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CHUCTEMHI YABJEHHS OO0 MEXAHIYHOI OGPOBKH JIETAJIEN
3 HAIIVIABJIEHUM HOKPUTTAM

Pozensinymo numanna mexaniynoi 06pobxu 0emaneil i3 HANIABNEHUM NOBEPXHEGUM WAPOM. 3aNPONOHOBAHO 3A2ANbHI
VABNIEHHA CUCIEMHO20 NiOX00Y 00 CKIAOHOI MeXHIUHOI cucmemu, Ko € MeXaHiuHa 0OpoOKa HaniasieHux oemaneu i3 yHK-
YI€I0 8UCOMOBNIEHHS Oemaii 3 NOKPUMMAM i3 MIHIMATbHUMU 8UMPAMAaMU 32I0HO 3 UMO2AMU 00 NOKA3HUKIG AKOCTI 2006020
6upo6y. Buznaueno npasunio, 3a AKUM UPOOIAEMbCA 0EKOMNO3UYIS cucmemu: 06 €EKMuU HUICHbO20 PIGH OeKOMNO3UYil cuc-
memu 06pobKU HANIABNIEHO20 NOKPUMMS — Ye eleMeHmu, WO U3HAYAIOMb napamempu 63acMo0ii iHCMpyMennty 3 0emaiiio
ma pedxcumu pizanus. Ilokasano, wo ona onucy cucmemu 06podku demani 3 NOKPUMMAM 0OCUMb PO32TAHYMU YMOBHY iHpOp-
MAayiiHy cucmemy, wjo MiCmums iMIMayiiHi ma HAmypaibHi MOOENl — GUNAOK08020 30Y0CEHH S, 3HOULYBAHHS PI3AILHO20 [H-
cmpymenmy, opmysants MikpoHepigHocmell Ha 00poONenili NOBEPXHI, A MAKOIHC QOPMYBAHHS MEXHONOIYHUX XApaKmepuc-
muxk npoyecy obpooku. Hasedeno sapianm cxemu 0exomnosuyii cucmemu 00poOKU HANAABTIEHO20 NOKPUMMSL.

Kniouosi crosa: cucmema,; nannasiene nokpummsi;, MexaHiuha oopooxa, 0ekomMno3uyis, auanis, CUHMEs.
Puc.: 1. Tabn.: 1. bibn.: 9.

AKTYyaJLHICTh TeMH J0c/iIxeHHsA. OHUM 13 HAHOLTBIN MEPCIEKTUBHUX NUIAXIB TTiBH-
IIEHHSI Mpale3JaTHOCTI Ta JOBrOBIYHOCTI MAIIIMH Ta MEXaHi3MiB € IIMPOKE 3aCTOCYBAHHS PI3HUX
Croco0iB 3MILIHEHHS IXHIX JeTajiell, Kl MpaloTh B YMOBaX TEPTS Ta 3HOCY, HAILJIaBJICHHIM
3HOCcOCTiIkuMU Matepianamu [1; 2]. Ile oOyMOBItO€ MPOBEACHHS MOCTIKEHD 3 IMiIBUIICHHS
e(eKTUBHOCTI BUTOTOBJICHHSI 3MILHEHUX BUPOOIB Ha BCIX e€Tanax iX BUPOOHHUIITBA.

IMocTranoBKa npo6aemMu. Y OUIBIIOCTI BUTIAIKIB, SKI MAIOTh BITHOIIIEHHS JI0 BUTOTOBIICHHS
JeTaneil MaliH, TEXHOJIOTs HaIUIaBJIEHHsI He € (iHIIIHOIO, a € €JIEMEHTOM CTBOPIOBAHHS 3ar0TO-
BKH, TOMY JUII OTPHMaHHS TOTOBOTO BUPOOY € MoTpeda B 3aCTOCYBaHHI METO/IIB MEXaHI4HOI 00po-
OKH, SIK JIE30BO1, TaK 1 abpa3uBHOI. TOMy Ba)KJIMBUM € BU3HAYEHHS IEBHUX YMOB IIO/I0 TIPOBE/ICHHS
MeXaHIYHOT 00pOOKH 3 ypaXyBaHHIM 0COOIMBOCTEH 0OPOOIIOBAHOTO Marepiay.

© Cepriii Kitmmenko, Cepriit Psiouenxo, Cepriit Knumenko, Mapuna Koneiikina, Auapiit Manoxun, 2022
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AHaJi3 ocTaHHIX 10caiIKeHb i myOaikaniii. [TutanasM MexaniuHOT 00pOOKH neTanel i3
HaIIaBJICHUMH MMOKPUTTAMHU MPUCBSIYCHA HU3KAa MOHOTpadiit [3—5], y sSIKUX y3arajabHEHO YSB-
JICHHS IOA0 OCOOMMBOCTEH IMPOIECiB J1e30B01 Ta abpa3uBHOI 0OpOOKH, MpaLe3qaTHOCTI iH-
CTPYMEHTIB, SIKOCTI 00pOOJICHUX BUPOOiB, HABEJACHO peKOMEH Al 13 3a0€3MeYeHHS MPOIIECiB
MeXaHI9HO1 0OpOOKH.

Hamnagneni getani 3Ha4HO TipIIe MiIar0ThCs 00poOI pi3aHHSAM, HDK JUTI a00 MpOKaT
yepe3 3Ha4YH1 3HAYEHHs MOKA3HHUKIB MEXaHIYHHUX BIIACTUBOCTEH MOKPHUTTIB Ta iX HECTaOLIb-
HICTh, CKJIQJHICTh Ta HEOMHOPITHICTh IXHROTO XIMIYHOTO CKJIAAy, BETUKUN MEPEMIHHUN MTpH-
MyCK Ha 00pOOKY, MOXKJIMBY HasiBHICTh B 0OpOOIFOBAaHOMY MaTepiaii TBEpANX BKIIFOUEHb, PaKoO-
BuH, mip. ToMy BHXiHI TIOKa3HUKH TMpolecy OOpoOKM (CTIMKICTh 1HCTPYMEHTY,
MIPOYKTUBHICTH IIPOLIECY 0OPOOKH, SIKICTh OOPOOICHHX AeTaJIeH 1 T. 1H.) 3aJIe)KaTh Bl BEJTMYHH
napaMeTpiB, 110 BU3HAYAIOTh BJIACTUBOCTI TOKPUTTIB, Ta BiJ] BUOOPY CIOcO0y 00pOoOKH.

3a3Ha4yeHo, 110 JIJIs BUTIAJIKY HAIIABJICHUX JIETaJIeH Ma€ Miclle 3Ha4YHa KUTbKICTh (haKTOPIB, K1
CYTTEBO BILUTUBAIOTH SIK HA €(DEKTUBHICTH IX BUTOTOBJICHHS, TaK 1 HA SIKICTh 0OPOOICHNX BUPOOIB —
Jy’Ke BaXJIMBUM € ypaxXyBaHHs BIUIMBY Ha IMOKa3HUKH MPOIECY MEXaHIYHOI OOPOOKH CTaHy TeX-
HOJIOTIYHOTO 00JIaTHAHHS, JIE30BOT0 a00 a0pa3uBHOIO IHCTPYMEHTY, 0COOIMBOCTEH JOPMU HarLIa-
BJICHHX JIETaJIel, CTPYKTYpH Ta BJIACTUBOCTEH HAIUIABIEHOIO Marepiany i iHIIHNX (pakTopiB.

Buainenns HeoCiPKeHUX YACTUH 3arajbHOi poodaemu. J[Jis migBUIICHAS ¢()EeKTHB-
HOCTI TakuX 0araroakTOPHHX CUCTEM, K ITPOIIEC MEXaHIYHOT OOpOOKH JeTajiel i3 HariaBe-
HUM [TOBEPXHEBUM IIAPOM, HOT0 HEOOX1JHO PO3TIISAATH 3 MO3MIIIA CHCTEMHOTO miaxony [6—8],
10 IPAKTUYHO BiICYyTHE B pOOOTaX 13 BKa3aHOT MPOOIEMH.

MeTo10 CTATTi € BU3HAYCHHS 3araJIbHOTO CUCTEMHOTO ITIAXO0AY 10 3a0€3MEeYCHHS IPOIeCy
MEXaHIYHOI 00pOOKHU JieTaeH 13 HallJIaBJICHUM TTOBEPXHEBHM IIIAPOM.

Buxaan ocHoBHoro marepiany. Cuctema — 11e 00’ €KT, SIKUH Ma€ «CUCTEMHY» BJIAaCTU-
BiCTh, TOOTO BJIACTUBICTH, KOO HE BOJIOIE JKOJIEH 13 €JIEMEHTIB CUCTEMH 3a Oy/Ib-SIKOTO CIO-
co0y WwIeHyBaHHs 1 HE MOXE BUBOJUTHCS 3 BIACTUBOCTEH yacTuH [8§].

[Topsan 3 enementamu (M) CTPyKTypa CUCTEMHU BU3HAYAETHCS BiANOBIIHUMHU BIACTHBOC-
TAMU LIUX €J1eMEeHTIB (P) Ta 3B’sA3KaMH, 1110 PO3MIAJAIOTHCS SK CIIBBIIHOIIEHHS MK €J1€MEH-
Tamu (R). BiagnoBinHO 10 1bOTO, CTPYKTYpa cuctemu € o6e3miuuto C = {M, P, R}.

3B’S3KM MK CHCTEMOIO Ta i1 OTOUCHHSIM SBJISIIOTH cO00t0 Bxonu {X} 1 Buxonu {V}. Bin-
noBiaHo 10 H. Binepa [9], BXoau Ta BUXOAM CHCTEMH MOKHA MOJUTHTH Ha TPH 3arajibHi Kare-
ropii: pe4oBHHa, €Hepris, iHpopmallis.

ODYHKIIIS] CUCTEMU ISl TOCSTHEHHS TIEBHOT METH TOJISITa€ B 3aKOHOMIPHOMY MePETBOPEHHI
BxoniB {X} y Buxoau {V}.

BinmoBigHO 10 CUCTEMHUX YSIBJICHb MPOIieC MeXaHIYHOI 0OpOOKH HATUIaBICHUX OKPUTTS
€ CKJIQJIOBOIO CUCTEMU — MIPOIIECY BUTOTOBJICHHS JIeTaji 3 MOKpUTTIM S*. Jlo 11 CKiaay BXOAATh
CUCTEeMa TeXHOJOTIYHOI MiATOTOBKH BUPOOHUIITBA S1, CHCTEMa BUTOTOBJICHHSI OCHOBH 3aroTiBII1
$>, cucrema (hOpMyBaHHS IOKPUTTS 3, CUCTEMA OOPOOKH MOKPUTTS S4, CUCTEMA KOHTPOJTIO TO-
TOBOTO BUPOOY S5.

OyHKIIIs cucTeMH S* — 11€ BATOTOBJICHHS JI€Tall 3 IOKPUTTAM, 3 MiHIMaJIbHUMH BUTpaTaMu
Ta 13 3a0e3MeueHHsIM TOKa3HUKIB SKOCTI roToBOro BUpoOy. /s notped cucremu S* cucrema Ss
BUKOHY€E (DYyHKIIIFO 0OpOOKH HAIUIaBIEHOTO MOKPUTTS, TOOTO MEPETBOPIOE IMapaMeTPH 3aroTo-
BKH 3 MIOKPUTTSIM Yy TIapaMeTPH TOTOBOTO BUPOOY 3 TOKPUTTSIM.

KoykeH piBeHb JIEKOMITO3UITIi CHCTEMH MOXHA BU3HAYMTH JBOMICHUM IPEJIUKATOM, CKJIa-
JIOBUMH YaCTHHAMU SIKOTO € CTPYKTypa CUCTeMH O 1 6e3:1i4 BXoAiB X, 1110 3a0e3MeuyoTh BUKO-
HaHHA QyHKUIT Fis+ [7]

vm3py, {6"X} >Fy . (1)

[Ipenukar (1) Ha piBHI BCi€l aHATI30BaHOT CUCTEMH BU3HAYAETHCS TTOCIIOBHOIO 1IeHTU(DI-
Kalli€l0 TaKUX MPEJUKATIB Ha KOKHOMY PiBHI IEKOMITO3HUIII].



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

3 MeTH aHaNi30BaHOi CUCTEMH Ma€e OyTH BU3HAYEHO MPABUJIO, 32 SIKUM CTBOPIOETHCA il Jie-
KOMITO3HIIis [7]. ¥V HamoMy BUIAAKY BOHO MOCTYJIOETHCS HACTYITHHUM YUHOM: 00’ €KTH HIK-
HBOTO PiBHS JIGKOMITO3UIIIT CHCTEMH 00pOOKH HAIJIABICHOTO MIOKPUTTS — 1€ €IEMEHTH, 110 BU-
3HAYalOTh apaMeTPU B3aEMOJIIT IHCTPYMEHTY 3 JETaJUII0 Ta PEKUMU Pi3aHHS

X’mgp{S"':m"x o7, SX}- 2)

Ha ocHoBi npaBwia (2), A6KOMIIO3HUIIIsI CACTEMH BUTOTOBJICHHS JETalli 3 TOKPUTTSAM MOXKE
OyTH mpencTaBiieHa CTPYKTYPHUMHU PiBHSIHHSMHU KOXXHOTO PIBHS JEKOMIO3HIII{
|=0;S*
-5 cSSSSS ;
=2,S,cM"T"W - O
|=3;M c UM"J,M;T c GT"DT"j, ;W c CW'KW"| W
ne M — BepcTar Ta MPUCTOCYBaHHS,
T — iHCTpYMEHT;
W — HamaBiaeHui Matepiar,
JsM, i T, ] oW _ xopcTKicTh BepeTaTy, MpHCTOCYBAHHS, iHCTPYMEHTY i JIeTali 3 MOKPHT-

TSIM BIIIIOBIIHO;

UM — ymoBH pi3aHHS;

GT — reoMeTpUYHI TapaMETPH IHCTPYMEHTY;

DT — napameTpu B3a€MO/Iii IHCTPYMEHTY 13 3arOTOBKOIO;

CW — BiacTUBOCTI HAIJIABJIIEHOTO MaTepiany;

KW — reomeTpuyHi XapaKTepHUCTUKH HAIUIABJICHOI TOBEPXHI.

Cucrema (3), crrisibHO 3 (1), € CTPYKTYPHO-1€pAPXi9HOIO MOCIIIIO CHCTEMHU BUTOTOBIICHHS
JeTalli 3 HalIaBJIEHUM MOKPUTTSIM.

[IpeameToM CHCTEMHUX JTOCHIKEHb € BITHOCHHU R MiXK elleMeHTaMHu MOJIENi, 10 MOopo-
JOKYIOTh B3a€MO3B’ SI3KU JIJIs1 TOCTYTHOCTI MOJIeNIOBaHH [7]. B3aeM03B’s3KH MiXk eleMeHTaMU
MoOJie]l BU3HAYAIOThCSl BIJHOIIEHHAM MK (yHKLI€0 mpouecy Fs oOpoOkM MOKpUTTS Ta
o0’extamu cuctemu. Ha puc. 1 11e BiJHOIIEHHS NpeICcTaBieHO rpadom, BEpIIMHAMU SKOTO €
0e3:114 CTPYKTYp BIANOBIIHOMY PiBHI I€KOMIIO3ULIT cucTemu (M), 6e3niy napametpi X, GyH-
kiist Fs 1 6e3m14 Buxigaux napametpis W.

1 M.Za'.l [T1 X |
My 1 ™21

) M A Xina |

M7 | Xor H
M {M$ M3 s o Xor | Fod| W

M| Yoo H
L MEw [T Xow |
My |1 M1 Yo H
. 'ui-_s**‘ | — X;.ss_' —

Puc. 1. I'pag 63aemo38’s3ki6 y cucmemi
CTpyKTypa mapaMeTpuIHOI MOJICITI CHCTEMHU

X:{XngAXUMAXGTAXDTAinnTAXCWAXKWAijW}_)Fs*_)W’ 4)

ne X\ — MHOXMHA HapaMeTpiB JKOPCTKOCTi BEPCTATA | IPUCTOCYBAHHS;

I
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X j{M — MHOXXMHA [IapaMETPIB PEKUMIB PI3aHHs;

Xgr — MHOXHMHA T€OMETPUYHUX [TAPaMETPIiB IHCTPYMEHTY;

Xpr — MHOXHHA ITapaMeTpiB B3a€EMO3B'A3KIB IHCTPYMEHTA 13 3aT0TOBKOIO;
X j,T — MHOKMHA [IapaMETPiB KOPCTKOCTI IHCTPYMEHTY;

Xqy — MHOKHMHA [TapaMeTpiB BIACTUBOCTEHN HAILJIABIEHOIO Marepiaiy;
X — MHOXKMHA F€OMETPUYHUX ITapaMeTpiB HAIUIaBJICHOI IIOBEPXHI;

X W — MHOXUHA I1apaMETPiB XKOPCTKOCTI JIETalll i3 IOKPUTTSM.

MuoxuHa X i1eHTH(])IKYETHCS TAKUM YHHOM

M ={j1’j27j3!j4};

Xum ={V.St};

Xeor ={a.7,4,6,6.¢,p.1};

Xor ={h,,K,0,T};

Xjr={inT}s ’ ®
Xew :{M D, O'M,O'D}

X w = {Rz.0%,,Sm};

Xiw :{Jp}

1€ J1,]2,]3, J4, J5— KOPCTKICTH MEPEHBOI 1 3a1HBOI 6a0OK BepCTaTy, CYHOPTY, IPUCTOCYBAHHS,
IHCTPYMEHTY 1 IeTalli i3 HOKPUTTSAM BiIIOBIIHO;

Vv, § t— pexxumu pizaHHs;

o — 3a/IHI} KyT pi31Ls;

Y — IepeHIN KyT pi3Ls;

A — KyT HaXWJIy TOJIOBHOI pi3aJIbHOI KPOMKHU;

€ — KyT 3arOCTPEHHS PI3Ls; (¢ — KyT pi3Lsl y IUIaHi;

p, I — paziiyc 3a0KpyIJIeHHs pi3albHOI KPOMKH Ta pajlycC MPH BEPILUHI pi3Lis BiAMOBIIHO;

h, — mprHa packu 3HOCY IHCTPYMEHTY T10 3a/Hii TTOBEPXHI;

K, 6 — moka3HuKHM MEXaHI4YHOI Ta XIMIYHOT B3a€MO/I1i B 30H1 KOHTAKTy 1HCTPYMEHTY 13 Ha-
IUIaBJICHUM HOKPHUTTSM BiMOBIHO;

T — CTIMKICTh IHCTPYMEHTY;

M, D — MexaHi4Hi BIaCTHBOCTI Ta XIMIYHUN CKJIa/l HAIJIABJICHOT'O MaTepiany BiAMOBIIHO;
Giy ,05 — JMUCTIEPCis MEXaHIYHUX BIACTMBOCTEM i BMICT XiMiUHMX €JIEMEHTIB B MaTepiai MoK-
PUTTS BiJNIOBITHO;

Rz, 9M, 63, — BUCOTa, KPOK, JAUCIIEPCis MapaMeTpiB HEPIBHOCTEH MPOQLII0 HAMIaBIEHOT
MTOBEPXHI.

3 ypaxyBaHHSAM HasiBHOTO JOCBiJly Ta Ha MiJCTaBl aHaII3y JIITEPaTypHUX JKepes MOCTy-
JFOEMO, IO JUIsl OMUCY CUCTEMHU OOpOOKHM JeTalli 3 MOKPUTTAM 4 IOCUThH PO3TJISIHYTH MEBHY
YMOBHY 1H(OpMalliiiHy cucremy |s 110 BKIIOYA€E iMITaIlliiHI Ta HaTypalbHI MOJENI, SIK1 aJeK-
BaTHO BU3HAYAIOTH 3B'SI3KH B CUCTEMI

&YXEIP{(R(—)IQ)—)(éAX)}. (6)
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ITpu oMy (DYHKITISI CHCTEMH peali3y€eThCs 32 paXyHOK BUOOPY MapaMeTpiB iIHCTPYMEHTY
Ta ONTHUMI3allli HE3aJeKHUX TapaMEeTPIB PESKUMY pi3aHHS SK MEPETHH X MHOXKHMH Ha 00J1acTi
MOKJIMBUX ONTHMAIILHUX 3Ha4€Hb Ta 0e311i4i 0OMEeKeHb

(2) Yx3P: (6°X) > [zi&T opt(X"Z)

(7)

VY tabnuii HaBeACHO BapiaHT CXEMH JEKOMIIO3HIIIT CuCTeMH 00pOOKH HAIJIaBJICHOTO T10-

KpUTTS 4.

Tabauya — Cxema dexomnozuyii cucmemu 06pOOKU HANIABLEHO20 NOKPUMMIL

1.3. Po3po0Oka
YMOBHOI
iHpOpMATITiii-
HOI CUCTEMU

[=0(E) I=1(Ey =2 (E3) =3 (E4)
1 2 3 4
1.1. Anazis 2.1. BeKTop npoekxTHHX |3.1. Bexrop Bxig}mx napaMeTpig
napameTpiB cucteMu | 3.2. BekTop BUXIHUX MapamMeTpiB
BUMOT 10
2.2. Bexrop xputepiiB | 3.3. BexTop oOMexeHb
mporecy .
SIKOCT1 CUCTEMU 3.4. IlapameTpuyHa MOJIEIH
2.3. CtBopennst 6anka |3.5. O0’eKTH CHCTEMHU
CTPYKTYp CUCTEMHU 3.6. O0’€KTH CTPYKTYpHOI MOJIEIi CHCTEMH
2.4. lexomno3uuisi cuc- | 3.7. [TouarkoBa CTPyKTypa CUCTEMHU
TEMHU 3.8. I'pad B3aeMofIii B cUCTEMI
3.9. XapaKTepUCTHKH MiCUCTEMH BIIACTHBOCTEH MOK-
1.2.Budip | , PHITA ‘ .
p——— .5. Mopnens cuctemn | 3.10. XapakTepuctuku Mi/ICUCTEMH Pi3aHHS TOKPUTTS
cnereny | BHTIAZIKOBOTO 30ymkeHHs | 3.11. XapakTepHUCTHKY MiICHCTEMH TEXHOIOTIYHOTO
oOnagHaHHA
3.12. Kputepiii 00poOIIOBaHOCTI TOKPHTTS
3.13. TepmoanHaMi4Hi MapaMeTpy XiMi4HOT B3a€EMOIIT
2.6. Mopenb 3HOmy- | 3.14. Tunwm 3’eHaHP y KOHTAKTI
BaHHS IHCTpyMEHTY | 3.15. YaBIICHH 010 MEXaHi3My 3HOIIYBaHHS 1HCTPY-
MEHTY
3.16. BrutuB mopyBaTocTi HOKPUTTS Ha BUCOTY MIKpO-
HEepIBHOCTEH
IIporec 06- 2.7. Mogens dopmy- | 3.17. BB BiOpartiit B 30Hi pi3aHHS Ha BUCOTY MiK-
poOxu Ha- BaHHsI MIKDOHEPIBHOC- | pOHEPIBHOCTEH
IUTaBJICHOTO Teit 06poOneHol 3.18. BrumB mractrunoi gedopmariii Marepiary B 30H1
MOKPHUTTSA MOBEPXHI pi3aHHs Ha BUCOTY MIKpOHEpiBHOCTEH

3.19. ITapameTpu MIOPCTKOCTI MOBEPXHi AETai 3 TTOK-
PHUTTAM

2.8. HarypHni monemi ¢o-
PMyBaHHSI TEXHOJIOT14-
HUX XapaKTEePUCTUK
npouecy

3.20. TepmoOapu4Hi 3aKOHOMIPHOCTI MPOIIECY pi3aHHS
MOKPHTTS

3.21, 3.22. Mertoauka BUOOPY Ta KOMILICKC BIaCTHBOC-
Teil Marepiaity IHCTpyMEHTY

3.23. Mogens 3B’sI3KiB yMOB 00OpOOKH 3 ITapaMeTpaMu
CTaHy HOBEPXHEBOTO HIapy

3.24. KoMImieKcHa OI[iHKa CTaHy OBEPXHEBOTO MIapy
MOKPHTTA micisi 00poOKu

1.4. Po3poOka
HIIAXIB -
BUILEHHS
e(EKTHBHOCTI
nporecy o0-
pobku

2.9. Bekrop ninboBux
GbyHKIii
2.10. 3aBaaHHs KpuUTe-
piiB
2.11. KoncTpykTopchke
3a0e3meueHHs POoIIeCy
00poOKH

3.25. Monenb 3B’513Ky BUXIJTHUX TIapaMeTpiB Mpolecy
pi3aHHs 3 yMOBaMH JJOIATKOBOTO €HEPreTHIHOTO
BILUIUBY

3.26. Mozens BUXiAHUX apaMeTpiB Iporecy pizaHHA
3 MOTC

3.27. Monenb kepyBaHHs BiOpawisiMy B 30H1 pi3aHHs
3.28. CTBOpEHHS HOBUX MaTepiajiB I iHCTPYMEHTIB
3.29. Mopens onTHMIi3allii mporecy o0poOKu

3.30. KoHCTpyKIIii iHCTpYMEHTIB AJ1s1 00poOKH

3.31. KoHCTpyKIIii IPUCTOCYBAHHSI Il 00pOOKH

3aBnanus E1 BUpinryeThes 3a moaeutio (4), E12—3a (1), (3) tarpadom Ha puc. 1, 3aBganHs
E13 e onmc ymoBHO1 cuctemu (6), Ei4 — (7).
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Jpyruii piBeHb AEKOMITO3HLIIT Iepeadayae HasiBHICTh CTPYKTYpH YMOBHOI cucTeMu. 3 ypa-
XyBaHHSIM OCOOJIMBOCTEH HAILIABICHOTO MaTepiary Ta yMOB HOro 0OpOOKH CTPYKTypa CUCTEMHU
OTHCYETHCS IEKITEKOMA MOJICISIMU — BHITAIKOBOTO 30ymkeHHS Dg+, iKa po3misiiae 00’ €KT, 110
00pOOISIETHCS Y B3a€EMO3B’ 513Ky 3 BUKOPHCTOBYBAHUM TEXHOJIOTIYHUM OOJIaIHAHHSIM, 3HOIITY-
BaHHS Pi3aJbHOTO IHCTPYMEHTY Dj, hopMyBaHHS MiKpOHEPIBHOCTEW Ha 00poOIeH i ToBEepXHi
Dk:, a Takox (HOpMYBaHHS TEXHOJIOTIYHUX XapPaKTEPUCTHUK ITPoLiecy 00poOKu

DN Y X3P {min(R )(—)(DS*ADI“DRZADN)}. ®)

Is-

neR ¢ — 3B’A3KH B YMOBHIHI CHCTEMI.

Mogenb BUIIaAKOBOTO 30Y/PKEHHS € TpUpiBHEBOIO. [lepimii piBeHb {M1} 3yMOBICHUH KO-
PCTKICTIO TEXHOJIOTIYHOTO O0JIaJHAHHS, IPUCTOCYBaHb, IHCTPYMEHTY Ta AeTalli (yMOBHO — Te-
XHOJIOT1YHOTO 00naaHanus). [pyruii piBensb {M>} noB'a3aHuil 3 HASBHICTIO HA MOBEPXHI BH-
poOy 3 MOKPUTTSAM Makpo- 1 MIKpOHEPIBHOCTEH, BigxuieHb popmu BUpPOOyY 1, 00yMOBIEHUMU
IIUMH OCOOJTMBOCTSIMHU, KOHTAKTYBaHHS 3 pi3ajJbHUM iHCTpyMEHTOM. CTOCOBHO YMOB 0OpOOKH
KOJIM 3 JIeTaji BUJIAJICHO BEPXHIM HEPIBHHU IIap MOKPHUTTS, BIUIUB BUXITHUX JACHEKTIB IPO-
(110 BU3HAYAETHCS TEXHOJIOTIYHOIO CTIaIKOBiCcTIO. Ha TpeThoMy piBHI { M3} TOMUITEHO PO3TIIs-
JaTA HEOTHOPITHICTD CTPYKTYPH 1 MEXaHIYHUX BIACTUBOCTEH HAILJIABIEHOTO MaTepiamy.

ITopsimok cuHTE3y cUCTEMU Ipoliecy 0OpOOKHM BU3HAYAETHCS PILIEHHSIM MOP(OJIOTi4HOTO
3aBIaHHS, SIKE OyAyEThCs, HAPUKIIAT], 32 HABEICHOIO CXEMOIO EKOMITO3UIII] Ta perJIaMeHTye
MOCIIIOBHICTh BUPIIIEHHS 3aBAaHb HAa KOXKHOMY PiBHI IGKOMITO3UIIi1 3 ypaxyBaHHSIM OKa3HU-
KiB B3a€MO/Iii MK €JIEeMEHTaMU CHCTEMH.

Bucnosku. [Iporec 06poOKu HaMIaBI€HOr0 HOKPUTTS MA€ pO3IJIsiaTHCs 3 MO3ULLiH cuc-
TeMHOTo aHanmizy. O0’€KTaMH HIKHBOTO PIBHS JIEKOMITO3UIIIT CUCTEMH € €JIEMEHTH CHUCTEMH,
1110 BU3HAYAIOTh apaMEeTPH B3a€EMOJIII IHCTPYMEHTA 3 JIeTaJUII0 Ta peKUMHU pizaHHs. Cucrema
OTHCY€ETHCS TAKUMH MOJICIISIMU: BUIIaIKOBOTO 30YPKEHHS M1 Yac 00pOOKH MOKPUTTSI, 3HOIITY-
BaHHS PI3aJIbHOTO 1HCTPYMEHTY, (JOpMYBaHHs MIKpOHEpiBHOCTEH Ha 0OpoOJieHiil moBepXHi,
(dbopMyBaHHS TEXHOJOTTYHUX XapaKTEPUCTHUK MPOIIECY.

HectabinbHICTh XIMIYHOTO CKJIa1y 1 BJIaCTUBOCTEH HAIUIABJICHOTO MaTepiaiy, HasBHICTb
Ha HaIuIaBJIeH1! OBEPXHI MaKpo- 1 MIKpPOHEPIBHOCTEH, CTaH BUKOPUCTOBYBAaHUX TEXHOJIOT1Y-
HOTro 00JaJHaHHs Ta IHCTPYMEHTY 3YMOBIIIOIOTH MIHJIMBICTh MOKAa3HHMKIB MPOIECY MEXaHid-
HOTO 00pOOJIEHHS HAIIABIICHHUX JeTalel, Ipale3aaTHOCTI IHCTPYMEHTY, XapaKTepUCTUK TOY-
HOCTI Ta SIKOCT1 00pOo0OJIeHHX JieTalie.
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SYSTEM CONCEPTSREGARDING MECHANICAL PROCESSING
OF PARTSWITH CLAD SURFACE LAYER
The issues of mechanical processing of parts with clad surface layer are considered. The general concepts of the system

approach to the complex technical system, which isthe machining of welded parts with the function of manufacturing a coated
part with minimal costs in accordance with the requirements for the quality of the finished product, are proposed. The rule by
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which the decomposition of the system is made is defined: the objects of the lower level of decomposition of the system of
processing of the clad surface layer are the elements that determine the parameters of interaction of the tool with the part and
the cutting modes. It is shown that to describe the processing system of a coated part, it is enough to consider a conditional
information system containing simulation and natural models - random excitation, wear of the cutting tool, the formation of
micron irregularities on the machined surface, as well as the formation of technological characteristics of the machining
process. A variant of the decomposition scheme of the cladding processing systemis presented. Themodel of random excitation,
which isdirectly related to the processed clad product, is three-level and is caused by the rigidity of technological equipment,
devices, tools and parts, the presence on the surface of the coated product of macro- and microirregularities, deviationsin the
shape of the product and, due to these features, contact with the cutting tool, inhomogeneity of the structure and mechanical
properties of the deposited material.

Theorder of the synthesis of the system of the process of mechanical processing of welded partsis determined by the solution
of the morphological problem, which is built according to the given decomposition scheme and regulates the sequence of solving
problems at each level of decomposition, taking into account the indicators of interaction between the elements of the system.

Keywords: system; deposited coating; machining; decomposition; analysis, synthesis.

Fig.: 1. Table: 1. References: 9.

Kmmmenko C., Ps6uenko C., Knmumenko C., Koneiikina M., Manoxun A. CHCTeMHI ysBIICHHS OO0 MEXaHIqHOI 00pOOKH IeTanei 3 HamlaB-
JIEHUM TOKPUTTAM. Texuiuni nayku ma mexuonozii. 2022. Ne 3(29). C. 7-14.
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EKCIIEPUMEHTAJIBHI JTOCIUKEHHS JKOPCTKOCTI BEPCTATHUX
IMPUCTPOIB 3 HEIIOBHUM BA3YBAHHAM JIUIA JETAJIEU TUITY IIATYHIB

Ha ocnosi 3acmocyeantsi HO6ux nioxo0ié 00 6azyeanHs demaell ma MexHOIOIHHUX MONCIUBOCIEH CYUACHUX MEMANO-
PI3AILHUX 6ePCMAMIE 3aNPONOHOBAHO HOBI KOHCMPYKIMUGHE PIULEHHS 6ePCMAMH020 NPUCMPOIO OISl 6CMAHOBIEHHS Oemaell
muny wamyHie Ha 6a2amoyiibosux 6epcmamax. Ynepuie eKcnepumMeHmaibHo 6U3HAYEHA CMAMUYHA JHCOPCMKICMb 6EPCMAam-
HO20 NPUCMPOI0 MAKO20 Muny 0N 0OpOOLeHH Wamynie. Bukonano uucenvie MoOemo8ants HANPYHCEHO-0ehOPMOBAHO20
CMamny 3anponoHOBAHOT KOHCMPYKYIL Ma 3iCMAasIeHHi MeopemuyHi ma eKCHePUMEHMANbHI 3HAYCHHSL 6CIUYUH NEPEMILeHb 00-
POONIOBAHUX NOBEPXOHD ) 8ePCIAMHOMY RPUCIPOT NIO OLEI 3068HIUMHIX HABAHIMANCEHD.

Kntouosi cnosa: mounicmo, 6I0XULCHHSL, HANPYHCEHHS, YUCCIbHE MOOCTIO8AHHS, NOXUOKA.

Tabn.: 3. Puc.: 9. bion.: 15.

AKTYaJIbHICTh T€MH JOCTiKeHHsA. AKTUBHUI PO3BUTOK BUPOOHMYMX TEXHOJOTIH, 3y-
MOBJICHUH SIK BUMOTaMu KoHIenii [Hxyctpii 4.0, Tak i CBITOBUMHU MOTpeOAMH CYCHIBCTBA Y
3011bIIEHH] KITBKOCTI SIKICHOT Ta JOCTYIHOI MPOIYKILIi AJIs IIUPOKOTo Koja JItoAeH, BUMarae
BiJl MalIMHOOYAIBHUX BUPOOHUIITB BIPOBAIKEHHS Cy4aCHMX TEXHOJIOTIH Bxe 3apa3 [1]. ¥V
3B’A3KY 3 BUI[€3a3HAYCHUM IT1ITPUEMCTBAM JUIsI MOXKIIMBOCTI BUTOTOBJIEHHSI KOHKYPEHTOCIIPO-
MOKHO1 TPOAYKIIlT HEOOXITHO MOCTIMHO OHOBIIOBATH HE TUTHKHU O0JIaTHAHHS, TEXHOJIOT11 BUTO-
TOBJIEHHS, a ¥ MIJX0AM 10 BUpoOHMYOro npouecy. Homenknarypa aBToMOO11iB Ta 1HIIOI TeX-
HIKH, 110 MICTUTbh JBUTYHU BHYTPIIIHBOTO 3TOPSHHS — TPAKTOPH, MOTOLIMKIIU, KaTepH, ApiOHa
CUIBCBKOTOCIOZAPChKA Ta 1HIIA TEXHIKa, MOCTiHO 3pocTae. [Ipu 1iboMy Yac BUXOy MPOIYKIIiT
Ha PUHOK CKOPOUYYETHCS, OHOBJIIOIOTHCS MOJIEIN, 3MIHIOIOTHCSI TEXHIUHI XapaKTEPUCTUKHU.

Taxosk 3MiHUBCS HiIXiJ 10 BUTOTOBIEHHS 3allaCHUX YACTHH JI0 BUIIIEBKA3aHOT TEXHIKH. IX
3/1€01IBIIIOTO0 BUTOTOBJISIOTH MIAMPUEMCTBA MIAPSTHUKY 32 JIIIEH31€10 a00 I0TOBOpaMHu, peali-
3yI04M TaKMM YHHOM KOHIIETIIIIO OIIaIMBOr0 BUpOOHHIITBA [2; 3]. Ale 1ie Tpeba poOuTH 10-
CUTh LIBUKO 1 IPU OMY SIKICHO, IPUYOMY OOCATH MapTiil Ta HOMEHKIATypa JeTaled MOXKYTh
CYTTEBO BIAPI3HATHUCH.

Kimacuuaui miaxig BUMara€ BEIHMKOI KUIBKOCTI CHELAJILHOTO OCHAIEHHS IS KOXKHOTO
KOHKPETHOTO THUIIOPO3MIipy JIeTalll, 10 B CyYaCHUX YMOBaX € eKOHOMIYHO HEAOLUIbHUM. ToMmy
PO3pO0IeHHS HOBUX TEXHIUHUX DIllIEHb MEPeHaNaro)KyBaHux BepcratHux npuctpois (BII) €
aKTyaJIbHUM 3aBJIaHHSIM.

IMocTranoBka npo6iemu. BepcrarHuii mapk Ha miIpUEMCTBAX MIAPAIHUKAX TOCUThH PI3HO-
MaHITHHUH 13 ITUPOKUMH TEXHOJIOTTYHUMU MOKIIMBOCTAMH, TIPOTE MEPEBAKHO BUKOPHUCTOBYIOTHCS
yHiBepcaibH1 0ararokoOpAUHATHI 00pPOOH1 IEHTPH 3 MOMIIUBOCTSIMHU JIJIsl BACOKOTOYHOTO Ta BUCO-
KOIPOIYKTUBHOTO 00po0OieHHs. Dopma opraHizailii BApOOHUIITBA HA TAKUX MiIPHEMCTBAX 3J1e-
OubIIOTO Jp1OHOCEpIiHA 3 MEHIIMM a00 OUTHIIMM HalpaBlIEHHSIM Ha 30UIbIIEHHS CEepIHOCTI BijI-
MOBIZTHO IO eKOHOMIYHUX, TEXHIYHUX, TEPUTOPIATTEHUX Ta 1HIINX OCOOTUBOCTEH.

© IBan HertsaproB, Auna Hemrra, Liutst Kocos, Spocnas Kok, 2022
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3arajioM NpoAyKIis MaIMHOOYIIBHUX BUPOOHHIITB TOCUTh PI3HOMAaHITHA, ajie B il CTaTTi
aKIEeHT Oy/ie 30Ccepe/’KeHO Ha BUTOTOBIICHHI TAKHMX 3allaCHUX YaCTUH, SIK HEPO3HIMHI LIaTyHH,
110 3aCTOCOBYIOTHCS B TIOPIIHEBUX KOMIIPECOPAX Ta JBUT'YHAX MOTOIMKIIIB 1 BEIUKOTO Pi3HO-
MaHITTS] TEXHIKH Ul CUIbCHKOTOCHOAAPCHKHUX Ta JOMAIHIX MOTPed, 10 MICTUTh Yy CBOEMY
CKJIaJll ABUTYHH BHYTPINTHBOTO 3ropsiHHA. OCKUIBKYM HUHI BUPOOHUKH TOCTIHHO OHOBIIOIOTH
CBOi MOJIeJII HE TIJILKH 30BHIIIHBO, ajie¢ W TEXHIYHO, TO JeTall y JBOX CXOKHX 3a XapaKTEPHC-
TUKaMH arperariB HaBiTh OfHI€T (GipMU BIAPI3HAIOTHCS 1 HE € B3a€MO3aMiHHUMH. 3aMacHi yac-
THHMU 70 BHUIIEBKA3aHOI TEXHIKU BUTOTOBIIAIOTH B 0OMEXKEHIN KIJIBKOCTI ITiJf 4aC OCHOBHOTIO I[H-
KITy BHITYCKY MOJIENI, a MICIIs 3HATTS MOJAEI 3 BUPOOHHUIITBA BUTOTOBIICHHS KOMIUICKTYIOUUX
JI0 He1 BUBHAYAETHCS TOTpeOaMu CEPBICHUX IIEHTPIB Ta PUHKY, TOMY OOCSTH TapTii, 10 3aMo-
BJISIFOTHCS HA MiMPUEMCTBAX MMiJIPSAHUKAX, KOJIUBAIOTHCS JOCUTH CYTTEBO.

Jletani TUMy IIATYHH, 0 PO3MIAJATUMYTHCS B JOCIHIHKEHHI, HaJIeXaTh A0 HEKPYIIIUX
cTpmwkHIB 3a kinacudikaropom €CKJI, kmac 72 [4]. Taka reomeTpuyHa ¢opMa BUKIUKAE CKIIa-
JHICTH 0a3yBaHHS, a HASIBHICTD BEJIMKOI KIJIBKOCTI HEOOPOOITIOBAHUX MTOBEPXOHB, Y CYKYITHOCTI
3 IOCTaTHHO BUCOKMMHU BUMOT'aMH JI0 PO3MIpHOI TOYHOCTi, TOYHOCTI (POPMHU Ta B3aEMHOTO PO-
3MIIIEHHS MOBEPXOHb IIATyHIB, Y BEJIMKOCEPIHHOMY Ta MaCOBOMY BUPOOHUIITBAX BUMArajo 3a-
CTOCyBaHHS BUKJIIOUHO crieniaabHux BIL. [Ipuyomy mist ocoGnuBoO BiNMOBIIadbHUX KOHCTPYK-
1[iif BUKOPHUCTOBYBAIHUCH IIPUCTPOI CYITyTHUKI, II00 HE BUKOHYBATH ITOBTOPHE YCTAHOBJICHHS
neTaii, 00 HaKOIUTIOEThCS BEJIMKA MOXHMOKA Yepe3 KOHCTPYKTUBHY HEMOKIIMBICTh TIOBHICTIO Bi-
JIMOBUTHCSI BiJl YOPHOBUX 0a3 micis mepioi MexaHiqHoi omnepariii. ToMmy 3aroroBka 3HaXoau-
Jach Y «IPHUCTPOO CYITyTHHUKY» Ha NIEBHOMY eTari abo B3araji mpoTsIroM BCbOTO TEXHOJIOTIY-
HOTO TPOIeCYy MeXaHI4HOro oOpoOieHHs. BiAmoBigHO mpolrec nepeHalaroiKeHHs 3aiiMaB
JIOCHUTH 0ararh 4acy 1 TaKuxX MPUCTPOIB MOTPIOHO OyI0 BUKOPUCTOBYBATH JIEKITbKA OJJHOYACHO
IIPU TaKOMY MiIXO/1, 10 Nependadas AudepeHIiiaiito onepaiiii 3a BUI0M o0nagHaHHs, Yepes
HOro By3bKOHAIIPABJICHICTh Ta OOMEKEHI TEXHOJOTIYHI MOXKIIMBOCTI. Yce 1€ HEIOIyCTHMO B
YMOBaX Cy4acHOi KOHKYPEHIIii B MaITMHOOY/TiBHIH Taiy3i.

Huni TexHOMOri4HI MOXJIMBOCTI OOPOOHMX LEHTPIB 3pOOMIM BEIMKHHA TEXHOJIOTTUHHUM
KPOK 1 JI03BOJISIFOTh BUKOHYBATH 00pOOIEHHS KOXKHOT HACTYIHOI JieTali 6e3 TouHoro ii momnepe-
JTHBOTO 0a3yBaHHs. BuMiproBanbHUM IIyn BU3HAYa€ KOOPAUHATU (DAKTUYHOTO MOJIOKEHHS 3a-
TOTOBKHM BiTHOCHO CHCTEMH KOOpIUHAT Bepcrara i cucrema YITK B aBTOMaTn4HOMY UK KO-
pUTYE TPAEKTOPII0 PYyXy IHCTPYMEHTa, BPAXOBYIOUH peajbHE ITOJNIOKEHHS OOpOOIIOBaHUX
MIOBEPXOHB 3arOTOBKH B I[bOMY KOHKPETHOMY BHUIAKY. L{e 103BOIISIE IEMI0 CIIPOCTUTH CXEMH
0a3yBaHHs 3arOTOBOK 1 BIJIOBITHO BUKJIIOUUTH MOXUOKH YCTAHOBJICHHS, ajleé BUHUKAE HE0O-
X1IHICTh 32 PaxyHOK CHJI 3aKpiIUICHHsS HaJaTH 3aroTOBL{I HE3MIHHOI'O MOJIOKEHHS MPOTITOM
yCbOTo IpoLecy 00poOIeHHS.

ToMy 3ycHIUISI KOHCTPYKTOPIB TE€XHOJIOTTYHOTO OCHAIEHHS MaroTh OyTH CIPSIMOBaHI Ha
npoekryBaHHa B, ki OynyTs 3a0e3nedyBaru JOCTaTHIO IHCTPYMEHTaIbHY JOCTYITHICTb JUIsl MO-
MJIMBOCTI peastizallii o0poOeHHs 3a MiHIMaJIbHY KUIBKICTh ycTaHOBJIEHb. Takox BII mators Oyt
JIOCTaTHBO KOPCTKUMHU JJIs1 3a0€31eUeHHs] MaKCUMAJIbHOI peaizallii MOXKIIMBOCTEH Cy4acHHUX Be-
pcTariB Ta pi3aIbHUX IHCTPYMEHTIB, IPU IIbOMY JTO3BOJIATH YCTAHOBJICHHS JIeTajell y MaKkcuMa-
JHHO MOXITUBOMY Jliara3oHi pO3MipiB 3TiHO 3 KOHCTPYKTUBHUMH XapaKTEPUCTUKAMH.

AHaJni3 ocTaHHIX AocaiIeHb i myOmikaunii. 3arajsoM NUTaHHAM MIBUILIEHHS TPOIYKTHB-
HOCTI Ha HEBEJIMKHX MiIPUEMCTBAX 13 IpiOHOCEPIHHOI0 (POPMOIO OpraHi3aiii BApOOHULITBA 3aii-
MAarOThCS HE TUTBKH B rally31 MeTaao00po0ieHHsl, ajie i y 1HIIMX raiy3sx MallMHOOYyBaHHs, 30-
Kpema y [5] aBropaMu cTarTi 3alpONOHOBaHI IUIAXM MiJIBUILEHHS MPOIYKTHUBHOCTI 32 PaXyHOK
3aCTOCYBaHHS MIXO/1IB 710 €()eKTUBHOTO KOMITOHYBAHHS IIEXY Ta IPUHIIUIIOBO HOBUX KOHCTPYKIIH
HPUCTPOiB 1t 6a3yBaHHS TPYO MPH 3BapIOBaHHI, 110 B CyKYITHOCTI JJO3BOJIMJIO CKOPOTUTH BUPOO-
HU4l BUTpaTH Ha 15 %. [TutanHsaMu npoekTyBaHHs Ta po3paxyHky BII 3aiimanucs 6arato BueHUX
0 BCbOMY CBITY. 30KpeMa y [6] po3po0ieHo aaropuT™ aBTOMarru30BaHOTo npoektyBanHs BII Ha

16



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

OCHOBI ONTHMI3allii BHOOPY BapiaHTIB 3aKPIIJICHHS Ha MPUKJIAl JOMATKH PEaKTUBHOTO JIBUTYHA,
110 Ma€ CKJIQJHY TeoMeTpr4Hy GopMy 1 May BiacHy >kopcTkicTh. Kopec Ta Kowalewskia y po6ori
[7] 3anporonyBanu BIT ist miiBUIIIEHHS KOPCTKOCTI TOHKOCTIHHUX KOMITO3HIIIHHHUX JIUCTIB TIi]T
yac 00poOsIeHHS Ta (Pi3UKO-MEXaHIYHUX BUIMPOOYBaHb HA IIUKJITYHY MIITHICTb.

VY po6ori [8] aBTOpaMu IPOMOHYETHCS METO/ OL[IHKHM YACTOTHUX XapaKTEPUCTHK 3aTOTOBKU
3 IPUCTOCYBAaHHSM Ta aBTOMaTH30BAHUI alTOPUTM BU3HAYEHHS ONTHUMAJILHOTO PO3TAILTYBAHHS
nonoMixkaux ortop BII mix wac ¢pesepyBanHs AeTaieid Majaoi )KOPCTKOCTI 3 TOHKOCTIHHOTO JIU-
CTOBOro Marepiany. BaxkiauBa onrumizaliiiiHa 3aja4a 3 BU3HAUCHHS ONTHMAJIbHOI CXEMH 3aKpi-
IJICHHS y TIepeHayiaropkyBanux Bl 11 3aroToBOK pi3HOro THITY PO3IVIsSHYTa B poOoTi [9], e
IIPY aBTOMATH30BAaHOMY MPOEKTYBaHHI BPAaXOBYIOThCs KiHemarndHi mapametpu BII i 3aroro-
BKH. B po0OTI Takox MpOBEICHI €KCIIEPUMEHTAIBHI TOCIHIIKCHHS, SIKi JOBEIH €(PEKTUBHICTh
CXEM 3aKpIIUICHHs, [0 OTPUMaHI METOJIaMU aBTOMAaTHU30BAHUX OOYKCIICHB Ta 33/I0BOJIHSIOTH
PI3HUM OOMEXKEHHSIM, SIK1 3a3BUYail HAKJIAJAIOThCS B peallbHUX BUPOOHUYMX YMOBAX.

[lixaBUM TUTaHHAM OonTHMIi3allii KoHCTpYKIliid BII Ta cxemu 3akpirieHHs AJ1 3arOTOBOK
31 3MIHHOIO KOPCTKICTIO 3 METOIO ITiIBUIIICHHS SKOCTI Ta 3a0€3MEUEHHS CTaJI0CTI 00poOIeHHS
Ha BCiX 11 moBepxHsix 3aiiManuch Li G. ta iH. y [10], ge aBTOpU 3alponoHyBaal CTaTUYHY MO-
JIeib CUJIM Pi3aHHS ISl OTPMMAaHHS MIHIMAQJIBHOI CHJIM 3aTHCKY, HEOOXIIHOI JIJIS IMiATPUMKH
CTaOUTEHOCTI 3aKPITUICHHS Ta PO3IUIMIIN 3aTOTOBKY Ha 30HH KOPCTKOCTI, IO B CYKYITHOCTI 3
TCHETUYHUM ITOPUTMOM JIO3BOJIMIIO 3MEHIITUTH MOXUOKH (DOPMU Ta MiABUINUTH SKICTh MTOBE-
PXHI ITpH TopLieBOMY (dpe3epyBanHi Ha 9 %, M0 MiITBEPIHKEHO SKCIICPUMEHTAIBHO.

Chai S. Ta iH. y [11] 3anporoHyBaiy HOBY KOHCTPYKIIIO JOIOMIXHOI OIOPH IS ITiJIBH-
HICHHSI JKOPCTKOCTI Ta KOHTPOJIIO JePopMaIlii 3 aJanTHBHOIO 3MIHOIO CHITH OIIOPY B 3aJICKHO-
CTi Bij Ail 30BHIIIHIX CHJI JJI1 TOHKOCTIHHMX KOPIYCHHX JeTaiiell. EkcriepuMeHTanbHi J0CTi-
JOKCHHS TTOKaszalid e(peKTUBHE 3MEHILICHHS BIOparliii Ta cTabii3allito sIKOCTI MOBEPXHi.

VY [12] 3anponoHOBaHO KOHCTPYKIIIFO MOIYIBHOTO MPUCTPOIO 31 3MIHHOO KOPCTKICTIO JIJIst
oreparii YOpHOBOTo ¢pe3epyBaHHs, MPUHIUI SKOTO MOJSATa€ B aBTOMAaTU30BAHOMY KepyBaHHI
YKOPCTKICTIO TIOBOPOTHO1 MPYKUHU BUXPOBUMH TOKaMHU. TakoX €KCIIEpUMEHTaTbHUMH JOCHi-
JOKEHHSIMUA CTaTUYHOT Ta TUHAMIYHO1 YKOPCTKOCTI 1]l BIUTMBOM 30BHIIITHIX BEPTHKATIBHUX CHII
Ta MOMEHTIB 3aiimanucs J. Abou-Hanna Ta 1H., o Bigo6paxeno y [13], ae pesyapratu gocii-
JUKEHD IMPEJICTaBJICeH] Y BUIVISAL 3aJIeKHOCTEN JieopMalliii TOBEpXOHb 3aTOTOBKHU BiJl INMUOUHU
pi3aHHs, CUJIM 3aKPITJICHHS Ta MONEPEYHOTO TIEPEPi3y 3aroTOBKH.

BunisieHHst HeTOCTiIKeHUX YACTHH 3arajbHoi nmpodaemu. [IpoBenenuii aHai3 OCTaHHIX
JOCTIDKEHb 1 MyOiKalliil mokasas, 1110 MUTAHHSAMH EKCTIEPUMEHTaIbHUX JOCTIPKEHb Ta IMiJBH-
HIEHHSIM YKOPCTKOCTI Ipu 00poOIieHHi JeTaneit Manoi abo 3MiHHOI YKOPCTKOCTI 3aiiManucst 6arato
HAyKOBIIIB, alie¢ HUMHU He po3misinanucs Tunu Bl 3 HemoBHUM 6a3yBaHHSM, JI€ CUIaM pi3aHHS Ha
MIEBHUX HAMpsAMaX MPOTUIIFOTH JIUIIE CUJIH 3aKpiruieHHs. Takoxk He BUKOHYBAJOCh EKCIIEPHUMEHTa-
nbHI gocnimkenns BIT came mis oOpoOneHHs aeTaneil TUIy HepO3HIMHUX IIaTyHIB 32 OJHE YCTa-
HOBJIEHHSI [IPY HETIOBHOMY 0a3yBaHHI 1 3aKpIiIUIEHHI IO HEOOPOOIIOBAaHUMY MTOBEPXHSIM.

MeTto10 CcTATTi € eKCliepUMEHTAIbHE JOBEACHHS MOXKJIMBOCTI 0OpOOJIEHHS! HEPO3HIMHUX
niatyHiB y BII 3 HenmoBHUM 6a3yBaHHSAM Ta 3aKpIIJICHHSIM JIMILIE 110 HEOOPOOIIOBaHUM TIOBEPX-
HSIM 32 OJTHE YCTAHOBIIEHHS 13 IOCSTHEHHSIM yCI1X HEOOX1THUX MOKAa3HUKIB PO3MIPHOT TOYHOCTI.

Buxian ocHoBHoro marepiagy. lllaryn € oCHOBHUM eleMEeHTOM OyJlb-SKOTO KPHUBOIIH-
MTHO-IIATYHHOTO MEXaHi3My Ta BUKOPHUCTOBYIOTHCS B YCIX KJIACHUYHUX KOMITOHYBaHHSX JABHUTY-
HIB BHYTpPIIIHBOTO 3ropsiHHs. LllaTyH siBiisie co06010 3B’s13yI0Uy JeTallb MK MOPIIHEM, IO pPy-
Xa€ThCA TOCTYMAbHO, Ta KOJIHYaCTHM BajioM, IO 3MiHCHIO€ oOepranbHuil pyX. CyuacHi
JIBUTYHH BHYTPILIHBOTO 3TOPSHHS MAIOTh CYTTEBO OUIBIIY MOTYKHICTh HK JIBUTYHH aHAJIOT1-
YHOTO poOouoro 06’emy, BurorosieHi 20-30 pokiB ToMy. B ocHOBHOMY Mi/IBUIIIEHHS TOTY>KHO-
CT1 IOCATAETHCS MUISIXOM IiBUIICHHS YaCTOTU 00epTaHHs KOJMIHYACTOTO Basia IBUTYHA, HAasB-
HICTIO HarHiTaya MoBITPs y BUIVISAI TypOOKoMIpecopa uu TypOiHM Ta 30UTbIIEHHS CTYTEHS
CTUCHEHHs. Bel 11 miBUIlIeH] HABaHTaXEHHs, 10 HA/IXOAATh 13 KaMEpH 3TOpSHHS Yepe3 pyx
TTOPIITHS 32 JIOTIOMOTOFO IIATyHa IePEeIa0ThCs Ha KOJTIHYIACTHH BaJl.
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O06’exTOM AOCHTIJKEHHSI 00paHo AeTani Tuiy maryHu. [llatyHu MaloTh JOCUTH pi3HOMaHi-
THY KOHCTPYKIIiIO 3aJI€KHO BiJ] CTy’KOOBOTO MpU3HAYEHHS BUPOOY/MAIIIMHHU, /1€ TPALIOE ATy H.
[Ipote 3 ycix KOHCTPYKIIi# IIaTyHIB y I1iii poOOoTi OyaemMo po3risaaTy HaOUIbII MTPOCTI 3 MOT-
TSIy TeXHOJIOTii 00pOOIeHHS HEPO3HIMHI IIATyHH, JEsAK1 BapiaHTH KOHCTPYKIIIT SIKUX MpeCcTa-
BJICHI Ha puc. 1.

6 o4

Puc. 1. Koncmpykyii Hepo3HIiMHUX WaAmMYHIE:
a — momoyukaa Yamaha RD400,6 — neexoeo ckymepa Alpha 125¢cc;
6 — momoyukna Suzuki RMX450Z;2 — ckymepa Piaggio Carnaby 200
Jlxepeno: https://moto-max.com.ua

Hepo3HiMHI m1aTyHH nepeBa’kHO BUKOPHCTOBYIOThCS Y ABUTYHAaX MOTOLIMKIIIB, CKyTEpiB,
MOIIe/IiB, OCH30IINJI Ta 1HIIIOI HEBEIUKOI TEXHIKM MOTOTEXHIKHU.

Yci 0TBOpH Ta MIIOIIKMHY MIATYHIB TIOB’A3aH1 MK COO0I0 BUMOTaMU J10 MIXKIIEHTPOBUX BiJI-
CTaHel MK HUMM, NapajieabHOCTI Ocel, Ta BUMOTaMH JI0 TPOCTOPOBOTO MOJIOKEHHS MI0CKUX
MOBEPXOHb OJIHA BITHOCHO 1HIIOI. Yepes MUpoKy po3MOBCIOKEHICTh HEPO3HIMHUX IIATYHIB y
HerabapUTHUX JIBUTYHAX BHYTPIIIHHOIO 3TOPSIHHS IIJIBUILEHHS MPOTYKTHUBHOCTI iX 00po0-
JICHHS € aKTyaJbHUM 3aBAaHHSIM. Hepo3HIMHI 1IaTyHU, Ha BIAMIHY Bl PO3HIMHHX, SIBJISIFOTh
co0o10 o1Hy JieTanb npoTsiroM ycboro TII iX BUrOTOBIEHHS, TOMY iX Oysa0 00OpaHO sIK 00’€KT
JUISL aHaUTI3y Ta MOAAIBIIOro po3polieHHs koHCTpykuii BII. Hepo3HiMmHI matynu xapaxkrepu-
3yIOTbCS BEJIMKOIO KUIBKICTIO HEOOPOOIIOBAaHMX MOBEPXOHb Ta CKJIAQJHOI MPOCTOPOBOIO I'€0-
METPUYHOIO (POPMOIO, 1110 CTIPHUUUHSE NEBHI TPYAHOI ITpH 0a3yBaHHI Ta 3aKpilJIeHHI 3aroTo-
BOK Ta NMPHU3BOJUTH 0 30UIBIIECHHS TPYAOMICTKOCTI 00p0OIeHHs yepe3 30UIbIIeHHS KIJTbKOCTI
TEXHOJIOTIYHUX ONepalliii, ToMy JOLUIBHUM Y LIl poOOTI BBaXKAaEMO PO3MISIHYTH caMe 00po0-
JICHHS HEPO3HIMHHUX IIAaTYyHIB.

CboroziHi Ha CBITOBUX pUHKax 1y MoOyTi MpeAcTaBlieHE BEIHMKE PI3HOMAHITTS Mojemnei
aBTOMOOLJIIB, TPAKTOPIB Ta MOTOTEXHIKHU, OPIIHEBUX KOMIIPECOPIB Ta IHIIUX MaIIMH, 10 Mic-
TATh y CBOIM KOHCTpyKIii maryHu. [Ipore, sk BUAHO 3 pHcC. 1, KOHCTPYKI[IT HEPO3HIMHUX Ia-
TYHIB Maii’e He B1IPI3HAI0ThCA. [Ipy 1boMy THIIOPO3MipH Ta KOHCTPYKTHBHI TapaMeTpH HEPO-
3HIMHUX IIATyHIB JOCUTH cX0Xki i B onHoMy BII MoxkHa Oyne BUKOHYBaTtu ix oOpOOJIeHHS.
BuxopucranHsi cydacHUX MPOrPECUBHUX BEPCTATIB J103BOJISE BIAIWTH BiJ MPUHLUIY MOBHOT
opieHTauii 3aroroBku y BII, a Bumarae nuine HalifHOTO 3aKpilUIeHHs, 100 3a0e3MeYnTy Ha-
JIHHICTB TOJOXKEHHS 3aTOTOBKH Y TIPOIeci 00pOOIIeHHS.
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VY [14] 6yno 3anpononoBaHo mporpecuBHuii TI1 0OpoOiieHHsT HEPO3HIMHUX MIATYHIB 3a
onuH yctaHoB y BII i3 HenmoBHUM 0a3yBaHHSM, Ha KU OyJl0 OTpUMAHO MATEHT Ha KOPUCHY
moznens [15]. L xorctpykmis BII Oyna mocnimkeHa MEeTogaMu YHCEIBHOTO MOACIIOBAHHS 1
pe3yibTaTH, 110 MpeIcTaBieHl y poOoTi [14], 3a moka3HUKaMu HaNpy>KeHb, IEpEeMillIeHb Ta Blla-
CHUX YacTOT KOJIMBAaHb JIAIOTh MOXJIMBICTh TOBOPUTH MPO MEPCHEKTUBHUI HAMPSIMOK JOCIHI-
JOKEHB 1 po3poOiiens BII, 3acHOBaHMX Ha MPHUHIIUII HEMTOBHOTO OazyBaHHs. CxeMa 0a3yBaHHS
y BII, 1o 3axuiiieHuii naTeHTOM Ha KOpUCHY Mojielb [ 15] (puc. 2), nependayae HasiBHICTD ycTa-
HOBJIIOBAJIbHOI 0a3M MO O/IHIN 3 OUIBII MIMPOKUX HEOOPOOITIOBAHUX TUIOIIMH ITUHKH [IaTyHa Ta
HATPSIMHOI 0a3u MO OJHIHM 13 MJIONMUH MEHIIOI IMUPUHHM, 0 TaKoXK HeoOpoOneHa (puc. 3), a
3aKpIIUICHHS B1I0yBaIOCh MO IJIOUIMHI MEHIIO! ITMPUHH, 110 TIPOTUIICKHA HANIPSIMHIK 0a3i. 3a-
npornoHoBanuii BII, npu3HaueHuii 1Jig yCTaHOBJICHHS] HEPO3HIMHUX IIATYHIB PI3HUX THUIIOPO3-
MipiB y aiana3oHi poBxuHu 140-200 MM, mupuau 35-50 MM Ta Bucotu 17-24 MM, 110 3xiiic-
HIOETHCSI TUISIXOM PETYJIOBAaHHS TBUHTOBUX MEXaH13MiB, SIKi 3a0€31eUyI0Th 3MIHY BiACTaH1 MiX
YCTaHOBJIOBAJIbHO-3aTUCKHUMU €JIeMEHTaMu (puc. 2).

JATeCH MR

wrensent B0

O1
\\ Eaaywossi s 02
entsas BN qs 3 O
<y
YOanoamoaanesio
AATACA M wnesenT BN
Puc. 2. I'nyuxuni BII i3 nenosnum Puc. 3. Cxema bazysanns y enyuxomy BII

bazysannsam [15] Jlxepeno: po3po0JIeHO aBTOpaMHU.

Jlxeperno: po3po0JICHO aBTOPaMH.

[Ipore B pe3ynbrari AOCHIIKEHb HANPYyKeHO-Ae(OpMOBaHOTO cTaHy [14] Oyino BusiBIEHO,
10 IpYy>XHI JedopMmaliii y KOpIycHill 4acTUHI CKOOM BCE K BUHUKAJIU 1 HE JI03BOJISITU TIOBHOIO
MipOI0 BUKOPHCTAaTH MaKCHMaJbHY CHITy 3aKpiIlJICHHS, IO MOIJIM O BUTPHMATH TBUHTH, SKa
noTpiOHa 1151 3a0e3MeueHHsI CTaoro MOJ0KEHHS TPHU 00pOOJIeHH] IATYHIB 13 MaKCUMaIbHUMHU
raGapuTHUMH PO3MIpaMH, 110 JJ03BOJISIE TEXHIUHA XapakTepucTtuka BIL.

TakuM 4MHOM, A7 MiHIMI3alii BIUIMBY NMPY>KHUX JedopMalliid i1 yac 3aTAryBaHHs TBUH-
TiB Ta 3017bIIEHHS IO MoBepXHi A 3akpimieHHs BII [15] Oyno BrockoHaneHo IIsIXOM
3MIHU TPUHIMITY 3aKpiIUIEHHS IIaTyHa. ba3oBi MOBEpXHI 3alUINAIOTHCS TAaKoX HeoOpooie-
HUMH, YCTAaHOBIIIOBAIHHOIO 0a3010 3aJMIIAETHCS OJHA 3 OUTHII HMIMPOKUX HEOOpPOOIIOBAaHUX
TUTOIIMH ITUHKY MIaTyHa, HAPSIMHOIO 0a3010 SBISETHCS OJHA 3 TUIOIIMH MEHIIOI MIUPUHU
(puc. 4), a 3akpiniaeHHs BiA0YBaTUMETHCS MO IUIOMIMHI OUIBIIOI HIMPUHH, 110 MPOTUIIEKHA
yCTaHOBTIOBaJIBHIN 0a3i. 3D — mozgens ynockoHaneroro BII 3006paxeno Ha puc. 5.

Ocxkinpku npuHLUN 1ii 3anpornonoBanoro BII (puc. 5), six 1 BIL, mo yxxe OyB gociiaxeHuit
METOaMH YHCEIBHOTO MofemtoBaHHs (puc. 3) y [14] 3acHoBaHui Ha HEOOX1MHOCTI 3abe3re-
YeHHs a0COJIOTHOT HAJIHOCTI 3aKpIMJICHHS, TO JUIsl BU3SHAYEHHS MOXKJIMBOCTI IOCSTHEHHS TO-
YHOCTI PO3MIpiB, (POPMH Ta B3aEMHOTO PO3TAIIyBaHHS MOBEPXOHb MPH MPOBEIEHHI MEXaHiu-
HOTO OOpOOJIEHHS MEepIIMM KPOKOM HEOOXiHO BMKOHATH cTarnyHuil ananiz BII. J{ns mporo
BUKOHYBAJIOCh YUCEIbHE MOJICITIOBAHHS HANPYKEHO-/1e()OPMOBAHOTO CTaHy Ta BU3HAYEHO TIe-
peMimeHHs enemeHTiB cuctemu «BII — 3aroroBka» y Mmomymi Static Structural po3paxyHKOBOTO
xomiiekcy ANSY'S Workbench.
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- ,Qf
: Q2
< IO
Puc. 4. Cxema 6asysanus Puc. 5. 3D-mo0ens yoockonanenozo eHyu-
8 yOoocKoHanienomy eHyukomy BIT k020 BII i3 nenosnum 6azysanmsm
JIxepeso: po3po0iIeHO aBTOpaMu. Jxepeio: po3po0eHo aBTOpaMH.

[Ipu MonientoBaHHI 3ajaBaJIMCh Taki FPaHUYHI YMOBH (Tabi. 1) Ta BlIacTUBOCTI Marepiainy
BII Ta 3arotoBku, ananoriyaumu sk iy [14]. Mozgens BII BpaxoBye KyJIOHIBChKE TEPTS MiX
KOHTaKTHUMH mNoBepxHsAMu BII, sxi MaoTh npuOIU3HO OJHAKOBY BEJIWYMHY LIOPCTKOCTI
(1,6 mxm™ 3a kputepiem Ra) 3 koediuientom 0,1.

Tabnuys 1 — I pynu konmakmuux nap yoockonanenoeo BII ona wamynie

BepcraTHuii IpucTpiii i cxeMa po3TalllyBaHHS KOHTAKTIB

Contact 1

Custing Load

Fature Support = =~

TTapameTpu peanizoBaHUX I'PYII 3’ €HAHD
bazosa noBepxHs/ P pup DY —
. . Bun nosepxons, mo | Koediri-
THII 3aKpiTUICHHS Konrakr [ToBepxHi, IO KOHTAKTYIOTh
KOHTaKTYIOTh enr teprs f
LMJIHpUYHA TOBEP- 1 TIOBEPXHS NPIKUMHOI IacTuHn /| puduieHi / HeoOpoo- 0.7
XHSI TIPUCTPOIO/ BEPXHS MOBEPXH MHUHKHU IIaTyHa JIeH1 ’
fixture support ) TOpILIEBA MOBEPXHs ONOPH / TOpLEBa | Tajuki / HeoOpoo- 0.2
TUIOLIMHA NIMHKY [IaTyHa JIeH1 ’

Jxepeno: po3pobiaeHo aBTopaMu

VY nporeci MosientoBaHHA Bi10yBaIoCs NPUKIAICHHS CHJI Ta MOMEHTIB Pi3aHHS 10 KOXKHOT
3 00poOITIOBaHUX TIOBEPXOHB MTOYEPTOBO, OCKUIBKH 32 TEXHOJIOTIYHUMHU MOXKJIMBOCTSIMH BEPC-
TaT MOK€ BUKOHYBATH OJIHE IHCTpyMEHTaIbHEe 00pOOIeHHS. 3HAaUEHHS CUJI Ha PI3HUX Iepexo-
nax o0poOieHHs BapitoBaock B Mexkax 505...2937 H ta kpyTHux MmomeHTiB 45...142 H-m 3a-
JIEKHO BiJ1 criocoOy Ta ctajii 00pooseHHs. [Ipu iboMy Ha IPHXKUMHY IJIACTUHY 3 OOKY I'BHHTIB
nisia moctiitHa cwita 3akpimieHHs 2000 H, mpukiageHa 10 KOXHOTO 3 HUX.

CyKymnHICTh JaHUX TPAaHUYHUX YMOB JIO3BOJIMJIM peasli3yBaTH MOJENIOBAaHHS PEaTbHOTO
IPOIIECy ITiJl 9YaC CTATUYHOTO HaBaHTaXEHHs. [Ipy IbOMy OTpHMaHi 3HAYCHHST MaKCUMAITbHIX
€KBIBAJICHTHUX Hampy>keHb 3a [V rimote3oro mirHocTi ['yGepa-Miseca i MakCUMalbHUX TIepe-
MiITeHb elieMeHTiB cucteMu «BIT — 3aroroBkay (Tadir. 2). Takox A MOpiBHIHHS B Ta0I. 2
3Be/IeHI aHanoriuni nokasuuku uist BII (puc. 3), mio gociimkysascs y [14].
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Tabnuya 2 — [lopisHannsa pe3yibmamis 4uceibHo20 Mooentoganus enyukoeo BII i3 nenog-
HUM 6a3ys8anuam ma y0ockonaienozo BII ons wamynie

MaxkcuMaJbHI IepeMileHHS . <
. > MaxkcumanbHi
L. enemenTi BIT, MM = E
TexHonoriyHum o - Hanpy:xeHHs, MIla o=
. YII0CKOHAJICHOTO [matent] (puc. 3) = =L
repexinm, e E E E ;
BHHUKAIOTh S % 2z
HaiGinbII 3a . 3a | 5% | ymocko- | [marent] | § %
3arayipHi 3araipHi | = © = R
HaBaHTaXCHHS OCAMHU oCsIMU S | HaneHoro | (puc. 3) E
= =
®pesepyBaHHs TOPLS
BEJMKOT 60OUIIKN 0,014 0,059 0,021 0,071 0,13 241 377 600
CBeputiHHS OTBOPY
niamerpom 15,5 MM y
Mautii 600uimi 0,052 0,068 0,069 0,093 0,15 298 412 600
PoscBepantoBanHs
OTBOPY JiaMeTpoM
29,5 MM y BeIHKiil
Oo6um 0,051 0,084 0,072 0,121 0,15 276 372 600

Jxeperno: po3po0IeHO aBTOpaMH.

BianoBiiHO 710 pe3ybTaTiB YUCEIbHOTO MOJICJIIOBAHHS IEPEMIILIEHHs], 10 BUHUKAIOTh Ha
BCiX MepexoJax MexaHigHoro o0pobieHHs, B ynockonaienomy BII He nepeBumIytoTs sk abco-
JIOTHUX JIONYCTUMHX 3HA4€Hb, TaK 1 3HAYEHb 3a OCAMHU koopauHar. Lle cBinuuTh npo Te, o
3aJjaHa KOHCTPYKTOPOM TOYHICTh Oyae BUTpUMaHa. HampyxeHHs i 9yac NpUKIIaJAeHHS CTaTH-
YHOTO HaBaHTA)XXEHHS B yJlocKoHaeHoMy BII Takox 3HaxXoasThes B JOIMYCTUMHX Mexax. Ta-
KOX TIPH MOPIBHAHHI HANpPY>KeHb 1 epemimeHs B ynockonanenomy BII i BIT (puc. 3), mo 6yB
JOCTIPKEHUH paHillle BCTAHOBJIEHO, 1110 BOHM MEHIII 3a IOKAa3HUKU aHAJIOTIYHUX Mepexoiax.
[Tpy 1pOMY MaKCHMaJbHO HANPY>KEHUM €JIEMEHTOM Y CHCTeMi € came 3arotoBka. OTpumani
pEe3yJIbTaTH J103BOJISIOTH MEPENUTH 10 eKCIIEPUMEHTATIBHUX JIOCIIKEHb HapyKeHO-AepopMo-
BaHOro ctany cucremu «BII — 3aroroBka» s ynockonaneHoro BII.

ExcniepyuMeHTanbHi JOCTIKEHHS HapyXeHo-1e(popMOBaHOro crany cuctemu «BII — 3a-
TOTOBKa» € HACTYITHUM €TaIloM I IEPEXoy 10 OOpOOIeHHS B AMHAMIYHOMY pexuMi. Takox
€KCIIEPUMEHT B CTaTHIl HEOOX1THUH /17151 HepeBIpKH a/IeKBaTHOCTI PE3yJIbTATiB YHCEIBHOTO MO-
JIeITIOBAaHHS, IJISTXOM 3iCTaBIICHHS iX 3 pe3yJbTaTaMH HATYPHHUX €KCIIEPUMEHTIB ISl YIOCKOHA-
nenoro BII, skuit OyB BUTOTOBIEHHI 32 HOMIHAJIBHUMH pO3MipaMy, aHAJOTTYHUMHU PO3MipaM
y Mozieni (puc. 5). Sk exciepuMeHTanbHUN 3pa30k Oysio B3sATO 1IaTyH Bia Motomukia Honda
200 cb, doto sixoro 300paxkeHo Ha puc. 6, a, a ecKi3 3 OCHOBHUMH po3MipamMH Ha puc. 6, 0.
Takoxx Ha puc. 7 PEACTaBICHUN EKCIIEPUMEHTAIIBHUI 3pa30K yockoHameHoro BIT.

N ==, |
o [/ = N
- | \ | I lc )i d
L\ ’,L',' \ = - '\\_-_/ /-’ ’ 1
' \"’_'_’ 25 T
1 =TT 1
5_“ o
" — ) ? 552 |
-
165
a 4]

Puc. 6. lLlamyn momoyuxna Honda 200 cb200:

a — gpomo, 6 — ecKiz 3 OCHOBHUMU POIMIPAMU
Jxepeno: po3po0IieHO aBTOpaMHu.
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Puc. 7. Excnepumenmanvruii 3pazox y0ockouaneno2o BIT

3 HeNnOBHUM OA3YBAHHAM 0151 0OPOOIEHHs Oemanel Muny wamyHu
Jxepeno: po3po0icHO aBTOpaMHu.

CraTuuHi eKCIIepUMEeHTaNIbHI JOCTIHKEHHS Tepeadadaiy IpUKIagaHHs HaBaHTaXEeHb 110
MicCIb 00pOOITIOBaHMX TIOBEPXOHbB JIETalll Ta BUMIPIOBAaHHS BEJIMYHMH MEPEMIIICHb Y TOUIlI TPH-
KJIaJaHHs HaBaHTaxeHHs. Lle Oyro peanizoBaHO IUIIXOM CTBOPEHHS €KCIIEPUMEHTAIBHOI yC-
TaHOBKH (pHc. 8) /s 3akpituienHs BII i mpukiageHHs 10 HbOro HaBaHTAKEHb Ha 0a3i MHPO-
KOyHIBEpcalibHOTO (hpe3epHOro Bepcrara Mozaeli 676.

Ha ¢ororpadii ekcnepumenTanbaoi yctanoBkH (puc. 8) yaockonanenuit BIT 1 (puc. 5) 3a-
KpIIUTIOBaBCS B TPHOXKYJIAUKOBOMY MATPOHi 2, SIKMH, y CBOIO 4epry, OyB BCTAHOBJICHHUI Ha CTOI
Bepcrara. Cuiia, 10 i€ Ha 3ar0TOBKY, PUKIIAAaIach Yepe3 OMpaBKy MIMUHAENIS 3, BCTAHOBIICHY
y IITIHH/EINI BepcTaTa. Takok y KOXKHY 3 TOJIOBOK IIaTyHa OyJy MOYEproBO BCTAHOBIICH] OITPABKU
4 st MOXKJIMBOCTI 0a3yBaHHs MEXaHIYHOTO AuHamomerpa 5. JmHamomerp mozemi Mohr &
FEDERHAFF MANNHEIM sBsie co00t0 TapoBaHy Ipy>KUHHY CKOOY, >KOPCTKICTb K01 BijoMa
Ta cTaHOBUTH 6 H/MKM. /lnHaMoMeTp OCHAIeHHWH 1HIUKATOPOM TOJMHHUKOBOTO THUITY MOJEINI
MII'1 T'OCT 9696-82, 1iina moaiiku sikoro craHoBuTh 1 MkM. Ilepemimenns enementiB BIT ¢i-
KCYBaJIOCh 3a JIOMTOMOT OO iHauKaropa 6 takox mozaeni MII'l TOCT 9696-82, o BcTaHOBICHUH
B IHJMKATOPHIM CTIMIIl Ha CTONI BepcTaTa Ta KOHTAKTYyE CBOEI0 BUMIPIOBAJILHOIO MTOBEPXHEIO 13
TOpIIEM OOOWIIKH, IO MPOTHIICKHUHN TOPIIIO, A0 SKOTO MPUKIATAETHCS CUIIa. 3HAYECHHS HaBaH-
Ta)kKeHb BIAMOBIIAIN 3HAYEHHSM, 1110 33/1aBAIUCH M1 4aC YUCETHHOTO MOJIEIIOBAHHS.

Puc. 8. Excnepumenmanvha ycmano6xka 0isi 8U3Ha4eHHs nepemiujens enemenmis BIT
Jlxepeno: po3po0IJICHO aBTOpaMHu.

VY pe3ynbTaTi eKcriepuMEHTATbHUX J0CIIPKEHb OTPUMANIY 3HAYEHHS JIeCATH BEIMYHUH I1e-
peMillieHb Ha KOKHOMY 3 JIOCTIKYBaHHUX MIEPEXOIB MEXaHIYHOTO 00pobieHHs (puc. 9) Ta BU-
3HAYMJIM CepelHhOApU(METHUHI 3HA4YeHHs nepeMmimieHb. [laHi 3HayeHHA Oylo 3BEACHO Yy
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TabJ. 3 Ta BUKOHAHO YMCENbHE MOPIBHAHHSA BiANOBIAHUX BEJIMYMH, BU3HAUYEHI aOCOIOTHI Ta
BIJIHOCHI BIJIXWJICHHSI €KCTICPUMEHTAIBHUX JIAHUX 1 JJAaHUX, OTPUMAHHUX Y PE3yJIbTaTi YHCEIIb-
HOT'O MOJICITFOBAHHSI.
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Puc. 9. Pe3ynomamu excnepumeHmanvHux 00cuioie

su3HayeHHs nepemiujenv BII na nepexooax
Jxepeno: po3po0IieHO aBTOpaMHu.

VY pe3ynbTaTi eKCIepUMEHTAIBHHUX JOCIIDKEHb Ta BU3HAYCHHS CEePeIHbOApU(DMETHIHIX
3HAYCHb MEPEMIIIICHb 10 0OPOOIIOBAHUM ITOBEPXHAM Ha HAMOLIbII HABAHTAXKCHHUX IIEPEX0/1ax
1 3Be/ICHHA 1X y Tabi. 3 OyJI0 OTpUMAHO YMCENIbHE IMOPIBHSAHHS BiIITOBIIHUX BEJIWYNH, BU3HA-
YeHi a0COJIOTHI Ta BiIHOCHI BIIXWJICHHS €KCIIEPUMEHTaIbHUX JaHHUX 1 TaHUX, OTPUMAHUX y
pe3yNbTaTi YUCEILHOTO MOCITIOBAHHS.

Tabnuys 3 — [opisHsanns pe3yibmamis 4uceibHo20 Mooentosants ehyukoeo BII i3 nenog-
HUM 6a3y8aHHAM ma YOocKonaienoz2o BII ona wamynie

MaxcuManbHi IepeMIlIeHHS eIeMEHTIB
yaockoHaneHoro BII B3moBx oci
BUMIPIOBaHHSI, MM

TexHOMOTIYHUH mepexis,
JI€ BUHUKAIOTh HalOI-

. IIiJ] 4ac 4uce-
JIBIII1 HABAHTAXXKCHHSA

JIBHOI'O MOJEC-
JIFOBAHHA

i1 9ac eKCTIepHUMEeH-
TaNbHUX JOCTIIKEHb

Jomyctumi
MePEMIIIICHHS, MM
Benuunna nonmycrumoro 3a-
nacy 1o MmepeMilieHHsIM, MM
Bignocue Bigxunenss, %

AOGCOIIIOTHE BiIXUIEHHS, MM

®pesepyBaHHS TOPIIS Be-
JINKOT OOOHUIIIKK 0,014 0,017 0,13
CaeputiHHS OTBOpY Jia-
MeTpoM 15,5 MM y Mamiit
600umIi 0,052 0,061 0,15 0,089 0,009 14,7
PoscBepamtoBanHs

oTBOpPY AiameTpom 29,5
MM V BEJIMKii 00O 0,051 0,062 0,15 0,088 0,011 17,7

Jxepeno: po3po0iieHO aBTOpaMH.

S
—
—
W

0,003 17,6

)

I3 pesynbraris, 110 IpeaCcTaBlieHi B Ta0. 3 BUIHO, 10 BETHYHUHU MIEPEMIIIeHb, OTPUMAHUX
EKCIIEPUMEHTAJILHUM IIISIXOM HE TIEPEBUIYIOTh JOMyCTUMUX 3HAYEHb IMX MapaMeTpiB, Xxoua
1 € BUIITUMH HIXK 1/ 9Yac YMCENFHOT0 MOJIEIIIOBaHH B Mexax 14,7...17,7 % 3anexHo Bif nepe-
X0y MexaHI4HOTo 00poOieHHs. [le Mo)kHa MOSICHUTH peaTbHUMH YMOBaMH €KCIIEPUMEHTY Ta
MOXHWOKaMH, 1IT0 BUHUKAIOTH IT1/1 YaC BUTOTOBJICHHS Ta BUKOHAHHS BUMIPIOBaHb. X04a B I[bOMY
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BUIAJIKy MaKCUMAaJIbHA BiTHOCHA IMOXMOKa cTaHOBWIIA MeHIIe 3a 20 %, pu TOMY, 110 BEIMYUHA
3amacy J10 J0IMyCTUMHX 3HaY€Hb MEPEMILICHb € JOBOJII CYTTEBOIO Y MOPIBHSAHHI 13 CAaMUMH 3Ha-
YCHHSIMH TTEPEMIIIeHb HAa KOHKPETHUX NEPexo/iax.

BucHoBku. Ha 0CHOBI 4HCeIbHOTO MOJIETIOBAaHHS BEIMYMHH HANPY)KEHb Ta TEPEMIIICHb B
yaockonanenomy BII, o OyB po3poOneHuit i3 3aCTOCYBaHHSM MIPUHITUITIB HETIOBHOTO Oa3yBaHHS,
TEOPETHUYHO JIOBEICHO, 0 BEIMYMHU HAIPYKEHb B eleMeHTax KoHCTpyKii BII He nepeBuiiyoTh
JOMYCTHUMUX 3HAY€Hb 33 XapakTepucTukamu Marepianis cucremu «BII — 3arotoBkay. [Ipu nipomy
BEJIMUMHA HaIpy>KeHb Ha 26...36 % MeHI1a B/l 3Ha4eHb Ha BiIMOBITHUX MIEpexXo/iaX y MOpiBHIOBA-
Homy BII. Takox BCTaHOBIICHO, 1110 BEJIMYMHU 3arajibHUX MepeMILIeHb 0OPOOIIOBAHNX IIOBEPXOHB
B ynockoHanenomy BII, sikuii OyB po3po0ieHnii Ha OCHOBI JIOCITIPKEHOTO paHiIle TEXHIYHOTO Pi-
IICHHS1, HE TIEPEBUILYIOTh JJOMYCKiB Ha 00poOmoBaiibHI oBepxHi Ta Ha 17...30 % meHmi 3a Big-
NIOBi/IHI 3Ha4eHHS 3 opiBHIOBaHUM BI1. 3HadeHHs nepeminieHb 3a 0CIMU KOOPIMHAT B3JIOBXK SKUX
NPUKJIAIAIOCHh HABAHTAKEHHS TAKOXK HE MEPEBUIIYIOTh JIOIYyCTHMUX KOHCTPYKTOPOM 3HAa4€Hb Ta
25...33 % meH1i 3a BiNOBIIHI MOKA3HUKY 13 TIOpiBHIOBaHUM BIL

Briepiie ekciepuMeHTaIBHO JIOBENEHO, 10 KOHCTPYKIIist ynockoHaneHoro BII aiis 06po0-
JICHHS IIaTyHIB 37]aTHA 3a0e31euyBaTH HEO0OXiJHY TOUHICTh 0OpOOIEHHS MPU CTAaTHYHOMY Ha-
BaHT)KEHHI, a/PKEe BEJIMYMHU TIEPEMIIICHb X04a 1 OUIBIII, HIX i YaCc YMCEIbHOTO MOJIEIIO-
BaHHA Ha 3...11 MKM, 10 Y BIIHOCHOMY BHpakeHHI cTaHOBUTH 14.,7...17,7 % 3anexHo Bifg
MePEeX0/ly MEXaHIYHOTO 0OpOOICHHS, MPOTE HE MEePEBUILYIOThH JOMYCTUMUX 3HAYEHb.

BcranoBieHo, 1110 BeTWYHHA JOMYCTUMOTO 3aMacy Mo MepeMillleHHSIM Ha OKPeMHX Iepe-
xonax Bapiroerbes Big 0,088 mm 10 0,113 MM, TOOTO 3ayIMIIAETHCS TIEBHUMA 3amac TOYHOCTI Ha
MOYKJTMBI TTOXHMOKH MEXaHIYHOTO, III0 HEMHUHYYEe BHHUKHYTH 1]l 4ac 0OpOOICHHS.

OtpuMaHi pe3ysbTaTé 103BOJISIFOTH TOBOPUTH PO MEPCTIEKTHBH 3acTocyBanHs BII i3 Henos-
HUM Oa3yBaHHSM JIs1 0OpOOJICHHs HEPO3HIMHUX IIATYHIB 32 OJTHE YCTAHOBJICHHS Ha i IPUEMCT-
Bax 13 qpiOHOCEPITHNM THUIIOM BUPOOHUIITBA Ta 3arajioM Ipo JOIUIBHICTh poekTyBanHs BII, 3a-
CHOBaHMX HA TAKOMY IMPUHIMII Ui IHIIMX KJIAciB jaeTaneil ckiaanoi gopmu. Tomy momamnbini
JOCHIKEHHS OyIyTh CIIPSIMOBaHI Ha €KCIIEPUMEHTAJIbHI JIOCIIKEHHS XapaKTepPUCTUK TOUHOCTI
Ta xopcTkocTi BII B tuHamMiyHOMY peXuMi IiJ1 yac 3/1iiicHeHHs potiecy 00poOIeHHs.
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EXPERIMENTAL RESEARCH OF THE RIGIDITY OF FIXTURES
WITH INCOMPLETE LOCATION FOR CONNECTING ROD TYPE PARTS

The use of modern machining centers with wide technological capabilities and the active development of productions
with a small-scale form of organization necessitates an increase in the efficiency of fixtures capable of ensuring sufficient
accuracy of machining with minimal costs.

Classical approaches to the design of fixtures do not always allow machining with one installation with high-performance
cutting conditions, so it is necessary to move the new approaches that allow maximum tool availability, which is important for
the competitiveness of enterprises.

The analysis of research and publications on numerical modeling and experimental research on the processing of parts
of a complex shape that have insufficient rigidity showed that the issues of static research of the stress-deformation state of
fixtures with incomplete locating have received little attention in the scientific literature.

The purpose of the article is to experimentally demonstrate the possibility of machining non-separable connecting rods
in machine tools with incomplete basing and fastening only on unprocessed surfaces in one installation with the achievement
of all the necessary indicators of dimensional accuracy.

The work presents for the first time an improved fixture with an incomplete location for machining connecting rod-type
parts, and experimental studies of its stress-strain state in static mode are performed. The determined values of stresses and
displacements compared with the previously proposed machine tool showed its technical advantage in bearing capacity for
loads acting during machining.

In this work, it was experimentally proven for the first time that the design of the improved fixture for machining connecting rods
is capable of providing the necessary machining accuracy under static load and at the same time has a margin of accuracy that
exceeds the value of deformations by 1.5...2.5 times. The presented results and the positive experience of manufacturing a sample of a
fixture can be used for its further research in a dynamic mode directly during machining, as well as for the design of technological
equipment for parts of other classes, using an approach that involves incomplete locating of the workpiece.

Keywords: accuracy; deviation; tension, numerical simulation; error.
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HAHOCTPYKTYPYBAHHA KPUCTA/IIYHUX MATEPIAJIIB TA HAITMJIEHUX
HOKPUTTIB HEPEJPEKPUCTAJIIBAHIMHOKO TEPMIYHOIO OBPOBKOIO

Y cmammi eucgimneno doyinvricms 3acmocyeannsn nepedpexpucmanizayiiinoi mepmiunoi oopooxu (IITO) nonepednvo
0ehopMOBaAHUX MEXHIYHO YUCMO20 3ai3d, 8Veleyesux ma l1e208anux cmaneil 015 ni08UWeHHsl IXHbOI meepoOoCmi 3a PAXYHOK
Gopmyeanns nonicoHizayiinol cybcmpykmypu, 30e0iibuio2o Hanopoamiproi. Ilokazano, wo 36inbuienHs emicmy gyaneyro ma
XPOMY Y CIAJIAX, NPU KOPOMKOYACHIU SUMPUMYL NPU MeMnepamypi peKpucmanizayii, npuzeooums 00 3HUINCEHHS. RPUPOCHTY
meepoocmi. Kombinosane depopmysartst (OUHAMIYHE MA CMAMUYHE) HA0AE MONCIUGICMb 30LTbUUMU Yac umpumku 00 60 X6
34 paxyHoK hopmyeanHsa mepmiyHo cmabinbHoi nonieonizayitnoi cyocmpykmypu. Busnaueno onmumansnuii pescum [1TO me-
NI03AXUCHO20 NIAZMOB020 NOKpUMMS, Wo 3abe3neyye nioguwyenns meepoocmi na 13 % ma 3nudicenna menionpogionocmi
Kepamiunoeo wiapy na 15 % y nopienuanni 3i cmanom niciia HaAnUNeHHs 3a paxynok CyO6CmpyKmypHux 3min.

Knwuoei cnosa: nepedpexpucmanizayitina mepmiuna oopoodxa, cyocmpykmypa, HAHOpO3MIpHI eleMeHmu; menio3axu-
CHI NOKpUmMmsi, meepoicmv, MenionposioHicmb.

Puc.: 9. Tabn.: 3. bién.: 13.

AKTyaJIbHICTh TeMH 0caizkeHHs1. CyyacHe BUCOKOTEXHOJIOTIYHE BUPOOHHUIITBO MOTpe-
Oye HOBHX MaTepiaiiB 3 YHIKQJIbHUMH BIACTUBOCTSMH, a iX 3aCTOCYBaHHS B KOHCTPYKIIISIX BH-
3HAYAE€THCS CIIBBIJHOIIEHHSAM MIXK MIIHICTIO Ta IJIACTUYHICTIO, TOMY METaJIeBl MaTrepiaiu xa-
PaKTEepU3YIOThCS HAUTIPUBAOIMBIIINM 3 MOTISY TPAKTUYHOL JOLITEHOCTI CITIBBITHOIICHHSIM.
[TpupicT MIIIHICHUX BJIACTMBOCTEH OCTAaHHIMM POKaMU 3a0€3MeUyeThCs B OCHOBHOMY 3a paxy-
HOK IIJIECTIPSIMOBAHOTO ()OpMYBaHHS 3/IpIOHEHOT MIKPO- 1 HAHOKPUCTAIIYHOI CTPYKTYPH.

ITocTanoBka npo6aemu. [lonpiGHeHHS 3epeHHOT (Cy03epeHHOT) CTPYKTYPH 10 HAHOKPHU-
CTaJIIYHOTO CTaHy 3/1MCHIOIOTH MEPEeBaXKHO HAUIOIUPEHIIIUMHU METOIaMU 1HTEHCUBHOT I1j1ac-
tuyHoi nedopmanii (II11). Jo mertoxis II1/] HanexxaTh iHTEHCHBHA IIacTU4YHA Aedopmarlis
KpPYUYEHHSM I11]1 BUCOKMM TUCKOM 1 piBHOKaHanbHe KyToBe npecyBaHHs (PKKII), sike Haitbub1n
IIMPOKO 3aCTOCOBYETHCSA Ta Ma€ PI3HOBUIM: J1e(hOPMYBaHHs TEPTAM 1 METOJl BCEOIUHOTO Ky-
BaHHs (MpecyBaHHs). BcebiuHe 130TepMivuHe KyBaHHS MOJAETHCS K OJMH 3 OCHOBHUX 1 eeK-
TUBHHUX METOJIB HAHOCTPYKTYpyBaHHA MacuUBHUX (710 50 kr) BUpo6iB. O0’€MHE HAHOCTPYKTY-
pyBanHs Mertomamu II1J[ 3acTocoByeThbCcsl B TEXHILl s OA€pkaHHS BHUPOOIB HEBEIMKOIO
po3Mipy (aBialiiHi KpIIUIEHHS, MEIMYHI IMIUIaHTH, JeTalli npuiaaiB Touo). HanocTpykrypy-
BaHHS JieTasiell Benukoro po3mipy metonamu II1/] BUKiIMKae 3HaYHI TEXHIYHI Ta TEXHOJIOTIYHI
TPYIHOLILI 1 HE € eKOHOMIUHO 1o1iTbHIM. OCHOBHA YaCTHHA ITUX METO/IIB HE I0BeIeHa J10 TPaK-
TUYHOTO 3aCTOCYBaHHSI.

AHaJi3 ocTaHHiX qocaikeHsp i mybJikamiii. Bucokux nmokasHukiB (i3mko-MexaHIIHUX
BJIACTUBOCTEN METAJIB 1 CIIJIaBIB MOJKHA JOCITTH HAHOCTPYKTYypyBaHHsM [ 1]. [logpiOHeHHS 3e-
PEeHHOT (Cy03epeHHO1) CTPYKTYPH 10 HAHOKPUCTAIIYHOTO CTaHy 3/1HCHIOIOTh MEPEBAXKHO Haii-
MOLIMPEHIIIMMHU METO/IaMU 1HTEHCUBHOI TU1acTUYHOI Aedopmaii [2]. OxHak Ha CbOTOIHI IPO-
MUCJIOBI METOY OTPUMAaHHSI HAHOCTPYKTYPHU IO BCbOMY 00’€My peaibHOro BUPOOy € TOCUTh
CKJIAJTHUMU 1, SIK HACIIJIOK, JOPOTUMH 3 €KOHOMIYHOTO MOy [3].

© Anron Kapneuenko, Tersna Makpyxa, Onexcannp ly6osuii, Makcum bobpos, 2022
27


mailto:anton.karpechenko@nuos.edu.ua
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0002-7543-4159&authorId=57194341724&origin=AuthorProfile&orcId=0000-0002-7543-4159&category=orcidLink
mailto:tmakruha@gmail.com
https://orcid.org/0000-0001-8841-1688
mailto:oleksandr.dubovyj@nuos.edu.ua
https://orcid.org/0000-0002-2843-1879
mailto:laborantmtm@gmail.com
https://orcid.org/0000-0002-9098-6912

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

B ocranHi gecaTupiuus BUKOPUCTOBYIOTHCS CIOCOOM MEXaHOTEPMIYHOI 1 TepMOMEXaHiy-
HOT1 00pOOKH, SIK1 JO3BOJIIOTH MIABUIIUTH SIKICTh MPOKATHUX 1 KOBAHUX BUPOOiB MUISIXOM (hop-
MYBaHHS NOJIrOHI3aliiHOI cyOcTpykTypH [4-6]. 1t popMyBaHHS Takoi CyOCTPYKTypH BUKO-
puctoByeThecs 1 (pa3zoBuil Hakien (MOABiMHE rapTyBaHHs) [7], y pe3y/bTari SKOro MiIHICHI
XapaKTePUCTUKHU MOXKYTh HIABUITUTUCH 110 60 %. OTpuMaHHS NOMIrOHI3aitHOT CyOCTpYKTYpH
y BUCOKOBYIJIELIEBUX CTAJISIX 3a JOIIOMOIOI0 BUCOKOTEMIIEPATypHOi TEPMOMEXAHIYHOI 00pOOKH
npu 1050 °C 3abe3neuye miaBumieHHs MiHOCTI 10 30%, ynapHOi B’s3K0CTi — BIBivi [6].

VY pobori [8] onrcaHo cnocid TepMOMEXaHIYHOTO 3MIITHEHHS CTaJel NpU TUIACTHYHIH Jie-
dopmarii € = 20...40 % 3 HactynHuM raptyBanss npu Temneparypi 800...900 °C. YV pesynb-
TaTi MICJIA TaKOTO TEPMOMEXAHIYHOTO 3MIlHEHHS 30UTBIIYETHCS AUCIEPCHICTH MIKPOCTPYK-
TypH CTajiei, a TBEPIICTh 3HaXonuThes y Alana3oni 50...55 HRC.

ABTOopu po6OTH [9] NHUIIYTH PO MOXKIIMBICTH ITiBUILEHHS MIIIHICHUX BIACTHBOCTEH cTa-
neit 12X18H12T Ta 12X1M® npu pizHux crynensax aedopmari (e = 6,25; 12,5; 18,75; 25,0
ta 37,5 %) 3a remneparypu (650+10) °C Bupogosx 1...10 roxm, micias 40ro NOKa3HUKHA MIITHOCTI
nigBUIIYI0ThCA Ha 12...14 %, npoTe mIacTUYHICTb 3HIKYETHCS Ha 25 %.

[Tpu mocnimkenHi BBy rapsaoi nedopmaii crami 60 [10] Oyino BCTaHOBICHO, IO MPU
rapsayiit actuyHiil negopmanii va 10...50 % npu temneparypi 8§00...1000 °C moxkHa 3MeH-
IIMTH PO3Mip 3epHA ayCTEHITY, OIHAK TAaHHUH MOKa3HUK 3aJIMIIAETHCSA B Niana3oHi 45...160 MkM,
10 HE BIAMOBI/Ia€ HAHOCTPYKTYPHOMY MaciuTaly.

Bupisienns1 Henoc/IiIzKeHUX YACTHH 3arajibHOI mpodaemMu. Y 3B’53Ky 3 IMM po3poOKa
HOBMX METO/11B HAHOCTPYKTYPYBaHHsI, CIIPSIMOBAHUX Ha MOJINIIEHHS (Pi3MKO-MEXaHIYHUX Blla-
CTHBOCTEH Ta IiIBUIICHHS TTOKa3HUKIB €KCIUTyaTallifHIX XapaKTEPUCTHK METAIB 1 CIUIaBiB, a
TaKOXX HaIMJICHUX IMOKPUTTIB € aKTyaJIbHUM 3aBJaHHSAM Cy4aCHOI'O MaTepialo3HaBCTBA.

Meta po6oTH rosraEe y BCTAHOBJICHH] 3aKOHOMIPHOCTEH 3MiHH CTPYKTYPH Ta BIACTHBOCTEH
KPUCTATIYHUX MaTepialliB micis AeopMariiiftHol Ta nepeapeKprcTaTi3aliiitHol TepMidHOT 0OpOOKH.

BukJiag ocHoBHOTo MaTtepiaJty aocaizkenns. s nocnimkens 6yino o0paHo 3pa3Ku Tex-
HiyHo umcroro 3amiza ('OCT 3836-83), Byrnenesux craneit 20, 45 (TOCT 1050-88) ta VY8
(TOCT 1435-88), nerosanux craineir 40X (I'OCT 2591-2006), 12X13 ta 12X18HIT (I'OCT
2590-20006) 1 Temao3axycHe MIa3MOBE TOKPUTTSI.

JUis TOCIIKEHHS CTPYKTYPHU Ta CyOCTPYKTYpH BUKOPUCTaH1 MeTOau (i3MYHOT0 MaTepia-
JIO3HAaBCTBA — ONTHUYHA MIKPOCKOIis, CKaHyloua eJIEKTPOHHA MIKPOCKOIMIsS, PEeHTI€HIBCbKUN
CTPYKTYpHO-(ha30BHii aHAMTI3.

JuHamiuHy AedopMariito 3pa3kiB IPOBOANIM YIAPHOO IUKIIYHOIO fi€eto. Ctatnuny aedo-
pMmariito npoBoawiIn Ha rigpasiaigyHomy npeci Losen Housen WLRK (Dusseldorf) 3 naBanra-
*eHHsM 10 35 1. TepmiuHy 00poOKy 3aiiicHIOBanM B 1abopaTopHii enekrpuuHiil meui CHOJI-
1.6.2.0.08/9-M1. KouTponb TemrepaTypu 3IIACHIOBABCS TEPMOMAPOI0 XPOMEIb-aFOMEIb
TXA (I'OCT 6616-74).

AHai3 MIKpOCTPYKTYpH NMPOBOAMIN Ha MeTanorpadiunomy mikpockorni MMP-2P ta cka-
HyIOUOMy enekTpoHHOMY Mikpockori ZEISS Gemini SEM 500.

Teepnicte HVs Bu3Ha4yanu Ha mpuiaal Ty «Bikkepcey» (Ha MOB3IOBXKHIX 1ITiax) mpu
HaBaHTaxeHH1 Ha iHAeHTop 5 kr (JACTY ISO 6507-4:2008).

JlocnipkeHHsT TEIUIONPOBIHOCTI MOKPUTTIB TMPOBOAMIM 32 JONOMOIOI BHMIiproBaya
UT-A-400, mo mpu3HAYSHUH Ui AOCTIIKEHHS 3alIeKHOCTI KoeillieHTa TeIruIonpoBiTHOCTI
MartepiajiiB BiJ TeMmneparypu B aianazoni 0,1...5,0 Bt/(m-K). [{nst BuMiproBaHHS TEIIONPOBiI-
HOCTI BUKOPHCTOBY€ETHCSI METO TUHAMIYHOTO KaJIOpUMETpa.

3ioMKY nupaKTorpaM MpOBOAMIH 32 JIOTIOMOTOI PEHTTEHIBCHKOTO Au(pakToMeTpa 3a-
ransHoro npusHadeHHs JJPOH-3.0. Po3mip obnactelt KOrepeHTHOTO pO3CiIOBaHHS PEHTTEHIB-
cekux BunpomintoBanb (OKP) Buznavanu 3a popmysmoro [leppepa.
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JlocmimkeHHs 3a71€KHOCTI TBEPAOCTI Ne(popMOBAaHUX TEXHIYHO YHCTOTO 3aii3a, ByTJiele-
BOi 1 HU3BKOJIETOBAHOT CTAJIl B/l YaCy BUTPUMKH IIPH TEMIIEPATypax, siKi BIAMOBIIAIOTh TEMIIE-
paTypHOMY MOpOTY iX peKkpHcTaii3allii, moKa3auu, 0 BOHA HOCUTh €KCTPEeMaJIbHHUM XapakTep
3 YITKUM MaKCHMYMOM 1 HaJla€ MOXKJIMBICTb 1i MmiaBHINCHHS Bif 15 mo 45 % y mopiBHSHHI 3

nedopmoBaHuM cTaHoM (puc. 1 Ta Tabm. 1).
HiV,., [Tl

EY IR TT TR

14
i L L] 1 1.5 ! L L] LT

Puc. 1. 3anexcnicms meepoocmi 6i0 mpusanocmi GUMpUMKY [ memnepamypu
1ITO mexniuno uucmoeo 3aniza

Tabnuys 1 — 3nauenns meepoocmi cmani 20 3anexcHo 6i0 udy oopooKu

TeepaicTh
Bitx 00pobin HVs, [Ma HRC
Biaman 850 °C, 60 xB 1,27 12
Hedopwmartis 60 % 1,62 (+28) 16 (+33)
. 24 22
o, O, )
Hedopmartist 60%, ITTO 500 °C, Burpumka 1,5 xB (+89/48) (+83/38)

* y Iy’XKax BKa3aHO MPHPICT TBEPIOCTI y % BIAHOCHO BinnaneHoro/ne)OpMOBaHOTO CTAHY.

HactynHi qociikeHHs 1010 BIUIMBY BYTJICIIO HA MAKCUMAaIIbHY TBEPAICTh IPU HEJOBIO-
TpUBAJIiil BUTPUMILII IPU TEMIIEPATYpl peKpUcTali3amii HoKa3aiu, 10 301IbIIEeHHS HOro BMICTY
y CTajll IPUBOAUTD JIO 3HWKEHHS PUPOCTY TBEPAOCTI (puc. 2).
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Puc. 2. 3anesxcnicmo npupocmy meepoocmi nicis nepeopekpucmanizayiunoi mepmiyHoi
006pobKU 8i0 emicmy gyaneyio y Cmali:
1-HVs, I'lla; 2 — HRC

Taka 3aJ€KHICTh MOSICHIOETHCS TUM, 1110 31 30UTBIIEHHSM KUIBKOCTI BYTJIEIIO Y cTali 30i-
JBITYETHCS KUTBKICTh IIEMEHTHTY, SIKUI, MAIOYl BUCOKY TBEPIIICTh, TAIbMY€ YTBOPEHHS TUCIIO-
KaI[ifHUX CIIJIETiIHb B Mpolieci IIacTHUHOI Aedopmartii [6].

[MoniOHMiA ehexT 3MEHIIIEHHST IPUPOCTY TBEPIOCTI IICIIS TIepeapeKprCTaTi3aiiHol TepMid-
Hoi 00po6Oku (ITTO) crioctepiraeThbes 1 IpH JIETYBaHHI CTalli XpOMOM. 301UIbIIEHHS KOHIIGHTpAIlii
XpOMY B CTaJli CIIpHsi€ YTBOPEHHIO KapOi/IiB, sSIKi HAKOITUYYIOTHCSI Ha TPAHUIIX CyO3epeH, OIoKy-
I0Th TUCIIOKAIlii P IIacTUYHIN Aedopmartii Ha moyaTkoBiit cTaii nomiroxizamii (Tad. 2).
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Tabauys 2 — 3nauenns meepoocmi 05 1€208AHUX CIALEL 3ANEAHCHO 8i0 UV 0OPOOKU

. TBepaicTh
Mapka craJi Bua 06podxu HV=, ITla HRC
Biagman 760 °C, 60 xB 1,72 20,5
40X Hedopmartis 60 % 2,0 (+16) 24 (+17)
Jedopmartist 60%, ITTO 500 °C, Burpumka 1 XB 2,35 (+37/18) 28 (+36/16)
Bigman 740 °C, 60 xB 2,12 32
12X13 Hedopmartis 60 % 2,52 (+21) 39,5 (+23)
Jedopmartis 60%, ITTO 500 °C, Burpumka 1,5 XB 2,9 (+40/15) 44,5 (+39/13)
Biagman 720 °C, 60 xB 2,26 32
20X13 Hedopmartis 60% 2,61 (+17) 40 (+24)
Hedopmaris 60%, [ITO 500 °C, BurprmMka 2 XB 2,89 (+29/11) (+3‘;‘/‘12)
Bignan 800 °C, 60 xB 2,29 34,5
40X13 Jedopmartis 60 % 2,7 (+16) 41 (+19)
Jedopmartiss 60%, ITTO 500 °C, BurpuMka 2 XB 2,93 (+28/9) 43,5 (+26/6)
Bigman 860 °C, 60 xB 1,78 19
12X18H10T Jedbopmartis 60 % 2,46 (+38) 24,5 (+29)
Jedopmartist 60%, ITTO 500 °C, ButpuMka 2 XB 2,7 (+52/10) 27 (+42/10)

* y Iy’KKax BKa3aHO MPHPICT TBEPIOCTI y % BIAHOCHO BinnajneHoro/neh)opMOBaHOTO CTaHY .

V pesynbrari [ITO BinOyBaeThcs nosninieHHs (Pi3MKO-MeXaHIYHUX BJIACTUBOCTEH IJIacTH-
9HO gepopMoBaHUX cTaneil. MexaHi3M Takoro MOJIMIIEHHS MOB'sI3aHM 13 3ApiOHEHHAM CyOC-
TPYKTYPH, 110 MiATBEPIKYETHCS 3MEHIICHHSM PO3MipiB 00J1acTeil KOTEPEHTHOTO PO3CIFOBaHHS
PEHTTeHIBCHKHUX BHIIPOMiHIOBaHb (Ta0IMI. 3).

Tabauys 3 — Posmip OKP cmanet 0o ma nicas [ITO

Mapxka craji Bun 00pooxu Po3mip OKP, um

Bigmnan 850 °C, 60 xB > 200
20 Hedopmartis 60 % 149
Jedopmaitist 60%, ITTO 500 °C, Butpumka 1,5 XB 87

Bigman 820 °C, 60 xB > 200
40 Jedopmartis 60 % 198
Jedopmaitist 60%, ITTO 500 °C, Butpumka 1,5 xB 137

Biamain 750 °C, 60 xB > 200
V8 Hedopmarnis 60 % 159
Hedopwmaitist 60%, ITTO 500 °C, Butpumka 2 XB 79
Bigman 720 °C, 60 xB 197
20X13 Jedopmartis 60 % 63
Hedopwmaitist 60%, ITTO 500 °C, Butpumka 2 XB 44

Bigman 860 °C, 60 xB > 200
12X18H10T Hedopwmartis 60 % 144
Jedopmaris 60 %, ITTO 500 °C, Burpumka 2 XB 76

Bingomo, 1110 HAHOCTPYKTYpyBaHHS JOTIOMArae MOJINIIUTH (i3UKO-MEXaHI9H1 BIaCTUBOCTI
HE TUTBKM KOMIIAKTHUX MarepiaiiB, ane i nokputTiB [11-13]. Tomy Ha mpukiiazi Temnao3axuc-
HOTO I1a3M0BOT0 NOKPUTTS 3 ZrO2+ 7 % Y203 Oysio BUKOHAHO JTOCIIIKEHHS BILTUBY MEpe/l-
pekpucTanizaniinoi TepMiuHOi 0OpOOKH Ha 3MiHY iXHIX BiaacTUBOcTei. [IOKpUTTS HaHOCKIN
3a JIOTIOMOTOK0 YCTaHOBKM Tu1a3MoBoro HanwieHHsa YIIY-3]1, sika ykoMIUIEeKTOBaHA MJIa3MOT-
ponoM [TH-14M, Ha HiKeNeBHii )KapOMIIIHUIA CIIJIaB, IKUH Nepe] HaUISHHSM IT1J1aBajH CTPY-
MeHeBO-a0pa3uBHiN 00poOILLi, MiCIs YOro JOCIIIKYBaJIu 3MiHY TBEPAOCTI Ta TEIJIONPOBIIHO-
CT1 OTPUMAHOTO MOKPUTTH.
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VY pesynbTari 10CHiKeHb BU3HAYEHO ONTUMAIIBHUHN PEKUM MepeapeKprcTati3aliifHol Te-
PMIYHOT 0OpOOKH TEII03aXUCHOTO TU1a3MOBOTO MOKPUTTA 3 ZrOx+ 7% Y203, mo 3abe3neuye
niaBHIIEHHS TBepaocTi Ha 13 % (puc. 3) Ta 3HMWKEHHS TEIUIONPOBIIHOCTI KEPaMIYHOTO HIapy
Ha 15 % (puc. 4) y nopiBHSHHI 31 CTAHOM ITiCIIsl HAITMJICHHS 32 PaXyHOK CyOCTPYKTYpHHUX 3MiH.
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Puc. 3. 3anesxcnicmo mikpomeepoocmi niazmo8ux menio3axucCHux NOKPUmMmis 3
2rOx+ 7% Y203 6i0 mpusanocmi gumpumku npu nepeopekpucmanizayiititi mepmiuHit 0o-
pobuyi:
e — memnepamypa 1200 °C; m — memnepamypa 1300 °C
0.8
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Puc. 4. Pezynemamu eusnauenns koeiyieHma menionpogionocmi niazmosux menio3axuc-
Hux nokpummie 3 ZrO2+ 7 % Y20sa:
B — nicia nanunenns, B — nicis onmumanvHoi nepedpekpucmanizayitinoi
mepmiunoi oopooxu (1300 °C)

Pexxum nonsirae y HarpiBanHi g0 temneparypu 1300 °C, ButpuMiti npotsrom 15 xB Ta oxo-
JIOJPKEHH1 Ha MOBITPI.

[TpencraBieHi MIKpOCTPYKTYPH TEIUIO3aXMCHOTO IUIa3MOBOIO TPaJi€HTHOTO MOKPUTTS
(puc. 5) cxiagaroThes 3 TPhOX MOCIIJOBHO HaNMIeHUX mapis: nepmuid nigmap — Co-Cr-Al-Y-
Si ToBIIMHA sIKOTO cTaHOBUTH 110 MKM; npyruil (mpoMi>kHMIT) map - mexaniuna cymim Co-Cr-
Al-Y-Si + 10% (mac.) ZrOx+ 7% Y203 ToBmmHO0O 90 MkM; Tpetiit map - ZrO>+ 7 % Y203
ToBIIMHOIO 280 MKM. ITigmap 1 mpoMikHUH mapu caabo AudepeHLioThCs, MalOTh JTyCKaTy
Oy/I0BY, IO TTOB’SI3aHO 3 JOCTATHIM MPOTIIABICHHSIM METaJIeBOi CKJIAI0BOI MOKPUTTA. Y TIPOMi-
KHOMY Iapi nporsiaerbes cipa gaza ZrO2+ 7 %  Y20s. [opucticTs BU3HAYAIH 32 JOIIOMO-
roro Metanorpadii IUIaHIMETPUIHUM METOIOM. J[JTs KepaMigHOTO MIapy BOHA CKIagae OIM3bKO
10%. Bennuunna nedopmarlii kepaMiyHUX YaCTUHOK — 76 %.
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Puc. 5. Mixpocmpykmypu menno3axucrho2o epadicHmHo20 NOKpUMmsi:
a — nicis HanuleHHs, O — nicis ONMUMAIbHOL nepedpeKpUCmanizayitinol
mepmiuHoi 00poOKU

[TopiBHsTEHUHN aHATI3 MIKPOCTPYKTYP IMOKA3aB, 1110 3MIH y CTPYKTYpP1 MOKPUTTIB J0 1 MiCHs
TEpMOOOPOOKHU He criocTepiraerbes. Lle cBiqunTh mpo Te, Mo 3MIIHIOBAIEHIH eekT 3a0e3me-
YYIOTh CTPYKTYPHI €JIEMEHTH, PO3MIp SKUX MEHIIHUH 32 0,5 MKM, 110 MOSCHIOETHCS PO3ALTEHOIO
3[ATHICTIO JIFOJICKKOTO OKa Ta ONITUYHOTO MIKPOCKOITY.

HaHnocTpykTypyBaHHS CTaliei 1 HAMMICHUX MOKPUTTIB i3 3acTocyBanHsaM [1TO 3abe3neuye
CYTTEBE MiJIBUIICHHS (Di3MKO-MEXaHIYHUX BJIACTHBOCTEH. AJie 3alporoHOBaHa 00poOKa Mae
HE/IONIK — HeBEJIMKA TPUBAIICTh BUTPUMKH (10 5 XB) MpU TeMIepaTypl peKpucTamizalii, mo
00MEeXy€e 3aCTOCYBaHHS 3alPOIIOHOBAHOTO CIIOCOOY — TUIBKH JUIS JI€TaJIell MaJIoTo po3Mipy.
Tomy maii 1OCIHiKYBald MOKJIMBICTH OTPUMAHHSI TEPMIYHO CTab1IbHOT MOMITOHI3alIiHOT CYy0-
crpykrypu micis [1TO msixom koMOiHYBaHHS X0I0MHOI tuHaMiuHoi nedopmanii Ha 30 % Tta
xononHoi crarnuHoi Aedopmarii Ha 30 % (puc. 6-8).
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Puc. 6. Bnius uacy sumpumku nepedpexpucmanizayiunoi mepmiurnoi 0opooKu
Ha meepoicmb KOMOIHOBAHO 0edOPMOBAHO20 MEXHIUHO YUCO20 3ali3a
1 — meepoicmy nicia ounamiunoi depopmayii Ha 30 %, 2 — meepdicme nicis OUHAMIYHO20
Ma HaCMyNHO20 CMAMuyHo20 Oepopmysants cymapro Ha 60 %, 3 — meepdicmo nicis
KOMOIHOBAHO20 0ehopMyB8aHHs MA HACMYNHOI MepMooOPoOKU
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Puc. 7. Bnaug uacy sumpumku nepeopekpucmanizayitinoi mepmiuHoi 0opooxu
Ha meepoicmsb KoMOinosano deghopmosanux cmanetl 20, 45 ma V8
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1 —ctans 40X; 2 —ctane 12X13; 3 — etans 12X18HOT

Puc. 8. Bniue uacy sumpumxu nepeopekpucmanizayitinoi mepmiuHoi 0opooxu
Ha meepoicmsb KoMOiHo8ano deghopmoganux cmanetl 40X, 12X13 ma 12X18HIT

3 puc. 6-8 BUIIHO, IO CIOCIO 103BOJISIE OTPUMATH TEPMIYHO CTAOLIbHY MOJITOHI3aLIHHY
CYOCTPYKTYpY, OCKIIBKH TBEPIICTh MPH 3POCTAaHHI TPUBAIOCTI BUTPUMKH Mailke HE 3MiHIO-
€ThCSI, 1110, KIMOBIPHO, BIJIOyBa€ThCsA Yepe3 rajJbMyBaHHS TUCIIOKALIN 32 paXyHOK YTBOPEHHS
JUCIOKALIHHUX NepexpenieHb (MOTPIHHUX BY3IIiB).

JlocnipkeHHs 3a1eKHOCTI IPUPOCTY TBEPAOCTI BiJl KUIBKOCTI XpOMY HICIsl TEPMOOOPOOKH,
sika 3a0e31euye MaKcuMaslbHe 3HaY€HHs TBEPIOCTI, Ta MIiCIs TEpMOOOPOOKH poTAroM 60 XBUIIMH,
sika 3a0e3meuye cTaduTi3alliio CyocTpyKTypH. Pe3ynbraTtu 1oCiipkeHHs] HaBeIeHO Ha puc. 9.

Hageneni Ha puc. 9 nani cBiguarh mpo Te, M0 NPUPICT TBEPAOCTI JETOBAaHUX CTaleil Xpo-
MOM 30UTBIITY€THCS 31 30UTBIIEHHAM KUTBKOCTI XpOMY, OCKUIBKH IPH HarpiBiaHH1 3pa3KiB Xpo-
MUCTHX cTasiell B110YBa€ThCS MIKKpUCTaIIUHA BHYTPIIIHS aAcopOLis BYIJIEIIO 110 TPAHULIAM
3€peH, 1110 MPU3BOJAUTH J0 BUAIJICHHS KapOifiB XpoMy B 001aCTsIX 3 HAHOLIBIIUMH TEMIIepary-
pamu («I0 TOBEPXHI 3pa3Ky»), TUM CaMHUM 3MEHIIYIOYH KOHIICHTPAIII0 XPOMY Ha TPaHMIISIX
3epeH, 110 B CBOKO Uepry 30UIbIIY€E MIUIbHICT TUCIOKAIlH, sIKa MPU3BOAUTH 10 301IbIICHHS
KUIBKOCTI LIEHTPIB 3apOJKEHHS HOBUX MOJITOHI3alIiHUX cy03epeH.
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Puc. 9. 3anexcnicmo npupocmy meepoocmi nicaa I1T0O, sxka 3abe3neuye MakcumaibHi 3HAYEHHS
meepoocmi, 6i0 Kiibkocmi xpomy: A — meepdicmo, I'Tla;, m — npupicm meepoocmi 6i0HOCHO
gionanenozo cmawy, %, % — npupicm meepoocmi 8i0HOCHO deghopmosanozo cmany, %,

a — 3pasKu 3 MaKCUMATLHOIO MEEpPOicmio, O — 3pasKu 3i cmadini308aHo0 CYOCMPYKMYporo

BucnoBku. ExcriepuMeHTaIbHO BCTAHOBJICHO 3aKOHOMIPHOCTI 3MiHU CyOCTPYKTYpH Ta BJia-
CTHBOCTEH TEXHIYHOTO YMCTOTO 3aJ1i3a, ByIJICIIEBOI Ta JIETOBAHOI CTAaJIl, & TAKOXK HAIMJICHUX I10-
KPHUTTIB TICIIs MepeapeKpucTaizaniitHoi TepmMiyHoi 00poOku. CyTHICTh pO3pOOICHOTO METOLY
noJisirae y (pikCyBaHHI MPU HarpiBaHHI J1e()OPMOBAHOTO MeTaly 3ApiOHEHOI MOJITOHI3aliiHOT
Cy6CprKTypI/I 3/1e01IBIIIOTO HaHopo3MipHo'1' Bcranosneno, mo nepeﬂperHCTanisauiﬁHa Tep-
MiuHa 00poOKa Hajae MOXKIUBICTE (YOPMYyBATH HaHOCprKTyle CJIEMEHTH 1 IIM ITiIBHIILyBaTH
(1)131/1K0-MexaH1qH1 BJIACTHBOCTI OOpOOIIOBAaHMX MarepiaiiB, 30Kpema, TBepIIICTB 3pocTae He
meHII Hix Ha 15%. [Tokaszano, mo kombinoBane nedopmysanss (30 % muHamivHoro + 30 % cra-
THUYHOT0) BYIJICIIEBUX Ta JIETOBAHUX CTAJICH IMiIBHILY€ TEPMiUHYy CTaOUTBHICTD MOITOHI3AIIHOT
CYOCTPYKTYpH OUITbIIIE HiJK HAa TIOPSIIOK. BCTaHOBIICHO, 0 MPUPICT TBEPAOCTI TEXHIYHO YUCTOTO
3ami3a, crani 20 Ta 45 3MeHIIyeThes 31 30UIbIIEHHIM KIJIBKOCTI BYIVICIIO, @ IPUPICT TBEPAOCTI
JIETOBAaHUX CTaJIeil XpOMOM 301IbIIY€ETHCS 31 30UTBIIEHHSIM KUIBKOCTI XPOMY.
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NANOSTRUCTURING OF CRYSTALLINE MATERIALSAND SPRAYED
COATINGSBY PRE-RECRYSTALLIZATION HEAT TREATMENT

Modern production requires the improvement and creation of materials with unique properties, and their use in structures
is determined by the ratio between strength and plasticity, therefore metal materials are characterized by the most attractive
ratio from the point of view of practical expediency. The increase in strength properties is ensured mainly due to the purposeful
formation of a crushed structure.

Analysis of the latest research and publications showed that methods of thermomechanical processing of materials re-
main promising for the formation of ultra- and nanostructures in metallic materials.

The purpose of the work is to establish the patterns of changes in the structure and properties of crystalline materials
after deformation and pre-recrystallization heat treatment.

The work presents methods for determining the strength properties of metal materials and determining the size of their
structural elements.

The article highlights the feasibility of using pre-recrystallization heat treatment of previously deformed technically pure
iron (GOST 3836-83), carbon steels 20, 45 (GOST 1050-88) and U8 (GOST 1435-88), alloy steels 40X (GOST 2591-2006),
12X13 and 12X18N9T (GOST 2590-2006) to increase their hardness due to the formation of a thermally stable polygonization
substructure, mostly on of a nanoscale. It is shown that an increase in the content of carbon and chromium in steels during
short-term exposure at a temperature that corresponds to the temperature threshold of recrystallization of the mentioned steels
leads to a decrease in the increase in their hardness. Combined deformation, which consists of dynamic deformation by 30%
followed by static deformation by 30%, provides an opportunity to increase the exposure time for technically pure iron, carbon
and alloy steels up to 60 minutes due to the formation of a thermally stable polygonization substructure in the process of their
pre-recrystallization heat treatment. It was established that the increase in hardness of technically pure iron, steel 20 and 45
decreases with an increase in the amount of carbon, and the increase in hardness of chromium-alloyed steels increases with an
increase in the amount of chromium. The optimal mode of pre-recrystallization heat treatment of a heat-protective plasma
coating with ZrOz + 7% Y203 was determined, which provides an increase in hardness by 13% and a decrease in the thermal
conductivity of the ceramic layer by 15% compared to the state after sputtering due to substructural changes.

Keywords: pre-recrystallization heat treatment; substructure; nano-sized elements; heat protective coatings, hardness,
thermal conductivity.
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DESIGN OF THE EDUCATIONAL WORKPLACE FOR WORKING
WITH A COLLABORATIVE ROBOT

The article deals with the issue of development, design, production and revival of a test workplace equipped with a
collaborative robot and human service. The proposed solution is based on the need to train the company's employees during
the completion of gear sets. Since it is not a large-scale production, it was necessary to design the educational equipment in
such a way that it is portable and can be placed within different workplaces and offers sufficient variability. The variability of
the device makes it possible to modify the device so that the difficulty of the training is adapted to the knowledge of a trained
worker. The developed device allows improving the manual, logical and programming competences of a worker.

Keywords: Collaborative robot; collaborative effector, system of gears, cooperation.

Fig.: 5. Table: 1. References: 9.

Relevance of the research. The twentieth century can be described as the century of a
robot based on its development. In this period, there were already simple often referred to as
primitive drive systems, and the first control systems also appeared. Companies' requirements
and goals for higher production reached a high level. The development in the field of robots
recorded the greatest progress in the field of electronics and control systems [1].

In the last decade, the idea of Industry 4.0 and the Smart factory, in which collaborative
robots would play a key role, dominated the sphere of the manufacturing industry. The application
of collaborative robots brought about a revolutionary change in production lines, relieving work-
ers of some activities and at the same time maintaining the continuity of the production flow. This
change concerned the transition from robots working independently to activities in which the
robot collaborates with a worker who is also its operator. Many concepts were put into practice
that ensured a safer and simpler working environment. The main goal of these steps was to create
an environment where people and collaborative robots could work together [2].

Problem statement. The mutual cooperation of a person and a robot to perform a specified
task makes it possible, especially in small-scale production, to reduce the costs necessary for
the reconstruction of the workplace. This leads to the need to create an educational robotic
workplace, enabling to improve the competence of human operators. At the same time, it places
increased demands on the operator's technical knowledge and the need for creative thinking,
which will enable the assembly process to be optimized at the robotic workplace. For this rea-
son, the need for the design and creation of such a collaborative workplace was defined, which
will enable the modification of tasks. Modifying tasks for each of the trained workers should
be based on their previous knowledge and practical experience.

Analysis of recent research and publications. The term Cobot names a collaborative ro-
bot in the field of robotics. Edward Colgate, Witaya Wanaasuphoprasit and Michael Peshkin
were the first to use this name in 1996. They defined a cobot as “a robotic device that manipu-
lates objects in collaboration with a human operator [3].

© David Koval'uk, Jan Semjon, Martin Sy¢-Krivan, Matis Sabol, 2022
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Cobots were initially designed based on the requirement to facilitate operator movements
while performing certain activities during their work. At the same time, human contact with the
object was to be maintained. A simple example of how a cobot works is a unicycle. With this
device, the wheel can rotate independently, but the steering and thus turning is controlled by
the rider sitting on it. This means that one degree of freedom is controlled by a person, but at
the same time one degree of freedom is controlled by a means or device. In summary, it can be
said that collaborative robots were designed in the past to help people manipulate real objects.
It follows from the definition that the mechanical bond that exists between a person and an
object in a real manipulation task also exists in cobot applications. Their task is to adjust the
available degrees of freedom, for example by restricting movement. In other words, the cobot
modifies pre-existing human-object bonds, while new bonds are created using haptic devices.
In the last decade, collaborative robotics has achieved success mainly due to implementation in
small and medium-sized enterprises. The use was subject to only two conditions — security
requirements for employees and the complexity of programming and operations. However, the
use of collaborative robots in more complex situations such as patient care in hospitals, quick
intervention during surgical operations or rescue operations requires the use of artificial intel-
ligence elements for active cooperation with people in rational situations [3].

The definition of collaborative robots in this wording can be dated to 2016, when the first
international conference for interactive collaborative robots took place (Interactive Collabora-
tive Robotics. ICR 2016, Budapest). As the name implies, the new category of cobots involved
active cooperation between a person and a robot, and therefore not only assistance in perform-
ing simple operations, but a certain form of dialogue [3].

Uninvestigated parts of a common problem. One of the trends of the modern phase of
scientific and technological development is the socialization of robots into various branches of
human activities. The concept of collaborative robots was derived from this, or cobots. Accord-
ing to the international standard ISO 8373:2021-11 “Robots and robotic devices” (2021), col-
laborative robotic operations include those activities in which a person cooperates with a robot
in the same workplace [4]. A robot that has elements of artificial intelligence and a developed
information sensory system becomes such a partner of a person that performs even more so-
phisticated tasks. In view of this, a new concept was created - Interactive collaborative robots.
The application of logical elements led to a significant expansion in the field of use of collabo-
rative robots, covering all new human activities and interests [5]. Developments in the field of
remotely controlled manipulators led to the emergence of a new group of remotely controlled
systems. These were defined as remotely controlled collaborative robotic systems. An im-
portant representative of this field is the robotic surgical system Da Vinci (Fig. 1), which facil-
itates and helps the surgeon's work. This system is not directly a robot, but rather a robotic smart
tool operated by a surgeon. This area also includes, for example, systems with use in space or
underwater, with elements of artificial intelligence, which are controlled by a person at the same
time with the active support of robotic systems [3].

Research objective. The goal of the research was to design such a device that would be
intended for assembly purposes. This means that the operator of the device should demonstrate
its skills not only manually but also logically. Since the request was based on the needs of the
company, in which different types of gears are most often used in assembly activities, it was
necessary to implement them into the device. Another requirement was the portability of the
device, so that it was possible to place the device on an adjustable work table, according to the
current needs at the workplace. For this reason, a total of three variants of the workplace were
created. Next, the most optimal variant in terms of price and ease of production was selected.

The statement of basic materials. The collaborative robot Fanuc CRX — 10i1A was used
at the test site, Figure 1. With its properties, it exceeds the requirements set for the task and
enables it to be performed safely and reliably. Among its advantages there is the function of a
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quick stop by touch, which ensures the prevention of accidents in contact with the robot or work
objects. The sensor technology mounted in the robot's body enables an immediate emergency
stop when it comes into contact with an obstacle or a human body [6].

a»
Fig. 1. Fanuc CRX-10iA

The robot offers easy-to-use additional software that allows a user to easily install inter-
faces for peripheral devices. It is also possible to program the robot using the manual guidance
function, the so-called Manual guide. This means that the operator guides the robot to the de-
sired location and saves this location in the tablet using the drag & drop function. The robot is
controlled by a compact, lightweight controller R-30iB Plus Mini [7]. The technical data of the
robot are listed in Table.

Table — Fanuc robot parameters CRX-10iA [ §]

Namely the load 10 kg

Number of controlled axes 6

The range of movement of the controlled axes 360 az 570°
Movement speed of controlled axes 120 az 180 /s
Robot range 1249 mm
Repeatable positioning accuracy +/- 0.04 mm
Weight 40 kg

The main and inseparable equipment of the robot for performing the work task 1s a collab-
orative electric gripper from the company Schunk with the designation EGP-C 40-N-N-
FCRXID (Fig. 2). The gripper is size 40 with a lift of 6 mm per jaw and the greatest force per
jaw F =70 N [9]. The gripper is connected to the robot using a flange and screws with a metric
thread, signal transmission is ensured by a cable. The gripping fingers of the flange were mod-
eled with respect to the shape and dimensions of the work objects and are manufactured using
3D printing.
=4

\® { -
I

Fig. 2. Schunk collaborative grip effector
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The design of the workplace was implemented in such a way that the task of the collabo-
rative robot is to assemble a system of gears on a prepared work surface. Using a gripping
effector with fingers designed for the given operation, the robot removes and places wheels on
a steel plate with pins for wheel storage. The gears are mounted serially behind each other in
the axis. The last wheel of the gear has a cylindrical turned drum attached to the side for un-
winding the connecting cable. Thelast, driven wheel can be changed to awheel with adifferent
number of teeth and thus the gear ratio would also change. In Figure 3 shows a view of the
proposed solution.

-t " 1\

Fig. 3. 3D design of the solved robotic workplace

The gears are placed in trays on the plate in front of the robot. From this position, the robot
takes them to the pins that are on the base plate in front of the robot. Multiple wheel alignment
options are available. Even when changing the order of the gears, the functionality of the trans-
mission will be preserved and thus the teeth will engage. The resulting gear ratio can be changed
so that it is larger, smaller or equal to one.

The manipulation task is performed at a workplace with a pair of work tables. On one table
the robot performing the task is stored and screwed, on the other table the task is performed and
all the parts of the work task are stored on it. Base plates with dimensions of 160 x 400 are
placed on aluminum profiles of length [ = 530 mm. The assembled gear assembly will be pow-
ered by a Faulhauber servo motor with a Faulhauber planetary gearbox. This drive will guaran-
tee a constant torque that will be transmitted through the gear for winding the connecting cable
onto the drum, which is connected to the platform. The mechanism is constructed from alumi-
num profiles of size 40 x 40 mm, on which a system of pulleys, a drum, a connecting element
- a cable and a platform for lifting are mounted.

The design solution of the variant is composed of several units. The supporting elements
of the assembly are formed by two steel plates, which are connected to each other by fillet
welds. The bearing plate on which the pins are attached has dimensions of 160x300x10 mm,
the bottom plate on which the magazine for gears is located has dimensions of 160x400x10
mm. Holes are drilled in the plates for the pins on which the gears are mounted. The axial
distances of the holes were designed according to the values of the pitch circles of the gears and
allow the configuration of the used wheels to be changed. The holes in the plate are made with
a tolerance of H7. The resulting dimension of the system, consisting of two plates, is 400x170
mm and 160 mm high. The drive is located on the support plate, where it is connected by means
of a connecting element. The torque from the engine is transmitted by means of a flexible cou-
pling that connects the output shaft of the engine and the shaft of the drive wheel. A cable is
attached to the drum mounted on the driven wheel, which lifts the platform through a system
of pulleys. In Figure 4 shows a view of the proposed assembly.
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Fig. 4. The proposed assembly assembly:
1 - Base plates; 2 — SQupport structure; 3 — Gear wheels; 4 — Lifting mechanism

The procedure for working out awork task at the workplace is graphically illustrated using
the attached diagram, Figure 5. The diagram clearly presents the rel ationships between individ-
ual elements and parts of the work task. The signs and shapes used in the diagram have their
own special meanings and are distinguished by their purpose. Individual shapes are connected
by arrows that determine the continuity of the process.

The attached diagram graphically describes the work process at the workplace with a col-
laborative robot whose task is to create a system of gears. According to the assignment, the
robot cooperates at the workplace with an operator who assists him and at the same time checks
the work being performed. The task of the robot is to take the gears from the magazine and
place them on the prepared pins. After fitting the gears, the operator puts on the demarcation
washer and the insurance (seger) washer. After completing the assembly, he manually turns on
the voltage source for the servo drive, which causes the gear to move.

At the beginning of the work task, the collaborative robot is in its home, basic position
(HomePosition), from where it starts to perform operations. The grasping effector of the robot
isin the open state - Open. From the basic position, the robot moves above the magazine with
gears, from whereit takes the first gear. The robot movesto a safe distance above the magazine
with a Jog type movement, then movesin a vertical direction up to just above the gear wheel.
In the gear grip position, the fingers of the grip effector are closed with the Close command and
the robot moves back to the home position with the gear gripped. From the basic position, the
robot moves with a Jog type movement towards the pin for fitting the gear whedl. It is very
important to maintain the predefined positions of the gears in the magazine as well as the posi-
tion of the drive gear for proper engagement and engagement of the gears. These positions are
marked with lines on the base plates. Near the pin, the robot with the manipulated wheel is
adjusted so that the axis of the pin isidentical to the axis of the gear. After the correct setting,
the wheel is pushed onto the pin using a Linear movement. In the storage position, the end
gripper effector is opened with an Open instruction and the robot returns to the home position
to alow the operator to perform histask of placing the locating and locking washer on the stud.
During the execution of commands by the robot, its movement is visually checked by the op-
erator. If the robot registers resistance during any of its operations with one of its sensors, it
repeats the movement once more. After unsuccessfully performing any of the operations again,
the movement of the collaborative robot stops and it is necessary to reconfigure the work task.
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Fig. 5. Work task sequence in the workplace with a collaborative robot

After mounting the first gear, the work cycle is repeated and the robot grabs the second
gear in the magazine and places it on the next pin so that it engages with the previous gear. It is
important to pay attention to the precise programming of the position for gripping the gear
wheel so that the entire surface of the gripping fingers is used. After correctly grasping the
manipulated object with the Close instruction, the robot will gradually return to the position
above the magazine with a Linear movement and then to the basic position with a Jog move-
ment. From this position, the operation continues to fit the gear on the next pin. Attention during
programming must be focused on the orientation of the gripping effector to avoid unwanted
contact with other elements of the assembly. After centering the axis of the pin and the axis of
the wheel, the second gear wheel is set to its end position by a Linear movement. The robot will
gradually return using the Linear instruction to the position in front of the pivot and the Jog
instruction to the basic position to allow the operator to perform his part of the task. After
mounting the first and second gears on the base plate, there follows the operation of mounting
the driven gear, which is fitted with a drum for unwinding the connecting element between the
gear and the lifting platform. Assembling the drum gear is the last operation performed by the
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collaborative robot. The robot is moved from its home position by a jog type movement above
the magazine, where the gear wheel with the drum is located. This is followed by a Linear
movement in the direction of the z axis, bringing the robot closer to touching the drum. In this
position, the gripping effector is closed with the instruction Close, fig. 46 and the attached ob-
ject rises back above the magazine, then returns to its original position, from where it moves to
the last pin for assembly. After the correct position is set, the gear wheel is pushed into the end
position, the gripper effector is opened with the "Open" command, and the robot returns to the
home position. The operator puts on the safety washer and connects the connecting cable
through the pulley to the lifting platform located at the end of the aluminum profile structure.
After completing the system of gears and connecting the driven wheel with the drum to the
platform, it is possible to start the lift of the platform. Applying the supply voltage to the termi-
nals of the Faulhauber servo drive will cause the gears to move. When the last gear rotates, the
connecting cable is wound on the drum and thus the platform is lifted. The lift of the platform
is stopped manually by the operator upon reaching the top position.

If necessary, the whole assembly can be disassembled using reverse commands, after dis-
connecting the connecting cable from the platform and winding it on the drum, as well as re-
moving the locking and limiting washers from the pinions of the gear wheels.

Conclusions. In this article, the design of a workplace for the mutual cooperation of a
collaborative robot and a human operator is shown. At the workplace, it is possible to change
the arrangement of a maximum of four pieces of gears with direct teeth. One of the wheels is
also equipped with a drum for winding the cable, enabling the lifting of the platform. The lift
of the platform is realized using a drive consisting of a DC motor and a planetary gearbox.
Cooperation between a robot and a human can consist in two basic areas. The first and simpler
area is the combination of mounting the gears on the fixture. The teacher can tell the student
which wheels the robot places and which the student places. The second more difficult area is
the need to secure the mounted gears on the pins using seger rings and spacers. This can be
done by hand or with the help of seger pliers.

The uploaded educational workplace solution allows the teacher to enter different gear ar-
rangement configurations for individual students. At the same time, the designed workplace
allows to test the student's acquired knowledge in the field of design and calculation of gear
transmission. This is ensured by providing the student with several pieces of gears, but only
some combinations of them can set the designed mechanism in motion. This creates a complex
task for the student consisting in the design of the gear, its recalculation, the programming of
the robot, the implementation of collaborative assembly and the testing of the functionality of
the solution using a lifting platform.
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IMPOEKTYBAHHSA HABYAJIBHOI'O POBOY0I'O MICIIA
IS POBOTHU 3 KOJIABOPATUBHUM POBOTOM

Y ecmammi posenamymo numanna pospobxu, npoeKmy8ants, sUPOOHUYMEA Ma 3anycKy unpoby8aIbHO20 poOO1020 Mi-
CYs, OCHAWEHO20 KONaOOpamusHUM pooomom i T0OUHOI0-cepeicoM. 3anpononosare piuieHHs: 6A3YEMbCa HA HEOOXIOHOCMI
HABYAHHS NPAYIEHUKIE NIONpUEMCcmEa nio yac komnaiekmayii 3youacmux nap. OCKitbKu ye He 8eIuKOMAcumabHe supooHuY-
meo, HeoOXIOHO OYI0 CRPOEKMYBAMuU HABYANIbHE 0ONAOHANHS MAKUM YUHOM, W00 60HO 6YI10 NOPMAMUSHUM, 11020 MOJUCHA OY1I0
PO3MIWy8amu Ha PI3HUX pobOYUX MICYSX I MATI0 OOCMAmMHIO eapiamusHicmy. Bapiamuenicms ycmamkysants 00380/15€ 1020
MOOuGhixysamu maxum yuHom, w06 cKAaoHicms Haguanus Oyna a0anmosana 00 3HaHb NPayieHUKa, wjo Haguaemuvcs. Po3po6-
JleHe YCMAamKy8aHHs 00360/14€ NIOSUWUMU MAHYATbHI, TO2ITYHI MA NPOSPAMHI HABUYKU NPAYiéHUKa. Pyuni naguuku 600ckoHa-
JI0I0OMbCA 30 PAXYHOK HEOOXIOHOCTI 8UKOPUCTIAHHS PYYHUX THCMPYMEHMI8 ni0 4ac CKAAOAHHA, AKUMU NPAYIGHUK NOGUHEH
eéMimu Kepysamu 3a 6CaHosieHuti yac. JIo2iuny KomMnemeHmHicms npayieHuUKa MOXCHA NOKpaAwumu, 000aguu 000amro8i
wiecmepHi 3 pi3HOIO KiIbKICMIO 3y0i6, W0 3MYULYE NPAYIBHUKA BUKOHAMU 6A308ULl PO3PAXYHOK NepeddsaibHO20 YUCIA O CKId-
oanns gysna. Komnemenmuicmo npayienuxis y npocpamyeanti NOKpawgyemvcs 3a605Ku HeoOXiOHOCMI nPOSPaMy6aHHsl Koid-
bopamugnozo poboma, wjob sin mic bezneyrno nepecysamucs 6 obmedcenomy npocmopi. Pospaxynxosi 3azopu 6 onopax ma
MIDIC WeCMEPHAMU BUMAAIOMb HeOOXIOHOCME MOYHO20 NPOSPAMY8alHs ma onmumizayii pyxy. Pospobnene nasuanvue poboue
Micye nioxooums 0Jisk B00CKOHAIEHHS. 3HAHb NPAYIEHUKIS, SIKL 62ice MAIOMb 00C8i0 NOOIOHOT JisIbHOCMI ma nompebyioms nio-
BUUEHHSA NPOOYKMUBHOCII, ONMUMIZaYii npoyecie abo CKOPOUEHHS Yacy nPpoCcmor. 3anponoHo8anul KoaabopamugHuil pobom
Xapaxmepusyemuvcsi 00CMAmMHb010 8AHMANCONIOUOMHICIIO ma padiycom Oii. [na npospamysanus poboma, a maxoxic Kepy-
BAHHA POOOMOM MEMOOOM 8i0MBOPEHHS BUKOPUCTIOBYEMbCA NAAHUMEN 13 CEHCOPHUM KepyeanHam. Lle 0o3eonse npuckopumu
npoyec cmeopenHs I0N0GIOHUX MPAEKMOpIU | onmumizysamu 1o2iuni QyHryii poboma.

Kntouoegi cnosa: xonabopamugnuii pobom, KonabopamusHuil eghekmop, cucmema 3yo4acmux nepeoay, cniepooimHuymeo.

Puc.: 5. Tabn.: 1. Bién.: 9.
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MANIPULATION OF SENSITIVE OBJECTSUSING COMPRESSED AIR

The article deals with the issue of object manipulation, the nature of which requires specific properties of the environment
in which the manipulation takes place. The handling of CD/DVD media was chosen as an example. For this purpose, as part
of the preparation of educational stands at our department, a teaching workplace was designed and implemented, which will
serve to train the frequenters of our faculty in the field of effective use of compressed air in manipulation tasks requiring the
generation of negative pressure. The stand described in the article is available both to students as part of the educational
process and to the technical public as part of demonstrating the benefits of the proposed application.

In addition to the general criteria for the manipulation task, the article also describes the solution of the stand, including
the design of the pneumatic circuit and the designed control program for the used PLC.

The article has an educational and descriptive character.

Keywords: compressed air; vacuum,; manipulation; object of manipulation, parameter optimization.

Fig.: 11. Table: 1. References: 10.

Relevance of the research. The manipulation task in an automated process is always as-
sociated with certain limitations, which force a designer and engineer to find the optimal solu-
tion while observing the established limitations. We can simply refer to these constraints as
boundary conditions of manipulation.

In technical practice, there is often a need to handle "sensitive objects", e.g. objects requir-
ing increased cleanliness (especially with regard to the presence of mechanical impurities -
dust, etc.). These requirements are most often present in the electrical industry, but also in re-
lated areas, such as in the production of media for digital recording (CD and DVD media).

In the production of these carriers, in addition to the quality of the environment in which
the handling takes place, it is necessary to observe the conditions for gripping them. The con-
ditions change, as a rule, depending on the ongoing phase of the production process.

Problem statement. The CD/DVD carrier consists of a total of 4 layers, which are bonded
to each other in a certain order during production (Fig. 1).

The top side of the disc to create an imprint o

Lacquer layer - protects the shiny (metallic) layer

D
C
B

Metallic shiny layer designed for data recording

@

Bottom (carrying) polycarbonate layer

Laser beam source

Fig. 1. The layers forming the CD carrier
Source: [1] — modified by the author.

During production, the basic component is a polycarbonate (polymethyl methacrylate) disk
with an outer diameter of 120 mm, a central hole of 15 mm diameter and a thickness of 1.2 mm
(Fig. 1, layer A).

During production, the most sensitive phase is when the metal layer B is installed on the
polycarbonate plate A and then treated with the top lacquered layer C. Contact with the metal
layer B is inadmissible, as a trace after the touch can be considered an error when reading the
inscription. Likewise, layer D intended for printing (aesthetic point of view).

© Peter Tulgja, 2022
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During manipulation operations, the central ring is considered to be the optimal surface for
gripping, contact with which does not threaten the usability of the medium itself (Fig. 2). Its
size is limited to a ring with an outer diameter of max. 34 mm and an inner diameter of 15 mm.
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surface for gripping the carrier  recording area

Fig. 2. Dimensions of the area usable for gripping the CD carrier
Source: created by the author.

In addition to the already mentioned area bounded by an inner diameter of 45 mm and an
outer diameter of 117.5 mm (metallic layer B), the area carrying information about the disk
(something like the FAT table on floppy disks) is also "forbidden". It consists of a ring with an
inner diameter of 37 mm and an outer diameter of 45 mm.

Analysis of recent research and publications. Restrictions on gripping apply only during
the initial stages of carrier production, when the recording layer is applied (in the case of R/RW
carriers) or until the record of the work offered on the carrier is created (pressing of the metallic
layer). For these stages of production (manipulation of the basic polycarbonate disc), specially
adapted vacuum suction cups have proven themselves in technical practice as contact handling
means (Fig. 3), possibly cyclone suction cups (Fig. 4).

©
(@ (A
| a1
| | ‘
| ‘ min. 15 | min. 15 |
max. 34 max. 34

Fig. 3. Special shapes of vacuum suction cups
Source: catalog data [6].
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Fig. 4. Cyclone (Bernoulli) suction cups of various manufacturers
Source: by editing the catalog data of [8; 5; 7; 1] — created by the author.
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While vacuum suction cups in a special size adjustment can be used practically without
limits, the use of cyclone suction cups requires solving the problem of gripping a single piece
of CD carrier, since the vortex acting as the basis for the creation of a vacuum effect tends to
take more than just one piece from the stacked carriers, which can happen when storing in the
storage area for the next production step, a serious problem.

After the finalization of production, i.e. only when it is stored in the case, the carrier can be
manipulated from any side, even safer manipulation is from the side from which the record is read.

Uninvestigated parts of a common problem. When dealing with the issue of handling
CD carriers as part of the educational process, we therefore limited ourselves to handling the
finished carrier, which is a pressed CD with a recording (music CD or CD with data created in
a professional recording device). This limitation resulted from the need to purchase new suction
cups and special carriers intended for them. We considered these increased costs to be dispro-
portionate to such purposes of use. That's why we solved it by using 16mm diameter silicone
suction cups, and we chose the side of the CD carrier on which the print is applied as the grip-
ping surface.

Research objective. The goal of the post is:

1. approximation of the procedure for the design and implementation of the workplace,
which would allow the handling of CD carriers;

2. description of the handling task and design of the pneumatic circuit;

3. proposal of the sequence of steps during manipulation;

4. design of the control program for the controller (PLC);

5. description of the methodology intended for the implementation of educational and
practical training of students.

The statement of basic materials. As an educational aid for the purposes of the depart-
ment and the institute, a training stand was built in an attempt to make the students aware of
the dangers that the manipulation described above brings with it.

The stand was designed in accordance with the broader concept of practical teaching of
pneumatic mechanisms at the institute [9] as in order 12 separate workplace (Fig. 5).

The handling device is installed on a perforated steel plate of dimensions 700x550mm
placed on posts made of BOSCH aluminum profiles of dimensions 40x40mm.
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Fig. 5. Dispositional arrangement of the workplace
Source: photo created by the author.
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The handling device itself consists of a pair of pneumatic drives produced by the SMC
corporation (a world leader in the production of pneumatic components): a rodless linear pneu-
matic drive with magnetic coupling 12-A-1 (CY3B25TF-320) and a compact linear drive 12-
A-2 (ECQ2B32- 30D) (Fig. 6).

12-A-1

12-A-2
CY3B25TF-320 ECQ2B32-30D

Fig. 6. Drives used for the construction of the handling mechanism
Source: by editing the catalog data of [3, 4] - created by the author.

The rodless drive ensures the horizontal movement of the mechanism, the compact drive
ensures the vertical component of the movement.

Movement control is ensured by the form of a valve island marked 8-V-3, which is made
up of a trio of 5/2 bistable electropneumatic valves marked 8.1 ... 8.3 (Fig. 7). As can be seen
from the wiring diagram, Fig. 8, valves 8.1 and 8.2 are adjusted to 3/2 N.O. This is so that it is
possible to create the so-called positive control of the rodless drive (to ensure the possibility of
stopping in a defined position - on the sensor marked in the wiring diagram 12A1-S-3). For
this, it is necessary to apply pressure to both sides of the drive piston at the same time.

Fig. 7. Valveisand
Source: photo created by the author.

The third of the valves of the valve island 8-V -3 ensures the operation of the vertical unit
12-A-2.

48



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

17-8-1 243
lu k ‘» I d ll":'l (B ] 3
' ALY ‘ NVALIL2 'l{f‘izi: : S IIAAG c :
8"_‘_;’ ‘ .V ; st . —
X)) &1 ., a3 | 19-¥-1] | [10-¥.-1]

Y 12-A-312

A kl1a raans

Fig. 8. Wiring diagram of the pneumatic circuit of the workplace
Source: compiled by the author.

This modification was required by the condition we set for the initialization of the mecha-
nism and its alignment during the individual stages of the activity.

The manipulation task of the mechanism consists in transferring any number of CD carriers
from the interval <I;11>. The maximum number of CD carriers is determined by the maximum
stroke of the used suspension of the suction cup carrier (Fig. 9).

W

Fig. 9. Vacuum suction cup with spring-loaded carrier
Source: manufacturer's catalog [10].

The presence of a CD carrier in the tank is detected by a BALLUF diffusion sensor marked
12AX-S-X (see FBD diagram with control program, Fig. 11).

To initialize and align the mechanism, it is necessary to follow the instructions given in
Table. Buttons, Fig. 10, listed in the table are available on the training table, where the controller
controlling the sequence of workplace activities is also located.

Table — Meaning and use of initialization buttons

BUTTON ACTIVITY NOTE
TL1 Cycle START/cycle STOP
Setting the suction head above the point of with holding until the sensor 12-A-1-S1 is
TL2
tank reached
TL3 Initialization (bringing pressure to both sides
of the pistonless cylinder)
TL4 Moving the suction head away from the with holding until the sensor 12-A-1-S3 is
point of tank reached

Source: created by the author.
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Fig. 10. Control buttons

Source: photo crested by the author.

The vacuum circuit ensuring the activation and deactivation of suction cups 12-A-3:1.4
and 12-A-3:1.5 is solved in the same way as we aready described in the article published in
issue 3(25) of thisjournal [9]. This ensuresthat the gjector is disabled during the transfer of the
CD carrier from the storage location to the storage location. This significantly reduces the con-
sumption of compressed air.
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Fig. 11. FBD diagram of control program for PLC SEMENS LOGO!
Source: created by the author.

Conclusions. The presented problem and the mechanism for its solution is a suitable addi-
tion to the concept of training workplaces for the practical preparation of our students, but they
also expressed their desire to borrow it from cooperative secondary schools. It will thus con-
tribute to the provision of better training for our students, to the provision of demonstration use
for people from technical practice as well as primary and secondary school students as part of
excursions at our institute.

The implementation of the described mechanism ensures the possibility, within the teaching
process at the department and the institute, to provide our students with a slightly better prepara-
tion for their use in technical and practical positions after completing their university studies.

We believe that even in such partial steps, there is potential leading to the fulfillment of

this effort of ours.

Acknowledgements. This article was created thanks to the project support: 020TUKE-
4/2022 Development and implementation of new approaches in teaching industrial and
collaborative robotics.
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MAHIITYJIIOBAHHA YYTJIMBUMHU OB’€EKTAMUA
3A JTOIIOMOI'OIO CTUCHEHOTI'O ITOBITPA

Y emammi posensinymo npobnemy maninynroeanta oo ’ekmamu, npupooa AKUX eumazae cneyuiuHux anacmugocmeli ce-
pedosuwa, y akomy 8i00y8aemvca MAHINYn08aHHA. Maninyioeanus, onucane y cmammi, BUMazae niosuyeHoi yeazu npu 3a-
XONnJeHHi KOHKpemHoz2o 06'ekma. Ak npukiad 6yno obparo 0ii 3 nocismu CD/DVD.

[l yboeo 6 mescax 6a2amopiunoi ni020mMosKU HAGUAILHUX CMEeHOI8 Ha Hawill Kagheopi po3poblieHo ma enpoeaodiceHo
yepeose HagualbHe Micye, ke Oyoe cydcumu OJisk HABYUAHHS CNYOeHmis Kagedopu ma iHcmumymy y cihepi epekmusrno2o u-
KOPUCIAHHS. CMUCHEHO20 NOGIMPSI NPU GUKOHAHHI 3a80AHb, WO GUMALAIOMb BUKOPUCTIANHS HE2AMUBHO20 MUCKY.

Mooenv pobouoeo micys, onucana 6 cmammi, 00CHynHa OJisi CMYOEHmMi8 SIK YaACMUNA HABYATIbHO20 NPOYeCy, d MAaKo’C
0718 MeXHIUHOI 2POMADCLKOCTI, K YaCmuHa 0eMOHCmpayii nepesaz 3anponoH08aH020 3acmocysans. Mooens 0036015€ upi-
wysamu He mibKu 3a2aibHy 3a0a4y MaHinyI068an s, ae il YaCmKo8I 3a80AHHs, N0 A3aHi I3 COpPMYBAHHAM, THIyianiz3ayicio ma
NPOSPAMYBAHHAM JIO2TUHO20 KOHMpOepa.

Kpim 3aeanvrux kpumepiie makoeo MaHinyisayiuHo2o 3a60aHHs, ¥ CIMAMMI MAKOHC ONUCAHO MEXHIKO-KOHCMPYKIMUGHe
piwenns modeni. Hozo mexniune piwenns nonsizae 6 po3pobienomy ma (Qizuuno peanizosanomy MexaHizmi, akuti 003601se
Mauinynioeamu oopanum 00 ’ckmom maninymosanns. [Ipoexmosana yacmuna nHeeMamuyHo20 KOWMypy, y SKIll CME0PIOEMbCs
He2amugHUll MUCK, PO3POOILEHA 3 YPAXYBAHHAM eKOHOMIL CIMUCHEH020 NOGIMPS Ni0 4ac MAHINYIAYIUHO20 3A80AHHSL.

Le 6yno docsenymo 3a 00nOMO2010 cxemu 3 6UKOPUCMAHHAM OOHOCHYRIHYAMO20 eNCEKMOpa 8 NOEOHAHHI 31 360POMHUM
KIanaHom i 6aKyYMHUM pe3ep8yapom, wo CMEopuio YMo8u 015 CIMEOPEHHs «8AKYYMHO20 3AMKY», HOOIOHO20 00 mMo2o, AKUlL
4ACO BUKOPUCINOBYEMBCA 8 2I0pABIYI.

Becwb yeil npoekm cmeopenux HaguanbHUx pobouUx MiCyb MAKOHC NIOMPUMYENLCA MEMOOUUHOIO RIOMPUMKOIO Y USTAOT HAB-
YATLHO20 MEKCMY (Hapasi 20MyemuvCs), 6KIIOYAIOYU NPOEKIMYBAHHS NHEBMATNUYHOL CXeMul, ONUC | napamempuyHe UHAUEHHs BUKO-
PUCMOBYBAHUX KOMNOHEHMIG | CKAAO0EHY Npospamy KepyeanHs 05l GUKOPUCTOBYBAHUX KOHMPOAepi6. TaKooc comyemuvcs npoekny-
6aHHs1 MA BNPOBAVIICEHHsL MOOYIIst RIOMPUMKU 6a3U OAHUX 051 8IONOBIOH020 8I060PY HeobXiOHOT ingopmayii.

Cmamms mae HaguanbHO-ONUCOBUL XAPAKMED.

Knrouoei cnosa: cmucnene nogimps; 6axyym, MAninyii08anHs,; 00 €Km MaHinyiayii; onmumisayis napamempis.

Puc.: 11. Tabn.: 1. bion.: 10.
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THE USE OF SMARTCOMPONENTSIN THE DESIGN
OF COMPLEX ROBOTIC WORKPLACES

This article deals with conceptual designs for welding operations in the ABB simulation environment RobotStudio pro-
gram. This software is used for offline programming of robots from this robot manufacturer. It contains many useful functions
for the creation of robotic workplaces, and one of these functions is the so-called SmartComponents.

The article contains a description and creation of individual objects, mechanisms and devices used in the concept of the
workplace, as well as a detailed description of the construction of the workplace. Furthermore, this part contains the generation
of signals and the creation of various operations for designing and subsequently simulating the movement of robots performing
a technological operation, using the arc welding method.

Keywords: SmartComponents; welding simulation; RobotStudio,; Design,; Arc welding.

Fig. :6. Table: 1. References: 11.

Relevance of the research. Industrial robotics, specifically industrial robots, have a large
presence in various technological sectors in today's world. Although the average person en-
counter a robot every day, these devices affect several aspects of our lives. They are widely
represented, for example, in the automotive industry, where they are most often used for tech-
nological operations such as welding, painting or assembly of individual parts. Their use in
industry significantly shortens production time and eliminates the strenuous and dangerous
work that people would have to do. At the time of the COVID-19 pandemic, some companies
began to realize the benefits of robotics and began to gradually implement industrial robots in
their production operations [1].

Nowadays, there are several methods of programming industrial robots. One of them is the
offline programming method. This method consists in creating the desired robot program in a
virtual software environment. For this, simulation software is used, such as RobotStudio along
with SmartComponents plugins.

Problem statement. The subject of robotics covers many different areas. Robots alone are
rarely useful. They are used together with other devices, peripherals, and production machines.
They are generally integrated into a system designed to perform a task or an operation. Robots
are very powerful elements of today's industry. They can accurately perform many different tasks
and operations and do not require the usual safety and comfort features that a human worker
would need. They also enable a certain activity to be carried out continuously and without the
break that a human worker would need. Robots are computer-controlled machines that are pro-
grammed to move, manipulate objects, and perform work while interacting with their surround-
ings. To approach this problem, a robotic station was created on which various SmartComponents
were tested for different types of mechanisms, e.g., positioner or linear motion of the robot [2].

Analysis of recent research and publications. Offline programming means that the oper-
ator builds a virtual scene of the robot's working environment in the programming software and
completes the program design of the robot according to production requirements. Offline pro-
gramming usually allows simulation, but also program testing, e.g., collision detection. Alt-
hough the offline programming method is usually adopted by traditional industrial robots, this
method can be used to program collaborative robots if the online programming method cannot
meet the requirements of the task. The advantage of this programming method is that the pro-
gramming can be done while the robot is still in production on a previous job, so the robot's
production time is not lost due to delays in programming the robot to a new task.

© Peter Marcinko, David Koval'uk, 2022
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Other advantages are efficient programming of program logic and calculation with the state of
debugging facilities, locations are built according to models and this may mean that the programmer
will have to fine-tune the programs online or use additional sensors, program verification using
simulation and visualization, costs independent of production, production can continue during pro-
gramming, tools to support the process, for example selection of welding parameters [3;1].

ABB RobotStudio is an engineering tool for configuring and programming ABB robots,
both real robots in operation and virtual robots on a PC. To achieve real offline programming,
RobotStudio uses the ABB VirtualRobot technology, or the so-called virtual controller together
with add-ons for importing parts from CAD programs and the library itself, which contains
ABB mechanisms and robots.

Due to the large availability of information online and the large amount of work devoted
to the basic description of the environment and familiarization with the ABB RobotStudio soft-
ware, we will not describe the basic environment and functions of this software, but in the
following chapters we will describe the SmartComponents with which we can simulate the
various required functions and properties.

Uninvestigated parts of a common problem. Despite a large part of work on the creation
of robotic workplaces in offline environments as a whole and individual elements, as well as
the interpolation control mode, it is not possible to create complex simulations with technology,
for example welding. Then there is a situation where it is necessary to use SmartComponents.

SmartComponents is an object in ABB RobotStudio (with or without a 3D graphical rep-
resentation) that has behaviour that can be implemented using code or aggregations of other
SmartComponents. In the following subsections, we will describe several basic SmartCompo-
nents, as we will use and assemble several SmartComponents to simulate some properties in
the environment during the design of concepts and the creation of simulations [4].

Research objective. The purpose of the article is to build a robotic workplace in an offline
program with industrial robots, a positioner and ABB welding technology that used SmartCom-
ponents. To achieve the above, it is necessary to solve the following tasks:

- suitable location of the devices for the entire workplace,

- design logical control for robots and positioner,

- design management,

- testing.

The statement of basic materials. With the help of these SmartComponents, we can detect
what kind of object it is and, in combination with other components, perform various functions
such as moving the detected object in space or attaching it to another object. The Collison Sen-
sor detects collisions and events in which a collision occurs, or the permitted boundary is ex-
ceeded between the first and second object. If one of the objects is not defined, the other will
be checked against the entire station. When the signal is active and a collision or near-collision
event occurs and the component is active, the Sensor Out signal changes its value to one. Ob-
jects that participate in a collision event or near collision event are reported. Line Sensor defines
a line using Start, End and Radius. If the active signal is high, the sensor detects objects that
cross the line. Intersecting objects are displayed in the Closest Part property, and the point on
the intersecting object that is closest to the start point of the line sensors is displayed in the
Closest Point property. When an object is detected, the output signal Sensor Out is set. Plane
Sensor defines a plane using Origin, Axisl and Axis2. When an active input signal is set, the
sensor detects objects that cross this plane. Intersecting objects are displayed in the Sensed Part
property, and the SensorOut output signal is set if an intersection occurs. Closest Object defines
a reference object or reference point. If the Execute signal is set, the component finds the Clos-
est Object, Closest Part, and Distance to the reference object, or to the reference point if the
reference object is not defined. If a reference object is defined, the search is limited to this
object and its parts. When the relevant properties are completed and updated, the Executed
signal is set. Fig. 1 shows the setup of the necessary sensors [5].
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With these components, we can create various actions, €.g., such as attach, detach, or generat-
ing a copy of the original object. In some cases, it is advantageous to use these components with
sensor components. If the Execute signal is set, the Attacher attaches the defined object in Child to
the Parent object. If it is a parent mechanism, the primary Flang object to connect to must also be
specified. When the Execute input is set, the child object is connected to the parent object. If the
Mount option is enabled, the Child will also be attached to the parent with the specified Offset and
Orientation. After completion, the Executed output will be set. Detacher detaches the Child from
the object it is attached to if the Execute signal is set. If the Keep position option is enabled, the
position will be preserved. Otherwise, the Child is positioned relative to the Parent object. After
completion, the Executed signal will be set. The Source property of the Source component indicates
the object that should be cloned when the Execute input signal is received. The parent of cloned
objects is specified by the Parent property, and the reference to the cloned object is specified by the
Copy property. The Executed output signal means that the clone is complete [6].
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Fig. 2. Actions

Description of some 3D models. It will mainly be about 3D models, which are necessary
for the design and implementation of the simulation for the workplace concept. Each model
was created in SolidWorks 2018. Other used models, mechanisms and various elements were
used from the RobotStudio library. In the concept, we will work with the same construction.
The structure is made of two pieces of profile steel TR OBD 70x40x5 — 2100, four pieces of
profile TR OBD 70x40x5 — 860 and one piece of profile TR OBD 70x40x5 — 460. The indi-
vidual profiles of the structure will be connected to each other by means of an integral joint —
weld. It isacorner weld along the entire length, the height of the weld is 4 mm. In the concept,
we will smulate arc welding using industrial robots and one positioner. Due to the need to fix
the welded object, it was necessary to design a positioning fixture [7].
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Fig. 3. Holder for steel construct

Due to the large size of the workplace, thanks to the use of components, we will present
the layout of the workplace using a Table where the coordinates of the individual mechanisms
will be. Each component used in the program has its own local point of origin, which can be
used to determine the position in space from the reference point of the entire station [0, 0, 0].
This point is located near the positioner. In Tab. 1, individua rotations of mechanisms and
devicesaround theaxisareaso included. The Y axes of both robots are not fixed, as both robots
move using linear units. The entry point "A" isthe point of the"Source" component that creates
the palette. The output point "F" is the point on the path of the IRB 6660-100/3.3 robot, where
the structure will be released from the gripper [8].

Table — Location of the devices

X Y z R« Ry R,
Entry point “A” 4740 | 13477 415 0° 0° 0°
Exit point “F” 6220 -5410 209 0° 0° 0°
IRBT 6004 3125 | 20905 13 0° 0° -90°
IRB 6660 3600 - 397,5 0° 0° -90°
IRBT 2005 -1842 | 20745 0 0° 0° -90°
IRB 2600 -1550 - 460 0° 0° -90°
IRBP K-600/1200 1070 -3000 0 0° 0° 180°

Each performed task at the workplace istriggered after the previoustask is completed. The
whole process is automated, and we do not need to interfere with the program during the sim-
ulation. Thefirst task is performed between points A, B. At point A, a pallet with aholder and
profilesis created, which is then moved to point B. Between points B and D, the second task is
performed, which starts after detecting the presence of the pallet at point B. At point B the robot
gradually removes individual profiles and at point D places them on the fixture. The departure
of the empty pallet from the workplace is carried out between points B and C after the comple-
tion of the second task. After saving the profiles on the fixture at point D and if the fifth task of
the workplace (simulation of thejourney - welding) iscompleted or if there are no other fixtures
on the second fixture profiles, the fourth task is performed, changing the positions of the posi-
tioner. If there are profiles at point E on the fixture and the fifth task has not yet been performed
after the position change of the positioner has been performed, then the fifth task (path simula-
tion - welding) will begin. After finishing thefifth task and at the sametime, if there are profiles
on both fixtures, the sixth task begins, which is performed between points D and F [9].

After creating the required actions and processes that take place at the workplace, it was
necessary to create the correct signal connections, the so-called design. Thisiswhat the station
logic is for, which can be found in the Simulations tab, the Configure section. In the logic of
the station, we connected all the necessary taps and input signals with which we simulate the
entire process.
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1
A

Fig. 4. Workstation

We connected all the signals from both virtual controllers aswell as the SmartComponents
we created. For some commands, we also used logical gates such as AND, NOT or OR, which
ensure the correct functioning of the entire station. All signal connections in the station logic
areshown in Fig. 5[10].
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Fig. 5. Design for logical control and management for workstation

The last task performed at the workplace is the removal of the structure from the prepara-
tion and its subsequent placement on the prepared pallet. We perform this task using the IRB
6660 robot, with which we also performed the first task at the workplace. The proposed control
for the entire testing operation was successful [11].
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Fig. 6. Testing proposed control with SmartComponents

Conclusions. The goal of this paper was to design an offline program using SmartCompo-
nentsto control arobotic workstation. This station contained the IRB 6004 robot, which removed
steel profiles from the belt conveyor and inserted them into the fixture in the positioner. This
positioner then ended by 180 degrees where another operation took place and that was arc weld-
ing. At the same time, another frame for welding was unfolded on the other side of the positioner
with the help of the first robot. After welding the frame, the positioner rotated, and the robot
removed the welded frame to the pallet. This complex operation of storing the frame, welding
and subsequent transfer to the pallet would not be possible without the use of SmartComponents.
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BUKOPUCTAHHA PO3YMHUX KOMIIOHEHTIB
Y IPOEKTYBAHHI CKJIA/JTHUX POBOTU30BAHUX MICIb

Memoto yici cmammi 6yno pos'achumu podomy 3i SmartComponents. Mu nosnaiomunucsa 3 Memooamu npozpamy8anHs
npomucnosux pobomis. Mu npedcmasuiu npoepamue 3ab6esneventa mooeniosanns RobotStudio 6i0 ABB, axe euxopucmogy-
€MbCAL 0151 ABMOHOMHO20 npoepamysants pobomis. [Ipedcmasneno oesxi SmartComponents, AKi 6UKOPUCTOBYIOMbCS 8 YbOMY
NpoSPAMHOMY 3a6e3neYeHH] MOOeN08aHHsL OJis BUKOHAHHS PI3HOMAHIMHUX HeOOXIOHUX Ol Ha poOoUOMY MicyL.

Ha nouamky pobomu yeaza npucesuena npesenmayii cmeopenux Hamu mooenei Ons npoEKMy8anHs, a OKpemy anasy mu
NPUCBATUNU CHBOPEHHIO BIACHO20 PYHKYIOHATLHOL0 MEXAHIZMY 3 OONOMO20I0 NPopaMHo2o 3abesneuenns RobotStudio, sike
32000M BUKOPUCIOBYBATIU NPU NPOEKMYBAHHT poOOUUX Micyb. [lani npedcmaesieHo oKkpemi npucmpoi, AKi 6UKOPUCTIOBYIOMbCSL
Ha pobouomy micyi. Ix Komnomnyeauns i nodanviue CmeopenHs 3a60aHb BUKOHYIOMbC HA POBOYOMY Micyi 3a D0NoM02010 inme-
JIeKMYANbHUX KOMNOHEHMIB | PISHOMAHIMHUX CUSHATIB, WO CINEOPIOIOMbCA 8 KOHMpoiepax pobomis. Lle HeoOXioHo 01 mole-
osanua moodenetl y npoepami RobotStudio, a maxooic y npoepamax CAIIP, ocobauso SolidWorks i Creo. /[na opyeoi konyenyii
Mu posensuynu Qyukyio Multi Move.

Iicas cxnadanmns 060x pobouux cmanyiil Mu NOGUHHI OeKiIbKA PA3ie 3M00eo8amu npaye30amHicms pooouux cmanyii
i nepegipumu ix QYHKYIOHANbHI MONCIUBOCMI. Y NOOATLUIOMY Ye 00380JI€ NOPIsHAMU 00U08I KOHYenyii 3 MmouKku 30py epex-
MUBHO20 GUKOPUCMAHHS NPUCIPOIB, SKI MICMAMbCA 8 po3podneHux konyenyisx. ITicis cmeopentss 060X KOHCMPYKYiu y npo-
epami RobotStudio moscna Oyoe saowadumu eumpamu Ha npuOOaHHsA 0OIAOHANHA ADO NPOCMOT MidC Onepayiimu.

3amina 0o0Ho20 KOHEeEEPA, NO AKOMY HA NIOOOHT PYXAIOMbCA MPU PI3HI cmanesi npogini, ma UKOPUCMAHHA MPbOX PISHUX
KOHBEEPi6 00360/151Mb CKOPOMUMU HAC 36APIOBAHHA, | MUM CAMUM 00CASMU OitbUol KITbKOCHI 6U20MOBTIEHUX KOHCMPYKYI.
3a nonepeonimu oyinkamu 6 nepwiil Konyenyii epekmugnicmo poboma IRB 6660 6yoe na 7,2 % nudicue, Higc y 6unaoxy opyeoi
Konyenyii. L]e nog’sa3ano 3 mum, wo 3a nepuLoio Konyenyiero 610 8U20MOBIEHO 3a OOHY 200UHY 3a2anoM 13 wmyk, a 3a Opy2oro
ix 6yno 16. Ile 3abe3neuuno 6invu ecpexmusne suxopucmants poboma IRB 6660 y opyeiii konyenyii.

Knrwuosi cnosa: SmartComponents; mooenoeanns 3eaproéanns; RobotStudio,; koncmpykyis, 0yeoge 36apioéanHs.
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JTOCJII)KEHHSA TEMIIEPATYPHOI'O CTAHY ABIAIIMHUX IIUH
IHO3EMHOI'O BUPOBHUIITBA

Ilposedeni 0ocnioicenHs naugy eKCHIyamayiiHux oaKkmopie Ha 3SHOWEHHA asiayiliHUX WuH Y npoyeci npoeeoeHHs 00-
CIOHOI ekcnyamayii 3 Memoio 8U3HAYEHHs MEMNEPAMYPHO20 CMAHY MAa 0OIPYHMYEAHHS PIUEHHS PO OONYCK AGIAYIIHUX WUH
00 wmamnoi excniyamayii.

Po3zenanymo cnexmp naganmasicens i wieuOKocmell WK, MUno8i 8UOU 3HOULYBAHb NPOMEKMOPA, 3AJIeHCHOCTNI 3MIHU HA-
BAHMAIICEHHA | WBUOKOCII 34 4aACOoM | 8I0CMANHIO Ni0 YAC BUKOHAHHA emanieé UKOHAHHS NOIbOMHO20 3a80aHHA. Busnaueno
6N1UE HEOOCMAMHOCMI MUCKY MA NEePEeBAHMANCEHHSL HA 3CYBHI 3YCUILIA Ma MeMNepantypHi napamempu.

Ilposedeno ananiz ocobausocmeti ekCnIyamayii WuH 3a1exHCHO 60 KiIbKOCI NObOMi6 00 3HAMMSL WUH 810 ULISAX080T
WeUOKoCmi npu iOpUeI nio uac 3bomy Jimaxa ma 6i0 NOCAOK080i Macu 1imaka.

Knrwuoei cnoea: asiayiiina wuna, 3HOUY8AHHSA, THMEHCUBHICIb 3HOWLYBAHHA, (QYHKYIOHAIbHE NPUSHAYEHHA, 31IMHA
Maca 1imaxa wiaxoea weuoKicmo.

Puc.: 5. bion.: 15.
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AKTyaJIbHICTb TeMH AOCJiIxKeHHA. /15 MATPUMKY JTHOTHOI NPUAATHOCTI JIITAKIB, 1110
CTOATHh Ha 030poeHH] Hamoi Aepxkasu (JI-39, Mul-29, Cy-24, Cy-25, Cy-27, Au-24, An-26,
AH-30, 1n-76 To1110), HaraabHOIO NOTPe00IO € 3a0e3MeUeHHs] KOMILIEKTYIOYMMH, K1 € BUTpaT-
HuMu. Tak, 3 2015 poky MpoBOANUTHCS JOCIIIHA €KCIUTyaTallisl aBlalifHuX IUH BUPOOHUIITBA
xomranii REDSOUN (Pecny6nika Iuais), QINGAO AOTAI RUBBER CO.LIMITED (Ku-
taiicbkka Haponna PecnyOnika) i STOMIL-POZNAN S.A. (Pecny6nika Ilonpia) Ha miTakax
[MToBiTpstanx Cun 36poitnnx Cunu YkpaiHu Ta BepTONbOTax apMiichkoi aBiaiii CyXomyTHUX
Biiicbk 36poitHux Cun YkpaiHu 3 METO0 BU3HAYEHHS MOKIIMBOCTI Ta OOIPYHTYBAaHHS PIILICHHS
npo ponyck ganux AlLl o mrarHOi ekcriTyarartii.

Asianiiini mman (Alll) € HAHBaXKIMBIIIMMH €JI€MEHTaMU, SKi JIO3BOJISIOTH 3JIiTaTH Ta Ci-
JIaTH JIITaKy, 1 Mpu LbOMY 3abe3neuyBaTtu Oe3neky nosboTiB. HalironoBHimmMH QyHKIISIMU
ciy»6oBoro npusHaueHHs Alll € amopTH3alisa mijg yac mocajaku Ta 0e3nmeuyHuid mpooir mo 3i-
THO-TIOCAJIKOBIH CMY3i.

[Tonpu Benukuii nocsia BupoOHuITBa Alll mpobiaemu TeOpeTUYHOTO i eKCIIePUMEHTAIb-
HOTO JOCII/KEHHS iXHIX eKCIUTyaTallliHUX MOKa3HUKIB Ha ChOTO/IHI 3aJIHINAIOTHCS JOCTATHHO
aKTyaJbHUMU JJIs1 Cy9acHOI aBiallii Ta MiAsraroTh PO3IISIY.

AHAaJIi3 oCTaHHIX A0CTiKeHb i myOsikamiii. HackiTbku BaXKJIIMBUM €JIGMEHTOM TIOBITpS-
HOTO Cy/iHa 3 (iKCOBaHUM KpuiioM € cydacHa Alll, Bi3Ha4aroTh 3aKOP/IOHHI Ta BITYM3HSAHI J10-
cmiaaukuy. [Ipu 1oMy BKa3yloTh Ha OTHE BaXKJIMBE 3aBJaHHS Cy4acHOI TPUOOJIOTi, 1110 MmoJsrae
B MMOCHJICHHI cTikocTi AIll 10 MeXaHIYHUX BIUJIMBIB 1 HECIIPUSATIMBUX a010TUYHUX (HAKTOPIB:
TEeMIIEpaTypH, BOJIOTOCTI, BITpY, pH cepenoBuiia Ta iHmux ¢i3MYHUX 1 XIMIYHUX YHHHHUKIB, 1110
JIIOTH MPOTSITOM YChOTO KUTTEBOTO KTy, Alll sik CKJTaiHa BUCOKOTEXHOJIOTIUHA CTPYKTYpa €
CKJIQJIHUM €JIEMEHTOM, C(hOPMOBAHUM 13 TPHOX OCHOBHHMX KOMIIOHEHTIB: Y BarOBOMY CITiBBifI-
HomeHHi 50 % rymu, 45 % xopny, 5 % merany [1].
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Ha cyyacHux mBuakicHuX mitTakax 6e3kamepHi Alll HakaqyIOThCS HETOPIOYUM TEXHIYHUM
azotoM. IIporekTopu AlLl He MarOTh MaIIOHKA, KPIM KIJIBKOX ITO3JOBKHIX KUIBIICBUX BOJOBII-
BIJTHUX KaHABOK JIJIsl 3MEHIIICHHS e(DeKTy aKBallJIaHYBaHHS, a TAKOXK KOHTPOJIbHUX 3arTHOIeHb
JUUISL TIPOCTOTH BU3HAYCHHS CTYIICHS 3HOITYBaHHS [2-3].

3aranom cydacna Alll — ckiaHa BUCOKOTEXHOJOTTYHA CTPYKTYypa (puc. 1), mpu MiHIMAIBHO
MOXKJIMBIH Ba3l Ta po3Mipax MPaLioe 3 BETMUYE3HUMH IBUIKOCTSIMU Ta HaBaHTakeHHsIMU. Dopma
Alll y nonepeyHoMy miepepisi Onu3bKa 10 KpywIoi [yis 3a0e3Me4eHHs] MAaKCUMaIbHOT KOHTAKTHOT
TUISIMU KoJieca TIPY TIOCAIIT 3 KPEHOM Ta MaHEBPYBaHHS ITiJT 4ac pyxy aeponpomoM [4; 6-7].
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Puc. 1. Cmpykmypa asiayitinoi wiunu (a) ma ii 3aeanoruti éuensno (6) [10; 12]

VY CBITOBI# MpaKTHUIll BiJi MEXaHIYHUX MOLIKOKEHb IIMHU Ta TEMIEPATypHUX (PaKTopiB
3aXUIIAI0Th IIIJIIXOM BBEICHHS B KOHCTPYKIIIIO CHEliallbHUX 3aXMCHUX IIapiB 13 pi3HUX Mare-
piamiB (METaJOKOPIy, TYM ITiIBHIIEHOI >KOPCTKOCTI, HEHIOHY TOIIO). MHOKHHHI IapH Kap-
Kaca, 3’€JHaHi pa30M, YTBOPIOIOTh 3araJibHUI KapKac i poOJIATh IIMHY 3aTHOK YTPUMYBATH
BHYTPIIIHIN TUCK, IPOTUCTOSTH 3HOCY Ta PO3PUBY.

[Hdopmaris 3 mocTaBiaeHUX NUTaHb y BIIKPUTHUX ITyOiKallisx Ta 3apyOlKHUX IPOCIEKTax
Ma€ TUIbKU PEKIAMHUN XapaKTep Ta MPaKTUYHO HE MICTUTh MaTepiaiu poOiT 3 epeKTUBHOCTI
BukopuctanHs Alll Ta oLiHKY piBHS IXHBOT 3HOCOCTIUKOCTI, 110 3yMOBHJIO HEOOX1AHICTH MPO-
BEJICHHS JTOCTIKEeHb o0 HaaiiHOoCTI Alll iHO3eMHOTO BUPOOHHUIITBA Ta MOKJIUBOCTI ITiJIBH-
IIEHHS IXHIX eKCIUTyaTallifHUX MOKa3HUKIB HAa OCHOBI OLIIHKU TEMIIEPATYPHOTO PEXKHUMY.

Mertoro cTaTTi € aHaii3 ocobnuBoctel ekcruryaraiii ALl 3anexHo Bif KIIbKOCTI MOJIBOTIB
JI0 3HSATTS [IMH, BiJI IIJISIXOBOI IIBUKOCTI MPH BiIPHBI MiJ Yac 371b0TY JIiTaka Ta BiJ MOCaI0UHOT
MacH jitaka JI-39. AHani3 BIJIMBY eKcIUTyaTaliiiHuX (pakTopiB Ha KIJIBKICTh MOJIbOTIB Ta PO3-
poOKka pexoMeHAalli 110J0 MAKCUMaJIbHOTO BUKOPUCTAaHHS pecypcHUX nokaszHukiB Al go-
3BOJIUTH Y TIOAAJBIIOMY BU3HAUYUTH MaTeMaTH4Hi 3aJIe)KHOCTI BILTUBY TEMIIEPaTypH Ta HaBaH-
Ta)XCHHsI Ha eKCIUTyaTalliiH1 TOKa3HUKH.

Buaisienns HegoOCTiIKeHNX YACTUH 3arajibHoi mpodJjemu. [IpoBeneHuit anamiz ocTaH-
HIX JOCTiIKeHb 1 MyOiKalliid mokasas, 10 MUTaHHS BUOOPY Ta TOCIHIIKEHHS eKCILTyaTalliiHuX
napameTpiB aBiallifHUX IIMH BUPOOHHUIITBA 1IHO3EMHHUX KOMITAHIH € HACI1IKOM 3/11HCHEHHS KOH-
eI pO3BUTKY aBialliiHOT TEXHIKH Ta HANPSIMKIB 11 MOJEpHI3alIii.

B excrutyarariii MaroTh Miclie JeKiIbKa THIIOBUX BUIB 3HOIIYBAaHHS MPOTEKTOpa (pHC. 2).
PiBHOMipHE 3HOIIYBaHHS IPOTEKTOpA HA I1iil IMHI BKa3ye Ha Te, 110 3/iIICHIOBATIOCS TEXHIYHE
00CITyroByBaHHsI ILIMHU, a €KCILTyaTalis ii Bi0yBanacs Mpu NpaBHUJIbHOMY BHYTPIIIHBOMY TH-
cky (puc. 2, a). Ilpu 3HOIITYBaHHI 10 TIapiB Opekepa/Kapkaca, ITMHA HE TTOBUHHA 3aJIHIIATHCS
B €KCIUTyaTarii il mijyisrae yTuiizarii.

Ha nesxux Al crnocrepiraeTbcst OUIBII IIBUKE 3HOLIYBAHHS OJHIET 13 MJICUOBUX 30H
IIMHU B TOPIBHIHHI 3 1HILOIO (pUC. 2, 8), IKEPETIOM SKOT0 He € IITMHA (HAIIPUKJIIa/l, po3BaJ KOlic
1 T. iH.). SIKI10 11e Mae Miclie, TO eKCIUTyaTallist ITUHU MOKe OYTH MPOJOBKEHA [UISIXOM JIeMOH-
Ta)Xy LIMHU 3 Kojieca i MOBTOPHOI YCTAHOBKHU 1HIIIOIO CTOPOHOIO 32 YMOBH, 1[0 HE MOPYIIEH]
YMOBH IIOI0 TPAHUYHOTO 3HOIIYBAHHSI IIUHU W 1HITUM (i3UYHUM KPUTEPISM.
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Puc. 2. Ilpuxnao munosux 6udieé 3HOULYBAHHS WUH.
a — HopmanvHe, 6 — HAOMIpHe, 8 — acumempuyne, e — «ulepoHno2o» muny [10]

Kpim THnoBoro 3HouyBaHHs, BelNUKUH BB Ha AlLl Mae cTaH NOKPUTTA 3/1ITHO-IIOCAI-
KOBHX CMYT aepoApoMiB i aHrapiB. He3Bakaroun Ha HasBHICTh MPOQIIAKTUIHOTO 0OCITYTOBY-
BaHHS Ta NEepen0auwInuBICTh MMUIOTIB 1 HA3€MHOT KOMAaHAM B MIATPHUMII JHOTHOI MPUAATHOCTI,
YIIKOPKEHHSI IIMHU HEMHUHYY1, SIKIIO 3JITHO-TIOCAAKOBI CMYTH, PYJIbOB1 JOPIXKH, BiICTIHHUKA
{ 1HII TOKPHUTTS acpoApoMy NepeOyBaroTh Y HE3aJ0BIILHOMY CTaHi i He 3a0e3MedueHi Biamo-
BiTHM OOCITyTOBYBaHHSIM.

VikomkeHHs AlLl cTOpoHHIMU ITpeIMeTaMu € HaiOUIbII YaCTUM BUIIA/IKOM [IEPEAYACHOTO
3HSATTS IIMH 3 eKCIuTyaTaiii. Buboinu, TpimmHu Ha 6eToHHOMY a00 ac(haiabTOBOMY MOKPHUTTI,
BIJIKOJIM OETOHY Ha KpaiKaX HOKPUTTIB MOXYTbh IPU3BECTH 10 YIIKOKeHb WIHH. IIpo HasB-
HICTh OCKOJIKIB 1 IIEOTHKY Ha MIOKPUTTI HEOOX1THO HETAHO MOBIJJOMUTH IIEPCOHAT a€POIPOMY
JUIs HeraifHoro BMJQJIEHHS Ta PeMOHTY. [HIMM HeOe3neuHuM (akTOpoM € HasBHICTh PI3HUX
3aryoJieHuX JeTajei Ha MOKPUTTIX 30BHI a00 Ha miyio3i B anrapi. Lli Miciis mOBUHHI TIATPH-
MYBAaTHCS 3aBXIM B YUCTOTI i OyTH BUIBHUMM BiJl IHCTPYMEHTIB, OOJTIB, 3aKJEMOK 1 1HIIUX
CTOPOHHIX IpenMeTiB. [IMabHICTB 1 yBara B aHrapax i aepoApomi 3BOASTh A0 MIHIMyMY MOX-
JUBICTH YIIKOKEHHS IIKH [4; 6-7].

CreriasibHi MapKepy Ha IPOTEKTOpaxX JO3BOJISIOTH BU3HAYMTH, uu nipuaatHa ALl aist Bu-
KOopHcTaHHS abo nmoTpiOHa 11 3amiHa. OcobaMBe 3HAYEHHS cepel] PI3HUX CUCTEM KOHTPOJIO Ta
HiJBUIIEHHS pecypcy Ta 30epirants Alll MaroThb KOHCTPYKTHBHO-TEXHOJIOTTYHI OCOOIMBOCTI
Ta ymoBH pobotu Alll, ii 3HOC, TOBroOBiUHICTb 1 BapTICTh BiIHOBIEHHS. Bubip npouecy BijHO-
BJICHHSI ICTOTHO 3aJI€KUTh BiJ BUAIB 1€(PEKTIB 1 MPUYMH HOTO BUHUKHEHHSL.

BinmoBigHo 10 11b0OTO, MpobIeMa MoArae B MiABUIEHHI HaaiiHOCTI BuKopucTanus ALl
IIPY 3aCTOCYBaHHI aJIbTEPHATUBHUX BUJIIB YCYHEHHS MOIIKO/KEHb. Y JIESKUX BHIIAAKAX TPU
rpyOuX MOMMIIKAX Yy MIJIOTYBaHHI BHACIHIJOK B3a€MOJIT PI3HUX BUJIB PyXy MOXYTh BUHUKATH
HeOe3neuHi cutyarii. JIroncbkuit paxkTop HalOLIBIIE TOJATAE Y BIICYTHOCT1 Y JIBOTHOTO CKJIATy
HaBUYOK IUJIOTYBaHHS JIiTaKa y CKJIAJHUX YMOBaX 1 IPOCTOPOBUX MOJIOKEHHSIX.

Bukiaa ocHoBHoro marepiasy. Ha npaktuii B 006cs131 peryIaMeHTiB TEXHIYHOTO 00CITyTro-
BYBaHHS 32 TUTIAaMU aBiallifHOT TEXHIKH, Y MICIX 0a3yBaHHS JiTakiB, Ha koxkHY Alll, 1110 110-
MyCKaeThes A0 AOCTIAHOI eKCIUTyaTallii, 3aBe/ieHa KapTKa 00JIiKy mapameTpiB. Y Hiil 00J1KOBY-
IOThCSI TapaMeTPH BCIX 37bOTIB Ta MOCAJIOK JIiTaKa, Ha sIKOMY BCTAHOBJIEHI 111 IIKMHU. SIKIIO B
MOJIBOTI Majio MICIe KiJIbKa MpU3eMJIeHb (37b0TH 3 KOHBEEPY), (PIKCYIOThCS MmapaMeTpH mep-
IIOTO 37IOTY 1 KOXKHOTO Mpu3emiieHHs. OcoOIMBY yBary 3BepTalOTh Ha HETHIIOBI BUIIAJKU Ta
aBapiifHe raJibMyBaHHS.

OCHOBHUMM YNHHHMKAMH, 1110 BIUIMBAIOTh Ha 3HOMIeHHs AlLl, y kapTkax o0JiKy mapameTpiB
BKa3yIOTh!
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M3, — 37ITHA Maca JiiTaka, sSika XapakTepu3ye pajiajibHe HaBaHTAKCHHs Ha LIMHM TIiJ yac
37IBOTY, KT}

Vuun siop — IITISIXOBA MIBUIKICTD MIPH BIAPHUBI M1 9ac 37bOTY, SIKA XapaKTepU3y€e MAaKCUMaJIbHI
KyTOB1 IIBUAKOCTI OOEpTAaHHS IIIMHH, T JOBKUHY PO30iry, KM/TOJ;

Mpoc — TIOCA0YHA Maca JIiTaKa, KT

Ny oc — BEPTUKAJIbHE NEPEBAHTAXKEHHS B LIEHTP1 Mac JIiTaka IiJ 4ac JOTUKY MPH MOCaII,
AK1 XapaKTepU3yOTh pajiaibHe HaBaHTA)XKEHHS Ha IIWHU M1 Yac MOCaKu;

Viur noc — IJISTXOBA MIBUKICTH MiJ] 9ac JTOTHKY MPH MOCAIII, KA XapaKTepr3y€e MaKCUMa-
JIbH1 KyTOB1 IPUCKOPEHHS IIMHU IPHU PO3KPYUYBaHHI KoJIeca.

Kpim Toro, Ha 3HOLICHHS IIWMH BIUTUBAE XapaKTeP BUKOPUCTAHHS TaJIbM, TOKPUTTS 37ITHO-
MOCAJIKOBOI CMYTH, XapakTep 3JbOTY Ta MMOCAJKU, PO3MOILI HABAHTAKEHb HA CTIMKH JiTakKa B
IpOIIeCi eKCIUTyaTalii ToIo.

ITics BCTAaHOBIEHHS IIMHU HA KOJIECO 1 TMICIs KOKHUX 572 TONBOTIB (hiKCYIOThCS TINOHHA
IPOTEKTOPY (BUIAMMI IIApH KOP/Y) Ta AiaMeTp IMHWHHU, 3HAYCHHS IKUX TAKOXK (QIKCYIOTh Y KapTIli
001Ky TTapaMeTpiB.

Marepianu nepBHHHOI 00pPOOKH JaHWX, OTPUMAHHUX BiJ BIHCHKOBHUX YaCTHH Ta MEPCIEK-
THUBHICTh MAaCOBOTO BITPOBAKEHHS IPU BUCOKIN TEXHIKO-€KOHOMIYHIH €()eKTUBHOCTI, iATBE-
p/KeHi GaraTbMa HayKOBO-IOCHITHIUMH podboTamu [9-12].

V BilicbKOBIH aBiallii MHUA BUKOPUCTOBYIOTHCS JIy>K€ HEPETYISIPHO i He MOXKHA Tiependa-
YHUTH, KOJM BOHU CTaHYTh HEMPUIATHUMH JI0 eKCIUTyaTamnii. 3 i€l mpuuuHu 000B’ I3KOBUMH €
OTJISIIU IXHBOTO CTaHY MiCIsl KOXKHOTO MOJIBOTY Ta MEPE]] HUM.

Hemae ocobnmuBux npasui mono TepminiB Bukopuctanus Alll, ane HeoOXinHO TOTpUMY-
BaTHCh 3arajlbHOMPUNHATHX HOPM 1 MpaBuUi 30epiraHHS Ta TPAHCHOPTYBaHHS, HEIOTPUMY-
BaHHSI SKUX MPU3BOIUTH 10 HEPIBHOMIPHOTO 3HOIIYBaHHA 1 AucOanancy [9; 15].

Ocnosue 3apnanHs AlLl — 3a6e3neunTy IiTaky HaAIHUI 371T, TOCAIKY Ta PYIIHHS BIIPO-
JIOBXK YChOTO KUTTEBOTO IUKITY. | pysiHHS, 1 371T, 1 HOCaKa € HEBiA €MHOIO YACTHHOIO KOXKHOTO
HOJIBOTY, MMiJ] Yac SKOT0 aBialliifHi IMHU MiIAI0THCS OTHOYACHOMY BIUIMBY BUCOKHUX IIBHJIKO-
cTel 1 HaBaHTaxkeHb. CXeMaTUYHO MOCIIIOBHICTh TUIIOBOTO ITUKITY TIOJILOTY MPEACTABICHO Ha
puc. 4, 1e YMOBHO HaxuJ rpa¢iky BiANOBiJa€ MBUAKOCTI (IHTEHCUBHOCTI) 3MiHIOBaHHS Mapa-
MeTpy. Ycl 111 TPOIIECH MalOTh BUKOHYBATHCS CTA01IbHO, 3a0€3MeUy0ur TPUBAIMM Ta HaIIHHUMA
TepMiH ciayxOu ALl
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Puc. 4. Cxema 3minu Hasanmasxicenns ma w8UOKOCmMIi nio Yyac muno8o2o YUKIy noabomy
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[Tig yac MONBOTY NIMHU 3HAXOAATHCS B YMOBaX HU3BKUX TEMIIEPATYP, & KOXKHOTO pasy Mpu
noca/ii, 6araToTOHHA MalllMHA 3 BEJIMYE3HOIO CHJIOI0 CTUKAETHCS 13 3eMJIet0 1 Habupae mBUI-
Kictb Omm3pko 300 xkM/rox (mesiki g0 460 Kkm/rom), IpU MBOMY TeMIlepaTypa IIWHU JIOCSTae
260 °C. Tox MHUHA BUTPUMYIOTh BEIMKY PI3HHUIIO TEMIIEpaTyp Ta HaBAaHTAXCHHS.

Haii6inpImM HABAHTAXKEHHAM i 3HOCY IIMHHM MiIAI0ThCS Mijl 9ac HOCAJKH. IXHIO poboTy

B IIEH Yac MOKHA PO3JILJIUTH Ha KuIbKa eTariB. [le-
PIIMIA: KOJIM KOJIECO 3aJIMILIAETHCS HEPYXOMHUM, a
IIMHA CTUKAJAcs 3 MOBEpxHEr0. Uepes iHepIIiro Ko-
JIECO PO3KPYUYEThCS HE Bipa3y 1 IWHA 1HTEHCH-
BHO 3HOmyeThcs. IloTiM BigOyBa€eTbcs BHPIBHIO-
BaHHS IIBUJIKOCTEH, ajie HaCTa€ eTarl rajlbMyBaHHS.
Ha Tperpomy erami Bcs Bara JjliTaka MpuIiajae Ha
IIMHU, aJieé BOHU KOTATHCS BUIBHO 3 MiHIMaJIbHUM
3HOCOM.

{06 3p03yMiTH CTyHiHb 301IBIIICHHS TEILIOY-
TBOpeHHs y TunoBux Alll, Oymno BunpoOyBaHO Ki-
JbKa IIUH 13 BMOHTOBAaHUMHU B 3a3HAUEHUX MICISIX
TEMIEPAaTYPHUMH JTaTYNKaMU (TEPMICTOpaMu), sIK TOKa3aHO Ha puc. 5.

Puc. 5. lluna 31 ecmanoenenumu
mepmodamyuxamu [12]

[Ipu BUIIpoOyBaHHAX CHOCTEPIraBCs Ta 3allMCYyBaBCs PEANBHUM PICT TEMIIEPATyp Y Pi3HUX
pexruMax BUTBHOTO KoueHHs muHu. Ha HacTymHux rpadikax (puc. 6) moka3aHUi BIUIUB IIBU/I-
KOCT1 PYJiHHS, BHYTPIIIHBOTO THCKY B IIUHI i IUISAXY PYTIHHS HAa BEIUYMHY BHYTPILIHBOTO
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Ha rpadiky (puc. 6, a) kpuBi 31 30UTbIIEHHAM IMBUAKOCTI PYJIIHHS MalOTh TEHACHIIIIO PO-
cty. ToOTO YuM MIBUIIIE PyXa€ThCS JIITAK HA JAHOMY BIIPI3KY IUIAXY, TUM OUTBIIAM € Harpi-
BaHHS IIMHHU. baraTo ¢axiBIliB BBa)KalOTh, 110 HAWOLIBII TEIJIOYTBOPCHHS B1JI0YBalOTHCS B
TICUOBiH 30HI mMHU. HacmpaBi x Halrapsi4ilivM B IIMHI € OOPT 1 HYKHS YacTHHA OOKOBUHHU.
Ha 1ie € 1Bi OCHOBHI IPHYUHU.

1. Yci BuHHKaI0U1 B IKMHI a00 11041 Ha IIMHY CHJIM 3PEIITOI0 TIepeIatoThesl Ha OopT. I st
30Ha CTA€ 30HOIO BEJIMKOTO TEIIOYTBOPEHHSI.

2. I'yma € rapHUM 130JIATOPOM Ta JIy>Ke OBUIBHO po3citoe Teruio. bopToa 30Ha, 1110 € Haii-
OUIBII TOBCTOIO YaCTHHOIO IIMHU, 3aTPUMYE TEILIO0 Ha O1IBIII TPUBAIIHIA Yac, HiXk Oy/Ib-sIKa iHIIa
YacTHHA IIWHU.

PesynbraTtu, HaBeneHi Ha puc. 6, 6, OTPUMAHO ISl IIIMHU, sKa Oyia po3poOieHa s eKc-
rotyaTanii npu ii 32 % nporuny. JliBopyd Bix 32 % KpuBi XapaKTepu3yloTh poOOTy IIMHHU 3
MEPEBUILEHHSM BHYTPIIIHBOTO TUCKY, a NMPaBOpyd — 31 3HMKEHUM THCKOM. [Ipu mocTiitHiit
IIBUIKOCTI Ta IPOXOJKEHHI IIIMHOKO IIEBHOIO BiJpi3Ka IUISXY YUM MEHIIE B IIUHI THCK, THM
rapsyilioo BOHA CTaE.

HIBuaKICTh 30UTBIICHHS TEMIEPATypH 3AJIICKHO BiJl BETUYHHUA 3HWKCHHS THCKY HaiOi-
JpIIA B TUICYOBIHM 30HI Yepe3 30iuabineHi nedopmartii B oMy Mmicti. ITpore 6opToBa yacTuHa
BCE K 3QJIMIIAE€THCSA CAMUM TapsiuuM MICIEM IIHHU.

HapiTh sIKII10 THCK B aBiaIliiHii MTWHI B MEXaX HOPMH Ta IIPALFO€ TIPH MPUITYCTHUMIH IIIBH-
JIKOCT1 KOYCHHS, IBUJIKICTh TEIUIOYTBOPCHHSI B IIIMHI BCE OJHO 3aBXIU Oyje NEPEBHIYyBATH
HIBUJIKICTH PO3CIIOBaHHS Terwia (puc. 6, 0). Lle miarBeppKyeThCcs KpuBUMH Ha rpadiky, sKi Ma-
I0Th IIOCTIMHY TCHACHIIIIO 10 301IbIIeHHS. UM TOBIINI IIIAX PYJIIHHS IIIMHHA, TUM FapsqilIor
BOHa OyJie 0 MOYaTKYy 3J1bOTY.

Ha puc. 6, 2 npeacraBneHuii BIUIMB HEJOCTATHLOTO TUCKY B IIMHI IPU BUCOKUX HIBHAKOC-
TSAX PYJIIHHS HA 3pOCTaHHS TEIUIOyTBOPeHHS. [TOpiBHSHHS MPOBOIMIOCS MK ITMHAMH ITPAITIO-
tounmu nipu 32 140 % nporuny. He Tinpku migiiom kpuoi ipu 40% MPOTHHY BHUSIBHUBCS KPY-
TimUM (4epe3 OLTbII BHCOKY IIBHJKICTH TEIJIOYTBOPEHHS) aHDK mipu 32%, aje i muHa, 1o
npamtoBana npu 40 % nporuHy 3pyiiHyBajacs B HIKHIA 4acTHHI OOKOBMHHU MICHS MPOXO-
JOKCHHS IUISIXY B 8 KITOMETPIB.

ITix gac 31p0Ty KOHCTpYKIlig ALl moBuHHA OyTH 37aTHA BUTPUMYBATH HE TiIHKU HaBaH-
TaXCHHSI JTITaKa, a i CHJIH, IO CTBOPIOOTHCS IMPU BUCOKUX MIBUIKOCTSIX KOUEHHS IPHU PO30iry.
[Tocaaka 101aTKOBO BUMArae CTIMKOCTI JJIS IOTJIMHAHHS KOJIOCAIBHUX JUHAMIYHUX YIapHUX
HABaHTAKCHb.

I'paciuni 3aneXHOCTI 3MIHM HABAHTAXXCHHS 1 IIIBUIKOCTI 32 YaCOM 1 BIICTAHHIO y KOXKHOTO
JiTaka iHIUBITyalbHI, OTHAK 3arajoM BiJIITOBIIal0Th 3arajbHii KapTHHI MPOIIECIB, 10 Bia0Y-
BAaIOTHCS B TIOJIBOTI.

Excrmyaranis ALl va mitakax [loBiTpstHux Cun 30poiinux Cun Ykpainu He notpelye 10-
JTATKOBOT'O HaBYaHHSI 0COOOBOI0O CKJIaly, A0JATKOBUX CHEIlaIbHUX 3aC001B Ha3eMHOI0 00CITy-
TOBYBaHHS Ta PO3XiJHUX MaTepiajiB, PU IbOMY BOHU BUTPUMYIOTh OUIBIIY KiIBKICTh MIpU3eE-
MJIeHb, HIX IITaTHI BUpoOHUIITBa PD.

BucnoBku. CTaTucTH4HMM aHali3 BIUTUBY eKCIUTyaTallitHUX (paKTOpiB HA KUIBKICTh MOJTBOTIB
Ta Po3poOKa PeKOMEHTAIIIH M0I0 MAaKCUMAITBHOTO BUKOPUCTAHHS pECYpCHUX Mmoka3HuKiB AL mo-
3BOJIUTH B TIONABIIOMY BH3HAUUTH MAaTeMaTHYHI 3aJICKHOCTI BIUIMBY TEMIIEPATypH Ta HaBaHTa-
’KCHHSI Ha €KCIUTyaTalliifHi MOKa3HUKU. AJie BXKE ChOTOHI 32 JTaHUMHU JTAOOPaTOPHUX Ta EKCILTya-
TaIiHUX BUTIPOOYBaHb TEMITEPATypHUX (haKTOPIB MOXKHA 3alPOIIOHYBATH MMPOTHO3YBAHHS TaKHX
BIIACTUBOCTEH HA/IIHHOCTI, SIK JIOBTOBIYHICTh, O€3B1IMOBHICTh, PEMOHTONPHIATHICTb.

3anponoHOBaHUM MiIXi/] O CHCTEMHOTO JOCTIKSHHS TEMIIEPaTyPHOTO BIUIUBY Ha €KCILTY-
arauiiiHi noka3Huky Ha npukiaa Alll iHo3eMHOro BUpOOHHUIITBA MPOUIIOB anpoOarllito npu BuU-
KOHaHH1 HayKOBO-IOCI1IHOTO CYIPOBOIXKEHHS 1111 4ac BUNPOOyBaHb aBlal[lfHUX IIUH BUPOOHU-
nrBa kommnaniii REDSOUN (Pecmy6mika Iupis), QINGAO AOTAI RUBBER CO.LIMITED
(Kuraiiceka Hapoana Pecniy6mika) i STOMIL-POZNAN S.A. (Pecny6mika [Tonbima).
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STUDY OF THE TEMPERATURE INFLUENCE ON THE PERFORMANCE
INDICATORS OF FOREIGN-MANUFACTURED AVIATION TIRES

In order to maintain the airworthiness of aircraft in service with our country, there is an urgent need to provide
consumable components. Since 2015, experimental operation of aviation tires produced by the companies REDSOUN
(Republic of India), QINGAO AOTAI RUBBER CO.LIMITED (People's Republic of China) and STOMIL-POZNAN S.A.
(Republic of Poland) has been carried out on aircraft of the Air Force of the Armed Forces of Ukraine and helicopters of the
army aviation of the Ground Forces of the Armed Forces of Ukraine in order to determine the possibility and justify the decision
on the admission of these aviation tires to regular operation.

Despite the extensive experience in the production of AT, the problems of theoretical and experimental research of their
operational indicators remain quite relevant for modern aviation today and are subject to consideration.

The spectrum of tireoperation in variousareas of application, the composition and design of modern aviation tires, typical types
of tread wear, dependences of changesin load and speed over timeand distance during flight, and dependences of temperature changes
in different modes of free rolling of the tire are consdered. The effect of insufficient pressure and overload on the shear forces and
parameters of all take-offs and landings of the aircraft on which thetiresareinstalled is determined.

An analysis of the characteristics of tire operation, depending on the number of flights before removing the tires, on the
ground speed during take-off, and on the weight of the aircraft was carried out.

Statistical analysis of the influence of operational factors on the number of flights before tire removal due to wear and
tear and the development of recommendations for the maximum use of resource indicators of aviation tires allow to determine
mathematical dependencies that describe the influence of certain operational factors on the wear and tear of aviation tires.

The studies of the influence of operational factors on the wear of aviation tires during the experimental operation allowed to
determine the possihilities and substantiate the decision to admit aviation tires 610x185 model 1A produced by the company
REDSOUN (Republic of India) to regular operation on L-39 aircraft of the Air Force of the Armed Forces of Ukraine were conducted.

Keywords: aviation tire, wear, intensity of wear; functional purpose; takeoff mass.

Fig.: 5. References: 15.

Kyns6a I1., Yepennikos O., Bospos B., €pomenko A. JlocmiikeHHS TEMIIEpaTypHOTO CTaHy aBiallifHUX IMH iHO3€MHOTO BHPOOHHMIITBA.
Texniuni nayku ma mexnonozii. 2022. Ne 3(29). C. 59-66.
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EKCIIEPUMEHTAJIBHI JOCJIPKEHHS HIJII®YBAHHSA TOPHIB POJIUKIB
MNIAMNUITHUKIB HA MOJAEPHI3OBAHOMY JIBOCTOPOHHBOMY
TOPHEIJII®YBAJBHOMY BEPCTATI 3342A10

Y pobomi docriosrcero sucoxonpodykmusHuii cnocio 06podku mopyesux no8epxoHs POUKI6 NIOUUNHUKIE HA 0BOCIOPOHHbOMY
MopYewihysanbHoMY 6epCmanmi 3 MOOEPHI306aHoI0 cucmemoro npasku 6i0 YIIK, sika 0o3sonuna ompumamu KOHiuHy Gopmy Kaaio-
PYIOYOi OlnAnKU Ha MOpYi Kpyea 3 HYIbOBOIO 2eOMEMPUUHOI0 NOXUOKOIO, OCKINbKU NpAMA NiHisA Konyca 30izacmucs 3 06pobnenoio
naowunoro. Le 3abesneuums guwyi 6umo2u ujo0o MoUHOCMi Ma 0achs MONCIUBICHIL NPOBOOUNYU KOMNTIEKMYBAHHS NIOUWUNHUKIE De3
COPMYBAHHS HA POIMIPHI 2DYNU — MEeMOOOM NOBHOI 83AEMO3AMIHHOCHI Ma cnpusimume 301IbUeHHI0 MEPMIHY 0068206IMHOCII NIOWIU-
NHUKIB, OCKLTbKU OCbOBe HABAHMAXdCEHHS Oy0e OLbl PIBHOMIPHO PO3NOOLIAMUCS NO MOPYAM POTUKIE.

Knrwuoei cnosa: osocmoponna mopyeuwinigpysanvua oo6pobKa, npagka Kpyeie, mMenjioHanpyxceHicmes npoyecy winigy-
6aHHS; NPOPITLOBAHT MA OPIEHMOBAHI WNIPYBATbHI KpYeU, POTUKU RIOWUNHUKIE KOYEHHS, MOYHICIb 06pOOKU MOpYeaux no-
6EPXOHb PONUKIB NIOWUNHUKIE.

Puc.: 9. Bién.: 8.

AKTYaJbHICTh TeMM J0Ci:KeHHs. [[IIBUIIICHHS TOYHOCTI Ta MPOIYKTUBHOCTI OOPOOKH
TOPIIEBHUX MTOBEPXOHb POJIUKIB MiAIIMITHAKIB KOYEHHS € BYKJIMBOI HAYKOBO-TIPAKTUYHOIO 3a-
Jla4yero, BUPILICHHS SKO1 J03BOJIUTD K MIABUILUTH TEPMIH CITy>KOM IMiJIINITHUKIB, TaK 1 3/1€11e-
BUTH iX BUPOOHMIITBO, @ OTIKE, MIJBUILUTH PiIBEHb KOHKYPEHTOCIPOMOXKHOCTI npoaykuii. ITiz-
HIMITHUKY KOYEHHSI € BUCOKOTOUHUMH CKJIQJaJbHUMU OJUHMISMH, 110 BUTOTOBISIOTHCS Ha
CHeliaTi30BaHuX 3aBOJaX 1 BUKOPUCTOBYIOTHCS Y BUCOKOUIBH/IKICHUX MEXaHI3Max Ta B MeXa-
Hi3Max 31 3HaUHUMH CHWJIOBUMM HABaHTAKEHHSMHU Ta BUCOKMMM BHMOTaMM JIO TOYHOCTI iX
LEHTpyBaHHS. BOHM MaloTh MOBHY B3a€MO3aMIHHICTh 32 BHYTPIIIHIM Ta 30BHIIIHIM JiaMeT-
paMu Ta HIMPHUHOIO KiJelb. MiX KIJBIAMH Ta TIJTaMU KOYEHHS ICHY€ HETIOBHA B3a€MO3aMiH-
HICTb. IX CKIIafaloTh CENEeKTHBHUM METOIOM, IO TONSrac B TOYHOMY BUMIpIOBaHHI HiliCHHX
pO3MipiB OBEPXOHb, COPTYBaHHI iX Ha pO3MIpHI IPYNU B MOPSAAKY 3pOCTAaHHS PO3MIpPIB BiJ
HANMEHILIOT0 /10 HallOUIBIIOr0 3 HEBEJIMKOIO IX IPpaJali€elo Ta MapKyBaHHI PO3COPTOBAHUX BU-
po0iB /U151 TX MOJANIBIIOTO CKJIaaHHs. ToMy ay>ke BaXXJIUBO 3a0€3M€UUTH TOUHICTh 0OPOOKH TiJT
KOYEHHS Ta KiJellb 3 MiHIMaJbHUM PO3CIIOBAHHAM PO3MipiB 00pOOIEHUX TOBEPXOHD I 3Me-
HIIIEHHS TPYIOMICTKOCTI CKJIQJaHHS.

IMocTanoBka npodiaemu. J[o TopLeBUX MOBEPXOHb POJIMKIB MiJIIMITHUKIB KOYUEHHS BUCY-
BAlOTHCS BUCOKI BUMOTH IIIOJI0 TOYHOCTI PO3MIpiB, (POPMHU Ta SKOCTI TOPLIEBUX [TOBEPXOHB MPU
3a0e3MedeHH] BUCOKOT TPOAYKTHBHOCTI 00pOOKH. PoTrku mOBUHHI BUTOTOBIISITUCH 3T1HO 3 BU-
MoraMu cTaHAapTiB 13 migmunaukoBoi crani X 15 Ta TepmiyHo 06pobieH1 10 TBEpAOCTI
60...65 HRC, ne maru TpiluH, pakoBUH, KOPO3ii, CIT1/1iB MpUnaiB. i poJMKiB BCTAHOBJIECHO
TpH ctynens touHocti I, I, ta 11, nns skux HopMyrOThCsl OCHOBHI TapaMmeTpH. Tak, HanpuKIa,
JUIE CTyneHs ToYHOCTi | mpwm moBxkwHI ponmka 0 30 MM BEpXHE TpPaHWYHE BiTXWUIICHHS
es = +1,5 MKM, HUKHE €1 = -7,5 MKM, BUITYKJIICTb TOPLIS IO 2 MKM. YBITHYTICTh TOPLIIB POJIMKiB
HE JIOMTYCKA€ETHCS.

© Bononumup Kanbyenko, Auapiit €pornerko, Bomogumup Bemkera, Jmutpo Kagpuenko, 2022
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VY po6oTi noTpiOHO MPOBECTH EKCIIEPUMEHTAJIbHI JOCIIIKEHHS TeTIOHATPYKEHOCT1 Mpo-
1ecy nuriyBaHHS TOPIEBHUX IMOBEPXOHB POJUKIB IMIAITUITHUKIB HA MOJIEPHI30BAaHOMY JIBOCTO-
poHHbOMY ToprenutipyBampHOMy Bepctati 3342AJ10 Ta AOCHIIUTH OOEPTaHHS 3arOTOBOK Y
30H1 0OPOOKHM MPH 3HATTI YOPHOBOTO MPUITYCKY Ta B KaTiOpyBasbHIM 30H]1 1 HOr0 BIUIMB Ha Ki-
HIIEBY TOYHICTb.

AHaJI3 ocTaHHIX aocaizkeHb i myOmikamiii. [IpomykTHBHICTE TOpIieBOTO NUTIYBaHHS
00MEXKY€EThCS TEIJIOHAIIPYKEHICTIO MIPOLECy Yepe3 ydyacTh Y 3HIMaHHI MPUITYCKY BEJIMKOI Ki-
JBKOCTI abpa3uBHUX 3epeH. SIKicTh 00po0IeH0T MOBEPXHI 3aJICKHUTD Bl TEMIIEPATypH Ha TOPII
netaii. TeopeTHIHUM JOCIHIDKEHHAM TeTUIOHANIPYKEHOCTI Ipoliecy nuTiyBaHHS MPUCBIYCHI
po0OTH GaraTboX BITUM3HSHUX Ta 3aKOPAOHHHUX YUEHHX, MPOTE HASBHI 3aJIC)KHOCTI HaBEACHI
31e011bII0TO JUTsl LTI (hyBaHHS HUJIHAPUIHUX TTOBEPXOHD MepHQEPiero Koa.

OCHOBHUMH BHYTPILIHIMHU JPKEPETaMH TeIljIa € 30Ha Pi3aHHs Ta MiAMIUITHUKA HINMAHACIb-
HUX OTOp.

[Tpu TopueBoMy nuTihyBaHHI MOYATKOBE TOJIOKEHHS IITi(YBATBHUX KPYTiB OJMH BiJHO-
CHO OZIHOTO i 0230BUX MOBEPXOHB BepCTaTa 3MiHIOETHCSI BHACIIOK TETUIOBUX JAepopMalliii, 1o
MO3HAYAETHCSI HA TOYHOCTI BUPOOIB, 110 00pobisitoThest [1]. Tlpu mpoBeneHH1 qOCIiHKeHb aB-
TOopamu OyJlI0 BCTaHOBIJICHO, 1110 3MiHa TeMmepatypu MOP (MacTUIbHO-0X0MOMKY0UOT PiAMHN)
Ha 1°C npu murigysanHi IiAIMIHUKOBUX Kinelpb AiameTpoM 90 MM IIPH3BOAMTHL 10 30illb-
IICHHS HETJIOMMWHHOCTI TopuiB Ha 0,12 MKM, a HemapaneabHOCTI — Ha 0,63 MKM.

Jlsis BU3HAYEHHS BIUTHUBY KOXKHOTO JDKEpena TeIlla Ha TOJOKEHHS NITi(yBaIbHUX KPYTiB
BUKOPHUCTAHO JIBI CXEMU HaBaHTAKEHHS BepcTaTa:

- o0epTaHHs MIMUHAES Ha XOJOCTOMY XOAy (IpW IbOMY BH3HAYAIH 3MiHY ITOJIOKEHHS
KPYTiB MiJ €10 TEIUIa, 10 BUAUIAETHCS B MIAMIUITHUKAX );

- HarpiBaaHst MOP (3a qomomororo enekrpoHarpiada 6e3 ooepranns mmuHiess). [IBuakicTs
HarpiBanaa MOP npu6nu3HO BiANOBiIana MIBUAKOCTI i HArpiBaHHS HAa peajbHOMY BEpCTaTi.

VY pesynbTari eKkcrepuMeHTy o0y0BaHo rpadik 3MiHU MOJI0KEHHS NUTi(YBaTBHOTO KpyTa
y BepTUKaJbHIN IIONMIMHI 3aJI€KHO BiJ yacy oOpoOku (puc. 1).

O MKM
40 _
- : — =
—/--—_‘_‘ _,._.———""‘_—-
20 _/—-‘_--‘___,——-_-—.—-__—
PP i ——
P e

v
>

J 7 b4 7 4 5 6 t9ac

Puc. 1. I'paghix 3minu nonodxcenns winighy8anvHoco Kpyea y 6epmuKaivHitl NIOWUHI

3a1ex#CcHO 810 yacy pobomu

Cy1iibHa JiHIS BIANOBiIae 00epTaHHIO IIMUH/AENS Ha XOJI0CTOMY XO/1; HITPUXOBAa — MPHU
nigirpisanHi MOP 6e3 o0epTaHHs MIMUHAES, ITPUX-TYHKTUPHA — 00epPTaHHS LIMUHICS Ta
nigirpiBanHss MOP. Cra6inizanis mosoxkeHHsl NUTiQyBaJIbHUX KPYTiB HACTA€ BiJl HAarpiBaHHSA
HIMAHJIETHHUX OTOp Yepe3 2 TOIUHU, B/ MIAIrpiBy — yepe3 6 TOAMH.

VY po6oTi [2] po3misiHyTO 6ajlaHC TEIUIOBUX MOTOKIB y TopIenuIidyBaasHOMY BepcTari. Ki-
JBKICTH BUALIICHOT B poO0Uiii 30H1 Ter1oTH (k) mpoTsiroM yacy nutidyBaHHsS po3paxoBy€eThCs
3a popmyIoro:

Q, =3600N -t,

ne N — notyxHicTb nutidyBaHHs, kKBT;
t — gac nuridyBaHHs, C.
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OpHak cymapHa KiJIbKICTh TETIJIOTH B 30Hi, IO PO3IIIAAA€THCS, Oyie OLIbIIO yepe3 Hal-
XO)KEHHSA B HEl Ter1oTu pazoM 3 MOP.

Qz =Q +Q,,. -

[Tpu twridyBaHHI HA JBOCTOPOHHBOMY TOpIENLTIQyBaTbHOMY BepcTari 3 nogadetro MOP
Ha BOAHIN ocHOBI 10 % TEeToTH, 1110 BUHUKAE, TIEPEXOIUTH y BepcTat, 5 % ije 3 neransiMu, a
85 % iine B MOP.

3MEHIIEHHS BIUIMBIB TEIUIOBUX Je(opMaliii Ha TOYHICTh ABOCTOPOHHBOI'O TOPILIEBOIO
nutiyBaHHS MOXKHA JTOCSITTH IIJISTXOM cTadimizarii remmeparypu MOP.

VY 3aranpHOMY OajaHci TEIUIOBHX Jedopmaliiii 3cyB TOPIIB KPYTiB BUKIMKAHHA 3MIHOIO
TEMIIepaTypH ONop MIIHHJENIB cTaHOBUTH 20-25%, a 3minor0 Temneparypu MOP 75-80%.

BruuB BuCOKOTEMITEpaTypHHX MPOIIECIB B KOHTAKTI ILTi(h)yBaJIbHOTO KPyra i 3arOTOBOK Ha
CTaH MOBEPXHEBOTO IIapy 1 MOSBY MpPUNAJiB MPOMOHYETHCS BUPIMMTH B poboTax [3] Ta [4].
[TpakTHYHUM pe3yNbTaToOM pillleHHs nepioi Teriodizuunoi npodiemu B podortax [3]1[4] e BOo-
CKOHAQJICHHSI KOHCTPYKIIi 1 pobodoro mpodutro nuridyBanpHOro kpyra. B [3] 3anpomnonoBaHo
nuTigyBagbHUR KpyT 3 oTBOpamMu Juid miiBoga MOP B 30HY KOHTAKTY, 1110 PO3TaIllOBaH1 110 KOH-
HEHTPUYHNAM KoJiaM. BOHU X BUKOHYIOTB (DYHKIIIO TOIATKOBHUX TETUIOBIIBOAIB. Y po0oTi [4] st
YHUKHEHHSI IPUNAIiB IPONOHYETHCS BUKOPUCTOBYBATH IEPEPUBYACTI KPYIH 3 Ma3zaMM Pi3HOL
KoHirypaii. /[yt mboro po3poOiieHi BIAMOBIIHI MPUCTPOi MpaBKU NLTiQYBaTbHUX KPYTiB.

3abe3neueHHsl palliloHAIbHUX KIHEMATUUYHUX XapaKTEPUCTUK PyXY 3arOTOBKU IPH MPOXO-
JOKCHHI 30HU 00pOOKH € BaKITUBOIO 331a9CH0, [0 BITUBAE HA TOYHICTH 00poOKu. J{s peaniza-
i CIPUATIUBOTO 3 MOMISIAY (hOpMyBaHHS TOYHOCTI PyXy 3arOTOBKH B 30HI IITi(yBaHHS PO3-
poOJieHi pi3Hi cXeMH MpUMYCOBOTO i ooepranus [5-7].

Jlns 3a0e3nedyeHHs 3aJaHOTO 3aKOHY 3MIHU KYTOBOI IIBUJIKOCT1 BUIbHOT 3arOTOBKH B THI3/I1
JIFICKa-ceraparopa aBTOpOM IPOBENEHI CHemiaibHI pO3paxyHKOBO-EKCIIEPUMEHTANbHI JOCHTi-
JOKEHHS. 3alpONOHOBAHO METOJIUKY BH3HAUEHHsSI CYKYMHOCTI TEXHOJIOTIYHUX IapaMeTpiB
(KyTH Haxwiy 1UTi(hyBaJIbHOTO Kpyra, IIBUIKICTh MTOJa4ul Ta MPUIyCK Ha 00poOKy), 110 3a0e3-
neyye peasizalilo onTUMalbHOI XapaKTepUCTUKHM 00epTaHHs 3ar0TOBKH, NPH sIKii 3a0e3mnedy-
€THCSI HEOOX1HA TOYHICTH 0OpPOOKH [8].

BuaisienHst HeiocaiIzKeHUX YACTHH 3arajibHOI npoodaemu. [IpoBenenuit ananis octan-
HIX JOCJIJIKEHb 1 MyOuiKkamniii cBIAYUTh MPO BAKIMBICTH TEIJIOBOTO BILUIUBY 1 00€pTaHHS 3a-
TOTOBOK B 30HI 00pOOKHM IPH IBOCTOPOHHBOMY TOPLIEBOMY ILTi()yBaHHI HA IPOILYKTUBHICTb,
TOYHICTh Ta AKICTh 0OpOOJIEHUX TOPLEBUX MOBEpXOHb. IIpu nuridyBaHHI 31 CXpelIEeHUMU
OCSIMM KPYTiB 1 3arOTOBOK 11€ Ha0yBae 111 O1JIbII BaXKJIMBOTO 3HAUEHHS OCKUJIBKU MPOBOAUTHCS
crelfianbHa NpoQilbHa MpaBKa Kpyra, 1o Aa€ 3MOI'y OTPUMATH Ha MOBEPXHI Kpyra JTUISHKY
JUISL 3HATTS YOPHOBOTO MPUITYCKY Ta KaniOpyBalbHY JUISHKY. AJle OTpUMaHa MeXxaH13MaMu
IPaBKH, K1 € Ha BEpCTaTi, KaniOpyBaslbHa IIJITHKA Ma€ T€OMETPUUHY MOXHOKY (YBITHYTICTb),
110 3HM)KYE TOYHICTH 0OpOOIEHUX MOBEPXOHb. TOMy MOTPIOHO MO/IEPHI3YBATH CUCTEMY Mpa-
BKM BepcTara 3a/Uls HaJJaHHs [PAaBHJIbHOI T€OMETPUYHOI (GOpMH KadiOpyBaJbHUM JUISTHKAM
nuTiyBagIbHOTO Kpyra 1 MPOBECTH €KCIIEPUMEHTANIbHI JTOCIIHKEHHS TeTUIOHANPY>KEHOCTI
nporecy HnutipyBaHHs TOPLEBUX TMOBEPXOHb POJUKIB MiAIIMIHHUKIB Ha MOJEPHI30BAHOMY
JIBOCTOPOHHBOMY TopuenutigyBaibHoMy BepcTaTi 3342A 10 Ta gocniauTu obepTaHHs 3aro-
TOBOK Y 30HI OOpPOOKH MpHU 3HATTI YOPHOBOTO MPUITYCKY Ta B KaliOpyBasIbHINA 30HI 1 iXHIH
BILJIUB Ha KIHI[EBY TOUHICTb.

MeTo10 cTaTTi € eKcriepuMeHTaJIbHE JOCTIDKEHHST Ha ToplenulidyBaabHOMY BepcTari
3342 A10 3 MozIepHiI30BaHOIO CHCTEMOIO TTPAaBKH TEMIIEPaTypH Ha TOPISIX 0OpOOTOBaHUX PO-
JIMKIB MIAIIUITHAKIB Ta 00epTaHHs POJHUKIB y 3aKPUTIH 30HI MIX JBOMa IUTi(DyBaJIbHUMHU KPY-
ramu 1o KoopJauHari 00poOKH.
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Bukaa ocHOBHOro marepiaJgy. /i1t mpoBeaeHHS TOCTiKEHb Bepiie Oyl10 MOIEPHi30-
BaHO JIBOCTOPOHHI# TopuenntidyBansuuii Bepctat 3342A 10 cuctemoro npasku 3 UIIK. V He-
MOZIEPHI30BaHOMY BEPCTaTi MPH MpaBLi KPyTu / OPIEHTYIOTh Y TOPU3OHTAIBHIN TUIOMIMHI HA
KyT 7 1y BepTUKaJIbHIA — Ha KYT V 3 METOIO 3HATTS MIPUITYCKY 3a OAMH mpoxia. Croyarky Bcs
TOPIIEBA MOBEPXHS KPyTra MPaBUTHCS B IUIOLIUHI, IEPIICHIUKYISPHINA Oci 00epTaHHs Kpyra 3a
JIOTIOMOTOI0 CTalliOHAPHOTO MPUCTPOIO Bepcrara. [licis nboro aMa3HUMHU ONIBLSIMH 4, 3aKpi-
MJICHUMU Ha JUCKY T0J1adi 3ar0TOBOK 2, TIPaBIATh AUISTHKH, SIKi IPHJIATAIOThH J10 30BHIIMIHIX -
ameTpiB KpyriB (puc. 2). IIpu npomMy BennyrHa pajiyca MpaBKy, 10 IKOMY ITEPEMILITY€ETHCS Be-
pIIMHA aJIMa3HOTO OJIIBIIS, BUOMPAETHCS 3aJICKHO Bif GopMH Ta po3MipiB 00poOIIOBaHOL
3aroTOBKH. Y pe3ysbTaTi Takol MpaBKU KajdiOpyBaibHa IUISHKA Kpyra OTPHUMYBaJIach YBITHY-
TOIO 3 TEOMETPUYHOIO MTOXMOKOIO, 1110 3HM)KYBAJIO TOUHICTh OOPOOKH.

- Ml

Puc. 2. IIpasxa winighysanvrux kpyeie

CyTHICTh MOJIEpHI3allil CUCTEMHU ITPABKU BepcTaTa MOJsArae B TOMY, 00 OTpUMaTH Kali-
OpyBaJbHY IUISHKY IUTi(yBaIbHUX KPYTiB IPAaBUIBHOI T€OMETPpUUHO1 opMu (0€3 yBITHYTO-
cti). {1t 1boro HeoOXi1Ha CHHXPOHI3AIis PyXiB MiXk o0epTaHHsAM OapabaHa moaadi, Ha SIKOMY
3aKpIIUIEHUI alMa3HUM OJliBelb JAJIA MPaBKU KajdiOpyBajbHOI AUISSHKM Ta MEpeMILICHHSAM
B3JIOBX OCi IITi(pyBaIbHOTO KpyTa, 10 3AiicHI0E o0epTanHs. ObepranHs 6apabaHa mojadi 3
MPaBIISTYMM aJIMAa30M 31HCHIOETHCS B JBUTYHA MTOCTIMHOTO CTPYMY, KEPOBAHOTO CHCTEMOIO
YIIK 3a 0okpeMol0 MporpaMmoro. Y3rojkeHe OChOoBe NepeMilleHHs 0a0ku muliQyBaabHOTO
KpyTa pa3oM 31 1u1ipyBaIbHUMU KpyTaMH T€X 31HCHIOETHCS TBUTYHOM MOCTIMHOTO CTPYMY
Bix cucremu UYIIK. MaremaTnune 3a06e3neueHHs 15 OMUCAHOI MPaBKU po3poOIeHo Ta Omyo-
J1KOBaHO B po06oTi [8].
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Puc. 3. Bepcmam 3342 AJ]O 3 08ueynom nocmitino2o cmpymy, wjo Kepyemvbcsi CUCTNEMOIO

YIIK i 3abe3neuye nepemiujerts OUCKy no0ayi 3 AIMA3HUM NPAGISAYUM OLi8YeM
' _

Puc. 4. Bepcmam 3342 AJ]O 3 08ueynom nocmitino2o Cmpymy, Wo Kepyemucs CUCIEMOI0
YIIK i 3a6e3neuye ckoopounosane nepemiujeHus wiighysaivHoi 0abKku 6 0Cb0BOMY HANPAMI

ExcrniepumeHTanbHe TOCTKEHHS TEMIIepaTypy MPOBOAMIIUCS MiJ] Yac MUTiyBaHHS IIHJTi-
HIPUYHUX POJIMKIB MIIITUIHUKIB MiaMeTpoMm 20 MM, BCTAaHOBJIEHUX Y BTYJIKax OapabaHa 1mo-
Jadl 3aroTOBOK, IO 31MCHIOE KPYTOBY T0Jady B 30HY 00poOkw, 13 3actocyBaHHsM 30TC —
eMyJIbCoJIa.

Jlnis BU3HAYCHHS TEMIIEpaTypH Ha TOPISX 3arOTOBKH OyJia BHKOPHCTaHA MTYYHA TEPMO-
napa xpomenb-Kamnenbs. Crail TepMonap ¢ikcyBaBcs Ha TOPISX 3aroToBku. CepeaHiil Jiamerp
CIlar0 CTAaHOBUB OJIM3BKO 1,5 MM.

JUnist miJicuiIeHHs HalpyTH TepMOIap, pO3MILIEHUX Ha TOPISIX 3arOTOBKU, BUKOPHCTOBYBA-
BCSI IBOKAHAJIBHUH M1ACHIIOBAY TIOCTIHHOTO CTPyMY.
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TapyBaHHS TPaKTy TepMoIlapa — BUMIPIOBAJILHUI MiICHITIIOBAY MIPOBOIMIIOCS 32 JOMOMO-
roto neui CIIOJT — 1.1 6112 — M3 — V4.2, y Ky NOMIIIyBaJIUCh JOCIIKYBaHI 3pa3Ku 3 Tep-
MOTIapaMu, MiIKIIOYSHUMH 10 BUMIPIOBATBHOTO MijcuimoBada. Hampyra Ha BUXO/i MiJCHITIO-
BayiB KOHTpOJIOBajacs MitiBoisTMeTpoM B3 53. Jlns 3amucy moka3aHb BUKOPHUCTOBYBABCS
camonucens H3031/1. IMoxubka BumiproBanHs Temneparypu cranosuna + 10°C. Tapysaib-
HUM rpadik HaBEICHO pHC. 5.

56
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J6 /
74 /
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Ternepamypa r

TC MB

Puc. 5. Tapysanvnuii epaghix m. e. 0. c. mepmonapu xpomenb — Kaneib
3a1excHo 8i0 memnepamypu

Ipu IpoBeIeHHi JOCi/IiB BUKOPHCTOBYBABCs TIOBHUIA (DaKTOpHMIA ekcriepuMeHT 2° Tpu Bpa-
XyBaHHI B3aeMOJIii MiXk (akTopamu. Ik TexHOIOrYHUHN (hakTop Oys10 MPUHHATO MIBUAKICTH MOa4i
3aroTOBOK, PUITYCK, 1110 3HIMA€EThCS TA BEIMUYMHA PO3BEPTAHHS KPYTiB y BEPTUKAIbHIN IIIONIHHI.

Jlesiki pe3yabTaTv JOCHIIIB HaBeIeH] Ha puc. 6-9.

TemnnoHanpyXeHiCTh NPOILECY TOPLIEBOTO HUTIQyBaHHS Ha0araTo BUINA Yepe3 BEJIUKY KiJlb-
KICThb a0pa3uBHUX 3€peH, 110 OepyTh ydacTh Yy pizaHHi. OTpuMani rpadiku 3aaeXHOCTI TeMIIe-
paTypu BiJl KOOPAWHATH 00pOOKH, MiJl SIKOIO PO3YMIIOTh KOOPIAUHATY MEPEMIIIEHHS POJIMKA 110
TOpILIEBIN MOBEPXHI KPyra, OKa3yloTh, 1110 MpH NUTiQyBaHHI 3 TapajelbHUMU Kpyramu, 6e3 po-
3BOPOTY B FOPU3OHTAJIBHIN 1 BEpPTUKAIbHIN IJIONMIMHI, TEMIIEpaTypa A0CATAE MAKCUMaJIbHOTO
3HaueHHs NPU BXOJi B 30HY pi3aHHs Ta jgocsrae 3HadenHs g0 700°C. ITpu HOBOMY crocobi
IPaBKH 3 PO3BEPHYTUMH B JIBOX IUIOIIMHAX 1 MPOQiIbOBAaHUMU KpyraMU MakCHUMajbHE 3Ha-
YeHHs TeMIepaTypy 3Ha4HO MeHIne i ckianae 6musbko 400° C. ItidyBaHHs TPOBOAMIOCH 3B
MIBUKICTIO 1Mo1adi 3aroToBok 0,78 M/XB, 3araibHUM npumyckom 0,3 MM Ta MIBUIKICTIO Pi3aHHS
35 m/c. 3a monoMoror po3poOiIeHoT MOZeNi MOKHA KEPYyBaTH TEIIOHATIPYKEHICTIO MPoLecy
HIIIXOM BHOOPY pallloHaJIbHOT OopieHTalii Ta mpo@1I0BaHHS KPYTiB.
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Puc. 9. Obepmanns 3a2omosxu no koopounami npu 0o6pooyi
3 OpieHmMOoBarHuMu i NPoinbo8aHUMU KpYeamu

JociikenHs o0epTaHHs 3arOTOBOK 110 KOOPAMHATI 0OpOOKM 3a JOMOMOTOK0 1HAYKTHB-
HOTO JJaTYMKa MOKa3aJl, 110 MpU 00poO1li 3 mapaneabHUMHU KpyraMu oO0epTaHHS POJIHKIB 3711~
CHIOETBHCS TUIBKH P Bpi3aHHI Ha YOPHOBIHM AUTAHII Ta focsirae 61u3bko 350 06/XB, HOCTYIIOBO
3MEHIIYIOUHUCH 70 HYJIS IIPU BUXO/I 13 30HU 00poOKu. [IpoBeneHi nociikeHHs MOKa3yoTh, 10
JUTSL TIIBUIIIEHHS TOYHOCTI 00OpOOKHM HEOOX1THO, 3a0€3MeunTH 00epTaHHs 3ar0TOBOK Ha Kajio-
pyBaJIbHIN JUISHII MIPH BUXOA1 13 30HM 00poOku. Ha puc. 9 HaBeneHo oGepTaHHS 3arOTOBOK
npu 1uUTiyBaHHI OPIEHTOBAHUMH B JIBOX IUIOIIMHAX KPYraMH 3 MIPABKOIO TI0 HOBOMY CIIOCOQY.
Sk cBiauuTh 1ed rpadik, 00epTaHHs 3 PIZHUMHU IIBUIKOCTAMH BiI0YBa€ThCs MO BCIH JOBXKHHI
00poOKH, B TOMY YHCIII i Ha KanmiOpyBajbHIN AUISHLI IPU BUXOAI 13 30HM 00poOku. Halikpanii
3a TOYHICTIO PE3yJIbTaTH OTPUMaHi MPH CIiBBITHOLIEHHI KyTiB Opi€HTAlliil Y BEpTUKAJIbHINA v 1
TOPU30HTANBHIN ¥ muommHax y = 1,57 v.
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BucHoBKH. Y po0OTi TOCIIIKEHO BUCOKOIIPOILYKTUBHUH €1oci0 0OpoOKH TOPIEBHX I10-
BEPXOHb POJIMKIB IMAMUITHUKIB HA IBOCTOPOHHHOMY TOPIIEILIiI(PyBaTbHOMY BepCTaTi 3 MOJIEP-
Hi30BaHOO crcTeMoro nipaBku Big UIIK, sika 1o3Bonmia OTpuMaTi KOHIYHY (GopMy KaniOpyBa-
JBHOT TUISTHKHA Ha TOPIll KpyTa 3 HYJIbOBOK T'€OMETPUYHOIO MTOXHUOKOI0, OCKUTBKH TIpsiMa JIHIS
KOHyca 30iraeTbest 3 00pobeHoro iomuHo. [IpoBeaeHi 1ocoiKeHHS TeMIepaTypu o Ko-
opauHaTi 00poOKHM ToKa3aly ii 3HaYHE 3HMXKCHHSI IIPHU 00poOITi Ta O1IBIT PIBHOMIPHUHN PO3IIO-
nin. I[Ipu mboMy oOepTaHHs 3arOTOBOK 3IMCHIOETHCS 10 BCiK 30HI 00poOku. Lle 3abe3neuntsb
O1ITBIII BUCOKI BUMOTH 32 TOYHICTIO Ta AACTh MOXKJIMBICTh MPOBOANUTH KOMIUIEKTYBAaHHS ITi N~
ITHUKIB 0€3 COPTYyBaHHS Ha PO3MIpHI TPyNH — METOIOM TOBHOI B3a€EMO3aMiHHOCTI Ta CIPHSI-
TAME 301TBIICHHIO TEPMIHY JOBTOBIYHOCTI MIiJIIMITHUKIB, OCKITPKA OCHOBE HABAHTAKCHHS
Oy/ie piBHOMIpHIIIIE PO3MOAUIATHACS 110 TOPISM POJIUKIB.
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EXPERIMENTAL STUDIES OF GRINDING OF THE ENDS
OF BEARING ROLLERSON THE MODERNIZED TWO-SIDED
END GRINDING MACHINE 3342ADO

Rolling bearing rollers are very important components of rolling bearings, the end surfaces of which are processed in
mass and serial production on two-sided end grinding machines. They must be manufactured in accordance with the require-
ments of GOST 25255-82 "Rolling bearings. Rollers cylindrical long. Technical conditions" made of bearing steel ShKh 15
according to GOST 801-78. The end surfaces of the rollers of rolling bearings are subject to high requirements for the accuracy
of dimensions, shape and quality of the end surfaces while ensuring high processing productivity. Therefore, it is very important
to find new reserves of the process.

The analysis of research and publications showed the importance of the thermal effect and rotation of the workpieces in
the processing zone during double-sided face grinding on the productivity, accuracy and quality of the processed end surfaces.
This becomes even more important when grinding with crossed axes of wheels and workpieces, since a special profile adjust-
ment of the wheel is carried out, which makes it possible to obtain an area for removing the rough allowance and a calibration
area on the surface of the wheel. At the same time, the entire allowance is cut in the area adjacent to the calibration area. The
calibration area at the entrance of the parts to the processing area does not participate in cutting the allowance, has high
stability and forms the final accuracy of the end surfaces at the exit.

The purpose of the article is to conduct experimental studies of the temperature on the ends of the machined bearing
rollers along the processing coordinate and the rotation of the machined rollers in the closed zone between two grinding wheels
along the processing coordinate on a modernized end-grinding machine 3342 ADO.

The work proposed for the first time a new way of adjusting grinding wheels on a two-sided face grinding machine 3342
ADO, which made it possible to obtain a calibration area of grinding wheels of the correct geometric shape (without concavity).
For this, the system of straightening of the basic face grinding machine 3342 ADO was modernized, which ensured the syn-
chronization of the movements of the product feeding disc with the diamond pencil located on it for straightening the calibration
area and the movement along the axis of the headstock of the rotating grinding wheel. All movements were controlled by the
CNC system with a specially developed control program.

Key words: two-sided face grinding; grinding wheels, thermal stress of the grinding process; profiled and oriented grind-
ing wheels; rolling bearing rollers; accuracy of end surface treatment of bearing rollers.

Fig.: 9. References: 8.

Kampuenko B., €pomenko A., Bemxera B., Kansuenko JI. ExcriepiMenTanbHi Z0CIiKeHHS HUTiQyBaHHS TOPIIB PONHKIB MiJIIMITHAKIB HA
MO/ICpHI30BAaHOMY IBOCTOPOHHBOMY ToprenutipyBamsaomy Beperati 3342AJ10. Texuiuni nayku ma mexnonozii. 2022. Ne 3(29). C. 67-76.
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TH®OPMAIIMHE 3ABE3IIEYEHHS PO3MIPHOI'O MOJIEJIOBAHHSA
TA AHAJII3Y TEXHOJIOT'TYHUX ITPOLECIB

Ha ocnosi 3acmocysanta mampuuno2o memooy npeocmagients CmpyKmypu po3mMIipHUX 36 A3Ki@ MexHON02IYHUX Npo-
yecis i popmanizayii GUKOHAHHS OCHOBHUX NPOYEOYP POIMIPHO20 MOOENIO8AHHS MA AHANI3Y MeXHONo2iuHuX npoyecis (PMA
TI), pospobneni ancopummu ma npoepama « PMA TIly, ix euxopucmanus 3abe3neyye agmomamus08ane 6UKOHAHH Hall-
Oinb CKIAOHUX Ma MPYOOMICIKUX Npoyedyp. 30Kpema, BUKOPUCMANHA MAMPUYHO20 MemOoJy ma po3podieHUx aneopum-
Mig [ npoepamu, 00380IUNU 6nepuie, Ha GIOMIHY 6i0 THUUX NPOSPAM, Peanizy8amu A8moMamu308ane Gopmyeanis i popa-
XYHOK onepayitiHux po3MipHUX 1aHyr2is, 6e3 noby0oeu pomizOKux posmipHux cxem i 6e3 8gedeHHs iHuoi ingopmayii ona
ix nobyoosu. Pozenanymo npuxnad posmipnozo ananisy TI1 i3 euxopucmannam npoepama « PMA TIly. Cmammas € nyonika-
YI€I0 HAYKOBO-MEMOOUUHO20 XapaKmepy.

Knrwwuoei cnosa: posmipre Mooento8ants, po3spaxyHoK pOSMIPHUX TAHYIO2I8, A6MOMAMU3AYISL POIMIDHO20 AHANI3Y.

Puc.: 12. Fién.: 10.

AKTYaJIBHICTh TeMH A0CJTiAKeHHs. Po3MipHEe MOJIENIOBaHHS Ta aHali3 TEXHOJIOTTYHUX
npouieciB (PMA TII) € onaum 3 erarmiB nipoektyBanHs TII, sikuil Mae BakJIuBe 3HAYEHHS JJIS
HIBUIKOTO 1X BIPOBAPKEHHS Y BUPOOHUITBO Ta 3a0€3MeueHHsI HEOOX1JHOTO pIBHS TapaMeTpiB
TOYHOCTI JieTajel npu oopobieHHi. BogHowac Ha 3aBaji MMPOKOTO i €(heKTUBHOTO BUKOPHC-
taHHst PMA TII cTatoTh CKIaAHICTh 1 BUCOKA TPYIOMICTKICTh MPOLEAYD, 10 IPU3BOAUTH 0
3HAYHUX BUTPAT Yacy Ha HOro BUKOHAHHS. Y 3B 53Ky 3 UMM aKTyaJIbHOIO € IPoOiIeMa CTBOPEHHS
IporpaMHUX 3aco0iB Uit 3a0e3nedeHHs apromarusauii npouenyp PMA TII, ocoGnuBo Haii-
OUTBIII CKIIATHUX, TPYAOMICTKUX. L{e T03BONMHUTH JOCITTH CKOPOUEHHS TEPMIHIB PO3MIPHOTO MO-
nentoBaHHs Ta aHanmizy TII, 3HM)KeHHS BUMOT 10 KBani(ikalii KOpUCTyBayiB, 1110 CIIPUSTUME
HIMPOKOMY iX BUKOPUCTAHHIO y BUPOOHHUIITBI, @ OTXKeE, MOJIMIIEHHIO SIKOCTI PO3pOOIIOBaHUX
TEXHOJIOTTYHUX MPOIIECIB.

IMocTanoBka npodaemu. CydacHe BUpOOHUIITBO HaOyBae TEXHIKO-OpraHi3aliiHuX hopm
6araTOHOMEHKJIaTypHOTO JpiOHOCepiitHOro BUpoOHUIITBA. Pa3oM 3 THM HEOOXiHO 3ayBa)KHTH,
110 Take BUPOOHMIITBO, 3a PaxXyHOK IE€pPEeBaKHOTO 3acTocyBaHHs BepcraTiB 3 UIIY ta Gararo-
(GYHKIIOHATbHUX BEPCTAaTHUX CHUCTEM Ha IX OCHOBI, MOTpedye IMIBUAKOTO MPOEKTYBAaHHS Ta
BIIPOBA/KEHHS y BUPOOHHUIITBO OMNEpPAlifHUX TEXHOJOTIYHUX MPOIECIB BUTOTOBJIECHHS JeTa-
neii. Po3pobnenns Takux TII, € oqHUM 13 BaXKJIMBHX, ajie IOCTaTHBO TPYAOMICTKUX €TaIliB Te-
XHOJIOT1YHOTO MiATOTOBJIEHHS BUpoOHULITBA. OHI€0 31 CKI1a1oBuX npoekTyBanHs TII, Bix sxoi
3aJIeKUTH piBeHb sikocTi TI1, momo 3ab6e3mnedeHHs: BAMOT 10 TOYHOCTI 00pOOTIOBAHMX JI€TANICH,
€ pO3MipHE MOJICIIIOBAHHS Ta aHAJI3 TEXHOJIOTIYHUX MPOIIECIB.

© Bacws [puxonpko, €sreniii [Tyxoscbkuii, Jliommuna lanunosa, Cepriit Jlankoscbkuii, Cepriii Canon, 2022
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MeTor0 po3MipHOTO MOJIETIOBAHHS Ta aHANI3y TEXHOJIOTIYHUX MPOLIECIB € CTBOPEHHS TEX-
HOJIOT1YHUX MPOIECIB, 10 HAAIHHO 3a0e31evaTs 331aHy TOUYHICTh KOHCTPYKTOPCHKUX PO3MIpiB,
IpU CKOPOYEHHI BUTPAT Yacy 1 pecypciB Ha iX BIPOBAHKEHHS Ta pealizalilo y BUPOOHMIITBI,
3a PaxyHOK 3HaXO/DKEHHS ONTHMAaJbHHUX BapiaHTIB 1 YCYHEHHS MOXJIMBHUX MOMUJIOK Ha €Tarli
npoektyBanHs TII, a He Ha erari iX BIpoBapyKeHHsS 4M y mporieci BupooHunrsa [1]. Jocsr-
HEHHS MOCTaBJICHOI METH 3a0€3MeUy€eThCs BUPIIICHHSIM IBOX OCHOBHHUX 33/1a4:

1. Oninka 3patHocTi 3anpornoHoBaHoro TII 3abe3neuntu HEOOXiTHY TOUHICTH KOHCTPYK-
Topchkux po3mipis (KP), a 3a HeoOXigHOCTI, BU3HaueHHAM nuiaxiB mosinmenss TII ans nocs-
THEHHS 331aH01 TOYHOCTI KOHCTPYKTOPCHKUX PO3MIpIB.

2. BuznaueHHsM mapameTpiB (HOMIHAJIIBHUX 3HAY€Hb, TOMYCKIB 1 TPAHMYHUX BIIXHJICHD)
TEXHOJIOTIYHUX (ONepariiHuX) po3MipiB, MPHUITYCKIB Ta PO3MIPIB 3arOTOBOK, HEOOXITHUX IS
peamizamii TII y BupoOHuTBi. [loganpiine oTpuMaHHs TEXHOJIOTTYHUX PO3MIpIB 13 JOTPUMaH-
HSIM, BU3HAYCHUX NP [TPOEKTYBAHHI TAPAMETPiB TOYHOCTI Y MPOIECi BUTOTOBIICHHS A€Tai IO~
BUHHO 320€3MCUUTH 3a/1aHi KPECICHHIM BUMOTH TOYHOCTI KOHCTPYKTOPCHKUX PO3MIpiB.

PMA TII npencrasisie co0010 CyKYITHICTh PO3PaxyHKOBO-aHATITUYHUX MIPOLEYP, K1 BU-
KOHYIOTHCSI HA OCHOBI BUSIBJICHHSI 1 PO3PAaXyHKY ONEpaLiifHUX PO3MipPHUX JIAHIIIOT1B.

[Tpu nposenenni PMA TII B «pydyHOMY» pEXHUMI YU 3 BUKOPUCTAHHS ICHYIOUUX TIPOTpaM,
BUSIBJICHHS Ta (POPMYyBaHHS OMEpaLiifHUX PO3MIPHUX JIAHITIOTIB 3[1HCHIOETHCS HA OCHOBI rpadi-
YHOTO MPECTABICHHSI, Y BUINIAL MaTpullb [2], rpadis [1] un posmipHux cxem [3] Ta HACTYIHOTO
aHaITi3y CTPYKTYpH PO3MIPHUX 3B’SI3KiB, [0 BUHUKAIOTh Y MPOIIEC] MEPETBOPEHHS 3aTOTOBKHU B
neranb. [IpencraBieHHs CTPYKTYpH 3B SI3KiB, 3 MOJANIBIINM Bi3yaJbHUM BHSBICHHSIM Ha Hil KO-
HTYpiB onepamuiiHux po3Mipaux januoriB (OPJI), BukonaHHs iX po3paxyHKy Ui BU3HAYCHHS
BEJIMYMH TEXHOJIOTTYHUX PO3MIpIB, IX JOMYCKIB Ta IHIIMX PO3MIPHUX MapaMeTPiB € CKIaTHOIO
po0IeMOr0, BUPILICHHS SIKOT XapaKTePHU3YEThCs BUCOKOIO TPYAOMICTKICTIO 1 MOTpeOy€e BUCOKOL
kBami(ikarii TexHosnoriB. TakoX CITii MaTé Ha yBasi, 10, Y BUMAJIKy HE3aJ0BUILHOI TOYHOCTI,
TEXHOJIOTIYHUH Tporiec Oy/ie KOPUTYBaTUCH 1 1€ TOTpedyBaTuMe TOBTOPHOTO BUKOHAHHS IEBHUX
etaniB PMA TII. 3anexxHo Bi CKIaJHOCTI KOHCTPYKIIIN JIeTaneil BUTpaTH 4acy Ha BUKOHAHHS
PMA TII moxyTh cranoButu Bif 20 10 60 rogun Ha onuH TII. Tomy Ha BUpOOHHUIITBI 3HAYEHHS
napaMeTpiB TEXHOJOTTUYHUX PO3MIpIB 371€01IbIION0 BU3HAYAOTHCS JIOKAIBHO JJIS oneparii abo
HaBITh YCTaHOBA, 0€3 ypaxXyBaHHs yCiX 3B’SI3KIB 1 BIUIUBY IMOXHOOK IOIEPEHIX eTaniB 00poo-
JIEHHS Ha TOYHICTh OJIEP’KYyBaHUX PO3MIPIB, sIKI HOTP1IOHO Oy/e 3a0e3MeunTH Ha HaCTyITHUX €Ta-
nax oOpoOIeHHs. YHACIII0K TaKOro MiAX0Ay BUHUKA€E HEOOX1THICTh YTOUHEHHSI TapaMeTpiB Te-
XHOJIOTIUHHMX po3MipiB 1 KoperyBaHHs TII yxxe y xo/i BAPOOHUIITBA, KOJIU MPOSBISETHCS BIUIUB
HE BPaxOBaHUX 3B’S3KiB, 1110 MPUBOJUTH JI0 JJOJATKOBUX BUTPAT Yacy Ta IHIIMX PECYpCiB 1 B KiH-
LIEBOMY BHIIQJIKy — JI0 3pDOCTAaHHs BapTOCTI BUPOOHUIITBA JIeTaJlel 1 MaIlIvH.

AHaJi3 ocTaHHIX JoCaiTKeHb i myOaikanii. Y Teopii 1 mpakTUIll Cy4acHOTo MalnHOOY-
JIIBHOTO BUPOOHUIITBA MTPOOJIEMU pO3MIPHOTO MOZIETIOBAHHS Ta aHaI13y KOHCTPYKIIIH AeTaneH,
BY3JIIB Ta 1HIIKX CKJIaJadbHUX OJMHUIb, 1110 0a3yIOThCA Ha aHa131 KOHCTPYKTOPCHKUX pO3Mi-
PHMX JIQHIIIOTIB, JIOCTaTHHO PEeaji30BaHi B pO3pOOIEHOMY MPOrpaMHOMY 3a0e3NeyYeHHl s
KOHCTPYKTOPChKHX poOIT, 30kpema B CAD — cucremax, takux sik «SolidWorksy, «Catiay,
«ProEngineering», «Autodesk Inventor», «KOMIIAC 3D v10», NX 7.5 ta inmmux. [Tporpam-
Huii komruieke SolidWorks peanizye BUKoHaHHS po3MipHOTO aHalizy B 3D-Mofensx ckiiaaaib-
HUX OJMHUIIH 3 BUKOPUCTAHHSM criemianizoBanux noaatkiB TolAnalyst u CETOL 6 Sigma [5].
CAIIP Kommnac-3D mae 6i6miotexy po3paxyHky PJI, ame BoHa 103BOJIsi€ pO3B’SI3yBaTH TITBKH
oOepHeHy 3a7a4y 1 He MpUAaTHA Uil PO3paxyHKy onepauiiHux po3MipHux jaHuoris (OPJI)
[4]. V cucremi aBromaru3zoBaHoro mnpoektyBaHHs NX 7.5 € monynab Tolerance Stackup
Validation, sikuii TPOBOAUTH aHANI3 TPUBUMIPHUX PO3MIPHUX JIAHIIIOTIB 1 I03BOJISIE OTPUMATH
OIIHKY MOXKJIMBOCTI CKJIaJIaHHsI By3:iB [S]. € Garato 1HIIUX CUCTEM, SIKi OpIEHTOBaHI Ha BHUPI-
IICHHS! KOHCTPYKTOPCHKUX, aJie He TEXHOJIOTTYHUX 3a/1a4.
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Asromaru3zantis npouenyp PMA TII y mporpaMHHX IpoayKTax, 1110 3a0e3MeuytoTh TEXHOO-
TiYHY MirOTOBKY BUPOOHMIITBA, B IOBHOMY 00Cs31 HE BHpimeHa. Tak, HapuKia/, IporpamHi
nponyktu «MasterCAM», «TechnologiCSy», CAIIP TII «Beptukasnb» Ta iHIII BUKOPUCTOBYIOThH
y CBOIX aJIFOPUTMAaX THITIOBI TEXHOJIOTIYHI MPOIECH Ta TaK 3BaHI «KOMILUIEKCHI jaeTaii». TooTo
BUOIp 3 HAOOPY THUIIOBUX OIEparliii 13 BUOOPOM THCTPYMEHTY Ta KOPEKIEI PEKUMIB 0OpOOKH,
ajie iX MOKJIMBOCTI II0JI0 KIJIBKICHOT OIIIHKM TOYHOCTI pO3MIpiB, sika Oyzie 3a0e31eqyBaTiCh po3-
po6nenum TII, € gy:xe 0OMEKEHUMH i MatOTh TOMTOMIKHUI XapaKTep Ta 3BOIAATHCS, Y KPaIoMy
pasi, 10 po3paxyHKy, CHOPMOBAHUX Y PYUYHOMY PEKUMI, OKPEMUX PO3MIPHHX JIAHIIIOTIB.

Huni HeoOXiHO BiA3HAYMTH OOMEXEHY KUIbKICTh CIeNiali30BaHuX MPOTPaMHUX MPOIYK-
TiB JUIsl aBTOMATH3aIlii BiAMOBITHUX MTpouenyp PMA TexHonoriyHuX mpouecis. [cHye mure ne-
KIUJIbKa IPOrpaM, 37jaTHUX BUKOHYBATH TOM 4M IHIIMK 00CAT AESKMX 3a7a4 aBTOMaTu3aLlii po3-
MipHoro aHamizy Ta momemoBaHHs TII, 3o0kpema e —«RTP 2000» [7], «GRAKON7» [8],
MOJYJb JUISl PO3PaXyHKy TEXHOJIOTiuHUX po3MipHuX JaHmiorie B KOMITAC-ABTOITPOEKT
[9], 3aranbHUM HEJOTIKOM SIKUX € 3HAYHUN 00CsT NiH, SKi He0OXiTHO BUKOHYBAaTH B PyYHOMY
pexumi. 30kpema, B OfHiH 13 HalOTbm qockoHamux nporpamMm « GRAKON7», po3mipHi cxemu
HeoOXiaH1 1715 BUKOHaHHS PMA OyayroThcs B pyYHOMY PEXHMI, alie Ha €KpaHi KOMII I0Tepa,
OT3Ke, TPYAOMICTKICTh MPAKTHUHO He 3MiHIoeThes [10]. Hegomikom € Takok MOXKJIMBICTS i 3a-
ctocyBaHHs TUIbkH Yy ckiaai CAD-cuctemu AutoCAD 200x, 110 3MeHuIye ii eproHOMIYHICTh
ta oomexye Bukopuctanus. Y KOMITAC-ABTOITPOEKT ne motpibHo OymyBaté po3mipHi
CXEMH, ajie BEJMKa TPYIAOMICTKICTh 3aJUIIAETHCS Y 3B 53Ky 3 HEOOX1THICTIO TIOMIEPEIHIX PO3-
PaxyHKIB 1 yIOpSIKyBaHHSM YHCJIOBHUX Ta TpadiuHUX JaHUX, AKi MOTPiOHO rOTyBaTH i Haja-
BaTH B PyYHOMY PEKUMI JUIsl BUKOHaHHS po3paxyHkiB OPJI.

BunijieHHs1 HeTOCiPKeHNX YaCTHUH 3arajibHoi mpooyemu. [IpuBenenuii aHami3 CBij-
YUTh NPO T€, 1110, HE 3BAKAIOUM Ha CKJIAJHICTh BUPILNIYBAaHMX 3aBJaHb PO3MIPHOIO MOAEIIO-
BaHHs, B CAD — crcremax 10CTaTHHO BUKOPUCTOBYIOTHCSI MOJYIII UM MIPOTPAMHU I aBTOMATH-
3amii pO3MIpHOTO MOJENIOBAaHHS Ta aHai3y KOHCTPYKIIH neTaneii, By3IiB 1 HpoIeciB iX
CKJIaJIaHHs, SIK1 pO3BUBAIOTHCS Ta BIOCKOHAIOIOTHCS. BogHOouac BiH mokas3as, 110 piBEeHb MPO-
rpam Uit PMA TII € HU3bKUM, 3HAXOIUTHCSI HA IOYAaTKOBOMY €Talll pO3BUTKY. BukopucTaHHs
TaKUX Mporpam, a TakoX “pydHHUX METOJIB” pU BUKOHaHHI mporenyp PMA Bumarae 3HauHUX
BUTpAT yacy Ta BUCOKOTro piBHs 3HaHb Teopii PMA TII texHonoramu, 1o cTpuMye MUpOKe iX
BUKOPHCTaHHS Y BUPOOHUIITBI, a OTXKE MOTpeOye MONaIbIIOr0 PO3BUTKY, 30KpeMa B HAIIPSIMKY
aBTomarusaiii. Bupimenns miei npolieMu BIAKPHUE IIISX A0 MIMPOKOTro BUkopuctaHHs PMA
TII y BUpOOHUITBI, 1 HA OCHOBI I[LOTO JJIsI MOJIIIIEHHS SIKOCTI po3podmoBanux TII Ta ckopo-
YEHHS TEPMiHIB TEXHOJOTTYHOTO MiATOTOBIEHHS BUPOOHUIITBA.

Ile cBiTUUTH PO aKTyalbHICTh, MOXKJIMBICTb 1 HEOOX1HICTh BUPIIIEHHS POOIEMH PO3pO-
OJIEeHHS MPOTpaM Y MPOrPaMHHUX MOMYJIB J7is iHopmartiiinoro 3adbe3neueHuss PMA TII.

Meta po6orn. CTBOpEHHS aJropUTMIB Ta po3poOieHHs, Ha iX OCHOBI, IpOrpamu AJis
AaBTOMATH30BaHOTO BUKOHAHHS OCHOBHHUX MpPOIEAYp po3MipHoro moxaemoBanus TII, y Tomy
YHCIi HAHOUIBII TPYIOMICTKHX 1 CKJIaIHUX, TAKUX K (JOpPMyBaHHS 1 pPO3paxyHKy Oneparini-
Hux PJI, Ta migBuUIEeHHS, 32 paXyHOK ii BUKOpHCTaHHA, mpoayktuBHOcTi PMA TII, npu 3Hu-
YKEHH1 piBHA KBaJi(iKaliMHUX BUMOT 1O KOPUCTYBauiB, y MOPIBHIHHI 3 HasBHUMHU IpoOTrpa-
MaMH¥ Ta “pydyHHMH~ METOJIaMH.

Buxiax ocHOBHOIo MarepiaJy 10CTiIKeHHS.

OchosHi meopemuyni NONOJHCEHHS, W0 BUKOPUCIOBYIOMbCA 8 ANCOPUMMAX [ NPOZPAMI.

ITporpama «PMA TII», po3pobnena Ha kadenpi TexHonorii MamuHoOyayBanHs B HTYY
«KIII imeHi Iropst Cikopcbkoro», peanizye anroput™m PMA TII (puc. 1) [1], axuif nependauae
MOETallHe BUKOHAHHS BCIX MPOLENYpP, TOUNHAIOYH 3 €TaIly YBEACHHS JaHUX 1 3aKiHUYIOUYH I10-
BHUM po3paxyHkoM OPJI Ta BUBHa4eHHSM PO3MIPHUX MMapaMeTpiB TEXHOJIOTTUHUX PO3MIpIB.
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Puc. 1. Anecopumm euxonamns pozmipnozo mooentosanus ma ananizy TI1 [1]

V¥ nporpami peanizoBano moHaj 10 pi3HUX aJrOpUTMIB, 1110 0a3yIOTHCS 1 BUKOPUCTOBYIOTh
171e1 Ta TEOPETUYH1 TIOJIOKEHHS, SIK1 3a0e31MeuyIoTh (hopMalTi3aIlio Ta MPorpaMHy peajizallito oc-
HoBHUX npoueayp PMA TII. OcHOBHUMH HOBUMH 1J€SIMH, 3aBASIKH SIKUM Y TIpOTpaMi BUPILIEH]
npobieMu aBToMaTH3allii GopmyBaHHs 1 po3paxyHKy OPJI, a Takox OIIHKHM 34aTHOCTI TEXHOJIO-
TYHOrO Mpolecy 3a0e3MeunTH 33/1aHy TOYHICTh KOHCTPYKTOPCHKUX PO3MIpiB, 30KpeMa €:

1) cucrema KomyBaHHS PO3MIpiB 1 MOBEPXOHb JeTajel Ta 3arotoBok [1], mo 3abe3neuye
i1eHTU(IKaIiI0 BUIIB PO3MIpiB (KOHCTPYKTOPCHKi, TEXHOJIOTIYHI, NpHUITycKu) Ta JaHok OPJI
(3aMMKaro4i, CKJIa0B1 (30UIBIIYIOUl, 3MEHIIYI0Yi)), @ TAKOXX BUKOPHCTOBYETHCS A HOpMYy-

BaHHs 1 KoHTposo OPJI;
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2) ouiHKa MPOrHO30BaHOI TOUHOCTI TEXHOJOTIYHUX PO3MIpIB 13 PO3paxyHKOM Ta ypaxyBaH-
HSIM [TOXMOOK 0a3yBaHH:, HA OCHOBI BUKOPUCTAHHS PO3MIPHUX JIAHIIIOTIB Ta B3a€MHOI KOMIIEH-
carlii HoXuOOK TeXHOJOTIYHUX po3MipiB [ 1], sIKi BUKOPUCTOBYIOTHCS JUIsl CTBOPEHHS 1 TIporpa-
MHOI peaii3alii aJropuTMy OIlIHIOBaHHS IPOTHO30BaHOI TOYHOCTI TEXHOJIOTTYHHX 1
KOHCTPYKTOPCHKHUX PO3MIipiB.

Oco0aMBO BOXIIMBUM 1 MPUHIIMIIOBUM JIJIsI BUPIIICHHS MTPOOIEeMH aBTOMAaTH30BaHOTO (o-
pMmyBaHHs 1 po3paxyHKy OPJI € peanizoBaHa B nporpami iies BAKOPUCTaHHS MaTpUYHOIO Me-
TOIy TIPEJCTABICHHS CTPYKTYpH po3mipHux 3B’s3kiB TII [2]. ¥V mporpami BUKOPHCTOBYETHCS
MaTpHIlsl CYMDKHOCTEH, sika BijjoOpaskae Monenb po3Mipaux 3B’ sa3kiB TII. Bona dhopmyerbes
pOTpaMoro, Ha OCHOBI MaCHBIB JaHUX — PO3MipiB, IPUITYCKiB, IOBEPXOHb 3arOTOBKH Ta JIETAJl,
0€e3 y4acTi TeXHOJIora Ta BUKOPUCTOBYEThCS i opMyBaHHA 1 po3paxyHky OPJI. Buxopuc-
TaHHS MaTPUI Ta pO3pOOJICHUX BiAMOBIIHUX AITOPUTMIB 1 MPOTPaMu, TO3BOJIMIIM BIIEpPILE, HA
BIIMiIHY BiJl IHIIMX IpOrpam, pearidyBaru aBromaruzoBane Gopmysanas OPJI, 6e3 moOynoBu
TPOMI3JIKAX PO3MIPHUX CXeM Ta 0e3 MPOBEACHHS JONOMIKHHUX PO3PAaXyHKIB 1 BBEACHHS 1HIIOT
JIOJIaTKOBOI 1H(pOpMaITtii.

Texnonoz2iuni ModxcaIu8oCmi npocpamu.

OTtxe, po3pobiena nporpama «PMA TII» 3abe3neuye apromMaTu3oBaHe BUKOHAHHS Haii-
OUTBII CKIIATHUX 1 TPYAOMICTKHX MPOLEAYP, 30KpeMa:

1) omiHIOBaHHS MIPOTHO30BAHOT TOYHOCTI TEXHOJOTIYHHUX PO3MIPIB;

2) mpencTaBiIeHHs CTPYKTYpH po3MipHuX 3B’s13KiB TII nmutsixom GopmyBaHHS MaTpuili Ta, Ha il
OCHOBI, TOOY/IOBY 1 PO3paxyHOK ONepaniiHuX po3MipHUX JaHIoriB (po3paxyHok OPJI moxe Bu-
KOHYBATHCh IMOBIpHICHUM 200 METOIOM MTOBHOI B3a€MO3aMiHHOCTI (MAKCHMyMY-MIHIMyMY);

3) OLIiHIOBaHHS CIPOMOXHOCTI TEXHOJOTIYHOTO MpOIleCcy 3a0e3MeuuTH 3aJaHy TOYHICTh
KOHCTPYKTOPCBKHX PO3MIpiB Ta BUSIBICHHS HeoOXigHOCTI kopuryBanns TII, y Bunanky Hesa-
JIOBLILHOT TOYHOCTI Okpemux KP;

4) po3paxyHOK PO3MIpHUX MapaMeTPiB TEXHOJIOTIYHUX PO3MIpiB (HOMIHATBHUX BEITUYHH,
IpaHUYHUX BIIXWJIEHb Ta 1HIINX ), 3a0e3Me4eHHs AKuX y npoueci peanizauii TII rapantyBatume
HEOOX1IHY TOYHICTh KOHCTPYKTOPCHKUX PO3MIpIB;

5) xpim napametpiB TP, BU3HauaroThCsl pO3MIpHI MapaMeTpH 3aroTOBOK Ta MPUITYCKiB, SIK1
BHUKOPHCTOBYIOTHCSI B TEXHOJIOTIYHOMY IT1JITOTOBJIEHHI BUPOOHUIITBA /1JIsl IPEACTABICHHS B Te-
XHOJIOT1YHIM JOKyMEHTallil Ta B Ipoliecax 0OpoOIeHHs.

Buxopucrannsa nporpamu «PMA TID» no3Bossie y 6-8 pa3iB CKOpOTUTH BUTPATH Yacy Ha
BukoHaHHS PMA TII, oOMexxutu BUMOTH 10 KBamiiKaifHOTo piBHS TEXHOJIOT1B 3HAHHSIM OC-
HOB PMA TII. Bukopucranus nporpaMmu He notpedye moOy10BU TPOMI3IKUX PO3MIPHHUX CXEM,
BUKOHAHHS JJONOMDKHUX PO3PAXyHKIB Ta 0OMEXYETHCS pO3POOICHHSM 1 IPE/ICTaBIECHHSM OT1e-
pauiiinux TII 3 BUKOpUCTaHHSAM BIJOBIIHOT CUCTEMHU NTO3HAYEHHS TOBEPXOHH 1 po3MmipiB. [le-
periueHi mepeBaru MporpaMu BiJIKPUBAIOTh HOBI MOXMJIMBOCTI JIO IIMPOKOTO BHUKOPUCTAHHS
PMA TII y BupoOHHUIITBI Ta NOJIMIIEHHS 32 PaXyHOK L[bOTO sIKOCTI po3poOmoBanux TII 1 cko-
POUYEHHS BUTpAT 4acy Ta pecypciB Ha iX BIIPOBAIKEHHS.

[Iporpama cTBOpeHa 3 BUKOPUCTaHHSIM 00 €KTHOOPIEHTOBAHOI MOBH IpPOrpaMyBaHHS
Object Pascal cepenoumia nporpamysans Borland Delphi Ta cucremu BizyanbHOro mporpa-
mysanHs RAD Studio 2010. II intepdeiic 3po3yminuii i focTynHuii KopucTyBauaM, 30KpeMa
TEXHOJIoraM, 3a0e3Meuye MBUAKE OMIAHyBaHHS Ta 3pyyHe BUKOpUCTaHHA. {715 Bi3yanbHOI crio-
PIITHEHOCTI 30BHINIHBOTO BUIVISAY 1 Woro aganTarii 10 opopmieHHss Microsoft® Windows®
XP, BUKOpHCTaHO CTaHAapTHUN KommoHeHT Delphi (mouunaroun 3 Bepcii 6) «XPmanifesty.
Bona BukopuctoBye Mmoayni 3B’s3ky 3 Microsoft® Office Word ta Microsoft® Office Excel
JUIS TIepefadi JaHuX, sKi MOTIM JIETKO MO)KHA MEPEHOCUTH, pelaryBaTu abo BUKOPUCTOBYBATH
Ha KOMIT FOTepax, /e HeMae I11€i po3paxyHKOBOI CHCTEMHU.

OcHosHi aneopummu ma cmpykmypa npozpamu « PMA TI1y.

[Tpu po3zpaxynky OPJI mporpama moxe po3B’si3yBaTu 3a/1adi TAKUX THIIIB:

81



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

1) npsima (IpO€KTHA) — y IbOMY BHIAJKY 32 BIJIOMUMH IapaMeTpaMH 3aMHKAI040i JaHKH
PO3PaxoOBYIOThCS HEBIJIOMI TapaMeTPH CKIIAJJOBHX JIAHOK, TOOTO B1JIOM1 — MapaMeTpu KOHCTPY-
KTOPCBHKHUX pO3MipiB a00 MPHUITYCKiB, @ BU3HAYAIOTHCS MApaMETPU TEXHOJIOTIYHUX PO3MIpiB a00
PO3MIpiB 3arOTOBKH;

2) 3MIIIAaHOTO TUITY — YaCTKOBO BiJJOMI TapaMeTPpH 3aMHUKAIOYO01 JIJAHKU-TIPUITYCKY Ta CKJIa-
JIOBUX JJAHOK-TEXHOJIOTTYHUX pOo3MipiB (Mae Miciie ipu po3paxyHky OPJI i3 3aMukarounMu jJaH-
KaMH-TIPUITYCKaMH Ha MEXaHI9HY 00pOOKY).

[Iporpama “PMA TII” no3Bossie oprani3oByBaTH BBEICHHS BUXITHUX JTaHUX, (POPMYBaHHS
Ta PO3PaxXyHOK ONepalifHuX PO3MIPHUX JIAHIIOT1B, BUBECHHS PE3y/bTaTiB HA €KpaH y BUIVISAIL
TabNMIIl Ta B 30BHIIIHIHN (aiin. BoHa Tako J03BOJISIE KOHTPOIIOBATH MPABUIIBHICTH BBEICHHS
JaHuX Ta (OPMYBaHHS PO3MIPHHX JIAHIIOTIB JJIA BCiX 3aMuKarouux jaHok. “PMA TII” mae
JeKiIbKa 0a3 TaHuX, y SIKUX 30epiraeTbes iHhopMallis Ipo cepeHI0 eKOHOMIUHY TOYHICTh 00-
poOJIeHHs HA BEpCTaTaX Mek, BEJIMYMHU MPOCTOPOBUX BIAXUIICHb BUMIPIOBAJIILHUX 0a3 P, Ma-
pameTpiB mOPCTKOCTI Rz Ta BenwmuuHM AeEeKTHOTO mIapy, UIS Pi3HUX METOAIB 0OpOOICHHS.
[Tporpama nependadae 2 BapianTu BHOOpy MeTony po3paxyHky OPJI:

1) 3a yMOBUYyBaHHSM - MPOTpama, 3TiAHO i3 BIACHUM aJTOPUTMOM, KU BPaxOBY€ KiJlb-
KicTb J1anoK OPJI, criiBBiAHOIIIEHHS BEJIMUWH JIOMYCKIB, TUII BUPOOHUIITBA (3aKOH PO3CiIOBAHHS
oXUO0K), 0OMpa€e OJUH 3 JBOX METOJIIB — METO/ IOBHOT B3a€EMO3aMiHHOCTI (METOJ] max-min)
91 IMOBIPHICHUH;

2) y pydHOMY PEXHMi TEXHOJIOT MOXE CaMOCTIHHO, BiAMOBIAHO 10 BIACHUX MipPKYyBaHb,
3a1aTh OIMH 13 IBOX METOIIB.

CrpykrypHa cxema podotu nporpamu «PMA TII » naBenena Ha puc. 2.

PMA TII v4.0

e S50 AN RICACHES AT i
—+ 4 Bigeparrs sGepexenis panime pospaxyakin (2
e kol Fepemenna pospaxymkis @
—+ | Bumin mity sxigex | pospaomsnnx gy @)
w5 Peprysanns oxipgpol dopuanii &
[ @ B
—+ 0 Humnmyeasna npoipasn (EpaMcTpe) ]
—» ) Jlowiposa cRcTesa ®

Puc. 2. Cmpyxmyprna cxema pobomu npoepamu « PMA TII»

Jxepeno: po3po0IieHO aBTOpaMHu.
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OCHOBHI €IeMEHTH CTPYKTYPHOI cXeMH (puc. 2):

1. [lianoe esedenns oanux. Beenenus iHopmarii mpo NoBepXHi, PO3MIpH, PO3MIpHI 3B’ I3KH
y Tporpami BiOyBa€eThCs B 11aJIOTOBOMY PEKUMI, BUKOHY€ETHCS KOPUCTYBa4eM Ha OCHOBI Kpec-
JIEHHA JieTalli Ta npeacrasieHoro onepariiiinoro TII ii Burotosnenus. [lpu Takomy pexxumi po-
0OTH YIIPaBIIHHS TPOILECOM PO3B’S3yBaHHS 3a/ladl HAJAEThCS IMOYEPrOoBO KOPHUCTyBaudy i
KOMIT'F0Tepy. Y TaKOMY BUIIAJIKy BUKOPUCTOBYETHCS J1aJIOT TUITY «3allOBHEHHS IIIA0JIOHY», SIKUI
noTpiOeH JuIs BBEIEHHS (opmaroBaHOi iHGoOpMaIlii 3a BKa3aHUM Ha ekpaHi madmoHoM. [lpu
IbOMY KypCOP IOCITiIOBHO 3yNUHSETHCS B THX TOJISIX, KyAX MOTPiOHO BHOCUTH 1H(OopMaito. [Te-
peBaraMu JiaJIoTOBOTO PEKUMY €: T1IKa3K1 KOPUCTYBady sIKy 1H(OpMAIIito BiH Ma€ BBECTH, PO3-
NoAIeHHs 1H(OopMaIlil 32 TAMU YM HIIMMU KPUTEPISIMU MK pi3HUMH BikHamu. OTxe, TaKUl
pekuM 3a0e3Meuye T0CUTh BUCOKY MTPOIYKTHUBHICTH pOOOTH KOPUCTYBaya Ta Mporpamu, 3HimMae 3
KOPUCTyBa4a HaBaHTaKCHHS BiJl PO3IOIUICHHS BXiTHOI iH(OpMalii 32 BUIaMH, 03HAKAMH, KPH-
TepisiMH Ta 1H. Y il mporpami Jianor po3poOIeHUH TaKUM YHMHOM, 110 BIH MOYKE TTOBEPTATHCh
Ha3aJl 1J1s IepeBipKy 4M Kopekiii iHdopmartii, BBeeHOT Ha MOTIEPEAHBOMY €Talli, TAKOXK € OaraTo
M1Ka30K KOPUCTYBavy IPO 3HAUEHHS TUX UM 1HIIUX ITapaMeTPiB, K1 BIH Ma€ BU3HAUUTH.

Crpyxrypa nianory «PMA TID» nepenbavae yBeneHHs iHpopmallii mpo moBepxHi, po3MipH
Ta iHmoi iHpopmalii Ta GopMyBaHHS, 3 BUKOPUCTAHHSIM BIJIMOBIAHUX aJrOPUTMIB, MAaCHBIB
JAHUX, SIKi, Y CBOIO YEPTy, BUKOPUCTOBYIOTHCS IS (HOPMYBaHHS MaTPHIIl PO3MIpHUX 3B’ S3KiB
Ta BUKOHAHHS 1HIIMX mpouenyp (puc. 3).
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Puc. 3. ©paemenm diacpamu pobomu dianocy 66e0enHss OGHUX Ma NPOSPAMU 3A2AT0M
Jlxepeno: po3po0IJIeHO aBTOpaMHu.

2. Biokpummzs 36epedicenux paniuie po3paxyHkis. OyHKIIiS, sKa 32 BAMOTOI0 KOPHUCTyBaya BH-
KOHY€ 34UTyBaHHs 1HpopMallii 3 (aitiniB posaMipHoro MozemoBanHs Ta aHamizy TII (hopmar *.rma)
JUTS TIOAAJTBIIIOTO 3aKIHUEHHSI BBEJICHHS TAHUX, PO3PAXyHKY, KOpekiiii a0o hopMyBaHHs 3BITY.

3. 36epesicennsa pospaxyukie. DyHKIIs, fKa 32 BUMOI'OIO KOPUCTyBada BHUKOHYeE 30epe-
*KeHHs 1H(opMallli 3 MacHUBIB BXITHUX JaHUX y (paliil po3MipHOTO MOJENIOBAHHS Ta aHaJI3y
TII (dpopmar *.rma) 111 BUKOPUCTAHHS B MallOyTHHOMY.

4. Bueio 36imy éxionux i po3paxosanux oanux. OyHKIA, siIka BUBOJUTH HAa €KpaH ISl pe-
JlaryBaHHs, 30epexkeHHs ad0 IpyKy 3BITY 110 GOPMYETHCS 3 MACHBIB TOBEPXOHb, KOHCTPYKTOP-
CBKHX PO3MIpIB, PO3MIPIB 3arOTOBOK, TEXHOJIOTTYHUX PO3MIPIB, IPUITYCKIB Ta OIepaliitHo-po-
3mipuux naHiroris (OPJI).
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5. Peoacysanns éxionoi inghopmayii. J03BoIsie KOPUCTYBady BUKIUKATH OKPEMi €TaIH Jii-
aJIOTy BBEICHHS TaHUX JUIA 11 KOPEKIIii, MOBTOPHOTO PO3pPaxyHKY 3 ypaxyBaHHSM ITi€i iHpopma-
ii. HeoOxiaHO 3a3Ha4MTH, 110 IIPU LIbOMY ITPOTrpaMa aBTOMaTUYHO BUBOIUTH BCIO BBE/ICHY pa-
Hime iHdopmarlito 3 BiAMOBIIHNX MAaCHBIB.

6. Busio mampuyi po3miprux 36 ’s3Ki6 0111 pozpaxosarnozo TII. DyHKIIis, sKa, BAKOPUCTO-
BYIOYH MacuB «Marpuiis po3MipHHUX 3B’sI3KiB», 32 TOTPeOH, BUBOAUTD 1H(OPMAIIiO TTPO pO3Mi-
pHi 3B’s13k1 ycporo TII B oOpaHOMY KOOpAMHATHOMY HampsiMi. € MOXIIMBICTh MOJAIBIIOTO 11
30epexKEeHHSI.

Buau BikoH mporpamu, siki BAKOPUCTOBYIOTBCS JIJIs1 BBEACHHS 1H(opMaIlii mpo moBepxHi,
po3MipH Ta iHII OyAyTh HaJaH1 HUXKYE Yy TPHUKIAI].

VY pe3ynbrari podoTH nporpamMu GOpMYETHCS T1JCYMKOBA TaONHUIIs, Y SKId OyIyTh Mpe-
CTaBJICHI Takl IaHi:

e Ilosmauenns posmipy (Al, A2, F1,F3,B1,B4,71.1,72.17iT. n.);

Kon posmipy (1.9 -2.9, 1.2f-3.1,1.0-4.0 1 T.1.);

HowminaneHa BenuuuHa po3mipy;

CepenHe 3HaU€HHS PO3MIPY;

MiHimanpHa BeTMUMHA PO3MIPY;

MaxkcuMaibHa BeJIMYMHA PO3MIpY;

Jlonyck Ha KOHCTPYKTOpChKHi po3mip Ti;

Bepxue Binxunenus ES;;

Hwmxue Binxunenus El;;

Cepenne BigxuiaeHHs Emi;

IIporuo3Ha BeaMuMHa M0JIS PO3CIIOBAHHS TEXHOJIOTTUHOTO po3Mipy oF;

¢ JI0BiIKOBO JJIsi KOYKHOTO TEXHOJIOTIYHOTO PO3MIpY HAJAIOThCS BETMYUHHU: TIOJIIB PO3Ci-
IOBaHHS (Mck, 10 XapAKTEPU3YIOTh CEPEHIO €KOHOMIYHY TOYHICTH BiAMOBIHOTO CIIOCO0Y 00-
poOJeHHs MOBEPXHI; MOXUOOK Oa3yBaHHS €p; IPOCTOPOBHUX BIIXWJIEHb BUMIPIOBAJIbHOI 0a3u
PBB , SIKI TPUMMAJIUCh PU MPOTHO3YBaHHI BEJIMYMH MOJIIB po3citoBaHHS ®F;.

e KoedimieHT 3amacy TOYHOCTI YA Ta BUCHOBOK IIOJI0 3a0€3M€YEHHS TOYHOCTI KOXKHOTO
3 KOHCTPYKTOPCHKHUX PO3MIpiB.

ITpu pospaxynky OPJI qyis Bu3HaueHHs po3MipHUX MapaMeTpiB TEXHOJOTIYHUX PO3MIpiB
BUKOPHCTOBYBABCS CIOCIO Cepe/iHiX PO3MIpIB 1 TaKi OCHOBHI 3aJI€KHOCTI:

Wpj N A‘n +An i < 1
A=A +—2 4. =4 ——A; . = —nin/ 2 FE =(A > &-F)—;

2 mi maxi 2 A‘nl 2 mxX (An IZ=:L:§| m) gx

FX:FmX—i_%_ESFx; I:xmax:me"*'a)Fx; Fxmin:me_a);X’

ne  Ami — cepeqHe 3HaYCHHS 3aMUKaI0Y0i JIAHKA-KOHCTPYKTOPCHKOTO PO3MIpY;
Amaxiy Amini — BIITIOBITHO MaKCUMaJIbHE 1 MiHIMalIbHE 3HaYEHHS CK1anoBoi JaHku (CJI);
WA, WFx — BIJMOBITHO BEIMYMHU TIOJIIB PO3CIFOBaHHS 3aMHUKarouoi Ta HeBigomoi CJI;
Foux — cepenne 3HaueHHs HeBiIoMoi CJI TEXHOIOTIYHOTO PO3MIpY;
Fni — HOMIHaJIbHE 3HAYEHHS 1-T0 TEXHOJIOTTYHOTO pO3Mipy;
F, — HOMiHaJbHE 3HAYEHHS HEB1JIOMOT0 TEXHOJOTIYHOTO PO3MIipY;
Fmax, Fxmin— BITIOB1IHO MaKCUMaJIbHE Ta MiHIMaJIbHE 3HAYEHHS TEXHOJIOTTYHOTO PO3MIPY;
& — nepenasanbpHe BinHomeHHs CJI;
1 — KUIBKICTH ckiamoBux Jranox OPJI.
[Tpu po3zpaxynky OPJI i3 3amMMKa0UMMHU JJaHKaMH IPUITYCKaMU BUKOPUCTOBYBAJIMCH TaKi
3aJI€KHOCTI:
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n
ERCIRRLE
X i=1
Livex =Linin T g3 ESy =2y =25 Bl =24 - 2,
ne Zm— cepeaHe 3HaYSHHS MPUITYCKY;
Z; — HOMIHaJIbHE 3HAYCHHSI PUTTYCKY;
Zmax, Zmax — BIIMIOBIIHO MAaKCUMaJIbHE Ta MiHIMAJIbHE 3HAYCHHSI PUITYCKY;
Wz — BETTMYHHA TIOJISl PO3CIFOBAHHS MIPHUITYCKY;
Onuc inmepgeticy npoepamu.

TonoBHe BikHO mporpamu (puc. 4) mpu3HaueHe JJIs 3aMyCKy IiajoriB yBEACHHS, peaary-
BaHHS Ta BUBOAY JaHUX, a TAKOXK MapaMeTpiB Ta TOBIIKH.

. n-1
Z =Z.  +2F. =(Z.->&-F.)-
m min 2 mx (m ;é m)

FPomvpre mogemsoeoHrA T7a o-aniz T

1ol poope s [l \ Pz &iH  Powm
Puc. 4. I'onosne ikno npoepamu
JIxepeno: po3pobIeHo aBTopamHu.

T'osioBHE BIKHO MPOTpaMu MIiCTUTh TaKi €JI€MEHTH:

1. Tlanens 3aro’oBKY — BUBOAMWTH HA3BY NMPOTPaMU Ta Ha3By JETali, IO pO3paxoBaHa B
et MomeHT (Hanpukian, «PMA TII — Bicby).

2. TonoBHe MeHtoO mporpamu (puc. 5).

3. [Manens mBuAKOro HOCTYMy (pHcC. 6). KHOMKYM maHesni HIBUAKOTO TOCTYILY CTAalOTh aKTHU-
BHHMU MiCJIsl BUKOHAHHS BC1X PO3PAaXyHKIB 1 BUKOPUCTOBYIOTHCSI KOPUCTYBaueM JJisl MPaKTU-
HOI peani3alii NpUHHATUX PIlIECHb.

4. Tlanens MiAKa30K 0 3a/1a4 — BUBOIUTHCS 1HQOpPMAIlS PO MPU3HAYCHHS €JIEMEHTIB
pOTpaMu.

5. Ilanens mapameTpiB — BUBOAUTH 1H(OPMAILIiIO PO 00paHi peKUMHU pOOOTH MPOTPAMH.
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a & |
& Biakpurn pospaxyHok  CulH+O

L3 =6eperm Qrl+s

'31 ExpecTs 28T

B euxia Qe

= PMA TT1v4.0
®arin I ERUETTRRETIVE Pozpaxynk  Mapamvetpn  foeiaka

Dk A Komcrpyxopeski poswipi
SRR ' R Poaripn aroToskn
| TE, bazysanmn
35 | ﬁ TexHoNorie4 po3rvpH
f $ NperTyekn

£ PMA TI1v4.0 Q@@

Daiin  Peaarysarra gamad v Tl TapareTpn  J0sisKka
Do 2 g_’a ﬁ O g MaTpenia POINIPHMX 38AKIS
| 8% MosTopTh po3paxymoK

€ PMA TI1v4.0 EBEX)
Sorin Posnryuetd At PaPROMN RpmOTRH B — —
a0 a4 AR R |9orwwus A
| @ Npo nporpany

Puc. 5. I'onosne mento npoepamu « PMA TI1»

Jxepeno: po3pobaeHo aBToOpaMHu.

b do® AREE ™|

Puc. 6. Ilanenv weuoxozo docmyny
JIxepero: po3poOaeHO aBTOpaMu.

[Tanens mapametpis (puc. 7) BimoOpakae:

1. Inaukatop oOpaHOro METOAy PO3paxyHKY onepauiiHux po3mipHux jgasioris (OPJI),
SIKMM MOK€ NPUMMAaTH 3HAYECHHS:

* “Max” — MeTton MakcuMyMy-MiHIMyMY;

* “Im” — IMoOBipHICHU METO/T;

* “PRG” — meTox oOupaeThes mMporpaMoro;
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2. IHmuKaTop yBIMKHEHHS/BUMKHEHHS BilIOOpaKeHHS JONATKOBUX JTaHWX, NMPU3HAUYCHUN
nepeayciM i nepeBipku 30epiranns iHdopmariii npu BBoal AaHUX. Moxke mpuiiMaTH 3Ha-
yeHHs “‘Add” (YBIMKHEHO) Ta IycTe 1moJyie (BUMKHEHO);

3. InaukaTop, 10 CUMBOJI3YE YBIMKHEHHS/BUMKHEHHS JEMOHCTPALIHHOTO PEXKUMY pPO-
0otu. Moske npuiimaru 3Ha4eHHS “Demo” (YBIMKHEHO) Ta MycTe 1mojie (BUMKHEHO).

, Max Add, Demo

Puc. 7. [lanenv weudxoco docmyny
JIxepeno: po3po0IIeHO aBTOpaMH.

Jliis cripotieHHs: poOOTH MOXKHA KOPUCTYBATUCS MMaHEJUIIO IIBUIKOTO TOCTYITY (puUc. 6), sika
Mae HeOoOXiHI KHOIIKH JIIsl BAKOHAHHS OCHOBHHUX OIepalliii. 3a mikrorpaMamMu Ha MaHel, sKi
BIJIMOBIAAIOTh MIKTOTpaMaM y TOJIOBHOMY MEHIO a00 3a MiJKa3KaMH J0 KHOIOK MOXHA JIETKO
BU3HAYHTH JUISI YOTO BOHH IMPU3HAYCHI.

Buxonannsa posmipnozo mooentosanns ma ananizy TII 3 eukopucmanuam npozpamu.

Jns Bukonanus PMA TI1 3 BukoprCTaHHSM IPOTpaMu, HEOOX1THO MaTH PO3POOIICHHIH 1 ITPe/I-
CTaBJICHUH, y BUIVIS/II OllepaliiifHux eckisiB, onepaniiinuii TI1. Ilpencrapnenns onepariifHux ec-
Ki3iB 3araJioM BiJNOBI/Ia€ 3arajJbHONPUIHATAM IpaBHIaM, ajie OCOONMBICTIO € CHCTEMa IO3Ha-
4yeHHs (KOIyBaHHS) MOBEPXOHb 1 po3mipiB [ 1], mo mokazano Hixye Ha nipukiaa TII (puc. 8).

Onepauist Onepauiiinuii ecki3 Pos:«;{;,}:{;;(})’s: ID:;XHI-
b

. N 15

i 14 :

é |I {'.'.'.l o | l:l-l:l

g :-- |: ] i ll I- I"-II:

= = o |

2 al! |

(3] o

™ =

S a7

S L |

Y, 2. 4.8

o ! 540 5.1 Ba. 1f Fl(wp; =
& I _.u_ I ﬁﬂfml -‘_:_[:_ :wek+A€y+ApTB)
% é 7 N~ g F2(w 2 = Wex)
= > Ry C3(wez = Wey)

. Fi F7 u
8 s ot - C4’(('0c4 = we}()
S 10 21 LIF
N ha if
] 6a.1f 5.1f F5(wps =
§ é i = E : i) - F‘:-'l' ;r — Dex * ApTB)
o . %
S5 } l"'ul Co(wee = Wek)
o
= 21 B3 |

Puc. 8. IIpuxnao npedcmaesnenusn gppacmenmy

MexXHON02IUH020 npoyecy obpodenns demani “Bicy"
Jxepeno: po3po0ieHO aBTOpaMH.
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s mpencrasneHns podotu nporpamu “PMA TII” Huxkye po3mIstHyTO MPUKIIAA po3Mip-
HOTO MoJeoBaHHs Ta aHami3y TII BurorosnenHs aerani «Bick» (puc. 8) 3 mOSCHEHHSMHU 0CO-
OnMBOCTEH KOPUCTYBaHHS MporpaMoro. st mouaTky poOoTH 3 mporpaMoro moTpioHo HaTHC-
HyTH MYHKT MeHI0 «®aiin — Hosuii po3paxyHok», a60 KHOIKY “~ .

[Ticns nmpoBeneHHs OHIET 3 UX ONepaliid Ha eKpaHi 3’SIBUTHCS MepIIe BIKHO J1ajory —
«Houii pozpaxyHok» (puc. 9). Lle BIKHO BBEICHHS 1aHUX, @ TAKOK HACTYIIHI BIKHA - JUIsI KOHC-
TPYKTOPCHKHX, TEXHOJIOTIYHUX po3MipiB (puc. 10), mpUITycKiB Ta iHII TPEACTaBIAIOTH COO0I0
dbopmu 17151 3aTIOBHEHHS, Y BiJIIOBITHI MOJIS SIKUX HEOOX1THO BHECTH, BU3HAYECHI KOXKHOIO (op-
Mmoto, naHi. [licna BBenenHs y ¢opmi Beiel iHdopmarii, He0OXiTHO HATUCHYTH KHOTKY «Jlami

» 1 IEperTH 10 HaCTyIHOI (OpMHU.

BesdeHna JaHLx!

Hamea goras |Ban

Drm . HErHEP | o & 31 B
' EOHCT BRTa FClak HH Pu:l-q:u-ll'rt':v: TREr T BIFFIAT T N, B PR M | 030 | S Or D
3 D R H T T M-I LR i | s o [ D P e T IR B AT a i
W - IO H 2000 HSTETED) | HECH B W TAGHONr Pl ML 3 MOOCT O 90 T T B
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’ - Samromzy 1 .
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+ Sarrroeen Bil 1 v
b T £ Bl B 3 i " T
FRHD BT M POLA LY 1 o Teaarnorma [F1] 5 =

| Q) Bariens || Dl |

Puc. 9. Bixno nouamxy ysedenns oanux — «Hosuil po3paxyrnox»
Jxeperno: po3po0ieHO aBTOpaMH.

Tz posipe
M| [Fz Fa Fi 5] 5

Poeeam F1

Posign setroesd {111 [we] {20 el Proommigpanra fas

Tian pooedcy At R
Fy Jadfe g n TOC :

£
3 TP T T B
l::H.'ln.:--: F_? 1 || 400 Ha nepHdeps (ke

* MDY [
{7 Akl TS s H

E Wil o 0
Behﬂ-hammi:5> =] D |:| {50 [ o et L (B
k..t s I v ot jor pipl
Merare.s Sarmas i ? |:I .-:} [
Mpooropee pi |
B A e | |:| T A TS PS4l 1T 14-10 @
] i vy sz il "'-:'l' FrRTH D ! )

|£Ha:-u||_ ﬂ""il

Puc. 10. Bixno esedenusn napamempis TP 3 0emoncmpayieio 00Hi€i 3 niokazok

00 subopy muny TP (3anedxicro 8i0 cxemu 11020 hopmyseartsi)
Jlxepeno: po3po0IICHO aBTOpaMHu.
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Jy1st moKpateHHs pO3yMiHHS TPOTPaMH 1 MOJIETIICHHS 3alIOBHEHHS TUX UM 1HIITMX BIKOH
nepen0aveHi MmiKa3Ku y CIIMBaoYuX BikHax (puc. 10) Ta MOKIIMBICTh BUKOPUCTAHHS BIIIO-
BiHUX 0a3 JTaHUX.

Hanpuknan, y BikHI TEXHOJOTIYHUX PO3MIpiB, BETHMUUHY IIOJISI PO3CIFOBaHHS ((Mex), TOXH-
OKy Oa3yBaHHSI (£5) , IPOCTOPOBE BIIXWJICHHS BUMIipPIOBAILHOI 0a3u (Pss), SHAYCHHS MiHIMAITb-
HUX MPUITYCKIB TOLO MOXKHA BBOJUTH 3 KJIaBlaTypH, ajie TAKOXK € MOXKJIMBICTh CKOPUCTATHUCS
BIIIIOBITHUMH Oa3aMy JaHUX.

Mix 3akiiajkaMu, 3 MO3HAYEHHSMU PO3MIPIiB, IEPEMUKAHHSIM MOKHA BIIBHO MEPEXOAUTH
BiJl OJHIET TIOBEPXHi IO 1HIIOI. 32 TAKMMH CXEMaMHU, KOPUCTYIOUYHCH BiAMOBITHUMU BIKHAMH
(puc. 10), y niagoroBoMy pexumi MOCIiTOBHO BBOJUTHCS 1H(OPMAIIis PO KOHCTPYKTOPCHKI,
TEXHOJIOT14HI pO3MipH, pO3MipH 3arOTOBKH Ta MPHUITYCKU 3 ypaxyBaHHIM iXHIX 0COOIMBOCTEH.

3anoBHeHHS (GOPM 3aBEPIITYETHCS BBEICHHSIM 1H(POpMAaIlii Mpo TEXHOJIOTIUHY 0a3y B I[bOMY
KOOPJIMHATHOMY HaIpsIMi.

ITicnst 3aBepILIeHHS 11aJIOTOBOTO PEXKUMY BBEJICHHS BX1HOT iH(opManii 1 MiATBEpIKCHHAM
[[bOT0, HATUCKAHHSM KHOMKHU «3aBEepIINTH '-.:-,‘», nofanbiii eraniu PMA TII BukoHyroThcs B aB-
TOMaTUYHOMY pexuMi. 30KpeMa, Ha OCHOBI1 BBeJleHO1 iH(opmallii, 13 3acTOCYyBaHHSM BiAMOBII-
HUX aliTOPUTMIB, IPOrPaMOI0 OYyIYIOTbCS MAaCUBU JAaHUX, HAIPUKIIA KOHCTPYKTOPCHKUX, TE€X-
HOJIOTIYHUX PO3MIpiB, MNPHUITYCKIB, $IKi BHKOPHUCTOBYIOTHCS Ui (OpPMYBaHHS MaTpHIIi
po3mipHux 3B’s3kiB TII.

VY nporpami «PMA TII», ans BinoOpaxxeHHs B aHATITHYHOMY BUIVISIAL CTPYKTYpH (Mojeni)
po3mipHux 3B’s13kiB TII 06poOneHHs 3aroTOBKH, 3alIPOIIOHOBAHO BUKOPUCTAHHS MaTpPULli CyMi-
YKHOCTEM, Ha OCHOBI SIKO1 32 JJOTIOMOT'OIO CIEIIaIbHOTO aJlTOPUTMY Ta MOT0 MPOTrpaMHOi peati-
3amii, Ha BIAMIHY BiJI iIHIIUX ITpOrpam, BUPIIICHI 3aja4i aBTOMaTH30BaHOTO (hopMyBaHHS 1 pO3-
paxyHKy omnepaniiinux posmipaux naHmoriB (OPJI). 3a pesynsratamm pospaxynkis OPJI
BUKOHYETBCS TEPEBipKa 3aTHOCTI TEXHOJIOTIYHOTO MPOIECY 3a0e3MeYnTH 3a7aHy TOYHICTh
KOHCTPYKTOPCHKHX PO3MIPIB Ta PO3PaxyHOK pO3MIpHHUX MapaMeTpiB TEXHOJIOTIYHUX PO3MIPIB,
MPUITYCKiB, PO3MIpIB 3aTOTOBKH.

ITics BUKOHAHHS yCiX MPOLEAYp 1 pO3paxyHKIiB y TOJIOBHOMY BikHi mporpamu (puc. 11)
JIEMOHCTPYIOThCS Pe3ybTaTH (1Bl TAOIHIIL):

1. Crnucok cpopmoBaHUX onepariiHux po3mipHux janiroris (OPJI).

2. PesynbTatu po3MipHOTO MOAETIOBAHHS.
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@Al ile A8EL =
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Puc. 11. Buenso eonosnoeo sikna npoepamu « PMA TIT»

3 pe3yIbmamamut pO3MIPHO20 MOOEN0B8AHHS
Jxepeno: po3po0IieHO aBTOpaMHu.
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VY nepuiit Tabnuii npuBoaaThes piBHsHHSA OPJL, 3anucani y 2-X ¢popmax- i3 HO3HaYSHHSIM
PO3MipiB JiTepaMu Ta B Ko0Bii (hopmi. [Ipyra Tadmurs («Pe3ynbratu po3MipHOTr0 MOACIIO-
BaHH:») MIOKa3y€e BC1 pO3paxoBaHi Ta BBEJCHI MapaMEeTPH YCiX po3MipiB — KOHCTPYKTOPCHKHUX,
TEXHOJIOTTYHHX, PO3MIpPiB 3ar0OTOBOK Ta MPHUITYCKIB. J{J1s OUTBIIOT 3pyYHOCTI KOJTOHKH «Noy (T10-
psakoBuii Homep) Ta «[lo3Hau.» (mo3HaueHHsS po3Mipy) 3adikcoBaHi. B ocTtaHHIM KOTOHIII:
«IIpuMiTKW», TUTBKH ISl KOHCTPYKTOPCHKUX PO3MIpIB, HATAETHCSI KOMEHTAp Mpo Te 4u 3a0e3-
neuyeThes 1anuM TII TouHICTh BiMOBIAHOTO KOHCTPYKTOPCHKOTO PO3MIpY.

Ha nipomMy erari koprcTyBad (TEXHOJIOT) OIIHIOE OTPUMaH1 pe3yIbTaTh PO3MIPHOTO MOJIC-
JIIOBaHHS Ta YXBAIIOE PilIeHHS Npo npuiHATHICTH TII abo mpo HEeoOXiaHICTh HOTo KOpery-
BaHH. J[y1s mpakTHUHOI peanizarii MpUHHATHX PillleHb KOPUCTYBAUy CTalOTh JOCTYITHUMH KHO-
IIKH MTaHeJl MBUIKOTO TOCTYIY (AHMB. puc. 6), sKi 10 I[bOTO OYyJIM HE aKTUBHUMHU.

J111s BUBEZICHHSI 3BITY B TEKCTOBOMY PEXHMI, HOTO pefaryBaHHs, 30€pexXeHHs pe3yJIbTaTiB
po/?anYHKiB y «.txt» abo «.doc» Ta IpyKy HEOOX1THO CKOPUCTATUCH BIJAMOBITHOIO KHOIKOIO

« %%y, sIKa BUKIIUKA€E BIKHO BUBOAY (puc. 12).

@ Perynetema pospavrinn g geraa - Bick — O #

W] 30eperta * g [l |m3a~:-ml

Foamipie 35M0TORRH: A

181 {10-20)

HoMIHANLHWE pozvwp = 72,8 By
MagoHHanaHIE po3sip = P41 M
MitiManohiel possip = 721 Mo
Bepxye migponenrm ES = 13 Huosne mppoanentm Ef = -0,F wn
OoyE T =2 AN

B2 {1.0-50)

HoMiHANBHA A DOSHD = 122,35 WA
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Puc. 12. Ilpuxnao ¢ppaecmenmy gikHa U800y 36imy pe3yibmamis po3paxyHKy
Jlxepeno: po3po0IJICHO aBTOpaMHu.

SIK110 pe3ysbTaTi PO3MIpHOTO aHami3y € 3a10BUTbHUMH 1 TII € npuitHATUM 111 BUpOOHHU-
LITBA, BUBOJIUTHCS 3BIT MIPO pe3yJIbTaTH aHAII3y 13 pO3paxoBaHUMH PO3MIPHUMHU IapamMeTpaMu
JUIs yCiX po3MmipiB (pparMeHTH 3BiTy MoKa3aHo Ha puc. 11, 12), ski Oy1yTh BUKOpPUCTaHI IpU
odopMIIEHHI BIIMOBITHUX (DOPM TEXHOJIOTIYHOI JOKYMEHTAaIlil, Hanpukias oneparinaux TII,
a TaKOoXX MPU PO3paxyHKax peKUMIB pi3aHHs, BEPCTATHUX MPUCTPOIB Ta B IHIIMX HIJIAX.

V 3BiTi (puc. 12) B pO3ropHyTOMY BUIJISIA1 HAAAIOTHCS PO3MIPHI TapaMeTpH yCiX KOHCTPY-
KTOPCHKHUX po3MipiB (Al), TeXHOIOTTUHUX po3MipiB Fi, po3mipiB 3arotoBok (Bi) Ta npumyckis
(Zi), ananoriuno, nmpecTaBieHiM y BikHi Ha puc. 11. [Ipu He3a10BUTbHUX pe3yIbTaTax aHaTi3y
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Ta HEOOXiTHOCTI BUKOHAHHS KoperyBaHHs TII, BUKOPUCTOBYIOTbCS KHOIIKM Ha MaHeli IBU/I-
KOT'O JIOCTYIy (IIUB. puC. 6), 32 JOIIOMOT OO SIKMX MOX@XHa BXOJIUTH y BiKHA yCiX po3MipiB (KOHC-
TPYKTOPCHKUX, TEXHOJIOTIYHHUX, 3arOTOBOK, MIPUITYCKIB), IIOBEPXOHB Ta 1HII, aHAJI3yBaTH 1H-
dbopMarrito i BHOCUTH KOPEKTHBH.

[Ticis BHECEHHS KOPEKTUBIB BUKOPUCTOBYETHCS (DYHKIIiSI IPUMYCOBOTO TIOBTOPHOTO PO3-
paxyHKyY @,

Jlnst BUXoy 3 mporpamu Tpeda CKOPHCTAaTHCh KHOIKOIO 3aKPUTTS TOJIOBHOTO BikHA a0o
BUOpPATH MYHKT TOJIOBHOTO MeHIo «Daiin — Buximy.

BucHoBkmu.

1. ¥V poOoti, Ha OCHOBI HPEACTABICHHS CTPYKTYpH PO3MIPHHUX 3B’S3KIB TEXHOJIOTIYHOTO
npoiiecy 00poOIeHHS 3arOTOBKH 3 BUKOPHUCTAHHSIM MaTPHIll CYMDKHOCTEH, pO3p00JICHO CIIeli-
ajgpHU anroputM 1 mporpamy «PMA TIIy», siki, Ha BiIMIHY BiJl iHIITUX MPOTPaM, BIIEPIIIE BUPI-
IIWJIK 33]]a4y aBTOMAaTH30BaHOTo popMyBaHHS 1 po3paxyHKy OPJL.

2. Ha ocHoBi ¢opmarizariii BuKoHaHHsI ocHOBHUX mpoueayp PMA TII, ix anropurmigHoi
Ta mporpamHoi peanizanii nporpama «PMA TII» 3a0e3neuye:

e peamizanito 3aransHoro anroputMy PMA TII 3 BUKOHaHHSIM HaWOUIBII CKIAJAHUX Ta
TPYIOMICTKHUX Tpouenyp ¢bopmyBanHs 1 po3paxyHky OPJI B aBTromaTnuHOMY peKuMi 3 HaJlaH-
HSIM BHUCHOBKIB II0/I0 3a0€3MEUeHHs 33aH0i TOYHOCTI KOHCTPYKTOPCHKUX PO3MIPIB, a TAKOK
PO3MIpHHUX MapaMeTPiB KOHCTPYKTOPCHKUX, TEXHOIOTIYHUX PO3MIPIB 1 MPHUITYCKIB;

e CKOpOYeHHs BUTpaT 4yacy Ha BukoHanHid PMA TII y 8-10 pa3iB, y nopiBHsIHHI 3 “pyu-
HUMHU~ METOAAMH, 110 y CYKYITHOCTI 13 3py4HUM iHTepdeiicoM KOpUCTyBada, KUl BUMarae
3HAaHHA TUIBKKM OCHOB MeTozoiorii PMA 1 € 3po3yMiuM Ta JOCTYIHUM, ISl HOTO BUKOPHC-
TaHHs TEXHOJIOTaMH, BIIKPUBAE NUIAX J0 Upokoro 3actocyBanHs PMA TII npu npoekTyBaHH1
Ta BrpoBakeHHI HOBUX TI1 y BUpOOHUIITBI,

e mnporpama «PMA TII» BukopucToBye iHQOpMAaLIitO B3ATY 3 KPECICHHS AeTalll Ta ornepa-
IHHUX €CKi3iB 1, HA BIAMIHY BiJ IHIIMX IpOrpam, He MoTpedye moOyI0BH ClieliadbHUX PO3Mi-
pHUX cXeM 4d rpadiB, BOHA MOXKE€ BUKOPHUCTOBYBAaTHCh CAMOCTINHO, SIK OKPEMHI MOAYIb, a
Takox sk eneMeHT CATIP TexHOIOTIYHUX MPOIIECiB.
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INFORMATION SUPPORT OF DIMENSIONAL MODELING
AND ANALYSISOF TECHNOLOGICAL PROCESSES

Dimensional modeling and analysis (DMA) of TP is one of the stages of designing technological processes (TP), which
is important for their rapid introduction into production and ensuring the necessary level of accuracy parameters of parts. The
task of reducing the terms of DMA TP is urgent due to the need to reduce the terms of technological preparation of production,
the time and resources spent on the implementation of TP. Solving such a problem requires the creation of appropriate programs
that would ensure the automation of DMA TP procedures and reduce the requirements for user qualifications. At the same time,
the level of existing programs or individual modules for dimensional modeling and analysis of technological processes is
insufficient, requires significant amounts of preparatory work and does not provide an acceptable level of time reduction and
requires high qualification of users. This indicates the need for further development of programs, in particular in the direction
of automation of procedures.

Creation of algorithms and development of a program, based on them, for the automated execution of the main procedures
of dimensional modeling of TP, including the most time-consuming and complex ones, such as the formation and calculation
of operational dimensional chains, and increasing, due to its use, the productivity of DMA TP, while reducing the level of
qualification requirements for users, in comparison with existing programs and "manual" methods.

The program implements more than 10 different algorithms that are based on and use ideas and theoretical propositions
that provide formalization and programmatic implementation of the main procedures of DMA TP. The main new ideas, thanks
to which the program solves the problem of automating the formation and calculation of dimensional chains, in particular, are
a system for coding the sizes and surfaces of parts and workpieces, which provides identification of the types of dimensions
and links of operational dimensional chains, and is also used for the formation and control of dimensional chains, calculation
of basing errors using dimensional chains and taking into account the mutual compensation of errors of technological
dimensions, which are used for the creation and software implementation of the algorithm for estimating the predictive
accuracy of technological and design dimensions; presentation of the structure of dimensional relationships of TP with the
help of matrices, which ensures the automated formation of operational dimensional chains; as well as a number of other tasks
necessary for the implementation of the general algorithm of DMA TP.

Algorithms and the "RMA TP" program were developed for their implementation based on the formalization of the main
procedures of DMA TP, which ensures: 1) automated execution of the most complex and time-consuming dimensional modeling
procedures with the provision of information on ensuring the TP of the specified accuracy of design dimensions, as well as the
calculated values of dimensional parameters of design, technological dimensions and allowances; 2) a significant reduction in
time spent on dimensional modeling and analysis of technological processes, which, in combination with a convenient user
interface, pavesthe way for widespread use of DMA TP in the design and implementation of technological processesin production.

Using the program allows you to reduce the time spent on dimensional modeling and analysis of technological processes
by 8-10 times, compared to "manual” methods, while reducing the level of qualification requirements for users. This opens up
new opportunities for wide use of DMA TP in production, and therefore for improving the quality of developed TP and
shortening the terms of technological preparation of production. The program can be used as an independent module, as well
as a CAD element of technological processes.

The article is a publication of scientific and methodical character.

Keywords: dimensional modeling; calculation of dimensional chains, automation of dimensional analysis.

Fig.: 12. References: 10.

IIpuxoxeko B., IlyxoBcbkuii €., annnosa JI., Jlankoscskuit C., Caron C. Inpopmaiiine 3a6e3nedeHHs po3MipHOT0 MOJICIIOBAaHHS Ta aHAJI3Y
TEXHOJOTIYHUX mpoueciB. Texniuni nayku ma mexnonoeii. 2022. Ne 3(29). C. 77-93.
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PO3POBKA TA CYNNPOBOUKEHHS CUCTEM I3 PO3HOAIIEHUMH BASAMUA
JAHHUX HA OCHOBI TEXHOJIOI'TA POLYGLOT PERSISTENCE

Ilposedeno ananiz cyuacnux memooie ma mexHono2itl, Wo 3acmoco8yrOmMvca 01 SUPIUEHHS 3a0ay4 CMEBOPEHHA Ma C)-
npo6ooy posnodinenux 6as oanux iz b6azamosapianmuum 36epescenuam. OOTPYHmMosano sukopucmauua meopemu bproepa
CMOCOBHO 0OMENCEHb MA KOMAPOMICHUX PillleHb Wo00 61ACMUBOCME: Y3200AHCEHOC OAHUX, OOCIMYRHOCMI, OONYCMUMOCI
nooiny. Bpaxogyemwcs pozuiupents meopemu bproepa ujo00 KOMnpoMICy Midk 3ampuMKaMU ma y32004CeHICII0 NPu penaikayii
ma npuHYunY wooo 6a30680i AOCMYNHOCMI, 2HYUK020 CIAHy ma Kikyegol yzeodcenocmi. Haeedeno npukiaou apximexmyprux
plwens 015 opeawnizayii docmyny 6 cucmemi enekmpoHHoL Komepyil 3 GI3HeC-102IKU Ma 3 EOUHUM MEXAHIZMOM OOCMYNY 05
mynomumooenvux CYBJI. Tloxkazano nedonixu nioxooie i MONCIUBOCHE ROOATBUUUX OOCTIOHCEHD.

Knrouosi cnosa: posnodineni 6azu oanux; 2opusonmanvhe macuimadysanns; polyglot persistence; mynrvomumooenvhi
CVE/]; meopema bproepa.

Puc.: 3. bion.: 12.

AKTyaJIBHICTh TeMH JocaiakeHHsi. Ha cboronni BuKopucTanHs 0a3 JaHux i3 Oararoa-
plaHTHOIO MepcucTeHTHICTIO (polyglot persistence), 110 nepeadadae J0CTyM A0 KIIbKOX CepBe-
piB B/l 3 pi3HUMHU JTOTTYHUMHU MOJIETIIMH, HAOyBa€ 0COOIUBOI MOMYAsIpHOCTI. [{71s1 30epekeHHs
JTAaHMX 1 BUPIIIEHHS PI3HMUX 33734 3 iX 00poOIeHHs HaBITh Y MeXax OfHI€T iHPOpMaIiitHOi cH-
CTEMH JIOBOJUTHCSI BUKOPUCTOBYBATH JeKiabka pizHuX CYB/l, koxkHa 3 SKUX NIATPUMYE CBOIO
Mozenb faHux. CydacHi mporpamHi pyIii 6a3 JaHUX CTBOPEHI [l BAKOHAHHS omeparii i3 me-
BHUMU CTPYKTYpaMH JIaHUX 1 00CsIraMu JaHUX, HalpuKJaj, A1 poOoTH 3 Habopamu JaHuX a0o
CXOBHUIEM, JIy’K€ IIBUAKOTO OTPUMAHHS KJIIOYIB 1 iXHIX 3Ha4eHb, a00 30epiraHHs pO3IIMPEHNX
JIOKYMEHTIB M CKJIaAHUX rpadiB iHpopmarii.

ITocranoBka nmpod/aemMu. Y BHUINAAKy 3a0€3M€UEHHs €IMHOTO AOCTYITy 70 0a3 1aHMX 3 O6ara-
TOBap1aHTHOIO MEPCUCTEHTHICTIO 3 O13HEC-IOTIKK 0OCAT KOy, III0 BUKOHY€E 30€pEKEHHS IaHUX,
3poctae nponopuiiHo ynciy CYB/I, 1110 BUKOPUCTOBYIOTHCS; 00CST KOIY, 110 CHHXPOHI3YE J1aHi,
— MPONOpLIHKUN KBajpary 1poro urncia. KparHo unciny BukopucroByBanux CYBJ] 3pocrators
BUTpATHU Ha 3a0e3MeUeHHs enterprise-XapakTepucTHK (MaclITaboBaHOCTI, BITMOBOCTIHKOCTI, BU-
COKOi JOCTYIHOCT1) KoXHO1 3 BUukopuctoByBanux CYBJl. HemoxnuBo 3a0e3nednTy enterprise-
XapaKTEPUCTUKU MMIJICUCTEMH 30epiraHHs 3arajioM — 0COOIMBO TPAH3aKLIHHICTb.

Jlnst momonanHs mpoo6seM goctymy 1o polyglot persistence B/l i3 6i3Hec-moriku (BiACYT-
HICTh rapaHTii BiIMOBOCTIHKOCTI, TPOMI3/IKICTh KOAY, HEOOX1THICTh 1HTEerpamii JaHuX, yOIto-
BaHHS JIaHUX, PI3HUM Yac JJIsl CHHXPOHI3allli 1aHUX) 3alIPONIOHOBAHO PILIEHHS Y BUIVISAL MY-
astumozaenbHuX CYB/] 3 e1MHUM MeXaHi3MOM JIOCTYITY.

AHaJni3 nocaimkensb i myduaikaniii. [Ipo6iaemi edekTBHOTO 30€piraHHs reTepOoreHHUX Ja-
Hux b/l, moGynoBaHuX Ha pi3HUX MOJIENSX, MPUCBsUEHO Oarato pobiT. Bukopucranus polyglot
persistence Bupirrye mpoodiaeMy 3 00poOKOI0 TeTepOreHHUX JaHUX, a CHCTEMH, MOOYI0BaH1 Ha
il OCHOBI, BIZIPI3HAIOTHCS BUCOKOIO MPOAYKTUBHICTIO Ta HU3bKUM YacOM peakxilii Ha 3aluT JJIs
KO’KHO1 OKpeMoi Mozeni nanux [1].

© Ipuna binoyc, Imurpo Ierpenko, Oner €pmosnenko, 2022
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Bonnouac icHye 6araro myOmiKalii 1moa1o MOXIUBIX KOH(Irypariil po3nonainenux 6a3 ga-
HUX LIO0/10 AOCATHEHHS 0a30BUX MOKa3HUKIB [2]. [CHYIOTh cymnepeyHOCTI CTOCOBHO TOTO, SIKI 3
MOKa3HMUKIB 00paTy MPOBIIHUMH, a IKUMH YMOBHO MOYKHA 3HEXTYBAaTH.

Haii0inp1mnii BaKIMBUM PILLICHHSM Y [IbOMY BUIIAJIKy € T€, UM BIJJIATH II€peBary A0CTYyII-
HOCTI UM Y3TO/IKEHOCTI, SIK ONMCcaHo B TeopeMi bproepa. ¥V [3] HaBeneHO MOPIBHSIIBHY MOJIEIb,
sKa CMIBBIAHOCUTb ITOKa3HUKH, 1110 CIIPHUsiE BUOOPY CXOBMILA JJAHUX, BIAMOBIAHO 10 BUMOT IIe-
BHOI iH(opMaIliiHOi cucTeMu. Y poOoTi [4] BUBYCHO, K Y3TOKEHICTh PEai3yeThCs B PI3HUX
NoSQL 6a3ax qaHux Ta ONMMCaHO CTpaTerii Juid 3a0e3rnedeHHs y3ropKeHOCTI Ta 3MiHHI KOMII-
POMICH MIJK y3TO/PKEHICTIO Ta IHIIUMH aTPUOyTaMH SIKOCT1, TAKUMHU SIK JJOCTYITHICTb, 3aTPUMKa
Ta JOMYCTUMICTh MOALTy. banancyBaHHs MOXe 3aCTOCOBYBATHCS JUIS PI3HUX MOTPEO 3aJIeKHO
B1JI CHCTEMHHX BUMOT 1 0a)KaHOTO PEe3yJIbTaTy, IPH IbOMY 1CHYIOTh OallaHCyBaJIbHUKH IS Pi3-
HUX pimeHs 6a3 qanux [5; 6]. Benuka npoOiema iCHYIOUHX pIlIEHb MOJSATAE B TOMY, 110 TUITH
BJI maroTh OyTH OTHAKOBUMHU.

Bupisienns1 Henoc/IiIzKeHUX YACTHH 3arajbHoi npoodaemu. He BupimeHum 3aBIaHHsIM €
po3po0Ka i CynpoBOIKEHHS po3noAlIeHuX MynbTuMonenbHux CYB/] 3 ennHuM MexaHizMoM
JOCTYIY, IO 3a0€3MeUyIOTh OCHOBHI MOKa3HUKH PO3IOIIJICHNX CHCTEM Ha OCHOBI TEOpEMHU
Bbproepa. V 1iit po60Ti 0cOOIMBHIA aKIICHT POOUTHCS Ha T€, 1[0 PO3MOoijeHa 0a3a JaHuX Mpe/-
CTaBISIETHCS B BUIVISIII €IMHOI CUCTEMH, 0 CKJIAJy sIKOi BXOIATH By3H (cepBepu b/l), mo pe-
aMi3yI0Th Pi3HI MOJIENI TaHUX.

HeoOxiHO BUKOHATH aHAJI3 BIACTUBOCTEH Teopemu bproepa (Ta ii po3mmpeHHs) CToco-
BHO JIO PO3MOALIEHUX 0a3 3 €IMHUM MEXaHI3MOM JIOCTYITy 10 OaraToBapiaHTHHX JaHUX, BHOOPY
apXITeKTypHUX pillleHb IpH MOOYI0BI Ta CyNPOBOIKEHHI BUCOKOHABAHTAXKEeHO1 iH(pOopMaIliiftHoT
CHUCTEMH EJIEKTPOHHOI KOMEpIi Uil NMPOBEICHHS MOJNANbIINX E€KCIEePUMEHTAIbHUX JOCHi-
JDKEHB 3 METOI0 OTPUMAaHHS KOMIIPOMICHUX PIllIEHb 32 BIACTUBOCTSAMHU 0a30BOi JOCTYITHOCTI i
JOCTYITHOCTI MOJLTY. 32 OCHOBY OTPUMAaHHS TaKUX PIIEHb B3STHU BIACTHUBICTh KIHIIEBOI y3ro-
JOKCHOCTI SIK He3MIHIOBaHHM MTapameTp.

Meta crarTi. MeTor0 1i€l poOOTH € aHaji3 1 MPOEKTYBAaHHS PO3MOAUIEHUX 0a3 JaHUX Ha
OCHOBI1 TEXHOJIOT1} OaraToBapiaHTHOT NEPCUCTEHTHOCTI, @ TAKOX (popMasti3allisi BIaCTUBOCTEN
Teopemu bproepa Ta ii po3IMHpEeHHs! CTOCOBHO /10 PO3MOIUIEHUX MYJIBTUMOJENbHUX 0a3 TaHUX.

BukJjaa ocHoBHOro marepiaJy. [lpu BukoprcTanHi cy4acHUX 0a3 JaHUX y BUCOKOHABaH-
TaXEeHUX 1H(OpMaLIHHUX CHUCTeMaxX HacamIlepe]] po3IIsJaeThCsl BUKOPUCTAHHS MEXaHi3MiB
MacmTaboOBaHOCTI B JBOX HaNPSMKax.

[TpocTimum, ane HalfO1IBII 3aTPAaTHUM BapiaHTOM € HApOILyBAaHHS arnapaTHUX MOTYKHOC-
Telt cepBepa b/l, e Tak 3BaHe BepTUKadbHE MacmITadyBaHHsA. [[pyruii HarpsM BUKOPHUCTOBYE
TOPU30HTAJIbHE MacIITa0yBaHHs, MPHU SIKOMY BUKOHY€ETBCS JIOJaBaHHS KIJIBKOCTI CepBEpiB Ta
po3MoiIeHHs 0a3u TaHUX M1 HUMHU.

Oco6aMBICTIO BEPTUKAIBHOT MAacIITA00BAHOCTI € MPUCYTHICTD JIESKOTO MOpory (abo Mexi)
1 BUCOKa BapTICTh BUTPAT Ha pealli3allilo OCTaBIEHUX BUMOTI B 00JIaCTI MiABUILEHHS MPOAYK-
TUBHOCTI cepBepa. Tomy HaiO11bII NPUHHATHUM BapiaHTOM BUPILIEHHS OUIBIIOCTI 3aBJaHb y
PO3MONUIEHUX CHCTEMax € TOpU30OHTalbHE MacmTaOyBaHHs. Lleli MexaHi3M MacmiTaOyBaHHS
nependayae 301IbIIEHHS KUTBKOCTI CEPBEPIB MPH 3pOCTAIOYMX HABAHTAKEHHSX MijJ yac o0po-
Oku BeukuX o0csriB 3amuTiB [10].

L1i BapiaHTH MOXYTb JTOTIOMOITH BUPIIIUTH MPOOJIEMH BUCOKOTO HaBaHTaKEHHs, ajie 6e3
ONTUMI3alil CTPYKTYpH 0a3u JaHUX peHTa0eIbHICTh Ipoliecy Oyae JOCUTh HU3bKoo. Taka or-
TUMI3allis 3 UIIIMU MaciITaO0yBaHHS MOKe B110yBaTHCS TPhOMa OCHOBHUMHU IIISIXaMU: apTH-
[IFOBaHHS, ApiHT, perumkaris [11].

OmHak TOpU30HTAIbHE MAcIITA0yBaHHS CHCTEMH YIPABJIHHS JAHUMH € TOCUTH CKIIaTHIM
3aBIaHHSIM, OCKUTBKH Tpaaulliitai SQL-opieHTOBaHI cepBepa MoraHo a/1arToBaHi 0 MOBHOI (pa-
rMeHTaiii qanux. Lle mpu3BoauTh 10 po3poOKKM HOBHX KOHIIEMIINA y POOOTI po3moaiieHnx 6a3
JTAHUX 1 CTBOPEHHS MIAXO/IIB, SIKI BUPIIIYIOTh MPOOJIEeMU TOPU30HTAIBHOTO MACIITa0yBaHHS.
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3 iHII0T0 OOKY, SIK NIISIXY BUPIMIEHHS MpobaeM pensuiitnux b/ 3anponoHoBaHi HOBI TeX-
HOJIOT'11 EPCUCTEHTHOCTI — open source pimeHHs NoSQL — Hepensmiiini po3noaiieHi 6a3u na-
HUX 13 MiITPUMKOIO THYYKOI CXeMH 0a3H JaHUX 1 TOPH30HTAIBHOT MAacIITaO0BaHICTI, Y SIKHX SIK
MOBA 3aMHTiB He BUKOpUCTOBYEThCs SQL [1].

VY peanpHEX 1H(MOPMALIHHUX CHCTEMaX BUKOPHCTOBYETHCS MOEIHAHHS PENSALINHHUX Ta
NoSQL pimens, cepen sikux aokyMeHTHI (document), kimtou-3HadeHHs (key-value), rpadosi
(graph) 1 xomoHOYHi cxoBuIIa (column).

Pexomenpariii moo turmy 0a3u JaHUX JJI BUKOPUCTAHHS Ha OCHOBI (DyHKIIIOHAJIBHOCTI
JAHUX Ha TPUKJIJli CUCTEMH €JICKTPOHHOI KOMEPIIii MoKa3aHo Ha puc. 1.

E-commerce system
Y
| | | I | | |
Karamor Kok Peko- AmHai- Jloru axTu- Cecii Oinan- 3BiT-
TIPOYKTIB MOKYTIOK MeHarii THKa BHOCTI COBI JaHi HiCTb
+ |_* Iﬁ I v [ v I I—ﬁl
Document Key-value Graph Column Key-value Relational
Model API Model API Model Model API Model API Model API
- R < — S e i e — e
MongoD- Riak Cassandra
e —————

Puc. 1. Cxema peanizayii cucmemu enekmponHoi komepyii Ha boyi cepsepa
Ha ocHosi polyglot persistence

Jljig jaHuX Katanory MpoayKilii, 3 IKUMHU MPOXOAUTH 6araro YuTaHb 1 MaJo 3aMKciB, 1 cami
3alMCH PO MPOLYKTH YTBOPIOIOTh MIPUPOJIHI arperary Hakpaiie oopaTtu JT0KyMEHTHY MOJIEIb
naHux. JaHi 3 KOUIMKY MOKYMOK MOTPeOyIOTh BUCOKOI JOCTYIMHOCTI B 6ararboxX MICIsiX, AaHi
MOXYTb 00’ €/IHYyBaTH HEy3ro/XKeHi 3anucu. Halikpaiie niaxoauTh JOKYMEHTHA MOJEIb IaHUX,
MOXJIMBO, MOZIETIb KJIFOU-3HAUEHHS.

Jlnst naHuX Mpo peKoMEeHAALllT, 1€ HEOOX1THUM IBUIAKUM Tepexi/l 3a HOCHIAaHHSIMHU MIXK IOKY-
IIKaMHU MPOAYKTIB JIPY3iB, 1 pEUTUHraMU, BapTO 00paT rpagoBy MOJENb a00 KOJIOHOUHE CXOBUIILIE.

VY BunaaKy BUKOPHUCTaHHS IIMPOKOMACIITAOHOT aHAJIITUKY MOTpiOHA OpraHizallis JaHuX y
BEJIMKOMY KJIaCTepi, TOMY HallKpalle 00paTH KOJIOHOYHE CXOBHIIIE.

XKypHasin akTHBHOCTI KOPUCTYBadiB Ta aHalli3 COLIAJIbHUX MEpeX MOTPeOyIOTh BEIHUKOT
KUTBKOCTI 3aIlKCiB Ha KiIbKOX By3Jax. [[ist 1iporo Haiikparie miaiie Moaenb KIo4-3Ha4eHHS
abo OKyMEHTHa Mojiesb. BuMaraeTbes MBUIAKUI AOCTYN Ul YUTAHHS Ta 3alUCy MPU BUKO-
pPHCTaHHI JaHUX PO CEaHCH KOPHCTyBaya, HEMae He0OX1THOCTI 30epiraTtu J10BroBiuHy iH(Op-
Marfifo. Y TakoMy BHIaJIKy HalKpalle Mijiiie MoaeNnb KIIIo4-3HaueHHs, MOXKIIMBa peaizalfis i
3 TOKYMEHTHOO MOJIEIUTIO.

BuxopucranHs (iHaHCOBUX JaHUX MOTPeOy€e OHOBJICHHS TPaH3aKIlii, B IbOMY BUIAJIKY
TabMMYHA CTPYKTypa BIANOBIAA€ TaHUM, TOMY HalKpalie o0partu pensiuiiiny Mmonens. Tak camo
JUTSL TaHuX 110710 3BITHOCTI — SQL 100pe B3aemozie 3 IHCTpYMEHTaMHM 3BITHOCTI, ajieé MOXJIHBA
peaizaris 1 KOJIOHOYHOI MOJIETII.

Mynemumooenvni CYB/]

Mogenpb GararoBapiaHTHOT IEPCUCTEHTHOCTI BUKOPUCTAHA 1 PH MOOYI0B1 MyJIBTHMOAETBHIX
CVYB/, sKi cripAMOBaHi BUPIILIUTH PoOJIeMH 3 JOCTYTIOM JI0 Pi3HUX MoJieNiei 13 Gi3HeC-JIoTiKu.

Mynsrumonensti CYBJ] cripsiMmoBaHi Ha 00'eTHAHHS PI3HHUX JIOTIYHUX MOJENEN JaHUX B
€IMHUI 1HTErpOBaHUI MPOTPaMHUI PyIIil, SIKM BUKOPUCTOBY€E YHi(iKOBaHY MOBY 3aIMTiB 1
Hasae equHui API, sKuii BUKOPUCTOBYETBCA B YCIX JIOTITYHUX MOAEAX JaHUX. OCHOBHA KOH-
LENL[is [MoJiArae B ToMy, 11100 Ha ¢i3uuHOMY piBHI 30epiratu Bci aadi B ogHiit CYB/], a notim
JU1s1 0OOpOOKHU MPEICTABIISATH 1HIIN MOJIEII MUISIXOM 31CTaBICHHS MOJIeJIel OUTBIIT BUCOKOTO PIBHS
3 MOAAHHAM HUXKYIOTO piBHA [1].
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[Mpuknan Takoi peanizamii (3 HaOLIBIIO KUTBKICTIO TiATpUMyBaHux API moxeneit) s
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Ti€l K 3a/1a4i MOOYI0BY CUCTEMH €JICKTPOHHOI KOMEPIIii MPEeICTaBICHO HA pUC. 2.

E-commerce system
Y
I I I I I I I
Karamor Kommk Jloru akTuB- Cecii Pexomen- Amnani- ®dinan- 3BiT-
MIPOJYKTIiB MIOKYTIOK HOCTI Janii THKA COBI J1aHi HICTB
L 1 | I
v v v '_I—I
JlokyMeHTHa MO- I'padosa Kononouna Pemsmiitna
Jenn MOJIENb MOJIETb MOJIEND
v v v v
MongoDB Gremlin Cassandra
L API
AP APl APl N
T I T
\ 4
Azure CosmosDB

Puc. 2. Cxema peanizayii cucmemu enekmporHoi kKomepyii Ha cmopoHi cepeepa
Ha ocnogi mynemumooenvroi CYBE/]

Bimowmi migepu cepen mynsrumonenbaux CYB/L:

- Ha OCHOBI peIsALiiHOT MOZIET, 110 peani3yloTh rpadoBy Ta 10KyMeHTHY Moaensb (Oracle,
MS SQL, PostgreSQL);

- Ha OCHOBI JIOKyMEHTHOT MOJIEi, 1110 peali3yloTh rpadoBy i pensuiitny (MarkLogic), rpa-
¢doBy 1 Mozenb «kiroy-3HaueHH» (MongoDB);

- Ha OCHOBI MOJIEJNI «KIIOY-3HAUYEHHS», 1110 peali3yloTh JOKYMEHTHY 1 rpadoBy MOJENIb
(Redis);

- Ha OCHOBI KOJIOHOYHOI MOJIe]Ti, 1110 peasti3ytoTh JIOKyMeHTHY 1 rpadoBy mozensb (DataStax);

- 0e3 OCHOBHOI MoOjeNl, 110 peai3yloTh rpadoBy 1 JTOKYMEHTHY Mozenb (ArangoDB,
OrientDB), Ta rpaoBy, KOJIOHOUHY, TOKYMEHTHY 1 pessLiiiny Mozaens (Azure CosmosDB).

Haii6inpm mupoka myiastuMonenbHicTh B Azure CosmosDB Ha cboronHi sBisie co0oro
JIUIIIEe MOXKJIMBICTh BUKOPUCTAHHS JCKIIBKOX 0a3 JaHUX, M0 MiATPUMYIOTh Pi3HI MOJENl Bif
0JHOTO BUpOOHUKa (Azure), 110 HE BUPILIY€E BCIX MpobieM OararoBapiaHTHOTO 30€peKeHHS.
OO6pana xopucTyBaueM Mozenb gaHux Ta API, 110 BUKOPUCTOBY€EThCS, (PIKCYETHCS B MOMEHT
CTBOpEHHS akayHTa B cepBici. HeMo1Bo oTpumaru AOCTYI A0 JaHUX, 10 3aBaHTaXEHI B OI-
Hill Mozieni, B popMaTi 1HIIO0T MOAEI.

Teopema Bproepa ma ii pozwiupennsn

Cepen BracTUBOCTEH, SKMM MOBHHHA 33JJOBOJIHATH PO3IOJiJI€Ha MyJIbTUMOZETbHA 06a3a
JaHUX, BUAUTMMO HacTynHi [12].

—JlokasibHa aBTOHOMHICTh. JIOKaNbHI AaHi HajJeXaTh JIOKAJIBHUM BY3JIIB 1 YIIPABIISIFOTHCS
aJMiHicTpaTopaMu JiokanbHuX B/I.

—besnepepsue QpyHKIioHyBaHHA. BunanenHs abo 1o1aBaHHs By3J/a HE IOBUHHO BUMaraTu
3yNUHKA CHCTEMH B IIJIOMY.

—He3anexHicts Bix ¢pparmenTaitii. JlocTyn 10 TaHUX HE TOBHHEH 3aJIC)KATH B1JI HASBHOCTI
a00 BIACYTHOCTI ()parMeHTanii i Big TUIy parMeHTanii.

—O06pobka po3noaineHux Tpau3akilid. [Iporokon 06poOku po3monisieHol TpaH3aKIlii Mae
3a0e3meuyBaTH BUKOHaHHS YOTUPbOX OCHOBHUX BJIACTUBOCTEN TpaH3aKIii: aTOMapHICTh, y3T0-
JKEHICTh, 130JIbOBAaHICTh Ta MOBroBiuHicTh (ACID).
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—O0po06ka po3noauIeHUxX 3anuTiB. CucreMa NOBUHHA aBTOMAaTHYHO BU3HAYaTH METOU BU-
KOHaHHS 3’ €qHaHHs (00’ €IHAHHS) TaHUX.

—He3zanexwuicts Big Tuny CYB/l. Cucrema noBuHHA OyTH 34aTHOIO (DYHKITIOHYBAaTH IOBEPX
pizHux nokanbHUX CYBJl, MOXKIMBO, 3 PI3HUMHU MOJICIISIMU JaHUX (BUMOTA T€TEPOTCHHOCTI ).

HeMOoXIUBICTh MiATPUMKH HAaBEICHUX KPUTEPiiB posnoaiienocti (ocobmuBo ACID) siko-
I0Ch MIpOI0 KOMIIEHCOBAaHA €BPUCTHUYHUM IPUHILIUIIOM, BIJOMUM sIK TeopeMa bproepa abo teo-
pema CAP [7]. lana TeopeMa BUKOPHCTOBY€ETHCS JIJIsl OOTPYHTYBAaHHS KOMIIPOMICIB TpH TPO€E-
KTyBaHHI PO3IMOJIJIEHUX CHCTEM 1 IPYHTYETHCSA Ha TOMY, 1110 TT0Oy10Ba 1HGOPMAaIIHHIX CHUCTEM
a00 PO3MONIICHUX CTPYKTYP HE MOKE€ BUKOHYBATHCS IIPU OTHOYACHOMY BUKOHAHH]1 HACTYITHHX
BJIACTUBOCTEM: Y3TOKEHOCTI (consistency), noctymHocti (availability ) 1 cTiikocTi 10 po3i-
nenHs (partition tolerance) [10].

3rimao CAP, Bci posnoauieni CYBJ] 3a6e3mneuyioTs TiIbKH JBi 3 TPhOX BIACTHBOCTEH —
y3TOJKEHICTH (consistency) JaHux, JOCTYMHICTH (availability) 1 moctynHicTs moniny (partition
tolerance). BiamoBiaHo:

— consistency — HasIBHOCTI TUIBKH OHI€T KOMIT JaHUX, SKa BiJIOBIa€ OCTaHHIHN 3a YacoM
orepatlii OHOBJIEHHS;

— availability — gocTynHICTh JaHUX NPH HASBHOCTI OTEpaLliii OHOBJICHHS,

— partition tolerance — 34aTHICTh BY3JiB, MK SKMMH HEMAa€ 3B'S3KY, POJIOBKYBATH Mpa-
IIIOBAaTH HE3AJIEKHO OJMH BiJ OTHOTO.

I'pani CAP (puc. 3a) MOXHa OnUCcaTH TakK.

PA — y BunaiKy MepeKHOro MOiIy By3JiB CHCTEMH (TOPU30HTAIBLHOTO MAaCIITa0yBaHHS),
BOHA MPOJOBXKYE B1JIOBIIaTH KOPUCTYBayaM Ha 3allUTH, HE FAPaHTYIOYH y3T0/PKEHOCTI IaHUX.

PC — y Bunasky MepexHOro HOALTy By3JIiB CHCTEMH, BOHA TIPUIIMHSE BiOBIIATH KOPHC-
TyBauaM Ha 3allUTH, JaH1 3IULIAI0ThCS Y3TOIKEHUMU.

CA — y pa3i BiICyTHOCTI MEPEKHOTO MOJUTY JaHi AOCTYIIHI Ta y3TO/pKeH1 (HOpMaTbHUMA
PEXKUM POOOTH).

Jo npuxitany, Taki cuctemu, sk Cassandra ta Riak, MoxxyTh 3a0€3n€UnTH TOCTYITHICTh, TO1
K Taki cucremi, sik HBase, MongoDB 1 DynamoDB 3a6e3neuytoTs Ha/liiiHy y3roIKeHICTb.

Buxonsuu 3 o3nauenns, noctynsicte B CAP, mae naBi cytreBi mpobnemu. [lepira — nHema
HOHATTS YaCTKOBOI JTOCTYITHOCTI, YH SIKOICh ii MIpH, a € TUIbKM MTOBHA JOCTYIHICTbh. [HIIIA po-
OeMa — HeOOMEXKEeHUI Yac BIAMOBIAI Ha 3alUTH, HABIThH SKIIO CHCTEMa BIATOBIAAE TOIUHY,
BOHA BCE I1I€ IOCTYIHA.

BianosigHo 10 o3HaueHHs noctynHOCTi "...every node (if not failed) always..." po3ainenns
B MEpeXi He BKJIIOYae B ceOe By3JH, 10 MepecTaly MpaloBaTy. SIKIIo cepBep Ha SKUHCh Yac
BUHIIIOB 3 JIaJTy, BIH MOKE BITHOBUTUCH, OOMIHATHUCS JAHUMHU 3 IHIIIMMU BY3J1aMU Ta IIPOJAOBKUTH
poboty. B Bumaaxy po3aiieHHs B Mepexki — HEOOX1THO YeKaTu BiIHOBIEHHS 3’€IHaHHS. ToMy
BapTO 3BEPTATH yBary Ha 31aTHICTh CUCTEMH BITHOBIIIOBATHUCH, ajie 3a paMmkamu CAP teopemu.

Teopema PACELC [8] — posmmpenns Teopemu CAP, sike CBITUNTS, 110 y pa3i pO3/AIJICHHS B
Mmepexi (P) y po3noaineniii 6a3i JaHMX HEOOX1THO BUOMpPATH MK JOCTYIHICTIO (A) Ta y3rojxe-
HicTio (C) (3rizHo 3 TeopeMoro CAP), ane B Oynib-sKOMY BUIIAIKY, HABITh SIKIIO CUCTEMa MPAIIOE
HopMaibHO 6e3 noauny (E), motpi6Ho Bubuparu mix 3arpumkami (L) 1 ysromxenictio (C).

B Bunanky ropuzoHTaIbHOrO MaciiTaOyBaHHS B PO3IMOJUIEHUX 0a3ax JaHUX BUMOTa BU-
COKOi JOCTYITHOCTI mepeadadae, Mo CUCTeMa Mae perulikyBati JaHi. [loku po3mnoaijieHa cuc-
TeMa peIUIiKye JaHl, BAHUKA€E MoTpeda BUOMpaTH MK Y3TOKEHICTIO Ta 3aTPUMKaMHU.

Bcs Teopema 3Boguthest 1o tBepukeHHs: IF P -> (C or A), ELSE (C or L).

3arpumka (latency) — 1e 4dac, 3a SKUH KJIIEHT OTPUMAE BIJMOBIJb 1 SKHH PETYTIOETHCS
Oynb-KUM piBHEM consistency. Latency, y meBHOMY CEHCI € CTYIIEHEM JOCTYITHOCTI.

I'pani PACELC ta npunanexHicts neBHux CYBJl nokazana Ha puc. 3, 6.
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Megastore

Pensiiini: DynamoDB MongoDB VoltDB
PostgreSQL Cassandra

MySQL Voldemort
SQL Server

DynamoDB
Neo4j, Google BigTable, BigTable deriva- p Cassandra
C tives, MongoDB, HBase, Hypertable, Redis
a o

Puc. 3. Imocmpayis 63aemo38’sa3Ky:
a — CAP i nonynapuux CYB/]; 6 — PACELC ma nonynapuux CYE/]

Yucrti PC cuctemn MOXyTh B3araii OyTH HE JOCTYIIHI, OCKIJIbKM HaMaraTUMycsi IpUnTH
JI0 Y3TO/IKEHOT'0 CTaHy M He B1noBinaTuMyTh. PC cucteMu MOXXyTb 1aTH HE O4iKYBaHY CTPOTY
Y3rOKEHICTh (strong consistency), a KiHueBy (eventual consistency) 3 MeBHHUM MOPOroM. Y
IIbOMY KOHTEKCTI Kpaine BuKopuctoByBaTu npuniunu BASE [9].

BASE — e cBoepignmii koutpact ACID, skuii TOBOPUTB, IO CIIPaBKHS Y3TOKEHICTh HE
MOXe OyTH TOCSATHYTa B peaJbHOMY CBITI i HE MOXe OyTH 3MOJIEIbOBaHA B CUCTEMaX, 10 BU-
COKOMAcCIITa0yIOThCs. 3anpONOHOBaH1 YTOUHEHHS BIACTUBOCTEH.

bazoBa noctynHicts (basic availability). Cucrema BianoBifae Ha Oyab-SKUN 3aIUT, aje 15
BIJIMOBiIb MOXKE MICTUTH IMOMHIIKY 200 HEY3rOIXKEeH] J1aHi.

I'myukwuii cran (soft-state). Ctan cucteMu MOXKe 3MIHIOBATHCS 3TOAOM Yepe3 3MiHM KiHIle-
BO1 Y3TOJKEHOCTI.

Kinnesa y3romkenicts (eventual consistency). Crucrema, 3pemTor0, CTaHe y3TOKCHOIO.
Cucrema npofioBXKyBaTuMe MpUHMaTy J1aHi Ta HE MEepeBIpATUME KOKHY TPaH3aKIiI0 Ha y3ro-
JOKEHICTD.

Ilepcnekmuea nooanvuiux 0ocnioxycens. {1 poOoTa € MOYATKOBUM €TaroM y IOCHi-
JDKEHHI OTHOTO 3 HamlpsIMiB BUKOPUCTAHHS PO3MOJIEHIX 0a3 NaHMX i3 OararoBapiaHTHOIO T1ie-
pcucrenTHicTio. [lomansima podota Oyne monsraté y cTBopeHH1 mynbTaMozenbHoi CYB/I, mo
HiATPUMY€E JAWHAMIYHE BUKOPHCTAHHS PI3HUX MOJENeH JaHWX Ta B MPOBEJACHHI HAaBAaHTAXXyBa-
JbHMX BIUIMBIB Ha Taki 0a3u JaHUX 13 BUKOPUCTAHHAM TeopeMu bproepa Ta ii po3mmpeHHs.
[Ipu upoMy nependadaeTbcs OTPUMATH KUIBKICHI Ta SIKICHI OL[IHKM KOMITPOMICHMX PIlI€Hb
I110/10 BIACTUBOCTEH 0a30BO1 TOCTYMHOCTI 1 JOMYCTUMOCTI HOALTY JUTsl PiKCOBAaHOTO MapameTpa
BJIACTHBOCTI KIHIIEBOI y3TO/[KCHOCTI.

BucHoBku. Y crarTi:

- BUKOHAHO OIVISIT ISSKUX CyYaCHUX PIllIEHb, 1110 3a0€3MeUy0Th pO3POOKY Ta CYIPOBOIKEHHS
posnonutennx CYB/] Ha ocHOBI OararoBapianTHOTO 30epesxeHHs. Lli pillieHHs IpyHTYIOThCS Ha BU-
kopuctanHi Teopemu bproepa (CAP) i 1 posumpenns (PACELC) Ta npunnumnax BASE;

- BIIMIOBITHO JI0 BJIACTHUBOCTEH TEOpPEeM HaBelIeHO (opMalizailisi BU3HAYCHB ISl PO3ITOIi-
neHux 0a3 JaHuX 13 6araToBapiaHTHOIO MEPCUCTEHTHICTIO;

- onucano mpodieMy moOyI0BH BUCOKOHABAHTAXKEHO1 1H()OPMAIIIITHOT CHCTEMH eJIeKTPOH-
HOI KOMep1ii 3 PO3IMO/IIEHOI0 JTUHAMIYHOIO 0623010 3 €IMHUM MEXaHi3MOM JIOCTyIy A0 Oararo-
BapiaHTHHX JIaHUX, BUOOPY 11 KOHPIryparii 1y npoBeIeHHs MOJAIbIINX eKCIIEPUMEHTATIBHUX
JOCTI/IKEHb 3 METOI0 OTPUMAaHHS KOMIIPOMICHHX PIllIeHb 3@ BIACTUBOCTSIMHU.
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THE DEVELOPMENT AND MAINTENANCE OF DISTRIBUTED DATABASE
SYSTEM BASED ON POLYGLOT PERSISTENCE TECHNOLOGIES

The analysis of modern methods and technologies used for solving the problems of creating and maintaining distributed
databases with a multi-variant storage was carried out. Distributed databases with a single mechanism for accessing multi-
variate data are singled out. The use of scalability mechanisms in the direction of horizontal scaling (in which a certain number
of servers are increased within one system) is considered.

The justification for the use of the Brewer's theovem is given, in relation to restrictions and compromise solutions regard-
ing properties: consistency, availability, partition tolerance. In relation to this theory, a formalization of the definition of prop-
erties for distributed multimodel databases is presented. The extension to the Brewer's theorem, which requires a trade-off
between delays and consistency when applying a replication, and the principles for basic availability and eventual consistency
are taken into account.

The ways to create and support a highly loaded e-commerce system with support for distributed databases with multi-
variate persistence are provided in the article. Examples of possible architectural solutions for organizing access in such a
system using a mix of relational and NoSQL (such as document, key-value, graph and column storage) are given. Such archi-
tectural solution as distributed multi-model DBMS with a single access mechanism is proposed to overcome the problems of
accessing databases with multi-variant saving from business logic. The shortcomings for such solution s modern implementa-
tions and ways of its improvement are shown. In particular, it is a support for all known data models and dynamic access to
data loaded in one model in the format of another model.

This work provides an opportunity to obtain and analyze experimental data at the next stages for the study of distributed
multi-model dynamic databases using loading effects to obtain quantitative and qualitative characteristics of basic availability
and partition tolerance for a fixed parameter of the eventual consistency for multimodel DBMS with a single access mechanism.

Key words: distributed databases, horizontal scaling, polyglot persistence, multimodel DBMS, Brewer's theorem.

Fig.: 3. References: 12.

Binoyc I., Tlerpenxo 1., €Epmorenko O. Po3pobka Ta CynpoBOLKEHHS CUCTEM 13 PO3MOAIICHIMHU Ga3aMu JaHUX Ha OCHOBI TeXHOJIOTi polyglot
persistence. Texniuni nayxu ma mexuonozii. 2022. Ne 3(29). C. 94-101.
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CYYACHI TIPOBJIEMH KPUIITOI' PA®IYHOI'O 3AXUCTY BA3 JAHUX

Vxpaina nepebysae na emani enposadoicenns egponelicokux cmanoapmis saxucmy ingopmayii, 00HAK NOOATLULO2O
600CKOHANIEHH. NOMPebye Npocpamua ckiadosa ii zaxucmy. Kpunmoepagiunuii 3axucm 6a3 0aHux mooice UKOPUCTO-
8ysamu Wu@dpysanHs OaHux, AKi edce nomim (nicis wugpyeanns) 30epicaiomovca y (aiini, a makoxc wugpysanus be3no-
cepeduvbo kamanoeis i ¢aiinis. I1ioxio 0o 3axucmy 6a3z oanux mae 6ymu KomniekcHum. Tax, wugpyeanHs He MO’CHA GUKO-
pucmogyeamu O GUpiuLeHHs. nPobieM KOHmpoo docmyny. Boonouac 3acmocysants 0obpe HANaWmo8aHoi npoepamu
KpUnRmMo2paghiuno2o 3axucmy, sika 6UKOPUCMOBYE HAOIIHULL ANCOPUMM, 30amHe CYmmego Nioguuumu YinicHicmo, KOHQioeH-
yiinicmv ma docmynnicmy ingopmayii 6a3u 0aHux.

Knrwwuoei cnosa: besnexa 6as 0anux; 3axXucm nepcoHAIbHUX OAHUX; KPUNMOpapiunuLl 3axucm, Koy, d1eopumm wug-
DYBAHHSL.

Taébn.: 1. Bion.: 22.

AKTYyaJIbHICTh TeMH JOCJHIIKeHHsl. ba3u JaHUX CbOrOHI BUKOPUCTOBYIOTbCS BCIO/IU.
Bonu BMIiNIytoTh pi3HOMaHITHY iH(pOpMAIIiIO, IO MiIArae 3aXUCTy. 3a 3MICTOM iH(OpMaris
NOAUISAEThCA Ha: 1HpOopMalio mpo (izuuHy ocoly; iHPOpPMALIitO TOBIIKOBO-CHIUKIONESAUYHOTO
Xapakrepy; iHpOopMaIliio PO CTaH JOBKULIA (exojoriuyHa iHdopmartis); iHhopMaIliro Ipo ToBap
(poboTy, mociayry); HayKoBO-T€XHIYHY iH(OpMaIlil0; MOJATKOBY iH(POPMAIiI0; IPaBOBY 1HGOP-
Mallito; CTaTUCTUYHY 1H(OpMAIito; cOIioNoriyny iH(popmamito Ta iHmi Buan (3akoH Ykpainu
«IIpo iHdpopmarito» ct. 10). 3a mopsakom AocTymy iH(pOpMallisd TOAUISETbCA HAa BIAKPUTY Ta 3
oomexenuM noctynoM (4. 1 ct. 20). Indopmarniero 3 0OMexKEHUM TOCTYIIOM, Y CBOIO UYepry, €
KoH(ieHIiiiHa, TaeMHA Ta CIIy>k00Ba iHpopMallis. 3okpema, KOH(iAeHIIIHOW € iHpopMarllis
npo izuuHy 0co0y, a TakoXK iH(OopMaLlis, TOCTYII 0 AKOi 00MEKEHO (i3UIHOI0 200 IOPUITIHOIO
0c00010, KpiM Cy0’€KTiB BlIaJHUX NOBHOBakeHb. KoHpieH iiHa iH(opMallisi MOXKe MOLIMPIOBa-
THUCS 3a Oa’kaHHSAM (3ro1010) BIAMOBIIHOI 0COOM y BU3HAUEHOMY HEIO MOPSJIKY BIAMOBITHO 10
nepen0ayeHUX HEI0 YMOB, a TAKOXK B 1HIUX BUMAJIKaX, BU3HAYEHHX 3aKoHOM (cT. 21) [1].

IMocTanoBka npodsemu. 3axuct iHGpopmallii € HEOOX1JTHUM 7S HIATPUMKHU TaKUX i1 Blla-
CTMBOCTEH, AK LUIICHICTh (HEMOXIMBICTh MoAudikamii iHGpopMalii HeaBTOPU30BAHUM KOPHU-
CTyBaueM), KoH(1IeHIIIHICTH (1H(opMmallisd He Moxe OyTH OTpUMaHa HEaBTOPU30BAaHUM KOPH-
CTyBayeM) Ta JOCTYIHICTh (aBTOPU30BaHUN KOPHCTYBau MOYKE€ BUKOPUCTOBYBATH 1H(opMaIlito
BIJINOBIIHO JI0 MPaBWI, BCTAHOBJIEHUX TOJITUKOK OE3MEeKH HE OYIKYIOYH JOBIIE 3aJaHOTO
(MpUIHATHOTO) 1HTEPBAJIY Yacy).

3arpo3amu 6e3meni iHpopmallii €: 3HUIIEHHS, MoudiKallis, OJI0OKyBaHHS, HECAaHKI[IOHOBA-
HUI 10CTyN, BUTIK, PO3roJIOIIEeHHs. 30KpeMa, KpunrorpadiyHuid 3aXucT 6a3 JaHUX J103BOJISE
NOMEepeUTH AOCTYM A0 iHpopMaIlii, IKy BOHH MICTSTbh, 3a JOIIOMOIOI0 MareMaTHYHUX Iepe-
TBOpPEHS MOBifoMIIeHHs. M1eThes eperyciM po 3amoGiraHHs HeCaHKITIOHOBAHiI MoaubiKkaii
Ta HECAHKIIIOHOBAHOT'O PO3TOJIONICHHS 1H(OpMaIlii.

OueBuIHO, 1110 TOCTIHHO 3pPOCTAE CKIAAHICTh CAMUX JTAHUX Ta (PyHKIIH CTBOpIOBaHUX 0a3
JTAaHUX, BITIOBIHO 3MIHIOIOTHCS 1 METOJIM aTaK 3JIOBMHUCHUKIB, Y/IOCKOHATIOIOTHCS caMi TEXHO-
JoTii, a TpaAWIliiiHi METOIM HE 3aBXIM BIANOBIJAIOTH BUMOTaM 4Yacy. Y cydacHoMy iH(pop-
MaIlifHOMy CBITI 0a3W JaHUX IIOJEHHO 3a3HAIOTh CEPHO3HUX 3arpo3 IXHii Oe3Ielrl, Mo CTajo
MOXXJIMBUM 4€pe3 PO3BUTOK KOMII FOTEPHUX MEPEXkK, HAIBHOCTI TEXHIYHUX MPOPAXyHKIB Ta 3 1H-
X npuyuH. [HIMAeHTH Oe3neky 3aBatoTh 3HAYHUX 30UTKIB BIaCHUKaM 0a3 JJaHUX B YCHOMY
CBITI, TOMY JOCIHI/DKEHHS 1X O€3MeKH, 30KpeMa KpUNTOrpadiyHOro 3aXUCTy, € aKTyaIbHUMH.

AHaJii3 ocTaHHIX JocCailzKeHb Ta myoOJuaikanii. [lutanHaM KpunTorpapiqyHOro 3axXucTy
0a3 JaHuX MPUAULIN YMMAalo YBaru BITYM3HSHI Ta 3aKOpJaoHHI HaykoBui. Tak, €. b. Jlonin
MPOBIB I'PYHTOBHE JOCIIIKEHHSI YaCOBUX MOKAa3HUKIB MHM(ppyBaHHS/AemndpyBaHHs haliiaiB
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0a3 manmx MmeaumuHux iHGopmariitaux cuctem [10]. FO. B. bopcykoBcrkuii Ta B. FO. Bopcy-
KOBChKa JTOCHIIPKYBaJld KOHKPETHI MPHUKJIAAHI aClEKTH 3aXHCTy ayTEeHTU(IKAI[IHHUX TaHUX
KITieHTIB y 60azax [7]. O. BoitroBud Ta . MUKHTIOK OTIEICAJIA METO]T 3aXHUCTy 0a3 TaHUX IIISTXOM
OararomapoBoro kopuctyBainbkoro goctymy [11]. C. A. AHTOHEHKO TOCIIPKYBaB KpHUIITO-
rpa¢idHi OCHOBHU 3aCTOCYBaHHS €JIEKTPOHHOTO U(PPOBOTo mianucy B Ykpaini [14].

BugijieHHs1 HeTOCTiIKEHNX YaCTUH 3arajibHoi npodJemu. [IpoBenennii anasiz ocTaH-
HIX JOCIIKEHb 1 myOikaliii mokasas, o Il Ta iHII pOOOTH CTOCYIOThCS OKPEMHX aCTeKTiB
KpunrorpadivyHoro 3axucty iHgopmarii. Takox 6araro mociimkeHb YKpaiHCHKUX HAayKOBIIIB
30CepeHKEHI epeBaXkHO y cepi MPaBOBOTO PETYIIOBAHHS 3aXHCTy 0a3 AJaHUX B YKpaiHi. 3a-
KOPJIOHHI 3K TOCITIPKEHHS 371e01ThIIIOT0 MAlOTh MOPIBHSUIBHUI 200 03HAHOMITIOBATIbHUNA Xapak-
Tep II0JI0 3aCTOCOBYBAHMX Y CBITI KpUNTOrpadiyHUX airoputMiB. HatoMicTe B ymMoBax 3poc-
Tarouoi MUQpoBi3aii eKOHOMIKH 0a3M TaHUX 3a3HAIOTH Jieaji OUTBIINX PU3HKIB MOPYIICHHS
KOH(IICHITIHHOCTI, MUIICHOCTI Ta JOCTYIMHOCTI, 00 3aBXKIU € TOW, XTO Oa)kae peanizyBaTH
BTOPTHEHHS 3apajiil TOCSITHEHHS SIKOICh CBO€i MeTH. ToMy HE0OXiHOIO € po3poOKa CydyacHUX
croco6iB 60poThOH 13 3arpozamu Oe3nerri 6a3 JaHUX.

MeTo10 CTATTi € BHOKPEMJICHHS aKTyallbHUX TPo0IeM KpunTorpadigHoro 3axucty 0as3 aa-
HUX Ta OKPECICHHS JeSIKMX IIJISAXIB iX BUPIILIEHHS.

Buxiaan ocHoBHoro marepianxy. OCHOBHMMHU JDKEpelaMu 3arpo3 s 0a3 JaHuX €
HACTYIHI: Hee(heKTUBHUI 3aXUCT iH(opMaIlii, aHOMallbHI KOPUCTYBadi (HE3aKOHHA MMOBEIIHKA,
HECAHKI[IOHOBAHUH JOCTYI), HEHailiHA TEeXHIYHA CHUCTEMa 3aXMCTy Ta 30BHIIIHI arakd. 3a-
rpo3u 6a3am JJaHUX MOXKHA TaKOXK MOJIUIMTH Ha KUIbKa KaTeropiii: danpuryBaHHs (MMiaMiHa) 1a-
HUX, PO3KPHUTTS TaHUX, BiACTE)KyBaHHs (301p) manux [2].

OnHuM 3 HalOUIBII TPOOJIEMHHX MTPABOBUX MUTAaHb B YMOBaX PO3BUTKY LIU(POBOro cyc-
MiJIHCTBA Ta EKOHOMIKH € 3aXUCT MEPCOHANBHUX NaHuX. [obamizaris Ta mudposizamis mpu-
3BEJIM JI0 TOr0, 1110 J1aH1 KOPUCTyBa4a OJIHIET KpaiHU MOXKYTh BUKOPUCTOBYBAaTH TpETi 0coOH 3
1HIIOT KpaiHu (Y TOMY YHCIIi HE3aKOHHO). BITUM3HSHI JOCTI THUKK HATrOJIOMIYIOTh, IO U(poBa
iH(popMallisd, sika BMillleHa B 6a3ax JJaHUX, cTaja akTUBOM 3 BUCOKOIO JIOAAHOIO BAPTICTIO: 3710~
BMUCHE BUKOPHCTAHHS MEPCOHANBHUX JAaHUX Ta Ae3iHdopMaliiiHi KaMIaHli MalOThb BUCOKHN
MOTEeHIIIaM s AecTadinizalii cycniabcTna [3].

[Toctanosoro Kabinery MinictpiB Ykpainu Ne 1109 Big 9 sxoBtast 2020 poky [4] 3aTBep-
JDKEHO TIepeslik CEKTOpiB (MiJCEKTOPiB), OCHOBHUX MOCIYI KPUTHYHOI 1H(QPACTPyKTypu
VYkpainu, Ae cepes IHIIUX 3a3HaueHuM 1H(OPMALIHHUI CEKTOp 3 TUIIAMU OCHOBHUX MOCIHYT,
cepea AKUX: 1) HAJaHHS XMAapHUX MOCIYT, Y TOMY YMCIi 30epiraHas Ta 00poOKH JaHUX Y LEH-
Tpax 0OpoOKH JaHUX Ta/abo XMapHHUX CXOBUIIAX, 3A1MCHEHHS XMapHUX OOYUCIIEHD; 2) 3a0e3-
neyeHHs. (YHKLIOHYBaHHS CHCTEM €JEKTPOHHOIO YpsAyBaHHS; 3) HaJaHHsS eJIEeKTPOHHHX
JOBIpYMX TOCHyT; 4)3a0e3neyeHHs] (yHKLIOHYBaHHS CUCTEM €JEKTPOHHOI 1leHTHu(iKallii;
5) enexTpoHHI KOMYHIKallii.

Jlep>kaBHa ciy>k0a CHeliaabHOrO 3B’ 3Ky Ta 3aXUCTY 1HPOpMallli peKOMEHIy€, KpIM 1HIIOTO,
JUIS 3aXKMCTy 0a3 JaHUX: BIIKITIOYMTH BIATATICHUH TOCTYT J10 iH(pOpMaLiiiHuX cucteM abo neperis-
HYTH KOJIO CIIIBPOOITHHKIB, SIKUM HaJIaHO MPABO BIIAIEHOTO JOCTYITY A0 iIH(QOPMAIIHHUX CUCTEM,
BIPOBA/KYBAaTH MaKCUMaJibHI oOMexeHHs ((inbTparttis 3a [P, mpoTokonamu, 4acoMm JOCTYILY, KO-
pHUCTyBa4aMH TOIIIO; 3aCTOCOBYBATH TUILKM HAJIIWHO 3aXMINEHI METONW BITAJICHOTO JOCTYITy Ta
MPOTOKOJM ISl aJIMIHICTPYBaHHs 1H(POPMALIIIIHUX CUCTEM Ta PEecypciB, IO MAarOTh HAJICKHHNA
piBeHb MU(PYBaHHS; BUKOPUCTOBYBATH CTIMKI MapoJi, HaJAITyBaTH 0araropakTopHy aBTEHTH-
¢ixariro Ta 3a06e3neunTH HafiliHe 30epekeHHs aBTeHTU(IKAIIIMHUX TaHuX [5].

V Takuii cnoci0 yBara aep>kaBH OijbIlle KOHIIEHTPYETHCS Ha 3armo0iranHi (1o BKIIOYAE K
HEJIOMYIIEHHS Ta MPO(1IaKTUKY NOPYLIEHb KOH(1IEHIIIITHOCTI, TaK 1 IPUITUHEHHS JiH, 1110 BXKe
MaroTh MicIIe B KibepripocTopi) KibepiHiuaeHTaM Ta KibepaTakaM Ha 6a3u TaHUX, K1 BKJITIOUEHI
710 00’ €KTIB KpUTUYHOI 1H(PPaACTPYKTYpH KpaiHM Ta yCiX 1HIIMX, BiJ] AKUX HANpsIMy 3aJI€XKHUTh
(GYHKIIIOHYBaHHS BaKJIMBUX CEKTOPIB EKOHOMIKH.
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3okpema, [locranoBoro Kabinery MinictpiB Ykpainu Bix 23 rpyaas 2020 p. Ne 1295 3a-
TBepLKeHO [lopsiok (yHKILIOHYBaHHS CUCTEMM BHSIBICHHSI BPa3JIMBOCTEH 1 pearyBaHHS Ha
KiOepiHiuaeHTH Ta kibepataku [6] BU3Ha4ae 3acaau (yHKIIOHYBaHHS CHCTEMH BUSBICHHS
Bpa3JIMBOCTEH 1 pearyBaHHS Ha KIOEPIHIIMACHTH Ta KiOepaTraku, sKi 3M1HCHIOIOTHCS OO
00’€eKTiB KiOep3axucTy, BU3HAUYEH]1 YaCTHHOIO JIpyroro crarti 4 3akoHy Ykpainu «IIpo ocHoBHI
3acaau 3a0e3neueHHs kibepoesneku Ykpaiam» [7]. Brim, ais nporo [Topsaky He TOMUPIOETHCS
Ha 00’ €KTH KpUTHYHOT iHdopmariiiinoi iHnppacTpykTypu Mino6oponu Ta 36poiinux Cuit B yMo-
BaX Ha/I3BUYANHOTO i BOEHHOTO CTaHy.

O06’exTamu kibep3axucTy BIAMOBIAHO /10 3raIaHOTO 3aKOHY €:

1) xomyHikaIiiiHi cucremMu BCiX (popM BIACHOCTI, B SIKUX 0OpOOJISAIOTHCS HalllOHANIBHI 1H-
dbopmaltiitHi pecypcu Ta/abo siKki BAKOPUCTOBYIOTBCSI B IHTEpECax OpraHiB Jep>KaBHOI BIIAJIH,
OpraHiB MiCLIEBOTO CaMOBPSAYBaHHs, MPABOOXOPOHHUX OPTaHiB 1 BIHCHKOBUX (POpPMyBaHb,
YTBOPEHHUX BIAMOBIIHO J0 3aKOHY;

2) 00’ekTH KpUTUYHOI iH(POpMAIiitHOT iHPpaCTPyKTypH;

3) KOMyHIKaIiliHi CUCTEMH, K1 BUKOPHUCTOBYIOTbCS JUIsI 33I0BOJICHHS CYCIUIbHUX MOTPeO
Ta/abo peaizalii mpaBOBITHOCHH y c(epax eJIeKTPOHHOTO YPsIyBaHHS, CIICKTPOHHHX JICPKaB-
HUX HOCIYT, €JIEKTPOHHOI KOMEpIIii, EIEKTPOHHOIO JOKYMEHTOOOITY.

06.07.2010 p. Ykpaina parudikysana Korsermiro Pagu €Bpomnu mpo 3axuct oci0 y 3B’ 3Ky
3 aBTOMaTH30BaHOI0 O0OpPOOKOIO MepcoHaNbHUX MaHMX Ta JlomaTkoBuil mpoTokon 10 Hei [8].
[{um camum Ykpaina B3siia Ha ceOe 3000B’s13aHHS 3a0€3MEUUTH JOTPUMAHHSI IPaB 1 CBOOO
JFOIUHM, 30KpeMa, IPaBO HA HEAOTOPKAHHICTh MPUBATHOTO XKUTTH, ependadeHoro ct. 8 Kon-
BEHIIIi TIPO 3aXHCT MPaB JIOIUHU i OCHOBOIIOJIOKHUX CBOOOJT Ta rapaHToBaHOro cT. 32 KoHcTH-
Tyuii Ykpainu.

Takox B YkpaiHi mUTaHHS 3aXUCTY MEPCOHAIBHUX JAaHUX PETYIIOETHCS 3aKOHOM YKpaiHH
«IIpo 3aXuCT nepcoHaNbHUX TaHUX», IKUI HaOpaB unHHOCTI y 2011 p. Ta BCTAaHOBIIIOE BUYEPII-
HUH Tepeik mijcraB 00poOku mepcoHanbHuX qanux (ct. 11) [9].

Takox npuHIMIK 00pOOKHU NEPCOHATBHUX AAHUX (BIAKPHUTICTH 1 TPO30PICTh, BIATOBIAAIb-
HICTh, aJ€KBAaTHICTb, HE HAJMIPHICTh IX CKJIaJy Ta 3MICTy CTOCOBHO BH3HAYE€HOI METH
00poOKH), a TAKOXK MiACTAaBU JJI1 0OPOOKHM MEPCOHANBHUX JIaHUX (3roja cy0’eKTa rnepcoHalb-
HUX AaHux) cpopmyBasia Bennka [1anara Bepxosunoro Cyny. Cyami 3BepHyu yBary Ha Te, 10
3aKOHO/IaBCTBOM HE BpETyJbOBaHE NMUTAHHS LIOA0 HACHIAKIB BIMOBU 0COOU BiJ 00poOKH ii
NEPCOHANBHUX JITAaHUX, TOOTO (PaKTUYHO BIACYTHS Oyab-siKa ajJbTepHATHBA TAKOro BUOOpY, 1110
00yMOBJIIOE€ HU3bKY SIKICTh 3aKOHY Ta MOPYIIEHHS KOHCTUTYLIHHUX MPaB 0COOH.

3aciyroBye Ha yBary po3riisij OCHOBHHX TosioxkeHb JlupextuBu 2016/680 €Bponeiicbkoro
[TapnamenTty Ta Pagu €C Bin 27.04.2016 p. npo 3axuct Gpi3u4HUX 0ci0 CTOCOBHO 0OpOOKH Iep-
COHAJIHUX JAaHUX KOMIIETEHTHUMHU OpTaHaMu JJIs LilJIed 3amo0iranHs, po3ciilyBaHHs, BUSB-
JeHHs a00 nepeciilyBaHHs KpUMIHAIBHUX 3JI04MHIB 200 BUKOHAHHS KPUMIHAJIBHUX TTOKapaHb
Ta Mpo BUIbHE MEPEMIILIEHHS TaKuX JaHMX, a TaKoX 3aranbHoro Permamenty €C oo 3axucty
nepcoHanbaux AaHux (General Data Protection Regulation — GDPR) (Permamenty (€C)
2016/679 €sponeiicpkoro napnamenty ta Paau Big 27.04.2016 p. npo 3axuct pi3u4HUX 0Ci0
1010 00poOKH MepCOHATBHUX JaHUX Ta MPO BUTbHE MepeMilieHHs Takux nanHux) [10]. Lew
PernmameHnt OyB NMpUIHATHIL 3 METOI0 MpPUBEIEHHS 3aKoHOoAaBcTBa €Bponeiicbkoro Corwo3y y
chepi 3aXUCTy NMEPCOHANBHUX JAHUX Y BIAMOBIIHICT JO BUMOT «IHU(POBOI €MOXU» Ta HA BU-
koHaHHs Crparerii €auHoro L{udposoro Punky €spornu (Digital Single Market Strategy).

[{umu 1oKyMeHTaMH BHECEHI TaKi HOBAIlil B 3aKOHO/IaBCTBO KpaiH-wieHiB €C:

- «mpaBo OyTH 3a0yTHM)» - MIPABO BUMAraTy 3HUIIEHHS YCiX MEPCOHAIBHUX TaHUX MICIS
TOTO, SIK 3aKIHUYMBCS TEPMiH iX 0OpOOKH;

- MpaBo 0coOu 3HATH MPO 3J1aMU 0a3 NePCOHAIBHUX JTAHUX Ta X HACIIIKY;

- IPaBO Ha MEPEHECEHHs MEePCOHANBHUX JaHUX: (i3UYHI 0COOM MOXKYTbh IIEPEHOCUTH CBOT
NepCOoHANbHI JIaH1 IPU 3MiHI IPOBaNWIEPIB MOCIYT;
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- IPaBO MPUTATHEHHS 10 XOPCTKOi BiANOBIJAIBHOCTI 3a MOPYIIEHHS BUMOT JIO0 3aXHCTY
MEPCOHANbHUX JAHUX.

GDPR BcTaHOBIIO€ O1IBII CYBOPI MpaBUIIa A0 3rOU HA ONPALIOBAHHS IEPCOHATBHUX Ja-
HUX: 000B 30K TOBECTH ii HassBHICTb MPSIMO MOKJIAAETHCS HAa TOTO, XTO iX 30upae. Takox mo-
CWJICHO KpHTepii 10 MOoiHPOPMOBAHOCTI Cy0’ €KTIB MTePCOHATBHUX JAHUX, BCTAHOBJICHO, IO 1H-
dbopmarris mpo Te, SAK AaHl 30MPAIOTHCSA Ta BUKOPUCTOBYIOTHCS, MA€ HAJlaBaTUCh y CTUCHIH,
po30piid, 1ocTyIHIk Gopmi. OG0B’ SI30K TOBOAUTH (HAKT TOTPUMAHHS KIOYOBHX BUMOT 1100
OTIpAIIOBaHHS NEPCOHATBPHUX JAHUX MOKIAJAE€ThCS Ha Cy0’€KTa, IKUH iX 30upae (mpe3ymIis
BUHU Oprasizamii-nopyuHuka). Bapro 3ayBakuTu, 110 came BHPOBAKEHHS €BPONEHCHKUX
CTaH/JAPTIB 3 PETYIIOBAHHS 3aXUCTY MEPCOHAIBHUX JAHUX HAOMU3UTh YKpaiHy 0 TIOBHOI iH-
terpamii Ta 1o €xunoro [udposoro Punky €C [3].

Kpim mpaBoBux npo6ieM 3axucTy 0a3 1aHUX, Y BCbOMY CBITI iCHY€ TocTpa mpodiema ix
MIPOrPaMHOTO 3aXHUCTY.

Yong Wang, Jinsong Xi, Tong Cheng y 2021 porti omy06ikyBam 17100aJIbHE A0 CTKEHHS
3arpo3 0a3aM JaHWX, L0 ICHYIOTh Y Cy4yaCHOMY HH(POBOMY MPOCTOPi, a TaKOX IpO-
aHaJTizyBaiu 76 OomyOIiKOBaHMX MaTepiaiiB TOCIIIKEHb, 0 MICTATh PI3HOMAHITHI MPaKTHYHI
pilieHHs OinblI-MeHI e(peKTHBHOTO YCyHEeHHs IuX 3arpo3. Knacuikamis mux 3arpo3 Ta
piteHs Moke OyTH HaBeZeHa B TaOMMYHOMY BUIIIAI [2]:

Tabnuys — Knacughixayis 3aepos 6azam oanux ma ionogioHux im piutetsb

3arpo3u nepuoro . .
. 3arpo3u Apyroro piBHst YmkoaxeHHs Pimenns
piBHs
1 2 3 4
DanbIyBaHHA JaHUX Jani BukpuBieHi abo BusineHHs1 HecaHKIIIOHOBA-
HeJiicHI HOTO JOCTYILY, ayTeHTH-
¢ikauis xoprcTyBaya, nud-
. . PYBaHHS TaHUX
JlaH1 He 3axuIIeH1 —
eheKTHBHO Po3kpurts nanux HesakoHHe BUKOpUCTaHHA | AyTeHTH]IKallis KOPUCTY-
JTaHUX KOPHCTyBada Baya, ayJuT, Mo0ya0Ba MO-
JIeJli MAaIIMHHOTO HaBYaHHS
JaHi BincTexXyTHCS 200 [Mopymenns xoHpineHnid- | CTBOPEHHS CHeNiadbHOI CH-
30MparoThCs HOCTI, PO3KPHUTTS cTeMH NM(pyBaHHs JaHUX
He3akonuuii akt [opy1ieHHs: poabOBOro KO- BusiBiieHHs BTOprHEHbD,
JIeKCy TTOBEIIHKU CTBOPEHHS CIIEIiaTbHOI CH-
CTEMH aHaJi3y MOBEIiHKH
BukiroueHns ko- KOpHUCTYBadiB
pHucTyBaua HecanknionoBannii noctyn | Hezakonna o0poOka 1aHHX KonTpons goctymy
Crnabka o6i3HaHicTh Ipo | CTBOPIOIOTHCS MIMapuHu AJist | [IpoBeieHHS eMITipUIHAX
Oe3nexy 3JI0BMUCHUKIB JTOCTIIPKEHb Ta HABYAHHS
HepCOHAIY
IMomunika inentudikanii | BukoprcroByeTbest 1iis 3HU- | [IpoBelieHHS OLIIHKU PiBHS
IIEHHS 0a3u JaHuX 0e3MeKH, 3aCTOCOBYEThCS
Bpasznusicts cu- eMIIipUYHa OCHOBA
CTEMHU 3aXUCTy Hetouna inentudikamis | Bigxursarorses 3Bn4aiiHi ko- | AyTeHTH(IKaIlis KOPUCTY-
pucTyBadi, aje nmpuitma- Baua
I0ThCSl HEJIeTalIbHI
Cnam 3aiimae GaraTo Micus, BUH- Kontpons goctymy
HSIOTHCSI IAXPaNChKi il
HIkinmuBuii Tpadik Cepsep npariroe HeHOp- AynuT, BUSBICHHS BTOPI-
. MaJIBHO HEHb
30BHIIIHSA aTaka : - :
SQL-in’ekuis BripoBamkenns TposiHcb- | KoHTpouns nocrymy, aHani3
KOT'0 KOHsI, He3aKOHHE IIPH- | TIOBEJIHKH KOPHCTYBayiB,
BJIACHEHHS IIPaB MPOTHO3YBaHHS CUCTEMHHUX
PH3HKIB
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3akiH4eHHS Ta0JI.

1 2

3

4

HesakonHuii gocryn

3naMyBaHHs MEXaHI3My
ayteHTH(iKaMii CHCTEMH Ta
OTPUMAaHHS JaHHUX

AyTteHTudikanis KOPUCTY-
BadviB, CTBOPCHHS CIICIlialb-
HOT CHCTEMH BUSBIICHHS
BTOPTHEHb

Mkigmse 1O Heszakonnnii noctym 1o cex- | lludpyBanns naHmx, BUIB-
PETHHX JaHWX KOPUCTYyBadiB | JieHHs mKimmusoro 10, Bu-
SIBIICHHS BTOPT'HEHb
DDoS-araka Henmoctynnicts cuctemMunx | BusBneHHS BTOPTHEHB, KOH-
GyHKIIH TPOJb JOCTYIY
OOxin ta disuyna ataka | [TomkomxenHs obnaaHanHs | BusBieHHs BTOprHEHS, Iie-
Ta iHIIe PEIOHN IS 3aXUCTY Bij He-

CaHKHiOHOBaHOFO BTOPT-
HCHHA

Jlep>kaBH1 yCTaHOBM Ta MpUBATHI KOMIAHIl 3 KOKHUM POKOM BHUTPAYalOTh Jefali Oulblie
KOIITIB Ha 3axucT 0a3 qanuXx. Lle BinOyBaeThes 3 Takux mpuyunH. [lepia 3 Hux — 11e KiOep3I0urHY.
Tak, MOCTIMHO YIOCKOHAIFOKOTHCS IHCTPYMEHTH 3JI0BMUCHHKIB, YC€ O BUTOHYEHUMHU CTAIOTh
METO/IM COLIIaTIbHOT IHXKEHepii, 3’ ABIIOTHCS 0e3(haiiyIoBl clocOOM MPOHUKHEHHS. 30KpeMa, 3TiTHO
3 ONPUIIIONHEHUMH JOCHTIDKEHHAMHU y cBiTi jume y 2019 porui O6yno po3kputo moHan 9 mipi
OOJTIKOBUX 3aHCIB, IO MICTATh MepcoHabHy iHpopMmarito [11]. B Vkpaini 3rizHo 31 3BiTOM po-
00TH cucTeMM BUSIBIICHHS Bpa3MBoCTel JlepkaBHOro LEeHTpy Kibep3axucty Jlep>kaBHOI City:xOu
CHEIIAILHOTO 3B 513Ky Ta 3axucTty iHpopMmarrii y 2021 pori 3adikcoano 6utbire 300 000 Bumaakin
mouikarii [5]. s TeraeHtis 3akpinmmiack Takox 1y 2022 porti [12].

3 iHmoro OoKy, nedani OlIbIle 3aroCTPIOETHCA TaK 3BaHA MpoOiemMa BiAMOBIIHOCTI.
MixHapOIHE 3aKOHOAABCTBO MIO/I0 3aXUCTY MEPCOHATBHOI iH(POpPMAaIii CTABUTH OiJIbIIIE BUMOT
10 YKpaiHu, sKa TOTY€TbCs cTaTH MOBHONpaBHUM wieHoM €C. BianosimanbHIiCTh 3a 30epe-
YKEHHSI JaHUX MTOKJIa/1a€ThCsl Ha OpraHi3allii Ta yCTaHOBH, SIK1 3aiiMatoThes ixX 300pom. Lle Takox
HEOOX1/1HO 3 METOI0 30epeKeHHSI KOHKYPEHTOCIIPOMOKHOCTI Ha MIXXKHAPOAHOMY PUHKY.

OueBuaHO, MO A €PEKTHBHOTO 3aXHCTy 0a3 JaHWX MAaroTh 3aCTOCOBYBAaTHCH TaKi
(MiHIMaJIbHI) BUMOTH 3 iH(OpMaLIiHOT O€3MeKH.

1. [ToBuHen OyTu 3a0e3nedeHM 3aXUCT ayTEHTHU(IKALIAHUX TaHUX BiJ BUKOPHCTAHHS
CTOPOHHIMM 0CO0aMH 1 3MEHIIIeHa HMOBIPHICTb iX KOMIIPOMETAIlii.

2. Pecypc noBuHeH OyTH 3aXMILEHUM BiJ] CTOPOHHBOTO JJOCTYILY.

3. IloBuHeH OyTH 3py4YHMH 1 ONIEpaTUBHUIN JOCTYI JI0 ApPOJIiB.

4. Yci ayrenTudikauiiini nadi (jorinu, naponi, URL 1 T.4.) moBuHHI 30epiratucs B oqHiN
3axuILeHil 0a3l 1aHuX.

5. Jlorinu 1 mapoJi MOBUHHI 30epiratucs B 3alIMQpoBaHOMY BUIVISAL, Oa3a 1aHUX MTOBUHHA
MOBHICTIO MHU(pPYBaTUCH.

6. lns noctymy a0 0a3u JaHUX MOBUHEH BUKOPHUCTOBYBATHCS MaiicTep-naposib 1 JOAaTKOBI
3ac00M 3aXHUCTY.

7. baza nanux moBMHHA 30€piraTUCs Ha 3aXUIICHOMY HOCII.

8. BiiHOCHO HEBHCOKOIO Ma€ OyTH 3arajbHa BapTICTh PilIEHHS.

9. Ilpouiecu BUKOpUCTAHHS ayTeHTU(IKAIMHUX NaHUX MOBHUHHI OyTH, MO MOKJIMBOCTI,
MaKCHMaJIbHO aBTOMAaTHU30BaHi.

10. TloBuHHa OyTH 3abe3meueHa MOXIIMBICTH MEPEBIPKH ayTeHTHU(IKAIMHUX JaHUX Ha
BUTIK JI0 XaKepchkux 0a3 nanux [13].

Kpim 1ip0ro, 6askanum iist cy0’ €KTiB BUKOPUCTaHHA 0a3 gaHuX € QyHKIli: 1) amapatHoro
mudpyBaHHs; 2) BIIHOBICHHS MApoJIt0 0€3 pU3UKY JUIS JaHUX; 3) CTBOPEHHS 3amn(poBaHoOi 1
3aXUIIEHOI MapojeM pe3epBHOI Komii JaHMX Ha koMl toTepi, NAS abo xmapi; 4) mopraTuBHe
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pimeHHs 6e3neku Uit OOMiHY JaHUMH, SIKE JT03BOJISIE JIerko 3amudpyBaru daitnm, mob aiau-
THUCS HUMHM 3 KOJIETaMH 1 IMapTHEpPaMH; 5) MOXKIIMBICTh BCTAHOBUTHU Yac 1 JIaTy, IO CIUIMBaHHI
SKUX JaHl Ha TPUCTPOi OyayTh aBTOMAaTHYHO 3HMINEHI;, 6) MIBUAKICTh MEPEMIIICHHS JaHUX;
7) 3axucT Bix OpyTdopc-aTaky; 8) aHTUBIpYCHUH 3aXUCT; 9) 3MaTHICTH 10 OHOBJIEHHS [13].

OxkpeciieHi MpoOIeMu TaK UM 1HAKIIE BUPIIIYIOTHCS MIJITXOM 3aCTOCYBAaHHS Pi3HUX TEXHO-
JoTiii, OKpeMi 3 IKMX 3aciyrOBYIOTh Ha IIiIBUILEHY Ha yBary. IXHs e(heKTHBHICTH MPSAMO 3ase-
KUTb Bil KOH}Irypalii 6a3u JaHuX i cepBepa, Ha IKOMY BOHA (DYHKITIOHYE, BiJ TOTO, HACKUTBKA
NPaBUIBHO CIIPOEKTOBaHA 1 peanizoBaHa IT-iHppacTpyKTypa 1 TOMOIOTis MEpEXki B LIIIIOMY, BiJ
TOACHKOTO (haKTOPY 1 JOSTIBLHOCTI TIepcoHany. ATaku Ha BeOCcepBepH 1 Ha cepBepu 0a3 JaHUX
9acTO MEPECIIiAyOTh Ti K caMi I, 3aITyCKalOThCS TUMH CAMUMHU 0COOAMHM 1 MAarOTh CXOXKUI
xapakrtep. Tomy i 3axucT iHpoOpMarii B 6a3zax JaHUX OyAy€eTbCs HAa BUKOPHCTAHHI PillleHb, 110
MaroTh CXOXKI MPUHIMIK PoOoTH i apxiTektypy. Cepen O6e3niui 3aco0iB 3aXHUCTy 0a3 JaHUX
MO>KHa BHUIUJIMTA OCHOBHI ¥ JOJATKOBI.

J1o OCHOBHHX 3ac00iB 3aXUCTy iH(pOpMaIii B 0a3ax JaHUX BIAHOCSTH HACTYIIHI:

- IapOJIbHUI 3aXKCT;

- 3aXMCT IOJIIB 1 3aIIKCiB TaOIHIb 043K TaHUX;

- BCTAHOBJICHHS IIPaB JIOCTYITY 10 00’ €KTiB 0a3H JaHMX;

- muQpyBaHHS TaHUX 1 IpOrpam.

Jlo nogatkoBuX 3ac00iB 3aXxKUCTy 0a3u TaHUX MOXKHA BIJIHECTHU TakKi, fKi, 10 CyTi, HUMH HE
€, ane 0e3nocepeIHbO BIUIMBAIOTH Ha Oe3neKy naHux. Lle:

- BOymoBaHi 3aco0M KOHTPOJIIO 3HAYEHB JIAHUX BIAMOBITHO JI0 1X THITIB;

- MIBUIIICHHS JOCTOBIPHOCTI JaHUX, 1110 BBOJSATHCS,

- 3a0€e31e4YeHH s LIJIICHOCTI 3B’ A3KIB TaO/IMIIb;

- OpraHi3ais CIiIbHOTO BUKOPUCTAHHS 00’ €KTIB 0a3 JaHUX Y MEPExKi.

30kpema, aHaji3 IPUHHATHX Y CBITI MiXOAIB 1O PO3POOKH KOMILICKCHUX CUCTEM 3aXHCTY
0a3 JaHuX MOKa3ye, M0 OKPIM TEXHIUYHUX (armapaTHUX) NPUCTPOIB (PUIaIiB) Ta BIANOBITHUX
OpraHizaliiHUX 3aX0/1iB €()eKTUBHUM € BUKOPUCTAHHS ITPOrPAMHO-TEXHIYHHX 3aC001B 3aXUCTY
1H(dopMallii, y ToMy 4mciii 3ac001B KpunTorpag14yHoro 3axucty iHgopmaiiii abo, roBopsiau npo-
CTOI0 MOBOIO, IPOTPAMHOTO 3a0€3MeUeHHs, IpHU3HauUeHoro A mupyBaHHs qanux [14]. Ilpu
IIbOMY MO€ BUKOPHCTOBYBATUCH K IIM(PPYBAHHS TaHUX, K1 BXKe NOTIM (Ticiis mudpyBaHH)
30epiratoTbes B Qaiiii, Tak 1 mudpyBaHHs 0e3MocepeIHbO KaTaaoriB Ta (aiiis.

3arasioM mM@pyBaHHS — 1€ KOAYBaHHS JaHUX 13 BUKOPHCTAHHSM CIIELiaJIbHOTO aJro-
PUTMY, BHACIIIJIOK YOT'O JIaH1 CTalOTh HEJOCTYITHUMH JUIS YUTaHHS Oy/Ib-SKOI0 IPOTPamolo, 110
HE Mae Kioda aemudpyBaHas. SKIO B cUCTeMI pa3oM 3 0a3010 JaHUX MICTHUTHCS BaXKIUBa
KOoH(]1eHL1lHa 1HPOpMaLlisl, TO Ma€ CEHC 3aKOAYBaTH ii 3 METOIO MTONEPEIKEHHS MOXKIIUBOCTEH
HECaHKIIIOHOBAHOTO JIOCTYIY i3 30BHI (10 BigHomeHHo 1o CYB/). Tomy neski CYBJ] micTaTh
3aco0u mupyBaHHs, MPU3HAUCHI JIJIS TAKUX I1JI€H, a BIAMOBIIHI MAMpPOrpaMu 3a0€31MeuyoTh
CaHKIIIOHOBaHMUN TOCTYN /0 AaHMX (Ticid ix gexonyBaHHs). LllndpyBaHHs Takox MOXKe BUKO-
PHUCTOBYBATHUCS JUISl 3aXUCTy JAaHUX MPH iX Mepeaadi 1o JiHisAX 3B'sI3KY.

Ha nymky €. b. Jlonina, 3 siK010 BapTO MOTOANUTHUCH, 30epiraHHs B 6a3ax JaHUX 3amupo-
BaHOI YMCIJIOBO1, CHMBOJIBHOT (TEKCTOBOT) Ta 1HIIOT iH(opMallii 3HaYHO 00MEXyBaTUME MOXKITHU-
BOCTI ii aBTOMaTH30BaHOi 0OPOOKH Ta BUKOPUCTAHHS 3 TIOUTYKOBOIO MeTot0 SQL-3anuTiB, BHa-
CIIOK 4YOTr0o OUIBIN AOUUIBHUM Yy JESKUX BHIMAJKaxX MOXe OyTH BHUKOPUCTAHHS came
mdpyBaHHs ¢ainiB 6a3 gaHux. JlOCHIAHMK, PO3MISAAIOYM YacOBI IMOKAa3HUKH Q-
pyBaHHs/nem@pyBaHHs (aiiaiB 0a3 JaHUX MEIUYHUX 1HPOPMAILITHUX cUCTEM, TPOTIOHYE BU-
KOPHCTaHHS CUMETPUYHOr0 Kpuntorpadiunoro anropurmy Blowfish [15].

30Kpema, aBTOPOM MPOTIOHYETHCS TPH MOCIIOBHOCTI AiH, sIKI BIAPIZHSAIOTHCS YACOBUMU
3arparaMu. [Ins 3unTyBaHHs-3anucy (aiiaiB B yciX TPhOX MOCIIJOBHOCTSAX BHUKOPUCTOBYBa-
muck crangaptHi ¢yskii Delphi FileRead ta FileWrite, BuminenHs mam'sati 3MiHCHIOETHCS
¢ynkuiero  AllocMem, komitoBanHs - CopyMemory, 0e3nocepeanbo MH(pyBaHHS
3IIACHIOETHCS MiJl Yac BUKOHaHH (pobotn) npouenypu EncryptBlowFish L.

107



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

[Tig yac poOGOTH MEPIIOT MOCTIIOBHOCTI AiH 31HCHIOETHCS 3UUTYBaHHS 3 BUX1THOTO (ailry
(3 neckpuntopom FileHandle 1) 6mokiB mo 8 6ait mo o6macti mam'sti Buffer (mepeminna-mo-
kaxuuk tuiry PChar), micnst mmdpyBaHHsS naHi OJOKU 3aUCYIOTHCS 10 PE3yJIbTYIOUOTo (3a-
mudpoBaHoro) daitny (3 neckpuntopom FileHandle 2).

[Tpu npyriii mocmigoBHOCTI A0 obmacti mam'sti (Oydepy) BufferAll (moxaxumk THimy
PChar) 3untyetbes onpasy yBech Buximauii daitn (FileHandle 1), micis goro 3 Hporo ao 0Oy-
depy Buffer ¢pynkiiero CopyMemory KomitoroThbesl OJIOKH 10 8 OaiT, sKi micis mudpyBaHHS
KOITIIOIOTBCS /10 pe3yisrytouoro Oydepy Buffer All Result (Takox mokaxunk tumry PChar), a 3
HBOTO BXKE 3aUCYIOThCS 10 pesyabTytodoro daitny (FileHandle 2).

TpeTst mOCHiAOBHICTD € HaWOLIbII MpocTOr0 cepen ycix — 1o Oydepy Buffer AIl 3um-
TyeThCs oapaldy yBech Buximuuit dain (FileHandle 1), micns mmdpyBanHsa nanux Oesmoce-
penHbO B KOMipKax maMm'sati uboro Oydepy 3ammdpoBana iHpopmarlis 3arucy€eThes 10 pe3yiib-
Tytodoro ¢auny [16].

O. BoiitoBny Ta I. MUKUTIOK, HOCITIUKYIOUM METOIM 3aXHCTy 0a3 JaHUX, MPOMOHYIOTH
BUJIUTMTHU J1BA IUISXH BIAMOBIIHO 10 PIBHIB Ta 3aCTOCYBaHHS KpunTorpadiyHuxX QyHKIINA: BU-
KOpHCTaHHS KpunrorpadiyHux GYHKIIN U 3aXUCTy KOPUCTYBAIbKOi ayTeHTU(IKAIiIHOI iH-
dopmariii; BukopucTands kpunrorpadpidyaux (yHKIIH 115 0e3mocepeIHboro 3axucty iHdop-
Marrii B 0a3ax JaHUX.

AJNTOpUTM renryBaHHS KOPUCTYBalbKoi iH(popmalii nependavae 30epekeHHs Oyab-sIKUX
ayTeHTH(IKAIIHHUX JAHUX Y 3ar€IOBAHOMY BUTJISII, IO 3aXHINAE iX BT 371aMy TaKUM YHHOM,
10 3T0BMHCHHUK, OTPUMABIIIH JI0 HUX JOCTYII, HE MOXKE 1X BUKOPHCTATH Y CBOIX LIISX MPH MO-
naneiiomy 3mami CYB/l. Koxen kopuctyBad Ha erarti ayTeHTH]iKalii Ha OMHOMY 3 PiBHIB BBO-
JUTH ayTeHTU(DIKalliiHI JaHi, Mics Y0ro BOHU TeUIyIOThCS, 1, B 3ar€lIOBAHOMY BUIVISIZI MOPIB-
HIOIOTBCS 3 TAHMMH, SIKi BIATIOBIAAaI0TH IIbOMY KOPHCTYBaueBi Ha JaHOMY piBHI 3axucty [17].

Jlns 3abe3neuenHs HuTicHOCTI iHGopMallii, sika 30epiraeTscs y 6a3i 1aHUX, 3aCTOCOBYETHCS
texHooris blockchain, sixka € aHamorom JaHIiora, adi B IKOMY HaKOIMHYYIOTHCS 1 HOPMYIOTH
MOCTIHO 3pocTarouy 0a3y nanux [18]. OnmHi€ero 3 TOTOBHUX OCOOTUBOCTEH JaHOT TEXHOJOTIT €
Te, IO JaHi, $Ki 30epiraloTbCsi B JIAHIIOTY HEMOXJIMBO BHAAIWTA YH 3AIMCHHUTH
3aMiHy/3amilieHHs 0noka. HoBi O10kH 3aBXIU JOAAIOTHCS BUKIIOYHO B KiHEIlb JIAHITIOTA 1 KO-
JKE€H HACTYIHHU OJIOK 3aJIeXKHUTh B1J] ornepeaHsoro [17].

Hocninnuku Iqra Basharat Ta Farooque Azam Big3Haumnu Bxe Tpu piBHI mmdpyBaHHs 6a3
JMaHuX: mudpyBaHHs Ha piBHI 30epiranHs, mMUpyBaHHS Ha piBHI 0a3U JaHUX 1 IUPpPyBaHHS
Ha piBHI nporpamu. Tak, mudpyBaHHs Ha PiBHI CXOBUINA IU(PYE AaH1 B MiICUCTEMI CXOBHILA.
Bono npo3ope, 1110 103BOJIsSIE YHUKHYTH PU3UKY Oyab-sIKUX 3MiH B icHYyrouiil mporpami. [Ipu
mudpyBaHHI Ha PiBHI CXOBHILA Ma€e OyTH rapaHTOBAHO, 1110 YKO/IHA KOTIis He 3aJIMIIUTHCS He3a-
mdposano. Came TOMy, Ha AYMKY JIOCIHIJIHUKIB, € PU3UKOBAaHUM BHUOIPKOBO MIM(pPyBaTH
JlaHl, HapUKIaja, y TMMYacoBUX (aiinax, kypHanax Ttomo. Komm nani 36epiraiorbcsi abo
BIJTHOBJIIOIOTHCS 3 0a3M JTaHUX, TO BUKOHYEThCS MK(pyBaHHA piBHA. TyT mudpyBaHHS MOXKHA
BHUKOHYBAaTH 3 BUOIPKOBOIO JIeTaNi3alli€l0, 3 OMNIAy Ha PSAOK, CTOBIEb a00 Tabnuilto. Sk ans
piBHs 30epiranHs, Tak 1 A piBHA 0a3u JaHUX, B cTpaTerii mudpyBaHHs, K04l IHPPyBaHHS
NOBHMHHI OyTH JOCTYIHI CTOpPOHI cepBepa Uil pO3MIM(PPOBKU naHUX. TpeTiit piBeHb mud-
pYBaHHs, TOOTO Ha piBHI IPOrpaMu, BUKOHYETHCS B MeXaX JOAATKY.

Kpim 1poro, anroputM mudpyBaHHs, po3Mip KIIFOYa Ta 3aXUCT KIIOYIB — 1€ TapaMeTpH,
110 3a0e3MmeuyroTh Oe3nexy. UM Kpamiiii anroput™ mudpyBaHHs BUKOPUCTOBYETHCS, TUM Kpa-
UM OyJie 3aXHCT.

ABTOpamu 3po06JeHO BUCHOBOK, 1110 MU pyBaHHs 3a0e3neuye KOH(D1IeHIIHHICTD, aje He
Jla€ TapaHTil HUTICHOCTI, SKIO0 HE BUKOPUCTOBYETHCS SKUHCH HUPPOBHIA mianuc adbo QyHKIis
renryBaHHs. BTiM BiJIoMO, 1110 BUKOPUCTAHHS HATIMHUX aITOPUTMIB ITUGPYBAHHS 3HIKYE MPO-
JTYKTUBHICTH poOOTH 3 0a3oro nanux [19].
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3arasoM, Ha JAaHUN Yac y CBITI PO3pOOJIEHO Ta BHUKOPUCTOBYEThCA OaraTo KpHUIITO-
rpadiuaux anroputmib, cepen skux: IDEA, Twofish, AES, DES, Triple DES, RC6, SEED,
Camellia, CAST-128, XTEA, "T'OCT 28147-89" Ta in. Lli Ta iHIII1 alITOPUTMH BUKOPUCTOBYIOTh
Pi3HI METOH, SIKI MAIOTh CITUIbHI KOPEHI.

Tak, cumerpuune muppyBanHsa (a00 3aKpUTHIl KIII0Y), METOA MU(PPYBaHHSA, IPU STKOMY
OJIMH 1 TOM caMH KJIFOY BUKOPUCTOBYETbCA K Ul MM(PYBaHH:, TaK 1 A AemndpyBaHHs
JaHuX. BiinpaBHUK BUKOPUCTOBYE KJIIOY 1 QITOPUTM JJIs IM(PYBaHHS, a O/Iep’KyBad BUKOPH-
CTOBye obuBa Juisa po3mmdpyBanHs. | BiqnpaBHUK, 1 oJepKyBay MOBHHHI MaTh KIIIOY, STKUH
IOBMHEH 3aJIMIIATHCS IPUBATHUM.

Acumerpuune mugpyBanaa (abo kpunrorpadis 3 Bigkputum kirouem (PKC)) — meron
mudpyBaHHs, y SKOMY BUKOPHCTOBYIOThCS JBA PI3HI KJIIOU1: OAMH AJs IK(pyBaHHs, a Apyrui
JUIS PO3IIU(POBKY AaHUX (BIAKPUTUH Ta 3aKPUTHH KIt04). 3aKPUTHIA KITIOU TOBUHEH 30epira-
THUCS B CEKpeTi. BiqkpuTuil Kiito4 He CTAaHOBUTh PU3HKY, AKILIO BIiH CTA€ BIAOMUM.

Knrou — mapamerp, mo Bu3Hayae QyHKIIOHATBHUN BUX1 KpUOTOTPaiqHOTO aJrOPUTMY.
be3 xitoua anroput™ He MaB OM pe3ynbTary. Y U(pyBaHHI KU BU3HAYa€ KOHKPETHE nepe-
TBOPEHHSI BIIKPUTOTO TEKCTY B 3alIH(PpOBaHUi, a00 HABMAKH — i1 4ac Aenmr(pyBaHHs.

HIudp - anroput™, 10 BUKOPUCTOBYETHCS 11 INUGPYBaHHA Ta e (pyBaHHS TEKCTY, a
TaKOX TIPEICTABICHHS OJMHMIG BiJIKPUTOTO TEKCTY, BKIIOYAIOYM: OJIOYHMHA 1 MOTOKOBHH
umdpu. Block Cipher — meton, sxuit mudpye onun 0ok nanux 3a pas. [lotokoBuit mmdp —
METOI, AKUi mudpye oauH 61T, 6aliT a0 KOMIT FOTEpPHE CIIOBO 32 Pa3.

HIudpyBaHHA — Lie IEPETBOPEHHSI BIAKPUTOIO TEKCTY B 3alIM(PPOBaHUH 3a JOIIOMOIOIO Ia-
pamerpa, SIKUi 1 Ha3UBAETHCA «KIFOUEM», 1 00poOKa UX eJIEeMEHTIB 3a (PIKCOBAaHUM alNTOPHUT-
MOM JUIsl CTBOPEHHS 3aIIM(POBAHOIO TEKCTY, IKUHM IPUXOBYE I10YaTKOBE 3HAYCHHS JaHuX. Po3-
mmdpoBKa MEpeTBOPIOE  3amM(POBAHUA TEKCT Y BIAKPUTHH TEKCT 3a JIOTIOMOTOIO
KpUITOTrpadigHOi CHCTEMHU.

TpuBanuii yac B kpunrorpadii BUKOPHUCTOBYBAJIWCS JIUIIEC ANTOPUTMHU CHUMETPUYHOTO
mudpyBaHHs, B AKUX BIANPaBHUK MOBUHEH OyB MepeaaTH oTpUMyBady pa3oM i3 3ammudpona-
HUM TTOBIJIOMJICHHSIM 1 CB1fl CEKpETHUHN KITI0Y, IKUM OyJ10 3amudpoBaHe 11€ MOBITOMIICHHS, 110
CTBOPIOBAJIO HEOOX1HICTh HAsBHOCTI 3aKPUTOr0 KaHATy JJIs Mepefadi CeKpeTHOro Kiroda Ta
30UIBIIYBAJIO PU3UKU PO3KPUTTS 1H(POpMaILii.

AcHMeTpHUYH1 aJITOPUTMU 1K (PYyBaHHA (Ha BIAMIHY BiJl CHMETPUYHHUX) BUKOPUCTOBYIOTh
napy CHOpPITHEHUX KIIOYIB — BIAKpUTUH Ta cekpeTHUdd. [Ipum npoMy, He3BakarouM Ha
NIOB’S3aHICTh KJIIOYIB y Mapi, OOYMCIEHHsS CEKPETHOro KJIua Ha OCHOBI BIKPUTOIO BBa-
KAETHCS TEXHIYHO HEMOXIIMBUM. B acUMETpHYHUX KPUIITOCHCTEMAX BIAKPUTHIA KIIFOU MOXKE
BIJIHO PO3MOBCIOKYBATHCh, Y TOW 4ac K 3aKpUTHI (IPUBATHUIA) KJIIOY Mae 30epiraTtuch y
taemuuti [20].

3arajioM, aJIropuTMOM HIM(PYBaHHS HA3UBA€ThCS (HOpMyIia, sika BUKOPHUCTOBYETHCS IS
nepeTBopeHHs iHpopmalii B HeunTabenpHuil (opmar. Cuna anroputmy moB's3aHa 3 HOro
3JaTHICTIO MaKCHMI3yBaTH €HTPOIII0 3aMiCTh HOro cexperHocTi. Ilpuknanamu neskux aiaro-
putMmiB €: DES, 3DES, AES, Blowfish i RSA [21].

Tak, DES (Crannapt nmdpyBaHHs 1aHUX) nepeadadae po3mip Kiroya 64 61T 3 po3mipoM
6noky 64 6it. 3DES a6o Triple DES (ITotpiiinuit crangapt mudpyBaHHs JaHUX) € TOKPAIIECH-
HsaM DES; e 64-6iToBuii po3mip 6510ky 3 po3mipom kimoda 192 6ira. RC2 — ne Gnounmii mmdp
13 64-0iTHUM OJOYHMM aJrOPUTMOM 31 3MIHHHUM po3MipoM kioya Bifg 8 go 128 6it. AES
(Advanced Encryption Security) — e Onounuii mmmdp. Bin Mae 3MiHHY TOBXUHY Kitouda 128,
192 abo 256 0Oit; 3a 3aMoBUyBaHHAM 256. Bin mmdpye 610ku ganux no 128 6iry 10, 121 14
payHJax 3aJIe)XHO BiJ po3Mipy kitoda. RC6 - Takox Onmounuii mmdp. Mae posmip Onoky 128
01T 1 miaTpUMye€ po3Mipu KirouiB 128, 192 1256 6it. Blowfish — e 64-po3psianuii 610k 65104-
Horo mmdpy. Blowfish npuiitmae kitod 3MiHHOT TOBXUHM, ToYMHA0uX 3 32 OiT 10 448 OiT; 32
3amoBuyBaHHsM 128 6iT. Blowfish He 3anarenToBanmii 1 focTynmHUN O6€3KOMITOBHO TS Oy/ib-
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sikoro Bukopucranus. Blowfish mae BapianTu Bin 14 TypiB a6o menme. Twofish — e 128-po3-
psaaHUN 00K O6s10uHOTO MHUGPY 3 KiroueM 3MiHHO1 ToBxkuHH (128, 192 abo 256 6iT). Twofish
noB's;3aHUi 3 OLTbII paHHIM OnouHuM mmdpom Blowfish i € HezanareHTOBaHMM OE3KOIITOB-
HUM MIpOTrpaMHUM 3a0e3nedeHHsM [21].

Ha nonarok, y rpyaroBHiit MoHorpadii Christopher Diaz onncano Ta mpoaeMOHCTPOBaHO
pilIeHHS 1711 YCYHEHHS PU3UKIB IUTICHOCTI 0a3 naHux, BKirodaroun OnokyBanHs CYB/], 6io-
KyBaHHs TaOnMLb 1 OJI0KyBaHHs psAAKiB. Takok JeTaabHO PO3NUCAaHO OJOKYyBaHHS YMTAHHSA Ta
OJIOKYBaHHS 3aI1HCY, @ TAKOXK OMUCAHO Ta MPOIEMOHCTPOBAHO KOHIICTIIIi1 OJIOKYBaHHS OHOBIICHB
Ta OJIOKYBaHHS CIUJILHOIO BUKOPUCTAHHS; PO3’ICHEHO KOHIIETILII0 TYITUKOBOIO OJIOKYBaHHS, 11
PU3UKY JUTS JOCTYITHOCTI Ta PIlIEHHS 100 3ano0iranus [22].

Sxmo 6a3za gaHuX € 3amn@poBaHO0, TO BOHA TAKOXK HE 3aCTpaxoBaHa BiJ pU3HKIB. 30-
Kpema, 11e MoXyTh OyTu: 1) 3moBxuBaHHS 3 OOKy aamiHicTparopa abo iHIIA iHCaiaepchka
aTaka; 2) sSIKII0 KKl 30epiratoTbcsi Ha OAHOMY cepBepi 13 3ammppOBaHUMH JTaHHUMH, BOHH,
HMOBIpHO, OymyTh PO3KPUTI OAHOYACHO, SKIIO 0a3a NaHMX Oyle CKOMIIPOMETOBaHa; 3)y
BUIAJIKy 3aCTOCYBAaHHS HEHAIIIHOTO anroputMmy mudpyBaHHs, Moxke OyTH miAiOpaHO KITOY;
4) BUKOPHCTaHHS OJHOTO KJTH0Ua JIsl IU(PYBaHHS BEIUKOI KUIBKOCTI JaHUX € HeOe3MeUHUM 3
oMLy Ha MaclITaOu BTPAT y BUMAKY HOro OTpUMaHHs 3JI0BMUCHUKAaMU; 5) KOPUCTYBadi 1HO/I
CXWJIBbHI 3a0yBaTu CBOI MapoJIi, a HaliiiHe 30epiraHHs KIIOUiB — BEJIHKa Mpoodiema.

Omxe, mudpyBaHHs He BUpilIye Bcix mpobieM Oe3neku. 3okpema: 1) mudpyBaHHS He
MO>KHA BUKOPHCTOBYBATH JJIsl BUPIICHHS IPOOJIEM KOHTPOITIO IOCTYITY; 2) KIrodi mudpyBaHHs
HEOOXI1JJHO PETYJIIPHO 3MIHIOBATH K YaCTUHY HaJIe)KHOI IPAaKTUKU Oe3MeKy, y el yac 6a3a mae
OyTH HEZJOCTYITHOIO; 3) HEOOX1THO aBTOHOMHO 30epiraTH Koo 0a3u JaHuX y BiTAICHOMY MiCIli
MIEBHUM IPOMIXKOK Yacy; 4) polib aaMiHicTpaTopa Moxke OyTH PO3/ILICHOO Ha IBOX 1 O1IbIle 0ci0
3 THM, 1100 KOKEH 3 HUX HE MaB TIOBHOTO JIOCTYILY JI0 Bei€l 6a3u maHux, abo 1s poib MOxke OyTH
00MEKEHOI0 JIMIIE aMIHICTpYBaHHAM 0a3u 0e3 AoCTymy A0 camoi iHpopMarrii.

BucHoBKH. 3axucT 0a3u TaHUX CTa€e BCe OLIBIN CKIAHAM 3aBJaHHIM IS OpraHizailii, 60
KOH(]1IEHIIIHHI 1aH1 YaCTO CTal0Th METOIO 3JI0BMUCHUKIB. JlepKaBH1 yCTaHOBH, 30KpeMa Ti, 1110
BIJTHECEHI J10 00’ €KTIB KpPUTUYHOI IHPPACTPYKTYpH, TAK CaMO K 1 IPUBATHI KOMIAHI11 3 KOXKHUM
POKOM BUTPa4aroTh yce OiIbIle KOWITIB Ha iX 3aXxucT. OnHi€0 3 000B’A3KOBUX BUMOT 110 0e3-
neku Oazu naHux € 1 KpunTorpadiuyHe NMEpeTBOPEHHs, sIKe 31MCHIOETHCS SK MiJ yac Ie-
peMmilieHHs iHdopMarlii Mo Mepexax Tak i miJ yac 30epiraHHs B CXOBHUIII B cucTeMax 0a3 Ja-
Hux. lle Moxe 3amoOirT arakam sIK 30BHINIHIX TaK 1 BHYTPIIIHIX 3JIO0BMUCHUKIB. | Xoua
mudpyBaHHs 0a3u JaHUX HE MOXKE IMOJ0JAaTH BCi 3arpo3u Oesmeli, 3acTOCyBaHHS J100pe
HAJIAIITOBAHOI ITPOTPaMH, 5K BUKOPUCTOBYE HAIIMHNUN aJlTOPUTM, 371aTHE CYTTEBO TTiIBUIIIATH
LTICHICTh, KOH(DICHIIHHICT Ta JOCTYIHICTb iH(popMaLlii 6a3u JaHUX.

[Tonanpiie ynockoHajJeHHS Ta pO3BUTOK HAllIOHAJIBHOI CUCTEMU KPUIITOrpadiuHOro 3aXu-
cTy 0a3 JaHUX MOTpeOyBaTUME y3TO/PKEHOTO BHUPIIIEHHS NMUTaHb Ha 3aKOHOJABUOMY (HOpMa-
TUBHO-TIPAaBOBOMY ), 3arajlbHOCHCTEMHOMY, MPOLEAYPHO-(QYHKIIIOHAIBHOMY, (PYHKII1OHAIbHO-
TEXHIYHOMY Ta IPOrpaMHO-TEXHIYHOMY PiBHSIX.

Crnncox BUKOPHCTAHUX JIZKepeJt

1. Ilpo indopmarito [Enexrponnuii pecypce] : 3akon Ykpainu Big 2 >xoBTHS 1992 poky Ne 2657-
XII. — Pesxum pgoctymy: https://zakon.rada.gov.ua/laws/show/2657-12#Text.

2. Yong Wang. Guangxi Key Laboratory of Cryptography and Information Security / Yong Wang,
Jinsong Xi, Tong Cheng // Journal of Information Security. — January 2021. — Vol. 12, No. 1. — DOI:
10.4236/5is.2021.121002.

3. Koryrt 1O. I. Kibep6e3neka Ta pusznku nudpoBoi Tpanchopmariii KOMIIaHii : MpaKTUIHUHN Mocio-
auk / 1O. I. Koryt. — K. : Koncanrunrosa kommanist « CIIKOH», 2021. — 372 c.

4. leski nutaHHs 00 €KTiB KpUTU4HOI iH(pacTpykTypu [Enexrponnuii pecypc] : IlocraHoa
Ka6inery MinictpiB Ykpainu Big 09.10.2020 p. Ne 1109. — Pexxum noctyny: https://zakon.rada.gov.ua/
laws/show/1109-2020-%D0%BF#Text.

110



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

5.2021. 3BiT poOOTH CHCTEMH BHUSBIICHHS BPa3IMBOCTEH 1 pearyBaHHs Ha KiOEpIHIIMICHTH Ta Ki0e-
paraku: OnepaTHBHUH LIEHTP pearyBaHHs Ha KiOEpiHIMACHTH IEpKaBHOTO LEHTPY Kibep3axucty [ep-
JKaBHOI CIYy>)KOM CHeIlialbHOTO 3B’S3Ky Ta 3axucTy iH(opwmamii [Enexrpommmii pecypc]. — K.,
TLP:WHITE. — 8 ¢. — Pexxum noctymy: https://cert.gov.ua/files/pdf/SOC_Annual Report 2022.pdf.

6. Jlesixi utaHHs 3a0e3nedeHHs (DyHKI[IOHYBaHHS CHUCTEMH BWSBJICHHS BPa3IMBOCTEH 1 peary-
BaHHS Ha KibepiHmmaeHTtn Ta Kibeparaku [Emexrponnuii pecypc]: IlocranoBa Kabinery MiHicTpiB
Vkpainu Big 23 rpyaust 2020 p. Ne 1295 ta Iopsinok QpyHKIiOHYBaHHSI CHCTEMH BUSIBICHHS BPa3JIHBO-
cTell 1 pearyBaHHs Ha KiOepiHIMAeHTH Ta Kibeparaku. — Pexxum moctymy: https://zakon.rada.gov.ua/
laws/show/1295-2020-%D0%BF#Text.

7. IIpo ocHOBHI 3acaau 3abe3medeHHs KibepOesmekn Yikpainm [Emexrponnuii pecypc] : 3akoH
VYkpainu Big 05.10.2017 p. Ne 2163-VIII. — Pesxxum nocrtymy: https://zakon.rada.gov.ua/laws/show/2163-
19#n56.

8. Ilpo parudikamiro Konsenii mpo 3axucT oci0 y 3B’ 3Ky 3 aBTOMaTH30BaHOIO 00POOKOIO Iepco-
HaJIBHUX AaHuX Ta JJogaTkoBoro mpoTtokony 10 KonBeHMii mpo 3aXucT ocib y 3B’ 3Ky 3 aBTOMAaTH30Ba-
HOI0 00pOOKOIO MEPCOHANBHUX JaHUX CTOCOBHO OpPraHiB HAIISAAY Ta TPAaHCKOPAOHHUX ITOTOKIB JaHHX
[Enexrponnnii pecypc] : 3akoH VYkpainm Big 06.07.2010 p. Ne 2438-VI. — Pexum pgocrymy:
https://zakon.rada.gov.ua/laws/show/2438-17#Text.

9. IIpo 3axucT mepcoHaNbHUX AaHUX [EmexrponHUil pecypce]: 3akon Ykpainu Bin 1 uepBas 2010
poky Ne 2297-VI. — Pexxum nocrtymy: https://zakon.rada.gov.ua/laws/show/2297-17#Text.

10. Pernmament €Bporneiicekoro [lapnamenty i Pagu (€C) 2016/679 Bix 27 kBitHs 2016 poky npo
3aXUCT (i3NIHUX 0Ci0 y 3B’S3Ky 3 OMpAIfOBAaHHIM IIEPCOHATBHHX JaHUX 1 PO BUTFHUH PyX TaKuX Ja-
HUX, Ta Tpo ckacyBaHHs JJupektuBu 95/46/€C (3aranbHuii periiaMeHT Mpo 3aXUCT naHux) [ EnekTpon-
Hull pecypc]. — Pexxum moctymy: https://zakon.rada.gov.ua/laws/show/984 008-16#Text.

11. Intelligent IT Distribution: odimiiinuii caiit [EnextponHuii pecypc]. — Pexum moctymy:
https://iitd.com.ua/shifruvannja-ta-zahist-baz-danih.

12. 2022 (Q1). 3BiT poboTH cricTeMr BHABICHHS BPa3lIMBOCTEH 1 pearyBaHHs Ha KiOEpiHIUACHTH
Ta kibeparaku: OnepaTuBHHN IEHTpP pearyBaHHs Ha KiOepiHIMAESHTH Jep>KaBHOTO IICHTPY Kibep3axucty
[Enexrponnnti pecypc]. — K.: TLP:WHITE, 2021. — 9 c. — Pexxum noctymy: https://scpc.gov.ua/api/docs/
4eebbal(0-b7aa-4396-8b04-e0e4b7fcalb7/4eebbal 0-b7aa-4396-8b04-e0edb7fcalb7.pdf.

13. bopcyxoerkwmii FO. B. Ilpukinanni acriektn 3axucty ayteHTudikaniiaux nanux / FO. B. Bopey-
koBcbkHH, B. FO. bopcykoBcbka // KibepOesneka: ocBita, Hayka, TexHika. —2019. — Ne 3(3). — C. 42-52. —
DOI 10.28925/2663-4023.2019.3.4252.

14. AnTonenko C. A. Kpunrorpadiuti 0CHOBU 3aCTOCYBaHHS €JIEKTPOHHOTO LHU(POBOTO MiIHCy
B Ykpaini [Enexrponnuii pecypc] / C. A. Anronenxo // IIpaBosa indopmaruka. — 2013. — Ne 4(40). —
C. 19-28. — Pexxum noctymny: http://ippi.org.ua/sites/default/files/ 13asatpu.pdf.

15. Blowfish [Onekrponnslii pecypc] / cozn. 33.102.141.21 ; Wikimedia Foundation, Inc. — Dnek-
TPOH, aaH. — [0. M.], co3a. 5 nexadps 2006. — Pexxum poctyna: http://ru.wikipedia.org/wiki/Blowfish. —
3an. ¢ 9KpaHa.

16. Jlonin €. b. AHani3 yacoBUX MOKa3HUKIB MU(pyBaHHS/ nemudpyBanHs (aiuiis 6a3 JaHuX
MeanuHux iHpopmartiiaux cuctem / €. b. Jlonin / Menuuna indopMaruka ta imkeHepis. — 2013, —
Ne 4. - C. 28-35.

17. BoitroBuu O. Meton 3axucTy 0a3 JaHUX IUISIXOM 0araromapoBOro KOpUCTYBAIBKOTO TOCTYITY
/ O. BoiitoBuy, 1. Mukutiok // Marepianu MibXHapoqHOT HayKoBO-IpakTH4HOi koH(pepeHuii «IHdop-
MaIliiiHi TexHoorii Ta koMt 1otepHe MozenmtoBanHm [TKM — 2018. 14-19 tpaBusa 2018 p. — IBano-
Opankisebk — SApemue, 2018. — C. 182-186.

18. lllep6anp E. UTto Takoe OmoKYeiiH, 1 Kak OH paboTaet [DneKTpoHHBINA pecypc]. — Pexum mo-
cryna: https://revolverlab.com/how-its-worksblockchain-6d0355c43bfc.

19. Igra Basharat. Database Security and Encryption: A Survey Study / Iqra Basharat, Farooque
Azam, Abdul Wahab Muzaffar // International Journal of Computer Applications (0975 — 888). — June
2012.—Vol. 47, No. 12. — Pp. 28-34.

20. Anronenxo C. A. KpunrorpadiuHi 0CHOBH 3aCTOCYBaHHS €JI€KTPOHHOTO HHU(POBOTO MiIIUCY
B Ykpaini / C. A. Auronenko // [IpaBoBa inpopmaruka. —2013. — Ne 4(40). — C. 19-28.

21. Nigm El Sayed. Cryptography and Database Security: Concepts, Compliance Risks and Technical
Challenges [Electronic resource] / Nigm El Sayed, El-Rabaie El-Sayed, Faragallah Osama, Mousa, Ayman
// ResearchGate. —2010. — Pexxum moctymy: https://www.researchgate.net/publication/263754046 Cryptog-
raphy and Database Security Concepts Compliance Risks and Technical Challenges.

111



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

22. Christopher Diaz. Database Security. Problems and Solution. Mercury Learning and Infor-
mation. — Dulles, Virginia, Boston, Massachusetts, New Delhi, 2022. — 261 p.

References

1. Pro informatsiiu [On information], Law of Ukraine Ne 2657-XII (dated October 2, 1992).
https://zakon.rada.gov.ua/laws/show/2657-12#Text.

2. Yong Wang, Jinsong Xi, Tong Cheng. (January 2021). Guangxi Key Laboratory of Cryptography
and Information Security. Journal of Information Security, 12(1). doi: 10.4236/jis.2021.121002.

3. Kohut, Yu.l. (2021). Kiberbezpeka ta ryzyky tsyfrovoi transformatsii kompanii [Cyber security
and risks of digital transformation of companies]. Konsaltynhova kompaniia « SIDKON».

4. Deiaki pytannia obiektiv krytychnoi infrastruktury [Some issues of critical infrastructure ob-
jects], Resolution of the Cabinet of Ministers of Ukraine Ne 1109 (dated October 9, 2020). https://za-
kon.rada.gov.ua/laws/show/1109-2020-%D0%BF#Text.

5. 2021. Zvit roboty sy'stemy vyiavlennia vrazlyvostei i reaguvannia na kiberintsydenty ta
kiberataky: Operatyvnyi centr reahuvannia na kiberintsydenty derzhavnoho centru kiberzakhystu
Derzhavnoi sluzhby specialnoho zviazku ta zakhystu informatsii [2021. Report on the work of the sys-
tem for detecting vulnerabilities and responding to cyber incidents and cyber attacks: The operational
center for responding to cyber incidents of the state cyber protection center of the State Service for
Special Communications and Information Protection]. TLP:WHITE. https://cert.gov.ua/files/pdf/
SOC_Annual Report 2022.pdf.

6. Deiaki pytannia zabezpechennia funktsionuvannia systemy vyiavlennia vrazlyvostei i reahuvan-
nia na kiberintsydenty ta kiberataky [ Some issues of ensuring the functioning of the system for detecting
vulnerabilities and responding to cyber incidents and cyber attacks], Decree of the Cabinet of Ministers
of Ukraine dated December 23, 2020 No. 1295 and the Procedure for the functioning of the system for
detecting vulnerabilities and responding to cyber incidents and cyber attacks. https://za-
kon.rada.gov.ua/laws/show/1295-2020-%D0%BF#Text.

7. Pro osnovni zasady zabezpechennia kiberbezpeky Ukrainy [On the main principles of ensuring
cyber security of Ukraine], Law of Ukraine Ne 2163-VIII (dated October 5, 2017). https://za-
kon.rada.gov.ua/laws/show/2163-19#n56.

8. Pro ratyfikatsiiu Konventsii pro zakhyst osib u zviazku z avtomatyzovanoiu obrobkoiu personalnykh
danykh ta Dodatkovoho protokolu do Konventsii pro zakhyst osib u zviazku z avtomatyzovanoiu obrobkoiu
personalnykh danykh stosovno orhaniv nahliadu ta transkordonnykh potokiv danykh [On the ratification of
the Convention on the Protection of Individuals in Connection with Automated Processing of Personal Data
and the Additional Protocol to the Convention on the Protection of Individuals in Connection with Automated
Processing of Personal Data in relation to supervisory bodies and cross-border data flows]: Law of Ukraine
Ne 2438-VI (dated 06.07.2010). https://zakon.rada.gov.ua/laws/show/2438-17#Text.

9. Pro zakhyst personalnykh danykh [On the protection of personal data], Law of Ukraine Ne 2297-
VI (dated June 1, 2010). https://zakon.rada.gov.ua/laws/show/2297-17#Text.

10. Rehlament Yevropeiskoho Parlamentu i Rady (IeS) 2016/679 vid 27 kvitnia 2016 roku pro zakhyst
fizychnykh osib u zviazku z opratsiuvanniam personalnykh danykh i pro vilnyi rukh takykh danykh, ta pro
skasuvannia Dyrektyvy 95/46/leS (Zahalnyi rehlament pro zakhyst danykh) [Regulation of the European
Parliament and Council (EU) 2016/679 of April 27, 2016 on the protection of natural persons in connection
with the processing of personal data and on the free movement of such data, and on the repeal of Directive
95/46/EC (General Regulation on data protection)]. https://zakon.rada.gov.ua/laws/show/984 008-16#Text.

11. Intelligent IT Distribution: ofitsiinyi sait [Intelligent IT Distribution: official site].
https://iitd.com.ua/shifruvannja-ta-zahist-baz-danih.

12. 2022 (Q1). Zvit roboty systemy vyiavlennia vrazlyvostei i reahuvannia na kiberintsydenty ta
kiberataky: Operatyvnyi tsentr reahuvannia na kiberintsydenty derzhavnoho tsentru kiberzakhystu
[2022 (Q1). Report on the work of the system for detecting vulnerabilities and responding to cyber
incidents and cyber attacks: Operational center for responding to cyber incidents of the state cyber pro-
tection center]. TLP:WHITE. https://scpc.gov.ua/api/docs/4eebbal-b7aa-4396-8b04-e0e4b7fcalb7/
4eebbal0-b7aa-4396-8b04-e0ed4b7fcalb7.pdf.

13. Borsukovskyi, Yu.V., Borsukovska, V.Iu. (2019). Prykladni aspekty zakhystu autentyfikatsiinykh
danykh [Applied aspects of protection of authentication data]. Kiberbezpeka: osvita, nauka, tekhnika — Cyber
security: education, science, technology, (3(3)), 42-52. doi: 10.28925/2663-4023.2019.3.4252.

14. Antonenko, S.A. (2013). Kryptohrafichni osnovy zastosuvannia elektronnoho tsyfrovoho
pidpysu v Ukraini [Cryptographic basics of using electronic digital signature in Ukraine]. Pravova in-
formatyka — Legal informatics, 4(40), 19-28. http://ippi.org.ua/sites/default/files/13asatpu.pdf.

112



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

15. Blowfish. (2006). http://ru.wikipedia.org/wiki/Blowfish.

16. Lopin, Ye.B. (2013). Analiz chasovykh pokaznykiv shyfruvannia/deshyfruvannia failiv baz
danykh medychnykh informatsiinykh system [Analysis of time indicators of encryption/decryption of
files of databases of medical information systems]. Medychna informatyka ta inzheneriia — Medical
informatics and engineering, (4), 28-35.

17. Voitovych, O., Mykytiuk, 1. (2018). Metod zakhystu baz danykh shliakhom bahatosharovoho
korystuvatskoho dostupu [The method of protecting databases by means of multi-layer user access].
Materialy mizhnarodnoi naukovo-praktychnoi konferentsii «Informatsiini tekhnolohii ta kompiuterne
modeliuvanniay ITKM — 2018 — Materials of the International Scientific and Practical Conference "In-
formation Technologies and Computer Modeling" ITKM — 2018 (pp. 182-186).

18. Shcherban, E. (2017). Chto takoe blokchein, y kak on rabotaet [What is blockchain, and how
does it work]. https://revolverlab.com/how-its-worksblockchain-6d0355¢c43bfc.

19. Igra Basharat, Farooque Azam, Abdul Wahab Muzaffar. (2012). Database Security and Encryp-
tion: A Survey Study. International Journal of Computer Applications (0975 — 888), 47(12), 28-34.

20. Antonenko, S.A. (2013). Kryptohrafichni osnovy zastosuvannia elektronnoho tsyfrovoho
pidpysu v Ukraini [Cryptographic basics of electronic digital signature application in Ukraine]. Pravova
informatyka — Legal informatics, (4(40)), 19-28.

21. Nigm, El Sayed, El-Rabaie, El-Sayed, Faragallah, Osama, Mousa, Ayman. (2010). Cryptog-
raphy and Database Security: Concepts, Compliance Risks and Technical Challenges. ResearchGate.
https://www.researchgate.net/publication/263754046_Cryptography and Database Security Con-
cepts_Compliance Risks and Technical Challenges.

22. Christopher Diaz. (2022). Database Security. Problems and Solution. Mercury Learning and
Information. Dulles, Virginia, Boston, Massachusetts, New Delhi.

Otpumano 30.08.2022

UDC 004.65
Maryna Larchenko

PhD in Law, Associate Professor, 2st year undergraduate student, OP Cybersecurity
Chernihiv Polytechnic National University (Chernihiv, Ukraine)
E-mail: urlinka2006@gmail.com. ORCID: https://orcid.org/0000-0002-2643-980X
ResearcherID: X-9681-2018

MODERN PROBLEMS OF CRYPTOGRAPHIC PROTECTION OF DATABASES

In the conditions of growing digitalization of society, the issue of database protection is extremely urgent. Currently,
Ukraine is at the stage of introducing European information protection standards, but the software component of its protection
also needs further improvement. Information security threats are destruction, modification, blocking, unauthorized access,
leakage, disclosure. In particular, cryptographic protection of databases allows preventing access to the information they con-
tain by means of mathematical transformations. It is primarily about prevention of unauthorized modification and unauthorized
disclosure of information.

Cryptographic protection of databases can use encryption of data that is stored in a file (after encryption), as well as en-
cryption of directories and files themsel ves. The approach to database protection should be comprehensive. Therefore, encryption
cannot be used to solve access control problems. Encryption keys should be changed regularly as part of good security practices.
The database should be unavailable during thistime. A copy of the database must be stored offline at a remote location for some
time. The administrator role can be split between two or more people so that each person does not have full accessto the entire
database, or therole can be limited to just administering the database without access to the information itself.

Protecting the database is becoming an increasingly difficult task for an organization, because sensitive data is often the
target of attackers. One of the mandatory requirements for database security is its cryptographic transformation, which is
carried out both during the movement of information over networks and during storage in database systems. This can prevent
attacks from both external and internal attackers. Although, database encryption cannot overcome all security threats, the
application of a well-configured program that uses a reliable algorithm can significantly increase the integrity, confidentiality
and availability of database information.

Further improvement and development of the national system of cryptographic protection of databases will require a
coordinated resolution of issues at the legislative (normative-legal), system-wide, procedural-functional, functional-technical,
and software-technical levels.

Key words: database security; personal data protection, cryptographic protection; key; encryption algorithm.
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MOPIBHSIJIBHUAM AHAJII3 PO3SMIPHUX XAPAKTEPUCTHUK YACTUHOK
I''bPUIHUX TA MIHEPAJIBHUX A/ICOPBEHTIB
JJIs MPOLECIB BOJOOYUIIIEHHSA

Y pobomi suxonano nopienanvruti MOpHoMempuuHUl AHANI3 PISHUX MUNIE GIMUUSHAHUX A0COPOEHMIB, NPUSHAYEHUX O
3aCMOCY8AHHA 8 MEXHON0IAX 600004UNeHHs. KinbKicHe oyiHI08anHA pO3MIDIE YACTMUHOK A0COpOEHmi8 npo8ooUIL MemoOOoM
ananisy yugposux 3oopasicensv. Busnavanu niowy i nepumemp oKpeMux 4acmuHoOK ma po3paxo8yeanu ixitl exgieareHmuuil
diamemp i noxkasHux gopmu. Ilokazano, wo HaAOLIbW NPUIHAMHUMU AOCOPOEHMaMU 015 NPOYecié 80000UULEHHI MONHCHA
86adicamu Konoiono-epagimosuii npenapam ma 2IUHONOPOUIOK MOHMMOPULOHIIMOBO20 MUNY, 015 AKUX CHOCEPicacmucsl 8U-
COKA OOHOPIOHICMb PO3NOOLTY YACMUHOK 3a NOKA3HUKOM ghopmu. Lle, y c6oio uepey, mooice 3abe3newumu Uiy epexmusnicms
copOyii 8 MEXHONO2IAX 60000UUUYECHHSL.

Kniouogi cnosa: adcopbenm, mopdomempuynuii ananis, exeiearenmuuil oiamemp, nOKA3HUK Gopmi, 600004UIEHHSL.

Puc.: 4. Tabn.: 6. Bi6n.: 24.

AKTYyaJIbHICTh TeMU A0CTiTzKeHHs. Boa € BaXITMBUM TPUPOIHUM PECYPCOM JUTS JKUBHX
OpraHi3MiB Ha 3eMJ11, 1 Oy/b-siKe ii 3a0pyAHEHHS Ma€ 3HaYHUI HETaTHBHUI BIUIMB HA HABKOJIUIIIHE
cepenosuiie. Ha xaiip, iHAycTpiasizaliis Ta 3pOCTaHHs YUCEIbHOCTI HACEIEHHS CBITY NIPU3BEIN
JI0 Cep03HOro MOTIPLIEHHS SIKOCTI BOAHUX pecypciB. I'ipHn40100yBHA, CIIILCHKOIOCIIONAPCHKA,
(apmarieBTHYHA, IIKIPsIHA Ta TEKCTUIbHA IPOMUCIIOBICTH BUIAIKOBO A00 HABMHUCHO BBOJISITH Pi-
3HOMaHITHI HEOpraHiuHi Ta OpraHiuHi 3a0pyAHIOBaYl Y BOJHI CHUCTEMH, 3MIHIOIOYH SIKICTh BOJIU
[1; 2]. KpiM Toro, 3a0pyaHEHHS BOAM CTIYHUMH BOJAAMH BiIOYBAETHCS Yepe3 MEPETUB HEOUHIIS-
HUX CTIYHUX BOJI, MPOTIKaHHS KaHATI3AIIHUX JITHIA a00 YaCTKOBO OYMINIEHUX CTIYHUX Boa. Han-
JIMIIIOK JIOILy abo pyWHYBaHHS KaHANI3aliMHUX JiHIA, K HACTIIOK, MPU3BOJUTH JO CKUIAHHS
CTIYHMX BOJ] Y IPOTOYHI PIYKOBI CUCTEMH Ta/abo0 MiI3eMHI TOUKH BOAOMOCTa4aHHs [3].

IMocTtanoBka npodiemu. /i1 OYUIIICHHS CTIYHUX BOJ BUKOPHCTOBYIOTHCS KiJIbKa METO-
JiB, TaKUX K (QUIBTpallisl, eKCTpaKilis pO3YMHHUKOM, 10HHUI OOMiH, XIMIUHE OKHCIIEHHS Ta
OCaJDKCHHS, KoaryJssisi, guoTaris, cequMeHTairisi Ta meMOpanuuii niporiec [4]. EdexrusHiii
POOOTI KOXKHOTO METOJy 3aBakae BIACTUBMI oMy Hemomik. Hanpukias, BUKOpUCTaHHS XJI0PY
i/ 9ac XIMIYHOTO OKHMCIICHHS CIIPUYMHSE HEMUHYYE YTBOPEHHS OOIYHUX MPOIYKTIB 1 BUKJIU-
Kae KOpo3it0 MeTaly BiAMOBiIHOTO oOnaaHaHHs. He3Baxkarouu Ha Te, o A GinpTpaltii moT-
p1OEH HEBENUKUI MPOCTIp 1 HU3bKUN TUCK, TOTpeda B eHeprii ayxe BUcoka [5; 6]. HatomicTh
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mporiec aacopoIlii, 7o00pe BIMOMHI METOJ JJIS PO3IiJICHHS ra3iB Ta MPOMHUCIOBOTO KaTai3y,
MPOTATOM OCTAHHIX POKIB OTPUMAaB JOAATKOBHH IMITYJIbC JII BUKOPUCTAHHSI B TEXHOJIOT1SX BO-
noouutieHHs. [Iporec aacopOuii mpocTwii y mpoekTyBaHHI Ta ekcruryaraiii. Kpim Toro, mporec
ajicopO1Iii HE CTBOPIOE HAUIMIIKOBUX MOOIYHHUX MPOAYKTIB, @ TBEP/l Marepiajal MOXHA pere-
HEPYBaTH [IUISIXOM TePMIYHOI AecopOii [7].

[TpuponHi ancopOEHTH, Taki SK BYTULIsL, IEONITH, ITTMHA Ta IEPEBUHA, BUKOPUCTOBYIOTHCS
JUTISl BUJAJICHHS KaTiOHIB, OApBHUKIB Ta OPTaHIYHUX CIOJYK 31 cTiuHUX Box [8]. Bubip MiHepa-
JHHHUX aJCOPOEHTIB 3aJICKUTH BiJ raily3l BUKOPUCTaHHSA COpPOLIHHOrO mMarepiany ¥ BU3HaYa-
€ThCS CKJIQJIOM CTIYHUX BOJI, K1 IMJIATAIOTh OYMILIEHHIO; eKCILTyaTaIliiHO HAIIHHICTIO, MO-
MKJIMBICTIO pereHepartii i moBTOpHOI epepoOKH, JOCTYITHICTIO Ta BapTICTIO.

AHAaJI3 0CTaHHIX J0CTiKeHb i my0Jrikaniii. BiqoMo BUKOpHCTaHHS CHITIKATHUX MiHEpa-
7iB [9] anst copOmii HesKUX BaXKUX METaliB, MPUCYTHIX Y MPOMHUCIOBUX CTiYHHX Bomax. Lli
MIHEpau JETKOIOCTYIHI, HEAOPOTi, MOKa3yITh BUCOKY COPOIIMHY €MHICTh Y MOPIBHSIHHI 3
IHIIMMHU MiHEpaJIbLHUMH COpOCHTaMH, ajieé BUOIPKOBY, 30KpeMa cOopOIliifHa €éMHICTb 3MEHIIY-
eThes B TakoMy nopsaky: Cd** > Cu?* > Zn?" > Ni**. Asropamu [10] po3po6nenuii copOuiitnuit
METOJI BHUTYYCHHS 10HIB BXKKUX METAJIB 32 IOTIOMOTOIO IICONIITY 13 CTIYHHX BOJ| 3 KOHIICHTpa-
miero ix Bix 50 1o 300 mr/n. Hegomikom Bka3aHOTO METOAY € pi3HA COpOIiiiHA EMHICTH LIEONITY
II0JI0 PI3HUX BAKKHUX MeTaliB. 30kpema, rpu BuurydeHHi Cd copOyeTnest Onmmusbko 32 % meraiy,
a ans Pb crynine normuHanHs cTaHOBUTE 99 %. [CHYIOTh YMCIICHH1 TOCTIIKEHHS], OB’ 3aHi 3
copouiero ioHiB Baxkkux metainiB Cu (II), Cd (II), Zn (II), Pb (II), xpomy (VI) 3 BuUKOpUCTaHHSM
AKTUBOBAHOTO Byriuis i OioByrimwis [11,12] orpumanux B pe3ynbTari yTuii3alii ciibCbKOTroc-
MOAAPCHKUX OPTraHiYHUX BIIXO/IB KYKYypYyA3H, COJIOMH Ta iHIIUX KyIbTyp. OJHAK 111 TEXHOJOTI]
JOBOJI1 CKJIAJIHI JJId peai3allii, moTpeOyITh BUKOPUCTAHHS I0POroro yCTaTKyBaHHS, BiIPi3HS-
IOTHCS T ABUIIICHOIO EHEPTOEMHICTIO 1 CKJIQIHICTIO pereHepallii COpOeHTY.

AJnicopOeHTH — 11e TTIOPHUCTI MaTepiayid 3 BEIMKOIO ILJIOMICI0 MOBEPXHi. Po3mipu mop kosu-
BaIOThCS BiJl 2-5 HM JuIst Mikporiop, 5-50 uM uist Mme3orop i 50-100 am ms makporop [1]. Bu-
COKa ITOPUCTICTh 3a0e3Meuye JerKuii MacooOMiH MaTepialliB ycepeaAnHi op, TOOTO O1IBIII HIBU-
JIKy KIHETUKY BHJIaJICHHs 3a0pyIHIOI0UHMX pedoBUH. KpiM MopHCTOCT1, HE MEHIIIE 3HAUE€HHS [
npolieciB copOLii BiAIrpae AUCHIEPCHICTb aICOPOEHTY, a came po3Mip 1 (opMa YaCTUHOK Ta PO3-
IIOLT 32 IIMMHU ITOKa3HUKAMHU.

B3aemonist ancopbary 1 amcopOeHTy MOKe BiIOyBaTHCS SIK 32 y4acTi (Pi3MUHUX, TaK 1 XiMi-
yaux cwil. [Ipu ¢iznuniil agcopOiii JoMiHyIOUMMEU € cuiiu B3aeMofii Ban-nep-Baanbca; Ha-
BITAKH, XeMOCOPOIIis Tiependadae B3a€MOIII0 aACOPOSHTY 3 aJcopOaToM 3a IOMOMOTOI0 XiMid-
HuX cui (puc. 1).

Q Q. : 6 Q @

; . ' ‘0

0 YacTku agcopodarty

YTpumyrounii 38’30k

99 > o Lo
0 0 0 pevoBHHA

—

IloBepxus

®izpyHa agcopouLis ‘ anacopéenTy Ximiuna axcopOuist

Puc. 1. Cxema mexanizmy 63aemo0ii nogsepxusi-a0copoeHm y npoyecax:
a— ¢izuunoi copoyii; 6 — xemocopoyii [13]
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OCHOBHOIO METOI0 BUPOOHHUIITBA MiHEPAJILHUX aJCOPOCHTIB, 30KpeMa BYIJICIIEBHX, € 30i-
JIBIIICHHS TUTOITI MIOBEPXHI 3a paxXyHOK 301IbIIIEHHS KIJTLKOCTI MIKPOTIOP, SIKI MalOTh BEJIHUKY aI-
COpOIIIHY 37aTHICTh. XapaKTEPUCTUKH ITOP MOXKYTh OyTH 3MIHEHI B IIPOIIEC] MOMEPEAHBOI 00-
poOKHU COpPOEHTIB ITiJl Yac BUPOOHHUIITBA. 37€OUIBIIOTO BUPOOHUIITBO AaKTHBOBAHOTO BYTIJLIS
BKJIFOYA€ BHUCOKI TEMIIEpaTypH Ta JIOJIaTKOBY aKTHBAIlil0, Hampukiaa, naporw, CO, abo ximiu-
HUM CITOCOOOM, 3JICXKHO BiJI XapaKTepUCTHK MaTepiany. KpiMm Toro, TBEpAICTh Ta AUCTIEPCHICTH
AKTHBOBAHOTO BYTULIS TaKOX € IHIIMMHU BaXJIMBUMHU (DAaKTOpaMU HOTO SIKOCTi, SIK COPOEHTY
[14]. 3aBasku 1inecnpsMOBAaHOMY BIUIMBY Ha CTPYKTYPY aJCOPOCHTIB MOXIIMBE HAJaHHS iM
KOMIUIEKCY HOBHUX XapaKTEPUCTHK, IO CIPUATUME PO3MIMPEHHIO rally3ei iX 3acTOCOBYBaHHS.

BuaijieHHs1 HeIOCTi/IKeHHX YaCTHH 3arajibHoi nmpodiaemu. /o mapamerpiB, o xapax-
TEPU3YIOTh CTPYKTYPY aCOPOEHTIB BIIHOCATH: KUIBKICTh TIOP Ta iX 00’ €M, CKJIa/] TOBEPXHEBUX
(byHKIIOHATIBHUX TPYI Ta BEIMYMHA MTUTOMOI MOBEpXHi. 3aBJISKH UM MapaMeTpaM BHU3Ha4a-
€ThCSl MPUIATHICTD Ul BUPILIEHHS NMUTaHb €KOJOTTYHOI O€3MeKH, 30KpeMa, 10 CTOCYEThCS
KOMIUIEKCHOTO OUHMIIEHHS CTIYHUX BOJ 1 Ta30BUX BUKHU/IIB [15; 16].

BuxopucTtanHus agcopOeHTIB pi3HOT IPUPOIU MOXKE CYTTEBO PO3IIUPUTH MOMKIUBOCTI 11i-
JECIPSIMOBAHOTO Ta TOHKOTO KePyBaHHS CTPYKTYPOIO Ta BIACTUBOCTSIMH COpOIIITHMX MaTe-
piaiB, O JO3BOJIUTH IUICCIPIMOBAHO PETYITIOBATH IXHIO (PUIBTPYBAIBHY U cOpOLiiHY 3/1a-
THICTh, CEJICKTHBHICTh INOMO Pi3HUX 3a0pyIHIOBAYiB, IO CHPUATHME ITiJBUIICHHIO
e(eKTUBHOCTI BOJIOOYHUIIICHHS.

Meta aocJrizKeHHsI — TIOPIBHAUIBHUN MOPPOMETPUYHUIN aHaJIi3 YaCTUHOK PI3HUX THIIIB 1
MapoK BITYM3HSHUX aJICOPOCHTIB A7l OOIPYHTOBAHOTO BUOOPY X 3aCTOCYBaHHS B MpoOIEcax
BOJIOOYHIIICHHS.

BukiiageHnsi ocHOBHOro marepiauy. B po6oti Oynu 1ociiKeH1 YOTUPU TUIIH BITYU3HSA-
HUX aJICOPOCHTIB:

1. Byrneneswmii ancopoent «Maobius» BupoOHUITBa KoMmaHil «Mebiyc rpyn» (MB). Le
HOBUH KJ1ac aicOpOEHTY T1OpUIHOTO TUITY, IO CKIAAAETHCS, B OCHOBHOMY, 3 Bymiiemo (10 94-
97% B nepepaxyHKy Ha 0e330JbHHI TPpoyKT) [17]. SABisie 06010 MOPOMIKONOAIOHY PEYOBHHY
YOPHOTO KOJIBOPY 3 KOPOTKOBOJIOKHUCTHUM apMyIOYHM KOMITOHEHTOM. Marepian npu3HadeHun
JUTsE COPOLIIHOT OYMCTKH BOJM Ta TBEPAUX MOBEPXOHB BiJl PO3YMHEHUX OPTaHIYHUX PEUOBUH 1
HaTONPOIYKTIB CEPEeHBOI 1 BUCOKOI MOJIEKY IsipHOi MacH, OapBHUKIB, [TAP 1 mectuuumis i
IHIIMX peuyoBHH. BUKOPHCTOBY€ETHCS MpH JMIKBiAALIT PO3TUBIB HAPTH, Il OUUILIEHHS TPOMHUC-
JIOBHX CTOKIB, IEPBUHHOTO OYMIIEHHS KOMyHAJIBHUX CTOKIB METO/IOM (PibTpallii, mpu BUPOO-
HULTBI (QLIBTPIB BUCOKOT MPOLYKTUBHOCTI, @ TAKOXK (1IBTPIB MAJOT 1 CEpPEeAHBOT MPOAYKTHBHO-
cti. OcHOBHI Xapakrepuctuku Mb nipencrasieni B Ta0n. 1.

Tabnuys 1 — @izuxo-ximiuni enacmueocmi aocopoenmy MB

Ioxa3zuuk 3HaueHHs
Hacunna miasnicts npu 20 °C, kr/m3 345,5
MacosBa yacTka 3044, % 52
MacogBa 4yacTKa 3arajbHoi cipku, % 0,8
MacoBa yacTka BoJIoTH, % 2,7
pH BoaHoi BuTsKKHU, pH, o1, 45
InaBy4icThb, % 98

2. I'munonopomok mapku [11T1KA (AT «/lamykiBceki 6eHTOHITHY, YKpaina) ([TIM). Bi-
JTHOCUTBCS /10 TJIMH MOHTMOPHJIOHITOBOT'O TUITY Ta ITMPOKO BUKOPUCTOBYETHCS SIK COPOLIITHMIA
peareHT JJIsl OYMIIEHHS XapUOBUX PIAKUX CEPEeIOBUII, MPUPOJIHUX, TEXHIYHUX Ta CTIYHUX BOJ
[18]. OcnoBHi xapakrepuctuku [ TIM npexacrasneni B Tad. 2.
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Tabauys 2 — Dizuxo-ximiuni enacmueocmi aocopoenmy I'TIM

Moka3HuK 3HavyeHHs
MacoBa yacTKa MOHTMOPHJIOHITY, % 85
MacoBa gacTka kapOoHatiB y nmepepaxyHky Ha CaCO3,% 7
MacoBa gacTka cynb¢igHoi cipku, % 0,06
MacoBa gacTka 3aji3a B mepepaxyHky Ha Fe;0s3, % 4,6
3amumiok Ha cuti Ne0071, % 2,1
MacoBa yacTtka Bosioru, % 9,4

3. Caxa mapku [1I'-100 (TOB «byainayctpis») (CAD). AucnepcHuii ByrieneBHii mpoIyKT
HEIMOBHOT'O 3rOPSIHHS 200 TEPMIYHOTO PO3KJIaIaHHs BYTJICBOIHIB. BiTHOCHO AeieBuii 1 momnu-
peHuil MOOIYHUI TPOIYKT MPOMHUCIOBUX BUPOOHULTB. BUKOPUCTOBYETHCS, MPH OYMIICHHI
MIPOMHMCIIOBUX BOJ BiJl COJICH BaXKUX METaIB (HAIIPUKJIIAJ, 10HIB CBUHIIIO).

OcnoBHi xapakrepuctuku aacopoenty C/I" nmpencrasieni B Tadm. 3.

Tabnuys 3 — Disuxo-ximiuni enacmueocmi aocopoenmy CHI

IMoka3zHuk 3HavenHst
IinbHiCTD, KI/M> 1900
Hacunna rycruna, kr/m® 320
305bHICTE, Y% 0,1
[TuToMa yMOBHA [OBEPXHs, M2/T 16
pH BojHOI cycnensii 85
Macnoemuicts, 1/100r 75

4. Konoigno-rpaditosuii npenapat mapku C-1 (T[] «Ykpcnernmacnay) (KI'TI).

Lleit mpemapat CKJIaAaeThCs 3 BUCOKOUCIIEPCHOTO TOAPIOHEHOTO MOPOIIKY HATyPaIbHOTO
rpagity. Y NpoMHCIOBOCTI 3aCTOCOBYETHCS IK KOMIIOHEHT JJIsl IPUTOTYBaHHs IpadiTOBUX CY-
MilIel 1 TEeXHOJOTIYHUX MAaCTWJI, BUTOTOBIICHHS XIMIYHOTO i aHTUKOPO31MHOTO TOKPHUTTS, K
no6aBka racTugikaTopa npu TabJaeTyBaHHI, IK KOMIIOHEHT KJIEIO 11 IPOTYMOBAHUX TKAHHH,
JUISL KOHTAKTIB 1 pe3ucTopiB, s 1HmuUX uiiei. I'padgit C-1 6e3neunuii 1 HETOKCUYHUH JUIs JTEO-
nuHd. OcHOBHI Xapaktepuctuku ajcopoenty KI'TI npencrasneni B Tabi. 4.

Tabnuys 4 — @izuxo-ximiuni enacmueocmi aocopoenmy CHI"

IMoka3zHuk 3HaveHHs

MacoBa yacTka Byrieuo, % 99,3

MacoBa gacTka 301, % 0,6

MacoBa gacTka cipku, % 0,02

MacoBa yacTka HEpO3UMHHHX B COJISTHINM KHCIIOTI pe4OBHH, % 0,2
Macosa gacTtka Boyioru, % 0,3

3HIKEHHS MacoBOi YacTKH TpadiTy B BOJHOI CyCIIeH3Ii iCIs BiACTO0-

BaHHs poTsiroM | roausu, % 35

MopdomeTpruuHMii aHaI3 YACTUHOK aICOPOEHTIB IPOBOIMIM METOIOM ONITUYHOT OJSPU-
3aniiHoi Mikpockorii (Mikpockorn Mapku «bionam»). Mikpodortorpadii nonepeanbo aucrep-
TOBaHUX B IMEpCIHHIA PIAMHI YaCTUHOK OTPUMYBAJH 3a JOMOMOroi0 1udpoBoi poTtokamepu
«Olympusy 3 BucokoposainbpHoto Marpuiero (10 Mm). Ha puc. 2 HaBeneno mikpodotorpadii
YACTUHOK JIOCJIIPKEHUX aJICOPOCHTIB.

KinbKicHe OLiHIOBaHHS PO3MIpiB YACTUHOK a/1COPOEHTIB MMPOBOIMIIA METOAOM aHai3y -
bpoBux 300paxeHs (porpaMHuil naker «/mages») [19]. Busnauanu mnoury (Sp) i nepumerp
(Pp) OKpeMHX YaCTMHOK Ta pO3PaxXOByBaJIH iX ekBiBaneHTHHil miamerp (D, = (4Sy/7)””) i moxa-
3uuk popmu (SF = 47-Sy/P,?). JIns pisHUX 3pa3sKiB 3arajibHe YMCIIO aHATi30BAHUX YACTHHOK
ckiazaano Big 896 no 11839. Cratuctuuny 0OpoOKy eKCriepUMEHTaIbHUX JaHUX TPOBOANIIH 3a
JIOTIOMOT OO ITPOTPAMHOIO MAKETY «Statistica».
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Puc. 2. Mixpoghomoepaqii 6 npoxionomy ceimii uacmurox 00Ciodcenux a0copoeHmis:
a — gyeneyesuti adcopoenm «Mobiusy; 6 — enuna mapxu I11T1KA;
6 — caoica mapku DF-100; 2 — konoiono-epagimosuii npenapam mapku C-1

[IporpamManMu 3aco0amu makeTy «Statisticay po3paxoByBaJiM MeJliaHy, SIK BEJIUMIHHY, 10
pO3TalIoBaHa MOCepeIHI pAaH)KOBAHOTO PsAY BUOIPKH, Ta MO, SIK 3HAYEHHS, 110 TPAILISIETHCS
HaifuacTime B CyKyITHOCTI CITOCTEPEKeHb. YHCIIO CIIOCTEPEeKeHb Yy IbOMY BHITAKy BiIIMOBi-
JIAJI0 KiTbKICTI YACTUHOK, 1110 aHAJi3yBaJIKCh.

BcranoBneHo, 1o 3pa3ku CyTTEBO BiPI3HSIOTHCS 32 XapaKTEPOM TUCTIEPCHOI CTPYKTYPH,
PO3MIPHMMH XapaKTepUCTUKAMH YaCTUHOK Ta CTYNEHEM iX arperaiii B iMepciitHiil piauHi npu
MiKpocKomiyHuX gocmipkeHHsax. s Mb ancopbenTa (puc. 2, a) crocTepiraloThCst 1Ba THITHA
YaCTUHOK: IIOOYJISIpHI BYIVIEIEB] 3 JOCTAaTHBO HIMPOKUM PO3MOALIOM 32 PO3MipaMH, a TaKOX
Gi0pmIsApHi (TTOKa3aHO CTPIIKAMM) 3 By3bKHM PO3ITOIUIOM 32 IoniepeyHuMH po3Mipamu (20-30
MKM). OcTaHH1 MalOTh IIACKY, CTPIYKONOAIOHY CTPYKTYPY, 3 BUPAKEHOIO ONTUYHOIO aH130TPO-
Mi€10, IO JI03BOJISIE BIIHECTH X JI0 MPUPOAHHUX LETFOJIO3HUX BOJIOKOH [20; 21]. ﬁMOBipHo, ix
JI0ZIaBaHHS J10 BYIJIEIIEBUX YACTHHOK MaJjo Ha MeTi 3a0€3M1eUnTH MeBH1 TEKCTYPHI XapaKTepHc-
THUKU Ta YaCTKOBY 3B’S3HICTh aJCOPOEHTY MPH HOTr0 MPaKTUYHOMY BHKOPHUCTaHHI. 3pa3oK aj-
copoenty CIAI" (puc. 2, 8) IeMOHCTPY€E MOMITHY arperamito OKpeMHUX YaCTHHOK B iMEpPCiifHii
piauHi, M0 MOXe OyTH TOB’SI3aHO 3 X MOBEPXHEBUMU BiacTUBOCTIMH. st 3paskiB I'TIM Ta
KTITI (puc. 2, 6, 2) xapakTepHHI JOCTaTHHO IHUPOKUN PO3IOJLT YACTUHOK 3a (OPMOIO Ta PoO3-
Mipamu. BogHOYac moMiTHOI arperariii 49aCTHHOK HE CIIOCTEPIraeThCs.

Ha puc. 3 mpencraBieHi rictorpaMy po3moALUTy YaCTHHOK JOCIHITKEHHUX aICOpPOCHTIB 3a
€KBIBaJICHTHUM JiaMeTpoM (D).
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Puc. 3. I'icmoepamu po3nodiny wacmunox adcopoenmis 3a eK8isaieHmHuM Oiamempom:
a — gyeneyesuti aocopdoenm «Mobiusy; 6 — enuna mapku I11T1KA;
6 — caodica mapxu DF-100; 2 — konoiono-epaghimosuti npenapam mapru C-1

3 HaBeICHHUX JaHUX MOKHA 3pOOMTH BUCHOBOK IPO Te, 110 /i YacTHHOK Mb afcopOeHTy
(puc. 3, a) Haii0IbIIA (pakiisg YacTUHOK (~26%) BIAHOCUTHCS A0 AOCTaTHHO BY3bKOTO PO3Mi-
pHoro inTepBany D. (1-2 Mmxm). Bonnouac qist ['TIM 3pasky (puc. 3, 6) Oinbla yacTuHa aHali-
30BaHMX YaCTHUHOK (~59 %) 3HaXOIUTHCS B OUIBII HIMPOKOMY po3MipHOMY iHTepBasi D. (1-
5 mxm). s CAI' apcopOenty (puc. 3, ) po3MojIil YaCTUHOK 3@ €KBIBAJIEHTHUM JiaMEeTPOM
Mae OiMomasibHUM xapaktep. dpakiris yacTUHOK 3 po3Mipamu 1-2 MM ckiagae ~18%. B Toii
e yac Maike TpeThHa 4acTuHOK (~31 %) BiamoBinae po3mipHOMY iHTepBany 7-15 MkM. Sk
3a3Havajocs BUILE, 11e MOXKe OyTH CBIAUEHHSIM arperailii Y4aCTUHOK B IMepCiiHii piauHi npu
MiKpocKomiyHUX aociipkeHHsaX. 3pa3ok KI'TI (puc. 3, 2) neMoHCTpye CUMETPUYHUN PO3IMOILT
YaCTUHOK 32 D., 01M3bKHUI 0 HOpMasIbHOTO. [1J1s MepeBa)KHOi OLIBIIOCTI aHATI30BAHUX YaCTH-
Hok KI'TI 3pa3ka (~64 %) 3HaueHHs D. BiAnoBigae iHTEpBaATY 1-5 MKM.

CepenHi CTaTUCTUYHI MTOKa3HUKU PO3MOILTY YACTHHOK JIOCTIHKEHUX 3pa3KiB afiCOPOCHTIB
3a D. ipencrapiieHi B Tabmn. 5. Y3arajapHeH1 pe3y/IbTaTh CBiAYaTh, 110 HAWOLIbIIE CepeaHbOa-
puQMeTHYHEe 3HaYCHHS €KBIBAJCHTHOIO JllaMeTpy YacTHHOK crioctepiraersest 1uist CI agcop-
oenry (6,6 mxm), a Haiimenme — st KI'TI 3paska (4,7 mxwm). g Bcix 3pa3kiB MeiaHHI Ta
MOZabHI 3Ha4YeHHs D, IIOMITHO MEHIIIE 3a cepelHbOapU(PMETHYHI, 110 CBIIYUTD PO ACUMET-
PUYHICTH PO3MOALTY 3a Li€r0 XapakTepucTukoro. s riopunnoro Mb aacopOenty ciocrepira-
IOTHCSI HAMOTBII 3HaYeHHs KOe(IIIEHTIB Bapiallii Ta OCIUJIAIT, IO CYyTTEBO MEPEBUIYIOThH
aHaJIOT1YH1 3HAYCHHS 1HIIMX 3pa3kiB. Lle Moxke OyTH CBiTUEHHSM HAasIBHOCTI B HhOMY JBOX Pi3-
HUX THITIB YaCTUHOK.
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Tabnuysa 5 — Cmamucmuyri NOKAZHUKY PO3NOOLILY YACMUHOK OOCTIONCEHUX 3PA3KIE8 A0CO-
pbenmis 3a exgisarenmuum oiamempom (De)

3pasok ‘{chq Cepenne Iur. Inr. Mepniana, | Mona, Koeq?. Bapi- | Koed. oc-
00’€KTIB | 3HAYEHHS, MKM -95% +95% MKM MKM amii, % U
Mb 7443 6,0 58 6,1 3,0 0,9 126,4 20,0
I'TIM 896 6,0 5,6 6,3 39 1,2 92,8 6,9
car 6551 6,6 6,4 6,7 50 0,9 83,2 6,1
KI'TI 11839 47 4,6 47 3,6 0,9 80,4 9,4

[Mopsia 3 po3MipHUMH XapaKTepUCTHKAMHU, HE MEHIIY pOJib Bifirpae i ¢popmMa 4acTHHOK
ajicopOenTiB. DakTop (GOpMU CyTTEBO BIUIMBAE HA TTUTOMY ILIONLY IIOBEPXHI YACTUHOK, a OTKE
BHU3HaYa€ e(heKTUBHICTh MXK(a3HOI B3aeMO/IiT aacopOeHTy i ajcopOary B pobodoMy IpoIieci.

Ha puc. 4 npencrapiieHi ricrorpaMyd po3MoJily YaCTHHOK JOCHIPKEHUX aJICOPOCHTIB 3a
nokazHukoM Gopmu (SF). CepenHi CTaTUCTHYHI ITOKA3HUKH PO3IIOALTY YaCTUHOK JTOCIIKEHUX
3pa3KiB aJIcOPOCHTIB 3a oKa3HUKOM (opmu SF mipencrapiieHi B Ta0m. 6.

Tabnuys 6 — Cmamucmuyuni NOKA3HUKU PO3NOOLLY YACMUHOK OOCIIONCEHUX 3PA3KI6 A0Co-
pbenmis 3a noxkasnuxom gpopmu (SF)

Yucno Cepenne IuT. Jice . Koed. Bapia- Koed.
3pasok 00'eKTiB 3HAYCHHS -95 % +95 % Meniana Mona mii, % OCILIMIISAIIT
Mb 7443 0,736 0,731 0,741 0,746 1,000 30,0 1,1
T'TIM 896 0,686 0,674 0,699 0,713 0,967 27,3 1,3
car 6551 0,736 0,732 0,741 0,732 1,000 27,0 1,1
KI'TI 11839 0,799 0,796 0,803 0,828 1,000 22,5 1,0
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a — syaneyesuii aocopoenm «Mobiusy», 6 — enuna mapku [11T1KA;
6 — cadica mapxu DF-100; 2 — konoiono-epaghimosutl npenapam mapxu C-1
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Jlnis BCiX JOCTIIKEHUX BYIVICLIEBUX aCOPOCHTIB XapaKTepHUI CXOKHIA XapakTep po3Io-
ity (puc. 4, a, 6 2). Bupaxena ta Haii0Oinbia 3a kibkicTio Qpakiist (27-37 %) Bianosinae
YaCcTUHKAM 3 OPMOI0 OIIM3BKOIO 10 OKpyIIoi (SF>0.9). B Toli e yac ajisi IIIMHUCTOTO a7cop-
oenty I'TIM (puc. 4, 6) KiITbKICTh TAKMX YACTHUHOK OLIBII HIXK y 2 pa3u MeHmia (14 %), a Haii-
oinpia ¢pakuist (21 %) Bignosigae yactunkam 3 SF B intepsaini 0,7-0,8. Taky moMiTHY aHi30-
MeTpuyHicTh yacTUHOK [ TIM MoykHa nosicHuTy crienniyHor0 OyJ0BOIO YACTUHOK Ta arperaris
IJIMHUCTUX MiHepatiB [22; 23].

Craructiuna o6poOKa MiATBEPKY€ 110 HAMEHII 3HaYe€HHS CepPeIHbO apU(PMETUIHHUX,
MelaHHUX Ta MOJAJIbHUX 3HaueHb SF 4acTHMHOK croctepiraeThes i rrHonopomky ['TIM
MOHTMOpHIOHITOBOTO THUITY (0,69; 0,71; 0,97, BiNMOBIAHO), IO CBIAYUTH MPO X BUCOKY OHO-
pimHicTh. CepenHi 3HAYCHHS MOKa3HUKa (OPMH Ta XapakTep PO3IMOAUTY 3a UM IMOKa3HUKOM
i tmuHonopowky I'TIM MoXyTh BKa3yBaTu Ha MIEBHY aHI30METPUYHICTh YacTUHOK. Koedii-
€HT Bapiallii nokazHuka ¢popmu HabOUIbIKN 17151 Mb 3pa3ky (30 %), 110 CBIqYUTH PO CYTTEBY
HEOHOOPITHICTh afcopOeHTy 3a (OPMOIO YaCTHHOK. Y TOM K€ 4ac HaiMEHIIl 3HaYeHHs Koe-
dbiienTiB Bapiamii (22,5 %) ta ocumii (1,0) cnoctepiraroTbest As 3pa3Ky KojoinHo-rpadi-
toBoro npemnapary KI'TI, mo cBiquuTh mpo HaBHIY OAHOPIIHICTH PO3NOALTY YaCTHHOK 3a I10-
Ka3HUKOM (OpMH 7S IIbOTO TUMY azcopOeHTy. Lle, B cBOIO uepry mMoxke 3a0€3MeYUTH BHILLY
e(eKTHUBHICTH COPOIIil B TEXHOJNOTISX BOogoounIIeHH. [liqTBepIKEeHHAM IbOMY € OTPHMaHi aB-
TOpaMU pe3yJbTaTH BU3HAUEHHS COPOIITHIX BIACTHBOCTEN BOJIOKHHUCTUX MaTepialliB, HAallOB-
HEHUX [JIMHOIO MOHTMOPHIIOHITOBOTO THUITY [24].

Sk Oyro 3a3Ha4€HO BUIIIE, IUCIIEPCHICTh aJICOPOEHTY BH3HAYAE AKTUBHY TUTOMY ILIOILY I10-
BEpXHi, sIKa MPUHAMAE y4acTh B Ipolecax aacopoOuii. 3 mi€i ToUKu 30py, HAMOUTBIIT TPHHHATHIMHA
azicopOeHTaMU [l TEXHOJIOT1H BOMOOUYHILICHHSI MOKHA BU3HAYUTH KOJIOiAHO-rpadiToBUil Mpena-
par KI'TI mapku C-1 Ta mmuronopomok I'TIM moaTMopunonitoBoro tumy Mapku [11TiKA.

BucnoBku. BukoHaHO MOpiBHAILHUN MOP(GOMETPUYHUN aHAITI3 YACTHHOK PI3HUX THIIIB 1
MapoK aJICOPOCHTIB BITYM3HSIHOTO BUPOOHUIITBA. BCTaHOBIICHO, 1110 XapaKTep pO3MOILTY Yac-
TUHOK JTOCJTIJIXKEHUX TUIIIB aJICOPOEHTIB 3a eKBiBaJIeHTHUM AiaMeTpoM (De) 3a51euTh BiJ THITY
3pa3ka, Ta MOXe YCKJIQJHIOBAaTHCS MpollecaMu arperaiii yacTuHoK. HaliOouip1 BeTuunuHu ce-
penHboapU(PMETHUYHUX Ta MEJIaHHUX 3HaueHb D criocTepiratotbes uis 3pa3ky caxi (6,6 Ta 5,0
MKM), a HalMeHIII1 — JiJis ByriieneBoro aacopoenty Mb (6,0 ta 3,0 Mxm) Ta konoigHo-rpadiro-
Boro npenapaty KI'TI (4,7 Ta 3,6 MkM) 3pa3KiB.

[ToxazaHo, 110 JUIst BCIX JOCIIPKEHUX BYIVIELIEBUX aJCOPOEHTIB XapaKTEpHUM CXOKUHN Xa-
pakTep po3noaiTy 3a nokasHukoMm Gopmu SF. Bupakena ta HaiiOiib1a 3a KIIBKICTIO (pakiis
(27-37%) BiamoBigae yacTuHKaM 3 popMoro, HabmmkeHoto 10 okpyrioi (SF > 0,9). Bonnouac
i TmHonopowky I'TIM MOHTMOpPHIIOHITOBOTO THUITYy KUIBKICTh TaKMX YacTUHOK MEHINA
Outbm HIX y 1814l (14 %), a HaiOuibma ¢paxuis (21 %) Bianosinae yactuakam 3 SF B iHTEp-
Bami 0,7-0,8.

Hait0inbmn mpuitHITHUMHU aacopOeHTaMu ISl TIPOIECIB BOIOOYHUIIICHHS! MOYKHA BBaXKaTH
konoigHo-rpaditosuii npenapar KI'TI mapku C-1 ta munonopouok I'TIM MoHTMOpHITOHITO-
Boro tuny mapku I1;T1KA. [Ins nepioro 3pa3ky crnoctepiraioTbesi HailMeHIi 3Ha4eHHs Koe-
¢imienTiB Bapiamii (22,5 %) ta ocuumnsnii (1,0), 110 CBITYUTH MPO HANBUIILY OJHOPIAHICTH PO-
3MO/ILTY YaCTHHOK 3a MOKa3HUKOM (OPMH /1715 LIbOTO TUITY afcopoeHTy. Lle, y cBoto uepry, moxe
3a0e3MmeunTH BUIy e(PeKTHUBHICTH COPOIlii B TEXHOMOTISAX BOJOOUHUIIICHHS.

BuxopucranHs MeTOAy ONTUYHOI MOISPU3ALIIHOT MIKPOCKOIIT B TOEJHAHHI 3 MOPpOMET-
PUYHUM aHaJIi30M YAaCTHHOK JI03BOJIsI€ OOIPYHTOBAHO MiAIWTH 0 BUOOPY MapKH aJcOpOEHTIB
JUTS X 3aCTOCYBAaHHS B TEXHOJIOTISIX BOAOOYHIICHHS. [lomanbii ToCipKeHHS B IbOMY HaIpsi-
MKy MOXXyTb OyTH HampaBlIeHl Ha MPOIECH MOBEPXHEBOI MOIU(IKaIlil YACTUHOK aJICOPOEHTIB
JUTS TIABHUIIEHHS 1X MUTOMOI EMHOCTI Ta CEJIEKTUBHOI 31aTHOCTI.
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COMPARATIVE ANALYSISOF DIMENSIONAL CHARACTERISTICS
FOR PARTICLESOF HYBRID AND MINERAL ADSORBENTS
FOR WATER PURIFICATION PROCESSES

In the work, a comparative morphometric analysis of various types of domestic adsorbents intended for use in water
purification technologies is performed. Four types of adsorbents were investigated: «Mdbiusy carbon adsorbent, P1T1KA clay
powder of the montmorillonite type, DG-100 carbon black, C-1 colloidal graphite preparation.

Morphometric analysis of adsorbent particles was carried out by the method of optical polarization microscopy («Bi-
olamy brand microscope). Photomicrographs of particles pre-dispersed in the immersion liquid were obtained using a digital
camera with a high-resolution matrix. Quantitative assessment of the sizes of adsorbent particles was carried out by the method
of digital image analysis (ImageJ software package). The area and perimeter of individual particles were determined and their
equivalent diameter and shape index were calculated. Statistical processing of experimental data was carried out using the
«Statisticay software package.

It was established that the nature of the distribution of particles of the investigated types of adsorbents in terms of equiv-
alent diameter depends on the type of sample, and may be complicated by the processes of particle aggregation.

1t is shown that a similar nature of distribution is observed for all investigated carbon adsorbents according to the shape
index. The pronounced and largest fraction (27-37%) corresponds to particles with a shape close to round. The most acceptable
adsorbents for water purification processes can be considered a colloidal graphite preparation and clay powder of the mont-
morillonite type, for which there is a higher homogeneity of the distribution of particles according to the shape indicator. This,
in turn, can provide higher sorption efficiency in water treatment technologies.

The application of the method of optical polarization microscopy in combination with the morphometric analysis of
particles makes it possible to reasonably approach the selection of the brand of adsorbents for their use in water purification
technologies. Further research in this direction can be directed to the processes of surface modification of adsorbent particles
to increase their specific capacity and selective ability.

Keywords: adsorbent; morphometric analysis, equivalent diameter; shape index; water treatment.

Fig.: 4. Table: 6. References: 24.
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MiHepaabHHUX acOPOCHTIB TSI IPOIIECiB BOMOOUHIICHHS. Texuiuni nayku ma mexuonozii. 2022. Ne 3(29). C. 114-125.
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AHAJII3 EOEKTUBHOCTI 3ACTOCYBAHHSA ®PEPMEHTHUX IPEITAPATIB TA
BUMOI'M OO IX BE3IIEYHOCTI B KPA®TOBOMY BUPOBHUIITBI IIMBA

Y pobomi excnepumenmanvro 0ocriodxnceno ma 0OTPYHMOBAHO MONCIUBICIb BUKOPUCHANHS OOCMYNHUX HA PUHKY (ep-
MEHMHUX npenapamie 3 memoio onmumizayii npoyecy ginempayii kpagmoeozo nusa. 3acmocyéanns gepmeHmuux npenapa-
mi¢ 0ae 3M02y NPUCKOPUMU MEXHONOIYHUN YUK BUPOOHUYMEA, OMPUMAIU 20MO08Y NPOOYKYII 3 GUCOKUMU NOKAZHUKAMU
K010i0HOT cmitikocmi. [locnidoceno ma oyineno enaus epmenmuux npenapamie Laminex® MAX Flow 4G, Amylex 5T,
Beerzym® AMYL HT, Beerzym® BG, EnerZyme® P7 na npoyec gpinempayii’ cycia wasxom USHAYEHHSI 6MICIY eKCmpaxkmiu-
GHUX PEHOBUH Y NUGHI OPOOUHI 6 ymosax nuenoi maticmephi “Bierwelle”. Y pobomi npedcmaeneno eumoau 6e3neunocmi 0o
epmenmuux npenapamis, wo GUKOPUCIOBYIOMbCA Y NUBOBAPHUX GUPOOHUYMBEAX.

Knrouogi cnosa: pepmenmui npenapamu; nueosapinus; Kpagmose supoOHUYME0, eKCMpPakmueHicmy OpoOUHY, KONoi-
Ona cmiukicmos, 6e3neyHicme.

Tabn.: 1. Bion.: 22.

AKTyaJIbHICTH TeMU A0CTiAKeHHsl. BinbimicTs nmpoOiem, sSiki BUHUKAIOTh Y MUBHIN MPO-
MHCJIOBOCTI, ITOB’A3aH1 3 TEXHOJIOTIYHUMHU TpoliecaMu. 30Kpema, 1ie IpoOiaeMu, MoB’sI3aHi: 3
SKICTIO OI[YKPIOBaHHS 3aTOPY; 3HAYHUM 3aJIMIIKOM €KCTPAKTUBHUX PEYOBHH y IPOOWHI; HEMO0-
CTaTHBO IHTEHCUBHUM 1 NMOOKUM 30pO/KYBaHHM; 13 (PUIBTPYBaHHAM IMBA; HOT0 KOJIOiJHOIO
crabubHicTIO. [lepen moaioOHMMM pobiieMamMu ocTaroTh i kpadToBi BUpoOHULITBA. ChOTOIHI
CIIOCTEpIraeThes Aeska TpaHchopMmallisi MOHATTS KpadTOBUX TEXHOJOTIH. SKII0 Ha mouyarky
CTBOpPEHHS KpaTOBMX IMUBOBapeHb B YKpaiHi nepeadavanocs 3aCTOCYBaHHS y BUPOOHMIITBI
NUBa TIABKU KJIACUYHUX, TPAAMLIHHUX peLenTyp, TO HUHI CHOXHMBadi NOTPeOyOTh pizHOMa-
HITTS TUBHUX CMaKiB, PO3IIMPEHHS! aCOPTUMEHTY NMPONOHOBAHOI MPOAYKIIIi, 1110 BUMAarae Kpe-
aTUBHOTO MiJIXOJy /10 CUPOBHHHU 1 TEXHOJIOTH Y BUPOOHMIITBI MKBa. 3aCTOCYBaHHs (PEepPMEHT-
Hux npenapatiB (PII), ki epeKTUBHO BUKOPHUCTOBYIOTHCS HAa BEJIMKUX MMMBOBAapPHUX 3aBOJAX
MOX€ CTaTH OJHUM 3 HalpsiMiB BIOCKOHAJIECHHS MPOLECY MUBOBApPiHHA 1 HAa KpadTOBUX ITiI-
puemctBax. Came ToMy JoCiiKeHHs e(eKTUBHOCTI 3acTocyBaHHS DI, 1OCTYNHUX HA PUHKY
VYkpainu, B yMoBax KpaTOBOro MMBOBAPHOTO BUPOOHHUIITBA € aKTyaJbHUM.

IMocranoBka npodiemu. 3acrocyBanns ®I1 y nuBoBapiHHI 103BOIIsIE €PEKTUBHIIIE MTPO-
BECTH TipoJi3 OIKIB Ta mojicaxapuaiB COJIOAY, IO MPU3BOIUTH JI0 30UIBIIEHHS HOro eKcTpa-
kTuBHOCTI. Ha punky Ykpainu npencraBieHa 4uMaia KUIbKICTh (DepMEHTHHUX IpernapariB 3a-
KOPJIOHHOTO BUPOOHUIITBA, BAPTICTh KUX € BUCOKOI0, TOMY HEOOX1THUM €TaIloM € TPOBEACHHS
OIIHKH €(EKTUBHOCTI 1 IOIIJTFHOCTI X 3aCTOCYBaHHS.

3 ypaxyBaHHM aKTyaJbHOCTI MPOOJIEMH B yMOBaX Kpa(ToBOro BUpOOHULITBA TPOBEICHHS
TaKOTro OLIIHIOBaHHS BapTO 3/1HCHIOBATH JUIsl KOXKHOTO (PepMEHTHOTO Mpenapary 4u iX KomoOi-
HaIlii 17151 BUOpaHOTo eTany MUBOBAPIHH 3 ypaXyBaHHSIM KOHKPETHOTO BTy NHBa i TUBOBAPHI.

© XXanna 3amaii, Oxcana ['ymentok, Onena Xpe6ranb, Cepriii I[lonomapenko, Koncrsnrun IBanenko, 2022
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AHaJi3 OCTaHHIX JOCTiIKeHb i myOJaikamiii. 3 METOI MPOBENCHHS MITUOIIOTO TiPOTi3y
MOJIIMEPIB COJIONY 1, BIMIOBIHO, 30UIBIIICHHS] HOTO €KCTPAKTHBHOCTI, 301JIBIIIEHHST BUXOLY TO-
TOBOTO MPOJYKTY 1 MiABHILEHHS KOJOIAHOI CTIMKOCTI MMBa B MUBOBAPiHHI, KPIM ()epMEHTHUX
CHCTEM COJIOAY, 3aCTOCOBYIOTh (DEPMEHTHI CUCTEMH  1HIIOIO MOXO/KEHHS, HAIIPUKIIAL, MiK-
po6HOro. @epMeHTHI MpenapaTy MiCTATh HUTONITHYHI, TPOTEONITHYHI i amiomiTH4uHi pepme-
HTH, HE BIUIMBAIOTh HA CMAKOBI SIKOCTI IIMBA, iX JIETKO A03yBaTH Ta BOHU € HaJ3BUYalHO edek-
tuBHUMU. binburicte @I € KoMIIEKCHUMH, TOOTO, KPIM OCHOBHOT'O MICTATH 1€ ¥ CyMyTHI
depmentu. DepMeHTH BiIIrpalOTh JHUIIE JONOMDKHY POJb Y TEXHOJIOTIYHOMY Tpoleci, He
BIUTMBAIOTh HA OPTraHOJICTITHYHI TTOKAa3HUKHU OJiep>kaHoro mpoaykry [1; 2]. ®I1 BukopucTtoBy-
I0Th JUIS IOKPAIEHHS TEXHOJIOTIYHOTO MPOIIeCy Ta KOPEKIii COMOAY HU3BKOI SKOCTI. 3a iX J10-
IIOMOTH IOKPAILYIOTh Mpouec (iabTpanii NuBa, 3MEHIIYIOTh Yac OLyKpPIOBAaHHS, MMiIBUILYIOTb
CTIMKICTh NTUBa, MOAOBXKYIOTh HOT0 TepMiH 30epiranus Ta inme [3; 4].

3abe3reyeHHs SIKOCT1 Xap4oBoi MPOIYKIIi 1 TUBa, 30KpeMa, HEMOXIJIMBE 0€3 TapaHTyBaHHS
6e3neuynocTi miei mpoaykuii. B YkpaiHi Ha 3akoHOIaBYOMY PiBHI IPUHHATI 000B’I3KOB1 BUMOTH
111010 BIIPOBA/PKEHHSI TA MOCTIIHOIO 3aCTOCYBaHHA Ha MiJIPUEMCTBAX XapuOBOI IIPOMHUCIIOBO-
CTi mponenyp i3 3a0e3neyeHHs 0e3MEeYHOCT] XapuoBOl MPOAYKIIil, 3aCHOBAHMUX Ha MPUHIUITAX
Mixnaponuoi cucremu HACCP, 30kpema, y Takux JOKYMEHTaxX:

1. 3akon Ykpainu Ne 771 «[Ipo OCHOBHI MPUHIIUIIN Ta BUMOTH JI0 OC3MIEYHOCTI Ta SIKOCTI
Xap4yoBUX MPOIYKTIB» [5].

2. 3akoH Ykpainu Ne 2042 «[Ipo nepx»aBHUN KOHTPOJIb 3a JOTPUMAHHIM 3aKOHOJIABCTBA
PO XapyoBi NPOAYKTH, KOPMHU, IOO1YHI MPOAYKTH TBAPUHHOTO MOXOAKEHHS, 310pOB’s Ta OJa-
TOIOJTy4Ysi TBApUH» [6].

3. Hakaz MinictepcTBa arpapHoi MHOJITUKKM Ta MNpoAoBoiibcTBa YkpaiHu Ne 590 Bifg
01.10.2012 «IIpo 3arBeprxenHs: Bumor 11010 po3po0Oku, BIPOBaKEHHsI Ta 3aCTOCYBaHHS 110-
CTIMHO J1I0YMX MPOLEAYP, 3aCHOBaHUX Ha MpuHIMNax CucTeMu yInpaBiiHHA O€3MEeUHICTIO Xa-
puoBux npoaykriB (HACCP)». 3i 3minamu, BHeceHumH 3rigHo 3 Hakazom MiHicTepcTBa arpa-
PHOI NOMITUKHU Ta npogoBoibcTBa Ne 429 Bin 17.10.2015 [7].

Ha punky Ykpainu 3’sBnstorscst Bce HOB1 DII, TpuBaroTh AOCHIKEHHS MO0 1X BIUIUBY
Ha TEXHOJIOTTYHUH MpoIeC Ta 3’ siICyBaHHs O€3MEYHOCTI iX BUKOPUCTAHHSA. Tak, /U1 MOXKIIMBOTO
BUKOpHCcTaHHS MiKpoOHuX PII B 010TEXHOIOTTYHUX MpOLlecax BOHU MOBHUHHI BIAMOBLAATH Te-
BHUM BuMoram. L{i BUMOTu CTOCYIOThCS CKIaly (PepMEHTATUBHOIO KOMILIEKCY, ONTUMAIbHUX
yMoB ix aii (pH, Temneparypa), cTyneHs! OUUIEHHS, BEIMYMHU aKTUBHOCTI, BMICTY HallOBHIO-
Baya, BapTOCTI Ta psAAy 1HIIUX (akTopiBs [8].

VY xomi gocnimxeHHs [9] Bnanocs 3’scyBatH, mo Bukopuctanas ®I1 Hytemphase y npo-
1eci 3aTUpaHHA J]a€ 3MOT'y 30UIBIINTH BMICT €KCTPAKTUBHUX PEUOBMH Ta MaJbTO3M B CYCIi,
3MEHIIUTH WOTO B’ A3KICTh, @ OTXKE, MOJIIMIIUTH SKICTh TTMBA, 3MEHIITUTH TPUBAIICTh QLIBTPY-
BaHHsI, IPULIBUILIUTY NPOLEC 30pO/KyBaHHS MUBHOTO Cyclla, KOHTPOIIOBATH Horo ckiaf [9].
Bcranosneno, 1o, 3Bakatouu Ha BUCOKY TepmocTadinsHicTh I Hytemphase, BiH nae 3mory
3I1MCHIOBATH MpOLIEC 3aTUPaHHS 32 BUCOKHX TEMIIEpaTyp, TOAI K BIacHi (PepMEHTH COJIOAY
MOXYTh OyTH BK€ IHAKTUBOBAHUMH.

Astopamu [10] gocnipkeHo BIUIMB pepMeHTHOTO npenapary «Llepemikey Ha dac omykpro-
BaHHS, TYCTHHY Ta 4ac (inpTparii cycna nuBa «IIpukapnarcekey, «lannno [Namupkuit» ta
«SIHTapHe». BcTaHoBeHo, 10 B pe3ynbTari 10JaBaHHs Mpenapary 3HUKYEThCS B’ A3KICTh Cy-
cia Ta 30LIBIIYETHCS HOro BUXiA NMpubIu3Ho Ha 5 %, CKOpouyeThesl cTajlig (pinbTparii, mijaBu-
HIyEThCS MPOAYKTUBHICTD CycinoBapiHHs Ha 16 %. I1ij yac BBeZieHHs Ipenapary B TOTOBE ITMBO
301IBIIYETHCS HOTO KOJIOIIHA CTIMKICTh, a MIHOCTIMKICTh HE 3MIHIOEThCSI. DepMEeHTHUI Mpena-
par He TOTIpIIyE SAKICTh MPOAYKTY. A B pe3ylbTari 10/JaBaHHs KOMILIEKCY npenapariB «DyHra-
MiT» Ta «Marypekc» M 4ac OpomiHHS BKa3aHWX MapOK IHMBa MPOIEC CKOPOUYETHCS Ha
1...2 1o6u. SIkicTe TOTOBOrO BHPOOY IpPU IIbOMY HE 3MIHIOETHCS, @ TEXHOJIOTIYHI NMOKa3HUKU
BUPOOHUIITBA TTOKPAITYIOTHCS.
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IIpoBeneni aBropamu [11] mocmikeHHS BIUIMBY [0JaBaHHS (EPMEHTHUX Mpenaparib
Viscoferrm ta Brewtan C Ha cTasii OpomiHHS 1JIs TiABUIIEHHS CTIHKOCTI MMBA TOBEIH JTOIiIb-
HICTh BUKOpHCTaHHS Viscoferrm — 30amaHcoBaHOl CyMilli KCUIaHa3u, B-TIFOKaHa3H, aMiJlasH,
ENI0ONIa3Ku Ta MpoTea3u, BUPOOIeHOI Ha OCHOBI KyJIbTUBYBAaHHs IITaMiB poxy Aspergillus ta
Trichoderma. ExcnepumentanpHO Oyna JOCTIDKEHA ONTHUMAajbHA J103a BHECEHHS IIpera-
pary — 0,02 r/man. ABropamu poOOTH BCTaHOBIIEHO, 110 goaaBanHs PII Viscoferm B kKOHIIEHT-
parisax 0,02 — 0,04 r/nan Ha cranii pepMeHTallii TaKOXK TO3UTUBHO BIUIMBAE HA IMHAMIKY 30po-
JUKyBaHHA. J[oBeeHO, 110 WOTro BUKOPHMCTAHHS AOLUIbHINIE HK TajotaHiny Brewtan C Ha
cTazii OpoaiHHA. AHaNII3 JOCHTIKEHb OACP)KaHOTO MKBAa MoKa3aB Kpalli (i3uKo-XiMIvHI Bjac-
TUBOCTI B IIOPIBHSHHI 3 KOHTPOJIBHUM 3Pa3KOM Ta 3pa3koM 3 T00aBKOIO raJIOTaHiHY; OJIepKaHUN
3pa30K 3aCIYUB TaKOXK 1 HA BUCOKY OPTaHOJICITUYHY OLIIHKY.

JlocmiIKeHHsT KOMITJIEKCHOTO (hepMEHTHOTro mpenapary Viscoferm mpomoBxkeHo y poOoTi
[12] Ta BCTaHOBIEHO, 110 KPALIUM 3pa3KOM € IMHUBO, CTa011130BaHe HUISIXOM JOOAaBKH KOMILIEK-
cHux gepmenTiB Viscoferm Ha crazii gpinerpyBanus 3aropy. Lleit 3pa3ok nuBa Mae HalHIKINI
TaHIHOBHH MMOKa3HUK, 1110 BKa3y€ Ha HAMMEHIIY KUIbKICTh OUIKIB, 31aTHUX 0 YTBOPEHHS I10-
MYTHiHb B HBOMY B IIPOIIECi 30epiraHHsl.

BrnuB ¢epMeHTHUX mpenapariB Ha TEXHOJIOTIYHUI MpOoLEC 1 AKICTh OJEPkKAHOTO MPOIY-
KTy BUBYajiach i B po6oti [13]. [Ipudomy aBropu BBogmim @I1 Brewers Clarex B cyciio nepen
MOYaTKOM T'OJIOBHOTO OpOJIiHHSA, a 1o 3akiHueHHi ¢insTpyBanHsa — OII Profix. O6pane mo3y-
BaHHSI JI03BOJISIE TIPUCKOPUTH TEXHOJIOTTYHUH IIUKI BUPOOHUIITBA 1 OTPHUMATH TOTOBY MPOAYK-
I[i}0 3 BUCOKUMHU MOKa3HUKAMU KOJIOiHOI cTiiikocTi. L{ikaBo, 1110 Ha BiqMiHy BiJ OUIbII paHHIX
naHux aBTopH [13] Ha OCHOBI pe3yabTaTiB MPOBECHOT NEryCTallii BCTAHOBUJIM, IO 3Pa3KH Io-
TOBOTO IMHBA, OJIEPKaHi 3 3aCTOCYBaHHAM (PEPMEHTHHUX IpenapariB MaroTh Kpallli OpraHoJien-
TUYHI BIACTHBOCTI, @ y ONTHMAJIbHIN KOHIICHTpAIlli — HAWBHIIY JETyCTaIliiiHy OmiHKY. | MeToro
HacTynHoi po6otu [14] Oylno IOCHIIUTH, SIKHM YAHOM (DEpMEHTHI Mpernaparu BILTUBAIOTh HA
KOJIOIZIHY CTIMKICTh MHBa Ta Oe3MocepeHb0 Ha OPTaHOJIENITUYHI TTOKA3HUKU TOTOBOI MPOIYK-
1ii. BctaHoBneHo, 110 3acTocyBaHHS (pepMEHTHUX IpenapatiB y criBBiaHomenHi 0,175 r/gan
Brewers Clarex (mepen 30pokyBanHsM 1 go3piBanasaM) 1 0,2 r/man Profix 6500 (mepexn poznu-
BOM) JIaCTh 3MOTY IPUCKOPUTH TEXHOJIOTTYHUM IIUKI BUPOOHULITBA, OTPUMATH FOTOBY MPOIYK-
IIFO 3 BUCOKMMH ITOKa3HUKaMH KOJIOITHOI CTIAKOCTI.

Buainenns Hemoc/iakeHUX YaCTHH 3arajabHoi npooduaemu. [IpoBenenunii anamiz octan-
HIX JOCHIKEHb 1 MyOsiKaii mokasas, 1110 TUTaHHSIM €(EKTUBHOCTI 3aCTOCYBaHHS (PEpMEHT-
HUX TMpenapariB B MUBOBAPIHHI NPUAUIAETbCSA 3HAYHA YBara, OJ{HaK MEpPEeBa)KHO JTOCIIIKEHHS
ctocytoThes BIuMBy DI Ha sKicTh (TEpMIH NPUIATHOCTI) TOTOBOIO HAIOO, a 3aCTOCYBaHHS
@Il B ymoBax kpa)TOBUX BUPOOHUITB 3 METOIO 3017IbIIEHHS BUXOAY MPOIAYKTY 3a pPaXyHOK
JIOJTATKOBOTO PO3PIIHKEHHSI Cyciia HE MPOBOAMIOCH. 30KpeMa, BIJCYTHI Taki BIIOMOCTI 100
BUKOpHCTaHHS (QepMeHTHUX mpemnapatiB Laminex® MAX Flow 4G, Amylex 5T, Beerzym
AMYL HT, Beerzym®, EnerZyme® P7.

MeTo10 cTaTTi € TEOpPETHYHE 1 eKCTIEPUMEHTaJIbHE OOTPYHTYBaHHsI BUKOPUCTaHHS (hepme-
HTHUX MpenapariB y mpoleci BUpoOHUIITBA uBa «JlecsiTka» Ha nuBHINA MalictepHi "Bierwelle",
mo Oyzie CHpUsATH 3MEHIICHHIO BTPAT aKTUBHUX PEYOBMH COJOAY MiJx 4ac ¢iibTpauii musa i
MOJIOBKEHHIO TEPMiHY 30€piraHHs FOTOBOTO MPOIYKTY.

BuxkJjaa ocHoBHOro MarepiaJy. B po6oTi BUBYaIM BIUIMB JOAaBaHHS (DEPMEHTHUX Ipe-
mapariB Ha EKCTPAaKTHBHICTH JPOOWHH B TEXHOJOTii muBa «JlecaTkay THUBHOI MaiCTepHi
“Bierwelle” — nepioro kpagToBoro BUpoOHMIITBA 3 MHBOBapiHHA B M. UepHiriB Ta 6e3med-
HICTb 1X 3aCTOCYBaHHSI.

Jlnst HenomyeHHsT 3arpo3u Oe3Meri XapuoBoi MPOAYKIlii, 110 BUpOOIsSETbCA Ha KpadTo-
BOMY MIANPUEMCTBI, 3acTocoByeThcs MixkHaponHa cucrema HACCP (Hazard Analysis Control
Critical Points).
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V pesynbrari 3anpoBapkeHHs cuicteMd HACCP Ha BUpOOHMIITBI, TIepe0avacTbest BECHHS
0e3rnepepBHOrO KOHTPOIIIO Xap4uOBOTO JIAHIIIOTa 1010 BUSBJICHHS, KOHTPOJIIO Ta JIiKBigallii HeOe-
3MEYHUX YNHHUKIB BiJ] IEPEBIPKH OE3MIEYHOCTI CHPOBUHHU JIO OLIIHIOBAaHHS O€3IIEYHOCTI TOTOBOT
MIPOIYKIIT — «Bif] JaHY — JI0 CTOIY», IO € TOJIOBHOIO KoHIeniero cuctemu HACCP.

VY mpoBeeHOMY HaMH JTOCIIJKCHHI, OHUM 13 CYTTEBUX PU3UKIB Mij 4ac BUPOOHUIITBA
MMBA € 3acToCyBaHHS (pepMeHTiB. DEpMEHTHI ITpenapaTH, 110 3aCTOCOBYBAJIUCS B JIOCIIIKECHHI,
€ CUPOBHUHOIO, a TOUHIIIE, TEXHOJIOTTYHOIO J00aBKOIO, SIKa BBOAMIIACS J1JIsl MOJIIIIIEHHS TeXHO-
JIOTIYHHUX TPOIECIB MTUBOBAPIHHSA, AKOCTI Ta 301IbIIICHHS 00CATIB TOTOBOT MPOAYKIIi.

Tomy myke BaXIMBUM € 3a0e31neueHHs] (PePMEHTIB, SIKi BUKOPUCTOBYBAIHCS Y HAYKOBUX
nociipkeHHsx Laminex® MAX Flow 4G, Amylex 5T, Beerzym® AMYL HT, Beerzym® BG,
EnerZyme® P7, Ceprudikaramu Biamosigaocti, ['irieniuaumu Ceprudikaramu tomro. TooTo,
BCl CUPOBHHI IHTPEIIEHTH, SIKI 3aCTOCOBYIOTHCS Y BUPOOHHUIITBI KpadTOBOTO MHBA, MOBHUHHI
MaTH JTOKyYMEHTaJIbHE IiATBEPKCHHS CBO€T Oe3neku. Lle HeoOXiHO AJis opraHizallii Ha BUPO-
OHMIITBI HAJEXKHOTO JO3YBaHHS, IJITOTOBKH JIO TEXHOJOTIYHOTO MPOIECY Ta 3a0e3MEeUCHHS
YMOB 30epiranHsi ()epMeHTIB.

3a pexomenpaamisimu BUpoOHHUKIB PI1 mo3yrorhbest y HeBenukii kimbkocti Big 0,001 mo
0,075 % no macu cupoBunu [15—19]. @II gomyckaroThcs 10 3aCTOCYBaHHS BIAMOBITHO A0 YHH-
HUX 3aKOHOAABYMX HOPM, 30kpeMa [20]. [l anamizy MOKIMBOCTI TO3UTUBHOTO BIUIMBY Ha Te-
XHOJIOT1TYHHH MpoIiec BUBYAIHCH Taki DIT:

LAMINEX® MaxFlow 4G — 1ie nuBoBapHH (epMEHT, PO3pOOICHH 115 3a0e3MeueHHs
BUCOKO{ CTaOUTFHOI IPOIYKTUBHOCTI 0€3 IKOAM IS SIKOCTI TIMBA HE3aJIEKHO BiJ] SIKOCTi CHPO-
BuHH [15].

BinnosigHo 1o iHbopMmaliii po3poOHHUKIB, BiH CTBOPEHHH HAa OCHOBI BUCOKOCTICITM(IUHUX KCH-
nana3 i B-nmokana3, LAMINEX® MaxFlow 4G 3Ha4HO MOKpallye po3AiieHHs cycia Ta QuibTpa-
1iro uBa. GepMeHT MiHIMI3y€e PH3UK PyHHYBaHHS Mapy (HUIBTPY 3aBISKH BHCOKIN CEIEKTUBHOCTI
10710 BOHOpo3urHHKUX apadiHokcwiaHiB. LAMINEX® MaxFlow 4G nyxe eQexkTuBHMIA y 3HH-
JKCHHI1 BHCOKOMOJICKYJSIDHOTO [B-IJIFOKaHy B YCIX THIIaX Cycia, 0 POOUTH PO3IUICHHS cyclia Ta
¢binprparito MMBa HadaraTo JIETIIMM 1 IIBUIIIAM 3aB/SIKH 3MEHILIEHHIO B’SI3KOCTI Cycla.

®epmentHuil npenapatr AMILEX 5T — tepmocraliinbHa o-aMisiasa, Ky OAEpXKYIOThb 3 Te-
HeTH4HO 3MiHeHoro mrtamy Bacillus licheniformis. BukoprcToBytoTh 1151 KOpEKIIil coJIOny HU-
3bKOI SIKOCTI, PO3PIKEHHS KPOXMaJIIo 3epHOBUX [16].

Beerzym® AMYL HT —ue pigkuii, cneuiaabHuid, (epMeHTHHUH mpenapar Ajs po3pi-
JOKEHHS KPOXMAJTI0 3€pPHOBOI CUPOBHMHH i1 4ac BUPOOHUIITBA ITMBHOTO CYCJIa i3 COJOAY Ta He-
cosoioBux Marepiaiis. [Ipenapar akTUBHMI 3a TeMiiepaTypu 3atupanHs. [Ipogynentom dep-
MEHTY € CcreliagbHo BiaiOpanuii mram 6aktepiit Bacillus licheniformis. OcHoBHA aKTHUBHICTH
(dbepMEeHTHOTO TperapaTy 3yMOBIICHA €10 TEPMOCTAOUTHHOT 0i-aMisia3u.

AKTHUBHICTb (hepMEHTY MpOosBIseThCs y mupokoMy iHTepsaii pH Bix 5,0 10 9,0 3 ontumy-
MoM 3a pH = 6,5 3a HassBHOCTI cyOcTpary Ta J0CTaTHBOI KUIBKOCTI HOHIB Kanbiiito Ta B Temne-
parypHomy iHTepBaii 30...100 °C (3 ontumymom 3a 90...95 °C) [17].

Beerzym® BG — ue piakuii, cnenianbHuil GepMEHTHUN Mpenapar Ajs po3LIeIUIeHHs [3-
[JTFOKaHy 3€pHOBOI CHPOBHHH ITiJ] Yac Ofiep KaHHs MUBHOTO cycia. [Ipemapar akTHBHUH 3a TeM-
nepaTtypu 3aTUPaHHS 3epHOBOI cUpOBUHHU. DEepMEHT OEepPXKYIOTh 13 CHelialbHO BiAiIOpaHOTO
mramy rpuba Pinicillium emersonii. OCHOBHA akKTUBHICTb ()€pPMEHTHOTO ITpenapary 3yMOBJIEHA
JI€I0 TEPMOCTAOUIBHOT B-TI0KaHa3U. AKTUBHICT (DEPMEHTY MPOSBISAETHCS Y IIUPOKOMY 1HTE-
pBaii pH Bix 2,0 10 6,5 3 ontumymom 3a pH = 4,5 Ta nianasoni Temneparyp Bix 15 1o 95 °C 3
ontumymom 75...85 °C [18].

EnerZyme® P7 — e piakuii, cnenianbHuil GepMeHTHUIN MTpenapar Jyisi IPoTeoizy O1IKo-
BUX PEUOBMH 3€pHa B Mpolieci 3aTUpaHHA 3 TeMiiepaTypoto 10 55°C. depmeHTHUH npenapar
OJIEPKYIOTh 13 creriasibHo BiniOpanoro mramy Bacillus subtilis. OcHOBHa akTHBHICTb Ipemna-
pary 3yMoBIIeHa Jii€ro npoTteinasu. [Ipenapar Takox BUABISE HE3HAUHY O-aMiJla3Hy 1 B-IiroKa-
Ha3HY aKTHBHICTb.
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AKTUBHICTH (PepMEHTY MPOSABIAEThCA y mMpokoMmy iHTepBani pH Bix 5,0 no 10,0 3 onTu-
mymoM pH = 7,0 Ta nianazoni Temmneparyp Bix 25°C no 70°C 3 ontumymom 55°C [19].

Hocmimxysani @I qogaBanuck miJ yac 3aTUpaHHs CONOAY. Pexxum 3aTupaHHs- BigBapKo-
BHA. YTBOpPEHUH 3aTOp BUTPUMYIOTH criouaTky 40 XBUIMH IIpH 65 rpamycax, motiM 20 XB npH
72 rpamycax ta 1 xB nipu 78 rpamycax. Y 3aropi pH 5.25, rigpomonyns 1:3. Conon (ACTY
4282:2018) BUKOPHCTOBYBaJIM 3 HACTYITHHMMH, BU3HAUCHUMH 33 CTAaHIAPTHUMH METOIUKAMH
[21], moka3HUKaMU:

— BoJioricTk coioxy Wo= 5,0 %;

— MacoBa YacTKa EKCTPAKTY B HOBITPAHO-CYXill peuoBuHi cyxoro conoxy Eo' = 74,67 %;

— MacoBa YacTKa eKCTPAKTY B CyXiil peuoBuHi cyxoro conoxy Eo? = 78,60 %;

— EKCTPAKTUBHICTH COJI010BOT BUTSKKH 6,002%.

depMeHTHI MpenapaTy A0/1aBaIiCh Y TAaKUX KITbKOCTIX:

Laminex® MAX Flow 4G — 0,15 kr/t 3acumy.

Amylex 5T — 0,15 xr/t 3acumy.

Beerzym® AMYL HT B3sito 100 mut/T 3acwuiry.

EnerZyme® P7 B3sto 300 mMi1/T 3acury.

Beerzym® BG B3sto 300 mi1/T 3acury.

Ha 3aBoni "Bierwelle" ognieto 13 3a1au € onTumizaiis npouecy GinpTpallii 3 METOI 3MEH-
HICHHS BTPAT €KCTPAKTHBHUX PEYOBUH CHPOI APOOMHHU, TOMY B YCepeaHEHil mpobi Oymno goc-
JDKEHO MAacOBY YaCTKy 3arajbHOTO €KCTPAKTy IPOOHWHH, EKCTPAKTy APOOWHH, 110 BUMHUBA-
€THCSI Ta 3AJIMLIKOBOTO EKCTPAKTY y TPhOX 3pa3Kax:

1 — xoHTpOJB (3aTOp O€3 ToaBaHHS (EPMEHTHHUX MpENaparin);

2 —3atop 3 nonaBanHsM Laminex® MAX Flow 4G ta Amylex 5T;

3 —3arop 3 nopasanHsaM Beerzym® AMYL HT, Beerzym® BG, EnerZyme® P7.

@II ckoMITOHOBaHI BiIOBIIHO 70 1X TiAPOIITUYHOI aKTUBHOCTI, 3a0€31EUyI0UH JT0/IaTKOBE
BHeceHHs [-mmokaHa3u (Laminex® MAX Flow 4G Ta Beerzym® BQG) i a-aminaszu (Amylex
5T ta Beerzym® AMYL HT). EnerZyme P7 micTuth nporeinasy.

JUis BUBHAUEHHS €KCTPAKTy JIPOOMHH, 110 BUMUBAETHCS CHOYATKY BH3HAYaJ M BOJIOTICTh
cupoi apobunu. s nporo HaBaxxkky 500 r BucymryBanu 3a reMneparypu 60°C 1Bi roguHu 3a
nornomoroo cyummibHoi magu Labexpert Multi Control; 3a pi3Huiiero Mac po3paxoByBasu
BMICT BOJIOTH Y BificoTKax. [Hiry HaBaxky cupoi apoounu (200 r) BiKMMaaud Ha pydYHOMY
mpeci, ofiepKaHe Cyciio BiipIIBTPOBYBAJIM Ta 32 JOTIOMOTOIO IMIKHOMETPA BU3HAYAIH BMICT €KC-
TpakTy y dinbrpari. anai po3paxoByBail MacOBY YacTKy €KCTPAKTY, III0 BUMHBAETHCS y CUPIN
NUBHIM IpoOKHI Ta MACOBY YacTKy €KCTPAKTY, I1I0 BUMHBAETHCS, y NEPEPaxyHKy Ha 3€pHO, 110
3aTUPAETHCA.

Bu3HaueHHs BMICTY 3arajlbHOTO €KCTPakTy JIPOOMHU MPOBOAMIM LUISXOM BUCYIIYBaHHS
HABa)XKU MiJIcylIeHo01 [poounu 3a Temnepatypu 105 °C mpoTsarom TpboX FOIMH Ta PO3PaXyHKY
ii Bostorocrti. Jlam 25 r 1piGHO po3MeNIeHOT BUCYIICHOT APOOMHU MOMIIIATHN B 3aTOPHUM CTaKaH
3 200 cM® BOAM. [Tepeminryroun, TOBOAWUIN 10 KUMIHHS Ta Kum’ st 20 xBuiauH. B oxono-
mxeny 1o 70 °C piauny nonasamu 100 CM® COJIOJIOBOT BUTSIKKH. Butpumysanu 1 roguny, oxo-
nomKkyBanu, gogasany Boau a0 300 r ra pineTpyBanu. [21].

3a J0MOMOro MIKHOMETPY BH3HAYald BiJIHOCHY T'yCTHHY Ta 3a TaOJMIIEI0 Mepepaxy-
HKY — BMICT €KCTPAaKTUBHUX PEUYOBUH. 3a (OpMYIOI0 MEepepaxyHKy BHU3HAYalld €KCTPAKTHB-
HICTh BUCYLIEHOI JPOOMHM y MepepaxyHKy Ha CyXl PEYOBHMHHM Ta MacOBY YAcCTKy 3arajbHOTro
€KCTPaKTy B TUBHIN IPOOUHI 10 MacH COJIOY, IO 3aTHPABCS.

BMicT 3aJIMIIKOBOTO €KCTPAKTy BU3HAYAIM 32 PI3HULCIO 3arajlbHOTO EKCTPAKTY Ta eKCTpa-
KTY, 1110 BUMUBa€eThes. OiepkaHi pe3yabTaTH MpeCTaBIeH] B TaOIHIL.
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Tabnuys — Exkempakmugnicms 00CIIOHUX 3pA3Ki6 NUBHOI OpoOUHU

3Ha4YeHHS eKCTPAKTy, M0 | 3HaYeHHS 3arajbHOTO eKC- | 3HAYeHHS 3aJIUIIKOBOTO
Hocninauii 3pazox BHMHUBA€ETHCS, % TpaKTy,% CKCTPAKTY,%
ApoGHHH Busnauene | HopmartuBne | Busnauene | Hopmarushe | Buznauene HO[};I::TI/I-
3pa3ok 1 (koHTpOIB, O3 2.48 9.59 7.11
dhepMeHTy)
3pa3ok 2 (3 pepmenTaMH
Laminex® MAX Flow 0,87 6,49 5,62
4G ta Amylex 5T) 0,5...0,7 1,5..2,0 0,8...1,2
3pa3ok 3 (3 pepmenTaMH
Beerzym® AMYL HT,
Beerzym® BG, 0,63 3,15 2,53
EnerZyme® P7)

O;[epxcaHi eKCIIEpUMEHTAJbHI 1aHi (Ta0NuIIs) 1al0Th MiICTaBH 3p061/1T1/1 BHCHOBKH IIPO TE€,
IO ITiJT 9ac BI/IpO6HI/IHTBa Kpa(pTOBoro nuBa «JlecaTkay, HaBiTh 3a y4acTi pepMEHTHUX nperna-
partiB MalOTh MiCIIe CYTT€BI BTPAaTH €KCTPAKTUBHUX PEUOBHH, IO 3aJIMIIAIOTHCS B TUBHIN Ipo-
OuHi micis GineTparii. YacTKOBO came IIM MOSICHIOETHCS BHIIA COOIBAPTICTh KPaTOBOTO MHBA
y TIOpIBHSIHHI 3 OJIep)KaHUM Ha Cy4aCHOMY ITiIIPUEMCTBI. SIKIIIO0 TIOPIBHIOBATH ONEpIKaHi pe-
3y/lbTaTH MOKA3HUKIB €KCTPAKTUBHOCTI JIBOX 3pa3KiB 3aTopy 3 (PepMEHTHUMHU IpenapaTaMmu Ta
KOHTPOJIIO, TO BUIHO, 1110 011 €()EKTUBHOIO BUSIBUIIACH KOMOiHAIlIs ()epPMEHTHUX ITpenapariB
3pa3ka 3 (3 nogaBanHsaM Beerzym® AMYL HT, Beerzym® BG, EnerZyme® P7). Bmict ekct-
paxTy, 110 BUMHUBAETbCA Yy 3pa3Ky 3 3HU3UBCA Ha 1,85%, 3aranpHuil excTpakt Ha 6,44%, a 3a-
JMIIKOBUM eKCTpakT — Ha 4,58 %'y HOplBHHHHl 3 KOHTpOJIEM (Tabmuns 1). Hinxay 3JaTHICTH J0
1 ABUILICHHS CTyTICHI r1z{pon13y noJricaxapuiB 1 OiKiB conoxy, a, BIJITIOBITHO, 1 CIIPUSTHHIO
nepexoay OUTBIIOI KITBKOCTI PEYOBHH B PO3UMHEHMI CTaH 1 30UIBIICHHIO MEPEXOy eKCTpaK-
TUBHUX PEYOBUH COJIOAY B 3aTOp, 30UIBIICHHS BHXOMY TOTOBOTO MPOAYKTY (Ta, OMOCEPEIKO-
BaHO — 30UTBIICHHIO WOTO KOJIOIHOIT CTIMKOCTI) criocTepiranoch y 3pasky 2 ( 3 @I1 Laminex®
MAX Flow 4G ta Amylex 5T). B pesynbrari nonaBanns cymimi Laminex® MAX Flow 4G ta
Amylex 5T 1o 3aTopy €KCTPaKT, 1110 BUMUBAETHCS 3HU3UBCS Ha 1,61%, 3aranbHUi eKCTpakT Ha
3,10 %, a 3anMIIKOBHi eKkcTpakT —Ha 1,49% y mopiBHAHHI 3 KOHTponeM. VIMoBipHO, 36ib-
IIEHHS eKCTPAaKTUBHOCTI 3aTopy Oyno nocsarHyTo 3aBasku nogaBaHHio PIT EnerZyme P7, mo
MICTUTB IpoTeiHa3y, 3a0e3Mnedyoun NMOImui riposi3 61kiB 3epHa. [lepeBuienHs HopMaTu-
BHUX MOKA3HUKIB MOSICHIOETHCS TUM, 1110 HA BMICT €KCTPAKTy Y APOOMHI BIIUBAIOTh HE TIJIBKU
(depMeHTaTUBHI IpOLECH, ajle i CTYIIHb MOJAPIOHEHHS COJIOLY, MOro SIKICTh Ta PEXUM 3aTH-
paHHS, 1 115 301IbIIEHHST €PEeKTUBHOCTI (IIBTPYBAHHS MOXJIMBUM € BUKOPUCTAHHS OJJHOTO 3
Cy4aCHUX METOJIiB, HaBeJleHUX y [22].

Taxum unHOM, aHani3 BIuMBYy @Il Ha 301IbIIEHHSI €KCTPAKTUBHOCTI APOOMHU B YMOBAxX
nuBoBapHOI MaiictepHi "Bierwelle" moka3as, 1m0 Ol e(heKTUBHOIO BUSBUIIACH KOMOIHALIIS
dbepmentHux npenapariB Beerzym® AMYL HT, Beerzym® BG ta EnerZyme® P7. B uinomy,
3aCTOCYBaHHS (PepMEHTHUX MpenapariB s BUPOOHUIITBA MTUBA, OE€3YMOBHO, € IHHOBAI[IHUM
pilIeHHSAM A7 KpadTOBUX MiANPHEMCTB. BUBeEHHS Ha CIIOKUBUMI pPUHOK HOBUX BH/JIIB IHBA,
MOSIBA OPUTIHANBHUX CMAaKiB Yy MUBHIM MPOMYKIliT — MPSAMUHN MUISAX IO TMiABUIIEHHS KOHKYpPEH-
TOCIIPOMOKHOCTI Kpa(h)TOBUX IMiITPUEMCTB, /1K€ 3pOCTAHHS MOMUTY U KYIIIBII € CKIaJOBUMHU
3pOCTaHHS MPUOYTKOBOCTI MiAMPHUEMCTBA.

BucHoBku. 1. AHani3 BIUIMBY psiy JOCTIIKyBaHUX (PEPMEHTHUX MpernapariB Ha MPoIeC
MMBOBApIHHA [10Ka3aB, 10 Halle(heKTUBHIINM € KomIuleke pepmenTtiB Beerzym® AMYL HT,
Beerzym® BG, EnerZyme® P7, nogaBanHs SIKOTO i1 9ac 3aTUPAHHS Cyclia 3MEHIIYE MaCOBY
YaCTKy 3arajbHOTO KCTPaKTy apoOunu Ha 6,44%, a 3aUIIKOBHI eKCTPakT — Ha 4,58 % y 110-
PIBHSIHHI 3 KOHTPOJIEM.

2.Iloka3aHO NEpPCHEKTHBHICTh 3aCTOCYBaHHS KOMOIHAIil (epMEHTHHUX TNpenaparis
Beerzym® AMYL HT, Beerzym® BG ta EnerZyme® P7 s 3011b1I€HHS BUXOLY TPOAYKTY
Ta MOJOBXKEHHS HOro TepMiHy 30epiraHHs 3a paxyHOK 3pOCTaHHS KOJOIAHOI cTabiIbHOCTI Ha
KpadToBOoMy BUpOOHMLTBI “Bierwelle”.
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THE ANALYSISOF THE EFFICIENCY OF EZYME PREPARATIONS
USE AND REQUIREMENTSON THEIR SAFETY
IN CRAFT BEER PRODUCTION

The main problems of brewing are related to the quality of mash sugaring; a significant residue of extractive substances
in the shot, insufficiently intensive and deep fermentation; with beer filtering; its colloidal stability. Craft productions face
similar problems. The use of enzyme preparations (EP), which are effectively used in large breweries, is one of the ways to
solve these problems. That is why the study of the effectiveness of the EP application in the conditions of craft brewing
production is relevant.

The use of EP allows more efficient hydrolysis of malt proteins and polysaccharides, which leads to an increase in its
extractability. In conditions of craft production, it is necessary to separately evaluate the effectiveness of the use of each enzyme
preparation or their combination for a given type of beer and for a given brewery.

The work analyzes the latest research and publications on the use of enzyme preparations and their effect on the quality
of the beer obtained, as well as the conditions for their safe use. The effectiveness of conducting a deeper hydrolysis of malt
polymers and, accordingly, increasing its extractability, increasing the yield of the finished product, and increasing the colloidal
stability of beer when using enzyme preparations of microbial origin were analyzed. It has been established that considerable
attention is paid to the effectiveness of the use of EP in brewing, however, research mainly concerns their impact on the quality
(expiration date) of the finished drink, and the use of EP in the conditions of craft productions has not been conducted. In
addition, new enzyme preparations, mainly of foreign production, are appearing on the market of Ukraine, therefore it is
important to investigate the feasibility of their use in the conditions of specific industries.

The purpose of the article is the theoretical and experimental substantiation of the introduction of enzyme preparations
in the production process of "Desyatka" beer at the "Bierwelle" beer workshop, which should contribute to reducing the loss
of malt active substances during beer filtration and increasing the shelf life of the finished product.

The effectiveness of the study enzyme preparations, their effect on the beer filtration process was evaluated by
determining the mass fraction of the total extract of the grain, the extract of the leached grain and the residual extract.

From the obtained data, it can be seen that during the production of craft beer "Desyatka", even with the participation
of enzyme preparations, there are significant losses of extractive substances that remain in the beer grain after filtration.

The paper shows the prospects of using enzyme preparations to increase the yield of the product and extend its shelf life
at the "Bierwelle" craft production. Analysis of the effect of a number of investigated enzyme preparations on the brewing
process showed that the most effective is the Beerzym AMYL HT, Beerzym BG, EnerZyme P7 enzyme complex, the addition of
which during mashing of the wort reduces the mass fraction of the total extract of the grain by 6.44 %, and the residual extract
by 4.58 % compared to the control.

Table: 1. References: 22.

3amaii XK., I'ymentok O., Xpebranp O., [Tonomapenko C., IBanenko K. Arani3z eekTHBHOCTI 3acToCyBaHHS ()EPMEHTHHX MpENapaTiB Ta BU-
MOTH IIOJIO iX Ge3MeYHOCTi B KpaTOBOMY BHPOOHHUITBI tuBa. Texuiuni nayku ma mexuonozii. 2022. Ne 3(29). C. 126-135.
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OPTAHI3AIISA ACHHXPOHHOI KOMYTAIIII TPAHC®OPMATOPA
3 YPAXYBAHHSIM IHEPIIMHOCTI EJIEKTPOMATHITHUX ITPOIIECIB

Y pobomi posensmymo ancebpaiuni, spagiuni ma imimayiliHo-6i3yanvHi acheKmu aHai3zy nPoyecis, Wo UHUKAIOMb NPU KOM)-
mayii cunosozo mpancghopmamopa. Tlokaszano, wo nosmopre yeiMKHeHHs Mpanchopmamopa Modxice npueecmit 00 Cymmeso Oilb-
U020 ChIecKy CIMpyMy 8 NepeUHHil 0OMOMYi 8 NOPIGHANHI 3 NEPUIUM YBIMKHEHHAM, d NPUHUHOIO YbO2O ABUWA € BENUNUHA MASHIMHO20
NOMOKY Ha MoMeHm noémopnoi komymayii. Ilokazano, wo 3HaweHHs NOMOKY Ma 1020 3MIHA 3a1elCums i0 6enuU4UHY HABAHMA-
JHCEHHSL 6MOPUHHOT OOMOMKU, A MEHWUM 3HAYEHHAM HABAHMANCEHHS GI0N08I0armb OLIbULL 3HAYEHHS WEUOKOCIE CNA0Y MACHINHOO0
NOMOoKy ocepos mpancgopmamopa ti naenaxu. Pexomenooseano maxuii aneopumm Komymayii mpancghopmamopa, npu siIkomy KodlcHe
1i020 HacmynHe YBIMKHeHHs Oy0e ROYUHAMUCA 3 OUZLKO20 00 HYJIA 3HAYEHHS HOMOKY MACHIMONPOBOOY.

Knrouogi cnosa: mpancopmamop; maznimuuii NOmix, HACUYEHHS MASHIMONPOBOOY, KAIOY, KOMYMAyis, OpeaHizayis
Komymayii; nepexionutl npoyec; MoOent08aHHs.

Puc.: 5. bion.: 10.

AKTyaJIbHicTh TeMH JocJaizkeHHs1. Tpanchopmarop y O1IbLI-MEHII BU3HAYEHIN Ta ycTa-
JeH1i popMi CBO€ET TEXHIKO-TEXHOJIOTIYHOI peattizaiii Mae 6sn3bko 140 pokiB icTOpii BUKOpHU-
ctanHsa. ToOTO B TakOMy HOTO BH/I1 3 HUM MaJIO CIIPABY BXK€ HE OJIHE MOKOJIHHS €JIEKTPOTEX-
HiKiB. BpaxoByrouu Te, 1110 TpaHcPOpMaTOp — 1€ YaCTO HE3aMiHHUI KOMIIOHEHT Pi3HOTO POIY
eJIGKTPUYHUX KiJI, OyJIM HanpanbOoBaHi pi3HI BapiaHTu peanizalii iloro komyTauii. [Tpu npomy
TpaHchopMaTop po3risAaBcs 1 K OKpeMa eJeKTpUYHa MaIlIiHA, TaK 1 YacTHHA 400 KOMIIOHEHT
PI3HHUX CHCTEM, MPUCTPOIB, MEPEXK TOIIO. 3PO3YMLIO, 1110 HA BUKOHAHHS olepalii KoMyTarii
TpaHchopmaTopa HaKJIaIal0THCsl OOMEXEHHS, BUKJIMKaH1 (PYHKI[IOHATHBHUM MTPU3HAUYECHHSM CH-
cTeM, iX KoHQITypalliero, TapaMeTpaMH Ta XapaKTePUCTUKaMHU HAsSBHUX YW TOCTYITHUX JIJIsl BU-
KOPUCTAHHS KOMYTallifHUX KOMIIOHEHTIB UM IIPUCTPOIB 1 OCHOBHE Ta HANOLIbIII OYEBUIHE, CY-
OYTHIMH TEPEeXiIHUMHU TMpolecaMyd. Y OUIBIIOCTI BUMAAKaX KOMYTallli pO3IIIsSAaloThCs
MUTAHHS PO MOPAAOK YBIMKHEHHS TpaHCpopmaropa Ta Horo BUMKHEHHS [1].

ITocTanoBka npo6aemu. Binomo, 1110 npu aCHHXpPOHHOMY YBIMKHEHH1 CHJIOBOT'O TpaHC-
dbopmaropa, CIUIECKH CTPYMY B HOT0O IEPBUHHINA OOMOTII, B TOMY YHCIII W Y peKUMax, OJI13b-
KHUX JI0 MIHIMyMy HaBaHTa)K€HHS, MOXXYTb IEPEBUIIYBaTH B KiIbKa pa3iB ii HOMiHAJIbHUIM
cTpyM. Taxki npouecu € HebaXxaHUMU 3 TOTJIALY €HeproeeKTUBHOCTI, €JIeKTPOMArHiTHOI Cy-
MICHOCTI, HaJIHHOCTI TpaHCPopMaTopa, PyHKIIOHYBaHHS CUCTEM 3aXUCTY TOLIO.
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AHaTi3 ocTaHHIX JoCaiTxkeHb i myOaikanii. He3pakaioun Ha 1MIMPOKE 3aCTOCYBaHHS B
OCTaHHI JECATUIIITTS IHBEPTOPHOI TEXHIKH, BUKOPUCTAHHS TpaHC(HOPMATOPIB 3aJTUIIAETHCS J10-
CTaTHBOIO HMIMPOKHUM Y PI3HUX rayy3sx MPOMHCIOBOCTI, 30KpeMa B yCTaTKyBaHHI JJIs 3Baplo-
Bauus [2; 3]. [IpoGiiema sIKOCTI JKUBJISTUOT Mepexi Ta 11 CIOTBOPEHHS BHIUMH T'apMOHIKaMU
CTpyMy JOCHUTH aKTyaibHa chorojHi [4; 5]. TpanchopmaTopHi JKepena KUBICHHS 3BaploBa-
JIBHOI TyTY T€HEPYIOTh Y JKUBIISYY MEPEKY MEHILIUI PiBeHb BUILUX TAPMOHIK CTPYMY, HIXK 1H-
BEPTOPHI JKEpesia, BOHU 3HAYHO MPOCTIIE B 0OCITyroBYBaHH1 i OUTBII HaAiiHI, a PEXKUMU KO-
MyTalii TpaHc(HOPMATOPHUX JKEPEIT 3aHIIAITHCA TPEIMETOM JOCTIKeHHS [6; 7].

BujgisieHHs1 He0C/IiIKEHUX YACTHH 3arajibHol npoodJjemMu. BapianTy BUpIIIEHHS 1010
aHaJi3y MpOIeCiB, SKi BUHUKAIOTh MPU KOMYTAIlil CHJIOBOTO TpaHchopMaTopa, Uit OKPEMOTO
BUMAJKY cOpMYJIbOBaHI B TeOpii eNeKTpUyHUX MamuH [8]. 3riiHO 3 HUM, IPU HYJIHOBOMY
3aJIMIIKOBOMY MarHiTHOMY motoii ocepas (@3 = 0), To6TO mpu MOBHOMY HOI'O pO3MarHivy-
BaHH1, HAWOULIBII CIPUATINBUM Il YBIMKHEHHS € MOMEHT 4acy t, un ¢a3zoBoMy KyTi ¢, Ipu
AKUX CHHYCOi/lajdbHa HANpyTa, 10 IPUKIAJAEThCS A0 MEPBUHHOI 0OMOTKHU TpaHcopmaTopa,
JI0csira€e CBOro amIutityHoro 3uadenss (Um).

VY TakoMy BUMAAKY MIiCJIS YBIMKHEHHS aMILTITYTHE 3HaUYEHHS MOTOKY @m ocepasi TpaHC-
dopmaropa, mpu 10CTaTHHOMY HAOIIMKEHHI HMOTO 10 i1ealIbHOTO, BU3HAYAETHCA (HOPMYIIOH0:
®m= Uy/(4,44 f wy). [Tpu bomy (hasa ¢ MarHiTHOTO MOTOKY 3aBIXK/IU BiJICTAa€ HA YBEPTh Iepi-
oy Bia (ha3u MPHUKIIAACHOI HApyTu, To0TO 1pH Uy = Uy, SIN wt, Maemo @=@, Sin (wt — 772),
ne Ujy,— amiiiTyna HanpyTu Uy, a BEIMYUHA MOTOKY € (YHKIIEI0 BOJBTCEKYHIHOT IO Uy ,
T00TO ii iHTerpanom: @=(Uiny Wy)/sin (ot — m)dt. Ammutityna ctpymy HamarHiqyBaHHS |om,
10 YTBOPIOE B ocepi TpaHchopMaTopa MarHiTHUNA MOTIK @, a00 IHIIMMH CIIOBAMH — PEaKTH-
BHA CKJIQJI0BA CTPYMY XOJIOCTOIO X011y — Oyjie jopiBHIOBATH: lgm = (P [ Wy) Ry,

I HaBmakw, 3a THX k€ TOYATKOBUX YMOB (@3 = 0) HaO1LIbII HECHIPUATIUBUM CTAE MOMEHT
YBIMKHEHHSI [IEPBUHHOI 0OMOTKHU TpaHc(opmaTopa pH HyIbOBOMY PiBHI CHHYCOIAaJIbHOI Ha-
IpyTH, Ha SIKy BMUKa€eTbcsA NepBUHHA oOMoTKa. Ilpu 1iboMy B MarHiTHOMY HOTOLI ocepls
3’SIBUTHCS CYTT€BA, CIajaroya B 4aci, eKCIIOHEHIIIabHA CKJIaJ[0Ba, Ky BIIMOBIIHO TEOpii me-
PEXiAHMUX MpOIleciB IMEHYIOTh nepexiiHot. [Ipore Takomy miHiiiHO-anreGpaiuHOMy BigoOpa-
YKEHHIO TIPOILIECY KOMYTallii BIACTHBI CYTTEBI HEBIAMOBIIHOCTI.

binbir HaouyHUM € rpadidHa iHTepIpeTais Ipolecy YBIMKHEHH, 1110 Ha BiIMIHY Bij aj-
reOpaidHOro MpeCTaBICHHS MPOIIECIB, JOCUTh POCTO BiIoOpakae X HENMiHIHY CyTh (puc. 1.)
[8]. IIpu iboMy BeJIMYMHA MAarHITHOTO ONOPY ocepas TpaHchopmaTopa Rm BU3HAYA€THCS KpU-
BOIO HAMarHidyBaHHs y koopauHarax lg, Uy (puc. 1, 6).

VY TakoMy BUIIAJKy CEpeIHbOMY KpyTO MaJarouoMy BIJIPI3KY (ab) KpUBOI BIANOBIa€e Haii-
Oinble 3HaUeHHsT Rm, @ HaXWJ1 MOOTUX KpaiHiX BiIPI3KiB MI0/I0 HAXHITY CEPETHBOTO MOKA3YE,
HACKIJIbKU 3MEHIIYEThCS BeJIMYMHA Rm npy nepexoi NOTOKOM TOYOK HEeperuHy (a — mpu mo-
3UTUBHHX 3HaUeHHAX @, ko @ = +@m=1; b — npu HeratuBHOMY @, Ko @ = —Pm=-1)
KpUBOT HAMarHi4yBaHHS.

[Tpu yBIMKHEHHI EpPBUHHOT 0OMOTKH TpaHc(hopMaTopa B MOMEHT MO3UTUBHOTO (PPOHTY
ynpasisitoyoro napamerpa Uy (puc. 1, a), To6T0 hasoBomy KyTi ¢ = 77/2, nepiiiii TO3UTUBHIH
yBepTi nepioay (t = 0,005...0,01 ¢) Hanpyru Uy micis NiAKII0o4YeHHs Oy/ie 31cCTaBHUI BEKTOP (0-
@) CTeTeHl HaCHYEHHs MarHiTONpoBOy Ha KpUBii Horo nepemarHiuyBanus (puc. 1, 6). V ta-
KoMy pa3i MmoMeHTy dacy t = 0,01 ¢ BiamoBinae HyboBe 3Ha4YeHHS Uy = 0 1 MakcHMasbHa MO3H1-
THUBHA BEJIMUMHA HAMArHidyBaHHs (+@m ) ocepas (Touka “a@”) Ha Binpisky (ab).
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Puc. 1. I'eomempuuna inmepnpemayis npoyecy y8iMKHeHHs mpaHcgopmamopa

Iepexin u; B 001aCTh BiJ)’€MHUX 3HAYEHb IPU3BOIUTH /IO 3MEHILIEHHS MarHiTHOTO MOTOKY,
SIKUI JTOCSITHE HYJIBOBOT BEMYMHHM 33 aMIutnityau Hanpyra U, (¢ = 0,015 c). Ilpu npomy Ha-
NPSMOK 3MiHM CTYII€HI HaMarHi4yBaHHS Oceps Ha puc. 1, 6 moka3aHo BeKTOpoM (a-o). I1os-
HUI UK IlepeMarHidyBaHHsS Ocepjid, 13 MOBEpHEHHSAM MAarHiTHOTO IMOTOKY 3 o0nacTi ioro
BiJl’€MHHX 3HAYEHb Yy [MOYATKOBY TOUKY 13 3HaueHHsIM @ = () Oyne 3aBepuieHo npu ¢ = 0,025 c,
TOOTO B TO3UTUBHOMY MAaKCUMYyMi HaIIPYTH #;, IO 1 BiI0OpaKeHO BEKTOpAMU KPUBOi HaMarHi-
YyBaHHS Ta BUAUICHUMH iM BiAMOBIIHUMH YBEPTSIMH ME€PiOAY BXiTHOI HAIIPYTH.

Takwuii BUNamok KoMyTaii € HakOUTBII CIPUATIMBUM JUIS TpaHchopmaTropa, OCKUIBKH BiH
BiJJpa3y BUXOIWTh Ha YCTaJCHUH (CTalllOHAPHUIA) peXUM POOOTH, TOOTO 6€3 CTPYMOBHX €KCT-
peMaJbHUX KOJIMBaHb. Y TAKOMY PEXXHMI 3a BIAMOBIAHOTO PO3pPaxyHKY, IepeMarHiuyBaHHs oce-
pId, BinOyBaeThes Ha BiAPI3KY (ab) mpU MaKCMMaJIbHOMY 3HaY€HH1 MarHiTHOTO Onopy i MiHi-
MaJIbHOMY cTpyMi /o.

3MillIeHH MOMEHTY KOoMyTalii BiJ cepeannu misnepiony (¢ = 0,005 ¢) BXiIHOT HaNpyTu B
TOW 4M 1HIIKK OIK TPU3BOJUTH 10 IEPEX1THOTO MPOLECY, IMiJT Yac SKOT0 CTPYM HaMarHiuyBaHHS
Iyppizko 3poctae. Lle moB’s13aHO 3 MOSABOIO aCUMETPii B KPUBi MarHiTHOrO MOTOKY, OCKUIBKU BiH
€ (pyHKIII€I0 BOJNBTCEKYH/IHOI TUIOIII HAaNpyrH, 1 BUXOMY HOTo aMIUTITYIU 3a MEXIi, BU3HAYCHI
TOYKaMu mneperuny (a, b), To0To B 061acTh HU3BKUX 3HAYEHb MArHiTHOro omopy R, ocepns
Tpancdopmaropa.

3anada BU3HaUEHHS /g, y TEOMETPUYHIN IHTEpHpeTalii BUPIIIY€THCS HUISIXOM MTPOEKIIIT ITO-
TOKY Ha KpUBY HaMarHiuyBaHHs. Y HalOUIbLI HECHPUSTIMBUX BHUIAJKaX KOMyTauii (Hampu-
knannpu ¢ = 0,01 c abo t = 0,02 c) 3HaueHHs [y Oyae CyTTE€BO OUIBIINM 3a HOMIHAJIBHUM CTpyM
I;Hom nepBUHHOT OOMOTKH.

I'padiyamii anamni3 npouecy koMyTalii TpaHcOpMaTopa HaJae JOCTYIIHE W HAOYHE YsB-
JICHHSI PO IPUPOJTY MOSBU CIUIECKIB CTPYMY Y BXIIHUX KOJIaX TpaHcpopmaropa, MpoTe KijabKi-
CHO JJa€ MOXKJIUBICTh OLIIHUTHU aMILTITYAy JIMIIE MEPIIOro CIIECKY.

MeTo10 goc/IiKeHHsl € Taka oprasizauii KomyTarlii Tpanchopmaropa, npH sSKiid focsra-
€TbCS OT0 BUX1/1 Ha yCTAJICHUN PEKUM pOOOTH 3 MiHIMAJIbHUMU aMILTITYI0I0 BX1IHOTO CTPyMY
Ta TPUBAIICTIO MIEPEXITHOTO MpoLecy, 0e3 eKCTpeMalbHUX NPOsIBIB Y Mpolieci KOMyTallii.

Buxaan ocHoBHOro marepiaiy. [loganpiie BUpilmieHHs] MUTaHb aHATI3y MOIOHOTO POy
€JIEKTPOMATHITHHUX TPOIIECIB CTAIIO MOXKIIMBHM, JIHIIE 32 BUKOPUCTAHHS METOJIIB YHCEIHHOTO
OOYHCIICHHS 3 TOJANBIIIMNM PO3BUTKOM METOMOJIOTIi Ta TEXHOJIOTIN MOCTIIPKEHHS B YacTHHI
KOMII'FOTEPHOTO MOJIENIIOBAaHHS. Y IIbOMY HarpsiMy, HalOUIbII JOIIIBHUM, € 3aCTOCYBaHHS
nporpamuoro nakera MATLAB/Simulink, To6To anapary 00’€KTHOOPIEHTOBAHOTO iMiTalliii-
HOTO Bi3yaJlbHOro MozemoBanHs [9]. Peanizamito Mozaeni Tpanchopmaropa B TAKOMY Cepeo-
BUII, JUUISl BUIIAIKY KOMYTallii HOro nepBUHHOI OOMOTKH, HAaBEIEHO HA pHC. 2.
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Ha Bkuaani napamerpiB imiTaniiinoi moneni Tpanchopmaropa T1 MoxHa anpoKCUMYBaTH
KpHMBY HaMarHigyBaHHs ocep/s. Hanpukinaz, 11t XxapaKTepUCTHKN HaMarHiqyBaHHS HaBeJCHOT
Ha puc. 1, 6 1l mapameTpu NOBUHHI OyTH MPECTABICHI B MOJIEINI TpaHC(HOpPMATOpa HACTYITHUM
yuHOM: Saturation characteristic [0,0; 0.05, 1.0; 1.0, 1.05]. BignoBigHo ctpy™m /,,; IEpBUHHOI
OOMOTKH 13 IPUEAHAHHSM ii O MEpEKi )KUBJICHHS MOXKE MaTH, B 3JIEKHOCTI BiJl (a3 Hanpyru
Ha MOMEHT BBIMKHEHHS, CyTT€BO pi3sHui BuA. Ha puc. 3 mokazano gopmu ctpymy npu pisHHX
¢dazax Hanpyrd Ha MOMEHT BBIMKHEHHs (IITPHXOBA JIiHIS BiJANOBia€ HAMOUTBI MTPUHHATHIN
KpHBIiil BXiZTHOTO CTpyMy /7, @ HeTIepepBHA — Y 11 HAWOUIbII HENPUHHATHIN (opMmi).

Tirrierl i Lk Conbinuous
|'_ I-:-:_l ponwErgui
ni ¥ lﬂ L-E =]
220 W rmis 1 2
! Ri=10 Gm
o o @ ] H_U'W'L'_“

Multimeter Scope

| -

Puc. 2. Mooenv xomymauyii mpancgopmamopa

[Ipore 1 mpu TakoMy TIpaHUYHO CHPOIINEHOMY MpEICTaBJICHHI mapaMmeTpiB (Saturation
Characteristic) moaeni Tpancdopmaropa (puc. 2) pe3ysibTaTH MOJICIIOBaHHS Oy1yTh, HABITh 3
MEPIIOTO MOTJISAY, HE TUTbKA HAOYHUMH, ajie i JIOCTaTHBO SKICHUMH.

25Q "1 (A)
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\
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\ \
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Puc. 3. Pe3ynomamu mooeniosants komymayii mpancgopmamopa

Jlnia mpukiany, B3sTo cepiitauii Tpancgopmarop OCM1-2,5Y3 [10] 13 Hanipyroro nepBHUH-
HOoi 00MoTKM 220 B Ta HOMiHANBHOIO MOTYXHICTIO 2,5 KBA 32 i10ro HOMiHaJILHOTO aKTUBHOT'O
HaBaHTaXeHHs. KiIbKicHUIT aHaNi3 pe3yapTaTiB BUMIPIOBAaHHS Ta MOJIETIOBAHHS MOKa3aB, 110
PI3HUII B BIICOTKAX MIXK HUMHU I10 JIIFOYOMY 3HAUEHHIO CIUIECKY CTPyMY Ofipa3y Micisi KOMyTa-
ii ckimanae outie 0,43 %, 13 HapOCTaHHSIM MPU KOXKHOMY HACTYITHOMY CILIECKY CTPYMY, ajie He
nepeuirye 0,76 %. Lli % pe3ynapTaTi BiAMOBIAHO /11 MUTTEBUX 3HAUYEHb, JICMIO OLJIBIII, ajie He
nepeBunryoTh 1,6 %. ToOTo moxuOku 00UHMCIICHb TIPU MOJIETIOBAaHHI 3HAXOMSATHCS HA OJJHOMY
piBHI 13 MOXUOKaMU BUMIpIOBAaHHS.
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Ha puc. 3 moka3zaHo xapaxrep 3MiHH BXiTHOTO CTpyMY /w; IpH HaO1IIBII HECTIPUATINBOMY
U1 Tpanchopmaropa MoMeHTI komyTaitii. [Ipu 11boMy mITprXOBa JIiHIS LTFOCTPYE X1 MpoIecy
Iw; B mepBHHHINA 0OMOTILII TpaHC(POPMATOpa MOUYMHAIOYH 3 HAMOLIBII 6a’kaHOTO MOMEHTY KO-
myTaiii. 31 3MEHILIEHHSIM BEJIMYMHU HABAaHTAXKEHHsI TpaHchopMaropa, XapakTep CTpyMy Hama-
THiYyBaHHS Oy/ie BUpa)XeHO OiIbIl SIBHO. be3yMOBHO, 1110 TaKOTO POy eKCTpEeMalIbHUI Xapak-
TEp NPOLECIB HEMOXIUBO IrHOpyBaTH. JlOCHUTh TpHUBaJIMK 1 1O CBOEMY XapakTepy
anepiouYHU TepexiHU{ Mpolec CYNPOBOKYETHCS HECHHYCOIJaIbHUM CIIO)KMBAHHSIM
CTpyMy, T€HEpYBaHHSIM BHIIMX FApPMOHIK Yy MEPEXKY, 1110 3arajioM IOTIpIIy€e SKICTh eIeKTpoe-
HEpTii Ta eJIeKTPOMArHiTHY CyMICHICTh IPUCTPOIB.

OueBuaHO, IO OJEPKATH MPUHUHATHUHN XiJ MpoIecy KOMyTallii, SK 1 BUIUIMBAE 3 puC. 3,
MOJKHA HaJIS)KHOKO CHHXPOHI3aIl1€}0 MOMEHTY YBIMKHEHHS 13 HAIIPYTOI0 MEPEKI )KUBJICHHS, 110
JOCTYITHO, 1 MOXe OyTH pealli3oBaHO, HAIPUKIIAJ, KOMyTaTopaMu Ha 6a3i Tupuctopis. IIpore
HEoOX1THO BPaxoBYBaTH, 1110 MPOTATOM MiBIIEPIOAY CTPYMY KPaTHICTh [IEPEBAHTAKEHHS TAKOTO
HAITiBIIPOBITHUKOBOTO KOMYTaTropa He TEPEBHILY€ CEMH IIPU JOCTAaTHO 3HAYHOMY Ta/IiHHI Ha-
MPYTH 1 BiIMOBIAHO BUIUICHHI TEIUIa HA HbOMY. EnekTpoMexaHiyHUI KOHTAKT, a [1e OCHOBA Pi-
3HOTO POy ITyCKa4iB, KOHTAKTOPiB, BUMHKAYiB, BiIIIOBITHO Ma€ 3HAYCHHS KPaTHOCTI TIEpEBaH-
taxxenas 100...400, BiTHOCHO MaJie MaAiHHS HAMpPyTd Ha HbOMY, MPOTE MPO SKOTOCh POAY
($a30By CHHXPOHI3AI[II0 HE MOXKE OyTH MOBH.

Pa3om i3 Tum HaBeneHi (puc. 3) eKcTpeMabHi CIIIECKH CTPYMY, y 0ararbox BUMaAKaX MO-
XKyTh OyTH 3HAYHO TepeBHILEHI. | 1€ CTOCY€EThCS K HAaIiBIPOBIAHUKOBHX, TAK 1 €IEKTPOMEXa-
HIYHUX KoMyTaropiB. Ha puc. 4 mokazaHo cTpyM HepBUHHOI OOMOTKH /w; TIpU MOBTOPHOMY
yBiMKHeHHI (ipu ¢ = 0,115 ¢) Tpanchopmaropa miciast KOpOTKOYaCHOTO HOTO BUMKHEHHSI.

450
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Puc. 4. Cmpym nepsunnoi oomomku npu no8mMopHOMY YEIMKHEeHHI mpancgopmamopa

SIk BUAHO 3 puC. 4, MEpUIMiA CIUIECK CTPYMYy MEPBUHHOI OOMOTKU TpaHC(opmaropa Mmpu
MOBTOPHOMY YBIMKHEHHI, [T0 aMIUTITY/l B JIBa pa3u MEPEBUIILYE 3HAUYEHHS aMILUTITYIH CTPyMy
npu Horo nepiromy yBiMkHeHHi. [Ipu iboMy KpaTHICTh HOTO CepeHbOI0 3HAYEHHS € 1€ OB
3HAYYIIO10, [0 OYEBUHO HABITh 13 BI3yaJIbHOTO MOPIBHIHHS aMIIEPCEKYHIHUX IO B1/IMOBI-
JTHHUX CIUIECKIB cTpyMy. MOXHa Moka3aTH, 1110 IPUYUHOIO TaKOTo e(eKTy € YBIMKHEHHS TpaH-
chopMaropa 3a Takux ¢as3u 1 MOJIAPHOCTI BXIJHOI HANPYTH, MPH SIKUX Oyne crocrepiratucs
nojasblie 301IbIIeHHS HACUYEHHS MarHiTOIpoBOaYy ocepas TpaHchopmaropa. [HmmMu cio-
BaMH, 3a 4ac O€3CTPyMOBOI May3u sl IEPBUHHOT OOMOTKH HE BiJ10YJIOCS IOBEPHEHHS MarHi-
TONIPOBOY /10 HYJIbOBUX ITOYATKOBHX YMOB I10 MarHiTHOMY IOTOKY, sIKi OyJIM HasiBHI MpH T1e-
PBUHHOMY YBIMKHEHHI.
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SIK110 He BpaxOBYBaTH aCHHXPOHI3M KOMyTallii Tpancopmaropa (puc. 3), To HEOOX1THO
OOMEXHTH CIUIECKH CTPyMy ¥ 3amoOIrTH CYTTEBOMY iX 301IBIICHHIO, JJI BUIAAKIB MTOBTOP-
HOTO YBIMKHEHHS, UTIOCTpaLlis OJHOTO 13 AKMX HaBelaeHa Ha puc. 4. [1lnax 1o nporo MoxxkHa
BUSIBUTH ITPOCITiIKYBaBILIY 3MiHY MarHiTHOTO TOTOKY OCEp/Is MiCJIsi BUMKHEHHS IIEPBUHHOT 00-
MOTKH TpaHc(opmaTopa Bif JKepera >KUBJICHHS, 110 MOBHICTIO J03BOJIsIE MO/Eb puc. 2. Ha
pHcC. 5 TOKa3aHo, SIK 3MIHIOETHCS 3HAYEHHSI MarHITHOTO TIOTOKY Ocepsi TpaHcdopmaropa npu
Horo BUMKHEHHI BiJI JKeperia )KUBJICHHS 32 IOCUTh 3HAYHUX Bapianiii HaBaHTaXEHHS.

Q

-1 ' \ 1 1
0 0.05 0.1 0.15

Puc. 5. Maenimnuii nomik npu eapiayisax Ha8aHMANCeHHs

[Tpu upomy kpuBa 1 BiAMOBiNa€ YOTHPUKPATHOMY IMEPEBaHTAKEHHIO TpaHCPOpMarTopa,
KpuBa 2 — HOro JBOKpATHii BeanuuHi, Tpadik 3 — HOMIHANBHIN MOTYKHOCTI HABAHTAKEHHS.
[HII1 3a71€KHOCTI B BIJICOTKAX BiJi HOMIHAIILHOTO HABAHTAXCHHSI, B TIOPSAAKY CBOET MOCIIOB-
HOCTI (HOMEpIB), IPEJICTaBJICHI Ha pUc. S Ta BiMOBIAa0Th 3Ha4eHHsIM Y 50 %, 25 %, 12,5 %,
6,25 %, 1 3aBepIIyI0YH PSKHUMOM HEPOOOUOro (X0I0CTOr0) Xoay Tpanchopmaropa (kpusa 8).

3 HaBeZICHOT0 CiMENHCTBA KPUBUX BUILIMBAE, 1110 CTPYM HaBaHTAXEHHS BTOPUHHOI OOMOTKH
In Bifirpae B €JIEKTPOMAarHiTHUX MpoIiecax Mpu KOMyTallii TpanchopmaTopa, CBOro poay podb,
sKa Ma€ B MEXaHIYHUX CUCTEMax Maca, TOOTO MmapaMeTp, 1110 BU3HAYa€ IHEPLUIHHICTh MpoLecy,
B JIAHOMY BHMAJIKy — criaay MmoToky @. Takum yuHOM, OUTHIIIMM 3HAYEHHSM [H BITIOBIJAE 5K
HallMeHII1a IBUJKICTh CIIaly MAarHiTHOTO NOTOKY (KpuBi 1, 2, puc. 5) 1 HaBIaKu, MEHILIUM 3Ha-
YeHHsM /n BIJINOBiAa€ HalOUIbIIa MBUAKICT criady NOTOKY (kpuBi 7, 8, puc. 5). ToOto npu
In = 0 wBUAKICTh CHaAy MOTOKY OyZe MaKCHMAalbHOIO 1 BiH JJOCATHE CBOTO HYJIHOBOTO 3Ha-
YEHHs 3a YBEPTh Nepioly HampyTH (KpuBa 8, puc. 5).

JlocIipKeHHSIMH yCTaHOBJIEHO, 1110 HAaBE/IeH1 pe3yabTaTu JUlsl KoMyTauii oqHo(a3HuX Tpa-
Hc(hOopMaTopiB, CIpaBeUIMBI 1 U1 TpudasHUX TpaHchopmaTopiB. Aje J0JaTKOBO, AJis Tpuda-
3HHUX TpaHC(HOPMATOPIB XapAKTEPHOIO OCOOJIUBICTIO €IEKTPOMArHiTHUX KOMYTaLIHHUX MPO-
LIECIB CTAa€ PO3TATYKEHICTh MarHiTHOIO MOTOKY OCEPAs TAKMX TPaHC(HOPMATOPIB.

BucHoBku. TakuM 4uHOM, NPHU HEOOX1THOCTI HAMIIBUIIIOTO JOCATHEHHS HYJIbOBUX IOYAT-
KOBMX yMOB Juisi MarHitornpoBoay (@ =0), HeoOXiqHO mepea BUMKHEHHSIM TpaHchopmaropa
Bi/I’€/IHATH Oro HaBaHTAXEHH:. [3 IbOro BUILTMBAE LIUIKOM NPAKTUYHUM pe3ysbTar, o Ui YBi-
MKHEHHS TpaHchopMaTopa Ha Hampyry 1 il 3HATTS 3 HbOT'O 3aBX/IM 0a)kaHO MATH JIBa KOMYyTaTOpH
— OJIUH Ha CTOPOHI MEPBUHHOI OOMOTKH, a IHIIHMIA — Ha BTOPUHHIN. AITOPUTM BUMKHEHHSI TPaHC-
¢dopmaTopa nosArae crioyaTky y 3HATTI HaBaHTa)KEHHs Ha BTOPUHHIM 0OMOTII1, a TOTIM ioro obe-
3CTPYMJICHHS Ha NIEPBUHHIN. YBIMKHEHHS B pOOOTY BUKOHY€ETHCSI B 3BOPOTHOMY HOPSIKY.
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ORGANIZATION OF ASYNCHRONOUS TRANSIENT RESPONSE
OF TRANSFORMER TAKING INTO ACCOUNT THE INERTIA
OF ELECTROMAGNETIC PROCESSES

Transformers are an indispensable component of various types of electrical circuits. Various restrictions are imposed on
the transformer switching operation, which are caused by the functional purpose of the systems, their configuration, parameters
and characteristics of existing or available switching components or devices and associated transient processes.

When the power transformer is switched on asynchronously, current surges in its primary winding, including in modes
close to the minimum load, may exceed its nominal current by several times. Such processes are undesirable from the point of
view of energy efficiency, electromagnetic compatibility, transformer reliability and the functioning of protection systems. The
purpose of the study is to organize the switching of the transformer in such a way that it achieves its output to a stable mode
of operation with a minimum amplitude of the input current and the duration of the tramsition process, without extreme
manifestations in the switching process.

Algebraic, graphic, and simulation-visual aspects of the analysis of the processes occurring during power transformer
commutation are considered in the work. It is shown that the repeated switching on of the transformer can lead to a significantly
larger current surge in the primary winding compared to the first switching on, and the reason for this phenomenon is the
magnitude of the magnetic flux at the time of repeated commutation. It is shown that the value of the flux and its change depends
on the amount of load on the secondary winding, and lower values of the load correspond to higher values of the rate of decline
of the magnetic flux of the transformer core and vice versa. The following switching algorithm of the transformer is recommended,
in which each subsequent switching on of the transformer will start with a close to zero value of the magnetic field flux.

Key words: transformer, magnetic flux, magnetic field saturation, switch, commutation, organization of commutation,
transient process, modeling.
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SENSOR EXPANSION FOR INDUSTRIAL CONTROLLER
BASED ON IOT GATEWAY

Based on the current trends of industrial applications and internet of things, a distributed system solution is proposed.
The work presents a description of used communication methods, connected devices, the support software and the necessary
configuration. Low-cost loT-based sensor augmentation can be used to keep older machines and companies competitive when
new equipment is not available for purchase. The main sensor functions of an older industrial controller can be extended by
the data, which is measured on the microcontrollers. This is demonstrated on the example of a system solution with detailed
set up and configuration.

Keywords: sensors, iot; gateway; expansion, controller.

Fig.: 6. Table: 3. References: 11.

Urgency of the research. In the current economic situation, every legacy machine owner
wants to upgrade their machinery or system to a more advanced solution. With the actual available
technical and communication solutions the diagnostics and maintenance of the machinery can be
solved easily or even remotely from the actual application. Although many vendors offer a wide
range of additional features and capabilities, in many cases these devices are out of stock due to
extended delivery term. Additionally, many machines work at high efficiency using older type of
controllers and there is a risk of the replacement whether the upgrade can fulfill the actual require-
ments. On the other hand, microcontrollers and their variants standardized for industrial application
are gaining on popularity. The possibilities for microcontrollers also include wireless communica-
tion, low power consumption and in many cases very low purchase price [1-3].

The current situation created by the COVID-19 pandemic urges to find interdisciplinary
solutions and ways to upgrade or at least hold the efficiency of machinery and systems as long
as possible. Measuring additional parameters for maintenance and monitoring purposes are the
basics steps of protection against unnecessary downtimes or failures [2-5].

Target setting. The concept of a solution to connect information from microcontroller-
based measurement to an industrial controller is motivated to help SMEs and legacy OEMs to
keep their productivity and efficiency with the already used tools and with a smaller investment
to the production.

IoT Gateway. The wave of Internet of Things (industrial and commercial) created a wide
range of different microcontrollers and cloud solutions for data transfer and processing. The
main goal is simply to share data, at low cost, low power, and if it’s possible wirelessly. In many
cases these devices are battery powered and easily replaced. With the operation of [oT thing we
can monitor parameters as temperature, humidity, presence, vibration etc. The gathered data
has to be processed, stored and transferred to other devices like supervisor controller or central
control unit where the suitable reactions are also created. [2-5] One of the possible solutions is
to use a Raspberry Pi as an IoT Gateway. In this role it will work as a central network node
which not only collects all the data, but also transfers them between the other nodes of the
network. With its computing capabilities it can also solve other tasks such data logging, remote
monitoring interface, etc. Because of the communication interfaces, there are many ways to
communicate with such device, and sometimes it’s not necessary to work via Internet based
connection and it’s possible to separate the system physically [7-8].

© Robert Rakay, 2022
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Requirements for equipment. The proposed example solution includes an industrial pro-
grammable relay equipped with digital and analog input and outputs. The system should be inte-
grated to a control cabinet and as main control task it can solve applications like sorting, transport-
ing, handling, manipulation etc. Because of unpredictable requirements the devices in the control
cabinet have been changed and also some mechanical parts were replaced. These differences create
an uncertainty and danger that the system can fail for high temperature, vibration, factor etc. For
this kind of problems, a separated controller and sensor can be applied [6-11].

Communication. The data transfer between each device of the proposed solution com-
bines the gateway functionality of the Node-RED programming environment and the commu-
nication capabilities of the other devices. The LOGO! industrial uses its integrated Ethernet
interface to communicate using the S7comm protocol. This is a Siemens protocol created pri-
marily to transfer data between the Siemens controllers and SCADA systems. It defines the
Session, Presentation and Application Layer of the ISO/OSI model.

MQTT stands for Message Queue Telemetry Transport protocol. This is one of the most pop-
ular IoT communication protocols. It uses the client server relation between the network nodes,
with publishing and subscription methodologies to transfer messages. The central node of the
MQTT network is a broker who ensures the correct connection and quality of the message trans-
portation. Its lightweight, open, simple protocol designed for easy implementation in various plat-
forms. With its main characteristics it’s suitable for machine-to-machine and network context.

The research objective. The main objective of this article is a proposal and subsequent
testing of a hybrid automated system that collects data from microcontroller-based platform and
transfers data via another network device to industrial controller to extend its sensorial periph-
eries. The proposed system can be used as a working example, or as a template solution for
similar combination of devices.

The statement of basic materials. The main control device of an example industrial ma-
chinery is the Siemens LOGO! With its basic version it has integrated inputs and outputs. The
LOGO! is suitable for small industrial automation applications where logical relations between
the input signals are used to create a response. It’s used also in building automation, remote
monitoring, and logistics applications etc. The main central unit without additional hardware
supports Ethernet based communication via S7 communication protocol. The LOGO!Soft
Comfort software was used to program the LOGO!. The technical parameters of the
LOGO!12/24 RCE are in the following table.

Table 1. Technical parameters LOGO! 12/24 RCE

Power supply 24 VDC

Digital Inputs 8 X (4 configurable)

Analog Inputs Up to 4 x (configured from the digital inputs)
Digital Outputs 4 x Relay type

Integrated display Up to 6 rows, 3 color backlight
Communication Interface 1 x Ethernet Port (10/100 Mbps)

The external signal for the LOGO! controller is created by measurement of temperature via
microcontroller. ESP32 is used in the proposed system. The ESP32 has integrated I/O pins, but
the major difference is that the operation voltage is not a classic 24VDC, but 3.3 and 5V. Addi-
tionally the ESP32 has integrated Wi-Fi and Bluetooth interfaces. The control program for both
ESPs was created in Arduino IDE. The main technical parameters are listed in the next table.

Table 2. Technical parameters ESP32

Power supply 3.3-5VDC

Digital I/O 30 pins

Integrated Peripherals capacitive touch, ADCs, DACs, UART, SPI, 12C
Processing memory 512 kB RAM

Clock freq. of proc. 240MHz

Communication Interface Wi-Fi and Bluetooth
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The ESP32 has multiple communication interfaces and to measure the environment tem-
perature a DHT11 and DS18B20 temperature sensors were connected to each module. This
temperature can be represented as temperature in the control cabinet, or contact temperature,
where critical mechanical part has high friction. Based on this measured value we can predict
or prevent malfunction and reduce downtimes, depending on the control logic and connected
appliances we can turn on a safety device, turn of the relevant output or call maintenance. The
basic functionality for both ESPs was to collect the temperature data and additionally connect
to Wi-Fi network. A topic was updated after the successful connection via MQTT protocol. The
Node-RED was subscribed to this topic. In this case, the values represented temperature for 2
different positions of a production line/experimental trainer.

Node-RED is a free programming environment. Its main functionality is to connect various
hardware devices and software services. Thanks for its browser-based editor it can work on
different platforms i.e., pc, raspberry pi, server, virtual machine. The principle of work is to
separately process “message payloads” with usually small code and functions, then transfer this
“payload” to a different function and make another action with it. There is a lot of predefined
functions and solutions already available, and with JavaScript based programming new func-
tions and solutions are implementable to the environment.

Communication configuration. The following configuration steps has been taken to suc-
cessfully set up each node of the proposed solution. First the LOGO! Programmable Relay was
configured. The necessary steps include IPv4 addressing and S7comm permission. Part of the
example control program with the communication configuration of the relay is shown on the
following Fig. 1.
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Fig. 1. LOGO! Soft Comfort and configuration

The next step wasto set up the Node-RED connection to the LOGO!. The main parameters
for this setup are shown below. (Fig. 2). Thisincludes TCP communication between the LOGO!
and the Node-RED. The base is the IP address of the devices, with additional communicated
variables inside the hardware.

146



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

v R T em—— & sy | & A e

© *rive’me °
o i - [Pup— - " L
» @ Lesaane S— ’ . -
2 - - . D WS
| ;nf‘p, - — 1 e wut - SRS —
. .
1"‘ '4 -u_" -.._-
»
. -
_ A B
o CLTRUT 3
e, i o
lL.."_‘": 3 L2 ol | 193 FPUT d
]
oz P
a B i
i T ————————————— AT T e »; i AT LT 1 o

N ey
Fig. 2. Node-RED communication setup-LOGO!

Finally, the MQTT communication is configured. The IP address also needs a connection
for the appropriate "topic" and quality of service. Details of this program part are shown below

(Fig. 3).
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Fig. 3. Node-RED communication setup-ESP

Wireshark application can be used to check the ongoing communication between each net-
work node. We can collect additional data, catch the transferred packets via this network tool.
The Node-RED debugger view also provides help as a basic communication window.

Detailed view of the ongoing communication between the LOGO!, Raspberry Pi and
ESP32s is shown on the following figures.

Figure 4, on the next page, shows the created working network activity, where the sending,
receiving IP addresses with the protocols and the details of what data are ,,caught “. The Table
3 below lists the message system with IP address, name and protocol for the proposed system.

Table 3. Parameters of the network

Sender Receiver Protocol M essage Detail
192.168.0.51 (MQTT broker) |192.168.0.84 MQTT Received Message on Topic

(ESP32_DS18B20)
192.168.0.80 (ESP32_DHT11) |192.168.0.51 (MQTT broker) |MQTT Topic Published to Broker
192.168.0.110 (LOGO!) 192.168.0.51 (Node-RED) S7comm Variable Reading Job
192.168.0.51 (Node-RED) 192.168.0.110 (LOGOQ!) S7comm Acknowledge of correct data
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Fig. 4. Wireshark communication check

Used method. The aim of this solution is to extend the sensorial functions of programma-
ble relays. With the help of additional sensors, an older controller, an outdated machine can be
connected to another controller, even a microcontroller or a device with non-standard sensor
options. The overall concept of the system consists of industrial controller, two microcontrollers
and an [oT Gateway. The main control unit, or programmable controller, solves its main pur-
pose, to control the ongoing industrial process or machinery. These kinds of systems typically
are equipped with digital and analog I/O cards. In some cases, there are additional specialized
expansion modules for tasks like temperature or weight measurement. Usually at least one or
two communication interfaces are also available to transfer relevant signals to a different con-
troller or SCADA system. The controller is connected to IoT Gateway, which in our case is
Raspberry Pi with installed Node-RED. Their function is to separately collect and transfer data
between other devices of the network. The next group of devices include microcontrollers and
sensors connected to them. The measured value is transferred via wireless connection to the
IoT Gateway and processed. Optionally the data can be sent to industrial controller, database
or other service on the server or cloud.
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The proposed system structure is shown on Fig. 5.
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Fig. 5. System structure

Conclusion. This paper describes a proposal of sensoria expansion for industrial control-
lers based on 10T gateway and microcontrollers. While the modern industrial applications and
control units support a wide range of additional maintenance and diagnostic functionalities,
many existing companies are not able to upgrade or have concerns about replacing their current
systems. In the actual situation after the pandemic, many industrial device vendors are not able
to fulfill the demand on required devicesin short time, therefore an interdisciplinary solutionis
proposed to add extra capabilities to legacy machines. The integrated microcontrollers allow to
connect sensorsthat can create useful data about the temperature, vibrations, presence and other
parameters from the ongoing process. With the proposed Gateway it’s possible to transfer data
between different devices, and software services locally or remotely. The article aims to intro-
duce the essential steps for successful 10T implementation of the system design and describes
a functioning principle of the proposed devices and the communication methods. The most
important solution aspect was to create a working communication channel between the indus-
trial programmable relay and the microcontroller.

The proposed system isdivided into 4 main devices and software parts. The main industrial
unit is a Siemens LOGO!, which can directly control an industrial process. S7comm protocol
is available for communication with other devices. Thisis used to connect to the 0T Gateway.
The 2 microcontrollers measure the temperature in the exampl e temperature of the control cab-
inet and the mechanical part. The ESPs use MQTT communication to transfer data to the gate-
way. Raspberry Pi, the Node-RED software support the interchange between various commu-
nication channels on the 10T Gateway, and if needed, transforms or process the data. The flow
of the Node-RED, an alarm, database, visualization and other services can extend the function
of the current solution depending on the program. The proposed system can be used as a basis
for rea application or as knowledge basis for further experiments and devel opment.
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PO3IIUPEHHA CEHCOPIB JJIA TIPOMUCJIOBOT'O KOHTPOJIEPA
HA OCHOBI LIJTFO3Y 10T

Buxopucmanns cyuactux pospobox i 0ocmynHux mexHiyHux i KOMYHIKAYIUHUX MeXHON02Il 003604€ 30LIbUIUMU CEHCOPHY
30aMHICMb PI3HUX NPUCMPOi8 YNPABGTIHHA, MAKUX K NPOSPAMOBAHI pelle abo NPOMUCIOSI NPOSPAMOBAHI NOSTUHI KOHMPOLEPU.
ba3zy oamuuxie mocHa 3HaUHO po3utupumu, po3nooitusuiu 36ip OaHUX Yepes Hedopo2ci NPUCMPOT, MAKI K MIKDOKOHMPOIEPU.

Y munynomy 6 npoyeci npoexmyeantsa npomuciosux supoOHuyux Ninill ab0 asMOMAMU308AHUX CUCHEM 3A36UYAll He
6y710 yinetl camooiazHOCMuKY cucmemu abo 0iacHOCMUKY Mawul. Y nomounii cumyayii Ha pUHKY npOMUCTOSUX NPUCMPOIs,
de baeamo npucmpoie Hedocmynti abo 6i0CymHi 6 HaAAGHOCMI, pileHHs. OJisL OHOBIEHHSL CEHCOPHOI YACMUHU 3aCmapinezo 0o-
JIAOHAHMHS € BAIICTUBUM.

Daxmuuni HAYK08i 00CTIONHCEHHA MA AHANI3 PIULEHb OO0 CEHCOPHO20 POUUPEHHS NPOMUCTOBUX NPOSPAMOBAHUX KOH-
Mpoepie NOKA3au, o Cb0200HI OilbUicMb 000amMKié He PO3PAX08YIOMbCS 3 8IOCYMHICIIO HO8020 ANAPAmMHO20 3abe3ne-
yeHHs1 ab0 naam po3mUpenHs 0isi KOHMpoaepis.

Mema cmammi — 3anpononyeamu piuieHHs 051 MOOepHI3ayii 3acmapineeo npoMucio8o2o 001a0HaHH:, 0e NOMpIOHI
0amuyuKy H08020 Muny 0Jisi MOHIMOPUHZY NOMOYHO20 npoyecy abo 300py OlaeHOCMUYHUX OAHUX OISl 3A60AHHSI MEXHIYHO20
06cy208y8aHHSI.

Ha ocnosi npunyunis i nioxo0ie (hyHKyioHaibHo2o aHanizy mexHiuHux cucmem 6 pooomi npedcmasieno Memoo po3ulu-
DEHH5L CEHCOPHUX MOJICIUBOCIEL NPOMUCTIOBUX KOHMPOEPIE Ol yinel obciyeosyeanns ma diacnocmuku. OCHOBHI npo2pamHi
ma anapamui KOMROHEHMU ONUCAHT K NPUKTAO PileHHs.

YV yitt po6omi npononyemuvcs Hedopoece cencopre posuuperist 015 npocpamosanux peie. Onucano mexHiuni napamempu
BUKOPUCOBYBAHUX 3aC0018 36'a3KY ma npunyun ix pobomu. Busnaueno ¢ynkyii mexnono2iunux npucmocygans ma npooemo-
HCmMposaro ix npukiaoue 3acmocyéanns. llpedcmaesneni mamepiaau ma KoHQIypayito MOACHA BUKOPUCIOBYBAMU 0151 NIOM-
PUMKU PeanbHOi iHmezpayii' 6 iCHYIOY asmoMamu3068any CUCIEMY, HANPUKLAo0, 00pOOKU MAmepianie, cOpmyeanHs, ademoma-
muzayii 6ydigenb mowo, oe nompibHo KOHmMponioeamu 000amkogi napamempu. Heszsadcaiouu na me, wo 3anpononogame
PilenHs € NPUKIao0om npoekmy, opicumosanozo nHa loT, y nomounomy euzasioi He nOompioHO BUKOPUCTIO8YBAMU NPAME NIOK-
mouentss 0o lumepuemy ma 60Ho Modce npay08amu 8 TOKANbHIU MePedHCi KOMNAHI.

Knrwuoei cnosa: oamuuxu; iot; winio3; po3uuperHs, KOHmpouep.

Puc.: 6. Tabn.: 3. bion.: 11.

Rékay, R. (2022). Sensor expansion for industrial controller based on iot gateway. Technical Sciences and Technologies, (3(29)), 144-150.
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MO/IETIOBAHHSI CTATUYHUX I JMHAMIYHUX ABAPIFHUX PEKMMIB
TA AHAJII3 CIIO’KMBAHHSA EJEKTPUYHOI EHEPT 1T JIBHUYHOI
MIJ3EMHOI NIICTAHIII 3AJII130PY/THOI IHAXTH

Memoto cmami € npaxmuyHe 8USHAYEHHS MONCIUBOCTNEU OISl MOOETIOBAHHA CIMAMUYHUX | OUHAMIYHUX ABAPTIIHUX PeCU-
Mig pobomu 07151 OLTbHUYHOT nid3emMHoi niocmanyii, wo QyHKyioHye Ha 3a1i30pyoHit waxmi. 3anponoHosana ma 0OIPYHMOBAHA
MoOenb 080X 06MomK08020 mpanchopmamopa 6 cepedosuwyi Matlab Simulink R2020b. Komn tomephe mooentogants 3a 0ono-
Moeor npozpamuozo 3acoby Matlab Simulink R2020b do3eonse suxopucmamu Oinbii MOXCIUBOCME O PO3PAXYHKY CUCEMU
€1eKMpPOnOCMaianHs OiIbHUYHOT Ni03eMHOI NiOCmanyii, ma yO00CKOHAIUMb ICHYIOUY MOOeNb e1eKmMPOnoOCmMa4antsa OibHUYHOL
niozemMHoi niOCcmaHyii y cCmamuyHux ma OUHAMIYHUX PeHCUMAX i1 OyHKYIOHYBAHHS.

Knrwuoei cnosa: oinbruuna niocmanyis, 3ani30pyoHa waxma, eleKmponoCcmayanis, CmamuiHi i OUHAMIYHT DeXCUMU;
KOMN ‘tomepHe MOOent08ANHS.

Puc. 5. Tabn. 2 .bi6n.: 12.

AKTyaJIbHICTh TeMHU AocaizkeHHs. CTaTHUHI ¥ TUHAMIYHI PeXUMH pOOOTH AUTEHUYHOI
M1 13eMHOT TiACTAHIIIT 3aT130py/IHOT IIAXTH € HEB1J' EMHOIO YACTUHOIO Y (DYHKITIOHYBaHHI ii eJe-
KTPOEHEPreTUIHOI CHCTeMH. BiJl KOPEKTHOCTI poOOTH CHCTEM 3aXUCTY 1 MEPEXO/IiB Bill aBapiii-
HUX Ta HOPMaJIbHUX PEKUMIB (QYHKIIIOHYBaHHS 3aJIeKUTh i1 mpaie3naTHicTb. s 11 ymockoHa-
JIeHHs HeoOX1JHEe MPOBEJCHHS MOJEIIOBAHHS CTATUYHUX Ta JUHAMIYHUX aBapiiHUX PEKUMIB
ii (h)yHKIIOHYBaHHS Ta IMPOBEJCHHS aHAIII3y PiBHIB CIIOKWBAHHSI €IEKTPOCHEPTii.

IlocTanoBka nmpodaemu. OTpumaru QyHKLIOHYIOY1 MOJIENI U CTAaTUYHUX Ta JUHAMIY-
HuX pexxuMiB podotu I 3anizopynHux maxt. OTpuMaHHS MaKCUMaJIbHO PEaJiCTUYHUX 3Ha-
YeHb PIBHIB MOTYKHOCTEH JIJIsl KOXKHUX: CTATUYHOTO Ta JIUHAMIYHOTO aBapiiiHUX PEKHUMIB PO-
0OTH AIIBHAYHOI IMiA3€MHOT IiICTaHIl.

OniHrOBaHHS PiBHIB €HEProepeKTUBHOCTI (PYyHKIIIOHYBaHHS UIBHUYHUX MIA3EMHUX ITiJIC-
tanuii (JI1I1) 3anmizopyaHux maxT Ta BUOip HUIAXIB Ul MOKPAIIEHHS BUILE3raaHoro mokas-
HUKa JOCTYITHO MIOBHOIO MIPOIO IIJITXOM MOJIETTIOBAHHS MPOIIECY iX (DyHKI[IOHYBaHHS HAa OCHOBI
pearbHUX BX1IHUX MapameTpiB s po30yl0oBH aIroOpUTMy MOIIYKY. BTimuTH 110 i1€10 MOX-
JIMBO 32 JOIOMOTOI0 Cy4acHOTro 3aco0y Bi3yaJbHOTO Ta MaTeMaTMYHOIo MozientoBaHHs Matlab
Simulink R2020b.

JUnst iI3eMHUX €JIEKTPUYHUX MEpPEeX, Y SKUX OIHOYACHO eKCIUTyaTyeThes Aekiibka JIIT 3
PI3HUMH 1 HETTPOTHO30BaHUMH PIBHSMH HAaBaHTAXKEHHs, L5l TpoOJieMa HeMpOoCTa /171l BUPILLICHHS.

3anada, 1110 MOKJIAJEHA aHal3 CHOXKUBAHHS €JIEKTPOEHEPrii MiJ Yac poOOTH IIIbHUYHOT
M1J3€MHO] MiJICTaHII1i € TOJIOBHOIO, SIKYy Tpeba BUPILIUTH M1l Yac po3poOIeHHs eHeproeeKTu-
BHO{ €JIEKTPUYHOI MEpexi.

[IpoBecTn aHami3 pe3ynbTaTiB MOAEITIOBAHHS Ta MOPIBHATH PE3yJIbTaTH MOJIETFOBAHHS 3 TIapa-
METpaMH peasibHO ICHYIOUOI MEPEXkK1 €IEeKTPONOCTa4aHHs JUIbHUYHOI MA3EMHO] MT1ICTaHLI11.

AHaJ1i3 oCTaHHIX J0CATHeHb i myOsikauiii. MoenoBaHHIO Ta JOCTIIKEHHIO CTAaTUYHUX
I TMHAMIYHUX PEeXUMIB (PyHKI[IOHYBaHHS TpaHC(HOPMATOPHUX MMIJCTAHIIN Y CbOTOJICHHI € HU-
3ka myOmikaiiid. BogHovyac nani myOmikarii He HaJaroTh OUTBIT IETATHOTO M HAJIEKHOTO MPO-
BE/ICHHS aHaJi3y PIBHIB CIIOKMBAaHHS y CTaTMYHHUX Ta AUHAMIYHUX PEKUMAX, iX (QYHKIIOHY-
BaHHs1. CI1iJ1 BIIMITHTH, 11O 11€ HE I03BOJISIE Y MOBHIM Mipi peastizyBaTH AeTalbHUN pO3PaXyHOK
Ta aHaJi3 SIKOCTI CIIOKUBAHHS €JIEKTPOSHEPT i, ajie i MPOBOKY€E CTBOPEHHS HETATUBHUX SIBUIIL —
y BUIVISIAL BUXOJTY 3 JIaAy KOMYTYIOUOTO 00J1aiHAHHS i caMoi AUTbHUYHOI MM1/136MHOI MM1JICTaHII].
Tak y poborax [3; 5; 7; 9; 10] Oyno nmokazaHo HaCTyIHE: IPOBEIEHO AOCHTIKEHHS! HETaTUBHO-
CT1 BIUIMBY €JIEKTPOMAarHiTHUX IOJMIB JIIHIN eleKkTponepeaad Ha piBHI Hanpyr 176/220 kB ta
MpaKTUYHE BUPIIICHHA 1i€i 3a/1a4i, peani30BaHoro 3a JOMOMOIOI0 KOMIT FOTEPHOIO MOJEINIO-
BaHHsI, y pe3yJIbTaTi MPOBEICHOTO JOCKeHHS Oyl OTpUMaHi MOTEHI1aIbHI MOKIMBOCTI 10
3HIKeHHIO BIUMBIB MarHiTHUX Ha JIEIT B 06csa3i 40—80 %; BukoHaHui aHaii3 npobieMu He
© Banentun Biaciok, 2022
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e(exkTUBHOCTI (DYHKIIOHYBAaHHS Ha HU3bKHX PIBHAX 3aBaHTaKEHOCTI TpaHchopmaropa Ha po-
3MOAUTHIMX MEpeXkax Ta po3poOIIeH] 3aX0au CTOCOBHO i MIBUILEHHS Ta 3a0e3neueHHs edek-
TUBHOCTI (DYHKI[IOHYBaHHS JAHOTO €JIEKTPOYCTaTKyBaHHs; OyJI0 BCTAHOBJICHO Jl1ana30HM Ipa-
HUYHUX 3HA4eHb KOE(]Ili€HTIB 3aBaHTaXEHb, IPH KOTPUX € HEOOXiJHICTh 3aMiHU
TpaHc(opmMaTopiB y 3aJ€KHOCTI BiJl IXHBOTO ITOYATKOBOTO PiBHSI 3aBAaHTAKEHOCTI Ta BIIOBII-
HOI KUIBKOCTI TOJIMH JJI1 MAaKCUMAJIbHOTO HABAHTAXKEHHS Ta HaBeJIEHI BUMOTH, I110JI0 Pe3epPBY-
BaHHS HEOOXITHMX PIBHIB MOTY)KHOCTI JIJISi CIIOKMBAYiB; HAaBEJEHA METOJMKA MO peaizamii
KOMIICHCALlli pEaKTHBHOI IMOTY>KHOCTI JUISI €JIEKTPUYHUX MEPEX Ta HABEICHO BiAMOBIIHY METO-
UKy IS OlliHIOBaHHs ehekTuBHOCTI nepenadi EE Bix mkepena 10 HaBaHTaXKEHHSI 32 PaXyHOK
MUTTEBOTO IMOKA3HUKA MOTYKHOCTEH, III0 PO3PaXOBaHUI HA OCHOBI BUMIPSHUX 3HAYEHB CTPYMY
Il HanpyTW MEPEeKi; MOKa3aHO aKTYaJIbHICTh JUIS BIPOBA/KEHHS KOMIICHCAIIi1 3aJIMIIKOBOI pea-
KTUBHOI MOTY>KHOCTI, SIKa BUHUKA€ BHACIIIOK MOSBU HECTAI[IOHAPHOTO CTPYMYy MEpEexi, a Ta-
KO TOKa3aHO IO MPH BIPOBAKEHHI JOJATKOBOTO KOMIIEHCATOPA € MOKJIMBUM JIOCSTHEHHS
KOC(IIIEHTY TOTYXKHOCTI, KOTPUH € OMM3bKUM /10 | MpU HEBETUKOMY 30UIBIICHHI 3arajabHO-
BCTAHOBJICHOT ITOTY>KHOCTI CHCTEMH KOMIICHCAIII1 Ta aIaliTyBaHHS HOTO 710 HAsIBHUX ITYJIbCAIIIi
CTPyMY y 3arajJbHOMY KOMIIEHCYIOUOMY MPHUCTPOI.

Buainennsi HeToCHiIKEHMX YACTHH 3arajibHoi nmpodjemu. [IpoBeneHo aHamiz piBHIB
CIIOXKUBAHHS 32 MOTYXHOCTAMU: P, Q, S s ctarmuHux i aBapiitHux peskumiB podoru II1.
Bukopucranus pesyibraTiB poOOTH JacTh MOXIIMBOCTI Ui BUKOHAHHS aHAMI3y MEpPeXiTHUX
PEKUMIB MK CTATUHYHUMH Ta TMHAMIYHUMH (aBapiiHUMH ) peKUMaMH POOOTH €HEProCHCTEMHU
3JTI30PYIHOT MAXTH, 110 Y MOJABIIINA MEPCIIEKTHUBI I03BOJIUTh 3HU3UTH BUTPATH HA EIEKTPO-
EHEPrilo CIOKMBaHY JIIBHUYHOIO MiA3EMHOI0 MiJICTAHIIEI0 [IaXTH, a TAKOX 3HU3UTH Yac Ta
BapTiCTh FOTOBOTO €JIEKTPOOOIaIHAHHS Ha TPOEKTYBAHHS HOBUX HABAHTAXKEHb HA €HEPTOCHC-
TEMY, a TAKOXX BTUIUTH Y KHUTTS 1HTEIEKTYaJbHY €IEKTPUYHY MEPEKY 3 KEpOBAaHUMHU aBTOMa-
THU30BaHUMHU TIPUCTPOSMHU B PEIKUMI PEATLHOTO Yacy.

Mera crarTi. MeToro 11i€i cTaTTi € BiqoOpaskeHHs MPAKTUYHOTO BU3HAYCHHSI MOMIIUBOC-
TEH JUISl MOJICTFOBAHHS CTATHYHUX U TMHAMIYHHUX aBapiiHUX peKUMIB poOOTH. A came: poboTa
TpaHchopmaropa I CTAIOT0 PeXUMY Horo (GyHKI[IOHYBaHHS, Ta PEKUMY KOPOTKOTO 3aMH-
KaHHS SIK OJIMH 3 aBapilfHUX PEKUMIB AJS TUTBHUYHOI MiA3eMHOI MiACTaHIil, 110 (yHKIIOHYE
Ha 3aJ1130pyAHIN MIaxTi.

Bukisaa ocHoBHOro MarepiaJjy. Bupimenns 3aay nos’a3aHUX 13 MOJIETIOBaHHSM CTaTH-
YHHUX Ta AUHAMIYHUX PEKUMIB (HOMIHATBHUA PEKUM (PYHKIIOHYBAHHS Ta PEKUM KOPOTKOTO
3aMHKaHHS TpaHcPopMaropy) Il po3poOKa MoB’si3aHa 3 BAKOHAHHSM X KOMIT FOTEPHOTO MOJIe-
JIOBaHHS Ta BHUKOPUCTAHHSM TMOTY)KHUX CYYaCHHX NPOTPaMHUX 3aco0iB, K, HANPUKIAI,
Matlab Simulink R2020b.

VY AKOCTI JOCTIAHOTO 3pa3Ka y3sTo TUIIOBHM maxTHUi Tpancdopmartop TCILIBIT100/6/0,4.

[Ipu 11poMy ci1iJT IPUIHATH HOMiIHAIbHI TEXHIYHI XapaKTEPUCTUKU BUILEHABEIEHOTO Tpa-
Hc(opMaTopa 3 HACTYITHUMH JIONMYIIEHHSIMH, 10 BUKOPHCTAEMO JIJIST MAaTEMAaTHYHUX MOJIeIei
Ta BIPTyaJIbHOT MOJIEJIi CHUCTEMU ENEKTPOINOCTadyaHHs MiITbHUYHOT MiI3eMHO1 MiACTaHIi 3ai-
30pYIHOI IIaXTH, TOOTO: ENEKTPUUHI MapaMeTpy MEePBUHHOI OOMOTKHM Ta HaBeJeHI MapaMeTpu
BTOPUHHOI OOMOTKH MPUIHATO PIBHUMH, TIPH PO3PaXYHKY HOMIHAIBHOTO CTPYMY BUKITIOUYCHO
BILIUB CTPYMY HamarHidyBaHHs, IS XonocTtoro xony EPC ta Hanpyra nepBUHHOI OOMOTKH €
piBHUMU OfWH onHOMY [1].

3Be1eMO OCHOBHI TEXHIYHI XapaKTepUCTUKHU TpaHchopmaTopa B Tad. 1.

Tabnuys 1 — Ocnoeni mexuono02iuni napamempu waxmuoeo mparcgopmamopa I
Tun Sou, KBA Uy, kB Uzy, kKB Py, kBT Py, kBT Ixx, %0 Uk, %0
TCHIBIT 100 10 0,4 0,55 1,14 1,6 2,8
Ie Sy — € HOMiHAJIBHOIO TOTYkHicTI0 Tpanchopmaropa; Uiy Ta Uzy — BiANOBIAHO HOMiHAJIBHI Tapame-
TPH [Tt BUIIOT Ta HIKYOI CTOPIH HAIPyru TpanchopMaTopa.

152



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

BpaxoBytoun yci NpuiHATI JOMYIIEHHS JUIs CTBOPEHOI MareMaTuyHOl MOJENI THUIIOBOTO
maxrtHoro Tpancopmartopa TCILBIT100/6/0,4 Ha OCHOBI METOAMKHU PO3PAXYHKIB [2-4], OTpH-
MYy€EMO:

Jl1st moOy1oBM TaOyUIll 2 3HAXOAMMO E€JICKTPUYHI MapaMeTpy Ha OCHOBI JJAHUX 3 TaOIUII
1 npu YoMy JOAATKOBO 3HAXOAMMO AKTHBHI OMOPH ¥ 1HAYKTUBHOCTI PO3CIFOBAaHHS OOMOTOK
Tpanchopmaropy, koTpuii 3acrocoByetscst y HIIII 3 ypaxyBaHHSM mapameTpiB HaMardigy-
BaHHS BITKH.

Tabauysa 2 — Bxioni mexuiuni ma ekcnayamayiini napamempu uaxmuro2o mpaucgopma-

mopa 11
Ne Onnauni
. Ha3pa mapamerpa Beanunna R S—
1 HOMIHAJNBHUH (Da3HUI CTPyM IEPBUHHOI OOMOTKH
Tpaachopmaropa 5,774 A
2 TIOBHUH OTIip KOPOTKOTO 3aMUKAHHS 28 OMm
3 aKTHBHA CKJIAJ0Ba MOBHOTO OIOPY KOPOTKOTO 3a-
MUKaHHS 12 Om
4 aKTHBHHUH OIip MEpBUHHOI OOMOTKH Ta TpHBEAE-
HUI aKTUBHUH OITip BTOPUHHOT 6 OMm
5 koedinieHT TpaHchopmarii 25 -
6 AKTHBHHHA OITip BTOPHHHOI 0OMOTKH 0,01 Om
7 PEaKTHBHUH OMip KOPOTKOTO 3aMUKAHHSI 25,298 OMm
8 IHAYKTUBHICTH PO3CISTHHA MEPBUHHOI OOMOTKH Ta
MpYBEACHA IHOYKTUBHICTD PO3CISHHS BTOPHHHOI
0OMOTKH 8,05-107 I'a
9 IHAYKTHBHICTH PO3CiIOBaHHS BTOPUHHOI OOMOTKH 1,29:10 I'n
10 AKTHBHHU OIIip MapaieIbHOTO JIAaHIIOTa HaMarHi-
YyI04Or0 KOHTYPY CXEMH 3aMill[eHHS 181,82 kOM
11 AKTHBHA CKJIaJI0BAa CTPYMY XOJIOCTOTO XOy 0,032 A
12 CTPYM XOJIOCTOTO XOAY 0,092 A
13 HaMarHivyBaJIbHa CKJIaJIoBa CTPYMY XOJIOCTOTO
X0y 0,086 A
14 B3a€MHA IHJYKTHBHICTH 0OMOTOK 213,693 I'n
15 aMIUTITyHe 3Ha4YeHHs (a3Hoi Hampyrd i Tep-
BHHHOI 0OMOTKH TpaHC(HOopMaTopy 150 B
16 aMIUTITY/IHe 3Ha4YeHHs (a3HOi Hampyru AJisi BTO-
PHHHOT 0OMOTKH TpaHchopMaTopy 326 B
17 aBapiiiHUI pPeKUM KOPOTKOTO 3aMHUKaHHS €Hepro-
cucremu JI1I1 3amizopynHoi maxtu 447,75 B

Ha nacTynHux eramnax BUKOHaHO 0e3MOCepeHbO MOJIEIIOBAHHS Ta BBEAECHHS PO3paxoBa-
HUX MTapaMeTpiB EHEPreTUYHOI CUCTEMH IIIbHUYHOI M1A3€MHOI MiICTaHI1i 3aJ1130PYIHOI IIaXTH
oesnocepenHro B cepenonuie Matlab Simulink R2020b.

Jns nobynosu ¢yHkiionyrounx moneneit A1 s HoMiHanbHOTO pexkuMy (yHKI[IOHYBaHHS
Ta peKUMY KOPOTKOTO 3aMHKAHHS BIIMOBIHO JaHl Tabnuip 1 Ta 2, BHOCATHCSA y caMy MOJAETb: Y
po3paxynkosi 6oku AC Voltage Source (puc. 1, 6) Ta Linear Transformer (puc. 1, a) [5-10].
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Puc. 1. Po3paxynkoei 610Ku (3 BHECeHUMU MEeXHIYHUMU RAPAMEMPAMU) OJIsL MAMEMAMUYHOL

mooeni 1111 3anizopyonoi waxmu y cepeoosuwi Matlab Simulink 2020b 6auzvkoi
00 HOMIHANBbHO20 pedncumy cnoxcusants EE 3a HopmanvHux ymos it oyHKyionyeanus

3riHO 3 BBEJACHUMH pPaHINIe BUKOHAHUMH €TalaMi Ta HOMIHAJIIBHUMU ITapaMeTpaMu Ma-
TEMaTHUYHA MOJIEIb CHEPTeTUYHOI CUCTEMH IUIBHUYHOI MiA3eMHOI IMiJCTAHINI 3a1i30pyIHOT
maxtu Oyje MaTu Takui Buj (puc. 2):
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Puc. 2. Ananimuuno-mamemamuuna mooens /11 3anizopyonoi waxmu y cepedosuwyi Matlab
Simulink 2020b 6au3zvka 00 HOMIHAILHO2O pedcumy cnoxcusanus EE
30 HOPMATLHUX YMO8 1T DYHKYIOHYBAHHSA

JIns BUKOHaHHs aHaiTHYHO-MaremMarnuHol moxenmi JIIIT 3amizopynHoi maxtu (puc. 2) y
670111 Step BcTaHOBIIEHO MapameTp yacy Ha piBHi 0,4 ¢, Tako BHeCEHO y BikHO mapamerpa AC
Voltage Source amrutiTyare 3HauenHs (assoi Hanpyri V2U1/\3 Ta 4acToTy MPOMHCIIOBOT Mepeski
50 I'm. V BikHO mapameTpa Resistance BHOCsAThCs 3HaYeHHs omnopiB Bix 18,18 kOwm 10 136, 37 kOm
3 KpokoM 3poctaHHs Ha 10 % Bij nonepeaHboro oro 3HaueHHs (30u1b1IeHHS Ha 18,18 kOm).
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IIpu 11bOMy TOUHICTH 0OpaxXyHKy MoJeNi BcTaHoBieHa Ha piBHi 10, Came 1i mokasHuku
HeOOX1H1 IJIS MOJENIOBAHHS 1)1 BUKOHAHHS I11i€1 MOJE, 110 € OJIM3bKOI0 10 HOMIHAJIBHOTO
pexxumy cnioxuBanHs EE 3a yMoBH HOpMalIbHOTO ii ()yHKIIIOHYBaHHSI.

J1J1s1 TOIasIbIIoro aHalli3y CIIOYKUBAHHS €JIEKTPOSHEPTii Ha OCHOBI CIIOKMBAaHUX TIOTYKHO-
creii (P, Q, S) mig3eMHOIO MiJCTAHIIIEIO 3aT130PYAHOI IAXTH MPOBEJEMO ACKUIbKA TOCTI/IB 3
pi3HUMH Koe(illiEHTaMH 3aBaHTAKEHHS Ta MO0y 1yeMo rpadiku 3MIHU ITUX MTApaMeTPiB.

SAx BuaHO 3 rpadika puc. 3 Ta puc. 2 1 MOJENb MoKasye piBHI crioxuBanHa EE ninpHny-
HOIO Ti3eMHor0 miacraniiero EE 3a TppomMa napameTpamMu MOTYXHOCTI: aKTUBHOT, pEaKTHBHOT
Ta TIOBHOI MPH YMOBI HOMIHAJIBHOTO PEXKUMY POOOTH Ta JTUHAMIYHOI 3MIHM HAaBaHTAKEHHS

(0,2- 0,75 Ks) Bix ii MakcumyMmy.

Hezulesda Tuns, II|=III‘=.:II.IHHI Hi - . . -
: . Eneprermmami napaseron I 3azizopyn=ol omxm
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Puc. 3 Jlunamika sminu cnosicusanux nomyxcHocmeti nio3eMHO0 RIOCMAHYIEIO 3AI30PYOHOL
waxmu 61U3bK0I 00 HOMIHAIBLHO20 PEeHCUMY

BinnoBigHO cHHIM, YePBOHUM Ta CaJIaTOBUM KOJIbOPAMU ITO3HAYEHO MOTYKHOCT1: aKTUBHA,
peaKkTHBHA Ta MOBHA.

PiBastus: y =-0,0035x +0,1607, y =-0,0026x + 0,159 ta y =-0,9243x - 0,3843 € pis-
HSHHAMHU perpecii A1 TMHaMIYHUX 3MiH NOTYXXHOCTEeH aKTHUBHOI, peakTUBHOI Ta moBHOT (P, Q,
S; kBT, kBap, kBa) niji3eMHOI0 MiJCTaHIIEO 3aT130pyAHOI IIaXTH, KOTPa MPALIIOE Yy PEXKUMI
OIM3BLKOMY JI0 HOMIHANBHOTO, a 3HadeHHs: R?= 0,9028, R?=0,9927, R?= 0,4701 — 1e moBipui
1HTepBaJii 00paxoBaHi 3a METOANKOI CThIOJICHTA.

JUJ1s1 KOYKHOTO 3 pIBHSIHB HAaBE/IEHUX BHILE TApaMEeTPH Ta 3MiHHI T03HAYaI0ThCSl HACTYTHUM
YUHOM: X — HE3aJIe)KHA 3MIHHA, Y — 3aJIe)KHA B1J] BEJIMUMHH X 3MIHHA Ta CTABUTHCS Y BIMIOBII-
HICTB JI0 KO’KHOT 3 TOTykHOCTei: akTuBHOI (P, kBT), peaktuBHoi (Q, kBap) Ta moBHoi (S, kBa),
a JUIsl 3HAYeHHSI X — He3aJIeKH1 3MiHH1 (MpUB’sA3aH1 10 3MiHU 3HaYeHb onopis Bif 18,18 kOm 10
136,37 kOm 3 xpokom 3pocTanHs Ha 10% Bix momepeaHix IXHiX 3HAYEHB).

Pisusians y = -0,0035x + 0,1607 Ta R?>=0,9028 — 1e piBHAHHS Ta KoeillieHT Kopensuii
BiJIMOBIIAIOTh 3HAYCHHIO AKTUBHOI MOTYKHOCTI P, KBT.

PiBusiHHs y = -0,9243x - 0,3843 Ta R>=0,4701 — 1e piBHAHHA Ta KOE(Iili€HT KOpesii
BI/ITIOBIJAIOTh 3HAUEHHIO PEAaKTHUBHOI MOTYXHOCTI Q, KBap.

PiBusaHs y = -0,0026X + 0,159 ta R?= 0,9927 — 11e piBHAHHA Ta KoeillieHT KopensIlii Bi-
JIIOBITAIOTh 3HAUYEHHIO MOBHOI MOTYXHOCTI S, kBa.

Jlani piBHSHHS 1)1 aHamiTHYHO-MaremMatnyHoi mozeni I 3anizopyaHoi maxtu O1u3bKoi
JI0 HOMIHAJBHOTO PEXHUMY (DYHKI[IOHYBaHHS MOKa3ylOTh aJeKBaTHICTh 11 (DyHKIIIOHYBaHHS,

OCKIIBKH:
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Jlns aktusHOT notysxuoCTi (P, KBT) — ockinbku R2> 0,7 Ta <1, TO 1e# KopensuiiiHuii 38’ 130K
€ CHJIBHUM, /IS TIOBHOT TOTYKHOCTI (S, kBa) — € Takoxk cuabHIM, ToMy 1o R?>> 0,7 ta < 1, ane
1St peakTHBHOT motyxkHocTi (Q, kBap) - 0,3 < R2< 0,7 — 11eii 3B’S130K € CEpeIHbOT CHITH.

CepenHboi CHIM 3B’S130K I piBHAHHA Y = -0,9243x - 0,3843 Ta R*=0,4701 — moscHro-
€THCSI HE3HAUHUMU 3MIHAMU BEJIMUMHU PEaKTUBHOI OTYKHOCTI (Q, kBap) Bix meBHOTO 11 3HAa-
Hix 5—10 % nns tpudasznoi cucremu xxusnenns LI 3anizopyaHoi maxru.

Crig TakoX BIIMITUTH, 110 TAHUW PE3yabTaT OTPUMAHUH HA PHC. 3 € TUTIOBUM JIJISl PEXKUMY
OJIM3BKOTO IO HOMIHAJIBHOTO PEXKUMY — € CBIIUEHHSAM BiMiHHOI 301kHOCTI MaTmonemi J{ITIT
3aUTi3opynHoi maxty y cepenosui Matlab Simulink 2021b [11; 12].

J1y1st MOZIeTFOBaHHS JUHAMIYHOTO aBapiiiHOTO PeKUMY (PYHKITIOHYBAaHHS AUTBHUYHOI ITi/13¢€-
MHOI IiICTaHIII1 3aJ1130pyAHOT MAXTH CTBOPUMO 1HIIY aHAIITHYHO-MAaTeMaTHYHy MOJIEIb Y Ce-
penosuini Matlab Simulink 2020b.

JlJis BUKOHAHHS aHANITUYHO — MareMmarudHoi monem I 3amizopynHoi maxTa (IuB.
puc. 4) y Gmoui Step BcraHOBJIeHO MapameTp dacy Ha piBHi 0,4 c. [Insg BikHa nmapametrpy AC
Voltage Source BHeceHO aMIUTITyJHEe 3HauYeHHS (a3HOI HANpPyrd 3HUKEHO JO pIiBHSA
\2U1/V3:0,055 Ta wacrora Mepexi 50 I'n. Jins Bikua mapamerpiB Resistance BHOCATBCS 3Ha-
yeHHs ornopis Big 18,18 kOm o 136, 37 kOm 3 kpokom 3poctanHs Ha 10% Bij monepeIHpOro
fioro 3navyenHs (361npeHHs Ha 18,18 kOm). Jli1st 1bOTro JOMOBHIOEMO JaHy MOJIETH I1ie OJI0KOM
Resistancel, e 3MiHI0€MO #ioro BHYTpimmiii omip Ha pisers 1072 Om. Ilpu npoMy TOUHICTH
00paxyHKy J1aHO1 MOJIeJli BCTAHOBIIIOEMO Ha piBHI 108,
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Puc. 4. Mammooenw JIII1 3anizopyonoi waxmu 6 cepedosuwi Matlab Simulink 2021b 6u-
3bKa 00 pexcumy KOpOmKo20 3aMUKanusa ma cnoxcusanns EE
3a asapiuHux ymos ii hyHKyioHy8anHs

Ile HeoOXiHO AT MOJENIOBAHHS JJIs1 BUKOHAHHS J1aHOI MOJIEN, 10 € OIU3BKOI0 10 pe-
KMy KOPOTKOTO 3aMUKaHHs Ta criokuBaHHs EE Heto 1st aBapiitHIX yMOB i (yHKITIOHYBaHHS.

JU1s MoaibIIoro aHasi3y CIOXKMBAHHS €JIEKTPOEHePrii Ha OCHOBI CIIOKHBAaHUX MOTY>KHOC-
teil (P, Q, S) mi;3eMHOI0 MiJCTaHIIEI 3aJ1130pYAHOT IIAXTH MTPOBEIEMO JAEKUIbKA JOCTIIB (K1 €
AHAJIOTTYHUMHU JUIs peKUMY HOpMaiibHO (yHKIionyBaHHs I 3ami3opyaHoi maxTi) 3 pisHUMHA
Koe(ilieHTaMH 3aBaHTaKEHHsI Ta MOOyAyeMO rpadiky 3MiHU IIUX TapameTpiB (puc. 5).
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Puc. 5. Jlunamixa 3minu cnoscusanux nomyaxcnocmei {1111 3anizopyonoi waxmu
07151 ABaPIiHO20 pedcUM) KOPOMKO20 3AMUKAHHS

BinmnoBigHO cHHIM, YepPBOHUM Ta CaJIaTOBUM KOJIbOPAMU ITO3HAYEHO MOTYKHOCT1: aKTUBHA,
peakTUBHA Ta MMOBHA.

PiBasaus: y =-0,035x + 0,1607, y =-0,026x + 0,159 ta y =-0,9243x - 0,3843 € piBHAH-
HSIMU perpecii i1 TUHAMIYHUX 3MiH MOTY>KHOCTEH (aKTUBHOI, pEaKTUBHOI Ta MOBHOI ) MiJi3e-
MHOIO MiICTAHIII€I0 3a1130PYIHOT IAaXTH, KOTPa MPAIIOE Yy PEXKUMI OIU3BKOMY JI0 PEXKUMY KO-
POTKOTO 3aMHKaHHs, a 3HaueHHs: R?=0,9028, R?=0,4701, R?=0,1535 — ne xoediuicaTH
KOPEJISIIIIT 1711 KOYKHOTO 3 THITIB IMIOTYKHOCTEH.

J1J1s1 KOYKHOTO 3 piBHSIHB HABEICHUX BHILE TAPAMETPH Ta 3MiHHI MO3HAYAIOTHCS HACTYITHAM
YUHOM: X — He3aJIe)KHA 3MIHHA, Y — 3aJIC)KHA BiJl BEIMYMHY X 3MiHHA Ta CTABUTHCS Y BiATIOBII-
HICTh KOXHIH 3 moTykHOCTe: akTuBHOI (P, kBT), peakruBHoi (Q, kBap) Ta moBHoi (S, kBa), a
JUTSL 3HAYCHHS X — He3aJIeKH1 3MiHHI ( PUB’sA3aH1 10 3MiHU 3HaYeHb onopiB Big 18,18 kOM 10
136,37 kOm 3 kpokom 3pocTants Ha 10 % BiJ monepenHix IXHIX 3HAYEHB).

Pisnstans y = -0,035x + 0,1607 Ta R>=0,9028 — 1e piBHAHHA Ta Koe(DillieHT Kopemsiii
BiJIMOBIAaI0OTh 3HAYCHHIO aKTUBHOI MOTY>KHOCTI1 P, KBT.

PisnstHHs y = -0,9243x - 0,3843 Ta R?=0,4701 — 1e piBHAHHSA Ta Koe(DillieHT Kopemswii
BIJINOB1/1al0Th 3HAYEHHIO PEaKTUBHOI MOTYXHOCTI S, kKBap.

PigusaHs y = -0,0026x + 0,159 ta R*=0,1535 — 11 piBHAHHA Ta KoeDillieHT KOpensIlii Bi-
JIMOBIIAl0Th 3HAYEHHIO MOBHOI MOTYKHOCTI Q, kBa.

Jns axtusHOI notyxHocTi (P, kBT) — ockinbku R?> 0,7 Ta <1, To 1eif kopensiiiHuii 38’ 130K
€ CUTTLHUM, JUIs TIOBHOT HOTY>XHOCTI (S, KBa) — € Takoxk cepeniM, Tomy 1m0 0,3 < R2< 0,7, ane as
peakTuBHOi moTyskHOCTi (Q, KBap) — 0 < R*< 0,3 — 11eif 38’430k € c1a0K0i CHUTH.

Cnabkoi cunu 3B’5130K A7 piBHAHHA y = -0,026x + 0,159 Ta R?=10,1535 — mOSACHIOETBCS
3HaYHUMH 3MIHaMU BEJIMYMHU PEaKTUBHOI MOTYXHOCTI (Q, kBap) B ToMy uuncii i Bix’€MHUMHU
BiJl MEBHOTO 11 3HAYCHHSI IaHa KapTHHA € TUIIOBOIO JUISI PEKUMY KOPOTKOTO 3aMHUKAaHHS OFHI€T
abo nexinbKox (a3 ans TpudaszHoi cucremu xusneHHs I 3anizopyaHoi maxTu.

CepeiHbOi CUIIU 3B’ 30K ISl piBHAHHA y = -0,9243x - 0,3843 ta R*=0,4701 — MokHa 1o-
SICHUTH HETaTUBHUM BILIMBOM KOPOTKOTO 3aMHUKaHHS Ha (a3l MiA3eMHOI MIACTaHIIIT 3a1130py/I-
HOI IIaXTH.

Crig Takox 3ayBayKUTH, 1110 11 pe3yabTaT OTPUMaHHUM Ha pHUC. 5 € TUIIOBUM JJISl PEKUMY
KOPOTKOTO 3aMHUKaHHS — € CBITYEHHAM 100poi 301H0CcTI Marmoaeni T 3anizopynHoi maxtu
y cepenoBuili Matlab Simulink 2021b [11; 12].

[TopiBHsBIIM MiXk c000t0 pHC. 3 Ta puc.5 6aunMo Craju CIOKUBAaHHS AKTUBHOI Ta OBHOT
MOTYXHOCTI AUTBHUYHOI MiJJ3éMHOI MiJICTaHLil B 2-4 pa3u B MOPIBHIHHI 3 IUHAMIKOIO CIIOXKH-
BaHHS JJAHUX MOTY>KHOCTEH y HOMIHAJIbHOMY peXuMi ii pyHKIIOHYyBaHHS, HATOMICTb BiJ0yBa-
€TbCA pi3Ke 30UTbIICHHS BiJIIa4l peaKTUBHOI MOTY)HOCTI (cTaHoBUTSH 1,3 — 3,1 Quoppedynx) AT
Yy €HEProCUCTEMY 3JI130pYIHOT MIAXTH, III0 CBOEIO YEPTOO CKOPOTHUTH TEPMIH 1i eKCILTyaTallii 3
10-20 pokiB 10 5—8 pokiB.
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BucnoBku. BukoHa#i B it craTTi MaremaruyHi mogeni eneprocucremu JIIIT 3anizopya-
HOI CHCTEMH JIEMOHCTPYIOTh HIMPOKI W THYYKI MOXIIMBOCTI MaTeMaTWYHOTO MOJICITIOBaHHS
MPOIIECIB Y EHEPrOCUCTEMI 1 JO3BOIHMTH 3HU3UTH Yac Ha MPOEKTYBAHHS Ta BUTPATU HA PO3PO-
OJIeHHS 1X TPOTOTHIIIB.

Y Mait0yTHROMY 1€ CTBOPUTH HOBI MOXIMBOCTI JIJISl IPOBEICHHST MOICIFOBAHHS JJIsI BUKO-
HaHHS aHaTI3y TMEPEeXiTHUX PEKUMIB MK CTATUYHUMH Ta TUHAMIYHUMHU (aBapiHHUMH) PEKU-
MaM# poOOTH EHEPTOCUCTEMH 3aJTi30PYIHOT IAXTH, IO B IOAAIBIIOMY J03BOJIHUTH 3HU3UTH BU-
TpaTu Ha eIEKTPOCHEPTII0 CIIOKUBAHY AUTHHUYHOIO TiJJ36MHOIO TiACTAHIIIEIO MIaXTH.

Ile 103BOJIMTH 3HU3HUTHU Yac Ta BapPTICTh TOTOBOTO €JIEKTPOOOJIAHAHHS HA MPOEKTYBAaHHS
HOBUX HaBAHTAXXCHb HA CHEPTOCUCTEMY, & TAKOXK BTUIHTH Y KUTTS IHTCJICKTYAIbHY CICKTPUUHY
MEpEXY 3 KEpOBAHUMH aBTOMATU30BAaHUMU MIPUCTPOSIMHU Y PEKHMMI PEaTbHOTO Yacy.
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MODELLING OF THE STATIC AND DYNAMIC EMERGENCY MODES
AND ANALYSISOF THE ELECTRIC ENERGY CONSUMPTION
OF THE SECTIONAL UNDERGROUND SUBSTATION OF THE IRON ORE MINE

Improve the existing model of power supply of the underground substation in static and dynamic modes of its operation
and perform simulation of static and dynamic emergency modes of its operation.

The paper is devoted to determining the possibility of modeling static and dynamic emergency modes of operation for a
sectional underground substation operating in an iron ore mine. The model of two winding transformers in Matlab Simulink
R2020b environment is proposed and justified. Computer simulation with the software Matlab Simulink R2020b allowed using
more possibilities to calculate the power supply system of the sectional underground substation.

The following methods were used to solve the problems: theoretical foundations of electrical engineering, electrical
machines, power converter technology, mathematical analysis and computational mathematics.

The use of the results of the work will provide opportunities for analysis of transient modes between static and dynamic
(emergency) modes of operation of the power system of the iron ore mine, which in the future will reduce the cost of electricity
consumed by the underground mine sub-station, as well as reduce the time and cost of finished electrical equipment to design
new on the power system, and implement an intelligent power grid with controlled automated devices in real time.

Inthefuture, thiswill create new opportunitiesfor conducting simulation to analyze trans ent modes between static and dynamic
(emergency) modes of operation of the power system of the iron ore mine, which will further reduce the cost of e ectricity consumed
by the site underground mine substation. Thiswill reduce the time and cost of finished eectrical equipment to design new loadson the
power system, aswdll asto implement an intelligent dectrical network with controllable automated devicesin real time.

Key words: sectional substation; iron ore mine; power supply; static and dynamic modes,; computer modeling.
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PE3OHAHCHUWH NIJICUJTFOBAY AKTUBHOI EJTJEKTPUYHOI
MOTYKHOCTI. ITPOITO3UIIISA, AHAJII3, YUCJIOBI OLIIHKHN

Memoro yiei pobomu € 00IpYHmMY8aHHs PeanibHOT 0I€OCH 3aNPONOHOBAHOI CXeMU PE30HAHCHO20 NIOCUNI08AYA AKMUBHOT
ENeKMPUYHOT NOMYHCHOCHII, NPEOCMABIeHOI NOCIO0BHICHIO 3 YOMUPbLOX IHOYKMUGHO NO8 SI3AHUX AKMUGHO-PEAKMUBHUX KOH-
mypis. Ilepuiuii — 6XiOHuUIl i3 0JHCEPeLOM SAPMOHIYHO20 CUSHATY, WO NIOAA2AE NOCUTIEHHIO. pyautl — y pexcumi pe3oHancy Ha-
npye popmye nocuneny peakmugry nomyxcricms. Tpemiii — 3 000amMKOSUM CIOPOHHIM 0X4CEPerIoM HANPYeU 6 PeXCUMI pe3o-
HAHCY CMpPYMi6 30TlCHIOE GUBEOEHHS NOMYICHOCMI OpYy2020 KOHMYpY 6€3 360pOMH020 BNAUBY HA NPOYeCU HOCUTIEHH.
Yemeepmuii KOHMyp, IHOYKMUBHO N0 A3AHULL i3 Mpemim KOHNYPOM, MICIMUms uUXiOHe HABAHMANCEHHS — PEIUCIOP, WO MO-
denoe 8udiients nocunienol akmusnoi nomysxcrnocmi. [lpogedenuil ananiz ma 4ucio6i OYiHKY XapaKmepucmuk npomiKanyux
npoyecie y 3anponoHOSAHIl cXeMi Pe30HAHCHO20 NIOCUTIO8AYA AKMUBHOT eleKMPUYHOI NOMYHCHOCIE 0036015104 U OOTPYHMY-
6amu 11020 NPUHYUNOBY OIE€30AMHICTIb.

Kniouosi cnosa: capmoniunuii cuenan; peakmugHa nomysiCHIiCmb, GUXIOHe HABAHMAICEHHS, PE3UCIOP, AKMUBHA NO-
MYHCHICMDb.

Puc.: 2. bion.: 12.

AKTyaJIbHICTh TeMH A0CJIiAKeHHA. Pe30HaHC, SK K104 10 €eHEPreTHYHOTI0 CIJIECKY B KO-
JUBAJIHUX CHUCTEMax pi3HOI (i3MYHOI MPUPOJM, HUHI BUBYEHMH HeAocTaTHbO. Hampukimasn,
no0pe BiioMi Ta 3adikcoBaH1 ICTOPUYHI (PaKTU MEXaHIYHOTO pyHHYBAaHHS MOCTOBUX KOHCTPY-
KII1i{, HCOYCBUHNUX Y CEHCI Pi3MYHOT IPHINHHOCTI PE30HAHCHUX SIBHII y TCIIIO0OOMIHHUX IIPO-
1lecax, eNeKTPOTEXHIYHMX JaHIIOrax Ta 6araTo iHIoro. X aHaji3 MpUBOAMTE 0 MOCTAHOBKHU
(yHIaMEHTaJIbHOTO MUTAHHS MPO MOABY JUKEpeIia, EHEprisl SKOro 103BOJIsI€ BUKOHATH POOOTY,
HEMOKJIMBY B MeXaX TPaJAMULIMHOIO PO3yMIHHS MPUYMHHO-HACIHIJIKOBOTO 3B’SI3KYy (DI3MYHUX
npoiieciB. BucyBaroTbcs pi3HOMaHITHI TiOTE3H, CYTHICTh SIKHX y CBOiM O17BIIOCTI 3BOJUTHCS
J10 ICHYBaHHSI JIESIKO1 BCEJIEHChKO1 cyOCTaH1li (Hanpukiaji, e «TeMHa» Martepis, pi3uuHuii Ba-
KyyM, edip Ta iH.), 10 Ma€ BEJIMYE3HUNA €HepreTUYHUH MOTeHIial. 3aJeXHO Ta YMOBaMHU pea-
Ji3aii, OCTaHHIM MOKe BUSBIATUCS SIK TEIUIOBA, SJ€PHA, HAPEILTI, eJIeKTPOMAarHiTHa €Hepris
[1-3]. BigBosmikaroumchk Bij pooiT i3 pyHAaMeHTaIBHIX pobiieM CBiToOYyJ0BH, CITiJi OCOOIUBO
BUJUIMTH O€3MepedHHi IHTEpEC CBITOBOI I'POMAaJICHKOCTI /10 MPAKTUYHO TOCTYITHUX TEXHIUHUX
PO3pO0OK, CIPSIMOBAaHKMX HA BUPIIICHHS 3aB/IaHb Cy4acHOI eJIeKTpOoeHepreTuky [4; S5].

IHocranoBka npo6Jiemu. [Tonryk HOBUX anbTepHATUBHUX MiIXO/IB A0 BUPIILIEHHS ITPpo0iIeM
CY4acHOI eNIeKTPOSHEPTreTUKH, OB’ A3aHHX 13 BUCHAXKCHHSIM HasBHUX IPHUPOIHUX PECYPCIB.

AHaJi3 ocTaHHIX a0caiKeHb i nmyOaikanii. Pi3Hi BapiaHTH pe30HAHCHUX MEPETBOPIO-
BayiB €HEprii COHAYHMX OaTapeill po3poOJSIOTHCS CUCTEMAMHU €IEKTPOKHUBIEHHS KOCMIYHHMX
amapartiB [6]. ABTopamu poOiT [7; 8] mpoBeIeHO TEOPETUYHI JOCIIKEHHS €JIeKTPOMarHITHIX
npoiieciB y Tpanchopmaropi Tecna — nepiuioMy TEXHIYHO peasli3oBaHOMY ITPUCTPOIO pe30HaH-
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CHOTO MiJiIcHiItoBaya Hanpyrd. OTpuMaHi pe3yjbTaTH Ta YMCENbHI OI[IHKH JOOpe Y3ro[Ky-
I0ThCA 3 AKICHUMH BUCHOBKAMHU BEJIUKOTO BUHAX1IHUKA. [[pakTHUHUM 1HTEpecoM 10 pe30HaH-
CHOT'O MTOCUJICHHS MOTY>KHOCTI 3yMOBJIEHO MOsBY nateHTty [9]. Ilpeamer BUHAXoay HaJICKUThH
JI0 PE30HAHCHUX CHCTEM YAApHOTO 30Y/DKEHHS €IeKTPOCHEPreTHKH, alieé MOXKe OyTH 3HaNTH
3aCTOCYBAaHHS Y BTOPHHHHX JDKepenax 0e3mepeOiifHOro KMBIICHHS, IPUCTPOSX €XOJIOKaIii 1
nepeaaBayvl eJIeKTPOMarHiTHUX KOJMBAHb JIJIs1 CTBOPEHHS HAANOTY>KHUX 30HAYBaJIbHUX CUTHA-
niB. 3pemToro, podota [10] mpucBsYeHa eKCIIEPUMEHTAILHOMY OOTPYHTYBAHHIO JI€EBOCTI pe-
30HAHCHOTO MiJICUIIIOBAYa eIEKTPUYHOI TTOTY>KHOCTI.

BugijieHHs1 HeloCHiIKeHUMX YacTHH 3arajbHoi npodJjemu. Ha qymky aBTOpiB, OCHOB-
HUM PEe3yJIbTaTOM BUKOHAHUX JIOCIIIKEHb € eKCIIEPUMEHTAIBHUHN (DaKT OTPHUMAHHS PEaKTHB-
HOI MOTYKHOCTI, 0 B ~33 pa3u nepeBully€e BXiJHY NOTYXHICTb Jykepena. HapemTi, 3 npak-
TUYHOTO TOMIALY IIKaBUTh CXEMHAa PO3pOOKa PE30HAHCHOTO IMiJCHIIIOBAYa EJIEKTPUUHOT
€Heprii, Ha BUXO/1 SKOT0, Ha BIIMIHY BiJl IOMIEPEIHLOIO aHAJIOTa, TCHEPYETHCS aKTUBHA TTOTY-
KHICTB JJI BAKOHAHHS pOOIT Pi3HOTO NMPU3HAYCHHS.

MeTo10 CcTATTi € MPOMO3HUIIIS EIEKTPUYHOI CXEMHU PE30HAHCHOTO MiJICUII0BaYa aKTUBHOT
€JIEKTPUYHOI TIOTY>KHOCTI, aHaJIi3 Ta YHCIIOBI OIHKH MPOTIKAIOUNX XapaKTEPUCTHK EIEKTPO-
MarHiTHUX MPOIIECIB AJIsi OOIPYHTYBAHHSI PEAIbHOT 11€BOCTI i€l MPOMO3HUIIIi.

BukJjiag ocHoBHOro martepiajy. Enekrpuana cxema, IpUHIIHITL Iii.

Ha puc. 1 3anmponoHoBaHo cXxeMy 3aMillleHHS TPOIIOHOBAHOTO PE30HAHCHOTO MiACHITIOBaYa
AKTUBHOI €JIEKTPHYHOI OTY>KHOCTI, IO CKIAIAETHCS 3 YOTHPHOX PE30HAHCHUX KOHTYPIB.

J
=15

. & I ;
| |
GD @ It ) (Lot
I I
R 1 Tp!a4u_c¢_:p1|a}'ofp 13'_;11:):)‘

Puc. 1. Cxema 3amiwenns akmueHo2o pe3oHancHo20 niocuno8aya
eNleKMPUYHOI NOMYIHCHOCHI

[Meprmii 3 HUX — 1 13 JKepenom rapMoHiuHOI Hanpyru — E1 € BXigHuM, cTpyM 1 Hampyra
SIKOTO 3a JIONOMOT010 TpaHchopmaTopa 3B’ 513Ky «Lit — Lot» mepenaeTsest B APYTH TOCIIIOB-
HUI KOHTYp — 2, JIe OCUJIeHa PEaKTUBHA MOTY)KHICTh 13 BUXIJHOTO eleMeHTa eMHocTi — Cp
3HIMA€EThCS BXKE€ Ha BX1J MapajieIbHOIO PEe30HAHCHOro KOHTYpY — 3. OcTaHHIN 1HAYKTUBHO
OB’ s13aH1 3 TIOCIIIJIOBHUM KOHTYPOM — 4, BUXIJTHUN €JIEMEHT SIKOTO MOJIETIOETHCS PE3UCTOPOM
— R4, y sKOMY BUALIAETHCS MOCUJIEHA aKTUBHA €JIEKTPUYHA MOTYKHICTb.

161



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

Oco0UBICTh MPEICTABICHOI CXEMHU B TOMY, L0 HapayeIbHUNA KOHTYpP — 3 MICTHTbH CTO-
POHHE JKEpENo rapMOHiuHoi Hanpyru — E. Vloro npusHayeHHs MONsrae y CTBOPEHHI yMOB
JUISL PEKUMY PE30HAHCY CTPYMIB, Y IKOMY BUKITIOYA€THCS 3BOPOTHHI BILIMB Ha MPOLIECH B I10-
CIIZIOBHOMY KOHTYDI, IO MiICHITIOE — 2.

BigHomeHHs akTUBHOI MOTYKHOCTI Ha BUXOJI KOHTYpY — 4 (y pE3UCTHMBHOMY HaBaHTa-
JKeHHI — R4) 10 mOTYy»XKHOCTI JKepena eHeprii y BXiIHOMY KOHTYp1 — 1 € KiJTbKICHUI TOKa3HUK
NIEPETBOPCHHS €JIEKTPOMArHITHOI €HEpTii 3a JJOMOMOTOK0 CXEMHU PE30HAHCHOTO MiJICHITIOBayYa
AKTUBHOI €JIEKTPUYHOI OTY>KHOCTI.

[TocranoBka 3aadi.

* Bxigauit nocmigoBauid KOHTYp | MicTUTh €MHICTh — C1, iHAYKTUBHICTD — L1T (MepBUHHA
obmoTka TpaHchopMaTopa 3B'A3Ky MK KOHTypamu 1 — 2), aktuBHHE omip — Ry Ta mkepeno
rapmoniunoi Hanpyru — E1(t) = Ex - sin(o -t) (E1 — ammutityna, @ — yactora, t — 4ac).

* [Tocwtrorounii OCIiJOBHUIA KOHTYP 2 MICTUTh IHIYKTHUBHICTH — Lot (MepBUHHA 0OMOTKA
TpaHcdopmaropa 3B's13Ky MixK KOHTYpamu 1 — 2), emHicTh — Co (BUXIAHUH €JIeMEHT), 1HyKTUB-
HiCTh — L2 Ta akTUBHU omip — R2 (omip 0OMOTOK 1HAYKTUBHOCTEH Ta 3’ €JHYBaJIHHUX MTPOBO/IIB).

* [NapanensHuii KOHTYp 3 MicTUTB €eMHICTh — Ca, akTHBHUH onip — R3 (omip 0OMOTOK 1HAY-
KTUBHOCTEH Ta 3'€ JHYBaJIbHUX MTPOBOJIB), IHAYKTHUBHICTH — L3 Ta CTOPOHHE JKepesio rapMoHi-
4yHOT Hanpyru — Ex(t) = E2 - sin(o t) (E2 — amrutityna).

R4'J4+iw(k34'\/m)"]3320

(ol +R)- Jyg +io(ky L, )- 3, ~E, =U,, 1)
J,=iaC, Ug,

ne kaa € [0, 1] — koedimieHT piBHS €JIEKTPOMATHITHOTO 3B’ SI3Ky MK KOHTYpamu 3 Ta 4;
L4 — iHTyKTUBHICTB, [ H;
Ca4 — emHICTB, D]
R4 — akTBHUI omip HaBaHTakeHHA, OM;
J33, J3 — CTpyMH y TiIKax KOHTYpY — 3, A,
L3 — iHIyKTUBHICTB, [ H;
R3 — aktuBHuit onip, Om;
E2 — cropoHHe xepenio rapMOHIYHOI HanpyrH, B;
C3 — emHicTb y rimmi Jz, ©;
Uc,— nanpyra Ha emnocti Cg, B;
I3 cucremu niHIMHUX piBHAHB anredpu (1) 3HaxoAMMO 30yAKyBaHi CTpyMH [9].

J4—_iw(k3“é4‘/m).J33,

1= Uc +E 5
8= . : 2
(iok+ R (14K Q- Q,))
J; =iaC,
ne Q= %'Q4 = ol JOOPOTHOCTI KOHTYPIB 3 Ta 4 BIAMOBIIHO.

R R,

[TincyMOBYrOYH CTPYMH B TiJIKaX MapajieIbHOTO KOHTYPY 3 YpaXyBaHHSM PE30HAHCY, 3HA-
XOJIUMO CTPYM Yy BHBO/II BiJl eMHOCTI — Co:
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(E2+iUC3£é+k§4-Q4D

Jp=Jd3+Jdp= ) . )
R, '(|Q3+(1+ k@i 'Qs'Q4))
3 (3) oTpuMy€eMoO, IO ISl BAKOHAHHS HACTYITHOI YMOBH:
. 1
E2=—|-UC$-(—+k324-Q4j. 4
Q

Ha npakTtuni HeoOXiTHy aMIUTITYy Hapyrd CTOPOHHBOTO JDKEpea MOXXHA BH3HAYHTH,
BapilOI0uM i BETMYMHY J0 OTPUMAaHHS HYJIBOBOTO CTPYMY y BHCHOBKax /10 KOHTYpY — 3 BiX
emMHOCTI — C2 y KOHTYpi — 2.

3a onomoroto (2) Ta (4) BU3HAUYAEMO HAIPYTy Ta CTPYM B aKTHBHOMY HaBaHTa)XeHHI — Ry:

L i2
U,=U, - 2. =2 e
i)
U

J4:_C3. 2L |, *i%.
R, [k“ nge

[Tpu BuKoHaHHI yMOBH (4), 110 3a0€3Medye peKUM PE30HAHCY B IMapasieIbHOMY KOHTYPi —
3, cTpyM y BUBeJeHHI Bii eMHOCTI — C2 10 KOHTYpY — 3 popiBHIOE HYIIO (J23 = 0), Ta enexTpo-
MarHiTHI IPOIIECH B PE30HAHCHUX KOHTYpax — 2 Ta | MpOTiKalOTh HE3aJEKHO BiJ MPOLECIB Y
KOHTypax — 3 1a 4.

3a3HaveHa 00CTaBUHA JI03BOJISIE TPOAHAITI3YBATH 30y/DKEHHS KOHTYpIB — 2 Ta | mxepenom
rapMOHIYHOT HanpyTu — £ n03a (pyHKI10HAJTIBHUM 3B'SI3KOM 3 KOHTypamu — 3 Ta 4.

Cucrema piBHSIHB cTany mae Burisif [ 11]:

()

E1:(i EWHT_£J+R1J'J1+LM12'J2;

1

—iw- MlZ-le(i{a)- LZS—L}+ sz'Jz;
@C,

ne  Ji2 CTpyMH B KOHTYpax 1 Ta 2 BIJNOBIIHO;
M,, =k, -\/L;L; — B3aemoinayktuBHictb, K, € [0, 1] koediuieHT piBHS eleKTpOMArHi-

THOTO 3B’S13KY MK KOHTypamu 1 — 2;
Los= (Lot + L2) — cymapHa iHIyKTHBHICTb, KOHTYD 2.
VY pa3i BUKOHaHHS YMOB pP€30HAHCY:

- L, 1 =0,| wL; - 1 =0 cucrema piBHsHb (6) HaOyBae BUTIISY .
oC @C

(6)

2 1

{Elz‘]l'Rl"'ia)Mlz'Jz; @)

—ioM -, =R,-J,.

3 (7) orpumyeMo BUpa3H IS 30yKYBaHUX CTPYMIB.
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J,=E- ?2 :
S

(wM12)2+ RlRZ

oM,

ne Z=

3a3HaunMo, 110 Z Ma€ CEHC MOIYJISI €KBIBAJICHTHOTO 1HIYKTUBHOT'O OIIOPY, IO 3B'S3y€ Ha-
npyTy JOKepena MOTYKHOCTI — E1 3 pe30HaHCHUM CTPYMOM Y JpyroMy KOHTYPi, OCKIJIBKH, SIK
BUILTUBAE 3 BUPa3y A Jz, TYT Ma€ MicIie CyBOPO iHIYKTUBHHM 3B’ SI30K.

BinnoBinHuii BUpa3 nepenuuieMo y BUIIIs, 3pYYHOMY /IS OAAJIBIIOTO aHAII3Y.

_i.B
J=—— (©)

(WM12)2+ RlRZ

oM,

ne Z=

OyHKIIOHaTbHA 3aNIekHICTh Z = Z - (0M12) MOBUHHA MaTH MIHIMYM, 110 BU3HAYa€ MakK-
cuMyM cTpyMmy Jo sik yHKIIT aprymeHTy —(oMz2).

HeoOxinHa ymoBa icHyBaHHs ekcTpeMymy Uit GyHKIil — Z= Z + (0M12) 3amuierses y
Bursii [12]:

dZ(oMy) _(oMy)' -R-R, (10)

d(a)M12) (lez)z
3 Bupa3zy (10) BumimBae, Mo MOAYJIb €KBIBAJIEHTHOI'O ONOPY SK (DYHKIIS apryMeHTy —
(wM,,), nocsrae wminimymy mpu (@My) =\R-R,. A BracHe MiniMym omopy -
Zmin = 2\} Ri ’ Rz -
VY TepMmiHax mapaMmeTpiB cXeMu KOHTYpiB 2 1 1 ymoBa peanizalii MiHIMalIbHOI BEJIUYUHU
€KBIBAJICHTHOT'O OTOPY Ma€ BUIJISII.

a’kiz\ll-ﬂl-zT:\/Rle (11)
3 Bupasy (11) BUIIIMBAE OIIHKA 3HAUCHHS KOe(DII[iEHTa eIeKTPOMArHiTHOTO 3B’ 3Ky — K12,
3a0e3nedye MaKCUMyM BTOPHHHOTO CTpyMy — Jz:

_ R-R
Kiz- e —\/(w_Lﬂ).(w_LZT). (12)

®i3u4HO, 3HAWJCHUH MIHIMYM €KBIBaJEHTHOI'O ONOPY, L0 3B’A3y€ BTOPHUHHUHN CTPYM 3
HaIPYTOIO JUKepesa MOTYKHOCTI — E;1 1 BU3HAYaIbHUI MaKCUMYM MTOCHJICHHS TIOTYKHOCTI, MO-
JKHA TOSICHUTU MIHIMaJIbHO MOXKJIMBOIO 3BOPOTHOIO MEpeKauyBaHHAM €HEprii 3 BTOPUHHOIO
KOHTYpY — 2 B nnepBuHHMM — 1. [Ipryomy 11eii ctan peueil 3a6e3neuyeThCsi pIBHEM €JIeKTpoMa-
THITHOTO 3B'SI3Ky M)XK KOHTYpaMu 3TigHo 3 popmyrnoro — (12).

Jlnst oGuKcneHHs IHTEerpaibHOro Koe(illieHTa IepeTBOPEHHS aKTUBHOI €JIEKTPUYHOT ITOTY-
KHOCT1 y 3alpOINOHOBaHIA CXeMi PE30HAHCHOTO MiJCWIIOBaya 3amuueMo (HopMynu Juis
CTpYMY y TIEpIIOMY KOHTYpi — | Ta HalpyTru y «BUXITHOMY» €JIeMeHTi — L2 KOHTYypy — 2.
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13
1 0] P 13

20C,RR, TE2RR

Bpaxosyroun, mo Ug,, micis nigcranoBku Bupas mist Ug,y (5) 3Haxomumo Hampyry i

1
‘C()CZ_COLZS

uc, =-E,

CTPYM B aKTUBHOMY OIIOP1 HaBaHTaXeHHs — R4.

U4:_ &[ \/Ej’
2R7 L

ol L
J, :_El.—z's.(kw. _4}
RyR R L
Binnmosiguo o (13) 1 (14) aMmmiTyiu MOTYKHOCTI B KOHTYpi — 1, y KOHTYpi — 2 Ta Ha

«BUXOJ1» PE30HAHCHOTO MiJICHIIIOBaYa aKTHBHOI CJIEKTPUYHOI IMOTYXKHOCTI B KOHTYpi — 4 Oy-
JyTh BU3HAYATHCS HACTYITHUMH 3aJICKHOCTSIMH.

(14)

=it
2R
_E Q.
P = 5 (15
2 Rz 2 2 L4
P —EZ2. 2. N
""SR R [k“ LJ

ol .
ne Q, = R — TOOPOTHICTH KOHTYpY — 2.
KoeoilieHTn nepeTBOpeHHs €NeKTPUYHOI MOTYKHOCTI B KOHTYpax 3alpONOHOBaHOL
CXEMH PE30HAHCHOTO IiJICHIII0BaYa 3HaXOIAThCS SIK BITHOLIEHHS BiJINOBITHUX BEJIMYHUH 3 BU-
pasis (15):

a) 3 konmypa 16 konmyp 2,

Klfzzhzg;
Fn 2
0) 3 konmypa 2 6 konmyp 4,
P L (16)
K., :ﬂ:{AJ.k;.Q;
P L '

0) 3 konmypa 16 konmyp 4,

P QL2
K1—4—P = 2 [Lng%Qll

im
AHani3, yucaoBi oninku. 3 Qi3UMYHUX MIPKYBaHb, OYEBHIHO, 110 3 TOYKU 30py MAKCH-
MyMy e(eKTHUBHOCTI MEpPETBOPIOBaya B I[IJIOMY, BHECOK CTOPOHHBOTO JIXKepesia rapMOHIYHOL
HaNpyTH y peajizalilo pe30HaHCy CTPYMIB y NapajeabHOMY KOHTYpPi TOBHHEH OyTH MiHIMaJb-
HUM. Sk BUIUIMBae 3 3ayexHoctel (4) 1 (16) 11 poro HeoOXigHA AOCUTH BUCOKA J100pOT-
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HicTh — Q; > 1 nocuth cnaOkuil eIeKTPOMArHiTHUI 3B’ 30K i3 TOCIIZOBHIM KOHTYPOM Y TO-
o . 2 . ..
€IHaHHi 3 Horo Manoro 1oopoTHicTIo — Ky - Q, <<1. BoxHouac 3anexHicTs koedilieHnTa mocu-

neHHs noTykHocTi — K14 3 (16) BuMarae 3011bII€HHS [TapaMeTpa — ng4 Q,.

OTxe, O4eBUIHO, 110 B OLIHII €()EKTUBHOCTI 3alIPOIIOHOBAHOTO MPHUCTPOIO0 MIHIMYM Ha-
Py CTOPOHHBOTO JKepena — Ez 3anmexHicts (4) Ta koedimieHT nocwieHHs Ki4 dhopmyna
(16) € ocHoBHUME mapameTpamu. Ciil HArOJOCUTH, KOE(ili€HT NEPETBOPEHHS 3aIEKUTh HE

TIIBKH BiJl TapameTpa — K; -Q,, ane i Big 1OOPOTHOCTI BTOPHHHOTO KOHTYPY MiJCHIIOBAYa —

Las

Q2, a TakOXK BITHOIICHHS — (L ) HasiBHICTH OCTaHHIX JBOX 3aJICKHOCTEH J03BOJISE PETYJIIO-

3
BaTH BCIINYHUHY KOG(l)iLIi€HTa IMOCHUJICHHA Y JOCUTH IIMPOKUX MEXKAX, HE3BAKAOUW HAa MOKJIUBC

2 .
3MeHIIeHHs BenuunHd — KJ, -Q,. ¥V oMy BUOip gaHOro napameTpa, B Hepily Yepry, HOBUHEH

Opi€HTYBaTHCS Ha 3aNEXKHICTH (4) 1 moTiM (16).

Ha 3akiHueHHS IPOBEICHOTO aHAIII3y BiJI3HAYMMO, IO Y €KCIIEPHUMEHTAIBHOI MOJIENI T1e-
peTBOproBada HEOOXiIHY aMILTITY Iy HApyTH CTOPOHHBOTO JKEpEIa MOYKHA BUSHAYHUTH, Bapi-
10I04H 1i BEJIMYMHY 10 OTPUMAaHHS HYJIbOBOTO CTPYMY y BUCHOBKAX JpKepelsia peakTHBHOI IO-
TY>KHOCTI.

YucnoBi oniHKK e()eKTHBHOCTI 3aIlIPOIIOHOBAHOTO MiJICHIIIOBaYa PE30HAHCHOT aKTHBHOI TIOTY-
YKHOCT1 OyJIM BUKOHAHI JIJIsI pPO3POOJICHOI eKCIIEpIMEHTAILHOT MOJIeNi 3 (hIKCOBAHUMH TTapaMeT-
pamu, siki Oyso oOpaHo 3a IOCBIZIOM BUKOHAHMX MomnepenHix gocuimkens [10]: w = 2w - 25000
I'm, Lit=Lor=L3= 14,8 MxI'n, L2 =169 MxI'n, R2 = 0,35 OMm, Ri = R3=0,1 Om, k31 =0,1.

PesynbpraT 004nCIIeHh HABEJCHO HA pHC. 2.

Ky 4

By

Lt

2l
0 3 3 %
Puc. 2. Epexkmusnicmo nocunenms akmueHoi NOMys#cHoOCmi 610 0Nnopy HA6AHMANCCHHSL

0e3 ypaxyeanHs 66e0eHOi NOMYAHCHOCMI CMOPOHHBLO2O OXcepend

B

OCHOBHHUM KOMEHTApEM 3aJIKHOCTI Ha PHUC. 2 € BUCHOBOK IPO T€, 10 e(PeKTUBHA poOOTa
3aMpOIMOHOBAHOTO MMiICHITIOBaYa AKTUBHOI MOTY>KHOCTI 3 BIIHOCHO BUCOKUM KO€(II[IEHTOM Tie-
PETBOpPEHHS €IIEKTPUYHOT CHEePTii MOXKIIMBA JISl aKTUBHUX HU3bKOOMHHX HaBaHTAXKEHbB. Tak, 31
3HaueHHA — R4<6 Om BenuuuHa — Ki.4>2.

BucHoBkM. 3anpormoHOBaHO CXeMY PE30HAHCHOTO TICHITIOBaYa aKTUBHOT €IEKTPHYHOT MTOTY-
YKHOCTI, MPEICTaBIeHA MTOCIIIOBHICTIO IHAYKTHBHO TMOB'SI3aHIX aKTUBHO-PEAKTUBHUX KOHTYPIB.

BiamiaHOIO 0COOMMBICTIO 11i€1 MPOMO3UILIi € 3aIPOBAKEHHS J10IaTKOBOTO CTOPOHHBOTO
JOKepeia rapMOHIYHOT HAITPYTH, 110 TI03BOJISIE BUKJIFOUUTH 3BOPOTHHH BIUTMB BUX1THUX CTPYyMIB
Ta HAIIPYT Ha MPOIECH IXHOTO PE30HAHCHOTO TIOCHIJICHHSI.

Ha mifcraBi yncenpHUX OIIHOK Ta aHAITI3y XapaKTEPUCTUK MPOTIKAIOUMX EEKTPOMArHiTHUX
npotieciB, c(hopMyIbOBaHI BUCHOBKH PO peajibHy I1€BICTh 3alIPOTIOHOBAHOTO MiICUIIIOBAYA.
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RESONANT AMPLIFIER OF ACTIVE ELECTRICAL POWER. SUGGESTION,
ANALYSIS, NUMERICAL ASSESSMENTS

The purpose of this work is to substantiate the real effectiveness of the proposed active electric power resonant amplifier
circuit, represented by a sequence of four inductively coupled active-reactive circuits. The first of them is the input with a source
of a harmonic signal to be amplified. The second one generates amplified reactive power in the voltage resonance mode. The
third one carries out the output of power from the second circuit without the reverse influence of the amplification processes
with an additional third-party voltage source in the current resonance mode. The fourth circuit inductively connected to the
third circuit contains an output load - a resistor that simulates the release of amplified active power. The analysis and numerical
assessments of the characteristics of the processes in the proposed scheme of the resonant amplifier of active electric power
made it possible to substantiate its fundamental capability. Quantitative estimates for the experimental model made it possible
to give recommendations on the choice of the parameters of the circuit elements of the resonant amplifier, which has sufficiently
high efficiency indicators for low-resistance output active loads.

The results obtained are based on the conclusions of a generalized theoretical analysis of electromagnetic processes and
numerical estimates for its experimental implementation. The proposed scheme for the resonant amplification of active electric
power, the rationale for its fundamental effectiveness, the theory and numerical assessments of the characteristics of the
ongoing processes are of practical interest for further experimental studies, as well as for formulating recommendations for
the manufacture of operating samples of this proposal are very promising directions. The results of the conducted research are
seen as a theoretical search for the conditions for the highest efficiency and an experimental study of electromagnetic processes
in the proposed circuit of a resonant amplifier of active electric power.

Keywords: harmonic signal; reactive power; output load; resistor; active power, scheme elements, low resistance loads;
output loads.

Fig.: 2. References: 12.
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WEB CARTOGRAPHY OF SOIL QUALITY INLVIV REGION

A web map of soil pollution in Lviv region was developed. To create the web map of soil quality in Lviv region, we used
a very convenient and popular platform “ArcGIS Online”. For our case, Excel tables were developed: soil samples from the
places of pollution by industrial enterprises and landfills provided by the Department of Instrumental and Laboratory Control
of the State Ecological Inspectorate in Lviv region, content analyses of labile forms of salts of heavy metals in soil samples;
observations on the quality of agricultural soils in Lviv region.

Keywords: web mapping; geospatial data; threshold limit value; ecological mapping; soil pollution, interactive web
map,; “ArcGIS Online”.

Fig.: 5. Table: 5. References: 13.

Urgency of the research. It is known that the basis of agricultural production and forestry
is soil. Field and fodder crops, forest crops, gardens and berry orchards are grown on soil. In
recent years, people stopped caring about soil, farmers and industrialists abandoned systematic
crop rotations that improved the physical properties of soil and distorted it by abusing nitrates
and pesticides. As of today, about 6.5 million hectares of Ukrainian soil are already unsuitable
for agricultural work.

Target setting. We want to carry out analytical control of soils within sanitary and protec-
tive zones and in places of waste accumulation of enterprises of Lviv region and find out pol-
luters of land resources. With this purpose, geospatial statistical data relating to the ecological
state of the soils of Lviv region was collected and systematized. This allows us to make a choice
of software for the development of a soil pollution web map, select the application template for
the development of the web map based on the indicators of 428 soil samples in the places of
their pollution by industrial enterprises and landfills and develop the web map of soil pollution
of Lviv region in the "ArcGIS Online" software environment.

Actual scientific researches and issues analysis. The analysis of modern scientific pub-
lications showed that the problem of environmental pollution requires significant attention and
detailed study, since a negative change in nature affects the environment and the conditions of
existence of all mankind. We can visually display the ecological quality of the environment and
draw certain conclusions through interactive or web mapping. Such scientists N.P. Yarema, O.V.
Serant, M.S. Heba and A.R. Sohor were engaged in creating ecological maps of Lviv region
based on atmospheric air monitoring data [§]. Such scientists as N.P. Yarema, A.M. Brydun, L.P.
Lekh and A.R. Sohor were engaged in the problem of web mapping of environmental atmos-
pheric air pollution in Lviv region [7]. The topic of interactive mapping of ecological pollution
of surface waters of Lviv region was studied by such researchers as Yu.l. Holubinka, V.V.
Shapoval, M.A. Sohor and A.R. Sohor [9]. Issues of web mapping of landfills in Lviv region
were studied by N.P. Yarema, O.V. Serant, O.D. Kubrak, T.M. Terech [13]. The problem of
mapping pollution of the natural environment with solid household waste was studied by such
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scientists as N.P. Yarem, T.B. Marko and V.A. Lozynskyi on the example of Lviv region [11,
12]. The creation of an interactive map of landfills in Lviv region was carried out by such
researchers as N.P. Yarema, Yu.M. Polyukhovich, O.D. Kubrak, O.V. Serant [10].

Uninvestigated parts of general matters defining. Currently, the soil quality in Ukraine
and, in particular, in the Lviv region is at unsatisfactory level. The main problems in this area
are the progressive nature of the negative impact on the ecological state of the environment and
human health.

Unfortunately, at the moment, there is no interactive cartographic material that can visual-
ize the problem of ecological soil pollution in Lviv region.

The research objective is to create the web map of soil quality in Lviv region. To achieve
this goal, the following tasks were set and solved:

o Collection of geospatial statistical data related to the ecological condition of the soils of
Lviv region.

e Choice of proper software for the development of a web map of soil pollution.

e Selection of an application template on the ArcGIS Online platform.

e Creation of the web map of soil pollution in the Lviv region.

The statement of basic materials. Disturbance (destruction) of soils is a complex set of an-
thropogenic and natural processes of change in physicochemical and mechanical characteristics of
soil. As a rule, the first reason for soil disturbance are human-initiated processes (such as mechani-
cal tillage, transformation of soil layers in construction, soil compaction due to transport, livestock
grazing, irrigation or other changes in groundwater and surface water, soil pollution, etc.). The re-
sults of these primary changes can be multiplied by natural factors, such as wind, rainfall, etc. That
is, the soil is a very complex and vulnerable system that has developed over the centuries, but by
improper human activities can be destroyed in years, months and even days [1; 2].

Erosion has the greatest destructive effect on soils. Soil erosion is the process of capturing
soil particles and carrying them away by water or wind, as well as the process of destroying the
upper, most fertile layers of soil.

Under the influence of human activity, there is an accelerated (excessive) erosion, which
often causes the complete destruction of soils. At the same time, the losses of soil components
are not compensated and there is a sharp decrease in its fertility. Soil destruction happens in
hundreds and even thousands of times faster than destruction under natural erosion processes.
In natural conditions, soil fertility is constantly renewed because the nutrients taken by plants
re-enter the soil with precipitation, mineralize and enrich it again. In agriculture, only a small
part of the biomass is returned to the soil, the other is collected with the harvest. Monocultures
deplete the soil especially strongly. Erosion is also facilitated by deforestation, which deprives
the soil of a protective layer [2, 3].

In addition to erosion, the most significant reasons for the deterioration of land resources
in Ukraine are:

1. secondary salinization of soils;

2. flooding and drying of lands;

3. anthropogenic and man-made soil pollution.

The reaction of soil solution is an important indicator of soil fertility, which significantly
affects the growth and evolution of plants and the activity of microbiological chemical and bio-
chemical processes. The reaction of the soil to a large extent depends on the assimilation by plants
of soil nutrients and fertilizers, mineralization of organic matter, the efficiency of applied fertiliz-
ers, crop yield and its quality. In general, active and potential acidities are distinguished. Potential
acidity is divided into metabolic and hydrolytic. Hydrolytic acidity characterizes the total acidity
of the soil, as it includes all potential and active acidity. Metabolic acidity is expressed by the pH
value of the salt extract. The pH value of the salt extract determines the degree of acidity of the
soil. According to the degree of acidity, soils are divided into few groups [2; 4; 5]:
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ultra acidic (pH < 4,0),

e extremely acidic (pH 4,1 —4.,5),

e very strongly acidic (pH 4,6 — 5.0),

e strongly acidic (pH 5,1 —5.,5),

e moderately acidic (pH 5,6 — 6,0),

e necutral (pH 6,1 — 7,0),

e slightly alkaline (pH 7,1 —7,5).

The soil is most often contaminated with compounds of metals and organic matters, oils,
tar, pesticides, explosives and toxic substances, radioactive, biologically active combustible
materials, asbestos and other harmful products. The source of these compounds is most often
industrial or household waste buried in certain places, or in unauthorized landfills. Contamina-
tion of soil with heavy metals such as mercury, cadmium, lead, chromium, copper, and zinc is
quite dangerous. Heavy metals are present in the soil as natural impurities. The reasons for
increasing impurities concentrations are related to

¢ industry (non-ferrous and ferrous metallurgy, energy, chemical industry);

e agriculture (irrigation with contaminated water, use of herbicides);

e burning fossil fuels and waste;

e motor transport.

Heavy metals are toxic and interfere with the activity of soil microflora. Their concentra-
tion in the soil can persist for decades or even centuries. Content of heavy metals, radionuclides,
nitrates and pesticides in soils is shown in table 1.

Table 1 — Content of heavy metals, radionuclides, nitrates and pesticides in soils in 2020

Type of pollutant Number of | Maximum permi ssible Min. soil Max. soil
samples concentration, mg/kg concentration, mg/kg concentration, mg/kg
Cd 1831 0.7 0.1 0.35
Pb 1831 6.0 0.8 2.24
Cu 1479 3.0 0.8 2.20
Zn 1479 23 0.42 1.83
Co 1479 5.0 0.8 2.24
Mn 1479 7.0 33.8

The Lviv branch of the State Institution “State Soil Protection” monitors the quality of
agricultural soils in Lviv region. In 2020, the Lviv branch of the “State Soil Protection” Insti-
tution carried out agrochemical certification of agricultural lands on farms in nine administra-
tive districts. The area of surveyed lands is 36,589 hectares. The degree of acidity is dominated
by soils with a neutral reaction of the soil solution (pH 6.1-7.0), the area of which is 17,909 ha
or 48.9% of the surveyed lands. The area of acid soils (pH <5.5) is 10,400 ha, which is 28.4%
of the surveyed lands. The weighted average soil acidity is 6.3 units. The content of humus
(organic matter) varies from very low (<1.1%) to very high (> 5.0%). Soils with an average
(2.1-3.0%) content of humus predominate; the area of these soils is 11,950 ha or 32.7%. Ac-
cording to the content of easily hydrolysed nitrogen compounds, the largest area (23956 ha or
65.5%) is occupied by soils with a low degree of supply. The content of labile phosphorus
compounds is dominated by soils with increased (10407 ha or 28.4%) and high (9722 ha or
26.6%), labile potassium compounds — medium (10373 ha or 28.4%) and increased (9114 ha
or 24.9%) degree of support [4].

Humus is the most important component of the soil and a determining indicator of its fer-
tility. Humus has the greatest effect on the acceleration of the circulation of substances in the
soil-plant system, and when its reserves increase, the energy level of processes taking place
both in the soil and in the plant increases too. Humus activates biochemical and physiological
processes, enhances metabolism and the overall energy level of processes in the plant body, and
promotes the increased intake of nutrients, which is ultimately accompanied by an increase in
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harvest, and improvement of quality. The humus state of soils is a matrix that determines all
their properties, including all soil regimes. That is why the humus content in the soil is an inte-
gral indicator of the level of its potential and effective fertility. Improving the humus condition
of soils is the main direction of their fertility and increasing the ecological stability of agricul-
tural landscapes. The agrochemical characteristics of the surveyed lands in terms of humus
content are given in table 2.

Table 2 — Characteristics of soils by humus content

Soil area, % .
very low low average increased high very high We ?ijeg(a:)//frage
<11 1.1-2.0 2.1-30 3.1-40 4.1-5.0 >5.0 '
1.7 25.5 32.7 27.7 7.7 4.8 2.8

The nitrogen fund of the soil consists of organic and mineral compounds of nitrogen con-
tained in the soil and is determined by the genetic properties of soils, depending on the rate of
mineralization of organic matter. The main part of the nitrogen is contained in the soil in the
form of complex organic matters. The portion of these organic matters is 93-97% of the total
nitrogen-containing matters, and only 3-7% are mineral nitrogen compounds. Nitrogen-con-
taining organic compounds are represented by humus, amino acids, their condensation products
and other organic matters. Soils, richer in organic matter, have a higher nitrogen content. The
nitrogen of organic compounds becomes available to plants only after mineralization. Nitrogen-
organic compounds (amides, amino acids, etc.), which decompose quickly and turn into miner-
als, are considered to be easily hydrolysed.

Plants absorb nitrogen from labile mineral compounds, namely ammonium salts and nitric
acid. The amount of labile mineral nitrogen compounds in the soil is very small (about 1% of
total nitrogen). A sufficient supply of plants with nitrogen depends on the mineralization of nitro-
gen-containing organic matter. Along with the process of mineralization of organic nitrogen com-
pounds in the soil, nitrogen is used by microorganisms to build their body (immobilization). After
the death of microorganisms, this nitrogen is again partially mineralized and partially fixed in the
humus. To establish the supply of plants with nitrogen, determine the content of easily hydrolysed
nitrogen in the soil and the nitrifying capacity of the soil. The agrochemical characteristics of the
surveyed lands in terms of easily hydrolysed nitrogen content are given in table 3.

Table 3 — Characteristics of soils in terms of nitrogen content, which is easily hydrolysed

Soil area, % . .
: Weighted average in-
very low low average increased dex. mo/k
<100 101.0-150.0 151.0-200.0 > 200 > Meke
16,5 65.5 13.5 4.5 121.9

The phosphorus content in the soil is one of the main signs of its fertility and cultivation.
It should be noted that up to 55% of phosphorus in the soil is represented by organic compounds,
and the composition of mineral phosphates available to plant forms do not exceed 1-3%. Phos-
phorus of organic compounds is available to plants after their hydrolytic decomposition by
phosphatases and soil microorganisms. Much of the soil phosphorus is in hard-to-reach forms,
which become available due to the action of root secretions and micro-organisms. The mineral
compounds of phosphorus, in particular, labile phosphates, determine the conditions of plant
nutrition with phosphorus. Agrochemical characteristics of the surveyed lands on the content
of labile phosphorus compounds are given in table 4.

Table 4 — Characteristics of soils by the content of labile phosphorus compounds

Soil area, % Weighted aver-
very low low average increased high very high age index,
<20 21-50 51-100 101-150 151-200 > 200 mg/kg
0.7 3.7 26.3 28.4 26.6 14.3 136.9
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The content of exchangeable potassium in the soils of the region is different and depends
on the mechanical components of the soil, fertilizer application, climatic conditions and method
of its use. The agrochemical characteristics of the surveyed lands in terms of the content of
labile potassium compounds are given in Table 5. The increase in the content of exchangeable
potassium in the arable soils of the region is explained by a sharp change in climatic conditions.
In conditions, when long humid and cool weather is sharply changed with long and arid weather
with high temperature that became characteristic of the territory of the area in the last 3 years,
there is fast and excessive evaporation of moisture from soil that encourages the return of water-
soluble salts by capillaries with soil moisture in upper horizons, where moisture evaporates into
the atmosphere and salts remain in the soil. Thus, there is a secondary saturation of the arable
layer with water-soluble salts from deep horizons, among which is largely potassium [2].

Table 5 — Characteristics of soils by the content of labile potassium compounds

Soil area, % .
- - - Weighted average
very low low average increased high very high index. me/k
<20 21-40 41-80 81-120 121-180 >'180 » EfKE
3.1 19.4 28.4 24.9 16.9 7.3 79.07

In 2020, the Department of Instrumental and Laboratory Control of the State Ecological
Inspectorate in Lviv region performed 428 soil samples at the sites of their contamination (in-
dustrial enterprises, landfills, etc.). As a result of the analytical control of soils in places of
accumulation of waste, it can be concluded that pollutants of land resources are mainly accu-
mulators of household waste (landfills) and industrial waste [2, 4].

The creation of the web map is performed in several stages:

e Prepare and download the source data.

Select a base card.

Download layers with source data.
Download auxiliary layers.

Save the map.

To perform the first stage, we determine the location of each soil sampling point, in which
we recorded the physical and chemical characteristics of the soil. To do this, we use the envi-
ronment “Google Maps”, to determine the place where the soil sample was taken. Then we
display the coordinates of the point, which we copy and paste into our “Microsoft Office Excel”
spreadsheet and save the file in csv format.

To display points on the map, we use the function “Add — Add a layer from the file”. Then a
program window will appear showing all the data that was in the “Microsoft Office Excel” file.

For orientation on the map, those columns were selected from the table, which are respon-
sible for each type of data: longitude, latitude and information about the physical-chemical
composition of the soil (Fig. 1).

The Department of Ecology and Natural Resources of the Lviv Regional State Administra-
tion provides only an approximate location of the points of fixing soil contamination. Moreover,
the coordinates of the soil sample will also be not exact but close to the true values.

For better visualization, we used the “Change Style” option. You can use it to select two
styles of character display: types (Unique characters) and location (Single character).

In our case, the Unique Symbols style is selected to display districts and Amalgamated
Territory Communities (ATCs). This style can change objects: colour, shape, size, visibility
range and transparency.

The icons on the map are selected and displayed according to the theme of the map, house-
hold and industrial waste are displayed with different icons so that users can navigate to which
category the surface contamination belongs.

For better orientation on the map, other layers, districts of Lviv region, and Amalgamated
Territory Communities were also added.

For better display, we configure the visibility of regions, districts and territory communi-
ties, and adjust the visibility range of these layers.
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Fig. 1. Exported data to “ArcGIS Online” software environment

To display the regions, we chose the range “World — District” (Fig. 2), for districts “District
— Town” (Fig. 3), and for ATC “City — Room” (Fig. 4).

After compiling the map, we use the “Share” option, which can transfer the map to public
access. This function allows to embed the map on a website or create your own web application.
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Fig. 3. Visibility of districts in “ArcGIS Online”
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Fig. 4. Visibility of ATCs in “ArcGIS Online”

Summing up, to create the web map of soil quality in Lviv region, we used a very conven-
ient and popular platform “ArcGIS Online”. In order to start working on this platform, it is
necessary to collect and structure data in the environment of “Microsoft Office Excel” [6, 7].

For our case, we developed the following Excel spreadsheets:

e samplings of soils in places of their contamination by industrial enterprises and landfills,
provided by the Department of Instrumental and Laboratory Control of the State Ecological
Inspectorate in Lviv region;

e content analysis of labile forms of salts of heavy metals in soil samples conducted by
the Lviv branch of the State Soil Protection State Institution;

e observations on the quality of agricultural soils in Lviv region, carried out by the Lviv
branch of the State Institution “State Soil Protection”.

To visualize the map of Lviv region, the “OpenStreetMap” was used in the “ArcGIS
Online” platform with the borders of Lviv region and the districts of the region [7, 8, 9, 10]. In
order to map our data, “ArcGIS Online” first created the map with the coordinates of each soil
contaminant and soil quality values. To do this, we exported the created “Microsoft Office Ex-
cel” spreadsheet to “ArcGIS Online” [11; 12; 13].

Further, we combine the map with the borders of Lviv region and the soil quality map and
get our web map (Fig. 5).

+

b

Fig. 5. Map of soil quality of Lviv region in the environment “ArcGIS Online”
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You can view the created web map using the following link:

https://nulp.maps.arcgis.com/home/webmap/viewer.html?web-
map=a951¢c2c¢9da804f2b9e78a7f8c837e143&extent=22.8696.49.2556.26.2424,50.4018

Conclusions. Studying the problem of soil quality in Lviv region in terms of environmental
pollution, we have:

1. Collected and systematized geospatial statistical data related to the ecological condition
of the soils of Lviv region.

2. Chosen software for the development of a web map of soil pollution.

3. Selected a template for applications for the development of the web map on the indica-
tors of 428 soil samplings in places of contamination by industrial enterprises and landfills.

4. Developed the web map of soil pollution in Lviv region in the “ArcGIS Online” envi-
ronment.
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BEBEKAPTOIPA®YBAHHSA SIKOCTI TPYHTIB Y JIbBIBCBKIN OBJACTI

Tonosnoro memoro yici pobomu € cmeopenns geokapmu axocmi ipyumie y Jlvgiecokiil oonacmi. Cmeopenns eebkapmu
BUKOHYEMbCA 8 0EKiNbKA emanie: nio20moeKka ma 3a6aHmMadcents GUXIOHUX Oaunux, eubip 6a3060i Kapmu, 3a8aHMANCEHHS
wapie 3 GUXIOHUMU OAHUMU; 3ABAHMAICEHHS OONOMIJDICHUX wapis;, 30epedicents kapmu. [{is 6UKOHANHA Nepuio20 emany, mu
BUSHAUAEMO MiCYe POIMAULYBAHHS KOHCHOI MOUKU 8I000PY IPYHNTY, HA AKOMY iKcysanu Qi3uKo-XiMiuHi XapaKmepucmuxu rpy-
umy. J{na eusnavenns micys npo6 rpynmy guxopucmosyemo cepeodoguuje « Google Mapsy. Ilicis uoeo 8idobpascaemo koopou-
Hamu mouku ¢ cepedosuwyi «Microsoft Office Excely. /[ns opienmyeanns na xkapmi, 6yno eubpano cmognyi i3 maonuyi, sKi
8ION0BIOAIOMb 30 KOJCHUL 8UO OAHUX: 00820MA, WUPOMA Ma IHopmayis npo Pizuxo-ximiuHuil ckaad pyumy. enapmamenm
exonoaii ma npupoonux pecypcis Jlvgiscvkoi obnacnoi 0epacasnoi adminicmpayii Haoae auule HAOIUNCEHE PO3MAULYBAHHS
nyHkmie ixcayii 3a0pyOHeHHs IPYHIY, 04e8UOHO Ul KOOPOUHAMU NPOOU TPYHMY MaKoic OyOyms HAONUMCeHi 00 ICIMUHHUX 3HA-
uenw. [{na Kpawoi eizyanizayii mu ckopucmanuce Qyuxyicio « 3minumu cmuavy. 3 i 0onomozoio moxicha oopamu 0ea cmuii
81000padicents cumeonie: munu (Yuikanvui cumeonu) ma micye posmautysanus (OOuHuyHUI CUMBON). Y HAWOMY 8UNAOKY, 015
8i000padicents: pationie ma 06 eonanux mepumopianvhux epomad (OTI) namu 6yno nidibpano cmuns « Yuikanvui cumeonuy,
6 SIKUX € MOJCIUBOCMI 3MIH 00 '€KMig: 3MIHA KONbOPY, opmu, poamipy, Olanasony UOUMOCH, peda2y8anHs npo3opocmi. 3Ha-
YKU HA Kapmi euOpaHi ma i000paxdceHi 8i0N08IOHO 00 MeMAamuKy Kapmu, no6ymosi 6i0Xo0u ma npoMuciosi 8ioxoou 6ynu
81000PAdICeHT PIZHUMU 3HAUKAMU, W06 KOPUCTY8AYT OPIEHMYBANUCH 00 SKOI Kame2opii Hanexcums 3a0pyOHeHHs nogepxHi. [l
Kpawoi opienmayii Ha kapmi, 6y10 000ano maxoxc iHwi wapu: paionu Jlveiscokoi obnacmi ma mesci 06 €OHAHUx mepumo-
pianvhux epomad. Iicis komnonysanns kapmu 6yno euxopucmarno gyuxyiio «llodinumucey, 3a 00nomMo2oio AKOi MOdCHA ne-
peHecmu kapmy y i0OKpumuil 0ocmyn 01a Kopucmyeauie. Lla ¢ynxyia oae moocnugicms 60yoysamu kapmy y gebcaiim abo
cmeopumu 8nacHuti 6e6000amox. Y pesyromami npoeedeno2o ananimuiHo20 KOHMpPOuIo IPYHMIE 8 MedHCax canimapHo-3axuc-
HUX 30H Ma 8 MICYAX HAKONUYeHHs 8i0X00i8 nionpuemcma Jlvgiscvkoi obnacmi ciio 3a3Ha4umu, wo 3a0pyOHI8a4amMu 3emensb-
HUX pecypcie € 6 0OCHOBHOMY NPOMUCTOBE 8i0X00U MdA HAKONUYYBAY] NOOYMOBUX 8I0X0016 (CMIMME3BANUWA, MYLOBI MAIOAH-
yuku). Mu 3ibpanu ma cucmemamu3zyeanu 2eonpocmoposi Cmamucmuyni Oani, o CMocylOmsbCsi eKON0IYHO20 CIMANY IPYHMIE
Jvsiswunu. 30iticneno eubip npoepammnozo 3abesneyents Ons po3podKu eedoxapmu 3aopyouenns pyumis. Iidiopano wabnon
annikayiti Onst po3poodKu eeokapmu 3a nokaznuxamu 428 6iobopis npob tpyHmis y Micysax ix 3a6pyOHeHHs NPOMUCTIOBUMU NiO-
npuemcmeamu ma cmimmeseanuwiamu. Takum uunom, 6yio pospobneno eebrapmy 3aopyonenns rpyumis Jlvgiswunu y npocpa-
mHomy cepedosuwyi «ArcGIS Online». Bpaxosyiouu suwe cxkasawe, 015 cmeopeHHs edkapmu axocmi tpyumis y JIvbeigcoKiil
obnacmi Mu CKOPUCMANUCA 00CUMb 3PYUHOI ma nonyaspHow naamgopmoro «ArcGIS Onliney. [ns nawozo unaoky 6yno
po3pobreno Excel-mabnuyi: 6iobopie npob tpyHmia y micysax ix 3a6pyOHeH s NPOMUCIOBUMY NIONPUEMCINEAMU A CMIMMES-
8aIUUAMU, HAOAHUX BIOOLIOM THCIPYMEHMATLHO-1A00PAMOPHO20 KOHMPOI0 [lepocadHoi ekonociunoi incnekyii y Jlveiscokiil
obnacmi; aHanizie Ha BMICI PYXoMux Ghopm CoNell ANCKUX MEMAie y IPYHMOGUX Npobax, CNOCMEPEXCeHb 3a SKICIMIO IPYHMIE
CIbCbKO20CN00apChKko20 npusHayenns y Jlveiscokili obnacmi.

Kmiouosi cnosa: sebrapmoepapysanns,; ceonpocmoposi oaui; epanuuno-oonycmuma konyeumpayis (1K), exonoeiune
KapmoepapysanHs; 3a6pyOHenHs IpYyHmie,; inmepakmusHa seoxapma, ArcGIS Online.

Puc.: 5. Tabn.: 5. bion.: 13.

Sohor, A., Brydun, A., Buha, A. (2022). Web cartography of soil quality in Lviv region. Technical sciences and technologies, (3(29)), 169-177.
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YHIBEPCAJIBHUT MIAXIJ 10 OHIHKY TEPUTOPIIA

Oyinka AKOCMi OKpeMux YacmuH 3eMHOI NOBePXHI (Mepumopiil) 3a824cou BUKIUKAE NeBHULI HAVKOBULL T NPAKMUYHUL TH-
mepec i € 6azucom xcummedianvrocmi nooeil. [ocaiodxicenHs npoyecie i po3pooKka mMemooux OYiHKU AKOCmi mepumopiu 3a6-
AHCOU 3ANUMAIOMNCS BAANCTIUBOIO NPOOIEMOIO, 0CODNUBO KON HACMAE NpoYyec QYHKYIOHANbHO20 30HY8aHHA mepumopii Ykpainu.
Memoro yiei nyonixayii’ € po3pobka mMemoouuHo2o nioxody, 30amHo20 YHIQIKyeamu npoyeoypy OYiHiO8aHHs. MEPUmopiil pis-
HO20 (QYHKYIOHANLHO20 NPUSHAYEHHSA. 3anPONOHOBANUT MEMOOUYHUI NIOXIO 00 OYIHKU AKOCMI MePUMOpPIi MOXCYmMb eghekmui-
6HO BUKOPUCHIOBYEAMUCH OP2AHAMU 0EPIHCASHOT 61a0U T MICYEB020 CAMOBPAOYBAHHA NPU PO3POOYI NPOEKMi6 QYHKYIOHANb-
HO020 30HY8AHHS. Mepumopiti, a MaKkodic nPpu 6CMAHOBILEH] HOPMAMUGIE 2POUOBOT YIHU MePUMOpIll Ne6HO20 PYHKYIOHATLHO2O
NPU3HA4eHHs.

Knrwwuoei cnosa: inoexc akocmi; iHOUKamop, mepumopis; (pyHKYioHabHe 30HY8AHHL.

Puc.: 1. Bion.: 15.

4

AKTYaJIBHICTh TeMH JocaiTxeHHs1. [IpobaemMu TepuTopialibHOTO ITaHYBaHHS HAXOIATh
HIMPOKE BUCBITICHHS B HAyKOBiH 1 MpakTUYHIM MIOMKHI. 30KpeMa, TEOPETUKO-METOI0IOTIYH1
3acaJy IUIaHyBaHHS 3€MEJbHUX pecypciB po3pobiseni B MoHorpadii O. C. Hopom [1]. Tlpu
I[bOMY B 0ararb0X HayKOBHUX MpaIiX PO3MISAIAIOThCA MUTAHHS TEPUTOPIATIbHOIO TUIAHYBAaHHS
Ha JIep>KaBHOMY [2], @ TAK0K perioHajibHOMY Ta pailonHomy piBHsx [3]. Peanizarii po3pobok
TEPUTOPIAJILHOTO MJIaHyBaHHSA 3aKpilljieHa Ha 3aKOHOaBYOMY piBHI [4]. Bnockonanenns ['ene-
pabHOI CXeMHU IUIaHyBaHHSI TEPUTOPIi Ta CTPYKTYPHI 3MIHU Y BUKOPUCTAHH1 3€MEeJb TOCIIIIKY-
Banuck HO. M. IManexoro [5]. [yis 3a0e3meueHHs cTajaoro po3BUTKY 00’ €JHAHUX TEPUTOpiallb-
HUX TPOMajJ y JIep>kKaBl po3poOssitoTh HOBI HOPMATUBHI Ta 3aKOHO/AABYl aKTH, METOIO SIKUX €
e(eKTUBHE BUKOPUCTAHHS B 11 MeXax NPUPOAHUX, MaTepiaJibHUX, TPYAOBUX Ta IHIIUX pecyp-
ciB. Y 1IbOMY MpOIIeCi OCOOJIIUBY POJIb BIIITPAIOTh 3€MENIbHI PECYPCH SIK OAMH 13 0a30BUX YMH-
HUKIB ()OpPMYBaHHsI CTpaTerii po3BUTKY rpoMal. ¥ 3B’s3Ky 3 1uM BepxoBHoto Panoro Ykpainu
MPUIHSATO 3aKOH [6], IKMM repea0adeHo BBEICHHS B JIIF0 HOBOTO BUJLY IOKyMEHTAIIIT 13 3eMIIe-
yCTpOIO 1 MicTOOY/TyBaHHs, a BlacHe, KOMIIEKCHOTO I1aHy MPOCTOPOBOTO PO3BUTKY TEPUTO-
pi#t (KIIIIP). Lleit Bug mokyMeHTAIlil BBEIEHO B /110 3 IUIHA Micsius 2021 poky, e napanenbHo
3 Ka/IaCTPOBUM 30HYBaHHSIM INepenoadeHo (yHKLIOHaIbHE 30HyBaHHA TepuTopiil. Konmemnis
IHTErPOBAHOTO MPOCTOPOBOIO PO3BUTKY TEPUTOPIN Iependayae cTBOPEHHS (PyHKIIOHAIBHUX
30H, y AKili BU3HAYaI0Th KOMIIEKC OCHOBHUX BU/IIB I[IIbOBOTO BUKOPUCTAHHS 3€Melb Ta 00Me-
YKEeHb 100 X BUKOpUCTaHHs. [Ipy iboMy Mexi QpyHKII1I0HATBHHUX 30H TEPUTOPIN TEPUTOpialib-
HUX IpoMa/l TOBUHHI BPaxoByBaTH BUMOTH J10 3a0yJJOBH Ta OopraHizanii reputopii. BianosigHo
JI0 HaBeJIEHOTO BHIIE 3aKOHY BBE/ICHI 3MiHH B 3aKOHO/IABUI aKTH IIO/I0 JIEP>KABHOTO KOHTPOITIO
32 BUKOPUCTAHHSIM 1 OXOPOHOIO 3eMeb [ 7], Mpo peryaroBaHHs MicTOOYIiBHOI AisTBHOCTI [8] Ta
po 3emuieycTpiit [9].

VY mporeci QyHKIIOHAIBHOTO 30HYBaHHSA TEPUTOPii OCOOIMBO AKTyaJIbHOIO MPOOIEMOIO
MOCTA€ OITIHKA SKOCTI TEPUTOPIi, 1 30KpeMa, 3eMEeITbHUX PEeCypPCiB ISl 3a0BOJICHHS (PYHKITIO0-
HasibHUX BUMOT. Il]e 6inpIioi Baru 1 npobiema HaOyBae B pUHKOBUX YMOBAX, KOJIM BapTiCTh

© Jles Ileposuy, Irop IlepoBuy, Poman Banuypa, Karepuna Cmomniii, 2022
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3eMEJIbHUX PECYpPCiB B OIHAKOBUX (DYHKIIIOHAJIBHUX 30HaX MOXKe OyTH pi3HOI0. Y TakoMy ac-
neKTi Tpeda Oyino 6 BU3HAYATH SIKICHY OILIIHKY TePUTOPIi 3 ycima 11 MpUPOIHUMU, COLIIaIbBHUMH,
€KOJIOTO-€KOHOMIYHUMU, TEXHOTCHHUMH Ta 1HIIMMU KOMIIOHEHTaMH, SIKi MalOTh JTOMIHYIOUYHA
BIUTMB Ha 11 ¢yHKIioHANBHUI po3BHUTOK [10]. [IoBHOIO MIpOIO 11€ CTOCYETHCS SKICHOI OIlIHKH
3eMEJBHUX PECYPCIB K OJHOTO 3 0A30BHX YNHHHKIB (PyHKI[IOHATBHOTO TUIAHYBAaHHS PO3BUTKY
TEpUTOpPIN. 3ayBaKMMO, III0 HOPMATHBHA I'POIIOBA OIIHKA 3eMJIl HE MOXKEe OyTH €IMHUM YHi-
BEpPCAIILHUM MEXaHI3MOM, sIKUi 3a0e3redyye Ha 11eii MOMEHT JIOCTOBIpHE PHUHKOBE 3HAYCHHS
1inu 3eMii. OCKiTbKY BOHA 0a3y€e€ThCs HA PEHTHOMY JIOXO/ll, SIKHiA, y CBOIO YEpry, € CKIaJHOI0
Oararo (akTOpHOIO JTUHAMIYHOI (YHKIII€IO, TO B I[bOMY BHIAAKY, O€3YMOBHO, CIIiJ IITYKaTH
1HIII MEXaHI3MU BHU3HAUEHHS SKOCTI 3€MeNb Ta TEPUTOpid 3aranoM. AKTyaJbHUMHU 3aJIUINa-
I0THCSI TUTaHHS BUPAKEHHS I[IHHOCTI TEPUTOPIN y IPOITIOBOMY €KBiBaJICHTI.

IMocTanoBKka nmpodeMu. MeTor0 bOTO JOCTIKEHHS € PO3pOOKa €MHOTO METOIUYHOTO
MIIXOMY JJIsS BU3HAUEHHS I[IHHOCTI TEPUTOPIH pi3HOTO (PyHKIIIOHAIEHOTO BUKOPUCTAHHS 3 Bpa-
XyBaHHSAM KaTeropii 3eMelb sIK OHOTO 3 0a30BMX YMHHUKIB BU3HAUEHHS iHAECKCY IHHOCTI Te-
PUTOPIH y pPUHKOBUX yMOBaX.

AHaJTi3 OCTaHHIX T0C/Ti/IKeHb 1 MyOmikanii. Y cBITOBI MPAKTUIlI BUKOPUCTOBYIOTH TPH OC-
HOBHI METOAMYHI MiIXOIU 0 BU3HAUEHHS 1HJIEKCY IIHHOCTI TepuTopiii. B 0CHOBY BCiX MeTOaMY-
HUX I1IXOIB MOKJIAJICHO TPH CKJIAIOB] YACTHHHU: COIIaIbHO-EKOHOMIUHA, IPUPOTHA T KOJIOTIYHA
SIKICTb, CTIMKICTh arpoianamadris. HalkOUIbI MPOCTUM Y BUKOPUCTAHHI € QIUTUBHUN METOM, Y
SKOMY TTapaMeTpaM iHAWKATOpiB, (GOPMYIOUNM aITOPUTM iHAEKC IIHHOCTI, HAIAIOThCS TPAaHUYHI
3HAUEHHS, BU3HAYCHI HA OCHOBI JIITEPATyPHUX JAHUX, EKCIIEPTHUX CY/LKECHb, OE3M0CepeIHIX BUMI-
piB. Bupas ai1st BU3HaueHHS 3HAYEHHS 1HAEKCY HIHHOCTI TEPUTOPIi Ma€e BUTIIS

=20, )

Je i — 3HAYeHHS 1HJICKCIB IIIHHOCTI OKPEMUX 1HJAMKATOPIB a00 IXHIX IpyII;
n=1, 2, ..., k— nopsAaKOBI HOMEPH 1HICKCIB.
B iHmomy MetonuyHOMY TiAXO0/1 BC1 IHAUKATOPH BILUTMBY Ha 1HAEKC IIHHOCTI MOAUISIOTH
Ha OKpeMi (pyHKIIOHaIbHI IPyIH, SKI IHTETPYIOTh y PIBHAHHA 1HAEKCY IiHHOCTI [11]. [ns
[[OTO BUKOPUCTOBYIOTH 3BKEHY aIUTUBHY (PYHKIIIFO
I, =WC, +W,C, +...+W.C,,, 2

ne Cp—3HaueHHd iHAMKaTOpa N abo X rpym;

Wh — Bara n—zo iHaukatopa (rpymnm).

3a3Buuaii Bary W okpemoro iHaukaTopy (Ipymnu) i BU3HA4a0Th 3a GOPMYIIOLO:

n
W = Zj:l Bii 3)
i N ~—n J
Zi :12 j=1 Bij

€ N — Yucio BU3HAYEHb OKPEMOTO 1HAUKATOPY (TpyIn);

N — 4ucio iHaUKaToOpiB (Tpym);

Bij — OanpHa oIliHKa OKPEMOT0 j—20 1HIUKATOpa, BU3HAUCHA | pa3iB.

HacrynHuii MeToanuHuii miaxia, Ha BiAMIHY B JJBOX IMOMNEpeHiX, Mependavyae BUKOpPHC-
TaHHS METO/1B KOPEJALIHHOTO aHaIli3y, MHOKHHHOI perpecii, MaTeMaTU4HOi CTATUCTUKU TOIIO. Y
IIbOMY BUMAJIKY (popMyIia Juisi BU3HAUCHHS 1HIEKCY LIHHOCTI Ma€ 3a3Bu4ail BUrisy [12]

I 3= ::1Wni n:? (4)

ne Wh — Bara okpemoi rpynu iHAMKaTOpiB (IHAUKATOPA);
in — 3HAQUEHHS 1HIEKCY IIIHHOCTI OKPEeMOi TpyIH iHANKATOPIB (IHIUKATOpa);
N — MOPSIIKOBUIA HOMEP TPYIHU 1HAUKATOPIB (1HAUKATOPA).
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IIpoBeneHi 1OCHIHKEHHS MOKA3aJIH, 110 BCl TP METOMYHI MiAXO1 3HAYHO KOPEIbOBaHI MiXK
co0010 1, TAKUM YMHOM, TIpH BUOOPiI METOAy BHU3HAYEHHA / CIiJi BUKOPHUCTOBYBATH METOANYHHNA
mixiz, sikuii OyB OM HaOLIBII 3pyYHHM JUIsl BUKOHABLA pooiT [13]. 3acimyroBye Ha yBary Mozieib
OLIHKHM I'pyHTY €Bpomneiicbkoro Corosy. CTtpykTypa 6a3u TaHuX Li€l MOJIEN OXOIUTIOE BCIO TEPUTO-
pito kpain €C 1 rapMOHi30BaHa BIAMOBIAHO 0 CTAaHAAPTIB MibKHApOIHOI Kiacudikarii [14]. baza
JTAHUX c()OPMOBAHA TAKMM YMHOM, 1110 KOKEH IIapaMeTp IPYHTY 30epiraeTbcsi B OKPEMOMY pacTpo-
BOMY TeMaTu4yHOMY Iapi. BoHa Bkiouae B cebe iH(opmartiro npo ¢pyHKIiOHATBHE BUKOPUCTAHHS
3eMJIi, TUITH TPYHTIB, KJIIMAaTUYHY XapaKTePHCTHKY, IU(PPOBY MOJETb penbedy 3emii. 3ayBaKuMo,
110 3aJISKHO BiJT (DYHKITIOHAILHOTO MPU3HAYEHHS 0a3a BX1THUX JAHUX MOXKE CKIIaJIaTHCS 3 [IEBHOTO
BUJIY 1HIMKATOPIB, SIKI MAlOTh NIEpEBaKHE 3HAYCHHS ITPpH Bu3HaueHi / [15].

BugijieHHs1 HeT0CTiIKEeHUX YACTHH 3arajibHoi npoosjemMu. OIiHKa SKOCTI OKPEMHX Ya-
CTHH 3€MHOI TIOBEPXHI1 (TEPUTOPIN) 3aBXKIM BUKIUKAE TICBHUN HAYKOBUH 1 TPAKTUIHUHN 1HTEPEC
1 € 6a31COM KUTTEIISUIBHOCTI Jfoniei. JlocipkeHHs IpoIIeciB 1 po3poOKa METOUK OIIHKH SIKO-
CT1 TEPUTOPIH 3aBKIU 3aTUIIAIOTHCS BaKIMBOIO IPOOIEMOIO 1, 0COOIHBO, KOJIM HACTAE MPOLIEC
(GyHKIIOHATFHOTO 30HYBaHHS TEPUTOPIi YKpaiHu.

Merta pocaigkenns. Metoro 1i€i myOmnikaiii € po3podka METOIUYHOTO MiAX01Y, 31aTHOTO
yHi(iKyBaTH MPOLEAYPY OLIIHIOBAHHS TEPUTOPiH pi3HOTO (PYHKIIOHATHLHOTO MPU3HAYCHHS.

BukJag ocHoBHOro marepiany. [Ipu BUKOHaHHI JOCIIKEHb Oy1eMO KepyBaTUCh TAKUMHU
OCHOBOIIOJIO)KHUMH TPUHITUITAMHU:

— 1HJIEKC I[IHHOCTI TepHUTOPii MOBUHEH BPaxOBYBaTH KOMIUIEKCHY 3arajibHy ii nudepeHti-
aIiro, Ha IKii HOro BU3HAYAIOTh;

— 1HIEKC IIHHOCTI € apryMeHTOM (DYHKI[IOHAIbHUX XapaKTEPUCTUK OKPEMHX IHIMKATOPIB
a0o X rpyt, sSKi MArOTh IOMiHYyIO4€ 3HAUCHHS y 3a0e3nedeHHi e()eKTHBHOCTI BUKOPHCTAHHS TEPH-
TOPiH 3 ypaxyBaHHSM COILIaJIbHO-€KOHOMIYHHX, IIPUPOJOOXOPOHHUX Ta EKOJIOTTYHUX YAHHUKIB,

— TpY BH3HAYEHI Bar BIUIMBY OKPEMHX IHAMKATOPIB Ha KOMIUICKCHE 3HAYECHHS 1HJCKCY
IIHHOCTI CJIiJi BAKOPHUCTOBYBATH O€3MOCEpEeaH1 BUMIPH, PE3YJIbTAaTH CHEIaTIbHUX TOCTIIKEHbD,
€KCIEPTHI CY/IPKEHHsI, CTaTUCTUYHI J1aH1 TOIIO;

— 3Ha4YeHHs 1HJEKCIB [[IHHOCTI IOBUHHI 3HAXOAUTHUCS B MEKaX, BU3HAYEHUMH B HOpMaTH-
BHUX JIOKyMEHTax, a 3a BIJICYTHOCTI OCTaHHIX, BCTAHOBJIEHUMH OpraHaMH MiCII€BOI BJIaJu;

VY Hammx I0CTiHPKEHHSIX BUKOPUCTAEMO 3BXKEHY auTUBHY (yHKIO (2). BinmnosinHo 10
YUHHUX B YKpaiHi HOPMAaTUBHUX JOKYMEHTIB OCHOBHHMHM JIOMIHYIOUHMH 1HAMKATOpaMH, SKi
IUIMBAIOTh Ha (PyHKI[IOHAIbHE BUKOPUCTAHHS TEPUTOPIi, €: PyHKIIOHATbHO-IJIAaHYBaJIbHI, 1H-
KEHEPHO-1H(PPaCTPYKTYpHi, 1H)KEHEPHO-T'€0JIOT14YH], ICTOPUKO-KYJIBTYPHI, IPUPOJHO-JIAHAIIA-
¢THI, caHiTapHO-Tiri€HIYHI. Tpeba 3ayBakuTH, 1110 KIHI[EBE 3HAYEHHS TPy 1HIUKATOPIB € J10-
OyTKOM OKpPEMHUX 1HMKATOPIB, sIK1 BKJIIOUEHI B 110 Ipymy. [Ipu nbomy 100yTOK IUX 1HAMKATOPIB
HE MMOBUHEH MEPEBUIIYBaTU OJUHMIII 1 IX BHOIp MOBHHEH OyTH aJ€KBaTHUM LIIJIbOBOMY BHKO-
PHUCTaHHIO 3€MEIbHOI AUISTHKU.

Ha puc. 1 HaBeieHO aNropuT™ nporenypH (pyHKIIOHAIBHOTO 30HYBaHHS TEPUTOPII.

Jlnst mpuKiia Ty, HaBe1eMO BU3HAYEHHS 1HAEKCY LIHHOCTI TepUTOpii BOJHOro 00’ ekTa. Maemo:

|5 =W,C, +W,C, +W,C, +W,C, +W,C, +W,C;, (5)

ne Ci, Co, C3, Cs, Cs, Ce— BIANOBIAHO YKCIIOB1 3HAYEHHS TPy PYHKI[IOHATBHO-TIJIaHYBAJIbHUX,
1H)KEHEPHO-1H(PPaCTPYKTypHUX, 1H)KEHEPHO-TEOJIOTTYHUX, ICTOPUKO-KYIbTYPHUX, PHPOJTHO-
JaHamAadTHUX Ta CAaHITAPHO-TITIEHIYHUX 1HIAUKATOPIB;

Wi, Wo, Wa, Wi, Ws, Ws — dricnioBi 3Ha4eHHs Bar BinmoBigHO Tpym iHauKatopiB C1, Co, Cs,
Cs, Cs, Ce.
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36ip BWXigHWX A HUX

!

BcTaHoBNEHHA OMIHYIOYAE IHAWKATORIE

|

BLTaHoBNEHHA ZHEYEHE IHOWKATOpIB

Ta ¥ Bar

|

EramavesHa [Hasueln suoct TepuTopll
Beramosnenuapaprocti Teputopliia
FPOWABOMY eHBlBANRMTI
[2a HeabxiaHoeTi]

!

CTEOpEHHA NPORRTY dyHELIOHaNEHOTD
BOHYEAHHA TRRWTORI

Puc. 1. Aneopumm ¢hynxyionanbHo2o 30HyeanHs mepumopii

I'pyny pyHKIIIOHANBHO- IUTaHYBaJIbHUX 1HAWKATOPiB C1 MpeacTaBUMO (YHKIII€0
C =Ky Ky, (6)

ne Ki1— iHaukatop, skl BpaxoBY€ BIITATICHICTh 00’ €KTY BiJl HACEICHUX MMYHKTIB;
K12 — iHIUKATOp MOCTYMHOCTI 0 3yIMHUHOK TPAHCIIOPTHUX MaricTpanei.
['pyna inxeHepHO-1HPPACTPYKTYPHHUX 1HIUKATOPIB

Cz = K21' Kzz : Kzs : K24, (7)

ne K21 —3abe3neueHicTb eHepronocTayaHHsIM;

K2 — HasgBHICTH T1IAPOTEXHIYHUX CIIOPY/I;

K>3 — HasiBHICTH ITiJ 13HUX IUIAXIB;

K24 —3a0e3neueHHs1 KOMEPIIITHIUMHU, peKpealiiHUMH Ta 030POBUMMU CIIOPYAAMHU Ta KOM-
TUIEKCaMH.

[mxeHepHO-TeoI0T1uH1 1HIUKATOPH

C; =Ky Ky Ky, (8)
ne K31 — 3BOJIOKEHHS TepUTOPIi;
K32 — 30Ha Hebe3neuHNX reoJIoOTYHUX MPOLECiB (3CYyBH, KapCTH, POBAIU TOIIO);
K33 — rnmubuHa BOJHOTO 00’ €KTa.
[cTopuKo-KyIBTYpHI IHAUKATOPH
Cy =Ky Ky, ©)
ne  Ka — TepuTopist icTOpUYHOrO JaHamadTy;
K2 — TepuTopis 3amoBiAHOT 30HU.
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[Tpuponno-nanamadTHI IHIUKATOPH
Cs = Ky - Ky - Ky, (10)

ne  Ksi, Ksp, Ksz — KoedillieHTH, SKi BpaXOBYIOTh MICII€ PO3TAIlyBaHHS 00’ €KTa BiAMOBIIHO B
MeKax MPUPOTHUX HAI[IOHATBLHUX MapKiB, 3aKa3HUKIB, 3alIOBIIHUX ypOUHIL, OiocPepHUX 3a-
MOBITHUKIB TOIIIO; HA TEPUTOPIAX 030POBUYOT0 MPU3HAUCHHS; pEKPEALITHIX TEPUTOPISX.
CaniTapHO-TITi€HIYHI IHIUKATOPH
Co = Ko1Kz - Kz - Kgy - Ky - Kigs, (11)

ne Ke1 — 3a0pyIHEHHS OBITPS XIMIYHUMHM CIIOJyKaMU;

Ke2 — 3a0pyiHEHHSI €J1eKTPOMAarHiTHUMHU TOJISIMU;

Ke3 — BIUTMB aKyCTUYHHX LITYMIB;

Kes — cTyninb 3a0pyJHEHHS TOBEPXHEBUX BO/I;

Kes — cTyninb 3aMyJeHoCTi;

Kes — cTyniHb 3apocTaHHsI BOAHOTO 00’ €KTa POCIMHHICTIO.

HaBeneni Buille iHAMKATOPH BIUIMBY Ha 1HJEKC I[IHHOCTI BOJHOTO 00’€KTa HE € BUYEPII-
HUMH, OCKUIBKM B KOXXHOMY KOHKPETHOMY BHIAJKy MOXXYTb BHHHMKATH CBOI crenu(iyHi
YMOBH, SIKi IOTPeOyBaTUMYTh CIEI[IaIbHUX JOCIIIKEHb.

Jist iH1eKCy IHHOCTI TePUTOPIl HACEIEHUX MYHKTI CTPYKTYpa JOMIHYIOUMX 1HIHUKATOPIB
MOYKE BKJIFOUATH:

— piBEHb IH)KEHEPHOTO 3a0e3eUeHHs Ta OJIar0yCTPOIO TEPUTOPII;

— piBeHb PO3BUTKY c(hepu 00CITyroByBaHHS;

— ecTeTuKa 3a0yZI0BHU Ta CEpeIOBUINA;

— EKOJIOT1YHA SIKICTh TePUTOPIi,

— TIPECTHIK JJISl IPOKUBAHHS,

— CHPUSATIIUBICTH IHKEHEPHO-TEOJIOTIYHUX YMOB ISl Oy/1iBHUIITBA.

L{inHicTh TepHUTOpii BU3HAYAETHCS MEPEAYCIM 3PYUHICTIO HOTO PO3MIIIEHHS 100 1HIINX
TEPUTOPIN HAaceIeHOro MyHKTYy. ['0JIOBHUMM (QYHKIISIMH, SIK BIIOMO, €: MPUKIAAAHHIM J10
MicCIIb TIpalli, 3a0€e3MeUeHICTh JKUTJIOBOIO, KYJIbTYPHO-II00YTOBOIO, pEKpeaLiifHOO Ta JIIKYBallb-
HOIO 1HQPacCTpyKTyporo. BiacHe HasBHICTh Ha TEPUTOPIi TAKKX 00’ €KTIB BU3HAYAE 11 3pyUHICTh
HPO>KUBAHHS.

OniHka 1HXEeHepHO-1HPPACTPYKTYypHOTO 3a0€31€UEHHS TEPUTOPIi HACEIEHOT 0 MYHKTY 0a-
3Y€ThCS Ha BUBYEHHI YMOB 3a0€3M1€YEeHHsI TepUTOpii 00’ €KTaMM 1HXKEHEpHOi 1H(PaCcTpyKTypHu
Ta MOXJIMBOCTI MIJAKIIOUEHHS BAPOOHUYUX , TPOMAJICBKUX Ta KUTJIOBUX 00’ €KTIB 10 MICHKHX
1H)XeHepHO-1H(PpacTpyKTypHUX Mepex. OLiHIOBaHHS MPOBOJUTHCS 32 OKPEMUMU CKJIAZOBUMHU
1HXXEeHEepHOT 1HppacTpyKTypH. J{o rpynu iHxKeHepHO-1HPpacTpyKTypHOTro 3a0e3MeUeHHs BKIIIO-
YalTh YOTUPH (PakTOpH: 3a0e3MeUeHHs LEHTPaIi30BaHUM, BOJ0-Ta30MI0CTaYaHHAM, €JIEeKTPO-
MOCTaYaHHSIM Ta BOJIOBI/IBEACHHSIM.

OpHMM 13 TOJNIOBHUX (PaKTOPIB, 110 BU3HAYAE LIHHICTh OKPEMHX TEPUTOPIi, € IXHIN €K0JI0-
riunuil crad. OLIHIOBaHHS €KOJIOTIYHOTO CTaHy TEPUTOpii HACEICHOr0 MYHKTY 3A1HCHIOIOTH
IIJIXOM BU3HAYEHHS KOHIIEHTpALlli TOro 4M 1HIIOTrO 3a0pyAHIOBaYa B HABKOJIUIIHBOMY CEpe-
nouli. OCHOBHUMH cepeJl HUX MOXHA Ha3BaTH: aKyCTHUYHE, €JIEKTPOMAarHiTHe Ta pajialiiine
3a0pyJHEHHs TepuTOopli, a TaKOXX 3a0pyIHEHHS BOJM, MOBITPs Ta IpyHTY. HuHi y 3B’s3Ky 3
€KOHOMIYHOIO KPH3010 YacTKa 3a0pyJHEHb, 1110 MOCTYIAE BiJ MPOMITIANPHUEMCTB, 3HAYHO 3Me-
HIIWJIACh, 1 OCHOBHUI 00CST 3a0pyIHEHHS CKJIa/1al0Th BUKUAM Bl aBTOTpaHCHoOpTy. I3 dpizny-
HUX (haKTOpiB HAMOUIBIINI BIUTUB HA TEPUTOPIIO MA€ IIyM, III0 CTBOPIOETHCS TPAHCIIOPTHUMHU
3ac00aMi Ha OCHOBHHMX aBTOMAriCTPaNIAX 1 3aJII3HUYHUX KOJISIX.

OpHuM 13 BaxXJIMBUX (DaKTOPIB LIHHOCTI TEPUTOPIi € HOro colianbHa-MiCTOOYAIBHA TIPU-
BaOJIMBICTD (ITPECTHKHICTB), sIKA CIIPHUSIE 33I0BOJICHHIO HACETICHHS apXiTEKTYPHO-ECTETUIHUM
norpedam, ColiaTbHO-KYJIbTYPHOMY PO3BUTKY, YMOBaM IPOKUBAHHS , HASIBHICTIO CITOPTHBHHUX
3aKIajiB, CaI0YKiB IS JITE€H, KT TOLIO.
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BaxJmBuUM apryMeHTOM LIHHOCTI TEPUTOPII € BUPAXEHHS 1HACKCY 11 IIIHHOCTI IPOIIOBUM
€KBIBAJICHTOM. Y 3B’SI3KY 3 IIUM BUPIIICHHS I11€1 3a/1a4l IOBUHHO 3/1MCHIOBATHUCS HA PiBHI Op-
TaHiB JIEp)KaBHOI BIaiu a00 MiCIIEBOTO CAMOBPSITyBaHHS, Y BiJaHHI SIKMX 3HAXOJAUTHCS IS Te-
puTopis. 3BiJicH, TPOIIOBA BapTICTh TEPUTOPIi /], Oy/ie BU3HAYATUCh BUPA3OM

u,=4,-1-1, (12)
ne 1], — uiHa OJHOTO KBaJIPaTHOTO METPa OIIHIOBAHOI TEPUTOPIl B TPUBHSIX;

11 — inomma TepuTopii.

3ayBa)kMMo, 110 I[iHA KBAJAPATHOT'O METpa TePUTOPIi (PiKCOBAHOTO 3HAYEHHS 1HJICKCY IIiH-
HOCTI /], BCTAaHOBJIIOETHCS PILIICHHSM YIIOBHOB)KEHOT'O OPTaHy JIepXKaBHOT YK MIiCIICBOT BIIAJIH,
TepuTopianbHOl TpoMaan. ToOTO BKa3aHa IiHA BCTAHOBIIIOETHCS OPraHOM, SIKHIA Ma€ MPaBo po-
3MOPAHKATUCH TAHOKO TEPUTOPIEIO BIAMOBITHO 10 YUHHOTO 3aKOHO/IaBCTBA.

BucHoBku. VY 1iii my0uikaiii 3arporoHOBaHO MPUHIIMIIOBO HOBUH MMiIXiJT 10 OIIHKH Te-
putopiii B YKpaiHi, SIKUI IPyHTYEThCS HA MOKA3HUKY IHAEKCY SAKOCTI Teputopiil. OnHouacHo
IIPY BCTAHOBJICHI BAPTOCTI TEPUTOPIH y IPOIIOBOMY €KBIBAJICHTI MM METOAMYHHUM ITiIX010M
PO3IIUPSIOTECS MOKIJIMBOCTI OPraHiB MiCIIEBOTO CAMOBPSIYBaHHS, OCKIJIbKA BOHU CBOIM pi-
[ICHHSIM BCTaHOBJIIOIOTH I[iHY OJMHULI TUIOMII BIAOBITHOT TEPUTOPII.

3anponoHoBaHUM METOAMYHUN MiAXI] € YHIBEpCAIbHHUM, IO O3BOJII€E BUKOPHUCTOBYBATH
HOro J1st TEpUTOPIiil pi3HOTO (PYHKI[IOHATFHOTO MPU3HAYECHHS, Y TOMY YHCII1 PI3HUX KaTeropii
3eMellb, 1110 3HAYHO CIIPOIIYE MPOILEAYPY OLIHIOBAHHS.
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UNIVERSAL APPROACH TO TERRITORY ASSESSMENT

Assessment of the quality of individual parts of the earth's surface (territories) always causes a certain scientific and
practical interest and is the basis of people's daily life. Therefore, the study of processes and the development of methods for
assessing the quality of territories always remain an important problem, especially when the process of functional zoning of
theterritory of Ukraine begins.

The task of the research isto develop a universal algorithm for the assessment of territories based on the determination
of its quality index and the possibility of using it to establish the value of territories in monetary terms, which will allow state
authorities and local governments to effectively develop projects of functional zoning of territories. In world practice, three
main methodical approaches are used to determine the value index of territories. All methodical approaches are based on three
components: socio-economic, natural and ecological quality, sustainability of agricultural landscapes.

The research methodology is based on the methods of mathematical statistics and a systematic analytical approach to
the selection of indicators of influence on the territory value index. The purpose of this publication isto develop a methodical
approach capable of unifying the procedure for evaluating territories with different functional purposes.

In this publication, a fundamentally new approach to the evaluation of territories in Ukraine is proposed, which is based
on the territory quality index indicator. At the same time, with the established value of territories in monetary terms, this
methodical approach expands the capabilities of local self-government authority, as they set the price of a unit of area of the
corresponding territory by their decision.

The proposed methodological approach is universal, which allows its using for territories of various functional purposes,
including different categories of land, which greatly simplifies the assessment procedure.

Key words: quality index; indicator, territory; functional zoning.

Fig.: 1. References: 15.
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EQEKTUBHICTb BUKOPUCTAHHS EKOJIOIO-EKOHOMIYHUX YAHHUKIB
Y HOTEHUHIAJII BEMEJIBHUX PECYPCIB BIHHUIIbKOI OBJIACTI

Bpaxosyiouu ocobnueocmi peziony Binnuyvroi odnacmi o0Tpynmoeano Hanpsamu noKpaujeHHs eKono2iuHo20 CmaHosuya
CIbCOKUX Ma 20CN00APCHKUX Y2iob. Po3Kpumo niosuuyenHs poai OYiHKy 3emens y 8pe2yiio8anHti 8 3eMelbHUX 6I0HOCUHAX, NPo-
AHANI308AHO PecyNoBaHHS 0epiCcagoio MAKUX 6iOHOCUH MA 3aNPONOHOBAHO WIAXU YOOCKOHANEHHA 3eMelbHO20 3AKOH00As-
cmea, oOTpyHMO8aHo HANPAMU Y CMBOPEHHI Ma npoyeci po3eUmKY 8 pUHKY 3emJli CillbCbKO20CN00apCbKo20 NPUSHA4eHHs, Onpa-
YbOBAHO WLIAXU NOKPAUEHHSL eKOJLO2IUHO20 CIAHOBULYA 3eMETbHUX Pecypcis 1 yeiob.

Knrouogi cnoea: semenvui pecypcu, 3eM1eKOpUCmyBanHts,; eqreKmueHicmy 3emeib.

Puc.: 1. Bi6n.: 12.

AKTYaJIBHICTh TeMH JIOCTiIzkeHHs1. PHHOK Ta Hioro cdepu moTpedyoTh y10CKOHATICHHS
y Ipoliecax Bpery/IlOBaHHS B 3¢MEJIbHUX BiJIHOCHHAX, YUM ITiIBHINYETHCSA aKTyaJIbHICTH 00pa-
HOI TEMH.

Bunukae Heo0OXiTHICTh PO3POOKH HAMPSMIB JISUTBHOCTI IIIOJI0 PO3BUTKY 3€MEIbHUX BiTHO-
CHHAaX, SIKI CIIPAMOBaHI Ha JIOCSATHEHHsI €(EeKTUBHOIO, €KOJIOTro0e3MeyHOro 3eMJIEKOPUCTY-
BaHHsI, Ha YOCKOHAJIEHHS 3aKOHOAABCTBA, Y (hOpMyBaHH1 IHPPACTPYKTypH sl PUHKY 3€MeEllb,
JUTSL TOTO 100 BKJTFOUMTH BapTICTh 3eMelb y 000pOT €KOHOMIKH, IO JIaCTh 3MOTY (JOpMyBaTH
IHBECTUIIIHHO-TIPUBAOINBE BUKOPUCTAHHS 3€MEJTb, PO3B’S3KIB JIJIsl €KOJIOTIYHUX Ta COMIAIbHUX
po0JIeM CEeIIsH.

Beectu B aito 11i Kareropii MOXIJIMBO, CIIPOOYBaBIIN CIIOCOOM BPETYIFOBaHHS PO3BAKECHOL
MOJIITUKU Ta IIJISXOM BIPOBAKCHHS T1MHOTO (DiHAHCYBaHHS ISl OXOPOHHOI MisUTBHOCTI Y
ctepi 3emenb.

IMocTanoBka npo6iaemu. [locraHoBKOIO NPOOIEMH € PO3MIA] EKOHOMIYHOTO MEXaHI3My
BpETYJIIOBaHHS 3€MJICKOPUCTYBAHHS Ta aHAJI3 Y KOPUTYBaHHI ISl IOKA3HUKIB OI[IHKH 3€MEJTb
IpU TOMY, LII0 € YMOBH JJIsl BUJTYYEHHS JIETPaJIOBaHUX 1 MAJIONPOJYKTUBHUX 3€Meb, a TAKOXK
3aMpONOHYBATH BIPOBAIUTH CXEMY €KOJIOr0-€KOHOMIUHOI €(DeKTUBHOCTI BUKOPUCTAHHS 3eMe-
JBHUX PECYPCIB.

AHaJIi3 0CTaHHIX J0c/aiIxKeHb i myOikaniii. EKoHOMIYHUIT MeXaHI13M BpeTyIlOBaHHS 3€-
MJIEKOPUCTYBaHb K OO’€KT IOCHIPKEHHS PO3IISIHYTO B MyOJiKalisiX TaKUX YYEHHX, SK
C. A. bammok, B. M. Kinouko, A. T. Maptun, C. A. Open, M. A. XBecuk.

OxpemMoro 3HaueHHS 3eMeJIbHUM pecypcaM Hajae BueHUH M. A. XBecuk, sSIKUM 3asBIIE,
110 3eMJI He (DaKTOpOM, a € JapoM, 3a JIOTIOMOTOIO SIKOTO MOXKJIMBI TEPUTOpIaibHI YMOBHU JUIs
3aCTOCYBaHHS PECYPCIB.

V cBoiit mparii Buenuit, akagemik HAAH bamtokx C.A. 3a3Ha4dae, 1110 TOTEHITIA POIOYOCTI
IPYHTIB Ma€ BaroMe 3Ha4€HHs JJIs1 CTATUCTUKY Ta OOJIIKY SIKICHOTO IXHBOT'O CTaHy HacaMIepes,
OCKUIBKH I'PYHT Ta HOT0 MOKPHUBU MarOTh BEIMKHUI NMOTEHIIIaJ, caMe B MTOKa3HUKAX POJIOUOCTI.

€. B. ByTenko 3a3Hauae, 1110 € HU3Ka 3aX0/IiB, K1 HE MOTPeOyIOTh IKHXOCh 3HAYHUX (piHAH-
COBHUX 3aTparT, a OT iXHA JI€BICTh MOXKE€ KOMIIEHCYBATH 3yCHUJUIA, K1 Oy/IM MPHUKIIAZeH] il BU-
VIS I0M 30UTBIIEHHS B YPOXKAHOCTI MPOAYKIIIi».

Ha nymxy B. M. Kinouka, «opraHizaiiifHO-eKOHOMIYHHUN MeXaHi3M — I1€ CYKYIHICTb (opMm 1
METO/IIB BIUIMBY J€pKaBHUX YCTAaHOB 1 OpraHizalliil Ha CyKyIHICTh OpPraHi30BaHUX CYCHUIbHO-BH-
POOHMYMX BIHOCHH, 1110 CTAHOBJISTH €IHICTH 3 METOIO 3a0e3MeUeHHsI KOHKYPEHTHHUX IepeBar.

BuaijieHHs1 HegoCiIKEeHNX YACTHH 3arajbHoi npodjemu. Maioun O6e3yMOBHY Bary B
TEOPETUYHUX Ta MPHUKJIAJHUX HAMpaIIOBaHb 3 L€l MPOOIeMHU MOTPIOHO KOHCTATYBATH 1€ He-
JIOCUTh BUBYEHY OOIPYHTOBAHICTb Y MUTAHHSAX, K1 OB’ I3aHUX 13 M1ABUIIEHHSAM €()EeKTUBHOCTI
3aCTOCYBaHHS 3€MEIHbHO-PECYPCHOTO TTOTEHITIaTy 001acTi.

© Onexcanapa I'ynbko, 2022
186


mailto:olesya-72@ukr.net
https://orcid.org/0000-0003-1476-6149

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

MeTo10 CTATTI € PO3NIISIHYTH €KOHOMIYHUI MEXaHi3M BPETYIIOBAHHS 3eMJICKOPUCTYBAHHS
Ta MpoaHaji3yBaTH KOPEKTYBaHHS MOKAXYHUKIB Yy €KOHOMIYHIN OIIHIN 3€MeJb 32 YMOBH, KOJIH
BUJTYyYalOThCS JerpaioBaHi i MajoNpoAyKTHBHI 3eMJli HA OCHOBAaX CHCTeMaTu3allii NpuaaTHo-
CTeHl IPYHTIB Ui BUPOLIYBAHHS MPOCAMHUX 1 36PHOBUX KYJBTYp, @ TAKOX 3alpONOHYBaTH
BIIPOBAIUTH CXEMY €KOJIOr0-eKOHOMIYHOI €peKTUBHOCTI BUKOPUCTAHHS 3eMEIbHUX PECYPCIB.

Buksiaa ocHOBHOro Martepiauay. 3eMiIst Ta BIIHOCHHH B Hil TIOCTIHHO MaJld roJio-
BHY Bary B JKUTTI, y AISUIbHOCTI Ta rocrnojapii Hapoay Ykpainu. [lepeTBopeHHS eKOHO-
MIKH B HalpsMi pUHKOBHX YMOB 3YMOBHJIA TI€BHI 3MiHU B 3€MEJIbHUX BIJJHOCHHAX, SK1
peasi3oBaHi B MpUBATH3AIlii 3eMJIi, TpU 3MiHI (OPMH BJIIACHOCTI HA 3eMJIi, IPH CPOPMO-
BaHOCTI BiMOBiAaIbHOCTI cy0 €KkTiB. HacTymHUI pO3BUTOK 1 MOKpaIIEeHHs 3eMEeIbHUX
BITHOCHH Yy IOJIITUII KpaiHH, sIKa CIpsSMOBaHA Ha €KOJIOTIYHE 1 TEXHOJOTIYHO 3abe3re-
YyeHE BUKOPUCTOBYBAaHHSA 3eMeb [1].

JlieBa i epexTBHA peanizaiis 3eMeJbHOI pehOpMH € MEePIIUM KPOKOM Y BHXOI HaIIoi
JIep’KaBH 13 COIIaIbHO1, €KOJIOTIYHOT Ta eKOHOMIYHOI KpH3.

3emits, SIK PUPOIHHUIA PECypC, XapaKTePU3yEThCS IKICHUMHU BiIMIHHOCTSIMH, 1[0 BIUTHBA-
I0Th HA PIBEHb POIIOYOCTI. 3eMIli € Kpamioi, CepeIHbOI Ta TipIIoi SAKOCTI, IPUUOMY KiJIBbKICTh
MepIIuX JBOX OOMeKeHa Ta He Moke Oyt 30imbireHa [10].

3eMenbHI pecypcH Ta 3eMiisl — 1€ € CIIIbHUNA MPUPOAHHN 3arac Ha TOBEPXHSX VIS CyXO-
JIOJTy SIK MIPOCTOpOBa 0a3a B pO3CEICHHI Ta TOCMONAPCHKIii TisSUTBHOCTI, TOJIOBHUH IHCTPYMEHT
y BUPOOHHMIITBI B CLITLCHKOMY rocmoaapctsi [11].

PedopmyBanHS 3eMeNbHUX BIIHOCHH Y CY4aCHHUX YMOBAaX MOBUHHO MTPOBOIMTHUCS HA 3aca-
Jax JeMOKpaTii 3a y4acTiO TOrO HaceJleHHs, sIKe KMBe Ha Ik MicuieBocTi[7].

OpranizaniifHO-eKOHOMIYHUI MEeXaHi3M — 1€ CYKYITHICTb ()OpM 1 METO/IB BILUIUBY J€P>KaB-
HUX YCTAHOB 1 OpraHi3alliif Ha CyKyIHICTh OPTaHI30BaHUX CYCHUIbHO-BUPOOHHYUX BiJHOCHH,
110 CTaHOBJISITH €JJHICTH 3 METOIO 3a0€3MeYeHHs] KOHKYPEHTHUX niepesar [6].

VYcs Binnuiibka o0macTh Mae 3arajbHy IUIOILY 3eMenb 2649,2 THC Ta, 13 HUX 101 ClTb-
cpKorocnonapcbkux yriap — 2020,5 tuc ra, y tomy unciui punist — 1732,3 tuc ra. Po3opanictsb
M0 CUIBCHKOTOCTIONAPCHKUX YTIAAAX CTAaHOBUTH 86,9 %. CIHOKOCH 1 TIAaCOBUIIA CTAHOBIATH
10,9 %. CinbcpKorocnogapcbka OCBO€EHICTh 3eMill, sika Mae 78,7 %, mepeBaxae HaJl €KOJIOT1YHO
MiATBEPIHKEHUMH HOPMaMH.

3MICT €KOHOMIYHOTO CTUMYJIIOBAHHS PalliOHAIBHOTO BUKOPUCTAHHS 1 OXOPOHU 3€MeNb PO-
3KpUTO y cT. 205 3eMenbHOro KoJeKey YKpaiHu, je nepeadadyeHo 3axo1u 11010 3a0e3neyeHHs
cy0’ekTaMHu TpaBa BIACHOCTI Ha 3eMJII0 Ta pallioHAJIbHE 3eMJICKOPUCTYBaHHS, a caMe: Haja-
BaHHSI KPEIUTHUX 1 TIOJJATKOBUX MPUBLIEIB MPHU 3BIILHEHHI BiJI TJIATHI 3@ 3€MEJbHI JIIJISTHKH,
BUJIJICHHS KOINTIB Ta KOMIEHCAIlIT 3 IepKaBHUX a00 MICIIEBUX OIOMKETIB. 3a3HAYMMO, IIIO IIi
MeXaH13MH [TOBUHHI JISITH KOMILJIEKCHO, 3111 CHIOIOUN TIOCIIJOBHE JepKaBHE YIIPaBIiHHS MIPH-
POIOKOPUCTYBAHHS, Y TOMY YHUCII pallioHaIbHE 3eMJICKOPUCTYBaHHS, 3aTy4alodl €KOHOMIYHI
CTUMYJIH JIO €KOJIOT1YHO CIPSMOBAHOI JISUIBHOCTI Pi3HUX CyO’€KTIB rOCIOJapIOBAaHHS.

Ha nanry nymky, TyT panioHaabHUM Oys10 O BBECTH MOHSTTS «EKOJIOr0-eKOHOMIYHA PiBHO-
Bara» — I1e 0ajaHc eKOIOTIYHUX (3MIHHUX MPUPOTHUX KOMIIOHEHTIB, 110 (POPMYIOTH MPUPOIHE
HABKOJIMIITHE CEPEIOBHIIE) Ta €KOHOMIYHUX (3MIHHUX 3aJIe)KHO BiJI 3€MJIEBIACHUKIB 1 3eMJe-
KOPHCTYBadiB, 10 (POPMYIOTh SIKICTh Ta BapTICTh 3eMEIbHOI JUISHKH) (haKTOPiB, 110 3abe3me-
4ye TpUBAJIC pallioHaTbHEe BUKOPHCTAHHS 3eMEIbHHUX PECYPCIB.
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«/| AepHoBO-NIAZOAVCTI FPYHTKM HAa AABHLOANIOBIANLHWX TA BOAHONLOACBMKOBMX
BiaKnaaax, MmopeHi Ta necoBMAHMX Nopoaax

JAepHoBo-NprxoBaHoNig30NMCTI NIWAaHI Ta rMMVHWCTO-NIWaHI rpyHTy (6opoei nicku)
AepHoBo-cnabo-i cepegHboniAZ0NMCTI NILWAHI Ta MAMHUCTO-NIWAHI FpyHTA
AepHoeo-cepegHbo-I cnaGoniazonucti cyniwadi | CyrnHKOoBI rpyHTH

/| AepHoBo-nia3oONMCTI OrNeeHi FPYHTI Ha AaBHLOANIOBIANLHWX Ta
BOAHOMNBLOAOBMKOBMX BigKnagax, MopeHi Ta NecCOBMAHMX NOpoAax

JAeproso-cnabonigzsonncti rmefosi niladi Ta MuHncTo-NiLaHi rpyHTM
onigsonexi rpyHTIA

+/| Oniasonexi FPYHT NepeBa>kHO Ha NECOBMX NOPOAAX

| AcHo-Cipi onigsonedi rpyHTA
[ Cipi onigsoneHi rpyHTH

BIHHULULKA OBJIACTb
- Bei fpyHTI

o wyecasi Kppa )
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g‘:,of[

‘ N oV

Puc. 1. Ipynmu Binnuyvkoi oonacmi [13]

B VkpaiHi Ha 3aKOHOIABYOMY PiBHi 3aKPiIlIeHO CHCTEMY eKOHOMIYHMX CTUMYIIB. IXHe 3a-
B/IaHHS — IT1JIBUILIEHHS 3alliKaBJICHOCT] 3eMEeIbHUX KOPUCTYBadiB B ONTUMAILHOMY BUKOPUCTO-
ByBaHHI 3€MeJIb Ta TMTOKPAIICH] €KOJIOTIYHOTO CTaHy YTib. 30KpeMa, SKIIO0 BIACHUK 3a CBOI KO-
IITH 3IIHCHUB 3aXOAM, fKI € Tepen0ayeHuMH 3arajJbHOAEP)KaBHUMH I perioHalbHUMHU
IporpamMamMu 3 OXOpPOHU 3€MeJlb, BIH MOKE€ OTPUMATH MOAATKOBI Ta KPEAUTHI TIbTH [3].

HepiBHOMIpHICTB y CKIIajIl 3eMenbHOTO (OHTY 0071aCTi 3HAYHO OCTAOIIOE EKOJIOTIYHY CH-
TyaIito 3eMeb 1 €(eKTUBHICTh BUKOPUCTOBYBAHHS CLIIbCHKOTOCTIONAPCHKUX YTi/1b 1O JaHii Te-
puTopii [2].

EdexTrBHE BUKOPUCTAHHS 3eMENIbHOTO (POHAY C(HOPMOBAHO TPHOMA B3aEMOIIOB’ I3aHUMHU
KOMITOHEHTaMH, SIKi OKpeMO 3a0e3MeuyoTh BUKOHAHHS JeSKNX (YHKIINA 1 MOTPEOyIOTh BUKO-
PUCTaHHS 3eMeJIbHUX Ta OXOPOHHHUX MeTOiB [8].

EdexTuBHE BUKOpHUCTAaHHS 3eMENbHUX HAAP Ma€ Ha MET1 TOCSTTH €KOHOMIYHOTO0, €KOJIO-
Ti9HO OE3MEeYHOTO CTYIEHS Ta JOTPUMAHHS 30aJJaHCOBAHOCTI BMICTY JOOPHUB Y IPYHTI, JUIS
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3aro0iranHs NEBHUM BUIaM €pO3iii, BIPOBaKEHHS €KOJOTIYHO €HeprooiafHux Ta 0e3mney-
HUX TEXHOJIOT1H 11T 00pOOITKY PI3HOTO THUITY IPYHTIB, TAKOXK HAYKOBO OOIPYHTOBaHE IIPOBE-
JICHHSI MEJT1OpaTUBHUX PoOiIT [4].

[TpobneMu pamnioHaJTFHOTO BUKOPHCTAHHS MPUPOTHUX PECYPCIB Ta OXOPOHHM HABKOJIHII-
HBOTO IIPUPOAHOTO CEPEIOBUIIIA MepeadadatoTh 3aCTOCYBaHH KOMILJIEKCY 3aXO/1B, A0 SIKUX Ha-
nexarh €(DEKTUBHE 3aCTOCYBaHHS €KOHOMIUYHHUX 1HCTPYMEHTIB Pa3oM i3 COLIAIbHO-TIOITHY-
HUMHU, IPABOBUMHU, IICUXOJIOTIYHUMU Ta €TUIHUMH MeTofamu [12].

VY I0oCHiKEHHAX BCTAHOBIJIEHO, 110 TOJOBHUMH 3aX0/aMU B ITiJIBUIIEHHI POAIOYOCTI IPy-
HTY J1aHOi 00JacTi € parioHaJIbHE BUKOPHMCTOBYBAHHS OpPraHIYHUX 1 MIHEpaJbHHX JT00pUB,
BIIPOBQ/KCHHS MPAKTUK 3aCTOCYBAaHHS O10JIOTTYHMX 1OOpHB, KyJIbTUBYBAHHS OaraTopidyHHX
POCINH, 3aMPOBAKCHHSI 3aX0/1iB OOPOTHOM 3 BITPOBOIO Ta BOAHOIO €po3icto. BukonanHs nepe-
JiYeHuX poOiT moTpedye 3HaYHUX (PiHAHCOBUX BUTpPAT. TOMYy BBa)KaEMO 3a JOIIJIBHE MPOBO-
JIUTH 1X MOETAITHO, 10 JO3BOJIUTS ITiABUIIUTH €()eKTHBHICTh BUKOHAHHS 3aX0/I1B 13 KOHCEpBaIlii
1 Memiopartii 3emenb BiHHUIIBKOT 001aCTi  parfioHaaIbHO pO3MOALIATH (DiIHAHCOBI pecypcH Jiep-
JKaBHOTO Ta MICIIEBHX OIOKETIB, a TAKOXK KOIITH 3E€MJICBIIACHHKIB 1 3emiiekopucTyBadiB. Oc-
HOBHHM JIPKEPEJIOM BUKOHAHHS POOIT 13 JTicoMeniopariii MatoTh OyTH KOLITH JAE€P>KaBHOTO i Mi-
crieBux OromxeTiB. PoO0TH 13 3amyxeHHs1 Mae (hiHAHCYBaTUCh MEPEBAKHO 32 PAXyHOK KOIITIB
3eMJICBJIACHHKIB 1 3eMJICKOPUCTYBaYiB.

KoxkeH 3emnexopucTyBay Mae mpaBo BUOOpPY, 200 BUKOPUCTOBYBATH I'PYHT €(PEKTHBHIIIIE,
BTpavyaTy Oijbllle IPYHTY Yepe3 epo3ito 1 MaTH Horo MeHile B MailOyTHbOMY, UM 3I1HICHIOBAaTH
IPUPOTOOXOPOHHI 3aXOH, 1 HOTO KUIBKICTh HE 3MEHIIIUTHCS.

EdexrtuBHe BukopucTaHHs 3eMeib GOPMYIOTH CKIIAJOBI, KOKHA 3 HUX MOXKe 3a0e3mneuy-
BaTH 3/1MCHEHHA JIeIKHX CyCNUTbHUX (YHKIIHN Ta Mae noTpedy y 3A1MCHEHHI BIAMOBITHUX 3€-
MEJIPHHX Ta OXOPOHHHX 3axomiB [11].

OTxe, opraHizalifHO-eKOHOMIYHUN MeXaHi3M — 1€ CyKyIHICTh OpraHi3aliifHuX Ta eKo-
HOMIYHUX Ba)elliB, SIKi BIUTMBAIOTh HA OpraHi3alliii Ta eKOHOMIYHI CUCTEMU YIIPaBIiHHS, CIIPHU-
09 OTPUMAHHS TIEBHUX TepeBar i €(peKTUBHOI AISTIBHOCTI mianpuemcTsa [9].

[IpoGnemu paiioHaaIbHOTO BUKOPUCTAHHS MPUPOIHUX PECYPCIB Ta OXOPOHH HABKOJMIII-
HBOTO MPHUPOAHOTO CEpeoBHINA MepedayatoTh 3aCTOCYBAHHS KOMILIEKCY 3aXO[iB, 0 SKHX
BIJTHOCATH €()eKTUBHE 3aCTOCYBAHHS €KOHOMIYHUX 1HCTPYMEHTIB pa3oM i3 COLialIbHO-TIOJITH-
YHUMH, TIPABOBUMH, TICUXOJIOTTYHUMH T4 ETHYHHUMHU METOJJAMH.

BucnoBku. [Tpu nepexosi eKOHOMIKM HAIIOi JepXKaBH O YMOB PUHKOBUX BIJTHOCHH 3/11H-
CHEHHs TOCIIOJJapIOBaHHs 3yMOBHJIO TEBHI 3MIHM y cdepi 3eMeNbHUX BIJHOCHMH 00JIacTi, I
3MIHM 3HaWIIUIM CBOE B11OOpaXeHHsI y poLeci MpuBaTH3allli 3eMellb, pH 3MiH1 y (popmax Bia-
CHOCTI Ha 3eMJIt0, IpU C(OPMYBaHHI CTUMYJIFOBaHHS Cy0’ €KTIB TOCIOJapIOBaHHsI IIPH pallioHa-
JBHOMY 11 3aCTOCYBaHHI Ta OXOPOHi. ¥ po0OO0Ti 3alpONOHOBAHO KOPUTYBAHHS MEBHUX MMOKa3HU-
KIB €KOHOMIYHOI OILIIHKHM 3€Mellb 32 YMOBH BHJIyY€Hb JETPaJioBaHUX 1 MaJOMPOTYyKTUBHHUX
3eMellb Ha OCHOBI Kjacu]ikalii IpUIaTHOCTI IPYHTIB JAJIsl BUPOILYBaHHS 3€PHOBUX KYIBTYP.
Ile macTh MOXJIHMBICTH MiABUIIMTU MOKA3HUKH OIIHKHU (K €KOHOMIYHOi, TaK 1 HOPMAaTUBHOL
IPOILIOBOI), 10 COPUATUME MOJIMIIEHHIO €KOJIOTrYHOI CTIHKOCTI arponanamadTiB, 00’ €KTHUB-
HIN OIHI] 3€MEIBHUX AUISHOK.
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EFFICIENCY OF USE OF ENVIRONMENTAL AND ECONOMIC FACTORS
INTHE POTENTIAL OF LAND RESOURCESOF VINYNAT REGION

The following devel opment and improvement in land relationsin the village economy has meaning in the implementation
of the state policy, which is aimed at ecological and technologically-secured use of land, which corresponds to the definitions
for a clearly regulated and oriented market economy

In Ukraine, a system of economic incentivesisfixed at the legislative level. They aimto increase theinterest of land users
in the optimal use of their land and improve the ecological condition of theland. In particular, if the owner, at his own expense,
hascarried out measures provided for by national and regional land protection programs, he can receive tax and credit benefits.

Effective land use is formed by three interrelated components, each of which ensures the performance of certain social
functions and requires the implementation of a set of appropriate land protection measures.

Research has established that the main measures to increase soil fertility in this region are the rational use of organic
and mineral fertilizers, the implementation of biological fertilizer practices, the cultivation of perennial plants, and the
introduction of measures to combat wind and water erosion.

Carrying out the listed works requires significant financial costs. Therefore, we consider it expedient to carry them out in
stages, which will increase the effectiveness of measures for the conservation and land reclamation of the Vinnytsia region and
rationally distribute the financial resources of the state and local budgets, as well as the funds of landowners and land users.

Therefore, we consider it expedient to carry them out in stages, which will increase the effectiveness of measures for the
conservation and land reclamation of the Vinnytsia region and rationally distribute the financial resources of the state and
local budgets, as well as the funds of landowners and land users.

The main source of forest amelioration works should be funds fromthe state and local budgets. Landfilling works should
be financed mainly from the funds of landowners and land users.

Keywords: land resources, land use; land efficiency.

Fig.:1. References: 12.
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CTBOPEHHSA KAPTOI'PA®IYHOI'O BEB/IOJJIATKA PO3BUTKY
KA®EJIPU KAPTOI'PA®II TA TEOITPOCTOPOBOI'O MOJIEJTIOBAHHSA
HAIIOHAJIBHOI'O YHIBEPCUTETY «JIBbBIBCBKA IOJITEXHIKA»

Y emammi onucano sebkapmozpagyysanns poseumky kageopu kapmoepadii ma 2eonpocmoposo2o MoOenosarts Hayiona-
JIbHO20 YyHigepcumemy «JIvgiscoka nonimexuikay. 3ibpana ingpopmayis 3a nepiod icnysanns kaghedpu xapmoaepaghii ma zeonpoc-
mopogozo mooenosanhs. Cmeopeno eeokapmozpahiunuil 000amox, AKuil CKiadaemucs i3 cepii kapm, aKuil Ha0ae NompioHy iH-
dopmayito npo Haykoso-nedazoziyHull i OONOMINCHULL CKIA0 Kagedpu, a makoxc 3modce 30epeemu icmopiro Kagedpu o0
CcmyoeHmis, acnipanmie ma Haykogo-nedazo2iunHux npayienuxie. Cmamms mae 02ns10080-iHghopmayilinull xapakmep.

Knrwuosi cnosa: seoxapmoepais; ArcGis; ArcGis-online; kapmoepaghiunuii 6e6000amok;, cepis kapm.

Puc.: 4. bion.: 10

AKTyaJIbHiCTh TeMHM AocixkenHs. Kadenpa kaprorpadii Ta reonpocTopoBOro Mozeso-
Banns (KI'M) mae mikasy ictopito. Ii monepennumero Oyna kadeapa Teopii MaTreMaTHaHOi 00-
poOku reoe3nyHux BuMiptoBanb (TMOI'B). Bona Oyna ctBopena y 1968 poui. OcHOBHMI Ha-
npsimok kageapu TMOI'B — ne maremaruyHe MOAENIOBaHHA B Teonesii, acTpoHOMIi Ta
reodizui. Lleit HanpsM Ha kadepi 3amouaTkyBaB kepiBHUK Kadenpu mpodecop I. O. Meme-
pAKOB. 3a pe3ysbTaTaMu JOCIIKEHb HAYKOBIIMU Kadeapu Oyio omyOikoBaHo 450 HayKOBHX
cTareil, a TakoX BUZaHO 4 MOHOrpadii, 3axuiieHo 17 KaHAUJaTChKUX Ta 2 TOKTOPChKI pOOOTH.
Bemukoro 3aciyroro mpodecopa MeriepsikoBa Oylno CTBOPEHHS BiIOMOi Yy CBITI HayKOBOL
IIKOJIH, sIKa 3aiiMaliach JOCIIHPKEHHSIM I'paBiTalliifHOro 1oJist 3eMJIi Ta IUIaHeT, TOCITHEHHS SIKOT
3aCTOCOBYIOTh Y KOCMIUHIHM Teose3ii Ta reodisuili notenep. 3 BIAKPUTTAM criemiaibHocTi «Ka-
prorpadis» y 2009 poui kadenpa crana BUITyCKHOIO Ta 3MiHMIIa CBOIO Ha3By. Kadenpi npucso-
eno HasBy «Kadenpa kaprorpadii ta reonpocroposoro Moaemtosaausy (KI'M). Ii ouomus mpo-
decop II. I'. Yepnsra. Ha xadenpi 3anodyaTkoBaHO HAyKOBI JOCITIKEHHS 3 KapTorpadyBaHHs
TEPUTOPIN 3 ypaxyBaHHIM BITUBY T'€OJUHAMIYHUX MPOLIECIB, CTBOPEHO HAyKOB1 HAIIPSIMU 3 Be-
OxapTorpadyBaHHs, TeMaTHuHOTrO KapTorpadysanss Ta ['IC-rexHomnoriit. OTxe, BAHUKIIA M10T-
peba BHOPsAKYBaTH BCIO 1HQOPMAILII0 PO HAyKOBO-TIEIAaroriuHuX MpalliBHUKIB, K1 MpaIio-
BaMM Ha Kadenpi kaprtorpadii Ta reompocTtopoBoro MojentoBaHHs. Kaptorpadiune
MPEJCTaBICHHS SIKHalKpalle J0MOMOXKEe BIATBOPUTH YCIO 1CTOpito Kadeapu, a came 30epertu
iKaBy Ta KOPUCHY iH(opMallito Mpo KOKHOTO HayKOBOTO MpailiBHUKa. Lle romomoxe abitypi-
€HTY, CTY/ICHTY Ta 3BUYalflHOMY KOPHCTYBady JOCHUTH IIBUIKO Ta JOCTYIHO OTpUMaru iHpop-
Mallifo PO HayKOBO-TeIaroriYHUi Ta JOIOMDKHHUNA CKIaJ KapeapH.

ITocranoBka npodaemu. OCHOBHI 33/1aul, iK1 OyJIU TOCTaBJIEH] Mepel HAIMCAHHAM POOOTH:

1. CtBOpUTH Ta CTPYKTypyBaTH Hadip BXITHUX JaHUX, SKi Oylnu OTpUMaHi 3 YCHUX JUKEpell,
apxiBy Kadenpu kaprorpadii Ta reorpoCcToOpoOBOro MOJECIIOBAHHS, a TAKOXK 3 IHTEPHET-PECYPCIB.

© Haranis SIpema, Mupocnasa [Ipoxopenko, Oxcana Cepanr, Tersina Tepex, 2022
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2. Buxopucroytoun kaprorpagiuny miardopmy ArcGIS Online, cTBOpUTH 1HTEPAKTUBHY
BeOKapTy HAyKOBO-TIEIArOriYHOTO Ta JIOTIOMIXKHOTO CKJIaly IMpariBHUKIB Kadeapu Teopii mare-
MaTUYHOT 00pOOKH TeoIe3NIHUX BUMIpIB 1 kKadenpu kaprorpadii Ta reornpocTOpoOBOro MOAEIIO-
BanHs HY «JIbBiBCchbKa MoiTEXHIKaY, sika MicTUTHME 1H(GopMartito npo npamiHuka (1116, Temy
fioro uceprattii, rary3b HayKOBUX IHTEPECIB, IOCAY, MICIIe HABYaHHS, POKH poOOTH Ha Kadepi,
¢$0TO Ta MOTOYHE MICIIE TpaIli), JIOKaJi30BaHy 0 MiCIII0 HOro HapomkeHHs [4; 5; 7; 8].

AHaJIi3 ocTaHHIX J0cizKeHb i myOJtikanii. [Tpy HanucaHH1 cTaTTi MM BUKOPUCTOBYBAJIH
iH(OpMallit0 PO HAYKOBO-TIEAATOT1YHUM, a TAKOXK Ta IOTIOMIKHUH cKi1aj Kadenpu kaprorpadii
Ta TeONPOCTOPOBOro MoeaoBaHHs HarioHasibHOTO YHiBepcuTeTy «JIBbBIBChbKA MOJIITEXHIKAY.
Buxignumu ganumu ais miei po6otu crana ingopmanis 3 kauru «Kaprorpadis y JIbBiBChKil
noynitexHini: 10 10-piyust 3acHyBaHHs Kadeapu kaprorpadii Ta TeornpoCcTOPOBOTO MOJEIIO-
BaHHs» [2; 3; 6].

BungijieHHs1 HeTOCTiIKeHNX YaCTUH 3arajibHoi npodJemu. [IpoBeneHuii anaiz ocTaH-
HiX JIOCHI/DKEHB ITyOiiKaliid Imoka3as, 10 MUTaHHAM BeOKapTorpadyBaHHs 3aiiMaJIMCh HAyKOBI
npauiBHUKK Kadenpu kaprorpadii ta reompoctopoBoro moxaentoBanHs. Ha kadenpi Oynu 3a-
XHIIIEeHI MaricTepchKi podoTu Ha TeMy « BeOkaprorpadyBanHs po3BUTKY Kadeapu BUIIOL I'eo-
nesii Ta actponomii HarionansHoro yHiBepcutety «JIbBiBChbKa momiTexHikay» Ta «Bebkapror-
padyBaHHS pO3BUTKY Kadeapu reoxae3ii HamionanpHOro yHiBepcutery «JIbBiBChKa
noJiTexHika » Takox Oynu ormyOmikoBaHi po6otH [9; 10], y sikux BigoOpaxkeHi pe3ynbTaTy mo-
MIOHUX NOCIIHKEHb.

MerToi1o cTaTTi € po3poOka kaprorpadiuroro BedonaTka kageapu kaprorpadii ta reomnpo-
CTOpOBOTO MOfeNOBaHHsA HamionansHOTrO yHiBepcuTeTy «JIbBiBChKA MONMITEXHIKAY, IO Mic-
TUTH CEpPil0 KapT, IKUH HAaJacTh KOPUCTyBauy NOTpiOHY iH(oOpMallito Ipo HAyKOBO-MEAaroriu-
HUH 1 JOMOMDKHHHN CKiIaj Kadeapu, a Takok JOMoMoxe 30epertu ii icTopito.

Bukiaa ocnoBHoro marepiaduy. Ilicins BnopsakyBanHs yciei iHdopMmarlii Oyna cTBopeHa
0a3za naHux y TabnmmaHoMy penakropi Microsoft Excel. Tliciis BIOpsSIKyBaHHS IIO 1HPOPMAIIIFO
Oyi0 30epexeHo y ¢popmari Kuura Excel 97-2003 (puc. 1).
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Puc. 1. baza nayxoeo-nedacociunoco ma 00nOMIi*CHO20 cKiady Kagheopu kapmoepaghii
ma 2eonpocmopo8o2o MoOento8anHs
KoykHa 3 6a3 naHux MiCTUTh Taky 1H(QOpPMAaIIiio PO MpaliBHUKA!
- TIOPSIKOBHIA HOMEp MpalliBHUKA,
- IIb;
- Tmocajia;
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- 3aKJaj HaBYaHHS (YHIBEPCHUTET Ta CIICHiabHICTh);

- TeMa HayKOBOi JUCEepTaIlii;

- c(epa HayKOBUX IHTEPECIB;

- pik moyarky mpaii Ha kadeapi (s npamiBHukiB kadenpu TMOI'B) Ta poku mparii Ha
kadenpi (1 npaniBHukiB Kapenpu KI'M);

- MIiCIIe HApOJKEHHS ;

- reorpadiyHi KOOPAWHATHA MICIIsI HAPOKEHHS (IITUPOTa, JOBrOTa);

- TIOCWJIaHHS Ha (HOTONpPAIliBHUKA;

- MiCIIe mpaIli.

Jliia ykiaganHs BeOKapT HAyKOBO-TIEArOTIYHOTO 1 TOTIOMIXKHOTO CKIIaay Kadeapu KapTo-
rpadii Ta reompocTOpoOBOTO MOJIEITIOBAHHS BHKOPHUCTAEMO BIJIMOBIJHE MporpamHe 3abe3rme-
yenHs. Criouatky JJisi CTBOpEeHHs shape-gatiny OynemMo 3aCTOCOBYBaTH KapTorpadidHe cepeno-
Bume ArcMap. Ilicns orpumanHs shape-ghatiny B cepenoBullli ArcMap eKCIIOPTyeEMO W
apxiByemo #oro. Hactymauii etamn 1ociipkeHb MoJisirae B OiepKaHHi Takoi iHpopmartii, siK 30-
OpaxeHHs reorpadiyHOr0 po3TallyBaHHS KOXKHOTO 00’ €KTY CIIOCTEpEKEeHb. Y HaIlOMy BHUIIa-
JIKY — 1€ MiCIle HapOKCHHS NPaIliBHUKIB KadenpH, sike MOXKHA OTPUMATH B KapTorpadiqHOMY
cepsici ArcGIS Online. Ha puc. 2 3006paxkeHo kapTy YKpaiHu, sika Oyze MicTUTH iH(opmallito
PO KOXKHOTO TpaliBHUKa Kadeapu kaprorpadii Ta reompocTopoBOro MOIEIIOBAHHS, SKa JIO-
KaJTi30BaHa 3a MICIIEM X HapOKEHHS 32 JOIIOMOTOI0 TeorpadiyHuX KoopauHar [8].

Sk 6a30By KapTy BUKOPHCTOBYEMO BiIKpUTHI IpoeKT OpenStreetMap, skuii CipsIMOBaHUN
Ha 30ip, 30€pekKEHHs Ta MOIIMPEHHS 3araJibHOJJOCTYITHUX TE€OMPOCTOPOBUX JaHUX, a TAKOK
CTBOpPEHHS 1HCTPYMEHTIB poboTu 3 HuUMH. [licns BuOopy crocoOy kaprorpadiunoro 300pa-
JKEHHsI, TTOKaXeMO (PparMeHT KapTH MNpaliBHUKIB Kadenpu kaprorpadii Ta reonpocTopoBOro
MojeTfOBaHHS JIbBIBCHKOT MOMITEXHIKU «HayKko8o-nedacoeiuHuii ma OONOMINCHUL CKIA0 Ka-
geopu TMOI'By (puc. 2). 3’ssBuThcs iH(OpMaLlis PO BiAMOBIAHOTO MpaliBHUKA KaQenpH, Ky
MU OIpanboByBaM. HaTHCHYBIIM Ha TOCWIIaHHS 1Ot Pomo, OTpUMaEMO (HOTO IBOTO Tparli-
BHUKa Kadenpu [8].
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Puc. 2. Haykoso-nedacociunuil ma donomisxcHutl cknao kageopu TMOI'B

AHaNOTiYHUM 4YHMHOM OyNM CTBOpEHI KapTu «Haykogo-nedazociunuii ma OOnoMidCHUu
cknao kageopu KI'M» (puc. 3) Ta «Kinvkicme suxknadauie no oonacmsax Yxpainu (y 6iocomko-
80MY CNiBBIOHOWEHHI 00 3a2AbHOI KilbKocmi ukiaoayie 3 Yxpainu)y (puc. 4).
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Puc. 4. Kinvxicmo suxnaoauie no oonacmsx Yxpainu
(v 6i0comKkosomy Cnig8iOHOWEHHT 00 3a2aNbHOI KiTbKOCMI 8UK1A0ayis 3 Yrpainu)

BucnoBku. O1xe, y pe3ynbprari BCiX HOKPOKOBHX il y cepBici ArcGIS Online, Gyno oTpu-
MaHO KapTorpagiuHuii Be0101aToK cepii BeOKapT i Ha3Bowo «Haykoeo-nedazoziunutl ma 0o-
HOMIJICHUL CKIa0 Kaghedpu Kapmozpadii ma 2eonpocmoposoco mooenosants Jlveiscvkoi no-
JIiMexXHiKuy, SKUM MICTUTh Takl TakKi KapTH:

1. HayxoBo-nenaroriynuii Ta qonomikauii cknaa kadpenpu TMOI'B;

2. HaykoBo-nienaroriunuii Ta qonomikanii ckinayn kadenpu KI'M;

3. Kinmekicts BukiamaqiB kadeap TMOI'B ta KI'M mo o6nactsax Ykpainu (y BiICOTKOBOMY
CITIBBITHOIIICHHI JI0 3arajbHOI KIJTbKOCTI BUKJIa[adiB 3 YKpaiHu).
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CREATION OF THE CARTOGRAPHIC WEB APPLICATION
OF THE DEVELOPMENT OF THE DEPARTMENT OF CFRTOGRAPHY
AND GEOSPATIAL MODELLING OF LVIV POLYTECHNIC NATIONAL UNIVERSITY

The article is review and informative. A web application has been created from a series of maps that provide the user
with information about the history of the Department of Cartography and Geospatial Modeling of Lviv Polytechnic National
University. With the help of a series of maps, you can get the necessary information about the scientific-pedagogical and
auxiliary staff of the Department of Cartography and Geospatial Modeling.

The data was processed and a database was created in the Microsoft Excel spreadsheet editor, which was used to create
an interactive web map of the scientific-pedagogical and auxiliary staff of the Department of Cartography and Geospatial
Modeling of Lviv Polytechnic National University.

The methods of cartographic representation are described, namely, the method of localized icons and the method of
cartograms, which were used when laying out interactive web maps. The entire algorithm for laying out, editing interactive
web maps and creating the web application consisting of a series of such web maps is described step by step and in detail.

As a result, the series of interactive web maps of employees of the Department of Cartography and Geospatial Modeling
of Lviv Polytechnic National University, localized by place of birth, was obtained. Most of the teachers who worked or currently
work at the Department of Cartography and Geospatial Modeling were born in Lviv Oblast and studied at Lviv Polytechnic
Institute or Lviv Polytechnic National University.

The result of the research is the web application with the series of maps: “Scientific-pedagogical and auxiliary staff of
the TMPGM department”, “Scientific-pedagogical and auxiliary staff of the CGM department”, “Number of teachers of
TMPGM and CGM departments by regions of Ukraine (as a percentage of the total number of teachers from Ukraine)”.

Keywords: web cartography; ArcGis, ArcGis-online; web application; series of maps.

Fig.: 4. References: 10.
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OCOBJMBOCTI 3ACTOCYBAHHS CYUYACHUX I'EOAE3UYHHUX TEXHOJIOI'TIA
Y BYAIBHUIITBI

Ilposedenuii ananis 3a2arpHux nioxodie 00 3aCMOCYBAHHS CYUACHUX THIHCEHEPHO-2e00e3UYHUX MeXHON02I 011 nompeod
6yoienuymea ma excniyamayii 6yoieens i cnopyo 6 Yxpaini. Bemanosneno, wo 01 nioguuyents mouHocmi ma weuoKoCcmi
BUKOHAHHSL POOIM 6 npoyeci OYOi6HUYMEA OOYLTLHO KOMOIHOBAHO 3ACOCO8Y8AMU PI3HI MEMOOU HA3EMHO20 MA AePO3ZHIMAHHS
OJ1 GUKOHAHHS MONOSPADIUHUX 3HIMAHD, | Memoou omospammempii ma 2eo0iHGopMayiiHi MexHON02H — 051 CKAAOAHHS
NIaHI6 NPOEKMOBAHOI OLIAHKY ma npuieiux mepumopii. Cmamms € nyonikayicio HayKo8o-MemooOuyHO20 Xapaxmepy.

Knrouoei cnosa: indcenepra 2eooesis; 6y0ieHUYMB0, CYyYaCHi 2e00e3uyti mexuHonoeii; 6yoieni ma cnopyou.

Puc.: 1. bion.: 29.

AKTYaJIBHICTh TeMU JOCTiIKeHHs1. [IKeHepHa reo/ie3is 3a CBOIMU 3a/1auaMH, METOJIaMH
U LUSIMA € TNPHUKIAJHOI HAyKOK, L0 JOCHIIKYE MUTaHHS, SIKI BUHUKAIOTh YHACHIJOK
CIOCTEPEKEHb OKPEMHUX SIBUII TEXHIYHOTO XapaKTepy Ta HasBHOCTI HEBUPIIIEHUX MPAKTHYHUX
npobnem. [HxeHepHO-Teone3nuHi poOOTH, 10 BUKOHYIOTHCS IiJ 4ac 3BeleHHs OyaiBelb Ta
CHOpY[, MOB’s3aHi 3 yCiMa MOHT@XHHMHU NpPOIECaMHU iX 3BEJCHHS. [H)KEHEPHO-Teoe3nIHa
JUSUTBHICTB Ul TOTped OymiBHUIITBA CIPSIMOBaHA Ha 3a0e3MeUYeHHs po3MillleHHs Oy/iBesb Ta
CIIOpY/, 3B€/ICHHS IXHIX KOHCTPYKTUBHHUX €JIEMEHTIB Y TOUHI1H BIIMOBIAHOCTI O T€OMETPUUHUX
napaMeTpiB NPOEKTY i BUMOT HOPMATUBHUX JJOKYMEHTIB.

Po3BuTOK ramysi apxiTeKTypH Ta OyIIBHHMIITBA CYIPOBOIKY€ETHCS PO3POOKOI0 HETHUIIOBUX
NPOEKTIB YHIKAIBbHUX, CKIaHUX OyaiBens 1 cniopya. IIpu nboMy akTyaabHUM CTa€ MUTAHHS
OOIrpYHTYBaHHS Ta BIPOBAKEHHS HOBUX METOIB 1 HOPM BUKOHAHHS 1H)KEHEPHO-T€0/I€3NUHUX
pOOIT 3 ypaxyBaHHSM Cy4acHUX MOTPeO 1 yMOB Oy/liBHUIITBA.

IHocTanoBka npodjaemu. BupoGHuunii mporec cy4yacHOro OyAiBHUITBA MICTUTB:

— IH)KEHEpHI BUILIYKYyBaHHA (CYKYNHICTb €KOHOMIYHMX, TEXHIYHMX 1 EKOJOIMTYHUX
JOCHI/DKEHb paiioHy Oy/liBHUIITBA 3 METOK OTPUMAaHHS BIZIOMOCTEN PO HasiBHI JIOKaJIbHI YMOBH);

— OyniBenbHE MPOEKTYBaHHS (KOMIUIEKC POOIT 31 CKJIaJaHHS MPOEKTY, HEOOX1AHOTO IS
3Be/IEHH Oy/iBIi (CrIOpynn));

— OyZiBeNbHO-MOHTAXHI POOOTH, 1110 peali3yroTh POEKT OyAIBHHUIITBA.

Jlia ckiafgaHHs MPOEKTY OyAiBil (CHOpPYAM) MPOEKTYBAJbHUKY HEOOXITHO MaTH JaHl
1H)KEHEPHO-T€0/Ie3NYHUX BUILYKYBaHb (penbed, rigporpadis, poCIMHHUNA NOKPUB, JOPOXKHS
Mepexka 1 T.1H.), 1H)KEHEPHO-T€OJIOTTYHUX BUIIYKYyBaHb (T€0JIOTO-JITOJOTIYHI M TEKTOHIYHI
YMOBH, (Di3MKO-MEXaHI4HI BJIACTHUBOCTI I'PYHTIB, T'iIPOr€OJIOTIYHI YMOBH, ()i3MKO-T'€0JIOTIHHI
IpoLecH Ta SIBUIIA 1 T. 1H.), IHXEHEPHO-T1APOMETEOPOJIOTIUHUX BUIIYKYBaHb (MOXJIHMBICTb
3aTOIUICHHS TAaBOJAKOBMMHM BOJAaMHM, BITPOBI ¥ CHITOBI HaBaHTaXXEHHsS, TeMIeparypa
HABKOJIMIIHBOT'O MOBITPS 1 T. 1H.). [Ipu 11boMy 3a Bci€i pi3HOMaHITHOCTI YMHHUKIB BIUIMBY Ha
nporiec OyIiBHHUIITBA BEJIMKE 3HAUEHHS MAa€ 1HXKEHEPHO-TEOAE3MYHUI CYIpOBiJ BCIX €TarmiB
OyIIBHUIITBA Ta CIOCTEPEXKEHHs MiJ 4Yac ekciuryarauii OyaiBmi (cmopyau). l'eomesuct
Oe3nocepeHbo 3abe3medye poOOoTy OyniBeNbHUKIB Ha KOKHOMY eTami OymiBHUNTBa. J[is
OyIIBHUIITBA TPATUIINHUM € KOMIUIEKC TE€OJE3MYHUX pOOIT, M0 BKIIOYAE CTBOPEHHS

© ITaBno MixHo, Ipuna JlicoBenko, Imurpo byuiyes, Irop Puxenxo, 2022
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re0/Ie3UYHOI PO3MIUyBaIbHOI MEpEXi, PO3MIdyBaHHS HAa MICHEBOCTI OCHOBHUX Ta T'OJIOBHUX
OoCell TPOEKTHHUX CHOPYHA, JACTAIbHI PO3MIYyBaJIbHI POOOTH 11 MOHTaXy OymiBEIbHHUX
KOHCTPYKIIM Ta (yHAaMEHTIB TEXHOJOTIYHOTO YCTAaTKyBaHHS, Ileperady TO3HAuOK 1
OPSIMOKYTHUX KOOPIMHAT HAa MOHTaXHI TOPU30HTH, KOHTPOJb Yy IUIaHI Ta MO BHCOTI
CHOPY/DKEHHST OyHiBeNbHUX KOHCTPYKIiH, BHUBIPKY BEpPTUKAJIbHOCTI KOJOH, BHKOHaBYl
3HIMaHHS Ta BU3HAYeHHs Acdopmariiii (MOHITOpHHT). J[71s MiABUIIIEHHS TOYHOCTI BUKOHAHHS
TaKuX pOOIT 1 CKOPOYECHHS Yacy Ha iX BUKOHAaHHsS HEOOXiJTHO BHKOPHUCTOBYBaTH CydacHi
JOCATHEHHS HayKH 1 TEXHIKH.

AHai3 ocTaHHIX AocaigxkeHb i myOJikamii. JlociimkeHHIO TPOOIeMH 3aCTOCYBaHHS
Cy4acHUX JIOCSTHEHb IH)KEHepHO-TexHIuHOi Hayku mnpucesueHi mnpani II. I. bapana,
A.T. barpakoBoi, b. JI. baunmuna, K. O. bypaka, B.[I. bypaueka, C. II. Bolitenka,
O. JI. Jopoxuncekoro, C. JI. Kpsuka, O. €. Kynikoscbkoi, K. P. Tperska, P. B. Illynsia,
I'. I1. XoxyoBa Ta iHIIMX BITYU3HSAHUX BUeHHX [1—12].

3aKopIOHHI KOHIIEMIi Ta MeTomudHi po3poOku [13; 14] xapakrepu3yroThbcs aemaii
OUIBIIOIO 1HTETpAIliEl0 BUMIPIOBAHb 1 aHATI3Y Y CKJIaJHI Mpolecu OyIiBHUILITBA, BUPOOHHUIITBA
Ta MOHITOPMHTY 3a paxyHOK 3acTOCYBaHHS IPOCTOPOBHX II€PMAaHEHTHHUX METOIIB,
PI3HOMaHITHUX JIATYUKIB 1 MOXKJIMBOCTI OOPOOIIATH CIIOCTEPEKEHHS B PEXKHUMI PEabHOTO Yacy.

Bupisiennsi HegoCTiIKeHMX YACTHH 3arajibHOi MpodjemMHu. 3 PO3BUTKOM CY4YaCHUX
TEXHOJIOT1H Ta MOSBOIO HOBOT BUMIPIOBAJIbHOI TEXHIKM BUHUKAIOTh MUTAHHS, 1110 TOTPEOYIOThH
JIeTaIbHOI HAayKOBOI pO3poOKM. Y Tamy3i iHKEHEepHOi reoaesii i NMUTaHHSA IOB’s3aHi 13
POOJIEMATUKOIO 3aCTOCYBaHHS CY4aCHUX MOXKIIMBOCTEH HAyKH B YMOBAaX BiJICTAaBaHHS JIFOUUX
HOPM T'eoIc3UIHOT0 3abe3neueHHs OymiBauITBa [15; 16] Bijg HOBITHIX 3ac00iB BUMIipIOBAHHS
Ta TEOJEe3WYHUX TeXHoJoriil. 3oKpema, IOCHPKEHHS HOPMAaTUBHOIO 3a0e3MeyYeHHs
TCOIC3UTHOTO CYNPOBOIY JOPOXKHBOrO OymiBHMIITBA [11] HamonsraroTh Ha HEOOX1ITHOCTI
pPO3pOOJICHHS HAIIOHAJIBHOTO CTaHAAPTy IMOJ0 BUKOHAHHSA TEOAE3MYHUX pOOIT MpHu
CIIOPY/DKEHHI 00 €KTIB JOPOXKHBOTO OyMIBHUITBA Il 3a0€3MEYCHHS HAJICKHOI SIKOCTI
PO3MidyBaJIbHUX pOOIT, BAKOHABYOTO 3HIMAHHS, T€0A€3UYHOTO KOHTPOJIIO SKOCTI Oy/liBeIbHUX
PpOOIT MIJITXOM YHOPMYBAHHS Cy4YaCHUX T'€0JIE3UYHIX METO/IIB 1 3aCO01B.

MeTo10 CTATTi € aHai3 3arajJlbHUX METOJMYHUX MiAXOIB J0 3aCTOCYBaHHs CyYaCHHX
IH)KEHEPHO-TEOJIE3UYHUX TEXHOJIOTIH AJis MOTpeO OyIIBHUIITBA.

BukJan ocHoBHOro Marepiady. ['eone3nuni poOoTH, 1110 BUKOHYIOTBCS Ha PI3HUX eTarax
JKUTTEBOTO LMKy OymiBenb 1 cmopydl (CTBOpEHHs, eKcIuryaramii, JikBigamii) [17],
PErIaMEHTYIOThCS  PI3HUMH  HOPMAaTUBHMMHU  JIOKYMEHTaMU 1 MpaBUJIAMH, MOXYThb
BHUKOHYBAaTHCs pI3HUMU BUKOHABISIMU Ta (PIHAHCYBATUCS 13 PI3HUX JIKEPEI.

Cknaz reoie3uyHUX poOIT i MoTped OyIIBHUIITBA Ta YMOBH 3a0€3MEUEHHS TOYHOCTI iX
BUKOHaHHS perlaMeHTOBaH1 B HopMaTuBHUX ToKkyMmeHTax: JIBH B.1.3-2:2010 (pa3om 31 3MiHOIO
Ne 1 mo ux nepsxkaBaux OyniBensHUX HOpM), JIBH A.2.1-1-2008 [15; 16], 10 € 000B’I3KOBUMU
Uit ¢y0’ekTiB Tomorpado-reoe3nyHoi Ta KaprorpadiyHoi MiSIbHOCTI. Y 3B’SI3Ky 3 LIUM, B
IPOEKTaX BHMKOHAHHSA pOOIT MaroTh OyTH pO3paxoBaHi JOMYCKH, BHUKJIaJeHa METOJIUKA
BUKOHAHHSI OCHOBHUX 1 JIETAJIbHUX PO3MIUyBaJIbHUX POOIT. YBara mae OyTu MpHUALIEHA TaKOXK
BUOOpY MpHUJIaiB, IHCTPYMEHTIB 1 NpHIAAsA sSK Ui TOYHUX OCHOBHHMX 1 JAETalbHUX
pO3IUIaHyBaHb, TaK 1 Ui YCTAHOBKM KOHCTPYKI[H 1 KOHTPOJIbHO-MOHTaXHHX BUMIPIOBaHb.
Po3B’s13y10ThCsl 11 3aBIAHHS IOCHIJIOBHO, 3aJIEXKHO BiJ CTaliil OyaiBeIbHO-MOHTa)KHOTO
BUPOOHUIITBA, NTOYMHAIOUM 3 YXBAJECHHS DIIIEHHS MPO MpoBeaeHHs OymiBHUIITBA 00’€KTa U
3aKIHUYIOYH BBEJCHHSM HOTO B €KCILTyaTarilo.

OnHuM 13 HaMBaKJIMBINIMX JOKYMEHTIB JJIi IMPOEKTYBaHHS 00’€kTa OyIIBHULITBA €
tororpadiuni mwianu macmrady 1:500 sk AiUisHKA OyAiBHMIITBA, TaK 1 MPHIIEIIIOT TEPUTOPII.
Tomy HeoOXi/1HO 3BepTaTy yBary Ha SKiCTh IUX IUIaHiB. J{1s mpukmnany Ha puc. 1 [18] HaBeneHo
PO3MIYyBaIbHUN IJIAH JJISl CIIOPY/KEHHSI LIMBUIBHOI OyiBIl KOMEpPLIHHOTO MPHU3HAYECHHS Y
M. Kpemenuyk IlonraBcbkoi oOnacri.
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Puc. 1. Posmiuysanvruti nnan 06 ’ekma 6yoienuymea [18]

Ha mincrasi 316paHux BiIOMOCTEH MPO paHillle BUKOHaH1 Tornorpago-reoe3nydi podotu
Ha [bOMYy 00’€kTi OyHIBHMIITBA, OJEpX aHUX B YNpaBIiHHI y chpaBax OyJIBHUITBA 1
apxiTexkTypu M. KpeMeHdyka, Ta moi1b0BOr0 0OCTEXKEHHS paiioHy poOIT Oy10 BUKOHAHO aHaJ3
Tororpado-reose3nuHoi BUBYEHOCTI 00’ €KTa.

Bcranonaeno, mo:

— 3micT TomorpadiyHux miaaHiB macmrady 1:500 mpoekTOBaHOI AUISHKH, sKa
nepeOyBae B KOPUCTYBaHHI 3aMOBHUKA, HE B1JIMOB1JIa€ ICHYIOU1# CUTYallii Ha MiCLIEBOCTI
(y pesynprari rocrnofapchbkoi AiSNIBHOCTI KOHTYpPH MICIEBOCTI 1 penbed 3MIHUIHCA
Ourbie, Hix Ha 35 %);

— BIACYTHI Tonorpadiuni manu Macmraly 1:500 npueroi Teputopii, CyMiXKHUX
3eMJICBJIACHHKIB Ta 3eMJICKOPUCTYBaYiB;

— HagBHI TomorpagiyHi miaHu Macmrady 1:2000 TepuTopii BHUTOTOBJIEHI 3a
Mmartepiaigamu aepodoTtozHimManHs 1995 poxky.

BpaxoByroun 3a3HaueHe Ta Yy 3B’SI3Ky 3 E€KOHOMIYHOIO HEIOLIIbHICTIO BHIIPABICHHS
OpuriHaixy TomorpaiyHOro IUIAHY BHMHHUKJIA HEOOXIJHICTb OHOBJEHHS  IIJIAHOBO-
KaprorpadiqyHOro Marepialy TMOCTalo TUTaHHS BHUOOpY 3aco0iB 1 TEXHOJOTil BUKOHAHHS
TororpadiyHOro 3HIMaHHA JAJIs CKJIaJJaHHA TororpadiyHux miaHiB Macirady 1:500.

OcoOnuBicTIO Teone3ndyHuXx podiT mpu cynpoBomi OyxaiBHuuTBa [10] € HEOOXiAHICTH
CTBOPEHHSI TEOJEC3WYHOI OCHOBM HEOOXITHOI TOYHOCTI Ta TEOAE3UYHOTO 3a0e3MeYCHHS
MOHTKHHUX POOIT JUTsI 3B’ 3Ky PI3HUX €TamiB OyIiBHUIITBA. 3aCTOCYBaHHS KJIACHYHUX METOIIB
noTpedye PO3MMUPEHHS ICHYIOUYO1 T€0Ie3UNTHOT OCHOBHU JI0 TEPHUTOPIi OyIiBETbHUX MalJaHIHKIB,
10 301TBIITYE 0OCST 1 TEPMIHU TIPOBEACHHS POOIT 3 TEOIC3UIHOTO 3a0e3MeUeHHsI Oy 1IBHUIITBA.

3acTOCyBaHHSI Cy4acHOTO T€0/IE3MIHOTO 00IaHAHHS 3MEHIITYE OOCAT T€OIe3UYHUX POOIT,
30171bIIIy€ MIBUKICTD X BUKOHAHHS 1 3MeHIITye BapTicTh [19].
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J1o 3aranbHUX MPpoOJIeM 1HKEHEPHO-TEOIe3NIHIX BUIITYKYBaHb B YKpaiHi MO>KHA BITHECTH
3aCTapuIiCTh METOJAUK 1 TEXHOJIOTIH, Iepen0aueHux B YMHHIN 1THCTPYKIIi 3 TomorpadiyHOro
3niMaHHs [20] Ta BiACYTHICTHP HOPMAaTUBHUX MapaMeTpiB i JOMYCKiB HA 3aCTOCYBAaHHS HOBUX.
Takok Ha HaliOHAJBHOMY 3aKOHOJABUOMY pIiBHI BiJICyTHI BHMOTHM A0 (HOopMyBaHHS
TornorpadiyHuX TUIaHIB Y MU(PPOBOMY BUITISIAI, IO CBOEIO YEPTOO PU3BOAUTH J0 Ty ONFOBAHHS
pOOIT Ta CTPUMYE PO3BUTOK 3arajibHOACPKaBHOTO MiCTOOYIIBHOTO KaacTpy.

Po3Butok aBTOMaTH3alii BUPOOHMIITBA NPU3BIB 10 MOSBU SIKICHO HOBOI CHCTEMHM
TEXHOJIOTTYHUX MALIHMH 3 KEPYIOUUMHU 3ac00aMH, 1110 0a3y0ThCs Ha 3aCTOCYBaHHI €JIEKTPOHHUX
0OUYHMCITIOBAJIbBHUX MAIIMH, IPOTPAMOBAHMX JOTTYHUX KOHTPOJIEPiB, IHTEIEKTYalIbHHUX 3aC001B
BUMIPIOBaHHSI 1 KOHTPOJIO. ABTOMAaru3allis MPOLECIB OTPUMAHHS 1HKEHEPHO-T€OE3UIHOT
iHpopmanii nocsiraetbes 3actocyBaHHSAM GNSS, eNeKTpOHHHX TaxeoMeTpiB, IH(PPOBHX
HIBEJIIPIB, JIA3EPHUX PYJIETOK, JJA3ePHUX CKaHEPiB, Oe3muIoTHUX JiTanbHuX anapatiB (BITJIA)
Ta IHIIUX Cy4aCHUX 3aco0iB.

JlocsiTHEHHS OCTaHHIX POKIB y cdepi aBToMaTH3allii 300py, peecTparii Ta 00poOKU JaHUX
1 PO3BUTKY aBTOMAaTH30BaHMUX CHUCTEM NPOEKTYBaHHS Ha 0a3i €lEeKTPOHHO-O0OYMCIIOBATBHOT
TEXHIKU JIO3BOJISIFOTH IMPEICTABUTH 300paKCHHSI MICIIEBOCTI y BHUINISAAI MU(PPOBUX MOAEIEH
MICIIEBOCTI.

Y 1mudpoBUx MOAECISIX MICIEBOCTI TOYHICTh IUIAHOBHX 1 BHCOTHHX KOOpIUHAT
BU3HAUAEThCS METOIOM OfIep)KaHHS NepBHUHHOI iH(opMmanii. s aBTomaru3anii iHXeHepHO-
Te0/Ie3NYHNX BHIITYKYBaHb IIOM0 KaprorpadyBaHHS TEPUTOPIl JOLIIBHO BHKOPHUCTOBYBATH
pizHOMaHiTHI mporpamHi komiutekcH (AutoCAD Map 3D, Raster Design, Digitals, ArcGIS), siki
JIar0Th 3Mory (hopMmyBaTH TonorpadivHi miaHu B HUQPpoBoMY i TpadigHOMy BUTITISII.

IIporpamue 3a0e3nedeHHs CydacHUX poOOTH30BaHUX €JIEKTPOHHUX TaXEOMETPIB 103BOJISE
BUPILIYBAaTH PAJ 3aBJaHb I€0JE3UYHOro 3abe3rnedeHHs OyHdiBHMIITBA, 30KpPEMa: BHHECEHHS
NPOEKTHUX TOYOK 1 OCell Ha MICIeBICTh, BH3HAYEHHS KOOpPIHHAT HEMPHUCTYTHUX TOYOK,
T€O/IE3NYHNI KOHTPOJb BCTAHOBICHHS IHXKEHEPHUX CIOPYH 1 €JIEeMEHTIB OyIiBelbHUX
KOHCTPYKIIIH Y MPOEKTHE MOJIOKEHHS [21], criocTepexeHHsl 3a OCITaHHSIMHE Ta edopMartissMu
OymiBenb 1 ciopys B peanbHOMY yaci [12] Ta 3a0e3neuye mupoKi MOKIMBOCTI TUCTAHI[IHHOTO
oOMiHy JaHMMH. PoOOTH30BaHI €JEKTPOHHI TaxeoMeTpu YCHIIHO Ta e(EeKTUBHO
CIPABISIOTHCS 1 3 OUTBIIT ceU(IYHIUMH, CKJIaJHUMU Ta TPYAOMICTKUMU 3aBAaHHAMU, TAKUMH,
AK: IPOEKTYBAaHHS aBTONUISAXIB, 3a113HUIb 1 TYHEIIB.

BuOip npunaais Ta o6nagHaHHs, 3a3BUYail, 00yMOBIIOIOTH MOKJIAJI€H] HA HUX 3aBJIaHHS y
Mexax Oromkery OymiBHHUIITBA, a TaKOXK HOPMaTHBHI BUMOTH. BomHowyac 3a J0mOMOTroro
IHHOBAIlIITHOTO O00NaJHAHHS MO’KHA BUKOHYBATH POOOTH, 1110 HE J0 KiHII BUBYEHI B YKpaiHi, a
TOMY HE MalOTh IOIUTY.

Jlo mepeBar enekTpoHHUX TaxeoMmeTpiB BiqHOcHO GNSS-mpuitmauiB 1 BITUIA nanexuTs [22]
MEHIIA 11iHa, IPOT€ BOHU NOTPeOYIOTh HABHOCTI MYHKTIB T€OIE3UYHOI MEPEXki, MIHIMyM JIBOX
(axiBIiB 1 OUTbLIE Yacy /1715l BUKOHAHHS 3HIMAHHS, MOYKJIMBOCTI SIKOTO 3 OJTHI€T CTaHIIi OOMEXeH].

ITepeBaru GNSS-mipuiiMauiB: He 00OB’S3KOBICTH NMPHB’A3KH O T€OJE3UYHOI MEpexi,
MEHIIIa TPUBANICTh 3HIMAHHSA, K€ MOXE 3AiicHIOBaTH ogHa ocoba [23]. HaromicTe Taki
npUIad MOXYTb OyTH 3HAUHO JOPOXKYUMH, HIXK €JIEKTPOHHI TaXEOMETPH.

OueBugnumu € miepeBarn BITJIA: aBromatmuHuii mporiec aepo3HIMaHHS 3 MOMIIUBICTIO
3HIMaHHS 3HaUHUX TEPUTOPIH M7 4ac OTHOIO MOJIBOTY 32 MIHIMAJIBHOIO BIUIUBY CYO’ €KTHBHOTO
monckKoro daktopy. Jlo HenonikiB BITJIA HanexuTh CyTTeBa 3a1€KHICTh BiJI OTOAHUX YMOB [22].

VY nocmimxenHi [12] HarosyouryeTbcs Ha HEOOXIJHOCTI 3acCTOCYBaHHS IEPEIOBUX
TEXHOJOTIM 11st 3abesmedeHHs OyNiBHUITBA aepoNoOpTiB, a caMme: Aaepo3HIMaHHS 3
BukopuctanHsaM BITJIA, iiapHOro 3HIMaHHS BUCOTHUX MEPELIKO/I, Ja3epHOT0 CKaHYBaHHS IS
JIETaTBLHOTO 3HIMAHHS 1 CKJIaIaHHS TUTaHIB ¢acajiB HasBHUX OymiBENb 1 CIIOPYI.

AHani3 cyyacHUX TEHJEHIIM pO3BUTKY EJIEKTPOHHHUX TEOJe3MYHUX MpuiaiaiB [24]
CBIAYUTH NPO 3aBEPILICHHS F'OHKM 3a TOUHICTIO NMPUJIAJiB, SIKa Hapa3i BUCOKa 1 3abe3meuye BCi
notpedu reoxesii. MoaepHrizamiss GNSS—npuiimMadiB crpsiMOBaHa Ha PO3IMIMPEHHS OOCATY
30epiraHHd JaHUX, 3MEHIICHHS BIUIUBY HENOJIKIB CYIyTHHKOBOI'O CHTHANy. PO3BUTOK
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MporpaMHOi YaCTUHU Ta TEXHOJOTIH Bi3yaJbHOTO IIO3MIIIOHYBAaHHA. BaockoHajmeHHs
EJIEKTPOHHHUX TaXEOMETPIB JOCITAETHCS PO3MIMUPEHHAM iX (DYHKIIOHATBHUX MOMIJIMBOCTEH 1
aBTOMaTH3aIlil BUKOHAHHS T€0/IE3MYHUX POOIT.

Bukopucrannsi crenianai3oBaHUX HMPOTPAMHUX KOMIUIEKCIB 1 CHCTEM aBTOMAaTH30BaHOTO
MPOEKTYBAHHS JUISI TIPOEKTYBAaHHS 00’€KTa Ta KaMepalbHOI 0OOPOOKH MOJHLOBUX BHMipIOBAHb
(CREDO T'EHITJIAH, CREDO DIALOGUE Ta iH.) 103BOJIs€ 3a0MaUTH YaC Ha BUKOHAHHS
TEOJIC3UYHMUX POOIT 1 SMEHIIIUTH TpI/IBaJ'IICTB LUKITY «IIPOEKTYBaHHS — BUPOOHUIITBOY [12; 25].

JIig miIBUIEHHS SIKOCTI MPOEKTHUX PIIIeHb 100 OyIiBHHUIITBA aBTOMOOLIBHUX ,Z[Opll" 1
MITyYHUX CIOPYA TPOIOHYEThCA [25] BUKOPHCTOBYBATH €AMHO(POPMATHY HACKPI3HY
AaBTOMAaTH30BaHy 0OpPOOKY pe3yJbTaTiB reoie3NYHIX BUMIPIOBAHb.

HocnimkenHs [3—5] HaroJomyoTh, M0 A0CI HEMA€E €IUHOTO MPOCTOro i e(heKTUBHOTO
piteHHs, sike 6 BpaxoBYBaJIO OCOOIMBOCTI Cy4aCcHUX BHJIIB aepo3HiMaHb, 30kpema 3 BITJIA, ta
MIPOrpaMHUX MOAYJIIB ISl CTBOPEHHS MOJIEJICH MOBEPXHI MiCIIEBOCTI BUCOKOI IIUIBHOCTI DSM,
monenerr penbedy DTM Ta oprodoromnaniB Oe3mocepeiHbO0 B IHCTPYMEHTAIBHUX
reoinpopmaniiiaux cucremax (I'IC).

V 3aranpHiil TeHIEHI] PO3BUTKY T€OMAaTUKU OIHUM 13 MIOMITHUX SIBHII CTaJIa iHTETpaIlist
MeToAiB HU(PoBOi poTorpaMmMeTpii y cepenoBuiie reoinopmaniinux cucrem [4].

VY cknang nporpamHux komiuiekciB ['IC BBoasTbes mnporpamHi (oTtorpamMMmeTpudHi
IHCTPYMEHTH, $Ki 3a0e3MeuyroTh OTPHUMAaHHS BHCOKOTOYHOI TPUBUMIpHOI iHMOpMalii mpo
TEOMETPUYHI TIapaMeTpH OO0 €KTIB MICIEBOCTI 31 3HIMKIB, OTPHUMAaHUX PI3HOTUITHUMH
3HIMaJbHUMHU cucTeMaMHu. lIpukianu Takoi iHTErparmii MOXXKHa CIIOCTEpIraTd B aKTyalbHHX
Bepcisix mporpamuaoro 3abesmedenHs ['IC. Hanpuxitan, mo ckmamy I'IC ArcGIS BxomuTh
nporpaMHuii Moayinb Drone2Map, skuil 1ae 3MOry BUKOHYBATH MOBHHM IUKJI aBTOMAaTHYHOTO
($hOTOrpaMMETPUYHOTO OMPAIFOBAHHS a€PO3HIMKIB.

JIBo- Ta TpHBHMIpHI Mozmemi 00’€KTiB MICIEBOCTi, OpTO(OTOIUIaHH, BEKTOPHI
Kaprorpadiyai JaHi TOINIO OTPUMYIOTh Bifpa3y B CTpPYKTypax i Qopmarax KOHKpPETHOI
incrpymenTansHoi ['IC. Lle BuriaHO BUpi3HSE IHTErpOBaHi pillieHHS BiJ] TPAAULIHHOTO IMITOPTY
B ['IC Ttakux naHuX, OTpUMaHMX CIELiaNi30BaHUM (OTOrpaMMETPUYHUM IPOrPaMHUM
3abe3neueHHsM. [IpoBinHa POJTb TIPOrPaMHOr0 MOJYIIO SIK TIOCTAYATbHUKA JIAHUX UppPOBUX
doTOorpaMMETpUUHUX  CTaHIIH 36ep1ra€Tbc;1 mii ~Yac  BHMKOHAHHS  CKJIQJHUX
(doTorpaMMeTpUYHHX MPOEKTIB. JaH1, oTprMaH1 Ha HU(POBUX POTOrPaMMETPUYHUX CTAHIIAX,
MepeIaroThCs ISl TOAANBIIONO aHalli3y Ta Bi3yaliszallii B reoiHdopmairiitHi cuctemu. Takum
YUHOM, KOMOIHYBaHHsS (POTOTpaMMETPUYHUX METOMIB 1 TeoiH(OpMalIiHUX TEXHOJOTIN
JI03BOJIsIE  3a0e3MeyyBaT MOMIIMBOCTI OTpUMaHHA LUGPPOBUX MoJeNeH MiCLEBOCTI.
[ToganpmiM  eTamoM TEXHOJNOTIYHOI JIaHKKM € TIePeTBOPEHHS TakuX Mojened Ha
KaprorpadiyHuil npoAyKT. [y BeIMKOMAcIITaOHOTO KapTorpadyBaHHsS OCHOBHUM CIIOCOOOM
OTpUMAaHHS KOHTYPHOI YaCTUHU TONOrpadiyHUX IJIaHIB OC1 3aJIUIIAE€THCS PyYHE OKOHTYPEHHSI
JIOANHOIO (omeparopoM) 00’ €KTIB 3a OpTO(OTOIIaHOM ab0 32 aBTOMAaTUYHO CTBOpPEHOI0 3D-
mozesuto. Lg npoueaypa 10ci 3auIaeThCcsl HEAOCTAaTHBO AaBTOMATU30BAHOIO.

B oxpemux Bunajakax iCHytOTb CyTT€BI OOMEKEHHS MOXJIMBOCTI OTPUMAHHS JIOCTOBIPHUX
1 TOYHHX KOHTYpiB 00’ekTiB. Lle cTocyeThcs, Hacammepen, 00’ €KTIB MICIIEBOCTI, 3aKpUTOI
KpOHAaMM DPOCJIMH 1 YacTUHaMHu JaxiB OyniBenb, Akl HaBHcaioTh. Cepen Takux 00 €KTIB
BUJUISIIOTHCS OyI1BII1 (CIOPY/AN), KOHTYPHU SIKUX ITOKa3ylOTh Ha KapTax ¥ MjiaHax BiJIOBIIHO JI0
BHUMOT HaIllOHAJIHUX 1 FaJly3eBUX HOpMAaTuBIiB. B YkpaiHi YMHHI HOPMU BKa3ylOTh, IO KOHTYP
OyaiBii (cropynn) HEoOX1THO HA IUIaHI MOKA3yBaTH 3a MPOEKLIEI0 OKOIS 3 BITOOPaXKEHHIM
BUCTYIIIB Ta 1HIIUX apXiTEKTYPHHUX JeTanel po3MipoM Bia 0,5 MM y maciTali CTBOPIOBAHOTO
wiany [15]. OTxe, y BeIMKUX MaciiTabax KaprorpadyBaHHS OTPUMATH KOPEKTHUI KOHTYD
OyiBIIi (CTIOPY/IM ) CKIAAHO SIK 32 opTooToruianom, Tak i 3a 3D-moxemto DSM. Tlepemkomoro
€ HasBHICTh €JIEMEHTIB KOHCTPYKIIIi 1axiB, sIKi BUCTYTIAIOTh 32 MEXI1 IOKOJTIO OyiBIIi (CTIOpYIH ).
JlonaTkoBi TPyIHOILII BHOCHUTH HAsBHICTh BHUCOKOI JI€PEBHOI POCIMHHOCTI MOpPYyY 31 CTIHAMHU
OyniBenb (cropyn) 1 3aTiHEHUX oOnacTeil (MepTBUX 30H 3HIMAHHS).
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TakuM 4YMHOM, I BHCOKOTOYHOTO KapTorpadyBaHHS OyaiBesb 1 CIOpYH HEOOXimHE
KOMOiHYBaHHS MeTOAIB (hoTorpammeTpii (11 30upanHs iHGOpMaIlii) Ta aHATITUYHUX METOIIB
reoiHpopmaTiky (1711 00poOku iHpopMmarii).

J1o 00’€KTiB MiJIBUIIEHOT CKIAIHOCTI BITHOCATHCS Cy4dacHi CTafiond. MeTouKa 1 TEXHOJIOTis
BUKOHAHHS T€OJIC3MYHIX POOIT HA TaKMX 00’ €KTaX 3aiexarh BiJ MpoekTy OymiBamITBA. [1im yac
OyHIBHMIITBA CTaJIOHY CKJIQIHICTh BHUKOHAHHS TEOJC3UYHHX POOIT TMOB’sA3aHa 31 3HAYHOIO
00OMEKEHICTIO Oe3MMeUHUX 1 HAIMHUX MICIIb JIJIs1 BCTAHOBJICHHSI TTPHJIA/IIB.

HeoOxigHa TOYHICTh BUKOHAHHS PO3MIYYyBaJIbHUX POOIT MiJ yac OymAiBHUIITBA CTaIiOHY
MOXe OyTH NOCATHYTa BHUMIPIOBAHHSIMHU €JIEKTPOHHHM TaXEOMETPOM 3a METOIOM «BLIBHOT
CTaHLii», IKUI T03BOJIsIE BUKOHYBAaTH BUMIPIOBaHHS B OyAb-sKii TOYII CTaAiOHY 1 3a0e3neuye
TOYHICTh BCTAQHOBJICHHSI OTMIOPHUX JAETajel B MPOEKTHE IMOJIOKEHHS y IUIaHI Ha PiBHI 2 MM.
Po3po06ieni MeToau 1 METOMKHM BU3HAYCHHST METAJOKOHCTPYKITiK cTaaiony [10] MoxxyTs OyTr
3aCTOCOBaHI 1111 Yac OyTIBHUIITBA CTAIIOHIB 13 TIOII0HOI KOHCTPYKTHBHOI CXEMOTO.

Ha cyuyacHomy erami po3BUTKY OyniBEeIbHHX TEXHOJOTIM MOTpiOHO BpaxoByBaTH Ta
NPaBWIBHO OIIHIOBATH BIUIMB SKOMOTAa MIMPIIOTO KOJIa 30BHIIIHIX YMHHUKIB Ha TOYHICTh
BUKOHAHHS TEOJIE3WYHHUX pOOIT. 30KpeMa, JOUIBHO [7] BpaxoByBaTH TeMIIEpaTypHI
nedopmarii OyaiBeIbHUX KOHCTPYKIIM MMiJ 4ac BUKOHAHHS 1HXKEHEPHO-TEOJE3MYHUX POOIT.
[IponioHy€eThCSI METOAMKA MONEPEAHBOrO PO3PAXyHKY TOUHOCTI 1H)XKEHEPHO-TeOe3MUHIX
poOIT, IO Ja€ 3MOTYy Ha MiJCTaBi OILIHKM BEIWYMHH BIUIMBY TEeMIIEpaTypHUX Aedopmarliil
OyIiBeNbHUX KOHCTPYKIIIA MPU3HAYATH TOYHICTh BHUKOHAHHS T'€OAC3UYHUX POOIT A BCiel
CHOpPYOM 1 TOYHICTh €IEMEHTIB po3MiuyBambHUX poOiT. I[lpm 1BOMY pO3paxyHOK
TEMIIEpaTypHUX TepeMilieHb OyIiBeTbHUX KOHCTPYKIIH MPOBOIUTHCS 3TIAHO 3 TEOPI€I0
MPY’KHOCTI Ta nepeadadae po3B’sa3aHHs TudepeHIiaIbHUX PIBHIHbD.

Meronuka OOrpyHTYBaHHS TOYHOCTI TEOAE3UYHOr0  3a0e3rneueHHs  OyAiBeTbHHUX
KOHCTPYKIIiii [2] 6a3yeThcs Ha BpaXyBaHHI BILIMBY OXUOOK re0/Ie3NIHUX BUMIPIOBaHb Ha 3MiHY
HAIpY>KEeHO-Ie()OPMOBAHOTO CTaHy KOHCTPYKLII Yy KOMIUIEKCI PO3paxyHKy, OymiBHHUIITBA M
eKcruTyartarii OymiBii (cropymu). HarmpsimamMu TiepcieKTUBHUX JTOCTIKSHD BUIUICHO BCeOiuHE
BpaxyBaHHs HaBaHTaKeHb HAa KOHCTPYKIII0, TOYHE BU3HAUEHHS Bapialliii MOKa3HUKIB MILHOCTI
OeToHy 1 cTai, 3acTocyBaHHs ['ayccoBOro nokasHuKa HaiHOCTI /1711 Oy/iBeNb 1 CIIOPY/L.

VY monorpadii [9] po3misgaeTses miaAXia 10 PO3paxyHKY Ta OLIIHKH TOYHOCTI 1HKEHEPHO-
TEOJIE3UYHUX BHUMIPIOBaHb, 10 0a3yeThCs HA OOMEXKEHHI MOMHUIOK KOHTPOIIO SIK CaMHX
BUMIpPIB y mpoleci iXx 0e3rmocepeHbOoro BUKOHAHHS, TaK 1 MapaMmeTpiB 00’€KTIB Ha CTajli
OyniBHUITBA. BUKiIaneH! pekoMeHJanii 11010 BU3HAUEHHS JOLUIbHUX J0MYCKIB, 00pOOKHU Ta
OLIIHKM TOYHOCTI PEe3yJbTaTiB, 110 BiAOMpPaloThCs 3a HUMHU. HaBeneHO Teopito HOpMyBaHHS
TOYHOCTI BUMIPIOBAJIbHUX 1 OydiBENbHHX oOIepalii Ha OCHOBI OOMExXeHHs a0o MOBHOIO
BUKJIIOUEHHSI HMOBIpHOCTEH MOMMIIOK KOHTPOJIIO ApaMeTpiB CHOPYL, 1O OyAYyIOThCS.

HasiBHI MeToaM BHU3HA4YEHHS IJIAHOBOT'O IOJIOKEHHS IMYHKTIB BHYTPILIHIX I'€0E€3MYHUX
Mepexxk OyliBenb 1 CIOpyd Ha MOHTa)XKHOMY TOPU30HTI (BEPTUKAJIbHOIO ONTHYHOIO YH
Ja3epHOTO MPOELIFOBaHHS, CTPYHHOI BepTHKai a00 CTBOPHO-00EpHEH] JIIHIIHO-KYTOB1 3aCIUKH
€JIEKTPOHHUMH TaxXeoMeTpaMH 3 Ha3eMHHUX IyHKTIB 30BHIIIHBOI T€OJE3WYHOI Mepexi
OyniBenbHOTO MaiinaHumka) [26] 3a0e3nedyroTh cepeiHi KBaJIpaTHUHI MOXHOKM mepenayi
KOOPJIMHAT MMyHKTIB HA MOHTaXHHUH ropu3oHT, BcraHosneHi JIBH B.1.3.2:2010 (5-9 mm) [15].

VY cywyacHuX yMoBax Joci 0aratboM pOOITHHKaM 1 raiay3eBUM (axiBISIM (Iu3aiiHEpaM,
1HXeHepaM, reoie3ucTam) Ha OyaiBeIbHUX MaiiaHyukax 1 B 0Qici TOBOJUTHCS MpaloBaTH 3
narnepoBUMH IJIaHAMHU Ta MepeAaBaTH HEOOXiAHy iH(opMalliio mpo po3TamryBaHHS 00’€KTa
OymiBHUIITBA ocoOucTo. [[7s mMONMIMIIeHHs Takoi cHTyarlii, 3a0e3le4eHHs HAOYHOCTI Ta
MHUTTEBOTO JIOCTYITy /10 iH(popMallii mpornonyethes [8] iHdopmartiiine MoaentoBanHs Oy/iBeIb
1 cropyn 3 BHKOPHUCTaHHSM XMmap. [€o/me3wcT, BHKOPHUCTOBYIOUM ITOJIOBHHA KOHTpOJED 1
crerianbHe IporpaMHe 3abe3neueHHs, Ta poOITHHUK, 3aCTOCOBYIOUYH POOOTH30BAaHUI HAaBIraTop
JUIS PO3MIYyBaHHS Ta BIJIIOBIJHE MpPOrpaMHe 3a0e3MeUeHHs, MOXYTh LIBHAKO OTpUMAaTH
OCTaHHIO iH(pOpMaIlito Ta TOCTYN A0 iHPOpPMaLiifHOT Moei OyiBIII NUTSIXOM MiJ’ €THAHHS JI0
XMapH Oe3nocepeHbo Ha OyIiBEIbHOMY MalJaHYHKY.
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OnHi€lo 3 XapakTepHUX CyYaCHMX TEHJIEHIIM BHKOHAHHSA TeOlEe3MYHHX pOOIT Ha
OyIiBeIbHOMY Mai/IaHYMKy € 3aCTOCYBaHHS TEXHOJIOTiH, SIKI CIPOIIYIOTh Ta MOJETUIYIOTh
po0OOTY reose3ncTa, 30KpeMa: CydacHUX MUBUTFHUX cMapT(oHiB (TuaHmeTiB) Ha 6a31 Android,
SK1 3a JIOMMOMOTOK MOOUTHPHUX 3aCTOCYHKIB CIIPOMOXKHI HE TiJIbKM BHJABaTH 1H(GOpPMAIIIIO B
pPEeXUMI Mepersiay, K 3BHUaiiHi TekcToBi un rpadiuni ¢aitmu (doc, txt, bmp, pdf Tomro), ane i
BUKOHYBATH JIOJJaTKOB1 PO3PaxXyHKH YU MTOOYI0BH y BeKTOpHOMY (popmarti. Tak MoOGibHA Bepcis
nporpamu AutoCAD (GnaCad) no3Bossie mpamtoBatu 3 ¢ainamu y dopmari dxf, dwg ta
BUPINIYBaTH JTOJIATKOBI 3aBaHHs 0€3M0CepeIHbO Ha MicIli BUKOHAHHS po0iT. Takoxk 3axuIieHi
cMapTHOHU MOXKYTh 3aCTOCOBYBATHUCS B AKOCTI KOHTpoJiepiB it GNSS—npuiimauis, ToMy 110
MaroTh yci HeoOXiaH1 GyHKIiI Ta yactotu MobiuTsHOTO 3B’513ky CDMA, GPRS, 3G, 4G, Wi-Fi
TOLIO. 32 PAXyHOK 3aCTOCYBaHHS MMO/II0HUX TEXHOJIOTIYHIX HOBOBBEJCHH CKOPOUYETHCS Yac Ha
BUKOHAHHS 1HXCHEPHO-TCOJAC3UYHUX pOOIT Ta MIJBUIILYETHCS €QPEKTUBHICTE pPOOOTH
reoie3ucTa, 0COOIMBO B yMOBaX BOEHHOIO CTaHy 1 BCTaHOBJIEHHX OOMEKeHb, 0e3 BTpaTu
TOYHOCTI Ta KYyHiBJIl JOPOrOBapTICHOTO CIICHiabHOTO oOOnaaHaHHsa. Hampukian, mpu
CKJIaJIJaHHI TIJIaHy KOJIOH I Yac OyIiBHHMIITBA TOPrOBOTO ILIEHTPY Ha IMOJIbOBI poOOTH Oys10
BuTpadeHo 6 romamH. [lpu mpoMy mparroBasio 1Bo€ mpodeciiHuX Treone3ucTiB (OauH
0e3nmocepeIHbO0 3 ENEKTPOHHUM TaxeoMEeTpOM, APYTruil BUKOHYBAB JOJATKOBI 3aMipu Ha
KoJIOHaxX). B pe3ynbrati BuTparu npauni ckinanu 12 pronuHo-rogauH. [Ipu ckiananHi muiany KoJoH
Ha 1HIIOMY TOJIOHOMY 00’€KTI OTHUM TI'€OJC3MCTOM BUKOPHUCTOBYBABCS 1HIIUN €ICKTPOHHHMA
TaXEOMETP OIHAKOBOI TOYHOCTI, MPOTE 3 MOXKJIMBICTIO poOoTH Oe3 BimdOuBada. BomHouac, OyB
3aCTOCOBAaHUM 1HIMUH METON CKJIaJaHHs TUTaHy (3HIMAHHS 3 PI3HMX CTaHIIHN 13 JOAAaTKOBUM
KOHTPOJIEM), BHACITIIOK YOT0 BUTpAT yacy Oyno Outbmie (8 roguH). [IpoTe, yepe3 BUKOHAHHS
poOIT ONHHMM TMpalliBHUKOM, BHUTPATH TpaIll CTAHOBWIM & JFONWHOTOAMH, IO ITiJIBHIIYE
edexTuBHICTH Tpari y 1,5 pasa.

Kopuchoro mis reomesucta € po3poOka Ta TOCTiMHE YIOCKOHAJCHHS CHEliallbHUX
TCOIC3UYHUX 1 3EMJICBIIOPSIHUX MOOUTBHHMX 3aCTOCYHKIB, IO O€3MOCepeqHbO 3B’s3aHi 3
nyOMiYHUMHU JTaHUMHU Ta JAI0Th 3MOTY MPAIIOBATH 3 PI3HUMH PAaCTPOBUMHU Ta BEKTOPHUMHU
dopmaramu. Tak, nomarox «kagactp UA» H03BOJSE K OTpUMATH 1H(OPMALIIO Yy PEXHUMI
MOLIYKY, HalpHKIaJ] 3a KaZacTpOBUM HOMEpPOM 3€MeNbHOI MAUISHKH, Tak 1 JI0JaTKOBO
3aBaHTAKUTH CBOI J]aH1, HAIPUKJIaa 00’ eMu poOiIT B 0OMIHHOMY (hopMaTi gpX Ta KOHTPOJIIOBATU
npoiiec 6e3mocepeHbO B MOJII.

BripoBamkyeTtncs y TectoBoMy pexkumi [loprai nep:kaBHOT e1eKTpOHHOI crucTeMu y cdepi
OyniBuunTBa [27], mo o00’eqHye Bci eTamu OyIiBHMIITBA Ta JIO3BOJISIE 3IHCHIOBATH
ABTOMAaTUYHUI KOHTPOJIb BiA PO3pOOKH MPOEKTY 1 10 3aBepIIeHHS OyAiBesbHUX poOIT. [IoBHOTI
Ta SKOCTI 1HKEHEPHO-TEeOJIe3MYHOro 3a0e3nedeHHs Oy/liBHUIITBA CIPHUSITHME B TMEPCIEKTHUBI
TaKoX  pO3pOOJICHHS Ta  BOPOBA/DKEHHS  HAIIOHAJIBHOTO  TMOPTAy  HAIllOHAJIBHOL
1H(pPACTPYKTYpH I'€ONPOCTOPOBUX JIaHUX B YKpaiHi [28].

Oco0MBOCTI T€0I€3UYHOTO MOHITOPUHTY MPOTATOM €KCITyaTtauii OyiBenb 1 Copyxq
6arato B 4OMy BU3HAUalOThCs CHEIM(PIKOI0 KOHKPETHOTO 00’ €KTa MOHITOPHUHTY.

Jlnsi BUMIpIOBaHHST B3a€MHOTO TIOJIOKEHHSI OKPEMHX KOHCTPYKIH CKJIaIHUX CIOpYH i
OTIEPATUBHOTO BIJCTEXXEHHs AepOopMallifHUX 3MillleHb MPOMOHYyeThes [1] BUKOpHCTOBYBAaTH
€JIEKTPOHHI aBTOMaTH4HI JaTYMKHU (IHKJIIHOMETPH) BIAXWJIEHb KOHCTPYKIIIM BiJl BEPTUKAJI Ta
TOPU30HTAJIl 3 MOXKJIMBICTIO IUCTAHIIMHOI Mepeaadi JaHuX 1 OMOBILIEHHS PO MEPEBUIICHHS
JOMTyCTUMUX BIIXWJICHb KOHTPOJIBHOTO TIapaMeTpa, IO HAA3BUYAHHO BaXIUBO IS
TEXHOT€HHO Ta ekoyoriuno Hebesneunux 06’ extiB (AEC, TEC, TELL, rpe6mi, nutro3u, miamnipHi
CTIHM 1 1aMOM T1IPOTEXHIYHUX CIOPY/, BIIKOCH Kap €piB, BUCOTHI Oy/IiBIIi, T€JIEBEX1, MOCTOBI
oropu, 0aIToBi KpaHH TOILIO).

Ha npuknani aHamizy pe3yibTaTiB LMKIIB CHOCTEPEXEHb 3a OCIIaHHSAMH CIIOpPYA
TEIUIOLEHTPaJ [6] OOIpYHTOBYEThCS MOTpeda CHCTEMAaTUYHOTO T'e€0Je3UUYHOTO MOHITOPUHTY
CTaHy 00’€KTa JJi1 BUSBIIEHHS XapakTepy Ta IHTEHCHUBHOCTI JAe(popMaliifHUX HpPOLECIB 1
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OCiJlaHb, a TaKOX CKJIagaHHA rpadikiB IUIAHOBO-3aMO0DKHUX pEeMOHTIB. [l HaoyHOTrO
BU3HAUCHHs HAHOUIbII HEOE3MEUHUX JIISTHOK Ha 00’ €KT1 JOCIIKEHHS Ta BUSBIICHHS MPUYNH
MOSIBY TPIIIMH y CTiHAX OyiBesib MOOyI0BaHa KapKacHa MOJIENb 3MIIIEHb 13 BUKOPUCTAHHSIM
MoxuBoCTel nporpamu «3DWireframey.

ABTOMaTH30BaHa CHCTEMa TEOJE3UMYHOTO0 MOHITOPHHIY 3JITHO-TIOCAJKOBUX CMYT
aeponopTiB [29] no3BoJIss€ MIBUAKO BUKOHYBAaTH HIBENIIOBAHHS IOBEPXHI 3 PEryJbOBaHUM
KPOKOM CKaHyBaHHSI B PEKUMI TUCTAHLIHHOTO YIPABIiHHA KOMIUIEKCOM MOOUTBHUX POOOTIB.

BucHoBku. BusHaueHHS ONTHMalbHUX YMOB 3aCTOCYBaHHs, HEOOXiAHOI TOYHOCTI Ta
TEXHOJIOT1i BUKOHAHHS T'€OAC3UYHUX POOIT ITiJT 4ac OyIIBHUIITBA IMBIILHUX 00’ €KTIB MOTPeOy€e
NOAANBIIO] HAYKOBOI pO3poOKM y HaiOmmwk4di poku. [Ipy 1bOMYy MEpCHEKTUBHUM €
KOMOIHYBaHHS Pi3HUX METO/IB, HAIPUKJIal HA3eMHOTO0 J1a3epHoro ckanyBaHHs Ta BIUIA, mis
I1JIBUIIICHHS IBUJIKOCTI BUKOHAHHS Ta 3/ICHIEBICHHS POOIT.

HopmaruBHe 3a0e3neueHHs BUKOHAHHS TEOAC3WYHUX POOIT mig moTped OyaiBHUIITBA
3acTapisie i He BIJMOBIAa€ MOXJIHMBOCTSM CyYaCHUX 3acO0iB T€0IE3MYHOr0 3a0e3meucHHS
OyniBauITBa. HeoOxinHe BIOCKOHAJIECHHS iICHYFOYOrO HOPMATHBHO IPABOBOTO 3a0e3redeHHs
JUIsL BUPILIEHHSI MpoOJieM CydyacHOi iH)KeHEpHOi reopesii B YkpaiHi, a Takok (opMyBaHHS
HOPMATHBHO-TIPABOBUX BHMOT IIOAO0 ()OPMYBAHHS Ta BEICHHS €IUHOI MU(POBOI BEKTOPHOL
MOZIETIi MiCIIeBOCTI YKpaiHH.

OpnHMM 13 OCHOBHHX 3aB/IaHb CHOTOJICHHS 1HXKEHEPHOI reofie3ii B IIOMY € PO3pOOIeHHS
HOBHUX aJTOPUTMIB 1 3ac00iB KOMYHIKalii reofe3ucTiB i OyHiBENbHUKIB 7S IIBHIKOTO
nepeaBaHHs iH(popMallii, CBOEYaCHOTO aHaJIi3y pe3y/IbTaTiB BUMIPIOBAHb Y PEKUMI PealbHOTO
Yyacy Ta BHECEHHs HEOOX1THUX KOPUTYBaHb Y TEXHOJIOTIYHHM mpoliec OyiBHULITBA.

BaxxnuBum 3aBaaHHAM € po3poOKa METOAMK PO3PAXYHKY TOYHOCTI T€0/IE3UUHUX POOIT, SKi
0 KOMIUIEKCHO BPaxOBYBaJIM PO3PaXyHKH 3a MIIIHICTIO Ta HMOBiIpHY BTpary CTiMKOCTi OymiBii
(criopymu) un okpemoi KoHCTpyKIii. [Torpeboro reoge3ndHoro 3ade3neveHHs Oy/IiBHHUIITBA €
IIUPOKE BIIPOBA/KCHHS TEXHOJIOTIN apxiBamii s 30epiraHHs BHKOHABYMX CXEM 1 IJIaHIB
00’€exTiB OyIIBHUIITBA Y CIICIIiaIi30BaHil 0a3i JaHUX.

VY rainy3i ynpasiiHHs Oy/liBEIbHUMH Ta 1HQPACTPYKTYPHUMHU MPOEKTAMH IIEPCIIEKTUBHUMU
€ JOCIIPKeHHs, TIOB’s3aH1 13 MOOYA0BOI0 IHTEPAKTUBHUX iHPOpMALIHHUX Mojeneil OyniBeib
MOTPIOHUMH TSI ILOTO TPUIIaIaMHu.

[ToTpeOyroTh MOMANMBIIOT0 PO3BUTKY AOCTIHKEHHS, TOB’sI3aHI 13 PO3POOKOI0 MOIYJIIB
MPOrPaMHOTO 3a0e3MeUeHHs JJIsl aBTOMaTUYHOTO BpaxyBaHHS BILTUBY Pi3HOMAaHITHUX JIKepe
MOXUOOK B pe3yibraTax reo/Ie3NYHUX BUMIPIOBAHb.
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FEATURES OF APPLICATION OF MODERN GEODESIC TECHNOLOGIES
IN CONSTRUCTING

The article analyzes the general approaches to the application of modern engineering surveying technologies for the
needs of construction in Ukraine.

The study involves a review and analysis of modern research and current regulatory requirements in the field of geodetic
support of the construction process.

The development of engineering surveying in Ukraine is characterized by the lag of the current norms of geodetic support
of construction from the latest measuring instruments and geodetic technologies.

To improve the accuracy of work and reduce its performance time, it is necessary to use modern advances in science and
technology.

In case of necessity of updating of planning and cartographic material the actual question of a choice of means and
technology of performance of topographic survey for drawing up of topographic plans of scale 1:500 arises. In the process of
high-precision mapping of buildings and structures for the collection and processing of information requires a combination of
methods of photogrammetry and analytical methods of geoinformatics.

Electronic automatic sensors of deviations of structures from vertical and horizontal with the possibility of remote data
transmission and notification of exceeding the permissible deviations of the control parameter are used to measure the relative
position of individual structures of complex structures and operational tracking of deformation displacements.

At the present stage of development of construction technologies it is necessary to take into account and correctly assess
the impact of the widest possible range of external factors on the accuracy of geodetic works.

One of the main tasks of today's engineering surveying in general is to develop new algorithms and means of
communication for surveyors and builders for rapid transmission of information, timely analysis of real-time measurement
results and making necessary adjustments to the construction process.

Research related to the development of software modules to automatically take into account the impact of various sources
of error in the results of geodetic measurements requires further development.

The article is a publication of scientific and methodical character.

Keywords: engineering surveying, construction, modern geodetic technologies, buildings and structures.
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JTAHAMIKA TA IIPOCTOPOBUI PO3IIO/IL]I 3EMEJIb
MPUPOJHO-3AMOBITHOI'O ®OHY MOJTABCHKOI OBJIACTI

Pozensnymo ounamixy cmeopenns 06 €kmie npupooHo-3ano8ionozo ¢ondy (I13®) 3a 1990-2020 poxu. Busnauerno cy-
uacuy cmpykmypy semenv [13®@ [lonmascvkoi obnacmi 3a kamezopiamu 06 'ekmis, axa Haaiuye 393 oounuyi mepumopii ma
006 'ekmig 3aeanvroto nnowero 142 789,7562 ea, wo cmanosums 4,96 % 6i0 3aeanvroi niowi obnacmi. 3a ymounenumu OaHUMU
30IUICHEHO PO3NOOLL NPOCMOPOBO20 POIMAULYE8AHHS mepumopii ma 06 ‘exkmis 113D 0o ma nicia nposedenrns admiHicmpamu-
6HO-mepumopianvroi peghopmu. Oyineno mepumopii pationie obaacmi 3a 8i0COMKOM 3aN08IOHOCHI, IHOEKCOM THCYIAPU308a-
HOCMI Ma 3a2anibHUM NOKAZHUKOM wintbHocmi 06 ‘exmie [13® na mepumopii oonacmi. Ompumani pe3yivmamu npocmopoeozo
po3nodiny zemens [13@ moscyms 6ymu guKopucmani 0t RPULHAMMSL YAPAGIIHCOKUX PilleHb MEPUMOopiaibHUMU 2PoMaoamu
WLIAXOM CMBOPEHHA HOBUX a0 006 €OHanHA HaasHux kamezopitl [13®.

Knrwuosi cnosa: npupoono-3anosionuii hoHo; kadacmp, 3eMueycmpiti i MOHIMOPUHE 3eMelb.

Puc.: 2. Tabn.: 4. bion.: 19.

AKTyaJabHicTh TeMH aocimxkenHs. [Ipuponno-3anoBinauit poun (I13P) oxopoHseTscs
SK HallloHaJIbHEe HaJ0aHHs, II0/10 SKOr0 BCTAaHOBJIEHO OCOOJMBUN PEXUM OXOPOHHM, BiJITBO-
PEHHs 1 BUKOpUCTaHHs. YKpaiHa po3misiiae el poHA SK CKIIaJ0BY YaCTHHY CBITOBOI CUCTEMHU
IPUPOTHUX TEPUTOPIid. PO3BUTOK CHCTEMH MPUPOTOOXOPOHHUX TEPUTOPIN € BaXIIUBOIO MEpe-
JTYMOBOIO JIJ1s 3a0€31eUeHHS CTajJoro po3BUTKY KpaiHu.

Jlep’kaBHOIO CTpaTeri€l0 perioHaibHOro po3BUTKy Ha 2021-2027 poku, 3aTBEPIHKEHOIO
nocraHoBoto Kabinery MinictpiB Big 5 cepras 2020 poky Ne 695, nepenbadeHo po3IMHpeHHs
ot I13® o 15 % Bix 3araneHoi Teputopii kpainu y 2027 poui [1].

Lle#t moka3HUK € Iy’Ke BaXKJIMBUM €KOJIOTTYHUM 1 COIIaTbHUM 1HAMKATOPOM, IiIBUIIICHHS
SKOTO CIIPHSIE MIATPUMAHHIO €KOJOTTYHOIo OajgaHCy €KOCHUCTEM Ta €KOJIOTT4YHIM cTaOlIbHOCTI
teputopiid. Tak, KoHBeH11i€0 po 0XOpoHY 010J0TYHOTO PI3HOMAHITTS, CTOPOHAMHU sIKOi € 196
KpaiHM CBITY, cepel sIKMX 1 YKpaiHa, IOCTaBJIE€HO 3aBJaHHSA CTBOPUTH CUCTEMY MPHUPOI00XO-
pPOHHUX TepuTopiit Ha ol 17 % cyxomony Ta 10 % Mopchkux akBaTopiii [1].

IMocranoBka mpodiaemu. /[ Teputopii IlonTaBchkoi o0nmacTi BCTaHOBJIEHI OCOOIMBOCTI
MPOCTOPOBOTO PO3MOALTY KaTeropiii 00’ €KTiB 3eMelb MPUPOAHO-3aMOBIAHOTO (POHTY 10 Ta MiCis
MPOBEACHHS a/IMIHICTPaTUBHO-TEPUTOPiasIbHOI pepopmu. OTpuMaHi pe3ysbTaTy 00 JUHAMIKU
Ta posranryBaHHs 00’ ekTiB [13® OynyTs cayryBaTH A5 MOAATIBIINX YIPABIIHCHKHUX PIILIEHDb 3 Me-
TOIO PE3epBYBAHHS Ta PO3LIMPEHHS 1€l Kareropii 3emMenb. Bukoprcrani METOM TOCTIPKEHHS —
AHAJIITUYHO-I1arHOCTUYHUHN, IOPIBHSIBHUH, eKCTIEAUIIIHHI (TIOLOBUI) Ta KapTorpadiuyHuii.

© Hapist I'anbuenko, Onena Kitoka, Banentun Kosaps, Bonogumup baxapes, 2022

210


mailto:nadingal9@gmail.com
http://orcid.org/0000-0003-2659-177X
mailto:klyukalena@gmail.com
http://orcid.org/0000-0002-9250-1157
http://www.scopus.com/inward/authorDetails.url?authorID=57245385300&partnerID=MN8TOARS
mailto:v.kozar@meta.ua
http://orcid.org/0000-0003-4084-3507
mailto:v.s.baharev@gmail.com
http://orcid.org/0000-0001-9312-654X

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

AHaJi3 ocTaHHIX 10CTiKeHb i myOmikanii. AHami3y 3emMens TPUPOIHO-3aI0BITHOTO (DOHTY
obmactelt YkpaiHu mpuCBSYEH] mparli 6aratbox ydeHuX. Bimbmicte poOIiT OpieHTOBaHI Ha MicIe-
po3TanryBaHHA 1 pernpe3enTaTuBHICTh 00°ekTiB [13®. 30kpema, st repuropii [lontaBepkoi oOma-
CT1 IPUIUISIIM yBary CTBOPSHHIO Ta PO3IIMPEHHI0 HasiBHUX 00’ €kTiB [13D. YV MoHOorpadii [2] oxa-
paktepu3oBaHo 00’extu [13®d 3aranpHONEpkaBHOTO 3HAUeHHs [lonTaBchKO1 001acTi.

Y monorpadii [3] BHKIaIeHO HAayKOBO-OpraHizamiiiHi 3acaam po30ydoBH perioHaIbHOI
E€KOMEPEXKi, pe3yJIbTaTH aHai3y Cyd4acHOTO CTaHy MPHUPOIHO-3AIOBITHOT MEPEXI PETIOHY.

ABtopamu 31ificHeno anaini3 monao crBoperns P «agsupkuii» [4]. Takox npoananizo-
BaHO cyuyacHoro crany PJII «agsupkuii» B. B. MoBuanom y crarTi [5] 1 po3po0iieHo pekome-
Haamii oxo onTuMizarii 1soro 00’ exra.

H. O. Cmonsap Hagae xapakTepucTuKy st ctBopeHHs HoBuX 00’ekTiB [13® ITonraBchkoi
o6macTi, 3aka3Huk «Imboka JlomunHay [6], a Takox H. O. Cmomsip 1 O. P. Xannanosa [7] xapa-
KTEpHU3YIOTh HasIBHUH JTaH{IIad THHIA 3aKa3HUK MICIIEBOTO 3HaUeHHs «Beceno-Mupcokey, skuit
yBiitmoB 1o Teputopii PJIIT «agsiubkuii.

V crarri [8] T. B. Caxniok, A. O. KopHyc 31iiCHIIN KUTBKICHY 1 SIKICHY OLIIHKY €JIEMEHTIB
3aMoBITHUX TEPUTOPIii, a TaKOXk MPOCTOPOBOro po3mimieHHs: mepexi [13d JloxBuipkoro paii-
ony IlonTaBcrkoi ob6macTi.

C. M. [Tanuenko y crarti [9] 3aiiicHuB onuc Guiopu Ta POCIMHHOCTI TEPUTOPIT MPOEKTO-
Ba”oro HIIII y JloxBumpkomy paiioni [lonraBcbkoi o0macTi.

JlocBin reoingopmaniiHoro KapTorpadyBaHHs 3eMellb PUPOTHO-3aMI0BITHOTO POHIY PO-
3mIsTHYTHH y poOoTti aBropiB €. bonnapenko i M. Kupumok [10]. ABTOpH pO3IISIHYIH METO-
JOJIOT1YH1 0COOIUBOCTI KapTorpadyBaHHS IPUPOTHO-3aM0BITHOTO (GoHAY YKpaiHU SK IHCTPY-
MEHTIB CTBOPEHHS TEeMAaTHYHOI 1HTEPAKTHBHOI KapTH 3a3HaueHuX 00’ekTiB y I[lonTaBchbKiit
obnacti. [i BU3HaueHO fK cyyacHuMii KapTorpadiuHuii cepsic, IO € Pe3yIsTaToM poOOTH Ta
IHHOBAIITHUM 1 JI€BUM 3aCO00M PI3HOMAHITHOTO MPHUKIATHOTO 3aCTOCYBaHHS, 30KpEMa MOHi-
TOPHUHTY CTaHy MPHPOIHO-3AMOBIIHUX TEPUTOPIN Ta YIIPABIiHHS 3€MEIbHIMH PECYPCAMU pe-
TiOHY 3arajioM.

E. bonnapenko, M. Kupumtok y crarti [11] po3misiHy/IM IUTaHHS OPOEKTYBaHHS 0a3u Jia-
HUX 00’€KTiB MpHUpoAHO-3anoBiaHoro ¢ouay Ykpainu (II3®DY) B IlonraBcekiit obnacti, 1Mo
cTano iHGOpMAIlIITHOIO OCHOBOIO IS YKJIaJIaHHS BIAMNOBIIHOI IHTEPAKTUBHOI KapTH — €JIEKT-
POHHOI KapTorpadiuHoi MOJIEN, IKa XapaKTepU3yEeThCsl PEKUMOM JTBOCTOPOHHBOI J11aJ10rOBOT
B3a€MO/11i KOpHCTyBaya Ta IpOrpaMHO-TEXHIUHOTO 3a0e31eueHHs ii QyHKI10HYBaHHS, [Ipe/icTa-
BJISIFOYM cO0010 Bi3yalbHy 1H(pOpMaIliiiHy cuctemy.

JI. M. Tumormenko [12] akiieHTyBaB yBary Ha 3€JIEHUX Haca/DKEHHSIX MICT 1 IPUJIEIVINX J10
HUX JIICOBHUX MACHUBIB, K1 BXOAAThH 10 CKJIay Oy(epHHUX 30H Ha MepexpecTi perioHaJbHUX Ta
HaIIOHAIBHUX €KOKOPHUIOPIB SIK TEPUTOPIl, EPCIEKTUBHUX UI PO3LMIMPEHHS MPUPOIHO-3a-
nosigHoro gouay IlonraBcbkoi 06macTi.

VY crarti YnoBuuenko B. B. [13] Bu3Haumiu cyyacHy CTpYKTYpY HPHUPOIHO-3aII0BITHOTO
donny (I13D) Teputopii JliBoObepekHOT YKpaiHu K BaKJIMBOi OCHOBU pO30Yy/I0BH €KOMEpexi
periony Ha OCHOBI 300py, Bepudikauii i1 aHamizy JaHUX HPO MPOCTOPOBY CTPYKTypy HOro
00’€KTiB pi3HOrO cTatycy uuisixom 3acrocyBants ['IC-nakery Maplnfo Professional 10.0.1.

Astopu H. I'anbuenko, B. Inpuenko, O. Mynpaxk, I. Mynpak [14] ans reputopii LlenTpaib-
Horo Jlicocteny (Binnuipbka, Yepkacbka Ta [lontaBcbka 065acTi) 341HCHIIIN aHa13 CTPYKTYpH
3eMellb MPUPOTHO-3ATIOBITHOTO (POHITY.

I. B. JIutoBuenko, M. M. JloreuH y ctarTi [15] po3misiHynu, 110 PO3BUTOK €KOTYPH3MY B
CBITI TICHO OB’ A3aHUH 13 (POPMYBAaHHIM CUCTEMHU IPUPOAHO-3aMOBIAHUX TEPUTOPIH — PUpO-
JTHUX pe3epBaTiB, HAIllOHAJIILHUX MapKiB, TaM’ ITHUKIB pUpoaH i iH. [IpoananizoBano 00’ ekTu
[13® INonTaBchkoi obmacTi cranom Ha 2011 pik.
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BujineHnsi HelOCiIKeHUX YACTHH 3arajbHoOi npooduaemu. [IpoBenenuii anamiz ocTan-
HIX JOCJIDKEHb 1 MyOmiKaIiid 1mokasas, 0 MOMPU 3HAYYIIICTh 1 BarOMICTh YK€ 3MIMCHEHUX
JIOCITIDKEHb, TTPOOJIEMH MPOCTOPOBOTO po3noauty 00’ ekTiB [13d IlonaTaBchkoi obmacTi micis
NPOBENEHHS aMiHICTPaTUBHO-TEPUTOPiaIbHOI peOpMU BHBYEHA HEJOCTATHBO Ta MOTpelye
CYy4YaCHOT'O OHOBJICHOTO aHalli3y.

MerToro 10c/TiIzKeHb € aHalli3 TMHaMIKK 00’ €KTiB TPUPOAHO-3anoBigHOr0 hoHTy 3a 1990-
2020 pok#u Ta X IPOCTOPOBHI PO3MOLT 0 Ta MICHA 3AICHEHHS aJMIHICTpaTUBHO-TEpPUTOpia-
apHOI pedopmu [lonTaBcbKoi 0bmacTi.

Buxaan ocHoBHoro marepiasy. 3rigHo 31 cT. 43 3eMenbHOTO Kojiekey Ykpainu [16], 4. 1
cT. 7 3akony Ykpainu «IIpo npupomno-3anoBigauii Goua Ykpainm» [17] Ta 4. 1 ct. 61 3akony
VYkpaiau «IIpo 0XOpoHY HaBKOJMIIHBOTO MPHPOAHOTO CEPEIOBUIIA», 3€MJIi IPUPOAHO-3AI10-
BiIHOTO (DOHIY — 1€ AUISHKH CyIIi 1 BOAHOTO MPOCTOPY 3 NMPUPOJHUMH KOMIUIEKCAMHU Ta
00’€exTamu, 1110 MalOTh 0OCOOJIMBY MPUPOJOOXOPOHHY, €KOJIOTTUHY, HAYKOBY, ECTETHYHY, peKpe-
alliifHy Ta iHIIy HIHHICTH, SIKAUM BiJIOBIJHO /10 3aKOHY HaJIaHO CTaTyC TEPUTOPIii Ta 00'€KTiB
MPUPOTHO-3aMOBITHOTO hoHy [18].

BinnoBinuo 1o ct. 44 3emenbHoro kojekcy Ykpainu, «Jlo ckiamy 3emens MpHpOaHO-3aI10-
BifiHOTO (POHIY BXOISTH MPHPOAHI TEPUTOPIl Ta 00’ €KTH (PUPOAHI 3aMOBIJHUKH, HALlIOHATIbHI
NPUPOIHI apKH, OiocdepHi 3armoBiHUKH, peTiIOHATBHI JaHAIIadTHI MAPKH, 3aKa3HUKH, 1AM SITKA
MIPUPOJI, 3aMIOBIHI YPOUHIIA), @ TAKOXK IITYYHO CTBOPEHi 00 eKTH (OOTaHiuHI cajiu, AEHAPOIOTI-
YHI TTApKH, 300JIOTTYHI MTAPKH, TTAPKU-TIaM SITKH CaJI0BO-ITAPKOBOT'O MHUCTEITBA)» [16].

3a pesynbratamu [ 1] naHux oOiKy TepUTOPii Ta 00’ €KTiB IPUPOIHO-3aMIOBIIHOTO (HOHTY,
MOJJaHNX OpraHaMu BUKOHABYOI BJIaJI1 Ha MiCIIEBOMY PiBHI, 1110 3a0€3Me4yI0Th peasi3allito aep-
JKaBHOI MOMITUKH Yy chepl OXOPOHH HABKOJIMIIHHOTO MPHUPOJHOTO CEPEIOBHINA, CTAHOM Ha
01.01.2021 I13® VYkpainu mae B cBoeMy ckiazi 8633 Teputopii Ta 00’€KTIB (PaKTUIHOIO TLIO-
mieto 4 105 522,247 ra ta 402 500,0 ra B mexxax akBaropii YopHoro mopsi. BinqHomenns ¢dak-
TUYHOI IJIOL TPUPOTHO-3aMIOBITHOTO (JOHAY A0 TUIONI AepKaBH («IIOKa3HUK 3aIOBITHOCTI)
CTaHOBHUTE 6,8 %.

binbiie nonoBunm (62,7 %) mutomi [13® Ykpainu 3aiimaroTh TepuTOpii Ta 00’ €KTH 3aralib-
Hozep>kaBHOTro 3HaueHHs. Cepen HuX 19 nmpupoauux 1 5 6iocepHux 3amoBiAHUKIB, 53 Hario-
HaJIbHI TIpUpPONHI Napku, 328 3aka3HukiB, 136 mam’sTok npupoau, 18 G6oraniyHux canuis, 20
JIEHPOJIOTIYHUX Ta 7 300JI0TTYHHX MapKiB, 90 mapKiB-mam’ITOK CaJ0BO-IIaPKOBOTO MUCTEITBA.
3aranpHa IJI0MIA TEPUTOPIN MPHUPOIHO-3AMOBIIHOTO (DOHAY 3aralbHOIEPKAaBHOTO 3HAYCHHS
ctaHoBuTh 2 977 006,19 ra, micuieoro — 1 910 517,58 ra [1].

[TonTaBchka 06acTh PO3TALIOBaHA B IIEHTPAJIbHIN YacTHHI YKpaiHU B JIICOCTENOBIH 30H1
3 OMipHO-KOHTUHEHTAILHUM KIiMaToM. ITnomma o61acTi cTaHOBUTE 28,75 THC. kM2, 260 4,6 %
wionli YkpaiHu.

3niiiCHEeHUI aHali3 AMHAMIKA 3eMelb MpUpOIHO-3anoBigHoro ¢oumay 1990-2020 pokwu.
Cranom Ha 01.01.2021 I13® ITonTaBchkoi obmacTi Haiiuye 393 oguHUII TEPUTOPiN Ta 00’ €KTIB
3arajibHOI0 Tuioniero 142 789,7562 ra, mo cknanae 4,96 % Bix 3aranpHoi muronii oomacTi [19].
Pesynsratu nunamiku 3emens [13® obnacti HaBeneHi y Tabmummi 1.

Tabnuysa 1 — {unamika 3a kitekicmio 06 'exmis [13D

Pik HIIII PJII | IIIICOM Al BC 3y I 3K Ycboro
1990 - - 16 1 - 10 80 45 152
1995 - 1 17 1 - 49 113 147 328
2000 - - 18 1 - 51 114 155 339
2010 1 3 18 1 1 47 122 170 363
2015 2 4 18 2 1 48 135 176 386
2017 2 5 18 3 1 48 135 176 388
2018 2 5 17 3 1 48 135 178 389
2019 2 5 17 3 1 48 137 178 391
2020 2 5 17 3 1 48 138 179 393

Jxepeno: po3po0iieHO aBTOpaMH.
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3aKka3HUKH, TTaM ITKU IPUPOJH, OOTaHIYHI CaaM, IEHAPOIOTTUHI MapKH, 300JI0T1YHI MApKH
Ta MapKU-TIaM'STKH CaJJ0BO-IIAPKOBOIO MHUCTEITBA 3aJIC)KHO BiJ] 1X €KOJOT1YHOI Ta HAyKOBO,
1CTOPUKO-KYJIBTYPHOI IIHHOCTI MOKYTh OyTH 3arajibHOIEPKaBHOTO a00 MiCIIEBOTO 3HAYCHHS.
[ndopmartis cuctemaTn3oBaHa y Tadmuii 2.

Tabauys 2 — Kadacmp 3emensy npupoOHo-3ano8ioHoco Goudy obaacmi cmaHom Ha
01.01.2021 p.

3arajibHO/eP:KABHOTO .
No . MicueBoro 3Ha4eHHsI
s/t HaiimenyBaHnHs KaTeropii _ 3HAYEHHA . .
KUIBKiCTD ILIOLIA, T2 KUIbKiCTH ILIOLIA, T2
1 |HamioHanbHI NPUPOIHI MAPKH 2 22 792,62 - -
2 | PerioHanbHi nanamadTHI TapKH - - 5 53 056,45
3 |3aka3HMKU — YCBOTO, Y T. 4. 20 41 226,9 159 38 492,3048
3.1 nanamadTHi 9 32 669,7 53 19 516,4248
3.2 OoTaHiuHi 1 640,0 38 5213,34
3.3 3arajJbHO300JI0TTYH1 1 785,0 7 1614,2
34 OPHITOJIOTIYHI 2 589,2 2 101,5
35 T1IPOJIOTIYHI 7 6543,0 52 9505,84
3.6 JIiCOBi - - 3 2373,7
3.7 €HTOMOJIOTIYHI - - 4 167,3
4 |Ilam’SITKM IPUPOJM — YCHOTO, Y T. Y. 1 145,0 137 1739,0249
41 OoTaHiuHi 1 145,0 110 1568,0149
4.2 KOMILIEKCHI - - 13 115,34
4.3 300JI0T14HI - - 2 7,42
4.4 T1IPOJIOTIYHI - - 3 2,4
45 reosIoriuni - - 9 45,85
5 |3anoiaHi ypouumna - - 48 7116,2
6 |Boraniuni cagu 1 18,0 - -
7 | JenaposorivuHi napku 2 20,9 1 7,6365
8 |IMapku-nam’sITKU Ca[0BO-MTAPKOBOI'O MHCTE- 4 4425 13 179,64
LTBa
Pazom 30 64 645,92 363 100 591,2562
@akrryna mioma [13® (cymapna moma te- 30 50 958,62 363 91 831,1362
puropiii Ta 00’exriB [13® 6e3 ypaxyBaHHs
ol Tx 06’ exTiB 13D, 110 BXOAATH 10
CKJIay TepuTopil iHmmx 00’ exTiB [13D)

Moxepeno: [19].

Ha rtepuropii IlontaBcekoi obnacti € 00’extu [13®: HanioHanbHUN NPUPOIHUN MapK
(HIIII), perionansuumii nanamadtauit napk (PJIIT), nennponapxk (A1), 6oraniunuii cag (bC),
3anoBigHe ypouuile (3Y), 3aka3nuk (3K), nam’sarka npuponu (I1I1), mapk mam’siTka cagoBo-
napkoBoro muctenrsa (IIIICIIM).

[Tnoma mnpuponHo-3amoBiHOrO (oHIY 00NacTi 3arajibHOAEP)KABHOIO 3HAYEHHS —
50 958,62 ra, a6o 1,77 % Bix 3aragbpHOI IIOIN 007aCTi, a BIAIOBIAHO MICIIEBOrO 3HAYEHHS
91 831,1362 ra, a6o 3,19 %.

Hait6inpmy kinmpkicTh cepen; 00’ extiB [13® obnacTi MaroTh 3aka3Huku (179) 1 3aiimaroTh
oy 55,8 % Big [13® ob6nacri.

st aranizy mpocTopoBoro po3mnoaury 3emens [13d 1 mopiBHSHHS MOKa3HUKIB 3aMIOBITHO-
cT1 06nacTi nmpoBoArMO aHaui3 3emeib [13D y po3pisi aaMiHICTpaTUBHUX PalOHIB, 10 Ta MICIS
aJMIHICTpaTUBHO-TEpUTOpiaIbHOI pedopMmu. Jlo nmpoBeneHHs aAMiHICTPaTUBHO-TEPUTOPIaIIb-
HOI pedopmu Ha TepHuTopii odnacti Oyno 25 paiionis, a micis 4 paiionu: [lonraBcekuii (ITon-
TaBchbkuil, Pemeruniscekuii, HoBocamxkapcrkuit, Kobensipkuii, MamiBchkuii, KapmiBchkui,
YytiBcbkuii, KoreneBcbkuii, 3inbKiBcbkui, Jlukancekuit), Kpemenuyupkuii (KpemeHuynbkuid,
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I'mo6uncekuii. CemeniBchkuit, Kozenbumnacbkuii), Mupropoacskuii (Mupropozacbkuii, Jloxsu-
upkuit, Nagspkuii, [Humanekuii, Benmukobarayancekuii), Jlyoencekuii (Jlyoencwrkuii, Yop-
HyXUHChKUH, [TupsaTuHchkuit, OpKULbKuid, XOpOoabChKHUM, [ peOTHKIBCHKHIA).

Tabnuys 3 — [Ipocmoposuti po3noodin 06 ’ekmie [13D (kinokicmv/niowa)

. Hoarascbkuii Kpemenuyunb- Mmupropoacs- Jlyb0eHcbkumit
HaiimenyBaHHs KaTeropii . o . . .
paiion KUl paiioH KUl pailoH paiion
HartioHasnpHi mpupoIHi mapKu -/- 1/6330,2 -/- 2/16210,62
PerionanbHi manamadTHi TapKu 2/35145,0 2/5108,15 1/12803,3 -/-
3aKa3sHUKH — YCHOTO, V T. 1. 70/20816,68 32/35675,6 33/11629,0 41/10226,4
nauamadTHi 24/10851,9 13/30550,8 14/6402,3 7/3078,7
OoTaHiuHi 19/3015,64 4/367,6 13/2204,4 4/200,5
3araJIbHO300JI0TI9H1 6/1595,2 -/- 1/55,0 1/746,0
OPHITOJIOTIYHI 3/551,5 1/139,20 -/- -/-
Tiaposorivni 16/2547,54 14/4618,0 4/2872,5 25/6009,9
JicoBi 1/2243,0 -/- 1/94,8 1/35,9
€HTOMOJIOTIYHI 1/11,9 -/- -/- 3/155,4
ITam’TKM IPUPOAH — YCBOTO, Y
T. 4. 52/287,97 11/46,46 36/303,47 37/1240,35
OoTaHiyHi 47/248,57 6/31,91 28/266,05 28/1161,53
KOMIUIEKCHI 3/38,7 1/7,0 3/20,32 6/48,5
300JI0T14HI -/- -/- -/- 2/7,42
TiIpOoJIOriuHi 1/0,2 -/- 2/2,2 -/-
reoJIoriuHi 1/0,50 4/7,55 3/14,9 1/22,9
3anoBifHi ypouuina 8/1120,6 3/296,6 17/2830,0 20/2868,8
BoraniuHi canu -/- -/- -/- 1/18,0
Jlenaposoriuni mapku -/- 1/8,90 -/- 1/7,6365
ITapxu-niamM’sITKH caJJ0BO-TIAPKO-
BOT'O MUCTELITBA 7/393,55 2/52,19 1/77,0 4/111,4

Jxepeno: po3po0ieHO aBTOpaMH.

Jlo npoBeeHHs aAMIHICTPAaTUBHO-TEPUTOPIaIbHOT pe(hOPMH Y BOCBMH aIMIHICTPATUBHUX
paiionax [lontaBmuuu (32,0 %) y dyHkuioHansHii cTpykTypi [13® nepeBakae moeaHaHHs
JIBOX 1 TPbOX 3aIOBIIHUX KaTeropii 13 OMMHAALSTHA HassBHUX B YKpaiHi Ta BOCBMHU HasiBHUX Ha
teputopii oomacTi. llle wotupu paitonu (16,0 %) MaroTh MoeTHAHHS YOTUPHOX 3AMOBITHUX Ka-
Teropid. Y m’atu aamiHiCTpaTUBHUX parioHax obmacti (20,0 %) dyHKIIOHANBHA CTPYKTYpa
[13® npencrasiieHa MOEAHAHHAM I’ SITH 3allOBIAHUX Kareropiid. Ilicis mpoBeneHHs aaMiHICT-
paTUBHO-TEPUTOPIATILHOI peopMH JBa pailOHU MarOTh MO I’ATh 1 1Ba pailOHNW MarOTh MO CIM
3aIOBIIHUX KaTETOPIM.

AnMiHICTpaTUBHI pailoHn 001acTi 3a KUIBKICTIO 3alI0BITHUX 00’ €KTiB MalOTh HalIomupe-
HIllly TUIOJIOTIYHY TPYITy, Ky (POPMYIOTh PaiOHM 3 KUIBKICTIO 3alIOBIIHUX 00 €KTIB B MEXax
11-20 (14 anMiHicTpaTUBHUX paiioHiB). HasBHICTb cemMH aMiHICTpaTUBHUX PAalOHIB 13 KiJIbKi-
cTio 00’ekTiB [13® MeHIIe necsaTH BKa3zye Ha HEJOCTATHICTIO BUBUYEHICTh TEPUTOPIi NEpCIIeK-
TUBHUX /7151 3a110B1IaHHA. YOoTHpHU pallOHH MalOTh HaOUIbITY KUTBKICTh 00’ €KTiB — 11e JlyOeH-
cbkuit, Xoponbchkuii, [lonTaBchkui, ['ansmpkuii palioHu 3 BIAMOBITHUMH MTOKa3HUKaMu — 21,
23,43, 47 oquHUIIb.

Jnst HaouHOTO 300pa’keHHs PO3MOALTY BIACOTKY 3aM0OBIIHOCTI /i TepuTopii [lonTaBchkoi
oOnacTi HaMu 1oOy/10BaHI TEMaTUYHI KapTH MPOCTOPOBOro po3nozairy 06’ extiB [13d. Ha puc. 1
IPEACTaBICHO PO3MO/LT 3a BiICOTKOM 3amoBigHOCTI A7 [lonTaBchkoi 00nacTi 10 MpoBeIeHHs
a/IMIHICTPaTUBHO-TEPUTOPiaIbHOT pepopMu, a Ha pHC. 2 BiACOTOK 3aMOBIIHOCTI MICJsI POBE-
JeHHS pepopMmu.

214



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

|:| mo 1.0%
[ isize%

B oii20%
- noman 12,1 %

Puc. 1. Po3nodin giocomka 3anogioHocmi 00 a0MIiHICMpamusHo-mepumopiaivHoi pegpopmu

Kputepiem ananisy HasBHOT Mepesxi TepuTopii Ta 00’ ektiB I13®P obnacti € Tumnosoris aj-
MiHICTpaTUBHUX PAaiOHIB 32 YaCTKOIO 3aMOBIIHUX TEPUTOPIii y 3aranbHii miomi. [Tnoma [13D
[TonTaBcbkoi 061acTi po3MoiieHa JOCUTh HEPIBHOMIPHO. BiICOTOK 3amOBITHOCTI — 11€ BiIHO-
mienHst wionii [13® go mmomi aaMiHiCTpaTHBHO-TEpUTOpiaNbHOI ofguHwMI. Hampukinan, aBa
paiionu I'pedinkiBebkuii (0,8 %) 1 Mupropoacskuii (0,88 %) MaroTh HEMPUIYCTUMO HU3BKHUHA
CTYIIIHB 3aITOBITHOCTI TepHUTOpii — MeHIre 3a 1 %, ciM pailoHIB MalOTh CTYITiHb 3aIT0BiTHOCTI B
Mmexax 1-2 %. Y 4oTUpbOX aJMiHICTpAaTUBHUX PaiOHAX CTYIIHb 3alOBIJHOCTI TEPUTOPIi € BU-
MM 3a yKpaiHCchkuii okasHuk 8,1—12 %, toxi sik y [upstuacekomy paiioni (18,79 %) i du-
kaHcekoMy (17,92 %) 11e#i moka3HHUK AOCAT €BpONENchKoro piBHA — BuIe (15 %).

Puc. 2. Po3nodin éiocomxkie 3ano8ioHocmi niciist aOMiHICMpamueHo-mepumopiaibHoi peghopmu
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Po3paxoBaHo iHJEKC IHCYIIPU30BAHOCTI HEBEIUKHUX 3a Tuionieto [13d, siki He BUKOHYIOTh
CBOIX (DYHKIIIH, 1110 CBITYUTH MPO Horo cepeanto chopmoBanicTh. [Ipuaomy mis teputopii Ko-
OeIAIBKOro palioHy 1HJEKC THCYJISIPU30BAHOCTI CTAaHOBUTH () — 1€ CBIAYUTH, IO HA TEPUTOPIi
paiioHy BiACyTHI 00’€KTH 3 TuIomIeto MeHme 3a 50 ra.

[Tpu womy aunst reputopii ['pedinkiBchkoro i [TonTaBchkoro pailoHIB iHIEKC CTAHOBUTH BiJl-
noBigHO 0,79 1 0,60, 110 CBIIYNTH TEPUTOPIS CKIAMAAETHCS 3 HAUIPIOHIKMX JAUISHOK 1 HE Mae
CTIMKOCTI 1 CTAO1IBHOCTI.

Tabnuys 4 — Po3paxyHok inOeKcy THCYIAPU308AHOCTIT

Tepuropii II3® Tepuropii II3® .
3aranpHa 3aranbHa k- | IHngekc iHCyasipu30-
10 50 ra noHaja 50 ra - .
nJioma, ra CTh 00’€KTiB BaHOCTi
IoIa, ra K-CTb IO, Ta K-CTh
142 789,7562 | 2500,8014 308 140 288,9548 85 393 0,25

Jbxepeno: po3po0IeHO aBTOpaMHu.

3aificHuIM po3paxyHoK MIiibHOCTI 00’ekTiB [I3®d Ha Tepuropii 061acTi CTaHOBUTH
Py =393/142789,7562 = 0,27 06/100xMm?.

BucHoBkH. Y po0OTi BiepIe po3nIsiHyTO AMHAMIKY 00’ €KTiB IPUPOIHO-3aMI0B1THOTO (o-
Hay 32 1990-2020 poku Ta iX MPOCTOPOBUI PO3MOILT IO Ta MiCIs 31MCHEHHS aMiHICTpaTH-
BHO-TepUTOpiasibHOT peopmu [TonTaBchkoi obnacti. uHaMmika 3MiHU YHMCEIHHOCTI 00’ €KTIB
ta Teputopiit [13d obmnacti, a Takok iIXHBOI IO CBiAYATH MPO 3POCTAHHS KIJTBKOCTI 1 TUTOMI1
00’ekTiB 3a 1990-2020 poku B 3,8 paza.

VY I[13® periony € neBHi AUCHPOMNOPIIIT 1 TPOOIEMHU MPUPOTOKOPUCTYBAHHS. 30KpeMa, TyKe
HEPIBHOMIPHOIO € 3aMOBiIHICTh aIMIHICTPATUBHUX PAOHIB, BIIMIHHOCTI MK SIKUMH CSITAlOTh
JIECSTKH pa3iB. Xoua IMicisl MPOBEACHHS aMiHICTPaTHBHO-TEPUTOPiaIbHOI peopMu BiICOTOK
3aIoBIHOCTI JIJIs1 HOBUX PailOHIB 3HAUHO 301IBIINBCS, ajle yCepeauHl pailoHy BiJICOTOK 3aIlo-
BIJTHOCT1 y TEpUTOPIaIbHUX TPOMaJIaxX 3aJUIIUBCS HA PiBHI A0 pePOpPMH.

[IpencraBieHi AaHi 3aCB1IYYIOTh PO HU3BKUH piBeHb (QYHKIIOHATIBHOI CTPYKTYPOBaHOCTI1
mepexi Tepuropiii Ta 00’ exriB [13® IlonraBckkoi 06acTi Ha piBHI aIMiHICTPATUBHUX paiiOHIB.

Tomy BapTO MPOAOBKYBATH JOCTIIKEHHS IPUPOAHUX TEPUTOPIH 1 BUSBICHHS LIHHUX JUIS
MOJANBILIOTO 3al0B1IaHHS Y TEPUTOPIaIbHUX TpoMajax obnacTi. [lpu npomy, SKII0 € MOXKIH-
BICTh, 00’ €IHYBATH Il TEPUTOPIi 1 CTBOPIOBATH OLIBII 3HAYYII AJIST OXOPOHHU (IPUPOJIHI 3am0-
BIJTHMKH, HalllOHAJIbH1 IPUPOJIHI MMApKHU ¥ perioHabHI JaH A THI MapKH).
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DYNAMICSAND SPATIAL DISTRIBUTION OF THE LANDS
OF THE NATURE-RESERVE FUND OF THE POLTAVA REGION

The dynamics of the creation of objects of the nature reserve fund for the years 1990-2020 are considered. The modern
structure of the lands of the natural reserve fund of the Poltava region by object categories has been determined, which includes
393 units of territories and objects with a total area of 142789.7562 hectares, which is 4.96% of the total area of the region.
On the territory of the region there are 8 out of 11 categories of NRF objects. The largest number of objects of the NRF region
are nature reserves (179) and occupy an area of 55.8% of NRF of the region.

According to the specified data, the distribution of the spatial location of the territories and objects of the NRF was
carried out before and after the implementation of the administrative and territorial reform. The territories of the region's
districts were evaluated according to the percentage of protected areas, the insularity index, and the general indicator of the
density of the NRF objects in the region's territory. According to the percentage of preservation before the reform, the lowest
indicators, i.e. less than 1 %, were noted in Hrebinki and Myrhorod districts, seven districts have a degree of preservation in
the range of 1-2 %, and the highest indicators at the European level (15%) in Pyryatinsky and Dykan districts. After the reform,
all four districts of the region have a percentage of protected areas in the range of 4-9 %.

The categories of NRF lands on the territory of the region are unevenly distributed and the differences achieve dozens of
times. It is necessary to continue researching natural territories and identifying valuable ones for further inheritance in terri-
torial communities of the region. The obtained results of the spatial distribution of NRF lands can be used to make management
decisions by territorial communities by creating new or combining existing categories of NRF.

Keywords: nature reserve fund; cadastre; land management and land monitoring.

Fig.: 2. Table: 4. References: 19.
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MATEMATHUYHE MOIEJIIOBAHHS ITPOIECIB PO3POBKHA
BATATONVIBOBOI'O KAJACTPY

V3azanvrioouu icuyrouu meopemuro-memoouuHi NONOJICEHHA, 3aNPONOHOBAHO BUSHAYEHHA OA2AMOYiNbOB020 KAOACMpPY
Ha pecloHAIbHOMY PIBHI, SKe 8PAX08YE CYKYNHICHb NPOCMOPO8020, MICMOOYOI6H020, THGeCMUYILIHO20 U eKON02IUHO20 3abe3ne-
YeHHs, o 003601UNI0 Nodyoysamu b6azamopienesy iHopmayitiny cucmemy 011 QOpMy8aHHA KiNbKICHOI OCHO8U YNPAGIIHHSA
HepYyXOMICmI0 HA pe2ioHaNbHOMY PIgHI. 30TlICHEHO MamemMamuyte MOOeN08aHHs NPoyecie po3podKu iHgopmayilinozo 3abes-
neyenns 6a2amoyinb08020 KA0ACMPY HA OCHOBI BCMAHOBIEHHS 36 A3KI@ MIJHC CUCEMHUMU YUHHUKAMU U iHMezpanbHUM NoKa-
3HUKOM WIIAXOM 3ACMOCYBANHA MEMOoOy KOPelAYiliHO-pecpeciiiHo20 ananisy.

Knrwuosi cnosa: 6azamoyinbosuti kadacmp, UKOPUCHAHHSA 3eMellb;, NPOCMOPOGL; MICMOOYOI6HI; IH8eCMUYIiHI; eKono-
2IUHI YUHHUKY, MameMamuiHe MOOeno8anHts; inpopmayiine 3a0e3neuenHs.

Puc.: 1. Tabn.: 2. Bién.: 50.

AKTyaJIbHICTb TeMH Aocil:keHHs. [{oBeneHo, mo cy4acHi TpaHcdopmaliifHi mporecu
noTPeOyIOTh MEPEOCMHCIICHHS TIXOMIB 10 3a0e3neueHHs €()eKTUBHOCTI (PYHKIIIOHYBAHHS pe-
I'lOHIB IIJISIXOM YIOCKOHAJICHHSI CUCTEMH YIIPABJIIHHS 3eMEIbHUMHU PeCypcaMi, Ik OCHOBHUMHU
YHHHUKAMH IXHBOTO PO3BUTKY. [Ipn 1IbOMY BpaxoBY€ThCS CydyacHU €BPOTIEHCHKUI TOCBIJ 3€-
MEJIBHOTO aIMIHICTpYBaHHS Ta iH(opMalliiHOro 3a0e3neueHHs (OpMyBaHHS Ta BUKOPUCTAHHS
HEPYXOMOCTI Ha OCHOBI 3aCTOCYBaHHsI 0araroIiJi-bOBOro KajacTpy. Bu3HaueHa HEOOXITHICTH
3aCTOCYBAHHS IHCTPYMEHTapil0 MaTeMaTHYHOTO MOJIEIIOBAaHH /7151 (POPMYBaHHS Ta BUKOPHUC-
TaHHs 1HGOpMaIliitHOTO 3a0e3nedeHHs 6araToluTLOBOTO KaJacTpy Ha PEerioHaILHOMY PiBHI.

ITocranoBka npoOaemu. TpancdopmariiiiHi mpomecu, siki BifgOyBaroTbess B YKpaiHi,
MIOB’s13aH1 3 MOMTMOIEHHAM KPU30BUX SIBUIL y cepl eKOHOMIKH, YITOBUIbHEHHSIM OCHOBHUX I10-
Ka3HUKIB PEriOHAILHOTO PO3BUTKY, BILTMBOM HacijkiB nanaemii COVID-19, BilicbkoBuX Iiif. Y
TaKMX YMOBaX MOTPEOYIOTh MEPEOCMUCIIEHHS MIIX0/IB JI0 3a0e31e4eHHs €PEeKTUBHOCTI (DyHKITI-
OHYBaHHsI PETIOHIB LIUISXOM YAOCKOHAJICHHSI CUCTEMH YIPaBIiHHS 3eMEIbHUMHU pecypcaMi siK
OCHOBHMMH YMHHUKAaMU iXHBOTO PO3BUTKY. [Ipy 11bOMy BpaxoBy€TbCs CydaCHUN €BPOIEHCHKAN
JIOCBIJ] 3eMEJIBHOTO aIMiHICTpyBaHHS Ta iH(opMalliiiHoro 3a0e3nedeHHs popMyBaHHS Ta BUKO-
PHUCTaHHS HEPYXOMOCTI Ha OCHOBI 3aCTOCYBaHHsI 0araTolijibOBOro KaJacrpy.

BupimenHs ckiiaHOTo 3aBIaHHs L1010 po3poOKH i peamnizanii iHpopmarliiiHoro 3abe3mne-
YyeHHs 0araroliiboBOro KaJacTpy Ha perioHaJbHOMY pIBHI 3alpPONOHOBAHO 3[1MCHIOBATH Ha
OCHOBI IHCTPYMEHTIB MaTeMaTU4YHOTO MOJIEJTIOBAaHH. 3a Or0 10IIOMOT0I0 CTBOPIOETHCS KiJlb-
KICHa OCHOBA MIPUMHSTTA OOIPYHTOBAHUX PILLIEHb 1100 311HCHEHHS 3eMEIbHUX BITHOCHH.

Takum ynHOM, TEMa JOCHIJKEHHS € aKTYaJIbHOIO, a 11 po3po0Ka Mae CBOEYaCHUH XapakTep.

AHaJi3 ocTaHHIX A0CiaxKeHb i myOJikaniii. /{7 mpoBeneHHs] MaTeMaTHIHOTO MOJIEITIO-
BaHHsI MPOLIECIB PO3pOOKH iH(POpMaLIHHOTO 3a0e3MeYeH sl 0ararouiiboOBOro KajacTpy Ha pe-
riOHAJIFHOMY PIBHI OCOOJIMBOTO 3HAYEHHS Ma€ BU3HAYEHHS 0araToliibOBOTO KajacTpy. Y
IIbOMY KOHTEKCTI Ba)XJIMBA yBara MpHIUIIEThCS AKOCTI (popMyBaHHS MPOCTOPOBOI iHPOpMAIIiT
3 BUKOPUCTaHHSM reoiHdopMmaniiinux cuctem [1-5].

VY MiKHapoAHii nmpakTuli Bu3HaueHo 80 oKpeMHX Mip SKOCTi iHpopmaliifHoro 3abe3mne-
YeHHs KaaacTpoBoi iHpopMmairii [6-9].

st hopmMyBaHHS Ka/1acTpoBoi iH(OpMaIlii 3aCTOCOBYIOTHCS IHCTPYMEHTH CTBOpEHHS 6a3
nmanux: Oracle Spatial; IBM DB2; Postgre SQL; Microsoft SQL Server; MySQL; Microsoft
Access; LibreOffice; Database. NET; Navicat; DataExpress; dbForge Studio; Paradox Data
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Editor; Reportizer; HeidiSQL [10] Ta BuKkopuctanss reoiHpOpMaIiiiHuX MporpaMHUX KOMILIE-
kciB: QGIS; gvSIG; GRASSGIS; ArcGIS; Maplnfo; AutoCAD Map; nporpaMHi KOMILIEKCH
Be6 I'lC, sxi maroth Binkputuii goctyn (OpenStreetMap) Ta po3po0OiieHi kommanismu Navteq,
Google, SAunekc, Waze, 1110 3aCTOCOBYIOThHCS JJIsI KOHKPETHUX 3aBAaHb 1 OPIEHTOBAHI Ha BiJIIO-
BIJIHMX CITIO)KMBaYiB €JICKTPOHHUX MTPOIYKTiB; 3aco0u Beb kapTorpadyBaHHS, K1 peaizyloThCs
yepe3 3actocyBaHHs TexHonorii Web I'IC, Silverlight, Web Map Service, Styled Layer
Descripto, Web Feature Service, Web Coverage Service, CADE Pro, 3DPaint Brush,
SWF2XAML, InkSpace [11-19].

Coiz 3a3HAYNTH, 110 B CUCTEMI 3eMENIbHUX BIJIHOCHH MAlOTh Te€OiH(POPMAIliiiHI CHCTEMH, 3a-
CTOCYBaHHS SIKMX CIIPSIMOBAHO Ha 3eMJIEBIOPSIIHE [TPOEKTYBAHHS, MOHITOPHHT Ta YIPaBIIiHHS pe-
CypcaMu Ta TEPUTOPISIMH Ha ONIEPAaTUBHOMY, TAKTUYHOMY Ta CTpareriayHoMy piBHsX [20-24].

Y KOHTEKCT1 yIpaBiIiHHS 3€MEJIbHUMH BIJIHOCHHAMHM JIsl pO3pOOKH 0araToliiboBOro Ka-
JacTpy neski ¢axiBIli i HAYKOBIIl MPOMOHYIOTH 3aCTOCOBYBaTH 3eMeJbHI iH(pOpMaIliiiHi cuc-
temu [25-30] y BUIJIAI IPOrpaMHUX KOMILIEKCIB, IO 3aCTOCOBYIOTHCS JIJIst (hOpMyBaHHsI, 30e-
piraHHs Ta BUKOpPHCTaHHS iHQOpMAIii MpOo CTaH Ta peai3alilo 3eMeIbHHX BIIHOCHH.
BukopucranHs 3eMenbHO1 1H)OPMAIIHOT CUCTEMU JT03BOJISIE M IBUIIMTH €()EKTHBHICTD TIPHIA-
HATTS pillleHb, IPOTE BOHA CIIPSIMOBAHA HAa BUPIIIEHHS OKPEMUX MUTAHb 3aCTOCYBAHHS 3eMe-
JbHO-MaHOBOTO KOMILJIEKCY, HE BPaXOBYIOUHM KOMIUIEKCHI MapaMeTpu 0araromiiboBOro BUKO-
PUCTaHHS HEPYXOMOCTI.

dopMyBaHHS cucTeMH iH()OpPMAIIITHOTO 3a0e3NeYeHHs SBIISIE COO0I0 KOMIUIEKCHHH TPO-
1EC, SIKUI CKIIaa€ThCs 3 BIATIOBIAHUX M1ICUCTEM: aBTOMAaTHU30BaHa ITiJICHCTEMA 00Ky 3€MEIIb;
aBTOMaTH30BaHa MiJCHCTEMa MOHITOPUHTY 3eMeJb; 1H(pOPMAIIiiiHI MiICHCTEMH BIIOMYUX Ka-
JacTpiB; iHPOpMaIliiHi MACUCTeMH BijoMuux 0a3 manmx [31].

Ha exonoriuamx acnektax (opmMyBaHHSA 1H(QOPMALIMHOI CUCTEMH YIIPABIIHHSA 3€MEIlb-
HUMU BiJHOCHHAMU (POKYCYIOTh yBary [32-50].

Cucrema inpopmaniiHOTO 3a0e3NeYeHHS 3eMEIbHUX BiIHOCHH BH3HAYAETHCS K 0aza 1a-
HUX L0710 CTaHy Ta BUKOPUCTaHHS 3eMEJIbHUX PECYPCIB, sIKa BPaXOBY€E TEPUTOPialIbHI, TPABOBI,
€KOHOMIYH1, €KOJIOT1YHi, TPUPO/IHI OCOOIMBOCTI HIXOM OLIIHKHM KpUTEPIiB Ta iHAUKATOPIB. Y
IIbOMY KOHTEKCTI 3aCIyTroBye Ha yBary po3pooka [30].

Buainenns Hexoc/IiKeHUX YaCTHH 3arajibHoi npoodiaemu. Pe3ynbrarn MaTeMaTnyHOro
MOJIEJTIOBaHHS JO3BOJIMIIM C(hOPMYBaTH KUIbKICHY OCHOBY /JIsl pO3pOOKH HAyKOBO OOIPYyHTOBA-
HUX peKOoMeHAalii 100 GopMyBaHHS Ta BUKOPUCTaHHS 0araroliiboBOro KaJacTpy Ha perio-
HaJIbHOMY DPiBHi, 1110 HaJ[a€ MOXKJIMBOCTI MOOY/IyBaTH MPOTHO3HI MOJIENI i BCTAHOBUTHU TEHICH-
1ii ¢GopMyBaHHS Ta BHKOPUCTaHHS HEPYXOMOCTI Ha pETiOHAJIbHOMY piBHI, BpPaXOBYIOUHU
MPOCTOpPOBE, MicTOOY/IiBHE, IHBECTUILIIMHE I €KOJIOT1uHE 3a0e3MeueHHSI.

MeTto1o cTarTi € TpeNCTaBIeHHS PE3YJbTaTiB MaTeMaTUYHOTO MOJIEIIOBAHHS IPOIIECIB
dbopMyBaHHSI Ta BUKOPHUCTaHHS 1H(QOpMaIifHOTO 3a0e3neueHHs 0araToiL0BOr0 KagacTpy Ha
perioHanibHOMY piBHI. JJI1 TOCATHEHHS MTOCTABIECHOT METH BUKOHAH]1 HACTYIIHI 3aBIaHHS:

- po3po0Ka HaIpsIMiB 31HCHEHHSI MATEMAaTHYHOTO MOJIETIOBAHHS;

- BU3HAYEHHS IHCTPYMEHTAPi0 MPOBEIEHHSI MaTeMaTHYHOTO MOJEINIIOBaHHS MpolieciB (o-
pPMyBaHHS Ta BUKOPUCTaHHs iH(popMaiiHOro 3a0e3meueHHs 6ararouijib-oBOro KajacTpy Ha pe-
TIOHAJILHOMY PiBHI.

Bukiaa ocHoBHOro MmarepiaJry. MatematnyHe MOJIe/IIOBaHHS YUHHHKIB 1H(pOpMaIliitHOro
3a0e3nevyeHHs 6araToliIbOBOTO KaJacTpy Ha PETiOHATIbHOMY PiBHI 3/11MCHIOETHCS BIAMOBITHO
MOKA3HMKIB, IKi OTpUMaHi Ha OCHOBI pe3yJIbTaTiB OL[IHKM y3araJlbHIOIOUHUX IPOCTOPOBUX, MicC-
TOOY/IBHUX, IHBECTHUIIMHUX i €KOJIOTTYHUX YMHHUKIB. KpiM TOro, 13 3aCTOCYBaHHSIM METO/IiB
MaTeMaTUYHOTO MOICTTIOBAHHS, BU3HAYAETHCS IXHIN BIUIMB HA IHTETpajJbHUN YNHHUK PiBHS 1H-
dopmariiitHoro 3abe3nevyeHHs 0araTouiIb0BOro KaJacTpy Ha perioHaJIbHOMY PIBHI.
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MaremaTtnyHe MOJENIIOBaHHS! YMHHUKIB 1H(POpMaIiiiHOro 3abe3rneyeHHs: 6ararouijiboBOro
KaJacTpy Ha PEeriOHAILHOMY PiBHI 31HCHIOETHCSI HA OCHOBI 3aIPOTIOHOBAHUX HATIPSIMIB:

1. ®opmyBanHs iH(pOpMaLIHHO-aHATITUYHOTO 3a0€3MeYeHHs] YNHHHUKIB 0araToIiiboBOro
KaJIlacTpy Ha perioHaJIbHOMY PiBHI Yepe3 MPpU3My MPOCTOPOBHUX, MICTOOYIIBHUX, 1HBECTHUIIIM-
HUX U €KOJIOTTYHUX MOKA3HHKIB.

2. CtBopeHHs iH(GOPMAIIIITHO-aHATIITUYHOTO 3a0€31eUeHHsI IHTerPaIbHOTO IMOKa3HUKA Pi-
BHs iH(opMariiHOro 3a6e3meueHHs 0araTomiibOBOro KaaacTpy Ha perioHAIbHOMY PiBH.

3. BusHaueHHs BIUIMBY YUHHHUKIB iH(popMaIlliifHoro 3abe3neyeHHs 0araromiiboBoro Kaaa-
CTpY Ha BIJMOBITHHUNA IHTETPaJbHHIA MOKa3HUK HA PETiIOHAIBHOMY PiBHI 13 3aCTOCYBaHHIM Me-
TOJIiB MaTeMaTHYHOTO MOJICITIOBAHHS.

4. Po3poOka MaTeMaTHYHUX MOJIENICH BIUTMBY YHHHHKIB Ha IHTETPaIbHUHI TOKA3HUK.

5. BusHayeHHS MOKA3HMUKIB JJOCTOBIPHOCTI MAaTEeMaTHYHUX MOJICIICH.

6. InTepmperaliisi OTpUMaHHUX Pe3yJIbTaTIB.

®opmyBaHHs iHPOPMALIIHHO-aHATITAYHOTO 3a0€3M€YEeHHs] YMHHHUKIB 0araTouijb0BOro Ka-
JacTpy Ha PErioHAIBHOMY PiBHI Yepe3 MPU3MYy MPOCTOPOBUX, MICTOOYAIBHHUX, IHBECTHLIIHHIX
1 eKOJIOTIYHNX TOKA3HHKIB i 1HTETpaJIbHOTO TTOKa3HHUKA 3/1iHCHIOETHCS HA OCHOBI IaHUX OTPH-
MaHUX y pe3yJbTari OLHKH.

BusHaueHHs BIUTMBY YNHHUKIB iH(OpMAIiITHOTO 3a0e3nedeHHs 6araTolijiboBOro KaaacTpy Ha
Bi/INOBIIHUIA 1HTErpaIbHAN NOKa3HUK HA PEriOHAILHOMY PiBHI 13 3aCTOCYBAaHHSIM METOJIIB Mare-
MaTUYHOTO MOJICTTFOBAHHS, SIKI PEaTi3yFOThCSl HA OCHOBI KOPEISIIMHO-PErPECIHOTO aHaITi3Y.

JUnist TOCHIKeHHST TICHOTH 3B’SI3KY MK IHTETpaJbHUM IMOKAa3HUKOM PiBHS iH(OpMarriii-
HOTO 3a0e3meueHHs 0araToliIbOBOro KagacTpy Ha perioHajbHOMY PiBHI Ta HOT0O CKIIaJOBUMHU
— MPOCTOPOBUMH, MICTOOYIIBHUMH, €KOJIOTITYHUMH Ta 1HBECTULIHHUMU MMOKA3HUKAMH MIPOBE-
JICHO KOPEJISILiHHO-PEerpecuBHIM aHaIi3 3a HACTYITHOIO CXEMOIO:

- Ha IJICTaBi OOYHMCIICHUX Yy3arajJbHCHHUX OI[IHOK TOKa3HHKIB iHQOpMAIfHOTO 3a0e3Ie-
YeHHs 0araTouiyIbOBOTO KaJacTpy 3a perioHamMu YKpaiHU MPOBOIUTHCS MTEPBUHHUI aHATI3 1e-
pendadyBaHoi 3anexHOCTI. HaouHa imrocTpallis HassBHOCTI 3aJ1€KHOCTI IHTEPIPETY€ETHCS 3a J10-
MIOMOTOI0 TOUYKOBHX rpadikis (puc. 1);

- BUKJIFOUEHHS 3 BUOIPKH apTe(]akTiB, 3a IX HasIBHOCTI;

- IPOBEZIEHHS PETPECIIHOrO aHaizy;

- IPOBEICHHS KOPEISLIMHOTO aHai3y;

- IepeBipKa BIAMOBIIHOCTI MOJIEN] MOCTaBJIEHIH 3a1a4i.

Ha mincraBi nepBUHHOTO aHai3y MO)KHA 3pOOUTH BUCHOBOK, 1110 3 KOPEJISLIIHHO-perpeciitHOl
MoziesTi HeoOX1IHO BUKITIOUMTH perionu: KipoBorpaacekuid, JIyrancekuit (puc. 1, 6) Ta XmenbHu-
1BKUH (pHc. 1, ), OCKUIbKY ICHYIOTH TUBIaIiiHI BIIXWJIEHHS BiJ 3arajbHOI TEHICHIIIT 3MiH.

Y3aranpHEHi OLIHKK MiCTOOYIIBHIX MOKa3HUKIB iH(OpMAIliifHOro 3a0e3neueHHs
6araToIiIbOBOTO Ka/IacTPy Ha PerioHaIbHOMY PiBHI 3a perioHaMH YKpaiHu

5 ° ° ® y o o ° ° o o
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Y3aranpHeHi OI[iHKH €KOJIOTiYHHUX MOKa3HUKIB iH(opMariitHoro 3abe3rnedeH s
0araTomiJIbOBOTO KalaCcTpy Ha pErioHaJBHOMY DPiBHI 3a perioHamu YKpaiHu
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VY3aranbHeHi OIIHKHM 1HBECTHIIIMHUX ITOKA3HUKIB 1H(OpMAIiitHOTO 3a0e3eueHHS
0araTomiIb0BOTO KalaCTPy Ha PErioHAILHOMY piBHI 3a perioHaMu YKpaiHu
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Puc. 1. Ilepsunnuii ananiz nokasHuxie pigus ingpopmayitinozo 3abe3nevenns 6azamoyinbo-
8020 Kadacmpy Ha pecioHAIbHOMY PIi6Hi, 8I0H. 00.

PiBHsIHHS NiHIIHOI perpecii NpeicTaBlIeHO y HaCTYITHOMY BUIJISI:
Y =By X+hy, (1)

ne by, Ta by 3HaXOAATHCA 32 YMOBH, IO CyMa KBAJIPaTiB BiAXHMJIEHb EMITIPHYHUX TPYNOBUX
CepeIHIX BiJ 3HaY€Hb, OOUMCIIEHUX 3a PIBHAHHAM perpecii (1) Oyna MiHiMaabHOO, TOOTO:
k _\2 k _ 2
Z(yxj_yj)ni:Z(bxyXiero_yj) n; —mn (2)
j=1 j=1

3 po3B’s3aHHSA 3371241 Ha eKCTpeMyM (QYHKIIT KoediieHTH piBHAHHS (2) MOXYTh OyTH 3a-
MUCaHi sK:

Xy =Xy

byx == = 3
X =X

b, = y—b,X; (4)
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ne
— 1K - 1& — 1 - 1 K 2
X=2D XY= Yy =2 XY =D X (5)
k4= k= k4= k=
Jlnst BUSIBIICHHS 3B 13Ky (Ta OTO HAMPSAMKY) MiK 3MIHHIMH BBEEMO KOS(DII[IEHT KOPEIISIIIii:
Xy — Xy

(6)

Ry = - - :
\/XZ—QZ«/yZ—V

3HaiiicHU# 1HTETpaIbHUN TOKA3HUK TMOKa3HHUKIB PiBHS 1H(GOpPMAIIHOTO 3a0e3MeueHHs
0araroIiIbOBOT0 KaJacTpy HEPYXOMOCTI Ha PET1I0HATLHOMY PiBHI 3JICKUTD BiJl YOTUPHOX TPY-
MOBHX TTOKa3HUKIB, CAME TOMY JIOPEYHO JIOCII/DKYBATH HE 3B’ SI30K MIJK OKPEMHUMH KOMIIOHEH-
TaMH, a CYKyITHUI BIUTUB IPYMOBUX NMOKA3HUKIB HA BEIMYMHY IHTETPAaTbHOTO TOKa3HUKa. Lle
MOYKJIMBO BUKOHATH 13 3aCTOCYBaHHSIM MHOXXHHHOI perpecii, Ky MpeiIcTaBuMO 3aJIeKHICTIO:

Yx= byxaXa + byeXe + b byxaxs + byxaxa + bo, (7)

Jie Koe(ImiEHTH perpeciiHoOro piBHAHHS BU3HAYAIOTHCS 32 METOJIOM HAaMEHIITUX KBaJIpaTiB:
2

K _
JZ_;,(VXJ- _yi) n; =

(8)
Kk _ 2
:Z(byxl><l+byx2x2+byx3x3+byx4x4+bo—yj) n, —min.

j=1
PesynbraTy 4MCIOBOTO €KCIIEPUMEHTY 13 3HAXOJKCHHS MapaMeTpiB MHOKUHHOI perpecii
. 3 . ..
Ju1s inTerpanbHOro nokasmuka | fis BCiX HOTMPLOX MHOXMH 3HaYeHb BaroBUX KoedimieH-

TiB 3 BH3HAYCHHSM CTYIICHS 3B 3Ky MK PE3yJbTYIOUHM MMOKA3HUKOM Ta MOTO CKJIAJOBHMH,
MpeJICTaBlIeHi B Ta0. 1.

Tabnuys 1 — Kopenayiiuno-pecpecitinuii  ananiz inmeepanvHo2o noxasHuka | S)
iH(hopmayitinozco 3abe3neuents 6azamoyiib08020 KAOACMPY HA PeiOHATbHOMY PI6HI, 8IOH. 00.
Ha3Ba noka3Huka Pe3yabTaTH OLIHKM 3HAYEHHS IOKA3HUKA
1 2
@
{Kipet |

bo -1,17897
byx1 0
byx, 0,134215
byxy 0,137301
byx, 0,228036
Ry 0,999276

2
{k\/ocl}

by -1,50542
by, 0
byx, 0,163488
byxs 0,193036
byx, 0,297188
R, 0,99576
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3akinueHHs Taon. 1

1 | 2
3)
{ kvbcl }
b, -1,3474
byx1 0
by, 0,153388
by, 0,156916
by, 0,260614
Ry, 0,999276
(4)
{ k\/ocl }
b, -1,55332
byx 1 0
byx, 0,175289
byx, 0,184579
by, 0,300643
R, 0,999054

AHai3 pe3ynbTariB YMCIOBOTO EKCIIEPUMEHTY CBITYUTH PO BUCOKHUH 3B’ 130K MIXK KOM-
MOHEHTAMU TP BCiX MHOKMHAX 3HAUYEHb BaroBUX Koe(illi€HTIB, 10 BKa3y€e Ha JOCTOBIPHICTh
noOy10BaHOT MAaTEeMaTUYHOT MOJIEII.

3a BENTUYMHOIO TapaMeTPiB perpeciitHoi JTiHil BCTAHOBJIEHO, 1110 HaO1IbIIOT 3MiHHU 1HTE-
rpaJbHUAN MMOKa3HUK HaOyBa€ 3a PaxyHOK 3MIiHH iHBECTHILIHHOTO MMOKa3HUKA iH(POpPMaLiHHOTO
3a0e3nevyeHHs 0araToliIbOBOrO KaJacTpy Ha PEriOHAaNbHOMY piBHI. 3HAUE€HHS KOMIIOHEHTIB
y3araJbHEHOTO MPOCTOPOBOTO MOKA3HUKA BiTHOCITHCS /10 SAKICHUX, TOMY y3araJbHEHa BEJH-
YHHA MPOCTOPOBOTO MOKA3HUKA € CTAJOIO /Ui BCiX perioHiB Ykpainu. Came ToMy noOyaoBaHe
PIBHSTHHSI MHOXKHHHOI perpecii He 3aJIeKUTh BiJl 3MiHH MPOCTOPOBOTO MOKA3HUKA.

Koedimientn by)q PIBHSIHHSI MHOKMHHOI perpecii Mokas3yoTh, Ha Ky BETMYUHY 3MIHUTHCS

IHTErpaJIbHUH MOKa3HUK MpU 3MiH1 X; TOKa3HUKa 1H(OopMaIiiiHOro 3a0e3neyeHHs 6araToliibo-
BOTO KaJIaCTpy Ha perioHajibHOMY piBHI Ha 1 OMUHUIO. 3a JOMIOMOTOI0 PIBHSHHS MHOXXHUHHOI
perpecii 311CHEHO MPOTHO3yBaHHS BEJIMYMHM IHTETPAIBHOTO MOKa3HHUKA /p 1H(POpMaLiiHOTO
3a0e3mneueHHs 6araToIiIbOBOTO KaJIacTPy Ha PETiOHAIbHOMY PIBHI 32 3aJIaHUMHU 3MIHAMU BEJTH-
YUHU [TPOCTOPOBUX, MICTOOYAIBHUX, €KOJIOTTYHUX Ta IHBECTULIIHUX MMOKA3HUKIB.

30kpeMa, npu 30UIbIIEHH]I BEJIMUYHNHHU y3arajJbHEHOro MicTOOYIIBHOTO MoKa3HuKa Ha 0,5,
exosoriyHoro Ha 0,8, iHBecTuuiitHoro Ha 1,0 oTprMaeMo 3Ha4E€HHS 1HTETPAIBLHOTO MOKA3HUKA
1H(popMaliiiHOro 3abe3neueHHs 0ararolijibOBOro KaiacTpy Ha perioHaJIbHOMY piBHI, SIK1 Ipe-
cTaBJieHi B Ta0J. 2. 3ayBa)KUMO, 10 3a 3aIIPOIIOHOBAHUM aJITOPUTMOM IPOBOAUTHCS IPOTHO3Y-
BaHHS 32 Oy/Ib-SIKOIO 3MIHOIO TPYMOBHUX MOKAa3HUKIB 1HPOPMAIIHHOTO 3a0€3MeYeHHs Oararoii-
JHOBOTO Ka/IaCTPy B KOXKHOMY perioHi okpemo. Tpebda 3a3Ha4uTH, 110 3alIpONOHOBAHI 3HAYEHHS
30UIBIIIEHHS] CHCTEMHHX TPYTOBUX IMOKa3HUKIB BU3ZHAYAIMCH HA OCHOBI PIBHIB JIOCATHEHHS Ka-
JacTpy HEPYXOMOCTI.

Tabnuysa 2 — Ilpocno3Hi 3HauenHs IHMe2paAIbHO20 NOKA3HUKA Ipe iHopmayitinoco
3a6e3neyeHus 0A2amoyinb08020 KAOACMPY HA PeiOHANLHOMY pIGHI i3 3ACMOCYBAHHAM
MHOICUH 3HAYEHb 8A208UX KOeDIiYyicHMI8, 8I0H. 00.

Perionn |bc,{chl}(l) Ibc’{k\/ocl}(z) lbc1{k\/oc1}(3) Ibc’{k\/ocl}(4)
2 3 4 5

1
Binaunpkuii 0,567790 0,779206 0,648900 0,757120
BonuHcbkui 0,528247 0,731090 0,603708 0,705641
JHIIpOneTpOBCHKHIA 0,578301 0,795091 0,660913 0,771521
JloHenpkuit 0,648447 0,890165 0,741081 0,864979
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3akiHyeHHs Ta0i. 2

1 2 3 4 5
KuroMupchkuii 0,646131 0,876514 0,738432 0,859760
3akapraTchKuii 0,589697 0,808346 0,673938 0,785951
3anopi3pkui 0,545322 0,754413 0,623223 0,728515
IBaHO-®paHKIBCHKHUH 0,594189 0,806718 0,679070 0,790682
KuiBchkuii 0,517528 0,711230 0,591458 0,690144
KipoBorpancekuii 0,729778 0,989538 0,834030 0,971330
Jlyrancbkuit 0,563640 0,776461 0,644158 0,752318
JIbBiBCEKUI 0,640368 0,876503 0,731846 0,853843
MukosaiBCbKuit 0,624707 0,848707 0,713948 0,831327
Onecbkui 0,645064 0,879330 0,737214 0,859006
[onraBchKuid 0,665302 0,903945 0,760343 0,885566
PiBHEeHCEKUI 0,656448 0,900020 0,750224 0,875474
CymMmcbkuii 0,468622 0,644288 0,535565 0,624762
TepHONIbCHKHI 0,574914 0,798116 0,657042 0,768441
XapkiBChbKHH 0,756192 0,999914 0,864217 0,999183
XepcoHChKUi 0,609378 0,829663 0,696429 0,811493
XMeNbpHUIBKAN 0,653179 0,889434 0,746488 0,869864
YepkacbKuii 0,567790 0,779206 0,648900 0,757120
YepHiBeupkuit 0,528247 0,731090 0,603708 0,705641
YepHiriBcbKui 0,578301 0,795091 0,660913 0,771521

VY pe3ynbrari IpOrHo3yBaHHs MOKa3HUKIB BU3HAYEHO, 110 JJIs JJOCATHEHHS IOMIpHOT0, J0-
CTaTHHOTO 200 BUCOKOTO PiBHS 3a perioHamMu YKpaiHu HEOOX11HO 3a0€31eYnTH BUCOKHIA piBEHb
HOBHOTH, JOCTOBIPHOCTI IPOCTOPOBOI 1H(OPMAILLil, MOXKIMBOCTEH 11 IEpMaHEHTHOI'O 3aCTOCY-
BaHHSI, 3MiHH TPAEKTOPIH MI0/I0 3pOCTaHH MiCTOOYIiBHOTO 3a0€e3MeueHHsI 10 IOMIpHOTO PiBHS,
€KOJIOTIYHOTO i IHBECTHIIHHOTO — JO BUCOKOTO PiBHS.

BucHoBKu. 31iiicHEHO MaTeMaTH4HEe MOJEIIOBAHHSA MTPOLIECiB pOo3poOKH iHPOpMaIiitHOTO
3a0e3rneyeHHs 0araromiibOBOro KaJacTpy Ha OCHOBI BCTAHOBJICHHSI 3B’ SI3KIB MK CHCTEMHUMU
YUHHUKaMH U 1HTerpajIbHUM MOKa3HUKOM IIIJISIXOM 3aCTOCYBaHHS METO/ly KOpesLiiHO-perpe-
CI{HOTO aHaNi3y, 110 Ha/la€ MOXKJIMBOCTI OOYlyBaTy MPOrHO3HI MOJIEN] Ta BCTAHOBUTH TEH/Ie-
HIIiT () OpMyBaHHS Ta BUKOPUCTAHHS HEPYXOMOCTI Ha PErioHaJIbHOMY PiBHI, BPaXOBYIOUH IMPO-
CTOpOBE, MICTOOY/IIBHE, IHBECTULIIIIHE I eKoJIOr1YHe 3a0e3neUeHHs.

VY3aranpHIOIOUN ICHYIOUH TEOPETHUKO-METOANYHI MOJI0KEHHS, 3alIPONIOHOBAHO BU3HAUYEHHS
0araToliIb0BOr0 Ka/IaCTpy Ha perioHaIbHOMY PiBHI, SIKE BPaXOBY€ CYKyIIHICTb IPOCTOPOBOTO,
MiCTOOY/1IBHOTO, 1HBECTHLIIHHOTO ¥ €KOJOTriuHOro 3a0e3MeueHHs, 10 JO3BOJIMIO MOOy1yBaTH
OaraTopiBHEBY 1H(OpMaIiliHy cUCTeEMY AJsl (OPMYBaHHS KUIbKICHOI OCHOBHU YIIpaBJIiHHS He-
PYXOMICTIO Ha PETiOHAIbHOMY PiBHI.

PesynbraTn MaTeMaTHYHOTO MOJIEITIOBAHHS JO3BOMIIN CPOPMYBATH KIJIbKICHY OCHOBY JIJIS
PO3pOOKH HAyKOBO OOIPYHTOBAHUX PEKOMEHJAIliH 11010 GOpMyBaHHs Ta BUKOPHCTaHHs Oara-
TOLIJILOBOTO KaJacTpy Ha PErioHaJIbHOMY PIBHI.
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MATHEMATICAL MODELING OF MULTIPURPOSE CADASTRAL
DEVELOPMENT PROCESSES

It has been proven that modern transformational processes require a rethinking of approaches to ensure the efficiency of
the functioning of regions by improving the land resources management system, as the main factors of their development. At
the same time, the modern European experience of land administration and information provision of the formation and use of
real estate based on the application of the multi-purpose cadastre is considered. The need to use mathematical modelling tools
for the formation and use of information support of multi-purpose cadastre at the regional level is determined.

The purpose of the study is to present the results of mathematical modelling of the processes of formation and use of
information support of the multi-purpose cadastre at the regional level. To achieve the set goal, the following tasks were
completed:

- development of mathematical modelling directions;

- determination of the tools for mathematical modelling of the processes of formation and use of information support of
the multi-purpose cadastre at the regional level.

Mathematical modelling of the processes of development of the information support of the multi-purpose cadastre was
carried out on the basis of establishing relationships between system factors and an integral indicator by applying the method of
correlation-regression analysis, which provides the opportunity to build predictive models and establish trends in the formation
and use of real estate at the regional level, taking into account spatial, urban planning, investment and environmental support.

Summarizing the existing theoretical and methodological provisions, the definition of a multi-purpose cadastre at the
regional level is proposed, which considers the totality of spatial, urban planning, investment and environmental support, which
made it possible to build a multi-level information system for the formation of a quantitative basis for real estate management
at the regional level.

The results of mathematical modelling made it possible to form a quantitative basis for the development of scientifically
based recommendations for the formation and use of a multi-purpose cadastre at the regional level.

Keywords: Multipurpose cadastre; land use; spatial; urban planning,; investment, environmental factors; mathematical
modelling; information support.

Fig.: 1. Table: 2. References: 50.
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OCHOBHI BUMOI'K 1O O®OPMJIEHHS TA ITIOJAYI PYKOIIUCIB
HAYKOBHUX CTATEH IO HAYKOBOT'O XKYPHAJY
«TEXHIYHI HAYKH TA TEXHOJIOI'II»

IIlanoBHI KonucyBayi!
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MOTIEPETHBOTO PO3TIIALY PEAAKIIIMHOK KOJET1Er )KypHaTy « TeXHIYHI HAyKH Ta TEXHOJIOTI».
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HOI He3aJIeXKHOI pereHsii Bii MPU3HAUYEHOT0 PEelaKLiiHOI0 KOJIETIEI PEeLeH3EHTa, CTaTTs PO3-
MIIYETHCS B MAKET1 KypHAITY.
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BKJIIOUEHUX JI0 KaTteropii «A» Ta/abo kareropii «b» [lepeniky HaykoBHUX (axOBUX BHAAHb YK-
painu, Ta/abo y 3aKOPJOHHHX BHAAHHSX, MPOiHAEKCcOBaHUX y Oasax manux Web of Science
Core Collection ta/abo SCOPUS 3a BiAMOBIIHOK CHEHIATBHICTIO, OMPHIIOIHCHUX YIIPOIOBK
OCTaHHIX II’ATH POKiB.

Omny0nikyBaHHsSI HAYKOBUX CTaTel y KypHauli « TeXHIYHI HAYKH Ta TEXHOJIOTI1» € IJIaTHUM.
BapricTh my0uikaiiii HayKoBOi CTaTTi CTAHOBUTH:
- 60 rpu/1 cTopinka (3a yMOBH, SIKIIIO aBTOpaM MOTPiOHA MarepoBa BepcCis )KypHaIY);
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Ocratouna BapTicTh myOdiKamii GOpMyETHCS MiCIsi TOTOBHOCTI €JIEKTPOHHOTO MAKETY KYyp-
HaJTy Ta MOBIJOMIIIETHCS aBTOPY, BIANOBIIAILHOMY 3a IyOtikallito crarTi. Onjara mijaTBeppKy-
€ThCS] KBUTAHIIEIO.

YMOBH ITYBJIIKAIII, BHMOI'H II[O]0 O®OPMIEHHA CTATEH, PEKBISUTH
OIUIATH TA OCTAHHI HOMEPH HAYKOBOI'O /KYPHAIY « TEXHITHI HAYKH
TA TEXHOJIOI'Il» POSMIILIEHO HA CAHTI»: http://tst.stu.cn.ua/

KonrtaxkTHa indopmaunis:

3actynHuk roioBHoro pegaktopa: Canon Cepriit [lerpoBuy.
Ten. m06.: (097) 38-44-197

E-mail: tst.technical.§ @gmail.com a6o S.Sapon@gmail.com

BinnosinaabHicTh 32 MaTepianu, HaBeeHi y CTaTTi, Hece aBTOP.
HenpaBuiibHo opopMIIeHi aBTOPOM CTATTS Ta CYNPOBiIHi JOKYMEHTH,
110 He BIANOBIIaI0Th 3a3HAYEHUM BUMOTIaM, PO3IJIsiAaTHCS He Oy1yTh.

Peoaxyis pozensdae Haoxoodicenusn nyoaikayii ma cynpogionux 00KymMeHmis

5K 3200y donucysaya (i) wjo0o nepedadi agmopcbKko2o NPasa HA BUKOPUCMAHHS MEOPY
(mupasxicy8anHs, po3noecrO0HCeH s MOU0).
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