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COMPUTATIONAL PROCEDURES
FOR THEMATIC PROCESSING OF SPACE IMAGERY FOR
AGRICULTURAL RESOURCES MONITORING (PART 2)

Abstract. The universal fast algorithm of cluster analysis is considered. The
proposed algorithm is a grid type, it uses the point density parameter in the grid cell
and the ratio between neighborhoods to unite of neighboring dense cells into
clusters.

The algorithm sequentially calculates for each point the number of the cell to which it
belongs, then generates groups of points for each non-empty cell. Then it sequentially
unites cells into clusters, starting the process of fusion of the densest cells.

The next cell is included in some cluster if at least one cell neighbor already belongs
to the cluster. If the neighbors of the cell do not belong to any formed cluster, then
the cell forms a new cluster. If the neighbors of the cell belong to several existing
clusters, the respective clusters are merged into a new cluster.

Combining cells into clusters uniquely determines the distribution of multiple points
between the clusters. The user must specify a grid step parameter and a minimum
grid cell density for which the cluster joining process is not performed. Low-density
cells are considered noise.

© A.V. Kuzmin, L.D. Grekov, N.M. Kuzmina, O.A. Petrov, O.M. Medvedenko, 2020

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



The algorithm does not require a preliminary task of the number of clusters and
information about the nature of the distribution of points in the input set.

The proposed algorithm can be used to process large arrays of point data of large
spatial resolution. The most promising area of application of the algorithm is the
analysis of multispectral satellite images of medium and high resolution in the fields
of the analysis of the state of agricultural resources, forest resources and various
natural landscapes. The result of clustering the space image data can also be used
to create a classifier's training set.

Keywords: clustering algorithm; satellite space images; grid; cell; point density;
neighborhood ratio; agrarian resources; natural landscapes; forest resources

A.B. Kysbmin?, JI.JI. Tpexos?, H.M. Kysbmina®, O.A. llerpos?, 0.M. Meagenenko”
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OBUYHUCJIIOBAJIBHI TPOLEIYPU TEMATUYHOI OBPOBKHU

KOCMIYHHUX 3HIMKIB B IHTEPECAX MOHITOPUHI'Y ATPAPHUX

PECYPCIB (UACTHHA 2)

Anomayin. Pozenadaemvbcs yHiGepcanrbHuil WeUOKUL ANOPpUMM  KIACMEPHO20
amanizy. 3anponoHo8aHull  anOpumM  BIOHOCUMbBCA 00  CIMKOB020 MUNY,
BUKOPUCTNOBYE Napamemp WITbHOCMI MOYOK 8 KOMIpyi cimku i 6i0OHOWEHHS
cyciocmea 0nst 00'€OHanHst CYCIOHIX WINbHUX KOMIPDOK 6 Kiacmepu. Ancopumm
ROCNIO0BHO 0OUUCTIOE OISl KONCHOT MOYKU HOMEP KOMIPKU, Kl BOHA HANEIHCUMD,
nomim QOpMye epynu moyoK OJisi KOHCHOI HenopodICHboI Komipku. Jlani nociiooeHo
00°€0Hy€e KOMIpKU 6 Kiacmepu, NOYUHAIOYU Npoyec 00 €OHAHHA 3 HAUOLIb
WinbHUXx Komipok. Yepeosa KoOMIpKa 8KII0UAEMbCA 8 OesKUlL Kiacmep, AKUo xoua 6
O0UH CyciO0 KOMIDKU 6Jice Hanexcums Kiacmepy. AKujo cyciou KOMIpKU He
Hanexcams HCOOHOMY YMBOPEHOMY Kidcmepy, MO KOMIDKA YMBOPIE HOBULL
Kaacmep. Y eunaoxy Koiu cyciou KOMIPKU HALENHCAMb 3PA3Y OEKiIbKOM ICHYIOUUM
Kaacmepam, 8iOnosioHi Kiacmepu 06 €OHYIOMbCs Y HOBULL Kiacmep.

006’ €0HanHs KOMIPOK 8 Klacmepu OOHO3HAYHO BUSHAYAE PO3NOOLL NO KIACMepax
MHOJICUHU MOYOoK. [lna pobomu aneopummy Kopucmyeauy mpeba 3adasamu
napamemp KpokKy CimKu ma MIHIMANbHY WITbHICMb KOMIPOK cimKu, ONisl SIKUX
npoyec NPUEOHAHHA 00 Kiacmepis ne 30iticHioembcs. KoMipku 3 Manow wilbHicmio
66A24CAIOMBCS ULYMOM.

Aneopumm ne umazae nonepeoHbo20 3a80anHs KilbKOCmI Kiacmepis i ingpopmayii
npo xapaxkmep po3nooiny Mmook 8XiOHOi MHONCUHU.

3anpononosanuii aneopumm modice BUKOPUCTIOBYBAMUC Ol 0OPOOKU BETUKUX
Macugie MouKO8UX OAHUX 6eauxoi npocmoposoi posmiprocmi. Haubinvw
NepCNeKMUGHUM — HANPAMKOM  3ACMOCY8AHHS  ANeOpumMmy €  aHali3
MYTbMUCNEKMPATILHUX CYNYMHUKOBUX 3HIMKI6 CepeOHbol ma 8UcoKoi po3nooinbuol
30amHOCmi 8 IHmepecax auauizy CMmamy azpopecypcie, JiCO8UX pecypcié ma
PDIBHOMAHIMHUX NPUPOOHUX JaHOwagmis. Pesyromam knacmepusayii O0anux
KOCMIUHO20 3HIMKY MOXMCe MAKONMC BUKOPUCMOBY8AMUCL Ol  CMBOPEHHs
HAB4aIbHOT MHOJNCUHU Klacupixamopa.

Kniouogi cnosa: ancopumm kiacmepusayii; CynymHukosi KOCMiuHi 3HIMKU; CIMKA;
KOMIpKQ;, WinbHicmb MOY0K; 6IOHOUIEHHS CYCIOCMEa; azpapHi pecypcu; npupooHi
aaunowagmu; 1icosi pecypcu
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Beryn

[Mpoueaypu kiacrepusallii BiTHOCATBCS JO HAWOULIBII BaXJIMBUX 3aBllaHb
iHTenekTyansHoro anamnizy (Data Mining), siKi HOpUIyCKarOTb pO3OUTTA JESIKOi
MHOHHHU TOUYKOBHUX €JIEMEHTIB Ha YMOBHO HENEPECIUHI MiAMHOXXUHHI — KJIACTEPH —
Ha OCHOBI BIIACTHBOCTI OJHOPIAHOCTI 1 CXOXKOCTI iX XapaKTepUCTHK.

Crin 3a3Ha4YuTH, IO B MPAKTUYHUX 3a/adyax KiacTepusalii KiIacTepu 4acTo
[IOTAHO PO3IINAIOTBCS, MaloTh CKiIanHy (opMmy, a obmacti ix 3HaueHb
MEPETUHAIOTECS, M0 pPOOWUTH 3aCTOCYBaHHA 0ararbOX BIJJOMHX aJITOPUTMIB
Hee()eKTUBHUM.

Oco6nMBO BaXIMBOIO C(EpOI0 3aCTOCYBaHHS METOAIB KiacTepusamii €
CETMEHTAIlisl MyJTbTUCTIIEKTPAIBHAX CYITyTHUKOBUX 300pakeHsb [1, 2], 30kpema st
aHaji3y cTaHy arpapHux pecypciB. Cepen NpHUKIaIHUX 3a7ad aHaNi3y arpapHUX
pecypciB, sIKi BAKOPUCTOBYIOTh METO/IU KJIACTEPHOTO aHai3y, MOJKHA BUIITUTH:

o KoOHTpOJIb 32 BUKOPHCTAHHSM ciibrocmiemens. [loain Ha kigacTepu: mods, o
o0poONArOThCH, 1 Ti, MO HE BHUKOPUCTOBYIOTHCS JUIS  BUPOIIYBaHHS
CUTBCBKOTOCIIOIAPCHKUX KYJIBTYD;

o KonTponb 3a mepebirom mociBHOi Ta »xHUB. [lomin Ha KiacTepu: mos, e
MPOLIEC MOCIBY a00 30UpaHHs BXKE BiIOYBCs a00 111 HE ITOYaBCS;

o [loain moniB Ha KJacTepy O3UMHX Ta SIPUX KYJIBTYD;

e [loain mosiB 03UMUX KyJITYp Ha 3¢pPHOBI Ta TEXHIYHI.

V Takux NPUKIAIHUX 3a/a4ax JaHi XapaKTepH3yIOThC:

e penukuM obcarom — 10°— 107 06’ekTiB;

® BHCOKOIO TMPOCTOPOBOIO PO3MIPHICTIO JaHUX 1 PI3HOPIAHICTIO iX
XapaKTepHCTHK;

® BIJICYTHICTIO anpiopHOi iH(pOpMaIii Tpo KiIbKICTh KIacTepiB i IMOBIpHICHI iX
XapaKTepPUCTHUKHY,

® HASBHICTIO IIyMY i BUKUIB Y BXiIHUX JTaHUX.

Bce 1e mnpu3BOAUTH JI0 AKTyaJlbHOCTI PO3POOKHM €(PEKTUBHUX METOJIB
KJIACTEPHOTO aHANI3y JUISl BUPILICHHS NPUKJIAHUX 3aBIaHb TAKOTO THITY.

[MpuiiHATHUIT aNrOpUTM KJIACTEPHOTO aHalily /s 3aJad CerMeHTallii
CYITyTHUKOBHX 300pakeHb MOBUHEH BiJNIOBIIATH TaKUM BHUMOTaM [3]:

HH3bKa 00YMCIIOBAIbHA CKIALHICTH;

MOKJIMBICTD BUIISATH KJIACTEPH Pi3HOI CTPYKTYPH;
BU/IIJICHHS 3a3/1aJI€Ti[b HEBIJOMOI'0 YHCIa KJIACTEPIB;
MOKJIMBICTH OOPOOIISATH AaHi IPU HASBHOCTI IIyMY;

® TIPOCTOTA HACTPOIOBAHHS ITAPAMETPIB AITOPUTMY .

VY naniii poOOTi PO3rIAgAETHCS AITOPUTM KJlacTepu3allii CITKOBOTO THILY, SIKUH
BUKOPHCTOBY€E XapaKTEPUCTUKU IIUIBHOCTI KOMIPOK CITKH 1 TMPHHIMUI CYCIJICTBa
KOMIPOK 3 BHCOKOIO INIJIBHICTIO. AJIFTOPUTM HE BHMAarae 1mo4aTkOBOTO 3aJlaBaHHS
BUXIJTHOT'O YHCJIa KJacTepiB i BUKOPUCTOBYE B CBOil poOOTI /1Ba MOB'SA3aHUX MiX
co0010 mapaMeTpH, sIKi BUOMpae KOpUCTyBau:

. h - makxcumansro JIOIyCTUMUN KPOK CITKH, SIKUH BH3HAYa€ MacHiTad
KJIACTEPIB, 110 IMiUISTAI0Th BUALUICHHIO;
° MO — IIIJIBHICTh KOMIPOK, 110 BiZICIKAIOTHCS.

MCTO,I[, OITMCaHUH HWIKYC, MOXHA YMOBHO HAa3BaTH MCTOAOM 06'€,I[HaHH$I
cycimHix komipok, abo Method of Uniting Neighboring Cells — MUNC (eng.)
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Hexait B N -BUMipHOMY €BKJIiIOBOMY MpOCTOpPI 3a/JaHa CKiHUEHHA MHOXHHA

BEKTOPIB Q:{Y(I) = %1% 20X 1 =L N, X ma = {mex x; i 1=1n},
o ’ LN
=N "

MHOXMHA  TOYOK Q HAJIEKUTD N -BuMipHOMY  mapanenemnineay
Im= [Xmin,l’ Xmax,l] X ---[Xmin,n ) Xmax,n] :

MoGynoBa ciTku

3amaeMo mapaMeTp JUCKPETH3allii CITKU h i oGuncmmmo kinbkicts pO30UTTIB

rapaJesnernimnena I1s HAaIPAMKY KOXXHOI KOOPAUHATH:
Xmax, j—Xmin,j

m; =| ———~ +1, j=1,n, ne [ ] - wima wacTuma wucna. Taxum

YMHOM, 3arajbHa KiIBKICTh KOMIPOK, SIKi TOKPHBAIOTH ITapalieNerime]] 11,
n
OpiBHIOE ] = .
Aop M =]]m;
j=1
YTouHUMO KpPOK CITKH o KOXKHIH KOOpJIWHATI
hj :(xmaxlj_xmin,j)/mj, j=1n.
KoxHa KoMipka CITKM XapaKTepU3yeTbCS CBOIM IJIOYMCEIBHUM BEKTOPHUM

inexcom posmiprocti N, R ={( n,n ,...rn), 1<r <m, I =1,n}. Muoxuna
BEKTOPHHX 1HACKCIB KOMIPOK CITKU R B3a€MHO-0/IHO3HAYHO BiJOOPaKY€ETHCSA Ha
MHOXXUHY HaTypaJIbHUX YHCEI: ReZ= {1,2,...|V| }

Po3noain Toyok muoxkunn () mo komipkax

[MoCIiTOBHO IS KOKHOT Touky MEHOKuHU ) 06uncIoeMo OaraToBUMIpHUH iHAEKC
KOMIpKH, sSIKiif BOHA HaJIS)KUTh:

_ XX
RO _Jpi—| ) "minj +1’j:]_’n Vi=1N, a TAKOXK i

J hj

. o i
oJHOBUMipHHMIi 06pa3 Z M
B pesymbrari Takoro oOuuciieHHS (OPMYETbCS JIBOBHUMIPHHHA CIIHCOK

Qz =<<Z(i),i>,i =1, |\|>, SIKHH BCTaHOBIIIOE TPHHAJIECKHICTh KOXHOI TOUYKH

muokuan €2 onmiii 3 KOMipok ciTku. O4YeBHIHO, 10 3HAYHA KUTBKICTh KOMIPOK
CITKM TP IBOMY 3aJUIIAThCS IMOPOXKHIMH, a KUIBKICTh HEMOPOXKHIX KOMipOK

BHU3HAYA€THCSI MHO>KHMHOIO. ZF :{Z(il),z(iz),,__z(im)}, o€ KOXHUU €JIEMEHT

BpPaxOBY€ETHCA JIUIIC OAWH pas,

Z. ‘ — KUTBKICTh €JIEMEHTIB Ii€] MHOKUHH. 3a3BHUait

‘ZF‘<<M-
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Hani crmcok (), COPTyeMO MO KIOMY NEPLIOTO eleMeHTa 1 (opMyeMo
IPYNYyIOYNi CIIUCOK HACTYIIHOI CTPYKTYPH:

QZG =<Z(i),Q(i), N(i),,u(i),i :l‘ZFD, e Q(i) — MHOXXMHa HOMEPIiB TOYOK,

SIKi HaJIeXKaTh KOMIpITi 3 1HIEKCOM Z () . N O MHOYKHHA CYCIJIIB KOMIpKH Z @ ,

M

M — minbHiCTh KOMipKH (KiJIbKiCTh TOYOK, 110 HaJIeKaTh KOMIpIIi).

).

i
Cruncok Qze COPTY€EMO 3a 3MEHIIIEHHSM KITI04Ya ,u(

Q.. :<Z<si)’Q(si>,N(si)’ﬂ(so,i ZI\ZFD'H@ 1) > g 5)

O0’enHaHHs KOMIPOK B KJIacTepu

O06'eqHaHHS KOMIPOK B KJIaCT€PH OJHO3HAYHO BH3HAYAE KIIACTEPU3AIII0 MHOKUHH
touok . Tomy H0CTAaTHBEO 06’ €IHATH B KIACTEPH OJHOBUMIPHI iHIEKCH KOMIpOK

S) : . S,
Z( ) | =1,‘ZF‘ BUKOPUCTOBYIOUHM BiJHOIIEHHS CYCiACTBa N( S

(Si).

IIUIBHOCTI L4
o . . . s
IHaexc HalOIIbLI MITBHOT KOMipKH Z ™) samocutes 70 TIEPIIOTO KIAcTepy
_ (sl)}
Ky =1z}
. . Z (Sz) .
OG6upaeMo HACTYNMHY KOMIPKY 3 iHIEKCOM , TIEPEBIpSIEMO BUKOHAHHS
s R . s
ymosn K; M N =®. I[Tpu BHKOHAHHI Li€1 YMOBH, KOMipKa yAS MOPOJIKYE
. S s
Hosuii knacrep K, = {Z( 2) }, y npotunexnomy Bunanky K, = K; U {Z( 2) },
s
10670 enement Z &) JIOTAETHCS JI0 KilacTepa Kl-
[Mpunycrumo, mo 3aiticieno M KpokiB, B pe3ynbTaTi SIKHX KOMIPKH 3 iHIEKCaMU
s Sm) - : .
Z(Sl),z( 2),...,2( n) BinHeceni 10 oaHoro 3 knacrepis K, K. "'Kr'

. . . S
BusHaueHO MOPSIIOK MPUHAJIEKHOCTI KOMIPKA 3 1HAEKCOM Z( 1) JIETKOMY
KJIacTepy.

O6uncnumo KinN (S"‘”), i :ﬂ Ta HepeBipuMo YMOBY
r
U(Ki ~ N Gna) ): ®
i=1
Ipyu BUKOHAHHI 1ie1 yMOBH KOMipKa 3 iHnekcom Z (Sn:1) YTBOPIOE HOBUH KJIacTep
K . = {Z (Sms1) }

r+l
Ipu nopymenyi uiei ymosu icaye iy <i, <...<|, — HOMEpH BiKE yTBOPEHHX

knactepis, as axux K, NN (na) 2 ®, j=1,1. B upomy Bumazxy ui kiacrepu
]

Z (Sm+1)

00’€IHYIOTbCA B OJIUH KJIacTep Ki 1 JONyd4aloTh KOMIpKYy 3 HOMEPOM
1
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S
TOOTO |<i1 = Kil U |<i2 U.. Y Kil U {Z( m+l)}, KJIaCTepI/I Kiz’ Ki3-“KiI , 110
yBifIUIN B Kil’ BUJIAISIIOTHCS, a Hymepalis ycix inumx I —1 +1 xnactepin
3CYBA€THCSL.
Ipouec 00’eaHaHHS KOMIPOK B KIACTEPU 3aKIHUYETHCS Ha KpPOLI m,, KOIHA

BUKOHYETHCS yMOBa y(mO) <M,. ToOTO KONMM WIUIBHICTH KOMIPOK, IO

3ATUIIAINCH, MA€ MIUTBHICTh MEHIITY 32 JIesKe TIOPOrOBE 3HAUCHHSL.

MHOXHHY KOMIpPOK 3 MaJOl0 IIUTBHICTIO TOYOK, SIKI HE BiTHECEHI /IO YKOIHOTO
KJIacTepa, MOXKHA 3aJTHIITUTH HEKJIACTEPU30BAHUMH, CIIPUUMAIOYH 1X SIK BUKHIH 200
IIyM.

Hpyruii BapiaHT 3aBepIIeHHS MPOLEAYPH KIacTepu3alii MOoXHa 3IIHCHUTH
MeTOoAOM Kiacudikaii (HaB4aHHS 3 BUNATEIEM), € B SKOCTI MHOXXHHHU HaBUYAHHS
BUKOPHUCTOBYIOThCS BXKE COPMOBaHI KJIACTEPH, HATIPUKIIAZ METOJAOM MiHIMAIBHOT
BiJICTaHi 200 METOJIOM HAHOIMKYUX CYCIIIB.

TecToBa nepeBipka npane31aTHOCTI AJITOPUTMY

TecTyBaHHS aNrOpUTMy NPOBOIWIOCH HAa IITYYHO 3TEHEPOBAHHX TOYKOBHX
MHOKHHaX y TBOBUMIPHOMY TPOCTODI.

Mmuoowcuna 1 wmictute 300 000 Touok, sKi MpeACTaBISIIOTH [/ HEIIHIHHO
PO3ALIEHNX KJIACTEPiB pi3HOT (hOpMH, PI3HOTO PO3MIpY Ta IITHFHOCTI. 3MOIeTThOBaHA
KJIaCTepHa CTPyKTypa Oyma mTy4dHO 3amrymiieHa MHOX#uHOIO 3 2000 TOYOK, sKi
MOKPUBAJIM YBECH MTPOCTIp, IO 3aiiMany kinactepH (puc. 1).

[ponenypa knacrepusamii MPOBOAWIACH Ui PI3HUX 3HAUCHb MapaMeTpiB
nanmamrysanss N i M- OuikyBaHi i HaliKpalli pe3y/IbTaTH OTPUMaHI JUIs 3HAYEHb

h<0.7 i 3<M, <10 (puc. 2). B pe3ynbrati Bukonauus npoueaypu 299 545 rouox
OyJu BiHECEHI JI0 KJIACTepiB.

Puc. 1 Puc. 2

Muooicuna 2 mictuts 100 000 To4oK, 00’ €JHAHUX Y 3 ITYYHO 3MOJEITHOBAHUX
KJIacTepy eNNTHYHOI (OpMH, SIKI MArOTh 30HM TEepeKpuTTs. KoxxHuil Kiactep
MPECTaBIIsIE COO0K0 MHOXKHMHY TOYOK Ha IUIOLIUHI JBOBUMIPHOTO po3noaity [ayca 3
PI3HUMH BEKTOpaMH CEPE/IHIX, IUCIIEPCii 1 HyIbOBOIO KoBapiari€to (puc. 3).
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BpaxoByrouu, 110 3MOJEIbOBaHI KJIACTEPH Majld 30HU IEPEKPHUTTS, OCOOJIMBO
3HAaYHY MDK JOPYTMM M TPETiM (CHHIM Ta 3€JI€HHM), aJTOPUTM O3BOJIUB YiTKO
BUIUTUTH si/Ipa KOXKHOTO KJIACTePa, sKi € HalOIbII IIIbHUMU YaCTHHAMHY KJIaCTEPiB.
Haiikpari pe3ynsTaty OTpUMaHi it 3HaueHb apamerpie h =~ 0.6 u M 0= 25. IIpn

IbOMY JI0 Ki1acTepiB Oy10 BigHeceHo 85% ycix TOYOK MHOXKHHH (pHC. 4).

Puc. 3 Puc. 4

CIIUCOK JIITEPATYPU

1. A.B. Kyssmin, JLJI. I'pexos, O.A. Iletpos, O.M. Menseaeuko (2017) O0uucaroBaibHi
MPOIETypH TeMaTHIHOI 0OpOOKH KOCMIYHHX 3HIMKIB B iHTepecax MOHITOPHHTY arpapHUX
pecypciB (dactuna 1). Exonoriuna Oe3neka ta npupomokopuctyBanus Ne 1-2(23), 70-78.
https://doi.org/10.32347/2411-4049.2017.1

2. Sarmah S., Bhattacharyya D.K. (2012) A grid-density based technique for finding clusters
in satellite image. Pattern Recognition Letters, V. 33, 589-604.

3. N.A. TlecrynoB, FO.H. CunsBckmii (2012) AnroputM KiIacTepu3alld B 3aaadax
CerMEHTAllU CIyTHUKOBBIX H300paxkeHHid. BecTHuk KemepoBckoro rocyaapcTBeHHOTO
yuuBepcureta Ned (52), 1. 2, 110-125.

Cmamms naditiuna 0o pedaxyii 17.10.2019 i npuvinaima 0o OpyKy niciisi peyeH3yeanHs
23.12.2019

REFERENCES

1. Kuzmin, A.V., Hrekov, L.D., Petrov, O.A., & Medvedenko, O.M. (2017). Obchysliuvalni
protsedury tematychnoi obrobky kosmichnykh znimkiv v interesakh monitorynhu ahrarnykh
resursiv (chastyna 1). Ekolohichna bezpeka ta pryrodokorystuvannia, 1-2(23), 70-78.
https://doi.org/10.32347/2411-4049.2017.1

2. Sarmah, S., & Bhattacharyya, D.K. (2012). A grid-density based technique for finding
clusters in satellite image. Pattern Recognition Letters, 33, 589-604.

3. Pestunov, I.A., & Sinjavskij, Ju.N. (2012). Algoritm klasterizacii v zadachah segmentacii
sputnikovyh izobrazhenij. Vestnik Kemerovskogo gosudarstvennogo universiteta, 4(52), t.2,
110-125.

The article was received 17.10.2019 and was accepted after revision 23.12.2019

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Ky3bmin Anarouriii Bosionumuposny

KaHauaaT (i3MKo-MaTeMaTHYHUX HayK, JOLEHT (aKyJbTeTy KOMII'IOTEpHHX HayK Ta
kibepHeTrkn KuiBChbKOTo HalioHansHOTO yHiBepcuTeTy imeHi Tapaca llleBuenka

Anpeca po6oua: Ykpaina, 01601, m. Kuis, Byn. Bononumupceka, 64/13

e-mail: kuzmin_a_b@ukr.net

ORCID 0000-0001-5439-6387

I'pexos Jleonin ImutpoBuy

JOKTOp TEXHIYHUX HAYK, CTApIINi HAyKOBHUH criBpoOiTHUK, nupekrop JHBII «IIpupona»
Anpeca podoua: 03680, Ykpaina, Kuis, mpocnext Akan. ['mymkosa, Oyz. 40, xoprmyc 4/1
ORCID 0000-0002-1604-7730

Ky3sbmina Haranis MuxkoJaiBHa

KaHauaaT Gi3MKo-MaTeMaTHYHUX HaYK, JOLEHT (akynbTeTy iHdopMmaTuku HarioHaasHoro
nenaroriuHoro yHisepcurety imeni M.I1. JIparomanosa

Anpeca po6oua: Ykpaina, 01601, m. Kuis, Byin. [Tuporosa, 9

e-mail: n.m.kuzmina@npu.edu.ua

ORCID 0000-0003-0136-1441

HerpoB Onekciii AHaToJIilioBHMY

kaHauaaT reorpadivaux Hayk, TOB «HBII «Arpopecypccuctemm»

Anpeca po6oua: Ykpaina, 01133, m. Kuis, npos. JIabopatopuuii, 1, od. 450
ORCID 0000-0001-9828-2007

Mengenenko Onena MukoJiaiBHa

nupektop TOB «HBII «ArpopecypccuctemMm

Anpeca po6oua: Ykpaina, 01133, m. Kuis, npos. JIabopatopuuii, 1, od. 450
ORCID 0000-0002-9178-9638

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



