn Hdwy ooy HiZRF- olSdf ' o Iso j t{W)POFT kefifsitdd jviddzj dEdRy dizdcde
otsHdzj 9o d2 COLdd® MECAZOHE OdsttOydlskz
1 @B btsy sy ¢ d SO fte’ adgvdedzy t' Ldzdm odH' 9 Iseoj
odatHYYyd L o' HiMtslC o dd&d Af sd&® Bfjpd T isaz' dztli' PEOIMEZ o 6 dzj
LOMstsmMizeo Odzd tetsL tetsB dzj dzd?2 dzOdzd S s4 W' y' " dzls jtejojH
Zdiigtso dzd 2 OWdst®di® 6. [Isted 3Odz 63 kdz' sOIsd ftedoj HJ d
v OB dzd ywvw 3
ljtejojHjdzdzv Iseo jteHdr ¢ ttoOqapicOYHfs®dzddz o k& d3t
1 5COL 2SO omBE M B j L L Sd dzk

1 OL 8 Q olkzgdzj y! OtSHjdg| akedzi y! Hdbkdise ded?2 (
min. | max. | med. | min.| max |med.| min. | max. | med. | min. | max | med.
rdtejodd i ) 49,7 | 1 ) 6,1 ) T 55,8 ) ) 0,58
ststewW d 530| 620| 575| 57| 65 |6,1| 58,7| 685 | 63,6 | 0,61|0,71| 0,66
1l tcj okl

-L J d3dzd ff 63,0 72,0| 675|55| 65 |60| 685]| 785| 73,5|0,71|0,81| 0,76
-ht dz dej 67,0| 750 71,0 55| 65| 6,0 72,5| 80,5| 76,5| 0,75/ 0,83| 0,79

sOizowdzf obkc' dzdzw | sdeB Ok, d&EOtws O:

- [ 76,0 86,0 810 50| 6,0]55|810| 920]| 865 0,84 0,95| 0,90
-] 78,0 890|835|45|55]50|825|945|885|0,85/0,97| 0,91
-0 84,0 90,0 870]40| 54 |47|880| 954]|91,7/0,91)|0,98| 0,95
-S 87,0920 895]|140| 52 ]46|910| 972]| 941|0,94/1,00| 0,97
-1y 89,01 9401 915|138| 4944|928 989]959|0,951,02| 0,99
-1 90,0 9501925134 | 44 139]934|994]| 964|0,96)|1,02| 0,99

-0Odzlstc © 91,0| 96,0| 935| 1,3| 3,0 | 2,2 | 923| 99,0 | 95,7 | 0,95]| 1,02| 0,99
* vsOBdZdyYyY YoBRZHBO OdZO d2O thdse' sOB dzd y* [ dzj d3j dzls
ftedtesHd ' Lol Ghgsmizd Odzdz? 03 H Odzd = tSL esB dzj dzs’ Oolsts

10 tjLizd sOIsOBd IsOBdzd y* Bsy 20 LtesBdlsd o dMmdatse
obedzjys ' eoBHd bk fjttjwORbdllkz &O Mok BjLLtd d
3 dz2' 3Odzt dzd 2, ROSCHNBE RO sE(QL dz2d ¢ o Hf o' Hdzs MIsOdeso d

-H j toj & f f20 ] H(OY58;2

-Is s 6 9,61; 0,71; 0,66;

-kt oiOFI; 0iB1Z078;

- O dzls ts DQAF;L,02; 0,99;

CO®ROWdzj [ BUzE Oflgzv 0 ) j tc jiD,8POBIBEZ & 3 3 OR

[Odzk |BjstsHISE By dz0 L Ofifsshseozr oz@k d Isb gzt H BT 2 th
tc''Ldzdr odH' 9 oke' dzdzv EMWC et - tshHtzy 9 pdetzy MS dz@j & H dzC

1 d mdatsp & Qtsxdztscts L odH'9 e jttHdms ctte® ygr ¢ st (
90t Odzs' @ L O "' &3 ydeddz MS ORIz B OMB G i oy @afdzy 820
CjW' "y " delsO f§ jtejojHJ dadaw so jtoH dn G tsHE® 'y d RB3ts & dadf €0 dAg
OdzOdz' L o OlIsd jdzgj G jIsduydzgz y' dedz’ Mis’ , ' Ldedr Idf " o
jteHda cEttes ydo € Oddup sidd LfdzdHat kO taifls oo ke * odddEnts B A
fOdzddz, ¢' tedzedysL BOGOYkzo Odz' dgdr CtsdEB' dzOIls' 9 I[sO ' dz
f Odzddz, MlsOdz sO  jtemf jSIsdoad tetsLodlCk t' Lddnr t'
ndfiskz. | OfplEshigbzB@®Bddz § $ &Y @ sdissjHtg dizf ™ O dzde's,¢ tc Q3
CGlstso dzj dzgdzv MdMmMisi d3 L O~dMmMlslz L dzj HisY 20 | dzdgv L OG |
CstedMmMisOdzdz’ , SO fjtejtesBYy' IsoajtwHdr ctter ydgr 4 Od

39



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

l1itmMfiSilsde f sSH Odz2 MJSR] to B fsthdias o1 Q dedl?2 . dffdzvH - Is a | totsigf '~
cste ydgrn SfOdzdds, M dzwrntsdz L OMissmMize Odedz? tetsL totsB dzj dats’
CofOdzddz yjtejL [fjdotgmdig a2 HeEojdgddts o bdsedd2 O
WC HEBHOLSCBodd o0’ Oddstsds HdW SHEEE LAY HS' BO S OE
Gl oS B dzj dzdzy ' dzls jUG telOfk dissates RS O LyddefsS ©, s OS¢ ' H dzw
fshkCk dtsedms " HABH' 9 E odt' h j dadz i dlsOdg L EkHsf
jdzjtecjlsdudes’ BiL jSd, fsHEABMNE & dzO de fipdis o dedjniLl §iiCSdd@H s o d

[ "] 6OIsktcO
Yy d.1. zdvad cOttOdzskzo O
dz0 JCtsdetsd3’ € O. 30201
http:/inbww . gov. ua/ UJ RN/(iHnOdskO 2 mljdc dij dadly : 2 02.021).
21 k2tedvde JwhisC ¢. 1 sC0OLddSd LOYJOM 8 SO aq’HISBI:
LEtO daf L 2013 8 2018 twsCd) kusfiesL fyh BC Isp a btz ydazts
tej Mztemd LEtO dzgd 3. 712619 .-33.07T tdidd H ts httpdz/fkz:
journal.com.ua/index.php/mru/issue/viev2819( H OIs©® L o jtedgj dgdgv: 25 .02 2021
3{dzjom: €O v. 1. wdttseo ddzdzO BLE® deh j/toHU.An I6.t5tcf daj
s Ozt [/ ]l " Mmded ¢ 10y’ sdzOdz! desegts sy rmndg’ ydesets kdz' o9 J

lrLwHd®€

J
/1 wdzdztso Oy
u

aq’ dzdzv  j dzj tG j Isd
2 4. tiNdd M6
/ 5 .

" deflsdlskzls" . Hjto' w ; ] tedzdylsots.-70.- t2j0jldbdz Htsfyls At
http://nbuv.gov.ua/UJRN/VKPI_gir_2015 28 (H OIs© L o jtodzj dzdzv : 1 2. 04. 2021)
4 4 O0OtcOdzylz¢ 1. w. ey Cttedhd SCsfOdddd. / 1. u
/ 10 tjHOCY" * &8 l . &a.1 " dzj y' €cts. . I dedyyldf @ H rfrdsdz
http://reposit.nupp.edu.ua/xmlui/handle/PoltNTU/964 OIls© L o jtedzj dadzv : 12. 04. 202
5 40tcOdzylz¢ 1. w. , wdzr wh s [ [., Jhsofmr €d2 1. 1.
Gtste ydn S5 Odzd dzn " H dzdRtsdajdy+ Qo dzdiyid .2 &4 @B, 2008 d B
https://core.ac.uk/download/pdf/161786962.bdi OIs© L o j tcdzj dzdzv : 12.04.2021) .
6 4 Ot Odzylz ¢ 1w, ve jH' Citer y'  sYGHHO dd dzd .. w. [uE@ds
[ .. wdzr wh ts9, I JhspmMOCE2H. |1 u. iy, sHpYdELf? ¢/
o dHOo dzd yd 2 H' i3, s. 203Bi3. 644 fy. tdxdds

http://reposinupp.edu.ua/xmlui/handle/PoltNTU/964H OIls © L o j te dzj dzde :12.04. 202
71" dzjyr €d2 1. 4. s d&zofmd¥ " COy' w okae' dzdzw / 1. u.
Jdyd ¢ dztsf jH" W, Is . 1 / 1O edgpQlyqy! "y sz @M, 1 2 @) 4! € c
H ts ) Is lt:reposit.nupp.edu.ua/xmiui/handle/PoltNTU/464 Ols © L o | toc dzj dzdzw : 13.04
8 International Codification System for Medium and High Grade Coals // United Nations New
York,1 9 8 8, o . -2. 1 i t 4 dd3 HsmMiskzy
https://unece.org/fileadmin/DAM/energy/se/pdfs/coal/1988_International Caiilifn_System_for_Med
ium_and_High_Rank_Coalslanuary_1988 R.pdfH OIs© L o jtedzj dedzv : 1 5. 10. 202 2)
9 Einteilung der Kohlenartefi t j 4 d &3 H thitpls/kvivlz branefeuer.de/index.php/Kohle
(HOIOdaday j tcdz3. 02. 2023) .
10l s9o " tojdzd?2 . A. [ JjbtsHdSCO odLdOyjdedzy o HCtedlsts’
I f zOmMssodma Edtseo Or / 8. A 1 so ' tog ded 2, 11" ffdzd € ¢ B,
MOts " afMms CBE8 2Oy’ BdzOdz! dese 5 bkdz' &) wmdlsjlsizts dztsdgj dz'. .
({ SsdztseT w .2016. i 1 d1. 44 . 4. -54.4 i tddadB HsMiskz{
http://nbuv.gov.ua/UJRN/VKhG_2016_44(8H1 OIs©O L o jtedzj dgdzv: (05. 07.2021) .
11t e €5 ). 20091t L1 demis@ip'dsj dzl6 dz@ P ¢ Oy* ° L O
CstedMmdzdn St Odzddz VSO dzgd HBB Mo Istsednm MIsOdzH Otcls® o
SO wLtesBC O dOWIlstsedn ' CGOLBodn -1ch Bz HMROY
http://nbuv.gov.uadUJRNrngr 2017 4  HOISO L 9 jtedzj dzdgv: 05. 07.2021) .

12t 2! €5 1. w-. L § tc Qooddiy degdBy  Ctdsjf i PO Cshdzs o ©  to

[[1 (d&Oy' t5dz0dz &z0 § &OMmd¥ ' SOy ' v LOfoOf' & ' tjhkth
[soddz Cso, d.A. [dlogftge 6 HJOI O kBL GERC O/ dzOW sso
2010 . - 4G§73) 4. -157 tingds Hs s iz

https://rrngr.nung.edu.ua/index.php/rrngr/article/view/750(/280Is© L o j tedzj dzdz2v : 05. 07 .
1Bireyxdd J.¢. uvitcOodz dedz? ff tosHtso sdlz yks®tcgtgadd Cus' d
. 6. s1Exdde // ¢SlskzOdzi 2D 1 4 .tctsB dAZpBBd(1PRES)dzts 3" ¢ d .

40


http://nbuv.gov.ua/UJRN/inek_2014_3_3т
https://mru-journal.com.ua/index.php/mru/issue/view/3-2019
https://mru-journal.com.ua/index.php/mru/issue/view/3-2019
http://nbuv.gov.ua/UJRN/VKPI_gir_2015_28_10
http://reposit.nupp.edu.ua/xmlui/handle/PoltNTU/964
https://core.ac.uk/download/pdf/161786962.pdf
http://reposit.nupp.edu.ua/xmlui/handle/PoltNTU/964
http://reposit.nupp.edu.ua/xmlui/handle/PoltNTU/964
https://unece.org/fileadmin/DAM/energy/se/pdfs/coal/1988_International_Codification_System_for_Medium_and_High_Rank_Coals_-January_1988_R.pdf
https://unece.org/fileadmin/DAM/energy/se/pdfs/coal/1988_International_Codification_System_for_Medium_and_High_Rank_Coals_-January_1988_R.pdf
https://www.brand-feuer.de/index.php/Kohle
http://nbuv.gov.ua/UJRN/VKhG_2016_44_8
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
http://nbuv.gov.ua/UJRN/rrngr_2017_4_2
https://rrngr.nung.edu.ua/index.php/rrngr/article/view/750/723

1 OC-by Bdz' yded 2 PHROBOAz

14l s9¢ 1. [ . Jjtdse' ydd?2 mdase ddS. | jtdgc ywddf stec
H ts ) Is ktPsizgeodictionary.com.ua/node/42@84 Ols © L o jtedgj dzdzgv : 19. 02. 2021)
150 s9C 1. [, Jjtdsce’ ydkd?2 MmaseddS. J(jtdse ¥ St
t 4 dd3 H tstipdy/gepdictionary.com.ua/nod8B4( H OISO L o jtodzj dedaw : 19. 02 . 2
161 s € Il . fjtsdse' ydzd 2 fpdztse dzd € . 1 jstetsdztsg * W
https://geodictionary.com.ua/node/276h OIs© L o jtedzj dedgv : 1 9. 02. 2021) .
170 " dzi y* €d2 1 ./u. ] padgloye Eygls / /[ OdzO ¢ teded yO | d=

tej HOC Y ‘¥ l . d. 1" dzf y* Ccets. [ sdzj y!' ¢: [ sdzB O,
http://reposit.nupp.edu.ua/xmlui/handle/PoltNTU/464 Ol @ dajadzdzy : 20. 02. 2021) .
18] s9 € . I. | d Bdzse ' ydzd 2 mdztso ddd § .J  id3 Is te tisdytisdz {f*

https://geodictionary.com.ua/node/114& OIs© L o jtedzj dzdgw : 20. 02. 2021) .
191 2teyOs J. 1. 1 OtcOdfO@dA Wsdlts ¢ 9 dediinds' Jdzdevin s ¢ f ¢ OL ¢
1 2teyo0S¢ [/ /1 JJdBlsjnrnddyd MS OWr dedijtirteatfdjCldtbe 5 of MiSy: 0 jrRH|. U
0. 1 d §-45.718t84. 1 d d3 H..stip4dikphade.nbuv.gov.ua/handle/123456789/33475
SO Lo jtdzj dedzv: 12.03.2021) .

[
201
(HO

O. Buzhyn
DLC ¢Cherkasy |1
Interregional Academy of Personnel Management

ENVIRONMENTAL SAFETY MANAGE MENT 1T CLASSIFICATION METHO D
OF SOLID COMBUSTIBLE FOSSILS

Environmental safety depends on the level of energy security development. Combustible minerals
play a leading role in ensuring energy security. Solid combustible minerals make up a significant
proportion in the total mass of combustible minerals. Currently, there is no single universal classification
system for solid combustible minerals. Different countries use different systems for classifying coal by
grade. At the same time, depending on thesif@ation system, different sets of indicators are taken into
account. The main energy accumulator in solid combustible minerals is carbon and a small amount of
hydrogen. The energy of solid combustible minerals is directly dependent on the conteaseof th
chemical elements. To evaluate and compare different types of solid combustible minerals and their
intraspecific differences, based on the presence of the optimal number of indicators of the main energy
carriers, which are carbon and hydrogen, the emion coefficient into conventional anthracite has been
developed. The developed conversion coefficient of solid combustible minerals into conventional
anthracite makes it possible to analyze the energy value of different types of solid combustiblis,minera
deposits, layers of solid combustible minerals, different grades of coal, operation of solid combustible
mining enterprises, mining and processing enterprises, plants and factories processing solid combustible
minerals, the state and prospects for tleeelopment of different levels of energy security. In the
environmental safety system, the developed coefficient can be used in the development of computer
simulation programs in creating protection systems to prevent combustion, fires and explodiens in t
extraction, use and processing of solid combustible minerals. The proposed option can serve as an
additional variety to generalize and improve the existing classification systems, and to motivate to seek
new approaches to further classification of sobthbustible minerals.

Keywords: anthracite, peat, lignite, hard coal, conventional anthracite, average -tedrogen
index, conversion coefficient into conventional anthracite.
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D. Panevnyk

Ivano-Frankivsk National Technical
Universty of Oil and Gas

STUDY OF HYDRAULIC C HARACTERISTICS OF JE T DEVICE
FOR PREVENTING EMISSIONS OF LOW-PRESSURE PETROLEUM GAS

The oil reservoir operation is characterized by periodic emissions effessure gas accumulating
in its gas space. In the prosesf analyzing the characteristics of compressors used in petroleum gas
utilization systems, the technical and economic advantages of using jet devices to improve the
environmental safety of oil reservoirs have been established. Based on the analyssswepenergy
and cavitation characteristics, the reqularities were established for chanaing the limiting mode parameters
of jet device of the lowpressure petroleum gas utilization system in the gas space of oil reservoirs of the
hydrocarbon collectionral treatment system. The limit pressure mode corresponds to the zero value of
the injection coefficient and is determined by the maximum pressure value created by the jet device. An
inverse nonlinear dependence of the maximum relative pressure on thgeomiatric parameter of the
jet device is established. An increase in the main geometric parameter of the jet device causes an increase
in the maximum injection coefficient by 62.1%. The optimal operation mode of the jet device takes place
when it is operad with maximum valuesf the efficiency factor. The jet device desian, the value of the
main geometric parameter of which equals 3, ensures its operation in the optimal mode. The cavitation
operation mode of the jet device is characterized by a dedreasessure at the outlet of the working
nozzle of the jet device to the pressure value of saturated vapors of the operation environment. The
dependence of the minimum pressure in the flow part of the jet device on the flow rate value of the
working flow has an inverse ndmear character. The equality between saturated vapors pressure and
current liquid pressure determines the maximum permissible flow rate of the working flow during
operation in the cavitation mode.

Kev words: gas emissions, utilizatiogystem, oil reservoir, gdijuid ejector, operating modes,
limiting parameters.
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Technical University of Oil and Gas

COMPLEX MATHEMATICAL PROCESS OF HARMFUL SUBSTANCES SPREAD
DURING MAIN GAS PIPE LINES ACCIDENTS

The article presents the analysis results of scientific and technicaluliterabd other sources
information on soil pollution during accidents at pipeline transportation facilities.

The gas supply system of Ukraine is a complex energy syshkemacterized by long length,
significant power, complex structure, different age amatkesdf the main gas pipelines. The aging of gas
pipelines, a large number of accidents, failures and damage to the linear part complicate the maintenance
process of the gas transportation system and increase material costs.

In these conditions, the imprawent of environmental safety to prevent accidents, the
uninterrupted supply of natural gas, reduction of losses and negative impact on the environment are
relevant issues. It has been established that with a gas pipeline laying depth of 1.5 m the tona#ntra
harmful substance on the top of the ground is almost zero. In addition, the mathematical model makes it
possible to estimate the impact area of the harmful substances source on the entire studied territory with
one or several pipelines.

The perforned calculations are of a test nature. To study the real emergency situations, it is
necessary to have information about the following factors: the speed of measures on the fault section
disconnection; physical and mechanical parameters of soils; worlésgype in the pipeline system.

The proposed mathematical model will make it possible to analyze the spread of emergency leaks
products depending on the location of emergency leaks of natural gas, properties of soils, speed of
response and spread of an egeeicy situation.

Key words: gas pipelines, pollution, environment, soils, environmental safety.
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NEUTRALIZATION AND D ISPOSAL OF OIL SLUDGES
FORMED DURING OIL EX TRACTION AND TREATME NT

The article provides a literature review of the disposal methods-obwihining waste formed as a
result of technological processes of oil extraction and treatment, emergency spills of hydrocarbons, etc.
The longterm storage of waste in places of egraction can result in petroleum products entering the
soil and underground water. The main directions and trends in modern methods of oil sludge disposal
have been established, namely: physical (separation in the centrifugal force field), jchysial
(mechanical separation and reagent treatment of waste), thermal (incineratiotemiosvature
pyrolysis), biothermal (decomposition of oil sludge under the influence of special microorganisms). The
decisive factors that will determine the directionnefutralization and disposal of oil sludge are their
composition and physical and chemical properties. The most economically beneficial is the processing of
socal l ed Alighto oil sludge floating on tohad- sur f .
containing waste have been identified (heterogeneity of the qualitative and quantitative composition of
waste in the places of its storage). The potential negative impact of hydrocarbons in case they get into the
components of the environment hasiestimated. Sampling and determination of physiw@mical
properties of oilcontaining waste (density, content of mechanical impurities, water) have been carried
out. A basic technological scheme for neutralization of oil sludges has been proposetindeperheir
physical and chemical properties. The proposed technological scheme helps to rationally choose a
disposal method and effectively neutralize hazardous waste with the production of commercial products
(oil, pyrolysis oil, semicoke) and a nctoxic soil mixture. The ways of further use of the obtained
substances have been proposed.

Keywords: neutralization, disposal, oil sludge, extraction, oil treatment.
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RESEARCH ON CLIMATE CHANGE IN THE CARPAT HIAN REGION:
CONSEQUENCES AND CHALLENGES FOR SKI RESORTS

Climate chage is a global phenomenon that has a significant impact on ecosystems and natural
resources. The Carpathian region, located in Central Europe, is particularly vulnerable to the effects of
climate change, given its diverse ecosystems, including forestsntamog; and rivers, and the
dependence on these resources for its ssmdmomic development. This study examines the impacts of
climate change on the Carpathian region over the past 40 years, with a particular focus on climate change
at different altituds.

Using data from numerous meteorological and hydrological stations across the tfegobranges
in temperature and precipitation, particularly at different altitudese analyzed.The analysis showed )
that the regionwvas experiencing an overallincee® i n t emperature, with 2. 4A
nearly 40 years, and a decrease in precipitation, with a total decrease of 117 mm over nearly 40 years.
These changes could have a significant impact on the flow of water sources in the regieas asth
low precipitation and high temperatures experandecrease in water availability.

Reduced water availability can have serious consequences for thesocmnic development of
the Carpathian region, especially in the tourism and agricuerbrs, which are heavily dependent on
water resources. In addition, changes in water flow could affect the éegiatural ecosystems, which
are alreadwffected byhuman activities and land use changes.

The study emphasizes the importance of using remd technologies such as satellite data
collection for environmental monitoring. The results of this study indicate that satellite data collection is a
more accurate, reliable and efficient method of data collection than traditional drased
measurem@s and data obtained from nearby weather stations.

Keywords: Carpathian region, climate change, precipitation, temperature, trend, different altitudes.
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L. Shtohryn, D. Kasiyanchuk,

V. Baranichenko, M. Shtohryn

Ivano-Frankivsk National
Technical University of Oil and Gas

GEO-INFORMATION ANALYSIS OF NATURAL FACTORS
OF LANDSLIDE FORMATI ON IN THE REGION
OF THE FOL DED CARPATHIANS (IN THE TRANSCARPATHIAN REGION)

The article aims at performing the geoinformation analysis of natural factors and an assessment of
their impact on the development of landslide processes in the region of the Folded Carpathians (in the
Trangarpathian reaion) by enaineering and geoloaical zonina.

The following research materials and methods were used in the study: cadastre of landslides of the
Transcarpathian region (SRDE AGeoinform @00 Ukr ai
cartographic information on hydroaraphy, tectonic structure, data from weather stations in the region.

The performed geoinformation analysis using QGIS tools made it possible to calculate the impact
of landslides on separate endineering and geolodieakadistricts, the distance from landslides to the
base of erosion, faults, earthquake epicenters, the performed statistical analysis using the Statistica
program quantitatively assessed the influence of natural factors on the development of landsides. T
factor analysis established that the high susceptibility to landslides of thmdawntain massifs of the
Vododil-Verkhovyna Carpathiansr (-3) and the mediumaltitude Polonyn&hornohora and Rakhiv
Chvvchyn rangesr(-4) could be explained by the combihénfluence of aeomorpholoay (absolute
elevations, slope steepness, undercutting of slopes by river erosion). In addition, the rrediois (
significantly influenced by tectonic and seismic factors (landslides develop in the zones affected by
tectonic failts and near the centers of earthquakes), while atmospheric precipitation plays the role of a
trigger factor. The considered factors explain7G860 of the reasons for the development of landslide
processes. It can be assumed that the remaining propasti@ated to the geological structure (the
presence of twaomponent clay flysch) and the influence of manmade factors (deforestation, trimming of
slopes during the construction of roads, construction of communications, structures, etc.).

Key words: geoirformation analysis, landslides, Folded Carpathians, faults, factor analysis.

References

1 Informatsiinyi shchorichnykshchodoaktyvizatsiinebezpechnykiekzohennykhheolohichnykh
protsesiv za danymy monitorynhu EHP (2020). Derzhavne naukovayrobnyche pidpyiemstvo
¢cDerzhavnyi i nformatsiinyi heol ohichnyi fond Ukr

2 Adamenko O. M., & Rudko H. I. (1998). Ekolohichna heolohiia. Pidruchnyk dlia studentiv
vyshchykh navchalnykh zakladiv, ekolohichnykh, heolohichnykh, heohrafichnykh spetsialnostei.
Manuskrypt.

3 lakovliev, Ye. O., Krasnook L. M., & Leskova H. V. (2000). Prohnozna otsinka mozhlyvoi
aktyvizatsii zsuvnoho protsesu na terytorii Zakarpatskoi oblasti v 2000 Zetsiz naukovedoslidnoi
roboty. Heoinform.

4 Kuzmenko, E. D., Blinov, P.V. & Petryk, M.V.2004). Karpatski zsuvy: deiaki
heomorfolohichni kharakterystyky ta zviazok yikh z litolohiigi&zeoinformatika.

5 Kovalchuk I. P.(2003). Hidrolohbeomorfolohichni protsesy v karpatskomu regioni Ukrainy.
Pratsi Naukovoho tovarystva im. Shevchenka

6 Ivanik, O.,Shevchuk, V., & Gadiatska, K. (2019). Geological and Geomorphological Factors of
Natural Hazards in Ukrainian Carpathiadsurnal of Ecological EngineeringQ(4). Retrieved from
https://doi.org/10.12911/22998993/102964

7 Snitynskyi, V., Khirivskyi, P., &Hnativ, R. (2020). Landslides and erosion phenomena in the
foothills of the Carpathian region rivers. Sci et
LPNU. Retrieved frontttps://doi.@g/10.23939/jtbp2020.01.009

8 Shtohryn, L., Kasiyanchuk, D., & Kuzmenko, E. (2020). The problem of-terg prediction
of landslide processes within the Transcarpatian inner depression of the Carpatian region of Ukraine.

83


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9616489
https://doi.org/10.23939/jtbp2020.01.009

ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

Carpathian Journal of Earth and ovnmental Sciences. Retrieved
from https://d0i10.26471/cjees/2020/015/118

9 Ivanik, O. M. (2008). Prostorovyi analiz ta prohnozna otsinka formuvannia vodno
hravitatsiinykh protsesisa osnovi HIS u karpatskomu rehioHeoinformatyka.

10Kasiyanchuk, D. V. (2014). Obgruntuvannia vyboru faktoriv aktyvizatsii nebezpechnykh
heolohichnykh protsesiv (na prykladi terytorii Karpatskoho rehionu). Ecological Safety and Balanced Use
of Resources.

11 Shekhunova S. B., Aleksieienkova M. V., & Siumar S. P (2020). Natural anenchaced
landslides formation factors within the Ty8ashytsia interfluve (Transcarpathia, Ukrain&emnd
EAGE Workshop on Assessment of Landslide Hazards and impact on commuRke®ved
from https:/H0i:10.3997/2214609.202055018

12 The_European_landslide_susceptibility map ELSUS 1000 Versi®tetfieved fromhttps://
www.researchgate.net/putdition/258779847

13 Zweifel, L., Samarin, M. & Alewell, C. (2021). Investigating causal factors of shallow
landslides in grassland regions of Switzerland, Nat. Hazards Earth Syst. Sci. Retrieved
from https://doi.org/10.5194/nhe&4-3421-2021

14 Klymchuk, L. M. Blinov, P. V. & Velychko, V. F. (2008). Suchasni inzhenehemlohichni
umovy Ukrainy yak skladova bezpeky zhyttiediialnogtP Ts A Ekspr es 0.

15 Shtohryn, L. V., Anikeyev, S. H., & Bagriy, S. M. (2021). Reflection of the activity of landslide
processes ime regional gravitational and magnetic fields (on the example of the Transcarpathian region)

16 Geodynamics. Retrieved frohttps:/H0i:10.23939/jgd2021.01.065

17 Kuzmenko, E. D., Shtohryn, L. .M2002). Kompleksna obrobka heofizychnykh danykh ta
prohnoz zsuvnykh protsesiv na diliankakh doslidzhen Mizhhirskoho raionu Zakarpatskoi @hiasti.
naukovedoslidnoi roboty. IFNTUNH.

18 Derzhavna heolohichna karta Ukrainy masshtabu 1:200000, arku8#iXWXIX (Snina), M
34-XXXV (Uzhhorod), L-34-V (SatuMare). (2003).Ministerstvo ekolohii ta pryrodnykh resursiv
Ukr ai ny, derzhavne heol ohichne pidpryiemstvo ¢Za

19 Ruban, S. A., & Nikolishyna, A. V. (2005). Gruntovi vody Ukrainy. DV UkrDHRI.

20 Herenchuk, K. I. (1981). Pryroda Zakarpatskoi oblasti: monohrafiishcha shkola.

21 Monchak, L. S., & Anikieiev, S. H. (2017). Vidobrazhennia tektonichnoi budovy zakhidnoho
rehionu Ukrainy u hravimahnitnykh poliakBeodynamics.

22 Maksymchuk, V. Yu., Pyrizhg N. B. & Tymoshchuk, V. R. (2014)Deiaki osoblyvosti
seismichnosti Zakarpattia. GeodynamRstrieved fromhttps:/H0i:10.23939/jgd2014.02.139

1 OH' 21 ZO H26C ac' jlsidS y2 0 2 3

84


http://dx.doi.org/10.26471/cjees/2020/015/118
https://www.earthdoc.org/content/proceedings/landslide2020
https://www.earthdoc.org/content/proceedings/landslide2020
https://doi.org/10.3997/2214-4609.202055018
https://www.researchgate.net/publication/258779847_The_European_landslide_susceptibility_map_ELSUS_1000_Version_1
https://doi.org/10.23939/jgd2021.01.065
https://doi.org/10.23939/jgd2014.02.139

1 OC-by Bdz' yded 2 PHROBOAz

stmy S f1wy Y dpMmpwfhCr

uvrs 504. 06
DOI: 10.31471/24181842023-1(27)-85-91
Il A gddwh dEMOtEdzOBs0 O,
1 [ .z 30dzHU Rt, ¢ O,
J a1 JLH d2 yded n
stej i3 dzeykzy’ €d2 dzOy' tsdzOdz
" dBjdz [ dR0O2dZO0 [ fMistets

(sdf 1wyl swr ol L Jt 1 RUswrRbeU [ J Wl [rrr11cC
13 ¢vuvrRsfIRfuRg M1 ¢ R

ts O dzts o zOMmilsd o sfls’ B3 Cteststec Odz’ L d3' 9
sdz" HY jdz2 fCOLO0dzd, hPts CdhCtsed?2 d3‘§
x;ﬁt@g&tﬁﬂsdeﬂt@vcﬁgwﬂ 0] Qq’thsaq’Q 3" CtetsB ' BBC
. .3 0¢ 5y 'Hszlsq’W‘QtsaOdzts W ted3d dzlsd, w g
h s 90y kzdodds HdzY BSEEIS! BJ L LOBtGIZHdzJ
‘ G'te0fmpdy ' I8 MW dzOfnds OIS B d\BsS G 58
sOdz" LE OBt BJLSCd Isdddescts
dz’

&
@
o
&
Q
]

Sg"
> r +—
q_o-" 0N
FF g
54 spa -
K rozwr
“Fo v
& ggg
O] N’ -
&
o,
()
& -
"mw O
o
Oz

J
O]
dz

=TI o

Q—Q -

5%

&3 "

e kR L q_.c.-;g_

mo
o

- T

= g0
Q—.

= qzéinm‘o
5’55‘
8!‘
%
@
*
&2
7
8
&
®
=y
{o.
&
Q-
&
&

£q5"
S‘Q@'N'(,T
8
mg
28
5
)
-&
Q—.
2
=
— G A
q_qg
ngﬁ
L= )
g
@Q—
E_ >
]
S5
=3
=8
=2

C
CxRAE
ISECASE")
Qo
Sgrz -
T ga
N

!
TTOB Ol &
w
=3
7]
w R

§O20,
g
O]
=

Oau@dzdzw dz' sOIsd Ht
Oty ts dfndI%CﬁZ‘?Cfr]lSl@B@Vm 1IS®H @3t iztisd s

syjfm B'tSHJjCteOHOY"' ' sdz'Ulgisahpes s dzlz
odzviIs! v 1w O odH' dzvE s W4 ted3d dzls d
dzlz Cjdte d ddj dais jzL 'L IstADIS] | dgfsC e o j dz' o d X (¢
9 dzj dzbloma sph sd3=Edlug dzS J¥ € doe dzts H j G 6 C
Ldgj dzh jdedz' BBMWGE"  ® 9" HAtSH' @

b
Cyde oM jSld, MlsOodd?2 tsLodltC
jUj dedzy jStdtset ydas' BJLYJCd, f dC

l s OdasBE ®dzj BF B ' dziohdh Bzl O Bd s H Lz dztz® o de'dafadgis d € 5o d &3
"EHHROdOL d3j dzh jLdRiBVic Iz H dizDdedets dzd NP tasicHss s i@ dafte BR so 2 yd
tets fyls e dilf dzOMmls o § t6 BB jdteg d ¢ dzef €' dalzl2 tfists Is ts  bipty 5620 fg tzlz |
tslste lgcpt@d;s Ldzts' o dd Ustef O Isfj 5o’ t3¥ H YL dazly Is 'f € @ B3ts te sSisiAR) tlz@etz tzod@nz

‘B BQR sdztse Y fydieks Is j O d o Iz

1 LB dz h g ‘datliz GEEAQIE)1s & ‘sro HERY oo, Stok b lisf) MndBRZdE QH d y*© 2 d&
| sl @Y L OF e slsgndzd@vze o ©'datizdzjj s * 2 dsdigide O lsafth diafo @Ols !
o ¢ ts diyfjh g H 2. lean’nqlz[pBB dzq@]msqqaagdmm otz Q]’_tdzf@lﬂ]lscfgtsa d A

Ao o Iw
- QEPOEd
NO@FIoT
-0 aq
R azs
VEIGT
© &
o
T o
Q—.
o gl
& of
(0X7}
T
&

&

O=
I
a4

LB
(73

KoK S
ﬁ:m

SO O W =S
00 " 0Ly "= T
,mﬁ—“‘n-lﬁ
Q—.H_ij
Rgl -
m@ 4—'(9_
222
.0,
‘-':Ro‘_
S
S gans
o) Sdolat
w@FIn
go o
Pag
N

®©
T
13
@
T
©]

o

W - O

dz
| Mt So 5HY Y tflzdz®Mis d Sas'o WA u ® At § tsteo[fr]lsodz&vmglsdzsc Y dzfs G
L ¢ dzOH Odzdz™ .

85



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

[Hded dgz202 j W j Clstfff B E D 5 H YL ddrdfy Is d Cots aHORdsdHHOERIZ © O dzdz™ L
7 dzj GlCB @', o d'dRO dz® o O dztiey dg' L d2AY o ‘Otizd § P& j Is o tf teijSat:
dzdffststsiLd o34 dzh dfjlsedd L § g SLdsHE]O tc O ¥ ff @dsias ¢ judfQalifyiy ldp’ ts telfj Qizldzf'e O
COfIs 8 S Y& H O6 YW OCds 5@ | B j cQBHELO,] B s @dedph C ° s
H o d Nisjj digtp) tc Gis i S dzls to ts dzEOec CDIsHf a1 jj fip jisldc j [Bkdz"
¢ dzOds frls Odedg' Az’ H f dzidz’ Q1Cas B fiisH j ¢ g @ HzB J) Is f qatidetd € 2
dzts o tz@ dzfz %  BO & O € Is j ftasdl] Iso§Ste ‘dzd WCALTIs 600 § s dzd Mztc FE 50 d M O.
fn$ 3" ondekd fny Is cnedtstAtply “Is ff dz @y & @ @fig M ls O d2™ w de'tsfty 15 /digtsdi | 1§ bz dz te dzC
Gﬂ% Yydz“ g te] " Odi QEdiscits @aizq | dzO Y sl fipH J ¢ & @20 'd30.M d
H J
)

-qog

BN O B §

KB § jedsi & O dzlz g ) Iz etz tds " Ste g fiyls O d tegidg frfiflste o, Wi lsiaked o s
¢ OIS Bitz Olss dz' o Jiieteir Qb b e i 6 d 2 dah P ® & S@ IS |
2'C dets fi)ls O dz's | dzP ). dfds  jB,' SEsL S &ZDD P B 1) bz@bfls ¢ € 5

! dasdfisge’ )HDPE( § dzO By I o) 89 C' txb! datd fitss 5V 1) dlz® ) docz'fgdsts ¢ O dzlz ¥ j dafts

C I PRESE 6 ' i cLss@z fy ks © dzts & to s dAs e @i ROAgAY kB fndeh ¢ s fw

Db s dig) C 2 dzig Qs © ° dz' dgdcy dtedz@ u d dafiAs dgls e jtotizj M € sH Y OF

' EAEH OOnY & i 5 LE s’ B k0 d diiy s e dzf B.4dze D¢ Y

dg" ‘H o d MB i ¢ dzO HAD dl WS ' iz Odgds® § S8 o dzedzda o S Y 5 B dzd

fﬂﬁ
| dzh
s H
G
dz
to

"wm @

b
&
¢t
w
B s @A .dzW filsiaS ¢ s dz® tizk WedfTs 2’ o fipleas RC KPR S Ho dh bk

q 2 dzv Istflif® ) g f) B H j ¢ CiHCO ydp oS o 2 Isqia] B ks 626 4 * s dedetkz fozd o
dq**‘H o d M § deelpts Ez! dAfsthydz” dff].teztc * Iss e dgd W CHHROMIYEF O o  dzts,
dzh B Mzilge | @MY Y dEf2OMlsdC .

1 5fls O dzs ©®© O O dzlizts 5 5 L S DO P @ vdlyf 5 Is j dzydsj20dssd ¥ dzafiad

o ¢ s diyfiMtalg’ H S@ - jdzd € tsto d ffdg @ dpdz" J uidgdiiRe * fiuslzts? £ o s € 1 Myls

L C dzOB Otzdzs L C @O HHzE@Md dgglc j H s teq L @BBEH gL o HE IS g
Cof qUJ Blu@ETLEH 0 @@ EE s D208 @EAR s d2d Mdp ey dso ¢ 0
*latts Gots, 5 ) dz' HIB] jf Bk O LhOmkzt |5 te s L' Of D@ gt ¥ bisls o 5o o Ols
C ots de@diplsa €jc® & dzfs ctd fu e s H gk sy d fls j .

[lsy jisy' di'teds® S 6B @de &fjdz’ H 5 Psdrdzidzs § © ks dzts ¢ tb dydafi @ o

s to d fipls Goleds’ L ¢ (2@ @) @D, 7 15 o Iz gl fizq ® f WfiEddz0 6 ¢ 5 dzd b oz

N’q“:‘[HIH

dz
tc
tc
2

GUEEE FIISGTI TR0ga>@ STSg
‘FO@FO

"HRBH' 9.
1 d ¢ dz®dn dzts 0 difOdsty tc 1 CQldgd s dz' Hig'j wdalsts 30 dg" SdafStcc O L a3
L dz02 v BBz yv@e tc iz H flzgz@f B ¢ Hs dg' M' € ts¢ iyl dedPatcOzeb™ @ - sH ' 9 ) .
l sdeff j toj o 'da®) HzO Is ddf) tntlsy d af QIO I8 § @ j to j alds e dzjuyerd € sted fls O dzdzw
IStcOH d Y32 izt zbelz! Isztc O dzO dzts 6 15 .
tdLzdzH @z Hifj 5 WLoaw Gz © € B Rt tseBd Heathy d olz§ dzdolir € s 57

Bsdziztsy p d ¢ Bted Mis tf alAOIBls[ff oM Ists @l of J tc jodias dzj qydzjtetsL di3' tod
d3' € to ts y OLPBEffttdd y d dzédyj lsizh § tzdew B OFs') tsd § 1 ° dzwisClsfhfi§w o ded € O
Htsh tsousjettse humbridusterrestris. s O ¢ t£3d," € tsdg'd @ tc 5B G s &FZEpDbasmorio)
L H O lsedzfR d ed@ifists{dz’ ) KRB Sz’ dz” dts'tc W s diftdsse” jeig & daBsls | 47,8 dzlz

[ Sl dsh C sa3ts€ B is ' =iyt * " dzfsdzls d W A W2 jo tOdigSdalicds,L ¢ dzOH 08 Is!
de)fnis‘cthSﬂfCeres‘ Demetrg, W Cf' to d Iy k& fig dzfodis M) & 19 de» GBaletiaamellonellg.
W te o3 LdBisQls bzt iy dzélo@ s s dz' o3 © hzz 9 B | dgldal s H o dds o  BS
tc § ' d3dzOldsjdz3Rj telOBzy & Is tc O dpH.disS AR todptsdstf g tc 3] Mzlistc s L € dZOH O Is
oMb o Gislsb O dzd 58 6, & L) edzisH]’ Co@clsh Qs dag tc Oc di3j dzls Oy°
sdz' dfj.tc' o

[ df tcse g tzfifdz’ HIg @ dzeizd f d_RBtsy dz@ ' 2 Midgqtisdf] dzls ®Isf | gzt t OH OY'°
dz s O M MdAftsff s BisdetOH  yy?2 desezs ¢ dz8 s e@d@ sz L B dz' Is d dzdzts
s yQdgOde 'LdH j ctE OO HE ¢ stod Misfst @ ISt &g dzls Oy "'
tshe IsiZg & ' ®eotf Is d dz30 Hzdls dig{GSWE | BY J tc@s ik & D Q o fOszl otelgd\Ets o d dz.
wisdgds H © 2 frpdediEdOUs’ Coldizl Ishdddpdr st 2z eRO € o s lslzff g 'tean{ d h * 2
Cdzd dsdizis ladudis OL SHO0ARM Isod ) zte J H SBO ¥ H J ¢ tgeOHNOayd € stcd Mistso z o C
d LS dz Isfd deogds2Asdz tsB - ‘oz @ztezlz £ QS ds dizdzd o s ts te GO'ddh) ez O Is € s t5°
J tod3d dzls Bp'OH.d Y ' Y2 ddis delizts € dz'B 1S dsced@tdplaz’dzy ‘dzls @ sW p dz@Bj dzls' o ,

86



1 OC-by Bdz' yded 2 PHROBOAz

5L C dzO H QO IS'E 9  H * dzv ¥ Isdg' M te ts B diECRAZ( & s BHSASS S Y BB s

o ¢ sd3B ' daPtdabszd ® g tc O ¢ A3 iflzts @y g jtadfizc 2 day' Isds'* dzts € ddA] Is i RizdzE B
Edistse o s H 'Isdd®@hH, ts i) Is [z € ffighists, B s @31 | tdO@s\Z' 6 @z s &z dzdgd @ dzy
LOBJ LY Yy dedz® @dpindgz¢ to s s tc NS ndR'tegl fizte g alzlse §f so L OO dz! dz
B' SHJ G tf QOGNS dsC [z .

LV IsteOH d Yy P des dglets € dz'Bls dsdzdRdsd@htz'dz tzls o o H deIéds’ fietse dzd n
sOdtets, C dzOH OB ET 1cd L o BHHS oW O ¢ 3 deldBP . M s & k2

d>x do Edzdee ts s to GWOCHE " LHAf o9, L BO stdsH | ¢ tefOdi@® f G izt y s o dzdRls o d
totsH ' 2@ CHEMiskzY 6z Mz tsB BISL;Ddf,lIJ cBOEBK QA Ssisj dzy iZ3B gztz©
de¢stedmMisBY 5§ Ol dzZSiz’ Isdidiafs * SH J ¢ tfOHID Ys dzjLWe e drj yJ o d dzd
Is to

HJ

s

ZCIslgfig® thde!i Gediz] fdalsod ,Hf so L @ Ousls!j ¢ to@HEQEPE fiplsid & ‘tsds,tc ' B dzfs
dzls d W ‘IsQelOeH @flaydy,? dzd @zts ¢ dAf ‘Iswf Afzelad Q st M 5 B Grdal i G olz
H daedzdis ' dzW ts tc @D ddRisdGdlRs f & 3RO &Bd W o fftsld j dzl) j & dgj WAs'd ,
Q Isef'e Hats] ¢ tafndeC fipls'dg@ fipdf " “@sT 6O o € 5 dzd ) gz §s & D] " O

"fish ZfzBo dAS O3 Wi to 3] ezldMegs L ¢ dzO f @r@ebipts af © Yz dzdseOE s )
dbjl@ts@m;dm’tsgtgohuwm futg iy jBf) ‘tseH j ¢ tg ClED s dz” ts dzgB¥ * dz' o
tsq’fr]Is1jism1jlzcjsthEhIll'tﬁz'ffsis;SDﬁ’JﬂzdzJ lstsOlﬁfatstS]’dnousl% tzg t@dg“ls@dz% Y dzO
BthsGBg’ HodM rigfftcd 2 dzv Isezm " thHs} ¢ teOHIPIYO dzis g3k s ° -
¢ s H o Wotyel @B ) dzts o fets W3l dzt M is o ¥ loiActl? | o sz flzaj s 6 ©,
thEdeOCtGi;%BH@m]thsug MEs@EoOyst j tcfsB ks 8@ dBjdai S 2°
dzﬁﬂzdzwo@;@]pljztscﬁWISHOdzl@BM&MBHJGW@M@meHBM&BOu B
tc
G

h
)
B
)
m
]
J

Q—.

“S‘L'GGUT@

JeBde st dif dZBGsdE¢ B tots s tc 6 QUSROS O ¢ | to jsiedm 8 € d
'Ce OBRPE s d3" drOfatAD L didses O BSCOR, Bz dats i dz' HdgYds € s Oh j dzdzv
O dzff was ges'mzH § G&Q@@lﬁtﬁﬁl&) df usf 2} ,totg B tdAYPB 8 @' df jteta Loo B Hsd IS
dz! hCJ' dazizwQV tizfigs 'y * s deQaiidA{tzt Bz 3] etz dzO f tc JCQ@mOBHES dz' dz! dzd |
B 5¢ MdhfiztizGred gztf - to @dgald V' o dzf3dzbialfts to ¥ s dztse J 't a2 19f o3 Anfigiz
uti )| to )ik usOq f d 1 CB MisH j c 6 OH Py jsisde'ss df jde@rfris dz QAP
', Y dzO I8 @I | t6 jtcia 1. d
t sL totWBjCtazj dzif 55 tc* BodefQHflindsovddi= hf ted W Isg o d N | Gedz® dz! dzts’
" BHj G tefClRGnYsndiQdnzj wzBHW J ¢ s § B o2 dzO'H @ ld ‘dzls | i dz@dgls &3PMmd ,
silstc" B detezls d W | Olinds Bl dn.&s @ tz8z% IO tdzdzts ¢ g G W3 dzdid®O® 3| Grdedz s dzd dzts
Is o s tdaPls 19 @z Is dlo (dakt ‘tes z@h e JHE ©DOU OH &3 iy jHizzd O § Kzt o Hz' fls ¢
" SHJ G k@ rfOr)s o ddY dasO LHEE S tsedilfldr@  dzd € sEk@ i s dzmistcz 2 59 Odz
W ijteds] das@®@dzdisds L tctsB tigj dzig@&HLR 13].

1 st § fz0 dz0 e Spdediar d dz4 @ Gkpmasp. sH dzf d3sy dzdgffEMmtsB " o
f4te] o Sdf zOMised § “isdzs e’ judity Wdeds) By d del§ts) 24 t6j tetsB dz¥ Is d
f' desmEtf ptegiziso sBLis ediis'dts POD) dz"B8'" 57 ' g tsadr eds.ygj'fifsH j G e OH Oy
f 5 dzv &l difiztsdzd U del €00 o dzv ¥ dpts ) s Qelftstslid st * da¥ § s eis] WB ]
tetsL ¢ dzOHOeEZER dzf s BYf ts dzj jdzlsk{dz! Us' Cudfettsts ' ilzfisle s to] * dastaisOndgh d -

B' 5m " dff fusidfziCd3ts 3 zAsE lsodd ¢ ts to daids' OLdazRzz 2O § tc f dr@ e s B dzd yls o °
HtSB OREH Y j toj dzjstce * . o

[ dudfor€ o piatsh b eo@ dadehf 615§ § de@ fis GeEzis( 72 () 1is, 05 a1 6
OB s tc @ kz i '0dBTe S ts dzd M) gzte fp & K olsfjhdg | 2O LA@): s dzts ¢80 1§ B%):

f totsls R&HsAEJ az. 2@ Wolsff O H & tsf®@sddd yd g€’ 86 S H Iz alZ®dadd ' ‘LIs '

PSEH 256 [ d ud aeledifd H HCO0dZIs tosdizé & dsteH 2 o @dizdgts Is Q dgef y s dzd dzts 6 t5
osMOkE®B| ) eRRdE H £ » Gdzdgy 1o ts B BOLCHHHtzY o j Isi tg | T ls O dgts & tzg gtz
odydoB@izH MsEe®O@ di { ' L dzdkQéd L dzOy®@ tidffol3ts ¢ @dz0 dz'  Ised Quadzd -

Y da'L fylsEs z ®,01dkEY,0 d d3° to § © tzezts o YizHod@i@uE@ H dif tc ts Is W28 Hsdlg o

it j e PdgtiidsP8 sdg'f dcts o tsa d tfiztf s B 219 @dpddy @Iy j 18 v@zR@Izd Y d dz$ O R
Udmasp.] d ud @< ¢ d>p nastidedfO ¢ d3i efiste(d fits. frilts) B, dzdsatty Bz b te W d3ts d3lz

dzls © €zt 3y YO Mts &3,W o dzvv @rd @z B alaff@dsizgy td 'wQVdE'L B ' dz' h EZz1o\PQ@ihg tnos.

dH S i lssy d o WDidzBzy d3jdddlsy dodzSsOudk dizs a @uts te O ISFOMAfOIs j to v © tizlz

te

b
]
P yomt my j W¢d§md3' Y fsdetis O Ny fotzavd_od@aiisdgid " vQ dfias YO Is € s d n
56L OC Oos OB @ tod § € ) § to dyds Patdsb0qRO026( to d fiy. j 20) j oA 5O
MY sy d o Qiblztizy dalzd y d diflomats |y ' dz¢ o s@E@EE@ j dz' .

TARSBAFIE T,

oI rrFRFSo Fog
T[HS

CFOYOOF PO waF

W S w

s
C
N
s

Is
d

A

c
zZ
M
2

87



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

tdm. 1. [(Shhyeod iy Gdzdzy " f ° desMisdtetsdzlz  dzd yd dz¢ O3

(

90
80

70

60

50 mWC
4 PS
3

2

1

4 8 12 16 20 24 28

yOfm (Hd )

tdff. 2. 1t odgwdzdz" o HMBISCO oWCEOEJ 1 o5 @xPH) Is affss ifgtio ( .
My sy d o Odzdz¥ Uldathy d dzts €

| dud og& §YO5a O tc ykz oVOaLPHWw O o | tofh o wed frffiste 52 ™ ddifls Oteits L' © dIs € |z
( dzd yddzee oy € HOts te s fydifCAy ts W ‘Cdzj ¢ 5 H Hzaf Q d'dzdfigf (s to d3zdz Odizid yds ¢
L Bsdddp j e ols s foefsny jdiu d o § YOS Is to  d3RMCEBABRS,L O j t6h Iz o O dzd
e N2 Isls \pdddz H f 5o QLOME Is A7LN 1 H dzt Is OBl dis dy' . N ], y f G E,
G SH E 8 dg@ dfkfi dzlistis o Oxizf B)lst to ts fif decfor o LA drs dz® Q dfifis H 2 WB . dzd
[ Stesis ¢lso tste jdag'y d LS, Ote Yz o O tizg GRS, Is ©F WC, B k2 dzdH O'ls dz'
o d tcsB dzOIFdf i dz'ed@dBOIdz S 99 HC ZOWM Dy By totsls Wisdspglzw * y!
o d dziz ff dzt dzdp Y ddeHZO & 2 dets[ dzlz f ddedcfufivolz® § OsE s H 2 PO, dizfL 3ts ¢ dzd
LOSt" fubdfhHoOdf gd R OtcykzsPSofyw Mz szl dfy Isy s[> d o tdzf Gts 0 d dz
Bts 8z I ds d y d dalzd ¥ jHiEEYG sHzs s s dats B § Qaf o H OwitiskEdsfsts § ts dziu dzdz .
Zduyd dz§ g sC 0L €O B Ofd2 H tel Wi detis&zd B d @B HEZ S LD s towlzdizPS
¢ Oond dz § dzdrr 35 fiplis'd g * H Ylfs in, sdzd U d dEC gEAS H Iz ezt b IS,
f 56 dzd dsrydisto sl d B fizl 5 o dfjdis(s -H' desds'is @ d 3 d o Mdpds,d o BF wiso d -
dzd u q dats €/ Is|zgB 1y dg® o | t6 H " AsPrsabp. finn d di fdzS ) d 8 Sz Y j ydw ' C &
Ctsdzg § W ' ypPls tish dzts of dedy A ot@ldd\bts elzff tzp » Had m o IsC z[ 14, 15] .
tdL Edzols @ls dogds ih, PS¢ tefdd H Is totd ‘d3fidgsy d dasES Of j toj Istc O 9o dzj dac
ftotsC tso SRBERSHGE @B | L i drjdtisefizf " H s told B q d o Gzdzapd Hzlz ¢ D5 YO

88

Il stcOls ®)e O¢ d
o O O O

o



1 OkS-sp Bdz ydzq 2

Y-ROPBO dz

PSC s teddgo W o iz 9 dztizg 5 O dz'o dzizefdaizd  d o2& § ‘o 6 W daty dzd dz@ee M ls

tetsL o dzd | ¢ eizs € cltswist dz' dzdzv .

v OB d&zd yw

1 BOdzB ' sBOMd SO L HOLdtsMis' Hts L Qo jteh j dadzv Yldrzas * o ts@ t
5O ddyuddssS fted ' Lddr dfOR ROLyke Od
1 5YOS| [ OMp@® " df | &3 Jutsde Ofigs Qs L o
sdfOtykze Od &OMO,l IsjMmsk O (HdZ 9)

Be/ dzd y| 36/ dzd v (%) [ dud(f wdzj|r z{

1 ' §NC) 64 78 +23 50 8 153

] sdz' i EPPYs 5 dz 62 64,6 +4 39 85 | 124

l sz Ms d RIWIC) 62,2 76 +22 42 8 138

1 J GBHSo Odz 62,3 57 -8 16,4 T T

Il dWloma L OL 9 G OB L ‘o I5M&ws &) yPzsfdzfd y d gztz CWoma e tsH 2 9 O dzd
WC k1 tc d fidAdRR, o s displf 5 Y O A2, Of sIsPSHF sH Odedsd) € thplsd 20z1 dizp §Q dzts
L B dz'hhacffen C A jndstc ORSAAMD “ H dy 'delz dztPE. Is tc @ISO Mg e Lt O@Py*
s O dztsd , §Ua® daizd u d dz€t8 Is tc  BBa]O BR{' 63 % H dalzd y d dz€€ Is tc d 3PS © dzd
WC. 4 j tcj dpHas R s ¥ d oPOwlzdvts ) diasf y d diSndis 2 d2@ ' dzp dz® o d 2@ fisvdz©O
s O dztsM3q dgclz® j dz'dztzd y d ozt€ s H 2 gl S, * 0,56 d3clz® j dz'dztzd y d dzts €
w e EdsH Ez PR

[ 5H OIlsf 6o gzjLd@ryj L fhjosudfrdasy ¢ O PO o d Mzd o 2 Y Jimtse 6wweC'" o
n Otcylz o B .fig e ' Isdis 6Bz, dftds d3' W J ety § S to f RBYOUzezd dets ™ flstafld L o SH d Is
HtS B dz/ ™ Odda@5% o 'fHS Y Ols § B et .dzh BdstEizts { ts dzls O G| * BURts ®
PSWC dzd uy d dz© difditc d tcdlzOfilRd % Is @2 % o * H f 59 ' 16 dzte .HA QadE O dadls tc Ols Iz
9 0BG o " HBS YOIs Gt astiy’ls.j tc j jsdadzVics d3¢ dids) Qlef dztS IAs H 2 PO
f ¢ OLOsedd yd dezdizdH O lizdg's ts to ¥ dzvOds jd WY ds,Is ‘B dg,H Zhys[te ts ppidz W3S d3,
L Oo jthfge PH i Is " wdd-Jda u d dgOdiisftc d o Oxztf By & tc ts fiisdks81§8da dz' “ o
NeCdizdadH Olodf tctsB ggWlg & Is dladdgis i £ s dz'| dedes. Iz Is o dzdey fiztas &,
My 53 d PEOMIL] BOdedd " d&2d % d o Ot tyls o azdizted dzH BB 6 Sis dzV dzdp¥ |
G tSH E P dzd v o dj tsipts,dgdd o IS ! dz' tshH jdztelss ) wensvQ dzH O & ts WYfR2L H Ols dzd 2
LOBjJ LY joudtPPistHH z € Is fpladdy dfighte "Aoj.f sW Mmdzs ‘sl ¥ H s ¢ dzOH k&
BH) dzd aldsfg BIE .5 H W3fs HYf, d dztXj, € Mizded Y d digg H ts detsenulag mdz ) j to ] dzts d3
9' IsOdg 'dez®dy s &isdg’ € tots | dzjv B ihizly Zis@Mmoe s & @Y RO o dzj dzdzv .
v OC tf 3dzteuB d3ts YBjlz 1€ de O M g te jHAztsS dis difuslisftd’ i,z ¢ dzj bRSH dz'

[y L MOl @k jh 5] ¢ L Iad yd dzp & s dztBimdgtss’'dzdy j toj dzs 3
o' sOdy 'dez® 'y dgsitsdsz’ € tots | dzjv R 3tz sl IO o s dzdzn ISEBO o dzj dzdzw .
U OC o FAzBUWB B Bjz IBd dzf W j  Is dHoydpctetiHdzts dis dfustisftdli ®iz ¢ dzj oASH dz'
Il dmdes @ .Ofdzd - BEYdS 0 S H Y I dzdan S @G IKEEQH O®dz] L § j yd Isc
szt B judiz tsH dzts y Otigidzad BdzO HO datlzw &3$ § M f dzls j Is d daRdhs 30 M .
G tSH dp'j ftadis ifdz" Hp | Hatg)c E @ Qi pris ] tc Jda@ J tz] o ' HIOW dzts i ls
testcc Gdptadzf s § 5 dz' d3j tsdidEa @ 2D sl TOL OeAstsls j dzy' Odz
d3g Hals | O dz' 3 HOdgS Ot Eas © dzOH @' dddadedGifnis d § Sie ff @S o j 0 d H dzlz
J 4 Q&igeid O Adedndadisth Pz te s B) €  zts © thlsujda dztsifiziste | tcasEid
OcPrstc] o Miztch & f Azl ok SHAEH ' o .
L dzOB ts tc O liztstscmTHIE®o dzf dzdzg  d ofz& § Ulemasp.L H Olstigl o d odd@ d MW
et "ty QApIEREIU ts B dVdBdh Is te d o3PS Qisfirgj dzhislte o Oz Fyls W
' o Lddrdapts] dz& @Rl te d d3BoHO didize) dzdyTizd ¥ jHiERY G tsHzfs ts ts g dzts B d dzd
J 9 H Ouizts Edtfsts ¢ ts dziizifdive ' W L " dyth) Iz Isdd® diilsypfdasHRd o tdzff Hts i d dz
tc l3tizezd yd €Y sy d PR fied yd dBOI s tc SNMEL s ¢ OL KOz @diZj L o3,
dz' 3 gldrd] G d datff & C 9 Cots terzi®SL d3j dzh z a Q Grfd) 5 63.
l Yy dzstglz L k dz'HissOrjHlef] | dzdz'w Is o | to Hipsk sdds[ o L @ydst L f Jfips)Codelis'e s
tesL o daldifdin Ist &30 S H Y fa® M is d Cos oHAdtEH @3 & ¢ ts to d fryldz diadarw
B ' B5dzts Gt mydisd @Hiodzdyvic s § * izl Qiatsle dsth Hs.

] €
1

© = =g o

GEE T

J
4
d
s
s

CHSy

g
g
Is
S
c

[ jtcOktO

89



ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

1 ¢.{.v' stJo.AMOtedzOBBP.O,J L H' dz'uyddzd 7 ¢ H[Ads d d3' fiy PmYIS Jv d3d
i 0o tiz'o gatlzif sBdz Is 9" dHdgdSEOEZdd3d dzulizjuts ¢ IS R 66 WOEAZEEORL s d 2
z tc dgQldz Mgl § d3d dey zdgO ' sssdstiazz’ dasictdsh s desz0 Y B e s te OH M+ € 5
3/ 20 2 (. X5A8 ) .

2 ¢.] .4 dzsw.®,1" GHDdz,.z BOdHS .2 MOdZOWGSlo.Od e P Odz' LOu w
Cdzls | G tefgd Bzigldz’ Iststc QezizP B | L jj § Jsdials'GE judfty © o dag iz to
Scient |f|candtechn|caljournalg T e ¢ h n andexaiogicalS a f elB($/2023).

3 oL Otatsoun.O,tc dzO BGs dfOs H | dz¥ oaO dzdr@dels tc 5 § s & § dzdzddfCin b O dz

Hso € | @iz%- B BC Is di lgdediZ® R ts5 dztsidd §atife’ 2620." 1 ( 2e8.97,101.

4 A. Muthukumar,S. Veerappapillai,Biodegradatiorof plasticsi a brief review,Int. J. Pharm.
Sci.Rev.Res.,31(2015),pp. 204209

5 Zeenat,Elahi, A., Bukhari,D. A., Shamim,S., & Rehman,A., 2021. Plasticsdegradatiorby
microbesa sustainabl@pproachJ. King SaudUniv. Sci., 336.

6 S.Bahl,J.Dolma,fi Bi o d e g rofamlaaticsi @ state of the art r e v i Mated. Today:
Proc.,39(2021)pp.31344.

7 S.S.Ali, T.ElsamahyE.Koutra,fiDegradatiorof conventionaplasticwastesn the environment:
a review on current status of knowledge and future perspectivesof disposab Sci. Total
Environ.,771(2021)Article144719.

8 E.Huerd Lwanga,B.ThapaX.Yang, fiDecayof low-densitypolyethyleneby bacteriaextracted
from earthworm'gyuts: A potentialfor soil restoratio Sci. Total Environ.,624(2022)pp.753757.

9 A.SanluisVerdes,P.ColomeytVidal, F.RodriguezVentura,iWax worm salivaandthe enzymes
thereinarethe keyto polyethylenedegradatiorbyGalleriamellonelladNat. Commun.,131(2022).5568.

10 R.Wei,W.ZimmermannfiMicrobial enzymedor therecyclingof recalcitrantpetroleumbased
plastics:how far arewe, Microb. Biotechnol.,06(2019),pp.13081322.

11 D.Jeyakumar,J.Chirsteen,ASynergisticd blending on fungi mediated biodegradationof
pol ypropyl e necknol,183(2020yp.388% r .

12 H.Lu, D.J.Diaz, N.J.CzarneckiMachine learningaided engineeringof hydrolasesfor PET
depolymerizationNature,6047907(2022pp.662667.

13 V.Tournier, C.M.Topham,A.Gilles, An engineeredPET depolymerasdo break down and
recycleplasticbottlesNature,5807802(2020),pp.226

14 M.O. Mahgouh W. Lau, Observation®n the biology andlarval instarsdiscriminationof wax
moth AchroiagrisellaF. (Pyralidaeiepidoptera)J. Entomol.,12 (1) (2015),pp. 1-11.

15 N. Nukmal, Effect of styrofoamwastefeedson the growth, developmentand fecundity of
mealwormg Tenebriomolitor), OnlineJ. Biol. Sci.,18 (1) (2018),pp.24-28.

b
2

V. Sinyashchyk, OKharlamova,
V. Shmandiy, T Rigas, L.Bezdeneznych
Kremenchuk Mykhailo Ostrohradskyational University

ENVIRONMENTAL ASPECT S OF SUSTAINABLE DEVELOPMENT
IN THE PLASTIC WASTE MANAGEMENT SYSTEM

The propertie®f microorganisms from plastimontaminated areas were analyzed. Research results
have shown that the gut microbiome of larval species of the large wax moth uses plastic as a carbon
source, and the gut microbiome of the worm is able to survive on p@wgstyEnzymes that break down
polyethylene in the saliva of wax worms have also been identified, which is important for combating
plastic pollution.

Enzymatic biodegradation of plastics is carried out using traditional vdedlldiocatalysis or a
cell-freeapproach. It is shown that the use of wifge strains in combination with bioinformatic analysis
makes it possible to identify potential enzymes that effectively biodegrade plastics and contribute to
environmental safety.

The paper discusses the imparda of improving the efficiency of existing plastic biodegradation
processes, particularly the application of pretreatment to increase the receptivity of polyolefins. It is
shown that the development of enzymes can contribute to the general biodegrafigtiastics,
examples of successful construction of PET hydrolase using machine learning are given. The research
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results demonstrate the effectiveness of these strategies for the biodegradation of plastics and may be
useful for further development in tHigld.

The process of biodegradation of polystyrene (PS) was studied with the help of Uloma sp beetle
larvae, which actively feed on PS and secrete enzymes that decompose it into biomass and other
biochemical compounds. As a result of the experiment,uhéval rate and percentage of weight loss of
the PS were determined. It was established that the larvae of the beetle Uloma sp. can effectively degrade
PS, which is an important aspect in reducing waste volume and ensuring an environmentally safe way of
recycling plastic.

Key words: Environmental aspects, sustainable development, handling of plastic waste, ensuring
ecological safety, plastic, microorganisms, biodegradation, enzymes.
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1 2 3 4 5 6 7 8 9
0] 41,78500| 33,04000| 35,68100| 39,01300| 27,15100| 27,41700] 28,82400 | 25,01320
Mg 0,00000 | 0,00000 | 0,66500 | 1,56400 | 1,35200| 2,55100| 1,06100 | 0,00000
Al 13,03200{ 1,54000 | 0,70400 | 9,98700 | 8,78800 | 2,62800 | 3,38000 | 0,62340
Si 15,79000| 4,12600 | 7,15800 | 12,68700| 7,54200 | 1,48100 | 3,56900 | 3,04660
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P 0,00000 | 0,00000 | 2,70200 | 0,58200 | 2,84100 | 6,02000 1,43400 0,05780
S 0,42100 | 0,76300 | 2,10000 | 1,70800 | 0,95600 | 1,85200 1,14100 0,89420
Cl 0,00000 | 2,20600 | 0,00000 | 2,38300 | 3,45100 | 5,21100 5,24700 | 15,88420
K 0,00000 | 1,32600 | 1,72600 | 9,23900 | 1,97800 | 51,02700| 24,99900 | 1281280
Ca 25,27100| 42,14800| 25,41200| 20,19900| 19,25400| 1,44000 | 26,67500 | 34,09900
Ti 0,98000 | 10,75200| 19,01000| 0,64200 | 36,47200| 0,00032 | 1,07900 | 1,19300
Cr 0,12300 | 0,53000 | 0,76200 | 0,00000 | 8,78800 | 0,00000| 0,00046 | 0,37180
Mn 0,00045 | 0,05900 | 0,05500 | 0,99200 | 0,95600 | 0,00022 0,05600 0,21900
Fe 0,99700 | 2,72700 | 0,05600 | 0,79700 | 0,38500 | 0,24600 1,77900 | 4,78920
Ni 0,00076 | 0,00037 | 0,22100 | 0,00000 | 1,90100 | 0,00037 0,00046 1,69450
Cu 0,00030 | 0,08800 | 0,00038 | 0,00015 | 0,46800 | 0,00011 | 0,05400 | 0,14000
Zn 0,10900 | 0,12700 | 0,00000 | 0,12100 | 0,00018 | 0,00020 | 0,34400 | 0,60840
Ga 0,00036 | 0,00000 | 0,00000 | 0,00000 | 0,00041 | 0,00000| 0,00000 | 0,00000
Br 0,00010 | 0,41600 | 0,00000 | 0,00044 | 0,00005 | 0,00031 0,07000 0,21280
Rb 0,00023 | 0,00000 | 0,00000 | 0,00000 | 0,00009 | 0,00042 0,00057 0,00000
Sr 0,00067 | 0,00013 | 0,00000 | 0,00010 | 0,00028 | 0,00024 | 0,00013 0,06090
Zr 0,00012 | 0,00000 | 0,00000 | 0,00000 | 0,00002 | 0,00000 0,00019 0,00000
Mo 0,00000 | 0,00063 | 0,00000 | 0,00000 | 0,00018 | 0,00000| 0,00043 | 0,00000
Sh 0,00000 | 0,08100 | 0,00000 | 0,00000 | 0,00009 | 0,00000| 0,00000 0,00000
Pd 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00006 | 0,00016 | 0,00014 | 0,00000
| 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00038 | 0,00023 0,00000 0,00000
Re 0,00091 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 0,00000 0,00000
Ir 0,00045 | 0,00000 | 0,00000 | 0,00000 | 0,000 | 0,00000 0,00000 0,00000
Ru 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000| 0,00000 | 0,00000
Sn 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000| 0,00000 | 0,00000
Nb 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000| 0,00000 | 0,00008
Ag 0,00000 | 0,00000 | 0,00®M0 | 0,00000 | 0,00000| 0,00000| 0,00000 | 0,00008
Cd 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 0,00000 0,00004
Pb 0,06500 | 0,00000 | 0,00000 | 0,00018 | 0,00000 | 0,00000 0,00000 0,01640
v OB dzd yw
Il fMls 2 &5 ydedn jdzj Bjdzls' @ (90yCdm RjkOd o)
ldH f0O0dzde O
L6 ml S | £ % .i:
S, 229|838 s
Jozj d3d & HEzB wmm wmm - no SW | fo BW Bz € -2
eL s & 28 Y | %Y | g g
CC CC ﬂ EE
1 2 3 4 5 6 7 8 9
®) 30,11700| 28,91100| 29,66500| 26,86500| 30,67700| 30,25000| 35,76200 | 3032100
Mg 0,00000 | 0,00000| 0,00000| 0,61700 | 0,00000 | 0,00000 | 0,00000 0,08814
Al 2,02500 | 1,61300 | 1,49900 | 1,60600 | 1,64500 | 1,64500| 1,88400 1,70243
Si 2,79100 | 2,75300 | 3,09600 | 2,59000 | 4,23400 | 3,16100| 13,53100 | 4,59371
P 0,00000 | 0,00000| 0,00000| 0,52000 | 0,00000 | 0,44200 0,78700 0,24986
S 0,42700 | 0,48600 | 0,21200| 0,22000| 0,18300 | 0,20900 | 0,11800 0,26500
Cl 0,00000 | 0,00000| 0,00000| 1,08900| 0,00000 | 0,00000 | 0,00000 0,15557
K 16,49200| 18,65200| 13,80100| 28,38100| 13,15800| 14,68500{ 13,29900 | 16,92400
Ca 33,96400| 35,20800| 36,53800| 35,82500| 33,18200| 37,89100| 20,04300 | 33,23586
Ti 3,12800 | 0,74500| 0,66900 | 0,18000 | 1,32300 | 0,42500 | 1,40100 1,12443
Cr 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,06800 | 0,00000 | 0,00000 0,00971
Mn 5,58800 | 2,68800 | 3,12300 | 0,22400 | 4,89200 | 7,44400 | 1,64300 3,65743
Fe 4,64400 | 8,01000 | 10,92100f 1,48000 | 9,80900 | 3,32500 | 10,97700 | 7,02371
Ni 0,00047 | 0,05400| 0,00029 | 0,00005| 0,00027 | 0,00000 | 0,00000 0,00787
Cu 0,10500 | 0,08100| 0,00049 | 0,00019 | 0,05200 | 0,05300 | 0,00032 0,04171
Zn 0,35700 | 0,56900| 0,17600 | 0,15200 | 0,63200 | 0,374® 0,20100 0,35157
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Ga 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00007 0,00001

Br 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 0,00000

Rb 0,00049 | 0,00030| 0,00037 | 0,00013 | 0,00029 | 0,00000 | 0,00028 0,00026

Sr 0,12300 | 0,10200| 0,10100| 0,19600 | 0,08900 | 0,09700 | 0,08000 0,11257

Zr 0,00041 | 0,00000| 0,00000 | 0,00007 | 0,00000 | 0,00000| 0,05300 0,00764

Mo 0,00038 | 0,00000| 0,00000 | 0,00000 | 0,00000| 0,00000| 0,00000 0,00005

Sh 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 | 0,00000 0,00000 0,00000

Pd 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 0,00000

| 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 0,00000

Re 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 0,00000

Ir 0,00000 | 0,00000| 0,00000 | 0,00000 | 0,00000 | 0,00000| 0,00000 0,00000

Ru 0,06500 | 0,00031 | 0,00000 | 0,00000 | 0,00000 | 0,00000| 0,00000 0,00933

Sn 0,00000 | 0,06900 | 0,00048 | 0,00000 | 0,00000 | 0,00000| 0,00000 0,00993

Nb 0,00000 | 0,00000| 0,00000| 0,00000| 0,00000 | 0,00000| 0,00000 0,00000

Ag 0,00000 | 0,00000 | 0,00000| 0,00012 | 0,00000 | 0,00000| 0,00000 0,00002

Cd 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 0,00000

Pb 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00000 | 0,00000| 0,00038 0,00005
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V. Chupa, Ya. Adamenko
Ivano-Frankivsk National
Technical University of Oil and Gas

STUDY OF ASH LEVEL AND CONTENT OF CHEMIC AL ELEMENTS
IN ASH OF DIFFERENT TYPES OF HOUSEHOLD SOLID WASTE AND
SOLID FUEL PELLETS

The article deals with the current issue of solid household waste management and focuses on the
fact that the most effective method of reducing the amount of wastetigdstanent. Attention is paid to
such important parameteduring the incineration of solid household waste as the ash content and the
content of chemical elements in the ash, in particular heavy metals.

Recently, the problem of waste is becoming more mode relevant due to the increase in the
amount of waste and the negative impact on the environment. One of the ways to reduce the amount of
waste is to convert it into fuel. Solid household waste and solid fuel pellets are a source of energy, but
they can also contain heavy metals that can be harmful to human health and the environment.

A studyof the ash contenh various waste typeandwood solid fuel pellets made from different
types of wood was conducted. During the field trip to the landfill dldmdusehold waste E8V) in the
village of Rybnethe samples werdgakenfor further researchThe ash level of the waste mixture was
analyzed which corresporetito the morphological composition of the landfill of solid household waste
in the village of Ripne, and a further analysis of the ash for the content of heavy metals was carried out.
Also, the contents ofishand chemical elementi the mixture of wood solid fuel pellermade from
different types of wooevere analyzed

The level of ash content fatifferent types of waste (plastic, bieaste, rubber, paper, textiles,
wood, etc.) and different types of solid fuel wood pellets (oak, beech, pine, etc.) was studied.\Wagraph
developed to compare the calorie content of different types of waste det$ peltheir ash content.
Microsoft Excel software was used to simplify the calculatibime study involved thactual calorific
values obtained during laboratory research with the help of IKA C1 calorimeter, the ash content obtained
by the method of ashg samples in a muffle furnace with subsequent weighing of samples, and the
investigationof the chemical composition of samples on the EXPERT 3L precision analyzer with a
constant supply of helium in collimator channels.

Key words: solid household wast&iermal dispaal, caloric content, ash content, heavy metals
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MftsydoOsls! dzOH Istcjlsddzz odHtsBkIstseGs o Mo ' Is' f Ood
(e 9 HBBKGOYO' Is! Mw o HtsedatsL On dzO dzOMlskzf dzj Hj Mwl
L3 dgt " Is: mw o LOdzjydesls' o' H oadiBtodMmMistokzoOdesets  C

1 OtcOL 'vSUgOd dzd o dStstcdmistsoalzs Is! dzOMmiskzy dz@ j dzj to ¢ tsdz
53%; { tcd toisAHldze,?2 OB [6.Is

1" H yofm My Odz 9 Odedz? Iso jteHBEt fOdzdo O o OlsdiisMmW jt
' eydMmlsd?2 Odzge' HiedHd, ¢ OLEEEHR" fdsf ' fdis s HSE M H LOA EstdsArd
COodz? y' ¢, O LOCBY &BIJh'wE O tOH' sOCIsdedz j dzj d&3j dzls d

[ dzi SlstesMisOdzy' v Y slskydzg Mlss 100 [ 1ls, hs ftoOys*
Ols s MW j ez § tod B dzq L dAs zmsqu.dzgaguso/&)odzs@ OnQ Iy dofip. f S j NeG
L j dgdz’ 9 02 dg s0O¢ ° ddzi CstesmMlsOdzy " Bs Y § Elso st
ftedBdzdL dzs 80 s 903¢dr djlsOdz o, oCdzs yoOr¥ ydq oidh' wg
sjfdzso O jdzj SltesMisOdaly 80Q vf s M azOMisy cslsW @ A3
ijS9o 90dzjdalsdzlz Is* 2, wWCE d&Bsyj odH' dzdisd L O OdzOdztse ' yd

HGC to LA S 9 Oy dzd o " fMis: sflsdd3' L Oy* °
& dz' Mls' oftctso OHY j dedg? o ' H dats
' ﬁJuJ-dztitz.@dzﬁ]ls@ﬁj;ztsﬁ’ts?telsdeq){aE
odd3 HYJtoj dzslz Odzilthsdelsq
U.d B Isj stesdzse ' ydz' Z dfi3ts ¢
Odzdz Misdz" uded & f Oczj dzj 2,
BiBIsO.

K H Odz f'  HE Jfr]dz
Iskztcd Mls d ydzts difzO Cifg »& Is@sCids
fMtsdzw ydz'  Odzj dz' , Hdzw

g tsdzv ydz© § Odzj dz'

" @EEORB] st 9, )
90t s Mvw Htd odCts
A tekdsk' Is! mqw
o tsdzv ydz' f Odzj dz' i to 1 L Odz" ffutetzfsdzy d jf dzjdde G § tc jds ©
jtog " © . [ dzv Yy sEts o tedMmlstsoze Is qw Wislstsjdzj CIsted

J ' 0dzd, L HOIsdz G;dzcitelzamsq d dzj Clsted ydzd 2 Mistclz c

Oxr
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d $Isdodz MiIs! tsBtslsd Msdzv YWozdon LGoddz ydziptRm Isdsts yoj ' HL dgf3jdiss je

so¢dr wW¢ s OHC, n 30tedz Mmis | Sj i3 j OIskztcO® tso ' IsteW Is

lted OdzOdz' L ° o dtetsB dzj dzdzv Mtsdgw ydets®™  j dzj to o dzO :
‘i 9 lstolz.

dz Is ! ftsdzv yo
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Is

sj &Y j OO O BfOHd, O OCEY hodH
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1 OC-by Bdz' yded 2 PHROBOAz

1 dYyd d&Oo jHjdes IsOBddyr L MjtejHdy s Isj B jtcOlskzts
fs 2022 tws¢d. [ Odzg' slsted B3Oz MbB j 6] indsd@dzy § O te Y s SICE
MsOdzy' v (3. (Ccted BUd) 1O o9adSitsdzOdzd?2 BOLBOd2 MISOIsdMmIs

v OB dzdyw 1

djtejHd Isjd3fjtcOskzZ®2 Y setS@®Y Es2@0fl&dr sOf Ols

fd dzj MissC s59AH3] MisOday*

[ "' Mw12015|2016(2017]2018(2019|2020 |2021]|2022
M yd & -0 -3.4 -5.7 -1.0 -3.3 +0.2 +0.2 -0.3
dz¢ Isd 2 0 +3.8 -0.6 -3.4 +1.5 +2.5 +2.5 +2.1
BJjfiojlL +4.1 +4.8 +6.6 -0.7 +5.6 +4.6 +4.6 +3.8
Co ' Isj +8.5 +10.8 +8.8 +13.9 +9.8 +8.8 +8.8 +7.4
stc@o j| +13.9 +14.1 +13.7 +16.5 +13.7 +11.7 +11.7 +14.9
yJjteo j| +17.7 +19.1 +18.5 +18.5 +20.9 +18.6 +18.6 +19.1
dzd f 4 df +20.2 +20.0 +19.2 +19.7 +19.1 +19.1 +19.1 +20.1
mj of j| +210 +18.6 +20,0 +20.2 +20.1 +15.3 +15.3 +20.0
9 J tede'fn +16.0 +16.3 +14 +15.1 +14.8 +15.3 +15.3 +12.7
Ny tsolsj +7.5 +6.7 +9.7 +9.7 +9.7 +11 +11 +10.2
dzd mists| +50 +1.2 +3.4 +2.3 +5.9 +4.0 +4.0 +1.2
GtolzH Jj +2.5 -0.3 +1.9 -1.0 +1.8 +0.9 +0.9 -0.1

cS BOYddts, of daHLjdddy O IsH WL tssMisOdzdzy Mmj tej Hdz & Is,
L Coydzdd3s dzOMlszy ded s te ¢ 5 3. { Hd2OC Bkzdzd odfOHC,
B Mwyws, dOftedS zOH, o d&¢lstsdikz-02 BIAT, tcB Bz di®] B j4tc @ldd
&z’ y k &OBEBRBEBESCLEZ.

1 20y dz' Csdzd o Odzdzy  Isj B j tcOlskztcd By ks off dzd 9 Olsd
odtetsB dzd ylsoe ts mtsdzy yozts’ Jddzj 6" . vl B JtcOskztcO fso
ddzj Slstetsj dzj e ' smMe " &z ¢d Isj f dzts W OC Is sdzjsz, W2
L tets ) ls O dzdz’ s i3 j tOIskzted f Odzj dz' dzOctc' 9 O Is4 Mw fls
L dgj dgh j dedz? o dtotsBdzgdylso O jdzj Clstetsj dgj tec ' .

] " HsBteOLddts L d3" dzgd Mjtej Hdz 5~ d3 Mwydes™ Isj d3tf jJ tcOIs

25

20

—o—H 1 MPp
—#—H 1 MC
15
HAMT
10 HAMY
—¥—H N Md
—@®—H THN
5
HMTHM
HNOHH
O,
-5
tdm. 1 [ ddzOd3" €O Lwgetszd Unjj dgtf) jH te®XP 262" tefgdC R 0 1 5

v y' dzs sk OdzOdz'" L. H' OO HO' LBsek LiseBdisd o
sj BB j cOlskzted o' Istew. 10 HOddd3d dz' IsjtcOlskztedzd~ HY
smis ©dzdz 40 ttsC' o " H2AHG JdzOfgY (e defL dets WLOdz+C *° Mls
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ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

ddzj SIstetsy dzj tec ' &ZO 1 tedC Otclf Olsis” BZH] LttsMisOld L O
' Hodh jdedgw Isj 3 J eOlsbkzted [ 7, 8] .
r dzw s OH " 9 mMftsmMisjte' O Is+ Mmw L otstetsls dgw Is § dzH § dzy
L e hiz* sy mMw dzj o' adesdy’ tedz' Mis! tesL f sH" dzk o Mmjtej Hddz
v OB d&zd yw 2
djtojHdw C°dz €' -BB22tsERPBIOS, 2015

[ Mw[2015][2016[2017]2018[2019[2020[2021[2022
' uj d 306 27.2 9 36.6 36.3 135 | 39.403 | 246
@ sd 2 217 23.1 24.5 45.8 14.6 59.7 42.1 115
BjjL 508 36.7 46.0 52.7 21.8 50.5 68.7 0
Co Isj 381 69.0 31.7 20.0 25.9 12.7 40.4 0
ktcOo j| 80.9 98.6 71.9 43.6 2353 | 1245 | 92.2 17.7
uj o j 616 98.2 76.4 140.1 | 54.1 2374 94.6 78.9
&dfjd 373 59.8 83.3 95.2 90.1 21.9 1530 50.6
Mmitef j 8.4 37.7 510 29.2 16.6 114 54.1 63.8
o jtcjfl 494 34.2 1742 | 43.2 47.1 114 27.1 180.7
ysolsj 350 125.9 | 52.4 22.7 330 89.3 11.4 19.3
ZdmE 359 55.2 435 37.3 20.8 1 17.1 0
GlzHj 82 23.3 49.5 71.8 33.5 24 92.8 0

1 O¢ Odzts a3, 9" HL dzZOyo0O' Is! Mw L dz2OydzO L 3" dzO ¢ dz' Ctsmls’
tesL tcOrnkdzC sd3g, dO2B' dz' "R0Q2 ztcGCHE' B Rz@MPWWIOW 1 C Aty HO dX
80.9 BB, O dO2®jdhO ¢'d ¢ fMls! ©IOH' & k& M yd 20:
tesCd MjtejHdw ¢ dz €' Mls! SHFOH" @8 LO B Mwy' ME zZOHO'

1 Z2O0ydz' SCtsdzdo Odedzy €' dz' S sMis’® s OH' adzadifs ) tz®Gdzj dajf 2dzc

sdesBdzdylsots Mdw ydes® jdzjtec' . v o2 sjtwOkztededn HY.
"Mdalz® L Odzj Yy dg' Mis? e dusBddyle O jdj Clstetsjdzjtec’ ° o' H
T kO dy My, e’ ydes BRds B ' o digfdaal dizdzy | oty lsidiChs, A
sdesBddylsots jdzj Cltetsj dzgj g’ ' Bsyj Ldzdy ko Okdmw, O f

stedls' 2 YCOL ded €, weddmLoMmis2Odza " listelts Oddd @8 dz. 3 ) .
f OtcOd3j Iste o f dzdo O dzO ¢ tc Ha0OfnEA HdR ¢ - dRBty dets frplst dzd dzkz Isd  daC
tOH"  Oy" ', wWCO fskteOf dzv' dO0 MmMisdw ydz'  Odzj dz' .
v OB d&zd yvw 3
djtojHdw hodHC MBO022 " tiicOE,32015

[ MwY2015[2016[2017]2018]2019]2020]/2021]2022
' ujd 30 2.3 2.6 25 2.6 2.3 2.1 4.0
azs s 2 1.9 3.1 3.0 2.1 3.3 3 3.1 3.1
BjjL 24 2.8 2.9 2.2 35 2.4 2.6 2.7
Co Isj 38 2.9 3.2 2.8 3.3 2.6 2.7 2.8
k0o j| 26 2.2 2.0 2.3 2.8 3.3 3.0 2.6
WJj teo j| 2.2 2.2 2.6 2.2 2.2 2.4 2.3 2.3
&dfjd 20 2.6 2.0 25 2.3 1.6 2.0 2.6
Mty j 1.8 2.2 2.1 1.7 1.8 1.6 1.6 1.7
o jtcjfi 24 2.0 2.2 2.2 2.3 1.6 25 2.2
ysolsj 2.6 3.2 3.0 2.2 15 1.6 2.2 2.0
Zdmisg 2.9 2.3 2.1 2.2 3.0 17.5 1.9 1.7
GllzHj 22 35 3.0 2.6 2.4 3.1 2.6 2.1

djtejHd LdOyj dedzw CsdzdoO¢ls: MW o'W 1,5 HE 4 df
MjtejHdw hodHC' Mik! o' stk Mfsmlsjt' ¢OOMY ded fndzyd2 0 2
6tsClk (1, 6t5df/ i)} tcj)jHOBOdB Oc Olststs' YydzO h o dHC ' fMls! o' ktok
23 &/ M), d&O eodmsl' odd ke Oddw?. uvOC' L dOyYj ddw
jdzj ChtesmlsOdzy' 2 2 odkOcOsls! B dh HjlkOd ddiLHBNdE
o' Hdgso dzs 9 Odgd R HY jtojdz jdzjtee' = bk bktdhsdyudsdz fjcl
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1 OC-by Bdz' yded 2 PHROBOAz

lesOdzOdz' L2 dis ftsCOLdzedSd odtetss dzj dedgv Mtsdew ydats’
f slsizy dz' Miss 3 ¢lls, WCO BkzdzO oMmMlsOdsodzj dzO L O GcteOd
fsE@JCd tosBtslsd HtsMskzfd® o tddzO2d ttiyxdd (lsOBdz. 4)
v OB d&Zzdyw 4

1 sd3 Mwydej odttsBded ylsots Mmtsdew-@iAs2 1§ A  Isltcldsly alag He G[* 5 ]
t T N fr]W u.l J fr_]'l s
01 02| 03] 04| 05 06 07 08 09 | 10 11 12
2015| dz/ |da/ |dz/ | dz/ | da/ | dz/ H da/ § da/ 37.8959.19 30.48/31.78| 159.35
2016|30.7| 38 |64.8/109.1] 125.3| 114.0| 126.0/120.21100.4| 38.58| 25.49|19.24 911.76
2017 |27.4|147.2|67.5/105.1) 111.8/119.57| 122.9|127.51 85.84| 66.33| 13.07|11.98 906.27
2018 26.9|34.3|75.1/128.0 126.1| 95.03 | 106.4|126.32 103.7/81.20| 17.22| 9.42| 929.54
2019 13.1/49.1/83.8/98.69| 88.84|117.83| 121.9|127.43 104.7/ 78.19| 20.08|22.89 926.65
2020 35.4|41.9/89.9/138.1] 97.17| 94.00| 112.7|136.19 110.5/43.49| 23.40| 9.74| 932.47
2021 16.9/46.5/76.9/96.28 108.2|105.20] 117.4|114.65 97.08| 98.58| 28.12|/10.32 916.27
2022|31.9/38.6| 108|84.78] 133.3/127.89| 117.4|102.78 58.82| 71.08| 18.20| 1.60| 894.16

] HeBLOLdHBE jLid Osd2E osdcd"H' H' OCEOBd dzO

Annual Comparison: SN: 1930004008 1from 2015to 2022
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t diy BOWo' (St tsB dzj dzdz? M@ ydets™ j dzj 66

1 OcOdz' dzgj to' ydzj odtetsBdzd ylso s ¢ Misdew y dzis Iséd g fiph | cCdetdts ts
BOC Md BOdz detse ts L dz@®@Bj2dzddw7 ks H2D. 2 0O JtdstS § .

1 5B Mwydy L dzOyjdedzy 9Ot 56! W L Odzjydes o' H f tste
Cod3f dzj Sk iBjlsj Stesdse’ Yyddn § OLO®R|ste’ o . QOQ®B] dgf! td e
LOW' " CgGo Olztlz , IstcOodz SO yjtodz , hts i3ty J f swWwidss oC
B Mwy' . v LdBsed? fit' SH L dOyjddz L dzdy zis® mw,
L dgj dgh j dedz" &5 Istcd o Odzsfyls® Hdgw [ 15] .

vOCtsy sy dzO L OL dzQ wq Is d, dzONp dzdO2 ez tesB dzd ylso © Mts
M smisjtc' O Is! Mw o dzdmissy OH' SO Gctlkzndz , s o' v
me ' sdzGO o y° d3 mMwy' .

I ste’ oadgv " s Yy LdzgOyj dedz?y L sCOLd2dC OB f sEtsH(J
Csdzd sBlEEMYGdEzISS odtsBdzd ylse © MmMisdzy Ydets-6 sy ,dzj Mg =g 4 d
5j B j eOlsktcO® f so-d4dMar @& sh2didAfldzeEkE@OLM & Ajd ' w. s
& MWy MsOdseddzO® 30 KB SO 102 BB o' HY s ' Hdzs.
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ISSN241531841 S sdztsg ' ydzO B jL j SO IsO LBOdZOdMBse Odzj toj

v 2020 twBY"' , ¢ ©das P& d 30! Gfises ods " H o dtctsB da
MjtejHdw Isj B jtcOlsktce, (bts o ek M of A2, T PO b ' v &
s'd €' Mls! BEOH'e k y' & Mwy' MsOdseddkd 28 &dE O

l oS0 | HigEhse O R&EusCdzy y 'y tojd3i dp jtlff j O ktess o' IStw,
C' dzr ¢ My BYOH' o, MjtjHdy 55 hodHC fisé o stz KO 1
LO & MW yw dR0 242" 90" 105! BEts o dELORE’ &s fjtjHd o fw
OOk SO sy i dzjadR)( SLO®

v OB dzd yw 5.
djtojHd LdzOyJdedgv Hdzv C Sy desets ff Otc O BR2DEAB  Ligls CF Y dz

#J ] HC H J jteH dzw d J Jted daw -
[ hwy'| ) gEoOlsl S d S'{ hodue: .“dislt‘a“gﬁvém‘s‘jzg
AC of O g o bsto dg/| o B LEBYM.
@ W 4z 116 2761 581 25,73
[ & 5q 2 1.75 31.62 2.69 42.66
1l jtejL jdg 4.39 44.57 2.60 82.35
So  Isj dg 9.60 32.20 3.02 98.60
G0 | dg 13.69 109.66 2.60 108.16
v 6o | d 18.56 102.53 205 103.63
[ 1 J dz 19.62 73.98 216 111.49
aj 6l d 18.66 58.32 1.81 97.87
1)t M d 15.34 83.72 204 82.07
(5o lsj da 9.16 48.78 234 58.66
[ {MEs] OH 3.61 27.48 2.48 27.40
[ GCkh] & 0.91 32.69 272 11.50

[ dzv s sousy ' dedse] o L O destp Qoo ke sE , Mt Hde
SfOH ' 8, MjtjHd Y% L"OEAE " dgfsds ood dsusldzdly® o 53 fts dgv y d
CELEOREo Odzd SCjW' gjded’ Stebj &gy v y' -1 }H to ffls,dzOH i
sL dZOY0' Mmdde dz dzj cOsdodz Cwtejdvy' ¥, 1 L &OYO
o' HMklsdz Mis! Cowjdvy'

[ls)j, LoLEONGoO0dO S jdvy' W &' 3§ mMjtjHd B Isjd
0808 ¥ MjtjHdy 8 €' dzr €' fls® &HOAG Koy s, Bjskazysssy " g g
o' ok kO Mmd¥ QBEsY j dgj e’ *

1 BltdBOddr ©juLtkEs GOE 150 WsyaaPhdss § d

Hwhdk' Mdd dz0 L dlsdodz® Ctejdvy' v & 3 MjtjHd

fsdv ydes' jdagjtec' ', Odzj ' d €d wHts fjodets’ Stedlsdyc
LB ' d@ h jdedz" o5 Isj k5§ j ©Olkted o' 9w suthw 5 dak® dzides ¢
fMsd ydets® jdaj e . [HdZOC ' fdv HEsMWEdy dede? y' st

YdtejL LB dzhjdedgw ffistecl Wiistsjdzj d3j dzls’ © o dzOMmdz’ HisC
)| MkOBCO dzj cOlsdodzO Ststojdvwy' v & x yisp s dptsezy yg

Jodzgjtee® . mByoO sfOHd s Mds fso6WLOd "L ~dOtds Mis
dzj BOsls: ofdzdolz dzO odtetsBdzdylsot jdzj Cltetsj dzgj tec’ = Mt

)| Yok ttdd dagj cOdodz® Cwtejdvy' v & ¥ MjtejHdy &
Medw ydets' jdajted’ ', hts &syj Mo ' Hudld fts Isj, 6

M smlsjtc' ¢OIsdMm! L d3j dz" j dedz" o dtetsB dzj des’ ftsdgw ydes' | da.
hodHC" Mis: o' stelz dBtsyJ fHtedLreosHdlsd HEt f c@Bish jsdeddH df
"H' 2RO o sy Chtw Myds yYpBecklsw f dzdo Ot Is! dzO J W j ¢

] EZORboOddz" 3 jLbd O’ & Cftejdvy 2dscts OdkOd
so ' kteW RO dO@2B' dzr hd2 of dzde, dsdsHe d WEs HAGPUEHRSSE
“Istclkz ¢ dzj L d2Oydeddz. vty fHtetseo jHJ @S toj ctej i @ dedz? Odz
dzj Slstetsj dagj 66"~ Msdew yded 5 § Odzej dzv &3 (e fy. 3) .

ANzdzS y' sdzOdz? dz0 L Odzj ¥y dz' fls! BEd&ZO oflsOdase dzj dz® L ¢
| eCurve 2D. 1ttsctcOBO odSttedMmlssolz’ ts mdzts o dz' Cto
O CoOHKOIL" 89 oAz (LOdJhC o), MmMbizf d MmMotsBErE
jd&z, MsOdHOldO (oBddd O, SGHY UYL, tedgh &zOj s ] tods' de
f' dz MmeseEsFSMBIL O (Ctedlsjte’ 2 A" N jt.O) .
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1 OC-by Bdz' yded 2 PHROBOAz

1 Odzj 3 dz Mls! obHEGEEOY | dPzEiss Y o) dvg MHsS "' d ¢ d
st dfkzw @dZO, " Mdzz s yd dzO0 s dz' “deh dr Bty dzde d R G H j dzj
MsOlsdMmisd ydetse s OdzOdz' L 2, o C dzt yOs yd Ctedlsjte’ 2 A" h jtcC

1 2Oy dzdzv S iW y' t dZsO Hiljtd dOy' sy’ dz¢ & Odzq
esLfsH' &z SO IsOBdZdyYy! LdOyjd SiW'  y' "dls"ea. stdls
o ' B Hdzs HEts MISOdZH Otclsdedm IsOBEZJY* . | IBlJjLO (dz2OW o
L dzgOyj dedzv, L dzO2Hjdzj © IkOBddYy® (Fstatt), BEdt B' d
hts ' Hiso jtleHddzsMw, wWChits Fstattd <d&'sfmlsjn O ve zzRO SEREEH
Edissod, Mt t' ojde L dOykzh smls' Bk Hted2dzwisd?2 dzO0O tc' o

y=a+bx+cx2+dx3+exd+fix0+gxB+hxT +ix8+jxO+kx10

#=0.924 DF Adj r?=0.878 FitStdErr=1.84 Fstat=23.219
a=1854.77 b=-225222 ¢=1150.71 d=-32562 e=56.79 f=-6.415
g=0.478 h=-0.023 i=0.000716 j=-1.256 k=958
257 T 25
20 20
=
<
=L
=15 15
[0
2
w
104 10
5.1 (N T . ! ! ! 11 15
0 5 10 15 20 25
Air temperature, 0 C
t df-) tBOW Gdzj ¥ detsfplyd BOdzdzy j dzj Clstetsj dzj g~ Wislstsjdzj Cls

sj &f j ©Okzted {§isdel dg@Y H &z ds.

l dmdes g 66d Z3OdzO0 W 2 dz€ y' ts5,02C0z talO ndB disjOylsd difpfls ' teHi @' te j M "
Btsy dzd 0 * Mis ' Is fj ity oS distxL ddathp BClsAfdz () & dzv YiddejS Is tc ts By Is @ dgylZC A j Is dzts ¢
dz0 M j dzj dats &3k j Hiftda daCtdierf I s H O dig S Listel§rn 20 Olsd HBY' dzX dz' fyls! b
Msdw ydzdr J 02 CicBME@®dzfilsdodz Mis! O sSCEfd My, Lttt
HYdtejd jdjtee' ' SO LBjtejJdedey dzOo Ctsdzdh dz' sets My to H

dtsdgy ydz©@ jdzjtecd jlsdC O BsedkzO B yYyoOmlsStsoats odte" hdlisd
SOt Olsf! Cs@Blz tj ' Bdidshils B®dedizd o t56° H HsO dridafpdets sdzj J dzj € ISt
 dstse OR dzj Mls OB ' dz' dztsce ts jdzj Clstetsf sfyls ©y O dzdz” , o' HEC d
LOBJjLYfjuykzoOdzd B BJLjtejB 2daj Jdzj Slstesy tsfls ©yOdadz" .

vOCdd3 yddesdz, ' H YyoOfm § zOdzzo Odzdz tcsVIEOF ke @ dz@'%s C
fsCOLddCd MjteiHde B Isj B jtcOlskzted ftso  Istew HdzW fflsd
Msdgy ydzd =  Odzj dzj 2 . ) slsted 30dzd = HOdzdr BsSY O L ets
pdtotse fzfsdets Ydets' jdzj e’ = Cstej dzv ¢ @Ol teido dif tg edzdivtay | ) j G
+21/d . 1 " v et §fOdzjdz fjtejcte 90t MW * ' e jd¢ o

[ " s5j 6OIskzteO
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I. Smyk, L.Arkhypova
Ivano-Frankivsk National
Technical University of Oil and Gas

ANALYSIS OF INFLUEN CE OF METEOROLOGICAL CONDITIONS ON THE
EFFICIENCY OF SOLAR PANELS IN IVANO -FRANKIV SK REGION

Thearticleis devoted to anayngthe influence of meteorological conditions on the efficiency of
solar panels in Ivanrankivsk region. The issue of using sofmnels as one of the key sources of
alternative energy and the importance of evaluating their effectiveness depending on meteorological
conditionswereconsidered.

The relationship between various meteorological parameters, such as average air te@anperatur
average precipitation, and average wind speed, and the production of solar eleatrieityvestigated.
Using the Pearson method, the correlation coefficients between the specified parameters and solar energy
production were determined. As a restifie correlation values were obtained, on the basis of which
conclusions were drawn regarding the influence of various factors on the efficiency of solar panels.

It is emphasized that when planning the location of small solar power plants, it is impotédet to
into account the average air temperature, since there is a strong positive correlation between it and the
production of solar electricity. It is noted that the optimal temperature for the efficient operation of solar
panels is +21AC.
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The article alsgorovides recommendations on taking into accahetaverage wind speed and
average precipitation when planning the location of solar power plants, in particular for the tourism
industry in lvaneFrankivsk region.

The obtained results can be useful for dexelopment of new technologies and strategies for the
use of solar energy in different climatic conditions.

Keywords: solar panels, efficiency, meteorological conditions, alternative energy, research,
statistical analysis, technology, uninterrupted ofi@masystem improvement.
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S. Kschda, Kh. Stasevich, T. Kachala
Ivano-Frankivsk National
Technical University of Oil and Gas

MONITORING THE SERVI CES OF ECO-ESTATES IN THE CARPATIAN REGION
AND WAYS TO INCREASE TOURISM ECOLOGIZATION

Strengthening the role of tourism for both the econasmnid sociecultural development of many
countriesin the world as well as the aggravation of the problems inherent in its organization and
developmentmake the scientists look for theays and mechanisms for newdecologically significant
directions of is implementation.

The need to study safe ways to increase the level of attractiveness of tourism entities in the
Carpathian region iselevant in connection with the growing demand for domestic tourism, which is
associated with the COVHR9 pandemic anche war. At the request of the State Tourism Development
Agency, Google provided information on the top tourist objects, places and destinations in Ukraine by the
number of GoogkMaps&Search searches for 2020.

Tourism is one of the sectors of the globabreamy that has beemmost affected by travel
restrictions, and the aviation industmgs beerparticularly hard hit. Ukrainian tourists, having a much
smaller list of options for recreation than in previous yetasd tochoose local resorts. Since the
situation with quarantine restrictioischangng every day, there is a need for shdigtance travel.

Taking into account the environmental problemsirgigiuring the activity of accommodation
facilities, there was a need for comprehensive assessmdm situation and determination of the main
types of theirecologizationbased on the example of the estdteshe Carpathian region. Since the
process of tourisracologizationis a rather complex and lostgrm task, great importance was attached to
the amlysis of the organization and implementation of éelogizationof accommodation facilities in
foreign countries, to the study of the bpsictices

Key words: ecologization environmental safety, balanced nature management, recreational
landscape, taism.
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Kh. Chekh, SKachala
Ivano-Frankivsk National
Technical University of Oil and Gas

3D DESIGN OF ECOTOURISM PRODUCT USING INFORMATION TECHNOLOGIES

The article investigateshe creation of an ecological brand for the village of Sloboda, which is
located in Kolomyia district, Ivan&rankivsk region. The creation of a complete and unique image of the
fiNew Sloboda Villagewill take place in four successive stagiesmation of a recreation area, design of
the glamping towriGlam Camping, the PolishUkrainian operair museum complex of the oil industry
fiGalician Cradle of the Oil Industbyand the restration of the sanatorium tourism based on reserves of
the high-quality mineral water and ozokerite. The most important stage is the design of the glamping
fiGlam Campingin a remote part of the village with an area of 1.28 hectares. Glamping fits perrféeztl
the concept of ecological tourism, as it is a modified form of campingvith the conditions of a-Star
hotel. Thepromotion means argocial networks, namely Instagram, Facebook, Viber, Telegram. For this
purposespecial advertising layoutsave been createdvhich will be distributed through social networks
and in travel agencies, at the local level and later on the foreign tourist market. The cost of glamping
campingis UAH 1,820,2501In case the occupancy is 75%, it will pay off in 2 yearsydhths, and 2
days, and if the occupancy is 50%, then in 4 years, 1 month, and 28 Hayiavestment project of the
glampingcampingis economically profitable, the payback period is significantly shorter than the service
life of the active part of thenain production assets, and also shorter than the actually achieved payback
period of capital investments in this industry. Therefore, investing funds in the village of Sloboda and in
particular infiGlam Campingis beneficialand quickly profitable.

Keywords: ecotourism, ecological brand, information technologies, brand identity, 3D design,
infrastructure.
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V. Sabadukha,OMandryk,
M. Stakh

Ivano-Frankivsk National Technical
University of Oil and Gas

PHILOSOPHICAL AND METHODOLOGICAL BASES OF OVERCOMING
THE GLOBAL ENVIRONME NTAL CRISIS OR THE F OUNDATIONS
OF ESCHATOLOGICAL ME THODOLOGY

Philosophical and methodological principles of solving the global environmental crisis are
considered in the article. The need to unite éfforts of ecoloqists and philosophers to overcome it was
proved. The philosophical causes of the global crisis were found to be the materialistic world outlook
orientation and the spiritual imperfection of man which creates destructive phenomenkfénotfhean,
society and in the relationship between man and nature. Taking into account the destructive nature of
human activity, a more accurate name for the global ecological crisis was proposed
fant hropnbbbalcalat ast r o wdtastphic Mewnds requoras impravind theemoral
qgualities of a person and changing the determination of their life activities. The authors have formulated
the main provisions of the eschatoloadical methodoloay, which consists of three componentsitilaé spir
improvement of a person, the development of a personal society and the harmonization of relations
between man and nature. The authors proposed using the metaphysical theory of a personality as the basis
of human activity, society and human relatiovith nature. This made it possible to explain the causes of
the anthropoloagicadilobal catastrophe both at the level of human and social existence as well as human
relations with nature. The future of the human community is possible only in case of daené&mal
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reduction of human destructiveness. It has been proved that teleological determination plays an important
role in overcoming catastrophic trends. In the conditions of globalization, the humanity must realize
themselves as a transcendental subggcthe activity, impose a taboo on the arowth of material
production and consider it a kind of a spiritual one and introduce determination of the future.

Key words: ecoloay, alobal ecoloaical crisis, destructiveness, metaphysical theory of personality,
esdhatological methodology, determination of the future, teleology.
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