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3ACTOCYBAHHA MAT'HITHO-ABPA3ZUBHOI'O OGPOBJIEHHSA
CTOMATOJIOTTYHOI'O IHCTPYMEHTY BAI'ATOPA30BOI'O _
BUKOPUCTAHHA 1JIA BIJHOBJIEHHSA MOI'O BJIACTUBOCTEHN

Ha ocnosi ananizy ocobnusocmeti npoyecy excniayamayii ma ROOAIbUL020 YUKILY 0OPOONeHHST CIOMAMOIOIYHUX
bopdpes 6azamopazo8020 BUKOPUCMAHHS NPEOCMABIEHO OOIPYHMYSAHHS MOJICIUBOCH 3ACMOCYS8AHHs HA emani nepeocnie-
PUNIZAYIHO20 OUUWEHHSI MEMOOY MASHIMHO-AOPA3UBHO20 0OPOOIEHHSA NOBEPXOHb PODOUUX YACMUH MBEPOOCNIABHUX OODI6 KY-
1eno0ionoi hopmu.

Buxonano ananiz cmany nogepxni ma napamempis ulopcmrxocmi pobouux nogepxons bop@pes 0o ma niciis MaeHimHo-
abpasuenozo obpobnenus. Haoani pexomenoayii wooo uacy obpobdrenns ma 0iana3ouie po3mipie pizanbHux Kpomox Oopis,
wo 3abe3neuyiomo 30L1bUIeHHS. MEPMIHIE eKCHIyamayii.

Knrouogi cnosa: macnimno-abpasusne o6pobaenns; cmomamonoiynuti incmpymenm,; meepoocniagui 6opgpesu; ne-
peocmepunizayitine OYUWeHH S, WUPUHA PI3ATbHOT KDOMKU, WOPCMKICTb NOGEPXHI.

Puc.: 4. bion.: 8.

AKTyaJIbHICTh TeMH A0CizKeHHs1. Oco0IMBOCTI BUKOPHCTaHHS CTOMATOJIOTIYHOTO 1HCTPY-
MEHTY 0araTtopa3oBOro BUKOPHCTaHH:, TaKoro sk Oopdpesn pizHoi ¢popmu, cBepia i iH, AKi
BUT'OTOBJIEHI 3 TBEP/IUX CILJIABIB 1 CHELIaJIbHUX IHCTPYMEHTAIBHUX CTaJICH, OJIATAI0Th Y TOMY, 1110
TICIIst KOSKHOTO iX BUKOPUCTAHHS 3a MPU3HAYEHHSIM 1HCTPYMEHT Iijisirae 00po0ieHH:o 3riHo [1],
a came: e3iH}eKIii, nepeacrepuiizaniiinoMy ounienHto (aani - [ICO) Ta crepumizaiii 3 MeTor0
npo(iIaKTUKK BHYTPIIIHBO-TIIKApHIHUX 1HeKiN. Ak npasuiio, [ICO 3ailCHIOETHCS 3 METOIO BU-
JlasieHHs 3 BUpOOIB OLIKOBHUX, )KUPOBUX 1 MEXaHIYHUX 3a0pYAHEHb, 8 TAKOXK 3AJTHIIKIB JIKAPCHKUX
npenaparis, JEHTHHY, eMall, III0MOyI0Uoro Marepiary 1 BUKOHY€EThCS TTiCTs Ae31H(EKIIT SIK OKpe-
MU MPOIIEC PyYHHM a00 MEXaHi130BaHUM CIIOCOOOM.

IlocranoBka npodaemu. [Ipu Bukopuctanui nmoHoro mukiay [ICO mepex momanmbiior
CTEpIIII3ALI€I0 1 MOAATBIINM BUKOPUCTAHHAM 32 MPHU3HAYCHHSM MOBUHHO 3a0e3IeuyBaTuCs
MaKCHMaJbHO IMOBHE 30€peXEeHHsS MOKAa3HUKIB SIKOCTI 1HCTPYMEHTY, N0 SIKUX, KpIM CIeLH-
(GiuHUX, BIAHOCATH TaKi MOKAa3HMKH, SK KOpO3iiHA CTiHKICTh, YHMCTOTAa OOpOOJIEHHS —
HIOPCTKICTh POOOYUX TOBEPXOHb, BIJICYTHICTh BUPUBIB, OJIPSIIIH, KOPO31IHHUX TOPOKHUH, 3a-
60iH, 0COOJIMBO Ha pPi3aJIbHUX KPOMKAX, IIEBHA BEIMYMHA PAJiyCiB iX 3a0KPYTJICHHS.

[ToripuieHHs TTOKa3HHKIB SKOCTI pOOOYHX IMOBEPXOHb CTOMATOJIOTIYHOTO IHCTPYMEHTY
icJisl BUKOPUCTaHHSA 1 Ae3iHdekuii BitOyBa€eThCs 3a paXyHOK 3BUYaHUX MPOIECIB 3HOLICHHS
IHCTPYMEHTY TpH HOTO eKCIuTyaTallii, siKi aKTUBI3yIOThCA i JI€I0 arpeCUBHUX CEPEIOBHII
YKHBOT'O OPTaHi3My B ITO€JHAHHI 3 MEXaHIYHUMHU HaBaHTAKEHHSIMU Ha poOOYi IMOBEPXHI.

© Maitbopona B. C., I'appymikesuu H. B., Cnob6onsurok 1. B., ITo3nsik K. O., 2021
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[Tpu pyunomy [1CO BUKOHY€ETBCS Taki onepariii: 3aMOYyBaHHS B MUTHOMY pO34MHi Ha 15-
60 XBWJIMH, MUTTS 32 JIOIOMOTOIO IIIITKH, OOTOJIOCKYBaHHS 1] IPOTOYHOIO BOJIOIO Ta JUCTH-
JbOBAHOIO BOJIOI0, CYIIIHHS TapsSYiM MOBITPSIM.

[1CO mexaHi30BaHUM CIIOCOOOM BUKOHY€ETHCS 3 BUKOPUCTAHHSIM MHIHO-/1€31H(EKIIHHIX
MAIllMH Ta yJIbTPAa3BYKOBOI'O YCTAaTKYBaHHSI.

Tpeba 3a3naumtu, MmO ae3iH(EKIis (I3MYHUMU METOJAMU TOJSATAE B KHUIT SATIHHI Y
CHEIIaIbHUX PO3YMHAX HA OCHOBI JUCTHILOBAHOI Boau mpotsroMm 15-30 xBumuH. Lleit Bun
00poOICHHSI Ma€ HETaTUBHI HACIIIKH, OCOOJIMBO IS Pi3aJIbHUX KPOMOK IHCTPYMEHTIB, sIKi 3a-
TYIUTIOIOTHCS Ta B MOAJIIIIOMY MOXKYTh M1/11aBaTUCS KOPO3ii.

XapakTepHUMHU MPHUKIaJaMU YTBOPEHHs Ae(EeKTiB Ha poOOYMX MOBEPXHSIX € TOUKOBA,
MITIHrOBa KOPO3is, IKa CTUMYITIOE 3apOPKEHHS B MaTepiaii pi3albHOTO IHCTPYMEHTY KOpPO3iii-
HUX TPIIIMH, BUPA3KOBUX NOPOKHUH. CaMme 111 JeeKTH MOXKYTh OyTH MPUIMHOIO 3MEHILICHHS
CTPOKiB BUKOPUCTaHHS IHCTPYMEHTY.

Kpim Bumie3azHaueHoro, BiI0yBalOTHCSA 3MIHA MEXaHIYHUX XapaKTEPUCTUK IIOBEPXHEBOTO
I1apy — MOTIPIIY€ETHCS MOPCTKICTh, 3HUKYETHCS MTOBEPXHEBA TBEPAICTh, (POPMYIOTHCS 3AJIUIII-
KOBI HampykeHHs po3Tsary. Lle Bce B KOMIUIEKCI HETaTWBHO BIUIMBAE HA YMOBH 1 CTPOKH
ekcuryaTaiii 6opdpes.

[Ipu nmpoBeneHHI OYMIIIEHHS CTOMATOJIOTIYHOTO IHCTPYMEHTY XiMIUHUM 1 TEPMIYHUM Me-
TOJIaM{ MO>KJIMBI BUTIQJKU MPUITIKAHHS IO POOOUYNX MOBEPXOHb 3AIMILKIB OpYAy, SIKU HE TO-
BHicTIO Oyno Bunaneno Ha eramni [ICO. Tomy akTyansHuM Ha Aanwuii 4ac € Ha etarni [ICO came
CTOMATOJIOTIYHUX 1HCTPYMEHTIB BUKOPUCTAHHS HOBUX, MEPCIEKTUBHUX, BUCOKOIPOTYKTHB-
HUX METO/IIB, JI0 SIKUX 3 MIEBHOIO BIIEBHEHICTIO MOKHA BITHECTH METOJ1 MarHiTHO-aOpa3uBHOTO
06pobnennst (MAO).

AHaJi3 ocTaHHiX JociaixkeHb i myOJikamiii. B onyOnikoBaHUMX OCTaHHIM YacoM
nmyOmiKalisgx MOKHA BITHANTH MO3UTHBHI (PAKTOPH, SIKI CBITYATh Ha KOPUCTh BUKOPUCTAHHS
metory MAO na eramni [1ICO. 3okpema, iioro BUCOKa IpOAyKTUBHICT pU 00poOIeHH] BUPOOiB
CKJIa/IHO1 MPOCTOPOBOI KOH(Irypaii IpiOHOro po3mipy, BUTOTOBJIEHHX 13 BaXKKOOOPOOItOBa-
HUX MartepiaiiB, TAKUX SIK TBEPHl CIJIaBU, IHCTPYMEHTAJbHI CTall [2], CyTTeBE 3HUKEHHS
HIOPCTKOCTI 0OpOOIIOBaHUX MTOBEPXOHb, IMiJIBUIIEHHS TOBEPXHEBOI TBEPAOCTI [3], 3pocTaHHs
KOpPO3iiHOI CTifiKOCTI [4], MOBHE BUAaleHHs HEOAKaHUX BIAKIAAEHB 13 POOOUYUX MOBEPXOHB
pi3aJbHOTO IHCTPYMEHTY, PO3MONipYBaHHS BUOOTH 1 KOPO3IMHUX MOPOXKHUH [5], MOKIUBICTh
YaCTKOBOI'O 3arOCTPEHHSI Pi3aIbHUX KPOMOK.

JonatkoBo Tpeba Big3HAuuTH, 110 TpH MAO pe3yabTaTé OYMIEHHS CTOMATOJIOITYHOIO
iHcTpyMeHTy Ha ertami [ICO mpakTHuHO He 3ajexkarh BiJ KBadigikauii omepartopa, SKUil
3A1MCHIOE ITI0 TIPOIIEAYPY.

3a3HaueHi (paKTOpU HE TUIBKH CIIPUSIOTH MOJIOBKEHHIO CTPOKIB €KCILTyaTallii 00po0ItoB-
AQHOTO 1HCTPYMEHTY, a 1 3HWKYIOTh BIPOTIAHICTH MPOSIBIEHHS HeOakaHUX (aKTOpIB, K1 MO-
’KYTb MaTH MicCIle NIpH iXHil poOOTi — J0AaTKOBa BiOpallis, HaMipHe HarpiBaHHs 30HU 00p00-
JICHHS TOUIO.

BuaineHnHs He10CHiIKEHUX YACTUH 3arajibHoi poodaeMu. [IpoTe 3acToCyBaHHSI METOTY
MAO i gociikeHb HOro BIUIMBY Ha MOKA3HUKU SKOCTI ApiOHOPO3MIPHOTO IHCTPYMEHTY Ha
TETepIITHIN Yac HE € BIJIOMUMH.

Tomy meTor0 po6oTHu Oys10 OOTpYyHTYBaHHS TOUUILHOCTI 3acTOCyBaHHsA MeToy MAO cTo-
MaTOJIOTTYHUX O0p(hpe3 y TEXHOJIOTIYHOMY JIAHITIOTY iX 00poOJIeHHS Ha CTadisfX, 0 Tepey-
I0Th CTEpUJTI3aLlii.

Buxiaan ocHoBHoro marepiajiy. O6’ekToM q0CIiKEeHb 0yJI0 BUOpaHo 6opdpesu 3 Kyiie-
no1iI0HUMHU poOOYHMMH TOJIOBKAMHU, BUTOTOBJIEHUMH 3 TBEPOTO CIUIABY 3 IIICTHMA p13aJIbHUMU
kpomkamu. Jliamerp poOoumx yacTuH OOpiB BapitoBaBcs B miama3oni 1,8-2,1 mm. J[lo-
cimiKyBanu 0opdpesu, ki Oynu y BUKOPUCTaHHI, ajie He BTPaTHIIN CBOi «pO00Ui» BIACTUBOCTI
Ta MPOUIILIN OJWH 1 OLIbIIE IUKITIB BUKOPUCTAHHS 3a MPU3HAYCHHSIM 13 MTOIAJIBIION0 Ie31H(EK-
uiero, [ICO 1 crepumizaiiero.
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Jlns Bu3Ha4YeHHs BILIMBY MeToqy MAQO Ha 3MiHY HIOPCTKOCTI poOOYHX IMOBEPXOHB OYIIN
MIPOaHaTi30BaHi apaMeTpH MIOPCTKOCTI Ha KOXKHOMY 3yOIll Ha 11’ ATH 60pdpe3ax miciis He MEHII
HI)K OJTHOKpATHOTO 1X BUKOpUCTaHHs. [lapamerpu mopcTkocti Oyiiu BU3HAYCHI ONTUYHUM METO-
JIOM Ha cremniaabHoMy Mikpockori NanoFocus Ha ginsiHKax po3mipom 1,6x1,6 MM Ha niepeaHii i
3aJHII pOOOYHX MOBEPXHSX 3 OJAIBIIOI CTATUCTHYHO 0OPOOKOI0 OTPUMAHKX JTaHUX.

Jlo MAO 6opdpe3 cepenrboapudMeTHUHE BIIXHICHHS TPO(UII0 Ha BU3HAYCHUX BUIIC
TUTSTHKAX CKJIaJaio Juist 3aaHb01 moBepxHi S = 0,295 Mkwm, nns nepenasoi — S = 0,361 MM,
MaKCHMajlbHa BUCOTa MPOQLIIO IMIOPCTKOCTI HA 3aHIN MOBEpXHi - S7=2,53 MKM, Ha TIepeHIl
noBepxHi — S = 2,79 MKM, MakCUMaJIbHa BHCOTa BUCTYIIIB MPOMUII0 MOPCTKOCTI HA 3aHIH
noBepxHi — Sy = 1,7 MKM, Ha mepeanii — Sy = 1,84 MkM, a MaKCUMalbHi BEIMYMHH IITHOMHH
3armaguH NpodiIr0 IMIOPCTKOCTI Ha 3aaHid moBepxHi — Sp =0,86 MKM, Ha MepeaHid —
Sy = 1,01 mxwm.

TunoBuii BUTJIAJ IIOPCTKYBATUX IEPEIHBOI 1 3aJIHBOT MOBEPXOHb CTOMATOJOTTYHHX
o6opdpe3 1o MAO HaBeneHo Ha puc. 1.

a o
Puc. 1. 3D 306pasicenns nogepxons bopie 0o MAO:
a — 3a0H5 No8epxHs, 6 — nepeoHs NoGepxHs

MarsnitHo-a0pa3uBHe 00po0eHHs 60pdhpe3 BUKOHYBAJIN HA EKCIIEPUMEHTAIbHOMY CTEH/I1
JU1s1 0OpOOJICHHS IeTaliel CKIIaIHOI MPOCTOPOBOT KOH(DIryparlii 3 KUTbLIEBOIO POOOUOI0 30HOI0
niamerpom 200 MM 1 BUCOTOIO 30HM aKTUBHOTO 00poOsieHHs 30 MM [2; 3] 3 TOPLIEBUM THUIIOM
3aBaHTa)KEHHSI.

Crenp 3a0e3neuye oOepTaHHS JeTajieil HaBKOJIO OCl KIJIbIIEBOI KaMepu 3 PerysibOBaHOIO
gactoToro Bizt 50 10 500 xB 3 oiHOYACHNM peBepcHBHUM 0OEPTaHHSAM JeTaleii HaBKOIIO Biac-
HOI OCi 3 4acTOTOIO, sIKa 3MiHIOEThCs B miamaszoi 10-800 xs™. ITpu npoMy 3ab6esneuyeTnes
MOYJIMBICTh IEBHOT'O KOHTPOJIBOBAHOTO Oa3yBaHHs JieTajeil B poOouiil 30HI CTEHa, K 100
TUTOIIMHY OOEPTaHHS B iaa3oHi KyTiB HaXuiy oci 6opiB p = 0-90°, Tax i B IIOUINHI, JOTUIHOT
JI0 OKPYKHOCTI1 Kijb1ieBoi BaHHU q = 0-60°. BennunHa MarHiTHOI 1HAYKLIT B poO0YOMY Kijlb-
LIEBOMY 3a30pi, BUIbHOMY BiJl MarHiTHO-aOpa3suBHOTO MOPOIIKY, MOXKE MJIABHO PETYJIIOBATUCS
Bix 0 1o 0,35 T

B sikocTi MarHiTHO-aOpa3suBHOTO IHCTPYMEHTY BUKOPUCTOBYBaIHM nopomok [Tomimam-T 3
po3mipom gactuHOK 200/100 MxM 3 mogaBanHsIM anMaszHoi mactu ACM 24/20.

Ocob6muBoctsamu nporecy MAO cromatosorivaux 6opdpes € Toi ¢akT, mo po3Mipu ix
poOOUMX YACTHUH JOCUTH APiOHI 1 HE MEePEBUILYIOThH 2,5 MM. Y CTaHOBKa, 110 BUKOPHUCTOBYBa-
Jack 1pu oOpoOJIeHi, He J03BOJIIE OTPUMATH BUCOKY 4YacTOTy OoOepTaHHs JeTajieil HaBKOJIO
BHacHoi oci. J[ns 3abe3neueHHs edexktuBHOrO mporecy MAO BHpoOiB HEOOXiTHUM € BHUKO-
HaHHS TPhOX OCHOBHUX YMOB [6; 7].

Amnaniz ymoB o0po0OyienHs 6opdpes cBimuaTh mpo Te, MO came 00epTaHHS HABKOJIO OCi
KUIBIICBOT BaHHHM € THM PYXOM, III0 3a0e3medye MOMIIMBICT (POPMYBaHHS JTOCTATHIX IIBUJI-
KOCTI pi3aHHsI 1 CUJT HOPMAJILHOTO 1 TAHTCHIIIHOTO MOXOKEHHSI, HEOOX1THUX 7S 3/11HCHEHHS
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npoayktuBHOro MAQO. O6epranns 6opdpe3 HaBKOJIO BIACHOI OCI Ha YCTaHOBIII, IKYy BUKOPH-
CTOBYBAJIM MPH JOCITIDKCHHSX, 3a0e31euye JIHINHY BUIKICTh PyXy OKPEMHX TOUOK Oopdpe3
BIJIHOCHO MarHiTHO-aOpa3uBHOTO iHCTpYMeHTY B 10 1 OuIbIie pas3iB MEHIy, HiX y pe3yJIbTari
o0epTaHHsS HAaBKOJIO OCi KiTbIIeBOi BaHHU. ToMy oOepTaHHS HeTaneil HaBKOJO BIACHOI Oci
Tpeba po3risaaTu, K pyX, Mo 3ade3nedye YMOBU JUIsl 3a0€3MEUCHHS PIBHOMIPHOTO 00p00-
JICHHS YCiX €JIeMEHTIB poO0OYHX YACTHH FOJIOBOK OOpPIB 1 MPAKTHUYHO HE BIUIMBAE 3MiHY IIOPCT-
KOCT1 pobounx noBepxoHs mpu MAO.

[epeBipKy 3a3Ha4eHOro (hakTy BUKOHYBAIIM 3a pe3ysbTraTaMu o0poOieHHs 6opdpes npu
IIBUIKOCTI 0O0epTaHHs HaBKOJIO BiacHoi oci 450 1 700 xB! i mBHIKOCTI obepTaHHsI HAaBKOJIO
oci kimpreoi Bamum 270 xB L. Uac 00poOsieHHs CKIagaB 6 XBWIMH 3 TEPIOJUYHUMHU
3aMIpIOBaHHSIMH IMapaMeTpiB MOBEepXoHb. KyT Haxuiry oci 00po0IF0BaHOTO IHCTPYMEHTY 11010
IUIOIIMHY KiJIbIIEBOT BaHHM cKiianas p = 40°. BcraHoBieHo, 1o 3a nepii Tpu XBWwimHu MAQO
B1JI0YBA€ThCS aKTHBHE 3HIKEHHS MOPCTKOCTI moBepxHi 3 Ra = 0,21-0,24 mxm o Ra = 0,07-
0,09 MkM. Y mogaibmioMy MOPCTKICTh POOOYUX €IIEMEHTIB IPAKTHYHO HE 3MEHIIYEThCS. Pi3-
HUI[l B TMOKa3HHWKAaX IMOPCTKOCTI MOBEPXHI NpU OOPOOJICHHI TPU IIBUIKOCTI OOEpTaHHS
6opdpe3 HaBKoIO BiacHOI oci 450 xB ™ i 700 xB™ He BUABICHO.

PerenpHuii anamiz 3MiHH MapamerpiB mopcTkocTi micass MAQO, BUKOHAHHN HA MiKPOCKOII
NanoFocus Ha pinstHKax po3mipom 1,6x1,6 MM Ha mepemHiil i 3amHIi poOOYHMX MOBEPXHSIX
O6opdpes, mokazaB HACTYIHI pe3yJIbTaTH: CepPeIHbOAPH(PMETHIHE BIIXHICHHS MPO(UIIO CKIIAIO
JUIA 3aHbo1 moBepxHi S3 = 0,16 MM, it nepeanboi — S =0,22 MKM, MakcMMallbHa BHCOTA
podLTIO IIOPCTKOCTI Ha 33 IHil oBEepXHi — S, = 1,7 MKM, Ha IepeHil moBepxHi — Sy = 2,16 MKM,
MaKCHMaJlbHa BUCOTA BUCTYMIB MPO(iIio MOPCTKOCTI Ha 3a/1Hii nosepxHi S; = 0,92 MM, Ha Ie-
penniii — Sy = 1,09 MKM, a MAKCHMAaJIbHI BEIMYMHU TIMOUHM 3allaiiH IIPOQLII0 MOPCTKOCTI HA
3ajHii oBepxHi — S; = 0,53 MkM, Ha niepenHiii — Sy, = 0,86 Mxm. TumoBHiA BUTIIS IOPCTKYBATHX
nepeiHbOi 1 3a1HbO1 TOBEpXOHb Oopdpe3 micng MAO HaBenieHO Ha puc. 2.

[ -200

300

-400

a o
Puc. 2. 3D 306pasicenns pobouux nosepxons 6opis nicii MAO:
a — 3a0Hs N08epxHs, 6 — nepeoHs NOBepPXHs

AHali3 OTpUMaHUX pe3ysbTaTiB MOKa3aB, 110 B mpoueci MAO cToMaTosIOTiYHUX TBEPIO-
CIUTaBHUX O0pdpe3 Bi1OyBaeThCs 3HUKEHHS TOKa3HUKIB IIOPCTKOCTI MoBepxHi B 1,6-1,8 paza.
[TpryoMy HalOUIBII AaKTUBHE 3HIKEHHS B1IOYBAa€ThCsA Ha PiBHI MIKPOBUCTYIIB, SIKi YTBOpH-
JIMCh SIK TIPH eKCIUTyaTallii, Tak 1 Ha onepauisax aesindexii, [ICO Ta ix ctepuiizaiii, 0co611BO
IpU XIMIKO-TepMIYHOMY O4HIIeHH]. [Ti1TBEp/PKEHHAM [IbOMY € 3aJI€KHOCTI 3MiHU OIIOPHOI I10-
BEpXHI MiKponpoQiito tp Bil BUCOTH MIKPOBUCTYMIB p (puc. 3).
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Puc. 3. 3mina senuuunu onoproi nosepxui mikponpoghinio tp
3a1eHCHO 810 BUCOMU MIKPOBUCIYNIG D

Takwuii cTan MikporeoMeTpii poOOUHNX MOBEPXOHb € CHPUATIMBUM 3 MOTJISALY Tpare3aar-
HOCTI Ta CTIHKOCTI IHCTPYMEHTY.

CraH pi3aJIbHUX KPOMOK 00pdpe3 y cToMaTosorii OMIHIOITE 32 IXHBOI IMUPUHOKO [8] 1
BBaXa0Th, 1110 OOp(pe3n He NpUAATHI AJI1 BUKOPUCTAHHS Yy BUMAJKY, SKIIO IIUPUHA KPOMKHU
nepesuiye 0,065 mm abo BiOy0Cs MEXaHIUHE MOLIKOKEHHS IHCTPYMEHTY. [HIINM BaXkiu-
BUM IapaMETPOM, KM BIIJIMBA€ Ha AKICTh pOOOTH 60pdpe3 1 perinaMeHTOBaHUI CTaHJapTOM
[8], € mapamerp miopcTkocTi Ra po0Oouoi yacTWHM, SKUl HE NOBHHEH NEpPEBUIIYBATU
Ra 1,25 mxM. BumiproBaHHs 37€01bIIOT0 BUKOHYIOTh HA IHCTPYMEHTAIBHUX MIKPOCKOIIAX.
Ane HacmpaBil uyepe3 BiJCYTHICTh CIELiani30BaHOTO OOJaJHaHHS B JIKAapHAX B MEIUYHIN
NPaKTHUI OLIIHIOBAHHS Pi3aJIbHUX BJIACTUBOCTEN Oopdpe3 BiOyBaeThcsl Oe3Mm0CepeHbO JTiKa-
peM B mpolieci poOOTH Ha piBHI BIAUYTTIB «J100pe-TIOraHO».

HocnimgxenHs BiuBy npouecy MAQO Ha cTaH pi3albHUX KPOMOK 00pdpe3 0y10 BUKOHAHO
Ha NapTii monepeIHbOo 3rpyNOBaHUX 332 pO3MIPAMHU pi3alIbHUX KPOMOK 1IHCTpYMEHTIB. byno Buo-
paHo CiM Jiana3oHIB po3MIpiB HIMPUHU Pi3aibHOI KpoMKu Oopdpes. s koxHOi Oopdpesn
MIMPUHY KPOMKH BHU3HAYAIM SIK CEPEHIO IIUPUHY MO LIICThOX pi3alibHUX KpoMKax. BuOpani
mianasonu craHosmin: 0,016-0,020, 0,02-0,024, 0,026-0,030, 0,031-0,035, 0,036-0,038, 0,039-
0,040 i 0,062-0,065 mm. EdextuBHicTb 00poOJIeHHS (3aTOYyBaHHS) KpPOMOK Oopdpes
OILIIHIOBAJIM MO BIJHOLIEHHIO IIUPUHU KpoMkH nepenq MAO 10 MUpUHM KPOMKH ITICHS
MAO — A. O6po0neHHsI BUKOHYBAJIM 3a peXUMaMH 1 B yMOBaX, 3a3HaueHux Buile. OTpumani
pe3ybTaTH HaBEJEHO Ha rictorpami (puc. 4).

BcranoBreHo, 1110 Hai01Ib11 aKTUBHO MPOLIEC 3aTOYYBAaHHS — 3MEHIIIEHHS IUPHHHU pi3ajib-
HOI KPOMKH peaji3yeThesi Ha 6opdpesax, y SsKux mupuHa KpoMku 10 MAO He nepeBulyBaia
0,03 mm.
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Puc. 4. 3mina eenuuunu gionowennsn A onsa pizHux 3HaveHs
cepeonboi WMUpUuHU Pi3anbHOi KPOMKU

Tpeba 3a3HaUNTH, 1110 30LTBIICHHS Yacy 00pOoOIeHHS OLIbIIE 3 XB HE IPU3BOIUTH JI0 CYTTEBUX
3MiH Yy IIUPHHI KPOMOK. J[71s1 GOpiB 13 TONepeIHRO IMPHUHOK KPOMKH, Outbioro 3a 0,031 MM,
3MEHIICHHsI MUPUHHA KPOMKH mmicist MAO Mae miclie, ajie MeHII CyTTEBO, HIXK JUISI TIOTIEPEAHBOTO
niarma3ony po3MipiB. ITosicHeHHS 3a3HaYeHOTO (PaKTy MOXKE OYTH OB’ SI3aHO 3 TOBIIUHOO JAC(EKT-
HOT'O CJIOIO, SIKUI yTBOPUBCS Ha poOOYMX NMOBEpXHsX Ha cTamisax aesiHdekuii, [ICO i crepumizarii
1 Bunanserbest B nporeci MAQO. Ane HalOUIbII BipOTiIHO, IO Bif3HAUeHUN (aKT 3arOCTPEHHS
PI3AIBHUX KPOMOK IOB’S13aHUM 3 OCOOMMBOCTSMU (POpMYBaHHSI MArHiTHO-aOpa3MBHOTO 1HCTpY-
MEHTY 1 yMOBaMH HOro B3aeMoii 3 pi3albHUMU KpoMKaMu. [Ipy 11boMy HailOUTbII BILIMBOBUMHU
dakxTopamu OyTyTh HE TUIBKHU IIBUIKOCTI 00€pPTaHHSI HABKOJIO OCI KUTBIIEBOI BaHHU 1 BJIACHOI OCl,
a i po3mip, (hopMa YaCTUHOK MarHiTHO-aOpa3uBHOTO MOPOILIKY, a0pa3uBHI 1 MOJIIPYIOYl XapakTe-
PHUCTHUKH, HOTO PEOJIOrivHI BIACTUBOCTI ITPU NIEBHUX yMOBax 00pobieHHs. BB 3a3HaueHux na-
pametpiB Ha nporiec MAO notpedye 101aTKOBUX PETENbHUX JOCIIIKEHb.

BucnoBku. Pe3ynpratéi BUKOHAHUX JOCTIIHKEHb MOKa3aiu, 0 BUKopucTtaHHs MAO
60pdpe3 y TEXHOIOr YHOMY JAHLIOTY OYMILIEHHS CTOMATOJIOIIYHOIO IHCTpYMEHTY Oaratopa-
30BOr0 BUKOPHUCTaHHS € JOLUUIBHUM 1 MOXke OyTu Bukopucrane 3amicthb omnepaii [1CO. Ilpu
1IbOMY 3a0e31euyeThcs IOBHE BUAAJICHHS 3a0py/IHEHb 3 IIOBEPXHi, CyTTEBE 3HMKEHHSI IOPCT-
KOCTi pobounx moBepxoHs 10 Ra = 0,07-0,09 MkM, po3nosipyBaHHsI BUOOiIH, CKOJIIB 1 KOPO3iii-
HUX [TOPOKHUH, 3arOCTPEHHS Pi3AJIbHUX KPOMOK. TakoX JOCHTITHUM IUIIXOM OYyJI0 JTIOBEJIEHO
HepoubHIcTs MAO sik [ICO muis 6opdpes, y SIKUX cepesiHs HIMpUHA pi3aibHOT KPOMKHU Iepe-
Butye 0,031 MM, Xxoua 3a cTangapToM [8] i 60pH HE € TAKMMH, 110 JJOCATIIN TPAHUYHOTO CTaHy
1010 HAJIIMHOCTI, TOOTO HE BTPATHIIA TPAIe3JaTHICTh. 3a pe3yJbTaTaMH OI[IHKH TTpare3/aT-
HOCTi Oopdpes, ska Oyia mpejacTaBieHa HE3aIEKHUMHU JIKapsiIMH, OyJI0 BCTaHOBIIEHO 3pOC-
TaHHS CTPOKIB €KCIUTyaTallii TBEpJIOCIUIaBHUX OOpIB, sIKI peryiaMeHTOBaH1 cTaHAapToOM [8] gk
65 XB MalIMHHOTO Yacy, TOOTO HEe MeHIle HiX y 1,8—2 pa3u.
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USING MAGNETO-ABRASIVE MACHINING OF REUSABLE DENTAL TOOLS
FOR RESTORING ITSPROPERTIES

A reusable dental instrument like a burs type, after each intended use, is subject to a treatment cycle, which includes
disinfection, pre-sterilization cleaning, sterilization.

The consequences of some defects and damages that arise during exploitation and cleaning under the influence of ag-
gressive media can be eliminated using magneto-abrasive machining, which is proposed to be brought into the treatment cycle
of burs at the stage of pre-sterilization cleaning.

At present, there is no information on the application of the method of magneto-abrasive machining (MAM) use at the
stage of pre-sterilization cleaning to restore the working capacity of the dental burs, which were repeatedly used for their
intended purpose.

The aim of the work was the confirmation of the feasibility of using this method in the technological chain of treatment
dental burs at the stages preceding sterilization.

The result of the work is the confirmation of possibility of extending the working life of dental burs by sharpening their
cutting edges and improving the state of microgeometry of working surfaces after use and a standard cleaning cycle, excluding
the factor - dependence on the qualifications of auxiliary personnel.

Roughness parameters were measured before and after magneto-abrasive machining on the front and rear surfaces of
the cutting parts of the burs. The efficiency of machining (sharpening) the edges of the burs was evaluated in terms of the ratio
of the width of the edge before MAM to the width of the edge after MAM.

The results of the carries out studies showed that the using of MAM of burs in the technological chain of cleaning the
reusable dental instrument is advisable and can be used instead of the operation of pre-sterilization cleaning, which is per-
formed traditionally.

Keywords: magneto-abrasive machining; dental instrument; carbide burs, pre-sterilization cleaning; cutting edge width;
surface roughness.

Fig.: 4. References: 8.

Maiiboponaa B., I'aBpyuikesud H., Cio6omsniok 1., ITo3nsik K. 3acTocyBaHHs MarHiTHO-aOpa3suBHOTO 0OPOOIECHHS! CTOMATOJIOT YHOTO IHCTPY-
MEHTY 0araTopa3oBOr0 BUKOPHUCTAHHS JUIS BiTHOBIICHHS HOTO BIAacTHBOCTeH. Texniuni nayku ma mexuonoeii. 2021. Ne 3(25). C. 9-16.
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EKCIHHEPUMEHTAJIBHE JOCJII/ZKEHHA ITPOLOECY IVII®YBAHHA
MUJITHIPUYHUX ITOBEPXOHB BAJIIB TA OIIOPHUX IIUMAOK
PO3IOAIJIBYOI'O BAJIA HEPUPEPIEIO OPIEHTOBAHOI'O KPYTA
B PEKUMI 3ATYIIVIEHHSA

YV nayxositi po6omi npedcmasneni pesyriomamu eKChepumMenmanbHo20 O0CAIOHNCEHH Npoyecy uinighy8anHa yuriHOpu-
HUX NOBEPXOHb 88 MA ONOPHUX WUTIOK PO3NOOLILYO20 BANIA NEPUDEDPIEI OPIEHMOBAHOZ0 KPYea 6 PedxcuMi 3amynienHs. Bu-
MIPSHO GKMUBHY NOMYIHCHICMb 3AIEHCHO 810 NOB3008ICHLOI nodaui nio uac winigpyeanns. Haeeoeno poznooin memnepamypu,
ocyunozpamu m.e.p.c. N0 KOOPOUHAMi 0OPoOKU ma ocyuIoSpamu padiaibHo2o bumms oemaneti nio yac 0opoodxu. Takodrc 6yno
BUMIDAHO WOPCMKICIb 06POOIEHUX NOBEPXOHb Oemaneli.

Kniouogi cnosa: winigyysanns 6 pesgcumi samynnenns; yuniHOpuina nogepxus 6and;, ONOPHA WUIKA pO3NOOiNbY020 8a1d;
opienmosanuil incmpymenm, nepugepis abpazusHoz2o Kpyaa.

Puc.: 16. Fi6n.: 11.

AKTyaJIbHICTh TeMH A0CJHiIKeHHs. KOHKypEeHTOCIIPOMOXKHICTh CYy4aCHUX IIIITPHUEMCTB
3aJIEKUTh B1Jl BIIPOBAPKEHHS HOBUX €()EKTUBHUX clI0CO01B 00poOKu neraneil. Li cnocodu 00-
POOKH Tat0Th MOXKJIMBICT MIIBUILUTH MPOJYKTUBHICTH MpOLECY, IPU I[bOMY 30epiratodu 3a-
JlaH1 BUMOTH I1[0JI0 T€OMETPUYHOI TOUHOCTI, IIOPCTKOCTI Ta SIKOCTI ITOBEPXOHb JleTalel.

ITocTanoBKka nmpodjeMu. Y BenuKii KUIBKOCTI PI3HUX MEXaH13M1B BUKOPUCTOBYIOTh LM~
HApUYHi AeTani. Jlo HalmomUpPeHIMUX MUITIHAPUYHUX IeTajlel BiTHOCAThCS Balld, PO3MOALTEYL
BaJIM Ta 1HII. 3aJ€KHO BIJ MPU3HAYEHHS JeTalll IPUIMaETbCs BIAMOBIIHUI criocid 0OpoOKy.
VnockoHaJeHHs BKe HasBHUX CITOCO0IB 00poOKH abo po3poOKka HOBUX JAIOTh MOKJIUBICTh 3a-
Oe3reunTH HeoOX1/THI BUMOTH JI0 BUTOTOBJICHHS ITUTIHAPHYHUX JACTAICH.

AHaJgi3 ocTaHHIX 10caiKeHb i mybJikaunii. Y po6otax [1-4] po3mIsiHyTi OCHOBH pi3aHHS
Mmarepiaiy Ta 0coOJIMBOCTI Mpolecy HITihyBaHHS.

OcHoBHi ciocoOu Ta 0cOONMUBOCTI NUTIPYyBaHHS 31 CXPEIIEHUMH OCSAMHU Kpyra Ta JeTajei
PO3MIAHYTI B po0oTI [5].

VY pobotax [6; 7] HaBeneHO criocoOu IMHUOMHHOTO NUTI(QYBaHHS 31 CXPELUICHUMH OCSMU ITH-
JIHAPUYHOI IeTaii Ta iHcTpyMeHTa. OcoOnMMBICTh HOTO CIOCO0Y 00pOOKH MOJISATae B TOMY, 1110
KyT Opi€HTallii iIHCTpyMEHTa NMPUIMAEThCS 3a TAKUMH YMOBaMH, 1100 OTPUMATH HalOLIbITY
IPOIYKTUBHICTh mpouecy. [Ipu npoMy npuilMaroThCsl BETUKI MPUITYCKH Ha 0OpOOKY, 110 MO-
KYTh HETaTUBHO BIUIMHYTH Ha CTPYKTYpPY MOBEPXHEBOIO 11apy 0OpoOieHol neTaiti.

PoGota [8] nmpucssuena po3podii Moaeni MpaBKu IHCTPYMEHTAJIbHOI OBEPXHI MPH LTI~
¢dyBaHHI 31 CXpELIEHUMH OCSMU KpyTa i HMIiHApUYHOI 1eTaii. OcoOnuBiCTh MPAaBKU KpyTa Mo-
JSIra€ B TOMY, IO pi3Ha IOja4a MpaBisuoro iHCTpyMeHTa 3a0e3Ieuye pizHy pO3BUHEHICTh pi-
3anpHOI  mepudepiiiHoi aingHKM iHCTpyMmeHTa. [Ipamrorounm B pexumi  3aTyIUICHHS,
301IBIIY€THCS IHTEPBAJ MIXK HOTO MPaBKaMH.

© €powenko A. M., Kyxensnuii 5. B., Mopouko B. B., Bunnuk B. O., 2021
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Buxopucrosytoun podotu [9; 10], y poboti [11] 6yno npoBeneHo AOCTiAKEHHS TEIIOHA-
MIPY)KEHOCTI TMporecy HurdyBaHHS HWIIHIPUYHUX MOBEPXOHb MEpUQEPIErd OpPIEHTOBAHOTO
Kpyra B PeXHUMi 3aTyIIJICHHS.

BuaineHns HeqoCTiIXKEHNX YACTHH 3arajbHoi mpooJeMu. BinCyTHICTh eKCIIepUMEHTa-
JBHOTO JOCIIKEHHS MPOIleCy NUTI(QyBaHHS MIIHAPHYHUX TOBEPXOHB BaJIiB Ta ONIOPHUX ITH-
HOK pO3MOIIIBIOro Baia nepudepiero OpieHTOBAHOTO Kpyra B PeKUMI 3aTYIIIICHHS.

Mera crarTti. MeToro 11i€i CTaTTi € eKCliepUMEeHTalbHEe TOCIHIIKEeHHs IMpolecy nutidy-
BaHHS IIWITHAPUYHUX MTOBEPXOHB BaJIIB Ta ONMOPHUX IIUHOK PO3IMOALUIBIOrO Bajia rnepudepiero
OpIEHTOBAHOTO KPyTa B PEKUMI 3aTYIIIICHHS.

BukJan ocHoBHoro mMarepiaiy. O6poOka IMIIHAPUYHUX [TOBEPXOHb BB Ta ONOPHHUX
MIMAOK PO3NOALIBFIOrO Bajia Mepudepiero OpieHTOBAaHOTO aOpa3uBHOIO Kpyra B peKUMI 3aTyI-
aeHHs nposoauwiack Ha Bepcrari 3 UIIK B3208®3. O6pobmtoBaibHUM 1HCTPYMEHTOM Oyi10
npuiiHaTo abpasuBHuid kpyr 200%x25%32 13A 16 K3 CT3 35 B (puc. 1). Ha puc. 2 306paxeHo
3arajabHui BunAg Beperata 3 YIIK B3208D3.

Puc. 2. 3acanvnuii euenso eepcmama 3 YIIK B3208D3
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[TpoBeneno nutiyBaHHS TUTIHAPUYHUX TOBEPXOHB BATIB (PUC. 3) Ta OMIOPHUX IMUHOK PO-
3noALTEIoro Bana (puc. 4). Marepian o0pooioBanpHOro Basia — cranb 40X, giametp — 30 mwm,
Matepian posnoaukaoro Bajga — ctanb 18XI'T, miameTrp onopHoi mmitku — 45 Mmm. O6pobOka
3MIIACHIOBAJIACh MEPUQEPI€I0 OPIEHTOBAHOTO KpyTa B pexkuMi 3aryruieHHs. OOpoOitoBalibHi Jie-
Taii 300paxkeHi Ha puc. 5.

Puc. 4. Ilpoyec winighysanns onopuux wutiox po3nooinpio2o 6aid

v

o
Puc. 5. Obpobniosanvhi demani: ean (a), po3nodinvuuii éaz (6)
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[Toty:xHicTh X0n0CTOrO X0AY (pHc. 6) Ta aKTUBHA MOTYKHICTh OyJIM BU3HAYEHI M1 Yac mpo-
necy nutipyBanaa. EkcrieppuMeHT mpoBOAMBCS 3 MPUITYyCKOM Ha 00poOky 0,1 MM Ta 3 pi3HOIO
MOB3A0BXKHBLOIO Imogauero: S1 =0,05; S2=0,1 ta S3 =0,15 Mmm/00.
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Puc. 6. I'pagix nomyscnocmi xonocmoezo xo0y

Ha puc. 7 HaBeneHo rpadik akTHBHOI TIOTY>KHOCTI TiJI 4ac Mmporiecy nuriyBaHHs 3 Tapa-
JIENIbHUMU OCSIMH KpyTa Ta JeTali.
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Puc. 7. I'pagix akmuenoi nomyxcrnocmi nio uac npoyecy winipy8anms
3 NApanNenrbHUMU OCAMU Kpyea ma 0emali

Ha puc. 8 HaBeaeHo rpadik akTUBHOI MOTY>KHOCTI ITiJT Yac Mporecy nuTidyBaHHS IUATIHI-
pHUYHOI TOBEpXHI BaJsia nepu(epiero OpieHTOBAHOTO KpyTa (KyT OpieHTalii iHCTpyMeHTa o = 1°).
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Puc. 8. I'pagix akmusnoi nomysxcnocmi nio uac npoyecy wiigy8ants YUrLiHOPU4HOi NOGEPXHI
sana nepughepiero opicHmosano2o Kpyad

AXTHBHA TIOTY)XHICTh BUMIPIOBAJIaCh 3a JOIIOMOTOIO IIEPETBOPIOBaYa aKTUBHOI MOTYKHO-
cti C.A 8220, a posmomina Temieparypud ImiA dYac 0UTIQyBaHHS TEIIOBI30pOM Moeii
URIRVISION TI-384. Ha puc. 9 HaBeneHO po3MOi TeMIepaTypu mija 4ac 0OpoOKH MUITIH/I-
pUYHOI TOBEPXHI BaJia.

Puc. 9. Poznooin memnepamypu nio uac oopooKu yuiiHOpuyHoi no8epxHi eaid

3a gomomororo Tepmonap (puc. 10) BuU3Hau€HO TeMIepaTypy B 30H1 00pOOKH Imij1 4ac mpo-
necy nutidyBaHHs UUIIHAPUYHOI MMOBEPXHI Basla 3 MapaneabHuMu ocsiMu (puc. 11, a) Ta npu
MOBOPOTI Kpyra Ha KyT o = 1° (puc. 11, 6).

o

Puc. 10. Posmiwenns mepmonapu 6 cepeduni éana (a)
ma 6 cepeduni ONOPHOI WuULiKY po3nodinbuo2o eana (0)
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a
Puc. 11. Ocyunoepama m.e.p.c. no koopournami 06poOKU npu napaieibHux ocax (a)
ma npu nosopomi winighysanviozo Kkpyea (6)
Ha puc. 12 HaBeneHo ocruiorpamy T.€.p.c. o KOOpAUHATI 00poOKu npy nutidyBaHHI O10-

PHOT IIMIKK PO3MOILIBYONO Bajia 3 MapajieIbHUMH O0CsM (a) Ta 31 cxpereHumu (0).
Ty

a
Puc. 12. Ocyunocpama m.e.p.c. no koopounami 06po6Ku npu winighy8aHHi ONOPHOI WUUKU
PO3N00LILYUO20 8ANA 3 NAPATIEILHUMU OCAM (a) ma 3i cxpewyenumu (0)

PanianpHe OUTTA Bajia Ta ONMOPHOI MMHKK PO3MOALIBIOrO Bajia Oyl10 BUMIPSHO, BUKOPU-
CTOBYIOYM OIITHBOJIOKOHHMH aatduk. OciuiorpaMa paiialbHOTO OWTTS Bajia Ta OMOPHOI

MIMAKK PO3MOUIBYOTO Bajla HaBeZeHO Ha puc. 13 Ta 14 BianoBigHO.

Puc. 13. Ocyunoepama padianvrozo Puc. 14. Ocyunoepama padianvrozo bummsi
oumms eéana ONOPHOI WUTIKU PO3N0JINILY020 8aNA
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[Toprarusaum npodinomerpom Pocket Surf I1I Oyiro Bu3HaYeHO MOPCTKICTh Ra NATIHIAPUIHOT
MOBEPXHI BaJia Ta ONOPHOI IIUHKKA PO3IMOLIFYOTO Bayia. Pe3ybraTti BUMIpIOBaHHSI HaBENICHI Ha
puc. 15 ta 16. 3rigHo 3 pe3ynbpraraMyd BUMIpIOBaHHS IIOPCTKICTh MMTIHPUYHOI TIOBEPXHI Bajia Ta
OIOPHOI IUIKK PO3MOALTFIOrO Bajla 3HAXOAAThCA B Mekax Ra = 0,32 — 0,63 Mkm.

"

Puc. 15. Pe3ynomam 8umipio8anHs wopcmkocmi yuriHOpuyHoi nogepxti eana

Puc. 16. Pezynemam sumiprogants wopcmrocmi n08epXHi ONOpHOi WUUKU
PO3n00INbYU020 8a1d

BucHoBku. ExcriepyMeHTabHO JOCIIIKEHO Mpolec NuTihyBaHHS HUIIHIPUYHHUX TOBEP-
XOHb BaJliB Ta ONMOPHUX IIUHOK PO3MOJUIFIOrO Bajia Nepudepiero OpieHTOBAHOTO Kpyra B pe-
KUMI1 3aTYIIJICHHS.

BumipsiHo akTUBHY NOTY>KHICTb i1 4ac Mpoliecy nutiyBaHHsS 3 MPUITYCKOM Ha 00pOOKy
0,1 MM Ta 3 pi3HOIO MOB310BXKHBOIO noaaveto (0,05; 0,1 ta 0,15 mm/006). [IpuBeneno po3moin
TEeMIEepaTypH MiJ yac 0OpoOKH LMIIIHAPUYHOI TOBEPXHI Basla, OCHUIOIPAaMH T.€.p.C. IO KOOp-
JIuHaTi 00poOKH npH nuTiyBaHHI HUIIHAPUYHOT TOBEPXHI Bajla Ta ONOPHOI IIMMKU PO3MOALIb-
YOro BaJla IpH MapajielbHUX OCAX IHCTPYMEHTA i JleTali Ta 31 cXpeuieHuMu. Takok HaBeIeHO
OCLIMJIOTPaMH pajliajIbHOTro OUTTS JAeTaleH.

[Ipu excriepuMeHTAILHOMY JOCTIKEHH] MOPCTKICTh 00pOOICHOT IITIHAPUYHOT TTOBEP-
XH1 BaJia Ta OMOPHOT MUHKK PO3MOALTFIOTrO Baja ckiana Ra = 0,32 — 0,63 Mkm.

Po361HICTD pe3ynbTariB, OTPUMAHUX MPU TEOPETUYHOMY Ta EKCIIEPUMEHTAIbHOMY JOCHI-
JUKEHHSX TpoLecy NLTi(QyBaHHS HWTIHAPUYHUX OBEPXOHDb BaliB Ta ONMOPHUX IIHUHOK PO3MOILITb-
4Oro Basia rnepudepiero OpieHTOBaHOTO Kpyra B peKUMI 3aTyIICHHS, 3HaXOAUThCS B Mexkax 9 %.

3T11HO 3 eKCTIEPUMEHTATBHIUMH JI0CJT1IPKEHHSIMH, 0OpOOJICH] MOBEPXHI JeTaNe MatoTh He-
00X1/THI TEOMETPUYHI PO3MIPHU Ta MIOPCTKICTh. Y MOBEPXHEBOMY IIapi 0OpOOIEHUX TOBEPXOHb
BIJICYTHI CTPYKTYpH1 II€pETBOPEHHS.

Le#t cioci6 mimidyBaHHS MOYKHA 3aCTOCOBYBATH JUIsl 0OPOOKH K KOPCTKUX, TaK 1 HE KOP-
CTKUX JIETaJEN.
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EXPERIMENTAL RESEARCH OF THE PROCESS OF GRINDING CYLINDRICAL
SURFACES OF SHAFTS AND SUPPORT NECKSOF A CAMSHAFT
BY THE PERIPHERY OF AN ORIENTED CIRCLE IN A BLUNT MODE

The competitiveness of modern enterprises depends on the ways of processing parts that directly affect productivity.

To meet the necessary requirements for the manufacture of cylindrical parts, it isrequired to improve existing processing
methods or develop new ones.

Methods of deep grinding with crossed axes of a cylindrical part and a tool are created. A model of editing the tool
surface during grinding with crossed axes of a circle and a cylindrical part in the blunting mode is devel oped. The heat tension
of thegrinding process of cylindrical surfaces by the periphery of the oriented circlein the bluntness mode has been resear ched.

The absence of an experimental research of the process of grinding the cylindrical surfaces of the shafts and camshaft
support necks with the periphery of the oriented circle in the blunt mode.

Theaim of theresearch isan experimental study of the process of grinding the cylindrical surfaces of shaftsand camshaft
support necks by the periphery of an oriented circle in the bluntness mode.

To ensure the treatment of the cylindrical surfaces of the shafts and camshaft support necks by the periphery of the
grinding wheel, a method of grinding the periphery of the oriented wheel in the blunting mode is used.

The active power was measured as a function of the longitudinal feed in the process of grinding with the periphery of an
oriented wheel in the blunt mode. The distribution of temperature, oscillograms of the thermo-electric driving force along the
processing coordinate and oscillograms of the radial runout of parts during processing are given. The roughness of the pro-
cessed surfaces of the partswasRa = 0,32 — 0,63 um.

Keywords: grinding in the blunting mode; cylindrical shaft surface; camshaft support neck; oriented tool; the periphery
of the abrasive wheel.

Fig.: 16. References: 11.

E€porenko A., Kyxensuuii 1., Mopouko B., Bunnuk B. EkcriepiMenTansae JOCITIPKEHHS POLecy UUTiyBaHHs UITIHAPHIHUX OBEPXOHb

BAJIiB Ta OIIOPHHX IIMHOK PO3MOAIIFYOr0 BaIa Hepudepicio OpieHTOBAHOrO KPyTa B pexKUMi 3aTyIUIeHHS. Texniuni nayku ma mexuonoeii. 2021.
Ne 3(25). C. 17-25.
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AHAJII3 3ACTOCYBAHHSA KOHCTPYKIIIA TA OBJACTI KOHTAKTY
MTUP®TOBUX KOHIYHUX 3°€EJHAHDB 3 KOHYCHICTIO 1:50

Ha ocnosi ceomempuunozo ananizy o6nacmi KOHMAaxkmy wmugmoeo2o KOHIYHO20 3 €OHANHS 6CIMANO0BIEHO NAPAMempu,
Wo 6NAUBAIOMb HA TMUN KOHMAKNTY OMeopy i wmugma. Ynepuie 6cmanosiena ma 3anponoHo8ana y 6ueiioi (popmynu 3anexc-
HICMb GeNUYUHU GIOXUTLEHHS KYMa OMEopYy nio wmugm 6i0 OONYCKie Ha napamempu po32opmoK KOHIYHUX. Y pobomi sk peko-
MeHOayii KOHCMPYKMOopY O/ RPOEKMYEAHHS WIMUDMOBUX KOHIUHUX 3 €OHAHb i3 KoHYcHicmio 1:50 npedcmasneni epaghixu 3a-
JexHcHoCcmi GIOXULeHHA Kymie omeopy ma wmugmie xiacie mounocmi A i B 6i0 ixuvbozo HominaivHo2o 3uauenns. Taxoowc
BUSHAYEHA CYMAPHA BIOHOCHA NOXUOKA GIOXUNLEHHA KYmie omeopy ma wimugma 6i0 HOMIHANbHO20 3HAYEeHHS KYMma 0714 YCix
CMAaHOAPMHUX 3HAUeHb OiaMempis WMUGMosux KOHIYHUX 3 €OHAHD.

Knrwuosi cnoea: nacocodyoysanms,; knac mouHocmi; OONycK, KOHCMPYKMOPCbKa OOKYMEHMAayis, HOMIHATbHULL pO3MIp.

Ta6n.: 1. Puc.: 11. Bion.: 12.

AKTyaJbHicTh TeMH gocaifzkeHHs. [LItudrosi 3’ennanns (1113) 3acrocoByroThcs B 1eTa-
JSIX MAIllMH Ta MEXaHi3MiB, Jie HE0OX1THO OTPUMATH BUCOKY TOUHICTh LIEHTPYBaHHs y MpoLeci
ckiaganss By3iiB [1]. IIITud i MoXyTh 3aCTOCOBYBATUCH SIK Y 3’ €ITHAHHSIX, 1110 HE TOTPEOYIOTh
JIEMOHTaXy, TOOTO SIK HAIpsIMHI €JIEMEHTH, 110 3a0e3MeuyI0Th 10/IaTKOBY KOPCTKICTh KOHCTPY-
KITi1 BiJl CHJT 3CYBY, SIKIIIO TaKi BUHUKAIOTh MIX JAeTasIMU. Ta B OLIBIIOCTI BUNIAAKIB IITH(TOBI
3’€IHaHHS NepeadayaroTh MOXKIIMBICTh MEPIOAMYHUX JEMOHTaKIB Ta MOHTaXIB CIIPSDKEHUX Jie-
Tajei A 311iCHEeHHs periaMeHTHOro oociyroByBanHs. [1i7 yac ckiajaHHs KpULIKU Ta KOp-
MyCy BiJIIIEHTPOBOTO HACOCY 3 METOIO MPHUBEICHHS iXHIX 0a30BHUX ITOBEPXOHB y IMOYATKOBE ITO-
JOKEHHS, 10 Oyllo MOCSTHYTE y TPOIeCi IMEepIIoro pPETyIIOBaHHS Ta CKIAIaHHSA, MpU
MOBTOPHUX MOHTa)ax 3aCTOCOBYIOTH IITHU(TOBI KoHIUHI 3’€qHanHs (LLIK3). [ToBTopHE ckia-
JaHHS HEO0OX1THE TSI MOXKIIMBOCTI 3/IIHCHEHHS] 00CITyTOBYBaHHS Ta 3aMiHH IMiAIIUITHUAKIB PO-
TOpa Ta BUKOHAHHS iHIMX poOIT. [Ipu 11bOMy BUMOTH 10 TOYHOCTI B3a€EMHOTO PO3MIIIEHHS
KPHILKHA BITHOCHO KOPIYCY JOCHUTH BHCOKI, aJpKe 1€ BIUIMBAE Ha POOOTY arperary 3arajiom,
TOMY BUKOHAHHS aHaii3y oonacti koHTakTy B IIIK3 € akTyanbHUM 3aBJaHHSAM.

IMocTanoBKa npodJaeMu. Y 3B’513Ky 3 MOCTIIHO 3p0CTal0u0I0 KOHKYPEHIIIE€I0 B 001acTi Ha-
cocoOyyBaHHsI, 3aMOBHUKH MPOYKIii HACOCOOYAIBHUX MIANPUEMCTB BiJIal0Th MepeBary Tii
NPOIYKIil, KOHCTPYKTHBHI pIIIEHHS B SIKI J03BOJSIOTH BUKOHYBAaTH TEXHIYHE OOCIIyrOBY-
BaHHSI HACOCIB B aBTOHOMHOMY B1JI MiITPUEMCTBa-BUPOOHHKA pexuMi. Lle mependagae mure
MOKYIKY 3allaCHUX YaCTUH 1 MPUCTPOIB JUIsI BUKOHAHHS peraMeHTHUX poOiT. Tomy Ha erari
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3aMOBJICHHS TTPOAYKIlli HacocOOymyBaHHS TE€XHIYHI ()axiBIli 3aMOBHHUKA OLIHIOIOTH HE €JTUHO-
pa3oBy BUTOY IIPH KYIIiBIIi 00JaHAHHSI, & JOBTOCTPOKOBY BHIO/Iy B IPOIEC] HOTO €KCILTyaTa-
1ii 3a IHIIUX PIBHUX YMOB (T€XHIYHI XapaKTEPUCTUKH, HAIIHHICTh Ta 1H.). TaKMM YWHOM, HA
NEepUINiA TIaH BUXOAUTH EKCIUTyaTalliiiHa TEXHOJIOTYHICTh KOHCTpYKIii. HuHi st yactux npo-
[[ECIB MOHTAXy Ta JEMOHTaXy, a TAKOXX OTPUMAHHS MOCTIMHOIO TOYHOTO B3a€EMHOTO PO3Mi-
IICHHS! KPUIIKU Ta KOPITyCy BilueHTpoBoro Hacocy ansrepHaruBu 1IK3 i3 konycuictio 1:50
HeMae. Koncrpykiis [1IK3 31e01ab110r0 CKIaIa€THCS MIHIMYM 13 ABOX J€TajeH, B3aEMHE I10-
JIOKEHHSI MIXK SKMUMHU (PIKCYETHCS 32 JOMOMOTOI0 MITHU(TAa KOHIYHOTO, TOOTO L€ 3’€JHAHHS Ha
NEepIIU TOMIsA JOCUThH IPOCTE caMe 3 MOy KOHCTPYKTOpa. AJke ITU(PT € CTaHAapTHOO
JIETaJUII0, @ OTBIp ITiJl HHOTO BUTOTOBIISIETHCS CTAaHAAPTHUM 1HCTPYMEHTOM — PO3TOPTKOIO KOHi-
YHOI0. BiAMOBIAHO KOHCTPYKTOP, BBAXKAIOUH, 110 BC1 BUMOTH JJIsl NMPABWIBHOTO (DYHKIIIOHY-
BaHHs 3’€JHAaHHS OymyTh 3a0e3IeueHi Ha PiBHI BUMOT CTaHIAPTIB HA INTH(QTH Ta PO3TOPTKU
KOHIYH1, IPUJISE TOCUTh Majio yBaru TexHiunuM Bumoram o K3, mo sk nokasye peanbHa
npaktuka BurotosieHHs [1IK3 € mommikoro. Yepes BiCcyTHICTH HEOOX1aHOT iHpopMalii came
BiJl KOHCTPYKTOpa Ha POOOYMX Ta CKJIaJaJbHUX KpecleHHIX nertanei, mo Mictats HIK3 [2], a
TaKOXX Yepe3 IOCUThH BEJIHKI JIOMYCKH Ha JiaMeTp Ta KyT MITH(TIB KOHIYHUX 32 BiIMOBITHUMH
CTaHJapTaMHu Ha BUPOOHUIITBAX YAaCTO BHHHMKAIOTH CHUTYyallil 3 mosBo0 Opaky came y LIIK3.
Ockinbkn ocHOBHUM 3aBnaHHsM 11IK3 € npuBenenHst 0a30BUX MOBEPXOHD KPHUIIKH 1 KOPITYCY Y
MIEPBUHHE IMOJIOKEHHS, 110 JOCITHYTE IiJl 4ac PEryaIOBaHHA Ta CKJIaJaHHs, MIiCJs IJIaHOBUX
PEMOHTHHX POOIT 3 BUCOKOIO TOYHICTIO, TO TPOOIEeMy HEIOCTAaTHBOI iHPOpMAIIil PO TeXHIYHI
ta reomeTpuyHi napamerpu IK3 HeoOXigHO BUpILIyBaTH MOYMHAIOUM 3 aHAJI3y 00JACTi KOH-
takty B IIIK3 came mis mtudTis 3 koHycHICTIO 1:50.

AHaJIi3 ocTaHHIX JocailKeHb i myOaikaniii. [luTaHHS TpOEKTyBaHHS Ta pO3paxyHKY IITH-
(GTOBUX 3’€IHAHb Y PI3HUX Tally3sX MALIMHOOYAYyBaHHS pO3MIsaiy 0arato BYCHUX IO BCbOMY
CBITY. 30KpemMa y [3] J0CHiKYIOThCA TUTAaHHS MIITHOCTI IITUQTIB 1111 YaC HABAaHTAXXEHHS Ha 3Pi3
MK JBOMa METaJIEBUMH IJIACTUHAMM 3a JIOTIOMOT'00 YHCEIbHOTO MOJIETIOBAHHS Y IPOrPaMHOMY
xomruiekci ABAQUS / Explicit. F. Nouri 31 cmiBaBTOpamu B po6oTi [4] mochiKyBaiu napaMeTpu
BigMoBH 1113 mij yac cronydeHHs 0aoK i3 KOMIO3HMIIIMHUX MaTepialliB 31 CTAJUTIO Ta JCPEBOM 13
BUKOPHCTAHHSIM METONLy CKIHYEHUX €JIEMEHTIB. ¥ poOOTi [5] BUKOHYBAJIUCH AOCITIJIKEHHS KOH-
TaKTHUX HanpyxkeHb y 1113 Ha Meki KOHTaKTy IITU(TIB Ta AIFOMIHIEBUX IIIACTUH, 3’ €JTHAHUX MK
coboro. Baxuusicts pocnimkenss L3, mo Bxe BBeleHI B €KCIUTyaTalito, MiATBEpAXKY€EThCS Y
po0oTi [6], 1e BUEHI BUBYAIIM CTAaTUCTUKY BUKOPUCTAHHS Ta BIIMOB PO3THUCKHUX INTU(TIB Y pi3-
HUX Tally3sSX MPOMHUCIOBOCTI. Y po0oTi [7] 3amponoHoBaHa TexHojoris cknaganns L3 mix gac
3’€IHaHHS CTaJIbHOI JIeTaJll 3 KOMITO3ULIITHUM MaTepiajioM Ha OCHOBI (hi0epriacy 3a JI0IOoMOIor
CTaJIeBUX IITU(TIB MAJIOTO JlaMeTpa, a TaKOXK JOCTIHKEHHS LUX 3’ €JHaHb. TaKoX IIUPOKO 3a-
ctocoByroThcs 1113 1 B aepokocMivHiM Taiy3i, 110 OMHCcaHo B [8], 1€ 3 BUKOHYBABCS aHAJII3 BIUTHBY
TEXHOJIOTTYHUX (DaKTOPIB, MOB’SI3aHKUX 13 BUTOTOBIECHHIM MICIIS M1l IITU(T, a TAKOXK 3yCHIIb He-
0OX1JTHUX JUIS CKJIamaHHs Ta JeMoHTaxy 1113 3amexHo Bijt IKOCTI 00pOOICHHS IOBEPXHI OTBOPY
3 BukopuctanusiMm ABAQUS. M. Kraus ta M. Merklein y po6oTi [9] mponoHy T Ta JOCTIIKY-
I0Th MIITHICTH Ha 3¢yB [113 amoMiHi€BUX Ta CTAIbHUX TUTACTHH, 3a PaXyHOK 3aCTOCYBaHHS €KCT-
PY31HHOTO METOMY MOCAKK MTU(TIB y TJIACTUHHU.

Buainenns HeqocaixKeHUX YACTHH 3arajibHoOI mpoosemu. [IpoBenenunii aHaTi3 OCTaHHIX
JOCII/KEHb 1 MyOmiKalliif mokasas, 10 MUTaHHA aHaji3y obnacti koHTakTy y LIIK3 HaykoBoio
CMUJIBHOTOIO PO3IIAJAIUCH JJOCUTh OOMEXEHO. A came He JIOCHIPKEHO BIUIMB BIIXUJICHHS KYyTiB
otBopy Ta mtudTa y [IIK3 Ha THN KOHTAKTy Ta HACHIJIKIB, III0 MOXKYTh MIPU I[bOMY BUHUKATH.

MeTo10 cTaTTi € BCTAHOBJICHHS THITY KOHTAKTY Y INTH(PTOBUX KOHIYHUX 3’ € THAHHSAX 13 KO-
HycHicTio 1:50 3a51e’)kHO BiJ] AOIMYCKIB Ha JiaMeTPaibHI Ta KyTOBI PO3MIipH OTBOPY Ta MITH(TA.

Bukaa ocHoBHOro Matepiaiy. Sk yxxe sragyBanocs B [10], I1I3 mators 6araro BapiaHTiB
KOHCTPYKIIIH 1 Ay’ke MIMPOKE 3aCTOCYBaHHS BiIMOBIIHO 10 CTAHJAPTIB, PO3NIIIHYTUM Y TIOIE-
penHix myomikarisx [11].
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[Insx0M MOPiBHSUILHOTO aHaN13y MTH(GTOBUX UIiHAprIHKX 3’ eqHanb (1HI[3) 1 K3 [12]
BcTaHoBJeHO, 110 [1IK3 MaroTh nepeBaru B moka3HUKaX:

- PEMOHTONIPUIATHOCTI;

- CTaOLIBHOCTI BETUYMHU HATATY MIPU MOHTAXaX / IEMOHTaXax;

- MOJKJIMBOCTI PEryJIfOBaHHS BEJIMYUHU HATATY;

- MOXJIMBOCT1 BUKOPUCTAHHS PYYHOTO IHCTPYMEHTY IIPH PEMOHTI MicCIIs Imij TU(T;

- 3pYYHOCTI 1 BUAKOCTI MOHTaXYy / IEMOHTaXy 3’ € THAHHS.

[Tpu upomy 1113 maroTh mepeBary Juile Ha eTani BUTOTOBJICHHS, 110 100pe JUIe OJHO-
MOMEHTHO TUTBKH JUIsi BAPOOHUKA, a HE JUII 3aMOBHUKA. ToMy, 3Bakar0u Ha HEOOXiTHICTh pe-
IJIJAaMEHTHUX POOIT MPOTIATOM yChOTO TEPMiHY CIyKOU arperary, Ikuii CTaHOBUTbH He MeHiie 40
pokiB, IIIK3 marots Oinbine nepesar nepex [IL[3. Ockinbku BUroja Bij HE3HAYHOTO 3HUKEHHS
I[IHU arperary 3 BUKOpUCTaHHAM B KOHCTpyKIii I3 He iine Hi B sSKi MOPiBHSIHHS 31 CKJIaIHI-
CTIO, TIpOOJIeMaMH 1 BapTIiCTIO pErIAMEHTHUX POOIT B moganbIioMy mpu Bukopuctanui I3,
TO BUOIp 3aMOBHUKA 00’ €KTUBHO 3AJTHIIAETHCS 32 BUPOOOM, JIe BUKOPUCTOBYIOThCs came LITK3.

e no3Bousie TiepeiTy 10 OuthII AetanbHOro po3risiay LIIK3, ske MoBHICTIO 32I0BOJIBHSIE CY-
YacHI BUMOTH €KCIUTyaTallliiHOT TEXHOJIOTTYHOCTI KOHCTPYKIIT BUpoOiB. Hukue npencrasneni 6a-
3081 BapiaHTu koHCTpyKii ITK3, 1e BUKOPHCTOBYIOTHCS CTAaHAAPTHI KOHIYHI IITU(TH (puc. 1-4).

Ha puc. 1 naBeneno I1IK3 na ocnoBi mrudra xoniynoro 3a 'OCT 3129-70 y BapianTax
HOro BUKOPUCTAHHS TIPH 3’ €THAHHI BTYJIKH W BaJia JUIs TIepeadi KpyTHOTO MOMEHTY, a TaKOXK
KPHIIIKY 1 KOPITYCY JUTsl yCTAHOBJICHHS HEOOX1THOTO B3aEMHOTO ITOJIOKEHHS OJIMH BIJHOCHO OJI-
Horo. [lei BapianT IIIK3 3a HEoOXiqHOCTI MOBTOPHUX MOHTaXiB MO)Ke OyTH BUKOPUCTaHUI
TUTBKH JIJI1 HACKPI3HUX OTBOPIB.
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Puc. 1. Bapianmu 3acmocysanus LIIK3 na ocnosi wmugpma 3a FOCT 3129-70 y 3’ conanni:
a — 8mMynKu i 8ana, 6 — KpUwKU i KOpnycy

HItudTr 3a TOCT 9464-79 moxyTb Oytr Bukopuctati y LIIK3 y BapianTax sik i3 HACKpi3HUM,
TaK 13 TIIyXUM OTBOpamu (puc. 2). BukoprctanHs 11i€1 KOHCTPYKLIT IITH(TIB KOHIYHUX OTPUMAIIO
HaWOLIbIIIe IONIMPEHHS y TIyXHX OTBOPAaX, IO MPECTABISIETHCS MOKIMBIM 3aBISKHA HAsIBHOCTI
OTBOPY i3 Pi3310, 110 32 PaXyHOK BUKOPHUCTaHHS «3BOPOTHOTO MOJIOTK JT03BOJISIE BUAUTH IITH(T
3a HEOOX1THOCTI iX ieMoHTaxy. [lepeBaxHo Taki ITU(TH BUKOPUCTOBYIOTH TaM, Jie HE AOMyCKa-
€THCS BUCTYTIaHHS Oy/Ib-SIKMX €JIEMEHTIB HaJ/l pOOOYMMH MOBEPXHSAMHU JI€TaJIeH, 1110 CIIOTyYatOThCSL.
Takox He 3a00pOHSAETHCS BUKOPUCTOBYBATH IITU(MTH JaHOT KOHCTPYKIIIi 1 B HACKPI3HUX OTBOpAX,
aJie 11e MOYKHA BBaKaTH HEJOLUILHUM YHACTIJIOK OUTBII BUCOKOI IIIHM CaMOro ITU(TA.
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Puc. 2. Bapianmu 3acmocyeanns LIIK3 na ocnosi wumughma 3a I'OCT 9464-79 y 3’eonanmi:
a— emynxu i eana,; 6 — KpuwiKy i KOpnycy 3 HACKpi3HUM OMEOPOM;
6 — KpUWKU | KOPNYCy 3 2NYXUM OMEOPOM

Mgt 3a TOCT 9465-79 moxyTth OyTn Bukopuctani y I1IK3 sk i3 HacKpi3HUM, TaK i 3
rIIyXuM oTBopamu (puc. 3). BukopucTtanHs miei KOHCTPYKILIi ITH(TIB KOHIYHUX OTPHUMAIIO
HaO1IbIlIe TIOMMPEHHS B TIYXUX OTBOpax (puc. 3, 0), IO MPEACTABIAETHCS MOXKIMBUM 3a-
BJISIKM HasBHOCTI P13b0OBOT Lan(u, sKa J03BOJISIE BUTSATHYTH IITH(T 3 OTBOPY 32 PAXyHOK 3aTs-
I'YBaHHS IaiKy, TAKMM YMHOM, CTBOPIOIOYM HEOOXiJHE OChOBE 3yCHILIS Ul IeMOHTaxy. Ile-
PEBAXKHO TaKl WTU(TU BUKOPUCTOBYIOTh TaM, € JOIYCKAEThCA BUCTYIAHHS Pi3bOBOi Landu
HaJl poOOYMMHU OBEPXHAMM JI€TaJIeH, 110 CIIOIy4atoThesl. Takok He 3a00pOHSIETHCS BUKOPHC-
TOBYBAaTH IITHU(TH JaHOT KOHCTPYKLII 1 B HACKPI3HUX OTBOpax (puc. 3, a), aje 1e Mo)KHa BBa-
’KaTH HEJOIIBHUM BHACIIIIOK OUTBIIT BUCOKOI BAPTOCTI caMoro mrudra.
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Puc. 3. Bapianmu 3acmocysanns [IIK3 na ocnosi wmugpma 3a 'OCT 9465-79 y 3'eOnanni:
a — KpUWKU [ KOPNYCY 3 HACKPIZHUM OMBOPOM,; O — KpULUKU | KOPRYCY 3 2LYXUM OMEOPOM

Mgt 3a 'OCT 19119-80 moxyTs 6yt Bukopuctani y IIK3 Tiieku y BapiaHTi 3 HacKpi3-
HUM O0TBOpOM (puc. 4). OcoOnuBicTio ITH(TIB JaHOT KOHCTPYKIIIi € HasIBHICTh MO3I0BKHBOTIO 1a3a
Ha MEHIIIOMY JliaMeTpi ITU(TA, 10 JO3BOJISIE PO3BOIUTH JIB1 IOTO MTOJIOBUHH 1 TAKMM YHHOM BHKO-
HYBaTH CTOTIOPIHHS mTH(TA, 3armo0iratour Moro BUMaIiHHIO. Taki KOHCTPYKIIli MTH(TIB TIepeBa-
YKHO BUKOPHCTOBYIOTHCS IIPH BUCOKUX BIOpALIIITHUX 1 BIALEHTPOBUX HABAHTAKEHHSX, SIK PABUIIO,
y 3’€IHaHHAX BTYJIKH 1 Baa. Ase ITH(TH L€l KOHCTPYKIi TeX He 3a00pOHAETHCS BUKOPUCTOBY-
BaTH 1 pH 3’€JHAaHHI TUIOCKUX JeTaneil. Xoda BapTo MpH IIbOMY BPAaXOBYBATH, 110 PO30OMpaHHS
HIKC 3 po3Bigaumu mrudgramu rnepeadavae Horo OHOpa3oBe BUKOPHUCTAHHS, 3BayKat0uM Ha BEJTUKI
TUIACTHYHI JIeopMaltii po3CYyBHUX €JIEMEHTIB IITH(TA i MOXKIMBOIO iX pyHHYBaHHSL.
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Puc. 4. Bapianmu suxopucmanns [LIK3 na ocnosi wmugpma 3a I'OCT 19119-80 y 3'eonanni.:
a — emyJKu i 8ana, 6 — KpUuwKU i Kopnycy

Ha puc. 5 npencrasneno LIK3 i3 Bukopuctanusam mrudra 3a OCT 9465-79 B Tomy BU-
JIsA1, SIK BOHO Moka3aHo y cranaapti mianpuemctsa (CTII) AT «Cymcrkuii 3aBog «Hacocene-
promainy, mo HuHI BukopuctoByeThes. Lleir CTII pospobnennii na [TAT «BHATAEH» me B
90-1 poku XX CTOMTTS A MOTPEO MiANMPHUEMCTBA Ta A0CI HE NepensiaBcs. SIK BUIHO 3 pUC.
5, me IIK3 Bimpi3HsAeThCS Big 6a30BOro BapianTa (puc. 3, 6) HaSIBHICTIO TAiKHU 1 BHYTPIIIHBOTO
MWTHIPUYHOTO YCTYIy (IIEKOBKH) ITiJ] YCTAaHOBJICHHS Taiiku. [ THOMHA JaHOTO YCTYITY, SIK Ipa-
BUJIO HE MEHIIIE BUCOTH KOHIYHOTO MEPEX1JHOTO Macka MiX pizb00BOIO marngor i pododoro
MOBEPXHEI0 ITU(PTA KOHIYHOTO. YCTYH CIYXHTh JJISi MOXIMBOCTI BHIAJCHHS mTH(TA 3
OTBOpY, a Taiika, HeoOXiTHa BUKITIOYHO ISl IEMOHTaXy mtudTa. Bijabin neranpHuii aHai3 Ba-
pianTta IIIK3 3rigHo puc. 5 BUKOHa€MO y HACTYIHHX ITyOiKalisx.
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Puc. 5. IIK3 na ocnosi wmugpma 3a I'OCT 9465-79 na npuxnadi 3'eOnanns Kpuwiku
Ul KOpNycy 3 2IyXUm OmeopoM i 2aukor 01 demoumasicy (3asoocvkuil sapianm 3a CTII)

Sk OyI10 BCTAHOBJIEHO 13 JIITEPATypHOTO OIIISITY, 00JIaCTi KOHTAKTy MiXK KOHIYHOO TTOBEPXHEIO
mrrudTa i OTBOPY il HHOTO MPUIUIEHO T0CUTh Maito yBaru. Lle BimHocuTbes a0 yeix 1IK3 (puc.
1-5). Tak, KOHCTPYKTOp MPaBOMIpHO JIOITyCKa€ YTBOPEHHS PI3HUX THITIIB KOHTAKTy MOBEPXOHb
OTBOpY 1 ITH(TA, BBA)KAIOUH, 1110 BCl MapaMeTpy IITH(TA CTaHIapTH30BaHi, a MapaMeTpu OTBOPY
OTPUMYIOTBCSI 32 TOTIOMOT'OIO PO3TOPTOK, SIKi BUTOTOBJISIIOTHCS 3a BIAMOBIAHUMY CTaHIAPTaMU.

Po3rnsiHeMo GBI AOKJIATHO CTaHAAPTHE MICIE MiJ YCTAaHOBKY IITU(TA KOHIYHOTO, SKE
300paXy€eThCsl HAa KPECIECHHIX KOHCTPYKTOPOM, 3 TOYKHU 30py HaJaHHS JOITyCTUMHX MapaMeT-
pPIB Ha BUTOTOBJICHHS KOHIYHOTO OTBOPY. A came CTYIiHb TOYHOCTI KOHIYHOTO OTBOPY Mij
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WITUQT OPAMO HE BKA3YEThCS, TaK SIK 3aJI€KHUTh BiJl CTYIIEHS TOUHOCTI PO3rOPTKH, a JJOMYCK Ha
niametp posroptku 32 TOCT 10083-81 Biamosinae - h9. [Ipu nbomy I0MycKy Ha KyTOBUN PO-
3Mip KoHYycHOCTI camoro mtudra 3a [OCT 26862-86 BiAmoBimalOTh 8-My CTYNEHIO TOYHOCTI
Uit ITUQTIB Ki1acy TouHocTi A 1 10-my - uist utudTiB Ki1acy TouHOCTi B, a mosnst nomyckiB Ha
HoMmiHanpHUH AlameTp mtudTa h10 1 h1l BignmosigHo.

VY pesynbTari Ha IPAaKTUIl MOXXE€ BUHUKHYTH CHUTYAIlisl, KOJIM Ha MOBEPXHAX, IO Mijjsra-
I0Th CKJIQJIaHHIO, Ta BUTOTOBJICHUX y MeXaX JIOMYCKIB, BIACYTHIH HEOOX1THHI PIBHOMIPHHIA
KOHTAKT Ha BCii KOHIYHII MOBEPXHI.

PiBHOMIpHHMIA KOHTAKT I10 BCI1i KOHIYHIN MMOBEPXHI € BAXKJIMBHUM 3 MOIVISAY YTBOPECHHS PiB-
HoMipHOTO Harsary y I1IK3, 1110 € 0CHOBHOIO YMOBOIO H0T0 (PyHKITIOHYBaHHS 3 OIVIAY HA BHKO-
HaHHs HUM CIIy’k00Boro npusHaueHHs. Lle 3 momsany koHcTpykTOpa nependauae, 1o AicHI
KOHTAKTHI HAIpy>KEHHS B3ZI0BX YCi€l IOBEPXHi OTBOPY HE MEPEBHINAThH TOMyCTUMUX 3HAYECHb
JUIsl KOHKPETHOTO Marepially AeTajei, siKi HiAIAraloTh CKIIQJaHHIO.

Po3riisinemMo BUTIaIOK, KOJIM CIIOYATKy 0€3 MPUKITaJaHHS HAaBAaHTAXCHHS TTOBEPXHI KOHTAK-
TYIOTh 32 MEHIIIUM JliaMeTpy KOHYCY, a [0 OLIbIIOMY AlaMeTpy YTBOPIOEThCS 3a30p (puc. 6, a).
3a30p yCyBa€eThCsl HIISIXOM OCHOBOTO MEpPEMIIIEHHS ITH(TA 1O MOMEHTY CTBOPEHHS HATATY
npu mocaii 3 Gikcalli€ero 3a 3aJJaHUM B3aEMHUM OCbOBUM IEPEMIILIEHHSIM CIIOTy4YEeHUX KOHYCIB
BiJ] X mouaTkoBoro nosnokeHus 3riguo . 3.3 FOCT 2.320-82.

[Tpu 1boMy MOXXe BUHMKHYTH CUTYallisl, KoJiu Ha MeHuomy aiametpi I1IK3 BennuuHa KoH-
TAaKTHUX HANpYXXECHb MEPEBUIINTH 3HAUCHHS HAIIPY>KEHHsI 3SMHUHAHHS ISl MaTepialliB aeTanei,
IO CIIOJIYYal0ThCA, a Ha OLIbIIOMY JiaMeTpi Bce 1e Oyae MpHUCyTHil 3a30p. Y pe3ynbrarTi Hi-
SIKOTO PIBHOMIPHOTO KOHTaKTy JAOCSATHYTH HE BIACTbCs. TBepAicTh mTHU(TA 3aBiIOMO BHIIA i
cranoBuTh MiHiMyM 50 HRC 3a T'OCT 26862-86, 1110 CyTT€BO MepeBaXkae JaHUI MOKa3HUK
3’€IHyBaJbHUX JAeTayiei. Bka3aHHs 3a/1aHOi BEIMYMHU OCHOBOTO MEPEMIIICHHS MTH(TA TS
cTBOpeHHs HeoOximHoro Hatary B I11IK3, mo Bumarae m. 3.3 TOCT 2.320-82, moxiuBe JuIie
IpU MIC/A MPOBENEHHS cepiil eKCIepUMEHTaIbHUX JIOCHIKEHb JJIs KOXKHOIO 3 JiaMeTpiB
HIK3. V pe3ynbTari 3alaHHs BETMUYUHU OCbOBOTO NMEPEMILLICHHS Ha KPECJIEHH] HE FapaHTye KO-
HTaKTy B3/10BX yciei koH1uHOI noBepxHi IIK3, 1m0 B Takomy pa3i poOuTh iforo HeoOrpyHTOBa-
HUM Ta CTaBHUTH IIiJ] CyMHIB HEOOXIHICTh MPUCYTHOCTI OCTAaHHBOTO Ha KPECJIEHHI B TaKOMY
BUIJIAIL SIK II€ € 3apa3.

[Tpu moyatkoBOMY KOHTakTi Ha OubioMy Aiamerpi 1IIK3 mMo)ke BUHUKHYTH MPOTUJIEKHA
cutyauis (puc. 6, 6). TakuM YUHOM, BapiaHTH KOHTAKTy 3T1AHO 3 pHUC. 6 3 MOMISAAY KOHCTPYK-

TOPCBbKUX pO3MipiB BBaXXarOThCs HpaBOMipHI/IMI/I, aJlKe HISIKMX 1HIIMX BUMOT HE HaJga€TbCA.
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Puc. 6. [niocmpayis konmakmy pobouux nosepxors wimugma i oemaiet,
WO NONepeoHbO KOHMAKMYMmMb.!:
a — 3a MeHwumM oiamempom wmugma, 6 — 3a 6inbwUM dilamempom wmugdma
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OTtxe, 3 puc. 6 BUIHO, IO TUII KOHTAKTY 3aJIeKUTh caMe Bl (PaKTUYHUX 3HA4Y€Hb KyTiB
mTudTa i OTBOPY, IO PEIIIAMEHTYIOTHCS BIMOBITHO KyTOBUMH JIOMyCKaMU Ha IITU(TH 1 poO3-
ropTku KoHiuHi. [Ipu npomy gomycku Ha niaMeTpu WTU(TA Ta OTBOPY HE BIUIMBAaTUMYTh Ha
THUII KOHTAKTY, a JINIIIE BIUIMBAIOTh HA OCHOBE MOJIOKEHHS MTH(TA BITHOCHO OTBOPY IMPH YMOBI
KOHTAKTy 32 HOMIHAJbHUMH 3HAUCHHSMU KyTiB KOHyca OTBOpY Ta mTudTa. ToMy /I 3pydHO-
CT1 OAAJIBIIOTO aHaJi3y KyTOBHX BiIXHJICHh OOPaHO BapiaHT KOHTAKTY 13 3a30pOM 3a OUTBIINM
niamerpoM (puc. 6, a), a o0rpyHTyBaHHS BUOOPY BapiaHTa KOHTAKTY 3 MOIVISTY BUTOTOBJICHHS
Ta KOHTPOJIIO 3’ €IHAHHS Oy/ie 3p00JICHO B HACTYITHUX ITyOTIKaIlisX.

CryneHi TOYHOCTI KyTiB JUIs INTHQTIB PI3HUX KJIACIB TOYHOCTI BIJIOMi, TOMY BapTO BHU3HA-
YUTH BIJXHIICHHS KyTa pO3TOPTKH KOHIYHOI BiJl HOTO HOMIHAJIBHOTO 3HAYEHHS, 1110 1 BiJIITOBI1a-
THME BIIXWJICHHIO KyTa OTBOPY Mia MTUH(T.

CryniHp TOYHOCTI KyTa pO3rOpTKM KoHI4HOI He BkasyeTbcsd y I'OCT 10083-81, ane B
n. 1.11 uporo crangapTy 3a3Ha4eHoO, 110 TPAHUYHI BIAXUJICHHS PI3HUII Ai1aMETPiB PO3TOPTKU
KOHIYHOI B CTOPOHY 3MEHIICHHSI KOHYCHOCTI Ha ToBxkHHI 100 MM:

- He Oinpme 0,05 MM ipu 1oBkUHI podovoi yacTrau 10 100 MMm;

- He Oinpme 0,04 MM ipu noBxkuHI pododoi yactram 100 ... 200 Mm;

- He Oinpme 0,03 MM npu TOBKUHI poO0ov0i yacTrHU O1TbII HiX 200 MM.

®pazy «B CTOpPOHY 3MEHIICHHSI KOHYCHOCTI» BapTO PO3YMITH SIK 3MCHIICHHS 3HAYCHHS
KyTa KOHIYHOI MOBEpXHi, TOOTO HAOMMKEHHS ii O HUTIHAPUYHOI (HOPMHU, TIPU SKiH PI3HUILL
JiaMeTpiB MOBUHHA OyTH MiIHIMAJIbHOIO.

Tak sK pO3rOpTKHU JIsl OTBOPIB MiJ ITH(PTH KOHIYHI € MIpDHUM 1IHCTPYMEHTOM, TO PO3Mip
OTBOPY BU3HAYAETHCS PO3MIPOM PO3rOpTKH. ToMy /il BU3HAUEHHS BETMYMHU BIAXUJICHHS KyTa
KOHYyCa B1Jl HOMIHAJbHOTO 3HAYEHHS 32 BIJOMUMHU 3HAYEHHSIMU 3MIHHM 30BHIIIHBOTO JlilaMeTpa
KOHYCa BUKOPHUCTAaHO F'€OMETPUUHY NOOYI0BY ITOJIOBUHU IITH(TA KOHIYHOTO (pUC. 7) B CTOPOHY
3MEHIIEHHS! KOHYCHOCTI.

Y I'l . =

Puc. 7. Intocmpayis ioxunenns Kyma Kowyca wimugma 6i0 HOMIHAIbHO20 3HAYEHHS 8 CIO-
POHY 3MEHUEHHS KOHYCHOCI

Busnaunmo nonmycTUMHN KyT 3MiHHM KOHYca f 3aJIe5KHO BiJl OJOBUHH HOMIHAJIBHOTO KyTa
KoHyca o/2 = 34'23" 1 MiHIMaJIbHO JIOIyCTHUMOTO KyTa ), @ TAKOX BUCOTH KOHYyca L.
3 npsAMoKyTHOro TpukyTHuka OAC:

d;-d
% = arctg (;—L) = arctg %, (@)

ne di— OUTbIIuMiA JiaMeTp OTBOPY MiJ IITU(T, MM;
d — MeHIM# (HOMIHAIBHUIN) iaMETP OTBOPY Mif IITUPT, MM;
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L — noBxuHa poOOUYOT MOBEPXHI OTBOPY il KOHIYHUH IITU(T, MM.
3 npsAMOKyTHOro TpukytHrka OAB:

Yy = arctg (%) (2

Jie X — MOJIOBMHA IPAHUYHOTO BIIXUJICHHS PI3HUIN J1aMETPIB PO3TOPTKH KOHIYHOT B CTOPOHY
sMmeHmeHHs KonycHocti 3a 'OCT 10083-81, mm.
3 puc. 7 ta piBHsHb (1), (2) BUBHAUUMO KYT £

©)

3 dopmynu (3) BUILTMBAE, IO JOMYCTUMHA KYT 3MiHHM KOHYCa OTBOPY Hia MTHDT — f,
TOOTO BIIXWUJICHHS BiJ MOJOBMHH HOMIHAJBHOTO KyTa KOHycCa /2 TUM MEHIIE, YUM OlIblie
JOBKMHA KOHYcCa B IIEBHOMY Aiamna3oHi 1oBxuH BcraHoBieHux ['OCT 10083-81.

3rigHo 3 [12] BU3HauUeH1 3HAYCHHS BiIXWIJICHHS MOJOBHHH KyTa KOHyca /2 (puc. 8) mius
mTU(TIB KITaciB TOYHOCTI A 1 B 3a1eHO Bi CTYIIEHS TOYHOCTI KyTa HOTO KOHIYHOT MOBEPXHI.
Jns orBopiB mig mrudt (puc. 9) 3a popmynoro (3) po3paxoBaHi TpaHUYHI BIAXUICHHS MOJIO-
BUHU KyTa /2 3anexHo Bix 3aganux ['OCT 10083-81 BigxuseHb pi3HULIL Ai1aMeTPiB PO3TOPTKU
KOHIYHOI B CTOPOHY 3MEHIICHHs] KOHYCHOCTI JJIsi MAaKCUMaJIbHUX 3HaueHb JianazoHis 0...100
MM, 100...200 mm, > 200 MM, a pe3ysbTaTy 3BecHI B Tabmuii. Tperiit nianazon > 200 mm OyB
00MEXXEHNIT MaKCHMaJIbHUM 3HaueHHSIM 280 MM, OCKIIBKH II€ MaKCUMAaJILHO MOJXKIHBA JIOB-
xuHa mrudTa konigaoro 3a FOCT 3129-70.

B = arctg% —arctg (%) = arctg%

Tabmuns
I'panuuni gioxunenns Kymie i diamempis wimugmis KOHIYHUX Ma OMEOPIE Ni0 HUX
OJ151 MAKCUMATbHUX 3HAYEHb 0IaNa30HI8

) ) MakcumanbHe BiIXu-
= 2 = ~ 2| nenns posmipy oTBOpY
= - & § &= . . %7 | MakcumanbHe BIIXMIICHHS pO3MIpy IITH-
o A S = | 'S | minmTudT KOHIYHMH . . .
= 2, 50| 5.8 7 ) (Ta KOHIYHOTO BiJl HOMiHAIBHOTO 3HA-
> g 8_ = 8_ & B1JI ©IOTO HOMIHAJILHOT'O . .
2 = 5 YEHHS [UTS KJIACIB TOYHOCTI
2 z E B |5 3| 3HAuCHHS (moste momy-
- k= = & | £-2| cky posroprku h9)
§ g S2| 5> A (mose gomycky B (none gomycky
= g 23|23 i - h h
5 = § 2|5 8| kyrope o |Mamerpa 10) 11)
=S¢ 1;3( 25|z E Y ’ JBbHE, MM | KYTOBE, | liaMeTpa- | KyToBe, | Aiamerpa-
= = ° JIbHE, MM ° JIbHE, MM
0...100 0...25 100 25 0°524"" -0,052 [0°0°40""| -0,084 |0°1°30""| -0,130
100...200 | 25...50 | 200 50 0°0°54"" -0,062 [0°025"| -0,200 | 0°0°1’ - 0,160
>200 50 280 50 0°0°12"" -0,062 [0°0°20"| -0,200 |0°0°50""| -0,160
&7 = iy &=l 250
=] fj_ |'_? : -,
; 0/ =177 1
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Puc. 8. Imocmpayia napamempis wmugpma

xoniunozo 3a I'OCT 3129-70
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Puc. 9. Inocmpayis napamempis omeopy nio
wmughm xouiunuil 3a I'OCT 3129-70
ma I'OCT 9465-79
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Takox IUIsi HAOYHOCTI Ta MOYJIMBOCTI BU3HAYCHHS BiIXWiIeHHs KyTiB oTBopy B IIIK3 Ta
mTuTIB KJIaciB TouHOCTI A Ta B Bijx X HOMIHAIBHUX 3HaueHb HaBeaeHui rpadik (puc. 10).
Jlnst BUBHAYCHHS JllaMeTpaIbHOTO 3a30pa Ha OUThIoMy JiaMeTpi mTudTa y BapiaHTi KOHTAKTY
B IIIK3 3a puc. 6, a 3anexHo Bix giamerpa [1IK3 maBeneno rpadixk (puc. 11). Ouinka cymapHoi
BiIHOCHOT moxuOku oTBOpy Ta mtudTta B IIIK3 Bix HoMiHanbHOTO 3HaYeHH: KyTa IIIK3 mpen-
ctaBieHa rpadiuno puc. 12). Ile oco0amBO akTyaabHO ISl JOCUTHh MAJIUX KYTiB, SIKUM € B Ha-
oMy BUIanaKy i € kyt a/2=34'23" y I1IK3 i3 konycHictio 1:50.

HO ¢
i == g LI
E E A il T T Y TOMHOCTI A
5 ! 1 == WTHT sy TeHo B
g 1 a0 &
-
E; 3 -
a
: ——a
0o £ + . - ~
o 0 2 an Al EH

Farssnp (LIH3, pas
Puc. 10. Bioxunenns kymis omsopy ma wimugmis y [IIK3 6i0 HOMIHAIbHO20 3HAYEHHS.
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B
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Puc. 11. 3anesxcnicme diamempanvrozo 3a30pa na b6intbuiomy diamempi wmugma
6i0 diamempa IIIK3
4
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Puc. 12. I'pagiuna inlocmpayis cymaproi 8i0HOCHOI NOXUOKU 8I0XUNEHHS KYMi68 0OMEOpY
ma wmughma y ILIIK3 6i0 HominanbHo20 3HaAUEeHHS
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3 puc. 10 ta puc. 12 BuaHo, mo 3i 30iasmeHHsM aiametpa LIIK3 BiagxuneHHs KyTiB OTBOpY
Ta mtudTiB K1aciB Tounocti A 1 B y IIIK3 Bix iX HOMiHaJIBHOTO 3HAUYE€HHSI Ta CyMapHa BiTHOCHA
MoxXruOKa 3MEHIIYIOThCs. 1le MoKHa MOSICHUTH TUM, 1110 TTpH 30ubmeHHi aiamerpa K3 3poc-
Tae 1 oro nopxuHa, a 3rigHo 3 1. 1.11 TOCT 10083-81 3HaueHHS BiIXUIEHb PO3TOPTOK KOHi-
YHUX BiJ HOMiHQJIBHOTO MPO(LII0 KOHIYHOI MOBEPXHI, 10 3a/aHl B JliaMeTPaIbHOMY BHpa-
JKEHHI MEHIII JJ1s1 OLIbIINX 3HAYE€Hb JOBKUHHU PO3TOPTOK Ta OTBOPIB MiJ ITU(TH BiAMOBIIHO.
A 30UIbIICHHS JOBXHHU PO3TOPTOK MPSMO MPOHOPIIHHO 3anexuTtsh Bix miamerpi LIK3. 3a
[12] Tako’k BCTAaHOBIIEHO, IO 31 30UTBIIICHHSIM JOBXKUHH ITHQTIB, 0 3acTOCOBYIOTHCS B LIIK3
BIJIXWJICHHS B1J] HOMiHAJIbHOTO 3HAUYEHHS KyTa 3MEHIITY€EThCS.

OTtpuMaHi 3HaUEHHS JTiaMeTPaIbHOrO 3a30py (puc. 11) MOXKyTh OyTH 3aCTOCOBaHI KOHCTPYK-
TOPOM J1s1 BU3HAYEHHS! HEOOX1AHOT BEIMYMHU OCHOBOTO MEPEMIILICHHS IITU(TA U1 3aKPUTTS 3a-
30py Ha Ounbiiomy miamerpi mrudra. 3 puc. 11 mpocrexxyeThbes, 1m0 31 30UIBIIEHHSIM TiamMeTpa
K3 niameTpanbHuii 3a30p MiXK OTBOPOM Ta IITH(TOM Ha 30BHIIIIHEOMY JiaMeTpi 301UIbIITYETHCS.

BucHoBku. Ha ocHOBI TeoMeTpruaHOTO aHamizy oonacti konTakty IIIK3 BcTaHOBIEHO, 1110
tun KoHTakty y IIK3 3anexuts nuie BiJ JOMYCTHMHUX KyTOBHX BIIXWJIEHBb KyTiB OTBOPY il
mtudT Ta mTHdTA. Viiepiie BCTaHOB/ICHA Ta NIPE/ICTAB/ICHA Y BUTIISAII (1)0pMme reoMeTpuIHa
3aJIeKHICTh BEIMYMHU BIIXWICHHS KyTa OTBOPY mig IWTUQT Big AOMYCKiB HA mapaMeTpu pos-
roprok koHiuHuX 3a [OCT 10083-81, mio 3amaHi y giaMeTpaibHOMY BHPaKeHHI. SIK peKOoMeH-
narii koHcTpykTopy LIIK3 mpencraBieni rpadiku 3alexHOCTI BIAXUICHHS KyTiB OTBOpY Ta
mtudTiB knaciB TouHocti A 1 B y IIK3 Big X HOMiHaJIbHOTO 3HAYEHHS, a TAKOXK BEIHYUHU
JiaMeTpaIbHOTO 3a30py Ha OUIbIIOMY AiaMeTpi TU(TA, 0 MOXKYTh OyTH 3aCTOCOBaHI KOHC-
TPYKTOpPOM i yac mpoektyBanns LIIK3.

BcranoBneno, mo cymapHa BiTHOCHA MOXMOKa BIIXWUJICHHS KyTiB OTBOpY Ta ITH(dTa B
K3 Bix HOMiIHaNBHOTO 3Ha4eHHA nocsrae 25 ta 38 % mis K3 13 3acTocyBaHHAM IITUPTIB
KJ1acy TO4HOCTI A Ta B B1ANOBIIHO, @ TAaKOXK 3MEHIY€EThCs 31 30UbIIeHHIM Aiametpa HIK3.

OTtpuMaHi pe3ynbTaTd A03BOJIIOTH TOBOPUTH PO JOLUIBHICTh MOJAIBLIMX JOCHITKEHb
K3 3 xonycHicTio 1:50, amxe HeoOXx1aHOT iHPOpMartii A npoextyBanHs LLIK3 y BianoBigHux
CTaHJapTax, AKNMH KOPHCTYEThCA KOHCTPYKTOP HE IOCTATHBO, IO TIEPEHOCHThCS 1y Hemocrar-
HICTb 1H(1)opMau11 Ha erCJ'IeHHl Ta sIK HACMiJJOK YacTo TMPU3BOIATH /IO HOABH Opaky Ipu BUTOTO-
BJIeHH1. ToMy mofanbII OCTIKeHHs Oy/lyTh CIIPSIMOBaH1 Ha aHasi3 TexHiYHUX BUMOT 10 LIIK3,
110 BKA3YIOThCS KOHCTPYKTOPOM Ha KPECIEHHSAX Ta HAJaHHSIM YITKUX HAYKOBO OOIPYHTOBAHUX
pEeKOMEHTallii 1110710 HAHECEHHS Ha KPeCJIeHHsI TEXHIYHUX BUMOT Ta napametpis LIIK3.
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ANALYSISOF APPLICATION OF STRUCTURESAND CONTACT AREA
OF TAPERED PINSWITH TAPER 1:50

Thereis currently no alternative to the use of tapered pins in the manufacture and assembly of parts and assemblies
where high accuracy of mutual placement is required, as well as the ability to perform quick assembly and disassembly
while maintaining the initial accuracy parameters. Tapered pins with a taper of 1:50 have become especially widely used
dueto their design features.

At the moment, the operational adaptability of the design comes to the fore for the customer, in which tapered pin is one
of the main components of the product quality as a whole. However, during production in enterprises, due to the lack of
information on the working and assembly drawings of parts containing tapered pins, as well as other related factors, situations
often arise with the occurrence of defects in this connection.

A review of recent research and publications on the analysis of geometric parameters and properties of tapered pins has
shown that the analysis of the contact area in the connection, to date, little attention is paid in scientific papers and literature
used by designers in the design of components containing pins with a taper of 1:50.

The aim of the article is to establish the type of contact in tapered pins with a taper of 1:50 depending on the tolerances
on the diametrical and angular dimensions of a hole and a pin.

Based on the analysis of geometric parameters in the contact area of tapered pins, the types of contacts are established
and for the first time the geometric dependence of the deviation of a hole angle under the pin on the tolerances on the
parameters of conical scans is presented. Graphs of the deviation of hole angles and pins of accuracy classes A and B used in
tapered pins are obtained from their nominal value, as well as the size of the diametrical gap on the larger diameter of the pin
depending on the nominal diameter of the connection. These graphs can be used by the designer as reference recommendations
when designing assemblies containing pins with a taper of 1:50. The values of the total relative error of deviation of a hole and
pin angles from the nominal value for all standard diameters of tapered pins are determined.

Keywords: pump production; accuracy class, tolerance; design documentation,; nominal size.

Table: 1. Fig.: 11. References: 12.

Hertspoos L., Hemra A., Camapnak M., Kononosuu B., Kynipos I1., bara B., Kitok SI. Anani3 3actocyBaHHs KOHCTPYKIIii Ta 00JaCcTi KOH-
TaKTy ITU(TOBUX KOHIYHUX 3’ €IHAHD 3 KOHYCHICTIO 1:50. Texniuni nayxu ma mexnonozii. 2021. Ne 3(25). C. 26-37.
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JOCIIIXKEHHA KOJIMUBAHb MASATHUKA 3MIHHOI JIOBXKUHHA

Posensinymo 3a0auy pyxy maamuuxa sMiHHOT 006CUNY, AKULL ABTIAE CODOI0 6AHMADIC I3 MOYKOBOIO MACOI0, AKULL 30IlICHIOE
2D KOnu6anHs Ha HeBASOMOMY SHYYKOMY KAHAMI, WO HAMOMYIOMb HA OiyuninOpo-KoHiyHull bapaban, AKut 06epmaemvcs Ha-
6K0J10 81acHOl oci. Ompumana MamemMamuyHa MOOeNb CUCIEMU, GUSHAYEHT PIBHSIHHS PYXY [ CRIBGIOHOULEH S MIJC KYMOBUMU
ma Oexapmosumu koopournamamu. CKkradena npospama i GUKOHAHUL Yucinosuli excnepumenm. Ompumani 3aiexcHocmi 6i0
yacy THIIHUX Ma KYmogux nepemiujens ma uieuokocmeil, noby0oami 8ionosiowi epagiku, ¢pazosi nopmpemu ma mpaekmopis
PYXY 6anmadicy. 3Hal0eHo eenuyuHy Hamsaey niOuOMHO20 KAHANT).

Knrwuosi cnosa: neniniiina OuHamika, KOTUSAHHS, MAAMHUK, OIYUIiHOpo-KoHiuKull 6apaban, pieHsauns Jlaspausica 2-20
POOY;, MamemMamuina MoOelyb, YUCI06Ull eKChepumMenm, haszo8a mpaekmopis.

Puc.: 8. Bion.: 10.

AKTYyaJIbHICTh TeMH J0CTiTKeHHsA. TpHuBaouuii iHTEepec 10 BUBYEHHS MasTHUKOBUX CHC-
TEM TOSICHIOETHCS TUM, 1110 BUBYEHHS iXHIX PyXIB BUSBJISIE Oararo sIKICHUX BJIACTUBOCTEH JUHA-
MIKH HEJIIHIMHUX CUCTEM 1 BUKJIMKAE SIK CAMOCTIMHUMN 1HTEpPEC y Cy4acHUX JOCIIIHUKIB, TaK 1y
NPUKIAJHNAX 33/1a4aX, KOJIU IJIOCKI PYXH JTOCITIKYBAaHUX CHCTEM 1 00’€KTIB MpU Pi3HUX CHPO-
IIEHHSIX MOJIENIOI0Th MaTeMaTUYHUM MasTHUKOM. BOHHM MOXyTb IEMOHCTPYBATH iCTOTHO HeJli-
HilfHy 1 TOCUTH PI3HOMAaHITHY MOBEIIHKY Ta YaCTO BUKOPUCTOBYIOTBCS K JUKEPETO MOJIEIBHUX
3a]a4 JUIsl PO3BUTKY 1 BUBYEHHS METOIB HENIHIMHOTO yNpaBiiHHS. 3aBIaHHs €()EeKTUBHOCTI, Ke-
POBAHOCTI, TPOTYKTUBHOCTI, TOYHOCTI IMO3UIIIFOBAaHHS 1 O€3MeKH Oy i 3aJIUIIIAIOTHCS aKTyallb-
HUMH TIPH €KCIUTyaTallii BAHTaXXOI1IHOMHOTr0 00J1aiHaHHS B Oy/lIBEJIbHUX 1 IPOMUCIOBUX 00a-
cTAX. MareMaTu4yHi MoAEN MAasTHUKOBUX CHUCTEM CIIyXaTb JUIS OINHUCY IIHUPOKOIo Kiacy
npotueciB. barato 00’ekTiB y CHIly CBO€T TMHAMIKU SBJISIOTH COOOI0 Pi3HI BUJM MasSTHUKOBUX
YCTaHOBOK (@ B ISSIKMX BUITA/IKaX 1 iX KOMOiHaIli0), IPUYOMY BUMOTI'a CTIHKOCTI € 000B’I3KOBOIO
BUMOTOIO iX eKcrutyararii. Hacammepen 1ie BIIHOCUTBCS 0 PI3HOTO BUY BaHTAXOIITHOMHUX
MeXaH13MiB, TAKUX SIK OAIITOBI, MOCTOBI, KO3JI0B1, KOHCOJIBH1, TOPTAJIBbHI ¥ 1HIIN KpaHH. Y 3B’SI3Ky
3 BUILEBUKJIAJICHUM JOCIIPKEHHS MIOBEIIHKH CKJIQHUX MasTHUKOBUX CHCTEM, TAKUX SIK PyX Ba-
HTaXYy MPH CHUTbHINA poOOTi BAHTAXKOMIHOMHIX MEXaHI3MIB € aKTyaJTbHUM 3aBIaHHSM.

IMocranoBka npodsemu. Hectani nepexiiHi pe)xumMu poOOTH MiIHOMHUX MEXaHI3MiB CYIIPO-
BOKYIOTHCSI 3MIHOKO €HEPrOCUIOBUX MapaMeTpiB MEXaHIYHOI CUCTEMH, BiJ| IKHUX 3aJI€XKaTh €KC-
IUTyaTaliiHi XapaKTepUCTHKHY 1 TPOIYKTUBHICTh. Y JAESKUX MiTHOMHUX MEXaH13MaX MOXe BUKOPH-
CTOBYyBaTHcs 0apabaH 13 KOHIYHOIO [TOBEPXHEO JJIs1 HAMOTYBAaHHS KaHaTa, 10 ICTOTHO YCKJIAIHIOE
KIHEMaTHKy i TMHAMIKy pyXy BaHTaXy, SIKM KOJIMBA€THCS, 110 BUMArae OKpeMoro J0CIiIKEHHS.

AHaJti3 ocTaHHIX qocaizkeHsb i myodaikaniii. locnipkeHns y cdepi MoaenoBaHHS MasiT-
HUKOBUX CHUCTEM 13 BUKOPUCTAHHSAM PI3HUX MAKETIB MPUKJIAJHUX MPOrpaM KOMI IOTEPHOT all-
reOpH MPOIOBKYIOTHCS 1 HE MPUNUHOTHCS. Hanpukian, po3misaanucs pi3Hi Mozeni chepud-
HOro MasiTHHKA [1-2], KomuBaHHS MasTHUKA 3MiHHOI MOBXUHHU [3] 1 3miHHOI Macu [4]. V
HAyKOBIH JIITEPATypi € JOCUTH Oaratro MPUKIA/iB MEXaHIYHUX CUCTEM, JI€ PO3TIISIAETHCS KOJH-
BaHHS BAaHTAXXy B BAaHTKOIIIHOMHHUX MeXaHi3Max [5-9].

© INomnecuuii C. B., Jopoxos M. 0., €pdopr 0. O., Cragnux O. M., 2021
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VY po6ori [10] gocmimKy€eThCcss pyX 000pOTHOTO MaTEMaTHYHOTO MasTHUKA 31 3MIHHOIO J10-
BKUHOKO HUTKU. Y PO3BHUTOK I[HOTO JOCIIHKEHHS MPOIIOHYETHCS PO3IIISTHYTH YCKIIAJHEHY Me-
XaHIYHY CHCTEMY, OUIbII HAOJMIKEHY JI0 CUCTEM BAaHTAXOITIMOMHUX MAIIIUH.

BuaijieHHs1 HeZOCI/I’KEeHNX YACTUHH 3arajbHol npodjeMu. 3aaa4a JOCTIDKSHHS PyXy
BaHTaXYy, 110 PO3TOMAYETHCA M Yac HAMOTYBaHHS KaHaTa Ha KOHIYHMN OapalaH panimie He
po3mIsAaIacs.

MeTta po6oTH nonArae y CTBOpeHH1 MaTeMaTHYHOI MOJIEIi, BCTAHOBJICHHI OCHOBHUX 3aKO-
HOMIPHOCTEH 1 JOCHIKEHHI KOJMBAJIILHOTO PYXy BaHTaXy 3 TOYKOBOIO MACOI0, siKa 31MCHIOE
IJIOCKI KOJIMBAIBHI PYXU Ha HEBArOMOMY THYYKOMY TPOCi, III0 HAMOTYIOTh Ha OIIMIIIHIPO-KO-
HIYHUH OapabaH, 10 00ePTAETHCSI.

Buxsaan ocHoBHOro marepiajy. Po3misiHemMo migiioM BaHTaXy y BUIVISAI CyauHH (CKima)
il Yyac HaMOTyBaHHS KaHATa Ha KOHIYHY JUISHKY OILUIiHAPO-KOHIYHOTrO Oapabana (puc. 1),
AKIIO BioMi pagiycu R; 1 R, 4MCII0 BUTKIB Z KaHAaTa Ha KOHIYHIN AUISHII i KyTOBa HIBUAKICTh
Oapabana w = const.

[Torounuii pagiyc HaMOTYBaHHsI KaHaTa 30UIBIIYETHCS MPSIMO MPOMOPLIHHO KyTy MOBO-
poty Gapabana: R = R; + k6. Benmnuuny xoedilieHTa TponopiiiHOCTI K BUBHAYUMO 3 YMOBH
3amgaui. [Ipy HaMOTyBaHHI Z BUTKIB Ha KOHIYHY AUISHKY OapabaHa pajiyc HaMOTyBaHHS 3011b-
nryeThes 3 R; 1o R2, a Kyt moBopoty 6apabana cranoButh 6 = 27z, Tomi

Ro= Ry + 2knz.
3BiAKHU

K = (R-Ry/(2xz).

Puc. 1. ITiotiom ckina nio wac Hamomyeanus Kanama
HA KOHIYHY OLIAHKY OIYUNiHOpO-KOHIUHO20 bapabana

Ockinbku @ = const, To € = wt i popmyna sl BUZHAYEHHS TOTOYHOTO pajiyca HaMOTY-
BaHHS NpHUIMae Takuii BUA:
R= R+ (R-Ry wt /(27z). Q)
[IBuIKICTH CKiMa, JOPIBHIOE OKPYXHIM MIBUIKOCTI OapabaHa B TOYIIl YKJIaJaHHS KaHATa,
v=0 R=w[R1+(R-Ry) t /(2nz)].
[aTerpytoun Bupas ds = v dt, 3HaX0IUMO MEPEMIIICHHS CKiMa (3aKOH pyXy):

s t t
f ds = f vdt; s—sp = f w[R; + (R, — Ry) wt/ (2mz) | dt;
So 0 0

s =sy+ wR, t + (R, — Ry) w?t?/ (4mz).

[IpuckopeHHs ckina
d dR d RZ - Rl RZ - Rl
a=v=gR) =0 wdt(lJr 2nz 2z

Yac ogaoro ob6opoty 6apabana tos= 21/®; moBHUi yac pyxy 1 = tos Z = 27z/ ©.
Bucora nigiiomy ckina 3a yac 7T:

h=ss= (o R T+ (R2-R;) w?T?(4nz) =

=0 R,(217/ ©) + (Rz - Ry) 0? 2nz / 0)? | (4nz) = nz(R; + Ru).
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3amaya 3HAYHO YCKIJIAHIOETHCS AKIIO Mif Yac MigiioMy BaHTax Oyze 3/1iCHIOBATH KOJIU-
BabHUH pyX. Lle MOXJIMBO 3 pi3HUX NpUYHH. BBaXkaTMeMo, 10 KOJIMBAIBHUN PyX BaHTaXy
B1I0YyBA€THCS MapaliesbHO TUIONIMHI TEPICHANKYIIApHINA oci 6apabaHna (puc. 2). Bantax BBa-
KAEMO TOYKOBOIO Macolo. Po3risiHemMo BUNaIoK, KOJIM OYaTKOBUH KyT @o# O 1 modaTkoBa Ky-
TOBa WIBUAKICTH TOYKOBOIO BaHTaxXy Ha kaHaTi Qo# 0. [loyaTkoBa q0OBKHHA 3BUCAIOYOl Yac-
THUHH TPOCa y CTaHi CIIOKO0 opiBHIOE Lo (o> h).

JlexkapToBi KOOpAMHATH MaTEpiaabHOI TOUKH M:

x = Rcosp + (£, + Rp — Rwt) sing, 2
y = —Rsing + (£, + R — Rwt) cosg. 3

\}

A

vl

Puc. 2. Pospaxynkosa cxema niotiomy cKina nio 4ac HamomyeaHHs KaHama
HA KOHIYUHY OLIAHKY OIYyUNiHOpO-KOHIUHO20 bapabana.

Kinernuna T 1 notenuianbHa I1 eneprii BU3HavaroThCs popMysiaMu:
2
mv
T=— IMI=mg(®,—y).
HIBuaKiCTE MaTepiambHOI TOUKH M:

v =,/x%+y2

L=T-1],

J'IarpaanI/IaH CHUCTCMMU:

a00 B pO3rOpHYTOMY BHUIJISII
L= im(g(—Zanz + (R — Ry)tw) - sinp + g - cosp - 2lynz + tw(—2nR;z + (R —
Ry)tw) + (2nR 1z + (R, — R)tw) @) + 2nz(—gly + i (—2w(mR 1z + (R, — R)tw) -
sing + (R, — Ry)we - sing + (—2nR,z + (R, — Ry)tw) - cosp - (tw — @)@’ + cosp -
((R; — Ry w + 2lymze"))t?)).

Jl1is 3aniucy piBHSHHS PyXY MasTHHKA CKOpHCTaeMocs piBHSHHAM Jlarpanka 2-ro poxy. Sk
y3arajabHEeHy KOOPJAMHATY BI3bMEMO KYT () BIIXHJICHHS MasTHUKA BiJl BEPTUKAJI, TO/I
d (0L oL
= (5)-5-=0. (4)
dt \d¢ @

Buxopucrosytoun popmymnu (1)-(4), orpumaemo audepeHIiaibHe piBHAHHS PyXy MasTHUKA!
——m(g(2lonz + tw(—2mR,z + (Ry — R)tw)) - sing + g(2mR,z + (R, — R)tw) - ¢

sing — 2nz(—2w (R 1z + (R, — R)tw) - sing + (R, — Ry)w * ¢ - sing + (—2nRz +
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(R — R)tw) "cosp - (tw — @) @'+ cosp - (R, — R)w + 2lynz -
<p’))t2—7ltz(2w(—anz + (R — Ry)tw) - cosp + ((2nRyz + (R, — Ry)tw) - cosp +
(—2lynz + tw(2nRz + (R, — R)tw)) - @' - sinp) + ((R, — R))w - cosp — (2nR,z +
(R, — R)tw) - ¢’ - sinp))t) = 0.

3Ha0uM MBUAKICTh BAHTAXY 32 JOTOMOro0 npuHuumny /lamambepa, Mo)KHa 3HAWTH HATST
MiJIIOMHOTO KaHaTy B Oy/Ib-sIKUI MOMEHT Yacy:

N=mg-cosg0+m-($+R-tan<p)-gb2.

3amaround YMCeNnbHI 3HAYCHHS TMapaMeTpiB CUCTEeMHM #W ToYaTtkoBi ymoBH: (o= 16 M,
Ri=0,1M R=04m™,z=12, ® =0,2 pan./c, m= 1000 kr, po= 0,1 pax., ¢o= 0,1 cl; BukoHa-
€MO PO3paxyHKH Ta MoOyryeMo rpadiku mpu MiaidoMi BaHTaxXYy.

I[Tpu 3apanux napamerpax 7'=377c,h=11,3 m.

Ha puc. 3-8 npencrasneni rpadiku 3MiHH OKpEMHX HapaMeTpiB pyXy CUCTEMH.

Puc. 3. I'paghix 3aﬂ.e9fcnocmi o(t) Puc. 4. ®azosa mpaekmopis: Q(t)-¢(t)
KyroBa mBumkicte Q2 = ¢'(t).

an ofi L I 1 1] 1001 L3

Puc. 5. I'pagix 3anexcnocmi x(t) Puc. 6. I'paghix 3anesxcrnocmi y(t)
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Puc. 7. Tpaekmopis pyxy eanmagicy. x(1)-y(t) Puc. 8. I'paghix 3minu namsey xanamy N(t)

AHaizyroun OTpUMaHi pe3yibTaTi, MOXKHA 3a3HAUHTH, 110 y3araibHeHa i JiHiHI KOOpJUHATH
(puc. 3, 5, 6) 3MIHIOIOThCS 32 TAPMOHIYHUM 3aKOHOM. [lepiony TOpU30OHTANIBHUX 1 BEPTUKATIBHUX
KOJIMBaHb pi3Hi. BepTukanbuuii pyx BigOyBaeThCs 3 YaCTOTOIO, MPUOIU3HO BIBiYl OLIBIION0, HIK
ropusoHTanbHUH pyX. Lle noOpe BuaHO Ha (puc. 5 Ta 6). BigzHaunmo, 110 nepiof] FTOpU30HTAIBHUX
KOJIMBAHb 3aJICXKUTh BiJl IOBKUHN MAsATHUKA 1 B TIEPIIIOMY HAONMDKEHHI HE 3aJISKHUTH BiJl aMILTITY/IH.

Da30BOI0 TPAEKTOPIEIO y3aralIbHEHOI KOOPIUHATH @ € POKYC, SIKHI PO3KPYUIY€EThCs (pHC. 4).

Pucynok 8 Hars1tHO TIOKa3ye 30UIBIICHHS HATATY KaHaTa 31 3pOCTAHHSM IIBUIKOCT] BAHTAXKY.
Hamnpuknasn, Ha TBOXCOTIM CEKyH/I1 HATAT KaHAaTy MPUOIM3HO Ha YBEPTH OUIBIIIE BAark BAaHTAXKY.

BucHoBkM. Y pe3ynbsraTi po3B'si3aHHS 00EpHEHOI 3aa4i JUHAMIKH 3a JOMOMOIOI0 PiBHSIHb
Jlarpan:xa 2-ro pogy OTpuMaHa MaTeMaTHYHa MOZIENb PyXY MasiTHUKA 3MIHHOI JIOBXXHHH 1 3 TOYKO-
BOIO MACOI0, IKMH 3[1IICHIOE TUIOCK] KOJIMBAJIbHI PyXU HAa HEBarOMOMY THYYKOMY KaHaTi, 1110 HaMO-
TYIOTh Ha OlIMIIIHIPO-KOHIYHUI GapalaH, Sikuil 00epTaeThCsl HABKOJIO BIACHOI OCl, BPaXOBY€E 0CO-
ONMMBOCTI HEMIHIKHOCTI CHCTEMH 1 MICTUTh MapaMeTpH, II0 OMHUCYIOTH ii pyX. IIpoiHTerpoBano
HeJiHiiHe audepeHiiaabHe piBHAHHS pyXy 3a jpornomororo EOM Ta oTpuMaHO 3aeXHICTh Bij
4acy KOOpJMHAT Ta IIBUIKOCTI BaHTaxy. [loOynoBaHa (azoBa TpaeKkTopis MpHU MiIHOMI BaHTAXKY.
®dazoBa TPAEKTOPIsl y3arajabHEHOI KOOPAWHATH ¢ € (OKYC, KU NpH MiAHOMI PO3KPYUYIOTHCS B
3B‘SI3Ky 3 HENMiHIHICTIO cucTeMu. [lookeHHs BaHTaXxy, HOro MIBUAKICTH Ta MIPUCKOPEHHS J03BO-
JISIFOTh 3HANTH BEIMYMHY HATATY MIIHOMHOIO KaHaTy y Oynib-sIKMii MOMEHT yacy. Harar fnie sk Ha
BaHTaX, TaK 1 Ha OapabaH, 110 JO3BOJISIE BU3HAYUTH OC3MEUHI PEKUMHU IMiIHOMY BaHTaXKy Ta HaBa-
HTQ)XEHHS Ha MPHBIJ MexaHi3My. JlociiDkeHHS TPOBOMIIOCH 3a HEJIHIHHOK MOAEIIIIO 0€3 BUKO-
PUCTaHHS ACUMIITOTUYHHMX METOJIB, IO JO3BOJMJIO BHKIIOYMTH METONOJOTIUHY MOXMOKY pi-
meHHs. OTpUMaHi pe3yinbTaTd MOXYTh OyTH BHKOPUCTaHI TPH MOJEIIOBaHHI KEPOBAaHUX
MAasITHUKOBHX PYXIB PI3HUX MEXaHIYHUX cUcTeM. MeTouKa 1 mporpaMa peKOMeH Ty 0ThCs JUISl BU-
plllIeHHS IPUKJIAJIHUX 3aBJaHb [IPOEKTYBAHHS 1 eKCIUTyaTallii pi3HUX MiAHOMHO-TPAaHCIIOPTHUX CH-
CTeM 1 TEXHIUHUX MIPUCTPOIB, 3aTHUX JEMOHCTPYBATH CKJIaJHY MOBEAIHKY. Y METOJMYHOMY IUIaH1
NPOIMIOHOBaHMI Marepiall IiKaBUH JUIsl CTY/IEHTIB 1 aCHipaHTIB Y IUIaHI HABYaHHS MPUHIIUIIAM T10-
OyZ10BH Ta aHAJI3y CKJIQJHUX HENMHIHHUX JUHAMIYHUX CUCTEM.
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STUDY OF OSCILLATIONS OF A PENDULUM OF VARIABLE LENGTH

The problem of movement of a pendulum of variable length is considered in the article. The study of the movements of
pendulum systems is relevant, as they can demonstrate significantly nonlinear and quite diver se behavior and are often used
as a source of model problems for the devel opment and study of nonlinear control methods. First of all, this appliesto various
types of lifting mechanisms.

Somelifting mechanismsusea bicylindro-conical drum to wind the rope, which significantly complicates the kinematics
and dynamics of the oscillating load, which requires a separate study.

Analysis of scientific publications has shown that research in the field of modeling of complex nonlinear pendulum
systems continues and does not stop.

The problem of studying the motion of a load that swings during the winding of a rope on a conical drum has not been
considered before.

The purpose of the work isto create a mathematical mode, establish the basic laws and study the oscillating motion of a load
with point mass, which performsflat oscillating motions on a weightl ess flexible cable wound on a rotating bicylindrical-conical drum.

Using the Lagrange equations of the second kind, the second problem of dynamicsis solved and a mathematical model of the
consdered mechanical system is obtained. The eguation of motion and the relationship between angular and Cartesian coordinates
are determined. A program was compiled and a numerical experiment was conducted. The mode and the program make it possible
to obtain the dependences of linear and angular displacements, aswell aslinear and angular velocities, and to construct appropriate
graphs, phase portraits, and the trajectory of theload. The position of the load, its Speed and accel eration make it possibleto find the
value of thelifting rope tenson at any time. Tension acts on both the load and the drum, allowing you to determine the safe modes of
lifting or lowering the load and the load on the drive mechanism. The study was performed on a nonlinear model without the use of
asymptotic methods, which allowed to exclude the methodological error of the solution.

Having a mathematical model and calculation programs, it is possible to conduct further research of the considered
system. The obtained formulas make it possible to design such pendulum systems with the most rational characteristics and the
optimal ratio of design parameters. The obtained results can be used for modeling of controlled pendulum motions of different
mechanical systems. The methodology and program are recommended for solving applied problems of design and operation
of various hoisting and transport systems and technical devices capable of demonstrating complex behavior. The
methodologically proposed material is interesting for students and graduate students in terms of teaching the principles of
construction and analysis of complex nonlinear dynamical systems.

Keywords: nonlinear dynamics; fluctuations; pendulum; bicylindro-conical drum; Lagrange equations of the second
kind; mathematical model; numerical experiment; phase trajectory.

Fig.: 8. References: 10.

Tonnecnwuii C., Jopoxos M., €pdopr 0., Craguuk O. JlociimKeHHs KOJIMBaHb MasTHUKA 3MIHHOT TOBXUHU. TexHiuni HayKu ma mexHoaozii.
2021. Ne 3(25). C. 38-44.

44


mailto:sergeypodlesny@gmail.com
https://orcid.org/0000-0001-8271-4004
mailto:dorokhovptmddma@gmail.com
https://orcid.org/0000-0002-5458-4211
mailto:yuriy.erfort@gmail.com
https://orcid.org/0000-0002-7982-8446
mailto:anstadnik54@gmail.com
https://orcid.org/0000-0002-3439-6977

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

DOI: 10.25140/2411-5363-2021-3(25)-45-54
VIK 621.22:004.94
3

TIennaoiii ITacoe*, Hamania Cipa?, Onena Cneonixoea®,
Anmounina Konozoiioa®, Bipa Mypawkoscvka®

|KaHM1aT TEXHIYHUX HayK, JOLEHT, JOLEHT Kaeapu aBTOMOGIILHOTO TPAHCIIOPTY Ta Faly3€BOr0 MAIIMHOOYLyBaHHSI
Hamionansuuit yHiBepcuret «YepHiriscbka nositexsikay (UepHiris, Ykpaina)
E-mail: genapasov@gmail.com. ORCID: http://orcid.org/0000-0001-7248-9085. Researcher ID: H-4455-2014

2KaH[M1aT TEXHIYHUX HayK, JOLUEHT Kadeapu aBTOMOOUILHOrO TPAHCIIOPTY Ta Ialy3€BOr0 MAIMHOOY Ty BaHHS
Haunionansauii yniBepcuteT «UepHiriBebka nomitextika» (UepHiris, Ykpaina)
E-mail: nnseraya@gmail.com. ORCID: http://orcid.org/0000-0002-6242-5210. Researcher ID: K-2658-2017

SKaHUAT TEXHIYHUX HAYK, TOUEHT KadeJpu aBTOMOOGLIBHOTO TPAHCIIOPTY Ta [Ay3€BOr0 MAIIMHOOY Ty BAHHS
Hamionansnuit yHiBepcutet «YepHiriBebka nosnitexnikay (YepHiris, Ykpaina)
E-mail: sliednikova@gmail.com. ORCID: https://orcid.org/0000-0002-5444-1747. Researcher ID: N-4430-2015

“KanuIaT TeXHIYHUX HayK, JOLEHT, JOLEHT Kadeapu aBTOMOGIILHOIO TPAHCIIOPTY Ta Faly3e€BOr0 MAIIMHOOY/yBaHHS
Haunionansnuii yHiBepcuteT «UepHiriBcbka noitextika» (UepHiris, YkpaiHa)
E-mail: kolohoida@gmail.com. ORCID: http://orcid.org/0000-0002-1742-2686. Researcher ID: I-1118-2014

Scrapuinii BUKIaga4 Kageapu aBTOMOGUILHOTO TPAHCIIOPTY Ta Tajly3eBOro MAIMHOOYLy BaHHS
Hamionansauii yHiBepcutet «YepHiriBebka momniTexnikay (UepHiris, Ykpaina)
E-mail: vmurashkovska@gmail.com. ORCID: https://orcid.org/0000-0002-0556-8709. Researcher ID: G-9757-2016

BUBYEHHS PIBHAHHSA BEPHYJLJI 13 3ACTOCYBAHHAM THO®OPMAIIMHUX
TEXHOJIOI'IM (AHIMALHIUHAU CUMYJIATOP)

s suguenns Kypcy 2iopasnixu, a maKodxic IHUUX OUCYUNIIH 8aXCIUsUM € pieHsnns bepryuni. [Ipu euxonanHi 1ab6opamophux
DPo6im, npu npoekmyeanti 2iOpasniuHUX cucmem SUKOPUCMosyioms ye pieuanns. Mozo cknadosi maroms posmipricme nanopy,
mucky abo numomoi enepeii. [Ipoepamuuii npoOyKm npusHaueHutl s iMimayitiHo20 UKOHAHHA 1A00PaAMOPHUX pooim 3 OCHOBHUX
po30inie ciopomexanixu. Memoouxku 6UKOHAHHS 1aOOPAMOPHUX pobim 6 000JI0HYI KoMn TOMepHOT npospamu nepeddauaioms 3Ha-
tioMcmeo 3 PI3UUHUM ABUWEM | 1020 MeopemuyHe 6UBYeHHS, O3HAUOMAEHHS. 3 NPUCIPOEM [ NPUHYUNOM Oli eKCNepUMEHMANbHUX
yemanogox. Haouna eizyanizayis 3 inmepakmugHicmio cnpuse egoeKmueHoM) 3aC60EHHIO HABUALHO20 MAMepiay.

s cmamms € HAyKO8O-MeMOOUUHOIO.

Knrouogi cnosa: nasuanvnuii npoyec, 2iopagiuixa; pignanns Bepuyiuni;, MoOenoeans; cumyisamop.

Puc.: 11. Tabn.: 1. bion.: 10.

AKTyaJIbHICTh TeMH A0CTiIKeHHs. Y Cy4yaCHOMY CYCIUJIbCTBI BUKOPUCTAHHSI KOMIT IOTe-
PIB 3HAXOMUTH JIeJadl HOBI MOXJIMBOCTI. Baxkko ysBUTH, IO 1HXXEHEPHI PO3PaxXyHKH, Kepy-
BaHHS Cy4aCHOI0 TEXHIKOIO, BAKOHAHHS poOOT 3 ONTUMI3allli, HABYaJIbHUI MPOIIeC, HayKOB1 J10-
CIIIJDKEHHSI MOXJIMBI 0€3 Komm'roTepiB. BoHM JomomararoTh JIOAUHI JTOCSATTH pealbHUX
pe3ysbTaTiB MIBULIE, CKOPIIIE, a OTKe, O1bII e(EeKTUBHO.

ITpote cama HasiBHICTb KOMIT 10TEpa, 11€ MiB cripaBu. [1oTpiOGHO MaTH 111e i BUCOKOIHTENEeK-
TyaJbHE MporpamMHe 3a0e3NeueHHs], MaKeTH MPUKIAJHUX MPOrpaMHHUX HpOI[yKTiB JIronuHa
MOX€ BUKOPUCTOBYBAaTH KOMII FOTEp SIK TPEHAXEP (HaanKnaz[, npu OTpI/IMaHHl npap Ha Kepy-
BaHHs aBToMOOieM abo JmiTakoMm). KpiM Toro, KoM toTepHi TEXHIKY pa3oM i3 BiIOBITHUM
IIPOTPAMHUM 3a0€3MeYCHHSIM 000B’S3KOBO MOYKJIMBO BHKOPHCTOBYBAaTH B HABUYAIBHOMY TIPO-
neci. Hampukmnan, aHiMamiifHi cTeHau Ui BUBUEHHS PI3HOMaHITHUX IpoLEciB — JabopaTopHi
po0OTH 3 T1JIpaBIliKH, TEOPil pi3aHHs, IPOrpaMyBaHHs BEPCTATIB 13 YUCIOBUM MPOTPaMHHUM Ke-
PYBaHHSIM Ta 1HIIIE.

IMocTranoBka npoodaemu. OcHOBa Oy/Ib-SIKOTO CYCIUIbCTBA — I1€ OCBiTa. [Ipn BUBUEHHI TH-
CIIMILIIH BUKOPUCTOBYIOTHCS Taki JpKepesna iHpopMalii: miApyYHUKH, HaBYaIbHI MOCIOHUKH,
30ipHUKH cTaTei, IHTepHeT-pecypcu. HuHI akTyallbHUM € BUKOPUCTAHHS KOMIT IOTEpiB y HaB-
YaJIbHOMY IPOIIEC] 3 BUCOKOIHTENEKTYaIbHUMH ITPOrpaMHUMU IpoaykTamu [1].

AHaJti3 ocTaHHIX JocaiI:KeHb i myOaikaniii. 3700yBaui BUIIO OCBITH TEXHIYHUX CHEIli-
AIBHOCTEN IPU 3aCBOEHH] HABYAJIbHUX AUCIUILIIH BUBYAIOTH 1X Ha JIEKIIHHUX, Ta00paTOpHUX
Ta MPAKTUYHUX 3aHATTAX. Ha UX 3aHATTAX 4acTO BUKOPUCTOBYIOTH JIBOBUMIPHI Ta TPUBHUMIPHI
300pakeHHS: UTFOCTparlii OyJ0BH, 30BHIITHLOTO BUIVISAY Ta KOHCTPYKIIIT pI3HOMaHITHUX MeXa-
HI3MIB [2-5]. [yt kpamioro po3yMiHHS TIpoliecy poOOTH pi3HOMaHITHUX MEXaH13MiB BHKOPHC-
TOBYIOTH KOMIT FOTE€PH Ta BIMOBIIHI TPOTrpamMHi MPOAYKTH, 11€ HaJJaCTh HABYAIPHOMY TIPOLIECY
IHTEHCUBHOCTI Ta IHTEPAKTHUBHOTO 3MicTy [6-9].

© IMacos I'. B., Cipa H. M., Cnennikosa O. C., Konoroiina A. B., Mypamkosceka B. I1., 2021
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BujgisieHHs1 HeTOCTiIKeHNX YACTHH 3arajibHol npoodsjemMu. [Ipu BUBYCHHI HaBYAIbHUX
JMCLMIUTIH 3100yBavi BUIOI OCBITH Pi3HUX HANPsAMiB HABYaHHS, 30KpeMa «[ amy3eBe MalmHo-
OyyBaHHS», « ABTOMOOUTBHUHN TpaHCIIOPTY», « TexHoorisi MammuHOOy1yBaHH», «Xap4oBi Te-
XHOJIOTii» TOIIO BUBYAIOTH 3aKOHU Tinpomexaniku. KpiMm Teopii, HE0OXiTHO OTpUMaTH i Mmpak-
TUYHI HABUYKH, SIK1 3100yBadi OJIEP)KYIOTh Ha JJAOOPAaTOPHUX 3aHSTTAX.

[Tpu Bukonanui naboparopuoi pobotu «PiBHsiHHS bepnymni. ExcnepumenranbHe Bu-
BUEHHSI I'IpaBJIIYHUX OMOPIB» 31100yBauaM BUIIOi OCBITH NPONIOHYETHCS BUKOPUCTOBYBATH I1e-
penoBi iH(opMmarliifHi TEXHOIOTIi, a caMe aHIMaLIHHUI CUMYIIATOP.

Meta crarTi. MeToro 1i€l poOOTH € MPOINO3ULlisi BUKOPUCTAHHS B HaBUAIBHOMY IIPOIIEC]
CHUMYJISITOpA JJIs1 BUBUCHHSI piBHSHHS bepHyIti.

Buxaan ocuoBHoro marepiajy. Y HamionansHoMy yHiBepcuTeTi «YepHIriBCchbKa moJiTe-
XHiKa» Ha Kadenpi «ABTOMOOUIBHHN TPAHCIIOPT Ta Tajy3eBe MAalIMHOOYITyBaHHS» NMpPU BH-
BUEHHI HAaBUAJIbHUX JMCLHUIUIIH 3100yBayaM pi3HUX HalpsMiB HaBYaHH:, 30KpeMa «l ainy3eBe
MaIIuHOOYyBaHH:», «ABTOMOOUTBHHUN TpaHCHIOPT», « TeXHOIOTiA MaMHOOYIyBaHHSD», «Xa-
PUYOB1 TEXHOJIOTII» 3aIIPONIOHOBAHO BUKOPUCTOBYBAaTH HABYAJIILHUI CUMYJISITOP JJsl BUBYEHHS
piBusiHHS bepHyiui, po3pobnenwnii pipmoro SunSpire Art group [10].

[Tporpamumii IPOIYKT MPU3HAYESHUH TS IMITAIlIHHOTO BUKOHAHHS JTAOOPATOPHHUX POOIT 3 OC-
HOBHHMX PO3/IUTIB TigpOMeXaHIKH. MeTOOWKM BUKOHAHHS JIAOOpAaTOpHHX poOIT B 0OOJOHII
KOMIT FOTEpHOT IporpaMu repedoayaroTh 3HalOMCTBO 3 (PI3MYHUM SIBUIIEM 1 HOTO TEOpEeTUYHE BU-
BUCHHS, 03HAHOMJICHHS 3 TIPUCTPOEM 1 TIPUHIIAIIOM JIii eKCTIEePUMEHTAIBHIX YCTaHOBOK, (hopmy-
JIFOBAHHSI 1I1JIeH, 3aBaHb 1 MOPSJIKY BUKOHaHHS poOiT. HaouHa 006’eMHa Bizyastizallisi B CyKyITHOCTI
3 MAaKCHMAJILHOIO IHTEPAKTHBHICTIO clpHsie €(DeKTUBHOMY 3aCBOEHHIO HABYAJIBHOTO Marepiay.

CuMyJSATOp € KOMII'FOTEPHUM BIPTyaJIbHUM TPEHAKEPOM, KU MPU3HAYEHUH Ui TIPOBe-
neHHs naboparopHoi poOotu «PiBHsHHS bepnymni. ExcniepuMenTanbHe BUBYEHHS TipaBiiy-
HUX onopiB». /i1 KOpeKTHOI poOOTH MpOrpaMHu JI0 KOMIT I0Tepa, Ha sSikoMy OyJie 3amycKaThcs
porpamMa, BUCyBalOThCsl IEBHI CUCTEMHI BUMorH [10].

Mera poGoTu cuMyssITOpa MOJATae y BU3HAYEHHI JOCBITUYEHUM IIUIAXOM CKJIaJOBHX pPiB-
HsHHsA J[. bepHyni 115 1BoX nepepiziB CKISHOT TPyOKH, a TAKOXK BTPATH MIOBHOTO HAIMIOPY MIXK
nepeTHHaMU; OOUUCIIEHH] cepeIHIX HIBUIKOCTEH MOTOKY 1 BINOBIIHUX iM IIBUAKICHUX HAIlo-
P1B AJIs 3a3HAYEHUX KUBUX [IEPETHUHIB IOTOKY P1AMHU; MTOOYI0B1 B MaciITadl 3a 1IOCBIJUEHUMU
JaHUMH 11’ €30METPUYHOI JIiHIT Ta JiHil TOBHOTO HAIOPY.

Jlnist moyatky poOOTH 31 CUMYJISATOPOM MOTpiOHO 3amycTuty (aiin “SimulatorBERNULI.exe”.

3n100yBayi BUIIOi OCBITH 6adaTh MPOLEC TEPETBOPEHHS OJTHOTO By I'iIpaBIi4HOT eHepril
B IHIIMM, TP LIbOMY yBary NpuAUIAIOTh PIBHAHHIO bepHyIi 3araiom, a Takox HOro OKpeMum
CKJIaJIOBHM.

OCHOBHMM 3aKOHOM T'1/IpaBIIiKH € piBHAHHS bepHyIi, sike BUBYae€ThCA 3100yBadaMy BUIIO1
ocBiTH. 1I0ro BHKOPHCTOBYIOTH TIPU BHKOHAHHI TAGOPATOPHUX POOIT, IPAKTHYHHUX 3aHATH Ta
KypCOBHUX IPOEKTIB.

PiBHAHHS TiaponuHaMIKK (pyXy iJieaibHOi piAMHU) OTpuUMaB Ta ornyOnikyBas Jlaniens be-
paymi. [li3uime Jleonapn Eiinep orpumaB y cyyacHOMY BUIVISAL U epeHIiiaibHe piBHSIHHS
PYXy piIUHH.

PiBusinHs bepHysuti — 11e piBHSAHHS TIAPOIUHAMIKH, sIKe MOXKe OyTH 3allMCcaHo ISl 11eaIbHOI
a0o peanbHOI piguHKU. CKIII0BI PIBHAHHS MOKYTh MaTH Pi3HY PO3MIPHICTB: HAIOPY, TUCKY, ITUTO-
Moi eHeprii. PiBHAHHS, 3ancaHe y ¢popmi HaropiB (BUCOTHU MiHOMY PIAMHH Y CKIISIHUX TPYOKax):

2

Z+£+U—:const, (1)
P9 29
ne Z— BUCOTa pO3TallyBaHHS Mepepizy, SKUi pO3IIIsIaeThCs;

P — Tnck;
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0 — IPUCKOPEHHSI BIJILHOTO TaIIHHS;

p — TyCTHHA PiIUHY;

0 — MBUAKICTh PIAUMHH.

Piguna mokasye BCi TpH CKJIa0B1 MOBHOTO HAIIOPY B TOMY BUIAJIKY, SKIO KiHELb TPYOKH
CHpPSIMOBaHUHN Ha 3yCTpi4 MOTOKY pimuHH. [1’€30MeTpoM Ha3MBarOTh TPYOKY, SIKIIO 1i KiHEIb
PO3TaIOBaHUI HOPMAJIBHO JI0 JIiHIT MPOTIKAHHA PIAMHU. Y I1"€30METPi CTBOPIOETHCS TiIpocTa-
TUYHUHN HAIIp; BIH MEHIIIMH Ta BpaxOBY€ TUIBKHU JIB1 TIEepIIIi CKIaa0B1. [|j1s1 BU3HAYSHHS TUTOMOT
eHeprii HeoOXiTHO BCi CKJIaZOBI PiBHSIHHA bepHyIuIi MOMHOXHUTH HA onuHMIO cuin 1 H.

SIKI0 po3risiaaTy pyx ilealibHOi PiMHMU, TO BCI YaCTUHKU MAIOTh OJJHAKOBI CyMH THCKY,
NUTOMHUX CHEPTili OJMHHUIII Bard B €JIEMEHTApPHOMY CTPYMKY. SIKIIO PO3MIIAAaTd peaybHy pi-
JIMHY, TO TpH ii MEepEeMIIlleHHI YacTUHA CHeprii BUTPAaYaeThCsl HA MOJMOJIAHHS CHJI TEPTS, 10
BUHUKAIOTh MIXK €JIEMEHTAMH TTOTOKY, III0 PYXalOThCS 3 PI3HUMH IIBUIKOCTSIMHU.

PosrisHeMo yaCcTHHKY peanbHOI piAMHH, sIKa pOo3TalloBaHa Ha JiHII pyxy B nepepisi 1-1
(puc. 1), a Takox y nepepisi 2-2.
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Puc. 1. Onuc ma cxema ycmanogxku 01a 060X nepepizie

PiBusiHHs Bepuyrmi s a1Box nepepisiB 1-1, 2-2 mae Takuit BUI:

2 2
Zl+i+uzzz+i+u+n_2’ (2)
pP9 29 P9 20

ne hi2 — muTOMa eHepris OJMHHMII Bard piivHU, sKa BUTPauCHa Ha MOJOTAHHS CHJI TEPTS MK
nepepizamu 1-1 ta 2-2.

Bennunna eneprii, BUTpaueHoi Ha 1mo1oJanHs cui TepTs piguau (hi-2) Moke OyTH BU3Ha-
YeHa eKCIepIMEHTAIBHO a00 po3paxoBaHa.

PiBHAHHS 17151 TPHOX MEpepi3iB:

2 2 2
AL A S L N S AL B Y ®3)
Pg 29 pg 2 2

ae hiz = hio + hps.
Brparu Hamopy pinuHu nipu ii mpoTikaHHi OyBalOTh IO JOBXKHUHI 1 Ha MICIIEBUX OIOpax,
piBHsIHHST bepHysu1i 103BOJIsIE BpaXOBYBATH 111 BUTPATH.
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Ha puc. 2 300pakeHO eKCIIepUMEHTAIIbHY YCTaHOBKY, sIKa CKIIaIa€eThes 3 TPhOX OakiB, sKi
3’eHaH1 MK c000r0 TpyOOIO 5, sika HaxujeHa Ha KyT 30°, BOHA CKIIaIa€ThCs 3 TPHOX LMITIH/-
PUYHHUX JTIISTHOK Ta JUISTHOK, IO 3BY>KYIOThCS, a TAKOXK 3’ €HaH1 TpyOonpoBogamu. Ilnomri ne-
pepi3iB mepioi i TPeThOI HMITIHAPUIHOT NUISTHOK 5 TPYOH OHAKOBI, IpyTa IMIIHAPUYHA JIiJs-
HKa Ma€ MEHIIY IIJIOIILY Iepepisy.
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Puc. 2. Cxema cmenoa

J1o KOXHOT IMITIHAPUYHOI JUISTHKY TpyOH 5 npueaHaHi 3Buyaiina Tpyoka 6 ta Tpyoka [lito
7. Yci TpyOKH 3’€1HaHI 31 CKISTHUMU TpyOamMM CUHTETMYHUMM IIJIAHTaMM, CKJIIHI TPYOKH 3a-
KpIIUJIEH] Ha I’ €30METPUYHIN O, SIKa Ma€ KAy MOAUIOK, 3a JOMOMOT0I0 SKMX BU3HAYAIOTh
BEJIMYMHY MiJHIMAHHS PIAMHU B TPyOKax (II’€30MeTpax) BiJl yYMOBHO MPUHHATO! IJIOLIMHU Bif-
miky (0-0).

VY 1py0i 5 3HAXOIUTHCS BEHTWIIb &, SKUH MPU3HAYEHUH JUIsl peTyIIOBaHHS BUTPAT PiIUHH.
st Toro mo6 pinHA TeKa, BEHTUIL 8 BIIKPUBAIOTh, TO1 piauHA (BO/A) 3aJIE)KHO BiJl ITOJIO-
YKEHHS PyYKU NIepeMUKaHHs noctynae B 6ak /0 abo /1.

PiBHSIHHS HEPO3PUBHOCTI NOTOKY PIAMHA BUKOPUCTOBYIOTH JIJIsl BU3HAYEHHSI IIBUJIKOCTI Pi-
JIMHU B TIepepi3ax, a TAaKoX JJIs 11 KOHTPOJIIO.

JlaGopaTtopHa poOoTa BUKOHYETHCS B TaKiii MOCTITOBHOCTI:

1. BctanoBUTH MOCTiiHUI piBeHb pituHU. 1 1IbOr0 HEOOX1THO BUJAIUTH MOBITPS 3 CH-
HTETUYHUX [UTAHTIB 3a JIOMIOMOTOI0 KPAHHKIB, K1 3HAXOASITHCS HA KOXKHOMY 31 nutaHriB. [Tics
TOTO SIK HAIIOBHUTHCS 0aK 2, HEOOX1HO MEePEKPUTH BEHTHIIb /.

2. Bigkputu BenTuni /, § Tak, mo0 BuTpar OyJiu MiHiMaJIbHI pU pyci Boau 3 OaKy 2 yepe3

TpyOy J.
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3. CrabunizyBaTy piBHI piAMHU B TPyOax MOBHOTO HAMOPY Ta I’ €30METPUYHUX TPyOax, 3a-
NUCcaTH OTPUMAaHI MPU EKCHEPUMEHTI 3HAYCHHS PIBHA PIOUHM (BHCOTH) HA I €30METPUYHIN
IIKaJIi B TAOJHUIIO MPOTOKOITY JJab0PaTOpHOi poOOTH JIJIsl KOYKHOTO Tepepizy TPYOKH.

Tabmurs
Jlani, wo ompumani npu uKoHarHi 1aOOPamopHoi pobomu
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4. IToBropuTH 1. 3 AEKiNBKA pa3iB Ta 3aIKCATH OTPUMaHI 3HAUYCHHSI B TaOJIHIIIO.
5. Po3paxyBatu 3a popmyiioro (4) BeIMUMHY [TOBHOT'O HAIIOPY AJISl KOYKHOT'O 3 TPhOX Hepe-
piziB Tpyou (Hz, Hz, H3), Ta 3anmcaTy 3Ha4eHHs B TaOJIHULIIO.

H:Z+% (4)

6. PospaxyBatu 3a hopmyioro (5) cepeqHio MBUAKICTE (L1, V2, V3) PyXy HOTOKY PiITUHH B
KOKHOMY Iiepepi3i TpyOu.

v:% (5

ne Q- Burparu pinuHu (00°€M, SIKMI BUTIKAE 3a 4ac);

2
S — nyoma nepepisy, sika BU3Ha4a€eThes 3a hopmynoro S = 7D .

7. Bu3HauuTH BTpaTu €HEeprii Ha AUISHI, II0 3HAXOAUTHCS Mk Toukamu 1-2 (4 ;-2) Ta Ha
TUTSTHITL, 110 3HAXOAUTHCS Mik ToukaMu 2-3 (/4 2-3). Po3paxyHku 3aHecTd B TaOIUITIO.

8. 3pobuTH po3paxyHOK MOBHOI BTpaTH €HEPrii Ha AUISHII, 0 3HAXOIUTHCS MIXK TOYKAMHU
1-3.

VYci BulieHaBeeH1 A1l BUKOHYIOThCS Ha peaibHOMY JabopaTtopHoMy cTteHl. [Ipote, Mox-
JMBO, 3100yBay Xo4e IIe pa3 MPOBECTH 10 JabopaTopHy poOoTy, 00 BIOCKOHATUTH CBOi
3HaHH#, a00 OyBarOTh BUIAJKHU, KOJIU 3/100yBa4 BUIIOi OCBITH MPOIMYCTUB BUKOHAHHS LI€i Jla-
OopaTopHOi poOOTH 3 MOBAKHUX TpUunH. Hampukian, xBopiB. AOO HaBYaHHS 31HCHIOETHCS
JUCTaHIIIHO 1 3100yBayil HE MalOTh MOKJIMBICTH OyTH NMPUCYTHIMHU O€3MTOCEpEIHBO B peabHil
naboparopii. CaMme B IIMX BUIAJKaX 1 IPUXOASTH HA TonoMory iHopMarliiiHi TexHosnorii. Ha-
NPUKJIA/1, BUKOHAHHS I1i€1 1abopaTopHOi poOoTH Ge3nocepeIHbo Ha KOMIT I0Tepi 3 BUKOPUCTaH-
HSIM aHIMAI[IHOTO CUMYJISITOpA Ii€T JTabopaTopHOi poOOTH.

Ha puc. 3 HaBeneHo 3arajqbHUI BUIVISL CUMYJIATOpA CTEH/1A AJIsi BUBUEHHS piBHSHHS bep-
HYJUTI Ha TOYaTKy poOOTH.
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Puc. 3. 3acanvuuii suenso cumynamopa cmenoa (Ha nouamxy pobomiu,)

Ha puc. 4 npexacraBieHo, sk BepxHiii 0ak HAallOBHIOETHCS PIMHOIO 32 JOIOMOTOI0 BEH-
TUJISL.

Puc. 4. Cxema nanosnernns BEPXHbO2O baxa 3a 00NOM02010 6eHMUIIS

Ha puc. 5 npeacrasieHo, sk piijiHa MOXe NOTPAIUIATH 31MBHI 6aku (paBuii abo miBuil) 3a
JIOTIOMOTOI0 BEHTUJISI KEPYBaHHSI.

Puc. 5. Cxema 31u8y piounu y 31u6ni baxu

Ha puc. 6 npencraBieHo sk piiiHA BIABOJAUTHCS 3a JOTIOMOTOI0 TTapH TPYOOK 3 mepepiziB
TOJIOBHOI TPYOH Ta MOTPAIUISE 3a JOIMOMOTOI0 THYYKHX IIIJIAHTIB JI0 CUCTEMU BUMIipy (puc. 7).
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Puc. 6. Cxema 6i0800y piounu 3 piznux uacmuiu nepepizi 20108H0I mpyou

Puc. 7. Cxema niogody piounu 00 8UMIpr08anbHOI cucmemu 3a 00NOMO2010 HYYKUX WIAH2I6

Ha puc. 8 npencraBnena cuctemMa BUMIpIOBaJIbHOI IKAJH.

Puc. 8. Cxema eumiprosanvroi wxanu

Ha puc. 9 npezncrapnena cuctema, sika J03BOJII€ BUMIPIOBATH 00’ €M PiIMHU 32 3aaHHi yac.
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Puc. 9. Cxema cucmemu onsa sumiprogants 06’ emy pionu 3a 3a0aHuil 4ac

Ha puc. 10 npencraBieHo MOMEHT 3/1iHCHEHHsI BUBYEHHS PiBHAHHA bepHyl Ha cumyis-
TOpi J1abOpaToOpHOi POOOTH.

Puc. 10. Cxema suxonanus 1abopamopHoi pobomu (RpoMidCHULL MOMeHm)

Ha puc. 11 mpencraBieHO MOMEHT 3aKiHYCHHS] BAKOHAHHS JTA0OPATOPHOI pOOOTH IS T10-
JTAJIBILIOTO ONPAlLIOBAaHHS.

L =]

Puc. 11. 3acanvnuii suensio cumynsamopa cmeHnoy (8 Kinyi pooomu)
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BucHoBKH. 3arTpONOHOBaHNN HaBYATIBHUI CUMYJIATOP J1a00paTOpHOi pOOOTH 3 BUBYECHHS
piBHsHHS BepHyIIIi 103BOJIUTH Kpallle 3p03yMiTH MPOLEC, a TAKOXK € Ot HaouHUM. [IpoTe B
il mporpami He MOKHA YMOBIIBHUTH IMPOIEC aHiMallii eKcrepuMenTy. byno 6 mobpe, Ko
110 (QYHKIIIFO 0/1aMu B 1 HACTYIHIN Bepcii.
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STUDY OF THE BERNULLI EQUATION USING INFORMATION
TECHNOLOGIES (ANIMATION SIMULATOR)

Computer equipment together with the corresponding software must be used in the educational process.

Currently, in the process of studying various disciplines, many sources of various information are used. textbooks, the
Internet. In modern conditions, the use of computers in the educational process with highly intelligent software products opened
wide opportunities.

The student must study it in lectures, laboratory and practical classes. It is the use of computers and related software
products that allows us to improve the educational process, providing it with intensity and interactive content.

When studying academic disciplines, applicants for the laws of hydromechanics. When performing the laboratory work
applicants for higher education are invited to use an animation simulator.

The purpose of work is to suggest the use of a simulator in the educational process for studying the Bernoulli equation.

Bernoulli's equation is basic, necessary not only for studying the course of hydraulics. It is used in design of hydraulic
and pneumatic systems. It can be written for the case of real fluid flow. Its components can have the dimension of head.

The software product is designed to simulate laboratory work on the main sections of hydromechanics. Techniques for
performing laboratory work in the shell of a computer program provide for an acquaintance with a physical phenomenon and
the principle of operation of experimental installations and the procedure for performing work. Visual volumetric visualization
combined with interactivity contributes to the effective assimilation of educational material.

The simulator of laboratory work on the study of the Bernoulli equation allows you to make the learning process brighter,
more visual.

This article is of scientific and methodological character.

Keywords: educational process; hydraulics; Bernoulli equation,; modeling; simulator.

Fig:11. References: 9.
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JOCHIIKEHHSA TEXHO.JIOFH?[ IHOBEPXHEBOI'O 3MIITHEHHS
JAETAJIEM MAILIMH

YV emammi 0ocnidoiceno memoou nosepxneo2o smiyHeHHsA demaneii Mawut 3 6UKOPUCHIAHHAM e1eKMPOIMNYIbCHO2O BUIA-
OXHCYBAHHSL 3 MOOUGHIKYBAHHAM MA amiomMomepmii. JJoCniodHceHo 3HOCOCIMITIKICIb M iHMEHCUBHICIb 3HOUEHHS! OOCTIOHUX 3DA3KIE 3
BUKOPUCIAHHSIM MEeMOOY WNy4HUX 6a3. BusHaueno, wo 3Hococmitikicms nicist YpUKYILIHO20 eNeKmpoiMnyibCHO2O BUIAOIICYBAHHS
s6iuyemscs 6 1,8 pasa. Ilicna anomomepmii 3Hococmitikicms 36i1buyemscsa 6 2 pasu, iHMeHCUBHICIMb 3HOUEHHS NICA (puryiti-
HO2O eNeKmpOiMNYIbCHO20 BUNIAONCYBAHHS 3MEeHUWYEmbesl 6 1,6 pasza, nicns antomomepmii smenutyemocsi 6 1,8 pasa.

Knwowuosi cnosa: nogepxnege smiynenis; eleKmpoiMnyIbCHE GULAAOICYBANHS, AIIOMOMEPMIs, 3HOCOCMILIKICMb, iHMeH-
CUBHICTNb 3HOULYBAHHS.

Puc.: 5. Tabn.: 1. Bi6n.: 8.

AKTyaJIbHICTh TeMH A0CTi/IZKeHHA. [lepcrieKTHBHUM HapsMOM ITiJBUILEHHS eKCITyaTa-
IHUX XapaKTePUCTHUK JIeTaleil MamuH € GopMyBaHHS Ha IXHIH MOBEPXHI Iapy 3 0COOTMBUMU
BJIACTUBOCTSIMM, 110 BIJIPI3HAIOTHCS BiJl BIACTUBOCTEH OCHOBHOIO Marepiaiy. J[o MeTosiB Mo-
nudikarii MoBepXHEBOTO MIapy AeTajlel HaleXarh JACKUIbKa, a caMe: XiMivHI Ta XiMiKO-TepMi-
yHi (LleMeHTallis, a30TyBaHHs, HITPOLIEMEHTAllisl), TepMiuHi (rapTyBaHHSA CTpyMaMH BHCOKOI
4acToTH), 00poOKa BUPOOIB KOHIIEHTPOBAHUMHU MOTOKaMH €HEprii (IMy4KH eJIEeKTPOHIB, IJIa3-
MOBI IIOTOKH, JIa3epHE BUIIPOMIHIOBaHHS ), MEXaHI1YHI (IIOBEPXHEBO-IIACTUYHE 1e(hOPMYBAHHS)
Ta iH. [1]. [l mpakTUYHOTrO BUKOPUCTAHHS HAOUIbII NPUIHATHUM € BUKOPUCTAHHS €HEPro3-
Oepirarounx MeTO/IIB TOBEPXHEBOTO 3MILIHEHHS, /IO IKUX HaJeaTb, 30KpeMa, eJIeKTPOIMITyIb-
CHE BUIVIA/I)KyBaHHS 3 MOAU(IKyBaHHSIM Ta 3MILHEHHS 3 BUKOPUCTaHHSIM aimoMmoTepmii. [Joc-
JJIKEHHIO [TUX METOJIIB 1 MPUCBsIYE€HA HayKoBa poooTa.

ITocTanoBka npodsiemu. BukoprcTanHs B TEXHOJIOTTYHOMY IIPOLIEC] BUTOTOBJICHHS JA€Ta-
Jei MallluH TepMIYHMX omepariil nependadae 3011bIIEHHS] BUPOOHUYOTO UKy Yepe3 HeoO-
X1JHICTh NEPEPUBAHHS TEXHOJIOTTUHOTIO MPOIIECY, BUMArae CHeliabHOro eHeproeMHOro oona-
NHaHHA. BuxopucrtaHHs eHepro30OepirarouMx METOIB ITOBEPXHEBOTO 3MII[HEHHs 0e3
BUKOPHCTaHHS CIIEHiaTbHOTO OONaHAHHS Ta TEPEPUBAHHS TEXHOJOTIYHOTO MPOIECY JT03BO-
JIMTh 3MEHILIUTH TPYIOMICTKICTH 1 COOIBapTiCTh BUTOTOBJIEHHS MPOayKIlii. ToMy BUHUKaEe HEOO-
X1JTHICTB TOCIIKEHHS €HEPro30epiratouux METOIiB, 30KpeMa eJIEKTPOIMITYILCHOTO BUTIIAKY -
BaHHS 3 MOAU(IKYBaHHSAM Ta 3MII[HEHHS 3 BUKOPUCTAHHIM aJIOMOTEPMIi.

AHaJI3 ocTaHHIX H0CiIxKeHb i myOJikaniii. Y po6oTi [2] BUKOHAHO JOCITIIKEHHS TeX-
HOJIOT11 ()OPMYBaHHS 3HOCOCTIMKHUX AUCKPETHUX MOKPHUTTIB €JIEKTPOKOHTAKTHUM METOJIOM Ha
JeTalIX TUILY Ti71 o0epTaHHS. ABTOpaMH JOBEEHO, 10 BUKOPUCTAHHS MOKPUTTIB JUCKPETHOT
CTPYKTYPH IiJBUILY€E HECYUYy CIIPOMOXKHICTb MOKPUTTIB. PpUKILIHHE IeKTPOIMITYIbCHE MOJIH-
¢ikyBanHs (DEM) BUKOPUCTOBYIOTH JJIsl 3MILIHEHHS JIeTajei, 1110 MaloTh 3HAaKO3MIHHI HaBaH-
TakeHHs npu po6oTi. Peanizaniss ®EM 31ilicHIOETbCS HAHECEHHSIM MOKPUTTS y BUIVISAL TBEp-
JI0T 3Ma3KH Ta BUIVIAPKYBAHHSAM 3 TIPOITYCKAHHSIM 3MIHHOTO CTPyMy 4epe3 30Hy o0poOkw [3].
Ckian Mmoaudikaropa ta pexumu @EM 3yMOBIIOIOTh OTPUMaHHS JUCKPETHOI CTPYKTYpH.

Crnioci6 3MiITHEHHS CTalIeBUX JCTAJICH, 3alpONOHOBAHUN aBTOpamMu [4], mojsrae B HaCcH-
YeHH1 MOBEPXHi 00pPOOIIOBAHOI JIeTajli MeTajJaMH Ta KOMIIO3UTHUMH MarepiajaMy i3 3acTocy-
BaHHSIM CIICIIaTbHOTO 00IaHAHHS Y CEPEIOBHII apPTOHY METOIOM TFOMIHOTEpMIi. Y pesyiib-
TaTi 301IBIIY€ETHCS MIKPOTBEPIICTH MOBEPXHEBOTO IIAPY Ta 3HOCOCTIHKICTB.

© Tynynos B. L., Oaumyx C. T'., 2021
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BujgisieHHs1 HeoCIiIZKeHUX YACTHH 3arajibHoi npoojemu. Cepel po3IIITHYTHX METO/IIB
3MIITHEHHS € MaJIOJI0CJIIIPKEHUMHU MTUTAHHS BIUTMBY Ha 3HOCOCTIWKICTh BUPOOIB TEXHOJIOTIYHUX
METO/IIB €JIEKTPOIMITYJIbCHOTO BUIIA/XKYBaHHS 3 MOIU(IKyBaHHAM Ta 3MIHEHHS 3 BUKOPHC-
TaHHIM aJIOMOTEPMii Ha BIAKPUTOMY MOBITPI.

IMocTanoBka 3aBaaHHs. MeTOO pOOOTH € JOCITIDKEHHS TEXHOJIOT1H MOBEPXHEBOTO 3Mill-
HEHHS JIeTalIeil MalllMH 13 BAKOPUCTAHHSM €JIEKTPOIMITYIbCHOTO BUIJIA/KYBaHHS 3 MOIUQIKY-
BaHHSIM Ta 3 BUKOPUCTAHHAM aJTIOMOTEpMIii Ha BIIKPUTOMY TIOBITPi.

Bukiaa ocHOBHOro marepiaiy. MeTo/ eeKTpOiMITyJIbCHOTO BUTIIA/DKYBaHH 3 MOAH(Di-
KyBaHHSM Tiepeadadae BUKOPUCTAHHS SIK MoaudikaTopa qucynbdimay momioaeny (MoS:). Oco-
OJMBICTIO ILOTO Marepiaily € Horo mapysara cTpykTypa. KoxHuii map KoB3a€ BiIHOCHO iH-
I0r0, YuM OOYMOBIIOE HU3bKHH KoedilieHT TepTsa. He3Haune HarpiBaHHA Ta BHUCOKI
HABaHTAXXCHHS HE MPHU3BOAATH J0 Horo 30iubieHHs [S]. EnekrpoiMiyibcHE BUIIIAIKYBaHHS 3
Moa(iKyBaHHSIM 3aCHOBAaHE Ha TO€JIHAHHI CHJIOBOTO Ta TEIUIOBOTO (PaKTOPIB HA HAHECCHHIA
NOTIEPEIHBO LIap TBEPAOro 3MalleHHs (puc. 1, a). OTpuMaeMo peryssipHy JUCKPETHY CTPYK-
typy (PIC) moBepxHi, 10 € MOEAHAHHSAM 3MIIIHEHUX (parMeHTIiB 3 AUCYIb(igoM Momibaeny
(MoS>) ta ¢pparmenTiB 3 okcugom momaioaeny (MoOs). Pexxumu BUTIIapKyBaHHS, 9acToTa Ta
TPUBANICTH IMITYJIbCIB CTPYMY BU3HAYAIOTh PO3TAllyBaHHA 3MIIIHEHUX (pparMeHTiB [6]. Dpar-
MeHTU okcuy moinibneHy (MoOs) € pe3ynpraToM OKHCIEHHS IUCYabdiay MoIiOAeHy Ipu Te-
maeparypi 600 °C, 1110 € HaIBHOIO B 30HI 0OPOOKH.

BuxopucranHs METOIy aTFOMOTEpMIi 103BOJIsIE€ OTPUMATH OKcu amoMiHito Al2O3 Ta Xxpom
Cr y pesynbrari XiMigHo1 peakiii. Okcug xpomy CroO3, MeTalieBuid OPOIIOK anoMiHio Al Ta
3B’s13yBajibHA PEYOBMHA HAHOCSATHCA HAa TTOBEPXHIO 3pa3ka mapom ToBiuHow 0,5-1 mm. 3aro-
TOBKA BUTOTOBIIAETHCS 3 Kpyriioro npokary 3i ctaii 40XH 1 3akpiruitoeThest Ha onpaBlli B TPH-
KyJIa4KOBOMY MaTpOHI TOKapHO-TBUHTOpPi3HOTrO Bepcrata Mof. 16K25. IIpu o6poOiui oTpumye
obepranHs 3 yacToToro 63 XB™'. Ha eeKkTpo, 1o nepeMillyeThesl B 03I0BKHBOMY HAMPIMKY
31 mBHUAKICTIO Ds = 2 MM/XB, IOJJAEThCS €IEKTpUUHUN cTpyM Harpyroto 12 B. [Ipomec amomo-
TepMii 31HIIIIOETHCS AYTO10, 1110 BUHUKAE (puc. 1, 6) [7].

e |

Puc. 1. Peanizayis memoois smiyHeHHs:
a — eneKmpoIiMnyibCHe ULTIAONCYBAHHS, O — Memoo aloMoOmepMii

Mertanorpadiyti 10CHiKEHHsS] METalIeBUX 3pa3KiB, 3MILHEHUX METO/IaMU €JIEKTPOIMITY-
JLCHOTO BUTJIAJ)KYBAaHHS Ta METO/IOM aJlFOMOTEPMIii, BUKOHYBaJIUCh B 3aBOJICHKiN 1abopaTopii
[IpAT «HoBokpamaTropchkuii MaITMHOOYAIBHUIA 3aBOJIY.

XiMIYHMH CKJIaJ MaTepialy 3pa3KiB BU3HAYaBCS 3a JOTIOMOTOI0 PEHTTEHO-(IIyOpeCleHT-
HOTO Ta CIIEKTPAJIbHOTO aHami3y. Pe3ynbTaTtu aHani3y npeacrasieHi B Tabm. 1.

56



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

Tabmmus 1
Ximiunuti cknao mamepiany 3pasKise
HocaixxyBana Bwmict esiemenTiB, %
CTpYKTYpa c | s | mn]|] P | s | o | N [ cu | A | Mo
peHTreHo-(DIyopecIeHTHUH aHaTi3 (TTiCis aTFOMOTEPMIi)
3MITIHEHHIA 11ap - 1553 | 0,31 - - 1094 | 054 | 006 | 610 | 0,19
OCHOBHHH MeTal - 0,45 0,63 - - 0,66 1,18 0,12 - 0,05

CHEKTPALHUHT aHai3 (ITiCIsI AIFOMOTEpMii)
ochoBmiimeran | 048 | 031 | 066 | 0015 ] 0,018 | 062 | 1,27 | 012 [ 0022 ] ©
CIIEKTPAILHUHN aHaTi3 (ITiCIsl eIEKTPOIMITYIbCHOTO BUTIIADKYBaHHS 3 MO IKYBaHHSIM)
OCHOBHHI MeTal 0,40 0,31 0,67 | 0,014 | 0,022 | 0,61 1,25 | 012 | 0,022 | 0,05

05

40XH 0,36- 0,17- | 0,50- 0,45- | 1,00- ] ]
[OCT 4543-71 0,44%001 | 037 0,80 <0,035 | <0,035 075 1.40 <0,30

Pesynbratu gocimiKeHHS CBiIYaTh MpO HACHYEHHS 3MIIIHEHOTO MIapy 3pa3KiB XPOMOM i
ATIOMIHIEM MICIS aJTIOMOTEPMIi Ta MOJIIOIEHOM MICIS €IEKTPOIMITYJIBCHOTO BUITIA/KYBaHHS. Y
MaKpOCTPYKTYpi Marepiairy 3pa3ka TPIlluH, paKOBUH, TIOP, HEMETAJICBUX BKIIOYCHD Ta 1HIINX
neheKTiB MeTadypriifHOro Xapakrepy He BUSBIICHO.

Teepaicte Marepiaiy, mo Oyna Bu3HadeHa MetoqoM Poksena, cranoButh 18HRC.

MikpocTpyKTypa Marepiaily 3pa3KiB BUBYaJIAcCs 3a JOIMOMOTOI0 MeTanorpadigHoro Mikpo-
ckona «Heodot-30» mpu 36imbmennsx 100x, 500x (puc. 2). 3pa3zok nporpasmtoBaBcs 4%-M
posunHoMm HNOs. V 3pa3ka miciis antoMoTepMii BUSIBICHA 30HA, 110 BIAPI3HAETHCS ICKPABO CBi-
TJIOIO TPABUMICTIO B IOPIBHSHHI 3 OCHOBHUM METAJIOM.

PiBenb MikpoTBepa0CTI BU3HAYeHO Ha MikpoTBepAoMipi [IMT-3 npu HaBaHTa)KkeHHI 25 T.
MikpoTBepAicTh 3pa3ka micis antoMoTrepmii Ha rmbuHi 0,025 MM BiJ MOBEpXHI CTAHOBUTH
370 + 380 H/Mm?%, Ha rmu6uui 0,07 MM — 170 + 200 H/mm?. MikpoTBepicTs 3paska Iicis ejie-
KTPOIMITYJIbCHOTO BUIVIAJ)KYBaHHS MPHU PIZHUX peKUMax OoOpoOKM 3HaXoAusacs B 1HTEpBail
3,5...7,7 T'lla, npu nouarkosiii 2...2,12 I'Tla.

Puc. 2. Mikpocmpyxmypa nosepxnegoi 301u 3pa3sxie (30invuenns 500x):
a — eleKmpOoIMNYIbCHE ULNAONCYBAHHSA, O — ANIOMOMePMIs

MikpocTpyKTypa MaTtepiany 3pa3kiB (puc. 2) siBisie cob0ro mepiiT i Gepur mo mexax 3e-
pHa. Bennuuna 3epHa ouiHoetbes 6,0 Homepom mikanu Nel TOCT 5639-82.

Jiis mocipKeHHsT 3HOCOCTIHKOCTI JeTaneld, 00poOIeHNX METOAAMH €JeKTPOIMITYILCHOTO
BUIJIQ/DKYBAHHS Ta aTIOMOTEpMIi Ha BIIKPUTOMY TOBITPI BUKOPHUCTOBYBABCSI METOJI IITYYHUX
6a3 [8]. BunpoOyBaHHs MPOBOIUIIOCH HA YCTATKyBaHHI 32 METOMKOIO BUITPOOYBaHb HAa MAIIIMHI
TEPTS 33 CXEMOIO «IHMCK-KOJIOAKa». YMOBHU BUIpoOyBaHb OyiM Taki: HaBaHTaxeHHs G = 1 kH,
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gacToTa 0bepranns 1 = 1400 xB™', ymoBH TepTs (cyxe Tepts). KOHTp-Tiziom ciyryBas 6apxar-
HUI HANMIOK (25 3y0uiB Ha 1 cM?), BUTOTOBJIEHHUIT 3 iHCTPYMEHTaIbHOI ByIeneBoi cTam Y13A
3 1BepaicTio 54-58 HRC.

3a pesynsraTaMy eKCIIepruMEHTIB OyIi oOyI0BaHi rpadiky 3HOIIEHHS, 3HOCOCTIMKOCTI Ta iH-
TEHCUBHOCTI 3HOIICHHS JIOCIIKYBAaHUX 3Pa3KiB MiCIIs 3MIITHEHHS aTFOMOTEPMIEI0, EIIEKTPOIMITY-
JLCHUM BUTIQ/DKYBAaHHSM Ta ITICISI MEXaHI9HO1 00poOKu Oe3 3MiltHeHHs (puc. 3-5).

3HOLWeHHA 3pa3Kie
04

¥

0,35 3 _

0,3 .--})--“—_:_/_ i_ -

0,25 _— —
£ 02 — L
< 015 - |

0,1 = 1

0,05

0 2 4 = 8 10 12 14 16

yac EMNpobysanun, KB

Puc. 3. 3nowenns nosepxmi 0ociionux 3pasKis:
1 — nicaa anromomepmii, 2 — nicis uenaoxcysants, 3 — 6e3 3MiyHeHHs

3HOCOCTIMKICTb 3pasKiB

16 1 =
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s 12 — £ P
Z 10 — | - i
2 s - —
£ g —_—
Fil 3
2
0
0 2 2 6 8 10 12 14 16
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Puc. 4. 3nococmitixicms nogepxni 00C1iOHUX 3PA3KIB:
1 — nicra anromomepmii, 2 — nicis uenadxcysants, 3 — 6e3 3MiyHeHHs
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Puc. 5. Inmencusnicmo 3nouenHss no8epxHi O0CTIOHUX 3PA3KIB.
1 — nicaa anromomepmii, 2 — nicis uenaoxcysants, 3 — 6e3 3MiyHeHHs
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VY pesynprati ®EM 3HOCOCTIHKICTh MTOBEPXOHB 3pa3KiB 30umbIIyeThes B 1,8 pasa, a npu
METO/I1 31 3aCTOCYBaHHSM ATFOMOTEPMIi 301IbIY€ETHCA B 2 pa3H, IHTCHCUBHICTh 3HOIICHHS BiI-
MOBIAHO 3MeHITyeThes B 1,6 Ta 1,8 pasa.

BucHoBku. Y poOOTi TOCTI/PKEHO METOAM MOBEPXHEBOTO 3MIIIHEHHS 3 BUKOPUCTAHHSIM
€JIEKTPOIMITYJILCHOTO BUTJIA/KYBAHHS 3 MOJAM(IKYBaHHSIM Ta ATIOMOTEPMii Ha BITKPUTOMY I10-
BiTpi. Pe3ynbratu ekcnepuMeHTaIbHUX TOCHIPKEHb CBiAYaTh MPO Te€, M0 JOCIIHKEHI METOIH
3a0e3MeuyoTh 30UTbIIEHHS MIKPOTBEPAOCTI MOBEPXHI. 3HOCOCTIHKICTD HICIS €IEKTPOIMITYJIIb-
CHOTO BHTJI/PKyBaHHS 30UTbITyeThCs B 1,8 pasu, micis amoMmoTtepMii — B 2 pa3u. [HTEHCHBHICTh
3HOIICHHS MOBEPXHI MICJIs eNEKTPOIMITYIbCHOTO BUTIIAKYBaHHS 3MEHIy€eThes B 1,6 pasa, mi-
cis amomoTepmii — B 1,8 pasa. [IpencraBieni B poO0Ti pe3yabTaTH TOCHTIKEHb MOXKYTh Halasl
OyTH BUKOPHCTaHI JIsl CTBOPEHHS TEXHOJIOTIYHOTO TIPOIIECY BUTOTOBIICHHS JIETaICH 3 BUKOPH-
CTaHHSM OIlepalliii 3MIITHEHHS 3aMiCTh TEPMIYHOI OTepallii.
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RESEARCH OF SURFACE REINFORCEMENT TECHNOLOGIES
FOR MACHINE DETAILS

A promising direction to improve the performance of machine details is the formation on their surface of a layer with
special properties that differ from the properties of the base material. For practical use, the most acceptable is the use of
energy-saving methods of surface hardening, which include, in particular, electropulse smoothing with modification and hard-
ening using aluminothermy. Scientific work is devoted to the study of these methods.

The use of energy-saving methods of surface hardening without the use of special equipment and interruption of the
technological process will reduce the complexity and cost of manufacturing. Therefore, there is a need to study energy-saving
methods, in particular electropulse smoothing with modification and hardening using aluminothermy.

The aim of the work is to study the technologies of surface hardening of machine parts with the use of electropulse
smoothing with modification and with the use of aluminothermy in the open air.

Electropulse smoothing with modification is based on a combination of power and thermal factors on a pre-applied layer
of solid lubricant. Molybdenum disulfide was used as a modifier. The method of aluminothermy allows to obtain alumina and
chromium, which create a protective reinforced layer on the surface of a part. The microstructure of the surface layer of a part
after hardening operations, microhardness was studied. The wear resistance, wear intensity of prototypes using the method of
artificial bases are investigated.

Wear resistance after electropulse smoothing increases by 1.8, after aluminothermy by 2; the intensity of surface wear
after electropulse smoothing decreases by 1.6, after aluminothermy by 1.8.

Keywords: surface hardening; electropulse smoothing; aluminothermy, durability; wear intensity.

Fig.: 5. Table: 1. References: 8.
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C. 55-60.
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KAPOCTIAKICTD JJU®Y3IHHUX IOKPUTTIB HA OCHOBI XPOMY
TA KPEMHIIO HAHECEHUX HA BYTJVIELHEBY CTAJIb

Y pobomi npeocmasneni pezynomamu 00CaiONCeHHS HCAPOCMIUKOCHT OUDYZIIHUX XPOMOCUTIYUOHUX NOKPUMMIG HAHe-
ceHux Ha cmanv 45 2azoeum memooom. Bemarnosneno, wo npu komniexcHomy xpomocuniyirosanui cmani 45 gopmyromucs
NOKpUMMmS, wjo CK1aoaomuscs 3 0680x wiapis. kap6ioie xpomy Cr23Cs, Cr7Cs ma meepoozo pozuuny Si ma Cr 6 a-Fe. 3azanvna
moswuna noxpummie cmarnosums 100 ymrm, mikpomeepdicme dopisuroe 19,5 I'lla. 3a KinemuuHUMU 3aN1EHCHOCHAMU OKUC-
nenns 6 memnepanmypromy inmepsaini 800-1000 °C nobydosaro napamempuuny 0iagpamy i#capocmitikocni, ska 00360J5€ NPo-
800UMU OYIHKY 008208IYHOCTI 3AXUCHO20 OUPY3IUHO20 XPOMOCUTIYUOHO20 NOKpumms npu pisnux memnepamypax oo 1000 °C.
Toxazano, wo ompumani ROKpUMMs GU3HAYAIOMbCI BUCOKOIO HCAPOCMILIKICMIO.

Knrouoei cnosa: xpom,; kpemniii; Oughysitini nOKpummsi; Hcapocmitikicms.

Puc.: 6. Tabn.: 1. bion.: 12.

AKTYaJIBHICTh TeMU JOCTiIKeHHs1. 3aXUCT METaTIB BiJl Ta30BOi KOpO3ii 3a0e3meuye T0B-
roTpuBaie GyHKIIIOBAaHHS AETaJIei MAIIUH Ta KOHCTPYKIIii, BATOTOBJICHHX 13 BYIJICIIEBUX CTa-
neii. Tomy ams 3a0e3neYeHHs eKCIUTyaTaliiiHoi HaJiHOCTI Ta 30UIbIIEHHS PeCypCy BUKOPHC-
TaHHS METaJIEBUX BHPOOIB HEOOXITHO BECTH MOIIYK €()EKTHBHHUX NUISXIB MIABHINCHHS IX
YKAPOCTIHKOCTI Ta KOPO3ilHO1 cTiiikocTi. HanecenHs audy3iiiHUX MOKPUTTIB MPHU3BOIUTH 10
3MIHU XIMIYHOTO CKJIaJy, CTPYKTYPH 1 BIIACTUBOCTEH MOBEPXHEBOTO ILApy CTaJIeH, MiJBUILY€E
KOpO3iiHY CTIHKICTh Ta )KapOCTIMKICTh MPU PI3HUX YMOBAX eKkcruryarartii [1-7].

ITocTanoBka npodaemu. Po60TO3AaTHICTD PI’KYy4Oro 1HCTPYMEHTY 13 3aXUCHUMHU AU(y-
31MHUMU MOKPUTTAMH 3QJIEKHUTh 3HAUHOIO MIPOIO BiJ IXHBOI JKapOCTIMKOCTI, SIKa € OAHIEIO 3
HalBaXXJIMBIIIUX (PI3UKO-XIMIYHMX XapaKTepUCTUK. Bigomo, o TeMneparypu HarpiBaHHs IiJ
rapTyBaHHs BYIVIELIEBHX CTajeil 1exuTh B iHTepBaii remnepatyp 750-900 °C [7]. BpaxoBytoun,
110 B TEXHOJIOTTYHOMY IpOILieci HalOUIBII IPOCTUM € HarpiBaHHsI 1] FapTyBaHHS B MOBITPSHIN
arMocdepl, BU3HaAYCHHs] MOXJIMBOCTI ITPOBEIEHHS 1I€T oneparii npu oopob1i craneit 3 nudy-
31{HUMU MOKPUTTAMHU Ma€ MpakTUUHUH 1HTepec. OCTaHHIM 4acoM JI0 TOKPUTTIB, 1110 BUKOPHUC-
TOBYIOTh Y IIPOMHUCIIOBOCTI, BUCYBalOTh KOMIIJIEKCHI BUMOTH, SIKUM ITOBHHHI BIATOBIAATH JH-
by3iitHl mokpuTTA. Bigomo, 1m0 Takuii KoMIjieke (Ppi3uKo-XiMIYHUX BIACTUBOCTEH MOXe OyTH
JOCATHYTHH HIJITXOM HaHECEHHsI Ha TIOBEPXHIO cTaneil Tudy31HHUX MOKPHUTTIB 32 y4acTIO ABOX
abo0 JEeKUTbKOX eJIeMEHTIB. XPOMOCHIIIIIIOBaHHS — BIJJOMHI Mpolec XiMiKO-TepMidHOT 00po-
OKWU, SIKUH 1oJiArae B HACHYEHH] METAaJIiB Ta CIUIaBiB XpPOMOM Ta KPEMHIEM 3 METOIO TiIBUILIICHHS
iXHBOT KAPOCTIMKOCTI, KOPO31iHOT cTiikocTi [1; 3].

Mertoro poboTu Oya0 JOCIITUTH KAPOCTIMKICTh AUPY31HHUX XPOMOCHIIILIUTHUX TOKPHUT-
TiB, SIKI HAHECEH1 Ha CTa)Ib 45 po3poOIECHUM HaMU Ta30BUM criocobom [8; 9].

Buxaan ocHoBHoro marepiasy. J[udy3iiiHi MOKPUTTS HAHOCWIIM HA 3pa3Kku 31 ctaii 45
ra3oBUM MeToZioM. [IJisT HaHECEHHsT XPOMOCHJIIIMIHIX TTOKPUTTIB BUKOPHCTOBYBAIN YCTaHO-
BKY, sika Oysa BUrotosieHa Ha 6a3i maxtHoi neui CILIOJI 1.1.6/12 npu temnepatypi 1373K ta
napuiaabHOMy THCKY B kamepi 107 I1a 3 BUKOpPHCTaHHAM HOPOILKiB (epoCUIiIlii, XpoMy, a Ta-
KO YOTHUPUXJIOPUCTOTO ByIyewto Ta rpadity [9]. HocmimkeHHs MIKPOCTPYKTypu Audy31iHIX
I1apiB IPOBOAMIIM Ha eNEeKTPOHHOMY Mikpockomi-Mikpoananizaropi CAMEBAX SX-50. Pen-
TreHOCTPYKTYPHHI aHasi3 mpoBoauiK Ha yctanoBii JIPOH-3-M y monoxpomarnunomy CuKa
BUITPOMIHIOBaHHI. MIKpOTBEpAICTh BUMIpIOBAIN 3 BUKOpUCTaHHIM npuiany [IMT-3. XKapo-
CTIMKICTh MOKPUTTIB BUBYAJIM TEPMOTPABIMETPHUYHUM METOAOM Ha ycTaHOBIII «JlepuBatorpad
Q-1500D» (mpu HarpiBaHHiI 3pa3kiB y armocdepi MOBITPsS BIPOJOBXK OIHIET TOAWUHHU 0O
1000 °C), a Takox y crierianbHO po3po0iIeHiil maxTHii eyl (Mpu TeMreparypax i30TepMidHOT
ButpuMku 700-1000 °C Ta yaci okucHeHHs 1-6 roguam). JloCimiKeHHS TPOBOIMIIN 3 BUKOPHC-
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TaHHSIM aHaJTITHIHUX Tepe3iB Mapku AJIB -200 Ta Tepmoperynsaropa mapku EIT/[-120. 3a na-
HUMHU MaCOMETPHUYHUX JOCIIKEHb PO3PaX0OBYBaJIl MaCOMETPUUYHUIN MOKa3HUK KOpO3ii Ta Oy-
JyBaJH 3aeXkKHOCTI Am — T, 1e Am — 3MiHa MacH 3paskiB (T) 3 moBepxHi S (cM?) 3a yac BUIPO-
OyBanHs T (roxuH) [10]. ¥V poboti Oynu moOynoBaHi mapaMeTpUyHi JiarpaMu >kapoCTiHKOCTI B
koopauHatax lgq — P (me q — murome 306inmbIeHHsT Macu, P — mapamerp >xapocTiiikocTi) s
OIIIHKY JIOBIFOBIYHOCTI 3aXMCHUX MOKPUTTIB [Is Temiieparyp ao 1000 °C [11; 12].

PeHTreHoCTpyKTYpHUM MOIIAPOBUM aHAIi30M OyJI0 BCTAHOBIICHO, 1110 HA TOBEPXH1 3pa3KiB
Ha cTani 45 qudysiitauil map ckaagaeThes 3 ABOX 30H — 30BHiMHEBOT (10-15) 1076 M, sKxa Mic-
TUTh KapOimu xpomy Cr23Cs 1 Cr7C3 (3 OutbmuM BMicToM Kapoiny xpomy Cra3Ce), Ta BHYTpiIII-
Hb01 (60-80) 107° M, sika sBIA€ coboro TBepAMii po3unH Si Ta Cr B a-Fe (puc. 1). 3aransHa To-
BiIMHA MOKPUTTIB — 100 MxM. MikpoTBepaicte audysiiiHoro mapy craHoButs 19,5 I'la.
MikpocTpykTypa Audy3iiHOTO TOKPHUTTS MpeICTaBlIeHa Ha (puc. 2).
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Puc. 1. JJugppaxmoepama noeepxni 3pasxis
cmani 45 3 komnaekcHumu xpomocuniyuonumu Puc. 2. Mikpocmpykmypa xpomocuniyuonoco
nokpummsmu, eunpominroeanus Cu Ko nokpumms na cmani 45, X500

(% -CrsCs, A - CrzCs, - Fea(Cr,Si)

ITpu BHCOKOTEMIEpaTypHOMY OKHMCHEHHI 3pa3KiB 13 XPOMOCHIILUIHUMH HOKPUTTSIMHU B
iHTepBani temnepatyp 170-250 °C cnocrepiraeTbcsi NPOTIKaHHA TUIBKH OHIET XIMIYHOI peak-
11, sIKa OB s3aHa 3 NOMIMHAHHAM Teruia. [lpu 1boMy, He3BaXkaroun Ha 3HAYHUHM €K30TepMid-
Hull epext, Ha KpuBHUX 3MiHU MacH (TT') Ta mBuakocti 3mMiHU Macu 3paskiB (ATI') no remmne-
patypu 1000 °C HIIKUX ICTOTHUX BIIXWJIEHb BIPOJOBXK OJHIET TOAMHHU HE CIOCTEPITAETHCS
(puc. 3). Taka BIACYTHICTb 3MIHM MacH 3pa3KiB 13 XpOMOCHJIILIMIHUMHU MOKPUTTSAMU MpU Ha-
rpiBi 1o 1000 °C Ta mepedir Tinbku oaHi€i XimMiuHoi peaxiii mpu Temnepatypi 170-250 °C moxe
CBIJIYUTH TIPO T€, 1110, MaOyTh, CaMe B IIbOMY IHTEPBaJi TeMIIEpaTyp Ha iXHii MOBEPXHI yTBO-
PIOETHCS LIUTbHA, HEBEJIMKA 32 MACOIO Ta TOBIIMHOIO OKCH/IHA ILTiBKA, SIKa i 3axuiae qudys3ii-
HUI map BiJ HOro MoJanbIIOro OKMCHEHHS.

g
- i

#

T

Puc. 3. Kpusi sminu macu (TT), weuokocmi sminu macu (AT1) ma 3minu emicmy menia
(ATA), ompumanux npu oKucieHi 3pasKia i3 XpoOMOCUTIYUOHUMU ROKPUMMAMU HA cmani 45
npomseom 1 200unu
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JIy1st BUBYCHHS KIHETUKHA OKMCHEHHS cTail 45 Ta craii 45 13 XpOMOCHITIITUIHUMHI TTOKPUT-
TSIMH, OTPUMAHMUX IPU PI3HUX YMOBaX 130TepMiuHOI BUTPUMKH, 32 JOCTIIHUMH JaHUMH OyIn
moOy/10BaH1 3aJI€KHOCTI 301IBIIEHHST MacH 3pa3KiB BijJ 4acy OKHMCHEHHS IpH TeMIlepaTrypax
800—-1000 °C (puc. 4). SIx MoxHa MOOAYUTH 3 HABEICHUX EKCIIEPUMEHTAILHUX TaHUX, MEXa-
HI3M OKHCJIEHHS XPOMOCHIIIIMAHUX TU(PY31HHUX TOKPUTTIB MPHU BCIX JOCIHIHKEHUX TEMIIepa-
Typax MaroTh MapaboiuHUN XapaKTep, 0 MOXKE CBIAYUTH PO TUQyY31HHUN MEXaHI3M MTPOLIECY
okucHeHHs. CrpaBeniuBicTh MU(Y31HHOTO MEXaHi3My OKHCIEHHS MOKPHUTTIB MiATBEPIKY-
€ThCS TAKOXK MOOYIOBAHUMHU HaMM rpadiyHUMHU 3QJIEKHOCTIMU B KoopauHaTtax lgq - 1gt, sxi
JUIS HaBEJCHUX TEMIIEPaTyp OKUCIICHHS MAlOTh MPsAMY JIiHi0, KOe]IlieHT KOpesLii SKuX J10-
piBHIOE 0,96 -0,99 BigmoBigHO (puC. 5).
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Omfs mrfom?

0 | b} i 4 5 o
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N QA0 roaes
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Puc. 4. Kinemuuni kpusi oxucienns cmani 45 (a) ma cmani 45 3 ougysitinumu
XPOMOCUNIYUOHUMU NOKpummAMU (0) npu pi3HUX memnepamypax

120

0,0 '

0,30 DA ase TR
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Puc. 5. 3anexcuicms lgq - 1Q7 0151 3paskis iz XxpomoCuniyuOHuUMU NOKPUMMIMU
npu memnepamypax sumpumxu 1 — 800 °C; 2 — 900 °C

[IpoBeneni pocaimkeHHs crani 45 nokazanu, uo npu temmeparypi 700 °C — mBHUAKICTD
KOpO3ii cTaHOBUTH 7,64 Mr/cM? micis ofHiel ToAMHY BUMPOOYBaHb, IpU Temreparypi 800 °C —
22.4 mr/cm?. [Tpu momanpIoMy miABUINEH] Yacy OKUCIEHHS MIBUIKICTh KOPO3ii 3HAYHO ITi/IBH-
nyeThes — 10 55,4 mr/cm’. HaHeceHHs Ha MOBEPXHIO cTalli 45 XpOMOCHIIIIMIHUX TOKPHUTTIB
MPUBOUTH 70 TIIBUIIEHHS ii kapocTiikocTi. [IpoBeneHi MacoMeTprdHi JOCHTIKEHHS TTOKa-
3aJy, 110 MBUJKICTh OKMCJICHHS MOKPUTTIB, SIKI OyJM HAaHECEHI Ha CTaslb 45, MiCis OfHIET To-
JUHK BUIPOOYBaHb CTAHOBHTH BianoBiaHo (Mr/(cm?): mpu Temmnepatypi 800 °C — 1,64; npu Te-
mueparypi 1000 °C — 3,74, a Bxe micis MIeCTH TOAWH BUIIPOOYBaHb MIBUJKICT iX OKHCICHHS
CTaHOBUTH BifMoBigHO (Mr/(cm?): mpu Temmnepatypi 800 °C — 2,42; npu Temnepatypi 1000 °C —
7,64. HeBricoka MIBUIKICTh OKUCIICHHS XPOMOCHITIIIUTHUX TTOKPUTTIB, HAHECCHUX Ha CTallb 45,
Moxe OyTH 00yMOBJICHAa YTBOPEHHSIM 3aXUCHHX LIAPiB XpPOMY, 1110 BXOJHUTH /10 CKJIaLy TBEPIOTO
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PO3YHMHY IMOKPUTTS HA cTalli 45, HEBEJIMKUM BMICTOM 3aii3a B iX kapOimHux (azax, 3Ha4HO Oi-
JBIIOK0 YacTKOI0 Y HUX Kapoiny Cr23Ce, skuid Ma€ OUTBII BUCOKY CTIHKICTh 10 OKHCIICHHS, HIXK
kapoin Cr7Cs[2].

PeHTreHoCTpyKTYpHUM aHAII30M BCTAHOBJICHO, 1110 HA MTOBEPXHIi CTaM 45 3 KOMIUIEKCHUMU
XPOMOCHITIITUTHUMHI TOKPUTTIMHU (QIKCYETHCS TIOSIBA OKCUIHUX TUTiBOK XpoMy (Cr203) ta SiOa,
SK1, SIK B1JOMO, MOXKYTb 3arajbMOBYBaTH IporiecH Au]y3ii B IOBEpXHEBOMY ILIapi MPH BUCOKO-
TeMIepaTypHOMYy OKuciieHHI [3]. MiKpOpeHTIeHOCIEeKTpadbHUM aHali30M BCTAHOBJICHO, 1110
KUIBKICTh XpOMY 32 TOBIIMHOIO TIOKPHUTTS 3MIHIOEThCA Bix 52,3 10 52,9 % Mmac., 3amiza Bixg 18,7
1o 22,2 % mac., kucHto Bif 1,8 10 0,6 % Mac., BMICT KpeMHit0, 110 3AaTHUH CYTTEBO MiABUIIUTH
YKApOCTINKICTh MaTepialiiB, y 30BHIIIHII 30H1 HOKPUTTS cTaHOBUTH BifA 0,42 at1.%, y BHyTpill-
Hill — 10 8,15 at.%. MikpoTBepaiCTh MIAPY MOKPUTTS MICIIsl OKUCIEHHS AEUI0 30UIbIIY€EThCS 1
cranoButh 20,5 I'Tla.

[TpoBeneHi noCiiHKEHHS TO3BOJIMIIN IIISTXOM TTOOYI0BH TTapaMeTPUYHOI JiarpamMu xapo-
CTIKOCTI MPOBECTH OLIIHIOBAHHS JOBTOBIYHOCTI 3aXUCHOTO U (y31HHOTO MOKPUTTS AJIsl PI3HUX
temneparyp 10 1000 °C. Po3paxyBaHHs mapameTpy >KapOCTIHKOCTI MOJIATAE Y BU3HAYCHHI BU-
pa3y Ui mapamerpa 1 piBHSHHS >KapocTidkocTi [11], TOOTO B 3HaXOMKEHHI PIBHAHHSA, SIKE
OB 513y € XapaKTEPUCTUKY OKATMHOCTIMKOCTI MeTary (MuToMe 301IbIIeHHS MacH q) 3 apame-
TpoMm xapoctiiikocTti P : q = f(P). ®i3uynHuii 3MicT napameTpa xKapoCTiHKocTi — 1ie Gi3uIHa Be-
JMYUHA, IIBUIKICTh 3MiHHU SKOI B Yaci MporopuiiHa (3a MOIyJIeM) iCTHHHINA IIBUIKOCTI OKHC-
HEHHSI MeTally, pO3paxoBaHOl 3a BENMYMHAMH BIIHOCHUX 30inblieHb MacH. s moOymoBu
napaMeTpUYHO] AiarpaMu MPOBOIAMIIN BIAMOBIAHI po3paxyHkH [ 11; 12], sixi HaBeneHi B TabmwIIi,
a mapaMeTpHuHa JiarpaMa rnpeicTaBicHa Ha (puc. 6).

Tabmmis
Pesynomamu pospaxynkie napamempis scapocmiukocmi
OUDY3IUHUX XPOMOCUTTYUOHUX NOKDUMMIB
Temneparypa, | 10° 1 Hac oxue- | IpupicT Macw, | Q-lge [TapameTp
K T'K H::;I;;’ gt mr/cm? 99 R.T |apocriiikocri, P

1073 1 0 1,64 0,22 8,6 8,7
2 0,301 1,96 0,29 8,2

3 0,477 2,06 0,31 8,1

4 0,602 2,17 0,33 7,8

5 0,699 2,29 0,36 7,7

0,932 6 0,778 2,42 0,37 7,5

1173 1 0 2,07 0,31 7,6 7,8
2 0,301 2,49 0,39 7,5

3 0,477 2,80 0,44 7,3

4 0,602 3,03 0,48 7,2

5 0,699 3,40 0,53 7,1

0,852 6 0,778 3,51 0,62 7,2

1273 1 0 3,74 0,57 7,2 7,3
2 0,301 4,66 0,67 6,8

3 0,477 574 0,76 6,7

4 0,602 6,42 0,82 6,5

5 0,699 7,06 0,84 6,4

0,785 6 0,778 7,64 0,90 6,3
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Puc. 6. [lapamempuuna diacpama s’capocmitkocmi Ougy3itino2o XpomMoCcurliyuOHo20 nokK-
pumms Ha cmani 45 3a pe3yrbmamamu iCNUMI HA HCAPOCMIUKICID
npu memnepamypax 800-1000 °C npomszom 1-6 2cooun

Takum yrHOM, MUQY3iliHE XPOMOCWITIIIIOBaHHS CTali 45 MPHU3BOAMUTH 10 YTBOPEHHS Ha
MOBEPXHI KOMIUIEKCHUX IMTOKPHUTTIB 13 3arajabHOr0 ToBIIMHOIO 100 MKM Ta MikpoTBepaicTio 20,5
['Tla, sixi MaroTh BUCOKY kapocTiikicTe. [Ipu Temmeparypi 800 °C criiikicTh 1udy31iHHAX MOK-
pUTTIB nepeBulrye crainb 45 y 20 pa3i, a B yMoBaxX OKUCIIEHHs npu Temmneparypi 1o 1000 °C
3aJMIIaeTbes Ha piBHI Hepxkasitouoi ctam 08X17T. Lle no3Bossie pekoMeHayBaTH MOKPUTTS
JUIsl BUKOPUCTAHHS MPH MiJBUILEHUX TeMIIepaTypax.

BucnoBku. [ludysiiine xpoMocuiiitoBaHHs cTaji 45 103BoJIsIE OTPUMYBATHU Ha ii oBep-
XHI OKPUTTS, SIK1 CKJIafaroThes 3 kapoiaiB xpomy CrrCs, Cr23Ce Ta TBepnioro po3unny Cr ta Si
B 0-Fe. [TokazaHo, 1110 OTpUMaHi MOKPUTTS BU3HAYAIOTHCS BUCOKOIO >kapocTiikicTio. Ha mose-
PXH1 TOKPUTTS GOPMYETHCS IIap OKAINHU, IKUH ckianaeTbes 3 okeuaiB Cr203, Si02. Mikpor-
BepAiCTh An(y31HHOrO Mapy miciis BUIpoOyBaHb Ha KapoCTIHKICTh 30u1bInaacs 10 20,5 I'Tla,
1110 3yMOBJIEHO, BIpOTiIHO, PO3YMHEHHAM KUCHIO y 1Iapi KapOi/liB XpoMmy.

3a KIHETUYHUMH 3aJIEKHOCTAMU OKHUCIICHHS 3pa3KiB 13 1u(y31HHUMHU TOKPUTTAIMHU B TEM-
neparypaoMy inTepBaii 800—-1000 °C nmoOynoBaHa mapaMeTpuyHa jiarpama »*apoCTiMKOCTI,
sKa JJ03BOJISIE 3/11MCHIOBATH OLIIHKY JIOBFOBIYHOCTI J1(y31i{HOrO MOKPUTTIB MpU TeMIIepaTypax
1o 1000 °C. HaneceHi 3anporoHOBaHUM CIIOCOOOM XPOMOCHIIILIM/HI MOKPUTTS HE MOCTyHa-
IOTHCS )KAPOCTIMKOCTI 1HIIUM AU(Y31HHUM MOKPUTTAM Ha OCHOBI XpOMY, KPEMHII0, AJTFOMIHIIO.

OTpumaHi HaMH 3alPOIIOHOBAHUM CIIOCOOOM XPOMOCHIIIIIM/IHI TOKPUTTS, HAHECEH1 Ha BY-
IJICIIeBI CTali, JO3BOJSIFOTH PEKOMEHIYBaTH iX Ui BHUKOPHUCTAHHS B YMOBaX OIHOYACHOTO
BIUIMBY KOHTAKTHUX HaBaHTAXXEHb Ta MiJBUILEHUX TEMIIEPATYD.
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HEAT RESISTANT OF DIFFUSION COATINGS OBTAINED
BY CHROME AND SILICON ON CARBON STEEL

Diffusion coatings provide a way of extending the limits of the use of the materials at the upper end of their performance
capabilities, by allowing the mechanical properties of the substrate materials to be maintained while protecting against wear,
oxidation, and corrosion. Complex saturation of carbon steels with chromium and silicon allows to form two-component
diffusion layers on their surface that have improved functional characteristics than one-component one.

The research objective was to study the heat resistance of diffusion chromosilicide coatings that were applied to carbon
steels by the gas method.

In this work the diffusion coatings were deposited in a closed reaction space at reduced pressure of the active gaseous
phase formed via using rational amounts of silicon and chromium powders, CCly activator on temperature of 1373K for 6
hours. This paper has been established that the complex chromosilicide treatment of steel 45 produces coatings consisting of
chromium carbides Cr23Cs, Cr7Cs and solid solution of Si and Cr in a-Fe. The total thickness of the coatings is 100 um, the
microhardness is 19.5 GPa. The paper presents the results of the study of heat resistance of diffusion chromosilicide coatings.
The based kinetic dependences of oxidation in the temperature range 800-1000 °C, a parametric graph of heat resistance was
constructed, which makes it possible to estimate the durability of the protective diffusion chromosilicide coating at various
temperatures up to 1000 °C.

The results of the research showed that the stability of diffusion coatings exceeds steel 45 by 20 times at a temperature of
800°C and the remain stable under oxidation conditions at the level of stainless steel 08X17T up to 1000°C.

Keywords: chrome; silicon, diffusion coatings, heat resistance.

Fig.: 6. Table.: 1. References: 12.

Sauesny K. XKapocrilikicTs qudy3iiHHEX TOKPUTTIB HA OCHOBI XpOMY Ta KPEMHII0 HAHECCHHUX Ha BYIJICLICBY CTalb. TeXHiuni HAYKU ma mex-
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67


mailto:ycarolin@ukr.net
https://orcid.org/0000-0002-3975-7727

Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOT'II
TECHNICAL SCIENCES AND TECHNOLOGIES

DOI: 10.25140/2411-5363-2021-3(25)-68-77
VIIK 66.063.62

Onexcin I'opnocmaii

imkeHep I xareropii lepxaBHoro mianpueMcTBa « Mi>KHApOIHUH IIEHTP €IEKTPOHHO-ITPOMEHEBHX TEXHOJIOTIH
IHCTHTYTY eexTpo3BaproBaHHs iMeHi €. O. [Tatona»
E-mail: gornostai.o.v@gmail.com. ORCID: https://orcid.org/0000-0003-4961-7397

EBOJIIONIA CTABIVIBHOCTI HAHOYACTHUHOK Ag TA Cu
Y JUCIIEPCHUX CUCTEMAX OTPUMAHUX
METOAOM PI3UYHOTI'O OCA/I’KEHHA Y BAKYYMI

Ilpeocmasneni mexnonoziuni eapianmu OMpPUMAHHA OUCHEPCHUX CUCTNEM 3 HAHOYACMUHKAMU cpibna ma midi 3a 0o-
NOMO02010 Memo9y eleKmpOoHHO-NpomeHeao2o ocadxcenns (EB-PVD) 3 nanpaenenum napo8o2o nOmoKy Ha NOBEpXHIO PiOKUX
mampuysb-Hociis. [locnioxceno mopgonozito, posmipu, cmpykmypu i cmabiibHicme y 4aci HAHOYACMUHOK cpibaa i midi 8
ompumaHnux oucnepcuux cucmemax. Ilpedcmasneni npuxnaou cmadinbHOCmMi KOMRO3UMI HA OCHOGI 2liyepury, noaimempa-
2i0pohypany, oniti CUHMEMUUHO20 MA POCIUHHO20 NOXOONCEHHSL 3 HAHOYACMUHKAMU Memanie posmipom 15...52 um. Cma-
OinbHicmb OucnepcHux cucmem 6ya1a NOKPAueHa WAXOM BUKOPUCAHHSA OUCNEPCHUX CUCTNEM HA OCHOGI Mampuyb i3 HU3b-
Koo memnepamyporo Kpucmanizayii. 3acmocy8ants MOHOMEPI6 3 HU3LKOIWO MeMnepamypor0 Kpucmanizayii modce cmamu
anbmepHamueor0 0si 000AMK0OB020 UKOPUCAHHS NOBEPXHEBO AKMUSHUX PEUOBUH, WO CNPOWYE npoyec 30epieanis HaHo-
4aCMUHOK i po3uupioe cgepy ix 3acmocysanisi.

Knruoei cnosa: enexmponno-npomernesa mexronozis EB-PVD, oucnepchi cucmemu; HAaHOYACMUHKU cpioaa i Mioi.

Puc.: 5. Tabn.: 1. bibn.: 23.

AKTyaJIbHICTh TEMU J0CJiKeHH . [[ikaBicTh 10 HOCIiKkeHb (PyHKITIOHATLHUX MaTepi-
ajiB, Mo MicTiATh HaHOoYacTUHKU (HY) MeTaniB, MIBUIKO 3pOCTaE BIPOJOBK OCTAHHIX POKIB
yepe3 IXHi yHiKanbHI ¢i3uko-xiMiuHi [1], mexaniuni [2; 3] Ta GioysoriuHi BracTuBoCTi [4-7].
ToMy Ha CbOTO/HI AOCTIKEHHS (PYHKLIOHAIBHUX MaTepiajiB, 10 MICTITh METaIX HAaHOMET-
POBOTO PO3MIpY € aKTyaJIbHUM 3aBJIaHHSIM.

ITocranoBka npo6jaemu. OTprMaHHs (QYHKIIOHAJIHUX MaTepiajiB 0a3yeThCcsi HacaMmIiepes
Ha KOMIO3UIIIWHUX HAHOCTPYKTYPHUX MaTepiajax, M0 CKJIAJal0ThCs 3 XIMIYHO PI3HOPIIHUX
KOMITOHEHTIB Y BUIVISII TBEPAUX 200 PIAKUX MATPULb (JUCIIEPCHUX CUCTEM) 13 HAHOPO3MIPHUMHU
YaCTUHKAaMH HEOpPraHIYHMUX pedoBHH. [1i1 yac cuHTE3y HAHOYACTUHOK B 00’ €Mi IMCIIEPCHUX CH-
CTeM, OCHOBHI TPYAHOILI ITOB’s3aH1 MepeIyciM 3 arioMepalli€l0 YaCTUHOK YHACHIIOK Jii cuin
Ban-nep-Banbca Ta iHmmx cuin MibkMonekyisipHoi B3aemonii. HecrabinbHicTs posmipy HY y
00’€eMi JUCTIEPCHUX CUCTEM 0e3M0CepeaHbO BIUIMBAE Ha MPOSB 3a3HAYEHUX BUILE BIACTUBOCTEH
1 nepemkoakae epekruBHOMy BUKopucTaHHI0O HY Ta 3Ha4uHO 3011b11Iy€ BapTICTh BUPOOHMIITBA.

AHaJii3 ocTaHHiX gocaikensb i myOaikauiii. [IpoBeaenuii anamiz miTepaTypHUX JKepen
nokasas, 1o cuare3oBadHi HY nmotpelOyroTs BUKOpHCTaHHS METOMIB iX cTtabiumizarii. OCKIIbKH
HaHoMmarepiaaun abo HAHOMPUCTPOi 3 (PYHKIIOHAIBHUMH BIACTUBOCTIMH Malloe(eKTHUBHI,
SIKITIO BOHH MOKYTh 30€piratu CBOi BJIaCTHBOCTI JIUIIIE TIPOTATOM KOPOTKOTO Yacy. Tak, 3ajexHo
BiJ] CII0cO0y OTpUMaHHS, KOHIIEHTpaLlii, po3Mipy Ta TemreparypH 30epirants, yac cTabijibHO-
cti po3mipy HY BinpizuseTses [8].

[IpoBeneHi mociimKeHHS €BONIOIIT cTabiabHOCTI B poOoTi [9-11] BusiBIIH, IO 3acTOCY-
BaHHS IBOX THUIIIB MOBEpXHEBO-akTUBHUX pedoBuH (ITAP), a came kationHux ta anioHHUX [TAP
3011bIIy€e yac cTabiapbHOCTI aucniepcHux cucteM 3 HU Ag nopiBHsHO 3 Buxignumu HY 6e3
crabimizaropa. Haitkparnuit pe3ynprar moka3ainu cTadiini3aTopu Ha ocHOBI KatioHHuX [TAP yn-
ponosx 70 1i0. IIpu 11boMy 3Ha4HA KIJIBKICT JIITEpaTypHUX Jpkepen [12] BkazyroTh Ha Te, 110
cTab1I13yI04l areHTH OBUHHI OyTH CyMICHUMH 3 OJAJIBIIO0 (PyHKIIIOHATI3AI[IEI0 Ta 3aCTOCY-
BanHsAM HY. V gesxux BUMaakax METOAM cTadimi3allii, ki MOBHICTIO BioKpemitoroTh HY Bifg
30BHILUIHBOTO CEPENOBHINA, MOXYTh (DAaKTUYHO 3pOOUTH iX IHEPTHUMHU Ta HEEPEKTUBHUMHU.
Taku unHOM, MOTPIOHO 30epertu OajgaHc MiX piBHEM akTUBHOCTI Ta ctabinpHOCTI HY. Kpim
TOTO, SIK TUIBKM HaHOMAaTepialiu 3aCTOCOBYIOTHCS B KIHIIEBUX MPOAYKTaX, TOCTIKEHHS CTa0i-
apHOCTI HY cTae ckimaaHIIMM, OCKUIBKM pealibHe 3aCTOCYBaHHS HAaHOMATepialiB 4YacTo
MoB’s13aHe 3 OaraTbMa B3aEMOJIIOYMMU XIMIYHUMU Ta (QI3UIHHUMH TIPOIIECAMH.

© l'opHaocraii O. B., 2021
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3arasiom 3a OCTaHH1 ACCATUIITTS KITBKICTh POOIT, 110 MPUCBSIYEHA JOCITIPKEHHIO HAHOMAa-
TepialliB eKCIOHEHIiITHO 30imbpImacs. [Ipu oMy 3Ha4Ha KUTBKICTh pOOIT 30CepeKeHa 3/1e-
oinpmroro Ha cunTe3l HY (3mini popmu HY, po3mipy, KoHIIEHTpaIlil) Ta MOMIMIICHHIO TPOIYK-
TUBHOCTI CAMUX METOJIIB CHHTE3Y, TOA1 SIK CTa0IbHICTh Ta PEeaKIliiiHa 31aTHICTh HAHOYACTHHOK
BHBYAJIACh MEHIII IHTEHCUBHO.

Bujinenns HexoCizKeHMX YACTHH 3arajbHoOi npodaemu. HegocratHro iHGOpMariii B
poboTax, 1110 ONMCYIOTh: BIUTMB crioco0y onepskands HY Ha arperartiiiny 3matHicts HY Ta ixHIO
CTaOLIBHICTD Y AUCIIEPCHUX CHCTEMaX, CHHTE3 HAHOUYACTHMHOK 0e3MocepeiHbo B 00’ eMi KiHIle-
BOro BUpoOy, a00 OJTHI€T 3 HOTO CKJIa0BHX. TaK, HANPUKIIA/, cTabi1i3aTOPOM MOXKE BUCTYTIAaTH
MaTpHUIls HOCIH, 10 € CKIIaJI0BOI0 YaCTUHOKO KIHIICBOTO MPOMYKTY. TaKuM YHMHOM, MaTPUIIS HO-
ciii Moxe BUKOHYBatu Tpu (pyHkiii: orpumanas HY, ix 30epexeHHs Ta 3acrocyBanHs. BoaHo-
4ac y MepeBakHii KiTBKOCTI poOiT cTabumbHicTs HY mocimimkyBamucek B 00’ e€Mi ei0HI30BaHOT
BOJIH, sIKa B OUIBIIIOCTI BUITA/IKIB HE € CKJIAJ0BOIO KIHIIEBUX BUPOOiB.

BaxumBuii 1 meton cuntedy HY, mepemycim Tomy, 1o came Biff METOY 3aJISKUTh J13€Ta
noteHuian orpumanux HY 1 BiAMOBIgHO IX CXMIBHICT A0 arperamii. Kpim Toro, y Gi1bmocTi
cthep 3acrocyBannass HU: meaumuna, dapmMaltis, Karaii3 — HEIOIYCTUMO HAsBHICTh HaBITh HAli-
MEHIIHUX JoMimoK. ToMy MeTonu XIMIYHOTO CHUHTE3y Ta MEXaHIYHOTO MOAPIOHEHHS HE BiAMO-
BiJJAIOTH TIOBHOIO MipOt0 BUMOraMm 3actocyBanHs HY y 3a3HaueHnx Buie raimyssax. Metonu ¢i-
3UYHOTO OCA/KEHHSI y BaKyyMi M030aBJIeHI IUX HEIOMIKIB. A came — eJIeKTPOHHO-ITPOMEHEBU I
METOJ/I BUIIApOBYBaHHS 1 ¢izmuHoi KoHAeHcamil napu (Metox EB-PVD). Bin mobpe cebe 3ape-
KOMEH/IyBaB y BUPOOHHUIITBI TBEPAUX HEOPTaHIYHIX KOMIIO3UTIB, MOXKE OyTH aJlanTOBaHUM IS
CHHTE3Y HaHOPO3MIpHHUX CTPYKTYyp. EnekTpoHHuil mpoMiHb — OJHH i3 Halle)eKTUBHILINX JKe-
pen HarpiBy, OCKUJIBKM IIPU HarpiBaHHI JOKEPENo TeIla po3MILIYeThCsl O0€3M0CepeiHbO B ca-
MOMY TiJIi ¥ 3a0e3euye MakCuMallbHy [IOBHOTY IIEPETBOPEHHS €JIEKTPUYHOI €HEPrii B TEIIIOBY
e”eprito [13; 14]. Yci TexHOIOrUHI IpollecH BiA0OYBaIOTHCS Y BaKyyMi, TOMY HE CYIIPOBOIKY-
FOTHCSI BUKHJIOM IIKIJJTMBUX TAPiB 1 ra3iB y TOBKILIA.

Mera pocaigkenns. OTpumaru JUCTIEPCHI CUCTEMHU 3 HAHOYACTUHKAMHU Mifi Ta cpibna 3a
JIOTIOMOTOI0 METO/ly €JIEKTPOHHO-IIPOMEHEBOI0 OCAKEHHS Y BakyyMi. BusHauuTu ctabisib-
HICTb, IIOJI0 arperailii CHHTe30BaHUX HAHOYACTUHOK cpibia il Mili B OTpUMaHUX JUCHEPCHUX
CUCTEMax Ha OCHOBI PiJIKHX MAaTPHUIlb CHHTETUIHOTO Ta MPUPOTHOTO IMTOXOIKEHHSI.

Bukuiag ocHoBHoro marepiaJty. Ha puc. 1 mokasasi 1Bi cxeMH €JI1eKTPOHHO-ITPOMEHEBOTO
BHITAPOBYBAHHs MeTaliB. Puc. 1, ¢ — npsive BumapoByBaHHs. Moro 31iliCHIOIOTh TIEPEBAXKHO 3
M1THOTO BOJJOOXOJIO)KYBAHOTO THIJIS 3 BIIKPUTOIO IIOBEPXHEIO BUMapoByBaHHs. Ha puc. 1, 6 —
BUIIApOBYBaHHs 3 peakTopa. L{eil BapiaHT BUnapoByBaHHS /1a€ 3MOTy (pOpMyBaTH NapoOBUH TO-
TiK 33JJaHOT IPOCTOPOBOI OpiEHTAIli1, HAacaMIepe] 3BepXy BHU3, 1 peai3yBaTH 0CaKeHHS Mapu
Ha TOPU30HTAJIbHI MOBEPXHI CUMy4HX 1 Tekyunx MaTpullb 13 KK/ npubauzno 50 %, mo Bax-
JUBO B pa3i oca/KeHHs KomToBHUX MatepianiB (Cu, Ag, Au, Pt) [15].

< BUIIAPHUK
B B

IMOBCPXHA

TOBEPXHS <+~ EIl EIT

a o
Puc. 1. Cxema ¢pizuunoco npoyecy sunapogyeants i KOHOeHcayii-
a — npsame 8UNapo8ysanHs, 6 — eunapogyeanus 3 peakmopa [16]
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[Ipu mpoBeneHi mociimkeHb OylaM 3acTOCOBaHI JabOpaTopHi BHIAPHUKHA PEAKTOPHOTO
Uy npoayktuBHicTio 10 rp/roa. ocmiHi 3pa3Ku piAKMX CHCTEM 13 HAHOPO3MIPHUMHU YaCTH-
HKaMH METaJliB BUTOTOBJISIA Ha JaOOpaTOpHiN €JIeKTPOHHO-IIPOMEHEBINM YCTAHOBIII MTOTYXHi-
ctio 25 kBt 1 Hanpyroro 20 kB, po3pobnenoi i Burorosnenoi B J{I1 «Mi>xkHapoaHuii ieHTp ene-
KTPOHHO-TIpOMEHEBUX TexHojoriid iM. €. O. Ilarona». Pimgunu, crabiapHI y Bakyywi,
PO3MIIIYBaJIM B IUIACKI MiJHI BOIOOXOJIOMKYBaHHI €eMHOCTI miamerpom 100...150 MM, 3aBBH-
mku 20...40 MM. 3a 1OMOMOT0I0 MEXaHIYHHUX MPUCTPOIB 3MIMCHIOBAIHN iX e()eKTHBHE MIEepeMi-
IIyBaHHS 3 OHOYACHUM «OIPOMIHEHHSM» CIIPSIMOBAHOTO MAPOBOTO MOTOKY. Bakyym y kamepi
TIpU OCAKEHHI Tapy TiATPUMYBABCs NPAKTHYHO TOCTiiHUM piBHEM ~ 107> T1a. Yac onpowmi-
HeHHs cTaHoBUB 5...10 xB. Temmnieparypa piguau Oyna B mexxax 300...330 K. Otpumani 3pa3zku
3 koHI1eHTpartiero cpidna (100...300 mr/n) 1 migi (350 mr/im) 30epiranmch npu Temmneparypi T =
280 K y remHomy mici. [lepernik qucnepciiHUX cepeioBUI HaBEASHO B TaOMuIi 1.

Busnauenns ¢opmu, posmipy HY 3aiiicHioBanu 3a JOMOMOTOI0 MPOCBIUYBAIbHOI €IEKT-
ponnoi Mikpockorii (IIEM) micist iX BHIIy4eHHS 3 AUCTIEPCIHHOTO CEPEIOBHINA 32 TIOTIOMOTOFO
PO3UMHHUKIB. SIK pPOZYMHHHUKY OyJIU 3aCTOCOBAaHI: I€10HI30BaHa BOJIA, 130MPOIMIIOBHIA CIIUPT Ta
rekcat, uig rminepuny, [ITT'® Ta pocnuaHuX 0ii BignmoBigHo. OTpuMaHi 3pa3Ku HAHOCHIIH
HAa CIEIialbHY BYIIIEHEBY CITKY, 3 MOJAJBIIO0 CYIIKOK PO3YMHHHUKA Ha MOBITPI 32 KIMHATHOL
temmneparyp. [1iciis HOBHOTO BUCHXaHHS 3/1HICHIOBAIN 3HOMKY Ha €JIEKTPOHHOMY MiKPOCKOIT
HITACHI H-800 3a npuckoptrorouoi Harpyru 100 kB i3 po3aiibHOIO 3[1aTHICTIO: Y MIPOCBIUY€E
pexumi — 0,2 HM, pacTpoBoMy pexumi — 3 HM. PoOOTH 3 BH3HAYEeHHsI KOHILIEHTpaIlisl cpibna i
MiJi B TUCIIEPCHUX cucTeMax Oynu BUKOHaHI B [HcTuTyTi Meaununu npaui HAMH VYkpainu 3a
JIOTIOMOTO0 METO/Ty aTOMHOEMICIITHO1 CIIeKTPOMETPii 3 IHIyKTUBHO 3B’ s13aHOI0 Tu1a3Moro (AEC
ICIT) na mpunaai Optima 2 100 DV ¢ipmu PerkinElmer (CIIA) BignosiaHo 3 metogamu [17;
18]. Po3aMip HaHOYACTHHOK 0O€3MOCEPEHBO B IUCIIEPCHUX CUCTEMAX BU3HAYAIH 3 JIOTIOMOTOIO
MeTony J1azepHoi kopessuiinoi cnektpockomnii (JIKC) (Dynamic light scattering) na npumnani
ZetaSize Nano-S («Malvern», Benukobputanis). [Ipunag obnannanuii remiii-neonosum (He-
Ne) na3epoM i3 10BKUHOI0 XBUJI 632,8 HM 1 moTyxkHicTio 4 MBT. /liana3oH BUMiproBaHHS Ipu-
nagy ctaHoBUTh Bif 1 M 10 20 MM [19].

Tabmums 1
Iepenix oucnepciiinux cepedosuwy ons docnioxcenns [20; 21]

HIinbHICTB, B’s3kicte | MomspHa

HalimenyBaHHs nuc- . .
Y ®i3uuHuiil cTaH Tiun, K
n, cIl | maca, r/moxb

MIEPCIHHIX CHCTEM r/cMm3

MonomepH (IIPeKypCcOpy CUHTETUYHUX TOJIIMEPIB)

Ininepun IIpo3opa pinguHa 1,26 563 1490 92,1
FITr® B:}jzz’pzz(;(:tfoospﬁga 0,98 523 440 1000
Outii (CHHTETHYHOTO Ta POCIIMHHOTO MOXOKCHHS )
Baseninose macio be3bapBra B’s13ka piguHa 0,89 473 160 350
N Pimuna 30JI0THCTO-)KOBTOTO 300...
BIATIHKY 0,92...1,10 443 35...81 -

Ipumimxa. Temnepamypa nnagienHs npu HOPMATbHOMY AMMOCHEPHOMY MUCKYROimempaziopogypan

Taxox meton JIKC BuKOpuCTOBYBaM JTsl BUSHAYEHHS CTa0lTbHOCTI CEPEAHBOTO PO3MIPY
YaCTHUHOK Y 4Yaci. JlucrepcHi cucTeMH Ha OCHOBI POCIMHHUX OJII BUMIPIOBAINCS 32 KIMHATHOT
temrepatypu T =280 K. JlucnepcHi cucteMu Ha OCHOBI DIIIIIEPUHY Ta ToJliTeTpariapodypany
(ITTT'®) npu BumiproBani Mmetonom JIKC migirpiBamucs no remneparypu T = 325 K, 1o Takox
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CIIYTyBaJIO 3HWKCHHIO B’S3KOCT1 Ta 301JIBIIIEHHIO BIPOT1AHOCTI OTpUMaHHS pe3ynbTaTiB. Jloaa-
TKOBO JUJISl AUCTIEPCHOI CHCTEMH Ha OCHOBI INTILIEPHHY 3 HAHOYACTHHKAMHU METAJIIB SK CTa01Ii-
3YFOUMIA areHT 3aCTOCOBYETHCS TIOBEPXHEBO aKTHBHI peUOBHHH, a came moBifoH ([IBIT) mapku
K-17 3 MonekynsapHoio Macoro 10*mansTomn.

[Ticns ocamkeHHS MapOBOTO IMOTOKY, BIIOYBAETHCS 3MiHA KOJIBOPY AUCIIEPCIHHOTO cepeno-
BUIIA. 30KpeMa, TIIILEPUH YHACIIIOK «OIPOMiHEHHS» TApOBUM ITOTOKOM Cpibiia 3 6e30apBHOIO
MIPO30POI0 PIIMHM IEPETBOPUBCS HA CBITIIO-CIPUH BIATIHOK IO BChOMY 00’ €My, BOTHOYAC 3aJH-
IAI0YHCh TPO30PUM YIPOJOBXK YChOTO Hacy crocTepekeHHs. Taki K BiATiHKH HaOyBanu
[ITT'® i BazeninoBe macio. PocinuHHa 0J1is1 y BUX1THOMY CTaHi1 Majia CBITJIO-KOBTHH KOJIp, TTi-
CJISl OCA/KCHHS ITAPOBOTO MOTOKY Ccpibiia pOCIMHHI 0TIl 3MIHWIM KOJIip Ha O1IbIN TEMHUU Bifl-
TIHOK >KOBTOTO KOJIbOPY. OTIpOMiHEHHS TAPOBUM TTOTOKOM MiJIi 3MIHMJIO OUTHIA KOJip BUX1IHO1
marpumi [ITT'® Ha cBiTnO-KOpHYHEBHiA BinTiHOK. [Ipn mpocBiuyBaHHI OTPIMaHUX KOMIIO3HTIB
3a JIOTIOMOTOFO JIA3ePHOT0 MPOMEHIO CIIOCTEpiraiach mosiBa CBITIIOBOro KoHycy (edekr TiH-
naist). [IpucyTHICTh TAaHOTO ONTUYHOTO €(EKTy MiATBEPIIKY€E HAsIBHICTD YACTHHOK PO3MipOM
1o 100 aM [22]. Y BUXIAHHUX PIIKUX MATPUIIX Lel ONTUYHHUMA eeKT OyB BiJICYTHIH.

Ha puc. 2 npeacraBieHi pe3yyibTaT TOCTIDKSHHS TUCIIEPCHUX CUCTEM HACHYCHHUX HAHO-
yacTUHKaMH cpibna i mizai 3a gornomororo metoay JIKC.
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Puc. 2. Cmpykmypa ma xapakmepucmuka HaHOYACMUHOK:
a, 6 — kpusi posnodinennus H4Y 3a pozmipom y oucnepcmuux cucmemax ompumani (JIKC);
6 — ceimaononvte 300paxcenns H4 mioi ma enexmponoepama (IIEM);
2 — eicmozpama posnoodiny H4 3a posmipamu

B orpumaniif aucnepcHiii cucteMi IIiepuH — Ag NMPUCYTHI YACTHUHKU 13 CEPETHIM Ti/I-
poaMHAMIYHUM JiaMeTpoM 22 HM 1 AiamazoHoM po3moainy Bix 10 mo 120 um (puc. 2, g). Pe-
synbratu JIKC pucnepcuux cucrem Ha ocHOBI [ITI'® (puc. 2, a) cBimuaTh Ipo HasBHICTH Ya-
cTuHOK y aianmaszoni 10...120 am. CepeaHiil po3mip 4acTUHOK cTaHOBUTH 20 Ta 32 HM I
cpibma ta miai BignoBigHO. Pesymsrarn mocnimkenns JIKC nucrnepcHUX CHCTEM Ha OCHOBI
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POCJIMHHHUX OJIii, Ta Ba3eJiHOBE MAcJIO PHC. 2, O, 2 CBiI4YaTh, IO T1APOAMHAMIUHI TiaMETPH
OTPUMAaHHUX YaCTHHOK 3HAXOAUTHCS B niama3zoHi Big 30...70 am. Jliama3zon po3noainy 3a po3-
MipoM ckiagae Big 7...110 am.

Pesynbraru enekTpoHHOT MIKPOCKOIIi IpecTaBiIeHi Ha (puUc. 3, @, 8) MOKa3ykTh, [0 CHUH-
TE30BaHI HAHOYACTUHKHU MAIOTh EIIINCOiNHY (POopMy,sKa CKOPIII 32 BCE YTBOPUIIACH 33 PAXyHOK
KoaJleCIeHIIii. 3riqHo MoOyq0BaHUX TicTorpam (puc. 3, 6, 2) Ha OCHOBI OTPUMAaHUX MIKpOJO-
torpadiif cepeaHiii po3Mip HAHOYACTUHOK CTAaHOBHUTH 19 HM Ta 58 HM BIAMOBIHO 1JIs cpidia i
Mmizi. JleranbHuii aHai3 OTpUMaHUX elIeKTpoHorpaM (puc. 3, 9, €) CBIIUUTH PO MPUCYTHICTD
cpibia 1 Miji 3 MOJTIKPUCTATIYHOI CTPYKTYPOIO. Lle mosICHIOEThCS MPUCYTHICTIO KOHIIGHTPHY-
HUX KUJICIb Ha €JIEKTPOHOIrpaMi, SIKi YTBOPEHI 13 OKPEMHUX TOUYOK, 1110 BiATOBIAAI0OTH OKPEMUM
MOHOKPHCTAJIaM 3 Pi3HOIO OPIEHTAIIEO 3 SIKMX CKJIAJAF0ThCsl HAHOUACTHKH.
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Puc. 3. Domoepaii mikpocmpyxmypu HY i enekmpoHnoepamu oucnepchux cucmem,
ompumani memooom I1EM:
a—ITI® + Ag; 6 — TTI'® + Cu,
2, 0 — eicmozpama po3noodiny 3a po3mMipamu HAHOYACMUHOK cpibaa ma mioi

Tpeba 3ayBakuTH, 10 TIPOILIEC MIATOTOBKH 3pa3KiB JJII METOAY €JIEKTPOHHOI MIKPOCKOITIT,
a caMe BiJJIIJICHHSI HAHOYACTUHOK BiJ JIIeIEKTPUYHOT MaTpHILIl MOXe MPU3BOAUTH JI0 arperarii
HAaHOYACTHUHOK, 10 BIUITMBAE HA PE3YJbTAaTH BUMIPY iXHIX PO3MIpIB.

3MiHH PO3MIPIB YACTHHOK y Yaci, OTpUMaH1 MOCIIIOBHUM BHUMIPIOBAaHHSM 32 JIOTIOMOTOI0
metony JIKC, mpencrasneni Ha puc. 4 Ta 5. Y BCIX TOCTIHKEHHSIX TUCTIEPCHUX CUCTEMAX, KPIM
[ITT'®, cnocrepiraeTbest 30UTBIIEHHS CEPEIHBOIO PO3MIPY YaCTHHOK. JIJ1s crucTeM IiepuH —
Ag pict BiOyBaeTbes y npojosxk 10 110, a u1st cucreM minepuH — Cu 'y mpoaoBx 7 ai0.

31 301IbIIEHHSM CEPEIHBOTO PO3MIPY HAHOYACTUHOK CIIOCTEPIraeThesl yTBOPEHHS 0Caay 3
arperariB MiKpOHHOTO PO3Mipy BHACIIIOK MPOIIECY ceMUMEHTaIlii. Tako TUCTIepCHI CUCTEMH
3 HAHOYACTUHKAMH Cpibiia 3MIHIOIOTh KOJIIp 13 KOPHYHEBOTO Ha CipUid BIATIHOK, 3 HAHOYACTHH-
KaMH MiJli 3 KOpHYHEBOTO Ha 3€JICHUH BiATIHOK. JlogaBaHHS MOBEPXHEBO aKTUBHHUX PEUOBUH B
00’€M TUCTIEPCHUX CUCTEM y CBOIO Uepry MPHU3BOIUTH 10 cTabimizalii cepeqaporo po3mipy HU
cpibna i mial y mpomoBxk mo Haitmentie 550 ni6 (puc. 4, a).
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Puc. 4. 3anexcnicme cepednbo20 posmipy YacmuHOK OUCHEPCHUX CUCTEM
610 uacy sumpumxu (JIKC):
a — Ha ocHosi eniyepuny,; 1 — eniyepun — AQ; 2 — eniyepun — CU; ma Ha 0cHOBI eniyepuny3
1IBII; 3 — eniyepun — AQ — I1BII; 4 — eniyepun —Cu — [1BII;
0 —na ocnosi INTI'®; 5 — IITI'® — Cu, 6 — IITI'® — Ag

3pa3ku Ha ocHOBI [ITT'® 1eMOHCTPYIOTH CTaOUIBHICTh CEPEIHBOTO PO3MIPY HAHOUYACTHHOK
cpibma i miai mpotsirom 250 110 (puc. 4, 6). Lle noscHiooThes TUM, 110 I[ITT'®, Ha BinMiHy Bifg
DTIIEPUHY, IEPEXOUTh 3 PIAKOTO y TBEPAHH CTaH mpu temmeparypi 296 K, yrBoprotoun HaHO-
koM1o3uT [ITT'® — Me. Takuii miaxin cioBinsHIOE OpoyHiBehbKuit pyx HY B 06’eMi MOHOMeEpa,
10 YHEMOXKITUBITIOE arJIOMEPAIliifHI Ta CeAMMEHTAIliiHI TPOIIECH.

Ha puc. 5, a npencrapieni pe3ynbTaTd TOCHIIKEHHs CTaOlIbHOCTI CEPEHBOTO PO3MIPY
HAHOYACTHHOK Cp10Jia B OJIISIX POCIMHHOIO NMOXOKEHHS. SIK BUJIHO 13 pe3yJbTariB, IOYMHAIOYU
3 30 100u BiOYyBa€THCS MOCTYHOBE 30UIBIIEHHS PO3MIPY HAaHOYACTHUHOK, SIKE CYMPOBOIKY-
€THCSI YTBOPEHHSM 0CaJly 1 3MIHOIO KOJIbOPY AUCIIEPCHUX CHUCTEM 3 TEMHO-KOPHUYHEBOT'O BiJTI-
HKY B CBITJIO-KOpHYHEBUH BiATIHOK. [lapanenbHo crocTepiraeThest po3uiapyBaHHs qucriepcii
3 YTBOPEHHSM T'PaHUILIl PO3ALTY.
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Puc. 5. 3anescnicmo cepednbo2o posmipy 4acmunok OUCHEePCHUX CUucmem
6i0 uacy eumpumxu (JIKC):

a — OUCNepCHi cucmemu Ha OCHOBI HCUPHUX O, O — OUCNEPCHI cUCmeMu Ha OCHOBI
saseninoge macno, 1 — nanouacmunxku Cu 253 me/n; 2 — nanowacmunxu Ag 129 me/n

Crig BpaxoByBaTH, 110 POCIWHHI OMii € 6araTOKOMIOHEHTHUMHU CHUCTEMaMH, JI0 CKIaay
SIKUX BXOIATHh TPUTIIIEPUIH 1 KUpHI KUCTOTH [23]. [Ipu boMy TpUTITIIEpUIU 32 paXyHOK KH-
CJIOTHUX PaJUKaJIiB, IO CKJIAAI0Th IXHIO CTPYKTYPY, € BUCOKO PEaKIIHHO31aTHUMU. Y 3B’SI3KY
3 YUM B1J0yBa€ETHCS aBTOOKUCIICHHS 1 MPOTipKaHHS Oiil Mpu TpuBasiomy 30epiranHi. Jlani mpo-
[[ECH TIPUCKOPIOIOTHCS B IPUCYTHOCTI METAaJiB 3MiHHOI BAJIEHTHOCTI. TOMYy HECTIHKICTh TaKHX
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CHCTEM IOSICHIOIOTbCS PE3YJIbTaTOM B3a€MOJIIT aTOMIB cpibiia 3 AUCHEpPCIiHUM CepeoBUILIEM
Mmarpuili. Ha BigMiHY BiJl pOCTMHHHX OJIii HAHOYACTUHKH y Ba3eiHOBOMY Macii (puc. 5, 0)
IIOCTYIIOBO arperyroTh 1 BUIIAJAl0Th B 0CaJ] 3a paXyHOK celuMeHTauii y npoxosx 50 ni6. ¥V
CBOIO Uepry B 00’ €Mi 3aJMINAETHCS JIUIIE HE3HAYHA KIJIBKICTh HAHOYACTUHOK po3MipoM 5...10
HM 110 HariMeHe 250 ni0.

3arponoHOBaHa TEXHOJOTIYHA CXeMa JIEMOHCTPY€E MPAKTUYHY MOXJIMBICTh OJHOCTAii-
HOTO IPOIIECY CHHTE3y HAHOYACTUHOK Ccpibia i Mimi MeTooM (i3UYHOTO OCAKEHHS Y BaKy-
ymi. HarmpaBnenuii mapoBuii moTik 0e3mocepeiHb0 Ha MOBEPXHIO PIIKUX MATPHILb JO3BOJISE
OTPUMYBATU AUCIEPCHI CUCTEMH 3 METaJeBUMU HAaHOYACTMHKAaMU po3Mipom 15...52 HM nepe-
BaXXHO €JTINCOiqHOT (OPMH 3 MOJIKPUCTATIYHOIO CTPYKTYpor0. BcTanoBneHa cTabinbHICTE po-
3Mipy HaHOYACTHMHOK cpibia 1 Mial B Yaci B OTPUMaHUX JUCIIEPCHUX CHUCTEMaX CTAaHOBHTH
7...300 ni6 i 3aM€XKUTH BiJ TMCIIEPCHOI CHCTEMH. Tak MaTpuIli HOCii Ha OCHOBI IIiLIEpUHY TPU
koHuentpamii 200...300 wmr/n, 30epiraroTb cepefHiii po3Mip HAHOYACTHMHOK Y MPOAOBK
7...10 ni6, 1110 TOBOPHUTH PO HEOOXiAHICTH BUKOPUCTAHHS JJOAATKOBUX CTA01III3yIOUMX areHTIB.
JlucriepcHi cucTeMH Ha OCHOBI OJII POCIMHHOIO Ta CUHTETUYHOTO MOXOKEHHS IEMOHCTPY-
10Th cTabuTbHOCTI mpoTsarom 30 Ta 50 ni6 BiamoBimHO. Kpamuii pe3yasrar mokasas mojiTeTpa-
riagpodypas, 1o Haiimenie Brpoaosxk 300 ni6 cepenHiil po3Mip HAHOYACTHHOK 3aTHILIAETHCS
CTaOUTBHUM Y Yaci.

BukopucTanHs MOHOMEPIB 3 HU3bKOIO TEMIIEPATYPOIO KpUCTaIi3aLii 103BOIsI€ 30UIBIIUTH
yac aucrepcHoi crabdimpHocTi HY y 3...4 pa3u. Y TakoMy BHIIQAKy cama MaTpHISI BUCTYIIA€E
cTaOL113yl0uMM areHTOM 1 MOKE CTaTH aJbTEePHATUBOIO JJIs JOATKOBOIO BUKOPUCTAHHS ITOBE-
PXHEBO aKTHBHHMX PEYOBHH, IIO CIIpoIrye mporec 30epiranas HY i posmmproe obnmacti ix 3a-
CTOCYBaHHS.

BucHoBkH. 3anponoHOBaHa TEXHOJIOTIYHA CXeMa JIGMOHCTPYE MPAKTUYHY MOXKIIUBICTD OJI-
HOCTa/IIHOTO MPOoIleCcy CUHTE3y HAaHOYACTUHOK Cpibia 1 MiJli METOAOM (Di3UYHOTO OCAIKEHHS Y
BakyyMmi. HarpaBnenuii napoBuii oTik Oe3rnocepeiHb0 Ha MOBEPXHIO PIIKUX MaTpHIlb JO3BOJISE
OTPUMYBATH TUCIIEPCHI CUCTEMH 3 METAJIEBUMH HAHOYACTHHKAaMH po3MipoM 15...52 HM nepeBa-
YKHO €JIICOIAHOT (POPMH 3 MOJIKPUCTATIIUHOIO CTPYKTYpoto. BcranosneHa cTaOlibHICTh pO3MIpY
HAHOYACTHHOK cpiliia i Mijil y 4aci B OTPUMaHKX JUCIIEPCHUX CUCTEMaX CTaHOBUTH 7...300 mid
13aJIEKUTh BIJ] AUCHIEPCHOI cucTeMu. Tak, MaTpuIll HOCli Ha OCHOBI INIIIEPUHY TP KOHIIEHTpaLlli
200...300 mr/m1, 30epiraroTh cepeHiii po3Mip HaHOUYACTUHOK Y POoAOBXK 7...10 1116, 1110 TOBOPUTH
PO HEOOXITHICTh BUKOPUCTAHHS JTOJIATKOBUX CTAOLTI3yIOUMX areHTiB. J{ucriepcHi cucTeMu Ha
OCHOBI OJIiff POCIIMHHOTO T4 CHAHTETUYHOTO ITOXO/PKEHHS IEMOHCTPYIOTh CTa01IbHOCT] BIPOJOBX
30 Ta 50 16 BiamoBigHO. Kpamuii pesynsrar nokasaB nojiterpariipodypas, 10 HaiiMeHIe
BpozoBx 300 1116 cepenHiil po3Mip HAHOYACTUHOK 3aJIMIIAETHCS CTAOUTBHUM Y Yaci.

BuxopucranHs MOHOMEPIB 3 HU3bKOIO TEMIIEPATYPOIO KpUcTaii3allii J03BOIsI€ 301IbIINTH
yac aucrepcHoi crabinbHocti HY y 3...4 pasu. YV npomMy BHUNAAKYy caMa MaTpUIs BUCTyIAae
CTa0UTI3yI0OYMM areHTOM 1 MOYKE CTaTH aJIbTEPHATHBOIO TSI IOAATKOBOTO BUKOPHUCTAHHS TIOBE-
PXHEBO aKTMBHUX PEUYOBHH, 1110 crpolnye npouec 36epiranas HY 1 po3mmproe obnacti ix 3a-
CTOCYBaHHSI.
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EVOLUTION OF Ag AND Cu NANOPARTICLESSTABILITY IN DISPERSED
SYSTEMSOBTAINED BY THE PHYSICAL DEPOSITION METHOD IN VACUUM

The unique properties of metal nanoparticles (NPs) areincreasingly used in the pharmaceutical, medical, food, textile
and paint industries. It is known that the properties of NPs depend on the shape, size, concentration and method of obtaining.
Agglomeration processes that occur during the production and storage of NPs lead to a reduction in the size of the specific
area to the volume of NPs, which in turn leads to the loss of the unique properties of NPs.

In the process of analyzing domestic and foreign literature, it was found that the problem of agglomeration processes
of NPsisrelevant. One of the possible approaches to solving the agglomeration of synthesized NPs, which is proposed in this
work is the use of matrices of carriers. In this case, liquids can be the matrix: monomers, oils of vegetable origin or medical
substances that are constituent tablets, capsules, ointments, soaps and paints.

The aim of this study was to determine the stability of the aggregation of synthesized NPs of silver and copper in the
obtained dispersed systems based on liquid matrices of synthetic and natural origin, using the method of electron-beam depo-
sition in vacuum.

The morphology, size, structure and time stability of silver and copper NPsin the obtained dispersed systems were
studied. Examples of stability of dispersed systems based on glycerol, polytetrahydrofuran, oils of synthetic and vegetable
origin with NPs of metals with a size of 15... 52 nm are presented. The stability of dispersed systems was improved by using
dispersed systems based on matrices with low crystallization temperature. The use of monomerswith a low crystallization
temperature can be an alternative for the additional use of surfactants, which simplifies the process of storage of NPs and
expandstheir scope.

Keywords: EB-PVD; dispersed systems,; nanoparticles of silver and copper:

Fig.: 5. Tables: 1. References: 23.
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®OPMYBAHHSI BOJIbT-AMIIEPHUX XAPAKTEPUCTHUK
JUKEPEJI )KUBJIEHHS 3BAPIOBAJIBHOI AYT'!

AxmyanvHuMmu € 00Ci0HCEHHS U000 NONINULEHHS eheKMUBHOCIT MEeXHON02T 0Y208020 36aAPIOBANHA MA (YHKYIOHYBAHHSL
obnaonanna. Posenanyma meopemuuna ii anapamua peanizayis 360pomHux 3ae A3Kie cucmem ynpasiinia mpugasnumu oy2o-
BUMU BURPAMIAYAMU OJISL HATIEHCHO20 (POPMYBAHHSL IXHIX 80IbIN-AMNEPHUX XAPAKMEPUCMUK | MOOUGDIKAYiLl 360POMHUX 36 'S3KI6
cucmem. Pospobuena ynigepcanvha ti KOMRAKMHA cUCEMA YRPAGAIHHA OY208UMU GURPAMIAYAMU 3 MONCIUBICIO T 3acmocy-
8aHH3 8 YCIMAHOBKAX OJ151 36APIOBANHS 6 Ceped08UYT IHEPMHUX | AKMUBHUX 2A3i8.

Knrouogi cnosa: 3sapiosanvha dyea; 0xicepeno HCUBieHHs; peylio8aH s, UNPAMIAYL, 360POMHI 38 SI3KU, 60bM-aMne-
PHA Xapaxkmepucmuxa.

Puc.: 5. Bion.: 9.

AKTyaJIbHICTh TeMH J0C/iAxKeHHs. /[yroBe 3BaproBaHHs IUTABKUM 1 HETJIABKUM €JIEKTPO-
JIOM TI0C1/1a€ Teple Miclie IpU BUTOTOBJIEHHI PI3HOMAHITHUX KOHCTPYKLiN Ta BUpoOiB [1], y
TOMY YHCIIl B PI3HUX MPOCTOPOBUX MOJOKEHHSX, & TAKOXK 171 BoAOK0 [2; 3]. Tomy akTyansHUMU
€ JOCIIJKESHHS 11010 MOJIIMIIEHHs €(eKTUBHOCTI TEXHOJIOT1] 3BapiOBaHHs Ta QyHKI[IOHYBaHHS
yCTaTKyBaHHSI.

INocTanoBka npodaemu. CyyacHuil etarn po3BUTKY TEXHOJIOT1H 3BaplOBaHHS METaJiB Xa-
PaKTepU3Y€ETHCS IIMPOKUM 3aCTOCYBAHHSM €JICKTPOHHUX CUCTEM YIIPABIIiHHS Ta PETyIIOBAHHS
JUIs ycTaTKyBaHHs. TeHIeHLIi 10 (GyHKIIOHAIBHOIO Ta alapaTHOro YCKJIaJHEHHs TaKOro poIy
€JIEKTPOTEXHIYHUX YCTAHOBOK BHMAararOTh HAJEKHOTO KOMII FOTEPHOTO MOJICITIOBAHHS CUCTEM
1 IXHIX BY3JIiB.

AHaJti3 ocTaHHIX J0c/izKeHb 1 myOuikaniii. JlociipkeHHs MPOLECiB yTOBOTO 3BapIOBAaHHS
MaloTh SIK OUTBII TEOPETUUHHUNA XapakTep 10A0 (HI3UKH I1a3MH AyTH [4], Tak 1 TPaKTHYHUI 110710
yCTaTKyBaHHS Ta JKepeJ )KUBJIEHHsI 3BapIOBANIbHOI IyTH [5; 6; 7]. Aue 3anuiaeTbcs Oe33arnepeyHa
HEOOX1THICTh MMOAABIIONO 3aCTOCYBaHHS MPOrPaMHUX MAKeTiB aBTOMATH30BAHOTO MPOEKTYBAHHS
13 MOJKJIMBOCTSIMH TPAHCIIALIT OZIEp>KaHUX Pe3yJIbTaTiB Biipasy y BUPOOHUIITBI.

BuaisieHHs1 HeOCTiIKeHNX YACTHH 3arajibHoOI nNpodsaeMu. J[Jis yCTaHOBOK €JIEKTpOay-
TOBOTO 3BapIOBaHHS BaXIIMBUM € (popMa Ta XxapakTep MOBEIIHKH BOJBT-aMIIEPHUX XapaKTepH-
ctuk (BAX) ixHix mkepena xusieHHs. [Ipu npbomy BAX daxruyno 3a0e3nedyroTs 3BaproBa-
JIbHO-TEXHOJIOT1YH1 BJIACTUBOCTI JPKEpesia JKUBJIEHHS IYTd Ta BU3HA4alOTh €(EKTUBHICTH
TEXHOJIOT1] 3BaproBaHHA. HUHI TOCUTH MOMMPEHO BUKOPUCTAHHS PI3HUX CHUCTEM Bi3yaJbHOTO
IMITalIHHOTO MOJIEIOBAaHHS, HAMIPUKiIaa, mporpamMHux nakeriB MATLAB 13 makeToM Bi3yalib-
Horo MonenroBaHHs Simulink. Take MopentoBaHHS MOke OyTH €EKTUBHUM MPU PO3poOIIi ch-
CTEM YNpaBJIIHHSA JKEPEeNaMu KUBJICHHS JUI JyTOBUX IIPOLECIB 3BapIOBAHHS, 0COOINBO B CH-
CTeMax 3 KiJIbkoMa 3BOPOTHUMH 3B’ SI3KaMHU.

MerToro gocaigeHHs € TiIBUIICHHS ¢()EeKTUBHOCTI 3BapIOBAIIBHUX MPOIIECIB 32 PAXyYHOK
PO3pOOKHU CHCTEM YIPABIiHHSA BUIIPAMIISUIB [IISXOM IMITalliiiHOTO MOJICITIOBAHHS.

© XamikoB B. A., XKeprocekoB A. M., lllaran O. @., Myxa A. O., 2021
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Bukiaa ocHOBHOTo MartepiaJtty. Po3rmissHeMo cucteMy peryioBaHHs TpudasHUM TyroBUM
BUNpAMIIsTYeM. Taki yCTAaHOBKHU 3aBXAU OyJU JOCTOHHOIO allbTEPHATHBOIO IHBEPTOPHHUM JIXKE-
penaMm cTpymy AyTH, OCOOJIMBO B 001aCTi CyTTEBO 3HAUHUX 3HAYCHD CTPYMIB, /I BiI0YBaIOThCS
OLUTBIII CIOTBOPEHHS CTPYMY JKUBIITYOT MEPEXKI.

VY moneni puc. 1, BUKOHaHi# y cepenoBuiili BizyaisHOro MojaeaoBands Simulink- MATLAB,
JUTSL Y3TOIPKEHHS €JICKTPOTEXHIYHMX €JIEMEHTIB 1 IXHiX 3B’SI3KiB 13 MATEMaTHYHUMH OJIOKaMH BUKO-
puctoBytoThcst TpoMikHi enemeHTu: ID (Current Measurement) Ul, U2 U3, UD (Voltage
Measurement) — aHAJIOTH BUMIPIOBaJIBHUX TpaHCc(HOpMaTOpiB CTPyMyY Ta Hanpyru. Moaerns J03B0-
JISiE MaHIITYJIFOBATH 3HAYCHHSIMHU 3BOPOTHHX 3aB’s13KiB (33) sk 10 cTpyMy HaBaHTakeHHS (Gainl),
TaK 1 Mo Harpysi Ha HpoMy (Gain 2,). @yHkit0 onopHoi Hanpyru — Uo 13 Aiana3oHOM 3Ha4YeHb
0...10 Buxonye 6ok Slider Gain, 1o miaxIroueHni 10 cymaropa Sum. L{i 3nauenns 6mokom Fen
npuBozsaThes 10 Heooximuux (5°...115% ns Bxony alpha deg cunxponizaropa, s IOTO B Jlia-
JoroBoMy BikHi Expression 610Ky moBuHHO OyTu 3aaaHa dyHkis: u*((115-5)/10)+5.

ubD
_ RMS-U
Rd
Universal Bridge J + v
C VvV
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Puc. 1. Imimayitina mooensb cucmemu 0xcepena HCuneHHs 3i 360POMHUMU 36 SA3KAMU

Opnepxannst BAX nmonsrae B oqHOYaCHOMY 3acTOCyBaHHI (paiiimy Mozeni Ta m-Qaity, skui
3a]1a€ 3HAYCHHsI HAaBaHTAKEHHSI, 3aITyCKae MPOLEC MOJIETTIOBAHHS, 3UUTY€ HOTO pe3yibTaT i3 po-
6ouoi mam’sti (Workspace), 3MiHIOE BETUYMHY HaBaHTAKEHHS 1 MOBTOPIOE 3HOBY Ty K caMy
npouenypy. Ilicis 3akiHUeHHsS UKy MOJETIOBaHHA MO OJepKaHUX JAaHUX BiH Oyaye BIacHI
BAX y 3ananux koopauHarax. TakuM 4MHOM, HEOOX1THO OJJHOYACHO BUKOPUCTOBYBATH BIaCHY
MOJIETb Ta PEJAKTOP-BIIIAAUUK 13 BITKPUTUM M-(aiiiiom, mpuuoMy OCTaHHIH (hakTU4HO 3a0€e3-
revye aBTOMaTH3aIl10 MTPOLECy O/lepKaHHs pe3ynbTariB. bulbln BiAKpHUTa apXiTEKTypa OopraHi-
3anii o6uncinenb B MATLAB no3Bonsie BUKOHYBAaTH Takuil OaraTOKpaTHUN MapaMeTpUuYHHUN
aHaJIi3 MPOoIIECIB Y paMKaX BUKOPUCTAHHS TOTO CaMOTO CEpPEOBUINA, 0 HEIOCTYITHO /IS 1H-
[IMX 3aMKHYTUX CUCTEM MOJAEIIOBAHHS.

KonkpetHi npukiaau m-¢aiiiis 13 BIAMTOBITHUMU KOMEHTapsIMM Ta METOJIMKA 1X 3aCTOCY-
BaHHs Oy/nu aBTOpaMu JeTaibHO BUCBITIEH] y [8]. Tam camo moka3aHo, SIK MOXKHA JOCATTH
CIPOIICHHS IPOLEAYD, YHUKHYBIIN BUKOPUCTAHHS Bl/IIalYMKa Ta 3aIlyCKaouu m-Qaii npsamo
13 BIKHA MOJIEI.

Sxio 3agaT 3HaYCHHS KOoedillieHTIB nmepenadi 000x 6;10kiB Gain HyTbOBUMH, TO PE3YIIb-
TaTOM HaBeJIeHMX Jii Oyae 3reHepoBaHmil rpadik cimeirictBa BAX mpu Bapiamisx Uo (0...8),
10 1 MmokazaHo Ha puc. 2. L{i XxapakTepucTUKH MOKa3yIOTh CHEPreTHYHI MOXKIIMBOCTI JKepena
CTpyMy IIPH Pi3HUX 3HAUEHHSIX OMOPHOI HANPYTH 3a BIICYTHOCTI B cuctemi 33.
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Puc. 2. Bonvm-amnepni xapaxmepucmuxu oxcepena 3a 8i0CymHOCmi 360pOMHO20 38 A3KY

3miHa onopHoro napamerpy Uo mpu3BoauTh A0 3MileHHs BAX y Hanps MKy 3MeHIIeHHs
CTpyMy Ta HANpyTH 1 IX PO3MILICHHIO TapaJIeIbHO IPAaHUYHIN MPSIMIi, IO XapaKTepU3y€eThCs
napamerpoM Uo = 0 (puc. 2), 11 NiABUILYE MaKCUMaJIbHI MOKJIMBOCTI JKEpesia CTpyMy 3 HOT-
JSITy €HeproBijiadi (Ha puc. 2 MTPUXOBA JiHis).

Sxmio B cucremi 13 ABoma kaHasamu 33 (puc. 1), IpOHOPMYBATH JJO OAMHUYHOTO 3HAYECHHS
BEIMUYMHU KoedimieHTiB mijgcuieHHs no crpyMmy Ki=10/500 (Gain 1) ta no nHampy3si
Ku = 10/50 (Gain 2) i BiAMOBITHUM YHHOM 31MCHUTH Bapiallito 3Ha4eHb [TUX KO PIIIEHTIB, 3a-
CTOCOBYIOUH 3ra/laHy METOJI0JIOT1I0, TO OAEPKUMO CIMEHCTBO XapakTepucTuk (puc. 3). Sk Bu-
JTHO 3 pHC. 3, HOpMOBaHe 3Ha4eHHs KoedilieHTa miACHIeHHs o cTpyMy Juid Gain 1 He3MiHHe
1 piBae 1,2 mo Bianosigae ioro nmapametrpy Ki = 12/500. Biamosigno mist Gain 2 B o6nacTi
cepeHiX 3HayeHb cTpyMiB OyrH 40...175A HopMOBaHe 3HaYEHHS Koe(illieHTa MACUICHHS 10
Harpy3i Moxke OyTu He3MiHHUM (0,75) 1 uiie B 00J1acTAX MaJuX Ta BEIUKUX CTPYMIB IS ITI€T
BAX 1eit koedilieHT HeoOX1JHO AEUI0 301IbIIUTH.
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Puc. 3. Bonvm-amnepni xapaxmepucmuxu oxcepena oy2u 3i 360pOMHUMU 38 A3KAMU
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VY miacyMKy e(deKT IocATaeThes B3a€MOBIIHIMAHHSAM CHTHATIB 000X KaHAJiB 3BOPOTHOTO
3B’s13Ky. I3 puc. 3 BuaHO, 1110 B o0nacti cepeanix crpymis 40...175A nHemae notpedu 3MiHIOBATH
sHayeHHs Ku (Ku = 0,75), B oGmacti Maaux cTpyMiB HEOOXiIHICTh KOPEKIIii JOCHTh HE3HAYHA
(36umpmenns Ku Bix 0,75 go 0,8), mpote npu HapoIyBaHHI CTPyMy HaBaHTAXXEHHS 10 MaKCHMa-
JLHOTO, BEJIMYMHY KoedilienTta HeoOxiqHo 30utbmmtu Ha 60 % (13 0,75 no 1,2). Ilpuunnoro €
HEJHIMHICTh XapaKTepPUCTUKN BUMPSAMIISLYA, IO TIOB’s3aHa 3 ()a30BUM PETYINIOBAHHSIM CHHYCOi-
nanbHOT HanpyrH. Bapianii 3Hauens Ku, Bij HaBeneHUX Ha puc. 3 B Ty UM iHIIY CTOPOHH, TIPU3-
BEIIyTh JI0 Bi3yalbHOTO €(PEKTY «BUIYKIIOCTI» a00 «II0JIOr0oCTi» BEPTHKAIBLHOTO Bipi3ky BAX.

[Tpu TexHOMOTIi pyYHOrO IyrOBOTO 3BAapIOBAHHS 3 KpPAaICIbHUM IMEPEHECCHHSIM METaly
enekTpona HeoOxinHo hopmyBaru OumbIn ckiaanny Gopmy BAX mxepena. Amke mporiec mpo-
XOIUTh 13 €IMi30MUYHUMH, MPOTE JOCUTh YACTUMHU 3aMUKAHHSIMH JYyrOBOTO MpOMiKKY. [Ipu
[[OMY 3MiHA PSKUMY TETUIOTIepeadi B PaiioHi IIIBa CYIPOBOIKYETHCS TaK 3BAHUM «3JIHTIAH-
HSIM» €JIEKTPOJIa, YAM CTBOPIOCS HEKOM(POPTHI YMOBH POOOTH, 3HHIKYETHCS IMPOAYKTHBHICTH
npaii. YCyHeHHS bOro e()eKTy MOMKIIMBE Yepe3 BiAMOBiAHE 301IbIIEHHS BEIMYHHN CTPYMY B
MOMEHT 3aMUKaHHS JTyroBOro mpoMikkKy. I[Ipu npomy 3a paxyHok iHTeHcubikaiii BUALTEHHS
TEIUIa TPOXOIUTH MPUCKOPEHE PYWHYBAHHS MEPEMUYKH MK KPAIICIO Ta BIIACHE €JIEKTPOIOM 1
BiJIOYBA€ThCS BIIHOBJICHHS JyTOBOTO MPOMIXKKY.

Cucrema 3 peaizami€ro Takoro NpUHIMITY MOke OyTH MomudiKaItiero Moaeni puc. 1, konu Ha-
siBHA 1H(OPMALTiS PO 3aMUKAHHSI JTyTOBOTO TIPOMDXKKY. [lepeBaskHO 3HM)KEHHS HAITPYTH MK €JIeK-
TpomoM Ta BUpoOoM 10 3HadeHb Ukz = 7...14B nocuth OMHO3HAYHO TIPO 1€ CBiquYarh. Peaizaris
i€l QyHKIIIT MTOBUHHA MOJIATAaTH B Takid Moaudikaiii koia 33, npu KoMy 3MEHILICHHS BETUYUHU
Ud amxue 3a piserb Ukz puBOANTSE 710 HAIGKHOTO 3MEHIIICHHS piBHS 33 110 cTpyMy. Hampukiia,
yepes 3MiHy 3Ha4eHHs KoedirienTa miacuiaeHHs A 6ioky Gain 1. [Ticns MoaenroBaHHS KiHIIEBUM

pe3yabTaToM Takoro (PyHKIIOHYBaHHS cucteMu Oyne ciMeiictBo BAX, HaBenene Ha puc. 4.
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Puc. 4. Bonvm-amnepni xapakmepucmuxu 0xcepena 0yeu
3 YPaxy8aHHAM MexHON02Ii 36apOBaAHHs

Bynu po3po0ieni cucremu i3 popmyBanusm BAX, B oOnacTsax Hanpyr Hikue piBHs Ukz,
HIJIIXOM [TOCTYIIOBOTO, a HE CTYMIHYATOr0 30UIbIIEHHS CTpyMy Ayrd. [lpu nboMy TeXHOIOT1YH1
IPOIIECH MOKYTh HOCHTH OUTBII M’SKHI XapakTep 3a paXyHOK IUIABHOTO HAPOCTAHHS CTPyMY
HaBaHTAXXEHHS, 1110 MOXKE CIPUATH MEHIIOMY PO30pU3KYyBaHHIO METAJy 13 30HH 3BapOBaHHS.
Pi3ke cTymiH4aTe HApOCTaHHA CTPYMY NPUBOAUTH JI0 MiJBUILEHOTO pO30PU3KYBaHHS Ta 3011b-
IIy€e TUHAMIYHE HAaBaHTKEHHS Ha OOMOTKH CHJIOBOTO TpaHchopMaropa.
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®opmyBanHa 6axkaHux BAX — 11e ganeko He euHa npoOiemMa, nepes KO MOCTalTh Npu
PO3po0IIi Ta MPOEKTYBAHHI CUCTEM PEryIIOBaHHS yTOBUMHU BUIpsAMIITYaMH. J[0 IbOT0 MOXKHA
BIJIHECTH, HAIIPHUKJIAJI, peali3allito MOIY ALl CTpyMy AYTH Ta PETYJIIOBaHHS IMapaMeTpiB MO-
IyIALii, K B 9aci Tak 1 M0 aMILTITyAl CTpyMy. Takok HEOOXiTHUM € HEUyTIUBICTh CXEMHU YII-
PaBJIIHHSA JI0 MOPSIKY TOYEProBOCTI (a3 Mepexki KUBICHHS.

Be3ymoBHO, 1110 OTHI€I0 3 OCHOBHUX 3a]1a4 MPY BUPIIICHHI 3a/1a4 KEPyBaHHS € TAaKOXK peania-
I1is1 TaTYMKIB CHEPTETUYHMX TTapaMeTPiB 3BapIOBAIBHOI IyTH, OpraHi3allis iX B3a€EMO3B’sI3KY 3 Tie-
PBUHHUMH JDKEpENIaMU CTPYMY AYTH CIIPSIMOBAHE MOMIMIIEHHS a00 TOTpUMaHHA 0araTbox mapa-
METPIB Ta XapaKTepUCTUK. J[0 HUX MO)KHA BIJTHECTH: €JICKTPUYHY CyMICHICTbH; 3aBaJIOCTIHKICTB;
rajbBaHiYHy PO3’€IHAHICTD 13 CHJIOBUMH KOJIaMH (KJIAcC 1301A1111); HAICKHUIA CTAaTUYHHI Jllara3oH
poOOTH; BIAMOBIAHUN TUHAMIYHHUK Jiana3oH poOOTH. AJie OCHOBHOK BUMOTOKO Oyia JIOIyCTH-
MicTh (hopMyBaHHS 3 iX JToroMororo HanexHux BAX BianosiaHo 10 puc. 2, 3, 4.

Bbyno po3po0iieno natuuk cTpyMmy Ta Hampyru JIyTd, B SKOMY peaii30ByBalIKCs MEpeBaru
ONITHYHOTO 3B’SI3Ky CHJIOBHX KU 13 CUCTEMOIO YIPaBIiHHS.

OCHOBHHMM KOMITOHEHTOM BHKOopHucTaHo mifacuiroBad HCPL-7840 i3 nudepenmianbHIMEI
Ta ONTUYHO 130JIbOBAHUMH BXOJIOM Ta BUXOJOM. Lle 103BoNmII0 pearnizyBaT 1aTuuK CTPyMy i
JATYUKU HAIPYTH 13 METOIO OJIEP>KaHHS MOXKIIMBOCTEH peryintoBaHHs (JOPMHU BOJIBT-aMIIEPHUX
XapaKTEePUCTHUK JpKepena cTpyMy AyrH. Lle 103Bosisie KOHIeNTyalbHO BUKOHATH O1IBIIICTH 3ra-
JAHUX BUMOT JIO TaKOTO POAY IMPUCTPOIB.

VY pesynbraTi BUpINICHHS WX 3a7a4 Oyia po3po0iieHa JOCTaTHRO YHIBepcajabHa CHUCTEMa
YOpaBIiHHS AYTroBUMHU Bumpsmistuamu cepii BJY, oqun 13 tunonominanis BJ{Y-506m, saxux
HaBeJleHO Ha puc. 5. OCHOBHI perymorodi pyHKIIT cucTeMH peai3oBaHi Ha 0a3i MiKPOKOHTPO-
nepa ATmega48P, mo Hajae MOXKIMBOCTI 1i 3aCTOCYBaHHS TaKOX B YCTaHOBKaXx IJIsi 3Bapro-
BaHHS B CEPEOBUILAX IHEPTHUX Ta AKTUBHUX Ta3iB.

|

Bal/- 308 cam

'@) . ‘.’5;)\

Puc. 5. Yemanosxka ona 36apiosanns 6 cepedoguuax iHepmHux
ma aKmueHux 2a3ié
Ixepeno: [9].

@OyHKIIOHATIBHI MOKJIMBOCTI CUCTEMH allpoOOBaHi HE TUTBKU Ha CepiHUX 3pazkax o0nai-
HaHHS, a 1 B OAMHUYHUX 3pa3Kax pKepesl CTpyMy AYTH 3BaplOBaHHS MiJ MapoM (IIocy HOMi-
HaJbHUM cTpyMoM 1200 A.

BucnoBku. 1. JlyroBe 3BaproBaHHS MOCIIa€ MEPIIl MICIS TPU BUTOTOBJICHHI PI3HOMAaHIT-
HUX KOHCTPYKIIii Ta BUPOOIB, TOMY aKTyaJIbHUMH € JOCITIKSHHS 1010 MOJINIIEHHS eQeKTH-
BHOCTI TE€XHOJIOTIH 3BaprOBaHHA Ta (YHKIIOHYBAaHHS yCTaTKYBaHHS IIJISXOM KOMIT FOTE€PHOTO
IMITaIiifHOr0 MOJIETIOBaHHS.
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2. Po3misiHyTa TeOopeTHdYHaA 1 amapaTHa peasi3allisi 3BOPOTHHX 3aB’SI3KiB CHCTEM YIIPaB-
JTiHHA TpU(A3HUMHU TYTOBHMHU BUIPSAMIITIAMH JJIS1 HAJISKHOTO (DOPMYBAHHS iX BOJIBT-aMIIep-
HUX XapaKTEPHUCTHK 1 Momudikalliii 3BOPOTHHX 3aB’SI3KiB CHCTEM, IO JO3BOJISE IiABUIIUTH
e(eKTUBHICTH 3BapIOBAJILHUX IPOIIECIB.

3. Po3pobnena MeToauKa MOXKe 3aCTOCOBYBATUCH JUISI CTBOPEHHSI YHIBEPCATIBHUX CUCTEM
yIpaBIiHHS AyTOBUMHU BHIIPSMIITYAMHU JJISl 3BApIOBAHHS B CEPEIOBHUIII IHEPTHUX 1 aKTUBHUX
raziB Ha cTpym 10 1200 A.
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FORMATION OF VOLT-AMPER CHARACTERISTICS
OF WELDING ARC POWER SOURCES

Arc welding with a consumable and non-consumable electrode takes first place in the manufacture of various designs
and products. Therefore, research on improving the efficiency of welding technology and the functioning of equipment is
relevant. The aim of the work is to increase the efficiency of welding processes by developing rectifier control systems.

For electric arc welding installations, the shape and behavior of the current-voltage characteristics of their power source
is important. The theoretical and hardware implementation of the feedbacks of the control system of three-phase arc rectifiers
for the proper formation of their current-voltage characteristics and modifications of the feedback systems are considered.

One of the main tasks in solving control problems is the implementation of sensors of the energy parameters of the welding
arc, the organization of their relationship with the primary sources of arc current, aimed at improving or observing a number
of parameters and characteristics: electrical compatibility; noise immunity,; galvanic isolation with power circuits (insulation
class); proper static range of operation, corresponding dynamic range of work. An arc current and voltage sensor has been
developed, which implements the advantages of optical communication between power circuits and a control system. A modern
control system has been developed, the basis of which is a microcontroller and the widespread use of modern optoelectronic
means for separating electrical signals. A universal and compact control system for arc rectifiers with the possibility of its use
in installations for welding in an inert and active gas environment has been developed.

Studies in the field of creating rectifier control systems for arc welding can significantly improve their welding and
technological parameters.

Keywords: welding arc; power sources; regulation, rectifiers; feedback; volt-ampere characteristic.
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BIIJINB AIIOMOCUJIIKATHHUX ITOPOXKXKHUCTUX MIKPOC®EP
HA BJJACTUBOCTI LIMHHUX T'YM

Y pobomi npedcmaeneno pesynvmamu 00cioxHcenHsa XapaKmepucmux WUHHUX 2yM 31 SMEHUEHUM BMICIOM 8Y271€800HI8
(3a paxyHok 68e0enHs antOMOCULIKAMHUX nopodcHucmux mikpocgep (ACIIM)). Bnepuie nposedero cucmemmi 00CAiOH#CeH s
enausy ACIIM na ¢hizuuni, ghizuxo-mexaniuni ma menioQizuyni 1acmusocmi WuHHUX 2ym. Bueueno cmpyxmypui sminu wiun-
Hux 2ym. Buseneno, wo ACIIM y cknadi wiuHHUX 2yM BUKOHYIOMb QYHKYIIO CMPYKMYPHO20 MOOugixamopa.

Knrouoei cnosa: wiunni eymu,; aniomMoCunikamui ROpOACHUCIE MIKpocepu, menionpogioHicms, MOpPO30CMIUKICMb, 3e-
JeHi MexHON02Ii.

Puc.: 4 Tabn.: 4. bion.: 11.

AKTyaJIbHICTh TeMH A0caixkeHHs. [[lnHa — qocTaTHRO CKIIAIHMMA, OaraToyHKIIIOHATb-
HUN Ta BIANOBIAATbHUN eNleMEeHT cydacHoi TexHiku. IIIMHHI TyMU — yHIKalIbHHI MaTepian
KOHCTPYKIIMHOTO MPU3HAYCHHSI, KITFOYOBOIO OCOOJIMBICTIO SIKOTO € BiIMiHHA 3/IaTHICTh TACUTH
yZlapHi HaBaHTaXeHHs [1].

CyuacHa mapaaurma CTajoro po3BUTKY Tependadae epiioueproBe BUPIICHHS TPooieM
€KOJIOT11 Ta COLiaJIbHUX MUTAHb 3a PaXyHOK 3MEHILICHHS] BUKOPUCTAHHS BYTJIEBO/IHIB, SIK yMOBa
30epexkeHHs HuBUI3anii. TpaJuliiiHO € aKTyaJlbHUMHU IMHUTAHHS PO3pPOOKH HOBHUX MaTepiaiiB
KOHCTPYKLIHHOTO NMPU3HAUYEHHs, SIKi BIIrpalOTh BUPIMIAIBHY POJIb Y PO3BUTKY LUBLII3aLii,
OCKIUTBKHA CTBOPEHHSI KOXXHOTO HOBOTO MaTepially KOHCTPYKIIHHOTO MpPHU3HAYECHHS, TPH3BO-
JTAJIO 710 3MIHU CYCHIBHO-eKOHOMIYHUX (popMariiii (kam’ssHUi BiK, MiHHI BiK, ODOH30BUH BIK,
eroxa YOPHUX METaNiB Ta MOJiMepHi Marepiann) [2].

[TonimepHi MaTepiaay € BaXIMBUM CKJIaJ0OBUM €JIEMEHTOM peai3allii HayKOBO-TeXHIYHOI
peBouttoLii. 3aBASKN PO3BUTKY TEXHOJIOTIH MOIIMEPHUX MaTepialliB B110YJI0CS CTBOPEHHS Pi3-
HUX TPAaHCIIOPTHUX 3ac001B (Ha3€MHHUX, MOBITPSHUX Ta KOCMIYHUX) Ta TEXHOJOTTYHUX MaIIUH
3 YHIKQJIBHUM TIOE€THAHHSM MIITHOCTI 1 IIIJTLHOCTI, 110 3a0e3meuye 3MeHIIeHHs iX Macu [3].

B naykosiii miteparypi [3, 4] HaBeeHO pe3yabTaTu 0araThoxX JAOCIHIHKEHB, 1010 PO3PO-
OKHM 3€JICHUX TEXHOJIOTIH (3aMiHa CUPOBWHU 3 HEBIIHOBHHX JDKEpENl Ha CUPOBUHY 3 JKepe,
10 BiAHOBIIOIOTHCA). ChOrOHI BiIOMO, 11O JIKepela BYIJIEBOJHIB 3/1aTHI BiJHOBIIIOBATHUCH,
ajie aKTyaJbHICTh MTPOOJEMHU 3aMIHM BYTJIEBOJHIB 3pOCiia Oararopa3zoBo, BHACIIIOK TOTO, IO
BYTJIEBO/IHI CTaJIM 32COOOM MOJITUYHOTO BIUIMBY Ta «HECYTb)» 3arpo3y iCHYBaHHIO 3€MHOI I1H-
BuTizawii. [y BUpiIeHHs MpoOieMy 3aMiHH BYTJIEBOAHIB B pOOOTI BUBYEHO BILJIMB alIOMOCH-
JIKaTHUX MOPOKHUCTUX Mikpochep (ACIIM), Ha cTpyKTypy Ta BIACTUBOCTI IIMHHUX T'YM.

IHocTanoBka npodaemu. Po3BUTOK CyyacHOro BUPOOHMIITBA BUMAarae CTBOPEHHS HOBUX
MarepiaiiB, sIKi MalOTh HEOOXi/IHI BIACTUBOCTI, 3aJIEXKHO BiJ] yMOB ekciutyararii. Okpim Toro,
MO€EHAHHS TAKUX BIIACTUBOCTEH 13 BUPILICHHAM €KOJIOTIYHUX MPOOJIEM — yTHITI3AIIEI0 BIIXOIIB
IHIIUX BUPOOHUIITB, CTBOPIOE MOABIHHUH edexT. OHUM 3 MPUKIIAIIB 3aCTOCYBAaHHS TaKUX Ma-
TepialiB € KOMIIOHEHT 30JIO-IIIJIAKOBUX BIIXOJIB — aTIOMOCHIIIKATHI TIOPOXKHUCTI Mikpochepu
(ACIIM), siKi yTBOPIOIOTHCS TP 3rOPaHHI TBEPIOTO MaIMBA HA TEIUIOBUX €JIEKTPOCTAHIISX.

© IMaBnenko A. A., €sgoxumenko H. M., I'aspuitiok 10. B., 2021
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AHaJi3 ocTaHHIX JoCTiTKeHb i myOaikanii. B qanuii yac ckimaBcst JOCUTH CTIHKHIA aco-
PTUMEHT HAaIlOBHIOBAYIB JUIS TYM, OJIHAK MOIIYKY HOBHX THITIB HAIIOBHIOBAUiB IMPUCBIYECHO Ha-
crynHi nparii [3-5]. YV po6ori [3] po3risiHyTO BIUIMB HEOPraHIYHUX HAITOBHIOBAYIB Ha BJIACTH-
BOCTI HIMHHUX TyM. ABTOopamu Oyno po3poOJeHO HOBI HIMHHI TYMH 3 JOJaBaHHIM
HAITOBHIOBAYiB PI3HUX MAPOK, sIKI TOKPAIIYIOTh TEXHOJIOT14HI Ta AedopMaIiiiHO-MIIIHICHI Blla-
CTHUBOCTI TYMOBHX cyMimei Ta TyM. E(DeKTHBHICTH HOBOTO €J1aCTOMEPHOTO MaTepiary 3 MiHe-
paJbHUM HaIloBHIOBaYeM Mapku MuBoiit (BupoOHUIITBO 3AT «I'eokom») Oyia mociimkena i
JoBeJieHa B po0oTi [4]. AHaui3 mpoOieM pO3BUTKY MONTIMEPHUX MaTepiajiB KOHCTPYKLIHHOTO
NPU3HAYCHHS B TYMOBIH TPOMUCIIOBOCTI, TIOB’SI3aHUX 3 3aCTOCYBAaHHSM BYTJICIIbKPEMHE3IHHUM
nBo(da3sHUM HaroBHIOBaYeM Mapku T ESPT Ta kpeMHEKHCIOTHIM HAarloBHIOBaUYeM Mapku ECO-
black, i ix moaudikariit HaBemeHO y cTarTi [5].

BungijieHHs1 He10CTiIKeHUX YaCTHH 3arajibHoi mpoodjemu. /i1 BUpimeHHs poOiIeMu
3aMiHU BYTJIEBOJIHIB y CKJIaJli IIMHHKUX r'yM, Oyso BuBueHO BiumB ACIIM Ha ¢i3uyHi, ¢i3uko-
MeXaHI4HI Ta TeIUIO(i3UUHI BIaCTUBOCTI OPEKEPHUX Ta MPOTEKTOPHUX TYM.

Sk Bimomo [6-8], ACIIM maroTh psiji 0COOJNMBOCTEN: HU3bKY IIUIBHICTH Ta TEIUIOMPOBII-
HicTh; popma yacTok ACIIM — mikpocdepu. ¥V cknaai mmaaux rym ACIIM He BuBuanu, BHa-
ciiiok Toro, mo ACIIM MaroTh HU3bKY TEIUIOMPOBITHICTS, a 1€ K pa3 € CyTTEBUM HEAOTIKOM
HIMHHUX TYM.

Merta pocaigxenns. (s npakruyHoro 3acrocyBanHd ACIIM y ckiazl LIMHHUX TyM, He-
00xi1xu0 BuBunTH BIINB ACIIM Ha BIaCTHBOCTI IIKH, IO 1 € METOIO JAHOI CTATTI.

Bukiiag ocHoBHOro martepiajy. O0’€KTOM JOCITIIKEHHS € CepiiiHi IWHHI T'yMOBI1 CyMiIli
(tabmn. 1). llluaHa rymMmoBa CyMilll — CKJIaJiHa OaraTOKOMIIOHEHTHA CUCTEMa, SIKa MICTUTD 1HTpe-
TiEHTH Pi3HOT PYHKIIIOHANBHOI /1ii: Kay4yKOBa OCHOBA, (HEHACHUEHI MO AIEHOBI Kay4yKH), Ci-
pyaHa ByJIKaHI3yro4a rpyra, (10 yTBOPIOE MPOCTOPOBY CITKY).

Binomo [8], 1o ckiisiHi Mikpochepu MarOTh YHIKAIbHE MTOETHAHHS MII[HOCTI Ta IIIJIBHOCTI,
ABJISIIOTH COO0I0 MOPOXKHUCTI MiKpochepu (YTBOPIOIOTHCS NP 3rOPaHHI BYT'ULISA).

CkansiH1 Mikpocdepn — GaraToyHKIIIOHaIbHI HAIlOBHIOBAaYl BUCOKOI SIKOCTI, SIKI CYTT€EBO
BiJIPI3HSAIOTHCA BiJl IHIIMX HAIOBHIOBAYiB:

— HacCHUIIHA HIUIBHICTh CKIISIHUX MIKpocdep y pa3y HUXK4Ya Bl HACUIHOI HIUIBHOCTI MiHe-
paJbHUX HAIOBHIOBAUiB, OJJHAK, ITPH LILOMY, CKJISIHI MiKpoc(hepH XapakTepu3yrThCs BUCOKHM
piBHEM MeXaHIYHOI MIIIHOCTI;

— Ha BIAMIHY B1J TpaJULIHHUX HAlIOBHIOBAYIB, 3aBISKU cepruyHiil popmi 4acTOK MiKpo-
cdepu 3a0e31euyoTh BUCOKHI PiIBEHb TEXHOJIOTTYHUX BJIACTUBOCTEH €TaCTOMEPHUX KOMITO3H-
1ili: 3pOocTae MIAaCTUYHICTh, 3SMEHIIYETCS YCaKa Ta B’ SI3KICTh.

AJIOMOCHITIKaTHI IOPOXKHUCTI MiKpochepu — CKIOKPUCTATIUHI alFOMOCHITIKATHI KYJIbKH,
K1 YTBOPIOIOTHCS MIPU BUCOKOTEMIEPATypHOMY (pakelbHOMY CHaIOBaHHI Byruuis. BoHu sB-
JISIIOTH COO0I0 MOPOKHUCTI, MaiKe 1/1ealIbHOT (POPMU CUITIKaTHI KYJIBKH 3 IJIaJIKOI0 TOBEPXHEIO,
3 cepenHiM aiamerpom 0u3bpko 100 mxkM. CTIHKH CYIIJTBHI HEMTOPHUCTI 3 TOBIIMHOO Bif 2 10
10 MM, Temnepatypa miasieHas 1400-1500° C, minbHicTs 580-690 kr/m>.

BuBuanu KoHIEHTpaliifHy 3aJeKHICTh TEXHOJOTIYHUX BIACTUBOCTEH T'YMOBHX CyMillei
Ta (iBUYHUX, (I3UKO-MEXaHIYHUX 1 TernodizuyHuX BiactTuBoctel rym. Bmict ACIIM
BapitoBaiy B Mexxax Big 1.0 mo 8.0 mac. 4. Ha 100 mac. 4. Kay4yKOBOi OCHOBH.

Busuanu ACIIM (puc. 1) 3 TakuMH XapaKTepUCTHKAMU:

— KoJip CBITJIO-CipUii
— (opma YaCTUHOK cepuyHa

- pH 6.0-7.0

— HACHITHA IJIBHICTB, KI/M> 223

— iICTHHHA IIUTBHICTh, KI/M® 279

— Temrmeparypa miasieHHs, °C 1400-1500
— KoedimieHT TerionpoBigHocTi, BT/(M-K) 0.317
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['yMOBi cyMinIi BUTOTOBIISUIN Ha JTAOOPATOPHHUX BAIBLAX 32 3aralIbHOIMPUHHATOIO METOIH-
koto [9]. BnacTuBoCTi BU3HAYAIM BIAMOBIAHO 70 TIIOYMX CTAHAAPTIB Ta 3@ 3araibHONPHUITHS-
TUMH METOMKAMHU.

Taomuns 1
Crnao (mac. u.na 100 mac. . Kayuyyka) WUHHUX 2YMOBUX CyMilLell PI3HO20 NPUSHAYEHHS
. IIpuzHaueHHs . . .
Iarpenient DyHKI[IOHAIBHA [Tisl IHTPeIiEHTa
Bpekepna | Ilporekropha
KaydykoBa ocHOBa
IMomiizonpen (CKI-3) 100.0 75.0 Kayayx
[Monidyranien (CK/) - 25.0 Te x
ByJkaHi3yroua rpymna
Cipka mMosoTa - 2.2 Bynkanizytouuii areHT
Cipka moyiiMepHa 4.5 - Te x
Cynbdenamin M 0.8 15 [TpuckoproBay cipyaHoi ByJKaHi3alii
binnna uuHKOBI 5.0 5.0 AXTHBaTOp Cip4aHOi ByJKaHi3awii
Kucnora creapuHoBa 2.0 2.0 Te x
®dTaneBuil aHTiAPUI - 1.0 AHTHUCKOPYHUHT Cip9aHOi ByJIKaHi3amii
Te x
Canrarapn PVI 0.3 -
HanosHroBadi
Texuiunuii Byraens N-330 60.0 - HamosHroBay
Texniunuii Byriens N-220 - 55.0 Te x
[Tom'sikmyBadi
Mactuno ITH-6 7.0 12.0 [Mowm’ sty Baq
Birymu HapToBi ACMIT 5.0 - Te x
ByrneBogHeBi cMoi - 2.0 Te x
3axucHa rpyma
3axucHuii Bick 3B - 20 [IpotucraproBay ¢izuuHOI 1l
Hiacden OI1 12 1.0 [MpotucraproBay XimMiuHOT aii
Aueronin P 0.5 2.0 Te x
Moudikatop aaresiii
Moaudikarop PY | 2.0 | - | CrpykrypHuii MojudikaTop
TexHouoriuHi 00aBKK
Kanidoub 35 1.0 3abe3neuye KIeHKicTh
[MonieTuaeH BUCOKOT MIILHOCTI 1.0 - [TinBuIIy€e KOre3iiHOI MIITHOCTI TYMOBO{
cymiui Ha ocioBi CKI-3

Kinetuky nporecy ByJkaHizallii 'yMOBUX cyMillleif BUBUaiIu npu temmneparypi 155 °C me-
totoM Bibpopeometpii (TOCT 12535-84).

[Toka3HUK TEPMOIUIACTUYHOCTI T'yMOBOI CyMIIlll BU3HAYalld, SK BiJHOIIEHHS BETUYUHU
B’si3k0cTi TipH 25°C 1o BenmumHU B’ s1i3k0CTi ipu 155°C (puc. 2).

TexHos0r14H1 BIACTUBOCTI TYMOBOT CyMillli: M SIKICTh, BITHOBIIOBAIbHICTD, IUTACTHYHICTD
(3a Kappepom), emacTuyHe BiHOBJIEHHS, BIIHOCHE €JIACTUYHE BIJIHOBIICHHS BU3HAYAIU 3a
['OCT 415-75 na nnacromepi [ICM-2 una. 650.403 (BH 5403) (tuny Binbsimca); ycanky 3a
TOBIIMHOIO Ta yCajKy 3a po3Mipamu enirnca BuzHavanu 3a ['OCT 12535-84 meronoMm Bu3Ha-
YeHHS BYJKaHI3allliHUX XapaKTepPUCTUK Ha BYJIKaMeTpi.

JledopmariiitHO-MIITHICHI BJIACTUBOCTI IMIMHHUX TYM JOCIIKyBaH BianoBigHo 10 ['OCT
270-75 mMeTo0M BU3HAUEHHS YNPYTOMIIIHUX BJIACTUBOCTEH MpU PO3TATY HA PO3PHUBHINA Ma-
mmHi Ty 2167 P-50.

EnactuynicTs mMHHOI rymu 3/iHcHIOBanU Ha npuiaai tuny [lo6a sumy MT 171 3rigHo
1o 'OCT 27110-86 meTo/10M BU3HAYCHHS €IACTUYHOCTI IO BIJICKOKY.
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Puc. 1. Mixpoghomoepagpisn (%230) anromocunikamuux nopoICHUCmMux mMikpocgpep

BumMiproBaHHs TBEpAOCTI IIMHHUX TYM 3/iiicHIOBaI TBepaomipom tuiry TP 25-13a TOCT
263-75 meToioM Bu3Ha4YeHHS TBepaocTi 3a [llopom A.

Omip mo pozmupanss mWMHHUX TyM Bu3Hadamm 3a ['OCT 262-79 Ha po3puBHIN MamuHi
tumy 2167 P-50.

BusnadyeHHs oropy 70 CTUpaHHS IMMHHUX T'yM 3/1iICHIOBAJI METOJJOM BU3HAUEHHS OTIOPY
1o ctupanns rpu kos3anHi 3a 'OCT 426-77 na npubopi tuny MU-2.

KoeoiwieHT TepTs MMUHHUX T'yM BU3HAYaJIl METOA0M abpa3uBHOro 3HomryBaHHs 3a 'OCT
426-77 na mamuHi Ty MC-2.

linpHicTh mHANX TyM Bu3Hauamu 3a [OCT 267-73 rigpocTaTUYHUM METOJIOM.

BusHaueHHs Koe(illieHTy TEIUIONPOBIIHOCTI MIMHHUX TyM 3miiicHioBamu 3a ['OCT
34374.2-2017 meTo10M 3 BUKOPHCTAHHSM TUIOCKOTO JDKeperia Teruia (Harpitoro AUCKY) Y 3MiH-
HOMY pexxuMi Ha pubopi mapku UT-A-400.

Mopo30CTIMKICTh OLIIHIOBAJIM 3a TEMIEPAaTypor0 KpUXKocTi rymu npu ynapi 3a 'OCT P
NCO 18766-2017.

Buuamu BruiuB ACIIM Ha B1acTUBOCTI, SIK IIMHHUX TYMOBUX CyMIIIEH, TaK 1 IIMHHUX TYM.

MikpocTpykTypy muHHUX T'yM 3 ACIIM BuBYasM 3a JOITOMOT'OK0 pacTPOBOIO €JEKTPOH-
Horo Mikpockona tuiny POM-106U nipu 361b1enHi 50.

B pesynbrarti aHamizy KOHIEHTpaLiiHOI 3aJIe)KHOCTI TEXHOJIOTTUHUX BIAaCTUBOCTEH r'yMo-
BUX cyMimieit (puc. 2, Tabi. 2, 3), BUSBJICHO, 1110 3@ yciMa OKa3HUKAMH TEXHOJIOTTYHUX Bac-
TUBOCTEH MPOTEKTOPHOI I'yMOBOI CyMillli CYTTEBO 3pOCTA€E TUIACTHYHICTh, 3MEHIITYE€THCS MiHi-
MaJibHa B’A3KICTh, 3pOCTA€ 1HIYKIIHHUHN MepioJ1, 3MEHIIYETHCS ONITUMAIbHUNA TEPMIH
MIpOIIeCy BYJIKaHi3aIli.

Beenennss ACIIM cyTTeBO BIUTUBAE HA TEPMOIUIACTHYHICTh T'YMOBOI cyMiti (Tadum. 2),
30KpeMa CriocTepiraeMo 30uTbIeHHS moka3auka Ha 20-70 %.

OntuManbHUR TEPMiH BYJIKaHi3allii BU3HAYAIOTh, SIK MEPioJ] yacy Bif MOYATKY 3aMuCy pe-
orpamu 10 MoMeHTY AocarHeHHs 90 % crynento Byakanizaiii. ¥ 'OCTi BuzHauaeTbes dop-
MaJIbHICTh TAKOTO IMiJX0/1y 1 PEKOMEHAYEThCS ISl BU3HAUEHHS ONTUMAIBHOTO TEPMiHY BYJI-
KaHi3allil, IK TepMiHYy JOCSATHEHHS MaKCUMAJIbHOTO PiBHS BIACTUBOCTEH MPOBOAUTH
JIOJTATKOBI JIOCIHIJIPKEHHS! KIHETUKH 3MiHH, 1e(opMaliifHO-MIiIHICH] BIIACTHUBOCTI.

Binomo, mo ACIIM 3HalnuIM mmMpoKe 3aCTOCYBaHHS Y SKOCTI HAITOBHIOBAYA JIJIsi TEPMO-
3aXMCHUX MaTepiaiB, TOMY II0 MalOTh y 3-4 pa3u HUXKUy HACUITHY LIUIBHICTH (Y TOPIBHIHHI 3
IHITAMU HATIOBHIOBaYaMH ), OJTHAK, BUCOKI TTOKA3HUKH TETIOI30JISIIIHHUX BIACTUBOCTEN € He-
JIOJIIKOM JJIsl IIMHHUX TYM.
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Puc. 2. Kinemuuni kpusi eyakanizayii (M — 6 sizxicmo, 1-5) (V — weuoxicms, 6-10) npomexk-
mopHoi 2ymogoi cymiwii 3 piznum emicmom ACIIM (mac. u. na 100 mac. u. kayuyka):

1, 6 — kommpons, 2, 7—1.0; 3,8-2.0; 4,9-4.0,; 5,10- 8.0

Tabmuns 2
Tloka3nuku mexHono21yHUX 61ACMUBOCMEU NPOMEKMOPHOI 2YMOBOL CYyMIWUL 3 PI3HUM BMICIMOM
(mac. 4. na 100 mac. u. kayuyka) antomocunixamuux nopoxcrucmux mikpocgep (ACIIM)

Iloxa3Huk KonTpons Buict ACTIM

1.0 2.0 4.0 8.0
M’sKicTh 0.65 0.69 0.68 0.68 0.68
BigHoBIIIOBaHICTH 0.94 0.95 0.97 0.99 1.00
[Tnactuunicts (3a Kappepom) 0.61 0.65 0.66 0.67 0.68
Enactnune BiqHOBIEHHS 0.52 0.47 0.29 0.09 0.04
BinHocHe egacTHYHE BiJHOBICHHS 0.06 0.05 0.03 0.01 0.01
VYcanka 3a TOBIIMHOIO, % 13.4 15.1 14.9 11.8 9.6
VYcanka 3a po3mipamu eninca, % 10.0 6.0 5.3 4.7 4.7
TepmomnactuuHicTs mpu 155 °C 1.93 3.27 2.35 245 2.69
LlinbHicTh, Kr/M° 1085 1080 1075 1060 1080

Buguanu BB ACIIM Ha TexHoJOri4HI, (hi13MKO-MeXaHiuH1 Ta Tera0(pi3uyHi BIaCTHBO-
CTi T'yMH Tpu HeBeIMKUX KoHueHTpaisax (1.0 — 8.0 mac. 4. Ha 100 mac. 4. kayuyka) (Tabu. 4).

Sk BUIHO 3 HaBeJIEeHUX JaHUX, BJACTUBOCTI MaTepialliB Ha OCHOBI CyMillIel MOTIMepIB CyT-
TEBO MEPEBUILYIOTh BJIACTUBOCTI 1HAMBIAYyaIbHUX MOJIMEPIB, 3aJI€KUTh BiJ] MApaMETPIB I'eo-
MeTpuyHOi (pa30Boi MOp(0oIIOTii — CUHEPTisl BIACTUBOCTEN peani3yeThCsi B yMOBaX r€OMETPHY-
HOT0 (ha30BOTO Mepexoy (s MOABIHIX CHCTEM IMOJIIMEPiB ONTUMAIILHUM € CITiBBIIHOIICHHS
KOMITOHEHTIB y Jiana3oHi BiJ 3/7 1o 7/3. YHIKaabHUI KOMIUIEKC BIACTUBOCTEH MpUTaMaHHUN
€JIACTOMEPHUM KOMITO3HIIISIM 3 MIHIMAJIbHUM pO3MipaMH 4acTOK rerepodasi.

HocaimxenHs octanHix pokiB [10, 11] mokazanu BupimaibHy poiib mapameTpiB (a3oBoi
Mop(oorii y 3abe3neueHH1 BUCOKOTO PiBHS BIIACTUBOCTEN MaTepiaiiB KOHCTPYKIIITHOTO IpH-
3HAYCHHsI, TIEPIII 3a BCE, MOIIMEDIB.
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Tabmuus 3
Hani excnepumeHmanbHUx 00CIIONHCEHb MEMOOOM BLOPOPeOMempii NPOMeKmMopHOL 2yM08oT
cymiwi 3 pizHum emicmom (mac. 4. va 100 mac. 4. kayuyxa) amoMoCunikamuux
nopoacrucmux mikpocghep (ACIIM)

INoxasHuk KonTtpons Buicr ACIIM
1.0 2.0 4.0 8.0

B’s3kicTs, 1H M:
- MiHIMaJbHa; 181 1.07 1.49 1.43 1.30
- MaKCHUMAJIbHa; 23.64 24.03 24.37 24.30 25.16
- IIpY ONTUMAJBHOMY TEpPMiHI Ipoliecy BYJIKaHi3awii

21.45 21.74 22.08 22.01 22.77
3MiHa B’SI3KOCTI B Ipoweci (CTyIiHb 3MIMBaHHS ) BYJIKaHi-
3awii, 1H M 21.83 22.96 22.88 22.87 23.86
Tepmin 3poctanHs MiHiManbHOT B’ s13k0cTi (1H M), 60 c.:
- Ha OJIHY OJIMHUIIIO
- Ha JBl OJUHHUII 214 2.58 248 2.52 2.26

2.52 2.88 2.85 2.89 2.59
Tepwmin (60 c.) mpoTikaHH: IpoLecy ByJKaHi3auii mpu 3a-
JAHOMY CTYTICHI ByJIKaHizamii, %:
- 10; 2.55 2.93 291 2.95 2.65
- 30; 3.09 3.45 3.46 3.52 317
- 50; 3.65 4.02 4.02 411 3.70
- 70; 4.49 4.86 4.83 4.97 4.50
- 90; 6.53 6.72 6.62 6.88 6.38
- 100. 14.88 13.36 13.57 14.27 14.41
TepMiH JOCSTHEHHS MaKCHUMAJIBHOT IBUIKOCTI MPOIIECY
ByJIKaHizaiii, 60 c. 297 3.27 3.35 3.39 3.04
MakcumarnbHa HIBHIKICTB MPOLIeCY ByJKaHizamii, 1H M/
60 c. 9.36 9.68 9.65 9.17 10.43
OnruManbHUHA TEPMIH Npolecy ByJikaHizaiii, 60 c. 4.39 4.14 4.14 4.36 4.13
Tepmin nouatky npoiiecy pesepcii (98%), 60 c. 23.25 19.55 20.15 20.88 2243
IBunkicts npouecy Bynkanizauii (aH-m/ 60 c.) npu
npotikaHHi npouecy 3600 c. -0.14 -0.04 -0.06 -0.14 -0.10
Kyt MexaHiuHuX BTpart (pajiaHu):
- 3a YMOBH 3POCTaHHS MIHIMaJbHOI B’S3KOCTI Ha OIHY 0.66 0.76 0.72 0.74 0.78
OJIMHHULIO;
- TIpU ONTHMAIILHOMY TE€PMiHi IPOIIEeCy BYJIKaHI3aIlil; 0.05 0.05 0.07 0.06 0.06
- TIpU TEPMiHi IPOTIKaHHS MPOoIecy ByaKaHizamii Ha 100
%. 0.04 0.04 0.05 0.05 0.05
Inpexc 3MiHM B’SI3KOCTI 4.58 4.35 4.36 4.37 4.19
[HIeKc 3MiHM NIBHJIKOCTI MPOIIECY BYJIKAHI3aLii 0.41 0.43 0.44 0.41 0.43
IIBunkicTh peBepcii, % 41.72 36.07 44.42 40.70 41.12

Tabmuis 4

Toka3nuxu oeghopmayiino-MiyHICHUX, PIZUKO-MEXAHIUHUX, MENIOPIZUUHUX 61ACMUBOCMEl
ma po3mip Yacmox cemepoghazu nNpoOmMeKmopHoi 2yMo8oi Cymilti 3 pi3HUM BMICIOM
(mac. u. na 100 mac. y. xayuyxa) anromocunikamuux noposxchucmux mikpocgep (ACIIM)

IToxa3nuk KonTpons Buict ACIIM
1.0 2.0 4.0 8.0
1 2 3 4 5 6
JedbopMmariiiHo-MilHiICHI BIACTUBOCTI
Ywmosae HanpyxenHs (MIla) npu 3agaHOMy 1TOTI0B-
JKeHHi, %:
-50 15 19 16 11 18
- 100 31 3.2 2.8 19 3.0
- 150 4.7 4.6 4.4 3.0 4.4
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3akinuyenus Tadn. 4

1 2 3 4 5 6
- 200 6.2 6.2 59 3.2 6.2
- 250 8.2 8.6 7.9 5.7 8.2
- 300 10.6 10.7 10.2 7.3 10.9
'YMOBHa MIIHICTB IpH po3Tary, Mlla 18.4 18.4 17.1 10.7 14.1
BinHocHe momoBxkeHHs, % 490 510 460 430 410
3aIuIIKoBe BUAOBXKEHHS, %0 20 20 20 20 20
®Di3uK0-MeXaHI4HI BIaCTUBOCTI
Enactuanicts (Ha npunazi tuny 11lo6a), ym. ox. 28 26 26 26 27
Teepaicts (3a [llopom), yMm. of. 60 61 60 61 63
Omip 0 po3nupanns, kKH/m 64.7 61.1 67.6 61.0 34.8
Onip a0 ctupanocti, Mm%/ T Ix 41.60 59.20 41.98 46.52 65.41
KoedimieHT tepTs 0.99 1.02 0.98 0.96 1.00
Temnodi3uyHi BIACTHBOCTI

Koedimient termonposigxocti, Br/(MmxK) 0.518 0.522 0.587 0.591 0.607
Mopo3zocTiiikicTb, °C

[MapameTpu Mmopdourorii
Hiametp yactok rerepodasu, yMm. of. | 18.0 | 15.0 | 15.0 | 15.0 | 16.0

Buxonsuu 3 Toro, 1110, Ha BiAMiHY BiJ IHIINX MaTepianaiB KOHCTPYKI[IITHOTO MPU3HAYCHHS,
PO3BHUTOK TEXHOJIOTI] eIacToMepiB 0OyMOBICHHIA HE TIIBKH IMiJBUINEHHIM MIITHOCTI (Tpaau-
IIAHWIA TAX1T 471 BCiX MaTepiaiiB KOHCTPYKIIHOTO MPU3HAUYEHHS ), ajie 1 HeOOXiaHICTIO 30e-
PEXKECHHSI OCHOBHOI BJIACTUBOCTI €JIaCTOMEPIB — 3[JaTHOCTI JUCHITYBaTH MEXaHIUYHY CHEPTi0. 3
ypaxyBaHHSIM MPUHLUIOBUX BIAMIHHOCTEH (i3MYHOI MPUPOAN TaKUX BIACTUBOCTEH SIK Mill-
HICTb 1 €J1aCTUYHICTh, TEOMETPUYHY (a30By MOP(OIIOrito HEOOX1IHO BU3HAYATH K MAaTPUUHY
CTPYKTYpY: IUCHEpCiiiHe elacTUYHE CepeOBUILE B IKOMY PO3NOBCIO/IKEHA AUCTIepcHa (a3a —
€JIEMEHT CUCTEMH, 1110 3a0e31euy€e BUCOKUI pPIBEHb MIKMOJIEKYJISIPHOT B3a€MO/III.

[Tapametpu MopdosioriuHoi Oy/I0BU €1acCTOMEPHUX KOMITO3ULINA Ta XapakTep CTPYKTYp-
HUX [1€PETBOPEHb BUBYAJIM K T€OMETPUYHI (pa30Bi Mepexo1u 13 3aCTOCYBAHHAM METOAA Iep-
KOJISIIIiHOTO aHamizy (puc. 3).

3anoBHeH1 KBaJpaTH MOYJIIOIOTh BIACTUBOCTI rerepodasu, a He 3all0BHEH1 — BJIAaCTUBOCTI
JMCTIepCiliHOro cepenoByma. MIMOBIpHICTE TeoMeTpUdHHIX (a30BHX MEPEXOJIB i TepMOIMHA-
MIYHHMX ()a30BUX MEPEXO/IB AKICHO MO10H1, OJJTHAK aHaJI3 T€OMETPUUHHX (Pa30BUX MEPEXOIIB
B [TOPIBHSIHHI 3 TEPMOJUHAMIYHUM, IPOCTIMNN — 0a3y€ThCsl Ha ACSIKUX MOHATTIX FeoMeTpii Ta
Teopii KIMOBIPHOCTI.

BcranoBnieHo, 1110 HMOBIpHICTh reoMeTpudHUX (ha30BUX HepexoaiB P, mpu 3agaHoMy BMICTI
rerepodasu Pc, pi3ko 3MEHIIYETHCS Y BUITAIKy 3MEHILICHHS pO3Mipy 4acTok rerepodasu (d):

p=p;t=p¥d 1)
ne P — IMOBIpHICTh TEOMETPUIHOTO (PA30BOTO MEPEXOIY;
P. — 06’emHa yacTka rerepodasu;
L — po3aMipHiCTh NEPKOJIALINHOI PELIITKHY;
d — niamerp yactok rerepodasu, ym. o.

To6To, npu 3MeHIIeHH]I po3Mipy 4acTOK rerepodazu 3MEHIITY€EThCs HMOBIPHICTB (Pa30BOTO
TEOMETPUYHOTO TIEPEXOy, OTKE 3POCTAE WMOBIPHICTh 30€pEKEHHS BIACTUBOCTI MAaTPHIIl —
€JaCTHYHOCTI y BUTIAAKY TyMu. OnepkaHi pe3yibTaTd, Mo 0a3yloThCs Ha aHalli3l B 3a/1adax
MEPKOJIAIT, JOOpE Y3TOKEH1 3 EKCIIEpUMEHTATLHUMHU MiKpodoTorpadismu.

91



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOT'II
TECHNICAL SCIENCES AND TECHNOLOGIES

- e
... . -. - - ... ."..
s - .
. el la .
- _ L L
3 * o *% |Beeww
. *2 . b
- ] ) w &
P.=0,2 P.=0,4. L=8
"I E TIILXR )
a1 e & AEeaw
- -, EX X -
bl (@ ew EX R LN
* | Y] *0 e aa
(X ILELX] =9 s(vavas
XX (X *omm oa
*F (W@ @ 2 (e oa
Pc:O,6 C2018
LR L
e i e
B RS R L a% & &
o DU DU x R R
L] DU D I ™
A A T )
L . e - -
L=16 L=8. P.=0,2
L=4 L=2

Puc. 3. Ilpuxnaou nepronayiunux KoHgicypayii Ha KeaopamHii pewimyi 3a pi3HUX 3HA4eHb
P ma L (P — uacmxka 3atinsamux enemenmie na pewimyi; L — posmipnicme pewimxu)

Meto/10M eneKTpOHHOI Mikpockomii BUBYeHO mMHHI Tymu 3 ACIIM (Ounbiie 5 mac. 4. B
FYMOBY cyMilll). TakuMm 4YMHOM, aHaji3 MikpogoTtorpadiii (puc. 4) CBIJUUTE PO T€, L0 MPH 3PO-
cranHi BMicTy ACIIM B KOMIIO3MLIHHOMY Marepialli, YTBOPIOETbCS 3’ €IHYBAJIbHUN KilacTep
(puc. 3, P.=0.4, L=8) i six Hacniziok BinOyBaeThes pyiHyBanHs dacTok ACIIM (puc. 4, g, 2).
CrioctepiraeMo 3pOCTaHHS LIIUTBHOCTI.

[Tpu ontumansHOMy BMicTi ACIIM (puc. 4, 6) cnoctepiraemo Ha noBepxHi yactok ACIIM
MIKPOYTBOPEHHS 3 PEYOBUHU B ra30MoAi0HOMY CTaHi, TOOTO 301IbIIY€THCS KUIBKICTD €l1eMeH-
TiB, 1110 MAIOTh BJIACTHUBOCTI KIHETUYHOI PUPOJIHN — CIIOCTEPIra€EMO 3pOCTaHHs KoedilieHTa Te-
IUIONPOBIIHOCTI, MOPO30CTIHKICTh, IUTACTUYHICTh Ta 1HII TEXHOJIOTIYHI BIACTUBOCTI. Takum
YUHOM, B pe3yJbTaTl IPOBEACHUX JOCIIKEHb BUsABIEHO, 110 ACIIM y ckiaal MUHHUX TyM
HPOSIBIISIOTH BIACTUBOCTI CTPYKTYPHHUX MOAM(DIKATOPIB — CLIOCTEPIraEMO 3MEHILIEHHS PO3MIpY
gacTok rerepodasu (puc. 3, P.=0.2, L=8-2, tabm. 4).
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Puc. 4. Mikpoghomoepadpii (a, 6, 6 — x50, 2 — x300) wunnux 2ym 3 antOMoCUNIKAMHUMU
nopoocHucmumu Mikpocgpepamu, mac. 4. na 100 mac. u. kayyyka:
a — koumponaw; 6 —4.0; 8, 2— 8.0

BucHoBkM BianoBiaHo 10 crarti. Briepiie npoBeaeHO CUCTEMHI JOCTIKEHHS BIUIUBY
ACIIM Ha ¢i3nuHi, (hi3uKo-MeXaHiuHi Ta TEIUIO(iI3UYHI BIACTHBOCTI MIMHHUX I'yM. BuBueHO
CTPYKTYpHI 3MiHU IMHHKUX TyM. [lokaszaHo, mjo ontumanbHuM € BMIcT 3-5 mac. 4. ACIIM Ha
100 mac. 4. kay4dyka (3pOCTafOTh TEXHOJIOT1UHI BIACTUBOCTI TYMOBOI CYMIIlli, 3MEHIITY€EThCS
IIUTBHICTD Ta 3pOCTa€ KOe(DilieHT TEIIONPOBITHOCTI MUHHUX r'yM). Bussieno, mo ACIIM y
CKJIaJli INMHHUX TYM BUKOHYIOTH (DYHKIIIFO CTPYKTYPHOTO MOoAH]ikaTopa.
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INFLUENCE OF ALUMINOSILICATE HOLLOW MICROSPHERES
ON PROPERTIESOF TIRE TIRES

Tireisthe most complicated device element of modern technology whiletire rubber isa unique material for construction
pur poses. The modern paradigm of sustainable devel opment provides a sol ution to the problem of ecology and social issues by
reducing the use of hydrocarbons as a condition for the preservation of civilization and the traditionally relevant to ensure
effective management of the devel opment of new structural materials. The creation of each new material for structural purposes
led to changes in socio-economic formations.

The aim of the study is to determine the characteristics of tire rubber with reduced hydrocarbon content (due to the
introduction of aluminosilicate hollow microspheres (ASHM)).

The literature presents the results of many studies on the development of green technologies. The peculiarity of ASHM is
that it isa secondary raw material.

The paper presents the results of experimental research on the impact of ASHM on the physical, physico-mechanical and
thermophysical parameters of rubber compositions and rubbers, analyzes relationship between the level of propertieswith the
microstructure of rubber and the parameters of the geometric phase morphology.

For thefirst time, a systematic study of the influence of ASHM on the physical, physico-mechanical and thermophysical
properties of tire rubber was conducted. Sructural changes of tire rubber are studied. It is shown that the introduction of
ASHM solvesthe environmental problem (reduces fuel consumption by reducing rubber density and reducing energy consump-
tion due to increasing the level of technological properties), social problem (replacement of hydrocarbons in the rubber mix-
ture). It was found that ASHM in the composition of tire rubber perform the function of a structural modifier.

Keywords: tirerubber; aluminosilicate hollow microspheres; thermal conductivity; frost resistance; green technologies.
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MODELING IN MSC ADAMS/VIEW
ASMODERN APPROACH TO MECHANISM DESIGN

The paper deals with the kinematic analysis of a pressure mechanism. It is a four-member mechanism. The mechanism
transforms rotational motion into translational motion. It has one degree of freedom of movement. The position and speed of
the piston, the magnitude of the force in the spring and the angle of the arm of the drive member at different values of the load
of the drive member are determined. The task is solved using the program MSC Adams / View. The result of the simulation is
the calculated trajectory of the movement of the selected point of the mechanism. The trajectory is shown in graphical form

Keywords: mechanism; simulation; kinematic and dynamic analysis; trajectory.

Fig.: 8. Table: 1. References: 12.

Urgency of the research. In today's world of technology, we encounter a wide application
of spatial mechanisms and bound mechanical systems. Movement from simple to more complex
is examined. We then examine the given movements on the basis of the characteristics that we
need to find out. The kinematic and dynamic properties of the mechanism are determined. There
are several methods to solve them. The oldest possible solutions are analytical and graphical
solutions. At present, software solutions using available computer programs are being used.

This paper shows the use of one of the software products in the kinematic and dynamic
analysis of a mechanical system. Software solutions are preferred, but knowledge of graphical
and analytical methods is still needed. The graphical method of solving improves our
imagination about the system during its movement. However, the graphical method gives
information about the quantities only in the specific investigated position. It is therefore time
consuming. A number of the computer products are currently available for kinematic analysis.
One of them is the MSC Adams program. In it, a mechanical system with one degree of freedom
is modeled and its kinematic analysis is performed as an example of its use. After building the
model and starting the simulation, the program offers to process clearly searched kinematic
quantities in its postprocessor. It allows their processing in graphical and numerical form. It
also allows to get an animation of the movement of the mechanism, which gives you an insight
into the behavior of the mechanism during the workload. This paper is devoted to this issue.

Target setting. Computer modeling is currently being developed in various areas of
industrial production. It is significantly used in the automotive industry but also in other areas.
It focuses on reducing the development time of new product models and making the
development and production less expensive.

Computer modeling is commonly used in engineering tasks to obtain information about
system behavior at low cost. It allows you to change the parameters of the models and monitor
their impact on the final solution. The advantage of computer modeling is the speed and
flexibility in solving problems in the process of product design, development and innovation.

Computer modeling can be divided according to the process of creating and processing a model
for mathematical modeling, in which we work with a mathematical model of the solved mechanical
system. Here we can include, for example, Matlab/Simulink, Mathematics and Maple. Or when
using multibody modeling software, we only need to know the overall design of the model and its
load during the movement. These programs, where we define the mechanical system directly
through the direct definition of the geometry of its elements, constraints and loads, also include the
MSC Adams program used, and here we speak of "multibody" modeling. Here we could also
include the Toolbox SimMechanics of the Matlab/Simulink.

© Hroncova D., 2021
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Actual scientific researches and issues analysis. In mathematical modeling, we describe the
whole model and its behavior using mathematical equations. To define the properties of the solved
model, mathematical equations are used, which define the motion and call their equations of motion
of the system, as well as equations describing the kinematic dependencies between the individual
members of the mechanical system. The compilation of equations of motion is time consuming and
therefore this procedure is only suitable for systems with a lower number of degrees of freedom.
Here we can use, for example, Matlab/Simulink, Maple and Mathematics.

Matlab is a program that allows numerical calculations, modeling and simulation.

Maple is a comprehensive calculation software that allows analytical calculations, numerical
calculations, graphical display of results and the creation of a document describing the workflow.

Mathematica is a program focused on numerical and matrix problems in various areas of
technical problems.

The difference in "multibody" modeling from mathematical modeling is that this
"multibody" modeling does not describe the model by mathematical equations. Only the shape
of the geometry of the individual bodies from which the model is built is defined. There is no
time to compile the equations of motion, which leads to time savings. However, computer
programs in this area of modeling are more demanding on hardware and knowledge of the use
of software. Theoretical knowledge and skill of the designer is required.

SimMechanics as an extension of Matlab was developed to address the kinematics and
dynamics of a rigid body.

Simulink as a Matlab graphical environment was developed to create and solve dynamic
systems using block diagrams.

MSC Adams uses an object-oriented programming environment with graphical output.
Systems are defined directly by the geometry of bodies, kinematic constraints, force effects and
motion generators.

Analysis of existing research and publications. Much attention has been paid to the
spatial mechanisms in the literature since the last century. The first works include the work of
Burmester, Reuleaux and Assur. The work of Artobolevsky and Franke, Srejtra on newer
authors. The methods of describing mechanisms are the work of Denavit and Hartenberg [1]
and the work of Kalicin, Kislicyna, Lebedeva, Litvin [2]. The matrix methods in kinematics has
been studied by Hartenberg, Denavit and Uicker. The vector methods of kinematics analysis
was devoted to Zinoviev, Novotny, Chace [2].

Methods of mechanisms description are described in works of Denavit and Hartenberg [1]
and others. General methods of dynamic analysis of planar mechanisms are attributed to authors
as Brat [2], Kozlov, Makaricev, Timofejev, Jurevi€ [3], Bejczy, Koplik, Leu, Haug [2], Stejskal
[4], Valasek [4] and others.

Fourth order matrices were introduced by J. Denavit and R. S. Hartenberg. Similarly, G. S.
Kalicin solved some problems of planar and spherical mechanisms by matrix calculus. The
possibility of using quaternions or biquaternions in the kinematics of the body was pointed out
by J. Novak. The general methods of analytical solution were dealt with by S. G. Kislicin and J.
F. Moroshkin. In the kinematics of spatial mechanisms, the Czech mechanic V. Brat also
introduced the use of matrix calculus [2], V. Stejskal and M. Valéasek [4], K. Juli§, R. Brepta [5].

In our work, after the introductory theoretical part we show models of the mechanism
compiled in MSC Adams-View.

Article objective. The presented paper shows the solution of the kinematic analysis of a
mechanical system by the currently available computer program MSC Adams. The model of
the pressing mechanism is solved, which represents a mechanical system with one degree of
freedom. After building the model in the MSC Adams View program, the results of the
kinematic analysis of the mechanism are obtained after starting the simulation.
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The paper shows the mechanism shown in Fig.1. In terms of kinematics, the mechanism
consists of four members, one of which is the basis. The mechanism has one degree of freedom.
Performs a translational motion [4-5].

Pressure mechanism on the Fig. 1 consists of the crank 2, connecting rod 3, piston 4 and
spring. The mechanism is used to convert angular motion of the crank into linear motion of the
piston. A mechanism is used to produce mechanical transformations in a machine.

The solved mechanism transforms the rotational movement of member 2 into the
translational movement of member 4. Our task is to investigate the movement of its individual
members and significant points.

a b
Fig. 2. a)-b) Moddl of the Mechanismin MSC Adams/View

The aim is to describe the movement of the piston 4. We solve the crank slider mechanism
of the pressure mechanism.

The kinematic scheme from the point of view of the kinematic solution contains the
dimensions of the members and the connecting kinematic pairs. Individual members are marked
with numbers. The base is marked with the number 1, the crank drive member with the number
2, the connecting member with the number 3, the sliding member with the number 4. The spring
has a stiffness k = SN / mm. Individual dimensions of the mechanism:

OB = 100mm, OA = 200mm, BC = 200mm, the spring is mounted in the center of gravity
of member 4 and on the base in place (0, -300.0). Width of individual members Width = 20mm,
Depth = 10mm. The force F acts on the driven member 2. Next we solved the problem for
variants P1 to P4 at different parameters of the loading force F.

General overview of the system.

We solve the problem for variants P1 to P4 with different parameters of the loading force
in the following parts.

A local coordinate system is associated with each member. The motion of a point located
on a member with a local coordinate system is then described with respect to the global
coordinate system (Fig. 3). We are interested in the position of the selected point of the member
of mechanism with respect to the global coordinate system in which the mechanism is located.
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The following table (Table 1) shows the parameters of the model of the mechanism on (Fig. 1):

Table
Variant of the Mechanism with Force and Time of the Solution
Variant F[N] Time[sec]
P1 140 0.0800
P2 160 0.0632
P3 180 0.0531
P4 200 0.0474

Kinematic analysis of the model in MSC Adams software.
The next figure (Fig. 3) shows a manipulator model created in the MSC Adams/View.

Fig. 3. Modél of the mechanismin MSC Adams/View

Fig. 4. Front view of the rendered model of the mechanismin MSC Adams/View

A 3D computer model of the manipulator is created in MSC Adams [12]. Modelling
elements and procedures for the creation of bodies and their kinematic bonds were used. After
proposing the model, the functionality is verified and the simulation is started (Fig. 5) [6-11].

T N

Fig. 5. @) — d) Mechanism in the motion with force F=200N
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The resulting graphs of trgjectory of point obtained by the simulation are displayed in a
graphical form with the postprocessor are in the following figures (Fig. 6 a-b).
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Fig. 6. a) — b) Measure of the kinematics quantities

The representation of the trgjectory of the points in various views (Fig. 7 a-c) is shown
below.

Fig. 7. a)-c) Model with MOTION in Joint and Trajectory of the Point of the Member
The kinematics parameters of the selected point of the membersis shownin Fig. 8 a) to h).
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Fig. 8. The kinematics parameters of the selected point of the members of the mechanism
a)-b) variant P1, ¢)-d) variant P2, e)-f) variant P3 and g)-h) variant P4

Conclusions. Computer programs allow us to interactively simulate and visualize the
model. They allow us to conveniently edit the model and quickly visualize the results. Outputs
in the form of graphs allow the display of current values of measured quantities in real time
during the ongoing simulation and also bring visualization of the animation of the mechanism
movement. It is also possible to create a video output of the simulation in AVI format.

The MSC Adams/View postprocessor is part of the computer prototype modeling process
and is a convenient tool for creating, processing, editing and presenting simulation results in
the form of graphs. It is also possible to display the model in the current state and print the
results prepared in this way. We also calculated the position of the center of gravity of the
pressure member 4.

MSC Adams works with a 3D model. The advantage is the ability to simulate the movement
of the prototype model and its control in the program environment and verification of
functionality in the form of 3D visualization. Based on the results obtained from the simulation,
it is possible to modify the proposed model and test its behavior at different magnitudes of the
loading force. The software used allows us to quickly assess the behavior of mechanisms under
load and thus saves time that would be needed to create real prototypes of mechanisms.
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MOJIEJIIOBAHHS B MSC ADAMS/VIEW SAK YACTUHA CYYACHOI'O
maxoay a0 NPOEKTYBAHHA MEXAHIYHUX CUCTEM POBOTIB

Y cyuacnomy ceimi mexnonoeiti mu cmuxkaemocs i3 WUpOKUM 3aCMOCY8AHHAM NPOCMOPOGUX MEXAHI3MIE Ma N0 SA3AHUX
MexauiyHux cucmem. Mu 00cioxncyemo dawi pyxy Ha OCHOBI Xapakmepucmux, axki Ham nompiono 3'acysamu. € Kintbka cnocoois
ix eupiwumu. Haticmapiwi 3 MOJCIUBUX pilieHb — ye aHarimuyHi ma epagiuni piuients.

Huni ona kinemamuunozo aumanizy docmynuutl psio komn'tomepuux npodykmis. Ooua 3 Hux — npoepama MSC Adams.
Ho3zeonse epaghiuny ma uuciogy obpobKy obuucieHux 3Hauens, aKka 0ACmb 6am 3a2anbHe Ys61eHHs PO NOBEOIHKY MEXAMIIMY.
Memoou onucy mexarnizmie — ye poboma [Jenasima ma Xapmernbepea ma poboma Kaniyuna, Kucniyuna, Jlebeoesoi, Jlumsuna.
3azanoni Memoou OuHaAMiuHO20 aHANIZY NAOCKUX MexaHizmie npunucyiombcs asmopam. bpam, Kosnos, Maxapuuis, Tumogees,
FOpesuu, beiiui, Konnik, Jley, Xaye, Cmeiickan, Banawiex ma inwi.

Ilepesazoio komn'tomeprozo modeniosants € WBUOKICIb Ma SHYYKICMb SUPIUIEeHHS 3a60aHb Y NPOYECi NPOEKMY6aHHs,
PO3pOOKU ma 8nposaoddicents iHHosayill. Y Hasedewiti cmammi NOKA3aHO PIWEHHSI KIHeMAMU4HO20 AHANI3Y MEeXAHIYHOT
cucmemu 8 MSC Adams.

Bupiweno modensy npumucknozo mexanizmy, uwjo npeocmasiiae Mexamiyiy cucmemy 3 OOHUM cmynenem c6oboou. Mema
nonseae 8 momy, wob eupiwumu Kinemamuky 3a oonomoeoio MSC Adams View. Pesynomamu piwenns epagiuno
06poOIAIOMBCA Y NPOSPAMI, WO BUKOPUCHOBYEMbCA. Bukopucmani enemenmu Mooeniogants ma npoyeoypu Gopmyeants min
ma ix kinemamuunux 36'ssxie. Ilepesazoio € Moxciugicms MoOenoeamu pyx MOOeni-npomomuny ma Kepyeamu HuM y
npocpamMHOMy cepedosuwyi, a marodic kepysamu npodykmuegnicmio y euenadi 3D-eizyanizayii. 3a pezynomamamu Mooenioganus
MOACHA NOOYOYBAMU PeanbHy MOOETb MdA CNPOEKMY8amu O10KuU.

IIpoepamne 3abesnevenns O MOOENOBAHHA — Ye 3PYUHULL THCIMPYMEHm NPOEKMYBAHHs, AKUL 3a0Waodxcye yac ma
pecypcu. Bin maxoc nioxooums 011 0emanbHO20 O0CIONCEHHs, MA NPAKMUYHO20 BUBYEHHS MEXAHIUHUX CUCTIEM.

Knrouogi cnosa: mooentosanns; Kinemamuunuli ma OUHAMIYHUL GHATI3; MPAEKMOPISL.

Puc.: 8. Tabn.: 1. bion.: 12.
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THE PNEUMOBIL DESIGN

The article describes the design of the body of a pneumobil that is to take part in international races. The shape of the
body is designed in CAD software with emphasis on aerodynamic properties. There were also limitations in the design of the
shape resulting from the safety and technological possibilities of production. The skeleton will be made of epoxy resin and
glass fiber, which will be applied to the hoof made of extruded polystyrene by milling. The article describes the method of
production, including technological conditions.

Keywords: pneumobil; compressed air; body; vehicle; composite material.

Fig.: 4. Table: 1. References: 7.

Urgency of the research. Given that there are significant climate changes at the moment
and that they deal with a lot of topics, they are emissions and ecology, a large part of emissions
are generated by motor vehicles. That is why in recent years manufacturers have been looking
for an alternative. These include, for example, electric cars, hybrid drives, ethanol engines, hy-
drogen vehicles, as diesel vehicles are banned from entering in some cities. The experimental
drive is a compressed air motor [3].

Target setting. The article is focused to the design of a pneumobil, which is prepared by
our faculty and participated in the 2019 race. The pneumobil has a typical frame, but the body
is worse in aerodynamics, exterior and weight. In the chapter they will be able to compare other
vehicles that participate in the race. Modeling possibilities in CAD / CAM systems will be
described. The body design will work in the Creo Parametrics program [2].

Actual scientific researches and issues analysis. Ongoing sales and EU rules are forcing
more and more new products in vehicle propulsion systems than in any other area. In terms of
the environment, not only the search for a more efficient system, but also so-called renewable
energy sources or green energy drives can be developed as an alternative to a conventional
internal combustion engine [4].

Analysis of existing research and publications. Every year since 2008, the Hungarian
city of Eger has hosted international races on vehicles powered by compressed air. The event is
intended for students of technical universities. The competition has three disciplines: maximum
range, sprint and slalom. Our university has been regularly participating in the competition
since 2018. In 2018, it was the first to participate in a three-wheeled vehicle with a star engine,
which was quite a problem, and therefore in 2019 they participated in a completely new four-
wheeled vehicle [1; 2].

Introduction. In the twelfth year of the competition, our university participated in a 4-
wheeled vehicle to create the body, we first needed to model a 3D model. For modeling, we
used the CAD system Creo Parametric. Since it is possible to see our body in 2019 in (Fig. 1),
it was created from several parts, we decided that it would be better to create the body than
one whole part.

© Janos R., Fetko D., 2021
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Fig. 1. Penumobil Air Force TUKE v 2019 [7]

The initial step in modeling in 3D CAD systems is to create a model of the part, followed by
the creation of drawing documentation for this part. The software also enables the assembly of
multiple parts into functional units, into so-called assemblies. It is again possible to create draw-
ing documentation from the assembly. When creating a model in all 3D modeling software, in-
cluding SolidWorks and Creo Parametric, the first step is to create a 2D or 3D sketch. This sketch
can be placed on any plane or in space, in the case of a 3D sketch. After creating the sketch, the
conversion of the area model into spatial comes. This allows a number of functions such as ex-
truding a sketch into space, rotating around an axis, and so on. This step is stored with all param-
eters in the command tree, which clearly shows the construction process of the part. After ana-
lyzing the body of similar cars, our body will be built around the entire frame. The model was
created according to the model of the frame, which had the exact dimensions of the car and the
dimensions of the wheels, which in this case is important to us. The model has better aerodynamic
properties, in the front part on both sides we have holes that are oriented for cooling the brakes
and less air resistance. In (Fig. 2) is a front view of the body design. On (Fig. 3) it is possible to
see the design of the body when viewed from behind [5].

Fig. 2. Front of the body of pneumobil
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Fig. 3. Rear of the body of pneumobil

Body production
Design of the process of manufacturing the model of the body model using milling from
polystyrene. Thanksto the created program, area-size body mode will be milled from extruded
polystyrene, consisting of several parts that will be connected to each other and will form areal -
size body model. Next, the process of producing thefinal version from epoxy resin and glassfiber
will be described [4].
Table1
General comparison of composite properties depending on the type of reinforcing fiber (+
Favorable, ++ very favorable, - unfavorable)

Properties - Cpmposites_ -
glassfibers aramid composites carbon composites

Density +/- ++ +
Tensile strength + + +
Flexibility - + ++
Compressive strength + - +
Damping - + -
Static and dynamic stress ++ + ++
Dielectric properties ++ ++

Adhesion properties ++ + +
Price ++ +- -

Using the program created in the CAM system from our 3D model, a body model, in real
dimensions, will be milled on a CNC milling machine made of extruded polystyrene. Thanks to
the possibilities of Creo, we can simulate the milling process and see the final product after mill-
ing, the process can be seenin (Fig. 4).

Fig. 4. Smulation of milling process
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In our case, the maximum dimension that can be milled is 1000x500mm, because it is the
maximum allowable size for our CNC machine. When milling, we use a 12 mm ball cutter for
polystyrene. When milling, we divide the work into two stages. The first stage will involve
rough machining (roughing), which has the task of removing as much material as possible in
the shortest time, and we will enter the following parameters for the CNC machine:

spindle speed: 12000 rpm.

feed rate: 80 mm /s

immersion speed: 30 mm /s

The second stage consists of a welded phase of surface machining, the so-called finishing
machining, in which the last remnants of material are removed and the part gets the final shape
of the product. The following parameters are required for the operation:

spindle speed: 12000 rpm.

feed rate: 60 mm /s

immersion speed: 20 mm / s.

As a result, our model will consist of several parts that will need to be joined together. We
will connect with the help of assembly foam and screws into one component as a whole, which
will form a model of the body in real dimensions from polystyrene.

Subsequently, a flat surface without joints and unevenness will be created by machining.
We will machine by grinding with corner thicknesses of sandpaper with a grain size from 60 to
400. And in the event of unevenness and gaps, we will apply putty.

The next step in production will be the preparation of a model for the application of poly-
meric material and reinforcing fiber. Firstly, it is necessary to ensure a better separation of the
finished body from our model. Therefore, it is necessary to cover the model with aluminum
tape, so that the composite material does not damage the polystyrene and apply a special sepa-
rating wax to the surface. As a result, the model is then easily removed from the finished mold
and will be undamaged.

We apply the composite material to the prepared model using a brush, in our case we chose
an epoxy resin called thermoset. This material has many advantages, for example: easy produc-
tion, low price, low weight and good properties under dynamic loading. After applying the first
layer of epoxy resin, it is necessary to lay the reinforcing fiber with thin strips. As a reinforcing
fiber, we chose glass fiber, which is also a better option for our body, due to its properties and
especially the price. The fiber has relatively high strength and fire resistance. We apply epoxy
resin to the deposited layer of glass fiber, the surface of it, 2-3 times, unless the thickness of our
body is at least 1.5 mm. After catching the material, we can separate our body from the model.
After separation, we get the finished body as a whole made of composite material. For the final
appearance of the body, it is necessary to prepare it for painting and create a flat surface, by
grinding and guiding. The choice of sanding paper for machining depends on the evenness of
the surface, for example, the grain size from G120 to G600. After reaching a flat surface, we
can paint the body with synthetic paints.

Conclusions. The work is dedicated to the production of a car body, which is made by our
university for participation in a car race in Hungary, in the city of Eger. Every year, races for
compressed air cars have been held since 2008. Our university has been participating in the race
since 2018. By designing a new body, we will improve the aerodynamic properties of the tire,
which will improve our team's view of a better result. Based on the design, a body that will take
part in the race next year will be produced, as we could not take part in the competition due to
the COVID 19 pandemic.

Acknowledgements. This article was created thanks to the KEGA project support:
010TUKE-4/2020 Implementation of new knowledge and innovative approaches to the process
of teaching robotics in line with Industry 4 and KEGA project support: 004TUKE-4/2021 De-
velopment of innovative teaching materials for learning multi-agent robotics.
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JIN3AMH IMHEBMOBLTY

Bpaxosyiouu, wjo na oanuii momenm 8i00y8aiomvcs 3HA4HI 3MIHU KIIMAMY i Wo 60HU CIOCYIOMbCs 6a2ambox mem, ye
BUKUOU MA eKONO2IsA, 3HAYHA YACTNUHA BUKUOIE CMEopoembcs asmompancnopmom. Ocb HoOMy OCMAHHIM 4aCOM 8UPOOHUKU
wyKaromo anemepHamusy. Jlo Hux Hanexcamvs, Hanpukiao, enekmpomooini, iOpuoHi npueoou, O8USYHU 3 emMaHOIOM, d6MOMO-
0ini 3 600HEM, OCKINbKU 8 OesAKUX MICIax 3a60POHEHO 8 130 asmomobinam Ha OuzenvHux 0sueyrax. ExcnepumenmanvHutl npugio
— ye 0sucyH 3i cmucHeHum nogimpam [3].

Cmamms 30cepeddicena Ha Ou3aiiHi NHeGMOMOOINA, KU NiO20MOGIeHUll HAWUM (aryibmemom ma 6pas yuacms y ne-
pezonax 2019 poky. ITneemomodine mae munogy pamy, aie Ky308 2ipuuil 3a aepoOUHAMIKOI0, 306HIUHICMIO Ma 6a2010. Y po3-
0Ll BOHU 3MONCYMb NOPIGHAMU THULE MPAHCROPMHI 3acobu, K bepymb yuacme y 2onyi. Byoe onucano moxcaugocmi mooenio-
sanns 6 cucmemax CAD / CAM. Juzaiin ky306a npayiosamume 6 npoepami Creo Parametrics. [2]

Tomouni npooasici ma npasuna €C amyuyroms cmpeoprosamu ce Oiivbule HOBUX NPOOYKMIE Y CUCMEMAX PYXY a8moMO-
obinis, Hidic y 6y0b -AKill inwil cghepi. 3 o2y HABKOTUUHBLO2O CepedosUwd, He MINbKU NOWYK Oinbll ehekmusHoi cucmemu,
ane i max 36aui NOHOGIIOBAHI Oxcepena enepaii abo npugoou 3eieHoi enepeii Moxcyms Oymu po3poobieHi K albmepHamued
36UYATTHOMY 0BUSYHY 6HYMPIUHBLO20 320PsHHS [4].

L]opoky, nouunarouu 3 2008 poky, yeopcoke micmo Ezep npoeoouns MidCHApOOHi 20HKU HA ABMOMOOLIAX 3i CIUCHEHUM
nogimpam. 3axio npusnayenuti Ons CMyOeHmie mexHiuHux 8y3i6. 3Ma2anHs Maromes mpu OUCYUNTIHU: MAKCUMATbHY OUCTNAH-
yito, cnpunm ma cranom. Haw ynisepcumem pezynsipno 6epe yuacmo y koukypci 3 2018 poxy. 'V 2018 poyi 6in nepuium 63516
yuacmo y mpuroiicCHOMY MPAHCROPMHOMY 3aco6i 3 08USYHOM 3IPKU, ujo 6y10 docums npobnemamuynum, i momy y 2019 poyi
BOHU 835U1U YYACMb Y AOCOTIOMHO HOBOMY YOMUPUKONICHOMY a MPaHChopmHomy 3acobi [1; 2].

Poboma npucesuena supobruymaey Ky306a asmomooins, 8U20mMo6iIeH020 HAWUM YHigepcumemom 0Jia yuacmi 6 agmone-
pezconax 6 Yeopwuni, 6 micmi Ezep. Il[opiuno conku na asmomo0insx 3i cmucnenum nosimpam npogooamsocsa 3 2008 poxy. Haw
VHigepcumem Oepe yuacmu y nepecorax 3 2018 poxy. Po3pobusuiu Hosuli Ky308, Mu NOKPAUUMO AEPOOUHAMIYHT 61ACMUBOCTT
WUH, WO NOKPAWUMb VsI8NIeHHsl Hauloi KoManou npo kpawi pesyromamu. Ha ocnosi ousaiiny 6yoe 6Uu2omogneno Ky3o08, skui
8i3bMe YUACmb Y Nepe2oHax HACMYNHO20 POKY, OCKIIbKU MU He MO2TU 835imu y4acms y KOHKYpCi yepe3 nandemito COVID 19.

Knrouosi cnosa: nnesmomobine, cmuchene nogimpsi, Ky308;, mpancnopmuuil 3aci6; KOMRO3UmMHULL MamepiaJ.

Puc.: 4. Tabxn.: 1. Bion.: 7.
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RETROFIT OF PNEUMATIC MECHANISM MODEL USING VACUUM

The article describes a device for transferring manipulation objects using a vacuum suction cup. The suction cup is
carried by the arm of the swing mechanism. The swing mechanismis realized by transforming the linear motion from a pneu-
matic pistonless drive to a rotary motion. The rack and pinion transformation block was used for this.

The article describes the retrofit procedure of the originally designed structure, which had unsatisfactory parameters.

In addition, the issue of saving the compressed air needed to generate the vacuum in the suction cup was addressed.
Modification of the circuit can be performed by the manipulation cycle without the need for permanent activation of the gjector.

The solution in its current form is used for the educational purposes of the department in the training of skills in the
deployment of pneumatic mechanisms and in their programming.

Keywords: training; electropneumatics; controller; retrofit; swing mechanism.

Fig.: 13. References: 4.

Urgency of the research. Severa models of mechanisms are available in the conditions
of the Laboratory of Pneumatic Mechanisms of our institute. These are designed for thetraining
process to master the basic programming and other routines of our students.

3 . \’ N J
Fig. 1. Training tablein its current form

The models we have placed on the so-called training table [2] (Fig. 1), originated gradually
from its installation to the present day and is still a "living" process of continuous change. This
process is strongly influenced by several factors, e. g. availability of the necessary components
on the market.

As some models used the currently surviving types of building components at the time of
their creation, there was a need for a retrofit of these models.

Target setting and actual researches and issues analysis. One of the retrofitted models
is also the model of the mechanism, collectively referred to as Workplace 6: Mechanism with a
suction cup [3].

© TulgjaP., S¢urka M., 2021
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It is a model of a mechanism based on a linear driving force from a pistonless pneumatic
drive using a rack and pinion transformation block, thus achieving the resulting swinging mo-
tion with a range of 180° (Fig. 2).

E—

Fig. 2. The original model of the solved mechanism

The origina concept used usable components for this purpose, but technically and espe-
cialy from the point of view of reliability (Fig. 3).

Fig. 3. The most problematic components of the original mechanism

A major problem was the use of plastic transformer block components. In addition to the
material, the modulus of the tooth of the rack and pinion was also problematic (Fig. 3a). A
"drawer" guiderail, used in the furnitureindustry, was used as aguide (Fig. 3b). The properties
of these two components caused excessive frictional resistances, resulting in shock movements
during the start-up of the mechanism. A simple spring bumper was used as away to compensate
for this phenomenon (Fig. 3c), which was able to transfer the accumulated energy during the
reversal of the drive to the outer position during the reversal of the motion. This softened the
sudden start of the mechanism, but was not completely removed. A synchronizing member used
with the intention of maintaining the orientation of the suction cup throughout the movement
of the arm (Fig. 3d), was stripped and shifted during cycling (a circular belt was used as a
synchronization belt for roller conveyors).
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All this together led to the described retrofit, which was realized in the form of a diploma
thesis[1].

The statement of basic materials. The problems causing the components were thus
known; it was necessary to find suitable substitutes that would eliminate the shortcomings of
the original solution (Fig. 4).

Fig. 4. Nahrady problematickych komponentov mechanizmu

First of all, the plastic rack-pinion transformer was replaced by a metal one (Fig. 4a), the
more preferred modulus of the tooth being used (m = 1). The ridge with the carrier was placed
on a professiona linear guide (replica HIWIN MGN12C) (Fig. 4b). By applying these two
changes in the original equipment, a smoother operation of the mechanism was achieved. The
originally designed spring bumper was replaced by a professional kinetic energy damper (SMC
RJ1410) (Fig. 4c). This ensured a significantly better damping function in the end positions of
movement. The ambiguity in the synchronization of the suction cup orientation during
movement was removed using atoothed belt with pulleys (Fig. 4d).

These modifications created a new version of the mechanism (Fig. 5).

| g

o, el

Fig. 5. Mechanism model after retrofit application
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To increase the attractiveness of education, the model was supplemented with a gravity
tank with afeeder (Fig. 6).

Fig. 6. Gravity t-ank of objects with feeder

The feeder is realized by a pneumatic linear drive with a guide (replica SMC CDQMB16
50D). Using the "blade", manipulation objects (Om) are pushed out of the tank tube (Fig. 7),
into a conically shaped space, which serves as a place for removing the Ow.

Fig. 7. Manipulated object

The Ow is gripped at the sampling point by a bag suction cup on a spring holder (SMC
ZPT25DSK10-M5-A10) (Fig. 8). The suction cup is carried by a swing mechanism on an arm
with alength of 220 mm (spacing between the axesis 187 mm).

-

-

Fig. 8. Bag suction cup with a spring holder

FEM analysis of mechanism arm at a load of 200 grams (considerably exaggerated total
weight of the suction cup carrier, suction cup with spring holder and Ow) isshownin (Fig. 9).
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Fig. 9. FEM analysis of the mechanismarm [1]

When controlling the operation of the mechanism, the presence of Owm in the gravity tank
is aso monitored, which was realized using an optical sensor (KEY ENCE CZ-11 with receiver
CZ-K1P) (Fig. 10).

a

Fig. 10. Presence sensing Owm:
a) sensor [3], b) receiver, c) location of the sensor at the bottom of the gravity tank

When operating the mechanism, emphasis was also placed on saving compressed air.
Therefore, to create a gripping force between the suction cup and the Ow, the air-saving circuit
needed to generate the vacuum in the g ector was used (Fig. 11).
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Fig. 11. Mechanism circuit diagram
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The vacuum circuit then works as follows:

The signal from the PLC for a short time (0.5 s) held on connector Q3 will ensure air flow
through valve 2.2 in the direction of channels 1-4 which will activate the vacuum generation in
ejector 2.1 on channel 2. The vacuum "fills" the circuit in the part bounded by ejector 2.1 (its
channel 2) valve 2.2 (its channel 2), vacuum reservoir 2.1.4 and suction cups bell 2.0 closed by
Owm. This vacuum remains closed in the described part of the circuit due to the presence of the
non-return valve 2.1.2. The arm movement can start (drive movement 1.0). When the actuator
reaches the position under sensor 16, the PLC sends a short signal (approx. 0.8 s) to the
connector Q2 of valve 2.2. This causes the suction cup to separate from the manipulated body
(since compressed air then flows through the throttle valve 2.1.3) and the arm (actuator 1.0) can
return to its initial position (by canceling the signal at connector Q4 of valve 1.1). If another
Ow is prepared at the collection site, the process can be repeated.

The manipulation process ends when the Owm presence sensor in the magazine sends a signal
about the absence of the part. Then the red light on the connected traffic light comes on (Fig.
12), and after the last Owm is transferred to the storage location, the process is stopped and the
mani pulator arm remains above the storage location.

‘v“

Fig. 12. Traffic light on after gecting the last part from the hopper

The movements of the manipulator and the component feeder are evident from the wiring
diagram (Fig. 11).
The FBD diagram of the program in the PLC is shown in (Fig. 13).
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Fig. 13. FBD programdiagram for controlling the activities of the mechanism
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Conclusion. The retrofit procedure of the existing model for educational purposes in the
form of a student's diploma thesis has proved very successful in this case. The material output of
the student's work in solving the final thesis project was not only a benefit for the student in his
good evaluation at the state exam, but also brought benefits in the form of a new model usable in
a set of other models for practical preparation of our students for real technical practice.
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PETPO®IT MOJAEJII IHEBMATUYHOI'O MEXAHI3MY
3A BUKOPUCTAHHS BAKYYMY

Y emammi poszensidacmucs peanvhuii npoyec cmpykmypHux Moougikayii Mooeni NHeeMamuyHo20 MeXaniamy, npusHa-
YeH020 OISl HABUANLHUX Yilell, Y npoyeci ni020mosKu cnyoeHmis Kagheopu 00 MexHIUHO! NPaAKmMuKu.

TIpakmuunomy HABUAHHIO OCMAHHIM YACOM HAOAEMbCA BeNUKe SHAYEHHS, ale 6 nedao2iunill npakmuyi doci bpakye 3a-
co0i6 HaguanHs OIS IX BNPOBAOINCEHHSL.

Y cmammi ne tioemsca npo demani, a npo 3azanvruii nioxio 0o supiwienns npobremu MooepHizayii He3ad08inbHOI Modeni
MexXauizmy, npo AKul oemvcs.

Y ecmammi onucano npoyec mooepuizayii mooeni nnesMamuuHo20 Mexanizmy O MAHINYIo8anHa 06 exmom 3a 00no-
Moeorw eaxkyymy (npucocku). Memorw cmammi € nioxio 00 npoyedypu ma 6npo8aAONCEeHH 600CKOHALEHHS NPAKIMUYHO20 HAG-
YAHHA 3 BUKOPUCIIAHHAM DPealbHUX MEeXHIYHUX 3aco0i8, peanizo8anux K pesyibmam 6UnyckHux pooim cnyoenmis.

Texniune piwenns mooepHizayii, onucame y cmammi, 8i0nogioae cmaHoapmuum npoyeoypam eupiuienHs nooioHux 3a-
60anb. Piwenns 6a3yemucs Ha ananizi Hedomikie nonepeoHbo2o piuientss ma 0ae 6KA3I8KU o000 pileHHsl 3 NPAKMUYHOIO ped-
N3AYI€EI0 3 BUKOPUCTNAHHAM HASAGHUX KOMIOHEHMIE.

Ilpedcmasnenuii onuc MooepHizayii 0c8imuboi MO0 peanbHO20 MeXAHIZMY MAHINYIAYIU 3 6UKOPUCIIAHHAM 6AKYYMY 3
AKYEeHMOM HA eKOHOMIIO CHOJICUBAHHS CINUCHEHO020 NOBIMPSL PA30M i3 peanbHOI0 NPOOYKMUGHICIIO 8I0HO61EH020 Md (YHKYIO-
HYI04020 MEXAHI3MY € NPUKIA0OM Ol IHULUX NOOIOHUX NPOEKMIG ) PAMKAX 3aKMOYHUX OUNTOMHUX POOIM, pe3yIbmamom AKux
€ izuyna mooensb, NPUOAmHa 01 GUKOPUCTNANHS 8 OCBIMHIX YLIAX.

Knrouosi cnosa: nasuannsa,; enekmponnesmamuxa, KOHmMponep, MOOEpHi3ayis, Mexanizv po32oo0yeanHs.
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EDUCATIONAL TWO WHEELED MOBILE ROBOT

The article deals with the design of a mobile two wheeled robot, which is intended for educational purposes. The robot
is designed as a kit with the possibility of modification and innovation. This robot gives students a chance to develop their
creativity and skills. The remote control system was designed with the possibility of using a mobile phone. A mobile phone
software application has also been devel oped.

Keywords: mobile robot; remote control; Arduino.

Fig.: 13. References: 4.

Urgency of the research. The topic of the article is the development of a didactic model
of a wheeled robot for the educational process of high school and university students, in the
study programs Mechatronics and Robotics, where practical education is needed and this di-
dactic model must be used.

Target setting. There are currently no cheap modular mobile robot kits available on the
market that could be used for didactic purposes. The developed didactic model is conceived as
a kit and so the student must build the whole model and create an electronic and software part.
The robot model also creates the possibility of further creative activity of students in its further
development and addition of other modules and devices. The aim is to support students' crea-
tivity and to support their experience and skills in this area.

Analysis of existing research and publications. A six-wheel version of the didactic model
of the robot was developed in [1]. This robot uses a teleoperator control system. However, the
developed model does not allow to modify the connection of electrical parts but contains a fixed
printed circuit board PCB. Two-wheeled inverted pendulum type mobile robot for educational
purposes has been developed in work [2]. Educational mobile wheeled robot with a smartphone
attached was developed for practical experiments of students [3]. Work [4] introduces design
of ball collecting robot.

Uninvestigated parts of general matters defining. The algorithm of autonomous naviga-
tion of a mobile robot and the algorithm of mapping the workspace of a mobile robot were not
solved in this work. This issue is planned to be addressed in the future.

Article objective. In this work, the creation of a chassis is addressed and the possibility of
control by a teleoperator system is also addressed, which creates space for the use of the robot
and for promotional purposes for the use of the robot as a game application. This robot can also
be used as an inspection robot and can add other service tasks after adding other modules.

General overview of the system. The chassis (Fig. 1) consists of two round plastic trans-
parent plates, which are connected by spacers and screws. There are many holes and cutouts in
the boards, for better handling of the cabling and also for easy attachment of components. En-
gines with gearboxes, which are constructed with a gearbox, are attached to the lower base. The
movement of the robot is enabled by the wheels connected to the output shaft of the gearbox.
The stabilization of the robot is ensured by two more rotating wheels, which are also mounted
on the lower base in the front and rear of the robot. The chassis allows the placement of sensors
for tracking the navigation line, so the robot can be used as a linefollower. In the upper part of
the robot there is space for the location of the ultrasonic and infrared obstacle sensor for the
navigation of the mobile robot (Fig. 1).

© ZakuciaP., Kelemen M., 2021
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e
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The robot is driven by two DC motors with a gearbox with a gear ratio of 1:48 and an
encoder rotating disk with grooves for measuring the speed of rotation of the wheels. The
direction and speed of movement of the mobile robot is given by the difference between the
speeds of the left v and the right wheel vr (Fig. 2).

The instantaneous radius of rotation of the mobile robot can then be determined from the
relation:

R=L. YetVe )
2 Vg -V,

The instantaneous translation speed of the center point P of the robot chassis can aso be
determined as a dependence on the angular speeds of the whedls wr and w. from the relation
(Fig. 2):

COR+C{)L
R 2
2 2 (2

The position of the robot (fig. 2) can be described using the coordinates xr and yr and the
direction angle pp:

Xp =Vp -COSQp; Yo =Vp -SINQL; @p =) (3)
v+ [Followsd path

Yof——

|
]
|
|
|
|
|

X 3
Fig. 2. The principle of robot control in a coordinate system
A dual motor driver L298N connected to an Arduino controller is used to control the
motors. It isan integrated double H-bridge with protective e ements for controlling DC motors.

The display of information messages is solved using the LCD display LCD1602, which has 16
charactersin two lineswith color LED backlight (Fig. 3).
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Fig. 3. DC motor driver and LCD display

For communication with a mobile robot, a Bluetooth module HC-05 and an infrared
receiver VS1838 are connected, which also contains a noise filter (Fig. 4). The Bluetooth
module is connected to the Arduino controller via a serial interface and allows the robot to be
controlled via a mobile phone. The infrared receiver is designed to receive information from
standard infrared controllers for home devices, so they can be used to control this mobile robot.

The power supply of the mobile robot is solved by means of atwo-cell LiPo battery with
an alarm for signaling the decrease of the electric voltage of the accumulator below the critical
value on any cell of the accumulator. A drop in the voltage of a battery cell isindicated by an
audible and visual signal.

Fig. 4. Connection of Bluetooth module and infrared communication module

Thefina connection of the modulesisrealized on a solderless breadboard, so that students
can adjust and modify the connection as needed. It will be possible to add other modules later
and expand the functionality of the mobile robot (Fig. 5).

For safety and against damage to individual electronic or supporting components and parts
of therobot, a protective frame was designed (Fig. 6). The protective frame consists of the main
part and two beams, by means of which the frame is attached to the chassis of the mobile robot.
The protective frame is made by FDM 3D printing technology from SPLA material, which has
good print quality even at high print speeds and low shrinkage when the material cools.
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Fig. 5. The overall implementation of the electrical part of the robot control unit

e = -
Fig. 6. Protective frame of the robot

The main part of the frame is a round base and is connected together with the beams by
means of screws and nuts (Fig. 7). This protective frame is attached to the lower base of the
robot. The frame aso includes a blade with reinforcement in the front part for better handling
of the ball or other objects.

& .
Fig. 7. Connection of the protective frame and the chassis of the robot
and the overall implementation of the mechanical part of the robot

To control using bluetooth technology, it was necessary to create an application on the
controller itself. Any smartphone with the Android operating system can be used as awireless
remote control, as it is compatible with the bluetooth module HC-05. We decided to program
the mentioned application in an internet application called MIT App Inventor, developed by
Google, which is available to everyone registered in this company. MIT App Inventor is a
graphical programming language for mobile devices, in which it is possible to develop quality
applications, but it isonly supported for Android operating systems. This development program
creates the graphical appearance of the application as well asits algorithmic part.
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The first step was to create a graphic design (Fig. 8), where the landscape orientation of
the screen was chosen, for better handling of the phone. We divided the basic screen into
horizontal, vertical and tabular lines, in which we inserted buttons for all possible directions of
robot movement. Through the user interface, we have created alist with abluetooth icon, where
all active bluetooth devices will be displayed after clicking. When you turn on the application,
Not connected appears on the screen, which means that no device is connected to the
application. When you open the list, select and connect the given active device, the mentioned
inscription will change to Connented. In case of disconnection or connection failure of the
device, the text Not connected will be displayed on the screen again. For a more beautiful
visualization of the application, we assigned a background to the application, on which we
placed our own author's mark. We have assigned images of arrowsto the buttons of the direction
of movement of the robot, which show the direction of movement of the robot (Fig. 8).

Fig. 8. Operator panel of a mobile application for robot control

The next step was to program the application, create the source code of the application. In
the MIT App Inventor application, the algorithmic part of the application is created very easily
using blocks, where we combine the given blocks into the program functions. In (Fig. 9) we
can see that in the block before selecting the device, the application will list the address and
name of all active bluetooth devices. After selecting a specific device, the application will
automatically connect us to the device. The following are commands for Not connected and
Connected to appear on the screen.

Fig. 9. The source code of the application for connecting the device

Furthermore, separate blocks have been created for each direction button (Fig. 10). If the
button is pressed, then the application sends a specific associated text to the Arduino. When
any button is released, the text Sis sent, which means that the robot stops immediately. In the
last step, an application was generated that can be downloaded and installed on a smartphone.
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Fig. 10. Application source code for buttons

The MIT App Inventor application also allows you to create a QR code for immediate
download of the application to a smartphone. A QR code is textual information that consists of
white and black square modul es assembl ed into a square matrix. Most smartphones with abuilt-
in camera can decode this text information contained in this code. We can download our
application using the generated two-dimensional barcode, which we can seein (Fig. 11).

Fig. 11. QR code to download the application

To make the connection between the wireless remote control and the robot work, a source
code or program was also created for the Arduino installed in the mobile robot (Fig. 12). For
programming with the HC-05 module, the library was imported with the command #include
with the header file SoftwareSerial.h. Subsequently, a value named "value" was defined using
the char data type. This character value serves as a variable that will change according to the
commands that the HC-05 modul e receives. The dataflow was set in bits per second (baud) for
serial datatransmission using the Serial.begin command. The specific baud rate for the HC-05
bluetooth module is 9600 bits per second. The if condition was placed in the program to move
therobot, becauseit is necessary that this part of the program be executed only when something
isvalid. This means that if the read value sent by the bluetooth module application is equal to
avalue greater than zero, then the given condition is executed. After pressing the application
button, the assigned text of the pressed button will be equal to the character valuein the Arduino
program. The exact subroutine is called according to the read value. If the subroutine was
executed, we used the break statement to end the cycle, which ended the condition, which in
turn will wait for the assigned value, and this cycle will be repeated again and again. The
subroutines called are located below the void loop () in the program (Fig. 12).
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Fig. 12. Bluetooth control software

The proposed mobile robot is created in two pieces (Fig. 13) so far and it is possible to
assemble a team of robots to create an application for robotic football. This application is
intended for didactic purposes for practical exercises of students and also for promotional
purposes for initiating children's interest in studying technical fields of secondary schools and
technical universities. The created robot isan open platform with the possibility of modification
and further addition by studentsin practical training.

Fig. 13. Use of didactic models of robots for game purposes

Conclusions. The mechanical and electronic part of the mobile robot is completely de-
mountable, and the building of the robot is left entirely for students, who thus train their crea-
tivity and innovation in the construction of the robot. Thus, the theoretical knowledge that stu-
dents have acquired, and they have the opportunity to be supported by practical experience and
skills. The development of practical skills and experience is very important for the application
of students in practice. The development of these competencies is key to the development of
students creative personalities and means improving the level of graduates.
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OCBITHIN JBOKOJICHUA MOBLIBHUH POBOT

Tema cmammi — po3pobka OUdaKmuuHoi Mooeni KoMiCHO20 poboma 015l HAGYAIbHO20 NPOYeCy CIMAPULOKIACHUKIS T cmy-
Odenmie 3BO, de HeobXIOHO npakmuyHe HAGUAHHS.

Humi na punky Hemae oeutedux MOOYIbHUX KOMNIEKMIE MOOINbHUX POOOMIB, AKi MOJXCHA OY10 6 GUKOPUCMOBY8AMU 8
OUOAKMUYHUX YINAX.

Jluoaxmuuni mooeni pob6omis po3pobneni 6 [1-4]. Lli pobomu euxopucmogyioms cucmemy ynpagninns meieonepamopa. O0Hax
PO3pobaeHa Mooenb He 0036015€ 3MIHIOBAMU NIOKTIOUEHHS eNeKMPULHUX YacmuH, ale Micmumy Qikcosany OpyKoeamy nianmy.

Aneopumm aemonomHoi Hasieayii Mo6IIbHO2O poboma U aneopumm 8i006paANCeHHs: pOOOU020 NPOCMOPY MOOLILHO20
poboma 8 yiti pobomi He HABAXHCYBANUCA.

Bupiwyemoca numanns npo cmeopents waci, a maxodic po3enaoacmvcs MONCIUBICMb YNPABTIHHA CUCTHEMOTO meleone-
pamopa, wo cmeopioc npocmip Ol BUKOPUCMAKHS pOOOMA MA 8 PEKNAMHUX YiNAX Ol BUKOPUCAHHA pODOMA SIK 12P06020
dooamxa.

Mooenb poboma maxoac cmeopioe MONCIUGICIb ROOANLULOT MBOPUOT OIILHOCHE CMYOEHMIE Y i1 NOOAIbUOMY PO3GUMKY
ma 000aganHi IHWUX MOOYIi6 ma npucmpois. Memoio € niompumka meopyocmi yunie ma nIOMPUMKA IXHbO20 00CEI0y ma
HABUYOK Yy Yiti 2any3i.

Mexaniuna ma enexkmpoHHa YacmuHu MoOLIbHO20 pOOOMA € NOGHICMIO PO3DIPHUMU, | CIBOPEHHs. poOOmMa NOBHICMIO
HA0AEMbCsi CMYOeHmMam, sKi, MaxKum YUHOM, mpeHyloms ceoi meopui 30ionocmi ma inHosayii 6 koncmpykyii poooma. Taxum
YUHOM, MeOPEeMUYHI 3HAHHS, AKI npuUodAIU cmyOenmu, i 6OHU MAOMb MONCIUBICMb NIOKPINAOBAMUCS NPAKMUYHUM 00C8I00M
1 HABUYKAMU.

Knrouosi cnosa: mobineruti pobom; nyivm oucmanyitino2o ynpasiinus, Apoyino.
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AYIUT IHOOPMAIIMHOI BE3NEKH
HA OCHOBI 3ACTOCYBAHHSI HEMPO-HEUITKOI CUCTEMU

Y emammi 3anpononosano 3axo0u w000 600ckoHaneHHs npoyedyp ayoumy ingopmayitinoi besnexu (AIB) ona pisnux
00 ’exmig ingpopmamusayii (OBI). [lokasaro, wo oyiuky piena cmynens ingopmayitinoi 6esnexu (Ib) oas OBI doyinvro nposo-
oumu Ha OCHOBI OYIMIOBAHHA pe3yTbmamusHocmi Oe3nivi kpumepiie memoody ananizy iepapxit (MAI). Ilpu yvomy maxa oyinka
cmynens IB i 6ci no&’sa3ani 3 Heto npoyedypu ayoumy AIb, naibinvw epexmusni 013 6azamocmoporrbo2o oyintosanus Ib OBL
3anpononosano mooughixosanuii memoo aunanizy i€papxiil, Ha OCHO8I 3ACMOCY8AHHA ANapamy meopii HeuimKUX MHONCUH I Heli-
PpoHHUX Mmepedic. Lleil Memoo dae MONCIUBICHIb MEHEONCMEHIY NPULIMamu 0OTPYHMOSAaHi ynpasiincwki piwenns y cgepi IB OBI.

Knrouosi cnosa: ayoum ingopmayitinoi 6e3nexu, ob'ckm ingpopmamuzayii; Memoo ananizy iepapxiil; iHmeneKmyaibHa
ingopmayitina cucmema, HelPOHHA MepedC; HewimKa 102iKd.

Puc.: 4. Tabn.: 1. Bién.: 24.

AKTyaJIbHICTh TeMH A0CTiTKeHHsl. J[MHamMiKa 301TBIIEHHS KIJTBKOCTI Ta CKIIQJHOCTI Kibe-
parak Ha pi3Hi 00’ekTH iHpopmaruzanii (OBI) Tinbku 3a ocTaHHI Kijdbka pokiB [1; 2] mokasye,
1110, HE3BAXKAIOUM Ha BC1 3yCHILIS 3 OOKY 3aXHCTy MTPOTUCTABUTH aTAKyIOUYUM Je/iajl OlIbIINe TeX-
HIYHO JIOCKOHAJII arapaTHO-IporpamHi 3acobu iHdopmartiitnoi 6e3neku (Ib) 1 qoHMHI He BTpayae
aKTyaJIbHOCTI Iipo0sieMa OTpUMaHHS MOTOYHUX 1 IporHo3HUX oiiHOK piBHA b OBI. 1le 3aBnanns
0COOJIMBO CTAJIO aKTyaJ bHUM JUIs 00'€KTiB KpUTHYHO BaxuBoi iHppacTpykrypu (KBIC) nep-
*aBH [3]. Amke HECaHKIIOHOBaHE BTpy4yaHHs B komil toTepHi cucremu (KC) moxke BUKIIMKATH
3001 B Oi3Hec-TIpoIiecax i BiIOUTHCs Ha Oe3neli Jroeil. Harpukiias, HaBiTh KOPOTKOYAaCHA Bifl-
moBa KC, 30kpema, mianpueMCTB KOMyHAIIbHOI cpepH, 3/1aTHa BUKITUKATH Mepedoi B MocTadaH-
HSIX eJIEKTPOEHepTrii, BOIH, epe0oi 3 MOCTa4aHHIM y TOPrOBEJIbHUX MEpexkax 1 T. iH.

Yum cxnagnima ctpyktypa OBI 1 yum 611 cknagaumu € iHpopmariiiai texHomorii (IT)
TUM CKJaJHime moOyayBaTh Il HUX CUCTEMY YMpaBiiHHA iX iH(popMaliiiHoo Oe3neKoro
(CVYIDb), sixa BiAMnoBigae cydacHUM BUMoraM. besniu BaxauBux 00’€kT iHGopMaTH3allii anpiopi
noTpedye MaTH Cy4acHy CHCTeMY YIpaBIliHHs, 30KpeMa, y MUTaHHSAX, 1110 crtocytothes 1b. omi-
OHOTO TUITY CUCTEMH ChOTOHI CTaJIM HEB1/I €MHOIO YaCTHHOIO crucTeM MeHekMeHTy (CM). Bin-
NoBiIHO, iHTerpaltis noaioaux CM y 3aBnanss 3ab6esnedenss Ib OBl nepenbayae HeoOXiaHICTh
moOy/T0BH CHCTEMH TIPOBEACHHS TIepioguyHOro ayauTy crynens 3axumienocti OBI. Le, 3okpema,
MOXKJIBO IIUISIXOM €KCIIEPTHOTO a00 KOMIT IOTEPHOTO OTpuMaHHs omiHoK (MeTpuk) Ib y CVIB.

© Jlaxno B. A., brios3Ba A. 1., HacHoBcbkuii €. A., Kpusopyuko O. B., Jlecarko A. M., 2021
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s Toro mo6 noOynysaru edexkruBHy CYIb, HeoOXiTHO TOTpUMYBATHUCS TAKOTO ajro-
PUTMY JiH:

- mo-niepire, npoektyBanHs CYIb OBl mae BUkoHYBaTHCcs Ha OCHOBI pU3HK-OPIEHTOBAHUX
CTaHJapTIB;

- mo-apyre, oopMmyBaHHs BUMOT 10 Oi3Hec-npoueciB OBl 3 mornsiay 3abe3neuenns 1b, mae
BUKOHYBATHUCS HA OCHOBI BUKOPUCTAHHS YITKMX BUMiIpHUX MeTpHK Ib;

- mo-Tpere, 3aBaanus aynuty 1b OBl moBMHHO po3misaaTHCs KOMIUIEKCHO, 1 B TaKii moc-
TAHOBIII IILOTO 3aBJaHHA 0€3 KOMIT IOTEPHOI MIATPUMKH MPUUHATTS PIillICHb O0IHTHCS CKIIAIHO.

Bce BuieBukianene 3yMoBIIIO€ HEOOX1HICTh MPOBEACHHS HOBUX JIOCHTIIKEHb Y 3aBJlaH-
HSX MIIBUIIEHHS €(EKTUBHOCTI Mpoleayp aynuty iHdopmamiitnoi 6e3neku (Alb) Ha ocHOBI
KOMITJIEKCHOTO 3aCTOCYBAHHS 1HTEJIEKTYyallbHUX CUCTEM.

ITocTanoBka npo6aemu. HaykoBy npoGrieMy 1bOro J0CHiHKEHHS MOXKHA CPOPMYITIOBaTH Ta-
KUM YHHOM: «HEOOX1THO TIOI0JIaTH CYIIEPEUYHOCTI MK CTaHOM Teopii iH(OopMaIliitHOT Oe3MeKH, B
Till 9aCTHHI, sIKa pEerIaMEHTYE BUMOTH J10 ripoBeieHHs ayautiB [b OBI i 3ayiexxHumu BiT TpaekTopii
KiOep3arpo3 chopmMoBaHUME TipakTrKamu 3abe3nedeHHs Ib OBly. Pimenns 3a3aaueHol mpoonemu,
30KpeMa, mependadae HEOOXiTHICTh MEpPEerIsay ICHYIOUMX CTaTMYHUX Mojesed ynparmiaas Ib.
Cuij1 HArOJIOCUTH Ha OJIHIH 13 Imi3a1a4 sk HeoOX1AHICTh BAOCKoHaIeHHs cuctemu AlB. Otke, mpo-
He/ypa NPUHHSATTS PillieHb 0CO00I0, sIKa MPUIMAaE piieHHs PH (PiKCOBAaHOMY TIEPEIiKy albTepHa-
THUB, Nepeadadae HeoOX1JHICTh CTBOPEHHS HOBUX ITiAXOMIB 70 mporeayp ayauTy Ib.

AHaJi3 ocTaHHIX Hocaixxensb i myoaikamii. [TpoGiemi nmpoenenns aynuty Ib s piz-
Hux OBl mpucBsyeHo 1ocuTh 6araro pooiT, 3-MOMiXK HEOOXITHO 3raJaTH Ti, IO CTaIu KJIacHd-
HUM poOOTH 715 BUpilieHHs 3aBaanb AYI [4; 5].

VY poGorti [6] moka3aHa BaXXJIMBICTh aHAII3y 1HPOPMALIHHUX MOTOKIB JJIsl KOPEKTHOTO TIPO-
BEJIEHHS MPOIeAyp aynuty B iHpopMariitHux cuctemax Obl. Ane aBTop HE po3misiae MOTeH-
I1iaJI 3aCTOCYBaHHS 1HTEJIEKTyaJIbHIX CHCTEM JUTS ITiBUINEHHS SKOCTI mponenyp aynuty Ib.

VY pobori [7] mpoBeneHO aHali3 B3aEMO3B’SI3Ky MPOIeyp BHyTpiliHboro aynuty Ib 1 30B-
HilHBOTO aynuTy. OHAaK aBTOpaMH HE B3STO JI0 YBAarW MOCTIHHUIA PO3BUTOK CHCTEM 3aXHCTY
Ib. 3ayBaxkxumo, 1110 BripoBaxKeHHsI B KOHTYpH 1b HOBITHIX cuctem Ib, 31aTHe 3MiHUTH TIepeniK
6a3oBux MeTpuk Ib, npuitHATHX B Opraxizarii.

VY [8] anani3yroTbcs 0COOTMBOCTI NMPOBEACHHS aynuTy Ib A morpo3 «HyIbOBOTO JTHS
(zero-day). 3okpema, aBTOpaMu BiJJ3HAYEHO, 1110 MOcTa4anbHUKH 3ac00iB Ib 3a3Bu4ailt MOXyTh
3aMpoNOHYyBATH JIUIIE BapiaHT MOCTIHHOTrO PO3BUTKY Ta BIOCKOHAJICHHS TEXHIYHUX 3aC001B 3a-
xucty iHpopmanii (331).

VY [9; 10] aBTOpamu TakoXx BiACTIIKOBaHO, 1110, XO4a MOCTiitHE BrockoHaneHHs 331 HeoO-
X17IHO, OJJHAK 1€ «BUT1AHO» nepeBaxHo BupoOHukam 331. I nuie ogne BrockonaneHHs 331 ne
31aTHAa CaMOCTIHHO BUPIIIUTU Npobiemy noctiiiHoro npotuctosHHs 331 1 3arpo3 1b. Onnak, sk
nmokasano B [11; 12], AKmo cTopoHa 3aXHUCTy CTHKAETHCS 3 IIUTHOBOIO (TapreTOBAHOIO) aTaKo¥o,
TO MokJIanaTucs jaumie Ha 331 Oyzie MOMIIIKOFO.

VY 3B’s13Ky 3 1IuM OaratbMa ekcrieptamiu [8; 13; 14] HaronomuryeTbcss Ha HEOOX1THOCTI 3a-
CTOCYBaHHS HE JIMIIEe TEXHIYHUX MiAXoAiB (Bukopuctanus 33I) mis npotumdii KibepHETHUHUM
3arpo3am, aje i BIpOBaKEHHS KOMOIHOBAaHUX METO/iB. ABTOpaMH JIETATHHO HE PO3KPHUTO TO-
HATTS KOMOIHOBaHUX METOJIIB, alie 3raAy€eThCcsl HEOOXIAHICTh iX moOymoBu Ha 0asi ciMelicTBa
crangapriB ISO cepii 27001 1 19011 [15-19].

Biagznaunmo, 1o Metomosoris mpoBeneHHs aynuty Ib mo6pe Bigoma i BimmparsoBaHa ¢ha-
XIBIISIMH, aJIe TIOKH HE JI0 KiHIIS BiIITPAIlbOBAHUMH € TMTUTAHHS, 1[0 CTOCYIOTHCS BITPOBAKCHHS
B [IPOLIEYPH ayJUTY IHTEIEKTyaIbHUX CUCTEM MiATpUMKHU NnpuitHATTA pimens (ICIIIP). [Ipu
[[OMY 3pOCTar04i BUMOTH JI0 SIKOCTI MPOBEIEHHS npolenyp ayauty Ib TukTyroTh HeoOXiIHICTh
sanistHas norenmiany ICIIIIP y xomi onepatnBHOTO pearyBaHHs Ha BHSIBJICHI 3arpo3H B 1HPOP-
mariifaux cucremax (IC). A e poOuTh 3aBIaHHs MiABUILEHHS CTYIIEHS 3aXHUIIEHOCTI, a TAKOX
OTPUMAaHHS MOTOYHUX 1 TporHo3HUX Oo1iHOK Ib OBI peneBanTHUM.
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BungijieHHs1 He0C/IiIKEHUX YACTHH 3arajibHOI MPodJjaeMu. Y JOCTIIHKSHHIX Ta IyOJTi-
Kallisx, sIK1 pO3MIAAINCh, HEe OyJI0 BUSBJICHO MOTEHI[IAN 3aCTOCYBAHHS 1HTEJIEKTYaIbHUX CHUC-
TeM JUTsl ITIBUIICHHS SIKOCTI Mponeayp ayauTy Ib Ta He mpuiHATO 10 yBaru MOCTIHHUN PO3BHU-
TOK cHCTeM 3axucTy Ib; muTaHHs MOXKIIMBOCTI 3MiHH TIepemiKy 60a30BuX MeTpuk Ib, mpuitHsITHX
B OpraHisaiii, Ipu BOpoBa/KeHHI B KOHTYpH Ib HOBiTHIX cuctem Ib; Takoxk ornsiHyTiii 3a Te-
MaTHKOIO JIITepaTypi AETAThbHO HE PO3KPUTI MOHATTS KOMOIHOBAHMX METOJIB, XOY 3TaJyEThCS
HEOOX1AHICTH 1X MOOymoBH Ha 0a3i cimelicTBa cranaaptiB ISO cepii 27001 1 19011 [15-19].

IMocTranoBka 3aBaanus. [Ipy BupimieHHS 3aBAaHHS MMiIBUIICHHS CTYIICHS 3aXHIIEHOCTI, a
TaKOX OTPUMAaHHS MOTOYHOI Ta Mporuo3Hoi ouinku Ib OBI nouinbHO 3aCTOCOBYBAaTH TOYHI YH-
cenbHI orinku — metpuku Ib [4; 5].

Le#t BEeKTOp OOCIHIKEHHS y3TOIKY€EThCS 3 OCHOBHUMU MOJOXEHHAMU «0a30BOro» CTaH-
JapTy CUCTEMH yIpaBiiHHs iHpopMaliiiHoo Oe3nekoro 27004: 2009 [5]. Sk mxepena naHux y
X011 peaunizalii nponenyp ayauTy Ib (sSx BHYTpIIIHBOTO, TaK 1 30BHIIIHBOT0) MOXKYTh OyTH BU-
KOPHUCTaHI Taki BiOMOCTI [6]:

- pe3ynbTaTH aHaji3dy Ta OomiHKU pusukiB i Ib OBI;

- 3BiTH nmonepeaHix npouenyp Alb;

- JKypHanu peectpanii iHuuaeHTis Ib

- 3BITH CHCTEM BUSBIICHHS BTOpPrHEHb a00/i Takoi kareropii 10, sk Security information
and event management (SIEM);

- TOBIAOMJICHHS MepCcoHaNy Ipo iHIuaAeHTH Ib;
pe3yabTaTi, OTpUMaHi B Xo/i TecTyBaHHs ¢yHkiioHansHuX niacucrem KC OBI;

- pe3ynbTaTH, OTpuMaHi B XoAi TpeHiHriB no Ib nepconany OBI;

- TaiH.

Takum 4HOM, OYEBHIHA TOCTAHOBKA 3aBJaHb JOCIIKCHHS:

- possutok merony CYIb mia nposenenns aynuty Ib OBl it orpumanHs yncenbHUX MO-
TOYHMX 1/a00 MPOTHO3HUX OLIIHOK CTYTEHS MOro 3axXMIEHOCTI B yMOBaxX AMHAMIYHOTO MPOTHU-
CTOSIHHS 3 aTaKyI4O0l CTOPOHOIO;

- po3poOka Ta ampoOallis IHTEIEKTyaJbHOI CHUCTEMHU MHIATPUMKH NPUHHATTA pIllEHb,
CHPSMOBAHUX Ha 301IbIIEHHS CTyNeHs b 3 MOXXIMBICTIO CHHTE3Y YMCENbHOI OLIIHKU pe3ybTa-
tuBHOCTI ayauty Ib OBI.

BukJjiageHHs1 0CHOBHOIO MaTepiaury.

Metonu Ta moaeJi.

ITpu po3pobui nporpamu nposeneHHs ayauty Ib (gani ITAIB) He Bci CHiBBIJHOIIEHHS MiX
3B’s13kaMu Alb, MOXyTh BpaxoByBaTHCsl B KOHKpeTHiH cutyaii. lle Hacamnepen 3yMOBI€HO
BIJICYTHICTIO HEOOX1HOT iH(pOpMAaIIii.

[Ipu nposenenHi ayqury 1b Benukux xommnatiii abo mimpHUeEMCTB 00’ €KT ayAUTy LILJIKOM
PO3MIISIHYTH TIOBHOIO MIPOIO IOCUTH CKJIAJHO. AyAUTOpaM JIOIIbHIIIE BUOpaTH HAO1IbII Ba-
*KJIMB1 1HGopMaTUBHI cBiAueHHs aynuTy (namxi CA) abo metpuku Ib. Bini6pani metpuku 1 CA
MaTUMYTh OUIBIIY 3HAYYILICTh 1 IPH LIbOMY BapTICTh X OTpUMaHHs Oy/ie HEBUCOKA.

3a3Buyaii 11 Toro mob nodymyBaru moaenb 06’ ekta Alb (mam OAIB), nouinsHO 3aai9TH
BaroBi KOeQII[iEHTH 3HAYYIIOCTI TOKa31iB ay/auTy.

Sk mokasaiia peasibHa IpakTHKa npoBeneHHs ayautis Ib, o6mik 3Hauymocti CA € ckiaj-
HUM 3aBaHHsAM. [Ipy IboMy BaXKIMBUM (DPaKTOPOM € OCBIJI ayUTOpa 1 IeperyciM 0coOH, 110
BIJINOBiAa€ 3a ckiaganHs nporpamu Alb 1 cucreMHuii aHami3 oJepKyBaHUX Yy MPOLIEC] ayAuTy
pesynbTaTiB. He kopekTHa mocTaHOBKa BUX1THUX 3aBAaHb Alb Moyke 3BecTH 10 HyIIs TOJOBHY
Mmety npoeaeHoro AIb OBl abo natu HeOCTOBIpHI pe3yNbTaTH. Yce BUIlle3a3HaYeHEe 00yMOB-
Tt0€ e(peKTUBHICTh KOMOITHAIIIT €KCIIEPTHUX 1 MaTEMaTHYHUX METO/11B 00POOKH OTPUMaHHX €KC-
MEePTHUX OIIHOK. Sk mokaszaB aHaii3 jitepatypHux mkepen [10; 20], ayis BupimeHHs 3a3Have-
HUX BHIIE 3aBJaHb MOXYTh 3aCTOCOBYBATHUCS METO/AM MAapHUX MOPIBHSIHB; OaJbHUX OLIHOK;
BEKTOPIB nepesar; anamizy iepapxiit (MAI) ta in. JlocuTs ToKIaqHMIA aHai3 pe3yIbTaTUBHOCTI
3aCTOCYBaHHA ITUX METOJIB IpeacTaBienuit y [20].
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BpaxoByrouwn, 1o Binoip merpuk Ib mis koxxkroro OBI mae ¢Boi 0co0MMBOCTI, SIKi 3yMOBIIEH1
BuKiMKamu raimy3i OB, Tak i ctynenem roro kputuaHocTi. Came 11e naii popMatizye THIIOBY 3a-
naqy Binoopy metpuk AlB. ITpu 1150My IPOMIOHYETHCS KEPYBATHCS TAKUM aJITOpUTMOM (puc. 1).

DopmyBaHHA MeTU OLLHIOBaHHA piBHA |b OBl

Ocoba, wo
NPUAMAE pilleHHA

CraHgaptv no |16

Mertpuku ayamuty 16

3

AyNTOP BHYTPIWHIN

A 4

®opmyBaHHA nnaHy ayauTy |6 OBl

!

Bin6ip metpuk ana i-ro ayaury |6 OB

BigibpaHi meTpukn
ayauty Ib

MposeaeHHs i-ro
ayauTy
16 OBl

He pocarmyTo noctasneHoi meTn ocArHyTo nocraBneHoi MeTh OLiHKK
OUjHK1 piBHA |6 OBI pisHA |16 OBl

h 4
@ 3miHa Npasun GopMyBaHHA [0A3TKOBUX MeTpUK ayamTy |6 OB
MepioAMdHUIA KOHTPOb a AeKBaTHOCTI BUBOPY A0AATKOBUX MeTpuk ayauTy 16 OBl
AyaMTOpP 30BHiLWHIN 7
Hosi npaswia Big6opy meTpuk Ans ayanTy meTpuk |6 OBI
@ Hosi npaBsuna siabopy meTpuk ana J-ro ayaury metpuk |6 OB

Ocoba, wo

NPUAMAE pileHHA
KiHeub

Puc. 1. Fnox-cxema ancopummy 8iobopy inougioyanvuux kpumepiie (mempux Ib)

VY MoaudikoBaHOMY anroputMmi nmposeneHHs aynuTy Ib, B mopiBHSAHHI 3 6a30BUMH Ipolie-
JTypamMu, HE0OX11HO OpaTH 10 yBaru Taki HOB1 OOCTaBUHHU:

1. Cnig opieHTyBaTHCs HacaMIiepe Ha BigiOpaHi aynutopamu npiopuretHi Mmetpuku Ib. L1i
BiJIIOpaHi ayIuTOpaMu METPUKHU MOIIIM paHillle He 3yCTpiyaTUCs MPOTATOM MONEePEAHbOrO -
K1y npouenypu aynuty Ib OBI;

2. CniJi KOHTPOJIIOBATH BIIXUJIEHHS, 1110 3’ IBUJIUCS, B KICHUX XapaKTepUCTHKaX BiaiOpa-
HO1 MeTpukH Ib.

3. Cnig dpopmyBaTu mpaBuiia Biidopy 1 3aMiHu paHilie BigiOpanux metpuk 1b, Hanpuknan,
KEpYIOUHCh pe3yabTaraMu nomnepeanix ayauTiB Ib, abo y 3B’s3Ky 31 3MiHOIO TpaeKToOpii 3arpo3
i iHpopmaniitaux cucrem OBl

IToGynoBa iepapxii merpuk Ib y xoni ayaurty taka:

Eran 1. Buznagaemo mimiini Alb. Ile MoxxyTs OyTu ipuBaTHi 3a7a4i, HAPUKIAI:

- OUiHUTH AOCTYIHICTh, KOH(DIAEHIIHHICTD, HITICHICTH iH(pOopMartii B IC.

- OOrpynryBatu 6e3miui CA, sxi BkiroueHi B nmporpamy Alb (ITAIB).

- BuBecTH BiINOBiHI ayAMTOPCHKi A0Ka3w, siki nependadeni [TAIB. Ceinoursa Alb 3ne-
OibIIOTO po3paxoBaHi aHamiTHKamu Ib.
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Eran 2. BinbupaeMo YnHHMKH, K1 BaXXJIMBI1 17151 2-r0 piBHA iepapxii [TAID.

- Ha upoMy etami 30uparoTh 00'ekTuBHI cBimueHHs Alb. Jlo Takux MO)KHa, HANPHUKIA,
BIJIHECTH, BO)XXJIMBI 3 TIOTJISALY KPUTEPIiB aynuTy GakTu;

- ¢okycyrots cunu 1 3acobu Alb. Hanpukinaz, cionu BiJHOCATHCS ayAUTOPCHKI TPYIIH,
okpemi aynuropu Ib Ta iH.

[ToGynoBa iepapxii merpuk Ib mig yac xoai aynuTy HacTymHa:

Eran 1. Buznagaemo mianini Alb. Ile MoxxyTs OyTu ipuBaTHI 3a1a4i, HaIPUKJIAI:

- OIIIHHUTH JOCTYMHICTh, KOH(IACHIIHHICTH, IUTICHICTE iH(pOopMartii B IC;

- oOrpyntyBaru 6e3miui CA, sxi BkiatodeHi B mporpamy Alb (ITAIB);

- BUBECTH BIAMOBITHI ayaUTOPCHKi A0Ka3w, siki nependadeni [TAIB. Ceigoursa Alb sk
IPaBUJIO pOo3paxoBaHi aHayiTuKamu Ib.

Ertan 2. BinOupaeMo YnHHUKH, sIKi BayJTHBI 171 2-10 piBHA iepapxii [TAIb. Ha npomy erari:

- 30mparTh 00’exTuBHI cBimueHHs Alb. Jlo Takux MOKHA, HAPHUKJIaA, BITHECTH, BaXK-
JIMBI 3 TOYKH 30pY KPUTEPIiB aymIuTy PaKTu;

- ¢oxycytots cuiu 1 3acobu Alb. Hanpuknaza, croau BiTHOCSTHCS ayAUTOPCHKI TPYIIH,
okpemi aynutopu Ib Ta iH.

3ayBaxuMo, 110 Juist kookHoro OBl 3apnanns aynuty Ib mae cBoro cnenudiky, sika BU3Ha-
Ya€eThCS CTYNEHEM KPUTHYHOCTI iH(OpManiiHUX IpoIieciB y Oi3Hec-mporiecax oprasizarii.

3 ypaxyBaHHAM myOumikauiid [23] monudikyBatu BAI 3a paxyHOK J0AAaTKOBOTO 3acTOCY-
BaHHS TaKUX KPOKIB:

Kpox 1. OuiHroemMo CTIHKICTh JTOKAJIbHUX PaH)KyBaHb Ha OCHOBI BEKTOPIB 3MiH B €JI€MEH-
TaxX MaTpUIlb MAPHUX MTOPIBHSHb.

Kpoxk 2. 3HaxonumMo eKCrepTHi OLIIHKY MapHUX MOPIBHSAHB, K1 HAalO1IbIIO0 MipOIO BILIH-
BAalOTh HA 3MIHY JIOKAJIbHUX PaH>KyBaHb aJIbTEPHATUB PIllIEHb 1 3MiHA PIBHIB Y3r0PKEHOCT1 0€3-
J141 OLIIHOK.

Kpox 3. OuiHoeMo 4yTJIMBICTh [MI00ATbHOTO PAHXKYBAaHHSI aJIbTEPHATUB PILIEHb 10 3MIHU
Baru €JIEMEHTIB i€papxii.

Kpox 4. 3naxoanmo HaiOLIbII Yy T/IMBI 1 CTIHKI €IEMEHTH 1711 KOKHOT'O PIBHSA 1€papxil.

@aktnyHo MAI HeoOxinHMiA Ha eTarti po3paxyHKy NPOMIXHUX ITOKa3HUKIB, 1 BU3HAUYEHHS OC-
TaTOYHOIO paHry o0’ekTiB. L{e aHanoriuHo npouenypam 3apaaHHs (QyHKIIINH NPHUHATIEKHOCT] Hevl-
TKUX MHOXKHH, 11I0 BUKOPHUCTOBYIOTBCS [UISl OMUCY 00'€KTIB CIIOCTEPEKEHHS 1 BUMOT JI0 HUX.

Y MAI ans toro mo0 3HaTH paHr 00’ €KTa 3aCTOCOBYIOTH (hopmyiy:

pizzgj'vij’ 1)
j=1

Jie N— KUIbKICTh KpHUTepiiB (MeTpuK IB); gj — MOKa3HMK BaXJIMBOCTI Kputepito (MeTpuku Ib);
: , : :
V; —IOKa3HHUK TiepeBark | —ro 06'ekTa o | —My KpUTepiro.

HecknagHo MOMITHTH MEBHY CXOXICTh 13 HAWMPOCTIIIO MOJEIII0 OJHOCIPSIMOBAHOI
HEHPOHHOI Mepexi. Y Teopli HEHPOHHUX MEPEX ISl IBOTO 3aCTOCOBYIOTH TaKy Gopmyiy [24]:

y=f[2w-u | @

ne N —xkingbKicTh BXO/IiB HEiipoHa; wg —OporoBe 3HavyeHHs; U, =—1, U, — BXiaHUl cCUrHAT
| —ro HelpoHa; W, — CHHaNTU4YHI Bard BXO/liB; Y — BUXIJHUM CUTHAJ HEMpoHa.

OueBuHA CXOXKICTh BUILIEHaBeIeHNX (PopMyIl. Y IbOMY BUIAAKY TOKA3HUK IepeBar 00'-
€KTa 3 pi3HUX MeTpuK Ib BUMoOram CTaBUTHCS Y BIAMOBIAHICTH O CHHAIITUYHUX Bar BXOJIIB
Heiipona. Toni mporiec oOUMCIIeHHS MapaMeTpiB nepeBar 00’ €KTa 3a pi3HUMU BUMOT'aMHU BHKO-
Hy€e (YHKITIi HABYaHHS HEUPOHIB.
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3 ormsy Ha cneundiky 3aBAaHHS NpoBeneHHs ayauTy Ib, mponoHyoThCs Taki 3MIHU AT
monudikarnii BAIL Ile mo3Boisie HE TUTBKU BpaxyBaTH CHENUQiKy IpeaMeTHOI 00IacTi mpoBe-
nenns AIb OBI, a i moganpiIoi aganTailii MPOMOHOBAHUX 3MiH JJIs TPAKTUYHOT peasizarii iH-
tenektyanbHoi CIITIP 3 BUKOpUCTaHHSM METO/IB 00’ €EKTHOOPIEHTOBAHOTO MPOEKTYBAHHS.

[To-nepire, BBenemMo oOMexxeHHs Ha BUXiAH1 gaHi. [le 00yMOBI€HO 0COOIUBOCTAMH Opra-
Hizanii npoueaypu Alb OBI. besniu kpurepiiB omiHku crynens kibepoesnexku OBI, po3ainumo
Ha 1Bl yacTuHU. Lle, BiAMOBIAHO, 3araiabpHi Ta IHAUBITyaIbHI KpuTepii (MeTpukH Ib).

3aranpHi KpuTepii — e KpuTepii, siKi cTaBiasAThes A0 Oynp-sakux OBl nmpu nposenenni Alb.
L{s MHOYKMHA HE 3aJICKUTD BiJl MPU3HAYCHHS 1 PYHKIIOHATY, SIKI peajlizoBaHi iHGopMaIiiHUMH
cuctemamu OBI. BBaxxaemo, 1o 0e3miu 3araabHUX KPHUTEPIiB, HAPHUKIAJ, HAAIHHICTh, Bap-
TICTh, € OOMEKEHUMH 1 OCTIHHUMU.

OnnouacHo 3 nuM, KoxkHa rporeaypa Alb OBl noBuHHA BpaxoByBaTH Horo crenugiky.
BpaxoByemo i iHauBinyansHi Kputepii (metpuku Ib) B okpemiii MHOXUHI. [HAMBIAYyaIbHI
KpHUTEPil BXIINBI BUKIIOYHO 7151 KOHKpeTHOoro OBI. fkmo xoua 6 onuH KpUTEpiiB HE BUKO-
HaHoO, To cTaH 3axucty OBl He 3a70BOIBHSIE HEOOXiTHUIT piBeHb Ib.

[o-npyre, y nponeci momudikamii BAI 3pobieHo Take npuITyIeHHs: TOPiBHSIbHA OLIIHKA
B)XJIMBOCTI 3araJlbHUX KPUTEPiiB MOke OyTH BUKOHAHA 3a JOMOMOIOK KJIACUYHOI'O E€KCIepT-
HOTO OLIIHIOBaHHSA. Y Il CUTYyalii HeMae HeOOX1THOCTI BAaBaTHCS 70 3aJisTHHS MMApHUX MOPIB-
HsHb BAIL lle ctae MOXIMBHUM y cuily Ti€i OOCTaBHHH, 110 YHCENBHICTh 3arajlbHUX KPUTEPIiB
oo 3ade3neueHss Ib OBl nmopiBHsHO HeBenmKa. Ik OKa3ana npaKkTUKa, 1Jis OLTBIIOCTI TpaK-
TUK 3a0e3neueHns Ib, BUpimaibHUMHU CTarOTh BiAiOpaHi 4OTHpHU — I’ ATh KpUTEpiiB (MeTpuk Ib).

[To-Tpete, BHECEMO KOPEKTHBH B ITOPUTM OOYHCIICHHS CHHAIITUYHUX Bar BXOJIB HEUPO-
HiB. 3HaUEHHS CHHANITHYHUX Bar BXOJiB HEMPOHIB, SIKi BIAMOBIJAIOTH KOKHOMY 3 MTOPiIBHIOBA-
JbHUX 00’ €KTIB, PO3PaXOBYEMO, BUKOPUCTOBYIOUM CUCTEMY HeuiTkuX npasui tuny [F-THEN.
[TpaBuna moOymoBaHi Ha OCHOBI 3acTocyBaHHs MeTony Takari-CyreHo. Sk BUXigH1 1aHi OJi-
6Hoi cucremu BukopuctoByeMo kputepii Ib OBI, sxi BinnmoBigaroTh 1boMy Helpony. Kpim
TOro, 6epeMo /10 yBaru iHauBigyanbHi kputepii Ib OBI.

[Ipuitaaro Taki BuxiaHi gaHi 4 MmoaudikoBanoro bAI, skuii MokHa BUKOPUCTOBYBATH B
npouenypax ayauty Ib OBI:

1) MHOXMHA {Y, }, i€ [l. n], sKa MICTHTb €KCIIEPTHI OLIHKU BaXXJIMBOCTI KOXKHOI 3 METPUK
Ib, n—kinbKicTh KpuTepiiB (MeTpuk Ib);

2) MHOKHHA {Z J. } je [1, m], sIKa MICTUTb 1HAMBIyanbH1 kputepii (merpuku 1b) OB, m—
KUIBKICTh 1HUBIyaJbHUX KPUTEPIiB.

BukoHaHHS MOPIBHUILHOT OILIIHKY BaXJIMBOCTI 3aralbHUX KPUTEPIiB Nepedadae HaCTyIHI
eTanmu:

Etan 1. Kepytounce HeoOxiguum pisHeM Ib OBI, excniept npezcrasisie BaXIMBICTh yCiX
3arajibHUX KputepiiB Ib y Burisai MHOXXUHU {Y, }, i€ [1, n], Hanpukiaam, 1t Y € [1,0], TYT «0»
BIJINMOB1/Ia€ cuTyallii, Koau BiACyTHI BuMoru 10 Ib 00’ekta ayauty, a «10» — MakcuManbHa
BAXJIUBICTH KpuTepito (3a ananorieio 3 MAI T. Caari).

Etan 2. TlepeTBoproeMO MHOXHHY {Y,} Yy MHOXUHY {ui } [lepeTBOpeHHs peanizyemMo 3a

paxyHOK HOpMaJi3allii e1eMeHTIiB {Y, } Ha iIHTepBaj [O,l]:

U=\ 3)

OTpuMy€EMO MHOKUHY {ui }, sKa OyJie MICTUTH OPIBHSUIbHI ITOKa3HUKU BAXKJIMBOCTI 3ara-

apHUX KpuTepiiB Ib, ski anami3ytotbces mia yac nposeneHust AIb OBI.
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Hetiponna mepexa (HM), sika BAKOPHCTOBYETHCS y XO1 OOYMCIICHHS PaHTIB 00’ €KTIB ay-
IMTY, OyIe MICTUTH KUIBKICTB HelpoHiB N, o qopiBHIOE urcay 06’ekTiB | , moTeHiiiino npu-
WHATHHUX y KOHTypax 3axucTy iHpopmariii Ta kibepoe3neku ObI. KoxeH 13 HelpoHiB BOJIOAIE
KUTBKICTIO BXOJIIB, 110 JOPIBHIOE KUTBKOCTI 3arajibHUX BUMor N . Ha Buxomi HelipoHiB Oyne
(dbopmyBaTHCS 3HAYCHHS, SIKE 1 BUSHAYUTD PAHT BIAMOBIIHOTO HOMY 00’ €KTa ayIuTy.

basa neuitkux npasui (BHII) BizOopy inauBigyansHux MeTpuk ayauty Ib, mo no3Boisie
po3paxyBaT CHHAINITUYHI Bard BXOJIB KOXKHOTO 3 HEHPOHIB, OyJie BKIIFOUATH MPAaBHUJIA y BH-
LIS

{Re}IF (x, thisA) THEN w, =¢,, @

K
Z:UA('(Xk)'Wk m

_ia

- K

Tl @) ©)

W

ne {R*}, k € [1, K] — BHII, sika MiCTUTb HEYiTKUX IIPABUII;

Cr, k € [1,K] — xoHcTaHTa, siKa 3aJI€KHUTh BiJ KOHKpETHOTo mpaswia ¢, € (0,10];

Ay = {x, ar(x1)}, k € [1, K] — HewiTKi MHOKWHH, sKi 3a1aHi QYHKI[ISIMA HAJIEKHOCTI
Uar (X)) Ha Oe3midi MOKIIMBHX 3HAYCHD XapaKTEPUCTHK 00’ ekTa ayauty Ib, i BiAmOBinar0Th 3a-
raibHUM MeTpukam Ib;

Xk, k € [1, K] — 3HayeHHs 3MiHHUX, SKi XapaKTEePH3yIOTh BIaCTHBOCTI 00'ekTa ayauty Ib,
1 BIIIOBITaf0Th peaizariii 3aransaux kputepiiB no Ib OBI;

z= {Z-, Uzj (zj)}, J € [1, m] — xnacuuHa MHOYKHHA, 10 3a0a€ThCsT (PYHKIIIIMH HAJIEXKHOCTI
Uzj (Zj), piBauMH 0 abo 1. Il MHOXXMHA omMCye 3HAYEHHs BIACTUBOCTEN 00’ekTa aynuty Ib,
AK1 BIAMOBIIAl0Th 3a peai3alliio iIHAUBIyalbHUX KpuTepiiB (MeTpuk Ib);

zj, j € [1,m] — 3minHi, AKi XapaKTepu3yIOTh BIACTHBOCTI 00’ exTa ayauty 1B, BiamosigHo
110 1HIUBIyaJIbHUX KPUTEPIiB;

i, i €[1,n]- HOMEp BXOJIy BiJIMOBIJHOTO HEHpPOHA.

@OyHKIII1, po3TallloBaHl B YacTUHI 3 oneparopoM mnpasuwil THEN, BU3HaUaeEMO SIK KOHCTa-
HTHU. Toni, 1l ¢yHKHIT OynyTh NpuliMaTH MaKCUMaJlbH1 3HAUE€HHS Y BUIA/IKaX, SIKIIO BIACTHBO-
cTi 00'exTiB aynuty Ib BiAMOBIalOTh HEYITKUM MHOXKHHAM. J[0 TaKMX HEYITKUX MHOXHH MO-
JKHA B1JIHECTH, HAIIPUKIIAJ, Taki: IH(pOpMaLlisd Ipo pe3yabTaTUBHICT «MUTTEBUX ayauTiB» 1b;
iH(popMallig PO pe3yJIbTaTUBHICTD ayANTIB YCIX THIIB; iH(popMaris npo iHuuaeHtu 1b; indop-
Mallist mpo HOBI ynojo6anHs B nouituii Ib ocoOu, sixka mpuiimae pimeHHs 1 T. iH. Y npoueci
JOCIIKeHDb OyJ10 BCTAHOBJICHO, 110 3aA1sTHHS JUIS JIIHTBICTUYHOI OI[IHKU BIIACTUBOCTEH 00'€KTa
aynuTty Ib numie n’4tu, mecTy TepMiB JO3BOJIUTH OLIIHIOBAaTH 00'€KT 3 IOCUTh BEJIMKUM CTYTIE-
HeM. [Ipu iboMy MU 306epiraeMo TPOCTOTY M HAOUHICTh MOJIET1, TOCKOHAIOCTI KitacuuHuit BAI.

MHuoxuny 1HAMBIAYyanbHUX KpuTepiiB Alb Z 3am1aeMo Ha MHOXKHHI TPYTIOBUX Ta 1HAMUBIAY-
aIbHUX BJIACTHBOCTEH BCiX 00'€KTiB, siKi BXoAsATh B KOHTYpH Ib OBIl. ®yHKiis HajgeXHOCTI
Uzj (Zj) MHOXXHHU Z Oynie JOPiBHIOE OJUHHMIII /I THX BiacTUBocTel 00'ektiB Alb, siki 3a0e3-
NEeYyIoTh peallizalilo iHIUBIAyalbHUX KpUTepiiB. BinmnosinHo, HyaboBe 3HaYeHHS Oyze B pasi
BCiX 1HIIMX BIACTUBOCTEM.

MHOXUHY Z 1HIUBITyalbHUX KPUTEPIIB, SIKI CTABISITHCS Y BIANOBIIHICTD OKPEMUM 00'€K-
taM AlDB, SBISI0TE COOO0IO MiIMHOKUHU MHOXKUHY Z. Y MHOKHHY, 51K BiJIIIOB1/1a€ KOHKPETHOMY
00’exty aynuty Ib, BXomsaTh nuie Ti inauBigyanbHi kputepii Alb, siki MoxXyTh OyTH Tpen’ siB-
neHi 1o naHoro 06'ekra koutypis Ib OBL.
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VY miacymky, monudikoBanuii BAI Mo)kHa KOHIIETITyabHO peasli3yBaTh Y BUIVISAI TaKol
Helpo-HeuiTKoi cuctemu (puc. 2). Taka cxema Mae Ha yBa3i 00’ €JHaHHS HEHPOHHOT MEpeXi, Y
SIK1{ 371ACHIOIOTHCS TIOPIBHIHHS 00’ €KTiB KOHTYPIB Ib, a Tako 1 HeUiTKOI cucTeMH, siKa 3aCHO-
BaHa HA 3aCTOCYBaHHI 0a3u HEYITKHX MPABWJI, ONMMCAHUX BUILE.

HeuiTka cuctema BiIMOBIIHO A0 pPo3pOOJICHOT cXxeMH, Oyie 3/11iCHIOBATH, OOUYMCIICHHS CH-
HANTUYHUX Bar W; BXOAIB HEHpoHiB. [Ipu 1mboMy BpaxoBYIOTbCS 1 1HAMBIIyajbHI KpUTepii
(tabm. 1), sxi BigiOpani mis npouenyp aynuty Ib kornkperHoro OBI. Ha BXim Helipo-HEUiTKOT
CHCTEeMH OyIdyTh OAABATHCS B €KCIIEPTHI OLIHKU BaXXJIMBOCTI KPUTEPIiB 17151 KOHKpeTHOTo OBI,
a Ha BUXOJI1 3UUTYIOThCS PAHTH Py, ..., Py 00'€KTiB KOHTYPIB Ib.

Tabmuns 1
Tlpuxnao popmyeanus 3aeanvHux i iHOUBIOYANLHUX MEMPUK NPU NPosedeHHi ayoumy Ib

3aranpHi MeTpukH 1b
1 | MeTpuk#, N0 XapaKTEPHU3YIOTh XOCTH 1 iX 3B'I3HICTh
BiIcOTOK KpUTHUYHHUX JTONATKIB
CepeHiif yac Ha yCYHEHHS BPa3JIHBOCTI

[\

W

N | 3aranpamii Burpam i O4ikyBaHi pidHi BTpaTH

InauBinyanpHi MeTpuku 1B (BimiOpani s ayaury Ib mist koakpetHoro OBI)

1 | MmoBipHa Mipa Bpa3IMBOCTI, IO MOKA3y€e HACKIIBKH HMOBIpHE BUHHKHEHHS YPA3IMBOCT] HYIbOBOTO
JIHS 33 TICBHMH niepion yacy

2 | 3abe3ncycHHST MAKCHMANBHOI TIOBHOTH TMIEPETiKy iHPOPMAIifHIX aKTHBIB, B aCTIEKTi JONATKOBOI iH-
¢dhopmartii npo 3arposu Ib

3 | Bu3naueHHs cTyneHs peajisalii 3axoiB (3aco0iB) 3abe3neueHns 1b

M | BcraHoBneHHH Oi3HEC PH3HUK

{x —

Heuitka cucrema Bidopy iHAMBILyanbHIUX METPHK ayauty 1B
{2 ——

WL.1.m) W21..n) W1

\4

P1

°

{ Z} Uz
_—
/ % »> pZ
Cucrema nopiBHSUIBHOT OI[IHKA w2
3aralbHUX KPUTEPIiB (METPUK /
inopmaniinoi 6e3nekn
00'exTa iHpopmaTH3aLii) \
Un
o > Pn

Heiiponna mepexa

Puc. 2. Konyenmyanoha cmpykmypa Heupo-neuimkoi cucmemu
07151 MOOUGPIKOBAHO20 MeMOAY AHANI3Y IEPAPXill
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IIporpamua peaJizauis intesexkryanbHoi CIIIP nas ayaury ingopmauiiiHoi 0e3nexn
HA OCHOBI 3aCTOCYBAHHSI HEMPO-HEYITKOI CHCTEMHU

Omnwucanuit mogudixoBanuii BAI peanizoBanmii B cuctemi Visual Studio 2019 (moBa mpo-
rpamyBanHs C #) y Burisini intenekryanbHoi CIITIP mist migBuienHs eeKTuBHOCTI PoLeayp
aymuty Ib (Puc. 3). Intenekryansna CIIIIP 3abe3neuye BBeieHHS 1HIUBIAyaIbHUX KPUTEPIiB 1
€KCIIEPTHHUX OLIIHOK BaXXJIMBOCTI 3arajlbHUX KPUTEPIIB, sIKI MEPeBIpAIOTHCS B XoAl ayauty Ib
OBI. Pe3ynbraTu OPiBHAHHS 00'€KTIB MPEACTABISIOTHCSA Y BUIIISAI rpadika (puc. 4).

B ocHOBY nocnimpkeHb, BUKOHaHUX Y MeXax 1€l cTaTTi, OyJin MOKJIaAeH1 iel, 1110 J03BO-
JIMJTA TApMOHIMHO 00'€THaTH TEOPiI0 HEMPOHHUX MEPEX 1 HEUITKUX MHOXKHH, METOJIU TPHii-
HSTTS PIIIEHb 1 METOJ] aHaJI3y iepapXii Ui MPOBEACHHS 1 BIOCKOHAICHHS MPOILEIyp ayJuTy
iH(popManiifHoi 6e3neKku pizHuX 00'eKTiB iHpOopMaTH3allii.

Sk BUIHO Ha mpeacTaBieHoMy rpadiky (puc. 4), 3acrocyBaHHs MoaugikoBaHoro bAI no-
3BOJIWIIO OTpuMaTu rpadik nmotouHoro crany Ib oOctexxenoro 06'ekra iHbopmaTu3zaiii (JiHisA
OslakuTHOTO KOJbopy). [Ipudomy BiniOpani kpurepii Ib npubdnusno Ha 25-30 % HIkYe Bix eTa-
JIOHHUX 3HaueHb. X0Ya MpH 3acTocyBaHHI kiacuyHoro BAI e nano takux pozoixuocreld. Me-
TOJI anpoOOBaHU# B X0/1i BUKOHaHHS aynuTiB Ib psay minnpuemcts Ykpainu i Kazaxcrany.

T i -
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Puc. 3. 3acanvnuii euenso inmenekmyanvuoi CIIIIP
0711 ayoumy iHghopmayiinoi be3nexu Ha 0CHOBI 3aCMOCY8AHHS HEUPO-HeuimKoi cucmemu
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Puc. 4. Pesynemamu nposedenns ayoumy Ib OBl i 3icmagnenus emanioHHux 6umoe
00 mempuxk Ib i 0ocsaenymoeo pigHs

BucnoBku. [IpoBeaeHi JOCHIIKEHHS 103BOJISIIOTh 3pOOUTH TaKi BUCHOBKHU:

1. TlokasaHo, 110 OIIHKY piBHS cTyneHs iHdopmauiiHoi 6e3neku (Ib) 1 00’exTiB 1HPO-
pmatuzaitii (OBI) gouinsHO TPOBOAUTH HA OCHOBI OI[IHIOBAHHS PE3YyJIbTATUBHOCTI O€37i4i KpH-
TepiiB MeToy aHainizy iepapxiit (MAI). Ilpu npomy taka ouinka ctymnens Ib 1 Bci nos’s3aHi 3
Heto npouenypu ayaurty Ib (AIb), HaiiGinbi edekTHBHI 17151 6araTOCTOPOHHBOTO OIIHIOBAHHS
Ib OBI. fIx MeTpuKkH OIIHIOBaHHS MOKHA BUKOPUCTOBYBATH SIK CTAaHAAPTHI YUCEIbHI METPUKHU
IBb, Tak 1 MeTpHKH, 3arporoHoBaHi ekcriepramu 3 1b 1 y3romxeni 3 MeHexmMenToM OBI.

2. 3anporoHOBaHO MOAM(DIKOBaHUIT METO/T aHAI3Y i€papXiii, HA OCHOBI 3aCTOCYBaHHS aria-
party Teopii HeUITKMX MHOKHH 1 HepoHHUX Mepek. Llei MeTo1 1ae MOKIMBICTD MEHEKMEHTY
npuiiMatu oOrpyHTOBaHI yIpaBiiHChKi pimieHHs y cdepi Ib OBl OtpumaHni pimeHHs cpsiMo-
BaHi Ha MiJBUILEHHS He TUIbkM BiacHe Ib OBI, ane it y KiHIEBOMY MiJICYMKY ONTHUMI3yIOTh
cuctemy ynpasiinHg OBl, ckopouytoTh BUTpaTH 1 MiIBUILYIOTh €(EKTUBHICTh Oi3HEC-TIpolie-
ciB OBI 3aranmom. [lpencraBnenHuil mpukiajg po3paxyHKy NOKa3HMKIB piBHSA Ib ymoBHOrO
00’exTa 1HpopMmaTu3anii. Lleit npuknaza umocTpye agekBaTHicTh MoaudikoBaHoro MAIL.

3. [TokazaHo, 1110 3aCTOCYBaHH MaTeMaTHYHOT o arnapaty MAI i BiIOBIAHOTO TPOTPaMHOTO
3a0e3reyeH s, 30KpeMa, po3po0JIeHOT IHTENEKTYaIbHOT CUCTEMH, J03BOJISIE TTIBUIIIATH CTYITIHB
JIOCTOBIPHOCTI pe3yJbTaTiB MpoBeieHHs KomruiekcHoro ayauty Ib OBI. Ilpudomy 1e TBep-
JOKEHHS CTIpaBeIIMBO SIK JJ1s mpoueayp BHyTpimHboro AIb OB, Tak i ;uig 30BHImHBOrO AlB.
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INFORMATION SECURITY AUDIT BASED ON
THE USE OF A NEURO-FUZZY SYSTEM

The article proposes measures to improve information security (1S) audit procedures (ISA) for various information objects
(OBI). It is shown that the assessment of the IS for OBI level should be carried out based on assessing the effectiveness of many
criteria of the method of analysis of hierarchies (MAH). At the same time, such an assessment of the degree of IS and all related
AIB audit procedures are most effective for the multilateral assessment of IS OBI. Both standard numerical IS metrics and
metrics proposed by IS experts and agreed with OBI management can be used as assessment metrics. A modified method of
analysis of hierarchies is proposed, based on the application of the apparatus of fuzzy set theory and neural networks. This
method allows management to make informed management decisions in the field of IS OBI. The obtained solutions are aimed
not only at improving the OBI IB itself, but also, ultimately, optimizing the OBl management system, reducing costs, and
increasing the efficiency of OBI business processes in general. It is shown that the use of the mathematical apparatus of MAH
and the corresponding software, in particular, the developed intelligent system, allows increasing the degree of reliability of
the results of a comprehensive audit of IB OBI. Moreover, this statement is valid for the procedures of the internal ISA OBI, as
well as for the external ISA.

1t is shown that it is expedient to assess the level of IS for OBI based on assessing the effectiveness of many criteria of
the method of analysis of hierarchies. The algorithm of formalization of a typical problem of selection of ISA metrics is shown.
The stages of building a hierarchy of IS metrics during the audit are identified. Given the specifics of the task of conducting an
1S audit, changes are proposed to modify the MAH, which allows not only to take into account the specifics of the subject area
of ISA OBI, but also further adaptation of the proposed changes for practical implementation.

Keywords: information security audit; object of informatization; hierarchy analysis method, intelligent information sys-
tem; neural networks; fuzzy logic.

Fig.: 4. Table: 1. References: 24.
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OIITUMI3ALIISAA BUBOPY 3ACOBIB 3AXUCTY IH®OPMAIIIL 3A TIOITOMOI'OIO
I'EHETUYHOI'O AJITOPUTMY

Y emammi 3anpononosano nepeznsinymu 3a80aHHA BUSHAYEHHSA ONMUMATLHO20 CKAADY KOMNILEKCI8 3ac00i6 3aXucmy iH-
Gopmayii (331) ons yzeo0aiceno posnodinenoi obuucniosanvroi cucmemu (POC) 3a 0onomo2oro moougikosano2o cenemuyunozo
ancopummy (MI'A). Ak yinbosy ynryito 3anponoHo8ano Kpumepii Maxcumymy umogipnocmi ycniutnoi npomudii 331 peaniza-
yii ecix yinei nopywnukom. Ha 6iominy 6io ichyrouux nioxodis, sanponorosanuti y pobomi MI'A i 8ionosiona yinboea gyukyis,
peanizyioms Kpocunzoeep OJisi BUNAOKie, Koy napu 6amoKis ni0dupamscs UX00suU i3 NPUHYURY «elimapHOCMIy» 00HI€ET 0co-
bouHu ma «sunaoxosocmiy opyeoi. Ilokazano, wo peanizayis MI'A dozeonuna npuckopumu nOUWLYK ONMUMATLHUX 8APIAHMIE
posmiwenns 331 no eyznax POCy 7—15 pasis.

Knrwouoei cnosa: onmumizayis;, Mooughikoganuii cenemuuruil aneopumm, 3acoou saxucmy ingopmayii; 06'exm ingopma-
musayii; po3nooiiena 00UUCTIO8ANbHA CUCEMA.

Puc.: 4. bion.: 25.

AKTyaJIbHiCTh TeMU A0caieHHs. [Ipy poekTyBaHHI Ta peasti3allii KOMIUIEKCHUX CUCTEM
3axucty iHpopmarrii (KC3I) st poznioninennx oouucioBaibHux cuctem (POC) pizHux 00’ €xTiB
iHpopmaru3zanii (OBl) BennuesHe 3Ha4eHHS MalOTh METOAM aBTOMATH30BAHOTO MPOEKTYBAHHS.
Oco6nuBoO 111 METO/IM BayKJIMBI AJISl IPOEKTYBaHHS KOHTYpIB iHpopmaliiiHoi Oe3neku (Ib) kputu-
yHO BaXIUBHUX koMmil toTepHuX cucteM (KBKC), ockinpku came aBTOMaTH3aIlisl Ta ONTUMI3aIlis
po3MipiB pizHUX 3aco0iB 3axucTy iHGopMmarrii (331) 3a ronomororo KBKC no3Bornsie cTBoproBatu
BUCOKOe(eKTHBHI cucteMu Ib y KopoTki TepMiHU Ta 3a MOPIBHAHO HU3BKUX BUTPAT.

TenaeH1is 3pocTaHHs CKJIaIHOCTI CLIEHapiiB MPOBEIEHHS YCIIITHUX KIOEpHETUYHUX aTak,
cupsimoBanux npotu pizHux OBl y Tomy unciai KBKC, a Takox auHaMiuHa 3MiHa JlaHamadty
KI0EpHETUYHUX 3arpo3, MPU3BOIUTH 0 TOTO, 1110 HEOOX1AHO NocTiiHO BaockoHamoBatu KC3I
[1; 2]. V cBoto uepry, 1ie 301bIIy€e TPYAOMICTKICTh MpoekTyBaHHs sk yciei KC3I 3aranom, Tak
1 OKpeMuX 11 cki1a10BuX. PaKTUYHO CTOPOHA 3aXUCTY 31TKHYJACS 3 CUTYAII€I0 MOCTIHHOTO 3pO-
CTaHHS PO3MIPHOCTI, 10 BUpILIyeThes i yac npoektyBanHs KC3I 3amaui.

Taxum unHOM, 3aaa4a aBromaru3zanii npoexkryBanHs KC3I ans POC ne BTpadae cBo€l ak-
TYaJIbHOCTI, a MONIYK METO/IB, 3[aTHUX CKOPOTUTHU KUIBKICTD iTepalliil y UKIII MPOEKTyBaHHS
KC3I, nponosxyerbcs.

IMocTaHoBKa NPo01eMH. AKTYaJIbHOIO HayKOBO-TIPAKTUYHOIO MPOOJIEMOIO B IPOIIEC MPo-
extyBanHs KC3I aiss POM 3anuiaerscst aBToMaTH3allist BHOOPY CKJIay arnapaTHO-TEXHIYHUX
3aco01B JJI Pi3HUX KOHTYpIB iH(DOopMarliitHoi 6e3nexu. s BupimeHHs 11iel mpobaeMu Heoo-
X1IHO TIPOJOBXUTHU IMOIIYK aJITOPUTMIB BU3HAYEHHS ONTUMAJIBHOTO CKJIaJy KOMIUIEKCIB 3ac0-
018 3axucty iHpopmarii (331), HampuKIad, NUITXOM YI0CKOHAJICHHS TEHETUYHOTO aJITOPUTMY.

© Jlaxno B. A., Kacarkiu /[I., bro3sa A. 1., I'yce B. C., Ocunosa T. 1O., Matyc 1O. B., 2021
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AHaJi3 ocTaHHIX JocaizkeHb i myOaikanid. OcoOmuBy poiib Ha eranax KOHCTPYKTOP-
cekoro npoektyBanHs KC3I ais POC 3aiiMatoTh 3aBIaHHs ONTHMI3allii pO3MIIIEHHS OKPEMHIX
331 (a Takox MeToniB 3axucty) 1o By3nax POC [3; 4]. Ha pi3aux eranax npoekryBanHs KC3I
st POC Tpaguniiino moniOHI GaraTokpuTepialibHI ONTUMI3alliiHI 3a/1a41 pO3B’A3YIOThCS Pi3-
HUMU TOUHUMH METOJIaMU, HAIIPUKJIa/, TUIOK Ta MeX, JIHIHHOrO mporpaMyBaHHs Ta iH. 3acTo-
CYBaHHS TOYHHX METOJIB BUPIIIECHHS MOIIOHUX 3aB/IaHb, YACTIIIE BCHOTO MPU3BOIUTH JI0 3PO-
CTaHHS BUTPAT SIK TAMYACOBUX, TaK 1 00UHCIIOBATbHUX.

VY pobori [5] mpencrasneHi pizHi GOpMyTIOBaHHS 3aBAaHb ONTHUMAIBHOTO PO3MOILTY pe-
cypciB Mixk QyHKIIsIMU yripaBiaiHHa Mexanizmamu Ib OBI. Byno 3anpononoBaHo Kijbka mocTa-
HOBOK 3aBJIJaHb PO3MOALTY pecypciB cTopin 3axucty OBI. BignoinHi 3aco0u nmpu3HadeH1 s
3actocyBaHHs K Ha crajii npoektyBaHHs KC3I gy OBI, Tak 1 Ha cTajili y1oCKOHAJICHHS Ta
PO3BUTKY #oro koHTypiB Ib.

ABTopu [6] BuALIAIOTH ciM ocHOBHUX (yHKIIH 3a0e3neuenns [b Obl. BinnosigHo, Oyno
3aIpOMOHOBAHO JIBA ITiIXOH JI0 AeTati3allii Ta popmaizalii po3rnoairy pecypciB Mix pisHUMH
¢dyukuismu 331. [lepmwmii miaxia 6a3yeTbest Ha HEOOX1AHOCTI 00Ky CKiIaay Ta KibkocTi 331.
Jpyruii miaxin — aHai3 y3araJbHeHUX 3aKOHOMIpHOCTEH 1 3B’s13KiB Mixk BKiageHumu B 331 Ta
edexTuBHICTIO iX 3acTocyBaHHs uisi OBl. ABTOopu poOiT [5; 6] HE HABOASATH KOHKPETHI MPHUK-
JIaJA 3aCTOCYBaHHS 3alIPOITOHOBAHUX ONTHMI3aIlIHHUX MOJICIICH.

VY pobotax [7; 8] po3mIsIHYTI MO, Y SIKUX PO3MOALT PECYpCiB MiXK 00’ €KTaMU 3aXUCTY IS
OBI BUKOHAHO Ha OCHOBI IrPOBOT MOJIEN Ta MPHHIIUITY PIBHOI 3aXHIEHOCTI 00’ €KTiB. PimenHs
JIOCTAaTHBbO TPYAOMICTKE, OCKUIBKU JJISi KOXKHOTO iIrpOBOTO MEPCOHATY HEOOX1JHO PO3B’SI3yBaTu
3ajaqy JIHIKHOTO MMPOTpaMyBaHHs 32 YMOBHU (P iKCOBAHOTO PIillIEHHS 1HIIIOTO TPABIIS.

VY [9; 10] nokasaHo, 1110 YCKJIaJHEHHs CLieHapiiB MPOTUCTOSHHSA cTopoHU 3axucty OBl Ta
aTaKylo4yHuX, BIIOMBAETbCS HA CTPYKTYpl MaTeMaTUYHUX MOJENEH, K1 MOBHUHHI B110OpaxaTtu
HOB1 YMOBH Ta CUTYallii 1[0 BUHUKAIOTb.

OmHuM 13 HanpsIMIB JTOCIIKEHB 3 LI€I0 MPOOJIEMOI0, TTOB’ I3aHOI0 3 MIABUIIICHHSIM eek-
TUBHOCTI BUPIIICHHS ONTUMI3alliHOT 3a/1a4l, € eBOMIONIIHI Ta reHeTHuHi anroputmu (I'A) [11].

V¥ poborax [11; 12] moka3zano, mo I'A 10cUTh yCHIIIHO MOXKYTh 3aCTOCOBYBATHUCS JIsl BU-
pillIeHHs 3a/1a4 CTPYKTYPHOI Ta napaMeTpuyHoi ontumizanii koHtypis Ib s OB

VY pobori [13] HaBeaeHO PO3B'A3aHHS ONTUMI3AlIMHOI 3a1a4i TOOYy10BU €(DEeKTUBHOI CHC-
TEeMU 3axucTy iHdpopmarlii 3a fonomororo ['A. OgHak He onmucaHo, K caMe oOupaacs IiIboBa
GbyHKITIA.

VY po0ori [14] po3risgaeTbess MOXKIUBICTh 3aCTOCYBaHHS CHCTEM MiATPUMKH MPUUHATTA
plllIeHb JJI 3aBJIaHHS PO3MIIICHHS 3aC001B TEXHIYHOTO BUSIBJICHHS JJIs 3aXUCTY 1H(POpMaIIii Ha
ocHoBi 'A. IIpoTe, 10KIaHOTO PIlIEHHS aBTOPU HE HABOAATb.

VY pobGorti [15] BUB4aeThCS MOXKIIMBICTD 3aCTOCYBaHHS MOJIM(DIKOBAHOTO T€HETUYHOTO aJl-
TOPUTMY ISl BUPILIEHHS 3aBAaHHS PalliOHATbHOTO BUOOPY arapaTHO-MPOrpaMHUX 3aco0iB 3a-
xucty iHpopmaii (33]) 1 fuHaAMIYHOTO KepyBaHHs KOH(IryparisiMu 3aco0iB Ha PI3HUX PIBHSIX
0e3meKkH palioTeXHIYHUX CHUCTEeM, a Takoxk iH(opMmaliifHux cucteMm. Ane, sk i B po6oti [15],
0OIPYHTOBAHOTO PO3B’sI3aHHS 3aBIaHHS aBTOPAMHU HE HABE/ICHO.

HoBum eranom po3Butky Teopiit I'A cranu ribpuani cucrtemu [16; 17]. Taki cucremu 6a-
3yIOThCSI Ha MOEJHAHHI PI3HUX HAyKOBUX HampsMiB. IcHye nekinbka crnoco0iB riOpuau3arii.
OpuH 3 TakuX cnoco0iB — nmoeaHanHs HediTkux 1 [A. To6To mpu TakoMy MiaXo/i METOIN Hedi-
TKO1 JIOT1KM 3aCTOCOBYIOTh JJIsl HAJIalITyBaHHs napameTpis ['A.

BujineHHs: Hel0C/IiIsKeHUX YACTHH 3arajibHoI npodjemMu. Ha ocHOBI BHIII€3a3HAYEHOTO
MOJKHA KOHCTATyBAaTH, IO 10 CHOTO/IHI 3aJIMIIAETHCS aKTyaTbHUM 3aBIaHHS PO3POOKH 1HTETPO-
BaHMX METOJIB BUPILICHHS 3aBIaHb, MOB’s3aHKX 13 po3mimeHHsaM 331 o kontypam POC Ta
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ONTUMI3AIIIEI0 PECYPCIB CTOPOHH 3aXHUCTY (TOUHIIIE Koaimii 3axucHuKiB). e mo3Bose napa-
JIENTHHO TIYKAaTH PIIICHHS ONTHUMI3AIliiHOT 3a7a4l 3 po3MimeHHs okpeMux 331 mo KoHTypax
POC, BpaxoByroun 0OMeKEeHHS.

MeTo10 CcTATTIi € TIPOBEACHHS TOCIIKeHb Monu(ikoBaHoro ['A s aBToMaTH3ariii miji-
6opy 331 na By3nax POC nuisixom Makcumizamii iMoBipHOCTI yeminmHoi npotuii 331 Ha Byzmax
POC peanizarii Bcix 3a7a4 aTaKyr40i CTOPOHHU.

J{nst MOCATHEHHSI METH TOCIIHKeHHS He0OX1THO BUPIIIUTH TaKi 3aBIaHHS:

- po3pobutu moaudikoBanuii ['A (MI'A) nu1st BUpilIeHHs 3aB/IaHb MaKCUMi3allii HMOBIpHO-
cti yernimuoi npotuaii 331 Ha By3nax POC peani3zariii BCix 3a/1a4 aTaKyr40i CTOPOHHU Ta OITH-
mizanii po3mimenns 331 na Bysnax POC;

- pO3poOUTH Ta MPOTECTYBATH MPUKIIAJHE ITPOrpaMHe 3a0e3neueHHs Ha 6a31 MmoaudikoBa-
Horo I'A (mani MI'A) nuis BUpilIeHHS ONTUMI3AIIHHOT 33/1a4i 11010 PO3MIIIeHHS oKkpemux 331
no koHTypam POC, BpaxoByrouu 0OMeKeHHS.

Bukiiag ocHoBHOTo Martepianay. TpyaHiCTh TOCTAaHOBKY 3aJ1adi HacaMIIepe I OB’ A3aHa 3
BuOOopoM minkoBoi ¢ynkuii (LD — W). lle cnpuunHeHe THM, IO OIHI€IO 3 TOJOBHUX LiJeH
po3mimenns 331 o By3nax POC ms konkpernoro OBI, € minBuIeHHs iHoro MeTpuk iHpopma-
IWHOI Oe3MHeKH.

3rigHo 3 MeToro aociikeHHs sk LD npuitHaTo 3HaYeHHS HMOBIPHOCTI yCMIITHOT TPOTH 1T
331 na By3nax POC peamnizariii BciX 3aBlaHb aTaKylO4oi CTOPOHU (HAMpPHKIA/l, Y TPOLIOBOMY
ekBiBaJIeHT1). J[)ist IbOTO HEOOX1AHO BUSHAYUTH BEITHUNHY:

PA
W=P3(X)=m>§zx£[ 1- > P™p._ | (1)

jeG Pa
1Pa_g

3
oon 1

2. PPy, <Plu p.=12...PA

jeG Pa
1Pa_g

Xim={01},(jeB, , j=0,meNP; p,=12,..,PA)

3
npu oomexkennsax: C- <

ne C’, C,,, —Binmosiano, 6a30Ba BApTICTh i MAKCMMAIBHO JOMycTHMa BapTicTs 331 s Bysna
POC; P, — uine kibepuernunoi ataku Ha By301 POC; Bpa — MHOXHHA HOMepiB KiOepHeTHY-
HUX 3arpo3 misa Bysna POC; Pjpa — MMOBIpHICTh peaizalii THMH, XTO arakye [P, — i
sz oon - JOIYCTHME 3HAY€HHsA MWMOBIPHOCTI peaiizamii arakyroouamud P, —  mii;
Pin,, = or-gf Q" — iMOBipHiCTh Mo0NaHHs | - 20 331 pH cIpoOi aTaKyIOUHX TOCATHYTH
P, — mimi; plpa — MIMOBIpHICTh IT€peXoJly aTaKylO4HX Ha OUIbII BHCOKHIT piBeHb (1)y cTaHax

By31a POC; Gipa - MHOKHHA cTaHiB By3iaa POC npu cripobax arakyrounx qocsrayTa Py — mimi
araku; | P —kinekicTs piBHiB rpada cranis Bysna POC, 1110 onucye aii arakyro4ux npu crpooi

nocsaraytd P, — ¥ wini araxu; N J-pa - MHOkMHa HoMepiB 331, ki MOKyTh OyTH 3aCTOCOBaHI JIs

nporumii mimi P, Ha | KoHTYpi 3axucty POC; m—3acobu abo Mipa 3axucty iHdopmariii 1is
j — ro koutypy Ib OBL.
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[Tpunyctumo, mo PO — aesika momysisiis Ha etarti t piteHHs onrucaHnoi Bupa3om (1) ontu-
Mizaniiinoi 3agaui. Tooto PO, = {Chl, ch,,..., Chz} , e ch, —XpoMocoMa TOMyJILil, 110
AHAITI3Y€EThCS; t=[ZL N]; Z=[ZL M]— BianoBiAHO, N, M - KiTbKiCTh TOMYJISIIIN 1 KUTBKICTh XPO-

mocoMm ( Ch) B momymsmii.
OTxe, MHOKMHA piteHb A 1s 1i€l 3a1a4i Moxke OyTH OmHcaHa Tak:

Ch={ch,;t=12,..,N; z=12,.,M}. 2)

LinboBy dynkmiro (W) npeacraBuMo ik HOPMOBAHUHN aTuTHBHUN KpuTepiid. Lleit anutus-
HUW KpUTEPii MOBUHEH BKJIIOYATH B ceOe omiHKK KitbkocTi By3niB POC, mo anamizye OBI 3
HallMEeHIIIMMU MOKa3HHKaMu MeTpuk Ib Ta cymapHoto BapTicTio Beix 331, siki HE0OXiTHO BUKO-
PHCTOBYBATH:

W =k, -W, +k, -W,, (3)
ne k,,k, —Barosi KoeilieHTH 1 JIOKaJIbHUX KPUTEPIIB.
3a J10mOMOror BaroBoro koeimieHra k, BpaxoBy€MO BayKJIUBICTh BIUIMBY Ha 3aralibHi

nokasHuku 3axuienocti OBl uncna kpurtnuno Baxxnusux Bysnais POC. A 3 nomomororwo ki, -

BIUTMB BapTocTi okpemoro 331 Ha By3u1i.
Kpim Toro, W, — kpurepiii 114 ouiHioBaHHs Kiabkocti By3niB POC, Ha sxux merpuku Ib

HM3bKI 200 BiJCYTHI, W, — KpUTepiii oliHtoBaHHs cymMapHoi Baprocti ycix 331 mist POC abo, iH-
[IMMU CIIOBaMH, 1€ pECypcH, HEOOXiTH1 KOAIIii CTOPOHHU 3aXUCTY AJISl TOCATHEHHS CBOIX IIUICH.
Jlns BupimeHHs 3a1a4i He0O0X1JHO MakcuMi3yBaTH 3HaueHHs L{® — W, To6To

W(Ch) — maxW(chy,, )= maxW(dh, ) oh, < Z. 4

3 ypaxyBaHHsM poOiT [11; 18—20] nponoHyeTbcs Taka Mpoleaypa BUPIIIEHHS IUX 3a1a4
poamimenss 331 o By3nax POC mist OBI.

11 MeToAMKa 3aCTOCYBAaHHS QJITOPUTMY ONUCY€ETHCS TaK.

1. BBeaenns noyarkoBux JaHuX (KuibKicTh By31iB POC, kinbkicts 331 A1 KOJKHOTO By311a,
iHTerpanbHuii mokaszHuk [21] epextuBnocti 331 Ta iH.).

2. 3agaemo BapiaHT modaTtkoBoro pos3MimieHnus 331 qist Byszina POC.

3. ®opmMyeMO MOYATKOBY MOMYJIALIIO (MOOY/10Ba MOYATKOBOT MHOYKHHHU PILLICHb).

4. 3agaeMo MOYaTKOB1 3HAYEHHSI Kepyrouux napamerpis st ['A.

5. 3a paXyHOK 3aCTOCYBaHHs HEUITKUX T'€HETHYHHX OTIEepaTopiB, peaii3yeMo Mpoueaypy no-
KpateHHs axocti po3MimieHHs 331 o Byznax POC. Jlns 1boro 3acTocoBy€EMO Taki OIepaTopu:

a) JUis BUOOPY pillIeHb;

0) s BuOOpy cTparerii iHBecTyBaHHS B 3axuCT By3ia 1 POC B misiomy (Ha 0CHOB1 poOiT
[11; 22]);

B) 3aCTOCYBaHHS KJIaCUYHUX onepaTtopiB ['A;

d) s BinOOpy Kpalux pilleHsb;

1) st GopMyBaHHS HOBUX MHOXHH PO3B’SI3KIB.

6. Peanizyemo 3aganmii I'A 3a nonepennim Bigbopom 331 ans Byzna POC.

7. Po3paxyHOK oJiep>KaHOTO 3HAYEHHS IITLOBOT (DYHKITIi.

8. IlepeBipsieMO BUKOHAHHS KPUTEPit0 3yMUHKU podoTu ['A.

9. BincninkoByeMo poOOTy HEHITKOIO JIOTTYHOTO KOHTPOJIEPa.

10. S0 HeoOXiMHO, TO BHKOHYEMO TIOBEPHEHHSI JI0 eTary 5.

Onepsxane 3naueHHs LD (W) nmepeBipseTbes Ha MOXKIIMBE MOKpalieHHs pimeHHs. Kpim
TOTO, TOJIATKOBA MIEpEBipKa BUKOHYETHCS 3a MOKa3HUKAMU KUJIBKOCTI 3a/1aHUX iTeparliil.

pt
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SIx movaTKoBi JaHi NpUHSATI: KUTbKicTh By31iB POC; kinbkicTb 331 17151 KOXKHOTO By3J1a; IHTET-
panbuuii mokasHuk epexruBHocTi 331; crynine kputranocTi By3na POC s 6i3nec-niporieci OB

[Ticst BBeIEHHS MOYATKOBHUX JIaHUX Ta 1X KOAYBaHHS, HANPUKIIAM, Y OiHAPHOMY BUTJISIIL,
OTPUMYEMO TMOYaTKOBY nomyssnito ['A. B sikocTi MexaHi3My OTpHUMaHHSI HOBUX PillIeHb 3aCTO-
COBYETKCS omepallisi KpocuHroBepy. PospaxoByetncest 3HaueHHs L[D (/). 3HaueHHs IPOXOIUTH
nepeBipky. SAkmo [P npoiinuia nepeBipky (3a iHTErpaJIbHUMU METPUKaMH Oe3IeKH, HaIlpH-
KJ1aJ1, iMOBipHIiCTh ycmimHoi npotuaii 331 Ha By3znax POC peanizaltii Bcix 3aB1aHb aTakyr4oi
CTOpPOHU He moBHHHA OyTH MeHIIe 0,95), To anropuT™ 3aBepIiye CBOKO POOOTY.

3 MmeToro mokpamieHHs skocti po3mimenHs 331 o By3znam POC 3anisamii Hewitkuii [A. B
HBOMY Y BIITOBIHOCTI 3 po00TOI0 [23] 3aCTOCOBYETHCS KOJyBaHHS PO3B’SI3KiB 32 JJOMTOMOTOIO

JTIACHUX YHCeIl. Y TaKOMY BHITQJIKy XpoMocoMa ( Chu' ) — BeKTOp AificHux unced. Jlosxuna (ch

) eKBiBaJICHTHA JIOBKMHI BEKTOPY PO3B’S3KY 3aj1aui, 0 PO3MISAAE€THCA MI0A0 OaraTokpuTepia-
npHol ontuMizanii KC3I mis OBl

[Tpu peamnizarii KpocHHrOBepa napu OATHKIB MiIOMPAIOTHCS 32 IPUHIUIIOM «EIIITApPHOCTI»
OJHIET 0COOMHU Ta «BHITAKOBOCTI» Npyroi. Po3B’si3km, siki Oyim oTpuMaHi B pe3ysbTari Kpo-
CHUHTOBEpA, a TAKOXK BUXIJHI pillleHHs, CHOPMYIOTh Tak 3BaHy mianomyssimito. [lotiM 3 miamo-
nyssii Bigbepemo Haiikpaiili 0COOMHH.

Juis peaizanii oneparopa KpOCUHIroBepa MPUMHATI HACTYITHI TPUITYIICHHS.

Hexait Ch=(ch,,...,ch,)i ChY =(chy,,....chy,)—XpOMOCOMH /ISl IKMX BUKOPHCTOBYETHCS KO-

JyBaHHS 3a JIOTIOMOTOFO JHiiicHUX uncedn. Lli xpomMocomu 0OpaHi Ha OCHOBI BU3HAUEHOI cTpare-
rii. Crparerisi BiANOBiAae 3a pe3yabTaT KPOCHHTOBEpY. Y pe3ysbTari KpOCHHTOBEpY OymyTh
OTpUMaH| HAIAIKH:

De, = (dé€',..., d&! ) aco De, = (dé?.,..., de?), ®)

ne de' — BumaaKoBo BifibpaHe YMcIo Ha iHTEpBa [)ﬂl , Z|1 ].
Hpn wowy X' = max{ay,ch —H o} i 2 =minfy, o +H -},

. . d .. . . 2 2
BIJIIIOBIHO, — BUIIQ/IKOBO BiJliOpaHe yKcio Ha iHTepBaii (X ,Z |,
a,b—Mexi apupMETHUHOTO OIepaTopa KPOCUHIOBEPY,

ITpu LBOMY Xi2 = max{a,. ,chy, —H -a}i Xi2 = max{a,. ,chy, —H -a}

7’ = min{b, ,chy. +H -« }, e H= [Chi —chy, ], a - Koe(illieHT HanamTyBaHHs apudme-
TUYHOT'O OTlepaTopa KPOCHHTOBEPY.

[TepeBaroro Takoro BapiaHTy peajiizallii KPOCHHIOBEPY € Te, 10 BPaXOBY€EThCS PI3HOMaHI-
THICTh TOMYJISILIN pimeHb. KpiM Toro, BpaxoByeTbes CTYMiHb «OJIM3bKOCT» HOBHUX PIlLIEHB 10
0aThKIBCHKHX.

1 2 ... . .
Ha puc. 1 Cch Ta Cch — XpOMOCOMM, SIK1 Bll[l6paH1 JJIg peai3anll rCHCTUYHOIr O oreparopa.

[Ticns Toro, six Oynu 3ajisiHI TEHETHYHI onepaTopu, 30KpeMa, apuMeTHUHui onepaTop
KpocuHroBepa [24], BUKOHaHO MiICYMKOBUH po3paxyHok 3HadeHb LID - W. Moaudikaris po-
3mipiB 331 no Byznam POC BHKOHYETBCS 10 THX Mip, MOKKA HE OyAyTh JOCATHYTI HEOOXiAHI
noka3Huku 3a metpukamu Ib myst OBI. TIpouec nomryky onTuMaabHOTO PIIIEHHS] MOXKHA MPU-
CKOPHTH, SKIIO JOJATKOBO 3a/IiITH TaK 3BaHUM HEUITKUH oriunuit koatponep (HJIK).

3arponoHoOBaHi aIrOpUTMHU OyJIM peani3oBaHi B MPOrpaMHOMY KOMIUIEKCI AJIs 1H)KEHep-
HOTO pillIEeHHs ONTUMI3aliiHO 3a1a4i, noB'a3aHoi 3 migdopom 331 mo Byznam POC. Taxwuii mi-
n01p mM03BOJIsAE 3AicHIOBaTH pi3Hi miaxoau 10 ctBoperHs KC3I. Hampuxman, MoxHa 3011b-
IIUTH pO3Mipu pecypciB ((piHAaHCOBUX, OopraHizamiiHUX, MaTeplalbHUX), SKI CIPSIMOBaHI Ha
3axyCcT HanOUTbII KpuTHYHUX BY3JiB POC, Ha skux 30epiratoThes HaWOUIBII IiHHI iH()OpMa-
[iMHI MACUBU KOMIIAHIl.
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I'enepyemo nomyssiuii PO1 ta PO2

v

PearizyeMo ormepariirto KpOCHHTOBEpY

Buximuk crparerii monryky 4—‘

Tax

Bubip crparerii nomyky —L

BusnaueHHs MiHIMATBHOTO PO3PUBY MK
MOKOMIHHAMHA

V3aranbHeHHs [TOKOIiHb

v v
Bu6ip 3a gomomoroto pyierku PO(t)1 i PO(t)1 = PO(t)1 1 PO(t)2=(0-1)
PO(t)2 e 9=1,2,3
v v
Bubip omepaTtopa KpocuHroBepy Ta iforo BuGip onepatopa KpoCHHIOBEpy
BUKOHAHHS

: v
. .. . Bubip Cleh i C%n
HOplBHHHHH 0aThKIB i HalaakiB 3 HOHyHﬂHﬁ PO(I)

v

CTBOpEHHS HOBOI i NOMYJIALIT 3 HAIIAAKIB
icleni Cn

3amiHa HaTipIIKX HAWKPAIIUMU J

Puc. 1. Konyenmyanvna 6aox-cxema popmysantsn Hosoi nonynsayii 331

Hagenenwuit anroputm Oyino peanizoBaHO y MPOrpaMHOMY 3aCTOCYHKY. 3arajbHUNA BUIVIS
iHTepdeiicy mporpamu, mokazaHui Ha PUCYHKY 2.

MI'A n103BOJIsIE AOCTITUTH LTbOBY QyHKIIO (BUpa3 (1)), sika onucye HMOBIPHICTb YCHIIII-
noi mpotuaii 331 Ha By3nax POC peanizariii Bcix 3a1a4d atakyo4oi ctoponu. Lle, y cBoro uepry,
JI03BOJISIE BAKOHATH MIBUAKUM TTepedip pizHux BapianTiB 331 Ta iX KOMOIHAIIO SISl OTpUMaHHS
pe3ynbrariB POC, BUX0s1uu 3 KpUTEPit0 MaKCUMyMy WMOBipHOCTI yemimHoi npotuii 331 pe-
ayizaii BCIX IUICH MOPYITHUKAMH.

143



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOTIi
TECHNICAL SCIENCES AND TECHNOLOGIES

=y Rlidfad et dga ol e e cutare s e @ Bocat on g d @ iaem B -

|
hie
Enpert dafa o peneratian
Beirirtinra an the me o protecive s ipma

et reeraThon Teeardier B2
i M & ¥

élurs his prtedi s ol reersaming progechin; Ipudba kg b o Thet g e ticn

hram LIS i bR K ¥ OmM Bn'T Farc P
P —— ) e b -:|.l|'|:|:|'.l1.'1.'.. 10 0 (NN A PeINEDR . LOORITY:
LAESTIE,, | LSS0 . | 11 SRS 0BT,
(rossang probebiBry i - -1, B BRI, . | (NN ML LEFIRRIAEA., [ILODEITRM
fard SLGEEITAT .. L A LRI ] BT FELERLI NS 1ONREECR .  OOAsm
| :'“'_h"“'m'_m LTS, | -0 A MR Y. .. | OO0 E1ID000E ] [y FOLe I I:I.I:'I'.;ll'H:I?:I:
TR P 3 OO S aEE .. | -1, 1l pii1EH] IR LG BT 1T T TR
trmabrredmg |Ogs 1EERIGET,,  EEMIRITE..  1TREIi ERETL DT JARMCHEL, O0iHsAIh
LA AR, -S04, (IEEFIA0 A SAPHIIGL.,  DDOEREL
LI TLE 1,EAaE. .. -1, TMOEFDAEY. . 1EENEEII0 L0001 § R AJREASCED . DD
Frabus iy bl P DATERIIE..  ESHIEGEA | OEBMHAL T1AGEIE [-EE 06 1 B e
O, PP LAY <L OSTESEEWR.. L IMGainE . OEEDIOOL 11T A.FeasEsE.. DAY
1LEOTI,,. R M. 1171 110 SOEARETEL, 000&E7;
| Syt o pan by - EEREAIEE,, L ASMRSEL. | (0SB PAAIEE EESAMEESE.., D0,
[, IETA P S LT S TREAMET,,, B0, | O 11m B0 (Hre AMEIRAFIA,, |y
Db rtras bncbion vaie: T3 =
LA AT S
EXIT BEGIN

Corye Foross

Puc. 2. 3acanvrnuii 6uenso oooamkie 05 8usHaueHHs UMogiprocmi ycniunoi npomudii 331 na
sysnax POC peanizayii écix 3a60anb amaxyouoi cmoponu (Ha ocnoei MI'A)

Takosx OyJ10 BUKOHAHO MOPIBHSAHHS MPOTyKTUBHOCTI 3anporioHoBaHoro MI'A 3 pimeHHsIM
Ha OCHOBI KJIACHYHOT'O ONTHMI3alliifHOr0 MeToay TiJI0K Ta Mex [25]. Pe3ynbTaTtu nmokasasi Ha
ricTorpaMax pucyHkiB 3 1 4.

Oo6wmesxenns Baprocti 331 ms By3niB POC
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Bapricts 331, y.o.

MoudikoBaHuii TeHETHYHHI alTOPUTM e= e MeTO/ I'JIOK Ta MeX

Puc. 3. Pezynomamu 00uuCto8anbHUX eKCnepumMenmia 0Jisi PI3HUX 8apiaHmis 0OMediceHb
3a eapmicmio 331 ona eyznie POC
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Ha puc. 3 nokazaHi nopiBHsJIbHI pe3yJbTaT BUOIPKOBUX EKCIIEPUMEHTIB JJIsl PI3HUX Bapi-
aHTiB oOMexenb 3a qanumMu 331 s By3niB POC. Sk BugHO Ha rpadiky METOA TIOK Ta MEX 1
MI'A 1eMOHCTPYIOTh IPUOIU3HO OHAKOBY €(EKTHUBHICTh Y XOJI1 BUPILIEHHS PO3MISIHYTOI 3a-
nmadi. MakcuManbHa rmoxuoOka cknaia 3,1-3,5 %.

Ha pucynky 4 noka3aHi MOpIBHSJIbHI pe3y/lbTaTd OOYMCIIOBAIBHUX E€KCIEPUMEHTIB 3a
YMOBH NOPIBHSAHHSA Yacy pobotu MI'A Ta Metofy rijok Ta Mex. 3a rpadikamMu, O4EBUIHO, 1110
nporpamHa peaiizaiisit MI'A 103BosnIa NPUCKOPUTH MOMIYK ONTHUMAIbHUX BapiaHTIB PO3Mi-
menns 331 3a Byznamu POC y 715 pas.

Jlo HenomikiB 3actocyBaHHs MI'A Ha TemepillHbOMY eTari MpOBEIEHHs HalluX J0CIHi-
JUKEHb, MOXKe OyTH BiJHECEHUH TOH (axT, 1110 OyJiy MpoaHai30BaH1 HE BC1 MOKIIMBI allTOPUTMHU
BUPILLICHHS MOCTaBJIEHUX 3aBJlaHb 3 METOI0 ONTHMI3auii 3a1a4. Hanpukian, He po3misianuch
BapiaHTH BUPILIEHHS LUIIXOM 3aTy4eHHsI 1HIIUX €BONIOLINHUX alrOPUTMIB.

BucHoBkH. TakuM 4MHOM, y CTATTI OTpUMaHi HaBeIeH1 HUXKYEe OCHOBHI PE3yJIbTATH.

3anponoHOBaHO PO3B’SI3yBaTH 3aBJaHHS BU3HAUEHHS ONTHMAJIBHOTO CKIIATY KOMIUIEKCY
331 a5 By3:miB po3mnojisieHoi oourcmoBanbHoi cuctemu (POC) 3 nonoMororo MoanikoBaHOTo
I'A (MI'A). HayxoBa HOBU3HA [TOJIATAE B TOMY, 1110 B IKOCTI I[UIbOBOT (DYHKIIIT 0OpaHuii KpuTepiit
MaKCUMaJbHOT MMOBIpHOCTI ycmimHoi npotuaii 331 peamizamii Beix et mopymxukom. Ha
BIJIMIHY BiJl ICHYIOUHX IT1JIXOJIIB, 3alIPONIOHOBaHUN y po6oTi MI'A Ta BifmnoBiHa 1i1b0Ba (QYH-
KIlisl, TepeadadaroTh peasizalilo KpOCHHIOBEPY Yy BUIAJAKY, KOJIHM Mapu OaTbKiB mifiOpaHi BU-
XOJIIYU 3 IPUHIIUITY «EIITApHOCTI» OJIHIET OCOOMHM Ta «BUMAAKOBOCTI» APYyroi. 3ammuc Xxpomo-
COM 3IIHCHIOETBCS 3a JIOMOMOTOI KOJAYBaHHS MIMCHUMH dYHCIaMH, a XPOMOCOMH
B1JI00pa)KalOThCsl HA OCHOBI KOHKPETHOI CTparerii, sika BiMOBIIAE 3a PE3yJIbTaT KPOCHHTOBEPY.
Monudikanis pos3mipis 331 3a Byznamu POC BUKOHY€ThCS 10TH, MIOKM HE OyAyTh OCSTHYTI
HeoOXiaH1 nmoka3Huku Juist MeTpuku 1b mis OBl [Ipouec nomryky ontuMaibHOTO pillIeHHS
MOXe OyTH MPHCKOPEHO, SIKIIO B CTpYKTypi MI'A 1071aTKOBO 3a/11sTHO HEUITKUIA JOT1YHUIN KOH-
TpOJIEP.

[TpakT4Ha IIHHICTH JOCTIKEHHS MOJSTae B MPOrpaMHii peaizallii 3almpornoHOBaHOTO
MTI'A. 1le 103BOSMMIIO aBTOMATHU3YyBaTH MPOIEAYPY aHaI3y BapiaHTIB po3MimieHHs pi3HuX 331
3a By3namu POC. BinmoBigHo, MOXKHA TpOEKTyBaTu BucokoHamiiHi cuctemu Ib (a6o KC3I)
1151 POC y KOpOTKi TEpMiHM Ta 32 MOPIBHSAHO HU3BKUX OOYHMCIIIOBATIBHUX BUTPAT.
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3a 10MmoMorow po3podJIeHOro MPOrPaMHOTO MPOAYKTY BHKOHAHI OOUMCITIOBAIBHI €KCIIe-
PUMEHTH 715 IepeBipku npane3natHocti MI'A B mporieci BU3HauYeHHS KMOBIPHOCTI YCIIITHOT
npotuaii 331 a Byznax POC peami3artiii BCiX 3a7a4 arakywo4oi cropoHu. [lokazaHo, 1mo peasi-
3arist MI'A 103BOIHIIa IPUCKOPUTH MONTYK ONTUMAIBHUX BapiaHTiB po3mimieHHs 331 mo By3-
aam POC y 7-15 pa3. 3a3HaueHa nepeBara J103BOJISIE BUKOHYBAaTH HIBHJIKI MEpeOOpH pi3HUX
BapianTiB 33I Ta ix komOiHamii 11 By3siB POC, Buxoasiuu 3 KpuTepito MaKCUMyMy HMOBIpHO-
cti ycrimHoi npotuaii 331 peanizaii BCiX MICH MOPYITHUKAMH.

Pesynbraty, BKIIOYEHI 0 CTATTi, OTpPUMaHi HA MiACTaBl AOCHTIKEHb, IIPOBEICHUX 13 3a-
CTOCYBaHHSIM Cy4acHOTo oOnaaHaHHs. HaykoBi BUCHOBKH, C(OPMYITBLOBaHI y CTaTTi, 0OTpyHTO-
BaHI TEOPETUYHO Ta MiJATBEPIKEHI B MPOIECI 0OUUCITIOBAIBPHUX €KCIIEPUMEHTIB, 100pe y3ro-
JOKYIOTBCS 3 IHITUMHU pOOOTaMH B IIbOMY HAIPSIMKY.
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OPTIMIZATION OF THE CHOICE OF INFORMATION PROTECTION USING
GENETIC ALGORITHM

There is still a question of determining the optimal composition of the Information System Security (ISS) complex for
nodes of the distributed computer system (DCS). It is also important to automate the selection of hardware and technical means
for various information security circuits. This leads to the problem of finding efficient algorithms for determining the optimal
composition of ISS complexes, in particular, by improving the genetic algorithm, for which the criterion of the maximum of
success in counteracting ISS is chosen as a target function for the probability to achieve all objectives.

In contrast to the existing approaches, the proposed MGA and corresponding target function imply the realization of the
crossover in cases when parents’pairs are selected on the basis of the principle of «elitism» of one individual and «randomness»
of the other. Chromosomes were recorded by encoding the actual numbers. Chromosomes were selected on the basis of a
strategy responsible for the crossover s result. The modification of the ISS's sizes by DCS's nodes is carried out until the nec-
essary metric of IS (information security) for the informatization object will be reached. The practical value of the research
lies in the programmatic implementation of the proposed MAG. This made it possible to automate the procedure of analysis of
options of different ISS behind the DCS's node. Accordingly, it is possible to design high-reliability system of IS (or Integrated
information security system) for DCS in a short time and in comparatively low computing costs.

With the aid of the developed software, computational experiments are carried out to test the performance of the MGA in
the process of determining the probability of successful counteraction of the ISS on the DCS's nodes realization of all tasks of
the attacking side. It has been shown that the implementation of MGA has made it possible to speed up the search for optimum
variants of ISS placement on DCS's nodes by 7-15 times.

Keywords: optimization; modified genetic algorithm, information security; informatization object; distributed computing system.
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HIABUIEHHA EOEKTUBHOCTI CUCTEMMU BIAEOCIIOCTEPE KEHHSA
HJIAXOM V3IOAKEHHSA CBITJIOTEXHIYHUX ITAPAMETPIB
OCBITJJIIOBAYIB TA BITIEOKAMEP

Y emammi npusedeno pesynomamu ananizy winsaxie niosuyeHHs epeKmusHOCMI CUCmeM 8i0e0CnOCmMepelceHHs 3a Hedo-
CMamHb020 0ceimnienHsa. Bcmanosieno paxm Hey3200ceHoCcmi C8Ima0mexHiuHux napamempie gioeokamep ma iHgpaiepso-
HUX 0CGIMNI068auis, Wo Npu3eoouUms 00 3MeHUueHHs 2nubunu i Kyma cekmopy cnocmepedicents. Onucano aHanimuyHo 83ace-
MO36’A30K IX napamempie ma 6CMAHOBNIEHO HeOOXIOHI YMOBU, 3 OOCACHEHHS AKUX MOMCHA NOKpAWUmMu epeKmusHicmo
cucmemu. Ilooano pexomenoayii cmocosHo 3acmocCy8aHHs 0CEIMI08AYIE, 3ANENHCHO GI0 O0BNHCUHU IX XGULI BUNPOMIHIOBAHHS
ma nocmaenenol onepamusHoi 3a0aui.

Knrouogi cnosa: mampuys; eideokamepa,; CnekmpanbHa Xapakmepucmuka, OdIbHICb NIOCEIYYBAHHA; KV 021A0Y; eK-
616a/1EHMHA OCEIMIEHICNb.

Puc.: 3. bion.: 9.
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AKTyaJIbHICTH TeMH jaociigxenns. Cucrema Bimeocnocrepexxenns (CCTV) — He-
BiJI’€MHA CKJIaJI0Ba Cy4acHUX 1H(GOPMALIHHUX CUCTEM O€3MEKH, 3aBIaHHAM SKOI € CrocTepe-
KEHHs, (ikcallis Ta 3armodiraHHs MOTEHLIHHUM IPaBONOPYIIEHHIM, HE 0OMEXYI0un CBOOOTY
nepeMillleHHs] OTOUYHOUHX.

i cucremu 3 onepaTMBHO-TEXHIYHOTO MOMISALY MalOTh 3a0€3MeuyBaTH 11710J000BUI KOH-
TPOJIb YCiX MOTPIOHUX AUITHOK 00’€KTa 3aXUCTY, 0 B TEMHY TOpPY J100H, 3 METOI0 3a0e3Iie-
YeHHS KpUTEepito 1HHOPMATUBHOCTI, TOTPeOy€e 3aCTOCYBAaHHS CIIEL1aT1i130BaHOTO OCBITIEHHS.

3anexHo B XapakTepy BiEOCHOCTEPEXEHHs (CTpyMyrouuil abo MpuXoBaHuU) 11e OCBIT-
JIEHHS peai3yeTbcs 3 BUKOPUCTAHHSAM BUIMMOIO Ta HEBUAMMOTO JJIsi Ouell JTIOMHU CIIEKTpa
€JIEKTPOMAarHiTHOTO BUITPOMIHIOBAHHS.

VY crpuMyrouiil 3T0BMUCHHUKIB CHCTEMI PO3MIIIYIOTh BiJIeOKaMepU W MOHITOPU Tak, 11100
BOHM OyJIM Ha BUAY OTOUYIOUHMX. 3@ IPUXOBAHOT'O BiJEOCIIOCTEPEKEHHS OCOOIUBY yBary Nnpu-
JUIAIOTh TUIY H po3MipaM TeslekaMepH, il MacKyBaHHIO, MPUXOBAHOCTI MPOBOJKU, CUCTEMI
OCBITJICHHS TOILIO.

BupiteHHs neBHOTO TUITy ONepaTUBHOI 3a/1a4i (MOHITOPUHT, pO3Ii3HaBaHHS, 11eHTH(DiKa-
I1isT TOIIO), IO CTABUTHCS JO CUCTEMH, 3a HEOCTATHHOTO MMPUPOIHOTO OCBITICHHS 3aJICKHTH 1
BiJl OOIPYHTOBAHOCTI CBITJIOTEXHIUHUX XapaKTEPUCTUK OCBITIIOBAUIB.

ITocTanoBKka nmpodiaemMu. 3a HEY3TOPKEHOCTI CBITJIOTEXHIYHUX XapaKTepUCTUK BiJleOKa-
Mep 1 OCBITJIFOBAUIB CIIOCTEPIraeThCsl 3MEHILICHHS INTMOUHU OayeHHs 1 KyTa OIVIsily KaMepH Ta
YTBOPEHHS «MEPTBHUX) 30H, 1110 HETaTUBHO BIUIMBAE Ha €()EeKTUBHICTD iH(POpMAIiIHOT cUCTEMHU.

Bupimenss uiei npobieMu notrpedye BiANOBIIHOI METOANKH, HA OCHOBI SIKOT MOXKHA OyJie
JIOCSITHYTH y3TO/PKEHHSI CBITIIOTEXHIYHUX TTapaMeTPiB OCBITIIOBAYiB Ta BiIEOKaMep, 110 J03BO-
JIUTH TABUIIUTH 1HOOPMATUBHICTH CUCTEMH B1JICOCTIOCTEPEIKEHHS 32 HEIOCTATHBOTO TIPUPOI-
HBOTO OCBITJICHHSI.

AHaJIi3 0CTaHHIX J0ociIKeHb i myQaikanii. MoXHBI1 IIJISXU MiIBULICHHS €(EKTUBHO-
cti CCTV 3a HepocTarHboro ocBiTieHHs po3raaanu 0. M. I'encbepr [1], Baano Jlem’ stHOBCKi
[2], H. €. VYBapos [3], H. I. Uypa [4; 5], . A. loxukos [6], A. C. T'onTa [8] Ta iHIIII TPaKTHUKU-
nociaHuKd. Humu Oyiio BUAUICHO J1Ba OCHOBHI HANMPSMH MOKPAIICHHS B1JACOCIIOCTEPEKESHHS
B TEMHY 11OpY J00U:

© Tepaeuskuii T. B., Katiguk O. JI., [Ttamenuyk B. B., 2021
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— IIBUIIEHHS Yy TIUBOCTI BiJICOKaMepH;

— 3aCTOCYBaHHS CICIHIAIbHUX OCBITIIFOBAYiB.

VY nepuioMmy Hanpsmi po3rIsaaid S croco0iB MiABUIIEHHS YyTAUBOCTI KaMep 3 (pyHKITEr0
JICHB/HIY:

— MepeBeICHHs Y TEMHY IIOpY JOOU KOJIbOPOBOI'O CUTHALY Y YOPHO-O11HiA;

— npumycoBe BuaaneHus [Y ¢inprpa, BCTAHOBICHOTO NEPE MAaTPHIICIO;

— 301mpIIeHHS KoedimienTa macuieHus Bigeorpakry nepen AL i 30inbIIeHHsS po3psAHO-
CT1 TpakTy 0OpOOKHU CHTHAITY;

— IHTEerpyBaHHs 3apsAy 3a IUIONICI0 MaTPHIL;

— IHTerpyBaHHS 3apsAIy 3a YaCOM y MaTpHILi.

[Tepmi nBa ciocobu (haKTUIHO MEPETBOPIOIOTH KOJIBLOPOBY KaMepy y 4OpHO-O1y, a 1HII
nepen0avaroTh 30UTBIICHHS Yy TIIMBOCTI Kamep.

OpnHuM 3 OCHOBHHMX MapaMeTpiB CBITIIOAIOA € JOBKHWHA XBHJII BUIIpOoMiHIOBaHOTO 1Y CBI-
TIa. Y MaTpHISX BiJIeOKaMep CIIOCTEepIraroTh [2; 4; 8] craa 4y TIUBOCTI 31 30UTBIIICHHSIM JI0B-
JKUHU XBUIII 10 oOmacti [Y mianazony. 3 oniany Ha 1€ 3a3BU4aii BUOUPAIOTh CBITJIOAIOAU, OC-
HOBHA BUIIPOMIHIOBaJIbHA 3[ATHICTh SKHUX MpHUIAae Ha NOBXHHY XBWwi 850 HM. ¥V mmx
CBITJIONIO/1IB MOXKHA MTOMITHTH YEPBOHYBATE CBITIHHS B TEMPSIBi, TOMY IO iX CIIEKTpajbHa Xa-
PaKTepUCTHKA YaCTKOBO IMOTPAIUIs€ B 00JacTh BUAMMOTO CHeKkTpa. [IOBHICTIO HEBUIUME BH-
MPOMIHIOBaHHS MAIOTh CBITJOJIOAN 3 MAKCUMYMOM CHEKTPaIbHOI XapaKTepPUCTUKH, IO TpHU-
nagae Ha 930-950 um. Skmo npu opranizamii CCTV Hemae HeoOXimHOCTI B oprasizarii
npuxoBaHoro Y migcBiuyBaHHS, TO HE BapTO BCTAHOBIIIOBATH MOAI0HI OCBITIIOBAYi, OCKIIBKI
Yy TJIUBICTh MAaTPUIh BiJIGOKaMEpH B 11l 00JacTi HIKYA, HIXK y aiama3oHi 830-850 HM.

OcpoBa cuia cBiTia BU3HAYA€E NATbHICTh OCBITIICHHS, Ky MOXKHA 30UTBIIUTH SIK NUISIXOM
3aCTOCYBaHHsI OUTBII TTOTY>KHUX CBITJIONIO/AIB, TaK 1 3aBISKH 30UTBIICHHIO iX KUTbKOCTI. [IpoTte
3011bIIEHHSI KIJIBKOCT1 CBITJIOJIOAIB, SIK 1 30UIBIIEHHS CTPYMY, 1110 IIPOXOIUTH Ye€pe3 KOXKEH CBi-
mioaion [Y ocBiTiroBaua, npusBeae A0 30UTBIICHHS JaTbHOCTI BUSBICHHS TUIBKH IO TIEBHOTO
MOMEHTY — JIOCSITHEHHsI TaK 3BaHOi 001acTi Hacu4eHHs [4; 5].

JlanbHICTh MiJICBIYYBaHHS MOXHa OLIIHIOBATH K BIJCTaHb BiJ BUIIPOMIHIOBAYa /10 BEPTH-
KaJbHOI IJIOLIMHH, 10 BU3HAYAE€THCSA 3 YMOBH MiHIMaJIbHOI OCBITJIICHOCTI, sIKa BIAMOBITA€E 2 JK
(TOYKM MEPETHHY IUIOMKHU 00’ €KTa CIIOCTEPEXKEHHS 1 0C1 BUIIPOMiHIOBaya) [7].

Po3nonin citioBoro notoky 4 ocBiTitoBaya y mpocTopi NpeACcTaBIsOTh Y BUIISAAL JIiar-
paMu POCTOPOBOT0O PO3MOUTY CHJIM CBITJA (Jiarpama CIpsIMOBAHOCTI), sIKa IMOKa3y€e 4acTKy
BUIIPOMIHIOBAHOI €Heprii B 00paHOMY HaNpsIMKY BiJ] 3arajbHOI IHTEHCUBHOCTI i XapaKTepu3ye
e(eKTUBHICTh BUIIPOMIHIOBaYA 3 MOIVISILY KOHIEHTpALlli CBITVIOBOI €HEprii B MOTPIOHOMY Ha-
npsaMKy. KyT BUITpOMiHIOBaHHS JKepesa OCBITIIEHHS BU3HAYAETHCS 32 J1arpaMoio CIpsSMOBa-
HOCTI K KYT, IKHid YTBOPEHHIA IIPOMEHIMH, [0 BUXOATH i3 TOUKOBOTO JDKEpeNa 1 MpOXOoasTh
yepe3 TOUKU NepeTHHY JliarpaMy CIpsSMOBAHOCTI Ta JIiHIi, siIka BU3HAYA€ piBEHb MMOJIOBUHU Bij-
HOCHOI OChOBOI CHJIM CBITJIA.

HOpiii 'en36epr 3a3Ha4aB: «...3a OAHAKOBOI MOTYHOCTI BUNIpoMiHioBaHHs [Y ocBiTioBaui
MOKYTh MaTH Pi3HI KYyTH CEKTOpa OCBITIIEHHS (K MPaBUJIO, YUM BY>KUUM LIel CEKTOp, TUM Oi-
nbire pazgiyce aii). Ciig MaTé Ha yBa3i, [0 YMM BUIIIA JOBXHHA XBHUJII BUIPOMIHIOBAHHS, TUM
paxiyc aii [Y ociTmroBaya meHImwii. .. » [1].

Paniyc naii [Y ocBiTiroBadiB Mae JOCUTh yMOBHE MOHATTS. L{e MOsSCHIOEThCS THM, 1110 TIepe-
Ba)XHO B TE€XHIYHIN TOKYMEHTAIlli OCBITJIIOBaYiB HE BKa3yEThCs, 3 IKUMHU BlIeOKaMepaMH Iei
paniyc nii 3abe3mnedyeTbcs. BakiuBe He TUIBKM 3HAYEHHS MIiHIMAJIbHOI OCBITJIIEHOCTI Ha
00’€KT1, HEOOX1HOT 1JI1 HOPMAJILHOT POOOTH KamepH, aje 1 1i CreKTpaabHa Yy TIHBICTb.

ITpu BuGopi Y ocBiTiIrOBaYiB MPAaKTUKKU PEKOMEHAYIOTH [1; 2; 7] BpaxoByBaTH iX BiAMiH-
HICTb 32 JAJIBHICTIO MOYUIMBOTO BUIIPOMIHIOBAHHS 1 KyTaMHU OCBITJICHHS. 3a MEPIINM apame-
TpoM npuiaau [Y ocBiTAIOBaHHS NOAUISAIOTH Ha 3 TpyIH: OIMXKHBOI, CEpeHBOI Ta NaIbHBOT M.
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OcaiToBavi OnMvkHBOT 1T 371aTHI 3a0€31edyBaTi OCBITJIICHHS Ha BijacTaHb Big 1,5 g0 10
metpiB. Lli mpunanu 3a3Bu4ail BAKOPUCTOBYIOTH /ISl 3a0€3MEUSHHS HIYHOTO OCBITJIICHHS B OaH-
Kax, odicax, JIKapHsIX, Kacax 1 6araTb0X IHIIUX MICIX, 1€ HIYHE BiJCOCTIOCTEPEIKECHHS HE00-
xizHe 6e3 3acToCyBaHHS 3BUYAlHUX JPKEpeN CBITIIA.

OcaiTioBavi cepeHbOT il 3a3BUYail BUKOPUCTOBYIOTH JJI 3a0€3MeUSHHS HIYHOTO BiJI€0-
CIOCTEPEKEHHS Ha BEIUKUX BIJKPUTUX TEPUTOPIAX, KOJIH HEOOXI1HO OCBITUTH BECh IPOCTIp
ninsakd. [TomxiOHI mpunaau 31aTHI 3a0e31edyBaTi OCBITIICHHS TEPUTOPIT 3 TalbHICTIO 10 60 M,
1 UPOKUM KyToM ocBiTiieHHs 120-160°.

JHanexoOiiini [Y ocBiTiroBayi, K IPaBUIIO, 3a0€3MEUyIOTh BY3bKOCITPIMOBAHUHN CBITJIOBUI
NOTIK, 3/1aTHUN KOHIIEHTPYBaTucs Ha BigganeHoMy o0’ekri 10 300 m. Kyt ocBiTieHHs y HUX
BiamoBimumit — Big 20 1m0 60°. Ix BUKOPHUCTOBYIOTh TaM, JI¢ 3aCTOCYBAHHS 3BUYAHHUX JKEpeN
CBITJIA /7151 3a0€3MeUCHHS YMOB BiJIeOCTIOCTePEKEeHHS Oyi10 O HenmpuiHATHUM. Tak, HapuKIaI,
IY ocBiTiioBavi BeNUKOI 1aJbHOCTI BUKOPUCTOBYIOTHCS HA aBTONLISAXAX AJIs Bijeodikcarrii cu-
Tyallii, SKi He 3aCJIILUIIOIOTh MTPU I[bOMY BO/IiiB, 1 HE CTBOPIOIOTH aBapiiHUX CHTYaIlil.

3a KyTamu OCBITJEHHS LI MPUIaJAd YMOBHO JAUIATH HA IIUPOKOKYTHI, 1[0 MAlOTh, K Mpa-
BUJIO, HEBEIIMKY NaJbHICTh; MPHJIATN 3 CEPSIHIMU KyTaMU OCBITICHHS, & TAKOXK OCBITIIOBAYi
TOCTPOHAIPABIICH] 3 BETUKOIO AAJIbHICTIO, MaJli KyTH OCBITJICHHS SIKUX 00YMOBJICHI HE3HAUYHOIO
MOTYXXHICTIO BUIIPOMIHIOBAaHHSI CBITJIO/IO/IB, 110 HE mepeBuInye 5-10 BT.

Jlesiki BUpOOHUKH BKa3ylOTh «BIACTaHb PO3MI3HABAHHS JIIOJUHM» 3a Joromororo ix [Y
OCBITJIIOBaYa, MPOTE MOAIOHA OIliHKa € Cy0’€KTUBHOIO 0€3 MPOBEICHHS BiAMOBIIHUX PO3paxy-
HKIB 13 BU3HAYEHHsI KUJILKOCTI MIKCEIB, 10 MPUITAJA€ HA ONUHULII0 PO3MIpYy 00’ €KTa criocTepe-
YKSHHS BIIJIAJICHOTO BiJl KAMEPH Ha BU3HAYCHY BifcTanb. KpiMm mporo “pamiyc aii” IY ocBiTiio-
Baua 3aJIeKUTh 1€ 1 BiJl KoeillieHTa BIIOUTTS Bl 00’ €KTa CIIOCTEPEKEHHS.

HopmyBanHs1 BUpoOHMKaMu TAJILHOCTI i ¢BOiX BUpoOiB po3rmisiaas Hikonait Yypa [9] 1 Bcra-
HOBHUB pO30DKHICTh 3asBlIeHHX mHapamerpiB IY OCBIT/IOBayiB poO3paxyHKOBUM. BiH 3a3HauaB:
«... KpaluM JUTs OIIHKY «paaiycy aii» [Y ociTroBaya Oyio O pilieHHs, KOJIM B TEMPSIBI HA BU3HA-
YeHil BiZICTaHi BiJl BiIeOKaMepH BCTAHOBIIIOBAIN O TECT-00’€KTH YITKO 00yMOBIIEHUX (OpM, pO3Mi-
PIB 1 KOJIbOPY, 132 OcLMIIOrpad)oM OLIIHIOBaBCs O BIATYK B I1i€1 MIIIEH] B CUTHAJIL 3 BIZICOKAMEPU».

Ha nanuit yac moxiOHuMit miaxig qo arecrailii, ik 1 cama MeTposioriuna ominka s [Y ocsi-
TIIIOBaYiB BIJCYTHI.

Buainennsi HeqoC/HiIXKeHNX YaCTHH 3arajibHoi mpo0/jeMu. AHai3 HasBHHUX TECTIB Bi-
JIeOKaMep 1 OCBITIIIOBaYiB, B3ATUN y PI3HUX 1HPOPMALIMHUX PECYPCIB, J03BOJIMB BCTAHOBUTH,
110 B MpOLECI eKCIuTyaTallil 30BHIIHIX Bigeokamep 3 IU mincBidyBaHHIM, sIKE BCTAaHOBJICHE B
3arajlbHOMY KOPITYCl 3 KaMEPOI0, BUHHKAIOTh HETaTUBHI MOMEHTH B IXHii poOOT1 — 301JIbIIIEHHS
IIyMiB MaTPHIIi, HAITUIIKOBICTh TETIA, 3aCBIYEHHS KAPTUHKY CIIEHU BHACIIIOK 3a0pyIHEHOCT1
3aXUCHOTO CKJIa TOIIIO.

Oco6nMBY 3a1liKaBIE€HICTh BUKJIMKaIA iH(OpMallist Ipo HEBIAMOBIAHICTh KyTiB OINISY Ka-
MepH 3 KyTaMu OCBITJIeHHs (Y HIUHY MOpPY pealbHUM KyT OISy 3MEHUIY€EThCS BHACTIAOK HE
BiJIMOBIHOCTI KyTa OCBITJICHHS ) 1 IITUOWHU OaueHHs KaMepH 3 JATbHICTIO OCBITIIEHHS (TOnHA
OadyeHHs CyTTE€BO 3MEHILYETHCSA), KA € aKTyaJlbHOIO JJIs MiJIBUILIEHHS 1HPOPMAaTUBHOCTI CHUC-
TEMU BIJICOCTIOCTEPEIKEHHS 32 HEIOCTATHHOTO MPUPOTHOTO OCBITIACHHS.

Merta nocainxernnsi. CTBOpEHHS 1HKEHEPHOI METOIUKH Y3TOKEHHSI CBITJIOTEXHIYHUX Ta-
paMeTpiB OCBITIIOBAYiB Ta BiJieoKamep MoTpedyBajio aHAJITHYHOIO iX OMKCYy Ta OTPUMAHHS Bi-
JIMTOBITHUX 3aJISKHOCTEH, a TAaKOXK PEKOMEH/IAIIIH 13 BUKOPUCTAHHS OCBITIIOBAYIB 3QJICKHO BifT
XapakTepy CUCTeMHU Ta TUITY OTIepaTUBHOI 3a/1aui.

BukopucranHs oTpuMaHOI METOAMKH W PO3pOOICHUX PEKOMEHJAIM MiJ 4ac MPOEKTY-
BaHHS CHCTEMU BiJIEOCTIOCTEPEKEHHS JI03BOJIUTH BU3HAUYUTH HEOOXiTHI MTapaMeTpH OCBITIIIOBA-
JHHUX TPHUIAJIB Ta OOIPYHTOBAHO ITINTH 0 iX 0OMpaHHs, 110 CYTTEBO MiABUIIUTH €(hEKTHB-
HICTh IaHOT CHCTEMHU.
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Buxian ocHoBHoro marepiaJy. 3acrocoByroun [Y ocBiTiIoBaui, TOCUTH CKJIAIHO BH3HA-
YUTH HEOOX1HY MOTY>KHICTh MiJCBIYYBaHHS JIJIs1 CTBOPEHHS MOTPiOHOT OCBITIECHOCTI HA 00’ €KT1
croctepekeHHs. BupoOHuKH, SK IpaBUIo, HOPMYIOTh MOTYKHICTh CIIOKUBAHHS, 1aJIbHICTb ITi-
JCBiUyBaHHA 1 aiarpamy crpsimoBanocTi [Y ocBiTimoBaya. [Ipu iboMy KyT pO3KpPHUTTS JliarpamMu
CHPAMOBAHOCTi HOPMYEThCS HalyacTille Ha PiBHI '/» Big MakcuMyMy notyxHocTi. HaBenena
JANBHICTH MiICBIYYBaHHS Niepeidadae oHOYaCHE BKa3aHHS Yy TJIMBOCTI BiJIEOKaMepH, PO3/iJib-
HOI 3/IaTHOCTI Ta BIIHOIICHHS CUTHAJI/TITYM 300pakKeHHS, SIKE OTPUMYETHCS MPH 1bomy. Kpure-
pieM MiHIMaJBHOT SIKOCTI 300pa)KEHHS € YiTKE PO3PI3HEHHS HEPYXOMOI MeKi YOPHOTO 1 61110T0
MOJIIB Ha piBHI mymy. TpyaHomti HopMmyBaHHs [Y miacBidyBaHHS, HEJOCTATHICTh 3a3HAYCHUX
XapaKTEePHUCTHUK, a TAKOXK YaCT1 BUMAKU HEBIAMOBITHOCTI peabHUX XapaKTEPUCTHK 3asIBICHUM
MPUBOAATH IO TMOLIUPEHHS €KCIIEPUMEHTAIbHOrO MeToay minoopy 1Y ocBiTitoBaviB y pealib-
HUX yMOBax 0e3mocepeHbo Ha 00’ €KT1 KOHTPOJIIO, 1[0 BUMAarae 0araro 4acy.

Jliarpama cripssMoBaHOCTI cBiTiIoniogHux [Y ocBiTioBauiB, 3a piAKICHUM BUHATKOM, QOp-
MYETBCSI CAMUMH CBITIOAIONaMH 1 Mae (opMy KOoHyca. BennmuuHy KyTa pO3KpUBY MPHUHSATO
HOPMYBATH 3a PiBHEM '/2 BiTHOCHO MaKCUMYyMY, PO3TAIlIOBAHOTO 3a BIiCCIO CBITIIOBOTO IMy4Ka.
[puxiiagn THIOBUX XapaKTepUCTHK cripsiMoBaHoCTi [9] 3 kyramu 40 1 80° HaBeneni Ha puc. 1.
V Mexax piBHa /2 BI/IHpOMiHIOCTbCSI BiZ 65 10 80 % Bci€i MOTYKHOCTI, 3aJICKHO Bij] KOHCTPY-
K1ii, oKyca CBITIIOBOTO zuoz[a HasIBHOCTI JIOJIATKOBOTO BiJI0MBava i KyTa PO3KPHTTSL.
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Puc. 1. diaepamu cnpsamosanocmi ceimnosux nomoxkie 14 oceimnrosauis:
3 Kymom sunpominiogants a —40°; 6 — 80°

UyTnuBICTH BiIeOKaMep HOPMYETHCSI OCBITJIEHICTIO (JIK) 00 CBITJIOBUM IOTOKOM (JIM) —
BEJIMYMHAMH, SIKi XapaKTepU3yIOTh BIUIUB CBITJ]IA Ha JyTIMBHH EIEMEHT (oxo, maTpuirs). CBit-
JIOBUH MOTIK XapaKkTepusye HOTY)KHICTB CBITJIOBOTO BI/IHpOMIHIOBaHHH Y 3arabHOMY BHTIAJIKY
CBITJIOBHH MOTIK JiKepesia BUIIPOMIHIOBAHHS 3 PIBHOMIPHOIO CIIEKTPAJIbHOIO IIJIBHICTIO B Jia-
Ma30Hi BiJ A1 JI0 A2 MO’KHA BU3HAUUTH SIK:

Ao
&=k j P(1)y(4)d2, (1)
2
ne k = 683 — koedilieHT MAKCUMATBHOT CIIEKTPAIbHOT CBITJIOBOT epeKTHUBHOCTI (poTOMETpH-
YHHI eKBiBaNeHT); P(1) — MOTYXHICTh BUIPOMIHIOBAHHS HA JTOBXKUHI XBUIII 4; y(1) — pyHKIIis
OaueHHs OKa.

MakcumanbHa CHEKTpalbHa CBITIOBa €QEKTHBHICTh NPUIANAE HA JOBXKUHY XBHIII
A =555 HM 1 BIAMIOBIA€ 3€IEHOMY CBITIY.

OcBiTneHicTh MOBEpXHiI £ XapaKTepU3y€eThCs BITHOMICHHSM CBITJIOBOTO MOTOKY @, SKUN
nasiae Ha Hei, 10 ii o S CTOCOBHO BiAIANEHOTO JKepelia CBITIOBY XBUIIIO MOKHA BBAXKATH
IUIOCKOI0. Y I[bOMY BHIIAJIKy NPH MaiHHI CBITIIa HA MOBEPXHIO MiJl KyTOM ¢ BUpPa3 IS OCBIT-
JICHOCTI Y TIJIOMIMHI 00’ €KTa CIIOCTEPEKEHHS MAaTUME BUTJIS;

153



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOT'II
TECHNICAL SCIENCES AND TECHNOLOGIES

@
E s =5 0S¢ @)

JI71s1 MOHOXPOMATHYHOTO BUIIPOMiHIOBaHHS 33 MAaKCUMAaJIbHOI Yy TIIMBOCTI, 3 ypaxyBaHHIM
BUIIIE BUKJIAJICHOTO 1 MOTY>KHOCTI CBITJIOBOIO BHIIPOMiIHIOBAaHHS, BUPa3 OCBITICHOCTI HalOy e
BUTJILY:

683P,
E ;= % CoSsp . 3

[Tpu Buxopuctanui Y migcBiuyBaHHS y BiICOCTIOCTEPEIKEHHI HOTO JHKEPEIo MOXKHA PO3T-
JISAATH SIK By3bKOCMYTOBE 1 MOHOXpOMHE. TakuM 4MHOM, MO>KHA BBaXKaTH BCIO MIOTYKHICTh BH-
MPOMIHIOBa4a 30CEPEKEHY B MAKCUMYMIi HOTO CIIEKTPaIbHOI XapaKTEPUCTHKH.

3a aHaJori€l0 3 THTEPIPETAIIIEI0 B3aEMOIIi MOHOXPOMHOTO 1 OLJIOTO CBITIIA 3 OKOM JTFOIUHH
MOYKHA OIIIHUTH CTBOPEHHS €KBIBaJeHTHOI OCBiTIIeHOCT] [U miacBiuyBaHHSIM CTOCOBHO MaTpHIIi
BiJICOKaMepH 3 ypaxyBaHHSM ii 4y TJMBOCTI B CIIEKTPaIbHOM 00JIaCTi MiZICBiYyBaHHA. YcepenHeHa
THUIIOBA CIIEKTPaJIbHA XapaKTepUCTHKa 4y TiuBoCTi Marpulli (I) mpuBeneHa Ha puc. 2 [4].
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Puc. 2. Xapaxmepucmuxu cnekmpanbHoi 4ymaueocmi munosux Mampuyb

3 rpadika BUIHO, 1110 Halie()eKTUBHIIIE BUKOPUCTOBYBAaTH BUIIPOMIHIOBadi 3 MiHIMaJIbHOIO
JIOBKMHOIO XBWJIL. Y IIbOMY BUMAJKY 3HM)KEHHS CBITJIOUYTIMBOCTI MATPHIll KaMepH MiHIMa-
JBHE 1 1€ J03BOJIsA€ 30UIBIINTH AaIbHICTh MiJCBIUyBaHHA. KpiM 1iboro, edekt po3dokycyBaHHs
300paXeHHsI BHACIII0K 3MIHM KOe(iIl€HTa 3aJIOMJIEHHS ONTHKH, a TAKOX 1 3MIIIEHHS (pOKaJIb-
HOI TUIOIIMHU 00’ €KTHBA, TeX MiHIMaJIbHUN. AJe yiTke OaueHHS JpKepes BUIIPOMIHIOBAHHS
JFOIICHKUM OKOM TPU3BOJHTH 70 YHEMOKITUBIICHHS IPHUXOBAHOTO CIIOCTEPEIKEHHS.

VY cBoto uepry 3MimeHHs BunpomiHtoBaHHs [Y ociTiroBada B oomacte 940-950 aM mipus-
BOJUTDH JI0 3HMKEHHS 1IHTEHCHBHOCTI BHJIMMOTO CBITIHHS 1 HEBUJUMOCTI LOTO BUIIPOMIHIO-
BaHHSI JIFOJICBKUM OKOM.

3 rpadika BUAHO, 1110 UYyTIUBICTh Kamep IS JiHil reHeparlii MomupeHuX CBITIONIOJHIX
IY BunpowmintoBauis 3 JoBxkUHOIO XBWiIl 880 HM (II) 1 950 um (IIT) cranoBuTh ONM3bKO 1415 %
BiJl MAKCUMAaJILHOI BIJIIOBIIHO.

[Tnomry cBIT/IOBOT MJISIMMU, 110 OCBITIIFOE 00’ €KT CITOCTEPEKEHHS], CIPOIIEHO MOYKHA BU3HAYUTH
SIK TUIOILYy OCHOBU KOHYCA, B HAIlIOMY BHIIQJIKYy CBITJIOBOTO, 3 ypaxyBaHHAM JaJbHOCTI MiJICBIUY-
BaHHSI L, 1 TOBHOTO IJIOCKOTO KyTa MiICBIYYBaHHS (AiarpaMu cripsiMoBaHoCTi) 6. OTxe:

sz;{Lntg gf 0
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3BiJICH IiaMeTp CBITIOBOT IUISIMH, SIKA B1JIITOB1IAa€ JIIHIHHOMY 3HAYEHHIO OCBITIICHOTO TTOJISI
30py KaMepH, MOKHA BU3HAYUTH SIK:

0
Den =Ly = 2Lntg§ . (5)
3 ypaxyBaHHS BUKJIaJICHOTO, OCBITJICHICTh Yy IUIOIIHUHI 00’ €KTa HAOy/1e TAKOTO BUTJISTY:
_ es3p,, cosp
AN '
0\ (6)

[lepeTBOpHBIIN OCTaHHIN BUpPa3 OTPUMAEMO PIBHSHHS, SIKE JO3BOJIMTH BU3HAYUTH JAlTb-
HicTh mijcBiayBaHHs [Y ocBiTiaoBayem (BijcTaHb 10 00’ €KTa CIIOCTEPEIKEHHS, 32 SIKOK OCBIT-
JrOBaY 3a0€3IEUUTh PIBEHb OCBITIEHOCTI 00’ €KTa CIIOCTEPEIKEHHS Eop):

(")

VY TemHy nopy 100u HABKOJIHIIHE TPUPOIHE OCBITICHHS PIZHUTHCS 1 3aJICKHUTH BiJ] TIOT0O-
JTHUX YMOB (uB. Taou. 1) [2].

Tabmuus 1
3nauenns ocgimaeHoCmi CMoCco8HO MUNOBUX BUNAOKI
YMOBH BifieocniocTepeskeHHS PiBeHB OCBITIIEHOCTI, JIK
Broui 3a sicHoro Heba 6€3 MiCIYHOIO OCBITIEHHS 0,003-+0,1
BHoui 32 MiCAYHOTO OCBITJIEHHS:
- IIOBHUH MICSIIb: 0,1-0,3
- V4 YaCTUHHU MicCAL: 0,05
[ToBHi cyTiHKHM 0€3 BYJIMYHOTO OCBITIICHHS 1
VY cyTiHKax 3 BYJIMUHHM OCBITJICHHSIM 2

Crukarounch 3 00’€KTOM CIIOCTEPEXKEHHS 1 OCBITJIIOIOUM HOT0 CBITJIOBUHM MOTIK BTpavae
YaCTHHY CBOT'O 3HAYEHHS BHACIII0K YaCTKOBOTO HOTO MOINIMHAHHS MOBEPXHEIO 00’ €KTA.

[TorMHaHHS CBITJIOBOTO MOTOKY 00’ €KTOM € IPOTHJIEAKHOIO BETMYMHOIO KOedillieHTa Bij-
OUTTA p, KA 3aJEKUTH BiJ] Marepialy Ta KOJbOpY HOro MOBEpXHI W XapaKkTepu3yeTbest Koedi-
[[IEHTOM MOTTMHAHH. Hall011bIe moruHanHs MaloTh TEMHI KOJILOPH, a CBITII1 — HAMEHIIIE.

Brpara yacTuHU CBITJIIOBOTO MOTOKY Ha 00’€KTi MPU3BOIUTH A0 3MEHIICHHS BETUYUHU
OCBITJIEHOCTI, 1 SIK HACTIJ0K — BiJleOKamepa ClipuiiMaTMe MEHIIY OCBITJICHICTb, SIKy Ha3WBa-
I0Th €KBIBaJIEHTHOIO.

ExBiBasieHTHY OCBITJIEHICTb, IO MOTPAIUISE HA MATPHUIIIO BIZIEOKAMEPU, MOYKHA BU3HAYUTH SIK:

Eek@ = E06 Kl Kap ’ (8)

ne K; — cnektpanbHa 4yTIuBICTh Bijeokamepu; K, — KoedilieHT NpomyCcKaHHs CBITIOBOIO MO-
TOKY 00’ €KTHBA KaMepH; p — Koe(]ilieHT BiAOUTTS CBITIOBOTO MOTOKY MMOBEPXHEIO 00’ €KTA CII0-
CTEpPEIKEHHS.

JI1st 3BUYafHUX KaMep CIOCTEPEKEHHS OCBITICHICTh 00’ €kTa E,; MOXHA TPU3HAYATH B
nianasoHi 2-5 5K, TOCTaTHbOMY JUJIsl OTPUMAHHS MPUIHATHOTO 300pakeHHS; a CTOCOBHO UyT-
nuBux kamep — 0,4-0,6 nk.

VY cBolo yepry, BiieokaMepa Ha BIIKPUTOMY NPOCTOpi popMye 300pakeHHs 30HH CIIOCTe-
PEXKEHHS, sIKa TPOCTOPOBO OOMEKEHA KyTaMH OIVISAY Y BEPTUKAIBHIN 1 TOPU30HTANIBHIN TUIO-
muHax (puc. 3). I1lo6 30Ha BinoOpaXkeHHs 00’ €KTa CIIOCTEPEKEHHS B JTIHIMHOMY I10J1i 30pYy Ka-
Mep y TEMHYy MOpYy 100M He 3BYXKyBajacs HEOOXIAHO 100 Il KyTH NepeKkpuBaB, abo OyB
OUTBIIIMM 32 HUX, MOBHHUM TUIOCKUH KyT mijcBidyBaHHs 0 [Y ocBiTiroBaya.
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Tepuropiro, o MoTparuise B 30HY ONISATY, HA3UBAIOTh CEKTOPOM OISy, a ii BigoOpa-
JKEHHS — CIICHOIO.

3 HaBenieHO1 cxemu (puc. 3) BUAHO, 110 HA BEJTMYHUHY KyTa OISy BILTUBAE (POKyCHa Bijic-
TaHb 00’ €EKTHBA 1 PO3MIp MaTPHIII.

Beprukanbauii 1 TOpU30HTANBHUN KyTH OIVISITY KaMEpH Pi3HI, OCKUIbKY IIIUPUHA 1 BUCOTA
il MaTpuIli BiAMIHHI.

BeprukanbHuil KyT BU3BHAYAETHCS SIK:

%
= 2arctg—,
a, 95 9)

ne V— Bucora Matpuili (MM); f — dhokycHa Bigctanb 00’ ekTHBa (MM).
AHaJNOriyHO, TOPU30HTANBHUN KyT MOKHA BU3HAYUTH SIK:

h
— 2arctg |
a, =2ardg (10)

ne h— mupuna marpui (Mm).

[lepeBaxxHO, KpiM «KOPUAOPHOTO» (hopMaTy MaTpulli, TOPU3OHTATIBHUNA KyT OTJISAY Ka-
MepH € OLIBIINM 32 BEPTUKAIBHUNA. 3 OTJISAY Ha I1€ 3 METOI0 BUKOHAHHSI IOCTABIICHO 3aBIaHHS
HeoOXi1He 3a0e3MeYeHHs TaKOi YMOBH:

h
> -
6 > 2arctd Th (11)
CIIEHA
V — BHCOTa MaTpHIli;
h — mmpuna Marpui
|
0. — TOPU30HTAIbHUI [
KyT OTJISIILY o
. N {
O0’exTuB 3 (PiKCOBaHOIO N s \ S Sl
bokycHOIO BincTaHHIO N — N NS L——H|
Cencop Matpuui ™ =6 S~ <" v
KaMepu f~ O s ' TG
P ad2 = 5
() ‘. A= = | 0l¢ — BEPTUKAIBHHM
Vhe—T S KyT OIS Iy L
N d-s _ i
L e
o 0.2 f H — Bucora cieny;

V — mmpuHa ClIeHH

Puc. 3. Onmuuna cxema ompumaris 300padNceHHs HA Mampuyi 8i0eoKamepu.:
f— ghoxycna siocmans, L — siocmanb 00 00’ ekma cnocmepedicenis, o — Kym 0210y

Jlyst Toro, 11006 B110OpaskeHHsI 30HU 00’ €KTa CIIOCTEPEKEHHS TTOBHICTIO MOTPATISIIO Ha TI0-
BEPXHIO MaTPHIIi 3a IUPUHOIO, TOBUHHA BUKOHYBAaTUCh PIBHICTD:

3BijacH:

(12)

(13)
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VY cBOIO Uepry, JiHilHe [Mojie 30py CTOCOBHO Bimeokamepu 3 POKyCHOO BiacTanHio f i mmpu-
HOIO MaTpHiii h, BigmaneHoi Bij 00’ €KTa CIOCTEPEKEHHS Ha BifcTaHb L, MOJKHA BU3HAYUTH SIK:

H= Li. (14)
h

BucHoBkH. BUKOpPHUCTOBYIOUH BUIIIE HABEICHI 3aJ€KHOCTI MOJKHA BCTAHOBUTH Y3TOIKE-
HICTh ITapaMeTpiB BiJJleOKaMep 1 OCBITIIIOBAYIB, 10 IO3BOJIMUTH MiABUIIUTH epekTuBHICTE CCTV
3a HEIOCTATHHOTO OCBITIIEHHS 30HU CIIOCTEPEKEHHS.

1106 o6paru HeoOximuuii [4 ocBiTIIOBaY, BiMOBITHO 10 KOHKPETHOI ONIEPaTHBHOI 3a/1aul,
MOTPiOHO BCTAHOBUTH BiACTaHb Ha sKIH MOTPIOHO 1i BUPINIYBaTH 1 3a 3ayIeHICTIO (7) BU3HA-
YUTHU MOTYXHICTb Ponn OCBITIIOBaYA Ta 320€3meunTH BUKOHAHHS yMOBH (11) OCBITIIEHHS 30HU
CIOCTEPEKEHHS.

3a pe3ynbTaTaM MPOBEACHOI poOOTH c(HOPMOBAHO HACTYIHI pEeKOMEHJAIII] 13 3acTOCy-
BaHHs [Y ocBiTirOBauiB:

1. 3acTocyBaHHS OCBITIIOBaYa 3 JOBKUHOIO XBUJIl 940 HM JIOIIIJIbHE Y BUTIAJKaX TPUXOBA-
HOTO BiJIEOCIIOCTEPEKECHHS Ha BITHOCHO KOPOTKHX AWCTaHIisX. Lli ocBiTIIIOBadi MalOTh MpUO-
JM3HO BJBIYl MEHIITy MOTYXXHICTh BUIIPOMIHIOBAaHHS BiJ| 3BHuaiiHux Y ocBiTiOBauiB BHACHI-
Jok Hu3bkoro KK/I;

2. Ha cepenHix 1 JaJeKux AUCTAHIISAX BiJ€OCTIOCTEPEKEHHS MOTPIOHO BUKOPHUCTOBYBATH
IY ocBiTiroBayi 3 1OBKUHOIO XBUl 850 HM;

3. 3acrocyBanns [Y ocBiTioBauiB 3 TOBKHUHOIO XBWII 880 HM € JOIIBHUM Ha CEpPEeNHIX 1
MaJIUX JUCTAHIISX.

baxaHo yHUKaTH BUKOPHCTaHHS BieokaMmep 3 BOyroBaHUM NOTyHUM Y ocBiTitOBaueM.
VY Takux Kamep Teruio BiA (QYHKIIOHYI0UOI CBITIO0A10IHOT MaTpuIli Oy/ie Bi/IBeieHEe Y BHYTpill-
Hill mpocTip KOpIycy 1 J00aBUTH TEMJIOBOTO HIYMY MaTpPHIIL.

Bineokamepa 3 BOynoBanum Y ocBiTitoBaueM, sika OCHalleHa Bapio(oKalbHUM 00’ €KTH-
BOM, MaTuMe €(eKTUBHICTb pOOOTH MiJCBIYYBaHHS TUIBKH MPHU KyTl OIVISILy 00’ €KTHBA, SIKUH
BIJINOBIAa€ KYTy BUIIPOMIHIOBAaHHS CBITJIOAIOAIB. B yCiX 1HIIMX BHUMAagKax HIBETIOETHCS Aalb-
HICTh criocTepekeHHs. PilieHHsAM Takoi mpobiaemu € BUkopuctaHHs BuHocHUX [Y ocBitTiroBa-
YiB y BUIJISI MIPOXKEKTOPIB, 110 B1AJAI€H1 BiJ BlIEOKaMepH 1 MalOTh BIJIMOBIAHI XapaKTepHc-
TUKH, SIKI BIATOBIJAIOTh Y3TOMKEHOCTI BUCTABJICHOTO KyTa OMNIALY 00’€KTHBAa 1 HEOOXITHHMX
YMOB OCBITJIEHOCTI CLICHH.

Ha ocHoBI BHIIe BUKJIaZICHOTO MOYKHA KOHCTATyBaTH, 1110 Kamepu 3 BOyaoBaHuM [Y ocBit-
JIEHHSIM 3 1HKEHEPHOT TOUKHU 30py Hece Oublie HeraTuBy HiXK MO3UTHUBY 1 ONITUMAIILHUM Bapi-
aHTOM 3a0e3Me4YeHHs1 HeO0OX1JHOTO PIBHS OCBITIIEHHsS — BUKopucTaHHs I ocBiTiioBaviB y BU-
IJISI/A1 IPOXKEKTOPIB.

Crnycox BUKOPMCTAHMX J7Kepet

1. T'en36epr FO. M. Oxpannoe teneBuaenue / FO. M. I'enz6epr. M. : Iopsiuas nuHus - Tenexom,
2005.-312c.

2. Bnano JlembsiHoBCcKU. bubnus Buaeonabmronenus / Bnano JlempsiHoBCKY ; iep. ¢ anri. A. A. Ko-
mompbIiteB. — 3-¢ m3a. — M. : Cekbsroputu @okyc, 2020. — 470 c.

3. YBapos H. E. Cekpetsl Bbicokoii uyBcTBuTenbHOCTH TB kamep / H. E. YBapos // Anroputm 6e3-
omacHocTH. — 2002. — Ne 6. — C. 14-18.

4. Yypa H. U. NnudpakpacHas moicBeTka Npu TeneHaOmoneHNH [DIeKTpOoHHBIH pecype] /
H.W.Yypa // CoenmanbHas Texnumka. — 2000. — Nel. — Pexum  jgocrymy:
https://web.archive.org/web/20070206103428/http://st.ess.ru/publications/articles/chura/chura.htm.

5. Uypa H. U. Mudsl 1 peasbHOCTh HOYHOIO BHACOHAONIOACHMS [DJICKTPOHHBIN pecypc] /
H. U. Yypa // Ciennanpnas texauka. — 2005. — Ne 3. — Pexxum noctymy: https://web.archive.org/web/
20070206102705/http://st.ess.ru/publications/5 2003/chura/chura.htm.

6. Jopxuxos JI. A. TeneBu3noHHBIE KaMephl AeHb/HOUB. [loueMy onu pasHele? TecT apaiiB [dnek-
tpouHsIid pecype] / 1. A. Hoexukos, A. H. Kynukos / CucteMbl 0€301aCHOCTH U CBSI3U. — PeskuM 110-
ctyny: https://www.yashka.su/articles/37/.

157



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOT'II
TECHNICAL SCIENCES AND TECHNOLOGIES

7. Kyxapenko M. CoBpeMeHHbIE TEHICHIINU Pa3BUTH U MPUMEHEHUS WHPPAKPaCHON MOICBETKU
B Kamepax BuaeoHaOmonenus / M. Kyxapenko // Texnonoruu 3amutsl. — 2010. — Ne 5. — Pesxum no-
crymy: http://www.tzmagazine.ru/jpage.php?uid1=516&uid2=633 &uid3=646.

8. T'onta A. C. IIpakTaeckoe mocodue no Buneonadmonenuto / A. C. ['onra. — M. : U3marenbckas
rpynma ACT, 2017. — 188 c.

9. Yypa H. W. Poccuiickue MK-ocBetutenu: AHanu3 3asBieHHbIX xapakrepuctuk / H. W. Yypa //
Karanor “CCTV”’-2009. — M. : ArenrctBo MonuTtop, 2009. — C. 37-39.

References

1. Gedzberg, Yu.M. (2005). Okhrannoe televidenie [Security television]. Goryachaia liniia - Telekom.

2. Vlado Demianovski. (2020). Bibliia videonabliudeniia [CCTV Bible]. (3 ed.). Sekyuriti Fokus.

3. Uvarov, N.E. (2002). Sekrety vysokoy chuvstvitelnosti TV kamer [Secrets of high sensitivity of
TV cameras]. Algoritm bezopasnosti — Security algorithm, (6), 14—18.

4. Chura, N.I. (2000). Infrakrasnaya podsvetka pri telenablyudenii [Infrared illumination for
TV surveillance]. Spetsialnaya tekhnika — Special equipment, (1). https://web.archive.org/web/
20070206103428/http://st.ess.ru/publications/articles/chura/chura.htm.

5. Chura, N.I. (2005). Mify i realnost nochnogo videonabliudeniia [Myths and reality of night video
surveillance].  Spetsialnaia tekhnika — Special equipment, (3). https://web.archive.org/web/
20070206102705/http://st.ess.ru/publications/5 2003/chura/chura.htm.

6. Dovzhikov, D.A., & Kulikov, A.N. (n.d.). Televizionnye kamery den/noch. Pochemu oni raznye?
Test draiv [Television cameras day / night. Why are they different? Test drive]. Sistemy bezopasnosti i
sviazi — Security and communication systems. https://www.yashka.su/articles/37.

7. Kukharenko, M. (2010). Sovremennye tendentsii razvitiia i primeneniia infrakrasnoi podsvetki
v kamerakh videonabliudeniia [Modern trends in the development and use of infrared illumination in
CCTV cameras]. Tekhnologii zashchity — Protection technologies, (5). http://www.tzmagazine.ru/
jpage.php?uid1=516&uid2=633&uid3=646.

8. Gonta, A.S. (2017). Prakticheskoe posobiye po videonabliudeniiu [Practical guide to video sur-
veillance]. 1zdatelskaia gruppa AST.

9. Chura, N.I. (2009). Rossiiskie IK-osvetiteli: Analiz zaiavlennykh kharakteristik [Russian IR 1il-
luminators: Analysis of the declared characteristics]. Katalog “CCTV”’ — Catalog “CCTV” (pp. 37-39).
Agentstvo Monitor.

Otpumano 05.07.2021

UDC 004.3+004.02+004.5
Taras Terletskyi', Oleh Kaidyk?, Vitalii Ptashenchuk?

1PhD in Technical science, Associate Professor, Associate Professor of Electronics and Telecommunications Department
Lutsk National Technical University (Lutsk, Ukraine)
E-mail: t.terletskyi @Intu.edu.ua. ORCID: https.//orcid.org/0000-0002-4114-0734

2PhD in Technical Science, Associate Professor,
Associate Professor of Automation and Computer Integrated Technologies Department
Lutsk National Technical University (Lutsk, Ukraine)
E-mail: o.kaidyk@Intu.edu.ua. ORCID: https:.//orcid.org/0000-0002-3620-270X

3PhD in Technical Science, Associate Professor,
Associate Professor of Automation and Computer Integrated Technologies Department
Lutsk National Technical University (75 Lvivskastr., Lutsk, 43018, Ukraine)
E-mail: v.ptashenchuk@Intu.edu.ua. ORCID: https://orcid.org/0000-0003-1570-7570

IMPROVING THE EFFICIENCY OF VIDEO SURVEILLANCE SYSTEM

BY HARMONIZING LIGHTING PARAMETERS OF LIGHTERS
AND VIDEO CAMERAS

The video surveillance system (CCTV) should provide round-the-clock control of all necessary areas of the object of
protection, and in the dark of the day requires the use of specialized lighting. The solution of a certain type of operational
problem related to the system, in case of insufficient natural light, also depends on the validity of the lighting characteristics
of the luminaires.
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Due to the inconsistency of the lighting characteristics of video cameras and illuminators, there is a decrease in the depth
of vision and the angle of view of the camera and the appearance of "dead" zones. This negatively affects the efficiency of the
system. The solution to this problem requires appropriate engineering techniques. On its basis, it will be possible to achieve
harmonization of lighting parameters of illuminators and video cameras, which will increase the informativeness of the video
surveillance system in case of insufficient natural light.

Analysis of research and publications on improving the efficiency of CCTV in the dark showed that the choice of special
lighting has received little attention.

The analysis of the available tests of video cameras and illuminators indicated a discrepancy between the viewing angles
of the camera and the angles of illumination and the depth of vision of the camera with the lighting range, which is relevant to
increase the informativeness of video surveillance in low natural light.

The purpose of this article is to analyze the lighting parameters of video cameras and illuminators. This is necessary for
a reasonable choice of the latter when designing a video surveillance system.

Based on the functional analysis of the system, the method of determining the necessary lighting parameters of the
illuminator depending on the parameters of the video camera is presented in the work. Recommendations for their use
depending on the nature of the system and the type of operational task are formulated.

In the work for the first time the engineering technique of definition of lighting parameters of illuminators depending on
characteristics of video cameras is offered.

Keywords: matrix; video camera; spectral characteristic; backlight range; viewing angle,; equivalent illumination.

Fig.: 3. References: 9.

Tepaeupkuii T., Kaiiguk O., [Itamenuyk B. IlixBuiueHHs e(eKTHBHOCTI CHCTEMH BiEOCHOCTEPEKEHHS IUIIXOM Y3TOIKEHHS CBITIOTEX-
HIYHUX ITapaMeTpiB OCBITIIIOBAdiB Ta Bifeokamep. Texuiuni nayku ma mexuonoeii. 2021. Ne 3(25). C. 150-159.
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KOMILJIEKC BIPTYAJIBHUX JIABOPATOPHUX POBIT 13 MEXAHIKH
TA MOJIEKYJIAPHOI ®I3UKHU

Ipu nepexodi na oucmanyitiny opmy Haguanus, skutl 3ymoeienuti nanoemicio COVID-19, akmyanvHoro 3adauero € nepe-
Hoc 1abopamoprux podim (JIP) 3 npupoOHU40-HAYKOBUX OUCYUNTITH HA KOMN Tomepu cmy0eHmig y 6u2isoi npoepam, wo iMimyoms
ixuro pobomy. V yiii cmammi, AKa MA€ HAYKOBO-MeMOOUUHUL XapaKmep, NOKA3ano, wo 0as imimayii JIP 3 npupooHuy0-Haykogux
oucyuniin (30Kkpema, 3 QizuKu), OOYLIbHO BUKOPUCIOBYEAMU KPOCNIAM@DOPMHI KOMIIEKCU 3 NAKeMie GIpmyaibHUX 1abopamop-
HUX pobim, Ki po3pobieHi 3a ONOMO20i0 M08 npozpamyeanns Java i JavaScript, a maxoxc mosu poamimxu HTMLS, ma 3a6e3-
neyyloms GUKOHaHHs ipniyanvhux JIP npu pisnitl konghieypayii npoepamnozo 3abesneuens Komn 1omepa Kopucmyead.

Knrwuosi cnosa: Java; JavaScript; HTMLS; ¢izuxa; sipmyanvna iabopamopra poboma.

Puc.: 3. Bion.: 4.

AKTyaJIbHiCTh TeMH J0cCJaileHHsl. B ymMoBax mepexony Ha JucTaHUiliHY GopMy HaB-
YaHHsI, KUl 3yMmoBiieHuit nanaemiero COVID-19, aktyansHuM 3aBIaHHSM € nepeHoc Jadopa-
TopHHX poOiT (JIP) 3 mpupoIHUIO-HAYKOBUX TUCHHUILTIH Ha MIEPCOHAIBHI KOMIT IOTEPH CTYJICH-
TiB y BUDJIAI Mporpam, o iMIiTyIoTh ix QyHKIioHyBaHHs. [Ipu mpoMy momiOHI mporpamu
MIOBHHHI BPaxOBYBaTH OCOOIMBOCTI BUKOHAHHS Ta 0OPOOKH OTPUMAHUX JaHUX HAa OCHOBI Me-
TOAMYHHX BKa3iBOK, SIKi pO3pOOIEHi sl peanbHUX POOIT.

IMocTaHoBKa Npod1eMH. AKTYyalTbHOIO IPOOIIEMOIO € po3po0Ka KpocIuiaTpOpMHUX BipTy-
anpHuX JIP 3 MexaHiku Ta MONeKyIsIpHiN (i3ull, 30Kkpema, ajs iMiTalii JJabopaTopHUX POOIT,
BKJIIOUEHHUX y HaB4aiabHU npouec HamionansHoro ynisepcurety (HY) «3anopizbka nmomitex-
HiKa», K1 CyMiCHI 3 mporpaMHuM 3abe3neueHHsM (I13) kommn’rorepa kopucTtyBaya (abo BUMa-
raroTh HOro OHOBIIEHHS 3a gonoMororo I13, sike BUTbHO MOLIMPIOIOTHCS).

AHaJi3 ocTaHHIX JocaifKeHb i myOaikauiid. B ocBiTHROMY Mpolieci BUKOPUCTOBYIOTh
JIOJTaTKU HAa OCHOB1 MOB TIporpamyBaHHs Java 1 JavaScript, a Takoxk MoBu po3mitku HTMLS
(nuB., Hanpukiaf, [1-3]). 3 iX JOMIOMOr0I0 CTBOPIOIOTH KpOCIIaT(OpMHI BipTyalibHI HaBYaJIbHI
nemoHctparii Ta JIP, siki mpu po60Ti 3aCTOCOBYIOTH KOMIT'FOTEPHY aHIMAIIIIO.

Buaisiennsi HegocCTiIzKeHMX YACTHH 3arajbHoi npoodJjemu. Jlomatku 3 a”imarliero B 0a-
raTbox Bumaakax ctBoproroTs Ha HTMLS 1 JavaScript (HTMLS/JS), BukopucToBY10uM €1€MEHT
canvas MOBH pO3MITKH. BoHM 3amyckaroThcs B O1IBIIOCTI CydacHUX Opay3epiB, BIITOBIIHO J10
[4], B Firefox 3.5, Safari 3.2, Chrome 9, Opera 10.6, iOS Safari 3.2, Android Brouser 2.1 i ix
OibII HOBHUX Bepcisix. Y Toit wac mi HTMLS5/JS-nonatku He mpaitioroTs y Opay3sepi Internet
Explorer 3 Bepcieto Huxkue 9.

s BuxkoHaHHs Java-nporpam - Desktop-701aTKiB Ta aruieTiB Ha KOMIT IOTEpPi MTOBUHEH
OyTH BCcTaHOBJIEHMH HaOip mporpam Ta nakertiB kiaciB Java Runtime Environment (JRE) a6o
iHcTpyMeHTabHUN Habip Java Developer’s Kit (JDK), sixkuit nmiarpumye ixaio po6oTy.

Desktop-nonaTky mpaioroTh i1 KEpyBaHHSAM OIepaliitHoi CUCTEMH.

Java aruietn QpyHK1L10HYIOTH IpU BUKOpHCTaHHI Opay3epa Internet Explorer. Ilicns ycrano-
Bk 1arina [E Tab, Bonu 3amyckatorscest B Chrome. Kpim Toro, anyieT MoXyTh BUKOHYBAaTUCS
6e3 Opaysepa 3a goromororo ytuiitu AppletViewer 3 Habopy JDK, mio miarpumye ix po6ory.

[Tpu upomy po3poOka, 1t imiTanii 1adopaTopHUX poOIT (Hi3MYHOTO MPAKTUKYMY 3aKJIAIIB
OCBITH, KOMIIJIEKCIB BIpTyaIbHUX po6iT 3 IICHTUYHUX 10 (PYHKI[IOHATBHOCTI OKPEMHUX MaKeTiB
31 CKJIaJIOM IepIIoro 3 HUX y Bursiai Java Desktop- -Iporpam, pyroro - Java arieTiB, TPETHOIO
- HTML5/JS-nonatkiB, siKi 103BOJISIOTh KOPUCTYBady MIiCIsl YCTAHOBKH OJIHOTO 3 MakeTiB (a0
nakeTa 1 1ogarkoBoro [13, 1o BUTbHO MOMIMPIOETHCS ) HA pOOOUMiA KoMIT t0Tep BUKOHYBATH JIP,
€ aKTyaJIbHOIO MPOOIEMOTO.

IlocTranoBka 3aBaanHsi. Po3pobutu kpocrinaTdopMHUA KOMIUIEKC BipTyanbHUX JIP mst
iMiTarii poOIT 13 MEXaHIKU Ta MOJICKYJISIpHOI (D13UKH, sIKI BKIIOYECHI B HaBYapbHUM miporec HY
«3aropi3bka noJiTexHikay. [Ipu mpoMy moBuHHA OyTH 3a0e3MedueHa MOMIIMBICTh BUKOHAHHS

© Touwmnin C. [1., 2021
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BIpTyaJIbHUX POOIT O6e3MmocepeIHbO MICH X 3aBaHTAXCHHS Ha KOMIT I0TEep KOpUCTyBada (abo
MIPH JI0AATKOBOMY MiHIMaJIbHOMY JAOCTYITHOMY OHOBJICHHI #oro I[13).

Buxaan ocHoBHoro marepiasy. /s imitanii 1aboparopHux poOiT 3 MEXaHIKH Ta MoOJie-
KyJsipHOT (Pi3UKH, SIKI BKITIOUEH1 y HaB4ajabHMIA nporec HY «3amopizbka mosmiTexHika», 3a 10-
nomororo Java, JavaScript i HTMLS O6yB po3po06nenuii kpocriaarGopMHUN KOMILJIEKC BIpTya-
npHUX JIP, mo ckimagascs i3 Tppox nakeTiB. [lepimmii 3 Hux hopmyBaBcs 3 poOiT Ha OCHOBI Java
Desktop-niporpam, apyrwuii — Java ameris, Tpetiii - HTMLS5/JS-nonarkis.

Java-nporpamMu BUKOPUCTOBYBAJIM SWing-TeXHOJOT10, s 1X (PyHKIIOHYBaHHS MOTPiOEH
Habop JDK (JRE), skuii migTpumye Desktop-nporpamu Ha ocHOBI kitacy JFrame a6o amietu
Ha OCHOBI - JApplet.

VY Hain yac Ha KOMIT'IoTepax y 0araTbox BHIIaJIKaX y»e BCTaHOBJIEHI CydacHi Opaysepu,
ki 103BONISIIOTE poboty HTMLS/JS-nonarkis. L{i Opay3epu, a Takox BignosigHi Bepcii JDK
1 JRE € I13, sike BUTbHO MOMIUPIOETHCS 1 MOXKeE OyTH BCTAHOBJICHO Ha KOMIT IOTE€p KOPUCTyBavya
B pasi BiICYTHOCTI.

s JIP 3 ogHi€r0 Ha3BOKO Java-nporpaMu 3 pi3HHUX MAKETIB MaJId 1ACHTUYHUM 1HTEpdeiic
xopucrtysada (1K), npu npomy monioamii mo ¢gynkiionansaocti IK OyB 1y po6OTi cTBOpEeHOT Ha
ocHoBi HTMLY5 1 JavaScript 3 BUKOpHCTaHHSAM €J€MEHTa canvas MOBU PO3MITKH.

Po3pobieni qomaTku s 1abopaTopHUX poOIT OJHOTO HAWMEHYBAaHHS MaJll OHAKOBI aJj-
roput™Mu (yHKIIOHyBaHHs. BoHU iMiTyBasii peaibHi poOOTH Ta J03BOJSIIA KOPUCTYBady s
KOXKHOT 3 HUX OoJlepKaTu HeoOXimHi naHi (s 20 BapiaHTiB) 1 BUKOHATH OOYMCIICHHS, SIKi OTIH-
caHl y BIINOBIIHUX METOIWYHMX BKaziBKax /it JIP 3 mexaHiku i MonekynsapHiil ¢izuii, 1o
BUKOPHCTOBYIOThCS B HaBdasibHOMY Tiporieci HY «3amopizbka mosiTexHikay.

V T1oif yac Java-gonaTku, y NOpiBHSAHHI 3 aHAJIOTIYHUMH, peanizoBaHuMu Ha HTMLS ta
JavaScript, Oynu OuIbII HAOUHUMHU, Kpallle BijoOpaxaiu JuHaMiKy (I3MYHUX MPOIECIB, TOMY
1110 MaJIK OUTBII SIKICHY aHIMAIlil0 IIPY BUKOHAHHI BIpTyaJbHUX POOIT.

[{s BiAMIHHICTH 00yMOBIIEHAa OCOOIMBOCTIMU MOBH TIporpamyBaHHs JavaScript [4].

Sk npuknan, Ha puc. 1-3 300pakeHi BikHa Java Desktop-nporpamu Ta aruiera, a Takox
BikHO Opay3epa 3 HTMLS5/JS-nonarkom, npu BukoHaHH1 JIP « BuB4eHHS OCHOBHOTO 3aKOHY J11-
HaMiK{ 00epTaIbHOTO PyXy», BIATIOBIAHO.

Ha pucynkax He BioOpa)keH1 BKa3iBKH JiJIsl BAKOHAHHS pPOOOTH (BOHM IPHUXOBaHI uyepes
3MEHIIIEHHS pO3MipiB BIKOH).

Puc. 1. Bikno Java Desktop-npoepamu na nouamky 6UKOHAHHs 8ipMYaibHOL 1a00pamop-
HOi pobomu «BusueHns 0CHOBHO20 3AKOHY OUHAMIKU 00ePMATbHO20 PYXY»
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Puc. 2. Bikno Java annema 6 npoyeci 8UKOHaHHs 8ipmyanbHoi 1abopamopuoi pobomu « Bu-
BYEHHS OCHOBHO20 3AKOHY OUHAMIKU 00epmManibHO20 PYXY»
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Puc. 3. Bixno 6payzepa 6 npoyeci 6UKOHAHHS 8iPMYAIbHOL 1a00pamopHoi pobomu
«Buguenns oCHo8H020 3aKOHY OUHAMIKU 00EPMATbHO20 PYX)Y,
peanizoeanoi HTML5/JS-000amkxom

BucnoBku. Takum uumHOM, y 1iii poOOTI 3a JOMOMOTOK MOB IporpamyBaHHs Java i
JavaScript, a Takoxx MoBU po3MiTku HTMLS, nist nabopatopHux pooit i3 (pi3UYHOTO MpakTH-
kymy HY «3amnopi3pka nosnitextika», po3po0i1eHo KpocIuiaTOpMHUN KOMILIEKC BIPTyaJlbHUX
pOOIT 3 MEXaHIKHU 1 MOJEKYIAPHOT (i3UKH, KU 3a0e3neuye iX BUKOHAHHS ITPU BUKOPUCTAaHHI
BCTAHOBJICHOTO Ha KOMII'FOTEP1 KOPUCTyBa4a MPOrpaMHOro 3a0e3rnedeHHs (a00 HOTro OHOBJICHHS
3a gonomoroto 13, 110 BUTEHO PO3MOBCIOKYIOTHCS).

[Tpu somy JIP, peanizoBani Ha Java, y MOpiBHSHHI 3 aHAJOTIYHUMH, PO3POOICHUMH HA
HTMLS Ta JavaScript, Oynu 6i71bI1 HAOYHUMH, Kpalle iMiTyBainu Gpi3udHi IPOLECH.
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Hanani va ocHosi Java, JavaScript ta HTMLS nepen6adaeTbcsi CTBOPUTH KOMITJIEKCH Bip-
TyaJbHUX JJA00PaTOPHHUX POOIT 3 MeTOI0 imiTamii peanbaux JIP s mpupoaHuy0-HAyKOBUX JIU-
CITUILIIH, SIK1 BKJTIIOYEHI B OCBITHIN nporiec HY «3amopi3bka momiTexHikay.
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COMPLEX OF VIRTUAL LABORATORY WORKSON MECHANICS
AND MOLECULAR PHYSICS

In the context of the transition to distance education due to the COVID-19 pandemic, an urgent task is to transfer
laboratory work (LW) in natural sciences to students' computers in the form of programs that imitate their work.

The educational process uses applications based on the Java and JavaScript programming languages, as well as the
HTMLS5 markup language.

To imitate LW in natural sciences (in particular, in physics), it is advisable to use cross-platform complexes from packages
of virtual laboratory works that are developed using the Java and JavaScript programming languages, as well as the HTML5
markup language, and provide the execution of virtual LW with different configuration of the software of the user's computer.

In this article, which has a scientific and methodological nature, there was the task to develop a cross-platform complex
of packages of virtual laboratory work, which allows the user, after installing one of the packages on the computer (or a
package and additional software that is freely distributed), to proceed with the implementation virtual LW on mechanics and
molecular physics, included in the educational process of the Zaporizhzhia Polytechnic National University.

The features of the functioning of applications of a virtual LW complex, which solves the problem, are considered.
Examples of using the developed software are given.

With the help of Java, JavaScript and HTMLS5, a complex of virtual laboratory works on mechanics and molecular physics
has been developed, which ensures their execution on different computer platforms. In the future, it is planned to create
complexes of virtual LW in various natural science disciplines, with works that imitate real ones used in the educational process
based on Java, JavaScript and HTMLS.

Keywords: Java, JavaScript, HTMLS5, physics, virtual laboratory work.

Fig: 3. References: 4.
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VIRTUAL REALITY SIMULATION SERVICE ON SDN SOFTWARE
UNDER A LIMITED RESOURCE 5G MOBILE TERMINAL

This article develops a hierarchical structure of data placement in the augmented reality service system and examines the
advantages of using this structure.

The article develops and investigates a set of models and methods for virtual reality, including models of VR services, the
interaction of the main elements in the provision of VR services and a model of a mobile user of a VR service.

Keywords: Virtual Reality (VR), D2D (Device-to-Device); 5G; server request processing time; M/G/1 queuing system;
Pollachek-Khinchin formula; RTT round-trip delay; Internet of Things, multilevel mobile edge computing (MM-MEC).

Fig.: 6. References: 28.

Urgency of the research. Virtual reality services are the next step in the development of mo-
bile services. The combination of the properties of the terminal's mobility, its computing capabil-
ities, ways of interacting with the environment (recognizing video, sound and tactile images, cal-
culating coordinates and orientation in space), as well as a modern communication network allow
realizing a qualitatively new level of services with a high degree of interactivity [1-3]. In partic-
ular, these are augmented reality services. Today, such services as interactive maps of cities and
towns, the starry sky, various kinds of guidebooks, applications for ordering goods and services
are already widely known and popular. However, if we imagine how much traffic all these appli-
cations generate in the network, it becomes obvious that it is necessary to change the existing
network structures and traffic distribution mechanisms in the network. When providing aug-
mented reality services, one can often observe close interaction with IoT devices, which also
generate quite an impressive amount of traffic [2; 4]. It is clear that the structure of the service, in
which the call goes to some server in the network, is not applicable with so many devices. Thus,
knowing the geographic coordinates of the user, it is possible to upload information about the
surrounding objects to his terminal using, among other things, free terminals of other users or
other devices located in the user's area of perception. This reduces the response time of the system
to changes in the user's environment, which significantly increases the timeliness of displaying
information about objects. For the proposed new structure, a method for unloading the traffic of
augmented reality applications has been developed, which allows for the energy efficient opera-
tion of the network when operating such applications as streaming video with a 360° view, web
applications, and multiplayer games [5]. For the proposed method, modeling and performance
evaluation were carried out for various scenarios.

© Tirapes B. M., baouuy IO. 1., Jlomakos O. C., Kocmauescrkuii B. B., Bapuanosa 1O. C., 2021
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It should be noted that the issue of identifying objects of augmented reality and the Internet
of Things also affects the quality of the provision of services and the structure of the organiza-
tion of the service. The advantage and convenience for users of most augmented reality appli-
cations is the ability to visually identify objects. It means that the user wearing augmented re-
ality glasses looks at an object and is provided with information about this object or its state
changes, so the user does not perform any actions to obtain information and control the object.
This paper proposes a system for identifying devices of the Internet of Things using virtual
reality technology and cloud services. For the developed system, a model network was created,
on the basis of which the assessment of the system's operation and compliance with the quality
indicators of perception were carried out.

Target setting. The main tasks include the development of a model of behavior of a mobile
user of a virtual reality service, moving in the environment of devices of the Internet of Things,
which differs from the known ones in that the user is presented as a queuing system M/ G/ 1,
and the incoming stream is formed from available to the user services, including video, text,
graphics, speech, music, tactile sensations, etc., which makes it possible to calculate such sys-
tems using the queuing theory apparatus.

Actual scientific researches and issues analysis. There are many theoretical and experi-
mental works in the field of 5G communication networks, which characterize 5G as commu-
nication networks with ultra-high reliability and ultra-low latency [6]. Scientists have made a
decisive contribution to the study of such networks. Among them are V. M. Vishnevsky,
Yu. V. Gaidamak, B. S. Goldstein, V. G. Kartashevsky, R. V. Kirichek, A. E. Kucheryavy,
E. A. Kucheryavy, A. I Paramonov, A.P.Pshenichnikov, V.K. Saryan, S.N. Stepanov,
K. E. Samuilov, M. A. Sievers, N. A. Sokolov, V. O. Tikhvinsky, M. A. Schneps-Schneppe,
M. Dohler, G. Fettweis, J. Hosek, A. A. Ateya, M. Maier, M. Z. Shafig and others.

The problems of resource allocation in heterogeneous 5G communication networks and
traffic offloading are among the most significant for the planning of networks and their sus-
tainable operation [7-8]. The works of S. A. Andreeva, A. I. Vybornova, M. O. Kolbaneva,
E. A. Kucheryavy, A. E. Kucheryavy, K. E. Samuylova, A. K. Kanaeva, A. V. Roslyakova,
A.S. A. Muthanny, A. M. Tyurlikova, A. Aijaz, A. A. Ateya, M. Dohler, G. Fettweis,
M. Simsek, R. S. Schmoll and others are very well-known this area of research. At the same
time, almost all work in the field of resource allocation and traffic offloading is devoted to
machine-to-machine interactions M2M (Machine-to-Machine) and the Tactile Internet [8].

Obviously, in the works of these authors there was no methodology for representing user traffic,
based on three interrelated models: a service space model, a user perception area model, which is a
part of the service space, and a mobile user behavior model characterizing changes in his position
and activity area. The model of behavior of a mobile augmented reality user includes not only the
relatively well-known characteristics from traffic studies in 5G communication networks, such as
device density, but also the previously unexplored characteristics of the user's viewing angle and
the angular rate of rotation, which have a very significant impact on the quality of service parame-
ters and the quality of perception for the user of augmented reality [8; 9; 10].

Uninvestigated parts of general matters defining. The problems of resource allocation in
heterogeneous 5G communication networks and traffic estimation are among the most signifi-
cant for the planning of networks and their sustainable operation [11]. There are some well-
known works of E. A. Kucheryavy, A. E. Kucheryavy, K. E. Samuylova, A. K. Kanaeva, A. V.
Roslyakova, A. S. A. Muthanny, A. M. Tyurlikova, A. Aijaz, A. A. Ateya, M. Dohler, G. Fett-
weis, M. Simsek, R. S. Schmoll and others in this area of research. At the same time, almost all
works in the field of resource allocation and traffic estimation are devoted to machine-to-ma-
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chine interactions M2M (Machine-to-Machine) and the Tactile Internet [12]. Only in collabo-
ration between R. S. Schmoll with co-authors, the issues of offloading virtual reality traffic for
gaming applications for 5G networks are considered. At the same time, a multi-level system of
boundary computing is not used and such key augmented reality applications as circular video
streams, multiplayer games and web applications are not considered [12-14].

Also, a unified methodology for representing virtual reality traffic has not been developed and a
complex of models and methods for assessing traffic has not been presented, and the assessment of
the quality of perception of virtual reality applications for a user has not been investigated.

The research objective. The purpose of the article is achieved by solving the following tasks:

- analysis of the current state of affairs in the field of research of communication networks
of the fifth generation and communication networks 2030, the role and place of applications of
the augmented reality in the development of networks and communication systems;

- development of the classification of augmented reality applications, taking into account
Tactile Internet and Internet Skills;

- development of a methodology for presenting augmented reality user traffic;

- development of a model of the augmented reality user service space;

- development of a model of the user's perception area augmented reality;

- simulation modeling of multimedia content transmission for virtual reality applications
based on WI-FI network of mesh topologies (mesh and ad-hoc) in the OMNET + software
environment in order to calculate "bottlenecks" in mesh topologies AD-HOC and Mesh.

The statement of basic materials. Service implementation structure. Virtual reality services
allow the user to receive the necessary information in a timely manner. At the same time, its
selection is performed automatically based on data on its state, for example, its position in space
(geographical coordinates), on a map and a plan of the territory (based on geolocation data), on
the location of a vehicle, etc. As shown in [15; 16], the implementation of the service requires
the organization of data exchange with the service server and / or directly with devices located
in the communication area of the subscriber terminal, using D2D technologies [17]. In this case,
the time between the request and the delivery of data should not exceed a certain value at which
the user still does not feel a decrease in the quality of the service. This time is determined by
the time: the request is generated (depends on the implementation of the service), the request is
delivered from the terminal to the service server, the request is processed, the data is delivered
from the service server to the terminal, and the information is presented to the user. They can
be conditionally divided into three groups: the time determined by the processing of data by the
user's terminal, the time of data delivery through the communication network, and the time of
data processing by the server. In general, these components are mutually dependent.

The process of forming a data request plays an essential role. The request is formed when the
user's environment (or the user's state) changes, which can be judged by changing some parame-
ters. These parameters can be sensor data, for example, geographic coordinates, the position of
the terminal in space, acceleration, as well as the results of analyzing the image or sound received
from the cameras and microphones of the terminal. For example, if the data request is generated
based on the results of image recognition (video captured by the terminal camera), then the image
recognition functions can be implemented either in the terminal application or on the service
server. In the first case, with low computing performance of the terminal, time will be spent on
performing the recognition functions by the terminal, in the second - on transmitting video
through the communication network and the time it is processed by the server. Obviously, the
choice of the first or second option depends on terminal performance, bandwidth (PS) of the
communication network, server performance and load, i.e. there is a problem of choosing the
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optimal option for implementing the service The model described here can be extended by intro-
ducing additional parameters, for example, the dependence of the processing time of a request by
a service server on the amount of data (database size) and the intensity of requests. In this case, it
makes sense to cluster data and organize local service servers.

Considering a promising 5G network, D2D communication technology, and the use of SDN
(Software-Defined Network, software-defined networks), the structure of the service imple-
mentation which is shown in (Fig. 1) can be made.
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Fig. 1. Possible structure for the implementation of the Virtual Reality service

We believe that the communication network is built using the SDN architecture, in which there
are data processing centers (DPC) of various levels [18], which makes it possible to localize traffic
and data "closer" to users. In the diagram, these data centers are depicted as micro, mini and base
clouds. In a real network, there may be as many such levels as will be necessary for the best imple-
mentation of the service. The base station of the network interacts directly with the AR terminal or
with a mobile terminal acting as a local cloud, interacting with the AR terminal using D2D technol-
ogies, which increases the efficiency of using the radio frequency spectrum [18; 19]. Here, a cloud
is understood as a certain amount of computing resources and memory resources that can be used
to organize a server and a database (DB) of a service.

As will be shown below, the provision of a service can be implemented at several levels of
such servers and databases, which allows, due to the localization of data and traffic, to reduce
the requirements for the network's network and to increase the quality indicators of the service.
Below, the problem of data clustering and localization of their processing is considered as a
problem of resource allocation.

Service model. To build a service model, it is necessary to link the indicators (parameters)
characterizing the quality of its provision with the parameters of the communication system. As
the main indicator, we will choose the reaction time to a change in the user's environment. We
will assume that this time includes all components: the time of recognition of the change and
preprocessing by the mobile terminal application tr, the time of data transmission (request) to
the service server through the communication network tq, the processing time of the request by
the service server ts, the data delivery time through the communication network ta and time
of presentation of information to the user by the mobile terminal application td. Augmented
reality service presentation model is presented in (Fig. 2).
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Fig. 2. Virtual Reality Service Delivery Model

The total time can be represented by the arithmetic sum of all components according to the
formula(1). It will be assumed that each of them isarandom variable. Then, making the assumption
about their independence, the average value for the reaction time will be determined as

T=t +tg+t;+t, +tg. (1)

Let's consider each of the components separately. The time for recognizing a change in the
user's environment #r, in turn, includes all the components associated with detecting this change
and collecting information necessary to form a request sent to the service server. Change detection
can be realized by analyzing data from various sensors and devices (sensors of the earth's mag-
netic field, illumination, acceleration, GPS receiver, touch screen, etc.), as well as video cameras
and microphones. The analysis can include both relatively simple tasks of comparing several nu-
merical values, and resource-intensive tasks of pattern recognition. Therefore, the numerical
value of # depends on the type of service, the method of its implementation and the computing
resources of the mobile terminal. Thus, the resources of the mobile terminal affect the quality of
the service through the value #r. It will be assumed that there is a certain functional relationship
between this time and the computing resources of the mobile terminal.

t. = £:(0). )
In formula (2) O is a parameter characterizing the performance of a mobile terminal, for ex-
ample, the number of operations or instructions performed per second, the clock speed of the pro-
cessor, the amount of memory, or some complex metric. The time of transmission of the request to
the server of the service tq determined by the volume of transmitted data and the PN of the route
between the mobile terminal and the server of the service C. A numerical estimate of this time under
the assumption that time is spent only on data transmission (PD), i.e. without taking into account
the losses for waiting for transmission at the nodes of the route can be obtained as

f=f(0) =2 )
In the formula (3) C is the bandwidth of the route (bit / s);
Vg4 - Average amount of datatransferred per request (bits).

Average amount of data per request vq depends on the type of service and the way it is

implemented. For example, if an analysis of images received from the device's video camera is
required to identify a change in the environment, then this analysis can be performed both by means
of a mobile terminal application and by a server. In the first case, the request will contain relatively
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little data, which are only identifiers of objects in the service database, information about which is
required to be provided. In the second case, it is necessary to transfer all image data (or several
images), the analysis of which must be carried out by means of the service server. Intermediate
options are also possible, when only a part of the video data will be sent to the server.

The processing time of the request by the server ts is the most complex characteristic, since
it depends on many parameters: the time of the analysis of the request data tg, moctymaronx
naHHbIX; the intensity of requests from mobile terminals of users Ag; server performance s,
which, in turn, depends on the size of the database ns:

ty =1 (Ts' As) Mg (ns))- (4)
The server serves requests from many users, the service time of which is determined by the
reguest processing time and the waiting time. The server can be described by the QS model, in
which the request servicing time is determined by the size of the service database and the serv-
er's performance. Thetechnical implementation of the server may bedifferent, so it makes sense
to consider it as a QS with general expectation with one G/ G/ 1 server. Assuming that the
flow of incoming requests can be represented by a model of the simplest flow (M / G/ 1), the
average delay can be described by the Polyachek-Khinchin formula[20]. With thisin mind.
= Ps 2 1
ts = us(vs)2(1—ps) (1 + VS) + Hs(vs)' (5)
In formula (5), the following parameters are applied:

S

A
= — server load;
Ps us(ng) ’

V = o4us(vg) — servicetime variation coefficient.

o2 — standard deviation of servicetime.

The adoption of the simplest flow model is very useful, since it makes it possible to obtain
analytica expressions for dependencies, especialy when the properties of the rea flow are un-
known. Server performance, depending on the size of the database DB pg(ny), isaso akind of
dependency and is determined by the way the database is implemented. In particular, the most
common models describe this dependence as In(ns) or nin (ns) operations [21], where ng is the
number of records in the database. Let's take a logarithmic dependence as an example. Taking
into account that the service time includes preliminary processing of the request, the average ex-
ecution time of which t4 , we obtain the expression (6).

1
nin(vg)+ts’

Ms(vs) = (6)

where ) - execution time per record.

The transmission time of the server response t,, as well as the transmission time of the
request, is determined by the volume of transmitted data and the PS of the route between the
service server and the mobile terminal C. A numerical [21] estimate of this time under similar
assumptions can be written as.

L=f(0=2 (7)

In formula (7), C is the route PN (bit/ s);

v, — the average amount of data transmitted in the server response (bits). The average
amount of data in a server response V, depends on the type of service and the way it is imple-
mented. This data can be transmitted text, raster or vector images, sound, numerical values.

The message submission time t; includes all components related to the processing and
presentation of the data received by the mobile terminal application. In general, the message
can be presented visually: in the form of text, pictograms, video or other images; sound - speech
or melody; tactile - vibration. We will assume that there is some functional dependence (8)
between the time and the computing resources of the mobile terminal:
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As can be seen from the models selected above, the response time significantly depends on
such parameters as the performance of the mobile terminal, the network communication net-
work and the processing time of the request by the server, which is determined by its perfor-
mance and load [22; 23]. Below, we propose a method for choosing the structure and parameters
of equipment to meet the requirements the reaction time for the Virtual Reality service.

Method for choosing the network structure and equipment parameters. Considering
the above models, we can say that ensuring an acceptable response time is a problem of choos-
ing the amount of resources (bandwidth, performance and memory), as well as their distribution
among the elements of the service system. This is a problem with several variables, the number
of which is determined by the models themselves. If we argue from the standpoint of construct-
ing a method of organizing a service, then not all variables may be available for change [24;
25]. For example, if we assume that the performance of the mobile terminal and the character-
istics of the server equipment can be taken into account, but cannot be changed within the
framework of this problem, then the expression for the response time can be written as.

Ps 2 1

C + us(ns)2(1-ps) (1 + VS) + Hs(vs)’ (9)
where t,, =t + t; - the total delay introduced by the mobile terminal application when pro-
cessing input data and displaying information. Based on (9), you can write down the complete
expression (10) This value depends on the terminal performance and the features of the appli-
cation [26]. We will assume that it is constant, i.e.

+, As

C s (ns)2(ps(ns)—2As)

Figure 3 shows the dependence obtained using formula (10) for a different number of rec-
ords in the database. The figure shows that the reaction time increases according to the / / (a-
x) law. The constant component of time is due to the time of the PD request to the server and
the time of its processing by the server. According to the chosen model according to formula
(6), the service time also depends on the number of records in the database.

0.3

_ . g+vs
T=Ty +——

T =T + -3

(1+V3) (10)

0.1

0 50 100 150
AS, 1/c

Fig. 3. Response time versus request intensity and the size of the Database

Thus, for the organization of the service, it is necessary to provide the required response
time. For this, based on the presented models according to formulas (9) and (10), it is necessary
to choose the structure of the service provision network, taking into account the traffic, the
volume of the Database and the time of data delivery.
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Processing environment data. As noted above, the formation of a query is based on the
results of recognizing a change in the environment. Recognition can be based on various data
received both from sensors and from video cameras and microphones. In the latter case, the recog-
nition problem can have significant computational complexity, therefore, the time required will
be very significant. Therefore, it makes sense to choose a means for solving this problem: a mo-
bile terminal or a service server. If the image is fully processed on the terminal, then a request is
sent to the server containing only a relatively small amount of data required to identify the object
in the server database. In the case when the image is completely fed to the server for processing,
a relatively large amount of data is required to be transferred, which is determined by the resolu-
tion of the camera and the format of data presentation. Intermediate solutions are also possible,
for example, when the terminal application does not fully identify the object, but highlights the
object (payload) in the image. In this case, the server receives only the selected part (s) of the
image for further processing. Thus, the transfer of the object recognition work to the user terminal
saves the time of data transmission over the channel and the PS resource. Transferring this work
to the server allows you to save on the processing time of the image by the terminal, however, it
leads to an increase in the transmission delay and the consumption of the PS channel. From the
point of view of using network resources, the first option is more profitable, however, when im-
plementing the service, one should take into account the real performance of the mobile terminal,
the real channel bandwidth and the requirements for the response time. We describe the above
with the following model [26; 27]. The component of the delay caused by the processing of the
image in the terminal, the server and the time of the PD to the server is defined as

Tp = £:(0p) + 2 + £(0y). (12)

In formula (11) Or and Og are the processing time on the mobile terminal and the server

based on one bit, respectively;

c — PD speed (bit/ s);

v — the amount of processed (transmitted) data.

We will assume that the processing time in the mobile terminal and the server linearly
depends on the size of the processed data block (image or its part).

f(0) = vO, (12
where O is the processing time per 1 byte of the image, typical for a mobile terminal or server

(for a mobile terminal and a server, these values may differ significantly).
Then

p=mig (=) (3 5): (13)
In formula (13) 7, is the share of data processed in the mobile terminal.
It can be seen from formula (12) that an increase 1, leads to a decrease tp if the processing

time in the mobile terminal is less than the sum of the transmission time and the processing
time in the server:

\Y \Y v
<(G+e) (14)

Guided by expression (14), the service system can distribute data processing functions be-
tween the server and the terminal, for example, depending on the server load.

Hierarchical structure of augmented reality service delivery for load and data dis-
tribution.

To reduce response times by reducing the load on the service server, you can organize a
hierarchical structure that includes several levels of service. The server of each level is available
to a different number of users. For example, the server of the first (lower) level can be organized
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directly in the mobile terminal and have a single user. A call to a higher-level server occurs
when the required information is not found in the database of lower-level servers. The server
database for each of the levels contains information about the environment of each of the users
for whom this server is available, as well as information demanded by users, and the probability
of this demand is p.

Consider a service delivery model. Upon detecting a change in the environment, the user
terminal transmits data (possibly already generated request) to the 1st level service server. The
server processes the data and the request. Upon successful processing and data availability, the
server sends a response to the user terminal. If for some reason the request is not fulfilled by
the server of this level, the request is passed to the server of the next level, and so on. Failure
may be due to lack of required data at the current service level. The construction of a hierar-
chical model of service provision allows, by distributing traffic and data between levels, to
provide the required indicators of the quality of service provision [28].

The service time of a request in a network with several servers can be described as

T=6+ 25 p 2o (fq + &) + Ta + o (15)

In formula (15) p; is the probability that the requested data is in the server database of the
j-th level;

k is the number of levels on each of which there is a VR service server according to the
hierarchical structure.

Or, taking into account the model according to the formula (5).

- — K j VqtVa Ps 2 1
T = b+ 20 Z (0 s U YD ). (16)

When organizing a service in an SDN network, its functionality can be used to dynamically
manage the service by changing the number of service levels, i.e. increasing or decreasing & in
expressions (15) and (16).

The criterion for making a decision is the response time 7, or rather its value in comparison
with a certain normative (target) value T, , the value of which is most acceptable for the implemen-
tation of the service. Obviously, 0 (zero) can be chosen as the target, but it is obvious that such a
goal is not achievable. Reducing processing and delivery delays can be associated with significant
financial costs, therefore, the acceptability of the value should be considered as the maximum value
at which the desired quality of service (QoS) and user experience (QoE) are provided.

Thus, within the framework of this model, service management consists in maintaining the
possible proximity between the real value of the reaction time and its target value, i.e. in provid-
ing min|T — t,|. Then the objective function of this task can be written down at least the dif-
ference between the reaction time and the standard. The minimum of the difference can be
expressed in terms of the minimum of the square of the difference and the least squares method
can be applied. Then the problem can be formulated as an optimization problem with an objec-
tive function

{k, pi} = argmin{Yi_, (T — 19)?} (17)
k,p;

and restrictions
KEN, Kk<Kkpaw 0=<p;<1,T>0, 19=0,

In the formula (17) T— is determined by expressions according to formulas (15) or (16);

T, — target response time;

Kmax— the maximum number of service levels allowed. It should be noted that expressions
(15) and (16) are only possible models for describing the timing of the service. They can be
both analytical and simulation models, which make it possible to adequately assess the param-
eters of interest.

172



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

The above problem by formula (17) is formulated as the problem of finding the optimal
number of service levels k and values of pi, which determine not only the composition of the
data in the database, but also the traffic share at each of the service levels.

In fact, the composition of data in the database of the level i server can be determined
according to the rule: a data block is stored in the database if the share of requests to it exceeds
pi. The latter actually means that traffic generated by incoming requests will be closed at this
service level.

Thus, the implementation of the augmented reality service presupposes that the service
system performs the functions of processing, transferring, storing, retrieving data and present-
ing information to the user. Each of these functions is costly in time, network bandwidth, server
performance, and memory.

Information support of the service (information Virtual Reality) can be formed in various
ways, including on the basis of search results for information presented on the global Internet.
Data retrieval and storage is performed by the service system, which can have several levels of
processing. Their number affects the amount of resources used (network bandwidth, server per-
formance, memory).

The main indicator of the quality of service provision is the response time, i.e. the time
from the moment the user's environment changes until the required message is presented to the
user. This time depends on the distribution of the functions of providing the service to the ex-
ecutive elements (user terminal, servers, channels of the Data Transmission network). The tar-
get value of this time should not exceed the user's reaction time to the submitted message by
the Virtual Reality.

To ensure the quality of service perception, the resources of the mobile terminal can be
used (reduce the data transfer time), as well as SDN resources, allowing to implement a hierar-
chical service delivery model. The hierarchical model makes it possible to localize a significant
proportion of data and traffic, which saves resources on the bandwidth of the communication
network. The parameters of the hierarchical service delivery model include the number of hier-
archy levels and the likelihood of accessing each of them. The probability of accessing a certain
level can be used as a criterion for the formation of a database (DB). The choice of the number
of hierarchy levels in the service delivery model and the probability of calls to each of them is
an optimization problem, the purpose of which is to ensure the response time closest to the
given value. The solution to this problem allows one to obtain the structural parameters of the
service system based on data on user traffic.

Experimental study of multimedia content transfer for virtual reality applications
based on WI-FI network of mesh topologies (mesh and ad-hoc).Solutions for virtual reality
applications that exist today imply the formation of a request for the output of an auxiliary layer
of information based on video analytics. This is possible due to the presence of an external
camera on a smartphone or glasses, which takes a picture and in real time forms a request to the
database. The existing solution has a number of significant limitations due to the fact that at a
distance of more than 10 meters, as well as at night, video analytics usually works incorrectly
and does not allow reliable information reading and video analytics. The approach proposed
below is fundamentally different from the existing solutions in that to display information about
an object, the direct receipt of information from this object over the network is used.

1) Virtual reality application client: traditionally applications are developed for mobile de-
vices (smartphone, smart glasses, etc.). In a situation when an application wants to get infor-
mation about a particular object, it generates and sends a request to the nearest application ser-
vice node (Application Point). A wireless access point based on Wi-Fi technology connects the
mobile device to the service center annexes.
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2) Virtual reality application service node: this node interacts with system elements and
supports protocol interaction. The node is served on a publisher-subscriber basis, i.e. the client
as a subscriber subscribes to the channels for providing information of objects, then the client
can receive data from the objects when the augmented reality application forms a request and
expects data to form a visualization layer. Wireless sensor network endpoints acting as publish-
ers send the collected data over these channels. Thus, information about objects can be provided
to the client (virtual reality application) as quickly as possible.

3) Wireless sensor network for data collection: As mentioned earlier, a network with
ZigBee protocol support is considered as a self-organizing network. Zigbee endpoints are
equipped with various sensors and also contain information about the object itself. The collected
data is sent at a specified frequency to the gateway or at the request of the client. The gateway
then redirects requests to the cloud service and the application service host (Fig. 4) shows a
schematic diagram of a network survey.
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Fig. 4. The structure of the studied network

Let's select Wi-Fi technology for comparison and conduct a study of its potential in an AD-
HOC network. For the study, we will use the OMNeT ++ simulation system. We will consider the
construction of a model network in a two-dimensional service area, which is a square with a side of
600 m. The size of the service area was selected based on the average estimates of the geographic
parameters of the most visited places (squares, recreation areas, train stations, campuses, etc.). We
will change the number of network nodes depending on the purpose of the experiment. Each of the
network nodes is equipped with a Wi-Fi transceiver and can perform the functions of both an end-
point and a transit node. The specific functionality of the node is determined by the purpose of the
experiment. We will consider the case when the network nodes are stationary in the service area.
We will consider the use of the TCP and UDP protocols as a transport layer. We will investigate the
dependence of the main parameters of the traffic quality of service, such as throughput, message
delivery time and the probability of packet loss, on the network configuration and traffic intensity.

In general, the route length depends on the characteristics of a particular network and in
practical applications can be up to a dozen transit sections. Consider a network model in which
there are two end nodes, one of which acts as a server and the other as a client. The client
transfers data in the form of a file to a server running the TCP protocol. Since this protocol
provides guaranteed delivery and transfers data at a speed close to the maximum achievable
(uses the maximum bandwidth), we will estimate the amount of network throughput based on
the analysis of the achievable data transfer rate between the client and the server. The route
between the client and the server will contain several hops.

Researches and results of the developed traffic modeling method. Table shows the re-
sults of simulation experiments. During the experiments, the outgoing traffic of the client and
the incoming traffic of the server were recorded.
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Table
Dependence of traffic parameters on the number of transits
Number of transits Traffic intensity (client), Mbps | Traffic intensity (server), Mbps RTT, ms
0 8,8 8,8 7.3
1 94 47 13,6
2 73 33 195
3 7,0 29 22,3
4 6,6 28 232
5 6,2 2,7 24,3
6 6,1 2,6 25,0
7 59 25 255
8 57 25 258
9 57 25 26,1
10 55 24 26,5
11 52 24 27,0

Figure 5 shows the dependence of the throughput on the number of transit nodes in the

route, based on the datain (Table 1).
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Fig. 5. Dependence of throughput on the number of transits

Figure 5 shows the dependence of the throughput obtained according to the expression
Y .
b=-24 pit/sec.

In formula (18) Wnd is the size of the transmission window (bits),

RTT — response time (ms).
The window size in these experiments was Wnd = 7504 byte.
Figure 5 shows that the data obtained are quite close to the estimates, according to the
expression by formula (18). Figure 6 shows the round-trip delay (RTT) versus the number of

transit nodes.

RTT
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Fig. 6. Dependence of round-trip delay (RTT) on the number of transits
The same figure shows the dependence of RTT, obtained according to the empirical formula
RTT = Wb—;‘ + 2by(1 — 7). (19)

In formula (19) Wnd is the size of the transmission window (bits),

by—in this case the quantity by= 11000 bit /s,

k — number of transit sections

Conclusions.

1. It was found that the main indicator of the quality of service provision is the response
time, i.e. the time from the moment the user's environment changes until the required message
1s presented to the user. This time depends on the distribution of functions for the provision of
services by executive elements (user terminal, Virtual Reality servers, channels, data transmis-
sion networks).

2.In order to minimize the response time to changes in the user's environment, a hierarchical
structure of resource allocation is proposed when providing augmented reality services. The
hierarchical model makes it possible to localize a significant proportion of data and traffic,
which saves resources of communication network bandwidth.

3. A new four-level structure of augmented reality service delivery system has been devel-
oped based on a modified multilevel mobile edge computing (MM-MEC) using the Device-to-
Device (D2D) interaction technology.

4.1t can be seen from the above results that the quality of functioning of a self-organizing
network built using Wi-Fi technology significantly depends on its parameters, in particular, on
the route length and traffic intensity. However, the numerical values of the throughput and the
delay values that occur when the route length and traffic intensity change over a fairly wide
range, significantly differ from the values obtained for a network built using AD-HOC or
MESH topologies.

5. When carrying out simulation experiments, the value of the round-trip delay RTT did not
exceed 30 ms, in the worst case, and the throughput did not decrease below 2 Mbps. From this
we can conclude that the use of Wi-Fi standards for building wireless sensor networks, in some
cases, acceptable for many augmented reality applications.
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IMITAIOIMHE MOJIEJIIOBAHHS IIOCJIYTH BIPTYAJIbHOI PEAJIBHOCTI
B MPOI'PAMHO-KOH®ITYPOBAHUX MEPEKAX SDN B YMOBAX OBMEXKEHUX
PECYPCIB MOBIJIBHOI'O TEPMIHAJLY 5G

OchosHa ides 8ipmyanvHOi peanbHOCMI NOIA2AE 8 HAKIAOeHH] meKkemy, epagiku, aydio, 8i0eo, CeHCOPHUX OAHUX i 8i0-
Yymmie nogepx IiCHyIouUxX 00'€Kmie HaBKOIUWHLO20 C8ImY 8 pexcumi peanvHoco yacy. Tomy 6IOMIHHOW0 pucoio GipmyanrbHOT
PeanrbHocmi € NOEOHAHHA PeanbHUX i 6IpMyanbHUx 00'ckmie 6 EOUHOMY HPOCMOPI, WO YACMO HA3UBAIOMb HOBUM NOHAMMAM
«2IOpUOHay peanvHicmp, Hi0 AKUM PO3YMIIOMb MPUSUMIPHE CHPUUHAMMS 00'€Kmig § HAAGHICMb IHMEPAKMUSHOCTI, WO NPU3-
600UMb 00 GUCOKUX BUMOZ 00 3AMPUMKU NEPedai o Mepeiici 36'13Ky.

YV yiti cmammi pospobnena icpapxiuna cmpykmypa posmiwenHs 0aHux y cucmemi 00C1y208Y8aHHsL GipnyaibHOI peab-
Hocmi i 00CIONHCYIOMbCA Nepesazu BUKOPUCTIAHHA 0aHOi cmpykmypu. JJocumbs genuka KinvKicms 000amKie 8ipnyanbHoi pea-
JILHOCMI 3ACHOBAHO HA PO3NI3HASAHHI 00'cKMi6 8 omoyenHi Kopucmysaya, moomo 8 noie 1o20 30py. 3anponoHo8ana Hoea
CmMpyKmypa cucmemu Ha0auHs nocaye gipmyanvhoi peansnocmi (VR) Ha ocrogi modughikosarnoi bacamopienesoi cucmemu epa-
HUYHUX 00UUCTEHb, W0 BUKOPUCMOBYE MeXHON02i0 83aemo0ii D2D (Device-to-Device).

B ocnosi mepesxc 5G nexcamv 3aHa0mo winoHi mepexci 3 yivmpa manumu sampumxamu (7 <Imc.). Ocmannim yacom
BUMO2U 00 YIbMPAMANUX 3AMPUMOK OYIU OONOBHEHT 6UMOAMU U000 YIbIMPABUCOKOT HAOIIHOCMI, 8 Pe3yIbmami 4020 3'16u-
aucs mepedci 3 yiompagucokoi naoitinicmio i ynempa manumu 3ampumxamu URLLC (Ultra Reliable and Low Latency
Communications.

Y emammi pospobnacmuca i 0ocnioxcyemuvcs komniexke mooeneil i Memooie 015 8ipmyanbHoi peanbHOCMI, Wo BKII0YAE
6 cebe mooeni nocaye VR, 63aemodii ocHogHux enemenmis npu HaoauHi nocaye VR, mooens MobintbHO20 Kopucniyeaua nociyeu
VR, 8 sxiti Kopucmyeau npedcmasienuil K cucmema Maco8o2o 00Ciy208y8anHsl, wjo 00360JA€ OYiHumu nOMoxu i inghopmaysiro,
KA HAOX0OUMb 00 CUCEMU MACOB020 0OCTY208Y8AHHSL.

Knrouosi cnosa: Bipmyanvna Peanvnicms (VR); D2D (Device-to-Device); 5G; uac 06pobxu 3anumy cepsepom,; cucmema
macogoeo obcryeogyeanns M/ G/ 1; oopmyna Honnauexa-Xunuuna, kpyeosa sampumka RTT; Inmepuem Peueil, 6acamopie-
Heea cucmema epanuynux oouuciens (MM-MEC).

Puc.: 6. bion.: 28.

2

Tigarev, V., Babych, Yu., Lopakov, O., Kosmachevskiy, V., & Barchanova, Yu. (2021). Virtual redity smulation service on SDN software
under alimited resource 5G mobile terminal. Technical sciences and technologies, 3(25), 164-178.
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PO KOHLENLIO IM®POBOI TPAHCOOPMALII
CO®EPU HAIIIOHAJIBHOI BE3MEKH i1l OGOPOHU

Kepisnuymeom depoicasu HeOOHOPA3080 GUAABANUCH OOKYMEHIMU NPO CIMBOPEHHs. ma 00 €OHAHHI 8 MepediCy cumyayiti-
Hux yeumpis (CL]) y pisnux opeanax e1aou, niosuwjenus ix 63aemooii ma koopourayii dianvHocmi, yugposoi mpancgopmayii
6 cexkmopi 6esnexu i o6oponu (CBEO). Ane na npuxnadi nposedenns agmomamusayii ynpasninus ¢ 3C Vkpainu mu ne 6auunu
cmpameeii no6yoosu dieeoi mepesci CL[ y CBO. [lompibna cyuacrna Konyenyis yugposoi mpancgopmayii ¢ CEO Vkpainu. B
cmammi poskpumi ck1a0osi yiei Konyenyii ma nioxoou 00 ii cmeopents i 3acmocy8anHs, AKi 0036014mb npogecmu ingopma-
musayiio yiei cpepu, 3abezneuumu it Hadiline PYHKYIOHYBAHHS | 3aXUC.

Kntouogi cnosa: ingpopmamusayis; cumyayiini yeumpu cekmopy 6esnexu ma o6oponu; yugposa mpancghopmayisi.

Puc.: 2. Bion.: 8.

AKTyasIbHicTh TeMH. CyyacHICTh XapaKTEePHU3YEThCS MOIIMPEHHSIM EJIEKTPOHHUX KO-
myHikanii. L{upposa Tpanchopmarist CboromHi € 00’ €KTUBHIUM MPOIIECOM, IO 3aIIOBHIOE BCI
cepu comiabHOTO iICHYBaHHS, y TOMY YHUCII TISUTBHOCTI B cekTopi 6e3neku it o6oponu (CHO).
be3 sxoqHOTO MIepeOiIbIICHHSI MOJKHA CTBEPXKYBATH, L0 CIIOBO iHGhopmamu3ayis CbOTOIHI IITH-
POKO y’KMBAHO. Y Cy4acHOMY BUCOKOTEXHOJIOTIYHOMY CYCIUJIbCTBI, Y TOMY yucil y 30poiHux
Cunax Ta IHIIUX CUJIOBUX CTPYKTYypax YKpaiHH, CHIbHO YCKJIa/IHUITHCS 3B "SI3KU MIXK OKPEMHMH
eJIEMEHTaMU 1HPPACTPYKTYpH, a OTKE, 1 CYyTTEBO MIJBUIIMINCA BUMOIH 10 KUIBKOCTI Ta SKOCTI
1H(pOopMaLIHHUX TOCIYT.

Amnai3 po3po0ku i peainizaiii YUCIEHHUX HAyKOBO-TEXHIYHUX Mporpam Ta €QUHOT aBToO-
MaTtu3oBaHoi cucteMu ynpasiiHHsA (€EACY) 3C Vkpainu noka3as, 1110 BOHH 37€0UIBIIOTO Ma-
I0Th CYTTEBI HeJIONIKU. [010BHUI 13 HUX — nporpamu Ta ACY Hailuacrimie po3poOnsiaucs 3a
MIPUHITUTIOM «XTO 1110 MOXKEe». 3BIJICH iX 0OMEKEHICTh 1 BIICYTHICTh HAIJICHOCT1 HA HEOOX1THUI
pe3yabTar Ta IHTerpauito. [HmmumMu cioBamMu, OUIBLIICTh HASBHUX HAYKOBO-TEXHIYHUX NPOTpam
ta ACY Bce 111e BayKKO Ha3BaTH LIIbOBUMH 1 (DYHKI[IOHAJILHO TOBHUMH.

[ndopmaruzariiss B 1[bOMy BHUIAIKy — 1€ LIJIECIIPSIMOBaHA MiSIBHICTh 31 CTBOPEHHS 1 M-
pokoMaciITabHOTro BUKOPUCTAaHHS Y BCiX chepax (pyHKIIOHYBaHHS OpraHiB BUKOHABYOI BIa1
ceKTopy Oe3neku i 060pOHH HOBUX 1H(POPMALIIHHUX TEXHOJIOTIN 3 METOIO iHTeHCH(iKalii, mo-
KpallleHHsI Ta IPUCKOPEHHS pe3ysbTarTiB iXHbOT poOOTH.

Tomy OyB Bunanuit Ykas Ilpesunenra Yipainu Bix 18 uepsus 2021 poky Ne 260/2021 ITpo
pimenHs: Paau HarionanpHO1 Oe3neku 1 o0oponu Ykpainu Bia 4 uepBHs 2021 poky «lllomo
YIOCKOHAJIEHHS MEPEeXki CUTyallifHUX LIEHTP1B Ta tudpoBoi TpaHchopmalii chepH HallloHAIb-
HOT Oe3meku 1 06opoHU» [1].

IlocTanoBka npodaemu. [IpuyrHOO BKa3aHUX BUIIE HEMOJIKIB € T€, MO B MPAKTHIHIN
po06oTi 31 ckiaganHs mporpam Ta ACY myxe cnabo OyB pencTaBlIeHH eTar «(popMyTIOBaHHS
KOHIEMIii». Y 3aKOpIOHHIN MPAKTUIII HABIIAKU IbOMY €TaIly HaJIa€ThCs 3HAYHO O1IbIIIE YBaTH.
Tak, y Minictepctsi o6oponu CIIIA Gyno 3a3HaueHo, 110 6e3 eTany «(popMyIOBaHHS KOHIET-
i npono3nui’1’ MPO KOHTPAKTH Ha PO3pOOKy MPOCTO HE PO3MIANAIOTECA. DOPMYITIOBAHHS KOH-
Henuii — 1e JisUIbHICTh, 0 Mepeaye NPUIHHATTIO PIlICHHS npo TeXquHy PO3pOOKY Ti€l U iH-
moi cucreMu. Taka JTisUIbHICTh BKIIIOUa€E BCeOIYHMI aHaui3 1 poOoTH 3i CTBOPEHHS OKPEMHX
€JIEMEHTIB CUCTEMH B TIOPS/IKY BUKOHAHHS IMOITYKOBHX 1 MEPCIIEKTUBHUX JOCITIKEHb, 110 €
000B’SI3KOBOXO YMOBOIO JUTSI PUHHSTTS pimeHHs. Ha 1iboMy k eTarri npoBOASTH IIEPBUHHE TEO-
peTUYHE BHUBYEHHS NUTAHHS, 3BaHE 1HOJI MOLIYKOBO-IUIAHOBOK YacTHHOI poOOTH 3 ILIa-
HYBaHHS CTBOpeHHs cucteMu. [Ipu popmynroBaHH1 KOHIENI] BU3HAYAIOTHCSI METAa CTBOPEHHS
CHUCTEMH, TEPMIHH peai3allii, epeKTUBHICTh, BUTPATH, IIEPEBAry Mepe KOHKYPYIOYHUMH TPO-
MO3HILISIMHU, CTYTIIHb PU3HKY.

© I'peuaninos B. @., 2021
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AHai3 ocTaHHiX pocjiakenb i myoaikaniii. Bupimenns miei mpo6imemu Oyio 3amovar-
KOBaHO Pi3HMMHU BUCHUMH, Y TOMY YHCII B TAKUX MTPOAHATI30BaHUX poOOTaX:

PHBO [1] Bupimmia Bu3HaTH 32 HEOOX1THE PO3MIUPEHHS Ta MOAAIBIIUA PO3BUTOK €IMHOT
MepeXi CUTyalliiHUX IEHTPIB 3 METOIO MiABHILEHHS €(EeKTUBHOCTI iH(OpMaLiiHO-aHATITHY-
HOTO 320€3MeUCHHS MPUHHATTS YIPABIIHCHKUX PIIEHb, B3AEMO/I11, KOOPIMHAILIIT 1 KOHTPOIIIO 32
JISUTBHICTIO OpraHiB BUKOHABYOI BJIa/IM, TPAaBOOXOPOHHUX OpPraHiB Ta BiICHKOBUX (pOpMyBaHb
y chepax HaIlOHAJIBHOI OE3MeKH 1 000OPOHU Y MUPHUM Yac, a TAKOXXK B OCOOJIMBHI Mepiof, y
TOMY YHMCJIi B yMOBaX BOEHHOTO CTaHy, B yMOBaX HaJA3BUYaiHOTO CTaHy Ta ITiJl YaC BUHUKHEHHS
KPU30BUX CHUTYAIIi}, 1110 3arpOXKyIOTh HaIllOHAIBHIN Oe3meri Ykpainu.

VY 30ipHuKy mpais «Cutyaniiiai nentpu. Teopis i nmpakTuka» [2; 3] HaBeqeHO MOTIISIN
KOJICKTHBY aBTOPIB Ha pilIeHHs 3 moOynoBu 1 ¢pyHkiionyBanHs CL[ nns 6araropiBHeBOi Ta Oa-
raToeTanHol MiATOTOBKA MPUUHATTS pillleHb, HA MUTAHHS iHTENEeKTyasi3amii iHpopMamiiHuX
TEXHOJIOTIH, IO 3aCTOCOBYIOThCS, Ta Ha I1HCTPYMEHTaJbHI 3acoOM CTBOpPEHHS 1
¢ynkuionyBanus CLI. 3okpema, HaBeneHO nekinbka Bu3HadeHb CLI, maronomeno, mo CI] €
OCHOBOIO CTPATEriYHOI0 YIPaBIiHHS, BOHU CTBOPIOIOTHCS 3 METOIO J0IOoMarard KepiBHUKaM
BEJIMKHX TiIMPUEMCTB, BIJOMCTB, PETIOHIB Ta LIJIUX Taly3eld BUPOOISATH CUCTEMHI PIllICHHS
(cuenapii) mpu ympaBiiHHI CKIQAHUMH DPO3TATY)KEHHUMH TpolecaMu. Y cTarTsax 30ipHHKa
HaBOAATHCS MpUHIUIHY 1100ynoBH CLI, onmUCYIOTHCS UK IPUHAHSTTS YIPABIIHCHKHUX PIillIeHb Y
CLI, nobGynoBa cleHapiiB po3BUTKY MOJ1i, BUCBITIIOIOTHCS MUTaHHS (DYHKLIOHAJIBHOI apXiTeK-
TYpH CHUCTEMH i KOHTPOJIIO BUKOHAHHS PIlIeHb, HABOMATHCS MpHKIanu 3acrocyBaHHs [IC-
TEXHOJIOT1H Ta BUCBITJIIOIOThCA 0araro iHIIMX Ba)KIMBUX MUTaHb.

Crarri [4; 5] npucBsiueHi po3po0Oii apXiTeKTypH O0araTopiBHEBUX CUCTEM YIPABIIHHS TeX-
HOJIOT1TYHUMH IpoliecaMH Ta 0araTopiBHEBMX CHCTEM YMpaBliHHA perioHoM. OmnucaHi NpuH-
LIMITU Ta P1BHI 1HTErpalii Takux cucreM. HaBeneHo piBHi ynpasiiHHsa. CopMyIIbOBaHO BUMOTH
JI0 KOMIIOHEHTIB CHCTEM Ta PO3MISHYTO OCHOBHI amapaTHO-IPOTpaMHi KOMIIOHEHTH Oara-
TOPIBHEBHMX CHCTEM BH3HAYEHOTO KJIacy.

VY CuctemHoMy npoekTi 31 ctBopeHHst EACY 3C Ykpainu BU3Ha4€HI HalpsSMU Ta HaBeJIEHO
apXxIiTEeKTypy CTBOpPEHHS MepeXi 0araTopiBHEBUX pO3HECEHUX aBTOMAaTU30BAHUX CHUCTEM
yOpaBiHHS BilickkaMu (cuiamu) [6].

VY HaByallbHOMY NOCIOHUKY [7] OnucaHi OCHOBU Teopii NpUKUHATTS piieHb. [logano 60azoBi
HOHATTS, MOJIEN1, METOAM 1 alNrOpUTMHU, 1110 BU3HAYAIOTh MPOLECH NPUHHATTSA pimeHb. Hase-
JIeH1 KJIaCU4H1 Ta OPUT1HAIbHI MOAEI IPUUHATTS PIlLIEHb.

VY crarti [8] 00rpyHTOBaHO HEOOXITHICTH CTBOPEHHS MEpEXi CUTyallliHUX LIEHTpiB Op-
TaHiB JIepKaBHOI BJIaJIU SIK Cy4acHOT'0 3ac00y MiIBUILIEHHS €PEKTUBHOCTI YIIPaBIIHCHKOI A1511b-
HoCTi. HaBenieHo Aesiki Te3u 11010 KOHIENIiT ¢ poBoi TpanchopMmariii.

VY pesynbTrari MpoBEICHOTO aHaITI3y OCTaHHIX JOCIHIHKEHb 1 MyOmiKaiiid MoXHa 3pOOUTH BHC-
HOBOK IIPO Te€, III0 HE3BAKAIOUM HA HAsSBHICTH POOIT, MPUCBSIUCHNX OaraTopiBHEBUM CHUCTEMaM Ta
Cll, y BiAKpUTIii JiTEpaTypl HEMAE BUCBITIICHHS PIIIEHb, K1 CTOCYIOThCS TEMH ITi€T CTaTTi.

BupisieHHs1 HeZOCTiIKeHMX YACTHH 3arajbHOI nmpodaemu. He MoxHa cTBep/KyBartu,
110 B i cdepi MiaapHOCTI OyiH BiICYTHI KOHIIeNTyallbHi 171ei. [IpoananisyBaBiIn J0CBiA CTBO-
penns €ACY 3C Ykpainu a Takok HasBHICTh 1 cTaH cutyaniiHux nentpiB (CLl) B opranax
BukoHaBuoi Biagu (OBB) cexropy Oe3neku 1 o0opoHu Ykpainu, 6a4umo, 110 3aJIUIIAIOTHCS
HEBUPILICHUMHU JIesKi TPoOIeMu Ta 3a7a4i, BUPIIIEHHIO SIKUX IPUCBSYEHA CTATTS.

Merta crarTi. MeToro 1i€i cTaTTi € 00roBOpeHHs ASIKUX MIAXOAIB 10 (POpMYITIOBAaHHS KOH-
Henuii CTBOpeHHs 13acTocyBaHHs U poBoi Tpancopmartiii B OBB CBO Ykpainu. Pozymiroun
IT1]T 3aCTOCYBaHHSIM BUKOPHUCTAHHS Ha 111 TOTCHIIMHIX MOXKIIMBOCTEN 3aC001B 00UHCITIOBAIh-
Hoi TexHiku (30T); MU TOBUHHI MaTH HA yBa3i, IO 111 3acO0M MAIOTh TUTHLKU 3AaTHICTh BHPIMTY-
BaTH Ti uM 1HII 3aBAaHHsA. KoHIENIis X MOBUHHA MICTHTH MPOBITHUN 33yM BUKOPHUCTAHHS
X MMOTCHIIIMHUX MOKIIMBOCTEH ISl TOCSTHEHHS TOJIOBHUX IIUIeH iHpopMaTu3aiii.
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Buxiaan ocnoBHoro marepiamay. Opranu Biaau CbO — 1ie cucrema, Mo CKIAIa€eThes 31
CTPYKTYp (MIiHICTEPCTB, IEPKaBHHUX CIy>KO TOIIO) 1 3B'I3KIB MiK HHUMHU. EQEKTHUBHICTH
(GYHKIIIOHYBaHHS I11€1 CHCTEMH BH3HAYAETHCS SK SKICTIO CAMHUX €JIEMEHTIB, TaK 1 CTAHOM 1H-
¢dopmaniiinoro oominy Mix HuMH. HoBe iH(opMmaliiiiHe cepeoBuUIle JA03BOIUTh HE TIIBKH
HaKOMMYyBaTH HEOOXiH1 JaH1 PO XKUTTS 1 OJIT B CYCIIUILCTBI M 32 KOPJIOHOM y 0a3ax JaHUX
13HaHb, B €KCIIEPTHUX CUCTEMAX, a i BHKOPUCTOBYBATH iX Y MOTPiOHMH yac, y moTpibHii hopmi
JUTISL BUPIIIICHHS! HaraJIbHUX 3aB/IaHb 1 MPOOJIeM.

Indopmaruzanis opraniB Biagun CBO — e cTBOpeHHs 6araTopiBHEBOT MepeXi — CUCTEMHU
B3aEMOJIIFOYMX CUTYAI[IHHUX IIEHTPIB Pi3HUX BIJJOMCTB.

Ha »xaip, sx yxe Oylo 3a3Hau€HO, Wil CTOPOHI «IiSUIBHOCTI, IO MEPeAye MPUHHATTIO
pIlIEHHS», y HAc MPUIULIIOCS HEe3acly>KeHO Majio yBaru. Tak 3BaHe TEXHIKO-€KOHOMIYHE
obrpynaryBanns (TEO) He 3aMiHIO€ 32 CBOiM 3MicToM eTary GopMyiroBanHs KoHuenmii. [Tpak-
TUYHO HE OIpalbOBYBaJIacsl B JOCTATHIN Mipi i/ieiiHa CTOpOHA MUTAHHS.

3a cBOIM 3MICTOM «KOHIIEMIIiSl — 1€ TIEBHUH CIIOCIO PO3YMIHHS, TPAKTYBaHHS OyIb-sIKOTO
npeaMeTa, SBUINA, MPOLECy Ta iHIIE, KepiBHA ifes Ui iX CHCTEMaTHUYyHOrO BHUCBITICHHS.
TepMiH «KOHIIETIIiS BKUBAETHCS TAKOXK JUISI TO3HAYCHHS IPOBIAHOTO 3alyMy B HAayKOBii, Xy-
OJKHIHM, TEXHIYHIN, MOJITHYHIN Ta IHIIKX BUAAX MISIIBHOCTIY.

KitouoBrMu coBaMu B IIbOMY BH3HAYEHHI € «KEepiBHA ifesh» 1 «IPOBITHHUHA 3aaym». Y
npoMy Bcsi crpaBa. 1llo cTtocyeTbest mUTaHHS MPO CKJIaJaHHS HAYKOBO-TEXHIYHUX MpPOrpam
MOXKHA CKa3aTH, M0 Mepll, HDK CKJIagaTh Mporpamy, HEOOXiTHO YiTKO C(hOpMYIOBaTH ii
KEpiBHY 1J1€10, IPOBIHUI 3a1yM IOCATHEHHS METH.

Crig 3a3HaYUTH, IO KOHIICII(iST CTBOPEHHS Ti€i 4M IHINOI CUCTEMH SIBIISIE COOOI0 KOM-
IUIEKCHE MOHATTS. [HIIMMHU cJI0BaMU, CJIiJi TOBOPUTH HE PO OJJHY KOHLIEMIIiT, a mpo 0e3114 KOH-
HEeNTyalbHUX 1€, III0 Ma€ i€EpapXiuHy CTPYKTYDY.

[Ipouiec hopMynroBaHHS KOHIIETIIIT MOKHA MPEACTABUTH K CHHTE3 MOTEHIIIHHIX MOKIIH-
BocTeil 30T, y3aranbHEeHMX 3HaHb 1 JOCBIAY iX BUKOPUCTAHHS, a TAKOK BUMOT CIIOJKHBayiB;
PE3yIABTaTOM TAKOTO CHHTE3Y € BUITISA TI€T UM 1HIIIOT CUCTEMH, B IKOMY YiTKO BUpakeHa KepiBHA
11est po3pooku (puc. 1).

MoTenmiiini MoxkIABOCTI KonuenrtyanabHi BUMOrn: KonuenrtyanbHi inei Buxopu-
30T: BHCOKA SIKICTh; HOBI BJIaCTHBOCTI; cranHs MoxiuBocteit 30T,
- OBUUCITIOBATBHA TOTYKHICTB; HHU3bKI BUTPATH Yacy Ta pecypciB 3HaHHS, JJOCBI (axiBiiB

b

- 06csr IPUCTPOIB MaM'sTi; \ /
- 3ac00H Aiajiory;

- nepudepiiiHe ycTaTKyBaHHS;
- cucremu ynpasiinag b/ 1 B3;

- MOBHI 3aCO0H CHCTEM;
- 3aco0M Bizyauizalii TaHux

DopMyJII0BAHHA KOHUEMIii I

Konremnmi

00Jik cucTeMmu

v

Iporpama podit (pecypcu, Kaapu, MOKIUBOCTI)

Puc. 1. Ilpoyec popmynioeanus konyenyii

Jlo kpuTepiiB OLIHKH MOTeHUIHHUX MOxuBocTel 30T Hanexarh: iX oGUUCIIOBaIbHA IT0-
TYXHICTb; 00CAT 3aram’sITOByIOUMX MPUCTPOiB; apxiTekrypa EOM i1 Mepex; pi3HOMaHITHICTh
3ac001B nepudepiiHOT TEXHIKU; MOXKIIMBOCTI J11aJIOTy; @ TAKOXK PO3BUHEHICTh ONEpaLiiHUX CH-
CTEeM, MOB, CCTEM YIPaBIiHHA 0a3aMU JaHUX 1 3HAHb.

[Ilo cTocyeThCs OCHOBHHMX KOHIENTYaJbHUX 17Iell BUKOPHCTAHHS Ha il TMOTCHIIHHUX
moxuBocTedt 30T It JOCATHEHHSI MaKCUMYMY €(DeKTUBHOCTI Ti€l UM 1HIIIOT CUCTEMH, TO PO-
3BUTOK KOMYHIKAIlI{, ITBUIIICHHS BUMOT JI0 cepBicy, MacoBicTh 3actocyBanHs 30T i B3arami
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nparHeHHs a0 iHpopmaru3aiii Bcix cropid aisuibHOCTI B CBO 103BONSAIOTH 3rpymyBaTH i iaei
y BUIJISIII TaKUX YOTUPHOX Tpym: iH(popmariiine cepenosuie (iHpopmaruszaiis), po3yMoBa
JISITBHICTD (1HTEJNEeKTYyasi3amis), KOMyHIKaI[iiHI TeXHOJIOT1] (IHTerpais) Ta 1HI|B1Tyai3allis.
3 puc. 2 BUAHO, IO JUIS PO3BUTKY MPIOPUTETHOTO HATIPSIMY «KOMILIEKCHA aBTOMATHU3AIlIs» B
Cy4acHOMY ITO/IaHHI CJIJT KEPYBATHCS caMe TaKUM IOTVISI0M (KOHIICTIITIETO).

Indopmaniiine cepenosuine (indpopmarusanis)
1. Sxicte iHpOpMAaLii (TOUYHICTH, HTOBHOTA, CBOEYACHICTh, ICTOTHICTH, BUPAa3-
HICTh, JOCTYIHICTB)
2. SIkicTp anroputMidHOrO 00CITyTOBYBaHHS (0araToakTOPHICTH, TITHOOKHUN
aHai3, TOYHUH IPOTHO3, YIOPSIKYyBaHH IIIEH, MOIETIOBAaHHS, OIITH-
MaJIbHE TIaHyBaHHS)

/ ,, o~

Po3zymoBa apissibHicTh  (iHTe- Komynikaniiini TexnoJiorii (interpa- InpuBinyanizanis:
JleKTyaJsizaunis): nis1):
- aBTOMaTUYHA KJIACU(iKaIlis; - PO3MLIMPEHHS 30HU aBTOMaTH3allii; - QpyHKIIOHABHA 1 0CO-
- PO3Mi3HABAHHS 300PAXKEHb i - PO3BHTOK i 3MILIHCHHSI 3B'A3KIB; OuCTicHa OpieHTaLis;
CHTYalliif; - €UHa MOJIeNb QY HKIIOHYBaHHS,; - caMoCTilHOT opraxizaii

- IOTOJIKEHI TTI00aBHI 1 JTOKaJIbHI KPH-
Tepii omTuMizanmii;

- 3arajipbHa 0a3a JaHuX;

- ONTUMAJILHUI PiBEHb aBTOMATHU3AIIT;

poboYoro Mictis;
- IHIWMBITyaTi30BaHUHN cepBic

- CIIUIKYBaHHSI Ha NPUPOTHIN
MOBI;
- HAKOITMYECHHS 3HaHb,

- JIOTiYHI BUCHOBKH - CHCTEMHMI TaXi
Torenniitni \ / .
MOXITUBOCTI KonuenryajibHe IPoOEKTYBaHHS KOPHCTYBAYiB
>
[TmanyBaHHS Orminka cutyarii VYnpasniHHSA

Puc. 2. OcnosHi epynu KoHyenmyanoHux ioeu 8UKOPUCMAHHA NOMEHYIIHUX MONCTUBOCTEN
30T 0ns 0ocseHen s MAKCUMYMY eqheKmUueHoCmi cucmemu

Ingopmayiiine cepedosuwie (inghopmamusayis). lnpopmaruzanis nependadae Hacammepes
BUCOKY SIKICTh 1H(OpPMaLIHHOTO 00CIyroByBaHHs MOTPed sIK QaxiBIiB, TaK 1 TEXHIYHUX MPHU-
cTpoiB. Ha mpakTuiii Mu nocTiifHO CTUKaEMOCS 3 HEOOX1/THICTIO ONIepyBaHHS JESIKUMH JaHUMH,
a came nudpamu, OykBamMH, CUMBOJIAMHU, rpadikaMu, CUTHaJIaMH Pi3HOI (I3MUHOI MPUPOIH,
PO3TaIIOBAaHUMH B BU3HAYEHOMY IMOPSAIKY, SIKI OZIHO3HAYHO Bi0OpaXkaroTh MEBHUM (hakT, 110
BIJIHOCUTHCSI 710 11i€T mozii. J[ani 06’ €KTUBHI 32 CBOEIO IPUPOJIOIO 1 HE 3aJIeKAaTh BiJl CIIOKMBaYa.

Indopmariis, Ha BiIMiHY Bil JaHUX, Cy0 €KTUBHA. BOHA sIBIIsi€ IHHICTD JIMIIE TSI CTIOKH-
Baua, OPIEHTOBaHA HA MOT0 pIBEHb 3HaHb, CTYMIHb CIPUHHATTA. [HQOpMallis — 11e BiIOMOCTI,
HEBIZIOMI paHillle Ofiep)KyBady, SKi MOMOBHIOIOTh MOT0 3HAHHS, IO MiATBEPIKYIOTh MPHITY-
IIEHHSI Ta 3aTBEPPKYIOTh Yy MepeKkoHaHHAX. [Hpopmarlis (3HaHHS) MICTUTbCA B JIaHUX 1 BUTS-
IyeTbcs 3 HUX B mporueci oOpoOku. Lleit mpomec nependavyae HasBHICTH BIIOPSIKOBAHOI
MOCIIIJOBHOCTI omepaliid mo 300py, HAKOIMMUYEHHIO, IEPETBOPEHHIO, B11I0OpPaKEHHIO, MOIIH-
PEHHIO SIK CaMMX JIaHHX, TaK 1 iHpopMarlii, o MiCTUTBCS B HUX, 3 METOIO 33/10BOJICHHA 1HOP-
MaliiHuX MoTped KopucTyBada. Taki MOCIiTI0BHOCTI onepariiii 3 00poOKu JaHUX MU Ha3UBAEMO
iH(pOpMaLIHHUMH TEXHOJIOTISIMH, SIKi €, IO CYTi, OIepalisiMU 3 JaHUMHU.

Panime nepenbavanocs, o 1isi BUPIIMICHHAS 3a7a4 aBTOMAaTH3allli HEOOX1THO MOCTaBUTH
00UHUCITIOBATIbHY MOTYXKHICTh O€3M0CepeIHbO Ha poOode Miclie, Tenep ke WAeThes Mpo Te, M0
MOTPiOHO MOAaBaTH 3HAHHS KOPUCTYBAUEBI /sl 3310BOJICHHS oro iHGOopMaIliifHuX notped. [H-
IIMMU CJIOBaMH, iH(QOpMaIliiiHa TEXHOJIOT1s TOBUHHA 37IMBATHCS, IHTEIPYBATUCS 3 TEXHOJIOTI€I0
BUKOHYBaHUX JIiH, IO 1 I03BOJIUTH OTPUMATH HOBUI CUCTEMHUHN €(EKT.
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Came B iboMy ceHc iHpopmaTH3alii — B 6e3nocepeaHii yqacrti indopmarliii (3HaHb) y 10-
BCAKJCHHIN MismbHOCTI (paxiBiiiB. ILisx 3HaHB Bix Micig iX 30epiraHHs 10 Micls iX Oe3moce-
PEAHBOTO CIOKMBAaHHS TMOBUHEH OyTH CKOpo4YeHUH 10 MiHiMyMy. Ilpm 1mpomy iHbopmarris
(3HaHH:), iHPOPMAIIiifHI pecypcH B3aralli CTaloTh 0€3M0CepeTHBOI0 MPOYKTUBHOO CHIIOF0. Jlii
JFOMUHM, TEXHOJIOTIYHI omepariii cTaloTh OUTBII IHTEIEKTYa i30BaHUMH, OLTbIT €(PEKTUBHUMH.

HeoOximHo mam’aTaTy, Mo KOMII FOTepHU3allis — IIe TUIbKH YacTHHA 1H(OopMaTu3ailii, 1o
CTaHOBUTSH ii TEXHIUYHY iIHCTPYMEHTAIIbHY OCHOBY, SIKa 1 JJO3BOJIMJIA IEpEiTH Ha «Oe3manepoBy»
nam’siTh. BogHOYac KOMIT 10Tepur3allisi cTaja i TEXHOJIOTTYHUM Ta OpTaHi3aiiHuM GakTopoMm.

TakuM YMHOM, KaXXy4H PO 1HGOpMATH3AIII0, MU TIPHITYCKAEMO OLTBII TIOBHE BUKOPUCTAHHS
iHopMaltii (3HaHb) 71 BUPIIIICHHS THX Y 1HIIUX 3aBIaHb, IMiIBUIIICHHS SKOCTI iHPOpPMAIIITHOTO
oOciyroByBaHHs. Take 00CITyroByBaHHSI HEOOX1THO MEPEAYCIM JIJIsl IPUHHSATTS PIIICHHS: TIPOIOB-
JKYBaTH Mpolec abo 3MIHUTH HOro B MOTPIOHOMY HANpsIMKY. PillleHHS mpuiiMaroThCst TI0AbMHU a00
TEXHIYHUMU TPUCTPOSMH BIAMOBIHO /0 3aKJIJCHUX y HUX MPH KOHCTPYIOBAHHI MpaBUIaMU i
(anroputmamu ). [IpHHAHSTTIO pillIeHb 3aBX/IU TIEPEAYIOTh €Ty aHAIi3y i OI[IHKM CHTYallii, po-
THO3Y 1i PO3BUTKY, MOJIETTIOBAHHS Ta OL[IHKK BapiaHTIB HiH i T. iH. 7151 BUKOHAHHS LUX il 3aCTO-
COBYIOTHCSI TIEBH1 QJITOPUTMIUHI TIPOIIETypH, 32CHOBaHI Ha OTIEPAIisX 3 BUXiJHUMH JaHUMH (aJIro-
puTMiuHEe OOCITYroByBaHHs). BHCOKa SKICTh 1 HOBI CIIOKHBYI BJIACTUBOCTI CTOCOBHO
ITOPUTMIYHOTO OOCITYTOBYBaHHS BUPAKAIOTHCS B TOMY, III0 32 JIOTIOMOTOI0 3ac00iB iH(opmarn3a-
i1 peaizyroThCsl HOBI aJlTOPUTMIYHI CXEMH, SIKI 3a0e3MeuyroTh OUIbIl IMOOKUI aHami3, OTpH-
MaHH$1 OUTBII TOYHOTO MTPOTHO3Y, TEHEPALIiI0 Ta OLIHKY MOKIMBUX BapiaHTIB Jii.

AJTOpUTMHU TIATPUMKU PIlIEHb, MIO0 NPUMMAIOTHCA, Ta YIPaBIiHHS (MUTTEBOTO ILIA-
HYBaHHSI) CIIHPAIOThCSA HA BUXiaHYy iHQopmaniro. Hosi indopmariiini TexHOOTIi MTOBUHHI 3a-
0e3MeunTH BUCOKY SIKICTh, TOOTO OUIBII BUCOKY TOYHICTH 1H(oOpMallii, Ti CBO€4aCHICTH 1 MOB-
HOTY, il BIANOBIJHICTh MHUTAHHIO, L0 PO3MIAJAETHCS, BUPA3HICTh (AKTUBHICTh CHPUNUHATTS,
CIIOHYKaHHS 10 LlecnpsMoBaHuX aii). [Hpopmarlis nmoBuHHA OyTH JOCTYIHOIO SIK Y CEHCI
MOJKJIMBOCTI il OTpUMAaHHSI, TaK 1 B CEHCI ii pO3yMIHHS 1 LIIHHOCTI.

BinnoBigHO 10 BUKIIAA€HOTO TpyTa KOHIENTyalbHUX 171eH, 00’ € JHaHUX MOHATTIM «1H(pOp-
MaTH3alisy, JUINThCA Ha AB1 HIATPyNU — iHQOPMALIIHHOTO CepBicy Ta aJrOPUTMIYHOTO 00CTy-
roByBaHH:. [HpopMaTH3allis po3MIsAaeThCsl HAMU SIK OJIHA 3 KEPIBHUX 1]1eH, MPOBITHUM 3a]yM
IpU po3poOL Ti€l YU 1HIIOT CUCTEMH, SIK BUMOTAa MaKCUMAaJIbHOTO BUKOPUCTAHHS HA JLJII IO-
TeHliiHnX MoxnuBocTed 30T ans miBUIIEHHS SIKOCTI iH(OpMaIiiiHOro o6cIyroByBaHHS,
HaJaHHS IOMy HOBHX CIIOKUBYHX BIAacTHUBOCTEH. [H(hopMaTH3alis — nieBuit 3acid asns gocsr-
HEHHS LUJIeH, MOCTaBlIeHUX Tepesl Oyab-IKOI0 CUCTEMOIO, III0 CTBOPIOETHCS.

Poszymosa disnvnicms (inmenexmyanizayis). OuiHO0OUN MOTeHLIHHI MOXKITUBOCTI 30T sk
YHIBEpCAJILHOTO IiJICUITIOBAaYa JIFOICBKUX MOKJIMBOCTEH 1 3ac00y 3HIMKEHHSI TPYIHOIIIIB, IO
CTOSITh TIepes1 (axiBlIeM-KOPHCTYBaueM, HACTYITHY I'PyITy KOHIIETITYalbHUX i7Iei MOKHA BU3HA-
YUTH K KOHIICTIIIIIO 1HTENEKTyasi3allil, M KO CJIiJI PO3YMITH 3aTHICTh CTBOPIOBAHUX CH-
CTEM 1HTEepIIPETyBaTH 3HAHHS, TOOTO Kiacu(iKyBaTH 00’ €KTH, po3Mi3HaBaTH 00pa3u il cuTyarlii,
CHUIKYBaTUCS 3 KOPUCTYBaueéM IPHPOJHOI0 MOBOIO, HAKONHWYYBaTH Ta BHUKOPUCTOBYBATH
3HaHHS, pOOUTH JIOT1YHI BUCHOBKH.

Kowmynixauyitini mexnonoeii (inmeepayis). JIocBi 1 HaKOMMYEH] 3HAHHS CBIIYaTh MPO Te,
110 B ycix cepax aisibHOCTI B CBO mocumoroThes iHTerpaiiini TeHaeHiii. Le BmactuBo Bcim
cucreMaM. Po3yMirouH miji CHCTEMOIO CYKYIHICTh PI3HUX B3a€MOIIOUYMX TEXHIUHUX €JIEMEHTIB
1 JIroneH, 00'eTHAHUX TS JJOCSTHEHHS CIUIBHOI METH, CIIIJT MAKPECTUTH BU3HAYAIBHY e(deK-
THUBHICTh 1X B3a€MOIii, pOJIb 3B’S3KIB MK €JIEMEHTaMH JJII OTPUMaHHS MaKCUMyMy €(heKTy.
Pozmupenns 1 3MinHEHHS 3B’s13KiB (Y MIMPOKOMY CEHCI I[LOTO CJIOBA) J03BOJISIE OXOTUTFOBATH
BEJIMKI 30HH aBTOMATH3allil, BAKOPUCTOBYBATH OLIbII TOUH1 &JITOPUTMIUHI MOJIENI aBTOMAaTHU30-
BaHUX MMPOIIECIB ISl BUPIIIICHHS 3aBJaHb YIIPABIIHHSI HUMH, TOTO/IKYBATH KPUTEPIl ONTUMATTh-
HOCTI, OpTaHi3yBaTH €InHI 0a3u JnaHuX. [HTerparis — ofHa 3 TOJIOBHUX KOHIENTYaTbHUX i/1eH
Ha Cy4yaCHOMY €Talli pO3BUTKY HAyKOBO-TEXHIYHOTO MIPOTPECY.
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Inousioyanizayis. AHami3 TEHACHIIIA PO3BUTKY CYCIIUILCTBA MOKA3ye, IO Jeaaji Ouibiie
3HAYEHHS HAJA€THCS JIIOACBKOMY (DaKTOpy, 1HIUBIAyaJIbHUM OCOOIMBOCTSAM KOPHCTYBauiB.
BianmoBigHo no miei TeHaeH i hopMyeThesl KOHIEIis (ToIoBHUM 3aayM) 3actocyBanHs 30T
— (yHkmioHanbHa W OCOOHMCTICHA OpI€HTAlis CTBOPIOBAHMX CHCTEM 1 TIPUCTPOIB.
[nnuBinyanizaiis IpOSBISETHCA TAKOXK B MIITPUMII MPAarHEHHs! CIIOKUBa4a BUKOPUCTOBYBATH
noreHmiiHi MoxnuBocti 30T ans camocTiiiHOi opranizamii cBoro poOodoro wmicus i
BIJIMTpaIOBaHHS TEXHOJIOTIT y BIAMOBIAHOCTI 31 CBOIMHU YSIBJICHHSIMH PO 3PyYHOCTI.

VY 3B’S13Ky 3 IUM YTOYHHMO HaIlli BUMOTH JI0 aBTOMAaTH30BaHOTO pobouoro mictst (APM).
ITim APM 3a3Buuait po3ymitoTh (HiKCOBaHE PO3MIIIICHHS JACSIKOTO TEXHIYHOTO KOMILIEKCY pa3oM
3 Oprafi3amiifHO-TeXHOJOTTYHUMH pErIaMEHTaMHU, 110 BU3HAYAIOTh po0OoTy (axiBis. byab-ske
APM mipodeciiiHO i IepcoHaIbLHO OPIEHTOBAHE: BOHO 3aXUIICHE BiJl HECAHKI[IOHOBAHOTO JI0-
CTyIly, B HhOMY peaji3oBaHa BCsS HEOOXigHA JUIsl i mpodecioHana JaHoro MpoQuI Mpo-
rpamMHe (KoMaHIHO-1H(pOpMaIliiHE) CepeIOBHIIIC.

Heonminaum xomnonenToM APM 1 ix acomianiii € 6aHky gaHux. Ko 06a3u 1aHux op-
ra”i3oByIOTh 1HOpMaIliiiHe cepenoBuIle HaO1IbII e()eKTUBHUM IPU KOMII FOTepHU3allii Cro-
co0oM, To OaHKH JaHUX BPAXOBYIOTh 1€ i OpraHi3alliio JIOACHKOro (Gpakropy B poOOTi 3 TAKOTO
POy CUCTEMaMH, iX CEpBICHY CIIPSMOBAHICTb.

Konyenmyanone ma ob6nikoge npoekmysanns. @opMyBaHHS Ha OCHOBI JIOCBiTy, 3HaHb,
1HTYi1ii KOHIeNnTyanbHUX iAei 3actocyBanna 30T, ix knacudikallis, BU3SHAYCHHs TEHICHIIII
PO3BUTKY — HEOOX1IHI eTanu nepexoay 10 KOHIENTYyalbHOTO MpoekTyBaHHs. OCcTaHHE mepen-
Oayae MOXKJIMBICTH BUOOPY 3 O€3:114i KOHILIENITyadIbHUX 17eil Ta iHQopMalliiHUX TEXHOIOT1H Ta-
KOi MHOXKHMHH, sSIKa HalKpalldM YMHOM BijAIOBifana O iHTepecaM IOCSITHEHHS MOCTaBICHOT
MetH. Lle TBopunii nmpouec.

Cripg 3ayBaskuTH, 1110 0€37114 KOHLENTYaJbHUX 17eH € BIAKpUTUMHU. [1i/1 BIUIMBOM pO3BUTKY
HayKH, IPaKTHKH 1 3aIMTIB CIIOKMBAYiB i7ie] BAHUKAIOTh 1 3HUKAIOTh — B IbOMY TO3HAYAEThCS
JUHaMI3M Hamoro ctoiittd. Ilpu 3icraBneHH1 KoHIenTyanbHux iei 3actocyBanHs 30T 3 ix
NOTEHIIMHUMHI MOXKIIUBOCTSIMH 1 IPOTHO3aMU PO3BUTKY 3a3BUYail BUHUKAE KOHIIEMis (KepiBHA
171es1, IPOBITHUM 3a/lyM) pO3pOOKH Ti€l UM 1HILIOT CUCTEMHU. B pe3ynprari CMHTE3y KOHLIETITyallb-
HUX 171e#l 3 noreHuiiHUMEU MoxuBocTAMHU 30T 3anym TpanchopMmyeThest B 00pa3 CTBOPIOBa-
HOro 00'ekTa — 1€l MpoIleC MOKHA Ha3BaTH OOJIIKOBUM MPOEKTyBaHHAM. [HIIMMHU clioBamu, BU-
IJIS1]1 CUCTEMH — 11€ KOHKPETHE BTUICHHS KOHLIENTYaJIbHUX 11EH.

KonuenrtyanbHe Ta 0011KOBE MPOEKTYBaHHS — 1€ TIOYATKOBUI e€Tar po3poOKH Mporpamu
poOIT, 10 BKJIIOYA€E OLIHIOBAHHS, IUIAHYBAHHSA 1 PO3MOALT pecypciB, KaJpiB, MOKIMBOCTI pe-
aji3anii NpoeKTy, BU3HAUYEHHS CTyIEHs pU3UKY. Big Toro, HacCKiIbKU MOBHO ¥ TOUHO chopMy-
JTHhOBAaHA KOHIICTILIA 1 3[iCHEHE 11 OnpalfoBaHHsI, y BEUKIM Mipi 3aJI€KUTh YCIIiX CIPaBH.

[IporpamyBaHHs MOXe 3/11HCHIOBATHUCS BPYYHY a00 13 3aCTOCYBaHHSM CaMHUX HOBUX 1H(Op-
MariiHuX TexXHoIoriid. OLIHIOIUH 110 Ta 1HIII CTalil MPOEKTYBAaHHS, MOKHA BUIUTUTH JIBA KJIacH
TEXHOJIOTIH: KJIac MpOoIeAyp MiATPUMKH TIPHAHSTTS PIlIeHb Ta KJIac MPOIETYp 3 TOKyMEHTYBaHHS
pEe3yNbTaTiB TaKUX pilieHb. s KOXHOTO 3 IUX KJIaciB MpoLeayp MoTpiOHi CBOI, crienudiuHi iH-
dopMmarliiiHi TEXHOJOTII, IPU SIKUX HEOOX1THO OPIEHTYBATHCS Ha HABEJEHY KOHIETIIIIO.

He Maroun MOXXJIMBOCTI BUKJIACTH JIETAIBHO KOHIIEMIIiI0 MOOY0BH TEXHOJOTIN IS KOX-
HOTO eTany MPOEKTYBAaHHS, BJ3HaYNMO, 110 BCI Il TEXHOJIOT11 MOBUHHI OyTH B3a€MOIIOB’ I3aHI.
@DyHKIIOHATBHO MOBHUNA HaOlp iHGOpMAIITHUX TEXHOJOTH MOBUHEH OyTH, 3 OAHOTO OOKY,
B3a€EMOTIOB’ SI3aHUM (IHTETPOBAHUM), & 3 THIIIOTO — KO’KHA TEXHOJIOT1s1 TOBUHHA B1/IMOB1/1aTH BU-
Moram iHAuBiyanizarii, To0To OyTH (yHKIIOHAIBHO OPIEHTOBAHOI.

XapakTepu3youH 3arajJoM KOHIIETI[iF0, MU MOKEMO 11 c(pOpMYITIOBAaTH TAKUM YHHOM: 3 Me-
TOIO JIOCATHEHHS MaKCUMyMy €()eKTHBHOCTI MpPOIECY YIpPaBIiHHA NOBUHEH OyTH CTBOPEHHI
(GYyHKITIOHATBFHO TOBHUI HAO1p aBTOMAaTH30BaHUX 1HGOPMALIMHIX TEXHOJOTIH JIJISl TATPUMKH
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MIPUAHATTS PIIICHb Ta JOKYMEHTYBaHHS iXHIX pe3yJIbTaTiB, IKi BAKOPUCTOBYBAJIU O Ha LT I10-
TEHIIIHI MOXXIIUBOCTI 3aC001B 00YMCITIOBAIbHOT TEXHIKH JUIS peajtizallii KOHIENTyaIbHUX 11ei
iHpopmarH3allii, IHTeeKTyai3alii, iHTerpamii Ta iHAuB1Ayasizamii.

[ndopmaruzanis — 1e 1inecupsMoBaHa AiSTIBHICTD 31 CTBOPEHHS 1 IHUPOKOMACIITAOHOTO
BUKOPHUCTaHHSA B ycCiX chepax aisuibHOCTI B CBO HOBUX iH(pOpMAIIHHUX TEXHOJOTIH 3 METOIO
iHTeHCUiKaIlil, TPUCKOPEHHS PE3YJIbTATIB IX POOOTH.

BucnoBku. Bumum crynenem iHdopmaru3zaiiii Ma€ CTaTi CTBOPEHHS €IMHOT MEPEXi CH-
TyaliiHUX 1eHTpiB opraHiB Buagau ChO, MOMUpPEeHHs €KCIIEPTHUX CHCTEM, CIEIliaTi30BaHUX
AQHANITUYHUX LIEHTPIB, 10 3a0€3MeUyI0Th MOXKIMBICTh KOJETiadIbHOIO MOJCIIOBAHHS Ta MPUi-
HATTS PIIICHb (3 OI[IHKOIO iXHIX HACTIJIKIB — SIK IIO3UTUBHUX, TaK 1 HETATUBHUX ).

VY kiHueBoMy mincymky iHdopmaru3zanis B CbO chpsiMoBana Ha CTBOpEeHHS iH(Op-
MariiHoi iHpPaCTPYKTypH, IO peajizye MOTOKH 1 30epiraHHs JaHUX JUIS BCI€T pI3HOMAaHITHOCTI
1ijel Beiei iHpopmaIiiHol AiSUTBHOCTI B IaHIH TUIII BJIaAu KpaiHu.

Ha ocHOBI po3BHTKY 3ac00iB iH(opMaTH3arlii 3a0e31meuy€eThest 3HaUHE MOIIMIICHHS YIIPaB-
JIIHHS 1 BUPIIICHHS BCiX 3aBJaHb.

ABTOp CTaTTi IIJIKOM YITKO YCBIJIOMITIOE, IIIO B paMKax OKpeMoi ImyOuikaiii MokHa Oyi10
MIPOJIOBKUTH TUTLKH (PparMeHTapHUI BUKJIA]T ACIKUX aCIIEKTIB 00rOBOPIOBAaHO1 IIpodiieMH, Oa-
raTro 4oro Mae OyTH B MOJAIBIIOMY YTOYHEHO i JTOMTOBHEHO.
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ON THE CONCEPT OF DIGITAL TRANSFORMATION
OF THE SPHERE OF NATIONAL SECURITY AND DEFENSE

For over 25 years, the state leadership has repeatedly issued relevant documents on the creation of situational centers
(SC) in various government bodies, combining them into a network, creating their information environment, etc. Unfortunately,
an effective integrated SC network in the Security and Defense Sector (SDS) is still lacking.

On June 4, 2021, the National Security and Defense Council of Ukraine made a decision "On improving the network of
situational centers and digital transformation of the national security and defense sphere." This decision sets ambitious tasks
for the expansion and development of a unified network of SC, increasing interaction and coordination of the activities of
authorities in the SDS, the tasks set for equipping the SC for making management decisions. Very tight deadlines for the creation
of the SCs have been determined.

But the implementation of these solutions is complicated by existing problems: digital transformation in the SDS must be
developed in accordance with Ukrainian standards, there must be unified systems of rules, standards for collecting, classifying,
storing and using data, unified approaches to data protection, countering cybersecurity risks; the SDS of Ukraine does not
have enough highly qualified personnel for digitalization; on the example of automation of management in the Armed Forces
of Ukraine, we do not see the strategy and national program for building a network of SCs in the SDS of the state.

That is why we need a modern, progressive Concept of digital transformation in the SDS of Ukraine. The article reveals
the components of this Concept and approaches to its creation and application. The possibility of conceptual design of in-
formatization and the fact that computerization is only a part of informatization are shown. The development and adoption of
a modern concept of informatization of the SDS will give grounds for guaranteed building of a digital transformation in this
area in accordance with Ukrainian standards and reliably ensuring its functioning and protection in any conditions.

Keywords: informatization, situation centers of the security and defense sector, digital transformation.
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PROCESS MONITORING BASED ON RFID TECHNOLOGY

The article deals with process monitoring in an automated workplace from the company FESTO using RFID technology. It
contains a detailed software and hardware configuration and the programming of the RFID read head (BALLUFF) in the Semens
software environment (TIA Portal). Furthermore, the article aimsto point out the possibilities of processing data obtained in such
aform. Another activity is the ongoing eval uation of these data and their projection into a graphical format (e.g., trend graphs).

Keywords: RFID technology; automated workplace; sensing head; BALLUF.
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The urgency of the research. Increasingly complex automation of production lines and
entire technological processes brings with it the necessary need for real-time data processing.
In addition, each final product goes through certain production stages, so monitoring its status
and always overview the state is needed. As one of the commonly available and often deployed
technologies, RFID offers comprehensive and fully automatic identification of products and
sharing of information obtained in this way across individual levels of management.

Target setting. This technology (unlike, e.g., barcodes) allows its wide deployment in
common areas of life, e.g., in-car immobilizers, contactless identification cards, smart cards on
public transport, attendance systems, etc. In addition, in this way, products can be quickly and
unambiguously identified or counted, and the tag does not even have to be in a visible place.
RFID technology allows scanning up to several hundred pieces of products simultaneously,
e.g., impossible with barcodes.

Actual scientific researches and issues analysis. RFID technology has been on the rise only
in the last few years (mainly in Slovakia), and it is usually deployed only by the most significant
corporate companies [1]. These facts point to the relative novelty of the technology as well as
lingering concerns and doubts [2]. The most common reason for the deployment of this technol-
ogy is the effort to track products or goods. However, RFID also plays a significant role in im-
proving storage, simplifying, and streamlining warehouse operations or maintenance [3].

Most corporate companies that have already decided to implement RFID in their processes,
lines, etc have never regretted this move because they realized that the technology opened up
new opportunities and shortened payback time. Thus, some companies seem to be slowly and
gradually beginning to realize the potential of RFID technology and are preparing to seize this
opportunity [4]. Two fundamentally different RFID design approaches for transferring power
from the reader to the tag: magnetic induction and electromagnetic (EM) wave capture. These
two designs take advantage of the EM properties of an RF antenna - the near field and the far-
field. Depending on the tag type, both can transfer enough power to a remote tag to sustain its
operation - typically between 10uW and 1mW [5].

Future research should focus on comparing more than two to three automation practices
like MRP, VMI, and RFID to give a more realistic view of the impact of inventory automation
practices on the operational efficiency of manufacturing firms. The objective measurement will
provide more accurate information for better analysis. The same study can be applying to other
sectors like textile, chemical, and retail [6].

© Vagas M., GalgjdovaA., 2021
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Analysis of existing research and publications. Previously published research in RFID
technology deployment confirms its undeniable advantages for corporate companies and indi-
vidual requirements. At the same time, it is necessary to point out the remaining concerns
(mainly) of SME companies, which are afraid of the initial investment costs. However, current
research has shown the rise of this technology and the undeniable savings that will accrue to
both suppliers and customers.

Article objective. This paper aims to implement and subsequently test the usability of
RFID technology on a specific example of an automated workplace of FESTO. The document
includes both configuration (hardware and software) and an outline of a solution for processing
the obtained RFID data.

General overview of the system. By introducing RFID technology at our selected auto-
mated workplace from the FESTO Company, we will better understand the process performed
on this line. Using RFID, we want, e.g., to record the time of each operation and the time the
product spent on the line. At the same time, it is possible to evaluate the number of passes of
the handlirﬁ truck over the line in a specific time (Fig. 1).

The automated workplace consists of the following five stations: (1) distribution and testing
station, (2) handling and processing station, (3) assembly station with industrial robot, (4)
handling and sorting station, (5) conveyor system.

In the beginning, it is necessary to get acquainted with the product on which we will verify
the proposed solution. It is crucial because of the processes on this automated line (Fig. 2).
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Fig. 2. Decomposed product
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There are three types of these products on the line. We can find differences in height, ma-
terial, color, or weight (Fig. 3).

Fig. 3. Assembled product types

The hardwar e configuration consists of the interconnection of individual components, con-
sidering their technical parameters and deployment suitability for the selected automated
FESTO system, Fig. 4. Since this workplace has 10-Link technology, we suppose the sensors
will be connected using a superior |O-Link master device that will communicate with the PLC.
For optimal functionality, it is necessary to use a PLC from Siemens (S7 — 1200).

“mi
| [ A
‘ | PLC, HMI

-

iy st o

e IO‘Llnk component

e IO"L'nk communication

Fig. 4. Hardwar e configuration setup

The sequence of steps for the hardware configuration of RFID technology for the selected
automated FESTO system can be described in the following steps:

e We are creating a new program in the operating software environment from Siemens
(TIA Portal). This step includes selection, the addition of the necessary hardware (reading head
from BALLUFF, I0-Link master, sensors, and more), and inclusion of a tree of the new pro-
gram in the project.

e Correct configuration of (previously added) hardware in a software environment is the
next step in hardware implementation. This step is necessary to upload the so-called "GSD"
component file for the respective IO-Link master. These files are in open access and are usually
provided directly by the hardware manufacturer.
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e The next step is implementing the connection and network configuration of the used
components in the project tree. The content also includes the setting of the PROFINET network.
Part of this step is also assigning the 10 controller between the PLC and the 10-Link master.

e If the implementation of the steps mentioned above is successful, the IP address of the
I0-Link master will be set. Part of this step is to set the IO-Link device ports and I/ O bytes for
each device (RFID head, sensors...)

Software configuration and management of the RFID read head is necessary mainly to
collect and process the acquired data, which is possible from the RFID tags. The data collection
set up in this way can function as a "stand-alone" solution or being connected to a superior
SCADA information system. The creation of the software together with the complete software
configuration presupposes the implementation of the following steps:

e Download, open and load a global library of all necessary devices for data collection
and evaluation from the automated FESTO workplace. The library also contains the program
required and data blocks, which we gradually insert into the organizational "Main" program.

e The next step is to open the organizational "Main" program and assign individual inputs
and outputs. In this section, you can set functions such as start, reset, dynamic data acquisition
mode, start address, and much more.

e The follow-up and final activity are copying these inputs and outputs to the "Watch"
table. Part of the step is to turn on the online mode and monitor the set parameters. Some of
them still need to be reset.

We can visualize the processing and collection of acquired data as a general. It is possible
through an application running on an HMI panel from Siemens (SIMATIC KTP 700 BASIC).
It has a 7-inch widescreen color display and eight function keys. It can be operated by touch or
using buttons. It uses the PROFINET interface to connect to a PLC. In addition, it contains a
USB interface with which we can click a keyboard, mouse, or other devices. The application
screen (Fig. 5) includes a switch displayed in the upper left part, and its task is to switch between
readings and write mode. There are also START and RESET buttons on the application screen,
located at the top of the screen.

RFDCacka_shuska » HME ! [KTPTO0 Basic PN] ¢ Scoreens ¢ Sceen )
1B 1 USKeE: At g To—: BrAe Fellje S Fye
s e e e e 1210112020 10:39:39 A
© READSWRITE MODE Siie=sestimazantbeten sdssttiie : : o
" {ooo 000 00 o flooo | loco 000 |Seuo
DATA TO WRITE I31
. > .‘ ‘
200 000 000 oon | {ovo 000 oo | |evo
P AOA - 0

Fig. 5. The application screen at Semens HMI panel
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The START button has the function of starting the reading or writing of data to the RFID
tag. We can use the RESET button when changing the reader mode. It is due to ensuring the
default state of the processor. In addition to this function, we can also be resetting the writing
data. It is displaying in the corresponding boxes at the bottom of the screen. Finally, we can
show the read and write data. Since the RFID read head works with a hexadecimal system, we
can see the read data in this form. The data entered must also be entered in hexadecimal.

Different architectures are used to collect and process RFID data, and their selection de-
pends on many parameters. For example, RFID data can be corrupting, incomplete, or redun-
dant. The selection and reliability of the RFID read head is also a decisive factor. One of the
suitable products for complete processing, visualization, and publication of acquired data can
be using the software product "RFID Middleware." It is software that is directly designing for
RFID data management and communication within corporate information systems.

This software is using to control the flow of data between RFID readers and enterprise appli-
cations. It also filters, aggregates, and gives meaning to the data obtained from RFID tags (Fig. 6).

Middleware provides data routing using various transmission protocols, data translation
into multiple formats, and various web services. In addition, RFID middleware usually includes
data filtering because sometimes an application may only require a specific type and value of

data from tags.
RFID Middleware
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Fig. 6. RFID Middleware [7]

RFID data usually have enormous information, which can lead to the accumulation of their
large volumes. In addition, it may lead to slower updates. An essential finding of RFID data is
that they usually have a limited lifespan, from when they are first tagged until delivered to the
customer. Therefore, they are dividing into an active RFID data set corresponding to frequently
updated items and an inactive data set that is no longer updated as often. It makes most data
passive over time, speeding up queries for operational data over its lifecycle [7].

Conclusions. Despite the current COVID situation globally, RFID technology has its irre-
placeable place and potential for application in various areas of trade and production. It is even
likely that this (probably unplanned) slowdown in the world economy may positively impact
the increasing demand for this type of technology. Moreover, properly implemented, they are a
powerful means of optimizing costs and increasing competitiveness. In our case, it is necessary
to note that part of the hardware and software equipment is already at FESTO automated work-
place (located at our laboratory). This project is currently in the unfinished phase, and it is only
necessary to purchase additional RFID heads and condition monitoring sensors (worth up to
2,000 euros). Ongoing activities will focus on selecting the appropriate process for monitoring
and collecting the necessary data.
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MOHITOPHUHT ITPOIIECIB HA OCHOBI TEXHOJIOI'Ti RFID

Baoicnueo exazamu na HeoOXiOHICMb 6npo6addcents iHHosayitinux mexuonoeit (maxux sk RFID). IIpuyunu 6 ocHogHomy
6 agmomamu3ayii CKIAOHUX GUPOOHUYUX JIHILL | YITUX MEXHONOSTUHUX NPOYeCis.

Memoio cmammi € npedcmasumu modxciugocmi mexronocii RFID ma peanizysamu ix na nesHomy agmomamu3068aHomy
pobouomy micyi 6i0 komnanii FESTO. Inwuii namip - okpecaumu Mos#causocmi 06pooxu Ompumanux makum YUHom OaHux.

Tlonepeoui nybnixayii ma 0ocniodicenuss 00600amv, ujo mexuonoeis RFID eoice wupoko nowiupena y ceimi i uUKOpucmo-
BYEMbCA NEPEBANHCHO GenuKUMU Komnaniamu. TIpobaemoio € 06pobka ompumanux oanux ma ix soepieanns, 6i006pasxcents 6
xmapi.

YV yiit cghepi nativacmiwe suxopucmogyemocs xomniekche ma nogme piuleHHs CMoponHix eupobnuxis, maxe ax "RFID
Midlleware". Tum e menut, Mu 86axcacmo 3a HeoOXiOHe supiwumu nPodemMy 06poOKU OaHUX 3a ONOMO20I0 YIEL MEXHON02iT,
a maxkooic ix 30epieanHs 8 XMapi.

Memoro cmammi € npedcmagumu modxcaueocmi mexronozii RFID ma peanizysamu ix Ha negHomy a8mMomMamu308aHomy
pobouomy micyi 8id komnanii FESTO. Inwuii namip - okpeciumu Moj#CIUBOCME 00pOOKU OMPUMAHUX MAKUM YUHOM OAHUX.

Memoio cmammi € enposadoicenns mexnonoeii RFID ¢ icnyoue asmomamusosane poooue micye 6io komnanii FESTO.
Axyenm pobumscs Ha NPOSPAMHO -anapamHiil KoHQizypayii HeoOXiOHUX NIOKOMIOHEHMIS.

Linkom imosipno, wo nessadxcaiouu na cumyayito, wjo mpusae y ceimi 3 COVID, mexnonoeis RFID 6yoe énposadoicena
68 Oinbuiti Mipi. Ynosinenenns eKOHOMIKU MOdice npuzeecmu 00 3anycKy npoyecie onmumizayii gumpam ma niosuuyeHHs egex-
mueHocmi npoyecie ma nocnye.

Knwuoei cnosa: Texnonoeia RFID; asmomamusosane poboye micye; oamuux, BALLUFF.

Puc.: 6. Bion.: 7.
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MONITORING OF ENVIRONMENT PARAMETERSBASED
ON WIRELESS SENSOR NETWORK

The main goal of the article is to design an automated wireless sensor system to monitor environment parameters from
different locations. If we want to control our environment, we have to know the measurable parameters of it. These parameters
are temperature, humidity, light intensity, etc. All of these measurements can help us to improve the efficiency of home auto-
mation systems or to save money. The theoretical part contains an overview of the technologies used for the design of a system.
The next part contains an explanation of the software part of the work and the electrical interconnection of the equipment used.
Thelast part is devoted to the cloud environment where the data was collected and visualized.

The article presents the results of scientific-methodological research (description of the problem, task).

Keywords: sensor network; cloud; wireless communication.

Fig.: 9. Table: 2. References: 11.

Urgency of the research. Automated data collection and its accessing is a must in modern
sensor networks. For the purpose of a solution explanation an example system is proposed. This
kind of automated systems are not limited by location only by the power and network connectivity.

Target setting. The main goal of thiswork isto design and test a wireless data collection
system for measurement of light intensity, temperature and humidity from different locations.

The proposed system should document the necessary steps to create such monitoring sys-
tem, which consists of microcontrollers with wirel ess communication interface, sensors and the
cloud infrastructure to collect and process data.

Actual scientificresearch and issuesanalysis. Currently, wirel ess solutions are becoming
the standard for their easy implementation and expansion. In the field of wearable, home and
industrial automation we find different communication and data collection solutions. Home
automation systems integrates devices from various vendors. All these devices are networked
to monitor and control the environment around usin everyday life. By application of sensorsto
our surroundings we can collect and use the available data. These data alow us to get top of
our energy use, optimize our systems and save money [1-3].

There are available cloud infrastructures and services to help us with data visualization and
analysis. In our case the Ubidots cloud system was used [2-5]. The cloud support devices as
microcontrollers and smart sensors enable to collect, save and process data. The data is not
passively collected but also there are functions to interact with the real world [7-8]. Technical
progress in this area brings constant innovations. The dominant feature of today automated
system is to work autonomously without human control [6-11].

Uninvestigated parts of general matters defining. As wireless communication can be
based on different protocolsand it is not possibleto test them in one study. Thefollowing article
will focus on Wi-Fi based network devices and their interconnection via cloud system.

The research objective. The objective of the article is to propose an automated system
that collects data from different locations and that data can be accessed from any location on
the globe with internet connection. This type of technical solution is suitable as a template so-
lution for different parameter measurement in various locations e.g. vibrations, noise, fire,
movement, etc. For the technical parameters of used devices, the application shouldn’t be
placed in harsh industrial environments.

The statement of basic materials. For this task we used the following components:

Aswe are creating alow-cost wireless monitoring system the ESP32 microcontroller was one
of the most suitable for the gpplication. It integrates alow-power system on a chip and also dud-
mode Bluetooth and Wi-Fi interfaces. With its Tensilica Xtensa L X6 microprocessor, variations of

© Raékay R., 2021
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ESP32 with dual-core and single-core options, interna or externa antenna switches, RF balun,
power amplifier, low-noise receive amplifier and other modules are available. In our particular so-
[utions the ESP-WROOM-32 boards were used. These boards have the following specifications:
e dua core processors
Wi-Fi and Bluetooth interface
The clock frequency of processor: 240MHz
Processing memory: 512 kB RAM
30 pins, 15 on each side with different programmable functionalities.
Integrated peripheras. capacitive touch, ADCs, DACs, UART, SPI, 12C
built-in hall effect sensor and built-in temperature sensor [2-3].

Fig. 1. ESP-WROOM-32

For the purpose of testing and datapoint generation, a combined temperature and humidity
sensor, the DHT11 was used. The sensor is based on negative temperature coefficient principle
(NTC) to measure temperature. After that an 8-bit microcontroller outputs the values as serial
data. Because of the factory calibration it’s easy to interface with any microcontrollers, and
there are alot of available example solution for implementation of this sensor.

The measuring range for the temperature is from 0°C to 50°C and humidity from 20 % to
90 %. The accuracy is £1°C and =1 %. The resolution for measurementsis 16-bit.

Tablel
DHT11 pin-out
1 | Vcc power supply 3.5V to 5.5V
2 | Data Outputs both Temperature and Humidity through serial Data
3 | Ground Connected to the ground of the circuit

“epGround (3)
»Data ()

 ——_ e Y

Fig. 2. DHT 11

As we are monitoring household environment we wanted to measure the light intensity.
For that purpose, a photoresistor or the Light Dependent Resistor (LDR) was used. These are
non-oriented bipolar devices, meaning they can be connected in any direction in the dc circuit.
L DRsare used to sense Light. The can be soldered or used on prototyping breadboards. Because
of theresistor-like characteristics it’s easy to connect them to microcontrollers.
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Fig. 3. Photoresistor

A light dependent resistor will change its resistance based on the light intensity around it.
Without light source around it, or in atotally dark room it will have high resistance. On the
other hand with rising light intensity the resistance will decrease to afew Ohmes.

In our system the LDR was connected in a voltage divider to the analog input of the ESP.
This means that there was constant current flow trough the photoresistor and a classic resistor,
where based on the light intensity the resistance varied. The ESP measured and processed the
voltage with its ADC and the processed values were uploaded to the cloud.

The following wiring diagram was created in Fritzing and represents the real electrical
connection of the control unit and the sensors. As the power supply and USB cable or power
bank was not shown in the diagram below.

Fig. 4. Wiring diagram

Used method and measured data.

The Ubidots cloud environment offers multiple subscription program, with restriction on
number of devices, variables and datapoint uploaded during 24-hour cycle. In our system we
used the stem subscription, which is free, but limited to 3 devices, with total of 20 variables.
On the cloud platform, it’s possible to create multiple dashboards with user like limitations.
These dashboards are used to visualize widgets based on the uploaded data, or variable. There
are available multiple types of indicators, and cal culated numerical tools, e.g. graphs, bar chart,
tables, histogram, gauges, pie chart, scatter and others.

Each user has their API key, token to be identified, while the devices use ID numbers.
Within adevice, there are the variables with API label and ID. These raw values can be pro-
cessed or downloaded from the backend of the cloud.
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All the measurement stations had the same principle of program. Theidentificators and the var-
iableswere defined at the setup part. Theloop of data collection and sending was repested after that.
A 10-minute cycle was chosen for measurements and upload because of the datapoint limitations.

A simpleflowchart of used codeis shownin figure below. Main codeis executed in aloop
and runs while the ESP is powered on.

The DHT 11 works at 16 Bit resolution and maximal sampling rate 1 second.

The temperature and humidity sensor uses a predefined library which controlsif the meas-
urement is successful or not, and in that case we can also create an action to check our device,
or to light up a control indicator on the cloud interface.

The measured values are not corrected by any coefficient and not compared to any refer-
ence values. This system was a proof of concept and not laboratory accurate measurement sys-
tem. For home environment monitoring and testing the accuracy is acceptable. The calibration
of the sensor should be carried out at laboratory environment with comparison to a professional
measuring device. After that the values should be corrected and a separate library for new val-
ueswould be created. However, the sensor has +- 2°C and 5% accuracies which is more suitable
for hobby applications.

The communication isbased on Wi-Fi datatransfer — 802.11 b/g/n while the newer versions
of this microcontroller are updated with IEEE 802.15.4 connectivity as well. The reliability of
the connection is based on the Wi-Fi standard. The malfunction of the measuring stations can
be monitored and used as asignal on the cloud interface and can be al so integrated to the control
program of the microcontroller.
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Fig. 5. Flowchart
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Cloud platforms and solutions enable the use of remote data centers before building your
own IT structure. Thanks to the cloud, the company's employees are not tied to specific work-
places or workstations. The following section compares multiple cloud platform that are avail-
able for developers.

Microsoft Azure is an advanced, secure platform from Microsoft that accesses the company's
data centers. It integrates tools, pre-built templates, and managed services that accelerate the crea
tion and management of enterprise, mobile, and web applications. It has been designed to handle
variable workloads, from small devel opment test projects to globa product launches. [29]

Azure provides more than 600 different services that focus on: computing services, mobile
services, storage services, database services, messaging, content delivery services, devel opment
services, machine learning and more.

Amazon Web Services — AWS is a platform that provides cloud services to individuals,
companies and governments on a subscription basis. The technology allows customers to have
a set of virtual computers available viathe Internet. AWS virtual machines have the same at-
tributes as real computers, they are hardware (CPU, GPU, RAM, storage), optional operating
system, networking and various applications. Every single virtual deviceis also equipped with
virtual input / output elementsthat allow access through abrowser from anywherein theworld.
The browser works like awindow into a virtual device, just asif it were areal computer.

AWS has implemented server "farms" around the world that make services available to cus-
tomers. The price of individual services is formed by a combination of the use of hardware /
software / OS / connection and the required availability, security and use. Like all other cloud
platforms, AWS provides servicesfor computing, storage, device connectivity, database systems,
analytics, application services, management, development tools and the Internet of Things. The
most popular tools are Amazon Elastic Compute Cloud (EC2) and Amazon Simple Storage Ser-
vice (S3). Most features are not available to end users but are part of devel oper applications.

Google Cloud Platform isaset of cloud services. It offersthe same or very similar services
as other suppliers. The most frequently used services include:

* App Engine - PaaS for accessing applications;

* BigQuery - laaS designed for large database analyzes;

* Cloud AutoML - a set of tools for machine learning;

» Compute Engine - l1aaS providing virtual machines;

» Storage- laaS storage for online files and objects.

In addition to the intermediaries mentioned above, others are aso available, such as: IBM
Bluemix, Ubidots Cloud, Thingworx, Pivotal Big Data Suite, olOne, CloudMe, Baidu Cloud,
Dropbox, Predix.

In the following table 2 is a comparison of some cloud service providers.

Table 2
Comparison of cloud platforms
Ubidots Cloud Thingwor x Pivotal Big Data C3Energy
Suite Managment
Operation | Mac, Linux, Windows Web browser Windows
system
Types Online SaaS Installed Installed
Op. Field Healthcare, Healthcare, Automotive Industry, | Electronics, embedded
Oil industry, IT, Machines,Devices, | Telecommunication, systems,Machines,
device developement IT, device IT, device Devices, IT,
devel opement developement Diagnostics, Logistics
Price/ Average/ Amount lim- | Average/ Timelim- Priemerna Lower price/ No test
Availability ited test version ited test version version
Preview B >
i wee «
- g
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Out of the available cloud platform the Ubidots was chosen for testing.

Each of the measuring station has loaded code into the ESP32 and performed measure-
ments for 48hrs. Some of the stations were using powerbanks as a power supply, but it’s not
compulsory. Electric consumption of ESP32islow, so it could easily power up the components
for the entire time of measurement. Data was sent to UBIDOTS in 10-minute intervals. An
example of the measurement station setup is shown on the following figure.

Fig. 6. Measurement station

The data was sent to one UBIDOTS account, with two created devices, and each device
was collecting 6 variables — intensity of light, temperature and humidity from two people. This
was performed because of the restrictions of the free version of the cloud, it’s not possible to
create more than 3 devices separately. In the figure below a dashboard from UBIDOTS is cre-
ated, where graphs are representing the measured data. Each line represents different ESP unit.
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& CHE L e e e e ppa— LB N )
T

Fig. 7. Dashboard in Ubidots
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Figures below represent the collected data. This data can exported from Ubidots to .xIsx
document, but they are suitable for further evaluating or processing also. There are available
tools to indicate limit values, to turn on alarms, or send a report of collected data.

Light intensity
e - R = A M /e St . Xl Y
/) \ | | i h ' | ||l j
b |'| - \ | f y |' U |‘ I"\ | Ayt 1A
Wl et

—

Fig. 8. Light intensity
The highest recorded value was 4095, which isa so the limit value, was recorded by several
photoresistorsin sunny afternoons of monitored days.

Temperature
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Fig. 9. Temperature

The highest and aso the lowest temperature was recorded by the same DHT11. The warmest
value was due to direct sunlight onto the measurement unit. The coldest was due to placement of
the whole unit, as it was placed on the windowsill and was caused by opened window.
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Humidity

e

Fig. 10. Humidity

Humidity was usually kept between 40 to 60%. L owest recorded value was caused by ex-
posing the DHT11 to direct sunlight.

The acquired values are so-called raw values and every measurement is uploaded instantly
to the cloud database. The microcontroller process the measured valuesin every program cycle
and thereis no local post processing. As a part of further data processing there are various tools
as a part of the cloud environment such as avarage value for given time interval and also
personal post processing is available with the devel oper tools.

The next table shows the maximal and the minimal recorded values.

Table3
Lowest and highest values
Photoresistor Temperature [°C] Humidity [%]
Maximal 4095 39,9 60
Minimal 0 13,2 18

Conclusions. The testing and measurement was performed for 48 hours and collected data
was sent viathe Wi-F module to cloud. There were some problems with connection, which we
were continuously fixing when they have been detected. Sometimes ESP get stuck and stopped
sending data. Desired behavior of the unit was then restored by pushing the EN button. Data
was evaluated in Dashboard by creating graphs.

The article described the proposal and testing of an automated wireless monitoring system
for measuring light intensity, humidity and temperature. All the datawas sent to acloud system,
Ubidots, whichissuitablefor datamonitoring, processing and logging. The sensor stationswere
based on ESP microcontroller, dht11 sensor and LDRs. The designed monitoring system offers
the possibility of expanding it with other functionalities. The system can be supplemented with
other sensors, and the cloud interface with new functions and rulesto analyze the collected data.

The next step should include the possibility to interact with the environment by controlling
the heating, ventilation and the light source in the monitored environment.
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MOHITOPUHI TAPAMETPIB HABKOJIMIIIHBOT'O CEPEJOBHIIA
HA OCHOBI BE3IPOTOBOI CEHCOPHOI MEPEXKI

Aemomamu3zosanuii 30ip 0aHux ma 0oCcmyn 00 HUX € HeOOXIOHUM Y CYUACHUX Mepexcax 0amuuKie. 3 Memor nosiCHeHHs.
Ppienns 3anponoHo8aHo NPUKIAO CUCTEMU.

OcnosHoto memoro yici pobomu € po3pobienus ma eunpobysanus 6e30pomosoi cucmemiu 300py OAHUX 018 BUMIDIOBAHHSL
iHmMeHCUBHOCII OC8IMIeHHA, MeMnepamypu ma 601020Cmi 3 Pi3HUX micyb. 3anpononosana cucmema nOBUHHA 3a00KYMEHMY-
eamu HeoOXiOHi KpoKu OJis CTBOPenHs. MaKoi cucmemu MOHIMOPUH2Y, KA CKIAOAEMbCA 3 MIKpOKOHmMPONepis 3 inmepgeticom
0e30pomoeo2o 38's13Ky, damuuxie ma xmapHoi iHppacmpykmypu 015 360py ma oOpoOKU OaHUX.

Huni 6e30pomosi piwenns cmaroms cmandapmom o ix neekoi peanizayii ma poswupennsi. Cucmemu 0oMaunboi as-
momamusayii 06 €OHyI0mMsb NPUCMPOI PI3HUX NOCMAYATLHUKIG. 3acmMOCco8yI0UU 0amMYUKY 00 HABKOIUUHBLO2O Cepe00sUwd, MU
MOdiceMOo 30upamu ma 8UKOPUCMOBYBATU HAABHT OAHI.

Ockinvku 6e30pomosutl 36’130k Modice 6a3y6amucs Ha Pi3HUX NPOMOKONAX, | HEMOICIUSO nepesipumu ix 6 00HOMY 00-
CRiOJHCeHHI.

Memoito cmammi € 3anpononyeamu agmoMamu3o8any cucmemy, aka 3oupac 0ami 3 pisHux micyb i 00 AKUX MOJICHA OM-
pumamu 00cmyn 3 6y0b -AK020 MiCys HA 3eMHill KYi.

Tecmyeannsa ma umipro8ants npoeoounucs npomseom 2 OHie, a 3ibpani 0aui Hadcunanucs yepez mooyno WiFi y xmapy.
Hani 6ynu oyineni na inghopmayitiniil naneni winaxom cmeopenns epagixie. Y cmammi onucano nponouyiio ma unpo6ysanHs
asmomamu306anoi 6e30pomoeoi cucmemu MOHIMOPUH2Y OISl BUMIPIOBAHHS IHMEHCUBHOCII C8IMILA, 801020CMI Ma memnepa-
mypu. Yci oani 6ynu naodicaani 0o xmaphoi cucmemu Ubidots, axa nioxooums 01 mouimopunzy, 06pooxu ma peccmpayii
oanux. Cmanyii damyuxis 6azysanucs na mixpoxkonmponepi ESP, oamuuxy dhtl1l ma LDR. Pospobaena cucmema monimo-
DUHEY NPONOHYE MOHCIUBICIG 1T po3utUpenHs iHuumu GyuKyionanshumu mosxcausocmamu. Cucmema modxce 6ymu 0onosHena
IHWUMYU OamMYUKaMU, a XMApHUll ikmepgelic - HOGUMU QYHKYIAMU MA NPABUIAMU OISt AHANI3Y 3IOPAHUX OAHUX.

Knrwouosi cnosa: mepesica oamuuxis, xmapa, 6e30pomosuti 36'a30K.

Puc.: 9. Ta6n.: 2. bion.: 11.
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CIIOCIB NIJIBUIEHHSA EGEKTUBHOCTI JENNEPCOHI®IKAIII BA3 JIAHUX

Tema € akmyanvHo0 yepe3 HeoOXIOHICb 3aXUCTY NEPCOHATbHUX OAHUX NiO Yac 30epieanHs Yu 6UKOPUCAHHA Y DISHUX
cucmemax, momy nONum Ha GHOHIMI3ayilo OAHUX 3AKOHOMIPHO 3 KOJMCHUM OHeM 3pocmae. Posenanymo eioomi cnocodou cma-
TMUYHUX 3aMIH, NOOYO08 PeNAYIHUX OAHUX MA 3ANEHCHUX 810 3A0AHUX MANEMATNUYHO KPUBUX OAHUX, | 3aNPONOHOBAHO Memoo
NOKPAUeHHs1 pe3yibmamie — NOEOHAHHS 8I0OMUX CNOCOOI6 3AMIH i3 WMYYHUM CUHME30M OAHUX HA OCHOGL IX npupoou, epaxo-
8yI0YU MamemMamuyHi nokazHuxu. Memoo 6y10 nepegipeno excnepumMeHmaibHo ma 6UCBIMIEeHO Pe3yIbmamu makozo 3acmo-
CY8AHHA 3 AHATIZOM.

Knrwuosi cnosa: oenepcounigpixayis, anouimizayis, Oani.

Puc.: 12. Tabn.: 2. Bion.: 8.

AKTyaJIbHICTh TeMH J0cTiT:KeHHss. Ha choromni Maiike B ycix cucTeMax BiOyBaeThCS
B33a€MOJIisl 3 IEPCOHAIILHUMU JIaHUMH KOPUCTyBada. TakuX NpUKIIaliB € 0e3mid, oHaliMeHIIe
JIesIKi 3 HUX MOXKHA 3yCTPITH LIOAHA - PSKUM “He TypOyBaTn’ Ha TenedoHi, 1aHi 300poB’ s Ha
TpeKepax IiJ] 4ac 3aHATh CIIOPTOM, 3aMIpH AJIs TOJATKIB 37J0POBOI0O XapuyBaHHs, FeoJIoKallii Ha
Kaprax, 30epekeHHs iCTOpil MOi30K, BIIMITKH YITIOOIEHUX MicCIlb, 30epeKeHHS BKJIAJICHb Y
pi3HuX Opay3epax, iHpopmallis OaHKIBCHKUX KapTOK 4 0OpaHuil HaOip ToBapiB. To xk, BiAmo-
BiJTHO BiIOYBa€THCS CTPIMKE PO3MOBCIOKEHHS Ta 30epiraHHs MepCOHAIBHUX JaHUX, SKi MOTIM
4aCcTO BUKOPUCTOBYIOThCS AJIs Lijel Oi3Hecy (3aCTOCyBaHHS TapreTOBaHOI peKjIaMHu JUIs CIie-
1 p1yHOI rpynH 0ci0, Ha/ICUIIaHHS TOBIJOMJIEHb 31 3HUKKOIO Ha IEBHUI TOBap KOpUCTyBayam
31 CXO’)KMMH BIO0OAHHAMM, peKOMEHAaLlli Tpy BUOOP1 MOCIYTH UM TOBapy...). ICHye aekiibka
MOXIIMBUX HANPSIMKiB BUKOPUCTAHHS JaHUX KopHrcTyBada. OJUH 3 HUX - 1€ epe0aueHHsl 1mo-
BE/IIHKM KOHKPETHHX 0C10 Ha OCHOBI aHaJi3y iX MomnepenHix i, a iHmuil - nepeadaueHHs mo-
BEJIHKM HOBOI I'PyNH CXOXKHX 0€10. CX0XKICTh OJJHIE]T MHOXHHH Ha IHIITY BU3HAYAETHCS 3a J10-
IIOMOTOI0 XapakTepucTUK («featuresy), siki Oynu oOpaHi /Ui aHami3y. SIcCKpaBoO LIIOCTpali€ero
e mnardopma Netflix. Pekomennarii cucremu ajst KOpucTyBaya 3aCTOCOBYIOTHCS Mali»Ke BCIOJU
[1]. IIpamiBHUKHM KOMITIAHII eMITIPUYHUM LUIIXOM 3’CYBaJH, 10 YUM OijbllIe MEepCOHAIBHUX
MOKa3HUKIB 3aCTOCOBYIOTHCS, TUM OLIBII TOYHI pe3yisTatu oTpumyroThes [1]. To x, y mpoek-
Tax KOMMaHii HaBiTh MMOYaJM BUKOPUCTOBYBATH AaHi Mpo Apy3iB 3 Facebook, mo6 3po3ymiTu
COLIlaJIbHUM CTaH JIIOIMHU Ta 3 ypaxyBaHHAM KoJia CIIIJIKyBaHHs IPOIIOHYBATH BIJIOBIIHUN Ma-
tepiai. [licast 1eKiIbKOX eKCIIepUMEHTIB OyJo 3’sCOBAaHO, 1110 PEKOMEH/Iallii Ha OCHOBI MEpco-
HaJIbHUX JaHMX MPALOIOTh Kpalle B OJU3bKO 5 pa3iB, HIK Ha OCHOBI 3araJlbHUX PEUTHHTIB.
[Tpote 1ikaBUM CHOCTEPEKEHHAM 1 €(PEKTUBHUM PILICHHAM BHABHIIOCH MOEAHAHHS MEPCOHA-
JBHUX JIaHUX Ta 3arajibHUX perTuHriB. TooTo cnepury ooupanach Bubipka Halikpamux GpiibMiB
NEBHOI KUTBKOCTI, a MOTIM PEUTHHT HE MaB 3Ha4YEHHs 1 BiOyBaBCs aHAaJli3 Ha OCHOBI IIEpCOHA-
JBbHUX XapaKTEePUCTUK KOPUCTYBAdiB, IKMM peKoMeHAYIThcs (iabMu. [IpamiBHUKN KOMIaHii
MOB'SI3YIOThH 1I€ 3 COLIaJIbHUMU 3BUUKAMHU JIFOIEH - 371e011bIIOr0 JIOAHM TSXKIIOTH 10 Neperisay
NOMyNAPHUX QUIbMIB yepe3 OUIbITY BIPOTITHICTh CHIIBHUX BIOAOOAHB 3 APYy3SMHU, 3HAHOMUMU
[1]. Otxe, 3 Touku 30py Oi3Hecy Oyno e(heKTUBHUM MOEAHATH METPUKY MOIMYISPHOCTI 3 Tep-
COHAJIBHOIO METPHUKOIO TIOTEHIIIHHOTO 3aJ0BOJICHHS BiJl TIEPETIsAY KOHTEHTY. TakuM YHHOM,
OTNMCAaHUI BUMA/IO0K € MiATBEPHKEHHM, 10 iH(QOpMaIlis PO KOPUCTyBaya MOXKe OyTH BUKOPH-
CTaHa y He 30BCIM OYEBHMJHUX rany3sax. Po3misgaroun, Take 3aCTOCYyBaHHs, MOKEMO TOBOPUTH
PO MallMHHE HAaBYaHHS, a IPU TPEHYBaHHI MOJENl HE MOTpiOHA ineHTU(IKALlisS TIeBHOI JIfO-
JMHH, TOCTATHBO 3HATH, 110 JIFOIH 31 CXOKUMHM MapaMeTpaMu, HMOBIpHO, OyayTh NOBOIUTHCH
OYiKYBaHUM YMHOM 3 TIEBHUM BiJICOTKOM HMOBIpHOCTI (200 nuine «OyayTh HOBOIUTHCH TaK» Ta

© Jlinceka B., 2021
202


mailto:vladkalipskaya@gmail.com
https://orcid.org/0000-0002-9847-7637

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

«He OyyTh NMMOBOIUTHCH TaK» - 3HAUCHHS y BUMAJKY 3a1a4i kinacudikartii). [Tix 3agauero kia-
cudikarii npuitHATO BBAXKaTH HEOOX1THICTh BIIHECEHHS 10 IEBHOT'O KJIacy TOH 4 iHIIHHA HAaOip
JIAaHUX, TIOBEJIIHKY SIKOTO TOTPIOHO Mepe0aduTH.

be3yMoBHO, BeJHKa KiTbKICTh KOHKPETHHX JTaHUX HAJIA€ IIEBHY CBOOOTY Oi3HECY, TpOTe 31 CBO-
0071010 IPUXOIUTH 1 BIAMOBITAIBHICTE. Uepes Henbdase KOpUCTyBaHHS MOYKHA 3aBIaTH KON KO-
pHCTYyBaYaM, 110 3yMOBITIOE BiJIIIOBIIaIbHICTh HA PiBHI 3aKOHOMABCTBA. TO/i 3’ SIBISETHCS TOHSATTS
nerepcoHi(ikalii - mpoliec BIITYyYeHHS XapaKTePUCTHK JaHUX, 33 IKUMH MO>KHA BU3HAYUTH KOHK-
peTHy oco0y (HOMep KapTKH IUIaTHHUKA ITOJATKIB, IPI3BUIIIE...). PO3ImissHeMO MpUKIIaa 3a/1a4i 3 OMH-
CaHOI0 MOTPEOOIO: MPUITYCTUMO, 1110 € /1Bl cucteMu. OJIHa cCUCTeMa MICTUTh J1aH1 CBOiX KOPUCTYBa-
4iB 3a JIEKUIbKa POKIB, a 1HIIA CMCTEMa Hapa3si Juiie B po3poOui (TOOTO HeMae KOpHCTyBadiB
iaropmu 11e), aje ayKe cXoXka Ha Mepuly 1 Mae JOCTyH J10 AaHuX nepiuoi cucremi. [pu noxa-
BaHHI IeBHUX (DYHKIIIH 1O HOBOT CHCTEMH MOYKE OyTH BaKJIMBUM PO3yMiHHS ITOBEIIHKH TOTEHIIIH-
HUX KOpHCTyBauiB. TakuM 4MHOM, JJaHi MOTEHIIMHUX KOPUCTYBa4iB MOXKYTh CTaTd y HArofi Jjs
aHaJi3y Ta po3poOKU HOBOI CHCTEMH, TIPOTE CaMe IIEPCOHAITBHI JIaH1 HE HaJITO BAXKIINBI, 00 TX BOYKKO
3aCTOCYBATH B HOBIH cucTeMi (Takoro KOpUCTyBaua IPOCTO HeMae 1ie B Hiif). Taka cuTyaris Tpar-
JSEETBCS TIPU TIEPEXOIi 31 cTapoi Bepcii MOCIyrd Ha HOBY Ta P MOTODKEHHSIX KOPIIOpamiil mpo
0OMiH JTOCBIJIOM YH JAHUMH MK TIPOSKTaMH, PO3POOKaMHU.

Takox y ramy3i MalIMHHOTO HAaBYaHHS 1HKOJIM MOJKHA HATPAITUTH Ha MPOOJieMy — HeIOoTpe-
HoBaHOCTI Mozeni (underfitting [2]) - o0 CBIAYUTH MPO Te, IO JJIS TPEHYBaHHS MOJENeH 1
OTPUMAaHHS SKICHUX Pe3yJIbTaTiB HEJOCTATHBO MaHUX. Tofl BXKe Ha JONOMOTY IPUXOJUTH OIHH
13 METO/IIB - CHHTE3 ITYYHHUX JaHUX, KU Ha/lae MOKJIMBICTh OTpUMaHHS OUIbIIOT BUOIPKH 1
BiJITOBITHO OUTBIIT TOYHUX PE3YIIBTATIB.

3BiCHO, po0eMa HeIOTPEHOBAHOCTI HE 3aBXK /A1 PO3B’SI3Y€ThCS 10JaTKOBUMHU TAaHUMH, 1H-
KOJIM BapTO MOOyyBaTu rpadiku TaHUX, TOJUBUTHCH YU HEMAE AaHOMAJIIN UM TIEBHUX BUKIIIOY-
HUX 3Hau€Hb, a MOXKJIMBO € JucOalaHC MK 3HauUeHHsIMU caMux o3Hak (features). Takox He
OCTaHHIO POJIb BiJIrpae 30epiraHHs 3HaueHb y €AMHOMY MaciuTadi. [IpoTe sikio, BUKOHABIIN
yC1 KpOKH, TpodiemMa 3aIUIIAETHCSI, TO He0OX1/IHI JOAATKOBI IJIACTH TAaHUX.

OT:xe, NTUTaHHS BUKOPUCTAHHS JAHUX 3apa3 po3MIAJAEThCs y Oararbox raiay3sax Ta 0e3iiyl
cucTeMax, A YaCTHMHU 3 HUX BaXKJIMBO JIeNepCOHI(IKyBaTH JaHi HUIIXOM BUIYUYEHHS MEBHUX
3HA4YEHb XapaKTEPUCTHUK, a IS IHIIOT YACTUHH I[HOTO MOKE OyTH HEJIOCTATHBO ISl pE3yNIbTaTiB
(TOYHICTB HE BIANOBiAA€ OUIKyBaHiN), TO/I MPOTIOHYETHCS 3aCTOCYBAaHHS CUHTE3Y JaHUX Ha OC-
HOBI ICHYIOUHX.

ITocTanoBka npodaemMu. Y 3B'S13Ky 3 BXXJIUBICTIO OXOPOHU MEPCOHAIBHUX JAAHUX Ta OJI-
HOYaCHHUM IOIUTOM Ha PEKOMEHIalllliHI CHCTEMHU YU CUCTEMU Iepea0adeHHsl OBEIIHKH, TOC-
TPO CTOITh MUTAHHA JETEePCOHI(iKaIlil Ta CHHTE3y JaHHX.

AHaJi3 ocTtaHHix gociinxkensp i mydaikauniii. Hapa3i icHye 6araro gociimkeHb Jenepco-
Higikaii JaHuX Ta iX cnoco0iB 00poOKH, OCKUIBKHU 3apa3 CTPIMKO PO3BHBAIOTHCS CUCTEMHU, 110
noOy/10BaHi 3 BUKOPUCTAHHSIM MAIIMHHOTO HABYAaHHS, OCHOBHUH TPEMET JTOCIIKEHHSI SIKOTO
- 11e AaHi. | BIAMOBIAHO IHCTPYMEHTH JJISl TAKUX 33]a4 T€X KOPUCTYIOTHCS BEJIIMKOIO MOMYJIISP-
HICTIO. € pillIeHHS, 1110 CTBOPEHI SIK MOPTAaTUBHI CUCTEMH, TO K X MOXKHA OTPUMATH, CKIIOHY-
BaBIIIM PETIO3UTOPIN Ta 3aITyCTUBILIY JIOKAJIbHO. PillleHHs 31e011b110T0 103BOJISAI0TH 00pOOUTH
JaH1 pI3HUMHU METOJaMH MiJACTAaHOBKH, MaCKyBaHHS, MiIMIHU YU 3aMIHH 3@ JJOTIOMOTOIO PEery-
JsipHOTO BUpasy. Takox, € moaiOH1 JOAATKH, 3aTOUEH1 OlIbIlIe I JOIIOMOTH PO3POOKH CUCTEM
1 IepeBIpKH Ha HABAaHTAXKEHICTh UM 3alIOBHEHHS Xo4a O MEepBUHHUMU JIaHUMH, IPOTE€ BOHU TAaK
caMo MPOTOHYIOTh 'eHEPalliio JaHUX JUIsl yHUKHEHHS BUKOPUCTaHHS PeabHUX IePCOHATBHUX
naHux. BoHr 103BONISIFOTE BKA3aTH Alana3oH JaHUX, THTI Ta 3aCTOCYBATH PEIISLIIMHIM MTiIX11 SK
y SQL-6a3 nanux. € iHIKN BUI PO3B'SA3KY y JCSIKUX BUKJIAJKaX - OCHOBHUI MpUHIUN Oa3y-
€ThCS Ha ITIIX0/11 BIITBOPEHHS 3aaHO01 MAaTEMaTHYHO KPUBOI JJaHUX, 100 3pO3yMITH 3arajibHUI
PO3IOLT Ta CIIPOEKTYBAaTH HOBI pe3yNbTaTH, HE MOPYLIYIOUM 3arajbHy KOHIeio. KoxeH 3
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JIOJIATKIB BUPIIIY€E MEBHY MPOOIeMy 1 MOXKE BUKOPHUCTOBYBAaTUCH y CHCIU(BIUYHUX 3aBIaHHSX,
1110 1HKOJIM HE IEPETHHAIOTHCS MK CO00I0 (TpeHYBaHHs MOZIEIICH UM TeCTyBaHHS HOBOTO J10/a-
TKY, sIK ipukian). [Ipore nana ramysp JOCUTH IIKUPOKA, 1 3pOOUTH OJJHE PILLICHHS, SIKE MM1IXOIUTh
JUIs yCiX 3aBIaHb, HEMOXJINBO. [laHa poGoTa mpomoHye MeTox AenepcoHi(ikamii JaHuX IIs-
XOM TO€THAHHA 3aMIHH Ta CUHTE3Y JaHHUX 3 ypaxyBaHHSIM CTaTUCTHYHUX PE3yJIbTaTiB, EKCTpa-
MOJIIOIOYM HAa HEOOX1IHY KUTBKICTb.

BunisieHHs1 HeT0CIiIMKeHNX YaCTHH 3arajibHoi npodaemu. Hapasi Tema nenepconidika-
il JaHUX HE € TMOBHICTIO BHBYCHOIO, aJie BKE aKTHBHO 3aCTOCOBYETHCS y MAIIMHHOMY HAaB-
YyaHHI. A caMme Mpu aHali31 He BAANOCs 3HAWTH PillIeHb, 110 PONOHYIOTh BUITyYEHHS MepCOHa-
JBHUX XapaKTEPUCTUK y TMOEJHAHHI 3 CHHTE30M JAHHX, 1 MPH LbOMY 30epiraroTh MPHUPOILY
icHyrounx nanux. OkpiM aenepcoHidikaiiii, CAHTE3 JaHUX BiJOYBa€ThCS Ha OCHOBI MaTeMaTH-
YHHUX MTOKAa3HHKIB, TOMY MPHPOJA JaHUX 30€pIiracTbcs, He MOPYIIYIOUYH ITOYaTKOBHX MapaMeT-
piB, a HOBI JJaH1 OMOCEPEIKOBYIOTHCS Ta HAOMMKAIOTHCA 10 ICHYIOUMX IiJl 4ac TeHepalii, 1o
TEX 3HWKYE MAHCH BU3HAYCHHS KOHKPETHOTO KOPUCTYBAya.

Mera gocaimkenHsi. MeTa 1iei cTaTTi — BU3HAUUTH, Y4 MOXKEe OyTH €EeKTHUBHOIO Jerep-
coHi(ikais Ta CHHTE3 JaHHX 31 30epeXeHHsIM Npupoau JaHux. s mocarHeHHS i€l MeTH
Oyno mpoBeieHO Habip eKCIIEPUMEHTIB, K1 epeadadaloTh BUKIAJKY aHATITHYHUX METPUK, 32
SIKUMH 3/IIHCHIOETHCS OIlIHKA JIOIUIBHOCTI Ta SIKOCTI IPOPOOIIEHOT poOOTH.

Bukiaa ocnoBHoro marepiasy. Criepiiry BapTo 3p03yMiTH, 110 caMe PO3pOOISEThCs 1 Kl
PE3yNbTaTh OIIHIOIOTHCS, OCKUIBKH cama TeMa Iepeadadae BKe MeBHY MpooiieMy, Ky MOXKHA
BUPIIIUTU PI3HUMHU MeTofaMu. Takox jaenepcoHidikallis JaHUX y HAIIOMY CBITI € JOLULIbHOO
yepe3 HU3KY NPUYMH, TAKUX K pervIaMeHT 3axucTy qaHux €sporneiicekoro Corosy (GDPR) [3],
MOXJIMBI ITpadu, KpUMiHAIbHA B1/INOBIIANBHICT 0C10 Y1 KOMITaHi|, penmyTaiiiHi 30UTKH, Cy-
CIUIbHI PE30HAHCH, 3arajibHi BISIHHSI JIFO/IeH 3 HaMaraHHsMU 3aJIMIIaTH MEHIIUH “iHdopMariii-
HUM ciia’” 3a coboro B Mepexi. Tomy mepeiiemMo 10 YaCTUHH, JIe MOXKIIMBI OIIIHKY Ta BUKIAJAKU
JUTSL aHAUTI3Y, 10 CB1AYaTh PO €(PEKTUBHICTH UM SAKICTh pOOOTU. Takor YaCTHHOIO MOXKE CTAaTH
00J1aCTh 3aCTOCYBaHHS IHCTPYMEHTIB MAllIMHHOTO HaBYaHHA. BaromicTe aHoHIMi3allil OTpuMa-
HUX JaHUX Ta CHHTE3y Ha iX OCHOBI MOXe OyTH CYTTEBOIO MPH 3yCTPidi 3 MPOOIEMOI0 «HEO-
TpeHyBaHHa» (underfitting), mo 3ragyBanack padimie. Te3ucHO L mpobneMa OMUCYEThCs SIK
HEI0CTaTHs CKJIAJIHICTh KPUBOi, 10 (POPMYETHCS BIAMOBIIHO MOAAHUX 3HAUEHb, TAKUM YHHOM
yocoOIr0I04H B cO01 BETUKY BiAAIEHICTh BiJl HEOOXITHUX TOUOK-3HAYEHb, 1110 Oynu 3a1aHi. Sk
HIKYE [TOKa3aHO Ha PUCYHKY 1, KprBa 300pa)ky€ThCsl TAKMM YMHOM, 1110 3aHaITO BiJIajeHa B1]
NoTpiOHUX 3HaUEHb MapaMeTpiB. AOO Iie MOYKHA OMKMCATH SIK HassBHICTh BEJIUKOI KIJIBKOCT1 BH-
KJTIOUE€Hb, [0 TIOKA3aHO Ha PUCYHKY 2.

A

Puc. 1. [lpobrema neoompenyeanus
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Puc. 2. Ilpobrema senuxoi KinbKocmi 8uKiO4etsb

OT1xe, oJIHE 3 MOKJIMBUX PIIIEHb MOXKe OyTH HEOOX1IHICTh reHepalii J0JaTKOBUX JaHUX,
Ha OCHOBI SKHX MOJIeNIb HATPEHYETHCS 1 Oyie BIMOBINATH OUTBIT TOYHOMY Tpadiky, SKIIO MU
TOBOPHUMO MPO IpobiieMu perpecii, Hanpukiaa. Bigpazy HeoOXiHO 3a3HAYUTH, IO OCKIIBKU
MIPOBOAMMO aHOHIMI3AIIIO 1 CHHTE3 HOBUX JAHHX, TO JJII TOYHOCTI Pe3ysbTaTiB BapTO OpaTh
MOKa3HUKH JIJIS Tiepei0aYeHHs IEPBUHHUX — CIIPaBXHIX OTPUMaHUX JIAaHUX, 00 X0Y 1 KOMIUIEKC
aHOHIMI3aIlil 1 CHHTE3 JaHUX 30epiratroTh NPUPOAY MpoOIeMH i iX CTBOpPEHHS, POTE BOHU BCE
OJTHO 3aJIMIIAKTHCS ITyYHUMHU. [lepin, Hixk 3armubiitoBaTucs B poodiiemMy, Tpeda onucaru me-
BHI JieTani mporecy. st Kpamoro po3yMiHHSI BECh alTOPUTM MPOTpaMu 300pakeHUH Ha pH-
cyHKy 3 Hipkue. Jleski 651oku aani OyayTh OmMcaHi AeTalbHIIIE Ta PO3LIIUPEHI.
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Puc. 3. Cxema pobomu anrecopummy
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A, oTxe, Ik 6a4MO, MM MOKEMO 3aMiHIOBATH JIaHi1 CTATUCTUYHO — 32 IEBHIUMU ITapaMeT-
paMu, 3aMiHOIO TIEBHUX 3HAYCHb Y OMHMPAIOYNCh, HA CTATUCTUYHI MOKa3HUKH. A € i iHIIa Mo-
KIIUBICTh — 3aMiHa 3aJISKHO BiJ iHIIMX JaHuX. OfHE 3 3aBJaHb MAIIMHHOTO HaBYAHHS MOXKE
OyTH mepenOaueHHs 1IHM HAa MEJUYHE CTPaxXyBaHHS 3aJISKHO BiJl CTaHy JIIOJUHH. 3 Teopii oc-
HOB MalIMHHOTO HAaBYaHHS MU 3HAEMO, IO CITIB3aJIEKHI BEIMYMHU HE 3aBXKIH T'APHO BKIIIO-
yaTH, 00 BOHU IIOCUIIOIOTH BATOMICTH OJHE OQHOIO 1 HIBEIIOIOTH ITOKA3HUKHU TAKOI 3K JIOTTYHOL
BaroMocCTi, ajie He MIJKPIMICHI CX0XUM TOKa3HUKOM. SIK TPHKJIaa, HE BapTO BKa3yBaTH PiK
HApOJDKEHHS Ta KUIBKICTh POKIB JIIOAMHU OJTHOYACHO (32 YMOBH, 11O TIEBHI POKU HE OyIIu crie-
nuGIYHUMH U1 HApODKEHHS Y BUOOPIIi), 00 I1i BEIMYUHHM CITIB3aJICKHI — 3HAIOYU PIK HAPO-
JDKEHHS, MOYKEMO TTOPaxyBaTH Bik 03 mpoOIieM i HaBMaku, TOOTO 3HAUYEHHs HECYTh OJIMH 1 TOH
caMUU 3MICT, MIIKPIILTIOYH ofHE oaHOoro. [IpoTe € ¥ 3aKkoHOMIpHI 3HAYEeHHS, SK TaKi 1110 CTaH
NEBHUX OPraHiB MO)kKe OyTH KpallliM UM TipPIIUM 3aJIeKHO BiJl CIIOCOOY JKUTTS, XapuyBaHHS,
HAsSBHOCT1 MOTaHUX 3BMYOK YU MOJIOHHMX mMmapamerpiB. Tox, po3ymiemMo, 10 AaHi JOCUTh
NOB’s13aHi 1 00MpaT HaBMaHHS 3HAYEHHS O3HAK Cepell ICHYIOUHMX HE MOKE OyTH JOUUTHHHM.
Tomy nana po6ota mporoHye mo0ya0By B3a€MO3B’SI3KiB MiXk MapaMeTpaMu y OaraToBUMIpHiit
MaTpHIli, e 30epiraeTbcsi KO>KHE 3HAUYEHHS MapaMmeTpa i OyAyeThbes JaHILIOT 3HAUYCHb 1HIINX
napaMeTpiB 3 MOXKJIMBUMH 3HAYCHHSMH ITPH BUKOPUCTAHHI MEPUIOTO mapaMerpa. Takox ¢ik-
CY€ThCS 9acTOTA 3yCTPidi MEBHUX 3HAYCHB ITPH ONMHCAHUX CUTYAIlisX.

MNapameTp 1, K Napamerp 2, M
k1, p1) ] (m1, p3), (M2, p4)
(k2, p2) B (m3, p5), (m4, p6)

Puc. 4. 306pasicenns 63aemo36 ’a3Ki6 Midc napamempamu y 1aHKax

Bapro 3a3naunTy, 1110 Bech npoiec 00poOKH Ta reHepariii BiJ0yBa€eThCs 3 pIKaMU TaKUM
YHHOM, 1110 BiJJpa3y OUIKyeTbCs, 110 IaHI HOPMaJli30BaHi, Mi/1al0ThCs MOPIBHAHHIO, IPUBEACHI
JI0 OJIHOTO TUITY B KOJIOHKaX Ta AKICTh BIANOBIJA€ OUIKYBaHUM MOKJIUBUM pe3yJbTaTaM KOpH-
CTyBaya, IKM{ Mpalroe Haj 33/a4ero. AJKe 3HauHa YaCTHHA B1JIMOBIIANBHOCTI 3a YCHIX MpH-
naJia€ came Ha sIKiCTh IMOYaTKOBHX JaHUX. T0 3K, TOBEPHYBIIKCH JI0 aJTOPUTMY, B Pe3yJIbTaTi
o0y /10BH MaTpHULII MATUMEMO CTaTUCTUYHI 1aH1 CHIEPILy PO Te, sIKi MOMJIMBI 3HAYSHHS 1HIITUX
napaMeTpiB Mpy BUKOPUCTAHHI IEBHOTO 3HaU€HHs oOpaHoro napamerpa. [licis mo6ynosu ma-
TpPHULI BXKe BiAOYIeThCs 30€peKEeHHS CTATUCTUYHUX JTAaHUX MPO IPUPOAY AAHUX, SKI MU OTpH-
Manu. To >k Hapa3i Ma€EMO MOKJIMBICTh MOOYAYyBaTH HOBI PSIIKH, MIATPUMYIOUHU iX HPUPOI-
HiCTb. BpaxoByroun Te, 110 HaM JOCTyIHAa 4YacTOTa BXO/KEHb Ta 3arajbHa KUIBKICTh, TO

MO’KEMO OTPUMATHU BIPOT1IHICTh MOTPAIJITHHS Y HOBHI HaO1p.
m

p (A) = P

JIe N — 3arajibHa KUIbKICTh BXO/KEHb, M — KUTBKICTh BXOJIXKEHb, SIK1 IOPIBHIOIOTH BEIMYUHI, AJIs

AKOI BUPAaXOBYEThCS IMOBipHICTh, P(A) — HMOBIpHICTH MOAIT A, 1€ A — BXOJKEHHSI 00paHOro
3HAYECHHS.

Takum unHOM, TOOYT0Ba HOBOTO PSIZIKA BUTIIAIATHME SIK BU3HAYCHHSI IMOBIPHOCTEH 1 TIeper-

JISI7T HOBUX 3HAUEHb LUIIXOM BKJIFOUEHb Ta BUKIIIOYEHb. 3aCTOCYEMO OJIMH 3 TUIOBHX MiJIXOJIB,

SKUI BUKOPUCTOBY€ETHCS Y 3aa4ax MAllIMHHOTO HaBYaHHs, IIPX HEOOX1AHOCTI BU3HAUEHHSI HOBOTO

3HAUEHHS. A came BiH IOJISIrae y TOMy, 1110 HMOBIPHICTh PO3NOALTAETHCS Ha cekTopi Bix 0 o 1, a

MOYKJIMB] 3HAYCHHS 3aiMalOTh BIAMOBIAHUN TPOCTIP HA CEKTOP1 Y JOBXHUHY CBOET HMOBIPHOCTI.
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[ceBnoBHIIaIKOBUM YHHOM BU3HAYAETHCS 3Ha4eHHs Bij 0 10 1, 3HAXOAUTHCS TOUKA HA CEKTOPI 1
BU3HAYAETHCSI 3HAYCHHS TIEPIIOro mapamerpa. ToOTo Hexail BUpaxoByeMO 3HAUCHHS ceperl a, b, C.
MMoBipHicTh noTpammsiHas a — P(A), mpumycTtimo, nopisHioe 0.25, P(B), mpuIrycTUMO, JOpIiBHIOE
0.25, P(C), mpurryctumo, nopisatoe 0.5. Toxi 3HaueHHs Ha cektopi Bix 0 1o 0.25 BianoBiAaoTh a,
Bix 0.25 10 0.5 —b1Bix 0.5 no 1 — Bianmosixarots C. [IpurrycTrmo, 1o BUaIKOBUM YHHOM BHITAIO
3HaueHHs 0.75, Tozi BUKOPHCTOBYEMO 3HAUCHHS C.

Tenep nmoBepTaeMoCh 10 MaTPUIIi, 3HAXOAMMO BIAMIOBITHUMA PSAOK 3 BIMOBIAHUM 3HAYCH-
HSIM TIapaMeTpa i MepexoquMo 10 HOTO MOXKIIMBUX 3HAYEHB JPYroro mapamerpa (J10 JIaHIIora,
KWW BUle OyB 3rajjaHuil Ta ONMcaHuii). 30epiraeMo Bech JAHIIOT, OCKUIBKU TIEPIIHA Tapa-
MeTp OyB 0OpaHuil came 3 I[bOT0 JIAHIFoTa. AHAJIOTIYHUM YHHOM BU3HAYa€MO 3HAYCHHS Y-
roro mapamerpa cepea JOCTYIMHHX (Ti, 0 MICTATHCS Y JIAHII 30€pEKEHOTO PAAKa) Yepe3 MMOo-
BipHiCTh. TOOTO B JaHOMY BUMQJIKY, 3HAWILIH JIAHIIOT 31 3HAYSHHSIM ITapaMeTpa c. 3HAWIum
MOYJIMBI 3HaYCHHs APYyroro napamerpa. [Ipumycrumo, 1o ue X, y, z 3 WMoBipHOCTSIMHE pl, p2,
p3. Toni nepepaxyBaiy maHCH 32 BXXE BiIOMOIO (POPMYIIOIO 1 yMOBHO 300pa)Ky€e€MO Y TOBXKHUHY
HMOBIPHOCTI Ha CEKTOpPi 1 TeHepYeEMO TICEBIOBHIIAKOBE 3HAUCHHS — OTPHUMYEMO HOBE 3Ha-
YEeHHS JIPYToro rmapamerpa psaka. 3amucyeMo 0 KOMIpKH HOBOCTBOPSHHX JaHUX OOpaHEe 3HaA-
YEHHSI TapaMeTpa, 1 EPeXoAMMO JI0 BU3HAYCHHS K Oy1yTh HaJlaJli BA3HAYATHCH JIaHi. A, OTKe,
HOBE 3HAUEHHSI APYTOTO IMapaMeTpa MIyKaeMo y MaTPHIIi BiIIOBIJHOTO CTOBITYHKA 1 3a0MpaeMo
oTpuMaHui nanitor. OTKe, Tenep BKe MaeMO BU3HAYATHCh 3 TPETIM napameTpoM. bepemo no-
CTYITHI 3HaYEHHS TPETHOTO MapaMeTpa 3 MEepIIoro Ta IPyroro JaHimiora. [lepepaxoByemo imo-
BIPHOCTI BiJIIIOBIIHO JI0 HOBOTO MOKJIMBOTO HA0OPY 1 aHAIOTIYHUM YUHOM BU3HAYA€EMO TPETii
napameTp. 3HOBY 3HAXOJMMO JIAHIIOT 3 TPETIM BU3HAYCHUM IMapaMeTpoM, 30epiraemo i anro-
PHUTM MOBTOPIOETHCS 3HOBY, TOKH YC1 TapaMeTpH He OYyTh BU3HAUYECHI.

I HE MapaeT iy 1 i) Monitiani sHiaueHHA - Mnesan aHaunesm il ol Ty EHHA
napaseTEy 2 napakeTRy 3 MADIAETRY 4
| E [ T T T PAERE s i BHiE
H2LCH IR NAPIFACTRY 2 |t i - &
napaseTRy 3 napaserpy 4

MlaEnis sHEIBHHA

Hiranieri v RapaeTiny 3 - napmsstpy 4

Mapauerp 4

Puc. 5. Bioobpaoicenns nanoxk nanyioza, wjo niusaroms Ha 6udip 3Ha4eHs

Takox mpu BU3HAYEHHI HOBHX 3HAYEHb BapTO BPAXOBYBATH UM 3HAYEHHS TapameTpa Mo-
KyTh OyTH 00paHi 3 ikcoBaHOT0 HabOPY, sK OyneBe 3HaueHHs — true uu false (0 um 1), um sx
Oyab-sKe 3HAYCHHS 3 Jliara3oHy. Y IpyroMy BHUITIKY, BApTO PO3TIISIHYTH BapiaHT BU3HAYCHHS
MIHIMaJIBHOTO Ta MAaKCUMAaJIBHOTO 3Ha4Y€Hb, Ta IPU BU3HAYCHHI IMOBIPHOCTI 3aCTOCYBATH IIe-
BHY JICTIbTY 3aJICKHO BiJ] TOPSIKY 3HAYECHB Ta MOPAaXOBAHO! YaCTOTH.

PesyabraTn. TecTyBaHHS IPOBOANTHCS HA MOAEISX MAIIMHHOTO HABYAHHSA 3 PO3TIIAIOM
3aBAaHb Kiaacu@ikali ta perpecii.

1. 3aBnanns perpecii, RandomForestRegressor, nani 6e3 3miH.

2. 3aBmanns perpecii, RandomForestRegressor, nani 31 CTaTHMHUMH 3MiHAMH.

3. 3aBnanns perpecii, RandomForestRegressor, nani 31 3MiHamMu Ha OCHOBI MaTpu1li 31 30e-
PEXKEHHSIM MTPUPOAHN JIaHHX.
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4. 3apnanns knacudikariii, RandomForestClassifier, nani 6e3 3miH.

5. 3aBnanns knacudikamii, RandomForestClassifier, nani 31 cTaTHYIHUMU 3MiHAMHU.

6. 3aBmganus knacudikaiii, RandomForestClassifier, mani 31 3MiHaMu Ha OCHOB1 MaTpHII
31 30epeKCHHSIM MPUPOIH JaHUX.

Ha nactynmumx rpadikax 300pa)k€HO O3HAaKM Ta MPaBWILHICTH MEpea0avYeHHS TaHUX
BITHOCHO iX crpaBkHiX 3HaueHb. [Ipsimi Ha rpadiky (puc. 8-10) BimoOpaxaroTh incaqbHy
CUTyalIlito — nepeadadeHHs MOBHICTIO BIANOBIIAIOTH CIPABKHIM JaHUM, TOMY YUM OJIHKYE
3HAUEHHS JI0 MPsAMOi, TUM Kparie. ['padiku 1eMOHCTPYIOTh MOJENb 0€3 3MiH, 31 CTATHYHUMHU
3MiHaMH 1 31 3MiHaMHU Ha OCHOBI MaTpPHIll BIAMOBIIHO. 3aBJaHHs MMOJIATAIO Y BUSHAYCHHI IIHU
Ha MEIUYHE CTpaxyBaHHS.

Feature Importances

noker_ys:

0F

age

chikdren

ST R=ED

southeast

northwest H

mRN_rnabs o

an 1] .2 a3 04 a5 Q&
Aelative Impartance

Puc. 6. I'paghix cknadosux eniugy 03Hax Ha moyHicms Mooeli (3a80anHs peepecii)

Variable: smoker_yes Importance:
Variable: bmi Import

Variable: age Importance:
Variable: children Importance:

Variable: region_southeast Importance

Variable: region_ Importa

Variable: X_ma'le Importance:

Variable: r . Importance:

Puc. 7. 3nauenns cknaoosux 6niugy 03Hax Ha mMooens (3a80anHs pespecii)
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Puc. 10. Ilepeobauenns na oanux 3i sMiHamu Ha OCHO8I mampuyi (3a60anHs pecpecii)

3HaiiIeMO MOKAa3HUKU MOJIeNi TIPU Pi3HUX JaHMX:
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Tabmmus 1

ani R2 score Explained variance score Mean absolute
percentage
o 3min 0,734668 0,739642 0,439573
Crartuysi 3MiHK 0,822780 0,824976 0,350458
Ha ocHoBi MaTpuui 0,856572 0,856581 0,301050

Jbxepeno: po3poOka aBTOpa.

OTxe, 32 MOKa3HUKAMU MOKEMO MIEPEKOHATHUCH, 1[0 00pOOKa TaHUX MPHU3BENA 10 TTOKpa-
HIeHOro pe3yibTaTy. [leperisHemMo un OyIyTh MOKPAIICHHS MPH 3aCTOCYBaHHI METOIB, BU-
KJIaJIeHUX y po0oTi, 31 3aBaaHHsM Kinacugikauii. [y ananizy Oyna obpaHa 3a1aya BUSHAYCHHS
HaJaHHs KpeauTy ocobi. OckinbKy, 3a1a4a kiacu@ikalii, ToMmy 300pakeHo JUIIe 03HAKU Ha

rpadikax, a HIOKYe, B Ta0IHII, 3a(DiKCOBaHI MTOKA3HHUKH.

Feature Impartances
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Puc. 11. I'pagix cknadosux eniugy 03Hax Ha MOYHIiCMb MOOei (3a80aHHs Kiacugikayii)

Puc. 12. 3nauenns cknadosux eniugy 03Hax Ha Mooens (3a80anHs Kiacugixkayii)

Tokasnuxu mooeni (3ae0ants Knacugixayii)

Tabmums 2

Jani Accuracy Precision Recall F1 score False positiverate
Jlo 3miH 0,964000 0,933333 | 0,636364 0,756757 0,363636
Crartnyni 3MiHK 0,976000 0,970588 | 0,750000 0,846154 0,250000
Ha ocHoBsi Matpuui 0,984000 0,973684 | 0,840909 0,902439 0,159091

xepeio: po3podOka aBTopa.
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3aBnanHs Kiaacuikarlii mcis 3acTOCYBaHHS METO/IIB TEX 3a3HAJIO MOKPAIICHb 1 Pe3yilb-
TaTu cranu Outkin TouHi. [TokazoBo, mo F1-SCOre cyTTeBo MOKpammBCs — KOMIUIEKCHA Mipa
ycminHocTi Moaeni. BaxknuBo opienTyBatucs Ha F1-score y 3amgavax kinacugikariii yepes Bi-
JIOMYy TIpoOJieMy «BU3HAYEHHS TepopucTa» [8], y sKiii MOke OyTH OKpEMO BHCOKE 3HAUCHHS
precision abo recall, mpore mporpama Oyae HeedekTrBHOO. Toi 3’SIBIS€THCS MOKa3HUK F1-
score — Mipa ycrixy mozeni (BpaxoBye i precision, i recall). Jlani pesynbratu cBig4aTh 1npo
BpaxyBaHHS Takoi 0COOIMBOCTI, 60 MOKA3HUKU MOKPALIUIHCH.

BucHoBok. Y BuKIasieHOMY MaTepiaiii OyJjia BUCBITIEHA MpoOiIeMa BUKOPUCTAHHS JaHUX
Ta OCBITJICHI MOKJIMBI IIJISIXH X aHOHIMI3aIlil y pa3i moTpedu. bynm 3a3HaueHi MOXKJIUBI MPO-
Onemu He0aIoro KOPUCTYBAaHHS Ta COCOOM YHMKHEHHS TaKMX BapiaHTiB. Posrmsnyto, mio
npoOjeMa MpUTaMaHHA PI3HUM Tally3siM, TOMY 1 METOJU PO3B’SA3KY MOXKYTh OyTH PI3HHMH.
Omnucano K CTaTHYHI 3aMiHM, TaK 1 3aMiHM Ha OCHOBI OpraHiYHOI MPUpPOAW NaHWX. Bapto
nam’sITaTy, 110 BiAMOBIJAbHICTH 32 SIKICTh IaHUX JISKUTh Ha KOpUCTyBadeBi. binbin netansHo
OyJ10 BHCBITIICHO HEOOXIIHICTh MOMIOHUX YTHIIIT y MAIlIMHHOMY HaBYaHHI Ta 32 HOTO JI0IIOMO-
roto Oylia BUKOHaHa MepeBipKa pe3yabTaTiB. He B ocTaHHIO uepry sKiCTh 1 HEOOXITHICTh 3aJe-
KHUTB Bi moTped 3a7adi Ta caMoi MoJeli, IpoTe OyJin B3sTI KJIACHYHI TPOOJIeMH MAIIMHHOTO
HABYaHHS 1 BU3HAUEH1 OKa3HUKH.

Byno 3'sicoBaHo, 10 pe3yNIbTaTH, SIK 3aBJIaHHS perpecii, TaK i 3aBJaHHs Kiacudikaiii, Oyim
nokpaieHi. [Tokpamienns csararots 20 % 1 0cOOIMBOCTI MPABHIIBHOT OLIHKH — 3aCTOCYBaHHS
F1-score — 6yno BpaxoBaHoO.

VY 3aMipax yci pe3yJbTaTH CTaBajlM KpalluMU, IPOTE 3 iHIIUMU MOJAETISIMU MOXKYTh BiApi-
3HATHCS. Y 3a7a4ax MAallHHHOTO HaBYaHHS HEOOX1THUN KOMIUICKCHHM ITiJIX1JT IO PO3B'sI3aHHS,
TOMY JlaHa PO3pOOKa TEXK HE € BUKIIOYCHHSIM 1 HEI0 BaApTO KOPUCTYBATHCS 3 PO3YMOM, aHali-
3YIOUH Ta BJIOCKOHAJIIOIOUH JaHi, MOJIEN, pe3ybTaTu.
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THE METHOD FOR INCREASING THE EFFICIENCY
OF DATABASE DEPERSONIFICATION

Thetopic isrelevant dueto the need to protect personal data during itsstorage or usein different systems, so the demand
for anonymization of data is growing every day.

The need for depersonalization is often mentioned, which is confirmed by the large number of competitorsand theresults
of the materials. The materials offer static replacement, relational format replacement, data curve reproduction and replace-
ment based on it.

The topic now needs to be deepened and it is proposed to consider depersonalization by various methods, one of which
is by preserving the nature of data and use synthesis as a method of improving the results of the issue.

The aimisto develop a method of depersonalization and data synthesis for use without distortion. To achieve this goal,
a set of experiments was conducted, which involve the cal culation of analytical metrics, which are used to assess the feasibility
and quality of the work done.

The principles of depersonalization methods are described, the emphasisis on anonymization with preservation of data
nature. At the end, the analysisis performed and the results are presented.

The presented material highlighted the problem of data use and highlighted possible ways to anonymize them if neces-
sary. It was found that the results of both the regression problem and the classification problem were improved. Improvements
could reach 20 %.

Keywords: depersonalization; anonymization; data.
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SIMPLE SPEED MEASUREMENT IN SPORT BASED ON ULTRASOUND

The intention of our solution mentioned in the article was to create a simple device capable of measuring speed of a
moving object. For various sports, such equipment is necessary during athletes' performance testing to determine progress.
The designed device based on the ultrasonic sensor HC-SR04 in conjunction with Arduino is simple and inexpensive. The most
important task in the implementation was to solve the synchronization between the measuring modules [1]. The nRF24L01
communication modules were used to synchronize the modules.

Keywords: sport; ultrasound; ultrasonic sensor; speed measurement.

Fig.: 9. References: 4.

Urgency of the research. IIn the training process of amateur and professional sports, an
analysis of increasing performanceis needed. This can be done by objectively measuring some
of an athlete's abilities (needed for sport). One of theimportant abilitiesisthe maximum running
speed of an athlete. This ability is also needed in most team sports.

Target setting and Actual scientific researchers and issues analysis. As part of our solu-
tion, wefirst proposed a speed measurement method using the radar method. In this solution, only
one ultrasonic sensor would be used, the position of which would be as paralld as possibleto the
direction of movement of the measured object [1]. The movement of measured object would be
towardsthe sensor. To determine the speed, wewould eval uate at | east two distances of the object
from the radar. Here, however, there was a problem with sensing the distance of adressed person,
where the signal was too attenuated. This signa could not be processed. Therefore, we decided
to implement the method of two points through which the measured object must pass.

The statement of basic materials. The measurement method is based on the principle of
measuring speed in a section given by two points. The velocity is calculated as a derivative of
the length of the section over time.

(ST T

10-20m

7 A

’9 Synchronizaény
e modul

Fig. 1. Measurement method used
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Fig. 1 shows the principle of the method used to measure the speed between two points.
An important condition in this measurement is the synchronization of the modules, which must
bein microseconds for the measured resultsto berelevant. Therefore, asynchronization module
(SM) is used, which communicates via NRF24L 01 with measuring modules (MM 1 and MM2).
Asan SM (Fig. 3), we have developed a modul e that contains an ATmegal68 microcontroller.
The controller communi cates via RS232 with the computer and is also responsible for synchro-
nizing the modules with which it communicates via the mentioned nRF24L01 [4].

hd

TTL RS232 :
PC NRF24L01
Fig. 2. Synchronization module scheme
ATmega 168
FTDI 232

Fig. 3. Synchronization module

Design of measurement modules. The implementation of our speed measurement design
took place in several phases. In the first phase, models of modules 1 and 2 were designed and
drawn (Fig. 4), in which the individual components are placed. Subsequently, everything was
installed in modules and interconnected. In the next phase, algorithms for controlling the entire
measurement were designed and implemented.
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Fig. 4. Design of measuring modules box

Arduino NANO was used as a managing member of MM [2]. The 9V battery was chosen as
the power supply component, which is suitable both in terms of capacity and dimensions for
this purpose. Furthermore, acontrol LED was incorporated into the design to monitor the status
of the modules. The nRF module is connected to the Arduino viathe SPI communication inter-
face and the ultrasonic module HC-SR04 is connected viatwo IO pins[3]. The wiring diagram
isshownin Fig.5.

Fig. 5. Wiring diagram of measuring modules
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Proposed measurement algorithms. The design of algorithms had to be based on the
principle of operation of the entire measurement system. The time characteristic of the imple-
mented system (Fig. 6) clearly shows the principle of operation, which is as follows:

- SM sends START byteto MM1 and MM2

- Both MMs start the measurement after receiving this apartment

- MM1 sends Tag byte after 15ms from the beginning of the measurement

- MM2 sends Tag byte after 20ms from the beginning of the measurement

The described schedule of activitiesis repeated every 33.3ms, which ensures 30 measure-
ments every second.

m
i ms
H hopst : #us ¢ 57 s |
: s e M5

MODUL 1 i an Echo | =z Tag 1 |
! H : 5T ps
H ' : T

MODUL 2 | l'riq Echo e Tag 2 ‘
15T ws

sm

START START]

32.3ms

Fig. 6. Time characteristic

Based on this schedule, algorithms were designed for SM (Fig. 7) as well as MM1 and
MM?2 (Fig. 8).

Program pre SM Timer (33,3 ms)

(i}“j) Comer D

InitnRF24L01 (Transmitter)

l

Transmit (START)

Display Velocity

Fig. 7. Algorithm for SM
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The agorithm starts by setting the nRF in the SM to the transmission mode
(Init_nRF24L01 (Transmitter)) and the subsequent macro Transmit (START). Thetask of this
macro is to send a command that initiates the start of the measurement in MM1 and MM 2.
After this, the Timer (33.3 ms) is started, which counts the time in the background and starts
the subroutine by 33.3 ms. The goal is to ensure that the measurement is repeated every 33.3
ms (30 times per second). Immediately after starting the Timer (33.3 ms), the nRF in the SM
switches to the receive mode (Init_nRF24L01 (Receiver)) so that it can receive data from the
MM1 and MM2 modules. Next, it is checked (condition IsTag 1 & Is Tag 2?), Whether both
ultrasonic sensors measure and send the current measured values (presence of the object in
the vicinity of 2m) to the SM. The value of the tags determines whether the object (human)
was close to M1 or M2 (Tag = 1 - human was nearby; Tag = 0 - human was not nearby).
Condition IsTag 1 & Is Tag 2? (more precisely Is Tag 1 (t) = (true or false) & Tag 2 (t) =
(true or false) ensures the continuation of the program regardl ess of whether the tags are equal
totrueor false. If it was not met (either only one would come or no tag would come), it would
mean that no data is coming from the MM. At the same time, the feedback treated condition
isthat the Tags have not yet been measured and are therefore waiting for them to arrive. Next
condition Is Measured? represents a state where Tag 2 = true and Tag 1 have been true some-
timein the past (exact notation Is Tag2 (t) = true & Tag 1 (t-n) = true). This condition is used
to verify whether the measured person passed before MM 1 (Tag 1) and at the same time with
acertain time delay before MM2 (Tag 2). Only then is the speed measurement successful and
can be continued. If the measurement is not successful, the feedback continues to the Is Tag
Timer = True condition, which isthe Timer (33.3 ms) count started in the background to 33.3
ms. If the Timer (33.3 ms) counts to this time, it continues back to the beginning of the pro-
gram and the whole cycle is executed again. Thisfeedback ensures that the measurements are
repeated by both modules every 33.3 ms, ie 30 times per second. If the condition is Is Meas-
ured? fulfilled, the Velocity Cal culation macro is continued, which is amacro for calculating
the speed of the measured person:

dm [m]
v[km/h] = AT Trms] x 103 X 3,6 Q)
AT [ms] = t2 — t1 2
dm=10m (3)
o lan/h] = ——00m o (4)

AT [ms] x 1073

where:

dm is the distance between measuring points (sensors) see. Fig. It can be any in the range
from 10 to 20 m.

t1 isthe time at which MM 1 recorded a change in the measured distance (person).

t2 isthe time at which MM 2 recorded a change in the measured distance (person).

The last macro of the main program Display Velocity will list the final speed of the meas-
ured person in km/h, or we can add a conversion to m/s (v [nvVs] = v [knVh] / 3,6).
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Init NRF24L01 (Receiver)

| ‘ Start (Timer 2 (us)) ‘ |

| ‘ Time to Distance | ‘

Is Distance <2 m?
Tag = False

Init nNRF24L01 (Transmitter) \ |

Is Timer1=15/20ms?

I Send (Tag) I

Fig. 8. Algorithm for MM

5. SPEED display

1l ]

Dstance between modules: 10,00 m

3,700 sek
9,73 km/h

Fig. 9. View the results on computer

Conclusion. We place both modules at a distance of 10 - 20 m from each other in places
between which the athlete's movement speed is measured. The modules are positioned so that
the measured person runs first next to M1 and then next to M2. If a person ran in the opposite
direction or if we swapped the individual modules, the speed measurement would not be suc-
cessful. It is therefore important to know which module is which and based on that to place

them correctly.

Start
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The aim was to design and implement speed measurement for sports activities. The de-
scribed measuring system is perfectly usable in testing the results of training activities. It is
possible to use well-targeted testing and training to determine the progress of individuals in
speed, or in achieving maximum speed in a short section. Thanks to modul es with independent
power supply and RF communication, the device is easy to use within afew tens of seconds.

Acknowledgment. This article was created thanks to the support of the KEGA project:
010TUKE-4/2020 Implementation of new knowledge and innovative approachesto the process
of teaching roboticsin the intentions of Industry 4.
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IMPOCTE BUMIPIOBAHHA HIBUJIKOCTI B CIIOPTY HA OCHOBI
YJIbTPA3BYKY

Y npoyeci mpenysanna amamopcorozo ma npogeciiinozo chopmy neobxionuil ananiz nioguujeHHs pesyiomamueHoCmi.
Lle mooicHa 3pobumu wasAxom 00 EKMUBHO20 BUMIPIOBAHHA 0esaKUX 30i0HOCmell cnopmemena (HeoOXiOHux ons cnopmy). O0-
HIEI 3 BAXCIUBUX 30IOHOCTETN € MAKCUMATbHA WBUOKICMb Oicy cnopmcemena. Lla 30amuicmes makosc nompioHa 6 Oinvuiocmi
KOMAHOHUX 8U0i6 cnopmy.

Tlouamkosuii Hamip po3poOKU GUMIPIOBANLHO20 NPUCHPOIO NONA2AE Y OOCASHEHHI padioNoKayiiHO20 GUMIDIOGAHHS
wWeuUoKocmi pyxomux 06 €kmia y cnopmi.

Ha ocnosi nepsunnux eunpobysans knacuynux ynempaseykosux mooyiuie HC-SR04 mu eupiwunu euxopucmamu kiacuy-
HUl NPUHYUN BUMIPIOBAHHS UBUOKOCII 00 '€KMa Midc 060Ma MOOYAAMU. V YyboMmy piluenHi wisuOKicms nepemiwents 06 ekma
MIHC MOOYIAMU OYIHIOEMBCS SIK CEPEOHSL WBUOKICTb, OOCASHYIMA MINHC YUMU MOOYIAMU.

Hapasi ye sumiprosanms € oomedicenum i 6unpobo8yemvcs auute 0 GUMIPHOBAHHS WUBUOKOCTI Oiey CNOPMCMEHIB.

Mu pozmingyemo 06uosa mooyns na eiocmani 10 - 20 M 00un 6i0 00H020 8 MICYSIX, MIHC AKUMU BUMIPIOEMbCS WBUOKICD
pyxy cnopmemena. Mooyni po3mawosani mak, wjo sUMIpo8ana 1oouna bicac cnowamxy 6ins M1, a nomim nopyu iz M2. Axou
J00uHa 6iena 6 nPOMUNLENCHOMY HANPSIMKY A0O0 SAKUJO MU ROMIHSIU MICYSMU OKpeMi MOOYIIL, GUMIPIOBAHHSL WGUOKOCH He 610
0 yeniwnum. Tomy 8asciueo snamu, axuil ye MoOyib, i HA OCHOSI YbO20 NPABUTLHO IX POIMICIUMU.

Memoro 6yno pospobumu ma 6nposaoumu BUMIpIOEAHHA WEUOKOCMI 05l CHOPMUSHUX 3AHAMD.

Onucana sumipioganvha cucmema 4yo006o nioxooums 0 nepesipku pe3ynomamis HaguaibHoi disnvrnocmi. Mooicna u-
KOpUCMo8ysamu YiieCnpsamosane mecmy8ants ma Hag4anHs, wjob susHayumu npozpec ooeti y wmeuoKocmi abo 0ocsaeHeHHs.
MAKCUMATLHOT WBUOKOCHT 8 KOPOMKOMY PO30iai. 3a80KU MOOYIAM 3 HE3ANEICHUM 0ICEPENOM JICUBTIEHH Mma padiouacmom-
HOMY 38'513KY, npucmpiti npocmuil y 6UKOPUCMAHHI RPOMALOM KiTbKOX 0eCsmMKi6 CeKyHO.

Kniouogi cnosa: cnopm; ynompasgeyk; yibmpazeykoguti 0amuux, UMIpIOGAHHs WEUOKOCHIL.

Marek, S., Grytsiv, M., Kraba¢, K. (2021). Simple speed measurement in sport based on ultrasound. Technical sciences and technologies,
3(25), 213-219.
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TH®OPMAIIMHI TEXHOJIOI'TI TPU BOJAONIATIOTOBIII
TA MOXKJIMBOCTI il ABTOMATH3ALIII
HA ITPUKJIAJII BUPOBHUIITBA IUTHOI BOJIU «CIBEPCBKA»

Y pobomi supiweno npobnemy pospaxyHky ionHozo ckaady 600u nicia smiwyéanua Ha TOB «Henmyn» (cum Mena Ye-
PpHiciecvkoi obnacmi). [[na dooamxoeoi minepanizayii ouuweHoi 8oou nicia Opyeoeo0 CMyneHs CUCeMU OYUCKU KOMNAHIT
ECOSOFT (360pommuiii ocmoc) nponoHyeEmuvcst 3MiUy8anHs ii 3 600010 NICIs NEPUIO20 CMYNEHIO OYuleH s (I0HOOOMIHHULL).
Hns onepamugno2o 6UsHa4eHHs KOHYEHMPAayili KOJICHO20 IOHY 6 Pe3YNbmyIoUill 8001 BUKOPUCHIOBYEMbCA eLeKMPOHHUL Maby-
asimop Microsoft Office Excel. J{ns mounoco 003ysanus 600u 6i0nogioH0 00 00paH020 KoepiyicHma 3Miuly8aHHs peKOMeHOY-
emwcst yugposuti dasay pisus 6oou ECMS. Aesmomamuzayis dacmv mosicaugicms upobasimu npooyKyiio pizHo2o ckiaoy 3a-
JIEJHCHO BI0 3aMOBIIEeHb CHOJCUBAYIE.

Knrouosi cnosa: 6000nio2omoska; noKasHUKU i HOPMAMUSU AKOCHI RUMHOL 800U, 360pomHutl ocmoc, npozgpama Exel;
agmomamu3ayis.

Puc.: 4. Tabn.: 3. bion.: 15.

AKTyaJbHICTH TeMHU A0CTiTxeHHs. OTHIEIO 3 BAXIMBUX HEBUPIMICHUX COLIAIIBHUX TTPO-
611eM y CBITI € pobJIeMa HU3bKOI SKOCTI MUTHOT BoaM Ta ii nedinury. Y cepnai 2019 p. Inctu-
TyT cBiTOBUX pecypciB (WRI) onpuitonHuB 10CiiKeHHs, 110 OJU3bKO YBEPT1 HACEIEHHS CBITY
CTHKAETHCS 3 HECTAYeI0 MUTHOI BOIU. EXcriepTH mporHo3yoTh, 1o y 2030 pomi Bix Hectadi
npicHol Bogu ctpaxaarume 47 %, a go 2050 — %/; HaceNleHHS TIJIAHETH. 3a TBEP/UKCHHSIMU
BOO3, 6inb six 80 % 3aXxBOpIOBaHb MOB’s3aH1 3 SKICTIO BOJHU, SIKY CIIOKHUBAE JIIOIMHA.

VYkpaina, He3BaKar4H Ha BEITUKY KUTbKICTh BOTHUX 00’ €KTIB (63 THC. pivuok, 40 THC. 03€p,
1100 Bomocxoswui, 400 Tuc. ctaBkiB — 1 miH 100 THC. Ta IPiICHUX BOAOM), 32 OCTAaHHIMH TIPO-
BEJICHUMH JTOCTIHPKCHHSIMH Ha 3aMOBJIeHHS CBITOBOTO (hiHAHCOBOTO OaHKY TMOCIJA€ 32 KITbKI-
CTIO MMUTHOI BOJY Ha AyIly HacesneHHs 125-e micue 3 180 kpaiH — Ha KOXKHOTO MEIIKaHIIs PpH-
najae npuommsHo 1-1,2 tuc. M BOJIM, IPUAATHOI A1 criokuBaHHs. Y [1IBerii el mokasHuUK B
20 paziB Oinbmmii [1-3].

SkicTh BOIU CTOITh HA MEPUIOMY MiCIIi JUTsl 3a0€31eueHHs 370pOBOT0 XapuayBaHHs. Oco0-
JMBE 3HAYCHHS JJIS1 3/I0POB’ S TIOMWHU MAIOTh XIMIYHUH CKIIaJ] Ta CTYIiHb MiHepami3ailii TUTHOT
Boau [4].

© 3amaii XK. B., boposuk C. I'., Kocrenko 1. A., [Tacos I'. B., Bysuieceka H. I1., uoyns C. [1., 2021
220


mailto:zamaizhanna@gmail.com
https://orcid.org/0000-0003-2879-4677
mailto:neptun_ltd@ukr.net
mailto:atdrj@ukr.net
https://orcid.org/0000-0003-1195-5163
mailto:genapasov@gmail.com
http://orcid.org/0000-0001-7248-9085
mailto:Buialska@gmail.com
http://orcid.org/0000-0002-6800-5604
mailto:stcibula@gmail.com
http://orcid.org/0000-0002-7843-6061

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

BupoOHUIITBO MUTHOI BOIM BUMAara€ CyBOpOro KOHTPOJIIO Ha BCix eramax. IligBUIIEHHS
e(eKTUBHOCTI BUPOOHUYOTO TPOIIECY, MiHIMI3allisl pU3UKIB BUHUKHEHHS TIOMHJIOK, TPUYHHOIO
SKHMX BUCTYHAE JIOACBKUHN (pakTop, 6arato B YoMy OB’ S3aHO 3 IIUPOKUM 3aCTOCYBAHHSAM Cy-
YacHUX 1H(GOPMAIITHUX TEXHOJIOT1M Ha MPOMHUCIIOBHUX I1ITPHUEMCTBAX.

IMocTanoBka mpodemMu. Uepe3 HEMOCTATHIO SIKICTh TUTHOI BOJIU 3 BOJIOTOHIB HACEIICHUX
MyHKTIB YKpaiHU MEBHY YaCTUHY Y CIIOKMBAHHI BOAM BiIIrparoTh OYyTUIILOBAHI CTOJIOBI Ta JIi-
KyBaJIbHO-CTOJIOB1 MiHEpaJIbHI Boau. B3araimi, Ykpaina nocigae 4-¢ miciie B €Bporri 3a 00csrom
PO3BiaHNX BOAHUX 3amaciB — 2,4 MITH/M>, @ TAKOK BXOAUTD JI0 TpyIH CBITOBHX JIiJIEPIB 32 3a-
nacaMy MiHepaibHOI BOJH, i pecypcu 3Ha4HO MEePeBUILYIOTh BHYTPillIHI OTpedH [5].

Y UepHiriBchbKiit 001acTi O€3MepedHIM JIiIEpOM 13 BUTOTOBJIEHHS MiHepanbHUX Box € TOB
«HenTyny, sike 3HaxoauThCA y MicTi MeHa YepHIriBChbKoi 00J1aCcTi — €KOJIOTTYHO YHCTOMY peri-
oHi Ykpainu. [Ipoaykuiero € Bona MiHepasibHa razoBana «OCTpe4eHChKay, BOJa COJOKA ra30-
BaHa (3 pi3HOMaHITHUMH HallOBHIOBaYaMM) Ta BoJa NUTHA HerazoBaHa «CiBepcbkay. Llg Boxa
BITHOCHUTBHCS 10 JIHITPOBCHKOTO apTe3iaHChKOro OaceiiHy 1 € oaHo, OPOMHOIO Ta H010-0po-
MHOFO MiHEpaJbHOK BOIOIO [6].

Onnak ounnienHs Bogu Ha TOB «Hentyn» 3a 101oMororw 3BOPOTHOTO OCMOCY IPHU3BO-
JTUTH 110 11 IeMiHepaizailii, 10 MiJBUIILY€E PU3UK PO3BUTKY 3aXBOPIOBaHb, 3yMOBJICHHX Je(di-
IIUTOM MIKpO- Ta MakpoesieMeHTiB [2—4]. HeoOXiTHUM € MOIIyK NUIAXiB BiJTHOBJICHHS MiHepa-
JBHOTO CKJIA/Ty apTe3iaHChKOi BOIH.

VY cucteMi 3BOPOTHOTO OCMOCY MO)KE OyTH BCTAHOBJICHUN MiHEpamizaTop, KU MiCTUTh
CYMIII IPUPOJHUX MiHEpalliB, HAPUKIA, KanbuuT. OHAK HACHYCHHS OYHUINEHOI BOIU KOPH-
CHHMH PEYOBMHAMH NOTPEOy€E Yacy Ta He 3aBXKIU € EKOHOMIYHO BUT1THUM.

ToMy omHUM 31 IIIAXIB BUPILICHHS MPOOIeMH JAeMiHepai3allii BOAU Ta 30UIbLICHHS KO-
HOMIYHOT €()EeKTUBHOCTI BOJIOIIITOTOBKH € 3MILITYBaHHS BOJU PI3HOTO CKJIAJY, Ul YOTO MOTPi-
OCH po3paxyHOK KOHIICHTPAII1 KOXKHOTO 10HY B OJIEpKaHiil BO/II.

AHaJIi3 OCTaHHIX JA0c/iTxKeHb i myOJikanii. 3MilTyBaHHS BOJY, L0 MPOIIIa OYUIIEHHS
METOJIOM 3BOPOTHOI'O OCMOCY, 3 BOJIOI0, L0 MpoiiluIa MexaHiuHe (iabTpyBaHHs, y CIIBBIIHO-
HIeHH1 6au3bkoMy 110 1:1, yHACIHIIOK YOro 3Ha4€HHs 3arajlbHOI dKOPCTKOCTI, CYXOro 3aJIUIIKY
ta Na', SO4>, Cl" 10BOAATbCS 10 Tiri€HiYHUX HOpPMAaTHBIB, 3aCTOCOBY€ETHCS Ha OaraThOX IMiJrm-
pUEMCTBaAX, HaNpuUKiIaa 0r0BeTHUX KomIuiekcax M. Oxnecu [7-9].

Jlnist onepaTMBHOTO MPOTHO3YBaHHs KOHIEHTpAIliil KO)KHOTO 10HY MpPU PI3HUX CHIiBBIJHO-
IICHHSX BOJIU Pi3HOTO CTYIICHS OYMINEHHS TOLIJITHPHO BUKOPUCTAHHS PSAY IPOTpaM MaTeMaTH-
9HOi 00pOOKH JaHUX.

Agtopu [10] nponoHytoTh GOpMyBaHHS «AHAJTITUYHOIO JIUCTa», IKUH MICTUTH 1HpOpMa-
IIF0 TIPO €Tany BX1JHOTO KOHTPOJIO Ha BUPOOHHUITBI. JJOKYMEHT 3aIIOBHIOETHCS PE3yIbTaTaMH
MOKAa3HUKIB, OTPUMAHUMHU y XOZ1 KOHTPOJIIO MO KOKHOMY 3 BHJIIB aHAJI3y Ta MEpPEeBIPAETHCS
HaYaTbHUKOM JIaboparopii.

[upoxo 3actocoByeThest makeT STATISTICA. Statistica (StatSoft, Inc.), sxuit Mae mmpo-
KU crieKTp (YHKIIOHAJIBHUX aJIrOPUTMIB 1 PO3BHHEHY TpadiKy, a TaKOXK BIJINOBIAHI 3aCO0M
Juis penaryBaHHs rpagiunux marepianiB. MathCAD (Parametric Technology Corp.) — 1e no-
TYXKHMHA TaKeT A MaTeMaTHYHUX PO3paxyHKiB, pO3B’s3aHHs PiBHSIHb, NOOYJOBU TpadikiB
too. MATLAB (MathWorks, Inc.) — komm’1orepHa 000JI0HKA JJIs1 IHTEPaKTUBHUX Ta KOMaH-
JHUX 004MCIIeHb 1 Bizyaunizanii. J[o 6111 crieniani3oBaHUX MPOTrPaMHUX MTAKETiB BIHOCATHCS:
OriginPro (OriginLab Corp.). Lle noTyxHuii nakeT Ajs aHaji3y pe3yabTaTiB CTaTUCTUYHUX 1
HAyKOBHX JTOCIIIJ’KEHb Ta BUMIPIOBaHb, Ha/la€ 3acO0M MporpamMyBaHHA Ta MoOyI0BH rpadikis,
niarpam, Tabmuie. 3a momomMoror Origin MOXXHA TPOBOAUTH YHCEIBHUN aHAI3 JTaHUX, BKITIO-
Yal04M Pi3Hi CTaTUCTUYHI orepalii, 00poOKy curnamnis Tomo [11-13].

[ToyaTkoBUM piBHEM IMAKETIB MPOTpaM Ui CTATUCTHYHOI 0OPOOKU JaHUX EKCIIEPUMEHTIB
MOXyTh OyTH, Hanpukiaa, MS Excel (MicroSoft Corp.). Lle Hait0i1b11 nOMMPEHUHA JOAATOK 3
nakety odicaux nmporpam MS Office. MS Excel moOpe migxoauTth il HAKOTIMYCHHSI TaHUX,
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MPOMIKHOTO IIEPETBOPEHHS, MONEPEAHIX CTATUCTUYHUX OOYUCIICHB, 1715 TOOYAOBU ACSIKUX BU-
niB giarpaM. Makpocu-monoBHeHHs st MS Excel, mo BkIIFO4aroTh JT0AaTKOBI CTAaTUCTUYHI
¢yHKIIi, SKI B OCHOBHHX BUIAJKaX € JOCTAaTHIMU JUI 3BHYAMHOTO 3aCTOCYBaHHA. 3aCO0HM
(Power Pivot, Power View), a Takox MOkHa BUKOpucToByBat MS Access [14].

PamionaibHUM € 3aCTOCYBaHHSI aBTOMAaTH30BAHMX CHCTEM BOJOIIINOTOBKH. 30KpeMa, TaKHi
MIPOEKT PeajTizoBaHO CHUILHO 3 KommaHiero «JIBT [HkuHIpUHT) Ha MAIPUEMCTBI 3 IEPEPOOKH T10-
MigopiB pipmu «IHarpoy, poszramosaHoro B M. CHirypiBka, MukosaiBcbkoi oomacri [15].

BuaisieHHs1 He0C/IiIXKEHUX YACTHH 3arajibHoi npo6Jjemu. Panimie 3ragaHi mporpamHi
IPOIYKTH MOXKHA TUTBKH YaCTKOBO BHKOPHCTOBYBATH JUUIsl BUPILICHHS TUX a00 1HIIMX MUTAaHb
BUpoOHMYOro 1uKiny. Ha ceoromni B YkpaiHi HeMae cHemiagbHO PO3pOOSICHUX MAKeTiB Mpo-
rpaM, ki 6e3mocepeH0 MOKHA BUKOPHCTOBYBATH B CHCTEMaX BOJOIIATOTOBKU JAJISl MiAIpPHU-
€MCTB 3 BUIIYCKY MiHEpaJIbHHUX Ta MUTHUX BOJ. TOMy aBTOpH HaMararoThCsl BUPILIUTH L0 MIPO-
OneMy HaWIPOCTIIIUMHU ICHYIOUUMH TMPOTPAMHUMH I1HCTPYMEHTAMHU, AOCTYHUMH JUIS
BUKOPHCTaHHS IIUPOKOMY KOJIy KOpUCTyBauiB. [Ipu oMy HiANpreMCTBY HEe TOTPiOHO BUTpa-
YaTy 3HAYHI TOJATKOBI KOIITH HAa BIPOBA/KEHHS TAKMX 1IHHOBALIN MPH 3ay4e€HHI CTOPOHHIX
¢axiBuiB (po3podKa MPOrpaMHOTO MPOLYKTY, HOTO BIPOBAKEHHS, CYIPOBIJI TOIIIO).

Merta cTarTi. MeTOI0 BOTO JOCIIKEHHS € aHaJIi3 MOKJIMBOCTI BUKOPUCTaHHS iHPOpMa-
IHHUX TEXHOJIOT1H Ta MOAANbIIOl aBTOMATH3aIli1 I[bOTO MPOLECY ISl OTPUMAHHS TUTHOI BOIU
13 3aJaHUM XIMIYHUM CKJIAZOM.

Bukian ocHoBHoro marepiaay. Ha tepuropii minnpuemcrsa TOB «Hentyn» 3Haxo-
JUTHCST CBEPJIOBHHA TTMOMHOI0 830 M 3 MiHEpaJIBHOIO JIIKYBAJIBHO-CTOJIOBOIO TiApoKkapOoHa-
THO-XJIOPUIHO-HATPi€BOIO BoAOK0. L{f0 Bomy mianpueMcTBO (acye B IUIALIKH, PO3TUBAOYH ii
Ha Miclli BUI00YTKY, 30epirarody MakCUMaJIbHHUI JTIKyBaJIbHUN €(EeKT BOIH.

Jlnist BUpOOHUIITBA BOAM MUTHOI HEra3oBaHoi ouniieHoi «CiBepcbka» MiIPUEMCTBO BUKO-
PHCTOBYIO BOJly 3 apTe3iaHChKOI CBEp/UIOBHHU. Bu1o0yBaHHS BOIM 3 apTe31aHCHKOI CBEPUIO-
BUHH No 1 mmuOuHoI0 94 M 31HCHIOIOTH 3a JOTIOMOTO0T0 epiiTa, SKUil CKIaaaeThCs 3 BOIOMII-
HOMHUX Ta NoBITpAHUX TpyO. [diamerp BomomiaiioMHux TpyO 219 mm. JliameTp MOBITpSHUX
TpyO 73 MM, muOuHa ix 3arpy3ku 40 M. Tun Hacocy ELIB, mubuna 3armubnenns 36 m. B cee-
PIUIOBUHI BCTAHOBJIEHO (PiIbTp ciTyacTuil niamerpom 127 MM B iHTepBaii 78-90 M, 3arambHa
JOBXKHMHA poOodoi yacTuHM (inbrpa 12 M. HandinsTpoBi TpyOou JOBKHHOIO 25 M 1 AlaMeTpoM
127 MM BcTaHOBIEHO B iHTepBaii Bif 53 g0 78 M. Bincrilinuk 3aB1oBkKH 4 M niameTpoM 127
MM BCTaHOBJIEHO BiJ muOuHU 90 M 10 ubunu 94 M. PoGoua yactrHa QisibTpa 3HAXOIUTHCS B
iaTepBaini 78-90 m. Ha cBepiioBuH1 BUKOPUCTOBYIOTH KoMIipecop Mapku [1K155 3 mubunoro
3arpy3ku 40 MeTpiB BOJOMITHOMHICTIO TpyO 219 mroviM/mm.

XiMiuHUH CKJIaJ1 BOMIH, 1110 BUI0OYBAEThCS 31 CBEpAJIOBUHU HaBeleHO y Ta0. 1.

Tabmus 1
Di3uK0-XIMIYHI NOKA3HUKU AKOCMI 800U 31 céeponosuru 6i0 10 bepesns 2021 poky
. Oguuuni ®akTH4He HOPMaT.H ® | Meromnka Buxonamnus
HaiimeHyBaHHS IOKa3HUKA BUMIpIOBARES! | IHATCHHS JCaulliH e —
2.2.4-171-10
1 2 3 4 5

Bopanewii mokaszuuk, pH omuH. pH 7,06 6,5...8,5 JCTY 4077-2001
Bwmicr 3ai3a 3aransHoro, Fe*", Fe’* mr/om? 3,65 <0,2 I'OCT 4011-72
Bwmict Manrany, Mn?* mr/am’ 0,38 <0,05 T'OCT 4974-72
3arajibHa TBEPIICTh MMOIIE/ M 6,36 <7,0 JACTY ISO 6095:2003
Buict Kansrmiro, Ca?* Mmr/mm? 80,52 HE HOPMY€ETHCS T'OCT 23268.5-78
Bwmict Marsiro, Mg?* mr/am> 19,46 | He HOpMy€TbCS I'OCT 23268.5-78
Bwmict Harpito Ta Kauniro, Na™+K* mr/m? 46,05 HE HOPMYETbCA
JIyxHICTB MMOJIB/ M 7,3 HE HOPMYETBCS T'OCT23268.3-78
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3akinyeHHs Taoi. 1

1 2 3 4 5
Bwicr rigporen kapbonatis, HCO3 mr/om> 4454 HE HOPMYETHCS
Bwicr HiTpurtis, NO2’ mr/ M3 <0,003 <0,5 I'OCT 4192-89
Bwict Hitparis, NO3 mr/mm® <0,001 <50,0 JCTY 4078-2001
Bwmicr xnopuzis, Cl° Mr/mm? 19,25 <250,0 JCTY ISO 9297:2007
Bwicr cynbdaris, SO4* mr/am3 0,06 <250,0 I'OCT 4389-72
Bwict nomigocdaris, POs> mr/mm® <0,01 <3,5 MBMU 081/37-0733-10
Bwmict ¢gropunis, F- mr/om? 1,03 0,7...1,2 T'OCT 4386-89
Bwict nunKy, Zn*" Mmr/mm? 0,084 <1,0 MBB 081/0173-05
Bwmict amoMinito, AIP* Mr/mm> 0,2 <0,2 MBMU 081/37-0735-11
Bwmict Momni6aeny, MoO4> mr/mm? <0,0025 <0,07 TOCT 18308-72
Bwmict amoniro, NH4* M/ oM 0,58 <0,5 T'OCT 4192-82
Cyxuii 3aIMIIOK mr/am3 430 <1000 T'OCT 18164-72

XiMIYHAN CKJIaJ BOJM 3 L€l CBEP/UIOBUHH HE Bi/AIOBiJa€ BCTAaHOBJICHWM HOPMATHBAM,
tomy Ha nignpueMctBi TOB «HenTyn» 3acTOCOBYIOTH €(heKTUBHY CHCTEMY OUMILEHHS KOMIIa-
Hii ECOSOFT: pearentna cucrema FK 3i cnemniansaum copoearom EKOMIKC it komruiek-
CHOTO BUAAJICHHS CoJiel TBepAOCTi, ioHiB Depymy, MaHrany, aMOHi0 Ta OpraHiyHUX JTOMIIIOK.
Metoxa oM’ SIKIIIEHHST — 10HOOOMIHHU — (DiIbTpaIlist BOAU Kpi3b MIap KaTiOHITY (10HOOOMiIHHOT
cvoimn DOWEX BupoOuunTsa kommanii DOW CHEMICAL). EKOMIKC — e cyminn i’situ
10HOOOMIHHHX Ta COpOIIITHIX MaTepiajiB MPUPOJAHOTO Ta CHHTETUYHOTO TIOXO/KEHHS, 1110 Bi-
TPI3HSIOTHCA 32 MEXaHI3MOM 111, TUTOMOIO Baroko Ta rpaHyJIOMETPHYHUM CKJIaI0M.

VY mporieci IpoXoKeHHs BOAM yepe3 QUIbTPYIOUHiA map WOTo 3JaTHICTh 10 OYHILEHHS
MOCTYIOBO 3HUKYETHCS, TOMY XIMIYHUHM CKIIaJ] OUMIIEHOI BOAM 3MIHIOETHCS 1 MOTpedye moc-
TIHHOTO BU3HAYEHHS, a CIIBBIIHOIIECHHS BUU NpH 3MillyBaHHI — kopekuii. Kpim Toro, y Bu-
MaJIKy MOIOBXKEHOTO MPOCTOI0 CUCTEMH IS 3ar00iraHHs MiKpoO10JI0TITYHOMY 3apOCTaHHIO CH-
CTEMH MIPOBOJIATH KOHCEPBAIIil0 (DUIBTPYIOYOTO MaTepially pereHEPYIOUYUM PO3UUHOM.

PesynbpTatu aHanizy BOJIM MiCis MEPUIOTO CTYNEHS OYUIIECHHS (BU3HAUEHO JIUIIIE Ti MOKa-
3HHKH, SIKi € KIIFOYUOBUMH B I[bOMY JTOCIIPKEHH1) Ta BOAU MUTHOI OYHUIIEHOT HerazoBaHoi «Ci-
BepChKay (0JIep:KaHO1 MicIs JBOCTYNEHEBOI OUMCTKH) MPEICTaBIeHO y Tabu. 2 Ta 3.

Tabmuws 2

Di3uK0-XIMIYHI NOKAZHUKU AKOCMI 600U NICJISL NEPULO20 CIYNEHS OYUCTIKU

Oaunnni Bu- | DakTu4uHe Hopmarus MeToauka BHKOHAHHSA
HajiMenyBaHHS MOKAa3HMKA . JACanlliH .

MipIOBaHHSI | 3HAYEHHsI 22.4-171-10 JOCTi/IIKeHD
Boanesuii nokaszuuk, pH onuH. pH 7,18 6,5...8,5 JACTY 4077-2001
Bwmicr 3ai3a 3aransHoro, Fe*", Fe’* mr/om? 0,06 <0,2 I'OCT 4011-72
Bwmict Manrany, Mn?" mr/mm? <0,001 <0,05 T'OCT 4974-72
3arajibHa TBEPIICTh MMOIE/ M 0,1 <7,0 JACTY ISO 6095:2003
Bwmict Kansuiro, Ca® mr/mm? He Bussneno | ne vopmyersest | T'OCT 23268.5-78
Bwmict Marniro, Mg?* mr/mm? 1,22 ne Hopmyereesi | TOCT 23268.5-78
Bwmict Harpiro Ta Kaniro, Na*+K* mr/mm? 178,8 HE HOPMYEThCS Metoauka Ha pX
JlyxHicTh MMOJIB/ M 7,28 HE HOPMYETBCS I'0OCT23268.3-78
Bwicr rigporen kapbonatis, HCO3 mr/am> 444,2 HE HOPMYEThCS
Bwict xmopunis, ClI° Mmr/om> 20,91 <250,0 JCTVY ISO 9297:2007
Bwmicr cynbaris, SO4> mr/mm? 0,56 <250,0 I'OCT 4389-72
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Tabmuus 3
Dizuxo-ximiuni nokasHuku axocmi 600u numnoi « Cigepcoray
Haiimenysanms nokasmmia Onununi Bumi- | ®akTu4He E%T:gﬁ_‘; MeTollmca‘ BHKOHAHHS
pPOBaHHSA SHRUEHHS | 55 1oy o AOCITiTKeHb
Boanesuii nokazuuk, pH omuH. pH 6,39 6,5...8,5 JCTY 4077-2001
Bwmict 3amiza 3aransHoro, Fe?!, Fe** Mr/mm> <0,01 <0,2 T'OCT 4011-72
Bumict Manrany, Mn?" mr/mm> 0,02 <0,05 T'OCT 4974-72
3araiibHa TBEPAICTD MMOJIB/ M 0,29 <7,0 JCTY ISO 6095:2003
Bwmict Kansniro, Ca® mr/mm> 1,96 <130 I'OCT 23268.5-78
Bwmict Marwiro, Mg?* mr/am? 2,43 <80 T'OCT 23268.5-78
Bwmict Harpiro Ta Kamiro, Na"™+K* mr/om’ 31,1 <200,0 Metonuka Ha pX
JlyxHicTh MMOJIB/aM> 1,5 <6,5 T'OCT23268.3-78
Bwicr rigporen-kapoonaris, HCO3 mr/am? 91,53 HE HOPMYEThCS
Bwict HiTpurie, NOy mr/m? <0,003 <0,5 TI'OCT 4192-89
Bwicr nHitpari, NO3” mr/mm? <0,001 <50,0 JCTY 4078-2001
Bwmicr xnopuzis, Cl° Mr/mm? 5,5 <250,0 JACTY 1SO 9297:2007
Bwicr cymbaris, SO4* mr/om> <0,05 <250,0 T'OCT 4389-72
Bwict nomipocdaris, POs> mr/ v’ <0,01 <3,5 MBMU 081/37-0733-10
Bwmict ¢ropunis, F- M/ oM 0,03 0,7...12 T'OCT 4386-89
Bwicrt [unky, Zn2* mr/mm® <0,005 <1,0 MBB 081/0173-05
Bumict Anrominiro, AI3* mr/mm? <0,03 <0,2 MBMU 081/37-0735-11
Bwmict Momni6aeny, MoO4> <0,0025 <0,07 T'OCT 18308-72
Bwmict amoniro, NH4* Mr/mm> 0,20 <0,5 T'OCT 4192-82
Cyxwuii 3aI1II0K mr/ v 63,00 <1000 T'OCT 18164-72

OO00B’3KOBUM I BUKOHAHHS B YKpaiHi € HOPMAaTUBHO-NPABOBHUI aKT LIEHTPAJILHOTO Op-
raHy BUKOHABUOI BIaJH, 110 3a0e3neuye (opMyBaHHs AEp>KaBHOI MOMITUKU Y chepi OXOpOHU
3710pOB’s, a came JlepaBH1 caHITapH1 HOPMH Ta npaBuia «l IrieHIYHI BUMOTH /10 BOAU MUTHOI,
npu3HaueHoi A crnokuBaHHs mronuHoro» ([JCanlliH 2.2.4-171-10). 3rigHo 3 UMM TOKYMEH-
TOM, BMICT Kasbllito (He Ginbiie Hixk 130 mr/aqm®) Ta marsiio (He 6inbie Hix 80 Mr/mm?) HOp-
MY€ThCSI TUIBKH U1 BOJIU (hacOBaHO1, 3 MyHKTIB po3/1MBY Ta OroBeTiB. [lokazHuku (izionoriyHoi
TIOBHOIIIHHOCTI TIMTHOT BOJM JUTSl KAJIBIIFO CTAHOBISTH 25—75 mr/am?, marnito — 10—50 mr/mm>.

Hamionansuuit crannapt ACTY 7525:2014 «Boaa nutHa. BuMoru Ta MeToiy KOHTPOITIO-
BaHHS sIKOCT1» HaOpaB unHHOCTI 3 01 mroToro 2015 poky. Bumoru 11p0ro HalioHaaIsHOTO CTaH-
JIapTy € JOOPOBUIBHUMU JJISl 3aCTOCYBAaHHS 1 Cy0’ €KT TOCIOIapIOBaHHs CaMOCTIIHO mpuiiMae
pitmeHHs moo 3actocyBanHs nonoxkeHb JICTY 7525:2014 y cBoiti cdepi aismpHOCTI. Llei cTa-
H/IapT BCTAHOBJIIOE BMICT KaJbLIil0 y BOJI HELEHTPaJII30BaHOTO MUTHOTO BojtonocTadanus (Pa-
coBaHiif Ta HedacosaHiit) He 6inbie sk 130 mr/am>, Marsio — He 6inbmre sk 80 Mr/am® (onTH-
MaIbHHH BMICT Kanbliifo — 25—75 mr/am?’, Marsito — 10—50 mr/mm?).

Takum 4MHOM, Mics OYUCTKH piBeHb ioHiB Ca®’, Mg?" Husxue Qizionoriunoro. Taka Boja
notpelye jo1aTkoBoi MiHepaiizanii. [1pu 3MinryBaHHI BOJM Micis NEPIIOTo €Tary OYUIICHHS
3 OYHUIIICHOIO Ha JIPYTOMY €Tarll 3BOPOTHUM OCMOCOM BOZIOFO B Pi3HUX CITIBBIAHOIIIEHHSIX MOXKHA
OJIEpKaTH BOAY 13 3aJJaHUM XIMIYHUM CKJIaJIOM.

VY po0oTi pO3MISHYTO MOXIJIMBICTh BUOOPY Koe(illieHTa 3MIIIyBaHHS JBOX TUIIIB BOAM 3a
BUKOPHCTAaHHS HAMIPOCTIIIOro 10JaTKy — elleKTpoHHoro Talynsatopa Microsoft Office Excel.
[TponoHyeThCS TPOBEACHHS ONEPATUBHOTO OL[IHIOBaHHS KOoe(ili€HTa 3MIIITyBaHHS sl BU3HA-
YeHHs KOHIIeHTpallii 10HiB B ofiepxaHniii Boai (puc. 1).

V 3B’513Ky 3 TUM, 110 CKJIaJT apTE31aHCHKOT BOJM YaCTKOBO 3MIHIOETHCS TA 3MIHIOETHCS CTYITIHB
OYMIIIEHHS BOJH 32 YMOB ITOCTYIIOBOTO HACHUECHHS KaTIOHITIB, TO BKIMBUM € MOJKIIUBICTH OTepa-
TUBHOTO BUOOPY 00’€MiB BOIH JIJIs 3MIIITYBaHHS 3 METOO OJICPyKaHHS Pe3yJIbTYIOU0i CyMIIT 3 He-
00X1/1HO0 KoHIIeHTparli€to i0HIB (C3), BUXOASUH 3 XIMIYHOTO CKJIaly KO>KHOI Bonu. Jliist peanizarii
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00paHOro IUTAXy MiHepani3alii peKOMEHIYeThCs BCTAHOBHTH €EMHICTB 00’ eMoM 5 M, B Ky Oyrie
3aKauyBaTHCh BOJIA TICTIS MIEPIIOTO 1 APYTOro CTYIICHIB OYMCTKH Ta AOIATKOBI TPYOOIPOBOIH (TTif-
BOJIM BOJIM ) IO IIbOTO OaKa micist 1-1o 1 2-ro cTyIeHiB BOAOOYUCTKU. [[Jisi TOUHOTO 103yBaHHS BOIU
y BIJIOBITHOCTI 3 00OpaHUM KOoe]illieHTOM 3MillyBaHHS (0OMpa€eThCsl ONEpaTopoM 3a JI0IMOMOTOF0
po3paxyHkiB rporpamu Exel Ha 0CHOBI JaHWX XIMIYHOTO CKJIay BOIM, BU3HAUECHHUX CepTH(]iKOBa-
HOIO JIAOOPaTOpi€r0) BCTAaHOBITIOETHCS UG POBHIA 1aBad piBHs Bogu ECMS. BinmosinHo, MOXITHBI
TaKi BapiaHTH 3MIITyBaHHS V1 (BoJa MicyIs IEPIIOro CTYIeHS OYMCTKH (10HOOOMIHHUIT) Ta V2 (Boza
TICIISL APYTOTO CTYIICHS BOIOOUUINIEHHS (3BOpOTHHIA ocMoc) V1: V2 sik 0,5:4,5 (puc. 1); 1:4 (puc. 2);
1,5:3,5 (puc. 3); 2:3 (puc. 4). Ins mporo cropinka kauru (Exel) chopmoBana i KoyKHE CITiBBiJI-
HOIIICHHS (Koe(illieHT 3MillTyBaHH) 1 TP BBEICHH] 3HaY€Hb KOHIIEHTPALil KOYKHOTO 10Ha OTIepaTop
onpasy 6aunTh KoHIeHTpalriio Cs,

Ha puc. 1-4 HaBeseHo po3paxyHOK JiJIsl BOJIM, IOKa3HUKH SIKOCTI siKoi Bu3Ha4eHo 10 Gepe-
3Hs 2021.
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[Hmmit BapiaHT — BCTAHOBJIGHHS aBTOMAaTHYHOI CHUCTEMH BOJOIIJITOTOBKH, HANPHUKJIA,
xomnanii TOB “Texnoimmekc” [15]. 1t AuCTaHIIITHOTO KOHTPOJIIO Ta YIPaBIiHHA TEXHOJIOT1-
YHUM IIPOLECOM Y PEKUMI peanbHO yacy BUKopucToByeThes [1K 31 BcTaHOBIEHUM IPOrpaMHUM
3a0e3neueHHsIM Ui KoMl toTepHoi Bizyauizanii Omron CX-Supervisor. 3acTOCOBYIOYH OJIMH 3
17 GokiB JiHIi BOIOMIATOTOBKY 3a 33JJaHUM aJITOPUTMOM 3 KOHTPOJIEM ITUTOMOI €JIEKTPOIpO-
BiJTHOCT1 BOJIM MOJIMBO ONIEPATUBHO BITUBATH Ha MPOLIECH OJIEP>KAaHHS BOJIH 13 3aJJAaHUM XiMi-
YHUM CKJIaoM. Tak, MakCUMasbHUH Jllana30H BUMipy MUTOMOI €JIEKTPOIIPOBIAHOCTI BOIU MO-
nyaem — 200 MCM/M mpubIU3HO BimoBinae 3aranpHii Minepantizauiii 1000 mr/am’. Takox y
CKJIa/I1 I1I€] aBTOMaTUYHOI CHCTEMHU MO>KHA BUKOPHCTOBYBAaTH MOJTYJIi PO3ILMPEHHS, HAIPUKJIAI,
mMoxayist ananoroBux BxoaiB Omron CJIW-ADO81-V1, ans migkIroueHHs 1aTYMKiB MyTHOCTI
BOJIY, PiBHSI BOIM B HAKOIUYYBaJIbHINA €MHOCTI Ta TUCKY BOJIM Ha BUXOA1 CUCTEMHU.

BucnoBku. Beranosneno, o ournctka Bogu Ha TOB «HenTtyn» 3a gomnomororo 3B0poT-
HOTO OCMOCY MPU3BOAMTS JI0 ii AeMiHepati3allii, o MiJBUIIY€E PU3UK PO3BUTKY 3aXBOPIOBAHb,
3yMOBJICHUX J€(PIIIUTOM MIKpPO- Ta MAaKpPOECIEMEHTIB.

Y po6oTi po3MITHYTO MOXKJIMBICTH aBTOMATH3allli MpoLecy MiJArOTOBKH BOAHU 13 3a0e3re-
YSHHSIM HEOOX1THOTO JUIsl KIHIIEBOTO CIIOKHMBAaYa XiMIYHOTO CKJIaIy. 32 BUMOTOIO 3aMOBHHUKA -
TOB "Hentyn", aBTomaru3aiiisi 0OpoOKM MOTOYHUX MOKA3HUKIB SKOCTiI MUTHOI BOJM 1 J0Be-
JIEHHS 1X JI0 HEOOX1THUX Mae 3a0e31edyBaTUCh HASIBHUMU Y HUX JIIIEH31HHUMH TTaKETaMH TTPO-
rpaM, 30kpema MS Excel, mo Hagani oTpuMae cBilf pO3BUTOK Yy MakeTax 3 OLIbII HIMPOKUM
CHEKTPOM (YHKIIOHATBHHUX aJITOPUTMIB 1 PO3BHHEHOIO IpaiKoo.

3arpornoHoBaHi MPOrpaMHi pe3yabTaTH JEMOHCTPYIOTh MOXKIIUBICTh HaJJaHHS HAa BUPOOHU-
IITBO OUTBII 3pyYHOTO NUIAXY MMPOBEICHHS PO3PAXYHKIB IS BU3HAYCHHS ONITUMAIBHOTO KOe(i-
[I€HTY 3MIITYBaHHS BOJIU 3 PI3HUM XIMIUHUM CKJIQJIOM.
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INFORMATION TECHNOLOGIESIN WATER TREATMENT
AND POSSIBILITIESOF ITSAUTOMATION ON THE EXAMPLE
OF DRINKING WATER PRODUCTION “SIVERSKA”

The purpose of this study was to analyze the possibility of using information technology to obtain drinking water with a
given chemical composition.

At Neptune LLC, the chemical composition of artesian well water does not meet the established standards, so they use
an effective purification system of ECOSOFT: reagent system FK with a special sorbent ECOMIX for complex removal of
hardness salts, iron ions, manganese, ammonium and organic impurities. lon exchange is used as method of purification: water
is filtered through a layer of cation exchange resin. The second stage of purification is reverse osmosis. After such purification,
the level of Ca2+ and Mg2+ ions is below physiological and water needs additional mineralization, consumption of
demineralized water increases the risk of developing diseases caused by deficiency of micro- and macronutrients.

When mixing water after the first stage of purification with purified in the second stage of reverse osmosis water in
different ratios, you can get water with a given chemical composition.

The paper considers the possibility of choosing the mixing ratio of two types of water using the simplest application -
Microsoft Office Excel spreadsheet.

The tables show the possibility of providing a convenient way to calculate the concentrations of each ion in the water
obtained after mixing. To do this, it is recommended to have a volume of 5 m* and additional water supply to it after the Ist
and 2nd stages of water treatment. A digital water level sensor ECMS is installed for accurate water dosing in accordance with
the selected mixing factor. Automation of water treatment will give the chance to make production of various structure
depending on orders of consumers.

The presented materials can be used at the enterprises carrying out water treatment by mixing of water of various degrees
of purification.

Keywords: water treatment; indicators and standards of drinking water quality; reverse osmosis;, Exel program;
automation.

Fig.: 4. Table: 3. References: 15.

3amait XK., boposuk C., Koctenko 1., ITacos I'., Bysisceka H., LuGynst C. Indopmaniiini TeXHOIOTIT MPpU BOJOMIATOTOBLI Ta MOXJIUBOCTI 11
aBTOMAaTH3allii Ha IPHUKIaAi BUpOOHUITBA MUTHOI Boau «CiBepebkay. Texuiuni nayxu ma mexnonoeii. 2021. Ne 3(25). C. 220-228.
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JOCJIIKEHHS BIIVIMBY TOBABOK BIBCAHOT'O BOPOIIIHA
TA ABJYYHOT' O ITNIOPE HA TEXHOJIOI'TIO BUPOBHUIITBA BICKBITIB

Pospobneno peyenmypy bickeimnozo nanisghabpuxamy 3 6UKOPUCMAHHAM AOTYUHO20 nIoOpe ma 8iecAH020 6opouina. Bema-
HoeneHo, wo oobaska 5 % ma 10 % eiscanozo 6opowna i 10 % a6myunozo niope cnpuse NOTINUEHHIO CRONCUBHUX XAPAKMEPUC-
mux suneueroeo Haniegabpuxanmy. Cymiws a€yb KypAUUX XAPUOBUX i3 YYKPOM i AOIYUHUM NIOpe MAE Kpaujy NiHOYmeoprsaibHy
30amHicmy, NIHOCMIUKICIb, HINC AHANOSTYHA 3 YYKPOM Oinum Kpucmaniunum. Buneueni nanisgpabpuxamu 3 a6ayynum nrope i
BIBCAHUM DOPOUIHOM MAIONTb OLIbLULY MACOBY YACHKY 60J102U, NOPIGHAHO 3 KOHMPOTLHUM 3DASKOM, NPOMe OMPUMAHI pe3Yibmamu
SHAXOOAMbCS 8 MENCAX HOPMU. Bukopucmanns a01y4Ho20 niope i 6i6caH020 60POUIHA 00360IUTO OMPUMATNU NPOOYKM 3 NOIIN-
WEeHUMU NOKAZHUKAMU SAKOCIE, BUCOKUMU OP2AHONIENMUYHUMU XAPAKMEPUCTHUKAMU MA NIOBUEHOI0 XAPUOBOI0 YIHHICIIO.

Knruoegi cnosa: 6opownsini KOHOUMEPCHKI 6upodu; Oickeim, 8i6csiHe 6OPOWHO, AOTYYHe nope; Memoo Gaelsopy.

Puc.: 4. Tabn.: 2. bion.: 14.

AKTyaJIbHiCTh TeMH AocaifzkeHHs. 3a octanHi 10 pokiB B YkpaiHi BiiOyBaeThCs 3HAYHE
PO3LIMPEHHS aCOPTUMEHTY OOPOLIHSIHUX KOHAUTEPChKUX BUPOOIB, HAPOILyBaHHS 00CATIB BU-
pOOHHUIITBA BCI€T MPOAYKTOBOI JIHIAKN — B1J OOpOIIHSHUX BUpOOiB (0nu3bko 54 % Big oOcAry
IPOJIaX) J0 LYKPUCTUX KOHIUTEPChKUX BUPOOIB (6:113bK0 18 %). BickBiTHI BUpOOH B CTPYK-
Typl 00CsriB BUPOOHUITBA MOCiIal0Th TpeTe Micuie. OOMEXYIOTh MOLIUPEHHS JIaHOTO BUIY
KOHJIUTEPChKUX BUPOOIB O17HI HAa BiTaMiHU Ta 1HIII 010JIOTTYHO aKTHBHI PEYOBUHH, TOMY IOC-
Tae 3aja4a MiJBUIICHHS X XapuoBoi Ta G10J0T1YHOT I[IHHOCTI.

[TepcnieKTUBHUM 3 11i€1 TOYKH 30pY € A0/IaBaHHS 10 PeLEnTypy OICKBITY BIBCIHOTO OOpOIIHA,
110 3a CKJIaJI0OM aMiHOKHCJIOT € HaOIM>KEeHNUM J10 TBAPUHHUX OUIKIB Ta BIIPI3HAETHCS 3HIKEHUM
BMICTOM KPOXMAJIIO 1 MiJIBUILIEHUM BMICTOM >KHPIB Ta POCIMHHUX XapuoBHUX BOJIOKOH [1]. Kpim
TOr0, BIBCSIHE OOPOILITHO CIIYTYE JPKEPEIOM TaKUX KOPUCHUX KOMIIOHEHTIB, SIK BiTaMiHu (Tpynu B,
E, A), mikpo- Ta makpoenementu (Cuniniit, Manran, Cenen, Marniit, Kansiiit, @epym) [2].

OcTaHHIM YacoM ICHYIOTh TE€XHOJIOT1i BBEJCHHS XapuOBUX BOJIOKOH IO PAIliOHY Xapdy-
BaHHSI IUIIXOM BUKOPUCTAHHS PI3HOMAHITHOIO CIEKTpa POCIMHHUX J00aBOK. 30araueHHs Oic-
KBITIB Xap4OBUMHU BOJIOKHAMH POCIMHHOI CHPOBHHH 1 MPOMYKTaMH ii TEPepoOKH 03BOJISIE
OTPUMATH HE TUIBKHU 30araueHui MpoyKT 0310pOBYOTO IPU3HAYEHHS, aJI€ 1 3HAYHO MiABUILIUTH
CTPYKTYpPHO-MEXaHIYH1 BIIACTUBOCTI TOTOBUX BHPOOIB.

3 1IPOTO MOMIALY IIKAaBUM € BUKOPUCTaHHS 0IyK (KOHIIEHTPATH, Mope, NeKTHH, BUYaBKY,
MOPOILIKK) B SIKOCT1 100aBKU — (PPYKTOBOT CHPOBUHH, L0 Ma€ 30araueHUil XIMIYHUN CKIIaJ] Ta
rapHi TEXHOJIOTIYHI BIACTUBOCTI, a TAKOXX BUKOPHCTAHHS SKHX € €KOHOMIYHO JOLIIBHUM JUIS
YepHIriBchbKoro periony ta Ykpainu 3aranoMm. Y s0mykax mictatbes BitTamiau C, B1, B2, P, E,
kapotuH, Kaniit, ®epym, Manran, Kanbiiiii, neKTHHN, OpraHiuyHi KUCIOTH. BKUBaHHS TUIOMIB
HOpMaJli3ye TpaBJIEHHS, MIABUILYE IMYHITET, BIUIUBA€ HA TOPMOHAIBHUN (DOH, MOIMIIYE 3ara-
JbHE camMonovyTTa. Husbka KajgopiifHiCTh 103BOJIsIE BKIIIOUATh iX B Pi3HI JIETUYHI CTPaBHU Ta
BUpOOH, CIIPSIMOBaHI Ha 037I0POBJICHHS a00 3HIKEHHS MacH Tina [3; 4].

© Mlenucosa H. M., Bysusepka H. I1., Motopko O. M., 2021
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IMocTanoBka npo0saeMu. Po3mupeHHs acOpTUMEHTY OOPOIIHIHUX KOHAUTEPCHKUX BUPO-
01B ITIIBUINIEHOT Xap4OBOi Ta O10JIOT1YHOI I[IHHOCTI, @ caMe pO3pOOIEHHS TEXHOJIOTIi BUpOOHH-
1TBa OICKBITHOTO HamiBpaOpUKaTy 3 BAKOPUCTAHHSAM aJIbTEPHATUBHOI CHPOBUHU (OOpOIIIHA Bi-
BCSTHOTO Ta SI0JIyYHOTO MIOPE) € aKTyaJIbHUM 3aBIAHHSAM JOCHITHUKIB XapYOBUX TEXHOJOTIH.

AHAaJIi3 OCTaHHIX A0CTiKeHb i myOaikauiii. [Tomimuenasm GyHKIIOHATBHUX BIACTUBOCTEH
OOPOIIHSIHUX KOHIUTEPCHKUX BUPOOIB 3aiiMarucs Bimomi Haykosili JJopoxosuu B., Iopragosa K.,
Makapoga O., [Tamenko B., Kouepra B., Hazap M., Bynasayk E. V po6orax [5-11] po3misiHyTa Mo-
JKJIUBICTh BUKOPUCTAHHS POCIMHHOI CUPOBUHHU (IIPOAYKTIB MEPEPOOKH MOPKBHU, rapOy3a, COHSIII-
HUKY, KYKYpYy/A3H, IOy, TOPOOUHH, KaJIMHHU, BOJIOCHKOTO TOPIXYy, OOMIITUXH, SIOIYK, JIIONHMHY, TOITi-
HaMOypy, KiHOa, TPEUKH, aMapaHTy, JbOHY). JloBe1eHnii TO3UTHBHUI BIUTUB 100aBOK Ha (hi3nKo-
XIMIYHI Ta OpraHOJENTHYHI BIaCTUBOCTI OiCKBITHOTO HamiBhabpukary. [lepcriekTuBy moganbImx
JOCITIPKEHb, CIPSMOBAHUX Ha BUKOPUCTAHHS BIBCSIHOTO OOPOIITHA Ta IPOAYKTIB IEPEPOOKH SOMYK,
MOKHA TaKOXK 3HAMTHU B P/l OCTaHHIX 3apyOiKHUX poOiT [12-14].

BujineHnsi HeTOCTiIZKeHMX YACTHH 3arajbHol MpodjeMu. AHalli3 JITEpaTypHHUX JIKE-
pelt moKasas, 10 BUKOPUCTAHHS OJHOYACHO W aJbTEPHATHBHUX COPTIB OOPOIIHA i POCIHMHHUX
(GpyKTOBUX JT0OABOK y BUPOOHHUIITBI OOPOITHIHUX KOHAUTEPCHKUX BHPOOIB HEIOCTATHHO BU-
BUeHO. /loaBaHHs BIBCSHOTO OOpOIIIHA T03BOJISIE MIBUIIMTHA XapUoOBY Ta 010JIOT1YHY LIHHICTh
KIHIIEBOTO MPOAYKTY, aJie 3aBJISKH 3HUKEHOMY BMICTY KPOXMAJIIO 1 MiJBUIICHOMY BMICTY KH-
piB, (i3UKO-XIMiUHI MOKA3HUKHU TOTOBUX BUPOOIB MOTIPUIYIOTHCA. Y 3B’SI3KY 3 IIUM HEOOX1IHO
BCTAaHOBUTH ONTHMAJIbHI KOHIIEHTpAIlii MOIiOHNX J0OaBOK.

MeTor0 cTarTi OyJ10 TOCHTIDKEHHS BIUMBY JT00ABOK SIOYYHOTO MIOPE Ta BIBCSIHOTO OOPO-
I1Ha Ha (I3MKO-XIMIYHI Ta OPraHOJENTHYHI TOKa3HUKHU SKOCTI OICKBITHOTO HammiBpaOpuKary.

Buxkiag ocHoBHOro marepiany. O0’e€KT 10OCHiPKeHHsSI — OICKBITHE TiCTO, BUTOTOBJICHE 3
PI3HUM BiJICOTKOBHM BMICTOM OOpOIIIHA BIBCSIHOTO Ta JIOJaBaHHAM s10Jy4YHOI0 MIOpE Ta BUIIE-
YeHi 3a TPAAULIHHUMH peLlenTypaMu 3 TAKOTo TiCTa OICKBITH.

[Ipenmet mocmimKeHHs — MOKa3HUKH SIKOCT1 OICKBITHOTO TICTa 3 JIOJIABAHHSIM BIBCSTHOTO
OopolHa 1 sI0Iy4YHOro Mope i BUIIEYEHOTO 3 HhOT0 HamiBpaOpukary.

bickBiTHUI HaniB(aOpUKaT — 1€ MUITHUM, 1piOHONOPUCTHI HamiBGaOpuKaT 3 M’ AKUM eJla-
CTMYHHUM M’SIKYILIEM, TEXHOJIOTIS SIKOTO BKJIFOUA€ 30MBaHHS S€YHOTO MEJAHXKY 3 I[yKpOM-IIic-
KOM, TIepeMIlTyBaHHAM 301UTO1 Macu 3 OOPOLTHOM MIIIEHUYHHUM 1 BUMTIYKOIO OTPUMAHOTO HaIliB-
(abpukary 3a yCTaHOBJICHUX 3Ha4eHb TeMIepaTypu Ta Bojorocti. PenenTypa OiCKBITIB MOXe
nependavaTy JOJaBaHHS KPOXMAJIO 33151 3HIKEHHS KUTHKOCTI KJICHKOBHHH B TICTI, 3aro0i-
TaHHS 3aTSATyBaHHS. 3 LIEI0 K METOI0 3aCTOCOBYIOTh ()EPMEHTHI MpenapaTy MpoTeoTITUYHOI
nii. PenentypHuil ckiaa OickBiTHOro HamiBQaOpUKaTy 3MIHIOEThCS 3aJI€KHO B1Jl HOro BUIY I
MOAAJBIIOTO MPU3HAYECHHS.

[Tpu BuKOHaHHI POOOTH AJIS1 BUTOTOBJIEHHS OICKBITHUX BUPOOIB Ta MPOBEIACHHS OpraHoie-
OTHUYHUX (I3UKO-XIMIYHHMX Ta XIMIYHUX JAOCHIJKEHb Oysla BUKOPHCTaHa TaKa CHPOBHHA!

- OopomrHo miIeHnYHe BUMOro ratyHky 3rigHo 3 JICTY 46.004-99 «bopomrHo miieHu-
yHe. TeXHIYH1 YMOBH»;

- BiBcsiHE GopourHo 3rinHo 3 ICTY 2422-94;

- kpoxmaib KaprorisgHuit 3rigHo 3 JICTY 4380:2005 «Kpoxmanp kaprorusauil. TexHi-
YHI YMOBUY;

- siug kypaudi 3rigHo 3 ICTY 5028:2008 «Situst kypsidi xap4oBi. TeXHIUHI yMOBIY;

- uykop Oimuit kpucramiyauil 3rigHo 3 JACTY 4623:2006 «Llyxop Oimmii. TexniuHi
YMOBW»;

- sibémyune mrope 3rigHo 3 [OCT 18-268 — 76.

KoHTposb sIKOCTI TiCTa MPOBOAMIIM 32 MIHOYTBOPIOBAJIBHOIO 3/1aTHICTIO, MIHOCTIMKICTIO si€-
YHO-IIYKPOBOI CyMilIlIi.
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- OpraHoJIENTUYHHUMU MMOKa3HUKaMH: (hopMa Ta CTaH MOBEpXHi OiCKBITIiB, KOJIip, CMaK Ta
3amax.

- TOpHCTICTIO OiCKBITHUX HamiB(paOpuKaTiB

- BOJIOTICTIO;

- KPHXKICTIO.

XapakTepucTHUKa CUPOBUHU ISl BUIIKAHHS JOCIITHUX 3pa3KiB Ta MPOBEIEHHS TOCII-
JOKEHB: OOPOIITHO MIIIEHHYHE BUIIOTO IAaTYHKY BoJoricTio 14,5 %, xucnorHicTio — 3,0 rpan, 30-
apHIcTIO — 0,52 %, Ta BMicTOM cupoi kieiikoBunu 27,0 %. Bomnoricte seup kypsuux — 73 %.
BozoricTs BiBcsiHOTO 60pommHa — 13,5 %, kucnotHicTs 4,2. Bonoricts s0my4Horo mope — 8 %.

[Tix gac 3amicy JOCIHITHUX 3pa3KiB BUKOPUCTOBYBAIHM 3aMiHy MIIIEHUYHOTO OOpOITHA BiB-
CsSTHUM Y criBBiTHOMICHHI (%): 95 : 5; 90 : 10; 85 : 15; 80 : 20, a Takox T0IaBaHHSIM JI0 KOKHOTO
3pa3Ky sf0ay4HOro mope B kuibkocTi 10 % Bix o0csry sienb Kypsuux. SIK KOHTPOJIbHUM Oys10
BHUKOPHCTAHO 3Pa30K TiCTa TOTO K PEIENTYPHOrO CKJIaay 3 MIICHUYHUM OopomrHoM Oe3 J1o/a-
BaHHS BIBCIHOTO OOpOIIIHA 1 I6TYyYHOTO MIOpeE.

JlocmiKyBanu 3pa3ki OiCKBITY KOHTPOJIIBHOTO, OICKBITY 3 JI0/IaBaHHSM SIOIy9HOTO IIOpE
(3pazok 1), OickBiTy 3 5 % BiBCAHOTO OOpOIIHA 1 AOTYYHUM MTEOpe (3pa3ok 2), OICKBITY 3 J07a-
BaHHsM 10 % BiBCcsiHOTO OOpOIIHA 1 AOTYYHHM MMope (3pa3ok 3), O6ickBiTy 3 mogaBaHHsIM 15%
BIBCSIHOTO OOpOIIIHA 1 10ydYHUM Tope (3pa3ok 4), 6ickBiTy 3 nogaBaHHsIM 20 % BiBcsiHOTO 00-
pomrHa 1 A0IyYHHM MmIope (3pa3ok 5). BUroToBIeHHS TOCIITHUX 3pa3KiB MPOBOAWIH 32 METO-
JIMKOIO TTPOOHOT JTA0OPATOPHOIT BUITIUKH.

s ipoOHOT aboparopHOl BHITIYKH TpuiiManu Buxig 250 1, penentypa HaBeAcHA Y
Tabmn. 1.

Taomums 1
Peyenmypa oocnionux spasxis 6ickeimy

Burpara cupoBunu, r

o) B
> B HTpaTa CHPOBHHH, Kontponsuuit | 3pazok | 3pa3ok | 3pazok | 3pa3ok | 3pazok
X Kr
CHDOBUHA 5= 3pa3oK 1 2 3 4 5
p ) § Ha 1 T roroBoi ¢a3zu Ha 250 r roroBoi ¢asu
= O -
M &V marypi Yeyxux |V Ha V CyXMX pedoBHHAX

pedoBuHAX | Typi

85,50 | 281,0 240,26 70,25 | 60,06 | 60,06 | 56,85 | 53,87 | 53,87 | 47,88

Bopouno mre-
HUYHE B/T

Adus kypai | 55 60 | 5785 156,2 144,63 | 39,05 | 323 | 32,3 | 323 | 323 | 323
Xap‘IOBl

ywop Gimit 1 g9 ¢5 | 347 346,5 86,75 | 86,6 | 86,6 | 86,6 | 86,62 | 86,62 | 86,62
KpPICTaHl‘{HI/II/I
Bopomixo
BIBCSIHE
SGiryune mope

- - - - - - 39 | 756 | 114 | 149
_ — — | 225 [ 225 | 225 | 225 | 2,25

Kpoxmab 80,0 | 69,4 55,52 17,35 | 13,88 | 13,88 | 10,64 | 12,6 | 11,9 | 11,0
Bcboro — [ 12750 | 908,78 | 318,98 1995919959 | 192,5 | 195,1 | 198,5 | 194,95
Buxin 75,00 | 1000,00 | 750,00 | 250,00 | 159,7 | 159,7 | 159,7 | 159,7 | 159,7 | 159,7

PesynpTatn mpoBeaeHUX MOCTIKEHb OICKBITHOTO HamiBhaOpUKaTy MPeICTaBICHO Ha PUC.
1. BcranoBieHo, 110 MPH JI0/IaBaHH1 S0IyYHOT0 IIope 10 S€YHO-I[yKPOBOi MacH, MHOYTBOPIOBa-
JIbHA 3/1aTHICTh MOPIBHSIHO 3 KOHTPOJILHUM 3pa3koM Nokpaityerbes. [lpu nogaBanni 5 % BiBcs-
HOT0 OOpOIIIHA JI0 SI0TyYHO-SIEYHOT CyMillli TIHOYTBOPIOBAJIbHA 3/1aTHICTh MPAKTUYHO HE 3MiHIO-
€ThCS. 3 HACTYITHUM 30UTBIIICHHSIM BMICTY BIBCSIHOTO OOPOIITHA — TOCTYTIOBO MOTIPITYETHCS.
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Puc. 1. Pesynemamu docnidoicensv a) oiazpama 3minu ninoymeopiosanvhoi soamuocmi (%)
AEUHO-YYKPOBOI cymiuti 31 30LIbUEHHAM 003Y8AHHS BIBCAHO20 OOPOWHA | AOIYUHO20 niope;
0) diacpama 3MiHU NIHOCMITIKOCMI AEYHO-YYKPOBOI CyMilUi (X8UIL.).

BusiBneno, mo CTiiikicTe TiHU 3pOCTae MpH A0JaBaHHi S0JyYHOTO MIOpE, a TAaKOX MpPH
JI0JIaBaHH1 BIBCSHOTO OOpOIIHA, aje 31 30UIbIIEHHAM HOro 103yBaHHS MOKa3H MKW HE3HAYHO
noripimytoThcs. [lominmenHs THOCTIHKOCTI 3pa3KiB 13 BMICTOM SOJIyYHOTO MIOpe 00yMOB-
JICHO ITOBEPXHEBO-aKTUBHUMH BJIIACTUBOCTSIMH IIEKTHHOBUX PEUOBHH. Y pa3si no3yBaHHs 20 %
BIBCSTHOT'O OOpOIITHA CHCTEMa 3aHaATO 00TsDKyeThes. [lyXupiii moBiTpsi BUXOIATh, Maca 3Me-
HIIYETHCS B 00’ €Mi.

BusHaueHHs MOKa3HUKIB SKOCTI BUIIEYEHUX HaNiB(GaOpPHKATIB TOCIIIKEHO OPTaHOJIETH-
YHUM METOJIOM 3a (hOpPMOIO, CTAaHOM MOBEPXHI 3pa3KiB, KOJIbOPOM, CMAaKOM Ta 3alaxoM
(Tabu. 2). 30BHINIHINM BUTIISA BUTIEYEHUX 3pa3KiB HABEICHO HA pUC. 2.

| 23

v 7. RN

oy NS

Puc. 2. 3o6niwmniti 6uensio eunewenux 3pasxis:
a — KOHmpobHO20 3paska; 6 —3paska 1; 6 —3pasxa 2;
2—3paska 3; 0 —3paska 4, e — 3paska 5

Orinka opraHoJIENTHYHUX BIACTUBOCTEH 3pa3KiB MPOBEICHO METOIOM (hiieitBopy. Pe3yib-
TaT MPEACTABJICHO Ha puC. 3. 3a TIOMAaMU OTPUMaHUX 0araTOKyTHHUKIB BCTAHOBJICHO, 1110 BiJl-
HOIIIEHHS TUION] AOCTIHUX 3pa3KiB A0 IJIONII KOHTPOJBHOTO 3pa3zka cTaHoBuTh: 0,84; 0,90;
0,81; 0,81; 0,77 BiAMOBIIHO, IO MOKA3y€ HEIOCTATHICTh BIHOCHOTO MOKa3HUKA PIBHIO JIOMY-
ctumux 3Ha4deHsb (0,9) 3paskiB 1, 3, 4, 5. Takum unHOM, HAaHOUIBII SIKICHUM 32 pe3yIbTaTaMHU €
3pa3oK 2, 0 Ma€ BIAHOCHMI MoKa3HuK y aianasoni (0,9...1).
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KOM T10 YCi#l myionti

KOM I10 YCi#i mionti

Tabmuus 2
Opeanonenmuuni NOKA3HUKY UNEYEeHUX 3pA3Ki6 DICKgimy
3HaueHHs
IHoxasznuk =
KoHTpoJibHUii 3pa3ok 3pa3zok 1 3pa3zok 2
3nerka OiMCcKy4a, BEpXiBKa I'manenbka, i3 HOMITHUM
dopma 3merka OymcKyda, BUITyKIIa . .
OKpyTia OJIMCKOM 110 YCi mront
Komip . . . . . .
X CBITIO-KOPHYHEBHIA CBITIO-KOPHYHEBHIA CBITII0-KOPUYHEBHIA
M’ SKYIIKH
XapakTepHuii, 6e3 CTOpOHHIX . .
3amax P PHIH, ©¢ p HasBHuii 3amax s6myka HasBHnii 3amax s0myka
3amaxiB
N N . N XapakTepHui, IpUEMHUHA,
XapakTepHuil, npueMHHi, B | XapaKTepHUi, IPUEMHUIL, HASB- .
Cmak . . . HasBHHI apoMar si0yka,
MIpYy COJIOAKUU HU apomart g0yka . .
B MIpY COJIOAKHN
He miaropina, mosepxus 6ick- | He miaropina, moBepxHs 6ick- | He migropina, noBepxHs
IToBepxHs BiTy 0€3 HassBHOCTI TPIIlKH 1 Mi- | BiTy 0€3 HassBHOCTI TPIilIMH i mi- | OicKkBiTY €3 HasiBHOCTI
JIPUBIB JIPUBIB TPIIIUH i TiAPUBIB
. .. . . o0pe nponeyeHuii, 6e3
Bun Jo6pe nporneuenuii, 6e3 ciuiniB | JloOpe nponeueHui, 6e3 ciigiB I[. PE HPOTICHCHIH,
. oo . o . CJIiIIB 3aKalty i CIIiIiB He-
y posnami 3aKalty 1 CliiiB Hempomicy 3aKaly i CIiiB HEMPOMICy .
npomicy
3HaueHHs
[Toka3zuuk
3pa3ok 3 3pazok 4 3pa3ok 5
®opma I'nanenspka, 13 moMiTHUM Onnc- | ['mageHbka, 13 moMITHEUM Onuc- | IJ1ameHpka, 13 IOMITHAM

OJIMCKOM 110 YCiH mTonti

Komip m’siky-
KA

CBITJI0-KOPUYHEBHIL 3 CiprM
BIITIHKOM

CBITII0-KOPUYHEBHIL 3 CiprM
BIITIHKOM

CBITJI0-KOPUYHEBHIA 3 Ci-
PHUM BiATIHKOM

3amax

HasBHWMit 3amax s0myKa Ta BiB-
CSTHOTO OOpoIITHA

HasBHuit 3amax s10;ryka ta BiBCS-
HOTO OOpOIIHA

HasBHwmif 3amax s0myka Ta
CHJIbHUH 3aI1ax BiIBCSHOTO
OopormrHa

CMmak

XapaKTepHUl, IPUEMHUI, HasIB-
HUIi apoMmar s0J1yKa, BiadyBa-
€TBCSl apoMar BIBCSIHOTO OOpo-

IITHA, B Mipy COJIOIKHHA

XapaKTepHU, IPUEMHUH, HasAB-
HUI apomar si0nyKa, BijiayBa-
€THCS apoOMaT BIBCSHOTO OOpo-

IIHA, B MIpY COJIOJKHIA

XapakTepHU, IPUEMHUH,
HasIBHUH apomar s0JyKa,
JIy’Ke CHUJIbHO BiTuyBa-
€THCS apOMaT BIBCSIHOTO
0OpOIIIHa, B Mipy COJIOA-
KU

IToBepxHs

He miaropina, moBepxHst 6ick-
BITY, 3 HCBEJIHUKHUM ITiJPUBOM
300Ky

He miaropina, moBepxHs 6ick-
BITY, 3 HCBEJIUKHUM ITiJJPUBOM

300Ky

He miaropisa, moBepxHs
OiCKBITY 0€3 HasIBHOCTI
TPIIIWH i TiAPUBIB

Bun y pos-
nami

Job6pe nporeuenuii, 6e3 ciiniB
3aKajy i cIiiiB HempoMmicy

Jo6pe nporieueHuii, 6e3 ciimiB
3aKaiy i cIiiB HEMpoMicy

Hobpe nporeuenuii, 6e3
CIiJIIB 3aKay i CIiIiB He-
IPOMICy

3pa3zok

seeseeees DopMa
— -+ Koumnip M'akymixu
= = [loBepxHs

Bun y posnami
- - - Cwmax

3amax

Puc. 3. Cmpyxmypno-mexaniuni ma @izuxo-ximiuni nOKa3HuKu MoOeIbHUX 3pa3Kie
bickgimno2o Hanieghabpuxamy memooom ¢hretieopy
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Pe3ynbratu nociiKeHHs SKiICHUX ITOKa3HUKIB TOTOBUX O1CKBITIB IPEACTABICHO Ha puc. 4.
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Puc. 4. Pe3ynomamu 0ocniodcenb 20mo6ux 3pasKis:

@) 3MIHA MAcoBOi YacmKU 8011021 Y PI3HUX 3pA3KaX OICKEIMH020 Hanieghabpuxamy;,
0) diacpama 3MiHU KPUXKOCI UNEHUEHUX 3DA3KI6

Q

Bcranosneno, 110 BiBcsiHe O0pOIIHO y OiCKBITHOMY HamiB(aOpukaTi 34aTHE MOTTTUHATH Oi-
JIbIIE BOJM Ta 3aTPUMYBATH ii y BUNieyeHOMY HamiB(aOpukari, aje B He3HauyHii Mipi. Lle MoxxHa
HOSICHUTH BUCOKOIO BOJIO-TIOIVIMHAIOYOKO Ta BOJIOTO-yTPUMYIOUOIO 3/aTHICTIO BIBCSHOTO OOpO-
1IHa, SKEe, TPUUMAIOYH Y4acTh y MPOIiecax CTPYKTypyBaHHs OiCKBITHOTO HariB(hadbpukaTy, mposiB-
JIsI€ 3IaTHICTh YTBOPIOBATH 3 PELIENTYPHUMH IHTPEIIEHTAMU HOBI 3B’3KU Ta MiJBUIILYBATH Yy TICTI
KUIBbKICTB 3B’s13aH0i Bosioru. [IpoTe Bl pe3ynpTaTu BiANOBIAIOTh BUMOTaM HOPMATUBHO-TEXHIY-
HOI JIOKYMEHTAIIi{, 3T1JHO SKOT MacoBa YacTKa BOJIOTH Mae cKiafatu (25 + 2) %.

Bucoxkwuit BMICT BiBCSHOTO OOopoIHa 3a0e3neuye HaaMIpHy KPUXKICTh HamiBhaOpukary,
110 YCKJIaJHIOE HOTro 0OpOoOKY IiJ] 4aC BUTOTOBJICHHS TOPTIB Ta TICTEUYOK.

BucHoBku. bickBiTH, 30araueHi 0IyYHUM IIOpE Ta BIBCSHUM OOpPOIIHOM MarOTh J100p1
SKICHI Ta TEXHOJIOT1YHI XapaKTePUCTUKH, 1110 JJa€ HAMPsIM L1010 MOJABIINX JOCTIJKEHb 3 PO-
3p0oOKHU MPOAYKIII 03I0pOBYOT0 MPHU3HAUYECHHA. 3a (I3UKO-XIMIYHUMHU, CTPYKTYpHO-MEXaH14-
HUMH Ta OPraHOJIENTUYHUMHU [TOKa3HUKAMHK, HalKpallli XapaKTepUCTUKHU MaJIH 3pa3kH 3 A0Aa-
BaHHsAM 10 % s56;1y4HOrO MIOpE Ta BIBCIHOTO OOpolIHa y KiIbKocTi 5 ta 10 %.
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THE STUDY OF INFLUENCE OF OAT FLOUR AND APPLESAUCE ADDITIVES
ON THE BISCUIT PRODUCTION TECHNOLOGY

The use of oat flour and applesauce increases the content of dietary fiber, micronutrients and macronutrients, aswell as
vitamins in biscuits. Thanks to this, biscuits can be used as valuable food products in order to obtain a balanced diet and
expand the range of health food products.

Expanding the range of confectionery products of increased nutritional and biological value, namely the devel opment of
a technology of biscuit semi-finished products with adding oat flour and applesauce, is an urgent task for researchersin the
field of food technologies.

Preliminary studies for identification of the optimal concentrations of added ingredientsin order to prevent a decrease
in the quality of the finished product are needed for developing the technology of enriched biscuits obtained by adding of oat
flour and applesauce.

An analysis of previously published works showed that to date in the scientific literature little attention has been paid to
the use of oat flour and apple processing productsin biscuit technology.

The aim of the paper is to study the influence of additives of oat flour and applesauce on the physical, chemical and
organoleptic indicators of the quality of the biscuit semi-finished product.

The production of experimental samples was carried out according to the laboratory baking method. When kneading the
experimental samples, the replacement of wheat flour with oat one was used in ratio (%): 95: 5; 90 : 10; 85 : 15; 80 : 20.
Besides, applesauce in the amount of 10 % of volume of melange was added to each sample. On the basis of physical, chemical,
structural, mechanical and organolepticindicators, the best characteristics were obtained for samples of biscuitswith a content
of 10% of applesauce and 5 or 10 % of oat flour.

Keywords: flour confectionery, biscuit; oat flour; applesauce; flavor method.
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PROPOSAL OF MONITORING OF THE HEAT EXCHANGER STATION

The presented paper describes the creation of a “low-cost” monitoring security system based on the IoT platform con-
necting to the cloud. We focused on heat exchanger station, which is used in a block of flats. A simulation solution was devel-
oped together with 3D visualization and a practical test.

Final monitoring systeminformed the operator about the current state of the heat exchanger station and operator can
intervene in time so that heat exchanger station is not suddenly damaged or cause some damage. Such monitoring system
will find application in practice, but also in the teaching process, asthe preparation of graduates for the modern monitoring
systems, which are increasingly used in practice, will be improved. The presented paper is a scientific and methodological
publication.

Keywords: Monitoring; Security; Internet of Things, Cloud, Arduino.

Fig.: 7. References: 12.

Urgency of the research. Currently, there is asignificant trend in the use of 10T technol-
ogy with a cloud connection. Such deployment is carried out for various reasons, such as in-
creasing production efficiency - economic, pollution monitoring - environmental, health moni-
toring - medical, weather monitoring - agriculture, traffic monitoring - transport, etc. The data
obtained using 10T technology are then processed and based on them we can predict the further
development of the monitored parameters. It is estimated that by 2025 there will be approxi-
mately 75.44 billion 10T devices worldwide [1].

Target setting. Theaim of the research wasto create alow-cost system for monitoring and
securing heat exchanger station.

Actual scientific researches and issues analysis. 10T technology is used in various
fields. Applications can be found, for example, in smart environment monitoring [2], energy
management [ 3], security monitoring [4], parking management [5], condition monitoring [6],
health monitoring [7], disaster and forecast monitoring [8] and others. At the same time any
object can be transformed into an 10T object, thanks to an internet connection. For example,
a light bulb that can be turned on using a mobile application is an |oT device, as well as a
motion sensor or intelligent thermostat, or a connected street light. In some larger objects,
multiple loT components can be used, such as an engine, to which we connect a number of
sensors and they collect and transmit data to ensure that the engine works asit should. Sensors
on conveyor belts control the amount and speed of moving objects. Or various smaller objects,
such as a boiler, air, heat, water exchange stations and various others. To a greater extent,
smart city or industrial complex projectsfill large units with sensors that help us understand,
control and manage the environment [9].

Specific solutions used in industry are offered, for example, by Amper Technologies [10]
or Axzon [11]. The Amper Technologies system and their Factory OS effectively use sensors
to improve the manufacturing process. Sensors register arange of important aspects, including
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energy consumption and downtime, so management can better plan individual processes, re-
duce costs and pinpoint growth areas. Axzon sensors provide real -time data during the manu-
facturing process in the automotive industry, and their predictive maintenance technology mon-
itors the condition of factory equipment to prevent failures and time-consuming repairs.

Uninvestigated parts of general matters defining. Existing professional solutions are
costly, and this can be an obstacle to setting them into practice. The present article aims to
contribute to the development of affordable monitoring and security systems.

The research objective. Our goal isto point out the possibilities of deploying IoT tech-
nology on devices that do not primarily contain this technology and to point out that it is not
a problem to modernize any older device to meet current monitoring trends. The benefits of
these technologies are far greater than the costs involved. Our goal was to create the security
of the heat exchanger station. The intention was to apply security elements, such as monitor-
ing the required parameters, using the cloud platform to store the monitoring data, evaluating
the data and the very security of our object. Another goal is to contribute to the teaching of
modern monitoring and security systems and thus prepare students for the current require-
ments of industries.

The statement of basic materials. Our goal was to design a system that had the task of
monitoring the parameters of the heat exchanger station and based on them to ensure its func-
tionality, to prevent failures of the heat exchanger station, which could cause damage. Theam
was also to design the security of the room against unwanted entry of a stranger.

The proposed system monitors the inlet temperature of the outer circuit and the outlet tem-
perature of the inner circuit. The system also monitors the pressure in the pipe that leads the
water to the station. In the event of low inlet pressure, the pump would switch off to prevent
idling. These monitoring parameters relate directly to the heat exchanger station.

Indirect effects on the exchanger station are monitoring by several sensors. Water detection
sensors were used to secure the room against flooding. In an emergency like amajor flood, the
system can start a pump that drains the water. The purpose of the smoke detector isto warn on
the presence of smoke or fire.

The power failure sensor is used to switch the power supply of the exchanger station to a
backup source.

In terms of securing of the object against unwanted entry, motion sensors were designed
and the entrance door was secured with a coded lock.

The whole system is connected to the cloud, thanks to which the operator is notified of the
status of the heat exchanger station. The operator can remotely control the monitoring and se-
curity system of the heat exchanger station.

In thefirst step of solving the task, we created a flowchart of the proposal system based on
the selected parameters. In (Fig. 1) we can see an example of a part of the flowchart describing
the security of the object.
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Fig. 1. Flowchart of the security part

Based on the resulting flowchart, we created a simulation solution for the entire system,
which was made in the Tinkercad environment. The connection of our simulation solution is
shown in (Fig. 2). Components such as the servomotor, numeric keypad, light emitting diodes,
speaker and PIR sensor take care of controlling the input and movement in the building. We
assigned element control to the tilt sensor and the smoke sensor. The role of the tilt sensorsis
to start the drain pump and inform about the probabl e flooding in the building. We used TM P36
sensors for temperature sensing. We simulated the drop in electrical voltage or output pressure
using a potentiometer and a force sensor.
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Fig. 2. Smulation solution

The control software was created in the Arduino IDE environment. An example of the
resulting code can be seenin (Fig. 3).

(A rEEt)

AL

|||||||||

Fig. 3. Example of the code

We used hardware to test the function of the simulation solution. The system is primarily
based on the Arduino UNO microcontroller, which meets the requirements for deployment to
the system, but we created our test solution using the ESP32 DEVKIT V1 DOIT microcontrol-
ler, which we had available and considering its hardware and software capabilities offered us
sufficient functions to verify the system. We connected this microcontroller to a breadboard,
where we used the appropriate components and sensors (Fig. 4).

We used athermistor and a potentiometer to simulate temperatures. By turning the potentiom-
eter, we smulated fluctuationsin theinlet temperature. Holding the thermistor in our handincreased
the temperature and thus we smulated fluctuations in the outlet temperature. In thisway, we veri-
fied the functionality of the thermistor and potentiometer as well as data acquisition. We used the
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red and green light emitting diodes to simulate the security of the system. If the green LED ison,
the system is unlocked, if the red LED is on, the system is secured or blocked. We used the seria
monitor function in the Arduino IDE program to list system security status notifications. We used
the buttons to unlock and lock the system. One button represents system security, the other button
represents system unlocking. Another button was used to Smulate entering an incorrect passcode.
Attemptsto re-enter the passcode were counted by pressing the button. Individual experimentswere
recorded again on a serial monitor. We also used the touch sensor option that the ESP32 has. We
smulated the registration of smoke in the building with atouch sensor. We have programmed the
code so that if thereisasignal on the touch sensor for a certain period of seconds, an information
message will be displayed, notifying usthat it is burning in the building. The last button was used
to smulate the on and off of the drain pump in case of flooding in the building. With this physical
test element, we verified the basi ¢ functions of the simulated solution.

Fig. 4. Testing of the proposed solution

After verifying the functionality of the created solution, we proceeded to create a cloud
part. We used the Blynk platform for the cloud environment. Two solutions have been devel-
oped. Thefirst wasto use a Blynk server. The second solution was built on our local server and
thuswe achieved higher security of the resulting solution. In Figure 5 we can see apart of Blynk
app, which can be used to monitor the inlet and outlet temperature of the system. The solution
includes an "Unlock" button that allows you to unlock the room remotely.

Fig. 5. Monitoring Blynk app

In the next step, we proceeded to create a 3D visualization of the room of the heat ex-
changer station together with the proposed monitoring system. Thanks to which we gained an
overview of the location of individua components. The 3D visualization was created in
Blender. All designed components of the monitoring system are marked in green. We marked
the cabinets in which our components are located with blue. The rails in which we laid the
cables are yellow. The resulting visualization can be seen in (Fig. 6 and Fig. 7) [12].
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Fig. 6. Visualization of the solution, view 1
(1 — numeric keypad, 2 — emergency door opening, 3 — inlet temperature sensor, 4 — outlet
temperature sensor, 5 — pressure sensor, 6 — flood sensor, 7 — drain pump, 8 — smoke sensor)

Fig. 7. Visualization of the solution, view 2
(2 — emergency door opening, 7 — drain pump, 8 — smoke sensor,
9 — motion sensor, 10 — box with control unit)

Conclusions. Based on the created simulations and visualizations, the entire proposed sys-
tem was debugged, thanksto which the full functionality of the proposed solution was achieved.
In the next phase, the system will be deployed on the real heat exchanger station. The following
findings will be used to further optimise and supplement other system features. The result will
be asufficiently functional, inexpensive monitoring system of the heat exchanger station, which
can be deployed in practice.

Theresult of the research isthe creation of an 10T monitoring system on an object that does
not contain such functionality. Based on this solution, it was confirmed that it is possible to
innovate "obsolete" equipment to meet current monitoring trends. Another benefit obtained
from the research is that the knowledge will be used in the teaching process of studentsfocused
on modern monitoring systems.
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PI3HUX NPUYUH, MAKUX AK NIO8UUEHHS epeKMUBHOCTI GUPOOHUYMBA - eKOHOMIYHI, MOHIMOpUHE 3a0pYOHEHHS - HABKOIUUUHE
cepeoosuuge, MOHIMOPUH2 300P08's1 - MeOuuHe, MOHIMOPUHZ NO200U - CIIbCbKE 20CHOOAPCIB0, MOHIMOPUHE PYXY - MPAHCNOPM
mowo. Jlani, ompumani 3a O0onomozoro mexuonoeii loT, nomim o0bpobIsiIOMbCs ma 6aA3yIOMbCs HA HUX MU MONCEMO
nepedbauumu nooarbUULL pO36UMOK napamempis, uwjo KoHmpomwmsca. 3a oyinkamu, 0o 2025 poxy y ceimi 6yoe npubauzno
75,44 mapo npucmpoie Inmepremy peuell.

Memoro 0ocriooicenns 6yno cmeopumu Hedopozcy CUCmeMy MOHIMOPUNEY Mda 3aXUCMY Meni00OMIHHOT cmanyii.

Texnonoeis loT euxopucmosyemuvcsi 6 pisnux obnacmsx, npo wjo ceiouams nyonikayii. Konxkpemui piuienns, wo
BUKOPUCIOBYIOMbCSL 8 NPOMUCLOBOCHI, NPONOHYIOMbCS, Hanpukiao, komnaniamu Amper Technologies a6o Axzon. Cucmema
Amper Technologies ma ixus 3a600coka OC epekmu6Ho 8UKOpUCMOBYIOMb 0amuUKU OJisi NOKPAWEHHsl BUPOOHUYO020 NPOYecy.
Lamuyuku peecmpyioms pao 8axsCIUBUX ACNEKMIB, GKIIOYAIOYU CNONMCUBAHHS eHepeli ma Npocmoi, MoMy KepieHUYmeo mogxce
Kpauje naanyeamu oKpemi npoyecu, 3MeHuLy8amu Umpamu ma GU3HAYAmu 30HU 3pocmanHs. Jamuuxu Axzon 3abesneyyoms
0aHi 6 pedxcumi peanbHO20 4acy nio Yac 8UPOOHUYO20 NPoYecy 68 A8MOMODLIbHIL NPOMUCTOBOCHI, A IX MEXHONO02ISA NPOSHO3HO20
06C1y208Y8aH S BIOCMENCYE CIMAH 3A800CHKO20 00NAOHANMNS, W00 3ano6iemu 6i0MOBAM Md MPUBAIUM PEMOHMAM.

Icnyroui npoghecitini piuieHHss € eKOHOMIYHO epeKmusHUMY, I ye Modce Camuy nepeukooor Ois iX emileHHA Ha
npakmuyi. L{s cmamms mae na memi cnpusimu po36umxy 0OCMYRHUX CUCIEM MOHIMOPUHZY ma 6e3nexu.

Hawa mema - ekazamu na modicnueocmi pozeopmannsi mexnonozii IoT na npucmposx, ki 6 nepuiy uepay He micmsamo
yiei mexuonoeii, I 3a3Hauumu, wo MoOepHizysamu 0yOb-aKi cmapiwi NpUcmpoi 3 YPAXy8aHHAM CYYACHUX MeEHOeHYill
Monimopuney ne € npobnemoro. Ilepesazu yux mexnonozii nabazamo Oinvuli, HidC GUMPAMu.

Po3pobneno noguicmio QyHKYioHaibHy Hedopo2y cucmemy MOHIMOPUHZY Men1000MiHHUKIE.

Bunpobyeanns niomeepounu nosHy gynxyionanvricmes cucmemu mouwimopunzy. Ha nacmynnomy emani cucmema 6yoe
68edena @ ekcnryamayiio, a Nomim ONMUMiz308and.

Knrwwuoei cnosa: monimopune; desnexa, inmepnem peyei,; xmapa, Arduino.

Puc.: 7. Bion.: 12.

Sarga, P., Strnisko, P. (2021). Proposal of monitoring of the heat exchanger station. Technical sciences and technologies, 3(25), 237-243.
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BILIMB HECUHYCOIJAJIBHOCTI HAIIPYTHU
HA POBOTY BY3JIA KOMIVIEKCHOI'O HABAHTAKEHHA
3 KOHAEHCATOPHUMH YCTAHOBKAMHU

3binvuenns Kitbkocmi cnoxcueawie eleKmpuiHol eHepeii 8 CUCmeMax eleKmponoCmayanis, 00 CK1ady SKUX 6X005mb
Hanienposionuxkosi nepemeoprogaui (HII), 3ym06110€ HAAGHICING SUWUX 2APMOHIK HANpy2u (cmpymy) ma npu3gooums 00
30LIbUEHHS CYMAPHO20 KOEDIYIEHMA 2APMOHIYHUX COMBOPEHD K 00HO20 3 GUSHAUATbHUX NOKAZHUKIG AKOCMI eleKMPUYHOT
enepeii. Buwi capmoHiKu Hanpyeu 6 eleKmponocmadanibHuX Mepedxicax 6NAuaionsv Ha pobomy cucmem agmomMamuxy,
00YUCTIOBATBHO20 0ONAOHAHHS, A MAKoX*C Ha pobomy K.

Knwwuosi cnosa: Hecunycoioanvhicms, QinbmpoKOMNEHCY8ANbHI NPUCMPOL; KOHOEHCAMOPHI YCMAHOGKU, 8Y30]L
HABAHMANCEHHS, eNeKMPONOCMAYAIbHA Mepedcd, Peakmuea NOMyHCHICMb.

Ta6n.: 1. Puc.: 20. Bion.: 7.

AKTyaJIbHICTb TeMH J0CJiIKeHHs. 30UTbIICHHS KUTBKOCTI CIOXKMBauiB E€IEKTPUYHOI
€Heprii y By3JIax CHUCTEM €JIEKTPOIIOCTayaHHs, A0 CKJIAJy SIKUX BXOJSTh HAIIBIPOBIIHUKOBI
nepetBoproBaui (HII), mpu3BomuTh 10 MOSBH B €IEKTPOMOCTAYAIbHUX MEPEKaxX BHUIUX
TapMOHIK Hampyru (CTpyMy) Ta MPU3BOAUTH N0 30UIBIIEHHS CyMapHOro KoeilieHTa
TFapMOHIYHUX CHOTBOPEHb, SIKUI € OJHUM 3 BU3HAYAJIbHHMX MOKA3HHUKIB SIKOCTI €JIEKTPUYHOI
eHeprii. Buii rapMoHiKM Hampyrd B €JIEKTPONOCTAYaIbHUX MeEpekax BIUIMBAIOTh, SIK Ha
poOOTy CHCTEM aBTOMATHKH, OOYHMCIIOBAJIBHOTO OONaJHAHHSA, a TakoX Ha poOoTy
KOHeHcaTopHUX ycTaHoBOK (KVY), Tak 1 Ha iX MOBroBIYHICTH, Ta HaAIMHICTh. [locmimKeHHs
BIUIMBY HECHHYCOIJalbHOCTI B €NEKTpUUHUX Mepexax Ha KY € akryanpHOrO Temow Ta
JI03BOJIUTH OLIHUTH YMOBH poboT KVY 3 MeToro iX mokpaiieHHs

IMocTanoBka npo6djaemu. 1151 BUSBICHHS HETaTUBHOTO BIUIMBY BUIIUX T'APMOHIK HAlIPyTH
Ha poboty KV y By3nmi KOMIUJIEKCHOTO HAaBaHTa)XCHHS HEOOXIAHO IOCTHIAWTH 3HAYCHHS
OCHOBHHX ITOKa3HUKIB pEKUMY pOOOTH 3a Pi3HOTO 3HAUEHHs Koe]illieHTa HECUHYCOIAalIbHOCTI
Hanpyryu. BU3HaunTH BIJIMB €JI€MEHTIB By3/1a KOMIUIEKCHOTO HaBaHTA)XEHHS HAa TapMOHIYHUI
CKJIaJ Ta Koe(DiliEHT HECHHYCOiJanbHOCTI. Takok HEOOX1THO PO3IISIHYTH OCHOBHI METOAM Ta
3acobu 3axucty KVY BiJ BIIIMBY BHUIIMX T'apMOHIK Ta €(QEeKT BijJ iX 3aCTOCYBAaHHS y BY3lax
KOMIUIEKCHOTO HaBaHTa)keHHs 3 KY.

AHaJIi3 OCTaHHIX J0CTiIKeHb | myOaikanii. 3a HOPMATUBHUMH JOKYMEHTAMH YKpaiHU,
K1 perJIaMEeHTYIOTh SIKICTh €JIeKTPUYHOI eHeprii [4; 5; 6], 1oMmycKaeThCsl HECUHYCOINaNbHICTb.

g enextpornoctadanbHuX Mepexx Hampyroo 0,4 kB y Bumanky HopManbHOiI poOoTh
JoTycKaeThest 95 % cepeaHbOKBaIpaTUYHUX 3HAYEHb HAIPYTH KOKHOT TapMOHIKH, BIIPOJOBK
THKHEBOTO Tepiofy [7]. CepenHbOoKBaipaTH4Hi 3HAYCHHS HAIIPYTH HE TIOBUHHI MTEPEBUIITYBATH
HaBeJleHUX y Taom. 1.

© Cabar M. b., JIucak B. I'., lllenex 0. JI., Yeuens B. O., 2021
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Tabmnus 1
Honycmumi cepeOHbOK8AOpAMu4Hi 3HAUEHHS HANPY2U KONCHOT 2apMOHIKU
- Henapni rapmosixu ; ITapHi rapMoHiKu
HE KpaTHi 3 KpatHi 3
BiTHOCHA TIOPSIIOK BITHOCHA TIOPSIIOK BITHOCHA TIOPSIIOK
ammrityaa, % TapMOHIKH amMmtiTyaa, % TapMOHIKH ammiTyna, % TapMOHIKH

6,0 5 5,0 3 2,0 2
50 7 15 9 1,0 4
35 11 15 15 0,5 6...24
3,0 13 0,5 21 - -
2,0 17 - - - -
15 19 - - - -
15 23 - - - -
15 25 - - - -

Cymapnuii koedinieHT rapmoHiunux crnotBopeHs (CKI'C) Hanpyru enekTpornocTauyaHHs,
BPaxOBYIOYH BCi rapMOHIKH 110 40-1 BKIFOYHO TTOBUHEH OyTH MEHIIUM 49U piBHUM 8 % [7].

BunisieHHs1 HeTOCIIKEHUX YACTHH 3arajibHol nmpooJjieMu. Y TepeBakHIN OLIbIIOCTI
JOCITIJKCHD TTOKa3HUKH SKOCT1 €JIEKTPHYHOI SHeprii pO3IAaI0ThCS CTOCOBHO CIIOXKHBAJa, a
HE €JIIEMEHTIB By3Jla HAaBaHTAXEHHS UM  eJEKTPONOoCTayalbHOI Mepexi. Bruus
HECHHYycoiganpHOCTI Ha pobory KV, a Takok BIUIMB CKIQAy By3Jla KOMIUIEKCHOTO
HABaHTA)XEHHA Ha KOe(illiEHT HECUHYCOINAIBHOCTI AOCTIIKEHO HEJOCTATHRO.

MeTo10 cTaTTi € aHaji3 BIUIMBY HECHMHYCOINAIBHOCTI HANpPyrW Ha pPOOOTY €JIEMEHTIB
KOMIUIEKCHOTO By3J1a HABaHTa)KCHHsI Ta Ha BY30JI B LIIIOMY, BHSBIIEHHS HETaTUBHOI'O BILUIUBY
BUIIMX TAPMOHIK Hanpyru Ha poboty KV y By3ini HaBaHTa)k€HHS Ta JOCIHIIPKEHHS OCHOBHUX
MOKAa3HMKIB PpEeXHUMYy pOOOTH By3jJda HABAaHTAXKEHHS 3a PI3HOrO 3HAYEHHS CyMapHOTO
Koe(ilieHTa TapMOHIYHHUX CIIOTBOPEHb.

BukJan ocHoBHOro Marepiaury. /11 SIKiCHOT OIIHKM BIJIMBY BHILMX TapMOHIK Ha poOOTY
KV 3ampornoHoBano nopiBHSHHS napaMeTpiB pexxumy podotu KVY y By3ni HaBaHTaXeHHS 3a
YMOB HasiBHOCTI Ta BIICYTHOCTI JpKepesia BUIUX rapMOHiK. J[i1s mpoBeaeHHs AOCTiIIB 3ampo-
noHoBaHa (13MYHa MOJIENb, CXeMa K01 300pakeHa Ha puc. 1.

JUKepenoM BUINMX TapMOHIK CIYrye BHUIPOCTyBad. BelndyMHy TapMOHIK MOXKHA
peryioBary, 3MiHIOIOYM aKTUBHUI OMip B KOJI1 MOCTIHHOIO CTPyMY BUIIpOCTyBayda. J{j1s1 omiHKH
BIUIMBY 1HJyKTHBHOCTI Yy KOJi HaBaHTa)KEHHs MOCIHIJIOBHO 3 aKTUBHUM ONOPOM YBIMKHEHMH
npocenb. Y cxemi nependadeHuil Kirod, 3a JJOTIOMOTOI0 STKOTO MOJKHA IITYHTYBaTH JPOCEIb.

Jlnst yrpaBiiHHs cTyneHsaMH peryinboBaHoi Kb y cxemi 3amistHUl perynsaTop peakTUBHOI
notykHocTi Big kommnadii “Schneider Electric” — “Varlogic NR6”.

Cxema MiAKITIOYEHHs TPUCTPOIO nepeadadae MmiBEICHHs 10 HbOTO JIiHIMHOI Hanpyru Oy/b-
AKUX IBOX (pa3, 1 miKII04eHHs TpaHchopMaTopa CTpyMy 3 HOMIHAJIbHUM BTOPUHHUM CTPYMOM 5
Ay TpeTio (He3anexHy) (asy (apyra cxema, SKIIo amInIiTya (a3zHoi Harpyru He Oibine 200 B).
V HamoMy BUTIaIKy JKUBJIEHHSI TIOIA€THCS] aBTOMAaTHYHUM BuMuUKadeM AB-53 gpaz A1B. YV ¢a3i C
BCTaHOBIIeHUH TpaHchopmarop ctpymy 40/5 A. 3 (asu A >KUBIEHHS ONAETHCS HA 3arajJbHUM KO-
HTakT ~C” perymnsropa. 3 KOKHOIO BUXOMy PETYJIATOpa HAlpyra MOCTynae Ha MOYaTOK KOTYIIKH
BiMOBIIHOTO KOHTakTOpa. KiHIl B CBOKO 4epry 3’€HaHi MK COOO0 1 MIIKIIFOYEH] JI0 HYJIOBOI'O
MPOBITHHUKA. TaKMM YMHOM 3a0€3MeUy€eThCs KOJIO MPOTIKAHHS CTPYMY JJISl BCIX KOHTAKTOPIB.

Ilepma Ta apyra CTyHeHi MalONOTYXHI, TOMY HiJKIIOYEHI 10 IIMH dYepe3 3BUYaiiHi
KOHTaKTOPH. YCI1 1HIII CTYyTIEHI, a came 2, 3 Ta 4 i’ € JHaHH1 Yepe3 Creliani3oBaHl KOHTaKTOPH, K1
ocHaieHi OnmokoM pesuctopiB. Ilicns momadi curHaidy Ha YBIMKHEHHS B TakOMY KOHTAKTODI
BKJTIOYAETHCS TIOCHIJIOBHO CIIEpIIy OJOK PE3UCTOpIB HAa 4Yac OIHOTO MEpiody, a TOAl BKE
3aMHKAE€ThCS KOHTAKTHA Tpymna. TakuM UYMHOM JOCSTae€TbCs OOMEXKEHHS CTPYMiB Y MOMEHT
YBIMKHEHHSI, a BYKE HACJTIIKOM — MEHII BUPA3Hi sIBUIIA KOMYTallii, TakKi sIK JyTra 9 ICKpiHHS. Takox
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nocy1iioBHO 3 TpeThoto Kb BBIMKHEHMIA apocens moTyskHicTio S0 kBAP. [lanuii npocensb Ciry>kKUTh
JUISL 3aXMCTy KOHJIGHCATOpHOI Oarapei Bii BIUIMBY BHIIMX TapMOHIK, TOOTO CIYI'y€ IMEBHUM
¢binbTpoM. Perymnsitop peakTuBHOI MOTY>KHOCTI BU3HAYa€e JIHACHUNA COS ¢ MEpPEXi Ta MOPIBHIOE
Hioro 3 3aganuM. BiqmoBiqHO 0 HAJAIITOBAHOI MPOTPaMH MiJOMpae CTYNEeHI KOMITEHCAITI.

380B
$ E: TR-1
r TR-2
TR-3
Jo AM-1
AB-1 TR-4 [o Varlogic
NR6
TR-5

TR-6 |
TR-7 - g
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BM-1 AM-1
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1 kBap 1-cT. 2 KBAp 2-9@/& 4 kBAp 4-cr.
4 kBAp 5-cT.
3,3 kBAp 3-cT.
Puc. 1. Cxema ona 3uamms oocnionux xapakmepucmuk KY

J1j1s CTBOpEHHS MOJIENI By3J1a HaBaHTAXXEHHsI 0OpaHuil HaO1IbIII MOMIMPEHUH TUI HAaBaH-
Ta)XEHHS — ACHHXPOHHUHN IBUTYH 3 1HIYyKTUBHO-aKTUBHUM XapaKTepoM. ACUHXPOHHUH JBUTYH
B JIJAHOMY BY3J11 KOMYTY€ETbCS 32 JOIOMOTOI0 aBTOMAaTH4YHOro BuMukaya (AB-4). Ockinbku mo-
TYXHICTh JBUT'YHA HE € BEJIMKOIO, MapajieIbHO HOMY BBIMKHYTHH (pa3operynsrop.

VY wmiif cxemi BTOpMHHa OOMOTKa (a3operyisaropa 3akopoueHa, IO Ja€ 1HIYKTUBHUHN
XapakTep HaBaHTaXeHHs. MiHIMallbHe 3HaU€HHsI BCTAHOBJICHOTO 1HAYKTUBHOTO HAaBaHTAKECHHS
ctanoBuTh 5 KBAP. To6TO, MOXKIIMBI BapiaHTH HaBaHTAXCHHS: YBIMKHEHHS Jinie ogHoro A/l
notykHicTio 1,5 kBT, yBiMkHeHHS Tuibku @P, motykHicTiO B Mexkax Bia 5 10 17 kBAP, abo x
ix mapazienbHa poboTa.

Jl51g peecTpallii CUTHAJIB Ta 3HATTS OCLUJIOTPAaM Ta ricTorpam OyJi0 BAKOPHCTAHO CUCTEMY
peecTpallii Ta aHaIi3y aBapiiHUX CUTYyallill eJIeKTpOeHEPreTUYHUX 00’ €KTIB “anbTpa-1" ogHi€e0
3 (DyHKILIH SIKOT €: aHaIi3y KOOPAMHAT YCTAJICHUX PEXKHUMIB Ta aBapiifHUX MPOLECiB BU3HAYCHHS
MaKCUMaJbHUX 3Ha4€Hb, BU3HAUEHH 3MIHU B Yacl JIII0YMX 3HaU€Hb, CHAMETPHYHHUX CKJIQJOBUX,
TApPMOHIYHOTO CKJIaTy KOOPJAWHAT PEXKHMMIB, BU3HAYCHHS BIAAJI 10 MICIS MOIIKOKCHHS Ha
JIHISX eJIeKTporepesiad, CHHTE3y KOOPAMHAT PEKUMIB TOILO.
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OCHOBHI XapaKTEpUCTHUKH Ta CXEMH ITiIKJIFOUCHHS HaBEJIeH1 B IHCTPYKIIii 10 ITI€T CHCTEMH.

VY po06oTi cucTema miaKIroYasachk 10 CUCTEMH IITHH.
Pe3yabTaTn 1ociiaxkenb. Po3rmissHeMo Ta MpoBeIeMo aHali3 IeIKUX PEKUMIB pOOOTH J10-

CJIIJDKYBAHOTO By3Jla HABAaHTKEHHS 3 KOHJICHCATOPHOIO OaTtapeeto Ta 6e3 KoHACHCcaTopHOi Oa-

tapei (puc. 2 ta 3).
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Puc. 2. Ocyunoepamu nanpyau npu 66iMKHeHOM)Y AKMUBHO-THOYKMUBHOMY HABAHMANCEHHI

Tl i L™ e i [T Loma - i

Puc. 3. Ocyunocpama cmpymy axmueno-iHOyKmueHo20 Ha8aAHMANCEHHSL

S BUIHO 13 TIOAAHMX BHUIIE OCIMJIOTpaM, 1€ HOPMaJIbHHUNA PEXHM POOOTH Mepexi 0e3
KOHJ/IEHCATOpHOi Oarapei Ta JpKepena BHIIMX rapMoHIK. [licisi yBIMKHEHHsI BMIIPOCTyBada Ha
OCLIJIOrpaMax Harpyru Ta cTpyMmy (puc. 4 1 5) crocrepiraerbCs BUKPUBJIEHHS CHHYCOITHOCTI

HaIpyTry.
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Puc. 4. Kpusi ¢pasnux nanpye npu y8iMKHeHOMY aKMUSBHO-IHOVKIMUBHOMY HABAHMANCEHHI
ma eunpocmysauyi (cmpym y xoai sunpocmysaua 0,9 A+ opocensv y koni nocm. cmpymy)
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LF - - - imas [ L]

Puc. 5. Cmpym y xoni eunpocmysaua

[TopiBHSIEMO TIEH peXUM 3 TAKHM K€, 32 JI01aTKOBO BBIMKHEHO1 KOH/IEHCATOpHOI OaTapel

(puc. 61 7).
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Puc. 6. Kpusi nanpye npu y8iMKHEeHOMY aKMUSHO-IHOYKIMUBHOMY HABAHMANICEHHI,
sunpocmyesaui ma Kb (cmpym 6 koni sunpocmyeaua 1,26 A+ opocenwv y koni nocm. cmpymy)
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Puc. 7. Kpusi cmpymy y cxemi 3 akmuHo-iHOYKMUSHUM HABAHMANCEHHAM, GUNPOCMYBAYEM

ma KB (pooicesutl - 3aeanvruti cmpym 8y3ia,
3efienuli — cmpym eunpocmyeaua, wepsonuti — cmpym Kb)

30UIpIIIyEMO CTPYM B KOJII BUIIPOCTyBaya, TUM CaMHUM MiAIMAaEMO pIiBEHb BHIIUX
rapMOHIK y MEpeXki Ta MpOBOJUMO aHaJoriuHi gocuiau (puc. 8 Ta 9).
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Puc. 8. Kpusi nanpye npu 68iMKHeHOMY IHOYKMUBHOMY HABAHMANCEHHI MA BUNPOCMYBAY]
(cmpym y koni unpocmysaua 4.53 A+ 6e3 opocens y koni nocm. cmpymy)

adad = SPEey £ azy = ==
u P [F [EF T [E FE o WH [E B wAn

Puc. 9. Kpusi cmpymy (3enenuti — cmpym 8 akmuHo iHOYKMUGHOMY HABAHMANCEHHI,
Dpodicesuti — cmpym y KOJli 6Unpocmysaia)

Takuii pexxuM CHOTBOPIOE KPUBI HANPyTH, HECUHYCOINANbHICTh cKianae Omau3pko 10 %
(puc. 10).

=3 -

g R 4 -
Al P o e — T
oot [ I,.-" 8 s ' i e ; Y

w " Y, / " ! b i
=1 b — T — "

e T [T T kT 3 T o [T nE ]
Puc. 10. Kpusi nanpye npu 68iMKHeHOM) THOYKMUBHOMY HABAHMANCEHHI, BUNPOCTYBAYT
ma Kb (cmpym 6 koni sunpocmysaua 5.7 A+ opocenw y Koni nocm. cmpymy)

249



Ne 3(25), 2021 TEXHIYHI HAYKU TA TEXHOJIOTIi
TECHNICAL SCIENCES AND TECHNOLOGIES

3 mpencTaBiIeHUX BUINE KPUBUX HANPYT Ta CTPYMiB POOMMO BHCHOBOK, IIIO HAsSIBHICTh Y
Mepeki KOHICHCATOPHUX YCTAHOBOK IIO3UTUBHO BILTUBAE Ha (hopmy KpuBoi Hanpyru (puc. 10),
aJie 3HaYHO MOTIPIITy€e CHHYCOITHICTh KpUBO1 CTpyMy (puc. 11) KOHAEHCATOPHOT yCTaHOBKH, 110
HETraTUBHO BIUIMBAE HA 1X POOOTY, Ta 3MEHIITY€ TEPMIH iX eKCIUTyaTaIlii.
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Puc. 11. Kpuei cmpymy (uepsonuii — 3a2anbHutl Cmpym 8y31d, CUHILL — CIpPYM 6UNPOCI)8aUd,
senenul — cmpym Kb)

Ha ocHoB1 BuMipiB noOynoBaHi Taki rpadiku 3aJIexKHOCTEH:
a) cymapHuii koedirieHT rapmoHiuHNX criotBopeHs (CKI'C) Ta BeNMWYMHU TapMOHIK BiJ
cTpyMy y Kodi BunipoctyBaua 0e3 Kb (mpocenb y kot HocTiiHOro cTpyMy BBIMKHEHHA) (puc. 12):

12,00 10,47
CKI'C (%)

10,00 -

8,00 -

6,00 - 5,03

312

4,00 T 149 2,15

200 { 112 ’ I(A)
—

0,00 . . . . . .
0,90 1,09 1,30 1,72 2,46 4,26

Puc. 12. 3anescnicmo pigHs suwjux eapmMoHix 6io cmpymy
6 xozi sunpocmysaua (6e3 Kb, opocenv 6gimrHenuii)

0) cymapumii koedirieHT rapmoHiyHuxX crnotBopeHb (CKI'C) Ta BenMuMHM TapMOHIK Bij
cTpyMy y Koii BumpoctyBada 6e3 Kb (mpocers y Kot oCTiHHOTO CTpyMy BUMKHEHHIH) (puc. 13):

12,00 1 CKI'C (%) 10,61
10,00 -
8,00 -
5,47
6,00 -
3,15

4,00 - 130 174 216
2,00 - ' g

*r— I(A)
0,00 T T T T T 1

1,00 1,14 1,35 1,80 2,58 4,53

Puc. 13. 3anesxcnicmo piens uwux 2apmoHiK
810 cmpymy 6 Koai eunpocmysaua (be3 Kb, opocenv sumknenuti)
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B) cymapHuil KoedimieHT rapmoHiuaux crnoTBopeHb (CKI'C) Tta BenmuynmHU TapMOHIK Bif
CTpyMy y KoJi BunpoctyBada 3 Kb (pocens y ko1l mocTiiHOTO CTpyMy BBIMKHEHU# ) (puc. 14):

200 1 CKIC (%) 176
1,80 -

1,60 -
1,40 -
1,20 -
1,00 -
0,80 -
0,60 - 04

0,40 - 0,22
0.20 0,09 0,12 0.17
20 7 —— 1)
0,00 T T T T T 1
1,26 15 1,83 2,34 3,39 56

Puc. 14. 3anexcnicmo pignsa suwux eapMoHiK 6i0 cmpymy 8 Koji 6UNpocmys8ayd
(3 Kb, opocenv 6simknenutl)

r) cyMapHuii KoedimieHT rapmoniuyHux criotBoperb (CKI'C) Ta BennYnHM TapMOHIK Bif
cTpyMmy B KoJi BunpoctyBaua 3 KB (1pocesb y Ko mocTiiHOro cTpyMy BUMKHeHHUH ) (puc. 15):

1,52

1,60 -
1,40 -
1,20 -
1,00 -
0,80 -
0,60 -

o5 | o 0,14 ot

0 1A)
0,00 T T T T T 1
1,29 1,56 1,86 2,37 3,42 57

CKI'C(%)

0,29

Puc. 15. 3anexcnicmo pigns suwux eapMoHiK 6i0 cmpymy 8 Koji 6UNpocmyseayd
(3 Kb, opocensv sumxHeruti)

3 BUILIEHABEJCHUX 3aJIe)KHOCTEN BUIUIMBAE, 10 1HAYKTUBHICTD y KOJII MOCTIHOTO CTPyMYy
MiHIMaJIbHO, ajleé BCE K 3MEHIIY€ piBeHb FapMOHIK, 110 T€HEPYIOThCA y TpU(pazHy Mepexy
BUIIPOCTYBAYEM.

Cnoco0u 3MeHIIeHHsI TapMOHIK. 3MEHIIIEHHs CyMapHOTo Koe(illieHTa rapMOHIYHHX CIIO-
TBOPEHBb MOKHA JTOCSTHYTHU KiIbKOMa crioco0amu. OTHUM 13 TaKUX CIIOCO01B € ToOy0Ba parti-
OHAJIbHOI CUCTEMH €JIEKTPOIIOCTaYaHHs CIIOKUBAYiB, TAKUM YUHOM, 1100 KOe(illiEHT rapMOHi-
YHHUX CIOTBOPEHb 3HAXOAMBCSA B JIOMYCTHMHX MEXAaxX, UM 3aCTOCYBaHHS CXEM HETiHIHHUX
HaBaHTaxeHb. lle omHUM 31 crIoco0iB € 3am00iraHHs TeHEepPyBaHHIO CKJIAJI0BUX HANpPYTH 1-TUX
TapMOHIK, OKPEMHUMH CTIOKMBa4aMH. AJie HE 3aBXKIHM TaKl 3aXOJH € JI1€B1 Y MOXKIUBUMH TSI
BIIPOBA/KEHHA. Y BUMAJIKY, KO HEMOXKJIMBO 3MEHIIUTH FApPMOHIKH KOHCTPYKTUBHHMH 3aC0-
Oamu, 3aCTOCOBYIOTb TMPHUCTPIH, 37AaTHWA  3amo0iraT X  PO3MOBCIOKCHHIO B
€JIEKTPOEHEePreTUUHIN crcTeMi, a came — (PUIBTP BUILUX FAPMOHIK.

Jlst mocimkeHHst poOOoTH (UTBTpa BUIIMX TApMOHIK Oyiu 310paHi cXeMH, 10 300pakeHH1
Ha puc. 16.
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Puc. 16. Cxemu 0Ons 3uamms 00CHiOHUX XAPAKMEPUCMUK BNIAUBY BUWUX 2APMOHIK
HA KOHOEHCAMOPHY YCMAHOBKY:
a — He 3axuwjena ginompamu, 6 — 3axuwena inbmpamu

Po3paxoByemo yacToty, Ky QinbrpyBaTMe apocens y cxemi b. Konnencaropna Garapes
3’€IHaHAa y TPUKYTHUK, EMHICTh KOHICHCATOPIB y ¢a3i piBHa 48 mikpodapaa. OTxe:

1 1
Xc = 2mfC  2%3.14x50%48%1076 22,1 0m, (1)

Je 1T — MaTeMaTH4YHa KOHCTaHTa, sKa JOpiBHIOE 3,14;

f — cranpapt yactotu, sikuil 1opiBHIoe 50 I'i;

C - eMHICTh KOHJICHCATOPIB.

[aykTHBHICTE TpHU(]a3HOTO Apocens 3riIHO Horo nacnopty craHoBuTh 0,76 MI'H. IHayK-
TUBHUU OMIp CTAHOBUTH:

X, =2nfL=2%3,14%50%0,76 * 1073 = 0,23 Om, (2
ne T — MaTeMaTHyHa KOHCTaHTa, sika AopiBHIOE 3,14;
f — cranmapt yacrotu, sikuit nopisHioe 50 '

L — IHQyKTUBHICTb TPU(PA3HOTO APOCETIS.
3HaliJileMo 4acTOTy Ha Ky Oy/ie HaJlalTOBaHUN (iIbTP.

e =490,3 T, ©)

22,1

f — fw?epemi —

XL/Xc

ne X; — IHAYKTUBHHH omip;
X —4acrora, Ky QUIbTpyBaTUME JIpocenb y cxeMi b;
fuepexi — 9ACTOTAa MEPEKI.
OTxe, pinpTp HamamToBanuit Ha QpunbTpanio 10 rapMOHIKY 1 BHIIE.

3HIMaeEMO XapaKTePUCTUKHU YCTAHOBKH 0e3 (GutbTpyrodoro apocens (puc. 17 1 18).

kLR
Lo

4 LB K] L Ery ] [ Eoryrd L& LB s el LT ==

Puc. 17. I'pagix cunycoiou y 8y3ni naganmaoicenHs (KonoeHcamopua bamapest 6e3 ¢inompa)
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Puc. 18. I'icmoepama eapmonix nanpyeu (konoencamopua bamapes o6e3 pinompa)

3HIMAEMO XapaKTEPUCTUKH YCTAHOBKH 3 PUIBTPYrOUnM ApocerieM (puc. 19, 20).
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Puc. 19. I'paghix cunycoiou y ey3ni naganmagicents (KoHoeHcamopHa bamapes 3 Qinompom)
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Puc. 20. I'icmoepama eapmoHnix nanpyau (koHoeHcamopHa bamapesi 3 Qpinompom)

SIk BUAHO 3 TicTOrpaM rapMOHIK Harpyru, GpuibTp BUKOHYE cBOi QyHKIII — 10-a rapMoHika
3MEHIINJIACh y CiM pa3iB, 11-a —y yoTupu pasu, 13-a — maiixe y 1eB’Tb pasiB.

BucnoBku. 1. HasBHICTh y MepeXi KOH/IEHCAaTOPHUX YCTAaHOBOK IO3UTUBHO BILJIMBAE Ha
¢dbopMy KpHBOT HalpyTH, ajie 3HaYHO MOTIpIIye CHHYCOITHICTh KPUBOi CTPYMY KOHJIEHCATOPHOT
YCTaHOBKH, 110, Y CBOIO 4YEpry, HEraTMBHO BIUIMBAaE Ha IXHIO pPOOOTY KOHJEHCATOPHOI
YCTaHOBKH, Ta 3MEHIIY€ TEPMiH iX eKCIuTyaTarii.

2. HasiBHICTb 1HAYKTUBHOCTI B KOJIl TOCTIIHOTO CTPyMY MiHIMaJIbHO, ajieé BCE K 3MEHIIY€E
piBEHb FapMOHIK 110 T€HEPYIOThHCS Y TpU(a3Hy MEPEXKY BUIIPOCTYBAYEM.

3. BuxopucranHs QuIbTpiB y By3jax 13 KOHJEHCATOPHUMHU OaTapesMu 3HaYHO 3MEHIIY€
TapMOHIKM y By3JlaX HaBaHTaKEHHsI, MOKpPAILIy€e SKICTh €JIEKTPUYHOI eHeprii Ta MiJBHILy€e
TEPMIH eKCIUTyaTallil KOHAeHCAaTOpHUX Oarapeil.
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INFLUENCE OF NON-SINUSOIDAL VOLTAGE ON THE WORK OF COMPLEX
LOAD WITH CAPACITOR INSTALLATIONS

Today, power supply system complex load nodes include a large number of consumers with different nature of load,
different characteristics, etc., which increases the number of negative effects on the node, on the quality of electricity and on
each individual consumer.
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An important element of such nodes of the power supply system are compensating installations of reactive power. The
reliability of the entire network, the quality of electricity and power loss in the network depend on their reliable operation. The
operation of such compensating installations is influenced by the operating conditions and electrical receivers of the network
in which the compensating installations operate. In particular, the non-sinusoidal mains voltage has a significant impact on
the operation of the compensating installations.

The increase in the number of electricity consumers in power supply systems, which include semiconductor converters,
causes higher voltage harmonics (of the current) and leads to an increase in the coefficient of non-sinusoid (coefficient of
curvature of the sinusoid of the voltage curve) as one of the determinants of the quality of electricity. Higher voltage harmonics
in power supply networks affect the operation of automation systems, computer equipment, as well as the operation of
compensating installations. The main method of improving the sinusoidal voltage in networks is the use of filter-compensating
devices, the use of which requires a detailed study of network characteristics, determining the composition of existing
harmonics and analysis of the possibility of new ones.

The study of the influence of non-sinusoidality in electrical networks on compensating installations is a topical issue and
will allow to assess the working conditions of compensating installations in order to improve them.

Keywords: non-sinusoidality; filter-compensating devices; condenser installations; complex load node; power supply
system, reactive power.

Table: 1. Fig.: 20. References: 7.

Cabar M., Jlucsk B., Llenex 0., Yeuens B. BriinB HecHHyCcOianbHOCTI HAPYTH Ha POOOTY By3J/ia KOMIUIEKCHOTO HABAHTAXKCHHS 3 KOH/ICH-
CaTOPHHUMH yCTaHOBKaMH. Texniuni nayku ma mexuonoeii. 2021. Ne 3(25). C. 244-255.
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MATEMATHUYHE MOIEJIIOBAHHS ITIIKOBUX CTPYMIB
IIPU BKJIFIOYEHHI CBITJOAIOAHUX JTKEPEJI CBITJIA

Brnouennsa 610Ki6 srcuenenHs, aKi 3a36U4all BUKOPUCTIOBYIOMbCA 8 OOHOMASHUX eNeKIMPONPUILMAYIE 3 HEeIHIUHUM HABAHMA-
JHCEHHAM, CYNPOBOONCYEMBCA IMIYTILCOM CIPYMY, AKULL MOICE 8 OEKIIbKA pa3ie nepesuiLysamu Cpym CRpayloeanis anapamie 3a-
xucmy i npu3600umu 00 ix GiOKIOUEHHs. 30LbUEHHAM KITbKOCHI OQICHUX NpumMityeHb 3 KOMN TOMEPHUM OONIAOHAHHAM, d MAKONC
OOHOGhA3HUX eNeKMPONPUIMAYIE 3 HENIHIIHUM HABAHMANCEHHAM AD0 IMIYILCHUMU OIOKAMU JHCUBTEHHS, UHUKAE NPOOIeMA 3HU-
JHCEHHSL eheKMUBHOCII eNeKMPONOCMAYAHHS, KA NOTAAE 8 HEKOPEKMHOMY CHPAYIOBAHHI 3AXUCHUX ANapamis.

Knrouogi cnosa: neniniiini npuiimayi elekmpoenepeii; Mamemamuina Mooeib;, KOMymayis, nikoguil Cmpym, ceimiooio-
OHe doicepenio ceim.a.

Puc.: 8. bion.:9.

3

AKTYaJIBHICTh TeMH J0CTiIxKeHHs1. B Hamt vac, 31 CTpiMKUM 301TbIIEHHSIM KUTBKOCTI 0(i-
CHHMX MPUMILIEHb 3 KOMIT IOTEPHUM 00JaTHAaHHIM, a TaKOXK OJHO(A3HUX eNeKTpOoNnpHuitMadiB 3
HEJIHIMHUM HaBaHTaXEHHSM Ta 1HIIKUX NpUiMauiB, HAIPUKIAJ, 3 IMITYJbCHUMH OJIOKaMHU KU-
BJICHHS, BUHMKA€ Tpo0iemMa 3HIKEHHsSI €(EeKTUBHOCTI Ta MOTIPIIEHHS SIKOCTI €JIeKTPOIOCTa-
YaHHS: HEKOPEKTHE CITPAIIOBaHHS 3aXHUCHUX arapaTiB B MEPeKax OCBITIICHHS, CHIIOBUX €JIEKT-
pUYHUX Mepexax Oo(iCHMX OyaiBelb Ta MPUBATHOMY CEKTOpi, IPU poOOTI aBTOMATUYHOTO
BBOJy PE3€pPBY UM aBTOMATHYHOTO TIOBTOPHOTO BKITFOUEHHSI.

Lle moB’s3aHO 3 TUM, 1110 3 PO3BUTKOM TE€XHOJIOT1i 3MEHIIIY€ThCS BCTAHOBJICHA MOTYKHICTh
ofHO(a3HUX MpUKMauiB, 1110 TPUBOAUTH /10 3MEHIIEHHS HAaBaHTA)XCHHS HAa OAMHWYHI BHYTpI-
IIHbOOY/IMHKOBI €JIEKTPUYHI Meperxi. BHacnigok 1poro, mpu BUOOpI anapariB 3axXUCTy IiJ] 4ac
MPOEKTYBaHHs a00 PEKOHCTPYKIIli, BAKOPUCTOBYIOTh aBTOMATUYHI BUMUKAY1 3 MEHIIIUMU HOMI-
HaJIbHUMH CTPYMaMH.

broku kuBIeHHS, SKi 3a3BUYail BHKOPUCTOBYIOTHCS y OMHO(DA3HUX €IEeKTPOnpUiiMadiB 3
HEJIIHIHHUM HAaBaHTAXKEHHSM, B MOMEHT BKJIIOUEHHSI CIIOKMBAIOTh 3HAUHUH CTPYM, 110 IPUBO-
JIUTH 0 BAHUKHEHHS IMITYJIbCY CTPYMY HE3HAYHOT TPUBAJIOCTI i/ 9ac BKIFOYeHHS. [Ipu BHKO-
pHCTaHHI B MEpeXi He3HAYHOI KIJIBKOCTI TAKUX MpUMaviB aMIUTITY/IM IMITYJIbCY CTPYMY HEN0-
CTaTHbO /JIsl CHpallOBaHHA amapaTiB 3axucrty. [Ipore mpu 30UIbLIEHH! KITBKOCTI TaKHUX
npuiiMadiB B MOMEHT OJJHOYACHOT'O BKJIIOYEHHS MIKOBE 3HAYEHHS CTPYMY MOXKE B JIeKiJIbKa pa-
31B TIEPEBUIILYBATH CTPYM CITPAIFOBAHHSI allapaTiB 3aXUCTY, 1, BIMOBITHO, MOKE PUBOIUTH IO
X BIIKJTIOUEHHS.

IMocTtanoBka npo6jemu. OYEeBUIHO, IO CMOYATKY CJIiJl BUSIBUTA OCHOBHI OCOOJIMBOCTI
HepexiTHOr0 MPOIIeCy MPHU MiIKIIOUSHHI 10 HU3bKOBOJIBTHOI €IEKTPUYHOT MEPEXk1 OKPEMOi CBi-
TIIOIOAHOT JTAMITH Y1 CBITHIbHHKA. CamMe TOMy 1aHa poOoTa MPUCBsiYeHa MAaTEMaTHIHOMY MO-
JIEJTIOBAaHHIO MIKOBUX CTPYMIB IPHU BKJIIOUYEHH1 CBITJIONIOHUX JIKEpE CBITIA.

AHaJi3 ocTaHHiX gocaizxkenb i myOmikamiii. CBITIONIOAHI DKEpea CBITJIa B HAIl Yac
IIMPOKO BUKOPUCTOBYIOTHCSI HE TUIBKH B KOMYHAJIbHO-II0OYTOBOMY CEKTOpi, @ 'y IPOMUCIIO-
BOCTI, Ha 00’ €KTaX TPAHCIOPTHOI iHpacTpyKkTypu. YacTrHa TaKuX JHKEpes o0IalHaHO CUCTe-
MOI0, 1110 3a0e3Ieuye TIaBHe BKIIIOYEHHS pkepena. OmaHak, Taki JpKepesa T0CTaTHRO JT0pOri,
TOMY HANOUIBIIIOTO MOMMPEHHS HAO0yJIM OUIBIN MPOCTI 32 KOHCTPYKITIEIO JDKEpENa, 1€ Tpolec
© boaynos B. M., [lixtapyk 1. B., Kpacunoxon A. B., 2021
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TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(25), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

BKJIFOYEHHSI € CTPIMKUM Ta CYIPOBOIKY€ETHCS MOSBOIO 3HAYHOTO CTPYMY Ta B OKPEMUX BUMA/I-
Kax TepeHanpyru Ha KoHjaeHcaropi [1-4]. YacTto 1ie mpu3BOAUTH 10 BUXOY CaMOTO JDKEpesia
CBiTJIA 3 Jajy, HalvacTimie, 3 ABOX MPUYHMH — IePeropae AI0JHUN MICT a00 K BUXOJIUTH 3 JIaTy
KOHJICHCATOP. 32 YMOBH OJJHOYACHOTO BKJIFOUEHHS BEJUKOI TPYIH TaKUX JKEPET B HU3bKOBO-
JBTHIN eNEeKTPUYHIM MepeKi MOXKYTh BUHUKATH MIPOBAJIM HANPYTH [5-7], 10 MOXKe HETaTUBHO
BIUIMHYTH HA pOOOTY IHIIMX HAsSBHUX y MEPEKi MpHUiMadiB €Heprii, Takok 3HAYHUN CTPyM Ha
MOYATKy LHOTO MPOIECY MOXKE MPU3BOIUTH JO BiIKIIOYCHHS aBTOMAaTUYHOTO BUMHUKaJa 4epes
CIPAIbOBYBAHHS €JICKTPOMATHITHOTO PO3UYEILTIOBAYA.

BunaijieHHs1 He10CTiXKeHUX YACTHH 3arajibHoi npodJjemMu. B nanuii yac He iCHye ocTa-
TOYHOI METOJMKH BHOOPY amapaTiB 3aXUCTY B €JIEKTPUUHUX Mepexax 3 CBITIIONIONHUMU JKe-
peniaMu cBitia. [ BUKITIOUEHHS MpoOIeMH CIpAIfOBaHHS allapariB 3aXUCTy MPU BKIIOYEHH]
B TAKUX Mepexax MPOeKTYBaIbHUKH Ta MOHTAKHI OpraHi3allii BAKOPUCTOBYIOTh ariapaTy 3aXu-
CTY 13 3aBUIIIEHUM HOMIHAJILHUM CTPYMOM CIIPAIFOBaHHS, [0 IPUBOAUTH 10 3HIKEHHS 4y TIHU-
BOCTI OCHOBHOTO 3aXHCTy. ToMy Jy’K€ Ba)KIMBUM € JOCITIDKSHHS NEepeXiJHUX MPOLECiB MpU
M KTIOYEHH] 10 HU3bKOBOJIBTHOT €JIEKTPUYHOT CBITIOMIOHUX JHKEPEN CBITIIA Ui BHOOpY X
ONTUMAJILHOI KUTBKOCTI Ta ApaMETPiB armapariB 3aXuCTYy.

Mera pociaigkenns. Ha oCHOBI MaTeMaTnyHOTO MOJEIIOBAHHS JAOCTIIUTH OCOOIHBOCTI
MIEPEX1THOTO MPOIIECY MPH ITiTKIFOYCHHI 10 HU3bKOBOJIBTHOI €JICKTPUIHOI CBITIIONIOTHUX JKE-
pen cBiTia.

Bukiiag ocHoBHOro marepiany. CBITIIONIONHI Kepeia CBITIa B HAIl Yac IIHUPOKO BUKO-
PUCTOBYIOTbCS HE TUIBKH B KOMYHAJIbHO-IOOYTOBOMY CEKTOpi, a W y IMPOMHUCIOBOCTI, Ha
00’exTax TpaHCHOPTHOI iHPpacTpykTypu. Jlo ocoOnuBocTel KOHCTPYKIIT TAKUX JHKEPEIT CBITIa
CJJI BiIHECTH HASBHICTh B HUX BUIPSMIIAYA (JIIOJHOTO MOCTY) Ta KOHJIEHCATOpPa, & TAKOX 1
JpaiiBepa CBITJIONIO/IB, IKM BMUKA€EThCS MIPU JIOCATHEHHI IEBHOTO PIBHSI HAIIPYT'H KOH/IEHCA-

topa [8] (puc. 1).

HL
e
c LED o
=T | controller L

e
'x-::a

—_—

Puc. 1. Tunosa koncmpykyisi cimuio0io0H020 CBIMUIbHUKA

[To BiTHOMICHHIO 10O HABAHTAKCHHS HU3bKOBOJIBTHA EJICKTPUYHA Mepexka Moxe OyTH Ipe-
CTaBJIeHa 3HAYEHHSM CHHYCOIaIbHOI epc e(t) Ta eKBIBAJIGHTHUM aKTHBHO-1HIYKTHUBHUM OIIOPOM,
110 JOPIBHIOE Omopy netii «daza-Homby (enemMeHTH Rs Ta Ls Ha pucyHKy 2), pa3oM 13 UM, Ipu
BUKOPHCTaHHI KaOeNbHUX MEPEIK, JOIUTHHO JOAATKOBO BPaxyBaTH €KBIBAJICHTHY €MHICTh KaOemb-
Hux JiHii Cs, ska ckinagae 6ist 0,4 Mx®D/kM. [HIII ipueTHaHI 70 MepeKi HAaBaHTAKEHHS MOXKYTh
OyTH 3a/1aHi y BUIVISI €KBIBAJICHTHOI aKTHBHO-1HIyKTHBHOI NpoBinHOCTI (omopu Ry ta L ).

H.i L'i "
:l e . .-"'.' i
i _E"' = | x' L. LED
< lamp
e(t)’=E, Sin{mi+y) L[

Puc. 2. Exeieanenmua cxema 308HIUHbOI e1eKMPUYHOT MepediCl
npu NPUEOHAHHI CEIMI00I00H020 CEIMUNTbHUKA
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BpaxoBytoun 6aratormapaMeTpuyHICTh OTPUMAHOI €ICKTPUIHOT MepeKi OyI10 MPUUHSTO Pi-
HIeHHS U151 JOPMYBaHHS aHAIITUYHHUX 3aJIE)KHOCTEH BUKOPUCTATHU PSIJl CIIPOIIEHD:

- HEXTYBaHHS EMHICHOIO ITPOBIAHICTIO JIIHIHN efeKkTponepenaBants. Jlanuil BUMaaoK BiIo-
BiJla€ ENEKTPUYHIA MEpExi 3 MEePEeBAKHO MOBITPSHUMH JIIHIIMHU €JIEKTPOIIEpeaadi, 10 Xapak-
TEPHO JUIS IPUBATHOTO CEKTOPY MICT Ta CUILCHKUX PETiOHIB;

- OCKLJIbKH, 32 MOTIEPEHIMU OI[IHKaMH, 3apskaHHs KoHaeHncaropa C BinOyBaeTbes 3a 2-
4 Mc, IPUIHATO PilIEHHS B aHANITUYHIA MOZETI po3IIAaT CUHYCOIAalIbHE DKEpesio 6e3 1io-
JTHOTO MOCTY;

- HAMOUTBIII BaXKi YMOBHU BKJIFOUEHHS OyIyTh BIINOBIJATH BHUMAAKY, KOJU JO BXiTHOTO
OTIOPY €JIEKTPUYHOT MEPEX1 MIPUETHYETHCS JIMIIE JaHUI CBITUIILHUK 32 BIACYTHOCTI 1HIIUX Ha-
BaHTa)XEHb, 110 BPaXOBY€ThCA OE3KIHEUHUM OMOPOM HaBaHTakeHb (Rp=oco, L1 =00).

Takum 4rHOM, B MEPIIOMY HAOIMKEHHI MO>KHA PO3IIIAATH MPOLIEC BKIIOUYEHHS CBITIIONI-
OJTHOTO JIXKEpesia CBITIIA, SIK MPOIleC BKIIOUEHHS KOJa 3 MOCIIIOBHUM 3’ €THAHHSM PE3HUCTOpa,
KOTYIIIKK Ta KOHJIEHCATOpa Ha CHHYcOinanpHy Hanpyry [9]. Ilpu mpoMy citij 3a3HAYMTH, 1110
HaiO1IbIIe TIepeXiAHUN TPOIIEC BKIIOYCHHS Oy/ie BUSABISTH cebe camMe B IepIIoMy HaIliBIepi-
OJli TIJIBEICHOT CHHYCO1/IaIbHOI HAIIPYTH, KOJIM TIEpe]] TOYaTKOM MEPEXiTHOTO MPOIECY MAEMO
PO3PSKEHUI KOHIEHCATOP. Y HACTYITHOMY HaIliBIEPio/i KOHIEHCATOP Oy/Ie BXKE 3apsKCHUM
710 JIeSIKOT HAIIPYTH, TOMY 1 IepeXiJHHIA MPOIEC MPOSBISITUMETHCSI MEHIIOK MipOI0, HIX Y I0-
NepeIHFOMY BUIIAKY.

Po3rmistHemo nporiec BKIIOYEHHS KOJia 3 MOCII0BHUM 3’ €THAHHSIM PE3UCTOPA, KOTYIIKU Ta
KOHJIEHCATOpa Ha CUHYCOIaNbHy Hampyry (puc. 3).

T

R u
| —

|
%

o

Puc. 3. Cxema exniouenns nocnioosnozo R, L, C kona na cunycoioanvHy nanpyay
BxiaHa Hanpyra 3MIiHIOETHCS 3@ CHHYCOIIaIbHUM 3aKOHOM:
u:Um-Sin((ot+\|/u); u(O):Um-Sin\|fu : 1)
ne U, —ammiiTya BXinHoi Hanpyrn; ot — kyToBa mBnakicts; Y, — modarkosa hasa BXigHOI
HaIpyTH; U(O) — BX1/IHa HampyTa B MOYaTKOBUN MOMEHT 4acy.
[lepexigHy QyHKIIiIO U1 CTPYMY MOKHA HalTH SIK CYMy BUMYILIEHO] Ta BUIHHOI CKJIAJJOBOI:
I=i"+i" ®)
ne I' — BUMyIIeHa cKk1am0Ba CTPyMY; | — BilIBHOI CKIIaI0Ba CTPYMYy.
J11g 3HaXOPKEHHS BUMYIIEHOI CKJIaJOBOI HEOOX1THO PO3IJIIHYTH YCTAJICHUN PEXKUM MICIIs

komyTartii (Puc. 4).

r j.‘#‘(.

A Em L], Fm 1

# e &

Puc. 4. Pospaxynkosa cxema ycmaneHo20 pexcumy nicisa Komymayii
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J1J1s1 3HaXOPKEHHSI KOMITJICKCHOT aMILTITYyTH CTPYMY CKOPUCTaEMOCH 3akoHOM OMa, SIKUi
B CUMBOJIIYHIN (hopmi 11 cxeMu, 300pakeHoi Ha (puc. 4) HaOyBae BUTIISI LY

1 vy
U, _Up,-e™ U iva—t)

[ =—m_—m ~ _“m.g (©))
"oz z-el z
e Z — MOBHUM OIip Koja.
MHuTTEBE 3HAUCHHS BUMYIIEHOI CKJIaI0BOI IIEPEXiTHOTO CTPYMY JOPIBHIOE:
L, U
|'=7m-sm(oat+\|1u—(p). 4)

VY Bumajaky €JeKTpUYHOIro KoJia APYroro MOpsAAKY 3aJIe)KHO BiJl BEIMYMHU aKTHBHOI'O
oropy Ipouec Moxke OyTu anepioguyHUM, TPaHUYHO-ANEePiOJUUHUM Ta KOJUBAJIbHUM. Tomy
PO3TIISTHEMO KOXEH BapiaHT OKPEMO.

Arnepiogu4Huil nepexiiHUM mpouec

Jlist Toro, mo6 mporec 0yB anepioguYHUM, MAa€ BUKOHYBATUCh YMOBA, 110 aKTUBHHM OITip
KoJj1a O1JIbIIIe KPUTUYHOTO, TOOTO:

R>R,, R@:z\fé. (5)

ne R — aktuBHui omip kona; R — KpUTHUYHE 3HAYCHHS aKTMBHOrO onopy Kona; L — iHayk-

THUBHICTB Koja; C — eMHICTh KOJIa.

Bupas s BiibHOT CKI1aI0BOT CTPYMY MOTPIOHO IIyKATH Y BUTJISIL:

i"=A-e”"+A e, (6)
R, IR 1. - :
ne B,=——=,|-— ——=: A1, A2 — NOCTI}H1 IHTErpyBaHHs; P12 — KOMILIEKCHOCTIPSUKEH] KO-
’ 2L V4L C

PEHI XapaKTepUCTUYHOTO PIBHSHHS.

[ToBHMI PO3B’SA30K 711 IEPEXITHOTO CTPYMY 3AIHILIEMO Y BUTIISAAL:

=i = oty )+ A e A e (7
z

[TocriifHi iHTerpyBaHHs A1 Ta A2 3HaX0UMO 13 TPAaHUYHUX YMOB 13 ypaxyBaHHsM [ Ta 11
3aKOHIB KOMYyTalii. Y BUNAJAKy NPUHHATHX MPUITYLIEHb MaeMO i(O) =0; Ue (O) =0. Toni

ITyKaHe 3HaYeHHS CTPYMY CKJIaJie

i =i'+i"=$~sin(o)t+\pu —p)+A-e” + Ae™ =
z

=—".sn(ot+y,—0)+ e +
Y4 P~ Py
——m-((;)-sin(\u —(p+90°)—p1-sin(\|/ —(p))+u(0)
o —2 : “ L e ®
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I'pannyHo-anepionnyHuii mpouec
Jliia hopMmyBaHHS TpaHUYHO-ANEPIOIUYHOTO MIPOLIECY Mae€ BUKOHYBATHCS YMOBa

L .
R:RKP:2-\/g, 9)

"= (A, + Apt)e” =4, -e™ + At-e”. (10)

VY ubomy BUNAJIKy

e p=—R
A oL

[Ticns 3HaXOMKEHHSI MOCTIHHUX 1HTETPYyBaHHS MAEMO OCTaTOYHHUI BHpa3:

i :i’+i":U—Zm-Sin(03t+\|/u—(p)+

U, . u(0) U, . N U,
+{—7-S|n(\|1u—(p)+(LT—7-co-Sln(\|1u—(p+90)+7-p-sn(\yu—(p)j-t]ept:

:U—Zm-sin(cot+\|1u—(p)+

KouuBanbHuii npouec
s hopmyBaHHS KOJTHBAILHOTO MPOIIECY Ma€ BUKOHYBAaTUCS YMOBA!

R<R,, R@:z%. (12)

vy ObOMY BHIIAJIKY BlJIbHA CKJIaJIOBa Ma€ KOJMBaJIbHUN XapaKTep:

H —€t :
i"=A-e®-sin(o, t+y,), (13)
ne Ay, — TocTiiiHi iHTErpyBaHHs; p1,2 — KOMIUIEKCHOCTIPSKEHI KOPEHi XapakTepUCTUIHOTO
PIBHSIHHSL.
: R 1 R
Ro=-b jo,, e b=—m 0, =\ [ - (14)

2L ° \Lc 41*’
o, =+Joi—b*. (15)
OcTtaTto4nuii BUpa3 i CTpyMy Ma€ BUTJIAL:

i :i'+i":%-sin(o3t+\|/u—(p)+Ae‘bt -sin(mpt+\|/pl.):
y4

U, .
u. . 7m -Sn (Wu - (P) o
=—".sn(ot+y,—¢)+ _ -e‘t~S|n(03pt+\|/pi). (16)
z siny

Xapakrtep MpOTIKaHHS MEPEX1THOTO MPOIIECY B 3HAYHIN Mipi 3aI€KUTh BiJl a3u HKeperna Ha-
Npyrd B MOMEHT KoMyTaltii. Jyist ananizy HalOUIbII BaYKKUX PEXUMIB KOMYTaLlil OyJio IpoBeieHe
MaTeMaTUYHE MOJICTIOBAHHS TPOIIECy BKIFOYECHHS CBITJIOMIOMHUX JDKEPEN CBITIA 3a (hopMysiaMu

(8), (11) Ta (16) Ta oTpuMani rpadiku 3aJieKHOCTEH i(t), mpeacrapieHi Ha pucyHkax (5)-(8).
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Cucrema eneKTpoIiocTayaHHs Ma€e MOPIBHAHO HEBENUKUI aKTHBHUH OITip MO BiTHOIICHHIO
JI0 aKTUBHOT'O OIOPY Camoi JIaMIIH, TOMY JUI Pi3HUX BapiaHTIB MPOTSHKHOCTI €IEKTPUYHOI Me-
peXi MOKHA BB)KATH, 1110 CYMapHUH aKTUBHUH OITip JOPiBHIOE onopy jJammu (6m3bko 10 Om).
B Toli ke "ac iHIyKTHBHICTh MEPEKi 3MIHIOETHCSA B 3HAUHOMY J11alla30Hi, 1110 MOXKE MPU3BECTU

SK JI0 anepiogUYHOro (PUCYHKH 5, 6) TakK 1 70 KOJUMBAJIBHOTO (PUCYHKH 7, 8) XapakTepy Iepe-
X1JJHOTO TIPOIIECY.

1, A
22
0 e
18 H—
16—
14 |tf -

B S .1, ML
1 005 0.1 0as 02 025 03 035 04 045 05
Puc. 5. 3anesxcnocmi sminu cmpymy onsa cxemu 3 napamempamu R=10 Om, L=31,2mk[ n,
C=10mxD npu noyamkosii ¢aszi nanpyeu: 1— 0°% 2 —15° 3 —30° 4 —45°
LA
Al

20

|3

10

3

0 o— MC
0 005 Ol 015 02 025 03 035 04 045 0.5

Puc. 6. 3anescnocmi sminu cmpymy ons cxemu 3 napamempamu R=10 Om, L=31,2mkl 1,
C=10mr D npu nouamrosiu ¢asi Hanpyeu: 1— 60°; 2 —75° 3 — 90°
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6| 7 1 N

-

0

0 0.1 0,2 0.3 04 0.5 0.6 0,7 08 0.9 1

Puc. 7. 3anesxcnocmi sminu cmpymy ons cxemu 3 napamempamu R=10 Om, L=3,12ulH,
C=10mx D npu nowamkosii gpazi nanpyeu: 1— 0°; 2 —15°, 3 —30° 4 —45°

L n1 b2 0.x .4 .5 it 7 s ER 1

Puc. 8. 3anesxcnocmi sminu cmpymy ons cxemu 3 napamempamu R=10 Om, L=3,12ulH,
C=10mx®D npu nouamrkosit ¢azi nanpyeu: 1—60°; 2 —75° 3 —90°

SIx MoxHa Mo0aYnUTH 3 HaBeJleHUX rpadikiB, HAHOUTBIIT BAXKKHI PEKUM MOXKE BUHUKHYTH
IIPY arepioJUIHOMY XapaKTepi MePeXiTHOTO MPOIeCy, SIKU BHHUKAE MPH HEBEIUKHUX 3HAUCH-
HSX 1HAYKTUBHOCTI Mepexi. Lleit Buma ok BiANOBIIa€ TOYII IPUEHAHHS CIIOKUBaYa MOOINU3Y
YKUBJISYOT MiIcTaHIii. 3a 30UIbIIEHHS KUIBKOCTI TapaiebHO BKJIIOUYEHUX JIaMII MIKOBUH CTPyM
i 9ac BKJIIOUYEHHS MOXKE MEPEeBUIIUTH HOMIHAJIBHUNA CTPYM CHpAIFOBaHHS IIBHUIKOIIFOYMX
arapariB 3aXHCTY 1 IPUBECTH JI0 1X BIIKITIOUCHHS.

BucHoBku. Y po00Ti OTpUMaHO aHAJITHYHI 3aJIEXKHOCTI CTPYMY BiJl 4acy MpH BKIIOYECHH1
CBITJIOIOTHUX JDKEPEIT JJI BUIMAJIKIB allepl0IMYHOTO, TPAHUYHO arepioJUIHOTO Ta KOJTUBAIb-
HOT'O MepexXiTHUX MPOIIECiB.

JocmimxeHo BIUTHB a3y HAMPYTH JDKEpETa )KUBJICHHS Ha HAUOTbIIIE 3HAaYEHHS TTIKOBOTO
CTpyMy. SIK BUJHO 3 pUCYHKIB 5-8, HAWOUIBIII MMIKOBI CTPYMH MAlOTh MiCLI€ 32 arnepioguyHOro
XapakTepy MepexiTHOTo MPOIIECy Ta CKaaarTh Maibke 30 A 3a HOMIHAJILHOT TOTY)KHOCTI CBi-
TJIOAIOAHUX JDKEPEN CBiTia, o He nepesuinye 10-20 Br. He3paxkatoun Ha MIBUAKE 3aTyXaHHS
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nepexigHoro mpouecy (0,2-0,4 Mc), Taki CTPyMH MOXYTb IIPHBOUTH JIO CIIPAIFOBAHHS anapa-
TiB 3aXHCTY Ta IEPEPB B EICKTPONOCTAYaHHI CIIOKUBAYIB.

B pe3ynbrarti MoaeroBaHHS BU3HAYEHO, 110 B MEPEKAX 31 3HAYHOKO KIJIBKICTIO CBITIIONIO-
JTHUX JDKEpEes CBITJIA MIKOBHMA CTPYM ITiJl YaC OJHOYACHOTO BKIIFOUEHHS MOXKE 3HAUYHO TIEPEBU-
IIyBaTH HOMIHAJBLHUI CTPYM CHPALFOBAaHHS IIBUIKOMIFOYHX armapaTiB 3aXKCTy, 1, IK HACIIJIOK,
MOYe MPHU3BOJIUTH 10 X BiakimodeHHs. e HeoOXiaHO BpaxoBYBaTH MpH BUOOPI MapaMeTpiB
armapariB 3aXHCTY Ta KIJILKOCTI CBITJIOAIOIHUX JHKEPE, IO 10 HUX MPUETHYIOTHCS.
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MATHEMATICAL SIMULATION OF PEAK CURRENTS
WHEN SWITCHING ON LED LIGHT SOURCES

Urgency of the research is due to the fact that LED light sources are widely used not only in public utilities, but also in
industry, in transport infrastructure. Their switching processis fast and is accompanied by the appearance of significant cur-
rent and, in some cases, overvoltage on the capacitor.

Thus, target of research is necessary to identify the main features of the transient process when connected to a low-
voltage electrical network of a separate LED lamp or luminaire.

Actual scientific researches and issues analysis has shown that they are mainly devoted to the problems of higher har-
monics during the operation of LED light sources, the appearance of significant current and in some cases overvoltage on the
capacitor when they are turned on. It should be noted that researches of transients at inclusion are based on experiments with
physical models.

Uninvestigated part of general problemisthat there are no analytical research methods of transients when connected to
low-voltage electric network LED light sources to select their optimal number and parameters of protection devices.

Theresearch objectiveisinvestigation of the features of the transient process when connected of LED light sourcesusing
mathematical modeling.

Thearticleanalytically derivesthe current of the LED light source at thetime of inclusion. Variants of periodic, aperiodic
and boundary-aperiodic transients are considered. The corresponding graphs for different moments of inclusion in relation to
a phase of a power supply network are resulted.

The conclusions state that the largest peak currents occur in the aperiodic nature of the transient process. The transition
process attenuates in 0.2-0.4 ms. It is determined that in networks with a significant number of LED light sources, the peak
current during switching on can significantly exceed the rated operating current of high-speed protection devices, and, as a
consequence, lead to their switching off.

Keywords. nonlinear consumer; mathematical model; switching, peak current; led light source.

Fig.: 8. References: 9.

boaynos B., dixtapyk 1., KpacHoxxon A. MaremaTnuHe MOJETIOBaHHS MIKOBUX CTPYMIB MPH BKJIIOUCHHI CBITIIONIOJHUX JDKEpEN CBIiTNIA.
Texuiyni nayku ma mexnonoeii. 2021. Ne 3(25). C. 256-264.
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MOHITOPHHI' EKOJIOI'TYHOI'O CTAHY PIYOK
JECHAHCBKOI'O BACEUHY

B oaniii pobomi, na ocnosi mamepianié [ecHancbkoeo 6acelin08020 YnpagiiHHa 600HUX pecypcie [lepaceodazencmea
Yxpainu ma [Jenapmamenmy exonozii ma npupoonux pecypcie Yepniziecvkoi obnacrnoi depoicasroi aominicmpayii 6yé npose-
Oenull aHai3 MOHITMOPUHEY 86000KOPUCMYBAHHA Ma 80008i06edeHHs 6 Uepnizigcokill obnacmi 3a 30 pokis, nobyoosanuil epa-
@ik 6000KOpUCMYB8AHHA MA 80008I08€0EHHS, AKULL NOKA3A8 OUHAMIKY 3MiH 6 yill eanysi. Taxkooc 6yau 6U3HAYeHi OCHOBHI peyo-
BUHU 3aOPYOHIO6AUl Ma NIONPUEMCMEA, SKI CKUOAIOMb 3A0PYOHEHI CMOKU Y GIOKpUmi 6000UMU. 3anponoHO6aHi wiisaxu
NONINUWERHS eKOI02IYHO20 CIAHY 80OHUX pecypcie YepHiciecbko2o peciony.

Knruosi cnosa: Boowi pecypcu,; ekono2iunuil cman, HA8KOIUWHE cepedosuwye; piuka Jecna,; [ecusncokutl 6aceiin.

Puc.: 2. Bi6n.: 12.

AKTYyaJIbHICTh TeMHU AOCJTiT:KeHHs. B ocTaHHi aecsaTupiyds mpoOIeMHu eKOJIOTI9HOTO
CTaHy HaBKOJMILIHBOTO Cepe/loBHILA Bce OublIe TypOyIOTh CydyacHe HAcEJIeHHS 3€MHOI KyIll.
3pocTaroua 3arpo3a BCECBITHBOTO MOTEIUTIHHS, TAaHEHHS JIbOJAOBHKIB, 3MiHa KJIIMaTy MOTpedy-
I0Th HaJ3BUYAaHUX 3aXOJIB B yCiX JepkaBax TepuTopii 3emii. BpaxoByroun BuIllleHaBeIEHE,
BEJIMKOTO 3HaYEeHHs Ha0yBa€e JOCIIKEHHS BOJHUX PECypCiB, KOHTPOJb 32 TX €KOJIOT1YHUM CTa-
HOM, CTyII€Hb 3a0pyAHEHHS Ta (POPMYBAHHS BOJHOTO CTOKY PI1UOK, SIKI BUKOPUCTOBYIOTHCS JUIS
pi3HUX NOTPeO (B T.4. BOZOKOPUCTYBAHHS Ta BOJIOBIJIBE/ICHHS ) HACEIICHHS.

ITocTanoBka npodaemu. [IpoBeeHHS KOMIJIEKCHOTO MOHITOPUHTY €KOJIOTTYHOTO CTaHy
pidok JlecHsHCBKOrO OaceiiHy noTpedye MOCTIHHOIO KOHTPOJIO 1 CHOCTEPEXKEHHS 32 CTAHOM
BOJTHHX PECYPCIB B HAaBKOJHMITHHOMY CEPEIOBHII 3 METOIO 3a0€3MeUeHHS BOJAOCTIOKHBAHHS Ta
BOJIOB1/IBE/ICHHS, BU3HAUCHHS PIBHS MOTO 3a0py/IHEHHS Ta IIBUAKOTO pearyBaHHs Ha HaJ3BH-
YaifH1 oAl Ta nonepeakeHHs MOKJIMBHUX aBapiil, a TAKOkK 3MEHILEHHS iX HACTIAKIB JUIsl Hace-
JICHHS 1 HABKOJIUIITHBOTO IPUPOTHOTO cepenoBuina [1; 2; 3; 4].

AHaJIi3 OCTaHHIX J0caiKeHb Ta myOaikanii. [lpu miarorosui crarti Oyau po3MIsSHYTI
ocTaHHi IyOiKallii Ta 3BiTH Y BIIKPUTOMY JOCTYII, IPUCBAYEHI MpoOieMaM MOHITOPUHTY €KO-
JIOTIYHOTO CTaHy BOJAHUX pecypciB [5; 6; 7].

BunineHHss HegOCHIIKEHUX YACTHH 3arajbHOI mpolsjeMu. /[ BUKOHAHHS KOMILIEKC-
HOTO MOHITOPUHTY €KOJIOTTYHOTO CTaHy piduok JlecHsHChbKe OacelfHOBE yIpaBiIiHHS BOAHUX pe-
cypciB JlepxBonarentcTBa Yikpainu B UepHIriBcbKiid 001acTi mocTiiHO 30Mpae iHdopmallito mpo
BOZIOKOPHCTYBAHHS Ta BOJOBIIBEICHHSI BCiMa BOJIOCIIOKHBadYaMH, KOHTPOJIFOE €KOJIOTTYHHI CTaH
piuok JlecHsiHCBKOTO Oaceiiny, cTaH iX 3a0pyaHEHHS POMHUCIOBUMH MiIPHEMCTBAMH, BILTHBOM
arMoc(epHUX OMaJiB Ta PIBHEM I'PYHTOBUX BOJ| Ha MIKOHTPOJIbHIN TepuTopii [7; 8].

ITocTanoBKa 3aBaaHHsA. MeTa aHoi poOOTH — MpoaHai3yBaTl BUKOPUCTAHHS BOJHUX
pecypciB UepHiriBebkoi 06acTi 3a 30 ocTaHHIX POKIB, BUBYUTH 00CSTH BOJOBIIBEICHHS Y Bi-
JTKPUTI BOAOWMU, BU3HAYUTH MiJIPUEMCTBA, SIKi HalO1IbIIe 3a0pyIHIOIOTH 3BOPOTHI BOAU Ta
BUSIBUTH OCHOBHI PEUOBHHU 3a0py/THIOBAYI.

BukJiag ocHoBHOro marepiasy. JlonuHa piuku JlecHa € ofiHi€ro 3 HaOUIbIINX Ta MAIbOBHH-
ynx B Ykpaini. Piuka JlecHa npyra 3a BenmuanHOIO TipuToka J[Himpa, sika Bragae B HbOTO 3 JIBOTO
Oepera, a J[HIIpO B CBOIO YEpry € YETBEPTOO 3a AOBKHUHOIO (mmicis Bomrw, JlyHato ta Ypay) i
TPETHOIO 32 IUIoIICI0 Oaceliny piuka €Bporu. Piuka J[Himpo, B siky Branae JlecHa, B CBOIO Uepry,
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Brajae B YopHe Mope 1 Mae Buxia g0 BogocxoBuil. Tak, KuiBceke, Kanicbke, Kpemenuynpke,
Kam’sincpke, J{HinpoBebke Ta KaxoBchke BOIOCXOBUINA YTBOPIOIOTH J{HIMPOBCHKMIT Kacka, Oyti-
BHUIITBO SIKOTO TPHBAJIO Maike MIBCTOJITTS 1 OyJIO OB’ s3aHE 3 BUKOPUCTAHHIM Bomu J{Hinpa st
BUPOOHUIITBA EJIEKTPOSHEPTii Ta 3a0e3MeueHHs BOJIOI0 HAaCEIEeHH YKpaiHu, CyHOIUIABCTBA.

Tomy Bci exosiorivni mpoOiemi, siKi TOYUHAITHCS 3 JIeCHIHCHKOTO OaceliHy, MmepexonsTh
10 JIHimpoBChKOTO Oaceliny, o0 HeraTUBHO BILIMBA€E HA MPUpPOLy YKpainu. L[s Tema € akryanb-
HOIO Ha ChOTOJHIIIHIA JeHb, 00 SKIIO EKOJIOTTYHI MpoOIeMHu HE JOCIIKYBATH 1 HE IITyKaTH
crocoOu iX BUPILICHHS, TO B MAOyTHHOMY 111 TPOOIEMHU MOXKYTh CTaTH KaTacTpopiYHUMHU.

B mexax Oaceitny piuku [[Hinpo BuaiieHo cyobaceiin piuku JlecHa, sskuil po3iieHo Ha 7
BOJIOTOCHOAAPCHKUX TUISHOK (Haka3 MiHicTepcTBa €KOJIOTIi Ta MPUPOAHUX pecypciB YKpaiHu
Ne 103 Big 03.03.2017 «IIpo 3aTBepaKEHHS MEK PaiOHIB pIUKOBUX OaceiHiB, CyOOaceiiHiB Ta
BOJIOTOCTIONAPCHKHX JUITHOKY) - (Puc. 1).

Piuka JlecHa € HaiO1IBIIO JTiBOKO MpUTOKOIO J[HIiNpa, BoHa mpuiiMae 18 mpaBux Ta 13
niBux nputok. JlecHa 6epe mouarok y CmomneHChKiN obmacti i Briagae y JHinpo mobmusy .
Kuega. IIputokamu Jlecuu B Ykpaini € piuku Ceiim (748 km), [BoTka (81 kM), locTka (56 kM),
Ocrtep (199 kM), CHoB (233 kM), Y6inpe (106 kM), Mena (70 km), Crprkens (24 kM), binoyc
(49 xm). Ii mopxuna 1130 kM, B Mexxax Ykpainu — 594 kM, Bono36ipHa moma Jlecan 89 174
KM?, BUCOTA BUTOKY 238 M, THpia — Omm3bko 92 M, cepeaniii yxui piuku 13 cM Ha 1 km [6].

VY mexax Ykpainu, y Bogo30ipHoMy Oaceiini p. JlecHa, mpoTikae 5 piduoK IJIOLIEIO BOIO3-
6opy Biz 2 Tuc. km> — CHoB (53800 km?, 200kMm), Ceiim (7400 km?, 228km), Knesens (2660 km?,
120xm), Cynocts Ta Octep (2950 kMm%, 199KkM). 3riHO MifApOreonoriYHoOro paionysanns Ykpa-
iHu, TepuTopis cyobaceiiny piuku JlecHa BigHOCUTHCA 10 JIHIMpoBCchKO-/{oHeIbKOTO apTe3ian-
ChKOro OaceifHy MjaacToBHUX BOI.

Tun >xuBneHHs pidok cyObaceitny JlecHu nepeBaxHO aTMOC(EpHUH, 3 TOMITHOKO YyYacTIO
TPYHTOBHX BOJI (CHIroBe >kuBiieHHs - 0111st 50 %, nomose — 30 %, migzemue — 20 %). J{s Oara-
THOX PIUOK CyOOaceitHy XapakTepHHUH MMiIBUILEHUN BMICT 3aii3a i MapraHio, KU Mae mpu-
PO/IHE TOXOPKEHHSI BHACIIJOK aHTPONOT€HHOTO HABAHTAXKEHHS.

Cepen roloBHUX YUHHUKIB, SIK1 BITUBAIOTh HA €KOJIOTIYHHUM CTaH BOJHHUX PECYPCIB MOTPI-
OHO BpaxoBYBaTH sIK KJIIMaTH4HI (pakTopH, TaK 1 paKTOpH 30BHIIIHBOTO BILUTUBY. Tak Baromuii
BHECOK Yy TOTIPIICHHS €KOJOTIYHOTO CTaHy BOJHHUX PECYPCIB BHOCSTH PI3HOMaHITHI 3a0py/-
HEHHJ, a caMe:

e 3a0pyIHEHHS OpPraHIYHMMHU PEUOBHMHAMU (Pe3yJIbTaT HEJOCTAaTHbOI OYMCTKH CTIYHUX
BOJ] Ta 3a0py/IHEHHS CTIYHUMH BOJAMH IIPOMHUCIIOBUX Ta KOMYHAJBHUX T IIPUEMCTB;

® aHTPONOIreHHI 3a0py/IHEHHS;

e 3a0pyaHEHHs 010reHHUMHU eJeMEeHTaMU (pe3yJbTaT HeI0CTaTHbOI OYMCTKH CTIYHUX BOJ
Ta XHii 3MHB 3 cluibrocmyrias [9, 10].

3a OIIHKOIO aHTPOTIOTeHHUX HABAHTAKEHB 32 CTYIIEHEM CKHUJaHHs 3a0pyIHEHUX HEOCTa-
THBO OYHMIIIEHUX 3BOPOTHHUX Ta 3JIMBHUX BOJI, HAHOLIBIIOTO HABAaHTAKEHHS 3a3HAIOTh MaJli pi-
yku Oaceitny Jlecuu — p. binoyc 1 p. Ctpuxkens B M. UepHiris, a Takox p. Ceiim 1 p. llocTka B
o0rnacri.

3 KO)KHUM pOKOM, JleCHSIHCbKUIT OaceliH cyTTeBO MoTepnae Bij 3a0pyIHEHHS PI3HOMAHIT-
HUMH NIPOMHUCIOBUMH Bijxoaamu. Tak M. YepHiriB ¢popmye Ouiblie TPETHHU OPraHIvyHOTO Ha-
BaHTA)XCHHS Ha MMOBEPXHEB1 BOAM (XapuoBa mpoMucioBicts — 40 %, MmammHoOyyBanHsa — 13
%, nerka npoMucioBicTb —10 %, ximiuna — 10 %, BUPOOHUIITBO Ta PO3MOIIEHHS €NEKTpOe-
Heprii — 7 %); [llocTka (xapuoBa mpoMUCIOBICTE — 53 %, BUPOOHUIITBO Ta PO3IMOAISICHHS eJie-
kTpoeHeprii — 32 %, ximiuHa — 6 %); MeHa (xapuoBa npoMucioBicTb — 80 %, BUPOOHUIITBO
nepeBuHU — 17 %); CocHuls (Jerka mpoMHUCIOBICTb —65 %, XapyoBa MPOMUCIOBICTh — 32 %);
Hogropoa-Cisepcbkuii (xapuoBa npomMucioBicts — 90 %, nerka npoMucioBicTs — 5 %); Kopon
(xap4yoBa MPOMUCIOBICTb — 79 %).
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VY 2019 porii, 3a 1TaHUMHU J1Ta0OPATOPHOTO KOHTPOJIIO 3BOPOTHUX BOJ JlepikaBHOI €KOJI0-
riYHOI 1HCTEKIIi1, 3a()iKCOBAHO MEPEBUIIICHHS BCTAHOBICHUX HOPMATHBIB Ha MIAMPUEMCTBAX,
K1 eKCILTYaTyIOThCsl B UepHITIBChKil 007acTi: KOMyHaJIbHE MiAPHEMCTBO «YepHIriBBOOKa-
Ham»; [IpAT «HK® «Crpina» M. UepHiriB; KoMyHalbHE MiANPUEMCTBO «lueHb)» [4HSAHCBKOT
MIiCBKOI pajy; KOMyHallbHE mignpueMcTBoM «Boma» Kopomncekoi cenuimnHoi paau; KoMyHa-
JbHE miAnpueMcTBo «baxmau-Boacepsicy; koMyHallbHe nignpueMcTBo «l'ociogap» Bapsun-
ChKOI CENMILHOI paju; KoMyHaiabHe mianpueMcTBo «KynukiBcpke» KynukiBcbkoi cenuiiHol
panu; KoMyHajlbHe nianpueMcTBO «Ko3enenpBorokaHan»; akliioHepHEe TOBapuCTBO JINHOBU-
IbKHUN IIyKpokoMOiHaT «KpacHuii»; KOMyHalbHE MiANPHEMCTBO «IIpHIIyKuTEIIOBOI0MIOCTA-
yanHs» [Ipumynpkoi MiCbKOi paau TOIMIO.

VY 2019 p. 31 cTIYHUMHU BOIaMU IPOMUCIIOBUX Ta KOMYHAIbHUX HIANPHUEMCTB y IOBEPXHEB1
BoaM [lecHsiHCBKOTO Gaceiiny Oyi10 BiaBeneHo 1,19 Tuc. TOH opraHidyHUX PEeYOBUH, BUPAKEHUX
yepe3 bCKS — 0,25 tuc. ToH, Ta 0,94 tuc. Ton — 3a XCK. Cepen opraniuHux CHOJIYK MepeBa-
YKaJIM IPOIYKTH CHUHTE3Y, IO MOTPeOyIOTh XIMIYHOTO OKHCHEHHS. [ 0JI0BHY pOJb y POMUCIIO-
BOMY 3a0pyIHEHHI BiJlirpaBaiu rary3i xapaoBoi mpomucioBocti (3a BCKS - 37 %, 3a XCK - 38
%), a TakoX TIeII0I03H0-NIarepoBoi ramysi (3a BCKS — 19 %, 3a XCK — 23 %).

lonoBHumu 3abpyanioBadyamu p. CTprokeHb y M. UepHIroBi € Jiroau 1 mianpueMmctsa. Tak
3a nanuMu komyHasbHoro mianpuemctsa «HEPHII'TBBOJIOKAHAJI», naneko He 3aBxkIu Miji-
IPUEMCTBA-3a0py/IHIOBaUl BUTPAYarOTh KOIITH HA JIOOYMIIEHHS CTIYHMX BOH. ToMy HEmooau-
HOKI BHITaJIKH, KOJIM CKHUJI 3a0pyAHEHUX BOJI IPOBOIUTHCS B CHCTEMY JIOMIOBOT KaHaJi3aIii Mi-
cTa. 3BiCHO, 3 JIOIIOBOT KaHaJIi3aIlii Bojia, 3a0py/IHeHa XIMIYHUMH CITOJTyKaMH, TOTPATUISE JI0 P.
Crpwxenb. Hacinku BIUTMBY Ha €KOJIOTIYHY CHUTYAIIO 1O MicTy YepHITOBy CKHHYTHX Y PIUKY
CTtpukeHb XIMIYHO-aKTUBHHMX CTOKIB MIAMPUEMCTB BaXKKO pPeabHO OLIHUTH.

Hlono piuku Octep, To HaOUIBILY 3arpo3y 3a0pyAHEHHS PIYKH HECYTh HEOUHILEH] CTIYHI
noOyTOBI BOIM Ta BIJICYTHICTb IX OYMCTKH, a TAKOXK aHTPOIOTreHHi 3a0pynHeHHs. Tak y 2016
porti Oyro 3adikcoBano Benuke 3a0pynHeHHs p. Ocrep. 3a 1abopaToOpHUMHU JaHUMHU MiHEKOoII0-
rii Ykpainu, B ycix npo0ax BoAu 3a(ikCOBaHE NEPEBUILEHHS TPAHUYHO JTOIYCTUMUX KOHIIEHT-
pariii 11 BOIONMHU prOOTrocroapchKoro Mpu3HaueHHs: 10 3ai3y 3araibHoMy —10 10 pasis,
aMOHi0 — 110 3 pa3iB, ¢pocdar-ioHiB — 110 2 pa3ziB. [cCHY€e NPUMYIIEHHS TPOMAJCHKOCTI , [0 CKHJT
HEYHUCTOT 3JIHCHUIN B pallOHI HIKMHCBKOI KUIbLIEBOI toporu 6ins cenut I'puropiska ta I'pu-
ropo-IBaniBka. Came TaM HUMH ¥ PO3TaIIOBaHi HIXKMHCBKI OYMCHI CLIOPY/IH.

Piuka binoyc Haiibinbie norepmnae Big ToukoBoro ckuny KIT «UepniriBBomokanamy. [Ipo-
TATOM OCTaHHIX POKIB CHOCTEpIirajioch NoctiiiHe nepesuiieHHss HopMmarusiB ['JIC 3BopoTHHX
BOJI IIHOTO TIMTPHUEMCTBA.

Hlono piuku CeiiM, TO 3apa3 cuTyalis MoA0 3a0pyIHEeHb Mg KOHTposeM, aie y 2011 p.
OyB OMH 3 HalMacIITAOHIIIMX BUMAIOK 3a0pyIHEHHS piukd. MacoBHil BUKH] HEOUHILEHUX
CTiUHUX BOJ B piuky Ceiim, 110 mpoTikae no Teputopii Pocii Ta Ykpainu, 3adikcoBanuii B Kyp-
cbKii obnacti Pocii.

B CymMmchkiii 061acTi roJIoBHY 4acTUHY 3a0pyaHeHHs piuka JlecHa otpumye 3 piuku Illoc-
TKa Oi71s1 ¢. [IuporiBka 3a paxyHOK MEpEeBUILEHHS TPaHUYHO JonycTuMux konueHrpaii (I/1K)
no ¢ocdarax, Hirpurax, BIIK, 3anizy Ta mapranmto. Kpim toro, Hebe3neunuMu 06’ ekTamu y
CymMmchkiii obnacti Oaceitna p. lecHa, e cranuis “Ilepemora® Cepeanno-bynacskoro paifony Ta
ckiaa «Arpoxim» SIMMIUIBCHKOTO pailony.
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JUHAMIKA BOOOBUKOPUCTAHHS TA BOAOBIIBEJIEHHS
B YEPHITIBCBHKIN OBJIACTI
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3abpaHo BOM BCHOTO
BopoginBeneHHs y moBepXHEBi BOJHI 00'€KTH BCHOTO
CkuJ1 3BOPOTHUX BOJ y Oaceitn p.JlecHa

B T.4. 17151 BUKOpHCTaHHSA
3 HUX 3a0pyIHEHUX 3BOPOTHUX BOJ

Puc. 2. I'paghix 600okopucmyeanns ma 60006i0sedenus 3 1990 no 2019 poxu

Ha (puc. 2) naBeneHuit rpadik 1uHaMIKU BOJOKOPUCTYBaHHS Ta BOJOBIIBeACHH B Yep-
HITIBChKIiM 007acTi 3a octanHi 30 pokiB, KM MOKa3ye MOCTIHHE 3MEHIIEHHS BUKOPUCTAHHS
MOBEPXHEBUX Ta MIJI3EMHUX BOJHUX pecypciB. Takok Ha rpadiky BIACIIAKOBYETbCS 3MEH-
IIEHHS CKU1B 3BOPOTHUX BOJl Y TOBEPXHEBI BOAHI 00 €KTH (B T.4. y 6aceiiH p. lecHa). L1i 3minun
MOB’sI3aH1 31 3MEHILIEHHSAM BUPOOHUIITBA HA MPOMUCIOBUX 00’ €KTaX OCTaHHIMHM pOKaMH, 3a-
KPUTTAM JISSIKUX MiANPUEMCTB, AeMorpadiyHMMH 3MiHaAMU B 0araThbOX HAacEJIEHUX ITyHKTaX.
Pa3zom 3 THM TIpOIOBKYEThCS 3a0pyAHEHHS MMOBEPXHEBUX BOJHHUX 00’ €KTIB 3BOPOTHHMHU BO-
JlaMH, 0COOJIMBO KOMYHAJIbHUMH CITy>K0amMu 6araTboxX MICT Ta MICTE€UOK, SIKE 32 OCTaHHIMH Ja-
HuMU Jlep>kBoJareHTcTBa YKpaiHu ckiiagae nmoHan 99% Bcix 3BOpOTHUX BOA [6].

V uiit pob6oTi, K Kepeno iHdopmarlii, Oyau BUKopUcTaHi MaTepianu JlecHaHCBKOTO 6a-
CEITHOBOI'O YIpaBIiHHS BOJAHMUX pecypciB JlepkBonarencrBa Ykpainu Ta [lemaprameHTa eko-
JIorii Ta MPUPOJHUX pecypciB UepHiriBchbkoi o01acHoi Aep>kaBHOI aaMiHicTpauii. Y xoai po-
6ot OyB IpoaHai30BaHUN CTaH BOJOKOPHCTYBaHHS Ta BOJOBiABENEHHS B YepHIriBChbKiil
oOumacri 3a 30 pokiB, moOynoBaHuii rpaik BOJOKOPUCTYBAHHS Ta BOAOBIIBEICHHS, SIKUH TO-
Ka3aB JUHAMIKY 3MiH B Iii ramy3i. Takoxx Oyiau BU3HA4YEHI MiAMPHEMCTBA, SKI CKUJIAIOTh 3a-
OpyIHEHI CTOKM Y BIIIKPUTI BOJOWMH. 3alpONOHOBaHI IIISAXW TOJIMIIEHHS €KOJOT14HOTO
CTaHy BOJHUX pecypciB UepHITIBCHKOTO PErioHy.

Bucnosku.

1. OcHoBHUI BHECOK y 3a0pyTHEHHS BOJIHOTO cepenoBuia J[ecHsHChbKOTO OaceiiHy Hae-
XKHUTb 00’ €KTaM KOMYHAJIBHOT'O rOCIOapCTBa. 3a0pyJHEHHSI OPraHiYHUMH Ta O10T€HHUMH pe-
yoBMHAMHU HaiOumeme ige 3 takux mianpueMmctB: KII «YepniriBBomokanam» M. UepHIris,
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KII «Hi>kuHChKE ympaBIiHHS BOJONPOBIIHO-KaHAII3AIIHHOTO TocmoaapcTBay M. HixkuH,
KII «BupoOHuue ynpaBiiHHS BOAONPOBIAHO KaHadi3alliiiHoro rocrmonapcrsa» M. [lloctka Ta
KII «BupoOGHuye yrpaBiiHHS BOJIOIPOBIIHO-KaHATI3aI[IHHOTO TocoaapcTBay M. KonoTor.

2. OcHOBHI 0i10T€HHI CHOIYKH, 5IKi 3a0pyAHIOIOTh BOAHI 00’ €KTH JlecHsIHChKOTO OaceiHy
— 1€ CIIOJIYKH HEOPTaHIYHOTO a30TY, CIIOJIYKH 3alli3y, CroJIyku (ocdaTiB TOIIO.

3. JlecHsIHCbKMM OaceifHOM MPOTIKalOTh TpaHcKOpAoHHI piuku Ceiim Ta Cyzmocts. 3a iH-
dopmariero 2020 poxy, 3apa3 cuTyarlisi cTabiibHa 1 3a0pyTHEHb HE BUSBIICHO.

4. 'Y mporieci AOCTiKEHHsT 0YyJI0 BUSBICHO, IO BEJIMKE HABAHTAKECHHS HA OaceiiH Hece aH-
TPOIOreHHE HABAaHTAKEHHSI, SIKE CIIPUYUHSIOTH OUTBIIICTh HEKaHATI30BaHUX HACEIEHUX ITyHKTIB.
OcraHHiM 9acoM 301IBIINBCS TIOBEPXHEBUH CTIK 3 CLIIBCHKOTOCHOAAPCHKHX YTi/ib, IO MICTHTH Oi-
OTeHHI PEYOBUHH, OTPYTOXIMIKATH Ta MiHEpaIbHI 100prBa. HaliOibIe Bijl aHTPOIIOreHHOTO Ha-
BaHTaXeHHS B JlecHsHCbKOMY Oaceiini moteprae p. Octep. Y 2020 p. po3rnoyaro KpUMiHAIBHE
BIIPOBAHKEHHSI, OCKUIBKU pycio Ta BUTIK OcTpa noBHicTiO po3opanuid. Llle ogniero mpobdiaemoro €
HE3aKOHHO 30y10BaHi 3eMJisiHI iepeMudkn uepe3 p. Octep [11]. Takox 3HAYHOTO HABAaHTAKCHHS
oTpuMytoTh piuku JlecHa Ta CTprkeHb B 001acHOMY IIEHTpi — M. YepHiriB.

5. Binx 6pakonbepcTBa cTpaxiae ixtiodayna JlecHsHCbKOTO Oaceiiny. MiciieBe HaceIeHHS
Ta OpaKOHBEPU BUKOPHCTOBYIOTH JJIS JIOBY puOH 3a00pOHEH1 CITKH Ta €JIeKTPUYHi 3acO0u.

6. Jlyis1 BupimeHHs npoOsieMuy aaiHHs PiBHS IPYHTOBUX BOJI, HEOOXITHO €KOHOMUTH JlecHs-
HCBKY BOJY, IOTPUMYBATHUCS BOJIHOTO MPHUPOJOOXOPOHHOTO 3aKOHOABCTBA, 3MEHIITYBAaTH aHTPO-
TIOTCHHUI TUCK, a caMe: BICA/KYBaTH POCIIHHH, sIKi € (piTo MemopaTopamu (BepOa, TOIOJIsI, OCHKA,
BUJIbXa), POBOJUTH PO3UYMILIEHHS BOJOOXOPOHHUX 30H [12].

7. T'inpomopdornorivni 3minn y 6acelini [lecHu, B mepiry yepry, OB si3aHi 3 Oy1iBHUIT-
BOM IMPOTUIIOBEHEBUX Ta BOAOMIAMIPHUX CIOPY/, PO3BUTKOM MICT Ta 3 CLIBCHKOTOCTIOAAPChH-
KOO JIISUTBHICTIO.
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MONITORING OF ECOLOGICAL CONDITION OF THE DESNA RIVER BASIN

In recent decades, the problems of the ecological state of the environment are increasingly worrying the modern
population of the globe. The growing threat of global warming, melting glaciers, climate change require emergency measures
in all countries of the Earth. Given the above, the study of water resources, their ecological status, the degree of pollution and
the formation of water runoff of rivers, which are used for various needs of the population, is of great importance.

The study of the ecological condition of the rivers of the Desna basin requires constant monitoring of both water bodies
and enterprises that can discharge polluted runoff into the rivers of the Chernihiv region.

During the preparation of the article, the latest publications and open-access reports on the problems of monitoring the
ecological condition of water resources were considered.

Performing research to monitor the ecological status of the rivers of the Desna Basin requires constant monitoring of
water bodies in the Chernihiv region, the state of their pollution by industrial enterprises, the impact of precipitation and
groundwater levelsin the controlled area.

The article considers the issues of complex monitoring of the ecological condition of the rivers of the Desna basin, their
characteristics, industrial enterprisesthat have the greatest impact on the condition of reservoirs of the Chernihiv region, ways
to improve the ecological condition of water resources.

Theanalysis of the ecological condition of therivers of the Desna basin allowed to identify the most dangerousindustrial
enterprises for water resources of Chernihiv region, to raise the problems of deterioration of water bodies, to find ways to
improve the ecological condition of the environment.

Keywords: aquatic resources; ecological condition; environment; Desna river; Desna basin.
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MPUCTPIA BUSHAYEHHS IOJIOKEHHSI BEPTUKAJII HA BE3NIJIOTHHAX
JITAJIBHUX AITAPATAX, IPU3HAYEHUX IS AEPOSHIMAHHA

Ha pisni xopucrhoi mooeni po3po6neno hyHKYioHAIbHY cXxemy HpUCIPOIO 0151 BUSHAYEHHS NOJIOHCEHHS BEPIMUKAT NIOBULEHOT
MOYHOCMI O 3ACMOCYBANHA HA MTMATbHUX anapamay, 30kpema na BIIIA, ma npunyun pobomu npucmporo. Hasedeno gpopmynu
0715 PO3PAXYHKY 2a0apumie 2epmMemuynoi amnyiu OnmuKo-eneKmponHHo20 ONOKY 6UMIPIOBAHHA NONOJICEHHS PIOUHHO20 20PU3OHNTY
3AU1EIHCHO 610 UYMAUBOCIE CMOCOBHO NONONCEHHS PIOUHHOL0 20PUOHINY M PO3MIPIe amnynu. Pospaxyuku nokasyioms, o po3poo-
JIEHULE RPUCMPITE MOJICe MAMU YYMAUBICMb NONONHCEHHS PIOUHHO20 20PUOHIMY (6ePMUKATE) IO KibKOX OOUHUYb KYIOBUX CEKVHO.
Peanizayis po3pobnenozo npucmpoio 003601umb RIOBUWUNU MOYHICHIb BUSHAYEHHS MAH2AXCY MA KPeHY Ui Y NIOCYMKY NIOsUyumu
MOUHICMb KOOPOUHAMHOT IHGOpMAayii, OMPUMAHOL MemoOOM APOSHIMAHHS.

Knrouoei cnosa: desninommuuii 1imanvrull anapam, aepoHiMaHHA, 0a8ay 6epmuKali (COpu3oHmy); maneaxtc, Kpem.

Puc.: 8. bion.: 19.

2

AKTyaJbHICTb TeMH JaocaifkeHHsi. HuHi 3acTocyBaHHs O€3NMUIOTHUX JIITAIbHUX ama-
pariB (BILJIA) 3aBoiioBye nenani Oinbie cdep IOACHKOI AisIbHOCTI. BimoMe BUKOpUCTaHHS
BIUJTA y BiiicbKOBIM cripaBi — /Ui BEACHHS PO3BIAKH Ta BUSBJICHHS HA3eMHUX 111 CYTIPOTUB-
HUKa, HAHECEHHS TOUKOBMX KOHTPOJIbOBAHHX aB10YAapiB [0 BOTHEBUX 3ac00aX, BEJICHHS pajiio-
enekTpoHHoi 60poThoH [1]. B apxeosnorii BITJIA BukoprcTOBYIOTHCS U1l KapTOrpadyBaHHs Te-
PUTOpii apXEOJIOTriyHUX M1aM’SITOK Ta BCTAHOBJIEHHS TXHIX MEX, JJIs TOIIYKY ClIa00BUpPaKEHUX
y penbedi MICIIEBOCTI apXiTeKTypHUX 00’ €KTiB cTapoBuHU [2; 3]. Bizome 3actocyBanns BITJIA
JUTSL BU3HAYEHHS 00’ €MiB HAKOMTMYEHHS BIIXO/IB Ha MOJITOHI TBEPAUX MOOYTOBUX BiJIXOJIB 32
pesynbTatamMu aepo3HiMaHHs [4]. YV micoBomy rocmomapcTtBi BITJIA 3actocoByroThCs 1ist
BU3HAUEHHs XapaKTepUCTUK JIEPEBOCTOIO, MOIIYKY MICIb 3aiimManHs [5; 6]. [IpocTopoBi naHHi,
OTpUMaHi 3a 10moMoror aepo3HiManHs 3 BITJIA, BUKOPUCTOBYIOTHCS JI BIpTYalIbHOTO MOJIE-
JIFOBaHHS CKJIQJIHUX HAa3eMHUX 00’ €KTiB Ta MichbKuX JaHamadtiB [7]. BuBuenns penvedy Boa-
HOI MOBEPXH1 Hapa3i € ePEeKTUBHUM 3 BUKOPUCTAHHSAM a€pO3HIMAHHS 3 HU3bKHX BUCOT 13 BUKO-
puctanHsaM BITJIA [8]. V 3emneyctpoi Binome 3actocyBanns BITJIA s KoopAMHYBaHHS MEX
00’ €KTIB HEPYXOMOCTI Ta aepO3HIMaHHS yT1/lb — U1 CTBOPEHHSI TONorpagiyHoi OCHOBH KaJacT-
POBUX IJIaHIB 1 BU3HAYEHHS IJIOI YT1/1b Ta BUKOHAHHSI OI[IHOYHKX poOiT [9]. BukoHaHHS BeH-
KOMAcCIITaOHOTO aepo3HIMaHHs HEBEJIMKHX 3a IUIOMICI0 TepuTopid B Macmrtadax 1:2000,
1:1000, 1:500 napa3i Bukonyetbes 3a gornomoroto BITJIIA [10]. Kpim Toro, aepo3HiMaHHs 3
BIUUTA Ha Manux BHCOTax JA03BOJISIE BUSBIATU AEPEKTH a€pOJPOMHUX MOKPUTTIB [11].

SIKII0 mizcyMyBaTH HaBEACHE, TO KPIM OIJISIAY MICIIEBOCTI 3 BUCOTH NTALIMHOTO MOJILOTY,
OCHOBHUM 3aBHaHHsIM 3actocyBaHHS bBIIJIA € orpumanHs koopauHaTHOI iHQoOpMaIi mpo
00’€KTH MICLIEBOCTI.

© Tepemyk O. L., Kpsiuok C. 1., Benenok B. 0., Mamonrosa JI. C., boiiko O. JI., 2021
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IMocranoBka npodaemu. J1jis OTpUMaHHs TPUBUMIPHOT MOJIEITI MiCIIEBOCTI Ta KapTorpadiy-
HOi OCHOBH Y BUIVISAII OPTO(OTOILIAHIB HEOOX1THO BU3HAYATH TaK 3BaHi €JIEMEHTH 30BHIIITHBOTO
OpIEHTYBaHHS KOXKHOTO aepo3HIMKa, a caMe: IPOCTOPOBI KOOPAMHATU LIEHTpa MPOEKIii Ta Tpu
KyTOBI €JIEMEHTH — KpEeH, TaHT'aX Ta Kypc. HuHi 17151 BU3HaueHHS IPOCTOPOBUX KOOPIMHAT 1I€H-
Tpa IpOoeEKIIii aepo3HiMKa (BY3/10BOT TOUKH 00’ €kTHBa U(PPOBOT 3HIMATBHOI KAMEPH) Y MOMEHT
3HIMaHHS BUKOPUCTOBYIOThCS GPS-npuiimaui, siki po3ramosani Ha 6opty BIUIA. Jlns Bu3Ha-
YEHHS KPEHY, TAHI'aXy Ta Kypcy BUKOPUCTOBYIOTHCSI OOPTOBI 1HEPLIHHI CUCTEMH. 3aCTOCOBYIOTh
TaKoXX TipocTabinizoBaHi miIaropMu, SKi JO3BOJSIOTH yTpUMyBaTH miounmuy [133-matpuri
M(POBOI KAaMEPH Y MOJIOKEHH1, OJIM3HKOMY JI0 TOPU3OHTAILHOTO. Y Oy/Ib-SIKOMY 3 X BUIAIKIB
JUIS. BU3HAYCHHS Y KOHTPOJIO TAHTaXy Ta KPEHY BHKOPUCTOBYIOTHCSI MPHUCTPOI, SIKI MOXKYTb
MaTH JlaBadi ICTHHHOI BepTHKasi (ropu3oHTy). OTKe, MiJBUIICHHS TOYHOCTI pe3yJbTaTiB ae-
PO3HIMaHHS Yepe3 MiBUILEHHS TOYHOCTI BU3HAYEHHsI TaHTaXy Ta KpeHy BITJIA, y mux Bumaakax
0e3nocepeHbO 3aIeKUTh BiJl TOUHOCTI BIATBOPEHHS ICTUHHOI BEPTHKAIIl (TOPU30HTY).

AHAaJIi3 OCTaHHIX AocTiKeHb i myO/ikanii. Bigomuii mpuctpiii 1uist noOy10BM BepTUKAJi Ha
OCHOBI (hI3MYHOTO a00 MaTeMaTHYHOTO MasTHUKA. [IpuUCTpiii MICTUTB: MasTHHUK; aKCEICPOMETD;
010K 10aTKOBOT 1H(OpMAIIii TTPO MapaMeTpy KyTOBOTO TIEPEMIILICHHS KOPITYCY, 3B’ S3aHOTO 3 OC-
HOBOIO MasiTHMKA, B CaMe: KyT BIJIXWJICHHS, KyTOBa LIBUAKICTh Ta KyTOBE MPUCKOPEHHS KOPITYCY
(OCHOBM) MasiITHUKA BiTHOCHO OCI ITi/IBICY MasgTHHUKA; OJIOK 3BOPOTHOTO 3B’S13KY 110 BUX1THOMY CHT-
Haity. [1o3uTHBHUI pe3yabTar HoJsrae y miJBUILIEHHI CTIMKOCTI 10 30ypIOIOYMX TOPU30HTAIBHUX
NPUCKOPEHb 32 PaxXyHOK KOPETYIOUH 3yCHJIb Ha PyX MasTHHKA Bifl aKCENIEPOMETPa, TaBadiB KyTo-
BOT'0 pyXY OCHOBU MasTHUKA Ta 3BOPOTHHUX 3B’s13K1B [ 12]. Heonikom npucTporo € HU3bKa TOYHICTh
dikcarrii BepTukai, sika craHoBUTH O = 0,99 — 0,35 xyroBux rpamyca [12].

Binomuit mpucTpiii Ui BH3HaueHHs KyTOBOi OpieHTalii pyxoMoro o0’ekTy (HOCis)
BITHOCHO MICIIEBOI BEpTHKaIl y BUINIAA1 Oe3ruiargopmoBoi iHepuiiHoi BepTukani [13]. Ilpu-
CTpiil MICTUTH: TPUKAHAIBHUHN OJIOK JjaBadiB KyTOBUX BIIXMJIEHb; TPUKAHAIBHUN OJIOK JiHIH-
HUX aKCEIbpOMETPIB; OJIOK OOUMCIIEHHS BEepTHKall; JUCKpeTHUH 010k Binepa; 6ok oOuuc-
JIeHHs KyTOBUX ILIBUJKOCTEH; OJOK NEepeMUKaHHS pPeXHMMIB pyXy HOCis; OJOK OOYMCIEeHHs
TPETHOI MpOeKIii JiHIIHOTO npuckopeHHs. OCcOOIMBICTIO pOOOTH MPUCTPOIO € TE, 10 B 3AJIEK-
HOCTI BiJl peXUMY poOOTH PyXOMOT0 00’ €KTY: IPAMOJIiHIHUNA pIBHOMIPDHUNA PyX, PO3TiH, I'ajlb-
MYBaHHS, TIOBOPOT IO KyTy TaHTaXy YH TIOBOPOT IO KyTy KYpCY, — BUKOPHCTOBYETHCS ISt
BU3HAUEHHsI MTOJIOXKEHHS BEpTHKaJIl OMH, JIBA YU TP KaHAIM OJIOKA JTIHIHHUX aKCeIbpPOMETPiB
Ta BU3HAYAIOTHCS BIAMOBIIHO: TPU MPOEKIIi CUIM Baru 3eMil gx, gy, gz AB1 MPOEKUii gy, g:;
OJIHY TPOEKIIIIO gx; AB1 MPOEKUIi gy, g.. BU3HaYeHHs CKIaJOBHUX MPOEKLINH CHIM MPU LOMY

BUKOHYIOTh 32 (hopMynamMu
9,=9"-9;-0; . (1)
9,=9"-09;-9; . (2

Henonikom HaBe1IEHOTO MPUCTPOIO € Te, 110 OOUMCICHHS! BEKTOPY NPUCKOPEHHS CHIIH Baru g
3a JIOTIOMOT'010 JIMCKpeTHOro GuIbTpy BiHepa 3a 11 npoekiisiMu Ox, Oy, Jz BAKOHY€ETbCS JIMIIIE Ha
TPAEKTOPIi MPAMOIIHIHOTO PIBHOMIPHOTO PyXy HOCIs, @ HA TPAEKTOPIi 3 IHIIUM PEKHUMOM PYXY
HEOOX1/1H1 3HAUeHHS MTPOEKIIiH /U1 TOOYA0BU BEpTUKAJIl OOUUCIIOIThCA 3a popmynamu (1) um (2),
SKI MICTATh 3HA4YeHHs BEKTOpa (, OOYMCIEHOro paHilme 1 00OB’SI3KOBO Ha MPAMONIHIMHIH
TpaekTopii. OMHAK BiIOMO, IO 3HAYESHHSI MOJTYJIIO Ta HAIPsIMY BEKTOpa J MPUCKOPEHHS CUITH Bark
3aJIeKUTh BiJl reorpadiyHux KOOpUHAT Ta BUCOTH HOCIS BiTHOCHO noBepxHi 3emii [14]. Le mpu-

3Be/ie J0 OXMOOK Y BU3HAYCHHI 3HAUEHb TAHT'AXy 0 i kpeny 7 , AKi 0OGUHCIIOIOTHCS 32 (OpMY-
namu (3) Ta (4) [15] y Toukax TpaekTopii, 1€ HOCii pyXaeThCsl HEPIBHOMIPHO Ta HEMPSMOJIIHIHO
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Haii6inpm OMM3pKHM aHAJIOTOM PO3pOOJICHOTO TPUCTPOIO, B3STOTO 32 MPOTOTHIL, € IPUCTPIN
JUIS BU3HAYCHHS BEPTUKAJl Ha PyXOMOMY OO’€KTi, SIKHH MICTHUTB: ONTHUKO-CICKTPOHHHUI OJI0K
BUMIPIOBAaHHS TIOJIOKEHHS P1IMHHOTO TOPU30HTY 3 TEPMETUYHOIO aMITYJIO0, YACTKOBO 3alIOBHEHY
PIIMHOIO y BUIVISAII PiBHS, OaraToeleMEHTHHH OINTHKO-CJICKTPOHHI J1aBad Ta IMiICBITKY; Tipo-
CKOIIYHUM OJIOK, KU Pa3oM 3 ONTHKO-EJIEKTPOHHUM OJIOKOM BHMiPIOBAHHS MTOJIOKEHHS PiAWH-
HOT'O TOPU30HTY 3aKpiIIeHI Ha €IWHIN TuaTdopmi; TBOKOOPAWHATHHI JaBad BUMIPIOBAHHS TOJIO-
JKEHHS OC1 TIpOCKOIIa; eIIEeKTPOHHUH OJTOK KypyBaHHST; OJIOK 00poOkH iHpopMartii [16].

3acToCcyBaHHs B1IOMOT0 IPUCTPOIO JUIs BU3HAYEHHS BEPTUKAJI HA PyXOMOMY 00’ €KTi, B35~
TOTO 3a MPOTOTHUI, Ma€ TOW HEJONIK, IO JJIsi BIITBOPEHHS ICTHUHHOI BEpTHKAJli BHKOPUCTO-
BY€ThCS KPYIIIUH PiBEHb, KUl 3a0e3Meuye TOYHICTh MOOYJOBH BEPTUKAII JIUIIE IO OIHI€T —
JIBOX KyTOBUX MiHYT [16].

BujijieHHs1 HeTOCTI/IPKeHHX YACTHH 3arajibHoI mpodseMu. AHaJIi3 BIJOMHUX ITPUCTPOIB CBiI-
YUTH PO HU3BKY TOYHICTH Ta HAJIMHICTh BIITBOPEHHS BEPTHKAIII HA PyXOMHUX 00 €KTax, 1m0 00y-
MOBJIOE€ 1 HHU3bKY TOYHICTh BH3HAUEHHS KYTOBUX €JIEMEHTIB 30BHIIIHBOIO OpPIEHTYBAaHHS ae-
PO3HIMKA — TAHT XY Ta KPEHY, [0 Y CBOIO YePTy 3HIKYE TOUHICTh BU3HAYCHHSI KOOPAWHAT 00’ €KTIB,
300pa’keHUX Ha KIHIIEBUX MPOAYKTaX aepO3HIMAHHS - TPUBHUMIPHHX MOJIEISX MiCLIEBOCTI.

Merta crarTi. ['0510BHOIO METOIO 11i€1 CTATTI € po3po0Ka (HyHKIIIOHATEHOT MOJIEII PUCTOIO
JUIs BU3HAYCHHS TOJIOKEHHSI BEPTUKAII MiABULIEHOT TOYHOCTI JUIsl 3aCTOCYBAHHS Ha JIITAIbHUX
arnapaTax, IpU3Ha4YeHMX JJIs aepo3HIMaHHs, 30kpeMa Ha BITJIA.

BukJan ocHoBHOro marepiajy. Hamu 3anponoHoBaHO TEXHiUHE PIIIEHHS MPUCTPOIO IS
BHU3HAYEHHS TOJOXKEHHS BEpTHKaAIl Ha pyXoMoMy O0’€KTi Ha piBHI kopucHoi mozeni [17].
IcTuHHA BepTHKa/b (TOPU30HT) BIATBOPIOETHCS B ONTHKO-E€JIEKTPOHHOMY OJ0III BUMIpIOBaHHS
MOJIOKEHHS PIAMHHOTO TOPU30HTY, MONEPEYHNUN pO3pi3 SIKOro HaBeAECHO Ha puc. 1. Skmio nHo
amITynu /, a pa3oM 3 HUM 1 IUIOIIKHA MIat¢opmu 3, sika BCTAHOBJIEHA HA pyXOMMA 00’ €KT, 3aii-
MyTb MapajesbHe MOJOXKEHHS BIJHOCHO MOBEPXHI HEMPO30poi PIAMHU I, TO BHACTINOK M-
CBITKHM 0araToeleMeHTHHX ONTUKO-eJIEKTPOHHUX JaBadiB JIIHIHHOTO TUIY 7 Ta 7', K1 po3Talo-
BaH1 BUIIIE HEMIPO30POi PIAMHH, Oyze 3a(iKCOBAHO MOJI0KEHHS BEPTHKAI y HANpsIMKY 7 — 7.

7 4 6 2 7'

\ \

&1

Puc. 1. I[lonepeunuu po3piz onmuxo-eneKmpoHHO20
O210Ka BUMIPIOBANHA NOLONCEHHS PIOUHHO2O0 20PUIOHMY:
1 — onmuxo-enekmponnuil 610K BUMIPIOBAHHS NOJIOHCEHHS PIOUHHO20 2OPUSOHMY;
2 — npo3opuil 3aXucHul 2epmemuyHuil Kognak, 3 - niamepopma, 4 — cepmemuuna amnyna;
5 — Henposopa piouna; 6 — nioceimxka, 7, 7' — nepuia napa bazamoenemeHmHuUx ONMmuKo-eex-
MPOHHUX 0a8ayie NiHIUHO20 muny, Hanpukiao I1133-ninitku
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I'epmernuna amiyna 4 mae popmy muitiHapa (puc. 2), Ha 30BHIMIHIX TBIPHUX SKOTO B Jlia-
METpPabHO-POTUJICKHUX HANpsSIMax pO3TAIllOBaHi MOMapHO 0araToeIeMEeHTHI1 ONTHUKO-eNeK-
TPOHHI JaBaui JiHiiHOTO Ty 7 1 7' Ta 8 1 8. CTiHKM HMITIHpA B MICISX PO3TALTyBaHHS BKa-
3aHUX JaBaviB MOBUHHI OyTH MPO30PUMH — JUIsI MOTPAIISTHHSA HA HAX CBITIIA BiJ MiJCBITKH 6.

QyHKIIOHYBaHHS PUCTPOIO JIJIsl BU3HAYCHHS ITOJIOKESHHS BEPTUKAJI Ha pyXOMOMY 00’ €KTi
noJisrae B HaCTynmHomy (puc. 3). €1uHy OCHOBY 3, Ha SIKiM 3aKpiIJIeHI ONTHKO-CJIEKTPOHHUIN
OJI0K BUMIpPIOBaHHSI MOJIOKEHHS PIAMHHOTO TOPU30HTY /, BCTAHOBIIIOIOTH )KOPCTKO HA PYXJIH-
BHIA 00’ €KT Ta OPIEHTYIOTH BITHOCHO TOJIOBHHX OCEH pyxoMoro 00’ exra. [Ipudomy nepiry mapy
0araroeIeMEeHTHUX ONTHUKO-EIEKTPOHHUX JaBadiB JIHIKHOTO TUIY 7 Ta /' BCTaHOBIIOIOTH,
HaIPHUKIIAJ], B3IOBXK MO3J0BXKHBOI OCi, a APYTYy Napy 0araToeIeMEeHTHUX ONTHUKO-EIEKTPOHHUX
JaBayiB JiHIITHOTO THITY 8 Ta 8 - B3IOBXK MOMEPEUHOT 0C1 PyXOMOIo 00’ €KTa.

7

7!

Puc. 2. Po3piz onmuxo-eiekmporHHo20 010Ky UMIPIOBAHHS
HON0JICEHHS PIOUHHO20 20PU3OHMY NO dlaMempy:
8, 8'— Opyea napa bacamoenemenmHux ONMUKO-EeKMPOHHUX 0A8AYI8 TIHILIHO20 MUNY,
Hanpuxaao, 1133-ninitixu

Ha Bigpi3kax TpaekTopii, 1[0 BiANOBIAaOTH PIBHOMIPHOMY IEPEMILIEHHS PYyXOMOIO
00’€eKTa, TIOJIOKEHHS PIAMHHOTO TOPU30HTY BIIHOCHO JHA repMeTudHoi ammyiu 4 (puc. 3)
BHU3HAUYAETHCSI B ONTHUKO-EJIEKTPOHHOMY OJIOII BHMIPIOBAHHS IOJIOXKEHHSI PITUHHOTO TOpPHU-
30HTY 1. YHAcHimOK OCBITIIEHHS MiACBITKOIO 6 YaCTHH TepIoi nmapu 6araTroeIeMeHTHUX OIl-
TUKO-€JIEKTPOHHUX [aBauiB JiHiMHOro Tumy 7 Ta 7', sKi 3HaXOAATHCS HaJ HEMpPO30pOI0
PIAMHOIO 5, CUTHAJIM BiJ HUX HAAXOJATh, BIANOBIIHO, 10 ABOKAHAIBHOTO aHOJIOTOBO-LIU(PO-
BOro neperBoproBaya 11 ta inBepropa ¢aszu curnany 9. IuBeprop 9 3miHroe azy curnainy Bin
naBava 7' Ha 180°, micist 4oro uei curHai HaJXoAMTh /10 JBOKAHAJILHOTO aHOJIOTOBO-LIU(po-
Boro neperBoproBauya 11. Jlani, curHanu y nugpoBoMy BUTIISAI, KOKHHUI [0 CBOEMY KaHaly,
HAJIXOJATH 10 OJIOKY KepyBaHHs 13, a 3BiaTH — 10 610Ka 00poOku iHdopMmariii 14.

VY 6mnoui 06po6ku iH(popMallii /4 BUKOHY€ETHCS ONPALIOBaHHS HU(PPOBUX 3HAYEHb CUTHAJIIB
OKpeMO BiJ mepimoi Ta Jpyroi mapu O0araroeJeMEHTHUX ONTHKO-EJIEKTPOHHUX JaBadiB
JTIHIMHOTO THITy Ta BU3HAYAIOTHCS IOJIOKEHHS MOBEPXHI HEMPO30poi PilMHU 5 BITHOCHO JHA
aMIyJIM y IBOX B3a€MHO MEPIEHANKYISIPHUX HanpsMKax 7 - 7' 1a § - 8"y Bunsni curHany X
Ta Y BIAIIOBIIHO.
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Puc. 3. Brok-cxema 3anponoHo8ano2o npucmporo:

9 — ingepmop ¢haszu cuenany nepuioi napa b6acamoenemMenmHUX ONMUKO-EeKMPOHHUX 0a8a4i6
JiHitHo20 muny; 10— ineepmop ¢asu cuenany opyzoi napu bazamoenemeHmHux OnmuKo-
eeKMpPOHHUX 0a8ayis niHitiHoeo muny, 11, 12 — 08okananibHi aHal02080-yupposi nepemeo-
prosaui nepuioi napu ma opyeoi napu 6azamoeiemMeHmHUx ONMuUKo-eleKmpoHHUX 0a6ayie
JUHIHO20 muny, 13 — enexkmponnuii 610k Kepysanns, 14 — 610k 06podKu inghopmayii

TakuM yMHOM, MiJ Yac MOJBOTY MAIOTh MICIE JTUCKPETHI 4acOBi 30HM, B SIKMX KOHTpPO-
JIOETBCS TIOJIOKEHHS PyXOMOro 00’€KTa 3a JOIOMOIOK ONTHKO-EJIEKTPOHHOIO OJ0KYy
BUMIPIOBAHHS TOJIOKEHHS PiAMHHOTO ropu3oHTy /. Lli nuckpeTHi 30HM BIANOBIAAIOTH PiB-
HOMIPHUM JIJITHKAM pyXy HOCIS, 0 SIKUX BITHOCSITHCSI MapIIPyTH (TajcH) aepo3HIMaHHS Te-
pUTOpii, OCKUIBKU MEPEMIIIEHHS B3IOBXK Tajcy, K MpaBHIIo, BiI0OyBa€ThCs 3a MPAMOJIHIHHUM
HanpsMKOM. TOX, Ha TaKUX JITISTHKaX OOYMCIIOIOTH CEPETHE MOJOKEHHS HEMPO30POi piIUHU 5
BITHOCHO JIHa TePMETUYHOI aMmyiau 4 nuisixoM Qikcarii moHaiMeHIle TPhOX MOCTiAOBHUX
KpalHIX TOJ0KEHb NOBEPXHI PIAVHU y KOKHIM Mapi 6araroeIeMeHTHUX ONTUKO-EJIEKTPOHHUX
JaBayiB JIHIHOTO TUITY.

VY Takuii crioci6 y Onoui 00poOku iHpopmarii 14 (auB. puc. 3) Ha BUXOAI POPMYETHCS
curHan A = f(X,Y) npo nonoxxeHHs: piAMHHOTO TOPU3OHTY (BEPTUKAJI), IPUB’A3aHUHN 10 Ya-
COBOI HIKaNH, Ta OyayeThcsl Tpadik 3HaYeHb TAHTAXy 1 KPEHY, SIKUH BUKOPUCTOBYIOTH JUIS
BU3HAUEHHsS KYTOBHMX €JIEMEHTIB 30BHIIIHBOIO OpIEHTYBaHHS B MOMEHTH (hoTorpadyBaHHs
MICIEBOCTI LIMPPOBOIO KaMEpOIo, YU JJIsi KEpyBaHHS MOJIOKEHHSIM HOCIS y mpocropi. Brius
HEBEJIMKUX BEJIMYUH ITPUCKOPEHDb Ha MOJIOKEHHS MTOBEPXHI HEMPO30poi PiIMHU 5 BUKITIOYAIOTh
(200 3HaYHO TTOCTAOTIOITH) OOUHCIEHHSAM CEPEIHBOTO 11 TTOJOKEHHS.

Oco6aMBOCTI 3aCTOCYBaHHS OINTHKO-EJIEKTPOHHOTO OJOKY BHUMIPIOBAHHS MOJOXKEHHS
PIIMHHOTO TOPU30HTY / JIJIsl BU3HAYCHHS 3HAUCHb TAHTAXY Ta KPEHY PyXOMOTO 00’ €KTa MOJIsi-
raloTh Y HaCTYIHOMY. Y J1a0OpaTOPHUX yMOBaX BUKOHYIOTh TapyBaHHS - BU3HAYAIOTh 3HAUCHHS
Micup HyNiB (MO) 6araTtoeneMeHTHUX ONTHKO-eJIEKTPOHHUX JaBayiB JiHiIHHOrO TNy 7, 7' Ta
8, 8" : MO7, MO;', -MOs, MOy (puc.4). Micuie Hy/sl — YUCTIO 1 KOMIPOK 0araroeieMeHTHOTO
OTITUKO-EJIEKTPOHHOTO JlaBava, Ha sIKi TOTPANIO CBITIIO JDKepesa 6, KOIH JHO TepPMETHYHOL
aMITyJid 4 ONTHUKO-EJIEKTPOHHOTO OoKa / 3HAXOIUTHCS B TOPU3OHTAIBHOMY MOJOXKeHH1. s
IILOTO €TMHY OCHOBY 3 BCTAHOBIIIOIOTH Ha TOPH30HTAIEHY OCHOBY, BMHKAIOTh OJIOK KEpyBaHHS
13, 32 KOMaH/I0I0 3 SKOTO BMHKA€THCS MiACBITKAa 6 (puc. 3), CBITJIO BiJA SKOi MOTpAruise Ha
KOMIPKHM BEpXHIX YaCTHH IepLIOl Ta Apyroi mapu 0araTroeleMEeHTHUX ONTHKO-E€JIEKTPOHHUX
JaBaviB JiHiitHOTO THIY 7, 7' Ta &, 8', SIKi He 3aTiHeH]1 HEeMPO30POI0 PITUHOKO J.
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7 4 6 2 7'
\
MO7 &y 1 MO
5

Puc. 4. Illonepeynuii po3piz onmuKko-ei1eKmponHo20 010Ky UMIPIOBAHHS NOJOMHCEHHSL
PIOUHHO20 20PU3OHMY, POZMAULOBAHO20 6 2OPUSOHMAILHOMY HOLONCEHHI!
MO7 ma MO7 — micys Hynie bacamoenemMeHmHo20o
ONMUKO-eleKMPOHH020 0a8aya NiHitino2o muny 7 ma 7'

EnexTpuyHi curHaiu BiJ KOXKHOI MapH MOTPAILISIOTh Y 1HBEPTOpH (da3u curHaiy 6araTo-
€JIEMEHTHUX ONTHKO-EJIEKTPOHHUX JaBayiB JiHidHOro TUiy 9 Ta 10 1 ABOKaHAaIbHI aHAIOTOBO-
ugposi neperBoproBaui 11 ta 12, a motim uepe3 610k kepyBanHsa 13 10 6510ka 0OpOOKH 1H-
dopmartii 14, y skoMy 3HaK{ CUTHAJIIB y YUCIIOBOMY BUTJISA/II MIHSIOTHCS Ha MPOTHIICKHI Ta
30epiraroThcs B KOMipkax mam’sti sik: -MQO7, MO7', - MOg ta MOsy..

€IuHy OCHOBY 3 BCTAHOBIIIOIOTH Ha PYXOMHUH 00’€KT, OPIEHTYIOUM BiJIHOCHO TOJIOBHHX
0Ceil pyXJIUBOTO 00’ €KTA.

Haxwunm jgHa TepMeTHYHOT amImyinu 4 ONTHUKO-CIEKTPOHHOTO OJIOKY BHMIpPIOBAHHS IOJIO-
JKEHHS PIIMHHOTO TOPU30HTY | Ha KyT @ BiTHOCHO MOPHU30HTY 3a HampsMkoM 7 - 7' (puc. 5)
BeJIe JI0 OCBITJICHHsI N7 KOMIPOK Ta N7’ KOMIPOK BEPXHIX YACTHH IEPIIOi IMapu OararoeaeMeHT-
HUX ONTUKO-EJIEKTPOHHUX J]aBayviB JiHiITHOTO THITY 7, 7', sIKi HE 3aTiHEH1 HEIIPO30POI0 P1ANHOI0
5. 3 ¢ir. 4 3po3ymino, 1o

n, =MO, +n,, Q)

ae N — KUIbKICTh KOMIPOK, Ha SIKI OCBITJIEH] JOJATKOBO BiAHOCHO MO7 3a paXyHOK Haxuiy

KOPIyCY T€PMETHYHOI aMITyJIi 4 Ha KyT 00 Ha 0aratoejJeMeHTHOMY OINTHUKO-EJIEKTPOHHOMY Jia-
Bayl JIIHIAHOTO TUTTY 7,

n, =MO, -n,, )

ne — N, — 4uciao KOMIPOK, Ha K1 HEOCBIT/IEH] BiTHOCHO M7 3a PaXyHOK Haxwjly KOpPIIyCy

repMETUYHOI aMIlysd 4 Ha KyT — a Ha 0araroeJeMEeHTHOMY ONTHUKO-EJIeKTPOHHOMY JaBadi
JiHIHHOTO THTTY 7'

[Tics mpoxomKkeHHs iHBepTOpa (da3u curHaimy 9 (IuB. puc. 3) eNeKTPUYHHIA CUTHAI, TIPO-
MOPUIAHUIN YUCITy OCBITJIEHUX KOMIPOK Ha 0araroeieMeHTHOMY ONTHKO-eJIEKTPOHHOMY J1aBayi
JiHIAHOTO TUTY 7', TOMiHS€ (ha3y CUTHATY Ha MPOTUIIEKHY , TOOTO

-n,=n,-MQ,, 3

[Ticnst nepeTBopeHHs IbOTO €JIEKTPUYHOTO CUTHATY Ta €JIEKTPUYHOI0 CUTHATY Bijl OaraToerne-
MEHTHOTO ONTUKO-EJIEKTPOHHOTO JlaBaya JIHIKHOTO TUMy 7 y UM(GpOBUIA BUIIIAL 32 IOTIOMOIO0
JIBOKaHAJILHOTO aHAJIOrOBO-IIM(POBOro MEpeTBOPIOBAaYa IMEPIIOi Mapu OaraToeleMEeHTHUX Oll-
TUKO-EJIEKTPOHHUX J[aBayiB JiHiiiHOTO THITy 11, 111 1IpOB1 CUTHATIM HAJIXOAAThH Yepe3 OJIOK Ke-
pyBanHs 13 10 010Ky 06poOku iHdopmartii 14, B skoMy BU3HAYa€ThCA CyMa IIUX CUTHAIB Ta 3Ha-
yeHb -MO7, MO7' - BuioOyTHX 3 10ro mam’sri, Ta OTpUMYIOTh PE3yJIbTYIOUHA curHan X

X =n,+(-n,)-MO, + MO, =2n, + MO, - MO, — MO, + MO, =2n, . 4)

AHaJIOTIYHUM YHHOM OTPUMYIOTHh Pe3yJbTyIOUui CUTHAI Y Bij Apyroi mapu OaraToerne-
MEHTHHX ONTHKO-CIIEKTPOHHUX JIaBaviB JIHIHHOTO THITY 8 Ta 8’

Y =n, + (-ny) - MO, + MO, = 2n, + MO, - MO, — MO, + MO, =2n, . (5)
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Puc. 5. Haxun ona amnynu onmuxo-eieKmponHo20 010Ky 6UMIPIOBAHHS
NONOACEHHSA PIOUHHO20 20PU3OHIMY HA KYM 0. 6I0HOCHO 2OPUSOHMY:

0. — Kym Haxuzy 00 8epxy Kopnycy 4 onmuko-eieKmpoHHo20 OJI0KY UMIDIOBAHHS NOJIONCEHHS
PIOUHHO20 20PU3OHMY 34 HANPAMKOM 7' - 7 GIOHOCHO PIOUHHO20 20PU3OHMY,; N7,N7'— YUCIO
KOMIPOK ONMUKO-eJIeKMPOHHUX 0a8ayie NiHitiHo2o muny 7 ma 7', Ha AKi nompanuio c8imio

dorcepena 6; ng , - Ny - YUCTIO KOMIPOK ONMUKO-EJIeKMPOHHUX 0a8ayis NiHitiHo20 muny 7 ma 7',

AKI 8I0N0BI0AOMb HAXULY 2epMemudnoi amnyau 4 na kym a, R — padiyc cepmemuunoi amnynu 4

Haxun gHa repMeTH4HOl aMIyiu 4 ONTHKO-EJIEKTPOHHOTO OJOKY BHMIpPIOBAHHS IMOJIO-
’KEHHSI PIIMHHOTO TOPU30HTY | Ha KYT - o BIIHOCHO TOPH30HTY 3a HampsiMkoM 7 - 7' (puc. 6)
BEJI€ /10 OCBITJIEHHSI N7 KOMIPOK Ta N7' KOMIPOK BEPXHIX YAaCTUH MEpILIOi Mapu OaraTroeneMeHT-
HUX ONTHUKO-EJIEKTPOHHMX JaBauiB JiHiIHHOro thmy 7, 7', sKi He 3aTiHEHI HEempo30pOI0
piauHOIO 5. 3 puc. 6 3p0o3ymiNo, IO

n,=MO, -n,, (6)
Ta

n, =MQ, +n,. (7)

Puc. 6. Haxun ona amnynu onmuxo-eneKmponHo20 010Ky UMIPIOBAHHS NONONCEHHS PIOUH-
HO20 20PU30HMY HA KVM - 0. BIOHOCHO 20PU30HMY 3a HAnpAMKOM 7 - 7'

[Ticast 3MiHM a3y cUTHaIY Ha MPOTUIICKHY iHBEpTOpOM (pa3u curHamy 9 (aus. puc. 3),
NEPETBOPEHHSA [[LOTO €JIEKTPUYHOTO CUTHAITY Ta €JIEKTPUYHOTO CHUTHAITY Bijl 0araroeieMeHT-
HOTO ONTHUKO-EIIEKTPOHHOTO J1aBada JiHIKHOTO TNy 7 y UU(pPOBUN BUTISLA 32 JOMOMOTOIO
JBOKAHAJIBHOTO aHAJIOTOBO-IU(POBOTO IMEPETBOPIOBAYA TEPIIOi IMapu OararoeieMEeHTHHX
ONTUKO-CIIEKTPOHHUX JlaBadiB JiHIHHOTO Tumy 11, 111 udpoBi CUTHAIM HAAXOASATH Yepe3
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0110k KepyBaHHS 13 10 6510Ky 00poOKku iH(DOopMalii 14, B IKOMY BU3HAYAETHCS CyMa IIUX CHUT-
HamiB Ta 3HaueHb -MO7, MO7', BunoOyTHX 3 HOro mam’sTi, Ta OTPUMYIOTh PE3YJIbTYIOUUI
curHan X'y BUTIIAI

X =n, +(-n,) - MO, + MO, =-2n, + MO, - MO, — MO, + MO, =-2n_, (8)

AHAJIOTIYHUM YMHOM OTPUMYIOTh PE3yJbTYIOUMi curHan Y BiJ Apyroi mapu Oarartoene-
MEHTHHUX ONTUKO-EJICKTPOHHUX JaBayiB JiHIKHOTO TUMY 8 Ta 8’y BUTIsAAL

Y =ng +(—ng) — MOy + MO, =-2n, + MO, - MO, — MO, + MO, =-2n,. (9)

Sx BuaHO 3 dhopmy (4), (5) Ta (8), (9), onTHKO-ETEKTPOHHUHN OJIOK BUMIPIOBAHHS IOJIO-
KCHHS PIIMHHOTO TOPU30HTY | BIACTINKOBY€E BEJIWYHHY Ta HANPSMOK TaHTaxy (curaan X) i
KpeHy (curHan Y) €eIdHIA OCHOBI — 3 BIIHOCHO PIJMHHOTO TOPU30HTY (BEpTUKAI1), IPUUOMY,
curHanu X7 ta Yg QiKCyrOTh MOJIBiiiHEe 3HAYEHHS 3aCBIUEHUX KOMIPOK Ng,, K1 BiAMNOBIIAIOTH
KyTYy Haxuiy o.

3 puc. 5 MOXKHA BUSHAYUTH CITIBBIIHOIIICHHS MK BEJTMUYNHOIO KyTa HAXWITY 0. TEPMETUYHOL
amITyJi 4 BiIHOCHO TOPU3OHTY, ii po3MipoM, HalTpuKIIaA il paniycoM R Ta BeTMYUHOIO CUTHAITY

tga = —= |, 10
gor=— (10)

ne K — ¢isuuHuii po3Mip KOMIpKH 6aratoeaeMeHTHOIO OIITHKO-EJIEKTPOHHOrO JaBada
JTiHIHHOTO TUILY

Ockinbku curnanu X ¢ikcye mojBiifiHe 3HAUYSHHS 3aCBIYEHUX KOMIPOK Ng, SIKI BiATIOBiIa-
I0Th KYTy Haxwily o, TO IePeXia 10 JIHIMHUX po3MipiB OaraToeIeMeHTHUX ONTHUKO-EJIEKTPOH-
HUX JIaBayiB JiHIHHOTO THITY, HAIPUKIAL, 7, 7' Hajae BUpa3

X'=2kn, . (11)
1106 BM3HAUNTH 3HAYEHHS KyTa HaXWJy a y BiAnoBinHocTI 10 popmynu (10), HeoOxinHO
2kn, X' X
tga = R 2R D (12)
ne D — giamerp repMeTHYHOI aMITyIH, a JUIsd MaJIuX 3Ha4YeHb o
" X l "
@ =P (13)

ne p" =20626"

SIK110 BBaXKUTH, 110 HAMEHILINN CUTHAI, IKUH (IKCYIOTh OaraToeleMeHTHI ONTUKO-EJIeK-
TPOHHOTO JaBay JIIHIMHOTO TUITY, HApUKIazd, 7, 7', BiAMOBiae oMfHOMY (OTONMPHUIMATEHOMY
€JIEMEHTY, TO JIJIsl 3aCBIYeHOT MOJI0BUHHU KoMipkHu (N, = 0,5) curnan nopisaoe X =2-05=1,a
B niHiftHOMY po3mipi X'=2k-05=K - ogun doronpuiimManbHUil eleMEHT. 3 ypaxyBaHHSIM
Majoro 3HadeHHs o 3 (opmynu (13) MoXHA BHU3HAUUTH PO3AUIBHY 3/IaTHICTH OJOKY
BHUMIPIOBAHHS MOJOXEHHS PIAMHHOTO TOPU30HTY | CTOCOBHO peecTpallii HaliMEHIIOro KyTa
HaXWJTy TEPMETUIHOT aMITyIJTH 4 Pa30M 3 €JJMTHOIO0 OCHOBOIO 3 32 OKPEMUM HAIPSIMKOM BiJTHOCHO

TOPHU30HTY (3HAUEHHS TaHTAXy YU KPeHy) 3a (opMyJIOk0
K

14 — 14 14

i (14)

ne D — miamMeTp repMeTHUYHO1T aMITyJIH.
Po3mip repmernyHoi ammyiau 4 A 3a4aHOTO 3HAYEHHS PO3JALIBHOI 3JaTHOCTI MOXKHA
BU3HAYUTH 3rinHO 3 (14) 3a hopmynoro

D=—)p". (15)
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Hampuknazn, ms posmipy doronpuiiMansHoMoro eaeMenty K= 6,5 mxwm [7] ta f = 30" nia-
Metp repmeTryHol amiynu 4 D = 44,7 mwm, a s f = 10" D = 34 mm. To6to migbopoM po3mipy
TePMETUYHOI aMITysIi 4 MO)KHA PETyJIIOBaTy PO3JUIbHY 3[aTHICTh ONTHKO-EJIEKTPOHHOTO OJIOKY
TIOJIOXKEHHS! PIIMHHOTO TOPU30HTY 1 3a BigoMOro po3mipy (poTonpritMaabHOMOTO €IEMEHTY CTO-
COBHO BHMIPIOBAaHHS KYTiB TAHTaXy Ta KPEHY, a BIJIIOBITHO 1 TOYHICTh iX BU3HAUCHHS.

B nuckpeTHHX 30HaX MepeMilieHHs HOCIs, KOJIU Micysl IPUCKOPEHHS HOCIH pyXa€eThbes piB-
HOMIPHO, TIOBEPXHs HEMPO30poi piAuHU 5 Oy/e BUKOHYBATH 3aTyXar04i KOJUBAHHS BiJIHOCHO
TOPU30HTAILHOTO TOJIOKEHHS — TIOJIOKEHHS TUHAMIYHOT PIBHOBArW MOBEPXHI PiIMHU, IO Oy 1€
PEECTPYBATUCS Y KOXKHIM TMapi 0araToeJIeMEHTHHX ONTHKO-CIIEKTPOHHUX JaBayiB JIHIHHOTO
tuny 7, 7' 1a 8, 8'. ToMy B OCHOBY OOYHCIICHb CEPEIHHOTO TIOJIOKEHHS MTOBEPXHI HEMPO30POi
PLAMHU S BIAHOCHO JIHA T€PMETUYHOI aMIyJHu 4 MOKIIaJIeHO MPOrpamy CIIOCTEPEKEHHSI TOUOK
peBepcii Ui BU3HAYEHHS IOJIOKEHHS PIBHOBArM 4yTJIMBOTO €IIEMEHTY riporeomoiity [18].
Jlis mpUIIBUIIIIEHHS] BU3HAYEHHS TOJIOKEHHS JAUHAMIYHOI PIBHOBaru MoO>KHa BUKOPHUCTATH
poTpamy CIIOCTEPEKEHb, SIK MIHIMYM, 332 TpbOMa TOYKaMHU PEBEPCii — TPhOMa MOCIiIOBHUMHU
KpalHIMH MOJIOKEHHIMH TOBEPXHI HEMPO30poi piAMHM 5. N1 — n'1; N2 —n'2; N3 — n'3 (puc. 7).

Touku peBepcii OymyTh 3adikcoBaHi B 0yori 00poOku iHGopmarii 14 mudpoBuMu CUTHA-
JaMU: TepIa TouKa — CUTHajIoM X, = 2N, Ipyra To4ka — CUTHaJIoM X, = 2N, , TPETs TOYKa —
curHaiom X, =2n,.

[Tono>keHHs TUHAMIYHOT PIBHOBAarM BU3HAYAeThCs y Onori oOpoOku iHpopmarii 14 3a
YMOBH, IO ONTHUKO-CIEKTPOHHUI OJIOK BUMIPIOBAHHS TOJIOKEHHS PIAMHHOTO TOPH30HTY 1
MpaLIoe B IOMYyCTUMOMY Jiana3oHi poOoTu X, (TouHilIe B Aiana3oHi, Skuil 6unbine Xy Ha Be-
JMYUHY TOJBIHHOI PO3AUTFHOI 3JaTHOCTI OJIOKY BUMIPIOBAHHS TIOJIOXKEHHS PIJUHHOTO TOPH-
30HTY 1) Ta BUKOHY€EThCS yMOBa

X, < X, (16)

Puc. 7. Posmawiysants mo4ok pegepcii nogepxi Henpo30poi piouHu - KpauHix noploiCeHsb Ko-
JIUBHUX PYXi6 NOBEPXHI HeNPO30poi piounu 5: n1—n'y, N2 —n'2; N3—n's;
BIOHOCHO 20PU30OHMY 3a HANPAMKOM 7 = 7'

Toni 3a dopmynamu, OTpUMaHUMH Ha OCHOBI Jkepena [ 18] curnan, skuii Bignosigae ro-
PHU30HTAJILHOMY TTOJIOKEHHIO TIOBEPXHI HEMPO30poi PiANHU, JOPIBHIOE:

Af
Xo = N1+(X3—X1)§ ) (17)

e

Nl:l[X1+X2+X2+X3j:X1+2X2+X3’ (18)

2 2 2 4
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X1 — Xs
) X3 - Xz .

Jlnst po3mMaxy KoJMBaHb TOYOK peBepcii g0 60°, 3riguo 3 [18], Af <0,2". Tomy y 1pomy

Af (19)

BUIAJIKY HaBeJIeH1 ()OPMYJIH CIIPOIIYIOTHCS 0 BUTIIALY poO0doi hopmMyn
X _1 X1+X2+X2+X3 :Xl+2X2+X3.
2 2 2 4

3 ypaxyBaHHSM TMEPEX0y J0 JIHIHHUX PO3MIpIB OararoeaeMeHTHUX OITHKO-CIICKTPOH-
HOTO JIaBadviB JiHiiHOTO THITY 7, 7'

(20)

X! = kX,. (21)

BennuuHa BIIXWIEHHS €IMHOT OCHOBU 3 BiJl TOPU3OHTY B HAIPSIMKY MO30BXKHBOI OCI
(3HaueHHs TaHTaxy) 3rigHo 3 (13) mopiBHIOE

!

0 =arctg XFO : (22)

Benuunna BiIXWICHHS €IMHOT OCHOBH 3 BiJI TOPU30HTY B HANPSMKY TOIIEPEYHO] OCi (3Ha-
YEeHHsI KPeHy) BU3HadaeTbes 3a popmynamu (16) — (22) 3aminoro: X1 — Y1, X2 — Y2, X3 — Y3
Ta 00uyncieHux 3HaueHb: Xo — Yo, X'o — Y, omxe

y = arctg[YBo,j . (23)

BusnaueHHs TOUOK peBepcii B HAPSIMKY KPEHY 1 TaHTaXxy 3a CUTHaJIaMU MEPILoi Ta Apyroi
napu 6aratoeeMeHTHUX ONTHKO-EJIeKTPOHHUX JaBadiB JiHiHOTO THIY 7, 7' Ta 8, 8’ Ta iX 00-
yHclieHHs y 00111 00poOku iHpopMartlli 14 BUKOHY€EThCs MapaielbHO B Yaci.

Jliarma3oH KyTOBHMX 3HAY€Hb TAHTAXy Ta KPEHY BH3HAYAETHCS MiI00pOM MOBXHUHH | Oara-
TOEJIEMEHTHUX OTNTHUKO-EJIEKTPOHHUX JIaBayiB JiHiiHOTO TUIY 7, 7'Ta 8, 8'. Tak, Ko

| =2kn,, (24)
TO 3 ypaxyBaHHsIM popmynu (10)
|
tga =—. 25
9o =5 (25)
3BIIKH
| =D-tge, (26)

a YHMCEeNbHICTh KOMIPOK 0araToeeMeHTHUX ONTHKO-EIeKTPOHHUX J1aBayiB JIHIHHOTO THIY 7,
7'Ta 8, §8', axi moTpiOHI Ay ¢ikcarlii MaKCUMaIbHOTO 3HAYEHHS KyTa a, 3T1THO 3 (OPMYIIO0

(24), nopiBHIOE
I
na,max = E , (27)

a MIOBHE YMCJIO KOMIPOK 0araroeieMeHTHUX ONTUKO-eJIEKTPOHHUX JaBadiB JIIHIHHOTO TUITY 7,
7'ta 8, 8', sxi moTpiOHi ans dikcanii 3HaYEHHS KYTiB BiJ +a 0 -0, CTAHOBUTH

n=—. (28)
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Hamnpukinan, ayis 3HaueHs Tanraxky Tta kpeny o =10° [19], niamerpa ammynu D = 44,7 mm
3rigHo 3 (26) | = 7,88 mm, 110 mis K = 0,0065 am 3rigso 3 (28) n= 1213 komipok (MmikcemiB), a
it D = 134 mwm, | =23,6 mm, N = 3631 komipka (ImiKceb).

JlonycTumuii fianma3oH poOOTH ONTHUKO-ENEKTPOHHOTO OJIOKY BUMIPIOBAHHS MOJOXKECHHS
piauHHOTO TOPU30HTY 1 3a pe3ynbpTaTamMu 0OpOOKH pe3yJIbTyIOUOT0 CUTHAITY Y 010111 00pOoOKH
iHdopmaii 14 Bu3Ha4a€eTHCS 32 GOPMYIIOO

X, =120, 0 = iIE . (29)

VY BHUMAJKy, SKIIO PiBEHH HEMPO30POi PITUHHU S 3MEHIIUTHCS, HAPUKIIAMI, Yepe3 3MCH-

IICHHS PO3MIpPiB aMITYJIM BHACIIIJIOK ii OXOJIO/DKCHHS, @ BU3HAYCHHSI 3HAYCHb MiCIIb HYJIIB (pHC.

8) BUKOHAHI 3a 1HIIOTO PiBHA piauHM ( 32 OUTBIIT BUCOKOI TEMIIEPATypH), TO IIe TMPHUBEAEC J0

3MiHH 3Ha4eHb Miclpb HymiB MO7,MO7 na BenuunHy AMO. Toai HOBI 3HAYEHHS MICIb HYJIB
JOPIBHIOBAaTHMYTh

MO, = MO, + AMO, (30)
MO, = MO, + AMO (31)

[Micns 3miam a3y curHamy BiJg 0araToelIeMEHTHOTO OITHKO-EIEKTPOHHOTO JaBada
JiHIAHOTO TUNY 7' Ha IPOTUIIEKHY 1HBEpTOpOoM (azu curnany 9 (puc. 3), nepeTBOPEHHS LIOTO
EJICKTPUYHOTO CUTHAITY Ta EJIEKTPUYHOTO CHUTHATY Bijl 0araroeIeMEHTHOTO ONTHKO-EIIEKTPOH-
HOTO JlaBaya JiHIHHOTO THITy 7y IM(POBUI BUTIIS 32 JOMOMOTOK0 JBOKAHAIBHOTO aHAJIOTOBO-
(pPOBOTO MEPETBOPIOBAYA IMEPIOT Mapy OaraToeIeMEHTHUX ONTHKO-CJICKTPOHHUX JaBaviB
miHiftHOTO THIY 7, 7', i IdpoBi curHanu (MO'7, - MO'7) HagxoasTh yepe3 OJIOK KepyBaHHS
13 o 6moka 00poOku iHpopMariii 14, B TkoMy BH3HAYAETLCS CyMa ITUX CUTHAJIIB Ta 3HAYCHb -
MO7, MO7', Bun0o0yTHX 3 HOTO TIaM’STi, Ta OTPUMYIOTh Pe3yJIbTYIOUUI CUTHAI 3 ypaXyBaHHAM
(34) ta (35) y Burmsmai

MO, — MQ,, — MO, + MO, = MO, + AMO— MO, —AMO—-MO, + MO, =0.  (32)

7!

MO
AMO

Puc. 8. Bnius 3meHuienns piens Henpo3opoi piouHu Ha 8i0IKU MICYb HYLIB:

MO7, MO7' - 3nauenusn micyb HYi8 — nepuioi napu bazamoenemeHmuux OnmuKo-e1eKmpoH-
HUX 0a8auyis NiHitiH020 Muny 00 3MiHu pieHs Henpo3zopoi piounu 5; MO'7,MO'7' - snauenns
Micyb HYIB Yux dice bazamoenemeHmHuUx ONMUKo-e1eKmpOHHUX 0a8ayie JiHIUH020 MUNY
nicis 3MiHU pieHs Henpo3opoi piounu 5; AMO — 3smina 3HayeHHs Micysl HYJis

To6T0 3MeHIIeHHs (301UIbIIEHHS) PIBHS HEMPO30pOi PIAMHU 5 HE BIUIMBAE HA PE3YJIbTY-
104€e 3HA4YeHHS cUrHaimy. OTKe ONTHUKO-E€JIEKTPOHHUHN OJIOK BUMIpIOBAHHS MOJIOKEHHS PiIUH-
HOTO TOPU3OHTY 1 HE UyTJIIMBHI 70 3MIHH PIBHS HETPO30POi PIIMHU S Y TEPMETHYHIN aMITyTi
4, HanpuKia, BHACTIIOK 3MiHM 00’ €My repMETHYHOI aMITyJIH Yyepe3 3MiHy TeMIlepaTypy HaB-
KOJIMIIHBOTO CEPEOBUIIA.
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SIK1Io mpuUCTpii U BU3HAUCHHS BEPTHUKAJI HA PyXOMOMY 00’€KTi PO3TalIOBaHO HA JH-
CTaHLIHHO KEPOBAaHOMY 00’ €KTI, TO JJIsl HOrO (PYHKIIOHYBAaHHS HEOOXITHO, 00 eNECKTPOHHUN
0siok kepyBaHHs 13 OyB €IEKTPUYHO 3B’S3aHHM 3 OJOKOM KepyBaHHS CaMOTO PYXOMOTO
00’€eKTy, 1110 3a0€3MeYUTh JUCTAHIIHHE KEPYBAHH pPOOOTO MPUCTPOIO, Ta BIAMIPABICHHS OT-
puMaHoi iH(opMaIlii Ha CTaHIIIIO CIIOCTEPEKEHHS, a 32 HEOOX1THOCTI 3a 3HAUEHHSIMH TaHTaXKy
Ta KPeHYy, OTPUMAHUMU B €IIEKTPOHHOMY OJIOIIi KepyBaHHS 14 BUKOHYBaTH BUIIPABJICHHS 3Ha-
YEeHb TAHTaXXy Ta KPEHY PYXJIMBOTO 00’ €KTY J0 MiHIMAJIbHHUX 3HAYCHb.

BucnoBku. Ha piBHI KOpHUCHOT MOJiei po3po0IeHO PYHKITIOHATBHY CXEMY IPUCTPOIO JUIS
BU3HAUCHHS TIOJIOKEHHS BEPTUKAJ MiABUIIEHOT TOYHOCTI JIJIsi 3aCTOCYBAaHHS HA JITAIBHUX
amaparax, IpU3HAYCHUX JIJIs aepO3HIMaHHS, 30KpeMa Ha Oe3MiJIOTHUX JITATbHUX araparax.
Hageneno popmynu amst po3paxyHKy rabapuTiB repMETHYHOI aMITyJIM ONITUKO-EJIEKTPOHHOTO
0JIOKY BUMIpIOBaHHS TOJIOXKEHHS PIJMHHOTO TOPU30HTY 3aJIeKHO BiJ UyTIUBOCTI CTOCOBHO
IPOCTOPOBOTO MOJIOKEHHS PIAMHHOTO TOPU30HTY Ta PO3MIPIB aMITyJid. ATIpiOpHI PO3paxyHKH
MOKa3yH0Th, 110 PO3POOJICHHUN TPUCTPIN MOYKE MATH Yy TJIMBICTh CTOCOBHO TIOJIOKEHHS PiJIUH-
HOTO TOPU30HTY (BEpTHKANi) Bl KUIBKOX OJWHHIb KYyTOBHX CEKyHA. /laHO MaTemaTtudHe
OOrpyHTYBaHHSI BU3HAUYCHHSI MMOJIOKEHHS IMHAMIYHOI PIBHOBAru MOBEPXHI PITUHU MiA 4ac ii
3aTyXar4uX KOJUBaHb Y TEPMETUYHIHM aMITyJli HA OCHOBI T€Opii BU3HAYCHHSI ITOJIOKEHHS PiBHO-
Bard 4y TJIUBOTO EIIEMEHTY TiPOTEOI0JIITY, IO CYTTEBO CKOPOUYE Yac Ha iHAMKAIIIIO TPOCTOPO-
BOTO TIOJIO)KEHHSI PIIMHHOTO TOPH30HTY Ha AUISHKAX PIBHOMIPHOTO MEpPEMIIIeHHS HOCIsA
3HIMaNBHOI amapaTypu. Peanizaiis 1aHoi po3poOKH T03BOJHUTH IMiJIBUIUTH TOYHICTH BHU3HA-
YEeHHsI TAaHTa)XXy Ta KpeHy HOCIis 3HIMaIBHOI amaparypu Ta y MiJICYMKY HiJBHIIUTHA TOYHICThH
OTPUMAaHHS KOOpIUHATHOI iH(opMaIlii, OTpUMaHOT METOJIOM aepO3HIMaHHS.
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DEVICE FOR DETERMINING THE POSITION OF VERTICAL
ON UNMANNED AIRCRAFT DESIGNED FOR AERIAL PHOTOGRAPHY

Unmanned aerial vehicles (UAVs) are used in various spheres of human activity. However, the main task of using a
UAV is to obtain coordinate information about terrain objects.

The accuracy of determining the coordinates based on the results of aerial photography largely depends on the accu-
racy of determining the spatial position of the aerial camera at the moments of photographing, which in turn depends on the
values of the pitch and roll of the carrier of the survey equipment, which can be determined using vertical (horizon) sensors.

The analysis of known devices for reproducing the position of the vertical (horizon), which are placed on moving ob-
Jjects, based on the properties of a physical pendulum, using accelerometers as an indicator of the horizon of a circular level,
has been carried out.

Analysis of the known technical solutions showed low accuracy and reliability of vertical reproduction on moving objects,
which also causes low accuracy in determining the pitch and roll of the carrier, and, as a result, coordinate information.

The purpose of this article is to develop a functional model of the device for determining the vertical position of in-
creased accuracy for use on aircraft intended for aerial photography, in particular with UAVs.

The article provides a functional diagram of a device for determining the vertical position of increased accuracy for
use on aircraft and the principle of operation of the device. The mathematical substantiation of the signal values for calculat-
ing the pitch and roll values is given. Formulas for calculating the dimensions of a sealed ampoule of an optoelectronic unit
for measuring the position of a liquid horizon, depending on the sensitivity with respect to the spatial position of the liquid
horizon and the dimensions of the ampoule are given. Calculations showing that the developed device can be sensitive to the
position of the liquid horizon (vertical) from several units of angular seconds have been performed. The determination of the
position of the dynamic equilibrium of the liquid surface during damped oscillations in a sealed ampoule is mathematically
substantiated, which significantly reduces the time for indicating the spatial position of the liquid horizon in the areas of uni-
form movement of the carrier.

The development is protected by a patent for a useful model, and its implementation will improve the accuracy of deter-
mining the pitch and roll of the carrier of the survey equipment and, as a result, increase the accuracy of coordinate infor-
mation obtained by the method of aerial photography, including the use of UAVs.

Keywords: unmanned aerial vehicle; aerial photography, vertical (horizon) sensor; pitch; roll.

Fig.: 8. References: 19.
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MOHITOPUHTI YACTKHU 3EMEJIb TPAHCIIOPTY B 3EMEJIbHUX TOPI'AX

Tpancnopmuuii cekmop Ykpainu nompebye cymmesux 3MiH Y 3eMIeKOPUCYBAHHE 8I0N0BIOHO 00 MINCHAPOOHUX Y200.
Heobxiono cucmemamusysamu nousmms 3emeib mpancnopmy, RpOaHanizyeamu meHoeHyii w000 GUKOPUCIMAHHI 3eMeNb Ol
maxux yinetl 8 po3pizi 6IACHUKIS 3eMli MA 3eMIEKOPUCYBAYIS, A MAKONC OKPECIUMU NePCREKMUBU PO3GUMKY 3eMIEKOPUCHTY-
6AHHSL MPAHCNOPMHO20 cekmopa Yipainu. Biocomok aykyionis, Ha sIKi GUHOCAMb 3eMli MPAHCROPNTY, 3AIULLAEMbCSL HeGeU-
KUM, OCKIIbKU 3eMJli MPAHCNOPMY He KOPUCMYIOMbCsL NONUMOM HA 3eMelbHUX mopeax. Lle modcna nosichumu 6i0cymuicmio
DiHAHCOBO-CNPOMOJICHUX YYACHUKIE AYKYIOHY ceped YKpaiHyie, HedOCmamHio HAnoOGHeHICMmb 0100Jcemie ma HeOOCMAamHe
sucsimienns pooomu aykyiowis. Cnio 3aysasxcumu, wo 01 Jlveiecvkoi obnacmi 8i0COmok aykyionis 014 3emelb MpaHcnopny
ckaaoae 0o 40 % ycix aykyionie ¢ Ykpaiui, o ceiouums npo po3eumox mpaHCnopmHoi 2ay3i Ha mepumopii obracmi.

Knrouoei cnosa: semni mpancnopmy; 3emensHi mopeu, 3eMieKOpucmysants,; 3emenvhi aykyionu,; [epoiceeokadacmp.

Tabn.: 4. Puc.: 5. bi6n.: 9.

2

AKTyalbHicTh Temu JociaiizkeHHs. Ha cporoani 3rimHo 3 mpoektoMm Ilpesuaenra
Vkpaianu «Benuke OyaiBHUIITBO» Ta MEPEXOAY 0 €ICKTPOHHOTO OOIIKY 3eMeNlb BUHUKIIO TTH-
TaHHs PO BHECEHHsI JJAHUX PO 3eMJIi TPAHCIIOPTY 110 MyOIiyHOT KaAacTpoBOi KapTu YKpaiHu,
MPUCBOEHHS KaJaCTPOBUX HOMEPIB YK€ ICHYIOUMM 00’ €KTaM TPaHCIOPTHOI CUCTEMH, a TAKOXK
OTPUMAHHS IX JJIS 3alPOEKTOBAHUX 00 €KTIB 3a paXyHOK 3MIHHU LIIJILOBOTO NMPHU3HAUEHHS 3€-
Menb. OO6IIK 3eMenb TPAHCIOPTY J03BOJISIE B MOJANBIIOMY yJIOCKOHAJIUTH TPAHCIOPTHY CH-
cTeMy YKpaiHH Ta MPUBECTU A0 €(PEKTUBHOTO rOCIOIAPIOBAHHS Ha LIUX 3EMIISIX.

IMocTanoBka nmpodseMu. 3emMili TPAHCIOPTY OXOILTIOIOTH BEIMKHM CIIEKTP 3E€MIIEKOPUCTY-
BaHHS. PO3BUTOK TPaHCHOPTHOTO CEKTOpPY YKpaiHW MOTpedye CYyTTEBUX 3MIH y 3€MIIEKOPUCTY-
BaHHI 3T1THO 3 MDKHAPOIHUMH yrojgamu. Onepyrodu TOCTYITHUMH IS JOCTIIKSHHS HKepeslaMu
iH(opMallii, Ha TeTepilHii Yac TaKUX 3MiH HE CIOCTEPIraeThCsl, TOMY HEOOX1THO MPOBECTH J0-
JTATKOBI1 IOCIIIKEHHS 00JIIKY 3€MeJIb TPAHCIIOPTY 3a PaXyHOK aHaJli3y 3eMEeNbHUX TOPTiB YKpaiHU.

AHaJi3 ocTaHHix gociaimkensb i myouaikanii. Cranom Ha 01 ciuns 2016 p., 3a qaHuUMH
Hepxreokanactpy [2], KUIBKICTb 3eMeNb B YKpaiHi, IKI BUKOPUCTOBYIOThCS JUIsSl TPAHCIIOPTY,
cTaHOBMJIO 496,8 THC. Ta, 0 OXOIUITKE BEIUKUI CIIEKTP 3€MJIEKOPUCTYBaHHs. PO3BUTOK TpaHC-
MOPTHOTO CEKTOpY YKpaiHu MoTpeOye CYTTEBUX 3MIH Yy 3€MJIEKOPHCTYBaHHI BIAMOBIIHO 10
MDKHapOAHUX yro. Omnepyroun AOCTYIHUMHU AJIs AOCITIDKEHHS JDKepenamMu iHopmarii, Ta-
KHX 3MiH He crocTepiraetbes. OgHaK MIXXHAPOAH1 YTOJIU Ta MPOEKTH 3aKOHOJaBUMX aKTiB CBiJI-
4aTh MPO NEPCHEKTUBY PO3BUTKY 1 3HAUHUI MOTEHIIiaN yCiX raigy3eil TpaHcnopty Ykpainu [3].

BukonaBmu anami3 ganux 3 2010 mo 2015 pp., cocrepiraeTbcsi TCHACHIIIS 301TBIIICHHS
IUIOINI 3€MeNTb MiJ JoporaMu, ska 3pocia 3 309,4 tuc. ra g0 321,9 tuc. ra i BogHOYaC 3MEH-
IICHHS 3eMelb i 3ami3HuisamMu Ha 10,9 Tuc. ra. Takox HECyTTEBO 3MEHINUIIACH TUIOIIA TTiJT
aeporopTamMH Ta BiANOBIAHUMH CIIOpyAaMu — Bcyoro Ha 1,0 Tuc. ra.
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BinseneHHs 3emMenb y BIacHICTh a00 KOPUCTYBAHHS YacTO BiIOYBAETHCS YePe3 KYITIBIIIO-
npoaax 3emui. HaObyTTs mpaBa BIacHOCTI Ta OPEHIU 3€MENIbHUX JUISTHOK 4Yepe3 3eMeTbHUN
ayKIIOH — OJMH 31 CIOCO0IB iX MPOJaKy B HAMKOPOTII TEPMiHH, TPOTE HE 32 MAKCUMAJIbHO
BUT1JTHOIO LIHOKO. 3a OI[IHKOIO Pe3yJIbTaTiB 3eMeJbHI TOPTH XapaKTePHU3YIOThCS BiJ €MHUMHU
noka3Hukamu. Cy4yacHi yMOBH, 0e33alepeyHo, BUMAraloTh YperyJfoBaHHs Ha 3aKOHOJaBUOMY
piBHI HU3KM BUMOT CTOCOBHO OpTaHi3allii Ta IpoBeIeHHs 3eMeIbHUX ayKI[IOHIB JUIsi CTBOPEHHS,
nepeayciM, yMOB JUIsl IX IPOBEJCHHS Ha KOHKYPEHTHUX 3acanax [9].

3 MeTOoI MOAepHi3alii TPaHCHOPTHOI 1H(PPACTPYKTypH NOUUIBHHUM € MOJAIbLIL J0-
CIIIJDKEHHSI OKPEMHUX Tajly3eil TpaHCHOPTY, IO € MEepeayMOBOI0 PO3BUTKY MapTHEPCTBA Jep-
KaBM Ta MPUBATHOTO Oi3Hecy. Takox HEOOXIAHO MpoaHai3yBaTH CTATHCTUKY 3E€MENIbHUX
TopriB YKkpainu, ajpke 10BiKy 6-3em mpo ckman yrias Biamiamwmm 01.01.2016 poky, 1mo yHe-
MO>KJIMBIJIO OTPUMAHHSI IAaHUX TIPO CKJIAJ 3eMelb YKpainu [5; 6].

Buainennsi HegoCHiIKeHUX YACTHH 3arajbHoi mpoodJjeMu. BiAmoinHO A0 iCHYIOUHX
IPOEKTIB MOJIEpHI3allii aBBTOMOOUTPHUX NUIAXIB YKpaiHu (peMOHT Ta OyAiBHUITBO HOBUX) Ta
1HIIOT TPAHCMOPTHOI 1HPPACTPYKTYpHU, HEOOXIHO IOCHIITUTH MPABOBUI CTAaTyCc 3eMellb, Ha
SKHX IUIAHYETHCS BUKOHYBATH BIJTOBIHI POOOTH, Ta OLIIHUTH TEHICHIIi1 BCTAHOBJICHHS IpaBa
BJIACHOCTI 3€MeJb TPAHCTIOPTY.

Meta aocaimkenHsi. HeoOXimHO cucTeMaTH3yBaTH TOHSTTS 3€MENb TPAHCIOPTY, IPO-
aHaJi3yBaTH TEHJEHIIIi 00 BUKOPUCTAHHS 3eMelb Ul TaKUX IiIel y po3pi3i BIaCHHUKIB 3eMITi
Ta 36MJICKOPUCTYBaUiB, OKPECIIUTH MEPCIIEKTHBU PO3BUTKY 3€MJICKOPUCTYBAaHHS TPAHCIIOPTHOTO
ceKTopy YKpaiHu. BU3HaunTH 4acTKy 3eMeNb TPAHCIIOPTY B TOPrax Ha KOHKYPEHTHHX 3acaiax.

Bukusiag ocHoBHOTo MaTtepiay. BinqnoBigHo 10 cT. 67 3eMenbHOT0O KoAeKcy Ykpainu [1]
3eMJIi TPaHCIIOPTY HAJAOTHCS OpraHi3allisM, TIANPUEMCTBAM Ta YCTAaHOBAM JUISI PO3BUTKY, pe-
MOHTY ¥ eKcIuryaTallii 00’ €KTIB TPaHCIOPTY. 3eMJIl TPAHCIIOPTY MOXKYTh TepedyBaTu B Jiep-
YKaBHIM, KOMyHaJIbHIH Ta MPUBATHIN BIACHOCTI. 3@ MOTOJKEHHSM OpraHiB MiCIIEBOTO CaMOBPsI-
JyBaHHS Ta OpraHiB MiCIIeBOI BHUKOHABYOi BIAJW 3IHCHIOETHCS BUKOPUCTAHHS 3E€MEb
TPaHCHOPTY, MOB’s3aHE 3 PO3MIIIEHHAM 00’ €KTIB Ta CIOPYA TPAHCIOPTY Ha TakuX 3emisix. Ha
TPAHCIOPTHI MIANPUEMCTBA, SKUM HAJAIOTHCS 3EMENbHI JUISTHKHA, TOKJIAJCHO J0JaTKOBI
000B’13KH HAJIEKHOTO X BUKOPUCTaHHS Ta OXOPOHH.

3rigno 3 KBUII3(Knacugikarii BUIB IIIIbOBOTO MPU3HAYEHHS 3eMeb) [4] KO)KHOMY M-
BUJy 3€MeNb TPAHCIOPTY HAIEKUTh BIAMOBITHUHA KOA, sSIKMW momaHo B Tabn. 1. 3a maHumu
Hepxreokanactpy [2] cranom Ha 01.01.2016 poky B YkpaiHi mia 3eMJIIMU TPAaHCIIOPTY BUKO-
pucTtoByeThest 496,8 ra 3emii.

Posnonin 3emens TpaHciopTy HaBeZeHO Ha puc. 1. 3 miarpamu, HAMOUTBITY YaCTKY 3€Meh
TPAHCIIOPTY CKJIAJAIOTh 3eMili aBTOMOOUThHUX Jaopir (39,9 %), a HaliMeHIIy BiABEACHO IiJl
3eMJI1 BOJIHOTO CIIOTYYEHHS.

Tabmurs 1
Knacudghixayisa eudis yinbosoco npusnauenns [4]
Ko KBLII3
— H - Ha3sga
Po3nin [linpozain
1 2 3
Cexkuist J 3emui TpaHcmopTy (3eMIIi, HaJaHI MIANPHEMCTBAM, YCTaHOBaM Ta OpTraHi3aIlisiM
12 3JTI3HAYHOTO, aBTOMOOUTFHOTO TPAaHCIOPTY 1 JOPOKHBOTO TOCIOAAPCTBA, MOPCh-

KOTO0, PIYKOBOTO, aBiamiifHOTO, TPYOOMPOBIAHOTO TPAHCIIOPTY Ta MICHKOTO €NIEKTPO-
TPAaHCIOPTY AJI1 BUKOHAHHS MOKIAJCHUX HAa HUX 3aBJaHb IIOJ0 EKCIUTyaTarlii, pe-
MOHTY 1 PO3BUTKY 00’ €KTiB TPAHCTIOPTY)

12.01 JIist po3MilieHHs Ta eKCIuTyaTarlii OyaiBelb i Copy 1 3alli3HHIHOTO TPAHCIIOPTY
12.02 JIist po3MilieHHst Ta eKCIuTyaTamii OyaiBelb i Cmopy, 1 MOPCHKOTO TPAHCIIOPTY

12.03 JIist po3MileHHst Ta eKCILTyaTamii OyaiBelib i CIopy I PIYKOBOIO TPAHCIIOPTY
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3akinyeHHs Taoi. 1

1 2 3

1204 Jis po3MiIeHHS Ta eKCIDTyaTamnii OyaiBesb i CIopy 1 aBTOMOOITTBHOTO TPAHCHIOPTY Ta
JIOPO’KHBOTO TOCIIOIAPCTBA

12.05 Jis po3MinieHHs Ta eKcIuTyaTanii 00’ €KTiB TpyOOIPOBITHOTO TPAHCIIOPTY

12.06 Jnst po3MilieHHs Ta eKkcIutyaranii 00'ekTiB TpyOONPOBIAHOTO TPAHCIIOPTY

12.07 Jnst po3MillieHHs Ta eKcIuTyaranii Oy liBelb i CHOpY T MiCHKOTO eJIeKTPOTPAHCHIOPTY
1208 Huis pOBMiHICHH?[ Ta eKCHnyanluiT OyziBerns i criopy. JOJATKOBHUX TPAHCTIOPTHUX MO-
CIIYT Ta JONOMIDKHHX OIeparii

12.09 Jis po3MileHHs Ta eKcIuryarailii Oy IiBenb i copy 1 iHIIOro Ha3eMHOTO TPAHCIIOPTY
Jus mie#t migpo3mimis 12.01-12.09, 12.11 ta ans 36epeskeHHS Ta BUKOPHCTAHHS 3¢€-

12.10 .
Melb IPUPOAHO-3aI0BIIHOr0 (HOHILY
12.11 Jis po3MimieHHs Ta eKcIuTyaTarii 00'€KTiB TOPOKHBOTO CEPBICY
o w
I 4,7% TpyBonposigHui

aHcnopT; 8,9% 3
MopcornK

{ w=_ TpaHcnopT; 4,9%
JanisHUuHMiA :

TpaHcnopT; 26,1% : BoaHwuu
TpaHcnopT; 3,8%

\ MoeiTpAHWIA
TpancnopT; 11,7%
\ .

AsTomobinbHui

TpaHcnopT; 39,9% S

Puc. 1. Cmpykmypa 3emens mpancnopmy Vkpainu 'y % eionoutenti

3abe3nedeHHs PyHKIIOHYBaHHS 3eMeNb TPAHCIOPTY, @ CaMe JJOPOTH, 3aIi3HMIIL, AePOIOPTH
TOILLO € OJHI€] 3 HAWBaKJIMBIIIKX Tady3eldl eKOHOMIKM YKpaiHu. BoHO crpuse HOpMalbHOMY
COIATbHO-€KOHOMIYHOMY PO3BUTKY, (DYHKIIIOHYBaHHIO Tally3el CyCHUIBHOTO BUPOOHHIITBA Ta
3MILHEHHIO 000POHO31aTHOCTI I€p’KaBH i MIXXHAPOAHOMY CHIBpPOOITHULTBY Y KpaiHu.

3eMJIi TPaHCIIOPTY OXOIUTIOIOTH BEJIIMKUN CIIEKTP 3eMIIEKOPUCTYBaHH:S. PO3BUTOK TpaHC-
MOPTHOTO CEKTOpY YKpaiHu NOTpedye CYTTEBUX 3MIH Yy 3€MIJIEKOPUCTYBaHHI 3TiHO 3
MDKHapOIHUMH yrojgamu. Onepyroun JOCTYITHUMU IS TOCHIDKEHHS pKepeaamMu iHdopmariii,
TaKUX 3MIH He crocTepiraerbea. OHaK MIKHApPOJHI YIoJU 1 MPOEKTH 3aKOHOAABUMX aKTIB
CBIJYaTh MPO MEPCIEKTUBY PO3BUTKY 1 3HAYHHUI MOTEHI[IAM YCIX rajTy3ed TpaHCIopTy Y KpaiHu.
Jo npuxnany, BinnosinHo 10 npoekty [Ipesunenta Ykpainu «Benuke byniBaunrsoy» [7], Ha
teputopii JIbBiBChKO1, IBaHO-DpankiBehKoi Ta 3akapnaTcbkoi odnactei y 2020 poui po3noya-
Jocst MpoeKTyBaHHs Ta OyniBHUITBO «Mainoro Kapnarcekoro xomna», OyniBHUITBO «IliBHIY-
HOTO 00X0y M. JIBBiB, JIbBIBChKA 00aCTh» Ta OYIIBHHUITBA «BEIUKOT0O TPaH3UTHOTO KUIBIISA
M. JIbBOBaY (puc. 2).
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YLz o V; onamin

=

Lo pamany

Puc. 2. IIpoekm 6yodisnuymea «llisniunoco 06x00y m. JIbeosay
ma «Benukoeo mpanzummnoeo xinvys m. JIveosay [8]

IIpoananizyBaBiuu cratucTuuHy iHpopmariro 3 2010 no 2015 pp. orpumany 3 10Bi10K 6-
3em (Tab. 2) [3] criocTepiraeTbest TEHACHIIIS 301TBIIICHHS IO 3€MEeJTb M1 I0poraMu 1 BOJI-
HOYaC 3MEHIIEHHS 3eMelb i/l 3aIi3HULISIMU Ta aeporopTaMH.

Tabmurs 2
Po3nooin euxopucmanns semens mpancnopmy 3a nepioo 2010-2015 poxis [3]

3emuti, IKi BHKOPHUCTOBYIOTBCS ISl TPAHCIIOPTY
. OuHuUIl Y tomy umci
Pix . - "
BUMIpY Bceroro . . . [Tixg aeponopramu Ta ix . .
[Mix noporamu | [1ix 3ami3HULSIMU [Hmm1 3emumi
CopyIaMu

2000 Tuc. ra 493,3 309,4 123,1 21,0 39,8

% 100 62,7 25,0 4,3 8,1

2005 Tuc. ra 491,2 312,9 118,0 20,4 39,9

% 100 63,7 24,0 4,2 8,1

2010 Tuc. ra 494,6 320,0 113,8 19,0 41,8

% 100 64,7 23,0 3,8 8,5

2015 Tuc. ra 496,8 321,9 112,2 20,0 42,7

% 100 64,8 22,6 4,0 8,6

+ o poky | Tuc. ra 35 12,5 -10,9 -1,0 2,9

3 MeToI MOJEpHi3allil TPaHCHOPTHOI 1H(PACTPYKTYpH AOLUIBHUM € TOAaNbIIl JI0-
CIIDKEHHSI OKPEMHUX Taly3eil TPaHCHOPTY, IO € MEePeayMOBOIO PO3BUTKY MapTHEPCTBA Jep-
JKaBU Ta MPUBATHOTO Oi3HECY.

AHani3 1ineii Ta TpiOpUTETIB PO3BUTKY TPAHCIIOPTHOTO CEKTOPY YKpaiHW TOBOPUTH MPO
T€, 10 HEOOX1THO TaKOXXK BpaxyBaTH €KOJIOTIYHI aCTIEKTH 3€MJICKOPUCTYBAHHS, IIJITXOM ITPO-
BEJICHHS €KOJIOT1YHOT OIIIHKY Ta OLIHUTH BIUIMB Ha JOBKULIS BCiX BUJIB TPAHCIIOPTY, 5K 3eM-
nexkopucTyBaviB. HuHI BiICyTHI BUIUMI OLIIHKHY 3MiH y 36MJICKOPHUCTYBaHHI, sIKi 3yMOBJIEH1 11O~
KpalleHHsIM TPaHCIOPTHOI cTpaterii YKpaiHu.
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[Ipoanaii3zyBaBII CTATUCTHKY 3€MeNIb TpaHCTOpTy 70 2016 poky, 3rigHO 3 TOBIJIKOKO 6-
3eM, MO>KHA 3pOOUTH BHCHOBOK, IIIO BIJICOTKOBE CITIBBIJIHOIICHHS LIMX 3€MENb JI0 3arajbHoi
IJIOMII 3eMeNIb YKpaiHU HE 3MIHIOEThCS 3 pokamu. sl moganbIuX JOCTIKEHb 3MIHHM Kijlb-
KOCTI 3eMeJb TPAHCIIOPTY Ta aBTOMOOUTHHOTO TPAHCHOPTY 30KpeMa, 3BEPHEMOCS 10 CTaTH-
CTHKH 3eMEJIbHUX TOPTiB YKpaiHH.

CraTtucTuka 3eMelbHUX TOPTiB HAa KOHKYPEHTHHX 3acajgax Beaerbes 3 30 Oepesni 2013. Y
niepiof 3 30 6epes3ns 2013 poky mo 30 xoBTHS 2021 poky (BpaxoBYrOUH 3aljIaHOBaHI TOPTH)
10 BCiHi Teputopii Ykpainu orojoieHo 54777 ayKilioHIB, JOTaMU B SIKUX BUCTYTIATH 3€MJI1 BCIX
Kateropiiu, 3 HuX 504 J10TH BITHOCATHCS 10 3€MEJb TPAHCIIOPTY.

ko x BuokpeMuTd M. JIbBiB 1 JIBBIBCbKY 0071aCTh, TO 32 BKa3aHUU Mepioa 0yJIo Orosio-
meHo 218 Topris, ToTaMu SKUX OyJI 3eMJTi TpaHCIOPTY. Y TalOJl. 3 HaBEACHO CTAaTUCTUKY ayK-
I[IOHIB Ha BCIH TEPUTOPIi YKpaiHHU: IO BCIX KATETOPIsX 36MEIIb, IO 3eMJISIX, 0 BITHOCATHCS 710
KaTeropii 3eMenb TPaHCHOPTY Ta 1o TepuTopii JIbBIBChKOI 001acTi y1st 3emMenb Kareropii 12.

Tabmuis 3
Kinvxicmo oconowenux aykyionie 3a nepioo 30.03.2013 no 30.10.2021 poxu
Pik Ykpaina JIbBiBChKa 00JIACTh
3emuti BCiX IpU3HAYCHD 3emiti TpaHCIIOPTY 3emuti TpaHCIIOpTY
30.03.2013 374 9 4
2014 1135 22 7
2015 2967 15 3
2016 3795 18 7
2017 4682 39 14
2018 7003 57 26
2019 11315 95 36
2020 13170 164 76
30.10.21 10336 85 45
Beporo 54777 504 218

3 puc. 3 BUIHO, 110 IOPIYHO KIJIBKICTh ayKIIOHIB HA 3eMJII0 3pOCTA€, OJTHAK YacTKa ayK-
I[IOHIB JIJIs1 3€MeJIb TPAHCIIOPTY € BIAYYTHO MaJIoo 1 cTaHOBUTH ycboro 0,92 % Bin 3aranbHOi
KUIBKOCTI. SIKIIO 5K MOPIBHIOBATH KUIBKICTh 3€MEJIbHUX TOPTiB JuIs Kateropii 12 y JIpBiBcbKOi
o0racTi Ta Ha BC1i TepuTopii YKpaiHu, TO BOHU CTAaHOBJIATH 43 % Bij yCiX 3allJJaHOBAHUX ayK-
I[I0HIB, IIIO CBIAYUTH MPO PO3BUTOK TPAHCIIOPTHOI ray3i Ha TepUTOPii 00JaCTi.

WinsicTh RO AEAHKN 20l AKET TOPD Ha
HOHNYDENTHAR Balalde

000
4000
Hn
s ral o F - ILE Lokl AT HH ] I 1 ar]

OK SUARTLH0I TORE [0 TOPriS SR THIHCTOETY

Puc. 3 I'paghix xinvkocmi npogedenux mopeie 6 Yrpaini
Ha KoHKypeHmHux 3acaoax 3 2013 no srcoemenv 2021 pp.
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3 rpadika (puc. 4) Ta Tab1. 4 BUIHO, 1[0 CyMapHa IO 3eMENbHUX JUISTHOK TPAHCIIOPTY,
10 BUCTABJICHHI Ha 3eMelbHI Topru 3 2018 poky 30unbinytoThes. Y 2020 poili cymapHa miomia
3eMellb BUCTABJICHUX Ha TOPTH 3pocia 2,2 pasa. Skmio x anamizyBatu 2021 pik, To 3arajibHa
TIoMIA AUITHOK € MeHIo Ha 20 % y nopiBHsHHI 3 2020 pokoM, ajie 11e 3yMOBJICHO THM, 1110
piK IIIe TPHUBA€E 1 BEJIMKA YacTKa ayKI[IOHIB BiJIOyBa€ThCA HAINPHUKIHII POKY. YChOTO 3a J0-
CJIIJDKYBaHHM Tepio/] Ha 3eMeTbHUX TOPrax BUCTABICHO 3eMENbHI IIITHKH TPAHCIIOPTY 3arajib-
Hoto 1omero 239,57 ra, 3 Hux 100,67 ra po3ramoBani Ha TepuTopii JIbBIBCbKOT 001aCTi.

YyacTbh 3emens TDEHCNoPTY,
B 3EMENBHWUX TOprax
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Puc. 4. Cymapni nnowi 3emens mpancnopmy, eucmaeneni

Ha 3eMelbHi mopeU y 8i0N08IOHUX POKAX

Tabnura 4
Inowi 3emeny mparncnopmy, uneceHi Ha 3emMelbHi mopau
i3 KoHKypenmuumu 3acadamu y 2013-2021 pp.

Pik Ykpaina JIbBiBChKa 00J1aCTh
30.03.2013 7,6533 0,5838
2014 24,2955 2,2762
2015 24,8989 1,4113
2016 7,507 2,6787
2017 21,7749 3,4076
2018 26,1642 13,2654
2019 31,2569 23,5799
2020 59,9148 29,7503
30.10.21 36,1058 23,7144
Bceboro 239,5713 100,6676

[Tounnaroum 3 2018 p. cnocrepiraeTbCsi TEHACHLIS 301IBIICHHS MPOBEACHHS 3€MEIbHUX
TOPriB Ha KOHKYPEHTHHUX 3acajiax K B YKpaiHi 3arajiom, Tak 1y JIbBIBChKil 00s1acTi 30kpema
(tabm. 3). SIx BUAHO 3 puC. 4, yacTKa IUIOLI 3€MeNlb TPAHCIOPTY, BUCTABIECHUX HAa TOPTH,
JIpBiBCHKOT 00J1aCTI BITHOCHO BCiX 3eMeNb B YKpaiHi € BaroMmoro, Ta gocsarae 50 % (2020 p.). 3
YOT0 MOKEMO 3pOOMTH BUCHOBOK, IO 110 1HIIMX 00JacTAX YKpaiHH Taki 3eMJIi Ha TOPT'H BUHO-
cate ayxe piako (y 2020 p yceoro 88 rtoprie, Ha siki BuHeceHo 30,1645 ra 3emenp 13
59,5148 ra). OTxe, BIICOTOK TOPTiB Ha SIKi BUHOCATH 3€MJIi TPAHCTIOPTY 3aIMIIAETHCS HEBEIIH-
KHM, OCKUJIBKHU 3€MJI1 TPAHCIIOPTY HE KOPUCTYIOTHCS IIONIUTOM Ha 3eMeNIbHUX Toprax. Lle MoxkHa
MOSICHUTH BiJICYTHICTIO (hJiHAHCOBO-CIIPOMOXKHUX YHYAaCHHUKIB ayKI[IOHY cepell YKpaiHIliB Ta He-
IOCTATHIO HAIIOBHEHICTh OFOKETIB.
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Takox ciif BpaxyBaTH pe3yiabTaTH MIPOBEACHUX 3eMeTbHUX TOPTiB (Puc. 5), ki BBaXxkaemo
HE33/I0BUTBHUMH, OCKUIBKH KUIBKICTh NMPOJAHUX MPAB HA KOPUCTYBAHHS 3€MEIbHUMH JIIISH-
kamu € Mexax 70 %. 3Baxkarouu Ha Te, 1110 Ha TOPTU BUHOCUTHCS AyXKe HEBEJIMKA YacTHUHA 3e-
MeJlb TPAaHCTIOPTY, ycboro 239,5713 ra 3a BiciM POKiB, BpaXOBYIOUH pe3yJIbTATHBHICTH IIPOBE-
JIEHUX ayKIIOHIB (pUC.5), MOKEMO MPUIYCTHTH, 110 3 HUX npojaHo ymme 167,70 ra, a e He
3a0e3mnedye Haje)KHe (YHKIIOHYBAaHHS PUHKY 3€MJIl y TPAHCIOPTHIN ramy3i il He crpwuse
3MIITHEHHIO YKPaiHChKOT €KOHOMIKH.

M KinbHKicTe NpogaHwWx Npae Ha
HOPUCTYBAHHA OinAHKamMu, %

KinbkicTs aHynbOBaHKWX TOpPrie, %
B KinekicTe TOprie, WwWo He sigbynwcs,
%
- B KinbkicTe cHacoeaHwx Toprie, %

HinbKICTE TOPE pe3ynbTaTH AKKX
BiOCYTHI, %
H lHdopmauia Nnpo TOpru BiACYTHA, %

1% 2%
Puc. 5. Pesynemamusnicms mopeie 3a 2017-2019 [9]

BucnoBku. [IpoananizyBaBiiy BiICOTKOBE CIIBBIIHOIIEHHS YCIX MPOBEICHUX ayKI1OHIB
JI0 ayKIIIOHIB IMPOBEACHUX 32 Y4acTIO 3eMellb TpaHcnopty micus 2014 poky crocrepiraerbes
3HaYyHe 3MEHIICHHs MOMUTY Ha 3eMJli TpaHCopTy, a came Ha 0,5 % Bix ycix aykuioHiB. ITicis
2017 poky meit nokazHuk 30ubmyeThes 10 0,8 %, ane Bce-piBHO HE JOXOAUTH 10 piBHsA 2014
poky (2 %). Y 2020 poui moka3Huk 36inbmuBcs 10 1,25 %, mo cBig9uTh Mpo 301IbIIEeHHS TO-
MUTY Ha 3eMJTI TPAHCIIOPTY Ta PO3BUTOK TPAHCIIOPTHOI TATy3i.

[TuTaHHS KUIBKICHOTO OOJIKY 3€Mellb TPAHCIIOPTY 3aJIMIIAI0ThCSA HEJJOCTATHHO BUCBITIIE-
HUMHU. [[71s1 BUpimIeHHs 11i€l MPpoOJeMU MPOMOHYEMO PO3MIMPUTH KiIacU(pIKaTOp 3eMelb 3a
LIJIbOBUM NPU3HAYEHHAM, a caMe po3auinTH niapos3ainu 12.01 ta 12.04, 3 SKkux BUOKpEMHUTH
3eMJI1 M1 AOPOXKHIM MOKPUTTAM 3ali3HUYHUX Aopir (Hamp.12.011) Ta aBTOMOOUIBHUX AOPIT
(12.041) 1 ans po3MilieHHs Ta eKcITyaTanii OyaiBens i cnopyn BianosiaHo 12.012 ta 12.041.
e Hamamo O MOKJIMBICTH OpraHaM MICIIEBOIO CaMOBPSIyBaHHS OTPUMYBATH OUIBLI JO-
CTOBIpHY 1H(OpMaLlii Ipo 3eMeNbHI AUISHKUA Ta CIPHUIO O OUIBIIOrO 3alliKaBICHHS Ha 3e-
MEJIbHUX TOPTax.

BijncoTok aykiioHiB Ha fKi BMHOCSTH 3€MJII TPAaHCHOPTY 3aJIUMIIAETHCS HEBEIUKUM,
OCKIUTBKH 3€MJTI TPAHCTIOPTY HE KOPUCTYIOTHCS TIOMTUTOM Ha 3eMeNbHUX Toprax. Lle MoxHa 1mo-
SCHUTH BIJICYTHICTIO (piHAHCOBO-CIIPOMOKHUX YYACHUKIB ayKIIOHY Cepel] YKpaiHIB, HEMlO-
CTaTHIO HAIIOBHEHICTh OIO/IXKETIB Ta HEJJOCTATHE BUCBITJIIEHHS POOOTH ayKIIIOHIB.

[Tonpu 1e, ciig 3ayBaXkUTH, 110 A5 JIbBIBCbKOi 00:1aCTi MOPIBHSHO 13 BCI€IO TEPUTOPIEIO
VYkpainu, BIiICOTOK ayKLIOHIB AJIsi 3eMelb TPaHCIOPTY cTaHOBUTH 10 40 % ycix ayKIiOHIB B
VYkpaiHi, 1110 CBITYUTH PO PO3BUTOK TPAHCIIOPTHOI T'ajTy3i Ha TEPUTOPii 001acTi.
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MONITORING OF THE LAND OF TRANSPORT IN LAND AUCTIONS

To date, according to the project of the President of Ukraine "Large Congtruction” and the transition to electronic land regis-
tration, there is a question of entering these transport landsin the public cadastral map of Ukraine, assigning cadastral numbersto
existing transport facilities, and obtaining themfor projected objects by changing the purpose of the land. The accounting for transport
lands allowsto further improve the transport system of Ukraine and lead to efficient management of these lands.

Operating on the sources of information available for research, at present, such changes are not observed, so it is nec-
essary to conduct additional research on the accounting of transport lands through the analysis of land auctions in Ukraine.

Analysis of research and publications allows to obtain information on the accounting of transport lands only until the
end of 2015, which is currently outdated information.

In accordance with the existing projects of modernization of highways of Ukraine (repair and construction of new ones)
and other transport infrastructure, it is necessary to study the legal status of lands on which it is planned to perform relevant
works and assess trends in ownership of transport lands.

The aim of the research is to systematize the concept of transport lands, to analyze the trend of such lands use in terms
of land owners and land users, to outline the prospects for the development of land use in the transport sector of Ukraine.
Determine the share of transport lands in tenders on a competitive basis.

Based on the analysis of statistical data obtained from the State Geocadastre, the paper presents the analysis of infor-
mation on land auctions on a competitive basis. We singled out information about transport lands and obtained percentage
patterns of increasing the number of category 12 lands due to purchase and sale agreements for all territories of Ukraine and
for the Lviv region in particular. The analysis of the success of land auctions was also carried out and taken into account in
the final values of the received land areas.

The paper analyzes the number of land auctions in the period from March 30, 2013 to October 30, 2021 (including
planned auctions) throughout Ukraine. The percentage of the number of auctions for transport lands to the auctions for all
categories of lands is determined. It is determined that the percentage of auctions for which transport lands are transferred
remains small, as transport lands are not in demand at land auctions. This can be explained by the lack of financially viable
auction participants among Ukrainians, insufficient budgets and insufficient coverage of auctions.

Nevertheless, it should be noted that for Lviv region compared to the whole territory of Ukraine, the percentage of auc-
tions for transport lands is up to 40% of all auctions in Ukraine, which indicates the development of transport in the region,
which correlates with the project “Large Construction”.

Keywords: transport lands, land auctions; land use; land tenders, State Geocadastre.

Fig.: 4. Table: 5. References: 9.

Banuypa P., Cmoumiii K., Cepanrt O., Bitposuii A., Slpema H. MOHITOPUHT YacTKU 3eMeJb TPAHCIIOPTY y 3eMENbHUX TOprax. 7exuiuni Hayku
ma mexnonozii. 2021. Ne 3(25). C. 288-296.
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OCHOBHI BUMOI'K 1O O®OPMJIEHHS TA ITIOJAYI PYKOIIUCIB
HAYKOBHUX CTATEH IO HAYKOBOT'O XKYPHAJY
«TEXHIYHI HAYKH TA TEXHOJIOI'1I»

IlanoBHIi KonucyBayi!

Jlnst  momaHHS CTATTi HEOOXIAHO CIOYaTKy HAJICIaTH Ha EJICKTPOHHY ajpecy
tst.technical.g @gmail.com Barry crarTio, pelieH3ito Ta A0BiIKy mpo aBTopa (iB) is momepe-
JTHBOTO PO3TIIAY PEIAKIIIHOIO KOJIETi€r )KypHATY « TexXHIUHI HayKHd Ta TEXHOJIOT1i».

[Ticns oTpuMaHH NO3UTUBHOTO BIATYKY MPOXAHHS CIUTATUTH BapTICTh MyOuikamii 1 Bifm-
PaBHUTHU BECh MAKET JIOKYMEHTIB.

Jnst myOmikamii cratTi y xKypHaii « TexHiuHl HayKu Ta TEXHOJOTID» HeoO0XiTHO B 000B’513-
KOBOMY TOPSIIKY TOAATH:

— €JICKTPOHHUH BapiaHT CTaTTi, 0)OPMIICHO] 32 3pa3KoM;

— peleHs3ilo Ha CTATTIO 3a ITiIHCOM JIOKTOpa HayK;

— JIOBIJIKY TIPO aBTOPIB;

— KBUTAHI10 (CKaHOBaHY) MPO CILJIaTy BapTOCTI MyOuiKallii HayKoBOi CTaTTI.

OnyOiKyBaHHS HAYKOBUX CTaTell y kypHaii « TexXHiIuHI HAyKH Ta TEXHOJIOTI» € IUIATHUM.
Bapticte my6mikarii 1 cTopiHKE HayKoBOi cTarTi cTaHOBUTH 60 rpH (IpoxaHHsS 000B’SI3KOBO
YTOYHIOBATHU BapTIiCTh MyOumikanii). Omarta miaATBEpKYEThCS KBUTAHIIIEO.

YMoBHUu 11 YEJIIK‘AL[II; BUMOI'H 111010 O®OPMJIEHHA CTA TEI71, PEKBI3UTH
OIINTATH TA OCTAHHI HOMEPH HAYKOBOI O /KYPHA/1Y « TEXHIYHI HAYKHU
TA TEXHOJIOTII» PO3MIIIIEHO HA CAHTI HAI[IOHAJIBHOI' O YHIBEPCUHTETY
«YEPHITIBCHKA IIOJIITEXHIKA»:
http://tst.stu.cn.ua/

KonraxkTHa indopmaunis.

Marepianu HeoOXimHO Haacwiaatd Ha axpecy: 14035, m. Uepniris, Byn. llleBuenka, 95,
kopr. 1, k. 151.

KonTaktHa ocoba: MekiyH Ipuna MukonaiBHa.

Ten. po6.: (0462) 66-52-24

Ten. m00.: (093) 415-52-17

E-mail: tst.technical.§ @gmail.com

BinnosinaabHicTh 32 MaTepianu, HaBeJleHi y CTaTTi, Hece aBTOP.
HenpasuibHo odopMIieHi aBTOPOM CTATTS Ta CYNPOBiIHI JOKYMEHTH,
110 He BiANOBIIaI0Th 3a3HAYEHUM BUMOTIaM, PO3IJIsiAaTHCS He Oy1yTh.

Peoaxyis pozensdae naoxooicenusn nyoaikayii ma cynposionux 0oKymeHmie (peyensii,

008I0KU NPO A8MOPi8 mowo) K 3200y oonucysada (i8) wooo nepedayi a8MopcbKo2o npasd
HA BUKOPUCMAHHI MBOPY (MUPAXHCYBAHHS, POZNOBCIOOHNCEHHS MOUJO).
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BinnoBiganbHuiA 32 BUITYCK C. I1. Camron
Penakrop O. C. Cmenosa
TexHIYHUIA penakTop [. M. Mexkuryn

[Mignucano no apyky 28.09.2021. dopmar 60x84/8. YM. npyk. apk. — 34,64.
Tupax 100 np. 3amoBiierns Ne 48/21.

Penaxuirino-suaaBHuuni Bijia HamioHansHoro yHiBepcuTeTy «YepHiriBebka MmojliTeXHiKay
14035, Ykpaina, M. YepHiris, By:n. llleBuenka, 95.
CBiIOIITBO PO BHECEHHS Cy0’€KTa BUJIABHUYOI CIIPaBU
1o Jlep>kaBHOTO peecTpy BUIABITIB, BATOTOBIIIOBAYIB 1 PO3ITOBCIOKYBAUIB
BHIaBHIYOT npoayKilii cepist JIK Ne 7128 Bix 18.08.2020 p.
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