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CHUHTE3 HEYITKOI'O PET'YJIATOPA TEMIIEPATYPU
ITACTEPHU3ALII MOJIOKA

YV cmammi eupiweno axmyanvhe naykoo-mexuiute 3a80aHHA 3HUICCHHS eHeP2OEMHOCII nacmepu3ayii Moioka 8 ana-
pami II0Y5 winsixom 0ocniodicens ma po3pooKu asmoMamu306aHoi cucmemu Kepyeans memMnepamypHum pelcumom nacme-
pusayii. [Iposedeno docniocenns ocobnusocmeil hyHkyionysanns anapama. 3a pe3yniomamamu 00CAIONCeHb UHAYEHO Na-
pamempu npoyecy Kepy8anHs,; 30iliCHeHO YOOCKOHANEHHA MAMeMamuyHoi MoOeni i aneopummy peynio8ants napamempie
nacmepusayii MO10Ka, CMeopeHo agmomMamu308any CUcmemy KepyeanHts memMnepamyporo nacmepusayii Monoxa 8 ycmanosyi
TIOY5. [Iposedeno cunmes newimkozo pe2yiamopa memnepamypu nacmepuszayii monoxa. Ilo6yoosana nogepxms 6i02yKy sminu
memnepamypu MoioKa 3aiedlcHo 6i0 UMpamu MoioKa Ha nacmepu3ayilo i memnepamypu 2apa4oi 600u menio0OMiHHUKA.

Kniouogi cnosa: neuimkuii pecyiamop, nacmepusayis MONOKA, A6MOMAMU306aHA CUCTEMA; MATMEMAMUYHA MOOETb.

Puc.: 5. Bion.: 9.

AKTYaJBHICTh TeMH JOCTIZKeHHs. Y TIPOIeci aHali3y MPUHIUIIB OOYIOBU aJalTHB-
HUX CHUCTEM aBTOMAaTU4HOTO ynpaiiHHs (CAY) BUSBIECHO TPYIHOII, III0 BHHUKAIOTH TIPU BH-
pillieHH] 3aBAaHb CUHTE3y Takux cucteM [1]. OmHi€ro 3 HUX € BUOIp METOJy HaJIaIlITyBaHHS
napaMeTpiB Kepyrounx IpucTpoiB. Bona Moxxe OyTH 31iliCHEHa 3a JJOTIOMOTOI0 HAassBHUX METO-
JiB TUTBKU B OKpeMUX BHIaakax. HasBHICT ONMOKY ineHTH}IKaIlli JMHAMIKH 00’ €KTa ympaB-
JIHHS Ta OIlIHKA 3MIHHMX CTaHy yCKJIaJHIOITh CTPyKTypy CAY. Kpim TOrO, moxubka ieHTH-
¢ikamii moripurye SKiCTh YIpPaBIiHHS, a B JESIKUX BUMAAKAX IMPHU3BOAUTH J0O HECTIHKOTO
pexumy podotu CAY. BupiieHHs BUIIEHABEACHUX TPYIHOIIIB MOXIIMBO [UISIXOM 3aCTOCYBaH-
HSIM arapara HeYiTKO1 JIOTIKH [T MOOyIOBH aJaliTHBHUX CUCTeM. BUKOpHCTaHHS armapara He-
YiTKOT JIOTIKH OB’ s13aHO 3 (hopMaJTi3aIli€ro HETOYHUX, PO3MUTHX Y CMUCIIOBOMY TIJIaH1 CY/IKEHb
1 y3aralbHEHUX KaTeropii, ki 3a/1al0Th KJIAacU(iKaIlilo BUXITHUX MOHATh HA PIBHI HEUITKHX
MHOXHH, 1110 Jy>K€ BKJIMBO MPHU yIPaBIiHHI 00’ €KTaMH, ONMUC SIKUX BijoMo HeTouHo. Lle mae
MOXITUBICTh CTBOPIOBATH aJAlITUBHI CHCTEMH 3 ONITUMAJILHIM KEPYBaHHSIM IS allpOKCHMAITi1
BUX1JIHOT 3MIHHO{ HEUITKOTO peryssropa [1, 2].

ITocranoBka npo6aemu. CyqacHe MOJIOYHE BUPOOHUIITBO — I1€ MacIITabHe BUPOOHULITBO,
SK€ Ma€ y CBOEMY CKJIaJi, y 0ararboX BHUIMAJKax, KUIbKa IECATKIB macrepu3aropi. [Ipu Tpamu-
[IAHUX CHCTEMaXx YIPaBIIIHHS 3 ISIEHTPATi30BaHUM KOHTPOJIEM OOCITyTOBYBaHHS TAKOi KiJTBKO-
CTi YCTaHOBOK MOTpiOEH BEJMKHUI IITAT olepaTuBHOTO nepcoHany. [Ipu kepyBaHHI macTepusa-
[IHHOIO0 YCTaHOBKOIO HEOOX1THO 13 33JaHOI0 TOYHICTIO MIATPUMYBATH TEMIEPATypy B CEKIIii
nacrepusaiii. [Ipore KOHTPOIIOBATH TUTBKU TEMIIEPATypy BUSBISETHCS HEMOCTATHRO, TOMY IO
Ha OUTBIIOCTI MiIIPUEMCTB MiJIrpiB ii/ie 3a JOMOMOTOI0 Mapy BiJl HaporeHepaTopiB, a BEIUYMHA
Horo TUCKy HE TOCTiliHa, 110 BHOCUTH JOAATKOBE 00ypeHHs. [0 TOro  iHEepIiHHICTh mpolecy
pi3HA 1S PI3HUX BUIIB MPOAYKTY (BEPIIKH, MOJIOKO Ta iH.), @ OT)KE, IMICIIS HAJIAIITYBaHHS CHC-
TEMH YIPaBIiHHS HA OUH MPOAYKT BUHUKHE MoTpeda B i nepeHanamryBanHi Ha iHmmi [1].

VY Takux yMOBaxX BUHHUKA€E MOTpeda B MOOYAOBI CUCTEMH YIIPaBIiHHSA YCTAaHOBKH JUIS Tac-
Tepu3aIlii MOJIOKa, 110 3a0e3IeUy€e BUTOTOBJICHHS KIHIIEBOTO MPOAYKTY 13 3aJJaHUMH SIKICHUMH
MOKAa3HUKAMU 32 PI3HUX YMOB peaibHOI poOOoTH.
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V 3B’513Ky 3 BUKJIQJICHUMU OCOOIMBOCTAMH IPOIIECY MAacTepu3aLlii MOJIOKa, TOCHI/PKeHHS CIIps-
MOBAHE Ha pO3pOOKY HOBHX METOIB MIATPUMKH 33JIJaHOTO 3HAYECHHS TEeMIIepaTypH MacTepu3allii 3
METOIO T1IBUIIIEHHS SIKOCTI MIMTHOTO MOJIOKA Ta € aKTyaJIbHOI HAyKOBO-TEXHIYHOIO 33/1a4elo.

AHaJIi3 ocTaHHIX 10caiKeHb i myOaikanii. Y po0ori [3] mpoBeneHo gocmikeHHs ede-
KTUBHOCTI METO/1iB YIIPABIiHHA CIIOKMBAHHSM TEIIOBOI €HEPrii, aBTOpaMy BU3HAYEHO, 110 Mif-
BUIIIEHHS SKOCTI TacTEepH3allii 3 BAKOPUCTAHHSAM TEIJIOOOMIHHHUX arapatiB MOKJIIUBE TIJIBKH 32
HAsBHOCTI MaTEMaTHYHUX MOJIeNIeH 00’ €KTIB KepyBaHHs. ABTOpaMu poOOTH 3a3HAYEHO, IO JJIS
TEMJI000OMIHHHUKIB, K1 HUHI IIMPOKO BUKOPUCTOBYIOTHCS B CUCTEMAX IMacTepu3allii MoJIoKa, 3a-
CTOCOBHA MOJIEJIb «BUTICHEHHS — BUTICHEHHS.

VY po6orti [4] 3a3Ha4eHO, 10 BIIPOBAKEHHS Cy4aCHUX 3aC001B aBTOMaTH3aIlli CIIpUSIE OT-
TUMI3allil BUTPAT Ha CIIOKUBAHY TEIJIOBY €HEPTil0, a TAKOXK BUTPAT HA €KCIUIyaTallil0 CUCTEM
TeriooOMiny. [logaya Teruia i HOro cokKMBaHHS — 1€ MICTKI i iH(OpMaTUBHI TapaMeTpH, 110
JIe)KaTh B OCHOBI TEIUIOTEXHIYHHUX 1 EKOHOMIYHUX PO3PAXYHKIB.

ABTOpamMu [5] BU3HaUEHO, 110 3 ypaxXyBaHHSIM peallbHUX YMOB pOOOTH, yci ICTOTHI (hak-
TOPH, 1110 BIUIMBAIOTH HA MPOLIEC TEIIIO0OMIHY, OAISAIOTHCSA HAa TaKi TPYIIU:

1. 30ypeHHs, sIKi MOJKHA BHMIPSITH, ajlé HEMOXKJIUBO ab0 HEMPHITYCTUMO CTaOLIi3yBaTH
(BUTpara JKUBJICHHS, 110 OE3MOCEPETHBO MOMAETHCS IO allapaTy; TeMIeparypa HaBKOJIHITHBOTO
cepeoBHINa TOoIo). s 1ociKyBaHOTO MPOIIECy TaKUMHU 30ypEeHHSIMH €: TeMIlepaTypa Tel-
JIOHOCIsI, @ TAKOXK TeMIIepaTypa Ta BUTpaTa MOTOKY MOJIOKA Ha BXOJIi B arapar.

2. 30ypeHHs1, sIKi HEMOXKIMBO a00 HEOIIBHO BUMIPIOBATH O€3MOCepeaHbo (MTaaiHHS aK-
TUBHOCTI KarajizaTropa, 3MiHa Koe(illi€HTIB TEIJIO- Ta Macomepenadi Tomo). Y poiii Takux y
TakoMy 00’€KTi MOKe BUCTYIIaTH HAKHUII, 1[0 YTBOPIOETHCS Ha MOBEPXHI TPyOOK BCEPEAMHI Te-
TI000MIHHHUKA, a TAKOXK TUCK TETUIOHOCISI B PEKYTIepaTopi.

Buainenns HeI0CTiIKeHMX YACTHH 3arajibHOI MPooJeMu. 3 METOIO i IBUILIEHHS SIKOCTI
nactepusailii MoJoKa JOLIIBbHO 0OMpaTH TUIbKH peryaboBaHi koopauHatu. Ilpu mobymosi 3a-
MKHEHUX CHCTEM PETyJIoBaHHS Tpeba oOpaTh TEXHOJIOTIYHI MapaMeTpH, 3MiHa SKUX CBIAYHUTH
PO MOPYIIICHHS MaTepialbHOTO a00 TETUIOBOrO OanaHcy B amapari. J{o HUX Hajexarb Temrie-
patypu tertoHociiB. [Ipu mooynosi CAP temmepaTtyporo mactepusaiiii Mojioka HEOOX1THO Bpa-
XOBYBaTH KEPYIOUl 3MiHHI — BXiJHI CUTHaIM 00’ €KTa yIpaBIiHHSA, 32 JTOMTOMOTOI0 KX MOXHa
BIUTMBATH Ha PEXXHUM poOoTH 00’ ekTa. TaknMU mapaMeTpaMu € BUTpaTa MOJIOKa Ha TacTepu3a-
1[I0 1 TeMIepaTypa rapsioi BOIU TEIIO0OMiHHUKA. BiOBIIHO 10 BUIIEBUKIAIEHOTO, MTOTPI-
O0HO MOOyAyBaTH MaTeMaTHYHY MOJEIb, sIKa JO3BOJMUTH JOCHIHKYBaTH MOXKIIMBOCTI 3aCTOCY-
BaHHS pEryJsITopa, 10 3a0e3MeunTh aBTOMAaTUYHE KEPyBaHHS TEMIIepaTyporo MacTepu3arii
BIZITIOBIJTHO /10 TEMIIEpaTypHOTo rpadika.

MeTta gocigaeHHsl MOJISATae B MOKPAIIEHH] SIKOCT1 yIPaBIIiHHS MPOLECOM MacTepu3arii
MOJIOKA IIISTXOM PO3POOKH CHHTE3Y HEUITKOTO PETYIATOpa TEMIIEpATypH IS peajizallii aaro-
puTMy (PYHKITIOHYBaHHSI KOHTYpPY IMacTepu3allii, ska BKIIOYAE PO3POOKY MOMET yIpaBIiHHS
00’€KTOM 1 CTPYKTYpH PETYIISITOPA IS IbOTO 00’ €KTA.

Buxiaan ocHoBHoro marepianay. Imitamiitna Monens ynpasiiHHSI 00’ ekToM, (hopmaizo-
BaHa y BUIVISI TIPABHUII, K1 MAIOTh OITHC:

- SIKILIO 3MEHIIINTH M0JIa4y TETNIOHOCIS B TEIUIOOOMIHHUK, TO/II TEMIIepaTypa nacTepHu3arii
(T%) Oyne 3MeHITYBaTHCS;

- KIIO 301TBIINTHU TOAAYY TETIOHOCIS B TEIIIOOOMIHHHK, TOM1 7. Oyae 3pOoCcTary.

PerynroBanHs mactepusaiii MOJIOKa peaizyeMo Ha 6a3i aropuTMy HEUiTKOTO yIpaBIIiHHS
Mampani. Ha migcraBi ekcriepuMeHTaIbHUX JaHHUX 1 eKCIIEPTHUX OI[IHOK OTPUMAHO TaKi JIIHT-
BICTHYHI 3MiHHI (TTapamMeTpH) 00’ €KTa yIpaBIiHHSA:

1. AGcomoTHe 3HaUeHHS Temneparypu 1.(f) By MOMEHT 4acy Z, sike XapaKTepHU3y€eThCs Ha-
OOpOM JHTBICTUYHUX 3MIHHUX: «BHCOKa», «HOPMaJlbHa», «HU3bKa»; (YHKIIT HaAJIEKHOCTI
W(T-) HEYITKUM MHOXHHAM «BHUCOKa», «HOPMAJIbHA», «HU3bKa», OMHUCYETHCS JIHIMHUMH PiB-
HSHHSIMH BURy y = kx + b:

() =Supiae, I T g (o ()3 M

.. Xn €X
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2. BigHocHa 3miHa temneparypu A7 3a 4ac fo (TakT aJrOpUTMY PO3paxyHKY) BH3Haua-
€ThCSI HAOOPOM JIIHTBICTUYHHUX 3MIHHUX: "301IbIIy€ETHCA", "3MEHIITY€E€ThCS "

[Ipouec daszudikarii mosnsrae y BCTAaHOBIEHH] BiIMTOBIAHOCTI MikK 3HAYCHHSMH, 110 BUMi-
prototees 1.(t), ATx(¢) Ta HewiTkumu MHOKuHaMHA u(7>), (AT.), TOOTO B 0OUMCIIEHH] BiIMTOBI I~
HUX KOe]ilieHTIB PYHKIIT TPUHAIEKHOCTI.

Jnst ynpasmiaas U(f) B MOMEHT 4acy ¢ OOYMCITIOIOTHCS JIIHTBICTHYHI 3MIHHI «BIIIKPUTHY,
«3akputn». Habip 0oCHOBHUX IIpaBmJI pOOOTH HEUITKOTO PETYIISATOpa HaBEIEHO Ha puc. 1.
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Puc. 1. Habip npasun pobomu Heuimkozo pe2yisamopa memnepamypor nacmepusayii

[Iporiec HEUITKOTO BBOIY TOJIATAE Y BCTAHOBJICHHI BIJIMOBIIHUX HEYITKUX MHOXXHH JJIS
ynpasiiHHs U(?) (koedilieHTiB MPUHATIEKHOCTI) TP BiJOMUX 3HAYEHHAX (DYHKIIIT TPUHATIEK-
HoCT1 w(7T>), u(AT.). AnropuTM™ yripaBiaiHHs GOPMaITi3y€e€ThCsl y BUTIISAI TAKOTO HA0OPY MPABHII:

— ko 1. — «Hu3kay, Toai Ul — «BIIKpUTH»;

— T. — «Bucoka», Tomi Ul — «3aunHUTH;

— AT. — «301nb11y€eThC», Toa1 U2 — «3aKpUTHY;

— AT, — «3meHmyeTbesi», Toai U2 — «BIAKPUTHY.

[TapameTpom peryntoBaHHS € TeMIepaTypa nactepusaiii monoka 7.= 76 °C. Jlonmyctumuit
Jliara3oH 3MIHU TeMIiepaTypu 1. ctaHoBUTH Big 72 no 78 °C.

Omnwumemo 610k dazudikamii. 3actocyemo onepartito Tuiry Cunrieros [6; 7]:

1, saxwo x = x,

A(x) = 2)

0, sxwo X#EX

3ayBakumo, 110 cynpeMyM y dopmydi (1) mocsraeTbcsi TUIBKM B TOMY BUITQJIKY, KOJIH
X =x,T1o0to A . (x)=1. IIpu upomy Bupas (1) Habupae BUTIAAY:

AT =y )] Tt GO} G)
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Omnwumemo 610k nedaszudikarii 3a meroom center average defuzzification [1,8]:
N —k —k
Dy ()
=
N —k
D ()
k=1

VY nasepaenit popmym U (t) — 11e 1ieHTp (center) HEUITKOT MHOXKHHHU 7%, TOOTO TOUKA, Y SIKIi
u(T,) pmocsrae MakKCUMajIbHOT'O 3HAYECHHS

Ul(r) (4)

“(T) =maxiu()}- (5)
[Ipu nmigcranoBui Bupasy (3) B popmyiy (4) OTpUMY€EMO PiBHSIHHSA:
Z?k(u(t)ﬁ y (Z)j
Z(u(mﬁ “y (Z)j

k=1 j=

(6)

Ul(t)=

. Tk .
}IKH_IO BpaxyBaTH, 10 MAKCUMAJIbHC 3HAUYCHHS, AKC MOXXHA OTPUMATHU B TOYN1 Y , IOP1B-

Hio€ 1, To6To. 1(T,)=1, TO Popmyna (6) mpuiimae BUI
N — n _
> (I )
Ur)=+ = : (7)
ZKHﬂA‘k (xi)j
i=1

k=1

[Tporec MPOEKTYBaHHS MOJIYJISI HEUITKOTO YIIPABIIIHHS 3aBEPIIYETHCS BU3HAYCHHAM (O-
. k . .
PMH TIOZAaHHS HEUITKUX MHOXKHH A4, , i =1,..nk =1,..., N. SIx popma HEUITKNX MHOKHH 3aCTO-
coBana ynkuisa ['aycca:

X,
M (X)) =exp| —| —— ) 8)
i 1o

i

ne x' Ta ol — mapamerpu, AKi MaloTh (i3MUHY iHTEpIpeTaIliio; x! — menrp; o — mmpuna
KpuBoIo [aycca.

MaremMaTHUHMI ONMUC MPOEKTOBAHOTO MOJYJISI HEUITKOTO YIIPABIiHHSA MOXe OyTH OTpu-
MaHO IUIIXOM 00'etHaHHsA MeToay aedasudikairii (7), dynkimii HanexxnocTti (1) 1 610Ky dazu-
mikarii 3 onepartiero Tumy CHHIIIETOH (2), a TAaKOXK 3 rayCCiBChKOIO (PYHKIIEIO PUHATICKHOCTI
(8). Toai Moyib HEUITKOTO yNpaBIiHHA HA0yBa€ OCTATOYHOTO BHUIJISLY:

— 2]

" Tk
i;k Hexp - kxj
k=1 i=1 O-i

ulr)= —= )

ST Tes| | 0

exp| —
k=l| izl P Uik

Heo0xigHO Biq3HAYNTH, IO TPOIIECH, K1 BiIOYBAIOTHCS B MATEMATUYHII MOEII TETI00-
OMIHHOTO amapara, MaroTh PO3IMOIIJICHUI XapaKkTep, a peari30BaHe 30CePeKEHE HEUITKE yII-
PaBIIIHHS 1a€ MOKJIUBICTh ONTHMI3yBaTH POOOTY CUCTEMH YIIPaBIiHH. 3 BUKOPUCTAHHSIM Ma-
TEMaTUYHOTO OMUCY MOAYJS HEUITKOro ympaBimiHHA B jgojgatky Anfis MatLab
FuzzyLogicToolbox [9; 10] po3pobiieHO CTPYKTYpHY cXeMy peajizarii MOaysIsi HEYITKOTO Y-
paBIIiHHS TETNIOOOMIHHOTO arapara, sika 300pakeHa Ha pUCYHKY 2.
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input inputmt rule outputmf output

<

Logical Operations
and

® or

not

L1 L2 L3 L4
Puc. 2. Cmpykmypua cxema mo0yns Hewimko2o YnpasinHs

Ha pucynky 2 HaBeqeHO MOy YIIpaBIiHHS 3 JBoMa Bxojaamu (n = 2). [llapu no3HaueH1
cumBoiamu Bix L1 no L4. Enementn mapy L1 peanizyrors gynkuito ["aycca 3 mapamerpamu

X! ta ¢f. Y nonaniit ctpykTypi BUiNEHO YOTHPH IIAPH.

1
[Tomana cTpykTypa HEUITKOI HEMPOHHOT MEpexXi (IMUB. pHC. 2) € OararomapoBo Mepe-
XKero. Y 3B'S3KY 3 IIUM JIOIUTEHO JIJIsl HAaBYaHHS ITi€] MEpeXi 3aCTOCYBATH aITOPUTM 3B0()0TH01"0

MOIIMPEHHS] TOMUJIKH. JIJIs1 IbOTO BUKOPUCTaHA HaBYaJIbHA BHOIpKa y BUTIISAAL map |\x,d ), ne

xX= [xl,. . .,xn] — 1€ BXIJTHUH BEKTOp, a d — €TAJIOHHUHA CUTHAJI. 3aB/IaHHs HAaBYaHHS TOJIATAE B
Takii Moudikalii (Kopekiii) mapaMmeTpiB MOyl HEUITKOTO YIPABIiHHS, OIIMCAHOTO BUPa30M
(9), 106 mipa moxuOKH, MO 3a7a€Thes BUpa3oM [6-9] Oyiia MiHIMaIbHOO:

e=§w<f)—d]2. (10)

[Ticiis HaBUAHHS MOJYJIsl HEYITKOTO YIPaBIiHHS BIAMOBIIHO A0 PO3POOICHOTO ajJropuTMy
HaBYaHHS MTPOBEACHO MOTO MOIeNtOBaHHs 3acobamu MatLab [1; 2]. MeTtoro mozentoBanHs 0y10
BU3HAYCHHSI 31aTHOCTI MOYJIS 10 HABYAHHS MTPH 3M1HI TEXHOJIOTTYHUX MTapaMeTPiB MmacTepusa-
1ii (00’e€MHOT BUTpATH Ta MBUAKOCTI HarpiBy). PesynpraramMu MoIeIIOBaHHS € IIOBEPXHI 3MIHH
KEpYIUYOTr0 CHTHAITy Ha BUTPATy MOJIOKA Ha BUXO/Ii 3 HACOCa, TEMIIEPATyPH TEILIOHOCIS Ta MO-
JI0Ka (UB. puc. 3).

Puc. 3. Ilosepxns 6i02yKy 3MiHu memnepamypu MOAOKA 3a1€HCHO 8i0 UMPAmu MOJIOKA
Ha nacmepusayito i memnepamypu 2apsa4oi 600u meni0o0OMiHHUKA
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Mozens TermI000MiHHOTO anapary, peaitizoBaHa B nporpami MatLAB, Oyna Bukopucrana B
MpOIIeCi MOJICITIOBAaHHS KOHTYPIB CTa0UIi3aIlii TeMIepaTypy acTepr3ailii MoJIoKa 3 ypaxyBaH-
HSIM MapajiebHO MPaIIOI0UMX TEIUIO0OMIHHHKIB 3 raps4oro Bo/1010. MoJens KOHTypy cTabiiiza-
1ii (muB. puc. 4) Oyna moOyaoBaHa TaKUM YMHOM, 100 3a0€3MEYNTH 1T01a4y MOJIOKa 0e3 BTpart.
VYnpasiHHS TEMIIEpaTyporo MacTepu3allii MoJIoKa B KOHTYP1 TEIII0O00MIHY 3[1HICHIOEThCS 3a 10-
OMOTo10 HewiTKoro peryistopa (HP), pesynbratu po6oTu sSIKOro mpeacTaBieHi Ha puc. S.

in )(X out

¥
controllerNS

Tg Tmout =||C]
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Puc. 4. Mamemamuuna mooens Konmypy YnpaeninHs memnepamypor nacmepusayii MojioKa
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0 I 1 1
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Tmout,C

t,xB

Puc. 5. I'paghix nepexionux npoyecie 3a gumpamoro menjioHoCis, MOJIOKA
ma 3mMiHu memnepamypu 8 KoHmypi nacmepuzayii npu HP

[Tpu MmaTemMaTHUHOMY MOJETIOBAHHI MPOBEJICHA IMiTallisl BUPOOHUYOTO BUMAJIKY, KOJIU 10
peKymnepaTopiB macTepu3aTropa 3MEHIIYEThCs Mojada TerioHociss Q. s xomnencanii aa-
Horo 30ypennst HP ¢opmye kepyrounii CUTHaI Ha 3HUKEHHS BUTPATH MOJIoKa O 10 KOHTYPY
nacTepu3allii 3 METOI0 KOMITCHCAITil 3MEHIIICHHSI TeMITepaTypu acTepu3aiiii Moiaoka 7pous. 3Ti-
JTHO 3 MOJIEIbHUMH TpadikamMu MepexiHOTo MpoLecy 3a TEMIIepaTyporo macrepusanii (IuB.
puc. 5) 4ac BiamparfoBaHHS 30BHIIIHHOTO 30ypPEHHS JOPIBHIOE 5 XB, a TIEpena TeMIepaTypu
— MeHme HiK 3 °C. MogensHuil niepenas ctadimizallli TeMIepaTypHOro pexuMy BiIITOBIIA€E
TEXHOJIOTIYHUM BUMOTaM IpOIeCy nacTepusatii, i, Ik HaCIi10K, 103BOJISIE TIOKPALUTH SKICTh
Ta TePMiH 30epiraHHs KiHIIEBOTO MPOIYKTY.
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BucHOBKM. AHaJi3 OTpUMaHMUX pe3yJbTaTiB JOCIIPKEHHS MMOKa3as, 10 po3polieHa Ma-
temaTuHa Mozienb CAY Moke 3aCTOCOBYBATHCS B KOHTYpPax peryJIlOBaHHS TeMIIEpaTypH Ia-
CTEpH3ALII€I0 MOJIOKA, a TAKOXK NMPH BUKOHAHHI JIOCIIAHUX 1 TPOEKTHUX POOIT 13 pEKOHCTPYKIIT
CHCTEM TacTepHu3aIlii.

CTBOpeHa CTPYKTypHa CXeMa MacTepu3aTopa MOJIOKA, a TaKoX po3pobiieHl e(eKTHUBHI
CHOCOOM KepyBaHHS TEMIEPATYPOIO 1 MapaMEeTPUYHUMHU CXeMaMU CeKLil (peKymepartii, macre-
pu3allii 1 OXOJOKEHHS TIJIACTUHYACTOrO IMacTepu3aTopa MOJIOKA), IO JTO3BOJISIOTH IMOKpa-
IIATH TOYHICTh YIPABIIHHSA TEXHOJIOTIYHUM IPOLIECOM.

VY pe3ynbTari IpOBEAEHHS TEOPETUYHHUX JIOCIIKEHb OTpUMaHa JUHAMIYHa XapaKTepuc-
THKa CEKIIii macTepu3aiiii 3a KaHaJIOM «BUTpPATa rapsuoi BOJHU - TEMIIEpaTypa MacTepru30BaHOTO
MOJIOKa». 3a3HaueHa MOJEIb J03BOJIUTh PO3POOUTH arOPUTMHU KEpyBaHHS TEMIIEpaTypHUM
PEXUMOM JJIs1 30UTBIIICHHS MPOAYKTUBHOCTI IacTepuU3aTopa.
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SYNTHESIS OF FUZZY-REGULATOR
OF MILK PASTEURIZATION TEMPERATURE

The article solves the actual scientific and technical task of reducing the energy intensity of pasteurization of milk in the
POUS apparatus by means of research and development of an automated system for controlling the pasteurization temperature
regime. A study of the features of the device's functioning, setting the parameters of the control process was carried out; the
improvement of the mathematical model and the algorithm for regulating milk pasteurization parameters was carried out,; an
automated system for controlling the temperature of milk pasteurization in the POUS installation was created. The synthesis
of a fuzzy regulator of milk pasteurization temperature was carried out. Constructed response surface of milk temperature
changes depending on the consumption of milk for pasteurization and the temperature of the hot water of the heat exchanger.
The application of the fuzzy logic apparatus for building an adaptive system makes it possible to create adaptive systems with
optimal control for the purpose of approximating the output variable of the fuzzy controller.

A structural scheme of the milk pasteurizer was created, as well as effective methods of temperature control and para-
metric schemes of sections (recovery, pasteurization and cooling of the plate milk pasteurizer) were developed, which allow
improving the accuracy of technological process control.

As a result of conducting theoretical research, a dynamic characteristic of the pasteurization section was obtained ac-
cording to the channel «hot water consumption - temperature of pasteurized milky. The specified model will allow to develop
temperature control algorithms to increase pasteurizer productivity/

Key words: fuzzy controller; pasteurization of milk; automated system; mathematical model.

Fig.: 5. References: 9.
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MOJEJII BUSIBIEHHSI TA TIPOT'HO3YBAHHSI TUHAMIKHA THO®OPMAIIHHUX
OIIEPAIIN Y COITAJIBHUX MEPE/KAX

Y cmammi posananymo Oesiki nonooicenns nposedenns ingopmayiiini onepayii, Ak 00HA 3 20106HUX 3A2PO3 HAYIOHATLHIT
besneyi 6 inghopmayiviniv cghepi, nPOOEMOHCMPOBAHO GUKOPUCIIANHSL COYIATILHUX MEPEIC SIK OCHOBHO20 NOJIsL OJisl IX NPOGe0eHHs.
3a60sIKU HOGIMHIM MEXHONOLISIM, NPOBEOCHO AHANE3 3aNPONOHOBAHUX MOOENel iIHPOPMAYITHUX ONepayiil y COYIanbHUX MEPENCAX.

Cmamms npucésuena npobiemi KOMRIEKCHO20 3ACMOCYBAHHS MeOpemuyHux Mooeiel, sKi GUKOPUCTOBYIOmbCs Ol 00CTi-
OXHCEHHSL (BIPYCHO20» NOWUPEHHS THopmayii 8 coyianbHux mepedxcax Kibepnpocmopy. [Ipoananizoeano gopmanbre MoOenosanHs,
sKe 3ACMOCO8YENBCS 00 BUBHEHHSL 0COOTUBOCHEN KOMYHIKAYIT 8 coyianbhux mepedcax. Budineno mpu cknadosi popmanshux mooe-
Jetl NOWUpeHHsl OHAAUH-NOBIOOMIEHb ) COYIANLHUX MEPedICax. MUnono2is NoGI0OMIEHb, Mepedcesa Mo0els, opManbHa Mooelb
nowupenns cuenanie. Oxpema yéaea npuoiieHa MoICIUBOCHIAM 3ACMOCY8AHHS HETTHIUHUX MoOenell nouwuperHs ingopmayil.

Knrwuoei cnosa: mooenosanns, ingpopmayitini onepayii; HayionanvHa be3nexa 8 ingopmayitinii cepi; coyianvui me-
pedrci; ounamiune cepedosuiye.

Puc.: 4. bion.: 7.

AKTyaJBHICTh TeMH J0CTiTKeHHsl. B ymMoBax choronenHst Ykpaina, nparnydu 3abesme-
YUTH Ta 30epertTu Jep>KaBHUN CyBEPEHITET, Ma€ MPUIUISITH yBary He JIMIIE TaKUM CKJIaI0BUM
Jep>KaBHOI O€3MeKH, SIK BiliChKOBA, EKOHOMIYHA UM UTUIOMATUYHA, a TAKOXK 3HAYHOIO MipOIO
iH(popManiiHiil, 0COOIMBO B KOHTEKCTI oprasizanii npotunii iHpopmariiHii BiiiHi, Ky Beze
arpecop He JIMIIE IPOTH HAIIO1 JIepKaBH, a i B III00aJIbHOMY 1H(GOpMAaILiTHOMY ITPOCTOP1 POTH
CBITOBHX JEMOKpATiii.

IocTanoBka mpodJemMu. Pocist opranizoBye Ta IpoBOAUTH y MeXax iH(opmaIitHoi BiitHI
MacmTaOH1 iHpOpMaIliifHI KaMIaHii, MPONaraHAuCTChKY AiSIIBbHICTD, 3aMAa€ThCS TTOIIUPEHHIM
¢delikiB Ha CTpaTEriyHOMY PiBHI 3 METOIO pyHHYBaHHS I[IHHOCTEH Ta MOTEHIIANy THIIUX Jep-
’KaB, 3aMiHM 1X BJACHUMHU Ta IparHe J0 MiAMOPSAKYBAaHHS IXHIX PeCcypcCiB Ul BUKOPUCTAHHS
y cBoix iHTepecax. L{inkoM oueBuaHO, 110 iH(OpPMaIIiiiHa CKJIa0Ba BiifHU € HE MEHII Hebe3-
TIEYHOIO JJIs HAIIO1 KpaiHH, HiXK BICHKOBA.

MoskeMOo CTBEpIKYBaTH, 110 OTHUM 3 OCHOBHHX ITOJIB 37[IHCHEHHS 1HPOPMAITIHHUX BILIH-
BIB ChOTOJIHI € COIliaIbHI MEpeXi B KiOeprpocTopi. | mpruunHOIO IIHOTO CTaB CTPIMKHN PO3BUTOK
1H(opMaIIHHUX TEXHOJIOT1H, Bi3yasi3allis Ta riiodai3allis MeaiacuCTeM, BAHUKHEHHS HOBITHIX
KOMYHIKaTHBHHX MOJEJIeH 1 pO3IIMPEHHS IHTePAKTUBHUX ayAMTOPHHUX peLeniliil. AKTuUBI3awis
iH(pOpMaLiHHUX MPOIECIB BIUIMHYIA TAKOXK HA CUCTEMY CTpPAaTEriuHUX KOMYHIKalii CyCIiiabc-
TBa, y SKil MPOBIIHA POJIb BIABOJUTHCS KOMYHIKaTHBHIN cKkianoBii. ColiaibHi Me/ia HUHi J10-
3BOJISIIOTH ayAUTOpPii HaOyBaTH TaKWX O3HAK 5K, MOOUIBHICTh, TEpCcOHI(iKaIlis, 1IHTEPaKTHB-
HicTb. BoHM mepeTBOprIIMCS HAa TOMIHYIOUMNA KaHAJ TTOIMMPEHHS 1H(GOpMAaIlii Ta KOMyHIKaIlii
IpOMaJIsiH y BipTyanbHOMY mpoctopi. Came comiaiabHI Mepeki HalaloTh KOPUCTyBayaM 3acoou
JUIsE OOMIHY KOHTEHTOM Pi3HOTO THUILY, YTBOPEHHS 3B S3KiB 3 1HIIUMH KOPUCTYyBa4aMH, CaMo-
PO3BUTKY, 00’ €IHaHHS Y BipTyaJlbHi CIUIBHOTH 32 CIIJIBHUMU 1HTEPECaMH TOLIO.

i YnHHWKY CTBOPIOIOTH HaraJIbHy MOTPeOy Y BUBYCHHI HOBOT MEIIHHOT peaTbHOCTI K Ha Te-
OpPETHUYHOMY, TaK 1 Ha eMITIPUYHOMY PiBHAX. [IpoTe OUIBIIICTh HAYKOBHUX JOCTIIKEHb MAIOTh Jie-
CKPUINITUBHUI XapakTep 1 COpsSMOBaHI Ha BIOCKOHAJICHHS HOPMATHUBHO-IIPABOBOTO PETyIIOBAHHS
iH(opMaIiifHOTrO MPOCTOPY MepexKi IHTepHeT, Mpru3HaveHi IS BUPIIIIEHHS OKPEMUX YaCTKOBHX 3a-
B/IaHb 3a0e3mneueHHs iHdopMalliiiHo1 Oe3Meku, He BPaxOBYIOTh OCOOIMBOCTI MPOLIECIB COLIaTbHOT
KOMYHIKaIlli KOpUCTYBa4iB y BIpTyaJbHHUX CIUIBHOTAX Ta (DYHKIIIOHYBaHHS COIIaIbHUX Mepex [1].

Came nmiist TOTO, 100 AISTH HA BUMEPEIKEHHS, OyTH B 3M031 CBO€YAaCHO BUSIBIISITH Ta HEM-
TpaiizyBaTu iH(OpMaIliiiHi omneparlii CynmpoTUBHUKA, a TaKOXXK €(EKTUBHO IJIAaHYBaTH BJIAacCHI,
MPOMOHYETHCS PO3IVISTHYTH TAKUH allTOPUTM SIK IMiTalliifHEe MOJICITIOBAHHSI, SIKE aKTUBHO 3aCTO-
COBYETHCSI JIJISI TUHAMIYHUX CHUCTEM Ta COIlIaJbHUX IMPOIECIB, A0 SKUX MOXKEMO BITHECTH i
iH(popMaLiifHi onepariii.
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AHaJi3 ocTaHHIX qocHiTKeHb i mybuikaniii. JlocnipkeHHs] ocTaHHIX MyOmiKamiid moka-
3aJ10, 110 MPOOIeMH BUSBJICHHS Ta OpraHizaiii mpoTuii iHpopMaIliifHIM OTIepallisiM sIK 3arpo3i
iHpOpMariiHOi Oe3neKu aep)kaBu, a TAKOXK MpodiieMa e(eKTUBHOTO TUIaHYBAaHHS BIACHUX Ha-
CTyNaJabHUX 1HPOPMAIIHUX Omepalliii € JOCUTh aKTyaJIbHOIO K y MPAaKTUYHOMY JOCBIJII, TaK i
B HayKOBHX Kosax. Tak, 10 MUTaHHS BUPILICHHS 3aBIaHHs aHaTi3y Ta BUSABICHHA iH(OpMaIliii-
HOTO BIUIMBY B COIlIaJIbHUX MEpeXaxX Ha OCHOBI MYJIBFTHAr€HTHUX MOJIENIeH MOIIMpeHHs 1H(Op-
Marlii 3BepTanucs Taki HaykoBill, sk 1. B. Jlaune ta B. O. /lanonos. Jlo nuTanHs MOAETIOBaHHS
iHpopMamiiHux onepariii 38epranucs O. C. Vaiues, 0. B. Hakoneuna, A. b. Kaunncekuii. Ha-
ykoBenb K. Mononerpka-I puH4ayK A0CTiIM1a METOH OIIHIOBAaHHS 03HAK 3arpo3 iHhopMaItiiiHii
Oe3reri JepykaBy B COLiaIbHUX Meia. MeToan MoennoBaH s iH(popManiiHuX onepaniii qoci-
mxyBamu Takox B. I1. TopOynin, O. I'. Jlononos ta /1. B. JIanne.

SIKI110 MM TOBOPHMO PO MOJIEIIIOBAHHS iH(OPMALIIHUX Oreparii, sike MoXxe OyTH 3acTo-
COBaHE HE CTUIbKM ISl BUSBJIEHHS, DUTBIIICTh HAyKOBLIB MOTO/PKYIOTHCS, HAIIPUKJIIAL, 13 3a-
npornoHoBanuM /Jl. B. Jlanae niHiifHO-CTaTUCTUYHHM METOJIOM JIJIsl BUSIBIICHHS 1H(OopMarriii-
HUX OTIepalliii Ha OCHOBI KIJIbKICHOTO aHalli3y KOHTEHTY B iH(popMariiitHomy modi. [{elr Mmetox
Moxe OyTH 3aCTOCOBaHUI, KO TOBOPHUTH PO iH(pOpMaIliiiHi oneparii, opraHizoBaHi B Kj1a-
cuuHux enekrpoHHux 3MI. Tlpu mpomMy cami aBTOpH MOTOKYIOTHCS 3 TUM, IO BUSIBICHHS
BiIOYyBA€ThCS BXKE Ha Mi3HIX CTaJisfX, KOJIU oprasizaiis e(eKTUBHOI IpoTHii abo HiBelo-
BaHHS HE € MOXJIMBUMH. 3alpOIIOHOBaHI B poOOTax JESKUX HAYKOBIIIB METOIU BUSBICHHS
iH(opMalifHUX orepalliii 3aCHOBaHI Ha CEMAaHTHYHOMY IiIXOAl A0 OLIHKH MOBIJIOMIICHb.
BoHM MaioTh BHCOKY TOBHOTY 1 TOYHICTh BUSIBJICHHSI BIUTHBIB, ajle¢ BUKOHYIOTBHCS 32 yYacTIO
EKCIEPTIB 1 MPAKTUYHO HE MOXKYTh OyTH aBTOMaTH30BaHi.

CKUIBKH JIJIS TUITAHYBaHHS Ta OpraHi3allii BlacHUX iH(opMaliifHuX onepariiii 3 METolo Bu-
poOneHHs KpUTepiiB ePEeKTUBHOCTI, 3aIPONOHOBAHI METO/II MOJICIIIOBAaHHS 0a3yIOThCS Ha KiJIb-
KICHHMX Ta SKICHUX OIlIHKax came iH(opmailii. ABTOp 1aHOT CTaTTi MPOMOHYE PO3TISHYTH MO-
JIeIOBaHHs 1H(POPMAIIHHUX OTepalliid B COLIaAIbHUX MEPEKax 3 TOUKH 30py caMe MEXaHi3My
PO3MOBCIOKEHHS KOHTEHTY.

BungijieHHs1 HeqOCTiAKeHNX YACTHH 3arajbHoi mpodyaemu. [IpoBenennii anasiz ocTaH-
HiX JOCIIJKEHb 1 myOuiKaIiiif moka3as, 110 MOMPU BEMKUHN CTIEKTP HAyKOBUX Ipallb, HA CbOT0-
JTHI HE ICHY€ YHIBEPCAJIIBHOTO Ta 3araJIbHONPUUHATOTO TiIX0MY Hi 10 BUSIBJICHHS, HI 10 MOJIe-
JrOBaHHA 1H(OpMAaLiHHUX OTepaLii.

MerToro cTaTTi aHasi3 3aIPONOHOBAHUX MOjeNel 1HpopMaIIiHUX orepalliid, K1 MpoBO-
JSTHCS B COLIIAJIBHUX MEpeKax.

Buxiaan ocHoBHoro marepiasy. I[Hdopmarriitai onepariii He € TPUHIIUIIOBO HOBUM SIBH-
IIeM, 110 CYTi, BOHU BUKOPHUCTOBYBAJIMCH MPOTITOM iCTOPIi JOACTBA MmoBCsikyac. OHAK ChOro-
JTHI 11€ TIOHSATTS SIK 1 HOTO CYTh cTanu Ok 3HauymmMu. 1o »x 3miHMIOCH?

3MIHUJIMCS OCHOBHI METOJM Ta MPUHOMH, BOHM OTPUMAJU HAyKOBE OOIPYHTYBaHHs, Ha
11bOMY (POH1 BUHUKAIOTh HAYKOB1 JUCITUIUIIHU TIPO YIIPABIIHHS TMOBEIIHKOIO JIFOJUHU Ta CI1JIb-
HOT — COLIIOJIOT1s1, ICUX0aHaJIi3, TEOPisl peKJIaMH, CyTeCTONIOT s, HEHPOIIHTBICTUYHE IPOTpaMy-
BaHHS, KOHTEHT-aHaJIi3.

Takox BHHHMKAIOTh NMPUHIIMIIOBO HOBI €JIEKTPOHHI 3aco0u MacoBoi iHdopmarii. Ile He
JUIIe TPaaUIiiHI HOBHHHI CaliTH, a TaKOX COIliajdbHI Mepexi Ta MOOUTbHI MECEHDKEPH, SKi
BUKOPHUCTOBYIOTh HOBITHI TEXHOJIOT11 MOMIMPEHHS Ta MOMYJISIpU3allii pi3HUX THUITIB KOHTCHTY,
QITOPUTMH BHJIaul KOHTEHTY Ta HOTO0 MpiopuTe3alii 3 ypaXyBaHHSIM i1HIUBIAYaIbHUX XapaKTe-
PUCTHK KOPUCTYBAdYiB, IO CIPHUSE TONIMPEHHIO KOHTEHTY, SIKUI CIIPSIMOBAaHH HA BU3HAYCHI
ayauTopii Ta aKTUBHO BUKOPUCTOBYETHCS B 1HPOPMAIIIIHUX ONepalisix, a TAKOXX CTBOPIOE CET-
perartii cycrninbcTBa [2].

VYce 1e € J0cTaTHHO HOBUM 3 MOy OOYIOBH aITOPUTMIB YIIPaBIiHHS COLIlyMOM, a Ta-
KO’K TTIIITBEPKYE TEOPItO MPO Te, 10 iHPOopMalliifHa 30post — 1€ HacaMIepe ] arOPUTM.
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VY couiagbHUX CHUCTEMax, cepell 0araThboX IHIIMX XapaKTePUCTHK, HaOLIbIIe YiTKO Mpo-
SIBJISIETHCS IIUTICHICTh, TOOTO HAsIBHICTh TaKWX BIIACTUBOCTEH, SIKI HE MPUTAMaHHI YKOJTHOMY
€JIEMEHTY, 110 CKJIQJIal0Th CHCTEMY, Y3ATOMY OKpeMo. LI BnacTuBicTh, Ky Ha3HUBaIOTh «EMep-
JOUKEHTHICTIO», € Pe3yJbTaTOM BUHUKHEHHS MK eJleMEHTaMH CHUCTeMU OCOOJIMBUX CHHEpIre-
TUYHUX 3B’3KiB. I1i1 TepMiHOM «eMEepIKEHTHICTBY, YIeplle BBEICHOMY B HAYKOBUH Y>KUTOK
JIx. I'. JIproicom, po3ymi€eThes Te, M0 Y (HI3UYHUX CUCTEMAX ITijIe € HalvyacTiie OUTbIINM, HIXK
cyMa 4acTHH, TOOTO Ha KOXXHOMY PiBHI CKJIJIHOCTI BUHMKAIOTh HOBI, YacTO HemepeadadeHi
SIKOCTI, SIK1 HE BJIACTHBI OKPEMUM CKJIaJJOBUM. EMEp/KEHTHICTh COLIaIbHOT CUCTEMH HE JIA€
MO>KJIMBOCT1 OOMEXUTHCS BUBYEHHSIM 11 €JIEMEHTIB 1 3B’ sI3K1B M’k HUMHU, a IPUITYCKAE ILJTICHUNA
aHaui3 yciei cucremn [3].

[Tepemorkiiem B iH(pOpMAIIITHOMY TTPOTHUCTOSHHI JABOX 1H(OPMAIIIHHUX CHCTEM CTa€e Ta
CTOPOHa, SIKa B 3MO31 OLIBII MOBHO MPOMO/IETIOBATH MOBEIIHKY CYITPOTUBHHKA B PI3HUX CUTY-
aIfisx, a TAKOXK BU3HAYWTH CBIM BIIACHHM aJITOPUTM MOBEIIHKH Ta peai3yBaTu HOTO.

Came ToMy 3aBIaHHSM JaHOT MyOJTiKaLii € miaxia 1o iHpopMaLifHIX onepalliil He 3 TOUKH
30py aHali3y BiacHe iH(OpMAIlii, a 3 TOUYKH 30PY MPOIIECIB ii MOMIMPEHHS (TMHAMIKY Ta TOIIO-
JIOT110 PO3MOBCIOPKEHHS KOHTEHTY) B iH(OpMaLiifHOMY CepeIOBHILII.

TumoBa nuHaMika PO3MOBCIO/DKEHHS KOHTEHTY NMpHW iH(POpMaliiHii omeparii, 10 sKoi
3BEpTAIOThCA OUIBIIICTh HAYKOBUX Mpallb, BUTJIAAA€ HACTYIIHUM YHMHOM: CILJIECK, XBHJII 13
nepioioM 3pocTaHHs Ta 3aTyxanHs. Tak J[. Jlanae nponoHye Takui TUTIOBU BapiaHT KPUBOI:
«(oHOBI myOmiKaMii» - «3aTyXaHH» - «APTHIATOTOBKAY - «3aTYXaHH» - «aTaKay.

A

Puc. I Tunosa ounamixa inghopmayitinux nomoxis

[Tpu upoMy, 3BUYAITHO, CJTiJT OpaTH 0 yBaru TeMaTUKy iHPOpMaIliifHO1 orepartii, 41 € BOHa
HOBOIO B iH(opMaIliifHoMy 1o, Yu Qirypye mocTiiHo, a TAaKOXK BPaxOBYBaTH apeHy, JIe caMme
B1J10yBA€THCS MOMIHPEHHS.

Takwuii 11a610H MOKe BUKOPHCTOBYBATHUCH Il BUSBJICHHS 1H(OpMaIiitHUX onepariii sk
[IUISIXOM aHaJli3y peTPOCTIIEKTUBH 1H(HOPMAIIHHOTO MTPOCTOPY, TAK 1 IIITXOM OTIEPATUBHOTO MO-
HITOPHHTY B PEKUMIi peaibHOTO Yacy (3a HasiBHOCTI BUCOKOTEXHOJIOTIYHUX MOHITOPHUHTOBHX
cucreM). L{sg Mozaenb € mpocToro B peanizarlii, ajie nMpy [bOMY pO3Mi3HaBaHHS 1HGOPMAIIIHOT
oreparlii BiqOyBa€eThCs BXKE Ha KIHIIEBUX CTaisgX il mpoBeAcHHS [4].

Tak, nanpuknaa, HaykoBill 0. B. Hakoneuna, A. b. KaunHChKHiA pO3TIsgatoTh TaKOX
SIR-Mofienb, fKa € KJIAaCUYHOIO BipaJbHOI MOAEIUTIO MOMIMPEHHS 1H(EKIIIT B MeXaX MOMmyJIsLii
3aJIeXKHO Bij vacy. J{is mporiecy nmommpeHHst iHpopMallii 3aCTOCOBYIOTh HACTYITHE:

S — arenTH Mepexi (KopucTyBadi), sSIKi He OTpUMaIK iHPOpMaLiifHE TOBIIOMIICHHS,

[ — oTpuMai OBIJOMJICHHS Ta BBRXAIOTh HAJaHy B HhOMY 1H(POpPMAIIiI0 aKTyaIbHOIO,

R — 3a0yn1 HOBUHY/BTpATHIIH 10 HET iHTEpEC.
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Tak, nany mozenb OyJsi0 3aCTOCOBAHO I MOJIETIOBAaHHS iH(POpMaLifHIX BIJIMBIB Ha OC-
HOBI JIaHWUX, OTPUMaHUX 3 HOBUHHOTO TopTany YHIAH. AynuTtopist kaHaimy CTAaHOBUTH TTOHA]T
200 Ttuc. [TinmucuaukiB y Facebook, Ta akTUBHY IIOACHHY ayJIUTOPIIO pecypcy OIu3bpKo 9 THC.
YOJIOBIK, 3 AKUX 1428 meperisHyau HOBHHY IPO BIJICYTHICThH JIEMyTaTiB Ha CBOIX pOOOUYMX
Micisix 06.04.18. 3Bakaroun Ha MOMYJSIPHICT Ii€1 HOBUHHM CTAaHOM Ha JICHb IyOJikarii, 0yso
o0OpaHo BiMOBiAHI MapamMeTpu Mojeni [S].
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Puc. 2. Ilpuxnao cmpykmypu nowupeHus nogiooOMAeHHs Ha 3A0aH) memy

3a BUCHOBKaMH aBTOPiB, po3urpeHa Mozenb SIR nae 3Mory OIiHUTH 0XBAaT ayIuTopii, ane
HE BIJIMOBI/Ia€ peabHOCTI CTOCOBHO BiJJOOpaKEHHS IWHAMIKH MOIIMPEHHS HOBUHH y Yaci, a
TaKOX HasBHICTh MapameTpa «3a0yBaHHs» pOOUTh BUKOPUCTAHHS MOJIEINI CKIIAQJHIIINM, aJDKe
OLIIHKA IIBUJIKOCTI TIEpeX0/ly HOBUHU Y HEAKTyaJlbHUM CTaH € KOMIUIEKCHHUM MOKa3HUKOM Ta
noTpeOye eKCIepTHOI OIIHKH [5].

AHanizyroun iH(opMarliiiHi onepaiiii, siki MPOBOIUTH arpecop B iH(opmariiHoMy mpoc-
TOpi, CJiJl 3a3HAYUTH, II0 OCHOBHUM CEPEIOBUIIEM MOUIMPEHHS AECTPYKTHBHOTO KOHTEHTY
CTaJu COIlialibHI MeJia, SK1 CIIMPaoThCs Ha HOBITHI TU(POBI TEXHOJIOTI1, IHTEPAKTUBHICTh Ta
KOMOiHyBaHHS pi3HUX (pOpM IpeacTaBiIeHHs iH(OopMaIlii, HAIPUKIIaa TEKCTOBO1, 3BYKOBOI 1 rpa-
¢iunoi, animarii Ta Bigeo. Taki HOBI Mefia Sk KaHaIU MeceHkepa Telegram, comianbHi Me-
pexi Instagram, Facebook ta Twitter MmaroTh 6araToMisIbiiOHHI IIJTLOBI ayTUTOPIi, INBUKICTH 1
TOPU30HTANIBHICTh PO3MOBCIOMKEHHS KOHTEHTY. BOHH, mo-1iepiie, Aatl0Th MOKIMBICTh NPOBO-
IUTH iH(pOpMaNiiiHi onepanii 3a KapANHAJIBHO PI3HUMH CXeMaMH Ta IUIaHAMHU, 110 YCKIIAIHIOE
iX BUSIBJICHHS, a OTKe, pOOUTh Hee(HEKTHUM MPOTHIIO, MO-ApPYyTe, HE JAl0Th MOXKIUBOCTI Ha-
MpaIlOBaTH YiTKI MIA0JIOHU U1 OpTaHi3allii MpEeBEeHTUBHUX 3aXO/IiB.

BnacHuit npakTiaHU JOCBI Ta TOCBIJ 3apyOKHIX MApTHEPIB, TAKUX K TpaHCcaTIIaHTHIHA
KOMICis 3 YeCHUX BHOOPIB mpu AJbsiHCl [leMokpartiid, sSiki aHasi3yoTh iHhOpMalliliHi oneparllii B
COLIIAJTFHUX MEpexkax, IOKa3as, 10 0COOIMBO MAaCOBO MPU IIbOMY BUKOPUCTOBYETHCS COLliaTbHA
Meperka Twitter, KOHTEHT sIKO MiCTUTB SIK J€CTPYKTHUBHUI MOCHII, TAaK 1 MaHIMyJISTUBHI TEXHOJO-
Tii 17151 PUXOBAHOT'O BIUIMBY HA CYCHUIBHY CBiIOMICTh. [IpuKinaam Takux BTpy4yans 3aikcoBaHO
iJ1 yac 3arajgbHOJep kaBHUX BUOOpIB B ITamii Ta Mekcuni y 2018 poui, Ha pedepeHaymi moao
3MiHM Ha3BU B MakezioHii y 2018, mapiaMeHTChKi Ta Mpe3uIeHTChKI BUbopu B Ykpaini y 2019.
Ha pucynky 3 HaBemeHO MpUKIIaA KJIacTepU3allii Ta CErMEHTAIlli aKayHTiB-00TiB B COIlaJIbHIN
Mmepexi Twitter, siki BukopuctoByBaiucs PD s mpoBeneHHs iHGOpMAIITHIX orepartiii.
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CxoopanHosaHa Mepexa GOTiB Gyﬁl'a BUSIBAEHA TIPM aHAAIsL JaHux Bia 9 wepsma 2019 p.
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Puc. 3. [lpuxnao knactepuzariii ma ceemenmayii akayHmie-60mis y coyiaibHil Mepexci

Twitter 3 nooanvbuwum BUKOPUCIAKHAM YUX Klacmepis
0151 nposedenns ingopmayiiunux onepayiv P

BpaxoBytoun quHaMiuHE CEpeOBUIIE COIIaTbHUX MEPEXK, a TAKOXK JUHAMIYHI COIIaJIbHI
nporiecu B iHpopmaniiiHiii cdepi, iHPopmariiiHi onepariii HEMOXKJIMBO ONKCATH AHATITUYHUMHU
MaTeMaTUYHUMH METOJIaMHU Ta MOOYIyBaTH MOJETh PO3MOBCIOPKEHHS KOHTCHTY B 4aci, sika 0
OyJa 1essKUM ITPOTOTHIIOM iH(OpMaIliitHOT onepartii. J{J1st IIbOro MPOMOHY€ETHCS PO3IISIHYTH Me-
TOJM IMITAIIITHOTO MOJICITFOBAHHSI.

HesBaxaroun Ha Te, 1110 aHAIII3 COLIAIbHIX MEPEX caM 1o coli € CKIIaJIHOI0 HayKOBO-TEX-
HIYHOIO 33/1a4€10, MOJICTIOBAHHS MOIIMPEHHS 1H(GOpMaIIii J03BOJISE TOCITIKYBAaTH BiIMOBIIHI
iH(popMaLiliHI TpolecH, BUSBIATH 3aKOHOMIPHOCTI, SIKi MOXKYTh BUKOPHUCTOBYBAaTUCH SIK TIPU
BHUBUYEHHI MEXaHI3MiB nepeadl iHpopmariii y Takux Mepekax, Tak 1 piBH ii BIUIUBY Ha JIIOZCH.

Tomy nmnst MoaenoBaHHs iH(pOpMaLIHHUX ONEpalliii B COIliaIbHUX MEpPEKaxX MPOMOHYETHCS
PO3MISIHYTH BITHOCHO HOBUI BH/I IMITAIIITHOTO MOJICTTIOBAaHHS — areHTHE MOJIEIIIOBaHH (agent
— based modelingand simulation — ABMS). Came areHTHEe MOJICTIOBaHHS T03BOJISIE 3IMITyBaTH
Ti COITlaJIbHI MPOIIECH Ta MOBEIIHKY KOPUCTYBAYiB, K1 BiZJOyBaIOTHCS B IIMX HOBUX Mejia.

MoskHa BUALUTUTH OCHOBHY OCOOJHUBICTH IIbOTO METOY, IO CKJIATAETHCS B TAKOMY: OyIy-
IOTHCSI CIICHAPil MOKIIMBHUX BaplaHTIB PO3BUTKY MOAIN y MailOyTHROMY, Ha ITiJICTaBl 40ro (hopmy-
I0ThCS, @ TIOTIM BiIOMPAIOTHCS CTPATEriyHi aJbTEPHATUBH, SIKi MPAIIOIOTh Y KOXKHOMY CIIeHapil
Ta CIyXarh IiJICTABOIO ISl IPUAHATTS PIlIEHb PO BHOIp IHTETPOBAaHOI cTparerii. AreHTHUI
I1IX11 I03BOJISIE IIPOBOIUTH OaratoBapiaHTHUM CUTYAIiTHII aHA3 CHCTEMHU, 1[0 MOJICTIOETHCSI.
CyTHICTh areHTHOTO IMiIXOy TPU MOOYI0BI CIICHApiiB MOJsATae B OOYIOBI CEpPEeIOBHUINA aKTHB-
HUX areHTiB, BU3HAUCHHS aJITOPUTMIB iXHBOTO (PYHKIIIOHYBAHHS Ta B3a€MOIii, BUSBICHHS HOBHX
3aKOHOMIPHOCTEH, 3B’ 513K1B, KOTHITUBHHX 3B S3KIB, @ TAKOXK KOMIUIEKCY MaTeMaTHYHUX MOJIEIEH
(opMyBaHHSI CIIeHapiiB Ha KOMIT I0TEPHOMY MOJIEITIOIOUOMY KOMILIEKcl [6].

B imiTariiiniii areHTHIN Moei 1i CKIaa0Bl — areHTH — (QyHKIIIOHYIOTh HE3JICKHO OIMH
BiJl OJTHOTO Ta BiJl CUCTEMH 3arajoM. BoHH Iit0Th 3a CBOIMH 3aKOHAMU, Ha OCHOBI SIKUX i (op-
MYIOThCS 3arayibHi TpaBuia GYHKIIOHYBAaHHS CUCTEMH 3arajoM, ToOTO moOyaoBa MOEI «Bij
HU3Y JI0 BEPXY».

Jl;1s1 CTBOpEHHS areHTHOI MoieNi oMHUpeHHs iHpopMallii, mepiur 3a Bce, HeoO0XiaHO cdo-
pMyBaTH OIM3BKUN 710 PeaIbHOCTI BipTyalbHUH iH(GOpMAIiitHUI TPOCTip, «HACETICHUN» Bip-
TyalbHUMH areHTamu. [Ipu moOymoBi areHTHOT MOJIeli OJHIE€I0 3 OCHOBHHUX 3aJla4y € BHU3HA-
YEeHHs B3a€MOJIii areHTiB Mk CO0010, IKUM YMHOM JlaHi areHTH (GOpMYIOThCs (BUHHKAIOTH),
10 BIUIMBAE HA mepenavdy iHdopmallii BiJy OTHOTO areHTy J0 1HIIOTO, SKO MOXKe OyTH JTUHa-
MiKa 1iel mepenadi [6].
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3a nMpakTUYHUM aHATIi30M CoLiaIbHOI Mepexi Twitter Ha MPUKIIaAl PO3MOBCIOKEHHS 0-
BiJIoMJIeHB 13 XemTeroM #LightOnZelenskyyOff BcranoBiieHO, 1110 OUTBIIICTh aKayHTIB, 3 IKUX
3I1HCHIOBANIOCS BKUIaHHS, € 60TaMu, 1110 MiATBEpKEeHO 3a paxyHok 113 Botometer. A monens
HOMIMPEHHS BUTTIAIA€ TAKUM YHHOM.
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Puc. 4 Ipuxnao mooeni nowupentst 8ipyCcHO20 KOHMEHMY aKayHmamu-oomie
v coyianvHiti mepeaci Twitter 3 xewmezom #LightOnZelenskyyOff

AHaII3yI0Yu TUIH BIPTyaJbHUX areHTIB B COIIAJIbHUX MEpeXaxX B paMKaxX MoOyI0BH MO-
JIeJTi, MOYKHA BU3HAYUTHU HACTYTIHI:

— TEpLIOIKEePeNo — NepPIIMii THI areHTiB, sKi MyOIiKYIOTh KOHTEHT JJIs TIOAAJIbIIO] 110-
MyJsApHU3allii;

— aKayHTU—OOTH — IPYTHii THI areHTiB (00T — I1e crelianbHa Mporpama, 1o BUKOHYE aBTO-
MaTHUYHO 1 32 3a/IaHUM PO3KJIAIOM TIEBHI JIii uepes Ti K iHTepdeiicH, 110 i 3BUIaifHI KOPUCTYBay)
— BUKOPUCTOBYIOTHCS JUIsl IITYYHOTO HAPOIIyBAaHHS <«JIAWKiBY» YW KOMEHTApiB 3 METOIO MiJHATTS
pedTHHTY myOiKallii cepes] KOpUCTyBayiB MEpeKi, Tat0Th 3MOTY MOCHIIMTH BIUIUB Yy iH(pOpMaLii-
HOMY CEpEIOBHIII IUIAXOM 3aJy4eHHS HOBHMX LIUTHOBUX aylIUTOpPid (OOT MOIIMPIOE HOBHHY, aje
Maiike HIY0TO He 3MiHIO€, BIH Ha BIJIMIHY Bifl TPOJIS € MEXaHIYHUM, TPOJIb — KPEAaTUBHUM);

— aKayHTHU-TPOJII — TPeTiii TMI areHTiB — 3BUYaifHa J1ii0oBa 0co0a, sika HaJa€e KOJIbOPO-
BOT0 3a0apBiIeHHS HOBUHAM. BOHU onepyroTh BEJIMKHUMU TPYyIIaMu 1 MOAAI0Th HOBUHY 3 PI3HUX
paxypciB. 3a IIUM THIIOM areHTiB MOXKYTbh 3HAXOAUTUCH OJIOTEepH, JTiIEPU TYMOK, K1 PETIOCTITh
«BIPYCHUI» KOHTEHT Ha BJIACHI CTOPIHKH, TUM CaMHM Oipa3y (B OJUH KJIiK) 30UIbLIYIOUH I10-
TEHIIIIHI TbOBI aynuTOpii (epenisau, Jaiku, pernocTh) B pasy;

— YeTBEPTHil THI areHTIiB — peaybHi JIIOIH, K1 € TOTCHIIIHOIO IIIbOBOIO ayIUTOPIEI0
iH(opmariitHoi ormeparlii, BOHU «CIIOXHBAIOTh» KOHTEHT Ta CIPUMUMAIOTh HOTO JOCTOBIPHHM,
TOOTO MiANAAAI0OTh i iHPOPMAIHHIA Ta TICHUXOJIOTTYHHUNA BIUIMB 1 CTAIOTh «iH(IKOBAaHUMM»
JTAaHUM KOHTEHTOM, BipATH, 110 iH(pOpMAaLlis paBAKBa Ta MOMYJSPU3YIOTS ii 1ajl B Mepexi, Oa-
3yIOYUCh Ha CBOIH Bipi.

[TepenbavaeThcs, M0 areHTH B COLIAJIbHIN MEPEkKi MOXKYTh

1) camo3apomKyBaTucs;

2) MOpOIKyBaTH HOBHUX arcHTIB IIIIXOM PETNOCTIHTY (repost);

3) «BMUpATH» — 3HUKATH 3 IPOCTOPY areHTiB (IPUITMHUTH NIepeIaBaTH KOHTEHT);

4) orpumyBaru naiiku (like) Big iHIUX areHTiB.

[Ticnsa mosiBM «BIpyCHOT0» KOHTEHTY B aKayHTI MEPILIOKEeperna, pi3Hi THIIN areHTiB MO4H-
HalOTh Oe3mepepBHO B3a€EMOJIIIOTH OJIMH 3 OJJHUM, Ta MepeaaBatu iHdopMalliro (perocr) 3a Ta-
KUMHU aJTOpPUTMaMHU:
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- Bi/l OJHOT0 AreHTy 10 iHIIOT0 — B3aEMOJIisI Mi’K YETBEPTUM THUIIOM arcHTIB;

- Bi/I OIHOT0 areHTy /10 TPYNH areHTiB — B3aEMOJIisS MIXK TPETIM Ta YETBEPTUM THUIIOM are-
HTIB, MDXK IIEPIIMM Ta YETBEPTUM THUIIOM areHTIB Ta MIX JPYT'MM Ta YETBEPTHM THUIIOM areHTIB,;

- Bi/l OIHi€T rpynu areHTiB /10 iHIIOT — B3a€MOIisI MK IPYTUM THUIIOM areéHTIB

Xapakrep 3B’s3KiB MK areHTaMH MOXe OyTH SIK IPSIMUM, TaK 1 3BOPOTHUM.

VY Takiii cuctemi pileHHs 3a1a491 MOXYTh (JOPMYBATHUCS 32 PaXyHOK B3a€MOJI11 BEITHKOT Ki-
JLKOCTI areHTiB, 10 0e3MepepBHO B3aEMOJIIIOTH OJIUH 3 OHHM, a TAKOK (DOPMYETHCS KOJICKTH-
BHA TIOBEIIHKA.

VY pesynbTaTi BUIICHHS TUIIOBUX areHTIB — aKayHTIB-KOPUCTYBadiB — B COIJIbHIN Me-
PEXi, BUSBICHHS 3aKOHOMIPHOCTEH 1X B3a€MOJIi1 Ta IPUTAMaHHUX JaHUM areHTaM XapakTepH-
CTHK, CTA€ OUYEBHUIHUM, 1110 TaKa yMOBHA iH(GOpMaIliiiHa CHCTeMa HE HaJISKHUTh 110 (hopMaTbHUX
MOJIeTIeH, € HEOTHOPIAHOIO, a TIOBE/IHKA 11 €JIeMEHTIB — aKayHTiB KOPHCTYBadiB — HepalioHa-
apHO10. CaMe B TaKWX BUTAKaX, KOJIM iH(OpMaIliiiHa cHCTeMa € JICIIEHTPai30BaHOI0 Ta HE JTi€
3a I00aJBHUMU MPABUIIAMH 1 3aKOHAMHM, a HaBIaKH, I1i IT100aJIbHI MPaBHUJIa 1 3aKOHU € Pe3yib-
TaTOM 1HJIUBiAyaJbHOT aKTUBHOCTI YJIEHIB IPYIIH, CJII/T 3aCTOCOBYBAaTH areHTHUM IMiIX1]T.

BucnoBku. Ha choroziti € oueBUAHNM, 110 TOLIYK JIEBUX MEXaHI3MiB MPOTUIIT iHpOpMa-
[IHHUM OTIEpPAIlisiM € HaJA3BHYAHO aKTyaJbHUM 1 BOXJIMBHUM 3aBaaHHAM. [Ipu mboMy B CBOI
OUTBIIIOCTI 3aIPOIIOHOBAH] MOJIEINI BUSABJICHHS HAIllJIEHI HE HA aJlTOPUTMH PO3MIOBCIO/DKEHHS, a
Ha aHaJI3 KOHTEHTY, Ta SIK CEPEIOBUINE PO3IIISIIAIOTHCSA B OUIBIIOCTI CBOiN enekTpoHHi 3MI.
BonHovac Ha mpakTHIli JOBEACHO, 10 HAMOUIBII 3a/1iTHUM CEpEIOBHILEM JUTS TPOBEACHHS 1H-
dbopMariitHuX omeparliii € comiaabHi Mepexi. Lle HeniHiliHe TUHAMIYHE CEepPEIOBHINE, SKE HE
MOYKJIMBO 3aperyiaMEeHTyBaTH YU OMHUCATH YiTKUMH MaTeMaTHYHUMH (opmynamu. J{s Takoro
CepeoBHINA 3alPOIIOHOBAHO BUKOPUCTAHHS areHTHOI MapaJurMu IJi1 MOJEIIOBaHHS 1H(Op-
MAaI[ifHUX Omepartii.

OcoOIMBICTIO TaHOI MTapaJUTMH € OararopiBHEBa aOCTPAKIIisl OMUCY MPOLECY MOIIUPEHHS
iH(pOpMaLIHHUX MaTepialiB y COIIaIbHUX MEpeXkax, a TAKO)K MOXKJIMBICTD Yy MOJANIBIIIOMY 3a-
CTOCYBaTH OTPUMaHI Pe3ybTaTh A0 IIHUPOKOTO KJIACy aHaJOTIYHUX 1H(GOPMALIMHUX PECypCiB
Mmepexi [HTepHer.

3acToCyBaHHs 1IBOTO MIAXOAY J03BOJISIE 3MIMCHUTH TIEPEXiJT BiJl pealbHOTO MPOIIECY PO3-
ropraHHs iH(opMaliitHoi oneparii 10 ii popMambHOI MOJIeN, Y MeKaX JOCIiIKEHb SIKOT 3’ sIB-
JISIE€THCS MOYKJIMBICTH TPOTHO3YBATH BJIACTUBOCTI MOBEIIHKH 1H(HOPMAIIIITHOTO MPOIIECY MOIIH-
peHHs iHpopMarii.
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MODELS FOR DETECTING AND FORECASTING THE DYNAMICS
OF INFORMATION OPERATIONS IN SOCIAL NETWORKS

The article examines some provisions for conducting information operations as one of the main threats to national secu-
rity in the information sphere, demonstrates the use of social networks as the main field for conducting them thanks to the latest
technologies, and analyzes the proposed models of information operations in social networks.

The article is devoted to the problem of the complex application of theoretical models used in the study of "viral" infor-
mation dissemination in social networks of cyberspace.

Formal modeling, which is used to study the peculiarities of communication in social networks, is analyzed.

Three components of formal models of online message distribution in social networks are distinguished: typology of
messages, network model, formal model of signal distribution.

Special attention is paid to the possibilities of applying non-linear models of information dissemination.

1t is proposed to use a relatively new type of simulation modeling - agent-based modeling and simulation (ABMS) for
modeling information operations in social networks. It is agent modeling that allows you to simulate those social processes
and user behavior that occur in these new media. The main feature of agent modeling is building scenarios of possible options
for the development of events in the future, on the basis of which strategic alternatives, which work in each scenario and serve
as a basis for making decisions about choosing an integrated strategy are formed and then selected. The agent approach allows
for multivariate situational analysis of the modeled system. The essence of the agent approach in building scenarios consists
in building an environment of active agents, determining the algorithms of their functioning and interaction, identifying new
patterns, connections, cognitive connections, as well as a set of mathematical models for the formation of scenarios on a
computer simulation complex.

The types of virtual agents in social networks are distinguished: primary source, bot accounts, troll accounts, real people.

Keywords: modeling; information operations; national security in the information sphere; social networks; dynamic
environment.

Fig.: 4. References: 7.

BacunseBa O. Mogeni BUSIBICHHS Ta IPOTHO3YBaHHSA AWHAMIKY 1H(GOpMalifHUX omepaniil y comiansHux Mepexax. Texuiuni Hayku ma mex-
nonozii. 2023. Ne 2(32). C. 193-200.
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ITPOI'PAMHE 3ABE3IIEYEHHSA VIS IBC EKCITPEC-AHAJII3Y
IMAPAMETPIBIPYHTY

YV emammi onucano npocpamue 3abe3nevennss — kopucmysayvxuil inmepgetic ons IBC excnpec-ananizy. Hagedeno tioco
MOJACTUBOCT, AKI BKAIOUAIONS OMPUMAHHA OAHUX NPO MEMNEPANYPY, 60102iCHb, KUCIOMHICHb, BMICI Memany ma e1ekmpo-
nposionicme rpynmy. Ilpocpamue 3abe3neuents Mae KopucmysaybKuil inmepgeiic, MONCIUGICINb HANAWMYBAHHS HOPMATLHO2O
oianasony napamempis i 36epicanms 0anux y 6aszi oanux. Bono maxodc naoae gynkyito ananizy Oanux, cmeopenHst 36imie i
npoenozysanta maudymuix smin. Ipoepama niompumye genuxy 6asy oanux i modce oo’ conysamu 0exinbka cucmem. 3acmocy-
8aHHI NPOSPAMHORO 3A0e3NeUeH s MONCIUBO 8 PISHUX 2ATIY35X, MAKUX AK eKON02isA MA eHepeemuKd.

Knrwouosi cnosa: npoepamne 3abesneuenns; IBC; excnpec-ananis; ingopmayitino-6umipio8anvri cucmemu, axkmyaib-
Hicmb; npobnema; 00CAiONCeH s, Pe3yIbIAmu, AHAi3; 6UCHOBKU, NePCReKMUBU.

Puc.: 8. bién.: 13.

AKTyaJIbHiCTh TeMH A0CTiKeHHs . L5 cTaTTs npucBsYeHa nporpaMHOMY 3a0€31e4eHHI0
st IBC excripec-ananizy, 10 HUHI aKTyallbHO 3 KiTbKOX NpuyuH. [lo-niepire, BUKOpUCTaHHS
IBC B excripec-aHai3i J03BOJISIE MBUAKO Ta €()eKTUBHO BUMIPIOBATH IIEBHI TapaMeTPH Ta MPo-
BOJIMTH aHAJII3 JIAHUX, a caMe TeMIIeParypy, BOJIOTICTh, KHCIOTHICTh, €JIEKTPOIPOBIAHICTh Ta
BMmicT MeTany. [lo-npyre, 3pocratoua morpeda B TOUHUX Ta IBUIKUX BUMIPIOBAHHAX Y PI3HUX
rajgy3sx HayKH i TeXHIKM poOHUTH 110 TeMy akTyainbHOM. [Iporpamue 3abe3neuenns ans IBC
eKCIIpec-aHali3y BiANOBigae MoTpedaM cydacHoi rayry3i HayKH 1 TEXHIKH Ta BpaxoBYye Iepcrie-
KTUBH PO3BHUTKY II€T ramysi.

ITocTanoBka npodaemu. [IpoGiiema, Ky po3IJIsTHYTO y CTaTTi, OJISATAE B pO3p0oOIIi Ta 3a-
CTOCYBaHHI nporpaMHoro 3ade3neuenns st IBC excripec-ananizy. Ls mpobinema € BaxIUBOIO
1 aKTyaJIbHOIO JJIsl IEBHOI raily3i HAyKH i TEXHIKH, OCKUJIbKA BUKOPUCTAHHS POTPaMHOTO 3a-
Oe3rmedeHHs 103BOJISIE aBTOMATU3yBaTy MPOIEC BUMIPIOBaHHS Ta aHanizy maanux B IBC, mo
CIIpHsi€ MBHUAKOCT1, TOUHOCTI Ta €(DEKTUBHOCTI EKCIIpEC-aHalizy.

AHaJi3 ocTa”HHiX gocaimxensb i myoaikanii. Y chepi IBC excnipec-ananizy Oyso mpose-
JIEHO PSIT TOCIIIHKEHb, sIKI CTOCYIOTHCSI PO3pPOOKH MporpaMHoro 3abe3nedyeHns. Kopucrysaiib-
KU 1HTEepdeiic MUIIyTh Ha PI3HUX MOBax Ta pi3HUMH MeTonamu. Hampukinaz, y po6oti “Real-
Time Monitoring and Management of Hardware and Software Resources in Heterogeneous
Computer Networks through an Integrated System Architecture” [1] nocmimxyBanace po3pooka
MpOrpamMHOTO 3a0e3MeUeHHs JJI IHTErPOBAaHUX CHCTEM BHMIPIOBAHHS 3 METOIO OHJIAWH MOHI-
topuHry Harmucana Ha C++. “A Graphical-User-Interface application for multifractal analysis
of soil and plant structures” [2] — mporpama MFA 3acHoBaHa Ha rpadignomy iHTEpdeiici Kopu-
cryBada (GUI: rpadiunuii inTepdeiic kopucryBada) i crioyarky Oyna Hanucana B MATLAB
Bepcii 8.5 (R2015a). MATLAB Bepcii 8.5.

[Tporpama SoilWaterApp [3] Oymna po3pobriena mist mpuctpoiB iOS 3 BUKOPUCTAHHSM BJIa-
cHoi matpopmu Apple Objective-C 1 0OMIHIOETbCS TAaHUMU 3 LIEHTPAIbHUM XMapHUM CepBe-
POM JUTsl CHHXPOHI3aIlii SIK JOATKIB, TaK i JaHUX KOpUCTyBava. [IporpaMa 1eMOHCTPY€E MOTOY-
HUI CTaH MapaMeTpiB IPYHTY, TPOBOJUTH IPOTHO3YBAHHsI Ta aHaJi3ye aaHi (puc. 1).

3a ocHoBy B3sTO poboty «Design of Wireless Sensor Network for Monitoring of Soil
Quality Parameters» (puc. 2) [4], mo OyB po3poOieHuii Ha ocHOBI nporpamu LabView, Ta
Bi0Opakae MOTOYHMIA CTaH MapaMeTpiB Ta HAaJJa€ MOXKJIMBICTh KOPUCTYBady HAJIalITOBYBaTH
nporpamy.

© Bionera Kamroxxna, 2023
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Puc. 1. Ilpuxnao inmepgpeticy kopucmysaua SoilWaterApp,
WO NoKasye (Koau Kopucmyeay npoKpyuye CMOpPiHKY HU3):
a — napamempu 86e0eH s ma NiOCYMKOBUL BUCHOBOK, O — MUMHYACOBI PsOU IPYHMY-800U md
POCIUHHO20 NOKPUBY, 8 — NPOPIiNb 801020CMI IPYHMY MaA MAOIUYA B0OHO20 OANAHCY

Settings |0wrvi=w] Sensor1 | Sensor2 | Settings | Overview |Smsorl] Sensor 2 |

VISA resource name

Boow B Jempasint peosact
baud rate o 2

T Humidity 1 Humidity 2
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“JNone Conductivity 1 Conductivity 2
,/.;‘_“P bits o o
210

flow contral Acidity 1 Acidity 2
'-}None ro_'_‘_‘ [-U_‘_«

Puc. 2. Kopucmysaywvxuti inmepgetic GUI

OcranHi gocnipkeHHs 1 MyOmikamii cBiIYaTh MPO YCHIIIHI CIpOOU BUPILICHHS MPOOIEMH
MIBUJIKOTO aHAI3y JAaHUX 3a JIOTIOMOTOI0 MporpaMHoro 3abesneueHHs At IBC excripec-anamisy.
Jlesiki oCIiKEHHS 30CepeKYI0ThCsl Ha po3po0Ili HOBUX aJTOPUTMIB Ta METOJIIB OOPOOKHU JaHUX,
100 TMOKPAIIUTH MBUIKICTh Ta TOYHICTH aHATI3Y. [HIIT JOCIIKEHHS CIPSIMOBaH1 Ha PO3IIMPEHHS
(yHKLIIOHAJIBHOCTI MTPOTrPAaMHOTO0 3a0e3MeYeHHs, 30KpeMa, Ha PO3BUTOK iHTepdeiicy KopucTyBaya,
MOKPAIICHHS Bi3yasi3allii pe3yJbTaTiB Ta IHTErpaIliio 3 IHIIMMH HAyKOBUMH 1HCTPYMEHTAMHU.

Buainenns HenocailKeHUX YACTHH 3arajibHOi mpoOjemu. [Ipore icHYIOTH HemoCIHi-
JOKEH1 aCTEKTH, SIK1 MOTPeOyIOTh MOIAIBIIOro JociipkeHHs. Hanpukian, po3poOka HOBHX ajl-
TOPUTMIB JJ151 €PEKTUBHOTO OOPOOKH Ta aHaJi3y BEIUKHUX OOCSTIB JaHUX, BAKOPUCTAHHS LITY-
YHOTO 1HTEJEKTYy Ta MAalIMHHOTO HaBYaHHS ]I aBTOMATH3AaIlii MPOIECIB aHaTi3y, a TaKOXK
JOCTIKEHHS MOXIJIMBOCTEH BUKOPUCTaHHS IporpamHoro 3abesneueHHs s IBC excrpec-
aHai3y B HOBHUX Tally3fX, TAKHX SIK €KOJIOT1s Ta EHEpreTHKa.

HesBaxaroun Ha mpoBesieH]1 JOCTiKEHHs B raiy3i nporpamHoro 3abesneueHss s [BC
eKCIIpec-aHaJizy, € HeIOCIIKEH] aCTIeKTH. 30KpeMa, I11e TOTPiOHO TOCTIKYBaTH ONITUMAJIbHI
IrOpUTMHU 0OpPOOJICHHS JaHUX, PO3POOKY 1IHTYITUBHO 3pO3yMiJIoro iHTepdelcy KopucTyBada
Ta IHTETPaIliio 3 IHIIMMH CHCTEMaMH BUMIPIOBaHHSI.

MeTo10 €cTATTi € IEMOHCTpAIlisl ANTOPUTMIB POOOTH PO3POOICHOTO MPOTPAMHOTO 3a0e31e-
yeHHs s IBC excnipec-aHanizy mapameTpiB IPyHTY Ta IPHHITAI JI1i 1 MOXKIIMBI TTOKpAIICHHS
KOPHUCTYBAIILKOTO iHTEepEiicy.

202



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

Buxaax ocHOBHOIO Mmarepiauy.

3aranbHuii onuc NnporpaMHoro 3aée3nevyeHHs Ta ioro nepesaru. Ha ocHoBi nporpam-
HOi MOBH Java Oys10 po3po0iieHO IporpamHe 3a0e3MeueHHs - KOPUCTYBalbKUH 1HTepdeiic s
MOTIEPETHBO PO3po0IIeHoT iH(DOpMAaIIHHO-BIMIPIOBAILHOT CHCTEMH €KCIIpec-aHalli3y mapaMeT-
PiB I'PYHTY IO J03BOJIsIE€ MOOAUUTH B YMOBAX PEabHOIO Yacy MOKa3HUKU TAKUX MapaMeTpiB
IPYHTY, SIK TEMIIEpaTypa, BOJOTICTh, KUCIOTHICTh, BMICT METaHY Ta €JIEeKTPONPOBIAHICTh. Ta-
KOK KOPUCTYBAIbKHI 1HTEp(DENC Ta€ MOXKIIMBICTh HAJAIITYBaHHS HOPMAJIBHOTO Jiana3oHy Ko-
KHOTO OKpemoro mapametpy. Lle ynockonaneHHsi 3po0iieHe AJii MOXJIMBOTO KOPUCTYyBaHHS
npuitanom Ta I13 y Oynp skiid kpaidi Ta Ha pi3HUX BUAIB IpyHTY. Takox 13 3amucye y 6a3y
JIAaHUX BCl TapaMeTpH K1 HAAXOIATH 1 1M Jla€ 3MOTYy aHaJIi3yBaTH JaHi, CTBOPIOBATH 3BITH Ta
IPOTHO3YBaTH MaiOyTHI 3MiHHU. Yci aHi, siKi HaaxonaTh A0 [13 30epiratoThest Ha KapTy mam AT,
110 Jla€ 3MOTY IMPALIOBATH 3 BEJMKOIO 0a3010 TaHUX Ta 00’ €IHYBAaTH JCKiIbKAa CUCTEM B OJHY
Mmepexy. Lle 1ae MoXIMBICTD 30MpaTH JaHi 3a POKU Ta MOKPALTYBaTH yPOXKaWHICTh. Takox cH-
cTeMa Mae (yHKIIIIO CIIOBIIIEHHS Y pa3i HAIXOPKEHHS TaHUX 1110 BBAXKAIOTHCS HEOS3MECUHIMH.
Hanpuknan, sikiio teMnepaTtypa Ha MOBEpXHI IPYHTY IEPEBHUILIIIA HOPMAJIbHI MEXi, KOPUCTY-
Bau OTPUMY€ CIIOBIIIEHHS Ha Tele(OoH Ta KOMIT'IOTep AJsl MOAAJIBUIOrO PEeryiioBaHHS IMpPo-
omemu. Llei GpyHKITIOHAT A€ MOMIIMBICTh aBTOMATH3YBAaTH MPOIEC CIIOCTEPEKEHHS Ta Meper-
JSATH 1aHl Ta 3MIHY IMapaMeTpiB y 3pyYHHUN Yac.

3arajibHa XapaKTepUCTUKA METOAMK aHAJi3y BUKOpPUCTaHUX Yy poodori I13.

TUTpUMETPUYHUM METOJIOM MOXKHA BH3HAYUTHU OaraTo 3a0pyJaHIOBa4iB Ha MiCIIi Bi/:[60py
po0O. I[JI;I IIBUJIKOTO aHaJi3y Ha Mici Blz[60py npo0 BHKOPHCTOBYIOT TaKOX creniaibHi iH-
JMKaTOpHi namipii (0coOIMBO NMPH BU3HAYEHH1 TOKCUYHUX KOMITIOHEeHTiB Ha piBHI [ IK).

[Mommpeni meTonuku aToMHO1 abcopO1ii, CeKTpaIbHOTO aHamizy Ta xpomarorpadii. Ile-
pii 3 HUX € e()eKTUBHUMU MIPU BU3HAYEHH1 MIKPOJOMIIIIOK METajiB, 0COOIMBO y BOAIL, IPYHTI
Ta TOHHUX BiJKIanax. Xpomarorpadidai METOAM 3aCTOCOBYIOThH MEPEBAKHO VISl BU3HAYCHHS
razyBaTHUX HEOPTraHIYHUX CIOJYK, JICTKMX OPTraHiYHUX PEYOBHH Ta JIEIKUX KaTiOHIB METAJIB,
AHIOHIB 1 HEJIETKUX OPTaHIYHUX CTOIYK.

Takok 3amporOHOBaHa METOMKA MTPOTHO3YBAHHS MOMKIIMBOTO CTaHYy IPYHTY B KOPOTKOCTPO-
KOBI/ TIEPCIIEKTHBI HA OCHOBI METOMY €KCTPAIOJIAIi. Y Teopil 1 MPaKTHUIll B MPOIEC] MPOTHO3Y-
BaHHS [TOKa3HUKIB IOCUTh YaCTO BUKOPHCTOBYIOTh METOOJIOTIIO €KCTPAIIONIALIT, 32 sIKOT BACHOBKH
NPU3HAYCHHS TPOrHO3HUX MOKa3HUKIB y MaOyTHIX mepionax poOnsTbCs Ha OCHOBI BUBYCHHS 1X
JIMHAMIKH B TIOTIEpeIHIX nepionax. HeoOximHuM eneMeHTOM MpH oMY € OOYI0Ba Ta aHAI3 TaK
3BaHOTO Psly AMHAMIKH, SIKMI KITacU(]iKye 3HAUCHHS MMOKA3HUKIB Y Yaci y po3pizi OKpeMHX Iepio-
JIB Ta ONHUCY€E TUHAMIKY IXHBOTO po3BUTKY. [limKkpecanmo, 1m0 aHami3 psy JTUHAMIKU OKPEMOTo
MIOKa3HUKA, MAE CYTO OMHCOBUI XapakTep 1 He MOSCHIOE MIPUYMHY THX YM HIIMX 3MiH TEHJICHII].

MeTtoau excTpanodsiilii BUKOPUCTOBYIOTh 32 BITHOCHO CTa01JIbHOTO PO3BUTKY I1IITPHEMC-
TBa (UM OKPEMHX IMOKA3HUKIB HOTO JISUTBHOCTI) a00 3a HassBHOCT1 CE30HHUX UM IUKJITIYHUX KO-
JIMBaHb 3 YITKO BUpaXeHUM TpeH oM. [1ix Tpenom (Bix aHm. trend — HanmpsiM, TEHICHIIIS) poO-
3yMIIOTh TpPUBaJdy TEHACHIIIO 3MIHM €KOHOMIYHHUX IIOKa3HUKIB B EKOHOMIYHOMY
MIPOTHO3YBaHHI. SIKIIO X PO3BUTOK MOKA3HUKIB (hiHAHCOBO-TOCIIOIAPCHKOT MISITBHOCTI T ITPH-
€MCTBA y MOTEPEIHIX MepioJax XapaKTepu3y€eThCs 3HAYHOIO HECTAOUTBHICTIO 1 CyTTEBUM KOJIH-
BaHHIM (DiIHAaHCOBHX MOKa3HUKIB, Ta EKCTPANOJIALIS Ha MaiiOyTHI repioan Oyne HEMOXKIIUBOIO,
a OTXke, HEAOIITLHIUM € BUKOPUCTAHHS BiIIOBITHUX METOIIB.

Metoau BU3HAYEHHS cepeHiX BeMnYHuH. [[pOrHO3HI TOKa3HUKH JOCUTH YacTO PO3PAXOBY-
IOThCSI SIK CepeIHE 3HAUCHHs BIIMOBIIHUX MOKA3HUKIB MonepenHix nepiogax. CepeaHi Benu-
YUHU OOYUCITIOIOTHCS 3€OUTBIIOTO 32 aJITOPUTMOM CEPEIHbOI apu(PMETHIHOT TPOCTOT UM Ce-
penHboi apudmeTndHoi 3BakeHOoi. HalmommupeHimuM y mporieci MporHO3yBaHHS € METOT
BHU3HAYEHHSI KOB3HOI CEpPEHbOI, 32 BUKOPUCTAHHS SIKOTO MPOTHO3HI MOKa3HUKU PO3PAXOBY-
IOTHCSI SIK CEPE/THI BETMYMHY BIATIOBIAHMX MTOKA3HKKIB 3a IMOMEPEIHIX EPIoAiB (a HE 3 BUKOPH-
CTaHHSM yCiX 3HaYCHb aHAJII30BaHOTO PsiAy NMHAMikK). KoxXKH1 HacTyHI MPOTHO3HI MMOKa3HUKH
PO3paxoBYIOThCS HAa OCHOBI 3HAY€Hb, OJIEPXKAHUX Yy 3, 4, ... n TONEpeaAHIX Nepioax 3MiHOO
3HAYCHb HAWBIIJAICHIIINX MEPIOAiB HA HOBI.
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Hapa31 PO3ITIAAAETHCA MOKJIUBICTh MOKpalruTH aHaJ'IiTI/IKy Ta MPOrHO3yBaHHA 3a JJOIIOMO-
TOI0 BUKOPUCTAHHS IITYYHOT'O iHTeJ’IeKTy Ta MAllIMHHOI'O HaBUYaHHSA JJIA aBTOMaTI/I3aLIiT mnmpomne-

CiB aHaIi3y.
IIpouec

Puc 3. @paemenm npoepamnozo xody na Java ons IBC excnpec-ananisy napamempie ipyHmy

Ne 2(32), 2023

CTBOPCHHHA
public synchronized void serialBEvent (SerialPortEvent oEvent) {
if {cEvent.getEventType() == SerialPortEvent.DATA AVAILAELE && c != null) |
try {

String inputLine =
if (inputline.contains("Temperature on FIRST"))

double cel =

input.readLine();

Double.parseDouble (getFirstValue (inputline));

c.updateFirstTemp ("" + cel, getLastValue (inputLine});
if {c.norm temp from v != null && c.norm temp _to v != null) {

if (cel > c.norm_temp from v && cel < c.norm _temp to w) {

c.tl_m.setFill (Color.GREEN) ;

c.switchOffAl lExcept (2, c. temp_l_arr} i

if {cel <= c.norm_temp from v)

c.tl_1l.setFill{javafx.scene.paint.Color.RED);

)
I

c.switchOffAl 1Except (0, c.temp 1 arr);

if (cel > c.norm temp from_v && cel < c.narm_temp_from_v + DEGREE_RATE) {

c.tl_1.setFill (Color.ORANGE) ;

c.switchOffAllExcept (1, c.temp_1_arr);

if {ecel >= c.norm_temp te w) {
c.tl_rr.setFill(Color.RED);

c.switchOffAllExcept (4, c.temp 1 _arr};

}

if (cel < c.norm temp to v && cel »= c.norm_temp te v - DEGREE_RATE) {

c.tl r.setFill (Color.ORANGE);

c.switchOffAllExcept (3, c.temp 1 arr);

if (inputLine.contains ("Temperature on SECCOND"))

double cel =

}
)

{

Double.parseDouble (getFirstValue {inputline));

c.updateSecondTemp( "" + cel, getlastValus(inputLine));

if {c.norm temp from v != null &% c.norm temp to v != null) {

if {cel > c.norm_temp_from v && cel < c.norm_temp_to_wv) |

c.t2 m.setFill (Color.GREEN) ;

c.switchOffAl1Except (2, c.temp 2_arr);

AnropuT™M poOOTH KOPHCTYBAIIbKOTO IHTepelicy IpeICTaBICHUH Ha pUc. 5
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AHani3 JaHuX Ta MPOTHO3YBAHHS 3/11HCHIOETHCS TAKUM YHHOM:

[TinroroBka 10 poOOTH:

BceranoButu cucremy B HOTpiOHOMY MICT.

VYBIMKHYTH CHCTEMY 3a aornomororo kademo USB (mia’eqnaru 1o HOyTOyKa).
Hanatu MoxxnuBicTh cuctemi yBIMKHYTHCS aBTOMaTH4YHO (30 ¢).

3a el yac BIAKPUTH MPOrpaMHe 3a0€3MeUeHHS 3 KOPUCTYBaIlbKUM 1HTEphericoMm.
AHaii3 ga"ux:

e JlaHi BCTaHOBJICHI aBTOMaTHYHO, aJie 3a He0OXiTHOCTI KOPUCTYBad MOXKE 3MIHUTH Jia-
Ma30H HOPMAJIbHUX 3HAYeHb JJI IEBHOI TEPUTOPII.

e Amnaii3 31iiCHIOETbCs aBTOMaTHuUHO. [Ipu 3MiH1 fiana3oHy HOpMaJIbHUX 3HAYCHb Mapa-
METpiB aHaJli3 BIATBOPIOETHCS aBTOMATUYHO IICJISI YCTAHOBKH JIAHHMX 32 JIOMTOMOTOI0 KHOIKH
SET. Cucrema nokasye, 110 SIKOi Ipyny MOXHa BIJJHECTH TeTIEPillHi 1aHi:

1 rpyna — 3e5eHa 30Ha — 3Ha4€HHA TapaMeTpa, K1 3a/I0BOJIBHSAIOTH KOPUCTyBaya Ta BIIO-
BiJITaIOTh HOPMAJILHUM 3HAYCHHSM 3aJIaHUM paHillie (BpaXxOBYIOUH MOXUOKY MPUITATY.

2 rpyma — moMapaHueBa 30Ha — 3HAUEHHS MapaMeTpa, K1 BUXOJATh 32 MEK1 HOpMaJIbHUX
Ha (£ 20...30) %.

3 rpymna — yepBOHa 30HA — 3HAYCHHS MapaMmeTpa, sSKi 3HaYHO OUTBIIN/MEHIII Bif] 3aJaHUX
xopuctyBadeM (> +30 % / <-30 % Bix HOpMaTBHUX 3HAYCHD).

e Vi 1aHi pa3oM i3 AaTOr0, 9acoM 1 BJIaCHE 3HAUYECHHSIMH TTapaMeTpiB 30epiraeThest y (aiii.

e J[ns OTpUMaHHS CTaTUCTUKHU KOPUCTYBau MOXE HATHCHYTH MOPSI 3 MOTPIOHUM Mapa-
MetpoM kHOonKy STATISTIC.

e Binkpute BikHO 3 TpadikamMu 3a TOTPEOH MOKIMBO 30€PETTH K KAPTUHKY.

BianosigHo 1o anroputMy (GYyHKIIOHYBaHHS CUCTEMH, KWW TMPEACTABICHO Ha puc. 4, 5
po3po0IieHO YacoBy JiarpaMy poOOTH OKPEMOTro KaHally CUCTEMH (pHcC. 6).

i
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Puc. 6. Yacosa diacpama pobomu okpemozo kanany cucmemu

ne Ot — moyaTtok BUMIipIOBaHHS,

[1t — 2t] — yBIMKHEHHS KUBJICHHS,

[2t — 3t] — iHimiami3allis CHCTEMH,

[3t — 4t] — BuOip KOpUCTyBa4YeM KaHaTy BUMIPIOBaHHS Ta Oe3mocepeiHe BUMIPIOBAHHS,

[4t — 5t] — mepeTBOpPEHHS aHAJIOTOBOT'O CUTHAITY B KOJI;

[5t — 6t] — 3amam’siToByBaHHS 1H(QOpPMAIlii MIKPOKOHTPOJIEPOM;

[6t — 7t] — mepenaya iHpopMmaii;

[7t — 8t] — 3aBepiIeHHS] BUMIPIOBaHHS.

TakuM YMHOM, IPOMIKHUI Yac BUMIPIOBaHHS HAa KOXHOMY eTari 0e3 ypaxyBaHHs 4acy,
BUTPAYCHOTO KOPUCTyBaueM Ha BUOIp KaHATy BUMIPIOBaHHS, CTAHOBUTHUME:

t0—tl =3 pus;tl —t2=3us; 12 —t4=3-5ms;t4 —tS=1ms ;t5 —t6 =5 us; t6 —t7 =3pus;

Cymapnuii yac BuMiptoBanHs: ~ 10 Y t ms (6e3 ypaxyBaHHsS yaCy BCTAaHOBJICHHS HEOOXiI-
HUX IIapaMeTpiB KOPUCTYBAUEM).

TecTyBaHHSI IPOrPAMHOI0 3a0e3MeYeHHs

205



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

STILLI AGROMONITORING INTELLEGENT SYSTEM

Temperature outside

Normal temperature
Normal humidity
Normal gas

Normal pH

Temperature on f

Puc. 7. 113 6 onnaiin pesxcumi IBC excnpec ananizy napamempie rpyHmy
(napamempu y medxcax 6CmMano81eHoi HopmiL)

STILLI AGROMONITORING INTELLEGENT SYSTEM

MNeormal temperature
Normal humidity
Meormal gas

Mormal pH

10,00

749

Puc. 8. 113 6 ounatin pesxcumi IBC excnpec ananizy napamempis [pyHmy
(napamempu 3a medxcamu 6CMAHOBNIEHOI HOPMUL)

IlepcneKTUBHU PO3BUTKY MPOrPaMHOIO0 3a0e3Me4YeHHs.

JU1s oAb Ioro po3BUTKY MporpamMHoro 3abe3neyenns s IBC excnipec-anani3zy MokHa
PO3MIIAAATH TaKi MEePCIIEKTUBY OCIiKeHb. [1o-nepiie, MOXINBE YIOCKOHAICHHS aJrOPUTMIB
Ta METO/IIB aHAJII3Y JUIsl TOCATHEHHS I1e O1TBIII0T TOYHOCTI Ta MBHUAKOCTI 00poOku nanux. [1o-
JIpyTe, BAXJIMBO 30CEPEIUTHCS Ha PO3MUPEHHI (DYHKIIIOHAIBHOCTI MporpamMHoOro 3abesrme-
YEHHSsI, I0/IaBIIA HOBI MOAYJ Ta IHCTPYMEHTH, SIK1 JO3BOJISIIOTH BUKOHYBATH OLITBIIT MTUPOKHUI
crnekTp aHaniziB. [lo-Tpere, MOXKHA PO3MIISLIATH MOXKIIMBOCTI IHTErpallii mporpaMHOro 3ade3re-
YEeHHS 3 IHIIUMH IHCTPYMEHTAMH Ta CUCTEMaMH, 110 JO3BOJIUTH 3a0€3MeUnTH 11e O1IbIry QyH-
KLIOHAJIBHICTD Ta 3pyYHICTh BUKOPUCTAHHSI.
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3arasibHa MeTa JIOCIIPKEHHS Ta po3po0KH nporpamHoro 3abesneuenns st IBC excrpec-
aHaJIi3y MOJSra€ B CTBOPEHHI MOTY)KHOTO, IIBUAKOTO Ta HAIMHOTO iHCTPYMEHTY JJIsl aHAI3Y
JaHUX, [0 BiJMOBia€ BUMOTaM Cy4acHOI raixy3i HayKu i TeXHiKd. Pe3ynpraroM Takoro qocii-
JKCHHS € CTBOPEHHS TPOTPaMHOTO 3a0e3TeUeHHs, siKe 3a0e31neuye TOYHUH Ta ePeKTHBHUM aHa-
73 BEJIUKUX OOCSTIB JaHUX, CIPUSIIOUYH TOJATBIIOMY PO3BUTKY 1 BIOCKOHAJICHHIO MPOIIECIB
HAyKOBUX Ta TEXHIYHUX JIOCTIHKCHb.

OTtpumaHi HAayKOBI pe3yJbTaTH MiITBEPIKYIOTh NOCATHEHHS METH cTarTi. Po3pobnene
nporpamue 3abe3neuenns st IBC excnipec-ananisy BUABISETHCS €()EKTUBHUM Ta HATIMHUM
IHCTPYMEHTOM ISl IPOBEJCHHS aHalli3y JaHMX, IO BIANOBiAa€e MOTpedaM i BUMOTaM raiysi.
Moro HOBH3HA MOJArae y BHKOPHCTAHH] HOBITHIX aITOPUTMIB i METOIB aHATI3Y, IO JO3BOIS-
I0Th JIOCSTTH OUTBIITOT TOYHOCTI Ta €(eKTUBHOCTI pe3yabTaTiB. OTpuMaHi HaAyKOB1 Pe3yJbTaTH
CBIJTYaTh PO YCHIITHE BUPIIMIECHHS IMOCTABJICHUX 3aB/IaHb 1 BUABIICHHS I[IIHHOCTI TPOTrPaMHOTO
3abe3neuenns nis IBC excnpec-anamisy.

BaxxnuBo BiI3HAYUTH MPAKTUYHE 3HAYCHHS OTPUMAHUX HAyKOBUX pe3ynbrariB. [Iporpa-
MmHe 3a6e3nedenns 1 IBC ekcripec-aHanizy Mo)ke OyTH BUKOPUCTAHE B PI3HUX TaTy35X, TAKHX
sk Giomoris, MeaumuHa, XiMis, dapManis Ta inmi. Moro 3acToCyBaHHS CIPHSTHME MPUCKO-
PEHHIO TIPOIIECY aHali3y JaHWX, BUSBICHHIO HOBHX 3QJIC)KHOCTEH Ta 3aKOHOMIPHOCTEH, a Ta-
KO TIOJICTIIUTH TPUHHSATTS PIllICHb Ha OCHOBI OTPUMaHUX pe3ynbTariB. Kopucts mporpaMHoro
3a0e3MmeyeHHs MOJIsATae B 3HMKEHHI Yacy Ta 3yCHJIb, 110 BUTPAYAIOTHCS HA TIPOBEACHHS aHAI3Y,
Ta MOKPAIICHHI SKOCTI Ta JTOCTOBIPHOCTI OTPUMAaHUX BHCHOBKIB. Ha mifcTaBi oTpuMaHHUX pe-
3yJbTaTiB MOKHA 3pOOMTH KiJIbKa PEKOMEHAALIN 11010 MONATBIIOr0 MPAKTUYHOTO BUKOPHUC-
TaHHs IporpamHoro 3abe3neuenns s IBC ekcripec-ananizy. [lepemycim BapTo mpoBeCcTH HOTO
BIIPOBAHKCHHS B 1a00paropii Ta JOCITITHUIIBK] IIEHTPH, 1110 3aMAar0OThCS aHaIi30M JaHuX. Ta-
KOJK CJTIJT PO3IVISTHYTH MOXKJIMBICTH CITIBITpAIll 3 THIIMMHU pO3pOOHHKAMHU ITPOrpaMHOTo 3abe3re-
YeHHs I OOMiHY JOCBIZIOM Ta BIOCKOHAJCHHsS (yHKIiOHANbHOCTI. [loganbine BIOCKOHA-
JICHHS NPOTPaMHOro 3a0€3MEeYeHHS MOXKE BKIIOUAaTH PO3LIMPEHHS HOr0 MOXKIIMBOCTEH,
MIITPUMKY HOBUX TEXHOJIOT1H Ta IHTETPAIliO 3 IHIIMMH CUCTEMaMH Ta IPUCTPOSMHU.

BucnoBku. VY macymky, po3podiene nporpamue 3adesneuens 11t IBC excripec-anamizy
€ aKTyaJIbHUM 1 BOKJIMBUM HAMPSIMOM PO3BUTKY CydacHO1 HayKH 1 TeXHIKHA. BoHO BuUpiIIye mpo-
01eMy MIBUIKOTO Ta €()EKTUBHOTO aHAJi3y BEUKUX OOCSTIB JaHMX, 110 BUKOPUCTOBYIOTHCS B
PI3HUX Tramy3sx.

BaxxnuBo mpoAoBKYyBaTH TOCHTIHKEHHS Y 1[Il Tamy3i 3 METOIO MOCTIIHOTO BIOCKOHAICHHS
nporpamHuoro 3adesneueHns s IBC excnpec-anainizy. Heo0xigHo mpoBOanuTH JOIATKOBI €KC-
MEPUMEHTH Ta BUMPOOYBAaHHS 3 METOIO MEPEBIPKU HOT0 €(heKTHBHOCTI Ta HaIIHHOCTI. Takox
MOKHA PO3TIISIaTH MOKJIMBOCTI TOIIMPEHHS HOT0 3aCTOCYBaHHS Ha 1HIII Tary3i Ta po3poOKy
CreniaIi30BaHuX BEPCiid 11 KOHKPETHUX chep JOCITIIKeHHS.

Kpim Toro, cmiBmparss Mixk HAayKOBUMHU yCTaHOBaMH, JIAOOPATOPIsIMU Ta POMUCIOBUMHU
HiANPHEMCTBAMU MOXKE CIIPUATA OOMiHY JIOCBIJIOM Ta B3aEMHOMY BJJOCKOHAJICHHIO IIPOTPaM-
HOTO 3a0e3me4eHHs1. Taki mapTHEPCTBa MOXKYTh CIIPHSTH PO3MIMPEHHIO MOXIIMBOCTEH TIPOTpa-
MHOTO 3a0e3MeueHHs, HOTo aJanTallii 10 KOHKPETHUX MOTped Ta BIPOBAHKEHHIO HA MPAKTHIII.

VY maitbyTHROMY, IporpamMHue 3abe3neueHHs A IBC ekcripec-anamizy MOXe CTaTH HEOO-
X1THAM 1HCTPYMEHTOM JIJIsl O0araTh0X HayKOBUX JOCTIIKEHb, MEAMYHUX J1aTHOCTHKH, (apMa-
[IEBTUYHOI PO3pOOKH Ta iHIIMX obnacTeil. BUkopucTaHHs Takoro nmporpaMHoro 3abe3neyeHHs
MO€ 3HAUHO MPUCKOPUTH MPOLIEC aHAJI3y Ta CHPUATH OTPUMAHHIO HOBUX 3HAHB 1 BIIKPHUTTIB.

OTtxe, nporpamue 3a06e3neuenns 11t IBC excnipec-ananizy € OgHI€0 3 KIIFOYOBHX CKIIA0-
BUX PO3BUTKY CY4ACHOI HAyKH i TEXHIKH. MIOr0 aKTyalbHICTh HOCTIHHO 3pOCTA€E, OCKITBKH BH-
Mara€eThCsi OUTBIIOT MIBHUIKOCTI, TOYHOCTI 1 €(DEKTUBHOCTI B aHaI31 BEJTUKUX OOCATIB JaHUX.
[Iporpamue 3ab6e3neuenns s IBC excnipec-anani3y Biirpae BaXIUBY POJIb Y PI3HUX rany3sx,
BKJTIOUAIOUU METUIIMHY, 010JI0T110, XiMit0, (hapMaIleBTUKY Ta 1HIIII.
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SOFTWARE FOR THE INFORMATION MEASURING SYSTEM
EXPRESS-ANALYSIS OF SOIL PARAMETERS

This research paper focuses on the analysis of software for express analysis in computer-aided systems (CAS). The in-
creasing demand for rapid and efficient information analysis poses challenges for the scientific and technical community to
develop software tools that ensure accuracy, speed, and reliability in the process of express analysis.

The problem lies in the development of software that facilitates effective CAS express analysis. It is necessary to develop
software tools that can quickly and accurately process information, detect anomalies, and conduct analysis of results.

The main objective of this research paper is to investigate software for express analysis in CAS and determine its effec-
tiveness and practical applicability.

The paper explores the fundamental aspects of software for express analysis in CAS. It analyzes various approaches and
methodologies for developing such software, including requirements for functionality, architectural decisions, and data pro-
cessing and analysis methods. The paper provides a concise overview of the main findings obtained during the research on
software for express analysis in CAS.

The application of sofiware for express analysis in CAS proves to be highly promising and enables rapid and accurate infor-
mation analysis. The developed software tools demonstrate high efficiency and practical suitability in real-world applications.

Keywords: software; express analysis; computer-aided systems; efficiency, accuracy, reliability; information processing;
anomaly detection; functionality requirements; architectural decisions, data analysis methods; practical applicability.
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DESIGNING TOOLS FOR AUTOMATED DATA COLLECTION
FOR IoT ROAD CONDITION MONITORING SYSTEMS

The object of the research is the data collection processes on road conditions in monitoring and maintenance systems
based on Internet of Things (IoT) technologies. A concept of data collection and aggregation from sensors is proposed to
ensure their effective processing at the loT network edge, with the possibility of integration into smart city systems based on
IoT. The proposed approach of automated data collection using embedded devices in vehicles enables dynamic monitoring of
road conditions with minimal resource consumption. To implement the proposed concept, a complex of hardware and software
has been developed in the form of an experimental prototype of an IoT road condition monitoring system. Experiments have
proven that the proposed tools enable rapid response to road defects in any terrain, and the aggregated data format is
appropriate for further analysis, including intelligent analysis. The proposed tools can be used in smart city maintenance
systems to improve driving quality and prevent critical situations related to poor road conditions.

Keywords: [oT; SmartCity; monitoring system, road condition; STM32.

Fig: 6. References: 16.

1. Introduction.

As modern technologies for device connectivity, big data processing, and intelligent
analytics continue to advance, the Internet of Things (IoT) technology is developing and
increasingly influencing society in all spheres of activity. Under the influence of the huge
potential and capabilities of IoT, smart cities are rapidly evolving. The Internet of Things
represents a relevant paradigm for the development of a new generation of smart cities, aiming
to establish complex interconnections among all sectors within these cities.

Modern smart cities are already implementing a wide range of tasks in areas such as urban
mobility, safety, maintenance, healthcare, and management [1]. Monitoring the state of road
conditions is one of the relevant tasks for the technical maintenance of a smart city. An effective
monitoring system will enhance driver comfort and enable timely response to problematic road
sections, ultimately improving overall quality of life and reducing the use of human and
material resources that could otherwise be spent on repairs and development [2]. However, this
is an incredibly complex task that requires simultaneous control over thousands of kilometers
of road surfaces, which can be damaged by various natural and man-made factors. Various
transportation systems for technical control and monitoring are described in literature sources
[1-3]. Traditionally, monitoring systems are based on a large number of IoT sensors that
generate a vast amount of measurements and communicate with each other and analytics servers
[4]. The most pressing challenges in the development of IoT systems are associated with
improving the capabilities of modern IoT data analytics, which is driven not only by frequent
data anomalies and their massive volume but also by the need for high-complexity
computations in near-real-time mode [4]. Current trends in moving a significant portion of
analytics to the edge level of IoT further emphasize the relevance and necessity of enhancing
IoT system architectures, particularly in terms of data collection and aggregation. This is also
applicable to road condition monitoring systems, which are sensitive to data processing time.

Thus, the article focuses on the current challenges of improving the efficiency of road
condition monitoring systems based on IoT technologies, which can be easily integrated into
smart city maintenance systems.

2. Analysis of Literature Data and Problem Statement.

Among the known methods of monitoring, the most common is the use of specialized mobile
road laboratories that collect information on the quality of the road surface and roadsides. The
© Cepriit Hikonbepkuit, [puna Kimnvenxko, 2023
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vehicles of these mobile laboratories are equipped with a wide range of equipment and sensors,
including video cameras, GPS trackers, three-dimensional laser scanners, soil analysis sensors,
and positioning devices [2, 5]. The analysis of the collected data is carried out by qualified
specialists using specialized tools and modern modeling techniques in laboratory settings [5].
These professional laboratories offer detailed information about the current condition, damages,
and problematic sections of roads and roadsides. However, the wide-scale implementation of such
laboratories has certain drawbacks, including high costs, substantial resource and time
requirements, and the need for trained personnel and specialized equipment.

Methods of automatic data collecting that simplify, accelerate, and lower the costs of these
operations are becoming more important as [oT becomes more widely adopted [2]. The use of
video footage acquired by vehicles' cameras is a popular approach of automatically detecting
road potholes. In the works.[3, 6] Methods for detecting object outlines based on points within
the object are considered, but intensity variation within the object's internal zone is seen as a
defect. Among the drawbacks, it is worth noting the high probability of errors in video
recordings and the high cost of video equipment and paid analytic services. Additionally, it
should be mentioned that standardized placement of video cameras on all vehicles is necessary
to obtain high-quality data.

Another widespread solution is the use of client mobile applications and services for
monitoring road damages, which are installed on drivers' smartphones. Most modern
smartphones are already equipped with various sensors such as a camera, accelerometer, and
GPS. The authors of works [7, 8] propose utilizing the built-in accelerometers and geolocation
of mobile devices. They describe useful applications that automatically update real-time road
condition information by gathering data from users and displaying it on a map. Users of these
applications contribute to automated data collection, and developers obtain thousands of mobile
data collection units. This is the most cost-effective solution in terms of material expenses, but
technically, these local systems have the potential to be integrated into smart city systems for
technical monitoring. Significant drawbacks include high energy consumption due to
continuous active GPS sensor operation and the requirement for constant static device
positioning throughout the entire movement. For technical monitoring systems, this can result
in a decrease in the quality and reliability of the collected data, which are subject to analysis
and decision-making on a city management scale. For users, the inability to use their mobile
phones for their primary purpose may also cause more inconvenience than benefits.

The most promising class of solutions is the monitoring systems embedded in vehicles.
The viability and effectiveness of such tools are supported by their adoption by major
automobile manufacturers, including Volvo, Ford, and Jaguar. According to information from
open sources [9], these companies propose similar concepts for monitoring road conditions,
utilizing sensors and detectors placed under the vehicles. The sensors communicate with the
onboard computer, which, upon detecting problematic areas, generates control actions to
enhance driving comfort on uneven roads, such as reducing speed or adjusting the suspension
configuration. Simultaneously, information about identified road issues is sent to cloud storage
with location coordinates. This information is used to provide early warnings to other drivers
about traffic complications on specific road segments. Among the implementation challenges
is real-time responsiveness, which is complicated by the reliance on cloud services to access
previously collected information. This incurs significant time costs for data retrieval and
decision-making, which is critical for proactive response systems. The advantages of the
discussed concept, when vehicles exchange information about poor road sections through a
shared database, include hypothetical easy integration into smart city systems based on the
Internet of Things. However, existing commercial solutions can be problematic for widespread
use, as both the reviewed technologies and cloud data storage are localized for each individual
automobile brand and not readily accessible.
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Both built-in vehicle diagnostic systems and mobile devices commonly utilize
measurements of linear acceleration from accelerometers to detect problematic road sections
[2, 7, 8]. However, the main challenge associated with using accelerometers to assess linear
acceleration is the inability to accurately evaluate the road conditions solely based on
accelerometer measurements [10]As a result, classification of accelerometer data is required to
determine the nature of road defects [10].

To address the complex tasks of analyzing a large number of measurements and classifying
accelerometer data, modern literature sources describe intelligent data processing methods [6,
11, 12]. The authors of these works emphasize the importance of specific data preprocessing
for analysis, the relevance of modern methods of intelligent analytics using neural networks,
dataset preparation, and neural network training.

In existing road condition monitoring systems, there are common problems such as
equipment inconvenience, the complexity of data collection and analysis processes, additional
energy consumption, high equipment costs, and significant labor requirements. In terms of
operational efficiency, challenges include processing large volumes of data in real-time, accuracy,
and reliability of the obtained results. The localization and commercialization of existing
solutions also pose obstacles to integrating monitoring systems into the paradigm of smart cities
based on IoT technologies. Based on the aforementioned issues, conducting research in the
development and improvement of road condition monitoring systems with integration capabilities
into smart city maintenance systems based on IoT is relevant and justified.

3. The research's purpose and goals. The aim of the research is to develop approaches and
tools for automated data collection from IoT devices for road condition monitoring systems. The
implementation of the research goal aims to improve the efficiency of data collection,
transmission, and aggregation from sensors in road condition monitoring systems. The objectives
are to enhance the convenience of data collection approaches, increase the accuracy and reliability
of measurements, and generate aggregated datasets for further real-time processing by intelligent
analytics systems. Achieving the research goal and objectives will help improve the architecture
of smart city monitoring systems based on IoT technologies and enhance the performance of time-
critical applications, particularly for road condition monitoring.

To achieve this aim, the following tasks were set:

— Develop an architectural and functional concept of a road condition monitoring system
with the ability to integrate into scalable IoT networks capable of efficient data collection and
aggregation for real-time processing at the IoT network edge.

— Develop a complex of software and hardware tools for data collection and aggregation
from IoT devices to implement the architectural and functional concept of the road condition
monitoring system.

4. Data and methods of the research

4.1. Justification for sensor selection for monitoring linear acceleration indications.

The object of the research is the processes of data collection and processing related to the
quality of road surfaces in IoT networks. Considering the need for automated collection of a
large number of parameters from IoT sensors and the high computational complexity of real-
time processing algorithms, the task arises to select hardware for effectively addressing these
challenges. The solutions to these tasks are based on choosing software and hardware that meet
the requirements of accuracy, high performance, ease of configuration and programming, low
cost, mass production, and availability in the electronics market.

The quality and accuracy of the final results significantly depend on the reliability of the
data obtained from IoT sensors. Accelerometers are typically used to measure linear
acceleration. Three-axis MEMS (Micro-Electro-Mechanical Systems) accelerometers belong
to the modern family of "nano" MEMS and cover a wide range of tasks. The efficiency of
MEMS accelerometers in terms of measurement quality and integration into IoT systems has
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been investigated in [13], and their usefulness has been justified. Among the advantages are
small size and low cost compared to analogues, high accuracy of the sensors suitable for
projects of any complexity, and wide usage in the microelectronics market.

For the research, the LIS3DSH accelerometer from STMicroelectronics (a European
multinational company based in France and Italy) [14] was used. The company's products are
known for their high quality and come with openly available official documentation. According
to the documentation [14], the LIS3DH is a high-performance three-axis linear accelerometer
with low power consumption, compact size, and affordable price. The LIS3DH accelerometer
has a standard 12C/SPI digital serial interface and can measure acceleration with data output
rates ranging from 1 Hz to 5.3 kHz simultaneously along three axes. The available scales of
+2g/+4g/+8g/+16g can be dynamically configured for different power-saving modes or other
needs. The device also features low-power, extended energy-saving modes, and smart
embedded functions, withstanding overloads up to 10,000 g. The selectable measurement scales
are a specific advantage for the research, providing the ability to dynamically configure
different ranges of boundary values. The SPI serial peripheral interface allows for connecting a
large number of peripheral devices.

4.2. Justification of technologies for the implementation of a device for collecting and
aggregating IoT data from peripheral sensors

The efficiency of implementing hardware solutions for data collection and aggregation in
IoT is another important factor that determines the speed of result generation. The choice of
data processing processor requires high-speed performance, low power consumption, speed and
ease of configuration and software development, wide availability, and affordable cost. For real-
time task solutions, efficient interrupt handling mechanisms for a large number of peripheral
devices and high-speed communication means are critical for processors.

Two technologies have been considered, which belong to different product lines in terms of
performance and functional purpose. Firstly, the use of affordable and popular Arduino boards
[10] has been examined, which meet the requirements of low cost, ease of development, and
open-source software. However, their usage would require complex assembly of additional
functional modules, including connecting the accelerometer to the board using wires. On the other
hand, Raspberry Pi mini-computers [15] have been explored, which are based on quad-core ARM
Cortex-A processors. This satisfies the requirement for high performance and the execution of
computationally intensive tasks by being capable of running general-purpose operating systems.
The Raspberry Pi board has a wide range of IoT applications and is based on energy-efficient
technologies. It is often used for implementing audio systems, weather stations, personal
computers, and servers. However, the Raspberry Pi board clearly exceeds the needs for solving
the given tasks. In both cases, there is an increase in cost and development complexity.

STM32 controllers are specialized high-performance systems equipped with digital signal
processors and designed for real-time signal processing [16]. These controllers are
characterized by high performance and low power consumption. They have efficient interrupt-
handling capabilities and high-speed interfaces for data exchange. The developer also provides
high-level APIs for programming in languages like C and C++, as well as other tools for
configuration, programming, and debugging.

For the aggregation and preliminary processing of IoT data obtained from the
accelerometer, the STM32F407vg family controller is used. The STM32F407vg controller
already has the LIS3DSH digital accelerometer integrated. Additionally, this controller includes
the necessary interfaces for data exchange and provides a large number of general-purpose
input/output ports. Choosing products from the same manufacturer simplifies the configuration,
development, and programming of the system.

4.3. Deploying the development environment and configuring the controller

For the development of hardware drivers, the Keil uVision development environment and
the low-level programming language C was used. The Keil uVision development environment
includes a set of specialized utilities for programming microcontrollers, including those from
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the STM microcontroller family. The choice is justified by the convenience of working with the
development environment and the optimization of compiled code, which ensures high speed
and minimal delays in the operation of the drivers.

The STM32CubeMX development environment was used to configure the STM32F407vg
controller. Controller configuration refers to setting up the device in its operational state,
configuring the appropriate values in the processor's software registers, setting the clock
frequency, activating interfaces, defining the operating modes of input/output ports, and
performing a set of other configurations. STM32CubeMX is a graphical interface tool
developed by STMicroelectronics specifically for automatic configuration of STM32 devices
and generating C language source code for the ARM Cortex-M core.

5. Results of the study of automated IoT data collection tools

5.1. Development of the architectural concept of the IoT road surface condition
monitoring system and hardware for its implementation

According to the proposed architectural concept, the IoT monitoring system is considered
at an architectural level, which describes the composition and interaction of the main structural
components of the system. The functional components of the system are implemented through
a combination of hardware and software. An overview of the system architecture is presented
in figure 1.

Level of 10T data collection Network level (Edge loT) Cloud analytics level

Cloud IoT

The set of mobile object
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Figure 1. Structural diagram of the loT road condition monitoring system

At the data collection level, there is a set of mobile objects, each of which contains a sensor
that measures linear acceleration or other sensors and actuators. Each of these objects contains
a controller that reads data from the accelerometer, performs filtering, and forms data packets
that are transmitted to the analytics server for further processing. The role of the mobile object
is performed by a vehicle that carries the appropriate equipment and moves in any direction
within a specific [oT infrastructure area.

The data collection device is implemented on the STM32F4 DISCOVERY board. The
structural diagram of the data collection subsystem is presented in Fig. 2. The STM32F4
DISCOVERY board includes necessary components, including the LIS3DSH accelerometer
sensor. The sensor is interfaced with the system using the Serial Peripheral Interface (SPI). The
SPI bus enables fast communication between the controller and peripheral devices and allows
for the connection of multiple sensors, facilitating potential expansion of the monitoring
system's functionality. The micro USB port on the board is used to transmit information to the
server. A cable is used to connect the micro USB port on the board to the USB port of a
computer. The server reads the data in COM port mode.
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Figure 2. Block diagram of the data collection and analytics system

During the initialization of the data collection subsystem, its functionality is checked. By
querying the control bits and the working state of the ports, the subsystem verifies its
operability. Peripheral devices are configured, the SPI bus is initialized, and communication
with the server is established. In the case of non-critical errors, the system is restarted, while in
critical situations, the system operation is halted. In emergency situations, a red LED on the
board is activated to indicate a system malfunction.

For the adequacy and accuracy of the data obtained based on accelerometer measurements,
as mentioned earlier, the device's horizontal position is critical. The accelerometer sensor
should be oriented parallel to the road surface in the vehicle. LED indicators on the board are
used for device position calibration. The correct position is considered when all four LEDs are
turned off, indicating that the readings obtained from the sensor can be considered relevant.
Calibration of the correct device position for data collection is performed after board firmware
and system initialization.

Figure 3 illustrates experiments that demonstrate the proposed methodology of using LEDs
for device calibration during changes in position relative to the horizontal axis. In the correct
device position, all LEDs are turned off. In positions "A" and "B," the sensor is tilted relative
to the x-axis, while in positions "C" and "D," it is tilted relative to the y-axis. If one or more
LEDs are lit, it indicates incorrect board placement, requiring manual adjustment of its position.

Figure 3. Calibration of the correct device position:
A — tilt to the left relative to the X-axis, B — tilt to the right relative to the X-axis,
C — tilt backward relative to the Y-axis; D — tilt forward relative to the Y-axis
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Data collection from the linear acceleration sensor begins after the device has been
configured and calibrated. The controller reads linear acceleration values from the three-axis
accelerometer and transmits data packets through the SPI bus via the micro USB port to the
data analytics server in serial COM port mode. On the server side, the data is converted to
standard measurement units. The data received on the COM port is in hexadecimal format and
is then converted to decimal values in units of measurement of g=9.8 m/s?. Next, frames of
sequential accelerometer measurements of the appropriate size are formed and aggregated in
the server's database for further analysis.

The aggregation, analytics, and visualization server (server) is implemented on a personal
computer (PC) during the experimental stage. To operate the server software, it is necessary to
connect the device to the computer via the USB interface.

5.2. Software complex for collecting and aggregating IoT data

As part of the functional implementation of the architectural concept, a software suite has
been developed, which consists of the following components:

— Data collection software: drivers for connecting the accelerometer to the controller, a
data collection device from the accelerometer on the controller, and communication tools
between the data collection device and the server.

— Server software: data aggregation and monitoring system server, server software for
testing and visualization of results with a graphical user interface.

The data collection device is implemented on the STM32F4 controller. After configuring
the controller, an executable project file called main.c is obtained, which represents the working
block of the program. The file contains the main() function, which is executed at project start,
as well as functions for initializing general input/output ports, the SPI interface, system clock
settings, and error monitoring functions. To flash the controller, the board is connected to the
host computer. The compiled project is then loaded onto the STM32F4 DISCOVERY board
using the programming tools provided by the STM32CubeMX development environment.

The server software consists of software modules for data aggregation, analytics, and
visualization of results (Fig. 1). The aggregation module creates frames of sequential
accelerometer measurements, which are stored in the server's database. The data visualization
software module displays the data read from the COM port in a convenient graphical format.

The server for experimental data analytics consists of a roughness classification module
(classifier). The classifier processes the aggregated data frames on the server and classifies them
using simplified experimental algorithms. The purpose of this classifier is to assess the
suitability of the prepared data formats for further processing, including the application of
trained neural networks. The classifier generates specific analytical results, which are stored on
the server and can also be transmitted to the cloud for further use and analysis. The operation
of the classifier is described in detail in reference [10].

Software with a graphical user interface has been developed for visualizing the results of data
aggregation and experimental processing on the analytics server. The results are displayed in the
form of graphs showing the change in vertical acceleration along the three axes of the accelerometer.
The developed software has communication interfaces with both the analytics server tools and the
data collection device, in the form of user buttons within the graphical interface.

The server-side software is implemented using the PyQt library for graphical user interface
development in the Python programming language. The pySerial library is used for
communication with the COM port, and the mathplotlib library is used for graphical representation
of data. The Qt Designer program was utilized to configure the visual display of the classifier's
results, which offers a wide range of options for customizing the graphical interface.

The graphical interface consists of a menu for selecting the COM port, scales for displaying
linear acceleration values on different coordinate axes, a dynamic graph of the acceleration
values along the Z-axis, and digital indicators displayed above it. The data is presented in real-
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time in various visualizations. The overall layout of the graphical interface for the
Accelerometer Port Monitor module, which displays the state and classification of road
surfaces, is shown in Figure 4. On the left side, the measurement results along the three
accelerometer axes are displayed, and real-time graphs are plotted for the three projections. On
the right side, there are four indicators representing the condition of the road surface: green for
a level road, yellow for speed bumps, railroad crossings, or potholes, orange for small potholes
or cobblestones, and red for accident zones or large potholes. The classification is implemented
using a software classifier model, which is described in detail in the reference [10]. The
indicators are illuminated according to the identified types of road surface irregularities

determined by the classifier.

u | Accelerometer Port Monitor - A

Serial
coMB orEn CLOSE

101 x-0.0 y-0.0

Figure 4. An example of the graphical interface

The developed module for visualizing road conditions on Google Maps is designed to
visualize the experimental results of data processing in user applications. However, the current
experimental prototype lacks a GPS sensor and a wireless network interface for communication
with the server. To accommodate the experimental implementation, certain abstract
simplifications have been made. For example, communication with the server is realized using a
COM port, and GPS navigation data is obtained from the server-side PC to determine the position.

During the experimental testing of the device with accelerometer measurements
visualization, it was assumed that the acceleration readings are influenced by inertial forces that
cause the device to deviate from its equilibrium state. In figure 5, which visualizes the rotations
and tilts of the board, the displacement of the graphs along different axes can be observed during
the tilting of the board in corresponding directions.

To indicate the position of the data collection device, LEDs were used on the board. This
function was implemented for system calibration during initialization (Figure 3). Experiments
involving tilting the board and visualizing it in the graphical interface determined, for example,
that the green LED LD4 is activated when the device deviates along the X-axis by more than -
200 units (one unit corresponds to 0.06 mg according to the documentation). Therefore, the
calculated sensitivity of the adjusted system to tilts is 12 mg, which corresponds to
0.1176798 m/s*2. Tilts of the device were performed backward and forward along the X-axis,
and the corresponding changes along that axis were displayed in the console (Figure 6). The
maximum acceleration of 10110 units was recorded during tilting the board backward along the
X-axis, and the maximum acceleration of 13395 units was recorded during tilting it forward
along the X-axis. Thus, the calculated acceleration values were 606.6 mg and 803.6 mg due to
inertial effects along the X-axis, representing the maximum and minimum deviations from the
equilibrium state.
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Figure 5. Influence of inertial forces on acceleration rates

The results of similar experiments along the Y-axis showed that the maximum and
minimum acceleration deviations from the equilibrium state along the Y-axis correspond to
444.46 mg and 414.48 mg, respectively. Thus, the characteristics of the inertial forces affecting
the device have been assessed.
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Figure 6. Changes in the X-axis values when the position
of the of the data acquisition device: forward and backward tilt

Based on the visualization of the processed aggregated accelerometer measurements in the
Serial GUI software interface, as shown in the graph (Figure 5), it was possible to identify the
device's position and state at different time intervals as follows:

— Tilting of the board in different directions is identified as sinusoidal patterns. The gradual
increase in values corresponds to an increase in the tilt angle, while the decrease in values
corresponds to returning to the equilibrium state.

— Shaking of the board is identified as segments on the graph with sharp changes in values.
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— Flipping of the device is characterized by a sudden change in the Z-axis value from 1000
mg to -1000 mg.

— Resting state is characterized by values close to zero for X and Y axes, and close to 1000
mg for the Z-axis.

— Impacts on the board are characterized by sudden variations along one of the
accelerometer axes and a return to the initial state within a short time interval.

6. Analysis of the results of the study of IoT data collection and aggregation tools

The proposed architectural and functional concept of the IoT monitoring system is
designed to be easily integrated into a large-scale smart city maintenance system based on IoT
technologies. As depicted in Figure 1, the proposed concept aligns perfectly with the IoT
paradigm. At the data collection and aggregation level, there is a set of sensors, detectors, and
control devices for feedback. The Internet level facilitates communication between the
hardware and server components, as well as connectivity with cloud services and technologies.
Modern IoT technologies strive to implement edge computing, so the implementation of the
server component for intelligent data analytics is considered at the edge of the IoT network.

Within the proposed concept, the task of automating the collection of data on road quality
is addressed by installing inexpensive devices on user vehicles, in contrast to the approaches
discussed in references [6, 9]. An autonomous embedded system has been implemented to
collect and perform initial processing (aggregation) of acceleration measurements from the
accelerometer. The hardware implementation is based on high-performance and cost-effective
off-the-shelf boards. These boards feature specialized processors and high-precision embedded
accelerometers. As a result, the developed IoT data collection device conforms to standard IoT
network integration methods while meeting the requirements of low cost and availability.

The data collection devices are installed on user vehicles or public transportation vehicles
for the purpose of collecting and transmitting data to the server for further analysis. Unlike local
monitoring systems [6-9], these mobile nodes, moving through different regions, address the
task of dynamic and scalable monitoring of large and, in general, technically unlimited volumes
of road surfaces. Data on the state of the road surface, along with the vehicle's coordinates, are
transmitted to the server for generating analytical insights. The analytical information is stored
on the server and in distributed cloud databases for future use. The road surface database can
be utilized by road authorities to assess road conditions and also by user applications to provide
drivers with early warnings and alerts.

The implementation of network interfaces and the specifics of network communication
between the data collection device and the server are beyond the scope of the research topic, so
certain abstract simplifications have been made. For example, communication with the server
is implemented using a COM port (Figure 2), and GPS navigation data is obtained through the
server PC. As a continuation of the research, there are plans to migrate the server component to
specialized hardware. In the context of further research, there is a need to develop distributed
intelligent analytics tools to address the scalability of the loT monitoring system, which was
conceptually considered based on the proposed methods in this study. The conditions for
seamless integration into [oT systems, which are met by the developed tools, will enable the
realization of such scalable monitoring systems in the future.

KThe hardware and software complex was implemented as an experimental prototype
system for monitoring the condition of the road surface. The software consists of server programs
for data processing based on a neural network, which includes a classifier module, a system
control module, a visualization module with a graphical interface, a navigation module, and a
user application. Experiments were conducted to configure the hardware and software and test
the proposed means of aggregating accelerometer data for further analysis. The experiments
showed that the developed prototype is functional and responds promptly to road irregularities in
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real time. The graphs in Figure 4 display the road surface profile during vehicle movement, and
the classifier detects the type of irregularities and displays them using indicators on the graphical
interface. During testing, it was demonstrated that the highlighting of the classifier indicators is
reflected on the map by marking the corresponding color (Figure 5). Thus, drivers in the user
application can choose a route based on the quality of the road surface, while municipal services
can use the application to track problematic areas that require repair. The database can also be
used for planning vehicle routes, taking into account poor road conditions.

Based on the obtained research results of linear acceleration indicators and testing of the
prototype, it can be concluded that the proposed solution demonstrates excellent performance
compared to analogs. The embedded system has very low power consumption compared to
smartphone-based systems. The accuracy of the monitoring system is sufficiently high, and
expanding the database of linear indicators will allow for the enlargement of the training
dataset, thus further enhancing the precision of intelligent analytics.

One of the drawbacks is the need for proper device placement to obtain relevant results.
This issue was addressed by fixing the device in place. However, as an assumption for further
research, it was assumed that when the device deviates from its balanced state, inertial forces
occur, which affect the acceleration indicators. This assumption was experimentally validated
using the developed visualization programs on different datasets. The investigation of the
impact of inertial forces on the acceleration indicators during device deviations along the X and
Y axes allowed for the identification of changes in the board's position in the absence of
fixation. The obtained data requires further research and validation to incorporate the
consideration of inertial forces for improving the classifier's accuracy and reducing dependence
on device placement in the vehicle. Based on the consideration of inertial forces, certain
correction mechanisms are planned to be implemented by recalculating the acceleration
indicators relative to the static coordinate system.

7. Summary

1.The proposed architectural-functional concept of the road condition monitoring system
allows for the improvement of existing monitoring systems by:

— Automating the collection and processing of information about the road condition,
minimizing human and material resources.

— Enabling dynamic and scalable monitoring, analyzing and storing reliable information
about the road condition in large and virtually unlimited databases, and creating an overall map
of the road condition.

— Utilizing autonomous, inexpensive, and widely accessible embedded systems for
collecting IoT data about the road condition, providing a cost-effective and straightforward
integration into a large IoT network, particularly in smart city maintenance systems.

— Enhancing real-time data processing efficiency by performing data aggregation for
implementing analytics at the IoT network edge, including intelligent analytics.

2.The architectural concept of the IoT road condition monitoring system has been
implemented as a complex of hardware and software tools for data collection and aggregation.
Based on this concept, an experimental prototype of the monitoring system has been developed.
The experiments demonstrated that the proposed IoT monitoring tools are capable of promptly
detecting road defects.
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IMTPOEKTYBAHHSA 3ACOBIB ABTOMATHU30BAHOI'O 3BbMPAHHSA JAHUX
JJIsA CUCTEM IoT MOHITOPUHI'Y CTAHY JOPOXKHBOI'O IOKPUTTA

Monimopune cmamy 0opodcHb020 NOKpUmMms — 00He 3 AKMYAnIbHUX 3a60aHb MEXHIUH020 00CIY208Y6aHHS POZYMHO20
micma. Epexmuena cucmema monimopunzy 003601umy niouyumu Komghopm 800iie, AKiCms JCUMMs Ma 3MeHWUNU GUKOPU-
CMAHHA TOOCLKUX MA MAMEPIATbHUX PecypCie.

YV 6idomux cucmemax monimopuney cmamy 00poAICHb020 NOKPUMMS HAABHI 3a2abHI NPOOIEMU, HA KWUMATM He3PYYHOCMI
KOPUCIMY8AHHs YCMAMKYSAHHAM, CKIAOHOCHI peanizayii npoyecy 30uparts ma aHanizy 0anux, 000AmKOSUX eHep2osUmpan, Gu-
coxoi éapmocmi ycmamxkyeanHsa ma suaunux mpyoosumpam. Cepeo npobnem egpexmusHocmi QyHKYioHy8anHs, 3HAUHUMU € NPO-
bnemu weuoKooii 06podKU BeNUKUX 00CA2I8 OAHUX Y PEATTbHOMY YACi, MOYHOCHI A O0CMOGIPHOCHT OMPUMAHUX PE3VIIbIMAamis.

Memoro docnidocents € po3poodnents nioxodie ma 3acobie 0o agmomamu3zo8ano2o 36upanns oanux 3 loT npucmpois ons
cucmem MOHIMOPUHEY CIMAHY OOPOACHLO20 NOKPUMMAL.

[ns 0ocsienenns memu OCHOBHUM OYI10 pO3POOUMU apXimeKmypHO-QYHKYIOHANbHY KOHYENYito cucmemu MOHIMOPUHSY
CMAany 00POAHCHLO20 NOKPUMMS 3 MONCIUGICIIO IHmMe2payii 6 macuimabosari mepeoici IoT ma po3pobumu Komniexc npozpa-
MHO-anapamuux 3acobie ona 3oupanus ma acpeeayii loT oanux.

3anpononoeana apximexmypro-@QyHKYioHaIbHA KOHYENYis CUCMeMU MOHIMOPUHZY CIMAHY 00POACHLO20 NOKPUMMS, 3a-
be3neuye ModCIUGICIb 600CKOHANEHHS ICHYIOUUX CUCTEeM MOHIMOPUNEY WIAXOM agmomamu3ayii 30upants ma oopobku ingho-
pmayii npo cman 00poANCHLO020 NOKPUMMS, OUHAMIYHO20 MA MACUMAabO8aH020 MOHIMOPUN2Y, GUKOPUCTNAHHS AGMOHOMHUX,
Oewesux ma wupoKoOOCHYNHUX 60y008aHux cucmem 01 3oupanna loT 0anux npo cman 0OPOHCHLO20 NOKPUMMSA, NIO6U-
wjenns egpexmugHocmi 0OpooKuU 0aHux 8 peanrbHoMy 4aci. Apximexmypua Konyenyis peanizoéana y 6u2iisaoi KOMHieKcy npozpa-
MHO-anapamuux 3acobie 0ns 3oupanna ma aepeeayii loT oanux, na 6asi AKUX poO3POONEHO eKCnepUMEHMANbHUL NPOMOMUN
cucmemuy MOHIMOPUHSY.

Po3pobneni 3acobu 003601510mb 0ONEPAMUEHO peazysamit Ha HePIGHOCMI 00POACHLOL0 NOKPUMML HA 00GINbHIL Micle-
eocmi, a popmam azpe206anux OaHUx nPUOAmMHUL OJig NOOANLULO20 AHALIZY, 8 MOMY YUCT IHMENeKMYANbHO20. 3anPONOHOBAH]
3aco6u Modcymsv Oymu 6UKOPUCMAHT 8 CUCIEMAX TEXHIYHO20 00CTY208YBAHHA POZYMHUMU MICMAMU 3 MEMOI0 NOKPAWeHHs
AKOCMi 6OOTHHS MA YNEPEONCEHH KPUMUYHUX CUMYAYill, NO8 A3AHUX 3 HEAKICHUMU OOPONCHIM NOKPUMMAM.

Knrwuoei cnosa: loT; SmartCity, cucmema monimopuney; 0opoosicHe nokpumms, STM32.
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INIABUINEHHA ECEKTUBHOCTI BE3ITPOBOJOBUX
CUCTEM IIEPEJAYI JAHUX B YMOBAX 3ACTOCYBAHHA
3ACOBIB PAIIOEJIEKTPOHHOI BOPOThEH

Y emammi pozenanymo oesxi mexnonoeii, wjo 3a6esneuyroms agmMoHoMHicmMb Oe3ninomuux rimanvhux anapamie (bnJIA)
Ha noni 6010, Memoou niosuwerHs epekmugrHocmi kananie 36 ’s3xy bnJlA 6 ymosax 3acmocyeanis 3acobie padioenrekmponnoi
bopomvou (PEBE). Taxooic posenanyma po3pobka mecmosoi mooeni Kanany 38 3Ky 6e30pomosux 3acobie nepeoayi 0aHux
(B3I1]]), npusnauena ona ionpayro6ants mexnono2it npomudii 3acobam paodioearexkmponnoi bopomvou (PEB) ma nasuanmns
HelpOHHOI Mepeici.

Cmamms npucesuena npobaemam CmeopeHHs Memooie ma Mooenet, Wo UKOPUCIOSYIONb MEXHON02I NPOSPAMHO 6U-
3Hayenoeo padio (SDR), koenimugHnozo padio ma bazamopienesy napamempuuty a0anmayilo KOO08UX KOHCMPYKYil mypbo-
KOOy 3a 00NOMO2010 WIMYYHO20 iHmeneKkmy O nioguwyeHHa eghekmugHocmi 6e3npoo00suUx cucmem nepeoayi OaHUX 8 yMoeax
AKMUBHO20 3ACMOCYB8AHHSA 3AC00i8 padioenekmponHoi bopomvdu uepes 3abe3neueruss 00CmMosipHocmi iHgopmayii.

Knrwuoei cnosa: xoenimuene paodio, npocpamuo eusHayene padio; HEUpPOHHI Mepexci; KOOYBaHHA, padioeeKmpOHHA
bopomuvba,; Kauan 38 'a3Ky,; 6€30pomosi 3acodu 36 3Ky, AHANI3 CHEKMpd.

Puc.: 2. Bi6n.: 8.

AKTYaJIbHICTh TeMH J0ci:KeHHsA. Po3pobnenns briJIA, 3maTHux mpaimroBaTtu Ha Mo
6010 Oe3 crenialbHO HABYCHOTO OOCIyrOBYIOUOTO MEPCOHATY, MA€ MEPCIEKTUBH, 1 TaKi CUC-
TEMH BXKE PO3POOJISIOTHCS 1 TECTYIOTHCS B PI3HUX KpaiHax CBITY.

OnHi€r0 3 OCHOBHUX TeHJEHIH y po3BUTKY BriJIA € 3011bIIeHHs aBTOHOMHOCTI Ta 3MEH-
IIEHHs1 HEOOX1HOCTI B MPUCYTHOCTI orepaTopa Ha Micii. Ha ceoromni Bxke € briJIA, sixi mo-
KYTh BUKOHYBATH I€BHI 3aBJaHHs Oe3 oreparopa abo 3 MiHIMalIbHOIO Horo yuyactio. Hampu-
Kinajn, neski briJIA MoXyTh 3HaXOJWTH Ta PO3MI3HABATH 00’ €KTH, IUIAHYBAaTH MapIIpyTH,
3IHCHIOBATH MOCAJIKY Ta 3apsKaHHs 0€3 JOMOMOTH JIIOHHH.

OpmHak HUHI TEXHOJIOTII, M0 320€3MeYy0Th TOBHY aBTOHOMHICTH briJIA Ha moui 6oto, Bce
1€ MOTPEeOYIOTh MOJANBIIOTO PO3BUTKY Ta BJOCKOHAJICHHS, OCOOIMBO MIO/I0 PIBHS IITYYHOTO
IHTEJIEKTY Ta MAIIMHHOTO HaBYaHHs1, HEOOX1THOTO /715l TOTO0, 1100 briJIA Mormm npuitmaTu mpa-
BWJIbHI PILLICHHS B MiHJIMBUX YMOBaxX OOHOBHX JIiH.

IlocranoBka mpodaemu. Po3poOka Oe3mioTHHUX miTanbHUX anapaTiB (briJIA), 3maTHux
IpaIloBaTH Ha 1ol 6010 0e3 crenialbHO HABYEHOTO0 00CIyrOBYIOUOro MEPCOHANY, € IOCUTh
MEePCIEKTUBHUM HaNpsMOM KOHCTpytoBaHHS. Taki BrJIA MoXXyTh BHKOHYBATH IIMPOKHMA
CHEKTp 3aBllaHb, BKIIOYAIOYH PO3BIAKY, MOHITOPUHT, HAaBEJACHHS BOTHIO Ta 1HIN (YHKIIi, 110
paHilie BUKOHYBJIUCS JIIOJHHOIO BPYYHY.

V wiii cdepi aKTUBHO PO3BUBAIOTHCS TEXHOJIOTIi aBTOHOMHOI HaBirallii, IITY4HOTO 1HTelIe-
KTy Ta MalllMHHOTO HaBYaHHsI, IO Aa€ MOXIUBICTh briJIA 3milicHIOBaTH CKIIaaHI 3aaadi 0e3
IpSMOT0 BTpy4aHHS 3 00Ky JroauHu. Hanpukian, po3poOHUKH MOXKYTh CTBOPIOBATH CUCTEMH,
10 JT03BOJISIIOTH BriJIA aBTOMaTnyHO BUSBIISITH ¥ pO3Mi3HABaTH 00’ €KTH HA 3€MJIi, TaKl K Te-
XHiKa, Oy/iBi TOLIO.

[IpoTe BaxJIMBO 3a3HAYUTH, IO TaKi CHCTEMH MOBUHHI OyTH JOCUTh HaIMHUMU, Oe3Ied-
HUMH Ta 3a0e3MeuyBaTi JOCTaTHIA piBeHb TOYHOCTI, 1100 BOHU MOTJIM OyTH BUKOPUCTaHI Ha
nouti 6010. Kpim Toro, BaXKJIMBUMU acTieKTaMu Iipu po3poO1ti briJIA myist BUKOpUCTaHHS Ha MO
0010 € 3a0e3neueHHs Oe3neku Ta KOH(IACHIIIHOCTI 1aHuX, 30KpeMa JaHUX KepyBaHHS Ta iH-
dbopmariii Tpo MiCIe3HAXOIKEHHS.

BupoOHuky 6e3niIOTHUX JITaJbHUX arnapariB BUCYBAIOTh NEBHI crenudiuyHi BUMOTH 10
PaioeIeKTPOHHOTO OOJIaIHAHHS 3 METOIO 3a0e3MeUeHHs HAAIHHOCTI Ta CTa0lIbHOCTI poOOTH
cucTeMH 3B’s13Ky. OCHOBHI BUMOTH BKJIIOYAIOTh TaKe:

© Cepriit Cemenpsii, 2023
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— panioobnanHaHHSI TOBUHHO OyTH eHeproe(eKTUBHUM, 11100 3a0e3MeUnTH TPUBAIUN Yac
nonboTy briJIA;

— cucTema 3B’A3Ky IMOBMHHAa MaTH BHUCOKY YYTJIMBICTH Ui 3a0e3ME4YeHHs SKICHOTO
3B’sI3KY Ha BEJIMKIH BiJCTaHi;

— pazniooOnagHaHHS MOBUHHE MIATPUMYBATH POOOTY y ITUPOKOMY JTialla30H1 4acTOT JIs
3a0e3nevYeHHs THYYKOCTI BUOOPY KaHAIIIB 3B'sI3KY;

— panioo0iaHaHHS MOBUHHE OYTH 3aXHINEHUM BiJl 30BHINTHIX €EKTPOMArHITHHX 3aBa/l
Ta HE BIUTUBATH HA pOOOTY 1HIMX EICKTPOHHUX MPHIIaliB Ha 60opTy briJIA;

— 3B’SI30K NOBHHEH 3a0e3MedyBaTu JOCTATHIO MIBUAKICTH Mepeaayi JaHuX A7 peami3arii
3aBJ/IaHb, TIOB’SI3aHUX 3 PO3BIIKOIO, CIIOCTEPEIKEHHIM, a TAKOX JUTs KepyBaHHs briJIA;

— pamioo0agHaHHS IOBUHHE 3a0€31eUyBaTH BUCOKY JIOCTOBIPHICTh Nepeadl JaHuX JTs 3a-
Oe3neyeHHs SIKICHOTO BiJIC03B’ 3Ky, a TAKOXK 1H(opMallii Mpo TouHe Micrie3HaxomKkeHHs briJIA;

— pamiooOnagHaHHS MOBUHHE OYTH CYMICHHM 3 1HIIMMH efaemMeHTaMu briJIA, Takumu sik
JATYMKU, HABIralliifHl CHCTEMH, CHCTEMH CcTaluIi3allii, o0 3a0e3neunTH iX ChijabHy poooTy.

Jliama3oH paiodacToT, 10 BUKOPUCTOBYEThCs Aisi briJIA, Moke pi3HUTHCH 3aJIeKHO BiJl
KOHKpPETHOI MoJieni 1 ii mpu3HadeHHs. 3a3Buyaii briJIA BUKOPHCTOBYIOTh YaCTOTHUH Jliana3oH
Bix 900 MI'y mo 5,8 I'Tm, sxmit 3a0e3neuye NOCTaTHIO MIBUAKICTh Mepenadi JaHuX 1 HajiiiHe
3’€THAaHHS MK ITyJIbTOM yrIpaBiiHHS Ta briJIA.

Jlyist 6e3mexu B MOBITPl 1 YHUKHEHHS 1epeOoiB y poOOTI 1HIIUX CHUCTEM Pajlio3B’sI3Ky, y
OaraTtbox KpaiHax € 0OMEKCHHS Ha BAKOPUCTAHHS MEBHUX Jiana3oHiB pagiodacTot st briJIA.
Hanpuknan, y CIIA i Kanazai ans komepiiiitHoro Bukopuctanus briJIA no3BoneHno Bukopuc-
toByBaru juiie aiarnazonu 900 MI'n, 2,4 T 1 5,8 [T, Y €Bpormi Ta 6unbmocti kpain A3il
JI03BOJICHI Jiana3oHu yacToT Bix 433 MI'n no 5,8 I'T'w.

[Tpu BuGOpi yactoTHOTO Alanazony ais BITJIA HeoOXimHO BpaxoByBaTH PIBEHb 3aBaJl Bij
IHIITUX MPUCTPOIB, IO MPAIIOIOTh y IbOMY JIiama30Hi, a TAKOK MaKCUMAaJIbHY BiJICTaHb 1 CTa0i-
JBHICTB 3B’SI3KY, SIKI MOXKHA 320€3MI€YUTH B IIbOMY Jiara3oHi.

Crig Takok BpaxoBYBaTH, 10 IPOTUBHUK BECTUME MOCTiiHY 60poThOy 3 briJIA. 3acTocy-
BaHHs 3ac00iB pagioenekTpoHHO1 60poTeou (PEB) Moke mocunut epekTUBHICTH OOPOTHOH 3
OE3MUIOTHUMU JIITAJTbHUMH arapaTaMu, 0COOJMBO SIKIO BOHU BUKOPHCTOBYIOTh PaiOKaHAIH
JUIs KOMyHIKarli 3 omepatopoMm. 3acoou PEB MoXxyTh BHKOPHCTOBYBAaTHCS IJII PO3PUBY
3B’ 513Ky Mk BriJIA Ta oneparopowm, neperkomkaru podoti GPS-Hagiraiii Ta 1HIIMX CEHCOPIB,
a TaKOX BHOCHUTH 3aBa/IM B MepeIavy CUTHAIIIB Ta 3/11MCHIOBATH 1HIII PI3HOMAaHITHI BIJTUBU Ha
po0oTy Oe3MiIOTHUKA.

Opnnak HasBHICTH 3aco0iB PEB He 3aBxnu rapantye ycmix B 60pots0i 3 briJIA. Hanpu-
knag, neski briJIA moxyTs OyTr ocHareHi cuctemamu 3axucty Big PEbB Ta MoxyTh BUKOpHC-
TOBYBaTH KpUNTOTrpadiuHi METOIU ISl 3aXKMCTY CBOIX KOMYHIKaIiiHNX KaHamB. KpiM Toro,
3acobu PEB MOXyTh BUKOPHUCTOBYBATHCS B OOMEXEHOMY pajiyci 1ii Ta OyTH HE 3IaTHUMHU
niaiOpatu cBOi mapameTpH 10 cnenudiky KOXKHOro OKPEeMOro BUIAAKy 3acTocyBaHHs briJIA.

3aco6u it TexHonorii PEb mocTiitHO po3BuBaroThcs, 00 3a0€3MeunTH BiliCHKOBY Tiepe-
Bary B €JIEKTPOHHOMY 0010. Bopor BUKOPHCTOBY€E pi3HOMaHITHI 3aCO0U paioeneKTpOHHOT 00-
pOTHOM, SKI IpU3HAYECH] IJIs IEPEIIKODKAHHS JisiM a00 3HHIICHHS POOOTOTEXHIKH, BKIIIOYA-
toun BIUIA. Jlns mpuknany posrisiHemo komiuiekc PEB «ABto6aza-My, sikuii € ogHUM 3
HaiO11b1 ToTyX)HHUX 3aco0iB PEB B apcenani Bopoxoi apmii [5]. OCHOBHI XapaKTepUCTUKU
KOMIUIEKCY BKIJIFOUAIOTh:

— mama3od yactoT: Big 20 MI'n go 18 I'T'1g;

— YyTJIMBICTH: HE Tipiie 2 MKB;

— ceneKkTuBHICTh: He ripie 30 ab;

— MakcCHUMaJibHa MOTYKHICTh BUX0y: 10 50 Br;

— MakCHUMaJIbHa OajlbHICTE A1l 70 200 KM;

— KIJBKICTh KaHAJIB: 10 32;

— Yac pO3TOPTaHHS: MEHIIE 5 XBUIIUH;
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— MOXJIMBICTh pOOOTH B aBTOMAaTHUYHOMY 1 HaIliBABTOMAaTUYHOMY PEXHMaX;

— MOXJIMBICTh BUKOPUCTOBYBATH Pi3HI TUIM aHTCH, BKJIIOUAIOUN HAMPABIICHI i MIUPOKO-
CMYTOBI.

Kommiekc «ABTo6a3za-M» moske mpartoBatu K okpemuii 3acid6 PEbB, abo B cknazai kom-
uieKciB 3annoBoi aptuiiepii, cuctem II1O Ta iHmMX 3ac00iB paioeneKTPOHHOT 0 3aXUCTy. Bin
3a0e3neuye e)eKTUBHUN 3aXUCT BiJl pi3HOMaHITHUX briJIA, pagioenekTpoHHO1 pO3BiIKY Ta 1H-
MIKMX 3ac001B, IO MPAIIOIOTh Y IHUPOKOMY Jiala30Hi 4acToT.

[IpotucTossHHS Mik BUpOOHMKaMHU 3aco0iB 3B's3ky s briJIA Ta BupoOHMKaMu 3aco0iB
PEDB € nmoctiiiHuM mpoIiecoMm, mo CIOHYKa€e 10 MOCTIMHUX iHHOBAIlill Ta BAOCKOHAJICHHS TEX-
Houtorii. BupoOHUKH 3ac001B 3B'S13KYy CTaparOThCst 3pOOUTH CBOi CUCTEMU SIKOMOTA OUTBII CTii-
KUMH JI0 3aBaJl Ta 3a0€3MeYNTH HAWBHIIY SIKICTh Nepeaadi JaHUX, y TOH Yac sSK BUPOOHHUKHU
3aco0iB PEb HamararoThcsi po3poOUTH HOBI TE€XHOJIOTII, 100 3a0e3meunTy HajiiiHe OJIoKY-
BaHHS Mepeadi JaHuX.

OpmHak HUHI CIIOCTEPITaeThCs TEHACHITIS 10 BUPIIIEHHS BAPOOHUKAMHM 3ac00iB 3B’ 3Ky Ii€l
3aJa4i MPOTUCTOSHHS [IUIIXOM BUKOPUCTAHHS TEXHOJIOT1i KOTHITUBHOTO panio. Ll Texnomoris
JI03BOJISIE paIliOHATEHO BUKOPUCTOBYBATH PaliOUaCTOTHHIA CIIEKTP Ta MIBUAKO ITEPEKITIOYATHCS
MK pI3HMMH Jliana30HaMH, 3MIHIOBaTH 4aCTOTH a00 HANPSAMOK Iepeadi CUrHally, 110 3MEH-
IIy€ BIUIMB 3aBaJl Ta 3a0e3neuye OUTbII HAAIHHY nepeaaqy JaHuX.

AHaJi3 ocTaHHixX nocaizkensb i myouaikaniii. Kornitusne panio Oyno po3po0ieHo mopi-
BHSIHO HeZlaBHO, ¥ 1990-x pokax, sik pimieHHs Ha mpobiaeMy e(eKTHBHOTO BUKOPUCTAHHS pa-
JI0YaCTOTHOTO CIIEKTPA.

3 mosiBOIO 0€3APOTOBUX TEXHOJIOT1M, BAKOPUCTAHHS Pal04aCTOTHOTO CIIEKTpa 3HAYHO 30i-
JBIIUIIOCS, IO MPU3BEIIO 10 MPOOJIEMH MEPEHACHYEHOCTI PalioYaCTOTHOTO CIIEKTpa Ta 3011b-
IIICHHSI B3aEMOBIUIMBY MiX 0e3apoToBUMH crcTeMamu. KorHiTuBHe pazio Oyno po3polieHo
JUIs TOTO, 100 3a0€31eunTH e(peKTHBHE BUKOPUCTAHHS Pa/1i04aCcTOTHOTO CIIEKTPA, IIJIIXOM J10-
3BOJIy 0€3pOTOBUM MPUCTPOSIM BUSIBIIATA Ta BUKOPUCTOBYBATH BUIBHI Paio4acTOTHI Jiamna-
30HHU, K1 HE BAKOPUCTOBYIOTHCS 1HIIMMU MPUCTPOSMHU B IIEBHUH Yac y IIbOMY MICIIi.

OcHoOBHa i71es1 KOTHITUBHOTO PaJiio MOJIATAE B TOMY, 110 O€3pOTOBI TPUCTPOi MOXKYTh 00-
CTEXKYBaTH Pai0YaCTOTHHI CIIEKTp Ta aHAII3yBaTH HOTO B peXHUMI peasibHOro yacy. Ha ocHOB1
310paHuX JaHUX TPO HAasABHI PaJl0YacTOTHI Jlanma3oHu, OE3IPOTOBHM MPUCTPIA MOXKE MPHii-
MaTH PIIICHHS [I[0JI0 BHKOPUCTAHHS BUIBHOTO CIIEKTPAIBLHOTO Jiana30Hy, ONTUMAIBHHX Tapa-
METpIB Iepeadi Ta IHIINX XapaKTEPUCTHK OE3IPOTOBOT MEpEki. 3aCTOCYBaHHS KOTHITUBHOTO
panio no3Boiisie 3a0e3neunTy e€PeKTHBHE BUKOPUCTAHHS PaliOuacTOTHOIO CIIEKTpa, IiJBH-
IIUTH MPOAYKTHUBHICTD Ta MOKPAITUTH SIKICTh TIEpe1adl JTaHuX B 0€3ApOTOBUX MEpekax. 3acTo-
CyBaHHS KOTHITUBHOTO PaJiio He 0OMEXKY€EThCs JHIIe O€3IPOTOBUMHU MEpeXaMu, HOTro MOKHA
BUKOPHUCTOBYBATH B 0araThoX IHIUX cepax, TaKuxX SK MEIWYHA JIarHOCTHKA, TUCTaHIIMHE
KepyBaHH:I, TEeJIEKOMYHIKallliiHa 1HIYCTpis TOLIO.

Po3pob6ka TexHoJIoT1# KOTHITUBHOTO PaJio € aKTUBHUM HAMPSIMOM JIOCITIIKEHb Ta PO3po-
00K y cdepi 6e31pOTOBUX KOMYHIKaliN Ta paioelIeKTPOHIKH, 1 6araTo KOMIIaHii Ta HAyKOBHX
TPYII 3aMMarOThC i1 BIOCKOHAJICHHSM Ta 3aCTOCYBaHHAM Y pi3HHX cdepax. Jleski 3 mpoBiTHUX
KOMITaHi{, 110 3aiiMalOThCsl pO3POOKOI0 TEXHOJOTH KOTHITUBHOTO pajio, BKIIOYAIOTh TaKi
koMmradii, sk Nokia, Samsung, Huawei, Ericsson, Intel, Microsoft Ta Qualcomm. Kpim Toro,
ICHYIOTh TaKOX CITeIliaJli30BaH1 KOMMaHii, o po3poOsitoTh 6€3pOTOBI TEXHOJIOTIT Ta KOTHi-
TUBHE pajio, Hanpukian, Cognitive Radio Technologies, xG Technology Ta inmi. bararo yHi-
BEPCUTETIB Ta JIOCIITHUIIPKHUX IIEHTPIB TAKOXK 3alMaIOThCS pO3POOKOIO TEXHOJIOT1M KOTHITHB-
Horo panio — ue yHuiBepcuret Ilapmwxka i Kamidopnii, MaccadyceTcbkuii TEXHOIOTIYHHNA
iHctutyT (MIT) y CHIA.

[TpoTsirom 6araTboX pPOKiB AOCIHIHKEHHSIM Ta pO3pOOKOI0 TEXHOJIOT1H KOTHITUBHOTO Pajiio
3aiiMaroOThCsl 1HAIMCHKI BueHi. Jleski 3 HaBaXUIMBIIINX JOCSATHEHb 1HAINCHKUX YUYCHHUX Y IIH
raiysi BKJIIOYAIOTh:
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- PO3pOOKY TEXHOJIOTIT KOTHITUBHOTO Pajiio, SIKa MOXKE MPAIIOBAaTH B IIMPOKOMY Jliana3oHi
YacTOT, BKJIIOUAIOYM YaCTOTHI J11alla30HH, K1 HE BUKOPUCTOBYIOTHCS I KOMYHIKaI[iHUX I10-
TpeO, TOMY Il TEXHOJIOTisI MOXKe OyTH BUKOpPHCTaHA JJIs 3a0e3MeUeHHs Oe3MeKu Ta BiIHOB-
JIeHHS 3B'A3KY y pa3i aBapiit abo karacTpod;

- BUKOPUCTaHHSI KOTHITUBHOTO Pafio I Cy4aCHUX CUCTEM MOOIIBHOIO 3B’SI3KY —pO3pO-
OKa TEXHOJIOT1M KOTHITUBHOTO PaJIio, Kl MOXYTh OyTH BUKOPUCTaH1 I ONTUMI3aIlii BUKOPH-
CTaHHS CMYTH IIPOITYCKAaHHS Ta 30UTBIIEHHS KITBKOCTI KOPUCTYBAUiB, 1[0 MOXYTh OyTH 00CITy-
roBaHi MOOUTBHIMH MEPEKaMU;

- po3po0OKa HOBUX METOJIIB CIIEKTPAIBHOTO CITOCTEPEIKEHHS, K1 T03BOJISIOTH €PEKTUBHO
BHU3HAYATH HASIBHICTh BUIbHUX YaCTOTHHUX J1aria30HIB Ta BIJCIIAKOBYBAaTH 3MIHH B CTIIEKTP1 CH-
THAJIIB Ha PI3HUX YacTOTaX;

- po3po0Ka TEXHOJIOTi1 KOTHITUBHOTO Paio, sika Moxe OyTH BUKOPUCTaHA Uil MOHITOPU-
HT'Y HaBKOJIMIITHBOTO CEPEIOBUIIIA.

[HiiichKi BUSHI TaKOXK MPAIIOIOTh HaJl PO3POOKOI0 KOTHITUBHUX PalioNpHiMayiB, siKi MO-
JKYTh PUIAMATH CUTHAIM BiJl PI3HHUX JHKEPEIT Ta BIAHOBIIOBATH JaHi, HABITh SKIIO BOHU TOIIKO-
TokeHi abo crioTBopeHi [3]. Lle Mmoxke OyTu kopucHO ai1st poOoTiB-mocmiaHukiB Ta briJIA, siki mpa-
IIIOIOTh Y BOKKKX yMoBax. [Hmilicbka kommnanis Saankhya Labs npencrasumna gin Pruthvi, skumii
MOJKE MPAITIOBATH 3 IMIUPOKOCMYTOBUMHU pajiodacToTamu B aiamazoni Big 70 MI'y go 6 I'T'. Lleit
YiI 3/IaT€H OIpallbOBYBATH CUTHAIM B PEKUMI PEaIbHOTO Yacy Ta MPUCTOCOBYBATHUCS JI0 PI3HUX
YMOB Tiepe/iadi, o poOUTh HOTO 11ealbHUM IS 3aCTOCYBAaHHS B KOTHITUBHUX paz[iocyICTeMax
[6]. Kpim Toro, innificbka komnanis Cognitive Systems Private Limited po3po0iisie KOrHiTUBHI
paI[IOCI/ICTeMI/I TUISL PI3HUX 3aCTOCYBaHb, BKIIOUAIOUH TeneKOMyanauu Ta Ge3nexy. IxHi TexHO-
JIOT11 BJKE 3aCTOCOBYIOThCS B IHTEPHETI peUeid Ta CUCTeMaX BiIAICHOTO KePyBaHHSI.

Taxox B [Hxii Oyio ctBopero HarioHampHUI IHCTUTYT TEXHIYHUX JOCIIKCHb, SIKHHA 3aii-
MA€ETHCSI TOCITIHKCHHSIMH B 00JIACTI KOTHITUBHOTO Pafio Ta 6€3IpOTOBUX MEpekK. YUeHi I[bOTO
IHCTUTYTY PO3POOJISIFOTH HOB1 QJITOPUTMH Ta MPOTOKOJIHU JIJIsi KOTHITUBHOTO PaJIio, IO CIPHS-
THME MOJABIIIOMY PO3BUTKY ITi€1 TEXHOJIOTI].

KornituBHEe panio MOKe 3HAWTH 3aCTOCYBaHHS B PI3HUX acmleKTax (YyHKI[IOHYBaHHS
bnJIA, nanpuknan:

- yripaBiiHHA criekTpoM — briJIA, 110 ocHaleHi KOTHITUBHUM Paio, MOXYTh BUKOPUCTO-
BYBaTH HE3alHATI Aiala30HMU PaiodacTOTHOTO CIEKTpa Ui Mepeadi i oTpuMaHHs iHpopma-
1ii. KorHiTHBHE pa/io MOXKe BUSBIISTH JOCTYIIHI Jialma30HH CIIEKTPa, BU3HAYATH KaHAIU 3 Hal-
MEHIIMMH 3aBaJIaMU i BUKOPHCTOBYBATH iX /IS TIepeadi JaHUX;

- po3Binka i Harnsag — briJIA 3 KOTHITUBHUM paio MOXYTh BUKOPUCTOBYBATH JOJATKOBI
3aco0u 3B's13KY, AKi 3a0€31eUyI0Th Kpallly sSIKiCTh nepeaadi 1anux. KorHiTuBHe paaio Moxe aB-
TOMATUYHO MEPEKITIOYATUCh MK PI3HUMHU KaHajJaMH, 1100 3a0e3MeYNTH MaKCUMaJIbHY IITBU/I-
KICTh TIEpeiayi JaHUX NMPU MIHIMAJIBHUX paaio3aBajax;

- cuctema Hapiramii — brniJIA 3 KOTHITUBHUM DPajii0 MOXYTh BHKOPHCTOBYBATH CUTHAJIH
GPS, mo6 Bu3HavyaTH cBO€ Micie3HaxopkeHHs. KOorHITUBHE pajiio MOXe BHUSBIISATH 3aBaJIH B
curHanax GPS 1 kopurysatu mapmpyT briJIA BianmoBigHO;

- OWyK 1 pATyBaHHSA — BrJIA 3 KOrHITUBHUM pajio MOXYTh OyTH BUKOPHUCTaHI1 JUIs 1O-
IIyKY 3aru0imx mij 9ac KatacTpod i A HaJaHHs NepIioi JOMOMOrH Ha Micii moaii. Korwi-
TUBHE Pajio MOKE BUSBIISITU Jialla30HU PaJioYacTOTHOTO CIIEKTPA, IKi BAKOPHUCTOBYIOTHCS IS
EKCTPEHUX BUKJIMKIB 1 KopuryBatu MapupyT brJIA BianoBigHo;

- aBTOHOMHE CTeXeHHS — brJIA 3 KOTHITUBHUM pajiio MOXKYTh CTEKUTH 32 MOOUTbHUMHU
MIPUCTPOSIMH, IO MAIOTh TIIKIIIOUYCHHS 10 MEPEXKi, 1 aHaII3yBaTH iX PyX 1 MOBEAIHKY.

OnHuM 13 TIPUKIIAAIB BUKOPUCTaHHS KOTHITUBHOTO pajio B briJIA € mporpama DARPA
Adaptive RF Technology (ART) Program. I{s mporpama BukopuctoBye SDR-pasio Ta KorHi-
THUBHI TEXHOJIOTI JJI1 aBTOMaTUYHOTO BU3HAYEHHS HaWOLIbII €PEeKTUBHUX YaCTOT JJIS Tepe-
nadi ta npuiiomy curHainiB Ha brnJIA. Jlo ckmany ART Takox Bxomuth cuctema Rapidly
Deployable Radio (RaDR), 1o 103Bosisie mIBUIKO BCTaHOBIIOBATH 3acobu 3B's3ky Ta PED Ha
BriJIA i 3a6e3neuyBaTu MakCUMalbHy €(DeKTUBHICTh Mepeiadi Ta MPUioMy CHUTHAIIB.
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[HmMit mpukiag BUKOPUCTAaHHS KOTHITHBHOrO pamio B BrmJIA — cucrema Intra-Drone
Communication (IDC) Bix xommanii SkySafe. [{s cucremMa BUKOpHUCTOBYE KOTHITUBHI TEXHO-
JIOTi1 17151 aBTOMATUYHOTO BU3HAUEHHS HaiOe3MeuHInoro KaHay 3B's3Ky Mk pisHuMu briJIA
y TIOBITpi Ta 3a0e3MeueHHsT M’k HUMH O€3TIeUHOI Iepeaadl JaHuX.

Kpim Toro, KOTHITHBHE paaio MOXKe BAKOPUCTOBYBATUCH JUISI aBTOMAaTHYHOTO BU3HAUEHHS
3a00pPOHEHMX 30H 3JIITHO-IIOCAAKOBUX Maii/IaHYMKIB Ta aBTOMATUYHOT'O [IEPEXOIUIEHHS Ta 3HU-
meHHs1 briJIA, 1o mopymyroTs 111 30HHU.

ITporpama DARPA ART 0yna cTBOpeHa 3 METOIO pO3pOOKH IHTENEKTYaIbHUX pa/lioeNeK-
TPOHHMX MPUCTPOIB, 5AKI 3a0€3MeUyI0Th BUKOPUCTAHHS AOCTYIHHUX KaHAIIB 3B 3Ky, BKIJIIOUa-
I0YH Ti, IKi HE BUKOPUCTOBYIOTHCA B II€i MOMEHT 4acy, 1 3SMEHIIYIOTh BIUTMB 3aBaJl Ta 1HIIMX
e(ekTiB Ha AKICTh 3B s3Ky. [Iporpama ckiaamaeTbes 3 KUTBKOX €TamiB AOCTIIKEHHS Ta pO3po-
0K, 1 Ha COTOJHI OYJI0 pO3pOOJICHO KiIbKa MPOTOTHITIB IHTEIEKTYaJIbHUX PalioeIEeKTPOHHIX
MIPUCTPOIB, SIKI MOXKYTh MPAIIOBATH B YMOBAaX BIUIMBY IIIyMiB, HABMUCHHUX 3aBaJl 1 1HIIINX YUH-
HUKIB. Jleski 3 moapoous BukopuctanHs nporpama DARPA ART B briJIA BKir04aroTh:

- alaliTUBHE KepyBaHHs eHeprieto — nporpamue 3ade3neueHHss DARPA ART moxe 3Mi-
HIOBATH MOTY>KHICTh BUIIPOMIHIOBaHHS PaJiOXBHIIb JUIsI 3a0€3MeUeHHs] MAKCUMAJIbHOI ePeKTH-
BHOCTI BUKOPUCTAHHS KaHaITy 3B'SI3KY;

- aHaJIi3 CIIEKTPa — CUCTEMa BUKOPUCTOBYE CIIEKTPAIbHUI aHai3, 100 BUSHAYUTH JOCTY-
ITH1 KaHAJIM 3B'SI3Ky Ta MOKJIMBICTb IX BUKOPUCTAHHS, 1110 103BOJII€ BUKOPUCTOBYBATH KaHAIH,
SK1 B Iel MOMEHT HE BUKOPHCTOBYIOTHCS;

- aBTOMaTH4HAa a/IaNTallis — CHCTeMa MOXe aBTOMaTHYHO a/laliTyBaTUCS JI0 3MiH y CIIEK-
Tpl palioXBHJIb Ta HIIUX MapaMeTpax, 0 T03BOJIAE 3a0e3euyBaTH CTIHKY Ta HaJiiiHy po-
00Ty cuCTEMU;

- baraTokananbHa koMmyHikaiisi — DARPA ART moe BUKOpUCTOBYBaTH OaraTOKaHAJIbHY
KOMYHIKaITito JJIs 3a0€31MeueHHs MaKCUMaJIbHOT IPOITYCKHOI 3IaTHOCTI Ta SIKOCTI 3B’ SI3KY;

- Bignanene kepyBaHasi — DARPA ART moxxe Oytu kepoBana 3 briJIA 3a nonomororo pamio.

3a nporpamoro DARPA Adaptive RF Technology BeayTbest mociipkeHHs 1 pO3pOOKH TeX-
HOJIOTiH, 110 JTO3BOJIIIOTH CTBOPIOBATU Pa/Ii0CTICKTPOHHI MPUCTPOI, IKI MOXKYTh aIanTyBaTHCS
JI0 3MIHHHUX YMOB poOOTH KaHaiy 3B's3Ky. OTHUM 13 HampsiMiB pPo3pOOOK € BUKOPUCTAHHS KOT-
HITUBHOTO pajiio B Mexkax Mepexi briJIA i aBToMaTHYHOro po3Mo/ Ty YaCTOTHHX JIiala30HiB
Ta MiHiIMi3allii B3aEMOBIUIUBY PaJiOCICKTPOHHUX CUCTEM. BUKOpHUCTaHHS KOTHITUBHOTO PaJIio
MOXe€ JOMOMOI'TH BUPIIIUTH MPoOIeMy 3 HasIBHICTIO OOMEXEHHX pecypciB, 30KpeMa, eHepreTH-
YHUX, 10 BUHUKAE TTPH pOOOTI OE3MUTOTHHX JTITATLHUX arapariB. 3a JOMOMOTOI0 KOTHITUBHOTO
panio MOXHa eeKTUBHO PO3MOIUIATH 0OMEKEHI pecypcH, 3a0e3euyoud ONTUMAIIBHY poOoTy
briJTA. KorniTuBHE pasio Moke OyTH BUKOPHUCTAHO JIJIsi aBTOMAaTUYHOTO PO3ITi3HABAHHS CHTHA-
7B, 3a0e3neuyroun briJIA MOXJIMBICTH CaMOCTIHHO BHSBIISITH i pearyBaTé Ha 3MiHU B poOOTI
paniokananmy. Tako)k KOTHITHBHE pPajio MOXKE JOMOMOITH IMOKPAIIUTH TOYHICTH TeOJIOKAIli
BriJIA, 1110 € BaXJIMBOIO CKJIAJIOBOIO MPH 3/I1IMICHEHHI PO3BiIKM Ta MOHITOpUHTY [1].

BunaisieHHs HeoCiIsKEHUX YACTHH 3arajibHoi mpooaemu. [IpoBenenuii anai3 ocTaH-
HiX JOCHiKeHb 1 myOmiKamiii mokasas, 10 MOMPH BEIUKHUNA CIIEKTP HAYKOBHX Ipallb, HA ChO-
TOJIHI HEMa€e YHIBEPCATBLHOTO Ta 3arajJbHONMPHIHATOTO IMiAXOAY 10 3aCTOCYBAHHS TEXHOJIOT1H
KOTHITUBHOTO pajio ais mpoTuiii BriuBy 3acobam PEB mpotuBHUKa Ha 6e31poTOBI 3acobu
nepenaBanus ganux (b3I1/]).

MeTolo cTatTi € po3podka mozeni kaHaiy 3B’a3Ky b3I1/] 3 BUKOpUCTaHHSAM TEXHOJIOTIH
porpamMHo BU3HaUeHOTo paaio (SDR), KOrHITUBHOTO paiio Ta HEUPOHHUX MEPEeXK, MpU3Have-
HOro JJ1s1 BUKopucTanHs B briJIA 3a ymoBu aktuBHOI mpoTtuii 3aco6iB PEB nmpoTuBHuKa.

Buxiaax ocHoBHOro marepiany. KorHiTuBHE pamio MOXXe BUKOPHUCTOBYBATH Jlialla30HU
4acToT, sKi He riaymarbes PED npoTuBHUKA 1 3aiMIIeH] HUM JUIS 3B'SI3KY CBOIX MiIPO3JILTIB,
IIJIIXOM BUKOPUCTaHHS TEXHOJIOT1H MOBTOPHOTO BUKOPHCTAHHs crekTpa (spectral reuse). Lis
TEXHOJIOTiSl JO3BOJIsIE BAKOPUCTOBYBATH YAaCTOTH, IKI HE BUKOPUCTOBYIOTHCS Y JJAHOMY MIiCIIi
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B JIaHWW Yac, Ta JI03BOJISIE 30UTBIINTH €(PEKTUBHE BUKOPUCTAHHS Paio4acTOTHOTO CIEKTPY.
Kpim TOT0, KOTHITUBHE PaJio MOXKE aHATI3YBATH PaIIOYaCTOTHHH CIIEKTP B PEKHUMI PEATbHOTO
yacy Ta BU3HA4YaTu AOCTYIIHI Jialla30HU 4acTOT Ui Nepeadl CUTHATY 3 MaKCUMaJIbHOIO ede-
KTUBHICTIO Ta MiHIMaJIbHUM BIUIMBOM Ha iHIII pagio3acodu. Lle no3Bomsie 3abe3neuntu edek-
THBHE BUKOPHCTAHHS Pa/li0OYaCTOTHOTO CIIEKTPa Ta YHUKHYTH 3aBaJl Y 3B’ S3KY.

CtBOpeHHs Mojieli KaHay KOTHITHBHOTO pamio mis bnJIA mepenbauatiMe BUKOHAHHS
TaKHX €TalliB:

1. BusHaueHHs XapaKTepUCTUK KaHay (piBHS IIyMY, CIIOTBOPEHb Ta BTPAT CUTHAITY B Ka-
HaJli 3B SI3KY).

2. Bu3Ha4yeHHs XapaKTepUCTUK IepenaBaya (MOTyKHICTh, YaCTOTa Mepenadi, MOIyIALIisA
Ta KOJyBaHHS).

3. BusHaueHHs XapaKTepUCTUK MpuiiMada (4yTIUBICTb, iama30H 4acTOT, AITOPUTMH JIe-
MOIYJIAIIT Ta TEKOTyBaHHS).

4. MogentoBanHs noBeAiHkH 3aco0iB PEb nmpoTuBHMKA (MOEMIOBaHHS CIIEKTPAIbHOI aK-
TuBHOCTI 3ac00iB PEB y BinnmoBinHOMY Jiana3oHi 4acToT).

5. BUKOpUCTaHHS alrOpUTMIB KEPyBaHHS KaHAJIOM — BU3HAYCHHS KPUTEPIiB st BUOOPY
BUTBHOTO Jlialla30Hy YacTOT Ta BU3HAYCHHS aJITOPUTMY JIJIsl 3MiHM ITapaMeTpiB Iepeaadl JaHuX
B pa3i MOCTaHOBKH 3aBa]l.

6. BuxkopucrtanHus oTpuMaHUX MapaMeTpiB KaHaly AJs MOJCIIOBaHHS Mepeaayl JaHux y
KOTHITUBHOMY pasio.

7. AHami3 OTpUMaHUX PE3yNbTaTiB (7151 OLIHIOBAHHS €PEKTUBHOCTI POOOTH KOTHITUBHOTO
panio B pi3HUX yMOBax).

BpaxoBytoun BulleBKa3zaHi eTamnu, MO>KHa CTBOPUTH MOJIEJb KaHally KOTHITUBHOTO Pajiio
st brJIA. Tlpore ciin 3a3HaYWTH, IO CTBOPSHHS TOYHOI MOJIEJi KaHAITy MOKe OyTH TOCUTh
CKJIaJHUM 3aBJaHHAM, OCKUIbKH NOTpeOye 300py 3HAYHOI KUIBKOCTI JaHUX Ta iX 0OpOOKH.
Tomy 371e01IbII0T0 3aCTOCOBYIOTHCS alIPOKCUMALII] Ta CIIPOIIEHI MOJIENI, AKi J03BOJISIOTh 3a-
0e3nmevnTH JOCTATHIO TOYHICTH [2].

[IBunkicTs mepenaui iHdopMariii, HeoOXinHa s briJIA, Moxxe 3HaYHO BIAPI3HATUCH 3ajie-
JKHO BiJ] IOTO 3aBJaHb Ta MOXJIMBOCTEH. J[71s1 AGSIKUX 3aCTOCYBaHb, TAKHMX K 3MOMKa Bijieo abo
dotorpadiii, T0OCTaTHHO HEBEIMKOI IIBUIKOCTI TIepeiadi JaHUX. Y 1HIMUX BUTIAIKaX, HAITPUKIIA],
JUIs. BUKOHAHHS MICIii 31 300py Ta mepenadi po3BiayBaibHOI iH(opMaltil, Moxke OyTH HEOOXinHa
BEJIMKA IIBUJIKICTH TIepeaayl JaHuX. 3a3BHuaii MBUAKICTh nepenadi qanux st brJIA BapiroeTsest
BiJ KUTBKOX Mera0iT Ha cekyHmy (MOit/c) mo kiibkoX rirabit Ha cekyuay (I'6it/c), 3a1e)Ho Bif
KOHKpETHHX 1MOoTped 1 MoskiauBocTed briJIA. Hanpuknan, as mepemadi Biieo BHCOKOT YiTKOCTI
(HD) notpiOna mBUKICTh epeaadi JaHuX He MeHIe 6 MOit/c, a 1uis epeadi Bifeo y ¢popmari
4K — ne menme 20 M6it/c. Omnak amst po3BimyBanbHuX BriJIA MOXXyTh BUKOPHCTOBYBATHCH HE
TUTBKH TIepeiada BiJieo, a i mepeaaya HIMMX TUIIB JaHUX, TAKUX SIK 3BYKOBI, TEIUIOBI ab0 iHIII
CEHCOPHI JJaHl. Y TaKuX BUIA/IKAX IIBUJIKICTb MEepeadi JaHUX MOXKE OyTH MEHILIOI0, 3aJI€XKHO BiJl
THUITY JTaHUX Ta 1X 00csry. [t OUIbII TOYHOTO BU3HAYEHHS MTOTPIOHOT IBUAKOCTI Iepeaadi JaHUX
HEOOX1THO PO3TJISIaTH KOHKPETHI BUMOTH MPOEKTY Ta cnerudikarii briJIA.

[TotyxHnicTh mepenaBaya briJIA Mosxe 3HAa4HO BapitOBaTUCh 3aJI€KHO BiJI TUITY Ta PO3MIPY
BriJIA, ocoGnuBoCTEl HOr0o 3acTOCYBaHHA Ta PEryIATOPHUX OOMekeHb. 3a3Buyail briJIA Bu-
KOPHCTOBYIOTh TepeaBadi 3 HU3bKOIO MOTYKHICTIO JUIs 3a0€31eueHHs] KOMITAKTHOCTI, HU3b-
KOTO CIIOKMBAHHSI €Heprii Ta JOBroro 4acy mojboTy. Y HallMEHIIMX Oe3MiIOTHHUX amaparax,
TaKUX sIK MIKpPO- 1 HAHOAPOHH, TTOTYXKHICTh MepeiaBada Moke OyTH B Me¥Kax BiJl KUIBKOX MBT
1o kutpkox Br. Jlns cepennix 1 Benmukux briJIA, Takux sk 6aratoniiboBi APOHH, MOTYXKHICTh
nepeaaBaya MOXe csAraTé ACKUTbKox BT abo Oinmbmie. Jliama3zoHW MOTYXHOCTI mepenaBadviB
BriJIA MoxyTh OyTH peryinbpoBaHi BillTOBIAHO JO BUMOT i 00MEKEHb HAIIOHAIBHHUX Ta Mi>KHA-
POIHUX HOPMATUBHHUX aKTiB, TAKHX SIK MPABUJIAa €JIEKTPOMArHiTHOI CyMICHOCTI Ta CIIEKTpalib-
HOTO ynpaBiiHHA. TOYHI 3HaUYEHHS MOTY>KHOCTI nepeaaBaya briJIA B KOHKpeTHiN cuctemMi Mo-
KyTh OyTH BU3HAYCHI BUMOTAMH MPOEKTY Ta BIANOBIIHUMHU PETYISATOPHUMU BUMOTAMHU.
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VY cyuacHux bnJIA ans mepenadi 300pakeHb BUKOPHCTOBYETHCS LU(PPOBA MOJTYJIALIS.
OnuH 13 HAMMOMMPEHIMMX THUITIB MOJYJISIIT IS Tepeaadi 300pakeHb € METO MOIYJIALIT 3
¢azoum 3pymennsm (Phase Shift Keying, PSK). PSK no3Bonse nepemaBatu mudposi naHi
HIIIXOM 3MiHH a3y Hecydoi XBUJIi. 3aJIe)KHO BiJ] KOHKPETHUX BUMOT Ta XapaKTEPUCTHK CHC-
TemH 3B’513Ky B briJIA M0oXyTh BUKOPHCTOBYBATUCH pi3Hi Bapialii PSK, raki six Binary Phase
Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK), abo 8-Phase Shift Keying (8-
PSK). Koxen 13 1iux BapianTiB PSK mae pi3HHii piBeHb poOOTH Ta IMIBUIAKICTH ITepeaadi JaHUX.
Buxopucranas mudpoBoi MOayIAIIi J03BOJISIE TIEpe1aBaTH 300paKeHHS Y BUCOKIH SKOCTI Ta
e(eKTUBHO BUKOPHUCTOBYBATH JOCTYIHY IMPOMYCKHY 3/IaTHICTh KaHay 3B’s3Ky. TOYHMIA THUI
MOJTYJIALI, 110 BUKOPHUCTOBYETHCS, MOXKE BapilOBATHUCH 3AJIEKHO BiJl KOHKPETHUX BUMOT CHUC-
TEMH Ta 0COOIMBOCTEN 300paKEHHS, 1110 Ma€ TepelaBaTHCA.

Xapakrepuctuku npuitmaya briJIA MoXyTh BapilOBaTUCH 3aJI€KHO BiJl KOHKPETHUX MOJIE-
neii 1 BupooHukiB briJIA, a Takox BUMOT 10 CUCTEMH 3B’3Ky. MOXKYTh BKJIIOYaTH HACTYITHE:

- YyTJIMBICTh — BKa3y€ Ha MiHIMaJbHY MOTY>KHICTb CUTHANY, SIKy MOXKE CIpUHMAaTH MpUil-
Mad i3 33JaHOIO0 SKICTIO CHTHAIY;

- poboumnii Aiama3oH — YaCTOTHHMM J1alla30H, y MEXKax sSKOTo MpUiiMad MOXKE TPAIfOBaTH
(3anexxno Bix Ty briJIA Ta #ioro 3actocyBaHHs, 11l Aiana30H MOXKe OyTH Pi3HUM);

- CEJIEKTHBHICTh — XapaKTEPHUCTHKA, sIKa BKAa3y€ Ha 3JaTHICTh MpUiiMada PO3PI3HATH Ta
MpUAMaTH CUTHAIY 3 PI3HUX JKEpeN a00 KaHaIB (BHCOKA CEJIEKTHUBHICTD JJO3BOJISIE TPUHAMavy
00MpaTH KOHKPETHI CUTHAJIH 1 BUKJIFOYaTH HeOaXKaH1);

- 3aBaJI03aXUILIEHICTh — BIACTUBICTb, 10 OMUCYE 37aTHICTh MpHUiiMaya MparoBaTi B yMO-
BaX HASBHOCTI €JNIEKTPOMArHiTHUX 3aBaj abo IyMmy (BHCOKa 3aBaJI03aXHILIEHICTH J03BOJISIE
npuiiMady epeKTUBHO (DITBTPYBATH IIyM Ta 3aBaX i OTPUMYBATH YUCTHIA CUTHAI);

- IIBUJKICTh MPUHOMY JaHUX — YHUCIIO, K€ BKa3ye Ha MIBUAKICTh Mepeaavi JaHUX, SKY
npuiiMad Moxxe 00poOsiTy. LIBUIKICTE MPHITOMY TaHKX MOXKE BapilOBaTUCH 3aJIKHO BiJ CIIie-
nudikaii npuiiMaya Ta BAMOT KOHKPETHOI CHCTEMH 3B’ SI3KY.

MopentoBaHHS CIIEKTPAITLHOT aKTUBHOCTI 3aC001B PalioeIeKTPOHHOT OOPOTHOM Y BIIIOBI-
JTHOMY Jlialma30H1 4acTOT MOKE€ BUKOHYBATHCS 3 BUKOPHCTAHHIM CIEIiaTi30BaHUX MPOrpam-
HUX 3ac001B a00 1H)XKEHEPHUX THCTPYMEHTiB. OCHOBHA M€Ta MOJICIIFOBAHHS — JIOCITIPKEHHS T10-
Beninku PEB-cucTemu Ta BU3HaYCHHS ii BIUIMBY Ha PagioeIEKTPOHHI IPUCTPOI Ta CUCTEMH Y
CHeKTpalbHOMY Jiana3oHi. OCHOBHI KPOKHM MOJEIIOBAHHS CIIEKTPAJIbHOI aKTUBHOCTI 3aC00iB
PED Bkit04aroTh:

- Bu3Ha4yeHHa napameTpiB PEb-cucremu (ue Bkitouae B cebe mapameTpH, Taki K MOTYX-
HICTh CHTHAJIIB, IIMPUHA CMYTH, YaCTOTHI Jialla30HU Ta MOIYJISIIIHI CXEMH, sIKi BUKOPHUCTO-
BytoThcsl PEDB it renepartii pamio3asan);

- CTBOPEHHS MOJIEJI CTIIEKTPaIbHOI aKTHBHOCTI (HAa OCHOBI BU3HaUYeHUX napameTpiB PEb-
CHCTEMHU CTBOPIOETHCS MOJIEIb CIIEKTPAIBHOI aKTUBHOCTI, sIKa B1JI0Opaykae 4aCOBUH XapakTep
aktuBHOCTI PEB-curHaniB y BimoBiTHOMY JT1aria30Hi 4acTOT, MOXKe OyTH MpeCTaBiIeHa y BH-
TSI/l YaCOBUX JIiarpaM, CIeKTpadbHUX TpadikiB a00 MaTeMaTUYHUX PIBHSHB);

- CUMYJIALIIS Ta aHaJTi3 (3aCTOCOBYIOTHCS CIeliali30BaH1 MPOTPaMHi 3aCO0H JIJIst CUMYJISIIIT
BIUIMBY criekTpasibHOi akTuBHOCTI PED Ha pagioenekTpoHHI IpUCTpoOi Ta CUCTEMH, 110 JT03BO-
JIsle aHaJIi3yBaTH BIUIMB PaJiONEpeIIKo]] Ha SIKICTh Ta MPOAYKTHUBHICTh KOMYHIKAI[IHUX CHC-
TEM, BUSIBIISITH MOJIMBI TPOOJIEMH Ta 3HAXOIUTH HUISXU iX YHUKHEHHS).

Bubip BiTbHOTO Jiama3oHy 4acToT 1 arOpUTMY Ul 3MiHM MTapaMeTpiB Mepeaadl JaHuX B
pa3i MOCTaHOBKH 3aBa/l € BAKJIMBUMHU aclieKTaMU POOOTH CUCTEMHU KOTHITUBHOTO pajio. OcHo-
BHI KpUTEPIi 1711 BUOOPY BUTLHOTO J1alla30HY 4acTOT MOXKYTh BKJIIOUYATH:

- IEPEBIPKY CIEKTPAIBHOI JOCTYITHOCTI, TOOTO YM HE BUKOPUCTOBYETHCS IITHOBHH JTiarma-
30H 4aCTOT IHIIMMHU MPUCTPOSIMH a00 CUCTEMaMH KOMYHIKaIlii;

- OIIIHKY PiBHSA iHTepdepeHIrii Ta 3aBaj B 0OpaHOMY Jiama3oHi 4acToT, mo0 3a0e3neunTH
SAKICHY TIepe/iady CUTHaIY;

- TOTPUMaHHS BCTAHOBJICHUX MPaBHUJI 1 00OMEXeHb BUKOPUCTAaHHS Pa/li04acTOTHOTO CIEK-
Tpa 3TiAHO 3 PETyIATOPHUMU BUMOTaMH.
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[Ilogo anropuT™My AJis 3MIHM MMapaMeTpiB Mepeaadi JaHuX B pas3i MOCTAHOBKHU 3aBajl, II€
MOYKE BKJIFOUATH:

- aHaJIi3 OTPUMAHOTO CUTHAJY JJISl BUSIBIIGHHS HAasBHOCTI 3aBaj] a00 iHTepepeHIlii;

- ajanTalis mapaMmerpiB (3MiHa mapaMeTpiB nepeaadi, TAKUX sIK 4acTOTa, MOTYKHICTh a00
MOTYJISIIIS, JUTsl YHUKHEHHS 200 3MEHIIICHHS BILTUBY 3aBaJl HA SKICTh CUTHAITY);

- BUOIp aabTepHATUBHOTO Jiana3oHy 4acToT (y pa3i HEMPHUAATHOCTI TOTOYHOTO JTiana3oHy
yepe3 BEIUKY KUTbKICTh 3aBaJl a00 HU3BKY SIKICTh 3B 3Ky, MOKE OyTH BUKOHAHA aBTOMaTHYHA
3MiHa Ha THIIWK JOCTYIMHHUH Jianma3oH 9acToT).

AJNTOpUTM U1 3MiHU NTapaMeTpiB Mepeiadi JaHUX MOXKe 0a3yBaTHCA Ha IHTENIEKTYaIbHUX
pilIEHHSX, TAKUX K MAIlIMHHE HaBYaHHS a00 pO3Mi3HABAHHS MMATEPHIB, I IPUUHATTS PillICHb
1010 ONTHUMAJILHUX MapaMeTpiB Nepeaadi B KOHKPETHUX YMOBAX 3aBajl.

IcHye KinpKa TUITIB HEHPOHHUX MEPEXK, SIKI MOXKYTh OyTH BUKOPUCTaH1 JJIsl KOTHITUBHOTO
panuio:

1. 3BopoTHa 3B’s13Ha Mepexka — 11e OAMH 13 HAHOUIBII MOMUPEHUX TUIIB HEHPOHHHUX Me-
pex. BoHa ckianaeTses 31 mapiB HEHPOHIB, KOXKEH 3 SKUX 3B’ s[3aHUM 13 IONIEPEHIM 1 HACTYTI-
HUM I1apamMu HelpoHiB. g Mepexa noOpe miAXoauTh IS 3a4ad po3Ii3HaBaHHS 00pa3iB Ta
Kkiacudikaii 1aHux.

2. Mepexi pagianbHux 0a3ucHUX (QYHKIIH — 11l Mepeki BAKOPUCTOBYIOTh pajliaibHi 6a3u-
cHI QyHKIT K GyHKIIT akTUBaIlil HEHpOoHiB. BOHM BUKOPUCTOBYIOTHCS ISl 3a71a4 Kiacu(ika-
1ii JaHUX, BUSBJICHHS aHOMATil Ta mepea0adeHHs.

3. Mepexi 1oBUIbHUX (DYHKIIN — 11i MEPEKi MaIOTh MOXJIUBICTh CTBOPEHHS CKJIAJIHUX He-
JTHIMHUX (YHKLINA 32 JONOMOTOI0 CKJIaJHUX MaTeMaTHYHUX (YyHKIiH. BOHM BUKOPUCTOBY-
IOTHCS JIJIA 3a/1a4 PO3Mi3HABaHHS MOBH, PO3Mi3HaBaHHs 00pa3iB Ta kiacudikarii 1aHux.

4. Mepexi noBroi koporkodacHoi mam'siti (LSTM) — 11e Tum HEHPOHHUX MEPEXK, AKHU J10-
Ope miaXoauTh JuIst 0OpOOKH MOCHIIOBHUX JaHUX, TAKUX SIK MOBa 200 9acoBi psau. Bonu 3ma-
TH1 3aram'siTOBYBaTH JIOBI1 MOCIHIJOBHOCTI JaHUX Ta pOOJIATH X KOPOTKOYACHY IaM’sITh J10C-
TYITHOIO JUISI JOBIIOTO Yacy.

Mu BukopucToByBaTUMEMO y cBoiii Mozeini came LSTM mepexy. Bukopuctanus LSTM
(Long Short-Term Memory) Mepexi Juisi KOTHITUBHOTO paaio briJIA Mae fekinbka nepesar:

- 00poOka mocmigoBHEX naHux — LSTM Mmepeka € peKypeHTHOI HEMPOHHOIO MEpPEkKero,
sIKA MA€E 3JJATHICTh €PEKTUBHO OOPOOIISITH IOCIIIOBHI JaHi, TaKi SIK 4aCOB1 PSIIN PaJIiOCUTHAIIB,
10 HAIXOJATh Bifl pi3HUX JpKepen. Lle 0co0nrBO KOPHCHO NIl KOTHITUBHOTO Pajiio, SKE Io-
BUHHE aHAJII3yBaTH i MOJIENIOBATH TMHAMIUHI 3MiHH B CHIEKTPI PaJioyacTOTHOTO Jiana3oHy;

- MozemoBaHHs KOHTEKCTY — LSTM Mepeka Moxe 30epiraTu Ta BAKOPUCTOBYBATH JIOBTO-
CTPOKOBI 3aJIeKHOCTI B naHuX. Lle 103Bosie MOJemoBaTH KOHTEKCTYalbHY 1H(OpMAIIito, sSKa
MO>ke OyTH BaYXJIMBOIO JJIs KOTHITUBHOTO paaio. Hampukian, BpaxyBaHHs 1CTOPIi 3MiH y CIIEKTPi
MO€ JIOTIOMOT'TH BUPOOHUTH Kpallli pillIeHHs 110,10 BUOOPY BUIbHUX YACTOT JUIA Nepeaayl JaHuXx;

- 3IaTHICTB 110 y3aranbHeHHs — LSTM Mepexi MOXKyThb BiITBOPIOBATH CKJIAHI 3aJIEKHOCTI
B JIaHMX 1 MaTH 3/IaTHICTH JI0 y3araJlbHEHHsI Ha HOBI J1aHi. [{e BayKIMBO 17151 KOTHITUBHOTO PaJIio,
OCKUJTBKH CTHIEKTPaIbHI XapaKTEPUCTHKNA MOXKYTh 3MIHIOBATHCS B PI3HUX YMOBaX Ta CepPeIOBH-
max. LSTM mepeka Moxke HaBYMTHUCS PO3IMI3HABATH MIA0JOHU Ta 3aJ€KHOCTI, IO JO3BOJISIE
3poOUTH OUIBII TOYHI MPOTHO3U Ta PillIEHHS;

- aJJaNTUBHICTH 10 3MiHU YMOB — KOTHITUBHE PaJli0 IOBUHHE OYTH aJIallTUBHUM JI0 3MiH Y
CHEKTpaIbHOMY cepeZioBuIll Ta pagioymoBax. LSTM mepexa Mmoxke OyTy TpeHOBaHa Ha OCHOBI
HOBHX JaHUX Ta aJanTyBaTHUCs O HOBUX yMOB. lle mo3Bossie 3a0e3MmednTi BUCOKY POOOTy
e(heKTUBHICTh KOTHITUBHOTO pajiio briJIA y MiHIMBHUX pasioyMoBax;

- 37IaTHICTh 10 BUPIIICHHS MOCTIOBHUX 3a/1ay, TAaKUX SIK MepeadadyeHHss MaiOyTHIX 3Ha-
YeHb YaCTOTHOTO CIIEKTpa ab0 po3Ii3HaBaHHS paJiOCUTHAIIB 3 TWHAMIYHOIO MoayJsLieto. Lle
no3BoJsie BUKopucroByBaT LSTM Mepexi amns peanizaunii pizHuX (yHKIIIH KOTHITUBHOTO pa-
110, BKJTFOUAIOYH BUSBIICHHS BUTBHHUX YacTOT, YIIPABIIIHHS CIIEKTPOM Ta aJallTHBHE KOTyBaHHS
1 MOIYJIAIIIFO.
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Taxum unHOM, BUKOopucTaHHs LSTM mepesx 11t KorHiTuBHOTO paaio briJIA moxe nokpa-
IIUTH 3AaTHICTh CHCTEMH JI0 aHAJII3y  ajanTallii 0 3SMIHHUX CIIEKTPAJIbHUX YMOB, 3a0e31euy-
104H OB €PEeKTUBHE BUKOPUCTAHHS JJOCTYITHOTO PaJio4acTOTHOTO PECypCy Ta IMiABUIILYI0UH
MPOIYKTUBHICTh KOMYHIKAIIl Ta CIEKTPAIBHOTO YIIPaBIiHHSA [4].

Jliis po3poOku ¥ BiAJIaro/KeHHs HAIIoi TeCTOBOi Mojeni BukopuctoByeMo SDR-pamio
HackRF One. Ile mporpamHo-Bu3HaueHa pajgionepudepis, 3aTHa epeaaBaTu adbo mpuiMaT
paniocurnany B maianaszoni Big 1 MI'm go 6 I'T'. Po3poGaena myist TecTyBaHHS 1 pO3pOOKHU Cy-
YaCHUX PaJiOTEXHOJIOTIH 1 pagioTexHoorii HactynHoro nokoiinHs, HackRF One — 11e anapa-
THa Tuiargopma 3 BIAKPUTUM BHUXITHHUM KOJOM, SKy MOXHa BHKOopucToByBatH sik USB-
nepudepiiHuil npucTpiit abo 3anporpaMyBatu 1Jisi aBTOHOMHOI pobotu (puc. 1) [8].

Puc. 1. 3oeniwmniii suensno SDR-nramgopmu HackRF One

Po3pobnena monens kanany 3B’s13ky b3I1/], mpusnauenoro uist Bukopucranus B brJIA 3a
yMOBH akTUBHOI npoTuaii 3aco0iB PEb npoTuBHuKa, 300paxkena Ha puc. 2. [Ipuiimau, nepena-
Bay, OJIOK y3TO/KEHHSI, MOZYJISATOP 1 IEMOIYJISTOP BUKOPUCTOBYIOTBCS 31 CKJIaay amapaTHOl
yactuHu HackRF One.
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Puc. 2. Mooenv kanany 36’ szxy B3I/ 3 suxopucmanuam mexHonoit
npocpammo susHauenozo padio (SDR), koeHimueno2o padio ma HeupoHHUX Mepedic, NPUSHAYEHO20
o euxopucmannsi ¢ bnJlA 3a ymosu axmusenoi npomudii 3acobie PEB npomusnuxa

Sk ananizatop cnekrpa BukopucropyeMo GNU Radio — BitbHMIA iHCTpyMeHTapii s po-
3pOOKHM MPOTPaMHOTO 3a0€3eUCHHS, IKUI Halae OJI0kr 0OpOOKHM CUTHAIIB JIJIsl peatizarlii mpo-
IpaMHO-BH3HAYEHUX PAdiOCTaHIIii Ta CHCTEM 06pPOOKHM CHrHaNiB. M1oro MoXHa BHKOPHCTOBY-
BaTH 13 30BHIMIHIM PaJioYaCTOTHUM OOJIafHAHHSAM JJIi CTBOPEHHS MPOTPaMHO-BU3HAYCHHUX
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pamiocraHiiii, abo 6e3 obnmamHaHHS y CepPelOBUII, TOJIOHOMY O CUMYISITOpa. BiH MIMpOKo
BUKOPHCTOBYETHCSI B aMaTOPChKOMY, aKaJIeMIYHOMY Ta KOMEPLIHHOMY cepeoBHIIax JIs MMiJIT-
PUMKH SIK TOCIIPKEHb O€3pOTOBOTO 3B’ A3KY, TaK 1 pealibHUX pagiocucteM [7].

Jlnst Hamux 1HGOPMAIITHUX MTOTOKIB 3aCTOCOBYEMO TAaKOXK aJalTHBHE KOYBaHHS 13 BUKO-
pHUCTaHHSAM 0araTOKOMIIOHEHTHHX TypOokoaiB. TypOokonu € ogHUME 3 Halle(PEeKTUBHIMINUX KO-
JIB JUTsI KaHATIB miepenadi qaHuX. OCKiIbKA KOTHITUBHE Pajlio BAKOPHUCTOBYE TOCTYT JI0 PasIio-
YaCTOTHOTO CIIEKTpa, SIKUA Moke OyTH MepeHacHuYeHUM 1 BUMAaraTl BUKOPUCTAHHS MEHIIUX
Jiama30HIB YaCTOT, TEXHOJOTIT 3 KOMyBaHHIM Ta JIEKOAYBAaHHSM, TaKi K TypOOKOIYyBaHHS, MO-
KyTh OyTH KOPUCHUMHU IS 3a0e3MedeHHs O1IbII0i €()eKTUBHOCTI Mepeaadi JaHux B oOMexe-
HUX YaCTOTHHX Jiana3zoHax. TypOOKoIyBaHHS MOXKE 3MEHIIUTH KUTbKICTh IIOMHJIOK TIPH TIE€pe-
Jadi TaHWX, [0 MOXKE 30UIBIIMTH HAAIMHICTH KOMYHIKaIlli, 0COOJMBO B yMOBax IyMy Ta
iHTepdepentii. Kpim Toro, TypOoKogyBaHHS MOXKe 3a0€3MEUUTH OUIBITY MPOMYCKHY 3/1aTHICTh
KaHally, 0 MOXKe OyTH KOPUCHUM JUIs TIepeiadi BETMKUX 00CSTIB JaHUX B OOMEKEHUX Jiara-
30HaX 4acToT.

He Tpeba 3abyBarw, 1110 € IeIKUi KOMIIPOMIC MK €()EKTHBHICTIO Ta CKJIQIHICTIO TYpOOKO-
JyBaHHS Ta JACKOMYBaHHS B KOTHITHBHOMY pajiio. Bucoka CKIIaqHICTh KOMXyBaHHS Ta JEKOIY-
BaHHSI MOXe€ 301IBIIMTH 3aTPUMKY TI€pe/iadi JaHuX Ta CIIOKWBAHHSI €HEprii, 10 Moke OyTH He
NPAaKTUYHUM TSI BUKOPUCTAHHS B IPUCTPOSX 3 OOMEKEHHSIMH 110 00’ €My, Maci Ta CIOKHUBaHIN
MOTYXHOCTI, TakuX K Maii briJIA. Tomy, 17151 KOYKHOTO KOHKPETHOTO BUITAJIKY BapPTO MPOBECTH
aHaJi3 e(h)eKTUBHOCTI Ta CKIIAJHOCTI BUKOPUCTAHHS TYpOOKOIIB JIIsl KOTHITUBHOTO Pasio.

BucnoBku. Ha choromHi € o4eBHAHUM, 1110 ICHY€E HarajabHa moTpeda B TEXHOJIOT1SAX 3a0€3-
niedeHHs1 aBTOHOMHOCTI briJIA Ha moni 60r0. OgHUM 13 KITFOUOBUX HAMPSIMKIB AOCATHEHHS TaKO1
ABTOHOMHOCTI € CTBOPEHHS MOJIeJIeH 1 METOIIB T1IBUILIEHHS €(DEKTUBHOCTI 6€3MTPOBOJOBHX CH-
CTEM Iepeiadi JaHUX B YMOBaX aKTHBHOT'O 3aCTOCYBAaHHS 3aC001B PaIioeIeKTPOHHOT O0pOTHOU
yepe3 3a0e3neueHHs J0CTOBIPHOCTI iHopMalii. B cTarTi Mu po3misiHyM po3poOKy T€CTOBOT
MOZIeTi KaHally 3B’s3Ky 0e3IpOoTOBHX 3ac00iB repenadi JaHuX, MPU3HAYEHOI JUIs BiATpalio-
BaHHSI TEXHOJIOT1H MPOTH 1T 3aco0aM paj1ioeIeKTPOHHOT OOpOTHOM Ta HABYAHHS HEHPOHHOI Me-
pexi. 3acTocyBaHHS Li€l MOJENi JO3BOJIUTh PO3POOUTH OpPHTiHANBHI BITUU3HSAHI alTOPUTMH
npotuii 3acobam PEDB npoTuBHuKa.
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The article discusses some of the technologies that ensure the autonomy of unmanned aerial vehicles (UAVs) on the
battlefield, methods of increasing the efficiency of UAV communication channels in the context of electronic warfare (EW). The
author analyzes the threats to autonomous UAVs that may arise from the use of electronic warfare, and also presents the
characteristics of one of the typical modern electronic warfare complexes. This article discusses the development of a test
model of a wireless data transmission channel designed to develop technologies for countering electronic warfare and training
a neural network. The use of this model will allow the development of original domestic algorithms for countering enemy
electronic warfare. The requirements of manufacturers to the electronic equipment of autonomous UAVs are analyzed. The
possibility of using non-professional SDR radio equipment and open source sofiware and hardware platforms for the develop-
ment and verification of these countermeasures algorithms is considered. The algorithm for changing data transmission pa-
rameters in the event of interference is determined. The choice of the type of neural network for use in the cognitive radio
system of the UAV is substantiated. The idea of applying adaptive coding in UAV communication channels using multicompo-
nent turbo codes in combination with neural networks that are simultaneously used for cognitive radio was further developed.
Using information from the neural network about subsequent changes in the communication channel will reduce the adaptation
time of the coding system, which will reduce the number of errors in data transmission and increase the reliability of commu-
nication, especially when using dynamic spectrum access.

The article is devoted to the problems of creating methods and models that use software-defined radio (SDR), cognitive
radio, and multi-level parametric adaptation of turbo-code structures using artificial intelligence to improve the efficiency of
wireless data transmission systems in the context of active use of electronic warfare by ensuring the reliability of information.
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METOJY CYMICHOCTI JJISl IAEHTU®IKALI IPHCTPOIB
IHTEPHETY PEUYEN V¥ TETEPOTEHHUX MEPEKAX 3B’SI3KY
HA BA3I APXITEKTYPHU LIU®POBUX OF’CKTIB

Huni npooykmu, nioxoou ma iniyiamueu, nog ’a3ami 3 numanuam cymicnocmi Inmepnemy peueti, noku wo nepeoysaroms
¥ cmaoii po3pobku. [Iponpiemapnuii xapakmep eunycky npucmpois Inmepnemy peueii cnocmepieagcs 0o 2017 poky, wo cmeo-
PpUI0 nepeoymosy ma HeoOXiOHiCIMb 3AMUCTUMUCS NPO CMBOPEHHS BUMO2 WOOO0 CYMICHOCII NPUCMPOIB AK 015 3A60aHb CHillb-
HOI 63a€M00ii, max i 015 3a80anb CRibHOI I0enmuikayii, mobmo wob odun npucmpiii Inmepnemy peueii po3ymié iHuULL
npucmpiii Inmepnemy peueii. Taxum npukiadom € cucmemu, h06y008aHi 3 YPaxy8aHHAM 3a2albHO20 PiGHs NOCIY2 i peanizayiax
cymHocmell 3a2aibHUX NOCLy2, Cepaic-0picHMOBANUX ApXiMeKmyp, apXimekmyp yugposux 06’ ckmie i 0OMeHHUX IMeH.

Kniouogi cnosa: Inmepnem peueil,; ioenmugixayis, yugposuii 06 ’ckm; nepedaia Oanux.

Puc.: 2. bién.: 6.

AKTYaJIbHICTh T€MHM JAOCTiZKeHHA. BIIBITICTh TiXO0/IB CKOHIIEHTPOBaHI Ha BU3HAYCHHI
Habopy 0a30BuX IHTEP(DEHCIB y MEKax Pi3HUX IMporpaMm. ApxiTekTypa nudpoBux o0’ €KTIiB BH-
pariio Ta BUSBJICHHS HE3AJIEKHO B1J] MEX 3aCTOCYBaHHS, THM CAMHUM J03BOJISIOUHU 3/11HCHIOBATH
00MiH 1H(pOpPMAITIE€I0 B MeXKaX pi3HUX AoAaTKiB. OnucaHi MiaXoau MOXKYTh OyTH iHTErpOBaHi B
OyIIb-SIKOMY acCIleKTi CyMICHOCTI (3araJIbHUi piBeHb MOCIYT, CEPBIC-OPIEHTOBaHA apXITEKTypa
Ta iH.), 1110 JO3BOJIUTH 3IIMCHIOBaTH OOMiH 1H(OpPMAITI€I0 B MEXaX PI3HUX JOJATKIB.

ITocTanoBka mpo6JemMu. ApxiTektypa 1udpoBuX 00'€KTiB BU3HAUYA€ MiHIMAIbLHUN HaOIp
HEOOX1IHUX apXITEeKTYpHUX KOMIIOHEHTIB, IPOTOKOJIIB Ta CEPBICIB MJIs 3a0€3MeUEHHS 3araib-
HOT iH(opMalIIii Ta CyMiCHOCTI cepBiciB. HaBefeHUI OIMKC € TEXHOJIOTIYHO HEUTPaJbHUM, a Ta-
KOK MOJKE OyTH peaizoBaHO 3 HasSBHUMH TEXHOJIOTISMH JJIS 3aBJIaHb INI00AJbHOI 11eHTH(DiKa-
uii I[arepHery peueil. lle momermmTh CyMICHICTH ileHTHIKAIi, OMUCY, MpEACTaBICHHS,
JOCTYIy, 30epiraHHs Ta 0e3neKu NPUCTPOiB [HTepHETY pedei.

AHaJi3 ocTaHHIX T0CJiaKeHDb i my0Jikanii 3 muTanb MeTOAIB UGPOBOI iAeHTHIKAITIT
npucTpoiB [HTepHETY pedeli y reTeporeHHIX Mepekax MoKasas, 10 MTUTAaHHSIM BUOOPY METO/IIB
1 poBoi imeHTU]IKAIIT MPUCTPOIB y TETEPOTEHHUX MEpekax Ha 0a3i apXiTEKTYpH HUPPOBUX
00’€KTIB HA CHOTOJHI MPHIIJICHO MAaJIO YBaru B HayKOBiH JIiTEpaTypi.

Buainenns HexociIsKeHMX YACTHH 3arajabHOI npodaemu. [Ipeacrasnena apxitekrypa
JI03BOJIsIE OyIb-sIKil M poBiii iHOpMaIlii, MonepeHbO CTPYKTYPOBaHiH K ITU(DPOBUI 00’ €KT,
OyTu Oe3reyHo 1IeHTU(]IKOBAHOIO, HE3aJICKHO BiJ] KOHKPETHOI CHCTEMH, CEepBicy abo mpo-
rpamu, nie iHopmarris cTBoproBaacs abo 30epiraacs.

MeTo1o cTaTTi € MpeACTaBICHHS METO/IB 1 MAXO/IB, SIKI MOXYTh OyTH IHTETPOBaHi B Oy/Ib-
SIKOMY 3 PaHillle epepaxoBaHUX aCTEKTIB CyMICHOCTI (3arajbHUM piBEHb MOCIYT, CEpBiCcC-Opie-
HTOBaHa apXiTEKTypa Ta iH.), 1110 I03BOJIUTH 311MCHIOBATH 0OMIH iH(POpMAITI€I0 B MEKAX PI3HUX
JoNaTKiB [HTepHEeTY pedeid.

Buxaan ocuoBHoro marepiaay. [IpencrasieHa apXiTekTypa A03BOJISIE€ Oyab-sKii mU(po-
Bilf iH(popMallii, moNepeHbO CTPYKTYpOBaHii K HU(poBUil 00'eKT, OyTH Oe3nedHo i1eHTUdI-
KOBAHOIO, HE3AJIEIKHO BiJ] KOHKPETHOI CUCTEMH, CEpBiCY a0o mporpamu, ae iHdopMmallis CTBO-
proBanmacss abo 30epiramacs. Sk Bimomo, DOA cknamaetscs 13 TpboX 0a30BHX
(dyHIaMEHTaTbHUX KOMIIOHEHTIB, SIKi peati3yloTh TaKi MOCIYTU: cepBic M00anbHO ineHTUDI-
KaIlii, cepic 30epirants HUPpoBUX 00'€KTiB, cepBic-peecTp uudposux o6’exris. Ha (puc. 1)
NOKa3aHUH MPoLIeC CTBOPEHHS IIU(PPOBOro 06’ €KTa Ta MPUCBOEHHS aTpUOYTIB.
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Puc. 1. Ilpoyec cmeopenns yughposozo 06’ckma ma npuceoeHus ampuoymis

Cepgic mobanpHOT i1eHTU]IKAIIIT JO3BOIUTE TPU3HAYATH IT00ATBHUHN 11eHTH(IKATOP OYy/Ib-
sKoro udposoro 06’exra. Llei cepBic Hagae MPOTOKO PE3OIIOLIT Ta aIMiHICTPyBaHHS, IPH3-
HaA4YEeHUH 17151 BU3HAYEHHS TIOB'S13aHO1 3 IU(POBUM 00'€KTOM JOMOMIXKHOI iH(opMarlii: micue 30e-
piraHss, MoXo/pKeHHs 1H(opMallii, 3 MOKIMBICTIO BUIyYEHHS Ta KepyBaHHS 3 IOTPUMaHHSM He-
o0ximHux 3axomiB Oesneku. Cepsic imeHTU(IKALT TOBUHEH OyTH PO3IMOIIJICHOI CHCTEMOIO 13
BOYIOBaHMMH MEXaHI3MaMH 3aXUCTy I 3a0e3meueHHs IIUTICHOCTI CepBicy, Horo 0e3BiAMOBHO-
CTi, IUTICHOCTI JTaHUX, 1110 30epirarotbes. OO0B’I3KOBOIO € TAKOXK aBTEHTH (KAl Ta KOHDIIeH-
LiIHICTH omnepartiii 31 30epe’KeHUMH JaHUMH, HAasIBHICTh BUOIPKOBOTO YIIPABIIHHS TOCTYIIOM JUIst
Oynb-sIKMX METa/IaHMX, MOB’sA3aHKX 3 ineHTH(dikaropom. Habip po3monineHux cepiciB s 30e-
piransas nuppoBUX 00’ €KTIB CrIpHsie Oe3MeuHOMY 30€piraHHIo, JOCTYITy Ta MOIUPEHHIO 00 €KTIB
13 BUKOPUCTAHHAM iX ieHTHdiKaTopiB. Came cXoBHIIE € IU(POBUM 00’ €KTOM, IO MOXKE 30epi-
ratu B co0i iH111 00'ekTH (1110 € 000B's13K0BUM) [3]. CxoBuie udpPOBUX 00'EKTIB MOXKE SBIISTH
coboro Habip npucTpois [HTEpHETY pedeld, Mpu IbOMY OyIydH TaKoXK HUPPOBUMHU 00’ €KTaMH.

[Mudposuii 06’ ekt Moxe MaTu Oe31iu aTpuOyTiB, OB’ A3aHUX 13 peadbHUM 00’ ekToM. Ya-
CTHHA aTpuOyTiB MOXKE OMHCYBAaTH MPHPOAY MpHCTporo IHTepHETy peueit. 3okpema, 00’€KT
MOJKE MaTH Kepyrodi aTpuOyTH, TIOB's13aHi 3 TPOrpaMHUM 3a0e3MEeUeHHIM, HaIal0uy IpsiMy B3a-
€MOJIIF0 3 (YHKIISIMA TIPUCTPOIO 1HTEPHETY peuei, HaNpHUKIaj, BKIIOUYEHHS a00 BUMKHEHHS
CHCTEMH, OTPHUMAaHHS MOKa3aHb TEMIIEPATypHOTO ceHcopa Ha mpuctpoi. Kpim mporo, mudpo-
BUH 00'€KT MOKe MaTru arpuOyTH, IO BU3HAYAIOTh JOCTYIHICTH OCHOBHUX aTpHOYTIB NpH-
CTpPOiB, TAKUM YMHOM BU3HAYAIOYH, XTO MOXKE B3a€MOJISTH 3 MPUCTPOEM IHTEPHETY pedeid 3a
JIOTIOMOT 010 1HTepdeiicy, onucaHoro B arpudyTax o0'exta. Ha puc. 2 npencraBieHa cxema B3a-
€MO/IIi MPUCTPOIB IHTEPHETY PEeUeH, IO MiIKIFOUAIOTHCS 10 MEPEXI1 3B’ A3KY 3 BUKOPUCTAHHIM
PI3HUX TEXHOJIOT1H Mmepeadl JaHUuX, Ta KOMIOHEHTIB TM(PpoBOT apxiTekTypH [4].

Crpykrypa uudpoBoro o0'ekra Moxe OyTH c(hopMoBaHa y BUIVISAI HU(PPOBOTO YABICHHS
¢i3uuHOTrO MPHUCTPOIO iHTEpHETY peueii. CucTemMa KOMIIOHEHTIB, @ caMe PeeCTp, Ma€ MOXKIIU-
BOCTI JIJIs BA3HAYCHHS CIIOCO0IB 3HAXO/KEHHS Ta JIOCTYMy 0 MoaiOHux cyTHocTei. Kpure-
piif CyMICHOCTI B TepMiHaX 1HTEpHETY peuelt nependadae HasBHICTb API, mo6 mudposi 00'e-
KTH MOTJIM B3a€MOJISTH 3 MPUCTPOSIMHU, 10 IKWX BOHM MpHB's3aHi. Lled miaxim moxe OyTu
BUKOPUCTAHUH ISl TOCSITHEHHS KOHKPETHUX 3ac00iB KepyBaHHS JOCTYIIOM JJIS 3pyYHOCTI
KOYKHOT'O CXOBHUIIIA. 3 1HIIOTO OOKY, CXOBHILE MOXKE Ha/1aBaTH JOCTYT JI0 IaHUX, TeHEPOBAHUM
OKPEMHM NPUCTPOEM IHTEPHETY peueil. ApxiTekTypa HUPpoBUX 00’ €KTIB HE 0OMEXKYE Kilib-
KiCTh MOYJIMBUX CXOBHIILI.
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Puc. 2. Cxema 63aemo0ii npucmpois inmepnemy peuetl
Ma KOMROHEHMI8 apXimeKmypu yugpposux

[Tpuknaau Tumnis 1/abo arpuOyTiB:

e tun npuctporo [o0T;

e omwuc npuctporo [oT Ak s po3yMiHHS JIFOMWHOIO, TaK 1 V11 PO3YMIHHS MAIlIMHOIO;

e cymnpoBijHa iHpopMaIllis, BKiIrouae iH(opmariito rmpo cran npuctpois loT;

e xapakrepuctuku iHTepdericy. Koxen npuctpiii [oT Hamae inenTudikarop, sskuii yHika-
JHHO BU3HAYa€ iHTep(eiicH, Ki BUKOPUCTOBYIOTHCS Ul B3a€MOJI] 3 IHIIUMH CUCTEMaMH Ta
npuctposimu loT. Hanmpuknan, taka cnenudikaiiis intepdeiicy 3abe3nedye HU3bKOPIBHEBUMA
onuc Gi3nIHUX 1HTEP(DENCIB, SIKi BAKOPUCTOBYIOTHCS JUIsl B3aEMOII1 3 IPUCTPOEM;

e joctym 1o iHTepdeticy cepricy. Koxen mpuctpiii loT, noctynHuii y Mepexi, Moxe Ha-
JlaBaTH peKoMeHaalii U1t iHTepdeiiciB o0cmyroByBaHHs. i AESKUX MPUCTPOIB Lie MOXKe OyTH
URL-anpeca, mis inmux — npocra [P-aapeca, a Takox Oyab-sKi iHI11 mapamerpu. KoHKpeTHUI
npuctpiii [oT moxke Matu pi3Hi cepBicHi iHTepdeiicy;

® B3a€MO3B'I30K 3 apXiBHUM cxoBuiieM npuctporo [oT. bararo npuctpois loT MoxyTh re-
HepyBaTH JaHi mijg gac podotn. DOA Moke miIKIIFOYUTH IPUCTPIH T0 CXOBHUIIA MTOIIOHUX JTaHUX.

[cHYIOTB pi3HI TUIIK B3a€MOJIIi IPUCTPOIB IHTEPHETY pedeil y reTeporeHHUX Mepexax, ofl-
HUM 3 SIKHX € TeXHIYHA CyMICHICTb, SIKa 3a3BHYail OB’ s3aHa 3 MPOTPAaMHUMHU Ta anapaTHUMHU
KOMIIOHEHTaMHM, CUCTEMaMH Ta Tu1aTGopMami, sKi 3a0e3MeUyr0Th B3aEMOIII0 MiXK IPUCTPOSIMH.

Le#t Tun B3aeMoii HaifuacTime 0a3y€eThCsl Ha MPOTOKOJIAaX 3B’ A3KYy Ta IHPpaCcTPyKTypi, He-
00XiHIN A7t poOOTH IIUX MPOTOKOMIB. [HIHMIT THIT CYyMICHOCTI, CHHTaKCHYHA CyMICHICTb, 3a-
3BUYAM acoIIOETHCS 3 hopMaramu naHux. Hemae cymHIBY, 1110 BCi MOB1IOMJICHHS, 110 TIepe/a-
IOTBCSL 32 JIOMIOMOTOIO MPOTOKOJIB, TIOBHHHI MaTH YITKO BU3HAUYEHUH CHUHTAKCHC 1 METOAH
KOJTyBaHHs, HaBITh SKIIIO BOHU MatoTh (hopMmy OiToBHX Tabmuik. TpeTiit BUA CyMICHOCTI — 11€
CEMaHTUYHA CYMICHICTb, 3a3BUYA MMOB’s3aHA 31 3HAYEHHSAM BMICTY, 110 BIUIMBAE HA IHTEPIIpE-
TaIlii0 BMICTY JIFOMMHOIO, @ HE MAIIMHOK. TaKuM YHHOM, CyMICHICTh Ha IbOMY PiBHI O3HA4Ya€
CHiJIbHE PO3YMIHHS CEHCY OOMIHIOBAHOTO KOHTEHTY (iH(opmartii).

Pesynbrar posaineHHs mae Oytu y hopmi mapu TUN-3Ha4eHHS. Y CTpYKTypi nanux DOA
G poBuil 00’ €KT — 11e ¢aiin, cayx0ba, 6a3za 1aHUX, MPUCTpPii a0o0 iX KOMOIHALIA.
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BucHOBKH. Y po0OTi 3anpOOHOBaHI METOM CYMICHOCTI Ta apXiTeKTypa B3aeMOii pu-
cTpoiB npu ineHTUdiKaIli [HTepHETY pedeil y TeTeporeHHUX Mepekax 3B's13Ky Ha 0a3i apXiTek-
TypH IUPPoBUX 00’ €KkTiB. OMHCcaHo MpoIec CTBOPEHHS HU(POBOro 00’ €KTa, IPUCBOEHHS aT-
pulyTiB Ta ocoOmuMBOCTI Micusl 30epiranHs ngaHux 1 iHMopmarii. Snpom cTpykTypu €
apxitekTypa nmudpoBux 00'€KTiB, B SIkOMY Oyab-sika iH(opmarlis, npeacTaBieHa B THPPOBOMY
BUIIIAI, MOXKE OyTH CTPYKTypOBaHa SIK HU(POBUI 00’€KT, IKOMY MPHUCBOIOETHCS II00ATBHO
yHIKaJIbHAH 171eHTH(diKaTop. Onucani Miaxoan MOKYTh OyTH IHTETPOBaH1 y OyIb-IKOMY 3 pa-
Hillle TepepaxoBaHUX acleKTiB CyMICHOCTI (3arajbHUi piBeHb MOCIYT, CEpBIC-Opi€EHTOBaHA ap-
XITEKTypa Ta iH.), 1110 JO3BOJIUTH 3/IIHCHIOBATH OOMiH 1H(OpMaIli€lo B MEeKax pi3HUX JOAATKIB.
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COMPATIBILITY METHODS FOR IDENTIFICATION OF INTERNET
OF THINGS DEVICES IN HETEROGENOUS COMMUNICATION NETWORKS
BASED ON THE ARCHITECTURE OF DIGITAL OBJECTS

Most of the listed approaches are focused on defining a set of basic interfaces within various programs. The architecture
of digital objects defines a basic set of services that allow encapsulation of information, its registration and detection, regard-
less of application boundaries, thereby allowing the exchange of information within various applications. The described ap-
proaches can be integrated in any of the previously listed aspects of compatibility (general level of services, service-oriented
architecture, etc.), which will allow information exchange within different applications.
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The architecture of digital objects defines a minimum set necessary architectural components, protocols and services to
ensure general information and service compatibility. The given description is technologically neutral and can also be imple-
mented with existing technologies for global identification tasks of the Internet of Things. This will facilitate the interoperability
of identification, description, representation, access, storage and security of IoT devices.

Analysis of the latest research and publications on digital identification methods for Internet of Things devices in heter-
ogeneous networks showed that the issue of choosing digital identification methods for devices in heterogeneous networks
based on the architecture of digital objects has received little attention in the scientific literature.

The presented architecture allows any digital information, previously structured as a digital object, to be securely iden-
tified, regardless of the specific system, service or program where the information was created or stored.

The purpose of the article is to present methods and approaches that can be integrated in any of the previously listed
aspects of interoperability (general level of services, service-oriented architecture, etc.), which will allow information exchange
within various Internet of Things applications.

The paper proposes methods of compatibility and the architecture of device interaction in the identification of the Internet
of Things in heterogeneous communication networks based on the architecture of digital objects. The process of creating a
digital object, assigning attributes, and features of data and information storage is described. The core of the structure is the
architecture of digital objects, in which any information presented in digital form can be structured as a digital object, which
is assigned a globally unique identifier. The described approaches can be integrated in any of the previously listed aspects of
compatibility (general level of services, service-oriented architecture, etc.), which will allow information exchange within dif-
ferent applications.

Keywords: Internet of Things, identification; digital object; data transfer.

Fig.: 2. References: 6.

Kopuan B., Mopo3osa 1. Metonu cymicHOCTI [uisl ieHTUdiKamii IpUCTpoiB iHTEpHETY pedell y reTeporeHHUX Mepekax 3B s3Ky Ha 0asi ap-
xiTekTypu nudpoBux 00’ €kTiB. Texniuni nayxu ma mexuonoeii. 2023. Ne 2(32). C. 235-239.
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UML-MOJEJIOBAHHS ITPOLHECY PO3POBKH
JOJATKA IINTAHYBAHHSA PO3BAI' TA MEHIO I'OTEJIIB

YV yiti cmammi npedcmasneno UML-modentosanns npoyecy no6y0ogu 000amxa 0si RAAHYBAHHS PO36a2 Ma MeHI0 2ome-
nie. Busnaueno ancopumm pobomu ma cmanu npocpamuoi cucmemu, @izuyna mooens. [Ipooemoncmposano 3acmocysanms
00 ’€ekmHOOpieHMOo8anoi Mooeni cucmemu, 30iliCHEHO NPOEKMYBAHH 000amKa Ul emanu po3pooxKu eeboodamka. Bukopucmano
UML-mo0ensy ona gisyanizayii ma onmumizayii npeocmaegieHts caumy.

Y pobomi eusnaueno ananiz eumoe, KonyenmyanioHe MOOeN08aHHA NoOYO08u Mooeui po3pobku dooamxa, Ilpoananizo-
8aHO OCHOBHI emanu cmeopenHs oooamka. Oxapakmepu3o6ano @yHKyionanvHi moxcausocmi euxopucmanna UML-
MOOento8ants npu po3poodyi 000amxa 3 NIAHYBAHHS PO38A2 MA MEHIO 20MeNbHO20 DI3HeC).

UML-mo0eni maroms binbuie QyHKYIOHATbHUX MOANCAUBOCTEN 0151 8I000padicenHs 00 '€Kmie peanvHoi ma 6ipmyansHol
peanvHocmi uepes 3aCmOCY8aHHs SPAPIMHUX MA CMPYKMYPOBAHUX 8ePOATbHUX ONUCIS.

Kntouogi cnosa: mooeniosanis npoepamnozo 3abesnewenns,; gisuuna mooens, UML,; eebcaiim, cepedosuuye po3pooKu.

Puc.: 8. Bion.: 7.

AKTyaJbHICTh TeMU J0cigxkeHHsA. CTBOPSHHS CBOTO BJIIACHOTO CaliTy Hapasi € 000B’sI3-
KOBUM JUIJISl YCHIXy TIIIPUEMHHUIILKOT JisSUTBHOCTI, aJKe 11 3a0e3reuye 3pydHuii ooMiH iHdop-
Malli€ro 3 KJI€HTaMH. [0JJOBHUM aTpuOyTOM TOTO, 110 KOMITaHisl CydacHa Ta MPOTPECHUBHA, €
HasIBHICTh Y HUX CaMTYy.

[TocTymoBo B pecTopaHax BiIMOBIISIOTHCS BiJl (PI3MYHOTO MEHIO Ta BBOJSTH MEHIO Ha BJIACH1
caiitu, abu M030aBUTHCS BiJl 3aiiBOr0 BUKOPHUCTAHHS Marepy. ToMy KOHKYpEeHIIis 32 Hal3py4Hile
Ta HalrapHime MeHto 30utbiryeThes. JlominsHo Oyno 6 smonemtoBatu UML- mporiec, B SKoMy
Oyze MpeacTaBIeHO KOHLENTyallbHE MOJIETIOBaHHS MOOY/I0BU MOJIENI 10aTKa, KUK J03BOJIUTh
HE JIMIIE TIeperisiIaTH MEHIO, ajie i 3a37aJIeTiIb 3aMOBJISTH HOTO Ta MPUXOIUTH Ha Yac HOoro ro-
TOBHOCTI. A 117151 pecTopany Oyiio 0 3pydHO 3p0OUTH BCl 3aMOBJICHHS B OJTHOMY MICIIi.

Tomy JuIst JIETIIOrO OPIEHTYBAaHHS, CTBOPIOIOTHCS OJOK-CXEMH 3 YCiMa 3TaJIJaHMMH MOYKJTH-
BoCTsIMH. OCOONHMBO 11€ KOPHCHO y BETUKUX peCTOpaHax.

IMocranoBka mpo6Jemu. /st Toro mo6 po3poOUTH AOAATOK 3 TJIAHYBaHHS pO3Bar Ta
MEHIO TOTeJiB, 000B’SI3KOBO Tpeba CIovaTKy YiTKO BUSHAYUTH aHaJli3 BUMOT Ta (DyHKITIOHAJIbHI
MOJKJTUBOCTI pO3pOOKH JI0AaTKa i MOTIM HOTO CIIPOEKTYBATH.

IcHyrOTH BUMOTH, IKUMU TIOBHHHI BIJMOBIJATH 11l TUIA BEOJOAATKIB, 00 MAaTH MOXKJIIH-
BicTh TOOpEe BUKOHYBATH MOKJIAACHI (YHKIII1, THM CAMHUM BiJOBIIHO 33 JOBOJHHUBIIH BCi 3a-
3Ha4YeHI CTaHAapTH, crenudikaiii Ta iHIi popMalibHi JOKyMeHTH. Tomy Oyio O JOMmiIbHO Ha
eTari mpoekTyBaHHs Bukopructanass UML-MonentoBaHHs.

AHaJi3 ocTaHHIX a0c/iaKenb i mydaikauniii. {ocmimpkennsm mono Bukopuctanus UML-
MOJICTTIOBaHHS 3aliMaJIMCh TaKi 3aKOPJOHHI Ta BITYM3HIHI BUeHi, sk Y. borrc, M. borre, P. by,
JIx. Pam6o, A. JIxxexkobcoH, A. M. Benapos, T. Ksarpani, A. I. Ykpaineusb, M. ®. bonmape-
HKO. bazoBa cucrema no3HadeHr UML momynspHO 1 JOCTYITHO BUKJIA/eHA B KHHU31 MapTtiHa
®dosgnepa [1; 2].

© Csitnana Kpasuenko, Inna Cyronsik, ['anmmna Mapuyk, €sreniii I'pumkyn, Oxcana [Isen, 2023
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UML € ny>xe Ba)JIMBOIO YaCTUHOIO MIPOIIECY PO3POOKH 00’ €KTHOOPIEHTOBAHOTO MPOTpaMm-
HoOTO 3a0e3neueHHs. e Bua MozenoBanHs 3a0e3mneuye rnepeBaxHo rpadiyHi mo3HauYSHHS IS
OTHUCY MU3aiHy MporpamMHuX MpoekTiB. Bukopuctanus UML nomomarae mpoeKTHUM Tpyriam
CIIJIKYBaTUCh, BUBUATH MOTCHITIWHI MPOEKTH Ta TIEPEBIPSITH apXITEKTYPHUI TU3aiH TTporpam-
HOTro 3a0e3neueHHs [3].

VY nokymenTi [4] onucani po3mmpenast UML, BkiItouatouu giarpaMu mpoToKOIiB, podIi are-
HTIB, 0AaraTornoTOKOBI JIHIT XHUTTS, PO3UIMPEHY CeMaHTHUKy noBizomieHb UML Ta BkiaaeHi
IPOTOKOJIH.

UML (Unified Modeling Language) siBnsie co0010 cTaHAapTH30BaHY MOBY MOJICJIIOBAHHS,
110 CKJIAJIA€THCS 3 IHTErpOBAaHOr0 HaOOpy Jiarpam, sika po3pobieHa, mobd JOMOMOTTH po3po0-
HUKaM CHCTEM Ta IPOrpaMHOTO 3a0e3MeueHHs BU3HAYATH, Bi3yalli3yBaTH, CTBOPIOBATH 1 IOKY-
MEHTYBaTH apTe(akTh MPOTPAaMHUX CHUCTEM, a TaKOX ISl OI3HEC-TIPOIECIB MOJICITIOBAHHS.
UML — ue Halip Hallkpamux iH)KEHEPHUX MPAKTHK, SKi Tyke ePEeKTUBHI NMPU MOJIETIOBAHHI
BEJIMKUX Ta CKJIAJHUX CHCTEM.

B ocnoBy UML-Monernelt mokmaieHrit TPUHITAIT CIIPOIIIEHHS MOJIeNTi 00’ €KTIiB Yepe3 iXHIO Kia-
cudikarriro, TOOTO MOALT HA PI3HOBUIM BIMOBIIHO 10 BOKIMBUX O3HAK (CTPYKTypH abo arpuly-
THUKH, TTIOBEIIHKY 200 3B 513Ky 3 HIIIMMH KJIaCaMu, CTIAJIKOEMHOCTI O3HAK) Ta MOETHAHHS y KJacH [5].

VY crarTi [6] MOKa3aHO BUKOPHUCTAHHS TEXHOJIOTII TOTIOBHEHO! PEalbHOCTI Ta CTBOPEHHS
MOOUIBHOTO TOJATKY JJISl TPOBEACHHS PEKJIAaMHU OCBITHIX MOCIYT (haKyiIbTeTy iH(pOopMaLiiHO-
KOMITTOTEPHHUX TeXHOJIOT1H JlepkaBHOTO yHIBepcuTeTy « Kuromupcbka momitexHikay. [Ipoek-
TyBaHHS JI0/IaTKa 3/aiicHIOBasIOCs 3a qoromoroto UML. [l onmcy moBeaiHKY AoJaTKa BUKO-
pHUCTaHO AlarpaMy CTaHiB.

VY crarTi [7] onMcaHO OCHOBHI aJITOPUTMHU Ta METOJIA POOOTH CUCTEMHU PO3Ii3HABAHHS Bi-
JBHUX MICIh 711 TApKyBaHHS aBTOMOOWIIB Ha MapKoBKax Micra. J[Jis mpoeKTyBaHHS J0JaTKa
Oyno Bukopucrano aiarpamu UML, a came giarpaMa akTUBHOCTI Ta KJ1aciB.

MeTo10 cTaTTi € BUSHAYCHHSI JONUTLHOCTI BUKOprcTanHss UML-MonenroBaHHs Ipy cTaIii
IPOEKTYBAaHHS BEO0IATKIB JJISl TOTEIILHOTO Oi13HECY.

Bukiaa ocHoBHOro marepianxy. CTBOpeHHs I0IaTKy TUITAHYBaHHS PO3Bar Ta MEHIO TOTe-
JIiB € CIIPOIIIEHHS TIpoliecy 0OMiHy iH(popMallii Mk KJIIEHTOM Ta KOMITaHI€l0, a came, TOTEJISIMHU.
Peanizaris 1iporo Be6omaTka MoKe OyTH KOPUCHOFO JIJIsl KIIIEHTIB TOTEJIO B TOMIYKaX rapHO
MIPOBECTH BIJIMOYNHOK Ta EKOHOMHTH CBil Yac.

[Ipencrarneno nporec CTBOPEHHS BEO-101aTKY, AKUI Oy/1e KOPUCHUH JJIs KJTIEHTIB TOTEITIO
Ta Oy/e MaTh MOXKJIUBICTh 3aMOBJICHHSI CTPaB 3a3/ajieTi/ib, a TAKOXK 3aIUCYBAaTHUCS HA IIIKaBi
PO3BaKaJIbHI 3aX0/H 1 HANAIITOBYBaTH HaraJyBaHHS PO HUX 32 HEOOX1HOCTI.

IIpoexTyBanHs Ta peaJizanisi aJIrOPUTMIB POOOTH 10AaTKA. SIK OCHOBHUN aJITOPUTM,
OyJ10 BUPIIIEHO BUKOPUCTOBYBATH 3BUYAHHHI alTOPUTM OHOCTOPIHKOBOTO nojarka (SPA) s
KJIIIEHTCHKOI yacTHHM cucteMu (puc. 1). [Ipu nmepexosai Ha CTOpiHKY AoAaTKa ab0 BIAKPUTTI MO-
O1TBPHOTO JOJATKY, CEpBEp HAJICHIIA€ KOPUCTYBAYEBl aKTyaJbHY BEPCII0 CTOPIHKHU (KJIIEHTCHKY
yacTuHy). [1oTim, 3anexHO Bija 1 KOpHUCTyBada, KJIIEHT HAJCHIIAE 3alMUTH Ha cepBep. [licms
OTPUMAaHHS BIAMOBII BiJl CEPBEPY, KIIEHT 3MIHIOE BUTJIS CTOPIHKH.

Hiarpama npeueneHTiB.

Jlist 3a6e3meueHHsT HenmepepBHOTO BUKOHAHHS HEOOX1THUX (YHKITIH 1 BIITOBITHOCTI BCTa-
HOBJICHMM CTaHJlapTaM Ta crenr@ikaiisM, HaBeJIeHO BUCOKOPIBHEBI BUMOTH, sIKi TIOBUHHA 3a-
JIOBOJIBHSATH BeOOPIEHTOBAaHA CHCTEMa TUIaHYBAaHHS pO3Bar Ta MeHio roteinis. Li Bumorn noro-
MaraioTh 3abe3meunTH Oe3mnepediliHy poOOTy CHCTEMHM Ta BHKOHAHHS BCiX HEOOXITHHX
CTaHAapTIB 1 cienudikariii.
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Jliarpama BapiaHTiB BUKOPHCTaHHS OMKCY€E CUCTEMY Ha KOHILIETITYaIbHOMY PiBHI Ta IMOKa-
3y€ BIAHOCHHH MK akTopamu (IepCOHaXaMH, sIKi OepyTh y4acTh y cuTyarllii abo rpi) Ta mpe-
[eJIeHTaMu (JIisIMU TPaBIlA, IO TPHU3BOIATH JI0 TICBHOTO BIIYYTHOTO pe3ysbTary). Taka Jiar-
pamMa J03BOJIsIE TOOAYUTH MTOBTOPIOBAHICTH JIiH, 3aiiB1 PYXH, 1110 Ja€ MiACTaBU IS ONITUMI3aIlii
00 cBizmomoro 30aradeHHs Aiii0BOI CUCTEMU-00’ €KTA.

H

Mpu nepexoai
KOPMCTYBAYEM 33
NOCHNEHHAM JO0STHY,
NOYHHBETLCA
iHiLianizaLim

g

3aBaHTAKYETLCA
KMIEHTCREE YacTHHA

nonaty

g

MeeHa iz
KOPMCTYERYE

g

KMIEHTCLEE YacTUHE
A0OaTKY Bianpasnae
3aMUT Ha Cepeap

|

ZanwT 00poOnETECA
T8 BiQNp&ENRETECA
Hazag

g

KnieHTCREE YacTuHa

AOASTKY NpUAMEE
BiOnNosias Ta
obpodnRe i

g

KnieHTCEKA YacTUHA
OO0ETKY OHOBME
3IMiHeHI OaHi

OpUCTYEaY
NpPOQoEKYE
pofoTy B
nonatey?

Puc. 1. 3aeanvnuii aneopumm pobomu dooamka

Ha pucynky 2 mpeacTaBieHo aiarpaMy IpereeHTIB I BU3HAYEHHS BaplaHTIB BUKOPHUC-
TaHHs JOJATKY IUIaHYBaHHS pO3Bar Ta MEHIO TOTEIIiB.
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lNepernAg roTenie
MNepernAn cTpas BNSpaHora roTenA

KOMEHTYESHHA CTPAEW YW POIBAMK

PecTpauina Ta exig go
ocofucTore KadiHeTy

Mepernag, ccodncTHX daHux

J
=<include==
\

KnieHT gogarky

3MiHA OCOTMCTIX AAHUX

Puc. 2. Bapianmu euxopucmanusa 000amka nAaHy8aHHsa po3gaz ma MeHio 20meiié

BRacHWg roTenk

=<include==
MepernAg poiear BMOpaHoro roTent 3anuc Ha poseary BHOpPaHorD roTeNo

i
==gxlend=>
.

CTECPEHHA HaragyEaHHA
3ENWCY Ha poeary

CTEOpPEHHR, PEAAryEaHHA Ta

EWJANEHHA BNACHWX roTenis

CTEOpPEHHR, peaaryeaqHA Ta
EWRMNEHHA MEHID ENACHUX MOTENIE

CTEOPEHHA, PROAMYEAHHA T3
EMAANEHHA PO3EAr ENACHMX MoTENiE

BuoaneHHA KOMEHTaPIE BNACHKWX roTenis

VY pesynbraTi aHanmizy (QYHKLUIOHAJBHUX BUMOI OYJIO CTBOPEHO MOJYJBHI Jiarpamu
(puc. 3), mo BimoOpakaroTh CKJIAJOBl YaCTUHU CUCTEMH, Jliarpamy CyTHocTe (puc. 3), sika BU-
3Haya€ KJIacH, 110 BiAOOpakatoTh BiAMOBIAHI TabMuUIll y 6a3i JaHUX, Ta HAOIIMKEHY Jiarpamy
KJIaCiB MOJTYJISI, 32 JIOMTOMOTOIO MPUKJIAy MOJYJIS BIATYKIB (puc. 4).

Ha piarpami moaymiB 300paskeHi YaCTHHHM CUCTEMHU — MOYJ1, KOXKEH 3 SIKUX BiJINOBIJIA€

3a CBOIO IIIO.

Action

Y

Motification

A

o)

A

r

App

Entertainment

L
Databasze }—»{ Review

¥
View

Puc. 3. Jliaepama mooynie dooamka niamy8anus po3eaz ma MeHio 2omenia
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O0’€KTHO-OpPiEHTOBaHA MO/IeJIb CHCTEMU
Jliarpama Ki1aciB siBJisie COOOI0 HaOlp CTAaTUYHMX, IEKJIapaTUBHUX €JIEMEHTIB Moieli. BoHa nae
HaWOLIBII TIOBHE 1 PO3TOPHYTE YSBJIEHHS IPO 3B SI3KU B IPOrPAMHOMY KOJIi, (PyHKIIOHATBHICTH Ta
1HOpMaIIiro PO OKpeMi KinacH. JlogaTki reHepyroThCS 4acTo came 3 Jiarpamu kiacis. [1pu Mmoxe-
JIOBaHHI 00’ €KTHO-OPIEHTOBAHUX CHCTEM LIS THN JiarpamM BUKOPUCTOBYIOTh HaliuacTilIe.
Hotel

h

+name: string

+gtars: number

+placement: string

Y

User -
Dish

+description: string

+username: string tri
+name: strin

i i +phoneNumber: string g
+email: emai
) +ingredients: string
+boiToken: string
+password: password

A

) +weight: string
. +chatld: string
+phoneNumber: string +description: siring
) +image: Media '
+ullName: string ) b
+price: number
+owner_id: User{) P

+birthDate: date

+ighActive: boolean

+image: Media Feedback ) Medi
+image: Media
+position: Enumeration | +exi: string hotel_id: Hotel()
+hotel_id: Hote
+feedbacks: Feadback() +rate: number r F
+hotels_id: Hotel{) +user_id: User()
»
+dish_id: Dish{)
+entertainment_id: Entertainment() DishOrder
MotificationEvent
_ . K l +amount: number
+igSetMotification: boolean

. . ) Entertainment +when: datetime
+entertainment_id: Entertainment()
. » +name: string +gdescription: string
+user_id: User()
+description: string +dish_id: Dish{)
+place: string

+when: datetime

+image: Media MainSlider

+price: number +images: Media

+reePlace: number
+isActive: boolean
+contingent: string

+hotel_id: Hotel()

Puc. 4. [liaepama knacie cymnocmeti 0o0amka niany8aHHs po3eaz ma Meuto 2omeiis

CKJIaBIIW 3arajibHAN aJIfOPUTM JIOJIATKY, Jaii OyJIo MPOJyMaHO aJIrOPUTM IS OKpe-
MUX BHUMAJKIB. J[1s mpeacTaBieHHs MOAIOHUX CIIEHApPiiB 3a3BUYail BUKOPHCTOBYIOTHCS Jiar-
pamu mismeHOCTI (activity diagram).
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Eaza pauvux

Kopuctyeay

Ofnikoewi 2anuc Google

Google Calendar AP1

Telegram Bot API

CTEODEHHA HOBOMD
ancy & Tabnuuj
3EMUCIE HE Po3sart

Bufnpac SawaHni
DOZEIHAM=HIA 38x1]
Ta HETHCKEE KHOMEY
HE "3anuCaTies Ha
possary”

HI

Binnosins -

EUOpaHWA No loken Ta

BvzaneHHA Tinskn
L0 CTEOPEHOMD
zanecy

sia cepeapa
03MTHEHEZ

Bionoeige

MOBI0OMNEHHA
L e il o A L

HagounasHa ¥

id yary 4a1-GoT

i YaT-0oTy
NO3MTHEHE 2

Hi

Bawae cTEopNTH
HEragyEaHHA 4o

| CBOMD KAMEHAAPH T2/

HaTHCHAE HA KHOMLY
HArafyBaHHR

Y MOZanEHoMy BikHi
HaTMCKas Ha Bxig
4epaa Google

Mepexin 40 ICHy UYMW
odnikoBn: 38nncis
ArR suiopy w Lo

thopmuy ExXOTY

Bxig
npoilLne
YETiLHO?

%Alm sigrosini j

BIOkpUTTA MOLaNsHoM0
SiKHA Ta HATWCHEHHA Ha
“CTBOpHTI
HaramyeaHHa"

3annc 5 oCodneTii

l laneHnap KopncTysada

OTDMMEHHA EILNOELTI}

@
L

Puc. 5. [liaepama disnenocmi «3anuc kopucmysaua Ha po36adcaibHull 3axio»

JlomaTok TutaHyBaHHS PO3Bar Ta MEHIO TOTEINIB CKIAA€ThCsl 3 HU3KH KOMIIOHEHTIB, 1110 BH-
Marae ix OKpeMOoro po3ropTaHHs Ta HaJlamTyBaHHs. /i1 BitoOpakeHHsI KOMIIOHEHTIB CUCTEMHU
Ta Bi3yasizallii mpoiecy ix po3ropranss Oyia CTBOpeHa Jiarpama po3roptaHus (puc. 6).

Ha giarpami po3ropranns 300pa)keHa cUCTeMa, sika CKIaIa€ThCs 3 TPHOX BY3JIB: CEPBEPY,
cepBepy 0a3u TaHUX Ta KOMIT I0Tep a00 1HITUH MPUCTPii KOPUCTYBada. 3B’ 130K MK KOMIT FOTe-
poM abo IHIIMM MPUCTPOEM KOPHCTyBada Ta BEO-CEPBEPOM 3IIHCHIOETHCS Yepe3 MPOTOKOI
HTTPS. IIporoxon HTTP BukopucTOBY€EThCS NIl B3a€EMOIIi MK KJIIEHTCHKUM Ta CEPBEPHUM
JOJIaTKaMH BCEPE/IMHI CepBepa.
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Database Server

_________ PostgreSQL

I

+TCPIP

i Web Server -
User PC or another device

| Client App
i Server +HTTPS Web Browser

Client App
Server App

Puc. 6. liaepama pozeopmanns

i

Crpykrypa inTepdeiicy Bed1oaaTka Ta NOpsiAoK podoTu
CaliT € NOBHICTIO aJalTUBHUM JJIs1 CTAHAAPTHUX MTPUCTPOIB.
[epe, 1o mo6auyUTH KOPUCTYBAY, IEPEUIITIOBIIH 32 TOCHJIAHHIM Ha JI0/1aTOK, I1€ TOJIOBHY
CTOpIHKY (puc 7).
r ~]

L= Tanagns Tomeni s Franarw .EI

Puc. 7. ['onosna cmopinka

Jnst Toro, mo6 oTpuMaTH JOCTYII 10 CTBOPEHHS BIACHOTO TOTENI0, TIOTPIOHO TIPH pe-
ecTpalii 0coOOMCTOro 3ammucy BKa3aTH, 1[0 KOPUCTYBay Oaxkae OyTH BIACHUKOM rOTeN0. Y Ta-
KOMY BHUITIQJIKy B 0COOMCTOMY KaOiHETI 3HU3Y ITi/1 iHPOopMaIli€r0 KOpUCTyBada Oy1yTh BKIAIKH
(puc. 8), siKi BIAMOBIAAIOTH 33 CTPABH, PO3BAry, BiAryKU Ta FOTEIII.
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MNamae Ingredients Waight Description Rate  IsActive Image Actions

Pc Tlococs, Ascwans, G, Mopisa 0ok, Llutyme sensna Kamyera 550

| Moz Boyn 3 nococem UgpaoHorancaa, Cemena Uia Kymmyr rpan Boyny nepeknagiaaer. 220 47

Piba g ToMaTHHM Xew, Moprza, Lntyna, TomaTssh coye, Mosipops, Cononsemi nepsus, &0D

ATH. O o
cayeam Bopawns rpan AneTHTHS COMDEMT 3 TYL

MM:&@L S Tpatana, farypr & noxskore, Mo, Manusa, Marro, Kisl r:?:‘ Marypr 3 rpaancd e Ha. 21

TNptocs y BELKOED MY Naeses, Bapeann, Horyer, Bepuwsi, Mosigops, Bammi, Napmeass, NiMon,

ot Kypryvia E CTpaBM, HA AHi X04ETH.

Kypia, Masdnope. Kywypyasa, Gotu, Kanycra, Coye Necro, Basinik, Ketayn Fii Lile mekinkra paie Tamy

Puc. 8. I'onosna cmopinka. Bknaoxu, sxi docmynHi miibKu 015 61ACHUKIE 20meie

BucHoBKH. Y po00Ti BU3HAUCHUH MiIXix 10 3acTocyBanHss UML-MonentoBanHs mpH mpo-
eKTyBaHHI clieHapito noaarky. [Ipencrasneno, mo UML-moneni matoTe OiibIe GyHKITIOHATb-
HUX MOXIJIUBOCTEH JUIsl pO3pOOKHU BeO AOIATKY .

Bebnonarok moxxe OyTH HaJalITOBaHWM Ta BUKOPUCTOBYBAaHUH JUIsl PI3HUX KOMITaHiil. Pe-
aNi30BaHMUI BeO0AaTOK MOXKe OyTH BUKOPUCTAHUHN /IS IJIAaHYBAHHS JUIs Oy/Ib-SKOTO TOTEIIIO.

BusznadeHo, 110 3anmpornoHoBaHUH MiAX1]1 MOYKE 3aCTOCOBYBAaTHUCH B JIaHii cepi po3poOKH,
a caMe J1a€ IIMPOKi MOXKIMBOCTI 3actocyBaHHs UML-Mozeneit 1uis BigoOpakeHHs moii (KOH-
HENTyalbHEe MOJCIIOBAHHS, JIOTIYHUHN Ta (I3UYHUNA PIBEHB) ITPU PO3POOII JaHUX BeO CalTiB.
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UML MODELING OF THE ENTERTAINMENT AND HOTEL MENU PLANNING
APPLICATION DEVELOPMENT PROCESS

The object of the study is the principle of applying the UML modeling model for the process of building a web application
for planning entertainment and hotel menus.

The analysis of the study of this area of similar processes and the conduct of own research, which in turn require a more in-
depth immersion in the very essence of the scientific area and expanding the horizons for further research, has been carried out.

The work algorithm and states of the software system, physical model are determined. The application of the object-
oriented model of the system was demonstrated, and the design of the software product was carried out. The UML model was
used to visualize and optimize the presentation of the application.

The work defines the analysis of requirements, conceptual modeling of the construction of the site development model.
The main stages of creating the application are analyzed. The functional possibilities of using UML modeling in application
development are characterized.

Keywords: software modeling; physical model; UML,; website, development environment.

Fig.: 8. References: 5.

Kpasuenko C., Cyronsk I., Mapuyk I'., I'pumkyn €., llIBex O. UML-monemoBaHHs porecy po3poOKH 10AaTKa IIIaHyBaHHS PO3Bar Ta MEHIO
roteniB. Texuiuni nayku ma mexnonoeii. 2023. Ne 2(32). C. 240-248.
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METOA AJAIITUBHOI'O BUBOPY PO3MIPY JAIATPAM CTAHIB
TYPBO KOJAIB Y CUCTEMAX 5G TA IoT

Y cmammi 3anpononosano memoo onmumizayii pobomu kodepa/oexkodepa myp6okody 6 cucmemax 5G ma IoT 3a paxynok
aoanmueHo2o 8U6OPy poamipy Oiazpam cmaHie 3 GUKOPUCIAHHAM 3aNPONOHOBAHO20 NOKA3HUKA HeBU3HAUeHOCHI Oekodysanns. Po3-
SIAHYMO NPUHYUNU POPMYBaHHA diaspam CmaHie kooepa ma 0exooepa mypooKooy, 3 AC08aHO HEBUSHAYUEHICTb 0eKOOYBAHHS OaHUX.
Buxopucmosyrouu anpiopui ma anocmepiphi oawi 0exodepa mypOoKoody 3anponoHOBAHO ANOPUMM 3MIHU diazpamu CMawie Ko-
Oepa/Oexodepa mypboxody. Ha siominy 6i0 8idomux pe3ynbmamis, 3a1ei#CcHo 6i0 GIOHOWEHHS CUSHAN-WYM ) KAHATT MA 3HAYeHb HOp-
Mani308aHOl KIIbKOCMI 3MiH 3HAKY anocmepiopHO-anpiopHux 102apu@dmiuHux 6I0HOCUH (YHKYIL npas0onodibHocmi npo nepedani
6imu danux oexooepa mypooKody 30iUCHIOEMbCA adanmueHull aubip posmipy diaspamu cmanie kooepa/oexodepa TK. Ananiz mode-
JIOBAHHSL NOKA3YE, WO O 3a0e3neyeHHsl 3a0aHUX NOKA3HUKIE 00CMOGIpHOCHI THGhopMayii Memoo 30IICHIOE 8UOID PAYIOHATLHOZ0
poamipy diaspamu cmanie kooepa/oexooepa TK, o niomeeposiceno noPieHAHHAM 3 IHUUMU PE3YTbIMAmamu MOOE08aAHHS.

Kmrouosei cnosa: 3asadocmiiike KooyeanHst;, mypookoo; MOOEN08anHsl, imepamusHe 000V6aHHs, (yHKYii npagoonooiGHOCMIi.

Puc.: 11. bion.: 10.

AKTYaJIbHICTh TEMH JAOCJIIKeHHsI. be3npoBo10BUi 3B 430K — 1€ Tally3b, 110 IIBUIKO
PO3BHUBAETHLCS, Ta CIIPSIMOBAaHA Ha B3AEMO/III0 MIXK JIIOJIbMHU SIK Y TIOBCSIKJICHHOMY JKUTTI, TaK 1 B
6i13Heci. Po3BUTOK O€3MPOBOIOBOTO 3B S3KY CIPHUSE PO3BUTKY EKOHOMIKH Ta CYCIIIbCTBA. SIK
MOKa3aHo Ha pucC. 1, TeXxHOJIOTis 0€3MPOBOIOBOTO 3B’ 3Ky MPOMIILIA OaraTo poKiB 3MiH. Y Halll
yac jeqaii OuTbIIe JIIoAeH MparHyTh OTPUMATH BUIIII IIBUJIKOCTI NIEpeaayi Ta Kpauuii 6e3npo-
BOJIOBHI 0CTYyI 10 [HTEpHETY.

Application Data Rate

diversity s
International | commuynication

standardization || 5G

4G
3G
26 Digital Signal
1G Regional Analog Signal
Standardization
Frequency Bandwidth Spectral Access
Band Efficiency Technology

Puc. 1. Egonioyis 6e3npo8o006020 38 3Ky

VY takomy pasi, MOOLITbHHUI 3B’ 130K yeTBepToro nokominas 4G Long Term Evolution (LTE)
IITUPOKO BUKOPUCTOBYETHLCS B TETIEPIIIHIN Yac. 3aBASKHA PO3POOICHUM TEXHOJIOT1IM, TIPH HU3b-
Kiii MOOLTEHOCTI, 6€31pOoBOAOBI Mepexi 4G MOKYTh MAKCUMAJIHHO 3aIPONOHYBATH IIBUIKICTh
nepenavi ganux 1 ['6iT/c, HampuKia JIOKaJIbHOTO O€3MPOBOOBOTO MOCTYITY. [l BUCOKOT MO-
O1npHOCTI cucteMu 4G MOXYTh MATPUMYBATH MBUAKICTH epenadl qanux 100 Moit/c [1; 2].

© Haranis CoxopuHcbka, HOpiit [ToctepHax, Jlinis 3aiiuesa, Onexcanap Pynenok, 2023

249


mailto:sokor-nata@ukr.net
https://orcid.org/0000-0001-9713-7289
mailto:posternak21051976@meta.ua
https://orcid.org/0000-0002-9881-5253
mailto:lili5990n@ukr.net
https://orcid.org/0000-0002-0668-711X
mailto:a_rudenok@ukr.net
https://orcid.org/0009-0009-6910-1823

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

Cuctemu 4G 3a6e31e4ytoTh TapHy HMPOJYKTUBHICT y O€3MPOBOAOBOMY 3B'A3KY, ajie MPH
IIbOMY ICHYIOTBH TTPOOJIEMH CIIO’KUBAHHS €HEPTii Ta 0OMEXEHHS YaCTOTHOTO criekTpa. KomyHi-
KaIliiHi KOMITaHii 3aBXKU CTUKAIOTHCS 3 PI3HUMU BUMOTAaMHU JI0 301IbIICHHS IIBHIKOCTI TIepe-
Jadi JaHUX Ta MOKpaIleHHs eHeproeekTuBHOCTI. ToMy mocTano mUTaHHS PO3POOKH CHCTEM
HOBOTO TIOKOJTiHHS MOO1TBEHOTO 3B's13KYy T Ha3Boto The Fifth Generation (5G).

Bueni BBaxaroTh, 1110 MopiBHIHO 3 4G Mepeka SG MOXKe TOCSTTH B TUCSTY pa3iB OUTBIITY €M-
HICTh CUCTEMH, B JICCSTh Pa3iB OUIBIINY CIIEKTpaIbHY €(DeKTUBHICTH Ta MBUAKICTH TIEpeIadi JaHUX
(mo 10I'6iT/c), 1 B ABAAISTE I’ SITh Pa3iB BUIILY CEPEIHIO MPOITYCKHY 31aTHICTh KOMIpKH [3].

Texnomorist mepexi SG Ta 1l pO3BUTOK TOJIOBHUM YWHOM OOYMOBJICHI JBOMAa 3HAYHHUMH
TeHACHIISIMH. J[ocTaBKa MOCITYyTH 3 BEJIMKAUMHU JTaHUMHU, TaKi K BiJI€O TOIIO, BUMAraroTh O11b-
101 MPOITYCKHOI 3AaTHOCTI Ta MIBHINIOTO O€3MPOBOAOBOTO MIMPOKOCMYTOBOTO 3B’s3Ky. [10T-
peba B HAAIIMPOKOCMYTOBHUX MOCIyTrax BUKIMKaHA 3pOCTaHHIM BifeoTpadiky Ta TaKux Hpo-
rpam, SIK BipTyaJlbHa PEaJIbHICTh, MPsMI BIJCOTPAHCHIAIIT Ta BiJ€O MOBHOI BUCOKOI YITKOCTI
(FHD). Texnomnorist 5G BuMarae mBHIKOCTEH Niepeaadi JaHUX JIJIs [MiIBULIICHHS B THCSIUY pPa3iB
emuocti cucremu. llIBuaka eBomomis [ateprery peueit (IoT) Takok BUMarae morpedu B Tex-
HoJorii 5G 3 Haa3BUUAHO HU3BKOIO 3aTPUMKOIO Ta HAJHAIIWHICTIO MiAKI0YeHHs. Taki mpo-
rpamH, K «PO3yMHi OyIMHKNY, «PO3yMHE MICTO», IOCTYTH JOTIOBHEHOI Ta BIPTyaIbHOI peajib-
HOCTI, 0€3MPOBOJIOBI MEIUYHI MOCITYTH, KOMYHAJIbHI IPOTrPaMu, MIPOMHCIOBAa aBTOMAaTHU3aLlid,
JIOTIOMOTa BOJII€B1, aBBTOHOMHI BOJIHHS, TPAHCTIOPTHI CUCTEMH, 1HPPACTPYKTypa Mi>K TPAHCIIO-
PTHHUM 3acO00M 1 3B’S30K MK TPAHCIIOPTHUM 3ac000M MOTPEOYIOTh MPOBAKEHHS TEXHOJOT11
5G. Bumoru 1oaTkiB 13 HU3BKOKO MIBUAKICTIO TIEpeaadl JaHUX MOTPEOyIOTh BUCOKOT HAIHHO-
CT1 Ta HU3BKOI 3aTPUMKH, 110 pOOUTH L}0 TEXHOJIOT1I0 BIIMIHHOIO BiJl MOOIIBHHUX IIUPOKOCMY-
roBux nociyr. Lli mporpamu Takok BUMararoTh CITIJIKYBaHHS MK MalllHHAMH, a HE JIFOIbMH.
Kpim toro, nporpamu IoT BuMararoTh MEHIIIOT BAPTOCTI Ta CIIOKUBAHHS €HEPTIi.

ITocTanoBka mpodsemu. Ha puc. 2 mpeacrariena 6a3oBa apxiTekTypa TexHouorii 5G, y
AKill € pi3Hi cepBepH I MOTOKOBOI Nepenadi, 30epiranHs 1aHuX, 3B'I3Ky y peaJbHOMY 4aci,
MOJIITUKK CHCTEMH KepyBaHHS Ta mepenadi mganux 3a npotokomamu 3G, LTE, WLAN i
GPRS/EDGE, siki minkimo9aroThes 10 Tepminany 5G.

5G terminal

«A}) .1 I'/* « A))

_—["GPRS/EDGE \\ #o

=i

STREAMING

=) =
. - CONTROL SYSTEM-
SERVER ATA SERVER FOR REAL-TIME POLICY SERVER
SERVER COMMUNICATION

Puc. 2. 5G apximexmypa

VY rtemnepimHiA yac omepaTopu 3B’S3KY BIPOBAKYIOTH ITUGPOBY TpaHCPOpPMAIIIIO I
CTBOPEHHS cydyacHoro nudposoro cBiTy. HagaBatu nmignpueMcTBam i MpuBaTHAM 0c00aM B pe-
aTbHOMY Yaci BUCOKOIIBUJIKICHY mepeaayi nanux, norpedye End-to-End (E2E) ckoopauHoBa-
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HOI apXiTEeKTypy 3 THYYKHUM, aBTOMATHYHUM Ta 1HTEIEKTYaAIbHUM KEPYBAaHHSM MPOTITOM KO-
xHOI (pa3u. KoMruiekcHa XMapHa aganTarlis Mepex, OrepaliiHuX CUCTEeM, 1 IIOCIyTH € HeoO-
X1IHOIO YMOBOIO I1i€1 JOBrOOUiKyBaHOI IU(PPOBOI TpaHCHOpMaii.

VY 3B'3Ky 3 IIUM OJHUM 13 OCHOBHHUX 3aBJIaHb € 3a0€3TEUYECHHS JOCTOBIPHOCTI Tepeaadi
iH(opMartii Ta MmiIBUIIEHHS MPOMYCKHOT CIPOMOXKHOCT1 CHCTEM.

3abe3mnedeHHs TOCTOBIPHOCTI MOKHA JIOCSTTH BUKOPUCTAaHHIM 3aBaJIOCTIHKHX KOiB, HAIPH-
kinax: LDPC-koniB [4; 5], Typ6okoniB (TK), B moeananni 3 merogamu ananrarii. TK Ta LDPC-
KOJIM TIPUHAHSTI CTaHAapTaMU MOOUTBHOTO 3B’S13KY 11’ ITOr0 MokomiHHA BinnoBinHo 4G LTE ta 5G.

VY cucremax 4G ta 5G BUKOPUCTOBYIOTHCS METOIU aAANITUBHOT MOYJISAIIT, TOTYXHOCTI Ta
KoayBaHHA. Y cucremax 4G, 5G npu amanraiiii peryIroeThCsl IIBUKICTh KoAyBaHHs R miama-
30H1 Bix 1/5 no 2/3. Ilpu nbomy 3actocyBanHs TK € OMUIBHUM NMPU MaJIMX MIBUAKOCTSIX KOJTY-
BaHHs1, a LDPC-kofiB — mpu BenUKUX.

VY 4G LTE nns BucokomBHIKICHOT epeaayi BuUKopuctoBytoThess TK B moegHanHi 3 MOAy-
nsmismu ®M-4, KAM-16, KAM-64, a 15 HU3bKOIIBHUAKICHOT - 3TOPTKOBI Ta OJI0KOB1 KOJH. Y
cucreMax 5G Juig BUCOKHX MIBHIKOCTEH 3acTocoBYyeThesl Koa LDPC, nist HU3bKUX - MOJSPHI
Ko1u. SIk Moyl BuKopuctoBytoThcst DM-4, KAM-16, KAM-64, KAM-256.

AHaJi3 ocTaHHIX AocailkeHb i myoaikauniii. Y po6oti [6] mpencTaBineHuit afanTUBHUI
AJITOPUTM JUCKPETHOI ONTHUMI3aIlli CHTHAJILHUX KOHCTPYKIIIA Ta IIBUIKOCTI KOJTYBaHHS 3aBa-
nocriiikoro koxy amns cucreM DS-CDMA. 3anexHo BijJ 3HA4€Hb BiTHOIIECHHS CUTHAJ/IITYM PO-
3paxoOBY€THCS 3HAUEHHS IMOBIPHOCTI MOMMJIKM JUTSL PI3HUX CXEM MOYJISLI] CUTHAITY 1 MOpiB-
HIOETHCSA 13 33/1aHUM 3HAYCHHSM. 3aJIe)KHO BiJl pe3yJbTaTiB MOPIBHAHHS 3/1HCHIOETHCS BUOIp
noTpiOHKUX mapameTpiB. [Ipu 1bOMy PO3TIIAIAI0THCS KaHAIH 3 aAUTUBHUM O1IMM TayCCIBCHKUM
mrymoM (ABI'LID) Ta peneiBchkruMuU 3aBMHPAHHIMHU.

VY nociimpkeHHsIX [ 7] mpencTaBieHui alropyuT™ IUCKPETHOT aanTariii MBUAKOCTI KOTyBaHHS
3 JIOTIOMOTOI0 TICEB/IOBHIIAIKOBOTO IIEpEMEKyBaya 3aJIeKHO BiJ] 3HAUCHHS HMOBIPHOCT] TOMUJIKH.

VY poborti [8] mpencTaBineHa cucremMa riOpuIHOr0 aBTOMATUYHOTO 3aMIUTY HA IIOBTOPHY I1e-
penauwy HARQ (hybrid automatic repeat request) 3 M'SKUM/?)KOPCTKUM MPUAHSTTIM PIIICHHS
NpU JICKOAyBaHHI. M'sike yXBaJICHHS PIIICHHs TMPU JEKOTyBaHHI OOMEXEHE pIBHEM BiTHO-
meHHs1 curHan-myM 1,4 nb. [Iponec amanTarii BinOyBa€eThCs TakK: 3MIHIOETCS PO3MIP OJIOKY
iH(dopMmalii Ta MBUAKOCTI KOJTYBAHHS 3aJICXKHO BiJl BITHOIIEHHS CUTHAN/TyM. [Ipu 1ibomy po-
3raspaeThes kanan i3 ABITILL

VY pobori [9] 3acTocoBytoThest LDPC-koau ta posrasgaerses kanan 3 ABI'T. OcHoBHOIO
17IC€I0 TAHOTO MIXO/y € OIliIHKA B peaJIbHOMY Yaci BIIHOMIEHHS CUTHAJI/IITYM 1 ITOJaJIbINa aja-
NITallisl B 3aJIEXKHOCTI] BiJl JAHOTO 3HaYEHHS. SIK MOKa3HUK JOCTOBIpHOCTI iH(OpMaIlii B poOoTi
BUOpaHO CepeIHI0 UMOBIPHICTH O1TOBOI MOMUJIKU JEKOIyBaHHS.

VY pob6ori [10] Takosx 3acTocoBytoTbcst LDPC-ko/1 Ta 3acTOCOBYETHCS OJTHOpPIBHEBA Napa-
METpUYHA aJanTailis MBUAKOCTI KoayBaHHs R. BuOip onTumanbHOI MIBHAKOCTI KOIXyBaHHS
IIJISIXOM MOPIBHSHHS MOTOYHOI 01TOBOI HOMMJIKH 3 TAOJMUYHUMH 3HAYCHHSIMHU.

Bunisiennsi HeoCiIsKEHUX YACTHH 3arajibHoi mpooaemu. [IpoBenenuii anaii3 ocTaH-
HIX JOCHTIDKEeHb 1 MyOJTiKaIliii mokasas, 110 HEJIOCTATHRO PO3TIITHYTI METOIM OaratopiBHEBOL
azlanTariii, Sk 3a mapamMeTpaMH, TaK 1 3a CTPYKTYPOIO.

MeTto10 cTaTTi € po3po0Ka METOAY aJanTUBHOTO BUOOPY pO3MIpy JAiarpaM CTaHiB TypOO
koxiB B cucreMax 5G ta IOT 3a paxyHOK BUKOPHCTAaHHS MOKa3HUKA HEBU3HAYECHOCTI JIEKOTY-
BaHHS, 3 ypaxyBaHHIM anpiopHOi Ta anocTepiopHoi iHpopmalii gekoaepa Typoo Koja.

Buxian ocHoBHoro marepiany. TypOoKoj yTBOPIOETHCS TIPH MapajeIbHOMY 3’ €IHaHH1
JIBOX a00 OUIbIIIe KOPUTYBAILHUX KOMIIOHEHTHHUX KOJIIB, SIKI PO3AUISIIOTHECS IPUCTPOEM TIepe-
MEXEHHS. Y POoJIi KOMIOHEHTHUX KOJIIB MOKYTh BUKOPHCTOBYBATHCS 3TOPTOYHI KOIHU Ta 0JI0-
YHi KoJH — Ko XemMminra, boysa-Hoynxypi-Xoksinrema, Pina-Manepa, Piza-Conomona.
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PosrnsiHeMo ABIHKOBUIT 3rOpTOYHMI KO 31 IIBUIKICTIO R = 1/2 3 0OMexeHHM K 1 maM’SITTIO
M = K — 1. Ieit konep MO>KHA MPEACTABUTH SIK JIIHIHHY CHCTEMY 3 JUCKPETHOIO KIHIIEBOIO IMITy-
JBCHOIO XapaKTEPUCTHUKOIO, IO TOPODKYE N0Ope 3HAMOMHN HECHCTEMAaTWYHUH 3rOpTOYHHIMA
(nonsystematic convolutional — NSC) kox (H3K), pi3HoBH I sSIKOTO MOKa3aHuii Ha pucC. 3.

Ha Bxix xozmepa y MOMEHT k TiocTyTiae 01T dj 1 BIIOBITHUM KOJIOBUM CIIOBOM € JBIMKOBA Imapa
(uk, vi), ne ux = modz g1i = 0,1, vi =mod> g2 =0,1.

Gl:{gii}, G2:{g2} — nBa TeHEPATOPH KOIY, 3a3BUYAIl BUPAKAIOTHCSA y BICIMKOBIH CHUCTEMI
YHUCJICHHS.

VY npomy Bunaaky M = 3 i BAKOPUCTOBYIOThCS Ba reHepatopu G1 = {111} 1 G2 = {101}.

; ,JL > {ury

{dk} —> dk > dk—l > dk_z
>(+)

> {vi}

Puc. 3. Cmpyxmypna cxema kooepa H3K

[TokazaHo, 1110 TPY BEJIMKUX 3HAYCHHSX BITHOIIECHHS CUTHAJI/IITYM JOCTOBIPHICTH TIepe1adi
3 konoM H3K BuIna, HXK y CHCTEMaTHYHOro KOy 3 Ti€l0 X mam ATTio. [Ipy Manux 3HaueHHSIX
BIJIHOIICHHSI CUTHAJI/IITYM SIK CKJIaJ0B1 KOMITOHEHTH 7151 TYPOOKOTy OYyIii0 3alIpOIIOHOBAHO KJlac
3rOPTOYHMX KOJIB 3 HECKIHYCHHOIO IMITYJIbCHOIO XapaKTePUCTUKOO. Taki Xk KOMIIOHEHTU BH-
KOPUCTOBYIOTBCSI B PEKYPCHUBHHUX CHCTEMaTHYHHMX 3aropTouyHux (recursive systematic
convolutional — RSC) konax (PC3K), ockinbku B HUX 3a3/1aJIeTi b KOIOBaHI OITH JaHHUX IOC-
TIMHO MOBMHHI TTO/IaBaTUCS Ha3aJ Ha BXia kozaepa. [Ipu Bucokux mBuakoctsax koau PC3K 3a-
0e3MmeuyIoTh Kpallli XapakTepuCTUKH, HixK Halikpaii koau H3K mpu Oynb-sknx 3HaueHHSIX Bij-
HOIICHHS CUTHAJI/TITYM.

Jzitikosuii kog PC3K 3 R = 1/2 Buxonuts 3 komy H3K 3a 1onoMororo KoHTypa 3BOPOTHOTO
3B’SI3KY ¥ YCTAHOBKH OJTHOTO 3 JIBOX BUXOIIB (ux a00 Vi) piBHUM di. Ha puc. 4 mokazanuii nmpu-
knaa takoro PC3K, ne ar oTpuMyeThCs 3 peKypCHBHOI MpoueaypH: ax = di + yiar-1 mod 2, a
Y1 = gli, IKIWO U= dk, U 2; — AKIO Vi = dy.

{di} > {ui}

/

—> dj > -] > k-2

> {vi)
Puc. 4. Cmpyxmypua cxema xooepa PC3K

Ha puc. 5 306pakena penrityacra crpykrypa PC3K, npeacrasneHoro Ha puc. 4.
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Komose cnoBo

Cran 00

a=00 e 1

c=01

01 .

d=11 @

Puc. 5. Pewimuacma oiacpama PC3K TK

JlexoryBaHHS TypOOKO/IB BIZIOYBAETHCS 3a TIEIO JK IPATUACTOIO JIlarpamotro, 3a KO0 BiI0yBa-
€ThCS 1 KOTyBaHHSI.
Hampuknan, rpargacti giarpamu st PC3K (1, 5/7) 1 (1, 13/11) moka3asxi Ha puc. 6 Ta 7.

CraH y MOMEHT CTaH y MOMEHT CtaH y MOMEHT
qacy -1 qacy ¢ qacy ¢
S.r—l =g yrc / L’F(,‘:l Sr =45
0
0
u, =1
1
1
2
2 V- -
3 u, =0
3

Puc. 6. Ipamuacma diazpama cmanie 015 komnonenmuo2o Kooy (1, 5/7)

[Ipu amantuBHii 3MiHI po3mipy 0JIoKy N amanTHBHO 3MiHIOETBCS KiJIBKICTB Jiarpam cra-

HiB PCCK, mpuyomy iX KiIbKiCTh JOPiBHIOE KiJIBKOCTI OIT B 01011 po3mipom N .
JInst IeKOTyBaHHs KOXKHOTO 0iTa 00UHCIIOEThCS IpsMa &, , (s') , 3BOPOTHA 3, (is) PEKYp-

cis i mapamerp v, (s, s), € I, N, norapudmiyne BigHOmEHHS (QyHKILiH TpaBaONOIiOHOCTI
(JIB®II) nns nepenanuii Oit L(u i )
Hampuknan, anroput™ nexomyBaHHs TypOookoxy MAP mpu amanTuBHIM 3MiHI po3Mipy

omoky N s kommnoneHTHOTO KOoAy (1, 5/7) mae Takwuii Burisiz (puc. 8).
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Cran y MOMeHT Cran y MOMEHT Cran y MOMEHT
yacy t-1 vacy t Jacy t
0/00
1 T P— 0
1/11
1/11
1 1
0/00 p
1/01 -
... 0/10 e
0/10’_’_,:1*:\':\ ~ u, =1
3 Prag . P
4
u, =0
5
6

Puc. 7. Ipamuacma diazpama cmanié 0na komnouenmuoz2o kooy (1, 13/11)

Jlorapudmiune BiHOMEHHS (YHKLIN MPaBIONOAiOHOCTI L(ut) po Mepefanuii OiT U,

BHU3HAYAETHCA TAKUM UYNHOM:
ZP(St 1 _S'aylH)P(ut :l’yt’yt]\ll /s, :S'ayfil)/P(le)

ZP(St =W P, =0y, /s =5y P(y))

L(u,)=log

Z:P(st_1 =s" Y Pu,=1y,y" /s, _ =s")/ P(le

ZP@; =5 P, =0, 90 /s, =5 Py

=log ) ,
ne s' — CTaH I MOMEHTY 4acy ¢ — 1, s — CTaH Ul MOMEHTY 4acy f, y'\= {yl Vs yt’ﬁl} -

OJIUH KaJIp MPUHHATOTO CUMBOIY, KU MOke OyTH po30uTHii Ha Tpu yacTuHu. [lepira yactuna
MICTUTb CIIOCTEPEKEHHS Iepel MOMEHTOM 4acy ¢, Jpyra 4acTHHA — IOTOYHE CIIOCTEPEKEHHH,
TPETHUHA — CIIOCTEPEIKEHHSI MICIISI MOMEHTY .
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Puc. 8. Aneopumm dexooysanns mypooxody MAP ons PC3K eudy (1, 5/7)

npu adanmueniu 3mini poamipy onoxy N

AnTOpUTM peanizarlii MeToAy ajanTallii giarpaM CTaHiB KOJyBaHHs/ACKOAyBaHHS TypOo-
KOJ[IB € HACTYITHHM.

Kpoxk 1. ®opmyBaHHS TOYaTKOBOI JllarpaMu CTaHIB kKojepa Ta aexonaepa TK.
Kpok 2. ®opmyBaHHS MHO)KWHU 3HaYeHb 1H()OpMAIIIHUX Ta IEPEBIPOYHUX CUMBOJIIB KO-
— —C —=n_—n —0 —n
aepoM TK: X =(X , X ), X =X X ).
Kpok 3. ®opmyBaHHS MHOXHHHU 3HaueHb 1H(OpPMALIHHUX Ta MEPEBIPOYHUX CHMBOIIIB,
=l —Ccl _ —=ni =2 —Cc2  —m
npuitHATHX 3 Kanany juist gekomepa TK: ¥V =(LY ,LY ), Y =(L)Y ,L.)Y ).

Kpok 4. ®opmyBanns muoxxunu JIBOII Ha Bxoni ekozaepa mpo nepenadi 6iTv JaHUX Ha
1-my 1 2-my aexozepu j-i itepartii

LA=[L/(x{) LY(x5) ... LV(x)]
LA=[L/(x) LI(5) ... LG9

Kpok 5. ®opmyBanHs MHOKHMHH arnoctepiopHux 3HadeHb JIBOII npo mepemani 6iTu Ha
1-my Ta 2-my nexonepi TK:

LE=[LV/(x) LV(x5) ... L:f(xg)]’

LE=[L/(x0) L'(x5) ... LG9
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Kpok 6. BukoHaHHS LHKIYy: SKIIO sign(LZ’j (xtc));tsign(lfe”j (xlc)), TO

/2
R (i+1)=R" (i)+1,R; =) ) R tel,N,del,2, jel,l. Sxmo ymosa me

j=1 d=1
d’j o — d,[ ’

Bukonyethes, o R°7 (1 +1) =R/ (i).

Kpok 7. OOGuucneHHs CepeJHbOr0 3HAYEHHS 3a pe3yibTaraMu npuiiomy OokiB B:
_ B
R= ZREi _

iel
Kpox 8. Po3paxoByeThcsi 3Hau€HHS BITHOLLIEHHS CUTHA-3aBajla Z Ta 3a PIIICHHSM YMOB-

R(N)-R,,(N)

HOT IMCKpeTHOI 3a1a4i onrumizanii: N = min f (
s

,Z ) , BUOMpaETHCS Na-

pamerp N posmipiB miarpam craniB Koaepa Ta aekonepa TypOo Koxy. 3a1aHi 3HaYeHHs MOKa3-

HUKAa HEBU3HAYEHOCTI R3a OOUYHCITIOIOTHCS 32 Pe3yIbTaTaMy IMITAI[IHHOTO MOACIIOBAHHS ISt

0

3a/laHuX 3HAYCHb CEPEIHbOI MMOBIPHOCTI OITOBOI TOMUIIKU JACKOMYBAaHHS PB ok

. IIpn upomy

3a1aH] 3HAYECHHS [MOKa3HUKAa HEBU3HAYEHOCTI R3 BIJIIIOBITAFOTH 3HAYEHHSIM BlIHOIIEHHS CH-

aJl
THAJI/ITyM 1 1i BiANOBIAHOCTI BU3HAYAIOTHCA 3 JOIIOMOTIOI0 iIMIiTAI[IfHOTO MOZIENIIOBaHHS, f ()

— 3a7]a€ThCS y BUIIISA/II TAOMHIII.

VY tabn. 1 Ta 2 mokazaHo 3HaYEHHS HOPMOBAHUX MMOKAa3HUKIB HEBU3HAYEHOCTI, 10 3aCTO-
COBYIOTBHCS IPH aJ[anTallii po3MipiB Jiarpam CTaHiB Kojiepa Ta IeKoaepa TypOoKomy, ki OTpH-
MaH1 IUITXOM TPOBENCHHS iMiTariiiHoro monentoBanus s TK 3 mominomamu (1, 13/11),
HIBUKICTIO KOAYBaHHS R =1/3, anroputrMoM JekonyBaHHs Max Log Map nis pi3HuX iTepa-
i}l IeKOyBaHHS Ta pO3MipiB Aiarpam cTaHiB kogepa/aexoaepa TK npu BUkopucTaHHi KaHATy
3 aIUTUBHUM O1LJTUM rayCCiBCbKMM LIYMOM 3 PI3HUMHU 3HaYE€HHSMHU BiTHOLICHHS CUTHAI-ITYM

(BCLLI).

Tabnuys 1 — Pe3ynomamu mMo0ent08anHs npu mypooKoO0y8anHi 3 pe2yispHUM d120PUmmom
nepemexcy8ants, anieopummom oexooyeaunns Max Log Map npu pisnux imepayisix 0exooy-
eanns ma po3mip oiazpamu cmanis 100 6im

BCI/ITepanis I=1 =2 I =4 I =8
0 77,055 39,833 13,957 5,421
0,2 75,115 37,435 12,693 4,869
0,4 72,899 35,795 11,551 4,387
0,6 68,789 32,861 10,644 3,907
0,8 65,224 30,402 9,340 3,418
1,0 61,513 27,722 8,232 2,807
1,2 57,511 24,928 6,873 2,373
1,4 53,407 21,915 5,813 1,888
1,6 49,420 19,394 4,826 1,534
1,8 45,169 16,687 3,800 1,134
2,0 40,738 14,079 2,990 0,843
2,2 37,090 11,551 2,354 0,630
2,4 33,434 9,646 1,661 0,427
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Tabnuysa 2 — Pe3ynomamu MOOen08aHHs NpU mypooKoOy8anHi 3 pe2yIApHUM AeOPUMMOM
nepemexcy8ants, aneopummom oexkooyeanus Max Log Map npu pisnux imepayiiax 0exooy-
sanHs ma po3mipy diaecpamu cmanis 500 6im

BCHI/ITepanis =1 I1=2 I =4 /=8
0 71,354 32,638 9,481 3,239
0,2 68,186 30,242 8,435 2,784
0,4 65,008 27,651 7,461 2,388
0,6 61,692 25,121 6,443 2,012
0,8 58,037 22,555 5,451 1,643
1,0 53,983 19,950 4,629 1,347
1,2 50,121 17,343 3,753 1,059
1,4 46,066 15,072 3,014 0,841
1,6 42,116 12,718 2,406 0,620
1,8 38,062 10,720 1,849 0,458
2,0 34,356 8,798 1,372 0,345
2,2 30,336 7,161 1,037 0,232
2,4 26,674 5,607 0,716 0,152

Jnis aranizy epeKTHBHOCTI METOY ajamTaiii giarpaMm cTaHiB kozxepa Ta aexoaepa TK 3a
pPaxyHOK BHKOPHCTAHHS aJalTHBHOTO BHOOpPY pO3MIpy Jliarpam CTaHiB BHKOPHUCTOBYBAJIOCS
iMiTariitne MojemoBanHs. J{J1st mopiBHSHHS Oys10 00paHO CTaHIapT MOOLTHHOTO 3B'SI3KY YETBE-
proro nokomuHHsA LTE-Advanced. MonentoBanns mpoBoawmiocs B cepeaoBuii Visual Studio
2019. MogenroBanacsi cucTema repeadi JaHuX 3 TYpOOKOIaMH, MOIYIATOPOM (JIE€MOTYIISATO-
pom) OFDM, kaHajoM 3 aIUTUBHUM OUIMM rayCCIBCBKUM ITyMOM. Pe3ynbTaTu iMiTamiiHoro
MOJIENTIOBaHHS Oyl oTpuUMaHi 3 1ocToBipHOCTI O = 0,95, ta.= 0,95 (aprymenT ¢ynkuii Jlamnaca)
BigHOCHOI TouHOCTI d = 0,1.

3acTocoByBaBcst TypOokos 3 reneparopamu (1, 23/21), anropurmom aexkonyBanus Log Map ta
Max Log Map, mBuaKoCTi KomyBaHHs R = 1/3, ICEBIOBUTIAKOBUM Ta PETYIISIPHUM ITEPEMEKYBa-

4eM (JenepeMexyBaueM), alaliTHBHUM BUOOPY po3Mipy aiarpam cranis N = 100, 500, 1000. Bi-
JTHOIIICHHSI CUTHAJI-3aBajia 3MiHtoBanocs Bif 0 o 2,5 nb. SIk 3amane 3Ha4eHHs JOCTOBIPHOCTI 1H-
dopmariii BHOpaHO cepemHE 3HAYCHHS HMOBIPHOCTI OITOBOI TOMHWJIKH  JIEKOTYyBaHHS

P =107".

B nex_3an
Ha puc. 9-11 nokazani rpadivHi 3aJeKHOCTI CepeTHbOI HMOBIPHOCTI OITOBOT TOMIJIKH JIEKO-

nysanmst Py - Bin Bigsomenns curvan/mym E, / N, ne [, —enepris 6ita, N, — cniexrpansta

MIUTBHICTB MOTYKHOCTI 0171070 TayCCIBCHKOTO LITyMY B KaHaJIl 3 IMTUBHUM O1JIM rayCiBCHKHM IIy-
moM, TK 3 moninomamu (1, 23/21), mBuakicTio komyBanHsa R = 1/3, anroputMoM JieKkomyBaHHS Max
Log Map mis pi3HEX iTepalliii 1eKoayBaHHs Ta po3MipiB Jiarpam craHiB koaepa/nekonepa TK.
]
0

10 F G 3

0*| —o— =2 n=100
—5— |=2, N=500 3
AL 2. N=1000 | | e
0 05 1 1.5 2 25
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Puc. 9. I'paghix 3anescnocmi cepedHvoi timosipnocmi 6imogoi noMuIKu
8I0 8IOHOUIEHHSL CUSHAN/UYM Y KAHATT 051 Opyeoi imepayii 0eko0y8aHHs
ma pizHux po3mipis diazpam cmawy 6 kooepa/oexkooepa TK

10"

=

107} iz N .
“a Ll
10*
| —e— 1=4 N=100 =
—5— |=4,N=500 W
—6— |=4,N=1000
10 . = A ' ]
0 05 1 15 2 25

Puc. 10. I'pagix 3anexcnocmi cepeonwvoi timoipnocmi 6imosoi NOMUIKU 8i0 6i0HOUEHHS
CUSHaN/wym y Kanani 01 yemeepmoi imepayii 0eko0y8anus ma pizHux pomipie diazpam

cmatis kooepa/oexooepa TK

10 T T = T T H
10° 1
n
-
0 o 1= N=100 1
—E— |=8,N=500 <
o —¢— 1=8.N=1000
10 ' = ' : =
0 0.5 1 15 Z 25

Puc. 11. I'pagix 3anexcnocmi cepednvoi imogipnocmi 6imoeoi nomMuiKu
810 BIOHOUWLEHHS CUSHAN/WYM Y KAHAL OJisl B0CbMOI imepayii 0eKo0y8aHHs
ma pizHux po3mipie oiazpam cmaris kooepa/oexodepa TK

AHaJi3 pe3ynbTaTiB MOJICTIOBAHHS CBIIUNT, 1110 3 aIaITUBHUM 301IBIIICHHSIM PO3MIpY -
arpamu ctadiB kojaepa/nexonaepa TK BinOyBaeThCsi 3MEHIICHHSI IMOBIPHOCT1 MTOMUJIKH JIEKO-

nyBaHHs. Tak, mpu 3MiHI MapaMeTpa po3Mipy aiarpaMu cTaHiB Koaepa/aekogepa N 3 100 go
1000 i iMOBIpHOCTI MOMUIIKH JIEKOyBaHHs 3MeHIIyeThcsa. Hanpuknan, 3 2 - 107" 10 6107 ns

BiTHOIIEHHS cUTHAN/IyM piBHOro 1 1B mpu 8 iTepamisx gexogyBaHHsd, 3 8- 107" 50 107 ns
BIJIHOIIICHHSI CUTHAJI/TIIYM, 1110 AOpiBHIOE 2 1b mpu 8 iTeparisix 1eKo1yBaHHS.

BucnoBku. CyTHICTH METO/Ty MOJISTAE B ONTUMI3allii poOOTH KOJepa Ta AeKoaepa TypOo-
KOJTy 3a paXyHOK BUKOPHUCTaHHS aJJallTUBHOTO BUOOPY PO3MIpY Jliarpam CTaHiB 3 BUKOPUCTaH-
HSIM 3aIPOMTOHOBAHOTO MOKAa3HUKA HEBU3HAYCHOCTI IEKOAyBaHHs. Peaizalliss MeToay 103BO-
JUTH TIIBUIIMTH 3aJIaHl MOKA3HUKHU JOCTOBIPHOCTI iH(opMarlii 6€3 3HMKEHHS MPOIyCKHOT
CIPOMOXKHOCTI TPAKTIB CUCTEM 1 MEpeK OE€3MPOBOJOBUX CUCTEM Nepeaadi JaHuX.

Ha BiamiHy Bif BITOMHUX pe3ysIbTaTiB, 3JICKHO BiJl BITHOIICHHS CUTHAJI-IITYM Y KaHa Ta
3Ha4YeHb HOPMaIi30BaHOI KIIBKOCTI 3MiH 3HaKy anoCTepiOpHO-anpiopHUX JOrapuPMiuHUX Bi-
THOCUH (YHKIIIHA MPaBIOMOAI0HOCTI MO Mepeani 01T JaHUX JAeKoAepa TypOOKOAY 3MIMCHIO-
€ThCA AIaNITUBHUM BUOip po3Mipy Jiarpamu cTaHiB kojepa/aekoaepa TK.
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AHani3 MoJIeNTIOBaHHS TTOKa3ye, M0 s 3a0e3MeueHHs 3aJaHuX MTOKa3HUKIB JIOCTOBIPHOCTI
iH(opmMartii MeTo 3iHCHIOE BUOIp paIlioHAIBHOTO PO3MIpPY JlarpaMu CTaHiB KoJepa/aeKkoaepa
TK, 110 miaATBEpIKEHO MOPIBHAHHSAM 3 1HIIUMH pe3yIbTaTaMy MOJACTIOBAHHS.

Metoa MOKHa 3aCTOCOBYBATH CIUIBHO 3 1HIIUMH METOJaMU ajanTallii, HampukKiaj 3 ajaa-
NTAIlIEI0 MBUKOCTI KOTyBaHHS, MOJIIHOMaMH KoMIoHeHTHHX KoiB TK, B cucremax 3 6araro-
napaMeTPUYHOIO aJlanTalli€ro, mo GyHKIIOHYIOTh B yMOBaX anpiopHOi HEBU3HAYECHOCTI.
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THE METHOD OF ADAPTIVE SELECTION OF THE SIZE
OF TURBO CODE STATE DIAGRAMS IN 5G AND 10T SYSTEMS

The article proposes a method for optimizing the operation of the turbocode encoder/decoder in 5G and IoT systems due
to the adaptive selection of the state diagram size using the proposed decoding uncertainty indicator.

The principles of forming state diagrams of the turbo code encoder and decoder are considered, and the uncertainty of
data decoding is clarified. Using the a priori and a posteriori data of the turbo code decoder, an algorithm for changing the
state diagram of the turbo code encoder/decoder is proposed.

The essence of the method is to optimize the operation of the turbo code encoder and decoder by using adaptive selection
of the state diagram size using the proposed decoding uncertainty indicator. The implementation of the method will allow to
increase the given indicators of reliability of information without reducing the bandwidth of systems and networks of wireless
data transmission systems.

In contrast to the known results, depending on the signal-to-noise ratio in the channel and the values of the normalized
number of sign changes of the a posteriori-prior logarithmic relations of the likelihood functions about the transmitted data
bits of the turbo code decoder, an adaptive selection of the state diagram size of the TC encoder/decoder is made.

The simulation analysis shows that in order to ensure the given indicators of information reliability, the method selects a
rational size of the TC encoder/decoder state diagram, which is confirmed by comparison with other simulation results.

The method can be used together with other methods of adaptation, for example, with adaptation of coding speed, poly-
nomials of TC component codes, in systems with multi-parameter adaptation operating under conditions of a priori uncertainty.
The types of virtual agents in social networks are distinguished: primary source, bot accounts, troll accounts, real people.

Keywords: interference-resistant coding; turbo code; modeling; iterative addition; likelihood functions.

Fig.: 11. References: 10.
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BU3HAYEHHSI ECPEKTUBHOCTI BWIYYEHHSI CYJIb®ATIB
HA 3BOPOTHOOCMOTHUYHIN MEMBPAHI HU3bKOI'O TUCKY

Hocriooiceno enue euxionux konyenmpayiti nampiti cyisgpamy 6 oianazoni 10—650 m2/om> ma cmynens 6iobopy nepmiamy
6 medxcax 10-90 % na npodykmusnicms 360pomuoocmomuunoi memopanu mapku Filmtec TW30-1812-50 npu 3acmocysanni mu-
cky 4 amm. Ilokasarno, wo emicm cynoghamis y nepmiami 3pocmac npu niogueHHi ix 6uxionoi Konyenmpayii 6 posyuri ma 30iny-
wenHi cmynens 8iobopy nepmiamy. Bcmarnoeneno, wjo 30invuenHa cmynenio 6iobopy nepmiamy npuzgo0ums 00 3HUHCEHHSL NPO-
OyKmugHocmi memopanu ma niosuwents Konyenmpayii conetl y nepeomembpannomy npocmopi. /s eusnavenna cmadinbHocmi
KOHYeHmpamia nopieHI08AIU 8iONOBIOHICMb eKCNEPUMEHMATbHUX MA PO3PAXYHKOBUX 3HAUEHb CONell Y PO3UUHI.

Kniouogi cnosa: 3sneconenns; 360pomuuii 0cMoc; HU3bKOHANipHa Memopana; cyibgamu,; nepmiam,; KOHYeHmpam.

Puc.: 6. Bion.: 5.

AKTYaJBHICTh T€MH J0CJTiIKeHHsA. [[MTaHHS BOIOMIATOTOBKH € HAI3BHYAHO aKTyallb-
HUMH i HAraJbHUMH B PeaslisiX ChOTOJeHHs. MieThcs He JIHIe mpo MiArOTOBKY BOJM ITHTHOTO
MPU3HAYCHHS, a i TIPO MArOTOBKY BOJIW MIPOMHUCIIOBOTO Tipu3HaveHHs. [linBuiiieHa MmiHepaiza-
I1is1 BOJIU € OJTHUM 13 aCIeKTiB, SIKUI OTpedye MEeBHOI yBaru MpH opraHizaiii mporeciB BOJOII-
rotoBku. [liBJIeHH] Ta MiBICHHO-CXiZHI PErioHH YKpaiHM MaroTh 3HA4HI MPOOJIEMH 3 SKICHHM
BOJ103a0e3neueHHsAM. HaBiTh BOZONPOBIHI BOJIU XapaKTEPU3YIOThCS 3HAUHIUM PIBHEM COJICBMi-
CTy, 30Kpema i TBepaocTi Boau. Ciizl 3a3HaYMTH, 10 B YMOBaX 30poifHOi arpecii CyciiHbOi aep-
KaBU B110YBa€ThCS 3a0pyIHEHHS MOBEPXHEBUX BOAONM 1 IPYHTOBUX BOJ| YHACHIJOK OOHOBUX
T, pakeTHUX OOCTPLIIIB Ta, IK HACIIJIOK, pyHHYBaHHS 00’ €KTIB KpUTUYHOI iHPpacTpykTypwu. Lle,
BIJIMTOBITHO, 3yMOBITIOE TIOIITYK METOIB Ta 3ac00iB, TEXHOJOTIYHUX PIIICHb /71 OTPUMAHHS 30-
KpeMa SIKICHOI BOJIM TUTHOTO MIPH3HAYEHHS B Cy4acHUX peaiisix. JIokaabpHi CHCTeMHU BOJIOTIOCTa-
YaHHS Ha0YBaIOTh MIEBHOTO 3HAYEHHSI, TPOTE ICHYIOU1 TEXHOJIOT11, 4aCTO HE 3a0e3IMeUyI0Th HE0O-
XiIHOTO piBHA JemiHepamizamii Bogu. I[IpoGiemMa MigBUIIIEHOTO  COJNEBMICTY  TIPH
[IEHTPaIi30BaHOMY BOJONOCTaYaHH1 €()EKTUBHO BUPIIIY€ETHCS IUPOKUM BITPOBAKEHHSIM Y I10-
OyTi MeMOpaHHUX yCTaHOBOK JTOOUMINEHHS BO/U. E(DeKTHBHICTH BUKOPUCTAHHS TAKUX YCTaHO-
BOK B 3HaUYHIi Mipi 00yMOBIIeHa (Pi3UKO-XIMIYHUMHU XapaKTEPUCTHUKAMHU BOJIU Ta 0OPaHUM TUIIOM
obnaHaHHA. TOMy aKTyaJbHUM € BU3HAYE€HHsS €(eKTUBHOCTI Ta JOULIHHOCTI BUKOPUCTAHHS B
NoOYT1 IOKaJTbHUX MEMOPAaHHHUX YCTAaHOBOK 1 BU3HAYECHHS BIUTUBY XapaKTEPUCTHUK BOIOIPOBiI-
HOI UM apTe31aHCHKOI BOJIH, SIKa TTOTPEOy€E TOOUHUIIICHHS, Ha TPOIIEC BOOIIITOTOBKH.

© Muxomna ['omens, Iaaa Tpyc, Onena I'mymixo, Ipraa Makapenko, 2023
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IMocTanoBka mpo6jeMu. OHUM 13 MOKA3HUKIB SIKOCTI BOJU SIK MMUTHOTO, TaK 1 MPOMHC-
JIOBOTO TMpHU3HAYeHHs, € 1i MiHepaumizamis. HasBHI TeXHOJOTIi MiATOTOBKK BOIH, IO Oyiu
CIPOEKTOBAHI MEPEeBXHO HANPHUKIHII XX CTONITTS, He 3a0e3MedyloTh periaMeHTOBaHI HO-
PMH, OCKIJIBKH CIIOCTEPIraeThCsl 3HAUHE CTaJle MOT1PIICHHS SIKOCTI BOJX B IOBEPXHEBHUX BOIOM-
Max. BukopucTaHHs apTe3iaHChbKUX Ta IPYHTOBUX BOJ| IEBHOIO MIpOIO J03BOJISIE€ BUPIIIyBaTH
i mutanHs. [Ipore mporecu aeminepanizailii BOAW 3aJIUIIAI0THCS aKTyaIbHUMH U y IIbOMY BH-
najaky. MeTonu Ta TEXHOJOTIUHI PIIlICHHS 3MEHIIICHHs] KapOOHATHOI TBEPAOCTI BOJU JOCHUTH
IIMPOKO PO3MIISIHYTI B jiTeparypi. [IpoTe BaXXIWBUM € MUTaHHS 3MEHIICHHS HEKapOOHATHOL
YKOPCTKOCTI y TPOIIeCi BOJOMIATOTOBKH, 30KpeMa BHITYYEHHs CyIb(}aTiB 1 XJIOPUIIB 3 BOIHU. 3
NOTJISITy TTPOMHKCIIOBOTO BOJOMIOCTAYaHHSI BHIUTyUEHHS CyNb(aTiB € aKTyaJbHUM ITUTAHHSM,
OCKUTBKY ITiIBUIIEHUI BMICT iX BILUTUBA€E HA TEXHOJIOTIYHI MPOIECH Ta MPU3BOAUTH JO TIOCHU-
JIeHHS KOpo3ii TpyOonpoBoiB Ta obnanHaHHs. Bucokuil BMICT cynb(haTiB y BOAONPOBIAHIN
BOJII BIUIMBA€ Ha 1i CMAKOBI SKOCTI Ta MiABUIIYE ii €IEKTPOMPOBIIHICTH, IO CBOEI YEPToOIO
MIOCHJTIOE TIPOLIECH KOpO3ii TpyOONnpoBOAiB 1, BIANOBIAHO, MPU3BOAUTH A0 BTOPUHHOTO 3a0py-
nHeHHs Boau [1]. OCHOBHMMH MeTO/1aMU BUIIy4eHHS Cyib(]ariB € io0HHUI 0OMiH Ta 6apoMeM-
OpaHH1 METOIN, 30KpeMa 3BOPOTHUN ocMOcC [2].

VY 11b0My KOHTEKCT1 BaXKJIUBOIO € OIlIHKA €()eKTHBHOCTI BUKOPUCTAHHS B MPOIEcaxX JOOUH-
IICHHS BOJIY 3BOPOTHOOCMOTHYHUX MEMOpaH HU3bKOTO THCKY, BHOIp ONTHMAIBHOTO TUCKY Ta
BU3HAYCHHS BIUTUBY SIKOCTI BUXITHOT BOAM HA MPOJAYKTHUBHICTh Ta CEJICKTUBHICTH MEMOPAH.

[Ipeacrarneni gocaipKeHHs] IEBHUM YHHOM JAlOTh BIJIMOBIIb HA 3a3HAYCH] TUTAHHS.

AHaJi3 ocTaHHIX JdocCHilKeHb i myOaikamiii. Y poOorax [3—5] mpencraBieni mocii-
JDKEHHS 1110/10 BU3HAUEHHSI CEJICKTHUBHOCTI 1 MPOYKTUBHOCTI 3BOPOTHOOCMOTHUYHHUX MeMOpaH
HU3BKOTO TUCKY B IIpOIecax JeMiHepasizaiii BOJU 3 HEBUCOKUM BMICTOM COJIEH.

Buainenns HeqocailzKeHUX YACTHH 3arajabHoi mpodJemu. [Ipote nutanHs ehekTUBHO-
CT1 BUKOPUCTAHHS 3BOPOTHOOCMOTHYHUX MEMOpaH MpH BUCOKHX PIBHIX MiHepaii3alii Boau
3QITAIIAETHCS BIIKPUTHM.

MeTo0 pod0TH € BUBUCHHS 3aJCKHOCTI €(EKTUBHOCTI 3BOPOTHHOOCMOTHYHOTO BHITY-
YeHHs CyJIb(aTiB 13 BOAM 3aJIEKHO BiJI KOHIIEHTpaIlli CyIb(aTiB Ta CTyneHs BIIOOpY mepMmiary.

BukJiag ocHOBHOTO MaTepiaJy.

JlocaiiskeHHs TPOIECiB 3BOPOTHOOCMOTHYHOTO OYHIIIEHHS BOJU BiJl CYIb(haTiB.

Bunydenns cynbs¢aTiB 3 BOAN MPOBOAWIH 3 BUKOPUCTAHHSAM KaCETH 13 3BOPOTHOOCMOTH-
YHOIO HU3bKOHAIIpHOI0 MeMOpaHoto Mapku Filmtec TW30-1812-50.

PobGounmu po3unHamu OyJiM po34nHU Cynb(aTy HaTpito (MPUTOTOBaHI Ha JUCTUIHOBAHIM
BOJI) 3 KOHIICHTpAIi€l0 MO Cylb(dar-aHIOHAM: C(S04*)=10,0 mr/mv®; 40,0 Mr/om’;
70,0 mr/am>; 650,0 mr/om?>.

[porec mpoBoAMIN HA 3BOPOTHOOCMOTHYHIHM yCTaHOBIII, PUHIIAIIOBA CXeMa SKOT Mpe/I-
CTaBJIeHa Ha puc. 1.

N1 N2 N3 g

Puc. 1. Cxema ycmanosxu 360pomHo0CMOMUYHO20 3HECONEHHA 800U
1 — pezepsyap uxioHoeo po3uuny, 2 — 60003a0ipHULl NPUCMPIN, 3 — NIAVHICEPHUL HACOC —
0ozamop, 4 — ciopoakymynamop; 5 — marnomemp, 6 — 360pOMHOOCMOMUYHUL MOOY b
i3 kapmpuoxcem i3 memopanoio Filmtec TW30-1812-50; 7, 8 — kpanu 015 pe2ynio8anHs, io-
NOGIOHO, eumpamu KoHyenmpamy ma nepmiamy; 9 — nputimay nepmiamy; 10— mepmomemp
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Tuck y cucremi miaTpuMyBail Ha PiBHI 4 aT™M, PEryJIIOI0YH [10JIa4y BOJM HACOCOM Ta BU-
TpaTy KOHIIEHTpaTy KpaHoM. O6’eM TIpoOu mepmiaty ctaHoBuB 1,0 1M°, BuXinHi 06’ eMu po3-
upHiB — 10,0 av°. OTpuUMaHKii KOHIEHTPAT MOBEPTATN Y POOOUHil po3unH. Y KOXKHiil pobi
nepMiaTy Ta KOHIICHTPATy BU3HAYaJIM KOHIICHTpalliro cyiabdaris. [IpoBoauam Takox TeOpeTH-
YHHI PO3PaxXyHOK JIaHUX TTOKAa3HHKIB JUIsI KOHIICHTPATY.

Bwmict cynbgaTiB BU3HaYanu TypoinuMeTpudHo [6] 3 ionamu Oapito. JlociKeHHs TPOBO-
iy Ha potokonopumerpi KOK-2-YXJI42.

PozpaxyHnok cenexktuBHOCTI MeMOpanu (R, %) mpoBoaunu 3a popmymor:

R:ﬁloo,%, (1)

0
ne R — cenexktuBHicTh MeMOpanu, %; Cp Ta C, — KOHLIEHTpallis CyIb(haTiB y BUXITHOMY PO3UHHI
Ta TepmiaTi BiIMOBIIHO.
KoHnuenTpalio cyabharis y i-i mpo6i konuenTpary (Cr, Mr/am®) BusHaUam 3a GopMyIoro:
_ Vo 'Co _Zizl(cm‘ Vm) Mmr

n . )’ 3 (2)
Vy— ilenl ™M

ki

e Cki — KOHIIEHTpallisl Cynb(}aTiB y KOHIIEHTPATI micis Biadopy i-i npobu mepmiary, Mr/am’;
Co Ta Vy — KOHLIeHTpallis cynb(paTiB y BUXiZHOMY po3uuHi (Mr/am>) Ta 06°eM BUXiZHOTO po3-
yuHy (1M°), BiAMOBiIHO; Vyi — 06°eM npobu nepmiaty, 1 am®; Cyi — KOHLIEHTpallis cy/Ib(aTis B
i-# Ipo6i mepmiaTy, Mr/am>; i — 4ucio mpob mepmiary, n=1-9.

[TpoaykTuBHiCTE MeMOpaHH (IIBUIKOCTI TPAHCMEMOPAHHOTO OTOKY) (j, AM>/(M*Tox)) po-
3paxoByBaJIH 3a (GOPMYJIOLO:

V am°

n

/ S-Az Mm*-ron’ 3
Jie j — IPOIyKTUBHICTh MeMOpanu, av>/(M>-ron); V, — 06’ eM npobu nepmiary, 1 am*; S — miomia
MeM6panu, M} AT- 4ac Bioopy npobu, ros.

O1iHKka BINIUBY BHUXIJIHUX KOHIIEHTpAIliil cosied Ha CEeJIEKTHBHICTb Ta MPOIYKTHUBHICTh
MeMOpaHH.

Bigomo, 1110 pymiiifHOIO CHIIOI0 3BOPOTHOTO OCMOCY € Pi3HHILI MPUKIIAIEHOTO (pOO0Y0ro)
THUCKY BOJIM 1 PI3HMIII OCMOTHYHUX THCKIB BUX1IHOI BOaH 1 mepmiaTy. [IpoayKTHBHICTS 1 cene-
KTUBHICTb, 1110 € OCHOBHUMH XapaKTEpUCTHKaAMH MEeMOpaH, 3ajekaTb HEe TUIbKH BiJ MapKu
MeMOpaHu, aje i BiJl mapaMeTpiB MPOLECy pO3MOILY — 30KpeMa THCKY, TeMIIepaTypu Ta Mo-
YaTKOBOT'O BMICTY COJICH y BOJI.

3011bIIeHHST POOOYOr0 TUCKY MPHU3BOAUTH IO POCTY MUTOMOI MPOAYKTUBHOCTI MEM-
Opanu. BogHouac 3pocTae i CeJIeKTUBHICTh, OCKUIbKH AuQYy3iiiHEe EPEHECCHHsI 10H1B Bl TH-
CKY HE 3aJIC)KHTh, a Yepe3 MeMOpaHy MPOXOUTh OUIbIIIEe PO3UMHHHUKA. Y BHUMAAKY 301JIbIICHHS
KOHIICHTpAIlii CoJiel y BUX1JHIN BOJII CIIOCTEPITa€ThCs 3pOCTaHHS OCMOTHYHOT'O THCKY BUXI1I-
HOTO PO3YMHY 1 3HAYHO MEHIIIOI0 MIPI0 — OCMOTHYHOTO THCKY MepMiary, 10 MPU3BOANTH J0
3MEHIIICHHS TUTOMOI MTPOTYKTUBHOCTI MEMOpaHHU.

Takox 3HMKYETBCS CEIEKTUBHICTH MEMOpPaHU Yepe3 3pOCTaHHs Tu(y31iHOro MOTOKY Mpo-
NOpIiifHO BUXiaHIN KoHUIEHTpalii. [linBuiieHHs KoHBepcii MPU3BOAUTH A0 30UTBIICHHS cepe-
JTHBOT KOHIIEHTpAIlii pO3YMHEHNX PEUOBHH, IT1ICHIIIO€ BUPA3HICTh KOHLIEHTPAIiITHOI oJisipu3a-
1[ii, 9Yepe3 1m0 0COOIMBO IMiIBHUIYETHCS KOHIICHTPALIISI COJICH HaJl TOBEPXHEI0 MeMOpaHu. Yce
1€ IPU3BOJIUTH 0 MAAIHHS SIK CEJICKTUBHOCTI, TaK 1 MUTOMOT MPOTyKTUBHOCTI.

301IbIIICHHS] KOHBEPC1i MOMKIIMBO JIUIIIE JI0 TIEBHOI MEX1, TOKH 3HAYEHHS OCMOTHYHOTO TH-
CKY KOHIIEHTpATy 4epe3 30UIbIICHHS HOTO COJIEBMICTY HE HAOMHM3UTHCS J0 TUCKY JKUBHIIBHOL
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Bou. Tozi mporec nepeHeceHHs] pO3YMHHUKA MPUNUHIEThCS. KpiM TOro, MOXKIMBE 1OCST-
HEHHS KOHIICHTPAIil MAJIOPO3YMHHUX COJIEH MEXi PO3YMHEHHS, IO MPHU3BEIE 0 MACOBOTO
3a0pyTHEHHS MEMOPAH BIAKIAACHHIMU.

301IbIIEHHS CTYTICHIO BITOOPY MepMiaTy MpH MiIBUIIICHOMY COJIEBMICTI IPU3BOIMTD IO 3PO-
CTaHHSI OCMOTHYHOTO THCKY Y BOJ, 110 3HAYHO BIUTMBAE HA ITApaMETPH MPOLIECY OYMIIIEHHS BOJIH.

Bubip cynbdary HaTpito K MOAETBHUNA PO3YMH NPOJAUKTOBAHO TUM, 1[0 HayacTime mij-
BUIIICHHS COJIEBMICTY MOB’S3YIOTh CaMe 3 HasiBHICTIO CYJIb(aTiB.

[Tpu npoBeeHHI TOCTIIKEHb BU3HAYAIN CTYTIIHb 3HECOJICHHSI BOIH 32 3aJIMITKOBUMH KOH-
[EHTpalisiMU Ccynb(}aTiB y mepmiarti, BU3HAYaIN CEEKTUBHICTh MEMOpaHU IMpH 30UIbIICHHI
CTyIEHs BiIOOpY mepmiary.

Sk cBimuaTh pe3yabTaTH JOCTIIHKEHB, IO TIPEACTABICH] Ha pUC. 2 1 3, BUITyYeHHS Cybda-
TiB 13 Boau Ha MmemOpaHi Filmtec TW30-1812-50 € noctaTHbO €(heKTUBHUM.
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Puc. 2. 3anesxcnicmo konyenmpayii cynochamie y nepmiami (1), konyenmpami (2; 3) (peanrvha
(2) i po3paxosana (3)) 8io cmynento 8iobopy nepmiamy (A, %) npu pob6ovomy mucky 4,0 amm.
npu ginempysanni pozuuny Na>SO4 3 pisHo0 NOUAMKOBOK KOHYEHMPAYIEHD.!

a — Coux (Na2804) = 10,0 m2/om’; 6 — Cou (Na2SO4) = 40,0 me/om’;

6 — Caux (Na2SOy) = 70,0 me/om?; 2 — Caue (Na28O04) = 650,0 me/om’

MopemtoBanHus nporiecy Ha ocHOBI [IDE no3Bossie BU3HAUMTH KOHIICHTpAIIi1 CyIb]atiB y
nepMiaTi Ta KOHIEHTpaTi Ipu Oyab-SKUX BUX1THUX KOHLEHTPALisAX CylIb(arTiB y BU3BHAYEHOMY
niana3oHi nanux (puc. 3, puc. 4).
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Puc. 3. 3anexcnicmo konyenmpayii cynoghamis y nepmiami 8i0 8uxionoi KonyeHmpayii
Na>SO4 ma cmynens 8iobopy nepmiamy npu po6oyomy mucky 4,0 amm.
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Puc. 4. 3anescnicmo konyenmpayii cynbgpamie y KoHyeHmpami 8i0 6UXiOHOI KOHYeHmpayii
Na>SO4 ma cmynens 6i0bopy nepmiamy npu pobouomy mucky 4,0 amm.

CenexTuBHICTE MEMOpaHH IO CyJb(aTax cTaHOBUTE 94,9-99,3 %. Cruig BigMiTUTH, 1O Oi-
JIBIIT 3HAYEHHSI CEJICKTUBHOCTI BIJIMOBIIAIOTH OLTBII BUCOKUM BHXIJTHUM KOHIICHTpAIISIM PO3-
yuHiB. KapnHanbHa 3MiHA CEJEKTUBHOCTI MeMOpaHU 10 Cyib(dar-aHioHaM TP 301IbIICHH]
CTYIEHIO Bifbopy mepMiaty BifzHadeHa 11 Mamux (10 40,0 Mr/aM>) moYaTKOBUX KOHIEHTpA-
il cynbGaTiB y pO3UnHI.

[Ipencrasieni AaHi Ha pUc. 5, CBiAYATH PO T€, 10 BIIIyYEHHS CyIb(aTiB i3 BOJU HA MEM-
opani Filmtec TW30-1812-50 BinOyBaeThbcst TOCUTh €PEKTUBHO — CEJIEKTUBHICTH MEMOpPaHH
nepesuiryBaia 80 %, a i3 3pOCTaHHAM KOHLIEHTpAILill Y BUXIIHUX PO3UMHAX BOHA 301IbIITyBa-
nach 110 95-99 %. Ilpu upomy MiABUIICHHS CTYIEHIO BiAOOPY IepMiaTy MPU3BOJUIO 10 3pOC-
TaHHS CEJIEKTUBHOCTI JJIsl PO3YUHIB 3 HU3bKUMU BUX1THUMU KOHIICHTPAIliSIMU CYJIb(aTiB.
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Puc. 5. 3anexcnicmo cenexmusnocmi npu pobouomy mucky 4,0 amm. 8i0 cmynens 8i06opy ne-
pmiamy npu QinbmpyeanHi uepes 360POMHOOCMOMUYHY MEMOPAHY HUZbKO20 MUCKY
Filmtec TW30-1812-50 po3uunie Na>SOq4 npu 6uxionux KOHYeHmpayisx po3uuHie
no cynvpamax (me/om’): 10,0 (1), 40,0 (2), 70,0 (3), 650,0 (4)

Cuin 3a3Ha4MTH, 1110 KOHIIGHTpaLlid Cyab(aTiB y mepmiarti He JIMIIe He 3HIKYBaJlach, a J10
neBHOT Mipu 3poctana. IIpu BUXifHil KoHIeHTpawil cyasdatis 650 mr/aM> 3i 36inbIIeHHAM
cTyneHo Biadopy nepmiaty 3 10 % no 90 % xoHueHTparlis cynbdariB y nepmMiati 3pocTana 13
5,8 mr/am> 10 43,1 mr/nm® npu 3HMKEHHI cenekTUBHOCTI 3 99,34 110 98,90 %. Lle mpu ToMmy,
110 B KOHIIEHTpATi BMicT cyab(daTiB 3pic mpuomusHo 10 6500 mr/mv>.

Oco6muBiCTIO MEMOPAHHOTO 3HECOJICHHS BOJH IIPY BUKOPHCTAaHHI 3BOPOTHBOOCMOTUYHUX
MeMOpaH € Te, 1o Nnpu cenekTUBHOCTI 80-99 % npu 301IbIIEHHI CTYNIEHIO B1I0OpY HepMiaTy
10 80-90 % icTOTHO 3pocTae BMICT cojiel y KOHIeHTparTax. Lle mpu3BoauTh 10 301IbIICHHS
OCMOTHYHOTO TUCKY PO3YHMHIB Ta 3HWKEHHSI p0O0YOro TUCKY (puc. 6).

j» aM/(m*rox)

0 10 20 30 40 50 60 70 80 90
A, %

Puc. 6. 3anesxcnicmo npooykmuenocmi npu pobouomy mucky 4,0 amm. i0 cmynenio 8i060py
nepmiamy npu QinbmpysanHi uepes 360POMHOOCMOMUYHY MEMOPAHY HU3bKO2O MUCKY
Filmtec TW30-1812-50 po3uunie Na>SOq4 npu 6uxionux KOHYeHmpayisx po3uuHie
no cynvpamax (me/om’): 10,0 (1), 40,0 (2), 70,0 (3), 650,0 (4)

KoHTpons 3a cTabIbHICTIO PO3YHHIB KOHIIEHTPATIB MPOBOINIIM MOPIBHSHHAM BMICTY CO-
JIeH, eKCTIepUMEHTAIbHO BU3HAUCHUM Y KOXKHIM Bif1OpaHiil mpo0i mepmiary, Ta po3paxoBaHUM
TeopeTUYHO. HeBiANOBIIHICTh €KCIEPUMEHTATIBHUX Ta PO3PaXyHKOBUX 3HAYEHb CBIAYUTH MPO
MIPOXO/KEHHS MPOIECIB YTBOPEHHS 0CaliB Y KOHIIeHTpaTaxX. KpiMm Toro, BUXoas4u 3 piBHS Mi-
Hepasizalii KOHIIEHTPaTy, MOKHA BU3HAYUTH MOr0 OCMOTHYHUI Ta poOOUYuil TUCK IpHU 3aia-
HOMY THUCKY B cuctemi. Ciijl 3a3HaYUTH, IO 3a3BUYail y poOOTax 31 3BOPOTHOOCMOTHUYHOMY
OYMIIIEHHIO BOIU TAaKUU MiXi]l HE BAKOPHCTOBYIOTb.

Ax BugHO 3 puc. 1, pO3YMHU KOHIIEHTPATIB € CTa0LILHUMH B YChOMY Jiana3oHi BUKOPHC-
TaHUX KOHIIEHTPAII MpH MiIBUIIEHH] CTyIeHto Bibopy nepmiaty Bix 10 go 90 %, ockinbku
B YCIX pO3YHHAX BMICT CyJb(arTiB, BU3HAYCHUH €KCIIEPUMEHTAIILHO Ta PO3paxoBaHUM TEOPETH-
9HO, AyXKe ONMU3bKUH.

OTxe, Ha OCHOBI PE3yJIBTATIB IOCTIKEHD 3aPOMOHOBAHO CIOCIO BUSHAYCHHS IPOAYKTH-
BHOCTI YCTaHOBKH, BUXO/SUH 13 KOHIIEHTpAIIi] COJIi.
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[Momanpmn gocmikeHHsT OyyTh HalpaBiIeHI Ha BU3HAYCHHS KOEQIIiEHTIB (PUIbTpyBaHHS
Ta JTOCIIPKEHHsI BIJIMBY HAasBHUX y BOJII KaTiOHIB Ta aHIOHIB HA POIIEC 3BOPOTHOCMOTHYHOTO
3HecoJIeHHs BoAU. Lle MO3BONMUTH BU3HAYUTH MPOIYKTUBHICTE MEeMOpaHU Ta poOOYi TUCKU B
CHCTeMI JUIs OTPUMaHHs BOAM 33/10BUIBHOT SIKOCTI Ta YTOUHUTH MIEBHI aCTIEKTH TEXHOJIOT1l MeM-
OpaHHOTO OUMIIIEHHS BOJH.

BucnoBku. JlocimipkeHo BIUIMB BUXIIHUX KOHIIEHTpAIii Cyiab(haTy HATPIilO0 Ta CTYINEHIO
B1100pYy TIepMiaTy Ha CEJICKTUBHICTh Ta MPOAYKTHBHICTh 3BOPOTHROOCMOTHYHOI HU3bKOHAITIP-
Ho1 MmemOpanu mapku Filmtec TW30-1812-50. BuznadueHo, 1m0 TpH IiIBHIIEHHI TOYaTKOBUX
KOHIICHTpAI 1 CTyNeHIO Bizx6opy nepmiary CeleKTUBHICTh MeM6paHI/I o cynbgar-aHioHaM
3pOCTae, a HpOI[yKTI/IBHOCTl MeMOpanu nanae. [lokazaHo, mo B npouem (meprBaHH;I KOHIIE-
HTpauu cym,q)aTlB HOCTIHHO 3pOCTaKOTh y KOHueHTpaTax 1 B MEHIIIH Mipi 3POCTaKOTh y nepmi-
aTi IpU BUXiTHUX KOHIIEHTpALiAX HIKIuX 650 mMr/av’. ITinBuIleHHs KOHIIEHTpallii cynb(aTis
y Bofi Buie 650 Mr/ > MPU3BOJIUTH 710 301IBIICHHS X KOHIEHTpalii y mepmiari 10 5,8-43,1
Mr/m>. 36iNbIIeH S CONEBMICTY BUXiHOT BOAM HPU3BOAUTE 0 3pOCTAHHS OCMOTHYHOTO TH-
CKYy BHXIJHOTO PO3YMHY 1 B 3HAUHO MEHIIIIH Mipi — OCMOTHYHOTO THUCKY TepMiary, 10 B CBOIO
yepry 0OyMOBJIIO€ 3HM)KEHHS TUTOMOT IIPOAYKTHBHOCTI MEMOpPAHH.
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DETERMINATION OF THE EFFICIENCY OF SULFATE REMOVAL
ON A LOW-PRESSURE REVERSE OSMOSIS MEMBRANE

The dependence of the efficiency of the low-pressure reverse osmosis membrane Filmtec TW30-1812-50 on the initial
concentrations of sodium sulfate in the range of 10-650 mg/dm’® at permeate recovery rates of 1-90 % using a pressure of 4
atm was determined. The effect of increasing the permeate recovery rate on selectivity, membrane performance, and the in-
crease in the sulfate content of concentrates was determined. It is shown that the concentration of sulfates in permeate depends
on their initial concentration in solutions and increases both with an increase in the initial concentration and with an increase
in the degree of permeate extraction. The latter factor is quite significant at initial sulfate concentrations of 650 mg/dm’. The
membrane performance increases with decreasing salt content in water and decreases with increasing permeate removal rate,
which leads to an increase in salt concentration in the pre-membrane space. The selectivity of the membrane for sulfates is
94.9-99.3 % and increases with increasing concentration of sodium sulfate solutions in solutions, despite a certain increase in
salt concentrations in permeates. It is shown that as the degree of permeate selection increases, the selectivity for solutions
with low initial sulfate concentrations increases. A FFP-based process modeling was performed to determine the sulfate con-
centration in the permeate and concentrate at any initial sulfate concentration in a certain range. It was found that the con-
centrate solutions are stable in the entire range of concentrations used with an increase in the degree of permeate recovery
from 10 to 90 %. Based on the research results, a method for determining the capacity of the plant and the osmotic and oper-
ating pressures based on the salt concentration and the set pressure in the system was proposed. From the data obtained, it can
be concluded that the permissible level of mineralization at which the use of low-pressure reverse osmosis membranes is ad-
visable.

Keywords: reverse osmosis; low pressure membranes, sulfates; permeate; concentrate.

Fig.: 6. References: 5.
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METOIHM BUSHAYEHHSA BMICTY IIPUCAJOK B EHEPTETUYHUX OJIMBAX
OBJIAJHAHHA EHEPT OIIIAIIPUEMCTB

Cmamms € 0211008010 Ma NPUCBAYEHA AHANIZY HASAGHUX CYUACHUX, A MAKOIC NEPCREKMUBHUX MeMOOi8 BUSHAUEHHS 6Mi-
CMY NPUCAOOK Y MIHEPATbHUX eHeP2eMmUYHUX OUSAX, Y MOMY YUCHI 8 MPAHCHOPMAMOPHUX Md MYPOTHHUX, WO 3HAXOOSMBLCA 8
excnayamayii 6 obnaonannui enepeemuynux nionpuemcms. Lle dozgonums sudinumu HaubiNbW ONMUMATLHI CYYACHT MEMoOu
BUKOHYBAHHS BUMIDIOBAHD | GUHAUUMU IXHI Nepeéasu ma HeOOMIKU NPu 3ACMOCY8AHHI y UMIPIOGATbHUX 1abopamopisix. Bu-
3HAYEHO HANPAM NOOANLUUX OOCNIONHCEHb OJisl BUABNEHHA ONMUMANLHUX MemoOie i0enmugikayii ma 6UsHa4eHHs eMicny 6
MiHepanbHux mpancopmamopHux abo mypoiHHUX OMUBAX HOBUX NPUCAOOK, KINbKICHO-AKICHUL CKAO AKUX YACmO He pO3KpU-
earomy ixui eupobnuxu. Lle dozeonums eukonysamu mexmiune 0ia2HOCHY8ANHS OTUBOHANOBHEHO20 OONAOHAHHSA i3 3ACMOCY-
6aHHAM GiON0GIOHUX 0IACHOCMUYHUX MOOeTell.

Kniouogi cnosa: enepeemuune nionpuemcmeo, 01u80Hano8HeHe 00AA0HAHHA,; (i3uKo-XiMIuHi Memoou ananizy; npuca-
Oxu, mpancghopmamopni i mypoinni onugu.

Tabn.: 1. Puc.: 8. bion.: 26.

AKTYaJIbHICTh TEMH AOCJiKeHHsl. YKpaiHa Ma€ pO3BUHEHY €HEPreTUYHYy rajiay3b, OC-
HOBY SIKOi CKJIQIAlOTh €JICKTPHUYHI CTaHIli Ta Mepexu. Ha choromni atromMmHa eHepreTuka Ykpa-
iHM € HaWOLIBII CTAaOUIBHUM, HAIIMHUM 1 TIPOTHO30BAaHUM BHUPOOHUKOM elekTpoeHeprii. Ha-
NIAHICTP Ta TEXHIKO-€KOHOMIYHa €(QEeKTUBHICTh EKCIUTyaTaiii eHEeproOJIoKiB aTOMHUX
enekrpocraniiii (AEC) 3ymoBiioe 6e3nepepBHICTh 1 CTa0UIbHICTh 3a0e31eueHHs eNeKTPOCHE-
PTi€lo CIIOXKMBAYiB, SIK IPOMUCIOBUX, TakK 1 moOyToBuXx [1]. HaniitHicTh Ta eeKTUBHICTh eKC-
rutyaranii enepro0nokis AEC 3araioM BU3HA4a€ThCs MOKA3HUKAMH HAIHHOCTI KOXKHOTO €eJie-
MEHTY TEXHOJOT1YHOTO JIAHIIOTa MEPETBOPEHHS CHEPTii «sIIepHUI peakTop — maporeHeparop
— mapoBa TypOiHa — TypOoreHeparop — OJOKOBUH eNeKTpUYHHUI TpaHcopmaTopy». Buxin i3
nany Oynib-sIKO1 OMHUII TaKOTO 00IaIHAHHS 7S SIIEPHOTO PEaKTopa € ParToBOIO BTPATOIO Ha-
BaHTA)XCHHS, 1110 BUMArae ioro HeraHOro po3BaHTAXKEHHS J0 HMXKHBOTO KPUTUYHOTO PiBHS
[1]. B oGmagHanHi TaKOTO TEXHOJIOTIYHOTO JIAHIIOTA TIEPETBOPEHHS €HEPTii «I1aporeHeparop —
TypOiHa — TypOOTeHepaTop — OJIOKOBHI TpaHC(HOPMATOP» 3aCTOCOBAHO Y SIKOCTI TEXHOJOTIYHUX
CepEIOBHIIl BIMOBIIHI MiHEpalbHI a00 cuHTeTHYH1 Tpanchopmaropai (MTpO) abo TypOiHHI
(MTyO) onusu [1; 2], siki BMIIITYIOTh B cO01 pi3HI MPUCAAKH, TaKi AK: iHT10ITOp OKUCHEHHS [3];
1HTI0ITOp KOpO3ii; JeeMysbryroda MpUCajKa; JeaKTHBYIOYa MpPUCAIKa; MPOTH3HOIIYBaJIbHA
npucajKa; MpOTHITIHHA MpHUcaika; KoMOiHOBaHI pucaaku [4]. Ilpu ekcrutyarartii TemIoeneKT-
pOCTaHIiH, T1APOENEKTPOCTAHIIIN, T1APOAKYMYIIOIOUNX EJIEKTPOCTAHIIH Ta eNEKTPUIHUX Me-
PEeX TaKOX 3aCTOCOBYIOTH OJIMBOHAIIOBHEHE 00naHaHH, B skomy MTpO ta MTyO BMInTy0Th
B €001 pi3Hi ipucaaku [4]. KoHTpoas BMICTY uX mpUcaok B mpoiieci excruryaraitii MTpO ta
MTyO B onuBOHanmoBHEHOMY OOJIaIHAHHI € BKIIMBUM Ta HEOOX1THUM 3aBaaHHsM [2, 4]. Ha
JIAHWH Yac MPoIiecC yAOCKOHAICHHsI eKCIuTyaTaliianx BiactuBocreir MTpO ta MTyO, B ToMy
YUCIII 32 PAXyYHOK 3aCTOCYBaHHS HOBUX OUTHIN €(heKTUBHUX MPHUCAIOK, € MIOCTIMHUM Ta HEOO-
ximHuM. e notpebye BUKOHAHHS KOHTPOJIIO BMICTY IPUCAIOK Yy mporeci ekcruryarauii MTpO
ta MTyO (ab0 CHHTETUYHUX TPAaHC(POPMATOPHUX OJIUB, OTPUMAHHUX 32 METOIOM OararocTymi-
HYaTOr0 KaTaJITUYHOTO MPOIECY MEPETBOPEHHS BYIJIEBOJHEBOTO ra3y, HAIPUKIIAA MPUPO-
HOTO, B PiJIKi ByIJIeBO/IHI (Hampukia, TpancpopmaropHa onusa Mapku «Shell Diala S4 ZX-1»
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[5]) B oOnagHaHHI €HEPrOMiANPUEMCTB, Ta BU3HAYCHHS HIBUIKOCTI 3MIHEHHS KOHIICHTpAIIii
MPHUCAZIOK B MiHepasibHUX eHepreTnuHux oimBax (MEQO), mo nae indopmariito mpo Hebe3mney-
HICTb MPOIIECIB Jerpajallii X OJUB Ta JO3BOJISIE BUKOHATH J1IarHOCTYBaHHS TEXHIYHOTO CTaHy
OJIMBOHAITOBHEHOTO 00JIaaHaHHS [6].

IMocTranoBka npodaemu. MTpO ta MTyO 1 y BiAIOBITHOMY OJIMBOHAIIOBHEHOMY 00J1a/1-
HaHHS €HEeProMiIpUEMCTB 3a0e3MeuyIoTh Ha/lilHy €KCIUTyaTallilo boro o0jaJHaHHs 1 BUKO-
HYIOTh (DYHKIIT €JIeKTPOi30JSLIIHOr0, {yroracHOT0, OXOJI0IXKYI04Y0T0, 3MAIyI040ro Ta iH(op-
MariiiHoro cepenouia. s Haniinoi ekcruryatarii MTpO ta MTyO, 11i oTuBY MOBUHHI MaTH
B CBOEMY COCTaB1 HEOOXiAHY KUIBKICTh PI3HUX (YHKLIOHATBHUX MpUcagoK. OITHUM i3 cr1oco0iB
koHTpomo crany MTpO ta MTyO € nocnimkeHHs BMICTY ()YHKIIOHAJIBHUX MPUCAIOK B ITHX
onuBax. OCKUIbKHM KOHIIeHTpaIii mpucanok B MEO y mporieci ekcrutyarariii 6e3rnepepBHO 3Me-
HITYIOTBCS, TO € HEOOX1THICTh Y BU3HAYCHHI BMICTY IIMX MPUCAIOK 5K Y TIPOIIEC EKCIITyaTarii
MEQO, Tak 1y nporiecax ix perenepartii Ta 100aBiIeHHs HEOOX1THOT KITBKOCTI pucaaok. Boj-
Houac, 0e3nmepepBHO 3MIHIOIOTHCS Ta PO3POOIISTFOTHCST HOBI mpucanku 10 MEO. YV 6arathox Bu-
najkax po3poOHukH HOBUX mprcagaok Ta MTpO 1 MTyO He 3aBxau pO3KpHUBAIOTh KUJIBKICHO-
SAKICHMHA cOCTaB TakuXx npucagok Ta HoBux MTpO i MTyO, nocuiaiouncs KOMEpLiiHy TaeM-
Huteo. Kpim nporo, aeski MTpO ta MTyO Bike HE BUTOTOBIISIIOTH, aje€ 1€ 3aCTOCOBYIOTh Y
BEJIMKIM KUIBKOCTI B OJIMBOHAIIOBHEHOMY OONaJHAaHHI eHepromianpueMctB Ykpainu. [Ipu
IIbOMY € HEOOXiJHICTh Yy BBEJCHI B TaKi OJMBHU MPUCATOK, SKi 32 CBOIMU (YHKLISIMU MOXYTh
OyTH MOAIOHUM 710 THX TIPUCAJIOK, 1110 3aCTOCOBYBAJIUCH paHimie. TakuM YMHOM, € HEOOX1THICTh
B TIOCTIHHOMY YIOCKOHAJIGHHI METOINIB iJeHTH(]iKalii Ta BHU3HAUYEHHS BMICTY MPUCATIOK B
MTpO ta MTyO B 065agHaHHI €HEPTOIiIMTPUEMCTB.

AHaJi3 ocTaHHIX gocaimkensb i mybaikaniii. Ha nanuii yac ayis BU3HaYeHHS BMICTY aH-
THOKUCTIOBaIbHOI mnpucaaku «lonom» B MEO mmpoko 3actocoByroTh Meronu [Y-
cnekTpomeTpii [5; 7] Ta razoBoi xpomarorpadii (I'X) [8; 9].

3acrocyBanns MmetoaiB I X 1t Bu3HaueHHs BMicTy npucaaku «lonom» B8 MEO BHKOHYIOTh
13 ypaxyBaHHSIM 3Ha4eHb Noka3HuKa «kucinorHe uucio (KU)» [5]. [Ipu ubomy BUKOpUCTaAHHS
MeToay no6aBku TBep ol npucanku «loHom» B MEO He 103BoJIsi€ Bi3yalbHO BCTAHOBUTH (PAKT
JIOCSITHEHHS TIOBHOTO PO3UYMHEHHS TBEP101 mpucaaku «lonom» B cuibHO 3abapBieHomy MEO,
a Takox anaiizyBatu MEO npu 3HauenHi «KY», mo gopiBaioe a6o 6iibiie 0,1 mr KOH Ha 1 1
MEO, Tak sk nponyktu okucieHHs B MEO BcTynaioTh y XiMIYHY B3a€EMOJIIO 3 TIPHCAIKOIO
«lonom», mo gomaerscs 10 MEO [10], 1 me 3HMKy€e TouHiCcTh pe3ynabTary I'X BUMIpIOBaHHS.
Binoma 3anexHicts koedimieHTiB po3noainy K; mias npucaaku «loHom» B cuctemi «MEO —
po3unHeHa npucaaka «lonom» — pigkuit ekcTparenT Bif abcomotHoi Temmneparypu 7 [11; 12].
V 3B'S13Ky 3 IUM €KCIIEpUMEHTAIbHE BU3HAYCHHS 3HaYeHb Koe(illieHTiB po3noainy K; Ass npH-
caaku «loHOM» y MMpPOKOMY Aiana3oHi Temneparyp ioro exkcrpakuii 3 MEO piakumu ekcrpa-
TeHTaMHU, a TAKOXX po3poOKa BianoBigHo1 MeTonuku I'X Bu3HaueHHs K, MalOTh IPAKTUYHE 3HA-
yeHHs [11; 12]. Yacro npu ogHOYaCHOMY BU3HA4Y€HHI BMICTY mpucanok «lonom» ta B15/41 B
MEO 3actocoBytors Metonu [U-ciekrpomerpii [13], pimuanoi xpomarorpadii (BEPX) [10],
ra3zoBoi xpomato-Mac-cnekrpometpii (I'’X-MC) [7; 14]. Bimomi po60TH, B IKMX BUSBICHHS IPH-
canok B MTyO 3miiicHioBanocs 3a gormomoroto metoaiB BEPX, I'X [16], 'X-MC [15-17], Y-
cnekrpometpii [18], [Y-Dyp'e-criekrpomeTpii [19; 20].

Buainenns Hexoc/iIKeHHX YACTHH 3arajbHoil npodaemu. [Tonpu HasIBHOCTI BETUKOI
KUTBKOCTI JOCIHIJKEHb METO/IIB BU3HAYEeHHS BMicTy npucanok B MTpO ta MTyO B enepretu-
YHOMY 00JaJlHaHHi, HEJOCTAaTHs yBara MpuiIeHa TeMi BUOOpY KOHKPETHUX METOJUK BH3HA-
YEeHHS BMICTY IPUCAJ0K B TAKUX OJHMBAX B 3AJIKHOCTI BJI: CTaHy Ta 3HAUY€Hb (D13MKO-XIMIUHUX
MOKA3HMKIB SIKOCTI IIMX OJIMB; BXKE ICHYIOUOTO B XIMIUHUX Ja00OpaTOpisix BUMIPIOBATIHHOTO 00-
JaHAHHS TSl IX BUKOPUCTAHHS TIPU BU3HAYEHH1 HOBUX Mapok npucaaok B MTpO ta MTyO.
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Merta crarTi. [0710BHOIO METOIO CTATTI € aHaJi3 METOIB BU3HAYCHHS BMICTY TIPUCAOK B
MiHEpaJbHUX CHEPIrETUYHHNX OJINBAX, Y TOMY YHCII B TpaHC(HOPMATOPHUX 1 TYpOIHHUX OJTMBaX,
B IIpoIIecax IX eKCIuTyarailii B 00JaJHaHHI €HeProliIMPHEMCTB, 110 J03BOJIUTH BUIUTUTH Haki-
O1UTBIII ONITUMAJIBHI METOIM BUKOHYBAaHHS BUMIPIOBAHb 1 BUSHAYUTH 1XHI IepeBaru Ta HeloMiKu
IIPY 3aCTOCYBaHHI Y BUMIPIOBAJILHHX JIAOOPATOPISIX.

3aBaaHHs gocaigxeHHs: 1. BukoHatn aHAMITHYHMIA aHAMI3 JITEPATypPHHUX JKEPEN, IO
MPUCBSYEHI METO/IaM BU3HAUYCHHsI BMicTy npucanok B MEO, y Tomy uucii 8 MTpO ta MTyO,
B MpoIlecax iX eKCIuTyaTallii B OJIMBOHAIIOBHEHOMY OOJIaIHaHH1 eHepronianpueMcTB. 2. Hagatu
PEKOMEH Il 111010 3aCTOCYBAaHHs METOIB iZIeHTHU(DIKaLlii Ta BU3HAYEHHS BMICTY IPUCAIOK B
MTpO ta MTyO B nporecax ix excriiyaraiii B 0JIMBOHAIIOBHEHOMY 00J1aJIHaHH1 €HEeproIii-
pU€eEMCTB YKpaiHH.

Buxaaa ocHoBHOro Marepiagy. Y po0oTi 3aCTOCOBaHO METOAM aHAJTITUYHOTO aHAITI3Y JIi-
TepaTypHUX JIKEpeJ, 1110 IPUCBSIYEH] MEeToAaM BU3Ha4YeHHA BMIcTy npucanok y MEO, y Tomy
yucai B MTpO ta MTyO B nporiecax ix ekcIutyarailii B OJMBOHAIIOBHEHOMY OOIaJHaHHI €He-
PromiIIPUEMCTB.

VY pob6orti [3] HaBeneHo kinetnuHuii meron (KM) BU3HaYeHHS TPUBATIOCTI 1HAYKIIITHOTO
nepioxy okucHeHHss MTpO (1o mictuth mpucaaxy «loHom») B mororti razononionoro O2. Ilo
3aKiHYEHHI 1HIYKIIHHOTO TIepioay Oyze BUTpadeHo Bcro npucanky «lonom» B 06 emi MTpO. B
il poOOTI HE HABEIEHO METOIUKHU PO3paxyHKy KoHIleHTpallii npucaaku «lonom» B MTpO y
nporeci ii okucHeHHS [3].

B Vkpaini Bu3HaueHHs BMicTy npucaziok B MTyO BHUKOHYIOTH 3a pIlIEHHAM TEXHIYHOTO Ke-
PIBHMLITBa eHepromianpreMcTBa ado mpu pereneparii MTyO, abo npu HEBiAMOBITHOCTI MOKa3-
HUKa «CTaOUIBHICTh MPOTH OKUCHEHHS, 200 MPH HEBIAMOBITHOCTI MOKA3HUKA «4ac JIeeMyJIhCca-
1ii» Ta/ab0 HEBIIMOBIAHOCTI TOKA3HUKA «KOPO3isd HA CTajJeBUX CTpKHAX» [4]. L1 Bu3HaYeHHS
MOXyTb OyTH BUKOHaHi 3a Metonamu [Y-criekrpomerpii, BEPX a6o TIIX npu Bu3HaYeHHi BMi-
CTy TaKUX IPHUCAJIOK SIK: 1HT101TOp OKuCHEHHS («loHOom»); a00 «ID-11»; abo «AHTpaHiIOBa KH-
cIIoTay), iHri0iTop Kopo3ii («beton-1»; «B15/41»; «IrgacorL12»), neemynbryroda npucaaka («D-
157»), neaxtuBytoda npucaaka («beron-1»; «Irgamet-30»; «Irgamet-39»), npoTu3HOIIyBaIbHA
npucanka («JId-11»). B poboTi [4] HaBeneHO METOAMKN BUKOHAHHS BUMIPIOBAHb 33 METOAMH:
BEPX (xinbKicHUW aHami3) — JUIsi BUSHAYCHHSI TIPUCANIOK: «[OHOM»; «AHTpaHIJIOBa KUCIIOTaY,
«B15/41» abo «IrgacorL.12», abo «D-157», abo «betomn-1», abo «Irgamet-39»; Ta THIX (kimbKi-
CHMH a00 SKICHUI aHai3) — I BU3HAYCHHS MpUcaaku «[oHom». BU3HaueHHS BMICTY IPOTHUITIH-
HUX npucanok (Hanpukiag «[IMC-200A» npu konuentpauii 1o 0,003 % mac.) He nependaveHo:
III0 MpUcaaKy nonaaroTh 10 MTyO Tijabku 3a BUMOTaMH CHOXHBada ITi€l oauBU. B 1iit po0OoTi
HABEJICHO METOAMKY OOpOOKH pe3ysIbTaTiB MOCTIDKEHb NPHU BU3HAUYEHHI BMICTY IMPHUCAIOK B
MEOQO, meTonuku po3paxyHKy METPOJIOTIYHUX XapaKTEPUCTUK Ta PO3PaXyHKOBY (hopmyny ams
BU3Ha4YeHHs BMicTy nmpucanok Ci B ux onuBax 3a metogom BEPX:

Cl‘z(VVi'ti)'P'l, (1)
ne C;— xonnenrparis npucanku «lonom B MTpO1, monw/kr; W;=6,8- 108 MOJIB/(J1* C) — IBUAKICTD
HIIIIFOBAHHS; #; — Tiepiof IHAYKI ay1st mpucanku «loromy, ¢; P — nasimmyBanas M TpO, kr/m.

Y po6orti [4]: HaBeneHO METOMMKY BU3HA4YEHHs BMICTY Tipucaaku «lonom» B MTpO 3a meto-
nom BEPX, ane TunoBy xpomarorpaMmy He HaBeAEHO; Jiana3oH BUMiptoBab Bia 10 1o 200 mr/kr,
MOKa3HUK TOYHOCTI £6 = 7 % mipu P = 0,95, mokazHuk moBToproBaHOCTI 07 = 2 %, TTOKa3HUK BIJT-
BOPIOBAHOCTI o = 3 %, Mexa moBTOproBaHOCTI I = 5,5 % 3a P = 0,95 1 n = 2; moka3aHo, 110 SKIIIO
MacoBa yacTka npucanku «lonom» y npo6i nepepuiye 200 mr/kr, To npody MEO po36aBisioTs,
ayie He OuThIIe HiK y 50 pasiB; HEe HaBEIEHO THUIOBI XpoMaTorpamu rpu Bu3HadeHHi B MEO nipu-
canok «beron-1», «B15/41», «IrgacorL12y», «D-157», «[1®-11», «AHTpaHIJIOBa KUCIIOTa.

VY po6ori [4] HaBeIeHO TaKOXX METOJIMKY BU3HAUEHHS BMICTY npucaaku «loHom» B MiHepa-
JHHMX OJINBAX 32 METOI0OM TOHKomIapoBoi xpomarorpadii (THIX). Ha pucynky 1 nokazana Tu-
MoBa Xpomarorpama, 1o OTpUMaHa Iij1 Yac BU3Ha4eHHs BMicTy npucanaku «lonom» B MEO 3a
meronoMm TIIX.
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Puc. 1. Tunosa xpomamozpama, wo ompumana
nio wac suznavenwus emicmy npucaoxu «lonony ¢ MEO 3a memooom TLLX

OCHOBHI METpPOJIOTIYHI XapaKTepUCTHKH I1boro Metony TIIX: niana3zoH BUMipIOBaHb Bif
0,08 mo 0,8 % macoBoi yacTku, moka3HUK To4yHOCTI + & = 0,05 % mpu P = 0,95, moka3zHukK
noBToproBaHocTi o, = 0,02, moka3HuK BiaTBOproBaHOCTI o = 0,03 %, Mexa MOBTOPIOBAHOCTI
r=0,055 % 3a P=0,951n = 2. Po3paxyHkoBa ¢opmyina /g BusHa4YeHHs BMIcTy C, MPUCAAKU
«lonom» B MEO:

Ce=C1+K-(Sc—S)), (2)
ne Cx — koHuenTpauis npucaaku «lonom» B MTpO, % mac.; C; — macoBa fomis npucaaku «lo-
HOJ» y TpaaytoBanbHoMy po3uuHi B MTpO, % mac.; K — rpagytoBajibHa XapakKTepUCTUKA; Sy —
IUIOINA IJISIMH 115 pUcanku «loHomy, 110 BiAMOBIae KOHIEHTpalii npucaaku «loHom» B aHa-
nizoBaHit MTpO; S; — moma masMu s npucaaku «loHOmM», MO BiANMOBIAa€ KOHIICHTpAITl
npucanku «lonom» B rpaxytoBanbHiii MTpO.

Y poborti [5] HaBeeHO METOMMKY BU3HAUYEHHs BMicTy nipucanku «lonom» B MTpO 3a meTo-
namu ['X ta THIX. BumiproBanns Bmicty npucanku «lorom» B MTpO BUKOHYIOTB 32 METOIOM
['X y auana3oni koHueHTpalii uiei npucanku Big 0,05 go 0,8 % mac. Pozpaxynkosa ¢popmyna:

Cx=100-K-S-(V)!, 3)

ne Cx — xkoHnenTtpauis npucaaku «lonom» 8 MTpO, % mac.; S — rutoma xpomarorpadiy-

HOTO MiKy Juig npucanku «lonom»; K — rpagyroBansauii koedirieHT; V — 00" €M BBEIEHOTO eKc-
TPaKTy y BUIIAPHUK Ta30BOr0 Xpomarorpady.

VY po6ori [5] HE HaBeIEHO: THUIIOBI XpOMAaTOTrPaMu; METOJUKH 0OpOOKH pe3yabTaTiB 10C-
Ji/KeHb PU BU3HAUEHHI1 BMicTy npucagok B MEO; MeToaMKH po3paxyHKy METPOJIOT YHUX Xa-
PaKTEpPUCTHUK; PO3paxyHKOBY (hopMyiy /Tl BU3Ha4eHHS BMicTy npucanku «lonom» B MTpO 3a
metonoM TIIIX.

Y po6ori [21] po3pobiieHO MEeTOI CIEKTPaIbHOTO BU3HAYECHHS BMICTY Mpucaaku «[oHOm»
B MTpO 3a cnekrpaMu mponmyCKaHHs MpH JTOBXKUHI XBUJI1 A = 959 HM, Biamosiaxik rpyni OH
MOJICKYJTH TpUcaiKu «[0HOM) 3 BUKOPUCTAHHSIM TpaayroBalIbHOTO Tpadika B Jiana3oHi KOHIE-
HTpamii npucaaku «lonom» Bix 3 mo 16 % mac. Kornenrparis Ci, % mac., npucaaku «loHom»
Moxe OyTH BU3HAuUEHa IO CIIEKTPaM MPOIYCKaHHA 3a (HOPMYIIOL0:
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C:=0,6838-d7, 4)
ne dT — pisHung cnektpiB nponyckanHs MTpO 3 pi3HOIO KOHLIEHTpali€ro npucaaku «lonom»
(T1) Ta 6a3oBoi MTpO (TO0) 3 BimoMOr0 B HOMY KOHIICHTpAIII€0 Tpucaaku «loHom», HampH-
kian, 0,2 % Mac., Ha JOBXKHUHI XBUIl A =959 HM.
Ha pucynky 2 noka3ano pizHuIlo criekTpiB npomyckanss (dT) mius MTpO 3 pizHOIO KOH-

nenrparieto npucanaku «lonom» (Ti) ra 6azoBoi MTpO (TO) npu poBxuHi XBHIL A = 959 HM..
25

) 959 nm

20 ¢

15

10 ¢

dT, %

200 920 940 960 980 1000
b, HM

Puc. 2. Pisnuya cnexmpie nponycxanus (dT) ons MTpO 3 piznoro konyenmpayicio npucaoxu
«lonony (T;) ma 6azoeoi MTpO (Ty) npu dosxcuni xeuni 1 = 959 nm ma KoHyenmpayisx npu-
caoku «lonony: 1 — 3,5 % mac.; 2—6,2 % mac.; 3 — 11,6 % mac.; 4 — 16,4 % mac.

VY poGoti [21] HE HaBeZEHO METOAMKNA 0OPOOKH pE3yNIbTaTIB TOCTIKEHb PU BU3HAYCHHI1
BmicTy npucanku «lonom» B MEO Ta po3paxyHKy METPOJIOTIUHUX XapaKTEPHCTHUK.

VY pob6ori [9] BuknaaeHo metoa I'X Bu3HaueHHs BmicTy npucanku «lonom» 8 MTpO mpu
KoHIeHTpatisx 10 0,5 % mac. i3 BUKOPHCTaHHSIM Ia30BOro xpomarorpadga 3 HacaJKOBUM BHIIa-
puukom Ta I1IJ] abo 3 meTekTopoM TEIIONPOBIAHOCTI. MeTo mosrae B €KCTPaKIIii IPUCaAKN
«lonom» i3 MTpO pigkuM METaHOJIOM 3 MOAAJIBIINM aHANII30M OTPUMAHOTO EKCTPAKTY 3a Me-
toroM ['X. Ilpu BUKOHaHH1 BUMIPIOBaHb 31HCHIOIOTH MPOTPaMyBaHHs TEMIIEPATypU XpOMaTO-
rpagiyHoi KoMOHKH BiJ BuXifgHOI Temmepatypu 150 0C mo kinueBoi temmeparypu 250 0C 3i
mBuakicTio 10 20 0C/xB. J{ns BUKOHAHHS PO3PaxXyHKIB KOHIIEHTpaIlii mpucaaku «loHom» y 1o-
ciipkyBadii MTpO BUKOpHUCTOBYIOTH pe3yibTaTd, OTpUMaHi Micis BUKOHaHHA ['X aHamizy
rpaayoBAIBHOTO Po3uMHYy npucaaku «loHom» y rpanyroBanbHiii MTpO. Po3paxyHkoBa ¢op-
MyJla aHaJIoT14Ha HaBeJeHii paHime (3).

VY pobotax [8; 22] 3anpornoHOBaHO TIpH BU3Ha4YeHH1 KoHIeHTpaiii Ci nmpucaaku «loHom» B
npo6i MEO 3actocoByBatu METOJ A0NATKy Hpucaaku «loHOmM», SKUH MOJsrae B TOMy, IO B
00'em V2 mopiBHsUIbHOI Tpoou aHamizoBanoi MEO nonaroTe BigoMy KUIBKICTh npucaaku «lo-
HOJI», 1110 MICTUTBCA B PiIKOMY eKcTpareHTi 00'emy V1, a B 00'em V2 pobouoi mpobu aHamizo-
BaHoi MEO nonarots pinkuii ekctpareHT 06'emom V1, mo He MicTuTh npucanku «lonom». Kon-
nenrparito Ci npucanku «lonom» B mpo6i MEO 00uuncioroTs 3a GopMyIoro:

C,V-C
Ci = 3171 , ()
v, ( ¢, -q )

ne C; — KoHleHTpais npucaaku «loHom» y mpo6i anamizoanoi MEO; C; — koHIIeHTpallisl TPH-
caaku «loHOM y piIKOMY €KCTPAKTI MiCiIsi BAKOHAHHSA piAMHHOT ekcTpakiii; C; — KOHLIEHTpaLis
npucaaku «[oHOM y piIKOMY €KCTpareHTi, mo 1onaetbes a0 anamizoBanoi MEO; C> — koHIte-
HTpalis npucaaku «loHOm» y piIKOMY eKCTpPaKTi Micis BUKOHAHHS PIAMHHOI eKCTpakiii 3
npobu anamizoBanoi MEO 3 gogarkom m0 Hel npucaaku «loHOM» y BUMIISAII HOTO PO3YHHY B
€KCTpPAareHTi.
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Ha pucynky 3 nokasana TumoBa xpomarorpama pe3yiapTary I'X BU3HaueHHS BMICTY Ipu-
canku «lonom» B MTpO.
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Puc. 3. Tunoea xpomamozepama pezyromamy I'X
susHauents emicmy npucaoxu «lonoay MTpO:
1 — npucaoxa «lonony, U — gioeyk 0emexkmopy, mB; t — uac, xeunun

VY poboti [23] po3poOIEHO METOAMKY EKCTpaliifHO-XpomaTorpadiqyHOro BU3HAYCHHS
npucanku «lonom» B MTpO 3 Bukopuctanasm merony BEPX. Sk ekcrpakiiiiiHy cuctemy BH-
KOPHCTaHI1 130MPOMiJIOBUN CIUPT, BOJIHUM PO3UYUH amiaKy 1 BUCOJIOBaY — Cyiab(ar amoHi0.
Meronuka 103BOJIs€ KOHTpotoBaTH BMIcT npucanku «lonom» B MTpO B inTepBam 1000—
5000 mr/kr. Busnaueno ymoBu BukoHaHHs mpoueayp BEPX i3 Y®-nerekropoM piaHHOTO
xpomarorpada. BumipioBaHHsS BUKOHAHI y TPU-XBUILOBOMY PEXKHUMI POOOTH PiTIUHHOTO XPO-
marorpaga. Ha pucynky 4 mokasana xpomarorpama ekctpakty npucaaku «lonom» 3 MTpO
mapkn AMT-300, 3apeecTpoBaHa B TPbOX-XBHJIBOBOMY PEXHMI IpU TOBKHWHAX XBHIIb!
A =254 am, A =274 am, A = 290 HM.

A, on.
2321

2.00 -

1.50 4

[ xe.

Puc. 4. Xpomamoepama excmpaxmy 3 MTpO mapxku AMT-300, wo 3apeccmposana
8 3-X6UNbOBOMY pedtcuMi: A — ONMuYHa WinbHicmb, OOUHUYDL,
t —uac, xeunun;, 1 —A =254 um; 2—A =274 um; 3 — A =290 Hm
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3anexHICTh IO XpoMaTorpadiunoro miky Bif BMicTy npucanku «lonom» B MTpO B ni-
anasoHi i1 kormerTpaiii Ci = 0—5000 mMr/Kr Ma€e JTHIHHUN XapaKTep, 0 OMUCYEThCS PIBHSIHHIM
Si=0,0093-Ci. KoedimienT mapHoi kopessiii craHoBuTh R=0,9993. 3 pucyHKy 4 BUILTHBAE, 1110
qyTAuBICTh YD-neTeKTopa piIMHHOTO XpomMaTorpada npu T0BKUHI XBUI1 A = 274 HM 10 TIpH-
canku «loHOMY BHIIE, HIXK A0 IHIKUX KoMIToHEeHTiB M TpO.

VY poborti [24] 3a3Ha4eHo, IO JIAHIIOTOBI XIMIYHI peakiii paaukaiB TiIpONepOKCUMIIB 1
NEPOKCUIIB 3PEIITOI0 MPU3BOIATH A0 Aerpananii MEO 3 yTBOpeHHSIM BYIVIEBOJIHIB, TAKUX SIK
CIHPTH, KETOHH, TOXiJJHI KapOOHOBOT KUCIIOTH Ta ByIJIeHto Aiokcuny. [Ipu npomy B mporecax
aBrookcuaanii MEO BinOyBaeThcs Aerpanaitis iHri0ITOPiB OKUCHEHHS, HAPUKIIA, PUCATKA
«lonon (DBPC)». ¥V wmiii po6oti po3podneno merox INPOX Busnauenns nepokcunis B8 MEO,
10 JI03BOJISIE PEECTPYBATH HE3HAYHI O3HAKH OKHCIIOBAJIBHOTO CTapiHHS 1 € MMPOCTUM Y BUKO-
pucransi. lleit meton no3Bosse BuzHadatu B MEO BMmicT 1HT1061TOpa OKMCHEHHS «]OHO» 3 BU-
kopuctanasaMm metony ['X-MC, HaBiTh y nyxe cuiabHO okucHeHUX MTpO ta MTyO. V miit po-
00Ti HE HaBEJIEHO METPOJIOTIYHUX XapaKTEPUCTUK PO3POOICHOTO METOTY aHai3y.

BinoMo 3acTocyBaHHS METOy MPSMOTO aHAJI3y B PEKUMI peaIbHOTO Yacy y MO€THAHH]
3 mac-criektpomeTpiero (DART-MS) nns sikicHOToO aHali3y MaCTHJIBHUX MarepiaiiB Ta IMpuca-
1ok 10 MEO, a Takox 711 KiIbKICHOrO BU3HAYECHHs 1HT10ITOPIB OKMCHEHHS, HAIIPUKJIIA TUITY
«loHon», y MacTupHHUX Marepianax [17]. KinbkicHi MOKITMBOCTI METOIUKH OI[IHIOBATUCS JIJIS
iHTi0iTOpY OKMcHeHHs B Marpuii MEO B nianasoni konuentpauiit 0,1-8 mr/man 8 MEO, Buko-
PUCTOBYIOUH SIK BHYTPIIIHIN CTaHAApT CTPYKTYPHUW aHajor iHri0iTopy oxucHeHHs. [Ipu
pOMYy: JiHIHHICTE MeToay (R2 = 0,997), tounicts (% RSD = 2,6%) ta LOD (0,04 mMr/mn B
MEO); nokazano, mo metoq DART-MS moxe OyTH 3aCTOCOBaHM IIJIsi €KCIIPEC-BU3HAYCHHS
npucanok B MEO 6e3 monepennboi ekctpakiii npucaaku [17].

VY poborax [7, 25] BuKIageHO METOM BU3HAYeHHS BMICTY nipucaaku «loron («DBPCy»)»
y MiHEepaJbHUX 130yALiHHNX onuBax. Meton [Y-criekTpodoToMeTpii BCTAaHOBIIOE BU3HAYCHHS
BmicTy npucagku «DBPCy» y HeBukopucranux ta podounx MEO nuisxom BumiproBanus [Y-
MOTJIMHAHHS HAa YaCTOTI BaJICHTHUX KOJMWBaHb 3B'13ky O-H mpocTopoBo-yTpynHeHUX (EeHOMIB.
Leit MeTon TakoX MOXHAa BHKOPHUCTOBYBATH JJIsi BU3HAUYEHHS BMICTY 2,6-Iu-TpeT-OyTuide-
oy (mpucanka «DBPy»), ane He mo3Bomsie po3pizautu npucaaku «DBPCy» ta «DBPy. Ilei
METO/I BCTaHOBIIIOE MpoLeaypy oTpuMaHHs etanoHHNX MEQ, 110 He MICTATh MPHUCANOK, 13 BU-
KOPUCTAHHSIM TBEP10-(Pa3HOi eKCTPaKIIii 3 BUKOPUCTAHHIM cuilikaresto. [Ipu BuKoHaHHI BUMI-
proBaHb BUKOPUCTOBYIOTH [U-Dyp'e-criekrpomeTp abo nBompomeneBuii [Y-criekrpodotomerp
B aiana3oHi Bij 3000 1o 3800 cm-1). [Ipu mpoMy: a) 3015KHICTh MOXKE TIEPEBHUIIYBaTH 3HAYCHHS,
HaBeJIeH1 HIKYe, TUTBKU B OJJHOMY BUMAAKY 3 20: /Ui HEBUKOPHUCTAHUX 1 pobounx onus: 15%
a60 0,15-(x1+x2)-0,5, ne x1 1 X2 — pe3ynbTaT JBOX MOCIiJOBHUX BU3HAYEHD; 0) BIATBOPIOBA-
HICTh MOJKE NEPEBUIIYBaTH 3HAYECHHS, HABEACHI HIDKYE TUIBKH B OTHOMY BUMAAKY 3 20: 1) He-
Bukopucrani MEO: mis Bmicty npucaaku «DBPCy» < 0,1% mac, BiATBOPIOBaHICTh CTAHOBHUTH
0,02% abcomoTHOoro 3HaueHHs; 2) HeBukopuctani MEO: mis Bmicty npucaaku «DBPCy >
0,1% mac, BiITBOpIOBaHICTb CTAaHOBUTH 45% abo 0,45 (x1+x2)-0,5; 3) poboui MEO: 45% abo
0,45-(x1+x2)-0,5. Ha pucynky 5 mokazana tumoBa xpomarorpama (y BUIIsAII Tumosoro Y-
crieKkTpa) Bu3HadeHHs BMicTy npucanku «DBPCy B MTpO, mo orpumana 3a meromom [U-
creKTpoOTOMETPii 3 BAKOPUCTAHHIM JBoNpoMeHeBoro [U-ciekrpodoromerpa.
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Puc. 5. Tunosuii I'9-cnexmp osonpomenegoeo I4-cnekmpogomomempa npu 6usHa4eHHi Mi-
cmy npucaoxu DBPC ¢ MTpO: I — inmencusnicms nponyueno2o 6Unpomino8anHs, % ;
k — xeunvose uucno, e’ (1/cm); 1 — inmencusnicmo nponyueno2o 6UnpoMiHIO8anHsL;
2 — iHmeHCcUBHiCMb 8XIOHO20 UNPOMIHIOBAHHS

VY poborax [7, 25] 3a3HaueHo, 1110 pu BU3HaYeHH1 BMicTy npucaaku «DBPCy» B MEO 3a
meronoM BEPX 3 BukopucTanHsMm pimuHHOrO Xpomarorpaga i3 YP-1eTeKTopoM micis Mmifaro-
toBkH 1Tpodbu MEOQO: a) 301’KHICTh MOKE TIEPEBUIIYBaTH 3HAUYCHHSI, HABEJCHI HIKYE, TUTHKH B
ofHOMY BUNaKy 3 20: 11 HeBUKOpUCTaHUX Ta pobounx MEO — He Ounbie 15 %;

0) BIATBOPIOBAHICTh MOXKE TIEPEBUIIYBATH 3HAYCHHS, HABEJIEHI HUXKYE, TUIBKA B OHOMY
Bunazaky 3 20: 1) neBuxopucrani MEO: mis Bmicty npucanku «DBPCy» < 0,1% mac, BiaTBO-
proBaHicTh cTaHoBUTH 0,02% abcomoTHOoro 3Ha4eHHs; 2) HeBukopucrtani MEO: mis BmicTy
npucaaku «DBPCy» > 0,1% wmac., BiATBOpIoBaHICTh cTaHOBUTH 45%); 3) poboui MEO: 45 %.

Ha pucynky 6 HaBeneHa TUIIOBa XpoMaTorpama BU3HadeHHs BMicTy nipucanaku « DBPCy B
MEO 3a metonom BEPX.
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Puc. 6. Tunosa xpomamoepama ons euznauenus emicmy npucaoxu DBPC ¢ MEO
3a memooom BEPX:
1 — NOKA3HUK NO2TUHAHHSL, 0OUHUYb, t — vac, xeunu, 1 — npucaoka DBPC

Metonq GC-MS 3actocoByetbesi mis MEQO, konm BuKopucTaHHs MeToniB [Y-
creKTpooTOMETPii MOXKe OYTH YTPYIHEHO uepe3 nepemkoau. [Ipu mpoMy: 1ociipKyBaHi 3pa-
3k MEO 1 cTangapTHi po3unHHU BBOJSTH ra30BUN XpoMaTorpad 3 AiIbHUKOM ITOTOKY; XpoMa-
TOTPaMU 10HIB 13 CITIBBITHOLICHHAM Macu MOJIEKYJIH A0 3apsafy ii ioHa (m/z) = 191, 205 ta 163
MpU3HavYeH1 I KUTbKicHOTO BUu3HaYeHHs npucanok DBP, DBPC ta BHyTpilHROTO CTaHAAPTY
BiJIMIOBITHO; /liara30H BUMiproBaHuX KoH1eHTpaii Big 0,02 1o 0,4% mac; 4ucioBi MOKa3HUKU
JUIS. METPOJIOTTYHUX XapaKTEPUCTUK «301KHICTH» 1 «BIATBOPIOBAHICTH», @ TAKOXK XPOMATOT-
pamu, 110 OTPUMYIOThCS, B L1l pOOOTI HE MPEACTaBIIECHI.

VY Tabnuill HaBeIEHO PEKOMEH0BaHI METOAM BHU3HAYEHHS BMICTY mpucagok B MTpO ta
MTyO.

Tabnuys — Pexomenoosani memoou euznavenus emicmy npucadoxk y MTpO ma MTyO

MeTon BU3HAYEHHS Ipucanka O0’ekT BUMipIOBaHb
KTEI'X; XJI; TOBIL; I'X «loHOM» CranmapTHi 3pa3Ky CKJIaliB IPUCAJKH
«lonom» B MTpO
1Y; THIX; I'X; BEPX; I'X-MC «loHom» MTpO ta MTyO; cuatetnuni MTpO
KM «lonom» MTpO
BEPX «lonon»; B-15/41; J1-157 MTyO

ITpumimku: KTEI'X — KylmoHOMETpUYHE TUTPYBAaHHS 3 €IEKTPUYHIM T'eHEepyBaHHIM XJopy; XJI — xemimomi-
necueHuis; TOBI — TuTpyBaHHs 3 OKMCHO-BITHOBHUMHU iHAMKaropamu; KM — kinernunuii merox; THIX — To-
HKoIapoBa xpomarorpadis; BEPX — BucokoedekrusHa pigunaa xpomatorpadis; ['X — razoa xpomarorpa-
¢is; 4 — IY-cnexrpockomnist; 'X-MC— razoBa XxpoMaro-Mac-ClieKTpOMETpis

Haii61ap111 3HaYyIUMHA Cy4YacCHUMHU METO/IaMH KUTbKICHOTO BU3HAYEHHS BMICTY MPUCATOK
B MTpO ta MTyO e: BEPX; I'X; I'X-MC; [U-cnekrpockomisi. Ilpu nipomy metoau ['X-MC
JIO3BOJISIFOTh BU3HAYaTH MOJIEKYJISIDHY Macy, €JIeMEHTHUH CKiIaJ, (yHKIIOHAJbHI IPylH Ta
CTPYKTYpHI ()parMEeHTH MOJIEKYII, a 32 1X CyKYIHICTIO — CTPYKTYPY MOJIEKYJIM PEYOBHUH, 1110 BH-
BUYa€THCA [26].
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BucHoBku. 1. BukoHaHo aHani3 JiTepaTypHUX JKepell, 0 MPUCBIYCHI METoJaM BU3Ha-
yeHHs BMicTy npucaiok B MEO, y Tomy uucni B MTpO ta MTyO, B nporiecax iX ekcruryararii
B 00JIa/IHAHHI €HEPTOMIANPUEMCTB, JJIS TONAJBIIOTO BUIUICHHS HAWOLIBIII ONTUMAIBHUX Me-
TOJIIB BUKOHYBAHHSI BUMIPIOBaHb 1 BU3HAYCHHS iXHIX IMepeBar Ta HEOJIKIB MPH 3aCTOCYBaHHI
y BUMIpIOBAIbHUX JlabopaTopisx. BusHadeHo, m10: HaOLIbII 3HAYYITUMHA CYYaCHUMHU METO-
JlaMH{ K1JTbKICHOTO BU3HA4YeHHs BMICTY mpucanok B MTpO ta MTyO €: KymoHOMETpUYHE THUT-
PYBaHHS 3 €NEKTPUYHUM T'€HEPYBaHHSM XJIOPY; XEMUTIOMIHECIICHIIISl; TUTPYBAHHS 3 OKHUCHO-
BITHOBHUMH iHAWKaropamu; KiHetmunuii wmeroxm; TIIX; BEPX; I'X Ta I'X-MC; I4U-
criektpockomis. 2. Hamano pexoMeHalii momo 3acTocyBaHHS METOMIB ineHTHdIKaIli Ta BU-
3HadueHHs BMicTy npucaaok B MTpO ta MTyO B nporiecax ix ekcriyararii B 0071aJHaHHI eHe-
promianpueMctB Ykpainu. [lokazaHo, 110: a) mpu BU3HAUYEHHI BMICTY TaKUX MPUCAIOK, SIK: 1H-
rioitop okucHeHHs (lonon (Arimon-1); abo Ad-11; abo «AHTpaHIIOBa KUCIOTa»), 1HTIOITOP
kopo3ii (beton-1; B15/41; IrgacorLL12), neemynbrytoda npucanka (D-157), neaktuByroua mpu-
caaka (beron-1; Irgamet-30; Irgamet-39), nporusnomysansHa npucagka (Ad-11), MoxyTh
OyTH 3aCTOCOBaHI BIAMOBIAHI MeTonu, Taki, sk: BEPX — nns BusHavuenHs mpucamok «loHon
(Arigon-1)», abo «AHTpaHinOBa KHcIoTa», a00 «B15/41», abo «IrgacorL12», abo «D-157»,
a6o «beton-1», abo «Irgamet-39»; THIX, I'X, I'’X-MC Ta [Y-crekTpocKortis — 115l BU3HAYCHHS
npucanku «loHon (Arimon-1)»; 6) BITHOCHI MOXUOKN BU3HAYCHHS KOHIICHTpPAIlill IPUCAIOK B
MTpO ta MTyO He nepeBullytoTh 3HaueHHS 25 % BIIHOCHUX IpPU AOBIPUOi BIPOT1IHOCTI
P=0,95. 3. [loganpiii MepCeKTHBH JAOCTIKEHB TOJSATAI0Th Y BUSBICHHI ONTUMATBHUX METO-
niB inenTudikarii Ta Bu3HaueHHs BMicTy B MTpO Tta MTyO HOBUX ITpUCAIOK, KIJTbKICHO-SKIC-
HUI COCTaB SKUX HE PO3KPUBAIOTH iXHI BUPOOHUKH, TOCUIAI0YNCh HAa KOMEPLIHHY Ta€MHHULIIO.
Ile 703BOIMUTH BUKOHYBAaTH TEXHIUHE J1arHOCTYBAaHHS OJIMBOHAIMIOBHEHOTO OOJaJHAHHS 13 3a-
CTOCYBaHHSM BiJMIOBITHUX JIarHOCTUYHUX MOJICIICH.
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METHODS OF DETERMINING THE CONTENT OF ADDITIVES
IN ENERGY OILS OF EQUIPMENT OF POWER ENTERPRISES

This article is a review. Mineral transformer or turbine oils ensure reliable operation of the corresponding equipment of
energy enterprises. One of the ways to control the condition of transformer and turbine oils is to study the content of functional
additives in them.

Developers of new additives and transformer and turbine oils do not always reveal their quantitative and qualitative
composition. Some outdated energy oils are still used in their circulation systems in energy equipment. At the same time, there
is a need for additives introduced into such oils, which in their functions may be similar to those additives that were used
earlier; constant improvement of methods of identification and determination of the content of additives in energy oils.

The analysis of research and publications on the determination of the content of additives in mineral transformer and
turbine oils of the equipment of energy enterprises showed that the issue of choosing the optimal methods of performing such
measurements is currently not given enough attention in the scientific literature, depending on the state and values of physico-
chemical quality indicators these oils;, measuring equipment already existing in laboratories for their use in determining new
brands of additives in mineral transformer and turbine oils.

The purpose of the article is to analyze the methods of determining the content of additives in mineral energy oils, in-
cluding transformer and turbine oils, in the processes of their operation in the equipment of energy enterprises, which will
allow to highlight the most optimal methods of performing measurements and determine their advantages and disadvantages
when used in measuring laboratories.

Based on the analysis of literary sources, modern methods of determining the content of additives in mineral energy oils
are considered. Recommendations are given on the application of methods of identification and determination of the content
of additives in mineral transformer and turbine oils.

Analysis of modern methods for determining the content of additives in mineral energy oils showed that the most signif-
icant such methods are: liquid and gas chromatography or chromatography-mass spectrometry; IR-spectroscopy. The pre-
sented results can be used for the justified choice or development of new methods for the identification and determination of
the content of new additives in mineral energy oils for diagnosing oil-filled equipment using appropriate diagnostic models.

Keywords energy enterprise; oil-filled equipment; physical and chemical methods of analysis; transformer and turbine oils.
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JOCJIIKEHHA BJACTUBOCTEM ®YHKHIOHAJIbHUX TOBABOK
POCJIMHHOTI'O NOXO/IKEHHSA 111 MAUMOHE3HOI ITPOAYKIII

Maiionesu ii mationesni coycu nocioaioms 8azome micye 6 payioni cyyacnoi moounu. Obcsaeu ix eupobnuymea y ceimi
Maoms cmany meHoenyito 00 spocmanta. Pozwupioemobcs acopmumenm npooykyii 3 ypaxy8anHaM Cy4acHoi opienmayii Ha
300poge Xapyuy8anis. 3anum cnodCueayie Ha MatloHe3Hy nPoOYKYilo 3 HUZbKUM GMICIOM Jicupy, 6e3 peyenmypHux ckiaoo8ux
MBAPUHHO20 NOXOOJICeHHs, 30azaqeny gimaminamuy, MiKpoeremMeHmamu i Xxapuoeumil 6010KHAMU, NOMPebYE NOULYKY HOBUX
GyHKYiOHANLHUX 006ABOK [ O0CHIONCEHHS IX MEXHOLO0IYHUX NOKAZHUKIE. Y cmammi HagedeHo pe3yibmamu 00CHiONCeHHs 6]1a-
cmusocmeti pOCIUHHOT KITMKOGUHU (MAKYXU), PI3HUX Qpakyiti noOpiOGHeH020 HACIHHA | GOPOUIHA TOHY, KYHICYmY ma 2ap0ysa.
s docnioscysarnux 3pasKie GUHAYEHUN NOKAZHUK 601020YMPUMYIOHOL 30amHoCmi Memooom yenmpugpyeysanns. Hatibinoury
30aMHICIb YIMPUMYSAMU 80J102Y MAE MAKYXA Xapuo8a 3 Hacinua abony (806,2 %), a natimenuty — noopibnerne HacinHA 2apOy3a
(104,7 %), wjo nosCHIEMbCS GUCOKUM 6MICHIOM 8 OCIMAHHLOMY JHCUpy. J[0CHIONCEHA MONCTUBICIb KOPUSYBAHHS NOKAZHUKA
601020yMPUMYI040i 30amuocmi cymiuieti Maxyxu, 60powHa i NOOPiOHEH020 HACIHHA WNAXOM 3MIHU KiTbKOCMI OKPEeMUX KOM-
NOHEeHMI8 Y KOMNIEKCHUX 000a8KaAX 00 HUSLKONCUPHUX MAllOHe3i8. 3anponoHosana peyenmypa 6e3sa€uHo20 MalloHe3y 3 6UKO-
PUCMAHHAM KOMNIEKCY HA OCHO8I NPOOYKMi6 IbOHY 31 CNIG8IOHOUIEHHAM TbHAHOI MAKYXU, OOPOWHA | NOOPIOHEHO20 HACIHHA
(¢ppaxyis 3 posmipom uacmunok 0o 0,5 mm) ionogiono 1:1:0,5. /lna eucomosnenozo mationesy 25%-6oi scupnocmi 3 komn.e-
KCHOIW (DYHKYIOHAIBHOIO 000ABKOI0 GUBHAYEHO NOKAZHUK CMIUKOCMI eMyavcil, axull eionogioae eumozam JJCTY 4487:2015
Maiionesu ma mavionezni coycu. 3a2anvbhi mexHiyHi yMoGu.

Knrouosi cnosa: maiionesna npooykyis,; HACIHHA, MAKYXA; TbOH; KYHIUCYM, 2apOy3; 601020YMPUMYIONa 30amHicb.

Tabn.: 4. bion.: 17.

AKTyaJIbHiCTh TeMH Aoc/iTkeHHs1. CBITOBHII pUHOK MaiiOHe3y IEMOHCTPY€ CTall TEMITH
3pOCTaHHS 1 HAa HAWOMMKYl 11’ SITh POKIB Ma€EMO MPOTHO30BaHE 30UIBIICHHS] BUPOOHUIITBA Ha
piBHi 61m3bK0 4 % [1]. MaifoHe3Ha NPOAYKIlisi BUKOPHUCTOBYETHCS SIK JJISl IPSIMOTO BKUBAHHS,
TaK 1y MPOIeCl BUTOTOBJICHHS PI3HOMAHITHUX MPOIYKTIB, IO MOJAIOTHCS B 3aKJIaax Xapuy-
BaHHs1. CyyacHi HampsIMU PO3BUTKY Xap4yoBOi IHAYCTpIi Opi€HTOBaHI Ha 301IbIICHHS BUPOOHH-
[ITBa OPTAaHIYHOI 1 BEraHCHKOI MPOIYKIlii, HA PO3POOJIEHHS peuentyp O0e3s€4YHuX MahHOHE3IB,
30araueHuX HyTpi€HTaMH POCIMHHOTO MOXO/KeHHs. B Ykpaini monut Ha MaiioHe3H i MaiioHe-
3H1 COyCH Ma€ Ce30HH1 KoJIMBaHHsI. [1pH 1IbOMY BITYM3HSIHI aHATITHKY ITOB’ A3YIOTh PO3IIUPEHHS
ACOPTUMEHTY HPOIYKIIii 3 BIPOBAKEHHSIM MPOAYKTOBUX (PELENTYPHUX) IHHOBAIIIH 1 3 BUKO-
PUCTaHHIM KOMITOHEHTIB HaTypaJbHOTO MOXokeHHs [2]. [l BupoOHUKIB MaliOHE3HOI TIpo-
IyK1ii, 0cOOIMBO 3 HU3BKOIO JKUPHICTIO, aKTyaIbHUM 3aBIaHHSM € MOIIYK 3TYIIyBayiB, SKi Ma-
I0Th 3a0€311e4yBaT BUTOTOBJICHHS MPOAYKIIii TOTP1IOHOT KOHCUCTEHITI1.

ITocTanoBka mpodiemu. Maiiones — 11e 6araTOKOMIIOHEHTHA BOJHO-XHPOBA €MYJbCis
MIPSIMOTO THUITY, Y KIH y BOJII (IUCTIEPCHE CEPEIOBHINE) y APiOHOKpAINEILHOMY CTaH1 pO3MO/Ii-
neHuit xup (nucnepcHa (aza). OO0B’I3KOBUMH PELENTYPHUMH KOMIIOHEHTAMH TaKUX MPOJY-
KTiB € eMYJIbraTopH (CHOIYKH 3 AU (DiIbHOI0 OyI0BOIO MOJIEKY), SIKi 3a1100IraloTh Mpolecy Ko-
aJICCIIEHIII] 1 po3IIapyBaHHIO CHUCTEMHU Ha JBI He3MimyBaHi (a3u — BomHy 1 kupoBy. 11[06
BUTOTOBUTH HU3BKOXKUPHUN MaiflOHe3 31 3HaYHOIO YaCTKOIO BOJH, MOTPiOHI 0COOIHBI perenTy-
PHI KOMITOHEHTH — 3TYIIlyBayl, siKi, BIUTMBAIOYHM HA PEOJIOTTYHI BIACTUBOCTI BOJIHOT (pa3u, 3a0€3-
NIEYyIOTh BUTOTOBJICHHS MPOAYKTY MOTPiOHOI B’A3KOCTi. BUKOpUCTaHHS B peLenTypax HU3b-
KO)KUPHUX MalOHE31B 1 MallOHE3HHWX COYCiB HOBHX (YHKIIOHAJBHUX J00aBOK MOTpeldye
JOCTI/KeHHS iXHIX BIACTHBOCTEH, CEpel SKUX BaXKJIMBOIO € BOJIOTOYTPUMYIOYa 31aTHICTh.

© Tertsina @ininceka, AnTonina Piniaceka, Cepriii [TaBirok, 2023
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AHaJTi3 ocTaHHIX T0CTiTzKeHb i myOJikaniii. EMynbciifHi )KHpOBMICHI TPOAYKTH Bigirpa-
I0Th BKJIMBE 3HAYCHHS B XapuyBaHHI, OCKUIBKH MPU BKUBAaHHI KUPIB OpraHi3M JIOIUHH 3a-
CBOIO€ iX JTUIIIE TICJISI IEPEBEJICHHS Y CTaH eMylbeii. HammuimkoBe criosKuBaHHS KUPIB Ma€ IS
3II0pOB'sS HETaTHUBHI HACTIIKU, TOMY MPUXHILHUKH 37JOPOBOTO XapuyBaHHS BiJAIOTh IIepeBary
HU3BKOXKUPHIHM npoaykuii. [le cionykae BUpOOHUKIB PO3LIMPIOBATH aCOPTUMEHT MalOHE3IB 1
MalOHE3HHX COYCiB, a HAyKOBIIB - JO IOIIYKYy HOBUX PELENTYPHUX KOMITOHEHTIB, JTOCII-
JOKCHHS X BJIACTUBOCTEH 1 MOXKITMBOTO BIIMBY Ha SKICTh KIHIIEBOTO MPOAYKTY B mpo1ieci hop-
MyBaHHS 0araTOKOMIIOHEHTHOT CHCTEMH €MYJIbCIHHOTO THITY.

TpaguuiifHUMU KOMIIOHEHTAMU HU3BKOXKHUPHUX MAMOHE3IB CIIYTYIOTh MIEKTHHH, KPOXMaJi
1 Taki xapuoBi E-noGaBku, sik amerinar Harpito (E401), Harpiii kapOOKCHMETHIIIIENION03a
(E466), ryap (E412), kcantan (E415), ix cymimi Ta iH. [3]. Sk dyHKIIIOHANBHI 100aBKU B Ma-
HOHE3HI COyCH BUKOPHCTOBYIOTH OUTKOBI 130J1s1TH [4]. [0 cKilamy HU3BKOXKUPHHX MalOHE31B
JOJIal0Th TIOPOIIKH, OTPUMYBaHI 31 MIKIpKK OaHaHa 1 KaByHa [5; 6]. EdexkTuBHUM 3ryIIyBademM
€ OOpOIIIHO 3 Pi3HOI CUPOBUHU — TapOy30Be [7], BiBcsHE 1 mepnoBe [8; 9], a Takok ropoxoBe
[10]. [IpyuomMy ocTaHHE TOJATKOBO 30arayye MpoxyKT poCIuHHUM OinkoM. Cepen KOMIOHEH-
TiB HU3BKOKUPHUX JIETUYHUX EMYJIbCITHUX MPOAYKTIB € pucose 6opourHo [11] 1 6opormrHo mo-
panr (Porang) [12]. Ilpu BUTOTOBIIEHHI MallOHE3HUX MPOAYKTIB BUKOPUCTOBYIOTh apaxiCoBe,
KyHXYTHE i coeBe O0pontHo[4]. PO3poOHUKHM TEXHOIOTIi BUTOTOBJIEHHS COYCIB 31 3HM)KEHOIO
KaJIOPIMHICTIO MTPOTIOHYIOTH /10 BUKOPUCTAHHS OOPOITHO aMapaHTy, 3apOAKIB MIIICHHMIII 1 ariito-
TEeHOBOTO OopoirHa 3 uepemxu [13].

Ha cporozaHi B partioHi croctepiraerses 1e(inuT XapuoBUX BOJIOKOH. BiH Moxe OyTu vac-
TKOBO ITOTIOBHEHH 32 paXyHOK BUKOPUCTAHHs OaraTux Ha KIITKOBUHY KOMIIOHEHTIB MallOHE3-
HUX coyciB [14; 15].

BunaijieHHs1 HeqOCTiAKeHNX YaCTHH 3arajbHoi mpoduaemu. [IpoBenennii anasiz ocTaH-
HiX myOmiKaIiii mokasas, 10 MATAHHSIM PO3IIMPEHHS ACOPTUMEHTY MallOHE3HOT MPOIYKITiT (y-
HKI[IOHATBHOTO MPU3HAYEHHS (II€THYHOI, BETAaHCHKOI 1 30aradeHoi KOpUCHUMHU HYTPIEHTUMU)
NPUILISETHCS 3HaYHa yBara. HaranpHo € motpeda I0CiKeHHS TEXHOJIOTIYHIX BIACTUBOC-
Tel QPyHKI[IOHAIBHUX T0OABOK y MallOHE3U MOHUKEHOT JKHPHOCTI 3 BUCOKOIO YaCTKOIO BOTHOT
¢a3u. BaxXITMBOIO XapaKTEPUCTUKOIO € MOKa3HUK BOTOYTPUMYIOUO1 34aTHOCTI, SIKUH JTO3BOJISIE
3pOOUTH BUCHOBOK IIOJI0 MOXKJIMBOCT1 BUKOPHUCTAHHSI I00aBKH SIK €(DEKTUBHOTO 3TyIlyBaya.

MeTo10 cTaTTi € TOCIiIKEHHS BIACTHBOCTEH SIK OKPEMHUX BHIIB (PYHKI[IOHAIBHUX J100a-
BOK JIJIsl MafOHE3HUX MPOIYKTIB 3 HU3BKOIO KUPHICTIO (MaKyXu, OOpOIIHA, MOAPiOHEHOTO Ha-
CIHHS) TaK 1 iX cymiluei.

Buknan ocHoBHOro marepiadny. J[s mociipkeHb BAKOPUCTOBYBAIHN KITITKOBUHY (MaKyXxy),
OOPOIITHO 1 HACIHHS 3 KyHXKYTY, JTbOHY 1 rapOy3a. [Toka3HHKHM IXHBOT SIKOCTI HaBe/ICHI B Ta0. 1.

Tabnuys 1 — Iokasnuku sskocmi 00CIIOHCYBAHUX 3DA3KIE 3 TbOHY, KYHICYymYy i 2apOy3a

Enepreruyna miHHICTH IToxwBHa miaHicTh HA 100 T MpoAyKTY, T
Hassa -

Ha 100 r npoayKTy, KKal OiIKH JKUPH BYIJIEBOAU
HacinHs 1p0HY 534 18,3 42,2 28,9
JIbHsIHE OOPOIITHO 390 23,6 9.4 50,5
Makyxa xap4yoBa 3 HaCiHHS JbOHY 298 34,0 14,0 9,0
HaciHHs KYHXYTY 505 19,4 48,7 17,8
KynxyTHEe 00pOnIHo 390 28,1 9,2 46,2
Makyxa xap4uoBa 3 HaCiHHs KYHXKYTY 425 50,7 19,8 11,0
I"apOy30Be HACIHHS 390 12,6 49,5 35,4
I"apGy30Be OopomHO 479 26,2 25,7 324
[TekTrH rapOy3a B KJIITKOBHHI* 348 9.8 2,1 79,6

Ilpumimka. IlexTuH rapOy3a B KJIITKOBHHI SABJIS€ COOO00 CyMilll KIIITKOBUHHU 3 000JI0HOK HaciHHs nuienuui (60 %) i mo-
poiuky rap6ysa (40 %).

JIbHsIHE, KyH)XKYTHE 1 cyXxe rapOy30Be HACiHHA Nepe JOCTIKSHHM TOAPIOHIIIN 1 BiIO-
KpeMuJd Qpakifito 3 po3Mipom dacTuHOK 110 0,5 mMm. Bubip HaiiMeHII0i 3a po3mipoM ¢paxitii
MOSICHIOETBCS TIONIEPEAHBO BUKOHYBAaHUMU JIOCIIIDKEHHSIMH IIOO BIUIMBY PO3MIPY YAaCTHHOK
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Ha IXHIO BOJIOTOYTPUMYIOUY 3AaTHICTh. [{0 TOTO K BUKOpHUCTAHHS K (YyHKIIOHATBHOT I00aBKH
110 MalOHE31B 1 MAaHOHE3HMUX COYCIB BETTMKHX 3a pO3MipoM (pakiriii HaciHHS Majio O HeOaKaHU I
BIUIMB Ha KOHCHCTEHIIIIO OICP>KYBAaHOTO IPOIYKTY. 3pa3Ku MaKyXH 3 HACIHHS KyHXKYTY 1 JIbOHY,
a TaKoXX MEeKTHHY rapOy3a B KIITKOBHHI MOIMEPEIHbO NMOAPIOHMIH, iXHIM (ppakmiitHuii ckian
HaBE/ICHO B Ta0II. 2.

Tabnuya 2 — Dpakyiinutl cK1ad O00CHIONCYBAHUX 3PA3KIE MAKYXU 3 HACIHHA KYHICYMY,
JIbOHY | NeKMuHy 2ap0y3a 8 KimKo8uHi

Hassa Bwmict ¢pakuii mo- Bwmict ¢pakuiii, % 3 po3mipamu, MM

Hax 1,25 mm, % 1,00-1,25 0,50-1,00 0-050
Makyxa Xap4oBHH i3 HACIHHS JIbOHY 0,04 14,48 17,40 68,08
Makyxa Xap4oBHH i3 HACIHHS KYH)XYTY 0,06 11,51 23,29 65,14
[exTun rap0Oy3a B KJIITKOBHHI 0,08 13,63 22,48 63,81

Bonoroyrpumytody 31aTHICTh JOCITIKYBAaHUX 00’ €KTIB BU3HAYAIM METOAOM IIEHTPHU]Y-
ryBaHHs [16], oTpumani pe3yibTaTi HaBeeHi B Tab. 3.

Tabauys 3 — Bonozoympumyroua 30amuicme (W, %) Hacinua, makyxu i OOpouiHa iboHy,

KYHOICYmy ma 2ap0ysa

Ha3sBa W, % Ha3sBa W, % Ha3sga W, %
Makyxa xapuoBa 3 Makyxa xapuoBa 3 Ha- ITextuH rapOy3a B KIIiT-
HAaCiHHS JIbOHY 806,2 | CiHHA KYHXYTY 511,6 KOBHHI 389,1
JIpHsTHE 6OPOITHO 479,0 | KymkyTtHe 60pOITHO 430,0 | T'apOy3oBe GoponrHO 273,5
®dpakiiist HaCiHHSA ®paxkiiist HaCiHHS KyH- ®dpaxkiris HaCiHHS rap-
Jp0HYy A0 0,5 MM 255,5 | xyty 10 0,5 Mmm 147,2 Oy3a 10 0,5 MM 104,7

Sk BUAHO 3 TabM. 3, Ui rpyNy NPOIYKTIB 3 OJHIE] CHPOBUHH NMOKa3HUK BOJIOTOYyTPUMYIO-
401 31aTHOCTI HAaWMEHIUH 17151 oApiOHEeHoro HaciHHsA. [ToSICHUTH 116 MOYKHA TTPUCYTHICTIO B
Horo ckJiaji 3HauYHOI KIJIBKOCT1 XKHPIB, TOJ1 K OOPOIIHO 1 MaKyXa MIiCTATh OUIBIIY KUIBKICTh
O1IKIB 1 BYTJICBOIIB.

[IpucyTHiCTh y HACiHHI KOPUCHHUX HYTPI€HTIB poOUTH iX OakaHUMHM KOMIOHEHTaMH Yy
CKJIaJIl KOMIUIEKCHUX (PyHKITIOHATBHHUX 100aBoK. ToMy Oynu qoCiiKeH1 TPUKOMITOHEHTHI CY-
Millli 3 pi3HUM BMICTOM MaKyXH, OOpoIIHa 1 HaciHHs (Tab. 4).

Tabauys 4 — Bornocoympumyroua 30amuicms KOMRAEKCHUX (DYHKYIOHATbHUX 000ABOK HA

OCHOBI NPOOYKMi6 nepepoOKU HACIHHA TbOHY, KVHICYmY Ul 2ap6y3a

Ha3Ba komiuiekcHoi ¢pyHkui- | Bosoroyrpumyioua BwmicT koMnoHeHTiIB, %
OHAJILHOI 100aBKH 31aTHicTh, % Makyxa* 0oponiHo HaciHHsg**

JIbon 1 340,0 10 10 80
JIboH 2 446,3 20 20 60
JIbon 3 520,0 30 30 40
JIbon 4 614,9 40 40 20
KymxyT 1 229,5 10 10 80
KymxyT 2 276,2 20 20 60
Kymxkyt 3 357,5 30 30 40
KynxyT 4 378,3 40 40 20
Iap0Oys3 1 182,8 10 10 80
lap6y3 2 255,0 20 20 60
lap6y3 3 308,5 30 30 40
I'ap0Oy3 4 413,2 40 40 20

* — nexmun eap6y3a @ KIimMKOGUHI sl KOMIIEKCHUX 000A80K HA OCHOGI 2apby3a.
** — @pakyin nodpibneno2o HACiHHA 3 po3mipamu yacmurox menute Hixc 0,5 mm.

3 OTpUMaHUX pe3yNbTarTiB, HABEICHUX Y Ta0. 4, MOXXEMO 3pOOUTH BUCHOBOK, 1110 301TBIIICHHS
y CKJIa/Ii KOMIUIEKCHOI (DyHKITIOHAJIbHOI 100aBKH KOMIIOHEHTIB 3 BHCOKUM ITOKa3HHUKOM BOJIOTOYT-
PUMYI0YOI 31aTHOCTI MMPOTHO30BAHO CIIPHSIE 30UTBIIICHHIO IIOTO TIOKA3HUKA 1 JIJISI CYMITIII.
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JU1s BUTOTOBIICHHS! TOCIIAHOTO 3pa3ka MailoHe3y K KOMILJICKCHOT (PyHKIIIOHAJIBHOI 100a-
BKHM 00paHO CyMIIll HA OCHOBI TPOAYKTIB Jb0HY (JIbOH 4) 3 HAWBHUIIUM ITOKa3HUKOM BOJIOTOYT-
pumyrouoi 3gatHocTi (614,9 %). Jlo perentypHOro CKiaay HU3bKOKUPHOTO EMYIIhCIITHOTO MPOo-
nykty BBinuM (%): coHsmHMKOBAa padiHoBaHa Ae3oq0poBaHa omist — 25,0; coma xapyoBa —
0,05; myxop micok — 2,0; cinb moBapeHa — 1,27; kpoxmans 4,15; kcantan — 0,03; koMIIeKkcHa
no6aska JIbon 4 — 8,0; Boga — 59,5. [Iporiec BUTOTOBIIEHHS MailOHE3y BKJIFOYAB HACTYITHI CTaIii:
MPUTOTYBAaHHS KOMIUIEKCHOI (DYHKITIOHATBHOT J00aBKU JIbOH 4 MUISIXOM 3MiITyBaHHS JIBHSIHOT
MaKyxH, OOpoIIHa 1 moapiGHeHoro HaciHHA ((ppakiig 3 po3MipoM YacTUHOK 110 0,5 MM) y CIIiB-
BimHomIeHH1 1:1:0,5 BiamoBinHO; 3MilTyBaHHS (PyHKIIIOHAIBHOI T0OABKH 3 HEBEJIMKOIO KIJIbKI-
CTIO BOJIM i HAOPAKAHHS; IPUTOTYBaHHS KUPOBOI (asy i ii Harpianus 10 60-65 °C; npurory-
BaHHA BOAHOI (asm i i HarpiBamHsa 10 60-65°C; 3mimryBamHs BomHOI i *upoBoi (a3;
eMyINIbI'yBaHHS 1 romoreHizamis. OTpUMaHUN NPOAYKT 3a TMOKA3HUKOM CTIHKOCTI €MyIbCil
(97,2 %), sky BU3HAuUaau 3a CTaHAApPTHOW Metomukoro [17], Bimmomimae Bumoram JICTY
4487:2015 Maiione3u Ta MaliOHE3HI COycH. 3arajabHi TEXHIYHI YMOBH.

BucnoBku. Ha mifgcraBi mpoBeneHUX MOCTIHKCHh BU3HAUYCHI TTOKA3HUKH BOJIOTOYTPUMY-
10401 3IaTHOCT1 MaKyXH, OOpOIIIHa 1 oapiOHEeHOro HAaCiHH ((paKiis 3 PO3MIpOM YaCTHHOK 10
0,5 MM) ThOHY, KyHXXYTY 1 rapOy3a. [IJisi BKa3aHUX TPy MPOIYKTIB 3 Pi3HOT CHPOBHHH BCTAHO-
BJICHO, 110 HAWMEHIIINM ITOKa3HHUKOM BOJIOTOYTPUMYIOUO1 31aTHOCTI XapaKTepU3y€EThCS TIOAPI-
Oonene HaciHHA. J[ns HaciHHS rapOysa mei mokazHuk jnopiBHioe 104,7 %, 1y KyHXYyTHOTO —
147,2 % 1 pns npHsiHOTO — 255,5 %. Taki pe3ynbTaté MOKHA TOSICHUTH BUCOKUM BMICTOM y
ckJyai HaciHHS )upiB 49,5, 48,7 1 42,2 % BiANOBIAHO, TOAl SIK OOPOITHO W MaKyXa MICTATH
OBy KUIBKICTB O1IKIB 1 ByriieBoziB. HaiiBuII MOKa3HUKN BOJIOTOyTPUMYIOUOT 31aTHOCTI Xa-
paKTepHI ISl MaKyXH, sIKy OTPUMYIOTH ITICIIS BIUTYYSHHS 3 HACIHHS OJIii METOIOM TIpeCyBaHHS
1 BIATIOBIHO BMICT )KHPY B HbOMY TOPIBHIHO 3 HACIHHAM Habararo MeHIui. Cepen pi3HUX 32
CKJIa/IOM KOMIUIEKCIB 3 OTHOTUITHOT CUPOBUHU, HAMBHILA 3aTHICTh YTPUMYBAaTH BOJIOTY Xapa-
KTEpHA JUIs JIbHSHOI CyMilli 31 CIiBBITHOIIIEHHSM MaKyxH, O0poIHa i 1pioHoi ¢ppakuii HaciHHA
1:1:0,5 BinnmosinHo. [TokazHUK cTiiKOCTI emynbcii 97,2 % miaTBepmkye eEeKTUBHICTD Ail 00-
paHOTrO 3TryIlyBaya.
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RESEARCH OF THE PROPERTIES OF FUNCTIONAL ADDITIVES
OF PLANT ORIGIN FOR MAYONNAISE PRODUCTS

Mayonnaise and mayonnaise sauces hold a significant place in the diet of a modern person. Their production volume world-
wide has a constant tendency to increase. The product range is expanding, considering the modern trends in healthy nutrition.
Consumer demand for mayonnaise products with low fat content, free from animal-derived ingredients, enriched with vitamins,
trace elements, and dietary fibers, necessitates the search for new functional additives and the study of their technological prop-
erties. The article presents the results of a study on the properties of vegetable fiber (cake), different fractions of crushed seeds and
Sflour of flax, sesame, pumpkin, and their mixtures. A comprehensive thickener based on flax products is proposed.

The use of plant-based functional additives in the production of low-fat mayonnaise and mayonnaise sauces allows for
the enrichment of these products with a complex of beneficial nutrients and dietary fibers while contributing to the formation
of a stable emulsion product.

When developing recipes for water-fat emulsion products with a significant proportion of the water phase, it is necessary
to consider the properties of the components, their influence on the quality of mayonnaise, and possible changes in properties
during the production process. An important technological characteristic of special functional additives in low-fat mayonnaise
products is their ability to retain water, thereby regulating the viscosity and consistency of the final product.

Analysis of research and publications has shown that considerable attention is given to expanding the range of functional
mayonnaise products (including dietary, vegan, and enriched with beneficial nutrients). Starches, pectins, microbial polysac-
charides, a wide range of E-additives obtained from algae and tree resin are suggested as rheological additives in low-fat
mayonnaise and mayonnaise sauces. Flour, cake, meal, and protein isolates obtained from them serve as effective thickeners.

The aim of the article is to study the properties of both individual types of plant-based functional additives and their
mixtures, as well as to establish the possibility of regulating a parameter such as moisture-retaining capacity for mixtures
containing the same type of raw materials, including cake, flour, and crushed seeds in different ratios.

The moisture-retaining capacity of the studied samples was determined using the centrifugation method. The highest
moisture-retaining capacity is observed in flax seed cake (806.2%), while crushed pumpkin seeds show the lowest capacity
(104.7%) due to their high fat content. The possibility of adjusting the moisture-retaining capacity parameter of mixtures of
cake, flour, and crushed seeds by varying the amount of individual components in complex additives for low-fat mayonnaise
was studied. A proposed recipe for eggless mayonnaise utilizes a complex based on flax products with a ratio of flax cake, flour,
and crushed seeds (fraction with particle size up to 0.5 mm) of 1.:1:0.5, respectively. For the produced mayonnaise with 25 %

fat content and the complex functional additive, the emulsion stability indicator was determined, meeting the requirements of
the relevant Ukrainian standards for mayonnaises and mayonnaise sauces.

Keywords: mayonnaise products; seed; cellulose; cake; properties; moisture retention capacity.
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TEXHOJIOT'ISI OTPUMAHHSI OJIIE-ITIPSTHUX CYMIIIENR

OO0HUM 13 KIOUOBUX HANPAMIE POOOMU € CMBOPEHHS NPOOYKMY, 30AN1AHCOBAHO20 3A JICUPHOKUCTIOMHUM CKAAOOM ma 3064a-
2ayeno2o Oiono2iYHO AKMUBHUMU PEHOBUHAMU, SIKI NPOAGIAIOMb 00HOYACHO AHMUOKCUOAHMHY MAd AHMUOIOMUYHY 61acmu-
8iCMb, NPUEMHUM 34 CMAKO-APOMATNUYHUMY BIACIMUBOCNAMU MA 3 NOOOBIHCEHUM MepMiHOM 30epicanHsl.

Excnepumenmanvno niomeeposceno nokazHuKy AKOCmMi 00CAiOHUX 3pA3KIE ONlil, O0CNIOHCEHO HCUPHO-KUCTOMHULL CKAAO
xpomamozpagiunum memooom. Pospobneno kynaoic oniti 3a cniggionowennsm ITH)KK ma MH)XK ma cencoprnum ananizom iz
ckaaoom. Jocnioxceno XiMiuHull CKAao npaHowis, a came 8Micm Kapomunoiois, epipuux oniti ma nonigpenonvux cnoayx. O6-
PaHO KOMRO3uYito npaHowie. Po3pobineno cnocib o0epacanta onic-npsamoi cymiuti Memooom 6aKyyMHO20 eKCIMpazy8anHs.

Knrwuoei cnosa: onii; npanowi, Kynasic, KOMRO3uyis, Xpomamozpagis, ekcmpazy8ants, 6ion02iuHa YiHHiCMb.

Puc.: 4. Tabn.: 14. bion.: 17.

AKTYyaJbHICTH TeMU H0cJiaKeHHs1. Oie-TIpsiHI CyMiITi MalOTh MTOTEHITiaM J1JIsI CTBOPEHHS
HOBHX (DYHKLIOHAJBHUX Xap4yOBUX MPOIYKTIB 13 MOKPAIEHUMH BIACTUBOCTAMHU, TAKUMH SIK
AHTUOKCHJIAHTHA aKTHUBHICTh, aHTUOAKTEpialIbHA JTisl, TiABUIIIEHA CTIUNKICTh 10 OKWUCHEHHS, 30a-
JAHCOBAHICTH 32 KUPHOKHUCIOTHUM CKJIAJOM 1 T. iH. Lle 0co011BO Ba)IIMBO B KOHTEKCTI 310pO-
BOTO XapuyyBaHHS Ta MOMYJSIpU3aIlii MPUPOIHUX IHTPEMi€HTIB. Taki CyMillli MOXYTh BUKOPHC-
TOBYBATHUCS SIK N0OABKU O PI3HUX CTpaB, COYCiB, JIECEpPTiB Ta IHIIMX NPOAYKTiB. Po3poOka
HOBHUX TEXHOJIOT1H OTpUMaHHS TaKUX CyMIIIEH 103BOJISIE POLIMPUTH ACOPTUMEHT TOTOBHUX
IPOIYKTIB HA PUHKY.

ITocTanoBka mpo6aeMu. OTHUM 13 CydaCHUX HANPSMKIB JIJIS ITiIBUIIICHHS SIKOCTI OJIIAHO-
KHUPOBOI MPOAYKLIi € CTBOPEHHSI KOMIIO3MLIN OJIif, SIKI ONTHUMIi30BaHi 3a >KUPHOKUCIOTHUM
cky1aoM. Taki KOMITO3HIIIT O po3pOOIISIFOTECS 3 METOIO BIJINMOBIIaTH BUMOTAaM Ta PEKOMEH-
JaIfisiM TI€TOJIOTIB MIOA0 CKIaay iaeansHoro xupy [1, c. 210-212].

3a oCcTaHHI AECATUIITTS CTaJIa aKTyaIbHOIO TIpo0sieMa Oe3MeKH XapuoBOi MPOAYKITii, TTOB'-
s3aHa 3 YTBOPEHHSIM TOKCHYHUX PEYOBHH ITiJ] YaC OKUCHUX MPOIIECIB B OJITHO-)KUPOBIH Mpo-
nykiii. JIns 3ano6iranHs abo CIOBUTBHEHHSI ITUX MPOIIECiB BUKOPUCTOBYIOTh aHTHOKCHIAHTH,
MEPEBAKHO MPUPOTHOTO MOXOKEHHSI. POCIIMHHI €KCTPaKTH MPSHOIIIB € TOTYXKHUM J[KEPEIOM
3aXUCTY, OCKUIBKU MICTATh B COO1 TPUPOAHI aHTHOKCHIAHTH [2, ¢. 213].

[Tpotarom ocranHix 20 pokiB 3HaYHA yBara CBiTOBOI HAayKH 30CepeKeHa Ha JIOCIiHKEH-
HSX OJIIMHOT €KCTPAKIIIi MPUPOIHUX JIKEPETT aHTUOKCUIAHTIB [ 3, ¢. 9]. [loTeHmian npstHuX oiii-
HUX €KCTPAKTIB JOCUTh BUCOKHH, OCKIJIBKH POCIMHHI 011 371aTHI BUOipKOBO ekcTparyBatu bAP
Mo UIEHOT MPUPOJIH, SIKI TIPOSBISIOTh HE TIIbKM aHTHOKCHUIAHTHUN 3aXHCT, a ¥ MOTYXHY
0310pOBYY [Iit0. TakuM 4WHOM, pO3pOOKa KOMIO3HIIN OJIilf 3 ONTUMI30BAHUM CKJIaJIOM, a Ta-
KO BUKOPHUCTAHHS MPUPOAHUX MPSHUX OJIHHUX EKCTPAKTIB K aHTHOKCHUIAHTIB, MA€ BEJMKE
3HAYEHHS JJIs IOKPAICHHS SIKOCTI OJIiHHO-)KHPOBOI MPOAYKLii Ta 3abe3rneueHHs Oe3neku xap-
YOBUX MPOAYKTIB.

AHaJIi3 OCTaHHIX J0CTiIKeHb i myOaikaniil. AHani3 HasBHOT HayKOBO-TEXHIYHOI Ta ma-
TEHTHOI 1H(opMaIlii mokaszas, Mo Po3podka (Pi3UKO-XIMIYHHX 1 TEXHOJIOTTYHHX OCHOB OTPH-
MaHHS 3MIIIaHUX padiHOBaHUX 1 HepadiHOBAHUX POCIUHHUX OJIiH 3 ONTUMAILHUM 200 TOJII-
IIEHUM CKJIAJIOM >KUPHUX KHUCIIOT € aKTyaJbHOIO [4, ¢. 64-67; 5, ¢. 93-97; 6, c.1-3; 7, c. 106; 8,
c. 123-124; 9, c. 224-226].

JI71st IpUTrOoTYBaHHS OJIHHO-TIPSHUX CyMIIIeH BUKOPUCTOBYIOTh Tapsdy €KCTPAKIIO MLUIKO
NoAPIOHEHOro MaTepialy 3 YaCTKOBUM HOro mifirpiBanusM 3a remmneparyp 80-90 °C 3 nmonanb-
[ITUM TIEPEMIITYBaHHIM 1 HACTOIOBaHHAM [9, ¢. 226-231].

© Anpona OuepetHa, Haramist @pososa, 2023
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[TpoBoAsATHCA TOCTIIKEHHS XOJIOAHOI EKCTPAKIIi 32 KOO XOJIOAHOI0 OMIMHOIO CYMIIIIIIIO
00pobisieThes miAIrpiTHA Marepiai. Lle 103BONUTE MOTOBKUTH TEPMiH 30€piraHHs MPOAYKTY
[10, c. 96-101]. ITopsix 31 3rafaHUMK BHINE TPAAULIKHAUMU METOAAMH Ha CHOTOJIHI 3 METOIO
CKOPOUEHHSI TPUBAJIOCTI MPOLIECY, 3SMEHIIICHHS BUTPATH €KCTPAreHTa Ta IMiIBUIIEHHS SIKOCTI Ki-
HIIEBOTO MPOAYKTY B HAIlliif KpaiHi Ta 32 KOPAOHOM HaOyBalOTh MOIIMPEHHS 1HHOBAIIIHI Me-
TOJIM €KCTparyBaHHsI, BKJIIOYAIOUN YIBTPA3BYKOBY Ta MIKPOXBHJIbOBY eKcTpakiito[11, c. 813—
835], excTparyBaHHs B MIEPETPITIM PiAMHI 1] BUCOKUM TUCKOM [12, ¢. 211-219], Ta iHmIi, sKi
HaBeJIeH] y BEIMKIilM KiIKOCTI HayKOBMX MyOITiKaiii. [ pyHTOBHMI OIS/ CydacHMX iHHOBALIil-
HUX METOIB €KCTparyBaHHs MICTUThCS B pooOoTi [13, c. 58-196, 231-275].

BunaisieHHs1 HeqOCTiKeHNX YACTHH 3arajbHoi mpoduaemu. [IpoBenennii anasiz ocTaH-
HiX JIOCII/DKEHb 1 MyOmiKalii mokas3as, 10 Crioci0 BUpOOHMIITBA MIPSIHOT CaIaTHOI OJlii BKITIOYa€e
HOTIEpEHE MiAIrpiBaHHs KyMaxy OJil 3 MpsSHOILIaMU, IPU IIbOMY BiOyBa€ThCS TPUBAIUI KOH-
TaKT OJii 3 MOBITPSM, 110 MOXE MPU3BECTHU 0 11 IIBUAKOTO OKUCHEHHSI.

MeTo10 CTaTTi € CTBOPEHHSI KyITa)KOBAHOI CaJIaTHOT 0111 3 MPSHOIIAMHU CIIOCOOOM BaKyyM-
HOTO €KCTparyBaHHs, sika 0 Oysa 30aiaHcOBaHa 3a JKUPHOKUCIOTHUM CKJIQZOM, MaJjla BUCOKI
AHTHOKCHJIAaHTHI BJIACTUBOCTI, IPUEMHA 32 CMAKO-apOMAaTUYHUMU BIIACTUBOCTSMHU Ta 3 MOJOB-
JKEHUM TEPMIHOM 30epiraHHsI.

Buxiaan ocHoBHoOro marepiaJy. /s cTBOpeHHs Kymaxy Oys10 oOpaHO Taki OJIii: BUCOKO-
0JIETHOBA COHSIITHUKOBA OJisl TIEPIIOTO XOJIOMHOTO BIKUMY TOproBoi mapku «ABICy» (Co-
HamBO), onis kymwkyTHa padinoBana TOB «Apo3za» (KywxkO), omii prkiro mepuoro Xojao-
Horo Bipkumy kommanii OOO «bio Ecnpi, Ykpaina» (PuxO).

VY 1abmn. 1 12 HagaHo OpraHoJIeNTHYHI, (PI3UKO-XIMIUH1 MOKa3HUKH JTOCIIIHUX 3pa3KiB OJIiH.

Tabnuys 1 — Opeanonenmuyri NOKA3HUKY OOCTIOHUX 3PA3KIB OJlill

MIIIIOK

oK abo ocanay

0e3 Oynb-IKNX BUANMHUX JIOMi-

Haiimenysanus (ConstmBO) (KynxO) (PuxO)
TMOKAa3HHUKA
IIpo3opicTh IIpo3opa, 6e3 cTOpoHHIX J0- | BUCOKa CTymiHb mpo3opocTi | [Ipo3opa, 6e3 ocamy

Cwmak, 3amax

MpUTaMaHHUK Ol COHSAII-
HUKOBIli 0€3 CTOPOHHBOTO

NPUCMaKy Ta TipKOTH

CMak Ta 3amax HEeWTpaabHHMA
13 JIETKOIO TOPIXOBOIO HOTKOIO

CMak HEeHTpabHUH 3 JISTKUMHU
HOTKAMH COJIOJIKOCTI.
NPUEMHUHA 1 JISTKHH 3 HIX-
HUMU TPaB’THUMHU HOTKAMHU

3anax

Kouip

CBITIIO-)KOBTHH

CBITIIO-)KOBTHI

SIHTapHO-)KOBTUH

Tabnuys 2 — Di3uxo-xXiMiuHi NOKA3HUKY OOCTIOHUX 3PA3KIE OJlill

HaiivenyBannsi | Kuciorne uncio, | Ilepoxcuane uncio,1/2 | Moane uncio, % Bignocna
oJiid mr KOH/r O MMoJIB/KT I TYCTHHA, I/cM?
(ConstmBO) 0,3+ 0,01 1,1+0,05 12546,25 0,920+0,02
(KynxO) 0,1+0,01 1,6+0,08 112+5,60 0,925 +0,02
(Pux0O) 0,7+0,03 1,6+0,08 141£7,05 0,915+0,02

BuBuenns xupHokucnotHoro ckianay (JKKC) mocmigaux omniid 3aiiiCHIOBaIN ra30Xpoma-
TorpaiyHIM METO/IOM Ha razoBomy xpomarorpadi Xpomarek-Kpucran 5000 3 BukopucTanus
kosioHkH HP-88 100m*0.25mm™*0.20mkm. ¥ Tta6u. 3 HaBeneno pe3ynbratu gociipkens JKKC
00paHuX 3pa3KiB oJIii.

Tabnuys 3 — Pezynomamu ananizy KKC oocnionux 3paskis oaiti

Kupni knuciorn Buiicr, %
(ConssmuBO) (Kyn:xO) (PuxQ)
1 2 3 4
C16:0IManpMiTHHOBA 5,09 9,95 5,83
C18:0 CreapuHoBa 3,01 4,94 2,69
C18:10n¢eiHoBa 7791 39,94 19,83
C18:2 JlinoneBa 12,04 41,37 22,82
C18:3 JlinoneHosa 0,27 0,36 31,47
C20:0 ApaxiHoBa 0,22 0,58 1,09
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3akiHueHHs Ta0i. 3

1 2 3 4
C20:1 Eiiko3zaHoBa - 0,26 9,92
C20:2Eiiko3aaieHOBa - - 1,15
C20:5Ei#iko30neHTaHOBa - - 0,64
C22:0 berenona 1,04 0,16 0,43
C22:1 EpykoBa - - 2,61
C22:2 JToko3aaieHOBa - 0,13 0,20

Cknax oniii 3a BMICTOM CyMH JKMPHHX KHCJIOT, 30KpeMa IOJIIHEHACUYCHHUX >KUPHUX
(ITHXXK), mononenacuyennx (MHX), nacuuenux HXKK naBeneno B tadim. 4.

Tabnuys 4 — Cknao oniti 3a 6MICIMOM CYMU HCUPHUX KUCTIOM

Ha3ssa ouii > HXKK SMHXK | YITHXK
BrcokooJieiHOBa COHAITHUKOBA OJIisl IIEPIIOTO XOJ0THOTO BiIKUMY 9,36 77,91 12,31
Outist pHKIIO TIEPIIOTO XOJIOAHOTO BIIKHMY 8,95 22,54 67,29
Outist KyH)KyTHA padiHoBaHA 15,05 39,94 42,70

3a JaHUMU )KUPHOKUCIIOTHOTO CKJIAAy JOCIITHHUX OMii Ta GopMyau MaTepialbHOTo Oasa-
HCY aBTOMaTH4YHO OmpaiboBaHo 64 Bapiantu MoaenbHuX cyMimed(MC)- kymax odiif 3a BcTa-
HOBJIEHUM CKJIaioM kupHUX KUciIoT(XKK). 3a pekoMeH10BaHUMH CITiBBITHOIICHHSIMH €CEHITi-
anbHuX JXKK o6pano 4 Bapianta mozaenbHoi cymimi (MC), Haif011b11 HAOIKEHHUX 10 (HOpMyIn

17IeaIbHOTO JKUPY:

MC Ne 1 — 50 % ConsstuBO, 30 % PuxO, 20 % KynxO;

MC Ne 2 — 25 % ConsstuBO, 50 % PuxO, 25 % KynxO;

MC Ne 3 —40 % ConsmuBO, 40 % PuxO ta 20 % KynxO;

MC Ne 4 — 60 % ConsamBO, 30 % PuxO Tta 10 % KynxO.

Jlst oOpaHuX KOMOiHAIlIA MPOBOIUIUCH PO3PAXYHKH KUPOKUCIOTHOTO CKJIAAy 3 ypaxy-
BaHH;IM OOpaHUX CITiBBITHOIICHD OJIii B iX ckiaji. Po3paxyHKu MpoBeaeHO 3a TOTIOMOTOI0 pO-
3po0JIeHOi METOIMKM Ha OCHOBI JIIHIHHOTO MporpaMyBaHHA B makeTi nmporpam MatCad [15].
Po3paxyHOK BMICTYy KUpOBHX KOMIOHEHTIB B 00panux MC HaBeneHO B Ta0. 5.

Tabnuys 5 — Pospaxynok emicmy dicupogux komnonenmis 6 oopanux MC

MC Ne 1- 50 % Co- MC Ne 2 —25 % Co- MC Ne 3 -40 % Co- MC Ne 4 -6 0% Co-
uamBO, 30 % PuwxO, | wamBO, 50 % PwxO, | wamBO, 40 % PuxO HamBO, 30 % PuwxO
20% KymxO 25 % KynxO ta 20 % KymxO ta 10 % KymxO
2,5:1,5:1 1:2:1 2:2:1 1:1,5:2,5
>HXK 10,37 10,57 10,33 10,85
> MHXXK 53,70 40,73 48,15 38,83
S TIHXK 34,88 47,39 40,37 48,91

CriBBiTHOIIEHHS KUPHUX KUCIIOT 32 PEKOMEHIOBAHNMH TTOKa3HUKaMH 01010T19HOT edek-
THBHOCTI HaBeneHo B Tadi1. 6-9.
3a peKOMEHJAIsIMH JIIE€TOJIOTIB BIAMOBIAHO (OPMYJi 1A€aJbHOrO KHUpPY, 30KpeMma:

SITHXK:ZHXKK — 1:3; > TTHXKK:> MHXKK — 1:6; > HXKK:Y> MHXK — 1:2 [16; 17].

MC Ne 1 - 50 % CousmBO, 30 % PuxO, 20 % KynxO (Tatdmn. 6).

Tabnuysa 6 — Cnig8iOHOUIEHHA HCUPHUX KUCIOM 34 PEKOMEHO0B8AHUMU NOKA3HUKAMU 0i0-

noeiunoi eghekmuenocmi MC Ne 1

KoHTpoub(3a (pOpMYIIO0 ifeanbHoro Xupy) | PesynpraT
STTHXK:XHXXK
1:3 | 34,88:10,37=3,3:1
S TIHXKK: Y MHXK
1:6 | 34,88: 53,70 =1:1,5
> HXK: Y MHXK
1:2 | 10,32: 53,70 = 1:5

MC Ne 2 — 25 % CousamBO, 50 % PuxO, 25 % KyunxO (tabmn. 7).
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Tabnuysa 7 — CnigBiOHOUIEHHA HCUPHUX KUCIOM 34 PEKOMEHO0BAHUMU NOKA3HUKAMU 0i0-
noeiunoi egpexkmusrnocmi MC Ne 2

KonTpoabs(3a popmynomw ineaabHOro :Kupy) | OOpanmnii BapianT cyminni
SITHXKK:XHXK
1:3 | 47,39:10,57 = 4,4:1
> TIHXK:> MHXK
1:6 | 47,39:40,73 =1,2 :1
> HXKK: > MHXKK
122 | 10,57:40,73=1:3.8

MC Ne 3 — 40 % CounsmBO, 40 % PuxO Tta 20 % Kyn:xO (tab. 8).

Tabnuysa 8 — CnigBiOHOUWIEHHA HCUPHUX KUCIOM 34 PEKOMEHO0B8AHUMU NOKA3HUKAMU 0i0-
noeiunoi egpexkmusrnocmi MC Ne |

KonTpoabs(3a ¢popmynor ineaabHOro :kupy) | OOpannii BapiaHT cyminni
SITHKK:ZHKK
1:3 | 40,37: 10,33 =3,9:1
SITHKK:Y MHKK
1:6 | 40,37:48,15= 1:1,2
YHKK:YMHKK
1:2 | 10,33: 48,15= 1:4,7

MC Ne 4 — 60 % CousmBO, 30% PuxO ta 10%- kyHxyTHOT 0111 Ta01.9

Tabnuyss 9 — Cni@BiOHOWIEHHS. HCUPHUX KUCTOM 30 PEKOMEHOOBAHUMU NOKAZHUKAMU
bionozciunoi ecpexmusnocmi MC Ne [

KonTpomnb(3a popmymor i1earbHOro OOpanwuii BapiaHT cyminii
KHPY)
YITHXK:XHXXK
1:3 | 48,91 :10,85=4,5:1
> TTHXKK: Y MHXK
1:6 | 48,91: 38,83=1,2:1
> HXKK:Y> MHXK
1:2 | 10,85: 38,83=1:3,6

[TpoBenenuii po3paxyHok 3pa3zkiB MC Ta MOpIBHSHHS pe3yJbTaTiB 3a (popMyJIor0 ieas-
HOT'0 XKHPY IoKa3aB, 1o 3pa3ku MC Ne 2, 3 ta 4 HalOmk4i 10 GOpMyITH iaeanbHOro Xupy. s
MOAJIBIINX TOCIIIKEHB Oy110 00pano nBa Haikparux 3pazku MC, e MC Ne 2 1 MC Ne 4,

OcrtaToyHuii BapiaHT KynaxiB JOCIITHUX OJIii 3aifiCHIOBaIM 32 BMicTOM Bitaminy E. Pe-

3yJbTaTH HaBeeH1 B Tabm. 10.

Tabnuys 10 — Buicm gimaminy E 6 MoOenvHUX 3pazkax Kynaxicy

MC Bwict BiT. E
Ne 2 51,63 + 5,61
Ne 4 50,45 +3,12

Otxe, Halikpamuii 3a BMicToM BiTaMiny E € 3pazox MC Ne 2.

Pe3ynbraTtu ceHcopHOTO OIiHIOBaHHS 3pa3KiB Kymnaxy oiiii Ne 2 Ta Ne 4 mpoBeneHuii 3a 5-
OaJIbHUM OIIHIOBaHHSM 3acBiguniy, mo MC Ne 2 3 komno3uiiero Kynaxy omii (25+2) % co-
HAIHUKOBOI odii, (50£2) % omii puxito Ta (25+2) % kymxyTtHOi omii (1:2:1); Mae HalOLIbITY
3araJibHy KUTBKICTB JIETYCTalliiHUX OalliB, MPHUEMHUI CMakK Ta 3arax.
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ba3oBUM KOMIIOHEHTOM KyTIa)KOBaHOI OJIii 0OpaHO OJiI0 PUXKIIO MEPIIOro XOJOAHOTO Bi-
JOKUMY, OCKIJTBKH BOHA Ma€ B CBOEMY CKJIaJl 3HAUYHY KUIBKICTB JIIHOJIEHOBOI KUCIOTH ®-3. Lle
JIaJI0 MOXIIUBICTh OTpUMaTH 30anmancoBanuii 3a ckiaaom [THXKK -3 Tta 0-6 rpyn Kymax.

OO6panwnii kynax oiiid (3pa3okMCNe2) mocipKyBau 3a )KUPHOKUCIOTHAM CKJIaJIOM pHcC. |

el

E.'-P,J_ I,omB g THA-1 Fip=ras | sein = -
&0 : KoenmcHesT 4 E
% 5 B
-=0 :_|_; :v:a _ "I
s c i E
2 i 2 5
-0 |I | = E'T-l.
- 5 :I i :“3 i lI-
Eon | |"| ll'
; ; 22 3 2 35 6 i 23 9w
Puc. 1. Xpomamoepama KKC xynasicosanoi onii (3pazox MC Ne 2)
KommoHeHnTHuMIA cKia Kymaxy oJjii HaBeneHo B Taou. 11.
Tabnuys 11 — Komnonenmuutl ckiao Kynajico8anoi oii
Ne n/m Yac, xB ZKupHa kucjaora Bwmict, %
1 22.112 C16:0 ITageMiTHHOBA 6.494
2 25.368 C18:0 CreapunoBa 3.806
3 26.328 C18:1 [1muc-9] OneinoBa 43935
4 27.672 C18:2[1uc-9,12] JlinoneBa 22.315
5 28.383 C20:0 ApaxiHoBa 0.856
6 29.199 C20:1 (1mmuc-11) Eiiko3aHoBa 9.675
7 29.262 C18:3[1mc-9,12,15] JlinoneHnosa 10.541

3a pe3ynapraTaMu JOCIiIKeHb, )KUPHOKUCIOTHUN CKJIaJ] CTBOPEHOI KyIa)KOBaHOi OJIii Mic-
TUTh B CBOEMY CKJIQJi 7 KUPHUX KHUCJIOT. 3 HUX HEHACHUYCHHX JKUPHHUX KHCIIOT: OJETHOBOI —
43,9 %; ninoneBoi — 22,3 %; mironernoBoi kuciot — 10,5 %, ToO6To cymapHUil BMiCT HEHACHYe-
HUX JKUPHHMX KHCJIOT y KynaxoBaHid omii — (76,7+2,0) %, 3 HUX NONIHEHACHUYEHUX —
(32,8+1,5) % mpu ciBBigHOMIEHHI ©-6:0-3 = 2:1, 110 BiAnoBigae GopMyIi i1€aqbHOTO KUPY.

KymasxoBaHa 0J1is1 BAKOPUCTOBYETBCS JIsl BAKYYMHOI €KCTPaKIlii KOMOiHAIIIT TPSTHOIIIB.

3pa3ku 0OpaHHUX MPSHOILIB, & caMe, HACIHHS I'BO3UKHU, HACIHHS KOpiaHpY, CYLBITTS yK-
pomy, TUCTS IIaBITI1 JIIKAPCHKOT, TOCTIKYBaIH HAa BMICT KApOTHHOIIB, €(ipHUX OJII Ta IMOJTi-
(eHONBHUX CHOMYK.

Pe3ynbratn BU3HaYEHHS BMICTY MOJI()EHONBHUX CIOJIYK, KAPOTHHOIIB, €(ipHOiI Ofii y
3pa3Kax MpsIHOIIIB HaBeIeHO B Ta0m. 12.

Tabnuys 12 — Buicm BAP, % 3paskie npanowie

Ipsaxomi HonidenonsHi cnoaykn Kaporunoinn EdipHna onis
Hacinns reo3guku 6,32+ 0,16 1,5 +0,018 18,1+0,038
Haciuns kopiasapy 1,8 £0,13 0,8 +0,023 1,6+£0,035
CyusiTTs yKpoIy 18 £0,08 12 £0,002 4,0+0,003
[asmist 5,2 £0,07 0,6 0,002 2,3+0,003

31 3pa3kiB 00paHUX TMPSHOIIIB HAWOLIbIA KUIBKICTh €ipHOi OJiii MICTHTHCS y HACIHHI
I'BO3JUII, 10 CTaHOBUTH 18,1 %, BMICT KapOTHHOIAIB Ta MONi(h)eHOTBHUX CIIOJYK HAWBUIIUN Y
CYLBITTSIX YKPOIY, 10 CTaHOBUTH 12 Ta 18 % BiAMOBIIHO.
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HayxoBuii mouryk mpoBOIMIIHN 3a yyacTi MoaeabHUX koMmo3uiii (MK), siki cTBoproBasucs
BIJIMOBIAHO 710 MOCTaBJICHUX 3aBaaHb. J{o ckinaxy MK Bxonusao yoTupu npsHOIII — JIUCTS 1Ia-
BJII1 JIIKApCHKOI , HACIHHS TBO3AMKH, HACIHHS KOpIaHAPY Ta CyXe CYIBITTS YKPOITy Yy 3pa3Kax
PI3HUX KOMOITHAITISX.

Jlnst 06paHHS OCTATOUHOTO BapiaHTy KOMIO3HIIT IPSHOIIIB IS OJi€-IPSHOI CyMillli BUKO-
PYCTOBYBAJIM BU3HAYEHUH eKCcIIepuMeHTabHO BMICT BAP y ckiazni npsiHocTi. BignmosigHo 3a-
BJIAHHIO TIPOBOIMJIM MaTeMaTH4YHI PO3paxyHKH 3a MaTepialbHOTO OallaHCy 3a KIJTBKICTIO MOJIi-
(deHoniB, KApOTUHOIAIB Ta ePipHUX OMii Y 3aIPOIIOHOBAHUX MOAENbHUX Kommosulisax (MK).
3okpema:

MK Ne 1 — 25 % maBmnii, 25 % nHaciHHs TBO3AMKH, 25 % HaciHHA KopiaHapy Ta 25% cyu-
BiTTsa yKpomy (1:1:1:1);

MK Ne 2 — 17 % masmnii, 17 % HaciaHs rBo3nuku, 33 % HacinHs kopianapy ta 33% cyi-
BiTTA yKpomy (1:1:2:2) ;

MK Ne 3 — 33 % manmnii, 33 % HaciHHs rBo3nukH, 17 % HacinHs xopianapy ta 17% cyu-
BITTA yKpomy (2:2:1:1);

MK Ne 4 — 8,5 % masnii, 36 % HaciHHs TBO3AMKH, 36 % HaciHHs KopiaHapy Ta 9,5 % cy-
uBiTTS yKpormy (1:2:2:0,5).

Po3paxynox Bmicty BAP B MK Ne 1

> nomidenonis = ((5,2*25 %)+(6,32*25 %) + (1,8%25 %) + (18 *25 %))/100 % = 7,83 %;

Y edipaux omiit = ((2,3*25 %)+(18,1*25 %) + (1,6%25 %) + (4,0 *25 %))/100 % = 6,5 %;

> kapotunoinis = ((0,6*25 %)+(1,5%25 %) + (0,8*25 %) + (12 *25 %))/100 % = 4,35 %.

Pospaxynku Bmicty BAP B MK Ne 2,34 3xiiicHIOBaM 3a CKIIaJICHOI0 CXEMOIO KOMIT FOTePHUX
PpO3paxyHKiB. 3pa3ku KymaxKy IPSTHOIIIB HABEICHO Y BIJICOTKOBUX CIIBBIAHOMICHHSX y Taom. 13.

Tabnuysa 13 — 3pasxu kynasicy npsaHowie

. Homepa 3pa3kiB Kynaxy
Hasea nipsinouis Ne 1 Ne2 Ne3 Ne 4
[Tais 25 17 33 18
Haciuus rBO3auKHn 25 17 33 36
HacinHs kopianapy 25 33 17 36
CynusitTs yKpoIy 25 33 17 9,5

Otpumani nani BMicTy BAP cucremaTn3yBanucs, ompaiboByBaIrcs Ta 0(hOpMITIOBATHCS y

BUTJISA/II TIOPIBHSIBHUX JIiarpam —
— nomi(heHONBHUX CIIONYK (puc. 2);
— eipaux omiii (puc. 3);
— kapotuHoiniB (puc. 4).

BwmicT mostipeHOTBHUX COJYK Y MOJIEJbHUX Kynaskax,%

S = N W A LN O 0 O

3pa3okl

3pa3ok 2

3pa3ok 3

3pa3ok 4

Puc. 2. Ilopisusanvnuil ananiz emicmy noaigheHonIbHUX CROIYK
Y MOOENbHUX KOMNOZUYISAX NPAHOWIE
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3a maHumu puc. 2. MoxHa crioctepirati, mo MK Ne 1 1 2 MicTATh HalOUIBITY KiJIBKICT
nomideHonpbHUX croayk 1e 7,83 1 8,49 % sianosigHo. MK Ne 4 micTuTh HaitMeHIITy KIJTbKICTh
e 5,60 %.

BwmicT eipHux oJ1iii y MogeIbHUX Kynamax
npstHoIiB, %

3pa3ok 1 3pa3ok 2 3pa3ok 3 3pa3ok 4

N W A LU N 9 0 O

o =

Puc. 3. [lopisusanvruti ananiz emicmy eqpipHux ol y MOOEIbHUX KOMNOUYIAX NPAHOWI6

VY pesynbTaTi JOCHiIKeHb HaHOUTBIIMK BMICT edipHHX odii 3Haxomutbes y MK Ne 4
(7,20 %) 1 MK Ne3(6,52 %), 1 naiimeHmnii BMicT BignosigHo y MK Ne 2 (5,32 %).

BwmicT kxapoTuHOifiB y MoaeIbHUX KyNaMax NPsiHOLLIB, %

0 I I I .

3pa3ok 1 3pa3ok 2 3pazok 3 3pa3ok 4

N

w

\S)

—_—

Puc. 4. [lopisuanvruti ananiz emicmy Kapomuroioie y MOOEIbHUX KOMNO3UYIAX NPAHOWIE

3a maHuMu puc. 4 MOXKHA CIIOCTEPIraTH, 10 HaHOUTBIIINI BMICT KAPOTHHOIIB 3HANICHO y
MK Ne 2 (5,06 %), a naitmenmuii Binnosinno y MK Ne 4 (3,0 %).

3riIHO 3 MPOBEACHUMH PO3paxyHKaMHU 3 YOTHPHOX 3pa3KiB HaWKpamuMu BusBrimncs MK
Ne2, 3, 4. YV MK Ne2 BuzHaueHO HalOUIbIIMK BMICT MONI(EHONIB Ta KapOTHUHOINIB, Y
MK Ne 3 — Bucokwmii BMicT nosienomnis i epipaux macen, y MK Ne 4 — Bucokwuii BMicT ehipHUX
Maced, aje HU3bKUN BMICT KapOTHHOIIiB.

O6pamni 3a BMictom BAP MK ortiHoBaIucst AUCKPUTITOPHO-TIPO(DITEHUM aHaTi30M. 3a pe-
3yAbTaTaMy OPTaHOJCNITUYHOI OI[IHKY, HAWKPAITUM BUSBUBCS 3pa3ok Ne 3.

3arasom, KOMITO3HIIis MpstHOMIIB Ne3 3 aBImi€r0, HACIHHSIM TBO3AMKH, HACIHHSIM KOpiaHApY
Ta CYIBITTSM YKPOITYy Ma€ OaraTwii apoMar 3 IpsIHUMH, TPAB'sSTHUMH, IUTPYCOBUMH Ta JIETKUMHU
COJIONKUMH HOTKaMu. Y ckiafl miei kommnosuiii mictuthes: (33+0,5) % manmnii, (33+0,5) %
HaciHHs TBO3MKH, (17+0,5) % Hacinua kopianapy,(17+0,5) % cyusitts ykpomy. Came 1110 KOM-
MO3HIIII0 0OpaHO /I BAKOPUCTAHHS B TEXHOJIOT11 OIE-TIPSHOT CyMIiIIi.

[Is KOMIO3UIIisl MPSHOIIIB MICTHTh €(dipHY OIit0, MONi(EHONBHI CIOIYKH Ta XKUPOPO3-
YUHHI BITaMiHH, SIKi OJTHOYACHO MPOSIBIISIIOTh aHTUOKCUAAHTHY Ta aHTUOIOTHYHY aKTUBHICTb.

Ountie-nipsiHY CyMiIll OZIEP>KYIOTh Y TaKHid CHOCiO:
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PocnunHi onii — pagdiHoBaHy KyH)KYTHY OJIi10, OJIIO PHIKIIO IEPIIOTO XOJIOJHOTO BIIKUMY
Ta OJIiF0 BUCOKOOJICTHOBY COHSIITHMKOBY IEPIIOTO BIJUKMMY Y BUBLIBHSIOTH BiJl TapH, BiAMIps-
I0Th BiATIOBIAHY MPOIOPLIiI0 KOXHOTO BUAY OMii y criBBigHOIIEHH] 1:2:1, 3a11MBaloTh y HaKo-
MAYyBaJIbHY EMHICTB 1 pETEIHHO NepeMilnytoTh. OTHOYACHO TOTYIOTh KYITaK MPSHOIIIB 3 Ia-
BJIii, TBO3AMKH, KOPIaHJIPY 1 HACIHHS KPOMy. 3BAXKYIOTh MEBHY KUIBKICTh HACIHHS KOpiaHApY,
TBO3JIUKH, KPOITY Ta JIUCTS 11aBiii y criBBigHomenH1 1:1:0,5:0,5, moapiOHIOIOTH 10 oep KaHHS
po3mipy yactok 1-2 mm. I1oTiM BBOISTH pelienTypHY CyMilll Y TAKHUX CITIBBIIHOIIECHHSX - KyTTax
pocauHHMX ot 92,0-95,0 mac.%, kynax npsHous 5,0...8,0 mac.% y HakONUYyBaJIbHY €M-
HICTB J10 OJ1ii 3 epeMilllyBaHHAM JONATeBUM 3MilryBadeM. J{aji oo 3 HaKOMMYyBaJbHOI €M-
HOCTI HaNpaBJIsAIOTh HAa BaKyyMHE €KCTparyBaHHs KOMITO3HIIT MPSHOIIIB KyMaXeM Ol MpH
KIMHATHIN TeMIiepaTypi, BaKyyMHE €KCTparyBaHHS MPOBOISITH y JBa €Talld, TPUBAIICTh KOX-
Horo eramy 30-45 c. IlotiMm nmpoBoasTh GUTETpyBaHHsI, hacyBaHHS Ta MOJaJbINe 30epiraHHs B
XONOJMIIbHIN Kamepi 3a MOCTIHHOI TeMnepaTrypu 0e3 MOTparvIsHHs CBiT/a, a YaCTHHA Wae of-
pa3y Ha BUKOPUCTAHHSA Ta peali3alilo.

OTpumaHMii TPOJYKT Ma€ OPraHOJICNITHYHI MMOKa3HUKH, 110 HaBeaeHi y Tabm. 14. Kpim
IIOTO TTPOBOAMIIN (PI3UKO-XIMIUHI, MIKpPOO10JIOTIYHI TTOKA3HUKH MPOIYKTY, Ta KUPHOKHUCIIOT-
HUM CKJIaJ IPOIYKTY.

Tabauys 14 — Opeanorenmuuni NOKAZHUKU ONIE-NPAHOL CyMitui

Ioka3zuuk XapakTepucTHKA
Cmak HixxHuii, npstHUH, BiNMOBIA€ BUTy CHPOBHHH, ITI0 BUKOPUCTOBYETHCS
3amax Hacnyenuii npstuuii i 6araTorpaHHuii 3 HEBEJIIMYKOIO TEPIKYBATICTIO, CBIKICTIO Ta
JITKUMH TpaB’THUMHU apOMaTHUMHU HOTKaMH
Komip SIHTapHO-)KOBTHI
Koncucrenuis OpHopinHa, piaka
30BHINIHIN BUIIISIA OpHopinHa Maca 3 BKpaIyIeHHsIM NPSHOILIB

Ounie-ipsiHA CyMill sIBIIsi€ COO0I0 XapyOBUN MPOAYKT MiABHILEHOI O10JO0TIYHOI I[IHHOCTI,
Mae 30anmancoBanuii ckian [THXKK, cTtabinpHa 10 OKMCHEHHS 32 paXyHOK MPUPOIHUX aHTHOK-
CHUIAHTIB.

Po3pobienuii mpomykT MOXKHA PEKOMEHIYBaTH ISl JTIIOACH 3 MiABUIIICHUM PIBHEM XOJeC-
TEpUHY B KPOBI, /Ul 3ar00iraHHs CeplieBO-CYJMHHUM 3aXBOPIOBAaHHSM, PO3BUTKY aTepOCKIIe-
po3y. CioxuBaHHs po3poOIeHOi OMie-NPAHOI CyMillll pEKOMEHIOBAHO BHKOPUCTOBYBATH JUIS
Pi3HUX BEpCT HACENCHHS y MPOMITaKTUYHUX IJISAX.

Ouie-mipsiHa CyMIlI OTPUMaHa NUISTXOM BaKyyMHOTO €KCTparyBaHHS Ma€ BUCOKHH TEpMiH
30epiraHHs, OCKIJILKH HE KOHTAKTY€ 3 KHCHEM TOBITPSI.

OnTuManpHHNA TEPMiH ii 30epiranHs y IUISAIIKax 3 TEMHOTO CKJIa y 3aTeMHEHOMY TTPUMIIIICHH]
3a Temneparypu (22+2) °C Ta BiIHOCHi# BOIOrOCTi OBITpst 65-75 % cranoButh 11,7 MicsiIiB.

BucHoBku. Po3po0neHo Kynax oiid, skuii 30araHCOBaHMA 32 YKUPHOKHCIOTHUM CKJIaJ0M
Ta BiAnoBinae Gopmyni igeansHoro xupy. CyMapHUi BMICT HEHACHYEHUX KUPHHUX KHCIIOT Y
KynaxoBaHiil omii — (76,7+2,0) %, 3 Hux nonineHacuueHux — (32,8+1,5) % npu cniBBiAHO-
HIeHHI ®-6:0-3 = 2:1.

OO6paHO KOMITO3HUIIIIO MIPSHOIIIIB, SIKa Ma€ OararorpaHHUMN, PSHUM 3 €IEMEHTAMH T1PYUHKH
Ta CBIKOCTI CMaK Ta apoMar.

OneprkaHo oJlie-TIPsIHY CyMIIl CIOCOOOM BaKyyMHOTO eKcTparyBaHHs. Criocid BakyyMHOT
EKCTPAKIIil HOBUIA Ta MIKaBH, OCKITILKU BiH HE 0a3y€ThCs HA CTAHAAPTHUX METOMAX IOBIOTPHU-
BaJI0l BUTPUMKH a00 Mi/IIaBaHHIO IPOAYKTIB TEMIIEPATYPi, TUM CAMHM CKOPOUYIOUH iX TEPMiH
npuaaTHocTi. JlaHuit crocio 3HAYHO MPUIIBHUAIIYE OACPKAHHS OJIi€-TIPSHOT CyMIIlll B MacIITa-
0ax pecTOpaHHOTO BUPOOHHIITBA.

296



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

Cnncoxk BUKOPMCTAHUX JIZKepeJt

1. MarBeera T. B. Kymaxi omiit — mKepesio noiiHeHacHueHuX sxupHuX kuciot / T. B. MarBeesa,
3. I1. ®ensxina / Haykosi npani OneckKkoi HallloHAIBHOT akaZeMii XapuoBUX TeXHONIOTi MiHicTepcTBa
ocBiTH 1 Hayku Ykpaiau. — Onmeca, 2014. — Bum. 46, T. 1. — C. 210-213.

2. Madhavi D. I. Food antioxidants: technological, toxicological and health perspectives food
science and technology / D. I. Madhavi. — New York : CRC Press, 1996. — 664 p.

3. bann0in, C. XapakrepucTka JinigHoi Gppakuii npsHOLIiB ciMelicTBa Apiacea: BIUIUB BUMIIB Ta
metony BuirydeHHst / C. banb6ino // YKypHan npuKIagHuX JOCHIPKEHb TIKAPChKUX 1 apOMaTUYHUX PO-
ciuH. — 2021, — Ne 25. — C. 256.

4. Marseesa T. B. KynaxoBani oiii — npogyktu 3q0poBoro xapuayBanss / T.B. Marseesa // Conduct
of modern science : Materials of the X International scientific and practical conference. — Sheffield:
Science and education LTD, 2014. — Vol. 22. — C. 64-68.

5. Tomuiii O. A. XapakTepucTuKa BiTaMiHI30BaHMX KymaxiB pociuHHHX omiid / O. A. Tomuiii,
€. O. Kotmp, 1. I. Kumienbko // XapuoBa Hayka Ta TexHojoris. — 2014, — Ne 8(6). — C. 93-97.

6. [Tarent 103412 VYkpaina, MIIK (2013.01) A23 D 9/02 C11 B 5/00. Crioci6 BupoOHuIITBa (iTO-
oniitnoro HaniBdadpukary / JI. FO. Apcenbena; B. @. [lonienko, A. B.I'aBpuwr; I. M. JIsBunenp; 3asBHUK
i Bnacauk Ham. yH-T xapu. Texomoriii. Ne a201203487; 3asBm. 23.03.2012; omy6a. 10.10.2013,
bron. Ne 19. - C. 3.

7. Cementok K. M. Oco6arBOCTI BIUIMBY >KHPHOKHCIIOTHOTO CKJIaAy OJIil Ha (Di3MKO-XiMiYHI IOKa-
3HUKHU SKOCTI KynaxiB pocauHHux oiii / K. M. Cementok, O. A. IlItonna // Bicauk JITEY. Texniuni
Hayku. — 2021. — Ne 25. — C. 106-110.

8. [Tokormino O. Kymax osiit 3 migBuiiieauM BMictoM omera-3 ITHXKK / P. XKeb6parpkuii, O. [Toko-
Tiito // CTaH 1 mepcreKkTHBH XapyoBOi HAayKW Ta MPOMHUCIOBOCTI : Te3u Jom. [V MixHap. Hayk.-Tex.
xoH¢ (Tepromins, 11-12 sxoBtHSI 2017 p.). — Tepnomins : THTY, 2017. — C. 123-125.

9. JocmimKeHHs CTablIbHOCTI POCIWHHUX OJIIH Ta 1X KyMMaXKiB i 9ac 06CcMaKyBaHHS KapTOILISA-
Hux yincis / O. A. KoBanenko, B. M. Kosbaca, 1. I. Paasiescrka, b. B. ['pe6ens, B. 10. Haropnwuii //
[IporpecuBHi TeXHiKa Ta TEXHOJIOTIi XapuOBUX BUPOOHHULTB PECTOPAHHOIO TOCTIONAPCTBA 1 TOPTiBIi. —
2016. —Ne 1. — C. 223-231.

10. Canuec-Kamapro A. I1. HoBi MeTonu noOyBaHHS Oi0aKTHMBHHMX CIOJIYK 13 TpaB 1 crelii /
A. I1. Canuec-Kamapro // TpaBu, npsiHOILI Ta JiKapChKi pOCIUHU: NIepepoOKa, KOPUCTH AJIS 300POB’ sl Ta
6e3neka. —2020. — C. 95-128.

11. Chemat F. Applications of ultrasound in food technology: Processing, preservation and
extraction / F. Chemat, M. K. Khan // Ultrason Sonochem. —2011. — Ne 18. — P. 813-835.

12. Benthin B. Pressurized liquid extraction of medicinal plants / B. Benthin, H. Danz,
M. Hamburger // J Chromatogr A. — 1999. — Ne 837(1/2). — P. 211-219.

13. Roctagno M. Natural product extraction: Principles and applications / M. Roctagno, J. Prado //
Royal Society of Chemistry. — Cambridge, UK. 2013. — P. 500.

14. Jeu H. O. TexHos0riuHi OCHOBH BUPOOHUIITBA cajlaTHOI oIil it M'sicaux crpas / H. O. Jlen,
JI. O. Jlamxenko, A. O. [Tonuk // 30ipHUK HAYKOBUX ITPAllb MOJIOJMX BUCHHUX, aCMiPaHTIB Ta CTYICHTIB.
— Opneca : Onecbka HallioHaJbHA aKajeMist Xxap4oBuX TexHouori, 2018. — C. 45-46.

15. Margeea T. B. Maremarnude oOrpyHTyBaHHS CKjaagaHHs cymimeit oiiii / T. B. MarBeesa,
I1. ®. Ilerik, 3. [1. ®enskina // CxigHo-€BpoNEeHCHKUI KypHAI MePeIOBUX TeXHOIOTIH. —2013.— Ne 3/6
(63).— C. 26-28.

16. Cmonsip B. 1. Konnenuist ineansHoro sxupoBoro xapuysanss / B. 1. Cmonsip // IlpoGnemu xap-
gyBaHHA. — 2006. — Ne 4. — C. 14-24

17. IsanoB C. B. TexHomnoris Kyna)xoBaHUX >KHUPiB 30a1aHCOBAHOTO XHUPHOKHCIOTHOTO CKIIAAY :
monorpagis / C. B. Isanos, JI. B. Ilemyk, 1. I. Pag3ieBcbka. — Kuis, 2013. — 210 c.

References
1. Matvieieva, T.V., & Fediakina, Z.P. (2014). Kupazhi olii — dzherelo polinenasychenykh
zhyrnykh kyslot [Blends of oils - a source of polyunsaturated fatty acids]. Naukovi pratsi Odeskoi
natsionalnoi akademii kharchovykh tekhnolohii Ministerstva osvity i nauky Ukrainy — Scientific works
of the Odessa National Academy of Food Technologies of the Ministry of Education and Science of
Ukraine, 46,210-213.

297


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%9672978

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

2. Madhavi, D.I. (1996). Food antioxidants: technological,toxicological and health perspectives
food science and technology. CRC Press.

3. Balbino, Sandra et al. (2021). Kharakterystyka lipidnoi fraktsii prianoshchiv simeistva Apiaceae:
vplyv vydiv ta metodu vyluchennia [Characterization of the lipid fraction of spices of the Apiacea
family: influence of species and extraction method]. Zhurnal prykladnykh doslidzhen likarskykh i
aromatychnykh roslyn — Journal of Applied Research of Medicinal and Aromatic Plants, (25), 256.

4. Matvieieva, T.V. (2014). Kupazhovani olii — produkti zdorovoho kharchuvannia [Blended oils —
healthy food products]. Materials of the X International scientific and practical conference « Conduct
of modern science — 2014», 22, 64—68. Sheftield: Science and education LTD.

5. Topchii, O.A., Kotliar, Y.O., & Kyshenko, L.I. (2014). Kharakterystyka vitaminizovanykh
kupazhiv roslynnykh olii [Topchii Characteristics of vitaminized blends of vegetable oils]. Kharchova
nauka ta tekhnolohiia — Food science and technology, 8(6), 93-97.

6. Arsenieva, L.Iu., Dotsenko, V.F., Havrysh, A.V., & Liavynets, H.M. (2012). Sposib vyrobnytstva
fitooliinoho napivfabrykatu [The method of production of phyto-oil semi-finished products]. Pat. 103412
Ukraina, MPK (2013.01) A23 D 9/02 S11 V 5/00.

7. Semeniuk, K.M., & Shtonda, O.A. (2021). Osoblyvosti vplyvu zhyrnokyslotnoho skladu olii na
fizyko-khimichni pokaznyky yakosti kupazhiv roslynnykh olii [Peculiarities of the influence of the fatty
acid composition of oils on the physico-chemical quality indicators of blends of vegetable oils]. Visnyk
LTEU. Tekhnichni nauky — Visnyk LTEU. Technical sciences, (25), 106-110.

8. Zhebratskyi, R., & Pokotylo, O. (2017). Kupazh olii z pidvyshchenym vmistom omeha-3 PNZhK
[Mixture of oils with an increased content of omega-3 PUFA]. Tezy dopovidei IV Mizhnarodnoi
naukovo-tekhnichnoi konferentsii ,,Stan i perspektyvy kharchovoi nauky ta promyslovosti” — State and
prospects of food science and industry: theses add. IV International science and technology conference
(pp. 123-125).

9. Kovalenko, O.A., Kovbasa, V.M., Radzievska, 1.G., Greben, B.V., & Nagorny, V.Yu. (2016).
Doslidzhennia stabilnosti roslynnykh olii ta yikh kupazhiv pid chas obsmazhuvannia kartoplianykh
chipsiv [Research on the stability of vegetable oils and their blends during frying of potato chips]. Prohre-
syvni tekhnika ta tekhnolohii kharchovykh vyrobnytstv restorannoho hospodarstva i torhivli — Progressive
equipment and technologies of food production, restaurant industry and trade, (1), 223-231.

10. Sanchez-Camargo, Andrea P. et al. (2020). Novi metody dobuvannia bioaktyvnykh spoluk iz
trav i spetsii [New methods for obtaining bioactive herbs from herbs and spices]. Travy, prianoshchi ta
likarski roslyny: pererobka, koryst dlia zdorovia ta bezpeka — Herbs, spices and medicinal herbs:
processing, measles for health and safety (pp. 95-128).

11. Chemat, F., & Khan, M.K. (2011). Applications of ultrasound in food technology: Processing,
preservation and extraction. Ultrason Sonochem, (18), 813-835.

12. Benthin, V., Danz, H., & Hamburger, M. (1999). Pressurized liquid extraction of medicinal
plants. J Chromatogr. A., 837(1/2), 211-219.

13. Roctagno, M., & Prado, J. (2013). Natural product extraction: Principles and applications. Royal
Society of Chemistry, Cambridge, UK.

14. Dets, N.O., Lanzhenko, L.O., & Popyk, A.O. (2018). Tekhnolohichni osnovy vyrobnytstva
salatnoi olii dlia miasnykh strav [Technological basis of production of salad oil for meat dishes]. Zbirnyk
naukovykh prats molodykh vchenykh, aspirantiv ta studentiv — Collection of scientific works of young
scientists, postgraduates and students (pp. 45-46).

15. Matvieieva, T.V., Petik, PF., & Fediakina, Z.P. (2013). Matematychne obgruntuvannia
skladannia sumishei olii [Mathematical justification of compounding oil mixtures]. Skhidno-
Yevropeiskyi zhurnal peredovykh tekhnolohii — East European Journal of Advanced Technologies,
3/6(63), 26-28.

16. Smolyar, V.I. (2006). Kontseptsiia idealnoho zhyrovoho kharchuvannia [The concept of ideal
fat nutrition]. Problemy kharchuvannia — Problems of nutrition, (4), 14-24.

17. Ivanov, S.V., Peshuk, L.V., & Radzievska, 1.G. (2013). Tekhnolohiia kupazhovanykh zhyriv
zbalansovanoho zhyrnokyslotnoho skladu [Technology of blended fats of balanced fatty acid composition].

Otpumano 30.06.23

298



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES
UDC 665.35

Alyona Ocheretna’, Natalia Frolova®

'PhD Student of the Department of Technology of Restaurant and Ayurvedic Products
National University of Food Technologies (Kyiv, Ukraine)
E-mail: 2011981 @ukr.net. ORCID: https://orcid.org/0000-0001-9698-091X
2Doctor of Technical Sciences, Professor of the Department of Technology of Restaurant and Ayurvedic Products
National University of Food Technologies (Kyiv, Ukraine)
E-mail: frolovan809@gmail.com. ORCID: https://orcid.org/0000-0001-9661-1540

TECHNOLOGY OF OBTAINING OIL-SPICE MIXTURES

One of the key areas of work is the creation of a product with a balanced fatty acid composition and enriched with
biologically active substances that exhibit antioxidant and antibiotic properties at the same time, with a pleasant taste and
aromatic properties and with an extended shelf life.

The quality indicators of experimental oil samples were experimentally confirmed, and their fatty acid composition was
investigated by the chromatographic method.

A blend of oils was developed according to the ratio of PUFA and MUFA: first cold-pressed high-oleic sunflower oil
25%, first cold-pressed rye oil 50%, refined sesame o0il 25%. It was established that the mixture of oils contains fatty acids, in
particular oleic - 43.9%; linoleic — 22.3% linolenic - 10.5%. The total content of unsaturated fatty acids is 76.7%, of which
32.8% are polyunsaturated, which made it possible to bring the fatty acid composition of the blend as close as possible to the
ideal fat formula and achieve the ratio w-6:w-3 = 2:1.

The chemical composition of spices was studied, namely the content of carotenoids, essential oils and polyphenolic com-
pounds. It was found that among the samples of the selected spices, the largest amount of essential oil is contained in clove
seeds, which is 18.1%, the content of carotenoids and polyphenolic compounds is the highest in dill inflorescences, which is
12% and 18%, respectively.

A composition of spices was chosen, which includes clove seeds 33%, clary sage 33%, coriander seeds 17% and dill
inflorescences 17%. A method of obtaining an oil-spice mixture by the method of vacuum extraction has been developed. It was
established that the oil-spice mixture was obtained by vacuum extraction has a long shelf life, as it does not come into contact
with air oxygen.

The consumption of the developed oil-spice mixture is recommended to be used for various segments of the population
for preventive purposes.

Key words: oils; spices, blending; composition; chromatography; extraction; biological value.

Fig.: 4. Table: 17. References: 17.
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Fig.: 5. Table: 1. References: 22.

Relevance of the research. When performing search and rescue missions, UAVs are a
source of important information, most of which is generated by video cameras installed on
board. The number of cameras and their spectral ranges of sensitivity are selected depending
on the specific task to be solved. The processing of video information itself is a cyclic procedure
[1], which consists in searching for objects of interest, their detection, recognition, determina-
tion of their characteristics, and preparation of a report.

The processing speed of video information received from a UAV is critically important,
since its volume is large in the case of using high-resolution cameras and long flights. Acceler-
ation of the process of analyzing this information is possible either by parallel operation of
several operators or by using appropriate automation tools.

Problem statement. Despite significant advances in computerized pattern recognition sys-
tems, in some applications, the final decision about the category of the object to be detected, as
well as the subsequent actions in the search and rescue mission will remain with an operator. To
improve the reliability of the classification of objects, the operator must receive all necessary and
sufficient information promptly. To do this, a video camera with a varifocal lens can be placed on
the UAV, which allows zooming in on the image part in the area of interest. In this case, the
operator must be distracted from the direct control of the UAV and use the control of the video
camera, spending precious time on this, as well as on a possible return to the original image.

Analysis of recent research and publications. Another solution [2] relies on an additional
camera with a fixed narrow viewing angle (spot camera), which allows a quick overview of the
object of interest at a larger scale. However, if this object turned out to be out of the direction of the
optical axis of the spot camera, a positioning procedure of that camera will still be required. To
reduce the time spent by the operator to perform auxiliary actions, as well as to reduce fatigue, it
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has been proposed to install the spot camera on a platform (or on a gimbal [3]) that can provide
rotation about two coordinate axes relative to the main (navigation) video camera [2]. The image
frame from the main camera can be divided into rectangular sections (zones), while the size of each
of them is determined by the area of observation of the spot camera [2, Fig. 3].

An automatic detection system, in case of detecting an object of interest based on the results
of the frame analysis, determines the most probable area of the location of the object, and gen-
erates control signals for appropriate positioning of the spot camera. This ultimately allows an
operator to concentrate on the classification of an object of interest, as well as on making a
decision based on the results from the automated system.

Isolation of previously unexplored parts of the general problem. One important speci-
fication for image processing systems using UAVs (and the direction of their development) is
to have a high degree of autonomy, i.e., a concentration of functions performed directly on-
board the vehicle [4]. This reduces the information load on the operator, and also reduces the
required communication load between the UAV and the central control system, which expands
the flight range, increases noise immunity, and reduces the power consumption of on-board
radio-transmitting equipment.

Research objectives. The purpose of this article is to select components for further exper-
imental research. The main tasks to be solved are the specification of the requirements, devel-
opment of a structure, clarification of the principles and algorithms of the on-board system for
automatic detection of an area of interest and positioning of the spot camera based on the results
of the analysis of the image from the main video camera of the UAV.

Requirements for the system of automatic detection of the area of interest. To estimate
the requirements on the computational time of the system for automatic detection of the area of
interest, we use a simplified geometric construction (Fig. 1). The main difference from [2]
(Fig. 1) and the corresponding mathematical relations there is that the angle a between the nor-
mal to the ground and the direction of the camera is taken into account here.

h

Fig. 1. Geometric parameters of the system

The UAV flies at an altitude H. In this case, the optical axis of the navigation camera lens is
tilted at an angle o = 20...80°, which gives a visual three-dimensional representation of the
object and the terrain [1]. Based on the definitions presented in Fig. 1, it is possible to find the
size of the investigated surface in a simplified way (without considering projective distortions)
depending on the camera view angle f and the UAV flight height H as follows:

B tan? Rz_b2+h2_
R=ltmE=p—2 o4
2 cosa

b=Krh

2H ‘[ané 2HKf ‘[ané
po_ 2R _ 2 . b 2

JK;+1 _cosa,/K;+1’ cosa\K; +1

301



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

In the third expression, Kr= b/h is the image format. On the other hand, the distance s that
is covered by the vehicle which is flying at speed v during the time 7 is

s=v T
Under the condition that s = 4,
2H tané

Tr=h/v= 2 (1)
v cosa\/Kijrl

Let us assume that the viewing angle of the camera is f = 30°. Moreover, if the UAV is at
a height of H =100 m with a = 58.3°, the height of the image on the surface is & = 50 m (Fig.
1). Under the speed of v = 72 km/h, the UAV covers a distance of s = 50 m, i.e., the image is
fully updated in 7, = 2.5 s.

A popular image format provided by video cameras installed on UAVs is HD
nyxny = 1920x1080 (K= 16/9). This implies that the size of one pixel for # =100 m and = 30° is

A= h/ny, = 5000/1080 = 4.63 cm.

In this relation, n,, n, are the number of pixels along the horizontal and vertical direction,
respectively.

Divide the entire image frame into rectangular areas (zones) with an aspect ratio corre-
sponding to the frame format of the video camera. Considering the viewing angles of common
video cameras for UAVs [5; 6], it is advisable to use the image scaling factor

M=10...32.

In normal navigation mode, the UAV operator uses video images with a standard frame rate
of Fy. The recognition (detection) system has a time interval of 7, as margin, during which the
UAYV will cover a path equal to the height of the frame on the ground (4, Fig. 1). During this
time, the system for automatic detection of the zone of interest must determine the numbers Ny
and N, along both coordinate axes on the captured frame and generate commands for position-
ing the spot camera. Ny and N, belong to the range from 1 to M.

Table 1 shows the quantitative parameters of image zoning of the main UAV video camera
operating in HD format. The flight altitude is H = 100 m, the angle of view is f = 30°, and the
tilt angle of the main camera is a = 58.3°.

Table — The number and format of split zones of the input image (the angle o. is considered)

M 1 2 3 4 5 6 8 10 12 15 30
N, 1 4 9 16 25 36 64 100 144 225 900
M 1920 960 640 480 384 320 240 192 160 128 64
ny 1080 540 360 270 216 180 135 108 90 72 36
bm | 88.89 | 4444 [ 29.63 | 2222 | 17.78 | 14.81 | 11.11 8.89 7.41 5.93 2.96
h, m 50 25 16.67 12.5 10 8.33 6.25 5 4.17 3.33 1.67
4, cm | 4.63 2.31 1.54 1.16 0.93 0.77 0.58 0.46 0.39 0.31 0.15

The following designations are used in Table:

M — number of image zones along one of the axes (and simultaneously the scaling factor);

N: — total number of image zones;

ny —number of pixels in one zone of the image horizontally;

n, —number of pixels in one zone of the image vertically;

h, b — size of the zone on the ground;

A — size of the pixel on the ground (or ground sample distance, GSD).

Fig. 2 makes it possible to estimate the time requirements for the system of automatic de-
termination of the area of interest depending on the tilt angle of the main camera a.
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Fig. 2. Dependence of the allowable image processing time
on the tilt angle of the UAV main camera (H = 100 m and p = 30°)

In Fig. 3, a three-dimensional plot of the dependence of the image update time with respect
to altitude and angle at a fixed UAV flight speed is plotted.

Image update time (v=72 km/h)

0
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Fig. 3. The dependence of the allowable image processing time on the angle
of inclination of the main camera and the flight altitude of the UAV (v = 72 km/h and = 30°)

From Fig. 2 and Fig. 3, it follows that for realistic ranges of the geometric parameters, the
allowable response time of the detection system is in the range of a few seconds. If it is possible
to solve the problem of real-time detection of the zone of interest offline (on-board the UAV),
this will also help to speed up the analysis of the entire accumulated array of video information
by studying it after the mission is completed, which often takes many times more time than it
took to complete it [1].
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It could be noted that during the flight mission, the UAV commonly maintains the speed,
the flight altitude, and the tilt angle of the main navigation camera at a constant level. In addi-
tion, changes in these parameters within a certain range can be considered as a result of the
information acquired from the on-board sensors. As for the other requirements of the system
for automatically determining the area of interest (e.g., energy consumption, dimensions,
weight), despite their importance, it makes sense to clarify them in the process of solving the
problem of timely detection of the area of interest. In addition, the video recording conditions
(light, parallax, etc.) must also be considered at this stage.

Selection of algorithm for the system for automatic detection of the zone of interest. In
fact, at this stage, the task is to determine an architecture and algorithm of the system operation
that will ensure its deployment and determination of the positioning zone of a narrow-angle video
camera in real-time during the UAV mission, while still causing as small computational load as
possible. We are consequently faced with the task of detecting patterns in the image.

Selected parts of an image can be described using so-called descriptors. For regions, some
of the simplest are [7]: the area which is defined as the number of pixels it contains; the perim-
eter; the compactness (the ratio of the square of the perimeter to the area); the roundness factor,
which is defined as the ratio of the area of a region to the area of a circle (the most compact
figure) with the same perimeter. For a global description of regions on an image plane, such
topological properties as the number of holes inside the region, the number of connected com-
ponents of the region, and the Euler number can be useful [7]. One important approach to de-
scribing regions is the quantitative representation of their textural features. This descriptor is a
measure of local properties such as smoothness, coarseness, and regularity [7].

For UAVs, and small robots in general, it is important to reduce the amount of image infor-
mation without losing key features. These features are usually scalars (e.g., area or aspect ratio)
or low-dimensional vectors (e.g., object coordinates or line parameters). Image feature extraction
is the stage of the information concentration, where the data transfer rate can be reduced from
105—108 bytes/s at the camera output to the order of dozens of features per frame [8].

Machine learning technologies have been developing for a long time and today they
demonstrate the best results in solving pattern recognition problems [8-12]. The greatest ad-
vances in this area have been made with deep neural networks (DNN). Nevertheless, the very
fact of the emergence of more and more new varieties of neural networks (NNs) and learning
algorithms indicates their potential for further development and the presence of many unsolved
problems. The most obvious problem is the computational requirements of both the DNN train-
ing process and the process of generating output from the network when the model it is de-
ployed on an embedded device. This resource intensity can be quantified in terms of processor
performance, memory usage, cost, etc.

On the other hand, the UAV has significant limitations in terms of dimensions, weight, and
power consumption of devices and components that can be used on-board. These restrictions
are not always compatible with the needs of real-time detection/recognition algorithms. Signif-
icant progress in reducing resource intensity can be achieved if the network learning process is
implemented on another computational unit than the target processor, where the latter is placed
and used on-board the UAV, i.e., on a powerful computer with a sufficiently long operation
time, which is accompanied by a comparably high-power consumption. The option of generat-
ing output on a cloud device is not always feasible, and therefore the solution to the problem
(smoothing the contradiction between the required and available resources) is to simplify the
NN structure as much as possible while maintaining the accuracy of the output.

Given the integrated approach to solving the problem and the limited resources of the UAV,
we consider only implementation of the object detection in the image from a wide-angle cam-
era, entrusting the most important tasks of verification and recognition to a trained operator. It
is shown in [9] that at present, issues related to the development of a detection and tracking
system based on a neural network operating in real-time on embedded devices can be solved.
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The choice of an on-board object detector. Returning to the main problem to be solved,
namely, reducing the fatigue of the UAV operator, we recall that the image received from the
main (navigation) video camera is divided into uniform rectangular areas (zones), and the soft-
ware system for preprocessing and image analysis tries to find the zone number in which the
probability of the presence of the object of interest is the highest. This makes it possible to
generate electrical signals for positioning an additional (spot) camera with a narrow viewing
angle to obtain an enlarged image fragment for its classification by a human operator.

To solve the problem of automatically finding the area of interest in the image from the
navigation camera, it is necessary to use an object detector, the key requirement for which is
the ability to work online on-board the UAV.

Object detectors which are known today can be divided into two categories [9, 10]: directly
based on purely data-driven machine learning algorithms, as well as based on dedicated features
computed based on the input data. The first group of object detectors basically uses both tradi-
tional neural networks and machine learning algorithms, as well as Convolutional Neural Net-
works (CNNs) and deep learning algorithms.

To get started with object detection using deep learning, one of the well-known approaches
can be applied [10]:

1. Creating a new object detector. It allows very high-performing models in the end, but it
requires significant time, computational resources, and a large amount of data to configure lay-
ers and determine the weight coefficients of a deep neural network.

2. Using a pre-trained object detector. This allows quick results, but there is a potential
problem with the adequacy of the training set of images that was used when training the neural
network for a specific task.

In addition, when choosing an on-board object detector, the type of convolutional neural
network used should also be taken into account. In a two-stage detector, the first stage based on
a Region Based Convolutional Neural Network (R-CNN) or its variants [11], is designed to
determine image areas that may contain an object. The second stage classifies objects within
this area. Such a detector allows for very accurate detection of an object but is usually slower
than a single-stage detector [10].

An example of a single-cascade detector is YOLO [11]. Here, a single convolutional neural
network analyzes the entire image and predicts the probabilities of objects of given categories
within bounding boxes. Such a detector could perform faster than a two-stage detector, but at
the expense of increased number of misclassifications, especially in scenes with small objects.

Some algorithms do not rely on convolutional neural networks, but still are considered
machine learning algorithms. Some of these machine learning techniques are also used to detect
objects in images. These are, for example:

— Aggregate Channel Features (ACF [10]). The ACF method extracts properties directly as
pixel values in extended image channels without calculating rectangular sums at different loca-
tions and scales;

— classification by the method of support vector machine (SVM) using features of histo-
grams of oriented gradient (Histograms of Oriented Gradient) [10];

— the Viola-Jones algorithm [10] for detecting the human face and upper body.

The presence of such a variety of the above and many other object detection methods is a
clear indication of their non-universality. That is, each developer tries to use the method that will
give the best result under the specific requirements on the specific task. Here, some general con-
siderations can be made for applying such methods. Methods that use convolutional neural net-
works and deep learning allow building a high-quality object detector when a powerful GPU and
a sufficient number of labeled training images are used during training. Under such conditions
and if sufficient training time is available, this approach can generate the desired results. Other-
wise, it can be preferable to rely on other types of machine learning algorithms. In some specific
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cases, when certain objects are known in advance and qualitatively displayed, it may be sufficient
to completely abandon the use of resource-intensive machine learning algorithms, and instead
use [10]: image segmentation and analysis of large binary fragments (blob analysis), which rely
on such properties of objects as size, shape, or color; feature-based object detection, where feature
extraction, pattern matching, and RANSAC are used to estimate the location of an object.

Examining the field of application of the object detector, the following can be noted.

1. The UAV has significant limitations regarding the mass, dimensions, and power con-
sumption of any electronic devices placed on-board.

2. Intensive radio communication during the mission could be challenging. This makes
cloud computing difficult to apply in this context.

The contradiction between the existing limitations and the need to perform most of the
video signal processing operations on-board the UAV (which is the development trend of these
devices) can be solved by combining the appropriate electronic components (multifunctional
built-in productive processors) and fast object detection algorithms. From this point of view,
the use of combined methods can be considered promising, e.g., that described in [12], which
uses both the properties of possible objects, which are determined by textural characteristics
inside the image, and a classifier configured using a machine learning algorithm.

Datasets for airborne detection of objects in UAV images. Given that universal and most
successful modern object detectors are based on deep neural networks, the issue of having a
suitable database for use in machine learning algorithms is very relevant. Although there are
many open image data sets, we must consider the specific requirements because we need a
database of images obtained from UAVs flying at known ranges of altitudes, speeds, pitch an-
gles, and other parameters. Let us try to analyze what is most suitable for the considered case.

Popular datasets (DOTA [13], AID [14], iISAID [15], xView [16]), some of which are called
"aerial", are actually created using satellites. The data set UAV Vaste [17] is intended for a very
specific area of use. The data set DroneDeploy [18] includes some of aerial photographs taken
from a UAV. Some authors use this data set to test their methods for image processing, object
detection, and tracking. Each scene in [19] has a ground sample distance (GSD) of 0.1 m. There
is a corresponding "height" and "label" for each image. However, the database is not available
for free in its entirety.

In [20], an overview of some datasets for object detection and tracking tasks in a convenient
tabular form to display information is provided for comparison. Some well-known datasets are
classified by the authors as a special drone-based class, and they note that these data sets have
limitations in terms of scenarios. The work with the VisDrone-Dataset, which contains more
than 10,000 images of the urban and rural environment of China, as well as objects from a wide
range of angles, is also described in [20].

Consider the conditions when a UAV performs a search and rescue mission. Let the flight
altitude H =100 m; viewing angle f = 30°; tilt angle of the main video camera a = 58.3°. Taking
into account [2, Fig. 1] it is possible to obtain the main geometric parameters of the image
zoning of the main UAV video camera operating in HD format:

1) the scale factor M =1,

2) the number of pixels in one zone of the image N, =1920; N, = 1080;

3) the size of the zone on the ground b = 88,89 m; h = 50 m;

4) the size of the pixel on the ground or ground sample distance (GSD) 4 = 4,63 cm.

A comparative analysis of [13-20] shows that none of the data sets is created with all the
input parameters in the range of those above, and none of these data sets has a sufficient number
of images for the specific task. The solution can be found in two ways:
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1) Using a real UAV to create new data sets. This obvious path is long and expensive, but
clearly has the potential to provide good results.

2) Modeling images using computer synthesis and a monitor or projector placed at an ap-
propriate distance.

For evaluation, we will use a regular Logitech C920 HD Pro Webcam and place it in front
of the simulated image screen. The dependence of the calculated distance from the camera to
the screen is shown in Fig. 4. The angle o = 0 corresponds to the straight direction to the screen.
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Fig. 4. Distance between camera and screen

Hardware support of the on-board system for increasing the speed of processing im-
ages received from UAVs. As discussed in [2], to solve problems associated with fatigue of
the UAV operator during long missions, either the main (navigation) video camera with a vari-
focal lens can be used, or a spot camera with a narrow angle of view can be added. The image
from the navigation video camera should be analyzed in real-time to the presence of objects of
interest and, if such are detected, the required image part is automatically zoomed in on.

Using a single camera for both navigation purposes and final classification of potential
candidates for the object of interest has several drawbacks.

1. The problem of documenting the mission. The availability of information from only one
image (either nominal or enlarged) does not allow to conclude that no object of interest was
missed, after the completion of the mission and reading the built-in storage device of the UAV.
This might lead to the need to perform a repeated mission, which increases operator fatigue.

2. Purely technical problems associated with the use of a zoom lens. After all, such a lens, in
addition to a complex mechatronic system of interconnected movement of several lenses, must
have additional focusing subsystems implemented using separate electric drives. This leads to a
deterioration in image quality (e.g., accuracy, brightness, and stability of characteristics), as well
as to an increase in object classification time because of limited autofocus dynamics.

Hence, there is an advantage of using a separate spot camera located on a gimbal, which
can be positioned independently of the navigation video camera for yaw and pitch angles. The
structure of the electromechanical part of the overall system for increasing the speed of pro-
cessing images obtained from UAVs (one of the two channels) is shown in Fig. 5. This is an
extended and more detailed block diagram compared to the one in [2].
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Fig. 5. Spot camera control structure (one channel)

The brushless direct-current motor M is the final actuating device, which, together with
another similar one, can be designed for the interrelated positioning of the spot camera in one
of two perpendicular directions within the image from the navigation video camera. The motors
are equipped with Hall sensors (HS) and a position sensor (PS), the signals of which are used
in a three-loop automatic control system that acts on the control error between reference values
and actual measured values.

The index "r" in Fig. 5 is used for reference values. The zone number determined by the
on-board object detector is recalculated into the specified angle of orientation of the spot camera
O, in a certain direction. Position (PC), speed (SC), and current (CC) controllers provide the
required quality of the transition process of the motor rotation angle. The rotation speed is cal-
culated by differentiating the signal from the PS. The sign block uses speed to determine the
direction of rotation of the motor, which, with the help of a logic unit (LU), provides the appro-
priate alternation of HD signals for the pulse width modulator (PWM). Pulses with width mod-
ulation are supplied to the gate drivers (GD) of the power switches of the inverter (/), which
ensures the required form of motor winding currents 4, B, C.

As mentioned, a feature of UAVs is the presence of significant design and energy con-
straints, which fundamentally affect the choice and implementation of all components of the
structure in Fig. 5. Provided that the specifications in terms of minimum dimensions, mass, and
power consumption are ensured, high-performance computers must be on-board to perform
both image pre-processing procedures (correction of visibility conditions, angle of view, re-
moval of obstacles, noise, etc.) and object detection [12]. In addition to solving these resource-
intensive tasks related to the implementation of the area of interest detector, the on-board com-
puter must also control two interconnected electric drives in real-time (Fig. 5). Therefore, the
selection of components for an electronic system that will provide hardware and software sup-
port for the implementation of the specified resource-intensive algorithms is a non-trivial task.

The development of electronics is accompanied by the spread of machine learning algo-
rithms to front-end devices. An effective solution is the use of a multi-functional system on a
crystal with built-in support for digital image processing procedures and the implementation of
neural networks. The .MX 8M Plus processor family [21] is designed to reliably solve tasks in
machine learning and vision, multimedia, and industrial automation. Key features of this pro-
cessor include: four Arm® Cortex®-AS53 cores and neural processor up to 2.3 TFLOPS; dual
video signal processor and two camera inputs for the video system; video codec, 3D/2D
graphics accelerator, numerous audio and voice functions; real-time control using Cortex-M?7.
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Thus, this very large integrated circuit (VLSIC) at the hardware and the corresponding software
levels support both the complex tasks related to intelligent image processing and many of the
blocks in Fig. 5. It is advisable to use ready-made hardware and software solutions for conduct-
ing experimental studies at the stage of creating a prototype to evaluate the conceptual founda-
tions. Consider the PhyBOARD Pollux Al Kit platform [22]. This kit contains a single-board
computer based on the 1.MX 8M Plus processor and a MIPI camera. The pre-installed software
significantly speeds up the development: the OpenCV library; the GStreamer framework (video
editors, streaming servers, media players and file converters, VoIP solutions). The Yocto Linux
Board Support Package includes [22] NXP's elQ machine learning software development en-
vironment. Support for pytorch, TensorFlow Lite, and the ONNX format allows implementa-
tion of machine learning algorithms.

Conclusions. To solve the problem of increasing the speed and reducing the fatigue of the
UAV operator when performing long-term search and rescue missions, the choice of compo-
nents of the software and hardware is discussed, which automatically on-board ensures the ori-
entation of the spot camera in the desired direction.

The allowable computational time spent by the system for automatically determining the area
of interest is estimated depending on the tilt angle of the main camera and the flight altitude of the
UAV. 1t is shown that to solve the formulated problem, it is required to create an on-board object
detector with a time of detecting the area of interest in the order of a few seconds. For this purpose,
combined methods can be used that employ both the features of objects defined by textural charac-
teristics of the image and a classifier, which is tuned using a machine learning algorithm.

Data sets for airborne object detection on UAV images are characterized and it is shown
that there are limitations in terms of meeting the required input parameters and the required
number of relevant images. Possible ways of solving this problem are discussed.

For experimental studies, software and hardware solutions are discussed that can be used
to solve the whole range of tasks, including image processing and control of electric motors for
positioning the spot camera, directly on-board the UAV under the specific operating conditions.
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KOMIIOHEHTH CUCTEMU ABTOMATHUYHOI'O BUABJIEHHSA 30HU
IHTEPECY HA 30BbPA’KEHHAX, OTPUMAHUX 3 BILJIA

LlIsuoxicms 06pobKu sideoinpopmayii, ompumaroi 3 BIIJIA nio uac nouykogo-psamyeaibHux, MOHIMOPUHOBUX T PO3Gi-
0YBANbHUX MICIll, € NApamempom, AKUL 6U3HAYAE YCRIWHICMb GUKOHAHHS 3a80anHs. LL]ob smenwumu naganmaicents Ha one-
pamopa BIIJIA, 6e3nocepednvo na 60pmy 30ilicCHIOEMbCsL AGMOMAMUYHE GUABTIEHHSL MO20 PPasMenma UXiOH020 300padlcens
no6epxHi, Ha AKOMY Modice Oymu posmauioganuii 0o ‘ekm inmepecy. Pezynemamom pobomu makoi agmomamuunoi cucmemu €
Gopmysanns Homepa 30HU iHMEPeCy, 2eHepayis Kepyloyux CUSHANIE | GION0BIOHe NO3UYIOHY8AHHS 000AMKO8OI 8i0eokamepu 3
8y3bKUM nonem o2nady (cnom-kamepu). Ocmamoyne piuleHHs npo 8uUAGIeHHA 00'ekma inmepecy ma 1io2o Kiacugixayiro 30ii-
CHIOE Onepamop Ha niocmasi 810€0300padiceHHs 3 CHOM-Kamepu.

Hnsa eupiwenna 3a3navenoi npoonemu y cmammi 0OTpyHmMo6aro 6UOip KOMNOHEHMIE NPOSPAMHO-ANAPAMHO20 KOMNIEKCY,
AKUll 6e3n0cepednbo Ha GOpMY asMOMAMUYHO 3abe3newye OpieHmayio CNom-Kamepy y NOMpiOHOMY HANPAMKY.

Oyineno donycmumi sumpamu 4acy Ol CUCHEMU ABMOMAMUYHO20 GUSHAYEHHS 30HU IHMEPECY 6 3aNeICHOCMI 6I0 Kymda
Haxu1y 0cCHO8HOi Kamepu ma eucomu nonvomy BIIJIA. Iloxazano, wo 0ns supiuienHs oCHO8HOI 3a0aui nompibne cmeopeHHs 6o-
PMO6020 Oemekmopa 00 €Kmie 3 Yacom 8UABTIEHHS 30HU iHmepecy NOPAOKY 00UHUYb CeKYHO. [ ybo2o Modcyms 6ymu 3acmoco-
6ani KOMOIHOBANT MemOoOU, AKI GUKOPUCIIOBYIOMb K 61ACMUBOCTI 00 €KMiB, WO BU3HAUAIOMbCA MEKCIMYPHUMU XAPAKMEPUCTU-
Kamu ecepeduti 300pasicenis, max i Kiacugikamop, Hanauimo8anull 3a 00NOMO2010 AN20PUMMY MAUUHHO20 HAGUAHH.

Oxapaxmepu3zo8ano Habopu danux 051 GOPMOBE020 useIeHHs 00 'ekmis Ha 300padicennsix BILJIA, i nokasarno, wo scoden
i3 00CMYNHUX BIILHO CbO2OOHI He 8i0N06I0Ac NOMPIOHUM 6XIOHUM NAPAMEMPAM i He MICmums 00CMAamHboi KilbKocmi pene-
BAHMHUX 300paAdICeHb. 3aNPONOHOBAHI MONCIUGT WIAXU GUPIUEHHS OAHOT nPpobIeMu.

s 6UKOHAHHSA eKCnepUMEHMANbHUX O0CTIONCEHb HABEOEH] NPOSPAMHO-ANAPAMHI PIUleHHs, SAKI NOMEHYIIIHO MOICYMb
O6ymu suKopucmati O 8UPIUEHHS BCb020 KOMNILEKCY 3a80aHb, BKII0UAI0UU 00POOKY 300pajicetv i Kepy8aHHs eleKmpoosuay-
Hamu no3uyionysanHsa cnom-kamepu besnocepeonvo na 6opmy bIIJIA 6 ymoeax uuciennux oomedicens.

Knrwouosi cnoea: 6esninomnuii nimanvnuii anapam (BI1JIA); ananiz 306pasicens,; 1100UHO-MAWUHHA cUCTiEMA, eleKmpo-
npusio; 6opmosuili demexmop 06 '€kmig; Kepy8aHHs CHOM-KAMEPOTO.

Puc.: 5. Tabn.: 1. bion.: 22.

Voytenko, V., Olofsson, B., Solodchuk, M., & Denisov, Yu. (2023). Components of a system for automatic detection of a zone of interest in
images obtained from a UAV. Technical sciences and technologies, (2(32)). Pp. 300-312.
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CUCTEMMU ABTOHOMHOI'O TEIIVIO3ABE3IIEYEHHSA BY AIBEJIb

Ha ocnosi cucmemno2o nioxody 0o ananisy cmamy enepeemuunoi ingppacmpykmypu 6 pobomi npeocmasiena KoHyenyis
mpancghopmayii’ icHyiowoi cucmemu menIoNOCMAYAHHA 6 YINICHUIL KOMNIIEKC PO30CEPEONHCEHUX eHepeo2eHepyIouUx 00 €kmis
(mexnonapxie) 3 Mmemoro niosuwjeHHs piHa enepeemuuHoi 6esneku Kkpainu. [{ns 3abe3neuents naditinocmi ma cmitikocmi cu-
cmem menionoCmaiants NPONOHYEMbCS AGMOHOMHI TOKANbHI eHeP2OKOMNIEKCU i3 3ACMOCY8AHHAM KO2EHEPAYIlIHUX MeXHO-
N02ill ma 8iOHOBNIOBANILHUX Oceper eHepaii 3 IHMe2pOBAHUMU CUCeMaMU aKyMyIAYii menioeoi ma enekmpuyHoi enepeli.

Knrouogi cnosa: enepeemuyna inppacmpykmypa,; mennosa eHepais,; po30cepeodcena 2eHepayis,; esPUCMUYHUL aHani3;
ONMUMANLHE KEPYBAHHS.

Puc.: 1. bibn.: 5.

AKTyaJIbHicTh TeMH AocailkeHHs. KpuTnuHa eHeproindpacTpyKTypa Biiirpae BaxxIuBy
poJIb y 3a0€3IeUeHH] eHepreTUYHO1 OC3MEeKH ePKaBH, CTBOPCHHI YMOB JIJISI )KUTTETISTTBHOCTI
HACEJICHHSI Ta PO3BUTKY HalllOHAJIbHOI €KOHOMIKH.

IMocTanoBka npodsaemu. [Tpu po3poOiti Ta MpoEKTyBaHHI aBTOHOMHOI CHCTEMH €HEPrONocTa-
YaHHA K KOMIIOHEHT KPUTHYHOI €HEeproiH(pacTpyKTypHu HEOOX1THUM € aHaui3 (pyHKIIiI OKpeMux
CKJIQJIOBHX CHCTEMH Ta KPUTEPIiB, 10 BU3HAYAIOTH CHEPrO€(PEKTUBHICTH CUCTEMH 3araJIOM.

AHaJIi3 ocTaHHIX Jocaizkenb i myosikanii. [TutaHHsIM (QyHKIIOHATFHOTO aHAMI3y po-
30CepeHKCHNX CHEPTETUYHNX CUCTEM MPUCBSIYCHO JIOCTATHIO KUIBKICTh HAYKOBUX TIpatlb [ 1-4].
3okpema B po6oTi [1] po3mistHyTO (hOpMyBaHHS ONTUMAIBHOI CTPYKTYPH JIOKAJIBHOI €I1EKTPO-
E€HEePTreTUYHOT CHCTEMH Ha OCHOBI OIIIHKH MipH OJTU3BKOCTI PO3MIIIEHHS 00’ €KTIB 13 3aCTOCY-
BaHHM KJIACTEPHOT'O aHAI3y JUUIsl MOJCIIIOBAHHS CHCTEM 3a KoHLenIiero Microgrid.

Buaisienns Heoc/IiIsKeHUX YACTHH 3arajibHoI npoodJjemu. [IpoBenenuii ana i3 BUKOHA-
HUX JOCIIPKEHb MI0KA3aB, 110 B MUTAHHIX PO3POOKHU Ta MPOEKTYBaHHS aBTOHOMHUX JIOKAJTbHUX
€HEProCHUCTEM 3 IHTETPOBAHUM Yy HUX YCTAaTKYBAaHHSIM 13 BUKOPHUCTaHHSM BiJIHOBIIOBAJIbHUX
JDKEpeT eHeprii, He0OXiTHUM € po3IIsil (GYHKIIH OKPEMHX CKJIAZIOBUX CTPYKTYPHOI CXeMHU CH-
CTEMHU Ta KpUTEPIiB, 10 BU3HAYAIOTh CHEProe(EKTUBHICTH CUCTEMHU B IIJIOMY, & TAaKOXK IXHS
B3a€MOJIs y pi3HUX ob6cTaBuHax. KpiM Toro, 10ciiIKeHHs, 10 TPOBOJUIUCS, OyIU IPUCBIYCHI
po3po0IIi, TOJIOBHUM YHHOM, IHTEJIEKTyIbHIUX CUCTEM TETU103a0€31eUeHHS MPUBATHUX OYyIHH-
KiB, JI¢ JOCUTB ITPOCTO BUPILIMTHU MPOOIeMH KOM(OPTY Ta 3a011a/KyBaHHIO eHeprii. BoqHouac
npoOnema Teruio3abe3neueHHs 6araToOKBapTUPHUX OYIMHKIB (B aCTIEKTI 1HTENEKTyami3arlii ¢y-
HKI[IOHYBaHHS OKPEMHUX CKJIaJOBUX CUCTEMH Ter103a0e3rneueHHs ) Mailke He po3risaaiacs.

Merto1o cTaTTi € po3poOKa KOHIIEMIIi aBTOHOMHOT JIOKaJIbHOT CHCTEMH €HEProInoCTadaHHs
JUIs OaraTOKBapTUPHUX OyAMHKIB SIK KOMIIOHEHTA KPUTUYHOT €HEeProiH(pacTpyKTypH 3 METOIO
T1IBUILICHHS PIBHS €HEPTreTUYHOI O€3MeKr KpaiHu Ta 3a0e3neueHHs] HeoOX1THOTO KOM(OPTY.

BukJjaa ocHoBHoro marepiany. CyyacHui CTaH eHepreTH4YHol iHQpPacTpyKTypu HakIia-
JIa€ TIeBH1 BUMOTH JI0 CTaOUTBHOCTI PEKUMIB 11 poOOTH, 70 HEOOX1THOCTI MOIIYKY ONTHUMAJIhb-
HUX 3 TEXHIKO-€KOHOMIYHOTO MOy HAJIAIITOBYBaHb, 10 OTPUMAHHS MIPUITYCTUMHUX CHIBBi-
HOIIICHh TAaKUX TOKA3HMKIB, SIK €KOHOMIYHICTH Ta YMOBH KOM(OpPTY, y TOMY 4YHCIi B pasi
CYTTEBHX KOJIMBaHb MOTOJHUX YMOB, BIiZIMOB y KOMIIOHEHTaX CUCTEM TeIuI03a0e3reueHHs, He-
MITAaTHAX CUTYAIIii TOIIO.

CporoziHi KOMyHaJIbHE TEIIONOCTaYaHHs 3A1MCHIOETHCS PI3HUMH LUIIXaMU:

- ICHTPAJII30BaHUMHU CHCTEMaMHM TETUIONMOCTauYaHHs, sIKi 3a0€3MeYyI0Th TEIIOM MicTa abo
OKpeMi pallOHU BEJIIMKUX MICT;

© Irop €pemees, Onexcanap €menko, 2023
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- MIKpOpalfOHHUMHU KOTEIbHIMH, SIKi 3a0€3MeuyI0Th TeII0M MHOXXHUHY OyIWHKIB TOTO, YH
IHIIIOTO MIKpOpPalOHY BEJIMKOTO MicTa, a00 i HeBenuke micto un CMT;

- JIOKaJbHUMH cucTeMamu Terutonocradanss (JICT).

[Tepmi aBa NUIAXK MarOTh CHIBHI TPOOIEMH, TIOB’sI3aH1 3 BTpaTaMH TETUIOBOI €HEPTil i
Yac TeMJIoreHepallii Ta BTpaTaMH B CUCTEMAax TPAHCIIOPTYBaHHS, SIK1 31 30UTbIIEHHSAM JJOBKHHU
TPyOOIIPOBO/IIB 3pOCTAIOTH 1 B CyYaCHHUX IEHTPATI30BaHUX CHCTEMax TEIUIONOCTAYaHHs BEJIH-
KHUX MICT BOHU MOXYTb cTaHOBUTH 20-30 %.

J10 TOKaJIbHUX CHUCTEM TEILIONOCTAaYaHHsI ChOTO{HI MOYKHA BIJIHECTH JIOMOBI KOTEJIbHI, TE-
JIOB1 HACOCH Ta 1HJIMBIAyabHI HAarpiBadl pi3HUX THIIIB, sIKI BAKOPUCTOBYIOTH SIK KJIACHYHI, TaK
1 aIbTepHATUBHI BUIU JKEPEI eHEeprii.

Ocrannim yacom po30ynoBa JICT cTae OiIbIIT MOMYJISIPHOIO 3aBASIKK TPUTAMaHHUM iM T10-
3UTUBHUM PHCaM: CYTTE€BO 3MEHIIEHHUMHM TMOPIBHIHO 13 CUCTEMaMH IIEHTPaJIi30BaHOTO TEIUIO-
MOCTa4YaHHs BUTpaTaMH Ha TPAHCTIOPTYBAHHS TEIUIOHOCITB, HE3aJIEKHICTIO B MpoOeM aan-
Tallii 0 yMOB PO3BUTKY TEIIOMEPEK, MOKIUBICTH BUKOPUCTOBYBATH aJIETEPHATUBHI JKEpena
eneprii tomo. [Ipore JICT maroTh 1 cBOi Hemomiku. Tak, JOMOBI KOTEJIbHI B pa3i MOXKEXK UM
BUOYXY MOXYTh 3HHIIUTH a00 CYTT€BO IOIIKOAUTH OyAMHOK, BUTOK ra3y (€HeproHocis) abo
MPOAYKTiB 3ropsiHHs (0cobmuBo CO) MOKe MPU3BECTH 10 OTPYEHHS MEIIKAHIIB OyIUHKY, He-
BEJIMKHI TUMap HE CIpHUSE MiTHoMy MPOAYKTIB 3rOPSHHS Ha BUCOTY, JOCTATHIO JJIs 3a0e3me-
4yeHHs e(eKTUBHOI TypOy/IeHTHOI Mu(y3ii Ta BUHECEHHIO IIUX Ta3iB 3a MEXI1 palilOHy pO3TaIry-
BaHH KOTEJNbHI (1HAKILE KaXKy4yH, CIPUS€E YTBOPEHHIO CMOTY B MiKpOpaioHi).

TemnoBi HacocH He MalOTh O3HAYEHUX BHILE HEJIOJIKIB 1 HE BUMAratoTh BUKOPUCTAHHS 1a-
TuBa OyIb-SKOTO TaTYHKY (3a BUKJIIOUEHHSM HE3HAYHOTO CIIOKMBAHHS €IIEKTPOCHEPTii), alne
iXHE BUKOPUCTAHHSA 0OMEXY€ETHCS, TOIOBHUM YHHOM, IIPUBATHUM CEKTOPOM.

KBaptupHi obirpiBaui (OKpiM MpUTaMaHHUX JOMOBHM KOTEJIbHSM MpoOIieM, 3a3HAYCHUM
BHUIIIE) MAIOTh 11 ¥ iHII Hemomiku: 3MeHmennii KK/ (3a paxyHOK Toro, 1o B Meax MpuiiHs-
THO1 BapTOCTi Ta rabapuTiB HEMOKIIMBO BUKOPUCTATH IPUCTPOT yTUITI3allii TemIa Ta ONTHMi3a-
11 peXuMiB), TMABUIIEHY HEOE3MeKy (ake 3aMiCTh OJHOTO JpKepena Tera B OyIuHKY MOXKe
Oytu 160-250 Takux JuKepen 3 BiAMOBIAHUM 301IbIICHHSIM BipOTiTHOCTI aBapii), HEMOXKJIMBICTh
BUKOPHUCTAHHS aJbTEPHATUBHUX BUIB MajvBa (y pasi 00irpiBaviB, sSiki BUKOPUCTOBYIOTh T'a3)
a00 MIMPOKOTO BUKOPUCTAHHSA eNIEKTPO0OIrpiBadiB 63 CyTTEBOI pEKOHCTPYKIIIT €IIEKTPOMEPEIXK.
[I{o >k cTOCY€ThCS BUKOPUCTAHHS COHSIYHOI €HEprii, TO Taki HarpiBadi MalTh CITIIBICHYBaTH 3
1HIIMMU 00irpiBayamMu, a0 K BUKOPUCTOBYBATH JIOCHTD CKJIaJHI Ta JOPOT1 CUCTEMHU aKyMYIIIO-
BaHHsI €HEprii.

VYce 3a3HaueHe Bulle Bumarae y pasi Buobopy JICT posmisinatu yci HO3UTHBHI Ta HETaTUBHI
pucu koxHoi 3 JICT, oIiHIOBaTH KOXKHY CHCTEMY 3 YCIX MOIISAIB (MOXKIMBOCTI 3aCTOCYBaHHS
aNbTepHATUBHUX JDKEpEN eHeprii abo nmajinBa, THYYKOCT1, BAPTOCTI, €KOJIOTTUYHOCTI, OE3MeKH) 1
obupatu Taky JICT, sika € onTUMalbHOK 3a yciMa, YM OUIBIIICTIO TTOKAa3HHKIB. 3 OIVISAY Ha
3a3HaueHe BUIIE, OMHUM i3 BapiaHTiB ontuManbHOi JICT moxxna BBaxkatu JICT, sika 3MoHTOBaHA
B OKpPEMOMY MPUMIIIECHH] H 00CIyroBye NeKibKa OyIMHKIB, IO OTOYYyIOTh ii. [Ipu nmpomMy 3a-
B/ISIKM Jy>K€ KOPOTKMM TEIUIOTpacaMm BTpaTd Teruia OyayTh MiHIMalbHI, OyJb-iKa aBapis Ha
JICT He BrumMHE Ha cTaH OyIMHKIB, SIKI BOHA 3a0e3medye TEIUIoM, TIEPEBEICHHS KOTEIbHI Ha
aNbTepHATHBHE NAJIMBO MOKHA 3IIHCHUTH JJOCUTB JIETKO, IPUYOMY B IPUMIILIEHH] KOTEIbHI MO-
JKHA Tepea0aYnuTH yCTAaHOBKY JUIsi OTPMMAaHHS Ta3y MUISXOM MIPOJIi3y OPraHivyHOl CKJIaI0BO1
TBEPAUX MOOYTOBHUX BIJIXOIB, IUCTS, HOBOPIYHUX STTMHOK Ta IHIIOTO CMITTS, IO JO3BOJIUTH
€KOHOMHUTH TaJIMBO Ta BUPIIIUTH MPOOIeMy yTHIII3aIlii BiAIXOIIB.

J1J1s1 KOMIUIEKCHOI OIIHKH SIKOCTI POOOTH CKIIAHOI TETUIOCHEPTeTUYHOI CUCTEMH HEOOXi-
JTHO TIPOBOJIMTH aHAJIi3 BIIXHJICHHS BiJ] 3aJJaHUX 3HAUYEHb TAKUX IMOKA3HHUKIB:

— TeMIepaTypHuX rpagikiB TEIIOBUX MEPEX;

— TETUIOT1APABIIYHUX PEKUMIB POOOTH MEPEK;

— MOKa3HUKIB SKOCTI BOJHO-XIMIYHOTO PEKUMY POOOTH TETIJIOBUX MEPEXK;
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— BTparT TeIJIOBOI €HEeprii MpH il TpaHCIIOPTYBaHHI;

— BUTpAT €JIEKTPOEHEPTii Ha TPAHCIIOPTYBaHHS TETJIOHOCIS;

— HaIIHHOCTI TEIUIONOCTAYaHHs (3aXHUCT MEPEXK BiJ TiApaBIidYHUX yAapiB, YACIO BiIKIIIO-
4yeHb Ha | KM TpacwH).

AJie, HAWTOJIOBHIILIE, PE3YJIBTATH LIMX aHaJi31B MAIOTh OLIIHIOBATHCA SIK 3 TOYKHU 30PY BHSIB-
JICHHS CTAJIUX TPEHJIIB MOKA3HUKIB, 110 aHATI3YIOThCS, TaK 1 3 ypaxyBaHHIM KOJWBaHb MOTOI-
HUX YMOB, HAJIAIITyBaHb PETYISITOPIB, BAOOPY TOTO YH 1HIIIOTO PEKUMY 3 TOUKH 30Py 0aKaHOTO
CHIBBIAHOIICHHS! €eKOHOMIUHICTH/KOM(OPT, IPUIOMY OBUHHO MaTH MICIe JOMiHYBaHHS Mpio-
pUTETy HaIIHHOCTI TETUIONOCTavYaHHs HaJl TPUOYTKOBICTIO.

Cuctema yripaBiiHHS BUKOPUCTaHHSM TEIJIOBOI eHeprii Mae 0azyBaTucs Ha :

— 3aCTOCYBaHHI eHEeproe(EeKTUBHOTO O0JIaIHAHHS,

— MOHITOPUHTY €HEPrOBUKOPUCTAHHS;

— EHEProayJauTi CTaHy 1H)KEHEPHUX CUCTEM Ta eHeproOajaHcy;

— aJTOPUTMAax CTAJIOTO MOUIYKY Ta 3a0e3MeueHHs] ONTHUMAIbHUX PEKUMIB TeIio3adesrne-
YEHHsI, CHEProePEeKTUBHOCTI Ta KOM(POPTY B pealbHUX yMOBaX (DYHKITIOHYBaHHS BCiX KOMIIO-
HEHTIB CUCTEMH Ta MOXJIMBHX Jliania3oHax JApei(y MOKa3HUKIB, KOJMBAHb SKICHUX Ta KUIbKic-
HUX XapaKTePUCTUK TEIJIOHOCIIB 1 MPUITYCTUMUX (IITAaTHUX ) PEKOHQITYpaIliid CUCTEM;

— 3aCTOCYBaHHIO CyYaCHUX CXEMHO-KOHCTPYKTHBHHUX pillIeHb

[HmMu coBamu, MO0 OTpUMAaTH €HEProePeKTUBHE TEIUIONOCTAauYaHHs MOTPIOHO BUKO-
HaTu 6araTo yMoB, Y TOMY YHCIi i YMOBH, SIKI HAKJIAJAIOThCS HA MAapaMeTpU TEIUIOHOCIs, 110
MOBEPTAEThCS 110 JuKepena TertoBoi eneprii (TELL, onamtoBanbHOi KoTenbH1). To6TO camo 1o
co0i eHeproe(heKTUBHE TEIUIOMOCTAYaHHs € CKJIaTHUM 1H)KEHEPHHUM 3aBIaHHIM 13 HEOOXiTHi-
CTIO 3aCTOCYBaHHSI CHCTEMHOTO TIAXOy 3 METOI0 3a0e3MeUeHHs eHEPrOCKOHOMIYHOI eKCILTya-
TaIil CHCTEMH TEIUIONOCTAYaHHS 3araJIOM.

Tomy mutst sxuTI0BOT 3a0y10BH 3 OaraTOKBapTUPHUMH OyIMHKaMU Tpeda 3HAWTH aJeKBaTHI
KpHUTepii 1 BaxKell BIUIMBY 331711 OpraHizailii cTabinbHOro Ta €peKTUBHOIO TEI103a0e3MeYeHHS
[3]. Ha Ham morsia, TpancgopmMarltis iCHYyH04Y01 CUCTEMH IIEHTPATI30BaHOTO TETUIONOCTaqaHHs
(abo 11 TOMOBHEHHS) MOXIIUBA 13 3aCTOCYBaHHSIM:

— KOMOIHOBAHOTO BHPOOHHIITBA TEIIJIOBOI Ta €JIEKTPUYHOI €HEPTii B aBTOHOMHHX JIOKAJTh-
HUX CHCTEMax €HEproroCTadyaHHs 3a KOTCeHEpaliiHOI TEXHOJIOTIEI0 HAa CyYaCHOMY BHCOKOE-
(EeKTUBHOMY yCTaTKyBaHHI;

— IIUPOKOTO 3aCTOCYBAaHHS BiJHOBIIOBAJIbHUX Jkepen eHeprii (B/E) 3rigHo 3 BUMoramu
IV eneprernunoro nepexony;

— CUCTeMHM aKyMYJISIi1 eNeKTPUYHOI Ta TEIUIOBOI eHepril (HaKOMM4yBayiB eNeKTPUYHOI Ta
TETIJIOBOT €HEPrii, pO3MOIiICHUX 3a OKPEMUMHU 00'€KTaMH TEXHOTIAPKY );

— CHCTEMH aBTOMAaTH30BaHOT'O YIPaBIiHHSI BUPOOHUIITBOM, PO3MOALIOM TEIUIOBOI Ta eje-
KTPUYHOT €Heprii,

— CUCTeMM aBTOMAaTHMYHOTO €HEPrOMOHITOPUTY, JIarHOCTUKHA €HEPreTUYHOro 0O HAHHS
3 IIEHTPOM JIUCTIETUEPH3allii, 3B’ 3Ky Ta YIPaBIiHHA 00’ €KTaMU PO30CEPEIKEHOT0 EHEProIo-
CTa4aHHS.

Taxuii miaxia rapMoOHI3y€ThCs 3 MPOEKTHOIO po3podkoro €C — maardopMoro eHeprosades-
neueHHst Europen Technology Platform SmartGrid Ha ocHOBI po3ocepemkeHol reHepariii Ta
Smart-Texuonori [2; 3].

OnHUM 13 HaBaKIIMBIMINX KPUTEPIiB €, 3BUYaHO, EKOHOMIsl €HeproHOCiiB. Y GaraTtokBap-
TUPHUX OyIMHKAX, J1e 3A1IMCHIOEThCS IIeHTpasizoBaHe onajieHHs Bix TELL abo onmamoBaibHOT KO-
TEJbHI, BBAKAETHCS, 110 MOYKIJIMBOCTI EKOHOMIT 0OMeKeHi. AJie 11e He 30BCiM Tak. Lli renepaTopu
TEIIOBO1 €HepTii MOXYTh OyTH OOJiaHaH1 MIPOTI3HUMHU T€HEpaTOpaMH, 110, MO-TIepIie, mepeT-
BOPIOIOTH OpraHiuHi MOOYTOBI BI/TXO/IW Yy MipOJTI3HUM ra3, IKHii MOKHA BUKOPUCTATH 3aMiCTh IIPH-
ponHoro, 3a0e3MeYyoun eKOHOMII0 OCTaHHBOTO, Ta, TO-JIPYyTe, BUPILIYIOUX LIE 1 MPodiIeMy Io-
BOJKEHHS 3 TOOYTOBUMHU Bijxoznamu. [Ipy 1iboMy yrpaBiiHHS MpoliecaMy TEIUIOTeHepalii Moxe
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3B TTOYMHATHUCS 3 TIEPEBIPKH TOTO, YK JAOCTATHIN THUCK MIPOJII3HOTO ra3y y CUCTEMI 1y pasi
MO3UTUBHOI BIJIMOBI/II BUKOPUCTATH IIEH T'a3 sl TOTPed TeTuIoreHeparii, TOOTo eKOHOMUTH TPH-
ponHuii ra3 (abo foro 4yacTky — y pa3i noTpedu reHeparii BeIMKOi KIJIbKOCTI Tera). SIKIo Bu-
KOPUCTOBYIOTbCSI OOMJIEpH, TO MIZIrpiB TEIJIOHOCIIB MOXKE TAKOXK BiOyBaTHCS (YAaCTKOBO) pi3-
HUMH TUsxamu: rapsdoro Bomoro Bin TEI[ abo korenmbHi, siki oOnagHaHi MipOJTiZHUMHU
reHeparopaMu, ado eEKTPUYHHUM MiairpiBademM (BiJ aKkyMyasTOpHOI OaTapei, 1o >KUBUTHCS Bij
COHSIUHOI Oarapei abo BiTpsiKa, BCTAHOBIICHUX Ha OymuHKY). [Ipy ibomMy aliropuT™ 3a0e3nedeHHs
Oolinepa eHepriero Mae 0a3yBaTUCs Ha MPIOPUTETI BAKOPUCTAHHS aJIbTEPHATUBHUX BHIIB CHEPTi.

[HmuM kputepieM € koMpopT y npumimieHHi. 3ade3neueHHst KoMpOPTHUX YMOB y Oarato-
KBapTUPHUX OyIMHKaX — CKJIaJHa pobieMa. Aje i TyT € neBHi nepcrnektusu. [lo-nepie, cuc-
TeMa TEIUIONOCTauaHHsI Ma€ BiJICTEKYBaTH KOJIMBAHHS aTMOC(EPHOTO TUCKY, TEMIIEPATYPH, IO-
Ka3HUKa CTAJIOCTI aTMOC(depH, BOIOTOCTi, HAMPSMKY Ta MIBHAKOCTI BITPY, OPIBHIOBATH iX 3
MPUTAMaHHUMH JUTSI IBOTO TIEPIOy CePEAHIMU 3HAYCHHSIMU IMX MOKA3HHKIB 1 TPOTHO3YBATH
Ha I1/ICTaBl UX JaHUX Ta 0aHKY (aKTiB, 110 30epirae aHanoriuyHy iH(opmariiro 3a MUHYIII POKH,
peryiiooui BIUTMBM Ha CUCTeMy Teruio3abesnedeHHs. [lo-apyre, cucrema Mae BpaxXxOBYBaTH
TaKi HIOAHCH, SIK PEKUM CHY, KOJIM TEMIIEpaTypa y IpUMIiIIeHH] MoXke OyTH Ha JIeKiIbKa rpany-
CiB HMKYa 32 JICHHY, Ta PS)KUM MTPOKUIAHHS, KOJIH 115 TEMIIeparypa Mae OyTH BHIIOIO 32 33aJaHy
CEpEIHIO TEMIIEpaTypy y MPUMIIIICHHI.

Ha >xanp, iH111 KpUTepii, mpuTaMaHH1 KOHIIENIT «pO3yMHOTO OyAHMHKY», TTOKH III0 Ba)KKO
BUKOPUCTATH B 6araroKBapTUPHUX OyIuHKAX. X MOKHA BUKOPUCTATH Xi0a 110 B Ka3apMax Biii-
CHKOBUX YacTUH a00 TYPTOXKHUTKAX, JI€ XKHUTTS JOCUTH KOPCTKO pernameHnToBaHe. Came Tomy
JUISL PO3POOKHU CXEMHHX PillIeHb aBTOHOMHOI JIOKAJIbHOT CHCTEMHU €HEProroCTayaHHs TOUITEHO
3aCTOCYBaTH METOINKY €BPUCTHYHOTO aHAJI3y.

Jlo cknany iHTenekTyanpHoi cuctemu TeruiocnoxuBanHsa (ICT), mo moxe 3abe3neunT
yIpaBIIiHHS MPOLIECaMU ONTHMI3allii, 3a3HaYCHUMHU BUILE, BXOIATH SIK CKJIAJ0BI TEXHIUHI 3a-
cobu (T3) indopmariitae (I3) Ta maremarnune (M3) 3abe3neueHns. [Ipu oMy o ckimany T3
BXOJISITh T€HEPATOpH Ta MepeTBOpIoBadi eHeprii (0oinepH, mipoii3Hi reHepaTopu, COHsUHI Oa-
Tapei, BITPOreHepaTopH, TEINIOOOMIHHHUKH, yTHII3aTOPH, EICKTPOTreHEPATOPH, aKyMYJISITOPHI
Oarapei, mepeTBOprOBavi 3MIHHOTO CTPYMY Y CTaJIMH 1 CTAJIOT0 Y 3MiHHUH, Ta30B1 TypOiHU abo
ra3oBi MOTOPH ), PETYIIIOI0Y1 (BUKOHABY1) OpraHH, 3aco0M 3aBAaHHS Ta BiJOOpaKCHHS PEKUMIB
ta ctany T3. [lo I3 Hanexars BUMipIoBadi apaMeTpiB 30BHIIIHBOTO (HABKOJIHMIIHBOTO) Cepe-
JIOBUIIIA, TTApAaMETPIB y MPUMIIIEHHAX, 0 OOCIyroByIOThCS, BUMIpIOBaui TEIIOMOTOKIB 10
NPUMIIIECHB, 110 00CITYTOBYIOThCS, Ta 3 LUX MPUMILICHb HA30BHi, TOOTO BUTpAT, BUMipIOBaui
MMOTOYHOTO Yacy Ta JaHuX KajaeHaaps. Jlo M3 Hanexars nporpamu, mo 3a0e3nedyoTh T0CsT-
HEHHSI Ta yTPUMaHHS ONTUMAJIFHUX PEXKUMIB (DYHKIIIOHYBaHHS CUCTEMH, a TAKOXK KOHTPOJIb 32
Mpare3IaTHICTIO YCiX KOMIIOHEHTIB CUCTEMH U Mepexif, y pa3i moTpedu, Ha 1HIINWHA, epeada-
YeHUH paHille K IPUITYCTUMHM, PEXUM POOOTH.

M3 popmyeTbes Ha 6a3i eBPUCTHK, 10 (POPMYITIOIOTh YMOBH, 32 SIKUMH IPUITY CTUMHM TOH
YU THITUH peKUM a00 Mepexij] 10 1HIIOT MapagurMu YIpaBIIiHH, HAPUKIIA] HACTYITHI:

AKIIO (trso<ts;1) TA (On=1) TA (IIIPI'=0), TO (I1IPI'—1), IHAKIIE (ITpI'—1),

AKMO (trersc<ts2) TA (On=0) TA (ITIP[=0) TA (Uas>Uabmin), TO (YK + AB) —1),
IHAKIIE (ITIPT—1) TA (ET'—1),

AKIO (Unicc<Uagszmin) TA{(treo<ts1) ABO (trers3<ts2)}, TO (YK + AB) —1).

TyT trso — TEMIIEpaTypa Tapsiu0i BOAU B CUCTEMI OMAJICHHS; t;1 — MIHIMAJIBLHO IPUITyCTUME
3HAYEHHS trpo; O = 1 — onanenns BkitoueHo; [1IPI'=0 — miponi3Huii renepatop BiIKIIOUYCHHUI;
(ITpI"'—1) — mogaua npupoanoro raszy; (IIIPI"'—1) — BkIItoUeHHs mipoIi3aTopa; trers3 — TEMITE-
parypa raps4oi Bogu B cuctemi 'B3; On=0 — onanenns sigkmodene; Uas>Uasmin — Hanpyra
Ha kiemax Ab mepeBuinye MinimanpHO npunyctume; (YK + AB) —1) — [ligkmrountn YK
(yrumizaniitnuit koren) no Ab; (ITIPT'—1) Tta (EI'—1) — BKIIOYNTH, BiAMOBIAHO, MiPOIi3HHMA
ta enekrporeHeparop; LICC — mmna cranoro crpymy; (Umcc<Uagsmin) — YMOBH BKIIIOYCHHS
YK no HICC, sikio Hampyra Ha KJIeMax OCTaHHbOI HIDKYE 32 MiHIMalIbHY Hampyry, sika HeoO-
xigHa s 3apsypkanas Ab.
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OpuH 13 BapiaHTIB CXEMU alIbTEPHATUBHOTO TEILI03a0e3MeYCHHS €HeProeEeKTUBHOTO OY-
nuaky (EEB) BiamoBigHO 10 HaBeIeHUX €BPUCTHUK HaBeneHO Ha puc. 1. TyT two BU3HAYAETHCS
Ha Buxofi 3 TII y Mepexy onaneHHs, a trerss — y Mepexy I'B3.

Cb BI'

i AB

If

If
A 4 1

ICC
[ositps
B @ B armocdenv I'BC

=>
Bin |ﬁ I OtomnieHHe
[IPr <
YK
< Ebg T ABXM

| —

P Xoson

BeixutomnHi razu o Ab

Bona

Puc. 1. Bapianm cxemu asmoHOMHO20 eHep203abe3nedents:
1111 — nidiepisau nosimps,; TII — mennonynkm, I'B3 — capsiue 60003abe3neuenns;
I'T — 2azosa mypoina, YK — ymunizayivinuii komen;, ABXM — abcopbyiiina xonoounvha
mawuna EI' — enekmpocenepamop, CB — cousauna bamapes,; Ab — akymynamopua 6amapest;
BI'— simpozenepamop

[nma rpyna eBpucTuk nepeadavae ynpapiaiHHS 3 IPOTHO3YBaHHSAM, METa SIKOTO — HEIOMY-
IIEHHS NOPYLIEHHA KOM(OPTY MpH 3MiHI OTOAHUX YMOB a00 pexxuMiB pyHKIioHyBaHHS. [l0
1i€1 TPy MO’KHA BITHECTH TaKi €BPUCTUKHU:

AKIO {(|Atis/At>Atmin) ABO(AV/AT >AVmin) ABO (Ah/ At >Ahmin)} TA {PO=1},

TO [AR=(signA)x(stepar)

AKIO {(|Atis/ATt>Atmin) ABO (Av/AT >Avmin) ABO (Ah/ At >Ahmin)} TA {PO=0},

TO [AR=0]

AKIO {(|Atius/ATt>Atmax) ABO (AV/AT >AVimax) ABO (Ah/ At >Ahmax)} TA {PO=0},

TO [AR=(signA)x(stepar)

TyT At;n — IpUPOLIEHHS TEMIIEpaTypH 30BHILIHBOTO MOBITPS 3a Mepiox cTanoi yacy Oynu-
HKY AT; Atmin — MiHIMaJIbHO MIPUITYCTUME MPUPOIICHHS TEMITEpaTypH 30BHIIITHLOTO MOBITPS, Ha
sKe CHCTeMa MOXKe He pearyBaru; Av/AT — NpUPOLICHHS MIBUJKOCTI BITPY 3a Mepioj] cTajoi
yacy OyIUHKY AT; AVmin — MIHIMQJIBHO TIPUITYCTUME NMTPUPOIIEHHS MIBUIKOCTI BITPY, Ha SIKE CH-
cTeMa Moke He pearyBatu; Ah/At — MiHIMaTbHO NPUITYCTHME PUPOILEHHS BOJIOTOCTI 30BHIMI-
HBOTO TIOBITPSI, HAa sIKE CUCTeMa MOXke He pearyBat; PO = 1 — HOpMaJIbHHI PEXKUM OITaJICHHS
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BBIMKHYTO; AR — pHpOIIEHHS KEPYIOUOTro BIUIUBY Ha 4ac stepar, TOOTO Ha "yac At 3 ypaxyBaH-
HsM 3HaKy npupoineHss; PO =0 — pexxum onajneHHs nociabneHuil (HIiYHUA Yac, Jyac JO0BTo-
TPUBAJIOI BIICYTHOCTI MEIIKAHIIB); Atmax, AVmax, Ahmax — TPaHUYHI 3HAUCHHS AJIs1 BULIAJIKY Pi-
3KHX CYTTEBUX 3MiH HaBKOJMIITHIX YMOB, SIK1 3/1aTHI BILIMHYTH Ha KOM(OPTHI YMOBH.

TeopeTnuHMit aHAIII3 AaBTOHOMHOT JIOKAJIBHOT CHCTEMH TETIJIONOCTa4anHs 0a3yeThCs Ha 3a-
caZlax MOJEJIOBAaHHS MPOIeCy MpU 3aCTOCYBaHHI aBTOMAaTH30BAHOI CHUCTEMHU YIPABIIHHS Ta
E€HEePTOMOHITOPHHTY 3 €JIEeMEHTaMU CaMOHaBYaHHS [5].

VY Teopii aBTOMaTHYHUX CUCTEM YIPABIIHHSA MalOTh MiCLIE TOHSTTS «HABYAHHS» TA «CaMo-
HaBYAHHAY. Y [UX MMOHATTIAX 3aK/IaJeHUN Takuil 3MicT. [1iq HaB4YaHHSIM MareMaTH4dHOl MOAel
PO3YMI€ThCS TPOIIeC BUPOOIICHHS B IIi Mojeni Tiel abo iHIIOI peakilii Ha 30BHINIHI CUTHAIIN
HUIAXOM 0araropa3oBOro BIUIMBY Ha MaTeMaTH4HY MOJENb Ta ii 30BHIIIHBOIO KOPUTYBaHHS.
3p0o3yMifio, 10 MaTeMaTHYHa MOJIEIb TIepe0adacThes MOTCHIIMHO 31aTHOO 10 HABYAHHS.

[TocTaBrieHa MeTa CTBOPEHHS CUCTEMHU CAMOHABYAHHS I0CATAETHCA TUM, L0 CUCTEMA YII-
PaBIIiHHS TEIUIOCHIOKUBAHHSM, SIKa MICTUTh: TaTYMKU MIKPOKIJIIMaTy, JaTYUKH apaMeTpiB, 110
XapaKTepu3yrTh (HOPMYyBaHHS MIKPOKIIMATY, JaTYNKH METEOYMOB, TTOB's3aH1 yepe3 KOHTPOJIeP
BBEJICHHS/BUBEJICHHS JTAaHUX 13 MPOTPaMor0 0OpOOKH TaHUX, KePYIodoi, Y CBOIO YepTy, uepe3
KOHTPOJIEp BUKOHABYUMH MPUCTPOSMH, JTOJTATKOBO MICTUTh IIPOrpaMHUM OJIOK-eMyJIsSTOp MOo-
Ka3aHb JaTYMKIB 30BHIIIHIX METEOYMOB, 10 IIepeae 3MOEIIbOBaHI TOKa3aHHS 1aTUYMKIB B IIPO-
rpamMmy oOpOOKH JTaHUX.

@OyHKIIOHATBHA CXeMa YIIPaBIIiHHS TEIIOCIIOKUBAHHIM MOXE 30KpeMa MaTH Take HaroB-
HEHHS: CHCTeMa MICTUTh JaTUYMKH MIKpOKJIIMATy, TaTYMKH TTapaMeTPiB TEXHOJIOTTYHUX MPOIIe-
CiB, JaTYMKH 30BHIIIHIX METE€OYMOB, BUKOHABY1 IPUCTPOi, KOHTPOJIEP BBEACHHS/BUBEICHHS Ja-
HUX, porpaMy O0OpOOKH JaHUX, MPOTPAMHUN OJIOK-EMYJISATOp MOKa3aHb AaTYMKIB 30BHIIIHIX
METEOyMOB, 1110 TIEpeae 3MOAETbOBAH1 MOKA3aHHS TaTYUKIB y IporpamMmy oOpoOKH JaHUX.

Crpykrypa # ¢yHKIii aBromarn3oBaHoi cuctemu Teronocradanus (ACTII) npu nbomy
NOBMHHI nepeadayaTu, 3 OMHOTo OOKY, MaKCHMaJlbHE BUKOPUCTAHHS aJbTePHATUBHUX JHKEPEI
eHeprii (ToOTo MiAKIIOUEHHS MTPUPOAHOTO Ta3y JIMIIE 32 YMOB, KOJIM aJlbTepHATUBHI JHKepena
eHeprii He MOXXYTb 3a0e3neynTH KOM(POPTHI YMOBH B MPUMILICHHSAX Ta HEOOXiTHY TemIiepa-
Typy Taps4oi BOJIM), a 3 1HIIIOTO — ypaxyBaHHS YWHHUKIB HABKOJHUIITHBOTO CEpeOBHINA (TEM-
neparypa, BOJIOTiCTh, HIBHJIKICTh BITPY), @ TAKOXK Yacy 100U, THS THXKHS Ta IESKUX 1HUBITya-
JBHUX YCTaBOK KopucTyBauiB cuctemMud. Onmuu 3 BapianTiB ACTII Moke BKIIOYaTH Taki
aNbTepHATUBHI JuKepena sik consiyna 6arapest (Cbh) ta BiTporeneparop (BI'). Ockinbku coHIie i
BITEp IIPAITIOIOTHY HE BECh Yac 1 3a3BUYAN HE 3aBKIU 3a0€3MeUyI0Th i 9ac poOoTH HE0OX1IHi
napaMeTpH, BapToO E€JIEKTPOCHEPTII0, Ky BOHU BHUPOONIAIOTH, MPSMYBATH Ha BXOIHU 3apsIHUX
npuctpoi (3I1) mist 3apsmkanHs akymysasTopHoi O0arapei (AbB), sxa, y cBor 4epry, KUBUTH
eJIEKTpOHArpiBay, SKui i 3a06e3nedye MiAirpiB BOAU B TEIUIOOOMIHHUKY CHCTEMH TEIIONOCTa-
yauHs (TO a6o YK).

[Iponec ynpapniHHs MOAIICHO HAa LUKIU PiBHOT TpuBasnocTi. Ha moyarky KO>KHOTO ITUKITY
MIPOBOJUTHLCS MTOCTIOBHE ONMMUTYBAHHS JTaTYUKIB

[Iporpama 06poOKkM JaHUX Yepe3 KOHTPOJIEP OMUTYE NATYUK Ta OTPUMYE HOTO MOKa3HUK.
Yac, 10 BUTpavaeThCs Ha MEPETBOPEHHS Ta BBEACHHS BUMIPIOBAJIBHOI iH(OpMAIIii B mporpamy
00poOKH TaHMX, 3HAYHO MEHILIE MePioay KOJIIMBaHb y KepoBaHOMY Iporieci. ToMy Bcst BUMIpIO-
BaJibHA 1H(OPMAIIiS OHOTO UKy BBOAUTHLCS MPAKTHYHO ofHo4acHO. Ilicis Toro, sk Bcs iH-
dopmarlis mepenana B 3amam'iTOBYBaJIbHUN PUCTPiil MPOTATOM AESIKOT0 Yacy rnporpama oopo-
OKM TaHWX BUKOHYE PO3PAaXyHOK HEOOXITHUX Kepyrodux curHaiiB. [ToTiM kepyrouuii curHa
BiJ] KOHTPOJIEPA BUKOHY€E YNPABIISAIOUNI BIIUB, IKUI 30epiraeThCsi HE3MIHHUM MPOTSITOM LBOTO
[IUKITY YIPaBIIiHHS, a00 3a SKUMOCH MPOTHO3YIOUUM aJITOPUTMOM 3MIHIOETHCH.

[Totim 0OpoOiieHa Ta y3arajgbHeHa BUMIipIOBaiIbHA 1HGOPMAIIS PO XiJ MPOIeCy Ta CTaH
TEXHOJIOTIYHOTO OOJIaTHAHHS MEePEAAETHCS MPOrPpaMoi0 0OpOOKH JaHUX Ha 3aram'siTOByBajlb-
HUI NpHUCTpiil Ta Ha HeoOXiaHI nepudepiitai npuctpoi. Iicng yoro cucrema nepeTBOPIOETHCS
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Ha CTaH OYiIKYBaHHS YM JI0 BUKOHAHHS JOIIOMDKHHMX PO3PaxXyHKIB, sIKI MOXYTb IIepepUBaTUCS
0e3 MopyIIeHHS TPOrpaMu Ta MPOMIDKHUX Pe3y/IbTaTiB Ha Yac Y€pProBOTO IIUKITY YIPaBIIiHHS.

Y nodaTkoBUi epioj eKCIuTyaTallii CHCTEMH Yac MiX [IMKJIAMU KepYBaHHS BUKOPHUCTOBY-
€THCS 111 CAMOHABYAHHS CUCTEMH, SKE 3/I1HCHIOETHCS TAKUM YHHOM.

Jlo mporpamu 00poOKH aHUX IMiIKIIOYAE€THCS MPOrPpaMHUN OJIOK MareMaTH4HOI MOAeNi
TEIJIOBOTO PEKUMY TMpuMinieHHs. Ha mepiog MiX IUKIaMH yMpaBIiHHS MporpamMa oOpoOKu
JIAHUX BKIIIOYAE TIPOTPAMHHE OJI0K-eMYISITOp TIOKa3aHb TATYHMKIB 30BHIITHIX METEOYMOB.

PoGora cuctemu mij yac HaBYaHHS BiI0OyBa€ThCS TaK CaMo, SIK 1 ITiJ] 9ac yIpaBIliHHS, 3 TIEIO
pi3HHUIIEIO, IO BX1IHY iH(OpMAIIiI0 CHCTeMa OTPUMYE BiJl MPOTPAMHOTO OJIOKY-eMYJISTOpa 1MO-
Ka3aHb JIATYHKIB 30BHIIIHIX METEOYMOB, a BUX1HY Mepeaac MPOrpaMHOMY OJIOKY, III0 MOJIEITIOE
dbopMyBaHHSI MiKpOKJIIMaTy TIPUMIIIEHb.

[Ticns Toro, sik Ha 4eprosiit Mozeni popMyBaHHS MIKPOKJIIMaTy HABYaHHS 3aKIHIYETHCA, Y
nporpamy oOpoOKH JaHUX BBOAMTHCS CKIIAIHINIA MOJETb (JOpMyBaHHS MIKPOKJIIMAaTy Ta CHUC-
TeMa, BUKOPUCTOBYIOUM HAKOIIMYEHI JIaHi, HABYAa€ThCs Ha 1ii Moxemni. [licas Toro sik cuctema
MMOYMHAE JIOCTATHHO MIBUJIKO MEPEXOIUTH BiJ OHIET MaTeMaTudHO1 Mozei (OpMyBaHHS MiK-
poKJIiMaTy A0 1HIIOI, MPOIEC HaBYaHHS HAa MOJAEISX 3aKiHUYEThCS 1 CHCTEMa MEPEBOAUTHCS B
peXUM HaBUaHHS Ha pealbHOMY 00'ekTi. Yac HaBUaHHS CKOPOUYYETHCA 3a PaxXyHOK TOTO, 110 B
nepioJ HaBYaHHS Ha MOJIEIISAX YacTOTa IIUKIIIB KePyBaHHS 30LIbIITY€ThCS.

Mertononorisi caMOHaBYaHHS MaTeMaTHYHOI MOJIelTi TPE/ICTaBIIsiE OKpEeMe MaTeMaTUyHe 3a-
Branns. [i piltenHIo Ta peaizallii IPUCBAYEHO BEIUKY KilbKiCTh pobiT. B 0CHOBY MaTemaTiy-
HOTO amapary JJi CAMOHABYAIOUMX MaTEMaTUYHUX MOJiesIel BUSBUIIOCS MOXKIIMBUM 1 3pYUYHUM
MOKJIACTH IMOBIPHICHI IHTEPAaKTUBHI METO/H, 1 30KpeMa METOAM CTOXAaCTUYHOI alipOKCHMAIIii.

BucnoBku. Tpanchopmarrisi iCHyr040i CHCTEMH IIEHTPaJi30BaHOTO TEIIONMOCTaYaHHS
(abo ii JOTTOBHEHHS) MOXJIMBA 13 3aCTOCYBaHHSAM KOMOIHOBAaHOTO BUPOOHHUIITBA TEIUIOBOI Ta
€JIEKTPUYHOI eHeprii B aBBTOHOMHHUX JIOKaJIbHUX CUCTEMaX €HeprorocTayaHHs 3a KoreHeparin-
HOIO TEXHOJIOTIEI0 HA CYYaCHOMY BHCOKOE€(EKTHBHOMY yCTaTKyBaHHI H 13 IIMPOKUM 3aCTOCY-
BaHHSIM BiTHOBIIOBaIbHUX Jpkepen eHeprii (BJIE) 3rigno 3 Bumoramu IV enepreTudHoro me-
pexony. [Ipudomy crBopennst anbrepHaTtuBHOI cuctemMu (ACTII) MOXIMBO PO3TIATHYTH Yy 4Yaci
(SIKIO HE WIeThCS MPO IUIAHOBUM PEMOHT) 32 PaxXyHOK IMOCTYIOBOTO JIOMOBHEHHS (step-by-
step) TOTO 4M iHIIIOTO YCTaTKyBaHHs, 110 3a0e3Ieuye MeBHY eKOHOMIIO PeCypCiB i CTBOPIOE pe-
3epB AJIs MOJANbBIIOTO BAOCKOHAICHHS CUCTEMHU.
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SYSTEMS OF AUTONOMOUS HEAT SUPPLY OF BUILDINGS

The critical energy infrastructure plays an important role in ensuring the energy security of the state, creating conditions
for life of population and development of national economy. The work examines the problems of developing and designing an
autonomous energy supply system as a component of critical energy infrastructure, it is necessary to analyze the functions of
individual components of the system and the criteria that determine the energy efficiency of the system as a whole.

A sufficient number of scientific papers are devoted to the analysis of research and publications on the functional analysis
of distributed energy systems, in particular, the formation of the optimal structure of the local electric power system based on
the assessment of the degree of proximity of the location of objects with the use of cluster analysis for modeling systems based
on the Microgrid concept is considered.

The purpose of the article is to develop the concept of an autonomous local energy supply system as a component of
critical energy infrastructure in order to increase the level of energy security of the country.

The transformation of the existing system of centralized heat supply (or its addition) is possible with the use of combined
production of heat and electricity in autonomous local energy supply systems using cogeneration technology on modern high-
efficiency equipment and the widespread use of renewable energy sources (RES) in accordance with the requirements of the IV
energy transition. This approach is harmonized with project development of the EU — Europen Technology Platform SmartGrid
energy supply platform based on distributed generation and Smart technologies.

For the analysis of schematic solutions of the structure of the autonomous local energy supply system, the heuristic
analysis technique was applied, which made it possible to optimize the management of energy resource generation processes,
in the form of components: technical means (TK), informational (IS) and mathematical (MZ) support.

The paper provides a theoretical analysis of an autonomous heat supply system based on the principles of process mod-
eling when using an automated control and energy monitoring system with self-learning elements.

Keywords: energy infrastructure; thermal energy; cogeneration technology;, distributed generation; heuristic analysis;
optimal management, energy monitoring
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MOPIBHAJIBHUIN AHAJII3 TOIOJIOTTH TA AJI'OPUTMIB
JJIA BIZCTEKYBAYIB TOYKU MAKCUMAJIBHOI ITOTY KHOCTI
Y ®OTOEJEKTPUYHUX CUCTEMAX

Cmayionapni COHAYHI eneKmpudHi Cmanyii, wo cKIaoaiomvpcs 3 Macugy COHAUHUX nauenell, — 0OHi 3 HauObW 6420MUX
CKA008UX ABMOHOMHUX eNeKMPUYHUX Mepedic. Bpaxosyiouu pisnomanimuicme icnylouux mononozii ma memooie giocmedicy-
BAHHI MOYKU MAKCUMATLHOI ROMYICHOCHI, MEmOo0 0aHoi pobomu € 027130 MONoAOCill nepemeopiosayis, Kiacugikayis auieo-
pummie MPPT ma ix nopisusnvnuii ananiz. Ha ocnosi npogedenoeo ananimuunoco oensiody ckaadeHo nopieHaIbHY mabauyio
071 PO32NAHYMUX aneopummis. ¥ npoyeci nopigusantus ocHogHux ancopummie MPPT ecmarnogneno, wo inmenekmyanvbti aneo-
pummu mMarome pao nepesaz Hao 6azoeumu. Ane peanizayis maxux anzopummis € KOMIIEKCHOW i nompebye Oinbuux ooyuc-
JI0BANILHUX PeCypCis, ujo 00He0a8HA CMAHOBUNLO ICIMOMHY NPOOIeM).

Kniouogi cnoga: agmonommi enekmpuyti mepesici; aneopummu 8i0Cmedicy8anHsa MakCUMAIbHOT NOMYHCHOC, eneKmpo-
eHepeemuuHi cucmemu; eqhpeKmueHicms, NOPIGHANLHUL AHANI3, COHAYHI NAHENI; MONON02ii Nepemeoploeayis; MouKa MaKCuMa-
JIBHOT ROMYJHCHOCII; (hOMOeeKMPUYHI NEPEeMEOPIO6ayi, homoeneKmpuyHi cucmemu.

Puc.: 13. Taon.: 1. bion.: 30.

AKTyaJbHICTH TeMHU AocaimkeHHss. Huni B YkpaiHi € mpobnema 3a0e3Me4eHHs CTaioro
€JIEKTPONIOCTA4YaHHs, COPUYMHEHA TEPOPHCTUYHOIO JISUTBHICTIO MiJCTYNMHOI KpaiHHM-Cycifa.
Taka cutyarlist mMATBEPHKY€E HEOOX1THICTh PO3BUTKY alIbTEPHATUBHOI €HEPTETUKH Ta ii 1HTET-
patlii B eJIeKTpHUUHy Mepexy Kpainu [ 1] 3 MeToro ii OHOBJICHHS Ta €BOJIIOLIHHOTO IEPETBOPEHHS
y THYYKO TIOB'sI3aHYy CYKYITHICTh aBTOHOMHHX €JIeKTpUIHuX Mepex (AEM). 3anexHo Big po3-
mipy AEM noxinstors Ha Nanogrid, Microgrid, Minigrid [2]. CranioHapHi COHSYHI €JeKTpUYHI
cranuii (CEC), mo cknagarotecs 3 MacuBy coHstyHuX naHenei (CII1) — ogni 3 HalO1IbII Baro-
mMux ckianoBux AEM, siki B pa3i BiAKIIIoueHHS (pyiHYBaHHS) 30BHIIIHBOI €IEKTPOMEPEXi 31a-
TH1 3a0€3MeYNTH aBTOHOMHE €JIEKTPOKUBJICHHS BiJ] OJJHOTO MPUBATHOTO TOCIOAAPCTBA A0 Me-
pexi 00'€KTIB KPUTHUYHOI iHYPACTPYKTYPH.

ITocranoBka mpodjaemu. AEM Ha ocHoBi CII MaroTh CBOi HEMONIKH, OCHOBHHI cepes
SIKMX — HEBUCOKA €(DEeKTUBHICTH MEPETBOPEHHS COHSIYHOI eHeprii B elekTpuyHy. Bin € Hacmia-
KOM JWHaMi4HOi Ta HeliHiiHOoI reHeparii eneprii B CII. ¥ nmpoMy J€rko BIEBHUTHUCH, 3HSBIIH
BaT-aMIiepHy abo BojibT-aMmrepHy xapakrepuctuky (BAX) CII. BiuB unHATE Taki Gaxropu:
3MiHa PiBHS COHSTYHOTO OCBITJICHHS MPOTATOM JIOOM Ta MOPH POKY, 3MiHA TeMIIEpaTypH MOBEp-
xHi CII, noBHe a6o uactkoBe 3atinenns CI1, BayTpimHiit onip CII romro [3]. [Tinkmouenns CIT
K JDKepelia )KUBJICHHs 0e3110CepeIHBO 10 HaBaHTAKEHHSI IPU3BE/IE 10 1€ MEHII €()eKTHUBHOTO
MEPETBOPEHHSI €HEprii yepe3 HeY3Tro/HKeHHs iMmenanciB. lle yHeMOXITHBUTh ONTUMAabHE BU-
KopuctanHs eHepreTudHoro pecypey CII. Takum yrHOM, TOCTa€ HEOOXIIHICTh Y CTBOPEHHI Ta
PO3BHUTKY TE€XHOJIOT1H, SIKi JO3BOJISIOTH IEPETBOPIOBATH COHSIYHY €HEPTil0 B €JICKTPUYHY OB
e(exTuBHO (3 MeHIIMMH BTpaTtaMu). OTHIEIO 3 TAKUX MAPAIUTM € CTEKCHHS 32 TOYKOIO MAKCH-
manibHOi noTyxHocti CII — Maximum Power Point Tracking (MPPT). MPPT BrineHo B Oara-
THOX METO/IaX Ta aJrOpPUTMax, 10 BPAXOBYIOTh 3MiHHU (haKTOPiB HABKOJIIUITHHOTO CEPEIOBUIIIA,
¢iznuni nmponecu Beepeauni CII Ta xapakrep HaBaHTaXECHHS.

© Tumodiii Axymkin, Poman €pmos, Cepriit CteneHko, 2023
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3a cnocobom inTerpatii B AEM Ha ocHoBi CII, 6moku MPPT noainsiroTs Ha mEeHTpaTi3oBaH1
(Centralized MPPT, CMPPT), ne equnmii 6ok miakmodaetsest 10 macuBy CIT (siki uepes Oesmia
(hakTOpIB MPALIOIOTH Y HEOJHAKOBUX pekuMax), Ta posnoziieHi (Distributed MPPT, DMPPT), ne
KOKHHIA OJIOK MMiKITF0UaeThest 10 okpemoi CII. 3Bakaroun Ha BUKOPHUCTOBYBAaHY aBTOPaMHU CTPYK-
Typy Ta notyxHicte AEM, y 1iif po6oti nig repminom MPPT Gyne posmsaarucs came DMPPT.

AHaJi3 ocTa”Hix aocaimkensb i mydaikauiid. CII ckimagaeTbes 3 MOCHTIIOBHO 3'€ THAHUX
HaITIBIPOBIIHUKOBUX KOMIPOK, SIKi IEPETBOPIOIOTH EHEPTi0 COHIIA B €JICKTPUYHY, 3a JOTIOMO-
roto poroenexrpuyaHoro edekry. Komipky CIT MmoxHa npeacTaBUTH 3a JOMOMOTOI0 €KBIBAJICH-
THOI enekTpuyHOi cxemH (puc. 1). Taka «ogHOAIOMHA» CXeMa € MHPOKO BUKOPUCTOBYBAHOIO 1
BIJIHOCHO TOYHOIO 1 MojemtoBanus CIT [4].

Sk MmoxHa mobaunTH (puc. 1), B i1ealbHOMY BUTIQJKy €KBIBaJECHTHA CXeMa CKJIAJIA€ThCA 3
JDKepela cTpyMmy 1, Ta apalienbHO BKIFOUEHOTO 3 HUM aioay D. CtpyM mxepena ,, BiAOBi1ae
CTPYMY, SIKHI TEHEPYEThCS 1] Yac MOTpaIUITHHS (POTOHIB Ha MOBEepxHIO KoMipku. [iox D yo-
COOJTIO€E HAMiBIIPOBIHHUK, 3 IKOTO BUTOTOBJIEHA KOMIpKa, 1 Uepe3 KU MPOTIiKae CTPyM g, SKUN
B CBOIO Uepry MOKHA 3HaiTH 3a hopmysoro (1):

ID=IO-(eXp(%~v,j—lJ, (1)

ne I, — 3BOPOTHUI CTPYM HAaCHUCHHS;, ¢ — 3apsij eNeKTpoHa; k — crana boibumana; 7 — abco-
JIOTHA TeMITepaTypa KOMIPKH; v — BUX1JHA HAIIPyTa 11ealTbHOi KOMIpKH.

Ish

Iph D Rsh Veell

Ioeanvna komipka

/——————————
——— ——— ——— — — — — — —

Puc. 1. Exeieanenmna cxema KOMIpKU COHAYHOI naneui
BuxinHuii cTpyMm 11€alIbHOT KOMIPKH OTPUMYETHCS 3a (hopmyrnoro (2).
ZI(VI):]ph_ID9 (2)

1€ i — BUXITHUHN CTPYM iI€alIbHOT KOMipKH.
[TincraBuBmm (1) y (2) orpumaemo noBHe piBHsHHSI BAX ineansnoi CII [5]:

iI(VI)ZIph_Io'(exp(%'vlj_lj’ (3)

Hagezeni BuIie 3a1€KHOCTI CTOCYBAIUCS 17IeaTbHOTO BUMIAAKY. Po3misiHEMO peaibHy MO-
JIeNb 3 ypaxyBaHHSIM BTpaT. MokHa MOMITUTH (puc. 1), mo B cxeMi HasiBHI ontopu R Ta Ry, sSKi
BIUIMBAIOTh HA BUXIJHUNA CTPYM, BHOCSIYHM TEBHI BTpaTh. IlocmiioBHMiA omip Ry BUHUKAE pU
3’€IHaHHI KOMIpOK MiX c00010, a mapayielbHuil omip Ry, MOJENIOE CTpPyM BUTOKY [6]. Bpaxo-
BYIOUH 111 O1TOpH, (pOopMyiia BUXiTHOTO CTPyMy Oy/ie TaKoro:

Icezz(Vcezz):]ph_]D_[sh: 4)

1€ leen Ta Veey — BUXITHUNA CTPYM Ta BUXigHA Hanpyra komipku CII; Iy, — CTpyM BUTOKY.
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®opmyna ctpymy niona Iq (1) 3MiHUTBCS:

. q
ip=1, {exp{k-T-NS m '(Vcell +1 'Rs)}_lja (5)
Takox BUIIISIOTH MIOHATTS TEPMIYHOT HAIIPYTH V7, 10 ONMUCYETHCS BUPa3oM (6):
k-T-Ng-
v, = AL (6)
q

ne Ny — KUTBKICTh TIOCITITOBHO 3'€ JTHAHUX KOMIPOK; 7 — (DaKTOp 171€aTbHOCTI P-N MEPEXOTY, 110
3aJISKUTH BiJl MaTepialy HamiBIPOBIAHUKA 3 IKOTO BUroToBieHa Komipka CII, i HaOyBae 3Ha-
yeHHs B 1.2 1o 6.0 (Hanpukiman m = .2 BIATOBIAa€ KEPaMiYHOMY MOHOKpHCTAIY) [7].

CrpyMm, akuii mpoTikae yepe3 pe3uctop Rsh, Bu3HauaeThes 3a popmysoro (7):

— Ve + Lo Rs (7)
sh — R 4
sh

DoTocTpyM Iy, KUK 3aIEKHUTH BiJl TEMIIEPATypH KOMIPKHU i BETMUMHHU COHSYHOI 1HCOIS-

11ii Ta 3BOPOTHUHN CTPyM HacH4YeHHs Jioaa I, 3HaxoasThes 3a popmynamu (8) ta (9) [7]:

G
]ph:|:IsC+Ki'(T_T;'ef):|.G s (8)
ref
ne Isc — CTpyM KOPOTKOTO 3aMHUKaHHS; K; — KOe(II[IEHT 3MIHH CBITIOBOTO MOTOKY 3aJIEKHO BiJ
temneparypu; I — abcontoTHa Temreparypa KoMipku; T.,— omopHa temreparypa; G — 3Ha-
YEeHHS OCBITICHOCTI; Grer — OTIOPHE 3HAUEHHS OCBITICHOCTI;
2

T E T
I (T)=1 = cexp| L | —-11{], 9
0( ) o(Ty) Tnf p 7 Tref )

ne E,— eneprisa 3a00poHeHO01 30HHU HAMTIBIPOBITHUKOBOTO MaTepiany; lo(rre) — 3BOPOTHUH CTPYM
HACHYCHHS Ji0/1a ipu Temneparypi Tref.

Hwxue 300pakeni BuxigHi xapaktepuctuku CII: BomsT-ammnepna (I-V) ta BaT-ammepna
(P-V), a Takox ix 3anexHicTh BiA piBHA iHcomAwii (puc. 2) i Temneparypu (puc. 3). I'padiku
smognenboBal y MATLAB ms CIT monemi VERTEX TSM-DE18M(II) 490W.

l Module type: VERTEX TSM-DE 1&M(TT) 490W |

15 3 500 LWIm2
1 kWim
- g 400 F
Lol 1 g:m |
E 0.5 kWim? g -5 thm?
3 s \ { &2
0.1 kWi amr / \
u] g L L = & = n L P u-:l\kw f\
Q 10 20 30 40 50 €0 0 10 20 30 4an 50 60
Voltage (V) Voltage (V)
Puc. 2. Buxioni xapaxmepucmuxu CII 3anesxicHo 8i0 pieus inconayii
[ Module type: VERTEX TSM DE 1 2M(T)y 490% I

15 600
g 10r S 400 - 45
: :
o B 5°C & 200 -

W\ T
4
% 10 2 30 40 50 60 R 10 20 30 40 so o
Voltage (V) Voltage (V)

Puc. 3. Buxioni xapaxmepucmuku CII 3anesxicno 6i0 memnepamypu
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BuaijieHHs1 HeZOCIIKeHUX YaCTHH 3arajabHol npodjaemu. Posrisinemo ctpyktypy AEM
(puc. 4) ta ii cknagosi. CI1 (PV-panel), abo ywactime ix macus (PV-array), € mKepenoM eHeprii
st AEM. BoHu nepeTBOPIOIOTh COHSIUHY CHEPIilo B €IEKTPUUHY 3aBISIKH SBUILY (hoTOe]EKTy.
besnocepenubo mo Buxomy MacuBy CII mocmioBHO BKitoueHo 0510k MPPT, 3ana4a sKoro — BifI-
0ip MmakcumanbHOI MOTYHOCTI Bil CIT, ToOTO CiiIKyBaHHS 32 Y30 KSHHSIM (301r0M) BUX1THOTO
imregancy CII 31 BxigauM iMnienancom nepetBoproBauda Hanpyru (DC-DC a6o DC-AC).

IaBepTop Hanpyru (DC-AC) hopmye 3MiHHY CHHYCOiIaIbHY HAMPYTY 3 MOCTIHHO1, 10 Ja€
MOYJIMBICTh 32)KMBHUTH BIAMOBIIHI MOOYTOBI Ta IPOMUCIIOBI MPHUCTPOi, a00 (32 HAsIBHOCTI BY-
3na cuaxpoHizamii AC-Grid Sync) noctayat €JIeKTPUYHY €HEPrito B 30BHIMIHIO IIEHTPATI30-
BaHy MEPEXY. 3a HECIIPUATIUBUX IMOTOJHIX YMOB Ta OJJHOYACHOI HASBHOCTI MEPEKEBOTO KU-
BJICHHS, 1HBEPTOpP HAIPYTH, SIKUH Mae (YHKIIO PEBEpCYBaHHS HANPSMKY I[E€PETBOPEHHS
(Bidirectional), Mmoxe >XUBUTH BHYTpilIHIO Mepexxy AEM Ta nigzapspkaT 010K akyMyJIsITO-
pHux Oarapeni (Accumulator Batteries, AKDB).

Kontponep 3apsny AKbB (Bidirectional Charger) noTpuMyeTbest CIeIU(IYHOTO TS XiMid-
Horo tuny AKB pexumy 3apsimkxadss (TOCTIHHAM CTPYMOM, ITOCTIHHOIO HANIPYTOI0) Ta OaaHcye
3apsi Mixk ii komipkamu (Battery Management System, BMS). 1le 3a0e3nieuye HassBHICTh pe3epB-
HOTO JKepesia eHeprii B pa3i OJJHOYACHOT BIICYTHOCTI KUBJICHHSI y 30BHIIIIHINA MEPEKi Ta IOTaHuX
HOTO/THUX YMOB Ut TeHepauii 3a paxyHok CII. Oco6muBy yBary Ha nmo4arky ¢popmyBanus AEM
HEOOX1THO IPUIUTSITH BUOOPY aKyMyJIITOpHUX OaTapeit. ABTopamu [8; 9] Oyiio mpoBeIeHO OTJIs
1 IOPIBHSHHS CBHHIIEBO-KHCIIOTHUX, HIKEJIb-KaIMIE€BUX, HiIKEITb-METAJI-T1APUIHUX, JITIH-10HHUX,
miti-3amizo-pocharanx AKB. ¥V po6orti [30] po3rissHyTO CTiHKICTh KOMOIHOBAHOI CHCTEMH Ha-
KOMWYEHHS €HEpPrii Ha OCHOBI CYNEPKOHICHCATOpa Ta aKyMYJISITOPHOI Oatapei.

DC-Cascading
Node
To Other
DC-Load
PV-panel MPPT Bidirectional
(PV-array) Tnternal DC-AC (Inverter)
DC- Link i
Network To AC-Mains
Y Power Supply
Accumulator BMS Bidirectional AC-Grid Network
Batteries Charger Synec Node

Puc. 4. V3acanonena cmpykmypa AEM na ocnosi CI1

OcHoBHOIO (hYHKITIOHATEHOIO MmiicucTeMor0 B AEM € cuiioBa yacTuHa, i O1IbIIicTb ii 6710-
KiB T €IHAaHO 10 BHYTPINIHBOI CHJIOBOi JIaHKM TMOCTiHHOTO cTpymy (Internal DC-link
Network). 3aBgannsm konTposepa Bciei AEM e migTpumka Hanpyry B i JIaHI CTaOiIbHOIO,
10 3a0e3Mevy€eThCs THMU YH IHIMAMU OJIOKaMH, 3aJIKHO Bifl pEeXuMy poOoTH. Takox came
MOCTIHY HAMPYTy 3py4YHO BUKOPUCTOBYBATH 175l KackaayBaHHa AEM 3 MeToro HapolryBaHHS
ix motyxHocTi (DC Cascading Node).

Merta cTaTTi. BpaxoByroun pi3HOMaHITHICTh iICHYIOUHX TOMOOTiH Ta MeTo1iB MPPT, me-
TOIO AaHOi poOOTH € OTJIsIA TOTOJIOTIH TepeTBOpIOBaYiB, kiacudikaiis anroputmiB MPPT Ta
iX MOPIBHSUIBHUM aHai3 3a KpUTEPisIMU: HAOIp JaTYMKIB, OOUMCIIOBATIbHA CKIIQJAHICTD, IIBU/I-
KICTh BIJICTEKYBaHHS, TOYHICTh BIJICTeKYBaHHS, COOIBApTICTh, OOCAT BUKOPUCTAHOI ITaM’sTi,
CTaOUIbHICTh, €(DEKTUBHICTD.

BuxkJiiag ocHoBHOro martepiany. BpaxoBytouu Buiie3asnauene ta npuponay CII, came me-
PETBOPEHHS MOCTIHHOI HANPYTH JIGKHUTb B OCHOBI OubIIOCTI 0110kiB AEM, 30Kpema, 050Ky
MPPT, Tomy Hanami po3risiHeMo Ta nopiBHsieMo ocHOBHI Tomojorii DC-DC neperBoproBadib.

TomnoJorii cxem cusioBoi yactunu MPPT. bazosumu tononorismu DC-DC nepeTBopro-
BauiB € Oe3TpancopmaropHi migsuirytounii (Boost Converter, puc. SA) Ta TOHKYIOUHA
(Buck Converter, puc. 5B). Buck Converter moOynoBanuii TaKM YHHOM, 1110 BUX1/IHA HANIpyTa
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Vour (Hampyra HaBaHTaXEHHS Rjoqq) HE TIEpEBUILYE BXifHY Hanpyry V. Boost Converter mpa-
I[I0€ HaBMaKH 1 JIJIs1 HBOTO Vs BHIIE V. Takoxk icHye iHBepTYIOUa Tomosoris (Inverting Buck-
Boost Converter, puc. 5C), sika 103BOJIsIE OTPUMYBATH MOJIAPHICTh BUX1AHOT HAIIPYTH MPOTH-
JISKHY BITHOCHO BX1JHOT.

[Monmxyuo-ninBuiyrounii nepersoproay (Non-Inverting Buck-Boost Converter, puc. 5D)
noeauye BiaactuBocTi Buck- 1 Boost- meperBoproBauiB. ToOTO, SKIIO HEOOXITHO OTpUMATH HA
BUXO/I1, HATIpUKIa, Vour = 24 B, a BxigHa Hanpyra Vs 3miHIoeThest B Mexkax Bif 20 B 10 30 B, o
konmu Vs > Vou, TiepeTBopioBau npaitoe B Buck-pexxumi, a sikiio Vs < Vout —y Boost-pexxumi.

L D L D

S
fw | .
> 141 ree > +
-
. . Rioad
Vs J» S =cC Rload Vs D Jl-b S C = Vout
— —
A)Boost Converter D)Non-in gningrumk-noasr
onverter
s quo“,p L ﬁ Lout
141 + LRLY i —
-
/ — ; —
Vs b € == RimdZ | Vout Vs J» s D Cout == Riad & |Vout
—
— . .
B)Buck Converter E)Cuk Converter
s D L1 ﬁ D
S | |
147 D) - 411 I > N
-
—
Vs L € —— Rioad Vout Vs J» S L2 Cout —— Rload
—
+ Vout

O)Inverting Buck-Boost Converter F)SEPIC Converter

Puc. 5. Tononozii DC-DC nepemeopiosauis, ujo Moxcyms Oymu 6UKOPUCMAHI
AK cunosa yacmuua onsi MPPT

Cuk Converter (puc. SE) yrBopeHmii kackaayBaHHAM yacTHH Boost- Ta Buck-nepeTrBopro-
BadiB uepe3 po3ausioay eMHicTh. [loaioHo 10 Inverting Buck-Boost, BiH iHBepTy€e MOJSIPHICTH
BUX1JIHOT HANPYTH BiTHOCHO BXiAHOI. Pa3om 3 Tum, moaiobno no Non-Inverting Buck-Boost me-
peTBOpIOBaYa, MOXKE SIK ITiIBUIIYBaTH, TaK 1 3HUKYBATH HAIPYTy 3a MOIYJIEM, ajie Ha BIAMIHY
BiJl HbOTO, Ma€ HU3bKI MyJIbCAIlil BXiTHOTO Ta BUXITHOTO CTPYMIB.

SEPIC Converter (puc. 5F) Takox mpaittoe B Buck- Ta Boost- pexxumMax, Mae HU3bKI ITyJTb-
carlii BXiIHOTO CTpyMy, ajie BuIli mynscaii BuxigHoro ctpymy [10]. Cuk ta SEPIC nepetBo-
proBaul MOXKYTh 3a0€3MEUNTH BUIIMI TPaHUYHUIN KOe(]IIiEHT MepeTBOPEHHS 1O HaIpy3i, HIXK
3Buuaitnuii Buck-Boost. B po6oti [11] geTanbHO po3misiHyTO 1 IpOBEIECHO MOPIBHIIBHUM aHa-
7113 Ta MozenroBanHs Tononorii: Buck-Boost, Cuk ta SEPIC.

AHanizyrouun peanbHi 3pazku MPPT, moMideHo, 110 31€011bIII0T0 BUKOPUCTOBYETHCS ITiJI-
uiytounii DC-DC neperBoproBad abo ioro moaudikaii, OCKUIBKH BiH Ma€ BJIACTHBOCTI 3a-
NacaHHs HAJUIMIIKY BiiOpaHoi eHeprii y BUXiIHIN €MHOCTI, MOXKJIMBICTh 3a0€3M1EUNTH HEre-
pepBHuii Bxigauit crpym ta Bunuit KK/ y mmpokoMy niama3oni perymtoBanHs. Buia Hanpyra
Ha BHUXO/ll 103BOJIsi€ 3a0e3euyBaT HEOOXiJHY TOTY>KHICTh MEHIITHM CTPYMOM.

VYnockoHaneHHSAMU Jy1sl TONoJorii Boost-nepeTBopioBada 3 METOIO MOKPAIIEHHS THX YU 1H-
IIMX HOTO XapaKTEPHCTHUK 3aJI€KHO BiJl 3aCTOCYBAHHSA €: CHHXPOHHHH (3 aKTUBHUM BUIIPSMIIS-
4yeM), 3 4UepryBaHHsaM (a3, KBa3ipe30HAHCHHM Ta KBasiimMmnenaHcHUU. J{aHi Tomosorii nmepeTBo-
pIOBauiB, MpecTaBlIeH1 HIXK4YE (pHC. 6).

Synchronous Boost Converter Ha nepIiuii momisI yCKIaIHIOETHCS TUM, 1110 Tpebda Kepy-
Baru 1BoMa kitouamu S1 1 S2. Curnan Ha S2 mae OyTtu iHBepToBanuM 110 S1. Li curnamu maroth
OyTu cuHXpoHHI1. [10TpiOHO YHEMOKITMBUTH BUITAI0K, KoJii S1 1 S2 ogHOYACHO 1epeOyBaoTh B
OJTHAKOBHMX CTaHaX, aJpKe Ie MpU3Be/e 0 BUXOMY 13 JIaay cxeMHu abo HaBaHTaXeHHs. Brparu
Ha MOSFET-kimtoui S2 O6yayTh 3HaYHO MEHIIMMU, HDK Ha aiofal D y 3BuvaitHoro Boost-tiepe-
TBOpIOBaya.
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Puc.. 6. Mooughixosani mononoeii niosuwysanvuux DC-DC nepemegopiosauis,
WO MOACYMb OYMU BUKOPUCMAHT AK cunoea yacmuua o MPPT

Two-Phase Interleaved Boost Converter 103BoJisi€ pO3IIMPHUTH Aiaria30H MEPETBOPIOBA-
HUX HanpyT. Takuii mepeTBOproBaY Ma€e 3HAYHO MEHII MyJbcallii cTpyMiB, OUTbITy €(heKTHB-
HICTh MEePEeTBOPEHHS 1 Kpairy quHamiky. [naykruBHocTi L1 Ta L2 MoXyTh OyTH SIK OKpEMHUMH,
TaK 1 MarHiTHO-3B'I3aHUMHU (HA CITUIBHOMY OCEP/Ii).

Quasi-resonant Boost Converter (QRC) — nuissxom KoMyTallii mpu HyJbOBOMY CTPYMi
Ta/ab0 Hanpys3i 3HAYHO 3MEHIIYIOTHCS BTPATH €HEPTii B KJIIOYi, 10 JJO3BOJISE MiBUIIUTH Yac-
TOTY KOMYTaIlii, 3MEHITUTH Ta0apUTH PEaKTUBHUX KOMIIOHEHTIB Ta MOKPAIIUTH (3BY3UTH) CIIe-
KTPAJbHUM CKJIaJ SIK IUPKYJIIOI0UYHX, TAK 1 BiiIOpaHUX B )KUBJISTUO] MEpEeXi HAMPYT Ta CTPYMIB.
Henonikamu € yckiaaJHEHMH pO3paxyHOK Ta HaJIAIITYBaHHS 4epe3 HasBHICTb PE30HAHCHOIO
KOHTYPY Ta JI0JIaTKOBOi CXEMH KOHTPOJIIO JUIsl 3a0e3MeueHHs ‘M sIKOi” KOMYTallii KJoJa, a Ta-
KO’K HEOOXI1THICTh OUTBII PETEIIFHOTO BUOOPY KOMITOHEHTIB. CTaTH4HI Ta JUHAMIYHI XapakTe-
PUCTHUKH PO3MISHYTI Ta 3MoenboBaHi y [12], [13].

Quasi-impedance Boost Converter (QZ) — 3aBsk1 HAIBHOCTI IMITEIAaHCHO1 JJaHKHU ede-
KTHUBHO IPALIOE B JOCUTH IIMPOKOMY Jiarna3oHi BXiJHUX HANpYT Ta CTPYMiB, aJPKe MOXKeE OIle-
pyBaTH 1 SIK JDKEPENO HAIPYTH, 1 K HKEPEI0 CTPyMY 3 METOI0 Y3TO/KCHHS IMITEIAaHCY 3 BHXI-
JHUM HABaHTAXXEHHAM, IO 3a0e3redye MakCHUMajbHY BiiOpaHy MOTYXHICTb. 3a TMEBHUX
yaockoHasieHb [14] QZ Moxe mpairoBaTé 1 B IBOHAIIPABICHOMY PEXHMIi, TOOTO NepeaaBaTH
HOTYXHICTB 31 BXOAy 10 Buxony, 1 HaBmaku. [Togiono no QRC, QZ takox peanizoBye BapiaHT
«M’SIKOD» KOMYTallil KJIt04a, 3MEHIIIYIOUH BTPATH Ha NEPEMHUKAaHHS, 1110 CBOEI0 YEPIoro IiJBH-
mye KK/I, Ta no3Bosnse orpuMaTu MeHIIi mynbcatii crpymy [15].

KepyBaHHs Oy/ib-sIKOI0 3 HaBEIEHUX BUILIE TONOJIOT1H 3BOAUTHCS 10 KEPYBaHHS CUIOBUMHU
KJIIoUYaM# S I MiATPUMKH MTOCTIMHOTO 3HAYEHHs BUX1AHOI Hanpyru. /s 1b0oro HeoOXigqHO
3MIHIOBAaTH 3HaueHHs KoedimieHTa 3amoBHeHHS D B IIIIM (abo gacTtoTy MiX IMITyJIbcamH B
UIM). Came B iipomy nossirae 3aaua MPPT-koHTposnepa Ha OCHOBI crienu(piYHUX aJTOPUTMIB
CIIAKYBaHHS Ta JIAHOK CHUCTEM aBTOMATMYHOTO KepyBaHHs (Hampukiazn, PI- Ta/a6o PID-
perynsitopi). MPPT-konTponepu mBuaLie i AKiCHilIe BiANPanboBYIOTh, HiX 3BUYaiHuii DC-
DC mneperBoproBau 6e3 ¢ynkiii MPPT (imme 3 dyHKIieo crabimizaTopa Hanmpyrua Ta/abo
CTpyMy) B YMOBaX, KOJIH X BXiJiHa Harpyra (BoHa xk — BuxijgHa Hanpyra CII) cneungiyno ko-
JMBAETHCS Yepe3 MOTOIHI YMOBH.

Anani3 pisnoBuaiB aaroputmis MPPT. [Ipoananizyemo Ta mpoBeaeMo KiacHdikalio
ocHoBHux anroputmiB MPPT. Ha puc. 7 300pakena y3aranbHena cxema migkmtoueHss CIT mo
HaBaHTa)XeHH# 3 BUKopuctaHHsIM MPPT-kontponepa [16].
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Puc. 7. ¥V3acanenena cmpyxmypna cxema CII 3 MPPT-konmponepom

Sk 6aunmo, 11 MTOBHOTH KOHTPOJIIO HEOOX1THUM HAO1p TOAaTKOBUX JTaTYMKIB, a CaMe IS
BU3HAUEHHS aKTyaJbHOT'O 3HaYeHHS Temneparypu Ta ocBitinenocti CII. Hanpyra ta ctpym CII
BUCTYIAIOTh SIK OMOPHI 3HAYEHHS, a HAlpyra Ta CTPyM HABAHTAXKEHHS — SIK BEKTOP CUTHAIB
3BOPOTHOTO 3B's13Ky. KoH(irypamis Ta KiIbKICTh JaTYMKIB MOXKE PI3SHUTHUCS 3aJIEKHO Big 0Opa-
Horo anroput™My MPPT Ta HassBHUX KOHCTPYKTHBHUX Ta/a00 (piHAHCOBUX OOMEKCHBD.

BumiproBanus Hanpyru Ta ctpymy Ha Buxoni CII He € ckimaaHoro 3ajadero. /loctaTHbO
BUKOPHUCTOBYBATH CIICIliali30BaHI MIKpocxeMu omneparniiaunx miacuiaroBadiB (OI1) B moeqnanHi
3 30BHIIIHIM 200 BOynoBaHuM B MikpokoHTposep (MK) ananoro-un¢ppoBum nepeTBoproBayeM
(ALLIT). Ane BuMiproBaHHS TEMITEpaTypH Ta PiBHA 1HCOJIALIT, MOTpeOye OUTBIITOT yBaru po3po-
OHUKIB. Y MPOCTIIIOMY BUIIAQJKY MOKHA BUMIPIOBATH 3arajbHy TEMIIEPaTypy HaBKOJIHIIHBOTO
cepenonuina nodnuzy CII 3a momomororo 3Bu4aitHOTO 1U(poBOTO MaTdMKa TeMreparypu. Pi-
BEHb OCBITJICHOCTI MO’KHA BUMIPIOBATH 3a JIOTIOMOT'0I0 HEBEIIMKOI KasliOpoBaHoi (poToesIeKTpH-
YHOT KOMIPKH 31 CXEMOIO IepeTBOproBaya Ha 0CHOBI AekiTbkox OIl Ta omudpoByBaHHs Ha OC-
HOB1 MK (puc. 8). Lle moxe Oytu camopoOHuii gar4yuk [17], abo qopoxkde roToBe KOMEpIliiiHe
pimeHHs. MeTeoposIoTiuHi CTaHIii Ta MOPIBHIHHS PI3HUX METO/IIB BUMIPIOBaHHS OCBITICHOCTI
orparboBaHi B po6oTi [18].

[Ipote ckmamHICTh BUHUKAE B TOYHOMY BUMIPIOBaHHI Temmeparypu (OTOEIEMEHTIB Ta
OCBITJIICHOCT1 TOMY, L0 11l TapaMeTpH MOXYTh OyTH HEPIBHOMIPHO PO3MOALTICHUMH I10 BCiH IM0-
BepxHi CII. Hanpukiazn, Ko Mu MaeMo IaT4uk iHCoJsmii (puc. 8), BCTAHOBJICHHH TTOPST 31
CII ra iioro ¢oToenemeHT 3aTiHUTh XMapa, a noBepxHs CII naBmaku Oyne Oe3 3aTiHEHHS, TO
BUMIpSTHE 3HAUYEHHS OCBITIICHOCTI Oy/ie HeKOpeKTHUM. B ifeani Oyino 6 qopeyHrM 3HATH PiBEHb
OCBITJICHOCTI Ta TEMIIEPATYPY KOXKHOI (DOTOENEKTPUYHOI KOMIPKH.

~d

Puc. 8. Jlamuux oceimnenocmi SPEKTRON 485mb Digital Irradiance Sensor SI-RS485
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Astopu [19], [20] npononytoTs noni6Hi 3aranbHi kKiaacudikauii s MPPT anropurmis.
Po3nozminumo iX Ha TpU IpynH, Ta IPOaHAII3y€EMO IO JIBa aITOPUTMHU 3 KOXKHOI:

1. Anpiopni anzopummu (Ha 0CHO6I KOHCIAHMHUX 00MedceHs). JlaH] ATOPUTMU TITyKa-
10Th TOuKy MPP Ha 0cHOBI JJOKyMeHTanbHUX 200 TAOJTUYHUX KOHCTAaHTHUX 3HAYCHb MapaMeT-
piB Ta xapakrepuctuk CII. [lo Hux nHanexats Constant Voltage Tracking, Open-Circuit Voltage
Tracking, Short-Circuit Current Tracking, Current Scanning Method, Curve-Fitting Method,
Look-up Table Method [20].

2. Anocmepiophi anzopummu (Ha 0CHO8i nomouHuUX 8udipoK danux). Jlani anropuT™Mu
IPOBOJISATH BUMipIOBaHHS BUXiHKUX 3HaueHb CII Ta 6e3nocepentbo koHTposoioTs MPPT. Bonn
IpOCTI y peaizaliii, i uepes3 e 3HaXOAATh IHPOKe BUKOPUCTAHHA. [0 HUX Hanexars Perturb &
Observe, Incremental Conductance, Parasitic Capacitance, Ripple Correlation Control,
Photovoltaic Array Combination, Actual Measurement, Voltage Feedback, Power Feedback [19].

3. Inmenexkmyanwvui anzopummu. J{ani meronu 0a3yr0ThCs Ha IHTEIEKTYaTbHUX aJITOPUT-
Max, sKi OUThII €()EKTUBHO BPaxOBYIOTh HENIHIWHOCTI B cuctemi. Jlo HUX Hanexarb Fuzzy
Logic Control, Artificial Neural Network Control, Sliding Mode Control, Biological Swarm
Chasing Algorithm [19].

Open-Circuit Voltage Tracking (OCVT)-aaroputm. OCVT anroputm 06a3zyerbcsi Ha
Tomy, 110 BuxiaHy Harpyry CII V), B Toutti MPP Mo)xHa BBa)XKaTH MPOIOPIIIHOIO HANpy3i Xo-
aoctoro xoay (XX) CII Ve 3 koedinientoM Koc. To6To Hanpyra B Toutti MPPT Viyp:

V :Koc 'I/oc’ (10)

mpp

Hns peanizauii OCVT notpi6no Biakmoyatu CII Bix HaBaHTaXeHHs, BUMIpIOBAaTH Vo,
po3paxyBatu Vi, Ta nepenia'ennati CI1 1o HaBaHTaXeHHS 3 YK€ HAJIAIITOBAHUM HOBUM HO-
MiHAJIbHUM 3Ha4YeHHSAM HanpyrH V... Koedinient K, oOupaerbes B aianasoi Big 0,7 mo 0,8.
Xoua caM METOJl € IPOCTUM Y BUKOPUCTAHHI, caMe MiJ0ip ONTUMAaIbHOT0 3Ha4eHHS Ko € TIPO-
OsieMHNM. TakoX 0 HEJOMIKIB BapTO BIJHECTH TE, 110 3 MEBHOIO MEPIOTUIHICTIO HEOOX1THO
Bix eqnyBat CII Bix HaBaHTaXKEHHS I 3aMipy 3HAYCHHS V.

Short-Circuit Current Tracking (SCCT)-aaroputm. SCCT anroput™m noiOHuiA 10 10-
nepeaaboro OCVT anroputmy, aje 6a3yeThes Ha TOMY, IO CTPyM KOpOoTKoro 3amMukaHHs (K3)
Ise, SIKUY 3MIHIOETHCS BHACIIJOK 3MiHH MOTOJHUX YMOB (TI€pEAyCiM, OCBITJIICHOCTI), B TOYII
MPP MoxHa BBa)KaTH MPONOPIIIHHUM CTPyMY .

=K -1, (11)

ImPP

Koedimient nponopuiiHocTi Ky MeHIIe HiXK 1,0 1 3aJIeKUTh Bl MOJENIel Ta MaTepiajiB
CII (nanpuxinan, K= 0,85 s nonikpuctaniyaux CII). Jlanuii anroputM peani3zyeThbes Moi-
oo 1o OCVT, ane micng Bix'enganas CII Big HaBaHTa)KeHHs, HEOOXITHO 3aMHUKATH BUXIIHI
koHTakTu CII i BUMiproBaT cTpym Ie, HAMPUKIIAM, 32 JOTIOMOTOO IIYHTA.

B anroputmax OCVT ta SCCT oneparii Bin'eqaanns CII Bil HaBaHTaXXCHHS 711  BUMi-
proBanHs Hanpyru XX Ta ctpymy K3 MokHa aBTOMaTU3yBaTH 3a IOMOMOTOIO Mapu pelie, Tau-
Mepy 4acy Ta ABOX BUTbHMX KaHaiiB ALIII.

Perturb&Observe (P& O) anropurm. /{aHuii anroput™, HalmeBHO, HAUOIITBII PO3MOBCIO-
JOKCHUH B TTyOmiKalisix, mpucBsideHux nociipkeaHio MPPT depes cBoro mpoctoty Ta eexTu-
BHICTh pOOOTH 3a COPUSTIMBUX YMOB. Y Ha3Bl 3aKja/IeHO OCHOBHUU MPUHIUI — cnocmepiaa-
€MO 32 BEIMYMHOIO BUXIJHOI MOTYXHOCTI Ppy, 32 HEOOXIAHOCTI 6mpyuyaemocss i BHOCUMO
KOPEKTHUBY J10 OMOPHOI HAnpyru Ve Ha (piKCOBaHY BEIMUYUHY IJISI MOAAIBIIOTO OOYMCICHHS
koedinienta 3anoBHeHHs [IM mnst DC-DC neperBoproBaya, omicisi HOBTOPIOEMO BUIIECOIIH-
canuit mporec. Ha puc. 9 npoimtoctpoBano cxemy P&O-anropurmy.
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VY KO’XKHY OAMHUIIIO Yacy ¢ AUCKpPETH3allii BUMIPIOEMO 3HAUEHHSI CTPYMY Ipy Ta HAapyTH Vyy
3 CII, Ha OCHOBI SIKHX PO3pPaXxOBYEMO BUXIJHY NOTY>KHICTb Ppy 1 IPOBOJUMO MOPIBHSIHHS 3 TO-
MepeIHIM BUMIPIOBAHHSIM, HA OCHOBI MTOPIBHSHHS pOOMMO KpOK (Step) — 301nb1ryemo abo 3me-
HIIYEMO 3HAUEHHS ONOpHOi Hanpyru V. Ha PiKCOBaHY BEIMUMHY. Y TaKuil CIOCIO alnroputM
HaMaraeThCsl 3HAUTH Ta yTpuMmyBatu Touky MPP Ha P-V xapaxrepuctuii.

3 BHIICONUCAHOTO BUILUIMBAIOTH JIOT1YHI HETOJIKM TaKOTO METONY BiJCTEKYBaHHS, SIKi
BILIMBAIOTH HA SKICTh BUXITHUX TApaMeTPiB Ta MIBUAKICT qocsrHeHHs Touku MPP. [Tepemycim
1€ HasSBHICTH MyJbcalliil 6uns Touku MPP, BenmnuuHa sskux Moxe OyTH MPOMOpIiiHA T0 KPOKY
Step. Ilpu 301bIIeHH] KPOKY Iysbcanii OyyTh BenTuKuMU. [Ipu 3MeHIIeHHI KpOKy Mmysbcarlii
CTaHyTh MEHILIUMH, aJIe 3HU3UThCS MBUAKICTh BUX0Ay Ha Touky MPP [21]. Takox Bizoma npo-
OsieMa, KOJu 3a CTPIMKOT 3MIHM OCBITJICHOCTI (HANPHUKJIIAI, TiJ] Yac 3aTIHCHHs XMapaMu) Bi0y-
Ba€ThCA BiCTe)XKyBaHHS Toukd MPP y HenpaBunpbHOMY HanpsiMky [22].

Jlnst ycyHeHHsI HeTOMmiKiB KilacudHOro P& O-anroputMy BAAIOTHCS 10 PI3HUX MOAMQIKAIII.
Hatinermn mmsxu — MmonudikyBaTH Ta MOKPANTUTH BUXIIHY XapaKTEPUCTUKY 3a PaXyHOK CITO-
CTEpEeXEHHsI 3a JI0IaTKOBUM IapaMeTpoM — 3MIHOIO CTpyMy Aly,. Takoxk MOxHa BUKOPHCTOBY-
BaTH 3aJIKHO BiJ] 3HAKY 3MIHH MOTYXHOCTI AP, OMTMHUYHMNA a00 MOIBIHHUI KPOK, 110 3apo-
noHoBaHO B [23]. IcHye memnro ckmanHimmii Bapiant moaudikarnii P&O-anropurmy [24], ne 3a
JIOTIOMOT'0I0 T€HETUYHOTO AJITOPUTMY PO3paxoBYIOThCs Koedinientu PID-perymsaropa, sikuii
CBOEIO YEPTOI0 PETYJIIOE Ta ONTUMI3Yy€e BeWYHHY KpoKy it P&O. Lle no3Bomsie edexkruBHirie
BIJINPAIlbOBYBATH PAITOBI 3MIHM OCBITJICHOCTI, a TaKOX 3MEHIITyBaTH MyJbCallii Ha BUXOJlI B
MOPiBHSHHI 31 3BU4aitHM P&O.

( Touwa exody )

v

o Auckpema uacy
t=t+1

v

Bumipamn Ipv(t), Vowd

,

Hepaxysamu n omyxcnicms

Pov(t) =Ipwt) * Vpvi)

T4AK

Ppwt)—Ppv(t-1) = 0

Ppv(t) - Ppv(-l) > 0
HI > ) TAK HI ; ) TAK

Vref= Fref + Step Vref = Vref- Step Vref= Vief - Step Vref = Fref + Step
[ | [ |
¥

Hloseprymuca do
nenamey

Puc. 9. Cxema P&O-anzopummy

Incremental Conductance (InC)-aaropurm. Bin nommpenuii He MeHiue, Hix P&O-an-
TOPUTM, Ta € JICIIO CXOKUM y CEHCI MOPIBHSHHSI IBOX BEJIMYMH 1 BIATOBIAHOI 3MiHU OTIOPHOTO
3HaueHHs HanpyTru. Cxema InC-anroputMmy HaBegeHa Ha puc. 10.
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Bundpamu Ipvitl, Vpvit)

v

A Vpv=Vpv(t) - Vpv(t-A1)
Alpy = Ipv(t) - Ipv(t-A1)

h r

Vref = Vref + Step Vref = Vref - Step Vref= Fref - Step | | Vref = Vief + Step

!

Ipv(t-A9 = Ipv(t)
Vov(-A1 = Vpyd

.

Hlosepuymucs do
neuauky

Puc. 10. Cxema InC-aneopummy

InC-anroputm 6a3yetbest Ha mudepenitiroBanHi nmotykHocti CII mo mampysi. Skmo pe-
3yABTaT TAKOTO AU(EpPEHITiF0OBaHHS PIBHUI HYITIO (200 OMM3BKUIA 10 HHOTO), TO MOXKHA BBAXKATH,
mo Touka MPP 3naiineHa:

d(Vy, -1
Ay = ( - PV) =lpy +Vpy - ALy =0, (12)
dVpy vy, dVpy
Bupa3 (12) criporryeTbest 10 piIBHOCTI MUTTEBOI Ta 3pOCTal0Y0i MPOBITHOCTI:
]’i=——dlw, (13)
VPV dVPV
3uaueHHs dVyy Ta dl,y anpoKCUMYIOTh 10 TaKUX 3HAYEHb AVyy, Alpy:
av,, (tZ)zAVPV (tZ)ZVPV (tZ)_VPV (tl) (14)
i, (tz)zAIPV (tZ):]PV (t2)_IPV(t1) (15)

3BIJICK MOXKHA OTPUMATH CUCTEMY HEPIBHOCTEH MPOBITHOCTI, IO OMKUCYE IMOTOYHE TOJIO-
»keHHs Ha P-V xapakrtepuctuii. Sk 6aunmo (puc. 11), ymoBa A cUCTEMHU BiJIOBiIa€ 3HAXO-
okeHHio B Touni MPP, ymoBa B — 3miBa Big Touku MPP, a ymoBa C — cripaBa Bif Hei.

Ha Binminy Bin P&O-anroputmy, InC-anroputm Mae Hux4l mysnbcauii 6ins Toukn MPP.
[Ipwm ii gocATHEHH] BiH 3aMUIIAE€THCSA B poOodiil Touri (a P&O-anropuTm mpomaoBxKye mparo-
BaTH 1 BHOCUTH Myinbcarlii). Takox InC-anroput Ginbin e(eKTHBHO CHPAIILOBYE 3a PI3KUX 3MiH
norogHuX yMoB [25]. HasiBHI HEOTIKH aIrOpUTMy MPUXOBYIOTHCS B pO3Mipi KPOKY, B OLIBIINX
OOUYHUCITIOBATIBHUX pecypcax s AudepeHIlifoBaHHs, a y BUMAIKy BUKOPHCTAHHS allpOKCUMO-
BaHUX 3HaueHb AV, A1, 3amicTh qudepeHuifnux, He Oye 3MOru BICTEKYBaTH Pi3Ki 3MiHU
ocBiTieHocTi. ToMy 3acTocoByrOTh pi3HI Moaudikaii InC-anroputMy AJis miaBUIICHHS edek-
TUBHOCTI HOTO BUKOPUCTAHHSI.
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Puc. 11. Cucmema nepienocmetii npogioHocmi
ma epaghiku P-V (wepsona xpusa) i I-V (cuns kpuea) ons CII1

Fuzzy Logic Control (FLC)-aaropurm. [{anuii anroputm 6a3yeThcsi Ha OAHIHN 13 MaTema-
TUYHHUX KOHLIEMIIH Teopii aBTOMAaTHYHOIO KepyBaHH:, a came, HewiTkii sorini (Fuzzy Logic).
FLC-anroputm n103Bosisie €(heKTUBHO MPAIIOBATH NPU 3HAYHUX HEJIHIHHUX CKIIAZJOBUX CHCTEMHU
Ta IIUPOKOMY Jiana3oHi 30ypeHb, IO BIINOBIJa€ MPOLECY NEpEeTBOPEHHS COHSYHOI eHeprii B
enekrpuuny. Jlo nepear FLC BiTHOCATH aqanTUBHICTD Ta MIBUIKICT POOOTH y BUIIAJIKY Pi3KO1
3MiHH MTOTOJHUX YMOB, a TAKOXK IIPOCTOTY peatizallii, 110 He BUMAarae 3HaHHs CTPYKTYpU MOJIENi
CHUCTEMH JUII TOYHOTO KepyBaHHs. Taka cuctema € OUTBII HaIiHO0, HIXK MOTIEpeH] PO3TIISIHYTI.
FLC six anroputm «rpy0oro» peryioBaHHS JOLUUIBHO KOMOIHYBAaTH y BUKOPHCTaHHI 3 1HIIUMH
aJIropuTMaMH, 0COONIHMBO, B TIOEAHAHHI 31 IITYYHUMU HEUPOHHUMH Mepekamu [4].

Anroputm FLC Bukonyetbest B Tpu ctafii (puc. 12): ¢azughikayis, mpoxomKeHHs depes
MexaHizm eugederHss Ha OCHOBI TICBHOTO HAOOPY HeUimKUX npasui, Ta 3aBepiianbHa CTaaisd —
oeghazughixayis. Ha cranii ¢azudikanii BXiJHI 4MCIOB1 3HaUeHHS, siKi B Mexkax FLC Ha3uBaioTh
YITKUMHU 3HAYEHHSMH, MPOXOJAThH MPOIEC MEPETBOPEHHS 10 HEYITKUX (JIIHTBICTUYHHMX) 3HA-
YeHb. 3a JOMTOMOTOI0 X 3MIHHUX BU3HAYAIOThCS yHKYii npunanexcnocmi. IcCHye 1’ ATh TUIIIB
(GYHKIINA HAJICKHOCTI HOPMAJBbHUX HEUITKUX MHOXKHH — S, T, Y, t, L, 110 BiIPI3HIIOTHCS MiX
c00010 32 POpPMOIO KPUBHX, IKI IPEACTABISIOTH Tpadiky ux GyHKIii. [lonmynspHuMy KpuBUM
€ TpamnemienoaioHa, TPUKyTHA, TayccoBa, CUTMOi1alIbHA, MTOJIIHOMIaJIbHA Ta IHTEpBaJIbHA.

Tounn sxody ]

4

Busxauaemo nouamrose
snauenna D - koediyienmy

Yimni enxidni
sanesnenna IIITM

JHAMEHHA

Paxyeao AD
D=D+4D

F 3

-
il

h 4

Bunmiprocato snauenna Ipv,

Vpv. O6uncaroeno Ppv Habip nevimnux
npaeua

v Uimni exioni Bxidnuii nabip Buxidnuii nabip
IHAYEHHA HEUTMKILY H O4€Hb v HEUIMKILY TH A4€Hb
Iunaxedusmo nexibru E ma L. . | . N
SAE » Pazugiran | Mexanizm suced »  Jegasugirauin

Puc. 12. Cxema FLC-aneopummy

B ocHOBHOMY, NIPHITHATO 3aCTOCOBYBATH I'STh CTYIICHIB HAJICKHOCTI IJIS1 OJHI€T JTIHTBICTH-
YHOI 3MiHHOI. SIKIIo iX OUTBIIE, TO 1€ MPU3BOIUTE J0 YCKIAIHEHHS HEYITKOI CHCTeMH. SIKIo
MEHIIIE, TO 1€ 3MEHIITY€ TOYHICTh OOUNCIICHHS BUX1THUX 3Ha4eHb [26]. Taki CTyneHi Ha3UBalOTh
Negative Big (NB), Negative Small (NS), Zero (ZE), Positive Small (PS), Positive Big (PB).
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Bxinnumu 3nauenssamu uist FLC ciiyrytoTs 3Ha4eHHS cTpyMy py Ta Hanpyru Vpy CI1, y Burisai
nommwiok E (moka3ye Haxwun kpuBoi P-V), Ta AE (mokazye mBUAKICTh 3MiHA TOMWIKK E B muc-
KpeTHiit cucremi). [Tomunka E po3paxoByeTbes 3a piBHsSHHAM (16), AE 3a piBasnzsam (17):

Ve, (n)-IPV (n)—VP,, (n—l)-IPV (n—l)
Eln)= Vo (1)=Vyy (n—1)
AE(n)=E(n)-E(n-1) (17)

OTxe, ciouaTKy 00UHCTIOIThCS 3HaueHHs E Ta JE, a mani BoHM mijx 9ac (azudikarii me-
PETBOPIOIOTHCS HA JIIHTBICTUYHI 3Ha4YeHHs. [[1 3HaUE€HHS 3a JOMOMOT0I0 HAOOpy MPAaBHUII, MPH-
KJIaJ SIKUX HaBEJCHO Ha puc. 13, @ BU3HAYAIOTh BUXI1/IHI HEYITKI 3HAYCHHSI.

Hami fine cragis nedasudikarii, Ha sIKii 3a JOTIOMOTOO CIeliabHUX Jeda3udikariinux
meroaiB (Mean of Maximum, Center of Gravity, Center Average), 0OupaeThCcsi ONTUMaIbHE
YiTKEe 3HAYCHHS, IO € YHCIOBUM 3HadeHHsM KoedimienTta 3amoBHeHHs D s [IIM DC-DC
nepeTBOproBaya.

(16)

AE

[

Fipt

Hidden layer

; it e
NB | NS | ZE| Ps | PB Ourput lave

NS ZE ZE NS NS NS

ZE NS ZE ZE ZE PS
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Puc. 13. Tabnuysa neuimxux npasun (a) ma yzaeanonena cmpykmypa LLIHM (6)

Sk 3a3naueno Bume, FLC noOpe komOinyeThes 3 iHmuMu anroputMamu MPPT. Tak, y
pobotax [26], [27], [28] 3ampornoHOBaHO Ta 3MOIEIHOBAHO AJITOPUTM Ha OCHOBI HEHPOHEUITKOI
cucreMu. Takox 3a gornomororo FLC, MmokHa BifcTexxyBatu He Titbku MPP, a MmoxxnuBi momu-
JKU Ta HecnpaBHocTi noB's3aHi 3 CI1. ABTopu [6] BU3HaUMIM § pi3HOBHU/IIB TAKUX HECIPABHO-
cTeil Ta cnocobu iX JeTekTyBaHHs 3a gornomoroio FLC.

Artificial Neural Network Control (ANNC)-ajiroput™m. Sk BUTUTHBAE 3 Ha3BH, BIICTE-
KyBaHHs Touku MPP 3nilicHIo€ThCs 32 TonmoMororo mty4Hoi HeiiponHoi mepexi (IITHM), o
CKJIQIA€THCS 3 OKPEMHUX HEHPOHIB, MOB'I3aHUX MK COOOI0 32 JJOTIOMOTOI0 3BAYKEHUX 3B'SI3KIB.
Januii anroput™ 0a3y€eThCs Ha TaKMX BIACTUBOCTSAX HEHPOHIB:

® gaeosull KoeghiyicHm wjj, HAAIITOBYBaHUHN TSI KO)KHOTO BXOMy KOXKHOTO HEHpPOHA, 1110
Moxke 30y/KyBaT (ocuitoBaTH, w;>()), ranbMyBatu (mocnabdmosartu, w;<0), abo po3pruBaTu
(BcTaHOBIEHHAM Wj; = (J) 3B 130K MK JOBIJILHOIO ITAPOI0 HEHPOHIB 7 TA j B CYCITHIX IIapax;

e HelNiHIWHA akmusayiuna (euxiona) ¢ynxyis, MO MOXKe KOMIIEHCYBaTH COO0I0 HETiHIH-
HICTh 00’€KTa KepyBaHHs, cpOpMyBaTH 30HY HACHUYCHHS YW 30HY HEUYTIMBOCTI B HEHPOHA.
[Tabnonamu QyHKIIH MOXKYTh OyTH 00paHi Taki: rayciaHa, CHTMOI/a, 3pi3aHuil JTIHIHHUHN By30I1
(Rectified Linear Unit, ReLU), Softmax, Swish, moporosa, rinep0oigyHIi TAHTCHC TOIIO.

Bekrop Bxigaux 3Hauens st IIHM MoxyTh yTBOpIoBatH sik Hanpyru ta ctpymu CII, Tak
1 Temriepatypa Ta ocBiTieHicTh. Ctpykrypa IIIHM (puc. 13 6), ckmagaeTbcs 3 TPhOX IMIAPiB:
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BXinHuU# map (input layer), npuxosanuii map (hidden layer), Buxinuuii map (output layer). Ha
OCHOBI BEJIMKO1 BUOIPKHU BXIAHUX 1 HEOOX1qHUX BUXITHUX 3Ha4eHb [IIHM 3Bakye 3B'S3ku Mix
By3JIaMH 32 JOIOMOTOIO MpoLeCy Hasuanna (mpenysanns) IIIHM 3 MeTOI0 KOHKpETH3aIlil
MaTeMaTH4YHOI MOJIeJNI MPOoILIecy, IKUM BoHa kepyBatume. [1i7 yac HaBYaHHS B CTBOpEHOMY Oa-
raTOBUMIPHOMY IPOCTOpi pillieHb OyIy€eThCs CiuHa MOBEPXHS, 33aJa4a SKOi — BIUIUIATH «IIpa-
BUJIbHI» PIIICHHS BiJ «HENMPaBUILHUX». [TOpsIOK Takoi MOBEPXHI 3aJICKUTh BiJl KUIBKOCTI IT1a-
pIB HEHMPOHHOI MepeXi, a KUIBKICTh BUMIPIB MPOCTOPY — BiJl KUIBKOCTI BXIJIHMX BEIIMYHH.
Hapuanns [IHTHM moxke 3aliMatu 6arato gacy 3aJexHO BiJ 00paHOi KITBKOCTI HEHPOHIB y MpH-
XOBaHOMY IIapi, [0 TAaKOX BIUIMBAE HA TOUHICThH PE3YJIbTATY.

Ilpouec naguanna 3ade3neuyeTbcs anropuTMamu, cepen skux Supervised Learning,
Unsupervised Learning, Reinforcement Learning, Deep Learning, Semi-supervised Learning,
Transfer Learning, Supervised Reinforcement Learning Ta in. s onmumizayii nasuanns
[ITHM icHye Ge3miu aaropuTMiB, 30KpeMa, 3BOPOTHOTO PO3MOBCIOIKCHHS TTOMIJIKH, T10pu/I-
HUH, TpaaieHTHOro cmycky, Newton’s Method, Levenberg-Marquardt algorithm, ADAM
(Adaptive Moment Estimation), RMSprop, Rectified ADAM, Lookahead, AdaBelief. ¥ crarti
[29] 3amponioHOBaHO MoAMdiKalio aaroputMy Adam, Ta MPOBEICHO MOPIBHAHHS 3 JSSIKUMHU
BUIIE 3a3HaYeHUMHU anroputMamu onrtumiszanii (RMSprop, AdaBelief, Adam). Baxiusoro €
ominka yacy TpenyBanss [[IIHM, xoua 11e € ckiagHo 3aa4ero. BoHa 3a1eKuTh BiJ Oararbox
daktopiB 1 mapameTpi (0OcAT TaHuX, CKIaaHICTh Moze (cTpykTypa [IIHM, KinbKicTh mapiB),
oOpaHMii anropuT™M ONMTHUMI3AIli1, 0OYMCITIOBAIbHA TIOTYKHICTh CHCTEMH).

3anponnonoBano ANN-anroput™m [22] Ha ocHoBi ABOX IITHM. Tlepma 3a BXxigHuMU 3Ha-
YEHHSIMU TeMIIepaTypH, Harpyru 1a crpymy CII po3paxoBye 3HaueHHS OCBITIIEHOCTI, III0 pa3oM
3 TEMIIEPaTyPOIO € BX1THUM 3Ha4eHHsM is apyroi LITHM. ¥V pesynbrarti Ha BUXOI1 OTPUMYIOTh
OTIOpHE 3HAYCHHS HAMpyrH. Tak MOXKHA 3a011aIMTH HA JaTYMKAX OCBITIIEHOCTI, BAPTICTh SAKHX
MOJKE TIEPEBHIIYBAaTH BCIO CUCTEMY KepyBaHHsS. B pobori [21] mpoBeneno mopiBHsHHS ANN-
aNropuT™My 3 HaOUIbII pocTuMu Ta nomupenuMu P&O Ta InC. Hlnsaxom cumynsiiii moka-
3aHO, HACKUIbKY €(PEKTUBHO 1 AKICHO BiAmpanboBye ANN-airopuTm.

Pe3ysabTaTu aHATITHYHOrO MOpiBHsIHHSA. Ha OCHOBI MpoOBeNEHOT0 BHIIE aHATITUIHOTO
OISy CKJIAJACHO MOPIBHSIBHY TAOMHII0 sl po3missHyTuX aiaroputmiB MPPT. Jlns mopis-
HSHHS Oys10 00paHo Taki SKiCHI KpUTEPIl:

1. Habip oamuukie. KibKiCTh Ta TUIT OCHOBHUX JIaTYHMKIB, 0 ()OPMYBaTUMYTh BEKTOP
BXiHUX napametpiB it MPPT-kontponepa. V — naruuk Hanpyru, / — gaTduk ctpymy, 1 —
JATYUK TEMIIEPaTypH HaABKOJUIITHLOTO cepenoBuiia ta/abo CII, G — naTunk OCBITICHOCTI;

2. Obuucnweanvna cknaouicms. Ilokasye, Ky KUIBKICTh IHCTPYKIIH MiKporpolecopa
(Ta X pi3HOBU/IIB) HEOOX1THO BUTPATUTH HA BUKOHAHHS OJHIET iTepallii anroputmy. [lomiinpHo
NOPIBHIOBATH aJrOPUTMU Ha OfHIN anapartHiil ardopmi. Hanpuknan, B anropurmi P&O He-
00X11HO JHIIIe BUMIiproBaTH V' Ta I, 00paxoByBaTH 3HAYEHHS MOTY>KHOCTI Ta TOPIBHIOBATH HOTO
3 monepenHiM. Y Bunaaky InC HeoOXxiqHO poOUTH Te came, aje 3 JOAATKOBUM YHCETbHUM JIU-
dbepeHITiFoBaHHM, 110 3HAYHO ITiIBUIILY€E OOYHMCITIOBAIBHY CKJIQIHICTh;

3. Lleuokicms siocmercysannsa MPP. Lleii kputepiil mokasye, siKy KUIbKICTb iTepariiit
anroputMmy MPPT HeoOxiqHO BUKOHATH JJ1s1 3HaXOKeHHsT HOBO1 MPP 3a pizkux 30ypens, 1o
3MiHmM pexxum rerepaii B CI1. CyTTeBo 3pocTae 3a yMOBH YacTUX Ta PAalTOBUX 3aTIHEHB;

4. Tounicmo 6iocmeicysannn MPP. BuzHauae, HACKUTbKM 3HaWIeHE aJTOPUTMOM 3Ha-
yeHHs: MPP Biapi3HsI€TbCS Bifl peaIbHOTO 3HAYCHHS. 3aJeKUTh BiJ] amapaTHUX MOXJIUBOCTEH
MiJICHCTEMHU BUMIPIOBaHHs, TOBHOTH orucy mojeni CIT Ta 06paHoro Kpoky B aJirOPUTMI;

5. Codisapmicms. BapTicTh KOMIIOHEHTIB CHCTEMH Ta CKJIQIHICTh ii BUTOTOBJICHHS, CKJIa-
JHICTH peaizailii aiIropuTMy 1 BUTpau€HU Ha HbOTO Yac PO3pOOHHUKIB;

6. O6caz euxkopucmanoi nam’ami. KinbKicTh MOCTIHHOT Ta ONepaTHUBHOI MaM’sTi, HEOO-
X17THOT 7151 peasizallii airopuTMy Ta 3A1HMCHEHHS 00YMCIICHh MIKPOTIPOIIECOPHOIO CUCTEMOIO;
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7. Cmaoinsnicms. Busnadae 3nataicts 61oky MPPT 3a6e3neuyBaT HaBaHTaXCHHS MaK-
CHMaJTbHO MOYJIMBOIO MTOTYKHICTIO B YMOBaX Pi3K0i 3MiHM 30yprorounx (pakTopiB ab0 HEBU3Ha-
YEHOCTI TOBEAIHKM HaBaHTaXeHHs (poOacTHicth). CxmamoBumu ctabinmeHOCTi MPPT-
aJTOPUTMY TAKOX €: TUIABHICTH (IMMOCTYTIOBE, aje 6e3nepepBHe kopuryBaHHss MPP) Ta 301kHICTh
(HanpaBieHe BiAmykyBaHHs Toukd MPP, konu kojkHa HacTymHa iTepallis HOKpallye pe3ylib-
TaTH TOTIEPETHBOI).

Tabauys — Pe3ynemamu nopieusnus MPPT arcopummie

| g = = )
o = Q= ) -]
2 ) = = =) = =
z = == = 2 = 5 g = S 2
< = = L I3) ) g = g = S - = =
2 = = 2= 2 5, s =2 >y £ = = 2
28| & s = = X g 2 & = =
© 5 s = 2 N =] o= =
m [ (=} 9 = A = =) = o o St (=) 4
= ] g £ 3) = S © =] ] %
“ | g g3 = 2 S S B S =
= ) 2 2 o =
AnpiopHi aaroputMu
OCVT 14 Hwusbka Huspka Husska Huspka Huzskni Huspxa | <90%
SCCT I Husska Husbka Husska Husska Huspkni Huspka | <90%
AmnocTepiopHi anropuTmMu
P&O Cepe- .
Vral Huspka Cepenus Cepenns ;[11{3;1 Hu3zbkuit Huzpka | >95%
InC Cepe- .
Vral Cepenns Cepenus Cepenns I II; o Hu3zpkuit Cepenns | >97%
IHTeNeKTyaNbHi ANTOPUTMH
FLC . ’Ke BU-
Vral Bucoka Bucoxka Bucoka Bucoxka Bucoxkuii I[ycoxa >98%
ANNC Bucoka
vV, 1 Ke JK€ BHCO- K€ BU-
Ay Bucoxka Bucoka /Qyxe Ay . Ay >98%
G, T BHCOKa KA COKa
BHCOKa

Jist IKICHUX KpUTepiiB 00paHO CTYNEHI OLIHKU — HU3bKUIl, CepeOnill, 6UCOKUIL, OyIHce GU-
coxuil. 3a KUIbKICHUHN KpuTepii ouiHoBaHHs anroputMy MPPT oGpano egpekmusnicme (%),
TOOTO 37aTHICTh KEPYBAaTH CHJIOBOIO YAaCTHHOIO IEPETBOPIOBAYA 3 MAKCHMAaJIbHO MOXKJIMBUM
s mei KK/I. KopexktHuM € mopiBHSHHS €()EeKTUBHOCTI aJlTOPUTMIB, KOJIM BOHH TECTYIOThCS
Ha OJIHIM TOTOJIOTIi MepeTBOPIOBaYa, 110 MPALIOE HA OJHAKOBE 32 BEJIMYMHOIO TA MOBEIIHKOIO
HaBaHTaXKEHHs. Ha KiTbKiCHUI MOKa3HUK €(PEKTUBHOCTI MPSAMO BIUIMBAIOThH TaKl SKICHI KpH-
Tepii, sIK TOYHICTH Ta MIBUJKICTh BiAcTeXyBaHHS (POPMYIOTH Yac, KOJIU Mmicis Jii 30ypeHHs CH-
cTeMa He BUUIIIIA HA ONITUMAJILHUNA PEXKUM), a TAKOXK CTa0IITbHICTD.

Bucnoexu. 1lincyMoBy104H BUKJIQJICHUH Ta MIpoaHai30BaHUH y il poOOTi Marepiaj, Mo-
JKHA 3pOOWTH HACTYITHI BUCHOBKH:

1. AEM € KOMIUJICKCHUMH CHUCTEMaMH. Y IUX CHUCTEeMaX HEOOXiTHO MPOBOAMUTU HOCi-
JOKCHHS SIK OKpeMHX OJIOKIB, Tak 1 0coOIMBOCTEH X KOMOIHyBaHHS Ta B3aemomii. Taki mocoi-
JOKSHHS TIEPIIOYEepProBO MOBMHHI OyTH CIIPSMOBaHI Ha IiJIBHINCHHS 3arajibHOi €(EeKTUBHOCTI
CHCTEMH (IIePETBOPEHHS COHSIYHOI €HEPrii y eIeKTpUYHY 3 MEHIIUMH BTpaTaMHu), a 3a ii qocs-
THEHHS — Ha MOKPAIIEHHS 1HIIMX iX MapamMeTpiB (HampHUKiIaj, pO3LMIMPEHHS Jllala30Hy J103BO-
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JICHUX HaIPYT/CTPYMiB, IPUIIBUIIICHHS CTa01Ii3aIlil BUX1THUX HAMPYT/CTPyMiB, a00 kK MiHi-
Mizaris ix mynabcariil). Hamam qocmimpKyoThes MIIAXy 3SMIeBICHHS CHCTEMHU 0e3 BTpaTH pa-
Hillle JOCATHYTOT €(PEeKTUBHOCTI.

2. 3HauHy KiJIBKICTh JOCHTIKEHb MPUCBSIUYEHO BaXIMBIH ckianoBiii AEM-cucrem Ha oc-
HoB1 CII — Gnoky MPPT, amxe BiH 3HAYHO MOKpaIlye eQeKTUBHICTh NEPETBOPEHHS €HEpril
[UISIXOM BIOMPAaHHSI MaKCUMaJIbHO MOXIIMBOT MOTY)HOCTI Oe3mocepenubo Bia CII. B meprry
yepry IOCTIDKYIOThCS IMIISXH BIOCKOHAJICHHS iCHyrouumx anroputMmiB MPPT (3meHmeHHs
nyabcaiii 6111 MPP ta migBuiiieHHs mBUAKOIT 32 HEBU3HAYECHUX MIHJIMBUX 30ypeHb) Ta BUOID
ONITUMAJILHOI TOMOJIOT1] HAIBIPOBIAHUKOBOTO NIepeTBOpIoBaya B cuioBiit yactuni MPPT (s
3agaHux napamerpiB macuBy CII Ta Hanpyru naHku noctifHoro ctpymy AEM).

3. Y mporeci mOpiBHSIHHSA OCHOBHHX anroputMiB MPPT BcraHoBneHO, 110 inmenexkmya-
abHi aneopummu MPPT MaroTh psij mepeBar Haja 0a30BUMHU (TIPOCTIMIUMHK) — BHIY €(EKTHUB-
HICTh, Jy’X€ BHUCOKY CTaOlIbHICTb, BUCOKY IIBHIKICTh BIJICTeKYBaHHS Ta TOYHICTh 3HAXO-
JDKEHHS. AJle peamizalisi TakuX aJropuTMIB € KOMIUIEKCHOIO 1 ToTpelye OiabImx
00UHUCITIOBAaJIBHUX PECYpPCiB, IO JJOHEJaBHA CTAHOBUJIO ICTOTHY MPOOIEMY.

4. BpaxoByro4ul BUYEPITHI TOCHTIKCHHS aITOPUTMIB, IO CIIUPAIOTHCS HA KIIACHYHI MaTe-
MaTUYHI MOJIEN1, MOYKHA TIPUITYCTHTH, IO TOJAJBIII TOCTIHKEHHS OyIyTh 37€01IBIIOTO CIIps-
MOBaH1 Ha iHTeNnekTyanbHi anroputMu MPPT. Ile n1o3BonmuTh MiABUIIUTH 3arajbHy €(hEKTHUB-
Hictb AEM Ha ocnoBi CII 3a paxyHOK po3mIUpeHHs MepeiiKy Ta Alana3oHiB (PaKkTOpiB BILTUBY
HABKOJIMIITHBOTO CEPEIOBHINA, 4 TAKOXK IIBHJKOTO pearyBaHHs Ha iX panToBi 3MiHU (Hampu-
KJaj, 3HaxomkeHHss MPPT B yMoBax 4acTKOBOTO 3aTiHEHHS).

Hactynaum BaknuBuM eTaroM poOoTH cTaHe 6ararokputepianbHe MonentoBanus AEM, a
caMme i1 IepBUHHOI JIaHKH, SIKa YTBOpPEHa MmoeTHaHHAM Tphox OsokiB — CII, MPPT Ta nBonan-
pasnenoro DC/DC mepetBoproBaua juist 3apsaku AKbB, ne ocHoBHa yBara Oyne mpuuaijieHa
MPPT. [Totounuii Marepiaj cayryBaTUMe OCHOBOIO ISl TIOAAJIBINOT pOOOTH.

Jlane nociiIKeHHs BUKOHYETBCS B paMKaX HayKOBO-IOCHITHOTO MTPOEKTY MOJIOAUX BUCHHUX
«3abe3nevyeHHs] MaKCUMaIbHOI €()EeKTUBHOCTI aBTOHOMHUX €JIEKTPOCHEPTeTUYHUX CHUCTEM Ha
OCHOBI (hOTOETIEKTPUYHUX TEPETBOPIOBAYIB JIJIsl CHEIiadbHUX 3acTocyBanby Ne0123U100975
3a MATPUMKH MiHICTepCTBA OCBITH 1 HAYKH YKpaiHHU.
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COMPARATIVE ANALYSIS OF TOPOLOGIES AND ALGORITHMS
FOR MAXIMUM POWER POINT TRACKERS IN PHOTOVOLTAIC SYSTEMS

Currently, there is a problem of ensuring a stable electricity supply in Ukraine, caused by the terrorist activities of an
insidious neighboring country. Stationary solar power stations consisting of an array of solar panels are one of the most
important components of autonomous power networks.

The main functional subsystem in autonomous electrical networks is the power part, and most of its units are connected
to the internal DC power link. The task of the controller of the entire system is to keep the voltage in this link stable, which is
provided by certain units, depending on the operating mode. It is also convenient to use constant voltage for cascading in order
to increase power.

Taking into account the variety of existing topologies and methods of tracking the point of maximum power, the purpose of
this work is to review the topologies of converters, classify MPPT algorithms and compare them according to the following criteria:
set of sensors, computational complexity, tracking speed, tracking accuracy, cost, amount of used memory, stability, efficiency.

On the basis of the conducted analytical review, a comparative table was compiled for the considered algorithms. In the
process of comparing the main MPPT algorithms, it was established that intelligent algorithms have a number of advantages over
the basic (simpler) ones - higher efficiency, very high stability, high tracking speed and accuracy of finding. But the implementation
of such algorithms is complex and requires more computing resources, which was a significant problem until recently.

Key words: autonomous electrical networks; maximum power point tracking algorithms, electric power systems; effi-
ciency, comparative analysis, solar panels; topologies of converters; maximum power point, photovoltaic converters, photo-
voltaic systems.
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EHEPTOE®EKTUBHHMI MATEPIAJI 13 BUKOPUCTAHHSM JINBAPHOTI'O
BIAXOAY MAIINMHOBY AIBHOI'O BUPOBHUIITBA

Y pobomi naoano mexnonociio nizopiosamozo 6emony i3 3aCMOCYBAHHAM K KPeMHe3eMUCUutl KOMROHEHM TUBAPHO20
8I0X00Y — KOHOUYILIOBAHUX 8IONPAYLOBAHUX POPMYBATLHUX CYMIiUel] TUBAPHO20 BUPOOHUYMBA MAWUHOOYOIBHUX NIONPUEMCIE.
3a noxasnuxamu Kpamuocmi i cmitikocmi niHY, a MAKOXHC 3a 6NIUBOM CKAAOOBUX HI30PIOBAMOOEMOHHUX CyMiulell Ha YMeEo-
DeHHA nop y Mamepiani 6usHa4eHo HalleghekmusHiuuil nNiHoymeoprosay. Becmarnoeneno onmumansHuil pexcum menioeonoicHol
00pobKuU ninobemonnux 3paskie. OOTPYHMOBAHO 6iONOGIOHICIL 00CNIONHCYBAHO20 NIHOOEMONY HA OCHOBI 8i0X00Y NUBAPHUX
yexie MawunoOyOiBHUX 3a60016 BUMO2AM 0ePHCAGHUX cmandapmie YKpainu.

Kniouogi cnosa: sionpaybosani popmyeanvhi cymiwii, NiHOymeopiosat; Kpamuicms i CiiKicme ninu, nino6emon.

Puc.: 3. Tabn.: 2. bion.: 24.

AKTYyaJIbHICTh TEMH T0CTiIKeHHsI. 3akoHOM Ykpainu «lIpo eHepreTnyny epeKTUBHICTh
Oynisenby [1] BUBHAYEHO, IO IS TIOCTYTOBOTO ITiIBUIIIEHHS €HEPreTUYHOI ePeKTUBHOCTI Oy-
JiBeIh HEOOX1THO 30UIBIINTH KIBKICTh OyIiBeNb 3 ONMM3BKUM JI0 HYJIHOBOTO PIBHEM CIIOXKHU-
BaHHs eHeprii [2]. Bukonanus HarionanbHOro miiaHy 3 MmiJBUIIEHHS KUTBKOCTI TaKUX Oy/IiBEIb
Ha 2020-2030 poku nependadeHo y aBa etamnu [2]:

- Teram (2020-2025 pokn) — moJ0JIaHHS TEXHIYHUX, OpraHi3aiiHuX Ta PiHaHCOBUX MPO-
071eM Ha NUIAXY 301IBIICHHS KITBKOCTI €HEeproHe3aIeXHUX Oy/1iBeb;

- I eram (2025-2030 poku) — mepexia g0 000B’SI3KOBOTO TOTPUMAHHS CTAaHAAPTIB €HEP-
TOHE3AJIeKHHUX OyiBesb 1010 BCiX 00’ €KTIB OyIIBHULITBA Ta Oy/iBelNb, y SIKUX 311HCHIOETHCS
peKoHCTpYKIIis [2].

Bynisii B Ykpaini 3a eHEpreTHIHO e(PEKTUBHICTIO TIOAUISAIOTH Ha CiM KJaciB (kiacu A, B,
C, D, E, F, G; no knacy A Hanexxats Oy/IiBJIl 3 HAWBHINOK eHeproe(heKTUBHICTIO, 10 Ki1acy G —
3 HaltHIKYOK eHeproedekTuBHicTIO) [3]. Kitac enepreTnyHoi e)eKTUBHOCTI Oy/IiBelbh BU3HA-
YarOTh SIK BiJICOTKOBY PI3HHUIIIO MK 3arajibHUM 1 TPAaHUYHUM MMOKAa3HUKAMH MUTOMOTO €HEepPro-
CTIIOYKUBAHHS TIPH OTAJICHHI Ta OXOJIO/DKeHHI. EHeproHe3anexHi OyiBii MOBUHHI BiIOBIIaTH
KJIaCy €HepreTUYHOI €()eKTHUBHOCTI HE HIDKYE KiIacy «A» [2].

Ak 1 B kpainax €Bporneiickkoro Coro3y B YkpaiHi 3 METOIO 3201 PKeHHS eHeprii 1 pu-
POIHUX pECypCiB 3aCTOCOBYIOTH HOBI 3acaIyl MiJl 4ac MPOEKTYBaHHS eHEProe(eKTUBHUX Oy-
niBesb. ToMy BUHHKAE MOTpebda CTBOPIOBATH Ta YIOCKOHAIIOBATH HU3BKOEHEPTrOEMHE BUPOO-
HUITBO  TEIUIOI3OMALIMHUX 1 KOHCTPYKUIMHO-TEIJIO30MAIINHIX — eHeproe(eKTUBHUX
ctinoBux marepianiB. [lig «eHeproepekTHBHUMH MaTepiaiaMu» PO3yMIiIOTh MaTepiaiu, sKi
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CIPHSIOTH CITIO)KUBAaHHIO HAWMEHIIIOT KiJTbKOCTI €HEeprii 3a MPUIHATOTO PiBHS €HEPTETUYHOTO
3abe3reueHHs Oy/iBeh a00 TEXHOJIOTIYHHUX MPOIECiB Ha BUPOOHHUITBI [1].

Kiac eneproedexrusnocti (A, B, C, D, E, F, G) rerunoizonsitiinoro Marepiaixy abo BupoOy
BCTAHOBJIIOETHCS 3T1THO 31 3HAYCHHSIM NTOKa3HHUKA €HEPTOe(PEKTUBHOCTI, IKUH € CYMOIO KpUTE-
piiB TEITONPOBIAHOCTI MaTepiary, mudy3ii BOASHOI MapH, MOBITPOIIPOHUKHOCTI MaTepiaiy, Te-
IUIOBOI HAIIMHOCTI Marepiaiy, CTIHKOCTI Marepiany 0 MeXaHIYHUX HaBaHTaXEHb [4].

ITocTanoBka npodaemu. B Ykpaini xkuTa0B1 OyIuHKH CTIOXKUBaOTh 10 60 % BUpoOIeHOT
eHeprii, mo y 5-6 pa3iB Ginblre Ha M? eKCIUTYaTOBAHOI IO, Hixk y kpainax €C [5]. Oxaum 3i
3aX0/IiB 3a0e3MeueHHs] BUKOHAHHS OCHOBHOI BUMOTH IIIO/I0 €KOHOMIT €Heprii Ta eHepreTHIHOL
€(eKTHUBHOCTI € MPOEKTYBAHHS KOHCTPYKTUBHUX PIlLICHb €JIEMEHTIB TEII01301iHHOT 060I10-
HKH Oy/iBeJIb 3 ypaxyBaHHSIM 3MiH TEIUIO(I3UYHUX XapaKTEPUCTUK MaTepiajiB B MPOIECi eKC-
rutyaranii BupoOiB [6].

Ha croroani B YkpaiHi 1 cBiTI OyAiBeNbHA rajly3b BUCYBa€ BUCOKI BUMOTH JI0 Oy/Ii1BEIbHUX
MarepiaiiB. ¥ 3B 43Ky 3 HE0OXiTHUMU MiIBUIIEHUMH 3HAYCHHSIMU MPUBEACHOTO OMOPY TEILIO-
nepeayi OropoKyBalbHUX KOHCTPYKIIIH AKHUTIOBHUX 1 TpOMaAChbKuX OyaiBensb [7] aenanii Oiib-
IIOTO MOIIUPEHHS Ha0yBalOTh TEXHOJOT1 eHeproeeKTUBHUX MaTepianiB (31 3HUKEHUMH 3a-
TpaTaMH TaJMBHO-CHEPIreTUYHUX PECYPCiB), SKi CKOpPOYYIOTH BTparh Temwla dYepes
OTOpOJKYBaJIbHI KOHCTPYKITii. MaTepiaiu 3 MEHIIIOK CO0IBapTICTIO BUPOOHUIITBA (BIAIOBIIHO
131 3MEHILIEHOI PUHKOBOIO BapTICTIO) € OLTBII KOHKYPEHTOCIIPOMOXKHUMH (1 TOMY BOHH 3aCITy-
TOBYIOTh Ha OCOOJIMBY YBary).

B Vkpaini npoGiiema Bixo1iB BUPI3HAETHCA MACIITAOHICTIO 1 3HAYYIIOCTI BHACIIIOK J10-
MiHYBaHHS B HaIllOHAJIbHIN €KOHOMIlll pecypcoeMHHX OaraToBiaXigHuX TexHomorii. [upoki
MacmTaObl PecypCOKOPUCTYBaHHS Ta CHEPreTHYHO-CUPOBHMHHA CreIliani3allis HallloHaIbHOI
€KOHOMIKM BHM3HA4alOTh BHCOKI MOKAa3HWKHM YTBOPEHHS Ta Hakomu4eHHs Bigxoxis [8; 9]. Ha
Kasb, B YKpaiHi CIIOCTEPIraeThCsi HU3bKUN PIBEHB 3aMIIICHHS IEPBUHHUX MPUPOIHUX PECyp-
CiB BHACHII0K BUKOPHCTAHHS B1IXO/iB BUPOOHUIITBA Y1 MOOIYHUX MPOAYKTIB [8].

BukopucranHs POMUCIIOBUX BiIXO/IB Ta BTOPUHHUX CHPOBHHHHX PECYPCIB B €HEPrOOIIa/I-
HHX TEXHOJIOT1SIX Oy/liBEJIbHUX MaTepialliB CIIPUSATAME 3HIDKEHHIO COOIBAPTOCTI iX BUPOOHUIITBA 1
€ eeKTUBHUM 3ac000M y OOpOTHOI 13 3a0pyTHEHHSIMH HABKOJIMITHHOTO CEPEIOBUINA. 30KpPEMa,
yTUITI3aLlis BIANIPAIbOBAHUX (DOPMYBAIBHUX CyMIIIEH JIMBAPHOTO BUPOOHHUIITBA MAIIIMHOOY/TIBHUX
3aBOJIIB JIO3BOJIUTH CKOPOTHTH 3€MEITbHI IUIONI, 3aHHATI UM BIIXOIOM; 3HH3HTH PO3MOBCIO-
JDKEHHSI ITUITY 3 TOBEPXHI BiIBAJIIB HA PHUJIETIIL 10 HUX TEPUTOPIi; 3MEHILIUTH TPAHCIIOPTHI BUTPATH
Ha BUBE3CHHS BIJXOIY JI0 BiJIBAIIB; TOIMIIIUTH €KOJIOTTYHY CUTYaIlil0 B PETI10HI.

AHAaJII3 0OCTAHHIX T0CTiTKeHb | myOaikaniii. OropomkyBanbHi KOHCTPYKIIT CTAaHAAPTHUX
OyIMHKIB MalOTh JOCUTh BEIHMKWN KoedilieHT Teruonepenadi. Lle mpu3BoauTh A0 3HAYHUX
BTpAT: HAIIPHUKJIAJ, TEIUIOBTPATH 3BHUAIHOTO LETISTHOTO OyIMHKY cTaHOBIATH 250-350 kB1/ron
3 M? omaoBaIbHOI o 3a pik [10]. Enepro3arparsi npu BUpoOHUITBI i He eHeproeeKTH-
BHI IIiJ] Yac eKCIuTyartarlii TpaauIliiHi CTIHOBI Marepianu (I1era KepaMiuyHa, KepaM3uToOeToH,
KEpaM3UT) BUTUCHEHI 3 Oy/iBEIbHOTO PHUHKY Yepe3 MOCTiHHE MOA0POXKIaHHS €HEPrOHOCIIB Ta
TiIBUINECHI 3HAYE€HHS TEPMIYHOTO OMOPY TEIUIONEpeiadi OropoKYBATBHIUX KOHCTPYKIIiH [7].

Awmepukancekuit Baenuit Jleing Opp (David Orr) chopmymnioBaB MpUHITUIH TPOEKTYBAHHS
13BeneHHs eHeproedekTuBHOI OyiBii [ 11]. OCHOBHMMU CKJIaIOBUMH TACUBHOTO OyauHKY (OY-
JUHKY 3 HaOJMKEHUM JI0 HYJIHOBOTO PIBHEM CIIOKMBAaHHS €HEprii) 3 JOTPUMAaHHSIM BHCOKHX
CTaHJapTiB eHEProe(hEeKTUBHOCTI €:

- 3aCTOCYBaHHS MarepialiiB 1 KOHCTPYKLIN 3 MaKCUMaJIbHUM OTMOPOM TeIUIonepenayi Juist
CKOPOYEHHSI HETIPOAYKTUBHHUX BTPAT TEILJIa;

- Oprasizailisi IPUIUIMBHO-BUTSDKHOI BEHTHJIALII 3 BUKOPUCTAHHAM PEKYIEpaTopiB, IO
CIIO’KUBAIOTH TEIJIO BUKUAHOTO MOBITPS JJIs1 OOITPiBY, IO MOTPAILIsE 330BHi;

- BXHMBAHHS MIPUPOJHUX JUKEPEI SHepTii U1 onaieHHs 1 rapsiuoro BOJONOCTa4aHHs (eHe-
prii COHIIS, BITPY, TEPMATBHUX MII3EMHUX JIKEPE).
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BigHoBiIeHHST 6araTOTOHHaKHUX MPOMHUCIOBUX BIIXOIB ISl BAPOOHUIITBA eHEProedek-
TUBHHUX MaTepiaiiB CIpHse PO3MUPEHHIO CHPOBUHHOI 0a3u, EKOHOMIT TpaauIliiHOT CHPOBUHH,
CKOPOUEHHIO BUTpAT Ha BUPOOHUIITBO 1 3HIDKEHHIO 11iH Ha OyniBebHI Marepianu. HuHi Ha Bij-
XOIIY JIMBAPHOTO BUPOOHUIITBA MpHUNaLae OUIbIa YacTHHA IPOMHUCIOBUX Biaxonis [12]. 90 %
TBEPAUX BIAXOMIB IMBAPHUX I[EX1B MAIIMHOOYIIBHUX 3aBOIB CTAHOBIISITH BiIMIpaIiboBaHi (hop-
MyBaJIbHI Ta CTEPIKHEBI CyMii (Topiia 3eMJIsl, TOPUIHA MiCOK), IO Micisa BUOMBaHHS (HOpPM HE
MOXXYTbh OyTH BUKOPHCTaHI TIOBTOPHO 1 BUBO3SITHCS y BIJIBAJIH, SIK1 3aiiMarOTh BEJIMKI 3eMEIbHI
rtomti [13]. Tak, aist BupoOHMIITBA | TOHHM YaBYHHHUX BHUIMBKIB BUTPAYa€ThCs OJIU3HKO 6 TOHH
dopmyBanbHUX Marepiaiis (y BiaBan BuBo3uthkes 0,7-1,2 T BianpanboBaHux cymimeit) [14].

Crig 3a3HauUTH, 110 BITBHUX MICIh JJISl CKJIATyBaHHS BiIXOIB MOONH3Y MiAMPUEMCTB
MPAKTHYHO HEMae€, a JUisi OpraHi3allii HOBUX BIJBaJIiB HEOOXITHO BHUIIISATH HOBI 3eMENbHI
yrigasa. Tomy gouiibHE 3apoBaKeHHS pecypco30epirarodoi TEXHOIOTIT — opraHizarlis TeXHO-
JIOTIYHOTO TPOIIECY CYyMIIICTIPUTOTYBaHHS 3 BUKOPHUCTAHHSIM BiIIpalibOBaHUX (OPMYyBaTbHUX
1 CTprKHEBUX cyMimrei [15].

[lepcrieKTUBHUMY HampsiMaMH PO3BUTKY JIMBAPHOTO BUPOOHUIITBA € 3aCTOCYBaHHS pere-
Hepallii BiANpalnboBaHUX CyMIlIel Ha MICISIX X YTBOPEHHS 3 MOBepHEHHIM (110 95 %) y Bupo-
OHUIITBO, PO3POOJICHHSI €KOJIOTIYHO OE3MeYHUX 1 0€3BIXOMHUX TEXHOJOTIYHUX IPOIIECIB Ta
ob6nagranHs, OCHOBHOIO METOIO pereHepailii € BIIHOBJICHHS 36pHOBOTO CKJIa Ty TOPLIIOTO MIiCKY
1 BUJIQJICHHS TUTIBOK 3B’ S13YI0YOTO 3 TIOBEPXHI HOT0 3epeH. HalOimpIe momumpeHHs 1j1s pereHe-
pailii, HampUKJIaa, XOJIOIHOTBEPAHYUHX CyMilieil HaOyau MexaHidyHuMU (BHOMBaHHS (hopmu,
JpOOJIEHHS CIIEYCHUX IPYIOK CYMIIIli, OXOJIOKEHHS pereHepary, MUIoBUIAICHHS) 1 TepMOMe-
XaHIYHUN CIIOCOOM.

Jy1s1 BUTOTOBJICHHS XOJIOAHOTBEPAHYUHX cyMileit 3 BukopuctanHsM cmoiau ODOC (omi-
roMep Ha OCHOBI 0J1iroyphypruI0OKCUCUIOKCaHIB) OIiIIbHO BUKOPUCTOBYBATH 30araueHuH Ti-
COK 31 BMICTOM IIIMHUCTOI CKJag0Boi He Oinbiie Hixk 0,2-0,5 % 1 OCHOBHOIO (pakii€lo MiCKy
0,2-0,315 mm [16]. MinHicTh cymimieil Ha OCHOBI BiANPaIbOBAHOI CyMillli HMXKYE, HIXK Ha OC-
HOBI CBIXKOTO MicKy. [TiTBUIINTH MIIIHICTh TAKUX CyMiIlIel MOXHA 32 PaXyHOK 301JIbIIEHHS TIPO-
IIEHTHOTO BMICTY CMOJIHM Ta Karai3atopa [16].

[TepmopsimHUMYU KPUTEPISIMHU MPUAATHOCTI 3aCTOCYBaHHS BIAXOAY SIK Oy/IiBeTTbHUIN MaTepia
Ta MiHEpaJIbHY CHPOBHHY € HOTO pajiialliiiHo- Ta CaHITapHO-TITIEHIYHI MTapaMeTpu. BctaHoBieHO
[12], mo epekTHBHA MUTOMA aKTUBHICTh MPUPOTHUX PATIOHYKIIAIB Y BiIpanboBaHuX (Hopmy-
BaJIbHMX CyMillIaX JIMBApHOrO BUPOOHHUITBA CTAHOBMTHL MeHine 3a 370 bx-kr'l. 3rizno 3 Hop-
Mamu pamianiiinoi Oesnekn Ykpainu HPBY-97 3aznauenwmii Binxin BimHOcHThCS A0 | kimacy
(ToOTO ¥OTO MOYKHA BUKOPHCTOBYBATH 0€3 0OMEXKEHb IS BCiX BUJIIB OyAIBHHUIITBA), a 32 CTYTIC-
HeM TOKCHIHOCTI — 110 [V knmacy He6esnek [17] (ToOTo € MasioHeOe3euHUM BIIXOI0M).

BigBanpHi nuBapHi CyMillll MOKHa BUKOPUCTOBYBATH ISl BUPOOHUIITBA OE3KIITHKEPHOTO
[IJIAKOBOTO B’SHKYUOTO, LETVIH, SIK KOMIIOHEHT CUPOBHUHHOT CYMIIIIi JJIs1 BATOTOBIICHHS KepaMmi-
YHUX BUPOOIB 3 TyromnaBkux ruH [ 18], [19].

3a rpaHyJIOMETPUYHHM CKJIAJJOM 3HAYCHHS MOBHUX 3aJIMIIKIB HA CUTaX BiANpaIbOBaHUX
(dbopMyBaIbHUX CyMIIIEH JTMBAPHOTO BUPOOHUIITBA HE BXOIATH B ONTUMAJIbHY O0JAcTh sIKiC-
HOTO ApiOHOTO 3amoOBHIOBaYA TS BAXKKHUX IEMEHTHUX O0eToHIB. Lli cyminn XxapakTepusyroThes
MiBUIICHUMH ITyCTOTHICTIO 1 BMICTOM MUJIOBUHUX Ta ITMHUCTUX YaCTUHOK, 110 TIPU3BOIUTH
710 JIOIATKOBOI BOIOMIOTPeOU OETOHHUX 1 PO3UYMHHUX CYMIIICH 1 3HIKEHHS MIIIHICHUX BJIACTH-
BOCTeH. 3acTocyBaHHS (POPMYBATBHUX CyMilllel Y BXKKHX LIEMEHTHUX OETOHAX 1 pO3uMHAax Jyis
4acTKOBOI 200 MOBHOI 3aMiHU KBapIIOBOTO MICKY JI03BOJISIE JOCITTH MPOEKTHUX MApOK 3a Mill-
HICTh Ha CTUCK Ta BUTHH O€3 ITiIBUIIICHHS BUTPATHU IEMEHTY. BBEIeHHsI y BayKK1 OETOHU 1 PO3-
YUHU Ha OCHOBI (hOpMyBalIbHOI cyMiri riactTudikaropa C-3 30611bIrye X MIIIHICHI TOKQ3HUKH
Ha 50-75 %, 1110 1a€ MOXKJIMBICTh CKOPUTYBAaTH BUTPATY LIEMEHTY Yy Oik #oro 3HmkeHHs [12].

BinnparipoBani TMBapHi CyMillli BAKOPUCTOBYIOTh IS BIIAIITYBAaHHS IMiJCTUIBHUX IIAPiB
OCHOB aBTOMOOUTbHHX A0pir [18], a TakoXk sIK CKIaA0By acaabTOOCTOHHUX CyMIIIEH pi3HUX
tumiB [20]. Y TeXHOIOTIYHOMY MpOIeCi MPUTOTyBaHHS MMICKiB 3 (OpMyBaJIbHOI cyMmilri Ha Xa-
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PKIBCBKOMY TPaKTOPHOMY 3aBOJII BXKMBAIOTh Ma3yT. L{e mpu3Boauts 10 rigpodoodizaii ix mose-
PXHi, IO 1110, 30KpeMa, CBi4aTh 3HaYeHHS KoedimieHTa GiabTparii nux mckis y 2,5-4,0 pa3u
MEHIII B IOPIBHAHHI 3 HEOOPOOJICHUMH. YHACIIIOK LHOTO ajare3is 6iTyMy 10 HOBepXHi (popmy-
BAJILHOTO TiCKy cTaHoBUTH 80-85 %, a mpupoanoro — He O6unbiie 20 %. AcdanbrodbeToHu Ha
OCHOBIi TaKHuX TICKiB XapaKTepu3yIoThcs MifiBuIeHot0 BofocTikkictio (Ks2® = 0,80), MinnicTio
Ha ctuck mpu 50 °C (Rso= 1,50 MlIlIa), mopo3zocriiikictio (Fso=0,62) 1 3CyBOCTIHKICTIO
(t= 10,21 MIlIa). CxunbHICTh A0 cTapiHHS ac()arbToOETOHIB 3 BAKOPUCTAHHSM BiIPaIlbOBaHUX
(dbopMyBabHUX MICKIB HE BUIIA, HIXK ac()abTOOETOHIB 31 3BUYAHUM TIPUPOITHUM ITicKoM [20].

Topiny 3eMiTt0 3aCTOCOBYIOTH TAKOXK JIJISI BIAIITYBaHHS IMIIOX1THUX TOPIKOK Ta MaijaH-
YHKiB, PO3PaxXOBaHUX Ha HEBEJMKE HABAHTAXKEHHS; SK MIJCHUIIKY Mia (QIirypHi eleMeHTH Mo-
mieHHs [ 18], a Takoxk sik OaJlacTHHUI Marepiaj [Jis BUPIBHIOBaHHS peibedy MiceBocTi [19].

Amnani3 myOrikarii Ta JoCBily Cy4acHOro Oy/liBHUIITBA TIOKA3ye, 110 OTHUM i3 BUCOKOE]e-
KTUBHUX CTIHOBHX MaTepialliB € Hi3ApIOBaTHi O€TOH pi3HUX BUIIB [21].

BuaijieHHs1 HeZOCiAKEeHNX YACTHH 3arajibHoOi Nmpoo/jemMu. TeXHOJIOTIUHI mapaMeTpu
MPUTOTYBAHHS HI3/IPIOBATOOETOHHOI CyMillll 3 BUKOPUCTAHHSAM BiJMpaliboBaHUX (OpPMyBajb-
HUX CyMillIeli JINBAPHOTO BUPOOHHUIITBA HE PO3POOICHO.

Mertoro cTatTi € OOTpYHTYBaHHS JOIIJIFHOCTI BUPOOJICHHS ITOPU30BAHOTO Marepially Ha
OCHOBI BIANpanboBaHUX (POPMYBaJIILHUX CYyMIIIEH JIMBAPHUX LIE€XiB MAIIMHOOYIIBHUX 3aBOIIB.

Buxiaan ocHoBHoro marepiasy. Jljist 1ocikeHb IPUHHATO MaTepialin: K KpeMHE3eMHU-
CTHI KOMIIOHEHT Hi3JpIOBATOOETOHHOI CyMilll BiAXiJ JIMBApHOTO BUPOOHUITBA JpyKKiBCh-
KOTO MamurHOOymaiBHOTO 3aBoay (JloHembka 00macTh) — BiAmpalboBaHi GopMyBabHI CyMmilri
(U1 TOPiBHAHHA (i3UKO-MEXaHIYHUX BJIACTUBOCTEH HI3PIOBATOrO OETOHY SIK KPEMHE3EMHUC-
THA KOMIIOHEHT BUKOPHCTOBYBAJIM MPUPOJHUIN KBAPIIOBUM MCOK YacoB’SIPCHKOTO POIOBHUIIA
Jonernpkoi o6macri); nopraanaiuemMent mapku [111400A KpamaTopchbkoro 1ieMEHTHOTO 3aBOJTY-
[Tymka Jlonenpkoi obmacti; BantHo Mapiynonbcbkoi @ipmu «A30BOyaMaTepiainy; MiHOYTBO-
proBaui BITYM3HSIHHUX MIAMPUEMCTB-BUPOOHUKIB (O171KOBO-MUIIOBUH KOHIIeHTpaT — BMK; rizmpo-
73Ul TBapuHHMMA 61510k — [IBK; moBepxHeBo akTHBHI O1JIKOBI peUOBHHHU 3 (PYHKIIOHATBHUMU
1 cTabimi3aniiftauMu 1o0aBkamu — AnbnieH-11b; Ha 0OCHOBI TpUETaHOIAMIHOBUX COJICH aIKJICY-
naedatiB — Codip-I1b; cmona nepesna ommiena — CJ1O; muitHi 3acobu (Bigxonn) — BM3); Bona
J1s1 OETOHIB 1 PO3YHHIB.

[Tepepobnenns GpopMyBaIbHUX CyMillleH, siki Oyl y BUKOPUCTAaHHI, Ma€ 32 METy HaOu-
3UTH (BIIHOBUTH) BIACTHUBOCTI ()OPMYBaJIBHHUX MICKIB Y 1X CKJIaJll JO BIACTUBOCTEH CBIXKHUX ITi-
ckiB [13]. Ilepen mpuroryBaHHsAM MiHOOETOHHOT CYyMillli BiIHOBIIOBAIN BiNpaIiboBaHi popmy-
BaJIbHI CyMIIIIl IUBAPHOTO BUPOOHMIITBA, TOOTO MPOBOIMIIN iX KOHAMIIIIOBAaHHS, a cCaMe:

- MeTaJeBi BKJIIOUEHHS (IIMUIBKY, OPU3KH, KPaIuli TOIIO0) BUJAISITN 3a JOITOMOTOI0 Mar-
HITHOTO Ceraparopa;

- BWJIyYEHi 3 BiAIpPaIlbOBaHOI CyMiIlli CIIeYeHi TPYIKHU MiIaBaIu po3apiOHEHHIO y MIOKO-
Biif 1po0apiii, MCis 9Oro CyMIlll MTPOCIIOBAIIH;

- TiCIs BUCYIIyBaHHS PO3MENIOBAHHS JIMBAPHOTO BIXOAY MPOBAIMIN y J1a00paTOpHOMY
KyJTbOBOMY MJIHHI.

Perenepariist BiIpi3HSETHCS Bl KOHIUIIFOBAHHS THM, IO IiJl 4ac Hei 000B’SI3KOBO BU/IA-
JISIIOTH TUTIBKY 3B’ SI3yBaJIbHOTO KOMITOHEHTA 13 3€peH HaroBHIOBa4a [13].

Bu3HaveHHs1 NIHOYTBOPIOBAJBLHOI 31ATHOCTI PO34HHY NIHOYTBOpPIOBa4a,
KPATHOCTi NIHOYTBOPEHHS, CTA0IJILHOCTI TEXHIYHOI iHU
TexHiyHa miHA € TUCTIEPCHOIO CUCTEMOIO, sIKa MICTUTh KOMipKH — Oyab0ariku rasy (mapu),
110 PO3/1JICH1 IJTIBKAaMU P1AMHU a00 TBEPI01 peUOBUHH. Sk 3a3BHUail, ra3 (mapa) po3risaiacThCs
SK aucnepcHa Qasa, a piiuHa abo TBepaa peuoBHHA — SIK CYLUIbHE AUCTIEPCiiiHE CepelOBHILIE.
TexHOJIOTTYHO TIepeBary MaroTh MIHU 3 PIAKAM JTUCTIEPCIHHUM CEPEIOBHIIIEM.
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TexHiyHy MiHY TOTYBaJIH JUCTIEPraliiHUM CIOCOOOM, KOJIH IiHA YTBOPIOETHCS BHACIIIOK
IHTEHCUBHOTO CHUIHHOTO JUCTIEpTyBaHHsS (30MBaHHS) MIHOYTBOPIOBAJILHOTO PO3YMHY 1 MOBI-
TPsi, Y BUCOKOOOOPOTHOMY JTAOOpaTOPHOMY 3MIllTyBadi BIPOAOBK JABOX XBWJIHMH. /[ omiHIO-
BaHHSI MMHOYTBOPIOBAIBHUX PO3UYMHIB 1 MPUTOTOBAHKX 13 HUX TTiH BXKUBAJIM TaKi MapaMeTpH, sIK
00’e€M Ta BUCOTY CTOBIIA IIHH 3a MEBHUX YMOB MPOBEIACHHS €KCIIEPUMEHTY, CITiBBIAHOIICHHS
00’eMy a00 BHUCOTH CTOBIIA JI0 BUXIAHOTO 00’€My piIMHU, TPUBATICTh iICHYBaHHS 00’ €My (BH-
COTH cTOBOYpa) MiHU TOILIO.

Bu3Havanu Taki OCHOBHI MpUTaMaHHi MiHHIA CHCTEMI BIACTUBOCTI:

1. ITiHOoyTBOpIOBaIbHA 3/1aTHICTh PO3UMHY (MiHABICTH) — L€ KUIBKICTh MiHH, BUPaXeHe ii
00’eMoM (B MJ1) 200 BUCOTOIO CTOBMA (B MM), SIKa YTBOPIOETHCS 3 MMOCTIHHOTO 00’ €My PO3YHHY
i1 9Yac JOTPUMYBAHHS BU3HAYCHUX YMOB BITPOIOBXK TIEBHOTO Yacy.

2. Kparnicts minoytBopeHHs (K), mo xapaktepu3yeTbest KOe(illieHTOM KpaTHOCTI, KU
00YHCITIOIOTH SIK BITHOIICHHS 00’ €My MiHU 10 00’ €My poO0OYOro po3unHy MIHOYTBOPIOBAYa, 3

SIKOTO BOHA yTBOpHiacs [22], 3a popmyrnoo K = ? = %
p
3

06’eM rasy B mini, M*; ¥, — 06’eM po6040ro po3duHy MiHOyTBOPIOBAYa, M.

0O06’em pobOYOro po3yHHY MiHOYTBOpIOBaya JopiBHIOBaB 50-100 M.

3. CtabinpHICTH (CTIHKICTH) MIHU — 11 3MaTHICTH 30epiraTu 3araJibHUi 00’ €M, TUCTICPCHUMA
CKJIAJ] POTSITOM TEBHOTO Yacy W MEPEIIKOKaTH BUTIKAHHIO piIuHU (cuHEepe3ucy). YacTo sk
napameTp CTabiIbHOCTI IMHU 3aCTOCOBYIOThH Yac iICHYBaHHS (KUTTS) €JIeMeHTa MHU (OKpeMoi
OynbOaIIku, IIiBKK) a00 MEBHOTO i 00’ eMy.

BpaxoByroun Te, 1110 TEXHOJIOTIYHO JJIsl OJiepKaHHS MOPHU30BAHOTO Marepiaiy HeoOXiHO,
100 MakcHMallbHa TPUBAJIICTh ICHYBAHHS IiHU 0 ii 3ITKHEHHS 3 IHITMMHA KOMITOHEHTaMH Hi3-
JPIOBATOOETOHHOI CYMIIII CTAHOBWIIA JBI XBHJIMHHU, TO il IPUAATHICTH OIIHIOBAIH SIK «J100pay,
«3a00BLIbHAY», «He3aM0BlIbHaY. CTIHKICTS MIHU BU3HAYAIM 32 TAKOIO METOIUKOIO:

- BigOupamu 200 M miHM y MipHUN UATIHIP. SIKIO BOPOJOBXK JBOX XBHIUH 00’€M He
3MEHIIIUBCS, TO IPUIATHICTD MIHA «700pay;

- Tpu 3MeHIIeHH1 00’emy He Oinbiie 25 % (3anuiuiock B HUIiHAPI He MeHIe 150 mi),
TO MPUJIATHICTh MHU «33J0BIIbHAY;

- SKIIO B MIJIIHJIP1 3aJTMITHMIOCH MEHII K 150 M1, TO MPUIATHICTh «HE3a0BIILHAY.

Temmepatypa po3urHIB MIHOYTBOPIOBaUIB IIij] Yac BUMPOOyBaHb cTaHoBmMiIa 2242 °C.

BrnacTuBOCTI TEXHIUHOI MIHU TyXe CYTTEBO 3aJIeXkaTh BiJl KOHLIEHTpAIlil IHOYTBOpIOBaya
y pobodomy po3urHi (0axkaHo 3100y TH ONITUMATbHI XapaKTEPUCTUKHU TTIHH 332 MiHIMAIIbHOT KOH-
[EHTpaIlii MHOyTBOPIOBAYA).

3a oHaKOBOI KOHIIEHTpALlii MIHOYTBOpIOBaua (Hanpukian, 5 %) HaiOUIbITy TiHOYTBOPIO-
BaJIbHY 3/IaTHICTh Ma€ pO34YMH Ha OCHOBI MmiHOyTBOptoBaua AinbneH-I1b (moBepxHeBO-aKTUBHI
O11KOB1 peuoBHUHH 3 (DYHKITIOHATLHUMH 1 CTaOUTI3yBaIbHUMH JJ0OOaBKaMu ), Koe(iIlieHT KpaTHO-
cti mHoyTBOpeHHs > 20 (puc. 1, kpusa 3).

Haiimenmry kpatHicTh (8) Mae TexHiuHa miHa Ha miHoyTBoproBadi [IBK, BupoOieHomy B
MIPOIIECi T1APOoIIi3y TBAPUHHOTO O1JIKa 3 AofaBaHHsAM KaHidoum (puc. 1, kpusa 2). Cepenne 3Ha-
yeHHs KpatHocTi (10) Mae po34yuH MIHOYTBOpPIOBaua HAa CMOJI JIEpeBHINA OMWIEHIH (OMUIICHA
JyTOM YacTKOBO KOHJIEHCOBaHa (TepMooOpobieHa) aepeBHa cmona) (puc. 1, kpusa 5).

, e Vi — 00’eM minu, M>; Vi —
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16

KpaTHicTh miHH

KoHreHTpaliisi miHoyTBOprOBada B poO0OYOMY PO3UHHI

Puc. 1. 3anesxcnicmos kpamuocmi ninu 8i0 KoHyeHmpayii NIHOYymeopseaua.
1 — BMK; 2 — IIFK; 3 — Anvnen-I11B; 4 — Cogip-11b; 5 — C/]O; 6 — BM3

3a Oynp-sKoi KOHIIEHTpaIllii MiHOYyTBOPIOBaYa B POOOYOMY PO3UMHI CTIHKICTh TEXHIYHOI
HiHKU «100pay JIMIIe Ha CMOJIi IePEBHIM oMUiIeHil (Tabm. 1).

Tabnuys 1 — Pe3ynomamu AKiCHO20 OYIHIOBAHHS CIMADIILHOCMI MEXHIYHOT NiHU

Ne Mapka [TignpreMcTBO-BUPOOHHMK ITi- KOHHCHTpaHM CTan?HICTB
. MMHOYTBOPIOBaYa (cTiliKiCTB)
3/1 MMHOYTBOPIOBaYa HOYTBOpPIOBaYa Sy .
y po3unHi, % HIHU
1 BMK (Mictuth kaHionb, kayctuuny | [[ppBaTHE miATPUEMCTBO 2,0 3a10BlIbHA
COJly, CTOJIAPHUM KiCTKOBUH K1) «Cerneren» (M. KuiB) 5,0 Jobpa
TIB «JIucuyaHChKHI Jxela- 2,0 Heszanosinsna
2 TIBK THHOBUH 3aBo1» JIyraHchkoi 5,0 Jlobpa
TY V 15.6-00418030-001:2007 . °
obuacri 10,0 Jobpa
J [Aaens OB N e
TV V 24.6-32740136- 001:2006 .. . ’ HO!
KuiBchKkoi 06macTi) 5,0 3a10BlJIbHA
4 |Codip-TI5 o oy o A 20 Honosinart
TV VY 26.6-32440539-002:2005 ’ ’ .
5,0 3a10BlIbHA
CJ1O (mo6iunmii npoaykT nicoximiu- | TOB «Tepmo-Ilanuep» 0,5 Jlo6pa
5 |HOroO BUPOOHMIITBA) (M. Uepxach) 2,0 Jlo6pa
TV 13-102810781-93 5,0 Jobpa
BM3 BAT «®ipma CB» ) 3a10BiIEHA
6 |JACTY 2972:2010 (XapkiBcpka 0071aCTh) 5 3aHOBiHBHa
JICTVY 1SO 14024:2018 A

OcraTounuii BuOip Halle()eKTUBHINIOTO MIHOYTBOPIOBaYa 3/1HCHIOBAJIH TI1]] Yac TIPHUTOTY-
BaHHsI HI3JIPIOBAaTOOETOHHOI CyMIIIII.

ExcnepuMenTanbHe X0CTiIIKeHHS BIVIMBY KOMIIOHEHTIB Hi3ApIOBaTO0ETOHHOI CyMili
HA MOPOYTBOPIOBAJILHY 3JaTHICTh MIHOYTBOPIOBAYiB

Ha nponec nmopu3zanii MiHepaJbHOI MacH BIUIMBAIOTh BHJ 1 KOHLIEHTpALlisl MiHOYTBOPIO-
Baya, Croci0 MPUTOTYBaHHS TEXHIYHOI IMIHU, PEXKHUM Ta CIIOCIO MepeMillyBaHHs MiHU U B’ sDKY-
4oro, TeMmneparypa cymimii, ii peosnoriuni BractuBocti. Ilix yac npoBeneHHs nabopaTopHUX
JOCITIDKEHB MTOCcTajia 3aa4a BUOOpy MiHOYTBOPIOBaYa JIsl OICpKaHHS MHHM 1 CIIOCI0 TPUTOTY-
BaHHsI MIOPU30BaHOT CyMiIlIi. 3a Cyxoi MiHepaTi3allii, KOJIM CyXi KOMIIOHEHTH CyMIillli 3MIITYIOTh
3 MOTMEPETHBO MTPUTOTOBAHOIO TEXHIYHOIO MTHOIO, BiI0OYBaIOCHh i ralleHHs Ha BCiX BUMIPOOyBa-
HUX IIHOYTBOpIOBauax Mij yac nojadi B sxy4oro. [IpuroryBaHHsl HEOPU30BAHOTO PO3UYHMHY 3
MOJIAJILIITUM MOTO 30MBaHHSAM TATHE 3a COOOIO MIBUIIEHY BUTPATy MIHOYTBOPIOBaya, a 3a Io-
NEPEHBOTO 3aMiITyBaHHS CyXMX KOMIOHEHTIB BOZOIO 1 HACTYITHHM 3MIIIyBaHHSM 3 TEXHIYHOIO
MiHOIO YCKJIAJHIOBAJIOCHh TPOHUKHEHHS MiHM y 3aMilllaHe B sDKyde.
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Jlnst mopusanii cymimni Oyso BUOpaHO crocid ofHOYAacHOI mojayi 1 mepeMinryBaHHsS BCixX
CKJIAJIOBUX HI3PIOBAaTOOECTOHHOI CyMIllli: CyXUX KOMITOHEHTIB, BOJH 1 TiHU. [|y1s1 oTpuMaHHS
Hi37pIOBaTOOETOHHUX 3pa3KiB 3 BUKOPUCTAHHSAM Pi3HUX IMIHOYTBOPIOBAYiB TEXHOJIOTIYHI BJIac-
THUBOCTI MIOPHU30BAHO1 CYyMIIlll MalOTh 3a0C3MECUUTH:

- CKOPOYEHHS BUCTOIOBAHHS CHUPIIIO JI0 PO3pi3aHHS 1 TEIIOBOIOTiICHOI 00pOOKH;

- YCYHEHHS MOKJIMBOCTI OCIJJTaHHS MacH;

- HaOupaHHS CHPIIEM MapKOBOI MIITHOCTI 3a IPUPOJTHOTO TY>KaBiHHS a00 YMOB TEIIOBO-
J0TiCHOT 00pOOKH;

[TiHoyTBOpIOBaY MOBMHEH BiIMTOBIIaTH TAKUM OCHOBHUM BUMOTaM, TOOTO MaTH:

a) TOCTATHIO MIIHICTH IJTIBOK, MO0 MiHA HE PyHHYBaJach MijJ YaCc MEXaHIYHOTO 3MIMTy-
BaHHJ ii 3 MiHEpaJIbHOIO YaCTHHOIO PO3UMHY 1 3a0e3mneduyBaja 0 CTIMKICTh CBIXKOTIPUTOTOBICHOT
Hi37pIOBaTOOETOHHOI CyMIIlTi, a J0 TY>KaBJICHHS B’SHKY4YOTrO Ta YTBOPEHHS JTOBOJI MIiITHOTO
ckeseTa OeToHy;

0) BeMIMKUI BUX1J] IIOAO B3ATOr0 pO3UUHY (KpaTHICTh TEXHIYHOI MiHM) 1 ApiOHOAMCIIEPCHY
CTPYKTYPY;

B) JIOCTAaTHIO B’S3KICTh IUTIBOK IiHH, MEPELIKOKAIOYY PO3IIapyBaHHIO Hi3pIOBATOl Cy-
MIIl Ta K TaKy, 110 3a0e3rneuyBaTUME PIBHOMIPHHIA PO3IOALT MIHEPAaJbHUX YACTHHOK TIO
BCHOMY 00’€My.

Kpim Toro, miHoyTBOprOBaIbHUI PO3UYMH HE IOBUHEH HETATHBHO BIUIMBATH HA (Pi3UKO-Me-
XaHIYH1 BIACTUBOCTI HI3APIOBATOTO OCTOHY.

Cywmimii, 1o mopu30BaHi TEXHIYHOIO IMIHOI0, OJIep>KaHoko 3 TiHOyTBOproBadie bBMK, Aub-
nes-I1b Ta Coip-I1b, manu Benuke 3ciaHHs, OCKIJIBKY IMiHa Oylla HECTIHKOIO HaBiTh MpH 1l
MIPUTOTYBaHHI 1 YaCTKOBO pyHHYBaJach Mij Yyac mepeMinryBaHHs. 3pa3Ku MHOOETOHY, SKUH Mi-
ctuB niHoyTBoproBadi [IBK Ta BM3, xapakTepu3yBajluch BUCOKOIO CEPEIHBOI0 T'YCTHHOIO (I10-
Haz 1000 kr/m*), a mpu cepeHiil rycTuHi HIK4e 3a 900 kr/M> crocTepiranych HEOTHOPIAHICT
CyMIIII 1 He3HAYHE OCiIaHHS.

besycaakoBa ogHOpiHA TOpU30BaHa HI3APIOBATOOCTOHHA CYMIIll BUHIILIA 3 BUKOPUCTaH-
HsM cmonu aepeBHoi omuieHoi (CJ1O); cepenns ryctuna miHoOeToHy gopiHioBasa 700-1000
kr/m>. CJIO BiHOCHTBCS 10 Timpodo6i3yBanbHIX TOBEPXHEBOAKTUBHHUX PEUOBHH, BiJIMiTHOIO
O3HAKOIO SIKUX € SBHO BHUpPa)XEHA aCHUMETPIis X MOJEKYI, 30a1aHCOBaHUX TaKUM YHHOM, IO
3a0e3mneuyeThes iX MU(UIBHICTD (3MaTHICTh MOJICKYJT PEYOBHH OJHOYACHO BUSIBISITH Tiapodi-
JbHI % rigpodobHi BiractuBocti). CyTTeBO, 110 NMPU BBEACHHI MOMIOHUX JOOABOK BHYTPIIIHS
MOBEPXHsI TMOBITPSHUX MOPOXKHUH Y HI3APIOBATOMY OETOH1 BHUSBISETHCS Tipodo0i30BaHOO.
[Topu3zoBaHy cyMilll TOTYBaJIX 33 KOHIIGHTpallii MiHOyTBOpIOBadya B poO0OYOMY PO3UMHI B Jiamna-
30H1 Bix 0,5 10 5,0 %. Sk crabinmizarop TexHiuHOi miHu BxuBaiu Ca0.

ITpu 3acrocyBanni C/1O 3 xoHuentparuiero 1,5-5,0 % 3Ha4HO MOIOBXKYBajJach TPUBAIICTh
Ty>KaBiHHS (HaOWpaHHS IUIACTUYHOI MIIHOCTI) miHOOeToHHOI cymimi 3a koHueHtpaitii C1O
meHie 3a 1 % mopusoBaHa cyMinn Mana ociganas. OnTHMalbHI BIACTHBOCTI HI3IPIOBAaTOOE-
TOHHA cyMim Maina 3a koHueHntpauii CJ10 1 % y pobouomy po3uuHi.

Takum 4rHOM, 3 IECTH JOCIIKYBaHUX y POOOTI MHOYTBOPIOBAaYiB BITYU3HSHOTO BUPOO-
HUIITBA Haiie(PEKTUBHIIIIMM BUSBIICHO CMOJY JIEPEBHY OMUJICHY, 3 BUKOPHCTAHHSIM SIKOT PO3pO-
0JICHO TEXHOJIOT1YHI TapaMeTPH MPUTOTYBAHHS Hi3APIOBAaTOOCTOHHOI CyMilIi.

[Tix yac mpoBeneHHS Ta0OPATOPHUX TOCTIIHKEHh BU3HAUYEHO BILJIUB KOMIIOHEHTIB MHOOE-
TOHHO{I CyMillli Ha TOPOYTBOPIOBAJIbHY 3AaTHICTh MiHOyTBOptoBaya CO (CTIMKICTh TEXHIYHOT
MHA Y HI3APIOBAaTOOCTOHHIN CyMiIlli).

Jlo ckiaxy miHOOETOHHOI cyMinti Bxoaunu: nopmianaueMeHT Mapku [TI400A, kanbiieBe
HeTralleHe BallHO aKTUBHICTIO 72 % 1 KPeMHE3eMHUCTHI KOMIIOHEHT (KBapIIOBUH IMICOK) MHTO-
MO0 moBepxHero 270 Mm%/kr. KimbkicTsb IIEMEHTY y CKJajl MiHOOeToHy cTaHoBuia Bix 30 1o
50 %, xBapuoBoro micky — Big 50 1o 70 %, BantHa — Bixg 0 10 3 %. BwmicT miHoyTBOproBaya i
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crabinizaropa texniunoi miHu (CaO) 3a macor ckianaB moHaa 100 % Hi3aproBaTOOECTOHHOT
cymimi. KoHIeHTpartist KoXKHOTO MiHOYyTBOPIOBa4a y poOouoMy po3uuHi opiBHIOBana 1 %.

KoHTponbHi opMyBaHHS MMOKa3aH, 1I0:

- 3MiHa CKJIa/ly TOPU30BaHOI CyMIIlll y 3a3HaUEHHX Jliaria30HaxX He BIUIMHYJIO Ha MTOPOYTBO-
PIOBAJIbHY 3/1aTHICTh MIHOYTBOPIOBaYa;

- 3aMiHa y CKJaJl MOPU30BaHOI CyMIilll TPaAMIIIHHOTO KPEMHE3EMHUCTOTO KOMITOHEHTA
(KBapIIOBOTO TICKY) BiANMpPaIlbOBAaHUMHU (POPMYBATFHUMHU CYMIIIIaMH JINBAPHOTO BUPOOHUIITBA
MaIImHOOYIIBHUX 3aBO/IIB CYTTEBO HE BIUTMHYJIO Ha (h13UKO-MEXaHIYH1 BIACTUBOCTI MIHOOETOH-
HOT CyMIIIIi 32 1HIIMX HE3MIHHUX YMOB.

Po3po0.1eHHsI TEXHOJIOTIYHMX MapaMeTPiB NPUTOTYBAHHS MiHOOETOHHOI CyMili

Croci6 mopwu3ariii Hi3JprOBaTOOCTOHHOI CyMillli 3yMOBIIOIOTh MapaMeTpu Horo 3iic-
HEeHHs. BpaxoByrouu, 110 MiHOYTBOPIOBAY CIIOBUIBHIOE MPOLECH TigpaTallii B sSHKydol pedo-
BUHH, BUOpaHUil crioci® mopu3artii cyMimri Mae 3a0e3MeuuTH MHOOETOHY 3a/I0BUIBHUX Xapak-
TEPUCTHK 32 HANMEHIIOI BUTPATH MIHOYTBOpPIOBaya. TOMy KpalluM € CIOCi0 MPUTOTYBAaHHS
OJTHOYACHOT 101241 1 MepeMilIyBaHHI CyXUX KOMIIOHEHTIB, BOJU 1 TEXHIYHOI IiHH.

Sxu1o0 nonepeAHHO MPUTOTOBAHO LIUIAM KPEMHE3EMUCTOr0 KOMIIOHEHTA, TO Y TAKOMY pa3i
[IUTaM TIEPEMIIITYIOTh 3 BOJIOIO 1 CyXHMH KOMITOHEHTaMH, a IMOTIM OJIepKaHy CyMIIl MOPU3YIOTh
3a paxXyHOK BBEJICHHS TEXHIYHOI IMHM MEPEeMIITyBaHHS MACH.

VY nabopaTopHuX yMOBaX KPEMHE3EMHUCTHI KOMIIOHEHT MOaBaIN y BUIJISA CyXOT0 TOPOIIKY
IUTOMOIO ToBepxHeto 270 M/kr . JIis MiHOGETOHHOI CyMillli BUKOPHCTOBYBAIH MOPTIAAIIEMEHT
mapku [111400A, xabIlieBe HeTalleHe BAIHO aKTHBHICTIO 72 %, a sSK MHOYTBOPIOBAY — CMOITY
nepesHy omuiieny. [TopuzoBany cymim BummBamu y popmu 0,07x0,07x0,07 m.

ITomen KpeMHE3eMHCTOro KOMIIOHEHTA 31HCHIOBAIN B JIAOOPATOPHOMY KyJIbOBOMY MIIMHI.

Cknaay mopu30BaHUX cyMiliel gjooupanu [23] 3 po3paxyHKy KOMIIOHEHTIB Ha | KI cyXux
ckianoBux (0,3 kr nementy + 0,7 kr kpeMHe3eMucToro kommnonenta; 0,4 kr uemenry + 0,6 kr
KpEeMHE3eMUCTOT0 KoMroHeHTa; 0,5 kr memeHty + 0,5 Kr KpeMHE3eMHCTOr0 KOMIIOHEHTA)
(Tabm. 2). Y ckiagax miHoOeToHiB 1-9 (cepii Hi3aproBaToOeToHHUX 3pa3kiB I-1II) sk kpemHese-
MHUCTHUHA KOMITOHEHT BUKOPHCTOBYBAJIN KBApPIIOBUH TICOK, y ckianax 10-18 (cepii Hi3gproBaTo-
O6eTonnHux 3paskiB [V-VI) — BinnpareoBani popMyBanbHI CyMillIi JUBAPHUX I€X1B MAITMHOOY-
JIBHUX TTIIITPHEMCTB.

Tabnuys 2 — Cknadu ninobemony

. BMicT KOMIIOHEHTIB .
Cepis = - Bomotsepae Bi-
.| Ne ckmamy KPEMHE3EMHUCTUI KOMITOHEHT, KT MHOYTBOPIOBAY,
CiIal1B OeToHy LIEMEHT, KT . BiIparboBaHa (cmoma mepeBHa JHOIICHHA,
OeroHy ’ ITCOK . (B/T)
(dhopMyBaIbHA CYyMINI OMHUIIECHA), JT
1 2 3 4 5 6 7
1 0,30 0,70 - 0,08 0,410
I 2 0,30 0,70 - 0,09 0,410
3 0,30 0,70 - 0,10 0,410
4 0,40 0,60 - 0,08 0,415
II 5 0,40 0,60 - 0,09 0,415
6 0,40 0,60 - 0,10 0,410
7 0,50 0,50 - 0,08 0,420
III 8 0,50 0,50 - 0,09 0,420
9 0,50 0,50 - 0,10 0,420
10 0,30 - 0,70 0,08 0,435
v 11 0,30 - 0,70 0,09 0,445
12 0,30 - 0,70 0,10 0,445
13 0,40 - 0,60 0,08 0,440
A% 14 0,40 - 0,60 0,09 0,440
15 0,40 - 0,60 0,10 0,445
16 0,50 - 0,50 0,08 0,445
VI 17 0,50 - 0,50 0,09 0,445
18 0,50 - 0,50 0,10 0,440
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[TinoGeTOHHI 3pa3Ku-KyOu MijaBald TEPMOBOJIOTICHIM 00poOlLi 3a eKCIIepUMEHTAIbHO
BU3HAYCHUM ONTUMAIBLHUM pexxumom 0,5 + 7,0 + 1,0 (roguHm) — migHATTS TeMIiepaTypu + 130-
TEepPMiUuHE BUCTOIOBAHHS + OXOJIOKEHHS.

Sk kputepii pecypCHOI IIIHHOCTI BiNPpaIbOBaHUX (OPMYBATBLHUX CYyMIIIEH IPHIAHSAITO Ce-
pEIHIO T'yCTUHY MIHOOETOHY Ta fioro Mexxy MirtHocTi Ha ctuck [8]. [lepen BunpoOyBaHHsM 3pa-
3ku-Kyou 0,07x0,07%0,07 m BucymryBanu B enekrporadi 3a remmneparypu (105+£10) ° C no mo-
CTIHOI Mach).

3 MiJBUIICHHSIM BMICTy CMOJIH JIEPEBHOI OMUJICHOI B Hi3IPIOBATOOCTOHHIN CyMillli cepe-
JTHSI TYCTHHA IMHOOETOHY 3aKOHOMIPHO 3HIKYEThCS (pHC. 2).
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0,68 0,09 0,10

Kimericts cvom: gepessol onomerol CHO, 5T
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Cepeia ryetiia migpionaroro Geroiry, g,

500
0,08 0,09 0,10

KimpricTs eMomipepessol onomenol CHO, ko
4]

Puc. 2. 3anexcnicmo cepednvoi 2ycmunu ninobemomny Ha 0CHOBI K8apyoeo2o NicKy (a) ma Ha
OCHOGI 8I0NPAYbOBAHUX POPMYBATbHUX cymiutell (6) 810 KilbKOCMI CMOAU 0ePeBHOT OMUNEHOT

He3naune 3HmXeHHs cepeiHbOI T'yCTUHU (Y BCIX BUMaAKax MEHII 3a 5 %) BUKIIMKAHO 3a-
MiHOIO KPYIHIIIOrO KOMIIOHEHTA (IIUTOMA MOBEPXHS KPEMHE3eMUCTOr0 KoMIOHeHTa 270 M%/Kr)
JPiOHIIIMM KOMIOHEHTOM (ITUTOMA MOBEPXHS LIeMEHTY, SIK pasuio, 400 m%/kr). B TakoMy pasi
3MEHIIYETHCS TOBIIMHA 1, BIAMOBIAHO, Maca OOOJIOHKH KOXKHOT Oyap0aIiky miHH, 10 MPU3BO-
JIUTH 110 3HUKCHHS IIUIBHOCT1 OCTOHY.
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Cepenns rycTuHa niHOOETOHY Ha KBapioBoMy micky Ha 1,0-1,2 % Buia, HixK Ha Bianpa-
IIbOBaHUX ()OPMYBAJILHUX CyMIIIax.

3Ha4YeHHsI CEPEeTHBOI TYCTHHH Hi3PIOBATOT0 OETOHY 3 BUKOPUCTAHHIM JIMBAPHOTO BiJXOIY
craHoBIATH 901-968 Kr/M>, mo 3rigHO 3 [24] JOCITIDKYBAaHUN MHOOETOH HAJICKUTD 10 MaPOK
D900 1 D1000.

3 MiABUIIEHHSM BMICTY CMOJIHU JEPEBHOI OMHUJICHO! B HI3JPIOBAaTOOCTOHHIN CyMIIli Mill-
HICTh Ha CTHUCK MIHOOETOHY TEX 3aKOHOMIPHO 3HIKYEThCS (puc. 3).

[Tpu 3amiHI YaCTUHU KPEMHE3EMHUCTOIO KOMIIOHEHTA LIEMEHTOM MIIHICTh MaTepiany 30i-
JBITYETHCS 3@ BCIX 1HIIMX He3MIHHUX YMOB. [Ipu mocTiiiHii cepeaHiil TyCTHHI TIHOOETOHY Mi-
I[HICTh MiABHUIIUIACH OU OLTBIIIOI0 MIpOIO, HIXK TIOKAa3aHO HA PUCYHKY 3.
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Puc. 3. 3anesxcnicmo miynocmi na cmuck ninob6emoHy Ha OCHOBI K8apyoeo2o Nicky (a) ma Ha
OCHOGI 8I0NPAYbOBAHUX POPMYBANbHUX cyMmiutell (6) 810 KilbKOCMI CMOAU 0ePeBHOT OMUNEHOT

MIiLHICTh Ha CTHCK MHOOETOHY Ha OCHOBI TPAAMIIIHHOTO KPEMHE3EMHUCTOTO KOMIIOHEHTA
(KBapIIOBOTO ITICKY) B cCepelHbOMY Ha 7 % BUINA, HIXK HA OCHOBI BiANpaIbOBaHUX (HOPMYBaIIb-
HUX CyMIIIIeH, 110 00YMOBJIEHO HEOIHOPITHICTIO TPAHYJIOMETPUYHOTO CKJIQAy OCTaHHIX 1 Has-
BHICTIO Ha MOBEPXHI iX 3epeH MUIONOAIOHOT (pakiii Ta MIIBOK 3aTBEPALIHX 3B’ A3yBaIbHUX
KOMITO3HITIH, K1 3aUIITMINCS TICIIs BUCOKOTEMIIEPATypHOi 0OpOOKH TIij] 4ac 3aJIMBaHHS PO3T-
JIABJICHOTO MeTany y Gopmu.
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3Ha4YeHHS MIIIHOCTI Ha CTUCK MHOOETOHY 3 BUKOPUCTAHHSM JIMBAPHOTO BIJIXOy CKJIaJa-
10Th 4,3-5,7 MIla, 1o 3rimHo 31 3MiHOO 2 [24] nocnimKyBaHUN MTIHOOETOH HAJICKHUTH 10 KIIacy
C3,51Cs.

[Tino6eton mapku D900 i knacy C3,5 BiTHOCHTBCS A0 KOHCTPYKIIHHO-TEIUIO130JISIITHOTO
BUAY, a miHoOeToH Mapku D1000 i knacy C5 — 10 koHCTpyKIiiiHOTO [24].

[Tix vac ¢popmyBaHHS MHOOETOHHUX 3pa3KiB HA OCHOBI BIAMpaIlbOBaHUX (POPMYyBATBHUX
cyMmiIieil HabupaHHs IUIACTUYHOI MIIHOCTI TpuBajo moHaa 20 roAMH 1 CIOCTEPIraJoch OCi-
JIaHHS HI3JPIOBATOOCTOHHOI CyMiIIi.

BucHoBku. Ha mijcraBi BUBHaYeHHS BIIACTUBOCTEH TEXHIYHOI MiHU (KPAaTHICTh, CTA01Ib-
HICTbB) IIECTH MiHOYTBOPIOBAUiB BITYM3HAHUX HIANPHEMCTB-BUPOOHHKIB PI3HOT KOHLIEHTpAL]
po0OYOro po3unHY BUSBIECHO Haile)eKTUBHILINMA MIHOYTBOPIOBAaY — CMOJY JIEPEBHY OMHJICHY.

Po3po0neHo TeXHOMOT14HI TapaMeTpH MPUTOTYBAHHS MIHOOETOHHOI CyMiIlTi Ha OCHOBI BijI-
nparboBaHuX (GOPMYBAIBLHUX CYMIIIEH JTMBAPHOTO BUPOOHUIITBA MAITMHOOYIIBHUX 3aBOIIB.

3acTocyBaHHS BiIPallbOBaHUX (POPMYBATBHUX CyMillIel JTUBAPHUX LEXiB MAIIMHOOY/IiB-
HUX TIANPUEMCTB SIK KPEMHEHE3EMHUCTUI KOMITIOHEHT Y Hi3/IpIOBaTux OeToHax (AJ1s MOBHOI 3a-
MIHU TPaIUIIITHOTO KPEMHE3EMUCTOTO KOMIIOHEHTA — KBAPIIOBOTO MMiCKY) JO3BOJISE TOCATHYTH
MIPOEKTHUX MAPOK 3a CEPETHHOIO0 TYCTHHOIO 1 MEXKEIO MIITHOCTI Ha CTUCK MIHOOETOHY B CYyXOMY
cTaHi 0e3 MiABUIIICHHS BUTPATH LIEMEHTY.

VYrumnizarisi TMBapHUX BIJIXOAIB MAaITWHOOYIIBHOTO BHUPOOHHUIITBA CHPHUSIE PO3B’SI3aHHIO
EKOJIOTTYHHX MpOoOIIeM 1 3HIKEHHIO 3aTpaT Ha BUTOTOBIICHHS eHeproe()eKTHBHUX OyaiBeTbHIX
MmarepiajiB Ta BUPOOiB.

VY nofanbmx JOCHIKSHHAX AOIUIBHO MPUALTUTH OCOOIUBY YBary BUPILICHHIO 3aBIaHHS
CKOPOUYCHHSI TEPMiHy HaOWpaHHS TUIACTUYHOIT MIITHOCTI MHOOETOHHOI CyMiIlli, @ TaKOXX 3MEH-
IIICHHIO OC1TaHH1 MMOPU30BaHOI MacH, 110 MPHU3BE/IE 0 3HIKECHHS CEPEIHbOI TYCTHHU MHOO0e-
TOHHHUX BUPOOIB.
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ENERGY-EFFICIENT MATERIAL WITH THE USE
OF MACHINE-BUILDING PRODUCTION FOUNDRY WASTE

In order to save energy and natural resources in Ukraine and the world, new principles are applied during the design of
energy-efficient buildings. Therefore, there is a need to create and improve the low-energy production of heat-insulating and
structural-heat-insulating energy-efficient wall materials.

One of the measures to ensure the fulfillment of the main requirement for energy saving and energy efficiency is the design
of constructive solutions for elements of the thermal insulation shell of buildings, taking into account changes in the thermo-
physical characteristics of materials during the operation of the products. The use of industrial waste and secondary raw
materials in energy-saving technologies of building materials will help reduce the cost of their production and is an effective
means of pollution control.
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Energy-consuming during production and inefficient during operation, traditional wall materials (ceramic brick, expanded
clay concrete, expanded clay) have been pushed out of the construction market due to the constant increase in the price of energy
carriers and increased values of the enclosing structures heat transfer thermal resistance. Analysis of publications and experience
of modern construction shows that one of the highly effective wall materials is aerated concrete of various types.

The technological parameters of the aerated concrete mixture preparation using spent molding mixtures of foundry pro-
duction have not been developed.

The purpose of the article is to substantiate the expediency of producing porous material based on spent molding mixtures
from foundries of machine-building plants.

The study of six foaming agents from local production on their foaming ability is presented in the work. The multiplicity
of foam formation and the stability of the technical foam prepared on them were determined. The influence of the components
of aerated concrete mixture on the pore-forming ability of foaming agents was studied. The technological parameters for the
preparation of the powdered mixture using the most effective foaming agent tested in the work - saponified wood resin - have
been developed. In terms of physical and mechanical properties, the studied concrete based on spent molding mixtures of
foundry construction of machine-building enterprises meets the requirements of the state standards of Ukraine.

On the basis of determining the properties of technical foam (multiplicity, stability) of six foaming agents from local
manufacturers with different concentrations of the working solution, the most effective foaming agent was found, which is
saponified wood resin. The technological parameters for the preparation of foam concrete mixture based on used molding
mixtures from foundry production of machine-building plants have been developed. The implementation of used molding mix-
tures from foundries of machine-building enterprises as a siliceous component in aerated concrete (for a complete replacement
of the traditional siliceous component - quartz sand) makes it possible to achieve required grade for the average density and
compressive strength limit of foam concrete in the dry state without increasing cement consumption. Utilization of foundry
waste from machine-building production contributes to solving environmental problems and reducing costs for the production
of energy-efficient construction materials and products. In further research, it is advisable to pay special attention to solving
the problem of reducing set of strength period for foam concrete mixture plastic strength, as well as reducing the settling of the
porous mass, which will lead to a decrease in the average density of foam concrete products.

Keywords: spent molding compounds; foaming agent, multiplicity and stability of foam; foam concrete.

Fig.: 3. Table: 2. References: 24.

Jlsamoxk A1, IToaxonaes C., [To3yn O., Bipuu C., Kanmunndenko B. EneproedexTuBauii MaTepial i3 BAKOPHCTAHHAM JIMBapHOTO BiAXOIY Ma-
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AHAJII3 BIZOMUX METOJUMK ITOIIYKY OIITUMAJIBHUX PIIIEHDb
BIJHOBJIEHHS INIOITKOKEHUX BY IIBEJIb

Hecamxu mucsiy 6ydisens ma cnopyo na mepumopii Ykpainu nowkooiceno 6HACTIOOK 6e0entsi 60CHHUX Oitl ma nocmiti-
HUX mepopucmuinux amax. Bionoenenns 6yoisens € mpyoomicmkum ma umpamuum npoyecom i Lompeoye eupiuienHs yino2o
JIAHYI02Y OP2AHI3AYiHO-MEXHON0IYHUX Ma IHWUX numawns. [Ilpoyec 8iOHOBNIEHHSA CYRPOBOOICYEMBCA OOMENCEHICINIO HASLGHUX
inancosux, mamepiarbHo-mexHiuHux ma inwux pecypcie. Tomy amaniz cyuacHux Memooux NOWYKY eeKmueHux piuieHsb 3
BIOHOGIIEHHS € AKMYANLHUM.

Y ecmammi euxonano ananiz 6idomux memooux, sAKi UKOPUCOBYIOMbCA O NOULYKY ONMUMATLHUX PilieHb 8IOHOGNeHH S
oyoisenv. A came: 8ubopy Hallbinbu epekmuHUX KOHCMPYKIMUBHO-MEXHONO02IYHUX PIUeHb MA BUSHAYEHHIO ONTUMATLHUX 3HA-
uenb 0pPeani3ayitiHo-eKOHOMIYHUX NOKA3HUKIG BIOHOBNEHHSL.

TIpogedenuii ananiz 003601U GU3HAUUMU, WO PO3LTAHYIY MEMOOUKY 6a2amoKpumepianbHO20 AHANIZY MONCIUBO GUKODU-
cmamu 015 6u6opy HaudiNbW eheKMUBHUX KOHCMPYKMUBHO-MEXHON0IYHUX Piluetb 8I0HO6IeH s YelsHux cmin. 3a donomo-
2010 MemOOUKU eKCnepuMeHmanrbHo-CMamucmu4Ho20 MOOEN08AHHA MOJCIUGO GUSHAYUMU ONMUMANbHI 3HAYEHHS OP2aHi3a-
YIlIHO-eKOHOMIYHUX NOKA3HUKIE BIOHOBTIEHHS NOWKOOJICEHUX 0Y0igeNb NPU HAKIAOEHHI OIrUUX 0OMediceHb.

Kniouogi cnoea: 6azamoxpumepianbhuii ananiz, opeanizayitiHo-eKoHOMIYHI NOKA3HUKU, KOHCIMPYKIMUBHO-MEXHON02TUHI
piwenns; 6iOHO0GNEHHS NOWKOOICeHUX OY0igeNb, ONMUMI3ayis; eKCnepuMenmansHO-Cmamucmuyne MoOenio8anHs..

Puc.: 1. Bion.: 29.

AKTYaJIbHICTh TeMH J0CTiTzKeHHs. By Ta ciopyau Ha TepuTopii YKpaiHu MOCTIHHO
MiJ/1al0TbC HETaTUBHOMY BIUIMBY BOEHHMX il Ta TepOpUCTUYHUX arak. [lomkomkeHo abo
3pyHHOBAHO JIECSTKU TUCSTY Oy/IiBETb.

BigHOBIEHHS MTOMIKOPKEHUX OY/IIBENIb — 11€ TPYAOMICTKHI Ta BUCOKOBAPTICHUM TPOIIEC.
Kpim 115010, Ipy BUKOHAHHI pOOIT 3 BITHOBJICHHS HasBHA OOMEXKEHICTh PeCypciB — (iHaHCO-
BHX, MaTepiaJbHO-TEXHIYHUX Ta 1HIHMX. ToMy mpoliec BiIHOBICHHS MOTPEOye BUKOPUCTAHHS
HaO11b1I e(peKTUBHUX OyIIBEIIbHUX PILICHD 13 3aJIy4YSHHSIM MiHIMaJIbHOI KUTBKOCTI pecypciB.

3a I0MOMOT0I0 BUKOPUCTAHHS BIJOMUX METOAMK OMTHMI3allii MOKJIUBO BUPIIIUTH HUTHI
CIEKTp MHUTAaHb i3 3a0e3neueHHs e(peKTUBHOCTI BiTHOBJICHHS, PO3B’I3aHHS SIKUX HE HAJJA€ThCS
B 0(hilliiHUX HOPMATHUBHUX JIOKYMEHTAX Ta PEKOMEHAALlIAX YKpaiHH.

Tomy aHai3 Cy4acCHUX METOMK MOIIYKY e(heKTUBHHX PIIIEHb 3 BiTHOBJICHHS € aKTyaJIbHUM.

ITocTanoBka nmpodaeMu. MOXXIIMBO 3aCTOCYBAaTH PI3HOMAaHITHI PIillICHHS TIPW BHKOHAHHI
pOOIT 3 KOMIIEKCHOTO MPOIIECY BiTHOBJICHHS MOIIKOHKCHUX Oy/IiBeb. YCe 3aJIeKUTh BiJl 0a-
rarbox (hakTopiB: XapaKTepy Ta MPUUMH OTPUMAHMUX MOIIKOPKEHb, XapaKTepy BIUIUBY BHOYXY,
perioHaIbHUX MOKJIMBOCTEH Oy/TiBEIHbHUX OpraHi3alliidi, BAMOT HOPMaTUBHUX JIOKYMEHTIB, 00-
MEXEHb TPHUBAJIOCTI, (piHAHCYBaHHS Ta 1HIMX pecypciB. KpiMm 1boro, po6oTu 3 BiAHOBIICHHS
MOXYTb IIPOBOJIUTHCH y JIIOUUX OyHiBISAX Ta B OOMEKEHUX MIPOCTOPOBUX YMOBAX.

BuGip Haitbinbm eeKTUBHUX pillleHb BiJHOBJIEHHS TMOIIKOUKEHUX Oy/iBelb MOBHHEH
BpPaxXOBYBAaTH BCIO BHUINEBKAa3aHY MPOOIIEMY.

AHaJti3 ocTaHHIX J0CTiTKeHb i myOaikaniii. B ocTanHix myOmikarisx mpoaHaiti30BaHO
MOLIKO/KEHHs Oy/liBeb, OTPUMAHUX YHACIIOK BOEHHUX Jii, Ta BU3HAYCHO, 110 HAWOUIBIITY
KUTBKICTB TTOIIKOPKEHb OTpUMaTH Oe3KapKacHi 1ersiHi Oymisii [1].

BusHnaueHo ofiHE 3 OCHOBHHX CYIMYTHIX MOIIKO/IKEHb — II0SBa MEPEXK TPIIIUH Ta BUOOTH y
CTIHOBUX KOHCTPYKIIISIX; TPAAUIIAHI Ta Cy9acHI TEXHOJIOT1] YCYHEHHS ITUX HEMOMiKiB [2; 3].

Cepen HayKOBUX JOCIIDKEHB, TPUCBIYECHUX PI3HUM aclieKTaM BUOOpY TEXHOJIOTII 1 opra-
Hi3zamii OyJIiBeHbHOrO BHPOOHHUIITBA Ta X MOJCIIOBaHHS BUIULIOTHCS podotu O. I. Meneii-
moka [4-6], B. P. Mogenskoro [7], O. A. Tyraii [8], B. O. I'anymko [9], I. M. Ba6is [10], I. C.
Uepnona [11], JI. B. JIo6akoBoi [12], JI. A. Uepenamyk [13].
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BujineHHs1 HeTOCTiIKeHMX YACTHH 3arajbHoi npodiaemu. [lonepenuiit anami3 iHpop-
MaIifHUX HKEpes T03BOJIUB BUSBUTH HANOUIBII PO3MOBCIOMKEHUIA THIT TTOIIKOKEHUX Oy/Ii-
BEJIb Ta TEXHOJOTIl YCYHEHHs TPIIIMH Ta BHOOTH (OCHOBHOTO BH]y MOIIKO/PKEHb IETIISTHUX
cTiH). OgHaK HASBHO HEOCTATHBO IPaIlb II0/10 BUKOPUCTAHHS METOAMK /I BUOOPY HAHO1IBII
e(eKTUBHHX PIilIEHb KOMIJIEKCHOTO MPOIIECY BiIHOBICHHS MOIIKOXKEHUX BHACIIIJIOK BIHCHKO-
BUX Jiid OyaiBesib. ToMy HEOOX1THO BIIHAWTH CydacHI METOJIUKH, SIKI BUKOPHUCTOBYIOTHCS JJIS
MiIBUIIEHHS €(EKTUBHOCTI KOMIIJIEKCHOTO TIPOIECY BITHOBICHHS OyIiBEIb.

Merta crarTti. MeToro poOoTH € MOIIyK METOAMK, SIKi MOXKIIMBO BUKOPUCTATH JJIsl BUOOPY
HaWO1IbII €PEKTUBHUX KOHCTPYKTUBHO-TEXHOJIOTTYHHUX PIICHh Ta BU3HAYECHHIO ONTUMAThHUX
3HAYeHb OpraHi3alliiHO-eKOHOMIYHMX MOKA3HUKIB BiTHOBIICHHS TOIIKOKEHUX Oy/iBeIb MPU
HaKJIAaJAEeHH] JIF0YNX OOMEKEHD.

Bukaa ocHOBHOro marepiany. BukonanHs poOiT i3 BiTHOBJICHHs Oy/iBelNb, MOIMIKOKe-
HUX BHACIIJIOK BIHCHKOBUX JiH, CyIPOBOKYETHCS IUIMM JIAHITFOTOM MMUTaHb: OpraHi3aIiiiHo-
TEXHOJIOTIYHUX Ta KOHCTPYKTHBHHUX, YMOB IPOBEICHHS BiJHOBICHHS Oy/iBIi, MOXJINBOCTEH
MaTepialbHO-TEXHIYHOI 0a3H, JOCTYMTHOCTI Cy4aCHUX TEXHOJIOT1H TOII0. ToMy JJist TOCATHEHHS
MaKCUMaJIbHOTO Pe3YJIbTaTy IpHU MPOBEJICHHI KOMIUIEKCY PEMOHTHO-BIHOBIIOBAIBHUX POOIT
13 BITHOBJICHHS Oy/IiBEJIb HEOOX1THO BU3HAYUTH PiBHI €()EKTUBHOCTI 3aCTOCYBaHHS KOHCTPYK-
TUBHO-TEXHOJIOTIYHUX pirneHs|14-16].

Jlnst Bu3HaUeHHs PiBHIB €(PEKTUBHOCTI PillIeHh MOTPIOHO BUKOHATH aHAJII3 ICHYIOUHX Me-
TOZIB Ta yMOB MPOBEJCHHS POOIT 3 BiHOBIEHHS OyaiBens [15]. Ilpu 1ibomy citij BpaxoByBaTu
TPaIUIliAHI Ta Cy4acHl1 TeHeHIIii OyaiBEIbHOTO PUHKY, PEriOHAIBbHI OCOOIMBOCTI Ta aKTyaslb-
HICTb JIiTepaTypHUX JpKepen iHdopmarlii. BukopuctoByBaTn Hacammepen Taki iH(popMmamiini
JoKepena: 0105110TeKn, HAayKOMETPUYHI 0a3u JaHWX, HayKoB1 peno3utopii Tomio. [Hdopmarris,
3HalJIeHa 3a JOTIOMOTOI0 IHTEPHET-PECypCiB, Mae KOXKHUN pa3 MiJiaBaTUCS CyMHIBaM Ta po-
XOJIUTU PETeNbHY MEepeBIPKY Ha i aBTEHTHUYHICTh. 30KpEeMa, IIJISIXOM 3BEPHEHHS JI0 €KCIepT-
HOTO Cepe/IOBUINA, YUCEIBHUX 1 HATYPHUX JTOCIIIKEHb Ta PO3PAXyHKIB.

3a IOmOMOTror0 METOIUKH OaraToKpuTepialbHOro aHamizy [15; 16] MOXKIMBO BH3HAYUTH
piBHI €(peKTUBHOCTI KOHCTPYKTUBHO-TEXHOJIOT1YHUX PIllIEHb, 1110 BAKOPUCTOBYIOTHCS [ KOM-
MJIEKCHOTO TIpoliecy BimHOBIEHHsA. OCHOBOIO 0araTOKpUTEpiaJbHOTO aHATI3y € MOIIYK KOHC-
TPYKTUBHO-TEXHOJIOTIYHUX pIIIEHb;, MOXIUBOCTI iX BIPOBA/KCHHS HAa TOMY YU IHIIOMY
00’ekTi OymiBHUIITBA. J1JIT BUKOHAHHS IIHOTO 3aBAAHHS aHATI3YIOThCS 1H(POpMaIliiiHI JKepena.

Anroput™m BHOOpPY €(hEKTHBHHUX pIllIEHb 3a JOMOMOIOI0 0araToKpUTEpiaJbHOTO aHaTi3y
NpeacTaBlIeHn Ha pucyHky 1 [15; 16].

[Ticns BU3HAUEHHS SKICHUX 1 KUIBKICHUX OLIHOK PIIIICHb Ta MEPEBEACHHS 1X B €IUHY 0a-
JLHY TIKaJTy, OTPUMaH1 JaH1 BKJIIOUAIOTh Y «3BEACHI TAOMHUIl» B MPOrPaMHOMY KoMILIekci MS
Excel. Hamani, 3a nonomoroto ¢yHkii «3BeneHa aiarpama» MS Excel Oynyrorbes Ta aHamizy-
I0THCSI JllarpaMy MacuBY JIaHUX «3BeICHUX TaOmuipy [16]. TakuM 4yuHOM BU3HAYAOTHCS PiBHI
€(eKTUBHOCTI KO)KHOTO 3 TOPIBHIOBAHUX PIillICHb.

HactymHum Ta 0CTaHHIM KPOKOM METOIMKH € 3MIMCHEHHS Ta OTHO3HAYHUHN BUOIP € JMHOTO
KOHCTPYKTHBHO-TEXHOJIOTIYHOTO PIIICHHS 3 MOETalHUM OOIPYHTYBaHHSAM JIOLUIBHOCTI HOTO
BUKOpHUCTaHHA [ 14-16]. BuxmtoueHHs pimieHs Mae OyTH MOCTiJOBHUM 1 BHYTPIIITHBO HECYyIIepe-
ynuBuM [16].

B ynpaBninHi OyiBeIbBHUMH TIPOIIECaMHU XapaKTEPHOIO 03HAKOI0 € MHOKHMHHICTD PIIICHb.
Bubip edexkTHBHOTO pillIeHHS YCKIAIHAETHCS IIBUIKAM PO3BUTKOM OyIiBEIbHUX TEXHOJIOTIN
Ta METOJIIB opraHizallii OyaiBHUITBA. [I[pobreMy BpaxyBaHHS MHOXXHHHOCTI PIllICHb BUPIIIY-
I0Th 32 JIOTIOMOTOI0 MOOY/TyBaHHS PI3HOMaHITHUX MOJETICH.

Mognensb siBiisie o000 abCTpaKkTHE BiIOOpa)KEHHS HAWO1IBIN BINTMBOBUX BIIACTUBOCTEH,
MPOIIECiB 1 B3a€EMO3B’s3KiB peanbHuX cucteM [17; 18]. Monens — e ymoBHUIT 00pa3 00’e€kTa,
CKOHCTPYHOBaHUH JUIsI CIIPOIICHHS Horo mociimkenHs [19].
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BusHaunTy onTUManbHI 3HAYEHHS OpraHi3aliiiHO-eKOHOMIYHUX IMOKAa3HUKIB MOXKIIMBO 32
JIOTIOMOTO0 TIOOY/IOBH TIEBHOT KUTBKOCTI MOJENel (HampuKiaa KOIMITOPUCHUX Ta OpraHiza-
[ITHO-TEXHOJIIOTIYHUX IpadikiB BUKOHAHHS PoOiT). Mozemni CTBOPIOIOTHCS 32 I0TIOMOTOIO CIIe-
11aJ1130BaHUX MPOTrpaMHUX KoMILIekciB [20].

[ndopmariiitai Mozeni po3pi3HIIOTh Ha OMMCOBI, TAOMMYHI Ta iepapxiuHi. J{ns Bu3HaueHHS
e(exTuBHUX OymiBEIHbHUX PIICHh HAHO1IBII HAOYHUMH € TAOMWYHI Ta TpadidyHi MOIEi, 30K-
peMa KOIITOPHUCHI po3paxyHKH Ta rpadiku BUKOHaHHS poOiT [21].

KomrropucHi po3paxyHku BitoOpa)karoTh JaHi PO TEXHOJIOTI4HI MPOLEcH Ta iX codiBap-
TicTh. CKJIACTH 111 pO3paxyHKH MOXIIMBO 32 JIOMTOMOTOI0 PI3HOMaHITHHX KOIITOPHUCOYTBOPIOIO-
gux nporpam: AC-4, ABK-5, AKP-2, AKP-3, IBK, TK-I/IC, Excniepr-Cmeta, Cmeta-Jlizep Ta
iH. [20, 22].

OcHoBHUMH TpadiYHIMU MOACITISIMH CITYKaTh JIIHIHHI Tpadiku, HIUKIOTpaMH Ta MEPEKeBi
rpadiku [23].

Amnani3 iHbopMaIiifHuX JKeper

.

BusnaueHHsT TOPIBHIOBAaHHUX PIllIeHb, iX ONHCY, IEpeBar Ta HEAOTIKiB

.

Bubip kpurepiiB oniHIOBaHHS

.

OTpuMaHHS 3HAYEHB KUIBKICHHX Ta SIKICHUX OI[IHOK

.

CKIIalaHHs aHAITHIHUX TAOJUI[b Ta JiarpaM Ha IIiJICTaBi pe3yJIbTATiB OLIHKHU PIlICHb (3a
nonomoroto ¢ynkuiii MS Excel Tomio)

.

AHami3yBaHH JiarpaM 3a JONOMOTOO YTPYILyBaHHS, COPTYBaHH: Ta PAaH)KAPYBaHHSI
PIIICHB 32 PI3HUMH KPUTEPiIMHU

Puc. 1. Aneopumm 6acamokpumepianvHo2o ananisy

Bubip mporpamuoro 3aco0y Mpu MOJICIIIOBaHHI 3MIHCHIOETHCS 3 ypaxyBaHHIM CHEU(iKu
MIPOIIECIB BiAHOBIICHHS Oy/IiBEIb, MOKIMBOCTIMHU HOTO BUKOPUCTAHHS HA TAHOMY 00’ €KT1 JJIs
BUPIIICHHS MTOCTABJICHUX 3aBAaHb [24; 25].

Jns cxknagaHHs rpadidyHUX MOJENeH BUKOPHCTOBYIOTH TaKi CIEIialli3oBaHi MPOrpaMHi
xomuiekcu: MS Project, Primavera, Spider Project, AC-4-I'padik, P6 ta in. [15; 22].

Jlist mpoBeieHHs ONITUMI3AIlii OpraHi3aliifHO-eKOHOMIYHUX TTOKa3HUKIB BIJTHOBJICHHSI BUKO-
HYETbCS TOOYI0Ba HEOOX11HOT KUTBKOCTI MOziesieit 3r1THO 3 0OpaHUMH TI1aHiB eKcriepuMeHTiB. Lli
MOJIEII € B1IOOpaXeHHs 0araThoX acreKTiB MaTeMaTUYHOI CTATUCTUKH 1 TEOPil IJTaHyBaHHS €KC-
NepyUMEHTIB. Bu3HaunTH aHamiTH4HI Ta rpadivyHi 3aIeKHOCTI OTPUMAHUX 3HAYECHb MMOKA3HUKIB
BIJTHOBJICHHSI BiJ] BapiiiOBaHUX (PAKTOPIB MOMKIIMBO OTPUMATH 3a JIOTIOMOTOF0 BUKOPHUCTAHHS Me-
TOAMKH €KCIIEPUMEHTATILHO-CTATUCTUYHOTO MOJIEITIOBAaHHS B MporpaMHoMy koMmrutekci CompEx
2009.01. 3a nonoMororo Teopii MIaHyBaHHS €KCIIEPUMEHTIB B MporpamMHoMy kKomruiekci CompEx
2009.01 peamizytoTbcs MOOYIOBaHI KOIITOPUCHI Ta rpadiuHi Mojesi, BUKOHYETbCS iX JOCHTi-
JOKEHHSI — TOOTO MPOBEICHHST O0YHMCITIOBAILHOTO eKCriepuMeHTy [15; 26]. YV pe3ynbrari BUKO-
HaHHS aHaANII3y OTPUMAHMX 3aJIKHOCTEH MOXKIIMBO BiTHAWTH ONTUMAaJIbHI 3HAYEHHS [TOKa3HUKIB
BIJTHOBJICHHS Ta BIANOBIIHI oeqHaHHS (hakTopiB. [Iporiec momykKy onTuMaibHUX 3HAYEHB I10-
Ka3HUKIB BIIHOBJICHHSI MOJKE BKJTIOUATH HAKJIAICHHS JIF0YMX OOMEKEHb Ha OTPUMAaHI 3aJIeKHO-
CT1 3 METOIO BpaxXyBaHHS 0COOIMBOCTEN TIPOIIECIB, IO MOACIIOIOTHCS [22; 27].
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ExcniepyuMeHTalIbHO-CTaTUCTUYHE MOJICITIOBAHHSI JT03BOJISIE BUPIIIMTH TaKi 3aBaaHHA [28; 29]:

- MiHIMI3aIlis BUTPAT 1HTEJIEKTyaIbHUX, YaCOBUX Ta MaTepiadbHUX PECYPCIB MPHU MOLTYKY
NOTPiOHOTO 1HXXEHEPHOTO pe3ysbTary;

- MABUIICHHS JOCTOBIPHOCTI 1 1HPOPMATHBHOCTI €KCIIEPUMEHTATBLHUX JOCIIIKEHb;

- MOKPALICHHA SKOCTI MPOAYKIIii Ta 1i KOHKYPEHTHOI CIIPOMOKHOCTI, MOIIYK HUIAXIB pe-
cypco30epekeHHs pu 3a0e3MeUYeHH] MOTPIOHMX 3HAUYEHD IMOKa3HUKIB SKOCTI.

BucnoBku. [IpoBenenuii anasmi3 103BOJIMB BCTAHOBUTH 1CHYIOY1 METOUKH, STKI MOXKITUBO
BUKOPHCTOBYBATH JJIs OIITYKY €(DEKTUBHHX PillleHh KOMIUIEKCHOTO MPOIIECY BiAHOBICHHS IO~
IIKO/KCHUX OY/IiBEIIb.

AHani3 CyTHOCTI PO3MISTHYTUX METOMIMK JT03BOJINB BCTAHOBUTH HACTYITHE:

- METOIUKY OaraTOKpUTEpiaJbHOTO aHaji3y MOXKJIWBO BHKOPUCTATH JJI BHOOpY Hail-
O171pII €(h)eKTUBHUX KOHCTPYKTUBHO-TEXHOJIOTTYHUX PIllICHb BiTHOBJICHHS LETNITHUX CTiH;

- 32 JJOTIOMOTO0 METOJUKU €KCIIEPUMEHTaIbHO-CTaTUCTUYHOTO MOJIETIOBAaHHS MOYKIIMBO
BU3HAYUTH ONTHUMAJbHI 3HAYCHHS OpraHi3aniiHO-eKOHOMIYHUX MOKAa3HUKIB BiTHOBIIEHHS T10-
IIKO/DKCHHUX OyIliBEIIb MPU HAKJIAJCHH] JII0YMX OOMEKEHbD.
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ANALYSIS OF KNOWN METHODS FOR FINDING OPTIMAL SOLUTIONS
FOR THE RESTORATION OF DAMAGED BUILDINGS

Dozens of thousands of buildings and structures in Ukraine have been damaged as a result of military actions and con-
stant terrorist attacks. The recovery of buildings is a labor-intensive and costly process that requires addressing a whole range
of organizational and technological issues. The recovering process is constrained by limited financial, material, technical, and
other resources. Therefore, the analysis of modern methods for finding effective recovering solutions is relevant.
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Preliminary analysis of information sources has revealed the most common type of damaged buildings and technologies
for crack and cavity removal (main types of damage to brick walls). However, there is insufficient research on the use of
methods for selecting the most effective solutions for the comprehensive recovering process of buildings damaged by military
actions. Hence, it is necessary to identify contemporary methodologies used to enhance the efficiency of the comprehensive
recovering process of damaged buildings.

This article presents an analysis of known methods used for finding optimal solutions, specifically, selecting the most
effective structural and technological solutions and determining the optimal values of organizational and economic indicators
for recovering.

The conducted analysis allowed identifying existing methodologies that can be used for finding effective solutions in the
comprehensive recovering process of damaged buildings.

The analysis revealed that the considered multi-criteria analysis methodology can be employed to select the most effective
structural and technological solutions for the recovering of brick walls. The experimental-statistical modeling methodology
can be used to determine the optimal values of organizational and economic indicators for the recovering of damaged buildings
while imposing existing constraints.

Keywords: multicriteria analysis, organizational and economic indicators, constructive-technological solutions; recon-
struction of damaged buildings; optimization; experimental and statistical modeling.

Fig.: 1. References: 29.
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ma mexwnonoeii. 2023. Ne 2(32). C. 355-362.
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COMPARISON AND ACCURACY OF THE METHODS
FOR DETERMINING THE AREA OF PARCELS

The method of work is to perform a comparative analysis of the methods of determining the area of land plots. Research
methods were performed: calculation of the area of land plots on the physical surface of the ellipsoid; calculation of the area of
the horizontal projection of the land plot; Calculation of the area of the physical surface of land plots, as well as through practical
implementation, the stated theoretical studies were confirmed. The performed calculations indicate that the results of calculating
the physical areas of land plots using different coordinate systems are practically the same. However, the difference between the
results obtained by dividing the land plot into triangles and the results of increasing the area of physical surfaces by the coordinates
of the top reaches a value of approximately 1%. The reason for these discrepancies arises from the fact that all the vertices of the
polygon lie on the same area, and when dividing this polygon (land plot) into triangles, the different slope of the land surface in
different places of the land plot is taken into account. Calculation of the area of real estate objects must be performed simultane-
ously with an assessment of the accuracy of the results obtained. Accuracy assessment is characterized by the reliability of area
information and also ensures making correct decisions about changes to the original data when re-determining the area. The work
proves that during the procedure of buying and selling land plots at their market value, the purpose of land acquisition is: in one
case, the horizontal dimensions of land plots are important, in the second - the dimensions of the area of physical surfaces. Thus,
in agriculture, the horizontal area determines the number of upright plants, and the size of the area of the physical surface of the
land affects the amount of work related to its cultivation, and therefore in land management, cadastre, and real estate evaluation,
it is appropriate to use the area of the horizontal projection and the physical surface of the land plot.

Keywords: area of the land plot; physical surface of the ellipsoid; horizontal projection of the land plot; real estate
object; cadastre; land management, real estate evaluation.

Fig.: 3. Table: 8. References: 22.

Introduction. One of the main parameters entered into the state land cadastre of real estate
is the area of parcels. The value of this attribute is decisive in the monetary evaluation of ob-
jects, thus they are used to solve fiscal problems, record land resources and real estate objects
and their number, distribution among owners and other participants in market relations. They
also serve as the basis for analytical processing in order to prepare the necessary data for man-
agement decisions. It is the implementation of the procedure of sale and purchase of real estate
that requires accurate area sizes, as it actually determines the market value, and the deviation
of these values is likely to lead to a false price and even escalate into litigation. The area value
of parcels depends on their location on the physical surface, i.e the earth's surface taking into
account its terrain; on the horizontal projection of the parcel; projection on the surface of the
earth ellipsoid and the geodetic parcel (the image of the parcel in the adopted projection, usually
in the transverse Mercator map projection [1]).

Therefore, depending on tasks set, one of the above options is used. Nowadays, as docu-
ments on the rights to parcels include the area of the geodetic site obtained when measuring by
means of cartographic-topographic materials, the subsequent calculations take it as a basis.
Moreover, in choosing the local coordinate system, the average terrain level is considered as
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the relativity surface, due to which the values of the geodetic and horizontal areas are practically
the same. The total value of monetary proceeds from the parcel sale is determined in this case
as the sum of the areas of these horizontal areas with a possible coefficient of their value.

Analysis of literature. Yu. H. Batrakov, V. D. Baranovskyy, V. N. Hanshyn, V. I. Hlad-
kykh, Yu. P. Hubar, Yu. A. Karpinskyy, A. A. Lyashchenko, A. V. Maslov, M. M. Fys and many
others dedicated their works to the development of methods for determining and estimating the
accuracy of land areas.

Requirements for the accuracy of determining the area of parcels are related to the cost of
natural resources. Some standards for accuracy are given in [2; 3]. In particular, the accuracy
of calculating the area of parcels in the process of drafting a project for their allocation for use
or for the issuance of a deed of ownership is characterized by relative error m, /P =1/1000.

For large areas, such as agricultural land or forestry, this error can amount to 1/500. Therefore,
depending on the dimensions and configuration of the parcel and on the requirements for accu-
racy, a particular way to determine its area will be used.

In 1995, the FIG enacted the statement, where the cadastre is defined as a site-based land
information system that contains up-to-date information on rights and restrictions on land
rights. This system includes a geometric description of land parcels and other information about
these parcels, including information about their value. It can be used for fiscal purposes (as-
sessment and taxation), legal purposes (transfer of rights under agreements), spatial planning
purposes and to promote sustainable development and environmental protection. This resolu-
tion, in particular, recommends the use of a systematic approach to land registration as the most
effective one compared to the sporadic approach. Thus, FIG has set a standard that many coun-
tries worldwide have begun to follow, mainly due to the development of technology. The ca-
dastre concept developed by FIG has proven its potential in different parts of the world [4].

Cooperation between FIG and UN organizations increased markedly in the second half of
the 1990s. This is evidenced by the adoption of the Bogor Declaration by international experts
in the field of cadastre in 1996 in Bogor (Indonesia). For the first time, the Bogor Declaration
officially recognized cadastral systems to be a critical element of infrastructure that supports
solutions to sustainable development and natural resource management.

At the Bathurst Conference (Bathurst, Australia, 1999), the key issues related to strength-
ening land policy, institutions, and cadastral infrastructure were considered. The Declaration on
Land Administration for Sustainable Development adopted at this conference created a strong
link between efficient land administration and sustainable development and offered a number
of recommendations on land use development and infrastructure [4; 5].

Since the cadastral systems of different countries differed functionally in content, architec-
ture, technical performance, and economic efficiency, there was a need to develop a concept for
further development of these systems in terms of versatility and technological improvement.

The development of land relations, especially land commodification, has increased the role
of a cadastre in the theory of land management. In 1980, the US National Research Council
published a study entitled "The Need for a Multi-Purpose Cadastre," which described a cadas-
tral system that would integrate cartographic and land management functions based on the use
of a geodetic basis. The need to create such a system marked the beginning of a new era in the
development of land administration. Now all over the world, the main focus is on the technol-
ogy of creating multipurpose inventories rather than justifying the need to create them. A mul-
tipurpose cadastre is a register containing many attributes of land [6].

Modern theory of land administration defines the cadastre (cadastral systems) as a central
tool of spatial infrastructure of the state and emphasizes its central role in the implementation
of the paradigm of land management. These systems are multipurpose, as they include land
identification, registration of rights and restrictions on land rights, support in real estate valua-
tion and taxation, and administration of current and future land use [4; 7; 8].
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Multipurpose cadastral systems support four basic functions: land tenure, land value, land use,
and land development. They can also be considered as land administration systems or land-infor-
mation systems (LIS). LIS is a general concept for all land-related information databases that have
one thing in common: the data of these systems relate to a fixed point on, in, or below the earth's
surface. LIS is a concept that seeks to integrate into a single system all types of land-related data
(cadastral, infrastructural, environmental, socio-economic). Within the framework of such LIS,
which requires a lot of work on coordination, standardization, organization, etc., the land cadastre
plays the role of a link to which many other systems add or connect their data [4; 5; 9; 10].

The uniqueness of the cadastral potential is that 80% of the information has a spatial com-
ponent and, therefore, can be associated with the land by means of a unique identifier. Thus,
the cadastral layer, consisting of information on land and their affiliation, becomes the core of
SDI, which includes layers of data on public infrastructure, hydrology, vegetation, topography,
remote sensing data, and dozens of other data [4; 11].

International experience shows that the best option for the transition of land relations to the
"land information system" stage is to create a land information system based on a cadastre. In
turn, when creating a cadastral system following the defined FIG concept of cadastre, we should
focus on addressing several issues. They are the creation of fiscal or legal cadastre; integrated
or separate system; creation of a register of rights or a register of documents; choose the concept
of common or fixed boundaries; centralized or decentralized system; self-sustaining or budget
system; systematic or sporadic approaches to legalizing land rights.

We should note that a cadastre tends to integrate with the real estate registration system
and transform into the cadastral accounting system and, therefore, both the cadastral accounting
system and created on its basis LIS must comply with the principles of state registration of
rights such as mandatory registration; consent; identification of the subject and object of law;
publicity; guarantees of rights. The structural elements of LIS must also comply with the prin-
ciple of legal independence and be a kind of legal register, i.e., a database (information layer)
that an evidential character. The court considers the information of such databases (information
layers) as evidence; it cannot be annulled other than in the manner prescribed by law [12].

Global drivers will influence the characteristics of future cadastral systems, which include
instrumental accuracy, object-oriented design, 3D/4D visualization, real-time information,
global connections, and organic characteristics.

Research objective. Considering the area of a parcel, the following options are distin-
guished: the area of the land surface based on the topography, the area of the horizontal projec-
tion of the parcel, the area of the projection of the parcel on the surface of the Earth ellipsoid
and the area of the parcel image on the map projection plane (the transverse Mercator map
projection). The choice of the option depends on the task. Working with maps and plans, one
receives the area of the parcel image in the map projection, which is called the geodetic area. If
the axial meridian passes by the parcel and the average level of the territory is considered the
surface of relativity, the values of the geodetic area and the horizontal projection of the parcel
almost do not differ. In other cases, it is important to know the area of the entire physical surface
of the parcel. The calculation of real estate areas should be done in parallel with the evaluation
of the accuracy of the results obtained. The estimated accuracy is characterized by the reliability
of the area information and also serves to make correct decisions about changes in the original
data when the areas are redetermined.

The total area of large territories can be determined as a simple sum of horizontal areas.
However, it is more practical to determine them using surveillance aircraft (airplanes, drones,
drones, etc.). The areas obtained by both methods cannot be identical, because they describe
the parcels differently. Even considering topography as the average level of the terrain only
partially takes into account its features. In this regard, there arises a need to study the error in
determining the areas by different methods [13], since the variation in their values contributes
to estimating the areas differently and thus provides a different income, which, in turn, creates
a conflict of interest that may give rise to litigation.

365



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

The purpose of the work is to perform a comparative analysis of the methods of determin-
ing the area of land plots in order to choose the most optimal method for targeted practical use
in various branches of the economy.

Method and/or Theory

Let us outline the methodology for determining the areas of the above options.

L. Calculation of parcel areas on the physical surface of the ellipsoid

The main methods of determining the area P, on the surface of the ellipsoid include cal-

culation using either a known horizontal projection or a known value of the geodetic area. The
horizontal projection of the area P, is calculated through the results of direct geodetic meas-

urements - distances, angles, and coordinate increments reduced to the horizon plane. Let us
investigate the transition from the horizontal projection of the area to its projection on the el-
lipsoid surface. The transition from horizontal distances of the lines d to their projections s on
the surface of the ellipsoid is carried out using the following ratio:

d R+H
“ - m 1
; 2 (1)
where H is the average line height above the ellipsoid; R is the average radius of curvature
of the Earth ellipsoid.
Ratio (1) can be expressed as follows:
H
d=s+—""5. 2
2 2)

The Left and right parts of equation (2) are squared, with irrelevant second-order values
discarded, which follows:

d* ~s*+2-

H, -
s, 3
2 3)
Since the areas are related as squares of the line lengths, the following can be inferred:
th(1+2-%)PE. @)

Consequently, with the horizontal projection of the area being known, the transition to the
area on the ellipsoid can be performed by the formula:

H H
R=P =2 =t B aP =2t Py (5)
Thus,
P. =P +JP,, (6)
where
H
0P, ==2:= 2P, )

is elevation correction of the parcel area to pass from the area of the horizontal projection to
the area on the ellipsoid.
It is essential to examine the conditions that allow the elevation correction 6P, to be ne-

glected. Table 1 shows the calculation of the relative values of the elevation correction 6P, /P
under different values of the height H, and R =6371km.
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Table 1 — Calculation of relative values of the elevation correction 6P, | P
H m 100 300 750 1000 2000 4000 6000 8000

m?>

6P, /P 1/31855 | 1/10618 | 1/4247 1/3186 1/1593 1/796 1/531 1/398

It is known that the correction 0P, can be neglected provided that it is 3-5 times less than

the error of the area. As can be inferred from Table 1, with the relative error of the area 1/1000,
the correction can be neglected for the height values up to 750m.

With the value of the area P in the transverse Mercator map projection, it is appropriate
to introduce the correction [14; 15] to pass to the area on the ellipsoid surface:

2
&P, :_(%j P, 8)
which follows
2
Ym
PE :P—(?] 'P, (9)

where y, 1is the average distance of the parcel from the axial meridian.

The conditions that require the elevation correction 6P, have been examined and the results

are presented in Table 2.
With R =6371km, the relative distortion of the area 6P, /P in the transverse Mercator

map projection has been calculated for different values y, .

Table 2 — Calculation of distortion of relative area in the transverse Mercator map projection
v, km 25 50 100 150 200 250

éPL/P 1/64943 1/16236 1/4059 1/1804 1/1015 1/649

According to [2], they should not exceed 1/3-1/5 of the error in the area for the projection
distortions to be neglected.

Table 2 suggests that when the errors in the area are within 1/500-1/1000, the correction
for the transition from the geodetic area to the area on the surface of the ellipsoid can be ignored
at a distance of 100-150 km from the parcel to the axial meridian. Consequently, the ordinates

y,, generally do not exceed 30 km in large cities where local coordinate systems are used, and
therefore the above correction can be neglected.

There is a much more accurate formula to determine the correction for the transition from
the area in the transverse Mercator map projection to the area on the surface of the ellipsoid,
Le.

6P, =—(1-q2)-P, (10)

1 b
where ¢, =——; R, =

ch| 2m 1—e?-sin? 2
Rm RE

R, is the equivalent radius (R, =6367558,497m for the Krasovsky ellipsoid); x, is the
average abscissa of the parcel.

The area on the surface of the ellipsoid can also be calculated using the coordinates of its
vertices. For example, the area of a steroidal trapezium limited by parallels with the latitudes
B,, B, and meridians with the longitudes L,, L, (Fig. 1) can be calculated using the formula

[13; 16; 17].
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% BdB
PE=b2.(L2—Ll)-I—( = (11)
3 \l—e"sin B)

where b is the semi-minor axis and e is the eccentricity of the earth's ellipsoid.

f,,a ]‘3

Fig. 1. Steroidal trapezoid

To perform the calculations, the integrand function (11) needs to be expanded in a series
for the purpose of term-by-term integration, which follows [18; 20].

sin B, —sin B, —i—gez(sin3 B, —sin’ B, )—i—ie4 (sin5 B, —sin’ Bl)-i-
2 3 5
P, =b*(L, - L,) A . (12)
+7e2 (sin7 B, —sin’ Bl)+...

There is also an approximate formula that allows calculating the area with an error of no
more than 2-107 - P, [18; 19].

P, =c(L,- L) [arcsin(k -sin B, )—arcsin(k - sin B, )] , (13)
where ¢ =74456,835; k=0,163133.

Formula (13) includes longitude expressed in degrees and area expressed in square kilometers.

The coordinates of vertices of an arbitrary polygonal parcel can be used to calculate the
projection area of the parcel on the ellipsoid. Let us present formulas for calculating the area of
small land parcels using coordinates in the following coordinate systems:

¢ planimetric rectangular coordinates x, y and heights z;

e spatial rectangular coordinates X,Y,Z ;
e geodetic coordinates B,L,H .

For further calculations, let z= H .
Consequently, the formula for calculating the area on the ellipsoid using planimetric rec-
tangular coordinates is the following:
i (14)
xi+1 yi+1

1 n
Py = _qrzn (Z
2 i=l

The formula for calculating the area on the ellipsoid by spatial geocentric (quasi-geocen-
tric) rectangular coordinates X,Y,Z is the following:
2 " 2
J J{ J . (15)
i=1

2
1 n n X[ Zi
1 PRI R PR

i+l

X, Y

1 1

Xi+1 Y

i+l
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The formula to calculate the area on the ellipsoid by geodetic coordinates B, L can be

j. (16)

Mo a-(l—ez) SN = a
! (1—e2sinzBm)3/2’ : J1-e’-sin’ B, ,

B 1is the average latitude of the parcel; a is the semi-major axis of the terrestrial ellipsoid.

m

expressed as follows:
B L

1 1

Bi+] L

1 n
PE = Egmkm (Z

i=1

i+1

whereg, =M, /p; k, =N, -cosB,/p;

By formulas (14) - (16), the areas on the ellipsoid surface are calculated, and therefore the
height z of planimetric rectangular coordinates X,Y,Z must be equal to zero, and the spatial

coordinates of each point must meet the requirement /' = 0. To simplify the calculations, it is
reasonable to discard the common first digits in the vertex coordinates or subtract the coordi-
nates of the first vertex from them and further operate on the residuals. However, when calcu-
lating the coefficients ¢, g,k , it is necessary to use the value of coordinates to the full.

1. Calculation of the area of horizontal projection of the parcel

Most often, the horizontal projection area of a parcel (horizontal area) is calculated accord-
ing to the results of direct geodetic measurements reduced to the horizon.

To calculate the horizontal area, with the given geodetic area of a parcel calculated from
the coordinates of its vertices in the transverse Mercator map projection or measurements on
the plan, it is necessary to switch from the geodetic area to the area on the ellipsoid surface, and
then to the horizontal area. The transition from the geodetic area in the transverse Mercator map
projection to the area on the ellipsoid surface is performed by adding the correction obtained
by formula (8) to the geodetic area. To transfer to the horizontal area, a correction must be
added to the result obtained according to (7):

H
oy 2= Py, (17)

where H, is the average height of the parcel.
Thus, it follows that
P,=P+65P, +5P,. (18)
Let us consider how the area horizontal projection is related to the area of the physical
surface of the parcel. Figure 2 shows a rectangular parcel of the area P, with an angle of incli-
nation v . The lengths of the sides of the parcel are equal to S, and S, .

Sacosv

Fig. 2. Sloped parcel and its projection
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The area of the tilted surface of the parcel equals P, =S, - S, , with the area of its horizontal
projection being expressed as
P, =S, -S,cosv=PF, -cosv. (19)
The difference in the areas is equal to:
8P, =P, — B, =P, — P, -cosv="P,-(1-cosv). (20)

Given the equality 1—cosv = 2sinzg and P, =P, it follows that:
6P, =2Psin> < . 1)
Y 2

For minor slope angles, it is possible to adopt that siny =v (V should be given in radi-
ans), thus

V2
OP, =P -— (22)

2

and
6P, v?
v -, 23
>3 (23)
Formula (20) follows that
2

PT=31+5P;=31+P-V7 (24)

and
2

B=F~0P=F~P-—.

By analyzing formulas (19) - (23), it can be concluded that the horizontal projection area
of a parcel is always less than its physical surface area. This difference grows with the increase
of the slope angle. The relative distortion of the area 6P, /P, depends on the slope angle. This

distortion is not affected by the shape of the parcel and its location on plane G.
III. Calculation of the parcel physical surface area
Depending on the purpose of the parcel, there is a need to determine the area P, of the

physical surface of the parcel, i.e. the area of the land surface taking into account the terrain
that may differ from the geodetic area by 2-5%, which is important to consider in the calcula-
tions and in drawing up land planning documents (e.g., contracts of sale of parcels) [20; 21].

After calculating the geodetic area P by coordinates of polygon vertices, the physical sur-
face area can be found by transforming the system of equations:

Hm
5PH =—2TPA
2
SP =—| 2| p . (25)
R
VZ
P.=B +6P =P, +P?

Therefore, the area of the physical surface area can be determined as follows:
2 y \2
P = 1{&} L2, 1, P, (26)
R R 2(p"
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where v is the average angle of slope of the land surface on the parcel; H,, is the average
height of the parcel spot; y, is the average parcel ordinate (distance from the axial meridian);

R 1is the Earth radius.

The formula (26) can be used for the area of the whole parcel only if the terrain is calm. If
the terrain is complex, it is reasonable to divide the parcel into elementary areas with constant
tilt angles, determining for each of them the geodetic area, tilt angle, height, and deviation of
the axial meridian. After calculating by formula (26) the physical surface area of each site and
summing them up, it is possible to find the total physical surface area of the whole parcel. It is
also worth emphasizing that determining the parameters v, , H,, y, is a rather complicated

and time-consuming process.

With calm terrain, the area of the physical surface of a parcel can also be calculated using
the coordinates of the polygon vertices. Moreover, the coordinates can be specified in any co-
ordinate system - planimetric rectangular coordinates x, y combined with height z (27); spatial

rectangular geocentric coordinates X,Y,Z (28); geodetic coordinates B,L,H , with z=H .

2 2 2
1 - xi yi 2 - xi Zi 2 < yi ZI'
B.==q! +q, +q, ) (27)
! 2\/ (; xl+l yi+1 ] (; xi+l Zi+1 J ; yi+1 Zi+l
L (elx Y)Y (alx z Y (aly z|)
[} —_ i i + Z i i + Z i i . (28)
2 i=1 Xi+l Yi+1 i=1 Xi+1 Zi+1 i=1 Yi+1 i+l
1 B LY B H Y oL, H [\
B =—,|g k. ! I +gl ! I +k ' . (29)
! 2\/ [; Bi+1 Li+1 j ; Bi+1 Hi+1 121 Li+1 Hi+1

Formulas (27) - (29) include the following notation [18, 21]:

R 1 e [

2
k,=(N,+H,)cosB,/p; M, = a(l—e ) Nmza/wll—ezsinzBm ,

(1 —e’sin’ B, )3/2 ;

H,,B, are the average parcel coordinates; a,b,e’ are the elements of the

where x,,¥,,,z2

earth's ellipsoid.
To simplify the calculations by formulas (27)-(29), let us discard the first common digits
or subtract from them the coordinates of the first vertex in the vertex coordinates and further
deal with the residuals:
X =% =X} YVi=Yi—Yos  Z=Z;—Z;
X =X,-Xy;  Y=Y-Ys Z=7-Z; (30)

Bl=B-B,;, L=L-L,; H=H-H,

l 1 1 1

where the coordinates with index 0 correspond to the coordinates of the first vertex.
In calculating the coefficients 9°& K , 1t 1s crucial to use the complete coordinate values.
Basically, the areas of the parcel are determined by coordinate differences using modern satel-

lite geodetic instruments or with the help of electronic total stations. Let us present the formulas for
calculating the physical areas of spatial triangles in the three main coordinate systems.
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¢ in the planimetric rectangular coordinate system:

2 2 2
P :l q4 A'xl Ayl 2 Axl AZ] 2 Ayl AZI . (31)
A Ax, Ay, "Ax, Az, "Ay, Az, ’
¢ in the spatial rectangular geocentric coordinate system:
2 2 2
AX, AY, AX, ANZ AY, AZ
F)T :l 1 1 + 1 1 + 1 1 ; (32)
2\|AX, AY, AX, AZ, AY, AZ,
¢ in the geodetic coordinate system:
2 2 2
N T | el IS s I pte (33)
2 AB, AL, AB, AH, AL, AH,

In formulas (31) - (33), the indices 1 and 2 mean the coordinate differences of vertices 2-1
and 3-2, respectively. Particularly, when Az, = Az, =0and ¢, =1, formula (31) assumes the

following form:

Ax, A
_LAn A (34)
2|Ax, Ay,
With AH, = AH, =0, formula (33) assumes the following form:
2.0 .k |AB AL
p="n 8 ky A% AR (35)
2 AB, AL,

where m,, is the scale of the TM projection obtained by the formula m A =ch % [21].

The coordinates of the polygon vertices can be obtained both by satellite and traditional
methods. In the latter case, it is possible to lay a polygonometric course on the boundary marks,
or the coordinates can be obtained by polar cross-bearing, spatial cross-bearing with the meas-
uring of side lengths, zenith distances and horizontal angles [22].

Results of investigations.

I. Let us examine the proposed formulas (method I) by calculating the area of the same sphe-
roidal trapezoid (Fig. 1). The coordinates of eight points located on the boundaries of this trape-
zoid are presented in three systems: planimetric, spatial, and geodetic coordinates (Table 3).

Table 3 — Coordinates of points on the boundaries of trapezoid

No : : Coordina?es .

planimetric rectangular, m geocentric, m geodetic
1 2 3 4 5 6 7

X 6656825.024 X 2782664.300 B 60° 00/ 00

1 y 139480.191 Y 1574355.712 L 29° 30/ 00”
- 7 5500573.593 -

X 6659145.050 X 2780914.563 B 60° 01’ 15"

2 y 139392.458 Y 1573365.758 L 29° 30/ 00”
- 7 5501733.794 -

by 6661465.083 X 2779164.453 B 60° 02/ 30"

3 y 139304.706 Y 1572375.594 L 29° 30/ 00”
- 7 5502893.267 -
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End Table 3
1 2 3 4 5 6 7
X 6661531.343 X 2778306.442 B 60° 02/ 30"
4 y 141045.451 Y 1573891.159 L 29031/ 52.5"
- 7 5502893.267 -
X 6661598.426 X 2777447.604 B 60° 02/ 30"
5 y 142786.174 Y 1575406.256 L 29933/ 45"
- 7 5502893.267 -
X 6659278.449 X 2779196.633 B 60°01/ 15"
6 y 142876.120 Y 1576398.329 L 29933/ 45"
- 7 5501733.794 -
X 6656958.479 X 2780945.289 B 60° 00/ 00"
7 y 142966.047 Y 1577390.190 L 29933/ 45"
- V4 5500573.693 -
X 6656891.339 X 2781805.209 B 60° 00/ 00"
8 y 141223.130 Y 1575873.186 L 29°31/52.5"
- V4 5500573.593 -

The area of the trapezoid «calculated by formula (11) 1is considered true
P, =16180000,9m" . The corrections calculated by formulas (8) and (10) have the following
values 6P, =-7952,6m*, &P,, = —-7897,0m">.

Table 4 presents the comparison results of areas on the ellipsoid surface, which are calcu-
lated using the geodetic areas, and the correction for them.

Table 4 — Calculation of areas on the ellipsoid by geodetic areas

Correction by formula (8) Correction by formula (10)
Element - - - -
8 points 4 points 8 points 4 points
Area P, ,m? 16179953.6 16179951.6 16180009.2 16180007.1
Deviation A=P, —P_,, m’ -56.0 -58.0 -04 2.5

The area was calculated twice: by the coordinates of all eight points and by the coordinates
of only four points numbered 1, 3, 5, and 7 that fix the vertices of the trapezoid.
Table 5 shows the comparison results with the true value of the areas calculated by the
coordinates of the same points, but in different systems.

Table 5 — Calculation of areas on the ellipsoid by geodetic areas

Element Coordinates
planimetric rectangular spatial rectangular geodetic
Number of points 8 4 8 4 8 4
Area P, m? 16180009.2 | 16180007.1 | 16180008.3 | 16180006.0 | 16180010.0 | 16180010.0
Deviation
A=P —P  m -0.4 -2.5 -1.3 -3.6 +0.4 +0.4
—TE real °

Consequently, the insignificant values of deviations of the calculated areas from the true
value (Table 5) prove the quality of the formulas proposed.
I1. Let us carry out the practical implementation of theoretical research (method II). Using
formulas (19) - (24), calculation has been performed, with the corresponding results presented

in Table 6.
Table 6 — Relative distortion of the physical area in relation to the value of the tilt angle
Slope, V° 1 1,3 2 3 4 5 6 7 8 9
SP /P, 1/6567 | 1/3886 | 1/1642 | 1/730 | 1/410 | 1/263 | 1/182 | 1/134 | 1/103 | 1/81

373



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

In calculations (Table 6), the error for the slope has been considered to be significantly
small provided it does not exceed 4 of the error in the area. With the latter being 1/1000, the
error for the angle of slope should not exceed 1/4000. As Table 6 suggests, if the angles of slope
increase more than 1,3%, then they should be taken into account when calculating the physical
area of the parcel.

III. Let us carry out the practical implementation of theoretical research (method III) and
calculate the physical surface area of a pentagonal parcel. In the diagram (Fig. 3), the line a-b-
c-d-e-a shows the boundary of the area divided into three triangular fragments B, P,, B, .

X A

a L

(_) -.h_.
Fig. 3 Parcel diagram with a division into triangles

The coordinates of the parcel vertices a, b, ¢, d, e are expressed in different coordinate
systems, and the areas of the parcel physical surface are calculated by formulas (27) - (29) and
shown in Table 7. The calculation outcomes obtained by dividing the area into the triangles and
summing their areas are presented in Table 8.

Table 7 — Calculation of physical surface areas by vertex coordinates

No Coordinate systems
planimetric rectangular, m Geocentric, m geodetic
X 7400000.00 X 2209795.74 B 66° 40/ 28.31”
1 y 100000.00 Y 1238188.19 L 29° 15/ 45.69"
z 1000.00 Z 5835156.84 H 1000.00
X 7400250.00 X 2209598.07 B 66° 40/ 36.38"
2 y 100000.00 Y 1238087.82 L 29° 15" 46.43"
z 1020.00 Z 5835274.12 H 1020.00
X 7400150.00 X 2209612.71 B 66° 40'32.97”
3 y 100150.00 Y 1238263.70 L 29° 15/ 58.34"
z 1025.00 Z 5835236.99 H 1025.00
4 X 7400150.00 X 2209558.13 B 66° 40/ 32.86"
y 100250.00 Y 1238347.68 L 29° 16/ 06.48"
z 1000.00 Z 5835212.60 H 1000.00
X 7400000.00 X 2209730.27 B 66° 40/ 28.14"
5 y 100150.00 Y 1238323.34 L 29° 15/ 57.90"
z 1010.00 Z 5835163.86 H 1010.00
Pr 37657.55 m? 37657.43 m? 37657.47 m?
Table 8 — Calculation of areas of physical surfaces by areas of triangles
. Coordinate system
No of triangle - - - - - -
planimetric rectangular planimetric rectangular planimetric rectangular
1 18881.33 m? 18881.23 m? 18881.43 m?
2 11332.76 m? 11332.72 m? 11332.54 m?
3 7767.65 m? 7767.68 m? 7767.77 m?
Pr 37980.74 m? 37980.63 m? 37980.74 m?
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In conclusion, the calculations made in Tables 7 and 8 prove that the results of calculating
the physical areas on the surface of parcels using different coordinate systems are almost iden-
tical. However, the difference between the results obtained by dividing the parcel into triangles
(Table 8) and the results given in Table 1 constitutes about 1%. The reason for these discrepan-
cies is that the formulas (27)-(29) assume that all vertices of a polygon lie in one plane, although
in dividing this polygon (the parcel) into triangles, the different slope of the land surface in
different places of the parcel is considered.

Recommendations and conclusions. The fact that, in our opinion, the purpose of land
purchase affects its market value: in some cases, the horizontal dimensions of parcels matter;
in others, the dimensions of physical surface areas do. For example, in agriculture, the horizon-
tal area determines the number of upright plants, and the size of the physical surface area affects
the amount of work on its cultivation. Therefore, it is advisable to use the areas of horizontal
projection and the physical surface of the parcel in the land management, cadastre, and real
estate valuation.
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INOPIBHAHHA TA OINIHKA TOYHOCTI METOAIB BUSHAYEHHS
1101 3BEMEJIBHUX AIVIAHOK

AxmyansHicmb 00CTi0NHCeHHS NONAZAE 8 MOMY, WO 3A2ANbHA NAOWA 3HAYHUX MEPUMOPILL MOJICe BUSHAYAMUCH K NPOCMA
cymMa 20pu30HMANbHUX NI0W, Npome Gilbul NPAKMUYHUM € iX U3HAUEHHs 3 00NOMO2010 AepO3HIMANLHUX 3acobie (Timakis, b6e3-
NITOMHUX TTMATLHUX anapamis, OpoHie mowyo). Ouesuono, wo 3acmocy8anHs Oisl BUSHAYEHHs NAOW PIHUX MemoOie He 00360~
UMb QOCSASHYMU IX 0OHAKOBOI MOYHOCM, MOMY WO Yi MEMoOuU no PI3HOMY ORUCYIOMb 3eMenbHi OLisHKU. Hasimb epaxyeanhs
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penvedhy y 8u2nsioi cepeoHbo2o pigHs MiCYegoCni iuule YacmKko8o 6paxogye ii ocoonusocmi. Y 363Ky 3 yum i 6uHUKAE HeoOXio-
HiCmb 00CTIONCEHHS! NOXUOKU GUSHAYEHHS NIIOW PISHUMU MemOoOamu, addice PisHuYys ix 3HaUeHb 0ae Pi3Hi OYIHKU 3HAUEHb NIOW
0aromy pisHi cyMu 2pouiosux Haoxooxcers. Lle 6 c6olo uepey cmeopioc KOHAIKm iHmepecie, wo modxce nopooxcyeamu cobor
CY008i cynepeuxu, ujo Ha Hauy OYMKY Qopmye akmyansHicms cmammi. 30iticHeHO 00CTIONHCEH s Memo0i6 00YUCTIEHHS NA0W 3e-
MenbHUX OUIAHOK: be3nocepeonvo Ha Qi3uunill NOBepXHi enincoioa, 20pu30HmManbLHoi npoekyii 3emenvHol OinAnKY ma Gizuunoi
nosepxti 3emenvHux Oitanok. Lllnaxom npaxmuunoi peanizayii niomeeposiceHo UKIAOeH] meopemuyti 0ocniodicenHs. Bukonani
DO3PAXYHKU 00800Mb, WO PE3VIbMamu 004UCIeHHs Qi3UUHUX NI0W NOBEPXHI 3eMETbHUX OLIAHOK i3 6UKOPUCTNAHHAM DI3HUX CU-
cmem KoopOuHam npakmuyno He 8iopisusaiomscs. OOHAK, PO3XOOANCEHHSL MIJIC Pe3yTbMamami, OMPUMAHUMU WITAXOM PO30umms
3eMenbHOI OLIAHKYU HA MPUKYMHUKY | Pe3yIbmamamu 004ucieHHs niouy isuuHux nogepxoHs 3a KOOPOUHAMU 8ePUUUH OOCA2AIONb
eenuuuny npubausno 1%. Hpuyuna yux po3xoodicers noisaeac y momy, wo 6cCi epuiunu 6azamoKymHuKa 1excams 6 0OHill nio-
wuHi, a nio uac po3oumms ybo2o OA2AMOKYMHUKA (3eMeTbHOT OUISIHKU) HA MPUKVIMHUKU 6PAX08YEMbCS PIHUL HAXUTL 3eMHOT
NOBEPXHI Y PI3HUX Micysx 3emenvHoi Oinsanky. OOuuUcienHs niow 00 €kmie HepyxomMocmi HOMPIOHO GUKOHY8AMU NAPATIETLHO 13
OYiHKOI0 MOYHOCMI 00epcanux pesynomamis. OYiHKa MOYHOCHI XapaKmepu3yemucsi 00CMOogipHicmio ingopmayii npo niowi, a
MaKodHC Cyeye NPUIHAMMIO GiPHUX PilleHb NPO 3MIHU NEPBICHUX OAHUX NPU NOBMOPHUX 8USHAYEHHAX niow. Posenaoarouu niougy
OLISAHKU, PO3PIZHAIOMb HACMYNHI GAPIAHMU. NIOWA 3eMETbHOT NOBEPXHI 3 YPAXYBAHHAM PETbEQDY, NIOWA 20PUIOHMATLHOL NPOEK-
yii OinanKu, naowa npoexyii OLIAHKU Ha NOGEPXHI 3eMHO20 eNincoioa i niowa 300paxcents OUIAHKY HA NAOWUHI KapmozpaghiuHoi
npoexyii (npoexyis ayca-Kprocepa). Bubip eapianmy 3anexcums 6i0 nocmaeienoo 3asdawnts. 11io uac pobomu 3 xapmamu i
NAGHAMU 00epPIICYIOMb NAOWY 300padiceHHs OLAHKYU 8 NPOEKYii Kapmu, AKy NPUIIHAMO HA3UBAMU 2e00e3U4HOI0 niowjero. AKujo
npuU YboMy 0Cb08UIl MepuUdiaH npoxooums O OLIAHKY | 3a NOBEPXHIO 8IOHOCHOCI NPULIHATO CepeOHill pieeHb mepumopii, 3Ha-
YeHHs1 2e00e3UYHOT NIoWi I 20PU3OHMATILHOT NPOEKYIl NIOWI NPAKMUYHO He GIOPI3HAIOMbCA. B iHWwUX 6unaokax 6adciueum €
3HAHHs nAowi 8Ciel QizuuHOI No6epxHi 3eMenbHOT OisanKU. Memor pobomu € 6UKOHAHHS NOPIGHAIBLHO2O AHAIZY MEMOOi8 6U3HA-
uenHs NAoW 3eMeNbHUX OUIAHOK OISl BUOOPY HAIONMUMATLHILO20 MEMOOY 05l YiNb0BO2O NPAKMUUHO20 BUKOPUCTAHHA Y PIZHUX
eanyzsax eocnodapemea. Y pobomi 0osedero, wo nio uac 30itiCHeHHs nPoyedypu KyRIGi-npooanicy 3eMeibHux OLIAHOK HA il puH-
KO8y 6apmiciib GNAUBAE Mema NPUODAHHS 3eMENbHUX OLIAHOK: 8 OOHOMY BUNAOKY BAMNCAUG] 2OPUSOHMATLHI POSMIDU 3eMETbHUX
OUISIHOK, 6 THULUX — PO3MIpU N0 PizuuHux nosepxons. Tak, y ciibCbKoMy 20CHO0APCMSI 20PU30OHMAILHA NAOWA GUSHAYAE Kilb-
KiCMb NPAMOBUCHO CIMOAYUX POCTUH, A 8eTUYUHA NAOWI (I3UYHOI NOBEPXHI 3eMai BNIUBAE HA 00csA2 pobim uodo ii 06podIimKy i
Momy y 3eMAe6nOPAOKYSAHHI, KA0acmpi ma oyiHyi HepyXoMOCmi OOYIIbHO 6UKOPUCIOBYEAMU came NIOWL 20PU30HMATBHOL NPO-
exyii ma Qizuunoi nogepxui 3emenvHoi OLNAHKU.

Kniouogi cnosa: niowa semenvnoi oinanku, @Qizuuna nogepxms enincoioa; 20pu30oHmansHa NpoEKYisn 3eMensHol OiANKY,
00 ’€Km HepyxoMocmi; Kaoacmp, 3eMaeyCmpitl, OYiHKA HepyXOMOCMI.

Puc.: 3. Tabn.: 8. bion.: 22.

Fys, M., Hubar, Yu., Brydun, A., & Sohor, A. (2023). Comparison and accuracy of the methods for determining the area of parcels. Technical
sciences and technologies, (2(32)). C. 363-378.
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MEXAHI3M CTPYKTYPOYTBOPEHHS CITYHEHOI'O ITAPY IITHOKOKCY
ITPHU BIIVIMBI MIHEPAJIBHUX PEHOBUH

Excnepumenmansrumu 00CioxcenHamu 6CMAaH0BIeHO BNIUE HANOBHIOBARI8 HA POOONTY BOCHE3AXUCHO20 NOKPUMMS, Napa-
Mempu 1020 chyuenHs nio Oiclo memnepamypu i NpUSHivenHs, Wo 00360JA€ 3MiHI08amu yeli npoyec. Y pesynvmami mepmiuHol
0ii’ 6cmano6neHo NAUE HANOBHIVBAYIE HA KOEPIYIEHM CHYUYBAHHA NOKPUMMS HA OCHOBI HEOP2AHIYHUX MA OPSAHIYHUX PEHOBUH.
Hosedeno, wjo 6in nonsieae y BUHUKHEHHI HA NOBEPXHI MAmMepiany wapy, AKuil npomuoic HazpieaHHio 00 KPUMUYHOI memnepamypu
ma posxaadannio mamepiany. [Ipogedenumu 0ocaiodiceHHAMY ROKA3AHO, WO BKIIOUEHHS OKCUOY MUMAHY Ui 2I0POKCUOY ATIOMIHIIO
6 Kinvkocmi 5 % 3abe3neuye 00CsicHeHHs HAUDIIbUI020 3HAYeHHs Koepiyienma cnyyenns — 0o 47, axutl y 1,11 paza Oinvuie 3a
3HAYEHHsl KoepiyieHma Cnyyentst npu 66e0eHHI OKCUOY MUMAHY, 2I0pOKcUdy anoMiniio ma manvky 6 kizvbkocmi 3,3 %, 6 1,12 paza
Olnbuie 3a 3HAUEHHs KOeIYyicHma CyYeHHs Npu 66e0eHH OKCUOYy MUmany t mamwky 6 kinekocmi 5%, a maxooic 6 1,08 paza
Oinbue 30 3HAYEHHs Koeiyienma cnyyeHHs npu 66edeHHi 2I0POKCUY ANOMIHII0 ma maabky 6 Kinbkocmi 5 %. Buasneno eniug
HANO6HI08ai6 Npu Oii BUCOKOMEMNEPAMYPHO20 MENI0B020 NOMOKY HA 3MIHY NPOYECY CHYYEHHs 802HE3AXUCHO20 NOKPUMMSL Md
NOKA3AHO MeXaHizm Kinemuku Oii Hano6HI08AUI6, AKUL XAPAKMEPUIYEMbCA SHUHCEHHAM WeuoKocmi ma empamu macu. I1iosu-
wenHs cmilikocmi 8ozHesaxucmy 0yoigenbHux KOHCMpYKyiill 3a0e3neuyemucs esedenuam HanosHrosayie npu 700 °C, wo npusgo-
Oums 00 YMEopeHHs My20NasKuxX KOMRO3UYitl, Ki 3ano6iealoms 8U2OPAHHIO YMBOPEHO20 NIHOKOKCY.

Kntwouosi cnosa: socnecmiiikicmvb, noKpumms, 6mpama macu, Cny4y8aibHa 30amHICb, memnepamypd, myoniasKi
HanoeH06aui, eqhekmugHicms HOKPUMMSL.

Puc.: 4. bion.: 14.

AKTyaJbHICTh TeMM A0C/izkeHHs. [lepeBrHa Ta BUpOOH 3 IEpeBUHHUX MaTepialliB BUKO-
PHUCTOBYIOThCS B Cy4acHOMY OyJIBHMLITBI, OCKUTBKH 1I€H MaTepiajl XapaKTepU3y€eThCs BUCOKUMHU
TEXHOJIOTTYHUMH i1 IEKOPaTUBHUMH OKa3HUKaMH, €KOJIOT1YHO YHCTHH Ta Ma€ JOCTaTHBO BUCOKY
TEHJICHLIIIO I0JI0 3aCTOCYBAaHHS SIK KOHCTPYKLIHHMIA Marepian. AJie aepeBuHa OTHOYACHO € OC-
HOBHHUM IPOBITHUKOM TTOIIMPEHHS TOPIHHA 1 TOTpeOy€e 3aXUCTy Bif 1T JpKepelt 3aiMaHHsI.

VY 3B’513Ky 3 IUM BEJIMKA yBara NpuIUII€ThCs BUPIIIEHHIO poliiemi 3a0e3rnedeHHs BOTHe-
CTIAKOCTI Oy/iBesb 1 KOHCTPYKIII, BUKOHAHUX 3 JICPEBUHH. 30UTBIITUTH CTYIiHb O€3MEYHOI eKC-
uTyatanii cropya, e BUKOPHUCTOBYIOTbCS MaTepiajiu i BUpOOH 3 JEpPEBHHU, MPHUITYCTHMO 32
JIOTIOMOT 010 i 3aXUCHOTO 00poOeHHs Bia BorHIO. CyTh 3aXHUCTy JIEPEBUHHU SIBJIsSIE COOOIO Ha-
JaHHA {1 3MOTH OMMPATUCS BIUIMBY MOJIYM 5, PO3MOBCIOKEHHIO TTOJIyM s TUIOIIKWHOIO, Y TIPO-
TUJIIT TEPMOOKHCITFOBAHHOT AECTPYKIIil Ta TaJIbMyBaHHI MPOIECy 3aiMaHHsI.

IMocTanoBka npo0aemMu. OIHUM i3 TPAAUIIHHUX HANPSAMIB 3aXHMCTY BiJl JPKEpesa BOTHIO
€ 3HKEHHS WMOBIPHOCTI 3arOpsSIHHS MaTepiaiiB i3 IEPEBUHH, a TAKOK OOMEXEHHS HOro 3a 4a-
COM Jlii ¥ MOTY>KHOCTI HUISXOM MOBEPXHEBOTO 3aXMCTY CHEUiaJbHUMU 3aC00aMH, 110 MalOTh
3a0e3neun T HEOOX1THY MEXKY BOTHECTIHKOCTI Ta 3HU3UTH IIBUAKICTh MOMUPEHHS MTOJTYyM s B
yMoBax noxexi [1; 2].
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Tomy B OymiBHHMIITBI IPUCKOPEHUMH TEMIIAMH BEAETHCS pO3pOOKa HOBITHIX SAKICHHUX 3aCO-
01B BOrHE3axXUCTY JICPEBUHM, K1 HA ChOTOIHI MaIOTh HE TIILKU TapaHTyBaTH HEOOX1HY BOTHE-
CTIMKICTh AepeBHHH, a 1 30epiraru ii mapameTpH eKkcIuryaraii it 3abe3nedyBaTu JOBrOBIYHICTb.

Cy4JacHi METOIM BOTHE3aXUCTY IEPEBUHH 0a3yIOThCS Ha BUKOPUCTAHHI TOKPUTTIB, 5K SIB-
JSIFOTH COOOI0 CKJIAZHI CHCTEMH OpPTraHIYHHMX 1 HEOPraHIYHMX KOMIIOHEHTIB Ta CIy4yHOThCA.
[IpoTe BOHM IpHU TOBroTpUBAIiH 1T MOTYyM sl 37aTHI IO TTOCITIZIOBHOTO BUTOPAHHS 1 BIJIMOBITHO
3HIKEHHSI BOTHE3aXHUCHOT e(DEeKTUBHOCTI Ta OTPeOYIOTh JOAABAHHS PEYOBHH, 3AaTHUX YTBO-
pUTH OLTBII CTIMKHHA CITydeHHH TETI0130JI0BAIbHUI IIap MIHOKOKCY. Y 3B 53Ky 3 LIUM 1 BCTa-
HOBJTIOETHCS TTOTpeOa B MPOBEACHHI OCIIHKEHD Y ITbOMY HAIPSMKY.

AHaJti3 ocTaHHIX Jocai:KeHb i my0Jikaniii. Boraezaxuct KOHCTPYKIIii i3 JepeBUHHU TT0-
JsiTae B 3a0€3MeUeHH] Ha MOBEPXHI 3aXHMCHUX TEIUIOI30JISAIMHNX €KpaHiB, 10 3/1aTHI BUTPH-
MaTy BUCOKY TEMIIeparypy Bif Jii BOrHIO moxexki. KpiM Toro, BOrHE3aXUCT J03BOJISE CIIOBLIb-
HUTH MPOTPiBaHHS MaTepiany Ta 30epertu cBoi PyHKIIIOHAIBbHI BIACTUBOCTI B IIEP10]1 3aaHOTO
yacy, 110 TUM CaMHUM J03BOJISI€ TIEPEBECTH ACPEBUHY /10 BaKKOTOPIOYMX Marepiaiis [3].

3BUYAiTHI HEOPTaHIYHI TOKPUTTS i BOTHE3aXUCHI CKJIaId HA OCHOBI aTFOMOCHJIIKaTHUX pe-
YOBUH MICTATh 3B’s13aHy BOJY, 3/1aTHY ITiJl 4aC HarpiBaHHs BUIIAPOBYBATHUCS Ta MPOTUIISATH Tie-
peHeceHHIo Teria 10 AepeBUHU. [Ipu oMy siK 3B’513y104l PEYOBHHH 3aCTOCOBYIOTH MTOPTIIaH-
JIIEMEHT, IJITMHO3EMHUCTUN IIEMEHT, HaTpieBe piIMHHE CKJIO Ta B’spKydi pedoBuHH [4]. Lli
MaTepian KOPCTKI, MalOTh HE3HAYHY €JIACTUYHICTh M MpH JIii TeMIepaTypHO-BOJIOTICHUX KO-
JMBAaHb OCHUIIAIOTHCS, 10 PU3BOIUTH 10 3HUKECHHS €CTETUYHUX MMOKa3HHUKIB Ta €()eKTUBHOCTI
BOTrHe3axucTy [5]. HaromicTh CTBOpEHI MOKPHUTTS HA OCHOBI HEOPTaHIYHUX Ta OPTAHIYHHUX Pe-
YOBHH CIIPOMOXHI JT0 3a0e3eUeHHs Ha TTOBEPXHi, SKa 3aXHUIIAETHCSI, CITYYSHOTO MIapy KOKCY.
Ile BemmKOIO MIpOTO 3HIDKYE MPOIECH TeTIonepeaadi [6].

Edexr Bii BUKOPUCTaHHS BOTHE3aXMCHUX MMOKPUTTIB HA OCHOBI OPTaHIYHUX PEUOBUH IO-
Ka3aHo B po0oTi [7]. 3a paXyHOK J1ii aHTUITIPEHIB, Ta30- T4 KOKCOYTBOPIOBAYiB MOKIIUBO BILIH-
HYTH Ha (OPMYBaHHS CIIHIOIOYOTO MIapy MiHOKOKCY. OaHAK MiABUIIIEHHS CTIMKOCTI, IIUIBHOCTI
Ta MIITHOCTI IOCSTAEThCSl BHACIIIOK MOAM(IKyBaHHS OPraHIYHOTO MOKPUTTS MOJTIMEPHUMU pe-
yoBuHamu [8]. [Ipore 111 pe3yapTaTy TOCTIKEHb CIIPSIMOBaHI Ha CTBOPEHHS TOJIIMEPHO-HEOP-
TaHIYHUX BOTHE3aXMCHUX MMOKPUTTIB, K1 HE 3a0e3MeuaTh BOTHECTIHKICTh MPOTSATOM TPUBAIOTO
4yacy Ta MiJBUINYIOTh JTUMOYTBOPIOBAJIbHY 3[aTHICTh OYMIBEIBHUX KOHCTPYKIIiM, a TaKOX €
HAJITO JOPOTHUMH.

ExcrieppuMeHTaIbHUMH TOCTIIKEHHSIMU B po00Ti [9] BUSBIICHO, 1110 TP AOAaBaHHI HaIlO-
BHIOBauiB (OKCH/IiB, I'IPOOKCHIIB, OOpATiB) 10 OPraHO-HEOPraHiYHUX MOKPHUTTIB BiAOYBaEThCS
3MiHa CTPYKTYypU KOKCOBOIO LIapy Ta 0e3MmoCepeHbO MPOLECY CIyYEHHS MOKPUTTH, aje He
BCTAHOBJICHO iX BIUTUB HA TEIJIONPOBIHICTh YTBOPEHOTO IIAPY MiHOKOKCY.

VY pob6orti [10] mochimkeno cuHepriudy Airo nomidocdary aMoHII0 Ta TPUTIAPATy OKCULY
QIIOMIHIIO SIK BOTHE3aXHUCHUX KOMIIOHEHTIB ISl €OKCUIHOTO BOTHE3aXMCHOTO MaTepiaiy, ap-
MOBAHOT'O MPUPOAHUMHU BoJIoKHaMU. [TokazaHo TakoX, 110 HE TIOCTIMHO HEAPMOBaH1 CKJIa/Iu He
MOXYTh 3a0€3MeUNTH MPH 3MiHI TEMIIEPATypH SKICHUHI OIip MOIyM 1.

BruuB cTpykTypu AepeBUHH Ha JOBIOBIUHICTH BOTHE3aXUCHHUX BJIACTUBOCTEH MPO30POro BO-
THECTIHKOTO TOKPUTTS 13 3aCTOCYBAHHSIM IPHUCKOPEHOT'O TirPOTEPMIYHOTO CTapiHHS BCTAHOBJIEHO
B pobori [11]. 3a momoMororo MopQoIOriyHOro aHasi3y Ta TeCTy Ha BOTOHb MPOBOIWIN aHAII3
edekTy cTapiHHs. Y pe3y/abraTi IpOBEIEHUX KCIIEPUMEHTIB ITOKa3aHo, 10 Micis 21 aHs cTapiHHS
BOTHE3aXMCHI CKJIAJI0BI MOCHIZOBHO BUITQAAIOTh HA TOBEPXHIO MOKPUTTS. IIpH 11bOMy MOKPUTTS
BTpaydae CIpOMOXKHICTH JI0 30UTBIIICHHS, 8 OOBYIJICHHH IIap MOKa3ye TIACTUHYACTY CTPYKTYPY HU-
3bK01 MiTHOCTI. [TOKpUTTS 3MeHIMII0 BOorHECTiHKICTh Ha 43,48 % (Bix 23 xB 10 13 XB).

VY pob6orti [12] gocnimkeno Borue3axucHuit 3acid TW (FRTW) 3 Bmictom edipydocdary-
nomierwienrikonto (PEAG) 3 rapHuMu ONTHYHUME BIACTUBOCTSIMU Ta BOrHecTiKicTio. [Tpn
npoBeneHHI TepmorpaBiMerpuuHoro a”amizy TW/PEAG BinOyBaeThbcsi 3MEHIIICHHS BTpaTH
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macu Ha 60 % 1 301JIbIIICHHS 3aJIMILIKIB MIHOKOKCY Y 2,5 pa3a, y MOpiBHSAHHI 3 TaHUMH ITPUPOJ-
HO1 nepeBuHU. Lle 3a0e3neuye miaBUIIEHY TePMIYHY cTabUIBHICTE. [1iKoBa MIBUAKICTH TETLIO-
BUJUJICHHS, 3arajbHe TEIUIOBHJIJICHHS Ta TEIJoTa 3TOpaHHs BOTHE3aXHUCHOro 3acoby TW
(FRTW) 6ynu 3umkeni Ha 82,4, 84,3 1 80,8 % 0 moka3HUKIB, SIK1 OTpUMaH1 MPU BUKOPUCTAaHHI
BOTHE3aXHMCHOTO 3ac00y Ha OCHOBI €MOKCHUIHOI cMoiH. IIpo miABUIIIEHHS BOTHE3aXUCHHUX Xa-
pakrepuctuk TW/PEAG Takox cBig4aTh 0OMEXyBaIbHUI KHCHEBUH 1HJIEKC 1 EKCIIEPUMEHTA-
JBHI pe3yabTatu 3aiMucTocTi. Bucoka BorHecrtiiikicte TW/PEAG mnoB’si3aHa 3 BMicToM edi-
poMbocdary-noaieTUICHIIIKONIO, SKHH 3a0e3MeYnB YTBOPEHHS TEIUIOi30JALIHHOTO IIapy
BYIJICIIIO Ta 3HU3UB BUAUICHHS Teruia. Takoxx TW/PEAG noka3aB 3Ha4H1 MeXaHiuHI BIACTHBO-
CTi, 1110 TOJIATAIOTh B MIIIHOCTI Ha po3puB — 153,6 MIla ta moxymi npyxHocti — 2,2 I'Tla. OqHax
HE TOBOPUTHCS MPO MEXaHI3M JIii MOKPUTTS Ta HOro pyilHYBaHHS 3 YacOM.

ToMmy Ba)XJIMBUM MUTAHHSAM € BCTAHOBJICHHSI CITy4yBaJbHOI 31aTHOCTI MMOKPHUTTIB MIPU JIOB-
TOTPHUBAJIIN JTiT TEMIIEpaTyp Ta BIUTMBI KOMIIOHEHTIB, SIKi BXOJIATH JI0 1X CKJIaJy, iX Baru y 3a0e3-
NIEYEeHH1 BOTHECTIHKOCTI Ta po3poOLli cyyacHUX, HaAIMHUX, 00’ €KTUBHUX METOIIB OLIIHIOBAHHS
MIPOIIECy CITyYEHHS, 110 BU3HAYAIOTh HEOOX1THICTh TTPOBEJACHHS TOCHIKEHD Y I[bOMY HAIIPSIM.

MeTor0 [0CTiIKEHHI € BCTAHOBJICHHS BIUIMBY Ha CIy4yBajbHY 3[aTHICTb
BOTHE3aXMCHOTO MOKPUTTSI HA OCHOBI OpraHIYHUX 1 HEOPTaHIYHUX PEUYOBHMH HANIOBHIOBAYIB, a
TaKOXX PO3pOOJICHHSI METOAIB OLIIHIOBAHHS IMPOLECY CITyUYEHHs Ta BCTAHOBJIEHHS CTIHKOCTI 710
JIii BUCOKOT TEMIIEpaTypy OTPUMAHUX KOMITO3HIIIH.

CupoBHHHI MaTepiaju Ta MeTOAM AOCTIAKeHb. Y TPOoIIeci MPOBEACHHS TOCITIPKEHb SK CH-
POBHHHHUI MaTepiail BUKOPUCTOBYBAIM OPraHO-HEOPTaHIYHY CUCTEMY, SIKa CKIIQIA€ThCA 3 TIOMi(o-
cary amonito (IIDA), menaminy, nenraepurpury (I1IEP) Ta B soxydoro Ha ocHoBi [IBA-nucniepcii,
HAIOBHIOBAUIB — JIOKCHTYy TUTaHY, TAIbKY, TIPOKCHAY AJTFOMIHIIO 1 MarHilO Ta IXHIX CyMIIIIEH.

3pa3ky NOKPUTTIB ISl €KCIIEPUMEHTY BHTOTOBJISUIM Ha OCHOBI OpraHO-HEOTaHIYHOI cHuc-
temu, 1m0 Mictuth 18...20 % IIDA, 12...14 % wmenaminy, 10...12 % IIEP, 16 % IIBA-
mucriepcii Ta Bogy. OTpuMany mMacy HepeMmilllyBaiii, BBOAMIN HaoOBHIOBaYl y KinbkocTi 10 %
Ta HAHOCWJIM Ha CTaJbHY IuiacTuHy ToBmuHOW 0,5...0,6 MM (puc. 1).

| S _ B |

Puc. 1. 3pazox nokpumms na cmaneHiu niacmuHi
Jixepero: po3po0IIeHO aBTOPaMH.

30BHIIIHIN BUINIA] Ta CTPYKTYPY MOKPUTTS CYTTEBO HE 3MiHIOIOTh HAIIOBHIOBAYI.

Jlnst mocipKeHHs IPOoIecy CTPYKTYpOYTBOPEHHSI OPraHO-HEOPTaHIuHO1 KOMITO3HIIIT Ta 3
METOI0 OTPUMAHHS ii €IEMEHTHOTO CKJIaJAy BUKOPHUCTOBYBAJIM OJIUH 13 Cy4aCHUX CIIEKTPOCKO-
MIYHUX METO/IB JOCIIHDKCHHS pEYOBHHU — pEeHTTeHOGIyopectieHTHUH aHami3. Meton PDA 3a-
CHOBaHMI Ha 300pi Ta MOJANBIIOMY aHai31 CIIEKTPA, 10 BUHUKAE IIPU OTIPOMIHEHHI TOCIIIKY-
BaHOTO 3pa3Ka PeHTTE€HIBCbKUM BUIPOMiHIOBaHHM [13].

Binnosinno g0 Bumor [14] mpoBommiu TepMorpaBiMeTpHUUHUE aHami3. BukonyBamu
TEPMOTpaBIMETPUYHE JOCIIHKEHHS TPOIECIB ACCTPYKINI B TUHAMIYHOMY PEXHMI 3 METOIO
BU3HAuUEHHs 00J7acTi TemIeparyp, 3a SKUX TepMiuHa JECTPYKIls JIepEeBUHHU BiAOyBaeThCs
HaWOLIBII 1HTEHCHBHO. [l mBOro 3acTOCOBYBaNM OOJQqHAHHSA 13 BHKOPUCTAHHAM TA
(TepmiuHoro anamizy) 3 moayaem TT'A (TepmorpaBiMerpuyHoro aHainizy) — Q-1500 D. ¥V Beix
JOCITiTax Maca 3pa3ka craHoBmia 190 Mr, MBHAKICTH HAarpiBaHHSA — 5 TPaaycCiB Ha XBHUIIMHY,
3pa30K TIOPIBHSHHS — TIOPOIIOK O-KOPYHIY, MaTepiaJl THIJIB — alyHI, 4YyTJIUBICThH
ransBaHometpiB: DTA — 250 mxB, DTG — 500 mkB.
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Pe3yabTaTu o6rosopenns. 3a nanumu POA (puc. 2, kpusa 1) ¢ikcyrorses audpaxiiiiai
CIIeCKH BogoHepo3urnHHoro noiidocdary amonito Il Tuny — (NH4)m(HPO4)nd = 0,939; 0,781,
0,696; 0,605; 0,566; 0,557; 0,534; 0,482; 0,486; 0,457; 0,4221; 0,389; 0,374; 0,349; 0,312;
0,307; 0,265; 0,260, 0,251; 0,248; 0,237, 0,223; 0,211, 0,201; 0,187; 0,176; 0,172; 0,168 0,160;
0,155; 0,152 am.

T T T T T T
10 20 30 40 50 a0 T

Puc. 2. Penmeenocpamu opeano-neopeaniuioi 602He3aXUCHOI KOMNO3UYIL:
1 — opeano-neopeaniune; 2 — opeano-neopeaniune+AIl(OH);3 (10%);
3 — opeano-neopeaniune~+Ti0> (10%),; 4 — opeano-neopeaniune+manvk (10%);
5 — opeano-neopeaniune+Mg(OH)2 (10%), 6 — opeano-neopeaniune+TiO; (5%)+manvk (5%);
7 — opeano-neopeaniune+Ti0: (5%)+AI(OH)s (5%)

JIxepeno: po3po0ICHO aBTOPAMH.

JludpakuiiiHi crecky NeHTaepeTpuTy Ta MejlaMiHy Ha AuppakTorpami BicyTHi. Ix Has-
BHICTh TiaTBepIKyeThes nanumu JITA no psny ennoedekTiB, XapaKTEpHUX IS IIUX CKJIAJ10-
BUX (puc. 3, kpuna 1).

JIist moBeZieHHST JaHUX JTOCIHTIPKEHb OyB MPOBEACHUH BIMOBITHUN TEPMOTPaBIMETPUIHHI
aHasi3, SKUH IPOJEMOHCTPYBAB 3aJICKHICTh BTpaT Macu I AaHUX KoMmo3uiii (puc. 3). Ha
puc. 4 moka3aHo 3pa3KH MHOKOKCY.

ITpu npoBeneHH1 AOCHiPKEHb BCTAaHOBJIEHA €(DEKTUBHICTh BUKOPUCTAHHS HAITOBHIOBAYIB pa-
30M 13 HEOPTaHIYHUMH Ta OpPTraHIYHUMH PEUYOBHHAMH K BOTHE3aXMCHHUX TTOKPUTTIB, 30KpeMa:

— 3IHCHEHO JOCIHIUKEHHS! TPOIeCy CIyYeHHS BOTHE3aXMCHHUX IOKPHUTTIB, BU3HAUEHO
3MiHY TeMIIEpaTypH Ta KIHETUKY PO3KJIay 3pa3KiB IMPH TEPMIUHIH i1 3a 3aIPOTIOHOBAHKM CITO-
cO0OM JOCHTIKEHHSI KIHETUKU CITyYyBaHHS IOKPHUTTIB, 3HAYEHHS SKOTO MOJISTae y BIUIMBI Te-
MIJIOBOTO MOTOKY 3a MEBHUHM MPOMIDKOK Yacy Ha 3pa30K, BAMIPIOBaHHI TEMIIEpAaTypy Ha 3BOPOT-
Hill MOBEPXHI Ta Mepest 3pa3KoM 1 BCTAHOBJICHHI TETJI0130IALIHHIX BIACTHBOCTEH;

— BUNIPOOYBaHHSI Ha MOJEIBHUX 3pa3Kax MOKPUTTIB OPTaHO-HEOPTaHIYHUX MOKPUTTIB 3
BMICTOM HAaIrlOBHIOBAaYiB IMOKa3aJid, IO MOKPUTTS HAa OCHOBI OPraHO-HEOPTaHIYHHX PEYOBHUH
MIpH i1 BUCOKOI TeMIIEpaTypH yTBOPIOE 3HAYHHI KOEQILIEHT CITyYeHHs, MPOTE 3 YaCOM e
IPOIIEC BUTOPAHHS MHOKOKCY Ta 3MEHIICHHS €(EeKTy CITyueHHS.
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Puc. 3. Jlepusamocpamu opeano-miHepanbHux 602HE3AXUCHUX KOMNOZUYTIL:
1 — opeano-neopeaniune; 2 — opeano-neopearniune+AIl(OH)s (10%);
3 — opeano-neopeaniune+TiO:> (10%); 4 — opeano-neopeaniune+manvk (10%);
5 — opeano-neopeaniune+Mg(OH)2(10%); 6 — opeano-neopeaniune+TiO: (5%)+manvx(5%);
7 — opeano-neopeaniune +Ti02(5%)+AI(OH)s (5%)
JKepeIno: po3poOJIeHO aBTOPaMH.

HaTtoMicTh yTBOpEHHIO TYTOTUIABKUX KOMITIO3HIIIH, IO 3aI100ITat0Th BATOPAHHIO MTIHOKOKCY
1 MPOXO/KEHHIO BUCOKOT TeMIIepaTypH 10 Marepiaiy, 3arnodirae Jo1aBaHHs 10 OpraHO-Heopra-
HIYHOT CUCTEMU TTOKPHUTTS HAITOBHIOBAYIB.

Tak, Ha 3a3HaueHi KpuBild (ikcyeTbes ex3oedekT VY niama3zoHi TeMmOepaTyp
(+) 60...70 °C, axuii NOSACHIOE YaCTKOBE OKHUCIICHHS (OCMOJICHH:) TeHTaepuTpury. [Ipu 361i1b-
IICHH] TEMIIEpaTypH BiI0OYBAETHCS YACTKOBA IECTPYKIIisl IEHTAEPUTPUTY, TIPO 1110 CBIAYUTH Ha-
saBHICTh eHaoedekTiB Ha KpuBiil ITA npu remnepatypax: (-) 255, 300 1 350 °C, siki onucyoThb
XIMIYHI IEPETBOPEHHS JaHOI CKJIAJ0BO1, a caMme, MPOXOHKEHHS CTail MipoJIi3y 3 YTBOPEHHIM
METaHOITy, (hopManbieriy 3 BUAICHHSIM BOJH Ta IOAAIBIIONI0 IECTPYKIIEIO B HAIPSMKY YTBO-
PEHHS aKpOJIeHY, BYTJICKHCIOTH Ta CMOJISTHOTO 3aJIMIIKY 3 CHHTE30M alb()aMeTHIIaKPOJICHY .
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OpHOYacHO 3 MM IpoIiecoM BiOyBaeTbes aecTpykuis [IBA-mucnepcii — engoedexT npu
temmneparypi (-) 200 °C, skuii moB's3aHuil 3 BUAUIEHHSIM OL[TOBOI KHCJIOTH Ta YTBOPEHHSM I10-
JBIMHKUX 3B’SI3KIB Yy aTOMax BYTJEI0. 30UTbIIEHHS TEMIIEpaTypH Mii MPU3BOIUTH 10 TEPMOO-
kucinenns [IBA-aucnepcii exzoedexr npu temneparypi (+) 400 °C i repmopo3naay Menaminy,
KM XapaKTepU3y€eThCsl 3HAYHUM Ta30BUAUICHHSIM, 1110 MPU3BOIUTH JI0 YTBOPSHHS MTOPU30Ba-
HOTO IIapy MiHOKOKCY HEYMOPSAAKOBAHOI CTPYKTYpH (puc. 3, a).

[Iporiec KOKCOYTBOPEHHS AaHAJIOTTYHO MPOXOUTH 1 JIJIsl 1HIIMX KOMITO3HUIIIH, aie Jemio 31
cBoero creuugikoo. Tak, BBEASHHS 10 CKJIQAy OpraHo-HeorpaHiyHoi kommo3uiii 10 %
Al(OH);3 d= 0.309; 0.248; 0.229; 0.204; 0.169; 0.162; 0.145 uwm (puc. 1, kpuBa 2) NpU3BOIUTH
70 301IbIICHHS BETMUMHHU Koe(illieHTa CITyYeHHs 3a paXyHOK JBOXCTYIEHEBOI JAeriapararii
rigpoaprimity: engoedextu B mianazoni temmnepatyp (-) 250...300 i 500...550 °C (puc. 2,
kpuBa 2). [lomanpIe 301bIIEHHS TEMIIEpATypH BIUIMBY CIIPUSIE TOAATKOBOMY BHIJICHHIO T1a-
PiB BOJM 31 CTPYKTYPH TiIPOKCUAY Ta crpusie noiaimMoppuomy nepexoay y-AlOsB a-AlLOs i
YTBOPEHHIO opTOodochaTiB aTiOMIHIIO PI3HUX CTPYKTYPHHX THUIIB 3 €()EKTOM apMyBaHHS I10-
PH30BaHOTO IIapy MHOKOKCY, ek30edekT npu temneparypi (+) 800 °C (puc. 3, 6). BHacminok
IPOXO/KEHHS IIUX MPOIIECIB CTPYKTYpa MIHOKOKCY YHIUTBHIOETHCS, 3MIIIHIOETHCS 32 PaXyHOK
YTBOPEHHS OUTBII IPIOHUX MOP TMOPIBHSHO 3 MOMEPEIHIM TUIIOM CTPYKTYpH (puc. 3, a). B op-
raHO-HEeOpraHiYHii BOrHe3axUCHIN koMmno3uiii, o Mictuthb 10 % TiO2 (puc. 1, kpusa 3) okpim
da3 momidochary amonito Qikcyrorbes audpaxiiiHi Crulecku, ski xapaktepHi mis TiO
(d =0,2929; 0,249; 0,168; 0,154 um). Ha xpusiit POA He dikcyroTbes qudpakiiiiai Bigodpa-
JKEHHS, K1 Oysu O XxapakTepHUMU 1t pocdaTiB TUTAHY.

MmoBipHo, o docdaru turany sumy Ti(OH)2(HPO4)-2H20 i Ti(HPO4)2-H20O yrBOpIO-
IOTHCS B pe3yJNbTaTi TBeprodas3oBoi peakuii momix TiO2 Ta mpoaykToM yacTKoBoi nedocdiza-
ii pochary amonito (HPO3),. [Ipu migsumienni remneparypu Big 300 qo 600 °C Ha KpuBiid
HATA Binmiueno enmoedekt (-) 600 °C, skuil XapaKTepHUMA I MOYATKy JeTiapaTaliii BUIIE
3a3HayeHHUX (pa3 3 yTBOpEHHSIM OE3BOJHHMX BHCOKOTEMIepaTypHUX (ocdariB THTaHy (puc. 2,
KpuBa 3), sIKi 3HaYHO MIIBUIIYIOTh TEPMOOTIIp IIapy MiHOKOKCY (puc. 3, ). MakpocTpyKTypa
I1apy MiHOKOKCY CKJIAIA€Thes 3 TNI00YN OUIBIIMX PO3MIpiB MOPIBHSAHO 3 MakpOCTPYKTYPOIO
komno3uii, mo smimye 10% Al(OH)s.

[Ipu BBeneHHi 10 CKiIaqy opraHo-Heopranigyaoi kommnosuuii 10% tanbky Ha Kpusiii POA
(puc. 1, kpuBa 4) dikcyroTbes AUGPaKIiiHI CITIECKH, K1 € XapaKTEPHUMHU JIJIS [IHOTO MIHEpaITy
d=0,266; 0,238;1 0,175; 0,171; 0,159; 0,155 um. [erinparaiist TaabKy B HAIPSIMKY yTBOPEHHS
EHCTaTUTy MpoXxoauTh mpu Temmepatypi 930...950 °C. Encratur pearye 3 4actkoBo nedocdi-
3oBaHuM (HPO3), 3 yTBOpenHsaMm cumikoodocaty Marsio. Ls dasa € qoctatHpo Temmnepary-
POCTINKOIO 1 3HAYHO ITiIBUIIYE TEMITEPATYyPOCTIUKICTH IMIapy MHOKOKCY. MakpoCTpyKTypa ITi-
HOKOKCY JICI[0 CXOKa Ha MaKpOCTPYKTypy 0a30BOi KOMIO3MIIii, aje Bipi3HIEThCS BiJ HEl
CBOEIO HEPO3PUBHICTIO (pHC. 3, 2).

Beenennst 1o 10% rigpokcuy Martito IpUHIMIIOBO HE 3MiHIOE ()OPMYBaHHS MaKpOCTpPY-
KTYpH 1apy miHokokcy (puc. 3, n). Herinpataris Mg(OH).d = 0,47; 0,179; 0,149 um (puc. 1,
KpuBa 5) BinOyBaeThes B aiana3oni temrepatyp 400...550 °C 3 yrBopennsm MgO 3 moganb-
moro oro Bzaemoaiero 3 (HPO3), B HanpsiMKy yTBOpeHHS (ocdaTy Martiro, sk BUCOKOTEMIIE-
paTypHOi ¢asu, 1o 3MIIHIOE CTPYKTYPY IIapy MIHOKOKCY Ta MiBUIIYE HOTO CTIUKICTh 10 Jii
BUCOKHX TeMIepaTyp. MakpoCTpyKTypa Iapy HiHOKOKCY JycKomoaiOHa (puc. 3, 0).
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Puc. 4. Hughposi pomoepadhii wapy ninokokcy nicis cnyuenns npu memnepamypi 500 C:

a — opaano-HeopeaHiune; 6 — opeano-neopeaniune + AI(OH);3 (10%); 6 — opeano-neopeaHiume
+ TiO> (10%); 2 — opeano-Heopeaniune + manvk (10%),; 0 — opeano-neopeaniune + Mg(OH):
(10%); e — opeano-neopeaniune + TiO> (5%) + manvk (5%); € — opeano-neopzaniune+TiO>
(5%) + AI(OH)3 (5%) (36inbwenns pomozpaghiu y 20 pasis)

JIxepeIo: po3po0IIeHO aBTOPaMH.

CymMicHe BBEIICHHSI HEOPraHIYHUX J0OAaBOK MIOKCHIY TUTaHY Ta TaJbKy B KUIBKOCTI 5 % He
MIPU3BOIUTH J0 CYTTEBOI 3MiHU (ha30BoOro ckiaay miHokokcy. Ha kpuBiit POA (puc. 1, kpusa 6)
¢ikcyrotees qudpakuiitai cruiecku gocdary amonito, giokeuay turany (d = 0,293; 0,249; 0,168;
0,154 um) 1 Tameky (d = 0,688; 0,33; 0,238; 0,190; 0,176; 0,142 HM). MakpocTpykTypa mapy Iii-
HOKOKCY CTa€ IIUIBHIIIO0 32 paxyHOK ii apMyBaHHs TUTaHOMAarHieBUMU (ocdaramu (puc. 3, e).

Ha nam morsi, HaitO1IbI TOIIIFHUM € BBEICHHS B CKJIAJl OPraHO-HEOPTaHIYHOT KOMITO-
3UIIIT CyMilI TIOKCUIY TUTAHY 3 T1IPOKCHU]IOM aTIOMIiHI0 B KUTBKOCTI 0 5 % koxkHO1. Ha kpu-
Biit PDA (puc. 1, kpuBa 7) JOCUTH CYTTEBO BUPI3HIIOTHCA TUGPAKIIIIHI CTUIECKH, K1 XapaKTe-
pH1 it momidocdary aMoHir0 Ta rigpokcuay amominio d=0,309; 0,248; 0,229; 0,204; 0,169;
0,162; 0,145 am. JIndpaxiiiHi CTUIECKHA IS TIOKCUAY THTaHY XapaKTEePU3YIOThCS MEHIIOO
inTeHcuBHicTIO d=0,292; 0,262; 0,249; 0,2017; 0,168; 0,154 ™. [1pu 3011b11eHH] TEMTIEpATYpH
B CKJIaJll TPOYKTIB MOXKJIMBE YTBOPEHHS 3MIIIAHUX TUTAHOATIOMIHIEBUX (ocdaTis, sKi Bipi-
3HSIOTHCS BiJl TATAHOMArHIEBUX 3HAYHO BUIIOK0 TEPMOCTIUKICTIO. MaKpOCTpyKTypa mapy Iii-
HOKOKCY 1o1i0Ha KomMmo3uilii, mo BMimye 10% riIpokcumay aatoMiHiIO, aje BiIPI3HAETHCS Bij
Hel OUTBIINM CTYNIEHEM YIOPSIKOBAaHOCTI (puc. 3, €).
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BusnaueHo, 1110 BKIIOUYCHHS MiHEpaJIbHUX HAITOBHIOBAYIB J0 CKJIa/ly OpPraHO-HEOPTaHiqYHOT
cucreMu B KinbKocTi 10 % 3a6e3neuye 30inbiieHHs koedimienta cmydenns Big 30 mo 36,7, mo
B 1,5...1,84 pa3a GinbLie BiJ 3HAYEHHS KOe(illieHTa CITyYeHHs OPraHO-HEOPTaHiYHOT KOMITO3H-
1ii 6e3 HAIOBHIOBAYiB OMTHUMAJIBHOTO CKJIaAy. BKITIOUEHHS 10 CKJIamy OpraHo-HEOpraHiqHOL
cucremu 10 10 % TiO; 3a0e3neuye 3MeHIIeHHs KoedilieHTa cmydenns B 1,74...2,13, nopis-
HSHO 3 BUIIIEHABEICHUMU J00aBkamu Ta B 1,16 pasa, mOpiBHSHO 3 KOMITO3HUIIIE€I0 0€3 HAIIOBHIO-
BaviB, OJHAK CYyTTEBO 30UIBIIYE TEPMIYHY CTIMKICTh YTBOPEHOTO MIHOKOKCY.

BHCHOBKH Ta NepcneKTHBH MOJATbIINX T0CTi/IZKeHb. Y pe3ybTaTi IpoBeISHUX JT0CTi-
JOKCHBb TIOKa3aHo, IO BBEACHHS OKCHJIY THTAHYy Ta T1IPOKCHUAY aTIOMIHIIO B KUIBKOCTI 5 %
CHpusi€ JOCATHEHHIO HAO1IbIIOro 3HaYeHHS KoedillienTa crryueHHs — 10 47, skuit y 1,11 pasza
OibIIIe 3a 3HAUCHHS Koe(illieHTa CITyYeHHs MPU BBEIACHHI OKCUAY TUTaHY, T1IPOKCHUTY aJTFOMi-
HIIO Ta TaJbKy B KUIbKOCTI 3,3 %, B 1,12 paza Oinbie 3a 3Ha4eHHS Koe(illieHTa CITy4eHHS IpU
BBEJICHH1 OKCHUJly TUTaHY U TaJbKy B KUIBKOCTI 5 %, a Takoxk y 1,08 pa3a Ounbliie 3a 3HaYCHHS
KoeilieHTa CIryuyeHHs TP BBEACHHI T1IPOKCHY aJTIOMIHIIO Ta TAJIBKY B KUIBKOCTI 5 %.

BcraHoBiieHo, 110 TpU BHCOKiN TeMIiepaTypl OpraHO-HEOpraHiuHe MOKPHUTTS 37aTHE 0
3Ha4HOi BTpatu Macu. Tak, npu 700°C BKIIIOUEHHS HAIOBHIOBAYiB MPU3BOAUTH IO YTBOPEHHS
TYTOTUTABKUX KOMITO3HUIIIH, K1 MPOTHU/IIFOTh BUTOPAHHIO YTBOPEHOTO MiHOKOKCY. [Ipu mpomy
3011bIIY€THCS €PEKTUBHICTh BOTHE3aXUCTY OyIiBEIIbHUX KOHCTPYKIiH.

Ha ocHOBI ¢i3uK0-XiMIYHUX METOIB JOCIIKEHb MMOKa3aHO, 110 BBEICHHS B CKJIaJ Op-
TraHO-HEOPTaHIYHOT KOMIO3UIIT CyMillli TIOKCUAY TUTAHY 3 TIIPOKCUIOM aJTIOMiHIO B KUTBKOCTI
1o 5 % KOXXHOT IPU3BOJUTH A0 301IbIICHHS Koe(illieHTa CITyYeHHs, yIOPSAKOBAaHOCTI CTPYK-
TYpH IIapy MIHOKOKCY, MiJABUIIEHHS HOTO TEPMOCTIMKOCTI 3a paxyHOK JerigpaTamii 3MilaHux
TUTAHOATIOMIHIEBUX (Qoc(aTiB.

[Monanemn gocmimkeHHsT OyayTh HalpaBleHI HAa TEOPETUYHE Ta €KCIIEPUMEHTAJIbHE BU-
BYCHHS IIPOIIECIB TOPIHHS MaTepiaiiB i3 IEPEBUHHU, a TAKOK BCTAHOBIICHHS B3a€EMO3B'SI3KY MK
BJIACTUBOCTSIMU I CKJIaJOBUMH 3aCO01IB 3aXUCTY.
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MECHANISM STRUCTURE FORMATION
OF A FOAMED FOAM LAYER UNDER THE INFLUENCE OF MINERALS

The studies have established the effect of fillers on the performance of the fireproof coating, the parameters of its swelling
under the influence of temperature and inhibition, which makes it possible to influence this process. The effect of fillers on the
coefficient of swelling of coatings based on inorganic and organic substances during thermal exposure was investigated. It is
proved that it consists in the creation of a layer on the surface of the material that prevents heating to a critical temperature
and decomposition of the material. Experimental studies have confirmed that the introduction of titanium oxide and aluminum
hydroxide in the amount of 5% contributes to the achievement of the highest value of the coefficient of swelling - up to 47,
which is 1.11 times higher than the value of the coefficient of swelling when aluminum hydroxide is introduced, titanium oxide
and talc in the amount of 3.3%, 1.12 times higher than the value of the coefficient of swelling when titanium oxide and talc in
the amount of 5% were added, and 1.08 times higher than the value of the coefficient of swelling when aluminum hydroxide
and talc in the amount of 5% were added. The influence of fillers under the action of high-temperature heat flow on the change
in the process of swelling of the fireproof coating was established and the mechanism of the kinetics of the fillers' action,
characterized by a decrease in speed and mass loss, was determined. Thus, at 700 °C, the introduction of fillers leads to the
formation of refractory compositions that prevent the burnout of the resulting foam coke, which increases the efficiency of fire
protection of building structures. On the basis of physicochemical research methods, it is shown that the introduction of a
mixture of titanium dioxide and aluminum hydroxide in the amount of 5% each into the composition of the organic-inorganic
composition leads to an increase in the coefficient of swelling, orderliness of the structure of the foam coke layer, and an
increase in its heat resistance due to the dehydration of mixed titanium-aluminum phosphates.

Keywords: fire resistance; coating; weight loss, swelling capacity, temperature, refractory fillers; coating efficiency.

Fig.: 4. References: 14.

Hamnko 0., borpapenxo O., Lanko O., 'opb6agosa O., Ma3ypuyk C. MexaHi3M CTpyKTypOyTBOPEHHS CITy4E€HOT0 IIapy MiHOKOKCY HPH BILTHBI
MiHepaabHUX peYoBHH. Texuiuni nayku ma mexuonoeii. 2023. Ne 2(32). C. 379-388.

388


mailto:juriyts@ukr.net
https://orcid.org/0000-0003-0625-0783
mailto:bondolya3@gmail.com
https://orcid.org/0000-0002-8164-6473
mailto:alekseytsapko@gmail.com
https://orcid.org/0000-0003-2298-068X
mailto:gorbachova.sasha@ukr.net
https://orcid.org/0000-0002-7533-5628
mailto:mazurchuk.s.m@ukr.net
https://orcid.org/0000-0002-6008-9591

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

DOI: 10.25140/2411-5363-2023-2(32)-389-396
VIIK 528.4, 528.7

Oxkcana I'epa

KaHIMAAT TEXHIYHUX HayK, TOLEHT Kadeapu reoaesii Ta 3eMiIeycTporo
IBaHO-®paHkiBChKUil HaLiOHANBHUI TeXHIYHUK yHiBepcuTeT HadTH i rasy (IBano-dpankiBebk, Yipaina)
E-mail: geraoksana@gmail.com. ORCID https://orcid.org/0000-0001-6670-2820. Researcher ID: K-2209-2017

BIIJINB MOP®OMETPUYHUX TAPAMETPIB PEJIbE®Y
HA 11J1O0IY HOBEPXHI 3BEMEJIBHUX JIJISAHOK
JIICOT'OCHHOJAPCBKOI'O ITPU3HAYEHHA

Y pobomi anpobosano euxopucmanma HekoMepyiuHux OaHux OUCMAanyitino2o 30H0Y8aHHsA 3eMi 0N GUSHAYEHHS N0
Nn0BePXHI 3eMeNbHUX OLISIHOK. 3anpononosano aicopumm ompumanns oanux micii SRTM, eenepayii yughposux mooeneii peiv-
ey 05 nOOANTLULO2O BUSHAUEHHA MOPDOMEMPUYHUX NAPAMEMPIE Penbey ma 00UUCIeHHs NAOWI NO8epXHI JinAHOK. [ do-
cniodicenb 06pano n’same AiCOBKpUMUX OUIAHOK Ha mepumopii Yxpainu. Bcmanoeneno 3anedxcHicmov 6enutuHu 8i0XUNEHHs
niaowi nosepxHi 3emenbHol OLAHKY 8I0 naowi it 20puU30HMAILHOT NPOEKYIT, 8i0 nepecivenocmi penveghy.

Knruoei cnosa: mamepianu oucmanyiiino2o 30H0ysanus 3emni; yugposa modenv pervedy (LIMP),; niowa nogepxmi
OLISAHKU, 3eMJli TICO20CN00APCbK020 NPUSHAYEHHS, YXUTL PENbEQY, nepeciuenicme.

Tabn.: 1. Puc.: 3. bi6n.: 8.

AKTYyaJBbHICTh TEMH T0CTiT:KeHHS. SIK BiTOMO, 3eMebHa IISTHKA XapaKTepU3y€eThCs Ta-
KUMH OCHOBHMMH aTpuOyTaMu: I1JIbOBE MPU3HAUEHHS, MICIIe PO3TalllyBaHHS Ta KOOPAMHATH
MOBOPOTHUX TOYOK, HOpMaTuBHA rpoimroBa ominka (HI'O) ta mmoma. MeToro Hamux AOCTi-
JOKCHBb € TIIMOIIe BUBYCHHSI OCTAaHHBOTO KUTBbKICHOTO TIOKa3HHMKa. He3amepeunum € Toil (axr,
mo 3emiist Oyna i Oyzne 0coOnMBO IIHHUM 00’ €KTOM IIMBUIBHO-IIPABOBUX orepauii. Y CBITII
CKacyBaHHS MOpPaTOpPil0 Ha OOIr 3eMellb TOBAPHOTO CUIBCHKOTOCTIONAPCHKOTO MPU3HAYCHHS B
VYkpaini nounHatouu 3 2021 poky, CTpaTeriuyHo BaXJIMBO MaTH B PO3IOPSAIKEHHI aKTyallbHi CTa-
Bk HI'O Ta miomri 3eMeIbHUX AIISHOK, BU3HAYEH] 3 JOCTAaTHHOIO TOYHICTIO.

ITocTanoBKa npodjaeMu. Y 1IOMY JUIS BCiX KaTeropiii 3eMeib CpaBeaIuBl TBEPIKESHHS,
10 TOYHE 3HAYEHHS IO IJITHOK IMOTPiOHI I BeIEHHS O0JIIKY 3€MeNbh Ta BHECCHHS JaHUX
710 epKaBHOTO 3eMenbHoro kaaactpy ([I3K); a Takox 1751 BCTAHOBIIEHHS peabHUX PO3MIpiB
3€MEeJIbHOTO MOJIAaTKy YU OpeHAHOI maatu. i 3emMenp Jico- Ta CUIbChbKOTOCMOJapChKOTO MpHU-
3HAYCHHSI ILJIOIIA TAKOXK BHU3HA4Yae 00cATu 0OpoOITKY Ta ofepKaHoi mpoaykiii. BaxkiuBo 3a-
3HAYUTH, 1110 aHAJT13 HOPMATUBHOT TOKYMEHTAIIli 111010 3/11iCHEHHS T'e0Je3UYHUX Ta 3€MJIEBIIO-
PAAHUX POOIT BUSIBUB BiJICYTHICTh PETJIAMEHTOBAHUX MOKA3HUKIB TOYHOCTI OOUMCIICHHS IO
3eMeJIbHUX IUITHOK. KpiM Toro, HemMae BKa3iBOK 111010 METOJIUKH BU3HAYCHHS TUTOII].

AHaJi3 ocTaHHiX J0caifKeHb i myOaikamiii. [Iepeniueni nporajarHu MOCIyTryBajid OCHO-
BOIO JIJIs1 0ararbOX HayKOBHX JOCIIKeHB. Y [1] BCTAaHOBIIEHO 3HAYEHHS CepeaHBOT KBaApaTH-
YHOI MOMUJIKH OOYUCIICHHS TUIOII 3eMEeIbHOT JUITHKU 3aJISKHO BiJ KITBKOCTI KOHTYPHHUX TO-
oK Ta 1ii TeoMmeTpwuHOi KoH(irypariii. Po3paxyHOK 3Ha4eHb JOIMYCTUMHUX CEPEIHIX
KBaJ[paTMYHHUX IMOXUOOK IJIONT JUISHOK 32 MEKaMHU HAaCEJIEHUX MyHKTIB Ta peKOMEH/AIi1 00
JIOTIOBHEHb BUMOT HOPMATHUBHUX JIOKYMEHTIB 3/11iCHEHO y Tparii [2].

VY neperniyeHux BHILE poOOTax IUIONIA 3eMENIbHUX TUISHOK BU3HAYAETHCS yepe3 hopmyiry
["aycca, e apryMeHTaMy BUCTYMAIOTh NMPSMOKYTHI KOOPAWHATH MTOBOPOTHUX TOUOK MEX 1S~
HKH. BiIMOBIHO TOYHICTH BU3HAYEHHS IUIOMNII € ()YHKIIEF0 TOYHOCTI BU3HAYCHHS] KOOPAUHAT
TaKuX TOYOK. Y TAaKOMYy pa3i KpUBH3HA MOBEPXHI 3€MHOIT TOBEPXHI HE BpaxoByeThcs. Jlocmi-
JOKEHHS [3] CTOCYIOThCS ClIpoOU IIepexoay Bijl INIOCKUX MPSIMOKYTHUX KOOPAMWHAT J0 Ie€0Ae3H-
YHUX KOOPJMHAT Ha EJINCOIAl 3 METOIO 3MEHILIEHHS BIIUBY BUKPUBJICHHS ILJIOLL.

OOuucieHHs 0L aHAJIITHYHUM CITIOCOOOM 13 BUKOpPHCTaHHAM (hopmynu ["aycca migkom
CIIpaBeIMBE VIS NUITHOK HE3HAYHUX IO, SIK1 IEPEBaXKaI0Th y BIACHOCTI (D I3UYHUX Ta IOPH-
quaHUX 0ci0. OMHaK 171 3eMeTbHUX NUISHOK TUIOMICI0 JECSATKU Ta COTHI TeKTapiB HEOOX1THO
Oparu 10 yBaru Takuil paxtop sk penbed. O myOmikaiii y BKa3aHOMY HalpsIMKY CBIIYHUTH
PO 3alliKaBIEHICTh (PaxXiBIIiB IIUM ITUTAHHSIM.
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3okpema y [2] po3mIsiHyTO BiciM paiioHiB JIHITPOMETPOBCHKOI 007acTi, ¢ 3HAYHI MPOC-
TOPU TPHUIATHI JIJIsl BUPOIITYBAHHS CIITLCHKOTOCIIONAPCHKUX KYIbTYp. i1 BCiX paitoHiB chop-
MOBaHO U(POBI MojIelNi penbedy, OMUCAHO OCOOTHBOCTI penbedy, OOUMCICHO TEOIE3NUHY Ta
¢iznyHy 1UIOILY. ABTOPH BUKOPHCTOBYIOTH TEPMIH «T€0JC3UYHA» — JUISA IMO3HAUYEHHS TUIOLI
MPOEKIII1 AUISHKA Ha TOPU3OHTAJbHY IJIONMHY, a «(i3udHa» BIAMOBIAHO AJS TO3HAYCHHS
TJIOMII peaIbHOI TTOBEPXHI. Y CEepeHhOMY PI3HMIIS BKAa3aHHUX TUIOI] 110 BOCBMH pailoHaxX CTa-
HoBmia 0,2 %. HaBiTh Ha pIBHUHHIA TEPUTOPIi, MOBEPXHS 3€MENbHOI JUISSHKU T€0JIe3UYHOI0
(ropuamuanoro) tiomieto 1000 ra peanbHO Ha 2 Ta OibIIA. 3aMPONOHOBAHO METOAMKY BHU3HA-
YEHHS IUIOIII BEJIMKHUX 3eMEIbHUX JIIISTHOK 13 BpaXyBaHHSIM BEIMYUHH KyTiB HAXUITy peIbedy.

VY po6orti [4] CKOHIIEHTPOBAHO yBary Ha BpaxyBaHHI XapakTepy penbedy 3eMeabHOI Ais-
HKH JIICOTOCIIOJJAPCHKOTO MPHU3HAYCHHS (PIBHUHHUN, HaXWJICHUH, MEepeciueHui) A BU3HA-
YyeHHs 11 riomyi. 3anponoHOBaHO MaTeMaTHYHUH arapar AJ1s OOUMCIICHHS TUIONII Ta IPOBEACHO
BIJIMTOB1/THI PO3PaxXyHKH ISl 0OpaHMX 3pa3KiB 3eMHO1 MOBEepxHi. Pe3ynbsraru miaTBEpAUIIH TiIIo-
T3y LI0/I0 BIUIMBY peibe(py Ha 3HAUCHHS IJIOIII MOBEPXHI Ta KOPEKTHICTh 3aCTOCYBAaHHS Midi-
OpaHOro MaTeMaTHYHOTO ITiIXO.TY.

Buainenns HegoCTiIkeHMX YACTHH 3arajibHoi mpoosemu. Ha 0ocCHOBI HaBeJIEHOTO BHIIE
aHaJi3y JITepaTypHUX JKEpe, 32 METy OKJIaJJleHO BCTAHOBIJIEHHSI MOYJIMBOCT] BUKOPUCTAHHS
JAHUX JUCTAHIIMHOTO 30HyBaHHS 3eMJIi JJIs TeHepallii udpoBux Mojenei penbedy Budpa-
HUX OUISTHOK 3 METOXO OIIIHKHU IXHBOI IUIOII.

[Tapametpu penbedy O1IBIIOI0 MipOIO BHOCATH PO301KHOCTI Yy TUIOIII AUISTHOK JIICOrOCHO-
JApCHKOTO MpU3HAYCHHS. AJKE OYSBHUJIHO, IO PI3HULIS IUIOMNI MOBEPXHI Ta ii TOpU30HTAIBHOT
IPOEKIIi] Baroma 3a yMOBH 3HAUHOTO KyTa HaxMily peibedy 1/abo oro BUCOKOI MepeciueHoCTi.
JinsHKY 3 TaKUMU TIapaMeTpamMH NEPeBaKHO HE MPUJIATHI JUIsl pUIBHMITBA (X04a, cepen ¢/T
YT1Ib MOJKHA PO3TIISAIATH TTACOBUIIA JUIsl CIHOKOCH). TeMa MoCHuTh akTyallbHa, aJke B YKpaiHi
Ta IHIIMX KpaiHax oOmiK 3eMii (Ta ONoAaTKyBaHHs) BCTAHOBJIIOETHCS 32 T€0C3UYHOIO TUIOIIEIO
(TOpU30HTAIBHOIO MPOEKITiEI0). B aMmeprkaHCchkoMy TOTHCI [S] MOCTaBICHO 3aTUTaHHS UM JTiHi-
CHO OIMH aKp ropOUCTOI MiCIIEBOCTI MICTUTH OLIbINIE 3€MJIi, HI’K OZMH aKp piBHUHHOI. 115t po-
3yMIHHS TOSICHIOIOTh, 1110 JJISI TOTO, 1100 BKPUTH OJIMH aKp 3eMili mrTary BepMoHT moTpiOHa
OlbIIIa KOB/IpA, HIXK JUIsl OMHOTO akpy 3emui mrary Kanzac. [{ikaBe nuranns 1 11 BenukoOpu-
TaHii, e 0OMEeXeH1 MPOCTOPORBi pecypcu. Ha AUISHIN 31 3HAYHUM yXHJIOM MOYKHA BHUIIACaTH
OisIbIIIE OBEIlb, OTPUMYIOUYH Kpalli NpUOYTKH, HI’K HA PIBHO3HAUHIN 32 TOPU30HTAIBHOIO TUIO-
IICI0 PIBHUHHIN JUISHIII.

MeTta goc/igKeHHsI: BCTAHOBUTH KIJIbKICHO PO3XOXKEHHS TUIOLI TOBEPXHi 3€METbHOT JTi-
JITHKY Ta TUTOIII 11 TOPU30HTAIBHOT MPOEKIIIT Ha TMPUKIIA/l JTICOBKPUTHUX JUITHOK 3HAYHHUX PO3-
MIpiB; MEPEBIPUTH MOXKIIUBICTh BUKOPUCTAHHS OC3KOIITOBHUX CYITyTHUKOBUX JTAHUX SIK BUXI1I-
HUX IS pO3paxyHKiB; 3pOOMTH BHCHOBOK IIOAO JOIIHHOCTI BCTAHOBJIICHHS TaKOTO
KUTBbKICHOTO IMMOKa3HUKA Ta HOTrO BIUIMBY Ha OOMIK Ta yNpaBliHHSA 3eMEIbHIUMHU PECypCaMH.

BukJjaa ocHoBHOro MartepiaJty. 3a 1anuMu JlepkaBHOTO areHTCTBA JTICOBUX peCypciB Yk-
paiHu, JICUCTICTh JepKaBu cTaHOBUTH 15,9 % (2019 p.), Ykpaina 3aitmae 9-e micue B €Bporii
3a TUIOIIEHO JTICIB Ta 6-€ MicIie 3a 3amacaMu jJepeBuHH. JIICOBI pecypcH — BiTHOCHO BiJHOBHI,
aJke IHTEHCHBHICTh IXHBOTO TOCMOIaPCHKOI0 BUKOPUCTAHHS MEPEBUIIY€E MIBUIKICTh IXHBOTO
BiJTHOBJICHHs. BaxuBo 31iHiCHIOBaTH CTPOTUil 00K LIUX pecypciB. 3HAUYSHHS IO JIICOTOC-
NOAAPCHKUX 3€MENbHUX JUISHOK (QIrypye mij 9ac IiaHyBaHHs 3aJiCHEHHS TEPUTOPiH; i yac
BU3HAYCHHSI BTPAT JIEPEBOCTOIB, HAMPUKIIA, MIiCIS CXOKEHHS JJAaBUH YU JTICOBUX TTOXKEXK; IS
po3paxyHKiB 00CATIB BAKOHAHUX POOIT JTICHUKAMH TOIIIO.

Jst BuOOPY 3aTiCHEHUX JUTSTHOK JIJIST TOCITIDKEHHS MU CKOPHUCTAIMCH OE3KOIIITOBHUM Cep-
Bicom Google Earth (mara orpumanus kocmiuaux 3HIMKIB: 2005-2020 pp.). O6pano m’S1h mi-
JSTHOK MPSAMOKYTHOI popmu, posmipamu 4400*2600 m (puc. 1). Ilonepeanbo noTpibHO Hamam-
TYBaTH HapaMeTpH, BUOPAHO OPTOTOHAIBHUIN BUIIIA 300pakeHHs, KapTorpadidHy MPOEKIIi0
— VYHiBepcanpHa mornepeuHa mnpoekiis Mepkaropa. [insHku 30epexeHo y dopmari JTaHHX
* kmz, sxuit po3nizHaeTbes 6ararbma ['IC.
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Puc. 1. Jinanxu n/2 npusnauenns, ddcepeno oanux — Google Earth:

a — oinanka nooausy c. [epesok, Boruncoka obnacme; 6 — dinanka nooauzy cmm bpownis-
Ocaoa, lsano-@pankiscoka obracmy, 6 — OisiHKA nodau3y cum Bopoxma,
lsano-Dpanxiscvka obnacms,; e — Jinsinka nobausy c. Jluna, lsano-@Ppanxiscorka odracmo,
0 — oinanka nobausy c. Bepxus Cmunasa, Jlveiecoka obnacmo

Jlis 3aBaHTa)KEHHS POCTOPOBUX JIAHUX HA 00paHi AUISHKHA, BUKOPUCTAHO MTPOTPaMHE 3a-
oesneueHHst Global Mapper. JlocTymHi ajis 3aBaHTaXEHHS JaH1 JUIsl TEPUTOPIi OUIBIIOCTI 3eM-
HOT KyJ1i 3 Takux kocMiuHux JoKepen: Aster GDEM (Global Digital Elevation Model) Ta SRTM
(Shuttle radar topographic mission).

JominpHicTs BuKopuctanHsa gannx SRTM ta Aster GDEM st Teputopii Ykpainu posr-
nsHyTO Y Tipari [6]. TIpomeMoHCTpOBaHO MOMKJIMBICTH iIXHBOTO BUKOPHCTAHHS JJIsi MOZCITIO-
BaHHSI 3a/1a4 3eMJIEyCTPOIO, MOAETIOBAHHS T1POJIOTIYHOI MEpexKi, aHaJi3y 30HU MOKPHUTTS pa-
JI0YaCTOTHUX BUIIOK, MOJCIIOBAHHS 3a/1a4 OyIiBHUITBA (IJIAHYBaHHS TMOIMEPENHIX Tpac
JTIHIMHUX CHOPYI — TOPOKHBOT MEPEKi, TPYOOIIPOBOAIB TOLIO), MOJEIIOBAHHS 30H 3aTOIJICHHS
BHACJIIJIOK ITOBEHEH Ta MaBoJKiB [7].

SRTM (Shuttle radar topographic mission ) — 1ie pagapHe iHTephepoMeTpruHE 3HIMAHHS
noBepxHi 3emiti, 3aiicHeHe y rotoMy 2000 p. pamxionokamiitaumu ceacopamu SIR-C ta X-SAR
3 6opty KocmivyHoro amapaty «Ilarmmy. Jlani SRTM nommprooTees y BUMIISAII CITOK 13 PO3Mi-
poM KoMipkH | KyToBa CEKyH/Ia, a TAKOXK 3 KyTOBI CEKYH/IU.

JlaH1 3 MEHIIMM TpOoCcTOpOoBUM po3pizHeHHsIM (SRTM1) noctymHi BUKITIOYHO TSI TEPUTO-
pii CIIA, Ha iHIIYy MOBEpXHIO 3eMJll JOCTYMHI TUIBKK TpucekyHAHI maani (SRTM3). daiin
(SRTM3) sBnsie coboro marpuiito 3 1201x1201 3Ha4yeHs, sika Moxe OyTH iMIOpPTOBaHA B Pi3Hi
nporpamu nodyaosu kapt i I'IC [8].
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[udposa moxpens penbedpy ASTER GDEM, Bunymena B uepsHi 2009 poxky (mepima Bep-
cis), 3reHepoBaHa Ha ocHOBI gaHux ceHcopa ASTER cynmyrtauka Terra. CeHcop Mae MOXKIIH-
BICTh 3MIHCHEHHS CTEPEOCKOIMIYHOTO 3HIMAHHS Y3/IOBXK CMYTH IMOJBOTY 3a JIOTIOMOTOIO JBOX
TEJIECKOMIB, 0 3HIMAIOTh y HAaIup 1 Ha3a] B OMMKHBOMY iH(pauepBOHOMY Aiama3zoHi 3 po3-
ninpHOMO 3naTHICTIO 15 M. Oxorierast ASTER GDEM npocTsraerses Bif 83 rpayciB MmiBHIY-
HOT IMPOTHU 710 83 rpaayciB MIBAEHHOI IIUPOTH, MOKpUBaouu 99 % cBiToBoro cyxonoiny. Po3-
Mip dapyHkH citku: 1"x1" (30%30 m).

st crBopennst [IMP ASTER GDEM BukopucToByBajiacs aBToMaruaHa 00poOka BChOTo ap-
xiBy nmannx ASTER, mo HapaxoBye 1,5 mumH 3HIMKiB. Y 2011 polii cTBOpeHa MOIIIIIEHa BEpCis
LIMP — ASTER GDEM Version 2: 1onaHo HOBi 3HIMKH, BUIIPABJIEHO TIOMILUTKH TTOTIEPEHBO1 BEp-
cii. BukoHaHa KOpeKIlisi aHOMaJIii, COPUYMHEHUX BIJICYTHICTIO JTAaHWX, 32 PaXyHOK JO/aBaHHS
350000 HOBMX 3HIMKIB. /Iyl 3aMiHM HEKOPEKTHUX JaHUX BUKopucTaHo iHm [IMP: SRTM, NED
(National Elevation Dataset; USGS), CDED (Canada digital elevation data), Alyaska DEM.

3a gomomororo nporpamuaoro 3abesnederns Global Mapper uist AiITHOK, 0OpaHUX IS 10-
CIKeHb, 3aBAaHTAKEHO MACUBH ITPOCTOPOBHUX JAaHUX TOUOK y popmarax *. dem, *. XYZ Grid.
Hactynne onparroBants penbedy ainsHok moxiuse y 6ararbox ['IC Ta CAIIP, 30kpema Bif-
noBigHO Surfer Ta AutoCAD Civil 3D. V xoHOMY BHMaAKy 3r€HEPOBAHO PETYISPHY CITKY
BHCOT 3 KPOKOM 10 ocsix adciuc ta opaunat 50 m (4717 By3noBux Touok). Ha puc. 2 HaBeneHo
300pakeHHs penbedy I ATH AUITHOK TOCITIKEHHS, Y BUIIISAII KOHTYpHUX Ta 3D kapt. Bizyasni-

naketi Surfer 23.2.202.
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Puc. 2. Hugposi moodeni pervegy 0inanox 0ocioxicenms
JKeperno: po3po0JIeHO aBTOPOM.

Ockinbku po3mipu Beix aiassHOK 4400%3600 M, To mIiomia MpoEKIi Ha TOPU3OHTATBHY
IUTONINHY KOXKHOI cTaHOBUTH 1144 ra. Ilapamerpu umdpoBux mopeneit penbedy TUTSTHOK
3aIlikaBJIeHHs, a caMe kKoopauHaTtu (y mpoekiii UTM), MiHIManbHI Ta MaKCUMaJbHI 3HAaYCHHS
BIIMITOK, Tepenaja BUCOTH, MAKCUMAaJIbHUHN Ta CepeiHiil yXull penbedy Ha AUISHIN, & TAaKOXK
3HaYeHHS (PI3UYHOT TUIOITI TOBEPXHI, — BUBHAYCHO Ta 3BEACHO /ISl TIOPIBHIHHS B TAOJIUIIIO.

Tabnuys — Iopisuanns napamempis penve@y OiAHOK 00CTIOHCEHHS

ﬁ::::l:::;[/) Jingnka A Jinsguka b Hinsinka B Hdinguxa I’ Hinsauka /I
Isano-Gpar- IBano-Ppankis- | IBano-Dpan- | JIbBiBCbKa
BommHcbka KiBCbKa 00JI., .
cbKa 0011., Mo0- | KiBChKa 0011, | 00I., mo0IH3y
Po3ramyBanHs 0071., mo6au3y | mobau3y cMT
. au3y cMT Bopo- | mobnusy ¢. |c. Bepxus Cru-
c. JlepeBok BpomHis- <ra Tuma HaBa
Ocagna
Hianazon 380710 — 288300 — 316400 — 691000 — 685500 —
3HaYeHb X, M 385110 292700 320800 695400 689900
Hiamazon 5730600 — 5436500 — 5345330 — 5421000 — 5444000 —
3HaYeHb Y, M 5733200 5439100 5347930 5423600 5446600
Kpoxk citku, m 50 50 50 50 50
MiH. BigmiTKa, M 142,57 350,06 835,94 715,34 399,03
Makc. BigMiTKa, M 163,66 460,02 1338,11 1249,83 687,94
Ilepenaa BUCOT, M 21,09 109,96 502,17 534,49 288,91
Makec. yxuia, % 15 31 74 84 60
Cepenniii yxui, % 3,8 5,7 26,9 38,2 25,2
E;‘;’C':zi;‘;‘i’:jﬁ*l:;aﬁ;“o' 11440000 11440000 11440000 11440000 | 11440000
(ra) ’ (1144) (1144) (1144) (1144) (1144)
Ilnoma nosepxmui, m? 11451511 11470591 11907737 12318295 11860537
(ra) (1145,15) (1147,06) (1190,77) (1231,83) (1186,05)
PizHnusg 3Havennp
m2 11511 30591 467737 878295 420537
ra 1,15 3,06 46,77 87,83 42,05
% 0,1 0,3 4,1 7,7 3,7

Jxeperno: po3po0ieHo aBTOPOM.
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3 Tabnuii BUIHO, IO JJS 3a3HAYCHHMX 3€MENbHUX MUISHOK (i3MvHa IUIONIA TMOBEPXHIi
O1bIIIa BiJ TUTOII TOPU3OHTANIBHOT TTpOeKIIii AutstHKY Ha 1,15 — 87,83 ra, a6o Bix 0,1 no 7,7%.
O4eBUIHO MPUYHMHOIO JTOCHTH IIMPOKOTO Jiana3oHy BiIXHWJICHHS 3HAYEHHS IUION] € Pi3HHUN
xapakTep penbedy BUOpaHUX TIISTHOK 3€MJI1 JIICOTOCTIONAPCHKOTO TTPU3HAYCHHS. AHAII3YI0UH
napameTpH, TEPIIO0 BIAMIHHICTIO, SIKA 3HAYHO BUIUISETHCS, € TEpenaj BHUCOT MICIEBOCTI.
OpnHaxk U151 AUISTHOK B) TaT), Y AKMX CXO0XI1 3HAUSHHA Tepenany BUCOT (BiamoBinHo 502 1 534 m),
OTPUMAHO pi3HI 3HaYeHHs 30UTBIICHHS IUIONII MoBepxHi — Ha 46,77 1 87,83 ra. BogHouac
TUTSTHKY B) Ta JI), MAIOYW PI3HUINIO Y TIEepernaji BUCOT Maike y JABa pa3u, XapaKTepU3yIOThCs
npuOIU3HO OMHAKOBUM 3HAYCHHSM IO moBepxHi. [lomanpimmii anami3 Bka3ye, o oOuaBi
JUISHKYA MaroTh OJJHAKOBHUH cepeHiil yxui penbedy. MoxkHa MPUITYCTUTH MPSMOIIPOPOPLIHHY
3QJIEKHICTh MK 3HAYEHHSIM CEPEIHBOTO YXWITY (KPYTH3HH) pelbedy Ta 301IbIICHHSM IO
MOBEPXHI 3eMeIbHOT AUISTHKH TOPIBHSIHO 3 TUIOMILIO i1 TOPU30HTANILHOIT TPOEKIIii (puc. 3).
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CepenHiit yxun niiasHKe, %

301IbIICHHS TIIOMII TTIOBEPXHI BiTHOCHO
MPOEKIIii, Ta

Puc. 3. 3anescnicmo 36inbuients niowi nogepxHi OLIAHKU 8i0 cepeOHbO20 YXUTLY perbedy
Jieperno: po3po0IeHO aBTOPOM

BucnoBku. [Tomnia moBepxHi, TOOTO peayibHa IUIONIA 3€MENBHOI IJITHKH, MOXE 3HAYHO
BIJIPI3HATUCH BIJ IUIONI TOPWU3OHTAIBHOI MPOEKMIi AinsHKH. [IpakTHyHO OTpHMaHO TakKi
3HaueHHs pizHuii wionl: 0,1-7,7 % Ha 0CHOBI HOCHIKEHHS I’ SITH IUIsSHOK. [moma moBepxHi
3aJISKUTh BiJl MOP(HOMETPUYHHX MapaMeTpiB penbedy, a came yxuiy abo KpyTU3HH, Ta HOro
nepeciueHocTi. PekoMeH10BaHO BpaxOBYBaTH AJIsl BEIMKUX TUITHOK CUTBCHKOTOIICOIAPCHKOTO
Ta JIICOrOCHOJapChKOro MPU3HAYEHHS TUIOMLY i1 MOBEPXHi, BHOCUTH OKPEMHM IapaMEeTPOM B
JaH1 3eMeIbHOTO0 KafaacTpy. st miABUIEHHS TOYHOCTI 00U CIICHHS TUTOIIII ITOBEPXHi MOTPIOHO
BukopuctoByBatu [IMP 3 menmmm kpokom citku. Jlns reHepamii takux [IMP wmoknHa
3aCTOCOBYBATH MaTepianu aepodo3HiMaHHs a00 3HIMaHHSA 3 BUKopucTaHHsM BITJI.
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INFLUENCE OF THE RELIEF MORPHOMETRIC PARAMETERS
ON THE SURFACE AREA OF THE FORESTRY LAND PLOTS

A plot of land is characterized by the following main attributes: purpose, location and turning points coordinates,
regulatory monetary value and area. The exact value of the plot area is required for keeping land data and entering information
into the State Land Cadastre; as well as to determine the real amount of land tax or rent. For forest and agricultural lands, the
area also determines the amount of cultivation and the obtained products.

Based on the analysis of literature sources, the established goal was to check the possibility of using Earth remote
sensing data to generate digital relief models of plots in order to estimate their area. An important task was to establish the
quantitative difference between the surface area of the land plot and the area of its horizontal projection using the example
of large forested parcels.

Five sites were selected for research, which are located in the Volyn, Lviv and Ivano-Frankivsk regions of Ukraine. Using
Google Earth, Global Mapper, and Surfer software, digital relief models of the objects were generated and visualized. At the
next stage, the main relief parameters of the sites, as well as the values of the areas of their surfaces, were determined. It was
established that for the specified land plots, the physical surface area is larger than the area of its horizontal projection by
1.15-87.83 hectares or from 0.1 to 7.7 %.

Therefore, the surface area depends on the morphometric parameters of the relief, namely the steepness and its roughness.
For large parcels of agricultural and forestry purposes, it is recommended to take into account the area of their surfaces; to
enter it as a separate parameter in the land cadastre. To increase the accuracy of the surface area calculation, it is necessary
to use a digital terrain model with a smaller grid step. To generate such DEMs, we can use aerial photography materials.

Keywords: Remote Sensing materials; digital elevation model; land plot surface area; relief steepness and roughness.

Table: 1. Fig.: 3. References: 8.

T'epa O. BrutB MOp(hOMETpUYHHX TapaMeTpiB pebedy Ha IUIOILY MOBEPXHI 3eMEIbHUX AUISTHOK JIICOTOCHIOAAPCHKOT0 NIPU3HAUCHHS. T exHiuHi
nayku ma mexnonoeii. 2023. Ne 2(32). C. 389-396.
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HEPYWUHIBHI METOJY KOHTPOJIIO IMPOLECIB TYKABJIEHHA
I TBEPAIHHA BY AIBEJIBHUX KOMITIO3UINIMHUX MATEPIAJIIB
I3 KPYIIHUM HAITOBHIOBAYEM

YV cmammi posensanymo npobnemy nepyliHieHO20 KOHMPOLIO NPOYECi6 MyAHCAGIeHHs MA MEEePOIHHI KOMNOUYIUHUX Ma-
mepianie 3 KPYNHUM 3aN08HI08AUEM, 0 BUKOPUCTNAHHS NeHempPayiiHUX Memooie HeMONCAUGe U poOUMU BUCHOBKU NPO cMaoii
npoyecie MydicagieHHs MOJNCIUBO uule 3a HenpsmMumu o3naxkamu. Hasedeno nopisHsibhy xapakmepucmuky HepyUHIGHUX Me-
mMo0i6, 3ACHOBAHUX HA BUMIDI e1eKMPUUHUX BLACMUBOCMEL, HA 00CTIONCEHHT eK30MEPMIYHUX NPOYeci8 i, 6I0N0BIOHO, WBUOKO-
Ccmi NOWUPEeHHsL YTbmpa3zeyKoeux iMnynvCis y 8 socyyomy micmi. [1okazano, wo 3a OCHOBHULL Memoo, 3pV4UHO RPULHAMU YIb-
Paz8yKosuil, wjo 0036015€ eheKMUGHO 810006padicamu sk NOYamokx, max i KiHeyb mydHcagiLeHHsI.

Knrwouoei cnoea: nepytinignuil KOHMponb, MePMiHU MYHCABTEHHA, WBUOKICIb YIbMPA3EYK).

Puc.: 9. Taon. 1. bi6n.: 9.

AKTYaJbHICTh TEMH J0CTiTKeHHs. PO3TIIsIHYTa 3a/1a9a € aKTyaJIbHOIO, OCKIJIBKH CTaH 1a-
pPTHU30BaHa TIEHETpaIliiiHa METOIMKA TOCITIPKEHHs 0ararbox MaTepialliB i3 BEIMKUMHU YaCTHH-
KaMH HaroBHIOBaYa (1 3alI0BHIOBAYa) SIK Ha OCHOBI MOAM(IKOBAHUX TINCOBUX B’SIKYUHX, TaK i
Ha OCHOBI IIEMEHTY, HE CIPallbOBY€ 1 TOBUHHA OyTH a00 MPUHIIMIIOBO MoM(DikoBaHa abo 3ami-
HEHA HEMPSMUMH METO/IaMH, 3aCTOCOBHUMH SIK OCHOBA JIJISl €KCIIPEC-METO/IiB KOHTPOJIIO TBEP-
JHHS 3pa3KiB 1 KOHCTPYKIiH y OyaiBenbHIN MPaKTHIII.

HoBwusHa omy0nikoBaHOTO Marepiaiy MOJISIrae B po3poOJIeHUX METOIMKAaX BUMIPIOBAHHS,
IPUCTOCOBAHUX JI0 3aBJaHb OyAiBEITBHOTO MaTepiajo3HAaBCTBA, B €JIEMEHTAX IMOPIBHSIBHOI
CTPYKTYpHO-OpPI€HTOBAHOI IHTEPIpETAallii OTPUMAHUX PE3yJIbTaTiB, y MEPEXO/i BiJ pe3ylbTariB
(GI3UYHUX BUMIPIOBaHb 10 IIKAJIA TEPMIHIB Ty>KaBJICHHSI.

O06’eKTOM TOCTIIKEHHS € eHeproe(EKTUBHUN KOMITO3UIIIMHII MaTepiall ImiABUIIICHOT BO-
JIOCTIAKOCTI Ha TIICOBIM OCHOBI 3 KOMOIHOBaHUM KPYITHO3€PHUCTUM HaroBHIOBadeM. [Ipeame-
TOM JOCJIPKEHHS € MOXKJIUBICTh BU3HAYEHHS TEPMIHIB TY)KaBJICHHS IIOJ0 3MIHU (hi3MUHUX
BJIACTUBOCTEH MaTepiaiy.

IHocTanoBka npodaemu. OnHUM 13 HanpsAMiB OyAiBETLHOIO MaTepialio3HABCTBA € PO3BU-
TOK HAayKH IPO KOMITO3UIIIiHI MaTepialu B TEOPETUUHOMY Ta MPUKIaTHOMY HanpsMky. [lepc-
NEKTUBHUM HaIPSIMKOM € BUKOPHCTAaHHS 0araTOKOMIIOHEHTHHX CyMIIIeH, IK MaTPUYHOTO Ma-
Tepially, TaKk 1 B pOJIi HAOBHIOBAUiB. 30KpeMa, sIK KOMITO3HIIIiHI Marepialid IJs OCHOB Tif
iJI0TH 3pYYHO BUKOPHCTOBYBATH KOMIIO3ULIIHHUI MaTepiai Ha OCHOBI T1IICOBOrO MaTpUYHOTO
MaTepiary 3 MOCHUIICHOIO BOJOCTIHKICTIO Ta CyMillli HATOBHIOBAYiB, KOXKEH 3 SKMX 3a0e3meuye
MOCHJIEHHS OJTHOTO 3 BaXJIMBUX JJIS LIJTbOBOIO BUKOPHUCTAHHS KOMITIO3UTY BIIACTHUBOCTI — TEI-
Joi3ossALiiHOTO abo 3ByKoi3osAMiitHoro [1] (puc. 1). Ilpu BUKOpHUCTaHHI BiJIIOBITHOTO KOMIIO-
3ULIKHOTO MaTrepialy BaKIMBUM 3aBIAHHSAM € MiAOip TaKoro CKiaay, kvl 6u 3abe3neuyBaB
MOKJTUBICTh MIPAKTHYHOI POOOTH 3 HUM — YKJIaJaHHs Ta GOPMYyBaHHS.

— - = == =

© Annpiit Konecnrkos, Muxaiino 3amyna, 2023

397


mailto:kolesnikov_himek@ogasa.org.ua
https://orcid.org/0000-0001-8737-0933
mailto:zamulamichailodaba@gmail.com
https://orcid.org/0009-0002-0029-3758

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(32),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

KoHTposmoBaTH BiANOBIIHI BIACTUBOCTI B pa3i KOMIIO3UTY CEPEIHBOI Ta BUCOKOI HAITOBHE-
HOCTI JIOCUTh Ba)KKO, OCKUIBKH TICHETPAIiifHI METOAM HE CIIPAIlbOBYIOTh — IHICHTOPH TIEHETpa-
[IHHUX MPUIAJIIB CTAaHAAPTU30BAHUX METO/IB (rojika Bika, mmacromerp) OIOKYIOTHCS YaCTHH-
KaMH HalOBHIOBada. TakuM 4MHOM, JUIsl BUMIpIoBaHHS TepMiHiB TyxaBieHHs ([IT - mouarky
tyxasneHHs, KT - KiHI Ty>KaBlieHHs) HEOOXiTHO a00 CYTTEBO 3MIHUTH MACIITa0H BUMipIOBa-
JBHO1 YCTaHOBKH (11100 JIOKaJbHI CTPYKTYPHO-MEXaHIYH1 BIACTHBOCTI KOMITO3HUTY «YCEPEIHIO-
BaJIUCS» Y pasi 1HACHTOpA 3HAYHUX PO3MIipiB), a00 MEPEXOAUTH A0 HenpsMux BuMipis. Ciia
3a3HAYUTH TAKOXK, 110 HEMpsAMi BUMIPIOBAaHHS MOXYTh HaJaTH JOAATKOBY 1H(OpPMAIIO MPO
CTaH KOMITO3HTY, 1110 TBEPAHE. Y poOOTI PO3MIAAAIOTHCS APYTHM MIJIAX TOCTIIHKEHHS, 13 IIHUPO-
KOTO apceHaly HEempsSMHUX METOMAIB 00paHi Taki, SKi MOPYIIYIOTh CTPYKTYPY KOMIIO3HTY, IO
TBEp/IHE, HAIMEHIIIUM YHHOM.

AHaJi3 ocTaHHIX J0caiTxkeHb i myduaikaniii. Y nporieci cTpyKTypOyTBOPEHHS B MiHEpa-
JHHUX B'SDKYYHMX Ta KOMIIO3UTaX Ha iX OCHOBI BiIOyBatOThCs (Pi3MKO-XIMIYHI 3MIHHM, IO XapaK-
TEPU3YIOTHCSA PIZHUMHU MPOCTOPOBUMH MaciiTabaMu. 3MiHIOIOThCS 6araro (i3MYHUX BIACTH-
BOCTEH B'SDKYYOTrO TICTa, TPSIMO UM OIMOCEPEAKOBAHO TOB's3aHI 31 CTPYKTYPOIO — MIIIHICTb,
B'SI3KICTb, IJTACTUYHA MIIHICTh, TEMIIEpATypa, IBUJIKICTh MOMIMPEHHS 3BYKOBHUX Ta YJIBTPa3BYy-
KOBUX KOJIMBaHb, €IEKTPUYHI XapaKTepucTuku [2]. Yci HaBeneHl XapaKTEPUCTHKUA MOXKYTh
OyTH BUKOPUCTAaHI SIK IHAUKATOPHI U1 BU3SHAYECHHS TEPMiHIB TyXKaBJICHHS, IIPU LIbOMY PAJ BIa-
CTHUBOCTEH B1IOOPaKAIOTh 3MIHH CTaHIB B’SKYUJOTO TiCTa OUIBII SICKPAaBO i KOHTPACTHO.

Jlnist BU3HAUCHHS TEPMiHIB Ty>KaBJICHHSI BUKOPHCTOBYIOTh HENPSMi METOJM BICKO3UMETPIi,
BHUMIPIOBAHHS €JIEKTPUYHUX XapaKTEPUCTHUK Ta IIBUJIKOCTI MPOXOIKEHHS YIBTPa3ByKOBUX KO-
nuBaHb [3]. Peamizanis iux METOAIB B iHKEHEPHIN MPaKTUI TOTpeOye BUPILICHHS MPOOIeMu
HaJIHHOT 11eHTU(DIKAIllT TEPMIHIB TY)KaBJICHHS 33 €KCIICPUMEHTAIBHUMU pesyabTaramu. OnuH
13 HalOUTBII EPCIIEKTUBHUX METO/IB KOHTPOJIIO TEPMiHIB TYKaBJICHHS KOMITO3UTIB 3 YaCTHH-
KaMH 3aloBHIOBaYa [4] 3aCHOBaHUI HAa BUMIPI1 MBHUAKOCTI YIBTPa3BYKY.

[aTepec npeacTaBisie MOPIBHSAHHA KIJTBKOX METO/IIB OLIIHKH CTaHy KOMITO3UIIHHOTO B'SKY-
4OTo TIiCTa, 10 TBEPIHE, 3 METOI0 BU3HAYCHHS TEPMIHIB TYKaBJICHHS Ta 0COOIUBOCTEH PEXKH-
MiB (popMyBaHHS Ta 0OpOOKH MaTepiajiB JOCHIHKYBaHOI TPYIIH.

BunijieHHs1 He 10CTiIKeHNX paHillle YACTHH 3arajbHoi npoodaemu. [Tonepenniit anami3z
iH(OopMaIIHHUX HKEepell T03BOJIMB BUSBUTHU JIEsK MTPOOIEMU I0JI0 BU3SHAYCHHS TEPMiHIB TY-
JKaBJICHHS B HAIIOBHEHUX KOMITO3MITIHHUX Marepiaiax:

1. TepMminu TyXaBJIeHHS, 10 € yMOBHUMH BETMUNHAMH, HEAOCTATHBO YITKO IOB’SI3YIOThCS
31 CTPYKTYpHUMH 3MIHaMHU B MaTepiaji mij] 9ac Ty>KaBJICHHS.

2. HeBu3HaueHi NpoleaypH BUMIPIOBaHHS TEPMiHIB Ty>KaBJICHHS JJIs1 BUCOKO HAIIOBHEHHUX
KOMITO3UTIB.

3. HenocraTHbo po3poOiieH] HempsiMi METOIM BU3HAYEHHS CTPOKIB TyXKaBJICHHS Ta TBep-
JIHHS Matepiany y ¢hopMi 3pa3kiB Ta BUPOOIB.

4. HenoctaTtHbO pO3pOONCHH MOPIBHSUIBHUN aHaii3 3MiH CTPYKTYpHHX BJIaCTHBOCTEH
KOMITO3HTIB TIiJT 9ac TY>KaBJICHHS Ta HOTo (DI3MYHUX XapaKTEPUCTHK.

Meta crarTi. MeToro poOOTH € MOPIBHAHHS HENPAMUX HEPYHHIBHUX METOJIIB KOHTPOJIIO
MIPOIIECIB CTPYKTYPOYTBOPEHHS KOMITO3UTIB SIK 13 TPAKTUIHUX MO3HUIIIN T1arHOCTUKH CTaHY B's-
KYYOro TiCTa Ta BUSHAYEHHS TEPMIHIB TYXaBJICHHS, TaK 1 3 TCOPETUYHOTO MOINIALY JUIs 3Mic-
TOBHOT IHTEpIIPETAIlii MPOIECIB CTPYKTYPOYTBOPEHHS KOMITO3UIIIHOTO B'sKydoro Ticta. Bif-
NOB1THUMH 3aBJAHHSMU €:

1. KopoTkwuii po3miisia amapaTtypHoro opopMiIeHHS, METOJIMK BUMIPIOBAHHS, XapaKTEPHUX
0COOIMBOCTEH OJIepKYBAaHUX PE3yIbTaTiB y (GOPMi KPUBUX CTPYKTYPOYTBOPEHHSI JJIsi KOMIIO-
3WTIB HA OCHOBI TIIICY.

2. CTpyKTypHO Opi€HTOBaHa IHTEpHpeTalis JaHUX, OJCPKYBAHUX JIJIsI MOJCIBHUX CyMi-
e Ta KOMITO3MIIIHHUX MaTepiaiB.
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3. TlopiBHAHHS HaBEJCHUX METO/IIB HEPYHHIBHOTO KOHTPOJIIO, X 1H(OPMATUBHOCTI Ta Te-
peBakHOi c(hepH 3aCTOCYBaHHS.

4. Bubip onHOTO 3 METOIIB SIK OCHOBHOTO, OIOPHOT'O JJIsl IPAKTUYHOTO JIOCIIIKEHHS IPO-
IIECIB CTPYKTYpOYTBOPEHHS Ta BU3HAYCHHS TEPMiHIB Ty>KaBJICHHS MaTepialiB IIJIbOBOI KaTEro-
pii, 10 pO3MIsAAETHCA, Ta iM TOAIOHUX.

Buxaan ocHoBHOT0 Mmarepiasy. Hrokue po3misHyTO 1Kl CIIPOIIeH] 3a eKCTIEpUMEHTATb-
HUM 0(OPMIIEHHSM METOJIU JOCIIIIPKEHHS KOMIIO3UIIIHHOTO B'SDKYYOTO TICTa — TEPMIYHUH, 1B
€JIEKTPUYHUX — JOCIIJKCHHS 3MiHH €JIeKTPOIIPOBITHOCTI Ta JICJIEKTPUYHHUX BTPAT, Ta YAbTpa-
3BYKOBHUM, 3aCHOBAaHUH Ha BUMIpP1 MIBUJIKOCTI MPOXOKEHHS YABTPa3BYKOBHUX IMITYJIBCIB Uepes
B'SDKYY€ TICTO, LII0 TBEPIE.

TermoBUIIIEHHS BUMIPIOBAJIOCS Ha OCHOBI CTaHAapTHU30BaHOI METOMUKH [S] 3a momomo-
rOI0 KaJJOPUMETpa JUIsl B'SDKYUHMX PEYOBHH Ha OCHOBI XOPMEJb-KOIIEJIEBUX TepMornap (puc. 2),
110 SIBJITFOTH COOO0I0 PI3HOBU/I JiaTePMIUYHOTO Kajopumerpa [6].
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Puc. 2. Kanopumemp 015 00Cni0NCeHHs eK30MepMIYHUX ehexmis
MBePOIHHS 8'AAHCYHUUX MA KOMNOZUMIB:
1 — oughepenyianona mepmonapa, 2 — nomenyiomemp, 3 — EMHICIb 3 8'AACYUUM MICOM,
4 — emHicmb nopieHsaHHA 3 6000Kpudcanoro cymiwiuiro (t = 0 °C);
5 — emnocmi 3 mennoizonayitino2o mamepiany (RiHONOAICMUpPOY) 3 NPOOKAMU

OCHOBHUM €JIEMEHTOM YCTAaHOBKH JJISl TOCIIDKEHHS TieJICKTPUYHUX BTPAT Y B'SDKyUIOMY
Mmarepiaiii OyB €JIeKTpPOHHUH AienbKomeTp-BosioroMip BEB-3, Buxingne nmpusHaueHHS SKOTO —
BUMIPIOBAaHHS BOJIOTOCTI JEPEBHHH PI3HUX COPTIB BIATMOBIAHO 10 KajdiOpyBadbHUX Tpadikis.
Bosnoromip € MaonoTyKHUM T'eHepaTopoM BUCOKOI yacToTu. CHiia CTpyMy, IO IPOTIKa€e yepes
MIKpOaMIIEpMETP, Ta WOTO MOKa3aHHs, 3HAXOAATHCA Y BiOMiM (yHKIIOHATBHINA 3aJ€KHOCTI
BiJ BOJIOTOCTI BUITPOOYBAHOTO Marepialy.

EnexTponpoBigHicTh KOMITO3UTHOI CyMillll BUMIpIOBajiacs Ha 3MIHHOMY CTPyMi, 1100 yHH-
KHYTH MOJISIpU3aLlii €IeKTPOIiB, METOIOM aMIIepMeTpa Ta BOJIBTMETPA 32 JOMOMOTOI0 YCTaHO-
BKH, CXeMa SIKOi TI0Ka3aHa Ha PUCYHKY 3.
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Puc. 3. Cxema sumiprosanmsn enekmponposioHocmi mamepiany:
1 — cymiw, wo docniddcyemucs, 2 — KOMIpKa OJisk UMIPIOBAHHS, 3 — eNeKMPUUHULL KIH0Y
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Ha BXij 32 1OOMOTro10 CTaHIAPTHOTO OJIOKY KUBJICHHS MOJaBaIacs cTadini30BaHa 3MiHHA
Hanpyra dactotroro 50 I'u. st BuMiproBaHHSI OyJiM CKOHCTPYHOBaHI Ta BUKOPUCTAaHI KiJIbKa
BapiaHTIB KOMIPOK: IWJIIHIPUYHA 3 TBOMA MIJIHUMH IyaHCOHAMH, TIPSIMOKYTHA, TUIOCKA Ta KO-
MipKa 3 pyXOMHM eJIeKTpoaoM. Jlesiki KOHCTPYKIIii KOMipOK MoKa3aHi Ha pucyHky 4. [1pu moc-
J1KEHHI MaTepiall eIeKTPOoa BBaXKaBCsl IHEPTHUM.

Puc. 4. Koncmpykyii sumiproganbHux KOMIpOK:
1 — enexkmpoou; 2 — xopnyc

Ha migcraBi BUMiproBaHb 00UHCITIOBAJIACS TUTOMA EJICKTPOIIPOBITHICTH (CHMEHC Ha METP)
KOMITO3UTY 3a Gopmyoro (1):

c=G—=——, (1)

ne L — moBxuHa mpoBiHOTO 00’ €My, S — mtomma ioro nepepisy, I, U — moka3zaHHs amriepMeTpa
1 BOIIbTMETpA BiIMOBIAHO [7].

BumMiproBanbHa yCTaHOBKA JUTS YIIBTPa3ByKOBOTO JTOCITIPKEHHS CKIIAIAEThCS 3 IT'€30€JICKT-
PUYHUX TEepEeTBOPIOBaYiB (TlepeaBaya Ta MpHiiMada), KOHTeHHepa JJs 3pa3KiB, HAIIOBHEHOTO
KOMIO3UIIIHHUM B'S’KYYHM TICTOM Ha OCHOBI TITICY, IPUJIAIIB JIJIs1 YABTPa3BYKOBOTO KOHTPOIIIO
koHcTpyKuii YK-10IIMC a6o YK-14I1. Y xozi BUnipoOyBaHHs 3reHEpOBaHUN YIBTPa3BYKOBHIA
IMITYJIBC TIPOTTYCKA€EThCS Yepe3 marepian (puc. 5).

Container with material
Sender 1 Transducer

a)

Ultrasound device

Puc. 5. Yiempazsyrxoea ycmanoska (a)
ma ynempassykosi npunaou KK-10IIMC ma YK-1411 (ionosiono b, c)

Bumiproetbces yac mpoXoKEHHS YABTPAa3BYKOBOTO IMITYJIbCY Yepe3 KOMITO3UIIIMHIIA MaTe-
piaji 3 MaKpOCKOITIYHUMH HEOTHOPITHOCTAMU 5-10 MM 3epHaMU i TpaHyJIaMy 3aTIOBHIOBAYa, 1110
3a0€3MevyI0Th BUCOKI TEIJIO- 1 3BYKOI130JIAIIHI BIACTUBOCTI. Pe3ynpratu BUMiprOBaHb BiJIO-
OpaxaroThCs y BUIVISAI KPUBUX 3MIHU 4acy MPOXOKEHHS yIbTPa3ByKOBUX IMITYJIbCIB Ta pO3-
PaxyHKOBOT MIBUAKOCTI YJIBTPa3ByKy B IPOIIECI CTPYKTYPOYTBOPEHHS B'SHKYy4OTro ab0 KOMIIO-
3UTy Ha OTO OCHOBI.
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Pe3yabTaTH A0CTiKeHHS Ta iX iHTepnpeTanis. /{71 SKiCHOTO 31CTaBICHHS pe3yJIbTaTiB
BUMIpPIOBaHHS (DI3WYHUX BIACTUBOCTEH OyB 0OpaHWii TUMIOBUH 3a (I3MUHUMH XapaKTEPUCTH-
KaMH BapiaHT KOMIO3HUILIHHOTO CKJIaJy, BAKOHAHO HOPMYIOUE NMEPETBOPEHHS KOKHOI 3 BEJIH-
YUH — JIICTIEKTPUIHUX BTPAT, EK30TEPMIYHOTO €(PEKTY, EICKTPOIPOBITHOCTI Ta IIBUIKOCTI YITb-
TPa3BYKOBUX IMITYJIbCIB, 3T1JHO 13 3arajbHUM CITiBBiIHOIIEHHM (2):

X! — X - Xmin (2)
Xmax - Xmin

OTpuMaHi BETMYUHHA 3 METOIO 31CTABJICHHS PO3MIITyBAIMCS Ha OMHOMY Tpadiky (puc. 6).
[TocnigoBHa iHTEpIIpETallisl OTPUMAHUX 3aJISKHOCTEH CYyTTEBO MOJICTIITYE MEPEXi 10 ITbOBUX
BEJIMYMH — TEPMIHIB TY>KaBJICHHSI KOMITO3UIIIHHOTO B'sDKYYOTO.

THIIOBi HOPMOBaHi XapaAKTePHCTHKH KOMIIO3HIIHOTO B'SLKY'0T0, 0 TBEPIHE
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EnexkTponpoeigHIicTs

Puc. 6. Iopisusnvnuil epaghix ¢izuunux enacmugocmeti
KOMNO3UYIUHO20 8'101cyuo2o micma, wo meepoie

3mina oienexkmpuynux empam. OCKIIBKH WIETHCS PO BUMIPIOBAHHS Ha BUCOKUX YaCTOTax
(~ 100 Kr11 ), BHECOK Y 3HAYECHHS JICJICKTPUYHUX BTPAT, MOB'SA3aHOI 3 BTPATOI MOTYXHOCTI Y
B'SDKyYOMY TICTi, MEHIIIOIO MipOl0 OOYMOBIICHHI SBUILAMM IMPOBIIHOCTI 32 paXyHOK BUJIBHOTO
PYXY 10H1B, OLTIBIIIOI0 MipOIO — 33 paXyHOK KOH(POPMAIIHHUX 3MiH CTPYKTYPH aJICOPOIIIHHUX I11a-
PiB YaCTHHOK, 1110 3HAXOATHCS y BSDKYUOMY TICTI, @ TAKOXK pYHHYBaHHS Ta yTBOPEHHS BOTHEBUX
3B's13KiB. MOKHA 3aIllpOIOHYBAaTH JOCUTH TPpyOy MOZAENb — MIeJEKTPUYHI BTpATU Ta mepeodir ix
3MiH 00yMOBJICHHIA TOJIOBHUM YHHOM CTAHOM MOJIEKYIT BOAW. To/i MpoIec 3MiHM TieIeKTPUIHUX
BTpAT 13 4aCOM MO)KHA PO3IVITHYTH, SIK JBOCTaIIHUIN mporiec. Ha mepmioMy erari BiIbHa Boaa
NepEeXOIUTh Yy 3B'si3aHy a/icopOOBaHy Ha MEKaxX PO3/ALTY YACTKOBO TiIpaTOBAHOTO MiHEPAJIbHOTO
koMrtoHeHTa (puc. 6, 0-10 xB). BomHouac BinOyBa€eThCs Tiaparairisi B'SH)Ky4oro 3 nmepeBakaHHIM
TONOXiMi4HO1 peakuii. Y Toumi 3namy (puc. 6, 10 XB) nepeBaskHa OUIBIIICTh BOAU 3aJTHUIIAETHCS
B aJicopOoBaHiii hopMi, Jami BigOyBaeThCS POIIEC TipaTallii BCepeInHi 3epeH B'sHKYdOoro. Yci i
IpoLIeCH BiIOYBAIOThCA BCEPENUHI KaUIIPHO-IOPUCTOI CTPYKTYpH Matepiaiy, mo chopmyBa-
nacsi. Y touri 3mamy (10 XB) BigOyBa€ThCs YaCTKOBE 3aBEPILICHHS Tiparallii Tirncy, y peakiiiro
BCTYTAIOTh MiHEpaJi LIEMEHTHOTO KaMEHIO Ta MyLIoJIaHIYHa JT00aBKa.

TakuM 9MHOM, 3aBIISIKH 3pOCTaHHIO €PEKTUBHOI B'SI3KOCTI Ta (hOpMYyBaHHIO BOITHEBHX 3B'sl-
3KiB 3 aTOMaMH KHCHIO MOJIEKYJIH BOJH 3B'sI3YIOThCS 3 MiHEpAJIbHUMHU KOMIIOHEHTaMHU MilIHIIIe,
KOH(pOpMaIIiifHI 3MiHK 1 TpaHcdopMallisi CKelleTa BOIHEBHX 3B'S3KIB BiJOYBAIOTHCS OUIBII
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Ba)KKO, BOHH «HE BCTUTAIOTHY 33 3MIHAMH €JIEKTPUYHOTO TOJIS, B PE3YJIBTATi 4OTO 3POCTaE Be-
JTUYMHA JTIeTeKTPUIHUX BTpar. CXxeMaTu4Ha IHTEepPIpETaIlisl ONMMCAHUX BHUIIE MPOIIECIB CTPYK-
TYypOyTBOPEHHS MOKa3aHO Ha puc. 7.
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Puc. 7. Cxemamuuna inmepnpemayis sminu OieleKmpudHux 6mpam npu meepoinHi.
1 — cmaoia 1; 2 — cmadia 2

3mina erekmponpogionocmi. ENEKTpONpoOBIIHICTh HA 3MIHHOMY CTPYMi HM3BKOi 9aCTOTH
00yMOBJIeHa ITEPEMILIICHHSM 10HIB Ta 3MiHOIO Y Yaci iX KOHIEHTpalii. 3HUKEHHS KOHLIEHTpaIil
ioHiB OH™ 00yMOBJIEHO IMYII0JIAaHIYHOIO aKTUBHICTIO 100aBOK, 10 3aCTOCOBYIOTHCS JJIsSI CTa01-
JTi3arii Tirnco-1eMeHTHUX cyMilel (3o071a, nmuiak). OCHOBHUM BHECKOM Y 3MiHY €JIEKTPOIPOBII-
HOCTI € TIepEeHACHYCHHS PO3YHHY, IO (OPMYETHCS Ha MEPIIMX XBUJIMHAX, 1 3SMEHIIICHHS e(deK-
TUBHOTO BUTBHOTO 00’ €My PO34HHY, 1110 IIPOBOJIUTH, B PE3YJIbTaTi 3pOCTaHHs HOBOYTBOpeHb. Ha
iHTepBani 15-20 XB yHacHiIOK y4acTi BUIbHOI BOAM y Ipolecax rigparaiii (puc. 7) Bigdysa-
€ThCS MOXKJIMBA 3MiHA MEXaHI3MYy nepeadi 3apsaay. SKIo Ha paHHIX TepMiHax T'iIpaToBaHi I0HU
nepemimanrucs B 00’ eMi BUTBHOI BOJIH, 1110 3alIOBHIOE KaMJISPHO-TIOPUCTY CTPYKTYpy Marepi-
ajry, TCs 3a3HAY€HOT0 TEPMiHY WMOBIPHHMIM MEeXaH13M mepesadi 3apsany — ectadeTHUM, 110 Bi-
N0YBa€eThCS 32 y4acTIO IapiB 3B's13aHOI BOAM HAa BHYTPIIIHIA MOBEPXHI MOPUCTOI CTPYKTYPH.
3MiHa MeXaHi3My NepeHeceHHs 10HiB 00yMOBJIeHA, HMOBIpHO, (PaKTHUYHUM 3J1aM Ha rpadixy
eJIEKTPOnpoBiAHOCTI (puc. 6) mpu 15-20 xB.

Tepmiuni echexmu JIocmipKeHHS, IO TPOTIKAIOTH Y MPOIIECI CTPYKTYPOYTBOPEHHS aHATI-
30BaHUX KOMIIO3UTIB, J03BOJISIE BUSBUTU KUJIbKa MPOIECIB, 110 YACTKOBO MEPETHUHAIOTHCS B
4aci, KOOKHOMY 3 SIKMX BIJIOBIAIOTh XapaKTepHi MIISHKH TpadikiB TErIoBUAUICHHS (pHC. 6).
[Touarkosi craaii TBepainHs (0-4 XB) Ta BIANOBIIHI AUISHKH rpadika BiANOBIIAIOTH CTaAIl 1Mo-
YaTKy TyXaBJICHHs — CTaii aacopOIii BOAM Ha MOBEPXHI YACTHHOK, IOYATKy TOIOXIMIYHOT pe-
akuii rigpararii rincy. Jinsaka kpuBoi (4-14 XB) BiAMOBiga€ MPOTIKAHHIO Tiparailii rincoBoi
KOMITOHEHTH, 1[0 CYMPOBOKYETHCS TEIUIOBUIAUICHHSIM. Ha 1UX eramax moduHae ripaTyBa-
THCS IIEMEHT 1 BXOAUTH y peakiiiro 3o0ma. Hactymni etanu (15-30 xB) XapakTepusyoThes claod-
KUM TeroBuALIeHHSM. TyT rigpararii mijaeThcs MepeBaKHO MiHEPATU IIEMEHTY 1 MPOSIBIIS-
€TbCA TYIOJaHIYHA AKTUBHICTH BamHa. OAHOYacHO BinOyBaeThcsi (GOpPMyBaHHS KiacTepa
YaCTUHOK KOMITO3UTY, MOB'SI3aHUX KPUCTAII3alliiHUMHI KOHTAKTaMH.

Llsuokicmo yrompazsyxy. ILIBUAKICT yIABTpa3ByKy CTPUOKOIIONIOHO 3pocTae nmpu Gopmy-
BaHHI MPOBIAHOT MEPKOJISAIIIAHOT CTPYKTYpH (TTEPEBaXKHO KICTSIKA MEPKOJSIIIHHOTO Kitactepa). [{o
IILOTO CTpHUOKa MIBHIKICTH yiabTpa3ByKy mMana (1-3 xB), [Ipunan e cnpanposye. Lleii dakr mo-
3BOJISIE PUOJIN3HO OTOTOKHUTH Pi3KEe 3pOCTAHHS MIBUIKOCTI ITPU MTOYATKY TYXKaBJICHHS 3 MOMEH-
TOM TIEPILIOTO CIIPAIIbOBYBAaHHS YIBTPA3BYKOBOI yCTaHOBKH (4-5 XB, puc. 6). KiHelb TykaBiIeHHS
HEeMa€ pi3KuX, CTPUOKOIIOAIOHMX MPOsBiB. J{is HOTO BUSBICHHS BUKOPUCTOBYIOTHCS IOPIBHSIIbHI
METOAM 200 AOCTIKEHHS OUTBII TOHKUX BIACTUBOCTEH rpadika MBHIKOCTI YABTPA3ByKy — HOTO
kpuBu3Hy Kk(x) abo paaiyc kpususau [8] (puc. 8). CTpyKTypHi epexoau mpu IibOMY BiIIOBiIa-
I0Th MepeTUHY TpadikoM KPUBU3HU OCi aOCIIUC Ta 00EpTaHHS KPUBU3HU B HYJIb.
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Puc. 8. Kpususna epagikie wieuoxocmi yiompazeykosux iMnyibCie
AK pyuKyis uacy npoyecy meepoinHs:
1, 2, 3 — obnacmi cmpykmypHux nepexooie y mamepiai

31 CTPYKTYpHHUX YSBJICHB 1 JACSIKUX TOHATH Teopii nepkoisiii [9; 10] ocoOnuBOCTI 3MiHH
IIBUJIKOCTI YIBTPa3ByKy 1HTEPHPETYIOThCS B Takuil crocib. lepapxiuyHa cTpyKTypa KOMIO3H-
[IHHOTO MaTepiaiy, P CIPOIICHOMY PO3IVISIl, MOXe OyTH MiJaHa CHCTEMHOMY «IIEPETHHY
Ha ME30CKOMIYHOMY MacUITaOHOMY piBHI, B Pe3ylbTari 4oro (hOpMYyIIIOETHCS MEpeKeBa MO-
Jienb, By3JlaMu sIKO1 € kimactepu ~ 30 gactunok (0,2 Mm), depe3 siKi yIbTPa3ByKOBHM IMITYIIbC
30aTHUH TOIIMPIOBATUCS SIK Yepe3 €IuHE IIiyie. BracHe MOaeNIio KOMIIO3UTY, 11O TBEPIIE, €
JTMHaMIYHa MEPEKeBa CTPYKTypa 3 BY3JIiB PO3TIISIHYTOT MPUPOIH 1 3B’ S3KIB, 110 Peai3ytoThCs
KpucTamizaniiiaumu (azoBumu) KoHTakTaMu. [lepexoau, Mo cnocTepiraloTbes B yIbTpa3By-
KOBUX €KCTIEPUMEHTaX MOXKYTh OyTH IHTEPIIPETOBaHI B TEPMiHAX TOIOJIOTTYHOI CTPYKTYPH Me-
pexi, mo pocte. s nepiioro nepexoay (MoYaTKy Ty)KaBJI€HHS) JOCUTH JIETKO BKa3aTH CTpPY-
KTypHY 1HTEpHpETAaIlil0o — y BIAMOBIIHUNA MOMEHT 4acy 3 BIJOKPEMJICHHX OJWH BiJl OJHOTO
KJIaCTEPiB, SIKI 4aCTO MAIOTh (hpaKkTanonoaiOHuil xapakTep, GOpMy€eThCS €1MHA ITPOBIHA CTPY-
KTypa — IePKOJSIIMHIN (MTO€THYBaHU ) KJIacTep, 0 3a0e3Meuye MPOXOHKEHHS YIbTPa3BYKO-
BOT'O CUTHAJTy MK IIPOTHJICKHUMHU CTOPOHAMH 3pa3Ka. Y MOMEHT YTBOPEHHSI TaKOTO KiacTepa
CIIOCTEPITAEThCS TIEPIIIe CIPaIlbOBYBaHHSI BUMIPIOBAILHOTO Npuiany (puc. 6, 4 xB). [Topsix 3i
CTPYKTYPOIO «4EPBOHOTO» KICTSIKa, 1110 3a0e3Medye MPOBiIHICTh, (POPMYIOTHCS TAKOXK «MEPTBI
KIHIT» Ta 1HIII OTHO3B’ s13aH1 KOMIIOHEHTH, 1110 He 0epyTh y4acTh y (popMyBaHHI BIaCTHBOCTEH,
OB’ sI3aHUX 3 MPOBiAHICTIO. HampuKiHIi TyKaBJIeHHS CHOCTEpiraeTbesi GOpMyBaHHS MPOBiA-
HOTO KICTsIKa, 1110 00pic OAHO- 1 BO3B’I3aHUMH €JIEMEHTaMH, 1110 3aiMarOTh BECh 00’ €M 3pa3Ka.
Taka po3raixykeHo-CiT4acTa CTPyKTypa, 1110 3aiiMa€ Bech 00’ €M, POpPMYy€eTHCS HA MOMEHT KiHIIS
TykaBiieHHs (puc. 6, 10 xB). Ha mpoMy eTami cTpyKTypHi 3MiHH HE 3aKIHUYIOThCS, TTPOJOBKY-
IOThCSI TiApaTaliiiHi Mpouecu Ta CTPYKTYpOyTBOpeHHs. Po3ramtykeHo-ciTyacTta CTpyKTypa, 110
BKJTFOYA€ BEJIMKY KUTBKICTh OHO3B’I3aHUX KOMITOHEHTIB, 30KpeMa, «MEPTBHUX KiHIIIBY, ITEPET-
BOPIOETHCS HA CITYACTY — OJHO3B’s13aHI KOMIIOHEHTH TPaHC(HOPMYIOThCS B 2- Ta 3-3B'si3aHi;
TPUBHMIPHA MEPEkKa, 110 BigoOpakae CTPYKTypy KaMeHENoII0HOTO Tijia, GOPMYEThCS ManxKe
noBHicTIO. TpaHcdopmallii 0CHOBHOT KIJIBKOCTI OIHO3B’ SI3aHUX CTPYKTYp y 2- 1 3-3B's13aHi Ta ix
BXOJKCHHSI 10 CKJIaJly TTPOBIAHOTO KICTSKA BiAMOBIAAE TpeTii mepexin (puc. 6, 15 xB). Takum
YHHOM, TPETiH Mepexij BiJANoBigae 3aTBEPAIHHIO Ta OCTATOYHOMY (OPMYBAHHIO KaMEHETo/1i0-
HOTO Tij1a 3 MepeBaXalOYUMHU NPYKHUMHU XapaKTEePUCTUKAMHU.

TopisHsanvruti ananis HepyliHisHux memoois. llepiinii eTamn aHaizy 3aCTOCOBHOCTI PO3IIISHY-
THUX METOJIIB — 3BEJICHHS OCHOBHHX SIKICHMX 3MIH Ha €IMHY YacoBy IIKay (puc. 9) Ta TaOmuIro.
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Puc. 9. Axicni sminu xapaxmepucmuk 00CiOHCYBAHO20 KOMNO3UMY 8 EOUHIU YACOBIU WKATL!
la — 56 — no3nauenus AKICHUX 3MiH, nepua yugpa 8i0nosioae Homepy 61aCmMuU8OCmi

YepBOHUM €JTITICOM Ha PUC. 9 TO3HAYEHO 1HTEPBAJ «TEXHOJOTIUHOTO» KIHIIS Ty KaBJICHHS.
[TosicHeHHs HaBeIeHI B TaOIUIII.

Tabauys — AxicHi 3sminu xapaxmepucmuk 00CHiOHCYBAHO20 KOMNO3UNMY

Yac Bix 3ami- . . . CrymiHb BU-
Ne | Io3nauenHs 3MiICTOBHA iHTEpHIpeTaLis .
IIYBaHHS, XB PaKEHOCTI
1 3a 3 Iepexin no H.iHiI?'IHOFO pe)KI/IMy H.aﬂiHHH €JIEKTPOIPOBITHOCTI Cepens
yepes mepexij 1o cradimizalii piBHs MEPeCUYCHHS PO3UUHY
[epexix 10 MiHIHOTO TEPMIYHOTO PEKHUMY Ta TOCTIHHOT
2 la 4 ! e . . . Cepennst
mBUKOCTI peakii rigparamii. [1T 3a TepmiyHUM KpUTEpiEM
YTBOpEeHHS KacTepa YaCTHHOK BUXiTHOTO KOMITO3HUTY, IO
3 4a 4 OXOIIIIOE, i HOBOYTBOPEHB, IPOHUKHUX IS YIBTPA3BYKY. ITe- Scxpasa
pire cipamroBanHs Y3 ycraHoBKH. [1T 3a MIBUAKICTIO yIIBT-
Pa3BYKY
4 5a 5 IIT maTpuyHOTO MaTepiany (CTaHmapTHHUHA TecT Bika) SckpaBa
OO6pocTaHHs KJ1acTepa HOBOYTBOPEHbD, IO OXOTLTIOE, KMEPT-
5 46 9 BUMH KiHIIIMIY. [lepexin 3HaueHHs KpuBu3HU rpadika mBu- | CepenHs
JKocTi yapTpa3Byky depes 0. KT 3a MBUAKICTIO yIBTPa3ByKY
3HIKEHHS KUTBKOCTI "BUTbHOI" BOAM, 3MEHIIICHHS PyXJIUBOCTI
6 2a 10 CKeJleTa BOJHEBUX 3B'SI3KIB. BI/IHI/IKHGHI:IS{ neperuuy rpadiky Slcxpasa
nienexrpuanux Brpar. KT 3a kputepieM JieneKTpUIHUX
BTpAr
7 56 10 KT marpuunoro marepiaiy, 10 BU3HAYA€THCS CTAHAAPTHUMH Scxpasa
METOAAMHU
3 16 15 3aKiHYCHHS OCHOBHHX ?KS(.)TepMi‘I.HI/IX MPOIIECiB, MOB'A3aHUX Slcxpasa
i3 rifipararier
®dopmyBaHHs JBO3B'SI3aHUX (PPArMEHTIB KJIacTepa, [0 OXOIl-
9 4B 16 JII0€, 3 OJTHO3B'I3aHUX «MEPTBUX KiHIIIB», 3aKiHUEHHs 3aTBep- | He sckpaBa
ninHs. [lepexin kpuBu3HM rpadika yapTpa3Byky yepes 0
10 36 17 3MiHa MeXaHi3My HpOBiIIHOCTi'. Hep?xin JI0 TIepenadi i0HiB 3a Scxpasa
IIapaMH 3B'A3aHO1 BOAH

JlocmikeHHsT TaHUX TaOIMIll MPOBOAMIIOCS 33 KiNbKOMa KpuTepisiMu. OCKUIBKH LITBO-
BHUMH € CTPYKTYPHO-MEXaHIYH1 XapaKTEPUCTUKH, 1110 3a0€3MeUYI0Th MOXKIIMBICTh YKJIaJaHHS Ta
00poOKM MaTepiany, yBara Npualisiiacs HacamIepea MeToaMm, 10 J03BOJISIOTh OTPUMATH Yi-
TKi, SICKpaBl SIKICHI 3MIHH CIIOCTEPEKYBAHUX XapaKTEPUCTHK, OJM3BKI JO TEPMIHIB TYy>KaB-
JICHHS, 1110 BU3HAYAIOTHCS JJI1 MATPHYHOTO Marepiaiy, 0e3 4aCTHHOK HallOBHIOBAYIB, 32 JIOTO-
MOTOIO0 CTAaHJAPTU30BaHUX METOJIB (BUIPOOYBaHHsS 3a momoMoror mnpuiany Bika). Cria
3a3HAYUTHU CYO'€KTUBHICTH MOHSATTS TEPMiHIB Ty)KaBJeHHS (Iie, B3arajii Kaxydd, yMOBHI BEJIH-
YUHU) JIs1 KOMITO3HUTIB TOCIIPKYBaHOTO Kiacy. L1 TepMiHUM BiIPI3HAIOTHCS MPU BUMIPI PI3SHUMH
METOJaMH 3a PI3HUMH KpuTepisimu. HaniiiHuM € oHOUacHe 3aCTOCYBaHHS KIJIBKOX METOIIB.

Bubip memoodis nepytinisnoi diacnocmuxu komnosuyitinoeco mamepiazy. Po3risHyTi qaHi 10-
3BOJISIIOTH BUOPATH SIK OCHOBHUH YJIBTPa3ByKOBUN METOJ, IO JA€ YITKUN KPUTEPIH MOYATKy TY-
xapJeHHs. OHaK KiHelb TBEP/IHHS MPOSBISETHCS HE TaK YITKO 1 BUMArae JJ01aTKoBOT 00poOKH
OTPUMAHO]T 3aJISKHOCTI — BUBYEHHS KPUBH3HM KPHUBOI rpadika MIBHIKOCTI YABTPa3BYKy. Tomy
MOXe OyTH peKOMEeH/I0BaHa Mapa "HIBHIKICTb YIBTPa3BYKy - HieJIeKTpuuHi BTpatu'. SIKio
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NPUHHATH TOMyCTUMHUM aHaNi3 CKIaJHUX BJIACTUBOCTEH EKCIIEPUMEHTAIbHUX KPUBUX, TO JUIS
BU3HAYCHHS TEPMiHIB Ty>KaBJICHHS MEPCIEKTUBHI TaKOX rpadiku eIeKTPOIPOBIAHOCTI Ta €K30-
TepMii. BUkopucTaHHs IMX JaHUX CHUIBHO 3 IU(epeHIiaTbHO-TeOMETPUYHIMU METOIaMHt (aHa-
i3 KpUBU3HHM Ta pajilyca KpUBU3HU KPUBUX) CTAHOBIISATH IHTEPEC ISl MAaiOy THIX TOCHIKEHb.
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NON-DESTRUCTIVE METHODS FOR CONTROLLING THE SETTING PROCESS
OF BUILDING COMPOSITE MATERIALS WITH COARSE AGGREGATES

The article deals with the problem of non-destructive control of the processes of setting and hardening of composite
materials, for which coarse filler granules or mixtures of fillers of different granulometric composition are used. Since the use
of standardized penetration methods in the cases under consideration becomes impossible, it is possible to draw conclusions
about the stages of the processes of structure formation of a composite binder dough only by indirect signs. In such a study,
methods are preferable that least disturb the structure of the hardening composite, up to non-contact ones. The article provides
a comparative description of several such methods. Two of them are based on the measurement of electrical responses associ-
ated with structure formation, the other two are based on the study of exothermic processes and, accordingly, the propagation
velocity of ultrasonic pulses in a hardening binder dough. For a typical sample of the studied material, the time dependences
of the corresponding physical characteristics are constructed. Qualitative changes in the course of these curves are compared
with the boundaries of the stages of the structure formation process. The main qualitative changes in the time dependences of
physical properties are interpreted from the standpoint of structural transformations occurring in the material. The measure-
ment results are considered both from a theoretical standpoint, related to the interpretation of changes in the structure and
properties of the hardening binder dough, and from an applied standpoint, focused on determining the setting time of the
material, which is important for the technology of its application. Changes in physical characteristics are reduced to a single
scale, which improves the accuracy of determining the setting time. It is shown that the main method, adequate to the problem
under consideration, is conveniently taken to be ultrasonic, which makes it possible to effectively display both the beginning
and the end of setting. The remaining methods seem to be complementary, allowing a more thorough study of the processes
during the completion of the setting. The considered research methods are also applicable to conventional materials, and some
of them, with minimal modification, to hardening samples and products in the practice of building production.

Key words: non-destructive testing, hardening time, ultrasound speed.

Fig.: 9. Table: 1. References: 9.

KonecuukoB A., 3amyna M. HepyliHiBHI METOAM KOHTPOIIO IPOLECIB Ty>KaBICHHS 1 TBepAiHHA OyIiBeIbHUX KOMIIO3UMIIHUX MaTepialiB i3
KPYIIHUM HarnoBHIoOBaueM. Texuiuni nayku ma mexnonoeii. 2023. Ne 2(32). C. 397-406.
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ITPOBJIEMH EKOJIOTTYHOT'O CTAHY KPEMEHYYLIBKOT'O
BOJOCXOBHIIIA TA HIVIAXH IX ITIOJOJTAHHSA

Y yiti pobomi, na ocnosi danux cnocmepedsicens 3a exonoiunum cmarnom Kpemenuyyvrozo 6o0ocxosuwya, pyiiny8aHHam io2o
bepezig, 3MEHUWEHHAM 2TUOUH HA 3HAYHUX MePUMOPISX, PO32NA0aiOmbCs NPONO3UYLl w000 NONINUIEHHS eKOLO2IYHO20 CMAHY 60~
00CX06UWYA, CMBOPEHHS WNYYHUX MEPUMOPILL, NOCMYNO8020 3HUIICEHHS 1020 2NUOUH 3 MEMOI0 3UeHWEHHS OLTAHOK 3 KPUIMUYHO
Manumu nubuHamu ma noeepHeHHs 3amonneHux OLIAHOK 00 3eMellb JHCUMI0B80i ma epoMaocyKoi 3a6y008u, pekpeayii, 1ic08020
@onoy, mpancnopmy, eHepeemuku, RPOMUCIOB0CTI, CLILCbKO2O 20CN00APCLKO20 MA NPUPOOOOXOPOHHO20 NPUSHAYCHHS.

Kniouogi cnoga: Kpemenuyyvke 6o0ocxoguuje; exono2ivnuii Cmam, HaA8KOTUUHE cepedosuue; piuka JJninpo,; [ninposco-
Kuii bacetin.

Puc.: 13. bién.: 12.

AKTYaJIbHICTh TEeMHU J0CTiTKeHHsA. OCTaHHIMU POKaMHU BC€ OUTBITY CTypOOBaHICTh BHU-
KJIMKA€ y HACEJICHHS 3eMHOI KyJll Cy4aCHUN €KOJIOTTYHUIN CTaH HABKOJIMIIHBOTO CEPEOBUILA.
3pocTaroTh BUKJIMKH, TIOB'S13aH]1 13 3MIHOIO KJIIMATy, TAHCHHSM JIbOJJOBUKIB, BCECBITHIM MOTEM-
JHHSM, 110 TOTpedye BKUTTSA HaraJIbHMX 3aXOiB Ta IIBUIKOTO PearyBaHHs BCIX JepKaB Te-
putopii 3emuti. 3BaXkaroun Ha BUIIEBUKIIAJICHE, JOIUILHIM € BCEOIUHE JTOCITIKEHHS Ta KOHT-
POIb MOKA3HUKIB BOJAHUX PECYPCIB (BOMOCXOBHIII, 03€pP, PIUOK): CTYIIECHIO 3a0pYy/IHEHHS Yepe3
pyHHYBaHHS O€periB BOJOCXOBHII Ta PIYOK; 3MEHIIECHHS IMTMOWH BOJHUX 00'€KTIB, 110 BUKIIH-
Ka€ MOTIPIIEHHS SKICHUX XapaKTePUCTUK BOIH, sIKA BUKOPUCTOBYETHCS JUIA Pi3HUX MOTpeO (Y
T. 4. BOJOIIOCTA4YaHHs Ta BOJOBIIBEICHHS) HACEIICHHS; 3araJIbHOTO €KOJIOTIYHOTO CTaHy.

ITocTanoBka mpo6aemu. KoMmieKCHIIT MOHITOPUHT €KOJIOTIYHOTO CTaHy pidok JIHiTpoB-
CBKOTO OacelHy MiATBEpHKY€E HEOOXITHICTh TPOBEICHHS TEPMIHOBHX 3aX0/I1B CIIPSIMOBAHHUX Ha
TMIOJTIMIIIEHHSI €KOJIOTIYHOTO CTaHy HaBKOJHUIITHLOTO CEpeIOBHUIIA (B TOMY YHCII 1 Cy4YacHUX BO-
JIOCXOBHII), IO CIPUATHME MOJIMIIEHHIO CTaHY BOJIOCXOBHIIL, a TAKOXK J103BOJIMTH BUKOPUCTO-
BYBaTH 3BUTbHEHI 3eMJT1 IJIs1 1HIUX 1itei [ 1-3].

AHaJti3 ocTaHHIX Aocail:keHb Ta myOaikauiii. [Tpu migrorosii crarti Oynu po3MIsSHYTI
ocTaHHi ImyOiKalii Ta 3BiTH Y BIIKPUTOMY JOCTYII, IPUCBAYEHI IpoOieMaM MOHITOPHHTY €KO-
JIOTIYHOTO CTaHy BOTHUX 00’ €KTiB [4-7].

BujineHnst HeI0CTisKeHNX YACTHH 3arajbHoOI mpoodaemu. [IpobremMu mominieHHs eKo-
JIOT1YHOTO CTaHy PivOK Ta BOAOCXOBHUII YKpaiHU NOTPeOyIOTh 3HaUHUX (PiIHAHCOBUX Ta MaTepi-
aJbHUX BKJIQJIEHb, @ TAKOK HOBHUX ITIIXOAIB Ta IIPOIIO3HIIIN JIs1 BUPIMIEHHS ITUX MUTaHb. Came
TOMY 3alpOINIOHOBAaH1 aBTOpaMH LUISIXW BUPIILIEHHS TaHUX MTPOOJIEM € JOCTaTHHO aKTyaJbHUMU
Ta cBoevacHuMH. [8-10].

IlocTranoBka 3aBaaHHs. Meta naHo1 poOOTH — IIpOaHali3yBaTH eKoJjoriyHui ctan Kpe-
MEHYYI[LKOTO BOJIOCXOBHIIA Ta 3aIIPONOHYBATH LUISIXU HOTO MOKPAIEHHS.

Bukiiaa ocHOBHOro martepiasy. 3riHO BiqoMocTel PerioHanbHOTO 0¢icy BOAHHUX PECy-
pciB, piukoBa Mepexa [lonTaBIMHN yTBOpEHa: OIHIEIO BEJIUKOIO piukoro — JIHINpo, sKka B Me-
*ax 00acTi Mae MPOTSHKHICTh OMU3bKo 145 KM, BOCbMa cepelHIMHU piuKaMH 3arajbHOIO JIOB-
*kuHoto 1360 kM (Cyma — 213 kM, Opsxuist — 89 km, Yaait — 129 kwm, [Icen —350 kM, Xopoin —
241 xm, Bopcxkita—226 kM, Opins — 80 kM, Mepina — 28 km) Ta 1771 Maioro piukoro, CTpyMKaMu
1 Bomotokamu (11501 km). 3aranbHa qOBKHMHA Malux pidok (moHanm 10 kM) cTaHOBUTH 3596
KM, B o0yacTi ix HapaxoByeThes 137.

© Omekciit Tepemyk, Bikrop Mosenko, FOmnis lepbak, 2023
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VY niBneHHo-3axiaHIi yactuHi [lonTaBchkoi 00IaCTi MPOXOAUTH CBOEO TeUier p. JIHImpo,
Ols1bIIa YacTHUHA BOJ SIKO1 3aperyiboBaHa KpemeHuypkum Ta Kam’SHCHKMM BOJTOCXOBHILIAMH,
a MOBHUIA 00’ €M 3aperyab0BaHoi B HUX Boau ckiagae 13520 Ta 2450,94 MiH M° BimoBigHo.

OcHoBHI BojHI xepena obnacti — Kpemenuynpke Ta Kam’sstHCbke BOZOCXOBHINA, PIUKH
Cymna, Bopckua, Ilcen, Opinb Ta ix nputoku. Kpemeuylibke BOZOCXOBHIIE YTBOPEHE MICIIS MMO-
6ynosu Kpemeruyupkoi TEC y 1959-1961 p. p. Moro momxuHa ckimagae 149 km, mmpuHa
28 kM, TIIMOMHA: MakcuManbHa 28 M, cepents 6 M. [lnoma Teputopii Kpemeuyipkoro Bogoc-
XOBHILA CKJIafae 225 THUC. ra, IO MUIKOBiAb (10 ABoX M) 18 %. Hopmanbuuii miamipHuii
pisens (y Bepxabomy 6’edi FEC) — 81 M. O6’emu: noBHi — 13,5 km>, xopucHi — 8,9xm>. JloB-
XKHUHM OeperoBux JiHii cknanaoTs 800 kM, tamOu 1 6eperoykpimienns — 145,3 km [4; 5].

VY pesynbrari OyaiBaunTea Kpemenuynpkoi ['EC Oyno 3aTorieno gonuny p. Jrinpo 3ara-
JTBHOO TIometo Onmmu3bko 280 THC. Ta, 3aBAOBXKKHU 148 kM, mmpuHow 10 28 kM. Ilig Bomoro
3HUKITH ,I[aBHl OCTpOBI/I KoponeBeuL BoryH KOp‘IYBaTI/II/I Ta 212 HaceneHux l'IyHKTlB (pI/IC 1).

Puc 1. Meofcz 3aMOoneHoi mepumopii erMeHLlyL;bKOZO 60()0cx06uu;a
(306padicero na kapmi 1941 poky sudanms)

VY cyuacHHMX yMOBaXx Ha IOTipPIICHHS €KOJIOTIYHOTO cTaHy KpeMeHuyIIbKOTro BOIOCXOBHIIA
BIJIMBAIOTh HACTYITHI YAHHUKH:

+» IpupoaHi:

*  roOanbHEe MOTEIUTiHHS 3eMITi, MiIBUIIICHHS CEPEAHBOPIYHOT TEMITIEpaTypH MOBITPS, a
OTK€, 1 TEMITepaTypH BOJIH;

"  TiIpPOMETEOPOJIOTIUHI, 3HUKEHHS CepeIHbOPIYHOT KIIBKOCTI OMaliB;

= epo3id IPYHTIB HAa BOJI03a0ipHil TUIOII, pyHHYBaHHS O€periB, YTBOPEHHS MIJTKOBO/Ib.

% AHTPONOT€eHHi:

®  3a0pyJIHEHHS CTIYHUMH BOJIAMU:

v CKH/IM HEOUYMIIEHUX Ta HEJOCTATHHO OYMIIEHUX MPOMHCIOBUX i KOMYHATIBHO-TIO0Y-
TOBUX CTIYHHX BOJI Ta TOTPAIUITHHS Yepe3 CUCTEMY MIChKOI KaHami3allii y BOJHI JuKepena;

v HaJXOJUKEHHS i3 3a0yIOBAHUX TEPUTOPIH i CLIBTOCITYTi b 3a0py HIOIOUMX PEYOBHH Y
IpoIieci TOBEPXHEBOTO CTOKY BOJIH;

*  BHJIOOYTOK ITiI3EMHUX BOJI JIJIsl TOCTIOAAPCHKO-TTUTHOTO BOJIOTIOCTAYaHHS, CLIIBCHKOTO
roCToIapCcTBa Ta BUPOOHUUYO-TEXHIUYHUX IT1ICH.

32011 poky B YKpaiHi CTpIMKO 3pOCTa€ TeMIepaTypa TEIJIoro Mepioay poKy Ta JeHHOT
TEeMITepaTypH, PICT sIKOT OUIBIIT IHTEHCUBHHUHN HIXK PICT TEMIIEPATYP B 3MMOBHI Ta HIYHUH TIEpi-
onu. KoxkHe HacTynHe AecaTupivys, mounHarouu i3 1991 poky, OyIo Terimmm nomnepeIHboro:
1991-2000 pp. —Ha 0,5 °C, 2001-2010 pp. —Ha 1,2 °C, 2011-2019 pp. — na 1,7 °C (puc. 2).
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Puc. 2. Jlunamixa 3minu cepeonvopiunoi memnepamypu nogimpsi 6 Yxpaiui

Cepen 6araTboX YMHHHKIB TIOKCHA BYTJIEHI0, OKCUI KapOOHY, Byriaekucauii raz, CO, —

TPUBKA XIMIYHA CIIOJYKA, sIka HETaTUBHO BIIMBAE Ha TJI00abHE MOTEIUIiHASA 3emii (puc. 3).
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Puc. 3. Jlunamixa konyenmpayii CO2 na mepumopii Yxpainu

CepenHpopiuHa TeMIieparypa MpU3eMHOTO Mapy MoBITPs B YKpaiHi 3a octanHi 20 pokiB
3pocna npubnusHo Ha 2 °C (puc. 4).

TpuBani mocyxu Ta aeinuT arMmochepHUX OIaliB MPU3BEIH 10 TOCTYIIOBOTO MTOBCIOHOTO
3HMKEeHHsI PiBHIB IPYHTOBHMX BOJ Ha TepUTOPii YKpaiHu, 30KkpeMa Ha npuiernux 10 Kpemen-
YYyLBKOTO BOJIOCXOBHIILIA TEPUTOPISIX, PIBHI IPYHTOBUX BOJ Ha SIKUX 3HU3UIIUCH Y CEPETHHOMY
Ha 0,25-1,0 M.

j:_ i ! |
T | T I | B
i f% H& m - I ) | ]
5 Hﬁ ‘ Jr ‘ l{ ! |
. STRRRERY L‘iu %' -

Puc. 4. Jlunamixa 3minu cepeonbopiunoi memnepamypu npu3emMHo20 wapy nosimps 6 Yxpaiui
Ipumimxa. Ananiz emicmy CO; 6 cepedosuuji ma OUHAMIKY 3MIHU MeMnepamypu 30IUCHIO8ANU 3d OONOMO-
2010 CYNYMHUK08020 MOHImopunzy 3emni Ha naamgopmi Giovanni komnanii NASA.
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BumienaBezieHi YMHHUKU CIPUSIN YTBOPEHHIO MITKOBOJb. MiJIkOBOAAsI — Miclie BO-
Jo¥iMH, TIEBHA 11 YaCTHHA 3 HU3bKUM PiBHEM BOJIM Ta HEBEIUKOIO TTMOMHOIO (110 2 M). Bin 5 no
32 % MinKoBOAAS 3aiiMarOTh 3apOCTi BUIOI BOJHOI 1 Ha3eMHOi pocauHHOCTI. Lli 30HM xapak-
TEPU3YIOTHCS YIOBUIBHEHUMH TEUiSIMHU, 3HWKEHHAM TYypOYJEHTHOTO INepeMilllyBaHHS, Oiib-
IIMM TpOTpiBaHHAM (pHC. 5).

« . o 2 -

Puc. 5. Cxemamuune gioobpasicenns minkoeoosb Kpemenuyyvkoeo 600ocxosuuya

Ha minkoBoasx MUPOKO PO3MOBCIOKEHO SIBUILE IBITIHHA Boau. L{BiTe 6mu3pko 70 Bin-
COTKIB IUIOIII BOJOWMH, OCOOIMBO B HM)KHIN 4acTUHI Ta 3aToKax (puc.6). Y pesynabraTi Haami-
PHOTO LBITIHHS HOTIPUIYIOTHCS YMOBH KUTTENISUIBHOCT] OpraHi3mMiB y BoJoiMax Ta sIKiCHI Xa-
PaKTEPUCTUKH BOJH. PO3IIOBCIOMKEHHS IIBITIHHS 3yMOBITIOETHCSI HACTYITHUMH (haKTOpaMu:

- YHoBUIbHEHHS Teuii y pycii p. Hinpo (nepiri Bogocxosuina 0yino modyaoBaHo Ha pidlli
mie B 20-x pokax XX CTOJITTS), NEPETBOPSHHS CTPIMKOT PIKK Ha KACKaJl BOIOCXOBUIII IIPU3BEIIO
JIO €KOJIOTIYHUX HACIIIJIKIB;

- 3POCTaHHS TEMIIEPaTypH Y BOIHUX 00’ €KTaX, BUKIMKaHE TII00aIhHOIO 3MIHOIO KITiMATy;

- HaJUIMIIOK y CTIYHUX BOJAX MPOMHUCIOBHX, arPapHUX MiANPUEMCTB Ta HACENCHHUX ITyH-
KTiB crionyk (ocopy, HITPOTeHY, 3a1i3a, KPEMHIIO Ta OpTraHIYHUX PEYOBUH;

- BUKOPHUCTAHHS B CUTHCHKOTOCIIOJAPCHKOMY BUPOOHHIITBI OPraHIYHUX Ta MiHEPATbHUX
JI0OpUB 3yMOBJIIOE 3a0pynHEeHHS (hochopom.

[ap nBiTiHHSA Boau Moxke csaratu 10 10-15 cM 3aBTOBIIKH, [0 MPU3BOAMUTH O 33TyXU
pubu Ta ii 3arubei.

Puc. 6. Asuwye «ysiminnay 600u Kpemenuyybkoeo 6000cxosunya

J171s1 KOHTPOITIO 32 «UBITIHHSIMY BoAH BUKOprCTOBYIOTH [HAeKe NDVI (Normalized Difference
Vegetation Index) — KiTbKiCHUH MOKAa3HUK aKTHUBHOI (31aTHOI 10 GOTOCHHTE3Y) OiomacH. 3a3Buyait
BIH Ha3MBa€ThCI TMPOCTO BereTauiiHmii iHgekc. lleli moka3HWK HaWdacTilie BCHOTO
BUKOPHCTOBY€ETHCS TIPH BUPILIIEHHI 33/1a4, B IKUX 3aCTOCOBYIOThCSI KUIbKICHA OLIIHKA POCIMHHOTO
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nokpuBy. Ha ceoromai NDVI € Haii0inmeln BKHUBaHMM i1HAEKCOM Yy arpocdepi. 3aBasKu
CYITyTHUKOBUM a00 aepo(OTO3HIMKAM 3'SBISETHCS MOXIUBICTH CIOCTEPIraTd TCHICHIIII 3MIHK
CTaHy MOJIiB, 6€3 HeoOX1THOCTI BUI3My Ha MicIie. TakoX MOKIIMBO BUKOPHUCTOBYBATH BET€TaIlIMHUI
TH/IEKC I MOHITOPHHTY PO3TIOBCIOPKEHHS BOIOPOCTEMH, 110 CIIPUUUHSIIOTE «IBITIHHSD) BOJIH.

[HIEeKC PO3paxOBYETHCS 3a CTANOK (POPMYIIOIO, sIKA BPAXOBYE BC1 MOMKIIMBI MEPEIIKOKA-
1041 (hakTOpH: BijOMBarOYa 3aTHICTh IPYHTY, MOTJIMHAHHS CBITJIa BOASHUMH MMapaMH B aTMOC-
depi. UucneHHi D0ompamoBaHHs MPU3BEIH IO TOTO, IO B PE3yJIbTaTi pO3paxyHKIB MOXKHA
OTpUMATH HAWTOUHIMI JaHi. TaKMM YHHOM, Ha TOUYHICTh OOYMCIICHb BIUTMBAE JIUIIIE SKICTh CY-
MyTHUKOBOTO 200 aepodOTO3HIMKY.

B3zarauni x, po3paxyHok NDVI Ha ocHOBI1 (hOTO3HIMKIB € TOCUTh KOPUCHUM 1 3pyYHHUM 1HCTPY-
MEHTOM JIJIs1 MOHITOPHHTY CTaHy HAaCa/XKEHb, BOIOPOCTEH, OCKUTBKH I1eH 1HIEKC MOKa3ye He JIUIIIE
3araJbHUMN CTaH, a i CTa/Iit0 PO3BUTKY POCIUHHUX KYJBTYD 1 YpaKEHICTh 3aXBOPIOBAHHSIMH.

CranoM Ha croroHi B YKpaini po3paxyHku NDVI 3actocoByroThcs pigko, 60 xoua 11e it He
HOBA TEXHOJIOTis1, MPOTE€ BOHA BUMArae JOCUTh CKIAIHUX Mpoueayp. [Ipore BUkopucTaHHs iH-
nekcy NDVI nae 3mory BifCHiZKOBYBaTH pO3BUTOK BoAopocTeil Ha KpemeHuylbKoMy BOmOC-
xoBuii (puc. 7).

Tpasens 2021 p Jlunens 2021 p.

Il o.s000
Il 1.0000

Puc. 7. Pospaxynok eecemayitinoco inoexcy NDVI eoooiimu (dianaszon 6io -1,0 oo 1,0)

Ha cynymuuxogomy 3HiMky Sentinel 2, kananu 11-8-4 (Pecypcu 0ns ckauy8anHs 3HIMKI6
EO Browser, USGS Earth Explorer)

Ha 6eperax KpeMeHIyIIbKOT0 BOJJOCXOBHIIIA MTOIIUPEHO PO3BUTOK €PO31MHIX MPOIIECIB, X BU-
cota ckinanae 3040 m, ypsucTi. beperosa JiHis miimana, rOJIOBHUM YAHOM ITPOXOIUTH MO KPY-
yamu, po3iteHnMu sipamu. Ha puc. 8 HaBezneHi hoto yz0epexoks KpeMeHuyIbKOoro BOIOCXOBHIIA.

B 2
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. —— i ==
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! 8

Puc. 8. Eposis 6epezie Kpemenuyyvkozo 6odocxosuwya.:
"  ($oTo y30eperKs " Ha CyMyTHHUKOBOMY 3HIMKY Sentinel

(Pecypc mns ckauyBanns 3HiMKIB USGS Earth Explorer)
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Po3Butok 3cyBiB Ta abpasiil IpyHTOBHX NOpia Ha Oeperax KpeMeHuylbKoro BOIOCXOBHILA
CTIPUYMHEHUH MOCTIHHUM BIUTMBOM XBWJIb Ta BOJH. 3€YB — MOPYIIEHHS MPUPOTHOI PiBHOBAru
3aJIsIraHHsl BEPCTB TIPCHKUX MOPIJ 13 PO3PUBOM iX CYIITBHOCTI 1 IEPEMIIIIEHHSIM y TOPU30HTAIb-
HOMY a00 ONTM3BKOMY JI0 HOTO HampsiMi. AGpa3ist — mpoliec pyiiHyBaHHs OeperiB (OKeaHiB, MO-
PiB, BOZIOCXOBHILL, 03€p) Ta 3HECEHHS TPCHKUX MOPiN y Oeperosiii 30Hi XBWIIIME 1 mpuboem. [Ipu
aOpas3ii OeperiB MTYYHUX BOJOCXOBUII, PYHHYBaHHS Ha3UBAIOThH NMepepooKkoro Geperis (puc. 9).

A e sicrynans Sepere

Criia

-

MAopE siw Pk

T ."::iﬁf
= I:frféc"ﬁf_’%li?ﬁn Hima

Puc. 9. Hsuwa 3cysie ma abpasiii
" 3CyB OpOJU = alpa3sis Oeperis

3 MeTo10 0OpOTHOM 3 SIBUIIIAMHU 3CYBIB Ta abpa3iii, 3aCTOCOBYIOTHCS TiAPOTEXHIYHI METOIH
OeperoyKpiruieHHs: KaM sSiHI HaKUI, MIIOPHY, INTYYHI MillaHi IUIDKI 1 TPUMHUBH, OaHKETH 1
OyHH, Ta 1X moeqHaHHA. KpUTHYHO BKIMBO HA JAHOMY €Tarli 3axucTUTH Oepern Kpemenuy-
I[LKOTO BOJJOCXOBHIIA, OCKITBKH IOPIYHO BojIa 3a0upae 2-7 M 6epera. Maiixke TpeTrHa OeperiB
(43,9 xm) moTpeOye TEPMIHOBHX 3aXO[IIB, a JIJIsl YKPIMIJICHHS BCiX HEOE3MEUHHUX JITISTHOK HEOO-
Xi/iHe 3ay4eHHs (piHaHCYBaHHS HE MEHIIE MiTbsipaa rpuBeHs [11; 12]. Ha puc. 10 HaBenenuii
MIPOCKT OEperoyKpirIOBaIbHUX 3axoliB Ha KpeMeHUyIlbKoMy BOIOCXOBHIII, BUKOHAHHUX B
paiioni c. Mo3zomniiBka [ 1o6uHChKOTO paiiony y 2020 p. (BapTicTb OeperoykpimieHHs 1 kM ckiia-
nae 6mu3pko 30 MITH TpH).

'y
i [T

| B PUCERTOE LI LK) 4 VNI
Puc. 10. bepecoykpinnenns Kpemenuyyvrkozo eooocxosuwa 6 paiiowi c. Mo3oniiska

Kpim BukoHaHHs OeperoykpirmitoBaibHuX poOiT Ha KpemMeHdyIibkoMy BOAOCXOBHILI, aB-
TOPH TPOIMOHYIOTH MOOYTyBaTH HACHITHI 1 HAMHUBHI OCTPOBH Ta IMIBOCTPOBH, KaHAIU. TaKuit
miaxia 3a0e3neunTh moriaubaeHHs nHa KpeMeHuyIbKOTo BOIOCXOBHINA, CYTTEBO MOJIMIIUTH
€KOJIOTIYHUN CTaH BOJ 1 BUBUIBHUTH JIJIsI TOCTIONAPUYOTO BUKOPUCTAHHS TUCSIYl TeKTap PEKYIIb-
TUBOBAHHUX 3€Melb. 3aCTOCYBaHHS BKa3aHUX MPUHOMIB MOIIMPEHE y CBITOBIM MPAKTHUII Ta 3a-
0e3MeunTh CTBOPEHHSI HOBUX TEPUTOPIH JJIs piHOMaHITHUX 1itei. Ha puc. 11 ta 12 HaBeneHi
MPUKIAIU TOOYIOBY IITYYHUX OCTPOBIB, JUISHKH HA SIKMX KOPUCTYIOTHCS BEJIMKUM TTOMTUTOM.

HuHi ¢popMyBaHHSIM MITYYHOTO CYXOIOTY 3aiHATI BUEHI TiAPOJIOTH 1 Oy MiBEIbHUKN Oara-
THOX KpaiH cBiTy. Micta Cinramyp, Porepaam, I'onkonr, Cankr-IlerepOypr, Mukomnais, Uep-
Kacu, XepcoH, Monako, [ly0aii i 6araTo iHmIMX BOa4arOTh MEPCIEKTHBU PO3BUTKY B HAMHUBHUX
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TEPUTOPIAX. AHATI3 JOCHIHKEHHS IMOMH YacTHHU KpeMeHuylbKoro BOZOCXOBHILA MTOKa3ye
PAI ICHYIOUUX JIJSTHOK MIJTKOBOJIS, SIKI JOIUIBHO PEBITANI3yBaTH IUIIXOM Meopartii, ocy-
HIeHHs, Oy/AIBHUIITBA CYXOAOJy 332 PaXyHOK HaMHBY 1 BIJICHIIAaHHS Ta BUKOHATH BiJIBEICHHS
TaKUX 3e€MeJb IS peKpeartii, )KUTIOBOI 1 TPOMaJIChKOI 3a0yI0BU, TPAHCIIOPTY, EHEPTETUKH,
JicoBoro (hoHay TOIO.

Puc. 11. Apxinenae , saikuti eknouac Puc. 12. Apxinenae 3 13 wmyunux ocmpogis
6 cebe mpu "nanemu" - [ocymetipa, Ilyppam-Anv-baxpeiin (baxpeiin,
Ioicebenv Ani i Ilanvma Jetipa (OAE, [y6aii, Iepciticoxuti 3a1us)

Ilepciticokuti 3a1us)

ABTOpHU NPOTIOHYIOTH TOOYAYBaTH HAMUBHI 1 HACUIIHI OCTPOBH, IIBOCTPOBH Ta KaHAJH, 1110
HAJaCTh MOXKJIMBICTh, TOMIMOMBIIN THO KpeMeHuyIbKOro BOJOCXOBHIIA, ICTOTHO HE TITBKH
HOJIMIIUTH €KOJIOTIYHHIA CTaH BOJ, aje 1 BIIBECTH y TOCIOAAPYE BUKOPUCTAHHS THCAY] TeKTap
peKynbTHBOBaHUX 3emenb (puc. 13). [IpoekT mocsrae coriaabHUX, €KOJOTTYHUX Ta KOMEPITIH-
HUX IJIeH, B paMKax MoOyJOBH HACHITHO-HAMHUBHOTO KOMILIEKCY SIpeMieBChbKi Kyuyrypu (Ha
TEPUTOPIAX 3aToIIeHUX ci TuMmueHnku Ta BepemiiBka (icropuuna Ha3sa 10 1917 p. SpemiBka),
3 BUJUICHHSM 3a0y/I0BaHOTO MIBOCTPOBa SIpeMiBChKil Ta apXinenary HaMUBHUX OCTPOBIB pi3-
HOTO ITIJThOBOTO MPU3HAYCHHS: COHSYHI €JIEKTPOCTAHIi, BITPOCHEPTeTUYHI CTaHIIii, KU TIOBI
KOMIUIEKCH Ta 0a3u BiJNOYMHKY, IOPTOBI, TPAHCIIOPTHI Ta CIIOPTUBHI CHOPYIH, SAXTOA3H, BIT-
pPOJIOMHI JIICOBI HacaJpKEHHs, puborocnogapchki 00’ exktu. HeoOxiagHO Ha JepkaBHOMY piBHI
PO3pOOUTH Aep>KaBHY POTrpaMy PeKOHCTPYKIii BOJOCXOBHIIA, IKA MAIOUU €KOJIOTIYHUH Ta CO-
[iaJIbHUHA HAMpsM MOBUHHA BU3HAYUTH PO3MIIIEHHS, XapaKTEPUCTHKHU, BUJIA PEBITAII30BAHUX
TEPUTOPIH 1 CrIOCIO OCBOEHHSI.

HayxoBo oOrpyHTOBaHMIA MPOEKT OyIBHUITBA SIPEMIBCHKOTO KOMIUIEKCY 3a0€3MEeUnTh Te-
XHIUHY 1 €KOJIOTIYHY CTIHKICTh CIOPYH, X €KOJOT1YHICTh Ta €CTETUYHICTh, EKOHOMIUHY BUBa-
JKEHICTh MPOEKTHUX PIIIeHb Ta 0e3MeuHicTh 00’ekTa. Jlo 3aTomieHHs Ha BKa3aHid TepHUTOPii
3HAXOIWJIMChH XBOIHI JIICH 1 MiIIaHI Ky4yrypu (ropOu), Mae Milane JHO, TOMY 3alpollOHOBaHA
TEPUTOPIS MPUJATHA 17151 3a0YI0BH 1 OCBOEHHS.

TexXHONMOT1YHO BBAXKAETHCS 3a IOLIbHE KOHTYPH HOBUX MAaCHBIB BUCUIIATH KAMIHHSAM CTBOPHU-
BIIIM J1aMOM, BUKOHATH OCYIICHHSI TEPUTOPIi, T€OJIOTIUH1, apXEOJIOTi4HI Ta T1APOJIOTIYHI BUIITYKY-
BaHHS1, MOOY/yBaTH KaHAIM 1 IpEHaX, Mepe10aunuTH BOIHI 1 TPAHCIOPTHI IIUIAXU CIIOTYUYCHHS.

3Tr1J1HO 3 TEHIUTAHOM 3a0y/I0BH, JUISTHKH 11171 Oy/1iBJIl 1 CHOPY/IY HE BIJICUTIATH, a TOOYTyBaTH
JUIS HUX CBalHI MOSICH 1 KapKaCHI OCHOBH, 3alIPOEKTYBAaTH IIOKOJIbHI OBEPXH 1 MiTOTYBATH JI0
HaMUBY JIMIIIEC TPUOYIUHKOBI TEPUTOPIi, 3eMJIl 3araJbHOTO Ta PEeKpeariiHoro KOPUCTYBaHHS,
NpU3HAYEH] il 3aTiCHEHHS], 8 TAKOXK IPOMHUCIIOBOTO 1 TPAHCIIOPTHOTO OCBOEHHS.

[Timani HaMUBHI TPYHTH TOBIIMHOIO 5-6 MeTpiB, GOPMYIOTh OararomnrapoBy HaJiiHY OC-
HOBY (KyT BHYTpIIIHBOTO TepTs 28-36, monyns nedopmanii 28,0-35,0 MIla); a came:

I-ro mapy: BuIe piBHS BOIHOT MOBEpXHi 3-4 METPH, 1[0 CTaHE IIIJTLHUM 1 HE TPOCIIaTHME;

[I-ro mapy: micky 1,5-2 M — 3aJaMIIATUMETHCS] BOAOHACHYEHUM 1 IMyXKUM 0arato pokis,
HEOOX1JHO MPOIIUBATA CBAWHUMHU TOSCAMH;
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[II-ro mapy: 1Ha BOJOCXOBHILA J€ MOXKYTb 3aJAratu Topd, IJIMHA 1 iHII OCHOBH, 110 Oy-
IyTh Tpocinatu 1me 6araro pokis (1,5-4 metpn);

[V-ro mapy: anroBiaJIbHUX MICKiB, 1110 3a0€3MeUyI0Th CTIMKICTh TEPUTOPIM.

HamuBHU# rpyHT (I1iCOK) 3 THA BOJAOCXOBHIIA, TOBUHEH 3a0MpaTHCs 3 TTiIBOTHUX Kap’ €piB
3 BIJIAJICHUX JUISHOK, SIKi OyayTh BU3HAYE€HI 3TiJHO MaTeMaTHYHO BUCOKOTEXHIYHOI MOJEN,
K1 HeoOX1THO ToOy/IyBaTH 3 BpaxyBaHHSIM MEPCICKTUBHUX BOIHUX IIIAXIB, Ta HEOOX1THICIO
OyIlIBHUIITBA 3UMYBAJILHUX SIM JUTsl pUO.

HamuBHI rpyHTH 3 CBalHUMH IMOSICaMHU Ta 3aJ1i300€TOHHUMH KapKacaMmu, MaloTh BUCOKY
NIPOTHO30BaHy HECYYY 37aTHICTb.

BuxoprcTaHHs 1erenTbHO-MOHOMITHHX TEXHOJOTIH 3 TTOCTaBKOIO OUIBIIOCTI Oy/liBEThHUX
MarepialiB 3 THA BOJAOCXOBHUIIA «TUIABYYHMH MUJIECOCaMI» C(HOPMYIOTh TPaHCIIOPTHO-JOCTY-
ITHY aKBaTOPIIO 1 MPOKIJIAAa0Th BOJHI IIUIAXH, TA CIIPUATUMYTh ()OPMYBAaHHIO BOJAHUX TEUil.

Ha nepxaBHOMYy piBHI BOa4aeThCsl HEOOXITHUM HaIlpaBJICHHS Ha yKa3aHi Tl IS 1HKCHe-
pHO1, TPAHCIIOPTHOT Ta COIliaIbHOI 3a0y/I0OBH YACTHHY OFO’KETHUX KOIITIB.

HeoOxigHo mepen0auynTy 3aiiCHEHHS TEPUTOPIi BITPOJOMHUMHU 3aXMCHHMH HACa[KEH-
HSIMH, OCOOJIMBO 3 MIBHIYHO-3aX1HOI CTOPOHH, Ta OyTIBHUIITBO JIOPIT JEPKABHOTO 3HAYCHHS,

Hepkacm

_ "Apemiscoki
KpemeH4Yyuybke Ky4qyrypu"

godocxosuwye

Puc. 13. Cxema-npono3zuyis no6y0o8u HacunHo-HamMuU8HO20 KOMHIEKCY
«ApemiscoKi Kyuyeypu» Ha miikoeo0oi Kpemenuyybkoeo 6ooocxosuya

[TpobneMHM MUTAaHHAM 3ATUIIAETHCS HEBPETYIHOBAHICTD MPABOBUX MMUTAHb MO0 PEKYIIb-
THBAIlii MIJTKOBOJHOI YaCTHHHU BOIOCXOBHINA 3 TIOHOBJICHHS CYXOIOJNY 1 TIOBEPHEHHS IOJIMHU
Juinpa B monepenniii crad. HeoOxinHO BHecTH B 3eMenbHUIA 1 BogHuil Konekcu nmpaBoBi HOpMU
110710 YMOB MPUITUHEHHS ICHYBaHHSI YaCTUHH BOJTHOTO 00’ €KTY 1 3MiHY iX IIITbOBOTO MPU3HAYCHHS
Ta BiJIBEICHHS 3eMeJb B 1HIII KaTeropii (3eMiIi )KHUTIOBOI 1 TPOMaJIChKOi 3a0y/I0BH, JTICOTOCTIONAP-
CBKOTO TIPH3HAYEHHs, peKpeallii, TPaHCIIOPTY, EHEPreTHKH, MTPOMHCIOBOCTI, CLIBCHKOTOCIIOAAp-
CBKOT'0 MPU3HAYEHHSI, TPHPOI0-3AIIOBITHOTO Ta 1HIIIOTO PHPOIOOXOPOHHOTO PHU3HAYESHHS TOLIO).
VY pe3ynprari KamitaabHOTO OyIiBHUIITBA Ta PEKYJIBTHBALll MIISIXOM OyIiBHHUIITBAa KaHAJIB 1 Ipe-
HaXYy 13 3eMeJb BOIXHOTO (hOHTy MOXKIIMBO CTBOPUTH NMpHUBAOINBI ypOaHiz0BaHi TEPUTOPII.

BucHoBkmu.

1. BupimieHHs €KOJOTiYHUX TPOOJIeM IITYYHUX BOJOCXOBHII BUMArae HEBITKIAIHUX id
10710 TX PEKOHCTPYKITT NUISIXOM OeperoyKpirieHHs, TOTHOICHHS, 3SMEHITICHHS TUTOIII 3aTOTUICHb,
PEKyJIbTHBALIlT MUIKOBO/Ib, CTBOPEHHS IIITYYHUX OCTPOBIB Ta iX MONAJIBIIOTO BUKOPHUCTAHHSI.

2. ByniBHUIITBO KOMIUIEKCY «SIpeMiBChKI KydyTrypu» Ha OCYIICHMX MIUIKOBOIIAX J03BO-
JIMTb MIOBEPHYTH Y BUKOPUCTAHHS TUCAY1 TeKTapiB KOPUCHHUX 3€MeJIb Ta CTBOPUTH ypOaHi30BaH1
TEPUTOPIi.
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3. IlocTymoBe 3HMKEHHS PIBHS LITYYHUX BOJAOCXOBHII CIIPUATUME 3MEHIIEHHIO X IJIONI
Ta JIKBIIAnil MUIKOBIAb.

4. BUKOHaHHS 3alIPONOHOBAHUX PILIEHb 100 PEKOHCTPYKIi, ik KpeMeHuynpkoro Tak i
IHIIMX BOJOCXOBHUIII, MPU3BEJE 10 MOJIMIICHHS X €KOJIOTIYHOrO CTaHy Ha IUIAXY A0 MiJBH-
IIEHHS OJaronoayvust yKpaiHIliB.
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PROBLEMS OF ECOLOGICAL CONDITION OF KREMENCHUK RESERVOIR
AND WAYS OF OVERCOMING THEM

In recent decades, the problems of the ecological state of the environment increasingly concern the modern population
of the globe. The growing threat of global warming, melting glaciers, and climate change require emergency measures in all
states of the Earth's territory.

Comprehensive monitoring of the ecological state of the rivers of the Dnieper basin confirms the need for urgent measures
aimed at improving the ecological state of the environment (including modern reservoirs), which will contribute to the im-
provement of the state of reservoirs, as well as allow the use of vacated land for other purposes.

Analysis of the latest research and publications devoted to the problems of monitoring the ecological state of water bodies
confirms the need for further development of solutions to the problems of modern water reservoirs.

The purpose of this work is to analyze the ecological condition of the Kremenchug Reservoir and propose ways to improve it.

This paper, based on observations of the ecological condition of the Kremenchug reservoir, the destruction of its shores,
reducing depths in large areas, considers proposals to improve the ecological condition of the reservoir, create artificial areas,
gradually reduce its depths to reduce areas with critically shallow depths. Flooded areas to lands of housing and public build-
ings, recreation, forestry, transport, energy, industry, agriculture and environmental protection

Keywords: Kremenchug reservoir; ecological condition; environment,; Dnipro river; Dnieper basin.

Fig.: 13. References: 12.

Tepemyk O., Mosenxo B., Illep6ax 1O. IIpo6aemu exonorignoro crany KpeMeHIyIbkoro BOJOCXOBHINA Ta NUIIXU IX mofgonaHus. Texniuni
nayku ma mexrnonoeii. 2023. Ne 2(32). C. 407-416.
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OCHOBHI BUMOI'1 1O O®OPMJIEHHA TA IIOJAYI PYKOIIUCIB
HAYKOBHUX CTATEH IO HAYKOBOTI'O XKYPHAJY
«TEXHIYHI HAYKH TA TEXHOJIOI'1I»

IIlanoBHI KonKCyBayi!

Jyist moTaHHs CTAaTTI HEOOX1THO CIIOYATKY HaJICIaTH CTATTIO Ta iH(QOpMaIlio mpo aBTopa,
3 SIKUM KOHTAKTYBaTH MIOA0 MyOJiKkalii cTaTTi, 0)OpMIICHI 32 BCTAHOBICHUMH BUMOTaMH, JJIsI
MOTIEPETHHOTO PO3TIIALY PEAAKIIIMHOI KOJIETiEr0 )KypHaATYy « TeXHIYHI HAYKH Ta TEXHOJIOTII.
3a yMOBH BiJIIOBIAHOCTI CTATTi CIEUIALHOCTSM, 32 SIKUMHU aKpeAUTOBAHO JKyPHAJ, BiMIOBII-
HOCTI HOpMaM aKaJeMivyHO1 JOOPOUYECHOCTI 3a pe3yJIbTaTaMH MEPEBIPKHU Ha IjIariaT, MO3UTHB-
HOI He3aJIeXKHOI pereHsii Bil MPU3HAYEHOT0 PelakLiiHOIO KOJIETIEI0 PELEH3EHTa, CTAaTTs PO3-
MIIYETHCS B MAKET1 KypHAITY.

Penakiiiina koseris 3a0e3nedye po3riisij Ta He3aJIeKHE PEIeH3YBaHHS MOIaHUX J0 MMy0Ti-
Kallii MaTepiaiaiB BUSHUMHU, SKi MalOTh HAYKOBHIA CTYIIIHb Ta 31HCHIOIOTH TOCIIKCHHS 32 CIIe-
1aJbHICTIO, 110 BIATOBIa€ TEMATHII TOJJAHOTO IS Iy OITiKaIlii MmaTepiaiy, i € aBTopamMu (CITiB-
aBTOpaMM) 3arajJbHOI0 KUIBKICTIO HE MEHIIE TPhOX MyOJiKaliii y HayKOBHUX BHJAHHSX,
BKJTFOUCHUX JI0 KaTeropii «A» ta/abo kareropii «b» [lepeniky HaykoBux ¢haxoBUX BUAAHb YK-
painm, Ta/abo y 3aKOpJOHHMX BHAAHHSX, MpOiHAEKcOBaHMX y Oa3ax manux Web of Science
Core Collection Ta/abo Scopus 3a BiJIIMOBIIHOIO CHEIaTbHICTIO, OMPUIIOJHEHUX YITPOIOBK
OCTaHHIX II’TH POKiB.

Ony0nikyBaHHS HAYKOBUX CTaTel y skypHai « TeXHIYHI HayKH Ta TEXHOJIOTI» € TIIaTHUM.
Bapricts my0Gmikariii HayKoBOi CTaTTi CTAHOBUTb:
- 60 rpu/1 cTopinka (3a yMOBH, SKILIO aBTOpaM MOTPiOHA MarepoBa Bepcis )KypHaIY);
- 40 rpu/1 cropinka (3a yMOBH, SIKIIIO aBTOPaM JIOCTaTHLO €JIEKTPOHHOI BEPCii )KypHAITY).
Ocrarouna BapTicTh myOJiKaii (POPMy€ETHCS MiCiIsi TOTOBHOCTI €JIEKTPOHHOTO MAKETY XKyp-
HaJTy Ta MOBIIOMJIIETHCSI aBTOPY, BIAMOBITAIBHOMY 3a MyOumikariito crarti. Omiara miaTBepIKy-
€THCSI KBUTAHIIIEIO.

YMOBH ITYBJIIKAIILI, BHMOTH 11010 O®OPMJIEHHA CTATEH, PEKBIZUTH
OITIATH TA OCTAHHI HOMEPH HAYKOBOI' O JKYPHAJY « TEXHI9YHI HAYKH
TA TEXHOJIOI'II» POSMIIIEHO HA CAHTI»: http://tst.stu.cn.ua/

KonTakTHa indopmaunis:

Mopo3 Haranis BiktopiBaa

Ten. mo0.: (0462) 665-225

E-mail: tst.technical.sj@gmail.com

BinnoBinaabHicTh 32 MaTepiaiu, HaBeJdeHi y CTATTi, Hece aBTOP.
HenpaBuibHo o(popMIIeHI aBTOPOM CTATTS Ta CYNPOBi/IHI JOKYMEHTH,
1[0 He BiANOBIa0Th 32a3HAYEHUM BUMOIraM, PO3IJisiiaTucs He Oy1yTh.

Peoaxkyis poszensoae naoxooxcenns nyonikayii ma cynpogioHux 0OKyMeHmie

AK 3200y oonucysaua (i8) w000 nepeodayi agmopcbKo20 NPasa Ha GUKOPUCTIAHHSL MEOPY
(mupasicysanms, po3no8croONCeHHs. Moujo).
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