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IMPOEKTYBAHHA CUCTEMHA KEPYBAHHS IPOHA
Y CKUIAAI 3BAXUCHOI MYJBTUATEHTHOI CUCTEMHA

Y emammi npedcmasneno pesynomamu Hayko8o 00CHiONHCeHHA ICHYIOYUX apXimeKmyp cucmem Kepysanius oponie. Hage-
OeHI nPUKAOU 3aCMOCY8AHHS YUX APXIMeKmyp y PearbHux npucmposix. Buoineni ma nasedeni ocHosHi cmpyKkmypHi enemenmu
MUNnogux cucmem Kepyeanns. Busnaueno ocnoeni sumocu 0o cucmem Kepy8anHs OpOHOM y MYyIbMuazeHmuii cucmemi. 3anpo-
NOHOBAHO APXIMeKmypy cucmemu KepyearHs OpoHOM HA 6a3i 0OHONAAMHO20 MIKPOKOMN 1omepa ma npozpamuo2o 3abesne-
YeHHSI CUCeMU KepyBaHHs OPOHOM Y Myabmuazenmuiil cucmemi. [Iposedena oyinka npooyKmueHOCmi cucmemu Kepy@amHs
OpoHa npu 6UKOHAHHKI 3a0ay 06pobKu ma po3nizHaants ayodiocueHary. O6IPYHMOBAHO NOOANLUUL HANPIAMOK PO3GUMKY (DVH-
KYIOHaNa 3anponoHo8aHoi apximeKmypu cucmemu Kepy8aunus OpOHOM y CK1aoi poro.

Knrouogi cnosa: mynemuacenmua cucmema; pitl OpoHis; ooHoniamuuti komn romep; BIIJIA; nonvomuuii konmponep;
Hetipomepedica.

Puc.: 10. bion.: 18.

AKTyaJibHICTh TeMH AocaifzkeHHs. [1IBuaki TexHiuni po3poodku 3podunu BIIJIA nHaba-
raro OB TOCTYITHUMH i IIUPOKO BUKOPUCTOBYBAHUMH 3BUUAHIMH JIFOIBMH, @ TAKOK KOME-
puiiinumu kommnanisMu. Kuraii nepeOyBae nonepeny B cermenTi BIIJIA, BUkoprucToByBaHOMY
JUIS pO3Bar, a yBary kpaiH €spormnelicbkoro Coro3y HanpaBlIeHO Ha CTBOPEHHs OE3MiIIOTHUKIB
LUBUIBHOTO H ypsoBoro BukopuctanHs [1]. Takox BIIJIA cTatoTh iHCTpyMEHTOM BifiCHKOBHX
niit. 3rigHo 3 iHdopMalliero 13 3aranbHon0CTYHUX mkepen Crnonydeni Ltatu it [3paine gomi-
HYIOTb Y O€3MiJIOTHOMY BiliCbKOBOMY TE€XHOJIOTIYHOMY cekTopi [2].

be3ninoTHi anapaTti BUKOPUCTOBYIOTHCS TAKOXK 1 JJIs1 TEPOPUCTUYHUX aTak. OCTaHHI MOAI1
MOKa3aJy, 1110 0COOJIIMBO HEOE3MEUHUMU 111 aTaKU €, KOJIM TEPOPU3M HaOyBa€ AepKaBHOTO PIBHS
1 KUTBKICTh O€3IMIJIOTHUX arapariB MOXKE CSITaTh COTEHb. Y pe3ysbTaTi OC3MUTOTHUKH SIBISIFOTh
CEpHO3Hy 3arpo3y Ajisi HEOTOPKAHHOCTI MPUBATHOTO JKUTTSA, @ TAKOXK CTABIATH 1] 3arpo3y
YCTaHOBH, 5IK1, TIOIPU HAsBHICTb 3aXMCHUX CIIOPY/ 1 IHIIKUX CUCTEM Oe3IeKH, He B 3M031 3aXu-
CTUTH ceOe Bl BTOPTrHEHHsI O€3MIJIOTHUX arapariB Ha IXHIO TEPUTOPIIO.

ITocranoBka npodaeMu. BoueBuab NMPOTUCTOATH BENUKiH KUTBKOCTI OE3MUIOTHHUX arapariB
e(eKTHBHIIIIe, BUKOPUCTOBYIOUM HE OIMHUYHI JAPOHHU, a TPYIH JAPOHIB, M0 (PyHKIIOHYIOTb 32 pO-
fioBumu nipaBuiamu [3]. JpoHU B poi B3a€MOIIOTh MK cOO0r0, OOMIHIOIOTBCS 1H(OPMAITIEIO Ta
KOOPJMHYIOTH CBOI ii. Lle 103BoIsi€ 30UIBIINTH MIBUKICTH pearyBaHHs Ha MO/il Ta €eKTUBHICT
y TOPIBHSAHHI 3 MOOJMHOKUMHU JIpoHaMH. AJie poOoTa B IpyIi BUMarae BiJl APOHA BiIOBITHOCTI
MIEBHUM BUMOTaM, 10 MPU3BOIUTH O HEOOX1THOCTI pO3POOKH HOBOTO amaparHOro Ta MPOorpam-
HOTO 3a0e31edeHHs. 30KpeMa I1€ CTOCYEThCSI CHCTEMH KepYyBaHHsI, OCKUTBKH B OTMHUYHUX JIPOHAX
cucTeMa KepyBaHHS Mae JTyxke OOMeKeHUH (PYyHKIIIOHAJ, HaJlallITOBAaHWH Ha aBTOHOMHY pOOOTY.
ToMy MOTPIOHO POBECTH aHAITI3 HAWOUIBII PO3TMOBCIOMKEHUX apXITEKTYP CUCTEM KepyBaHHS Cy-
YacHHX JIPOHIB, c(hOPMyBaTy BUMOTH JI0 CHCTEMH KEPYBaHHS JPOHA, M0 BXOIHTH JIO CKIAIy post
JIPOHIB, Ta HA OCHOBI IIMX BUMOT 3alPOIIOHYBATH apXITEKTypy CUCTEMHU KepYBaHHS JpOHA Y CKIai
MYJIBTHAr€HTHOI CUCTEMH, SIKa SIBIISIE COOOI0 Piif JPOHIB.

© B. B. Kazumup, A. 1. Porosenko, O. O. Kapacs, 2024
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AHaJi3 oCTaHHIX HOCTiIKeHb i myOsikamii. Y Ham yac iCHye T0CTaTHRO CIOco0iB 00-
poThOM 3 He3akoHHUM BToprHeHHsM BITJIA Ha Teputopito, mo oxopoHseThcsa. Hanmpukian,
xomnanist «Amba Defencey, o po3ramnioBana y BennkoOpuTanii, 3aiiMaeThcsi BAPOOHUIITBOM
JPOHIB, K1 3a0€3MeUyI0Th OXOPOHY 00'€KTIB 1 TepUTOpPi y 6ararbox KpaiHax. AMepUKaHChKa
xoMmmaHisa «Optelliosy» Bumyckae OXOpOHHI CUCTEMH 3 BOJIOKOHHO-ONITUYHUMH CEHCOpPaMH, 3a-
BISIKU SIKMM TaKOX OPTaHI30BY€ThCS BUSABICHHS HECAHKI[IOHOBAHOTO JIOCTYITYy Ha 00'eKT [4].

SAnoHchka KoMITaHisi «SECOMy MPOIOHYE KIIIEHTaM CBOIO CUCTEMY OXOPOHH BJIACHOCTI 13
3aJTy9EeHHSIM aBTOHOMHOTO po00Ta-IpoHa, SIKUH IMiTHIMETHCS B MOBITPS Y BUTIAAKY CIIPAIIbOBY-
BaHHS IITATHOI CHCTEMHM CUTHami3alii. ¥ 1iii cucremi eauHa GyHKIiS poOoTa-IpoHa IoJsarae y
BUKOPUCTaHHI HEBEJIMKOT BIJICOKAMEPH, JIaHi 3 K01 MePEIat0ThCs HA MYJIbT OXOPOHH. Y TaKHid
croci6 ciBpoOITHUKY "Secom" MOXYTh IIBHKO OLIHUTH CUTYAIlil0 Ha MICIII HECAaHKIIIOHOBA-
HOTO poHUKHEHHS. [Iporpamue 3abe3neueHHs 103BoJIsIE pOOOTOBI BUSBUTH IT1103PLIOTO CYO'-
€KTa i BECTH 32 HUM CIIOCTEPEIKEHHS. Y BHITJKy BUSBICHHS Ii03p1JI0Or0 aBTOMOO1Is Oe31ri-
JIOTHHK TIOYHE CIIpoO0y 3a(ikCyBaTH HOMEP TPAHCIIOPTHOrO 3acoly [5].

CropoyxoBwii ApoH KomraHii "Aptonomy", 0 € MEPCIEKTUBHUM aMEPUKAHCHKHM CTa-
pTamnom, Moxe OyTH BUKOPUCTAHUN JJIsl OXOPOHHU MPUBATHOI TEpUTOPii a00 BUPOOHUYUX MPH-
MileHb Bij BToprueHHs [5]. Tumosa npoueaypa oxopoHu 00'€KTiB, SIK MPAaBUIIO, BEIETHCS 0XO-
POHIISIMHU, SIKI PETYJIIPHO OOXOAATH JOBIpEHI TepHTOpii, a0 X CTOPOKOBUM coOakam i
CHeliaJIbHAM CHCTEMaM CITOCTEPEKEHHS. «APtONOMY» MPOMOHY€E CTOPOKOBI APOHH, 5IKi 320€3-
MEYyIOTh OUTBIN HATIHY OXOPOHY 3 MEHIITUMH BUTpaTaMu. J{J1s1 IbOTO CTOPOXKOBUH APOH, 3p00-
JICHUH TIO THITY OKTOKONTEpa, Ma€e MPOOIMCKOBI MasTYKH, JIBa TYIHOMOBIII 1 TpoxkeKkTop. Kpim
TOTO, armapar OCHAIlleHUH BiJJEOKaMEPOI0, KaMEpOI HIYHOro OadeHHs W TerioBizopoM. [poH
OCHAIIIEHU} aBTOMAaTUYHOIO CHCTEMOIO MiA3apsSAKu. SIKIO MmiJl yac maTpyitoBaHHS 3aps]] HOro
AKyMYJIITOpa 3HU3UTKCS 70 JIEKUIBKOX BiJICOTKIB, amapar MOBEPHEThCS Ha 0a3y i caMOCTIHHO
ia'€THATUCS 10 3apsiTHOTO 00IaTHaHHS. 3a TOTIOMOTOI0 CIEialIbHOTO MYJIbTa KepyBaHHS OT1e-
parop Moke HaMaJIOBAaTH TUIaH MATPYITIOBAHHS TEPUTOPII i epenaTn HOro CTOpOKOBUM ama-
param, TicJsl IbOTO BOHU OYIyTh BECTH OXOPOHY B aBTOHOMHOMY pexumi. [Ipu BusBIeHHI Mo-
PYLIHHKA JPOH 3aBUCHE Ha JISSKii BiZCTaHI BiJ] HbOTO i MOMEPEIUTH CIIaIaxaMH MPOOIHCKOBUX
MasyKiB, OJHOYACHO amapar BKIIOYHUTH Bifieo3anuc. K110 MOPYITHUK HE BiJpearye, IpoH Mo-
YHE [POrpaBaTH yepe3 r'yyHOMOBLII 3a3/aJIeT1/b 3alicaHl MonepeIKyBalibHi (hpa3u, BKIIOYUTh
MPOKEKTOP 1 HAIIPaBUTh WOT0 MPOMIHb Ha LJIb. 3a OLIHKOIO «Aptonomyy», uux aii Oyne mo-
CUTh, 1100 3amo0IrTH OUIBIIOCTI MopyeHHsaM. Kpim Toro, oneparop 3Moxke 0e3rnocepeaHbo
3B'13aTUCS 3 TOPYLUTHUKOM Yepe3 TYYHOMOBEIIb anapara.

o crocyeThes Oe3mocepeIHbO CUCTEMHU KepyBaHHsI, TO B pOOOTIi [6] 3apornoHOBaHO TaKi
BU/IU PI3HUX apXITEKTyp cucteM kepyBaHHs rpyn BIIJIA, siki Mo)kHa BUKOPHCTOBYBATH ISl CH-
CTEM 3axXHCTy Ha OCHOBI poro ApoHiB. [lepenycimM MponoHyeThCS EHTPai30BaHE YIPABIIHHS
3 JlimepoM, sikuii Kepy€eThCs LIEHTPATBHOI0 CUCTEMOIO (TIIJI0TOM a00 CUCTEMOIO Ha OCHOBI IITY-
YHOTO 1HTEJIEKTY) 3 MOCTIIHOI0 MiATPUMKOIO 3B'13KY. OCHOBHUMH MOXKJIMBOCTSIMH B IIiil cuc-
TeMi € TIOCTiiHe KepyBaHHs Ta KOHTPOJb 3a oqHUM BIIJIA, kUil KOHTPOIIOE BCIO TPYITy Ha
CTaI[lOHapHOMY 00'€KTi, 1110 MOKe OyTH BaXKJIMBUM B CUTYaIlil, KOJIU HEOOX1IHO MaTH 0COOIMBO
JeTaJIbHUNA KOHTPOJIb HaJl TpyIoro. J[onaTkoBoi rHyYKOCTI HaJa€ MOXJIMBICTh MIHSATHU Jijiepa
IiJ] Yac BUKOHAHHS 3aBJaHHSI, [0 HAJIA€ MOXIIMBICTH IMPOIOBKYBATH POOOTY Y BHITAJIKY, KOJIH
JJep TPy CTaB Hele3MaTHIM a00 KOJIH 3 HUM OyJ10 BTpadeHo 3B's30K. OCHOBHUM HEJIOJIIKOM
IIBOTO IIJIXOY € HeOOXITHICTh MaTH MOCTIMHMIA 3B'SI30K 3 IIEHTPAIBHOK CHCTEMOIO, 10 MOXKE
OyTH TIOTQaHUM BapiaHTOM Yy CYKYMHOCTI 3 BUKOPUCTAHHSM JOJATKOBUX CHCTEM 3aXHUCTY BiJ
JPOHIB, SIK1 IIYIIATh 3B'30K 3 LIEHTPAJIIBHOIO CUCTEMOIO.

[t miaxin monsirae B AenieHTpalnizoBaHoMy ynpasmiaHi 3 Jlimepom. s apxiTektypa Ha-
JTa€ MOXJIMBICTh HA3HAYUTH JIijiepa TPYNHU JI0 TOTo, SIK i1 OyJe BIANpaBIe€HO HA BUKOHAHHS 3a-
BIAHHSI, aJie Jaii 3B'sI30K 3 TPYIOI0 He Oyae mpoaoBxkyBatucs. Jlimep Mae yxBamtoBaTH BCl pi-
[ICHHS TPYIIHA CAMOCTIHHO Ha OCHOBI 1H(OpMAaIIii, 0 MPUCHIAIOTHCS IHIIUMU apoHamu. [lpu
BUXO/I1 31 CTPOIO Jijiepa IpyIa MOKe aBTOMaTHYHO BUOpaTH HOBOTO JIiJepa.
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[Ile omHe pilIeHHS - KOJIGKTUBHE CAaMOBPSITyBaHHS 3 0OMIHOM 1H(GOpMaIli€ro (MyJIbTHATCH-
THa apxiTekTypa). Jlana apxitekrypa poouts Bci BIIJIA piBHUMH 32 3HAUEHHSAMH Ta 3MYIIYE X
oOMiHIOBaTHCS 1HGOpPMAILIiEr0 MK co00r0. Ll cucTema € rapHUM BapiaHTOM IS 3aXHUCTY CTa-
[iOHapHUX 00'€KTIB y BHIIAJKaX, KOJHM MIBHJKICTh pearyBaHHS OKPEMOTO JIPOHA € BAXKJIMBUM
daxTopom. fAxmio okpemuii BITJIA orpumye 31 CBOiX AaT4nKiB iHPOpMAILiIO, Ha SIKY MOTPIOHO
IIBUJIKO pearyBarH, TO JPOHA HE MOTPIOHO BIAMPABIATH iHPOPMAIIIO JiAepy IPyIH, a MOTIM
YeKaTy Ha BIMOBIIb 3 PIICHHSIM BiJl HBOTO. 3aMiCTh I[LOTO JPOH MOXE BIAMPaBUTH iH(HOpMa-
10 TPYIIi Ta CAMOCTIHHO IPUHHATH PilIEHHs I cebe Ta Ha OCHOBI IbOTO MTOPEKOMEH TyBaTH
IHITAM JPOHAM YXBaJIFOBATH BIAMOBIIHI PIIICHHS.

Takox po3rIsAaeThCsl NEUEHTPai30BaHE KePYBaHHA 3 PO3BiIKOI0 (200 3 MPOrHO3yBaH-
HsAM). JlaHa apXiTeKkTypa HaJla€ MOXKIIUBICTH BUOOPY J10JIaTKOBOTO JPOHA JUIsl PO3BIIKH, SIKUM
MOJKE 3HAXOJUTHCS Ha OLIBIIIOMY BiJAaJIeHH] Bl 00'ekTa 3axucTy, HiXk 101 BITJIA, 1 oTrpumy-
BaTH MEHIII TOYHI, ajie 3 OUIBIINM PajilycoM MOKPUTTA AaHi. Y IbOMY BUIAKY 3aCTOCOBYETHCS
CHeuiaJbHUN JPOH, KUK Oy/e BIAPI3HATHCS BiJ IHIIUX APOHIB y TPyl OLIBIIOI0 MaKCHMAIIb-
HOIO IIBUAKICTIO TOPH30HTAIBHOTO MOJBOTY Ta AaTYMKaMU OUIBIIOTO paziyca HoKpuTts. [Ipu
BUXO/Ii 31 CTPOIO CICHIAIbHOTO PO3BIAYBaIBHOTO IPOHA 3aMIHUTH HOTO OyJie CKIIaIHIIIEe, HIXK Y
CUTYAIlil, KOJH JUISl PO3BIIKH BUOMPAETHCS OyIb-SIKUI IPOH 3 TPYTIH.

Hapemti po3misinaeTscsi camoopranizaiist 6e3 ooMiny indopmarii. Ls apxitextypa po-
outh koxkeH BIIJIA camocTiiiHMM 1 HE3alIeKHUM BiJ] 1HIIMX YWIEHIB IPyHH. Y BUIMAJKy BUXOTY
31 cTporo OyAb-SKOTo 3 JAPOHIB, 1HIII HE BTPavalOTh 3/1aTHOCTI O BUKOHAHHS 3aBIaHHS. AJie
OCHOBHOIO MPOOIEMOIO II€T CUCTEMH Y 3aBJJaHHSIX 3aXHCTYy CTAIllOHApHUX 00'€KTIB € Mala ede-
KTUBHICTb TPYIIH Yepe3 Te, 10 AaTYUKH JTPOHIB HE 00'€ THYIOTHCSI MK COOOIO IS M1BUIIICHHS
TOYHOCTI Ta pajaiycy mokpuTTs. Kpim mporo, npu 3axucti 00'extiB Manoi mionti BITJIA ogniei
TpyIH MOXKYTh 3aBaXKaTH OJMH OJTHOMY.

Bupisiennsi HeoCHiIAKeHMX YACTHH 3arajbHoil mpodjaemu. He 3Bakaroun Ha HasBHICTh
ICHYIOUHX PIlIeHb, Tpo0IemMa BUCOKOT aBTOHOMHOCTI BITJIA 3anmumaeThcst HETOCTAaTHRO TOCIHI-
JOKEHOI0. Ba)KTMBUM acmeKToM € po3poOKa amaparHOl Ta MPOTrpaMHOi apXiTeKTypHU CUCTEMH
KepyBaHHS, sika 3a0e3meunTh epeKTUBHE BUPIIICHHS 33/1a4 Y CKJIaJli MYJIbTHAT€HTHOT CUCTEMHU.
JlonaTkoBO BayKIMBO PO3MISTHYTH MOKJIMBOCTI BUKOPUCTAHHS OJHOIIJIATHUX MIHIKOMIT IOTEPiB
JUTSI TT1ABUILIEHHSI THYYKOCTI CHCTEMH KepYBaHHS 32 PaXyHOK PO3Mi3HABAaHHS MOBITPSHUX LILIEH.

Merta nocuainzkeHnHsi. MeTo1o 11i€1 CTaTTi € ONUC AOCTiIKEHHS 3 MPOEKTYBAHHS amaparHoi
Ta IpOorpaMHoi apxiTekTypu cuctemu kepyBaHHs BIIJIA y ckianl MynbTHAareHTHOI CHUCTEMHU.
JlocnipKeHHs TaKoX CIPSIMOBAaHE Ha yAOCKOHAJIEHHS PILLIEHb JJIs 3aXUCTy 00'€KTIB BiJ PI3HUX
BU/IIB TIOBITPSIHUX LIJIEH, 110 BUSBJISIFOTHCS 10 IXHIM ayi0CUTHAJIAM.

Buksaa ocHoBHOro marepiadgy. J[ns cucteMu 3aXUCTy BiJ HOBITPSHUX LUIEH, 110 Oyay-
eTbcsd Ha ocHOBI BILJIA, Haii6unbn1y eeKTUBHICTh MOXKE MaTH MYJIbTHAreHTHA apXiTeKTypa,
aJke BOHA JI03BOJIIE KOKHOMY JPOHY BHKOHYBaTH pOOOTY SIK OKpeMo, TaK 1y CKIaji Tpyri
(poro). Kpim 1iporo mipu Buxomi 3 nagy Oyab-sikoro BITJIA, #ioro Oyme Jierko 3aMiHUTH, akKe
BOHU MK CO0OI0 HE BIAPI3HAIOTHCA MO (YHKLIOHATBHOCTI. OHAK OCHOBHOIO MPOOJIEMOIO B
JIaHIi apXiTEKTypl 3aJUIIAETHCS CKIAIHICTh PO3POOKH CUCTEMH PillieHb [T BCI€T TPYIH, a HE
TUTBKH JIJ1s1 KO)KHOTO areHTa OKpeMo.

Buoip 6a3oeoi apximexmypu.

bazytounce Ha OOMEXEHHSIX Ta BUMOTaX JI0 €IEMEHTIB MYJIBTHAreHTHOT CUCTEMH CITiT 00paT
apXITEKTypy CHCTEMH KePyBaHHS areHTIB-APOHIB, sika O 103BOJIIIA 320€3MeUnTH (DYHKITIOHYBAHHS
1i€i cucteMu. SIKIIO OpieHTYBaTHCS Ha OE3MUIOTHI JIITAJIbHI arlapary 3 eIeKTPOHHUM KepYBaHHSM,
TO GA30BOIO CXEMOIO CHCTEM KEPyBaHHS € CXeMa, sIKa 3aCTOCOBYBAIaCh, HAPUKIIAM, y aMEpUKaH-
CBbKUX OJJHOTBHHTOBHX Oe3minoTHuX anaparax Tuny Gyrodyne QH-50 DASH [7] (puc. 2).
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Puc. 2. Apximexmypa cucmemu KepysanHs 00HO28UHMOB020 OE3NIIOMHO20 Anapamy

Gyrodyne QH-50 DASH [7]

SIK BUIHO 31 CXeMH, 1151 CHCTEMa KepyBaHHS HE Ma€ €JIEMEHTIB, sIKi O aBTOHOMHO yXBaJIIO-
BaJIM PILICHHS Ta FeHepyBaJIl KOMaH U KepyBaHHs [I0JbOTOM. B naHiif cucremi kepyBaHH Iie-
pendadaeTbcs HasIBHICTD MOCTIHHOTO KOHTPOJIIO OE3MIJIOTHOTO arnapaTy 3 Ha3eMHOTO IyJbTa
KepyBaHHSI, IO MPAKTHYHO YHEMOXKIIUBIIIOE 11 BAKOPUCTAHHS B MyJIbTHAreHTHiH cucteMi. Tox
JUIs BUPILLIEHHSI HAIIOT 3a/1a4i CJIiJl 3BepHYTH yBary Ha CUCTEMH KepyBaHHsI O€3MUIIOTHUMH KO-
nTepaMH, JI0 CKJIIy SKHX BXOJSITh aBTOHOMHI €JIeMEHTH KepyBaHHS 1MOib0ToM. OHUM 3 Ta-
KHUX BapiaHTIB € CHCTEMH KEpyBaHHs 3aCHOBaHI Ha TaK 3BaHUX MOJbOTHUX KOHTpOJepax.
[TonbOTHUI KOHTpONIEP — 11€ LEHTPAIbHUI MOy b KEPyBaHHs, KU Kepye eneMeHTaMu 0e3-
MUJIOTHOTO JIPOHA ITiJ] 9ac MOJIOTY.

OnHMM 13 epIIMX NONBOTHUX KOHTposepiB OyB MultiWii [8]. Lle BiakpuTuii mpoekT Ha Gasi
wiatgopmu Arduino, sika BUKOPHUCTOBYETHCS SIK OMIUTYBAHHSI CEHCOPIB, TAK 1 1715l TEHEPYBaHHSI CU-
THaJIIB KepyBaHHA. DaKTUYHO MOJIBOTHAM ITPOIIECOPOM BUCTYTIAE TIIaTa 3 KOHTAKTAMHM, JI0 SKUX
HOTPiOHO i1’ €JHYBATH CEHCOPH Ta MOJTYJI 3B’s13Ky. [1oTy>»HOCTI Takoi riiat¢opMu BUCTAyae JUIs
00poOKHM CUTHAJIIB KEPYBaHHSL, 10 IPUXOASTH 10 pajiokaHaty. bazoBuMu (yHKIISIMU aBTOMIOTA
€ PyX I10 KOOpJIMHATAX, Ta YTPUMaHHs Kypcy. Jis peasizarii aBToniiora B CUCTEMY MOTPIOHO J0-
nasatu Moxyitb GPS, a it yrpumanHs Kypcy MoayJib MarHitomerpa. ITnara Ga3yerbcs Ha MIKpo-
koHTposiepax ATMega2560 abo STM32. ApxiTekTypa CHCTEMHU KEpyBaHHS Ha OCHOBI ITOJILOTHUX
KoHTposiepiB MultiWii HaBenieHa Ha puc. 3.

[TonbOTHI KOHTPOJIEPH MAIOTh HU3bKY OOUHCITIOBAJIbHY MOTYKHICTb, 1 XOUa BOHU i 3a0€3-
nevyBaiy MeBHI QYHKIT KepYBaHHS MOJILOTOM, aje OnepaTrop 0OOB’SI3KOBO Ma€ KOHTPOJIIO-
BaTH pyX JIpoHiB. Hanpukian, npu pyci o KOOpAMHATaX CUCTEMa KepyBaHHS HE BIANPALbOBY€
CaMOCTIfHO OTWHAHHS TepeIkoa. TakuM YWHOM, BUKOPHCTAHHS TaKUX CHCTEM KEpPyBaHHS B
MYJIbTHAr€HTHIN CHUCTEMI € IPAKTUYHO HEMOXKIIMBUM.
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Puc. 3. Apximexmypa cucmemu kepysanHs Ha 0CHO8I norbomuux konmponepie MultiWii [9]

Hactynna cucrema KepyBaHHs 0a3yeTbcs B)KE€ Ha CIELIali30BaHOMY KOHTpOJIEpi
CopterControl3D (CC3D)[10], sixuit, Ha Bigminy Big MultiWii, Bxke OyB 30pi€HTOBaHUI Ha BU-
KOPUCTaHHS B MYJBTUKONTEpaX, Ta Ma€ CBOE MpOrpaMHe 3a0e3MeUeHHs Ui HalallTyBaHHS.
Horo apxiTekTypa mojiGHa 10 apXiTeKTypH, IPUBEACHOT HA PHC. 3, ale B IbOMY BUIIAJKY MiK-
POKOHTpoJIep 3aMiHeHuH Ha r1aty kKoHTposiepa CC3D[11]. Ockinbku KOHTpoJiep 6a3yeThbes Ha
MikpokoHTposiepi STM32F103, To npakTUYHO HISIKOTO IPUPOCTY B OOUMCIIOBAIBHIN MOTYX-
HOCTI He icHye. ToMy Taka cxema KepyBaHHs 3Haiillula mupoke 3actocyBaHHs B FPV nponax,
a J11s1 MyJIbTHAar€HTHOI CUCTEMU € 30BCIM HE IPUJIATHOIO.

Hacrynna cuctema kepyBaHHs 0a3y€eThCsl Ha CIIeLiali30BaHOMY OJIbOTHOMY KOHTpOJIepi
ArduPilot Mega Bin kommanii Arduino[12]. Llst cuctema Mae 6151b111 pO3BUHEHU aBTOMJIOT, Ta
JIBOCTOPOHHIO CUCTEMY TejeMeTpii. Takok B cUCTeMi pealli3oBaHO BEJCHHS JoryBaHHs. KoH-
TpOJIEp MPOTPAMyETHCSI MOBOIO TIporpamyBaHHs Arduino Ta € O1IbII THYYKO 3alporpaMOBaHHI
iz 3anayi. Bin 6a3yerbest Ha MikpokoHTposiepi ATMega32U2, npoayKTUBHICTb SIKOTO € JTy’Ke
00MEXEHOIO 1 He JI03BOJISIE peai3yBaTH 3a/ladi areHTa MyJIbTHareHTHOI CUCTeMHU. APXITEKTypa
ArduPilot Mega noaiOHa 10 apXiTeKTypH HaBeIEHOi Ha pucC. 2.

Hapemti, ocTanHs 3 HallpO3MOBCIOJKEHIIINUX apXITEKTYp CUCTEM KepyBaHHS O€3MiJioT-
HUMHM anapaTaMmi - nojdboTHUI KoHTponep Pixhawk[13], 30BHIIIHIA BUTIISAA SKOTO HABEJCHO
Ha puc. 4.
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Puc. 4. 3osniwniti 6uenso nonbomnozo konmponepa PixHawk [13]

Ha BigMiHy Bij MoOnepeaHbO PO3MISHYTHX MOJLOTHUX KOHTpolsepiB, PixHawk mae ome-
pariifHy cucTeMy peaibHOTO Yacy, MATpUMye cucteMy cuMyssimii Mission Planer, mae Benuky
KUIBKICTB 1IHTEP(ENCIB 1 JOCTYHUN y BUIVISAI 3aKIHYSHOTO MOJYJISI B KOPITYCi, IKUH 3 MiHIMa-
JHHOIO aJIaNTaIll€l0 MOYKHA IHTETPYBAaTH B IPOEKT. APXiTEKTypa CUCTEMH KepyBaHHs Ha OCHOBI
PixHawk naBenena Ha puc. 5 [14].
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Puc. 5. Apximexmypa cucmemu xepy8anus Ha 0CHO8i notbomuux koumponepie PixHawk [14]
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Ha mnati PixHawk BcranoBneno STM32F427 Cortex M4, o cyTTeBO migiiMaTi 009u-
CJIIOBAJIbHY CIIPOMOXHICTh CUCTEMH KEpyBaHHS. AJie TIPU LIbOMY JyXe YCKJIAJHEHO 3aCTOCY-
BaHHSI CTOPOHHBOTO ITPOIPAMHOTO 3a0€3MeYeHHS B CKJIal CUCTEMHU, sIke O BUPIITYBaJIO 3a/1a4i
IHTEJIEKTYJIbHOTO KEPYBAaHHS MOJIbOTAMH.

[TizcymoBytO4M pe3ysibTaTH MPOBEICHOTO aHAJi3y CJIi/I 3a3HAYMTH, IO IS 3a0e3MeUeHHSI
BUIIIOTO CTYIEHS aBTOHOMHOCTI O€3MMiJIOTHOMY arapary He BUCTAYMTh OJHOTO JIMIIE MOJbOT-
HOTro KOHTpoJepa. 106 30impmTH 00YHCITIOBATBLHY MOTYKHICTh CHCTEMH KEPyBaHHSI IPOHOM
noTpiOHO po3poOUTH OGaraTopiBHEBY anaparHy apXiTeKTypy i, BIAMOBIIHO, OararopiBHEBY MPO-
IrpaMHy apXiTeKTypy.

Ilpoekmysanns apximekmypu cucmemu Kepyeanus.

[TpornoHy€eThCS BUKOPUCTOBYBATH apXiTEKTYPY, IO CKIAIAETHCS 13 TPhOX piBHIB. Huxkuunit
piBeHb apXiTEKTypH, 116 BUKOHABYI IPUCTPOI Ta AATUYMKHU, K1 OE3MOCEPETHbO B3aEMOMIIOTH 13
MOJILOTHUM KOHTpOJIepoM. JpyrHii piBeHb apXiTeKTypH 0a3y€eThCs Ha MOJILOTHOMY KOHTPOJIEPI,
AKOCT1 SIKOTO Oy/leé BUKOPHUCTOBYBATHUCH OJIMH 3 YK€ HasBHHUX. Y pO3poOIli CHeliani30BaHOro
MOJILOTHOT'O KOHTPOJIEpa B MEXKax i€l 3a/1a4l HEMa€ CEHCY, OCKIJIbKU HISIKMX JTOJAaTKOBHUX (yH-
KIIiH, KpIM BKE peali3oBaHUX Y KOHTpoJepax, He MOTpiOHO. Takuii IMiXig CyTTEBO MPHUCKOPHUTH
po3poOKy Bciei cuctemMu. BepxHili piBeHb apXiTEKTypHu 0a3yeThbCsl Ha OJHOIUIATHOMY MIiKpO-
KOMIT IOTEpi, TPOrpaMHe 3a0e3IeUeHHs SKOTO Ma€ aHaji3yBard iH(OPMAIIIIO BiJl IOJBOTHOTO
KOHTPOJICPa, 3ByKOBHX Ta ONTHYHHMX CCHCOPIB, MiJACUCTEMH >XKUBJIeHHS. Ha ocHOBI 00poOKu
[IUX JJAaHUX BEPXHIA piBeHb TCHEPY€E KOMAHIM JUIS BCIX €JICMCHTIB JIPOHA, Ta MIATPUMYE OOMIiH
3 IHIIUMU areHTaMu MYJIETHAr€HTHOI CHCTEMH.

Jns peanmizamnii BKa3aHOTO ITiIXOy 3aIPOIIOHOBAHO apXiTEKTYPy aBTOHOMHO KEPOBAHOTO
OXOPOHHOTO KBaJIpOKONTEPA, sIKa oka3zaHa Ha puc. 6. Taka apxiTekTypa 0a3yeThcs Ha MOJIbOT-
HoMmy KoHTposiepi Pixhawk 3 aBrominorom PX4, sxuii 3a0e3rmedye mUpOKy HOMEHKJIATYpPY iH-
TepQeiiciB, AJ B3a€MOIi1l 3 IHIIMMH €JIeMEHTaMU MYJIbTHKONTepa. 30kpeMa € iHTepdeic s
HIIKJIFOYCHHS OJTHOIIJIATHOTO MiHIKOMIT FOTE€pa, CEHCOPHHUX CJICMEHTIB JIJIsl BU3HAUEHHSI T0JI0-
JKEHHSI MYJIBTHKOIITEPA B MPOCTOPi Ta cTaHy Oarapei. [Iporpamuuii iHCTpyMeHTapiit ans po-
0O0TH 3 UM TIOJILOTHUM KOHTPOJIEPOM JIy’Ke PO3BUHYTHH, 110 A€ MOXKIIMBICTh SKICHO HAJIaro-
JUKYBaTH MporpaMHe 3a0e3MeyeHHs], 1€ Ha paHHIX eTarnax po3poOKH.

OpaHoNNaTHMK Komn'toTep

MAVLink

' Wf - | (serial)

Kamepa

: . | Serial —G
; !i ABUTYHIB Mpunag BUMiprOBaHHA

"""""""" Pixhawk BiACTaHi
OeuryHu

Mogynb KepyBaHHA
HUBNEHHAM

Puc. 6. Tunosa apximexmypa keadpokonmepa 3 Mooyiem KepyBanHs
Ha OCHOBI 0OHONIAMHO20 KOMN tTomepa
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VY 1l apXiTeKTypi BUKOPUCTAHHS MMOJIbOTHOTO KOHTpOJIepa € TUIOBUM [ 14] 32 BUKITIOUYCH-
HsIM OpraHi3ariii B3aeMoii 3 OTHOIIJIATHUM MIKPOKOMII FOTEPOM BEPXHBOTO piBHS. Bubip omHO-
TUTATHOTO MIKPOKOMIT IOTEpa OOMEKY€EThCS IEBHUMH BUMOTaMH, OCHOBHUMU 3 SIKUX € Tada-
PUTH, Bara, €HeproCcroXUBaHHS, MPOYKTHBHICTh, HASIBHICTh IHTEP(EICIB Ta CUCTEM 3B’S3KY,
HASBHICTh PO3BUHYTOTO IHCTPYMEHTAIILHOTO MPOTPAMHOTO 3a0€3EeUCHHSI.

B namomy Bumagky rabaputi OZHOIIATHOTO MiKPOKOMIT FOT€pa 0OMEXKYIOTHCS PO3MIPOM
maci MyJIbTHKOIITepa, TOOTO, Oepyun 3a ocHOBY pamy 450 Carbon Fiber Frame [15], e opien-
TOBHO cTaHOBHUTH 120x120x50 mMm. Bara Takox 0OMeXyeTbCss MOXKIMBOCTIMHU miaci. Takum
YyuHOM, 0a3yIOUHCh Ha 3arajibHii Ba3i KonTepa J0 4 Kr 1 po3paxyHKaMHu Bard IiJi CHCTEMY KH-
BJICHHS1, 0OOMEXEHHS Ha Bary craHoBHUTh 350 rpamis.

IaTepdeiicu omMHOMIATHOTO MIHIKOMIT IOTEpa MalOTh 3a0€3MEUYUTH 3B'SI30K 13 MOJIBOTHUM
KOHTPOJIEpOM 10 TipoTokoiny MavLink [16], a Takox miAKIIOYCHHS] KaMep CIIOCTEPEKECHHS Ta
MikpodoHiB. fkiIo aHaorosi BXogau OyayTh BiJICYyTHI, TO MalOTh OyTH B HasBHOCTI IU(POBI
BXONH, 10 skux MoxHa npueanata ALl momyni. Cuctema 3B’s13Ky Mae OyTu O€31pOTOBOIO,
a0o0 X MaTH CTaHAapTHUH 1HTepderc I MAKIIOYSHHS MOIYITIB O€3pOTOBOTO 3B’ SI3KY.

Bumoru 1o nmporpamHoro 3abe3nedeHHs MiHIKOMIT FoTepa 0a3yroThCsl Ha HasIBHOCTI 3aco-
01B po3pOOKH Ta HANIATOKEHHS. Y TAaKOMY BUIIAJIKy, HASIBHICTH TUIIOBOI OTMEPaliifHOT CUCTEMH,
B SIKiii MOYXHA BHKOHYBAaTH MPOTPaMHI 3aCTOCYHKH Ta OPTaHi30BYBaTH 3B’S30K MIX HHMH 3a
3araJbHUMHU PUHIIUIIAMH, € OTHOIO 3 HAMTOJOBHIMIKNX BUMOT. Lle 3yMOBiIeHO TUM, 110 3a3BUYail
BUKOPHCTAHHS CIEIiaTi30BaHUX TUIaTGOpM MOTPedy€e 3aCTOCYBAHHS CIICIIialli30BaHUX 3aC00iB
po3po6kwu 113, 1110 npu3BOAUTH 10 30UIBIIEHHS Yacy PO3pOOKH.

EneprocrnoxxuBaHHs Mae OyTH MiHIMaJIbHO MOYJIMBUM 151 301IbIIEHHS Yacy rnepeOyBaHHS
B IOBITpi. Y IIbOMY BHMaJAKy MH MaeMo oOMexeHHs y 20 BT.

I HapemITi, BUXOASYU MPOAYKTUBHOCTI, CHCTEMH TIOBUHHA 3a0€3euyBaTH MapajieilbHy po-
00Ty MIHIMYM IT’ITH TIPOTrPaMHUX ITICHCTEM: ITiJICHCTEMa KePYBaHHS Ta MPUHHATTS PIlICHb,
nijgcucreMa oOpoOKH Bifieo, MiFcCUcTeMa OOpOOKH ayio, MiACUCTEMa B3a€MOIIT 3 MOJIBOTHUM
KOHTPOJIEPOM Ta MiICHCTEMA 3aXHUIIEHOTO0 3B’ s13Ky. CTpyKTypa IporpaMHOro 3a0e3neyeHHs CH-
CTeMHU KepyBaHHS APOHOM MYJIBTHATEHTHOI CHCTEMHU HaBeJeHa Ha pUC. 7.

MNporpamHa nigcverema
HepyBaHHA Ta NPUHATTA
pillieHb

N\

MporpanmHa nigcucreme
o0Bpobku Bigeo Ta
posniaHasaHHA oBpasis

MporpamHa nigcucrema
B3aemopnii 3
NONbOTHUM KOHTpONEPOM

MporpamHa nigcucrema
3AXMLLEHOMD 3B'ASKY

MporpamHa niacucrema
0bpobku aygjo Ta
po3nisHaBaHHA

(Helipomepedka) aygiocurHany

(Helpomepexma)

Puc. 7. Cmpyxmypa npoepamnozo 3abe3neuenus cucmemu KepysanHs OPOHOM
MYTbMUAEHMHOT cucmemu

OpieHTytourch Ha HasiBHI 0OMEeXeHHsI, OyJ0 BUAUIEHO /Bl albTepPHATUBHI IJIATPOPMH Ha
OCHOBI OJHOIUIATHOTO MIKPOKOMII'IOTEpa, SKI MOXKHA 3aCTOCYBaTd K CHCTEMY KEepyBaHHS
JPOHA MYJIBTar€HTHOI CUCTEMHU.

[Tepuuii BapianT — 11e ogHOIUIaTHUI KoMt totep Raspberry Pi 4 Model B.[17] Jlana ana-
parHa rargopma NponoHyeThCS MakCUMalIbHO 3 8 I'6 oneparuBHoi mam'sti. Bona 6a3yerbes
Ha MOTYKHOMY 4oTupusjiepaomy 64-6itHomy SoC Broadcom BCM2711B0 ARM Cortex-
A72 npouecopi, 1110 BUKOHAHUH 3a 28 HM TEXHOJIOTI€l0 Ta mpaitoe Ha yactoti 1,5 I'T'm. bes-
npotoBi anantepu - Wi-Fi nBonmianazonnwuii crangapty IEEE 802.11ac Ta Bluetooth — 5.0
BLE. Koutponep Ethernet na 6azoBomy SoC miakirodaeTbcs A0 30BHIMIHBOTO (i3HUHOTO
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npuctporo Broadcom yepe3 Buniniennii kanan RGMII, 1o 103B0J1sI€ BUKOPUCTOBYBATH ITOBHY
MPOIYCKHY 3JaTHICTh iHTepdelicy. [Ipomecop KepyeThbesi OHOBICHOI BEPCi€0 omepariitHol
cucrem, 1o 6azyerbes Ha Debian 10 Buster.

Raspberry Pi 4 Bumarae xusnenss 5 B/3 A, makcuManbHe 3Ha4eHHS BXiTHOI HAIIPYTH JKU-
BJICHHS 5,5 B a 1oro 0CHOBH1 XapaKTepUCTUKHU BKIHOYAIOTh:

— 00'em omneparuBHOT mam'sti 10 8 1'6;

— 4-miHOBUH po3'eM IS TiAKIIOYEHHS AoAaTkoBoro PoE momyss;

—n8a USB 3.0 po3'emu;

— nBa micro-HDMI po3'emu BineoBuxony;

— po3'em xuBneHHst USB-C;

— TaKToBa 4yactoTa mpouecopa (xo 1,5 I'T);

— rirabitamii Ethernet, o mpaiiroe Ha MOBHIH MBUIKOCTI iHTEPQEHCY;

— nBomianazonauit Wi-Fi moyib;

— nigrpumka PXE (Preboot eXecution Environment) s 3aBantaxennst OC yepes mepe-
KeBUH 1HTep(elic BUKOPUCTAHHS IOKAIBHUX HOCIIB ITaHUX;

— TIOKpaIlleHEe KepYBaHHS TEMIIEpaTyporO Ta KUBJIEHHs mpouecopa (Ha 6a31 MaxLinear
MxXL7704-P4);

— TMOKpaIleHe MaCHBHE OXOJIOPKEHHS MPOIECopa;

— 30epiranHs omnepaiiHoi cuctemu Ta ¢aiiniB Ha SD-kapTi 3 MOXKIMBICTIO 1i BCTAHOB-
JICHHS B 1HIIUH MPUCTPIi.

— CYMICHICTB: ITOBHA CYMICHICTb 3 OLJIbIII paHHIMH npoaykramu Raspberry Pi.

Sk anprepHaruBa po3rsaanack miardopma Ha 6a3i ogHOIIaTHOTO KoMit totepa NVIDIA
Jetson Nano Developer Kit.[ 18] Lleit onHOMIaTHIIT KOMIT IOTep Ma€e MOKJIMBOCTI MapajielbHOTO
3aIyCKy JACKIIBKOX HEMPOHHHUX MEPEK JUIsl 3a0e3IeueHHs poOOTH JOAATKIB s Kiracudikarii
300paxeHb, BUSBICHHS 00'€KTiB, 00pOOKHU 3BYKY. 3a0e3meuyrouu JaHi XapaKTepUCTHKH, JaHa
margopma mpocTa y BUKOPUCTAHHI Ta Ma€ TapHy eHeproeeKTHUBHICTh, CIIOKMBAOUN HE O1-
apiie 5 BT, mo BKpail BaxkiuMBe IS aBTOHOMHOCTI JiTaabHOTro amapary. OmHOIUIaTHUN
xoMI1 totep miarpumyethes nakerom NVIDIA JetPack. [Iporpamue 3a0e3neueHHs makeTy Ha-
Jla€ HeoOX1THUH pecypc Ta MOXKIIMBOCTI JUIs pO3B'si3aHHS 3aJa4 13 BUKOPUCTAHHSAM LITY4YHOTO
IHTENEKTy: MOBHUM pobounii ctil Linux 3 apaiiBepamu NVIDIA, 6i6miorekamu Al Ta mryu-
HOTO 30py, nporpamHi inTep¢eiicu nonarkiB (APIs), nokymeHTanito ta 3pa3ku koxy. [laker
JetPack nosHnicTio cymicHuit 3 ocHoBHOO Al miargopmoro NVIDIA nyist HaBuaHHS Ta po3rop-
TaHHS IPOrPaMHOTO 3a0e3MeUYeHHs ITY4YHOro iHTenekTy. OauH i Toi e naket Jetpack SDK
3acTocoBaHMit y Bcii niHiuIi npoaykTiB NVIDIA Jetson. Lle 3a0e3neuye MiHIMi3allii0 3yCHITb
JUI PO3POOKH Ta MPUCKOPIOE BUX1T KIHIIEBOTO BUPOOY.

KoHcTpykTHBHO KOMII'1OTEp € KOMOiHali€0 mpouecopHoro moxayis Jetson Nano Module
Ta Hecyd4oi miatu. [oToBHUMH eJeMEeHTaMU POIECOPHOTo MOyJs € 128-anepuuii rpadiunuit
nporecop NVIDIA 3 apxitexkryporo Maxwell Ta wotupusinepauii mporiecop ARM Cortex-A57
3 yactororo 1.43 I'Tu. OxonomkeHHs MoAyIs 3abe3neuye pajiarop, 1mo poscitoe 10 10 Bt npu
TeMIepaTypl HaBKOJIUIIHBOTO cepenoBuiia 25 °C. Y pa3i HeoOX1THOCTI 10JJaTKOBOTO OXOJO-
JOKEHHS € MOJKITUBICTh HATAIITYBaHHS MOMAYJIS JUIS KEPYyBaHHSI CHCTEMHUM BEHTHJISTOpoM (40
% 40 mm). [Inara mictuth 64-01THY oneparuBHy nam'satb MakcumyM 8 I'6 LPDDR 4 25.6 I'6it/c
Ta coT A1 microSD kaptu. MicroSD kapta npu3HaueHa A1 3a1ucy Ta BCTAaHOBJIEHHS 00pasy
omnepaniiiHoi cucremu Linux, a Takox 1 30epirannsa nanux. Kapra noBuHHa 3a0e3nedyBaru
noctatHiit oocsar mam'sTi (He menm 16 1'0) ta mBuakicts 0oMiny nanumu (UHS-1). Monyns
3abe3mneuye nmpoaykTuBHicTh 10 472 GFLOPS (FLoating-point Operations Per Second).

Ha necyuiit nnari, ae po3mimeni intepdeiicu Gigabit Ethernet, po3'em Bineokamepu MIPI
CSI-2 DPHY lanes, HDMI 2.0 ta eDP 1.4, 4 x USB 3.0, 1 x USB 2.0 (microUSB), GPIO, 12C,
12S, SPI, UART, mae Taki TeXHI4HI XapaKTEPUCTUKH:
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- 128-sanepuuii rpadiuamii mporecop Maxwell;

- 4-snepunii nporecop ARM Cortex-AS57 3 yacrororo 1.43 I'T;

- oneparuBHa nam'sath 4 I'6 64 6iTr LPDDR4 25.6 I'6i1/c;

- 30epiraHHs JaHuX: CJIOT Ui KapT microSD;

- kKamepa: 12-kananpHa (3 X 4 a6o 4 x 2) MIPI CSI-2 DPHY 1.1 (1,5 I'6it/c)

- MoxuInBOCTI Mepexi: Gigabit Ethernet, M.2 Key E;

- mucmeri: HDMI 2.0 ta eDP 1.4,

- pos'emu: 4 x USB 3.0, 1 x USB 2.0 (microUSB);

- 40-mmiHOBMI po3'eM, cymicHui 3 Raspberry Pi;

- irmi inTepdeticu: GPIO, 12C, 12S, SPI, UART;

- rabaputn: 100x80%29 mm.

Takum gnHOM, Jetson Nano Developer Kit mis BupimeHHs 3a/1a4 KepyBaHHS MYJIBTHKOII-
TEPOM IiIXOUTh KpPaIlle MPU BCiX MPUOIM3HO PIBHUX MapaMeTpax, Mae anaparHy HiATPUMKY
poOoTH 3 Bijieo i OpieHTOBaHUI Ha BUKOPUCTAHHS IITY4HOTO iHTENeKTy. [lepenik iHTepdeiicin
Jla€ MOYKJIMBICTD ITi/I'€THATH SK MTOJBOTHUN KOHTpOep, Tak i moaym ALIIL.

bazyrounce Ha HasiBHEX iHTepdelicax i cTpykTypi Jetson Nano Developer Kit, Oyna cripoe-
KTOBaHa apXiTEKTypa CUCTEMH KepyBaHHS JIPOHA, sIKa HaBEJICHA Ha pUC. 8.
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Puc. 8. Apximexmypa cucmemu KepyéanHs OpOHOM Y CKAAOL MYIbMUASEHMHOT cucmemu
na ocnosi Jetson Nano Developer Kit

Excnepumenmanvne mecmygeannsa po3poonenoi apximekmypu cucmemu KepyeaHH:i.

Jlis excrieprMMEeHTaIbHOTO TECTYBAaHHS 3alpOIIOHOBAHOI apXiTeKTypu Oynaa po3polliieHa
MoJIeJIb HEHPOHHOT Mepexi A posnizHaBaHHs BITJIA 3a ayniocurnanom. Mojens € mpoToTH-
IIOM IIPOTPaMHOT MiIcKCTeMU 00pPOOKH ay/io Ta po3Mi3HaBaHHA ayi0OCUTHAIY, TPEACTaBICHOT
Ha puc. 9. LIg Monenb MiCTHTh HACTYIIHI IIAPH 3 OTIHCOM:

1. Bxiguuii map (Flatten); He MicTUTB Bar a00 HEWPOHIB, a JIuIie epeopMaToBye BX1THI JaHi.

2. TToBro3B’s3H1 (Dense) mapu. Lli mapu € ocHOBHUMHU OyniBEIbHUMH OJIOKAMH MOJIEII.
Mopnens Mae aa Dense mapu, nepiimii 3 256 Heliponamu 1 Apyruid 31 128 HelipoHaMu, sSIKi BUKO-
PHUCTOBYIOTH akTUBaliiHy QyHKIit0 RelLU, 1110 € monynspHoro A1 HEJMiHIMHUX TepeTBOPEHb.
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3. Dropout map. BukopuctoByeTbes Ui perynspu3aliii, 100 3MEHIINTH NepeHaBYaHHS
HIISXOM BHUIIaIKOBOTO BiJKJIIOUCHHS HEHPOHIB ITij Yac TpeHyBaHHs 3 MoBipHicTIO 0.5.

4. Buxigauii map (Dense) 3 ogHMM HEHPOHOM, OCKUIBKHA MOJENbh Ma€ 3aaaq4y OiHapHOI
knacugikanii. TyT BUKOPUCTOBY€EThCS aKTHBaLliiHa (yHKIIsA sigmoid 1i1s1 BUBEICHHS IMOBIp-
HOCTI IPUHAJICKHOCTI JI0 KJacy.

Ha puc. 7 HaBeneHo cxemMy po3po0iieHoi MojielTi HelpoHHOT Mepexi. JlaHi mepenaroThest y BXi-
JHUH 1ap, sIKMHA MepeTBOPIOE JBOMIPHY CIEKTpOrpamy B OJHOMIPHHMH MacHB 1 Mepeiae Horo B
KokeH HeiipoH Layer 1. HactynHuit miap siBiiste co00¥0 nepimii HOBHO3B I3HUM 1map 3 256 Helipo-
HaMH ¥ BHKOpHUCTOBYe akTBauiiHy (ynkmiro ReLU. [lam tine Dropout Layer 2, ne monoBuHa
HEWPOHIB BIJICIIOETHCSI BHIIAJKOBHM YMHOM 1 3aJHMIIAETHCS 128 HEWpOHIB, SIKi MEpEeXoAsiTh B
Layer 3. Layer 3 — 1ie 1pyruii MOBHO3B  I3HUH II1ap, M0 TaKOK BUKOPUCTOBYE (DYHKIIIFO aKTHUBAITi]
ReLU. OcranHim iiie BUXIHUI 11ap 3 CHTMOIAaIbHOO (PYHKIIEIO aKTHBALLi1, SKWi BUBOIUTH 3HA-
yenHs Big 0 10 1, ne 0 — BiACYyTHICTD LITYKaHOT'O 3BYKY Ha ay/Ii03amuci, a 1 — HasiBHICTb IIbOTO 3BYKY.

Input Layer Layer 1 Layer2 Layer 3 Output Layer

f.

m i

Puc. 9. Cxemamuuna mooens Hetipounoi mepedci Oinaproi knacugixayii

ExcriepuMenTanbHe TOCTIHKEHHS HaBeeHOT Moiesi Oyiio MpOBEIAEHO 3a IONTOMOTOI0 00-
yrcnoBanbHO1 mnardopmu Jetson Nano Developer Kit. BaxxnuBo Bin3HauuTH, 110 HA IIiif Ma-
T(hopMi MPOBOAMIIOCS JIMILIE TECTYBaHHS FOTOBOI MOJIENI, a polec ii HaByaHHS OyB MpoBe/e-
HUl y cepenouuli Jupyter notebook 3 BukopucranHsaMm 6ibmiotex tensorflow. Jlms
BUIIPOOYBaHb OyJIM BUKOPUCTAHI peasibHI JaH1 3ByKY MOBITPSIHOI 1111, @ TAKOX 1HILI 3BYKH, SIK1
MaJli CXOXICTh 3 I[IIbOBUM 3BYKOM. Pe3ynbraTu TecTyBaHHs MOJIENI Ui PO3Ii3HaBaHHS BOPO-
*ux BITJIA 3a aymionotokom npescrasieHi Ha puc. 10.

16/16 [==============================] - 85 6ms/step

precision recall fl1-score  support

8 @.92 8.99 8.95 1132

1 1.88 8.97 8.99 382

accuracy 8.98 485

macro avg 2.96 8.98 8.97 495

weighted avg 8.98 8.98 B.98 495
[[112 1]
[ 18 372]]

Puc. 10. Pe3ynemamu mecmysanHs mooeni 0Jist po3nizHasants opoxcux bIIJIA
3a ay0ionomoxom

[TponyKTUBHICTE CUCTEMH KEpyBaHHS 1110710 BUPIIIEHHS 3a/1a4l pO3Ii3HABAHHA ayli0CH-
rHayiB Oyna oriHeHa Oe3nocepeHbO Ha anapatHiil miaargopmi Jetson Nano Developer Kit.
[Tpouec po3mnizHaBanHs 3a0upas 10 10 % Big 3aranbHOI pobouoi cripomoxkHocti LIITY Ta no
300 Mb omneparuBHoi nam’sri. Lli mapameTpu Oynu BU3HA4YEHi K KpUTEPil IPOLYKTUBHOCTI.
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Hagenena monens Oylia BUKOpPHCTaHa TUIBKH SIK MPUKIIA]] 3aCTOCYBaHHS 3alIPOIIOHOBAHOT ap-
xiTektypu. OqHAK 7151 BAKOPUCTAHHS B peaIbHUX YMOBAX, BOHA MOXE IMOTPEeOyBaTH y10CKO-
HaJICHHS 3 METOIO PO3ITi3HAHHS M1l B yMOBaX, KOJIM MiKpO(OH 3aXOTUTIOE BETUKY KUIBKICTh
JIOJIATKOBHX IITyMiB.

BucHoBku. 1. ba3zyrounck Ha 0COOMMBOCTSIX 3a71a4, [0 MAa€ BUPINIYBATH CUCTEMA 3aXHCTY,
noOynoBaHa Ha ocHOBI BIIJIA, nomiasHO opraHizyBaTH poOOTY I1i€i CUCTEMH 3a MIPUHITATIAMHA
MYJBTHATCHTHOI apXiTeKTypH. Lle 103BoHTh 3a0e31MeYnTH HAaHO1IbIIy aBBTOHOMHICTh €JIEMEH-
TaM CHCTEMU — OKPEMHM JPOHaM, Ta 301IbIINT MPOAYKTHBHICTh CHCTEMH 13 3aXUCTy 00’ €KTIB.
Takox 1151 cucTeMa He Ma€e HEAOJIKY IIEHTpaIi30BaHO1 CUCTEMH, Ta TIPU BTPaATi OHOTO a0 Ki-
JLKOX areHTiB, MPOJAOBXKUTH CBOE (PYHKITIOHYBaHHS.

2. AnaparHa miatgopma CUCTEMU KEpyBaHHS IPOHAMHU Ma€ 0a3yBaTHCs Ha OOYNCITIOBAIIb-
HUX €JIEMEHTaX 3 MOTYXKHICTIO JIOCTAaTHIN Il OpraHizaiii miCHCTeMU MPUHHATTS PIlIeHb Ta
3B'SI3KY, 3a/1a4 BUSIBJICHHS 3BYKOBHX Ta Bi3yaJbHUX 00’ €kTiB. OKpiM TOroO, muargopma mnoBHHHA
3a0e3revuyBaTH BUKOPUCTAHHS HEHPOMEPEeXK /7Sl BUPIIICHHS 3a7a4 pO3Ii3HABAHHS LI1JICH.

3. Buxopucranus Jetson Nano Developer Kit Bix kommanii NVIDIA stk ocHOBY araparHoi
wiatopmu 3abe3nedye MOKIMBICTh apalieIbHO BUKOPUCTOBYBATH JI€KLIbKa HEMPOHHUX Me-
PEX, 10 AO3BOJISIE OJHOYACHO MPOBOIUTHU BUSBICHHS Bi3yaJbHUX 00'€KTIB Ta 0OpOOKH 3BYKY
pisanMu nofarkamu. [lpu 1ibomMy gana miargopMa Mae rapHy eHeproeeKTHBHICTb.

4. IMaker migrpumkn NVIDIA JetPack Hamae HeoOXimHUI pecypc Ta MOXKIIMBOCTI IS Pi-
HICHHS 33/1a4 3 BUKOPUCTAaHHAM mTy4HOro intenekry: OC Linux 3 apaiiBepamu NVIDIA, 6i6mi-
oreku Al Ta mtygHoro 30py, nporpamHi iHTepdeiicu ToaarkiB, JOKYMEHTAIIIO Ta 3pa3Ku KoY.
Ile 3HAYHO MPUCKOPIOE PO3POOKY MPOrPaMHOTO 3a0e3NeUCHHS I MYJIbTHAr€HTHOI CHCTEMH.

5. NVIDIA Jetson Nano mae intepdeiicu 1uis 3B 3Ky 3 MOJIbOTHUM KOHTPOJIEPOM, BiJEO
Ta ayaio PeeCTPYIOUUMH MPUCTPOSIMH, TOXK CHCTEMa KepyBaHHs Mae TOCTYI 10 1H(opMaIlii Bij
yCIiX CEHCOpIB Ta JI0 TIOBIJIOMJICHB BiJl iHIIIMX areHTIB MYyJIFTHATC€HTHOT CHCTEMHU.

6.Pe3ynbratu TecTyBaHHS amapaTHOl TIaTOpMH Ha OCHOBI OJIHOIJIATHOTO KOMIT HOTEpa
Jetson 103BOMNSAIOTH 3pOOUTH BUCHOBOK, ITIO arapaTHi MOXKJIMBOCTI apXiTEeKTypy Ha OCHOBI Jetson
Nano Developer Kit 3a0e3neuytoTs peaizaiiito HeHpOHHI MEpEsKi /Ui PO3MI3HABAHHS BOPOKHUX
BIUIA 3a ayniocurnanoM. Ilin yac TectyBaHHs Mozei HEHPOHHOI Mepexi OyJI0 BUKOPUCTAHO
Tibku 10 % Big 00UMCITIOBAIBHOI OTYKHOCTI TiarGopMu. TakuM YMHOM, 3aJTUIIAETHCS 1IIE J0-
CTaTHbO OOYHCITIOBAJILHUX PECYPCIB I BUPIMICHHS 3a/1a4 3B’ 13Ky MK areHTaMu, 3a0e31e4eHHS
0e3neku 3’€IHaHHS, PO3II3HABaHHS LILJIEH 3a BIIEOMIOTOKOM, HaBiramii y mpocTopi Ta IHIIMX MO-
JKJIMBUX BapiaHTiB BUKOPUCTAHHS JPOHIB Y CKJIaJl MyIbTHAT€HTHOI CUCTEMH.
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DESIGNING A DRONE CONTROL SYSTEM AS PART
OF A DEFENSIVE MULTI-AGENT SYSTEM

Recent events have shown that attacks by UAVs become particularly dangerous when terrorism reaches a state level, and
the number of drones can reach hundreds. These attacks threaten institutions that, despite having defensive structures and other
security systems, are unable to defend themselves against drone incursions into their territory.

It is apparent that countering a large number of drones is more effective by using not individual drones but groups of
drones operating according to swarm rules. However, working in a group requires drones to meet certain requirements, leading
to the need for the development of new hardware and software. This particularly applies to the control system, as in individual
drones, the control system has very limited functionality, tuned for autonomous operation.

The aim of this article is to describe research on designing the hardware and software architecture of UAV control systems
as part of a multi-agent system

The article presents the results of the analysis of architectures of the most common unmanned drones. The main elements
of the architecture are highlighted, and the suitability of each architecture for use as the control architecture of a drone in a
multi-agent system is determined.

The results of the analysis of modern computing platforms based on single-board microcomputers for use as the basis of
a drone control system in a multi-agent system are presented.

A hardware and software architecture for controlling a drone in a multi-agent system is proposed.

A developed neural network model for recognizing UAVs by audio signals is presented.

The results of practical studies of the operation of the neural network model for recognizing UAVs by audio signals as
part of a drone control system in a multi-agent system are provided.

The hardware platform of the drone control system should be based on computing elements with sufficient power to
organize decision-making and communication subsystems, tasks for detecting sound and visual objects. In addition, the plat-
form should provide for the use of neural networks to solve target recognition tasks.

During the testing of the neural network model, only 10 % of the computing power of the platform was used. Thus, there
are still enough computational resources left to solve communication tasks between agents, ensure connection security, recog-
nize targets by video stream, navigate in space, and other possible uses of drones as part of a multi-agent system.

Key words: Multi-agent system; drone swarm; single-board computer; UAV (Unmanned Aerial Vehicle); flight con-
troller; neural network.
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®YHKIHIOHAJIBHA MOJEJIb TA AJI'OPUTM PO3POBKH
IHOOPMAIIMHOT' O CEPBICY JIUIA OBJIIKY U 3AKYIIIBJII TOBAPIB

Hocnidowcenns npuceaueno po3pobyi (hyHKYioHanbHOT MOOeni ma anzopummy iHghopmayilino2o cepsicy 3 numars 00Ky i
3aKyniei, wo epaxosye iHOUsioyaIbHi nompebdu Kopucmyeaua. Lle axmyanvno 015 3a6e3neuents 3py4HOCIE Ma eKOHOMIYHOCI 8
NOBCAKOEHHUX NOKYNKAX Kopucniysauis. Y pobomi nposedenuti ananiz icHyrouux Memooig po3paxyHKy nepiooy 3axKynieni mosapis
3 YPAxXyBarHAM 0cobucmux ynooobans ma 4acy, AKULL 6UMpaiacmvcs Ha 3aKyniento moeapy. 3asnauena HeoOXioHicms iHOUGioya-
JILHO20 NIOX00Y 00 NPoYecy 3aKynieni Ha OCHOBI Yacy, AKULL KOPUCYBAY 8UMPAYAE HA NOGHE BUKOPUCIAHHS MOBApY. 3anponoHo-
6aHULl AnOpumMM 6a3yEMbCA HA MOOENi 0COOUCIOCME KOPUCHYBAUd, iCMOPIi 3aMO6l1eHb Ma DAX0EYE PAKMOpU, Wo ENIUBAIOMY
HA NEPIOOUYHICHb NOKYHOK KOJCHO20 OKPEMO20 KOPUCHYBaya. Aneopumm Mmodice GUKOPUCIOBY8AMY OAHI 3 NONEPEOHIX NOKYNOK,
8paxogysamu 3MiHu 8 CHOHCUBHOMY NONUMI MA NPONOHYBAMU MePMIHU 3aKynigi. Taxodc aneopumm, Ha 0CHOGI OMPUMAHUX Oa-
HUX, MOdICe NPOSHO3Y8amu NOMpedy KOpUCmyeaid ma cmeopiosamu 3aMoseH s 8i0nogiono 0o Hux. Buxopucmanns ybozo anzo-
PUMMY 8 O0OAMKY MOJice CRPpUAMU 3PYHHOCE M eheKMUBHOCMI NOKYNOK 0151 KOJICHO20 KOPUCHTYBAUA.

Knrouoegi cnosa: inpopmayivinuii cepgic, ynpasiints 3anacamu; nepiod 3aKynisii; Mooeib KOpucmysaud, iHougioyaivhe
HANAWMY6AHH A, A6MOMAMUZAYIA 3AMOBEHb.

Puc.: 2. Bion.: 12.

AKTYaJIBHICTh TeMHM JI0CJTi/IZKeHHS. Y Cy4acHOMY CBITI 3MEHILIEHHs BUTpAT 4acy Ta pe-
CYpCiB Ha MOBCSKACHHI CIIPAaBU CTa€ JAealli OUTbII aKTyaJbHUM 3aBAaHHsAM. Bubip Ta 3akyri-
BJISI IPE/IMETIB 1 TOBApiB 0COOMCTOTO TOMUTY SIK JJIsI IEPECiuHO JTFOIMHU, TaK 1 IJIS AiSUTBHOCTI
IPUBAaTHOTO MiANPHEMLS NOTpeOye yBaru Ta 4yacy. EQexTuBHe BeieHHS OOJIKY € KIII0YOBUM
JUIs onTuUMi3alii BUTpar. HeoOXiHO po3yMiTH, 5K 1 Ha 110 BUTPAYAIOTHCS KOILUTH, Ta 3A1HCHIO-
BaTH PO3PAXyHKH, 100 3a0€3MEUnTH AOCTaTHIN piBeHb KUTTEIISIHLHOCTI Ta MaTu HEOOXiIHI
pecypcu. Y TakoMy KOHTEKCTI HasiBHICTh 1H(OPMaIiifHOTO cepBICY-ITOMIYHUKA 3 TUTaHb OOJIIKY
Ta 3aKyIBJ, IKUH aBTOMAaTU3y€ YaCTUHY I1i€l poOOTH, CTAa€ HaJ3BUUAHHO KOPUCHOIO.

Taki cepBicu € 1OBOJII NOUIMPEHUM SBHILEM y OaHKIBCBbKiN cdepi. Sk nmpukiaa, BUKOpUC-
TOBYIOTbCSI OaHKIBCBbKi CEpBICH-I0JJaTKH, 1110 JI0MOMAaratoTh YIpaBliHHIO (piHAHCAMU KOPHUCTY-
BauiB. [Ipukmnagom e momatox «UKrsibonline» [1]. Bin momomarae BiacTeXyBaTH BUTPATH Ta
rpa¢iqHo MOoKa3ye, sKi KOITH Oyl BUTpadeHi Ta Ha siKi moTpedu. Takox sIK MpHUKIIaZL MOKHA
posrsnyTh fomatok «Fishkay, pospobnenuit mis chepu obcmyroBysanns[2]. TIpore HuHi
Mailke HeMae MMOMIYHMKIB, K1 O lomomaraiiy 3 yrnopsiIKyBaHHSIM BIIaCHUX aKTHBIB, IPEJMETIB,
ToBapiB. ICHyIOUl cepBicH HE JJOMOMArarTh 3 MUTAHHAM — SIK Ta KOJIM KyIyBaTH ToBapu?

Ta ronoBHe, yci 11l CEepBICH HE BUKOPUCTOBYIOTh METOIIB iHAMBIAyami3aiii JonarkiB. bib-
IIICTh JIOAATKIB CIIPSMOBAHI Ha 3arajibHi NOTPeOr KOPUCTYBadiB, HE BPAXOBYIOUM 1HIMBIAyaJIbHI
notpedu. HuHi nuie aekiabka cepBiCHUX JI0AATKIB MPOMOHYIOTh Maibke 1HANWBIAyabHUN Ta Cy-
yacHui (yHKIIOHAN moMiunuka. Hampukman, anrmomoBHi gomarku Pantrist [5] ta Kitchenpal:
Pantry Inventory [3] npu3sHaueHi nepeBaskHO U1l 00JIIKY Ta BUKOPUCTAHHS XapuOBUX MPOIYKTIB.

OTxe, ines iHdopMaliiiHOro cepBicy y (opMi MEpCOHATBLHOIO MOMIUYHUKA, SIKUH BijacTe-
KY€ 1HIUBIAyaJIbHI TOTpeOU B MaTepialnbHUX Ta (IHAHCOBUX pecypcax, Oyae Ha/J3BHUAHO Ba-
#ymBoto. Llei cepBic cTaHe He3aMIHHUM y BHUpIIIEHH] MIOIGHHUX MOOYTOBUX MUTAHb K IS
MPUBATHUX 0OC10, TaK 1 ISl MaJUX MPUBATHUX I1ANPHUEMCTB.

Tema mocnipKeHHS Mae 3HAUYEHHS /7151 TajTy3el, OB’ I3aHuX 3 YIIPaBIIHHSAM 3aracamMu, eje-
KTPOHHOIO KOMEPIII€0 Ta aHai30M JaHuX. Lle ctocyeThes He nuie po3piOHUX MOKYMIIB, ane
1 KOMITaHiH, sIKi MOXKYTh BUKOPUCTOBYBATH MOI0H1 aITOPUTMH JUISI ONITUMI3allii 3aKyMiBeIbHIX
MPOIIECIB, 1 11€ I03BOJIUTH BIIPOBA)KYBATH CEPBICHI JOAATKH, SKI HAIAIOTh 1HIUBITyalbHI MO-
pazy KOpUCTyBauaM MO0 IXHIX ITOKYIIOK.
© I1. A. Kooy, B. O. Jlroouak, 2024
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IlocTanoBKka nmpodiaeMu. Y Cy4acCHOMY CYCHIJIBCTBI Ta Oi3HEC-CEpeOBHUIII BUHUKAE HE-
00X1HICTh BUKOPUCTAHHS €(EKTUBHUX IHCTPYMEHTIB 11 aBTOMATH3allii MPOLIECIB 3aKyIiBEb
1 KepyBaHHs 3aracamu. € He Tak Oararo iH(opmariitHux cepsiciB (y Tomy uucii Ha Google
Play ta Apple Store), siki npu3HaueHi came 17151 00CITyrOBYBaHHS peCypCiB/aKTHBIB IPUBATHUX
KOPHUCTYBadiB Ta JIONOMAaraloTh KepyBaJHM OOJIIKOM 1 3aKymiBJI€I0 HEOOX1aHMX ToBapiB. [lpu
bOMY 111 iH(pOpMAIiiiHI cepBicH, Y TOMY YHCII TPOMHUCIOBOTO NMPU3HAYCHHS, YACTO TaKOX I1e-
pendadaroTh «pydHi omnepauii». Hampukiaa, ypaxyBaHHs 3aJMILKIB TOBapiB Ta PO3pPaxyHOK
Yacy 3aKyIiBIi NOMOBHEHHS 3anaciB. Llei nporec 3aiimae 6araro yacy ta motpedye nepeBipku
HasIBHOCTI TOBapy, PO3paxyHKy Oa’kaHOi KIJIbKOCTI Ta BHECEHHS LIUX JAHUX Y 3aMOBJIEHHS JIIO-
JMHOIO CAaMOCTIHHO.

[IpobGnaemMHe mUTaHHS MOJTae y MPOIO3HUIIIi 010 1HUBIIyaTi30BaHOTO MiIXOAY Ta aBTO-
Maru3alii 00Ky Ta 3aKyHiBii TOBapiB JUIs KOPUCTYBauiB TAKUX CEpPBiCiB. 3a3BUYal, iICHYIOUI
METOJIM Ta aJTOPUTMH ONTHMI3allii 3a1aciB CIPSMOBaHI Ha MOTPEOH MiIPHUEMCTB Ta ONITOBUX
MOKYIIIB i HE BPaxOBYIOTh YHIKaJIbHUX BIOJ00aHb, CTPYKTYPH CIIOKHBYOTO MOIMUTY Ta 3MiH-
HUX (paKTOpPiB 1HAMBITyaTbHUX KOPUCTYBAYiB.

BupinreHHs ux nmuTadb Ta po3po0Ka BiAIMOBITHOTO iHGOPMAIIIHHOTO CEpBiCY CIIyryBajio O
1 ABUILIEHHIO €(PEKTUBHOCTI CIIOKUBYOTO CEKTOPY, CIIPUSIIO ONTUMI3allii BUTPAT Ta MOJIMIIEHHIO
SIKOCTI TIPOIIECy 3aKyHiBili. TakoXk 11e € BXKJIMBUM Y Tajly3i yIIPaBJIiHHS 3alacaMH, JIe iHIUBITy-
ATI30BaHMM TIXiJ JOMOMOXKE KOMITaHISIM 3MEHIIMTH BUTPATH Ha 30epiraHHs 3aracis, MMOKpa-
HIATH [IPOTHO3 TOMUTY Ta HAJIATOAUTH LUTHOBY KOMYHIKAIIFO 3 KOHKPETHUM KOPUCTYBauEM.

AHaJIi3 ocTaHHIX J0c/ixxeHb i myoJikauniii. [TutanHs MeToiB Ta TEXHOJIOTIH MO0 Op-
rafi3ailii aBTOMaTu30BaHOTO YIIPABIIiHHS 3amacamu, OONIKy i 3aKyIIiBJIi TOBapiB PO3IIISIAIUCH
y Oararbox AociikeHHsAX. BinmnoBigHuii iHpopmaiifiHui Oriis] METO/IIB Ta IHCTPYMEHTIB AJIst
po3po0ku iH(pOpMALIIHHUX CepBiCiB IPOBENEHO B poboTi [7].

VY crarti «Bubip moneni hopMyBaHHS CUCTEMH YNPABIIHHS 3arlacaMy Ha MiJIPUEMCTBI»
[8] mpornoHyeTbess po3podKa anropuTMy AJIi CTBOPEHHS CUCTEMH MIATPUMKU NPUNHATTS pi-
HIEHb y Traiy3i YIpaBIiHHS 3armacaMH Ha IMPOMHUCIOBOMY MiJNpUEMCTBI. [l BUpIIIEHHs 3a-
BIaHHs OyJlI0 HEOOX1HO MOOYIyBaTH MOJAEH MPOIIECY, 3aCHOBaHY Ha CHUCTEMI BIIHOCHUH MIX
PI3HUMHM 3MIHHUMH. Y Tpolieci BUOOPY KOHKPETHOI MOJeli Ui YNpaBiHHS 3amacaMu Oynu
BpaxoBaHI XapakTep MOMUTY, HAsIBHICTh 1e(PIUTY, EKOHOMIUHICTh BIPOBA’KEHHS CUCTEMU 00-
JiKy BUMOT Ta iH1i. [Tonmut po3misgaeTses 3 ypaxyBaHHSAM Horo 3MiHiOBaHOCTI B yaci. I1ig yac
aHaJi3y Ta OIIHKM MOMUTY Ha MPOIYKIIIIO Ui BUOOPY MOAEII CUCTEMH YIIPABIIIHHS 3aracaMu
BUKOPHCTOBYBAJIUCS] KPUTEPIi: 1€TepPMIHOBAHICTh, CTOXaCTHYHICTh, HEBU3HAYECHICTh IOIMHUTY, a
TaKOXX TMCKPETHUH XapaKTep HAIXOMKCHHS 1 CIIOKHBAHHS 3amaciB. [t 1eTepMiHOBaHUX MO-
Jienieil BCTaHOBIIIOBABCSl MOBHUM Mpoliec (PyHKI[IOHYBaHHS CHCTEMH YIIPABJIiHHS 3aracamu B
Maii0yTHbOMY, KOJIM CTaH CUCTEMH BIJOMUH y 3aJJaHUN MOMEHT yacy. Y pa3l HasiBHOCTI BUIA[I-
KOBOTO (DaKTOPY CTaH CUCTEMU B KOHKPETHUM MOMEHT 4acy MOXHa Oyj0 BU3HAYMUTH JIUILE B
pasi oneparuBHOTO (PIKCYBaHHS orepalliid 3 00JiKy Ta IXHHOTO CIOBIIIEHHS BUKOHABISIM. L5
Mozesb 00pOOKH Ta POOOTH 13 3armacaMu € CXOXKOI0 3 TUM, LIO MJIAHYEThCS 3pOOUTH B MeXax
11€T HAyKOBOI CTaTTi, ajie¢ BOHA CIIpsIMOBaHa Ha poOOTH 3 BEJIMKUM O13HECOM Ta He Moxe OyTu
IPUCTOCOBAHA JI0 MOTPed KOPUCTYBAUIB.

VY poboti «TeopeTHUHI OCHOBH YIPaBIiHHIM MaTepiaJbHUMH 3alacaMH i IpueMcTsy [9]
PO3MISTHYTO MUTAHHS YNPaBIiHHSA MaTepialbHUMU 3aacaMy Ha MiANPUEMCTBI, a came: ornepa-
TUBHE PO3IOPSKEHHS PeCypcamMu, TOBapaMH Ta TOTOBOO MPOIYKIIIEO 3 METOO 3a0€3TeUeHHS
e(eKTUBHOTO BUPOOHUITBA Ta 30yTy. Lle BUMarae BU3HAYeHHS HEOOXiJHOTO 0OCATY 3aMOB-
JICHHSI T4 CTBOPEHHS CHCTEMH KOHTPOITIO 32 (DaKTHYHHUMHU 3armacaMy Ta iX CBO€YaCHUM ITOTIOB-
HEHHSM. Y CTaTTi pO3MISAA€THCS MIAX1A 10 YIpaBIiHHS 3anacaMu, sKUi 0a3yeThCs Ha JIoTic-
TUYHOMY Mi/1x0/11. BukoHaHo knacudikalito 3amacis, po3pobiaeHo cxeMy (pOopMyBaHHS 3aracis
Ha IIJIPUEMCTBI Ta NPEACTABICHO OCHOBHI €Taly yNpaBIliHHS 3aMacaMy, SKi BKIIOYAIOTh Y
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cebe BUKOPUCTAHHS PI3HUX METOMIB JUUIS ONTHMI3allli TOBapHO-MarepiadbHUX 3amnaciB. Haii-
OB IIIKaBUM IS HAC BUTVISJIAE MTPOIIEC 3aMOBJICHHS Ta KOHTPOJIIO HAJ| 3ar1acaMH, siKuii Oyre
BUKOPHCTaHUM K MPUKIIAJ I CXOXKOT0 MIPOLIECY 3aMOBJICHHS B Halliil poOOTi.

VY nocnimkenni « The application of activity based costing (ABC) system in calculating the
cost of gods sold (cods) at PT.XZY» [10] o6rosoproerscst MmeTogodoris Activity-Based Costing
(ABC). Ha BigmMiHy Bij OUIbII TpaauIiiHUX OIOMKETIB 3a cTarTsiMu Butpar, ABC renepye ko-
puCHY 1H(GOpPMAILIIFO IIOAO TOTO, SIK BUTPAYAIOThCS TPOIII, HACKIIbKYA €(PEKTUBHHUMA BIALI Ta K
HOPIBHATH WOTO 3 IHIIUMH JUIst TOKpanieHHs akocTi. ABC € OibII TOYHOO CHCTEMOIO YIpaB-
JIIHHS BUTpaTaMH MOPIBHSIHO 3 TPAIUIIMHUM OOJIIKOM BUTpAT: BUSBIIAE MOMIIMBOCTI IOKpa-
HIeHHS €()EeKTUBHOCTI Oi3HEC-TIPOIECIB 1 €(h)eKTUBHOCTI HUIIXOM BU3HAYEHHS PeajbHOI BapTO-
CTI HpPOAYKTy uM mociayru. Llg cuctema Oyne mpuKiIagoM A Hac y Mexax poOOTH Hal
iH(pOPMAaIiTHOIO YaCTUHOIO CEpBICY MOMIYHHKA, a CaMe MUTaHb BUTPAT KOPUCTYBAYa.

Po3misiHeMO Takok MPUKIIAAN BKE YXBaJCHUX pillieHb CEPBICHUX JIOATKIB, K1 3a IPU3Ha-
YEeHHSIM Ta (DyHKIIIOHAIEHUMH MOXKIIMBOCTSIME OYy/TyTh KOPUCHHMH ISl BUPIIICHHS 3aBJaHb J10-
cripkenns. [lupoke 3actocyBanHs Mae OGaHKIBChKHiA cepBicHui qomarok «UKrsibonline» [1],
SIKMIA Ma€ KOPUCHUH (QYHKITIOHAI 13 HalaHHS CTaTUCTUYHOI iH(OopMallii 3 BUKOPHCTAHHSI KOIIITIB
ta 11 rpadiunoro npencraieHHs. CXOKHUI KOHTEHT, sIK IpHKIaL, Mae aonatok «Raiffeisen
Online Ykpaina» [4]. Li cepBicu HajamToBaHi came Ha JOIIOMOTY KOPUCTYBauy y3arajibHUTH
Ta 3pO3yMITH CBOT BUTpATU. 30UPA€EThCS CTATUCTUKA I10JI0 BUTPAT 3a MICSLb, CEPEAHIX BUTPAT
tomo. Lli nani MOXyTh OyTH MeperisTHyTI KOpHCTyBadeM y po3aim «Ormisg BUTpaT», Ta Aae
MOXJIMBICTh IJIAHYBaTW KOPUCTyBady cBOI BUTparu Ha MailOyTHe. KopucHum Oyne nependa-
YUTH CXOKUHN Tpadiunauil QPyHKIIIOHAI i B HAIOMY TPOEKTI.

e npuknan — cepBicHmii qogarok Pantrist [5]. Mae qoBomi mmpokuii GyHKI[IOHAT, IPU3-
Ha4yeHUH i1 OOMIKy Ta 3aMOBJICHHSI XapuOBHX MPOAYKTiB. J[03BOJISIE CTBOPIOBATH CIHCOK IO-
KyNOK, (JOpMyBaTH 3aJIMIIKK TOBapiB. AJie CEpBIC HE BUKOPUCTOBYE aJITOPUTMIB PO3PaXyHKY
nepioly BUKOPUCTAHHS TOBapy, a JIUIIE MOJA€ iX K KOHCTaHTHI 3HaueHHs. ToOTO SKIO TOBap
3aKiHUMBCS 7 JHIB TOMY, TO BiH 1 Oyzie moAaBaTHCh JI0 3aMOBIICHHS 3aBKIu uepe3 7 AHiB. Taki
PO3paxyHKH HE € KOPEKTHUMH Ta CIIPOMOKHIUMH MOKPUTH MTOTpeOn KopucTyBada. [HImmm npu-
kianom € pomarok Kitchenpal: Pantry Inventory [3], skwuii Haraaye momnepeHii 101aToK, aie
Mae OUTbII MUPOoKuH (yHKIIOHAT. J[01aTOK Mae MOKIIUBICTh 3aIyYUTH aBTOMAaTUIHO BHOpaHi
KOPHCTYBa4e€M TOBAPH J0 3aMOBIICHHSI, TJIAHYBaTH 3aMOBJICHHS, BIIOBIIHO /10 PELIENTIB, SKI
NOJTI00IsIE KOPUCTYBad. TakoX aBTOPH JI0/IaTKa CTBEPKYIOTh, IO JOATOK HABYAETHCS Ta Ha-
Jla€ MPOTMO3HLLii, ajie He YTOYHIOIOTb, SIKI METOJIU JUISI LIbOTO BUKOPHCTOBYIOTb.

Takox BUKIIMKAE 3aIliKaBIEHICTh CTaTTs «Po3poOka MOOILTEHOTO JA0AATKY 3 TEOJOKAIlIEI0
o0uniky Butpar» [11]. Po3misinaeTbes MOOUTBHUM 3aCTOCYHOK, KM J10IIOMarae BiICTE)XyBaTu
1 KOHTPOJIIOBATH CBOi BUTPATH 3a JOTIOMOTOI0 (PYHKIIIT reosyokartii. JlogaTok 103BoJisi€ KOpHC-
TyBauaM CTBOPIOBATH MOMITKU Ha KapTi, 1110 BiloOpaXae, e BOHU BUTpayaroTh cBoi rpoii. Lle
0COOJIMBO KOPHUCHO JUTS THX, XTO X0U€ PO3YMITH, J€ Ta SIK BUTPAYAOThCS KOIITH KOPHCTYBava.

Marepiai npo po3BUTOK HalpsIMy OaHKIBCHKHX JI0/IaTKiB, TUTAHHS aKTYaJIbHOCTI Ta SKOCTI
0aHKIBCHKUX IOJATKIB-TIOMIYHUKIB JIETabHO BUCBITJICHI y cTarTi *ypHany Forbes.ua [12].
Lleit orisii BUCBITIIIOE AOIUIBHICTH CTBOPEHHS J0/1aTKiB MOMIYHMKIB Ta CTaTUCTUKY BUKOPHUC-
TaHHS TaKUX JOAaTKiB. Takok MOXKHA 3pO3yMITH, 110 IEPCTIEKTUBH B PO3POOIIl MepCOHATI30-
BaHMUX JOJATKIB ITIOMIYHHKIB € BACOKHUMHU.

Bupisiennsi HeoC/IiIKEHUX YACTHH 3arajibHoi nmpodjaemu. Jljis BupimeHHs TpoOieMu
CTBOPEHHS iHpOpMAIiITHOTO cepBicy Uit 00CIyrOByBaHHS PECypCiB/aKTUBIB MPUBAaTHUX KOPU-
CTyBauiB BUHUKAE HEOOXIAHICTh PO3POOKU MOJIEINI Ta aJTOPUTMY /Jisi €(PEeKTUBHOTO Ta 1HAUBI-
Jya1i30BaHOTO MiAX0My 10 OOMIKY Ta 3aKyIliBJi TOBAPiB i3 3aCTOCYBaHHSAM BiJIIIOBITHUX METO-
niB. [loTpiObHO nepenbauaT BUPIIEHHS] HACTYITHUX 3aB/laHb: CKOPOUECHHS BUTPAT; 3MEHIICHHS
4acy Ha IMOKYIIKH; aBTOMaTH3allis IPoLeCcy KYyMiBIIi.
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JI71s1 11b0TO HEOOX1AHO CTBOPUTH OMUCOBY MOJCNIb KOPUCTyBaya 3 aTpuOyTaMu iHIUBITya-
npHUX MoTpe6. Ha ocHOBI Mozeni MOTpiOHO 3aNPONIOHYBATH BIAMOBITHY PYHKIIIOHAIBHY CXEMY
PO3pOOKH MEePCOHATI30BAaHUX MPOMO3UIIINA Ta CTPATETiH, 0 BPaXOBYIOTh 1HAMBITYalbHI MOT-
pebu kopucrtyBada. [lepeayciM He0OXi1THO BUSHAYMTH METOIM JUIS 1HAUBIMyasizamii (yHKITi0-
HyBaHHA aozaarka. [Tokymili pi3sHMX TOBapiB 1 MOCIYT MAlOTh Pi3HI MOMHUTH Ta MOKYIKOBI 3BH-
YKH, I10 BUMAra€ iHIUBITyaIbHOTO ITiIXOTY.

Merta nocaigxeHHsi. MeToro MPOEKTY € pO3poOKa OMUCOBOI MO/IETI KOPUCTYBaya, (PyHK-
[[IOHAJIBHOT MOZIETIi Ta AITOPUTMY 1H(OPMAIIITHOTO cepBiCy 3 MUTaHb OOMNIKY W 3aKyMiBIi, 10
BpPaxoBY€ 1HJIMBIyaabHI TOTPEeOH KOpUCTyBada. AJITOPUTM ITOBUHEH TepeadadaTy aHaii3 0Cco-
OMCTUX MOKYNKOBHX 3BHYOK, 1CTOpii 3aMOBJIEHb Ta BPaxoBYBaTH (paKTOpPH, IO BIUIMBAIOTH HA
NepiOANYHICTh MOKYMHOK. JIJis 11boro nepeadadyaeThcsi BAKOPUCTOBYBATH JIaH1 3 MOMEPETHIX TTO0-
KYTOK, BpaXOBYBaTH 3MiHM B CIIOKUBUOMY IOTIUTI Ta MPOTIOHYBATH ONTUMAJIBHI IEPiOIn 3aKy-
miBii. [{si BUKOHAHHS 3aBIaHb NOTPIOHO OpraHizyBaTH Ipoliec 00Ky pecypciB Ta BUTPAT Ha
ix mpunbannas. OOIIK BUTPAT K KOMIIOHEHT ()iHAHCOBOTO YIPABIIIHHS € KIFOUOBHM IS OKpe-
MO1 0COOH, )1 TpyIH 0Ci0, 1)1 KOMIIaHIli Ta Ma€e 3a METYy 3MCHILICHHS BUTPAT Ta IiIBUILICHHS
npubyTKOBOCTI. Cepesr OCHOBHUX ITiJIeH OOJiKY BUTpAT €:

1. BukopucTtanHs METOIB aHali3y JaHUX: JUIA alanTallii 10 3MiH y KUIBKOCTI TOBapiB Ta
IHTepBAIYy MIXK 3aMOBJICHHSIMH, 1ICHTU(IKAII] CITOKMBYKMX ITaTEPHIB Ta MPOTHO3YBAaHHS TEH/IE-
HI[1l BUKOPUCTOBYIOThCS METOM aHaNi3y JaHuX. Lle 103Bosisie€ po3yMiTH CIIOKUBYY MTOBEAIHKY
Ta BYACHO pearyBaTd Ha 3MiHHU, ONTUMI3YIOUH MPOLEC 3aKyIiBEb.

2. [InanyBaHHs HA MalOyTHE: [UIIXOM BUKOPUCTAHHS METOJIIB MPUNUHATTS PillIeHb Ta 1H-
JMBIIyaJIbHUX TapaMeTpiB KOPUCTYBada, INIAHYETHCS PO3POOKA THYYKOT CHCTEMH TUTAHYBaHHS
3aMOBJIEHb Ta BUTpAT. Lle 103BONIUTH BpaxoOBYBaTH 1HAMBIAyaldbHI MOTPeOU KOPUCTYBadiB Ta
CIUIaHYBaTH MaiOyTHi 3aMOBJICHHSI.

3. IIporuo3yBaHHs MOMUTY: MONEPETHE MPOTHO3YBAaHHS KIIBKOCTI TOBapiB a00 MOCIYT, He-
00X1JTHUX KOPUCTyBayaM IMPOTATOM IEBHOTO MEPIOAY 4acy, € BaXJIMBUM JJIsl YIPaBIIiHHS JaH-
I[IOTOM TMTOCTayaHHs Ta MaaHyBaHHA. lle momomarae yHUKHYTH HaJJIUIIKOBUX 3amaciB abo He-
cTayl TOBapiB.

4. PerynsipHuii MOHITOPUHT Ta KOHTPOIIb 3aJIUIIKIB: CUCTEMa MOHITOPUHTY 32 3aTHIIKaMU
TOBapIB J03BOJISIE YHUKHYTH HAJMIPHUX 3amaciB a0 HecTaul TOBApPiB IUISIXOM MOCTIMHOTO KO-
HTPOJIIO 32 HASIBHUMHU 3allacaMH.

5. CucreMu aBTOMaTU30BaHOTO 3aMOBJICHHS: 3aCTOCYBAaHHS CHCTEM aBTOMAaTH30BaHOTO 3a-
MOBJICHHS 3 ypaxXyBaHHSAM 1HIUBIAyaJIbHUX TapaMeTpiB ONTUMI3AIli] 3a11aciB CIPOILIYe Ta MPU-
CKOPIOE MPOIIEC 3aKYIiBENb, 3a0€3MEeUYI0UHr BiIMTOBIIHICTh MOTPeOaM KOPUCTYBAYiB.

BukJag ocHoBHOro Marepiasay. OCHOBHUM 3aBJIaHHIM JOCIHIJKEHHS € IPOEKTYBAHHS aJl-
ropuTMy 1H(GOpMaIlIITHOTO CepBicy Ta Mpolecy, kUil Oyzne oOpoOIATH AaHl BiJl CUCTEMHU Ta KO-
pHUCTyBaua, BUKOHYBaTH PO3PAaXyHKH, Ta aBTOMaTUYHO CTBOPIOBATH 3aMOBJICHHS Ha MiACTaBi
OTPUMaHUX JTaHUX.

OnucoBa Moge/b KOPUCTYBa4a

JJ1st CTBOpEHHSI MOJIeITi KOPUCTYBava pO3IVITHEMO J1aH1, He0OXiTH1 ISt pO3POOKH aJITOPUTMY:

1. XapakTepuCTHKU KOPUCTyBauya: 0a30Ba KUTbKICTh OJUHUIIL TOBAPY B HAIBHOCTI KOPHUC-
TyBa4a; OIOPKET BUTpPAT Ha Micsllb; 11Ha a00 AKICTh (BU3HAYaTUMEThCS OIOKETOM Ta mooda-
YKaHHAM KOpHCTyBada); OaxaHuil oocar Juist 30epiraHHs.

2. TloTpebwu Ta mii: GakaHHS BUTPAYaTH MEHIIIE KOIITIB HA 3aKYITiBIIIO MTOBCSIKACHHUX TO-
BapiB; OaKaHHS BUTPAYaTH MEHIIIE Yacy Ha 3aKYIiBIIIO MOBCSAKIECHHUX TOBAPiB; OaKaHHS MaTH
JIOCTATHIO KUIBKICTh TOBapiB 3a HAWKpally LiHY.

3. InauBigyabHI 0COOIMBOCTI: IIIHHICTD Yacy, 10 BUTPAaYa€ThCcs Ha OOYTOBI pedi; Lijectl-
PSMOBAHICTh Ta MOTHBAIIIS 0 BUKOPUCTAHHS CEPBICHOTO JIOJaTKa; PIBEHb JOCBITY (YU MaB KO-
pPHUCTYBa4 JOCBIJ 31 CXOXKUMHU JTOJIaTKaMHM ); Oa’KaHHSI CITIBIIPAIIFOBATH 3 JOAATKOM ITOMIYHHKOM.
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4. PU3UKU: MOXIJIMBICTh HEKOPEKTHOIO PO3PAaXyHKY OOCATIB TOBAapy Ha IOYATKOBOMY
eTarll; pU3MK MEePEeBUTPAT KOIITIB HA ITOYATKOBOMY €Talli BAKOPUCTAHHS JTOJIaTKA.

JlaHi mapaMeTpH XapaKTepU3yIOTh KOPHUCTYBavya Ta OyJIyTh BUKOPHCTOBYBATHCh Y TaKUX
pO3paxyHKax.

[IporonyeMo (Gopmyity JiIst OTMCOBOI MOJICITI KOPHUCTYBaYa:

Kopucrysau = <U, N, C, F> @

ne U (user) — mepcoHanbHi aTpuOyTH KOPHUCTYBaya;

N (needs) — morpebu KopHrcTyBaua;

C (characteristics) — oco6iHMBOCTI KOpHCTYBayYa;

F (fears) — moGoroBaHHS;

Jlnst inguBimyanizanii KOpucTyBadya HaM BaXKIIMBO BpaxyBaTH TaKi XapaKTEPUCTHUKH, SKi
MOYKHA BUMIpPSITH:

- U:. Ilina abo SKiCTh T0JaTKOBHI MapamMeTp BUKOPUCTOBYBAHHI KOPUCTYBAaYeM JIJIsl BU-
3HAYEHHS SKOTO LIHOBOTO /ialla30Hy MOBUHEH OyTH 3aKyIUICHHA TOBAP.

- Up. 3aranbHuii 6axkanuit oOcsr 30epiranHs.

- Us. IloTpeba B HassBHOCTI TOBapy MOKE BHMIipPIOBATHCh KUIBKICTIO OJJMHHIb OJHOTO TO-
Bapy, 10 € B MOCTIiiHII HassBHOCTI.

- Us. baxxanmii Oro/xer.

- N1. Yac, BuTpaueHuii Ha MOHITOPHHT JIOJIaTKA.

- C1. [liana3oH (4ac), sskuii HeoOX1THUI MK 3aKIHYEHHSM TOBapy Ta JOCTaBKOIO HOBOTO.

- Co. KinbKicTh MeperisiiB J0AaTKY JJIsl KOHTPOJIIO 3a mpoiecamu. Moxe Oyt po3paxo-
BaHa 5K KUIBKICTh 3aITyCKiB 3a 100y .

- F1. Pu3uk mepeBUTpaT KOIITIB KOHTPOIKOETHCS 3a IOTIOMOTO0 TIPOCTOT POpMYJIH:

F1=(Us—S)>0. @)

ne Ug— cyma KOHITIB, 1110 3a/10BOJIbHSIE KOPUCTYBaya MPU BUTPATI Ha 3aKyIIBIIIO TPy TOBa-
Pp1B 3a BU3HAUYEHUH NEpiof;

S — IOTOYHI BUTpATH 3a Mepio;

3anpornoHoBaHa MOJIENb JTO3BOJISIE CHCTEMAaTU3yBAaTH XapaKTEPUCTUKH KOPHUCTyBaya IS
MOJAJIBIIOTO BIPOBAKEHHS METO/IB 1HMBIAyai3alii y po3pobii iHdopMmaliifHoro cepaicy.

Cuenapii poboTH KopucTyBaya opManbHO MOKHA ONKCATH TakuM YuHOM. Crepiry OyJe
PO3paxoBYBaTUCh KUIBKICTh TOBAapy, sKa HE0OXiHA JUIl KOPUCTYyBaya:

A(dakr) = if (A(mun) — Uz <= 0), (3)
than Us,
else A(muH)

ne A(dakr) — akTyanpHa KUIBKICTh TOBapy sl 3aMOBJICHHS;

A(MUH) — KUIBKICTh TOBapy 3 MUHYJIOTO 3aMOBJICHHS.

A ¢dakTuuHe nae 3MOTry OTpUMAaTH HEOOX1IHY KUIBKICTh TOBapy sl 0(pOpMIICHHS 3aMOB-
nenHs. Busnauenns 3minHOi U3 103BOIIsIE KOPHCTYBady BCTAHOBITIOBATH Oa’kaHy KiIBKICTB TO-
Bapy Ha OKpeMHUii mepioz.

Jlani mpu oTpuMaHHI ToBapy OyJZie pO3paxOBYBaTUCh Yac HACTYITHOTO 3aMOBIIEHHS caMe
IILOT'O TOBAPY 3a JIOIIOMOT0I0 (hOPMYJIH:

T(¢axt) = if (V! = false and U4 > 0) 4)
than (X1 + Xo+ ... + Xn) /' n;
else T(mun) + T(BigKm);

ne T(¢akr) — po3paxyHKOBHI yac 111 HACTYITHOTO 3aMOBJICHHS;
V — HeOoOX1AHICTH KYIIIBJIl TOBApy B IbOMY 3aMOBJICHH],
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U4 — OroKkeT, BCTAaHOBJICHUH KOPUCTYBAYEM;

T(Bigki) — mepiox yacy 3alaHU KOPUCTYBaYeM I OYiKyBaHHS;

T(MuH) — po3paxyHKOBHI Yac MOMEPEIHHOTO 3aMOBJICHHS;

X1, X2, ..., Xp - mIepio]1 BAKOPUCTAHHS B JHIX OJHOTO THITY TOBApY;

N — KUTBKICTh 3aMOBJICHb TOBapY;

Ha yac 3amoBneHHs BIUIMBA€E JIEKUIbKa 3MIHHHX, IO HA/Ia€ MOXKIIMBOCTI TOYHIIIE PO3pa-
XOBYBATH 4ac JJI OKPEMOT0 KOPUCTyBaya. 3a JOIOMOTOI0 1i€i pOpMYJIIH OTPUMAEMO KITbKICTh
JTHIB, HEOOX1THUX ISl HACTYITHOT'O 3aMOBJICHHS 200 JT0/IaBaHHS TOBapy BKE B HASIBHI.

bazoBuii cuienapiit po3paxyHky Oy/ie BUTTISIATH TAKUM YHHOM:

Basosi Ta
iHAMBIgYabHI
napameTpu

PospaxyHok
yacy

PospaxyHok
KiNIbKOCTi

Puc. 1. basosuii npoyec po3paxyHKy 3amMo81eHHs mosapy
Jlxeperno: po3po0IeHO aBTOPAMH.

AJroputm 00JiKy Ta 3aKyHiBJIi

Po3rstHeMo GBI A€TANBbHO aITOPUTM BU3HAUEHHS 3aJIMIIKY TOBapiB Ta IJIaHyBaHHs, BU-
KOPHCTOBYIOUM METOAM aHai3y JJaHUX Ta perysipHOro MoHITOpHHTY. Ha nepiiomy etami peari-
3a1ii HeoOX1/1H1 MOYaTKOBI1 JIaHi, cepel] AKUX TaKi XapaKTepUCTHKH KOXKHOTO BUY TOBApY:

1. TlouarkoBa kinbKicTs TOBapy (U3).

2. MakcuMmalibHa cymMa 3aMOBIICHHS.

3. YacoBwuii mpoMiKOK (TepMiH) JUIsi BAKOPHCTAHHS OJIHIET OIMHUII TOBAPY.

KopuctyBau Mae MOXKIJIMBICTB 3aJ1aTl a00 3MIHMTH 11 apaMmeTpu. Hanpukian, BkazaBUiu
10-15 ocnoBuux ToBapis (Uz) Ta oOmexenHs cymu 3amoBiieHHs 10 1000 rpuBens (Us). Tepmin
BUKOPHCTaHHS TOBapy TAaKO)K BU3HAYAEThCSl KOPUCTYBaueM a00 aBTOMaTU4HO 33/1a€ThCs MPHO-
JU3HO B ONMH MicAlb. L1 1aHi garoTh airopuT™My HEOOXiqHY CTapTOBY 1H(OpMaIlito A Tia-
HYBaHHS 3aKyIiBJIi.

CrninpaemMoch Ha IECKpUIITUBHUIN aHallI3 — 1€ MEePIINH eTar aHali3y JaHUX, SKUI BKIIOUaEe
B ce0e omuc Ta MiJiBeIEHHs MiJICYMKiB I110JJ0 OCHOBHUX XapaKTEPUCTHK HaOopy naHuX. bynyTh
CTBOpEHHI 3anucy B 0a31 JaHUX Ha OCHOBI BXK€ OTPUMaHUX MTOYaTKOBUX JIaHUX B1Jl KOPUCTyBavya
Ta cucteMHu. Lle 1acTh MOXIIMBICTH PO3MOYATH PO3PAXyHKHU Ta MEPEUTH 10 HACTYITHOTO €TaIty.

[Tporao3yBaHHs OMUTY Oy/Ie HOCATAETHCS 3a PAXyYHOK BXKE OTPUMAHHX JaHUX Bij TOTIe-
peIHIX LIHUKJIIIB 3aMOBJIEHHS, 200 6a30BUX Ta CKOPErOBaHUX KOpHCTyBaueM. byne 3po3ymino, ski
TOBApPH 1 K0T KUIBKOCTI B)K€ BUKOPHCTAHO KOPUCTYyBa4eM y MHHYJIOMY. Lle 103BOIHTE, HarpH-
KJ1a]1, aBTOMaTUYHO JJOAABATH J0 3aMOBJICHHS TOBAPH, 1110 BUKOPUCTOBYIOTHCS PETYIISIPHO Y (i-
KCOBaHUU TepioJ yacy.

VY xoMepUiiHUX po3poO0KaxX BUKOPUCTOBYIOTHCS PI3HOMAHITHI METOIM PO3paxyHKy Ta OIl-
TUMI3allii 4acy BUKOPUCTaHHS TOBapiB. JlJis HALIOrO JTOCHIJKEHHS, a caMe NIl PO3paxyHKy
4acy 3aMOBJICHHSI, BUKOPHCTAEMO METOJ] HOPMATUBIB [6], sKUii 3aCTOCOBYETHCS B TOPTiBIIi, BU-
pPOOHUITBI, JoricThli ToIo. Lleit MeTon rpyHTy€eThbCs Ha TOMY, 1110 JJIs KOKHOTO BUIY TOBapy
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ICHY€ IIeBHA HOpPMa CIIO’KMBAHHS - KUIbKICHA XapaKTEepUCTHKA, sIka BU3HAYA€, CKIJIbKU TOBAPY
HEOOXiTHO CIIOKUBATH 3a MIEBHUM TIepio yacy. J{s po3paxyHKy yacy HOro CIIOKHBAHHS 32 Me-
TOZIOM HOPMAaTHBIB HEOOX1HO 3HATH HOPMY CIIO’KMBAHHS TOBapy, Ta KUIbKICTh TOBApY, 110 CIIO-
xuBaeThes. L{i mani Ta po3paxyHku Oynu HaBEJCHHI BUIIIE.

PerynspHuii MOHITOPUHT Ta KOHTPOJIb 3aJIMILIKIB 3a0€3M1€UUTh aKTyaJbHICTh HAasBHUX 3a-
naciB y kopuctyBaya. KoxkHe HOBe 3aMOBJICHHS Oy/ie MaTH XapaKTEPUCTHKH: Yac MiX JBOMA
OCTaHHIMM 3aMOBJIEHHSIMHU, 3arajbHa cymMa 3aMOBJICHHSI, KUIbKICTh MO3UIIl B 3aMOBJICHHI,
TOIO. 3a JIOIOMOTOI0 OTPHUMAHMX JAHUX 3 MOMEPEIHIX NMEPIOIiB MU MOKEMO pO3paxyBaTH Ce-
penHiil yac BUKOPUCTaHHs TOBapy, Ta 3a3/jajleriib aBTOMaTUYHO JOAABATH HOT0 10 3aMOBJICHHS.
Sk mpukian, 3a monepeaHi Tpy 3aMOBJICHHS MU BUKOpHCTaiu ToBap 3a 15, 20 ta 25, nHiB Bi-
10B11HO. TakMM YMHOM, IpU OOPAXyHKY CEpPEeIHbOIO 3HAUEHHSI, MOJKHA 3aIlJlaHyBaTH HACTYyII-
HUM CTpOK Bukopuctanus ToBapy B 20 nuiB (T daxr).

Cuctema 3aMoBIIeHb Oyzie CTBOPIOBATHCHh Ha 0a3l JaHUX, 10 BU3HAUMB KopucTyBad. Ilo
HACTaHHIO KPUTUYHOTO Yacy JUIs 3aMOBJIICHHS TOBapy, a00 10 3aKiHYEHHIO TOBapy, MOTPIOHO
aBTOMATHYHO JOAATH TOBAp /10 3aMOBJEHHSA a00 CTBOPUTHM HOBE 3aMOBJICHHSI BPaXOBYHOUM
3minny F1. Hactynai ToBapu OyayTh A01aBaTUCh 710 3aMOBJICHHS 32 THM CaMUM IPUHITUIIOM,
aje TiIbKU Ko F1 Oyae mo3uTHBHUM.

[Toxw 110 A7t HAIOTO MPOEKTY MPOIeC aBTOMATH3allil 3aMOBJICHHS Oy/ie TPYHTYBaTHCS Ha
[[OMY IIPOCTOMY QJITOPUTMI, oncaHomy Buine. [Ipote micis mijoTHOI anpobaii iHdopmarii-
HOTO CEpBiCy IUIAaHY€MO ISl TUTAHYBAaHHS 3aMOBJICHHS Ta MPOTHO3YBAaHHS TOMUTY 3aTy4YUTH
HEHPOMEpEKEBI TEXHOJIOTI.

Posrsimaroun cam mporiec 3aMOBJICHHS TOBAPY MOXKIIMBO TOOAYHTH, IO BiH € HUKIIYHUM.
KoxHni 24 ronunu 6yne 3amyckatucb CRON mporec, s nepepaxyHKy 3ajiHILIKIB TOBapy. Y
CHPOIIEHOMY BUIIISA/II KOXKEH TOBAp Ma€ CBOIO KUIBKICTh JIHIB s oro BUukopuctanHs. Llloxxs
15 «TUCTaHIIisH» Oyae 3MeHIIyBaTHCh Ha | eHb. TakuM unHOM, Mpy HAOYTI MiIPaXOBaHO1 Kijlb-
KOCTI JIHIB, HEOOX1THUX JIJIs 3aKyMIBJI1 Ta IOCTaBKH TOBApy, MOTPIOHO AOJaTH TOBAp M0 ICHYIO-
YOro 3aMOBJIEHHS 200 CTBOPUTH HOBE. 3aJI€KHO BiJl MapaMeTpiB 3aMOBJICHHS Oy/1e BU3HAYaTUCh
yac oro BUkoHaHHs. Takox Oyzie BpaxoByBaTHCh yac JOCTaBKH, abu He Oyio nmpoOiem 3 Has-
BHICTIO TOBapy y KJI€HTA.

Peanizarris 1€l cxemu 0a3yeThCs HA METO/IAX yXBaJleHHS PIlIEHb. A came 00paHO METOJ
JiepeBa BUOOPY, TAaKOXK BIIOMUH SIK IEPEBO PillI€Hb, 1110 J103BOJISIE MOJIEIIOBATH MOCIIIOBHICTh
MO>KJIMBHUX BapiaHTIB BUPILIEHHS NpoOIeMH Ta iX B3aEMO3B'3KIB.

Takox 11 00paxyHKiB Ma€EMO BpaXxOBYBATH TaKi HEMOCTIHHI MapaMeTpH:

1. BpaxyBaHH: 1ay3u Ha BHIIAJ0K NIEPEPBH KOPHCTYBAHHSI.

2. 3MeH1IeHHs a00 301IbIIEHHS 3aJIMIIKIB TOBapy, 3a Oa)KaHHAM KIII€HTA.

3. 30inbIIeHHS KUIBKOCTI KOPHCTYBaUiB.

4. 3meHueHHs a00 301IbIIEHHS OalaHCy BUTPAT Ha MiCSLb SIKHH 3a/1a€ThCs KOPUCTYBayeM
Ta 1HIIE.

Hapasi anroput™ nepenbavae peaiizallito OibI101 YACTUHH 3aMUTIB KITI€HTA, TAKUX SIK:

1. CBoevacHe 3aMOBJICHHS TOBapYy.

2. CBoedacHe HaraJayBaHHS PO 3aKiHUEHHs TOBApY.

3. KoHTpoIb 3aJIAIIKIB 32 IOTIOMOTO0 aJITOPUTMY IepepaxyHKy HassBHOCTI TOBApY.

4. TIporHo3yBaHHS MOMUTY Ha 0a3l BXKe OTPUMAHUX 3aMOBJICHb Ta BUKOPUCTAHHS KOpHUC-
TyBadeM TOBapy.

5. AHauni3 JaHMX BUKOPUCTaHMX TOBAPiB Ta TOBAPIB IO € B HAIBHOCTI.

6. CTBOpEeHHS aBTOMATH30BAaHOTO 3aMOBJICHHS 110 3aKiHUYESHHIO TPYIIH TOBApiB, a00 110 Tie-
pioay uacy.

3 BUKOPHUCTaHHSAM BUIIIEHABECHUX PIlLIEHb PO3POOJIEHO 3arajibHy KOHUEMNIII0 poOoTH ai-
TOPUTMY, Bi3yajbHa iHTEpIpeTAallisl SKOT0 y BUIVISIL AlarpaMy HAaJae€ThCs Ha puc. 2.
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Mepeeeipka
ycix Topapis
WO € Ha
IauLIKax

A

/ Craptye \

/TEIVIMED, AKW ﬁ\

paxye yac Ao
\ 3arycKy
ANTOPUTMY.

ry No

Kinekicte ToBapy
Binebwe oguHMUi

IHTEpBAaUT
JOPIHIOE HYH0

IHTEepBaN
AOPIHIOE HYNoO

Yes Yes

3MEHbLI:IyeM Kinbkictb KinekicTe
AvcTaHujio Ha 3anuLLKy Toeap 3aIMLLIKY
U GRELECITT ToBapy saKiHuYMBCH TOBapY
Hacy aMEHBLLYETLCA 3MeHbLIYeTECA

Ha OAMHULII0 Ha OfUHULIIO

Jopaem ToBapu
L0 3aKiHYWIMCh
00 HOBOTO

KiHeup anropurtmy 3amMOoBSeHHA
BamoeneHs
icHyE
Jopaem ToBapn

Lo 3aKiH4YKMIMch
[0 icHyHuYoro
3amMOBSIeHHsT

v

MpuiimaeTecs
pilLeHHA
npo
AoaasaHHs
ToBapy A0
3aMOBNEHHS

MNMepepaxosyem
[ANCTaHLMIO
BUKOPUCTaHHA TOBapPY
Ta KU/IBKICTE TOBapy 3
YPaxyBaHHAM HOBUX
OaHm

J

Puc. 2. Konyenmyanvua oiazpama npoyecy po3paxyHKy 3aMOo61eHHs MO8apy
JIxepeno: po3po0IeHO aBTOPAMH.

Cxema gerani3ye nporec poOOTH alropuTMy, Ta MOKa3ye sIK Ta KOJIM MU ITOYMHAEMO PO3-
pPaxyHOK 3aJIMIIKiB, KOJIM Ta SKi YXBaJIOIOTHCS PIIIEHHS, KOJIU Ta SIK Oyle CTBOPEHO 3aMOB-
nenns. Ilicns 3amycky CRON mporecy cucrema meperisigae BCi HasiBHI TOBapU Ta 3aIlyCKae
aNropuT™M OOYMCIIEHHS Ha OCHOBI JAaHHWX IO 3aJIUIIKaX TOBapy, 4acy MOTO BHKOPUCTAHHS Ta
MOX€ YXBAJIUTH TaKi pilIEHHS:

1. 3mMeHIIEHHSs Yacy BUKOPUCTAaHHs TOBAapY Ha OJHY A00Y.

2. 3MeHIIeHHS Yacy BUKOPHCTaHHS TOBAapy Ha OJHY 100y, Ta 3MEHIIIEHHSI HAsSBHOI KIJIbKO-
CT1 Ha OJIUHUILIIO.

3. Tomap 3akiH4YMBCS Ta Ma€ OyTH JTOJJAHUH /10 3aMOBJICHHSI.

ITicns poro cTapTy€e aNropuT™M aBTOMAaTUYHOTO 3aMOBIJIEHHS ToBapy. Llei anroputm Bupi-
1Iy€, IKy KUIBKICTh TOBapy MM JI0/1a€MO JI0 3aMOBJIeHHS. Jlali 3amycKaeTbes epeBipka icHyo-
YHX 3aMOBJIEHb. SIKIII0 3aMOBJIEHHS BXe 0()OpMIIEHE, TO TOBAp JOAAETHCA J0 ICHYIOUOTO 3aMO-
BJICHHS. SIKIIIO Hi — CTBOPIOETHCS HOBE. Ha IIbOMY pO3paxyHKH 3aKiHUIYIOTHCS, Ta 3AITyCKAEThCS
TaiiMep BIAJIIKY Yacy 10 HACTYITHOTO 3aIyCKy aJIfOPUTMY.

BucHoBku. Y po0OOTi BAKOHAHO CTBOPEHHSI OTIMCOBOI MOJIEJII KOPUCTYyBaya Ta 3alporoHo-
BaHO aJITOPUTMHU PO3PaxyHKy OOJIKY Ta 3aKyIMiBJli TOBApY, 110 JO3BOJIUTh KOPUCTYBady edek-
TUBHO KE€pyBaTu CBOIMHU CHOXMBYMMHU noTpedamu. Po3poOka 1€l Mozeni Ta apXiTeKTypu CUC-
TeMHU OOJIIKY JUIsl IEPCOHAIBHUX TOBapiB, Ha BIAMIHY BlJl KIACHUYHUX JOJATKIB MOMIYHUKIB
(OaHKIBCHKUH CEKTOP, CyliepMapKeTH), OyJie cripsiMoBaHa O1JIblIIe Ha CIIO)KKMBava HXK Ha O13Hec.
Takox po3poOieHa GyHKITIOHATBFHA MOJIENb CEPBICY MOXKe OyTH BUKOPHCTaHA JIJIsi CTBOPEHHS
API nns 6i3Hecy.

Taki Mmozesni MaTUMYTh MOTEHILIIAJ 3aBSIKM HOBOMY HalpsSMKY B 00CIIyTrOBYBaHH1 KJII€HTIB.
OpieHTylOuMCh Ha NMOTpeOM KOPUCTYyBaya Ta Ha BUToAy Oi3Hecy omHouyacHo. Cepu 3acrocy-
BaHHSI TAKOi MOJIEIIl MOXKYTh OyTH:

1) oxpemwii 10AaTOK 3 00JIIKY TEMATHYHHX TIEPCOHATBHUX aKTUBIB (HATPUKIIA] -T0OyTOBA
XiMist, Ip1OH1 TOBapHU, IPOIOBOIBY1 TOBAPH).

2) Buxopuctanus API s 6i3Hecy Ui mporHo3yBaHHs MOTPEO KIIIEHTIB Ha 0a3i BIaCHUX
CalTiB. JO/ATKIB, CUCTEM KEpPYyBaHHS.

3) BUKOPHCTAHHS B CHCTEMaX OOJIIKY JJIsl MOYKITHBOTO TIPOTHO3YBAHHS 3aJIMIIIKIB Ha CKIIa/Iax.

[TpocToTa anropuT™, IO NIPOTIOHYETHCS, Y JO3BOJIUTH MIBUIKO Ta €PEKTHBHO MIPOEKTYBATH
BIJIMTOB1/IHI CEPBICHI JIOAATKH Ta MPOTPAMH.
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Hanani manyemMo CTBOPUTH CEpBICHUI TOAATOK, SIKUIM POOUTH MPOLIEC 3aKyMIBIIl OUTBII 3py-
YHUM, aBTOMATH30BaHUM Ta 1HIUBITyasi3oBaHuM. L{eil iHCTpyMEHT 3MOKe T0TTOMOTTH KOPUCTYBa-
YaM 36KOHOMHTH Yac Ta TPOIIIi, 3pOOUBIIH iXHI TOKYIIKH OLIBII paIlioHaIbHUMH Ta 3pYYHHMH.
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FUNCTIONAL MODEL AND ALGORITHM FOR THE DEVELOPMENT
OF AN INVENTORY AND PROCUREMENT INFORMATION SERVICE

The research is dedicated to developing an innovative information service to optimize the procurement and inventory
management process. The primary focus is on individual user needs, ensuring convenience and cost-effectiveness in everyday
purchases. The work involves analyzing existing methods for calculating the optimal procurement period for goods, taking into
account personal preferences and the time spent on the purchasing process. It emphasizes the necessity of an individual approach
to optimizing the procurement process based on the user's personal characteristics, relying on the time they spend on using the
product fully. The proposed algorithm is based on a detailed analysis of personal purchasing habits and order history, considering
factors influencing the frequency of purchases for each user. By utilizing data from previous purchases, the algorithm adapts to
changes in consumer demand and provides optimal periods for future purchases. Additionally, it can forecast user needs and
automatically generate orders accordingly. In the context of the application, implementing this algorithm significantly simplifies
and optimizes the purchasing process for each user. Such a service promotes convenience and efficiency in everyday life, helping
users utilize their time and resources rationally. In summary, the developed information service addresses current consumer
problems, promoting the convenience and efficiency of their purchases. Its individualized approach and ability to adapt to changes
make it an essential tool for improving the quality of life for users in the modern world.

Keywords: Information service; inventory management; procurement period; user model; individual customization;
order automation.
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THO®OPMAIIMHO-AHAJITHYHA CUCTEMA
AJIA TEHAEPHO-HEUTPAJIBHOI'O BIABOPY KA/IPIB
3AKJIAZTY BUIIOI OCBITH

Y ecmammi nooarno xonyenyiro apximexmypu iHghopmayiiHo-aHatimuyHol cucmemu 0Jist MOHIMOPUHZEY 2eHOEPHOT PIGHO-
cmi, sika nepedbavae KOMNIEKCHUL nioxio 0o 360py, anarizy ma MOHIMOPUH2y OaHUX NPO NEPCOHAT, 3 OCODNUBUM AKYEHMOM
Ha eendepHi acnekmu. Takooic 3anponoOHO8AHO BUKOPUCTIAHHS MAMeMamu4Hol Mooelni KoeiyicHmis iHghopmamusHocmi 03Hax
006pasy KaHouOama Ha 6aKAHCIIO 3 YPAXYEAHHAM 2eHOEPHOT pisHOCmI. Yce ye cnpusimume 3MeHWeHHIO MOGIDHOCTI YX68AIeHHS
VhepeodiceHux pitieHb Ha emani HatlMy NepCoOHALy ma CMEOPEHHIO OLTbUL CNPABEOUB020 Ceped08UYA 8 AKAOEMIUHOMY 3aK1AOI.

Knruosi cnosa: inghopmayitino-ananimuyna cucmema, 2eHOEpHA PIiGHICMb, 2eHOEPHA HEUMPATbHICMb, KOeiyieHm iH-
GopmamusHocmi 03HaAK, KAHOUOAM HA AKAHCIIO.

Puc.: 2. bi6n.: 10.

AKTyaJIbHICTb T€MHU J0CTiKeHHsI. /[oTpuMaHHs NPUHIUIIIB reHAepHOi piBHOCTI y chepi
BUIIIOT OCBITH CTAHOBUTH CKIIA/IHY MPOOJIEMY SIK Ha II00AIBHOMY, TaK 1 Ha HAI[IOHAJIBHOMY Pi-
BHSIX, OXOIUTIOIOYH SIK PO3BHHEHI JIepKaBH, TaK 1 KpaiHu, 10 pO3BHBaIOThHCs. He3Bakaroun Ha
T€, 10 YHIBEPCUTETH PO3IVISNAIOTHCS AK MPOCTIP TeHAEPHOI HEUTPAIBHOCTI, JI€ YOJIOBIKH Ta
YKIHKM MAIOTh PiBHI IpaBa i MOXKJIMBOCTI, JOCIIIKEHHS IOKa3yIOTh 3HAUHY CKJIaHICTh CUTYya-
uii. Ha ctpykrypHOMY piBHI 1€ IPOSIBIISIETHCS B TIEPEBa3i YOJIOBIKIB HA KEPIBHUX MOCA/IAX.

MOHITOPHHT CUTYallii CTOCOBHO JOTPUMAaHHS IFeHJIepHOI pIBHOCTI 3aKJIa/laMH BUILOT OCBITH
Moxe OyTH e(heKTHBHO MPOBEACHUH 3a JoroMoroto iHdopmariiiHo-aHaniTHIHUX cucteM (IAC).
L1i cucreMu MOXyTh (DYHKIIIOHYBATH SIK CAMOCTINHI IPOrpaMH1 MPOAYyKTH abo OyTH 1HTErpoBa-
HUMHU B CUCTEMH KaJIpOBOTO OOJIKY YHIBEpCUTETIB. AHAJIOT1UHI MiX01u OyJIu pO3MISHYTI B I10-
HepeHiX JOCTIDKEHHSX, ajleé BOHU HE BpaxyBaJM MOKa3HUKH T€HJIEpHOI PIBHOCTI MiJl Yac Mif-
Oopy mepcoHaimy. Y IIbOMY KOHTEKCTI Hallle IOCIIHKEHHS 30CEpeKYEThCS Ha aHali3i
JOTPUMaHHS T€H/IEPHOI PIBHOCTI y Mpolieci Habopy KaHAWIaTiB Ha BaKaHCIi Ta po3poOIi MeTo-
JMKH 00uYMCIIeHHs KoedilieHTa iHGOPMaTUBHOCTI 03HaK 00pa3y KaHJHJaTa Ha BaKaHCIO 3 J10-
TPUMAHHIM TEHIEPHOI TOJEPAHTHOCTI MO KaHIUAATIB Ha BAaKAHTHI MOCAAM 3aKJIaay BHIIOI
OCBITH, 1110 POOUTH 1€ JOCIIIPKEHHSI aKTyaIbHUM Y Cy4aCHOMY KOHTEKCTI.

ITocranoBka npod.aemu. 3akoHOIaBCTBO KpaiH €Bporneiicbkoro Corozy (€C), CriomydyeHnx
[ITariB AMEepHKH Ta IHIIMX PO3BUHEHUX Hallii 3a00pOoHsi€ poOOTOIaBLSAM JUCKPUMIHYBATH MIpe-
TEH/IEHTIB a00 MpaliBHUKIB 32 paCOBUMH, T'€HIAEPHUMH, PENIriifHUMHU, HAI[lOHATBHUMH, BIKO-
BUMH, 1HBAJIIHICTIO 400 TEHETUYHUMHM O3HaKaMu. bararo yHiBepCUTETIB y IIMX KpaiHaX aKTUBHO
HPALIOIOTh HaJl TUM, 1100 MIPUBEPHYTH OLIbIIIE )KIHOK JI0 OCBITHIX MOCA, BUKOPUCTOBYIOUH CTpa-
Terii yHIBEPCUTETCHKOT MOJIITUKHU Ta AISUTbHICTD CTYICHTCHKMX OpraHi3allii.

VY cyuacHOMY CBITI, HE3aJIEKHO BiJ raimy3i O13HECY, OCBITH YH OyIb-sIKOI 1HIIOT — 0OCATH
iH(popMallii TOCTIHHO 3pocTaroTh. JOCATHEHHS YCHiXy 3aJeXHUTh BiJl €(EKTUBHOTO BUKOPHUC-
TaHHs 11€l iHpopMmalii. [HpopmaniiiHO-aHAITUYHA CUCTEMA JIJI1 MOHITOPUHTY Te€H/IEPHOT PiB-
HocTi (IACMI'P) Mmoxxe BifirpaBaTi BaXJIMBY pOJIb Y IIbOMY MPOIIEC], IO ¥ MOPOAMIIO 3al[iKaB-
JIeHHS B JIOCJI/IKEHHI L€l TeMHU. Y IbOMY KOHTEKCTI KpUTepidl TeHAepHOI HeHTpaslbHOCTI
PO3MIIAIAETHCS SIK CKJIAJ0Ba OLIIHKH 1HAEKCY TeHAEepHOi pIBHOCTI AJI HAyKOBO-IEAArOri4YHUX
NpaiBHUKIB y cepi BUIIOI OCBiTH. Moro 3acHOBaHO Ha MPHMHIKII PO3Mi3HABAHHS 00pas3iB 3
ypaxyBaHHSM IeHIepHOT HEUTPaIbHOCTI MiJ] Yac 1000py MPETEHIEHTIB Ha BAaKaHTHI TOCAIH.

© C. JI. P3aesa, /1. [I. Yepnuiosa, 2024
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AHaJi3 ocTaHHIX q0ciTKeHb i myOaikaniii. [loTpruMaHHs IPUHIKITIB T€HAEPHOT PiBHO-
CTi y cdepi BUIIOI OCBITH — 1€ I00anbpHa 1 ckiaaHa npodiema. [lpudomy He nuIie aepkas,
1110 PO3BUBAIOTHCS, @ i PO3BUHEHUX JIEPKaB. YHIBEPCUTETH B YCbOMY CBITI CIPUHMAIOTHCS SIK
TeHJepHO-HEHTpaNbHUI CBIT. Y TaKOMYy CBITI B YOJIOBIKIB 1 JKIHOK, 3/1aBajiocsi 0, MatoTh OyTH
piBHI TpaBa 1 mpuBiiei. OqHaK, SK BUIIMBAE 3 YUCICHHUX JOCIIKEeHb [ 1-9], peanpHiCcTh Ha-
Oararo ckianHima. Ha ctpykrypHoMy piBHI B yHIBEpCHTETaX 1€ MPOSIBISETHCS B IepeBasKaHH1
YOJIOBIKIB Ha KEpIBHUX MocagaX. Takoxk 1€ CTOCYEThCA 1 cdep 13 KpalluMu pecypcaMu, yMo-
BaMH IIpalli Ta MOKJIMBOCTSIMH ISl Kap'€pHOTO 3pOCTaHHS.

3ayBa)XMMO, 1110 MOHITOPUHT IOTOYHOT CUTYallll 1100 JOTPUMAaHHs I'€HAEPHOI PIBHOCTI B
yHIBepCHTETaX, MOXKe OyTH TOCUTh e(peKTUBHO 3ailicHeHH Ha 0a3i iH(popMaIliifHO aHATITHY-
Hux cucteM (IAC). Taki IAC MOXyTh (DYHKITIOHYBATH SIK CAMOCTIMHHUHN MPOrpPaMHHI TPOIYKT.
A MOXYTb Ha piBHI OKPEMHUX YHIBEPCUTETIB OyTH IHTETPOBAHUMH B CUCTEMH KaJJPOBOTO OOIIKY
(CKO) cmiBpoOiTHHKIB yHiBepcuteTy. Cxoxy poboty Oyno HaBeneHo B [10], me aBropu BuU-
KJIAJI CBO€ OAa4YeHHS PO3B's3aHHs 3ama4i po3pooieHHs moxioHoi IACMIP mist BonoHcbkoro
yHiBepcuteTy. OfHaK y 11iii poboTi He OyJ0 BpaxOBaHO MPUXOBaH1 MOKa3HUKU T€HIEPHOT Hepi-
BHOCTI ITiJT Yac MPUHHATTS Ha poOOTY criBpoOiTHUKIB. Came TOMY, B OCHOBHIH YaCTHHI HAIIIOTO
JOCTIIKEHHS, 1eTaJIbHO 3yIIMHUMOCS Ha MUTAHHX JOTPUMAHHS I'eHJIepHOi PIBHOCTI (HeiTpa-
JBHOCTI) MMiJl Yyac Mig00opy KaHIUAATIB HA BAaKAHTHI MOCAJH 1 PO3pOOKH MareMaTHIHOT MOJIEIi
koedimieHTa iHGOPMAaTUBHOCTI 03HAK 00pa3y KaHIuaTa Ha BaKaHCIO 3 JTOTPUMaHHSIM IeHJe-
pHOi TonepanTHOCTI. OCTaHHE POOUTH TEMATHKY IILOTO JOCIIPKEHHS aKTyaJbHOIO.

BunijieHHs1 HexoCHiXKeHHMX YAaCTHH 3arajibHoi mpoOJemu. Bkazanuii BuIe aHami3
OCTaHHIX JOCIIKEHb 1 myOmiKaiid He po3NIAAaTUCh TUTaHHS JOTPUMAHHS T€HAEPHOI PiBHO-
CTi, TOOTO 3a0€3MeYCHHS PIBHUX MOXJIMBOCTEH /I BCIX KaHJIUJIATIB 111 9ac BiAOOpY Ha Baka-
HTHI [TOCa/I B aKaJeMiuHIi YCTaHOBI 3 ypaxXyBaHHSIM I€HIEPHOT TOJIEPAHTHOCTI.

MeTo10 cTaTTIi € TOCTIHKEHHS BIIACTUBOCTEH BIPOBAHKCHHS 1H(OPMAIIIHHO-aHATI THYHOT
CUCTEMH MOHITOPUHTY T'€HAEPHOI PIBHOCTI AJIsl MIATPUMKH IPUHIMIIIB F'€HIEPHOI TOJIEPAaHTHO-
CTi Ta pOo3pOOJIEHHS MaTeMaTUYHOI MOJieli 0OUNCIIEeHHs KoedilieHTa 1H(HOPMATUBHOCTI O3HAK
o0pa3y KaHAMaTa Ha BaKaHCIIO 3 JOTPUMAHHSAM T'e€HJIEPHOT TOJIEPAHTHOCTI JI0 KaHIUAATIB Ha
BaKaHTHI [TOCAIU B aKaJeMIYHUX yCTaHOBaX.

Bukiaa ocHoBHOro marepiajy. Y cy4acHOMY CBITI I'€HJI€pHa PIBHICTb BU3HAETHCS OJI-
HI€I0 3 KITFOYOBHX CKJIAJI0OBUX COLIAJIbHOI CIPaBEeUIMBOCTI Ta CTAJIIOT0 po3BUTKY. He3axkaroun
Ha 3HaYHUU MPOTPEC Y HAPSIMKY JIOCATHEHHS IeH/IepHOi pIBHOCTI B 0aratbox cdepax KUTTS,
6araro KpaiH 31IITOBXYIOTbCS 31 CKJIaHICTIO BIJICTEKEHHS Ta OLIIHKM CTaHy PIBHOCTI MIX YO-
JIOBIKAMH Ta JKIHKaMHU y PI3HUX acrlekTax cycniuibcrBa. OnHak iH(opMaliiiHi TEXHOIOrT MO-
XYTb BIIIrpaBaTy KJIIOYOBY POJIb Y CIIPOLIEHHI IbOTo Iporiecy. [ndopmariiiino-ananiTuuHa cu-
CTeMa MOHITOPUHTY T'€HJIEPHOI PIBHOCTI Cepell BUKIJIAJaduiB YHIBEPCUTETY MpU3HAYEHA JUIS
aHaJizy piBHOCTI cTareil cepes mepcoHaly 3akjaay BUIIOI OCBITH, Ma€ BaroMy 3Ha4yIIiCTh Y
MEKaxX Cy4acHOTO aKaJeMidyHOTO IPOIIECY.

ApxiTexTypa iH(opMaliiiHO-aHATITHYHOT CUCTEMH MOHITOPUHTY T€H/IEPHOT PIBHOCTI € Ba-
’KJIMBUM 1HCTPYMEHTOM JUIs 300py, aHai3y Ta Bizyalli3allii JaHUX PO CTaH I'eHJEPHOI PIBHO-
cti. L{g cucrema Moxe BKJIFOUaTH B cebe pisHOMaHITHI KOMIIOHEHTH, BiJl 6a3 JaHUX Ta aHATITH-
YHUX IHCTPYMEHTIB /10 BeOiHTepdeiCIB A AOCTYIy A0 iH(hopMariii.

ApxiTexkTypa iHpOopMaIitHO-aHATITUYHOI CUCTEMH MOHITOPUHTY T€H/IEpPHOT pIBHOCTI, TO-
Ka3aHa Ha puc. 1, anpiopi MICTUTUME eTanu 30upaHHs Ta 00pOOIeHHS JaHUX, BUIYUYEHHS 1 3a-
BAaHTAKEHHA. A TaKOX Mae OyTH peai30oBaHO MEXaHi3M HaKONMWYeHHs iH(opMallii Ta mojanb-
mroro ii moganus y B/I. [lonanHs maHuX, OTPUMAHUX ITiJ] Yac aHATITUKHA, MOJKHA TIPEICTAaBUTH,
HaNpHUKIaJ, yepe3 BeOmopral.
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Bisyanizaris
WEB nopran

3acodu

Ipouecu A
peasnizanii

IncTpymenTn ananisy
AHaJi3 1aHuX - 32c00H JaHHX
1AL

Anasirnani 6a3u
JAHNX:
CxoBHILE TAHHX;
Bitpuna 1anux;
Pensiniiina BJI;
Bararosumipna
BiTpHHA 1aHUX

30epiranns JaHuX

O06podka Ta

00'eTHAHHS TaHUX CxoBuiie 1aHnx

ETL - 3acoon

Tpanzakuiiini

JuKepesa IaHuX
@ikcaunis 1aHuX

Puc. 1. Konyenmyanona apximexkmypa IACMI'P

Po3rmsiHemo HasiBHI piBHI apxiTekTypu IACMI'P Ta TUnoBi iIHCTpYMEHTH, SIKi 3aCTOCOBY-
I0ThCSL HA KO)KHOMY DIBHI.

Hwxniii (mepinit) piBeHs apxitektypu IACMI'P Bkitoyae y cBOIO CTPYKTYpY TpaH3ak-
IHI JDKepeta JaHuX, siki MatoTh Ha3By OLTP-cucremu abo TpaH3akuiitHuMu 6a3amMu TaHUX
(TBA). TBA sBastoTh c000I0 PyHAAMEHTAIBHI PKEpeia TaHuX, sIKi OpiEHTOBaHI Ha IIO/IECH-
HUM 3aluc pe3yibTaTiB MOBCAKACHHOI JISIbHOCTI 3aKJIaly OCBITH Ta MAalOTh HIBUIKO ONpa-
I[bOBYBAaTH 4acTO 3MiHIOBaHHI faHi. [Ipukinagom nocinyroBytoTs 6a3u nanux (bJI), siki Buko-
PUCTOBYIOTHCS i1 00JIIKY HaBYAJIbHUX 3aHSTh, YCIIMIHOCTI 37100yBauiB Tomlo. [{e cBimunTh
PO TICHUN B3a€MO3B 30K MK JaHUMHU Ta MPOrPaMHUMU 3ac00aMH, K1 3/11IHCHIOIOTh olepa-
1ii ynpaBiIiHHS TpaH3aKIIsIMU.

Tpanzakiiiini 6a3u g1aHuX ePeKTUBHO OOPOOISIOTH IIO/ICHHI JaHl, ajie BOHU HE HAJal0Th 1H-
dopmartii ripo 3aransHui ctad yctanoBu. Tomy TH] He miaxonsaTs st BCeOIYHOTO aHaITi3y MOKa-
3HUKIB, 1110 BXOJATH /10 iHAEKCY reHepHoi piBHocTi (II'P). ITpoTte Tpan3akiiiHi mKkepena JaHUX
BUKOPHUCTOBYIOThCS K 0a30Ba cTpykTypa apxitektypu IACMIP. Ilnanyerses, mo IACMI'P Oyne
po3pobiieHo Ha 6a3i iICHYHUYHX CHCTEM 300py Ta MOMEepeTHBOr0 OOPOOIECHHS JaHUX, BKITIOUAIOUN
TpaH3aKIINHI 1aH1, OTpUMaHi, 30Kpema, Bijl IHPOpPMaIIITHUX CUCTEM KaJIpOBOTO OOTIKY.

Hpyruii pisens apxitektypu IACMI'P BukopucroBye ETL-iHCTpyMeHTH, sIKiI TpU3HAYeHI
Juist 30upanHd Aanux 13 pisHUX THJ, iX Tpancdopmaiii, KoHCOMiAalil Ta 3aBaHTaKEHHS B 11i-
JHOBI aHAMITUYHI 0a3u JaHuWX, Taki sk cxoBuia ganux (CJ) i Bitpunu nanux (B/I). Ha erami
TpaHcopmarlii 31HCHIOETHCS] BUIIPABICHHS HaIMIPHOCTI JaHUX, BUKOHAHHS HEOOX1THUX 00-
YHCJIeHb 1 arperamniii. Bkazanuii nporec moBUHEH BiIOBIJaTH BCTAHOBIEHOMY PETJIAMEHTY.
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Tperiit pienb apxitekrypu IJACMIP mictuts CJ] (Data Warehouse), 110 GyHKIIIOHYIOTh
SK IIEHTpaTi30BaHi Jkepena iHdopMmaiii ais 30epiranas Ta o0poOku nanux. Lli cxoBuiia iH-
TETPYIOTh 1HGOPMAIlIIO 3 PI3HUX TPaH3AKIIMHUX CHCTEM Ta HAJAlOTh MOXKIIHUBICTD ii aHaATi3y
3a JIONOMOTOI0 CyYacHHX 3ac00iB 00poOku nanux. BimmosigHo mo b. Inmona [1], cxoBwuie
JIAHHUX € MPEIMETHO-OPIEHTOBAHOIO, IHTETPOBAHOK, CKOPUTOBAHOIO Ta THMYACOBO 3aJICKHOIO
KOJICKIIIEIO JIAHUX, CIIPSMOBAHOIO HA MIATPUMKY yIPaBIiHCHKUX pilieHb. OCOOIMBOCTI CXO-
BHIIA JJAHUX TOJISITAIOTh y PI1IKICHOMY BHECEHHI 3MiH JI0 JJaHUX, IEPIOIUYHOMY OHOBJICHHI
Ta BUKOPUCTAHHI €JUHOTO MiIX0My 10 IXHBOI ieHTHdikanii Ta 30epiranns. C/] BUKOHYE€ KiT0-
yoBy poib B IACMI P, Hagatoun HeoOXiaH1 iH(opMaIliiHi JaHi I AeTaTi30BaHOTO aHaJi3Yy,
30epekeHoi B HUX, iH(opMaIlii.

s po3B’si3anHs 3aBaaHHs Bu3HaYeHHs I[P cepen BUKIamaviB yHIBEpCUTETY 3 BUKOPHC-
taHHsAM C/I, MM MOXKEMO 3aCTOCYBATH Pi3HI METOAM aHANI3y JaHMX, TaKi sK arperaris, Qiipr-
pailisi, OOYMCIIEHHS CTAaTUCTUYHHMX MTOKA3HUKIB 1 Bi3yai3allisi pe3y/bTariB.

Hwxde HaBeneHo HeBeNMUKHA (PparMeHT MPUKIIAAY KOAY Ui TAKOTO aHAi3y:

import pandas as pd

# 3aBaHTa)XEHHS JaHUX 31 CXOBHIIA TaHUX

data = pd.read_csv("university_data.csv")

# [Ipunyctumo, o y Bac € ¢aidi i3 JTaHUMU [P0 BUKJIAJa4iB YHIBEPCUTETY

# OinbTpanis NaHuX A OTpUMaHHs iH(OpMaLil Mpo BUKJIAAavyiB MEBHOI cTaTi (HaIpHUKIIa, 40-
JIOBI4OT Ta XKIHOYOT)

male_teachers = data[data['gender’] == 'male’]

female_teachers = data[data[’'gender’] == "female’]

# O0unCIIEHHS KIJIBKOCTI BUKJIaIa4diB KOXKHOI CcTaTi

male_count = len(male_teachers)

female_count = len(female_teachers)

# O6uucieHHs iHACKCY TeHiepHoi piBHOCTI (Hampukiaa, Gender Parity Index)
gender_equality_index = female_count / male_count

print("KinekicTs yonosiunx Bukiamauis:”, male_count)

print("Kinskicts xinounx Bukaagauis:”, female_count)

print("Tanexc reaaepuoi pisrocri:", gender_equality index)

Le#t mpukiag Kooy JEMOHCTPYE 3aBaHTAXKEHHS TAHUX TIPO BUKJIA/1a4uiB YHIBEPCUTETY 3
daitny, GIbTpaLiio JaHUX 3a CTATTIO, OOUYMCIICHHS KIIBKOCTI BUKJIaJauiB KOKHOI cTaTi Ta 00-
yucieHHs [['P, Ha oCHOB1 OTpUMaHUX JaHUX.

Sxmo Ha boMy piBHI IACMI'P HeoOXi/1HO BUKOHATH arperaiito, (piabTparito, 00umc-
JICHHS] CTATUCTUYHUX MOKA3HUKIB 1 Bi3yasi3allilo pe3yJbTaTiB, TO KO JIEHI0 YCKIaJHUTHCS.
KomeHTapi B K011 Jal0Th 3MOTY 3p0O3yMITH CYTh peali3oBaHUX OIepariii:

import pandas as pd

import matplotlib.pyplot as plt

# 3aBaHTaxxeHHs naHux 31 CJ1

data = pd.read_csv("university_data.csv")

# IIpunycTumo, o B Hac € (aiin i3 JAHUMHM PO BUKJIA/IadiB YHIBEPCUTETY
# durbTpamuis JaHUX U1 OTpUMaHHS iH(OpPMAILLii PO BUKIIA[aviB MEBHOT cTaTi (HANPHUKIIA, YOJIOBIKHU Ta KIHKH)
male_teachers = data[data[’gender’] == 'male’]

female_teachers = data[data]’gender’] == "female’]

# Po3paxyHOK KUTbKOCTI BUKJIaa4iB KOXKHOI CTaTi

male_count = len(male_teachers)

female_count = len(female_teachers)

# OOuuCIIeHHs cepeHbO1 3apOOITHOT TUIATH YOJIOBIKIB 1 )KIHOK BHKJIaJaqiB
male_salary_mean = male_teachers[’salary’].mean()

female_salary_mean = female_teachers[’salary’].mean()

# BisyamizyeMo po3mnoaiinu 3apo0iTHOT IJIaTH BUKJIAAA4YiB KOKHOI CTATi
plt.figure(figsize=(10, 6))

plt.hist(male_teachers[’salary’], bins=20, alpha=0.5, label="Yosnopixn")
plt.hist(female_teachers[’salary’], bins=20, alpha=0.5, label="XKiuku’)
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plt.xlabel("3apobitra miaTa’)

plt.ylabel("YacroTa’)

plt.title(Po3moain 3apo6iTHOT MIaTH BUKIAAAYIB 33 CTATTIO)

plt.legend()

plt.show()

# BuBeneHHs CTAaTHCTHYHHUX ITOKA3HUAKIB

print("KinpKicTh 90I0OBiKiB BUKIanadis:", male count)

print("KinbkicTs xiHOK Bukianadis:", female count)

print("Cepenns 3apo0biTHa 1aTa 4oJIOBiKiB-BUKIaadiB:", male salary mean)

print("Cepennst 3apo0biTHa 1uiaTta *iHOK-BUKiIanadis:", female salary mean)

3po3ymiino, 1e nuiie npocrta utroctpamist npuHuuny podotu IACMIP Ha npoMy piBHi.

UeTBepTHii piBeHb KOHIENTYAJIbHOI apXiTEKTypH 1HGOpPMaIIHO-aHATITUYHOT CHCTEMH
MOHITOPHHTY TeHAEPHOI piBHOCTI BKItodae B cede B/] (data marts), mpu3HaveHi 1i1st HITOBOTO
JIOBOTO aHauizy. 3a3BU4aii BOHU OyIyIOThCS Ha 0a3l JaHUX OpraHi3aliifHUX cUcTeM abo Mo-
XKYTh OyTH CTBOpPEHi 0e3mocepeHbO 3 JaHUX, M0 HAIXOASTh B/l TpPAH3aKIIHUX CUCTEM. 3a-
JISKHO B METOy 30epiranHs, BITPUHU JAHUX MOXKYTh OyTH OpraHi3oBaH1 y BUIIISAII PeTsIiii-
HUX a0o0 OaraToBUMIpHUX CTPYKTyp. PensmiiiHi BiTpuHHM naHMX OyZyIOThCSI Ha OCHOBI
penAniifHux 6a3 TaHUX 332 CXEMOIO «3ipKay», Y TOW Yac sk 0araToOBUMIpHI BITPUHU JaHUX MOJIE-
motoThest sk OLAP-ctpyktypu (Online Analytical Processing), ne maHi mpeacTaBieHi y BH-
VIS BUMIPIB 1 TOKa3HUKIB.

Bitpunu ganmnx 3a0e3nedyroTh 3pyYHU JOCTYTI 10 iH(QOpMAITii AJ1s KIHIIEBUX KOPUCTYBauiB,
BKJIFOYHO 3 aHAJITHKaMH Ta MEHEDKEPaMH, SKi He € npodeciitHumMu nporpamicramMu. Bonu mo-
JIETIIYIOTh aHaJli3 IaHKX 1 MATPUMYIOTh yXBaJICHHS pillleHb B opranizauii. Ha Bigminy Bixg TB/I,
K1 BUKOPUCTOBYIOTBCS OIIEPaTOPaMU ISl OTIPAILFOBaHHS EPBUHHOI iH(POpMAIIii, BITPUHU JaHUX
CHpsIMOBaHI Ha 3a0e3Mne4ueHHs TOTped KOPHCTYBayiB B aHAIII31 Ta yXBaJIEHHI pilleHb. Buxopuc-
TaHHS BITPUHM JJAHUX Y TOEHAHHI 13 CYYaCHUMH 1HCTPYMEHTAMH aHaJi3y JaHHUX JIa€ 3MOTY TIe-
PETBOPUTH J1aH1 Ha KOPHUCHY 1H(DopMaIlito, HeOOX1IHY JUIsl €()EKTUBHOTO MPUIHSTTS PILICHb.

Po3rsiHemMo HeBenukuii npukian onucy OararoBumipHoi BiTpuHM JaHux (OLAP) nns
PO3B’S13yBaHOTO 3aBJaHHSI MOHITOPUHTY Ie€HAEpHOi PiBHOCTI (200 TeHJepHOT HEUTPaIbHOCTI)
cepen BUKIIagayiB yHiBepcuTety. [Ipukian HaBeaeHo mis kogy MoBoro SQL. [Tpumyckaemo, 1110
€ nB1 Tabmuii: «Bukimanadi» ta «3apo0iTHA 1iaTay, 1o MICTATh BIAMOBIAHO 1HGOPMAIIIIO TTPO
BUKJIQJa4yiB Ta iXHi 3apo0iTHI TuiaTu. To/i Koj s BITPUHU JaHUX MaTuMe TaKUi BUTIS:

— CTBOpEHHs OararoBUMipHOi BiTpuHU aaHuX (OLAP) mis ananisy reHaepHoOl piBHOCTI
cepell HayKOBO-TIEIaroriyHUX MPAIliBHUKIB;

— CTBOPEHHS TUMYacoBOi TaOiuIi A 30epiraHHs AAHUX NpPO KUIbKICTh HAayKOBO-
MeIaroriYHUX MPaIiBHUKIB BiTHOCHO CTaTi.

CREATE TABLE GenderCounts (

Crate VARCHAR(10),

TotalCount INT);

-- 3aMoBHEHHS THMYACOBOI TAOJHIII JAHUMHU PO KUTBKICTh BUKJIAIaqiB 33 CTATTIO

INSERT INTO GenderCounts (Gender, TotalCount)

SELECT Gender, COUNT(*) AS TotalCount

BIJ mpodecopis

GROUP BY Gender;

-- CtBopeHHs OaratoBuMipHOi BitpuHu gaHux (OLAP) 3 Bukopuctanusm omnepatopa PIVOT mis arperanii
JaHUX

SELECT

Crartb,

SUM(CASE WHEN Salary >= 50000 THEN 1 ELSE 0 END) AS HighSalaryCount,

SUM(CASE WHEN Salary < 50000 THEN 1 ELSE 0 END) AS LowSalaryCount,

SUM(TotalCount) AS TotalProfessors

FROM (
SELECT
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p.Gender,

s.3apmara

BI/JI mpodecopis p

INNER JOIN Salaries s ON p.ProfessorID = s.ProfessorID) AS GenderSalaries

GROUP BY Gender;

VY HaBeneHOMY MPHKIIAJI HA TOYATKy CTBOPIOEThCs TUMUacoBa Tabmums GenderCounts, y
K1l 30epiraeTbes iHpopMallis Mo KUIBKICTh BUKIIAAa4iB, PO3MOAIICHUX 32 CTATEBOIO MPHHA-
nexHicTio. Jlani BukopucroByeThest oneparop PIVOT s arperartii 1aHux npo KiJbKicHi 10-
Ka3HUKH 3apIljiaT BUKJIAadiB, BIIIOBIIHO 10 CTATEBOI HAJIGKHOCTI. Y pe3yabTaTi GopMyeThCs
TabyuIs 3 iHOOPMAIIIEI0 PO 3araibHy KiJbKICTh BUKIIAAA4iB, KITbKICTh BUKIIAA4iB KOXKHOT
CTaTi, KUTbKICTh BUKJIQ/Ia4uiB 3 BACOKUMH ¥ HU3bKUMU 3apo0iTHUMU Tutatamu. OTke, el pu-
KJIaJ] IEMOHCTPY€E BUKOPUCTAHHs 0araTOBUMIpHOI BITPUHU JaHUX JUIS aHATI3y TeHJEPHOT piB-
HOCTI cepesl HayKOBO-TleAaroriynux npaniBHukiB 3BO Ta 1ae 3mMory epekTuBHO MPOBOAUTH
AHAIITUKY JaHHUX 3 ypaxyBaHHAM PI3HUX aCIIEKTiB, TAKUX SIK CTaTh 1 3ap0OiTHA IIaTa.

Ha n’sitomy piBHI apxiTeKTypu nepeadadaeTbcs BUKOPUCTAHHS CYYaCHUX MTPOTPaMHUX 3a-
co0iB, IO BiJIOMI SIK IHCTPYMEHTH IHTEJIEKTYaJbHOTO aHali3y naHux, abo Bl-iHcTpymeHTH.
JlaHi iHCTpYMEHTH TO3BOJISIOTH 3/1HCHIOBAaTH KOMIUIEKCHUH aHami3 iHdopmarii, o0po0isitu
BEJIHKI 00cSru JaHuXx, (OpMyJIIOBaTH aHAJIITUYHI BUCHOBKHU Ta MpUMaTH OOTPYHTOBaHi pi-
HICHHS, a TAKOXK Nlepe0adaTy Ta yIpaBisATH pu3nkamMu. Lli iIHCTpyMEHTH TaK0oX HA/Ial0Th KiH-
BICTh MPOBEICHHA 0araTOBUMIPHOTO aHAJIi3y Ta CTBOPEHHSI 3BITIB 0€3 HEOOX1THOCTI 3aTyYeHHS
MIPOrpamicCTiB.

BximHi maHi Ay AUTOBOTO aHAI3y BKIIOYAOTh HE TUTBKU «CHPI» JaHi 3 TpaH3aKIIHHUX
CHUCTeM, a i monepenHbo o0pobuieHi naui 3 C/1 a6o B/I. Bitpunu ganux 3a0e3neuyoTs 3pyyHHit
JoCcTyn A0 iH(opMalliil Ajis KIHIEBUX KOPUCTYBauiB, BKIIOYHO 3 aHAIITUKAMH Ta MEHEJKe-
pamu, siKi He € npodeciitHuMH porpamicraMu. BoHU MONErmyroTh aHami3 JaHUX 1 TATPUMY-
I0Th yXBaJIeHHS pilieHb B opranizanii. Ha Biaminy Bix TB/I, K1 BUKOPUCTOBYIOTHCS OIlEpaTo-
paMu /17151 OTpalfoBaHHsI IEpBUHHOI 1H(OpPMALlii, BITPHHU IaHUX CIIPSIMOBaH1 Ha 3a0e3Me4YeHHs
noTped KOPUCTYBAUiB B aHaNI31 Ta yXBaJ€HHI pillleHb. BUKOpHCTaHHS BITPUHU JAaHUX Y MOEA-
HaHHI 3 CY4YaCHUMH IHCTPYMEHTaMH aHaJI3y JaHUX JIa€ 3MOTY TIEPETBOPUTHU JIaH1 HA KOPUCHY
iH(popMallito, HeoOXiHY A €(PEKTUBHOTO MPUUHATTS PillIEHb.

OcranHill piBeHb apXiTeKTypH 1HPOpMaLiHHO-aHATITHYHOI CUCTEMH MOHITOPUHTY T'eHie-
PHOI PIBHOCTI YHIBEPCUTETY 3HaXOASThCs cydacHi nporpamii 3acodu (I13), Bizomi sik iHCTpY-
MEHTH 1HTeJeKTyalnpHOro aHamizy naHux (Business Intelligence Tools — IAJl), a6o BI-
iHCcTpyMeHTH. [HcTpyMenTu [A/] naroTh 3Mory pealizoByBaTH KOMIUIEKCHHUN aHali3 iH(opMa-
111i, TIPAIfOBATH 3 BETUKUMH OOCSTaMH JJaHWUX, pOOUTH aHATITUYHI BUCHOBKHU Ta YXBAJITIOBATU
OOIpYHTOBaHI pILIEHHS], @ TAKOX MPOTHO3YBaTH W YNPaBIATH PU3UKAMU, 110 OCOOIMBO BaX-
JMBO JUIs KepiBHULITBA yHiBepcuteTy. IHcTpymeHTH [AJ] HamaroTh KiHIEBUM KOpUCTyBauaMm
JOCTYT 10 iH(opMalii, 11 Bizyami3allii, a TaK0 MOXKJIHUBICTh MPOBEACHHS 0araTOBUMIPHOTO
aHaJli3y Ta CTBOPEHHS 3BITIB 0€3 y4acTi MpOrpamicTiB.

BxinHi maHi Ans AIOBOTO aHami3y BKIIOYAIOTh HE TUTBKU «CHUPI» JaHi 3 TpaH3aKIIHHUX
cucTeM, a i monepenHbo 0opodbneni nani 3 CJ1 a6o B/I.

BBenenHst kputepito reHepHOi HEUTPaTbHOCTI, PH MiA00P1 HAYKOBO-TIEIarOriyHUX Mparli-
BHUKIB Ha IIOCaJIU y CTPYKTYPHI MiPO3/IUTH 3aKJIa/Ty BUILOI OCBITH, Ma€ psiji TOUIIbHUX MPHYHH,
a came: IPOCYBaHHS B OCBITHIO JISUTbHICTh PUHIMI M'eHEpHOT HelfTpanbHOoCTi. e moB’a3aHo 3
THUM, 10 BBEACHHS JIaHOTO ACTIEKTY CIIPHSIE Ta MiATPHUMYE CTBOPEHHS PIBHUX MOKIJIMBOCTEH HE
TITBKHY JJI TIPEJICTAaBHUKIB 000X CTaTeH, ajie i TeHIepHO HEeTpaTbHUX 0Ci0 (0ci0 «3 He BU3HAUe-
HOIO CTaTTIO»), IPU MPUUHATTI X Ha BakaHTHI nocaau. Lle BaxmBo 17151 3a0e3neueHHs crpase-
JUTMBOTO Ta 30a1aHCOBAHOTO MPEJICTABHUIITBA B YHIBEPCUTETCHKIN CIITBHOTI BCIX MPEICTaBHU-
KiB I'€H/IEpHO1 CIIUIBHOTH. [HIlIa MPUYMHA MONIATa€E B MIABUILEHH] HE TUTbKU PI3HOMAaHITHOCTI, ajie
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1 iHKITF03UBHOCTI. OCKIJIBKH BPaXxOBYIOUYH T'€HAECPHE PO3MAITTS i/l 4ac HaiiMy HayKOBO-TIelaro-
riyHoro ckianay, 3BO cTBOPIO€E IHKIIIO3UBHE CEPEIOBHILIE, 1110 IPOIYKYE TOJIEPAHTHICTH Ta B3a€-
MOPO3YMiHHSI cepell pI3HUX IPYIl YHIBEPCUTETCHKOTO CIIBTOBAPHUCTBA.

Kpurepiii reHiepHOi HEHTPAIBHOCTI SBJISIE COOOK0 €IIEMEHT KPUTEPIIO OIIHIOBAHHS 1HIE-
KCy TeHJICpHOi piBHOCTI JUIsl HAYKOBO-TIEIarOriYHUX MPAIiBHUKIB BUIIOi OCBITH Ta, SIK YaCTHHA
CHUCTEMHU KEPyBaHHsI MEPCOHATIOM, BUKOPUCTOBYETHCS B 1H(POPMAIIHO-aHAIITUYHIA CHCTEMI
ABTOMATH30BAHOTO METOAY 1IeHTH(IKAIl TPETEHICHTIB Ha aKTyalbHi BakaHCii. ToOTO 3acHO-
BaHO Ha 1711 po3mi3HaBaHHs 00pa3iB 3 ypaxyBaHHSM I'eHIePHOT HEHTPAIBHOCTI 1111 Yac Bigdoopy
KaHAMJATiB Ha BaKaHCIIO.

J11st T IBUIIEHHS pe3YIbTaTUBHOCTI AJITOPUTMY PO3ITi3HABAHHS, PY aHaITi31 pe3toMe Tpe-
TEH/IEHTA, BBOJUTHCA Koe(DillieHT iHPOPMATUBHOCTI MMOKa3HUKA 00pa3y KaHAWIaTa Ha BaKaH-
THY mocaay. MaTeMaTH4YHO 11e MOYKHA TPEJICTAaBUTH 3a JOIOMOTOI0 Koe(illieHTiB Bar, sKi Bi-
T00pakaTUMYTh BaroMiCTh KOJKHOI O3HAKH B IPOIIECi BiOOPY KaHIUIATIB HA ITOCATY.

€ nekinpka cioco0iB BUBHAYCHHS Bar, HAPUKJIA/I, €KCIIEPTHA OIliIHKA, MAIIMHHE HABYaHHS
abo anani3 gaHuX. 3yMUHUMOCH Ha MEPIIOMY CIIOco0i — ekcnepTHil oniHmi. Ockibku y dop-
MYyBaHH1 BUMOT 110J10 TpodheciiHuX HaBUKIB KaHAMIATa OEPyTh y4acTh PEKTOP, IPOPEKTOPH,
JIeKaHH, 3aBiayBadi Kadenp Ta iHIMUX CTPYKTYPHUX MiAPO3ILTIB, OB’ I3aHUX 3 OPTraHi3alli€elo
HAYKOBOi Ta HayKOBO-TIENAroriuHoi AisuibHOCTI. ExcnepTHa qyMka BkazaHMX (paxiBILiB Baxk-
JIMBA M1 Yac OLIHIOBAHHS 3HAYYIIOCTI O3HAK, TOMY IO JJaHi eKCIEPTH MalOTh IITMOOK] 3HAHHS
[IOJI0 BUMOT, SIKHMHU Ma€ BOJIOJITH KaHIUAAT Ui YCHIIIHOI poOOTH HAa KOHKPETHIN mocai.
BuxopuctaHHs eKCriepTHOI OLIHKHY J1a€ 3MOTY JIETKO alanTyBaTH MOJIENb BiZIOOPY ITiJ] KOHKpe-
THI IOTpeOH yHiBepcUTeTy. Barm o3HaK MOXKYTh JIETKO 3MiHIOBATHCS abo meperisaiaTucs Bif-
[IOBITHO IO 3MIiHHA BUMOT JUIS BAKAHCIH.

ExcriepTHa olliHKa TaKoX J1a€ MOXKIIMBICTh BPaXOBYBAaTH YHIKAJIbHI PUCH Ta KYJIbTYpPHUI
KOHTEKCT YHIBEPCUTETY, IO CTAE BAXIIMBUM (PAKTOPOM IIiJ Yac BigOOpY KaHIUAATIB, Ta A€
3MOT'Y HNOJIMIIUTH SKICTh B1AOOPY KaHAWIATIB, OCKIUIBKHM Baru 03HaK BiI0OpaKaTUMYTh IXHIO
BaXUIMBICTD Ui yCHIIIHOI poO0TH Ha JaHiil mocai. ToOTO BUKOpUCTaHHS €KCIIEPTHOTO OIli-
HIOBaHHS JUI BU3HAYEHHS Bar O3HAaK 00pa3y KaHAMaTa Ha BAKAHCIIO 3HAYHO MiJBUILYE edeK-
TUBHICTb 1 aIalITUBHICTb B 1H(OpMaLIHHO-aHAJIITUYHIN cucTeMi MiA00py KaHAUIaTIB Ha Baka-
HTHI [T0CaJIH, 3 ypaXyBaHHAM IPUHIMITY T€HAepHOT HEUTPAIbHOCTI.

MatematuuHuii Bupa3 koedilieHTa IHPOPMATUBHOCTI O3HAK 00pa3y KaHK/1aTa Ha BaKaH-

CiIO Mae HaCTyHHI/Iﬁ BUTJIA:
Z VOP(sp; NPy, )

(spa NPp, JeMc Ak (kL)

17 = P, eNPpa
p - 1
Z VOP(p; P, ) (1)

(spa . NP pa JeMc AL (kL)

ne P, — 3Ha4eHHA O3HAKM 00pa3y KaHIMJaTa Ha BaKaHCIIO;
VOP(sp; ,NP,,) ~ (byHKIIi 3HAYYIIOCTI 03HAK 00pa3y KaHIu/IaTa Ha BAKAHCIIO IS EKCIEPTIB;
NP, — HaGip o3Hak o0pa3sy kKaHIuaaTa HA BAKAHCIO 3 ypaxyBaHHM JOTPHMAHHS IIPHH-
LUITy TeH/IEPHOI HEHTPaJIbHOCTI MIPH PO3Mi3HAaBaHHI 00pa3y KaHIWJaTa;

’ . . . .
SPa — o0’exT 13 6a30B0i BUOIpKH 03HAK 00pa3y KaHU1aTa Ha BAaKaHCIIo;
KL — xiac BakaHcii (HayKOBO-TI€AaroriyHuil mepcoHa, aaMiHICTpallis TOIO);

AL . . .
MC  (KL) - anropuTM po3IMi3HaBaHHA 00pa3y KaHAMJAaTa Ha BAaKAHCIIO 3aJI€KHO B1J] KJIacy.
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[Ipu BinOopi KaHAMIATIB HA BAKAHCIIO 3 YpaxXyBaHHSIM HEOOX1THOCTI IOTPUMaHHS TeHJIe-
PHOI PIBHOCTI MOXYTh OyTH BUKOPUCTaHI pi3Hi iHQOPMATHBHI O3HAKM JUII MHOXKUHHU, SIKI J10-
oMoxyTh IACMI'P omiHUTH BiIMOBIIHICT KaHIUAaTa BUMOTaM BaKaHCIi Ta MPUHIIAIIAM Te-
H/IEPHOI HeHTpanbHOCTI. Hukue HaBeleHO HEBEIUKY KiNBbKICTh MPUKIAIB Ul O3HAK 00pa3y
KaH/JMJIaTa Ha BAKaHCIIO 3 ypaxyBaHHSM JTOTPUMAHHS MPUHIUITY TeHIESPHOI HEHTPaIbHOCTI
pH pO3Ili3HaBaHHi 00pasy Kanaunara (koediuient NP, ).

[Ipodeciiini HaBu4Kku Ta m0cBix podoTu. OriHka npodeciiHMX HaBHYOK Ta JOCBIAY Po-
00TH KaHIHMJaTa B KOHTEKCTI BUMOT BAaKaHCil, BpaXOBYIOUH 3HAHHS CIELiaTi30BaHUX TEXHIU-
HUX HaBUYOK.

Ocgita Ta kBamigikauis. PiBenb ocBiTH Ta kBamidikamii KaHAWAATa, y TOMY YUCII HasB-
HICTh HayKOBOT'O CTYyTNEHS, cepTU(]IKATIB Ta TUIIJIOMIB, BiAMOBIIHICTh JIICH31IMHIM BUMOTaM
Ta 1HIII YMOBH BaKaHCIi.

[Ipodeciiini nocsruenns Ta myomikaiii. Ouinka npogeciiiHuX T0CsrHeHb KaHIuaaTa, Horo
HAYKOBHUX JIOCII/KEeHb, IyOJIiKaIiii, ydacTi B KOH(PEPEHI[isX Ta HAYKOBHUX MPOEKTaX.

KomynikatuBHi HaBuuku. OIiHKa KOMyHIKaTUBHUX HAaBUYOK KaHUAaTa, HOTO 3/1aTHICTh
e(eKTUBHO CIIIJIKYBAaTUCS 3 KOJIETAMH, CTY/ICHTAMH Ta IHITUMH YYaCHUKAMH YHIBEpPCUTETCHKOT
CHUIBHOTH.

Oco0OucTicHi SKOCTi. AHAII3 0OCOOMCTICHUX SIKOCTEH KaHIUAATa, TAKUX SIK TOJICPAHTHICTD,
aJIaNTUBHICTh, €MIIATisl Ta 1HIII, SIKi MOXYTb OyTH BaXXIMBUMH Ji1 pOOOTH B YHIBEPCUTETCh-
KOMY CEpEJIOBHIIII.

PesynbpraTtu iHTEpB't0 Ta pekomenaanii. OuiHKa pe3yJabTaTiB CHIBOSCIAN 3 KaHIUIATOM,
{ioro MoTHUBaIlii, IIIHHICHUX OpI€HTAIlill Ta peKOMEHAALIN BiJ MonepeaHix podoToaasiiB abo
3aKJIaliB BAIIOI OCBITH.

[Ipodeciitni mini Ta uianu. BuBuenns npodeciiHuX 1misiei Ta mianiB KaHAWIaTa, Horo ro-
TOBHOCTI Ta 3JAaTHOCTI /10 PO3BUTKY Ta 3pOCTaHHS B YHIBEPCUTETCHKOMY CEPEIOBHILI.

[Tpu ipbOMy BaXKJIMBO BpaXOBYBATH, IO OIliHKA KAH/MIATiB TIOBUHHA MTPOBOIUTHCH HA OC-
HOBI iX IpodeciifHuX SIKOCTeH Ta 3/11I0HOCTEH, a He Ha OCHOBI IXHbOT I'€HAEPHOI TPUHAIEKHO-
cTl. OHaK Ba)JIMBO TaKOX BPaxoBYBaTH Ta JOTPUMYBATUCh MPUHIIMIIB IT'€HIEPHOI PIBHOCTI,
1100 3a0€3neUnTH PiBHI MOMKIIMBOCTI 7Sl BCiX KaHAUATIB.

[IpumyckaeMo, 1m0 KOXHY 3 O3HaK {Sl,..., Sm} MO’KHA MOJAaTH B IIEBHOMY Jl1alla30H1 BUMi-

. . . . . ’
p1B: (pa, a= 1, n) 13 MHOXXHWHH [J1al1a30H1B O3HAK JJIs KOXXHO1 O3HAKH, TOOTO OTpUMaEMO Spa .

Hampuxknan, npumyctumo, y Hac € KaHAUAAT Ha MO3UIIII0 BUKJIaa4a 3 iHpopMaIiiHuX TEXHO-
JIoTii B yHiBepcuTeTi. MU MOXKeMO IPEeJCTaBUTH Horo npodeciiiHi HABUYKH Ta JOCBIJ poOOTH
3 BUKOPHCTaHHIM TaKOI IIKAJIH:

HocBia pobotu. L{ro 03HaKy MOKHA IPECTaBUTH Y BUTJISII KUIBKOCTI POKIB, SIKi KaHUIAT
MpaIoBaB y raixysi iHpopMaiiHux TexHosoriid. Hanpukman, kanauaat Mae 7 pokiB TOCBITY
pobotu y chepi IT.

PiBenb ocBiTH, 03HaKa MOke OyTH NpeACTaBlieHa Y BUIJISAII KaTeropid OCBITH, TaKUX K
«0akanaBpy, «MaricTpy», «10KTop Hayk». Hampukiaza, kaHauaaT Mae CTyniHb Marictpa 3 iHgo-
pPMaIliiHIX TEXHOJOT1M.

CrerianizoBaHi HaBUYKH, O3HAaKa MOXe OyTH MpEeACTaBJICHA Y BUIVIAJII CIIUCKY KOHKpPET-
HUX HABUYOK 1 TEXHOJIOT1H, SKUMHU BOJIOJII€ KaHauAaT. Harmpukian, kKaHauaaT BOJIOII€ MOBaMHU
nporpaMmyBaHHs 1 3HailoMuit 3 6a3aMu T1aHUX.

HaBuanbHi Kypcu Ta cepTudikaTu, JaHa O3HaKa Moke OyTH MpejcTaBiieHa y BUTIIAL T1e-
periKy HaBYaJIbHUX KYpPCiB 1 cepTUdikaTiB, AKi KaHIUIaT yCHIIIHO 3aBepinB. Hanpukian, ka-
HAUIAT NpoiiiioB Kypcu 3 Mobile-po3po0Oku Ta oTpumaB cepTudikar;
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Takum ynHOM, MpodeciiiHi HABUYKH Ta TOCBIJ pOOOTH KaHAHM1aTa MOXKYTh OYTH IIpeACTa-
BJICHI 3 BUKOPUCTAHHAM PI3HUX KaTeropiit abo IIKai OILiHKH, sIKi BiqOOpakaroTh IXHiH piBeHb
[T ATOTOBKHU.

DyHKITiS 3HAYYIIOCTI O3HAK 00pa3y KaHuIaTa MOKE MaTH Pi3HI BUTIISAN 3JISKHO Bil KOHK-
PETHUX KPHUTEPIIB, SIKi 3aCTOCOBYIOTHCSI SKCIIEPTaMH JUTsl OIIHKY KaHM/IaTa Ha BaKaHCIK0. 3a3BU-
Yaii, Taka (PYHKIISI BpaXOBY€E Pi3HI aCIIEKTH, sIKi BaXKJIMBI JJIsI IEBHOI 1TOCA/IHU, 1 MOXKe OyTH mare-
MaTHYHO BUPAKEHA Yepe3 BaroBi KOS(IIiEHTH, SKi BU3HAYAIOTh BYKJIUBICTh KOYKHOI O3HAKH.

Vop(sp;,NPpa) = ZVVI fi (Sp;’ Nppa)!
i=1

ne W, —BaroBi Koe(ilieHTH, 10 BU3HAYAIOTh 3HAYYIIICTh KOKHOT 03HAKH;

f,(spy, NPpa) — (byHKIIis, IO OIIHIOE KOHKPETHI O3HaKK 00pa3y KaHIHU1aTa;

N — KUIBKICTH O3HAK.
Kosxen BaroBuii koeQiieHT W; BU3HAYAETHCA HA OCHOBI €KCIIEPTHUX OLIHOK

IcHye unmano mpuuunH, yepes siKi MOTPiIOHO BUKOPUCTOBYBATH Pi3HI aTOPUTMU. PO3IIi-
AL
3HaBaHHA 00pa3y KaHKaTa Ha BAKAHCIIO 3a1€XKHO Bij Kiacy Bakancii MC  (KL) |

[To-nmepie, anst pi3HUX KJIAciB BaKaHCIM MOXKYTh OyTH AOCTYIMHI pi3HI TUNU AaHux. Ha-
NPUKIIAA, AaHl PO OCBITY, JOCBIJ BHKJIAJAAHHS Ta HAYKOBY IiSUIBHICTH MOXYTH MITIATH 7S
Halimy npodecopiB, TOA1 SIK JaHi MPO YIPaBIiHHS MPOEKTAMH Ta JOCB1Jl KEPIBHULITBA MOXKYTh
OyTH KOPUCHUMH JIJIs1 HAlIMy peKTopa.

[To-mpyre, icHYIOTB pi3HI KpUTEPIi OLIHKH YCHIITHOCTI KaHAMIaTa Ha pi3HUX nocaaax. Hampu-
KJ1aJ1, ipoecop MosKe 30CepETUTHCS Ha OI[IHIOBAHHI CTY/CHTIB Ta aKaJeMIiYHIN YCIIITHOCTI, TOJ1
SK IIPOPEKTOP MOXKE 30CepeIUTHCS Ha (PIHAHCOBUX MMOKA3HUKAX 1 pemyTallii yHiBepcureTy. [locanu
PI3HUX PIBHIB MOXKYTh HAJIEKATH J10 pI3HUX c(ep 3acTOCyBaHHs Ta KOHTEKCTiB. Hampukian, Bu-
KJIaJa1bKa rocaa MoKe BIJPI3HATHUCS BiJl aIMIHICTPATUBHOI UM TOCIITHUIIBKOT.

[To-TpeTe, pi3HI Mocaau BUMAararoTh pi3HUX HABUYOK, JOCBIAY Ta sikoctei. Hampuknan,
nocaja BUKIaJaya BUMarae MeBHHUX IMeJaroriyHuX HaBUYOK 1 KBamidikaiiid, Tl K mocaaa
JIeKaHa BUMarae yrnpasJliHCbKOIO JOCBIY Ta JIAEPChKUX siIkocTel. ToMy alropuTtMu po3mizHa-

BaHHs MOBUHHI BPaXOBYBAaTH CIIELU(iuHI BUMOT'H KOXKHOT I1OCa/Iu.
100 T T

a0
a0
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Puc. 2. Po3nodin inghopmamurnocmi 03HaK 3 OOMPUMAHHAM NPUHYUNY
2eHOEepHOI HeUMPAaIbHOCMI Ni0 4ac PO3NI3HABAHHS 00PA3Y KAHOUOAMA HA BAKAHMHY NOCAOY

Ha puc. 2 na mkani abeuuc Big 0 10 1 3miHIOETBCS KOeDIIiEHT 1HPOPMATUBHOCTI O3HAK
o0pa3y KaHIuAaTa Ha BakaHCito, e (0 BKa3ye Ha HEBAXKIIUBICTh O3HAKH JIJIs €KCIIEPTiB, a | — Ha
ii Bucoky 3HauymicTb. OTxe, koedilieHT 1H()OpMATUBHOCTI BiAOOpakae JaHy 3HAYYLIICTb.
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[Ipu 0OpaHHI 03HAK, 3 ypaxyBaHHSM T'€HJICPHOT HEUTPAIBHOCTI, iXHS Bara Mae OyTH pO3IOJi-
JIeHa PIBHOMIPHO TSl BCIX KaHAMIATIB, HE3AJICKHO BiJl IXHBOI CTaTi, IO MiATBEPIKY€E BUKOPHU-
ctanHA Aiana3zony Bix 0 mo 1. Pi3Hi kjacu BakaHCii MOXYTh MaTH pi3Hi KpUTEpii OLIHIOBaHHS,
10 TaKOXX MOXKE MO3HAYMTHCS HA 3HAYCHHI KoedilieHTa iHPOPMAaTUBHOCTI, OCKUTLKH 3HAJIO-
OouThCs mpoueaypa HopMamizarnii. Omxke, aiana3zoH Big 0 1o 1 (abo Bix 0 g0 100) 3a6e3meuye
THYYKICTh Ta YHIBEPCAJIbHICTh IIPH BU3HAYEHHI KOoe(DIlieHTIB iHPOPMATUBHOCTI O3HAK 00pa3zy
KaHJIMlaTa Ha BAaKaHCIIO 3 ypaxyBaHHM YCiX MEepesliueHux BUIle (GaKkTopiB.

BucnoBku. OTxe, y pe3yibTari MpoBEISHOTO AOCTIKEHHS OylI0 BCTAaHOBIICHO, IO MPU
3acTOCyBaHHI KoedilieHTa iHPOPMAaTUBHOCTI 03HAK 00pa3y KaHIuaaTa B iHpopmMaliiiHo-aHa-
JITUYHIA cucTeMi mpH mixOopi MpeTeHIeHTa Ha BaKaHTHY Mocaay 3abe3nedye MiHiMi3aliio
YIEPEIHKEHOCTI, OCKIJIbKA HaBITh MPU JOTPUMAHHI MPUHITUIY Te€HACPHOI HEUTPAIBHOCTI MO-
JKyTh BUHHKATH YIIEPEHKEHI PIIICHHS, 0 TPYHTYIOThCS Ha He30aJIaHCOBAaHOMY PO3IOALT 03-
HaK MPETEHICHTIB, BIAMOBITHO 1e To3HAaYuThCs Ha I['P; BUsIBIISIE aHANOTIYHI yIIepeKEHOCTI,
HOJIIIIYE SIKICTh MPOLELYPH BiIOOPY KaapiB IS 3aKJIa/1y BHIOI OCBITH, BPaXxOBYIOUH (PaKTop
TeHJICPHOI HEUTPATBHOCTI; 3MEHIIIYE PIBCHb TOMUJIOK IIiJ1 Yac MmiI00py KaHAUIATypP, CTBOPIO-
I0YM CTIPaBEANIUBY 1 HaJIHHY CHUCTeMy MiZ0Opy MepcoHally; 3AiHCHIOE aJanTaliio 10 YMOB i
BUMOT, 1110 3MiHIOIOTHCSI, TOTPUMYIOUH IPUHITUIIH PIBHOCTI Ta IHKJIFO3UBHOCTI, IO € BAYKJINBUM
ACIIEKTOM CTBOPEHHSI CIIPABEUIMBOTO Ta PI3HOMAHITHOTO YHIBEPCUTETCHKOTO CEpEIOBHINA U
MO3UTUBHO BIUIMHE Ha II'P.
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INFORMATION AND ANALYTICAL SYSTEM FOR GENDER-NEUTRAL
SELECTION OF PERSONNEL IN HIGHER EDUCATION INSTITUTIONS

Compliance with the principles of gender equality in higher education is a complex issue at both the global and national
levels, covering both developed and developing countries. Monitoring of the situation with gender equality by higher education
institutions can be effectively conducted with the help of information and analytical systems (I1AS).

This study focuses on the analysis of gender equality in the process of recruiting candidates for vacancies and the devel-
opment of a methodology for calculating the coefficient of information content of the candidate's image with gender tolerance
for candidates for vacant positions in higher education institutions, which makes this study relevant in the modern context.

The purpose of the article is to study the properties of implementing an information and analytical system for monitoring
gender equality to support the principles of gender tolerance and to develop a mathematical model for calculating the coeffi-
cient of information content of the candidate's image with respect to gender tolerance for candidates for vacant positions in
academic institutions.

The article presents the architecture of the Information and Analytical System for Monitoring Gender Equality (IASMGE), which
includes data mining tools. These tools make it possible to implement a comprehensive analysis of information, work with large vol-
umes of data, draw analytical conclusions and make informed decisions, as well as predict and manage risks.

The study considers the criterion of gender neutrality, which acts as an element of the criterion for assessing the gender
equality index for research and teaching staff of higher education and, as part of the personnel management system, is used in
the information and analytical system of the automated method of identifying applicants for current vacancies. To increase the
efficiency of the recognition algorithm, when analyzing an applicant's CV, the coefficient of information content of the candi-
date's image is introduced. Mathematically, this can be represented by means of weighting coefficients that will reflect the
importance of each feature in the process of selecting candidates for a position.

It has been established that when applying the coefficient of informativeness of the features of the candidate's image in
the information-analytical system when selecting a candidate for a vacant position, minimization of bias is ensured, since even
if the principle of gender neutrality is observed, biased decisions based on an unbalanced distribution of the features of can-
didates may arise, which will affect the gender equality index, improve the quality of the selection procedure for a higher
education institution, reduce the level of errors in the selection of candidates, and reduce the number of errors during the
selection of candidates, creat a fair and reliable system of personnel selection.

Keywords: information-analytical system; gender equality; gender neutrality; coefficient of informativeness of features;
candidate for a vacancy.
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JTOCJIIIKEHHA HASIBHUX METO/IIB TA TEXHOJIOT'TH
JJIAA AEHEHTPAJII3OBAHOI'O 35EPII'AHHSA
TA AAMIHICTPYBAHHS TYBJIITYHUX JTAHUX

Cmamms Haodae 8cebiunuil 02130 ICHYIOUUX MeXHON02Il, eKaoualodu onokyelin ma IPFS, oemanvno ananizyouu ixwi
nepesazu, HeOONiKU Ma NOMEHYIUHI CYeHapii BUKOPUCTANHS OJis 30epieats ma 00poOKu NYOIIYHUX OAHUX Y OeyeHmpanizo-
sarnuii cnocid. Posensinymo naseni 0ocniodcents 8 yitl cghepi, AKi 0eMOHCMPYIOMb eeKmueHicmy 0eyeHmpAali308aHux pilieHsb
V NOPIGHAHHI 3 MPAOUYITIHUMU YEeHMPATI308aHUMU cCUCTeMaMU 30epieants OaHux. Y cmammi 0emaibHo 0620680pI0OMbCA No-
TMeHYTIHT GUKIUKYU Ma 0OMeX CeHHsA, N08'A3aHI 3 0eyeHmpani308aHUMy cucmemamu 30epicants OaHux. 30Kpema, po3eniaHymo
NUMAHHS CYMICHOCI 3 ICHYIOUUMU THQHOPMAYIUHUMU CUCEMAMU, NPOONIEeMU BUKOHAKHS ONEPAYiil Y PO3NOOLIEHOMY Ccepedo-
BUWT, A MAKOXHC ACEKMU NPUITHAMMSA YUX MexXHoN02ill Ha purky. OKpemo 8udileHo numanHs Oe3nexu ma Koupioenyitinocmi,
KPUIMUYHO 8aX4CIUSE npu podomi 3 nyoniynumu danumu. Cmamms MiCmums aHaiz nepcnekmue po3gumKy ma MONCIUBUX HA-
NPAMKIB HOOATLUUX OOCTIONCEHD Y Yill 231, WO MONCYMb CAPUAMU 600CKOHAIEHHIO MA 6NPOBAOICEHHIO OeY eHMPANI308AHUX
mexHono2itl 01151 30epicauHa OAHUX.

Knrouoei cnoesa: nyoniuni oani; IPFS; 6noxueiin; aymenmugixayisa,; 0eyeHmpanizogaHi cucmemu.

Puc.: 4. bion.: 38.

AKTyaJbHiCTh TeMU JocaikeHns. CTarTs € oniagoBo-iHpopMmartiiinoo. Ha cboroaui muis
VYKpaiH MOCTal0Th MUTAHHS HaJiiiHOro 30epiraHHs J1aHuX, 3a0e3nedeHHs 6e31epepBHOro J0c-
TyIy Ta Oe3MeKu AaHUX, 30KpeMa, MyOIiuHUX TaHUX Ta BIAKPUTHUX JEpKABHUX PEECTPIB BiAINO-
BIJTHO J10 3aKOHY PO AOCTY 110 IyOmiuHoi iHpopmarlii [ 1 ]. CTBOPIOIOTHCS pi3HI TUIIH JIepKaBHUX
BIJIKPUTHUX 1 3aKPUTHUX PEECTPIB, K1 JO3BOJISIOTH 1HTETPALI0 30BHIIIHIM CIIOKHMBayaM Ta CTO-
ponHiM opranizamisM [2]. Lle 1o3Bosisie OTpUMYBaTH CTaTUCTUYHI Ta 1HII JIaH1, sIKI HEOOX1TH1
JU1s ToOyI0BU JIEpKaBHOI CTparerii po3BUTKY Ta CTpATeriii MpUBaTHUX Ta JEP)KaBHUX OpraHi3a-
uiit. [{ns 3a6e3neueHHst cTabUIbHOI pOOOTH TaKUX PEECTPIB Ta 3aXUCTY 1 MiATBEPPKEHHS aBTEH-
TUYHOCTI MyOMTYHUX JAHUX JIOLIJIFHO 3aCTOCOBYBATH PO3IMOJIICHI CUCTEMH 30epiraHHs Ta aiMi-
HicTpyBaHHS, Taki gk [PFS, 610kueiin Ta pi3Hi X iMmieMeHTarii.

ITocranoBka npo6aemu. Ha cboroai i 30epiranHs ta o0OpoOku my6mivHoi iH(opmarii
371€0UIBIION0 BUKOPUCTOBYIOThCS LIEHTPAi30BaH1 PillIeHHs, sIKI MalOTh HEJIOMIKH, Taki K Bpas-
JMBICTB 0 aTak, IIEHTPaIi30BaHi TOUKU BiAMOBH, 0OMEXEHa MACIITa00OBaHICTh Ta MOTEHIINHHI
npo0ieMu 3 MPUBATHICTIO JaHWX. BogHoUac neneHTpaiizoBaHi pillieHHs HaOUparoTh MOMYJIsIp-
HOCTI, 1 IOI[UIBHO BUBYMTH iX 3 TOUKH 30py HayKH Ta HayKOBOTO MiIXOAY. BaXXIMBO BU3HAUNTH,
K1 ICLEHTPaIi30BaH1 pillIeHHs € KOPUCHUMM Ta 34aTHI M1IBULLIUTH XapaKTEPUCTUKU HAAIHHOCTI,
0e3reKku, TOCTYIMHOCTI Ta €PEeKTUBHOCTI JIsl 30epiraHHs JaHuX, a Kl — Hi.

Meta pocaigxenHsi. MeToro 11i€i OTJIs10BO1 CTATTI € BCEOTYHHI aHAI3 ICHYFOUHX METO/IIB
Ta TEXHOJIOTIH ISl IELEHTPai30BaHOTO 30epiraHHs Ta aJMIHICTPYBaHHS MyONIYHUX TAHHUX,
30KpeMa, BU3HAYCHHS iX OCHOBHUX XapaKTEPUCTHK, IiepeBar Ta ooMexxeHb. Takox nepeadayva-
€TbCA OL[IHKA MMOTEHLIHOTO BIUTUBY IIMX TEXHOJIOTiH Ha Oe3MeKy, MPUBATHICTh Ta JOCTYHICTh
nyOIIYHUX JaHHUX, @ TAKOXK OOTOBOPEHHS MOXKIMBOCTEH /IS MMOJANbIIOTO PO3BUTKY Ta BJIOC-
KOHAJICHHS B Ii{ Tamy3i.

Buxian ocHoBHOro marepiaJy.

Onuc KI1I04Y0BHX MOHATH i TepMiHoJiorii. [ TnOoKe po3yMiHHS IPUHLIUIIIB T4 OCHOB Jie-
[EHTPaATI30BaHUX TEXHOJIOT1M € HeOOXITHUM I aJICKBAaTHOTO aHAIII3y Ta OIIHKH iX 3aCTOCY-
BaHHS B KOHTEKCT1 30epiraHHs Ta aJMIHICTpYBaHHS MyOIIUHUX JaHUX. Y LbOMY po3.iil Oy-
OyTh BHKJIAJEHI Ta PpO3IJISAHYTI KIIOUYOBI KOHUEMIl, SIKI CTaHOBJIATh (yHIAMEHT
JICIIEHTPATI30BaHUX CUCTEM, BKIIIOYAIOUH XHI XapaKTePUCTUKH, IPUHIUIIN pOOOTH Ta MOTEH-
HiitHi chepu 3acToCyBaHHS.

© A. M. Icxkpmwxunpkuid, A. O. 3anopoxHii, 2024
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V wi#i cepi KIoYoBe MiCIie TTOCIAA0Th PO3MO/LICH] (PaiIoBl CHCTEMH Ta OJIOKYEHH-TEXHOIIO-
Tii, [0 JIATAI0Th B OCHOBY PO3BUTKY CYMDKHHMX TEXHOJIOTIH. 30KpeMa, pO3MoIiieH] Xem-TabIuIi
(DHT) BUKOpUCTOBYIOTBCS JUIS TIIBUIIICHHS €(DeKTUBHOCTI 30epiraHHs Ta JOCTYITy A0 JTaHHUX, TOMI
SK PO3yMHI KOHTPAKTH Ta KOHCEHCYCHI aJTOPUTMH € HEBIT€MHUMH CKJIQJIOBUMH OJIOKYEHH-CHC-
TeM, 3a0e31euyr0ur HaliiHICTh, OE3MEeKY Ta ITPO30PICTh Y Ipoliecax 00poOKy Ta 30epiraHHs JaHUX.

Po3noaineni cucremu. OnHopanroi mepesxki. Posnoninena cucrema — e cucrema, y sikii
armaparHi abo MporpaMHi KOMIIOHEHTH PO3TAIlIOBaH] HAa MEPEKEBUX KOMIIT IOTEpaX, CIIUIKYIOThCS
Ta KOOPJMHYIOThH CBOI Jii JIMIIE 32 JOMOMOTOI0 Tiepeaaya mosigomieHs [3, ¢. 1]. Po3noaineni
CHUCTEMH Ta OJTHOPAHTOBI MEPEXKi CTBOPIOBAIHCS SIK BIIMIOBI b HA IMTOCTIMHO 3pOCTAI0Yy KUIBKICTh
HABAaHTAXXCHHS - SIK JUIs1 30epiraHHs BETMKUX 00'€MiB JaHUX, TaK 1 g O0YMCIeHHs 3a1a4. Taxk,
OJIHOPAHTOB1 MEPEXi JTO3BOJISIIOTH 3aTy4aTH PECYpCH BCiX KOPHUCTYBadiB MEPEXi, IO MPHU3BO-
JTH J10 30UIBILIEHHSI PECYPCOMICTKOCTI MepeKi B Mipy 3pOCTaHHSI KiTBKOCTI KOPHCTyBadiB |3,
C. 47]. 3aranpHa cxema OyJJ0BU OJJTHOPAHIOBOI Mepeski 300paskeHa Ha puc. 1.

XMapa JepXKaBHOT YyCTaHOBM
1

| Cepeep B xmapi lﬁ | Cepeep [epaBHol YCTaHOBW er r—«{ Byson 1

:1 Cepsepa Ta iHwi MK b' | MepcoHansHWin kKomn'toTep 1 b'

]
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Puc. 1. Ilpuxnao oonopaneosoi mepesxici

Poznonisieni ¢aiinosi cucremu. IPFS. Posnoaineni ¢aiinosi cucreMu — 11e CUCTEMH, 1110
BUKOPHCTOBYIOTBCS JJIs1 03BOJTY OararbOM KOpHUCTyBadaM MaTH JAOCTYM Ta 30epirat ¢aiiu B
CHUTBbHIN (ailnoBiit cuctemi yepe3 Mepexi [4]. AGo OibII PO3TOPHYTO-po3MoAiIeHa (aitnoBa
CHCTEMa € JIOJATKOM Ha 0a3i apXIiTeKTypHu KJIIE€HT/CepBep, 0 3a0e3neuye J0CTyn Ta 00poOKy
JTAaHUX, 30€peKeHUX Ha KUIBKOX CepBepax, 1 pearye Ha KII€HTa, K 1 y BUNIAAKY JaHUX, 30epe-
JKEHUX Yy JIOKalIbHIN cuctemi. [Iporiec monsirae B ToMy, IO KJIIEHT OTPUMYE KOTTito (aiiry, sika
KEIIyeThCs B JIOKaNbHINM cuctemi. Lleit Tun ¢aiinoBoi cucremu opranizye gaiiau 3 iHIUBIAya-
JBHUX CEPBEPIB y IMI00AIbHY AUPEKTOPII0, TOMY 3JAETHCS, 10 AOCTYI J0 (Gaiily BiAajdeHo He
3aJIeKUTH BiJ] 1Oro MiCII€3HAXO/KEHHS, ajle BCE K 3aJIMIIAE€THCS 1IEHTHYHUM 3 MONISALY KIli€-
HTa. Po3nonisneHi (aiyioBi cucteMu MatoTh MEXaHi3MH JIJIs1 YHUKHEHHsI KOH(UIIKTIB Ta HaMara-
FOTHCSI TIOJUTMTHCS] HANCBIXKIIIIO BEPCIEI0 JAaHUX, KOJIM IIbOTO BUMArae KiIieHT [5].

[Mpuknanom takux cuctemu € IPFS (anrn. InterPlanetary File System, mixkmnanerHa daii-
JI0Ba cucTeMa) — ro0ajabHa OJJHOpaHToBa (ailioBa CUCTEMa 3 BEPCIIMHU, KA MPOINOHY€E HOBa-
TOPCHKY MapaaurMy y cepi po3noaisieHoro 30epiraHis 1aHux, 6a3yrounuch Ha MPUHIIMUIIAX Jie-
HeHTpajizauii Ta peer-to-peer MepekeBUX apXiTeKTyp [6; 7]. Ll TexHonorist BUpi3HIETHCA 3-
MOMDXK 1HIIMX CBO€IO MOUIUPEHICTIO, HAsSBHICTIO YUCIEHHUX KIIEHTCHKUX 3aCTOCYHKIB, aKTHB-
HUM PO3BUTKOM Ta BIJKPUTHM JOCTYIIOM JI0 KOJy, 1110 my0mikyeTbes Ha GitHub. Lli xapakrepu-
CTHMKH CIIPHSIOTH 11 MOMYJISPHOCTI Ta 3a0e3MeuyoTh MUPOKI MOXIIMBOCTI JUIst MOU(iKalii Ta
ajlanTaiii B pi3HUX KOHTEKCTax BUKOpUCTaHHA. OCTaHH1 TOCIIPKEHHS B rajry3i IpOJyKTUBHO-
CTi, O€3MeKH Ta HaAIHHOCTI IMIUIEMEHTAIlil pO3MOALIeHOT (ailyioBOl CUCTEMH BUSBUIIM TEBHI
KJIIOUOB1 XapaKTePUCTHKH, K1 BiIIrpalOTh BUPIIIAJIbHY poiib B iHTerpauii cucremu IPFS y te-
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XHIYHI pillICHHS, TIOB’sI3aH1 3 ACIICHTPaII30BaHUM 30epiraHHsIM Ta aMiHICTpyBaHHSAM ITyOJIi4-
HUX AaHux. Tak, Hanpukiaazm, y gociimkeni «Transparency Analysis of Distributed File
Systemsy [4] O6yno BusiBieHo Taki ocobnuBocti IPFS sik:

1. BincytHicTh MexaHi3My 06a30Boro KOHTpodto noctymy B cuctemi IPFS Bexe no toro, mo
Oyab-sKi JJaHi, SIKi PO3MOBCIOIXKYIOTHCS U€PE3 MEPEXKY, CTAlOTh 3arajibHOAOCTYTHUMHU U Ti11s-
raroTh MOLIUPEHHIO cepell YIaCHUKIB Mepexi. Le cTBoproe 0OMeKeHHS y MOXKIIMBOCTSIX BUAA-
JeHHs a00 0OMEXEHHsI JOCTYITy A0 JaHUX, OCKUIBKH, MOMPH Te, 10 BUJATICHHS JaHUX MOXK-
JUBE 3 BY3JIB, fKi IMMepeOyBalOTh ITiJI KOHTPOJEM KOPUCTyBaya, IHIII YYaCHUKH MEpexi,
BOJIOJIIFOYH HETI1IKOHTPOJILHUMU By3J1aMH, MOXKYTh 30€piraTu Korii JaHUX Ha CBOiX IPUCTPOSIX.
Takum 9yMHOM, OJTHOPa30BO po3mnoBciomKkeHi yepe3 IPFS mani MoxyTh 3amumarucs B Mepexi
HaBITh MICIIsI CIpo0 TX BUIAJICHHS 3 IEBHUX BY3JIiB [4, c. 40].

2. Huzbka nponyktuBHicTh IPFS, crioctepeskena nmpu BUCOKOMY PiBHI peruTiKallii JaHUX Y
MepexKi i yac omnepailiid 3anucy. Lleit peHoMeH CBIqUUTH Mpo Te, M0 30UTBIICHHS KITbKOCTI
PEIUTiK BY3IIiB, 3aisTHUX Y TpoIieci 30epirants, MoXKe 3HaYHO YHOBUIBHHUTH 3arajbHy MPOIyK-
TUBHICTh CUCTEMH, OCOOJIMBO TIi/1 Yac MPOBECHHS Oleparlii 3anucy nanux [4, c. 40].

3. Omniero 3 ocobmmBocrteit IPFS € moTenniiina Bpa3nusicts 10 arak tTumy DDOS, cxoxux
Ha araky slowloris. 37I0BMHCHUKH MOKYTb CTBOPUTH BJIACHI BY3JIM B MEPEXi Ta HABMUCHO CITO-
BUTBHIOBATH JOCTYI JI0 MOMYNIAPHUX (aililiB, 3HaUHO 3HIKYIOUU 3arajibHy MIBUAKICTH 3aBaH-
Ta)XCHHsI 17151 KOpUCTyBauiB. Lle cTBOproe BaxuinBHiA actiekT Oe3neku Ta HaaiiHocTi 1uist [PFS,
OCKIJIbKU TaKa MOBEIiHKa MOKE IMiIPUBaTU JOBIPY O CUCTEMH Ta ii epeKTUBHICTS [4, c. 44].

VY koHTeKkcTi 30epiranHs myOmiuyHUX JTaHUX, KIFOYOBUMHU 3 BUOKPEMIICHUX XapaKTePUCTHK
€ 3JIaTHICTh J0 peIUTiKallii JaHUX Ta X PO3MIIEHHS Ha 30BHIIIHIX By3JaX, Kl He KOHTPOJIO-
IOThCSI IEPBUHHUM JiKeperioM. Lle Mae 3HaYHMii BIUTMB Ha BiIMOBOCTIMKICTh Ta Ha{IHHICTD CH-
CTEMH JICLICHTPaIII30BaHOT0 30epiraHHs Ta aMiHICTpYBaHHS ITyOIIYHAX JaHUX, 320€31ey0un
cTaOlIbHICTH POOOTH y BUMAJKY MPOOJIEM 3 CEpBEPHUM OOIaJHAHHSAM IIEPBHHHOTO JIKepera,
TaKWX K XaKepChKi araku abo Onekaytu (puc. 2). HagiiiHicTh Ta cCTabUIbHICTH CHCTEMH BBaXKa-
€THCSI OLIBII BAYKJIMBUM [TapaMETPOM, HIXK MPOJYKTUBHICTB 3anucy. HatoMicTh BiICyTHICTH Me-
XaHi3My 0a30BOr0 KOHTPOJIO JOCTYITY Ta BPAa3JIUBICTh JI0 aTaK, ONMMCAHUX Y MYHKTI 3, BUMarae
JIOAIATKOBOTO JIOCIII/PKEHHS Ta MOYKJIMBOT KOMITEHCallii 3a I0IIOMOTI'00 1HIIMX 1IapiB CUCTEMH, Y
ki Moke OyTH iHTerpoBanuii IPFS sik TexHonoris ans auctpuOyTUBHOTO 30epiranHs ¢ailiis.

XMapa [,ep)KaBHoi YCTaHOBH
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Puc. 2. IPFS nio uac xaxepcvkoi amaxu ma i0KI04eHb ceimia

Biokueiin cucremu. MexaHismu koHceHcycy. biiokueitn Mo)kxHa BU3HAYHUTH SIK HE3MIHHY PO-
3MoAUIeHy IM(POBY KHUTY MOCHIAOBHUX 3aIUCIB, SKa 3aXUIIEHA 3a JO0IMOMOTOI0 BIOCKOHAJICHOT
Kpunrorpadii, THpaXy€eTbCs CEpesl OJHOPAHTOBUX BY3JIIB Y OJHOPAHTOBIN Mepexi Ta BUKOPHUCTO-
BY€ MEXaH13M KOHCEHCYCY sl y3TO/KEHHS )KypHATy TpaH3aKIlii [8, c. 3]. 3ayie)xHo BiJl MeXaHI3My
KOHCEHCYCY PO3PI3HSIOTH MyOJivHI ONOKYEeHHM Ta OJIOKYEHHH 3 KOHTPOJIHOBAHUM JIOCTYTIOM.
OcTaHHi CBOEIO YEpProro MOALIAIOTH Ha KOHCOPIIlYMHI Ta MOBHICTIO TiprBarHi (puc. 3) [9].
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MNepegava gaHux \Jlepedaya DaHnx

MNepepada paHux JlMepefadya faHnx

Puc. 3. [lybaiuna oonopaneoea o10kueln mepedtca

Buainstors 4oTHpU OCHOBHI O3HAKH, 33 SIKUMH KOHCOPIIYMHI OJOKYEHHH BiAPI3HAIOTHCS
BiJ myOniynux [10]:

loenmudhixayia. Y myOoniyHuX O6JI0KYeHHAX IPUETHAHHS 10 MEPeXi aHOHIMHI, 0COOH yya-
CHUKIB TPaH3aKI[il HE MOKHA MEPEBIPUTH. Y KOHCOPIIIYMHOMY OJIOKYEHH1 JJIsl POBEACHHS Tpa-
H3aKIil YYaCHUKH CIIOYATKy IOBUHHI aBTOPU3YBATHCA, TOMY 1X 0CO0y MOYKHA BCTAHOBUTH.

Bubip eyznig. Y myOmiuHOMYy OJOKYEHHI BY3JIOM MEpEXKi MOXKE CTaTH OyIb-sKHid
KOMII'foTep. BHACIIIIOK IbOTO HAMIHHICTh CUCTEMH 3POCTAE 31 301IBIIEHHIM KUJTBKOCTI BY3JIiB,
ajie OJHOYACHO 3POCTA€ 1 CKJIAIHICTh JAOCATHEHHSI KOHCEHCYCY, OCKUIBKH MOTpiOHA 3rojia Bif
OUIBIIOCTI 0OCITYrOBYIOUMX BY3JiB. Y KOHCOPLIYMHOMY OJIOKYEliHI By3JlaMU MOXYTb CTaTH
JMILIEe aBTOPU30BaHi MamimHU. OCKUIBKY BaJliJaTOPH BIJIOMI, a iX KUIBKICTh Oy/ie MOPIBHSAHO He-
BEJIMKOIO, JIOCATTH KOHCEHCycy Jierme. Lle monerurye 3MiHy mpaBuil, CKacyBaHHS TPaH3aKIIii
a0o 1H1I1 3M1HU B OnokueiHi. O HaK Taka MiBUIIEHA THYYKICTh MOXKE OyTH HEIOTIKOM, SKIIO
METOI0 OJIOKYEHHY € aOCOJIOTHA HE3MIHHICTh, 00 YHUKHYTH OyIb-IKUX (DOPM MaHIMyIro-
BaHHs JaHUMU.

Koncencyc. Y Bunaaky myOmiyHUX OJOKYEHHIB, y4acTh Y MeXaHi3Mi KOHCEHCYCY MOXYThb
Opartu Bci By3/u. Y BUIAAKY KOHCOPLIYMHUX OJOKYEHHIB JiuIIe BUOpaHi By3JIH MOXKYTh BUCTY-
naTy BajiaTopaMu B MEXaH13M1 KOHCEHCYCY, a X KUIbKICTh MO>KHa KOHTPOJIIOBAaTH, TOXK MeXa-
HI3M KOHCEHCYCY BHSBISIETbCS NEUIEBIIMM Ta MPOCTIIIUM, MOPIBHSIHO 3 MyOJIYHUM OJIOK-
YyeifHOM. 3a paXyHOK MEHILO1 KIJIbKOCTI By3J1iB, OJIOKHU JOAABAaTUMYThCS 3 OUIBIIOI0 MIBUKICTIO.

IIpozopicme mpan3zaxyiu. [1yOniuHi 6JOKYEHHHU € MOBHICTIO MPO30PUMHU, OCKUIBKH Oy/b-
XTO MOYKe O3HalloMHTHCS 3 BMICTOM OJ10KiB. BoHOUAC 11€ MOXe CTBOPIOBATH MPOOIEMH, SKIIIO
BMICT OJIOKIB TOB'sI3aHUH 3 KOH(1ASHIIHHO0 a00 YyTIMBOIO iHpOpMALli€r0. Y KOHCOPIIYMHHX
OnoxueiiHax po3pOOHUKH MOXKYTh IIPHUXOBATH BMICT OJIOKIB Ta 3p0OUTH HOTO TOCTYITHUM JIUIIIE
JUTS TIEBHUX KOPUCTYBAYiB, SIKUX CTOCYETHCS MTEBHA TPAH3aKIlisl, TAKHM YHHOM BHPIIITYIOUH TIPO-
OsieMy KOH(1IEHIIHHOCTI.

[TpuBatHi GioKuYeitHM, 1O CYTI, € IEHTPATI30BAHUMHU CUCTEMAMHU, OCKUIBKM BOHU BUKOPH-
CTOBYIOTh MOJIENIb €IMHOI CYTHOCTI 3 BUCOKUM pPiBHEM JIOBIpH, JOMOBHIOIOYH ii IEBHUM CTYTIE-
HeM kpunrorpadiunoi nepesipku [10].

He3sBakaroun Ha Te, 1110 HAaHOUIBII MOMYJISIPHUM Ta BIIOMUMU HUHI € MyOI14H1 OJOKYEITHH,
AK1 320e31euyoTh (PyHKIIOHYBaHHS PI3HUX KPUITOBAIIOT, Y KOHTEKCTI CCTEM 30€piraHHs Ta
aJIMIHICTPYBaHHA MyOJIIYHUX AAHUX IIKaBIIIMMHU € OJOKYEHHHU 3 KOHTPOJIbOBAHUM JOCTYIIOM
[8, c. 3] (puc. 4) abo riopuani BapianTu [11].

140



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(36), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

BionpaeneHHA TpaH3akuil /BionpagneHHA TpaH3akLuii
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Puc. 4. Brokuetin mepestca 3 KOHMPOILOBAHUM OOCIYNOM

Jlyis TOCATHEHHS 3roAM MiX By3jJ1aMH OJOKYEITH MepexKi 100 BaTiAHOCTI TpaH3aKIlii Ta
HOPS/IKY 1X JOAaBaHHS 0 OJOKYEHHY BUKOPHCTOBYIOTHCS CIEIialIbHI IPOTOKOJIH, SIKi HAa3UBa-
I0ThCS MEXaHI3MaMH KOHCeHcycy. Jlo HalOiIblI TUMOBUX MEXaHI3MiB KOHCEHCYCY HalleXaTb
Proof of Work (PoW), Proof of Stake (PoS), Delegated Proof of Stake (DP0S), and Practical
Byzantine Fault Tolerance (PBFT). Po3risinemo ix netanbHire.

Proof of Work (PoW, noka3 po6otu). Buciaosaorwuuck KopoTko, POW — 1e kpumnrorpa-
(ivHe miaTBepKEHHS HYIOBOTO 3HAHHS, Y SIKOMY OJHAa CTOPOHA JOBOJUTH 1HIIIMM, 110 TIEBHA
KUTBKICTh 3ycuiib (eHeprii) Oyia BUTpaueHa Ha MEeBHE HAJICKIAIHEe OOUMCITIOBATIbHE 3aBIaHHS.
KirouoBoro ocobmuBicTio koHuernii PoW e Te, mo He3anexHi CTOPOHN MOXYTh IEPEBIPUTH i
BUTPATH 3 MiHIMAJTbHUMU 3yCWIUISIMU. POW € Hali011bI1 MOIIMPEHUM MEXaHi3MOM KPUIITOBA-
JIOTHOTO PUHKY [12]. BaxJMBOIO MepeBaror0 CUCTEMH € ii Oe3MeYHICTh: JJIsi BTPYYaHHS B CHC-
TeMy NMOPYLIHUKY HEOOX1JHO BUTPATUTH HAaJ[3BUYAHO BEJIMKY KIJIBKICTh eHeprii. Jleski aBTopu
CTBEP/IKYIOTh, 1110 II€M MEXaHI13M MOTEHIIHHO Bpa3uBui 10 ataku 51 %, oqHaK, 3a ACSIKUMU
pO3paxyHKaMH, peCypCHi BUTPATH TAKOi aTakH [yl 3T0BMUCHHKIB Oyl1yTh OUIBIII HI’K 3aBaHa
IKO/1a Ta oTpuMaHi puoyTku [ 13]. HaiiO11b11 BaskauBuM HeponikoMm MexaHizMmy Proof of Work
€ HaJ3BUYaliHO BUCOKE CIIO)KMBAHHS €JIEKTPOEHEPTii: yci By3/u OJOKYEHHY BUTPauatoTh €HEp-
Ti10 JIJISt PO3B’sI3aHHS CKJIAIHUX MaTeMaTUYHUX 3aj1a4, OJHAK, JIUIIIE BY30JI, IKHUH pO3B’sI3y€ 3a-
Jlady TepIIuM, MOXKe J10/1aTh HOBHM OJIOK 10 CUCTEMH I OTpUMaru BUHAropoay. Takox roctpo
mocTae mpobsieMa MacTadyBaHHs, OCKIITBKH 31 3pOCTAHHSIM MEPEKI 3pOCTaE 1 KIITBKICTh pecy-
PCIB AJIsl JOAaBaHHS HOBUX OJIOKiB [14].

binbi epextuBHuM MexaHi3MoM € Proof of Stake (PoS, Jloka3 yactkn) [15]. CyTs MexaHi-
3My MOJISTa€e B TOMY, L0 JUIsl CTBOPEHHS OJIOKIB aJITOPUTM Ha OCHOBI IIEBHUX KPUTEPiiB BUOHpae
0Ci10, SIKHX HA3WUBAIOTh BatiiaTopamMu. BoHM 00MparoThCs paHI0MHO, IMOBIPHICTH OOpaHHS By371a
BJILAATOPOM 3pOCTA€ MPOIOPLIHHO A0 YACTKU TOKEHIB Ta BiKy Cy0’€KTa B cUCTeMI. 3aXHCT CUC-
TEMH I'PYHTYETHCSI Ha TOMY MIPHUITYIIEHH], 1110 CY0’ €KTH, sIK1 MAIOTh YaCTKY B CUCTEMI, 3aIliKaBICH1
y ii 3aXMCTi, OCKUIBKH 13 MOCTa0NeHHsIM O€3MeKH CUCTeMH 1XHS JyacTKa BTpadae BapTicTh [16].
[Tpote 1eit MexaHi3M € BpaznuBuM 110 Nothing-at-Stake nmpobnemu.

Proof of Stake ta Proof of Work € Haii0inb11 eekTMBHUMYU MeXaHI3MaMU [Tl OJIOKYEHHIB 3
HYJIBOBOIO JIOBIPOIO YUACHHKIB 1 JO3BOJISIFOTH TPOBOAUTH MIOBHICTIO aHOHIMHI TpaH3akuii [14].

Bapiamiero nporo x mexanismy € Delegated Proof-of-Stake (DPoS, neneroBanmit moxas
YacTKH), y SKOMY BUOpaH1 By3JH, SIKHX HA3MBalOTh BUPOOHMKaMU OJIOKIB a00 CBiJKaMHu, 110 4e-
p3i reHepyIoTh OJIOKM Mepexi Ta OTPUMYIOTh IIEBHY BUHAropoay. BiacHUKM 4acTOK mporop-
IIHHO J0 CBOIX YAaCTOK rOJOCYIOTh 3a BY3JIH, K1 OyqyTh BUPOOHHKaMH. BOHHM TakoX MOXYTb
3BUIBHUTH BUPOOHHKIB, SIKi IOTAHO BUKOHYIOTh CBOIO POOOTY, Ta MPU3HAYUTH HOBUX, IO CTH-
MYJIIO€ BUPOOHUKIB CTEKUTH 3a CBO€IO penyTaieto [ 17]. OcKiabku KIIbKICTh BUPOOHUKIB 0J10-
KiB oOMexeHa (3a3Buyaii Big 20 mo 100), meit MexaHi3m kpaiie macintadyerses, Hixk Proof of
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Stake Ta Proof of Work, mae BuIiy npomyckHy 31aTHICTh 3a KUIBKICTIO TPaH3aKI[ii 3a OIMHUIIIO
qacy Ta notpedye CyTTEBO MEHIIMX 3aTpar sl J10JaBaHHs HOBUX OJIOKIB, OMHAK, OOMexeHa
KUIBKICTB JICJIeTaTiB BiIKpUBA€E Bpa3IMBICTh 10 ataku 51 % [8]. Takox cepen HeOiKIB 3a3Ha-
Yal0Th MOTr0 HIKYY JIELeHTpalli3allio, MOpiBHAHO 3 MexaHi3MaMu Proof of Stake ta Proof of
Work, BTiM 1J1s KOHCOPIIIyMHHUX a00 MPUBATHUX OJIOKYCHHIB 1Iel HEJO0JIK € HecyTTeBUM [18].

[le omHUM MOAIOHUM IO CYTI, ajie MEHII JCHEHTPAII30BaHUMHU 10 (PaKTy MEXaHi3MOM €
Proof-of-Importance (Pol, moka3 3HauymocTi), y SIKOMy KOXKHOMY BY3J1y IIPHCBOIOETHCS TICBHA
OIliHKA BXKJIMBOCTI, SIKa IEMOHCTPYE HOTO 3HAYCHHSI JIJIsl CYKYITHOI IHHOCTI cucteMu. By3mm,
[0 MAIOTh BHIIII OLIIHKK Ba)KJIUBOCTI, 3 OUIBIIIOI IMOBIPHICTIO OTPUMYIOTh ITPaBO TEHEPYBATH
a6o 30uparu 6:10ku. OCKUIBKY BX1IHUMH JaHUMH JJIs1 BU3HAYEHHS BAKJIMBOCTI By3JIa € KiJlb-
KICTh TpaH3aKIlii 3a octanHi 30 AHIB, HAKONMMYEHA I[IHHICTh Ta B3a€EMO3B’SI3KHU 3 1HITUMU BY3-
JaMu OJIOKYEHHY, OUTbII aKTUBHI BY3JIH OTPUMYIOTh BUHATOPOY 32 paXyHOK MEHII aKTUBHUX,
TaKMM YUHOM KOHIIEHTPYIOUH BIUIMB Ha cO01 Ta 3HIKYIOUHU JeleHTpatizalito [8].

Takox MexaHi3MH KOHCEHCYCY MOXKYTh BUKOPHUCTOBYBATH SIK JJ0Ka3 (i3uuHi HOCIii. Proof-
of-Space (PoSpace, 10ka3 npocTopy) — aIrOpUTM, 3aCHOBAHHUH Ha JUCKOBOMY IPOCTOPI: OCHO-
BHUM PECYpPCOM ISl TOKA3y € MPOCTip KOPCTKUX JUCKIB YYaCHUKIB OJIOKUECHHY, SIKE pe3epBy-
€ThCS MiJ cremiaibHi QyHKIIT OTOKYeiHY, HApUKIIa1, 3alIOBHEHHS XeII-KOJaMH JJIs Oalb-
mroi Bastigamii GJIOKiB.

bararo mMexaHi3MiB y YHCTOMY BHUIJISIII € MAJOMPHUIATHUMHU JJI1 BAKOPUCTAHHSA Y IMyOmiu-
HUX OJOKYelHaX, OJHAK MOXKYTh OyTH KOPUCHUMH y NIPHUBATHHX.

Proof-of-Authority (PoA, 10ka3 aBTOPUTETY) — AJITOPUTM KOHCEHCYCY, 3aCHOBAaHHUI Ha aB-
TOPUTETI BaIiAaTopiB. ¥ HHOMY BaJIiIaTOPH SIK JOKa3 BUKOPHUCTOBYIOTh BIIACHY pemnyTailiro. Ba-
JiAaTopiB 0OMPAIOTh YYACHUKU MEPEeXki IIISIXOM IroJ0CyBaHHS, 1 3a3BUYail KiJIbKICTh Bajli1aTo-
piB oOMexeHa. BiZcyTHICTh BHHArOpOHKEHHS BaJIiIaTOPIB Ta pU3HK IIEHTpalTizallii poOUTh en
MexaHi3M Oublll e()eKTUBHUM J/1JIs BUKOPUCTAHHSI y IPUBATHUX OJOKYEHHAX, B AKMX Ipobiaema
JleleHTpati3allii He aKTyaJIbHOIO.

Practical Byzantine Fault Tolerance (ITpakTu4Ha Bi3aHTiliChbKa BiIMOBOCTIHKICTb) — OyB
po3pobeHuit A BUpIlIEHHS TpobiieM, OB’ A3aHUX 13 MexaH13MoM Byzantine fault tolerance.
Ha BimMiHy BiJl OCTaHHBOTO, [Iei MEXaHi3M HE BUMarae CHHXpOHHOI B3a€MO/Iii Y4aCHUKIB, TOMY
€ OuTbII npakTHYHUM. KoHCeHCyC focsIraeThesl y BUMAIKY, KOJIHM OLIbIIICTh BY3J1B TOJIOCYIOTh
3a mpueaHaHHs 670Ky, By3nu B cucteMi po3mnoaisieHi NOCiI0BHO, OIMH BY30J1 € MPOBLIHUM,
1HII1 — BropuHHUMU. [IpoBiHKI By30J1 BIAIOBIIAE 3a COPTYBAHHS 3aIIUTIB Ta iX MOCIIIOBHY
BIJINIPAaBKYy BTOPHMHHUM By3JaM. Y BUIAJKY BIJIMOBHM MEPBUHHOIO BYy3Ja, HOro Micue mnocigae
BropunHuii [19]. 3a3Buuaii, cuctemu 3 BukopuctanusMm Practical Byzantine Fault Tolerance
BUKOPHCTOBYIOTh MeHII sIK 20 mornepegHb0 BUOPAHUX BY3IIB MEPEBIPKH, OCKIIBKH KUIBKICTh
MOB1JIOMJIEHD 32 €KCIIOHEHTOIO 3pOCTaE 31 30UIBIIEHHSAM KIJIBKOCTI BY31iB. AJITOPUTM € JOCUTD
e(eKTUBHHUM, ajlé B OCHOBHOMY BUKOPHCTOBYETHCS B IPUBAaTHUX OJok4erHax. OCKUIbKU AT
e(heKTUBHOI POOOTH CUCTEMH HEOOX1/1HO, 1100 KUTbKICTh HEOE3MEUHUX BY3JI1B HE IEPEBUIIMIA
abo He popiBHIOBaNa 1/3 Bij BCiX BY3JIB CUCTEMH, LIeH aJITOPUTM MOXKE BUKOPHUCTOBYBAaTUCS
JIMIIIE B yMOBaX MPUCYTHOCTI YaCTKOBOT IOBIPH.

B ninomy, npoGiemu MaciitabyBaHHs, AelEHTpaIi3allii Ta 6e31eKu MPUCYTHI y BCIX Mexa-
Hi3MaX KOHCEHCYCY, (POPMYIOUH «TpUIIeMY» OJIOKUEITHY, OCKIIBKH HEMOXIIMBO OJHOYACHO 3a-
0e3meunTH MakCUMallbHy €(EeKTUBHICTh 32 TPhOMa MOKAa3HUKAMU: Oe3reka, JeIeHTpai3allis
Ta MBUAKICTh (MPUIATHICTH O MacITaOyBaHHS). Y BUMAAKY, AKIIO MiATBEPAKEHHS TpaH3aK-
1[ii BUMaraeTbcs BiJl BCIX BY3IB, CTPaXKIA€ MIBUAKICTH; B yMOBaxX MpPU3HAUYEHHS BajiJIaTopiB
CTpaXKaae IeleHTpaii3allis; BUKOPUCTAHHS MYJIbTUYEHHIB BUpILIye MpoOieMu maciTady-
BaHHS Ta 3a0e3meuye JAeleHTpali3alliio, OIHaK, 3HKY€e O0e3neuHicTh cuctemu [20]. Takum yu-
HOM, BHOIp aNTOPUTMIB KOHCEHCYCY ITOBUHEH 3/IIMCHIOBATHUCS 3 ypaxyBaHHSIM MOTpeO Ta mpio-
PUTETIB OpraHizarii.
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CMapTKOHTPAKTH B 0/10K4YeliH cucTeMax. CMapTKOHTPAKT — II€ Iporpama, sika MOXKe BHU-
KOPHUCTOBYBATHCS B €KOCUCTEMI OJIOKYECHHY /ISl MEXaHIYHOTO Y3TO/DKEHHS, BAKOHAHHS Ta 3a0€3-
IIEYEHHS! BUKOHAHHS YMOB 10puau4HO1 yroau [21]. KoHuenmito cMapTKOHTPaKTy BIEpILE 3aIpo-
nonysaB Hik Ca0o, sikuii BU3HA4YMB 11 sIK KOMIT FOTEPU30BaHUI MTPOTOKOJ TPAH3AKIIN KOHTPAKTY
[22, c. 15-18]. ITo cyTi, cMapTKOHTPAKTH — I KOHTEHHEPH KOy, SIKi IHKATICYIIIOIOTh 1 BiZITBOPIO-
I0Th YMOBH peajbHUX KOHTPAKTIB y 1 poBiid chepi. ToOTO BOHU € IOPHUIAUYHOIO YTOI0K MK
JIBOMa 4YM OUIbIlIe CTOPOHAMM, KOJKHA 3 SIKMX 3000B’SI3y€ThCSI BUKOHYBATH CBOI 3000B’s3aHHS.
Xouya Taka yroga Mae OyTu 3a0e3reueHa 3aKOHOM, CMapTKOHTPAKTH 3aMiHIOIOTh HAIIMHUX TPETiX
CTOpiH 200 MOCEPEIHUKIB MIXK JIOTOBIPHUMU CTOPOHAMH 3aBSIKM aBTOMATHYHOMY IOIIMPEHHIO
KOy Ta MOro MEepeBipKH By3JaMH MEpexi B JeleHTpaslizoBaHoMy Onokueiini [23]. Kpim Toro,
BOHHU JI03BOJISIIOTH 3/IIMCHIOBATH TpaH3aKIlii MK HEHAJIIHHUMU CTOpOHaMU 0e3 HEOOX1THOCTI
IPSIMOTO KOHTAKTY MK CTOPOHAMH, JIOBIPH JI0 TPETiX CTOPIH 1 KOMICIHHUX BUTpAT Ha MOcepe-
HUKIB [24], TaKMM YMHOM J03BOJISIFOYM YKJIaJaHHS IUJIOBHX YTOJl B CEPEIOBHILI HYJIbOBOT JOBIpU
[10]. [TorpanuBiyu B 6;I0KYEIH, CMAPTKOHTPAKTU 3HAXOATHCS 3a IEBHOKO aJJPECOI0, HE KOHTPO-
JIFOFOTHCS JKOIHUM BIIACHUKOM 1 HE MOXKYTh OyTH BHJIAJICHI.

CMapTKOHTPAKT BUKOHY€ETHCSI B TaKil OCI1I0BHOCTI:

1. CMapTKOHTPAKT MPOrpaMy€eThCs Ta KOMIIUTIOETHCS B OalT-KOI KOMIUIATOPOM.

2. JIoroBip po3ropTaeThes SIK MPABOYHH.

3. Maiinep nepeBipsie BUA00YTY TpaH3aKILiIoO.

4. TpaH3zakilis npuiHsATa B OJOKYEITH, 1 KOHTPAKTY IPUCBOEHO apecy.

5. 1106 ckopucTaTucsi KOHTPAKTOM, KOPHCTYBadi HAJACHUIIAIOTh TPAH3AKIIl Ha aapecy KOH-
TPAKTYy, BKa3yIOuH, Ky (PyHKI[IFO BOHU XOUyTh BUKJIHKATH.

6. [Ticna mepeBipku TpaH3aKIiii 1 MAaHIHTY KOXXEH BY30J] Y MEpexXi BUKOHY€E (PYHKIIiIO
CMapTKOHTPAKTY.

CMapTKOHTPAKTH HAMMCaHi B CTWIII, TOAIOHOMY JT0 HAalMCaHHS KiIacy B 00’ €KTHOOPI€HTO-
BaHOMY IPOTrpaMyBaHHI.

Crig, BTiM, 3a3HAYUTH, 110 JESKI JOCTITHUKY IIpaBa BBAXKAIOTh HE3MIHHICTh Ta OJHO3HAY-
HICTh CMapTKOHTPAKTIB MOTEHLINHO MpOOIEeMATUYHUMHM, OCKUIBKH MOJICEMIsl TPaKTyBaHHS
TPaJAULIMHUX KOHTPAKTIB MOXE CIYKUTH HE TEXHIYHUM HEIOIIKOM, ajie LIJIECHPSIMOBAaHOIO
0COOJMBICTIO, 1110 MIATPUMYE IXHIO COLliabHY (DYHKIIIO Ta 3a0e31euy€e THYYKICTh y BUPILICHHI
npaBoBUX nuTaHb [10].

SSI, DID, AyrenTugikauisi Ta nigTBepA:KeHHs aBTeHTHYHOCTI AanuXx. Konnenmis SSI
(camocyBepeHHOI 11eHTHYHOCTI) Oyna po3pobneHa Kpicropepom Amnenom (2016) sik Bupa-
KEHHS 0COOMCTOro U(POBOTO CyBepeHiTeTy. BiH BUKOPUCTOBYBAB HOTO JUIs OMUCY 3aCHOBAHOI
Ha TIPUHIMATNIAX CTPYKTYPH, SIKa CTBOPHUTH JEIIEHTPAIII30BaHy CHCTEMY OPi€HTOBAaHUX Ha KOPHUC-
TyBaya, CAMOKEPOBaHUX, CyMiCHUX 1M (PpoBuX ineHTHDikaropiB [25]. TonoHa ines SSI nonsrae
y MepeAaHHi CyTHOCTSIM KOHTPOJIIIO HaJl CBOIMH OCOOMCTHUMHU JAHUMM 3 MOXJIMBICTIO BUOIPKOBO
PO3KpUBaTH aTpUOyTH 11eHTH(iKallii Ta 30epiraTi KOH(1eHIIHHICTb, HITICHICTh 1 J0CTOBIPHICTh
JIAHUX, HE TIOKJIai0uH IO BiIMOBIIANBHICTS Ha TPaAUIliiiHI opranu Biaau [26; 27].

VY wiit Mozeni NpUCyTHI TPH AIFOYMX CYTHOCTI: BJIACHUK ieHTH}iKaliiHoi iHdopmanii —
TOM, KOMY HaJie’KaThb OOJIIKOBI JaHi, eMITEHT — CYTHICTb, BIANOBIJalbHA 32 BUAAYy BJIaCHHUKAM
JIOKYMEHTIB, K1 MIATBEPIKYI0Th 00IikoBi naHi (verifable credentials) Ta Bepudikarop — cyT-
HICTb, 110 BUKOPHCTOBYIOTH HaJlaHi OOMIKOBI JJOKYMEHTH JUI aBTeHTH(]iKalii Ta mepeBipKu
npezcTaBieHoi ocodu. BrnacHuku koH¢ineHuiiHoi iHdopmanii 30epiraloTb JOKyMEHTH, 10
H1ATBEPDKYIOTH 1aHl y HU(GPOBUX ramaHIsxX. Taka Moziesnb J03BOJISIE CYyTHOCTSIM O€31eYHO 00-
MiHIOBaTUCs OOJIIKOBUMH JJAaHUMH 3 BepH(ikaTopaMu, BCTAHOBIIOIOUHU JOBIPY Ta MOJETIIYIOUH
MIUPOKUNA CIIEKTp HUGPPOBUX B3aEMOJIN 0e3 HEOOXITHOCTI LIEHTPATI30BaHUX MOCEPEIHUKIB.
Cucrema SSI MmiHIMI3y€e TOBIpY 10 TPETIX CTOPIH 1 BUKOPUCTOBYE KPUIITOrpadidHi TEXHOIOTI],
PO3MOIUIEHI KHUTH Ta CTaHAapTHU30BaH1 MPOTOKOJIH I 3a0e3nedeH s 0e3neKu, KoH(1aeHITiH-
HOCTI Ta CyMICHOCTI iIeHTU(IKaitHUX naHux [29].
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Jnis1 3a0e31eueH s yHIKaIbHOCTI TOCUJIaHHS Ha YYacHUKIB SSI BUKOPUCTOBYIOThCS CTaH-
naptu3oBani Koncopuiymom BeecBiTaboi mepexi (W3C) neuenTpanizoBaHi ijeHTUIKaTOpH
(DID). DID 3natHi po3B’si3yBaTUCs y BIAMOBIIHI JOKYMEHTH, IKi MICTATh iH(pOpMaIlito, acorri-
HioBaHy 3 KOHKPETHHUM 1/IeHTH(]IKaTOpOM, Taki K Kpunrtorpadidni K04l Ta MaKeTH aBTEeHTHU-
¢ikarii. Kpim Toro, ToKyMeHT MOXKE€ MICTUTH CITy>KOOBi KiHIIEB1 TOYKH, SIKI ONUCYIOTh, K JI0-
csartu cy6’exta DID Ta BcranoBUTH 3B'5130K. CTBOpEHHS JOKYMEHTIB 3a0€31e4yI0Th CHCTEMHI
KOMITOHEHTH, sKi HazuBaroThcs DID pe3onBepamu.

st 36epiranns DID Ta HamanHs HeoOXigHUX Aanux g renepauii DID nokymeHTiB, Bu-
KOPHUCTOBYIOTBCSI PEECTPH AaHMX, 110 TiyisiraroTh Bepudikaiii (Verifiable data registry, VDR).
L1i peecTpu MOXyTh OyTH peali3oBaHi B pi3HUX (pOpMax: pO3NOALICHI KHUTH, IEHEHTPaTi30BaH1
daiinoBi cucteMu, 6a3u JaHUX, OMHOPAHTOBI Mepexki Tomno. [[oBipa 10 CUCTEMHU MOXKE IPYHTY-
BaTHCs a00 Ha HAAIMHOCTI TEXHOJIOTIi, a00 Ha JTOBIPi /10 BIACHUKA CHCTEMHU.

B3aemonist oci® onuH 3 OIHUM Ta 3 OOJIKOBOIO KHHUTOIO BiOYBAa€ThCs 4yepe3 MporpamHi
00’ €KTH, SIKi HA3UBAIOTHCS areHTaMU. 3a3BUYail areHT OTPUMYE JOCTYI 0 HU(PPOBOTO raMaHIIs
JUTs 30epiraHHsi, OTPUMAaHHS Ta BUKOHAHHS KpunTorpadiyHuX orneparii 3 i1eHTudikaiiHuMu
naauMu. Arent SSI 3marHuil mignucyBatd, MHQPYBAaTH Ta TEPECHJIATH IOBITOMIICHHS,
MOB’si3aH1 3 OOJIKOBUMHU JaHUMHU Ta BCTAHOBIICHHSM 3’€lHAHb MK areHTamu. L{i 1ii MoxyTh
BUKOHYBATHCs a00 areHTOM, aBTOMaTU4HO, a00 KOpUCTyBadeM, Bpy4uHy. Poiis arenra mossirae B
TOMY, 100 3aXMIIaTH HUPPOBUM raMaHelpb 3 JaHUMH TaK, 100 TIIbKHM BIACHUK I'AMaHIIs MaB
710 HBOTO JIOCTYTI.

YV SSI 061ik0Bi 1aHi PO3MISIAIOTHCS K HAOIp 3asB 13 MU(DPOBUM MiAMTUCOM EMITEHTA, J1e
KOKHA TpeTeH3is (claim) € TBepIKEHHSM CTOCOBHO Cy0’ekTa (KopucTyBaua). BepudikoBani
o6mikoBi nani (VC, verifiable claims) — 1ie 3axuieHi Bij miapoOKu oOJIKOBI J1aHi, SKi MOXKHA
nepeBipuTy Kpuntorpadiaao. 3 MeToro 3a0e31eueHHs] MOXIIMBOCTI IEPEHECEHHS IaHUX Ta M0-
cTiliHOCTI ieHTuiKalii cy0’ekTiB OyaM CTBOPEHI Pi3HI CTaHJAPTH OOTIKOBUX JaHUX, TaKi SK
W3C VC, AnonCreds 1 crangaptu ISO mDL, koxeH 3 sikux niaTpumye pi3Hi Kpunrorpagidi
nokasu. Lli popmatu MaroTh ClijIbHY METY: JO3BOJUTH €MITEHTaM MaKeTyBaTH 3asBU 11010 Op-
raHizaifiii Ta 3armedaTyBaTy OOJIIKOBI JIaHi 3a JOTIOMOTOI0 KpunTorpadii. 3asBu MOXYTh BKIIIO-
yaTh ab0 0OJIIKOBI JaHi, sIKi HaJal0Th Cy0 €KTY 11eHTU(DIKallli mpaBa JOCTYIy YM pUBLIei, ab0
nepeBipKy iHpopMallii, Takoi K MOCHJIaHHS Ha JOKYMEHTH, 110 MOCBIIYYIOTh 0CO0Y, npode-
ciiiHi cepTudikaTy, KpeAUTHY ICTOPit0 abo Oy/b-sAKi 1HIII 1aH1 4M iH(opMairo. 3a JOIOMOTOk0
KpunTorpadiuHux MignuciB Beprudikaropu MOXKYyTh OL[IHUTH LIIICHICTh OOJIKOBHX JAHUX HA
OCHOBI BIIKpUTHUX KJIIOUiB eMiTeHTa [29].

[I1o6 nepeBipuTH Oyab-sKi 0OIIKOBI AaHi, BepudikaTop poOUTh 3alUT HA MiATBEPIKEHHS
BJIACHUKY (IIpyBEpY), 3alIUTYIOUX NIEBHI aTpuOyTH Ta npeaukaru. Jleski 3 HuX 000B’I3K0BO ITi-
JUISITAOTh MepeBiplll (HANpUKIIa, HOMEp COLIAJIbHOTO CTpaxyBaHHs, BIK TOLIO), a JIeAKl MO-
XKYTb OyTH HiATBEP/PKEHI CAaMUM BIACHUKOM 0COOM (HampuKiaj, iM’si, TICEBIOHIM ab0 HOMep
tenedony). I1ig yac mepeBipkr BCTAHOBIIOETHCS, YK 301Tal0OTHCS KITFOU1 MIMUCIB 3 KITFOUaMU
ocobwu, sika ix miamucye [30].

SSI TexHomoris Moke OyTH HaJ3BHYaliHO KOPUCHOIO y cdepi ayTeHTUdiKallii/apropu3anii
B pi3HUX cucTteMax. Hanpukian, Oyiio 3anporoHOBaHO CXeMy BUKOPHCTaHHS, Y SIKii mocTrava-
apHUK nociyT (Service Provider) Buctymae ogHo4acHO eMiTeHTOM Ta Bepudikaropom. [locra-
YaJbHUK TOCTYT BHJIA€ KOPUCTYBaueBi cepTU(iKaT, 0 Moke OyTH Bepu(]iKOBaHUM, KU TMO-
TiM 30epiraeTbcst B Woro ramanii. Iling gac mocTymy 10 MOCTYyTH KOPUCTYBad TPEN SBIISE
cepTUdiKar MocTavaabHUKY MOCIYTH. SKIIO cepTH]IKaT MepeBipsAEThCS YCHIIIHO - KOPUCTYBay
POXOIUTH ayTeHTudikawio [31].

Xoua TexHomnorist SSI 3HaX0AUTECS B POIIECi PO3BUTKY, Cepell MOTeHLIHHUX cdep ii BuKo-
PUCTaHHS HAa3WBAIOTh CUCTEMY OXOPOHH 370pOB’si, ¢iHaHCOBI ycTaHOBH [31], Toprismto [32],
IHTepHET pedeid, yps/10Bi CUCTEMH, 30KpeMa, BUOOpUi cCUCTEMH roiocyBaHHs [33].
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Cepen noteHIiiHUX HeOe3meK BUKOpUCTaHHs SSI 3a3Ha4ar0Th HEOOX1THICTh BUCOKOI I'pa-
MOTHOCTI KOPUCTYBauiB CTOCOBHO UTaHb O€3MeKH, OCKITIBKY iX KOHLIEMIIis nepeadayae Te, 1o
KOPHUCTYBadi HECYTh ITOBHY BIAMOBIAAIBHICTH 32 POSKPHUTTS BIIaCHO1 KOH(D11eHIIiiHOT iHdopma-
1ii. Takok TOKM 10 HE 3’SICOBAHUM JIMIIAETHCS MMUTAHHS CYMiCHOCTI JCIEHTpaIi3allii KOHT-
POJIIO HaJl 0COOMCTUMH JJAHUMH 3 FE€ONOTITUYHUMU peallisiMu Ta FOPUAUYHUMU BUMOTamiu [34].
[Ile omHUM BaKJIMBUM MPOOIEMHHUM aCTICKTOM IIi€i TEXHOJIOTIT € HEMOXKIIUBICTh BIJTHOBJICHHS
BTPau€HMX KJIIOYIB 10 HU(PPOBUX raMaHLIB, L0 MPU3BOIUTH 10 HE3BOPOTHOI BTPATH BIACHU-
KOM JIOCTYIY JI0 IJaHUX Ta MOXKJIMBOCTEW yNpaBIIiHHSI HUMHU.

Po3risin HenoCaiIzKeHUX YACTHH 3arajibHol Mpo0JieMu Ta NOJAAJNbIINH PO3BUTOK. [le-
LEHTPAJTi30BaHi MepeKi MaIOTh 3HAYHUHN MOTEHIa y cepi Jep>KaBHOTO YIPABIIIHHS Ta aIMiHi-
CTpYBaHHS 3aBJSKH 1X MOCTIHHOCTI, CTIMKOCTI Ta MPO30POCTi. 30KpeMa, Y BUIAIKY OJIOKUEHHY
HayKkoBIi [35] 3BepTaroTh yBary Ha Taki HOro NoTeHLIHO KOPUCHI 0COOTUBOCTI/MOXIIMBOCTI:

1. TokeHizalis: mpaBa Ha BAKOHAHHS J[1i 3 aKTUBOM MOXYTh OyTH IIEPETBOPEHI B €IEMEHTH
JaHUX, SKI MOJKHA TiepeiaBaty, a00 TOKEHU B OJIOKJYCHHAX.

2. Camo3za0esnedyeHHs Ta ¢opMantizallisi IpaBui: CMApPTKOHTPAKTH JO3BOJISIIOTH CILTBHO-
TaM KOPUCTYBadiB KOJyBaTH MpPaBWIa TAKUM YHHOM, 1[0 BOHU OIHO3HAYHO PO3YMIIOTHCS Ma-
IIMHAMH Ta BUKOHYIOTHCSI CAMOCTIHHO.

3. ABTOHOMHA aBTOMAaTHU3aIlis: MICIIA BBEISHHS iHpOpMAIIii JeleHTpai3oBaHi aBTOHOMHI
opranizanii (DAO) MOXyTb B3a€MOAISATH MiK CO0OIO.

4. TTigBUIIEHHS MPO30POCTi: OMepaIliiiHi MPoIecH Ta MOB'sI3aHi JaHi CTalOTh BiIKPUTHMHU
i He MOXKYTh OyTH 3MiHEHI TOCT(HAKTYM.

5. JleneHnTpai3zanist yrpasitiHHs iHQPaCTPyKTYpOrO: OJOKICHHH JO3BOJISIOTH ICIIEHTPATI-
30BaHy pO3pOOKy MpaBWJI AJIsl YIPABIIHHA MEPEXKEI0.

6. Kogudikarrist qoBipu: OJIOKIEHH JO3BOJISE HE 3aTyYary TPETI CTOPOHHU JIJIS IEPEBIPKHU YTOI.

3aB/IsIKU 3a3HAYEHUM MOXKIIMBOCTSM BIIPOBAIPKEHHsI CCTEM Ha OCHOBI Osiokueiiny ta IPFS
MoyKe OyTH KOPUCHUM Y SIK MIHIMYM Y TakuXx c(epax: BeIeHHs MyOIIYHUX 3aHCIB 1 AepHKaBHOL
JIOKyMEHTAIli1, 3aBASKH 301IBIIEHHIO iX IPO30pOCTi; omneparlii 3 HEpyXOMICTIO, 3aB/ISIKU 3MEH-
HIEHHIO KIJIbKOCTI MOCEPEAHMKIB YKIalaHHs yrof; Iep:KaBHI 3aKyMiBIIl — BUKOPUCTaHHSI OJIOK-
YyellH cHCTeM MOTeHLIHHO 0OMeXye MOMKJIMBOCTI JAJsl KOpYyMuii, 106iroBaHHS Ta MaxiHamii i3
3aJIy4E€HHSM TPETIX CTOPIH; BUJIaua JTOKYMEHTIB IIPO OCBITY, OCKUIbKH MOTEHIIIIHO MOXe BUPI-
IIUTHU MMUTaHHS 3apaxyBaHHA BepuQiKalii LUX JOKyMEHTIB Mk KpaiHamu. CIliJ] 3a3HaYUTH, 1110
Ha ChOTOJHI BXKE 3[[1HCHIOBAJIOCS BIIPOBAKEHHS MUIOTHUX OJOKYEHH MPOEKTIB Y 3a3HAYEHUX
coepax B Icmanii, I'py3ii, CIIIA, Ilinenniii Kopei, I'ani, Ykpaini (OpenMarket). Onnak naHi
10710 IXHBOI €()EeKTUBHOCTI BUSBUIIMCS CyNEPEWIMBUMHU. 30KpemMa, OCTanu npoOieMu Hello-
CTaTHBOI MPO30POCTI CTBOPEHUX OJIOKUEIHIB, HAAMIPHOT IeLIeHTpai3allii, HeTOUHOCTI BX1HUX
JIAHUX, HEMOXKJTUBOCTI BUPAKEHHS JIEAKUX BEJIMUMH TUCKPETHUMH 3HA4eHHIMU (Y cdepi BIIO-
PSIIKYBaHHsI 3eMENIbHUX TUISHOK), TalbMyBaHHs TpolieciB nudposizamii ganux [11; 36; 37].
ToMy aKkTyanbHHUM € MONIYK ONTUMAaJIbHOI OpraHi3alii CUCTeM 3 MOMIALY LEeHTpali3allii/1eteH-
Tpajizalii, a TAKO)K BU3HAUEHHSI IHIIMX MPOOJIIEMHHX aCIeKTiB.

Jlyis BU3HAuUEHHS! HAHOUIBII MPOIYKTUBHUX CIIOCOOIB 3aCTOCYBaHHS JELIEHTPaII30BAHUX
CHCTEM JUIs yIIPaBIIiHHS JaHUMH KOPUCHO TaKOXX 3BEpTaTH yBary Ha iX 3aCTOCYBaHHS y HENpu-
OyTKOBOMY CceKTOopi. 30KkpeMa, HalyJu MOMYyISIPHOCTI ONaroAiitHi MoXXepTBU B KPUITOBAIIOTI.
Oco06auBO SICKPaBO 1€ CIOCTEPIrajid Ha MOYaTKy pociiicbKoro BTOprHeHHs B Ykpainy [38]. Bu-
KOPUCTaHHS OJIOKYEHH TEXHOJIOT1H OJaroJiiHUMHI OpraHi3alisiMi MOXKE CIIPUSATH 3POCTaHHIO
JIOBIpH, MPO30POCTi BUTpAT Ta (aHAPEH3UHTY, JeMOHCTpalii epeKTUBHOI BUTPATH KOIITIB
(BracHe, TaKoX 1 ONTUMI3allli BUTPAT) 1, IK HACHIJIOK, TOTOBHOCTI JOHOPIB POOUTH MOKEPTBU
Ta 3pOCTaHHIO e(heKTUBHOCTI poOOTH opraHizaiiit. Jlocniqut epeKTUBHICTh OIOKUEHH TEXHO-
JIOTi# 17151 poOOTH TPOMAJICHKUX OpraHi3aliil MOXHa Yepe3 BIIPOBAKEHHSI MIJIOTHUX MPOEKTIB.
Tak, IBM 3 koneramu micist yparany «Xapi» B Texaci 3anpornoHyBaja apXiTeKTypy Ha OCHOBI
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proof of concept nst cTBopeHHs 1HOPACTPYKTYPH HATAHHS JOIIOMOTH MPU CTUXIMHUX JIMXaX.
L1z indpacTpykTypa 3abe3nedye 3MEHILIEHH TTarepoBoi poOOTH, MiABHIYE TOBIpY 0 ypsSAy Ta
noromord [11]. BinmoBigHo, HEOOXiTHOKO Ta MEPCIEKTUBHOIO 3a7aueio € po3poOKa, BIIPOBa-
JOKCHHS Ta OI[IHIOBaHHS €(DeKTUBHOCTI MIJIOTHUX MPOEKTIB HA OCHOBI OJIOKYEHHY /ISl JCTICHT-
panizoBaHOTO 30€piraHHs Ta aJIMiHICTPYBaHHS IyOJIYHUX JTaHHX.

BucHoBku. Huni € 04eBUAHOI0 HEOOXIIHICTh PO3POOKH HAIIMHUX 1 OE3MEeYHUX CHUCTEM
yIpaBIiHHSA JaHUMH y cdepi 30epiranHs myOomiyHux naHux. OCKiUIbKH B cy4dacHy IU(poBYy
ernoxy o0cAT 1 3HAUYCHHSI 3aralbHOIOCTYITHUX JIaHUX MTPOIOBXKYIOTh 3pOCTaTH, MoTpeda B ede-
KTUBHOMY YIIpaBJIiHHI Ta 3a0€3e4eHH] O€3MeKH Ta MPO30POCTi CTa€ Ieaa rocrpimoro. Jlere-
HTpai30BaHl CUCTEMH, TaKi sk O10kueiiH i IPFS € nepcnekTMBHUMYU NUTIXaMU BUPILIICHHS [IUX
npoOem, He Jinie 3a0e3nedyodn HadlitHe 30epiranHs JaHuX, ajie 1 3HWKYIOUN PU3HKH Heca-
HKI[IOHOBAHOTO JOCTYITy Ta MiABHILYIOYH CTIHKICTb crucTeMu 10 3001B. Cepen mpoOieMHHX ac-
MEKTIB BUKOPUCTAHHS [IUX TEXHOJOTIH CIij] 3a3HAYUTH MUTAHHS CyMICHOCTI, IPOIYKTUBHOCTI,
e(heKTUBHOCTI Ta aCMEKT CIPUUHSTTS iX PUHKOM. TUM HE MEHIII, 3a3Ha4eH] TEXHOJIOTIi MalOTh
MOTEHIIIaJ IO PEBOJIIOIIIOHI3YBaHHS MPAKTUKU YIIPABIIHHA JaHUMU, CIIPUSIIOUN OLIbINIH Tpo-
30pOCTi, MA3BITHOCTI Ta €()EKTUBHOCTI HaJTaHHS AEPKaBHUX TOCIYT, TOX PO3pOOKa JEIeHTpa-
J30BaHUX CHCTEM YIPABIiHHS JaHUMH € MEPCIICKTUBHUM 00’ €KTOM 1HBECTYBAaHHS JIJISl 3aIliKa-
BJICHHX CTOPIH B JIEP’)KABHOMY Ta IPUBATHOMY CEKTOpaXx.
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ONTUMIBALIA MAPIIPYTY 'POMAZICBKOI'O TPAHCIIOPTY
3A JTOIIOMOI'OIO0 AJITOPUTMY A*

Cmammas npuceéauena akmyansHitl npooaemi onmumizayii Mapuipymie epomMadcbKo20 MpaHCHOPHY Y 6IUKUX MICMAX 3
SUKOpUcmaHuaAM aneopummy A*. 3asnaueno spocmanta nonyiayii ma eumoe 00 mpaHCnOpmHoi iHgpacmpykmypu, wo niok-
Pecroe 8axcausicme 3a0e3neveHHs ONMUMAaIbHUX Mapuipymie 01 3MeHUWeHHA MPAHCHOPMHUX 3AMOPie Ma 6UKUOIE WKIONU-
8UX pevoBuH. Y cmammi npoananizoeano 0CManHi 00CHioxcenHs 8 Yitl cghepi, AKI BUKOPUCIIOBYIOMb PI3HI Aneopummu, maxi
5K 2eHeMUYHI aneopummu, Memaespucmuyti Memoou ma wnyyHi Hetpouni mepeoict. [lpedocmasnena y cmammi inghopmayis
Mae 02ns008ull xapakmep.

Haseoeni cmamucmuuni 0ani 00poxcHb020 pyxy 3a nepiod 3 2023 no 2024 pp.

Knrwuosi cnosa: onmumizayis mapupymis; epomadcekutl mpancnopm; areopumm A*.

Puc.: 3. Tabn.: 2. Bién.: 10.

AKTyaJIbHICTb TeMH J0caizkeHHsl. ONTHMI3allis MapIIPYTiB IPOMaJICHKOTO TPAHCIOPTY
€ aKTyaJIbHOIO MPOOJIEMOI0 B Cy4aCHOMY CBITi, JIe BEJIMKI MiCTa CTHKAIOTHCS 31 301TBIICHHIM
MOMYJIALT Ta 3pOCTAI0YMMK BUMOTaMU 110 €()eKTUBHOCTI Ta JOCTYITHOCTI TPAHCIIOPTHOT iH(pa-
CTPYKTYpH. 3a0€3MeUeHHs ONITUMAIEHUX MapUIPYTiB MOXKE IMOKPALIUTH PyX TPAHCIOPTY, 3Me-
HIIIUTH Yac MOJ0POXKI Ta BUTPATH MAIHMBA, & TAKOK 3MEHIIUTH TPAHCIIOPTHI 3aTOPH Ta BUKUIH
HIKI/UTMBUX PEYOBHUH B aTMocdepy. Y 3B'SI3Ky 3 UM AOCTIKEHHS y cdepi onTumizaiii Mapi-
PYTiB IpOMaJICBKOTO TPAHCIIOPTY € JyXe aKTyaJlbHUMHU.

ITocTanoBka npodsemu. ['0J10BHOIO TPOOIEMOIO, sIKa CTOITh Hepesl BIaJI0k0 1 TPAHCTIOPT-
HUMH KOMITAHISIMH, € 3a0€3MeYeHHs ONTUMAIbHIX MapUIPyTiB JUI IPOMAJCHKOTO TPAHCIOPTY
3 ypaxyBaHHSIM Pi3HOMaHITHUX (aKTOpiB, TAaKUX SK Tpadik, MOMUT Ha MEPEBE3EHHS Ta 0OMe-
eHHs 1HppacTpykTypH. Ls mpobnema cTae 1ie CKIaJHIIION y BEIMKUX MICTaxX 31 CKJIaJHOI0
MEPEKEI0 TPAHCIIOPTHUX MAPIIPYTIB Ta BEIMKOIO KUIBKICTIO MACAKUPIB.

AHaJIi3 OCTaHHIX J0CHiIKeHb i myOuaikanii. OctaHHIMU pokamu OyJI0 MMPOBEIEHO Oararo
JOCIIHKEHb Y cepl onTuMizallii MapuIipyTiB FPOMaJICHKOTO TPAHCIIOPTY 3a JOMOMOTOI0 PI3HUX
ITOPUTMIB Ta MIAXOAIB. Jleski nocimkeHHs (OKyCyBalucs Ha BUKOPUCTAHHI TeHETUYHUX all-
TOPUTMIB, 1HII — HA METAEBPUCTUYHUX METOAAX, TAKUX SK AITOPUTMU MYpPAIIMHOI KOJIOHIT a0o
BIJDKYYEHHS, a TaKOXK Ha 3aCTOCYBaHHI IITYYHUX HeHpoHHUX Mepex. Lli mocmimkeHHs Hananu
L[IHHUI BHECOK Y 3pO3yMiHHsI POOJIEMH Ta PO3BUTOK €(PEKTUBHUX METO/IIB ONTUMI3aIlii.

Bupisienns1i HenoCiIKeHNX YACTHH 3arajbHOI npodiaemu. He3Bakaroun Ha 3HAYHMM
mporpec y I 067acTi, ICHYIOTh JesK1 aCTeKTH, K1 3aJUIIAI0ThCA HEIOCTPKEeHUMH a00 TOT-
peOyIoTh TomaNbIIOTo MociikenHs. Hanpukiasn, Oubin mmboke BUBYEHHS B3aEMOJIIT MIXK Pi-
3HMMHU BUJIAMU TPAHCIOPTY Ta BpaxXyBaHHA IX B3a€MOZII MPU ONTHUMI3AIl MapuIpyTiB. Takox
BaXXJINBO JTOCJIIUTH BIUIUB PI3HUX CTpaTeriil MjaHyBaHHS MapUIpyTiB Ha 3arajbHy €()eKTHUB-
HICTh CUCTEMHU I'POMAJICBKOTO TPAHCIIOPTY.

Merta cTarTi. MeToro 1i€i CTaTTi € cucTeMaTH3allisl Ta OISl CYy4YacHOTO CTaHy JIOCIIPKEHb
y rajry3i onTuMi3alii MapIIpyTiB TpOMaJICBKOr0 TPAHCIOPTY 3 BUKOPUCTAHHAM aJropuT™My A*.
Bona Mae Ha MeTi 3p03yMiTH i MIAKPECIUTH 3HAYCHHSI BUKOPUCTAHHS IIbOT0 AJITOPUTMY B KOH-
TEKCT1 BJOCKOHAJIEHHSI CHCTEM IPOMAJICBKOTO TPAHCHOPTY Ul OUIbII €(PEeKTUBHOTO Ta 3pyd-
HOTO TIEPECYBAaHHSI MEIIKAHI[IB MICT.

© B. C. 3eruenko, A. O. 3anopoxHii, 2024
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BukJiiag 0CHOBHOro marepiaJry.

Topienanvnuti ananis. Anroput™M A* € IOMYyJIIPHUM METOIOM JUIs MOIIYKY ONTUMAIbHUX
MapHIpyTiB y Tpadax, TaKuX sK JOPOXKHI Mepexi un irpoBi kaptu [1]. Bin noeanye nepesaru
XKaJllIOHOTO TIOUIYKY Ta MOIIYKY 3a MEPIIUM HaKpaIIUM HUISTXOM, BUKOPHCTOBYIOUH EBPUCTH-
yHy (YHKIIIIO JJIs1 OI[IHKH BapTOCTI NUIAXY. Y IbOMY PO3Iiii MOPIBHIOIOTHCS A* 3 KUJIbKOMA
CXOKMMHM aJITOPUTMAMHU ONITHMI3aIlii MapIIpyTiB.

Aneopumm [etikcmpu. Anroput™m JleHKCTpy NpU3HAYEHUH Ui TOLIYKY HANKOPOTIIOrO
HUIAXY BiJl TOYATKOBOI BEPIIMHH JI0 BCIX 1HIIMX BEPUIMH y rpadi 3 He HEraTUBHIUMU Baramu peoep.

Ilepesaru:

e [‘apaHTOBaHO 3HAXOAUTH HAUKOPOTIIMM IIJIAX.

e [lpamroe st BCiX rpadiB i3 HE HETaTUBHUMHU Baramu peoep.

Henomniku:

¢ [Ipamroe moBinpHIIIE, HXK A*, K10 BUKOPUCTOBYBATH 0€3 EBPUCTUKH, OCKIJIBKU PO3T-
JISLIA€ BC1 MOKJIMBI LUISXH.

e He BUKOpHCTOBYE JOAATKOBY iH(GOPMAILIiIO PO LIJILOBY BEPIIUHY.

[TopiBusiHHS 3 A*: A* OinbI epeKTUBHUM 3aBASIKM BUKOPUCTAHHIO €BPUCTUYHOI QYHKIII,
sIKa HapaBJisi€e MOMIYK B OIK L.

Auroputm JlefiKeTpy € OKpeMHUM BUTIAIKOM A*, KOJIM €BPUCTUYHA (PYHKIIIS 3aBKIU JOPIBHIOE
nymo. lle o3Hayae, mo A* npu HyJIHOBIH €BPHCTUII TpaIroe sk JlelkeTpa, ane 3 JoIaTkOBUMHU
riepeBaraMy MOMKJIMBOCTI aJalTyBaTUCS JI0 KOHKPETHUX IIUJICH 3aBISIKA €BPUCTUYHIH OIIIHITL.

JKaoibnuil nowyk 3a nepuwium natikpawum wisixom. JKaniOHU MOIIyK 3a IEPUINM HalKpa-
MM LUIIXOM BUKOPUCTOBYE JIMILE €EBPUCTHUUHY (PYHKIIIO JIIsi BAOOPY HACTYITHOI BEpPIIUHY IS
JOCIIIKEHHS, ITHOPYIOYM BapTICTh LUIAXY, IPOHAEHOTO 10 HET.

[lepesaru:

e Yacro npairoe mBUAIIE, HIX A*, OCKITTBKH TOCTIIKY€E MEHIIIE BEPIIIUH.

e [lpoctuii y peanizaiii Ta 3p03yMuUTHH.

Henoniku:

¢ He rapanTtye 3HaXOKEHHS ONITUMAIBHOTO HIISXY.

e Moke 3acTpsrTH B JOKAJbHUX MIHIMyMax, SIKIIIO €BPUCTHKA HE € ONTUMICTHYHOIO.

ITopiBHsHHS 3 A*: A* 3aBXK/IM rapaHTy€e 3HAXOKEHHS HAMKOPOTIIOro UIAXY, SIKIIO eBpU-
CTHKa JIONycTUMa (He MEPEOLiHIOE peabHy BiJCTaHb J10 LiJ).

XKaniouuii momyk 3a nepvM HakKpaluM IUIIXOM He BpaxoBYe MPOIeHY BiJICTaHb, TOAI
K A* BpaxoBye sIK IPOIACHY BIACTaHb, TAaK 1 OYIKYBaHY BIACTaHb JO L1, IO POOUTH HOTO
OUIbII HAIMHUM JJI 3HAXOJKEHHS ONTUMAJIbHUX MApIIPYTIB.

Howyx y wupuny. Tlomyk y MUpUHY € METOOM 00xoay rpada, e KOoKeH By30J JOCIIi-
JOKYETBHCSI pIBHOMIPHO Ha BCIX PIBHSAX 0 3HAXOMKEHHS I[iTi.

Ilepesaru:

e [apaHTye 3HAXOMKEHHS HAMKOPOTIIIOTO HNUIAXY B rpadax 6e3 Baru ado 3 0JJHaKOBOIO Ba-
roto pebep.

e [Ipocruii y peamizarii.

Henoniku:

e He niaxonuts U1 rpagis 3 pi3HOIO Barow pedep.

e Bumarae 3HauHUX OOUUCITIOBAJIBHUX PECYPCIB Ta MaM'sTi Il BEIMKUX rpadiB.

[TopiBusiHHS 3 A*: A* edexTuBHIIMI y rpadax 3 pi3HOIO Barowo pedep 3aBIsSKU BUKOPUC-
TaHHIO EBPUCTUYHOT (PYHKIII].

[Tomyk y mupuHy Moxe OyTH Hee()eKTUBHUM Ul BEIMKUX rpadis, TO1 K A* Moxe 3Ha-
YHO CKOPOTUTH KUIBKICTh IOCII/PKYBAaHUX BEPIINH 3aBASKH €BPUCTHUIL.
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OTxe, Ha IbOMY €Talll BXKe MOXKHa 3pOOMTH BUCHOBOK IIPO T€, 1110 ANroput™ A* € oTyx-
HUM 1 YHIBEpCaJIbHUM IHCTPYMEHTOM JJIS MOIIYKY ONTHMAaJIbHUX MapLIPYyTiB, IKUH 00'€aHYy€E
MepeBary JCKIJIbKOX IHIINX alrOPUTMIB 3aBISIKA BUKOPUCTAHHIO eBPUCTHYHOI PyHKIIii. [Topi-
BHSIHHS 3 anroputMamu JleWKeTpH, ®aaiOHOTro MOIIyKy 3a MEPUIMM HAHKpaluM HUITXOM Ta
MONIYKY y IIUPHUHY TOKa3ye, o A* € eeKTUBHIMNUM 1 HAAIMHIIIMM y 06araTb0X BHIIQJIKaX,
0COOJIMBO KOJIM BUKOPHCTOBY€ETHCS MPABHIIbHA €BPUCTHKA.

Onuc aneopummy. AnroputM A* BHUKOPUCTOBYIOTH Ul 3HAaXO/DKEHHS HaHKOPOTILOIO
NUISIXY MK IBOMa TO4KaMu B rpadi [2]. Y KOHTEKCTI cHCTeM TPOMaIChKOTO TPAHCIOPTY, BUKO-
pPHUCTaHHS aNropuT™My A* MOXe BUIVISLIATH TAKUM YHHOM:

[Ipencrasnenns rpady:

e Busnauyenns BepiuH Ta pedep: [pad MonentoeTses, mpu IbOMyY KOJKHA 3yIIMHKA YH CTa-
HIIIS IPEJICTABIISE BEPILUHY, @ MApLIPYTH MK HUMHU - pedpa.

e Bara pebep: Koxxnomy pebpy rpada npucBorO€ThCS Bara, sika MOXke BioOpa)karu dac
MOJIOPOXKIi, BAPTICTh KBUTKA a00 1HIIN KpUTEPii, IO BILTUBAIOTH HA BHOIP MApIIPYTY.

[Toyarok Ta KiHEeIb MapUIpyTy:

e Bubip nmoyarkoBoi Ta KiHIeBOi Touok: KopucTyBau BU3Ha4ae, 3 K01 3yNMUHKU BiH I1OYU-
HA€E MOIOPOXK 1 Ky BiH Xoue mpuOyTH.

3amyck anroputmy A*:

e [nimiamizanis anroputMy: [loyarkoBa BepIIMHA BBaKAETHCS MOTOYHOIO, a PEIITA BEp-
[IMH BiOMI JIMIIE K ITOTEHIIIHI.

e Po3zpaxyHOK MapmipyTy: AIroput™ A* BU3Ha4a€ HAHKOPOTIIUI HUIAX MK ITOYATKOBOIO
Ta KIHI[EBOIO TOYKAMH, OI[IHIOIOUM Bary KOXKHOI BEPIIMHHU 3 ypaxXyBaHHSM Bar pedep Ta eBpuc-
TUYHOI (QYHKITIT.

e OHOBJIEHHS IOTOYHOI BEPIIUHU: AJITOPUTM O0Mpa€ HACTYIIHY BEPLIMHY AJIS PO3IVISLY,
OHOBJIIOE OL[IHKH Bar JJIsl CyClAHIX BEpUIMH Ta MPOJIOBKYE MPOLEC TOCATHEHHS KIHIIEBOI TOUKHU
abo ToCSATHEHHs KiHLg rpada.

Bubip ontumMansHOTr0 MapuipyTy:

e BiJgHOBIEHHS MapUIPyTy: MICHs JTOCATHEHHS KIHIIEBOI TOUKHU a0 3aKiHYEHHsI poOOTH
QITOPUTMY, BITHOBIIOETHCS HAMKOPOTIIMHA HUIAX, SKUHA CTa€ ONTUMAJIBbHUM MAapIIPyTOM s
TOJIOPOXKI.

e BpaxyBaHHs 00MEXeHb: JOIAaTKOBI OOMEXKEHHS, TakKl SIK Mepecaky ado MEeBH1 MapIIpyTH,
MOXXYTh OyTH BpaxoBaHi /11 BUOOPY HaHOLIbII BiAMOBIAHOTO MapIIPyTy JUIs KOPUCTYBaya.

[TigpaxyHOoK 4acy Ta BapTOCTI:

e (OOuucneHHs yacy OJ0POXKI: OLIIHKA Yacy, sIKUH 3aiiMe MoJoposk 3a 00paHUM MapILIpPyTOM.

e (OOuMcneHHs BapTOCTI: OL[IHKAa BApTOCTI KBUTKA a00 MpOi3ay 3a 00paHUM MapIIPYTOM.

BinoOpaxxenns mapuipyTry:

e [lpencraBneHHs Ha Marli: ONTUMAIbHUI MapLIpyT Moke OyTH BiJoOpaskeHU Ha Marli abo
y CIIELiaTi30BaHOMY JIO/IATKY, I00 KOPHCTYBa4 MIr JIETKO 30PI€HTYBATHCS Mifl 4ac MOI0POKi.

Takum ynHOM, A* BUKOPHCTOBYETHCS B pEATbHIX CUCTEMAX IPOMAJICHKOTO TPAHCHIOPTY IS
IUIAaHYBaHHS ONTUMAJILHUX MaplIpyTiB Ta Hapirauii [3]. Hampuknan, y cuctemax oHJIalH-KapT,
MOOLTFHUX JOAATKaxX JJIsl HaBirailli Ta CHCTeMaxX KepyBaHHS MapIIpyTaMH aBTOOYCIB Ta METPO
[4]. BukopHcTaHHSsI aJITOPUTMY JIa€ 3MOTY 3a0€3MeUNTH IBUJKE Ta e(EeKTUBHE IUIaHYBaHHS Ma-
PIIPYTIB, 3MEHIINUTH Yac MOAOPO’KI Ta MOKPAIIUTH 3arajibHUI JOCB1Jl KOPUCTYBayiB TPAHCIIOPTY.

bnok-cxema anroputmy A* npencrasnena Ha puc. 1.

3arajnoMm, BiH € OHUM 13 HallePeKTUBHIIINX METO/1B 3HAXOXKEHHSI HAUKOPOTIIOTO HIISAXY
y rpadi 3 Baramu. Bin nmoennye B cobi eeMEeHTH KaaiOHOTro Ta iHpOPMOBAHOTO MOIIYKY, IO
pOOUTH HOro epeKTUBHUM [Tl 3aCTOCYBAaHHS y 3a/]a4ax ONTUMI3allii MapIIpyTiB IPOMaJICbKOTO
TPaHCHOPTY.
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initial start sector 'n'
and put it on open list

¥

calculate cost function
f(n)=g(n) + h(n)

¥
remove from open list and put on

closed and save the index of the
sector 'n' which has the smallest 'f'

L &

if'n' is the

Yes
target sector

$

Terminate the algorithm, and
use the pointers of indexes to get
the optimal path

detect all the seccessor sectors of 'n'
which not exist on closed list

calculate cost function 'f' for
each sector

Puc. 1. bnox-cxema aneopummy A*
Jixepero: po3po6IIeHO aBTOpaMH.

Edexmusnicms. ANTOPUTM BHUKOPUCTOBYETHCS B CHCTEMaX I'POMACHKOTO TPAHCIIOPTY 3
METO0 3a0€31eUeHHs ONTUMAIbHUX MapIIpyTiB A nacaxupis [5]. Lle BaxiuBo 3 onisay Ha
e(EeKTUBHICTh Ta IIBUAKICTbh 3HAXOMKEHHS HAaHKOPOTILOro LUIAXY B rpagi micta. Bukopuc-
TaHHS A* 7103BOJII€ 3MEHIIUTH Yac OOYMCICHb Ta 3a0€3MeUUTH ONTUMAJIbHI pe3ynbTaTH, 110
poOHTH HOro MpUBaGIMBUM BHOOPOM Ul pealtizallii B CHCTeMax MacoBOro TpaHcnopty. Kpim
TOTO, LI}l aIrOPUTM Ma€ BIACTUBICTh 3HAXOJUTH HAWKOPOTIIUH LUIAX, 110 3a0e3neuye edek-
THUBHICTh Ta HAIIMHICTh MApIIPYTiB. BpaxoByroun cKi1agHICTh MICHKOI 1HYPACTPYKTypH Ta pi3-
HOMaHITHI YMOBH Il€pecyBaHHs, €(EKTUBHE IJIaHYBaHHS MApILIPYTIB 3 BUKOPUCTAHHIM ajro-
pUTMy A* € BAKJTMBUM €JIEMEHTOM I TOKPAIIEHHSI IKOCT1 MOCTYT IPOMaJICHKOTO TPAHCTIOPTY.

OnTumanbHICTh. A* BITOMUN CBOEIO ONTUMANIBHICTIO Y 3HAXOIKEHH1 HAMKOPOTIINX IS~
XiB y rpagax 3 Baramu.

OCHOBHUM KOMITOHEHTOM, SIKUH 3a0e3Ieuye ONTUMalIbHICTh, € €BPUCTUYHA (YHKIISA 200
«TIOTIepeTHIHN OLIIHIOBAY», IKUW Ja€ OLIIHKY BapTOCTI MOAOPOXKI1 BiJl HOTOYHOI BEPIIMHU 0 KiH-
neBoi. L GpyHKIis 103BOIIsE aNTOPUTMY IPUIIBHIIIATY MOIIYK HIJISXY, 0OMEXY0UU KUIbKICTh
PO3MISTHYTUX BEpIIMH. 3a3BU4ail BOHA BUKOPUCTOBYETHCS JIJIs OLIIHIOBAHHS BapTOCTI MOJAOPOXKI
0e3 BpaxyBaHHs Bar pedep, TOOTO BOHA Jla€ HIKHIO MEXKY BapTOCTI MOIOPOKI BiJl MOTOYHOT
BEPIINHU J0 KIHIIEBOI.

OnTuMaNbHICTh aNropuTMy A* MiITBEPIKYETHCS MAaTEMAaTUYHOIO TEOPIEI0 Ta eMIipHU-
HUMH JIOCITikeHHAMH. Moro eeKTHBHICTD i HamilHICTh POGIATE HOTO MOMYIAPHAM iHCTpY-
MEHTOM JUTSI TUTAaHYBaHHS MapIIPYTiB y PI3HUX OOJIACTAX, BKIFOYAIOYM TPOMAJICHKUN TpaHC-
MOPT, JIOTICTUKY Ta INTYYHUH 1HTeNeKT. BiAMiHHA 34aTHICTH adrOPpUTMY 3HAXOIAUTH
HalKopoTmIMii nuIAX y rpadax 3 BaraMu poOUTH HOro HEBi'€MHUM KOMIIOHEHTOM ISl BUPI-
[IeHHsI 0aratbox MpobieM, e BaKIMBa ONTUMI3allis MapIIPYTiB 1 PECypciB.

BaxnuBoo BIACTHBICTIO ONTUMAIBHOCTI € TapaHTOBAHE 3HAXOMKEHHS HAMKOPOTIIOro
HUISIXY PH JOTPUMAaHHI BiANOBIAHUX YMOB. Lle poOuTh Horo ineaqbHUM iHCTPYMEHTOM IS OT1-
TUMi3allii MapUIPyTiB IPOMAJICEKOTO TPAHCIIOPTY, /1 €(heKTUBHICTh Ta EKOHOMIUHICTh MAlOTh Be-
JMKe 3Ha4eHHs. BiH 103Bosse 3a0€3neunTy MiHIMaJIbHI Yacu MOJOPOXKI Ta MIHIMaJIbHI BUTPATH
PECYPCIB, 10 € KPUTUIHUMH (haKTOPaMU IS T IBUILIEHHS SKOCTI TOCITYT TPAHCIIOPTHUX CUCTEM.
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I'nyukicms. I'HydKiCTh anroputMy A* nosdrae y 1oro MOXKJIMBOCTI aAanTyBaTUCs 10 Pi3-
HUX YMOB 1 BUMOT, II0 pOOUTH HOTO €(h)eKTUBHUM 1HCTPYMEHTOM JUIsl ONTHMI3alii MapipyTiB
IPOMAJICHKOTO TpaHcHopTy. OCHOBHI aCleKTH THYYKOCTI allrOpuTMy A* BKITIOYAIOTh!

EBpuctiuna ¢yskiis: Anroput™ A* 103Bosisie BAKOPUCTOBYBATH Pi3HI €BPUCTHYHI (PyHK-
1ii 715 OIIHKY BiJICTaHI MK IOTOYHHUM BY3JIOM 1 IIUTBOBUM By3i10M [6]. Lle mo3Bosisie amanty-
BaTH QJITOPUTM JI0 PI3HUX YMOB 1 BUMOT, TaKHX SIK Pi3HI TPaHCHOPTHI Mepexki ad0 BapiaHTH
IUTaHYBAaHHS MapIIPYTIiB.

Bara pebep: B anroputmi A* MoHa BUKOPUCTOBYBATH Pi3HI Baru pedep /Ui BpaxyBaHHS
pi3HHX (aKTOPiB, TAKUX SIK YaC IMOIOPOXKi, BAPTICTh KBUTKIB 200 KOM(POPTHICTH MapmipyTy. Lle
JI03BOJISIE BPaXOBYBAaTH Pi3HOMAHITHI KpUTEpii onTUMI3allii Ipy MiIaHyBaHHI MapLIPYTiB.

AAnTHBHICTH 110 3MiH: Aroput™M A* Moxe eeKTUBHO MpaIfoBaTH B yMOBaX 3MiHHM Iapa-
MeTpiB rpada, Takux sk 3MiHa Tpadiky abo po3MiIeHHs Macaxupis. BiH Moke MIBHIKO aganTy-
BAaTHUCS JI0 HOBUX YMOB 1 3HAXOIUTH ONTUMAJIbHI MAPIIPYTH HABITh Y TUHAMIYHOMY CEpPEOBHIIIL.

'ayukicTh anroputMy A* poOUTh HOTO MOTYXHUM iHCTPYMEHTOM JJIsl ONITUMI3allii Mapii-
PYTiB TPOMaJICBKOTO TPAHCIOPTY, A03BOJISIIOUN €(EKTUBHO BPaxOBYBaTH Pi3HOMaHITHI YMOBH
Ta BUMOI'M CUCTEM TPAHCIIOPTY.

Macwmabosanicms. MaciiTaboBaHICTh aNropuT™My A* — 11e HOro 3/1aTHICTh €EKTUBHO
[paloBary 31 301IBIICHHSM PO3MIpY BXIAHHUX JaHUX, 30KpeMa rpadiB TPAHCIOPTHUX MEPEK.
OpHi€I0 3 KIIIOUOBHX TEpeBar IbOro alirOpUTMY € Te, IO BiH MOXE 3aCTOCOBYBATHCS 10 BEIU-
KuX rpadiB 6e3 3HAYHOTO 301IBIICHHS Yacy 0O0YHCIICHb.

MacmTaboBaHICTh TOCATAETHCS 3aBASKH €(PEKTHBHOMY BHKOPHUCTAHHIO MaM'sTi Ta OINTH-
Mizaiii 006xony rpada. AITOpUTM BUKOPUCTOBYE CTPYKTYPH JIaHUX, TaKi K IPIOPUTETHI YePTH
Ta Xew-TaduuL, JUIsl IBUAKOTO AOCTYIy 10 BepluuH rpada Ta ix Bar. Lle 103Bossie 3MEHIIUTH
Yac MOIIYKY IUIIXY 1 mam'siTi, moTpiOHOT u1st 30epiranns iHpopmartii mpo rpad.

[Ie omHi€I0 BaXKIMBOIO XapaKTEPHCTUKOIO MAcIITaOOBaHOCTI asiroputmMy A* € fioro 3aar-
HICTB MpaltoBaTu 3 rpadamu pi3HOI CKIagHOCTI. BiH MOke eeKTUBHO BpaxoByBaTH pi3Hi (a-
KTOPH, TaKi SIK KUIbKICTh BEPLIUH 1 pedep, CTyHiHb 3B'I3HOCTI Ta po3Mip obaacTi nmomyky. Lle
JI03BOJIsIE BUKOPUCTOBYBATH MOTO IS TJIAHYBAHHS MapIIPYyTIB Y BETMKUX MICTax 31 CKJIaJHOIO
TPAHCHOPTHOIO 1HPPACTPYKTYPOIO, 7€ KUIBKICTh BEPIINH MOXKE OyTH J1y’K€ BETHKOIO.

e pobuth A* NOTYXHUM IHCTPYMEHTOM JIJIsl PILLIEHHS PI3HOMaHITHUX 3aB/IaHb [IJIaHyBaHHS
MapIIPYTiB y BETMKUX TPAHCIIOPTHHUX CUCTeMax. AJITopuT™M 3abe3neuye eeKTHBHE BpaXyBaHHS
BEJIMKO1 KIJTBKOCTI JJAHUX 1 MOXeE TpaIffoBaTH 3 rpadamu Oy/ib-sKoi CKJIQIHOCTI, III0 pOOUTH HOTO
Ba)KJIMBUM IHCTPYMEHTOM JUIsl PO3B'SI3aHHS peaIbHUX MPOOIeM TPAHCIIOPTHOTO MJIaHyBaHHS.

Onuc oanux. JIns IpUKIaLy, B 1OCIIPKEHH] BUKOPUCTOBYEThCS Habip NaHUX y dopmari
GeoJSON, sikuii MicTHTb iH(QOPMALIIIO PO 3YMMHKK TPOMAJICHKOTO TPAHCIIOPTY y MicTi Mopk
[7]. KoxHuit 00'exT y HaOOpi 1aHUX € reorpa@iyHUM 3aucoM 3yNMHKY (Ha puc. 2 1mojaHa Bi-
3yasni3alisi JaHOTro Ha60py }IaHI/IX)
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3aaya moJsirae B ToMy, 1100 3HANTH HAKOPOTILI MAPIIPYTH AJISl IOKPUTTS BCIX 3YMTHUHOK.
Hactynmaum kpokoM € oOymoBa rpady, B SKOMY KOXEH By30J1 Oy/ie SIBJISATA COOOI0 3yIMHUHKY,

a peOpa OyayTh BUSHAYATH MOXJIMBI IIUIAXU MK 3ynUHKamu [8].

Tlobyoosa epaghy. Inst 3untyBanus ganux y popmati GeoJSON Ta 06poOku ix 0y10 BUKOpH-
cobu MoBu Python (moBHUIA JIICTHHT TPOrPAMHOTO KOy MPEACTABIEHO Ha PHC. 3).
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JlicTuHr porpamMHoOro Koy nodyaosu rpada:

# 3untyBanHs naHux 3 ¢aitiry GeoJSON
with open('stops.geojson’, 'r") as file:
data = json.load(file)

# CTBOpEHHS ILycTOro rpady
graph = {}

# IIpOXOKCHHS Yepe3 KOXKHY 3yIUHKY
for stop in data['features']:

stop_id = stop['properties']['stop_id"] # Inentudikarop

coordinates = tuple(stop['geometry'|['coordinates']) # Koopannatu

graph[stop_id] = {'coordinates": coordinates, 'neighbors': {}} # JlonaBanus 3ynuHku a0 rpady

# Tlomryk 3B'SI3KiB MiXK 3yITHHKAMH
for stopl_id, stopl_data in graph.items():
for stop2_id, stop2_data in graph.items():
if stopl_id != stop2_id:
distance = geodesic(stopl_data['coordinates], stop2_data['coordinates’]).kilometers
if distance < 0.5: # I[Ipukiaa: BCTaHOBIIIOEMO MaKCUMAJIBHY BiICTaHb MK 3yTHHKAMH

graph[stop_id]['neighbors'][stop2_id] = distance # lonaBanHs 3B's13Ky 10 rpady

# 30epesxeHHs rpady
with open(‘'graph.json’, ‘'w') as file:
json.dump(graph, file, indent = 2)

[Ticns 3aBaHTaXeHHS Ta OOPOOKHM JaHUX 3 HAOOPY JaHUX, MEPIIHA KPOK Y poOOTi 3 anro-
putMoM A* monsraB y cTBopeHH1 rpady. KojkHa 3ynuHKa TpoMajicbKoro TpaHcHopTy Oyna po-
3MISTHYTA SIK OKpeMUi By3011 y 1IboMy Tpadi. Llei mporec BuMaras nepenisry KOXHOTO 3arucy
y Habopl AaHUX, OTPUMaHHS 1H(pOpMallil PO KOXKHY 3yMHUHKY Ta 1i KOOPAWHATH, 1 TOAAJIbIIE
JoAaBaHHA 1i€i iHpopmallii y BUIIILI By3miB 10 rpaga [9].
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[Ticnst cTBOpeHHS By31iB OyJIO0 BaXKJIIMBO BCTAHOBUTH peOpa, SKi MPEACTABIISIIA MOXIIHBI
3B'SI3KM MIXK 3yITMHKaMH I'POMaJICEKOTO TpaHCopTy. Llei mporiiec BKIIFOYaB aHai3 BiZICTaHI MiXk
KOKHOIO ITapOI0 3yNMHOK Ta BpaXyBaHHS MaKCUMAJIbHOI BiJICTaHi, sika BKa3yBaJia Ha T€, Y1 MO-
JKHa CTBOPHUTHU peOpo MiX JBoMa By3iamu. L[ MakcumanibHa BiICTaHb BiJirpaBaja KIIIOUOBY
poib y hopMyBaHHI CTPYKTYpH Tpada, J0MoMararoun 3a0e3meYnT ONTUMATBHE BiTOOpaKECHHS
3B'SI3KiB M) 3yIMHKaMHU Ta MOKPUTTS BCIX MOXKJIMBHUX MapUIPYTiB IPOMAJICHKOTO TPAHCIIOPTY.

Peanizayis ancopummy A*. JIns BU3HaYEHHS OL[IHKH BiJICTaHi M)XK JJBOMAa 3yIIMHKaMH OyJia
BUKOPHCTaHa €BPUCTUYHA (DYHKIIISA: €BKJIiI0Ba BIICTAHb Mi)K KOOPJUHATAMH LUX 3yNUHOK. L{e
JO3BOJIMIIO HaM €()EKTUBHO OIIIHIOBATH HAHKOPOTIIHNH MUIIX MiXK HUMHU.

JlictuHr peanizamii anroputMy A* BKJIIOYaB B ce0¢ BUKOPUCTAHHS €BPUCTUIHOT (DyHKIIIT
JUTS. KOYKHOT TIapH 3YMTUHOK, 110 JTO3BOJHIIO IIYKAaTH ONTHMAJIbHI MapIIPyTH Y TPAHCHOPTHIN
MEpexXi 3 BpaXyBaHHSM iX reorpadivHOro po3TanryBaHHS.

Jlictunr peanizauii anroputmy A*:

# Peanizauis anmroputmy A*
def astar(graph, start, goal):

# Tuiriamizaiis BiJKPUTOTO Ta 3aKPUTOTO CITHCKIB

open_set =]

heappush(open_set, (0, start))

came_from = {}

g_score = {start: 0}

f score = {start: heuristic(graph, start, goal)} # Orinka HUIAXy BiJ MOYATKY JO KiHIIS Yepe3 10 BEPIIMHY/I0 KiHIISI
dgepes 110 BEPIIUHY

while open_set:
_, current = heappop(open_set)
if current == goal:
return reconstruct_path(came_from, current)

open_set.remove(current)
if current in graph:
for neighbor in graph[current]['neighbors']:
tentative_g_score = g_score[current] + graph[current]['neighbors'][neighbor]
if neighbor not in g_score or tentative_g_score < g_score[neighbor]:
checkCondition(neighbor, current) # IIpuxnan: nepeBipka JOAaTKOBOI YMOBU
came_from[neighbor] = current
g_score[neighbor] = tentative_g_score
f_score[neighbor] = g_score[neighbor] + heuristic(graph, neighbor, goal)
heappush(open_set, (f_score[neighbor], neighbor))

return None # SIKI10 HEMOXKIIMBO 3HAWTH MIJISIX

# EBpuctiuna GyHKIis U1 OLIHKY BiACTaHI MK BepIIMHAMHU (B JaHOMY BHIIAJIKy, BAKOPHCTOBY€EMO €BKJIIJOBY Bifc-
TaHb)
def heuristic(graph, nodel, node2):
if str(nodel) in graph and str(node2) in graph:
coordl = graph[str(nodel)]["coordinates™]
coord2 = graph[str(node2)]["coordinates™]
return math.sqrt((coord1[0] - coord2[0]) ** 2 + (coord1[1] - coord2[1]) ** 2)
else:
# SIkmo oHa 3 BEpILIMH BiICYTHs y rpadi, HOBEPTaEMO Qy)Ke BEIHKE 3HAUCHHs, NI00 HE BILUIMBATH Ha aJTOPHTM
return float('inf")

# Ipukiaa: yHKIIs MepeBipKA YMOBH
def checkCondition(stop_1, stop_2)
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Jns onrumizamii anroputMmy Oyia 3actocoBaHa mpiopurterHa depra (heapq): Bukopwuc-
TaHHS MPIOPUTETHOI YEPru AJISl BIAKPUTOIO CHUCKY 03BOJIsE€ €(EKTUBHO KEPYBAaTU €JIEMEH-
TaMH 3 HaliMeHIIO0 OIiHKOO (f score), 3MEHIIyI0ur CIIOKUBAHHS MaM'ATi Ta IPUCKOPIOIOYHU
JOCTYT 10 HEOOXITHUX EIIEMEHTIB.

Heo0xigHo 3BepHYTH yBary Ha (I)yHKuiIo checkCondition, Tak sik BoHa BHCTYIIA€ MeXaHi3-
MOM JI0JJaTKOBO1 KOPUCTYBAIbKOI Basifaiii, TOOTO MoOke BPaXOBYBATH J01aTKoBI (hakTopw,
TaKi K HAMPAMOK PyXy (Hanpmcna;[, B 0ararboXx MicTax € BYJHII 3 OJJHOCTOPOHHIM PyXOM),
KU HISIK HE 3B’s13aHUH 13 OJIM3BKICTIO 3YITMHOK, a TAK0XK 0OMEKEHHS 111070 BUCOTH ab0 Macu
TPAHCIIOPTHOTO 3acO0y (110 € BAKJIMBUM, HAIPUKIIA, JI1 aBTOOYCIB).

OtpumanHi pe3ynbTaT Oynu 30epexeri y popmari GeoJSON i nmpeacrarieHi Ha puc. 3.
Amnaniz pesynomamis. JlociimxeHHs: OyJo clipsMoBaHe Ha 3a0e31eueHHs TOKPUTTS BCIX 3yIH-
HOK I'POMAJICBKOT'0 TPAHCIIOPTY MapLIpyTaMH 3 MiHIMAJIbHOIO KUIBKICTIO IIOBTOPEHb, BUKOPH-
CTOBYyIOuM anroput™ A*. 3aranom y rpadi mictunocs 1254 3ynuskw, siki notpedyBaiu edex-
TUBHOTO TUIAHYBaHHS JIJI1 CTBOPCHHS ONITUMAIBHUX MapIIPYTiB.

Pesynbraru poOOTH 3 TaM’ATTIO CUCTEMHU:

e pmem = 59977728: PeaunentHuii po3mip HabOpy, KUIBKICTh MaM'sTi, SIKy 3apa3 BUKO-
PHUCTOBYE IMpOIEC B onieparuBHii mam'sati (59,977,728 Gaiit abo npubmmzuo 59,98 MB).

e vms =47349760: BipryansHuii po3mip nam'sti, 3arajibHUi 00CST BIpTyalIbHOTO aJipec-
HOTO MIPOCTOPY, 3ape3epBoBaHumii yis mpouecy (47,349,760 6aiit abo mpudmuzHo 47,35 MB).

e n_p_f=39213: KinbKicTh BUMAIKIB MOMHJIOK CTOPIHOK, SIKi BUHHKAIOTh, KOJU IIPO-
rpamMa 3BepTaeThCs IO CTOPIHKU MaM'siTi, sIKa Hapasi He 3HaXOJIUTHCS B OMEPATHUBHIN MaM'ATi.

e peak paged = 208992: IlikoBwuii po3mip Kelry mam'siti, MaKCUMalibHa KiJIbKICTh KEIIIO-
BaHOT Mam'siTi, sIKy BUKOPHCTOBYBaB tportiec (208,992 Gaiira).

e peak_nonpaged = 45600: TlikoBuii po3Mip HEKEIIOBAHOTO KEIlly MaM'sATi, MaKCUMaJbHa
KUTbKICTh HEKEIIOBAHOT MaM'sTi, IKy BUKOPUCTOBYBaB mpoiiec (45,600 Gaiir).

Hwxye naBeneno mani (tabm. 1), siki XapakTepu3yrOTh pe3ylbTaTd POOOTH aJITOPUTMIB 3
pecypcaMu CHCTEMH.

Tabnuys 1 — Iopieuanvua xapakmepucmuxa egpekmusnocmi ananoeie A*, %

Anroput™ pmem vms npf peak paged | peak nonpaged
Asropurm Jlelikctpu +0,33 -0,51 +2,07 +5,91 +37,10
Kanioawmii momyk -0,89 -0,78 -1,05 +1,12 +3,17
[Momyk B MmIApUHY +1,89 +1,13 +19,41 +13,47 +78,63

AHani3yrouu JaHi pe3yabTaTd CIliJl 3a3HaYUTH, 110 >KaJ1I0HMUI MMOIIYK X0U 1 BIIOpaBcs 3 3a-
Jlauero HaMIIBU/IIE, TPOTE HE 3MIT 3HAUTH ONTUMATBHUHN NUISX (KUIBKICTh OTPUMAHUX MapIil-
PYTIB KpaTHO MEPEBUIIYE pPe3yJbTaTh IHIINX aaropuTMiB. Takoxk HEOOX1IHO 3a3HAUUTH, 11O Ki-
JBKICTh MapILIPYTIB, SIKYy 3HAWIUIM 1HIII MPEICTaBIeH] allrOpUTMH, piBHA). bepyun no ysaru
pe3yJbTaTi poOOTH aJITOPUTMIB, MOXKHA 3pOOMTH BUCHOBOK IPO T€, 1110 A* MOCTYNA€eTHCs JIUIIIE
B €(pEKTUBHOCTI KOPUCTYBaHHS BIPTYaJIbHOTO aJIpeCHOTO IPOCTOPY.

OcHOBHOI0 MeTOI0 OyJ10 3a0e3eueHHs OKPUTTS BCiX 3yHHOK MapuipyTamu. Bukopucrto-
BYIOUM anropuT™ A*, Branocs nmoOymysatu 891 mMapuipyT, 110 OXOIUTIOIOTh yci 1254 3ynuHKu
IpY BUKOPHCTaHHI apamMeTpa MakCUMaJIbHOI BIJICTaHi MiX 3yNUHKamMH 31 3Ha4eHHsAM 500 me-
TpiB. 3 KX MapuipyTiB 465 MaroTh MeH1Ie HixK 10 3ynuHok. Lle cBimuuTh Npo iICHYBaHHS MEB-
HUX KJIaCTepiB 3yNMHUHOK, CTYIIHb BIIJAJIEHOCT] KUX HE J103BOJIS€ 00'€qHATH X y OUIbIII Map-
mpytd. lloBHE NOKPUTTS BCIX 3yNMHOK CBIJYUTH PO €QPEKTUBHICTh aNTOPUTMYy Ta
MPaBWIBHICTh PO3pPaxyHKiB, IPOBEACHUX Yy MPOLEC TUTaHyBaHHS.

3aBIsSKH aNropuTMy A* Baanocst AOCATTH MIHIMAJIbHOI KIIBKOCTI TOBTOPEHb MapUIpyTiB.
AHani3 KiIbKOCTI MapUIpyTiB Ta 3yMMHOK Y KOXKHOMY MapIIpyTi MOKa3as, 110 aJTOPUTM 3Haii-
II0B ONTUMAaJIbHI HUISXU ISl TOKPUTTS BCiX 3yNUHOK. byno BusiBneHo, mo 465 MapupyTiB Ma-
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10Th MeHII sIK 10 3yIUHOK, TOI SIK 1HIII MapIIPyTH PO3MOAUISIOTHCS HA Pi3HI BiJCTaHI Ta KiJIb-
KicTh 3ynuHOK. Lle BKka3zye Ha Te, 10 aJiropuT™ e()eKTHBHO PO3IOAIIHB MapIIPYTH, BPAXOBY-
I0YH BiJITAJICHICTh Ta 3B'S3HICTH MK 3yTTHHKAMH.

Crip 3a3Ha4YUTH, 110 KUTBKICTh MapIIpyTiB 000POTHO-TIPONOPIIiifHA 10 BCTAHOBJICHOTO T1apa-
MeTpa — MaKCUMaJIbHA BIJICTaHb MK 3yITMHKAMHU, SIKM BUKOPUCTOBYBABCS IIPpU TIOOYI0BI Tpada.

Tabnuys 2 — Pe3ynomamu po3paxyHkie

MakcumasbHa BiJICTaHb KinbkicTh MapuipyTiB
0,5 kxm 891
1 kM 386
2 KM 174
5 KM 71
10 xm 49

Huni B micti Hopk dynkiionye 74 mapmupyTta [10]. ITpoTe 1i MapIIpyTH ONEpyrOThCs OiIbIIe
HIK JIecThMa PI3HUMH ITEPEBI3HUKAMU 1 KOKEH JIi€ y CBOeMy Kiactepi. Hampukian, mepeBi3HUKN
1-4 3aiimaroThCsl BUKITIOYHO MPUMICBKUMU MapiipyTamu. JesKi mpaBuiia BayKKO OIMCATH, POTE
QITOPUTM € TIOTYKHUM IHCTPYMEHTOM, SIKMI MOXKHA 3aCTOCOBYBaTH TOYKOBO, a00 7K MOJEPHI3Y-
Bary. Hanpukiazn, y mogaipioMy BIOCKOHAIEHHI CHCTEMH MOYKHA JIOATKOBO 3aCTOCYBATH PEKY-
pcito: po3aimTH Oyab-sIKe MapIIpyTHE TIOKPUTTS Ha KJIACTEPH, ONTHMI3yBaTH MapIIPyTH B KOX-
HOMY KJ1acTepi, a MOTiM 00’ €THATH 111 KJTaCT€PU B MapIIPyTH, PO3IVISIHYBIIH iX K OKpPEMi 3yTIHHKH.

Pesynbrartu aHanizy Hajaiau BaKJIMBY 1H(OpPMALiO I OJAJIBIIOr0 BIOCKOHAJICHHS CUC-
TEMH TPAaHCIOPTHUX MapHIPyTiB. Byno BUSBIEHO 3yNMHKU 3 BHCOKOIO KUIBKICTIO TIOBTOPEHB,
10 MOKe OyTH KOPUCHUM IS ONTUMI3allii MapIIpyTiB Ta 3MEHILEHHS 1XHbO1 KIIBKOCTI. [1eH-
TU(IKALS TAKUX 3yIMHHOK JI03BOJISIE PO3POOHHUKAM TPAHCIIOPTHUX CUCTEM 3HAXOAUTH IIJISIXU
JUTSL TIOJTJTBIIIOTO MOJIIIIEHHS] MapIIPYTHOI Mepexi, 3a0e3neuyroun Oiabi e(h)eKTHBHE BUKOPH-
CTaHHS PECypCiB Ta 3MEHIICHHS 3arajibHOTO Yacy B IOPO3i ISl MACaKUPiB.

Jlnst BUKOHAHHS 1IbOTO AOCIIIKEHHS OyJ0 BUKOPHCTAHO KUTbKa BaKJIMBUX METOJIB Ta aJlro-
putMiB. OCHOBHUM 3 HUX OyB alirOpuT™ A*, sIKUi1 BIIOMUIA CBOEIO €(DEKTUBHICTIO Y MOIIYKY Hai-
KOpOTIIMX HUIAXiB. EBprcTHYHA (YHKIIIS HA OCHOBI €BKJIIJIOBOI BIICTaHI JI03BOJIMJIA OL[IHIOBATH
BIICTaHI MIXK 3yTTMHKAMH 3 BUCOKOIO TOUHICTIO. Takoxk OyJ10 3aCTOCOBaHO METOAM aHamizy rpadis
Ui i1eHTH]iKaLll 3yMTUHOK Ta iXHiX CyCIiB, IO T03BOIMIO €eKTUBHO OyTyBaTH MapIIpyTH.

BucnoBku. JlocmipkeHHs anropuTMy A* y KOHTEKCTI ONTUMI3AIlT MapIIPyTiB TPOMAJICh-
KOT'O TPAHCIOPTY BUSBUIIO HOro 3Ha4Hy €(EeKTUBHICTh Ta MOTEHIiall AJIsl BIOCKOHAJIEHHS CHC-
TEM TPAHCIOPTHUX MapLIPYTiB. 3aCTOCYBAHHS 1IbOTO aJITOPUTMY JI03BOJIHMIIO AOCATTH TOBHOTO
MOKPUTTS BCIX 3YNMHOK MaplIpyTaMu 3 MIHIMaJIbHOIO KIJIbKICTIO TOBTOPEHbB, 110 BIJOOpaXKae
Horo e(heKTUBHICTh y 3HAXOKEHHI ONTUMAJIbHUX MapLIPYTiB Ta 3a0e3neueHH] eeKTUBHOTO
Ta €eKOHOMIYHOTO TPAHCIOPTHOTO OOCITyTOBYBaHHS.

BaxxnuBoro nepeBaroro anroputmy A* € Horo onTUMaibHICTh. BiH rapanTye 3HaX0MKEeHHS
HANKOPOTIIOTO NUISAXY MK JIBOMa TOYKaMH y rpadi 3 Baramu, 110 poOUTh HOro 1/1eaIbHUM 1H-
CTPYMEHTOM ISl IJIaHYBaHHSI MapIIPyTiB IPOMAJICHKOT0 TpaHCcHopTy. ONTUMANIBHICTh alNTOpH-
TMY 3a0e3mneuye MiHiMi3allilo Yacy MOAO0POKi Ta ONTHMI3allil0 BUTPAT PECypPCiB, 110 € KPUTHY-
HUMH (paKTOpaMu JUTsl TABUIIICHHS SIKOCTI 00CITyTrOBYBaHHS MTAaCaKHPIB.

[ToBHE MOKPUTTS yCiX 3yMHHOK MapLIpyTaMH € BaXKJIMBUM KPOKOM y BJIOCKOHAJICHHI Tpa-
HCOPTHUX cucteM. byno moOynoano 891 mapuipyt, oXorumowuu yceoro 1254 3ynuHkH, 3
akux 465 maroTh MeH1Ie Hixk 10 3ynuHok. Le cBinuuTh He nuiie npo eeKTUBHICTh aJrOpUTMY,
aje ¥ Mpo MpaBUWIBHICTh PO3PAaxXyHKIB Ta MOXJIMBICTb ONTHUMI3allil MapHIPyTiB JUIsl MMOKpa-
IIEHHS 00CITyTrOBYBaHHS MMaCaXUPiB.

KpiM 11p0ro, BUKOpUCTaHHS €BPUCTUYHOI (DYHKIIT JJI OLIHKK BIJCTaH1 MK 3yHHHKaMHU
JT03BOJIMIIO €()EeKTUBHO OLIHIOBATH HAMKOPOTIIMIA NUIIX MK HUMU. Lle cipusiio mBuakomy ta
e(eKTUBHOMY IJIAHYBAaHHIO MapUIPYTiB 3 YpaxyBaHHAM PI3HUX YMOB 1 0OMEXeHb, 1110 3a0e31e-
qye 3py4YHICTh Ta 33/10BOJICHHSI BUMOT ITaCaXUPiB.
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OTxe, DOCHIDKSHHS MiATBEPKY€E YCHIIIHE BUPIMICHHS 3ajadi ONTUMIi3alii MaplpyTiB
IPOMAJICBKOTO TPAHCIIOPTY 3a JONOMOToK0 anroputMy A*. Horo edekTHBHICTb Ta THYUKiCTH
POOIATH HOTO BayKJIMBUM iHCTPYMEHTOM IS TOJAJIBIIOTO BAOCKOHAJICHHS CUCTEM TPAHCIOPT-
HUX MapHIPYTiB Ta 3a0€3MeUeHHS IKICHOTO 00CIyTOBYBaHHS AaCAXKHPIB.
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PUBLIC TRANSPORT ROUTE OPTIMIZATION USING THE A* ALGORITHM

The article is focused on the actual problem of optimizing public transport routes in large cities using the A* algorithm.
In the context of a growing population and ever-increasing requirements for the efficiency and availability of transport infra-
structure, ensuring optimal routes is crucial to reducing traffic congestion, shortening travel times and minimizing emissions.

The paper reviews recent advances in the field, including various approaches to route optimization, such as genetic
algorithms, metaheuristic methods, and applications of artificial neural networks. Special attention is paid to the informative
review, which allows to systematize the current state of research and to determine the direction of further research in this
important direction.

The purpose of the article is an in-depth analysis and systematization of the role of the A* algorithm in improving public
transport systems. Based on the collected information, its effectiveness compared to other methods and its potential for im-
proving infrastructure in large cities are considered.

Special attention is paid to the overview analysis, which allows to understand the current state and prospects for the
development of this key field of scientific research.

The article not only presents a comprehensive overview of modern achievements, but also sets itself the task of promoting
the A* algorithm as a key tool for optimizing public transport routes, contributing to the increase in efficiency and convenience
for residents of large cities.

Traffic statistics for the period from 2023 to 2024 are provided.

Key words: route optimization; public transport; A* algorithm.
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OBIPYHTYBAHHS TUITY MYJbTUKOINTEPHOI'O IPOHY
JJIsA BUKOPUCTAHHA Y CKIAAI MYJIBTUAT'EHTHUX CUCTEM

Cmamms mae 0213008utl xapaxmep, ma Micmums KOPOmMKY xapakmepucmuxy agmornomuux ma FPV opouie na npuxnaoi
HaUOLbW NOWUPEHUX 8apianmis, AKi 3apas suxopucmosyromucs y Pociiicoko-Yxpaincokiil 6itini. Ha ochogi nposedenoeo ana-
N3y 8IO3HAUEHO 0COOIUBOCMI KOJHCHO20 MUNY OPOHIE, WO 00360IAE APSYMEHMOBAHO 0Opamu eapianm OpoHa, KUl Haubiibue
nioxo0umv OJis NepPexonieHHst BOPOACUX Oe3NLIOMHUX TIMATbHUX Anapamie y CKiaol MyTbmMua2eHmuol cucmemu.

Knrouogi cnosa: besninomuuil iimanvruil anapam,; mexHiuHi Xapaxmepucmuxu, CUCmema eHepeo3abe3nevents; aKymy-
aamopHa bamapes.

Puc.: 3. bion.: 17.

AKTYaJIbHICTh TeMH J0CTiIKeHHs. TeMa Ii€l cTaTi HUHI € Ay)Xe aKTyaJbHOI0, 00 3apa3
VYkpaina nepeOyBae y ctaHi BiliHu 3 Pocieto, 1 6e3minoTHi JiTanbHi anapatu (BI1IJIA), siki yacto
HA3WBAIOTh JPOHAMH, HAOYJIM BarOMOTO 3HAYEHHS ITi]1 9aC BUKOHAHHS Pi3HHUX IOJILOBHX Ta PO-
3BilyBaJIbHUX 3aB/IaHb, aJP)K€ BOHU Jal0Th 3MOTY, Oe31euHo, 310paTy NOTpiOH1 JaHi Y1 BPa3UTH
MEBHY LI1JIb.

ITocTanoBka npodaemMu. 3 MeTO0 BUOOPY ONTUMAIBHOTO TUITY, KOHCTPYKIIII Ta mapamMe-
TPiB JIpOHA JUUIsI BUKOPUCTAHHS B MYJIBTHar€HTHHX CHCTEMaXx SIK JPOHA-JETEKTOpa Ta JpOHa-
nepexoruiroBada Bopoykoro BITJIA BaXITMBUM 3aBIaHHAM € IMPOBEJICHHS KPUTHYHOTO OIVISAY
BIUJTA pi3HOro npu3Ha4eHHs, aHaji3 X TEXHIYHUX XapaKTePUCTUK Ta BU3HAYEHHS 0COOJINBO-
cteil. Lle monermmTs Ta NpUIIBUIIIITE MPOLIEC pO3pOOKH HOBUX O€3MIJIOTHUX anaparis, 4d Me-
TOJIB OOPOTHOM MPOTH HUX, a TAKOXK JACTh Kpallle PO3yMIHHS MPUHLUIIB POOOTH PI3HUX, Y
TOMY YHCIIi i BOPOXKUX, IPOHIB, IXHIX IPU3HAYEHb Ta ApaMETPIB.

AHaJii3 ocTaHHIX AocaiTxkensb i myoaikaniii. [lonepenni cnpobu cucremarusysaru iHGpO-
pMaIlito B OCHOBHOMY MaJlu 3arajbHuii Xapakrep [1-2]. Takox 13 miABUIEHHSIM HOMYJISIPHOCTI
came FPV nponiB, 6arato mxepen BUCBITIOOTH came nei tun BIIJIA. Bonn nHamararoTscs
IPOCTOIO JJISi pPO3YMiHHSI MOBOIO, 0€3 JIeTallbHUX MOMIHOIEHb Yy TEMY, PO3MOBICTH MPO Pi3Hi
acrmeKkTH OyayBaHHS Ta KepyBaHHs ApoHaMH. Takoxk € cpoOu MOITMOUTUCH Y KOMYHIKAIIHHY
yactuHy BITJIA, a came panio3s’si30k [3-4], ne Bxke OLIbII IETAJILHO OMUCYIOTHCS Pi3HI CIO-
coOu 3B’A3Ky MIXK OIIEpaTopoM Ta JPOHOM, IXHI IepeBaru Ta HeJI0MiKH.

Merta crarTi. MeToro 11i€i CTaTTi € OIIA] Ta aHaJi3 MapaMeTpiB ICHYIOUMX JPOHIB PI3HOTO
MpU3HAYEHHS 3 METOI0 OOpaHHs onTUMaabHOro Bapianty BIIJIA g BUKOpUCTaHHS B MYJIBTH-
areHTHIM CUCTeMI IepeXOIUIeHHs! BOPOXKUX JpoHiB Tuily Shahed, po3misy xapakTepucTHK SIK
KOHKPETHUX CEepIHUX 3pa3KiB, TakK 1 IPOHIB BIACHOI PO3POOKH.

©T.I1. Bonoros, A. JI. [TIpuctyma, C. A. Crenerko, B. P. ITapxomens, 2024
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BukJiaa ocHoBHOro Marepiasy. Jlo moyarky po3poOKy HOBHX JPOHIB, UM METOAY OOpO-
THOM IIPOTH HUX, TOTPIOHO MPOBECTHU aHAI3 BXKE YXBaJCHUX PIlIEHb Ta IETAIBHO PO3i0paTHCs
y iX MOKIMBOCTSIX. [IJIs IIbOTO PO3IIISTHEMO ¥ JJOCTIIMMO CTPYKTYpY Oe3mocepeiHbo Oe3miaoT-
HOTO arapary Ta Ji3HaEMOCh HOTr0 XapaKTepUCTHKH.

[Tounemo i3 cepii aBronomanx BITJIA Shahed, a came, monmeni Shahed 131 Ta Shahed 136
(puc. 1), OCKiIbKM BOHH YaCTillle aTaKylOTh iHPPACTPYKTYPHI Ta BIHCHKOBI 00’ €KTH B IIIMOMHI
HaIoi KpaiHU ¥ 3aXUCT caMe BiJl HUX € HAWOUIBII aKTyaJIbHOIO MPOOIEMOTO.

‘ 5 IPOH-KAMIKA/I3E

IPOH-KAMIKA/ZI3E
SHAHED 131 / TEPAHB-1 SHAHED 136 / TEPAHb-2

b
W
=

éﬁ

Mepuwe ni, Goilose
BUKOPHCTaHHSA B YKpalHi:

12 BepecHs no6nusy
Kyn'aHcbKa Ha XapKisujuui
(ApoH 36uTwit 3CY)

MNepwe ni,
GoioBe BHKOPHCTaHKA:
25 rpyauHs 2020 poky
(Aemen)

Kopnyc

3 Byrneyesoro
BO/OKHa,
IMILUHEHUR
BHYTPIWHIMY
METanesuMu

onopami

Pospo6nennii
niA TaKTHKY
POIHHA

(swarm) — ypapu
Kinbkoma
ApOHaMK

CynyTHuKoBa
aHTeHa
Ta TpaHcuBep

0OcKonKoBo-yracka
Goitoa YacTHHa

IpaH i Pocis odiuiitHo
He niATBepAKYBaNt

no oAHiR uini

nocrasku Shahed 136

25m

Ha 036poei @ @ ./._\ s @ @ =g = —
Ha 036poeHmi HaBefei A Janenesa Bapricis* Ha 036poeni 8 036POEHHI HABEACHHA 3anBnena WBMAKICTY
_.,,, AMOBIpHO, iHepuianbHe, ABBOHOTY HOMOTY $20 000- S RANHICTb NOLOTY
== 32019 poky GPS 900 kM 30 000 [ 3 2020 poky iHepuianbHe 2000 kM A0 200 km/roa
Ipax . e
(] (] b e b é () b 1
x i r Science ! sara Goene ABryH BHrOTOBNEHS
- Bara Bara 6 “Ht ] HryH o P - maca B .VJL o
Pocis 135 kr 1015 kr BN:Zr‘gg::sm '"'5’12.';‘.'.?3” Pocis 200 kr ~40 kr 6eH3NHOBMI ~400 oAuHKUb
a o
Puc. 1. 306niwmnii euensio:
a — Shahed 131; 6 — Shahed 136 [7]
Shahed 131.

Ie npoH, siKuit CTBOPEHUH AJI OTHOCTOPOHHBOI aTaku CYyNPOTHUBHHKA, Ta HE Mependayae
noBepHeHHs Ha3a]. OCHOBHI XapaKTepUCTHKH [5-7]:

* JlopxkuHa: 2,6 m

* Po3max kpwit: 2,2 m

* [Ipu6nu3na maca: 135 kr (pa3oM 3 naJMBOM)

* Bara 60eronoBku: 15 kr

* Po3ramryBanHs 3apsily: y HOCOBIN 4acTHHI

* MakcumanpsHuii 3anac xoxy: 900 km

* JIBUT'YH: BHYTPILLIHBOT'O 3TOPAaHHS POTOPHO-TIOPIIHEBUI

* Akymynstop: JliTiii-ionna 6arapes 25,9 B 17000 mA-ron

» HaBenenns: [nepiiiine ra GPS

* 3amyck: 31 cneniajibHO1 m1aThopMu

e [Ipucytus cucrema ATOL (automatic take-off and landing)

* MomudikoBanuit GNSS tpancusep

* [IpucyTHiii 6510k BUMIpIOBAaHHS 1HEPLii

JleranpHille po3riisHEMO Takli KOMIIOHEHTH, SIK OJIOK KepyBaHHS MOJIOTOM, MOIU(IKOBA-
Huit GNSS Ttpancusep, cuctema ATOL ta 6510k BUMipIOBaHHS 1HEpIIii.

Buok kepyBanns noaboroMm (FCU — fly control unit). Lle ronosna uactuna BITJIA, sika
KOHTPOJIIOE TIPOIIEC MOIBOTY Oe3mijIoTHUKA. BiH MOXKe TiIKIIFOYATH JIIHIO MPSMOi BUAMMOCTI
(LOS), pazgio Iridium SATCOM, MOXIMBO CaMOHABEJIEHHS Ta MOMNEPEIHBO 3aPOrpaMOBaHi
TPa€EKTOPIi MOIBOTY.
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MonudixoBanuii GNSS TpancuBep. e yactuna qpoHa, 110 BIAMOBITAE 3a 3B 30K, Ta
JTa€ MOXJIUBICTh JIPOHA BU3HAYUTHU CBO1 KOOpAMHATH y npocTopi. Cama Monudikaiis TpaHCH-
Bepa noJssirae B 3aMini 4opHux GNSS aHTeH Ha Oini, SKi Jat0Th MOXIJIMBICTH MPAIIOBATH Y TO-
BITPSIHOMY TPOCTOPI, 1e 3a00poHeHo GNSS.

Cucrema ATOL. L1s cucrema BcranoBmoeTbest Mixk GNSS ta FCU. Bona nonae ¢yHkii-
onany ans BIUIA. Ilg cucrema Mae iHIUKAIIIIO YOTUPHOX PEXKHUMIB, TaKi SK:

* PGNSS — nipo et pexxum Hemae iHGOpMAaIIii y BIIKPUTHX JKEpesiax.

* DGNSS — e pexxum, e 3a T0MOMOTOr0 MEPeKi HA3eMHUX OITOPHUX CTAHITINA MOYKHA TIij-
BUIIUTH TOYHICTHh BU3HaYeHHsI O3UIIiT BITJIA Ta 1omoMorTu 30epertu TpaeKkTopito MOJILOTY 3a
noromoror GPS koopaunar y 30H1 1e GPS 3a6oponeHo.

* SGNSS — nmokpariye TOYHICTh, Yy TIHUBICTh BUMIPIB, a TAKOXK 3a0€31eUy€e HOBY KaTeTOPito
BUMIPIOBAaHb — KyT IpUAMaHHA. 3aBASKH PO3PI3HEHHIO HAPSAMKIB IPUUHATTS CUTHAITY MOXKHA
imeHTH(IKyBaTH, Y1 iITHOPYBATH PKEPEIIO CUTHAITY, a TAKOXK 3HaTH xepeno cinydinry GNSS.

* HDG — 11e pexxuM yTpuMaHHs HanpsiIMKy ApoHa. Bin go3Bossie mpu Brpari GNSS curnamy
MPOJOBKUTH TOJIT JI0 BiTHOBIIEHHS 3B’ s13Ky. Lle Moxe OyTu nmpuunnoio yomy nanuii tun bITJIA
HAOMMKAETHCS 10 1L, ane He Moxe Ha 100% BnyuuTH y 6akany Touky. Konu yBiMKHEHO 1a-
HUH pexuM JIpoH nepemukaetrbes 3 GNSS Ha nani 3 610Ky BUMIpIOBaHHS 1HEPLii sl TPOIOB-
JKEHHSI TIOJIbOTY, Y LIel Yac HaBKOJUIIIHIN BiTep Biaxmioe iforo, 60 FCU He Moxe mpaBuiIbHO
CKOPHTYBaTH TPA€EKTOPIIO, IO MPHU3BOAMUTH J0 HETOYHHX BirydaHb. [Ipubnmsna noxubka 5 %
BiJI BiZICTaHi 10 Ui Koiu yBIMKHYIM HDG pexum.

Baok BumiproBanus inepuii. Lle nudpoBuii KoM’ oTep MOBITPSAHUX Mac, SKUH BUKOPH-
CTOBYE SIK CTAaTU4HI JaTYUKH, TaK 1 TpyOKH [1iTO, 110 103BOJISIE OLIHUTH MIBUKICTH JITAIBHOTO
amapary, f0ro BUCOTY Ta TEH/CHIII0 3MiHH BUCOTH. VIOro aHi BUKOPHCTOBYIOTCS K BXijIHi ¥
pexxumi HDG.

binbm neransHa iHGopmatis mozo uporo tuny BITJIA npencrasiena B [5].

Shahed 136.

Ile 1poH, Ha OCHOBI sKoro Oy1o cTBopeHo Shahed 131. Ix rooBHI BiIMiHHOCTI Mik cOGOIO —
e OUTBIINIA po3Mip, OiblIa Bara Ta OuTblIa 60i0Ba YaCTHHA y MEPIIOTO, KA MOXKEe HECTH 3apsiz
10 50 Kr, 10 y AeKUTbKa pa3iB Oulblie, HK y apyroro. Takoxk Ha IbOMY JIpOH1 CTOITh 3BUUAHUN
HOPIIHEBUH JBUT'YH BHYTPILIHBOTO 3ropaHHs, koiu B Shahed 131 BcTaHOBIEHO pOTOPHHIA.

OcHoBHi xapakTepuctuku 1poro bITIA [7; 8]:

* Jlopxuna: 3,5 M

* Pozmax kpun: 2,5 M

* [TpuGinzna maca: 200 T (pa3oM 3 MaJIuBOM)

* Bara 60eronoBku: 50 kr

* Po3zranryBanHs 3apsiy: B HOCOBIM YaCTHHI

* MakcumanbsHuii 3anac xoay: 2000 kM

e [IIBuakicTe: 185 xm/rox

* JIBUTYH: BHYTPIIIHBOTO 3TOPaHHS MOPIIHEBUN

» HaBenenns: Iuepiiiiine

* 3amyck: 31 crenianabHOl MIaThopMu

s Bepcist xou 1 Mae Oinblry OOHOBY YaCTHUHY, HATOMICTh HEMAa€ TOYHUX CHCTEM HaBe-
JICHHSI Ha I[1J1b, 1110 IPU3BOAMUTD J10 CYTTEBUX MMOXUOOK IPH BIIyYaHH] y I[i1b. Takoxk 3a JTaHUMHU
mxepena [8] peanbuuii 3amac xony y Shahed 136 moxe OyTy 3HaUHO MEHILIUH Bif] 3asBICHOTO,
aJpKe U1 IOJI0JIaHH TaKoi B1/ICTaH1 3 TUM JIBUTYHOM, 1110 BCTAHOBJIEHO, TOTPIOHO BUTPATUTH
OunbIe nanuBa, Hik Bara ycboro BIIJIA, Tomy peanbHuii 3anac XoAy OLIHIOIOTh Y JEKIIbKa
COTEHb KiJIOMETPiB.
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[TizcymoByIoun yce BHIIE3a3HAYCHE, MOJKHA 3ayBaXKHUTH, 1110 BHKOPHCTAHHS JPOHIB THUITY
Shahed 136 ta Shahed 131 € mouinbHUM NPHU BUKOPUCTAHHI POMOBOTO CTHJIIO, KOJHM OIHOYACHO
3aIyCKaloTh 0araro OMHHIIb, HAMarato4uch 3MEHIIUTH BIUTUB SKOCTI 301pKHU iX KUTBKICTIO, 3 PO-
3paxyHKOM Ha Te, 1110 SIKaCh YaCTHHA 3MOXKE IOJIETITH JI0 LIiJIi, Ta Y CYKYITHOCTI 3MOKE TIOKPAIIUTH
cepe/Hiii BiICOTOK BiTy4aHb. J{ys miBUIEHHS €)EeKTUBHOCTI TPAEKTOPIi JPOHIB y POIO 3a1aI0Th
PI3HUMH, 110 YCKJIAJHIOE pOOOTY MOOUIBHUX IPYII IIOJ0 iX BUSBJIECHHS Ta 3HELIKO/DKEHHSI.

FPV nponu.

Leit xmac BITJIA Binpi3HseTbes Big aBToHOMHUX Shahed HasiBHICTIO Kamepu Ha O0pTY, 110
JI03BOJISIE KEPYBATH HUM Y PEXHMMI PEaIbHOIO 4acy, MEHIIIMMU PO3MipaMu, BAHTAKOI1AHOMHICTIO
Ta 0OMOBOIO YAaCTHMHOIO, a TAKOXK MEHILIUM 3aracoM xony. I[IpoTe 1iHa Takux Mojeneil 3HauHO
Hwk4va. e no3somsie crBoproBaru Takuii Tum BITJIA, sk npoHu-kamikaaze abo ApOHU IS CKUTY,
SIKI MOXKYTb JTy>KE€ TOYHO BIIy4YaTH B IUIb 32 PAXyHOK MOCTIHHOTO BiJI€03B’SI3KY 3 ONEPATOPOM.

[Tonpu HeBenuKy LiHY Ta Maji rabaputy, 111 OE3MiIOTHI anapary, B Mapi 3 BIPAaBHUM OIIe-
paTropom, 3/1aTHI 3HUIIYBAaTU Ba)KKy TEXHIKY Ta BIy4YaTd y BaXKKOIOCTYIHI Micis. BiqMiHHICTh
y BUKOpucTaHHi ganoro tumy BITJIA nomnsirae B Tomy, o JpoH-KaMiKa3e JOCTaBIIsIe OOENpH-
nac 70 OBHOTO BIYYaHHS B LIUJIb, L0 IPU3BOAMUTH 10 HOTO CAMO3HUILEHHS, @ CKUHUNA — MOXe
CKUHYTHU 001 OBUI1 3apsi, NOBEPHYTHCS Ta Mepe3apsaIUTUCS I HACTYIHOI aTakH.

OCKiIBbKH TaKi APOHU 3HAXOMATHCS TOBOJII OJIM3BKO JI0 LM, € HMOBIPHICTB, IO X MOXYTh
30uTH 200 nepexonuTH. ToMy 00agHAHHS Ha TaKi anapaTy CTaBIATH SIKICHE, ajle He JTyXkKe J10-
pore, 1110 J103BOJISIE TAKOK BUKOPUCTOBYBATH POMOBHUM CTUIIb 13 MEHIIMMHU BUTpaTtamMu. OaHUM
13 peAicTaBHUKIB TakuXx JpoHiB € FPV Revenge, po3pobienuii Ta BATOTOBICHUN YKPATHCHKOIO
xomnasnieto Drone Ukraine.

FPV Revenge 3.

e 6ararodyHKIIOHATBHUIN JPOH, KM MO’KHA BUKOPUCTOBYBATH SIK PO3BiAyBaJIbHUI, IS
CKUIaHHS OOHOBHX 3aps/iB, U K IpoH-KaMikaase. O0nagHannii BOyZOBaHOIO KaMEpolo, Ma€e
NOTYXXHUH BiFeonepeaBay Ta ABUTYHH, 1110 JJO3BOJIAIOTh BUKOHYBATH 0arato pi3HUX MaHEBpPIB
Ta Ha3/I0TaHATH LiJIb, OTPUMYIOUM KOMaH]IU BiJ oneparopa y peajbHoMy 4aci. Takox mMae Mo-
JKIMBICTBH npaioBat 0e3 GPS.

OcHoBHi xapaktepuctuku[11-13]:

* Po3mip pamu: 10", a6o 25,4 cm

» HoMiHanpHA/MakcUMaJIbHA BAHTAXKOII AHOMHICTE: 2,5/3,5 Kr

* Yac po6otu 6e3 HaBantaxkeHHs (bH)/3(3H): no 55 xB/no 12 xB

* MakcumanbHa naipHicTh monboTy BH/3H: 25 kxm/10 kM

» MakcumanbsHa mBuAKIcTE: 110 xm/rom, ado 30,5 m/c

* MakcuMaibHa BUCOTA MiAHOMY: 10 2 KM

* Yacrora pobotu: 5,8 ITum 1,3 [T

* [ToryxHicts mpuiimaya: 500 MBt

* [TotyxHicTb Bineokanaiy: 1600 MmBt

» Hasiramis: GPS 9 noxomigas

» Kamepa: 1200 TVL 8 M

* 3amyck: 13 3eMJl.

3 0co0MMBOCTEHN Y IBOTO IPOHY € MOKJIMBICTH BUKOPUCTAHHS BUHOCHOI aHTeH! /10 30 M 1151
JIO/IaTKOBOTO 3aXMCTY ONepaTopa BiJl METOIB palioTeNeH allii, KOJIM 3aB/sIKH CUTHAY, 1110 BUJa€
oreparop 3 MyJbTa KepyBaHHs, MOXKHA BU3HAYUTH JDKepeno. Takox 1ei JpoH Mae QyHKIIiO 1Mo-
BEPHEHHS, KA JJO3BOJISIE OTPUMATH I1I€ OJIMH [IAHC Ha IIOBTOPHE BUKOPHUCTAaHHS boro BITIA.

IcHye mmpoxke koo 3aja4, Koy NOTpiOHO MaTH OE3MUIOTHUM amapar, sikuil He OyJie moc-
TIHHO 3HaXOMUTHCA Y 30HI PU3UKY, MaTUMe Kpalle o0JIaiHaHHs, BUKOPUCTOBYBATUMETHCS IS
TPUBAJIMX Ta JAJIEKUX MOJIBOTIB Ta OTPUMAHHS SKICHIIIOI KApTUHKH Ipu po3Biaui. To6To, Ta-
kuit BI1JIA, ronoBHa 3a1aga sikoro, 11e TprBajie Ta ePeKTUBHE 31HCHEHHSI PO3BIIKH 3 OTBIIIO0
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KUIBKICTIO MOMUJIMBOCTEH Ta pyHKI#. Ha Taki ApoHU IIIKOM BUIIPABIaHO BCTAHOBIIIOBATH J10-
pore Ta BUCOKOTOYHE 00IaTHAHHS, TOJaBaTH Pi3HUIA (YHKIIOHAN, SIKUI 3MOXKE IIOKPAIUTH PO-
0oty omeparopa. Y HHX BHCOKa SIKICTh 301pKH Ta €JIIEKTPOHHOTO OOJaTHAHHS, IO JO03BOJISIE
30UTBIIUTH pajaiyc 1ii, 3amac Xoay, AKiCThb Bi/Ie0, 4ac poOOTH, 3MEHIITUTH Bary Ta 0araro iHIIoro.
['apHUM TIpeICTaBHUKOM IILOTO Kiacy € KBajapokonrep Mavic 3.

Mavic 3.

Po3BigyBasibHUI IpOH PI3HOTO MPU3HAYCHHS, BUTOTOBISIETHCS KUTAHCHKOK KOMITAHIEKO
DIJI, obnagnanuii nsoma kamepamu: Cencop CMOS 4/3" it Hasselblad, sikuit moxe 3a0e3me-
YUTH BUCOKY PO3UIBHY 3[IaTHICTh, IMHAMIYHUH Jiama30H, a TaKoX e()eKTHBHE TTOJJOJaHHS [Ty~
MiB B YMOBaxX HU3bKOTO OCBITJICHHS, Ta MOIYJb 3 nardyukom CMOS 1/2" i Teneol’ekTuBoM, 3
01111010 (POKYCHOIO BIFICTAHHIO, HIXK TIEPIIIHIA CEHCOP.

OcHoBHI XapakTepucTuka Mavic 3:

* Bara: 895t (npon — 559,5 r, 6arapes — 335,5 1)

* ['abapuru (J1/111/B):

* y cKJIaJieHoMy cTaHi: 221/96,3/90,3 mm

* y po3kiageHomy crani: 347,5/283/107,7 mm
* [lepenaua curnany:

* Texuomnoris: O3+(OcuSync 3 Plus)

* dxicts neperaay B peanbHomy vaci: myast Y (1080p/301ps, 1080p/601ps)

* MakcumanbHa nansHicth: 15 km (FCC), 8 kv mipu (CE)

* 3arpumka: 130 mc

» MakcuManbpHUH OiTpent 3aBanTtaxeHHs: SDR(5.5 Mb/c), Wi-Fi 6(80 Mb/c)
* [TomiT:

» MakcuMasbHa BUCOTA HAJ pIBHEM MOPsi: 6 KM

* MakcuMainbHUM yac nonboty: 46 XB (6€3 BITPY)

* MakcuManbHUi yac 3aBucanHs: 40 xB (6€3 BITpY)

» MakcuManbHa JaidbHICTh MONbOTY: 30 KM

» MakcuManbHa MIBUIKICTE:

* migiomy: 8 m/c

* cmycky: 6 M/c

* IOJILOTY (Ha piBHI Mops, 0e3 BiTpy): 21 m/c

* MakcuMasbHa IBUIKICTB BITPY: 12 M/c

* Cencopu:

* Hasselblad:
* CMOS: 4/3", 20 Mn
* Aneprypa: f/2.8-f/11
* Kyt oy (FOV): 84°
* Tenekamepa:
* CMOS: 1/2”, 12 Mn
» Anieprypa: /4.4
* Kyt oty (FOV): 15°

* Kpinnenns xamepu:

+ Crabinizanis: TpbOX 0CbOBa MOTOPU30BaHA

+ JlianazoH KyToBUX KoiuBaHb: +0,007°

* BOynoBana nmam’site: 8 I'b

* AKymynsTOp:

e €MmHicTE: 5000 MA-TOI
* Hanpyra: 15,4 B
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* Tun OGarapei: JliTiii-ionnuit 4S
e« Bara: 335,5r

* 3amycK: i3 3eMJIi.

Takox 1aHa Mozeb Ma€ BCECIPSIMOBAaHY CUCTEMY O1HOKYJISIPHOTO 30pYy, IOMOBHEHY 1H(-
padepBOHMM JATYMKOM Yy HIDKHIH YacTHHI, IO JO3BOJSE BU3HAYATH Ta OMUHATH MEPEIIKOIN
i/ 4ac MoJbOTY, a TAKOXK OyAyBaT ONTUMAIBHUHN LUIAX MOBEPHEHHS y TOYKY 3JIETY IPH KO-
MaH/Ii, 94 TP BTPaTi 3B 53Ky 3 oneparopoM. Llsg cucrema 103Bosie yHUKHYTH 0araTbox BHIIa-
JIKiB, KOJIM JPOH BIIITa€ B MEPELIKOY Ta BUXOAUTH 3 Jaly, a TAKOXK 1€ JI03BOJIIE ONEepaTropy
30CEpeANTHCS Ha TOMY, 1110 BiH Oaunts [9; 10].

[TinbuBarouu miCyMKH, MOJKHA cKa3aTH, o ganuii BIUIA Haifkpaie miaxoauTs Uit po3-
BIJIKM, SIK Ha BIAKPUTINA MICLIEBOCTI, 3aBASIKU aIrOPUTMaM OIOPY BITPY, Tak 1 B MICBKiil Miciie-
BOCTI, Jic € 0araTo Mepemnikoj y BUIISIII CTOBIIIB, OyIMHKIB TOIIO. A cHCcTeMa aBTOMAaTHYHOTO
MOBEPHEHHS HA MICIIE 3]IbOTY J03BOJIsIE€ 30UTBIINTH IIIAHC TOTO, IO TPU BTPATi 3B’S3KY 3 JIpO-
HOM BiH MOJK€ BLIJIITH, Ta IPOIOBKUTH BUKOHAHHS CBO€T 3a1a4l. 3 MiHYCIB 1I€ B1JICYTHICTb BU-
HOCHOI aHTEHH, 1110 HapaXkae oleparopa Ha JI0[JaTKOBY HEOe3IeKy.

Takox HeZOMIKOM CepiifHIX KBaAPOKONTEPIB MOXKHA BBAKATH HEMOXKJIMBICTD 400 CYTTEBY
CKJIQJHICTh iX BUKOPUCTAHHS B aBTOMAaTM4HUX a00 HariBaBTOMATHYHUX CHUCTEMax Iepexoll-
JIEHHS BOPOXKUX JIPOHIB. OCKIUIBKU JUIs LIbOTO HEOOX1HO IHTErpyBaTH B HUX JJOAATKOBI CUCTEMHU
BUSIBIICHHS, PO3II3HABAHHS Ta TEPEXOIUICHHS BOPOXOTO OSCHUIOTHOTO JIITAIHHOTO arapary.
JUist i€l MeTH I0IIBHIIIE BUKOPUCTOBYBATH anapaTy BiIacHoi po3pooku. Tak, Ha kadeapi ene-
KTPOHIKU aBTOMATHKH, poboToTexHiku Ta MexarpoHiku (EAPM) HY «YepHiriBcbka nositex-
HiKa» y MEKaxX BUKOHAHHS HU3KH HAyKOBO-JIOCIITHUX poOiT Oy10 po3po0iIeHo IeKiIbKa MOIe-
Jed  KBaJpakonTepiB (pucC.2), sKi 3a OCHOBHUMH TCXHIYHUMH XapaKTCPHCTUKAMHU:
BaHTAXKOM1AMOMHICTb, €Hepro3abe3neyeHicTh, Yac NOJAbOTY Ta 1HIII HE MOCTYNAIThHCS Cepiii-
HuM BIUIA, siki Oynmu po3msiHyTi Bute [14].

Puc. 2. Keaopoxonmepu, wo iospo@zeno Ha kagheopi EAPM

Jxeperno: po3pobiieHo aBTOpaMHu.

VY HHX JIETKO MOKHa 1HTErpyBaTH J0JATKOBI SK IMPOTrpaMHi, Tak 1 amapaTtHi MOIYJI, sKi
HEOOXITHI NI BUSIBJICHHSI Ta MEPEXOIUICHHSI BOPOXUX JPOHIB, aalliTUBHI aITOPUTMH Kepy-
BaHHS Ha OCHOBI METO/IiB IITYYHOI'O iHTENEKTY. J[s mpUIIBUALIIEHHS 1X MaCOBOTO BUPOOHMII-
TBA Ha MEPIINX €Tanax MOJKHA CKOPUCTATHCS TOTOBUMH IIaT(HhOpMaMH Bil KHTAHCHKUX BUPO-
OHUKIB (pHc. 3), AKi JOCTYIHI AJIS IPUI0AHHS.
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Puc. 3. 'omosa nnamghopma ons keadpokonmepa
Jkeperno: po3po0JIeHO aBTOPaMH.

3a3BHuail sIK OCHOBHE JDKEPEJIO €Heprii HEeBEJIMKUX JIPOHIB MYJIBTUKONTEPHOIO TUILY 3a-
CTOCOBYETBHCSI aKyMYJISITOpHA Oarapest 3 IeKIJIbKOX JITiiH-I0HHUX Yd JITIH-TOTIMEPHUX aKyMy-
nsTopiB [14]. HuHi 0i TUIK akyMyJnSITOpiB MalOTh HAMKpAIy IHTETPAIbHY XapaKTEPUCTHKY 32
napamMeTpaMH MUTOMa €HEPTOEMHICTh Ta BapTicTh. [IpuuoMy miTil-iOHHI aKyMYJISATOPH JEIIO0
BUIIEPE/KAIOTh 32 MUTOMOK €HEPrOEMHICTIO JITIH-TIOMIMEpHI akyMynaTopu. OJUH €JIeMEHT
TaKWX aKyMYJISITOpiB Ma€ HOMiHaJIBbHY Hanpyry Bix 3,6 no 3,7 B. Y pobodomy mukii Hampyra
Ha HHUX 3MiHIOEThCA Bin 2,8 10 4,2 B. [l 1poHiB HEBEIMKOI 3arajibHOI MacH (OQMHUII KiJIOT-
pam) 3a3BUYail BUKOPHCTOBYIOTHCS aKyMYJIATOPHI 301pKH 3 TOCTIIOBHUM 3’ €THAHHIM 10 3-5
€JIEMEHTIB, TOOTO CXEMOIO Bij 3s /10 5 3 3arajibHOI0 HOMiHaJIbHOO Hampyroto Big 10,8 mo 18,5
B. Y 06inbmiocti BHITAIKIB BHCTA4a€e IO OJJHOMY BHCOKOCTPYMOBOMY €JIEMEHTY 1 IMapayielibHe
BKJIIOUEHHSI HE BUKOPHCTOBYETHCS a00 BHKOPUCTOBYETHCS HEBEJIMKA KIJIBKICTh MapaieIbHO
3’€THAHUX aKyMYJSATOpPIB (y OLIbIIOCTI BUMAAKIB 2-3). TakuM YMHOM, 3arajibHa cXeMa TaKHX
aKyMyJsTopHux Oarapeil Oyae Bif 3slp (Tpu MOCHiIOBHO 3'€/lHaHI eleMeHTH) 10 5s3p (m'aTh
MOCJIIJOBHO 3'€THAHUX €IEMEHTH Ta 3 napanenbHo). Crpobda BUKOPUCTATH /IS JIETKOTO APOHA
BEJIMKY Oarapero, 3a3BUYail, He IPUBOAMUTD JI0 30UIBIIEHHS TPUBAJIOCTI MOJABOTY UM BaHTAXKO-
MiTHOMHOCTI, @ HaBIMAaKH, 11l TOKA3HUKU MOXKYTh HaBITh 3MEHIITUTHCH, OCKUIBKA OCHOBHY Bary
JpoHa Oyzie CKJIafaTH akyMyJasTopHa Oarapes. Y OUIbII MOTY>KHUX MYJIBTUKOITEpax, 3arajib-
HOIO MacoOI0 JIECATKHU - COTHI KIJIOTpaM BUKOPHCTOBYIOThCS aKyMYJISITOpHI Oarapei 3 OUIb1I BU-
COKoI0 Hampyrow (10 60 B 1 OinbIme), 1m0 103BOJISE 3MEHIIUTH 3HAUEHHS MaKCHMAalbHOTO
CTpyMy (J0 NIECSTKIB amIiep), 3a0€3MEUUBIIN MPU [IbOMY MHUTTEBY MOTYXKHICTb CTIOKHUBAHHS
JBUTYHAMU TaKHMX JPOHIB THCSU1 BaT. Y TaKUX APOHAX BUKOPHCTOBYIOTh CXeMH 3’ € THAHHS eJie-
MeHTIB Oarapeii 15s6p 1 O1bIi. IxHs eMHICTD MOKE OyTH BiJ] OMMHUILH 10 1ECATKIB A-Tox. s
IIBUJIKOI 3apsAAKH TakuXx Oarapeit Tpeba 3a0e3meunTy MPOTiKaHHS BEIMKHX CTPYMIB uepes3 3a-
PAIHI KoJa, 110 CTBOPIOE CEpHO3HI BUKIMKHU I PO3POOHHUKIB 3apsiIHUX CTaHLINA, 0COOIMBO
npu 0e3ApOoTOBIN 3apsAILi, TaK K 1€ MPU3BOAUTH 10 30UIbIIEHHS MacH 3apsHOr0 IPUCTPOIO
Ha OopTy npoHa. be3npoToBi 3apsaKku € CeHC BUKOPHUCTOBYBATH, KOJIM HE TIOTPIOHO TyKE IIBH-
nxo 3apsykati BITJIA ab6o mpu He3HauHill eMHOCTI iX akyMynsaTopHUX Oarapeit. J{ist 3MeH-
HICHHST Macu OOPTOBOTO OE3MPOBIIHOTO 3aPSTHOTO MPUCTPOIO MOYKHA BUTOTOBIISATH NPHITMAa-
JIbHI KaTYIIKH €JIeKTPOMAarHiTHOI €Heprii He 3 Miji, a 31 ClleliaIbHUX CIUIaBiB JIETKUX METalliB,
110 JJACTh BHUTPAIIl 10 Maci, IpOTe MPHU3BeEe A0 30UIbIICHHS rabapuTiB KOTYIIKH. [16-17].

IIpu nepeTBopeHH1 eHepril s KUBJIEHHS BHYTPIIIHIX BY3JIiB APOHA CJIiJI 3aCTOCOBYBATH I1e-
PCIIEKTUBHI IEPETBOPIOBAYi €IEKTPUYHOI EHEPrii 3 BAKOPUCTAHHSAM IHTEIEKTyaIbHUX METO/IB Ke-
pyBaHH: [15] Ta 3 BUCOKOIO pOOOYOI0 YaCTOTOIO, III0 MOXKE CATATU JecATKiB Merarepll. Lle crae
MOXJIMBUM IIPU BUKOPUCTAHHI SIK CUJIOBHX €JIEMEHTIB [EPETBOPIOBaYa HOBITHIX BHCOKOYACTOT-
HUX apceHin rajgiesux (GaN) TpaH3UCTOpIB. [XHIM HeJOMKOM MOMKHA BBA)KATH 3HAYHO OLIbIIY
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I[IHy B MOPIBHSIHHI 3 TOIMIMPEHUMH 1 BKE TPAJUIIIHHUMHU KpEMHIEBUMH TpaH3ucTopamu. [1inBu-
IIEHHS poO0Y0i YaCTOTH MEPETBOPIOBAYIB I03BOJISIE 3SMEHIIIUTH TAKOXK Macy Ta radapuTH CHIIOBUX
JpOCeIiB, TpaHCPOPMATOPiB Ta KOHIEHCATOPIB, 1110 BUKOPHCTOBYIOTHCS B [IEPETBOPIOBaYax. A BU-
kopuctanas GaN TpaH3UCTOPIB 103BOJISIE BIIMOBUTHCH BiJl MACHBHOI CUCTEMH OXOJIOKEHHS.
BucnoBku. IIpoananizyBaBmu nekiibka TammiB BITJIA mMoxHa 3poOUTH BUCHOBOK, IO JUIS
BUKOHAHHS 33/1a4 M0 BUSBJIICHHIO Ta 3HEIIKOIPKEHHIO HU3bKOIIBUAKICHOT JIITAJILHOT 11111 B MEXKaxX
(yHKIIOHYBaHHSI MYJIFTUAareHTHOI CUCTEMH 3aXUCTY 00'€KTIB KpUTUYHOI iH()PACTPYKTYpH, HAl-
oI miaxoauth came FPV npon. Henoniku ganoro tumy BITJIA, moB's3aHi 3 HEBETTMKUM 3aria-
COM XOJly Ta 4aCOM POOOTH MOXYTh OyTH YaCTKOBO KOMIIEHCOBaHI BUKOPUCTAHHSM 1HTEIICKTya-
JHHUX QITOPUTMIB KEPYBaHHsS €JEKTPOABUTYHAMHU Ta IIOYEPrOBOIO 3MIHOIO €JIEMEHTIB
MYJBTHAreHTHOI cucTeMH "Mij| yac yepryBaHHs". Lle cTae MOXJIMBUM 3 BUKOPUCTAHHS MOJIBOT-
HUX KOHTPOJIEPIB 3 BIAKPUTHM KOZIoM. J{pyruii CyTTe€BUl HEOMIK TAaKUX IPOHIB MOJIATAE Y HEOO-
X1THOCTI 3HAXOKSHHS OTieparopa mooJm3y IIiJi, 0 CTBOPIOE IIEBHY 3aTPUMKY, TTOB'sI3aHY 3 JIFOJI-
cekuM (akropoM. Tomy B koHTEKCTI IbOTO BITJIA, iK1 € eleMeHTaMu MyJIbTHATr€HTHOI CHCTEMH,
MOBHHHI BUKOPHCTOBYBATH PO3BUHEHY 1H(GOPMALIHHO-BUMIPIOBAIbHY CHUCTEMY, SIKa HA OCHOBI
iH(opMallii BiJ pi3HUX JaTYMKIB, BUKOPUCTOBYIOUHU 1HTEJIEKTYaIbHI aJITOPUTMH, HA OCHOBI Me-
TOZIB IITYYHOTO 1HTENEKTY, BUPOOIATUME aBTOMATHYHE PIIIEHHS MI0A0 iAeHTUdiKaIlii i, BU-
3HAYCHHS TPAEKTOPIi pyXYy, IEPEXOTUICHHSI Ta 3HEIIKOPKEHHS OJIMKIMM 10 Ut ApoHoM. Ha 1ie 1
OyIyTh CIIpSIMOBaHI TTOAAITBIIN AociikeHHs B pamkax HJIP 0123U101819 "MynbTrareHTHa CH-
cTeMa 3aXHCTy 00'€KTiB KPUTUYHOI iIHPPACTPYKTYpH HAa OCHOBI POXO MYJIBTUKONTEPHUX APOHIB".
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JUSTIFICATION OF TECHNICAL CHARACTERISTICS OF OBJECTS
OF MULTIAGENT SYSTEMS BASED ON MULTICOPTER DRONES

In the context of the full-scale Russian invasion and active destruction of critical infrastructure facilities by missiles,
guided aerial bombs and kamikaze drones, the task of reliable protection of these facilities is urgent. To solve this problem,
various air defence systems, mobile rifle groups, infrastructure defences, electronic warfare systems, etc. are used. However,
the high cost of building defences and missiles for air defence, the complex trajectory of enemy objects, which complicates the
effective operation of mobile rifle groups, makes the solution to this problem ineffective.

To increase the efficiency of critical infrastructure protection, it is proposed to use a multi-agent system based on a swarm
of multi-copter drones, which is deployed within a certain object. The agent of this system is planned to use multicopter drones
that perform the functions of detecting an enemy object, recognising it, determining its trajectory and movement parameters,
and then neutralising it by detonating a cumulative charge in the immediate vicinity of the enemy UAV. To do this, a multi-
agent system based on intelligent algorithms must develop an automatic decision on which of the drones should move to inter-
cept the enemy UAV and along which trajectory. In order to effectively implement this hypothesis, it is important to choose the
right type of multicopter drone.

Previous attempts to systematise information have been largely general in nature. A lot of information is in the public domain.

Therefore, this work is aimed at analysing the main parameters of existing drones for various purposes in order to select
the optimal UAV for use as part of a multi-agent system.
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This paper reviews the parameters of the main attack drones of the Russian Federation of the Shahed type, their commu-
nication and flight control systems. The article analyses FPV drones, which are proposed to be used as a prototype for the
future system. The advantages and disadvantages of different types of small UAVs are noted.

Adapted versions of the multi-copter drone design developed by scientists of the National University of Chernihiv Polytech-
nic are presented, which have advantages over commercial analogues in terms of load capacity, power supply, flight time, etc.

Particular attention is paid to the power supply systems for multi-rotor UAVs. The features of rechargeable batteries and
current trends in the development of semiconductor energy converters used to power drones are considered.

After analysing several types of UAVS, it can be concluded that the FPV drone is the most suitable for performing tasks
related to the detection and neutralisation of a low-speed aircraft target within the framework of a multi-agent system for the
protection of critical infrastructure. The disadvantages of this type of UAV, associated with a small range and operating time, can
be partially compensated for by using intelligent algorithms for controlling electric motors and alternately changing the elements
of the multi-agent system ‘on duty’. This is made possible by the use of open-source flight controllers. The second significant
drawback of such drones is the need for the operator to be close to the target, which creates a certain delay associated with the
human factor. Therefore, in this context, UAVs, which are elements of a multi-agent system, should use an advanced information
and measurement system that, based on information from various sensors, using intelligent algorithms based on artificial intelli-
gence methods, will make an automatic decision to identify the target, determine the trajectory, intercept and neutralise the drone
closer to the target. This will be the focus of further research within the framework of R&D 0123U101819 ‘Multi-agent system for
the protection of critical infrastructure facilities based on a swarm of multi-copter drones’.

Keywords: Unmanned aerial vehicle; technical characteristics; power supply system; rechargeable battery.
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BUKOPUCTAHHS IHOOPMAIIMHUX MOJIEJIEA
JIJISI IPOTHO3YBAHHS MOBEJIHKHA ®IHAHCOBHUX ITIOKA3HUKIB

Cmamms € 02120080-iHGopMayiiHuUM BUKIAOEHHAM MAMeEPIany 3 BUKOPUCTIAHHA MOOelell MAUUHHO20 HABYAHHA Ol
NPo2HO3YBAHHA (DIHAHCOBUX NOKAZHUKIG 3 MOJICIUGICIIO NOKPAWEHHS YXEAIeHHS pilielb 3 Memolo hopmyeanis 30anancosea-
Ho2o nopmeens axyii. O6 €OHanHs 2MUOOKO20 aAHANIZY 3 MAWUHHUM HAGYAHHAM, GUKOPUCTOBYIOUU MEmMOoOU JIHIIHOI pespecil,
Oepeg piutens, BUNAOKOSUX J1iCi6 Ma NIAM@OpM a6MOMAMUYHO20 HAGUAHHS, € NOMYHCHUM THCIPYMEHMOM 015t nepedbayenHs
PUHKOBUX mpeHOie ma cmpameziynux pyxis, a maxooic mecmyeanns zinomes. Ocobnuea yéaza npuoinacmocs ananisy egpekmu-
6HOCMI PI3HUX MeMOOi68 MAWUHHO20 HAGYAHHSA 8 YMOBAX HeGU3HAUeHOCMI ma mypoyneHmHocmi punky. Bukopucmanns moode-
Jell WMyyHo20 THMeneKmy, 00380A€ 8pAX08Y8amu 3anexcHocmi y ginancosux oanux. Ha ocnoei nposedenux oocniodcens
BUHAYAIOMBCS OCHOBHI HANPAMU NOOANLWMUX Ol Y yitl chepi, 6KAIOUAIOUU 6NPOBAOIHCEHHSA IHPOPpMAYITIHUX MoOenell y npakK-
MUYHy OLAILHICIb QIHAHCOBUX THCIMUNTYMIE.

Knruoei cnosa: mawunne Hasuanus, QiHancosa anarimuka, iHQopmayiiini MoOeni, YX8aieHHs PilieHb.

Taébn.: 3. Puc.: 1. bion.: 9.

2

AKTYyaJIbHICTh TeMH A0CTiTKeHHsA. Mozie MallMHHOTO HaBYaHHS J1JIs IPOrHO3YBaHHS (i-
HAHCOBUX ITOKAa3HUKIB Ta onTuMi3amii (opMyBaHHS MOPTQENs akiiid € HaI3BUYaWHO aKTyallb-
HUMHJ B yMOBaX Cy4acHHX (iHAHCOBUX PHHKIB, SIKI XapaKTePH3YIOThCS BUCOKOIO JUHAMIYHICTIO
Ta HeBU3HaueHicTio. [lomupeni MeToau aHani3y cTaloTh He eEeKTUBHIUMU Yepes3 30UTbIICHHS 00-
CATy JaHMX Ta CKJIAIHOCTI pUHKOBHX B3a€MOJiH. [HTerpallisi HOBUX IiIXO/iB MAIIMHHOTO HaB-
YaHHA Ta TEOpli 1rop /103BOJISiE TOYHIIIE MepedayaTy MOBEeIIHKY PUHKY 1 MOKPAIUTH MPOLEC
OPUHHATTS PillIeHb, 10 € KPUTUYHO BaXKJIMBUM JJIs1 IHBECTOPIB Ta (JiHAHCOBUX AHAJITHKIB.

JlocmiJKeHHsT Ma€ MIMPOKe 3HAUeHHs JUIs rayty3i (iHaHCOBOi aHAJIITUKU Ta 1IHBECTYBAaHHS.
[ndopmartiitHi Mosieni Ha OCHOBI LITYYHOT'O IHTEJIEKTY MiIBUIYIOTh €()EKTUBHICTD YIIPaBIiHHS
nopTdensiMu akLii MIHIMI3YIOUM PU3UKH T4 MaKCUMI3yroun npubyTok. B ymoBax mocTiitHuX
3MiH Ha PUHKAaX Ta 3pOCTaHHs KOHKYPEHIIT Taki IHCTPYMEHTH CTal0Th HE3aMIHHUMH IS yXBa-
JIEHHS pillleHb i1HBeCTyBaHHA [1].

[Tonanpie BMOCKOHAJIGHHSI aJITOPUTMIB MAITMHHOTO HaBYaHHSI, 30KpeMa TITMOOKUX HEM-
POHHUX MEpEeX, BIIKpUBAE HOBI MOKIIMBOCTI ISl aHAJTI3Y CKJIAJJHUX B3a€MOJIN y (iHAHCOBUX
nanux. JlocnimkeHHs y il cdepl MaroTh 3HAYHUM MPAKTUUHUN BHECOK Y TOKPALIECHHS Mpolie-
CIB yIIpaB/IiHHS 1HBECTHI[ISIMHU.

ITocTanoBKka npodaeMu. Y 3B’53Ky 31 CTPIMKUM PO3BUTKOM TEXHOJIOT1H OCTaHHIX POKIB
Ta 3pOCTaHHs KUIBKOCTI JAHUX JOCTYIHUX [l OOpOOKM BUHMKA€E KPUTUYHA HEOOX1IHICTh PO-
3po0OKH e(eKTUBHUX METOIB ISl MPOTrHO3YBaHHS (pIHAHCOBMX MOKA3HHUKIB, K1 MOKHA BHKO-
puctatu y GopMyBaHHI 30a1aHCOBaHOTO MOPTQeEs aKIiii 3a JOMOMOT0I0 MOJIeNIel MAaIlIMHHOTO
HaBuaHHs. TpaauIiitHi MEeTOIM aHaTi3y He 3aBXK/I1 3/1aTHI a/IEKBaTHO BPaXOBYBAaTH BC1 IOCTYIIHI
dakTopu, 110 3HIKYE €PEKTUBHICTh YIIPaBIIHHS 1HBECTULIISIMHU.

Oco011BO BaXXJIMBUM AOCITIIKEHHS € JUIsl rany3i (hiHaHCOBOI aHATITUKYU Ta IHBECTyBaHHSI.
3acTocyBaHHS IITYYHOTO 1HTENEKTY JUIsl aHali3y (PiIHAHCOBUX JAHUX Ta MPOTHO3YBAaHHS PHH-
KOBUX TPEH/IIB JI03BOJISIE TIBUIMTH TOYHICTh Ta €PEKTUBHICTh yXBaJICHHS pimieHb. [{e 0co0-
JIMBO aKTyaJIbHO B YMOBaX HEBU3HAYEHOCTI Ta TYpOYJEHTHOCTI PUHKY, Jie TOYH1 IPOrHO3H MO-
KYTh 3a0€3MeUUTH KOHKYPEHTHY IIepeBary.

AHaJi3 ocTaHHIX a0cailkeHb i myGJikaunii. 3a ocraHHi poku Oyna MpoBe/IeHa BEIHKa
KUIBKICTh JIOCHI/I)KEHb MOB’SI3aHUX 3 BUKOPUCTAHHSIM MalIMHHOTO HaBYaHHA Yy cepi MporHo-
3yBaHHS YaCOBUX PsIJIiB, IKHMH y CBOIO 4epry € (hiHaHCOBI JIaHi, III0 BUKOPUCTOBYIOTHCS ISt

© Bb. M. [Tapxomenko, A. M. Akumenko, 2024
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JIOCHIDKEHHS [MOBENIHKH [IH Ha akiil koMmaHiii. HoBiTHI MeToau minOOKOro HaBYaHHS JIEMOH-
CTPYIOTh BHCOKY €(eKTHBHICTh y Niepe0adeHHi pUHKOBUX TPEH/IIB Ta IiH akTUBiB. OJHAK I
JOCIIJPKEHHS TaKOK BUSBISIOTH BaXUIMBI MPoOIeMHU, 30KpeMa MOB’sA3aHl 3 SKICTIO JaHUX Ta
THTEPIIPETOBaHICTIO Mojieel [1]. 3HaYHO CKIIAIHICTIO € TaKOX BiJICYTHICTh CTA0UIBHUX MO-
nenei, siki mokasyBaiau O OHAKOBY Pe3yJIbTATUBHICTD HA Pi3HUX (piHAHCOBUX AaHUX. BibimicTh
Mojiesniel moTpedye 3HAYHOTO JTOJIATKOBOTO KaliOpyBaHHS Ta onTumizaiii [2].

[[Iupoxoi nmomynsipHOCTI HAOyBarOTh METOMIH, sIKi OEPYTh 32 OCHOBHY PO3pOOJICHI alropu-
TMHU aBTOMAaTUYHOTO MAIIMHHOTO HaBYaHHs. Taki alropuTMH HaMararOThCs BUKOPUCTATH OJI-
pasy JeKuIbKa MOjesiel, ONTUMI3YBaTH 1X 1 00paTu IS MOAAIBIIOT pOOOTH OJHY 3 MPEACTaB-
JeHUX y BXIiOHIM KoH(]irypamii, 1o mokaszanga HailOUIbIIy e(eKkTuBHICTh. BOHM MOKa3yloTh
O1TBIITY IPOYKTUBHICTD, OCKIIBKH 32 KOPOTKUH TEPMiH MOKHA MPOTECTYBATH KiJIbKa ajaropH-
TMIB OTHOYACHO Ta 0OpaTw Halkpamuii. Taki MexaHi3MH BUKOPHCTOBYIOTECS B poOOTi 3 4aco-
BUMHU psAJIaMU, Jie MOKa3aiu Oubiny edeKTUBHICTD 3a TpadaulliiiHi metoau [3]. 3okpema, Taki
MeXaHi3MH BUKOPUCTOBYETHCS 1 Y cepi MporHo3yBaHHs (DiHAHCOBUX MOKa3HUKIB, A€ IIHPOKO
BUKOPHCTOBYIOTHCS SIK JOMOMIDKHUMN 1HCTPYMEHT yXBaJIeHHS pillleHb [4].

BuaijieHHs1 HeOCTiKEHNX YaCTHH 3arajbHoi npoodjemu. [lonpu noCSITHEHHS B MPO-
THO3YBaHH1 (DIHAHCOBUX JIaHUX 32 JOTIOMOTOI0 MAITMHHOTO HABYAHHS, € BYKJIMB1 HEIOCITIIKEH1
rpadi. OfHI€I0 3 OCHOBHHUX MPOOJIeM € HeCTaOUIbHICTh MOJIENEH, SIKi YacTO MOKa3yloTh Pi3Hi
pe3yibpTaTi Ha pi3HUX Habopax nanux. Lle cTBOproe TpymHOI AJis 1HBECTOPIB, SKI MOKIaaa-
IOTHCSl Ha TOYHI MTPOTHO3M 7151 JOpPMYyBaHHS CBOIX MOPTQeniB akiiii. binpmicte Moaenei mot-
pedye 101aTKOBOTO KamiOpyBaHHS Ta ONTUMI3allii, [0 BUMarae 3HauHUX PECypcCiB 1 yacy Juis
TECTYBaHHS IMOTCHIIIMHUX TiMoTe3. BUHMKAE CKIIAIHICTD MiI00Py MOJIEIICH.

Merto10 cTaTTi € aHai3 MPOIECY BUKOPUCTAHHS ICHYIOUMX MOJENel MAIIMHHOTO HaB-
YaHHS JUIS MIPOTHO3YBaHHS (DiIHAHCOBUX MOKA3HUKIB 1 CTBOPEHHS JOAATKOBUX MapaMeTpPiB Y
NPUMHATTSA pilieHb 1 GopMyBaHHS 30a1aHCOBAHOTO MOPTQes akiii, a TaKOX MOLIYK IILIs-
XI1B, SIK1 IONOMOXKYTh II€PEBIPUTH TIOTE3U IPOrHO3YBaHHS Ha IKOMOTa OUIbIIIN KUIBKOCTI MO-
neneit Uit MOKpaIeHHs Mpollecy MOIIYKY HalKpaIioro pe3yibTary.

Bukiaa ocHoBHOro marepiany. 30UIbIIEHHS KUIBKOCTI JAHUX JAOCTYIHMX JUIsl aHAIIIZY
CIIOHYKa€ BUKOPUCTOBYBATH Cy4acHI METO/M Ui iX aHaIi3y Ta MOLIyKy 3anexxHocteil. Le cro-
CYETbCS TakoXK 1 hiHaHCOBOI cepH, e Ul yXBaJIeHHsS €(PeKTUBHUX PILLIEHb KPUTUYHO HEOO-
X1JJHO BUKOPUCTOBYBATH 1H(QOPMaLliiiHI MOJIEN1, OCKUIbKY JIFOHA O1IbIIe HE MOKe 00pOOUTH
e(heKTUBHO BeCh CIEKTP AOCTYMHHX JaHuX [5]. MamuHHe HaBYaHHS BiJKPUBAE HOBI MOXKJIH-
BOCTI JUIsl aHai3y BEJIMKUX OOCSATIB (PIHAHCOBUX AaHMX 1 (popMyBaHHS 30aJaHCOBAHUX MOPT-
deniB akiiil. 3aBASKH CBOiH 3MaTHOCTI aBTOMAaTUYHO BHSIBIATU CKJIaJIHI MIA0IOHH 1 TPEHIH B
JTAHWX, MOJIEJII MAIIMHHOTO HABYAHHS JO3BOJISIOTH 3HAYHO MIJBUIIUTH TOYHICTH MPOTHO3IB 1
ONTUMI3yBaTH 1HBECTHIIIIHI CTpaTerii.

3a3Bu4aii poOoTa 3 MOJEISIMHU BKJIIOYAaE B cede JeKkiuibka BaxumBux eramis [2]. [lepmmm
KPOKOM € 301p ICTOpUYHMX JaHHuX 3a jornomororo API, takux sk Yahoo Finance abo inmioro
mxepena. Ha ipoMy eTtami BayKIuBo 310paru sikHaiOUIbIIe qanux. HactymauMm eramnom € morme-
penHs 00poOka 1aHuX. BakIMBOIO 4YaCTHHOIO IIbOTO KPOKY € CTBOPEHHS JIOIaTKOBUX O3HAK Ha
BXKE HasIBHUX, IO TMOJIETITYE POOOTY Mojeeil MammrHHoro HaBdaHHs. [licis oOpoOku gaHmx
NepexoAsITh 10 CTBOPEHHS Mojienell mporuo3yBanHs. Lle Bkitouae Bubip 1 HaNamTyBaHHS pi3-
HUX aJITOPUTMIB MAIIMHHOTO HAaBYaHHS, TAKUX SIK JIIHIKHA perpecisi, BUIIaJAKOBI JICH, IpaJll€H-
THE MiICHITIOBaHHS 200 MMOOKI HelipoHHi Mepexi. KoxkHa 3 iux Mozeneit Mae cBoi nmepeBaru
Ta HEJOJIKH, 1 BUOIp KOHKPETHOT MOJIEII 3aJI€KHUTh BiJl XapaKTEPUCTHK JaHUX Ta BUMOT JI0 TO-
YHOCTI MporHo3y. OCTaHHIM €TaIroM € OIliHKa MOJENi, 0 BKJIFOYAE MEPEeBipKYy TOYHOCTI TPO-
THO31B Ha TECTOBUX JaHUX. J[JI IbOro BUKOPUCTOBYIOThH P13HI METPUKHU OL[IHIOBAHHS, TaKl sIK
cepenubokBaaparruna nmommika (RMSE) [4]. Ominka Mozaeni 103BoJIss€ BUSIBUTH ii CHIIbHI Ta
ci1a0bKi CTOPOHM 1 3a MOTpeOU 10JaTh KOPEKTUBU a00 BUOPATH 1HIILY MOJAEIb.
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JInst mpoBenieHHs1 6a30BOTO €KCIIEPUMEHTY 3 TPOTHO3YBAHHS IMOBEIIHKH IiH aKLii Ta pea-
Ji3a1ii mepioro Ta APyroro eTaris JIAHIIOTa MO)KHA BUKOPUCTATH BIIKPUTI AaHi 61p)KOBHUX TO-
priB, a TaKOX JIOTIOBHUTH JIOJaTKOBUMH ITOKa3HUKaMH. Bech CIICOK BUKOPUCTAHUX XapakTe-
PUCTHK HaBeJleHO B Ta0. 1.

Tabnuys 1 — O31Haku 6XiOHUX OAHUX BUKOPUCTIAHUX OJIS1 EKCHEPUMEHMANBHO20 NPOCHO3YBAHHSL

O3Haku TpakTyBaHHs
Date Jlata BiJIOBiTHOTO TOPrOBOTO JHSI.
Open Llina BizkpurTs. BimoOpaxkae 1iHy aKuii Ha TOYATOK TOPrOBOTO JIHS.
High MakcumanpHa 1ina. HaiiBuina niHa akiii, JOCSrHyTa NPOTSTrOM TOPrOBOTO JIHS.
Low MiniManpHa 11iHa. HaifHmk4a 11iHa akuii, 3adikcoBaHa NpOTAroM TOProBOTO JHSI.
Close Iina 3akpuTTs. IliHa akiii Ha MOMEHT 3aKPUTTS TOPTiB.
Volume OO0csr topris. KinbKicTp axuii, mo 0y npojasi abo KyIUIeHI IPOTAroM TOProBOro JHSI.
SMA_20 [pocra koB3aroua cepeans 3a 20 JHIB.
SMA 50 IIpocTa KoB3aroya cepens 3a S0 IHIB.
EMA 20 ExcrnioHeHIniiiHa KoB3aroua cepenns 3a 20 aHiB.
EMA 50 ExcrioHeHuiliHa koB3ato4a cepenns 3a 50 aHiB.
RSI IHaeKc BiIHOCHOT cuin. BuMiploe NIBUAKICTS 1 3MiHY HIHOBUX PYXIB.

Jxepeno: po3po0IIeHO aBTOPOM.

Jlns mepeBipku ofjpa3y JEKUIbKOX MoJiesieil MalllMHHOTO HaBYaHHS Ta €KOHOMII pecypciB
JOLITPHO BUKOPHCTOBYBATH 0i0J1iOTEKH-arperaropy, Mo HaJIal0Th MOMJIMBICTh BUKOPHCTATH
0JIpa3y BeIUKUI HaOlp aNrOPUTMIB Ta IEPEBIPUTH i TOPIBHATH 1X MOKA3HUKH Ha HAOOP1 TaHUX.
Jo takux 6i6mioTex Takox Hanexuts H20 [6]. ns Bubopy 6i6miorexkn H20 ta mmardopmu
H20.ai six ocHOBHUX 3ac001B /JIs MAIIMHHOTO HaBYaHHs OyJIO Kijbka BaroMux npuyuH. [lepe-
nycim H20.ai Hagjae MOXKITUBICTh BUCOKOTIPOAYKTHBHOTO PO3IIOIUIEHOTO TPEHYBaHHS Ha BEJIU-
KHX Ha0Opax JaHUX, 0 € KPUTUYHO BAXJIMBUM I (PiHAHCOBUX PHUHKIB 3 X BEIMKUMHU 00CSI-
ramu JaHux. Kpim Toro, 11s miargopma miaATpuMye IUPOKHUI CIIEKTpP aAropUTMIB MAIIMHHOTO
HaBYaHHS, BKJIIOYAIOYH JIIHIHHY perpecito, JepeBa pillleHb, BUMIAJKOBI JICH Ta IPaJl€HTHE M-
CHJIIOBaHHS, 1110 /I03BOJIsiE TIOPIBHIOBATH Pi3HI MO/ENl Ta 00MpaTy HalKpal i KOHKPETHUX
3anad. Takoxxk H20 AutoML aBTOMarusye nporec BUOOpy, TpeHyBaHHS Ta HaJIalTyBaHHS MO-
Jieneit, 1o 3HayHO CKOpOYYy€E 4ac, HEOOX1IHUHM Ul OTpUMaHHS BUCOKOSIKICHMX MPOrHo3iB. Lle
0COOJIMBO Ba)KJIMBO B YMOBaX HIBUAKOIUIMHHOTO (DIHAHCOBOTO PUHKY, /1€ IIBUAKICTh 1 TOUYHICTb
OPUNRHATTA pillleHb € BUpillaibHUMH (hakTopamu. [Inardopma jerko iHTErpyeThest 3 MOBaMHU
nporpamyBaHHs R, Python, Java 1 Scala, mo poOGuTs ii 3py4HOI0 111 BUKOPUCTAHHS B PI3HUX
pPOOOYMX CepeOBHINAX.

IcHytoTh K1bKa BHYTpILIHIX 0OMexeHb cepenoBuiia H20, siki MOXXyTh BIJIUBAaTH Ha MO-
JieNi MalruHHOTO HaBuaHHS. Cepell HUX MiATPUMKAa OOMEKEHOro Habopy alropuTMiB, oOMe-
JKEHHSI Ha PO3MIp JaHUX, MOXKJIMBOCTI MapajielbHOro OOYMCIIEHHS, aBTOMAaTHU3allisl MPOLECiB
(AutoML), o6MexeHHs iHTeprpeTanii Mojiene, iHTerparis 3 iHIKUMH IHCTpYMEHTaMH Ta MoT-
peba B cnenudiynux 3HanHAX. Hampuxnan, H20 nigrpumMye nuiie neBHui Habip alropuTMIB,
1110 MOXe 00MeKyBaTH BHUOIp METOIB s crienudiyHux 3a1a4. OOMEeKeHHs Ha pO3Mip TaHUX
3aJIe’KaTh BiJ IOCTYITHOI ONIEPATUBHOI MaM’sITi, a MmapajeilbHe 00UNCICHHS MOXKe OyTH MEHIII
e(eKTUBHUM Ha MaIIMHAX 13 MaJOI0 KIJIBKICTIO sI/ep.

Kpim Toro, aBromaru3arttis nporecis 3a gornomororo H20 AutoML moxe 0OMeXuTH ruyd-
KICTh KOPHCTYBa4iB y HAJIAIITYBaHHI MOJIeNeH, a esiKi alrOPUTMH, Taki sSIK ITMOOKI HEWPOHHI1
MepexkKi, MOXKYTh OyTH CKJIaJJHUMHU JIJIsl IHTepIIpeTarii.

OnHak, B KOHTEKCTI HOTO JIOCIII/KEHHS 111 OOMEKEHHS HE € peIeBaHTHUMH, OCKIJIBKH OC-
HOBHA METa IMOJISITae y OPIBHSAHHI TOYHOCTI PI3HUX MOJIeNIel Ha 3a1aHOMY Ha0opi gaHuXx. [Tna-
Thopma H20 3abe3neuye Bci HEOOX1AHI MOKIMBOCTI JUIs JOCATHEHHS I1i€1 METH.
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Takum uynnoM, BOip H20.ai 6yB 00yMOBIICHHI 11 TOTY>KHIMH MOKJIUBOCTSIMU JJIs1 00pO-
OKM BEJIMKUX OOCSTIB JaHUX, MATPUMKOIO PI3HOMAaHITHUX aJITOPUTMIB, aBTOMATH3AIIEI0 TTPO-
[[E€CIB MAIIMHHOTO HABYaHHS Ta JIETKOIO IHTErPaLlI€O 3 MOMYISPHUMHU MOBaMH IIPOrpaMyBaHHs,
110 pOOUTH ii ONTUMATIBHUM PIIICHHSM /715 (PiHAHCOBUX aHaMi31B 1 IPOTHO3YBaHHs. AOH BUKO-
HaTU SKICHE NMPOTHO3YBaHHs, BUKOPUCTOBYEMO OJpa3y JEKiUIbKa Pi3HUX THIIIB MOJENEH, 110
Haaae wiargopma H20.

[epmmm € GLM (Generalized Linear Model) onna 3 HaiinpocTimumx i HaiO11b1 iHTEpII-
pPETOBaHUX MOJIENIC MAIIMHHOTO HaB4aHHs [7]. Monenb nependayae 3aJIeKHICTh MIXK IUTHO-
BOIO 3MIHHOIO (I[IHOO aKIIii) Ta OJHIEI0 YU KUIBKOMa HE3aJIC)KHUMH 3MIHHUMH IUISIXOM T100Y-
JIOBH JiHIMHOTO piBHAHHA. GLM BUKOPHUCTOBYETHCS JUIsl MOJACIIOBAHHS JIIHIHHUX BiJIHOCHH
MDK BXIJJTHUMHU 3MIHHUMH 1 IIJILOBOIO 3MiHHOK. BoHa moOpe mpaiftoe 3 BEIUKUMU 00CSITaMu
JIAaHUX 1 TIOKa3y€e CTallIbHI Pe3yabTaTH.

Hpyrum € GBM (Gradient Boosting Machine) meTon ancamOtoBaHHs, IKUW CTBOPIOE TI0-
CJIITOBHICT JICPEB PillicHb, JI¢ KOYKHE HACTYITHE IEPEBO BUIIPABIISIE MOMUIIKH TONIEPEAHBOT0[9].
['pamieHTHE MiACHITIOBAaHHS J103BOJIsIE €(DEKTUBHO BPaxXOBYBAaTH HENiHIMHI 3aJI€KHOCTI B JAHUX
1 3a0e31edye BUCOKY TOUHICTh MMPOTHO31B [8].

Tperim € DRF (Distributed Random Forest), 1o ckiiamaeTbesi 3 BEIMKOT KUTBKOCTI JIEpeB
pillleHb, KOXHE 3 SIKUX HABYA€THCS HA BHUITAIKOBOMY ITiJIMHOXKMHI JaHMUX 1 03HaK. Bumaakosi
Jicu 3a0e3MevyoTh CTIUKICTh 10 MepeHaBYaHHs 1 MOXKYTh 00pOOISITH BeJIMKi 00CATH JaHHX 3
BHCOKOIO MBHJIKICTIO [9]. BoHU 100pe npalitoroTh 3 pi3HUMHU TUIIAMU IaHUX Ta MOKa3ylOTh CTa-
OUIbHI pe3ybTaTH.

Octannim metonoMm € ancamb6inesi moneni (Stacked Ensembles), sikuii moennye kinbka 0a-
30BUX MOJIEJICH JIUIsl CTBOPEHHSI OLTBII TOYHOTO Ta CTabiIbHOTO MporHo3y. Lleit miaxin rpyHTy-
€ThCA Ha i/1e1, 110 MOETHAHHS JICK1TBKOX MOJIENICH JT03BOJIsIE KOMIICHCYBATH iXHI 1HIUBIIyaIbHI
HEJIOJIIKY Ta MIABUIIUTH 3arajbHy OIIHKY. AHCAMOJIb CKJIAJA€eThCs 3 TBOX PIBHIB: 0a30B1 MO-
neni Ta MeraMmoielnb. bazoBi Mojeni — 11e pI3HOMaHITHI aJITOPUTMU MAITMHHOTO HABYAHHS, SKi
HE3alIe)KHO TPEHYIOThCS Ha TOMY K caMoMy HaOopi nanux. KoxkHa 3 1iux Mozeneit renepye cBiit
pe3ynbTar. MeTaMo/ieNlb HaBYa€ThCSl Ha MPOTHO3aX 0a30BUX MOJIETEH.

Jl7is OLIHKH Pe3yNlbTaTUBHOCTI Mojeneil OyaemMo BUKOpHcTOBYBaTH Root Mean Squared
Error (RMSE). Ile MeTpuKa, sika BAKOPUCTOBY€ETHCS IS OL[IHKH SIKOCT1 MPOTHO31B MOJIENI Ma-
mHHOro HaBuaHHA [4]. RMSE moka3sye cepenHio KBapaTH4HY MOMMIKY MiX MPOTHO30Ba-
HUMHU Ta (pakTUYHUMU 3HaYeHHSIMU. YnuM Men1ie 3HaueHHd RMSE, tum tounime moaens. Pos-
paxoByeThCs 3a (HOPMYIIOIO:

2
RMSE = 2377 (-

A

Jie N — KIIBKICTb CIIOCTEPEKEHb, Y, — IPOTHO30BAHE 3HAYECHHS, Vi — PAKTUYHE 3HAYECHHS.

OCHOBHOIO IPUYUHOIO TAKOTO BUOOPY € T€, 1110 B KOHTEKCTI (PIHAHCOBUX PUHKIB HAHOLIBIIT
B)XJIMBUM KPUTEPIEM € TOUYHICTh IPOTHO31B, OCKUJIbKY 1HBECTOPH Ta aHAJIITUKU OPIEHTYIOTHCS
Ha MIHIMi3a1li}0 TOMWJIOK Y IPOTHO3aX JJIsl IPUHHATTS ONTUMANbHUX pimieHsb. [lepeBipka ane-
KBaTHOCT1 MOJIeJIel TaKOX € BaXKJIUBUM aCIIEKTOM, aJie B TAKOMY BHUITaIKy MU 30CEPEIMIUCS Ha
RMSE uepe3 Te, 1110 1€ KpUTUYHUIN TapaMeTp i NPUIHATTS pillleHb Ha (IHAHCOBUX PUHKAX,
1 RMSE 06e3nocepennbo mokasye, HaCKUTBKA MOJIEIh TIXOIUTh TSl POTHO3YBaHHS (piHAHCO-
BHX MTOKA3HHKIB.

VY mpoueci BUKOHAaHHS TPEHYBaHHSI Ta IPOTHO3YBaHHS Ha JIaHUX PO IIHA aKIlii 3a J0TOo-
mororo margopmu H20 Oyiio orpuMaHo pe3yibTar, Mo oKka3aHo B Tao. 2.
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Tabnuys 2 — Pe3yriomamu mpeHysaunus mooeneil 8 Xo0i eKCnepumenmy

Mogean RMSE
StackedEnsemble BestOfFamily 1 0,200180
StackedEnsemble_AllModels 1 0,202486
DRF 1 0,205305
GBM 3 0,207178
GBM 2 0,226384
GLM 1 0,254302
GBM_1 0,731782

JIxepeno: po3po0IeHO aBTOPOM.

Mopnens StackedEnsemble BestOfFamily 1 moxaszana HaiiHmkve 3HaueHHS RMSE
(0.200180) Ha TpenyBanbHUX AaHUX. Lle CBIqUUTH mpo 11 BUCOKY TOUHICTh. OCKINBKHU aHCa-
MOJIeB1 MOieNli KOMOIHYIOTh MTPOTHO3H KUJIBKOX 0a30BUX MOJEIEH, 1110 J103BOJIsI€ KOMIIEHCY-
BaTU 1HAWBIIyaTbHI HEMOIIKH KOXKHOI 3 HUX 1 TIOKPAIIUTH 3aralibHy MPOAYKTUBHICTH. Mo-
nenb StackedEnsemble AllModels 1 mpomemoHcTpyBana cxoxuil pesynasrar 3 RMSE
0.202486, mo migkpeciiroe epeKTUBHICTh TTOETHAHHS BCIX CTBOPEHUX MOJCICH ISl TOCST-
HEHHS cTablIBHOTO MPOTHO3Y.

Mogens DRF 1 (Distributed Random Forest) Takok moka3ana BHCOKI pe3ylbTaTH 3
RMSE 0.205305. BunagkoBi Jiicu € CTIRKUMHU 710 IEpEHABYAHHS 3aBJISIKH BUKOPUCTAHHIO Be-
JIUKOI KIJTbKOCT1 JIepeB pillleHb, 1110 IPALOIOTh Ha BUMAIKOBUX MIAMHOXHUH JaHHX.

Mopneni rpaxientnoro miacunenas GBM 3 ta GBM 2 npomemonctpysBamun RMSE
0.207178 1 0.226384 BignosiaHo. ['paieHTHE MIACUIEHHS € TIOTY>KHUM METOJOM aHcamOIto-
BaHHSI, SIKUH CTBOPIOE TIOCITIIOBHICTD JAEPEB PillIeHb, JIe KOKHE HACTYITHE JEPEBO BUIPABIISIE
MOMMUIIKU TIOTIEPEIHBOTO.

Mogens GLM 1 (Generalized Linear Model) maira RMSE 0.254302, 110 € aemo BUIIIM
MOPIBHSIHO 3 1HIIMMH MOJIEJISIMH, ajie BCE ) MOKa3ayo JOCTaTHhO CTa01IbHI PEe3yNIbTaTH.

Hapemri, monens GBM 1 mokazana naitBumuit RMSE cepen po3misHyTHX Mopenei
(0.731782), 1m0 MoXke CBIIYMTH MPO HEAOCTATHIO ONTHMI3allil0 a00 MepeHaBYaHHs Ha TPEHY-
BAJIbHUX JJAHUX.

ITpuunnoro Bucokoro RMSE Moxe OyTH BUKOPUCTAaHHS TEXHIK aBTOMaTWUYHOI'O MAallWH-
HOT'O HaBYaHHS, 1110 YCKJIAIHIOE 0€3M0CepeIHbO MPOIIEC ONTUMI3ALT KOXKHOT MOJIEN1 1H/IUBITY-
anbHO. TakuM 4uHOM, Yy (iHANBHIA BHOIPLI MOXYTh HMOTPAIUIATH HE pe3ylIbTaTUBHI MOJEII.
AJie B CBOIO Yepry 1€ Ha/la€ MOXKJIUBICTh MEPEBIPUTH BEJIHUKY KIJIbKICTh AJITOPUTMIB OJJHOYACHO
1 IEpeBIpUTH, SIKUH MOXKE MIIXOJUTH KpaIle 3a 1HIIUX 7S BX1THUX JTaHUX.

BuxoHaHHS MpOrHO3yBaHHS Ha TECTOBIM BUOIpII TOKA3aJI0 3HAYHO 1HILI pe3yasTaTu. BoHu
HaBezeHl B Ta01. 3.

Tabnuys 3 - Pezynomamu npo2no3y8ants Ha mecmosii suoipyi

Mopean RMSE
StackedEnsemble BestOfFamily 1 52,967622
StackedEnsemble AllModels 1 57,206504
DRF 1 71,404299
GBM 3 73,420568
GBM 2 73,442396

GLM 1 1,852510
GBM 1 85,858264

Jxepeno: po3po0IJIeHO aBTOPOM.

Ha puc. 1 MoxHa mo6GaunTH pe3ysbTaTi MPOTHO3YBAaHHS KOKHOI MOJIEN B MOPIBHSAHHI J10
peaslbHUX JTaHUX.
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Predictions for All Models on the Test Set

— Actual

—— GBM_3_AutoML_12_20240625_133509
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GBM_2_AutoML_12_20240625_133509
GLM_1_AutoML_12_20240625_133509
GBM_1_AutoML_12_20240625_133509
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Puc. 1. Pe3ynomamu npoeno3y Ha mecmositi 6ubipyi

3 OTpUMaHUX JaHUX MOJKHA IOOAYUTH, 1110 MOJIEN aIalTyBaJIUCS A0 TPEHYBAJIbHUX JAHUX,
YHACHIIOK YOTO BUHUKIIO TIEPEHABYAHHS - HEMOXKIIMBICTH MPAIIOBATH 3 HOBUMHU JaHUMU. Take
YaCcTO TPAIUIAEThCS MPU BUKOPUCTaHHI aBTOMaTHMYHUX Iatdopm, sk H20. ¥V cBoro uepry e
HaJa€ MOXKJIMBICTD Opa3y BUSBUTH IPOOJIEMHI aJITOPUTMU U BIJKUHYTH 1X JJIs1 HACTYIHHUX 1T€-
pauiif TpeHyBaHb. Y pe3ynbTari IepeBipky Ha TECTOBIM BUOIpII HallKpalle noka3ana cebe Mo-
nenb GLM 1, sy B mopanbpIioMy MO>KHa BUKOPUCTATH aHAJIITHKaM 1j1s GopMyBaHHs 30a1aH-
COBaHUX MOPTQEIiB CIUPAIOYNCH Ha Pe3yIbTaTH IPOrHO3Y. Xoua B NEepIIii iTepallii TecTyBaHHS
BCE I11€ TOYHICTb JTy’K€ HU3bKAa, 1110 BKa3ye Ha NOTpeOy B JOJAaTKOBOMY KasliOpyBaHHI.

BucnoBok. [IpoBeseHe OCHiKEHHS MTOKa3aJI0 JTOCTaTHIO €(EeKTUBHICTh BUKOPUCTAHHS
MoJiesiel MalllMHHOTO HAaBYaHHS JJIsl MPOTHO3YBAaHHS 11H Ha akuii. AHcamOi1eBl MOiel, TakKl K
StackedEnsemble BestOfFamily 1 1 StackedEnsemble AllModels 1, nemoHcTpytoTh Haii-
Kpallll pe3yJabTaTd Ha TPEHYBAJIbHUX JIaHUX 3aBISIKU 3[aTHOCTI MO€AHYBATH MPOTHO3M JAEK1Ib-
KoX 0a30BMX Mozenel. BaxxnuBumu hakropamu JUis HOKpAIIEHHS TOYHOCTI € peTebHe Kaiio-
pyBaHHS JTaHUX Ta peryispu3ailisi Mojaenel. Pi3HUI MK pe3ylbraTaMyd Ha TPEHYBaJbHUX 1
TECTOBUX JJAHUX CBIIYMTH PO HEOOXITHICTh JOJAATKOBUX KPOKIB JJISI MOKpALEHHS MoJesei
[IpalioBaTy 3 HOBUMU JIaHUMHU.

Pesynpraru Haikpammx mMozeneid MoXKHa BUKOPUCTOBYBATH JJIsl IPUHHATTS pilleHb y ¢o-
pMyBaHHI1 30amancoBaHoro mopTdens akimiil. [IporHo3u 1iH Ha aKIii, OTpUMaHi 3 BUKOPUCTAaH-
HSIM IIUX MOJieNel, MOXKYTh JOTIOMOTTH iHBECTOpaM BU3HAYUTH ONTUMAJIbHI YaCOBI MMPOMDKKH
JUTSL KYTTBIT @00 TTpojaxky akiii. Hampukias, mporHo3u MOXKyTh BKa3aTy Ha MOTEHIIIHHI TOUYKH
3pocTaHHs a0 MaJliHHSA BapTOCTI aKLii, 1110 J03BOJISIE€ 1HBECTOPAaM BUYACHO pearyBaTH Ha pUH-
KOB1 3MiHU ¥ KOPUTYBATH CBOi CTpATETti.

3arayioM, pe3yJbTaTH MiAKPECTIOITh BaKIMBICTh IHTErpalii Mojeneil MalliHHOTO HaB-
YaHHS y Mpoliec NPUHHATTS (PpiHaHCOBUX piiieHb. Bukopucranns AutoML, sike aBromarusye
nialip, TpEHyBaHHs Ta HaJAIITYBaHHS MoJIeNell, 103BOJIsiE TECTYBAaTH sSIKOMOra OibIle Mojie-
JIel, U0 crpHusie MepeBiplii MoTe3 MPOTHO3YBaHHS 1 3HAXO/KEHHSI ONTUMAJIbHUX PIIIEHb.
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[Tomanpii gOCTIHKEHHS TOBUHHI OyTH CIIpsIMOBaH1 Ha BIOCKOHAJICHHS METOJIB PETYIIs-
pu3arlii, MOKPaIeHHs SKOCTI JAHUX Ta PO3pOOKY HOBUX TEXHIYHMX 1HIMKATOPIB Ui MiIABH-
IICHHS TOYHOCTI MPOTrHO3iB. BukoprcTanHs OUIBIIOT KIJIBKOCTI MOJIEIIEH ISl IePEBIPKH TiIo-
T€3 Ta TPEHIIB CTAaE€ MOXIWUBUM 3aBIsku AutoML, mo mae 3MOry mOpiBHIOBAaTH BEIUKY
KUIBKICTh MOJIEJIEH 32 KOPOTKHM MPOMIKOK 4acy.
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USE OF INFORMATION MODELS TO PREDICT
THE BEHAVIOR OF FINANCIAL INDICATORS

The article provides an overview of using machine learning models to predict financial indicators, aiming to enhance
decision-making for balanced stock portfolios. The study highlights the relevance of this approach due to the dynamic nature
of financial markets, where traditional methods fall short. Machine learning techniques like linear regression, decision trees,
random forests, and automatic learning platforms, combined with deep learning, are powerful tools for predicting market
trends and strategic moves.

The research addresses the need for accurate forecasting methods, which is critical for investors and analysts. It evalu-
ates the performance of various machine learning models in market uncertainty, focusing on their ability to capture financial
data dependencies. Metrics such as RMSE are used to assess model accuracy.

Combining deep learning with machine learning techniques improves prediction capabilities. Ensemble methods, which
merge multiple models, particularly enhance accuracy. The study identifies future directions, including refining and integrat-
ing models into financial institutions’practices.

The study underscores the potential of Al models to transform financial analytics, leading to better decision-making
and more balanced, profitable stock portfolios. Implementing these models in financial institutions can significantly improve
their ability to navigate market uncertainties and seize opportunities.

Keywords: machine learning; financial analytics; information models; decision-making.
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CURRENT MODE OF ELECTROCHEMICAL
3D PRINTING OF COPPER PARTS

The peculiarities of the use of copper nitrate electrolytes in local electrodeposition or electrochemical 3D printing systems
have been studied. A model of the current mode in electrochemical 3D printing has been proposed. The possibility of obtaining
electrochemically 3D printed objects with a profile height up to 100 um with a compact fine-crystalline metal structure at a current
density of 2 A/dm? in a copper nitrate electrolyte with a content of 300 g/l and with the simultaneous introduction of gloss-forming
additives of the Rubin complex (KIESOW OBERFLACHENCHEMIE GmbH & Co) and glycine is shown.

Key words: copper; local electrodeposition; electrochemical 3D printing; nitrate electrolyte; gloss-forming additives;
current mode.

Fig.: 7. Table: 2. References: 22.

Relevance of the research. Electrochemical 3D-printing is a promising direction in elec-
trochemistry from an industrial and scientific point of view [1]. During this process, metal dep-
osition takes place by layer-by-layer formation of the deposit, which leads to unique micro-
structural properties controlled in the printing process [2; 3]. However, the majority of current
research on electrochemical 3D printing technology focuses on nano- and micro-scale objects
[2-10], fewer works are devoted to the study of macro-scale objects formation [11-14]. The
current mode of electrochemical 3D printing with the relative movement of the working elec-
trode-anode assumes a non-stationary regime. By varying the parameters of the electrolysis
pulse mode and studying the influence of the current mode on the morphology of the cathodic
metal deposit, electrochemical 3D printing can be optimized [15; 16]. This allows for the es-
tablishment of the maximum average current density (im) required for forming a compact, fine-
crystalline metal deposit at the appropriate speed of movement of the electrode-tool and with
the selected composition of the electrolyte solution. After all, it is the im, which can be charac-
terized by the ratio of the total current to the working area of the printing surface, and will
determine the speed of electrochemical deposition or printing of the object as a whole.
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Problem statement. The method of obtaining macroscale copper objects [12; 13] by elec-
trochemical 3D printing is in high demand, primarily in radio electronics. For example, elec-
trochemical printing of conductive paths for printed circuit boards allows to eliminate the stages
of application of photo- or metal resist during their production. The result is an economically
profitable and environmentally promising technology.

Analysis of recent research and publications. It is known that nitrate copper electrolytes
allow to conduct electrodeposition at higher current densities than sulfate electrolytes, which is due
to the higher solubility of copper nitrate compared to sulfate. This caused interest in the use of
nitrate electrolytes in electrochemical 3D-printing technology [17]. Electrodeposition of copper
from nitrate solutions leads to the formation of hard, sometimes brittle deposits [18-21]. However,
in spite of this, if the electrolysis mode is chosen correctly, it is possible to obtain high-quality fine-
crystalline deposits, which can also have a bright surface. At the same time, it is also necessary to
maintain certain acidity of the solution at the level of pH 1...2. At a pH < 1, the reduction of nitrate
ions and hydrogen can occur at the cathode. When the pH > 2, there is a possibility of deposition
of the insoluble copper salts, which will cause embrittlement of the copper deposits. Electrodepo-
sition from a nitrate electrolyte with a copper salt content of 300...500 g/dm? is carried out at room
temperature, with an operating current density of 5...20 A/dm?. The deposits obtained from pure
nitrate electrolytes are porous and coarse-crystalline. Long-term electrodeposition of the coating
leads to CuCl suspensions formation in the solution and causes the appearance of dendrites [21].

Uninvestigated parts of a common problem. All the reasons that cause the formation of
dendrites, pores, and a rough branched structure are undesirable for obtaining metal objects by
the electrochemical 3D-printing method. In order to eliminate dendrite formation and increase
the dispersive capacity of diluted nitrate electrolytes, the introduction of organic additives [19,
20] and the use of pulse-reverse electrolysis mode [21] are proposed. However, the application
of appropriate techniques for electrochemical 3D printing of macro-scale objects under the con-
dition of a non-stationary current regime requires additional research.

Research objective. The purpose of this work is: investigation of the current mode of elec-
trochemical 3D printing in general during the production of macro-scale objects from copper
in nitrate electrolytes; investigation of the possibility of modeling the influence of the current
regime on the quality of copper deposits.

Research methodology.

Electrolyte preparation. Electrolytes were prepared by dissolving the corresponding
components in distilled water. In order to improve the quality of copper cathodic deposits, chlo-
ride ions, glycine, and a complex of Rubin gloss-forming additives (KIESOW
OBERFLACHENCHEMIE GmbH & Co) [22] were added into the corresponding electrolytes.
The compositions of the electrolytes are given in Table 1.

Table 1 — The composition of the investigated electrolytes

Number of electrolyte
Component 1 > 3 7
Cu(NO3),-3H,0 300 g/l 300 g/l 300 g/l -
CuS04-5H20 - - - 300 g/l
KCI 0.2 g/l 0.2 g/l 0.2 g/l -
Glycin - 0.5 M 05M
Rubin * - + +
HZSOA 32 ml/l
HCI 0.2 ml/l

* Gloss-forming and leveling additives (further - Rubin complex) [22]:

Rubin T200-A (serves as a base for gloss-forming and leveling) — 2 ml/I;

Rubin T200-G (the additive is intended only for assembling a new electrolyte and after cleaning

the electrolyte with activated carbon) - 8 ml/I;
Rubin T200-E (increases alignment and provides high bright) — 2 ml/I.
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Methodology of polarization measurements. In these experiments, a three-electrode
standard cell was used to obtain polarization curves. The working electrode was a cylindrical
copper electrode embedded in a Teflon tube with a working surface area of 0.05 dm?. The
auxiliary electrode was a copper plate, and the reference electrode was a saturated silver chlo-
ride electrode. All polarization curves were given in the scale of the saturated silver chloride
reference electrode. The curves were recorded in potentiodynamic mode using a PGStat500n
potentiostat, with a potential sweep speed of 2 mV/s. The digital signal from the potentiostat
was transmitted to a personal computer for further recording using appropriate software.

In order to simulate the current regime during electrochemical 3D-printing, the electro-
deposition of copper deposits was carried out using constant and pulse current modes. For this,
a PI1-50-1.1 potentiostat was used as a source of direct and pulsed currents. A copper plate of
2x2 cm? served as a cathode, and copper plates made of copper doped with 0.03% phosphorus
with a total area of 20 cm? were used as anodes. Before applying the copper coating, the samples
and anodes were degreased and treated in a solution of concentrated nitric acid (1:1). The time
of electrolysis was calculated to obtain 10 um deposit thickness. After completion of electroly-
sis, the samples were thoroughly washed with water and dried with hot air before analyzing the
morphology of the cathodic deposits.

Local electrodeposition and recording of oscillograms. The process of local electro-
deposition (3D printing) was carried out on the set-up, previously described in [11], the
scheme of which is shown in Fig. 1. An AISI 321 stainless steel plate was placed at the bottom
of the plastic vessel and connected to the negative pole of the current source. Stainless steel
was chosen to ensure separation of the printed part from the substrate after deposition. The
working electrode was rotated using an electric motor, the speed of rotation was 1 s™. The
radius of the printing trajectory along which the working electrode-anode moved was 4.5 cm,
the width of the metal deposition area along the corresponding trajectory was 0.5 cm. The
working electrode was a coil of platinized titanium foil connected to the positive pole of the
current source. The anode was placed inside the polypropylene capillary and at a height of
1 mm above the cathode plate. The research was carried out in the range of values of average
deposition current densities (im) of 0.5...4 A/dm?. The duration of printing was 3,8 hours. The
estimated profile height of the printed objects was about 100 pum. After the electrodeposition
was completed, the current was turned off, the solution was drained from the vessel. The
resulting object in the form of a ring was washed with distilled water, removed from the
substrate, and the quality of the metal deposit was examined by optical methods.

In order to record oscillograms of changes in the potential of the cathode over time at a
point on the trajectory of the working electrode of the anode, a measuring electric circuit was
additionally assembled (Fig. 1). The relevant circuit consisted of a Hantek 6025 VE digital
oscilloscope, which was connected to the cathode plate and a saturated chlorine-silver reference
electrode. The reference electrode through two intermediate beakers and a Luggin capillary
with an elastic nozzle were connected to the electric circuit at the place of potential measure-
ment through a hole in the cathode.
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Fig. 1. Scheme of a laboratory set-up for recording oscillograms:
1 —anode; 2 — cathode-base; 3 — electrolyte; 4 — polypropylene capillary;
5 — Luggin capillary; 6 — salt bridges; 7 — intermediate beakers;
8 — cell of the reference electrode; 9 — oscilloscope; 10 — source of direct current

Research results.

Polarization measurements in copper electrolytes. Cathodic potentiodynamic polariza-
tion curves on a copper electrode were recorded in order to study the influence of the composi-
tion of the solution on the electrochemical parameters of the electrodeposition process. The
results of relevant studies are shown in Fig. 2, the numbers of electrolytes correspond to those
given in Table 1.
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Fig. 2. Cathodic polarization curves in copper plating electrolytes:
1 — nitrate electrolyte (Ne 1); 2 — nitrate electrolyte with added glycine (Ne 2); 3 — nitrate
electrolyte with glycine additives and Rubin complex (Ne 3); 4 — sulfate electrolyte (Ne 4)

In works [19; 20] it was proposed to introduce 0.25 M of glycine into a diluted copper
plating nitrate electrolyte in order to obtain bright fine crystalline deposits of copper. Given the
fact that more concentrated solutions will be used in electrochemical 3D printing systems in
order to intensify this process, in this work it was proposed to introduce glycine at a concentra-
tion of 0.5 M into the investigated plating electrolyte. This led to a significant inhibition of the
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cathodic process and the appearance of a limiting current of 9 A/dm?, which is associated with
the active adsorption of the corresponding additive on the surface of the cathode during the
electrodeposition process. In addition, the slope of the polarization curve in the range of current
densities 1...9 A/dm? also decreased, which indicates that the introduction of glycine helps to
increase the throwing power of the electrolyte (Fig. 2, curves 1, 2). Also, in the nitrate electro-
lyte, the synergetic effect of Rubin additives and glycine on the inhibition of the cathodic pro-
cess have been established, as a result of which the slope of the polarization curve and the value
of the limiting current decrease more strongly than in the case of separate introduction of the
corresponding additives (Fig. 2, curves 2, 3).

In the case of comparison, the course of the polarization curves of sulfate electrolyte and nitrate
electrolyte with the corresponding additives (Fig. 2, curves 3, 4) is similar in the range of current
densities up to 2 A/dm?. In addition, this value of the current density corresponds to about 50% of
the limit for the nitrate solution with the addition of glycine and Rubin additives. In view of the
above, in the course of further studies for galvanic and electrochemically printed copper deposits,
obtained precisely at 2 A/dm?, a comparative assessment of the morphology have been carried out.

Current mode of electrochemical 3D-printing. In the case of electrochemical 3D-print-
ing or local electrodeposition [11] with the movement of the counter electrode (anode), the
current mode will be equivalent to the pulse mode of electrolysis, since at a certain time the
counter electrode (anode) is over a certain area on a closed trajectory of its movement
(Fig. 3, a). In this area, when the counter electrode (anode) approaches it, the current pulse will
increase, which will decrease after it moves away (Fig. 3, b). Accordingly, in electrochemical
3D printing and the movement of the electrode-tool along a closed trajectory with the same
speed, with a certain approximation, the formula can be used to describe the current regime and
calculate the average value of the current density im:

. I +7, I
lm = = ’ (1)
Ti +TP 1+TJ
T.

1

where i; — pulse current density, z;— pulse duration, 7, — pause duration.

Currenf t density

¢ Anode

Time

a b
Fig. 3. Scheme of the electrochemical cell of the 3D printer (a) and the theoretical graph
of the change in current density over time at a certain point on the trajectory
of the working electrode-anode (b)

It should be noted that for a certain object, which will be produced by electrochemical 3D
printing, the parameters of the current mode, that is, the pulse amplitude, duration of pulse and
pause, will acquire a certain value, and will depend on the length of the trajectory and the speed
of movement.
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In order to confirm the above hypothesis, during the electrochemical 3D printing of the

object "ring" made of copper, the oscillograms of potential change over time were taken in the
studied copper electrolytes, which are shown in Fig. 4-7. The numbers of electrolytes corre-
spond to those given in Table 1.

As can be seen from Fig. 4-7, the oscillograms of the change in time of the cathode poten-

tial during electrochemical 3D printing have a predicted appearance with a parabolic pulse
shape. Obviously, the current pulses at the corresponding point on the trajectory of the counter
electrode (anode) will have a corresponding shape.
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Fig. 4. Oscillograms of potential pulses in nitrate electrolyte without additives (Ne 1)
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Fig. 6. Oscillograms of potential pulses in a nitrate electrolyte
with the addition of glycine and Rubin additives (Ne 3)
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Fig. 7. Oscillograms of potential pulses
in a sulfate electrolyte with the addition of Rubin (No 4)

Based on the oscillogram data, the maximum values of the cathode potentials (Ei), which
are reached at the moment of the current pulse, are determined and are shown in Table 2. Given
the simplification of model calculations and the description of the current mode as a unipolar
pulse with a rectangular pulse shape (Fig. 3 b), using formula (1), the maximum values of the
pulse current densities ii, which correspond to the potentials Ei, were calculated.

Table 2 — Basic parameters of the current mode of electrochemical 3D printing

Electrolyte number according to Table 1
1 | 2 | 3 | 4 im, A/dm? ii, A/dm?
E, V
-0.26 -0.33 -0.40 -0.33 0.5 5.5
-0.34 -0.58 -0.69 -0.52 1.0 11.0
-0.57 -0.81 -0.12 -0.90 2.0 22.0
-0.78 -0.79 -0.16 -1.40 3.0 33.0
-1.0 -0.73 -0.18 -1.76 4.0 44.0
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From the analysis of the oscillograms (Fig. 4-7), it can be seen that the time interval be-
tween the sharp growth and the almost complete attenuation of the potential pulse is approxi-
mately 100 ms. The maximum pulse current densities ii of electrochemical 3D printing, which
correspond to the values of im > 0.5 A/dm2, go beyond the polarization curves, that is, they
exceed the values of the limiting current densities for the stationary copper electrodeposition
process (Fig. 2). In fact, at the moment of the current pulse, there is a high probability of side
processes that can significantly affect the quality of copper deposits. Therefore, in order to ver-
ify the possibility of modeling the current regime using a pulse potentiostat, comparative studies
of the influence of the composition of the solution and the current regime on the morphology
of copper cathode deposits were conducted under the following conditions:

1) during electrodeposition in a conventional galvanic cell using a pulsed current mode,
which is close to the current mode in electrochemical 3D printing (zi=0.1s, 7, =15);

2) directly in the process of electrochemical 3D printing on a device with a rotating anode.
The results of relevant studies are given in Table 3.

Table 3. Image of copper deposits obtained at an average current density of 2 A/dm2 by
various methods

Electrolyte The sample was obtained
number ac- P Electrochemically printed Enlarged image of the "rings"
. by pulsed current mode T
cording to . object "ring fragment
electrodeposition
Table 1
1 2 3 , 4
1
CE=8931%
2
3
CE=7515%
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End Table 3

CE=9981%

As can be seen in Table 3, in the pulse mode in the nitrate electrolyte without additives,
dark precipitates were obtained, and the current efficiency (CE) is less than 100%. This may
indicate the course of side processes of reduction of nitrate ions, accompanied by alkalization
of the near-cathode layer and the formation of copper (I) oxide, which is consistent with the
data [19, 20]. The introduction of glycine into the nitrate electrolyte does not suppress the pro-
cess of electroreduction of nitrate ions, since the current efficiency decreases even more. How-
ever, due to the possible binding of monovalent copper into a complex, the quality of the de-
posits improves. The Rubin additives under the conditions of non-stationary current regime act
as a brightener and in combination with glycine makes it possible to obtain semi-bright fine
crystalline deposits of copper. In general, the similarity between the morphology of the deposits
obtained in both cases allows to assume the adequacy of the proposed method of modeling the
current mode of electrochemical 3D printing using a pulsed potentiostat.

Conclusions. Based on oscillograms of the cathode potential change in time, it was shown
that the current mode of electrochemical 3D printing with relative movement of the working
electrode - anode corresponds to the unipolar pulse mode.

It is shown that Rubin gloss forming additives (KIESOW OBERFLACHENCHEMIE
GmbH & Co) provide fine crystalline bright copper deposits in both sulfate and nitrate electro-
lytes using stationary and pulsed electrolysis modes.

For electrochemical 3D printing of copper objects from nitrate electrolyte with copper nitrate
content of 300 g/L, the addition of glycine at a concentration of 0,5 M is proposed to improve the
quality of cathode deposits. Significant improvement of morphology and obtaining bright copper
deposits is achieved by simultaneous addition of Rubin and glycine additives to the electrolyte.
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CTPYMOBUM PEXXUM ITPH EJIEKTPOXIMIYHOMY 3D-IPYII
BHUPOBIB I3 MIII

Jlocnidoiceno ocodnueocmi BUKOPUCIAHHS HIMPAMHUX eLeKMPONImie MIOHEHHs 8 CUCEMAX IOKATbHO20 eleKmpooca-
Odrcents abo enexkmpoximiunozo 3D-0pyky. 3anpononosano mooenb cmpymoeo2o pejicumy y eiekmpoximisnomy 3D-0pyyi, saxa
BU3HAYAC 11020 NOOIOHICMb 00 YHINONAPHOLO IMIYILCHO20 CMPYMOBO20 pexcumy. Pospaxosani eenuyunu makcumansHoi eyc-
MUHU cmpymy 8 iMnyivci npu erekmpoximiynomy 3D-0pyyi, saKi 6i0nosioaioms 3HAUEHHAM CepeOHbOT WUOKOCHT 0CAOIHCEHHS
oinvuium 3a 0,5 A/0m2, nepesuuyyioms 3Havents SpPAHUYHUX 2YCIMUH CIMPYMY OJis CIMAYIOHAPHO20 NPOYeECY eleKmMpPOOCaONHCeHHs
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MIOT 8 00CNiOHCYBAHOMY HIMpamHomy enekmponimi. Ha ocnosi nopigHanbHo2o 00cnioxdcenHa Mopgono2ii nosepxui MioHux
0cadis, OMPUMAHUX NPU eLEKMPOOCAONCEHHT 3 BUKOPUCIIAHHAM IMIYIbCHO20 PEHCUMY €lleKMpPONizy 6 CMayiOHapHitl Komipyi
ma ompuMarux 6 KOMipyi 3 00epmosum ano00M, NOKA3AHA MONCIUBICTG MOOETIOBAHHS CIPYMOBO2O PENCUMY NPU e1eKmpo-
ximiunomy 3D-0Opyyi 3a 00nomo2or0 IMNYIbCHUX NPOSPAMHOKEPOSAHUX Odxcepen cmpymy. Becmanoeneno, wo dobasku Rubin
(KIESOW OBERFLACHENCHEMIE GmbH &Co) y cyabghammomy enexmponimi mionenns 36epizaioms Gauxoymeopioiouuii
ehexm npu 6UKOPUCMAHHT HECTNAYIOHAPHUX PeXCUMIE enekmponisy. Buseneno, wo 6sedenns 6 Himpamuuil enekmponim mio-
HeHMs 2NIYUHY He NPUSHIYYE npoyec e1eKmpo8iOH08IeHHs HImpam-ioHie, OCKINbKU 6UXI0 3a CIMPYMOM € MAKUM Jice, 51 8 0a30-
eomy enexmponimi 6e3 0obaeku i cmanosums 6auszvko 80 %. 3abesneuennsn popmysanns 6inows OpibHOKpUCMANTUHOI CIMPYK-
mypu ocady npu ésedenti 0,5 M eniyuny modce 6ymu nos’sizane 3i 36 3Y6aHHsL 8 KOMIIEKC 00HO8aienmuoi mioi. Tloxkazana
MONCTUBICTNE OMPUMAHHSA eLeKMPOXIMIUHO HAOPYKOBAHUX 006 €KMig 3 8ucomoio npoginto 0o 100 mxm i3 Komnakmuorw OpioHo-
KPUCMATIYHOIO CIMPYKIYPOI0 MEMATy 3d 2yCmunu cmpymy 2 A/0m2 6 Himpamuomy enexmponimi MiOHeHHs 3 6MICIOM Himpamy
Mioi 300 2/n ma npu 00HOUACHOMY 668€0eHHI ONUCKOYMBOPIOUUX 000a60K Rubin ma eniyumy.

Knrouogi cnosa: miovb, 1oxkanvHe enekmpoocaddicents,; enekmpoximiunuii 3D Opyk; nimpamuuil erekmponim, Onucko-
VMBOPIOUI 000aBKU; CMPYMOBULL PENCUM.

Puc.: 7. Tabn.: 2. bién.: 22.
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TEXHOJIOI'SI BE3TVIIOTEHOBOTI'O TICTEYKA
3 IIIBUINEHUM BMICTOM HOAY

Pospobnenns mexnonoeii bezentomenogoco micmeuxa « Taemuuysi HOui» 3 NIOBUWEHUM BMICIOM OP2AHIYHO20 U00Y 00-
360JI51€ POUUPUMU ACOPIMUMERN OOPOUWHAHUX KOHOUMEPCLKUX 8Up0Di8 NnoKpaujeHoi xap1oeoi ma bionoziunoi yinnocmi. 3a
pe3yibmamamu 00Ci0NHCeHb 008e0eHO, WO 3a0080eHHs 0000801 nompebu 6 1100 ma cenerni cmanosums 26,7 ma 30 % npomu
2,0 ma 12,0 % y konmpoavHoMy 3pasKy 6ionogiono npu cnodxcusauni 70 2 eupody. Ticmeuko Mae 8UCoKy opeaHonenmudmy
OYIHKY, NIOBULeHUIl 8MICM KAbYITO0, KATI0 Ma THUWUX PEYOBUH, He MICIMUMb 2NIFOMeHY U PeYOBUH MBAPUHHO20 NOXOOIHCEHHS.

Kntouosi cnoea: bickeimui eupodu, tiododeiyum,; Oe3enromero8a npooyKyis, Yyucmosipa, aneibcuHo80-abpuKocosull
Mapmenao; cupon moninamoypa.

Tabn.: 3. Puc.: 3. Bibn.: 26.

AKTyaJIbHICTh TE€MHU J0CJTiI:KeHHsA. SHIKEHHS SIKOCT1 KHUTTS OKpEMOi JIOIMHU Ta 1HJIe-
KCY 3/I0POB’S Hallii 3araJioM MpH 3HAYHOMY MOPYIIEHHI XapuOBOT0 CTAaTyCy HAcEJICHHS 3yMOB-
JIF0€ HEOOX1/IHICTh CTBOPEHHSI XapUOBUX MPOAYKTIB 13 MiABUILIEHUM BMICTOM €CEHIIaIbHUX HY-
TPI€EHTIB, 30arad4eHNX XapuoOBHMHU BOJIOKHAMH, BITAMIHAMH i MiHEpaJIbHUMHU PEYOBHHAMHU.

X11600ym04H1 Ta GOPOLTHSHI KOHAUTEPCHKI BUPOOU € HEBIJl'€EMHOIO YACTUHOIO XapuyOBOTO
pariony mroneil y OuUTkIocTi KpaiH cBity. IIpoTe chOroHI CriocTepiraeThCs 3pOCTaHHS 3aXBO-
PIOBaHb, SAKI MOB’s3aHI 3 HEMEPEHOCUMICTIO OKPEMUX KOMITOHEHTIB i (TJIFOTEH, JIaKTO3a Ta
1HII1), 1110 3MYUIY€ JIFOAEH BIIMOBIISTUCS Bl CHOXKHUBAHHS TPaJWLIMHUX MPOAYKTIB 1 IIyKaTH
3aMiHy. HenmepeHoCHUMICTh IIIOTEHY — MOBHA a00 YaCTKOBA — MPHU3BOAMUTH J0 CYTTEBO MOPY-
IIEHHSI CTaHy 37I0POB’Sl 1 HaBITh, SIKIIO OCOOJIMBHUX MPOOJIEM Yy JIFOJUHU HE CIIOCTEPIraeThCs,
CHOXKMBATH MPOIYKTH, SIKI MICTATh IIIIOTEH, CJiJ1 TOMIPHO, OCKUIBKH TNIFOTEH — 11€ HE PO3YUH-
HUH y BOAl OUIOK, 1 MPU HOTO YacTOMY BXKMBAaHHI MOXE CIOCTEpIraTucs MoripieHHs: po0oTu
IIJTYHKOBO-KHUIIIKOBOTO TPAKTY.

Pesynbpratu gocniakeHs cBII4aTh, 0 1 % HaceneHHs Ha IJIaHETI CTPakJa€e Ha MOBHY 1H-
TOJIEPAHTHICTh JI0 IVIOTEHY, a 1ie Onu3bko 70 MiH, B YKpaiHi BUABICHO TakUX BHUMajKiB 450
THC., X04a I1i JJaHI He MOKHA BBA)KATH IIOBHUMU, OCKIJILKU 0araTo JIoJek He 3Hal0Th, 110 MAIOTh
YaCTKOBY HEMEPEHOCUMICTh IIOTeRy [1].

€IUHUM BUPILIEHHSAM poOJieM, MOB’A3aHUX 13 HENEPEHOCHMICTIO IIIOTEHY, € BUKJIIIO-
YeHHS 3 PaLliOHy XapyOBUX MPOAYKTIB, sIKi MICTATH LI0 PEUOBHHY, 1 3aMiHa TaKoi MPOAYKLIii Ta
0e3rI0TeHOBY. JloTpUMaHHS TaKUX BUMOT 1 0OMEKEHb Y XapuyBaHHI € JTOBIYHUM JUIs JTFOIUHU.

Takox cepen mpobieM, MOB’SI3aHUX 13 XapuyBaHHAM, MO>KHA BIAMITUTH HEJIOCTATHIO KiJlb-
KiCTh BKMBAHHS MiHEPAJbHUX PEYOBHH, 110 TPU3BOAMUTH 10 3POCTAHHS TaK 3BAHUX €KOJOT03a-
JI©KHUX 3aXBOPIOBaHb, CEpe]l AKUX MpodiemMa HonoaeiuTy mociae oaHe 3 nepiux Micusp [2].

Tomy nocnigKeHHs, CIpsIMOBaH1 Ha po3po0JIeHHs Oe3MTI0TEHOBOIT POIYKILii, 30KpeMa 60-
POLIHSAHUX KOHIUTEPCHKUX BUPOOIB 13 MiJBUILIEHUM BMICTOM HOJY € aKTyaJbHUMHU.

IMocTanoBka npodsemu. bopourHsHi KOHAUTEPChKI BUPOOU Ha OCHOB1 O1CKBITHOTO TicTa
MaroTh BUCOKHUH MOMUT Cepesl pi3HUX BepcTB HaceneHHs. [Ipore BinoMo, 1o 11i BUpoOU roty-
IOTHCS HA OCHOBI MIIEHUYHOTO OOPOIIHA, MICTATh BEIMKY KUIBKICTh IIYKPY Ta si€llb. Po3mim-
PEHHSI aCOPTHUMEHTY BUPOOIB, sIKI HE MICTATh IIOTEHY W LYKpPY (TaK 3BaHUX «IIBUAKHX)» BYT-
JIEBOIB), @ TAKOXK 13 MIABUILIEHUM BMICTOM MiHEpPAJIbHUX PEUOBUH, 30KpeMa OpraHiqHOro oy
Ta CEJICHY, Ha ChOTO/IHI 3AJIUIIAE€THCS] HEBUPILICHOIO.

© I. 1O. Anronrok, A. O. Mensenesa, 2024
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AHaTi3 oCTaHHIX AOCTiAXKeHb i myOJikamiii. ACOPTUMEHT KOHIMTEPCHKOI MPOIYKIIii
JyK€ PI3HOMaHITHHUH 1 TEXHOJIOT1S1 KOXHOI IPYIH ICTOTHO BiPI3HIETHCS 3a SIKICTIO BUKOPHCTO-
BYBAaHOI CUPOBUHH, YCTaTKyBaHHSM, TEXHOJIOTTYHUMU Iporiecamu Toio. [Ipobnemi ynockoHa-
JICHHSI TEXHOJIOT1] O€3MTI0TEHOBUX OOPOIIHSHUX BUPOOIB MPUCBAYCHI pOOOTH OaraTrbox BiTUH-
3HSHUX 1 3aKOPJIOHHUX y4eHHX, 30kpeMa A. M. [lopoxoBuy, B. I. JIpo6ot, O. A. Ky3Hnerosoi,
O. M. Illaninoi, MichukiFucasa (SInonist),N. Aguilar, R. Mozeizor, Elka K. Azendt (I1IBeiia-
pis) Ta iH. [3].

[IpoGiemi MOKpamieHHs SKOCTi, iHTeHcuikamii Ta cradini3anii TEXHOIOTIYHUX TPOIECIB
OTPUMaHHS KOHJUTEPCHKOI Ta IeCEPTHOI MPOAYKIIii 3 IHHOO CTPYKTYPOLO, 30KpeMa O1CKBITHOTO
HamiBdaOpukary, mpucssueHo podotu A. b. [opamsuyka, K. TI. loprauosoi, B. 1. O6onkiHoi,
I. M. JIucrok, B. B. lopoxosuu, B. 1. [Ipo6ot, H.I. Uepesnunoi, H. Kaiser, H.-G. Ludewig,
C. 4. Kopstakinoi, I.B. MarBeeBoi, NarpinderSingh [4].

VY mpoBenenux, HaykoBusaMu B. O. Casenko 1 B. M. [llenyapko nociigKeHHIX 00IpyHTO-
BaHO BUKOPHUCTAHHS aMapaHTOBOTO OOPOIIHA Ta MOAPIOHEHOTO HACIHHS JHOHY B TEXHOJIOTl
OickBiTHUX BUPOOiB. JloBeneHo, mio BBeaeHHs 10 12 % HaACiHHS JIbOHY MiJBUIIY€E IOPYBATICTh
OickBiTHHX BHpOOIB Ha 25,7 %, a mpu 103yBaHHi 10 16% crocTepiraeTbes MOKPAIICHHs Opra-
HOJICTITUYHUX 1 (P13UKO-XIMIYHUX MOKA3HUKIB TOTOBUX BUPOOIB [5].

Takox mikaBUMHU BUSBIIIUCS pe3yibraru gociikenb A Il Porosoi, siki Oynu cripsiMoBaHi
HA IM1IBUILIIEHHS 010JI0T1YHOT IIHHOCTI OICKBITHUX BUPOOIB, Y T. 4. MACIISIHOTO OICKBITa 3aBASIKU
BUKOPHCTaHHIO OopomHa 3 HyTy. BeraHoBieHO, mo 30arayeHHs OiCKBiTa OOPOIITHOM 3 HYTY,
JIO3BOJISIE OTPUMATH TOTOBI BUPOOH MiABUIIICHOT TOKUBHOI IIIHHOCTI [6; 7]. [To3uTHBHUII BIUIUB
HYTOBOTO OOpOIIIHA Ha sIKICTh OICKBITIB Bif3HaueHe B poborax A. B. Bakynenko, M. B. Jline-
HKO [8; 9]. TakuM YMHOM, MOXKHA BBa)KaTH HYTOBE OOPOIIHO MEPCIEKTUBHOIO CUPOBHHOIO Y
BUPOOHHUIITBI OOPOIIHSHIX KOHAUTEPCHKUX BUPOOiB, 30KpemMa OiCKBITIB.

B. T. Jlebenunens 31 criBaBTOpaMHu po3poOUIIU pelentypy OICKBITHOTO HamiBhaOpuKary,
30arayeHoro GOPOILTHOM HILIEBUX KYJBTYp (CIEIbTOBUM, KOHOIIJITHUM 1 HYTOBHM), SIKE Xapak-
TEPU3YETHCS BUCOKUM BMICTOM HYTpPi€HTIB. PekoMeH10BaHO /10 BOPOBA/KEHHS Y BUPOOHHIITBI
0iCKBITHOTO HamiBpaOpHKaTy cyMill, ska MICTUTb 75 % OopolHa NieHnyHoro, 25 % — KoHo-
wistHoro. JloBeneHo, 110 Takuii OICKBIT MOXHA BiTHECTH JI0 KAaTEropii MpoIyKTiB 0310pOBUO-
npodiIaKTUYHOrO Npu3HadeHHs [10].

Po3po06neno 6e3rmoTeHoBe MEYMBO 3 BUKOPUCTAHHAM OOpOIIIHA MaHIOKY, pUCOBOTO 6OpO-
IHa, eKcTpyaoBaHoro coeBoro Oiunka (ESP) ta rapOy3oBoro nopomky. Yorupu pisHi ESP Bu-
KOPHCTOBYBAJIUCS JJ1s1 BUpOOHMIITBA NeuunBa: 5, 10, 15 ta 20 %. 3pazok neunsa 3 20 % ESP maB
HaWBHINMNA BMICT OUIKA, KUY, 30JIM Ta KJIITKOBUHHU, aJie HAWHWKUNN 3arajlbHUN BMICT BYyTJIe-
BO/iB. Takox y 3pa3kax nednBa 30UIBIIMBCS BMICT B-KapoTHHY Ta BiTaMiHy A. KanopiiiHicTh
neyrBa B yCiX 3pa3kax Oyja HHXKYOK 332 KOHTpOsb. CeHCOpHA OIiHKA MeYrBa MoKa3ala, IIo
nonasanHs ESP Ha piBHi 20 % 3Ha4HO 3HU3WIO OLIHKY TekcTypH 3 9,51 1o 6,61 (P <0,05), ane
HECYTTEBO BIUTMHYJIO Ha 1HII CEHCOpHI OIiHkH [11].

[TpoBeneHo AOCTIKEHHS 1010 MOIIYKY ONTUMAIbHUX CIIBBIAHOIIEHD JUIs OOPOLTHSIHUX
KOHJIUTEPCHhKUX BUPOOIB Ha OCHOBI PI13HUX BUJIB OOPOIIIHA Ta 1HIIUX KOMIIOHEHTIB, K1 HE Mi-
CTATh TmroTeny [ 12-15].

BuaisieHHs1 He0C/IiAKeHUX YACTHH 3arajbHoi npoodaemu. [lonpu BenmuKy KUTBKICTD 10-
CJII/DKEHB, POBEACHUX Y HAMIPsIMI pO3pOOKH TEXHOJIOT1H 0310pOBUYOi XapuoBOi MPOAYKIIii, po-
00Ta TpHUBa€, OCKUIBLKU 3’ SIBIIIETHCS HOBA CUPOBUHA Ta CyMillll, HOB1 Xap4oBi J100aBKH, MOTIM-
IyBayi, CTPYKTYpOyTBOpPIOBadi, 10 MOTpedye HAyKOBOTO MIAXOAY IIOJO0 MOXKIHUBOCTI iX
BUKOPHCTaHHS B TEXHOJIOTI1 XapuoBOi MPOAYKIIii, 30KpeMa OOPONTHSIHUX KOHAUTEPCHKUX BUPO-
01B. Takox C1iJ1 3a3HAYMTH, 1110 CUCTEMHI TOCIIKSHHS, CIPSIMOBaH1 Ha OJIep)KaHHs Oe3roTe-
HOBUX OOPOUIHSHUX KOHAUTEPCHKUX BUPOOIB 13 BUKOPUCTAHHSIM POCIMHHOI CUPOBUHU Ta MPU-
POIHOTO OPTaHIYHOIo WOy, BiACYTHI.
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MeTo10 cTaTTi € po3poOICHHS TEXHOJIOTIT Ta TOCTIHKEHHS XapuoBoi 1 010JI0T14HOT I[IHHO-
CTi 0€3TIII0TEHOBOTO TICTEYKA 3 MiABUIIICHUM BMICTOM HOTY.

BukJiag ocHOBHOro marepiaJry.

Memoou. Y poOOTi BUKOPUCTOBYBAIKCS Cy4acHI Ta CTaHJAPTHI METOIU JOCIIKCHb, SKi
JTO3BOJIMJIM BUSHAYUTH TEXHOJIOT1YH1, XIMIYH1 BIACTUBOCTI JOOABOK, CHPOBHUHH Ta TOTOBUX BU-
po6iB. [ToBTOpHICTD HOCHIAIB — IT'ITUKPATHA, aHAMI31B — TpUKpaTHa. OTpUMaHi eKCIIepUMEH-
TaJlbHI JJaHl HOAAHO B OJMHUIISAX MI)KHApOAHOI cuctemMu Sl.

Jliist 00’ €EKTUBHOTO BU3HAYCHHS PAIliOHALHOT KITBKOCTI JOOABOK BH3HAYAIN 3MIHH KOM-
MIJIEKCHOTO MoKa3HuKa skocTi (Krist) 3amexHo Bl KUTBKOCTI 100ABOK 32 JJOTIOMOTOK CHCTEMH
piBHsIHB. Bu3Hauanu xoedilieHT, MPH IKOMY JOCITAETHCS MaKCHUMalibHe 3Ha4eHHs K, BU-
3Ha4aJIu MOX1JHY, IPUPIBHIOBAJHM ii HYJIEB1, pO3B’SI3yI0UH PIBHSIHHS, BU3HAYAJIHU PAl[iOHAJIBHY
KUTBKICTD JOOABOK.

BwmicT MiHepalbHMX PEYOBMH BHU3HAUEHO aTOMHO-aOCOpOIIHHMM METOAOM Ha
cnekrpodoromerpi Techtron-AA-4 (Asctpist) [16], aminokucioT — 3a S. Moore i W. Stein y
monudikamii H. H. Anaxosa, K. B. €ropora i M. 1. PemeroBa Ha aminoanasmizaropi Biotronik-
5001 (®PH) [17]; 6inkiB — po3paxyHKOBO (JIIsi TOTOBUX BUPOOIB); BU3HAYCHHS BOJIOPOZUMHHHUX
BITaMiHIB — METOJJOM BHCOKOS(EKTHBHOI pimmHHOI Xxpomarorpadii [18]; BitaminiB A i E,
BYTJICBO/IIB 1 )KHPIB — pO3paxyHKoOBO [19].

IIpeomem Oocnidscenns: ropox HyT (HyT. Texuiuni ymosu. JICTY 6019:2008), cupomn To-
ninamOypa (TY ¥V 10.8-2575611254-002.2020), kokocose macio (JACTY 4562:2006), murnanb
(T'OCT 16831-71. SInpo MurIaIIO CONOAKOT0), kKakao-mopomok (JICTY 4391:2005), mietnana
nobaBka «llucrozipay (TY VYV 21663408.001-2006), mapmenan anenscuHoBuit (ACTY
4333:2018. Mapmenaa. 3aranbpHi TeXHIYHI BUMOTH), TicTeuko «Kapromsy, mapmenan abpuko-
COBO-aIleJIbCUHOBUH, TICTEUKO « TaEMHUIIS HOUD».

3a KOHTPOJIbHUH 3pa30k 0yiI0 00paHo TicTeuko «KapTorisy, sike HaleKHuTh 10 KPUXTOBHX
O1CKBITHMX BUPOOIB. /{11 BUTOTOBIEHHS LIUX BUPOOIB BUKOPUCTOBYETHCS KPUXTA OICKBITHOTO
HaniB(padpuKaTy, IPUTOTOBIEHOIO 33 KJIIACHYHOIO PELENITYPOIO, 1 MOTIM 00CMa)K€HOTO MpH Te-
mrnepatypi 220-230 °C, i kpuxroBuii HamiBpabpukar «Jlaunuii». TicTeuka BUTOTOBIAIOTHCA Y
BUIVIS/1 KapTOIL, sI0IyKa 1 00YOHKa, II1a3ypoOBaHOTO MOMa/I0k0, TAKOXK MOXKYTh OyTH BUTOTOB-
JIeH1 y BUITIAI NPSIMOKYTHHX CMYXOK 13 KpeMoM 1 pynery. [ noganpmmx A0CiiKeHb 0yio
o0OpaHo peuentypy kinacuyHoro Ticreuka «Kaproms» [20].

KnacuyHe TicTeUKo CKIIaIa€Thes 3 KPUXTU OICKBITa, MEPEMIIIAHOT 3 BEPIIKOBUM KPEMOM,
Mae Gopmy KyJii. 3BepXy MOCUIAETHCS MOPOLIKOM KaKao, 3MIIIAHUM 3 IyKpOBOIO Mmyzporo. Ta-
KOX TICTEUKO MOXe OyTH (papiimpoBaHO BepUIKOBUM KpeMoM. Came Takuil BapiaHT 1 Oyno 00-
paHo 3a KOHTPOJBHHIA 3pa30K.

OCKiIbKH, OIHUM 13 3aBaHb JOCIIKEHHs OyJI0 CTBOPEHHS O€3III0TEHOBOTrO BUPOOY, Ha
MOYaTKy AOCIIIKEHO XIMIYHUH CKJIaJl XapuoOBUX MPOIYKTIB, SIKI HAJEKaTh 10 O€3TIOTEHOBUX 1
MOXYTh OyTH BUKOPUCTaHI IIPU CTBOPEHHI OCHOBH JUISI TICTEUKa.

3a pe3ynbpraTaMu aHaji3y JITepaTypHUX JaHUX IOA0 XIMIYHOTO CKIIaTy Oe3TIFOTEHOBHX
BU/IiB cupoBuHU [19], siKy MOXKHA BUKOPHUCTOBYBATH Y BUPOOHUITBI OOPOLIHSIHUX KOHIHUTEP-
CBKHUX BUPOOIB, 30KpeMa, OICKBITHHUX, /ISl MOAIBIINX JOCIIKEHB K CHPOBHHU OyJI0 00paHO
HYT 1 MUTAadb. Bubip nux BUIIB CHPOBHHU MOXKHA MOSICHUTH X XiMIYHUM ckiagoM. HyT mae
BHUCOKHI BMICT BITaMiHIB 1 MIHEpaJIbHUX PEUYOBUH 1 BOJHOYAC HU3BKUM IIIIKEMIUHUHN 1HAEKC,
TOMY BKJIFOUEHHS HYTY B palliOH Xap4yBaHHS CIPUsE PETYIIOBaHHIO PIBHS LIYKPY B KpoBi [21].
Murzaane 0coOIMBO I[IHHA TOPIXOIUTiIIHA KYJBTYpa, SIKa Ma€ BUCOKI MOXHBHI, CMaKoB1 Ta IIi-
JIFOILII BIACTUBOCTI, IIUPOKO BUKOPUCTOBYETHCS Yy BUPOOHUIITBI XapuoBoi nmpomykuii [22].

Binomo, 110 600081, 30kpema HyT, MalOTh 371erKa cienudiunuii 3anax. Tomy 3 MeTor0 Horo
HiBEJIIOBaHHS OyJ10 BUPIILIEHO BUKOPUCTATH OaHAHU, K1 I03BOJIIIOTH 3MEHIIUTH CrIeUpIIHUHA
3amax i BOJHOYAC IMiIBUIIUTH BMICT KOPUCHUX PEUOBHUH (BiTaMiHH, OpraHidHi KHCI0TH) [23].
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J1u1s1 T IBMILIEHHSI BMICTY MOy Ta CEJIEHY 3 METOI0 PO(DTAKTHKHY o018 (DIIMTHIX 3aXBO-
pIOBaHb OYJIO BUKOPUCTAHO MOPOIIOK MOPCHKOI BOJOPOCTI IUCTO31pH, KA MICTUTH28 MIKpO- 1
MaKpOEJIEMEHTIB, Hacammiepe yci 15 He3amMiHHUX: 3ali30, MHK, MarHii, Miib, MapraHellb,
XPOM, CEJICH, JIiTild, KOOAJIBT TOIIO, IO 3yMOBIIIOIOTH ii IIMPOKE BUKOPUCTAHHS JIJIs 30araueHHs
TPaIUIIHUX Xap4OBUX MPOAYKTIB. L{HcTO3ipa TakoX MICTUTh MIMPOKHUNA CHIEKTP BOJOPO3UUH-
HuX BiTaMiHiB: B1, B2, B3, Be, B12, C, F [2; 24].

Ha miacraBi pe3ynabrariB MPOBEICHUX TEXHOIOTIYHUX MTPOPOOOK OYI10 pO3pOOICHO TEXHO-
JIOT1F0 OCHOBH 115 TicTeuka. HyT 3amouyBanu Ha 10-12 roguH 1 BijBaprOBaiu 10 TOTOBHOCTI.
Oxo0J10/1KyBajIH, BUKIIaAadu B OJIeHAep, 10AaBaii OaHaHU, CHPOII TOIIiHaMOypa, KOKOCOBE Ma-
CJIO KIMHATHOT TeMIIepaTypH Ta 30MBaH JI0 OMHOPINHOT KOHCHCTEHIIT. OTpuMaHy Macy BHKJIa-
JIaJi B €MKICTb, JOJaBaId MOAPIOHEHU B KPUXTY 1 3MIIIAHUKA 13 IUCTO3IPOI0 MUTAAIb 1 pe-
TEIBHO TepeminryBainu. JlogaBaHHS LHUCTO31pH Pa3oM 13 MOAPIOHEHWM MHUTIAJIEM J03BOJISIE
PIBHOMIPHO PO3MOAUIUTH T0OaBKY IO OCHOBI TiCTEUKa, @ BIICYTHICTh MOAAIIBIIOT TEIIOBOI 00-
POOKHM cIIpHsie MAKCUMaIbHOMY 30€peKEeHHIO WOy (SKHA IIBUAKO PYHHYETHCS ITiJT JIEF0 BUCO-
KHX TEMIIEpaTtyp). 3a pe3yiabTaraMu MPOBEICHUX JOCTIDKEHDb JOBEICHO, 110 palrioHaIbHa Ki-
TpKicTh qo0aBku ctaHoBUTH 0,7 % Ha 100 r BUpOOY.

3aMicTh BEPIIKOBOTO KpeMy OyJI0 BUPIIICHO HAYMHUTH TiCTEYKO MapMesaaoM, 0 3p00iTh
BHUPIO OUTBIIT KOPUCHUM 1 TO3BOJIMTH ITiIBUIIIUTH BMICT BiTaMiHiB. PO3po06iieHo TeXHOIIOTir0 Ma-
pMernany, skuii OyJie BAKOPUCTAHO I HAUMHKH, TOOTO MapMeaj] y BUIVIsII KyOrKa a0o KyJIbKH
MIOMIIIIAETHCSI BCEPEHY BUpOOy. BUTOTOBIISUIIM MapMmena 3 anelibCHHOBOTO COKY, 13 CyMillli
arneIbCHHOBOTO COKY i aOpUKOCOBOTO IIOPE, & TAKOXK 13 CYMIllli alleJIbCHHOBOTO COKY ¥ THope
rapOy3a. Yci Tpu 3pa3Ku BUSBWINCS PUIATHUMU JUIS TIO/IaJIbIIIOTO BUKOPUCTAHHSI TA MAJIHA BU-
COKY OpraHOJICITHYHY OIIHKY. J[JIs moganbsmmx qociipkeHb Oysio 00paHo MapMerna 3 arneib-
CHUHOBOT'O COKY i aOpHKOCOBOTO TIOPE.

Texnomorisi aOpUKOCOBO-aNEIHLCHHOBOTO MapMelay rnepeadadyae HaCTyIHI TEXHOIOTIYHI
eTanu: B COTEHHMKY 3’ €JJHyBaIN aOpUKOCOBE IMIOPE 1 arneIbCHHOBHUH CiK Y PIBHUX CITiBBiJIHO-
HIEHHSIX, arap-arap 1 Boay (CIHiBBIAHOLIEHHs arap-arapy 1 Boau 1:2 ab6o 1:3) 1 Bce perenbHO
MepPeMIlTyBalld BIHUUKOM, TOBOAMIN IO KUTIHHS 1 BApuiIH 2-3 XBHIWHU, 3HIMAIH COTEHHUK 3
BOTHIO 1 pO3NTUBAIH MapMenajy GopMu, OXOJIOIKYBAaIH, MICIs 3aCTUTaHH MapMelaj BUiManu
3 (hopMU i BUKOPUCTOBYBAIM 3a MpHU3HauYeHHSAM. Kpalie BUKOPUCTOBYBAaTH CBI>KOBUYABIECHUI
arneJbCUHOBUI CiK; aOpUKOCH MOXKHA 3aMIHUTH Kyparor i 3poOUTH MIOpe came 3 KyparH.

SIK KOHTPOJIBHUI 3pa30K BUKOPUCTAHO MapMenal, KU BUTOTOBISIETHCS 3 alleIbCMHOBOTO
cOKy 3 aomaBanHsM ykpy 3a JJCTY 4333:2018. OpranonentrudHa oOIjiHKa a0prUKOCOBO-ameb-
CHHOBOTO MapMenaay HaBeleHa B Taom. 1.

Tabauys 1 — Opeanonenmuuna oyinka mapmenaoy

o . Jocmiamii 3pa3ok
[Moxazuuk KonTponsHuii 3pa3ok (armeiabCHHOBHIA) N
(aOpHKOCOBO-aNeIbCHHOBUH)
Chax [IpuramanHuil anenbCcuHy, 0€3 CTOPOHHBOTO, co- | [IpuTamMaHHW aOpuKOCy Ta aIeNbCUHY,
JIOJKUH 0e3 CTOPOHHBOTO, TIOMIPHO COJIOJIKYBATHH
3anax [IpuramanHuii arenbCcuHy, 03 CTOPOHHBOTO, MpH- | [I[puTamMaHHUil aOpUKOCY Ta aIebCUHY,
€MHUI 0e3 CTOPOHHBOTO, TPUEMHUI
. N Bi 5k0BTOTO 10 )KOBTO-OpaHXEBOTO (3a-
Konip YKosruit A A P - (
JISKHO BiJl COPTY aOpPHKOCiB)
Koncucrenmis I'enrenoiOHa T'enenoiOna, HiXkKHA
Popma [TpaBmiibHA, 3 4ITKUM KOHTYPOM, 0e3 pedopMartii
TloBepxHs Mae TOHKOKPHUCTATIYHY KipOUKy, 0OCHIIaHa ITyKpOM | I'manka, CTpyKTypoBaHa

Jxeperno: po3pobiieHo aBTOpaMHu.

30BHIIIHIH BUTJIS] OCHOBH TICT€UKA Ta AaOPUKOCOBO-ANEILCHHOBOTO MapMeaay HaBeJeHO
Ha puc. 1.
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o

Puc. 1. beszentomenosa ocHosa 3 wymy ma abpukoco8o-aneibCUHO8Ull Mapmenao:
a — bezenomeno6a 0CHO8a micmeuka 3 Hymy; 6 — abpuKoco80-aneibCUHO8UL Mapmenao
xepeno: po3polieHo aBTOpaMHu.

dopmyBasii BUPOOU y BUIIIAI KYJIbKH, BCEPEIUHY BUKJIAJaIN aOpHUKOCOBO-aNeIbCHHO-
BUH MapMmernaj 1 o0KkauyBaJld B Kakao-TIOPOIIKY. Bukiananyu Ha nepraMeHT 1 CTaBWIM B XOJIO-
IIIbHY KaMepy Ha 1 roguny. [Ipu nogadi MokHa MPUKPACUTH T'JIOUKOIO M STH (pHUC. 2).

Zr A S pL o " ol ¢ i
Puc.2. Bezeniomernose micmeuko 3 abpuKoco80-aneibCUnoB8UM MAPMenaoom
,H)Kepeﬂo: p03p06J1eH0 aBTOpaMu.

3 MeTOr0 OLTBI JIeTATLHOI OPTaHOJIECTITHYHOI OIIHKK OYJIO BUPIIICHO IMPOBECTH OPTaHOJICTI-
THYHY OLIIHKY BUPOOY 3a p0o3p0o0IeHNMHU OKa3HUKaMH i o0y ryBaTu podisib sikocTi (puc. 3)[25].

1 30BHIMHIITBHTIIIAT
16 Hiamicte 5

15 TenenoniGHicTh
KOHCHCTEHINI

10 Comogkicte
O C'vak

11 IHTEHCHBHICTb CMAKY

8 IHTEHCHBHI CTE KONBOPY

Puc.3. Ilpogins sikocmi besentomeno6020 micmeuxa 3 RiOSUWEHUM BMICIMOM OOy
a — NYHKMUpHA NiHis — KOHMPOIbHULU 3pA30K, 6 — CYYLIbHA JIHISL — O0CTIOHUL 3PA30K
Jkepero: po3poOJIeHO aBTOPaMH.
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OpranojenTuyHa OIliHKa OE3MIFOTEHOBOTO TICTEUKA 3 IMiJBUIIEHUM BMICTOM MOy Ta ce-
JICHY HaBejIeHa B Ta0JI. 2.

Tabnuys 2 — Opeanorenmuuna oyiHka Oe32110meH08020 micmeyka 3 Ni0SUWEeHUM BMiC-

mom ooy
IToka3Huk KonTtponpHuii 3pazok JlociiHuii 3pa3ok
CwMmax IIpuemumii cMak mokonany, 6e3 | OcHOBa TicTedka: MPUEMHUI CMaK MUTIAIBHOTO T'O-
CTOPOHHBOTO TIPHCMAKy, COJIOA- | piXa, BiIIyBaeThCS MpHCMaK OaHaHA Ta MIOKOJAIY,
KWK TTOMipPHO COJIOAKHH.
Haumnka (MapMenanm): COJIOAKYBaTO-KUCIYBaTHH,
BiJTUyBA€ThCS CMaK amelibCMHAa Ta abpukocy, 0e3
CTOPOHHIX IPUCMAKIB
3amax [Ipuramannuii mokonany, 3me- | OCHOBA TiCTEUKa: FOPIXOBUA, 3 apOMAaTOM MUTIAIIO
rKa TopixoBuil, 0e3 CTOpPOHHIX | i OaHaHIB, €3 CTOPOHHIX NPHCMaKIB i 3amaxis; 3a-
MPUCMAKIB 1 3amaxis max BOJOPOCTEH HE BiTUYBaETHCS.
Hauunnka (Mapmenan): apomar abpukocis, 6e3 cTo-
POHHIX IPHUCMAKIB i 3amaxiB
Komip Kopuunesuii OcHoBa TicTe4Ka: TOBEPXHI — KOPUIHEBHH, Ha PO3-

pi3i — CBITJIO-KOPUIHEBH, JKOBTYBATHH.
Hauwnnaka (MapMenam): Bl 5KOBTOTO J0 )KOBTO-OpaH-
5KEBOTrO.

30BHINIHIA BATIIAL 1
¢dopma

Bupi6 mae xpyriy abo mpomos-
ryBaTO-MIPUILTIOCHYTY  (opmy,
10 Haraaye GopMy KapTOILTi.

Bupib mae xpyriy dpopmy

[HoBepxHs

OOcunaHa  Kakao-IIOPOIIKOM,
3MIlIaHKM 13 I[YKPOBOIO IIyJ-
poro, 0€3 BM’SITHH 1 TPIillUH

OOcumnannii Kakao-TIOPOIIKOM, 0e3 BM ATHH 1 Tpi-
IIHH

Burmsin Ha po3pisi

OpHopizHa Maca KOPHUYHEBOTO
KOJILOPY

OnHopiZHa Maca CBITJIO-KOPHYHEBOTO, KOBTYBATOTO
KOJIbOPY, 3 YITKO BUPAKCHUM KYOUKOM MapMenaay

Koncucrenmis

Minua

Hixxna, ogHOpiaHA

xepeno: po3polieHo aBTOpaMu.

["oToBwuii Bupi6 Ha oHy nopitito (70 ) ckIaaaeThes 3 OCHOBH — 54 T Ta MapMenany — 16 r.
XIMIYHUH CKJIaJ Ta €HepreTUYHa IIHHICTh KOHTPOJIBHOIO M JOCTIIHOTO 3pa3KiB, a TAKOXK 3a-
JIOBOJICHHSI T0OOBO1 MOTpeOU HaBEACHO B TaOIHII 3.

Tabauys 3 — Ximiunui cknao, enepeemuyna YiHHicms ma 3a00804eHHs. 0000601 nompebu
KOHMPOIbHO20 Ma po3pobieno2o 3paskis (na 70 )

. Bwict y Bupobax BigXHHeHHﬂ J0- HOf;:gaHO- 3aﬂoi%§;ig;ﬂ;)6oml
Hytpiertn CJIiJI/KOHTPOJIB, .
KOHT-= OCITi % (xcitikan) KOHTPOJIb TIOCIHILT
poJib [26]
Binku, © 3,5 4,3 22,8 66 5,3 6,5
Kupwu, r 11,4 8,8 -22,8 70 16,3 12,6
Byruesoawm, T 10,5 12,4 18,1 326 3,22 3,8
Xap4oBi BOJIOKHA, T 0,3 1,8 y 6 pasiB 38 0,8 47
EHepreTuyHa IIHHICTh, KKaJI 151 146 -3,3 2200 6,86 6,63
Bimaminu
B, Mr 0,01 0,03 y 3 pa3u 1,3 0,76 2,3
E, mr 0,35 2,6 y 7,4 pa3u 15 2,3 17,3
A (B-xapoTtus) Mr 0,2 0,42 y 2,1 pasu 0,7 28,6 60,0
Minepanvui peuosunu
Kamiii, mr 71 285 y 4 pazu 1920 3,70 14,8
Kanpiiii, Mmr 30 64 y 2,1 pa3u 1100 2,73 5,82
MarHiii, Mr 6 45 y 7,5 pa3u 500 1,2 9,0
dochop, Mr 53 120 y 2,2 pa3u 1500 3,53 8,0
depym, Mr 0,5 1,2 y 2,4 pa3u 17 2,9 7,06
WMo, MKr 3 40 y 13,3 pasu 150 2,0 26,7
CeneH, MKT 6 15 y 2,5 pa3u 50 12,0 30,0
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Ha ocHOBI BCiX pe3y/ibTariB IPOBEACHUX JOCIIKEHb 1 BCTAHOBJICHUX IMOKAa3HUKIB SKOCTI
po3poliieHoro TicTeuka «TaeMHHIISI HOYD» MOXKHA 3pOOMTH BHCHOBOK, IO 3alpOIIOHOBaHHUN
BHUpIO CIpHUs€ TOKPAIICHHIO 3aJ0BOJICHHS J000BOI MOTPeOW JIOAMHM B MiHEPAIbHHUX
peuoBMHAX, 0COONIMBY B MOl Ta ceneHi: qochigHuil 3pa3ok — 26,7 ta 30,0 %, KOHTpOIbHUT
3pa3zok — 2,0 ta 12,0% BiAmoBigHO.

BucnoBku. Ha miicTaBi npoBeeHUX TOCIIIKEHb, MOXHA 3pOOUTH BUCHOBOK, IO TICTEYKO
«TaeMHHIIS HOYI» 3 TIOKPAIICHUM HYTPIEHTHHM CKJIaJIOM Ma€ BUCOKY OPTaHOJICTITHYHY OIIIHKY,
MiABHUILIEHUA BMICT WOy, CEJIEHY, KaJIbIIif0, K0 Ta IHIIUX PEUYOBHH, IOPIBHSIHO i3 BUPOOOM
TPaAMUIIHHOTO BUPOOHHIITBA, TAKOXK HE MICTUTh PEYOBHH TBAPHHHOTO IMOXO/DKEHHS 1 IyKpy. | 11e
JIa€ MOYKJTMBICTh BUKOPHCTOBYBATH PO3POOTICHUI BUPIO K TOJATKOBE JHKEPENIO Oy Ta CelIeHy
13 MeTOr MPO(DUTAKTUKH BUHUKHEHHsI a00 TIOM'SIKIIIEHHs epediry XBopoO mpu Ho03aJIeKHUX
3aXBOPIOBAHHSX, @ TAKOXK PEKOMEH/yBaTH CIIOKMBA4aM, sIKi CTPaXKIAIOTh HA 1HTOJIICPAHTHICTb
(moBHY a00 YaCTKOBY) JI0 TNIFOTEHY, HE BXKHUBAIOTh MPOAYKTIB TBAPHHHOTO MOXOKCHHS, Ta JIJIsI
THX, XTO CIIIZIKY€ 32 CBOIM 3/IOPOB’sIM, HAMAratOuuCh 3HU3UTH CIIOKUBAHHS I[YKPY.
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TECHNOLOGY OF GLUTEN-FREE CAKE WITH INCREASED IODINE CONTENT

Deterioration of the quality of food diets of people all over the world, a significant decrease in the supply of essential food
components, in particular trace elements, dietary fibers, as well as the growth of allergic diseases and diseases associated with intol-
erance to certain food components (gluten, lactose), require the development of new generation food products, which are able to
provide the body with the necessary substances and at the same time take into account the nutritional status of a person.

Flour confectionery products based on biscuit dough are very popular among different segments of the population. How-
ever, it is known that these products are prepared on the basis of wheat flour, contain a large amount of sugar and eggs.
Expanding the assortment of products that do not contain gluten and sugar (so-called “fast" carbohydrates), as well as with
an increased content of minerals, in particular, organic iodine and selenium, remains unresolved today.

The purpose of the article is to develop a technology and research the nutritional and biological value of a gluten-free
cake with an increased content of iodine.

Based on the results of technological studies, the technology of the basis for the cake was developed. Chickpeas were
soaked for 10-12 hours and boiled until ready. Then cooled, put in a blender, there were added bananas, Jerusalem artichoke
syrup, coconut oil at room temperature and blended until smooth. The obtained mass was placed in a container, almonds
crushed into crumbs and mixed with cystosira were added and mixed thoroughly.

Instead of cream, it was decided to fill the cake with marmalade, which will make the product more useful and increase
the vitamin content. The technology of marmalade, which will be used for filling, has been developed, that is, marmalade in
the form of a cube or ball is placed in the middle of the product. Apricot-orange marmalade technology involves the following
technological stages: in a saucepan, apricot puree and orange juice were combined in equal proportions, agar-agar and water
(the ratio of agar-agar and water is 1:2 or 1:3) and everything was thoroughly mixed with a whisk, brought to a boil and boiled
for 2-3 minutes, the saucepan was removed from the heat and the marmalade was poured into molds, cooled, after the marma-
lade had hardened, it was removed from the mold and used as intended. It is better to use freshly squeezed orange juice;
apricots can be replaced with dried apricots and puree made from dried apricots.

The development of the technology of the gluten-free cake "Secret of the Night" with an increased content of organic
iodine allows to expand the range of products with improved nutritional and biological value. According to the results of
research, it has been proven that the content of dietary fiber has increased by 6 times; satisfaction of the daily need for iodine
and selenium is 26.7 and 30 % against 2.0 and 12.0 % in the control sample, respectively, when consuming 70 g of cake. Based
on the conducted research, it can be concluded that the "Secret of the Night" cake has a high organoleptic rating, the increased
content of calcium, potassium and other substances, compared to the product of traditional production, also does not contain
gluten and substances of animal origin. And this makes it possible to use the developed product as an additional source of
iodine and selenium for the purpose of preventing the occurrence or mitigating the course of diseases in iodine-dependent
diseases, as well as recommending to consumers who suffer from gluten intolerance, do not consume animal products, and for
those who watches his health, trying to reduce sugar consumption.

Keywords: biscuit products; iodine deficiency; gluten-free products; cystosira; orange-apricot marmalade; Jerusalem
artichoke syrup.

Table: 3. Fig: 3. References: 26.
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ONTUMIBANIA TEMIIEPATYPHO-HYACOBHUX PEXXUMIB _
INOCT-OTBEPUKEHHSA 3HOCOCTIMKHUX EITOKCHUJIHUX KOMITIO3UIIIN

I3 3acmocysanHamM Memooy MamemMamuiyHo20 nNIarHyeants excnepumenmy bokca-Yincona ecmanosneno onmumansHull
pedrcum NOCH-0meEepONCeHHs 3HOCOCMILIKUX eNOKCUOHUX KOMNO3UYIL, Wo MOdice 3ACMOCO8Y8amMUCy NPU GUSOMOGIeHH] Oema-
Jell pisHux eabapumie ma moswury, nokpummis. IIOpisHATLHOI OYIHKOW CepitiHo20 ma po3pobIeH020 ONMUMI308AHO20 pe-
JHCUMIB NOCM=0MBEPONHCEHHS MOBCIMOCMIHHUX BUCOKOHANOBHEHUX MYTbIMUOUCIEPCHUM CUNiYill KapOIOOM 3HOCOCMINIKUX enokK-
CUOHUX 8up00i6 (NicK0Gi HACAOKU 2IOPOYUKIOHIB) 008E0EHO MONMCIUBICMb CKOPOYEHHA 3A2ANIbHO20 YUKTY Hpoyecy 3d
ONMUMI308AHUM PEHCUMOM 3 NOKPAUEHHAM 3HOCOCMINIKOCMI | (DI3UKO-MEXAHIUHUX 61ACMUBOCIELL.

Knrouogi cnosa: enokcuomni 3H0COCMItiKi KOMRO3UYIL, ONMUMI3AYIS PEAHCUMY; NOCM-OMEEPONCEHHS, 2a30A0PA3UBHE 3HO-
WYBAHHSA, PENbED SHOUEHO20 NOBEPXHEE020 WAPY; NICKO8I HACAOKU 2I0POYUKIOHA.

Tabn.: 6. Puc.: 1. Bi6n.: 27.

AKTyaJIbHICTh TEeMU J0C/IiKeHHs. 3a0e3MeueHHs] 3HOCOCTIMKOCTI feTanel pi3HOMAaHIT-
HOTO 00MagHaHHS € 000B’I3KOBOO YMOBOIO HOTO HAIIITHOI pOOOTH, OCKUJIBKM BHACIIJJOK 3HO-
IIyBaHHs Bi10yBa€eThCs BTpaTa poO0TO31aTHOCTI Oararbox netaneit [1; 2]. 3HouryBaHHS neTa-
Jeii 1 By3miB oONagHaHHS JUIsl IEpepoOKH aObpa3WBHUX CyMillel y ripHudoz0aradyBalibHii,
XIMIYHIH Ta IHIIMX Tamy3sSX MPOMHUCIOBOCTI Belle JO 3HAYHUX €KOHOMIYHUX BTPAT, 1110 CKJIaja-
I0ThCS 13 BTpAT BiJl 3HMKEHHS MPOJYKTUBHOCTI, 0€33BOPOTHOIO yOYTKY MarepiaiiB, IPOCTOIB
oOJiaiHaHHs IPU PEMOHTI. 111 BUTOTOBJIEHHS Ta pEMOHTY JeTalieil o0siaqHaHHs, 1110 3a3Hae Jil
TBEpAMX aOpa3sMBHUX YACTUHOK Yy MOTOILl ra3y abo piAMHM, 3aXMCHUX MOKPUTTIB BHYTPIIIHIX
Ta 30BHILIHIX MOBEPXOHb HACOCIB, TPAHCIIOPTHUX CHUCTEM, T1POCIOPY/ Yy CBITOBIM MpaKTHIlI
HIMPOKO BUKOPUCTOBYIOTHCS MOJIIMEPHI KOMITO3UIIIHHI MaTepiajal Ha OCHOB1 EOKCHIHUX CMOJI,
HOJIiypeTaHiB, MONICEYOBHH, ryM [3-6]. 3-momixk nuX MarepialliB 3HAYHE TMOIIHUPEHHS MAlOTh
€MOKCU/TH] 3aBISKH JOCTYIMHOCTI CHPOBUHH, BHCOKIN 3HOCO-, arpeCHBOCTIHKOCTI, MIITHOCTI,
BUCOKIH aaresii 1o 6ararbox mMarepiaiiB pi3HOT IPUPOIU, MOXKIUBOCTI OTBEP/KEHHS 3a eHep-
ro30epirarvoro TeXHOJIOTier — 3a 3Bu4aiiHoi (20 °C) Temneparypu [7-8].

JU1s MOKpaleHHs! eKCIUTyaTallifHUX BIACTUBOCTEN eTMOKCHIHUX KOMIO3ULIIHHUX MaTepia-
7B y OLIBIIOCTI BUTIAJIKIB MPOBOAMTHCS iX MOCT-OTBEPDKCHHS TTpH Temmeparypax 60-120°C,
OINTUMI3aLlisl PeXKUMIB SKOTO € aKTYaJIbHOIO 33/1a4€l0 ChOTOJICHHS.

IMocTanoBka npodiaemMu. Y BUpoOHUYNX YMOBax 1 0COOIMBO MpU BUKOHAHHI PEMOHTHHUX
POOIT MOXKIIMBI BiIXUIJICHHS BiJ] BCTAHOBJICHHUX PEKHUMIB MOCT-OTBEPXKEHHS JIeTajeH, TOKPHT-
TiB 13 €MIOKCHUTHUX 3HOCOCTIMKHMX KOMITO3UINM BHACIIIOK 1X PI3HUX Ta0apuTIiB Ta TOBIIUHU (KO-
JiHa THEBMOTPAHCIOPTY, TAPOLMKIOHHU, poOoUi Kojeca IPYHTOBUX HACOCIB, MICKOBI HACa KU
Ta 1H.), 1[0 BIUIMBAE HA PO3MOLIT TEMIEPATyp MO TOBIIMHI BUPOOIB, CTYIIHb OTBEPKEHHS 1,
BIJIMOBIAHO, 1X €KCIUTyaTalliiHi BIaCTUBOCTI. Y IIUX yMOBax HEOOXiIHUM € pO3pOOIeHHS pe-
KHMY TTOCT-OTBEPHKEHHS TaKUX BUPOOIB 3 TOCTYIIOBUM ITiAHOMOM TEMIIEPATyPH B JOCTYITHHX
MesKax, 10 JO3BOJIMTh 3MEHIIMTH HETaTUBHI HACIIJKU TEMIIEPaTypHUX TepenajiB Ha poOoTo-
3[IaTHICTH J€TaJeH Ta MOKPUTTIB 13 3aXUCHUX CMOKCUIHUX KOMIIO3UIIIH.

AHaJi3 ocTaHHIX J0caiaxkensb i myOaikaniii. [TutTanHs migBUIIIEHHS 3HOCOCTIHKOCTI 3a-
XUCHUX EMOKCHUIHUX KOMIO3UIIN 3HAXOASATHCS B LIEHTP1 yBaru 0ararbox MPOBIAHUX HAYyKO-
BUX LIEHTPIB Ta YCTaHOB. [HTEHCUBHI JOCIIIKEHH] B IIbOMY HanpsAMKY npoBoasaThes B CIIA,

© O. B. ®angees, O. 0. [Tonos, 2024
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Kwurai, [aaii, kpainax €Bponeiicbkoro Coro3y, Jie mpaiftoe 3HauHa KiJIbKICTh BapTICHOTO 00J1a-
JTHAHHS, TIAPOCIOPY, 10 NOTPEOYIOTh 3aXMCTy BiJl 3HOIIYBAaHHS MpPH Jii MOTOKY MeperaBa-
€MHUX MaTepiajiB pi3HOI TBEPAOCTI Ta po3MipiB. HaitOinbIa yBara B uX JOCIIKEHHSIX TTPU-
JUTSIETBCSA 3aCTOCYBAaHHIO €(DEKTHBHUX MONMIMEPHUX MATPUIb B 3aXMCHUX KOMMO3MIIisAX [3],
HacamIiepel COKCHIHUX CMOJI pi3HOI OymoBu [4; 9], nucnepcHux HamoBHioBadiB [10-17], y
TOMY 4YHCIi HaHOpo3MipHHX [18; 19]. IlepcrieKTHBHUMM 151 IIOKPAIIEHHS BIACTUBOCTEH €T10-
KCHJITHUX KOMITO3UIIIH € 1X MoaudiKallis eHEPreTUUHUMH TOJISIMA — MarHiTHUM, €J1eKTpOCTa-
TUYHHUM, yabTpadioneToBum ornpoMiHtoBanHsaM [20]. [Ipore 10 TenepimHbpOro yacy HaiOiabI
JOCTYIIHUM 1 3aCTOCOBAHMM CIIOCOOOM MOKPAIIECHHS €KCIUTyaTallliHUX XapaKTePUCTHK IO~
MEPHUX KOMITO3UIIHHUX MaTepialliB, y TOMY YUCII 1 €TOKCUIHUX, 3aTHIIAETHCS TP HHIIHI
— MIPOrHO30BaHa 3MiHa TEMIIEpaTypH i Yacy iX moct-orBepkenus [21-25] st 3ab6e3nedeHHs
ONTHUMAJBHUX TEXHOJOTTYHUX PEKUMIB iX 3MIMBAHHS. 3BUYAWHO MTOCT-OTBEPIKEHHS JieTasIei
13 €MMOKCUIHUX KOMITO3HIIiH, MONEPEeIHbO OTBEPIKEHUX 32 €HEPro30epiratouoio TEXHOIOTIE0
npu 3BuvaiiHii (20 °C) Temneparypi, IpOBOISATH IPH TEMIIEpaTypax HIDKYE TEMIIepaTypH iX
ckiyBanHs (60-120 °C) ab6o Bume (Hampuknag, 150 °C [25]). 3acTocyBaHHs O1JIbIII BUCOKHX
TEMIEPaTyp NOCT-OTBEPKEHHS, 0COOJIIMBO KOJIHM €MOKCHUIHI KOMITO3UI[ii BHKOPUCTOBYIOTHCS
IIPU PEMOHTI Ta BIJHOBJICHHI KOMITO3MTHHUX JeTaneil oOjagHaHHs, MPU3BOAUTH 10 IOTIp-
HICHHA 1X BJACTMBOCTEH BHACIIIOK Mepediry mpoueciB AeCTPYKIlii KOMIIO3UTHOI MaTpPHIli Ta
PEMOHTHOTO €MOKCUIHOTO MaTepiany. Y OUIbIIOCTI JOCHIIKEHb BIIUB TEMIEPaTypH MOCT-
OTBEP/KEHHS HAa 3MiHY BJIIACTUBOCTEH €MOKCHUIHUX KOMIIO3HIIIN 3’ SICOBYEThCS TPU 3aCTOCY-
BaHHI MEBHOTO MOCTIMHOrO TepMiHy MPOBEIEHHS ILOTO mporecy [21-25], mo He n03BOIsIE
HOro KOpUTYBaTH PH BiIXHJICHHI TEMIIEpaTypH Bif 3a1aHO1 32 peKUMOM. TakuM YMHOM, J10-
CIIJKEHHS BIUTUBY OJIHOYACHOI 3MIHM TeMIepaTypu 1 TepMiHy MPOBEACHHS IMOCT-OTBEp-
JOKEHHS €MOKCHTHIX KOMIIO3HIIIM HagacTh 00’ €KTUBHY iH(opMalito i 3a0e3nedeHHs IXHiX
ONTHUMAaJIbHUX €KCILTyaTalliifHIX BIACTUBOCTEH.

Bupisienns1 HegoCaiIKeHNX YACTUH 3arajibHoi npodJemu. [IpoBenennii anasiz octan-
HiX OIyOJIIKOBaHHUX JOCHTIKEHb MOKa3aB, 10 MTUTAHHSIM IT1IBUIEHHS 3HOCOCTIHKOCTI €MOKCH-
JTHUX KOMITO3ULIMHUX MaTepiajiB NpUIUISIETbCA 3HaUHA yBara, OCKUIbKM 3HOCOCTIHKICTh Oara-
THOX JIeTaJiel Pi3HOMAHITHOTO 00JaJHaHHS CIpHUsS€ 3MEHIIEHHIO HOro MpOCTOiB 1 € J1€BUM
(dakTopoM pe3epBiB BUpOOHHUIITBA. OHUM 13 HANPSIMKIB MOKPAIIEHHS XapaKTEPUCTUK 3aXHUC-
HUX MOKCUIHUX MaTepialiiB i, BIAMOBIIHO, EKCIUTyaTalliiHOT BUTPUBAIOCTI BUPOOIB 13 HUX €
iX TOCT-OTBEpIKEHHS (JIOOTBEPIKEHHS), PEKUMH SKOTO, SIK MPABUJIO, MOBHICTIO HE HABO-
JSIThCS, CTAHOBJISITh «HOY-Xay» BUPOOHMKIB. B 11bOMy 3B’ 3Ky pOBEJICHHS 1OCIIKEHb 3 BCTa-
HOBJICHHS OTITUMAIIBHUX PEXKHUMIB TIOCT-OTBEPKEHHS 3HOCOCTIHKMX €MOKCHIHUX KOMITO3HITIH
3 MOXKJIMBICTIO TPOTHO3YBaHHS BIUIMBY 1X 3MiHHM Ha 3HOCOCTIHKICTh 1 OCHOBHI (pi3UKO-MeXaHi-
YH1 BJACTUBOCTI 3aXMCHUX MaTepialiB € JOIUILHIUM Ta HEOOX1THUM.

MeTo10 CTATTi € BU3HAYECHHS ONTUMAIBHOTO PEXUMY MOCTAiI{HOrO MOCT-OTBEPHKEHHS
3HOCOCTIMKHX €MOKCHJIHNUX KOMIIO3MIIIHM 3 MOXKJIMBUM IIPOTHO3YBAaHHAM 3MIHHU IXHIX BJIacTHUBO-
CTEW IpU TeMIIEPaTYPHUX BIAXMIECHHSIX BiJ IbOTO PEXKHUMY.

Bukian ocHoBHoro marepiauy. /lyis BU3HAUSHHS ONTUMAIIBHOTO TEMITEPAaTypPHO-Yaco-
BOTO PEKUMY IOCT-OTBEPIKEHHS €ITOKCHTHUX 3HOCOCTIHKUX KOMITO3UIIii1 Oyi0 MpoBeIeHO Ma-
TeMaTHUYHE MJIaHyBaHHS EKCIIEPUMEHTY 32 MeToIoM bokca-Yincona [26], sikuii J03BOJISIE OTPH-
MaTd BIAMOBITHI PIBHSHHS B3a€MO3B’SI3KYy JOCHIKEHUX PEXUMIB 13 BIACTUBOCTSIMU
OTBEP/KEHUX KOMITO3UTIB ((Pi3MKO-MEXaHIYHUMH, 3HOIIYBaHHSAM Mpu Aii abpazuBy miJ pi3-
HUMH KyTamH araku). [Ipu BuOGoOpi TeMneparypHO-4aCOBUX PEXKHUMIB ITOCT-OTBEPXKEHHS €I10-
KCUIHUX KOMITO3MIII BPaxOBYBaJHM pPe3yJbTaTH TONEPEAHBO TPOBEACHUX TOCHTIHKEHb 3
BIUIMBY Temmneparypu (60-140°C) ta vacy (1-3 roa.) mocT-oTBEpKEHHs Ha 1X B SI3KOIPYKHI
[27] 1 TepmoMexaHivH1 B1acTHBOCTI [21].
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[Ipu npoBeaeHH1 TOCTIIKEHb SIK OCHOBY 3HOCOCTIMKUX €MOKCUAHUX KOMIIO3HIIIM BUKOPHU-
CTOBYBaJIM €MOKCUIHY JiaHoBy cmoiry CHS-Epoxy 525 BupoOnunrsa gipmu Spolchemie, Ye-
xis (emokcuaHUi exBiBaneHT 179-189 r/exB, nuuamiuna B’s3kicth npu 25 °C 10-12 Ilac), y
SKY JJIS 3MEHIIICHHSI IOYaTKOBOI B’SI3KOCTI KOMITO3HUIIINA Ta TOKPAIICHHS PO3MOAUICHHS B Hilt
nojsiaminoro oteepakysada Poly7 (15 mac.u. Ha 100 mMac.4. cmou) BupoOHuITBa hipmu TOSOh
Corporation, Snonis (cymim nonierwiennomniaminy — 60-80 mac.%, nmeHTaeTHIICHTeKCaMiHy —
10-30 mac.%, terpaetuniennenTaminy — 9 mac.%, aminue unciao 1200-1280 mr KOH/r) nonar-
KOBO BBOAWJIM enokcuaoBmicHui po3baBHuk CHS-Epoxy RR690 BupoGHuiTBa dhipmu Spol-
chemie, Yexis (TpunminuauiaoBuii edip TPUMETHIOIIPONAHY, €IOKCHIHNN eKBiBajeHT 145
r/exB, quHaMivHa B’s3KicTh mpu 25°C 150 mlla-c). Bubip emokcuanoi nianoBoi cmomu CHS-
Epoxy 525 oOymoBieHui BUCOKMMH (DI3UKO-MEXaHIYHUMH BJIACTUBOCTSIMH KOMITO3UITIMHHUX
MarepiajiB Ha OCHOBI JIaHOBUX €TIOKCHIHUX CMOJI, MOKITUBICTIO X OTBEp/IXKCHHS 32 3BUYAHHOT
temmeparypu (20 °C) 6e3 3acTocyBaHHs €HEpProHociiB. 3acTocyBanHs moiaminy Poly7 mo3so-
JIsIE IPOBOIMTH OCHOBHMIA poriec orBepxenHs mpu 20°C (20°C*24 rog.), anst OLIbII TOBHOTO
nepediry sIKOro 3acTOCOBYBAIM JTOJIATKOBE MOCT-oTBepkeHHs npu 60-120°C Bnpomosxk 1-3
roJi. 3aBepIICHHS MPOLECY OTBEPHKEHHS XapaKTepU3yBaIl BMiCTOM 30Jb-(DPaKIIii 32 BiIOMOIO
METOJIMKOIO [21] B HEHAITOBHEHUX KOMIIO3UIIISIX, BAKOPUCTAHHS SKUX JTI03BOJISIE B OLTBII ITOBHIM
Mipi BUSIBUTH X CTPYKTYpHI 3MiHHU IIPH MOCT-OTBEP/KEHHI. TeMIieparypa mocT-oTBepIKESHHS
140 °C Oyna BuKIIIO4YEHA PU JOCIIHKEHH], OCKUIBKH ii 3aCTOCYBaHHS HE TITbKU 301JIbIITY€ CHE-
proBUTpaTH, a ¥ MPU3BOAMUTH JO TOTIPIICHHS CKCIUTyaTalliiHUX BIACTHBOCTEH KOMITO3HUIIIN
BHACIIIIOK Mepediry B 3Ha4Hii Mipi mpoueciB aecTpykiii [21], 3011b1IeHHI0 BMICTY 30/1b-(pa-
kil B HEX 10 4,0 mac.%. EnmokcuaHi KoMITo3uilii BUTOTOBIISUIN HIJIIXOM BBEIECHHS €IIOKCHIHOT
cmoiiu CHS-Epoxy 525, enokcunoBmicHoro pozdaBauka CHS-Epoxy RR690 B peaktop nepi-
omu4HOI 1ii mpu Temmeparypi 60 °C, koMIoHEeHTH niepeminryBaiu Brponoxk 10 xB. [Tomamin
Poly7 nomaBanu 10 HEOOXiTHOI KITBKOCTI SMOKCHIHUX KOMITO3HIIIN Mepe X 3aCTOCYBaHHIM
npu 20-25 °C, nepemirnryBaiu BOpoJoBK 5 xB. [0TOBI koMno3uilii 3 nomiaminom Poly7 3amm-
BaJIM y BIAMOBIIHI (hopMu, 0TBEpKYBaIU 3a pexxuMoM 20°C*24 roz Ta MoCT-0TBEPIKYBAIH B
tepmoctari mpu 60-120 °C Bnpomosx 1-3 rox.

Di3uK0-MeXaHIYHI XapaKTEPUCTUKU MTOCT-OTBEPHKEHUX 3pa3KiB BU3HAYAIH BiAMIOBITHO A0 Ii-
IOUYMX CTaH/apTIiB, 3HOCOCTIMKICTh XapaKTepU3yBaJM iX 3HOLIyBaHHSM BianoBigHo g0 ['OCT
23.201-78. BuripoOyBaHHs Ha 3HOCOCTIHKICTh MPOBOMIM B HAWOLIBII )KOPCTKUX YMOBaX — MpU
HIBUJKOCTI JIii MOTOKY YaCTUHOK PIYKOBOIO MicKy po3mipamu 0,5-0,9 MM 76 M/c, CTBOpEHOTO Bij-
neHTpoBuM npuckoproBadeM L[VK-3. 3pa3ku po3mipamu 15%20x4 MM BCTaHOBIIOBAJIM Ha ycTa-
HOBIII B ITOJIOXKEHHI BIJIMOB1IHO /IO KyTa araku abpasusy 15, 30,45, 60, 90°. Mopdonorito moBepxHi
eMOKCU/THMX KOMITO3UIIIH MiCIsi Ta30a0pa3uBHOIO 3HOLITYBAHHS JOCIIDKYBAIN 13 3aCTOCYBAHHIM
g posoro onrtuaroro USB-mikpockory Microsafe ShinyVision MM-2288-5X-BN (Kwurait).

ITpu BU3HaUEHH] ONITUMAJIBHOTO PEXXUMY IOCT-OTBEP/XKEHHS EMOKCHIHUX KOMITO3UIiH 3a
metonoM bokca-YincoHa s 3MEHIIIEHHSI eKCTIepUMEHTATbHUX BUTPAT BUKOPHCTOBYBAJH TUTaH
TepIIOro TOPSAKY — ApoOHumit dakTophuil ekcriepument 2%, Marpuus skoro HapeleHa B
Tabi. 1, 3 BapilOBaHHSIM YOTHUPHOX 3MIHHHUX — TemIieparyp mnoct-orBepaxkeHHs 60, 80, 100,
120 °C. 3a ocHOBHHMIi piBeHb MOCT-OTBEPAKEHHS KOMITO3UIi OyB MpHiHATHI yac y 2 rof.,
OCKUJIBKH 32 IIeH Yac MepeBakHO JTOCATABCS CTa0lTbHUN PIBEHb BIIACTUBOCTEH, IHTEPBAJ 3MiH-
HUX — 1 roa. Y Talu. 2 npeacTaBiIeHO BIACTUBOCTI MOCT-OTBEPXKEHUX ETTOKCHIHUX KOMIIO3H-
Ii{ 3T1IHO O MaTPHIll TUTAHOBAHOTO €KCIIEpUMEHTY. Ha mijcTaBi ekcriepuMeHTaTbHUX JaHUX,
HaBeJIeHUX y Ta0u. 2, Oynu po3paxoBaHi KOe(illieHTH PIBHSHb perpecii mojaiHomMy

Yi = Do + b1x1 + box2 + baxs + baxa (@D

3aJISKHOCTI BIACTUBOCTEN KOMIO3MIIIN BiJl TEMIIEPATypPHO-YAaCOBUX PEXHUMIB iX IOCT-OTBEp-
mxeHHs. KoeditienTn piBHsSHB perpecii bj po3paxoByBanu 3a popmysoro [26]:
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b= Zii1ji
J

n

()

ne bj — koediuieHt piBHSAHHS perpecii npu j-pakTopi; Vi — 3HAYCHHS apaMeTpy ONTHMi3allil;
Xij — KOJIOBaHE 3HAYCHHS J-T0 (pakTopa B i-My TOCBiJIi; N — YKCIIO JOCIIIIB.

Tabnuys 1 — Mampuys naanyéanns 0pobrozo ghaxmoprozo excnepumenmy 2*! ma memnepa-
MYPHO-4ACOBI PENCUMU NOCM-OMBEPONHCEHHS ENOKCUOHUX KOMNOZUYILL 32I0HO 3 YIEIO MaAmMpuyero

TepMiH mocT-0TBEpIKEHHS (TOT)

3MiHHI .
Howmep JUIs 3MIHHUX
aocmig X1 X2 X3 X4
! Xo X X2 X3 X4 (60°C) | (80°C) | (100°C) | (120°C)

1 + + + + + 3 3 3 3
2 + + + - - 3 3 1 1
3 + + - + - 3 1 3 1
4 + + - - + 3 1 1 3
5 + - + + - 1 3 3 1
6 + - + - + 1 3 1 3
7 + - - + + 1 1 3 3
8 + - - - 1 1 1 1

Jlxepeno: po3po0IeHO aBTOPaMHU.

Tabnuya 2 — Bnius memnepamypHo-4aco8ux pexcumis nocm-omeepodceHHs: eNnOKCUOHUX
KOMRO3UYI 32I0HO 3 MAMpUuyero NiaH08aH020 eKCRePUMEHmY Ha IXHI Qi3uKo-mexaniuni enac-
MUBOCMI Ma 3HOULY 6AHHSL

. _ . 3nomysanns (AV-103, cm®) mpu kyTax
Di3uK0-MeXaHIuHI BIaCTHBOCTI
aTaku abpasuBy, rpajycu
Howmep MIIHICTh MIIHICTh MIIHICTh yaapHa
JIOCIIAy | TpHW po3- | MPH CTaTH4Y- | MPH CTHC- B’SI3KiCTh
TATYBaHHI, | HOMY 3THHI, HEHH, 3a [lapmi, 15 30 45 60 90
MIla MIla MIla kJIx/m?
1 25,44 93,11 128,94 18,42 3,5 114 13,3 8,6 42
2 31,19 98,87 124,26 22,02 3,8 13,2 15,8 8,9 6,1
3 30,97 97,70 120,30 16,31 4,7 14,9 16,2 11,2 5,6
4 30,62 91,54 126,08 17,04 57 13,9 16,1 10,6 5,8
5 36,63 121,00 125,34 24,86 5,5 8,0 13,0 8,8 5,2
6 28,93 119,61 122,34 24,00 6,2 8,6 135 9,1 48
7 28,47 120,59 123,95 25,91 5,6 114 15,3 8,7 4,7
8 23,19 83,55 109,30 15,89 7,3 16,5 17,8 12,9 6,7

Jlxepeno: po3po0iieHo aBTOpaMu

OTtpumaHi piBHSIHHS perpecii BIaCTUBOCTEH €MOKCUIHUX KOMITO3UIIIM Manu Takuil B
- 3uomyBanHs (AV-103 cm®) npu pisHUX KyTax aTaku abpasuBy yi

y1,15° = 5,2875 — 0,8625 x1 — 0,5375 X2 — 0,4625 X3 — 0,0375 Xa;

y1,30° = 12,2375 + 1,1125 x1 — 1,9375 x2 — 0,8125 x3 — 1,1750 X4,
Yy1,45° = 15,1250 + 0,2250 x1 — 1,2250%2 — 0,6750 X3 — 0,5750 X4;
y1,60° = 9,8500 — 0,0250 x1 — 1,0000 x2 — 0,5250 x3 — 0,6000 Xa;

Y1,90° = 5,3875 + 0,0375 x1 — 0,3125 X2 — 0,4625 X3 — 0,5125 X4,

- ynmapHa B’s3kicTs 3a Hlapmi (x/x/m?) Y2
y2=20,56—-2,11 X1+ 1,77 X2 + 0,82 X3 + 0,78 X4,
- MinHicTh npu ctucHenHl (MIla) ys3
y3=122,56 + 2,33 X1 + 2,66 X2 + 1,94 X3 + 2,76 Xa,
- MIIHICTh Npu cTatnuHoMy 3ruHi (MIIa) ya
ya=103,12 - 7,94 x1 + 4,90 x> + 4,85 X3 — 0,78 X4,
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- MinHICTh IpH po3TaryBanHi (MIa) ys
ys = 29,43 + 0,34 x1 + 1,12 x» — 0,95 x3 — 0,82 Xa. (11)

OCHOBHUI TeXHIYHHIA PE3YNIbTAT, IKUH HEOOX1THO OyJI0 JOCATTH MPH ONTUMI3aLlii TeMIIe-
paTypHO-4aCOBUX PEKHUMIB OCT-OTBEPKEHHSI €TIOKCUIHUX KOMITO3HIIiH, - SMEHIIICHHS 1X 3HO-
nryBanHs. HaiiOinpme 3HonryBanHs (Talu. 2) eMOKCHIHUX KOMIIO3ULIN BiZOyBa€eThCs IPU KYTi
araku abpasuBy 45°. BukoHaHi po3paxyHKH 3a piBHSHHAM (5) goBeau 100py iX BiMOBIAHICT
EKCTIIEpUMEHTAIBHIAM JaHUM (BIIXUJICHHS PO3PaxXyHKOBUX 3HAYE€Hb 3HOIIYBAaHHS Bij €KCIIEpU-
MCHTaJIbHHUX CTAHOBIIATH HE OibIie £5 %).

AHaui3 piBHSHHSA perpecii (5) mokasas, 1110 HalOIBIIMKI BIUTMB HA 3HOUTYBaHHS €MOKCHU/I-
HUX KOMIIO3UIII BHOCATH 3MiHHI X2 (Temneparypa 80 °C), x3 (temmneparypa 100 °C), x4 (Tem-
neparypa 120 °C), koedimients bz, b3, ba, mpu sikux HaibiLIbII. 3MiHHA X1 (TEMIIEpaTypa mocT-
otBepkeHHS 60 °C) HeraTMuBHO BIUIMBA€E HAa 3HOLIYBAaHHS €MOKCHUIAHMX KOMIO3MLIN (crpusie
301IBIIEHHIO 3HOUTYBAaHHS KOMITO3UIIIH Y TIOPiBHSHHI 3 OCHOBHUM piBHEM). AOCOIIOTHA BEIU-
YyrHa Koe(iIieHTIB B PiBHIHHI perpecii (5) Ta iX 3HaK HaJar0Th MOXKIIUBICTh KUTBKICHO OI[IHUTH
BIUTMB KOXKHOI TEMIIEpaTypH MOCT-OTBEP/KSHHS HA 3HOIITYBAHHS Ta 1HIII BIACTHBOCTI KOMIIO-
3MLIH: BIINOBIAHO 10 3HAKY «—» IpU KoedilieHTax by, b3, ba mis 3MeHmeHHs 3HOIIYBaHHS
€MOKCUIHUX KOMITO3UIII HEOOX1JHO 3aCTOCOBYBATH iX IMMOCT-OTBEPKEHHS IIPH TEMIIEpaTypax
80-120°C. OnHak ciiJi BpaxOBYBaTH, 0 MpU 30UIbLICHH] TEMIEPaTypH MOCT-OTBEPIKEHHS
3pOCTae BIPOTiAHICTh HEPIBHOMIPHOTO PO3IMOLTY TeMIeparyp B BUpobax (0coOIuBO B TOBCTO-
CTIHHHUX ), 11O TIPU3BOIUTD JI0 MOTIPIICHHS 1X SKOCTI.

Jliis mocsrHeHHs GBI PIBHOMIPHOTO PO3MOALTY TEMIEpaTyp y pi3HUX 30HaX BUPOOIB 3
ypaxyBaHHSM 3Ha4eHb KOe(ilIEHTIB IPU 3MIHHUX X2, X3, X4 JOLIHHO MPOBOAUTHU MPOIIEC TOCT-
OTBEPHKEHHS €MTOKCUHUX KOMITO3MIIIH 1ipu Temneparypax 80, 100°C. 3i 301bIIeHHsM TpHBa-
JIOCTI TIOCT-OTBEPIKCHHS €TIOKCUIHUX KOMIIO3HIIIN Y BIAMOBIHOCTI i3 3HAKOM «—» TIPH Koedi-
ieHTax bz 1 bz X 3HONIYBaHHS Oy/ie 3MEHITYBaTHCh, IO 1 BIAIOBIIA€ MIOCTABJICHIM METI JIOCITi-
okeHHS. ToMy TIpu po3paxyHKax BEJIWYMHH KPOKIB BapilOBaHHS 3MIHHHMX X2 Ta X3 3HAK MpH
koedinieHTax bz 1 b OyB 3MiHeHuU 3 «—» Ha «+». [Ipu pyci 10 061acTi ONTUMYMY 3HOIIYBaHHS
€MOKCUAHNUX KOMIO3ULIN Tpu 45° (piBHSAHHS Y1, 45°) Oy/I0 NPUMHATO B IKOCTI OCHOBHOTO iX MO-
Ka3HUKa (HalO1LIbII HEraTUBHUM e()eKT 3HOIIYBaHHS KOMIO3MLIIHN, SKHI TOTPIOHO 3MEHILIUTH),
1HII PIBHSIHHS perpecii 3aJIe)KHOCTI BIACTUBOCTEN €MOKCHIHUX KOMIIO3UIIHN BiJl TeMIlepary-
PHO-YaCOBUX PEKUMIB ITOCT-OTBEP,KEHHS BUKOPUCTOBYBAJIM B SIKOCT1 HaKJIaJJaHHA OOMEKEHb.
BennunHu KpokiB BapitOBaHHs 3MIHHUX X2, X3 IIPU pyci A0 00JacTi ONTHUMYMY pO3paxOByBasld
3a ¢popmyioro [26]:

&b

C
ne Aj— Kpok BapitoBaHHS | (hakTopy;

&€j— IHTepBaJI BapitoBaHHS | (aKTOpy;

bj — koeirieHT piBHSIHHS perpecii npu j pakTopi;

¢ — TIOCTif{Ha BEIMYMHA, 1110 0OUPAETHCS TOBUIBHO.

Po3paxyHOK BeTMUMH KPOKIB BapitoBaHHS 3MIHHUX (pakTopiB HaBeaeHO B Ta0u. 3. JlonaBaH-
HSIM KPOKIB BapifOBaHHSI JI0 BEJIMYMHU OCHOBHOTO PiBHS 3HAXOAMIH PEKUMH TIOCT-OTBEPKEHHS
EMOKCHTHUX KOMIIO3HITiH JIJIsl MPOCYBAaHHA 10 0071acTi onTUMyMy (Talbu. 4); BiAMOBIIHI iM Biac-
TUBOCTI KOMITO3UIIiH mpescTaBieHo B Tall. 5, a Ha PUCYHKY HaBeEHO MOP(QOJIOTio 3HOIEHUX
MOBEPXHEBUX ITIAPIB IUX KOMIO3HIIIN. AHaII3 JaHUX Ta0I.5 Ta pHC. TTOKa3aB, M0 ONTUMAIEHUM
3a KOMIUIEKCOM BJIACTUBOCTEH € HACTYITHHIA PEXUM MOCT-OTBEP/HKEHHS STIOKCHIHUX KOMITO3H-
iiit: 80°C x 2,4 roxg + 100°C x 2,2 ron (kommnosuiig 10, 10 BiAMOBIIA€ IbOMY PEXUMY), TIPU
3aCTOCYBaHHI SIKOTO CHOCTEPIraeThCsi HAWOUTBII PIBHOMIpHE a0pa3uBHE 3HOIIYBAHHS KOMITO3H-
iit. O6macTe KOMIPOMICHOTO ONITUMYMY JOCHI/PKYBATH 0YyJI0 HEOLUIBHO, OCKUIBKU MPH IILOMY
TEPMIHU TOCT-OTBEP/IKEHHS €MOKCHIHMX KOMIIO3UIIIM MOTpiOHO e Ouiblie 3By3UTH (BiATO-
BIJIHO /1O OCHOBHOTO ONTHMAJIBHOTO PEKUMY J10 3-6 XB), 1110 HEMA€E CEHCY PO MPOBEIEHHI PO-
IIeCy MOCT-OTBEPIHKEHHSI B TIPOMHCIIOBUX YMOBaX.
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Tabnuys 3 — Benuuunu Kpokie eapitoeanus pakmopie onmumizayii npu pyci 0o obaacmi

Ne 2(36), 2024

onmmyMy
3MiHHI
Paxropn %2 (80°C) x5 (100°C)
€] 1,0 1,0
by +1,2250 +0,6750
c 6 6
A, ~0,20 ~0,10

Jlxeperno: po3pobieHo aBTopaMu

Tabnuys 4 — Pesicumu nocm-omeepoicents enoKCUOHUX KOMNO3UYil npu pyci 0o oonacmi

oNnmuMymy

Howmep mocmimy

TepMiHU MOCT-0TBEPKEHHS (T0JT) IPH TEMIIEpaTypax

80°C 100°C
0 2,00 2,00
9 2,20 2,10
2,40 2,20
2,60 2,30
2,80 2,40

Puc. Mopgonozis snowenux nosepxuesux wapis enokcuonux komnosuyiti (*100)
npu npocysanmi 00 obnacmi onmumymy (Kym amaxu aopazugy 45°):
a— oocnio 0; 6 — docnio 9; 6 — oocnio 10; e— docnio 11; 0 — docnio 12

JIxepeno: po3pobieHo aBTOpaMu.
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Tabauys 5 — Bracmugocmi enoKCUOHUX KOMNO3UYIU NiCisi NOCM-0MBEepOdiCeHHs. NpU pPyCi
0o obnacmi onmumymy

BiractuBocTi KOMITO3HIIH Homep nocmizy

0 9 10 11 12
3uomrysanss (AV-103, cm®) npu kyTax
aTaxku abpas3uBy, Tpaxycu
15 2,6 1,9 1,5 1,7 18
30 4,1 4,0 3,9 4,4 4,7
45 5,7 52 5,0 5,6 6,0
60 3,5 3,4 3,2 3,8 4,3
90 2,6 2,3 2,0 2,3 2,4
Minnicts npu crucHenHi, MIa 123,4 124.6 126,5 1244 123,3
MiuHicTh pu cTaTuyHOMY 3ruHi, MITa 119,0 1211 1223 1194 1159
MiuHicts npu po3tsiryBanti, MI1a 30,8 34,2 36,6 31,6 30,0
VnapHa B’si3kicTh 3a lapmi, kJ/m? 22,7 24,3 26,6 24,1 22,8

Jlxepeno: po3po0IeHO aBTOPaMHU.

[TopinspHOMO ominkoro cepiitnoro (TOB «Hosi TexHosmorii, M. JIHinmpo) Ta po3pobeHoro
PEXKHUMIB ITOCT-OTBEPKECHHS TOBCTOCTIHHUX BUCOKOHAIIOBHEHUX MYJIBTUIUCTICPCHUM CHITIITIT
KapO010M 3HOCOCTIMKHX CIMTOKCHIHUX BUPOOIB (ITICKOBI HACAJKH T1APOIMKIIOHIB) JTOBEICHO Oi-
JbITy €()EeKTUBHICTh ONTHMI30BAaHOTO peXuUMY (Tabi. 6), MpH 3aCTOCYBaHHI SIKOTO CKOPOUY-
€THCS 3araIbHUIM IIUKJI TIOCT-OTBEPXKEHHS BUPOOIB 1 3a0e31meuyeTbes JOCATHEHHS 1X O BU-
COKHX TTOKa3HHKIB 3HOCOCTIMKOCTI Ta (Di3MKO-MEeXaHIYHUX BIACTUBOCTEH.

Tabnuyss 6 — Bnaus pejicumie nocm-omeepodceHHs Ha 61ACUBOCI MOBCMOCMIHHUX
3HOCOCMIUKUX eNnOKCUOHUX 8Uupo0i6 (nickosi Hacaoku ciopoyukiony I'lIK-710), nanosneHnux
MYTbMUOUCNEPCHUM CUNTYIL KapOioom

PexuMH OCT-0TBEPIKEHHSI
BrnactuBocri CepiiHMUIA PO3pOOIICHUI ONTHUMI30BaHUH
(60-110°C)x8 roa. (80-100°C)*4,6 ro.

MakcumanbHe 3HomyBanas, AV-10%, cm® 56,1 29,8
Minsicts pu ctucHerHi, MIla 120,0 144,3
MinHicTs Ipu cTaTHYHOMY 3ruHi, MIla 60,2 65,0
Minsicts npu po3taryBanHi, MIla 20,3 24,8
Ynmapna B’si3kicTs 3a [llapmi, K JIx/M> 3,4 3,5

Jxepeno: po3po0IIeHO aBTOpaMHu.

BucHoBKkH. [3 3aCTOCYBaHHSIM METOJY MAaTEMATHUYHOrO IJIAHYBaHHS €KCIepUMEHTY bo-
Kca-Y1JICOHA BCTAHOBJIEHO ONTUMAJIBHUN PEXXUM MOCT-OTBEPKEHHS 3HOCOCTIMKUX €TOKCHUI-
Hux kommosuiii (80°C x 2,4 rox. + 100°C x 2,2 rox.), 1m0 MOKe 3aCTOCOBYBATHCH TIPH BUTO-
TOBJICHH1 Ta PEMOHTI JieTaliell pi3HUX rabapuTiB Ta TOBIIUHH, TOKPHUTTIB.

[IpoBeneHo anami3 piBHSIHB perpecii 3aJeKHOCTI OCHOBHUX BJIACTUBOCTEH E€MOKCUIHUX
KOMITO3HUIIIH BiJ] TEMIIEPATypPHO-YACOBHX PEKUMIB iX MOCT-OTBEPKEHHSI 1 TOKAa3aHO HAPSMKU
MOYKJIMBOTO X TIOKpAIIEeHHsI TPH KOPUTYBAaHHI TEMIIEPATyp IMOCT-OTBEPIKEHHS.

BcraHoBneHo BIUIMB KyTa aTaku aOpa3uBy MpH ra30a0pa3sMBHOMY 3HOIITYBAaHHI €MOKCH/I-
HUX KOMIIO3UIIIN Ha iX 3HOCOCTIMKICTD 1 BUSBIICHO, IIT0 MaKCUMaJIbHE 3HOIIYBAHHS HEHAIIOB-
HEHMX KOMIIO3HUILIN BiTOyBaeThCs MPH KyTi aTaku abpazuBy 45°, 110 HEOOXiTHO BpaXOBYBAaTH
IIpU eKcIuTyaralii BUpoOiB.

MeTtosoM ONTHYHOI MIKpPOCKOMIi 3’COBaHO 3MiHY penbedy 3HOIIEHOTO MOBEPXHEBOTO
n1apy KOMIIO3UIIN MpH KyTl aTaku abpa3uBy 45° Bijg TeMIepaTypHO-4YaCOBUX PEXHUMIB MOCT-
OTBEP/KEHHS 1 BCTAHOBJICHO OLIBII OJHOPIAHE iX 3HOIIYBAaHHS MPU 3aCTOCYBaHHI po3podiie-
HOTO ONITUMAIILHOTO PEKUMY TIOCT-OTBEPIKEHHS.
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OPTIMIZATION OF TEMPERATURE-TIME CONDITIONS
OF POST-CURING OF WEAR-RESISTANT EPOXY COMPOSITIONS

In the manufacture and repair of equipment parts for processing abrasive mixtures in mining, chemical and other indus-
tries, protective coatings for internal and external surfaces of pumps, transport systems, and hydraulic structures, epoxy com-
posite materials are widely used in world practice.

To improve the performance properties of wear-resistant epoxy materials, in most cases, they are post-cured, optimiza-
tion of which modes makes it possible to reduce the negative effects of temperature changes in products of different dimensions
and thickness on their performance.

An analysis of studies and publications on improving the performance properties of protective wear-resistant epoxy
materials has shown that insufficient attention is paid to the issues of the predicted influence of changes in temperature and
time on the performance of epoxy products when developing technological regimes for their post-curing.

The purpose of the article is determining the optimal post-curing regime for wear-resistant epoxy compositions with
possible prediction of changes in their properties with temperature deviations from this regime.

Using the method of mathematical planning of the Box-Wilson experiment, the optimal post-curing regime for wear-
resistant epoxy compositions was established (80°C x 2.4 hours + 100°C x 2.2 hours), which can be used in the manufacture
and repair of parts of various sizes and thicknesses, coatings.

The influence of the abrasive attack angle during gas-abrasive wear of epoxy compositions on their wear resistance was
clarified and it was revealed that the maximum wear of unfilled compositions occurs at an abrasive attack angle of 45°, which
must be taken into account when using the products.

A comparative assessment of serial (New Technologies LLC, Dnepr) and developed optimized post-curing modes of
thick-walled wear-resistant epoxy products highly filled with multidisperse silicon carbide (sand-nozzles of hydrocyclone) has
proven the possibility of reducing the overall process cycle using the optimized mode while improving wear resistance and
physical and mechanical properties.

Keywords: epoxy wear-resistant compositions; mode optimization; post-curing; gas-abrasive wear; relief of the worn
surface layer; sand-nozzles of hydrocyclone.

Table: 6. Fig: 1. References: 27.
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CONTROL OF DISSOLVED GAS CONTENT IN FRESH
AND OXIDISED TURBINE OILS

The article is a publication of scientific and methodical character. Gas chromatography methods were used to determine the
content of dissolved diagnostic gases in mineral turbine oil «Agrinol Tp-46» and in synthetic fire-resistant turbine oils
«Fyrquel®Ly, «Reolube®OMTI», «Reolube®46 RS». The following were studied: the solubility of these gases in mineral oil
«Agrinol Tp-46» and in synthetic oil «Reolube®46 RS»; dependence of solubility values for diagnostic gas HzS on temperature in
the system «mineral turbine oil — dissolved gas H2S»; distribution coefficients of dissolved gases in turbine oils in systems «turbine
oil — dissolved gas — gaseous extractant»; dissolved gas content in «Reolube®46 RS» synthetic turbine oils by application method.
This will make it possible to determine the content of dissolved gases in wet turbine oils for diagnostics of oil-filled equipment.

Keywords: gas chromatography; diagnostics; nuclear power; partition coefficient; gas solubility.

Fig.: 1. Table: 6. References: 21.

Urgency of the research. In thermal mechanical equipment of nuclear power plants
(NPPs), turbine oils (TO) are used in the following systems: lubrication and adjustment of steam
turbines; lubrication and sealing of generator shafts; lubrication the main circulation pumps and
water cooling system pumps; lubrication of condensate electric pumps, pumps for pumping
technical water of responsible and non-responsible consumers; lubrication and adjustment of
turbine feed pump units and separator pumps [1; 2]. Currently, the thermal mechanical equip-
ment of Ukrainian NPPs uses mineral turbine oils (MTO) of the brands «Tp-22», «Tp-22s»,
«Tp-22by», «Agrinol Tp-22», «Agrinol Tp-22s», «Agrinol Tp-30», «Agrinol Tp-46», «Azmol
Tp-22s» and synthetic fire-resistant turbine oils (SFRTO) of the «Fyrquel®Ly,
«Reolube®OMTI», «Reolube®46 RS» brands [3]. Often, turbine oils contain dissolved water
(homogeneous system) and undissolved water as an emulsion (heterogeneous system) [4]. All
this requires continuous improvement of diagnostic methods of oil-filled NPP equipment based
on the results of monitoring the content of diagnostic components in them, for example, dis-
solved gases CHa, C2He, C2Ha, C2H2, CsHs, C3Hs, Hz2, CO, COz, O2, N2 [5; 6], including in
heterogeneous systems of the «oil turbine — dissolved gas — emulsion water» type.

Target setting. Quite often, internal defects in oil-filled thermal-mechanical equipment of
nuclear power plants, which contain mineral and/or synthetic fire-resistant turbine oils, arise
due to the action of electric, thermal and acoustic fields, as well as the presence of moisture in
these turbine oils. At the same time, the development of these defects is influenced by the qual-
ity indicators of lubricating turbine oils, including such an indicator as the content of dissolved
emulsion form of water in these turbine oils [7]. Currently, the method of diagnosing oil-filled
thermal-mechanical equipment based on the results of determining the content of diagnostic
dissolved gases in turbine oils during their operation in such equipment is widely used. Relia-
bility of the results of determining the dissolved gases content by gas chromatography methods
can be achieved by correctly choosing the range of water concentrations in these turbine oils
under study, in which there is no significant influence of water content on the results of gas
chromatographic measurements.
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Actual scientific researches and issues analysis. In work [8] there is a list of oil-filled
electrotechnical equipment, the technical condition of which can be determined by the results
of the analysis of insulating oils using gas chromatography methods from this equipment. It is
shown that the control of the equipment, which is not included in the above list, can be carried
out based on the results of the analysis by gas chromatography methods of insulating oils by
the decision of the technical management of the enterprise to obtain additional results of the
technical condition of the equipment.

The rate of entry of external contaminants into energy oils, such as wear products of mating
friction pairs, atmospheric dust, etc., in the case of a stable operating mode, for example, a
turbine unit, and unchangeable external conditions, is considered constant and independent of
the operation of the oil system [7; 9]. Degradation of lubricating oil, especially with a high
content of emulsion water, often occurs with the release of gases. The presence of these gases,
their concentrations and the rate of their increase can be used to diagnose the technical condition
of rubbing surfaces, for example, in bearings [10].

In work [5], using the gas chromatography method, monitoring modes of the physicochem-
ical and thermophysical properties of mineral turbine oil «Tp-30» of the circulating reverse
water supply system of evaporative cooling towers of the Rivne NPP were investigated in the
process of identifying the causes of bearing failure in an electric pump unit (by detection in this
oil dissolved diagnostic gases CH4, C2Hs, C2Ha, C2Hz, C3Hs, C3Hs, H2, CO, CO2). The humidity
of this turbine oil complies with established standards and does not exceed 0.03% mass [2].

In work [6], the gas chromatography method was used to determine the content of diag-
nostic dissolved gases CHa, C2He, C2Has, C2Hz, H2, CO, CO2 in samples of operational turbine
oil «Tp-22s (grade 1)» from the main oil tank of the circulation supply system of a turbine unit
with turbine K-210-130-3 and turbogenerator TGV-200M with hydrogen cooling.

However, the moisture content of turbine oil samples is not indicated. The results obtained
make it possible to accumulate statistical data for the development of a diagnostic model for
determining the technical condition of a hydrogen-cooled turbogenerator when determining the
occurrence of thermal or electrical defects in bearings based on the corresponding diagnostic
models used for electrical equipment [8].

The work [11] indicates that the mass fraction of sulfur in fresh mineral turbine olives is:
for «Tp-22s (grade 1)» — no more than 0.5% mass; for «Agrinol Tp-30» - no more than 0.8%
mass; for «Azmol Tp-22s» — no more than 0.5% mass.

This can be used to identify a thermal defect in oil-filled power equipment in the defect
zone at t = 300 °C and above, for example, in the contact areas of rubbing surfaces in bearings
equipped with a forced circulation system of sulfur-containing mineral turbine oil [5; 14].

At the same time, in [15] it is indicated that the result of determining the HzS content in
liquid media containing water, using the gas chromatography method for gas extraction and
using distribution coefficients for H.S, depends on the pH of liquid media, which in turn affects
on the degree of dissociation of H»S in the proportions of water and on the distribution coeffi-
cients for H>S in equilibrium heterogeneous extraction systems «mineral oil — free water — dis-
solved dissociated H»S — gaseous extractanty.

In this case, the application of the method of applying H.S to the analyzed sample of mois-
tened heterogeneous mineral oil can increase the reliability of the results of measuring the con-
tent of H2S in it without using the values of distribution coefficients for H2S [6].

The work [6] gives the values of the distribution coefficients k; for dissolved gases in the
«Azmol Tp-22s» mineral turbine oil, but the values of the water concentration W in this oil are
not indicated.

It is known that for diagnostic gases Hz, CHa, C2Hg, C2Ha, C2H2, CO, CO2, O2, N2 dissolved
in dried electrical insulating mineral oils, a change in temperature in the range of 18-25 °C
leads to a change in the distribution coefficients in the «electrical insulating mineral oil — dis-
solved gas — gaseous extractanty» within + 5% relative [16].
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Uninvestigated parts of general matters defining. Despite the presence of a large number
of studies of methods for diagnosing electrical and thermal mechanical oil-filled equipment
based on the results of analyzing samples of energy oils using gas chromatography methods,
the nature of the influence of water content in mineral and synthetic fire-resistant turbine oils
on the results of analyzes has not been sufficiently studied.

Thus, in order to diagnose oil-filled equipment of nuclear power plants, there is a need to
identify the reliability of the results of studying the content of diagnostic dissolved gases using
gas chromatography methods in samples of wet mineral and synthetic fire-resistant turbine oils
containing dissolved and emulsified water.

The research objective. The main goal of the article is to ensure the reliability of the
results of the study of the content of diagnostic dissolved gases H2, CHa, C2He, C2Ha, C2Hp,
CO, COg2, O2, N2 using gas chromatography methods in samples of wet mineral and synthetic
flame-resistant turbine oils for further diagnostics of oil-filled NPP equipment.

Research objectives:

1. Improve the mathematical description of the phase equilibrium in the extraction system
«wet turbine oil — dissolved gas — gaseous extractant (Ar)».

2. To identify the influence of the concentrations of i-dissolved gases in wet turbine oils on
the value of distribution coefficients for i-dissolved gases in extraction systems «wet turbine oil
— dissolved i-th gas — gaseous extractanty.

3. Identify the influence of water concentrations in wet turbine oils on the value of distri-
bution coefficients for i-dissolved gases in extraction systems «wet turbine oil — dissolved i-gas
— gaseous extractant».

4. Investigate the solubility of diagnostic gases in dried and wet turbine oils at a tempera-
ture of 20 °C.

The statement of basic materials. Tested environments: mixtures of diagnostic compo-
nents (CHa, C2Hs, C2Ha, C2H2, C3Hs, C3Hs, Hz, CO, CO2, O2, N2, H20, H2S) in «Agrinol Tp-
46» mineral turbine oil; mixtures of the above diagnostic components, except H.S, in synthetic
fire-resistant turbine oils «Fyrquel®Ly, «Reolube®OMTl», «Reolube®46 RS».

When performing research, the following methods are used: a) determination of the hu-
midity of fresh (non-oxidized) turbine oils [2; 17] (coulometric titration); b) determination of
the humidity of oxidized turbine oils [2] (calcium hydride; or thermal distillation with a solvent
that does not dissolve water); ¢) gas chromatography determination of: concentrations of dis-
solved gases in turbine oils, concentrations of gases in gas mixtures, distribution coefficients
for dissolved gases in energy oils in the system «turbine oil — dissolved gas — gaseous extract-
ant» [18; 19]; d) titration — to determine the indicator «acid number (AN)» for turbine oils [2;
11]. Before determining the distribution coefficients k; for dissolved gases, samples of turbine
oils were pre-dried at t = 20 °C using KSM silica gel granules to a final moisture content of W
<0.005% mass (measurement of W — according to the method [2; 11]).

The conditions for performing research using gas chromatography methods when deter-
mining the content of dissolved gases in turbine oils correspond to the requirements specified
in the works [18; 19]. When performing measurements, the following were used: a gas chro-
matograph with gas dispensers, a methanator (to convert CO and CO: into CHa), a thermal
conductivity detector (TCD), a flame ionization detector (FID), a flame photometric detector
(FPD), liquid evaporators; device for accelerating the achievement of equilibrium with a rotat-
ing drum (DAAB) for placing syringes with a volume of 20 sm? or 50 sm® with analyzed sam-
ples of turbine oils and gaseous extractants for establishing phase equilibria in systems «turbine
oil — gaseous extractant (Ar)» (duration z. of phase equilibrium with a turbine oil volume of 10
sm? and a gaseous extractant volume of 10 sm?, is no less than 1 hour, according to requirements
[16]); graduated gaseous mixtures of Hz, CHa, C2He, C2Hs, C2Hz2, CO, COz, C3Hg, C3Hsg, H2S,
02, N2 in argon; mixtures of turbine oils with distilled water [6].
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The measurements were performed at a temperature of t; = (20+0.5) °C [18]. In the chro-
matograph, registration of components was performed with the help of: TCD — for Hz, Oz, N2,
and FID — for CHa, C2Hs, C2H4, C2H2, C3Hs, C3Hg, CO, CO; [18]; FPD — for H2S [4].

When determining: a) the content of dissolved gases in turbine oils, the following were
used: a static version of the gas chromatography measurement method using a gaseous extract-
ant and corresponding variants of methods for analyzing the equilibrium gas phase in the sys-
tems «turbine oil — dissolved gas — gaseous extract»; b) the content of dissolved gases in gase-
ous extracts using appropriate gaseous calibration mixtures — the absolute calibration method
was used [18; 19]; c) thresholds for determining the concentrations of dissolved gases in turbine
oils and distribution coefficients ki — mixtures of gases H2, CH4, C2Hs, C2Ha, C2H2, CO, COs,
CzHs, C3Hs, H2S, O2, N2 in gaseous argon were used at a concentration of each gas greater than
0.5% volume. Oxidation was carried out: mineral turbine oil —according to the method [2; 11];
synthetic fire-resistant turbine oils — according to method [2; 20]. Water is added to turbine oils
using the application method [6].

Table 1 shows the quality indicators of the studied fresh and oxidized turbine oils at a
moisture content of W = 0.005% mass (homogeneous liquid) and W = 0.7% mass (heterogene-
ous liquid).

Table 1 — Quality indicators of the studied turbine oils

oil turbine oil
condition Oil condition indicator «Agrinol Tr-46» | «Fyrquel®L» | «Reolube®OMTI» «Rgollqustf 4
Fresh oil Moisture contents W = 0.005 % mass or W = 0.7 % mass in oil
AN, mg KOH per 1 g of TO | 0.45 | 0035 | 0.030 | 0.032
Oxidized oil Moisture contents W = 0.7 % mass in oil
AN, mg KOH per 1 g of TO | 0.65 | 1.5 | 1.7 | 16

Source: developed by the authors.

When determining the concentration of Ci, a dissolved gas in turbine oils using the gas chro-
matography method, a formula was used to calculate the process of a single isothermal extrac-

tion [18; 21]:
Cio :S_k(ki +V_6j1 1)

where Sk — plane of the gas chromatographic peak for the i-th gas; Ky — calibration coefficient
for a gas chromatograph for the i-th gas; k; — distribution coefficient for i-gas dissolved in tur-
bine oil; V. — extractant volume; V.o — turbine oil sample volume.

Distribution coefficients ki for dissolved gases were determined by gas chromatography by
sequential double isothermal extraction of dissolved gas from a sample of turbine oil with equal
volumes of pure gaseous extractant and using the calculation formula [21]:

L Si Ve
1= Y, !
Sp =81 Veo

where S1, Sz are the areas of gas chromatographic peaks for the i-th gas after its first and second
gas extraction with argon.

Determination of the content of dissolved gases in turbine oils using the application method
includes the following operations: 1) a known volume of a gaseous pure extractant that does
not contain a component is added to a sample of turbine oil with a known volume; 2) perform
gas extraction of the i-th dissolved gas from the volume of turbine oil into the volume of the
gaseous extractant; 3) using the gas chromatography method, the content of the i-th dissolved
gas in the volume of the gaseous extractant is determined; 4) to a sample of turbine oil with a

()
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known volume, add a known volume of a gaseous extractant containing the i-th dissolved gas
with a known content; 5) perform gas extraction of the i-th dissolved gas from the volume of
turbine oil into the volume of the gaseous extractant; 6) using the gas chromatography method,
the content of the i-th dissolved gas in the volume of the gaseous extractant is determined; 7)
calculate the concentration of the contents of the i-th component in the volume of turbine oil
according to formula (1).

The mathematical description of phase equilibria in the process of gas extraction of the i-th
dissolved gas consists in the use of known relationships [21]:

Ci,O'VeO = Ci,eO,l'Veo + Ci,l,e've; (3)
Ci,O'VeO + Ci,() V= Ci,eo,Z'Veo + Ci,Z,e'Ve1 (4)

where Cio is the concentration of the i-th dissolved gas in the volume of turbine oil; V., is the
volume of this turbine oil; C;.0,1 is the concentration of the i-th dissolved gas in the volume of
turbine oil after gas extraction with a pure extractant that does not contain the ith dissolved gas;
V. —volume of added pure extractant; C;, . is the content of the i-th dissolved gas in the volume
of the gaseous extractant after gas extraction; C;, is the concentration of the i-th dissolved gas
in the volume of the gaseous extractant added to the turbine oil sample; C; 2. is the concentration
of the i-th dissolved gas in the volume of turbine oil after gas extraction with an extractant
containing the i-th dissolved gas with a known content; C; 2. is the content of the i-th dissolved
gas in the volume of the gaseous extractant after gas extraction.
The formula for calculating the content of the i-th dissolved gas C;in the volume of turbine
oil, obtained from equations (3) and (4), has the form:
Cio _ Ve CiteCid . 5)
Veo Cize—Cite
The application method does not require determining the distribution coefficients ki for the
i-th dissolved gases.
Experimentally obtained threshold values for determining the concentrations of dissolved
gases in turbine oils when performing measurements using gas chromatography methods [18]:
2 ppm — for Hz, Oz, N2, H2S; 1 ppm — for CHas, C2He, C2Ha, C3Hs, C3Hs; 0.5 ppm — for CoHp;
5 ppm — for CO, COz. The values of the limit of permissible relative error 8; (% relative for
determining the concentrations of dissolved gases Ci based on the results of the analysis of
turbine oils using gas chromatography methods meet the requirements of [18] depending on the
range of concentrations of dissolved gases.
Table 2 shows the distribution coefficients k; for dissolved gases in turbine oils at t = 20 °C
in equilibrium systems «turbine oil — dissolved ith gas — gaseous extractant».

Table 2 — Partition coefficients ki for dissolved gases in turbine oils in systems «turbine oil
— dissolved gas — gaseous extractant»

Dissolved gases
CH4 CoHs CoHs |CoHy, |CsHs |CsHs H, CO CO2 8)) N, H>S
1 2 3 4 5 6 7 8 9 10 11 12
Distribution coefficients ki at t = 20 °C
MTO «Agrinol Tr-46»», W = 0.005 % mass, AN = 0.45 mg KOH per 1 g of fresh MTO

044 | 276 | 1.80 | 130 | 830 | 880 | 0053 | 012 [ 1.18 | 017 | 0.09 [ 15.2
MTO «Agrinol Tn-46», W = 0.7 % mass, AN = 0.65 mg KOH per 1 g of oxidized MTO

042 | 272 ][ 188 | 140 | 830 | 875 | 005 | 011 [ 119 | 017 | 01 [ 154
SFRTO «Fyrquel®Ly, W =0.005 % mass, AN = 0.0355 mg KOH per 1 g of fresh SFRTO

043 | 260 | 176 | 135 | 820 | 890 | 005 | 012 [ 1.06 | 016 | 0.10 | abs.
SFRTO «Fyrquel®Ly», W =0.7 % mass, AN =1.5 mg KOH per 1 g of oxidized SFRTO

045 | 265 [ 170 | 130 | 820 | 870 | 005 | 011 [ 1.18 | 016 | 0.0 | abs.
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End of the table 2

1 | 2 | 3 ] 4 | 5 | & | 7

| 8 | 9 | 10 | 11 [ 12

SFRTO «Reolube®OMTI», W =0.005 % mass, AN = 0.030 mg KOH per 1 g of fresh SFRTO

043 | 274 [ 175 [ 125 [ 825 [ 875 | 005 | 042 | 1.18 | 0.17 | 0.09 | abs.
SFRTO «Reolube®OMTI», W =0.7 % macu, AN = 1.7 mg KOH per 1 g of oxidized SFRTO
042 | 265 [ 175 [ 125 [ 820 [ 860 | 005 | 041 | 1.17 | 0.16 | 0.09 | abs.
SFRTO «Reolube®46 RS», W =0.005 % mass, AN = 0.032 mg KOH per 1 g of fresh SFRTO
050 | 270 [ 185 [ 1.40 [ 840 [ 890 | 005 | 041 | 1.20 | 0.18 | 0.10 | abs.
SFRTO «Reolube®46 RS», W =0.7 % mass, AN = 1.6 mg KOH per 1 g of oxidized SFRTO
0.5 | 265 | 180 | 135 | 835 | 880 | 005 | 012 [ 1.2 [ 017 [ 0.10 [ abs.

Water *[21]
0.0367 | 0.0514 | 0.128 | 1.108 | 0.216 | 0.0424 [ 0.0194 [ 0.0249 | 0.937 | 0.0334 | 0.0169 | 2.792
Notes: abs. — absent; * — values for comparison
Source: developed by the authors.

From the table 2 it follows that the values of the distribution coefficients k; for the
corresponding dissolved i-gases in the studied turbine oils practically do not depend on: the
nature of these oils (mineral or fire-resistant synthetic turbine oil) or the water content in them
in the range of its concentrations 0.005-0.7% mass; the «acid number» indicator in its range is
0.032-1.7 mg KOH per 1 g of turbine oil.

Table 3 shows the results of a study of the nature of the effect of temperature on the value of
distribution coefficients k; for HzS in the system «turbine oil «Agrinol Tp-46» —dissolved gas H.S -
gaseous extractant (Ar)» on the gas extraction temperature in the temperature range 15-80 °C.

Table 3 — Dependence of distribution coefficients ki for HaS in the system «turbine oil
Agrinol Tn-46 — dissolved gas H2S — extractant» on gas extraction temperature

t, 'C 15 20 25 30 40 50 60 70 80
T, K 288 293 298 303 313 323 333 343 353

ki 16.1 15.0 14.0 13.1 11.6 10.3 9.2 8.3 7.5
vi, % rel. 7.3 0 -6.7 -12.7 -22.7 -31.3 - 38.7 -44.7 -50.0
Note: y; — relative deviations of the values of coefficients ki (% rel.) at measured temperatures t; from the value
vi = 0 obtained at t = 20 °C.

Source: developed by the authors.

From the table 3 it follows that in the temperature range t; = 15-25 °C changes in k; values do
not exceed 7.3% relative, which is acceptable for technical calculations, and gas extraction of H>S
from turbine oil «Agrinol Tp-46» with argon gas is recommended to be performed att =20 + 2) °C.

In the temperature range t; = 15-80 °C, the values of the distribution coefficients k; for H2S
in the system «turbine oil «Agrinol Tn-46» — dissolved gas H>S — gaseous extractanty,
depending on the gas extraction temperature, can be calculated using the empirical formula:

lg k;j =1184 - T1-1.35

where k; is the distribution coefficient for H2S; T; is the gas extraction temperature, K.

Table 4 shows the results of a study of the nature of the effect of temperature on the
solubility of X; for H2S in the system «turbine oil «Agrinol Tp-46» — dissolved gas H>S» in the
temperature range 15-80 °C. Solubility X; for H2S is defined as the amount of dissolved volume
of H2S in one volume of «Agrinol Tp-46» turbine oil.

(6)

Table 4 — Dependence of solubility values for H»S on temperature in the system «turbine
oil Agrinol Tp-46 — dissolved gas H2S»

t, 'C 15 20 25 30 40 50 60 70 80
T, K 288 293 298 303 313 323 333 343 353
Xi,% vol. 4.36 4.06 3.79 3.54 3.14 2.79 2.49 2.25 2.03

Source: developed by the authors.
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From the table 4 it follows that in the temperature range t;= 15-25 °C, an increase in temperature
reduces the solubility of HzS in the «Agrinol Tp-46» mineral turbine oil. In the temperature range
t: = 15-80 °C, the solubility values X for H.S in the system «mineral turbine oil «Agrinol Tri-46»
—dissolved gas H»>S», depending on temperature, can be calculated using the empirical formula:

Ig X, =1190-T," - 2.69, (7)
where X is the content of H2S in turbine oil, the volume of H2S in one volume of mineral turbine
oil; T; — temperature, K.

Table 5 shows the results of a study of the solubility of gases (CHa, C2Hs, C2Ha4, C2H2, C3Hs,

C3Hs, Ho, CO, CO2, Oz, N2) att=25 °C in «Agrinol Tp-46» turbine oils with a moisture content
of W = 0.005 mass and «Reolube®46 RS» with moisture content W = 0.005% mass.

Table 5 — Solubility of gases in energy oils

Solubility of gases in energy oils, % volume, mpu t = 25 °C
CHs, |CHs [CHs [CH, [CsHs [CsHs [H» lco [co, [0, | N,
MTO «Agrinol Tr-46», W =0.005 % mass
28 |270  [265 [430 [1250 [2000 6.5 | 8.5 115 |15 | 9.0
SFRTO «Reolube®46 RSy, W =0.005 % mass
35 290 [290 [450 [1300 [2100 |7 IE [120 |17 | 10

Source: developed by the authors.

From the table 5 it follows that: the solubility of gases CHa, C2Hs, C2Ha, C2Hz, C3Hs, C3Hsg, Ho,
CO, CO2, O2, N2 in turbine oils «Agrinol Tr-46» and «Reolube®46 RSy practically do not depend
on the nature of these oils at t = 25 °C. The study of the constancy of the values of distribution
coefficients k; in a given range of concentrations of i-th diagnostic gases dissolved in turbine oils was
carried out using the method of sequential multiple gas extraction of i-th gases from turbine oils,
which makes it possible to construct a linear dependence IgCi. = f(n), where Ci. is the concentration
of the i-th gas in the gas extractant above the turbine oil after the n-th sequential gas extraction.

In this case, the value of k; for the i-th dissolved gas is calculated according to the formula [21]
taking into account the concentrations of dissolved gas in the gas extract above the turbine oil after
the first (C1) and after the n-th (C,) extraction of dissolved gas from the turbine oil at t = 20 °C:

-

ki = V_e. (Cn)

R n?t nt
e0 (Cp)" -(Cp)

Figure shows a generalized graph of the results of determining the constancy of the distri-
bution coefficients k; for dissolved gases in a sample of synthetic fire-resistant turbine oil
«Reolube®46 RSy at its humidity W = 0.005% mass (homogeneous liquid).

: (8)

C;
-1 CO:

2 ? . ain
2 ~

——— —

3 e ——
-4 ’ -
=5 cO CH:
-6

0 1 2 3 4 5 6
n, number

Fig. Graph of the results of determining the constancy of the distribution coefficients for dissolved
gases in the «Reolube®46 RS» turbine oil: Ci = 1gCq;i; Cqy,i concentration of the i-th gas in the
gaseous extractant above the surface of the energy oil, % volume; n is the number of successive
gas extractions after replacing the extractant with its pure portion of the original volume
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Similar results were obtained when determining the constancy of the distribution coeffi-
cients k; for dissolved gases in other studied turbine oils at their humidity W = 0.005% mass.
The graph practically repeats the results obtained in [6] for the system «mineral transformer
oil - dissolved gas - gaseous extractant.

The constancy of the distribution coefficient values in the studied range of measured con-
centrations of gases dissolved in turbine oils, depending on the number of extractions per-
formed, indicates the possibility of using gas extraction equations (1) and (2) in the studied
range of measured concentrations of dissolved gases, as well as the reproduction of phase equi-
librium conditions in DAAB.

Table 6 shows the results of a study of the content of dissolved gases in model synthetic
fire-resistant turbine oils «Reolube®46 RS» using the application method at t = 20 °C.

Table 6 — Results of a study of the content of i- th dissolved gases in model synthetic
fire-resistant turbine oils «Reolube®46 RS» using the application method

Concentration of dissolved gases C; o, % volume

CHs |CHs |CHs [CH, |CsHs [CsHs |H | co |co, [0, | Nz
SFRTO «Reolube®46 RSy, W =0.005 % mass
01 |01 | 0.1 | 0.1 | 0.3 | 0.3 0.2 | 0.2 | 1.0 | 2.0 | 5.9

SFRTO «Reolube®46 RSy, W =0.7 % mass
011 [009 J0411 Jo012 [033 [0.28 0.2 | 0.2 [ 1.1 | 2.0 | 5.9

Relative deviation ;, % relative
+10 |-10 [+10 [+12 [+10 [-76 O |0 [+10 o0 o
Note: y; — relative deviations (% rel.) of C; values at moisture content W =0.7% mass (heterogeneous liquid)
from C;, values at humidity W =0.005% mass (homogeneous liquid) for SFRTO

From the table 6, it follows that the relative deviations of y and the values of Cio at a
moisture content of W =0.7% mass (heterogeneous liquid) in the turbine oil «Reolube®46 RS»
from the values of C;o at a moisture content of W =0.005% mass (homogeneous liquid) in the
turbine oil oils do not exceed the value of 12% relative, which is permissible for performing
technical calculations when determining the content of diagnostic dissolved gases in this turbine
oil with its humidity in the range of 0.005-0.7% mass.

Conclusions.

1. The mathematical description of the phase equilibrium in the extraction system «moistened
turbine oil — dissolved i-th diagnostic gas — gaseous extractant (argon)» has been improved for dis-
solved diagnostic gases CHa, C2Hs, C2Ha4, C2Hz2, C3Hs, CsHs, Hz, CO, COz, Oz, No.

2. It has been established that: a) the values of the distribution coefficients k; for the corre-
sponding dissolved diagnostic gases in the studied turbine oils are practically independent of
the nature of the turbine oils (mineral or fire-resistant synthetic turbine oils), or the water con-
tent in them in the range of its concentrations of 0.005-0.7% mass; b) at t =25 °C, the solubility
of diagnostic gases in energy oils such as mineral transformer oil and in turbine oils «Agrinol
Tn-46» and «Reolube®46 RS» practically does not depend on the nature of these energy oils;
c) the constancy of the values of the distribution coefficients k; in the studied range of measured
concentrations of gases dissolved in turbine oils, depending on the number of gas extractions
performed, indicates the possibility of using the known gas extraction equation (1) in the stud-
ied range of measured concentrations of gases dissolved in turbine oils.

3. The following were studied: a) the nature of the effect of temperature on the value of
distribution coefficients k; for HzS in the system «mineral turbine oil «Agrinol Tp-46» — dis-
solved gas H>S — extractant (argon)» in the temperature range 15-80 °C, and it was found that
an increase in temperature leads to a decrease in the distribution coefficients k; for HS.

Asimilar result was obtained when studying the nature of the dependence of H.S solubility
values on temperature in the system «mineral turbine oil «Agrinol Tp-46» — dissolved H2S
gas»; b) The content of i-dissolved gases in the model synthetic fire-resistant turbine oil
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«Reolube®46 RSy according to the application method at t = 20 °C, and it is shown that the
relative deviations of y and C;o values at moisture content W = 0.7% mass (heterogeneous liquid
) in turbine oil «Reolube®46 RSy from the values of C;o with a moisture content in W = 0.005%
mass (homogeneous liquid) turbine oil, do not exceed the value of 12% relative, which is ac-
ceptable for performing technical calculations when determining the content of diagnostic dis-
solved gases in this oil with its humidity in the range of 0.005-0.7% mass.

4. The promise of the research results obtained lies in the possibility of their further use to
determine the influence of moisture, temperature, thermal, electric and acoustic fields on the
degradation of turbine oils for further improvement of the elements of the system for ensuring
the reliability of operation of oil-filled equipment of nuclear power plants.
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KOHTPOJIb BMICTY PO3UUMHEHUX I'A3IB Y CBI’KUX
TA OKUCHEHUX TYPBIHHUX OJINBAX

Cmamms € nyonikayielo Hayko8o-memoouiHo20 XxapaKmepy.

3acmocyeanna cyuacnux memooie KOHMPONIO CMAHY ONUBOHANOBHEHO20 menaomexaniuno2o ooaraonanna AEC nompedye
besnepepsrozo YOOCKOHANEHHS MeMOOi6 0iaeHOCHYS8AHHA MAKO20 OONAOHAHHSA, 8 MOMY YUCT 3a PE3YIbMAMAMU KOHMPOIIO
emicny posuunenux oiacnocmuynux eazis, maxux sx CHa, CoHe, C2Ha, C2Hz, C3Hs, C3Hs, H2, CO, CO2, O2, N2, 6 minepanvhux
Ma CUHMEMUYHUX 602HECILIKUX MYPOIHHUX OTUBAX, Y MOMY YUCIE 8 2eMePOLEHHUX CUCTNEMAX MUNY «mypoina onusa — po3yu-
HeHUll 2a3 — eMyIbCIliHA 600a.

Jlobumucsa docmogipHocmi pe3yibmamis UHAUeHHs: GMIiCmY 0IaeHOCIUYHUX PO3YUHEHUX 2a31i6 6 MYPOIHHUX OUEAX 34
Memoodamu 2a3080i Xpomamospaghii MOJCHA NPu NPAGUILHOMY 8UOOPT Jiana3oHy KOHYEeHmMpayii 600U 6 Yux 00CIIONHCY8AHUX
MypOIHHUX OUBAX, 8 AKOMY BIOCYMHI 3HAUHULL BNAUG BMICHTY 800U HA PE3VILMAMU 2A30XPOMATNOSPADIYHUX SUMIPIOBAHD.

Ananiz oocnioscens i nyonikayii 3 nUManb 00CIIOHCEHb MEMOOi8 0iazHOCMYBAHHA eleKMPOMEXHIUHO20 ma meniomexaui-
YHO20 ONUBOHANOBHEHO20 0ONAOHANHS 30 PE3YILMAMAMYU AHATI3IE NPOD eHep2eMUYHUX OTUE MeMOoOaMu 2a3080i xpomamozpadii
NOKA3a8, WO NUMAHHAM CIAL020 NIOBUIEHHS O0CIMOBIDHOCI PE3YIbMAMIe GUSHAYEHHS BMICIY OIASHOCMUYHUX POSUUHEHUX 2a-
3168 y MypOIHHUX OTUBAX 30 MEMOOAMU 2A3080i Xpomamozpagii Ha cb0200HI NPUOLIEHO MALO Y8a2l 8 HAYKOGIll limepamypi.

Busenenns xapaxmepy éniugy emicmy posuuHeHoi ma emynbCillHOi 600U 6 MIHEPATLHUX MA CUHMEMUYHUX 80SHECTNIUKUX
MYPOIHHUX ONUBAX HA PE3YTILINAMU 2A30XPOMAMOSPADIUHUX AHANIZIE HA CbO20OHT NPUOLIEHO MAL0 Y6a2u 8 HAYKOGIL imepamypi.

Memoro cmammi € 3a6e3neyents 00CmMoGIpHOCIE Pe3yTbmamis 00CIIONCEHHS GMICMY OIAeHOCMUYHUX PO3UUHEHUX 2a316
Ha, CHa, C2Hs, C2Ha, C2H2, CO, COz2, O2, N2, 3a memooamu 2azo60i xpomamozpaghii 6 npobax eono2ux MiHepatoHux ma CuH-
MemuyHUX 802HeCMIUKUX MypOIHHUX OAUBAX OISl NOOANBUIO20 Oia2HOCMYBAHHS ONU8OHAN08HeH020 oonaonanns AEC.

Ha niocmasgi icuyiouux memooie 00cniodcetv, 6yo: YyOOCKOHALEHO MAMeMamuiHull onuc ¢hazoeoi pignogazu 6 ekcmpa-
Kyitiniil cucmemi «8o102a mypOiHHa onu6a — po34uHeHull i-i 2a3 — 2a30N00iOHUIL eKempazenmy» 0sl O0CAIONCYBAHUX MYPOIHHUX
onus «Azpinon Tn-46», «Fyrquel®Ly, «Reolube®OMTIy», «Reolube®46 RS». 3a memodamu 2a3060i xpomamozpadhii: euseneno
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6NIU6 KOHYEHMPAyill i-X POZUUHEHUX 2a318 Y 60102UX MYPOIHHUX ONUBAX HA 3HAUEHHs KOeIYicHmie po3nooiny 0is i-X po3yu-
HeHUX 2a3i6 6 eKCMPAaKYIUHUX CUCIEMAX «80N02a MYPOIHHA ONUBA — POZUUHEHUL i-11 243 — 2A30N00IOHUL eKCMPALEHM», BUSAG-
JIeHO GNIUE KOHYEHMPAaYill 600U Y 0102UX MYPOIHHUX ONUBAX HA 3HAYEHHSI KOeDIiYIEHMIg pO3NOOiLy 05l =X POZHUHEHUX 2a318
6 eKCMPAaKYIUHUX CUCTEMAX «80102a MYPOIHHA ONUBA — PO3HUHEHUTL -1l 2a3 — 2A30N00IOHULL eKCTNPA2EHM», 00CTIOHCEHO PO3-
YuHHICMb 0iA2HOCMUYHUX 2a3i6 6 OCYUEeHUX Ma 80102uX MmypoinHux onueax npu memnepantypi 20 °C.

Y pobomi Oocnioosceno: posuunnicms yux 2asie 6 Minepanvuil mypoinHiu onusi «Aepinon Tn-46» ma 6 cunmemuuniii 6oe-
necmitikiti myp6inniti onuei «Reolube®46 RS» i3 émicmom 6 nux sonozu 6 inmepeani 0,005 —0,7 % macu npu memnepamypi 25 °C;
3anexcHicmy genuyuH pozuurnocmi ons HaS 6id0 memnepamypu é cucmemi «minepanvha mypoinua onuea — posuunenuil 2az HaS»
6 inmepsani memnepamyp 15-80 °C; koeghiyicumu po3nodiny posuunenux 2asie 6 00CniovHcenux mypoiHHUX OTUEAX NPU MEMNEpa-
mypi 20 °C 6 cucmemax «mypbinna onuea — pozuunenuti 2a3 — 2a30n00iOHUL eKCIPA2EHM»; EMIC POSYUHEHUX 24316 6 MOOGTbHUX
cunmemuuHux 6oznecmitixux mypoinnux onueax «Reolube®46 RS» 3a memodom dodamxy. Lle doseonume euznauamu émicm pos-
YUHEHUX 2a3i8 Y GONI02UX MYPOIHHUX ONUBAX O NOOANLUO20 OIA2HOCIY8AHHS ONUBOHANOGHEHO20 0ONAOHANHA.

Knrouosi cnosa: 2azosa xpomamoepaghis; diacnocmuxa, a0epHa eHepeemuka, KoeQiyieHm po3nooiny; poOsUuHHICMb 2a3y.

Tabn.: 6. Puc.: 1. bion.: 21.

Zaitsev, S., Kishnevsky, V., Tikhenko, V. (2024). Control of dissolved gas content in fresh and oxidised turbine oils. Technical sciences and
technologies, (2(36)), 215-226.
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METOJIUKA BUBOPY TEXHOJIOI'Ti AKYMYJISATOPHUX BATAPEM
I ABTOHOMHUX CUCTEM CHHOCTEPEKEHHSA
HA BA3I BE3IIIVIOTHUX JIITAJIbHUX AITAPATIB

Y pobomi npeocmasnena memoouxa subopy mexnonozii akymynsmopHux bamape, ki 6UKOPUCMOBYIOMbCS K 0AHCePeio
JHCUBNIEHHS ABMOHOMHOT CUCTEMU CROCePeXCcen s Ha a3l Oe3ninomHUX NimaibHux anapamis. Ynepuie 3anponoHoeano cmpy-
Kmypy OyiHKU, sIKa 8KIIOYAE 8 cehe nonepeoritl eman i0bopy ma 6a2amoxpumepianbHuil eman nputiHammsi pitieHs st 6ubopy
8IONOBIOHUX MeXHON02I HakonuyeHHs eHnepeii 3a memooom Caami. Ynepuie 6ucynyma KoHyenyis cmpykmypu OYiHKU KA
BKAIOUAE 8 cebe eKCNIYamayiiHuil, MexXHIYHULL Ma eKOHOMIYHULL THOEKCU, KOJCEeH 3 SIKUX, 8 CB0I0 epey, NOOLIAEMbCS HA OKpeMi
CKAA008I. 30TlICHEHO MOOENI08AHHA BUOOPY MEXHON02TT aKYMYIAMOPHUX bamapell 01a A8MOHOMHOT CUCTHEMU CHOCIEPENCEHHS,
wo 6a3yemvCa HA BUSHAYEHUX eKCnepmamu 8a206ux Koeghiyiecumax. Pezynomamu mooenioganus nokasyioms, wo MaKCumaib-
HUU 3a2aibHull THOeKC Maroms aKyMyIsmopHi 6amapei Ha 0CHOBI Nimill-HIKeIb-Mapeaneyb OKCUO ma Jimili-Hikenb-Kkooaibm-
AMOMIHII OKCUO, a Omdice, BOHU € HAUKpawumu 0Jist 0aHOi chepu 3aCmocy8anHsi.

Knrwouoei cnosa: akymyrsimopna bamapes,; dazamoxpumepianvia Mooens yxeanenus piwiens, Caami; KOMIIEKCHA OYi-
HKA eqheKmuHOCHI, ABMOHOMHA CUCTEMA CROCIEPedCEeH S, Oe3ninomHull IIMAatbHULl anapam.

Puc.: 6. Tabn.: 3. bion.: 25.

2

AKTYaJBHICTh TEMHU T0CTiIKeHHs1. be3MioTHI JiTaNbHI anapard abo JIPOHU 3HAXOIATh
nenani Oubiine cdep 3acToCyBaHHS, MOYMHAIOYH BiJl BIIEO3MOMKH CBAT J0 3aCTOCYBaHHS SIK 00-
MOapyBaJIbHUKIB a00 ApoHiB-KaMikaa3e. OnHier0 31 cep 3acToCyBaHHs, sIKa 3’ IBUIACS MTOPIB-
HSHO HEIIOJaBHO, € CIIOCTEPEKEHHSI 3 METOI0 OXOPOHH, MOHITOPHHTY PO3IOBCIOIYKEHHS TTOXKEXK
Ta IHIIUX CTUXIWHUX TMOJI, BETUKOMACIITAOHUX 3aXOJiB HA BIIKPUTOMY MOBITpP1 TOIIO. Take
CIIOCTEPEKEHHSI MOXKe 31MCHIOBATHCA AJIs1 OKpeMoro o0’ekTa abo K 3a MEBHOIO TPAEKTOPIEIO,
[IUIIXOM 00MEXEHOT0 Yacy abo 6e3nepepBHO. B ocTaHHROMY BUIIAIKY JUTsI 3a0€31eUeHHs Oe3Ie-
PEPBHOCTI CIIOCTEPEKEHHI HEOOX1THO BUKOPUCTOBYBATH KiJIbKa JIPOHIB (IpyIy), sika Oye mpa-
IIOBaTH 3a MEBHUM aJTOPUTMOM, KOJIU OJIHI APOHU OyIyTh BHCITH B MOBITPI JUIsI MOHITOPUHTY
CHUTYyaIlil, y TOW Yac sK iHII APOHH OydyTh MiJ3apsaKaTUCs Ha 3€MJIi, Ta 3aMIHIOBAaTH Ti IPOHH,
AK1 B TIOBITP1, KOJIM iX 3apsi/i BIaJ€ /10 MIHIMAJIBHOIO PIBHSA, IOCTaTHHOTO JUIsl TOBEPHEHHS Ha
TOYKY Mia3apsaky. Taka cucteMa 6e3nepepBHOTO CIIOCTEPEKEHHS MOXKE MPALFOBATH Bijl IPOMHU-
cioBoi onHodaznoi mepexi 220 B 50 I'iy ado x tpudaznoi mepexi 380 B 50 I', sika Oyzie 3a6e3-
neyyBaTy Oe3nepepBHUI MOTIK eHeprii Ui 3aps/pKaHHs JIpoHiB. OfHAK y BUIAAKY BHKOpPHC-
TaHHS Takol CHCTEMH B 30HI OOMOBMX i, y BIJJaJ€HUX perioHax 0e3 HasBHOI €JIeKTPUYHOT
Meperki, HeoOXiJHO 3a0e3nedyBaTH aBTOHOMHE JKHBJICHHSI CUCTEMH, sIKe Moxe OyTH 3/1iliCHEeHe
HUISIXOM BUKOPUCTAHHS JOAATKOBUX BIJHOBIIOBAHUX JKEpeN eHeprii (Hampukial, GoTtoenekt-
PUYHMX MEPETBOPIOBAYIB), Ta HAKOIMUYBaya eHeprii (aKyMynsTopHoi O6atapei). Y TakoMy BHIIa-
JIKY aKTyaJIbHUM 3aBIaHHSM € IOKPALIeHHS aBTOHOMHOCTI, ONTHMi3allisi eHepro3adesrnedyeHHs Ta
€HEeproCHOKMBaHHS, a TAKOXK 3MEHILICHHSI MacoradapuTHUX MOKA3HUKIB Ta BAPTOCTI.

BpaxoBytouu Te, 1110 pi3H1I XIMI4HI CKJIa/I0B1 aKyMYJISTOPHUX OaTapeil MponoHy0Th pi3Hi
piBHI €HEePreTHYHOI MIIBHOCTI, TEPMIiHH CITY>KOH, IBUKOCTI 3aps/KaHHS Ta PO3PsIIKaHHS,
a TAaKoX Pi3HI piBHI Oe3neKu, 3aj1aua BUOOPY ONTUMAJIBHOI TEXHOJOT1i aKyMyJIsTOPHUX Oara-
peil € O/IHI€I0 3 KIIOUOBUX Ta aKTyaJbHOO Ul JOCATHEHHS ONTUMAaJIbHOI MPOAYKTUBHOCTI,
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€KOHOMIYHO1 €()eKTUBHOCT1 ¥ JTOBMOBIYHOCTI CUCTEMH 30€piraHHs €HEeprii, a TaKOX MiATPH-
MKH CTa0UTHPHOCTI eKCILTyaTallii CHCTEMHU Oe3IepepBHOTO CIIOCTEPEKESHHS Ha 0a3i 6e3mijaoT-
HUX JITaJIbHUX aIraparis.

IMocTanoBka mpoGJjeMu. Y3araJibHEHa KOHIICIIiSI aBTOHOMHOI CUCTEMH Oe3MepepBHOTO
CITIOCTEPEIKEHHSI 32 JIONTOMOTO10 OE3MIIOTHUX JTITATBbHUX anapariB (IpOHiB) BKIIOYAE B ceOe TpU
nigcuctemu (puc. 1):

1. [Tincucrema kepyBaHHS Ta KOHTPOJIKO BUKOHAHHS MICiH IpOHAMHU.

OCHOBHUMH 3aBJJaHHSMU CUCTEMH €:

® pO3paxyHOK HEOOXiIHOI KUTBKOCTI JIPOHIB, SIKY HEOOXiTHO 3alyCTUTH IJIi BUKOHAHHS
Micii, a came — 11 3a0e3mevueHHs 6e31epepPBHOTO CIIOCTEPEIKCHHS;

e peTpaHCIIALig KaHaly KepyBaHHS Ta Iepeadl 1aHuX 10 KOpUCTyBayva;

e ONTHUMI3AISA PEKUMIB 3apSIKU aKyMYJIATOPHUX Oarapedl NPOHIB 3 METOK HAWOUIbII
e(heKTUBHOTO BUKOHAHHS 3aBJaHHS.

2. [Tizcucrema 3a0e3MeYCHHS aBTOHOMHOCTI.

OCHOBHMM 3aBIaHHSAM CHCTEMH € 3a0e3MeUeHHs MiJCUCTeMU 3a0e3MeUeHHs] )KUBICHHSIM
JOCTaTHIO KUTBKICTh €HEpril 3 ypaxyBaHHSIM TPUBAJIUX 1epeOoiB. Y OLIBIIOCTI BUMIAAKIB, IS
JOCSITHEHHSI aBTOHOMHOCT1 CUCTEMH, BUKOPUCTOBYIOTHCSI BITHOBIIIOBAHI JKEpeTia eJIeKTPUIHOT
eHeprii — poToeNeKTPHYHI IIEPETBOPIOBAYI, BITPOT€HEPATOPH.

3. Ilincucrema 3a0e31eYCHHS KUBICHHSM.

OcCHOBHMM 3aBJaHHIMHU MiCHCTEMH 3a0e3MeUeHHS KUBJICHHSM € J10CTaBKa JOCTAaTHBOT Ki-
JBKOCTI €Heprii 10 MiACUCTeMHU KepyBaHHS Ta KOHTPOJIIO BUKOHAHHS MiCiil TpoHaMH 3 ypaxy-
BaHHSM I'HYYKOCTI CUCTEMH B HANPSAMKY 30€peKeHHS HEOOX1JHIX XapaKTepUCTUK Oe3rnepeps-
HOTO CIIOCTepEeXEeHHS B IiJIoMy. Taka migcucrema 6a3yeTbes Ha aKyMYJISITOPHHX Oarapesix, siKi
HAKOMUYYIOTh 3apsijl BiJl MiICUCTEMH 3a0€3M1eUeHHs aBTOHOMHOCTI, Y TOH 9ac KOJIM BUPOOIEHOT
BIJIHOBJTIOBAaHUMH J[KepelaMu €Heprii OiIbIe, HiXK MOTPIOHO IS MiA3apsIKU JIPOHIB, Ta Bif-
JAIOTh HOT0, KOJIM TaKoi eHeprii HeI0CTaTHbO.

Oxpemo BiJl CUCTEMH CIIIJT BUAUIUTH IMYJIBT KEPYBAHHS Ta KOHTPOJIIO KOpPHUCTyBaya, KU
MOJKE BKJIIOUATH B ceOe AeKiIbKa CHCTEM MOHITOPUHTY, siIKa ICHY€ IS y3arajlbHEHHS Ta KepiB-

HHUIITBA MICISIMU.
e et =i i lm——————————— ==

->
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Puc. 1. Y3acanvnena konyenyis agmoHomMnoi cucmemu Oe3nepeperHozo cnoCmepelceHts
30 O0NOMO2010 OPOHIB
Jlxepelo: po3poOJIeHO aBTOPaMH.

BpaxoBytoun Te, 1110 KJIIOYOBUM €IEMEHTOM Y TaKii CHCTEMI € aKyMyJIATOPHI Oarapei, came
BiJ] X BUOOpPY 3aleXaTh TEXHIKO-EKOHOMIYHI MOKa3HUKH aBTOHOMHOI CUCTEMH Oe3repepBHOrO
cnoctepexxeHHs. [locTiliHe BIOCKOHANIEHHS €EKTPOXIMIYHUX JKepes eHeprii, s SIKUX J0Cs-
raroThes Jie1aii OUTbII BUCOKI pe3yIbTaTh B €peKTUBHOCTI Ta 0€3MeYHOCT], CIOHYKa€e 0ararbox
JOCITIITHUKIB 10 pO3pOOJICHHSI METOAUK OPIBHAHHS Ta BUOOPY TEXHOJIOT1H aKyMyJIsTOpHUX Oa-
tapeil. CTaHOM Ha ChOTO/IHI € KUJIbKa OCHOBHMX TPYI aKyMYJISATOpHUX Oarapei, siki yMOBHO

228



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(36), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

MO>KHA Ha3BaTH CBUHLIEBUMH, HIKEJIEBUMH, JITIEBUMH (32 OCHOBHUM MaTepialioM, KU BXO-
JUTH JI0 CKJIamy Oarapei), Ta OKpEeMO BUIUINTH TPYITy MEPCIEKTUBHUX TEXHOJIOTIH, SIKi I1e He
3HANIIIM 3HAYHOTO MOLIMPEHHS.

3 omsiy Ha BUILEBUKIIAICHE, CTAHOM Ha 3apa3 € akTyaJIbHUM IMUTAaHHS BUOOPY TEXHOJOTIT
aKyMYJISTOpPHUX OaTtapei JUisi BAKOPUCTaHHS SIK €JIEMEHT HaKOIIMYEHHs eHeprii B cucremax 0es-
MIEPEPBHOTO CIIOCTEPEKECHHSI HA OCHOBI JIPOHIB, OCKUIBKM Came II¢ BIUIMBAE Ha OCHOBHI TeX-
HIKO-€KOHOMI4HI MOKa3HUKH CUCTEMU >KUBIICHHSI.

AHaJi3 ocTaHHIX JocaiKens i myoaikanii. [TutanasM moOy0Br Mojieniel Ta BHOOPY Haii-
KPALIUX TEXHOJIOIH aKyMYJIITOPHUX OaTapei sk HAKOIMYyBauiB €Hepril AJIsl CUCTEM €JIEKTPOXKH-
BJICHHS PiI3HOMaHITHUX 3aCTOCYBaHb HAyKOBIIIMH 3 yChOTO CBITY NPHUIUISETHCS 3Ha4Ha yBara. Ce-
pel 3HaUYHOI KUIBKOCTI OMyOJIiKOBaHUX POOIT, BAPTO BUILIMTH TaKi OTPUMaHI Pe3yJIbTaTH.

Onniero 3 HaOLIBIIUX CTAHOM Ha CHOTO/IHI C(ep 3aCTOCYBaHHS aKyMyJSITOPHUX Oarapeit
€ enekmpomo06ini. Y po6oti [1] aBropamu Oyno 3aipOrOHOBAHO METOJI OLIHIOBAHHS aKyMYyJisi-
TOPHUX OaTapei s eIeKTPOMOO1TIB, 3aCHOBAHMIA HA HEMPOMEPEIKi Ta MapaMeTpax 0 HalaIH
BUPOOHUKU aKyMYISITOPHUX Oarapeil. ¥ crarrti [2] aBTOpaMu BUIUICHI KpUTEPii A OLIHKH
AKyMYJISITOPHUX TEXHOJIOT1H, SIKi BUKOPUCTOBYIOTHCS SIK HAKOITMIyBad €JIEKTPOCHEPTii B €JIeK-
TPOMOOLIISAX Ta MPOBEACHO IX TEXHIKO-€KOHOMIYHE MOPIBHSHHS. Y MPOAOBKEHHS I[LOTO IH-
TaHHS aBTOPHU JOCTIKEHHS [3] TakoX pO3MISHYIH Pi3HI TEXHOJOTIT Oarapei, y ToMy 4HCIi
NEPCHEKTUBHUX, Ta HABEJIN PE3y/IbTaT! MOPIBHIBHOTO aHaMi3Y, 1€ BCTAHOBUIIM, 1110 JUIS €JIeK-
TPOMOOLISL B CY9aCHUX YMOBaX HAWOUIBII JOMUILHUM € BUKOPUCTAHHS JITIH-IOHHUX OaTapei,
OJTHAK y HalOmmk4yoMy MailOyTHHOMY BOHU MOXKYTh OyTH 3aMiHEHI Ha MEPCHEKTUBHI, TaKi K
TBEPJOTLII Ta KPEMHI€EBI aKyMyJIATOpHI Oartapei. Y nociimkenHi [4] pokyc AOCTIKEHHS T10-
JSIra€e y XiMiYHOMY CKJIaJli OCHOBHUX THUIIB aKyMYJIATOPHHMX Oarapeil 3 momsay iX 3acTocy-
BaHHSI B €JIEKTPOMOOLISIX, @ TAKOXK 33a9aX MOHITOPUHTY Ta KEPYBaHHS IIPOLIECOM PO3PSIKH Ta
3apsIIKM Takux Oarapei.

[le omuiero ceporo 3acToCyBaHb aKyMYJISTOPHUX Oarapeil sk Jpkepena eHeprii s oc-
HOBHOT'O pYIisl, € 600HI mparcnopmHi 3acodou. Y cTarTi [5] aBTropamu OyIi0 MOPiBHIHO OCHO-
BHI THIHM aKyMyJSTOpPHUX Oarapeil 3 MOMIAAY IXHIX XIMIYHMX BJIACTUBOCTEH, €MHOCTI,
00’eMiB, Baru, eHeprii, TMTOMOI €Heprii, BApTOCTI Ta )KUTTEBOTO LUKy 3a MetogoM TOPSIS,
1 BUOMpaeThCs HalKpalia O6arapes Uil NOpUAHUX PYIIiiB KopabiiB. 3a pe3yiabTaTaMy MopiB-
HsIHHS OyJIO BCTaHOBJIEHO, 1110 HAWKpAIIMMHU JJIsl TAKOTO 3aCTOCYBAHH € JiTiH-3a1i30-(ocda-
TH1 aKyMyJIITOpH1 OaTtapei.

3HauHUM CErMEHTOM 3aCTOCYBaHb aKyMYJSITOPHHX Oarapeit € cucmemu 30epicanms enepeii
y cK1aoi enekmpuynux cucmem (30KpemMa, MIKpo- Ta HaHoMepexk). Tak, y nociipkeHHi [6] mpo-
MOHYETHCS OararoKkpuTepiaabHa MOJIENb YXBaJICHHS PIIIEHb, SIKa MOEAHYE M1/IX1/1 HEUITKOI JIOT1KU
JUISL CTBOPEHHSI KOMIIEKCHOT CUCTEMH OIIIHKHM TE€XHOJIOT1H aKyMyJISTOPHUX Oarapel A MiKpo-
MEepeK, SIKi CKJIQAal0ThCs 3 BITPOreHEepaTopiB, (POTOENEKTPUUHUX EPETBOPIOBAYIB Ta aKyMYyJIs-
TOpHUX Oarapell. 3a pe3ysibTaTaMM 3aCTOCYBaHHS JAHOTO METOIy Oyjo BCTAaHOBIIEHO, IO Haii-
KpalmuMH JUIsl Takoi cdepu 3acToCyBaHb € JITIM-I0HHI akymynstopu. Ha BigmiHy BifJ
MOTIEPEHBOI pOOOTH, aBTOPU CTATTI [7] pO3MISHYIM MOXJINBI TEXHOJOT] aKyMyJIsSITOPHUX Oara-
peil 1711 HaKOIIMYyBayiB €Heprii y CKJIal MIKpoMepexX 3 OISy MiHIMaJIbHOT BApTOCTI BCi€l CH-
cTeMU. Y CBOIO Yepry, aBTOPH poOOTH [8] MpOBETH OIS iICHYIOUMX 1 HOBUX TE€XHOJIOTIH akymy-
JATOPHUX Oaraped JUis BEIMKOMACIITA0OHMX HAKONWYyBadiB €Heprii, ski TOBUHHI CTaTu
IBTEPHATHBOIO T1IPOaKyMYITIOBATLHIM €IEKTPOCTAHIIISIM. ABTOpaMH 3p00JICHO BUCHOBOK, IO
HaWKpaImMH JJTsl TAKOTO 3aCTOCYBAHHS € HaTPIi€BI Ta JITIH-10HHI aKyMyJIATOPH, @ HOBI TIepcIie-
KTHBHI THITA 3 BUCOKOIO IILJTLHICTIO €HEPrii BCe 1€ HE MOXKYTh OyTH 3aCTOCOBaHI. Y JTOCIIIKSHHI
[9] aBTOpamu Oys0 MpoOBeIeHO MOPIBHIBHUE aHasi3 riOpuIHOI cucTeMu eneKkTpudikalii cijib-
CBKOI MiCIIeBOCTI B IHi{ 3 pi3HUMHU CHCTEMaMU PE3epPBHOTO HAKOIIMYEHHSI €Heprii sl MiKpoMe-
pexi cena Kopkany, mrar [Tymyueppi, [Hais, Ta BcTaHOBIIEHO, 110 A7 TaKoi chepu 3aCTOCyBaHb
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HaWKpalMMH € JIITIH-10HHI akyMyJsTopHi 6arapei. Po6ora [10] MicTUTh MOIeIIOBaHHS €(EKTH-
BHOCTI 3'€ZJHAHOI 3 MEPEKEIO CUCTEMH HAKOMMYECHHS €JICKTPHUYHOI €HEeprii Ha PI3HUX TUIAX aKy-
MYJISITOPHUX Oarapeid, Ta poOIsIThCsS BUCHOBKH TPO ONTUMAIIbHE PillIeHHs. Y AocmiikenHi [11]
BHUKOHAHO IMITaI[iiiHy MOJIEITb 1 TEXHIKO-CKOHOMIYHHIA aHaJi3 JIITiH-I0HHUX 1 CBUHIICBO-KUCIIOT-
HUX aKyMYJIATOPIB, IHTETPOBaHUX y (POTOCJIEKTPUUHY CUCTEMY, 3 €/IHAHY 3 MEPEXKEL0, 3 ypaxy-
BaHHSAM peaJbHUX KOMEPLINHMUX MpO(]IIiB HABAHTAXKEHHS Ta JAHUX IPO pecypcu. ABTopamu
BCTAHOBJICHO, 1110 JIITI-10HHI aKyMYJISITOPH 3a0€31eUyI0Th HI)KUY BapTICTh €JICKTPOEHEPrii B Ta-
Kili cucremi, o € ix nepearoro. Bapro Takox BiA3HAYUTH JOCHIpKeHHS [ 12], ne npencraBieHo
METOJIOJIOTIIO OI[IHKU TEXHIKO-CKOHOMIYHUX MOKA3HHKIB IMiJKIIOUCHOI 0 MEpEeXi CUCTeMH 31
30epiraHHsM eNeKTpOeHeprii 3a Tapru(oM Ha eIEKTPOCHEPTII0 Ta YaCOM BUKOPUCTAHHS, TA BCTA-
HOBJICHO, III0 ¥ JIITiIA-10HHI, 1 CBUHIIEBO-KHUCIJIOTHI Oarapei MoK HE MOXYTh OyTH €KOHOMIYHO
BUT1IHUMH B TaKHX CHCTEMaXx, OJTHAK JITii-IOHHI MalOTh TICBHY IIEpPEBary.

Takum urHOM, IPOBEACHU aHAI3 OCTAHHIX JOCIIKEHb Ta Iy OITiKaIliii 3a TEMOO IOPiBHS-
JBHOTO aHaJi3y PI3HUX TEXHOJIOTIM aKyMyIATOPHHX Oarapeil B OCHOBHHX cdepax iX 3acTocy-
BaHHSI CBITYHUTH TIPO T, IO MOAIOHA 3a1a9a BXKe BUPIIICHA, 30KpeMa, JUIsl eICKTPOMOOILITIB, BOJI-
HUX TPAHCHOPTHUX 3aC001B, EHEPreTUYHUX CUCTEM 3 HAaKOMMYyBayaMu €JIeKTPUYHOI eHeprii, Ta
MIKpoMepex. 3a pe3ysbTaTaMU Oy BCTAaHOBIICHO, 1110 HAYKOBLIIMH B)KE 3aIIPOIIOHOBAHO Pi3HI
METOIM OLIIHKH, BKIIFOYAtO4H TaKl, 110 0a3yI0ThCsl HA HEHPOHHUX MEpeXax, MaTeMaTHYHOMY ara-
pari HEHiTKOI JIOTiKH, OaraTOKpUTEpiaaIbHUX MOJEISAX NPUHHSTTS PillleHb Ta TEXHIKO-CKOHOMIY-
HOMY aHami3zy. OTxKe, 11l pe3yJIbTaTh JOCIIKCHb HAJJAaI0Th KOMIUIEKCHE PO3YMIHHS Pi3HOMAHIT-
HUX KPUTEPIiB, Ki MOXXYTh OyTH BHKOPHCTaHI y POLEC] BIIOOPY, @ TAKOXK MPOKIATAIOTH IIISIX
JUI MailOyTHIX JOCIIKEHDb Y cpepax 1HTerpailii Hakomu4uyBadiB eHeprii Ha 0a3i aKyMyJISITOPHUX
Oarapeii, 30kpema, JJIs1 BIIHOBIIOBAHOI €HEPreTUKHU, MiIKPECIIOIOYN BaXIIUBICTh PO3NIAAY SIK
TEXHIYHHX, TaK 1 EKOHOMIYHUX (DAKTOPIB aKyMyJISTOPHHUX Oarapeit 1uist eheKTUBHOTO PUIHHATTS
pillieHb y TUIaHYBaHHI Ta peai3allii aBTOHOMHOT €HEpreTHYHOIT CUCTEMH.

BuaisieHHs1 HegOCTiKeHNX YACTHH 3arajibHoI npoodiaeMu. Bapto 3ayBaxkxuTH, 1110 aHAII3
OCTaHHIX MyOJiKaliii TOBOPUTH PO TE, 110 X0ua i po3poO1li METOTUK BHOOPY TEXHOJIOTIH aKy-
MYJIATOPHUX Oarapeil Jjs pi3HMX 3aCTOCYBaHb B)K€ MPUCBSYEHA 3HAYHA yBara HayKOBIIB Ta
3alpONOHOBAHO MEBHI PIllIEHHs, HEBUPILIEHUMH BCE IIe HACTYIHI YaCTUHU MpobiaemMu. Y po-
6otax [2; 5] oOCHOBHUMH KPUTEPIIMU METOIMKH BUOOPY aBTOpaMu BULJIEHO 11iHY OaTapei, 3Ha-
YyeHHs Baru Ta 00'eMy. OHaK 111 KpUTepii OLIHKH HE BKIIIOYAIOTh y ce0e Takl BaXKJIMBI TapaMe-
TpH, fK, 30Kpema, Oe31eKa 3aCTOCyBaHHS, a TAKOXK BapTICTh eKcIuTyarauii. ¥ gociimkeHHi [12]
HaMBaXJIMBIIIMMHU MTapaMeTpPaMu CUCTEMHU BHUJIIJIEHO BapTiCTh NpUAOAHHS aKyMYJISITOpHOI Oa-
Tapei Ta KiAbKICTh LIUKIIIB A0 BUXOAY 3 Jay, Ki BU3HAYalOTh BapTICTh MpHI0aHHs Oarapei Ha
KBTT nukiy, mpoTe He MpoaHai30BaHo 1HIII BaXXJIMB1 MOKa3HUKHU cucTeMu. HailO1b11 noBHUM
€ METO/I, 3aIPOIIOHOBAHUHN Y JTOCIIKEHHI1 [6], e cucTeMa 1HAEKCIB JJIsi METOY BUOOpY Mic-
TUJIa TPU AKICHUX MIAKPUTEPIi (TEXHOJIOTIYH1, EKOHOMIYHI Ta COLlajbH1), a 3HAYEHHSI €PEeKTH-
BHOCTI 32 HUMHU BU3HAYaJIMCs BUCHOBKaMU ekcrepTiB. OJHaK yci 3a3Ha4€Hl pe3yJIbTaTH OTpU-
MaHi a0 JJIs MiAKIIIOYEHUX J0 MEpPEeXi eIeKTPUUHUX CUCTEM 13 HaKOIMUyBadaMu eHeprii, abo
JUIS TAKAX aBTOHOMHHUX CHUCTEM, SIK TPaHCHOPTHI 3aco0u. OTke, MUTaHHS pOo3pOOKH KOMILIEK-
CHOI METOMKH BUOOPY aKyMyJsITOpHUX OaTapei Ta i 3aCTOCYBaHHS AJIsl aKyMYJISITOPHUX Oa-
Tapel y CKJIaJll JDKEPEIT )KUBJICHHS] aBTOHOMHHUX CHUCTEM CIIOCTEPEKEeHHS Ha 0a3i 0e3MmiIOTHUX
JITaNbHUX arapariB, sIKI MalOTh HU3KY MPUHIMIOBHUX BIAMIHHOCTEH BiJ PO3MISHYTHX BHUIIE,
CTaHOM Ha 3apa3 He BupiuieHe. Kpim 1poro, anami3 jkepen BKadye Ha HEOOX1HICTb JOAATKO-
BOTO BpaxyBaHHA NapaMeTpiB O€3MeKH 3aCTOCYBaHHS, BAPTOCTI eKCILTyarallii, 3Ha4eHHs e(ek-
THUBHOCTI B aCTIeKTaX €Hepro30epekeHHs Ta €KOJIOTTYHUX BUKU/IB JIJIsl IOBHIIIOT OIIIHKYU aKy-
MYJISATOPHHUX OaTapeil B aBTOHOMHHUX CHCTEMaX 3arajioM.

Merta crarTi nosisrae B po3po01i KOMIUIEKCHOI 0araToKpUTepiaabHOI METOAUKHU OLIHIO-
BaHHSI JJIs1 BUOOPY TEXHOJIOT1H aKkyMyIsITOpHUX Oarapeid, ki 3aCTOCOBYIOThCS SIK JKEPENOo eHe-
prii A7 aBTOHOMHHX CHUCTEM CIOCTEPEXKEHHs Ha 0a31 O€3MiJIOTHUX JIITATbHUX anaparis.
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BukJian ocHoOBHOTO MaTepiauty. 3arrpornoHOBaHa METOMKA OI[IHKU Ta BUOOPY TEXHOJIOT I
AKyMYJIATOpPHUX Oarapeid JJisi 3aCTOCYBAaHHS 1X Y CKJIaJ[i aBTOHOMHHX CHUCTEM CIIOCTEPEKCHHS
Ha 0a3i 0e3MUIOTHUX JIITaJbHUX alapariB CKIAA€ThCs 3 ABOX eTamiB. Ha nepmomMy erari (eram
HOTIEPEHHOTO BiZIOOPY) 31 CHIOETHCS BiICIFOBAaHHS TUX TEXHOJIOT1H aKyMyJITOPHHUX Oarapei,
SIK1 HE MAXOATH JJISI CHCTEMH, OCKUTBKHU HE 3aJ0BOJIBHAIOTh HAUO1IBII BAKIIMBUM KPHTEPISIM.
Ha npyromy erami 31iiCHIOETBCSI IOPIBHSHHS BCIX TUX TEXHOJIOT1H, SIKI MPOUIILIN MTOTIEPEIHINA
eTarl, a OTXKe, MOXKYTh OyTH BUKOPUCTAHI B CUCTEMI.

| eran - monepeaHiii Binoip.

ABTOHOMHI CHCTEeMH CHOCTEpEKEHHS Ha 0a3i OE3MUIOTHUX JITAJIbHUX amapariB MaroTh
KPUTHYHI OOMEXEHHS 1010 3a0e31e4YeHHs] MOOUIBHOCTI, @ caMe 100 MaKCHMaJIbHOI JIOMYC-
TUMOT Baru Ta 00'eMy Oarapei. [[yisi BU3HAUEHHS BIUTUBY KPUTHYHHX OOMEXKEHb Ha CHCTEMY
IPOTIOHYETHCSI BAKOPUCTOBYBATH JIBa KPUTEPIi, a camMe MiHIMalIbHE 3HAYCHHS IUTBHOCTI eHep-
Til (S, pin) T@ MiHIMaJbHE 3HAUEHHS MUTOMOT Baru eHeprii (£, . ). Po3paxyHok 6a3yeThcs Ha
BUKOPUCTAaHHI MAaKCUMAIbHUX JIOMYCTUMUX 3HAUEHB BAaru (M, ) Ta 00'€MY (Va0 ) JUISI CHCTEMH
3a hopmynamu (1) ta (2):

E

Se_min: , (1)
Mmax
E
Egmax= — (2)
Vmax
ne E — 3aranpHa HeoOXiIHA €HEPTisl [UIst pOOOTH CHCTEMH BIIPOJOBK BUZHAYCHOTO TIPOMIKKY

yacy, Br*r.

IT eran - 6araToxkpuTepiaabHuii Bigoip.

[Ticns 3niiCHEHHS BiJICIBY TUX TEXHOJIOTIH aKyMyJIATOPHUX OaTapei, siki He 3a10BOJIbHSI-
I0Th 0230BMM BUMOTaM JI0 CHCTEMH, HEOOX1THO 3/IIHCHUTH IMOPiBHSIHHS BCiX IMONEPEAHBO Bii-
OpaHMX TEXHOJIOTiH. J{JIsl {BOTO MPOTIOHYETHCSI METOIMKA BHOOPY, MOOYyAOBaHa HA OaraToKpu-
TepiaJbHOMY MOPIBHSHHI 3a JIOIIOMOTOI0 METO/ly PO3paxyHKY BEKTOPa BaroBUX KOE(illiEHTIB
3a ocHOBHUM MeTo1oM Caarti [13]. Lleit MmeTos He 103BOJIsi€ TPYIyBaTH KPUTEPIi 1)1 pO3yMIHHS
BIUIMBY Ha CHUCTEMY O€3lepepBHOIO MOHITOPMHIY KOXKHOTO 3 HHMX. BpaxoByrounm HaBesieHE,
0yJI0 BUKOHAHO PO3MOJUICHHS KPUTEPIiB OIIIHIOBAHHS Ta BBEJEHO 1HJIEKC ISl KOKHOTO THITY
6arapei 3a popmyoro:

Ibat:Ei—i_Ti_i_Pi! (3)
ne E; — ekcrutyaTauiiHui 1H1ekc; 7; — TeXHIYHUM 1H1eKC; P; — eKOHOMIYHUMN 1HJIEKC; Ihat — 3a-
rajlbHUM 1HJIEKC TeXHOJIOT1T aKyMyJIATOpHOI OaTapei.

KoxeH 13 TpboX 1HJIEKCIB sIBJIsIE COO0I0 KpUTEPI1i, 3HAUEHHSI SIKOTO BIANOBIA€E CyMi 100y~
TKIB BaroBux kKoegimieHTiB (W;), Ta BeIMYMHU KpuTepito. KoxkeH kpuTepiit BU3HAYal0ThCsA 3a-
JIS)KHO B1J] BIUIMBY Ha CUCTEMY O€311epepBHOIO MOHITOPHHTY.

Jlns 3a0e3nedeHHs] KOPEKTHOTO MOPIBHSHHS MOKAa3HUKIB, SKI MalOTh pi3HI OAMHUII BU-
Mipy, KO’KEH MOKa3HUK 1HIEKCY HOpMaJli3y€eThCs 10 iana3oHy 3HadyeHb Bif 0 1o 1, Hopmaizo-
BaHE 3HAYCHHS MMOKa3HUKA KPUTEPiI0 BU3ZHAYAETHCS 3a (HOPMYJIIOI0:

N;= (4)
Imax~!min
ne In — 3HaYeHHsI IOKa3HUKA; Imin — MiHIMaJIbHE 3HAYEHHS MTOKAa3HUKA; imax — MAKCHUMAaIIbHE 3HA-
YEeHHS TTOKa3HHKA.

Excnnyamayivinuii indexc E; Binnosinae 3a gpaxkropu 6arapei, ki 3MiHIOIOTHCS 3aJ1€KHO BiJl
YMOB €KCILTyaTallii aBBTOHOMHHX CHCTEM CIIOCTEPEIKESHHS, Ta BPAXOBY€ MOKA3HUKH:

— Jiana3oH pobouux Temmeparyp Tr, SKMi TOBUHEH BPaxOBYBAaTH MOXKIIMBOCTI CUCTEMH
0e3nepepBHOr0 MOHITOPUHTY (PYHKIIIOHYBATH SK y 3UMHY, TaK 1 B JIITHIO TIOPY POKY B PI3HUX
KJIIMaTUYHUX YMOBAX;
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— TIOKa3HUK 0€3MeUHOCTI Ss, TOBUHEH BPaXOBYBAaTH MOXKJIMBI BUIIAJIKK aBApIHOTO CTaHY
Oarapei uepe3 KUK MOXKE CTATUCS 3aliMaHHs, 3aAUMIICHHS 200 BHOYX;

— TIOKa3HUK CaMOpPO3psy #, TOBUHEH BPAXOBYBATH BILTUB Ha 0arapero JOBrOro HEBHKO-
pHCTaHHS, 110 IPU3BOJUTHUME JI0 3MEHIIIEHHSI €EMHOCTI IIUIIXOM CaMOPO3Psiy Yepe3 IpoIecH B
cepenuHi 6arapei abo Ha ii TOBEpXHi.

ExcrumyaramiiftHuit iHIEKC PO3paxoBy€ETHCS 3a 3aIPOITIOHOBAHOIO HIDKYE (DOPMYIIOHO:

Ei :Tr Wy +Ss Wes T Wy (5)

Jlis BU3HAUEHHS Jiana3oHy poOouux Temreparyp |r IPOIOHYEThCS BUKOPUCTOBYBATH pi-
3HHLIO0 MK MaKCUMAJIBHOIO Tmax Ta MIHIMAJIBHOIO Tmin €KCIUTyaTalliiHUMU TEMIIEpaTypaMH,
BIJITOB1JTHO, 32 (HOPMYJIOIO:

Tr:Tmax'Tmin' (6)

[TokazHuk 6e3meYHOCT] Ss € KOMIUIEKCHUM MOKa3HUKOM, 0a3yroduch Ha aHali3i myomika-
i}, CIPSIMOBAHUX Ha TEMY O€3MEeYHOCTI aKyMyJIsTOpHUX Oartapeit [14-21]. ¥V ckimaai poro mo-
Ka3HHKa MPONOHYEThCS BpaxyBaTH MaKCUMaJIbHUI yac Oe3neqHoi 3apsaaku Ts, MaKCUMaIbHY
MIBUJIKICTB PO3PSAKH sd, MAKCUMAIbHY MOTYKHICTD 3apAIKU Pmc. [TokazHuk 6e3meyHocTi mpo-
IIOHYETHCS PO3PAaXOBYBATHU 32 (GOPMYIIOIO:

Ss:Ts+Tsd+Pmc (7)

JUis BU3HAYEeHHS [TOKa3HUKA CaMOPO3psILy 4 MPOIOHYETHCS BUKOPUCTOBYBAaTH METO]I BU-
3Ha4YeHHS HEOOOPOTHHX Ta 00OPOTHUX BTPAT EMHOCTI OaTtapei, 3anpornoHoBanuil y [22]:

=" -100%, (8)
ne C — HomiHanmbHa eMHICTh Oarapei, Br*r; C1 — emHicTh po3psay, BT*T.

Po3paxyHok ekcrutyaraniiHoro iHAeKCy A03BOJISE OTPUMATH JaHi 00 CTiHKOCTI Oarapel
JI0 3MIHHUX 30BHIIITHIX YMOB €KCIUTyaTaIlii, TEXHIYHO1 JIOCKOHAIOCTI, @ TAKOK 0€3MEUYHOCTI eKC-
Iulyaralii B 3aJJaHMX yMOBaxX. Y cUCTeMi Oe3MepepBHOTO MOHITOPHHTY €KCIUTyaTaliiHuil iH-
JIEKC Ma€ OHE 3 HAaWBaXKJIMBIIIUX 3HAY€Hb, OCKUIbKU BU3HAYa€ MOXKIMBICTH O€311E€PEPBHOIO
BUKOPHCTaHHS CUCTEMHU IPOTATOM TPHUBAJIOr0 yacy 0e3 MoripLIeHHs i1 eKcIuTyaTalifHuX xapa-
KTEPUCTUK Ta TEXHIYHUX B1JIMOB.

Texniunuti inoexc T; BiTNOBIAA€ 3a (PaKTOPU SAKI BIJIMBAIOTh HA TEXHIUHI XapaKTEPUCTUKU
(cennikarliro) CuCTeMHU OE3MEPEPBHOTO MOHITOPUHTY, BIH BPAXOBY€ MOKA3HUKHU:

— MUTOMOI eHeprii Se, IKWil BiANMOBIAae 3a KimbKicTh HakomuueHoi d Garapei eHeprii Ha
OJIMHMIIO Baru Oaraper;

— TOKa3HUK LIUIbHOCTI eHeprii Eq, skuii BiANOBIga€ 3a KUIbKICTh HAKOMUYEHOI B Oarapei
eHeprii Ha 1i 00’eMm;

— TOKa3HUK KUTTEBOTO UKy L, sKMii BiAMOBIa€ MaKCUMaIbHY TPUBAJIICTh Oe3MepepB-
HOTO BUKOpUCTaHHs Oatapei (IUKIu “3apsin’-"po3psaa’’) B pOKax;

— TIOKa3HHUK CTa0UIbHOCTI HOMIHAJIBHOT EMHOCTI IIPU 3MiHI TeMIIepaTypHy HaBKOJIUIITHHOTO
cepenoBuIna St.

TexHiYHMI 1HAEKC PO3PAXOBYETHCS 32 HACTYITHOIO 3alIPOIIOHOBAHOIO (POPMYJIOIO:

Ti :Se Wse +Ed Weat L Wy +St W (9)
[Toka3uuk MATOMOI eHeprii Ta UIILHOCTI €HEePrii po3paxoBYIOTHCS 3a (OpPMyJIaMu:
E
S,= -, (10)
ne E — kUIbKiCTh HakomuueHoi eHeprii, BT*r; m - Bara 6arapei, kr,
E
E d= 7, (1 1)

ne | — o06'em Gatapei, M°.
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[Toka3uuk kUTTEBOTO NUKIY L po3paxoByeThes 3a hopmyioro (12), 1 3ay1eKuTh Bl 4yacy
3apsypkanss Cr, po3psypkanns Dy Ta rapanTiiiHol KiTbKOCTI poObounx nukiiB 6arapei Ci. 3ara-
JbHA iH(OpMALIist TPO JKUTTEBHI LUK aKyMyJIATOpHOI Oarapel HaBeaeHa y [23- 25].

L=(C,+D,)-C,. (12)

[Toka3Huk cTaOUTLHOCTI HOMIHAJIBHOI €EMHOCTI MPHU 3MiHI TEMIIEpaTypy HAaBKOJIUIITHBOTO
CepeIOBUINA PO3PAXOBYETHCS SIK TEMIIEpaTypPHUN KOS(illiEHT EMHOCTI aKyMYJISITOPHOI OaTapei
3a Takor (popmyorw:

AC
8= 7 100%, (13)
AC=C,-C}, (14)
AT:To-Tl, (15)

ne Co, C1 — emnicts ipu To ta Ty, BT*r To, 71 — moTo4Ha (MiHIMaJIbHA) Ta €TAJIOHHA TEMIIEpa-
Typa HaBKOJIMIIHBOTO cepenoBuia, C.

Po3paxyHOK TEXHIYHOTO 1HAEKCY J03BOJISE, CEpell iHIIOTO, OLIHUTH 00'€KTHBHY iH(pOpMA-
10 11010 MaiOyTHIX PO3MipiB CHCTEMHU Oe3MepepBHOIO MOHITOPHHTY Ta CKUIBKU Yacy CHC-
TeMa 3MOXKe (PYHKLIOHYBAaTH B 3aJJaHUX yMoBax. [y HaIIoi CUCTEMU TEXHIYHUHN 1HAEKC MOXe
OyTH MPIOPUTETHUM HAJ] IHIIUMU B 3B'SI3KY 3 BUMOTaMH 1[0JI0 MOOITBHOCTI 1 IOBIOTPUBAJIOCTI
eKCIUTyararii.

Exonomiunuii indexc BiAMOBiIA€ 3a BIUTUB LIHU aKyMyJISITOPHOT Oarapei, ToOTO BILTMBAE HA
3arajJbHUN OIOKET MOOYJIOBH CHCTEMH, 1, BiJIMOBIAHO, HA MOXKJIUBICTh peaizamii KOHIICIii
B3aralii, Ta BPaxoBY€ IMOKa3HUKU:

— Baprocrti 6arapei Cp, sika 6e31mocepeIHbO BILTMBAE HAa BAPTICTh CUCTEMH, OCKUIBKH ITiHA Oa-
Tapei Mo)ke OyTH T'OJIOBHOO CTATTER0 BUTPAT Ha OOY/IOBY cUCTeMU O€31epepBHOIO MOHITOPUHTY;

— BapTOCTi 00ciyroByBaHHs 6arapei Cg, MOKa3HUK OMOCEPEIKOBAHO BILIUBAE HA MOXKJIIH-
BOCT1 CUCTEMHU O€3MEPEPBHOTO MOHITOPHUHTY 1110JI0 aBTOHOMHOCTI.

ExoHOMIUHMI 1HIEKC PO3PaXOBYETHCA 32 TAKOKO 3alTPOIIOHOBAHOIO (DOPMYIIOIO:

Pi:Cb 'ch+CS Wes: (16)

JlaHi o0 BapTocTi 6arapei OTpUMYIOThCS Bil BUPOOHHKA, OIHAK BapTiCTh 0OCIYTroBY-
BaHHs HE HaBOJIUTHCSI BUPOOHUKOM, 1 TOMY pO3paxoBYeTbCs 1HAMBIAyalbHO. BapricTh 06ciy-
TOBYBaHHSI B OUTBIIIN YaCTHHI 3aJI€KUTh BiJ B1IJAJIEHOCTI CUCTEMH Oe3MepepBHOIO MOHITOPHU-
HIYy Ta SIKOCTI BUKOHAaHHS 30IpKM aKyMYJISTOPHOTO OJIOKY, MOYJMBOCTI 3aMIHH OKPEMHUX
€JIEMEHTIB y BHITQJIKy BUXO/Y iX 3 JIa/ly TOIIO.

Takum uuHOM, Il etan no3Boss€ 3MIHCHUTH OaraToKpuTepiajlbHe MOPIBHAHHSI MOXIIUBUX
BapiaHTIB TEXHOJIOTIN aKyMyJIsSTOPHUX Oarapeil Ha OCHOBI PO3paxyHKy PO3MOALTICHUX KpUTE-
piiB OLIIHKYU /7151 pO3yMiHHS BIUIMBY HA CUCTEMY KO)KHOTO 3 HUX.

3anpornoHoBaHa METOJIUKA J03BOJISIE BpaXyBaTl BCl OCHOBHI TEXHIKO-€KOHOMIYHI MOKa3-
HUKU aKyMYJISITOpHUX OaTapel, Taki K CTIMKICTh Oarapei 0 3MIHHUX 30BHIIIHIX YMOB €KCILTY-
arariii, TEeXHIYHY JOCKOHAJICTh, O€3MEUHICTh EKCIUTyaTallli, OIIHUTH BiJHOCHI MailOyTHI po3-
MipU cUCTeMH 0e3MepepBHOr0 MOHITOPUHTY. OTHOYAaCHO METOAMKA TAKOXK BPAXOBYE IMOKA3HUK
YKHUTTEBOTO IUKITY, 1110 JO3BOJISIE OI[IHUTH Yac (PYHKIIIOHYBAaHHs CUCTEMH Oe3MepepBHOIO MOHI-
TOPUHTY B 3aJlaHMX YMOBAaX, a TaKOXK BapTicTh Oartapei Ta i oOciayroByBaHHs. Takuii miaxif €
JOCUTH €(PEKTUBHUM 1HCTPYMEHTOM I aHATI3y PI3HUX aKyMYJISITOPHUX OaTapei.

3acTocyBaHHS 3aIPONIOHOBAHOI METOAUKHU OLIHKHU JI BUOOPY TEXHOJIOTII aKyMyJIsi-
TOPHUX OaTapeit

Ilonepeouiti i00ip.

BinnosizHO 10 epIoro eramy BUOOpY BUKOHAEMO MOTIEPEHIN Bi0ip TEXHOIOTIN akyMy-
JSTOpHUX Oatapeit st IXHBOI poOOTH y CKIIal [HKEPET KHUBJICHHS aBTOHOMHHUX CHCTEM CIIO-
CTEpEeKEeHHsI Ha 0a3l OE3MUIOTHUX JITANIbHHX amapariB. CIpOEKTOBaHA CHCTEMa CIIOCTEpe-
JKEHHSI BUKIIIOYAE MOXKIIMBICTH 30UTBIIEHHS Baru akymyisiTopHoi Oarapei monam 300 kr, a
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06’emy 0,12 m>. Kpim 116010, 32 pe3y/sTaTaMy HOMEPEIHIX pO3paxyHKiB, AKi BUXOLATH 3a MEKi
i€l myOmikamii Ta O4iKyIOTh IyOuiKallii, BCTAHOBJICHO, 110 HEOOXiAHA KUJIBKICTh €Heprii A
ABTOHOMHOI CHCTEMU Oe3MePEPBHOTO CIIOCTEPEKEHHS CTAaHOBUTH 25687,3 BT*1. Takum 4rHOM,
OTPUMAHO 3HAYEHHS Se_min Ta Sd_max:

Se min= mf —2202285.5, Ber/kr; (17)
E = éz%:zm , B-r/kr. (18)

BukopucroByioun 6a3u JaHUX MPO TEXHOJOTIT akyMyJsTOpHUX Oarapeii [1; 2; 3], Ha nep-
HIOMY €Tarli MEeTOIUKHU OyJIo BUKJIIOYEHO Ti TEXHOJIOT1] Oarapeii (o3HaueH1 YepBOHUM), SIKi HE
BiJIMOBIAFOTh 32 KPUTUYHUMU IMOKA3HUKAMH JIJISl 3a0€311EUCHHS KUBJICHHS CHCTEMHU Oe3repe-
pBHOTO criocTepexeHHs. [lani BiqoOpaxeHi Ha puc. 2 Ta 3 BIANOBIAHO.

I I I

- AKyMyfSiTOPU Ha OCHOBI CBUHLIIO;
- AKyMyIISITOPU Ha OCHOBI HiKernio;
- AKyMynsTOpU Ha OCHOBI NiTito;

- ManGyTHi TexHonorii.

MyckoBi ctapToBi (SLI)

"mm6okoro yukny (DCB)
CBWUHLIEBO-KMCNOTHI(AGM)

[enesi (GEL)

Bpockonaneri CeuHueso-Byrneuesi (ALC)
Hikenb-kaamiesi (NiCd)
Hikenb-meTtan-rigpugHi (NiMH)
Hikenb-3anisHi (NiFe)
Hikenb-umHkosi (NiZn)
Hikenb-BogHesi (NiH)
JiTii-ko6anbT-okenaHi (LiCoO2)
TiTii-mapranevpb-okenaHi (LiMn204)
JiTin-Hikenb-mapr.-okengHi (LiNiMnCoO2)
JliTin-pocchbat-3anisHi (LiFePO4)
NiTin-Hikenb-ko6anbT-anoM.-OKCUaHi
NiTin-TnTanar-okenai (Li4Ti5012)
NiTin-noBitpsHi (Li-air)
TiTin-meTanesi (Li-metal)
TeepgorTini nitiesi (Li-SS)
JliTin-cipkosi (Li-S)

Harpin-3anisHi (NaFe)

0 100 200 300 400 500
Eq, BTer/n

Puc. 2. 3nauenns winonocmi enepeii, B -e/ke
Jlxepeso: po3po0IeHO aBTOpaMH.

- AKyMynSTOpY Ha OCHOBI MiTito;

Hikenb-meTan-rigpugHi (NiMH) MariGyrsi Texsonori

Hikenb-uuHkosi (NiZn)
JliTin-kobanbT-okenaHi (LiCoO2)
TliTin-mapraHeub-okenaHi (LiMn204)
NiTin-Hikenb-mapr.-okengHi (LiINIMNCoO2)
TliTin-docdat-3anisHi (LiFePO4)
TiTin-Hikenb-koGanbT-antoM.-oKCUaHi
TliTin-meTanesi (Li-metal)

TeeppoTini nitiesi (Li-SS)

JliTin-cipkosi (Li-S)

Harpii-3anisni (NaFe)

0 200 400 600 800
Se, BTer/kr

Puc. 3. 3nauenns numomoi eazu enepeii, B -e/ke
Jlxepero: po3pobIeHo aBTOpaMH.
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3HaueHHS MIIJILHOCTI €HEPTIi Ta MUTOMOI Baru eHeprii € HAOIMKEHUMH JI0 peaJIbHUX 1 MO-
JKyTh 3MIHIOBATHUCS 3aJIEKHO BiJI KOHKPETHOTO XIMIYHOTO CKJIaay, TEXHOJIOT1i BUPOOHUIITBA Ta
iHImMX (akTopis.

OTtpumani pe3ylabTaTH MONEPEeIHBOr0 BiIOOPY, 3rpyHOBaHi 3a TEXHOJOTISIMH, HABEJCHI B
Taby1. 1, BOHM MMOKa3yIOTh, IO JITI€BI aKyMyJISTOpHI OaTapei B OUTBIIOCT] € NPUHHATHUMH IS
BUKOPHCTaHHS, OCKUIBKH 3a0€3MeuyoTh MiHIMaIbHO HEOOXiTHI TEXHI4HI IMOKAa3HUKHU, B TOM
qac, Ik CBUHIIEBI B3araji He IMiIXOIATh JJIsI CUCTEMH O€3MEePEPBHOTO CIIOCTEPEIKEHHS.

Tabauys 1 — Pezynomamu nonepeoHvo2o 8i0oopy

Hikenesi JlitieBi CBuHIIEBI MaiioyTHi
NiMH LiCo0O2 — Li-metal
NiZn LiMn204 — Li-S
— LiNiMnCo0O2 — Li-SS
— LiFePO4 — —
— LiNiCoAlIO2 (NCA) — —

Jlxepeno: po3po0IeHO aBTOPaMHU.

3acmocyeanns bazamoxpumepianbHo2o 8i060py

BpaxoBytoun Te, 110 17151 IEBHUX MEPCTIEKTUBHUX TEXHOJIOT1H aKyMyJISITOPHUX OaTapei, Takux
SK JIiTili-MeTaJieBi Ta HATPIli-iOHHI, y BIIKpUTHX JDKEpeIax CTAaHOM Ha 3apa3 BiICYTHs 00'€KTHBHA
iH(opMaIIis o0 IX MapamMeTpiB Ta MOKA3HHKIB, X TAKOX YCYHYTO BiJl MOAATBIIOTO MTOPIBHSIHHSL.
3 NOSIBOIO HOBHX JIAHUX JIaHA METOJIMKA [TOBUHHA OyTH 3aCTOCOBAHA I1I€ pa3, 10 MOXKE [IPU3BECTH
y MaifOyTHbOMY JI0 3MiHM HaHOLIbII MPUUHATHOT TEXHOJIOTIT TS TaHO1 chepu 3aCTOCYBaHb.

J111s1 BCTaHOBIICHHSI BArOBUX KOE(ILIEHTIB Y METOAMUIII OYyJI0 3aCTOCOBAHO METO/I €KCIIEPTHUX
OILIIHOK, Pe3y/IbTaTh HaBezeHi Tabi1. 2 Ta HaHECEeHO Ha jaiarpamy (puc. 4).

Tabauys 2 — Baeosi koeghiyienmu nokasHuxise

E; T; P;
o 0,03 e 0,32 o 0.1
e 0,23 Vs 0,09 o 0,02
w, 0,04 w; 0,06 - -
. 5 e 0,11 - .

Jxepeno: po3po0IeHO aBTOpaMHu.

[ - Excnn. iHa/
- TexH. iHA.
[ - EkoH. iHg.

Puc. 4. Jlani 6acosux xoeghiyicnmie
JIxepenno: po3poblieHO aBTOPaMH.

[IpiopureT HagaHO MOKA3HMKY MUTOMOI eHeprii 3 koedinieHTom 0,32 Ta MOKa3HUKY Oe3-
nieku 3 koedinieaToM 0,23. Takum 4MHOM 320€3MEeUyIOThCSI OCHOBHI BUMOTH JI0 CUCTEMH B Mi-
HIMaJbHIH Ba3i Ta MaKCUMalbHIN O6e3neri. Po3mosin 3HaueHb MOKa3HUKIB MO0 TEXHOJIOTISIX aKy-
MYJIATOpHHUX OaTtapeil HagaHo B Tabm. 3.
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3a 101oMororo po3po0IICHOT METOIMKY OIIIHKH, Ta 32 pe3yJIbTaTaMU MOJICIIIOBAHHS, OTPH-
MYIOTHCSl 3HAYCHHS CyM 1HJEKCiB. UMM BHILE 3HAYESHHS CYMH 1HJICKCIB, THM Kpallle TEXHOJIOT1s
HiIXOJUTH /715l BAKOPHCTAHHS B CHCTEMI O€311epepBHOTO MOHITOPUHTY, BPaXOBYIOUH PO3MOALT
BaroBHX KOe(IIi€HTIB MOKa3HUKIB, 10 OLIHIOBAJIHCh.

Tabnuysa 3 — Jugpepenyitinuii po3nodin 3Ha4eHb NOKA3HUKIG

[apametp NiMH NiZn LiCoO; LiMn;O4 | LINIMnCoO; | LiFePO, NCA
T, C 65 70 80 80 80 95 80
Ty, p.U. 0 0,167 0,5 0,5 0,5 1 0,5
Tr Wi 0 0,005 0,015 0,015 0,015 0,03 0,015
Ss (xoedirienT) 18 9 9 9 9 16 9
Ss, p.U. 1 0 0 0 0 0,778 0
Ss “Wss 0,23 0 0 0 0 0,179 0
N (% Ha micsip) 15 30 2 2 2 2 2
n, p.u. 0,464 1 0 0 0 0 0
n - Wy 0,019 0,04 0 0 0 0 0
Ei 0,249 0,045 0,015 0,015 0,015 0,209 0,015
Se, BTr/kT 120 150 200 150 220 120 220
Se, p-U. 0 0,3 0,8 0,3 1 0 1
Se - Wse 0 0,096 0,256 0,096 0,32 0 0,32
Eq, Brr/n 300 250 620 400 550 220 730
Eq, p.u. 0,157 0,059 0,784 0,353 0,647 0 1
Eqd - Wed 0,014 0,005 0,071 0,032 0,058 0 0,09
L, nuiB 500 300 1000 700 2000 2000 500
L, p.u. 0,118 0 0,412 0,235 1 1 0,118
L-w 0,007 0 0,025 0,014 0,06 0,06 0,007
St, Koed. 0,1 0,2 0,3 0,2 0,3 0,2 0,3
St, p.u. 0 0,5 1 0,5 1 0,5 1
St - Wit 0 0,055 0,11 0,055 0,11 0,055 0,11
Ti 0,021 0,156 0,461 0,197 0,548 0,115 0,527
Cb, y.0.'’kBT'T 300 400 600 500 700 500 800
Cp, p.u. 0 0,2 0,6 0,4 0,8 04 1
Cb - Wed 0 0,02 0,06 0,04 0,08 0,04 0,1
Cs, y.0.kBT'T 150 200 300 250 350 250 400
Cs, p.u. 0 0,2 0,6 0,4 0,8 04 1
Cs - Wes 0 0,004 0,012 0,008 0,016 0,008 0,02
Pi 0 0,024 0,072 0,048 0,096 0,048 0,12
I bat 0,27 0,225 0,548 0,26 0,659 0,372 0,662

Jxepeno: po3po0IIeHO aBTOpaMHu.

Pe3ynbraTi MOJeNIIOBaHHS HABECHO HA pHC. 5.

Sk BUAHO 3 pHC. 5, HIKeJIb-MeTaN-TiApuaH1 akymynaTopHi 6arapei (NiMH) e nalikpamymu
JUIS. HAIIOTO 3aCTOCYBaHHS 3 MOV €KCIUTyaTallifHOTro 1HJIEKCY, Y SKOMY BH3HAYaJbHUM €
noka3zHuk Oe3neyHocti. Jlitiki-koOansr-okcuaHi (LiCoOg2), mniTii-MapraHieBUNR-OKCHIHI
(LiMn204), niTiii-Hikenb-mapranieBo-okcuaai (LiINIMnCoO32), miTili-HiKeIb-KOOaIbT-aIoMi-
Hili-okcuHl (NCA) akymynsaTopHi 6arapei — 3a eKCIuTyaTalllfHUM 1HJIEKCOM IOKa3alu cede
Haifripme. /lani mono 6e3neunocti NiMH akymynaropHux 6arapeit Bka3yroTh Ha IXHIO cTa0i-
JBHICTh Ta BUCOKY CTIHKICTh /10 HEKOHTPOJIbOBAHOTO TEIJIOBOTO PO3MOBCIOMKEHHS! BOTHIO B
MOPIBHSAHHI 3 IHIIMMHU TEXHOJIOT1SIMH.

3a B1IOMOCTSIMH, MIPEJCTABJICHUMHU Ha PUC. 5, JITiIH-HIKEIb-MapraHleBO-OKCUIHI aKyMYyJIsi-
topHi O6arapei (LiNiMnCoO2) Ta niTiii-Hikenb-KkoOaIbT-aIIOMiHIH-OKCHIHI aKyMYyJIsITOpHI Oara-
pei (NCA) BuaaroThesi HAOUIBII BIIMOBITHUMH ISl HALLIOTO 3aCTOCYBaHHS 3 ypaxXyBaHHSIM TeX-
HIYHOTO 1HJEKCY, SIKMM Oa3yeThCsi Ha MOKa3HUKY nuToMmoi eHeprii. Jlitiii-pocdar-3anizHi
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(LiFePO4) ta nikenb-metan-rigpuani (NiMH) akymynsatopHi 6arapei - MatOTh HAWHIDKYI TOKa3-
HUKHU TUTOMOI €HEPTii, 110 BILTMBAE HA OE3M0CEPEIHO Bary akyMyJISITOpHOT Oarapei, 1o € OMHIM
3 HaWBXJIMBIIIMX KPUTEPIiB U BUOOPI BIATIOBIIHOT TEXHOJIOTI1 /111 aBTOHOMHOT CHCTEMHU.
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Puc. 5. Pezynomamu mooenio8anms
Jlxepeso: po3po0IeHO aBTOpaMH.

SIK MOXKHA TIOMITHTH Ha PUCYHKY 5 JiTiii-HIKeIb-KOOAIBT-aTIOMIHIH-OKCHIHI aKyMYJISTO-
pui Oarapei (NCA) Ta JiTif-HIKEIb-MapraHIeBO-OKCHIHI ~ aKyMyJSTOpHI  Oarapei
(LINIMNnCo00O2) mMaroTh HaBUIINI SKOHOMIYHHH iHIEKC 0e3M0CcepeHbO Ha HhOTO HaOLIbIIe
BILJIMBAE MMOKA3HUK IiHU OaTtapei. HallHIKYMM MOKa3HUKOM I[iHU 1 BIAMTOBIAHO HAMIOPOXKIMMHU
€ Hikenb-MeTan-rigpuaai (NiIMH) akymynsropHoi 6arapei.

PesynbraT MoJientoBaHHs (pHC. 6) MOKA3yIOTh, 110 MAKCUMAJIbHUH 3aralbHui iHAEKC Oa-
Tapei (CyMH OKpeMUX iHJCKCIB) MalOTh JIiTIEBO-HIKEJICBO-MapraHIeBl OKCHJIHI aKyMYyJISTOPHI
6arapei (LiNiMnCoO2) Ta 1iTi€eBO-HIKeIEBO-KOOATbTOBO-AIIOMIHIEBI OKCHHI aKyMYJISTOPHI
6atapei (NCA).
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Jlxepelo: po3poOJIeHO aBTOPaMH.
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BucHoBku. JlocmikeHHSI HOBUX MarepiajiB i XIMIYHUX PEYOBUH ITiIBUIILYE EHEPTETUUHY
HIUTBHICTD, TEPMiH CIIY>)KOM Ta Oe3NeKy aKyMyJsTOpiB, CIPUSIOYH MOKPAILICHHIO 30epiraHHs
€Heprii Ta 3HWKECHHIO BUTPAT. 3 4aCOM BPaXOBYIOUH TaKUW TEXHOJIOTTYHHHA PO3BUTOK B €JICKT-
POTEXHIII TPU3BEE JI0 TOTO, IO OJHI TEXHOJIOT1] aKyMyJISTOPHUX OaTapeil mepecTaHyTh BHKO-
PHCTOBYBATUCH, & 1HIII CTAaHYTh OCHOBHUMH JDKEpENlaMH >KUBJICHHS 3 ypaxyBaHHSIM HOTpeO
criokuBaviB. BuOip onTuMaabHOT TEXHOJIOT1T aKyMyJIATOPHOI Oarapei B MailOyTHROMY Oy/ie BH-
3HAYaTH TMPOAYKTHBHICTh, EKOHOMIUYHY €(EKTHUBHICTh Ta JOBTOBIYHICTH 3arajlbHOi CHCTEMH
30epiraHHs eHeprii.

3a pe3yapraraMuy aHaji3y JITepaTypHUX JHKEpes Ta HalpalfoBaHb IHITHUX aBTOPIB, B po0OOTi
OyJ10 TIPENICTaBICHO METOANKY BHOOPY TEXHOJIOTIT aKyMYJISITOPHUX Oatapeit 11st IX 3aCTOCYBaHHS
SIK HAKOITMYYBa4iB €HEpPrii B CUCTEMax CIOCTEPEKEHHS Ha 06a3i Oe3MIIOTHUX JIITAIbHUX allapaTiB.
Jlana meToamka BKIrO4Yae B cebe aBa eramu. Ha mepriomy momepenapoMy eTarii Bigoopy 3iiic-
HIOETHCS BIZCIB THX TEXHOJIOTIH, SKI HE MIXOIATh 38 MiHIMAJIbHO HEOOXITHUMH TEXHIKO-EKOHO-
MIYHUMH TIOKa3HUKAMH, Y TOH 4ac K Ha JPYroMy eTarli 3JIHCHIOEThCS OaraToKkpuTepiabHHA
I/IX1]T 10 IPUUAHSATTS pilleHHs 3 BUOopy 3a metogom Caari. Lle#t minxin 6a3yeTbest Ha TPHOX 3a-
NPOIIOHOBAHUX 1HJEKCAX — CKCILTyaTaliiHOMY, TEXHIYHOMY Ta eKOHOMiuHOMY. [[iist 3ificHeHHS
BUOOPY BIJIMOBITHO A0 HEOOXITHIX BUMOTI, €KCIIEPTHOIO OILIIHKOIO OyJI0 BU3HAYEHO BaroBi Koedi-
IIIEHTH CKJIAJIOBUX 1HJIEKCIB. 3a pe3yabTaraMy pO3paxyHKiB 3arajJbHOTO 1HJIEKCY TEXHOJIOTIT aKy-
MYJISITOpPHOI Oarapei BCTaHOBJICHO, 0 aKyMYJISITOpHI Oarapei Ha OCHOBI JIiTIEBO-HIKEIIEBO-Map-
TaHIEBO OKCUIHOI Ta JIITIEBO-HIKEIEBO-KOOAJIBTOBO-AIFOMIHIEBO OKCHUIHOI TEXHOJIOTI] MAarOTh
HaWBUIIII 3HAYEHHS 1HACKCY, a BIINOBIAHO, € ONTUMAJIBHUMHU JUIA 1i€l cepu 3actocyBaHHs. L5
METOMKa MOXe OyTH 3aCTOCOBaHA 1 sl IHIIHMX c(ep 3aCTOCYBaHb IUIIXOM 3MiHHM €KCIIepTaMu
BaroBHUX KOE(IIIEHTIB 1HAEKCIB, 1110 POOUTS ii YHIBEPCATIHHOIO.
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METHODOLOGY OF SELECTING BATTERY TECHNOLOGY
FOR AUTONOMOUS SURVEILLANCE SYSTEMS BASED ON UAVS

Unmanned aerial vehicles, or drones, are finding increasingly diverse applications, ranging from capturing footage of
events to being utilized as bombers or kamikaze drones. One relatively recent application is surveillance for protection pur-
poses, monitoring the spread of fires and other natural disasters, large-scale outdoor events, and more. Such surveillance can
be conducted for individual objects or along specific trajectories, either for a limited time or continuously. In the latter case,
to ensure continuous surveillance, multiple drones (a group) need to be used, operating according to a specific algorithm where
some drones hover in the air to monitor the situation while others recharge on the ground, replacing those drones in the air
whose charge falls to a minimum level sufficient for returning to the charging point.

The aim of the article is to develop a comprehensive multi-criteria evaluation methodology for selecting battery technol-
ogies used as power sources for autonomous surveillance systems based on unmanned aerial vehicles.

Considering that different chemical components of battery cells offer varying levels of energy density, service life, charg-
ing and discharging rates, as well as safety levels, the task of selecting the optimal battery technology is one of the key and
relevant ones for achieving optimal productivity, economic efficiency, and durability of the energy storage system, as well as
supporting the stability of operation of the continuous surveillance system based on unmanned aerial vehicles.

The paper presents a methodology for selecting battery technologies used as power sources for autonomous surveillance
systems based on unmanned aerial vehicles. For the first time, a selection structure is proposed, which includes a preliminary
selection stage and a multi-criteria decision-making stage for choosing appropriate energy storage technologies using the
Analytic Hierarchy Process method. A concept of assessment structure is proposed, including operational, technical, and eco-
nomic indices, each of which is further divided into individual components. Modeling of battery technology selection for an
autonomous surveillance system based on expert-defined weighting coefficients is performed. The modeling results indicate
that the highest overall indices are achieved by lithium-nickel-manganese oxide and lithium-nickel-cobalt-aluminum oxide
batteries, making them the best choices for this application field.

Keywords: battery; multi-criteria decision-making model; Saati; comprehensive performance evaluation; continuous
monitoring systems.
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A0 INTAHHSI METOAIB TIOBY10OBA CUCTEM 3AXUCTY
BII HAJJIMITKOBOI'O KOB3AHHSA KOJIIC PEUKOBHUX
TPAHCIIOPTHHUX 3ACOBIB
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6yo0ysamu cucmemu YnpaeiiHHs HA OCHOBE CUSHANIE 306HIUHBLO20 cepedosuwya. Taxki munu cueHanie Moxcyms 6ymu Ompumani
6aeamo@yHKYIOHATbHUMY OAMYUKAMU, K KAMEDU.

Kntouogi cnoea: dOyxcysaumns; 103; weuOKiCms NPOCIUIAHHA KOB3AHHA, XAPAKMEPUCMUKA 34eNnieHHs; PPUuKyYiiHi
ABMOKONUBAHHSL.

Puc.: 4. Bion.: 16.

2

AKTYyaJIbHICTh TeMH JA0CJiIzKeHHs. 3a/1I3HUYH] TPAHCIIOPTHI 3aCO0U MOCTIHHO BIOCKOHAIIIO-
IOTBCS, 00 CKOPOTUTH Yac MOAOPOKi Ta Oe3nekoBi Moka3HuKU. Tomy iM moTpiOHa MOTyXHa crCc-
TeMa KepyBaHHs TSATH, 11100 3370BOJIBHUTH 3pOCTar04l BUMOTH JI0 BUKOCTI. Po3po0ka crpareriii
KOHTPOJIIO TSTH JUIA JOCATHEHHS! ONTUMAJIbHOTO 34EIUICHHS 3a0e3reuye Oes3neyHe Ta e(eKTuBHE
BOJIiHHSI, OJTHOYACHO 3MEHIIIYIOUHM HeOakaHe KOB3aHHS MIXK KOJIECOM 1 peiikoro. Tomy po3podka cy-
YACHUX CHCTEM YIPABIIIHHS, SIK1 YCYBaOTh 111 MPOOJIEMH, € aKTyaIbHUM 3aBIaHHSIM.

AHaJi3 ocTaHHIX J0caizKeHb Ta nmyoJikanii. [Ipodiema noOynoBH cuCTeMU KepyBaHHS
B1J1 HAJUTMIIIKOBOTO KOB3aHHS Ta 103y OyJa CremiaibHO JOCIIKEHA 3 IOy €HeproeeKTUB-
HOCTI B 0ararbox jpkepenax. OnTuMalibHi cTparerii yrnpasiHHs Oyiau 3anponoHOBaH1 ISl 3a-
0e3medyeHHs1 KOMIIPOMICHOTO aHaJli3y MK 4acoM IOJIOPOXKIi MOTATOM 1 BUTpaTaMH eHeprii. AHa-
73 MOKa3aB MIO L TeMa JTOCHIIKEeHb € TMEePCINeKTUBHOI0 Ta MOTpeOyro iHTerpaiii B Taku
CUCTEMHM KEpYBaHHs IHTEJIEKTyaJlbHUX CHCTEM KepyBaHHs Ha 0a3l KOMIT I0TEPHOI0 30py Ta Ma-
IIMHHOTO HaBYaHHS. 3a OCTaHHE JECATUIITTA KUIbKa TOCHITHUKIB JOCSTIN 3HAYHUX YCIIIXIiB y
BUKOPHCTaHHI PI3HUX METOAIB 00poOKH 300pa’keHHs Ta 30py Ui HaBiraiii, yHUKHEHHs nepe-
HIKOJZ 1 KEpyBaHHSI HA3€MHUMHU TPaHCHOPTHUMHM 3ac00aMu. BuibIIicTh AOCTIAHUKIB BUKOPHC-
TOBYIOTh METOAM 00pOOKM 300paxkeHb /sl cTBOpeHHsI 3D-nipocTopy 3 2D-300pakeHb, BUSB-
JIEHHS Tepelko a00 BUITYUYEHHs pyXy 3 OTPUMaHUX MOCiI0BHOCTEH 300pakeHs. HemonasHo
Oys0 po3poliieHo GaraTo HaBIraliMHUX aITOPUTMIB, SKI MOXKYTh OOUMCITIOBATH LUIAX poOoTa
Ta BIJHOCHO HaJ{IHO T'€HEepyBaTH KapTH HECTPYKTYypOBaHUX cepeaoBuill. Hallo1ib11 moMiTHUM
€ mporpec y Meroniax Hapiraiii Ha ocHOBI SLAM. OpHak 1s CTarTsa 30cepekeHa Ha OIlIHII
IIBUJIKOCTI, sIKa 3aCTOCOBHA JI0 OLIIHKH KOB3aHH.

MeTto10 cTaTTi € PO3MIAHYTH Pi3HI TUIIK 3aXUCTY BiJ] OYKCYBaHHS Ta 103a PEJIbCOBUX Tpa-
HCIIOPTHUX 3ac001B, HA OCHOBI SIKUX OyIyeThCs pealizallis MaKCUMaJIbHOI CHJTH TSTH 32 YMO-
BaMH 3uerieHHs. bazyrounch Ha po3MIAHYTHUX HEAOMIKAaX KIACHUYHUX CUCTEM 3aXUCTY Bijl Haj-
JIMIIKOBOTO OyKCYBaHHSI pO3pPOOUTH aJrOpUTM BHUMIPIOBaHHS JHIMHOI MIBHAKOCTI Ha 0as3l
QITOPUTMIB KOMIT FOTEPHOTO 30py. METOIO CTaTTI € IMOKa3aTH NepeBaru po3po0IeHoro JaTunKa
KOMII’ FOT€PHOT0 30pY Ul BA3HAYECHHS MTOJIOKEHHS Ta IIBUIKOCTI TPAHCIIOPTHHX 3ac00iB 3a J0-
MIOMOT0I0 OJIHI€T KaMepH. AJITOPUTM, 1110 BUKOPUCTOBYETHCS JaTUMKOM, OyB MEpEBIpEHH, a
fioro moxmuOKa BUMipsiHa 32 IOTIOMOTOI0 CTEH/TY 3 MOJICITbHIUM TPAHCIIOPTHUM 3aC000M, IO Py-
Xa€eThes M0 BIIOMiH Tpaci.

© 4. O. Kupuinenko, 0. M. Kyroswit, 2024
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Buxiaax ocHoBHOro marepiauy. Jlo pelikoBux TpaHcnoptHux 3aco0iB (PT3) manexars
€JIEKTPOBO3H, TEIUIOBO3H, MPUMICHKI €JIEKTPUYKH Ta €JIEKTPHYKUA METPO, TpaMmBai, pyaHUYHI
€JIGKTPOBO3H, Ta 1HII BUIM TPAHCIOPTY 3 MEXaHi3MaMH MEpecyBaHHs MO peikoBiit komii. Lli
BUJM TPAHCIOPTY BUKOHYIOTh OCHOBHI IIEPEBE3E€HHS B IPOMHUCIIOBO PO3BUHEHUX KpAiH.

3 momeHnty nosieu PT3, a 11e moHax 1BICTi pOKiB, € mpobiieMa OyKCyBaHHS 1 1033, a00 Mmpo-
61emMa HaJUIMIIKOBOTO KOB3aHHS KOJIeca BITHOCHO PEUKH.

HannuikoBe KOB3aHHsI CHIPUYMHSIE MUMOBUIBHI BTpaTu €HEprii, J1OAATKOBUM 3HOC KOJIi-
CHO-MOTOPHOTO OJIOKY, 3HWXKYE CHITY TATH Ta O€3MEKy PyXy, IPU3BOAUTH 10 (PPUKIIIHHIX aBTO-
KOJIMBaHb y TsArosux enekrponpusonax (EIT) [1].

Bennunnu HauMIKoBoro koB3aHHs U XapakTepu3yOThCs IIBUIKICTIO HAAJIUILIKOBOTO KO-
B3aHHS, sIKa BU3HAYAEThCA K PI3HULIS:

U= VK_ Vﬂ!
ne V., — niHiliHa IBUIKICTH Ha 00011 KoJieca;

V, — miniitHa mBuAKicTs PT3.

BuMiproBaHHS IBUKOCTI HA/JTMIIIKOBOTO KOB3aHHS JIa€ 3MOTY TIOOYAyBaTu CUCTEMY aBTO-
MaTUYHOTO PETYIIOBAHHS CHIIM TATH Ha 000711 KoJeca 32 YMOBOIO 34ETIJICHHSI.

Taka cucrema, 3 Bii’ €eMHUM 3BOPOTHUM 3B'SI3KOM 32 HIBHJIKICTIO HA/UTMITKOBOTO KOB3aHHS,
ycyBae OykcyBaHHs 200 103 1 3a0e3Ieuye MaKCUMyM CHIIM TATH, IO CBOEIO YEPTOr0 301IbIIYE
MPOAYKTUBHICTh Mpalli 3 IEPeBE3E€HHS BAHTAXKIB.

JliniiiHa MBUAKICTH HAa 00011 KoJieca 3a3BUYail BU3HAUAETHCA Yepe3 KyTOBY LIBHIIKICTb 32 JI0-
MIOMOTOI0 HU3KU aHAJIOTOBHX, IU(PPOBHX, YACTOTHHUX Ta IHILIMX THIIB IaTYMKIB KYTOBOI IIBH/KOCTI.

BumiproBanns niHiiHOT mBHaKOCTi PT3 € CyTTEBO CKIIagHIIINM 3aBIaHHSM, SIKE BUPIMIY-
IOTHCS 32 JOTIOMOTOI0 1HEPI[IHHUX JaTYuKiB, HaBIral[ifHUX CUCTEM, OJIOMETPIi KoJjieca, 3 BUKO-
PHUCTaHHAM B1JI€OKaMEpH Ta TEXHOJIOT1H KOMIT'FOTEPHOTO 30DYy.

3aBaaHHs cripoulyeTbes, Ko PT3 Mae kosticHy mapy, He MOB's13aHy 3 TATOBUM JIBUT'YHOM.
Toxi niHiiiHA MBUAKICTH HAa 00011 KOJIeca Takoi apH Ta JiHiiHa mBHUaKICTh PT3 BinnoBigatoTs.
OpHak /1715 TOBHOTO BUKOPUCTAHHS 3UllTHOT Baru JIOKOMOTHBA BC1 HOTO KOJIICHI Tapy 3a3BUYail
MaroTh TSATOBHH MPHUBL.

Mo>kHa BUXOJMTH 3 TOTO, 1110 OIHOYacHE OyKCyBaHHS 200 03 YCiX KOJICHHUX Map JIOKOMO-
THUBA HEMOXJIMBUH. Y 1IbOMY pa3i HIBUAKICTh HA/JIMIIKOBOTO KOB3aHH MepelyBae K pi3HULS
mIBUJKOCTEH OyKCyBaHHS 1 KOJIICHOI mapwu, 1o He Oykcye. Ilpu npomy mae OyTu Aeska 30Ha
HEYYTIUBOCTI, BPaXOBYETHCS TEXHOJIIOTTYHUIN PO3KH/ XapaKTEPUCTUK JABUTYHA 1 MOXKIIUBY pi3-
HUIIIO B JlaMeTpax OaHAaXiB KOJICHUX Tap.

Jia PT3 3 masnoro 6a3010, sIK pyIHUYHHH e1eKTpoBO3 a00 TpaMBaid, 0lHOYacHe OyKCyBaHHS
1 103 TOCUTh XapakTepHe. Tozl BUSBICHHS MOPYIICHHS YMOB 34eTJICHHS MOXJIMBE 32 KyTOBUM
NPUCKOPEHHSM, siKe 3011b1yeThest B 5-10 1 OibIle pa3iB Mpu 3pHBI 3UCTUICHHS.

SIK1I0 XapaKTepUCTHKA 3UCTUICHHS Ma€ MaIaloqy JTUTSTHKY, 32 IEBHOTO MTOEHAHHS ITapaMe-
TPIB €JIEKTPOMEXAHIYHOI CUCTEMH, HA/JIUIIKOBE KOB3aHHS CIPUUMHSAE (DPUKLINAHI aBTOKOJIU-
BaHHJ [ 1]. @puKIIiifHI aBTOKOJTMBAHHS BHUSBIISIOTHCS 32 JOTIOMOTOI0 CMYTOBOTO (hibTpa, Hala-
mroBaHoro Ha 4actoty (20-60) I'p [2]. 1 3a umu pe3ysbraraMu BUSBISIETHCS HAUTHIITKOBE
KOB3aHHS.

Jlnst moOy10BM CHCTEMHM pealtizallii MaKCUMalbHOI CUJIM TATH 32 YMOBaMM 3U€IUICHHS BU-
SBJICHHS HAJUIMILIKOBOIO KOB3aHHS YMOBa HeoOXi/Ha, ajne HexoctaTHs. [Ipoliec perymoBaHHs
nependadae GopMyBaHHS CUTHATY BiJI’ €MHOTO 3BOPOTHOTO 3B'S3KY MPOMOPIIIHHOTO MIBHIKOCTI
Ha/IJTMIITKOBOTO KOB3aHHS. L[eil curHam MoXXHa OTpUMATH, 3aCTOCYBABIIN JTaTYHUK IIBUIKOCTI
KOJTICHOT ITapy Ta MPUITYCTUTH, III0 B MOMEHT NIOYaTKy OYKCYBaHHSI tg BU3HAUMBIIH TUM YU 1H-
IIUM CIIOCOOOM, a 3a Yac peryjioBaHHS MPUBOJIOM cuila TArH mBHUAKOCTI PT3 uepes inepiiii-
HICTh 3QJIMIIAETHCS He3MIHHOI0. To/l PI3HUIIO MK MOTOYHUM 3HAUYEHHSM IIBHJIKOCT1 KOJICHOT
nap i 3a()ikCOBaHUM y MOMEHT MOYaTKy OyKCyBaHHs, MOXHA BBaXKaTH MIBUIKICTIO HA/JIUIII-
KOBOTO KOB3aHHHI.

243



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(36), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

Tomi pi3HUIIO MK IOTOYHUM 3HAYEHHSM IIIBUAKOCTI KOJIICHOI Mapy 1 MOCTIHHUM, 3adik-
COBaHHMM Y MOMEHT TOYaTKy OyKCyBaHHS, MO>KHA BBa)KAaTH IIBUJKICTIO HAJUIUIIKOBOTO KOB-
3aHHS KOJIIC, SIK ITOKa3aHo Ha puc. 1.

A Vi
Vi
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|
|
é >
0 fs {

Puc. 1. 3mina weuokocmi konichoi napu nio yac nycky

PO3BUTOK TEXHOJIOTIM KOMIT'IOTEPHOTO 30pY, 3HM)KEHHS BapTOCTI BiJleOKaMepH, MOKpa-
HICHHS ii TEXHIYHUX XapaKTEPUCTUK, PO3IIUPEHHS 010J110TeKH MPOrpam 3 BIAKPUTHM JIOCTYTIOM
Juist 00poOIeHHs 300pakeHb Ja€ MOXIIMBICTh BUKOPUCTOBYBATH BiJ€OKaMepy AJIsi BUMIpIO-
BaHHS JIIHIMHOT IIBUIKOCTI.

Bineokamepa € 6ararodyHKI[IOHaTbHUM CEHCOPOM, 1[0 BU3HAYAE HE TUILKH Taki (i3uyH1
napaMeTpH, K MMOJIOKEHHS, IIBUIKICTh, IPUCKOPEHHS, a il MOXKE pearyBaTi Ha CEpe/IOBUIIE, B
sikoMy BifOyBaeTbes pyx PT3 [3-8].

BumiproBanns niniliHOT mBHaKocTi PT3 3 BUKOpucTaHHSM Bijjeokamepy 0a3yeThesi Ha BU-
SIBJIEHHI IPOCTOPOBO-YaCOBUX BIAMIHHOCTEN y MOCIIIOBHOCTI 300pakeHb, BU3HAUCHHI TAKHX
(GYHKIIIH, 10 BIAPI3HATUMYTHCS M1]1 4ac MEepeXoAy BiJ OHOTO 300paxkeHHs A0 1HIIoro. Bitoma
HU3Ka METO/IIB aHaNi3y Ta aITOPUTMIB 00poOKH Bijieo MoToKy. Asroputm Jlykaca-Kanazne kpa-
MM, OCKIJIbKY 3a0e3Ieuye TOCTaTHIO TOYHICTh, HEUYTJIMBICTh J0 IIYMIB, MPALIO€ B PEKUMI
peasbpHOTO Yacy [9-10].

BinnoBigHO 10 1BOTO aIropuTMy BU3HAYAETHCS PYX SCKPAaBICHUX XapaKTEPUCTHUK 300pa-
KEHHS, Kl K Iepe10a4aeThCsl, pyXaroThcs B MIpY pyXy 00'€KTIB y MOCIITOBHOCTI 300paXeHb.
Buxignuit curHa ONTUYHOTO MOTOKY OTPUMYIOTh Y BUIJIS/II KOMITIOHEHTHOT INBUAKOCTI Uy 11Uy,
K TIOKa3aHo Ha puc. 2. [Tepen6avaeTbes, 1110 KapTHHA ONTHYHOTO MTOTOKY BiMOBIIaTUME MOJTO
PYXY, X04a Ha MPaKTHIIl 11€ He 3aBXKAHU Tak. BUKOpHCTOBYI0UM JIesiKi OOMEXEHHS, Takl K Mopi-
BHSIHHS reomeTpii (popMu), MOPiBHSAHHS PIBHIB CIpOro Ta IHTEHCUBHOCTEH, 00'€KT, BUSBICHUIN
Ha OIHOMY 300paXKeHH1, 3a3BUYail MO>KHa 31CTaBUTH 3 00'€KTOM Ha HACTYITHOMY 300paKE€HHI.

OcHOBHE NPUITYIIEHHS PO ONTHYHUH HNOTIK MOJISATA€ B TOMY, 1110 30BHIIIHIN BUTTISIT CLIEHH
ICTOTHO HE 3MIHIOETHCS MK KaJpaMH 1 IO CIIeHA MJIaBHO MEPEXOAUTH Bl OTHOTO 300pasKeHHS
7o iHmoro. [ToTik 4acTo JIOKaJlbHO OJHOPIAHMHN, MPOTE Ha MeXaX CIEHM MOXYTh BUHUKATH
pO3pHUBH. [HIIIE MPUITYIIEHHS TIOJIATAE B TOMY, IO CIIEHA CKIAJAEThCS 3 MPOTSHKHUX JTOCHTH
IJ1aJIKUX [TOBEPXOHb, AK1 AKOPCTKO pyXaroThbcs a00 MpUHANMHI IUIABHO CIIOTBOPIOIOTHCS M1 Yac
pyxy. KiibkicTh pyXy Mk KaJpaMy HEBEJIMKa 1 MOPIBHIHO 3 pO3MIpOM 300paKeHHs 03HAUaE,
1110 BEKTOPHU ONITHYHOTO MOTOKY MaJi JUIs apu 300paKeHb.

XopH [11] npoBiB HOBAaTOPChKY POOOTY 3 pPO3pOOKH METO/IB ONTHYHOTO ITOTOKY, 3aCHOBA-
HUX Ha OOYMCIIEHHI MPOCTOPOBO-YACOBUX BIIMIHHOCTEH 3a MOCIIAOBHICTIO 300paxeHb. Bin-
TOI1 OYyII0 PO3pOOIEHO 6€3/11Y METO/IB 1 AITOPUTMIB BU3ZHAUEHHS ONTUYHOTO IMMOTOKY, TAKHX SIK
mudepeHiianbHi METOAU, METO/IM 31CTaBIIEHHS Ha OCHOBI 00JIacTel, METOJM Ha OCHOBI €HepTii
Ta METOIIU Ha OCHOBI ¢a3u [12].
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Puc. 2. Ocobaueocmi onmuuno2o nomoxy
i WeUOKICMb pyXy XapakmepHoi ocooaueocmi kaopy

Anroputm ontuyHoro noroky Kanani-Jlykaca BUKOPHCTOBYIOTH TOMY, IIO BiH HaiiHUH,
TOYHUHN, HETYTIUBHUH 10 IIyMY 1 JPKEpen HeOAHOPITHOI IHTeHCUBHOCTI CBITJIA 1 MIXOJUTh IS

obuuciieHs y peanbHoMy 4aci [13].

VY npoMy MeToni Hexail I; € 300pakeHHsAM Yy BIATIHKax Ciporo B MOMEHT 4acy f; Ta [ € 30-
OpakeHHsIM y BIATIHKaxX Ciporo B 1ieli MOMEHT ¢/, ;. Hexail 3a 1eil mpoMiok dacy 300pakeHHs
MEePEMICTUTHCS Ha BifCTaHb =(Ax, Ay). SIkmo A € XxapakTepHO ocoOnuBicTIO B /;, a B — Tieto
CaMOI0 OCOONMBICTIO B ;¢ fK MOKa3aHo Ha puc. 2. [1if yac po3paxyHKy ONTHYHOTO TIOTOKY BH-
KOPHCTOBYIOTh CTaHJAPTHY TEOMETPUYHY CXEMY NPEICTaBICHHS KaMepH, sIK TIOKa3aHo Ha puc. 3.

(0, 0)

[Lnowmna
300paxeHHs
* P,

Llentp
Mpoexil

Puc. 3. Cmanoapmna cucmema xoopounam xamepu

Toni mMeta mosnsirae B ToMy, 100 3HalTH d 1UIIXOM MiHimizanii GyHkuii €(d).

e(@)=11(1(P) - li.(p+d)) dxd,

e

e P)=(x,y) KoopauHaTa MiKCEIs 3araibHOi TOYKM 300paKeHHs, SK MOKa3aHO Ha pucC. 3.
Koopnunara nikcenst BepXHbOTro JiiBoro kyTa gopiBHioe (0,0), a KoopArHATA MiKCeNs HUKHBOTO
MpaBoro KyTa - (n.-1, Ny~ 1), ne n,, n, — 1i¢ MUPHHA 1 BUCOTA 300pakeHHsI BIAMOBITHO;

e [;11;,; 3Ha4eHHs BIATIHKIB CIpOT0 MEPIIOro 1 IPyroro 300pa>keHHs BiAIOBIIHO.
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e W - moma BikHa 00'€KTa, po3Mip sKOi J0PiBHIOE (2w, +1. 2w, +1).

e d=(Ax, Ay) BuXilHU{ ONITUYHUI TIOTIK 200 BIJICTaHb MK €JIEMEHTAMHU JIBOX HACTYITHUX
KaJpiB 300paKeHHS.

Ha npaxTuui pimenns minimizamii (1) Moxke OyTH OCATHYTO 32 JOITOMOTOIO ITEpaIliitHOro
aIropuTMy, Takoro sik Meto Hetotona-Padcona. Anroputm peanizy€eTbecsi TAKUM YHHOM:

1. BuGepiTh BikHO (PyHKIIIT 1JIs BIICTe)KEHHS Ha 300paskeHH1 /;(p).

2. Hexait u=(u,, u,) Oyne neHTpoM BiKHA 00’€KTa Ha 300paXKeHHi [;(p), AK NOKA3aHO HA
puc. 2.

3. IllupuHa ¥ 1OBKMHA BIKHA, (Wy,W,) BUSHAYAKOTHCS €KCIIEPUMEHTAJILHO 1 MAIOTh THIIOBI
3HA4YCHHSI B 2 10 7 MiKCETiB.

4. Hexait d=(Ax, Ay), ne (Ax, Ay) — e moYaTKOBE MPUITYIICHHS.

5. Po3paxysaru:

Uy +W,

G= 3 Y o(Pg’(p),

Uyt Wy
uytwy
b= E E (1; () 1(p+d)g(p) ,
X=Uy-Wy Iy
d
= (;(p)+1;1(p+d)

egp)= .
R YY)

6. PosB'soxiTh niHiitHe piBHsHHES Gd;=b.
7. OHoBneHHs d=d+d;.
8. O0GUHCHITh HACTYITHE PIBHSIHHS:

Uy TWy
Uy twy
e(d)= § 2 ()i (p+d)).
X=Uy-Wy Yoy

9. Skmo ¢(d)< &, ne € — 3a37aJ€riab 3aJaHUI TIOPIT, TIEPEHIITH 10 KPOKY 5.

10. Onrtuuno noTik d.

JliniitHa mBuakicts PT3 mponopiiiiiHa onTudHOMy 1moTOKy O mpu 3amanomy Af. O6umc-
JICHHS! JIHIAHOI MIBUAKOCTI Ta IMIBUAKOCTI KOB3aHHS IPOBOIUTHCS BIATOBITHO 70 JITOPUTMY,
HaBeJICHOT0 Ha puc. 4.

[TepeBipky IpHUHIINIIIB MOOYIOBH 3aXUCTY BiJl OyKCyBaHHs (103a) MPOBEACHO IIJISIXOM €KC-
NepUMEHTY Ha pyIHUYHUX enekTpoBo3ax AMSJI, APIT14, K14 i po6oTu3oBaHiii muiardgopmi 3
6710K0OM BizieokaMep obuucoBaibHOro Mmoayist Raspberry Pi4. Kpim 11010 Oy10 BUKOHAHO YH-
CEeJIbHUM eKCIepUMEHT Ha MaTeMaTU4HIi MOJeIi eJIeKTPONPUBO/IIB MariCTpaJbHOTO €l1eKTPO-
Bo3a JIC3 i micbkoro TpamBas T6B5 [14-15].

ExcriepMeHT mokasas, 1o 3a HU3bKUX 3Ha4eHb Koe(ilieHTa 39eTUICHHS y pYJHHYHHX eJIe-
KTPOBO31B Ma€ Miclle 0JlHOYacHe OyKCyBaHHS KOJIC 31 IIBUAKICTIO MPOCIU3aHHS KOB3aHHS I10-
Haja 2 M/c. Y 11bOMy pa3i BUSIBIIEHHsI OyKCYBaHHS JOLLILHO MIPOBOJIUTH 3a KyTOBUM IPUCKOPEH-
HsIM, 200 32 PPUKIIITHIMU KOTMBaHHAMHU, K1 IUIsl pyAHUYHHUX €JIeKTPOBO3iB CTAaHOBIATH 25 11,
a JuIs MaricTpaibHUX enekTpoBo3iB 10 I'm.
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Puc. 4. Aneopumm obuucienus AiHitiHOT WUOKOCMI MA WUBUOKOCE KOB3AHHS

ExcniepyMeHT 13 BUMIpIOBaHHS JiHIHHOT IBUIKOCTI Ta OOUMCICHHS IIBHIKOCTI KOB3aHHS
BUKOHAHO Ha €KCIIEpUMEHTaIbHOMY CTeHi [16]. 3acTocyBaHHS Cy4acHMX TEXHOJIOTIH KOMIT'-

IOTEPHOTO 30py JIaCTh MOXKIIMBICTh BUMIPSATH HABITh Malli JiHINHI MBHIKOCTI 10 1 M/C 3 TOXU-
Oxoro He Ounblire 2 %.
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BucnoBku. Bubip npuniuny moOynoBu 3axXucTy BiJ OykcyBaHHS (103a) 3IHCHIOETHCS 3
ypaxyBaHHSIM TeXHIYHHX XapakTepuctuk PT3, ymoB poboTu Ta excrutyaraitii.

3acToCyBaHHs TPAJAMIIIHHUX JaTYWKIB y TATOBUX mIpuBojax PT3 (kyToBoi MIBHAKOCTI,
CTPYMY, HAIpyTH) JAIOTh 3MOT'Y HE TiJIbKH BUSBUTH OyKCyBaHHS (103), a i chOopMyBaTH CUTHAI
MPOMOPLIHHUHN MIBUAKOCTI HAIIMIIIKOBOTO KOB3aHHS, 110 3a0€3MeUy€e PEryIOBaHHS CUJIH TATH
32 YMOBOIO 34ETJICHHS.

Jnst BumiproBanHs niHidHOT mBUAKoCTI PT3 1 BU3HaYeHHS MIBUIKOCTI HA UIUIIIKOBOTO KO-
B3aHHSI MOXJIMBE BUKOPHCTAHHS YHIBEPCAILHOTO JIaTUMKa SK BiJleOKaMmepa, o Ja€ 3MOTy BH-
MiproBaTu Taki (pi3WYHI BEJIMUYMHU SK MIBUIKICTH, TPUCKOPEHHS, NUISIX. BUMIpsSHI MIBUAKOCTI
BiJ] TOYHHX ONTHYHUX KOZAEPIB MOPIBHIOIOTHCS 31 IBUIKOCTSIMH, Iepe10aYeHUMHU aJITOPUTMOM
ONTUYHOTO IMOTOKY, MOKa3yrouu Ayke xopolry 30ir. Takoxx Oy0 BCTaHOBJIEHO ONTHMAIbHHMA
po3Mip BikHA (YHKIIT IS OLIHKH IIBUIKOCTI ONTHUYHOTO MTOTOKY B pealbHOMY Yaci. 3arajiom,
MiIXiJT Ma€ MOTCHIA JJIsi TOYHOI OIIHKU IIBHJIKOCTi. TpHUBalOTh €KCIIEPUMEHTH JI PI3HUX
YMOB PEaJIbHOTO CBITY, 1 MOJAaJbIIl JOCIIKEHHS OyIyTh CIPsIMOBaHI Ha pO3pOOKY HaIiHOL
ABTOHOMHOI CICTEMH BHMIiPIOBAaHHSI IIBUIKOCTI.
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ON THE QUESTION OF METHODS OF BUILDING PROTECTION SYSTEMS
AGAINST EXCESSIVE SLIPPING OF WHEELS OF RAIL VEHICLE

Various types of protection against skidding and the use of rail vehicles are considered, based on which the imple-
mentation of the maximum traction force under the coupling conditions is built. Slip control has always been crucial in the
railway sector due to the limited friction between the wheels and the rail. This study will examine the various types of skid
and skid protection for rail vehicles, on which basis the implementation of the maximum traction force in accordance with
the clutch conditions will be build. Increasing the traction force is a complex problem in the design of railway vehicles;
therefore, it is necessary to develop effective traction systems and algorithms. The continuous development of intelligent
control systems allows building control systems based on signals from the external environment. These types of signals can
be received by multifunctional sensors such as cameras. Wagons are constantly being improved to reduce time and safety.
Therefore, they need a powerful traction control system to meet the increasing speed requirements. The development of a
traction control strategy to achieve optimal traction ensures a safe and efficient ride and reduces unnecessary slippage
between the wheel and the track. Therefore, the development of modern control systems that eliminate these problems is an
urgent task. The issue of setting up an excessive slip and shake control system was specially studied from the point of view
of energy efficiency in many sources. Optimal decommunization strategies were proposed to ensure a trade-off analysis
between travel time and electricity costs. The results showed that this research topic was very promising and that intelligent
control systems based on computer vision and machine learning must be integrated into one management system. The use
of traditional sensors in railway transport traction drives (angular speed, current, voltage) makes it possible not only to
detect skidding but also to generate a signal proportional to the speed of excess slip, which ensures the adjustment of the
traction force under the condition of coupling. The experiment on measuring linear speed and calculating sliding speed
was performed on an experimental bench. The use of modern computer vision technologies will make it possible to measure
even small linear velocities up to 1 m/c with an error of no more than 2 %.

Keywords: railway traction, railway vehicle, slide, slip, slip velocity, computer vision, control, intelligent control.

Fig.: 4. References: 16.

Kupunenxo f1. O., Kyrosnii }0. M. Jlo nutanHs MeToAiB M0OYIOBH CHCTEM 3aXMCTY BiJl HA/UIMIIKOBOTO KOB3aHHs KOJIIC PEHKOBHX TpaHC-
mOpTHUX 3ac00iB. Texniuni nayku ma mexnonoeii. 2024. Ne 2(36). C. 242-250.
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3ACTOCYBAHHA TPIAHTYJSALIT JEJJOHE
JJIA AHAJII3Y HIIHOXIAHOI JOCTYITHOCTI 10 3AKJIAAIB OCBITHU

Ha ocnosi enacmusocmeti mpianeynsayii /lenone 3anponoHosano Memoouxy OYiHIO8AHHs ONMUMATbHOCMI (810N06IOHO-
Ccmi HOPMAMUBHUM BUMO2AM) NIIAHYBATILHUX SUPIULEHb MEPENCT 3aKa0l6 0C8imu, pO3POOIEHO eMAlOHHI 8aPIAHMU 63AEMOPO3-
Mawy8anHs maxkux 3akiadig. Kpumepiem onmumanbHOCmi € MAkCUMAlIbHe OXONAEHHs. mepumopii 06C1y208y68anHs npu MiHi-
ManbHIl KiTbKocmi 3akaa0ig. 3 Memoro oyinio8aHHs ONMUMATILHOCII HABe0eHUX NPONO3UYiti 3anponoHO8AHO CKAA0 NOKASHUKIE
Mepedxci 0c8imHIx 3aK1a0i8, AKI 8PAXOEYIOMb OXONLEHHA MepUmopii 00CIY208Y8aHHS, 2eOMempPUYH NApamempu 83aEMHO20
PO3MauLy8anta 3aK1a0i6 ma 8i0N0GIOHICMb eMAaIOHHIl KitbKocmi 3aKkaa0ie. Brasani nokasHuku € 6a308umu 0isl pO3PAXyHKY
3a2a1bHO20 IHOUKAMOPA NIUOXIOHOL 0CMYRHOCIME 00 0CEIMHIX 3aK1a0ie. Anpobayis po3pobrenux npono3uyii npoeedeHa s
Mmepeorci oceimuix 3axnadie Conom sHcokoeo pationy m. Kuesa.

Knrwwuoei croea:. mpianeynsayis, mepesca oceimuix 3ax1adig;, padiyc 06Ciy208y8anHs,; NIWOXIOHA 0OCMYNHICIb, ema-
JIOHHA BIOCMANb MIHC 3AKIA0AMU.

Puc.: 7. Tabn.: 2. Bién.: 29.

AKTYaJIBHICTh TeMH A0CJTiTKeHHs. Po3BUTOK Mepex 00’€KTiB 00CIyroByBaHHS Hace-
JICHHS € BOKJIMBHM €JIEMEHTOM 3a0€3IEUECHHS CTAJIOTO PO3BUTKY TEPUTOPIl HACETCHHUX ITyHK-
TiB. JIOCTYNHICTh 0 OCHOBHHX 00’ €KTIB OOCITYrOBYBaHHS HACEJICHHS € OJHHUM 3 aCIEKTiB SIKO-
CTI XHTTA HACEIEHHSA 3a TEMAaTUYHOI TPYNOI IMOKA3HUKIB «MicbKe IJIaHyBaHHsS», LIO0
BU3HAUa€ThCsl MbKHapoaHuM ctanaapTom ISO 37120:2018, Ha 0CHOBI SIKOTO MPUHHATO HaIlio-
HanbHUM crangapt JCTVY ISO 37120:2019 «Crani micta Ta rpomanu. [lokasHUKH MiChKUX
MOCIIYT 1 SIKOCT1 KUTTs». JlepkaBHumu OyaiBenbHuMu Hopmamu JIBH b.2.2-12:2019 «I1nany-
BaHHs 1 3a0y/10Ba TEPUTOPii» BCTAHOBIIOIOTHCSI BUMOTH /10 MAKCUMAJIBHO JOIMYCTUMHX pajly-
CiB 00CIyrOBYBaHHS Ul KO)KHOTO THUITy 00’€KTa 0OCIyroByBaHHS HaceleHHs. € CyTTeBl Bif-
MIHHOCTI M)XK BUMOTaMHU J0 JOCTYIHOCTI MeBHUX 00’ekTiB obcmyroyBanHs B JJCTY ISO
37120:2019 Ta JBH Bb.2.2-12:2019, 30kpema ans 3axnaniB 3araibHoi ocBitu. Y JCTY ISO
37120:2019 BcTaHOBJIEHO, IO JOCTYITHICTH /IO MOYATKOBOT KoK Mae ctanoButr 300 M, a ce-
peanboi mkonu — 500 M, IBH B.2.2-12:2019 Bu3Hauae MakcuMaibH1 pajalycu 00CIyrOBYBaHHS
HaCeJIeHHs JUIs IOYaTKoBOi Ta cepetHboi ko — 800 M. Lli BiAMIHHOCTI BIUIMBAIOTh Ha PIBEHb
OLIIHKHM SIKOCTI )KUTTS Ta 0OCITyTOBYBaHHS HACEJICHHS.

ITocTanoBka npodaemu. Bunnkae npoGiemMa aHanisy JOCTYIHOCTI 10 00’ €KTIB 00CIyro-
BYBAHHSI HAaCEJICHHS 3 BPaxyBaHHSIM PI3HMX BUXIIHHUX MapaMeTpiB, 30KpeMa MicIlsl po3Tally-
BaHHS 00’ €KTiB 00CITyroByBaHHs Ta MOKAa3HUKIB IOCTYIHICTH /10 LUX 00’ ekTiB. Ha miacrasi pe-
3yJbTaTIB aHaII3y BiMOBITHOCTI BUXIJHUM MapameTpaM JOCTYIMHOCTI 10 00’€KTIB MOXYTh
OyTH po3po0sIeH] KOHKPETHI MPOIO3HILIi 11010 BAOCKOHAIEHHS, PO3BUTKY MEpexi 00’ €KTiB 00-
CJIyTOBYBaHHS HaCEJICHHs, a caMe MepenpodiitoBaHHs 00’ €KTIB, BU3HAYEHHS Miclid OyIiBHHII-
TBa (BJIALITYBAaHHS) HOBUX 00’ €KTIB 0OCIYrOBYBaHHS Ui HAHOUIbILI OBHOTO OXOIUIEHHS 30-
HO0 00CITyTOBYBaHHS TEPUTOPil HACEIIEHOTO TYHKTY.

Temarnuny Mepexy Oyab-sSKuX 00’ €KTiB 00CITYyTrOBYBaHHSI HACEJICHHS MOXHA MPEACTaBUTH
y BUIJISAI MHOKMHM TOYOK (/1€ OJJHa TOYKA BiIIMOBi/Ia€ OHOMY 00’ €KTY) Ha IJIaHi HACeIEHOTO
MYHKTY, 800 HOro OKpeMoi YaCTUHU TePHUTOpIi, TOMY ISl aHaJIi3y JOCTYITHOCTI 10 00’ €KTIB 00-
CJIyTOBYBaHHS HacEJeHHs JOLIbHO BUKOPUCTATH BIACTUBOCTI TPIaHTYIIALIi.

© B. A. Cmiiika, 2024
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VY 1boMy JOCIIKEHH] «IOCTYITHICTD 10 00’ €KTIB 00CIIyTrOByBaHHS HACEIICHHS PO3yMIEMO
SK BiZCTaHb (€BKJIIAOBY BiJICTaHb) BiJl )KHTIOBOTO OYIMHKY J0 00’€KTa, SIKHW 3a0e3reuye Ha-
JAHHS TIOCITYT HACEJICHHIO.

AHaJi3 ocTaHHiX AocaifKeHb i mybdaikauii. Tpianrymnsuis € Mepexer0 HaUMmpOCTIIINX
GIryp-TpUKyTHHKIB Y TIPOCTOPI, sika GOPMY€ETHCSA 3 MHOKHHHU TOYOK. BOHA 3aCTOCOBY€EThCS B
0aratb0X MPUKIAIHUX cepax TisITBHOCTI, 30KpeMa reonesii, reoiHpopMalifHIX CHCTeMaXx,
apXITEKTypi, KOMIT FOTEPHOMY MOJICJIFOBaHHI TOIIIO.

Tpianrynsuis Jlenone (MeTon moOyI0BU MepeXi TPUKYTHUKIB) Ta miarpama TicceHa-Bo-
pOHOro (METOJT BU3HAUCHHS 30H OJIM3BKOCTI) K 00’ €KT JOCIIKEHHS aKTUBHO BUBYAETHCS Ha-
YKOBIISIMHU Ta BITPOBADKY€ETHCS B I'ally3i IPOCTOPOBOTO aHaji3y Ta MojieoBanHs [1, 2, 3], kom-
n'foTepHOi reoMeTpii [4; 5] Ta iHIKMX HayKaXx.

VY pobotax [6; 7] pO3DISIHYTO MPUKIIA/IHI MUTAHHS BUKOPUCTAHHS TpiaHTysswii Jlemone ta
niarpam Ticcena-Boponoro st aHamnizy TepUTOPIi HACEIEHOTO MMyHKTY 32 TEMATUKOIO TTOMKEXK-
Hoi Oe3nexu. [TyOmikarii [8; 9; 10; 11] MicTaTh T€OpETHYHI Ta MPAKTUYHI MTOJIOKESHHS BUKOPH-
CTaHHSA TPIAHTYIALIT 17151 30epexeHHst 610pecypciB Ta KOPUCHHUX KOTIAJIMH.

Po3po6neHHI0 Migxo/iB 3 OLIHIOBAHHS SKOCTI CEPENOBHINA HACEICHUX MYHKTIB MPUCBS-
yeHi pobotu [12; 13; 14]. ¥V crartsax [15; 16; 17] posmisinyTo MicToOyniBHI dhakTopu Gopmy-
BaHHS PI3HUX MEPEX 3aKaiB 0OCIyroByBaHHS HACEJICHHS B KUTJIOBIi 3a0y/l0Bi, HATOMICTb
MTUTAHHS OI[IHIOBAHHS JIOCTYITHOCTI /10 00’ €KTIB 0OCITyrOBYBaHHS HACEIICHHS HE PO3IJISIIATUCE.
[TuTanHs 1OCTYMHOCTI 10 00’ €KTiB 00CITYrOBYBaHHS HACEICHHS, 3yIIMHOK T'POMAJ/ICEKOTO Tpa-
HCIIOPTY, MICIIb NPUKJIAJaHHs Tpalli Ta BiANOYMHKY po3nisaaiucek y npamsx [18; 19; 20], y
AKUX JOCHIIKYBaIUCh MPOOJIeMHU KOMIIAKTHOCTI 3a0yI0BM HACEJIEHUX IyHKTIB Ta 3abe3re-
YEeHHSI CTAJIOr0 PO3BUTKY TEPUTOPIiH, 110 ependayae MOKIUBICTD MIMIOX1AHOT JOCTYITHOCTI 10
OCHOBHHX 00’ €KTIB OOCIIyTOBYBaHHS HACEJIEHHS Ta MiHIMi3allil0 TPAHCIOPTHUX MEPEMIIICHb.

BuaijieHHs1 HelOCTi/IKEHUX YaCTHH 3arajibHoI mpodsemMu. BuineHaseneHi HanpsiMu J0-
CJIIJIKEHb OXOIUTIOIOTh OKPEMI aClleKTH BUBYEHHSI MpoOieMu (popMyBaHHS Ta PO3BUTKY MEpEXK
00’€KTiB OOCITYroByBaHHS HacelleHHs. [HTerparlis pi3HOIIAHOBUX IMiAXOAIB KOMILIEKCHOTO
aHaNi3y Ta OILIHIOBaHHS BIiAMOBIIHOCTI MICTOOYAIBHUM BUMOTaM MepexX 3aKJIajJiB TPOMaJCh-
KOTo OOCIIyrOBYBaHHSI HAaCEJICHHX MyHKTIB 3a0e3Meuye BIOCKOHAJIEHHS METOJIB MiCTOOYIiB-
HOTO MOHITOPUHTY Ta iH(OpMaIiHOI MIATPUMKH yXBaJ€HHS YHPaBIIHCHKUX PIIIEHb I10/10
CTaJIOTO PO3BUTKY TEPUTOPINA HACETIEHUX MYHKTIB.

MeTto10 focTiIzKeHHS € aHaJI13 MIIIOX1IHOT JOCTYIHOCTI 0 KOMyHAJIbHUX 3aKJIaJ(iB M04a-
TKOBOT 0cBiTH CoJioM’stHCBKOTO paifoHy micTa KueBa, BusHaueHHs piBHS (akTUYHOI BiJIOBI/-
HOCTI 3a0e3MeueHHs 3aKiIaJjaMi CepeHbOI OCBITH TEPUTOPIi paiiloHy HOPMATUBHUM BHMOT'aM,
BCTAHOBJIEHUM JiepaBHUMU OyaiBenbHUMHU HopMamu JIBH B.2.2-12:2019 ta JACTY ISO
37120:2019, HanpaitoBaHHs IPOMO3MIIIH 1010 BAOCKOHAIEHHS, PO3BUTKY 3aKJIaJlIB OCBITH B
Conom’siHCbKOMY paiioH1 micta KueBa, HampaifoBaHHs MOKAa3HUKIB Ta 1HAMKATOPIB OLIHIO-
BaHHsI BIIMOBIIHOCTI Mepexi 00’ €KTiB 00CITyrOByBaHHS HaceJIeHHs BCTAaHOBJIEHUM MicTOOY/Ii-
BHUM BuUMoTaM. [linxonu oiHIOBaHHS MEpeKi OCBITHIX 3aKIaJliB MOXKYTh OyJlM BUKOPHCTaHI
JUIS OLIIHIOBAHHSI MEPEX 1HIIUX BUJIB 00 €KTIB 0OCITYTrOBYBaHHS HACEICHHS.

Buxaaa ocHoBHoro marepiauy. BinnoBigHo 1o nanux ['00BHOTO ympaBiiHHS CTaTuc-
tuku y micti Kuesi [21], mounnatoun 3 2010 poky BCTaHOBHUJIACh TEHACHIIISI 3pOCTAHHS KiJIb-
KOCT1 YYHIB Y 3aKJiaJlaX 3arajbHOi C€peHbOI OCBITH, L€l MOKAa3HUK IOPIYHO 3pocTae Ha 1-
5 %. 3 2010 poky o 2022 poky KuUIbKiCcTh yuHIB 3pocia 3 224,8 tuc. ocibd 10 338,6 tuc. ocio,
110 cTaHoBUTH MoHax 50 % 3pocranus. OgHak y HaByasibHOMY poii 2022-2023 moka3HMK 04-
HOTO B1JIBITyBaHHS 3aKJIa/liB CEPEeIHbOI OCBITH Y MOPIBHSAHHI 3 MONEPeIHIM HaBYaIbHUM POKOM
3HM3UBCS Ha 30 %, 110 MOSICHIOETHCS 30pOITHOIO arpeciero pociiickkoi dheneparrii mpotu Ykpa-
iHu. TakuM 4MHOM, IPU 3POCTAHHI 3arajbHOI KUIBKOCTI YUHIB 3aKJIa/IiB 3arajibHOi CEepeaHbOL
OCBITH CYTTEBO 3MEHIIMIACH KIJTbKICTh Y4YHIB, SIKi OYHO BiABIAYIOTh J€HHI HaBYANIbHI 3aKJIa TH.

252



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(36), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

Ouikyroun HOpMatizallii 6e31eKkoBoi cutyarlii B YKpaiHi, HE0OXiTHO MOHITOPUTH PiBEHb J0C-
TYIHOCTI 10 00’€KTiB 00CITyroByBaHHs HACEJICHHS, PO3BUBATH MEpEkKi 00’€KTIB 0OCIIyroBy-
BaHHS HACEJICHHS, 30KpeMa 3aKJIaJliB 3arajibHOT CEPEeIHBOI OCBITH, OCKUIBKH, SIK 3T yBaJiOCh,
MOKA3HHUKH JJOCTYITHOCTI J0 3aKJIa/(iB OCBITH B YKpaiHi Ta BiANOBIIHI MOKAa3HUKHU Y MIKHAPOI-
HUX HOPMax CYTTEBO BIAPI3HAIOTHCS.

[Tnoma Comom’stHCBKOTO paiioHy micta Kuea craHoBHTH O7M3bKO 5% Bij IO MicTa
KueBa, oHaK BiH € penpe3eHTaTUBHUM MiCTOOYIIBHUM ()OpMYBaHHS, OCKIJILKH 3HAXOIUTHCS B
TPHOX IUIaHyBaJdbHUX 30HaX micta Kuea — llenTpanpHiii, 3axinnii ta IliBgennii. B Co-
JIOM’STHChKOMY paiioH1 micta KueBa HamiuyeTbes 33 KOMyHaJIbHUX CEPEAHIX 3aKIaau OCBITH,
K1 320e3MeuyloTh HaBYaHHS Ha | piBHI OCBITH — MMOYATKOBIH IIKOJi. 3 METOIO BPETYIIOBaHHS
npo0ieMy HalOBHIOBAHOCTI 3aKJa/liB OCBITH B MicTi KueBi paiioHHi aepkaBHI agMmiHicTparii
MIOPIYHO BUAIOTH PO3MOPSIKEHHS PO 3aKPIIUICHHS TEPUTOPii 00CTYTOBYBAaHHS IJIsl KOKHOTO
OCBITHBOTO 3aKJIaay, 1€ BKa3yIOTh aJpECHUH MEepesiK >KUTIOBUX OyIWHKIB, sIKi 0OCIYrOBY-
IOTHCSI KOHKPETHHUM 3aKJIJIOM OCBITH. Y Iii CTaTTi TOCIIPKYETHCS MEpPEKa OCBITHIX 3aKJIajIiB
3 33 koMyHaNbHUX WKL | piBHA, AJA SKUX BU3HAYEHI 30HU OOCIYrOBYBAaHHS BiAIMOBITHO IO
posmnopsypkeHHs  ConoM’stHCbKOi palioHHI B MicTi KueBi aeprkaBHOI aamiHicTpaliii Bij
03.04.2024 Ne 218 [22].

Amnani3 BificTaHe# BiJ LIKIJ A0 XKUTJIOBUX OyAUHKIB (puc. 1), AKi 3aKpimieHi 3a KOXKHOIO
IIKOJIOKO BiJIOBIIHO /10 po3nopsiukeHHst CoioM sSTHCBKOT paiioHHO1 y MicTi Kuesi nep>kaBHOT aj-
MiHiCTpaIil 3aCBiuy€, 110 MAaKCUMAaJIbHA BiICTAHb JI0 OKPEMHUX KUTIOBUX OyIWHKIB IIEPEBUIILY€E
HOPMAaTUBHO BCTaHOBJIEHUH pajiyc oOciyroByBaHHs y 800 m 1yt moHan 40% koMyHaIbHHX 3a-
KJIaJ(iB OCBITH paiioHy. | eoiH(dopmartiiiHi cucTeMu T03BOJISIOTH 31HCHIOBATH IPOCTOPOBHUI aHa-
713, 30KpeMa moOynoBy noniroHiB Ticcena-Bopororo. BpaxoByrouwu, 1110 3aTi3HUIIS TITHTH PaiioH
Ha J[Bl YaCTUHM Ta € MITYYHOIO MEPELIKOJO0I0 /Il 00CIyrOBYBaHHS HACENICHHS Ha TEpUTOPIi, 110
Helo po3autteTbes, Oydepu Ta nomironu TicceHa-BopoHnoro noOynoBaHi A1si OKPEMUX TEPHTO-
piii, a MOTIM 37UTI B ILTICHUH MONIroHANBHUIN 00’ €KT (puc. 2). [Toain 30H OIM3BKOCTI JKUTIOBUX
OyIMHKIB J10 IIKLT 32 MeTosioM Ticcena-BopoHoro mae Ginbln 30amaHCcOBaHi pe3yabTaTH, OCKi-
JBbKH BXe 17151 36 % 1K1 HassBHI MakCUMaJIbHI pajilycu oociyroByBaHHs moHaa 800 M. Pesysib-
TaTH aHaJ3y BIACTaHEW BiJI KL JI0 JKUTIOBUX OYJIMHKIB 32 TTOKa3HUKaMU «MaKCHMaJlbHa BiJIC-
TaHb» HaBeJEHO Ha puc. 1 Ta po3noauieHo Ha rpynu: 1) MakcuMaibHa BIJCTaHb 10 OyJIUHKIB,
3aKPIIUICHUX 32 KOKHOIO HIKOJIOKO BIJIMOBIIHO A0 po3nopsiikeHHs: ColoM’IHCbKOI pailoHHOT y
micti Kuesi nepkaBHOi agmiHicTpaiii, 2) MakCUMallbHa BIICTaHb /10 Oy/IMHKIB, 33 METO/IOM I10-
OynoBu 30H Onu3bKocTi Ticcena-BopoHoro. Sk BUIHO 3 puc. 1, o/ieH 13 miXo/iB 3arponoHoBa-
HUX MojieJiel MOy TEpUTOPIi paiioHy Ha 30HM 00CITyTOBYBaHHS HE 33/10BOJIbHSIE BCTAHOBIICHUM
Jiep>)kaBHUMH Oy/1iBETbBHUMU HOPMaMHU BUMOTaM. Y 3B’S13Ky 3 BUILEBUKIIQEHUM HEOOX1THO pO3-
IJISIIaTH TUTaHHS YUIUTBHEHHS 3aKIaiB 3aralbHOT OCBITH B paiioHi.

ConoM’stHCBK M paiion MicTa KueBa po3ranioBaHuil 4acTKOBO B TPHOX IUIAHYBaJIbHUX paii-
oHax micta KueBa, ki BU3HAYalOThCS OKPEMUMH MICTOOY/IIBHUMH MOKa3HUKAMU Ta XapakTe-
puctukamu. Beranosneno, mo 11 % TepuTopiit KUTIOBUX MIKpOpaliOHIB HE OXOIUIEHI MaKCH-
MaJIbHO JIOMYCTUMHUMHU pajilycaMu 00CIyTrOBYyBaHHS B1J] 3aKJIa/[1B IOYaTKOBOI OCBITH, 1110 TAKOXK
CBITUUTDH PO HEOOXIAHICTD YIIIJIbHEHHS MEPEKi 3aralbHOOCBITHIX 3akia/iB. [lepeBaxHa yac-
TUHA TEPUTOPIH, K1 HE OXOIUIEHI MAKCUMAJILHO JTOTTYCTUMHUMHU pajilycaMH 00CIIyrOBYBaHHS BiJl
3aKJIaJiB OCBITH, € caluOHOI0 3a0y/I0BOIO, SIKA MIOCTYIIOBO TPAHC(HOPMYETHCS B MaJlo- Ta cepe-
JTHHO TIOBEPXOBY JKUTJIOBY 3a0y[0BY, 1110 MOTpeOye BiAMOBIAHOI iHYPACTPYKTYpH Ta 00’ €KTIB
00CITyroByBaHHS HAaCEJICHHS.

Jlnst 3a0e3neuenHs nep>kaBHUX Oy/liBEIbHUX HOPM B MEKaxX paloHy HEOOX1THO 3MIMCHUTH
VIIUTBHEHHS MepeXki MIHIMYM TpbOMa OCBITHIMHM 3aKjajaMu. B pe3ynbrari BUBYEHHS CUTYallii
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110710 3abe3neueHHs TepuTopii pailony micta KueBa ocBiTHIMU 3akiiafjamu c(hopMOBaHi mpo-

NOo3uIii 111010 Oy/IIBHUIITBA YOTUPHOX HOBUX OCBITHIX 3aKiajiB | piBHs ocBiTH (puc. 3), TaKuM
YUHOM, MPOEKTHA KUTBKICTh OCBITHIX 3aKJIa/iB CTAHOBUTH 37.

2500
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Puc. 1.

Ananiz giocmamneii 8i0 wiKin 00 6YOUHKI8
8I0N0BIOHO 00 30H 0OCIY208)8AHHS, BCINAHOBLEHUX.

1 — paiioeporcaominicmpayiero; 2 — noaiconamu oauzvkocmi Ticcena-Boponozo
Jxepeso: po3poBIIeHO aBTOPOM.

Puc. 2. Mepesca 3axnaoie oceimu Conom saucokoeo pationy micma Kuesa 6 nianysanbHiil

CMpYKmypi mMicma i3 3a2a1vHol0 30Ho10 00cny208ysanna ma noniconamu Ticcena-Boponozo
JIxepeno: po3po0IIeHO aBTOPOM.

[Momanpii mporno3uiii Mo0 OLIHIOBaHHS CTIHKOCTI MEpEeXi OCBITHIX 3aKJaJiB MPOMOHY-

€TBCSI PO3POOJIIATH, CIIUPAIOYUCH HA METOIU TPIAHTYJIALIT Ta METOAU MOOYTOBU 30H OJIM3BKOCTI
Ticcena-Boponoro [23; 24]. Ockiabku MepexXy OCBITHIX 3aKJIaJiB MOXXKHA MPEICTaBUTH y BU-
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U1 HEOIYKJIO1 TpiaHTyJIsIii JlenoHe, BiicTaHl MiXK 3aKJIaflaMH XapaKTepU3YIOThCs BIaCTHBOC-
Tsimu TpuKyTHUKIB. [Tozin Conom’sHCBKOTO paiioHy micta KueBa Ha TpiaHTYIISIIIO OCBITHIX 3a-
KJIaJ(iB Ta 30HU OJIM3BKOCTI JI0 HUX HABEJCHUH Ha PUC. 3 JJIs ICHYIOYOTO Ta 3aIpOIIOHOBAHOTO
cTany. Y 3B’sI3Ky 3 IIOALJIOM TEPUTOPIi palloHy 3a1i3HUIECI0 (HOPMYIOTHCS JIBI OKpEMI TPiaHTyJIsI-
IIHI MEpeXi OCBITHIX 3aKja/iB. Takok Ha CTPYKTYPY TPIaHTYJIALIHHOT MEpEXi BILTUBAE pO3Ta-
IIyBaHHS aepONOPTY Ta IPOMHUCIIOBUX PAHOHIB y MeXKaxX TePUTOPIi, 10 JOCIIIKYEThCS.

a o
Puc. 3. Tpianeynayiiina mepesica oc8imuix 3akiadie ma ix 30Hu OIU3LKOCMI:

a — icHyroua mepedica 0C8imHix 3axKnadis;
6 — npono3uyii 3 YOOCKOHAIEHHSA MepedrCci 0CBIMHIX 3aK1a0ie
JIxepeno: po3po0IICHO aBTOPOM.

OCKUIbKH Aep)KaBHUMU Oy/1iBEIbHUMU HOPMaMM PErNIAMEHTY€EThCS MAaKCUMAaJIbHO JOITyC-
TUMUH pajilyc 0O0CITyroByBaHHS, Ji MOAAJIBLIONO IJIAHYBaHHS TEPUTOPIi Ta OLIHIOBAaHHS Me-
peXi rpOMaJICBKMX YCTaHOB MOXKHA BU3HAYUTH ONTUMAJIbHY BiICTaHb MK HalOIMKYMMU 3a-
KJIaJjaMu (YCTaHOBaMHU), HA3BEMO 11 «emanoHHA 8i0CMAHb Midc 00 €EKmamu 00CIy208Y8aAHH».
ETanonna BijicTaHb Mi>K 00’ €KTaMu 0OCITyTOBYBaHHS 3310BOJIbHAE YMOBI (popMyBaHHs 0€3p03-
pHUBHOI 00J1acTi 00CITyTOBYBaHHSI BCTAHOBJICHUMH TUTIAMHU 3aKJIadiB (YCTaHOB), (DaKTHUYHO 1€ €
Hal10BIIIA JTiHIS TPUKYTHHKA. BpaXxoByro4H 110 YMOBY, ONITUMAJILHUM €JI€MEHTOM TPI1aHTyISALIT
€ PIBHOCTOPOHHIN TPUKYTHUK, SIKUM 3a0e31euye MiHIMaJIbHUNA NEPETUH 30H 00CIyroByBaHHS
3aKJIaiB Mk coOoto (puc. 4, a). [HIIMM ONTUMAIBHUM €JIEMEHTOM TPIaHTYJIALI] € piBHOOE-
peHuil NpsAMOKYTHUIN TPUKYTHUK, a00 MOXIJHUH BiJl HHOTO MPSIMOKYTHUHN TPUKYTHUK (puc. 4,
0). TakM YMHOM, ONITUMAIILHUM pO3Mip €TaJOHHOI BiICTaH1 MK 3aKJIaJaMH OCBITH CTAaHOBHUTH

Bix RV3 10 2R, e R — 11e MakcuManbHUN pajiiyc 00CITyroByBaHHS.

BaxnuBUM MUTaHHSAM Y JOCHIIKEHH] € pO3pO0JIEHHSI KPUTEPIiB OLIHIOBAaHHS (PaKTHUUHOL
MepeXi OCBITHIX 3aKJIaJiB, 10 HEOOX1THO JIJIs OL[IHIOBAHHS MPOTIO3UIIIH I0/10 YIOCKOHAIEHHS
Mepexki 3akiaaiB. Ha 6e3po3puBHICTh 30H 00CIYroByBaHHSI BKa3y€ €TajJOHHA BIJCTaHb MIX
00’ekTaMu 00CITYyrOBYBaHHsI, CyKyIHICTh HAalOBIINX JiHIH KO)KHOTO 3 TPUKYTHHUKIB B HEOITYK-
miit Tpianrynsuii Jlenone. [loGynoBa omykiol TpiaHTyssLii 3a0e3neunTh GOpPMyBaHHS 10/aT-
KOBHX €JIEeMEHTIB, 110 JI0IaTKOBO 301IbIIYBaTUMYTh PO3MIPHICTb BiJICTaHEl MIX 3aKjalaMH.

AHaJi3 MOKa3HMUKIB €JIEMEHTIB TPUKYTHHUKIB, III0 BUHUKAIOTh B pe3yJbTaTi MoOyd0BU Tpi-
AHTYJISALIT, Ja€ MOXKIIUBICTD C()OPMYBATH XapaKTEPUCTUKY YTBOPEHOI MEpexki 3aKiIaliB OCBITH,
a caMe LUIICHICTh Ta IIUIBHICTh iX 30H 00cimyroByBaHHs. [lokazHukamu, K1 XapakTepHU3yIOTh
TPUKYTHHKH Ta 3arajoM TPIaHTYJISLII0, € JOBKHUHU CTOPIH Ta KyTH TPUKYTHHKIB. J[OBXKUHM
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CTOpIH TPUKYTHHUKIB MOXYTh CBITYUTH MPO HASIBHICTH PO3PHBIB MK 30HAMHM 3aKJIaJliB 00CIy-
TOBYBAaHHSI HACEJICHHS, a KYTH XapaKTepU3yIOTh BUCOTY TPUKYTHHKIB, SIKa BKa3y€ Ha CTYMiHb
NEPETHHY 30H 00CITyTrOBYBaHHS 3aKJIaliB.

a o
Puc. 4. Onmumanvui mooeni 63aemoposmauty8ants 06’ €kmie 00C1Y208y8aAHHA
a — PIBHOCMOPOHHIT MPUKYMHUK,; O — PIGHOOEOpeHUtl NPIMOKYMHUL MPUKYIMHUK
ma NoxXioOHUtl 8i0 Hb020 NPAMOKYMHUL MPUKYIMHUK
Jixeperno: po3poOIIeHO aBTOPOM.

HeoOxigHO BU3HAYMTH PENIPE3CHTATUBHUMA 3arallbHUi MOKAa3HUK a00 TPpyIy MOKa3HHKIB,
K1 XapaKTepU3yIOTh JJOBXKHHU CTOPIH TPUKYTHHKA Ta KyTH MK HUMH, 11100 y3araJbHEHO OLli-
HUTH TPIaHTYJSILIHHY MepexXy. TaKuMH 3araJbHUMHU MOKa3HUKAMU MEPEXi OCBITHIX 3aKJIa/IiB
IPOMNOHY€ETHCSI BU3HAYUTH:

- CIIIBB1/IHOIIEHHS 3arajbHOI IUIOMI TEPUTOPIi, (PAKTUYHO OXOIUIEHOT MAKCUMAJIbHO JOIY-
CTUMHUM PaJilycOM OOCIYTOBYBaHHS 00’ €KTIB, JI0 3arajbHOI IJIOLIl TEPUTOPIi, Ky HEOOX1AHO
3a0e3meunTH OCBITHIMH 3aKiagamMu — Kp |

- CHIBBIJJHOIIEHHS CEPEeIHBOr0 PajiyCy OMMCAHOTO KOJa J0 CepelHbOro pajiycy BIMCa-
HOTO KOJIa TPUKYTHUKIB TpiaHTyisiii — Kx. Onricane Koo TpUKyTHHKA — 1€ KOJIO, pajlyc sIKOro
3a BUBHAUEHHSIM € PIBHOBIIAJICHUM BiJ] KOXKHOT 3 BEPILIUH TPUKYTHHKA, a T00Y/10Ba OMHUCAHUX
KiJ1 € OCHOBOIO JUTsI )OpMYBaHHS TpiaHTyJIsIii Jlemone. Brimcane Koo TpUKYTHHKA € TOTUIHUM
JI0 BCIX CTOPIH TPUKYTHHMKA Ta MOXKE XapaKTepU3yBaTH BUCOTY TPUKYTHHUKA. J1J11 pIBHOCTOPOH-
HBOTO TPUKYTHHKA 3rajJlaHe CITIBBIIHOIIECHHS JOPIBHIOE 2, YMM O1JIbIlIe BETUYMHA Bl THOIICHHS
BIJIPI3HSIETHCS BiJl IIbOIO 3HAUEHHS, TUM MPONOPLIHHO MEHIIOK Y MOPIBHSHI 3 €TaJIOHHOIO €
OJIHa 3 BUCOT TPUKYTHHKA (pHcC. 5);

Ruan@n = 312

Ron/R(;n =2

Puc. 5. 3anesxcnicmo misne napamempamu mpuxkymHuxa
ma po3mipamu 1020 6NUCAHO20 I ONUCAHO20 KTl
JIxepeno: po3po0IICHO aBTOPOM.
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- CITIBBITHOIIICHHS CEPEHBOI IOBKUHH BCIX JIIHIN TPIaHTYIALIMHOI MEpexi 10 eTaJOHHOT
BiZIcTaHl MK OcBiTHIME 3aKiamamMu K ;

- CIIBBIIHOIICHHS KIJIbKOCTI 3aKJIa/IiB, SIKI CKJIAJAlOTh MEPEKY OCBITHIX 3aKJIafiB, 0 Mi-
HIMaJIbHO HEOOX1THOT KITbKOCTI YCTAaHOB, SIKI MOXYTh 33J0BOJIBHUTH BU3HAYEHY TEPUTOPIIO —
Ks. OctaHHe BU3HAYAETHCS BUXOASUU 3 TOTO, IO HA TEPUTOPIi OOCIyrOBYBaHHS (OPMYETHCS
MOZIETb €TaJOHHOI TPiaHTYNALIl 3 PIBHOCTOPOHHIX TPUKYTHHKIB (rpu R = 800 M Ta cTopoHi
TpukyTHHKA — 1385,6 M, mpu R = 300 M Ta cropoHi TpukyTHHKA — 519,6 M).

Jlns moBeneHHs penpe3eHTaTUBHOCTI IUX MOKA3HUKIB MPOTIOHYETHCS MapaJIeIbHO BECTH
PO3paxyHOK piBHS BIIXWJICHb MK €TAJJOHHHUMH Ta (AaKTUYHUMHU JOBKHHAMU Ta KyTaMH TPH-
KyTHUKa. CepeHs KBaapaTuyHa MOXUOKa MK €TaIOHHUMH TTapaMeTpaMH TPUKYTHHKA Ta (da-
KTUYHUMH PO3MipaMH JIJIsl KOKHOTO 3 TPUKYTHHKIB BKa3yBaTMME Ha PiBEHb BIAXUJICHD (DAKTH-
yHOT KOH(]ITypaIlii Mepexi OCBITHIX 3aKJIaJliB Bij 11 eTaJIOHHOT KOH}ITypaItii.

MoyxHa BU3HAUUTH TPU ETATOHHUX (HOPMHU TPUKYTHUKA!

1) piBHOCTOPOHHI# TPUKYTHHK 31 CTOPOHAMH R+/3 Ta Bigmosino piBHIMH KyTamu 60°;
paziyc onrcaHoro koia R, paaiyc Bnucanoro kona R/2, e R — MakcMManbHO JOMYCTHMUIT pa-
niyc obcmyroByBaHHs HaceieHHs. CHiBBIIHOLIEHHS pajilyciB OMMCAHOIO 0 BIUCAHOTO Kojia
CTAHOBHTb 2;

2) piBHOOEAPEHUI MPSIMOKYTHUN TPUKYTHHUK 31 cTOpoHamu 2R, R\/E : R\/E Ta KyTaMu
90°, 45°, 45°; paxiyc onmcanoro Koia R, pamiyc Bimcanoro koia R/ («/5 +1) . CriBBigHOIIEHHS
paliiyciB OMKMCAHOTO J0 BIMCAHOTO KOJIa CTAHOBUTH 2,41;

3) NpsAMOKYTHUI TPUKYTHHUK 31 ctopoHamu 2R, \/ (2R)* -da® ,\/ (2R)? —b* ; paniyc onuca-
HOTO KoJia R, pajiiyc BIMCAHOT0 KOJia 3MIHIOEThCS 3aJI€KHO BiJl JOBKHHH KAaTETIB.

BusHaueHHs MOKa3HUKIB IJIs1 PO3PAXyHKY CIIBBIAHOIIEHHS 30HU OOCIYTrOBYBaHHS B Me-
kax paiioHy 10 mwioili paiiony (Kp) 31iiCHIOETHCS METOJAMHU TIPOCTOPOBOTO aHAI3y 3a JI0I0-
MOT0I0 T€01H(POPMALIIHHUX CHCTEM.

CepenHiil paalyc OIMCaHOTO Ta BIKUCAHOTO KOJIa /U1 KOYKHOTO 3 TPUKYTHUKIB TPIaHTyJISIIIIN-
HOT MEpEX1 OCBITHIX 3aKJIa/IIB pallOHy BU3HAYAETHCS 32 JOMOMOTOI0 (hOpMYJT TPUTOHOMETPIi.

BuxinHi gaHi Ans qUX po3paxyHKiB (OpMYIOThCS Micis MoOya0BU TpiaHTyssLii JlenoHe B
cepeoBullll Te0iHPOPMAIIIHHUX CUCTEMH.

ETanonHa KinbKiCTh 3aKJIa/1iB BU3HAYAETHCS K TOJJAHOK ICHYIOYOI KUTBKOCTI 3aKJIa/liB Me-
pexi Ta iX 10AaTKOBOI KUIBKOCTI, /Ui 3a0e3MeueHHs] YMOBHU CTO BiJICOTKOBOTO OXOIUICHHS Te-
pUTOPIi, 1110 AOCITIJKYEThCS, 30HaAMU 00CITYTOBYBaHHS yCTaHOB. Jl0/1aTKOBa KUIBKICTh YCTaHOB
BIJINOB1/Ia€ BUMOTaM €TaJIOHHOT MOJIeJi Mepexi. BU3HaueHHS eTaJIOHHOT KUIBKOCTI 3aKJIaJIIB €
pi3HOBUAOM 3aj1a4i onTuMizaii [25]. Jlo HasBHOT KUTBKOCTI 3aKJIa/liB JOJAETHCS PO3PAXYHKOBA
KUIBKICTB 3aKJIa/I1B, sIKI HEOOX1JHO PO3MICHUTH Ha TEPUTOPII, 1110 HE OXOTICHA J0AaTKoBO. [lep-
BUHHO BU3HAYAETHCS €TAJTOHHA KUIBKICTh 3aKJIa/IiB 32 1I€AJIbHIX YMOB JIsl BCIET TEPUTOPII, 110
posmsimaeTses. Lle mae MOXIHMBICTD po3paxyBaTd IUIONLY 30HH OOCITYTOBYBaHHsS Ha OJMH
00’€eKT 00CIyroByBaHHS HaceleHHs. Takuil MOKAa3HUK Ja€ MOXJIMBICTh BUSHAUUTH JOATKOBY
KUTBKICTh 3aKJIaJiB, sIKy HEOOX1HO PO3MICUTH B MEXaxX TEPUTOPIi, 110 TOCHIIKYy€eThCs. Buxo-
JISIYU 3 1IbOTO, €TAJIOHHA KUTBKICTh 3aKJIa/liB JUIS KOXKHOTO €TaIly YIOCKOHAJICHHS Mepexi Oyne
PO3paxoBYBaTHCh OKPEMO, SIK HACIIOK 3HAYEHHS I[bOT0 MOKAa3HUKA Oy/ie YHIKAIbHUM JJIsl KO-
XKHOI iTepallii po3paxyHKy.

ETanonHa Ki7IbKICTh 3aKJIaJiB OCBITH 3a 1ICQIbHUX YMOB PO3PAaXOBYETHCS 13 3aJIEKHOCTI:

S;=S,(d-m-h),
ne  St— IUTOIIa TePUTOPIi, MO JOCTIKYEThCS (FKUTIOBOT TEPUTOPIi paiioHy);

So — MmTOIIA KOJIa, YTBOPEHOTO ETAJIOHHOIO BiJICTAHHIO MK 00’ €KTaMu 00CITyTOBYBaHHS;

d — KiJIBKICTh 00’ €KTIB 00CITyTOBYBaHHS;

M — mI01I1a TEPUTOPIi, 1110 MOTPAIUISIE B MEK1 00CTYTrOBYBaHHS IEKIIbKOX 3aKJIa B OCBITH;

h — momia, sika BUXOIUTH 332 MEXI TEPUTOPIi, IO TOCTIKYETHCS.
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VY cBOIO Yepry Iioma TepUTOpii, 0 NOTpaIUIie€ B MeKi 00CITyroByBaHHS JCKIIbKOX 3a-
KJIQ/IIB OCBITH, BU3HAYAETHLCS K KUTBKICTh TpaHel TpiaHTymsIii nomHoxeHna Ha 0,058 (turorma
MePETUHY 30H OOCITYyroByBaHHs 00’ €KTIB, YTBOPEHUX B3JIOBXK OAHIET rpani (puc. 4, a)). Kiib-
KICTh I'paHel MOXKHA PO3paxyBaTH 3a GOPMYJIO0 CKIIQIHOCTI Tpianrysuii [25; 26] n - logio N,
Iie, N — KITBKICTh TPUKYTHUKIB. [IpuaatHicTs hopmyiu Oyiia mepeBipeHa eMIIipUYHIM IUITXOM.

[Tnoma, sika BUXOAUTH 32 MEXI TEPUTOPIii, BUBHAYAETHCS K BITHOIICHHS MEPUMETPY Te-
PUTOPIi 10 €TAIOHHOT BIJACTaH1 MIXK 00’ €KTaMH 0OCIIyrOBYBaHHS, TIOJIIJICHE Ha 2.

TakuM YMHOM, KUTBKICTh 00’€KTIB OOCIYrOBYBaHHS B MEXaX IOCIIIKYBaHOI TEPUTOPIi
BU3HAUYAETHCS 32 POPMYJIOL0:

d=240,058 2 10g, 2L+ 2,
So SA 1085y a,

BuximHumu nokasHuKamu € St Ta Py, 11o1ma ta nepuMeTp TEPUTOPii, 0 AOCITIHKYEThCS,
a 3MIHHUM TIapaMeTpoM Mepexki 00’€KTiB OOCIYyroByBaHHS € 8e — C€TAJIOHHA BiJICTAaHb MiXK
00’exTamu 06cimyroByBaHHs. Bi eTanoHHOI BiICTaHi BU3BHAYAIOTHCA So — MIIOIIA €TAIOHHOTO
OTMCAHOTO KOJIa Ta Sa — IJIOMIA €TAIOHHOTO TPUKYTHHUKA.

[TapanenbHO 3 BUSHAYEHHSM PO3MIpPiB BIIMCAHOI'O Ta OMKUCAHOTO KiJl TPUKY THHUKIB 1 cepe-
JTHBOI TOBXKUHU JIHIN TpiaHTYNIALIl BUKOHAHO PO3PAaXyHOK CEPEIHIX KBaJAPAaTHUYHUX BiIXH-
JIEHb JIOBXUH CTOPiH TPUKYTHHUKIB BiJ] €TAJIOHHUX BIACTaHEH MiX 3aKiaJamMH OOCIyTrOBY-
BaHHS HaceleHHd (Tabu. 1). OuiHIOBaHHS MPOTIOHYETHCS 3IMCHIOBATH IS IBOX €TAJOHHHX
mozereit, 3a Bumoramu JIbH B.2.2-12:2019 (R = 800 m) ta Bumoramu JJCTY ISO 37120:2019
(R =300 m). BuximHumu JaHUMH J1s1 PO3PAXyHKIB € TUIOIIA )KUTIOBOI Ta )KUTIOBO-TPOMa/I-
ChKO1 TepuTopii paitony — 2767,3 ra, nepumetp 1iei reputopii 34610 m. Sk cBiguaTh pe3yiab-
TaTH MOPIBHSHHS PO3pPaxyHKIB MEpexki 3aKJIadiB OCBITH, MOKa3HUKH MEPEXi MOKPAIIUINCH
micisl yAOCKOHAJIEHHS MEpeXi B MOPIBHIHHI 3 (PAKTUYHUMH MOKa3HUKAMH.

Tabnuys 1 — 3aeanvhi po3paxyHKu mMepexci 0C8ImHIX 3aK1a0ie

®axrtuu- | Etan yno- | Eranonna | Etanonna
IToxa3nuk HUU CKOHa- MO/JIENIb MOJIEJIb
cTaH JIEHHSI (800) (300)

1 2 3 4 5
[Tironia, Mo 00CIyroBy€EThCSI 3aKIalaMU B MeXKax palioHy, ra 2905,7 33934 3067,2 2850,4
JKutioBi TepuTopii, He oxoruieHi 30Hor oociyroByBants 800, ra | 424,6 165,1 0 0
JKuts0Bi TepuTopii, He oxomIeHi 30H010 obciyropyBants 300, ra | 20439 1930,9 0 0
BinnomenHst muiomi 3044 06cayropyBannst 800 B mexax
paiioHy 10 miomi paiiony (;kutyi0Boi Tepurtopii) (Kp) 0,846 0,940 1 -
BinnomenHst muiomi 30uu 06cayropyBannst 300 B mexkax
paiiony 10 miomli paiiony (;kutyioBoi Teputopii) (Kp) 0,261 0,302 - 1
CepeHiii pajiiyc OnucaHoOro KoJjia TPUKYTHHKIB, M 691,3 706,8 800 300
CepeHiii pajiyc BIUCAHOTO KOJIa TPUKYTHHKIB, M 198,8 205,1 400 150
CepenHe 3HAYEHHSI BiTHOIIEHHS CEPETHBLOTO paaiycy onm-
CaHOI'0 K0J12 10 CEPeAHBOro paaiycy Bnucanoro koja (Kx) 4,453 4,418 2 2
CKII BigxusaeHHs] OMUCAHOT0 PaIiyCy 0 €TAJIOHHOTO OTHCa-
Horo pajaiycy 800, m 340,3 316,0 0 -
CKII BigXniIeHHS BIHCAHOTO PAIiyCcy J0 €TaJOHHOTO OIKCca-
Horo pajaiycy 800, m 235,4 2244 0 -
CKII BigXuiIeHHS OMUCAHOTO Pajiiycy 10 €TaIOHHOT'O OIHCa-
Horo pagaiycy 300, m 507,0 506,6 - 0
CKII BigXniIeHHS BIHCAHOTO PAJiyCcy J0 €TaJOHHOTO OIKCca-
Horo pagaiycy 300, m 131,5 124,1 - 0
Cepe/Hs TOBXKUHA JIHIA TPIAHTYIHIIHHOT Mepexi 948,5 972,2 1385,6 519,6
BigHomeHHsI cepeIHbOI JOB:KMHM BCIX JiHill TpiaHryasiuiii-
HOI Mepe:Ki 10 eTaJIOHHOI BiacTaHi MiK OCBiTHIMH 3aKJ1a-
namu 800 (KL) 0,684 0,702 1 -
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3akinueHHs TaoiI. 1
1 2 3 4 5
BigHomenHs cepeHbOI TOB:KMHU BCiX JiHil TpiaHryasuiiinoi me-
pexi 10 eTajJoHHOI BiacTani Mizk ocBiTHiMu 3akmagamu 300 (KL) 1,825 1,871 - 1
CKII BigxuieHHS HAWIOBIIIOI, CEPeIHBOI Ta HAMEHIIIOT CTOPIH TPH- 528,6 503,0 0 -
KyTHHKa Bifi 1-0ro etanoHHoOro po3mMipy tpukytHuka (800), M 603,2 545,0 0 -
847,2 817,9 0 -
CKII BigxnieHHS HAWIOBIIOI, CepeIHROI Ta HAHMEHIIIOI CTOPiH TPH- 627,4 594,4 2144 -
KyTHHKa Bifl 2-0T0 €TaJIOHHOTO po3Mipy TpukyTHHKa (800), M 483,0 419,3 | 254,3 -
626,0 5942 | 254,3 -
CKII BigxuieHHs HAWIOBIIOI, CEPEeIHBOI Ta HAMEHIIIOT CTOPIH TPH- 867,8 885,0 - 0
KyTHHKa Bifl 1-0T0 eTaoHHOTO po3Mipy TpukyTHHKa (300), M 670,0 643,6 - 0
370,6 350,7 - 0
CKII BigxuieHHS HAWIOBIIOI, CePeIHBOI Ta HAIMEHIIIO1 CTOPIH TPH- 683,6 819,0 - 80,4
KyTHHKa Bifl 2-0T0 €TaJIOHHOT0 po3Mipy TpukyTHuKa (300), M 741,6 720,2 - 95,4
406,3 393,1 - 95,4
KinbKicTh 3aKJIaiB MEpexi 33 37 30 164
ETanonHa KiJIbKiCTh 3aKiajiB mepexi 800 38 39 30 -
EranonHa KiJgbKiCTh 3akiaaiB Mepexi 300 154 152 - 164
BigHomeHHs1 KiJILKOCTI 3aKjIaAiB 10 €TAJOHHOI KiJILKOCTI 3aKJja-
aiB 800 (Ks) 0,868 0,949 1 -
BigHomeHHs1 KiJILKOCTI 3aKj1aiB 10 €TAJOHHOI KiJILKOCTI 3aKJa-
aiB 300 (Ks) 0,214 0,243 - 1

Jlxepeno: po3poOIeHO aBTOPOM.

Jl1s ynockoHaneHo1 Mozielll MepeXi OCBITHIX 3aKJIaJiB PO3pax0oBaHO BiJICTaHi BiJ IIKLI A0
KUTIOBUX OyauHKIB. Pe3ynbraru cBiguarsh, mo ajs 7 wkii (21 % Big KUIBKOCTI LKL B paiioH1)
MaKCUMaJIbHI BIICTaH1 MIIOX1IHOT JOCTynHOCTI nepeBulryoth 800 M y aianazoni 800-1050 wm,
(puc. 6). 3aranom, HaBeeHI PO3paXyHKH CBiI4YaTh, IO 3alPOIIOHOBAHUHA IEPEPO3IOILIT TOCTY-
MTHOCTI /10 00’ €KTIB 0OCITYTOBYBaHHS € ONTHUMAJIBHUM, PO3POOJICH] MPOMO3HUIIii 00 YI0CKO-
HAJICHHSI MEPEeKl OCBITHIX 3aKjajliB BaroMi, a iHQOpPMaTUBHICTh MOKA3HUKIB OLIIHIOBAHHS Ii-

HIOX1JJHOI IOCTYITHOCTI /10 00’ €KTIB 00CIYyTrOBYBaHHS HACEJIEHHS € J1€BOIO.
2500

I'max Biacrans Bim x/6 (PA)
2000 1 B max Bigcrass Big x/0 (Ticcena) v
B max BIICTAHb BiJ /0 (YIOCKOHAICHHS MEpesKl)
1500 |1
1000 ——
500 {1
0
O~ T - AN T NSO O NWT TR0 T T HEAN—~ O — 0~ T ®
Nl\\Dl\mv—*lﬂl\@\O(\l-—*Nl\\D(\lﬂﬁ'ﬁ'l\w:S\O—'N\OI\N\Oﬁ'N[\v—*
S 38— " 8~ 8~ s g NN AN~ gn —~ g~ = — H g g— =N g~ g 5g N
EEHEgg g EgEESssSsSsagEsSssEsgag REETSS S ESE S E =
SSEECSHGSHESSEREEHGSEESEEREESS S5 55 S E S E g
S g EEZEcEEZiiEEEiiEEiEETEZEEEEEEaEE
=8553598339539359339393 ®7359°597 33

Puc. 6. Ananiz éiocmaneti 8i0 wikin 00 OyOUHKI6 8iON0GIOHO 00. OOKYMeHmMY aoMinicmpayii,

301 nonieouie bauzvkocmi Ticcena-Bopornoeo, yoockonanenoi mooeni mepedici
JIxepeno: po3po0ICHO aBTOPOM.

Ha ocHOBI 3arajgbHHUX MOKa3HUKIB MEPEXki OCBITHIX 3aKJIa/(iB IPOMOHYETHCS BUKOPUCTOBY-
BaTU y3araJbHEHHUH 1HAMKATOP MIMIOXIJHOI JOCTYIMHOCTI J0 OCBITHIX 3akianiB (Tadiu. 2), mo
BU3HAUAETHCS SIK cepeHe apu(METHIHE 3HaYeHHS YOTHPHOX HOPMAaJi30BaHUX MTOKa3HHUKIB Me-
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pexi: 1) CiBBIIHOMIEHHS 3arajabHOT ILIOIII TEPUTOPIi, PAaKTUUHO OXOTUICHOT MAaKCUMAJILHO J10-
MyCTUMHM PajlycoM 00CITyroByBaHHs 00’ €KTIB, 10 3arajbHOI IJIOLI TEPUTOPIi, IKY HEOOXiTHO
3a0e3neuuT OCBITHIMH 3akiafgamMu Kp, 2) CHiBBIAHOIIEHHS CEPEIHBOTO PAJiyCy OMHCAHOTO
KOJIa JI0 CepeHbOr0 pajiyCy BIMCAHOTO KOJa TPUKYTHUKIB TpiaHrymsimii Kk, 3) cmiBBiIHO-
IICHHSI CePEIHBOI TOBKHHM BCIX JIIHIN TPIaHTYJSAIIMHOI MEPEXkKl IO €TAIOHHOT BIJICTaHI MiX
ocBiTHIMH 3akiiafamMu Ki; 4) CHiBBIIHOIICHHS KITBKOCTI 3aKJIaiB, SKI CKIAIAlOTh MEPEXKY
OCBITHIX 3aKJIaJiB, 10 MiHIMAJIBHO HEOOXITHOT KUIBKOCTI YCTAHOB, sIKI MOXYTh 33JI0BOJIbHUTH
BU3HaueHy TepuTopiro Ks.

Tabauys 2 — Po3paxyrok inoukamopa niuloxXionoi 00CmynHocmi 00 0C8ImHix 3axK1aoie

Jns etanonnoi mogeni 800 | Jns eranonHoi moxeni 300
ITokasHuku ®axtnunuii | Etan ynocko- | @aktuunuii | Etan ynocko-
CTaH HaJICHHS CTaH HaJICHHS

0,846 0,940 0,261 0,302

HopwmaizoBane 3Ha4eHHS BiIHOIICHHS 30HH 00CITY-
TOBYBaHHS B MEKax paiioHy 10 IOl paiony (Kp)
HopwmautizoBane 3HaueHHS BiTHOIICHHS CEPEIHBOTO
paziycy OMHCAaHOTO KOJIa JI0 CEPeIHBOTO Paaiycy 0,101 0,102 0,101 0,102
Brrcanoro kosa (Kx)
HopmanizoBane 3HaueHHS BiIHOIICHHS CEPEIHBOT
JIOBXHMHHU BCIX JIIHIA TPIaHTYIAIIHHOT Mepexi 10 0,684 0,702 0,300 0,286
eTaJIOHHO] BificTaHi Mixk ocBiTHIMH 3akanamu (K)
HopmanizoBane 3HaueHHs BiTHOIICHHS KiJTbKOCTI
3aKJIa/1iB [I0 €TAIOHHOI KiJIbKOCTI 3aKiaiB (Ks)
Inpukarop mimoxigHoi AocTynmHOCTI 10 Mepexi
OCBITHIX 3aKJajliB

Jxepero: po3po0ieHO aBTOPOM.

0,868 0,949 0,214 0,243

0,625 0,673 0,219 0,233

Hopwmanizarist moka3HUKIB MEpEkKi OCBITHIX 3aKJIa/liB pailoHy 3/11CHIOETHCS BIIHOCHO €Ta-
JIOHHUX TOKa3HUKIB MEPEXI 32 YMOB, 110 «1» € eTanoHHUM (Oa’kaHMM) 3HaUeHHsIM, 1ipu P < E,
Pn=P/E, mpu P > E, P, = E/ P2, e P — mokasHuK Mepexi, £ — eTaIOHHHIA TOKa3HUK MEPEKi,
Pn — HOpMani3oBaHuil MOKa3HUK MepeKi. By /ib-sKi BIIXUJICHHS BiJl €TAJIOHHUX MOKA3HUKIB (Y
OuTBITY 200 MEHIITy CTOPOHY) € HEBIAMOBIAHICTIO Oa)XXaHUX 3HAaU€Hb, rpadik HOpMai30BaHUX
3Ha4YeHb HABE/IEHO Ha puc. /.

y2, ! s

i
| ‘
0 1 2 3 4
i .
Puc. 7. I'paghix nopmanizayii nokasHuxie mepeici 0c8imHix 3axnaoia

[Tpu y3araibHEHOMY OIIIHIOBaHHI Mepe:Xi 3alpONOHOBAaHUI METO]T BPaXOBY€E CTYIIHb 0XO-
IUIEHHS TEPUTOPIi 30HAMU 0OCITYTOBYBaHHS 3aKJIa/1iB, TOKA3HUKU FeOMETpii 3aKIajiB Ta BiJIIO-
BITHOCTI €TAJIOHHIM KIJIBKOCTI 3aKiajiB. TakuM 4WHOM, 3HAYEHHS CHIBBIJHOIIEHHS 30HH 00-
CJIyTOBYBaHHS B M&Xax pailoHy 710 ruioii paiioHy (Kp), CIliBBITHOLIIEHHS CEPEIHBOTO PaalyCy
OTIMCAHOTO KOJIa I0 CEPEIHBOTO pajiiyCcy BIucaHoro kona (Kx), CIiBBIIHOIIEHHS CEPEIHBOI J10-
BXKMHH BCIX JHIN TPlaHTyISAIiHHOT Mepexi A0 €TaJOHHOI BiICTaHI MK OCBITHIMH 3aKJIaJjaMU
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(KL), criiBBigHOIIEHHS KIIBKOCTI 3aKJIaiB 0 €TaJOHHOI KiIbKOCTI 3akiaiB (Ks) € penpe3eH-
TAaTUBHUMHU JJIs1 00’ €KTIB 00CITYrOBYBaHHs Ta 0a30BHUMH IS PO3PAXyHKY 1HAMKATOPA JOCTYTI-
HOCTI JI0 ME€peXi OCBITHIX 3aKJIa/iB.

3 METOI0 OLIHIOBAaHHS 1HAMKATOPA JOCTYIHOCTI MPOTMOHY€ETHCSI BUKOPHCTOBYBATH OILIIHO-
YHY MKy Xappinrrona [27]:

- B 0,01 10 0,2 — HU3BKUI PiBEHB;

- Bix 0,2 1o 0,37 — NOHW)XEHU PIBEHb;

- Big 0,37 mo 0,63 — cepexaHiii piBeHb;

- Bix 0,63 1o 0,8 — mocTarHiii piBEeHb;

- Bix 0,8 1o 1,0 — onTUManbHMIA PIBEHB.

3a mkayor XappiHrTOHA ICHYIOYHMI CTaH MIIIOX1AHOT JOCTYITHOCTI JI0 3aKJIaJliB OCBITH 3a
Bumoramu JIBH b.2.2-12:2019 y Conom’stHcbkoMy paiioHi MicTa KueBa OIiHIOETBCS SIK «cepe-
THIMY (Ha BEpXHINA HOro Mexi), a MPOEKTHE YJOCKOHAICHHS MEPEXi IUIIXOM Oy/IiBHHUIITBA 4-X
HOBUX 3aKJIa/IiB OCBITH 3a0€3IEUHTH JIJIS ITLOTO 1HAWKATOpa 3HAYCHHS «JocTaTHiiy. [TimoxigHa
JOCTYIHICTH 110 3akiajiB ocBiTH 3a BuMoramu JICTY ISO 37120:2019 st icHyro4oro ta mpo-
€KTHOTO YJJOCKOHAJICHOTO CTaHy OLIHIOEThCS Ha PiBHI «ITOHWXECHUI» HA HUKHIA HOTO MEXI.
Takum 4MHOM, HEOOX1IHO 31MICHIOBATH YIIUILHEHHS MEPEKi OCBITHIX 3aKiaaiB B MicTi Kuesi
Ta MParHyTH JAOCATHYTH BUMOT mimoxigHoi gocrynuocti 3a ICTY ISO 37120:2019, mo mia-
BUIIUTH SIKICTh MICBKUX MOCIYT Ta AKICTh KUTTS MEUIKAHI[IB CTOJIHII YKpaiHu.

BucHoBku. Po3poOiiennii MeTo OIIHIOBaHHS MIMIOXiAHOI JOCTYIMHOCTI A0 OCBITHIX 3a-
KJIaJ1B MOKe OyTH BUKOPHCTAHMI JIJISl OLIIHIOBaHHS PI3HUX BHIB 00’ €KTIB 0OCIYrOBYBaHHS
HACEJICHHS, VTS IKMX BU3HAYEHO HOPMATHUBHI BUMOTH JIOCTYITHOCTI.

['eoinopmaliiitHi TEXHONOT1T HAIAI0Th MOMKIIMBICTh AaBTOMATH3Allii 3aIIPOIIOHOBAHOTO METOLY,
110 JTO3BOJIUTh HAa OCHOBI BUXIJTHHUX JTAHUX, SKi OMMUCYIOTHh (DAKTHYHE Ta MPOCKTHE MOJIOKEHHS 3a-
KJIaJ1iB, 3A1MCHUTH IBUJIKAN PO3PaXyHOK MOKa3HUKIB Ta IHAUKATOpa MEpexki 00’ €KTIB 00CITyTOBY-
BaHHS HACEJICHHSI Ta BU3HAYUTH ONTUMAIILHE TIPOCKTHE PILIICHHS MAaTEMaTUIHUM CIIOCOOOM.

3a3HaveH1 MiIX0U MOXKYTb OyTH 3aCTOCOBaHI MPU:

- BCTAaHOBJIEHH1 30H 00CITyTOBYBaHHS OCBITHIX 3aKJa/liB J€p>KaBHUMU palOHHUMHM aMiHI-
CTpaLisimu;

- OIIIHIOBAaHH1 BapiaHTIB yAOCKOHAJIEHHS MEpeX 00’ €KTIB 00CIIyTOBYBaHHS MpU MICTOOY/I1-
BHOMY ITPOEKTYyBaHHi [28];

- OIIIHIOBAaHH1 BIUIMBY NPOEKTHOIO 3aKJIaJy OOCIyroBYBaHHS Ha 3arajbHy MIIIOX1JHY J10C-
TYIHICTB 10 Mepexki 00’ €KTIB 00CIYTrOBYBaHHS NP 00’ €KTHOMY MPOEKTYBaHHI;

- IPOBEACHHI MICTOOY/IIBHOIO MOHITOPUHTY, BUABIEHHI MPOOJIEMHUX NMUTaHb Y 00CIyro-
BYBaHHI HaceneHHs [29];

- pO3pOOJICHHI MPOTIO3UIIIH 7151 yIOCKOHAJICHHS MEPEXK 00’ €KTIB 00CITYyrOBYBaHHS HACEJICHHS.

VY 3a3HaueHOMY JAOCIIKEHH] PO3TIISIHYTO JUIIIE MUTAHHS JOCTYITHOCTI 10 3aKJIaJIiB OCBITH,
OJTHAaK HE BPaXOBAHO MOKA3HHWKHU TMOTY>KHOCTI OCBITHIX 3aKJIaJ(iB Ta PECYPCHHI MOTEHITIAN 3a-
KJIaJ1iB JJIs 33J10BOJICHHS TOTpe0 HAaceIeHHs Y BCTAaHOBJIEHIN 30H1 00CIyroByBaHHA. 3a3HaueH1
MUTAHHS TUIAHYETHCS PO3MISHYTH B ITONAIBIIIOMY JIO0CIIKESHHI.
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APPLICATION OF DELONE TRIANGULATION FOR THE ANALYSIS
OF PEDESTRIAN ACCESSIBILITY TO EDUCATIONAL INSTITUTIONS

Accessibility to the main objects of public service is one of the aspects of the quality of life of the population according
to the thematic group of indicators "Urban planning”, which is defined by the international standard 1SO 37120:2018, on the
basis of which the state standard of Ukraine I1ISO 37120:2019 was adopted. There are significant differences between the re-
quirements for the accessibility of a number of public service facilities in state standard of Ukraine 1ISO 37120:2019 and state
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building regulations B.2.2-12:2019, in particular for general education institutions. There is a problem of analyzing accessi-
bility to public service facilities taking into account various initial parameters, in particular the location of public service
facilities and indicators of accessibility to these facilities.

The purpose of the study is the analysis of pedestrian accessibility to communal primary education institutions of the Sol-
omyan district of Kyiv, determination of the level of compliance of secondary education institutions in the area with the require-
ments established by state building regulations B.2.2-12:2019 state standard 1SO 37120:2019. Based on the properties of Delau-
nay's triangulation, a methodology for evaluating the optimality (compliance with regulatory requirements) of planning solutions
of educational institution’s network is proposed, and reference options for the mutual location of such institutions are developed.
The optimality criterion is the maximum coverage of the service territory with the minimum number of establishments. In order to
evaluate the optimality of the above proposals, the composition of indicators of the network of educational institutions is proposed,
which take into account the coverage of the service territory, the geometric parameters of the mutual location of institutions and
compliance with the reference number of institutions. Indicators of the ratio of the area of the service area within the district to the
area of the district (Kr), the ratio of the average radius of the circumscribed circle to the average radius of the inscribed circle
(Kk), the ratio of the average length of the network line to the reference distance between objects (KL), the ratio of the number of
establishments to the reference number of institutions (Ks) are basic for calculating the general indicator of walking accessibility
to educational institutions. It is proposed to evaluate the results of the calculations according to the Harrington scale. Approbation
of the developed proposals was carried out for the network of educational institutions of the Solomyan district of Kyiv. Geoinfor-
mation technologies provide an opportunity to automate the proposed method, which will allow, on the basis of initial data de-
scribing the actual and design position of institutions, to perform a quick calculation of indicators and indicators of the network
of public service facilities and to mathematically determine the optimal design solution.

Keywords: triangulation; network of educational institutions; radius of service; pedestrian accessibility; reference dis-
tance between institutions; indicators of the network of educational institutions; urban planning monitoring.

Fig.: 7. Table: 2. References: 29.
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ERS TECHNOLOGIES IN PRECISION FARMING

One of the urgent tasks of modern agricultural production is the problem of further development for ensuring the growing
demand for food and other agricultural products on an innovative platform of precision agriculture. Precision farming involves
the use of geographic information technologies, earth remote sensing (ERS) technologies, the Internet of Things (10T), big data
technologies and artificial intelligence (Al) aimed at increasing crop production and reducing costs.

The use of ERS technologies for precision farming tasks is due to the unprecedented availability of high spatial diversity
images (spatial, spectral and temporal) and, accordingly, the ability to monitor crops, in irrigation management, nutrient input,
pest and plant disease control, yield forecasting, etc.

The article provides an overview of the most commonly used ERS systems used in precision farming technologies. This
makes it possible to optimize the use of agricultural resources for each section of the field and improve plant productivity based
on data on soil structure, pH, nutrients and yield maps, plant protection products (PPP), irrigation in accordance with soil
properties, topography, meteorological conditions and a number of other factors.

The use of satellite data requires further research aimed at improving the technology for storing and processing such
data, namely cloud computing and machine learning. Given the certain complexity of image processing and the need for certain
training of specialists, it is important to test simple but reliable algorithms for the application of remote sensing in real time,
which will allow the wider implementation of ERS technologies in precision farming.

Keywords: precision farming; geographic information technologies; remote sensing of the Earth; nutrient manage-
ment, vegetation indices.

Fig.: 10. References: 14.

Relevance of the research topic. Relevance of the research topic. Due to the increase in
the population of the Earth, which today is close to 7 billion and continues to grow rapidly and
the decline in land resources due to their depletion, degradation, desertification, etc., the pres-
sure on productive lands is becoming greater. Scientists predict [1] that arable land per capita
will decrease from 0.23 hectares in 2000 to 0.15 hectares in 2050. The demand for food and
agricultural products is projected to grow by 1.5-2.0 times by 2050 [2].

The problem can be solved by intensifying agriculture, introducing modern technologies,
increasing the use of fertilizers, pesticides, irrigation, etc. However, this way of farming does
not correspond to the concept of sustainable socio-economic rural development, and the irra-
tional use of plant protection products (PPP) and mineral fertilizers, their imperfection leads to
negative pressure on the environment, namely, on deforestation, resistance of pests and weeds
to chemicals, soil degradation. Expansion of territories for intensive agriculture leads to the
destruction of wildlife, water pollution, etc. [3].

Taking into account the above, an urgent task is the use of such technologies that can in-
crease agricultural production by increasing the efficiency of resource use and reducing envi-
ronment pollution [4]. Today, such technologies are precision farming technologies, which in-
volve the use of a variety of geospatial information, taking into account the characteristics of
each section of the field (making exactly the nutrients that plants need) and reducing the pres-
sure on the environment, parallel driving, saving fertilizers, PPP, seeds, etc. [5].

The use of precision farming technologies will allow agricultural producers to reduce the
negative environmental impact of intensive agriculture, optimize production, improving prod-
uct quality and minimizing costs based on: the use of effective means of production, advanced
methods of labor organization and the achievements of scientific and technological progress
(STP); monitoring of fields using satellites and UAVs allows farmers to monitor the situation
in real time; the use of sensors to obtain information about the state of crops in the field; the
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use of satellite navigation system (GPS) allows you to obtain accurate data on the location of
objects, to conduct field zoning for more effective control of crop and soil condition; applica-
tions for smartphones and tablets help to control and manage agricultural operations, order de-
liveries, plan product sales and track the transportation of goods over the Internet. This allows
us to more fully take into account the resource potential of agricultural enterprises, the variety
of soil, meso- and microclimatic features of each section of the field, to control the implemen-
tation of operations in the course of the machine's movement in the field (fertilization or PPP).

Problem statement. An important role in crop production is played by the assessment and
consideration of meteorological, agrochemical, agrophysical, agrotechnical soil conditions for
crop productivity, crop monitoring and yield forecasting. This indicates the urgent need to cre-
ate comprehensive information and analytical systems to support precision farming, manage-
ment of agro-industrial production, based on the use of GIS, ERS, GPS technologies and navi-
gation software and hardware. And this cannot be done without using ERS data, generating a
large amount of geospatial, often unique data that can be successfully used in precision farming
technologies for managing agricultural enterprises, analyzing the state of fields, identifying
crop problems, searching for the causes of these problems and developing effective solutions.

The use of ERS methods and technologies makes it possible to systematically analyze the
state of the field, starting from the relief, heterogeneity of soils, their composition, the state of
crops to multispectral field diagnostics, crop rotation and retrospective analysis for several
years. With the help of retrospective analysis, it is possible to identify outdated problems: soil
compaction, the consequences of improper treatment, lack of nitrogen and moisture, the impact
of topography, etc. Retrospective analysis is used in the study of the current state of territories
to assess the dynamics of its development.

One of the main advantages of applying the ERS data is the ability to compare crop yields
over a long period of time, compare farming methods, weather conditions, varieties, etc. with
the harvest obtained at the end of the season.

Analysis of recent research and publications. Scientists L. Moldovan, L. Novakovsky,
B. Paskhaver, P. Sabluk, A. Tretyak, O. V. Shubravskaya and others made a significant contri-
bution to the analysis of the development of the agro-industrial complex of Ukraine. The prob-
lems of introducing precision farming technologies are studied in the works of L. Aniskevich,
D. Woityuk, V. Garam, M. Makarenko, O. Tkachenko, M. Tsyganenko. Nevertheless, recogniz-
ing the scientific and practical value of the developments of these authors, it should be noted
that the problem of using precision farming technologies in the system of modern crop produc-
tion is far from being solved and requires scientific research. The article is aimed at analyzing,
generalizing and evaluating approaches to the introduction of ERS technologies in precision
farming technology.

The article is aimed at highlighting the real state of use of ERS technologies in crop mon-
itoring tasks, assessing the state of fields, searching for reasons, providing recommendations
for solving possible problems and preventing the occurrence of such problems in the future.

Presentation of the main material.

To improve the efficiency of agricultural business, advanced in economic and technologi-
cal terms, the countries of the world - the USA, Japan, China, Germany, Great Britain, Den-
mark, the Netherlands, France, since the 80s of XX century, and since the 90s of 20th century
Eastern European countries as well widely use precision farming technologies, the Internet of
Things and wireless smart networks, which are becoming increasingly popular every year. This
allows these countries to reach a qualitatively new level of production and successfully compete
in the world market.
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Precision Farming (Precision Agriculture) is a complex of high-tech and efficient technol-
ogies for the production and management of crop yields, taking into account within-field vari-
ability using information and geographic information technologies (GIT), remote sensing tech-
nologies of the Earth (ERS) and global positioning (GPS). This allows not only to automate
and optimize production processes, but also to significantly reduce costs, increase the profita-
bility of production and the quality of the final product. Precision farming technologies allow
plants to obtain exactly the nutrients that they need.

A significant role in precision farming technologies is occupied by the Internet of Things,
which provides agricultural enterprises with real data for making effective decisions. Today,
even robots for weeding weeds are already available, which are programmed to move and weed
within the specified coordinates. The robot drives between rows and pulls out weeds. Previ-
ously, this could not be imagined. Tractors with microprocessors are also common. This allows
not only to control and adjust the process parameters, but also to show the actual operating
speed, the amount of work performed, engine parameters and fuel consumption. All these smart
technologies help to redistribute costs and optimize profits from each part of the field. In gen-
eral, precision farming systems pay off quite quickly: costs are reduced, yields and land quality
are increased [6].

All these listed technologies, as international experience shows, allow achieving a greater
economic effect, increasing the reproduction of soil fertility and the level of ecological purity
of agricultural production.

Due to the fact that each field is a set of inhomogeneities within one field -different relief
(Fig. 1), various agricultural soils, chemical composition of soils (Fig. 2), nutrient content in the
soil (Fig. 3), the degree of moisture, etc., in order to obtain maximum yields, various spatial in-
formation is needed about each section of the field and even about each square meter of this field
(on the similarity of crops, the presence of nutrients, moisture, weeds, pests, plant diseases, etc.).
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Fig. 2. Example of different agrochemical properties of soils
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Fig. 3. Example of alkaline properties of soils

The agrochemical survey technique in precision farming technology involves linking each
soil sample taken to a single geolocation system carried out using a navigation system. This
makes it possible to more accurately assess the results of surveys, to carry out a detailed account
of the variability of the plant environment in space and in time, and to quickly control the
productivity of crops on the field.

Monitoring of sown areas is a rather time-consuming process, both for large fields and for
small plots scattered throughout the territory of territorial communities. If the crops are young,
then monitoring can be carried out by walking or driving through the field, but if the plants
have reached a height of 1-2 meters, this is already much more difficult to do. And the lack of
information on the entire area of the field is usually a potential loss. Therefore, it is clear that
there is an urgent need for the use of ERS technologies to monitor the condition of acreage.

Modern technologies of precision farming for monitoring can and use different methods of
obtaining and processing spatial data, namely:

- ground - using various instruments (analysis of soil samples, sheet diagnostics, etc.);

- aerial photography using aircraft, unmanned aerial vehicles (UAV);

- space survey using satellites [7].

Each of these methods has both advantages and disadvantages, and can be quite effective
only under certain circumstances.

Agroecological ground monitoring makes it impossible to obtain operational spatial infor-
mation about the state of agricultural production in space and time in large areas, since the total
area of agricultural land in Ukraine reaches more than 42 million hectares, and the area of arable
land is 32.5 million hectares.

Taking into account the trends of intensification of agricultural production and global cli-
matic changes, ERS technologies, in front of all satellite ones, become a necessary component
of the agro-ecological monitoring system. Using special sensors and programs, global position-
ing systems (GPS), aerial photographs and satellite images, etc., it is possible to assess the
biochemical properties of soils and control their fertility. An important issue is finding the op-
timal level of use of fertilizers and chemicals. With the help of pictures, you can find out that
there are plenty of fertilizers in a certain area, on the other - on the contrary, they are not enough.
That is, a differentiated approach is applied to each individual site. This allows you to effec-
tively distribute resources and save fertilizers, plant protection products (PPP), watering, etc.
In addition to soil analysis, using special software, you can program a seeder or sprayer for
differential application of seeds, fertilizers, water, etc.

The use of remote sensing technologies (ERS) to monitor crops is widely used in many
countries around the world and has a constant tendency to increase them.

ERS data of different spatial and temporal distinctions together with terrestrial data provide
a lot of valuable and informative data for making reasonable optimal (rational decisions) in the
process of management, resource allocation and crop optimization both at the level of countries
and at the level of individual farms. The use of GPS devices integrated with smartphones or
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handheld devices allows you to effectively map fields and individual areas. The use of GIS
technologies provides a powerful toolkit for monitoring the stages of harvesting, combating
plant diseases, assessing yields, etc.

As aresult of the war unleashed by Russia, many agricultural enterprises faced the inability
to carry out economic activities on part or all of the lands due to occupation, mining, constant
shelling, etc.; staff shortage due to the outflow of the able-bodied population into the ranks of
the Armed Forces of Ukraine, or to other units, safer regions; deficit of working capital and
inventory; limited opportunities to sell grown products. This forced them to abandon a number
of secondary technological operations and the introduction of only extremely necessary plant
protection products, that is, the use of a differentiated approach to sowing and the economical
introduction of nutrients.

The availability of high-resolution satellite images (spatial, spectral, and temporal) and
their extensive archives contribute to the use of ERS in many precision farming programs and
technologies, including crop monitoring, irrigation management, nutrient application, disease
and pest control, and yield prediction, etc.

Flying over a certain area and performing a space survey of different differences, the sat-
ellite captures the necessary areas of the field. Using these images and special software, it be-
comes possible to map a variety of vegetation indices that can help understand the space-time
variability of the conditions of the future harvest. Among the widely used indices are [7]:

- normalized relative vegetation index (NDVI), allows to know the amount of photosyn-
thetic active biomass in plants [8], is a measure of the difference in reflectivity between the red
band (RED) and the near infrared band (NIR) images. NDVI ranges from -1 to + 1, where
positive values indicate areas covered with vegetation, and negative values indicate areas with-
out vegetation. It is calculated by the formula:

NDVI= NIR—RED,
NIR+RED
where NIR — reflection coefficient in the near infrared zone;
RED — reflection coefficient in the red spectral zone.

The main products calculated based on the NDVI index are crop status maps and produc-
tivity maps at a particular time or in dynamics. They are necessary for obtaining electronic map
tasks and introducing precision farming tools. Today, there are quite a lot of satellites in orbit
for shooting the Earth's surface, which differ in the frequency of passing over a specific territory
of the Earth and ending with the spectrum of shooting the camera, diversity and cost. Based on
data on biomass activity, the index is used in assessing the state of crops. Characterizing the
density of vegetation, NDVI indicates those areas of the field that require sowing, application
of PPP and fertilizers;

— leaf area index (LAI), shows the ratio of total leaf area to land area. In turn, the area of
leaves depends on the amount of intercepted light, accumulated nitrogen, respectively, surface
temperature, etc. [7]. This index is a dimensionless coefficient, but its dimension can be reduced
(m?/m?, ha/ha);

— soil-adjusted vegetation index (SAVI), used to diagnose water stress and soil moisture
conditions for many crops. Can be used for irrigation planning. It is calculated by the formula:

_ (NIR-RED)(I+L)
SAVI= (NIR+RED+L) ’ (2)

(1)

where L — index of soil improvement;
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— normalized relative water index (NDWI), measures the amount of water in vegetation. It
is used to assess water stress in plants, as well as to identify areas with a high water content in
vegetation. It is calculated by the formula:

ND = GREEN-NIR

GREEN+NIR’ 3)

—normalized red margin difference (NDRE), measures the amount of chlorophyll in the leaves
of plants. NDRE is often used to estimate nitrogen stress regardless of the amount of nitrogen in the
soil. Often used to create variable rate nutrient input maps. It is calculated by the formula:

NDRE=

NIR-REDedge
NIR+REDedge’

(4)

The main characteristics of satellites used in precision farming are presented in Table 1.

Table 1 — Main characteristics of satellites used in precision farming

Indicator

Sentinel 2

Landsat 8

Landsat 9

MODIS

1

EOS SAT-1

in lakes, rivers,
forests and seas
around the
world

®
Spatial diversity, 250-1000 1,4/2,8
m/pixel
Number of spectral 13 11 11 36 11
channels
Shooting fre- 5 8 8 4 times per day daily up to
quency, per day 1 mln km?
Retrospective From August From August September, 27 From 1999 From January
2015 2013 2021 2023
Quantity of photos | From March to | From March to | From March to 365 365
per season October 54 pho- October October
tos 34 photos 34 photos
Products possible | Images in natu- | Image in natural | Image in natural | Image in natural | Irrigation man-
to get ral colors colors colors Vegeta- colors NDVI | agement, identi-
Vegetation in- | Vegetation in- | tion index NDVT | vegetation index | fying problems
dex NDVI dex NDVI Soil temperature | (change in dy- that threaten
Soil temperature | Snowiness The | namics by field | crops, analyzing
Snowiness smallest changes | for comparison | fertilizer and seed

with other fields

use, monitoring
climate change,
identifying plant
stress from heat,
cold and water,
and monitoring
crop growth

One of the priorities in the implementation of the concept of precision farming is the
definition of the main stages of the project and their sequence. Thus, a logical model was
built that demonstrates the basic steps necessary to introduce this technology and obtain data
for further work with them Fig. 4.
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Fig. 4. Logical model of the sequence of stages for the introduction
of precision farming technologies

After analyzing the current products and capabilities of ERS, the main vegetation indices
that make it possible to conduct precision farming, the analysis was carried out using the meth-
ods considered. The objects of the study were agricultural fields of the Dnipropetrovsk region
- the leader in sown areas in 2023 in Ukraine (1560.1 thousand hectares) [9].

Fig. 5, as an example, shows a snapshot of the territory of the Sinelnikovsky district of the
Dnipropetrovsk region.

Fig. 5. A snapshot of the territory of Sinelnikovsky district, Dnipropetrovsk region
21.05.2023, data of the Sentinel-2 MSI satellite, Level 2-A

The first step was to analyze the state of the crop using the NDVI calculation. As it is
known, the values of the normalized differential vegetation index can be from -1 to + 1, where
the values are (-1 - 0) infrastructure and water, and the values are (0 - + 1) plants [11].

So, plants that have NDVI values from 0 to 0.3 are probably not healthy and are usually
negatively affected by the environment (lack of moisture, sun, fertilizers, etc.) [12]. In turn,
plants with a value of 0.3 and above are healthy and feel great.

Maps of the distribution of NDVI values, made according to the Sentinel-2 MSI satellite,
Level 2-A are shown in Fig. 6.
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Fig. 6. NDVI maps, based on Sentinel-2 MSI, Level 2-A

At the beginning of the season, NDVI can demonstrate how the plant feels after wintering,
also, as already mentioned, you can monitor the development and condition of plants during
the season, as well as find out which fields are ready for harvesting at the end of the season -
the lower the NDVI value, the closer to ripening is the culture [8].

Thus, according to the most uneven distribution of vegetation index values, the boundaries
of one field were chosen, on the example of which further analysis of Fig. 7 was carried out.

Fig. 7. Distribution of NDVI values in one of the fields in the Sinelnikovsky district
in June 2023, data from the Sentinel-2 MSI satellite, Level 2-A

Analyzing maps of the distribution of active photosynthetic biomass, spots of lower values
in the fields were found, signaling the heterogeneity of crop development.

The first step in this situation is to analyze the humidity of vegetation to eliminate the
problem of insufficient irrigation. Since early detection of water shortages can prevent many
negative impacts on crops.

So, using formula (3), distribution maps were calculated and constructed and the value of
the normalized relative water index was estimated (Fig. 8).
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Fig. 8. Map of the distribution of NDWI values, made according
to the Sentinel-2 MSI satellite, Level 2-A, own development

From the resulting map, clearly visible value difference within the individual fields. The
largest was a difference of 0.2 units for the same crop, which may indicate both waterlogging
and insufficient irrigation of certain areas of the field. In any case, this can be useful information
for farmers who will make further decisions.

A similar situation was observed when calculating the soil-adjusted vegetation index
(SAVI), which can also be used to diagnose water stress and soil moisture conditions for many
crops and to plan irrigation. To assess nitrogen stress regardless of the amount of nitrogen in
the soil and create nutrient input maps, it is also advisable to calculate the normalized red edge
difference (NDRE). Being similar to NDVI, NDRE is a good option for monitoring crops at a
late stage of their development, since closer to maturation the chlorophyll content increases, at
which NDVI reaches a maximum value of 1.0 and, therefore, is saturated, which in turn avoids
the use of NDRE [13; 14].

That is why the data for August 2023 in the field area of the previously considered Fig. 9
and Fig. 10 were further analyzed.

Map of distribution of NDRE values Map of the distribution of vegetation index values

Legend
« Chlorophylil cont

1:33 000 :2:33.000

Fig. 9. NDRE map, based on Sentinel-2 Fig. 10. Map of the distribution of values of veg-
T MSI ievel 24 etation indices, made according to the Sentinel-

2 MSI satellite, Level 2-A, own development
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Conclusions. Based on the collected and analyzed information, a logical model was devel-
oped that demonstrates the stages of introducing precision farming technologies. The primary
stage is the collection of ERS data, since they enable both a quick preliminary review of terri-
tories and a detailed in-depth analysis with subsequent decision-making to support the devel-
opment of crops.

Using statistical data on the amount of acreage in Ukraine, the territory was selected for
the study, during which the values of the main indices of vegetation in this region were analyzed
and fields were found that demonstrate a heterogeneous distribution of these values, respec-
tively, may indicate the negative impact of certain factors on plant development.

This algorithm can be applied to other agricultural fields, it is also possible to modify it
with the addition of more vegetation indices for the introduction of precision farming.

These results demonstrate the effectiveness of ERS technologies and GIS tools in precision
farming.
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Bimaniii Ieanoeuu 3ayepxosnuii’, Bikmop Bacunvoeuu Bopox?

Inokrop Texuiunux Hayk, mpodecop, 3aB. kadeapa reoinGopMaTUKU
KuiBcpkuii HatlioHansHu# yHiBepeuTeT iMeHi Tapaca IlleBuenka (Kuis, Ykpaina)

2acipaHT Kadeapy reoinpopMaTHKH

KuiBcpkuii HamioHanbHUI yHiBepcuTeT iMeHi Tapaca Lllesuenka (Kuis, Ykpaina)

TEXHOJIOT'TI 133 Y NPEIU3IHHOMY 3EMJIEPOBECTBI

OOHUM 3 aKMYaTbHUX 3060AHb CYYACHO20 AZPAPHO20 SUPODHUYMEA € NPOOIEeMA NOOATLUO20 POZGUMKY CHPSIMOBAHOZ0
Ha 3a0e3neuenis 3poCmMalyo20 NONUMY Ha NPOOYKMU XaAPUYS8AHHA MA IHWI CilbCbKO20CNO00AapCbKi NPOOYKMU HA THHOBAYIUHIL
naam@opmi npeyusitinoco semaepoocmea. Ipeyusiiine 3emiepobcmeo nepedbauae 3acmocy8ants 2e0iHpoOpMayiiiHux mexHo-
nozil, mexuonozii oucmanyitinozo 30noyeanns 3emni ([[33), Inmepuem peueii (IoT), mexnonoziii genuxux macusie oanux ma
wmyunozo inmenexmy (L), cnpsimosanux na 36inbuieHns UpOGHUYMEA NPOOYKYIT POCIUHHUYMBA A 3MEHULEHHS] GUMPATI.
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3acmocysanns mexnonoeiii /33 0na 3a0au npeyu3silino2o 3emaepodocmea 00ymosierHe 6esnpeyedeHmHo 00CHynHICIIO
BHIMKI8 8UCOKOT RPOCMOPO60OT pO3PI3ZHEHOCMI (NPOCMOPOBOT, CNEKMPAIbHOL Ma Yaco8oi) i 6I0N0BIOHO MOJCIUGICMIO 30TUCHIO-
8amMu MOHIMOPUHE NOCIBI8, 8 YNPABNIHHI 3POULEHHAM, BHECEHHAM NONCUBHUX PEYOBUH, 6OPOMbOI 31 WKIOHUKAMU MA X80POOAMU
POCIUH, NPOZHO3YBAHHI YPONCAUHOCME MOWO.

Y ecmammi naoanuii oenao nanbinow yscueanux cucmem /33, wo 6UKOpUCMOBYIOMbCA 8 MEXHONOIAX NPEYU3IHO20
semnepobcmaa. Lle 0036015€ onmumizyeamu GUKOPUCIARHS PECYPCIB CillbCbKO2OCNOOAPCHKUX NIONPUEMCME OJIsL KONCHOT OLisi-
HKU O i NOKpawumu npooyKmMuHICms POCIUH HA NIOCMAgl 0anux npo cmpykmypy ipyumy, pH, noocusnux enemenmis ma
Kapm epooicaiinocmi, 3acobie 3axucmy pociut (33B), 3pouwents 6i0no6ioHo 00 1ACMUBOCHEN IPYHNTY, PENbEQY, Memeopono-
SIYHUX YMOG ma PAOY THWUX Pakmopis.

Buxopucmauns cynymuukosux 0anux nompedye nooanbuiux 00CIi0N#CeHb CHPAMOBAHUX HA 600CKOHALEHHS TMEXHONO02Il
30epedicentss ma 00poOKYu MaKux OaHUX, a came XMAPHUX 0OUUCILeHb MA MAWUHHO20 HA8YAHHS. Bpaxoeyouu neeHy ckiaoHicms
06pobKu 300padicens | HeobXiOHicMb NeeHOI Ni020MoeKuU paxieyis, 6adcIu6o anpobysamu npocmi, aie HAOIIHI aneopummu
018 3ACMOCYBAHHA OUCIAHYIIIHO20 30HOYBANHS 8 PEXHCUMI PEAbHO20 HACY, WO 003801UMb OLIbU WUPOKE BNPOBAONHCEHHS Me-
xuonoeii /{33 y npeyusitine 3emnepobcmeo.

Knrouosi cnosa: npeyusitine 3emnepobcmeo,; 2eoinghopmayitini mexnonozii; oucmanyitine 30H0y8ants 3emui; ynpasninHs
NOJNCUSHUMU PEYOBUHAMU, 8E2eMAYIIHI IHOEKCU.

Puc.: 10. bion.: 14.

Zatserkovny, V., Vorok, V. (2024). ERS technologies in precision farming. Technical sciences and technologies, (2(36)), 266-277.
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OIIHKA 3AITACIB AHAJJOJIBCBKOI'O POJOBHUIIA PIAKICHO3EMEJIBHUX
PYJl HA OCHOBI KAPKACHOI'O MOAEJIIOBAHHA

1 cmamms npucesuena oyinyi 3anacie AHAOOTbLCLKO20 POO0BUULA PIOKICHO3EMETbHUX PYO 3a OONOMO20I0 KAPKACHO20 MO~
0eno8anHA 3 BUKOPUCTNAHHAM NPOSpamuozo 3abe3nevenus Micromine. [Ipoananizosaro 2eonociuti 0ami, 6KI0UAIOYU pe3yIbmamu
ONpoOYBAHHA C8EPONOBUH MA KAHAS, OJis CIMEOPEHHS MPUSUMIPHOT MoOoeni pyorozo mina. OyinKa 3anacie noxkazand, wo 3aiy4eHHs
CYUACHUX MEXHON02I 3HAYHO NIOBUULYE MOYHICMb MA eheKMUBHICMb 2e01020p0368I0Y8aNbHUX podim. Ompumani pezyiemamu
BUKOPUCMOBYIOMbCSL OISl 28071020-€KOHOMIUHOT OYIHKU POOOBUWYA, CRPUSAIOYU NOOATLUUOMY ePEeKMUBHOMY BUOOOYMKY.

Knrouosi cnosa: kapkacra mooensv; piokozemenvHi elemMenmu, npocmopose Mooentoganus, Anadonscoke podosuuye;
Micromine.

Puc.: 4. Tabn.: 1. Bion.: 3.

AKTYaJIbHICTh T€MH J0CJII?KeHHsI 3yYMOBJICHA HEOOX1THICTIO 3aCTOCYBaHHS TIEPEIOBHX
TEXHOJIOTIH ISl TOYHOI OIIHKH 3aItaciB PiAKICHO3EMEIIbHUX Py, M0 € KPUTHYHO BAKIHBUM
JUTSL TOJANTBINOT ePeKTUBHOI pO3poOKH AHAI0IBCHKOTO pooBHIa. B yMoBax 3pocTarodoi KoH-
KypEHIii Ta TUHAMIYHUX PUHKOBUX 3MiH, raly3b FiPHUITBA Ta F€0JIOTOPO3BIAKU CTUKAETHCA 3
MOCTIHHOI0 MOTPeOOr0 B oNTHMI3aIil BUpOOHUYKMX mpoleciB. CydacHe ImporpamHe 3adesIie-
YeHHs, Take K Micromine, MPONOHY€E KOMILIEKCHI IHCTPYMEHTH JIJIsi KapKAaCHOTO MOJICIIIO-
BaHHJI, 1110 JJO3BOJISIE 3HAYHO ITiIBUIIIUTH TOYHICTH 1 TJOCTOBIPHICTH OIIHKM 3araciB. Lle qocmi-
JOKCHHS Ma€ BEIIMKE NPaKTWYHE 3HAYCHHS JUIS T'eOJIOTiB Ta I1HXKEHEpIB, SKI MPAIIOITh Yy
reoJI0ropo3BiAyBajbHIi Ta BUIOOYBHIN cdepi, OCKIIBKA BIPOBAKEHHS TAKUX TEXHOJIOT1H
CIpHUsi€ MIIBUIICHHIO €(PEKTUBHOCTI POOIT 1 KOHKYPEHTOCTIPOMOKHOCTI MiANPUEMCTB.

IMocTanoBka npo6iemu. [Ipu migpaxyHKy poAOBHII KOPUCHHUX KOTAUH B YKpaiHi BUKO-
PHUCTOBYIOTH aHAJIOTOB1 METO/IW, OCHOBHOIO LIIJUTIO JJAHOI CTATTI € 3a1y4eHHs HU(POBUX TEXHO-
JIOTI B OCHOBI SKHX € IMPOCTOPOBE MojeatoBaHHs. 1{e JacTh 3 OUIBIIOI TOYHICTIO OIIHUTH
pecypcHy 06a3y AHaJ0IbCHKOTO POIOBUIIA PIAKICHO3EMENBHUX PY/I.

AHaJi3 1ociiaxensb i myosikauniii. barato HaykoBUX mpalib 1 AOCTIIKEHb OYJI0 MTOKJIa/IEHO
B pO3pOOKY CYy4aCHUX IHCTPYMEHTIB, B OCHOBI SIKUX JISKUTH MozemtoBaHHsl. [1i yac po3BiaKku Ta
PO3POOKH POTOBHII KOPUCHUX KOMAIWH, TAKOXK HITUPOKO BUKOPUCTOBYIOTHCS PI3HI THIIH MOJIE-
neil. CydacHl mporpamHi NpoAyKTH, Takl sik: Micromine, Datamine, Leapfrog Geo, Geoteric,
GOCAD, Petrel, Gemcom Surpac, Maptek Vulcan mMatoTs iHTE€rpoBaHi IHCTPYMEHTH AJISl pyd-
HOTO, T€OCTAaTUCTUYHOTO T4 YMOBHOTO MOJIETIOBaHHSA. B OCHOBY IIUX 1HCTPYMEHTIB JISITNIA Hay-
KOB1 JociipkeHHs neprionpoxiamis: George M. Matheron, André G. Journel, Michel David,
Gustafson, L.B, Armstrong, M. Ta Dowd, P.A. 1li BueHi Bifirpajiu KJt04oBy pojib y BIOCKOHA-
JICHHI METOJIiB OI[IHKW POJIOBUIN KOPUCHHUX KOTAIHH, IO JOMOMArae MiJIBUIIUTH TOYHICTH MPO-
THO31B Ta MPUIMATH OUIBII OOTPYHTOBAHI PIlIEHHS B TayTy3i TIpHHYO1 TPOMHCIOBOCTI.

BuBYeHHSM piAKO3eMENbHOTO 3pyAeHIHHS A30BCHKOTO OJIOKY YKPaiHCHKOTO LIUTA Ta 30K-
peMa AHa0sIbChKOT0 pooBuiia 3aiimanucs M. Kozap [1], I'. Kyapuuiibka, /1. Bo3ssik [2] Ta iHmi.

Merta crarTi. MeTor0 cTarTi € OIliHKa 3amaciB AHaJ0IbCHKOTO POJOBHIIA PiAKICHO3EME-
JBHUX PyJ B OCHOBI SIKOT JISKHUTH TPOCTOPOBA MO1eiTb. [100y10Ba IPOCTOPOBOI MOJIEITi PYHOTO
TiJIa, OUTBIIT YITKO BiIOOpaXkae peaabHy TeoMOop(]OIorito MOKIady, 0 CBOED YEPTOI0 JIA€ MO-
JKJIMBICTH 3 KPAIIO0 TOYHICTIO OI[IHUTH 3arac KOPUCHOI KOMAau Ta i cepe/iHiil BMICT.

Buxuiag ocHoBHOro marepiaJy. ['eonoriune MoaentoBaHHs — 1€ TIPOIIEC, 32 JOMOMOTOI0
SIKOTO 3/IHCHIOETHCSI PEKOHCTPYKIlisl POJOBHINA KOPUCHUX KOTIAJNH, CTBOPIOIOYH TPUBUMIPHY
BipTyalibHY Mozenb. LI Monens BigoOpaxae sk MOPQOIOTiuHi XapaKTEPUCTHKH, TakK 1 Ppi3uuH1

© O. C. [Ipokornenko, B. 1. 3anepkosnuii, 2024
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BJIACTUBOCTI POJIOBUINA. BUKOpHUCTaHHS TPUBHMIPHOTO MOJEIIOBAHHS 3a0e3leuye 3arajibHe
VSIBJIIGHHS [IPO POJOBHILE, a TAKOXK JO3BOJISIE BU3HAUYUTU HOTO pO3Mip, TEOMETpUUHY (hopmy,
YMOBH 3JIATaHHS Ta MPOCTOPOBUI PO3IOJILT MiHEpaTi3allii.

P03BUTOK TipHUYOTO MIANPUEMCTBA Ty’KE TPUBAIUN TPOIEC, AKUN 3aiiMae BiJl POKIB JI0
JECATIIIITH. 3a Iei IepioJl MiAMPUEMCTBO MPOXOAUTH KiJIbKa €TaIliB, BiJ KAPTYBAHHS TEPUTOPIi
JI0 BUJIOOYTKY Ta BUPOOHUIITBA. OJHUM 3 HAMCKIJIQIHIIIKUX €TalliB € I'¢0J0ro-eKOHOMIYHA OIli-
HKA, JJI5 IbOTO TPOBOAATH BEIMUE3HY KUTBKICTh JOCIIIKEHb PI3HOTO POy, 100 BU3HAYUTH YU
€ JIOUUJIbHUM OCBOEHHS IIbOTO POJOBHIIA. 3arajioM IIi JOCIIHKSHHS IPOBOASTHCS pi3HOIPOdi-
JbHUMH KOMaH/IaMH, SIKi BAKOPUCTOBYIOTh T'€0JIOTTUHY MOJEIH JAJIsi PO3POOKH TEXHIYHUX, €KO-
HOMIYHUX Ta €KOJIOTIYHHUX MPOEKTIB. LI Mozienb Takok € OCHOBOO ISl IJIAaHYBaHHSI BU100YB-
HUX pOOIT, TOMYy Ba)KJIMBO, 1100 BOHA Oysla MAaKCUMaJIbHO TOYHOIO Ta JIOCTOBIPHOIO.

l'eonoriune MozeIIOBaHHS € OHUM 3 000B’SI3KOBUX Ta BXKJIMBUX €TaIliB I'€0JIOT0-EKOHO-
MIYHOI OI[IHKH POJIOBUIIl KOPUCHUX KOTMaIuH [3].

[Ipote reosioriuna MojieiIb OyIyEThCS HA OCHOBI OOMEKEHUX JaHUX BUOIPKU, OTPHMAHUX
3 KEpHY CBEPUIOBHH. TaKuii MiJXiJ] OTPUMaHHS JaHUX € IOPOTOBAPTICHUM, TOMY I'€0JIOTOPO3-
BiJlyBaJIbHa Mepeka CBEP/IJIOBHH TUIAHYETHCS 3 PO3PaxXyHKY CITIBBITHOIICHHS BapTOCTI 110 Ki-
JBKOCTI OTPUMAHOI KOPUCHOI iH(OpMAITii B XO1 T€0JIOrOpO3BiAyBaIbHUX po0iT. OTKE, 3araib-
HUW 0o0CsAT BUOIPKM 3a3BHYal JIy>)K€ MaJIMd Yy TOPIBHSHHI 3 PO3MIPOM pOJOBHIIA, JIMIIEC
JOCTaTHIN A 3a0€3MeYeHH MTPEICTAaBHUIITBA 3MIHHUX, 10 JOCTIIKYIOThCS.

Jliisa MmonentoBaHHSI AHAJ0IBCHKOTO POAOBHUIIA OOPAHO METO KApKaCHOTO MOZEIIOBAHHS.
KapkacHe MozentoBaHHs, BiIOME TaKOX sIK METO MapaielbHUX po3pi3iB, IEMOHCTPYE reome-
TPit0 MiHEpaJIi30BaHOI 30HU Yepe3 CEPito BEPTUKAIBLHUX a00 TOPU30HTAIILHUX PO3Pi3iB, K CH-
CTEMAaTUYIHO MMEPETHHAIOTH PY/IHE TiJI0. 3a3BHYail BEPTUKAILHI PO3Pi3u 30irafoThCsl 3 TEOI0r0-
pPO3BIIyBaJIbHUMH MPO(MIUIIMH, a TOPH30HTAIbHI CTBOPIOIOTHCS Ha IIEBHHX aOCOIIOTHHX
BiJIMITKaX, BAKOPHCTOBYIOUH IHTEPIIOIbOBaHY 1H(DOPMAITit0 3 BEPTUKAIBHUX PO3PI3iB.

Taxi po3pi3H 4acTO IHTEPIPETYIOTHCS BPYUHY, 13 3aJy4CHHSIM IIPOTPaMHOI0 3a0€31CUCHHSI.
[Tig yac 1pboOro mpouecy BpaxoBY€eThCsl HaKOMMUEHa 1H(opMaIlis po reosoriyHi 0CoOIMBOCTI,
reoMop(oJIoTito, JITOJOTiI0, CTPYKTYpy Ta MiHepamnisaiito. [locnioBHe mpocTopoBe MO€E-
HaHHS X CEKIiil CTBOPIOE TPUBUMIPHY MOJIENb PYAHOTO Tija.

AHazioneChKe pyJJOBMICHE TI0JI€ B MeTasioreHiuHoMy BifgHouieHHi (Ce, La, Pr, Nd) npuypo-
YeHe J10 MiBHIYHO-cX1AHoro (ranry KpuBopi3pko-I1aBaoBChKOi METaNOTiHIYHOT 30HU.

I'eonoriyna O6ynoBa JUISHKM A0BOJI MpocTa. TyT pO3BUHYTI IPAHITOIAM Ta MIrMaTUTH aHa-
JIOJTBCHKOTO KOMITJIEKCY 3 UUCEITbHUMH KCEHOMITaAMH MOPi TOKMAIIBKOTO KOMITIEKCY Ta TEMPIO-
1pKoi cBITU. OCTaHHI NPUCYTHI 1HOA1 Y BUIVISAL JIIH3 Ta CMYT, IHpuHOI0 50-250 M 1 IpoTsIKHI-
ctio 350-1500 m. [Toponu ananonbebkoro komiuiekey (PRjan) po3noBcromkeni mo Beii miomnii
Ta BMIIIYIOTh 1HII KOMIUIEKCH MOP1J], BKJIFOUAIOUM PY/IHI TijIa Ta METACOMAaTUTH.

[Topoan aHamOIBCHKOTO KOMIUIEKCY BMINIYIOTh PYAHE TiJO Ta HABKOJIOPYAHI METacoMma-
TUTH. PynHe TiJ0 KUJIBHOTO THITY, CYTTEBO OPTUTOBOTO CKJIAAY, K€ MPOCTEXKEHO TPHUYUMHU
BUPOOKaMHU MOOIM3Y 13 30HOK0 armatuTiB (MUIOHITIB). [IpocTsaranus pyauoro tina 310-325°,
Ha (hJ1aHrax HampsMOK 3MiHIOETbC Ha cyoMepuaionanbHui (330-350°). [Taginus noxumne — 21-
49° na niBaeHp-3axin [1].

I'eonoriyna kapra AHaJOIBCHKOTO POIOBHILA MPECTaBlIeHa Ha puc. 1.

[Teprim KpOKOM MpH CTBOPEHHI TPOCTOPOBOI MOJIENI POIOBHIIA € aHATI3 Ta 00pOOKa BCIX
BX1JIHMX JaHUX Ha OCHOBI sIKUX Oylia cTBOpeHa 0asza JaHuX B cepenoBuini Micromine.

JlaHi, 110 BUKOPHUCTOBYBAINCH JUIS MIPAXyHKY 3aaciB Ta BHECEHI B 0a3y aHUX:

- MPOCTOpOBE po3MmitieHHs 19 cBepaIoBUH;

- mpocTopoBe po3mimieHHs 20 KaHaB Ta TPaHIIEH;

- pe3ysbTaTé 1abopaTOpHUX JOCITIIKEeHb — 375 3HaueHb(XiMIYHE onpoOyBaHHA) Ta 468
(criekTpanbpHUI aHaTi3);

- JIITOJIOTis1 CBEpAJIOBUH 1 KaHaB 195 3pa3kiB.
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Puc. 1. I'eonociuna kapma Anaoonbcbko2o pooosuiya
Jlxepeno: po3po0iieHo aBTOpaMHu.

AHa0IEChKE POJOBHIIE PO3BIAAHE S TEOJIOTIYHUMU MPO(UISIMH, SIKI pO3TAIIOBaHI B TI0-
nepeK MpocTsAraHHs pyaHoro Tina. Bincranp Mix npodinsmu ckiagae Big 60 1o 150 M. V ko-
YKHOMY TIpodii OyIio Bif 2 10 5 CBEpIJIOBHH.

[lepen okoHTYpeHHSIM OYJI0 CTBOPEHO PYIHI KOMIIO3UTH 0 KOXKHIN CBEP/ATIOBHHI Ta KaHABI.

Jl11s CTBOpEHHSI KOMITO3UTIB OyJI0 BUKOPUCTAHO MapaMeTpH KOHAMLIIN:

1. BoproBuii BMicT cymu okcuaiB P3E B 1po0i, 110 BKIIFOYAETHCS JI0 MiApaXyHKY 3amaciB
IpU OKOHTYPIOBaHHI PYJHOT0 MOKJIaxy mo noryxHocti — 0,1 %;

2. MiHimManbHa MOTYKHICTh PYJHHUX MOKJIA/IB y MEPETUHAX, 1II0 BKIOYAIOTHCSA B KOHTYP
miapaxyHKy 3amaciB — 1 M. [Ipu MeHTIi# 1 M MOTY>KHOCTI MPOBOIUTH MTEPEPAXYHOK BMICTY
CyMH OKCHUJIB pinkozemenbHuX enemeHnTiB(P3E) Ha 1 M moTy»XHOCTI 32 yMOBH, 1110 METPOBIJI-
cotok 3abe3neuye BMicT cymu okcuaiB P3E — 0,1 %);

3. MakcuMaibHa MOTYKHICTh MPOIIAPKIB ITyCTHX TOPiJ a00 HEKOHIUIIIHHUX Py, IO
BKJIIOYAIOTHCS J10 MiJIpaxyHKy 3anacis — 2,0 M.

VY pesynbTraTi iHTEpHIpeTariii 0yja0 CTBOPEHO KOHTYPH PYIHOTO TiJIa B KOXXHOMY T'€0JI0T0-
pO3BigyBalIbHOMY TIPO(Difi, a TAKOK OYJI0 CTBOPEHO AOAATKOBI KOHTYPH B IUISTHKAX €KCTPAIo-
JISIT 1S 3AMUKAHHS Ha HUX MOJIENT, 3arajibHa KilbKicTh KOHTYpiB 12 (puc. 2, puc. 3).

HactymauM KpokoMm € oueproBe 00’ € JTHAaHHS KOHTYPIB y CYLTbHY KapKaCHYy MOJIETIb, SIKa
€ KIHIIEBOIO IIJUTIO KapKacHOro mojetoBaHHs. CTBOpEHHs KapKacy BiJJOyBa€ThCS Ha OCHOBI
TPIaHTYJIAIIT TOYOK y CTPIHTaX KOHTYPIB PYIHOTO TiJIa B CYCITHIX po3pizax (puc. 4).
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4

125 0 125 25 FSm |

Puc. 2. Ceeponosunu 1 npoghinio 3 komnosumamu ma Konmyp pyono2o mina

Hxepeno: po3po0iieHo aBTOpaMHu.

2% 0 25 50 75m

Puc. 3. Habip koumypis pyonoeo mina ons no6yoosu mooerni

JIxepeno: po3poOIeHO aBTOpaMHu.

L.

% 0 25 S0 75m

Puc. 4. Kapxacna mooenv Anadonbcokoco pooosuwya piokozemenbHux pyo

JIxepeno: po3po0ICHO aBTOPAMH.
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VY pesynbrari 00’ € JHaHHS KOHTYPIB Y Kapkac, 0yJ10 CTBOPEHO 2 KapKacH, sIKi OKOHTYPIOIOTh
MOKJIAJH PiJIKICHO3EMEIbHUX €JIEMEHTIB (Tabi. 1).

Tabauys 1 — Pe3ynbmamu niopaxyHky 3anacieé no KapkacHiu mooeni AHaoonbcbko2o pooo-
sUWa PiOKO3eMeNbHUX PYO

Pynne Tino, Ne 3amacu, T Cepenniii BmicT okcuaiB P3E, % 3amnacu okcugiB P3E, T
1 555325,7 1,6 8750,1
2 72172,7 0,5 351,2
Pazom 627498,4 1,45 9101,3

Jlxepeno: po3po0IeHO aBTOpaMHu.

BucHoBku. Y po6oti Briepiie OyJio mipaxoBaHO 3amack AHAI0JIbCHKOTO POJIOBHINA OCHO-
BAHOT'0 HA [TPOCTOPOBIN MOJIei. 3aydeHHs Cy4aCHHX TEXHOJIOT1H y IPOLIEC OI[IHKH 3ar1aciB PH-
CKOPIOE Ta 30UIBIIYE TOUYHICTh OTPUMAHHUX Pe3yJIbTaTiB. BUKOpHCTaHHS IPOCTOPOBUX MOJICIICH,
JIOTIOMAarae sIKiCHO BiJOOpa3uTH TEOMETPI0 PYIHUX TUJI, IO € BKpal BaYKIIMBUM, SIK JJIs OIIIHKH,
TakK 1 IS iX pOrPYHTYIOUYUCH3POOKH B MaiOyTHROMY. Pe3ylibTaTi oTpuMaHi y X0/ MiIpaxyHKy
3araciB Ha KapKacHii MoJiejIi o0y 0BaHii aBTOPOM € IMMOPIBHAHHUMH 3 ITiIPaxXyHKOM TPaTUITii-
HUM CITOCOOOM 1 pi3HUIl ckiagae 11 %, mo € 1omycTuMo 3 ypaxyBaHHSAM PI3HUII B MiIX01aX,
sIK1 JIS)KaTh B OCHOBI ITUX METOMAIB. Pe3ynbTaTu bOro JOCiKEHHS OyJIM BUKOPUCTAHI IIPH Jie-
TaJIbHIHM re0JI0ro-eKOHOMIYHIM OIIHIII AHAI0JIbCHKOIO POJOBHMINA PiIKO3EMEIbHUX PY/I.
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RESERVES CALCULATION OF THE ANADOL RARE EARTH ORE DEPOSIT
BASED ON WIREFRAME MODELING

The necessity of applying advanced technologies for the accurate estimation of rare earth ore reserves is critically

important for the further efficient development of the Anadol deposit. In the face of increasing competition and dynamic
market changes, the mining and geological exploration industry faces a constant need to optimize production processes.
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Modern software, such as Micromine, offers comprehensive tools for wireframe modeling, significantly enhancing the ac-
curacy and reliability of reserve estimates. This research holds great practical significance for geologists and engineers
working in the exploration and mining sector, as the implementation of such technologies improves operational efficiency
and enterprise competitiveness.

In Ukraine, the calculation of mineral deposits typically employs analog methods. The primary aim of this article is to
introduce digital technologies based on spatial modeling. This approach will allow for a more precise assessment of the re-
source base of the Anadol rare earth deposit.

The objective of this work is to estimate the reserves of the Anadol rare earth deposit using wireframe modeling method-
ology. The construction of a spatial model of the ore body more accurately reflects the actual geomorphology of the deposit,
which in turn enables a more precise estimation of the mineral reserves and their average content.

Geological data were analyzed, and a database was created containing all available geological information, including
the results of borehole and trench sampling, lithological descriptions of rocks, and mineralogical and geochemical studies of
ore and surrounding rocks. This data was used to create 3D model of the ore body.

Using Micromine software and the manual (wireframe modeling) methodology, a spatial model of the ore deposits was
created, and their reserves were estimated.

For the first time, the reserves of the Anadol deposit were calculated based on a 3D model. The use of modern technologies in
the reserve estimation process accelerates and increases the accuracy of the results obtained. The application of 3D models helps to
qualitatively represent the geometry of ore bodies, which is crucial for both the estimation and future development of the deposits. The
results of this study were used in the detailed geological and economic evaluation of the Anadol rare earth deposit.

Keywords: wireframe model; rare earth elements; spatial modeling; Anadol deposit; Micromine.

Fig.: 4. Table: 1. References: 3.

IIpokomnenko O. C., 3anepkoBuuii B. 1. Oninka 3amaciB aHaJ0IBCEKOT0 POJIOBHINA PiIKICHO3EMENBHHIX Py HA OCHOBI KAPKaCHOTO MOJIEITIO-
Bauust. Texniuni nayxku ma mexnonoeii. 2024. Ne 2(36). C.278-283.
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IMPOCTOPOBI YUHHUKU I'EOITPOCTOPOBOI'O PO3BUTKY
TEPUTOPIAJIbHUX I'POMA/L

Jlosedena akmyanvHicmy BUSHAYEHHS NPOCOPOBUX YUHHUKIE 20NPOCIOPO8020 POIGUMKY MePUMOopianbHux spomad. ¥
pe3yibmami 00CIIONHCeHHs O0CASHYMA Mema ma supiuleri 3a60anHs. Y 6invulocni pecionie U3HaA4eHO NOCEPEOHE NPOCOPO8e
3abesnevenns. Ha necymmesomy abo ne3Haunomy piHsax 6CMAHOBIEHO QOPMYBAHHS MdA BUKOPUCIAHHS RPOCIOPOBO2O 3a6e3-
neuenns mepumopianvhux epomad y Joneyvkomy ma Jlyeancorkomy pecionax. 3anpononosami 3axo0u 0is nioguuyents epex-
musHocmi opmMy6aHHs ma GUKOPUCINAHHS NPOCMOPOBUX YUHHUKIE W000 3a0e3neUeHHs 2e0NnpOoCmopO8020 PO3GUMKY Mepu-
MOopianbHUX 2pomao.

Kntrouogi cnosa: zeonpocmoposuii po3eumox; mepumopianbHi 2pomacu; meopemudti NoI0#CeHH s, OYIHKA; NPOCMOPOSi
YUHHUKU; eKCNEPMHI Memoou.

Taon.: 3. bion.: 9.

4

AKTyaJbHicTh TeMM AochaizkeHHsi. CydacHi TpaHchopMaliifHi yMOBH, NOITIHOIEHHS
3MiH y MICIIEBOMY CaMOBPSIIyBaHHI, 3pOCTaHHs 3Ha4eHHA TepuTopianbHux rpoman (TI') mort-
peOyIoTh NEPEOCMHUCIIEHHS MIAX0/IB 10 3a0e3MneyeHHs iX po3BUTKY. [Topsn 3 iuM, BiOyBaeThes
rajbMyBaHHS TIPEICTABICHOTO MPOIeCy BHACTIIOK arpecii PO, 3HMKEeHHS €(peKTUBHOCTI BU-
KOPHCTaHHS 3€MeJIbHO-MaiiHOBOTO KOMILJIEKCY, Ha HEJOCTaTHbOMY PiBHI C()OPMOBAHO MPOCTO-
poBe 3a0e3MedeHHs JUIsl TPUMHATTS PIIIeHb 1010 PO3BUTKY TepUTOpiaibHUX Ipoman. Kpim
TOT0, HOTIUOIIOIOTH IPECTABIIEHI IPOLECH BIACYTHICTh CUCTEMH I€ONPOCTOPOBOTO PO3BUTKY
TT" Ha OCHOBI 3aCTOCYBaHHS Cy4acHUX Te0oiH()OpMaLifHUX CUCTEM.

KpiMm TOro, 0co0a1BOro 3HaueHHs Ma€ BUKOPUCTAaHHS MAaTeMaTHUYHUX METOAIB JJIsl CTBO-
pPEHHs Ta NOOYJ0BU KUJIbKICHOI OCHOBH ITPOCTOPOBOTO 3a0€3MEUEHHS Y CHCTEMI T'€0NpOCTOPO-
BOT'0 PO3BUTKY TEPUTOPIAIILHUX TPOMAJ.

TakuM UMHOM, TEMa JOCIIPKEHHS 111010 (OPMYBaHHS Ta BUKOPUCTAHHS IPOCTOPOBOTO 3a-
Oe3neueHHs1 reonpocTopoBoro po3BUTKY TI' € akTyanbHOIO, sika CIpsSMOBaHa Ha 3pOCTaHHS
e(eKTUBHOCTI iX (PyHKIIIOHYBaHHS Ta BIJIMBA€E Ha PiBEHb 3aCTOCYBAaHHS 3eMEIbHO-MaifHOBOTO
KOMIIJIEKCY SIK OJTHOTO 3 Ba)KIIMBUX €JIE€MEHTIB.

IMocTanoBka npodiaemu. B ymoBax norumbiaeHHs AeleHTpaIi3aliifHUX MPOLECiB, pO3BU-
TKY TEPUTOPIAIbHUX TPOMa/l, MPOOIIEMHUM MTUTAHHSM 3JIAIIAE€THCS (POPMYBaHHS Ta BUKOPHC-
TaHHS 3eMeJIbHO-MaifHOBOTO KOMIUIEKCY SIK OCHOBHU 3a0e3reueHHs epeKTUBHOCTI X (yHKIIIO-
HyBaHHS. Y IIbOMy KOHTEKCTI CTBOPEHHS Ta peaji3allis TeonpoCTOPOBOro 3a0e3NedYeHHs
IIJISIXOM 3aCTOCYBaHHS cydacHHMX reoindopmaniitnux cuctem (I'IC) no3Bosisie BUpIIUTH MPO-
OneMH1 TUTaHHs (POPMYBaHHS HANPSMIB FeOPOCTOPOBOTO PO3BUTKY TT.

AHaJi3 ocTaHHiX gocaixkens i mybsaikaniii. [IpocTopoBi acriekTu Ta 0COOMMBOCTI AJIs
3a0e3MeueHHs] TePUTOPIaAIbHOTO PO3BUTKY BUOKPEMITIOIOThCS Y poboTax [1-2].

Jnis 3a6e3nedenHHst pO3BUTKY 3aCTOCOBYIOThCS IPOCTOPOBI MapaMeTpu Ta HaIpsSIMHU HOro
3a0e3neueHHs. Y 1IbOMY KOHTEKCTI 3aCIyrOBYIOTh Ha YBary HayKoBi po3poOku [3—7].

© B. B.Toii, C. A. Xaikos, P. C. B'srkin, 1. }O. Bypsikos, 2024
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Cuain 3a3Ha4MTH, 110 VI IPOCTOPOBOIO PO3BUTKY TEPUTOPIAIbHUX I'POMaJl BUOKPEMIICHI
HACTYIHI YMHHUKH: TIPUPOTHO-PECYPCHI Ta KIIIMAaTHYHI; TPAHCIIOPTHO-TeorpadivHi; gemorpa-
(biuHi; eKoIOT14HI; IHPPACTPYKTYPHI; BUPOOHUIO-TIPOMUCIIOBI; (PiHAHCOBO-EKOHOMIYHi; BiiCh-
KOBO-TIOJIITHYHI; PErYJIATOPHI; IPOMAJCHKOI, KyJbTypHOI Ta COLaJIbHOI IiSUIBHOCTI; TEXHIKO-
TEXHOJIOT1YHI; PHHKOBI Ta 1HBECTHIIIIHI; MPOJOBOILUOI Oe3MeKH; iHPOopMaIliifHi; IHCTUTYIIIO-
HaJIbHI; PO3BUTKOBI; JIFOJICHKI Ta COIlIaIbHI; TEPUTOPiaibHIi; IHKIIO3KUBHI [8—9].

BuaijieHHs1 HeOCHiIZKeHUX YACTHH 3arajibHoi npodaemMu. B icHyIounx M0CTiIKEHHIX
BIJICYTHI €JJUHI IIJXOAX A0 BU3HAYEHHS I'€0NpOoCTOpoBOro po3BUTKy TI" sik cucTeMHOI Karero-
pii, mo 3abe3neuye edeKTUBHICTD X (PYHKIIIOHYBaHHS Ta MOOYIOBU SKICHO HOBOTO CTaHy iX
3aCTOCYBaHHSM Cy4YacHUX reoiHdopmamiiinux cucteM. Ha HemocTaTHROMY piBHI C(hOpMOBaHi
Ta peani3yroThcst MOXIINBOCTI 3acTocyBaHHs I'IC n1st 3a0e3neueHHst pyHKIIOHYBaHHS TEPUTO-
pianpHUX TpoMajl. Ha HU3bKOMY piBHI pO3p00JIEHO reonpocTopoBe 3a0e3neueHHs Ta iHpopma-
iiiHI TapameTpu NOOyIOBU T'€OMPOCTOPOBOI CUCTEMH YIPABIIHHS 3eMEIbHO-MaiHOBHM KOM-
IUIGKCOM TEPHUTOpialbHUX TpoMaa. He BHOKpeMIIEHO YHHHUKH, IO BIUIMBAIOTH Ha
reonpocTpoBHid po3BUTOK T, 3HIKYIOUM MOYKIIMBOCTI 3aCTOCYBaHHS KiJibKicHOI ocHOBH ['IC.

MeTo10 cTaTTi € BU3HAYCHHS IPOCTOPOBUX YMHHHKIB y CHCTEMI 3a0€3IeYeHHS Te0npoc-
TOPOBOTO PO3BUTKY TEPUTOPialibHUX rpomaj. Jisi ITOCATHEHHS MOCTaBICHOI METH BUPIIIY-
IOThCSI 3aBJIaHHSL:

— OIlIHKA IIPOCTOPOBUX YMHHHUKIB Y CHCTEMI 3a0e31e4eHHs IeolpoCTOPOBOrO PO3BUTKY
TEPUTOPIAJIbHUX I'POMAJI;

— po3poOKa 3ax0/iB AJs MiABUIIECHHS e(heKTUBHOCTI ()OpMYBaHHS T4 BUKOPUCTAHHS MPO-
CTOPOBUX YMHHUKIB JJIs1 3a0€311€4E€HHS Ie0lpOCTOPOBOIO PO3BUTKY TEPUTOPIAIbHUX I'POMA/I.

BukJjag ocHOBHOro MartepiaJy. Y3arajapbHIOIOUM YHMHHE HOPMAaTHBHO-TIpaBOBE 3abe3rie-
YEeHHsI, TEOPETHKO-METOANYHI MOJIOKEHHS, BHOKPEMJICHI TIPOCTOPOBI YNHHHUKH 3a0€3TICUCHHS
TeOIPOCTOPOBOTO PO3BUTKY TEPUTOPIAIEHUX TPOMAJI, & CaMe PiBHI: 3a0e3MeUeHHs KapTorpadi-
YHOIO Ta TEOAE3MYHOI0 iH(opMalli€ro, HAsSBHICTh 3eMJICBIOPSIHOI JTOKYMEHTAIlii, BCTAHOB-
JICHHS] MEX TEPUTOPIAIbHUX I'poMa/l, €(EeKTUBHOCTI BUKOPUCTAHHS 00’ €KTIB 3eMeJIbHO-MaiiHO-
BOT'0 KOMILJIEKCY, (POPMYBaHHS Ta BAKOPUCTaHH TeoiH(opMaliifHuX cucteM 1 iHppacTpyKTypu
reonpOCTOPOBUX JaHUX, €(PEKTUBHOCTI (PyHKI[IOHYBaHHS OpraHizauiiHux cTpyktyp y TI ms
(dopmyBaHHS i BUKOPUCTAHHS IPOCTOPOBUX YNHHHKIB.

JUJ1s OLIIHKY MPOCTOPOBUX YMHHUKIB Y CUCTEMI 3a0€3MEeUEeHHs T€0NPOCTOPOBOTO PO3BUTKY
TT" 3acTOCOBY€TBCSI METOJI €KCTIEPTHUX OLIHOK. DOPMYBaHHS €KCIIEPTHOI ITPYIH 31 HCHIOETHCS
BIJIMOB1/THO J0 KPUTEPIiB:

— piBeHb podeciiiHOT OCBITH;

— HasSBHICTh BYEHOTO 3BaHHS Ta HAYKOBOTO CTYTICHS;

— JIOCBIJ peai3alii MPO€eKTIB y cepi PyHKIIOHYBAHHS TEPUTOPIATIbHUX IPOMA/;

— JIOCBIJ peai3allii MPO€eKTIB JyIsl 3a0e3MeUeHHs T€0NpPOCTOPOBOTO PO3BUTKY;

— JIOCBIJI y4acTi AJisl MPOBEJCHHS €KCIIEPTHUX OILIHOK;

— piBeHb yyacTi B KOMaHJAax 10710 3a0e3MeYeHHs PEeriOHaIbHOTO i TepUTOpiaabHOTO
PO3BUTKY;

— piBEeHb Ta MOXKJIMBOCTI BUKOPUCTaHHS Ie0iH(POpMAIiTHUX TEXHOJIOTIH.

OuiHKa MPOCTOPOBUX YMHHUKIB /TS 32a0€3ME€UEHHS Te0IPOCTOPOBOTO PO3BUTKY TEPUTOPIAIb-
HUX I'pOMa/I 31HCHIOETHCS BIAMOBIHO pO3p00IIeHO LKA, 3HaUeHHS K01 BapitoeThbes Bif 0 10 10.
3HaueHHSI MOJKJIMBUX PE3YJIbTaTiB OI[IHKA POCTOPOBUX YWHHMKIB MpEICTaBieH] B Ta0. 1.

Tabnuys 1 — 3naueHHa MOMCIUBUX pe3YTbMAMié OYIHKU NPOCMOPOBUX YUHHUKIE OJisl
3abe3neuenHs 2e0npoCmMopoB8020 PO3EUMK)Y MEPUMOPIANbHUX 2POMAO, 8IOH. 00.

3HaueHHsS IPOCTOPOBOr0 YMHHHUKA PiBenn
1 2
0 BiICyTHi#
1 HHM3bKHI
2 HE3HAYHHUUI
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3akinyeHHs Taoir. 1

2
HECYTTEBUU
HECYTTEBHH MOMIpHUI
MOMIpHHUH
CYTTEBUI NOMIpHHUH
CyTTEBUUI
3HAUHUI

9 BUCOKHH
10 abCoIOTHMIA
Jlxeperno: po3po0iieHO aBTOpaMH.

(N[OOI~ |W|F-

Pe3yibpTaT €KCIIepTHOrO OMMTYBAaHHS MPOCTOPOBUX YMHHHKIB Y CHCTEMI I'€OMPOCTOPO-
BOT'0 PO3BUTKY TEPUTOPIAIbHUX IPOMAJI Y3arajbHIOIOTHCS Ha PEriOHaIbHOMY PiBHI i TipescTa-
BJIEHI B Ta0II. 2.

Tabauys 2 — Pe3ynemamu eKChepmHo20 ONUMY8AHHS NPOCMOPOSUX YUHHUKIG Y CUCTNEM]
2e0npoCcmopoBo20 po36UMKY MePUMOPIAIbHUX 2POMAO HA Pe2iOHANbHOM)Y DI6HI, BIOH. 00.

m
-
m
w
m
N
m
>
m
LY
m
]

Perionu
BiHHULBKANI
BonuHcbkuit

JIHINpOTNIEeTPOBCHKHIA
JloHenpkuit
Kutomupcekuit
3akaprnaTChbKuii
3anopi3bKuii
IBanO-®paHKiBCHKHUN
KwuiBcbkuii
KipoBorpaacbkuii
JIyrancekuii
JIbBiBCHKUT
MukosnaiBCbKHi
OnecbKuit
[TonraBcekuit
PiBHEHCHKUIT
CyMmcbkuit
TepHOMIbCHKUN
XapKiBCHKHIA
XepCcoHChKUI
XMeTpHUITbKUN
Yepkacbkuit
UYepHiBeUbKHH
YepHiriBcbkuit
Jxeperno: po3pobiieHo aBTOpaMH.
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21.]'[5[ BHU3HAYCHHSA y3arajJbHIOOYO0I0 0€e3IIeKOBOr0 YNHHNKA BU3HAYAIOTHCS IIJISXOM 3aCTO-

CyBaHHs Mojiedti cepennboapudmernanoi (GD, ):

— 1
GD; == E,. (1)
N1

Pe3ynbrary OmiHKH y3arajibHIOIOUOT0 0€3MEeKOBOTO YHHHUKA y CHCTEMI T€OIPOCTOPOBOTO
PO3BUTKY TEPUTOPIAJIbHUX TPOMAJI Ha PETIOHATILHOMY PiBHI NpeACTaBieH] y Tabm. 3.
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Tabnuys 3 — Pe3ynemamu OyiHKU Y3a2anbHIOI04020 0E3NeK08020 YUHHUKA Y CUCMEeMI
2e0npocmopo8o20 PoO3BUMKY MePUMOPIALIbHUX 2POMAO HA PeLiOHAIbHOMY PI6HI, GIOH. 00.

Perioan 3HaueHHs y3arajJbHIOI0YOro MOKa3HUKA
BigHNIBKHIT 6,7
BomuHChKHIT 6,3
JIHInpOneTpOBCHKUM 6,6
JloHenpKkmit 3,7
JKutomupchkuii 5,8
3akapnaTchKuit 7,5
3anopi3bKuit 6,6
IBaHO-PpaHKiBCHKHIHA 7,1
Kuisceknit 6,3
KipoBorpaacbkuit 53
Jlyrancekmii 2,9
JIBEBIBCHKMI 8,3
MuxonaiBCbKUi 6,4
Onecbkuit 8,1
TTonraBcekmit 7,3
PiBHeHCHKMIT 6,2
CyMcChKHiA 6,1
TepHOIiNbChKUH 6,6
XapKiBChbKUH 7,3
XepCOoHChKHit 6,4
XMeEIbHUIBKUH 6,3
YepkachKuit 6,1
UepHiBebKUit 7,2
YepHITiBChKHH 6,1

Jlxepeno: po3poOIeHO aBTOpaMHu.

BucHoBkH. TakuM 4MHOM, Y pe3yabTaTi TOCIIIKEHH BU3HAYEHO, 1110 CYTTEBUM ab0 3Ha-
YHUM PIBHEM ITPOCTOPOBOTO 3a0€3MEUCHHS XapaKTepU3YyEThCsl (PYHKIIIOHYBaHHS TEPUTOPIaTb-
HUX T'pOMaJ y perioHax: 3akaprnarcbkomy, IBano-®dpankiBcbkoMy, JIbBiBCbKOMY, OnechKOMY,
[TonTaBcrkoMy, UepHiBelbkOMY. Y OLIBIIOCTI PETIOHIB BUSHAYAIOTHCS MTOCEPETHIM TPOCTOPO-
BUM 3a0e3nedeHHsAM. [lopsn 3 uM, Ha HEeCyTTeBOMY ab0 HE3HAYHOMY DIBHSIX XapaKTepH3y-
€ThCsl GOPMYBAHHS Ta BUKOPUCTAHHS TPOCTOPOBOTO 3a0€3MEUEHHS TEPUTOPIaIbHUX ITPOMaJ] y
Jlonenpkomy Ta JlyraHchKoMy perioHax.

3axomaMu Ui MIJBULICHHS €(EeKTUBHOCTI (OPMYBaHHS Ta BUKOPUCTAHHS MPOCTOPOBUX
YUHHUKIB U151 320€3M€YEeHHS Te0NPOCTOPOBOTO PO3BUTKY TEPUTOPIaAIbHUX TPOMAI €:

— TPOBEACHHS POOIT 100 peasizallii MPOEKTIB MPOCTOPOBOTO 3a0€3MEeYEHHS TEPUTOPI-
aJbHUX TPOMAJ;

BCTAHOBJICHHS MEXX 3eMEJIbHUX JIITHOK T17;
po3po0Ka Ta BIIPOBAIXKEHHS KOMIUIEKCHHUX TUIAHIB PO3BUTKY TEPUTOPIaIbHUX IPOMA/;

— ¢opmyBaHHs KapTorpadiunoro 3ade3neuenss T1;

— PO3LIMPEHHS MOXJIMBOCTEH 3acTOCYBaHHS TeoiH(OpMaliiHUX CHUCTEM 1 TEXHOJOTiH
Ut pOpMyBaHHS IPOCTOPOBOTO 3a0€3MEUEHHS TEPUTOPIATTBHUX FPOMAT;

— (opMyBaHHS Ta 3aCTOCYBAaHHS CyYacCHOI I'€ONPOCTOPOBOI Ta IHCTPYMEHTAJbHOI 0a3u
JUIst 3a0€e3MeYeHHs TeonpoCcTOpOBOro po3BUTKy 1T

— moOy/10Ba CUCTEMH IeOIPOCTOPOBOIO PO3BUTKY TEPUTOPIAIbHUX TPOMA/I.

Cnncox BUKOPHCTAHUX JIZKepeJt
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VYkpaini / H. I. Mesennesa, O. M. I'natrok, B. M. Anapisnosa, I. M. Ilnakcienko // ExonomiuHa Ta
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SPATIAL FACTORS OF GEOSPATIAL DEVELOPMENT
OF TERRITORIAL COMMUNITIES

The relevance of determining the spatial factors of the geospatial development of territorial communities has been
proven. As a result of the study, the goal of the study to determine spatial factors in the system of ensuring geospatial develop-
ment of territorial communities was achieved. To achieve the set goal, the following tasks were solved: assessment of spatial
factors in the system of ensuring geospatial development of territorial communities; development of measures to increase the
efficiency of the formation and use of spatial factors to ensure the geospatial development of territorial communities. Of par-
ticular importance is the use of mathematical methods for creating and building a quantitative basis for spatial support in the
system of geospatial development of territorial communities.

As a result of the study, it was determined that the functioning of territorial communities in the regions: Zakarpattia,
Ivano-Frankivsk, Lviv, Odesa, Poltava, Chernivtsi is characterized by a significant or significant level of spatial support. In
most regions, they are determined by mediocre spatial provision. Along with this, the formation and use of spatial provision of
territorial communities in the Donetsk and Luhansk regions is characterized at an insignificant or insignificant level.

Measures to increase the effectiveness of the formation and use of spatial factors to ensure the geospatial development of
territorial communities are: carrying out work on the implementation of projects of spatial provision of territorial communities;
establishment of boundaries of land plots; development and implementation of comprehensive plans for the development of terri-
torial communities; formation of cartographic support; expanding the possibilities of using geoinformation systems and technol-
ogies for the formation of spatial provision of territorial communities; formation and application of a modern geospatial and
instrumental base to ensure geospatial development; building a system of geospatial development of territorial communities.

Keywords: geospatial development; territorial communities; theoretical positions; assessment; spatial factors; expert methods.
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HAYKOBO OBIPYHTOBAHI PEKOMEH/IAIILI 3ABE3ITEYEHHS
THBECTHUIIMHOI IPUBABJIUBOCTI 3EMEJIb PET'TOHIB

Jlogedeno, wjo 3pocmanus 3HAUEHHs. 3eMeNbHUX GIOHOCUH ) CYYACHIL CUCeEMI MiCYe8020 camMo8pa0y8aHHs, nompedbye
nepeocmucients nioxodie 00 3abe3neyents iHeeCmuyiiHoi npueabIueocmi 3emenb Ha peioHANbHOMY pieHi. Y cyuacHux Hao-
36UYALHUX YMOBAX CNOCMEPI2AEMbCSL 3HUNCCHHSL eeKMUBHOCT BUKOPUCTNAHHS 3eMelb, CKOPOYEHHS MONCIUBOCIEL 34Ty HeHH S
iHeecmuyill y cghepy 3emenbHUX IOHOCUH, WO HE2AMUBHO BNIUBAE HA PO3GUMOK pe2ionis. Tloenubnooms npedcmasieti npo-
yecu HeeAmMuGHUL 6NIUE 308HIUUHIX | 6HYMPIUHIX YUHHUKIG, HACTIOKU agpecii P®, po36anancysants pecioOHANbHUX U CMetKXO0-
OepHux 36’3Kis. /s supiuerHs npedcmagieHux numakb 3anponoHO8aHi HAyYKo8o 0OTPYHMOBAHI pekoMeHOayil uwodo 3abe3-
neuenHs ingeCmMuyitiHoi npusadbIUBoCmi 3emenb pecioHis.

Knrouosi cnosa: euxopucmanha 3emensv; iHgeCmMuyiiina npusabausicms 3emenb,; pecioHu, HAyKo8o 0OTPYHMOBAHI
pexomenoayii.

bion.: 10.

AKTYaJIbHICTh TeMH JA0CTi>KeHHs. 3pOCTaHHS 3HaUEHHS 3€MeJIbHUX BIJTHOCUH Y cydac-
Hili cHCTEMi MICIIEBOTO CaMOBPSTyBaHHsI, OTPeOy€e MEPEOCMHUCIICHHSI TIXOMIB 70 3abe3me-
YEeHHsI 1HBECTULIIMHOI TPUBAOIUBOCTI 3eMelb Ha PETiOHATBHOMY PiBHI. Y CydacHUX HaJ3BH-
YaifHUX YMOBAaX CIIOCTEPIraeThCs 3HMKEHHS €()EKTHBHOCTI BUKOPUCTAHHS 3€MeJb, CKOPOYCHHS
MOXJIMBOCTEH 3allyuyeHHs 1HBECTULIH y cdepy 3eMesIbHUX BIAHOCHH, 1110 HETaTUBHO BIUIMBAE
Ha pPO3BUTOK perioHiB. [1ormmOmor0Th IpeAcTaBiIeHi MPOIeCH HeraTUBHHA BIUTMB 30BHIMIHIX 1
BHYTPIIIHIX YAHHUKIB, HacHiAKu arpecii P®, po3banaHcyBaHHS perioHadbHUX U CTEHKXOIIe-
PpHUX 3B’s13KiB. J[J1s1 BUpIIIEHHS IPeICTaBICHUX MMTaHb 3alIPOIIOHOBaH1 HAyKOBO OOIPYHTOBAaHI
pexoMeHalii oo 3ade3nedeHHs iHBecTulliiHo1 mpuBadnuBocTi (II1) 3emens perioHis.

ITocTanoBka npodjaemu. @opMyBaHHS HaPSIMIB CTBOPEHHSI Ta BUKOPUCTAHHS BITUM3HS-
HUX ¥ MDKHApOJHHMX IHBECTULIN € BaXKJIMBHUM, NMPOTE 1 MPOOIEMHUM MHUTAHHSM, BUPILICHHS
SIKOTO J1I03BOJISIE 3a0€3MEYNTH 3pOCTaHHs 1HBECTHIIHHOI MPUBaOIUBOCTI 3eMelb perioHiB. Ha
HEJI0OCTaTHHOMY PiBHI OOTPYHTOBaH1 YMHHHKH, 0 BIUIMBAIOTH HA II€H MPOIIeC, Ta BIACYTHI Yi-
TKI1 KiIbKicHI mapamerpu ouinku II1 3emens perioniB. Kpim Toro, He 3arponoHoBaHi HAyKOBO
OOTpyHTOBaHI peKOMEHAIll IMI0A0 3a0e3MevYeHHs] 1HBECTUIIIIHOI MPUBAOIMBOCTI BUKOPHC-
TaHHs 3eMeJIb PETiOHIB, BPaXOBYIOUM CYYaCHUHM reonpoCTOPOBUI IHCTPYMEHTAPIH.

AHaJii3 ocTaHHIX AocaigxkeHsb i mybaikanii. Hanpsmu ta oco6muBocTi 3a0e3neueHHs 1H-
BECTHIIIHHOT MPUBAOIMBOCTI 3eMelTb PETiOHIB MpeacTaBlieHi B po3podkax [1-3].

Ha ¢ynkuionanpHux HanpsiMax popMyBaHHS Ta 3a0e3MeUeHHs 1HBECTULIIHHOT IpHUBa0IIn-
BOCTI 3eMeJIb HaroJoIyeThesi B podorax [4-5].

OriHHI Ta pEMTUHIOBI TapaMEeTPH IHBECTULIIIHOT MPUBAOIMBOCTI ITpeCTaBiIeH] B poOoTax [6].

dopMyBaHHS Ta BUOKPEMJIEHHS! YNHHHKIB 11010 BU3HAYCHHS PU3HKIB 3a0€e31E€UeHHs 1HBe-
CTHI1ITHOT MpUBaOIMBOCTI 3€MeJIb PETiOHIB BUCBITIEHI B poOOTI [7].

CucreMHU# TiAXif, IKHH BU3HAYA€ 1HBECTUIINHY MPUBAOIUBICTh K KOMIUIEKCHY KaTero-
pito, peasizoBaHo B po3podui [8].

VY pesynbrari fociikeHHs ¢hOpMOBaHO KaTeropiaJibHU arapar 1070 BU3ZHAYCHHS 1HBe-
CTHI1ITHOT MPUBaOIMBOCTI 3€MeJlb PETiOHIB, IKU 0a3yeThCs HA CYKYITHOCTI B3a€EMOIIOB’ SI3aHUX
MPOCTOPOBUX, EKOHOMIUHUX, MICTOOY/IIBHUX, €KOJIOTIYHUX, 1HHOBAIIMHUX, O€3MEeKOBUX, HOP-
MaTHBHO-TIPAaBOBUX YUHHHKIB Ta Cy4aCHOMY 1HCTPYMEHTapiio reoiHdopMalliiiHuX cUCTeM, Me-
TOZIB, MOJIEJIEH, 1110 JO3BOIMIIO MOOYTyBaTH KiIbKICHY OCHOBY PO3pOOKH MPUHHATTS 00IPyH-
TOBaHMX pIllIEHb BIJHOCHO 3aJly4€HHS IHBECTHULIH y cdepy 3eMenbHUX BIJHOCHH Ha
perioHaJIbHOMY PiBHI.

© M. JI. Barin, 2024
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BuaijieHHs1 HeqOCTiIKeHNX YACTHH 3arajbHol MpodJieMH. Y3arajibHIOIOYH HAyKOBI PO-
3po0OKH, MOTPEOYyE MONATBIIOTO YIOCKOHAJICHHS KaTeropiadbHUH arapar Mo0/10 BU3HAYCHHS 1H-
BECTHIIIHOT IPUBAOIUBOCTI 3eMeNb perioHiB. [IpoOaeMHUMH 3aTUIIAIOTHCS BUPIIICHHS ITH-
TaHb I10/10 BAOKPEMJICHHSI YNHHUKIB Ta MOOY/10BU OaratopiBHEBOT CHCTEMH OKAa3HUKIB OLIHKU
ITT 3emens periowniB. Lle mo3Bomse chopMyBaTu KUIBKICHY OCHOBY Ta OOYIyBaTH reoiHdopma-
[IHHY CHCTEMY BUKOPHCTAaHHS 3eMelb perioHiB. KpiMm Toro, oco01rBoro 3HaYeHHs1 Ha0yBae po-
3po0OKa Ta peajizaiis MexaHi3My popMyBaHHS Ta BUKOPUCTAHHS 1HBECTHIIHHOT TPUBAOINBOCTI
3eMeNb PETiOHIB.

MeTo10 cTaTTi € pOo3poOKa HAYKOBO OOIPYHTOBAHUX PEKOMEH 1allii 3a0e31eueHHs 1HBeC-
TULIIAHOI MPUBAOIMBOCTI 3eMeJIb perioHiB. /{15 JOCSITHEHHS MOCTABICHOT METH BUPIIIYIOTHCS
TaKi 3aBJIaHHS:

— OOrpyHTYBaHHS 3aXOJiB 3pOCTaHHS YMHHHKIB 1HBECTHUIIHHOT MPUBAOIMBOCTI 3eMEIb
PETi0HIB;

— BH3HAUEHO IHCTpyMEeHTapiii 3a0e3neyeHHs IHBeCTUIIIIHOT TPUBAOIMBOCTI 3eMEJIb PETIOHIB.

OTxe, MpencTaBieHa TeMa € aKTyaJIbHOIO W BUPILIY€E CKIIAHE 3aBIaHHS 1010 3abesre-
YCHHS IHBECTHIIHHOT TPUBAOIUBOCTI 36MEJIb PETiOHIB.

Bukiaa ocHoBHoro marepianay. JlocnimkeHHs mporieciB ¢opMyBaHHsS 1HBECTHUIIHHOI
NpUBaOIMBOCTI 3eMeNb PErioHiB, BPAXOBYIOUM BITUYM3HSHHUHN 1 MDXHAPOAHUN TOCBiJ, JO3BO-
JIMJIO BUOKPEMUTH OCOOIHMBOCTI 11 3a0e3neueH s, BpaXxOBYIOUH PiBEHb Ta HAIIPSIMU 3€MIICKOPH-
CTYBaHHS Ta BUKOPUCTaHHS HOPMAaTHBHO-IIPABOBOTO 3a0e3reueHHs. PazoM 3 M, 6a3yrouuch
Ha iICHYIOUYOMY 3aKOHOJIaBUOMY 3a0e3IeueHHI i pe3yabpraTax CHCTEMaTH3allil TeOPETHYHUX 0~
JI0KE€HB BIIHOCHO BU3HAYEHHS 1HBECTHUI[IHOI MPUBAOINBOCTI 3eMeIb PETrioHIB, TO3BOIMUIIO BH-
OKPEMHTHU MPOCTOPOBi, MICTOOY/IIBHI, EKOHOMI4Hi, €KOJIOT14Hi, IHHOBallilH1, 6€3MEKOB1 i HOP-
MaTUBHO-TIPaBOBI YnHHUKU. KpiMm TOro, moOynoBaHa OararopiBHeBa CHCTEMa MOKa3HHKIB Ta
PO3pO0IICHO IHTErpaTHHII METO] OI[IHKH PiBHS IHBECTHUIIHHOT TPUBAOIMBOCTI, SIKUH BKITIOYAE
nepeiK B3aEMONOB’ I3aHUX 3aXO/IB:

— QopmyBanHs iHDOpMAIIHHO-aHATITUYHOTO 3a0€3MeueHHs 1HBECTUIIHHOT MPUBAOIMBO-
CT1 3€MeJlb PET10HIB;

— BHOKPEMJIEHHS IPOCTOPOBUX, MICTOOYIIBHUX, EKOHOMIYHUX, €KOJIOTIYHHUX, 1HHOBALI1H-
HUX, 0e3MeKoBuil i HOPMAaTUBHO-TIPABOBUX YMHHHKIB, 0 BIUIMBAIOTh Ha (JOPMYBaHHS 1HBEC-
TULIHHOI TPUBAOIMBOCTI 3€MEIb PETIOHIB;

— no0OynoBa OaraTopiBHEBOI CUCTEMH MOKA3HUKIB OI[IHKU PIBHS 1HBECTHUIIITHOI MpUBad-
JHUBOCTI 3€MEJIb PETIOHIB,;

— OI[iHKa JIOKaJTbHUX MMOKA3HUKIB 13 3aCTOCYBaHHSM E€KCIEPTHUX 1 aHATITHYHUX METOIB;

— PpO3poOKa CUCTEeMHOI MOJIEN1 OI[IHKK Ha OCHOBI BUKOPUCTAHHS METOY CEPEIHbOI Teo-
METPUYHOI,

— BHU3HAUEHHS CUCTEMHOTO MOKAa3HWKA OI[IHKW PIBHS 1HBECTULIWHOT MPHUBAOIMUBOCTI 3€-
MeEJIb PET10HIB;

— moOy/ioBa IHTETPAIBHOI MOIEII OIIHKH 13 3aCTOCYBAHHSIM CUCTEMHHUX MOKA3HUKIB 1 Ba-
roBUX Koe(ili€HTIB, Ki BU3HAYAIOTHCS HA OCHOBI METO/Y aHaJi3y iepapxiii;

— BHM3HAUEHHS BaroBUX KOE(IIIEHTIB;

— OLIHKA IHTerpaJIbHOTO MOKa3HMKA 3a0€3MeYeHHs PIBHS 1HBECTHIIIHOI IPHUBaOINBOCTI
3eMeJb PETioHiB;

— IHTepIpeTalisi OTPUMaHHUX Pe3ysIbTaTiB.

3acToCcyBaHHS NPEICTABICHOTO METOY JI03BOJIMIIO C(hOPMYBaTH KUIbKICHY OCHOBY JJISI Ma-
TEMAaTUYHOTO MOJICTIOBAHHS BIUTUBY CHCTEMHHUX MPOCTOPOBHX, MICTOOY/IIBHUX, €KOHOMIYHHUX,
€KOJIOTTYHHX, IHHOBAIIHNX, O€3MeKOBUN i HOPMATUBHO-TIPABOBHX YMHHHUKIB HA 1HTETpaJIbHUIN
MOKa3HMK 3a0e3MeueHHs piBHS 1HBECTHUIIMHOI MPUBAOIMBOCTI 3eMeib perioHiB. MaremarnyHe
MOJIETTIOBAHHS 3/I1MICHIOETHCS 13 BUKOPUCTaHHS KOPEJSLIHHO-perpeciifHoro aHamizy, koedimieH-
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TIB KOPEJIAIIii Ta JeTepMiHallil, KpUTEPIiB aIeKBaTHOCTI MareMaTnaHux mozenei (F-kputepiit Di-
miepa, t-kpurepiii CtprofenTa, kpurepiit Jlap6ina-Yorcona, kpurepiit Criipmena). BeranoBneno
Ha OCHOBI MaTeMaTW4YHOTO MOJICIIOBAHHS BUCOKHMH a00O CYTTE€BUH PiBEHb BIUIMBY CHCTEMHHX
YUHHHKIB HA IHTErpaJIbHUHN MMOKa3HUK NP BUKOHAHHI YMOB aJ€KBaTHOCTI MaTeMaTHYHUX MOJIE-
neii. [Ipencrasneni mozeni copMyBalii OCHOBY JJIsl IPOTHO3YBAHHS 3MiH IHTETPAJIbLHOTO MOKa-
3HHMKA 3a0€3IeYCHHS PIBHS 1HBECTHUIIIMHOT MPUBAOIUBOCTI 3aJICKHO BiJl 3MiH CUCTEMHHX IPOC-
TOPOBUX, MICTOOYIIBHUX, CKOHOMIYHHX, €KOJOTIYHMX, IHHOBAIlIWHUX, OC3MEKOBUN ¥
HOPMaTUBHO-TIPABOBUX YMHHUKIB. Pe3ynbTaTi mMporHo3yBaHHS 3MiH YMHHUKIB JIO3BOJIMIIN BH-
3HAUUTH iX «TOUKW» 3pOCTAHHS BiAMOBITHO 3a0€3ME€YeHHS IHBECTUIIIHOT TPHBAOIMBOCTI 3eMEIb
pErioHIB il po3poOUTH BiIMOBIIHI HAYKOBO OOTPYHTOBAHI pekoMeHamii. 30KpeMa, BUHUKA€E He-
00X1HICTh 301IbIIEHHS] CACTEMHOTO TPOCTOPOBOTO YNHHKKA HE MEHIIIe, HiX Ha 4 % 3a paxyHOK:

— (QopmyBaHHs Ta BpaXyBaHHs CTPYKTYPHOTO 3a0€31e4eHHsI IPOCTOPOBUX MapaMeTPiB 1H-
BECTHIIIHOT MPUBAOIMBOCTI 3€MEIb PETIOHIB;

— MiABUIIECHHS €(EKTUBHOCTI BUKOPUCTAHHS 3€MENb CLIHCHKOTOCIIONAPCHKOTO MPU3HAYCHHS;

— 3pOCTaHHS MOBHOTH Ta SKOCTI KapTorpadiqyHOro 3a0e3MneUeHHS;

— migBUIIEHHS e(EKTUBHOCTI peajtizallii HalpsMiB IIPH po3poOIi KOMIUIEKCHHX ILJIaHIB
IIPOCTOPOBOTO PO3BUTKY, 3a0e3MeueHHs X BIPOBAIKEHHS Ha PErioHAIbHOMY PiBHI 13 3aCTOCY-
BaHHSM CY4YaCHHX Te0iH(pOpMAIIITHIX CUCTEM;

— 3abe3neueHHs ePEeKTUBHOCTI B3a€MO/I1 CTEHKXOIAEpiB pH (OPMyBaHHI IPOCTOPOBOTO
3a0€e3IICUCHHS;

— 3pocTaHHs e(EKTUBHOCTI PO3POOKH Ta 3aCTOCYBAaHHS Cy4acHOi reoiHpopMaiiiftHoi cu-
cTeMH (JOPMYBaHHS Ta BUKOPUCTAHHS MPOCTOPOBOI iH(GOpMaIlil Ha pEerioHANbHOMY PiBHI;

— 3abe3neueHHs MePMAHEHTHOT POOOTH I110/I0 BCTAHOBJICHHS MEX HACENIECHUX MyHKTIB;

— 3pOCTaHHS PiBHS IHCTPYMEHTAIBHOTO 3a0e31e4eHHs U1 GOPMYBaHHS i BUKOPHCTAHHS
pocTOpoBOi iH(GOpMAIIii perioHiB;

— M1JIBUILIEHHS €(PEKTUBHOCTI BUKOPUCTAHHS 3€MEJb Ha pErioHajIbHOMY piBHI;

— 3abe3mneueHHs HasIBHOCTI Ta JOCTYMHOCTI iH(hopMaIllii BiTHOCHO (GOpMyBaHHS TeONpoc-
TOPOBOTO 3a0€3MEUECHHS;

— 3pOCTaHHS MOXIIMBOCTEH 3aCTOCYBAaHHS MPOTPAMHOTO M 1HCTPYMEHTAIbHOIO 3a0e3re-
YCHHS;

— 30UTBIIEHHS PIBHS PO3POOKH i BUKOPUCTaHHS JIoKabHUX Ta MiciieBux ['IC mmst moOynoBu
perioHaIbHUX reoiHPOPMAIIHHIX CUCTEM BUKOPUCTAHHS 3€MeNTbHO-MaltHOBOTO KOMILIEKCY;

— 3abe3neueHHs (popMyBaHHS Ta BIIpOBakeHHs apxiTektypu ['IC;

— 3pocTaHHS piBHA (OPMYBaHHs Ta BUKOPUCTAHHS 1H(opMaliifHO-aHATITUYHOTO Ta MPO-
CTOPOBOTO 3a0€31EYEHHS IJIsl PETIOHATTLHOTO PO3BHUTKY;

— 3abe3neueHHs B3aeMOJlli Ta (JOpMyBaHHS Ta BUKOPHUCTAHHS 1HCTUTYLIHHOrO 3abe3me-
YEHHSI PEerioHaJIbHOrO PO3BUTKY Ta BIJHOBJIEHHS Ta 1H.

Jlnst 3pocTaHHs piBHA 1IHBECTULIIHOT NPUBAOIMBOCTI 3€Meb PETiOHIB 3alPOIIOHOBAHO 301-
JBIIUTHA CUCTEMHHUM €KOHOMIYHMI YWHHMK He MeHIe Hixk Ha 20 %, 1110 BCTAHOBIJIEHO 32 pe3yiib-
TaTaMH MaTeMaTHYHOTO MOJIETIOBAHHSI Ta MPOrHO3yBaHHs. DopMyBaHHs Ta peaizallis HarpsMiB
3pOCTaHHS €KOJIOTiyHOro 3ale3reueHHs] Ta Oe3MeKy Ha perioHaJlbHOMY pIBHI OUIbIIEe HDK Ha
15 %. 3abe3neuenHs HanpsAMiB (GOpMyBaHHS Ta peaji3alii 1HHOBAILIHOI MOJITUKU Ui 3pOC-
TaHHS 1HBECTHUIIIHHOT MPUBAOIUBOCTI 3€MEJIb HA PETIOHAILHOMY PiBHI B po3Mipi 2 % 1 OlibIire.

3abe3neueHHs aKTHBi3alii O€3MeKOBUX 3aXO0/iB HAa OCHOBI 3POCTaHHS CHCTEMHOI'O YHH-
HuKa Ha 2 % 1 Oinblie:

— BpaxyBaHHS 0cOOIMBOCTEN (PYHKIIOHYBaHHS CEKTOPY Oe3Meku Ta 00OPOHH PETIOHIB;

— 3a0e3neueHHs TJIaHyBaHHS y cdepi HAIllOHAIBHOI Oe31eKu i 000poHH;

— TIEpPMaHEHTHA PO3poOKa Ta peaiizaiis JepKaBHUX IMporpam y cdepax HalloHAIbHOI
6e3nexu i 000poHHY;

— ¢QopmyBaHHs (hiHaHCOBOTO 3a0€3MEUCHHS CEKTOpY Oe3neku Ta 000pOoHH;
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— CHPOILEHHS MPOLEAYPHUX HAMPSIMIB MO0 CIPOIIEHHS 3eMEIbHUX BiIHOCHH I Oe3-
MEKOBHX NOTPeEO;

— CTBOPEHHSI YMOB IS MIJABUIIEHHS €()eKTHBHOCTI IOTOBIPHUX BIJIHOCHH IIOAO OPEHIN
3eMEJIbHUX IUISHOK;

— 3a0e3neueHHs BpaxyBaHHs 0COOIMBOCTEN JepKaBHOI peecTpallii 3MiHH IIJTLOBOTO IpH-
3HAUEHHsI 3€MEeJIbHOI IJISIHKU 0€3 BHECEHHS BIIOMOCTEH Mpo 1e 10 JlepkaBHOrO 3eMeIbHOIO
KaJacTpy;

— 3a0e3neueHHs] MOXKIJIMBOCTEN (yHKIIOHYBaHHA Jlep>KaBHOTO 3eMEJIbHOTO KaJacTpy;

— 3a0e3neueHHsl Ta YJOCKOHAJIEHH PEryJIIOBaHHS 3eMEIbHUX BIJIHOCHH IIiJ1 Yac Jii BOEH-
HOTO CTaHy;

— QopmyBaHHs Ta peanizallis 3MIHCHESHHS A1l 11010 BUKOPUCTAHHS 3€MeJb Y Mepioa MO-
YKJIMBOTO IPUMTMHEHHS 200 CKacyBaHHS BOEHHOTO CTaHY;

— 3pOCTaHHS PiBHS HASIBHOCTI BiJIMOBIAHUX O€3MEKOBUX CIIOPY, IX BUKOPUCTAHHS;

— 3pocTaHHs piBHA npodeciiiHoi miAroToBKH (HOpMyBaHHS Ta BUKOPUCTAHHS BiINOBIA-
HOTO MEePCOHAITY, SIKUi BIUIMBAE HA CTBOPEHHS MiAIPYHTS IO0 3a0e3Me4YeHHs iHBECTUIIIHOT
puBaOIMBOCTI PETIOHIB, BPaXxOBYIOUH O€3MEKOBI MapaMeTpH;

— 3a0e3NeueHHs], HasiBHICTh Ta 3pOCTaHHS PiBHS BUKOPUCTAHHS BilICBKOBOIO MOTEHLIANTY,
110 3a0e3revye BHYTPINIHIO Ta 30BHILTHIO O€3MEKy Ha pErioHaIbHOMY PiBHI,

— 3pocTaHHs PiBHS (YHKI[IOHAJLHOTO Ta IHCTPYMEHTAIBHOTO 3a0e3meueHHs Oe3eKOBOT
TiSUTBHOCTI, HAIBHOCTI Ta MOXKITMBOCTEH 3aCTOCYBaHHS Cyd4aCHUX TEXHOJOTIH, TEXHIKH, 00a-
JTHAHHS.

VYnocKOHaNeHHS CUCTEMH HOPMAaTHBHO-IIPABOBOTO 3a0€3MeUeHHs IHBECTUIIIHOT puBa0-
JMBOCTI 3€MeJIb PETiOHIB, 1110 BU3HAYAETHCS BIAMOBIAHUM CUCTEMHUM MOKAa3HUKOM HE MEHILEe
HiK Ha 6 %. [IpuuomMy peainizyroTbcs HACTYIHI i

— 3a0e3neueHHst HOBHOTH (POPMYBAHHS Ta 3aCTOCYBAaHHS BiIITOBIIHOTO HOPMATUBHO-TIpa-
BOBOT'0 3a0€3ICUCHHS,

— BpaxyBaHHs 0COOJMBOCTEN 3aCTOCOBYBAaHHS HOPMaTHBHO-IIPABOBOTO 3a0€3MEUEHHS Y
cepi 3a06e3neueHHs 1HBECTULINHOT TPUBAOIMBOCTI 3€MEIb PET10HIB;

— 3a0e3rneueHHs] BUKOPUCTAHHS MDKHApOJHOTO Ta IMPOBIIHOTO BITYM3HSHOTO JOCBIAY
1110710 (hopMyBaHHS HOPMATUBHO-TIPABOBOTO 3a0€3MEYEHHS;

— CTBOPEHHS Ta peaji3allisi MOXJIMBOCTEH BIUIUBY Ha PO3POOKY HOPMATHBHO-TIPABOBOTO
3a0e3MeyeHHs PI3HUX IPyN CTEHKXOJJIEPiB, U0 COpHUsIE MIABUIIEHHIO 1HBECTULIINHOI TpUBad-
JHUBOCTI 3€MEJIb PETIOHIB,;

— 3a0e3neueHHs] MOXKIMBOCTEH yAOCKOHAIEHHS! CUCTEMU HOPMAaTHBHO-TIPAaBOBOTO 3a0e3-
NICYCHHST,

— 3pOCTaHHS SAKOCTI HOPMAaTUBHO-TIPABOBOIO 3a0€3MeUYeHHs 1HBECTHUIIIIHOT TPUBaOIUBO-
CTi 3eMeJb PETiOHIB.

Busnauena HeoOX11HICTb 3MIHHU TPAEKTOPII Ta HAMIPsIMIB POPMYBaHHSI IHBECTULIIHHOI TPUBA0-
JIMBOCTI 3€MEJIb y CUCTEMI PETIOHATBHOTO PO3BHUTKY. Y I[bOMY KOHTEKCTI OCOOJMBOTO 3HAYEHHS
Ma€e TepMaHEeHTHUH MOHITOPUHT 3MiH 1HBECTHIIHHOI MPUBAOIMBOCTI Ta IX YMHHUKIB 1 3a0e3me-
YEHHS BINOBILAHUX TpaHcopMmarliil. [IpuyomMy BUKOPHCTOBYEThCS METOJ IHTEIPAJIbHOT OIIIHKH.

Ha cyuacHomy erari, He 31HCHIOOYM BIJIOBIAHUX JiM HUISIXOM pO3pPOOKU Ta BIIPOBa-
JOKEHHSI HAayKOBO OOIPYHTOBAHUX PEKOMEHJAIlli, peaizyeThcsi MEeCHUMICTHYHUIN CleHapiid,
KU XapaKTepU3y€eThCs HEraTUBHUMU ITpoliecamMu y cepi 3a0e3nedeH s iHBECTULIHHOT PpH-
BaOJIMBOCTI 3€MeNlb PErioHIB, 3HWKYETbCA €(PEKTHUBHICTh 3€MJIEKOPHUCTYBAHHS, BPAaXOBYIOUU
BILJIUB TIPOCTOPOBUX, EKOHOMIYHUX, MICTOOYIIBHUX, EKOJOTIYHHIX, IHHOBAIIIMHUX, O€3MEKOBUX
1 HOpMaTUBHO-TIPABOBUX YMHHUKIB. [IpyyoMy 3HMKY€ETHCSI MOKIIMBOCTI BUKOPUCTAHHS Cydac-
HOTO IHCTPYMEHTapir0 (opMyBaHHS T€OMPOCTOPOBOTO 3a0€3MEUCHHS, 3BYKYIOTHCS HANPSIMU
BHU3HAYEHHSI JKepen W piBHS BUKOPUCTAHHS 1HBECTUIIIH, CKOPOUYETHCS 1HBECTHIIIIIHA aKTHUB-
HICTh y cepi 3eMeTbHUX BiAHOCHH.
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JIy1st 3MiHU Tpa€eKTOpii Ta HANPsMIB 3a0€3MEYCHHS 1HBECTUIIIMHOI TPUBAOIUBOCTI 3eMeITb
HEeoOXiTHO BIIPOBAKyBaTH CIICHAPii cTadlIi3arlil, 16 OCHOBI 3yCHILIS CIIPSIMOBYIOTHCS HA YIIO-
BUIbHCHHSI HETaTUBHUX SIBHIII, X HIBEIIOBAaHH, epeOyq0BH BIAMOBIIHOI MOIEI, i€ iHTerpa-
JHHUNA MOKA3HUK 1HBECTUIIHOI MPUBAOIMBOCTI HETAaTUBHO BIUIMBAE HA y3araJlbHIOIOUHNA KPH-
Tepiil perioHaJIbHOTO PO3BUTKY. KpiM TOro, CTBOPIOIOTH YMOBHU /ISl 3a0€3MeUeHHS 3pOCTaHHS
YMHHUKIB IHBECTHLIHHOI MPUBAOIUBOCTI 10 BU3HAYECHOT MEXI.

VY mopaneuioMy BIPOBAKYETHCS CLIEHApi PO3BUTKY, Y paMKax SKOTO 3alpOIIOHOBAHO
BIIPOBA/IUTH HAyKOBO OOTPYHTOBAHI pEKOMEHJAIi Ui 3pOCTAaHHS YMHHMKIB 1HBECTHUIIIHOT
MIPUBAOJIMBOCTI 3€MENb PETIOHIB 3a BCTAHOBJICHI ME&X1. BaxmBoro 3HaueHHs Ma€ 301IbIICHHS
IHTETpAIbHOTO MMOKA3HUKA JI0 TIOMIPHOTO PiBHS 1 BUIe. Peaizallis ciieHapito po3BUTKY Hepe/-
0auae BCTAHOBJICHHSI TPUYMHHO-HACIIIKOBUX 3B’ A3KiB 1 pO3pOOKH MaTeMaTUIHOI MOJIEII MiXK
y3araJlbHIOIOUUM KPHUTEPIEM PETiOHAIBHOTO PO3BUTKY (1HIACKCOM 3MiHU BaJIOBOTO PEriOHANb-
HOTO MPOAYKTY Ha OAHY 0CcO0Yy) i iHTErpaJbHUM MOKa3HUKOM 1HBECTUIIHHOI MPUBAOIMBOCTI
3eMeNb PETiOHIB, SIKi MAIOTh MO3UTHBHI MPSMOMPONOPILIKHI 3B s3kH. KpiM TOrO, 3aCTOCOBY-
I0TBCSI TeOiH(GOpPMAIIiifHI MOHITOPHHIOBI KapTH JUIS MIEPMAaHEHTHOTO BH3HAYCHHS TEHJCHIIIN
3MiH IMOKAa3HHKIB IHBECTUIIIMHOT IPUBAOIIMBOCTI 3eMeNb PErioHiB. 3aCTOCyBaHHS TeoiHpopMa-
IHUX cHCcTeM y cdepi 3eMeTbHUX BIIHOCHH OOTPYHTOBY€EThCS y po3podkax [9—-10].

BucHoBkH. Takum 4rHOM, 11 pO3pOOKH HayKOBO OOIPYHTOBAHUX PEKOMEHJIAIH peasti-
3YIOThCS MPOIIECH MAaTEMAaTUYHOTO MOJICIIFOBAHHS YUHHHKIB 1HBECTUIIHHOT MPUBAOIMBOCTI 3€-
MeJlb PErioHIB Ha OCHOBI 3aCTOCYBAaHHS KOPEJIIHHO-PETPECIMHOTO aHalli3y, KpUTEPIiB a/ieK-
BaTHOCTI MOJIEJIE, 110 HAJaJI0 MOMJIMBOCTI BCTAHOBUTH MPUYMHHO-HACIHIIKOBI 3B’ A3KH MiXk
MOKa3HUKaMHU 1HBECTHUIIHHOT MPUBAOIUBOCTI.

3anpornoHoBaHi MaTeMaTUYH1 MOJIENI 3aJI€KHOCT] MK 1HTErpaJIbHUM YHHHUKOM 1HBECTHU-
[iI{HOT IPUBAOIMBOCTI 3€MEIb PErioHIB i 1HAEKCOM 3MiHH BaJOBOTO PETIOHAIBHOTO MPOIYKTY
Ha OIHY 0COOY /171l BU3HAUYEHHS IPOTHO3HUX TEHICHITIH.

[IpencraBieni pe3ynbTaTi MPOrHO3YBAHHS IHTETPAIBHOTO MOKa3HUKA IHBECTHUIIHHOT TTPH-
BaOITMBOCTI 3eMellb PETiOHIB Ha OCHOBI Pe3yNbTaTiB MAaTEMaTUYHOTO MOZEIIOBAHHS, 110 103BO-
110 cOpMYBATH KIJIbKICHE MIATPYHTS 3a0€3M1€UeHHS 1HBECTULIIHHOT TPUBAOIUBOCTI.

3anporoHoOBaH1 HayKOBO OOIPYHTOBaHI peKOMEH1allii 3a0e3MeueHHs IHBECTULIIIHOT IpruBao-
JIUBOCTI 3€MEJIh PET10HIB, 10 0a3yIOThCS Ha Pe3yiIbTaTax OLIHKH, MaTeMaTHYHOTO MOJIECITFOBAaHHS
Ta MPOTHO3YBAaHHS JJIs 3a0€3MeUeHHs 1HBECTUILIHHOI MPUBaOIMBOCTI, BPAXOBYIOUH CIIEHapii Ta
3ax0/M 11 3pOCTaHHs, MOXKJIMBOCTI 3aCTOCYBaHHS reoiH(opMaliiHuX MOHITOPUHTOBUX KapT.
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SCIENTIFICLY BASED RECOMMENDATIONS FOR ENSURING
THE INVESTMENT ATTRACTIVENESS OF REGIONAL LANDS

It has been proven that the growing importance of land relations in the modern system of local self-government requires
a rethinking of approaches to ensuring the investment attractiveness of land at the regional level. In today's extraordinary
conditions, there is a decrease in the efficiency of land use, a reduction in the opportunities for attracting investments in the
field of land relations, which negatively affects the development of regions. The presented processes deepen the negative impact
of external and internal factors, the consequences of the aggression of the Russian Federation, the imbalance of regional and
stakeholder relations. Scientifically based recommendations on ensuring the investment attractiveness of the lands of the re-
gions are proposed to solve the presented issues.
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The purpose of the study is to develop scientifically based recommendations for ensuring the investment attractiveness
of the lands of the regions. To achieve the set goal, the following tasks are solved: substantiation of measures to increase the
factors of investment attractiveness of the lands of the regions; the toolkit for ensuring the investment attractiveness of the
lands of the regions is defined.

In order to develop scientifically based recommendations, the processes of mathematical modelling of investment attrac-
tiveness factors of regional lands are implemented based on the application of correlation-regression analysis, model adequacy
criteria, which made it possible to establish cause-and-effect relationships between indicators of investment attractiveness.
Mathematical models of the dependence between the integral factor of the investment attractiveness of the lands of the regions
and the index of changes in the gross regional product per person are proposed to determine forecast trends.

The results of forecasting the integral indicator of the investment attractiveness of the lands of the regions based on the
results of mathematical modeling are presented, which made it possible to form a quantitative basis for ensuring investment
attractiveness.

Scientifically based recommendations for ensuring the investment attractiveness of the lands of the regions are proposed,
based on the results of assessment, mathematical modeling and forecasting to ensure investment attractiveness, taking into
account the scenarios and measures of its growth, the possibility of using geo-informational monitoring maps.

Keywords: land use, investment attractiveness of land, regions, scientifically based recommendations.
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3ACTOCYBAHHS BE3HNIJIOTHUX JIITAJIBHUX AITAPATIB
Y BYAIBEJIBHIU IHAYCTPII

Hosi mexnonoeii, maxi six 6esninomui nimanvhi anapamu (BI1JIA), sidieparoms knouo8y pois 6 asmomamusayii npoye-
ci8 MOHImopuHey ma iHwux onepayii y 6ydisenvhitl indycmpii. L[ cmammsi nokazye 02nsi0 3a OCHOSHUMU HANPAMKAMU GUKO-
pucmanns BIIJIA pasom 3 inwumu mexnonoziamu 6 6y0igHuUYmei ma excniryamayii 3a 0OCmauHi 5 poxis.

YV pesynomami yiei pobomu 6yno sueueno nomenyian euxopucmanus bI1IJIA 6 Oyoigenvhitl eanysi, i 3HatloeHo 6i0n06iodi Ha
maxi 3anumanns: Axi nepeeazu suxopucmanns bI1JIA - Oponig y 6yoieenvHriil iHdycmpii ROPIGHAHO 3 MPAOUYITIHUMU Memodamu?
3 axumu npobremu ma HeOOAIKU CMUKAEMbCSL MEXHON02IsA OPOHI8 HA WISXY T 6Npo6addiceHHs 6 Oy0ieebHy IHOyCmpio?

Cmamms € 02150080-iHpopMayitiHoI0.

Knrwuoei cnosa: opon; 6esninomnuil simanvuui anapam,; BIIJIA; mawunne naguanna,; iH@opmayiine MOOeN08AHHS
6y0igens i cnopyo; MAUWUHHUL 3ip; WMYYHUL IHMeLeKm, MOHImopune 0y0ieelbHUX npoyecie ma iHppacmpykmypu.

Puc.: 3. Tabn.: 1. bibn.: 11.

AKTyaJIbHICTh TeMH J0CJIiIKeHHsl. byniBenbHa raimy3p € OHI€I0 3 OCHOBHHX OIOp €KO-
HOMIKH, fIKa MOTpedye aBTOMAaTU3allii MPoLeciB g eKOHOMIT pecypciB 1 yacy. OTHUMU 3 OCHO-
BHUX MpoOsieM ranysi y 2024 poti €: mpobaeMu OXOpOHHU Tpalli Ta TEXHIKK Oe3neKu Ha Oy/iBe-
JHHUX MalJaH4YMKaX; BIJCTABaHHA Yy BIPOBA/DKCHHI CYYaCHHUX TEXHOJOTIH, OCKUIBKA
OyIiBeNbHA rayTy3b MOBLIBHO aJaNTy€e HOBI TexHOJorII [1].

ITocTanoBka npo6Jemu. byiBenbHa JUIBHUL - 11€ CEPEIOBUILE, Y IKOMY Y 3B'SI3KY 3 BU-
COKOIO 1HTCHCHBHICTIO pOOIT 1 3a/TisTHHSI BEJTMKOI KUTHKOCTI MAaIllMH 1 MEXaHi3MiB, BUHUKAIOTh
BUCOKI PH3UKH JUI OE3MEKH 37J0POB's Oy/IiBeTbHHUKIB. YHACIIAOK I[bOTO BHHUKAE HEOOXITHICTh
y MOCTIHHOMY MOHITOPUHTY YMOB IIpalli MPaIiBHUKIB Y peXUMi peaabHoro 4acy [2]. byaiBuu-
IITBO € CKJIQJIHUM TIPOLIECOM, 1[0 BUMArae peTeabHoro 00CcTeXeHHs MailJaHYMKa Mepe moyar-
KOM pOOIT, MOHITOPUHTY Oy/liBEJIbHUX POOIT, IEPEBIPOK CTAaHYy EKCIUTyaTOBaHUX Oy/li1BEJb 1 CIO-
pya. Lle Tak camo Bumarae eeKTHBHOrO 1 MOCTIHHOTO MOHITOpHUHTY [4]. BidyanbHuit orisin
CTaHy OaraTornoBepXoBUX OyliBeNb 31HCHIOETHCS 32 TOTIOMOTOI) MPOMMCIOBHX aNbITIHICTIB,
K1 MOXXYTh BUKOHATH Bi3yaJIbHY MEPEBIPKY, OJHAK BapTICTh TAKOI'O METONY 1 KUIbKICTh BUTpa-
YEHOI'0 Yacy 3HAa4HO BHILA MOPIBHSAHO 3 BUKopucTaHHAM BIIJIA nns BupilieHHs 1bOTrO 3a-
BAaHHs [9]. BusiBneHHs noTeHIIIHHUX npo0ieM Ha paHHiN cTafil B OyIiBHUILITBI a00 eKcIuTya-
Tallii I03BOJISIOTh 3HAYHO 3MEHIIUTH BapPTICTh peMOHTY [8]. IcTroTHHM pakTOpOoM, 110 CTPUMYE
mupoke BrpoBakeHHs BIIJIA B OyaiBenbHY 1HIYCTpItO, € HU3bKa 0013HAHICTh PO TEXHOJIO-
rito BIUIA cepen ¢axiBuiB ingyctpii [3; 10].

AHaJti3 ocTaHHIX J0CTiIKeHb i myOuaikanii. Y naniil cTarTi BUKOPUCTaH] AOCTIAHUIIbK]
pobotu B nepiof 3 2019 o 2023 pokwu, 111010 MPAKTHUKU 3aCTOCYBAHHS JIPOHIB y OyJAiBHUIITBI
Ta eKCIuTyaTamii. ¥ 1uX J0CHIPKEHHSIX onucano Thnu 3actrocoByBaHuX BIIJIA B OyniBenbHii
ranysi. Metoauka i NpuKJIaau IPakTHYHOTO 3aCTOCYBaHHSI APOHIB, 30KpeMa CIIJIBHO 3 IHITUMHU
HOBUMH TE€XHOJIOT1sIMH, 30kpema BIM-indopmariiine moaentoBanHs Oy/iBenb 1 CIOPY, MTYY-
HUH 1HTEJIEKT, MalllMHHE HaBYaHHS 1 MAIIMHHUH 31p. Y HHUX poOOTaX TaKoX OMUCAHO POOIeMH,
3 IKUMH 3ITKHYJIMCS JTOCTIAHUKM Ta MPaKTHKYodi ¢axiBui npu BrposakeHHi BIIJIA B Oymi-
BeINbHI chepi [2-11].

Buninenns He 10CHiIZKEHUX YaCTHH 3arajbHoOi mpodsemu. [Iporec BpoBaKeHHS BU-
kopuctanus BITJIA B OyniBenbHil ramy3i TpuBa€, OCKUIBKH 11€ HOBa TeXHOJOTIA. | BOHA 10Ci He
BUBUEHA MOBHICTIO. Y MpOIleci BIPOBAIKEHHS BiI0YyBAETHCS BJIOCKOHAJICHHS MPAKTUKHA BUKOPH-
CTaHHA. 3'ABJISIFOTbCS HOB1 HAPSIMKKA BUKOPHCTAHHS 1 TEXHOJIOTIT 3 SIKUMH 30UTbIIYIOTHCS edek-
TUBHICTb 1 MOXKJIMBOCTI BUKOPUCTAHHS. 3 OIVIsITy Ha BUILIEBUKIIAICHE, BUHUKIIA TOTpeda B aHAII31
HAayKOBHX IyOJIKaIlii 3 Ii€i TeMaTuKu 3a MUHYIMI 5 pokiB. [ JeTaabHOro BUCBITIACHHS TaKHX
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TeM: 1) OIS TUIIIB IPOHIB, IO 3aCTOCOBYIOTHCS; 2) HAPSMH 3aCTOCYBAaHHS JPOHIB /sl Oy/IiB-
HUIITBA Ta EKCIUTyaTallil; 3) mepeBaru BUKOPUCTAHHS I[i€1 TEXHOJIOTI1 MOPIBHSIHO 3 TPAIUIIIHHUMUI
MeToAaMH; 4) MOTOYHI ITpodsieMu i oOMexkeHHs BukoprctanHs bITJIA B ramysi.

MerTo10 10caiIzKeHHS € BU3HAYCHHS TOTOYHUX TEHACHLIHN 111010 3aCTOCYBaHHS I[i€1 TEXHO-
JIOTii, TEXHIYHMX BUMOT 1 IpoOJieM Ha NUIAXY il BOpOBaPKEHHS, 10 MiJBUIUTH 0013HAHICTD PO
3aCTOCYBaHHS I11€1 TEXHOJIOTII cepen (paxiBIiB ragy3i Ta MPUCKOPHUTH 11 BIPOBaKEHHs. Pe3yib-
TaTu 1€l pOOOTH TAKOXK JO3BOJIATH JOCHITHUKAM Kpallle BU3HAYUTH Cy9acHi TOTPeOH rarysi.

Buxaan ocHoBHOro marepiajy. Y OymiBeNbHIN 1HIYCTpil MIMPOKOTO 3aCTOCYBaHHS Ha-
Oymu Tpu Tunu BIJIA, 1ie: qpoHU poTOpHOTO THILY (3 TBUHTaMH) (pHC. 1); JITAKOBOTO 3 HEPY-
XOMHM KpuJioM (pHc. 2); TibpuaHoro (3 rBUHTaMU Ta KpuiiaMu) (puc. 3).

Puc. 1. [[ponu pomopnozo muny, 31i6a Ha npaso Kkeaopoxonmep
i3 4 26unmamu, eexcakonmep i3 6 26uHmMamu, OKmokonmep i3 8 28UHMAaAMU.

Hxepeno: [10].
/

e //\

©

Puc. 2. [lpon nimakosozco muny 3 Hepyxomum Kpuiom
Hoxepeno: [10].

Puc. 3. [[pon cibpuonozo muny (3 eeunmamu i Kpuiamu,)
Hxepeno: [10].

Benuka KiIbKICTh TBUHTIB Y POTOPHUX JPOHIB 30UIBIIYE IXHIO MAaHEBPEHICTD, 1110 POOUTH
iX 11eaJIbHUMU /715 3aCTOCYBaHHS B 0OMEKEHOMY IpocTopi abo BceperHi OyAiBIIl YU CIOPYIN
3a paXyHOK iXHbOI MOKJIMBOCTI 3aBUCAaHHS HaJ 00'€KTOM MOHITOpUHTY. BosmHOUYac Benmmka Ki-
JBKICTh TBUHTIB HE Ja€ 1M BUCOKY MIBHJAKICTH MOpiBHSIHO 3 TunioM BIIJIA 3 Hepyxomum kpu-
JoM. SIkuit 3a paXyHOK CBO€1 KOHCTPYKIII i1€aibHO MIAXOAATH JUISl IBUAKOTO MOJBOTY Ha Be-
nuki Bigcrani. lllo poOute 1e#l Tum apoHa iAcabHUM JJIsl 1HCIEKIIT BiJIaJeHuX 00'€KTIB,
aBTOMAricTpasiei, 3a1i3HuLb a00 OyAb-SIKUX IHIIHUX JIHIHHUX CIIOpPYI.
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['iOpuaHi JPOHM MAIOTh HEPYXOME KPHUIIO, 1110 3a0e3Meuye iM MOXKIIUBICTh JaeKUX MOIbO-
TiB Ha BUCOKIHM IIBUJKOCTI, @ TBUHTHU JAIOTh 3MOTY 3aBUCATHU HAJl JOCIIIKyBaHUM O0'€KTaM.
[I{o poOuTH iX YHIBEPCATBHUMH, aJI€ M CKIIAQIHIIITMMU B €KCILTyaTallii Ta JOPOXIMMH, HI’K BHIIIC
nepepaxoani Tunu apoHiB [2-3] [7-8] [10]. Hampsimu 3actocyBanust BITJIA B OymiBHUIITBI Ta
eKCIuTyaTalii mokasasi B Ta0um. 1.

Tabauys 1 — 3acmocysannsi BIIJIA ons 06yoienuymea ma excniyamayii

[Ipouecu 6yz[113H1/1u.: 3actocysamms BITJTIA [locunanus
TBa Ta eKCILTyaTamii Ha JpKeperia
Kaprorpadis [3] 8]
Tonorpadiyne 3HIMAHHS [3]
36ip xanmx s 36ip BisyasnbHOI iHpopMaIrii 3 HEJIOCTYTHHX Miclb [3] [5]
HpOEKTYBaHHs Creopenns 3D-mozeni . [5-6]1[7][9]
Po3paxyHOK 3eMIITHHX POOIT [3] 8]
AepodoTtosiioMka [6] [10]
I'eone3nyni pobOTH [10]
MOoOHITOPHHT TIpoIiecy OYIIBHUIITBA B PEKHUMI PEATLHOTO Yacy [3-6]
TakeaxHi Ta MOHTaKHI POOOTH [3-4]
By iBHUIITEO BusiBiicHHS Bi3yalbHUX 1e(DEKTIB, TpiHII/IHIfI, KOPO3ii TOIIo. [4] [6-8]
BusiBlIcHHS ITyCTOT Y OETOHI. [3-4]
[MopiBHsAHHS HassBHOTO 00'¢kTa 3 fioro BIM-moestio 3a 10momo- [4]1 [10]
ro1o 300py XMapH TOUYOK HasiBHOT KOHCTPYKIIi.
Oxopona mparii Ta MoHITOpHUHT O€3MEeKH Mpalli Ta TOTPUMaHHS TEXHIKH 0C3MeKH Ha [2-3] [5-6] [8]
TEXHIKa Oe3meKu OyIiBeIbHUX JUISTHKAX.
BizyanbHuit ornsig ctany OyniBelns 1 CIOpy/I 3 MOJAIBIINM OIpa- [4-5] [8] [11]
[IFOBaHHSAM JaHHUX Ha MPEIAMET MOIIKOIKEHb.
Excrnyarariist Oyzni- | MoHITOpUHT eHeproeeKTHBHOCTI OyAiBeb, OI[IHKa IIJIICHOCTI Te- [3-5]
BeJIb 1 criopy ILIO130JIALT, IepeBipKa Ha MPOTIKAHHsI, BUTIK Tazy.
Orieka ctany OyiBesb i CIOPY/I MC/s TPUPOIHOI 260 TEXHOTEH- [3]1[5]
HOI KartacTpodu

JIxepeno: po3po0IeHO aBTOPOM.

IlepeBarn Bukopucranus BIIJIA B OyniBeabHii raaysi. Sk BuaHo 3 Tabn. 1, 1poHu
HIMPOKO 3aCTOCOBYIOTHCS B PI3HUX Ipoliecax OyIiBHUITBA Ta €KCILTyaTallii.

CyuacHhi BIIJIA mMaroTh MOXJIMBOCTI MPAIIOBATH Pa30M 13 TEXHOJIOTISIMU HITYYHOI'O 1HTe-
JIEKTY, MAallIMHHOTO HAaBYaHHS Ta TEXHIYHOTO 30py. Lle nae 3mory 3aiiicHioBaru 301ip Ta aHami3
JTAHUX, Y PEXKUMI PeaIbHOTO Yacy JOMOMaraodu O11b11 e()eKTUBHO KOHTPOJIIOBAaTH BUKOHAHHS
MEPCOHAJIOM ITPaBWJI OXOPOHU Ipalll Ta TeXHIKK Oe3neku Ha OyniBeabHUX Mainanuukax. Illo
Jy’Ke BaXKJIMBO JUIs 3a0€31eueHHs 0e31eKH NepCOHaTy 1 3HUKEHHS pU3HKIB TPaBM II1J] 4ac BU-
KoHaHHs poOiT [2-3; 5-6; 8].

IcToTHO CKOPOYYIOTH Yac 1 BUTPATH NMPH BUKOHAHHI BUIIYKYBaJIbHHUX, Oy/iBEIbHUX, 1 €KC-
TUTyaTalifHAX 3aBJaHb y MOPIBHSAHHI 3 TpaauIitHuMu Metomamu [2; 6-9; 11]. Jarots 3mory
OTPHUMATH JIOCTYTI 1 301p AAHUX 13 BaXKKOJOCTYITHHUX MICLb Y CIIOPY/DKYBaHHUX Ta ICHYIOUHX Oy-
JiBiAX 1 cniopyaax [3-4; 11]. MoxkHa BUKOPUCTOBYBAaTH HE3aJIEKHO BiJl MiCLs pO3TalllyBaHHS
Ta BIJICYTHOCTI iHppacTpykTypH [3].

BIUIA mMoxyTh OyTH 1HTETpOBaH1 3 pi3HOMAHITHUM Cy4YaCHUM MPOTPaMHUM 3a0e3IeueH-
HSIM 1 arapaTHUMU KOMIIOHeHTaMu, TakuMmu ik BIM, LIDAR, reopaznap, Ternnoi3op, i pi3HUMHU
JaTyukaMu JUig 300py JaHUX, K1 MOYKHA BUKOPUCTOBYBATH JUISl OLIHKH SIKOCTI Ta CTaHy 00'e-
kTa. Hampukiaa, TpUKpiNUBIIN A0 APOHIB JaTYHKH, IO BIOBIIOIOTH METaH, MOXXHA 3HAUTH
BUTOKHU Ta3y Ha ra3ornpoBojax 3 MOXJIHMBICTIO TOYHOTO BU3HAYEHHS MICIb 1 HABITh BUMIPATH
o0csr BUTOKIB [3; 6].

Ha erami 360py manux mis npoektyBadHs BIIJIA edexTuBHuii s 306opy HeoOXiTHOI 1H-
dbopmarii 11st TPOEKTyBaHHs 1 CTBOpeHHs TouHNX 3D-Mozeneii [4; 8-9]. A Takok MOHITOPUHTY
B PEXKHUMI pealbHOro yacy BCiX eTamniB OyaiBHUIITBA [4-5; 8]. BaHTaxomiHOMHICTh J1a€ 3MOTY
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JpOHAM BHKOHYBATH JIESAKI TaKeIaKHI Ta MOHTaXKHI poboTH [4; 6]. [IpoHu 1yxe ePeKTUBHI 15
IPOBENICHHS MEPEBIPOK 1 TEXHIYHOTO 0OCIYrOBYBaHHS OyliBeIbHUX 00'€KTIB. 3 IXHBOIO JOMO-
MOTOI0 IIPOBOASATH IUIAHOBI MIEPEBIPKHU CIIOpY/, OymiBeib Ta iHppacTpykrypu [6-8; 11].

IIpo6aemu Ta odme:xxkenns BukopuctanHs BIIJIA B OyniBeabHiii raaysi. [lToroani
YMOBH, TaKi SIK TyMaH, CHIrOmas, oIl i BUCOKA MBUAKICTh BITPY BIUIMBAIOTH HA SIKICTh OZEP-
KYBaHUX 300pakeHb 1 JaHuX Ta Oe3meky moiboTy. A BukopuctanHs BIIJIA B oOmexeHomy
MIPOCTOPi MOOJIM3Y IHIIKX TIepemko (OyaiBenb, KpaHiB, IepEB, METAICBUX KOHCTPYKIIIH ), MOXE
CIIPUYMHSATH HaBITAIIHI Ta €KCIUTyaTalliiHI TPYIHOIII, sIK-0T 3011 y po6oTi GPS a6o marHiTHi
HEPEIIKOH, TOJ1 JPOH MOXKE BTPATUTH KepyBaHHsI. Lle MoXke CIpUYMHUTHY HeOe3MeuH1 CUTyalil
st rozei [3-4; 6; 8-10].

Omneparopu IpoHiB MOBUHHI MaTH HEOOX1IHI 3HAHHS Ta HABUYKH, 00 BUPIIIyBaTH TEXHi-
YHI IpoOIeMH, sIKI MOXKYTh BUHUKHYTH TiJ1 4ac eKCIUTyaTallii, Taki sk BTpara CUTHaITY, eper-
KOZIM, BiIMOBa BOY/IOBaHUX JATUMKIB Ta MepeadacHa po3psaka akymynsropa. IpariBHuku Ha
TUISTHKaX TOBUHHI MaTH MpaBUJIbHE PO3YMiHHS mpoOieM Oe3neku, MOB'sI3aHuX 13 MOIbOTaMU
BIUTA na OyniBenbaux maiinanunkax. Hanpuknaz, po6ota BITJIA Ha OyniBensHUX MaiiiaHuu-
KaxX MOYKE BiJIBEpTATH BOJIIs, [0 MOXE CTaTH MPUYNHOIO aBapii [3-6].

Omneparopu abo0 iXHI aCHCTEHTH MOBUHHI BMITH BUTATYBaTH i 00poOIsATH /1aHi, sIKi 30upa-
1ot BITJIA [3; 10].

VY pizHux Kkpainax cBiTy BipoBa/pkeHHs BITJIA B ramy3p yCKIaqHIOETHCS MUTAHHSIMU FOPU-
JMYHOTO XapakTepy, TAKUMU SIK BTOPTHEHHsI B IpUBaTHE KUTTA. Hanpukian, He3Bakarouu Ha
OTPHMaHHS J03BOJTY BiJl pi3HUX Y4acHUKIB OyaiBenbHOro mipoekty. [Ipu ynpasminni BITJIA nHa
OymiBEeITbHIX MaiIaHINKaX, MOXKYTh BUHUKHYTH MPOOJIeMH KOH(1JSHIIIHHOCTI Yepe3 MpuiIerii
00'exTH, a00 MIMIOXOMIB, SKI MOXKYTh 3asiBUTH PO 3a3iXaHHS Ha iXHI TPOMAISHCHKI IpaBa i
cBobonu. Ockinbku BIIJIA 31aTHI oTpuMyBaTu 300pa)keHHS 1 BiZIeO B MICLAX, JI€ JIOIU OYiKY-
I0Th JIesAKOi KoH(iaeHiiHocTi. [l muTaHHs, IOKH 3aIMIIAI0ThCS HEBUPIMECHUMH [3-5].

V neskux KpaiHax cBITY € oOMexeHHs Ha BukopucTtanHsa BITJIA B Hiunuit yac. I1lo poGuTh
HEMOXXJIMBUM X BUKOPUCTAHHS ISl 1IIJI0I0O0BOTO MOHITOPUHTY OymiBHuUIITBA. Tak camo, Ha-
npuxnal, y CLIA nmpaBuiia KoMepLiifHOTO BUKOPUCTAHHS IPOHIB HE JI03BOJISIIOTH BUJIITATH 3
TOJIsl 30py OTeparopa, 1o € 0OMEXEHHSIM JUIsl IeSKUX BHIAJIKiB BUKOpUCTaHHS. Hanpukiarn,
00CTe)KEeHHsI JTiHIHUX criopya abo BimaaneHux 00'ektiB [3-5].

IcroTHUM dakTopoM, 110 cTpuMye mupoke BrpoBakeHHs BIIJIA B OyniBenbHy 1HIyCT-
pito, € HU3bKa 0013HAHICTh PO TEXHOJIOT1IO cepe (paxiBLiB 1HAYcTpii. He3Baxkaroun Ha BeJUKi
JOCJTIIPKEHHS, 1110 BUBYAIOTh 3acTocyBaHHs BIIJIA B OyIiBHHUIITBI 32 OCTAHHE NECSTIIITTA, 1X
NpaKTHYHE BIPOBAKCHHS IIE HE MOBHICTIO ocsrHyTo [3; 10].

binbmicts komepuiitHux BIIJIA MatoTh HEBEMKY €EMHICTh aKyMYJISITOPHOI OaTapei, 1110 00-
MEXXY€ 4yac iX 3aCTOCYBaHHA. Y 3B'A3KY 3 IUM JEsKi 3aBJAaHHS HE MOXKJIMBO BUKOHATH 3a OIUH
nomit [4] [6-9].

BanTtaxkomniIiioMHICTh JPOHIB HE JyX€e BEJIMKA, Y 3B'SI3KY 3 LIUM JUIsl BAKOHAHHS TaKelaxK-
HUX a00 MOHT@KHHUX POOIT iHOAI MOTPIOHO 3aisTH KijbKa apoHiB [4; 6].

V 3B's3Ky 3 BUCOKOIO BapTicTio BITJIA 3 BHCOKOIO pO3AUTBHOIO 37aTHICTIO KaMep, porpa-
MHOTO 3a0e3MnedyeHHst A OOpoOKM JaHMX 1 HEOOXiTHICTIO HAaBYAHHS MEPCOHAY BHKOpPHUC-
taHHio BITJIA ans 360py Ta 0OpoOKM JaHWX, OTPUMAHHS JJIS HUX JiLEH31H 1 cepTudikaris.
Po6nsiTe BUuTpaTH, mos's3aui 3 BupoBakeHHsIM BITJIA B OyniBenbH1 KOMIIaH1i, BETUYE3HUMH, 1
y 3B'AI3KY 3 IIUM JI€K1 BIIACHUKHU HE XOuyTh poOuTH 111 iHBecTuii [10]. A BUKOpHCTaHHS Aelie-
BOT'O OO IHAHHSI ISl IPOHIB MPU3BOUTH JI0 BTPAT Y TOUHOCTI JAHUX 1 KOCTI 3iioMkH [7; 9].

BucHoBKkH. 3 po3nIIHYTUX MarepiaiiB OyJo0 CKIAaJeHO JeTaJbHUM OIS 1 aHai3 3aKop-
JIOHHOTO JI0cBixy 3actocyBaHHs BITJIA B ranysi 3a octansi 5 pokis. Lli Marepiaiu J0OMOXYTh
BITYM3HSIHUM (paxXiBLSIM IIBU/IIIIE BOPOBAIUTH LI0 TEXHOJIOT0. Tak camo Oys10 OTpUMAaHO Biji-
MOBI/1 Ha MocTasieHi Bulle 3anutanHsd. Texnomnorii BITJIA crnpustoTh MiJBUIIEHHIO MPOAYK-
TUBHOCTI, €EKOHOMI1 Yacy 1 pecypciB, MiJIBULIYIOTh O€3MEKy NEPCOHANY, a TAKOXK MIHIMI3YIOTh
JIFO/IChK1 TOMUJIKU TOPIBHSAHO 3 TpaauuiiiauMu Mertonami. I1ix yac Bubopy BIIJIA BaxxinuBum
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€ PO3YMIHHSI IS SIKHX KOHKPETHO IiJIel ioro Oyae BUKOpUCTaHO. OCKIIBKM KOHCTPYKTHBHI
ocobmuBocTi koxkHOro Uy BIIJIA cyTTeBO BIIMBaIOTH Ha MOXJIMBICTH Ta €()EKTUBHICTH 3a-
cTocyBaHHs. BopgHOUac qpoHHM CTAHOBIATH 3arpo3y Oe3meli, OCKUTbKA BOHU MOXYTh BIIACTH
Mi]] 9ac MOJIBOTY 1 BEMKOIO MPOOIEMOIO 3aTHINAETHCS MOPYIICHHS KOH(1ACHIIIIMHOCTI JIFOICH.
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APPLICATION OF UNMANNED AERIAL VEHICLES
IN THE CONSTRUCTION INDUSTRY

The construction industry is one of the main pillars of the economy, which requires automation of processes to save
resources and time. Some of the major challenges for the industry in 2024 are: Health and safety issues on construction sites
and lagging behind in the adoption of modern technologies as the construction industry is slow to adapt new technologies

A construction site is an environment in which there are high health and safety risks for construction workers due to the
high intensity of work and the large number of machines and mechanisms involved. As a result, there is a need for continuous
real-time monitoring of the working conditions of workers. Construction is a complex process that requires thorough inspection
of the site before starting work, monitoring of construction works, and inspections of the condition of the buildings and struc-
tures in operation, which also requires effective and continuous monitoring. Visual inspections of multi-storey buildings are
carried out using industrial climbers who can perform visual inspections, but the cost of this method and the amount of time
spent is considerably higher compared to using UAVs for this task. Identifying potential problems early in construction or
operation can significantly reduce the cost of repairs. A significant factor inhibiting the widespread adoption of UAVs in the
construction industry is the low awareness of UAV technology among industry professionals.

The aim of the study is to identify the current trends in the application of this technology, technical requirements and chal-
lenges to its adoption, which will increase the awareness of the application of this technology among industry professionals and
accelerate its adoption. The results of this work will also enable researchers to better identify the current needs of the industry.

This study was conducted by review and analysis method, that includes: Overview of types of drones used in the con-
struction industry; Construction and operation processes where UAVs are used; Advantages of using UAVs in the construction
industry; Problems and limitations of using UAVs in the construction industry. From the reviewed materials, a detailed review
and analysis of foreign experience of using UAVs in the industry over the past 5 years was compiled. These materials will help
domestic specialists to implement this technology faster. Also, the answers to the above questions were received. UAV technol-
ogies help to increase productivity, save time and resources, improve personnel safety, and minimise human error compared to
traditional methods. When selecting a UAV, it is important to understand the specific purposes for which it will be used. Since
the design features of each type of UAV have a significant impact on the feasibility and effectiveness of the application. At the
same time, drones pose a safety risk as they can crash during flight and a big problem remains the violation of people's privacy.

Keywords: drone; unmanned aerial vehicle; UAV; machine learning; information modeling of buildings and structures;
machine vision; Artificial Intelligence; monitoring of construction processes and infrastructure.

Fig.: 3. Table: 1. References: 11.
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OCOBJIMBOCTI PO3POBJIEHHSA ITPOEKTY CIIOCTEPEXKEHD
3A OCIJAHHSAMU ®YHIAMEHTY BATATOIIOBEPXOBOI BY IIBJII

Haseoeno pesynomamu eubopy nynkmie ucomHoi 0CHO8U, MiCYb 3aKAA0AHHS 0eOopMayiliHux Mapox ma po3pooieHHs
MEMOOUKY CROCMEPENCEHb 3 OCIOAHHAMU DYHOaMeHmy ba2amonosepxoeoi 6yoieni ¢ m. leano-@Ppanxiecvk. Y pezynomami
BUKOHAHHS NOYAMKOBOT cepii UMIDi6 8U3HAUEHT 8UCOMU 3AKIAOEHUX 0e)OPMAYIUHUX MAPOK, AKI 6YOYMb BUXIOHUMU OJis 6CMA-
HOBJIEHHS 6eIUYUH 0CIOaHb yHOamenmy Oydieni. Bukonawni nonepeows oyinka moyHOCmI 3anpoeEKmMoBaAHOT Mepexci ma ananiz
Pe3yIbmamis UMIpI08atb HOYAMKOBOL Cepii caiduams Npo OMpuMany MoYHiCIb GUHAYEHHS gUcomu Halciadbuwol degopma-
yitHoi mapku 1 mm.

Knrouogi cnosa: oecpopmayis 6yoieni; ceomempuyne Higeno8ants KOPOMKUM NPOMEHEM, NPOSPAMA CHOCMEPENCEHD 3d
deghopmayiamu, depopmayitina mapra; oCciOaHHA.

Puc.: 7. Tabn. 1. bion.: 8.

AKTYaJIbHICTh TeMH AOCJTi/KeHHA. [HTEHCUBHUI PO3BUTOK TEPUTOPIN MICHKOTO IMpoC-
TOpY NMPUTaAMAaHHUMN JJISl CY4acHOTO CBITY. TeHIeHI1i 111010 CTpIMKOi po30y/10BU 3yMOBIIEH1 (a-
KTOPOM 30UJIbIIIEHHSI BAPTOCTI 3eMENbHUX JUISHOK Ta, BIAOBIIHO, HIUIBHOCTI 3a0yn0Bu. Came
B TAaKUX YMOBAX y BEJIMKHMX MICTaxX Ta MEramoiiicax BeJleThCsl OyAIBHULITBO 31€011bIIOI0 BUCO-
THUX OyAMHKIB. MOHITOPUHT TaKMX CIIOPYH € 000B’I3KOBHM IIPOLIECOM, OCKUJIBKU 3 YaCOM BHU-
HUKAIOTh pi3H1 (PaKTOPH Ta PU3MKH MPHU eKCIUTyaTallii JaHUX 00’ €KTiB, IKI MOXYTh HETaTHBHO
BILJIMBATU Ha MIIHICTh Ta HAJIIMHICTh KOHCTPYKITIH.

Came reose3nuHi poOoTH 3a0€3Meuy0Th KOMIUIEKC 3aX0O/1B JJIsl BIJICTEKEHHS ITapaMeTpiB
00’ €KTIB 33151 MOHITOPUHTY PI13HOTO POy COpYH. Bu3HaueHHs HOpM, 3a IKUMH YiTKO pervia-
MEHTYIOTbCS Te€0JIe3uyHl poOOTH y OyIIBHHLTBI, BUKJIAJEHI Ha JIep>)KaBHOMY piBHI Jlep:kaB-
HUMH OyiBeTbHUMHU HopMami [ 1]. Lli HOpMU BCTaHOBIIOIOTH 3arajibHi paBuiia IPOEKTYBaHHS,
BUKOHAHHS Ta IPUHMaHHS re0Ie3UYHUX POOIT, SIKi MOTPIOHO BUKOHYBATH i1 4ac OyIiBHUIITBA,
PEKOHCTPYKIIIi, TEXHIYHOTO TIEPEOCHAIEHHS 00'€KTIB OyIIBHHUIITBA OyIb-sIKOTO MTPU3HAYCHHS,
cepen SIKMX OKPEMOIO CKIIAJIOBOIO € KOMITJIEKC T€OJIE3MIHUX POOIT 13 CHCTEMAaTUYHUX CIIOCTE-
pPEeXEHb 32 PO3BUTKOM JepopMalliiiHiX MpoleciB y nepios OyiBHUIITBA Ta eKCILTyaTalii oy/1i-
BeJIb, CIIOPY/ T TEPUTOPIi 320y JOBH.

Criocrepe)xeHHs BEIyTh 3 MOYaTKy Oy/liBHHUIITBA 3ac00aMH JTy’)K€ TOUHHX, PETEIbHUX 1 CUC-
TEMaTUYHUX Te0Ie3MYHUX BUMIpIB, PI3HOMAHITHUX 3a CBOIM XapakrepoM. [eone3nuHi BUMipu
MOBUHHI OyTH 3a0€3MeueHi BUCOKOTOYHOIO 3aKPITIEHOI0 TTAHOBO-BUCOTHOO T€O/IE3UYHOI0 Me-
pexero. Bumipu BenuuuH nedopmartiii NpUImUHAIOTH (200 CKOPOUYIOTh JI0 PEIIaMEHTOBAHOI JIs
BIJIMIOBIZTHOT CHIOPYU KiJIBKOCTI) TIJIbKM 3 MOMEHTY HAaCTaHHs cTadinmi3allii MporeciB OCiaHb.

© O. B. I'epa, P. €. Onecskis, JI. 1. {opomt, M. S1. I'punimak, B. IT. Muxainumnms, 2024
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ToMy xapakTepHa OCOONHMBICTh I€OAC3UYHUX POOIT € X CHCTEMAaTHYHE MOBTOPEHHS IPOTITOM
JOCUTD BEJIMKOTO MPOMIXKKY Yacy 3aJIe)KHO BiJ] CTIKOCTI IPYHTIB, Ha SIKMX pO3MIiIIeHa CIIOpYy/a.
[Ipy 1bOMy IIISIXOM IOBTOPHHUX BUMIPIB 1 MPHUB'SI30K JI0 CTIHKUX T€OI€3NYHUX ITyHKTIB BH3HAUa-
I0Th (DAaKTHYHE TIOJIOXKEHHS Ie(OpMaIifHUX 3HAKIB HA KOXXHOMY €Tarli CIIOCTEPEKEHb.

Pe3ynbrary nepiogMyHUX CIIOCTEPEKEHD TAIOTh MOYJIMBICTh HE TIIbKA BCTAHOBUTH BEIIU-
yuHU AedopMaliiid OyIiBii, ane 1 BXKUTH NpOo(UIAKTHYHUX 3aX0/IB I 11 OJaIbIIO0l Oe3medHol
ekcrutyaraiii. ['eoge3nyni poOOTH Ha IIbOMY €Talli BAKOHYIOTHCS BUCOKOTOYHUMH TTPHIIaIaMU
3a CreIiaabHO po3p00ICHOO I KOHKPETHOT OyIiBjIi IPOrpaMoro.

IMocTanoBka npodsaemu. [Bano-DpaHKiBCHKHM IHCTUTYT HAPTH 1 Ta3y, IK OKPEMUH 3aKJI1a]]
BUIIO1 OCBITH, CTBOpeHUH Y 1967 p. AkTuBHE Oy/IiBHHIITBO HABYAILHUX KOPITYCiB, 010J110TEeKH,
CIIOPTUBHOTO KoMIuiekcy BimOyBasiocs B 1978-1979 pp. Ockinabku OyIiBIsSIM TIOHAI COPOK PO-
KiB, TO IIPOIIECH HOPMATHUBHOTO OCigaHHs (PyHIaMEHTIB O4iKyBaHO 3aBepiieHi. OqHak Ha da-
cajai HaByabHOTO Kopmycy Ne 1 Oyino BusiBieHO o3Haku nedopmartii Oymisii (puc. 1). Tomy
MPUAHSITA PIIEHHS PO3POOUTH MPOrpaMy CIIOCTEPEKEHB 3a IporecoM jedopMarliii Kopmycy
JUTSL BU3HAYEHHS aKTUBHOCTI IHOTO MPOIIECY Ta MPOTHO3YBAaHHS HACIIIKIB.

Puc. 1. O6’exm 0ocnioxcens
Jxepeno: po3po0IeHO aBTOPaMHU.

AHaJi3 ocTaHHIX aocaizkeHb i myGaikaunii. /lociimkeHHIMU npobiaeM reoe3uyHOro
MOHITOPUHTY BUCOTHUX KOHCTPYKIIIH 3aliMatoThcst 6arato HaykoBI[iB. CBITOBHI JOCB1]l BKa3ye
Ha 0€3CyMHIBHY aKTyaJIbHICTh TEMH, OCKIJIbKH KUTBKICTh BUCOTHUX OyJMHKIB Y CBIT1 MOCTIHHO
3pocrtae. ABTopamu y poboTax [2, 3] mpoBeneHo aHaji3 Te€0Ae3UYHOr0 MOHITOPHHTY Jedopma-
LIHHUX NPOLIECIB BUCOTHUX Oy/I1BEIb 1 CIOPY/, META SIKOTO MOJISATa€ Y BUKOPUCTAHH1 TEXHOJIOT1{
3HIMaHHS, 110 BKJIIOYA€ aJITOPUTM 00pOOKH Ta MOPIBHAHHS PE3yJIbTaTiB JEKUIBKOX LUKIIIB CIIO-
CTepekeHb 1 3a0€3MeUeHHs] MOHITOPUHTY J1e()OpPMOBAHOTO CTaHy 00'€KTa IO BCiif HOTo MmoBep-
xHl. CamMe MOBTOPIOBAaHICTh BUMIPIOBaHb J03BOJIIE OTPUMATH HAOIp AAHUX VISl TTOAJIBIIIOTO
anamizy. Taki qaHi T€oAe3MYHOTO MOHITOPUHTY 3CYBIB 1 edopmartiii criemiaaizoBaHUM 00a-
HaHHSM € OCHOBOIO JJIs1 TOOY/I0BY alpOKCUMAIIIIHOT JTiHITHO-rapMOHiiTHOT PyHKIIT. Y poboTi
[4] HaBeneH1 MmpaBMiIa 3aCTOCYBAHHS METO/AY Bi3yaJbHOI'O KOHTPOJIIO, METOIO SIKOTO € BHSIB-
JICHHS] HE3HAYHUX BUIUMUX MPOsIBiB MedopMalliif Ha MOYaTKOBIM CTalii Y 3MiHU MOJIOKEHHS
€JIEMEHTIB KOHCTPYKIiH 00’ exTa. MeTa 11boro J0CiPKEHHsI — CTBOPUTH YMOBH U1 O€3MEYHOT
eKCIUTyaTalii KOHCTPYKLIN UIIXOM paHHbOTO BUSIBJICHHS] HETaTUBHUX 3MiH y CTaH1 Aegopma-
111 pO3TATY Ta OMEPATUBHOTO BXXHUTTS 3aX0/1B MO0 11 JIOKai3amii. 3rajani MeToau 0a3yroThCs
Ha JIOCUTh THUIIOBHX HAa3€MHHX T€OJC3UYHUX BUMiproBaHHsX. [IIs1x0M moetHaHHS pi3HUX Me-
TOZIB JIOCSTAETHCS KOMIUIEKCHHUM Pe3yNbTaT 10CIHiKEHb.
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VY HacTymHi# cTarTi [5] po3mIAHYTO MiAXIJM A0 BUPIIMICHHS 3a7a4 MOHITOPHHTY CIIOPY] 13
BUKOpHUCTaHHsM iHTerpoBaHoi GNSS-cuctemu ta HemeTpuuHuX Kamep 3 QR-komoBaHUMH -
asivmu. CucTeMa MO3UIIOHYIOThCS SIK HEopora CUCTeMa CIIOCTepeKeHHs, po3poliieHa Ha Oc-
HOBI1 TEXHOJIOT'1{ KOMI F0TEPHOTO 30py 3a miaTpuMku GNSS; 0CHOBHE 3aCTOCYBaHHS KO — MO-
HITOPUHT PI3HUX IH)KEHEPHHX CHOPYH, Y TOMY YHCIi BUCOTHUX Oy/iBesb. 3amponoHOBaHA
METOJIMKA JI03BOJISIE BU3HAYMTU 3MiHY F€OMETPHYHHUX MapaMeTpiB KOHCTPYKUIl MijJ BILTHBOM
30BHIIIHIX (aKTOpiB a00 HaBaHTAKEHb, HA OCHOBI YO0 MOKHA CIIPOTHO3YBATH BETUYUHU JIe-
dbopmariif y moiaabIiomy.

[IpoanasmizyBaBiy OUIBII HOBITHI METOIM Ta OIIHUBIIN €(EKTUBHICTh X 3aCTOCYBaHHI,
aBTOPHU JIIWIILIIM BUCHOBKY, IO BAPTO 3rajiaTH POOOTH, AKi 0a3yl0ThCsS HA AUCTAHIIIHHUX METO-
Jlax crocTepekeHb. Tak B poOoTi [6] HaBeAeHUI METOI pajIioJIoKaliifHOl iHTepdepomeTpii Ta
0OIPyHTOBaHA JOLUIbHICTh HOI0 BUKOPUCTAHHS IS CIIOCTEPEKEHb 32 BEPTUKAIBHUMU Aedo-
pMarisiMu iHQPaCTPYKTYpH Ha NPUKIIAAi HABYAJIHHOTO KOprycy IBaHo-®PpaHKiBCHKOTO HAILIO-
HAJIBHOTO TEXHIYHOTO YHiBepcuTeTy HadTH i ra3y. Ha ocHOBI oTprMaHOi paioaoKaiifHoi iH-
dopmariii ompanboBaHO HA0ip JaHUX 3a JOMOMOror wmetoay Persistent Scatterers
Interferometry (PS, inTepdepomerpis mOCTIHHUX BiAOMBAYiB paJioIOKaIifHOTO CUTHATY). Y
pe3ynbTari Oy BU3HAYEHI cepeiHi 3HAYeHHS [IBHJIKOCTI BEPTUKAIBHUX MEPEMIIIeHb TEPUTO-
pii yHIBEpCUTETY, IKI HIATBEPUKYIOThCS pe3ynbTaraMmu GNSS-crocrepexeHsb.

I{ikaBUM € 3aCTOCYBaHHsI METOJIIB JIA3EPHOIO CKAaHYBAaHHS Ul MOHITOPUHIY OyiBesb Ta
cniopyn [7,8]. IlepeBaroro Takoro MeToy € MBUIKE OTPUMAHHS BEJIMKOI KUIBKOCTI iH(pOpMaIlii,
IPOTE BEJIMKUNA OOCST 4acy 3aTpavyaeThbcs caMe Ha OIPALIOBAHHS OTPUMAHUX JIaHUX.

V crarti [8] 00rpyHTOBaHO BUKOPUCTAHHS CHCTEM JIA3€PHOTO0 CKaHYBaHHS JJIs €01e3H1y-
HOTO MOHITOPUHTY BHCOTHUX OyIiBEJIb 1 COPY/I, /I aKIIEHTYETHCS yBara Ha B3aEMHOMY pO3Ta-
IIYBAaHHIO OKPEMHX €JIEMEHTIB Oy/IiBIi, 0 0COOIMBO BKIMBO ISl BUSIBICHHS Ta MPOTHO3Y-
BaHHS JIeOPMAIIITHAX TIPOIICCIB.

MeTo10 cTaTTi € BUOIp ONTUMAIILHOTO METONy T'eOIe3MYHUX CIOCTEPEKEHb 32 HMOBIp-
HUMU OCIJJaHHSIMHM 0araToroBepxoBOi OyIiBil Ta po3poOJieHHS MpPOrpaMH BUKOHAHHS TaKUX
CIIOCTEPEKEHb.

BukJag ocHoBHOro marepiaJjy. Y BUNajaky aii q)aKTopa 1110 MIPU3BOAMTH /10 BUHUKHEHHS
mporecy z[e(I)opMaun (3M1Ha HaBaHTAXXCHHS Ha OCHOBY, 3MiHa TeMIepaTypu cepeqoBuIa abo
TiJ1a CIOPYIH, Aist TEKTOHIYHUX CHJI Ta 1H.), HEOOX1THUI MOHITOPUHT Mpolecy AepopMyBaHHS,
SKMI BUKOHYIOTb, 3a3BUYal, METOJJAMU T'€0JIE3NYHUX CIIOCTEPEIKEHbD.

J11 1H)KE€HEepHO1 IHTepIpeTallii pe3y/nbTaTiB BUMIpIB edopmaliiii BUBYAIOTh MOXKIIMBI IPH-
YUHM 1X BUHUKHEHHs. OCHOBHUI 1IHTEPEC SABISIOTH I'€0JIOT1YHI, FAPOreooriyHl Ta KJIIMaTUYH1
JIaH1: MOTYXXHICTb OKPEMHUX IIapiB IPYHTY, PIBEHb IPYHTOBUX BOJ, (i3MKO-MEXaHIUHI BIacTU-
BOCTI IPYHTIB Ta 1H. Y 0ararbox BHIaJIKax HE OOMEXYIOTbCS BUBUYCHHSIM MarepialiB BUIIYKY-
BaHb, a MapajielIbHO 3 BUMIPIOBaHHIM JedopmMalliii OpraHizoByrOTh CIEIiabHI CIOCTEPEKEHHS
3a TEPMIUHUM PEKUMOM IPYHTIB, PIBHEM Mi/I36MHUX BOJ], METE€OyMOBaMH, BPaXxOBYIOTh Oy/IliBe-
JbHE 1 TEXHOJIOTIYHE HAaBaHTAXKECHHS.

Jlnist BeIeHHS CIOCTePEeXXEHb CKJIANAIOTh MPOEKT, SKUN y 3arajlbHOMY BUMAJIKy MICTUTh:
TEXHIYHE 3aBJIaHHSI; 3arajbHi BiIOMOCTI PO CHOPYLY, IPUPOAHI YMOBU M TEXHOJIOTIYHHINA pe-
UM POOOTH; IPUHIIUIIOBY CXEMY CIIOCTEPEKEHb; CXEMY PO3MIILIEHHs OMOPHUX 1 Aedopmartiii-
HUX 3HaKIB; PO3PaxyHOK 1 XapaKTepUCTUKY NOTPIOHOT TOYHOCTI BUMIPIB; METOAU 1 3ac00U BU-
MIpIOBaHb; PEKOMEHJAIlll LI0A0 METOAMKHM OIpalfOBaHHSA Ta I1H)XXEHEPHOI I1HTeprperanii
pe3ysbTaTiB CIOCTEPEKEHD; KalleHAapHUl TuiaH (Tpadik) CIOCTEpPEeKEHb; CKJIaJ] BUKOHABIIIB,
o0csr poOIT Ta KOLITOPHUC.

Jledopmariisi ciopyiu TakoX 3aJIeXKUTh BiJl GOPMH, PO3MIPIB 1 )KOPCTKOCTI (PyHIAMEHTY,
PO3MOAUTY CTATUCTUYHUX 1 TUHAMIYHUX HaBaHTaKE€Hb BCEPEANHI CIIOPY/IH.

I'panuyHi qomycTUMi 3HaYeHHS Aedopmallii, IO BIAMOBIJAIOTH €KCILTyaTaIlliiHIM Xapak-
TEpUCTHKaAM Oy/iBIIl UM CIIOPYAH, BU3HAYAIOTHCS BIAMOBIAHUMHU TEXHOJIOTIYHUMH 200 apXiTek-
TYpHUMH BUMOTaMH Ta MpaBUJIaMH TEXHIYHOT eKcIuTyaralii oonaananHs abo copyau [1].
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3aranom /a1 BUKOHAHHSI 3aB/IaHHS HI0J0 CIIOCTEPEXKEHHS Ta OLIIHKHU CTaHy OyAiBIIi MOTPi-
OHO CJIiIyBaTh TaKOMY aJITOPUTMY iii (puc. 2).

Puc. 2. Aneopumm supiwienns 3a80anns
JIxepero: po3poOIIeHO aBTOPaMH.

AHaJi3 Tonorpago-reoie3n4HOro 3ade3neyeHHs paioHy podit. Ha ocHOBI BUBYEHHS
MYHKTIB IEp>KaBHOI T€0Ie3MYHOT Mepeki TOOIU3y 00’ €KTY JTOCIHIHKEHHS BCTAHOBJICHO, 110 ITy-
HKTH Y 33/I0BUIBHOMY CTaHi JUIsl CIOCTEPEKEHb 33 JMHAMIKOIO BEPTUKAIBHUX JePOopMaIiitHiux
IpPOIIECIB BIJICYTHI.

Jlnist BUKOHAHHS TIEpIIOi cepii crocTepekeHb Oyli0 MPUHHATO PIllIeHHS BUKOPUCTOBYBATH
CTiHHI pernepu MicueBoi HiBenipHoi Mepexi IV kmacy R 1364, R 1337 ta R 1319, ski 3Haxo-
JTHCSL HETIOAAITIK BiJT paiiony po0it (puc. 3).

Puc. 3. Cxema posmiwenns HigenipHux 3HaKie y paoHi pooim
JIxepeIo: po3po0IIeHO aBTOPaMH.
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BinomocTi mpo cTaH Ta po3TairyBaHHs I'€0Ae3MYHNX 3HAKIB HaBeneHo B Ta0u. 1. Koncrpy-
KIIisl pernepiB npeacrasieHa Ha puc. 4. CTiHHI penepu BiUIUTI 13 yaByHY. Ha nmepennpoMy ix-
HbOMY TOpIIi BKa3aHa OpraHizallis, 10 3aKjajia 3HaK, Ta HOMep Te0Ie3uYHOro MyHKTY. KoskeH
periep BMypOBaHUH y CTiHYy OyZiBIIi Tak, 10 Oro TOpIieBa YaCTHHA BUCTYIIA€ HA30BHI HA 5 CM.
Ha nucky pemnepa € BUCTYIl y BUINIIZI ceKTopa 3 peOpaMu, BHCOTA SKOTO HAJ| piBHEM MOpS 1
BBA)KA€THCSI BUCOTOIO perepa.

Tabnuysa 1 — Cman nisenipnux 3nakie IV kaiacy 6 mesicax paiiony pooim

Bun Hasea |Kuac HiBenmipHOi Mepexi |Bimgmans 10 06'ekra, M CraH nyHKTY
CTiHHHUH penep 1364 v 552 3aI0BIIbHUI
CTiHHUI penep 1337 v 589 3aI0BIIbHUI
CTiHHUH penep 1319 v 835 3aI0BIIbHUI

JIxepero: po3po0iieHo aBTOpaMHu.

IH
7

— ) 43
A

Puc. 4. 306pascenns cminnoeo penepa IV knacy
Ixepero: http://surl.li/unurk.

3akuaganns negopmManiiiHuX CTIHHUX Mapok. J[7s1 3a0e3nedueHHs MPOBEIEHHS MOHITO-
punry oynisni nepuoro kopnycy IOHTYHI y dynnament Oyino 3aknaaeHo aeopmariiiiHi
MapKH 3araibHOI0 KIJTBKICTIO 63 3HaKH, 1110 00YMOBIIEHO J0BOJII CKJIaIHOI0 KOH(pirypariieto Oy-
niBii. Micug 3akinananHs, BUOpaHi 3riIHO 3 HOpPMAaTUBHUMH BUMOTaMH, HaBeJIeH1 Ha puc. 5.

25 28 29

11770

Puc. 5. Cxema posmiwenns oeghopmayitinux mapox
JIxepeno: po3pobIIeHO aBTOPAMH.
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Bubip MeTonMKu BUKOHAHHS POOIT Ta HEOOXiAHOI0 00J1aTHAHHS.

Buxonsun 3 HaranbHOCTI MPOOJIeMH, TP BUHUKHEHHI TPIIIUH Y KOHCTPYKIii CHOPYIH,
MPUHAMAETHCS PIICHHS MPO HANUOUIBII e(EKTHUBHI METOIW BU3HAYEHHS BEIUYHMH Jaedopmaliii
JUTSL TIPOTHO3YBAHHSI PiBHSI HeOE3MEeUHUX MPOosBiB. [ €one3nuHi Ha3eMHI BUMIPIOBAHHSI BUCOKO-
TOYHUMH TIPHIIAJIaMU JI03BOJIIOTh BHSIBUTH HAMMEHI O3HAKW nedopmarliiid, 3 TOUYHICTIO 10
0,2 mM. Came 3acTOCYBaHHSI BUCOKOTOYHOTO HiBeJlipa MpU MPOBEJCHHI T€OMETPUYHOTO HiBe-
JIIOBaHHS KOPOTKUM ITPOMEHEM 3a0e31edarb HaliiHI 1aHi JJIs1 TOaIbIIoro aHajli3y CUTYaIIii.

Ha 06’€xTi BUKOHAHO ITOYAaTKOBY CEPil0 CIIOCTEPEKEHb 3T1AHO po3po0IIeHOl TporpamMu Bu-
KOHaHHS poOiT. BuMiproBaHHsI BUKOHaHI BUCOKOTOYHHUM €JICKTPOHHUM HiBesmipom Topcon DL-
501 3 aBTOMaTHYHUM 3UUTYBaHHSIM BiJTIKIB 32 IITPUXKOIOBOIO peiikoro. [lepen mouarkom cro-
CTepeXeHb MPOBOAMIIMU JIOCIHIKEHHSI HiBeJipa 3a MPOrpaMolo, BKa3aHOK B 1HCTPYKIIIT 3 eKcC-
utyararii npuiaay. 30Kkpema, mepes Io4aTkoM cepii CocTepekeHb BU3HAYABCS KYT i 3a JOMO-
MOTOI0 aBTOMAaTH30BAaHOI MPOrpaMu MEHIO HiBelipa. 3a3Ha4uMo, L0 MporpamMa BHUMIpIOBaHb
BHCOKOTOYHOTO eJIeKTpoHHOTO HiBenmipa DL-501 nependadae BBeieHHS y pe3yaAbTaTH BUMIPIO-
BaHb IOIPABKU 3a KyT i Ha KOJKHIH CTaHLIl HiBeJIIOBaHHS. BUMiproBaHHS NMPOBOIMINCE 32 Me-
TOIMKOIO CITIOCTEPEIKEHbD, sIKa 3a0e3Meuy€e CepeIHIO KBAIPaTUUHY MOXHUOKY BU3HAYEHHS BUCOTH
Haiicaluoi Mapku Mepesxi BITHOCHO MOJIOKEHHS BUXITHUX ITYHKTIB He Oubiie 1 Mm.

Cxema BHMIpIB Y MEpeXi BKIIIOYAE 3aMKHYTHI HIBETIPHUHN Xill, O 3’€qHYy€E nedopMamiiiHi
MapKH, BCTaHOBJIEHI y (hyHAAMEHTI OCHIDKyBaHOI OyiBii, 3 BUXiAHUMHU perniepamu R 1364,
R 1337 taR 1319, 3aknaneHumu y pyHIaMEHTH 11’ ITU- Ta JISB’ AITUIOBEPXOBUX OyIMHKIB (pHC. 6).
~

e

<

Puc. 6. Cxema 3anpoexmogaroi nigenipnoi mepexci
Jhxepeno: po3po0IIeHO aBTOPAMH.

CepenHbOKBaIpaTUYHA TOXUOKA BU3HAYCHHSI MIEPEBUILEHb HAa CTAHIll Y BUCOTHOMY XOJi
He nomyckanack moHan 0,15 M. J{ms mocAarHeHHS Takoi TOYHOCTI, HIBEJIFOBAaHHS BUKOHYBAJIH
3a mporpamoro HiBenroBaHHs Il ki1acy 13 BUKOPUCTaHHSIM Cy4acHOI METOUKH T€OMETPHUYHOTO
HIBEJTFOBAaHHS KOPOTKHM ITPOMEHEM 3 JTOTPHUMAHHSM TaKUX BUMOT:

- TOBKWHA pelku He Oinblie 1,8 M;

- IOMyCTUMa PI3HUIIA U119 Ha cTaHmii — 1,0 Mm;

- Ha 3B'SI3yIOYMX TOYKAX XOJIiB peiika BCTAaHOBIIOBANIACh TUILKH Ha HIBEIIPHI MiIKIaAUHU;
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- TIpWJIaJ Ha CTAHINAX Ta HIBEJTipHI MiAKIAJWHA BCTAHOBIIOBAIKMCH TUILKM Ha TBEPIUN
IpyHT ab0 6eToH;

- IPY KOHTPOJTI BUMIPiB KOPUCTYBAJIUCH HACTYITHUMH CIYKOOBHUMHU JOIYCKAMH:

a) Pi3HUI MMEPEBUIICHD, BU3HAYCHUX MPH JABOX TOPU30HTAX IHCTPYMEHTY Ha CTaHIIii, HE
Jomyckanach Oubine Hik 0,2 Mwm;

6) momycTuMi HeB'3KHM y onironax f,’”" BU3HAYaNIM 33 HaBEIEHOO HIKYE (HOPMYIIOO (f1e
N — KUTBKICTh CTAHIIN y XO/Ii):
£ =+0,2-4/n.
PesynbraTi BUMipSIHUX NIEPEBUIIICHB Ta TIEPEBIPKH JOITYCTUMHUX HE3aMHKaHb y MOJIITOHAX

MepeXi HaBeJIeHO Ha pHC. 7. BUCOTHY Mepexy ypiBHSIHO HapaMEeTPUUYHUM METOI0M i BUKOHAHO
OIIHKY TOYHOCTI BUMIPIOBaHb.

Rp 1319
244344,9
Rp 1337 e
244936,5 -591,64 Mm
e
+ 63,47 MM
n=4
+ 639,67 Mm
th= 0,68 Mmm n=20
Rp 1364 thoom =+2,0 1lmm
245000,0
M 49
/ 246572,96
-443,01 MM
n=10 -332,19 MM
n=5
th= 0,99MM

thoon =+1,08Mm

+ 333,18 Mm
n=8

—————

M14

YMoOBHI Mo3HAYEHHS:

A
YA Rp 1319 . 3
DA N Ha3Ba BHX1IHOI'O penepa Ta UOTO a6COHIOHa BHCOTa

O - Ha3pa nedopmariiinoi Mapku Ta ii abcomroTHa BHcOTa (MM)
246572,96

+ 333,18 Mmm - BuMipsHe nepeBUINEHHS
<——— - JIiHis HiBETIPHOTO XOIY
n=8 - KinpkicTh cTaHIiil B X041
th= 0,68 MM - HeB's13ka B X011
thaon =+2,01MM |- JTomycTHMa HeB's3Ka

Puc. 7. Pe3ynemamu eumipie y nouamkosii cepii cnocmepedicets
JIxepeso: po3po0IeHO aBTOpaMH.
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BucHoBkH. [PyHTYIOUKCH Ha pe3yiibTarax akTyalbHHUX JO0CIiIKEHb BCTAHOBIIEHO, 1110 Me-
TOJI BUCOKOTOYHOTO HiBEIFOBAaHHS ONTHMAIBHUMN JIJISl CIIOCTEPEIKEHD 32 00’ €KTOM JTOCIIIKEHb.
3 METOI0 BHSIBIICHHSI UMOBIpHUX JehopMalliii BUCOTHOI Oy/IiBiIi po3po0IIeHO Mporpamy reoje-
3UYHHX CIIOCTEPEKEHb, B PAMKAX SIKOT BAKOHAHO TaKHUii MEPeTiK pooiT:

- PEKOTHOCTYBaHHS 00’ €KTa JTOCIII[)KCHb;

- BCTAHOBJICHHS Ae(OpMaIliiiHIX MapKepiB Ta TIICOBUX MasKiB;

- 3aKJIaJIaHHs HiBEJIPHUX CTIHHUX MapoK;

- BUKOHAHHSI TIEPIIIOTO KTy HiBETIOBAHHS.

Kepyrourch BUMOraMyu HOpMAaTUBHUX JTOKYMEHTIB JIJIsl 00'€KTa JOCIIKEHHS po3po0iieHa
cXeMa po3MilleHHs aedopMaliiHuX MapoK. BiAmoBigHO 10 TeXHIYHOTrO 3aBAaHHS y (yHIa-
MeHT OymiBii 3akiaaeHo 63 nedopmariitii Mapku. BUKOHaHO BHCOKOTOYHE HiBETIOBaHHS Ma-
POK 3a METOJHMKOIO CIIOCTEPEIKEHb, sIKa 3a0e3Ieuye CepeqHbOKBAPATHYHY IMOXHOKY BH3HA-
YCHHSI BUCOTH HAWO1IBII CIIA0KO1 MapKu Mepexi piBHY 1 MM.

3a pe3ypraTaMi HaCTYITHHUX Cepill CIIOCTEPEKEHb MOXKHA Oy/1e OOUUCIIUTH BEJIMYUHU OCI-
JIaHb KUJTbKICHO, BUSIBUTH 1XH1 HAIIPSIMKH, IIBUJKICTh IPOIIECIB, Ta 3pOOUTH MMPOTHO3 CTIHKOCTI
Ha HACTYIIHI POKH, a 32 HEOOX1THOCTi pO3pOOHUTH KOMIUIEKC 3aX0/AiB 1010 cTabimi3arii Oy/iBIi.
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PECULIARITIES OF DEVELOPING THE PROJECT OF OBSERVATIONS
OVER SUBSIDENCE OF THE FOUNDATION IN A MULTI-STORIED BUILDING

During the exploitation of a multi-storied building, certain changes can occur in its geometric parameters — the defor-
mations caused by the factors of natural or man-made origin. The deformation processes are mainly revealed and monitored
by the geodetic methods with using the most up-to-date equipment, which is regulated by current legislation.

This research work analyzes today s development of methods for detecting and monitoring the deformation processes in
buildings and structures by using laser scanners, GNSS system and non-metric cameras with QR-coded targets, method of
Persistent Scatterers Interferometry.

The measurement of deformations in the basis of foundations of buildings and structures, that are exploited, is carried
out in case of appearing impermissible cracks, opening of seams, as well as a sudden change in the building condition. Thus,
in order to monitor the subsidence process in a multi-storied building, the regular observations over vertical movements of
deformation control benchmarks are optimal by the method of high-precision geometric leveling with a short beam. In this
respect, a program of observations must be created for each specific object.

The research work describes the results of selecting the points of elevation basis, the places of setting the deformation control
benchmarks and development of methodology of observations over subsidence of a multi-storied building foundation in Ivano-
Frankivsk city. As a result of the initial series of measurements performed, the elevations of planned deformation control bench-
marks were defined to subsequently serve as an initial point in determining the subsidence values of a building foundation. The
performed preliminary assessment of accuracy of the network designed and analysis of the measurement results of the initial series
prove the obtained accuracy of determining the height of the weakest deformation control benchmark of 1 mm.

Keywords: deformation of a building; geometric leveling with a short beam; program of observation over deformations;
a deformation control benchmark, subsidence.

Fig.: 7. Table: 1. References: 8.
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BUXIJIHI TAHI TPY PO3POBJIEHHI MICTOBY IIBHOI JOKYMEHTAII{
MICLIEBOI'O PIBHSI

Bazomicmp uxionux 0aHux 8U3HAYAEMbCA IX MOYHICIMIO, AKMYATbHICMI0 ma nosHomow. Ilognoma danux € pynoamen-
MATbHUM YUHHUKOM, 3A605IKU SIKOMY 3A0€3neuyemobcs KOMNAEKCHUN ma 8CeOIYHUL aHal3 Mepumopiil, pO36UmoK sSIKUX nioisieac
NIAHYBAHHIO [ BUPANCAEMBCS 8 HASIBHOCTI BCIX HEOOXIOHUX MA PeNeBARMHUX OaHUX. Y 00CHI0NHCeHHT NPo8edeHo anaiz 0ocsaey
BUXIOHUX OAHUX HeOOXIOHUX OJisl PO3POONEHH MICMOOYOI8HOT OOKYMEHMAYIT MICYeB8020 PIBHSL, A MAKOIC NPOBEOEHO iX CIMPYK-
mypuzayiio 8i0n08iOHO 00 3aKOH00as40 susHaueHux. IIposedene 00CniONHCEeHH O0360IUN0 CIPYKMYPYEAMU 3AKOHOO0ABYO 6U-
3HaueHi BUXIOHI OaHi ma 32pynysamu ix 6 mpu OCHOSHI epynu: npocHo3u, yini, 00 'ekmu, ymosu. Pesyivmamu 00Cnioxcens
in1rocmpyroms HeoOXiOHICMb YIMKO SUSHAYUMU 0Jcepend HaO0aHHA iHgopmayii 8i0N0GIOHO 00 BUSHAUEHUX BUXIOHUX OAHUX,
000npayr0eants nepenixy 0xcepen HA0auHs IHPopmayii i 000amKo80 BKIIOUEHHS: EOUHOL 0epHCABHOL eneKmPOHHOT cucmemu
v cghepi 6yoieHuymasa, peecmpy pewosux npas Ha Hepyxome MalHo, A0PecHO20 Peccmpy, MicmobyoJigH020 Kaoacmpy.

Cmammsi € HayK080-MeMOoOUUHOIO.

Knruosi cnosa: suxiowni oawi; micmo6yoiena OOKyMeHmayis, MiCyesull pieeHb, KOMNJIEKCHUL NIAH, 2eHEPATbHULL NIIAH,
mepumopianbHa epomaoa.

Tabn.: 1. Bion.: 15.

AKTyaJbHICTh TeMH AocTilkeHHss. CUCTEMHUH MiAX1J 10 3a0€3MEUCHHS CTAJIOr0 PO3BH-
TKY CIIPOMOXKHOT TEPUTOPIaTIbHOT IPOMAIX, CIIPSIMOBAHOTO Ha 30aJ1aHCOBaHICTh COLIAJIbHUX, €KO-
HOMIYHUX 1 €KOJIOTIYHHUX CKJIAJIOBHX, BUMAarae HasiBHICTh 1H(POPMAIIIHHOTO 3a0e3IeUeHHs, SIKe 3a-
Oe3reuye HasBHICTh aKTyaJIbHUX 1HTepornepadeIbHUX BUXIHUX IAHUX, K1 BIITPAIOTh KIIOYOBY
POJIb 1 € OCHOBOIO JUTSl IPUMHATTS PillieHb, IPOrHO3YBAaHHS Ta OLIHKY MOXIIMBHUX CLIEHApIiB PO3-
BUTKY TEpUTOPii. BaromicTe BUXIAHUX JaHUX BU3HAYAETHCA iX TOUYHICTIO, aKTYaJIbHICTIO Ta IO-
BHOTOIO. [T0BHOTA TaHKX € QyHTaMEHTATbHIM YHNHHUKOM, 3aB/ISIKU SIKOMY 3a0€311e9y€ThCSI KOM-
IUIEKCHUH, BCEOIYHUH aHalli3 TepUTOpPiil PO3BUTOK SIKUX MIJUIATA€ MIAHYBAHHIO 1 BUPAXAETHCS B
HasIBHOCTI BCIX HEOOXIJTHMX Ta pEeleBaHTHHUX JaHUX. BupimanbHy poib y pO3BUTKY TEPUTOpPIi
rpomaJi BiJlirpae KOMIUIEKCHUH IUJIaH MIPOCTOPOBOTO PO3BUTKY TEPUTOPIN TEPUTOPIaIbHUX T'PO-
man (KIIIIP), sixuit 3a0e3nedye cucTeMHUN MAX1A 10 YIPABIIHHS, BUKOPUCTAHHS Ta 30€peKEeHHS
IPOCTOPOBUX PECYPCIB. Y CTATTI JOCIIKEHO HOPMATUBHO-IIPABOBE PETYIIIOBAaHHS BUX1IHUX Ja-
HUX, SIK1 € 000B’I3KOBUMH JI PO3pOOJICHHS MICTOOY/AIBHOT IOKYMEHTALlli MICIIEBOTO PIiBHSL.

ITocTanoBka npodaemu. BukoprcranHs TepuTOpiil MOB'sA3aHe 3 pAI0oM IpolieM, siKi Mo-
KYTh BUHAKATH Ha Pi3HHUX eTarnax iX po3BUTKY. PillleHHs X MpobiieM BUMarae KOMIUIEKCHOTO
IiX0y, SIKUI BpaXxOBY€E MPAaBOBi, €KOJIOT1UH1, EKOHOMIYHI, TEXHIYHI Ta COIIaJIbH1 aCMIeKTH. 3a-
0e3nedeHHs JOBrOCTPOKOBOTO COL1abHO-€KOHOMIYHOTO 3pOCTaHHS KpaiHU 3arajioM, PerioHIB
1 HaceJIleHUX MyHKTIB Ta pallioHaJTbHEe BUKOPUCTAHHS MIPUPOAHUX PECYPCIB 3arajioM i 3eMelb-
HUX 30KpeMa, € BAKIIMBHMH 3aBJIaHHSMH CbOTOICHHSI.

B Vkpaini octaHHiI pokH MPOCTOPOBE IUIAHYBAaHHS HaOyBa€ O0COOIMBOTO 3HAUEHHS, K B
MICTOOY/IIBHIM, TaK 1 3eMJICBIOPSIIHIN TUIommHI. TpaHncdopMallis 3aKOHOAABCTBA, 3yMOBJICHA
HEOOX1/IHICTIO HOTO ajanTarii Cy4yacHUM 3aBJaHHAM PO3BUTKY TEPUTOPIH 1 opraizaiii mpoc-
TOPY KUTTEISIBHOCTI CYCIIJILCTRA.

[IpoTsirom ocTaHHIX pOKiB Bij0yBasiacsi akTHBHa TpaHchopMmallisi HOpMaTUBHO-TIPABOBOT
0a3u 110710 MJIaHYBaHHS BUKOPUCTAHHS 3€Melb. 3MiHM, SKi BiAOy/IUCs, Hacammepesn CupsMo-
BaHi Ha IHTErpalliio 3aBJaHb MICTOOY/IIBHOT Ta 3€MJIEBIOPSIHOI JOKYMEHTAILli Ha MiCIIEBOMY
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piBHI, i pPO3pOOJIECHHS KOMIUIEKCHOTO IUIaHy ITPOCTOPOBOIO PO3BUTKY TEPUTOPIN TEPUTOPiaib-
HUX IPOMaJ K OCHOBHOIO JOKYMEHTa, L0 3abe3neuye 30alaHCOBaHUM PO3BUTOK TEPUTOPIH,
110 BiJNOBia€ TOTpedaM 1 iHTepecam HaceleHHs, EKOHOMIKHM Ta HABKOJIHUIITHBOTO CEPEOBHUIIIA.

AHani3 ocTtaHHix aocaikeHb i mybdsikauii. OCKiIbKM METOIO JOCITIKSHHS € BU3HA-
YEeHHS BUXIJHUX JaHUX MPH PO3pOOJICHHI MiCTOOYNIBHOT TOKYMEHTAIIi1 MiCLIEBOTO PiBHS, B PO-
00Ti Oyinu IOCIIKEHI IepKaBHI HOPMAaTHBHO-TIPaBoBi aktH [2; 4; 7; 8; 12; 15].

Meta nocaikeHnsi. BusHaunti o0car BUXITHUX JaHUX HEOOXIAHUX Ui PO3POOICHHS
KTIITP, a Tako>k MpOBECTH iX CTPYKTYPHU3AILIIIO BIATOBIIHO 10 3aKOHOIaBYO BU3HAUYCHUX. Y MPO-
1eCl TOCIIIKEHHS] BAKOPUCTAHO METOAM aHaJli3y Ta CUHTE3Y.

BukJiag 0CHOBHOro marepiaJry.

V3aranbHeHHs 3aKOHOJABYMX IOJIOKEHb 1 CTAJ0i MPAKTUKH MPOEKTYBAHHS CBIIUUTH, 110
OCHOBHHUMH BUXITHUMH JaHUMH 1pu po3poosienHi KIIIIP e:

1) arpuOyTHBHI JaHi — KUIBKICHI Ta SIKICHI XapaKTEPUCTUKU 00’ €KTIB (IIOKa3HUKH Cydac-
HOTO CTaHy, TPOEKTHI TTOKa3HUKH, IIPOTHO30BAHI MOKA3HUKH Ta iHIUKATOPH);

2) reonpocTOpoBi AaHi MICTOOYIIBHOI JOKYMEHTAIllli — HAOOpH TeONMpPOCTOPOBUX JAHUX,
10 OTPUMYIOTHCS 3 HAlIOHAJIBHOI 1HQPACTPYKTYPH IeONpOCTOPOBUX JIaHUX, PEECTPIB, Kaaac-
TpiB, IHIIMX 1HPOPMAIITHAX CUCTEM;

3) MeTamaHi — JaHi MO0 JKEePes, TOYHOCTI, CTAaTyCy, CIIOCO0y OTPUMAHHS Ta iHIIHMX Xa-
PaKTEPUCTUK IeOMPOCTOPOBUX JAaHUX MICTOOYIIBHOT JOKyMEHTAIlii;

4) TonorpadiyHi KapTH.

VY nociimKeHH1 He PO3TIISIAI0THCS BUMOTH 10 KapTorpadiuHUX MaTepialiB MicTOOYIiBHOT
JOKYMEHTAIlii 1 TonorpadiuHux Kapr.

Cepen ocroBaux ckiaioBux KIITTP 000B’13k0BUMH BH3HAYEHO CTPATETis IPOCTOPOBOTO PO-
3BUTKY Tepmopi'l' Ta 6a3a reomanux. Crparerist TPOCTOPOBOIO PO3BUTKY TEPUTOPIii MICTUTH KOM-
TUICKCHY OIHKY Tepmopu MOJIEITb PO3BUTKY TEPHTOPIi ¥ I[OBFOCTpOKOBlI/I HIEPCIIEKTHUBI 1 o6rpyH-
TyBAHHS TIPOEKTHUX pimens. [Ipy pOMy KOMIUIEKCHA OLIIHKA TEPUTOpil BKIIFOYa€ BU3HAYCHHS 1
NOPIBHSUTHHUH aHai3 OCHOBHHX CTUMYJIIOBAJBHUX 1 OOMEXYBAIbHHUX (DAKTOPIB, SIKi BILUTMBAIOTH
Ha CTPYKTYypY Ta apamMeTpu €KOHOMIYHOTO PO3BUTKY M BUKOpUCTaHHS TepuTopii. Monens po3Bu-
TKY TepI/ITOpﬁ B JIOBIOCTPOKOBIH MEPCIIEKTHBI, 30KpeMa, BKIIIOUA€ 3arajbHe OaueHHs pO3BUTKY Te-
puTopiit Ta iH(popMalliro Mpo AemMorpadivyHi IPOrHO3U, OCHOBHI MPHHIUIT PO3BUTKY, )KUTIOBHN
(boHN 1 comianbHy 1H(ppaCpr1<Typy, 00'eKTH i 1HIKCHEPHOT 1H(1)paCprKTypI/1 PO3TAIITYBAHHS KIHO40-
BUX BUPOOHMYMX, CLIIbCHKOTOCIIOAAPCHKUX Ta IHIIMX KOMIUIEKCIB, TPOMAJIChKI LIEHTPH, TPAHCIIOP-
TH1 KOPUJIOpH. Ba)kIMBUM aclieKTOM € BU3HAUEHHS 1HBECTULIIMHO MPHUBAOIMBUX TEPUTOPI, TEpH-
TOP1H 3 0COOMBUM €KOHOMIYHUM CTaTyCOM 1 TEPUTOPIH, 10 MOTPEOYIOTh MiATPUMKH.

baza reogannx MICTUTH HaOOPH TEONMPOCTOPOBUX JAHUX, CTPYKTYPOBAaHUX 3a TeMaTHU-
HUMHU T1APO3/1JIaMy, 1110 BiJOOpa)karoTh ICHYIOUI Ta 3allJJaHOBaHI 00’ €KTH, a TAKOX TakKl aTpu-
OyTHBHI J1aHi:

¢ [IoKa3HMKH iICHYIOUOTO CTaHy: XapaKTEePUCTHKA IOTOYHOTO CTaHy TEPUTOPIi, BKITIOUAFOUH
BCl HasBHI PECYpCH, 1HKEHEPHO-TPAHCIIOPTHY Ta COLIaJIbHY 1HPPACTPYKTYPY TEPUTOPIaTHLHOL
TpOMaIH, JJIs SIKOT po3pOOIISIETHCS MICTOOYAIBHA JJOKYMEHTAIIisl, HA OCHOBI BUX1THUX JaHUX.

e [IporHo3Hi MOKAa3HUKH: HA KOPOTKOCTPOKOBHH (0 I’ATH POKIB), CEPEIHBOCTPOKOBHIA
(6-10 pokiB) Ta moBrocTpokoBuii (moHaa 10 pokiB) mepioan 3 BiANOBIIHUMH BUXiTHUMH Ja-
HUMU (cTparerii, NPOTrHO3H, IJIaHU, TOCIIJIKEHHS TOIIO).

e [Ipo€eKTHI MOKa3HUKHU: HA KOPOTKOCTPOKOBUH (IO I’ATH POKIB), CEPeIHHOCTPOKOBUI
(6-10 pokiB) Ta noBrocrpokoBuii (moHas 10 pokiB) nepioau, 3a3Ha4eHi B POEKTHUX PIICHHSX
MiCTOOY/TIBHOI JJOKyMEHTAIII1.

e [HauKaTOpH peanizailii MiCTOOYIiBHOT JOKYMEHTAIIIl: HA KOPOTKOCTPOKOBHM (10 11’ SITH
POKIB) Ta cepeqHbOCTpOoKoBUH (6-10 pokiB) mepioau.

OCK1IbKH TEKCTOBI MaTepiaif y BUINIAI CTpATerii MPOCTOPOBOTO PO3BUTKY TEPHUTOPII 1 Te-
MaTU4yH1 HA0OpHU reoNPOCTOPOBUX JaHUX (HOPMYIOTHCS 3 BIIMOBIAHUX TEMAaTHYHUX PO3JLIIB Ta
MiIPO3AUTIB OCOOIMBOTO 3HAYCHHS HaOyBa€e 3eMJICBIOPSIHA CKJIAJIOBA, KA J0JaHa J0 CKJIaay
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MiCcTOOYIIBHOI TJOKYMEHTAIlii MiclieBOro piBHs. Po3in «3emieycTpiid Ta 3eMIIEKOPUCTYBAHHS
OXOIUTIOE MUTAaHHS MOTOYHOTO BUKOPUCTAHHS 3eMeJb Ta MPOIMO3HULIi HI00 iX MePCHEKTUBHOTO
3acTocyBaHHA. BiH MicTUTH iHpOpMAIiO PO (haKTUYHE BUKOPUCTAHHS 3€MEIb Y MEXax Ipo-
Mazu 3a hopMaMu BIACHOCTI, KATETOPIsSIMU Ta BUJIAMH I1JIbOBOTO MPU3HAYCHHS 3eMeJb, YTiIb
1 3eMeNbHUX AUISTHOK. BaXXITMBOIO YaCTHHOIO € TIepelliK 3eMeIbHUX NUISTHOK, SIKi HaJlaHl y BIia-
CHICTb 200 KOPHCTYBaHHS, a TAKOXK THX, SIKI HE HaJaH1 y BIACHICTb a00 KopucTyBaHHS. Po3zin
TaKOX BKIIIOYAE BHUSIBICHHS 3eMEIbHUX JTUISTHOK, 1110 BUKOPHCTOBYIOThCA 0€3 3apeecTPOBAHOTO
PEYOBOTO TpaBa, 1 BU3HAYECHHS HEOOXITHUX IS PO3MIIIEHHS 00'€KTIB, MO0 AKX MOXKE 3ii-
CHIOBATHCS IPUMYCOBE BIUYKEHHS 3€MEIbHUX JUITHOK 3 MOTHBIB CyCHUIBHOI HEOOX1THOCTI.
Poznin «O0MexeHHsl y BUKOPUCTAHHI 3€Meb) BU3HAYAE ICHYIOU1, TPOEKTHI 1 BCTAHOBJICHI 00-
MEXEHHS y BUKOPUCTaHHI 3eMelb. Po3ain «OxopoHa 3eMenb, iHKeHEepHa ITiIr0TOBKa Ta 01aro-
YCTPii TEPUTOPii» MICTUTD 3aBJAaHHS MIO/I0 3aXO/IB 3 MiABUIIICHHS MPOyKTUBHOCTI T OXOPOHH
3eMenb, cTabimizanii arponanamadTiB, ONTHMI3aMii CKIaay yriib, KOHCEpBallii AerpagoBaHIX
3eMellb 1 HampsMiB 1X MOJAIBIIOT0 BUKOPHCTAHHS TOINO, SIKi PaHillle HIKOJIH HE BXOIWIIH JIO
CKJIa/Ty MICTOOYIIBHOT TOKyMeHTaIlii [2].

Ckaa BUXiTHUX JaHUX JUTS pO3pOOJICHHSI KOMIUIEKCHOTO TIIaHYy, a TAKOXK HOTro HEBiJ €MHHX
CKJIQJIOBUX - TeHEPAIbHUX IJIaHIB HACEICHUX MYHKTIB Ta ACTAILHUX IUIaHIB TEPUTOPii BU3HAYA-
€ThCSl HOPMAaTUBHO-TIPaBOBUMH akTamu [2; 13]. BiamosigHo 10 yrMHHOTO 3akoHOMaBcTBa [ 13] Mi-
cTOOy/IiBHA TOKYMEHTALlisl MICIIEBOTO PiBHS PO3pPOOISETHCS HA MANIEPOBHX 1 €IEKTPOHHUX HOCIAX
Ha OHOBJICHIH KapTorpadidHiii ocHOBI B Iu(poBiii ¢hopmi sk Habopu MPO(UTEHUX TE€OMPOCTOPO-
BUX JIaHUX Yy JAeprKaBHil reope3nuHii cuctemi koopaunatr Y CK-2000 i enuniii cucremi knacudi-
KaIlii Ta KoxyBaHHs 00’ €KTiB OyIiBHUIITBA 11 POpMyBaHHA 60a3 JaHUX MiCTOOYIIBHOTO KaaacTpy.
O06’exToM MicTOOY/IIBHOI JTOKYMEHTAIII1 € TEONPOCTOPOBHA 00’ €KT, IIOJ0 SIKOTO BU3HAYAIOTHCS
TeoNpOCTOPOBI, aTpuOYTHUBHI JaHi Ta MeTagaHi MicTOOyniBHOI TokymeHTamii. /o 00’ekTiB Mic-
TOOY/IBHOT JOKYMEHTAIIi] HAJIeKAaTh SIK ICHYIOYi, TaK 1 IPOEKTHI 00’ €KTH.

VY pe3ynbTari MpoBEICHOTO aHAJTi3y CKJIaly 3aKOHOJAaBYO BU3HAYCHOTO MEPENTIKY BUXITHUX
JTAHWX, BCIO X CYKYITHICTBh 3aIIPOTIOHOBAHO 3TPYITyBaTy B TPU OCHOBHI IPYTIN:

® TIPOTHO3H, IIIJI1;

e 00’eKTH;

® YMOBH.

Jlo mporHo3iB Ta Lijel BiIHECEH] Ti, sIK1 BCTAHOBJIEHI CTPATEriYHUMH JJOKYMEHTaMH 11010
PO3BHUTKY TEPUTOPiaIbHOI TPOMAIU Ta MPOrPaMH €eKOHOMIYHOTO 1 COLIIaIbHOTO PO3BUTKY, rally-
3ell eKOHOMIKH, OXOPOHU HaBKOJIMIIHBOIO MPUPOIHOTO CEPEOBHUIIA TOIO, MPUHHATI HA JIep-
KaBHOMY, 00JIaCHOMY, paifOHHOMY Ta MICLI€BOMY PiBHI, IO MOIIUPIOIOTHCS HA TEPUTOPIIO Te-
pUTOpiaTIbHOT TPOMAJIH.

J1o 00’€ekTiB — BiIHECEHI MarepiaibHl 00’ €KTH MPUPOTHOTO M aHTPOMOT€HHOTO MOXO/KEHHS
(b13U4HO1, COIIaTIbHOT, EKOHOMIUHOI Ta €KOJIOTTYHOI CTPYKTYpH TEPUTOPIi, a caMe: IPOMUCIIOBI, K-
TJIOBI, 1HKEHEPHI 1 TPAHCTIOPTHI 00’ €KTH, aJAMIHICTPATUBHI Ta TPOMAJICHKIi, OCBITHI I MEJUYHI 3a-
KJ1aJ11, 3€JIeH1 30HH, BOJHI 00'€KTH, ICTOPUYHI MTaM'sITKH, peKpealtiiiHi 00’ €KTH TOIIO.

YMOBU MOXYTb BIUIMBAaTH Ha €(PEKTHBHICTh Ta CTIMKICTH MPOILIECY PO3BUTKY, BU3ZHAYATH
CHPUATIUBI 1 HECIPUATIUBI OOCTaBUHU, K1 3yMOBIIIOIOTH ICHYIOUMI Ta MPOTHO3HUM CTaH pPo3-
BUTKY TEPUTOPIi IPOMaJM B LIIOMY, 1 3eMEIbHUX AUISHOK 30KkpeMa. J[o HuX BiJiHECeHi: MmpH-
POIHO-KJIIMaTU4HI YMOBH; AeMorpadiuHi; pu3UK1 BUHUKHEHHS HaJ[3BUYalHUX CUTYyallli mpu-
POZHOTO Ta TEXHOTEHHOTO XapakTepy; CTaH HaBKOJMIIHBOTO MPUPOAHOTO CepeloBHILA
IPUPOIHOI 1 TEXHOT€HHOI HEOEe3MEKH; HassBHI OOMEKEHHS 1110/10 BUKOPUCTAaHHS 3eMeJlb; PEYOBI
IIpaBa Ha HEPYXOME MaiHO TOILO.

3anpornoHoBaHa CTPYKTypa CIPUATHME PO3YMIHHIO JDKEPENT HaIXOKEHb BUX1THUX JaHUX
Ta CHPOILIEHHIO IX OTPUMaHHs.

V pesynbrari y3arajdbHEHHs BUXIJIHHMX JIaHUX, SKI 3aMOBHHX Ma€ HAJaTH ISl PO3POOKH
KIITIP, Ta mxepen HagaHHs BUXIAHUX JAHUX 3a3HaueHUX y [2], chopMoBaHMil BU3HAYEHUH TTe-
periK JpKepern OTPUMAHHS BUXITHUX JTaHUX:
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v’ NaHi Iep)KaBHOTO 3eMENbHOTO Ka1acTpy;

v cTpareriyfi JOKyMEHTH HIOA0 PO3BUTKY TEPUTOPIaIbHOI IPOMAJIH;

v/ 3aTBepIpKeHa MiCTOOYNiBHA JOKYMEHTALlisS PEriOHaIBHOTO Ta MICLIEBOIO PiBHS,

v/ [IPOrHO3U Ta TMPOTPAMU EKOHOMIYHOTO i COLIAJbHOTO PO3BUTKY, Taiy3eil eKOHOMIKH
NPUKHATI HA JepKABHOMY, 001aCHOMY, palOHHOMY Ta MICIIEBOMY PiBHI, 1110 TOIIHPIOIOTHCS HA
TEPUTOPIIO TEPUTOPIATBHOT TPOMAIH;

v crparerii, mporpaMu Ta IUIaH| y chepi OXOPOHH HABKOJIHMIIHBOTO IIPUPOIHOTO CEPEIO-
BUIIA 1 CTAJIOTO BUKOPUCTAHHS 3eMellb, IPYHTIB, BOJ, JIICIB Ta IHIIUX MIPUPOTHUX PeCypciB, Go-
PMyBaHHS €KOMEPEXi;

v/ IUIaHK YIPaBJIiHHA PiYKOBUMH OaceiiHaMu;

v/ MOJIO)KEHHSI KOHIICTIIIii iIHTErPOBAHOTO PO3BUTKY TEPUTOPIi TEPUTOPIATBHOI TPOMAIH;

v/ TOKYMEHTAIIis i3 3eMJICYCTPOI0 y MEXKaX TEPHUTOPIl TEPUTOPIiaIbHOI IPOMAJH, 3aTBep-
JDKEHA JI0 IPUHAHSATTS KOMIUICKCHOTO TIIaHY.

VY poboTi mpoBefieHNH aHaJTi3 BU3HAYEHUX JDKEPEN HallaHHS JaHUX BiJIOBITHO 10 3aIpo-
MIOHOBAHOI CTPYKTypH3allii aTpuOyTHBHUX JaHKUX: IPOTHO3H, 11iJ1i; 00’ €KTH, yMOBH (Tabm. 1.).

Tabauys 1 — OcHosHI ddcepena OMpUMaHHs NOYAMKOBUX BUXIOHUX OAHUX

No Jskepesia OTpPUMAHHS MOYATKOBUX BUXITHUX JTAHUX 00’exktun | YmoBu | Ilpornosm, uiji

1 | depxaBHUI 3eMeNbHUI KagacTp + +

2 | DoHA AepKaBHOrO MailiHa +

3 Jlep;kaBHUI peecTp PeU4OBUX IIPaB HA HEPYXOME MalHO Ta + + +
iX 0OMeKeHb

4 | lepxaBHa i perioHajibHi cTpaTerii pO3BUTKY + +

5 |CrpareriuHi TOKYMEHTH PO3BUTKY TEPUTOPiaJIbHOT rpOMaan +

6 KoHuemnuist iHTErpoBaHOr0 PO3BUTKY TEPUTOPII TepUTOpia- + + +
JIHOT TpOMaii

7 Hep:xaBHi, O6J'{aCHi, p.af/'IOH.Hi Ta MiCIeBi MIPOTHO3M Ta MPO- + +
rpaMH €KOHOMIYHOTO i COIIaJIbHOTO PO3BHUTKY

8 Crparerii, mporpaMu Ta 1iaHu y cepi 0XopoHH HaBKOJIU- + +
IIHBOTO MPHUPOIHOTO CEPEAOBHIIA

9 | [lnanum ynpaBiiHHS PiYKOBIMH OaceiiHaAMU + + +

10 |MicToOyzmiBHa JOKyMEHTAIIis PI3HUX i€papXiYHUX PiBHIB + + +

11 | JepxaBHuil GOHI JOKYMEHTAII] i3 3eMIJICYCTPOIO + + +

[TpoBenenuii aHani3 UIIOCTPYeE, 110 IS 3a0€3MeUeHHs] TOBHOTH JAaHUX MpPHU PO3pOOIIeHHI
KTIITIP HeoOXi1HO BUKOPUCTOBYBAaTH PI3HOMAaHITHI Jykepena iHopmalii pi3Horo piBHs. B pe-
3yJIbTaTi aHali3y PO3MOPSAHUKIB JaHUX MPOBEACHO IX y3arajJbHEHHS BIANOBIIHO /10 iHpOpMa-
wii [1; 3; 6; 9; 10; 11; 14; 15]:

v' JlepxaBHi Ta MiclieBi cTaTUCTHYHI ciy)0u (aemMorpadiuHi, eKOHOMIYHI, COIiabHi
JIaHi TOIIO).

v' Kamactposi i peectpariiiiti cny>i<61/1 (iHdopmarist Mpo 3eMebHI TUISHKH, TMpaBOBHIA
CTaTyC 3€MeJIbHUX JUISHOK, PO MEXI1 1HJEKCHO-KaJlaCTPOBUX 30H Ta KBapTalliB; MPO MEXI
arporpym rpyHTiB, mu}p Ta Ha3By arporpymnu, 6anx OOHITETY J1aHi MPO BIACHUKIB/KOPHUCTYBa-
4iB 1 0OMEXEHHSI KOPUCTYBAaHHSI HEPYXOMHM MaiHOM TOIIIO).

v" Tomorpado-reoae3ndni ciryx6u (KapT, aepoPOTO3HIMKH, CyITyTHUKOBI 3HIMKH TOIIO).

v' JlepkaBHi i TepUTOpiaJIbHI OpPraHi BUKOHABYOI BJIaJIU (JIOBTOCTPOKOBI Ta CEPEIHBOCT-
POKOBI IIpOTrpaMM pO3BUTKY; IHBECTULINHI porpamu, cyOBeHIlil, J0oTallii, iJIbOBI IPOTpaMH,
IPOTHO3M JIeMOrpadiuHOro Ta eKOHOMIYHOTO PO3BUTKY, JaHi PO CTaH HaBKOJMIIHBOTO MpU-
POIHOTO CepelloBUIIA, MPUPOAHI PeCypcH, CTaH BOIHOTO Ta MOBITPSHOTO OaceiiHy, TPyHTIB,
00’€KTH MPHUPOIHO-3AMOBITHOTO (POHJY, PU3HMKH TOIIO; 1H(OpMAIlis MPO YNPaBIiHHS BIJIXO-
namu; [Hdopmalis mpo po3TanryBaHHs, MeXI1 Ta XapaKTEPUCTUKY KypPOPTHUX TEPUTOPIH, JIIKY-
BaJIbHO-03/10POBYOiI MICLIEBOCTI, OCOOJIMBO I[IHHI Ta YHIKaJIbHI IPUPOJHI JIKYBaJIbHI PECYPCH,
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MEepEITiK maMm’sITOK 1CTOpii, apXeoJIoTii, MOHYMEHTAJIbHOTO MHUCTEIITBA BCIX KaTeTropii 3 BiJIO-
BIJTHUMU PIIICHHSIMH MPO B3ATTS Ha JCPKaBHUM 0OJIIK; 3arajbHi 1aHi IPo JIiCOBUH QOHT Y po-
3pi3i aAMiHICTPATUBHO-TEPUTOPIATHHUX OIUHHIIb.

v Opraiu MiCIIeBOTO CaMOBpsiyBaHHs (IUIAHH PO3BUTKY, iH(pOpPMAIlis mpo iHdpacTpyk-
TYpY, COLliaJIbHI 00'€EKTH).

v’ JleprkaBHi Ta KOMyHaJIbHI HiANPHEMCTBA (IEPENK i XapaKTepUCTHKA JIOPIT Pi3HUX KaTero-
i, 110 IPOXOMAATH IO TEPUTOPIT TPOMAJIN, TIEPETTIK 1 XapaKTEPUCTHKA 3aTI3HUIHUX JOPIT, 3aJT13HU-
YHUX BOK3aJIB Ta CTaHIiH; iH(popMaIlist po po3TalnryBaHHs MariCTpajlbHUX TPyOOIPOBO/IB HA Te-
puTOpii rpoMaaM, a TAKOXK PO3MIPH IXHIX OXOPOHHMX 30H; iH(OpMAIls NMpo HAsBHI MeEpexi
BOJIOTNIOCTa4YaHHs, BOJOBIIBEICHHSI, €JICKTPOIIOCTAYaHHs, FAa30II0CTavaHHs. eHEProMepeKi, BUpoO-
HUIITBO Ta CIIOKUBAHHS €HEPrii, JaHi PO TPAHCIIOPTHI MEPEXKi, MOTOKH, IHPPACTPYKTYpYy; 1HDOP-
MalIlisi PO MEX1 MiCIIepO3TalllyBaHHs IIPOMHCIIOBOTO 200 CLIIHCHKOTOCIIONAPCHKOTO 00’ €KTa TOIIIO).

v HJII Ta rpomajiceki oprauizamii (pe3y/ibraTd CremianizoBaHuX JOCIIHKEHb y Taly3sX
€KOHOMIKH, MOHITOPUHTOBI ¥ OI[IHOYHI /1aHi).

BaxxmBoro 3HaueHHS MpH 3a0e3MeYeHH] TOBHOTHU JIaHUX IIPU PO3poOIeHHI MicTOOYIiBHOT
JIOKYMEHTAIIli MICIIEBOTO PIBHSI MaIOTh COIIIOJIOTIYHI ONMUTYBAHHSI, Y PE3Y/IbTaTl IKUX OTPUMY-
€ThCs 1H(OpMaITis PO MOTPeOu, OUiKyBaHHS 1 33/I0BOJICHICTh HACEJICHHS YMOBAaMH B IpoMa/ii
Ta IPOMO3UIIii 1 0aueHHs MICHEBUX KUTEINIB 100 IEPCIIEKTHB PO3BUTKY.

Takox B YkpaiHi, oco0nuBo 3a yacu Pocilickkoi arpecii, 0coOJIMBOT0 3HaYCHHS HA0yBaIOTh
30BHIIIHI JDKepea HaIX0/DKEHHS iHpopMallii, 70 SKUX BITHOCATHCS Oynb-sKi Mi>KHAPOIHI iH-
CTHTYMI{ 3 SKMMH € BiJIIOBITHI JIOTOBOPHU PO CITIBITPALIIO.

VY pesynbrari aHaji3y crae O4eBHIHHM, IO JaHi CTOCOBHO BIJOMOCTEH MO0 MPUPOTHUX 1
AHTPOIIOTeHHUX 00’ €KTIB MatOTh OyTH OTPUMaHI 13 MiCTOOY/IIBHOT 1 3eMIIEBIOPSITHOT JOKyMEHTa-
1ii Ta JlepkaBHOTO 3eMeIbHOTO KaacTpy. L[poro He qoCTaTHRO 3 OISy BU3HAUYCHHS MAHOBUX
npaB Ha 00’ €KTH, HETIOBHOTH 3arlOBHEHHS NieBHUX 1apiB B JI3K, BigcyTHIiCcTIO iH(OpMaIIii momao
HEPYXOMOCTI BiMIHHOT BiJ 3emenbHOi AutsHku B JIKK Ta Bupimenns iHmmx nutanb. OgHaK y
YaCTHHI BIIOMOCTEH, siKi HamaroThest 1t po3poonenns KIIIIP, gitko 3a3Havyenuii Tinbku JI3K.

Hocgin po3pobnennst KIIIIP cBiquuts 110, 30ip BUXITHUX JaHUX € CKJIaTHOIO MPOIETYPOIO,
sKa MoTpedye TPUBAJIOTO YaCy 1 3aTy4eHHs Pi3HUX (axiBI[iB. 3aKOHOIABCTBOM BCTAHOBJIEHO, 1110
3amoBHUK KIIITP Mae 3ab6e3neuntu po3poOHUKY OTpUMaHHS JOCTYITY 0 BCIX YNHHHUX KaJacTpiB
Ta peecTpiB abo 110710 3a0e3NeUeHHsT B3a€MOJII MIX HOro iHpOpMaLIfHOIO CUCTEMOIO Ta YHH-
HUMHU KajgacTpamu Ta peectpamiu. [Ipu po3pobaeHHi MicToOyaiBHOT TOKyMEHTallli MiCIIEBOTO pi-
BHS CKJIQJl Ta JPKepelia BUXIIHUX JaHUX, a TakoXk (popmar iX HaJaHHS BU3HAYAIOThCS PO3POOHH-
KOM 3a MOTOJKEHHSIM 13 3aMOBHUKOM. J[71s1 11bOTO € 00’ €KTHBHI puunHU. KokHa TepuTopis Mae
CBOi yHIKaJIbHI XapaKTEPUCTUKU Ta CHEU(IKy, SKI TOTPeOyIOTh 1HIMBIAYAIBHOIO MIAXOAY 10
300py Ta aHami3y AaHuX. PO3poOHUK 1 3aMOBHHUK pa30M BU3HAYAIOTh HAHOUIBII PEJIEBAaHTHI JIKe-
pena naHux 1 gopmar ix HajaHHS, 11100 MaKCUMaJIbHO TOUYHO BpaxyBaTH BCl OCOOIMBOCTI TE€PHU-
Topii. 3aMOBHMK MOXE MAaTH MEBHI BUMOTH ab0 OYiKyBaHHS IIOAO BUXIIHUX JaHUX, IXHBOTO
cknaay Ta ¢popmary. CrisibHE y3ro/pKEeHHS JI03BOJISIE pO3pOOHHUKY BpaxyBaTH 11l BAMOTH Ta 3a0e3-
MIEYUTH BiJMOBITHICTD MPOEKT MOTpedaM 3aMOBHHUKA. JIOCTYMHICTh Ta AKICTh BUXITHUX JaHUX
MOXYTh BapilOBaTHCS 3aJIEKHO BiJl JPKEpPeN iX HAJaHHS B Y3TOJLKEHHS MK pO3pOOHHKOM Ta 3a-
MOBHHKOM JI03BOJIsSI€E BUOpATH HaMKpallll TOCTYMHI JaHi, 3a0e3Meuyour THM CaMHM TOYHICTh Ta
Ha/IWHICTh TUIaHyBaHHS. Pi3HI MPOEKTH MOXKYTh BUMAraru BUKOPUCTAHHS PI3HUX METOIOJOTIH
Ta TEXHIYHUX MiJIXO/IB 10 OOPOOKH JaHUX. Y3TOMKEHHS CKIIaly Ta JUKEPEN JaHUX Ma€e JI0TIOMO-
I'TH ONITHUMI3YBaTH PECYPCH, SIKI BUTpavyaroThcs Ha 30ip Ta 06poOKy iH(opMmallii, yHHKatoun 3aii-
BUX BUTpAT Ta 3a0e3medyoun eeKTHBHE BUKOPUCTAHHS HasBHUX pecypciB. Kpim miboro, y ne-
SKHUX BUIAJKaX 1CHYIOTh IIPaBOBi 00 PETyISITOPHI BUMOTH II0J0 BUKOPUCTAHHS TIEBHUX JHKEPET
JTaHux abo ix popmary. TakuM YMHOM, Y3TOIKEHHS CKIIaay, JKepel Ta popMaTy BUXITHUX TaHUX
MK pO3pOOHHKOM 1 3aMOBHUKOM 3a0e31euye OUTbII TOuHe, epeKTUBHE Ta BiJIOBIIHE MOTpedaM
NPOEKTY TUTAaHYBAHHS PO3BUTKY TEPHUTOPIH.
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BucnoBku. /[ocsSsTHEHHS MOBHOTH JaHUX, MPU po3po0IeHHI MiCTOOYIIBHOI TOKyMEHTAITIi
MICIIEBOTO PIBHS BUMarae iHTerparii iHhopmariii 3 BEJIMKOi KITBKOCT1 Pi3HUX JKEPE, peryis-
PHOTO OHOBJICHHS Ta MiATPUMKHU BUCOKOI TOYHOCTI Ta aKTyaJbHOCTI IaHUX.

3Bakarouy Ha IPOBECHE JOCIIKEHHS BUXITHUX JJaHUX Ta JDKEpel HalaHHs iH(opMallii crae
OYEBUIHUM, 10 HEOOXITHO YITKO BU3HAYUTH JPKEpelia HaJaHHsI iHpopMarlii BiAMOBITHO /10 BU3HA-
YeHUX BHUX1IHUX JaHuX. [loTpedye moompairoBanHs epetik JpKepen HaaanHs iHdopMartii 1 1oma-
TKOBO BKJIFOUEHHSL: €JTMHY JIEPKaBHY EJIEKTPOHHY CUCTeMY y chepi OyniBHHIITBA, pEECTPY PEUIOBUX
IpaB Ha HEPYXOME MaiHO, aIpeCHHUI peecTp, MicToOyniBHUH KagacTp. OCOOIMBO BAYKIIUBOKO CKJIa-
JIOBOIO € BU3HAYECHHSI 000B’I3KOBOCTI 1 YITKOI MPOIICAYPH HAJAHHS JaHKX iX PO3IIOPSTHUKAMH.
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OUTPUT DATA IN THE DEVELOPMENT OF URBAN PLANNING
DOCUMENTATION AT THE LOCAL LEVEL

The use of territories is associated with a number of problems that may arise at different stages of their development. Solving
these problems requires an integrated approach that takes into account legal, environmental, economic, technical and social as-
pects. The weight of the output data is determined by its accuracy, relevance and completeness. A decisive role in the development
of community territories is played by a comprehensive plan for the spatial development of the territories of territorial communities,
which provides a systematic approach to the management, using and preservation of natural resources. The article examines the
normative and legal regulation of the output data, which are mandatory for the development of urban planning documentation at
the local level. The completeness of the data is a fundamental factor that ensures a comprehensive analysis of the development
territories that are subject to planning and is expressed in the presence of all necessary and relevant data. In the study, an analysis
of the volume of initial data necessary for the development of urban planning documentation at the local level was carried out,
and their structuring was carried out in accordance with the legally defined ones. The conducted research made it possible to
structure the legally defined initial data and group them into three main groups: forecasts, goals; objects; conditions. The results
of the study illustrate the need to clearly define the sources of information provision in accordance with the defined initial data;
finalizing the list of sources of information provision and additionally including: a single state electronic system in the field of
construction, a register of property rights to immovable property, an address register, the urban cadastre.

The article is scientific and methodical.

Keywords: output data; urban planning documentation; local level; comprehensive plan; general plan; territorial community.
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MOJIEJIOBAHHSA I'OPU30HTAJBHUX JE®OPMAIIIN 3EMHOI TOBEPXHI
PEI'TOHAJIBHOT'O MACHITABY 3 BAKOPUCTAHHSIM GNSS-JAHUAX
(HA ITPUKJIAAI TEPUTOPII €BPOIIN)

Y cmammi npedcmasneno pesynomamu HayKo80-mMemooutHo20 00CHIOHNCEHH NPodeMU OYIHIOBAHHS 20PUSOHMATILHUX
Odeghopmayiti 3eMHOI no8epXHi 3a OaHuMU 2100anbHUX Hasieayiunux cynymuuxosux cucmem GNSS. Ilooano pesynomamu cma-
MUYHO20 MOOENIOBAHHS 20PUSOHMANLHUX deopMayiil 3eMHOT NOBEPXHI PeIOHATbHO20 MACWMABY MEMOOamu, AKi IPYHNIY-
I0MbCsi Ha meopii nepemeopeHs 0bpasie PiManoso2o npocmopy y gopmi ouggeomopdrux muoeoeudis. B ochogy memoodis
NOKIAOEHO 61ACMUBOCHIi eNeMEeHMAaPHUX MHO208UOI8 e8Ki006020 muny posmipnocmi N = 2 y ¢opmi domuunoi niowunu 3
napamempuzayiero npAMOKymHoI0 CUCIEMOI0 KOOPOUHAM Ma OOMUYHUX KPUBONIHITIHUX NOBEPXOHL 0DEPMAHHA 3 Napamempu-
3ayieio cghepuunoio ma enincoioansroio cucmemamu. Pose’si3xu 3a60amnb Ha yux nogepxHaX 00CASHYMO MemoOaMu NPOeKmu-
6HO-0uepenyianvHoi ceomempii. Modentosannsa peanizosaro 3a éubipkor koopounam GNSS-cmanyiti na mepumopii €eponu
npomszom 2008-2014 pp. Bubipxy cghopmosano na ocnosi 6aszu danux JPL Comb apxiey SOPAC. s nobyoosu pynxyiona-
JIbHUX MoOenell Oedpopmayii sukopucmano basucki Qyuxyii' y gpopmi paoie noninomis Jlexcanopa pisnux cmeneHi ma nopsaoxy
Ha naowuHi ma paoie cihepuunux yHKyil pisHux cmeneHi ma nopaoky Ha 2eocgepi ma 3emHomy enincoioi obepmanns. Hage-
0€eHO pe3ynbmamu 06UUCTIeHHS XAPAKMEPUCTUK 2OPUSOHMATBHUX OehopMayiil 3eMHOI ROBEPXHI, peOYKO8aHOT Ha 3a3HAYeH]
MOOENbHI NOSepPXHI, ma ix nopieHsAbHul anaiz. O0epicanumu pe3yibmamamu NiOmeepoHceHo oedopmayii HeNiHIliHO20 Xapa-
xkmepy. Hagedeno pesynomamu oyiHIO8AHHA KYMOGUX CHOMEOPEHb KPUBONIHIIHUX cucmem Koopounam. IlopisnanHs ooepaica-
HUX pe3ynvmamis 3 ix ananozamu y mpancgopmayisx pepepenynux cucmem ITRF-ETRF npomscom 2008-2014 pp. nokazano
PO36INCHOCI Y MENHCAX MOYHOCTIE IX 0OUUCTIEHHS.

Knrwouosi cnosa: GNSS; modenvna nogepxust; 6azucna (hyHkyis, anpokcumayis; MempuyHuil men3op; deopmayisi.

Tabn.: 3. Puc.: 4. bion.: 15.

AKTyaJBbHICTh TeMHU AocaimkenHs. OmiHOBaHHS 1 aHAm3 Aedopmariii 3emii — ofgHe 3
NPIOPUTETHUX 3aBAAaHb Cy4acHOI reoinHaMiku. Onuparodnck Ha pe3oitonii MixkHapoiHoi aco-
miamii reonesii [1], oqHUM 13 HAHOUTBIT aKTyaJbHUX HAIMPSMIB JAOCIIKEHb TTPOOIEMH 3 BUKO-
PHUCTaHHSIM I'e0JIe3NYHUX JJaHUX € pO3p0oOKa IHHOBAIITHUX METO/IiB OIPALIIOBAaHHS YaCOBHX Psi-
JiB CIIOCTEPEKEHb y TEONE3MYHHX MEpekaXx 3 METOK CTaTHYHOTO Ta JWHAMIYHOTO
MOJIENIIOBaHHS 1 aHami3y moiniB AedopMariii ycix macmTabiB. BXiTHUMU NHaHUMU A BUPI-
IICHHS] TAKWX 3aBJIaHb PEKOMEHYETHCSI BHKOPUCTOBYBATH PE3yJIbTaTH MOHITOPUHTY KOODPIIH-
Hat MetooM GNSS (Global Navigation Satellite System).

ITocTanoBka npodsiaemu. TeopeTHYHOIO OCHOBOIO BUPIIIEHHS IPOOJIEMH OLIHIOBAHHS J1e-
dopmartii 3emini € MaTeMaTHYHa T€Opis MPYKHOCTI. 3 00’ €KTUBHUX MPUYMH 115 TOTYXKHA Mare-
MaThyHa OCHOBA 3HAMIIJIA 3aCTOCYBAHHS Y HaWMpOCTIlii (opmi JIIHIMHO-OJHOPIAHOT MOAE]
HECKIHYeHHO Maioi aedopmaii cyniibHOro cepenosuina. Lle 6yao 3yMOBIEHO BiJICYTHICTIO
aJbTEpPHATUBU y BUOOP1 BX1IHUX JaHUX, SIKUMHU I1I€ B1Jl TOYATKy MUHYJIOTO CTOJITTSI BUKOPHC-
TOBYBAJIUCh PE3yJIbTAaTH MOBTOPHUX BUMIPiB IPSIMOKYTHUX KOOPIUHAT IYHKTIB y IJIAHOBUX Me-
pexax, 31e0UIbIIoro B TpiaHryssaii. OCTaHHIMU ASCATUIITTAMY Y IPAKTUKY T€0JIE3UYHUX PO-
01T 3ampOBa/KYIOTHCS CYITyTHUKOBI HaBiralliifHi TEXHOJOTI, SIKi Peai30ByIOTbCS y MEpexkax
nepMaHeHTHUX cTaHliit GNSS. Ha cboroasi rycrora moKpuTTs TEPUTOPIN TAKUMHU MepeKaMu
i TOYHICTh BU3HAYEHHS KOOPAMHAT CTaHIIM JOCTATHI JJIS BUPIIICHHS 3aB/laHb FeOIMHAMIKH. 3
nporo norsiy GNSS-TexHonorii HecyTh y co01 HEeOI[iHeHHUI TOTSHIIHHMKN 1HpOopMaIliiHAN
pecypc 1 pO3KpUBaIOTh HOBI MEPCIEKTHBH BUPIIIEHHS MOCTaBieHol mpobiemu. OHaK TOBHO-
I[IHHE iX 3aCTOCYBaHHS MOTpedye MEPEOCMUCIIEHHS BUKOPHUCTOBYBAHOI TEOPETHYHOI OCHOBH
oIiHOBaHHS Aedopmartii 3emii.

AHaji3 pociimKenn, npooseMu. [pyHTyOUNCh Ha JHIHHO-OMHODIAHIM Moxeni HecKid-
YeHHO MaJjioi AedopMallii CyLIJIBHOTO CEpeIoBUIIA, Ha MOYATKY MUHYJIOTO CTOJIITTS y MPAKTHUKY
JOCIIKEHb MPo0IeMu OyI10 3apoBaKEHO METOJ CKIHUEHHHX eJIEMEHTIB, SKUI peati30ByBaBCh

© O. A. Tazees, 2024
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Ha CHUMIUIEKcax (TPUKYTHHUKAX). BiaTomi MmeTox HabyB MacOBOTo 3aCTOCYBaHHS 1 3a3HAB YHCIICH-
HUX BUZI03MiH. AHaII3 BUIO3MIH METO/y Ta MPHUKJIAJHUX ACHEKTIB HOTo 3aCTOCYBaHHS IETATLHO
po3kpuTo y crarti [2]. Pa3oM 13 CUMILIEKCaM# CTalli BUKOPHCTOBYBATUCH CKIHYCHHI €JIEMEHTH
CKJIQHIIMX reoMeTpudHux Gopm. ¥ 1982 pori 3aBasku NoeIHAHHIO Jr(epeHIiaTbHOT reome-
Tpii Ta JiHIHHOT Teopii nedopmarllii Ha OCHOBI aiHHUX NEPETBOPEHDb MPSIMOKYTHUX KOOPAMHAT
re0/Ie3MYHHUX MYHKTIB BIEpPLIC BUKOPUCTAHO anapar aedopmariiHoro anamizy [3]. Lle po3kprio
HEPCIEKTUBY HEMEPEPBHOIO OLIIHIOBAHHS FOPU30HTAILHUX JIeopMalliii 0e3BIJHOCHO 10 TUX YU
IHIIMX (pOpM CKIHUCHHUX eNIEMEHTIB. 3r0JJOM TaKOX 3’ SIBUJIMCH BIIOCKOHAJICHHS y HAIIPSMi BUKO-
PHCTaHHS BX1JHUX JaHUX Y JIBOBUMIPHUX KPUBOJIHIMHUX CUCTEMaX KOOPIMHAT.

3anpoBa/KEHHS B JOCIIAHUIBKY MPAKTUKY CHMILUIEKCHOI MOZIETi CKIHYCHHUX E€JIEMEHTIB
OyJ10 BUMYILIEHUM, aJle CBOTO yacy xoua 0 (hopMalibHO BUIPABAAHUM IT1JXOA0M /10 OL[IHIOBAHHS
nedopmariiii 3a pesyabraraMu BUMIpIB y TpiaHTyisii. [Ipore 1mro Moaens 6epyTh 3a OCHOBY
JOCTI/DKEHb TaKOXK 1 3 BUKOPHUCTAHHSM PpE3yJbTaTiB MOHITOPHHTY KOOPAMHAT y Mepexkax
GNSS-cranmiif, a po3aiieHHs TEPUTOPIi HA CKIHYEHH] €JIEMEHTH 3Ii1HCHIOIOTh TpUMycoBo. Ha-
NPUKIIAJ, K 1€ PeaTi30BaHo y TOCTIKeHHX [4], 1€ CUMIUIEKCH YTBOPIOIOTh METOJIOM TpiaH-
rymsiii Jlenone. Take dopmanbHe po3aijieHHsS MOBEPXHI HA CHUMILIEKCH 3abe3redye xida 1o
YMOBY MOOYI0BH, HACKUIBKH 11€ MOXKJIMBO, PIBHOCTOPOHHIX TPUKYTHHKIB 1 OLIIHIOBAHHS Y iX
MeXaxX UMOBIPHHMX JIOKAJIbHUX JIIHIMHUX JAedopmariiii.

3a Oyib-IKOTO MiIX0MY A0 YTBOPSHHS CKIHYCHHHX €JIEMEHTIB 3aBXKI1 OyIyTh MaTH MicCIe
pU3UKHU Cy0’ €KTHBHOTO OLIIHIOBAaHHS JeopMallii, K10 HE BUKOHYBATH MEPEBIPKY HA MIPEIMET
il BiIMOBIAHOCTI YMOBaM JIiHIHHO-OMHOPIIHOT Moei. Takoro HEeIOJIKy B peai3alii MeTomy
CKIHYeHHUX eneMeHTiB Ha GNSS-nanux MoxHa 1030yTUCh, HAIPUKIIAA, K 1€ 3A1HCHIIN aB-
TOpU AOCTIKEHbB [5]: AOCTIIKYyBaHy TEPUTOPit0 OyII0 pO3LIEHO HAa OIHOPIIHI 00JIacTi 32 Ha-
SIBHOIO T€0JIOT0-Te0(i3UIHOI0 1HPOPMAITIET0, a XapaKTEPUCTUKH Aeopmariii 00IHCIIEHO 3a pe-
3yJabTaTaMy anpoKcUMaIii JiHiiHOT QyHKIIT Ha cykymHocTi ycix GNSS-craHmiii y mexax
BUNIeHUX oOnacteil. Take iHHOBaIliiTHE PIMICHHS I[IJIKOM 33/I0BOJIbHSIE YMOBH Jiepopmartiii-
HOTO aHali3y, K iX chopmysaboBaHo y [3].

IIpakTuka BUKoprcTaHHs JeopMaLifHOro aHalli3y Ta BXIAHUX JIaHHUX, OfIEpP’)KaHUX METO-
noM GNSS, po3kpuiia HOBI MOKJIMBOCTI BIJOCKOHAJIEHHS (QYHKIIOHAIBHUX MoJelnelt nedopma-
1ii y HalpsIMKy BUKOPUCTAHHS HENIHIMHUX O0a3zucHux (yHkuii. [Ipote 3a yMOBU HE3MIHHUX
TEOPETUYHOI OCHOBU ¥ BHKOPHCTOBYBAaHOI MOjieNl Oyab-gKi MOAIOHOTO POy BIOCKOHAJIEHHS
nmo30aBiieHl nepcnekTuB. Ajpke y mporeci GopMmyBaHHS TeH3opa Aedopmariii 6epyThes 10
yBaru Jiiie HeHTpoadiHHi epeTBOPEHHs KOOPIAMHAT BEPILIMH CKIHUEHHHX elleMeHTiB. Lle 3y-
MOBITIO€ JIIHEapU3allit0 BUKOPUCTOBYBAHUX 0a3UCHUX (DYHKIIIH, TOMY y MiJCYMKY T€H30]p CIpO-
MOXKHHU TepeiaTH JIMIIE JIIHIMHI 3aKOHOMIPHOCTI Aedopmariii.

BunijieHHs1 HeIOCTiXKEHMX YAaCTHH 3arajbHoi nmpodjeMu. AHami3 JOCIIIKEHb MPO-
OsemMu 1oka3zaB HEOOX1AHICTh MOLIYKY MaTeMaTUuyHOI MOZIeJi Ha aJlbTepHAaTUBHIN 4K y3aralib-
HIOBAJIbHIN TEOPETUYHIN OCHOBI, siKa He Oyna 6 00TsHKeHa KOHCTaTOBaHUMHU OOMEXYBaIbHUMU
YMOBaMH 3 TOUYKH 30py CIIPOMOKHOCTI OLIIHIOBaHHS BUKJIFOYHO JiHIMHUX Aedopmariif. Y crarTi
[6] pPO3KPUTO MEPCHEKTHBH CTBOPEHHS TAKMX MOZEEH 1 po3poOIeHHs aIaNTUBHUX METOJIB
OIliHIOBaHHS JedopMalliii Ha OCHOBI T€OPii MepeTBOPEHb 00pa3iB pIMAHOBOTO MPOCTOPY Y (o-
pmi tuddeomMoppHUX MHOTOBHUIB [7]. YV 4yacTHHI OL[IHIOBaHHS TOPU30HTAIBHOI CKJIa/10BO] Jie-
dopmariii peKOMEHJOBAaHO BUKOPHUCTOBYBAaTH €JI€MEHTApHI MHOTOBH/I €BKJI1JIOBOTO THUITY PO3-
mipHocTi N =2 y ¢dopmi JOTMYHOI MJIOLIMHHU 3 MapaMeTPU3ali€l0 MPSIMOKYTHOIO CHCTEMOIO
KOOpAHMHAT a00 TOTUYHUX KPUBOTIHIMHUX TOBEPXOHB 00E€pTaHHS 3 apaMeTpu3alieto chepuy-
HOIO 200 emrncoiganbHo cucTeMamu. Ha Takiit ocHOBI po3po0JieHO BIAMOBIIHI METOIHU OIIi-
HIOBaHHs Aedopmartiii [8; 9; 10].

Merta pocaixxeHHs1 — arpo0ariisi po3poOIeHUX METO/IIB OL[IHIOBAHHS TOPU30HTAJILHUX JIe-
dopmarliii 3eMHOI TOBEPXHI Ha pe3yNbTarax MOHITOPUHTY KoopauHat MetonoM GNSS. V miif
YaCTHHI JIOCII/PKEHb PO3KPUEMO NIEPCIEKTUBU MOJENIOBaHHS AedopMaliii perioHaibHOro Ma-
ciitaby Ha MPUKIaAl TepuTopii €Bpomu.
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Buxiax ocHoBHOr0o MarepiaJty. Bupimenss npo6iiemMu Ha OCHOBI T€OPii MepeTBOPEHB 00-
pasiB piMaHOBOTO MPOCTOPY JOCATAETHCS I YMOBOIO, IO TIEPETBOPEHHS IPOCTOPY MAIOTh I'e-
odi3uvHe TOXOHKEHHsI. Toli IEPEeTBOPEHHS 3aMKHEHUX HETIEPEPBHUX 00JIacTeH IPOCTOPY ije-
HTHQIKYIOThCS K Aedopmariii. BukoprcraHa TeopeTHYHa OCHOBA HE HAKJIAMA€ >KOTHHX
00MEeXeHb Ha pO3MipH Ta reoMeTpuyHi popmu obacTeil 1 He BUMarae ix po3aiIeHHs Ha CKiH-
4yeHHi ejeMeHTH. OTxe, 00JIaCTIO IPOCTOPY MOXKHA BBKATH TOTOTpadivuHy MOBEPXHIO, OKpe-
CJICHY po3TalioBaHUMU Ha Hil ctaHissMu GNSS, 6e3BigHOCHO 110 11 MaciiTady.

3arasibHa TEOpisl HAKJIaJa€e HA TIEPETBOPCHHSI MHOTOBHUIIB YMOBH TOMEOMOP(i3My — BOHU
MOBHHHI OyTH OHO3HAYHUMHU, HENIEPEPBHUMH U AuepeHITiHOBaHUMHU. Y pO3pi3i pO3MIPHOCTI
MHoroBuiB N = 2 3a3HaueHi yMOBU BH3HAYaIOTh KJjac 0a3uCHUX (DYHKIIIH, SIKI TepeaaroTh I1e-
PETBOPEHHS, — Iie TIaAKi a00 KyckoBo-Tanki GyHkuii knacy CV™'. OTxe, Ha (yHKITIOHAIBHY
MOJIEITb IEPETBOPEHHS MPOCTOPY HAKIIAIAIOTHCS JIIIE YMOBH roMeoMOpdizMy, He 00MEXYIOUN
ii 6a3zucHi QyHKUIT TiHIHOIO aHaMiTUYHOI Qopmoto [7]. Takum ynHOM, A M0OyH0BU PyHK-
II0HAJIBLHOT MOJIENIl JIOIIJIbHO BUKOPHUCTATH, HAMPHUKIIAJI, BIACTUBOCTI MOJIHOMIB JlexaHpa.
Bonu cipomoxHi 3a0e31e4uT yMOBH roMeOMOPPHUX (PYyHKIIIH FTApMOHIYHOTO THITY 3 METOIO
OTMCYBaHHS MEPETBOPCHDh HA OCHOBI 3arajibHOI Teopii moBepxoHs [7]. Lli yMOBH JOITyCKaIOTh
BUKOPUCTaHHS Oyab-sikux QyHKIii f(x), sxi mepioguyni Ha 0ci —© < X < 400, a00 QyHKIIiH 3
nepiogioM 27 , SIKIIO BUKOHATH BIAMOBIIHY JIiHIAHY 3aMiHy 3MiHHOI X . 3arajom, MOJiHOMH
Jlexxanapa — 11e pi3HOBU NEPIOAUYHUX OPTOTOHAIBHUX (DYHKIIIHN, AKI BU3HAYAIOThCS (opmy-
noro Pozpira nHa Bimpisky [-1+1]. [iana3on 3Ha4eHb 3MIHHOI X IUISAXOM JIIHIHHOTO MEPETBO-

b-a_b+a . .
peHHS Z = — X+T MOke OyTu mpuBeneHuid 10 Oyab-skoro Bimpizka [@;b]. Ilpu upomy
BJIACTUBICTh OPTOTOHAIBHOCTI (PYyHKIIT HE BTpadaeTbes. [lpu anpokcumarii ABOBUMIpHHUX T10-
JIiB 3MIHHHX Ha IUIOIIUHI BUKOPUCTOBYIOTh cucTeMy noninoMiB Jlexxanapa f(X,Y), sika peai-

30BYETHCSI PO3KIIQAMU 1X Y PAIM 3aJ1aHOi CTETEH] Ta MOPSAKY M. Y IbOMY BHITQJKy TaKOX
JIONYCKA€ThCSI IPUBEICHHS 3MIHHUX CHCTEMH JI0 THX UM IHIIMX BU3HAYCHUX Jiana3oHiB. 3a-
MiHM 3MIHHHX 30€epiraroTb OPTOTOHAJIBHICTh PsAy s TOJOBHUX (YHKIIM Ha BIAPI3KY
[X i3 Xax ] 1 TIPHETHAHUX QYHKITIHA HA BIAPI3KY [V i3 Yiex ] - LI BTACTUBICTB JO3BOJISIE BUKOPH-

CTOBYBAaTH CHCTEMH MOJIHOMIB JlexaHipa i JIOKaIbHUX 00JIacTeil MOBEPXOHb 0€3B1HOCHO
10 iX KpUBMHU ¥ mapamerpu3amnii. Hampukman, mis y3araabHeHHST eMITIPUYHAX TUCKPETHUX
3Ha4eHb KOOPJAMHAT TOYOK Ha cdepl MOXKHA BHUKOPUCTATH psAau cPepuyHuX (QyHKIIH

f(6,1)= Z Z(A1k P.(0)coskl+B, P, (d)sinkA) creneni ta mopsaky m . 3MiHa 3Ha4eHHS M

n=0 k=0
BU3HAYAE KilbKiCTh HeBifoMux koedimieHTis Ay, Ta By i mopiBmioe (m+1)° [11]. Ha 6ysms-

AK1M MMOBEPXHI BUPILIEHHS MPOOIeMHU MOXHA JOCITHYTH allpOKCUMAIIIEI0 SIBHOTO BUPAKEHHS
PO3KJIay B P/ 33aHOI CTETIeH] Ta HOPSIKY 3 BUKOPUCTAHHIM METOY HaMEHIITNX KBaJpaTiB.
3a pe3ysbTaraMu anpoKcUMarlii Ha CykymHocTi yeix GNSS-craHIii, siKi po3TanioBaHi y Mexax
3aMKHEHUX oOsacTeil OBEpPXOHb, 0OUUCIIOIOThCS HEBOMI KoedilieHTH 4, , B, 10yayroTbcs

BIZIMOBIHI eMmipuyHi Gopmynu. Bonu it popmyroTs (yHKIIOHATBEHY MOAEH NEPETBOPEHHS
(medopmartii) 3aganux obracTelt MOBEPXOHb.

Bbepyuu 10 yBaru JUCKpETHICTh Te0/Ie3NYHUX JaHUX, HEOJHO3HAUHICTh BUOOPY CTEMeHi Ta
HOPSIIAKY PALY M eMIlipuyHe TMOXOKEHHS OJIep)KaHUX TaKUM YMHOM pPe3yNbTaTiB, MOCTAa€e Mpo-
61eMa BiJICyTHOCTI OIHO3HAYHOTO KIHIIEBOTO PO3B’SI3KY, 1110 3yMOBJIIOE TIOPYILIEHHS BiAMOBITHOT
yMOBH romeoMopdizmy. Bupimenns miei mpoOGiemu MoxHa BMOTHBYBATH (pOPMAJIbHO 33 KpUTeE-
pieEM TOYHOCTI anpoKCHMAIlil, 10 CIIPOMOXKHHI 3a0€3MeUnT METO/l HaMEHIIUX KBaJpaTiB 3a
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MIOCEPETHUIITBA CePEAHBOT KBaIPaTHYHOI MOXHOKHM anpokcumaitii. Lle 1acth 3Mory OI[iHUTH CTY-
MiHb HAOJFDKCHHS OJICP’KAHOTO PE3yJIbTary po3B’ 3Ky JI0 CTPOTOro Ha yMOBaX roMeoMopdizmy.
KomripoMicHe pimieHHs 1110710 BUOOPY KIHIIEBUX eMITIpUYHUX (HOpMYII, K1 BiJOBIIal0Th Oa3uc-
HUM (QYHKITISIM MOZIEJ, ITOTPIOHO YXBAIIOBATH 3 yPaxyBaHHSIM TaKUX BUMOT.

1. OntumanpHICTh BUOOPY (hOpMYyNTH MOBUHHE BU3HAYATH 3HAUCHHS CEPEIHBOT KBaIpaTH-
YHOT MOXMOKH alpOKCUMAIlil, IKe BIJIIOBIa€ TOYHOCTI EMITIPUYHHX JTAHHX.

2. IToxubku anpokcumaiii GyHKIIH Ha CKIIAJOBUX 3MIIICHb CTAHI[I TTOBUHHI, TTO MOYJIH-
BOCTI, OyTH piBHUMHU. Taka BUMOra OOTPYHTOBYETHCS MPABHIIOM PO3MOALUTY BIUIUBY ITOXHOOK
apryMeHTiB (CKJIaJJOBUX 3MillleHb) HA TOYHICTH 1X (YHKIII.

3. HagmipHe moHax TOYHICTh BUMIPIB ITIABUIIICHHS TOYHOCTI arpokcuMartii GyHKIii Hemo-
I[IIbHE: TPAHUYHO, 33 HYJIbOBOI ITOXUOKH alpOKCHMAIIil, 3a/1a4a EPETBOPIOETHCS B IHTEPITOIS-
1ito (yHKUii y By3Jax (CTaHISIX CIIOCTEPEkKEHb), a eMIlipuuHa (opMysa BTpadae 34aTHICTbh
nepeaBaT 3aKOHOMIPHOCTI IMPOCTOPOBOTO PO3TOALTY 3MIIIEHb CTAHITIH.

4. HapmipHe 3017bIICHHS KUIBKOCTI YWICHIB PO3KIIaay (YHKIIT Y psAIU HENOIIbHE 3 MIPH-
YHHU BIATNOBITHOTO 3MEHIIEHHS YKciia CTyNeHIB cBoOoaM mpH anpokcumaiii GyHkuii. Bpaxo-
BYIOUH, IO 37e01IBIIOT0 KUTBKICTh N CTAHIIH CIIOCTepekeHb 0OMeKeHa, MTOPYIICHHS i€l BH-
MOTH CIPHYMHATAME 3MEHIIEHHS KimbKocTi I=nN—(M+1)® HauIMIIKOBEX BUMIpSHUX

BEJIMYMH 1 BIJNOBiTHE 301IbIICHHS] TOXUOKHM anpokcumanii QyHkiii. Brmus miei o6ctaBuHMI
CTaBUTh €(PEKTUBHICTh KIHIIEBOTO PO3B’SI3KY B MPAMY 3aJIE€KHICTh BiJl KUIBKOCTI CTaHIIIH CroC-
TepeXEeHb, K1 MJUISraloTh ONPAIIOBAaHHIO.

[ToGynoBana Ha Takux 3acagax (pyHKIiOHATbHA MOJAETH CIPOMOXKHA TapaHTyBaTu mepe-
nady HeJiHiMHUX nedopmarliil Ta iX BpaxXyBaHHS TOJIOBHUM T'€OMETPUYHUM 00’ €KTOM — JBOBa-
JIEHTHUM KOBapiaHTHUM METPUYHHUM TE€H30pOM, (DOpMYBaHHS SKOI0 HE OOTSKEHE YMOBOIO JIi-
Heapm3arlii 6a3ucHux ¢QyHkmii [7]. TeH3op 3a MmocepenHUIITBA BIIACHUX 1HBAPIaHTIB MEpeae
3MiHy METPUYHHX BIACTHBOCTEH 001acTi mpocTopy (TonorpadivHoi MOBEpXHi) 32 JOIIOMOTOIO
YHCIOBUX XapaKTEPUCTHUK PI3HOIO T€OMETPUYHOTO 3MICTY. 3a CBOEIO CYTTIO BOHH 1 € MMapamer-
pamu nedopwmariii TonorpadgigyHOi MOBEpXHI AK 00’ €KTa JOCTIIHKEHb Y 3aralbHOMPUIHATOMY
TIlyMa4deHHi edopMartiiiHoro anamizy [3].

OxpecneHa TeopeTUYHa OCHOBA Ma€ y3arajbHIOBAJIbHUM XapakTep 1010 BUKOPHUCTOBYBa-
HOI y 3a/1a4ax JieopMaLiiHOrO aHalli3y HaBiTh 3 MONISALY TEOPil TEH30PHOTO aHali3y Ta ii 3a-
CTOCYBaHHS y TeoMeTpii, MeXaHill Ta Qi3uLll: «IHIHHO-OAHOP1IHAa HECKIHUEHHO Malia Aedop-
Mallisl CyliJIbHOTO CepeIOBUIIa — 11€ IEPETBOPEHHS B CepeioBUIL adiHHOTO MPOCTOPY, SIKUH €
TPUBIAJIBHUM I[OJI0 PIMAHOBOTO 1 HaBITh €BKIIIIOBOTO» [7].

BuxopucToByrour MeTOIM MPOEKTUBHO-AU(PEPEHIIaIbHOI TeOMETpii 1 MPUIOMHU OIMUCY-
BaHHS 3MIH PIMaHOBOI METPUKH Y JOTHUYHOMY IIPOCTOPI, 3A1MCHEHO pO3B’A3KU B TUIIOBUX I'€0-
JIe3UYHUX JABOBUMIPHUX CHCTEMaxX KOOPJMHAT 1 ofiep>kaHo poboui GpopMyau A 0OUHCIeHHs
XapakTepucTuK aedopmarii. OnepkaHi pe3ynbTaTd FreHepyOTh BIAMOBIIHI METOH, SIK iX PO3-
KpuToO y npaigix [8; 9; 10].

Jns  tectyBaHHS po3poONeHMX METOAiB BHOIPKY BXIJHMX JaHUX c(opMOBaHO
xkoopauHatamu 126 GNSS-cranmiit Ha Teputopii €Bponu. Koopaunaru Binidpano 3 6a3zu JPL
Comb apxiBy SOPAC (Scripps Orbit and Permanent Array Center) [12] ctaHoM Ha cepeanHy
2008 Ta 2014 pokiB y narymi ITRF2008. Po3ramyBanHs cTaHIii Ta BEKTOPU iX TOPU30HTAIIb-
HUX 3MiIlIeHb UTIOCTpy€e cxema Ha puc. 1. BiniOpaHi cranIii okpeciooTs noie nedopmarii 3e-
MHOT OBEPXH1 PET1OHAILHOTO MacIITaly.

3a chopMOBaHOIO BUOIPKOIO BXIJTHUX JAHUX OOUHMCICHO XapaKTePUCTUKHU Jedopmarrii 3e-
MHOI [TOBEpPXHi, PeYKOBaHOI Ha IJIOMIMHY 3 MapaMeTPU3ALIEI0 JIOKAIBHOIO TOMOLEHTPHUYHOIO
CHCTEMOIO MPSIMOKYTHHUX KOOPIUHAT X, Y, reocdepy 3 mapaMeTpu3allicro reoleHTpUIHOI0 CH-

. . T . .
cTeMor0 cepuyHuX MHpoT ¢ (abo momsapHOi Bimgam 6 = 3 —¢) Ta TOBroTH A 1 Ha 3eMHHUIA
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eIIICOi]] 3 MapaMeTPU3AIII€I0 CUCTEMOIO reoie3nYHuX mupotu B Ta nosrotu L . Koopaunaru
CTaHI[H y 3a3HAYCHUX CHCTEMaX MapaMeTpu3allii oepKaHo MEePETBOPCHHSIMH 3 TEOIICHTPUY-
Hoi cuctemu X,Y,Z, sk ix 3agano y 6a3i JPL Comb [12].

a0 W30 V/ z 5
N7e2 W309) ) —> - BeKTOp 3MiIleHHA CTAHI{

Puc. 1. Posmawysanns i eekmopu smiwgenv GNSS-cmanyiv npomszom 2008-2014 pp.
JIxepeIo: po3poOIIeHO aBTOPOM.

OO0umCIIeHHIO MIJUISATaIN XapaKTepUCTUKU JedopMallii HAaCTYITHUX TPbOX IPyT, K IX po3-
KpuTO y mpausx [8; 9; 10]: 1) nunaranis (Macmral niomii) p ; 2) rojoBHI JiHIAHI 1edopmarii,
30KpeMa eKCTPEMANIbHI PO3IIMPEHHS fiyax (PO3TAT) 1 Ly, (CTUCHEHHS), 3CYB V', @ TAKOXK
HalpsM roJIOBHOI oci aedopmantii « , AKHii OPIEHTYE IO Llmax - LIeH HAMIpsIM 3aj1a€ TUPEKIii-
HUW KyT Ha TUIONIMHI a00 a3uMyT Ha reocdepi Ta emnirncoini; 3) )kopcTke 00epTaHHsI OKPECIICHOT
YaCTHUHM 36MHOI ITOBEPXHI K a0COIIOTHO TBEPAOTIO TLNIa, SIKE XapaKTEPU3Y€E KyT & .

Pesynbsratu MonentoBaHHs JedopMaliii 3eMHOI NMOBEPXHi, PEAYKOBaHOI Ha IUIOIIMHY,
npenacrasieHo B Tabn. 1. Emmipuuni popMmynn QyHKIIOHAIBHOI MOJedl cpOpMOBAHO 3a pe-
3yJbTaTaMM alpoKCHMAIlii SsBHOTO BHpakeHHs poskiany f(X,y) psay moninomis Jlexanapa
pI3HUX 3HaYeHb CTEMEHI Ta MOPAIKY M METOAOM HAWMEHIIWX KBaJpaTiB Ha CKIIAJJOBHX
AX, Ay 3mimens craniiii. OxepxaHi eMipuyHi GopMysu Jajau 3Mory copmyBary BiAMNOBI-
JIH1 3HAUE€HHSAM M (YHKI[IOHAJIbHI MOAEN, METPUYHHI TEH30p 1 Ha IX OCHOBI OOYUCIIUTH Xa-
pakTepuctuku aedopmariii 3a popmynamu, sk ix po3kputo B [9]. IIpu 3nauenni m=1 spa-
XOBYIOThCs Jinine JiHidHI wienn poskinanay f(X,y). Kepyrwounce Bumoramu 1-4 miomo
BCTAHOBJICHHS eMIIpUYHUX (HopMya QyHKLIOHAIBHOT Mojeli 1 Oepyuu 10 yBaru, HalOiIb-
I0I0 MIpPOI0, MYHKT 2 IUX BUMOTI, IPUNUHATO TaKe pIILIEHHS: KIHIEBUMHU (HOPMYIaMH, SIKI Te-
HEPYIOTh (YHKIIOHAIBHY MOJEINb JUIsl 1TaHOI eMIIpUYHOi BUOIPKH, MOTPIOHO MPUHHATH Ti,
110 BiJMOBIIAIOTH psAAaM moiHoMiB JleskaHapa cTerneni Ta mopsiaky M =4. BianosiaHi num
6a3rcHUM (YHKIISIM XapaKTepUCTUKHU HalKpallle IpeICTaBIsA0Th AedhopMallito 3eMHOT TOBe-
PXHI B NMPOEKII{ HA MJIOIIUHY.
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Tabnuys 1 — Pe3ynomamu 006YuUCieHHs Xapakmepucmux oegopmayii 3eMHOi noeepxHi,
PeOYKOBAHOI HA NIOUUHY

Basnuchi yHKuii: Hoxu6xi XapakTepucTuku nedopmariii Ta X cepenHi KBaApaTUIHi MOXU-
paau noninomis Jle- anpokcnmMarii Oxu
JKaHJIpa CTETICHI Ta .. o, (wi) p Mooy Hein Vm o g"
nopAKy m Ty 1.e-9 1.e-9 109 | 1e9 | ¢ le-4
m=1 +8 17 30 -13 43 206.8 71
+ 14 +2 +2 +1 +2 +1.3 +5
m=2 +7 13 33 -20 52 209.2 92
+10 +3 +3 +2 +4 +1.8 +8
m=3 +7 5 20 -25 46 209.1 80
+9 +5 +4 +3 +5 +2.8 +11
m=a +6 9 22 -13 36 193.2 33
+6 +6 +4 +4 + 6 +5.1 +13
m=5 +6 -14 39 -53 91 145.0 177
+5 +28 +18 +24 +30 +9.1 + 67

Jlxepeno: po3pobiaeHo aBTopom/

HacTynHuii KpOK ONpAIIOBaHHS JaHMX — MOAEIIOBaHHSA AeopMallii 3eMHOT OBEPXHi y
npoekuii Ha reocdepy. IS y3araabHEHHS E€MIPHYHHX IUCKPETHUX 3HAYEHb KOOPIMHAT
GNSS-cranmiii Ha reocepi BUKopuctaHo 6asucHi QyHKIIT y Gpopmi psaiB chepuaHux QyHK-
uiii. Emnipuani gopmysiu no0ynoBano 3a sBHMM BUpaxeHHsM poskiany f(6,1) pany chepu-

yHUX (QYyHKIINA PI3HUX 3HAUEHBb CTENEHI Ta MOPAAKY M METOAOM HalMEHIIMX KBaJpaTiB Ha
CKJIaI0BHX 3MimeHb A@,AA . Bonu namu 3mory copMyBary BiAIOBiAHI 3HAYCHHSIM M (yHK-

[[IOHAJTbHI MOJIEN ¥ 3a MMOCEPETHUIITBA METPUIHOTO TEH30pa OOUHUCIUTH XapaKTEPUCTHKH JIc-
dopmariii 3a popmynamu, sk iX po3kputo B [ 10]. Pesynsraru 3BeneHo g0 tadu. 2. [Tpu 3HadueHH1
M =1 BpaxoBYIOThCs JIUIIIE JNiHiiHI wieHn po3knany f(6,4).

Tabnuys 2 — Pesynomamu obyucieHus xapakmepucmux oegopmayii 3eMHOI NOBepXH,
peoykosanoi Ha 2eocghepy

) . [oxubkm | Xapakrepuctuku aedopmariii Ta ix cepeaHi KBaJpaTHIHI TOXUOKU
BasucHi QyHKIII: anpoKCHMAITi
psanu chepruuHux GyHKIiH c" o p 7. Hein Vm . g’
CTEeNeHi Ta MOPSIKY ;’ ’ 4 g 1.e-9 1.e-9 1.e-9 1.e-9 @ le-4
,e- '
-1 +3,0 -1 11 -12 22 327,4 42
m= +4,9 +1 +1 +1 +1 +1,7 +3
-9 +2,5 3 9 -6 15 3319 26
"= +3,0 +2 +1 +1 +2 +3,6 +4
-3 +2,5 11 13 -2 15 330,5 27
m= +£25 +3 +2 ) +3 +£57 +6
-4 +8,6 36 40 -5 45 333,0 42
"= +10,2 +23 +19 +19 +29 +17,8 +22
-5 + 18,5 59 65 -6 71 330,8 125
"= +229 +44 +32 +32 +43 +27,7 +54
JIxepesio: po3po0IIeHO aBTOPOM.
I'pachik Ha puc. 2 imoCTpye 3aKOHOMIPHOCTI 3MiHM TIOXHOOK anmpoKCHMaNii o, , o Bil

CTeTeHl Ta MopsAKy psaiB M. Hailikpamia TOYHICTh anpOKCHMAIlll JOCATHYTa MpU 3HAUYEHH1
m = 3. Llelt pe3ybTar y3roKy€eThes 3 IMyHKTOM 2 BUMOT 1-4 11010 BCTAaHOBJICHHST ONITHMAJTh-
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HUX eMIipuaHuX GopMys GyHKIioHaIBHOT Mozeni. ['padiku Ha puc. 3, sKi MOKa3yrOTh 3aKOHO-
MIPHOCTI 3MIHHM 3Ha4€Hb OOUMCICHUX XapaKTEPUCTHK AedopMallii, miATBEPIKYIOTh, 110 Ha-
OUTBII peasliCTHYHUMHU € PE3YJIbTaTH MOJIEITIOBAHHS 3 BUKOPUCTAHHSAM PSIiB CHEepUIHUX PyH-
KIIiid creneHi i nopsaky m = 3. OTxke, UM MMOCBITYCHO HASBHICTh HEMIHIMHUX Jedopmariiit
3eMHO{ IMMOBEPXH1 TEPUTOPii €BpoOMH.

n

g
le4

15

4

10 A
5*1--.

Puc. 2. 3axonomiprocmi 3sminu noxubok anpokcumayii 8i0 cmeneni psdie M Ha ceocghepi
Jhxepeno: po3po0ICHO aBTOPOM.

a) IHIATALIS 6) HampAM roI0BHOI oci Aedopaanii
a®

340 A

320 1 T

-25 T T - ) 300 T v T =

m m

eKCTpeMasIbHi pO3IIHPeHHS
B) MaKCHMaJIbHe (pPO3TAT) I) MiHiMaabHe (CTHCHEeHHS)
Hmax Hmin
led ] le-d

Puc. 3. 3axonomipnocmi 3minu 3nauenv xapakmepucmux oeghopmayii 8i0 cmeneHi psoig M
Ha 2eocghepi 3 Ypaxy8anHaM MOYHOCI iX 0OYUCIeHHs (3a0apeiene noie 8 Mexcax
NYHKMUPHUX JIHIT 8UPadicae 0iana3ox UMOGIPHUX 3HAYeHb napamempie)

Jlxepeno: po3poOIeHO aBTOPOM.
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OnparrroBaHHsI BX1IHUX JIaHUX Y TPOEKIIii 3eMHOT TOBEPXHIi Ha €JIICOI 3 BUKOPUCTAHHIM
pobounx Gopmy, SK iX po3KpUTO y [8], a0 KIHIIEB1 PE3yabTaTH, K1 BIIPI3HIIOTHCS Bl TAKKX
Ke Ha reocdepi MPaKTHIHO Y MeXaX iX cepeaHiX KBaApaTHIHUX MOXUOO0K. TomMy 11l pe3yabTaru
TYT HE MPEJCTABIICHO.

[opiBHsUIBHUI aHAII3 KIHIIEBUX pe3yJIbTaTiB MOJICIIOBAHHS Ha TUIONIUHI Ta reocdepi mo-
kaszye HacTynHe. HalOuibii po30i>KHOCTI MK OTHOMMEHHIMHE XapaKTEPUCTHKAMH MAIOTh Mi-
CIie JUIs TPYNH TOJIOBHUX JiHIHHUX Aedopmartiil. Llei ¢akT He 3HAXOIUTH 1HIIOTO MOSICHEHHH,
KpiM sIK 3aKOHOMIPHHI HACIII0K 3HAYHUX CIIOTBOPEHB MPOEKIIIT 3eMHOT TOBEPXH1 Ha TIOLIUHY
B MOPiBHSHHI 3 reocdeporo uu emincoinoM. [Ipore Taki COTBOPEHHS HIK HE BIUIMHYJIU Ha
quaranio p. Lle 3yMOBI€HO BHYTPILIHIM 3MICTOM MapaMeTpa p: fK Maciutad IMJouli, BiH

miIsiraB 0OYMCIIEHHIO HE SIK a0OCOJIIOTHHM, a K BiTHOCHHMI MOKa3HUK. PO301’KHOCTI B 3HAYECH-
HSIX XapaKTEPUCTUKU 00CPTAaHHS £ HE MEePEBHIIYIOTh TOYHOCTI X 00urciaeHHs. Takuil pe3yib-
TaT MO)KHA TOSICHUTH, BUXOASYH 31 3MICTY Li€1 XapaKTePUCTUKH: KPiM KOPCTKOTO OOepTaHHs
YaCTUHH TIOBEPXHI, SIKY OKpECIIOe 3a1aHa cyKymHicTh GNSS-craHIIiii, HaBKOJIO IEHTPY iX Bar,
KyT £ OTOTOXKHIOETHCS 31 CIIOTBOPEHHSIM OPTOrOHAIBHOCTI OCEH CHCTEMHU KOOPIWHAT, SK IIe
IHTEPIPETYETHCS 3 MOMISIAY Teopli TeH30pHOro aHamizy [7]. CIOTBOpEHHSI OpTOrOHAIBLHOCTI
ocell KOOpIUHAT PIBHOIO MipOIO MPOsIBIIsiEe ce0e Ha YCIX TPHOX MOJIEIBbHUX MOBEPXHAX. Y M-
CYMKY, OEpy4H J0 YBaru oJiepkaHi pe3yJIbTard i GakT OiLIbIIOT aIeKBATHOCTI 3eMHIM MTOBEPXHI
MoieITi reocepyr B OPIBHSHHI 3 TIONTMHO0, TOTPIOHO KOHCTATYBaTH TaKe: KIHIICBUMH ITOKa-
3HMKaMU Jiehopmarrii 3eMHOT TOBEpXHI TepUTOPii €BPONH € TaKi, 0 OJIepKaHi Ha OCHOBI MO-
neni 3 6a3MCHUMH CepUUHIMHU (QYHKIIISIMU CTETeHi 1 mopsiaky m = 3.

VY 3B’S3Ky 3 peMapKoI0 MION0 MapaMeTpa & PO3KPUEMO III€ OJMH MPUKIATHHINA aCIIeKT pe-
3yJIbTaTiB MOJICTFOBaHHS. BiH MOB's13aHMi 13 MPOOJIEMOIO OI[IHFOBAHHS CIIOTBOPEHB CUCTEMH KO-
opauHar. be3BiqHOCHO /10 TUITY TOBEPXH1, BUKOPUCTOBYBAaH1 Ha Hill KOOPAMHATH CTaHIIiH € npsi-
MHUM HACJI1JIKOM IEPETBOPEHHS 13 TPUBUMIPHOI T€OLIEHTPUYHOI cucTeMu koopauHar X,Y,Z y

pamkax pedepeniHoi cuctemu ITRS. dakt nopyuieHHs reoMeTpUYHHX Ta (PI3UYHUX YMOB, SIK1
3aKJIaICHO Y KOHLenIIito cTBopeHHs cucteMu ITRS BigHOCHO ii cTany B Tii uM iHIIH peanizamii
ITRF, € 3aranbaoBiiomuM. Tox AKI10 MaroTh Miciie crioTBopeHHs B cucteMi ITRS, To Hemuny-
yuM Oy/ie BiANOBIAHUM e(eKT B cucTeMi KOOPAMHAT BUKOPHUCTOBYBAHOI MOJIENIbHOT TOBEPXHI.
Jani Tabn. 3 Ta iX HaOUHa UTFOCTPALlisl CXEMOIO Ha pUC. 4 MOKa3ylOTh pPe3yJabTaTH OLIIHIOBAaHHS
KyTOBHUX CIIOTBOpEHb chepruHOi cuctemu koopauHat @, A mpotsrom 2008-2014 pp. 3a dop-

MyJiamH, sk iX mogaHo B [10]. OuinroBanHIO miansranu: 1) asumyTu A;ef ,Afef ocel KOOpJIMHAT
. def def . .
nedopmoBanoi cuctemMu @7, A“ BITHOCHO iX OPTOTOHANIBHOTO MOYATKOBOTO CTaHy IpHU
. . . . . def def .
A, =0, A, =90°; 2) Bimxunenns oceif Biy mouarkosoro crany AS — A A® — A, ; 3) mipa xo-
. _ pdef def . . . .
COKyTHOI cucremun $¢=A" — Aqj TICJIsl BTPATH BIACTUBOCTI OPTOTOHATBLHOCTI BHACIIOK Jie-

dopmartii moBepxHi; 4) MOKa3HUK CIIOTBOPEHHS OpTOroHabHOCTI & =.9—90° BigHOCHO TOYa-
TKOBOTO CTaHy. KyT & OTOTOXXHIOETBHCS 3 XapaKTEPHUCTHUKOIO KOPCTKOIO OOEpPTaHHS 3e€MHOi
MOBEPXHI SIK aOCOTIOTHO TBEPJIOTO TLJIa Y MPOEKIIiT Ha reocdepy.

3 momsAay Teopii mapaMeTpu3alii KpUBOMIHIMHUX MOBEPXOHb 00EPTaHHS, X CUCTEMY KO-
Op/AMHATHUX JIIHIM YyTBOPIOIOTH MEpUIiaHH i mapasneni. Mepexi MepuiaHiB 1 mapaienei B cde-
pUuHill Ta emincoiganpHiil mapameTpu3allii 30iraloThCcs 13 3arajabHOI0 130METPUYHOIO CHUCTE-
MOIO 1 TOMY 1JIeHTH4YHI MiX coOoro. Tomy dopmynu Ui BUpa)KeHHS MOKAa3HHUKIB KyTOBHX
CIIOTBOpPEHb Ha reocdepi Ta emincoini ToToxHi [8] i onepikaHi pe3ynbTaTi piBHOIO Miporo Ha-
JIeKaTh J0 eJNCcoifaIbHOI CUCTEMU KOOPAMHAT.
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Tabauys 3 — OyinKku Kymosux cnomeopeHs cghepudnoi cucmemu KOOpOUHam

Oci koopauHaT MepHIiaH @ napanens A
A 47 359° 59’ 50.9985" 90° 00’ 00.0012"
AT —AL AT A, -0.0015" 0.0012"
9 90° 00’ 00.0027"
€ 0.0027"0.0006"

Jlxepeno: po3po0IeHO aBTOPOM.

Pief ¢

-0.0015"
90°00700.0027"

A

0.0012” g
\Lf%’ef

Puc. 4. Cxema kymosux cnomeopensv cghepuunoi cucmemu KOOPOUHam
Jxeperno: po3pobiieHO aBTOPOM.

Hagenieni B Ta6u1. 3 emmipuuni oninkun kytie AY — A, Ai — A, MOPiBHIOBATHCH 3 aHAJIO-

riyHuMH iM 3a 3MiCTOM MapaMeTpaMy 3MiHH OpieHTyBaHHs oceif koopauHar R, R ,R., axumu

onepyoTh y po3B’szkax peanizanii ETRF €Bpomneiickkoi 3emMHOI pedepeHIHOT cucTeMu
ETRS89 BinnocHo Bignosinuux peanizaiiii [ITRF cucremu ITRS. 3BicHo, Take MOpiBHAHHSA HE
30BCIM KOPEKTHE 3 OIVISIIy Ha Pi3HI PO3MIPHOCTI cUcTeM KoopauHar. [Ipore 3icTaBieHHs onep-
KaHUX eMITIPUYHUX OI[HOK 3 iX aHanoramu y TpaHchopmanisx ITRF-ETRF, ne nokasnuku

R,R,,R. y gacosomy mpomizky 2008-2014 pp. cTanoBnaTs Bimmosiguno 1.785, 11.151 Ta -

16.170 mas [13], mokasaiio, 1110 TOPIBHIOBaHI apaMeTPH € OJHOTO MOPSAKY I BiIPI3HAIOTHCS
MPAKTHUYHO Y MEXKaxX TOUHOCTI X 00UHCIICHHS.

OnepsxaHuii pe3yabTar SKOICh MIpOIO OUIKYBAHHM 3 OIVISIy Ha B3aEMO3B’ I3KU MIXK JJBOMA
pedepeHIIHUMU CUCTEMaMH, SIK X pO3KpUTO, Hanpukias, B npausx [13; 14]. [lepenycim not-
piOHO B3sTH 10 yBaru MeTy cTBopeHHss ETRS89 — 1e dikcaris BiuikoBoi cucreMu 10 cradi-
JbHOT yacTUHU €Bpa3iiicbKol IITOCHEPHOT TUINTH 3a4J11 YHUKHEHHSI €BOJIIOLIT KOOPAMHAT 3 ya-
COM BHACJIJIOK HE3aJIeKHMUX pyxXiB miuuT y Mixnaponaniit cucremi ITRS. ITapamerpu o6ox
cucteM 30irarThes nuiie Ha ernoxy 1989.0, konm 3amo4aTkoByBajgoCh CTBOPEHHS €BpONENCh-
Koi cucteMu. BinToai BHachiiok cranoro apeidy kontuHeHTy cuctema ETRS89 npsmo nos's-
3aHa i3 cucremoro ITRS crporumu MareMaTHYHUMU CIIBBIAHOIIEHHSIMH, aJie 32 BUHATKOM Ia-
pamerpiB obepTanHs Ry, Ry, R, , SIKi B CyKYITHOCTi BUpaXkaloTh 00epTaHHs €Bpa3iiChKOi INIUTH

B peanizanisx ITRF i Bu3HauatoThCst HE3aNEXKHO 3a JAaHUMH CYITyTHUKOBOT'O MOHITOPUHTY TO-
BEepPXHI Ha eBpomeicbknx cTaHmisx. Came 1 00cTaBHHA TMOSICHIOE 30DKHICTH KYTIB

A;'ef —-A, A* — A, 3ix ananoramu Ry, Ry,R;, Ko B3aTH 10 yBary, mo Bubipka emmipuy-

HUX BXiIHUX AaHuX hopmyBanacek y peamizarii ITRF2008.
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BucHoBknm.

1. BukopucTaHi METOIM MOKa3aJId PE3YJIbTaTH, SIKUMH IiITBEPKEHO AedopMariii 3eMHOT
NOBEPXHI TepUTOpii €BpOIM HETIHIMHOTO XapakTepy. 3arajaoMm, e(eKTUBHICTh BUKOPUCTAHHS
HETHIMHUX MOJENel B CY4acHUX JOCHIDKEHHIX Aedopmartii 3emii crae 6e3cymHiBHOO. Lle
HiATBEPKEHO HABITh Ha MpUKIaAi focsrHeHHs po3B’si3ky ITRF2014 cucremu ITRS: «renepa-
mizanis po3B’s3ky ITRF2014 3 po3mmpeHrM MOIEIIIOBaHHSAM HENNIHIHHUX PYXiB CTaHIiN 3a0e3-
reursia 3HaYHe IMiIBUIIEHHS oro TouHoCTi mopiBHsAHO 3 ITRF2008» [15].

2. Pesynbraru MozenmtoBaHHs aedopMarltiil y BiAHOIIEHH] 10 Teocdepy Ta 3eMHOTO eJlimcoiaa
o0epTaHHsI BUSBUJIMCH MPAKTUYHO 1ICHTHIYHUMHU. BOHU OUIBII peaticTHYHO Bi0OpakaroTh aedo-
pMmailii 3eMHOI TIOBEPXHI B TIOPIBHSAHHI 3 TAKUMH K Y BIIHOIICHHS 10 TUIOMIMHUA. MozetoBaHHS
TIOJTIB TOPH3OHTAIBHUX JedopMalliid 3MHOI TOBEPXHI perioHAIbHUX MacIITa01B PEKOMEHTYEThCS
pealti3oByBaTy y MPOEKIIii Ha OIHY 13 3a3HaYE€HUX KPUBOITIHIHHUX MOJCIILHUX TTOBEPXOHb.

3. IlopiBHSHHS pe3yNIbTATIB OLIHIOBAHHS KYTOBHX CIIOTBOPEHBb ABOBUMIPHUX KPUBOJIHIH-
HUX CHCTEM KOOpIUHAT 3 iX aHajoramu y Tpancgopmanisx pepepenmaux cuctem ITRF-ETRF
MOKa3aJ10 PO30DKHOCTI Yy MEKax TOYHOCTI X o0umcieHHs. [luM mocBiT4eHO JOCTOBIPHICTH Ki-
HIIEBUX PE3YJbTATiB MOJEIIOBaHHS edopmMaliiil 3eMHOT TOBEPXHI TEPUTOPii €BpOIH.

4. Kpim mpsiMoro npu3HaueHHs JUisi BUPIIIEHHS 3aB/laHb AehopMaIliiHOro aHaizy B reo-
JTUHAMII, po3po0ieHI METOIM MOXYTh OyTH BUKOPUCTAHI1 SIK JOAATKOBHM IHCTPYMEHT MOHITO-
pUHTY peepeHIIHNX CHCTEM Ha PErioHAIbHOMY Ta JIOKaJIbHOMY PiBHSX, IPUHANMHI 3 TIOTJISITY
BUSIBJICHHS €()EKTIB T€OIMHAMIYHOTO TIOXOKCHHSI.
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The results of a scientific and methodological study of the problem of evaluation of horizontal deformations of the Earth's
surface based on the data of global navigation satellite systems (GNSS) are presented in the article. The results of static mod-
eling of horizontal deformations of the Earth's surface on a regional scale using methods based on the theory of transformations
of images of the Riemannian space in the form of diffeomorphic manifolds are presented. The methods are based on the prop-
erties of elementary manifolds of the Euclidean type of dimension N=2 in the form of a tangent plane with parameterization
by a rectangular coordinate system and tangent curvilinear surfaces of rotation with parameterization by spherical and ellip-
soidal systems. Solutions of problems on these surfaces were achieved by methods of the projective differential geometry. The
modeling was implemented using a sample of coordinates of GNSS stations on the territory of Europe during 2008-2014. The
sample was formed based on the JPL Comb database of the SOPAC archive. Functional models of the deformation are con-
structed by basic functions in the form of series of Legendre polynomials of various degrees and orders on the plane and in the
form of series of spherical functions of various degrees and orders on the geosphere and the Earth's ellipsoid of rotation.
Results of calculating the characteristics of horizontal deformations of the Earth's surface reduced to these modeling surfaces
and their comparative analysis are presented. The obtained results confirmed the deformations of a non-linear nature. The
results of the evaluation of angular distortions of curvilinear coordinate systems are presented. Comparison of the obtained
results with their analogues in the transformations of the ITRF-ETRF reference systems during 2008-2014 showed discrepan-
cies within the limits of their calculation accuracy.
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CENTER FOR THE CREATION AND DEVELOPMENT OF START-UPS
OF THE CHERNIHIV POLYTECHNIC NATIONAL UNIVERSITY:
ARCHITECTURAL RENOVATION OF THE BUILDING
OF THE FORMER CINEMA “PEREMOHA” IN CHERNIHIV

Based on modern humanistic principles of architectural and urban design and system analysis of three-
dimensional solutions of the former «Peremoha» cinema in Chernihiv, the results of the study of architectural and conceptual
images are presented and a project for the architectural renovation of the new building of the Center for the Creation and
Development of Startups of Chernihiv Polytechnic National University is proposed.

The project envisages the spatial transformation of space using a system of load-bearing wooden frame structures and
innovative glass construction technologies. The designed superstructures, together with the system of terraces and balconies,
will visually create a transparent space for the interior of the new building, accessible to sunlight and convenient for educa-
tional, scientific and artistic activities of students, teachers and active residents of the city.

Keywords: architectural renovation; functional renovation; «Peremohay cinema, Chernihiv, architectural and
constr#Fg.t.iQﬂ hnecfgp&t]réégt_i%r), Center for Creation and Development of Startups of Chernihiv Polytechnic National University.

Relevance of the research topic. Modern urban planning and the development of general
plans for the development of territories require the use of innovative strategic approaches to
effectively address the socio-economic and humanitarian development of Ukrainian settlements
in the post-war period. In addition to the large-scale destruction of a huge number of residential
and public buildings, there are many abandoned communal buildings in the cities of Ukraine,
which, without losing their capital, need new rethinking and re-inclusion in the humanitarian
and socio-economic life of territorial communities. In modern urban planning, the most effec-
tive methods of improving aesthetic qualities of the urban environment are the transformation
of objects that are not used for their intended purpose into public buildings with partially pre-
served functions or with a complete change in the production function. The latter is carried out
in the process of conservation, revitalization, renovation, environmental rehabilitation and
complete re-functionalization [1, 3]. Therefore, the development of projects related to the pos-
sibility of rehabilitation of abandoned buildings through new proposals for improving the ex-
ternal and internal architecture of the building and rethinking its layout is relevant today.

Statement of the problem. At the end of 2022, the leadership of the Department of Urban
Planning and Architecture of the Chernihiv Regional State Administration turned to the inter-
national consultant for the reconstruction of destroyed cities, General Director of Thought
Group Chile, architect Cristian Alfredo Wittig Grell, who at that time had successful coopera-
tion with the authorities of the cities of Irpin and Bucha on the development of projects for
memorial complexes and the reconstruction of destroyed buildings, for strategic support for the
process of rebuilding city Chernihiv and surrounding villages, which were seriously destroyed
and damaged by Russian invaders during the hostilities.

© Ciristian Alfredo Wittig Grell, C. B. 3aBaupkuii, O. B. CaBuenko, 2024
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Chilean architects were invited to develop projects for new houses of culture in the settle-
ments of Ivanivka and Yahidne in the Chernihiv region. And already in April-May 2023, these
two projects were presented to the Department of Urban Planning and Architecture of the Cher-
nihiv Regional State Administration, the communities of the above-mentioned villages, as well
as students and teachers of Chernihiv Polytechnic National University. Territorial communities
and the academic community of the University highly appreciated the professional decisions of
Chilean architects to reconstruct destroyed houses of culture and transform former buildings
into modern public multifunctional spaces filled with light through the use of glass structures.

In May 2023, the Scientific and Technical Council of Chernihiv Polytechnic National Uni-
versity decided to revitalize and provide new functionality to the building of the former city
cinema «Peremohay, through the organization of the University Center for Startup Creation and
Development of Chernihiv Polytechnic National University on its basis. It was proposed that
the architects of Thought Group Chile be involved in the development of the project for the
reconstruction of the cinema building [2].

The Chilean architects were tasked with redesigning the interior of the building, the main
of which are three cinema halls and a hall, into spaces for combining science, education and
business, and were proposed to place creative workshops and laboratories in the cinema in order
to integrate scientific, educational, cultural and artistic functions of the new Center.

The purpose of such a Center in the general structure of the University will be to meet not
only the additional educational needs of students, but also the development and support of startup
projects in the center of creative space and professional growth of the city's creative youth.

Analysis of the latest research and publications. The experience of revitalization and
reconstruction of not only individual buildings, but also abandoned industrial zones is covered
in a sufficient number of scientific papers [1, 3-6]. The monograph of Kharkiv researchers [1]
examines the urban planning potential of abandoned industrial areas. The regularities of reno-
vation of industrial buildings as a system of measures of organizational and economic modern-
ization, technical renewal, cultural and historical heritage, ecological rehabilitation and social
revitalization of urban areas are presented. Methods of renovation of industrial buildings for
civil facilities are proposed.

The works [4-5] investigated the issues of functional renovation of the interior of the mod-
ernist building of «Peremohay cinema. In particular, it is proposed to convert the large cinema
hall into a co-working space, equip a modern conference hall in the middle hall with the original
function of the cinema hall, turn the small hall into open student workshops of architectural and
design-projection and modeling with available laser cutters, 3D printers, milling cutters, plot-
ters, etc. In these workshops, students will be able to quickly master various manual and digital
technologies for manufacturing an author's product and effectively go from creating a model
prototype to a finished product.

In the work [6], project proposals were developed for the interior design of the premises of
«Peremohay cinema with changed functionality.

When creating the model of the interior design of the «Co-working» (large hall), the design
features of the floor of the room, which has a significant difference in height from the entrance
to the podium of the stage, were taken into account, so it was decided to organize the workspace
of the «Co-working» as a multi-level structure with several main zones.

For the arrangement of a universal production and experimental workshop, it is proposed to
divide the space of the small hall into several levels: balcony — podium — main production area.

The interior of the conference hall (the middle hall of the cinema) was designed in a modern
minimalist and futuristic style with monochromatic surface decoration, calm shades of colours
and the use of soundproofing panels. The arrangement of contour-step ceiling-wall lighting in
the conference room in this project is a design technique that will enhance the three-dimensional
perception of the room and the overall level of its comfort.
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Identification of unexplored parts of the general problem. The analysis of recent studies
and publications has shown that the project proposals for the functional renovation and renovation
of the interior of the premises of the former cinema «Peremoha» do not solve the main problem
of the building, objectively related to the features of the architecture and space-planning solutions
of the former Soviet cinemas. Firstly, the building is built on the same level, and it has a large
above-ground area. Secondly, the internal layout of the building is structured using a system of
internal load-bearing walls that separate all its rooms and prevent the penetration of natural light.

The aim of the article is to develop conceptual project proposals for the architectural ren-
ovation of the building of the former cinema «Peremohay and the creation on its basis of a new
scientific and artistic Center for the creation and development of startups of Chernihiv Poly-
technic National University for students and residents of the city. It is envisaged, based on
modern architectural strategies and rethinking the philosophy of urban development, to develop
a project of a comfortable open space combining science and art, education, and business.

Statement of the main material. In the process of developing a conceptual architectural pro-
posal for the renovation of the former «Peremohay» cinema (Fig. 1), commissioned in 1985, the
urban planning situation of the location of the building in the center of Chernihiv was analyzed.

{

Fig. 1. The building of the cinema «Peremohax surrounded by residential buildings

Analysis of the situational scheme of the location of the former cinema among urban build-
ings (see Fig. 2) shows its advantageous location at the corner of Shevchenko Street and Levka
Lukyanenko Avenue surrounded by a residential area. Therefore, from the point of view of
urban planning, the building occupies one of the central and strategic places in the Desnianskyi
district of Chernihiv.

Based on the modern philosophical foundations of architecture and urbanism, which ar-
gue that architecture, and therefore urban planning, is an interface of reality, as well as a tool
for observing and verifying the experience of reality [7, 8], to develop the concept of an ar-
chitectural project, we posed some strategically important questions to understand and com-
prehend all the problematic issues related to the real situation around the old building of
«Peremohay cinema.

It should be noted that the cinema building is the compositional core of the surrounding
architectural environment. However, due to its low-rise and closed nature, the building today
has partially lost its architectural expressiveness, which would compositionally and spatially
connect it with the urban planning situation (Fig. 1).
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Fig. 2. Situational scheme of the location of the cinema «Peremohay

All problematic issues were in one way or another subordinated to the ideas of a new look
at the old building, preserving its potential as an example of the Ukrainian spatial and urban
identity of the last century.

In addition, the analysis of photographic material, as well as architectural plans (Figs. 3 and 4)
made it possible to formulate basic conclusions about the condition of the existing building:

——

P

Fig. 3. Photo of the entrance and the perspective of the lobby

of the «Peremohay cinema

1. The building is built on the same level, has large rooms, its architectural and structural
scheme is based on a system of load-bearing internal walls that divide the room, thereby form-
ing a space devoid of sufficient penetration of natural light.

2. The main fagade is built in a postmodern style with elements of brutalism with a limited
direct relationship with the urban environment. Other facades are completely closed and ex-
cluded from spatial interaction with the public squares adjacent to the building.

3. The interior of the building complies with the principles of organizing the space of cin-
ema buildings — a large and long foyer, from which you can get to halls of different sizes, which
are separate rooms devoid of natural light, which prevents free communication and interaction
of people inside (Fig. 4).
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Fig. 4. Architectural Plans of the Existing Building:
a— general plan; b — ground floor; ¢ —first floor; d — second floor; e and f — sections

A systematic analysis of three-dimensional solutions of the old building helped the authors
of the study to create architectural conceptual images of the new project:

1. The new building should be complemented by several operated levels with a glass railing
that will promote openness to outdoor natural light, which will stimulate creativity, innovation
and productive discussion of new ideas.

This first image of the architectural design idea stems from the concept of a new three-
dimensional solution of the building, as a large glass frame — open, transparent and filled with
light. This decision opens up the possibility of creating new public spaces for meetings, open
discussion and joint work of the Center's visitors.

2. A public building should be a new space for social and cultural activities, accessible to
city residents seeking creativity and innovation, scientific and artistic research.

Thus, the new concept of the old public building is formed as the generation of free space in
the city with a new purpose and opportunities by architectural means and is based on the combina-
tion of interior and exterior. At the same time, the boundaries of perception of indoor and outdoor
spaces will be blurred due to the dematerialization of walls filled with transparent glass planes.
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3. The concept of the new building includes the addition of existing spaces by creating the
second and third open operated horizontal levels. In this case, visitors to the Center will have
the opportunity to enjoy the public space of the external environment (Student Square) and its
urban context from the new urban horizon.

The considered conceptual images helped to finally formulate the conceptual architectural
proposals for the new project. These proposals can be divided into three strategies, which are
reflected in the architectural plans of the new building (Fig. 5).

First, it is proposed to open the building to the outer area in which it is located, for this
purpose a second level has been created in the longitudinal corridor that leads to the main
rooms. In this way, a kind of connection is formed between what happens outside the building
and inside, for the realization of spatial freedom. Above the second level, there is a café as a
meeting place for creative personalities who are united by this building: students, teachers, pro-
fessionals and artists.

One of the architectural challenges was the problem of redesigning the three cinema halls of
the existing building without demolishing or proposing a major structural restructuring of the wall
structures that were considered damaged. To solve this problem, instead of the existing walls, it was
suggested to develop a structural system of self-supporting laminated wooden frames, on which
various premises of the Center with an updated internal layout will rest. This structural frame sys-
tem does not depend on existing load-bearing walls and allows additional operational levels.

To demonstrate this system and, at the same time, emphasize the large dimensions of cin-
ema halls, it is proposed to make the central space three-level, which will provide a visual
connection between different halls (Fig. 5).
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Fig. 5. Planimetry of the conceptual architectural proposal:
a — basement; b — first floor; ¢ — second floor; d — third floor;
e — roof plan, f, g — longitudinal and cross-sections
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Such a three-dimensional solution will create a sense of air and freedom for those who will
be inside the premises of the Center, and we will get spacious, bright and ventilated interiors.
It also facilitates the layout of rooms without partitions and the use of walls (Fig. 6).

The third strategy of architectural renovation is related to the goal of filling the dark space
of the cinema premises with natural light and ensuring their spatial and planning combination.

The terms of reference were to design workshops in the new building of the Center for
architecture and design students, as well as students and professionals working on startups, and,
finally, to create an exhibition space for art and culture in memory of the former cinema.

B,

Fig. 6. Visualization of the interior space of the new building of the « Peremoha» cinema

Based on this, it is proposed to redevelop three cinema rooms as follows: the smallest cin-
ema hall will be adapted for students for educational laboratories and computer classes. On the
first level, the premises are planned for workshops. The middle hall will be used for startups,
meeting rooms and offices.
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On the ground floor of the large hall, there will be a cinema and concert hall with a stage
and the possibility of placing exhibitions of famous artists and beginners from among students
and youth of the city.

The corridor on all floors should become a point of convergence between all rooms, con-
tributing to interdisciplinary enrichment. To do this, it is proposed to use this space as a centre
for classes, conversations and debates, with boards and a coffee shop.

Both this corridor and the third floor, proposed to expand the functionality of the new Cen-
ter, are fully glazed spaces that will have a direct view of the square next to the building, as
well as the interior of the building (see Fig. 7).

Fig. 7. Conceptual architectural proposal for the second-floor corridor

The architectural renovation project of the former cinema «Peremoha» also provides for the
development of an option for the reconstruction of the square near the building with the possibility
of protecting citizens in the event of an air raid and a missile attack by Russia. For this purpose, it
is proposed to equip the square with long fortified trenches (Fig. 8), which will function with a dual
purpose — as a protective structure in case of bombing, as well as a basis for placing the chairs of
the summer theatre, thereby creating places for recreation and interviews.

Fig. 8. Planning a new public square proposal:
a — plan-scheme of public square; b— section EE'; ¢ —section FF'
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Fig. 8. The end of the fig. (beginning of p. ¥¥)

The proposed trench arrangement leaves room in the area for children's play and a water pool
that cools residents in the summer, encouraging them to stay and be active in this space (Fig. 9).

RE PR

r--\,

Fig. 9. Visualization of the public square and the main facade

Taking into account all of the above, it can be stated that the project of architectural reno-
vation of the old building is essentially an architectural reformatting of the object, carried out
in order to transform the postmodern space of the Soviet cinema into a new space full of natural
light, freedom and three-dimensional combination of premises. The opening of the interior
space of the three large halls, the elimination of excessive separation of the premises and the
creation of a sufficiently large spatial and visual continuity were achieved by combining two
new design levels using a system of balconies and terraces and the use of glass panel technol-
ogy. Due to the use of three-dimensional glass boxes, a transparent large-scale perimeter was
formed, which blurs the boundaries between the interior and exterior of the new space of the
building, creating a visual gate that opens to the public space of the adjacent square (Fig. 9).
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Conclusions. The paper presents the original results of the conceptual project for the ar-
chitectural renovation of the old building of the former cinema «Peremohay, carried out in co-
operation with the Department of Architecture and Environmental Design of Chernihiv Poly-
technic National University with Chilean architects of the Thought Group Chile company. The
main original results of this project are:

1. It is proposed to add to the one-level building of the modernist cinema a superstructure
of two spaces in the form of a new system of designed terraces and balconies (large glass-
operated boxes) and to create a plastically continuous and transparent space of the interior of
the new building, comfortable for studying, research, work to support startups, innovations and
creative artistic ideas.

2. The structural independence of the internal volumes, created by architectural means, will
allow the construction of a system of exploited roofs, terraces and balconies, transforming the old
system of dirty and emergency roofs into a new system of additional design levels accessible from
all corners of the building. This architectural technique maximizes and significantly increases the
usable volume of the new building, forming a new internal and external public space for the city.

3. The proposed project of architectural renovation of the building of the former cinema
«Peremohay can be used in the development of an architectural and construction project for the
reconstruction of the building for the "Center for Creation and Development of Startups™ of
Chernihiv Polytechnic National University.
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Cyuacne micmo6y0yeanHs, po3pooKa eeHnIaHi6 po36UMKY Mepumopi 6UMazaioms 3acmocy8ants IHHOBAYIHUX cmpa-
meeiuHux nioxo0ig 01 eeKmMusHO20 GUPIULEHHS COYIATbHO-EKOHOMIYHO20 MA SYMAHIMAPHO20 PO3GUMKY HACEIEHUX NYHKMIE
Vxpainu y nicinsoennuil nepioo. Tomy po3pobka npoekmis, nog a3anux iz Moxciugicmmo peadbinimayii 3aneddanux 6ydisens
34 PaxyHOK HOBUX NPONO3UYIL W00 NOKPAUEHHS 306HIUHbOL Ma GHYMPIWHbOI apXimekmypu 6y0iéni ma nepeocmucieHts ii
NAG-HY8AHHS HA CbO20OHI € AKMYANLHUMU.
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Ananiz 0ocnioscens i nybnikayil w000 RUMAaHb GYHKYIOHATLHOI peHogayii 6HymMpPIWHIX NPUMILeHb MOOEPHICMCbKOT
6yoieni kinomeampy «llepemoza» 3aceiouus, wo 3anpoONOHO8AHI NPOEKMHI NPONO3UYIL He UPIULYIOMb OCHOGHY npobiemy by-
0i61i, 06 €EKMUBHO N0 A3AHY 3 OCOOAUBOCMAMU APXTMEKMYPU MA 00 EMHO-NIAHYBATLHUX PIleHb KOTUUWHIX PAOAHCHKUX KIHO-
meampis. Ilo-nepuse, 6y0ienio noby008aHo Ha 0OHOMY pi6Hi, i 60HA MAE 8enUKY Ha03eMHy mepumopiio. Ilo-Opyze, 6Hympiwne
NIAHY8aHHA 6Y0i8Ni CMPYKMYPOBAHO 3d 00NOMO20I0 CUCTNEMU BHYMPIWHIX HeCYUUX CMIH, AKI po30LAoms yCi ii npumilyeHus
ma nepewKo0Hcaloms NPOHUKHEHHIO NPUPOOHO20 CEImia.

Memotro cmammi € po3poOKa KOHYenmyaibHux NPOEKMHUX NPONO3UYIL W00 apXimeKkmypHoi penosayii 6yoieni konuui-
Hbo20 Kinomeampy «[lepemozay ma cmeopenns Ha 11020 6a3i HO8020 HAYKOBO-MUCMEYbKO20 Llenmpy cmeoperHs ma po3eumxy
cmapmanie Hayionanvroeo ynisepcumemy « YepHiciecoka nonimexsikay 07 cnyoeHmie ma MewKanyie Micmad.

Ha ocnosi cyuachux apximexmyprux ma ypOaHiCmMUu4HUX yi6ieHb 6UKOHAHO CUCMEMHUL AHANI3 00 €EMHO-NPOCMOPOBUX
piwenv cmapoi 6yodieni Kinomeampy ma CmeopeHo apXimeKnypHO-KOHYEenmyaibHi 00pasu H08020 NPOEKNT).

Copmynvosano cmpameczii apximexmypHoi penosayii excmep ‘epy ma inmep ‘epy 06yoiani Hosozo yenmpy. Hagedeno naa-
HiMempii apXimeKmypHux KOHYenmyatoHux npono3uyitl wooo po3KpUmMms npocmopy mpuox 21A0aybKux 3aie Kinomeampy 3a
PaxyHok Haoby008uU 6eNUKUX CKIAHUX eKCHIyamosanux OOKCI6 i cucmemu CnpoeKmosanux mepac i OaiKowis. 3anponoHoeano
NPOEKM NEPENTIAHYBAHHSL 2DOMAOCHKOT NIOWI 3 OONAUIMYBAHHAM 3a2TUONEHO20 TIMHb020 Meampy ma NiO3eMHUM YKDUMNISM.

Ilpedcmasneni mamepianu wooo apximekmypHoi peHosayii 0yoieni koruwkvboeo kinomeampy «llepemozay moocymo
6ymu 8UKOpUCMAaHi npu po3pooyi apximexmypro-0y0ieeibH020 NPOEKMY PEeKOHCMPYKYIT cnopyou nio «Llenmp cmeopenus ma
possumky cmapmaniey Hayionanvrnozo ynieepcumemy ‘“‘Yepuiciecvka nonimexuika”».

Knruoei cnosa: apximexmypha penosayis,; ¢yHkyionanvHa penosayis, kinomeamp «llepemozcay; YepHnicis, apximexniy-
PpHO-0y0igenvha pekoHcmpykyia; Llenmp cmeopenuss ma pozeumky cmapmanie Hayionanvrozo ynieepcumemy « Yephiziecoka
nonimexmikay.

Puc.: 9. bibn.: 8.

Cristian Alfredo Wittig Grell, Zavatskyi, S., Savchenko, O. (2024). Center for the creation and development of start-ups of the Chernihiv Polytechnic
National University: architectural renovation of the building of the former cinema "Peremoga™ in Chernihiv. Technical sciences and technologies,
(2(36)), 331-342.
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OCHOBHI BUMOI'M 1O OPOPMJIEHHA TA ITIOJAYI PYKOIIUCIB
HAYKOBHUX CTATEHU 1O HAYKOBOI'O )KYPHAJY
«TEXHIYHI HAYKH TA TEXHOJIOT'Ti»

HlanoBHi nonucyBayi!

JJis mogaHHs CTaTTi HEOOXITHO CIIOYATKYy HAJIICTATH CTATTIO Ta iHPOPMAIIIIO PO aBTOPA,
3 IKHM KOHTaKTYyBaTH 100 MyOJTiKaIiii craTTi, opopMiIeHi 3a BCTAHOBIICHUMH BUMOTaMH, JIJIsI
MOTIEPETHHOTO PO3TIISALY PEAAKIIIHHOI KOJETIEr KXypHATY « TeXHIYHI HayKH Ta TEXHOJOTI.
3a yMOBH BiJIIOBITHOCTI CTATTi CIELIaTbHOCTSAM, 33 SKUMHU aKPEIUTOBAHO XKYPHAJ, BIAMOBII-
HOCTI HOpMaM aKaJeMidyHO1 JOOPOUECHOCTI 3a pe3yJibTaTaMt MEePEBIPKHU Ha IuIariat, MO3UTHB-
HOI He3aJIeXKHOI pereH3ii Bii MPU3HAUEHOTO PEeJAKIIHOIO KOJIETIE0 PELEH3eHTa, CTATTS PO3-
MIIYETHCS B MAKET1 KypHAITY.

PenakiiitHa kosneris 3a0e3mnedye po3riisi]] Ta He3aJIe)KHE PelieH3yBaHHS MOJJAaHKUX JI0 Iy OJTi-
Kallii MaTepianxiB BUCHUMHU, SKi MAIOTh HAYKOBH CTYIIIHb Ta 3A1MCHIOIOTH TOCIIIKSHHS 32 CIIe-
1abHICTIO, 1110 BiJIMOBiAa€ TEMATHUIIl MOAAHOTO [T My OITiKaIii MaTepialy, 1 € aBTopaMu (CIiB-
aBTOpPaMHM) 3araJibHOIO KIUIBKICTIO HE MEHIIE TPhOX MyOmiKamii y HayKOBHX BHJIAHHSIX,
BKIIIOUEHUX JI0 KaTteropii «A» Ta/abo kareropii «b» [lepeniky HaykoBUX (paxOBUX BHIAHb YK-
painu, Ta/abo y 3aKOpPJOHHHMX BUIAHHSX, MPOiHAEKCcOBaHMX y Oa3ax manmx Web of Science
Core Collection ta/abo SCOpuUS 3a BiAMOBIIHOK CHEHIATBHICTIO, OMPHIIOIHCHUX YIIPOIOBK
OCTaHHIX II’ATH POKiB.

Omny0nikyBaHHsSI HAYKOBUX CTaTel y KypHauli « TeXHIYHI HAYKH Ta TEXHOJIOTI1» € IJIaTHUM.
BapricTh my0uikaiiii HayKoBOi CTaTTi CTAHOBUTH:
- 80 rpu/1 cTopinka (3a yMOBH, SIKIIIO aBTOpaM MOTPiOHA MarepoBa Bepcis )KypHaIY);
- 60 rpu/1 cropinka (3a yMOBH, SKII[O aBTOPAM JIOCTATHRO €JIEKTPOHHOI BEpCii KypHAITY).
Ocratouna BapTicTh myOdiKamii GOpMyETHCS MiCIsi TOTOBHOCTI €JIEKTPOHHOTO MAKETY KYyp-
HaJTy Ta MOBIJOMIIIETHCS aBTOPY, BIANOBIIAIbHOMY 3a IyOtikallito crarTi. Onjara mijaTBeppKy-
€ThCS] KBUTAHIIEIO.

YMOBH ITYBJIIKAIII, BHMOI'H II[O]0 O®OPMIEHHA CTATEH, PEKBISUTH
OIUIATH TA OCTAHHI HOMEPH HAYKOBOI'O /KYPHAIY « TEXHITHI HAYKH
TA TEXHOJIOI'II» POSMILIEHO HA CAHTI»: http://tst.stu.cn.ua/

KonTakTHa indopmanis:

Mopo3s Hatanis BikropiBHa

Ten.: (0462) 665-225

E-mail: tst.technical.sj@gmail.com

BinnmosinaabHicTh 32 MaTepianu, HaBeeHi y CTATTi, Hece aBTOP.
HenpasuibHo odopMIieHi aBTOPOM CTATTS Ta CYNPOBiIHI JOKYMEHTH,
110 He BIANOBIIaI0Th 3a3HAYEHUM BUMOTIaM, PO3IJIsiAaTHCS He Oy1yTh.

Peoaxyis pozenadae Haoxoocenusn nyoaikayii ma cynpogioHux 00KyMeHmis

5K 3200y donucysaya (i) wjo0o nepedadi agmopcbKko2o NPasa HA BUKOPUCMAHHS MEOPY
(Mmupasxcysanms, po3no8cro0HCeHHs MOUo0).
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