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N3YYEHUE OCUOBEHHOCTEﬁ BO3JIENCTBHUA UMITYJIbCHOM noaA4un
IJEKTPOAHOU ITPOBOJIOKH HA PE3YJIbTATBI MEXAHU3UPOBAHHOH
IJIEKTPOAYTI'OBOU CBAPKH - HAIIJTABKHA

AKmyanvHocms memul ucciedosanus. llpoyeccor s1exkmpo0y2060ii c6apKU U HANIAGKU ABMOMAMUYECKUM UNU MEXAHU-
3UposantbIM 000py00Banuem 00HU U3 HauboIee 0CMPeOOBAHHBIX MEeXHON02UT NOCMOSIHHO COBEPULEHCINEYIOMCS, 8 MOM YUCTe
U 30 OOHUM U3 OCHOBHLIX HANPAGIEHUL — NPUMEHEHUe UMNYIbCHLIX 6030eiicmeull. [lepcnekmueHoimM s611emes PUMEHeHUe
UMNYILCHOT NOOAYU eKMPOOHOT NPOGONIOKU, d 68 NOCIEOHee GPeMs NOOAUU C YAPAGISEMbLMU XAPAKMEPUCIMUKAMU U O03UPO-
eannoil nooayu. Illupoxoe npumenenue 060pyO006aAHUsL ¢ UMIYIbCHOIMU ANCOPUMMAMU OBUNCEHUS DNEKMPOOHOU NPOBONIOKU
HECKONIbKO COePACUBACNICS, 6 MOM HUCIe U3-3d HeOOCMAMKA UCCAeO08AHUL NO MEXHUKO-MEXHONOZUYECKUM 803MONCHOCHIAM
CBAPKU—HANIABKU C UMNYIbCHOU NOOAYell S1eKmMpPOOHOU NPOGOLOKU.

Ilocmanoexka npoonemot. C yenvto 060CHOBAHHO20 6bIOOPA CNOCOOA UMNYTILCHOU NOOAYU SNEKMPOOHOU NPOBOLOKU U
apghekmusHo20 e2o npumeneHUs. NPU C8APKe U HANIABKE, 8 MOM YUCTE CLONHCHBIX 051 0Y2068020 Npoyecca OYNIeKCHbIX cmarnell,
HeobX00UMa KOMNIEKCHAS OYeHKA GIUSIHUS UMNYTIbCOB8 OBUIICEHUSL NPOBONOKU C PA3TUYHBIMU NAPAMEMPAMU HA )OPMUPOBaHUe
Memana wed, HaniaeleHHo20 Closl, d MAKI’ce ux CMpyKmypy u opyaue XapaKmepucmuru c6apoYH020 NPoyecca.

AHanu3 nocneoHux ucciedosanuil u nyoauKkayuil. Fccneooeanus, kacarowuecs 6IUAHUA UMNYIbCHOU NOOAYU 3JleK-
MPOOHOU NPOGOIOKU HA MEXHUKO-MEXHOLOSUUECKUE Pe3VIbMAambl IeKMpo0y2060il C6APKU U HANIAGKU MEXAHUIUPOBAHHBIM
060py00BaHueM, nPoBOOSIMCS NOCMOSIHHO, YIMO YACMUYHO OMPAICEHO 8 OMeUeCmEeHHOU U 3apYOeNtCHOU MeXHUYECKOL Tume-
pamype, 00HAKO, KAK NPABUNO, OHU He HOCAM KOMNIEKCHO20 XapaKmepa u 3a4acmyio He nOOMEepIcOeHbl O0KA3AMeNbHbIMU
IKCNEPUMEHMANLHBIMU UCCTEO0BAHUAMU C UCHONb306AHUEM COBPEMEHHOU MeXHUKU dKChnepumenma. Beé smo ne nozeonsem
OYeHUums 8 NONHOI Mepe 803MOICHOCIU UMNYTbCHOU NOOAYU DNEKMPOOHOU NPOBONOKU U PACULUPUMb NPUMEHEHUEe COOMmEen-
cmeylowe2o 060py008aHUs.

Buidenenue neuccnedosannvix yacmeil oougeil npodnemol. J{o Hacmosue2o pemeHy 0OCMAaiomcs He 00 KOHYA UCcae0o-
BAHHBIMU BONPOCHL, CEA3AHHBIE CO CMPYKMYPOU MEMANLA WA UL HANIAGIEHHO2O CNO5L, 6bINOIHEHHbIX C UMNYIbCHOL nodayet
2NIeKMPOOHOL NPOBOLOKU 8 YnpaesisieMom pexcume. Ilpu smom credyem demanvHO u3yuumo KOACOAHUSL C6APOUHOL GAHHDL,
pacnpeoeneHue memnepamyp 6 6anHe u OKOIOUL0GHOU 30He u Op. Ocoboe eHumMaHue ciedyem YOeiums HOBOMY CHOCOOY
CBAPKU-HANLABKU C O03UPOBAHHOU NOOAYell.

Ilocmanoeka 3adauu. Ha ocHoge KOMIIEKCHBIX IKCNePUMEHMANbHBIX UCCIeO08AHULL HEOOXOOUMO PACCMOMpPentb U NPo-
AHANUUPOBAML PO OCHOBHBIX 603MONCHOCMEl NPUMEHEHUs. MEXAHUIMOG YIPAGIAEMOU UMNYIbCHOU NOOAYU DNEKMPOOHOU
NPOBONOKU, O03UPOBAHHOU NOOAYU C ONpedeieHUeM UX GIUAHUSL HA COUCMEA MeMAIAd Wed U HANIAGNIeHHO20 8aNUKd. JKcne-
DPUMEHMANbHbIE UCCTeO08AHUS NPOBECHIU C BbIAGNCHUCM KONeOAHUIl 8AHHbL, pacnpedeieHutl menad, CPAGHUMENbHbIM AHATUZOM
MUKPOCIMPYKIMYP, 3AMEPO6 KPUCIALIUNOG U Op.

H3noxcenue ocHoenozo mamepuana. [Ipeocmagiennl 1 npoaHaIU3UPOBAHbL PE3VIbMAMbl SKCNePUMEHMANbHbIX UCCTe-
006aHUl, Kacalouwuecs pe3ynomanos, NOLYYaeMolX npu C8apKe-HANIA6Ke C YNPAGIsieMotl U 003UpOBAHHOU Nooauell d1eKmpoo-
HOIL NPOGOIOKI. DML pe3yibmamvl OMHOCIMCS K (QOPMUPOBAHUIO CEAPHO20 WBA, €20 CIMPYKNYpe, BbISIGIEHUIO €¢ 0COOeHHO-
cmetl. Ilpu smom u3yyenvl AGIeHUsl KOACOAHUL BAHHbI, QOPMUPOBAHUE MENN068020 MO, MUKPOCHMPYKMYPbl CeyeHuUll
HANIABIeHHBIX BANUKOS, ONpedeNeHbl pasmepvl KpUucmaiiumos. Ionyyennvle OanHvle ceuoemenscmeyiom o gakme 3Haqu-
MebHO20 NONONHCUMENbHO2O0 GIUAHUSA HA QOPMUPOBAHUE CEAPHO20 ULBA U HANIABICHHO2O CLOSl, UX CHIPYKIMYPY U 603MONCHO-
cmu YnpaeneHus. umu 3a C4ém u3MeHeHUsl napamempos UMNYIbCo8 NOOAayU dNeKMPOOHOT NPOBOIOKU, YO Oendem 803MOMC-
HbIM pAcUupeHue NPUMeHeHUsi PACCMOMPEHHbIX CHOC0008 C8APKU U HANIAGKU.

Buv1600b1 6 coomeemcmeuu co cmamvéil. Pso uccredosanuil, kKomopvie HaNpAGieHvl HA GvlAsieHUe IhdexmueHocmu
npoyeccos ceapKi u HANAAGKY NPU NPUMEHEHUU YNPAGISeMOl UMNYIbCHO No0aul 3J1eKMmpOOHOL NPOBONIOKU OMHOCSMCS K
uzuKO-MexanuueckuM u Opy2um CGOUCMBAM CEAPHbIX COCOUHEHUTI U HANIAGIEHHbIX CLOEE U NOKA3bIGAION CYUWeCMEEHHbIe
npeuMyuecmed 8 CpasHeHul ¢ KOHBeHYUAnbHOU nooauyell, obecneuusas NoGululeHUe Kavecmed Memaiid, 8 mom yucie u 3a
cuém OpodneHs KPUCMAIUMO8 U CHudceHus: meniosnodxcenuti. Cpeou psaoda cnoco6oe obecneuerus UMnyabCHOU nooayu 0o-
3UPOBAHHAS NOOAYUA, C OOPAMHBIMU CE538MIU NO NAPAMempam 0208020 npoyecca, Haubonee s¢ghpexmuena. dghpexmusHocms
NpUMeHeHUsl NPOYecco8 C6apKu U HANIAGKU MOXCem DblMb UCNONb306AHA NPU C8APKe NIOX0 C8APUBAEMbIX CIAell U CNIA608
aniomunusi. Jmo, 6 YacmHoCmu, KAcaemcesi C6aApKu OYNAEKCHbIX CIMAell, HeKOMOPbIX CRIAAGO8 ANIOMUHUS, MOHKOIUCHOBbIX
koncmpyryuti. Cnedyem pekomeH006ams 6cé 6oiee WupoKo NPUMEHSINb MEXAHUZUPOBAHHOE U AGMOMAMUYecKoe 0060pyoo6a-
HUe 8 MEeXHOIO0SUNeCKOU NPAKMUKE NPU CO30AHUY U PEMOHIME CaAMbIX PAZHOO0OPA3HbIX KOHCMPYKYUL.

Kniouesnvie cnosa: snexmpooyeoeas ceapka, MIAGSWULICS DNEKMPOO, NEPEHOC NeKMPOOHO20 MemAid;, CEApOUHAs
6AHHA, KAYeCMBO W6a; HaNAAGNIEeHHbLI CNIOU, U3YYeHUe.

Puc.: 4. Tabn.: 5. buébn.: 15.

© [[latoH b. €, Jlebener B. O., XKXyk I'. B, [Tnyak B. T"., 2020
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AKTYyaJIbHOCTDH TeMbI HccaeqoBaHusl. [[porieccrl aBTOMaTH4YeCKON M MEXaHU3UPOBAHHOMN
AJIEKTPOIYTOBOM CBapKU M HAILJIAaBKU C IPUMEHEHUEM PA3JIMYHBIX BHI0B 3JIEKTPOIHBIX IPOBO-
JIOK UMEIOT OYEeHb IIMPOKOE PACIPOCTPAHCHUE MPAKTUUECKU BO BCEX OTPACISX MPOMBIIIICH-
HOCTH, CTPOUTENLCTBA U JIP., BKIItOYasl crieraibHble 3a1a4un. Chepsl NCIonb30BaHus CBapOY-
HBIX ¥ HAIUTABOYHBIX aBTOMATOB M MOJyaBTOMATOB BKIIFOUYAIOT B ce0s KaK II€XOBBIE YCIOBUS,
TaK ¥ OTKPBITHIE IJIOMAAKH. PacipocTpanenue nomydaer o00pyA0BaHUe JIJIsl CBAPKU IO BO-
JIOI MOKPBIM CIIOCOOOM C TIOJYYeHHEM JIOCTATOYHO Ka4eCTBEHHBIX pe3ynbTaToB [1].

PazpaboTtano 60JbIIIOe YUCII0 PA3TMIHBIX KOHCTPYKITUN CBAPOYHOTO 000pYA0BaHUS, B TOM
YHClie Ha OCHOBE MU(POBBIX TEXHOJIOTUH, B KOTOPBIX HCIIOIB3YIOTCS HOBBIE TEXHUKO-TEXHO-
JIOTHYECKHE PelLIeHMs, TTO3BOJISIONINE B TOM WJIM HHON Mepe OCYIIECTBUTH YIIPaBJIEHUE pa3Iny-
HBIMH DJIEMEHTaMH JYTOBOTO Ipoiiecca. ITO, B YACTHOCTH, OTHOCUTCSI K HMCIIOJIb30BAHHUIO B
CBapOYHOM 000PY/I0BAaHUH HHBEPTOPHBIX UCTOUYHUKOB TOKA, HA OCHOBE KOTOPBIX PEaTU3YIOTCS
pa3jfYHble HUMITYJIbCHBIE alTOPUTMBI YIPABJICHUS MEPEHOCOM JJIEKTPOJHOTO MeTaia —
Hambosree A3PPEKTUBHOTO croco0a OpraHU3aluy CBAPOYHOTO TIpoIiecca ¢ YMEHBIIIGHHEM pa3-
OpbI3rUBaHMS, MOBBIICHUEM KayeCcTBa CBAPHOTO COSTMHEHUS U JIp.

B HacTosiimee Bpemsl MosiBUJIAch allbTEpPHATHBA WHBEPTOPHBIM HMCTOYHUKAM CBAPOYHOTO
TOKa — MEXaHU3MBI MTOJIAYH ¢ UMIYJIHCHBIMHA (pOpMaMu TepeMeIeH sl dJIeKTPOIHOW MPOBO-
JIOKH, B TOM YHCJIIE C YIPABIsIEMbIMH XapakTepucTukamu. Takoe 000py10BaHIE MOKET pelaTh
MPaKTUYECKH Bce MPOOJIeMbl CBapKH, B YACTHOCTH IPU CBapKe — HAIlJIaBKe B 3aIUTHBIX ra3ax,
BKJIIOYAs 3HAYUTENILHOE TMOBBIMIEHUE SKCIUTyaTallHOHHBIX CBOWCTB CBApPHOTO COEAWMHEHHS U
HAIIaBJIEHHOTO CJIOS IPH CHIDKCHUH MaTepUAIbHBIX U DHEPreTHUYECKUX pecypcos [2; 3]. [Ipu-
MEHEHHUE B CBAPOYHOM 000PY0BAHUU MEXAaHMU3MOB C UMITYIbCHOM TI0/1adeid 3JIEKTPOTHOM IMpo-
BOJIOKM HE HMCKIIIOYAeT BKIIIOUEHUE B €r0 COCTaB MHBEPTOPHBIX MCTOYHUKOB. Takoil TaHIem
mo3BoJsieT emé 6osee A3p(PEeKTUBHO MPUMEHSTh U aBTOMATHI, U TIOJyaBTOMAThI ISl CBApKH U
HaIlJIaBKH, KaK 3TO OTYACTH MTOKa3aHo B padote [4].

IlocTanoBka npobaemsl. [Iporiecchl cBapky U HAIJIABKU C MPUMEHEHUEM WHBEPTOPHBIX
HMCTOYHUKOB CBAPOYHOI'O TOKA U UX BO3MOXHOCTH JIOCTATOYHO XOPOIIO U3yUeHbl. TexHomoru-
YeCKHUE BO3MOYKHOCTH MPUMEHEHHUS] MEXaHW3MOB HMMITYJICHON IMOJAYd COBPEMEHHBIX KOH-
CTPYKUUH C MPUMEHEHHEM MAJIOMHEPLIUOHHBIX 3JIEKTpOABUTaTe el (BEeHTHIbHBIX, IAarOBHIX)
C KOMITBIOTEPU30BaHHBIMU CHCTEMaMU YIIPABJICHUS U PETYJIUPOBAHMS, HATIPUMEP, TAKUMU, KO-
TOpPBIE OMUCAHBI B paboTe [5] M KOTOpBIE UCITOIH30BATUCH B HACTOSIIEH paboTe, H3ydeHBI He-
nocratouno. CreaoBaTebHO, HE O KOHIIA ONpeeNieHbl chephl MPUMEHEHUS MeXaHN3UPOBaH-
HOTO 000pyI0OBaHUS C TAKUMH CHCTEMaMHU.

AHaJIN3 NOC/IeTHUX HCCTeI0BaHUIT B myoaukanmii. B nactosieit pabote He paccmaTpu-
BalOTCSI BOIIPOCHI, CBS3aHHBIE CO CHI)KEHUEM pa30pbI3ruBaHus JIEKTPOJIHOT0 MeTaa. Y Ipas-
JICHHE TeOMETPUYECKIMH XapaKTePUCTUKAMK CBApHOTO IIBA M HAIIABJICHHBIX BAJIMKOB, TaK
KaK OHH JIOCTaTOYHO MOAPOOHO 0TOOpaXKEHBI B IIEJIOM psijie paboT, Hampumep [6].

N3BectHO [7], yTO BUOpAllMOHHBIE BO3JECHCTBUS HA KUAKUNA METalI, KOTOPBIM SIBIISIETCS
CBapOYHasi BaHHA, OKa3bIBAIOT CYIIECTBEHHOE BIIMSIHME Ha KPUCTALTU3AIMIO 3TOT0 METaslia.
BubOparus )uaKoro MeTaia mo3BojseT CyIEeCTBEHHO YMEHBIITUTh POCT 3€pHA KPUCTAILIIUTOB,
CIOCOOCTBOBATH €r0 JI€30pPUEHTAllNHU, ITOBBICUTH BEPOSTHOCTH JIEra3allii BaHHBI U CIOCO0-
CTBOBATh BBIXOJIy HEMETAUTHYECKUX COSTMHEHUH 1 TIOBBIIICHUIO POYHOCTH CBAPHOTO I1BA U
HaIlJIaBJIEHHOTO BAJIUKA. DTUM U PSIIOM JIPYTHX SIBJICHUH 00OBSCHSIETCS HEOOXOIUMOCTh U3yyde-
HUS CBAPOYHOU BaHHKI MPH UCIIOIH30BAHIH UMITYJILCHOM MMOJJa4d AJIEKTPOIHOM MPOBOJIOKH.

Brinesnenne HencceT0BAaHHBIX YacTell o0meil nmpoodJembl. CieayeT ykazarh, 4TO mapa-
METpPBbI UMITYJILCHOM MOAa4H JIJIs TPEeIBAPUTEIHHOTO aHaIn3a 1 GOpMYJIMPOBAHUS JAHHBIX IS
MOCJIeYIOIEro KOMIUIEKCA UCCIIeIOBAaHNN BRIOMPAIMCH U3 paHee HapaOOTaHHOTO OaHKa J1aH-
HBIX, YaCTUYHO M3JI0KEHHBIX B paboTax [8; 9], 1 MO3BOISIONMMX MOTYYUTH OJM3KHUE K ONTH-
MaJbHBIM IO OOJIBITMHCTBY XapaKTEPUCTUK Pe3yJIbTATHI.
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[losrydyeHue peanbHOr0 MaTeMaTUYECKOTO ONMKCAHUS SBIIEHUN B CBAPOYHON BaHHE Mpe-
CTaBJISIET OYEHb CIOXKHYIO 3a]auy, XOTs UMEIOTCS padOThI B 3TOM HaIlPaBJIEHUU C MOJIEIHUPO-
BaHHWEM JBWIKEHUS IS psija KOHKpeTHBIX ciydaeB [10]. MoXHO cuuTaTh, YTO OCHOBHBIM
HaIpaBJICHUSIM KOMILJIEKCA UCCIIEIOBAHUM JTOJKHBI OBITH SKCIIEPUMEHTAIBHEIE HCCIIET0BAHUS
C IPUMEHEHUEM COBPEMEHHOTO 000PYI0BaHUS.

ITocTanoBka 3amaum. Llenpro HacTosmEdl pabOTHI ABISETCS PACCMOTPEHUE HEKOTOPBIX
BO3MOKHOCTEN MPUMEHEHUSI MEXAHW3MOB YIIPABISIEMON WMITYJIBCHOW MOJAYM JJIEKTPOTHOU
MIPOBOJIOKH C OMpeJiesieHneM e€ BIUSHUS Ha CBOIMCTBa MeTaslla IIBa M HAIJIAaBJICHHOTO BaJIMKa
C MPUMEHEHHEM HKCIEPUMEHTATbHBIX UCCIIEIOBAHUM U UX aHAIM30M IIPU BEJICHUU JTyTOBOTO
mporiecca B cpefie 3alIUTHBIX ra30B, a TAaKXKe olpe/ielIeHHue HAalpaBIeHU! paliuoHaIbHOTO IPH-
MEHEHUSI COBPEMEHHBIX pa3paboTOK MEXaHW3MOB UMITYJIbCHOM TOJa4ur, BKJIIOYAs I03UPOBAH-
HYIO [To/1avy.

N3a0:xeHne 0CHOBHOro MartepuaJa. JIBikeHrne BaHHBI pACIIaBICHHOTO MeTajula U3y-
YaJli [0 pe3yjbTaTaM CKOPOCTHOM BUIEOCHEMKHU BO BpeMsl IIEpeHoca 3JIEKTPOIHOTO MeTallia.
Hcnonrs3zoBanack kamMmepa cKopocTHOH BuaeocheMku Mikrotron MC — 131() ¢ 9acTOTON CheMKH
kaapos g0 1 x['n, namna noacsetku crosnbda ayru LSB 640 Hg.

Ha ¢ororpaduu puc. 1 npencraBieHbl Kaapbl CpaBHUTEIHLHOIO MEPEHOCA JIEKTPOTHOIO
MeTaJljia P HaIuTaBKe OOBIYHBIM MTPOLIECCOM U MTPOLIECCOM C UMITYJICHOM Mo1auei aIeKTpoI-
Ho#t mpoBosioku CBO8I'2 ¢ nmamerpom 1, 2 I 1 )

MM IIpU CBapKe B 3alIUTHBIX razax. Ha ¢o- i .

TorpadusX MOKHO BHJIETh, UYTO KOJIeOaHUS - s
JKUJKOTO MeTajlla MPU UMIYJIbCe TMOJa4u )

0oJee 3HAYMMBI, YeM TIPH OOBIUHOM TTo1a4e. S— H
DTO 0COOEHHO 3aMETHO B MOMEHT KOPOT-

KOT0 3aMbIKaHus (Kaaphl 2, 3). 31eCh BAXKHO

3aMEeTHUTh, YTO NPU UMITYJILCHOH Mo/1aue 1e-

peHocuMasi Karisl 3JIEKTPOJAHOTO MeTaslia

He JleopMHUpYyeTCsl U CTaOMIIbHA B OCEBOM
HaIpaBJICHUU B OTJIMYUE OT KAIUIA B OOBIY-
HOM IIpolecce. JTO CBUIECTEIBCTBYET O

TOM, YTO CHJIA, ACUCTBYIOINAS Ha KaIlIio Puc. 1. Ilepenoc anexkmpoonozo memania:

HIpH yCKOPEHHH B HMIIYJILCE INPEBLIMACT o — ohuiynas nodaua; 6 — uMny1bCHAS NOOAYA
MPOTHBOJICHCTBYIOIIUE CUJIBI B BHJIC peakK-

TUBHOT'O JBM)KEHHUSI Ta30B U YaCTHUYHO CHJI IOBEPXHOCTHOT'O HATSKEHMSI, UTO XapaKTEPHO JJIs
0OBIYHOM MOoJauu JIEKTPOIHOM IPOBOJIOKH.
[To xapakTepHBIM pe3yibTaTaM BHJIEOCHEMKH BCEr0 ydacTKa BaHHBI Olpejessiach 3a-

BHCHUMOCTH
h=10) "

r7ie h — BbICOTa BaHHBI; / — pacCTOSTHUE I10 JJIMHE BaHHBI.

Touku u3mepenus A, / OTCUUTHIBATUCH OT OCH II0JIa4H AJIEKTPOJIHOM MPOBOJIOKH HA YPOBHE
HaIIaBJIIEMOr0 MeTasua.

3aBucuMocTsb (1) 17t psiga BpeMeHHBIX TpoMeKyTKOB OoT () 10 3 Mc mpejcTaBieHa Ha rpa-
¢dukax puc. 2.

MOoKHO 3aMETUTh, YTO JIBU)KEHHE ITOBEPXHOCTH CBAPOYHON BAHHBI IIPH MUMITYJBCHOM IIO-
Jade HOCAT KoJieOaTeIbHBINA XapaKTep ¢ YaCTOTOW WICHTUYHOM YacTOTE TOIauH.
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Puc. 2. Hepemeu;enue noeepxnocmu CGGpOVHOﬁ 6UAHHbL OMHOCUME/IbHO Havala u3M€peH1/l1/7

Ecam BBIMOTHUTE KOMILIEKC U3MEPEHUH KoIeOaHWii CBapOYHOM BaHHBI JIJII MAacCHBA UM-
MyJIbCOB TMOJAYU DJIEKTPOJHON MPOBOJOKH C AHAIM30M IOJYYEHHBIX MHUKPOILIH(OB, TO
MOYHO HalTH 3aBUCHMOCTH BIIMSIHUS [TAPAMETPOB UMITYJIbCHOU II0/1a4U HA CTPYKTYPY MeTaJlIa
1B, B YaCTHOCTH HA U3MEPAEMYIO XapaKTEPUCTUKY — BEJIMUUHY KPUCTAJUIUTOB.

Ha ¢otorpadum puc.3 [isi KadecTBEHHOW OICHKHM MPEJCTABICHBI MUKPOCTPYKTYPHI
HAIUIABJIEHHOIO0 METAJUIa B IONEPEYHOM CEYEHHM B CPAaBHEHUU C OCHOBHBIM METAJLIOM,
HaIlJIaBJIEHHBIM METAJIJIOM IIPH CBapKe C OOBIYHOM MMOJauei 1 MMITYJICHOH ITOJavuei AJIeKTPO,I-
HOM MPOBOJIOKH € JO3UPOBAHHBIM PETYJIMPOBAHUEM 3a CUET BBEJCHUS PETyIUpyeMoil oOpar-
HOM CBSI3W TIO TOKY JyTOBOTO Tporiecca. AHATN3 MacCHBa MUKPOILTH(OB, TOJYISHHBIX B pe-
3yJIbTaTE€ HAIJIABKU, B TOM YHUCJIE C UMITYJIbCHBIMH QJITOPUTMAMH BO3JIEUCTBUSI 3JIEKTPOJIHON
IIPOBOJIOKM HA BAaHHY PaCIJIaBJIEHHOTO METAJUIA IOKA3bIBAET, UTO B CIIy4ae IEUCTBUS UMITYJIbCa
JIBUKEHSI TPOUCXONT APOOICHNE KPUCTAJUIUTOB U UX J€30pUEHTAIIHS, 9TO CIIOCOOCTBYET TO-
BBILIEHUIO MEXaHUUECKNX CBOMCTB CBAPHOIO IIBA WJIM HAIUJIABJIEHHOTO CJIOSI.

i ;. “ i t;i’gé.
|« | [ il - n
Puc. 3. Muxpouinughor nonepeunvix cevenuii memaiia naniagienno2o 6 cpede CQO: sex-

mMpoOHoU npoeoiokol ouamempom 1,2 mm ¢ 200 kpamuvim ygerudenuem npu céapke: d — ¢
NIAGHOU nooayvetl nNPo6oJoOKU; O — ¢ UMNYILCHOU nodayetl, 6 — ¢ 003UPOBAHHOU nooayenl

N3ydenne storo sddekra mMpoBOAMWIOCH Ha oOpa3lax MyTéM H3MepeHUs TBEPAOCTH
HAIUIABJICHHBIX CJIOEB U OTIOCPEIOBAHHOTO OTIPEICICHHUS pa3MePOB KPUCTAILTUTOB IIPH pa3iIid-
HBIX cIoco0ax Mmojauu Jisl CPaBHUTEIHHOTO aHaM3a MPH IPUMEHEHUH AJIEKTPOJIHBIX MPOBO-
JIOK OJTHOTO U TOTO JK€ COCTaBa.

PasMep KpHCTaIIUTOB B CTPYKTYpE HAIUTABICHHOTO METaJlIa OMpeeNisics Ha ONTHIECKOM
mukpockorie NEOPHOT 32 ¢ ucnionp3oBanremM MeTouK, persiameHTupoBanHbix ['OCT 5639 —
82. Cnemyet OTMETUTD, YTO KPUCTAIUTUTOM CUATAETCS OTACIBHBIA KPUCTAILT MOJTUKPUCTAILTIYC-
CKOTO KOHTJIOMepaTta, KOTOPbIi OrpaHIYEeH CMEXHBIMHU TIOBEPXHOCTSIMHE - TPAHHUIIAMH 3€PHA.
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CpaBHUTENBHBIN aHATIM3 MUKPOCTPYKTYPHI POPMBI U pa3MepoB KPUCTATUTOB B LIEHTPAIb-
HOM YaCTH HAILIABJIEHHOTO METaJlJIa TI0KA3aJl, YTO IPH UMITYJIbCHOM IT0Jjaue OHU UMEIOT CYIIe-
CTBEHHO MEHBIIIYIO IUPUHY U K03 durment ¢popmsl. B Tabn. 1 npencraBieHo cpaBHEHHE I10-
Kazaresneid (JOpMBbI KPUCTALUTUTOB B HAIUIABJICHHOM METaJllie TPH HAIlJIaBKe JITHPOBAHHBIX
CTaJIell B Cpe/IHEH YacTH HaIlJIaBJIEHHOTO Banuka. [Ipu cBapke B 3HAUMTEIBLHOW MEpE CHIKA-
eTCsl TaK)Ke JIJTMHA KPUCTATUTOB, 3HAYUTENbHASL YacTh U3 KOTOPHIX He npeBbimnaeT 210 MkmM
1o cpaBHeHuto ¢ 640...700 MKM IpH IOCTOSTHHOH IOJaye 3JIEKTPOJHONW mpoBoJioku. [Ipu
CBapKe — HAIJIABKE C JJO3UPOBAHHOM IMOJIAYEH IEKTPOIHON TPOBOIIOKH, UCITOIB3YS CIIEIAATh-
HBIE Ile/IeHaNpaBIeHHbIE HACTPONKU CUCTEMBI YIPABJICHUS, MOXKHO emé Oojiee CHU3UTH I'eo-
METpPUYECKHE pa3Mepbl KPUCTAILIATOB.

Tabmuna 1
Konuuecmesennore nokazamenu quprl Kpucmaijiumoe 6 HanjldeJleHHomM memailie
IMopaua 3exkTpoaHoii lIupuHa KpPUCTAJLUINTOB, Koadduuuent ¢popmsl
MPOBOJIOKH MKM KPHCTAJUINTOB
IImaBHas 97,5 6,8
HNmnynbcHas 70,0 4,56
Jlo3upoBaHHas C lieJeHanpaBJIeHHOM HacTpoHKoit 52 3,12

[TokazaHo, YTO HCMONB3YSI UMITYILCHYIO MOaUYy AJIEKTPOJTHON MPOBOJIOKH MOXKHO Ooree,
YeM JABYKPATHO YMEHBIIUTh pa3Mephl KPUCTAIIUTOB B CTPYKTYpE HAIJIaBJIEHHOTO CJIOS, a, CJle-
JIOBaTeNbHO, 00ECIIEYHNTh YIIyUIlIEHHBIC SKCIITyaTallMOHHBIE CBOUCTBA U3 IEIIHSL.

JIst HarIaBIEHHOTO CIIOSI, BHIMOJIHEHHOTO C LENBI0 MPUAHUs U3JENIHUI0 ONpeAenEHHBIX
CBOMCTB, CBSI3aHHBIX C MPOYHOCTHIO M H3HOCOCTOMKOCTEIO OBLT BHITOJIHEH ITUKIT padOT IO Ompe-
JICJIEHUIO TBEPJIOCTH M CONPOTUBIICHUSI TPEHHIO (TpUOOIOTHYECKUE UCTIbITanus). VcnbiTanus
MIPOBOIMIIACH B CPABHEHUU PE3YJIbTATOB /ISl CBAPKU-HAIIABKY C OOBIYHOW U UMITYJIHCHOM TI0-
Jladeil 3IEKTPOJHOM MTPOBOJIOKU OJTHOTO W TOTO KE THTIA.

IToxazarenu TBEpaOCTH OBLIN IOTyueHBI ¢ oMok TBEpIoMepa LECO M — 400 no me-
togukam JICTY ISO 6507-1:2007 npu Harpy3ke muaeHtopa Ha oOpasen 1 kI'. Hekoropsie
yCpeIHEHHBIE pe3ybTaThl H3MEPEHH HAIUIABJICHHOTO CJIOS B €r0 IIEHTPE U B 30HE TepMUYe-
CKOT'O BJIMSIHMS JIaHBI B Ta0JI. 2.

Tabnuna 2
Pesynomamer uccnedosanuti meépoocmu

Cnoco6 nopauu | TBepaocTh HanJIaBJAeHHOro MeTajna | TBepaocTh MeTasl1a 30HbI TEPMUYECKOT0
NPOBOJIOKH B x 10" Ia gausinust 3TB Bsrs x 107 IMa
ITnaBHbII 165 161
HMnynbCHbIiM 198 212
Jlo3upoBaHHbII 202 218...225

MOHO OTMETUTH, YTO UCHOJIB3Ys UMITYJIbCHYIO [10/Iady 3JIEKTPOIHOU MPOBOJIOKHU, TBEP-
JIOCTh HAIJIABJICHHBIX BAJMKOB CYIIECTBEHHO BO3pacTaeT, MOBBIIIAS SKCILTyaTallMOHHBIE BO3-
MO’KHOCTH HAIUIABJICHHOTO M3AETHsL. DTOT 3P PEeKT MOKHO OOBICHUTH, B OCHOBHOM PECTPYK-
Typu3alueld HalIaBI€HHOIO CJIOSl, a TaKXKe YacTUYHO YPOBHEM II€pexoja JIETHPYIOIINX
HJIEMEHTOB, OMPEACIIIOMUX (pr3nUecKre CBOMCTBA HAIJIABIEHHOTO CJIOSL.

CpaBHuTeNbHAs OlleHKa TPUOOIOTMUECKUX CBOMCTB HAIUIABIEHHOTO CJIOSI TPOU3BOIMIIACH
P TPEHUU MeTajljla 10 METajuly Ha CIEeNHATU3UPOBAHHON YCTAHOBKE ISl KOMIUIEKCHOMN
OIICHKH CBOWCTB HaruiaBiieHHOTO MeTajuia (pazpadborka MIC um. E. O. IlaTona), mpu crnemayro-
X YCIOBMSX: yJelbHOE naBieHue B Mecre KoHTakta 100 MlIla; ckopocTe TpeHus
11...12 m/muH. [Ipu 5TOM BHE UCCIIEOBAHUS HCIIOIH30BAIMCH 00PA3Ilhl, HAITABICHHBIC 3JICK-
TpoaHoi TpoBosiokoit Hi-30XI'CA mpu aByX crocobax e€ mojauu ¢ pexkuMaMu, o0ecrieunBa-
IOIIMMU O/IMHAKOBBIE KOJIMUYECTBA IIOJIAHHOM MPOBOJIOKHU WJIM OJJUHAKOBBIE TapaMeTphl HAIlJIaB-
JIEHHOT'O BaJIMKa.
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HexoTtopsbie pe3ynbTaThl TPHOOIOTHYECKHX CPABHUTEIHHBIX HCCIIEIOBAHUI C yCPETHEHIEM
pe3yabTaTOB IPEICTABIICHBI B TA0I. 3.

Tabmuma 3
Pesynomamet uccneoosanuti memna usHoca
YacToTa no- CkBaxkHocTh | K-Bo HanmnaBinennbix | CpeaHuii TeMn H3Hoca,
Cnoco0 mogaumn v 3
nauu f, I'n S CJI0EB N MM°/KM
ITnaBHas 0 0 1 7,3
NmnynbcHas 15 3 1 3,8
HmnynscHas 60 3 1 6,6
HNmnynbcHas 20 5 1 4,2
HmnynscHas 60 5 1 5,8
IInaBHas 0 0 5 3,9
NmnynbcHas 15 3 5 3,2
HmnynscHas 20 5 5 2,7

Heo6xomumMo oTMeTUTh (hakT W3MEHEHHsT YPOBHS MIEpeXo/1a JETHPYIOIUX AIEMEHTOB TIPH
HCIIOJIb30BAHWH MPOIECCOB CBAPKH — HATUIABKY C UMITYJIbCHOM ITOJIavel 3JIEKTPOHOM MTPOBO-
JIOKH, KOTOPBIA B CYLIECTBEHHOW CTENEHU BIIASIET HA KQUECTBO METAJJIa 1BA WJIA HAIUIABJIEH-
HOTO CJIOS € MOJIyYEHUEM OIPEIEIEHHBIX IKCIUTYaTallMOHHBIX CBOMCTB.

XUMHYECKUH COCTaB HAILJIABJIIEHHOTO CJI0SI ONIPEAEIISIICS € UCIIOIb30BaHUEM aTOMHO-3MHUC-
CHOHHOI'O METO/Ia CIIEKTPOCKONNH. BribopouHoe omnpe/iesienre cocTaBa HaIJIaBJIeHHOTO CII0s,
MTOJIYyYEHHOE ISl CPABHEHUS MPU IUIABHOW M MMITYJIbCHOM IOJA4e 3JIEKTPOJHON IPOBOJIOKU
Hm-30XT'CA ¢ pa3abiMu mapaMeTpaMu MpeACTaBICHBI B Ta0. 4.

Tabauna 4
Maccosas 0o Jlecupyroujux 3J1emMenmoe 6 HanjldejleHHom ciloe
#S) C,% Cr,% Mn, % Si, %
(20/5) 0,17 0,55 1,06 0,80 | o
MMOCTOSIHHAS Moxada 0,17 0,63 1,10 0,87
(20/5) 0,21 0,98 0,84 0,78 5 clI08B
MOCTOSIHHAS Mo1ada 0,20 0,90 0,81 0,70

OueBuaHO, YTO MaccoBasi JOJS JIETUPYIOIIMX DJIEMEHTOB, B YaCTHOCTH JUIS S-CIOHHOM
HaIlJIaBKH, 3aMETHO BBIIIE JIJIST CITOco0a CBApPKU ¢ UMITYJICHOH MOJa4ei JIEKTPOTHOMN TPOBO-
JIOKH.

Bonbimoe uncno nctouHuKoB, HarpuMmep [ 11], moka3sIBarOT, YTO MPH MPOYUX PABHBIX YCIIO-
BUSIX M TIOJTyYEHHBIX pe3yJIbTaTaX TeIIOBIOKEHHSI OT JYTOBOTO Mpoliecca ¢ IPUMEHEHUEM UM-
MyJIbCHBIX aJITOPUTMOB TOJA4d 3JIEKTPOJHON MPOBOJOKH B CPAaBHEHUM C IIJIABHOW Mojaveit
CHIKaIOTCsl. B paboTe maroTcst HEKOTOphIe Pe3ybTaThl H3MEPEHUS TEMIIEPATyPhl B TPaHUIIAX
400-700° C B obOmacTu, colnpsraromeics co CBapouHOil BaHHOM.

[Ipu MuCTAaHIIMOHHOM M3MEPEHUHU TeMIIepaTyphl BECbMa KeJlaTeIbHO UMETh BO3MOKHOCTH
¢ukcanun mpuOopa Ha yJacTKe, OJIM3KOM K TOUYCHHOMY.

N3mepenus: mpoBOAUINCH C HUCIHOJIB30BAHUEM COBPEMEHHOW WH(PAKpPACHOW Kamephl
OPTRIS Xi 80 ¢ BepxuuM auamazonom mmepsieMbix remmeparyp 150...900° C. Tlone uzmepe-
HUS KaMepsl B Auamazone 12° (f= 12,7 mm)...80° (f= 2,3 mm).

3aMepsI MPOU3BOIMIKCH (110 BO3MOKHOCTH ) B OJTHUX M T€X K€ MAPKUPOBAHHBIX TOUKAX
Ha psijie HalJaBlIsSeMbIX 00pa3lloB, a pe3ybTaThl 3aMepOB MpeJICTaBIeHbl Ha puc. 4, rie
3HaukoM <@l 0003HAYCHBI 30HBI U3MEpEHUil B uamna3one temmeparyp 400—-650°C.
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PaccMmoTpenue pe3ynbTaToB U3MEpEeHU TeMIEpaTypbl 30HbI BHIIOJIHSIEMOW HaIlJIaBKU Ba-
JIMKa MOKa3aHHBIX Ha pUC. 4 O3BOJISET JOKa3aTeNIbHO YTBEPKIaTh, UTO IPU OJJUHAKOBOM reo-
METpHUU BaJluKa WA OAMHAKOBOM PACXO0J€ JEKTPOAHON MPOBOJIOKH (MCIIOIB30BaH CIIEIIUAIIb-
HBIM JaTYMK JABMKEHUS HAa OCHOBE DHKOJIEPOB) TEILJIOBJIOKEHUSI IPU CBApKE C MOCTOSIHHON
I0/1aueil 3IEKTPOIHON ITPOBOJIOKH OOJIBIIE.

Och ¥ HanpaBIeHHE HATUIABKH Och ¥ HanpaBJIeHHe HATLTABKH
MM 4 1.
300 ‘ P
250
200
100 f g

-50 -40 -30-20 -10 0 10 20 30 40 50-50 -40 -30-20-10 0 10 20 30 40 50

a 0

Puc. 4. Pacnpeoenenue memnepamyp npu ceapke: a) ¢ UMNYIbCHOU NOOAUell 3/1eKMpoOHOU
npoBoNOKU, 0) ¢ NOCMOAHHOU NOOayeli 21eKMPOOHOU NPOBOIOKU (NOKA3AH MeMNnepamypHbulll
unmepaan 600...400°C)

Kak BugHO U3 rpaduKoB pacipe/iesieHne TeMIeparyp mpy CBapKe ¢ MOCTOSIHHOM Mo1aveid
3JIEKTPOJTHOM MPOBOJIOKH UMEIOT 00Jiee pa3BUTYIO (POPMY, UTO OOBSICHSETCS OOJIBIITHM TEILIO-
BIIO’KEHHUEM.

CrnenyeT OTMETUTh, YTO CHUKEHHE TEIIJIOBIIOKEHUH MPH CBapKe-HAIJIaBKE ¢ UMITYJILCHON
noJiaueit AJIEKTPOIHOM MPOBOJIOKH XOPOIIO KOPPETUpyeTcs ¢ pe3yIbTaTaMy HapaljiebHbIX 3a-
MEpOB pacxoja 3JIEKTPOIHEPTUH, MPONU3BOAUMBIX C MPUMEHEHHEM CIIelUaIbHO pa3zpaboTaH-
Horo npudopa M3-1 -200, paboTa koTOporo onucana B padote [12], # KOTOPBIA UCIIOTB3YETCS
HaMH, B OCHOBHOM, IIPH CPaBHUTEIHHBIX UCCIICJIOBAHUSIX.

Cepbé3nas mpobiiemMa MpH CBapKe W HAIUIaBKe 3TO JedopMaliys W3IeIrs, BO3HUKAIOIIAS
KaK JIHCTBUE MOCJIEIYIOMUX OCTATOYHBIX HampspkeHui. OCcTaTOYHbIC HAMPSKEHUS U e op-
MalliU B CBAPHBIX U3AETUSX HEOOXO0IMMO YMEHBIIATh U IeJIecO000pa3Hee BCEro 3TO HyKHO Jie-
JaTh eImé B MPoLecce CBAPKHU U HAIJIaBKH.

CytrecTByeT OOJIBIIIOE YUCIIO CITOCOOOB YMEHBIIICHUS Je(opMarivii, Kak CIIeJICTBUS OCTa-
TOYHBIX HanpsikeHuid. OJTHO ¥ TOTO, Ha YTO MOKHO BIIHSTH, UCTIOJB3YsI Pe3yIbTaThl HACTOSIIIEH
paboThl — CHUKEHHE TEIJIOBIIOKEHUSI B MeTall. TakuM 00pa3oM yMEHBIIAIOTCS SIIOPHI OCTa-
TOYHBIX MPOJOJBHBIX IIACTHYECKUX JAedopmaruii YKOpOUEHUS, SBISIONIUECS, B OCHOBHOM,
OTBETCTBEHHBIMH 32 OCTATOYHBIC HANIPSDKSHUS U Ie()OPMAIIHH.

KauecTBeHHYIO OIIEHKY J€HCTBUS TEIJIOBIOKEHUN MTPOBOJAMIIN B CPABHUTEILHBIX U3MEpe-
HUSIX JIJIs1 OOBIYHOTO TIPOITecca U MpoIlecca ¢ UMITYJILCHOM TOoIaueit AIeKTPOIHOM TPOBOJIOKH.
Jlyist onipeienieHUsT HANPsHKEHU OBUTH MCTIOIB30BaHBI JIBa BUJA JATUMKOB: MAarHUTOCTPUKIIH-
OHHBIN M TEH30PE3UCTOPHBIN JATUMKH C MHOTOKAHAIBHBIMU CHCTEMaMU U3MEPEHHI U peru-
cTpauuu. M3aMepsuiich HalpspKeHUsI 10 M 1IOCJIE CBApKU JUISL KaXI0ro U3 CIIOCOOOB MOJAyH.
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Kak u B ciyuae onpejeneHus: TeMrepaTyphbl, peKUMBI [yTOBOTO Mpoiiecca ObLIN BHIOPAHBI Ta-
KOBBIMH, YTOOBI JJ11 OOBIYHON U UMITYJIBLCHOM MOJJauu COOIIOIANCH YCIOBHS paBEHCTBA I'e0-
METpHUH HAIUIABJIIEHHOTO BaJMKa M KOJMYECTBA MPOBOJIOKH, 3aTpayeHHON Ha MOJyuyeHUe yKa-
3aHHON TEOMETPUH.

Hcnonb3ys pe3ynbTaThl MPOBEACHHBIX HCCIIEIOBAHUM 0 3amMepy aedopmariiii MOKHO 3a-
KJIFOUUTh, YTO IIPU MEXaHU3UPOBAHHOU JyTOBOM CBapKe B 3alIUTHBIX I'a3aX C UCIOJIb30BAHUEM
HMITYJIbCHOM MO/Iauyl 3JEKTPOJHON MPOBOJIOKU B 3aBUCHMOCTU OT MapaMeTpOB UMITYJIbCOB U
YCTaHOBJICHHBIX PEKUMOB 32 CUET CHIDKEHUS TEIUIOBIOKEHUN MOXHO CHHU3HWTH MOKa3aTeln
ocTaTouHbIX Jedopmaruit uznenus B 1,5...2,0 paza. 10T 3pdeKT ¢ OOIBIUMHA BO3MOKHO-
CTSIMH MO>KET OBbITh UCIIOJIb30BaH, B YaCTHOCTH, IIPU CBApPKE JTTMHHOMEPHBIX KOHCTPYKIIUH, KO-
TOpbIe, HATPUMEP, YACTO MPUMEHSIOTCS B KOHCTPYKIIHSIX CYJIOB.

[IpencraBisier HHTEpEC BOZMOKHOCTE () (HEKTHBHOTO HCIIOIH30BAHMS UMITYIBCHBIX aIro-
PUTMOB yIpaBlIeHUS MoAaueil 3JIEKTPOJHONW IPOBOJIOKU MPU CBapKe IYIJIEKCHBIX (aycTe-
HUTHO-(DeppHUTHAS CTPYKTypa) cTasedt [13; 14]. B mocinemnee BpeMst Takue CTaaIl HAXOMISIT BCE
OoJiee IMMPOKOE IPUMEHEHHUs Oylarojgapsi MX CBOMCTBaM. BceiemctBue cBoeit aByxdasHoi
CTPYKTYPBbI, BCE COBPEMEHHBIE THIIbI TYTJIEKCHBIX CTalei MMEIOT BBICOKYIO CTOHKOCTh K Tpe-
IIMHOOOPA30BaHUIO MIPHU KOppo3uu. JlyrieKkcHbIe HepKaBerolue CTalld UMEIOT HU3KOe CoJiep-
JKaHHUe yriepoja U 9TO JeNlaeT UX YCTONYUBBIMU K MEXKKPUCTAIUTUTHON KOPPO3UH. DTH U IpY-
rUe CBOMCTBa, HAMpHUMeEp, MPOYHOCTHBIE XAPAKTEPUCTUKH IYIUIEKCHBIX cTajeil TpeOyroT
0co00ro moaxoAa K WX CBapke. JTO KacaeTcsl COXPAHEHMs Y dTUX CTallell MEJIKO3E€pPHHUCTOMN
CTPYKTYPBI U HEOOXOIUMOCTH COXPAHEHHUS B 30HE CBapKu (ha30BOTO COCTaBa ayCTeHUTA U (ep-
puTa OJU3KOTrO K COCTAaBy CBapuBaeMoro meramuia. Kpome 3Toro cymecTByloT peKOMeHIaluu
Kacarollyecs OrpaHuYeHHs TEIJIOBIIOKEHUH B CBApOUHYIO BaHHY, IIPU 3TOM TEILJIOBIIOKEHUS
QO rae U, oTHECEHHBIE K CKOPOCTH BHITIOITHEHHS CBAPHOTO I1BA V JIOJKHBI COCTABIISITh:

0= k% < 2,5 xJIx/ MM, 2)

riae U, I — HalpshKeHHE W TOK CBApOYHOTO Tporiecca; k — Kod(GHUIMEHT, YIUTHIBAIOIIUHN OTJIH-
Yus BeJIU4YrH oT cucteMbl CH.
Koaddurmenrt &, ¢ orpannyenusiMu 1mo tertonoxenusMm O < 2,5 k/[owc/mm, OTMEUEHHBIM B
peKOMEeHIaTeILHOM ITepaType 1Mo CBapKe AYIJIEKCHBIX cTajiel, uMeeT pazMepHocTh k = 0,06.
C yuéToM yKa3aHHOTO BbIpaXXeHHE (2) IpUMET BU/I:

0= 0,06 U1 <2, 5k]x/MMm. 3)
v

B sTOM ciyuae ckopocTh BeJEHHUsI CBAPOYHOTO IpoIiecca v U3MepsieTcsi B MM/MUH.

Ucxonst u3 BeipaxeHus (3) MOKHO BBIOpaTh PeXMM CBAapKH, MPU KOTOPOM pPABHOBECHAs
CTPYKTYypa JIyIUIEKCHBIX cTaliell coxpansieTcs. OHako BeIOpaHHbIe apaMmeTpsl U, [ u v ¢ co-
OsrozieHueM ycioBus (3) Oojiee XapaKTEpHBI JUISl aprOHOAYTOBOM CBapKH, IPOU3BOJIUTEID-
HOCTh KOTOPOI MOKET OBITh HEJIOCTaTOYHOM.

[IprumeHeHre MeXaHU3UPOBAHHOW CBAPKH AYTUIEKCHBIX CTalleil MOXKeET OBITh () ()eKTHBHBIM
B Clly4yae MpUMEHEHUs 000pyJIOBaHUS C YIPaBISIEMbIMU UMITYJICHBIMU XapaKTepUCTUKaMU
HMITYJICOB IOJA4X JIEKTPOJIHOM IPOBOJIOKH, B YACTHOCTH C UCIIOJIb30BAHNUEM J03UPOBAHHON
oJIauy, T.K. OOECIEUYNBAIOT CYIIECTBEHHO MEHBIIHNE 3aTPaThl IEKTPO3HEPTUU U, COOTBET-
CTBEHHO TEIJIOBJIOXKEHUS Q.

HccnenoBanue AeMCTBYS UMITYJIBCHOM IOJIaYM HA XapaKTEPUCTUKH MeTallja JyIJIEKCHOU
CTaJIi B CPABHEHMH C pe3yJIbTaTaMH, IOJIYyYEHHBIMU IIPH CBApKE C IUIABHOM [TO1a4Y€e 2JIEKTpOI-
HOM mpoBoJiokH ctaym 12X21HST.

[IpoGHBIEe cpaBHUTENBHBIE TPOLIETYPHI CBAPKH BBHIIOIHSIIMCH B HU)KHEM ITOJIOKEHUH Ha pe-
KHUMax, POPMUPYIOLINX OIMHAKOBBIE CEUSHHS IIBOB U PACXOJ 3JIEKTPOIHON TPOBOJIOKH U IPU-
BeJIEHBI B Ta0II. 5.
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Tabmuua 5
Cocmas memaiia wmea ()ynﬂeKCHOﬁ cmanu, npu pasiluvdHblx cnocobax
nooayu 31eKmpoOHOU NPOBOIOKU
Cnoco6 nogayu 3JeKTPOJHOI NPOBOJIOKH
30Ha cBapHOro [1naBHas | Jlo3upoBaHHas
coeIUHEeHHsI Copeprxanue (pazoBbIX COCTABIAIOMIMX, %o
Deppur AyCTEHUT Deppur AyCTEHUT
OCHOBHOM MeTaja 68,9 31,1 56,3 43,7
CepenuHa 11Ba 61,2 38,8 53,9 46,1
Kopens mBa 60,8 392 52,6 47,4

MoO>HO 3aMeTUTh, YTO UCXO/IS U3 Pe3yJIbTATOB, IPUBEJACHHBIX B Ta0J. 5, CBapKa C IJIaBHOH
o/1aueil MpoOBOJIOKHU IPHU CBApKeE TYTIIEKCHBIX cTajel (B 3aBUCUMOCTH OT peXHMa) MOXKET IpHU-
BECTH K MOBBILIICHUIO epPUTHON COCTABIISIIOIIEH, a, ClIe0OBATEeNIbHO, K YXY/IIIEHHIO CBOMCTB
HCXOJTHOTO MaTepuaia B 30He cBapKu. B Tex xe ciayyasx cBapka ¢ UMITYJIbCHOM I0/1adyei dJieK-
TPOAHOI MPOBOJIOKU MO3BOJISIET CHU3UTH BbIIeTIeHUE (PEPPUTHOM COCTABISIONIEH U MOITYyYUTh
OITM3KOe K paBHOBECHOMY (DeppUTHO-ayCTEHUTHOMY COCTOSIHHIO IITBA.

MexaHnueckue HCIbITaHUSI 00Pa3lloB MOKA3add YIOBJIETBOPUTEIbHBIE XapaKTepUCTUKU
3HAYEHU Mpeesa MTPOYHOCTH U YIAPHOW BA3KOCTH IPU KOMHATHOUW TEMIIEpaType ISl CBapKHU
C UMITYJIbCHOH ToJaueil 37eKTpoiHoN mpoBoiokH. CBOMCTBA MOMYYEHHBIX CBAPHBIX COEINHE-
HUW HE YCTYHAIOT CBOMCTBaM OCHOBHOT'O METaJIJIa

BaxxHo 3aMeTuTh, UTO Jpyrue TUIIHI JIETUPOBAHHBIX CTaleH, B TOM YHCJI€ TOHKOIHCTOBBIC
KOHCTPYKIIMY U3 HAX, MOTYT OBITh () ()eKTUBHO CBAPEHBI C IPUMEHEHUEM UMITYJIbCHOM IO Taun
AJIEKTPOIHOM MPOBOJIOKH.

JIoTIOTHUTETFHO MOKHO OTMETUTD, UTO B HEKOTOPBIX CIydasX IPUMEHEHUE UMITYJIbCHOMN
[I0/1a4Yy 3JIEKTPOJHOMN IIPOBOJIOKH IT03BOJISIET N30€KaTh HEOOXOUMOCTH ITOCIIECBAPOYHOM TEP-
MHYECKOU 00pabOTKH MPH CBAPKE HEPIKABEIOMINX CTAJICH.

Heo6xoanmo 0co0o ykazaTh Ha CyIIECTBEHHOE CHIKEHHE BBIOPOCOB BPEIHBIX a’po30Jeit
IIpH TYTrOBOH CBapKe — HaIJIaBKEe ¢ UMITYJILCHBIMU QJITOPUTMAMHU JBUKESHHUSI AIEKTPOJTHOM Mpo-
BOJIOKH, KOTOpO€ MOJPOOHO paccMOTpeHo B padote [15], uTo pacmupsieT cdepsl U ycIoBus
WCII0JI30BAHHUSI 3TOTO BHJIa TEXHOJIOTMUYECKOTO MpoIiecca.

BbiBoAbI B COOTBETCTBHH €O CTATHEM.

1. Kommuieke wmccnenoBannii, MPOBEICHHBIX JUI OINEHKH 3(P(QEeKTUBHOCTH MpHUMEHEHHUS
YIIPaBIISIeMOM UMITYJILCHOH 10JIauy 3JI€KTPOIHON IPOBOJIOKH IIPU JyTOBOM MEXaHU3UPOBAHHOM
CBapKe U HaIlJIaBKe M KacaroIuXcs (PU3MKO-MEXaHUYECKUX CBOMCTB pe3ysIbTaTOB yTOBOIO MPO-
1ecca MoKa3bIBaeT, YTO MO0 BCEM M3YyUEHHBIM HAIpPaBIICHUSIM UMITYJIbCHAs 10j1a4a UMEET Ipe-
MMYIIIECTBA B CpaBHEHHUE C TPAJUIMOHHOM IJIaBHOM moaadelt, obecrieunBasi MOBBIIIEHHE Kayde-
CTBa METaJUIa 1IBa U HAILJIABJIIEHHOTO CJI0S, B TOM YHKCIIe U MYTEM JpoOJIeHrs] KPUCTAIIUTOB U X
JIE30PUEHTAINH, A TAK)KE CHUKEHUEM TEIUIOBJIOKEHUH B 30HY LIBA U OKOJIOIIOBHYIO 30HY.

2. [lapameTpsl MMIYJIbCHOW MOJAQUU IO Pa3HOMY BIHUSIOT HAa Pe3yJbTaThl IPOIECCOB
CBapKM W HAIUJIaBKH, IIPU 3TOM HambOoJee YHUBEPCAIbHOH SBISETCS JO3MPOBaHHAs Iojaa4ya
AJIEKTPOJIHOM MPOBOJIOKU, B pealiu3alliid KOTOPOH HCIOJIB3YIOTCS OOpaTHBIE CBSI3U MO AYIo-
BOMY IIPOIIECCY, B TOM UHUCJIE U 110 TOKY, KOTOPBIH SIBIISIETCS CUTYaTUBHBIM MapaMETPOM.

3. JlanbHelimue wuccnenoBaHust 3((EKTUBHOCTH NPUMEHEHHS Pa3IMYHBIX AJITOPHUTMOB
(dhopMHUpPOBaHHS UMITYJILCHOM TIOJIa4H, B YaCTHOCTH JIO3UPOBAHHOM 0JIa4H, KaK BapHaHTa CH-
HEPreTUYecKoro ymnpapieHHUs MEPEHOCOM DJIEKTPOJHOTO METalia, JOJKHO OCHOBBIBATHCS Ha
BEIOOpE ONTHMAIBHBIX MMITYJIGCHBIX BO3JEHCTBUH, s 3()()EeKTHBHOTO peleHns cpa3y He-
CKOJIBKHMX 3a/1a4 PEryJMPOBAHUS CBAPOYHOIO IIpOIecca, KOTOPBIN B CBOEH CI0KHOCTU B 3TOM
cJlydae CTaHOBUTHCS BCE OoJiee yIpaBisieMbIM.
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4. D¢ dhekTUBHOCTH MPUMEHEHUS UMITYJILCHOM MOJIa4H JIEKTPOTHON IIPOBOJIOKH TIPH Bee-
HUU TPOIECCOB CBApKU M HAIUIaBKHU C CO3JJaHHEM COOTBETCTBYIOIIETO 0OOpYIOBaHMS C yda-
CTHEM YKpPaWHCKUX MPOM3BOJAMTENEH NpexarnosaraeT Bce Ooyiee MIMPOKOE €ro MpUMEHEHHe, a
TaK)ke OpraHu3aIuio MPOU3BO/ICTBA MMOJIYaBTOMATOB Pa3IMYHOIO Ha3HAUEHUsl Ha OCHOBE pac-
CMOTPEHHBIX TEXHOJOTHUH.

Cnucok cnoIb30BaAHHBIX HCTOYHHKOB

1. Ilaron b. E. M30pannsbie Tpyasl. Kues, 2008. 894 c.

2. Jlebenes B. A., Jlengen WM. B. UccienoBanue TeXHOIOTHYECKHX BO3MOXKHOCTEH AyTrOBOil CBapKH
W HaljaBKU C MMITYJILCHOM Mojavell 3JIeKTPOIHOW MpPOBONOKU. Haykoémkue mexuonocu 6 MauuHo-
cmpoenuu. 2015. Ne 9. C. 20-27.

3. Kuo C.-W., Yang S.-M., Chen J.-H., Lai G.-H., Chen Y.-C., Chang Y.-T., & Wu W. Preferred
Orientation of Inconel 690 after Vibration Arc Oscillation Welding. Materials Transactions. 2008.
Vol. 49(3). Pp. 688—690. DOI: 10.2320/matertrans. mep2007305.

4.Ilaton b. E., Jlebener B. A., [Tuuak B. I'., [Tonockor C. F0. Dpomtonys cucteM HUMITYIbCHOM
MoJIa4yM MPOBOJIOKHU AJIs CBapKH W HamnaBku. Ceapka u ouaznocmuxa. 2009. Ne 3. C. 46-51.

5. Jlebener B. A., I'yabiii M. B. BoicTpoaelicTByroumii BEHTHIIBHbBIH 3JIEKTPONPUBO/L 17151 000pyI10-
BaHMS MEXaHU3WPOBAHHOW AYyroBoW cBapku. Mexamponuka. Aeémomamuzayus, Ynpagnenue. 2014.
Ne 6. C.47-51.

6. Lebedev V., Reisgen U. & Lendel 1. Study of technological opportunities of GMAwelding and-
surfacing with pulse electrode wirefeed. Welding in the World. February 2016. P. 9.

7.Jose M. J., Kumar S. S., Sharma A. Vibration assisted welding processes and their influence on
quality of welds. Science and Technology of Welding & Joining. 2016. Vol.21(4). DOI:
10.1179/1362171815y.0000000088.

8. Bopomaii H. M. [1apameTpsl pe>kMMOB M TEXHOJIOTUYECKHE BO3MOYKHOCTH AYTOBOM CBAPKH C MIMITYJTb-
CHOH nojayei 3JeKTPOAHON U NpUCaTOYHOM MPOBOJIOKU. Asmomamuyeckas ceapka. 1996. Ne 10. C. 3-9.

9. AHanM3 TEXHWYECKHX M TEXHOJIOTHYECKUX BO3MOKHOCTEH MMITYJICHOM MOAAa4YM 3JIEKTPOAHON
MPOBOJIOKK B Mpoleccax Ayropoii ceapku u Hamaeku / b. E. [latonu ap. Ceapounoe npouzgoocmeo.
2002. Ne 2. C. 24-31.

10. Cynnuk B. A., Epodees B. A., Macnennukos A. B., LIgenés P. B. Maremaruueckas Mmoaenb
(opMHpOBaHUs CBApOYHOM BaHHBI MPH TYTrOBOI cBapke Moja (UIFOCOM M aHAIM3 Mpolecca mepeHoca
Mmetaina. Hzeecmus Tynl'y. Texnuueckue nayxku. 2015. Bem. 6. Y. 2. C. 21-31.

11. Mopozsos B. I1. Ananus ycitoBrit (popMHUpOBaHUS U3METLUEHHOM CTPYKTYPBI IIPU KPUCTAIUIHA3A-
UMM MeTajljla CBapOYHOM BaHHBI ¢ HAJOXKEHUEM BHELIHMX MEPUOIUYECKUX BO3MYLUEHWH. H3zgecmue
BY306: Mawunocmpoenue, 2006. Ne 8. C. 41-54.

12. Jlebenes B. A., I'yneiit M. B., [lnexotko I'. A. YcTpoiicTBO Asis OLIeHKH 3Hepro3pPeKTUBHOCTH
nipoueccoB. Ceapka u ouaznocmuxa. 2011. Ne 3. C. 50-53.

13. Capka aymiekcHbix HepskaBerowux craneid. URL: http://www.avestawelding.com/4976.epibrw.

14. Mondal A., Kumar Saha M., Hazra R., Das S. Influence of heat input on weld bead geometry
using duplex stainless steel wire electrode on low alloy steel specimens. Cogent Engineering. 2016.
Vol. 3(1). Pp. 14. DOI: 10.1080/23311916.2016.1143598.

15. Jlebenes B. A., Jlesuenko O. I'., Makcumos C. HO., Jlykbsnenko C. 1O., Jlennen U. B. I'urue-
HUYECKME XapaKTEPUCTUKU MEAHU3UPOBAHHOM IyIrOBOM CBAPKH C UMITYJIbCHOM MOAAYEH 2JIEKTPOAHOU
npoBoJoku. bezonacnocms Kuzneoeamenvnocmu. 2015. Ne 9. C. 15-18.

References

1. Paton B. E. (2008). Izbrannye trudy [Selected Works].

2. Lebedev V. A., Lendel I. V. (2015). Issledovanie tekhnologicheskikh vozmozhnostei dugovoi
svarki i naplavki s impulsnoi podachei elektrodnoi provoloki [Research of technological capabilities of
arc welding and surfacing with pulse feed of electrode wire]. Naukoyomkie tekhnologii v mashi-
nostroenii — High-tech technologists in mechanical engineering, 9, pp. 20-27.

3. Kuo, C.-W., Yang, S.-M., Chen, J.-H., Lai, G.-H., Chen, Y.-C., Chang, Y.-T., & Wu, W. (2008).
Preferred Orientation of Inconel 690 after Vibration Arc Oscillation Welding. Materials Transac-tions,
49(3), pp. 688—690/ DOI: 10.2320/matertrans. mep2007305.

4. Paton, B. E., Lebedev, V. A, Pichak, V. G., Poloskov, S. Yu. (2009). Evoliutsiia sistem impulsnoi
podachi provoloki dlia svarki i naplavki [Evolution of pulse wire feed systems for welding and surfac-
ing]. Svarka i diagnostika — Welding and diagnostics, 3, pp. 46-51.

18



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

5. Lebedev, V. A., Gulyi, M V. (2014). Bystrodeistvuyushhii ventilnyi elektroprivod dlia oborudovaniia
mekhanizirovannoi dugovoi svarki [Fast-acting valve electric drive for mechanized arc welding equipment].
Mekhatronika. Avtomatyzatsiia, Upravlenie — Mechatronics. Automation, Management, 6, pp. 47-51.

6. Lebedev, V., Reisgen, U., & Lendel, 1. (2016). Study of technological opportunities of
GMAwelding andsur-facing with pulse electrode wirefeed. Welding in the World. February, P. 9.

7. Jose, M. J., Kumar, S. S., & Sharma, A. (2016). Vibration assisted welding processes and their
in-fluence on quality of welds. Science and Technology of Welding & Joining, 21(4).
DOI: 10.1179/1362171815y.0000000088.

8. Voropai, N. M. (1996). Parametry’ rezhimov i tekhnologicheskie vozmozhnosti dugovoj svarki s
impul snoj podachej e’lektrodnoj i prisadochnoj provoloki [Parameters of modes and technological ca-
pabilities of arc welding with pulse feed electrode and filler wire]. Avtomaticheskaia svarka — Automatic
welding, 10, pp. 3-9.

9. Paton, B. E., Lebedev, V. A., Pichak, V. G., Poloskov, S. 1., Shhavelev, L. N. (2002). Analiz tekhnich-
eskikh i tekhnologicheskikh vozmozhnostei impulsnoi podachi elektrodnoi provoloki v proczessakh dugovoi
svarki i naplavki [Analysis of technical and technological capabilities of pulse feed of electrode wire in arc
welding and surfacing]. Svarochnoe proizvodstvo — Welding production, 2, pp. 24-31.

10. Sudnik, V. A., Erofeev, V. A., Maslennikov, A. V., Tsvelev, R. V. (2015). Matematicheskaia model
formirovaniia svarochnoi vanny pri dugovoi svarke pod fliusom i analiz proczessa perenosa metalla [Math-
ematical model of weld pool formation in submerged arc welding and analysis of metal transfer process].
Izvestiia TulGU. Tekhnicheskie nauki — Bulletin of TulSU. Technical science, 6(2), pp. 21-31.

11. Morozov, V. P. (2006). Analiz uslovii formirovaniia izmelchennoi struktury pri kristallizatsii
metalla svarochnoi vanny s nalozheniem vneshnikh periodicheskikh vozmushhenii [ Analysis of the con-
ditions for the formation of a ground structure during crystallization of the weld pool metal with the
imposition of external periodic disturbances]. Izvestie VUZov: Mashinostroenie — Bulletin of Universi-
ties: Mechanical Engineering, 8, pp. 41-54.

12. Lebedev, V. A., Guly, M. V., Plekhotko, G. A. (2011). Ustroistvo dlia otsenki energoeffek-
tivnosti proczessov [A device for assessing the energy efficiency of processes]. Svarka i diagnostika —
Welding and diagnostics, 3, pp. 50-53.

13. Svarka dupleksnykh nerzhaveyushhikh stalei [Welding of duplex stainless steels]. (n.d.).
http://www.avestawelding.com/4976.epibrw.

14. Mondal, A., Kumar Saha, M., Hazra, R., & Das, S. (2016). Influence of heat input on weld bead
geometry using duplex stainless steel wire electrode on low alloy steel specimens. Cogent Engineering,
3(1), pp. 14. DOI: 10.1080/23311916.2016.1143598.

15. Lebedev, V. A., Levchenko, O. G., Maksimov, S. Yu., Lukianenko, S. Yu., Lendel, 1. V. (2015).
Gigienicheskie kharakteristiki meanizirovannoj dugovoj svarki s impulsnoi podachei elektrodnoi pro-
voloki [Hygienic characteristics of meanized arc welding with pulsed electrode wire feed]. Bezopasnost
Zhiznedeyatelnosti — Life Safety, 9, pp. 15—18.

UDC 4562-503.55
Viadimir Lebedev, Hennady Zhuk, Viadimir Pichak

STUDYING PECULIARITIES OF PULSE ELECTRODE WIRE IMPACT
ON THE RESULTS OF MECHANIZED ELECTRIC ARC WELDING - SURFACING

Relevance of the research topic. The processes of electric arc welding and surfacing with automatic or mechanized
equipment are some of the most popular technologies, which constantly being improved, in one of the main directions — the
use of impulse effects. The use of pulse feed of electrode wire, and more recently feed with controlled characteristics and
metered feed, is being promising. The widespread use of equipment with pulsed electrode motion algorithms is somewhat
constrained, in particular, due to the lack of research on the technical and technological possibilities of welding - surfacing
with a pulsed electrode wire feed.

Formulation of the problem. In order to make a reasonable choice of the method of pulsed electrode wire feed and its
effective use in welding and surfacing, including difficult for the arc process duplex steels, it is necessary to make a compre-
hensive assessment of the influence of wire impulses with different parameters on the formation of the weld metal, deposited
layer, as well as their structure and other characteristics of the welding process.

Analysis of recent research and publications. Studies concerning the influence of pulsed electrode wire feed on the tech-
nical and technological results of electric arc welding and surfacing with mechanized equipment are carried out continuously,
which is partially reflected in domestic and foreign technical literature, however, as a rule, they are not of a complex nature
and are often not confirmed evidence-based experimental research using modern experimental techniques. All this does not
allow us to fully assess the possibilities of pulsed electrode wire feed and expand the use of the corresponding equipment.
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Isolation of unexplored parts of a common problem. Until now, the issues related to the structure of the weld metal of
the deposited layer made with a pulsed feed of the electrode wire in a controlled mode remain not fully investigated. In this
case, it is necessary to study in detail the fluctuations of the weld pool, the temperature distribution in the pool and the near-
well zone. Particular attention should be paid to the new controlling feed welding method.

Formulation of the problem. On the basis of complex experimental studies, to consider and analyze a number of basic
possibilities of using the mechanisms of controlled pulse feed of electrode wire, controlling feed with determination of their influ-
ence on the properties of the weld metal and the deposited bead. Experimental studies should be carried out with the identification
of pool oscillations, heat distributions, comparative analysis of microstructures, measurements of crystallites, etc.

Presentation of the main material. Presented and analyzed results of experimental studies concerning the results obtained
in welding-surfacing with controlled and dosed feed of the electrode wire. These results relate to the formation of a weld, its
structure, and the identification of its features. At the same time, the phenomena of oscillations of the pool, the formation of
the thermal field, the microstructure of the sections of the deposited beads were studied, the sizes of crystallites were deter-
mined. The obtained data indicate the fact of a significant positive effect on the formation of the weld and the deposited layer,
their structure and the possibility of controlling them by changing the parameters of the pulses of the electrode wire, which
makes it possible to expand the considered welding and surfacing methods.

Conclusions in accordance with the article. A number of studies that are aimed at identifying the efficiency of welding
and surfacing processes when using a controlled pulse feed of an electrode wire refer to the physical-mechanical and other
properties of welded joints and deposited layers and show significant advantages in comparison with conventional feed, provid-
ing an increase in the quality of the metal, including and by crushing crystallites and reducing heat input. Among a number of
methods for providing impulse feed, dosed feed with feedback on the parameters of the arc process is the most effective. The
efficiency of the application of welding and surfacing processes can be used when welding poorly weldable steels and aluminum
alloys. This, in particular, applies to the welding of duplex steels, some aluminum alloys, and thin construction. It should be
recommended to use more and more widely mechanized and automatic equipment in technological practice in the creation and
repair of a wide variety of structures.

Keywords: electric arc welding; consumable electrode; transfer of electrode metal; weld pool; weld quality; deposited layer, studly.

Fig.: 4. Table: 5. References: 15.
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Bnaoumup Jlebeoes

HNCITIOJIB30BAHME YIIPABJIAEMBIX IAPAMETPOB ITOJAYHN
JEKTPOJHOMN NPOBOJIOKU U KOJIEGAHUI BAHHBI
KAK JUHAMMWYECKHUX CUCTEM UUIs1 COBEPIIEHCTBOBAHUSA
AYT'OBBIX ITPOIECCOB CBAPKH N HAIIVIABKH

AKmyanvbHocms memol UCCIE008AHUA. [[)y206a51 C6APKA U HANIABKA C NPUMEHEHUEM UMNYIbCHOU NOOAYU INeKMPOOHOU
NPOBONOKU U MEXAHUYECKUX KONOAHUI C8APOYHOU 6AHHbL AGIAIOMCS IPPHEKMUSHBIM CPEOCMBAMU CYUjeCEEHHO20 NOBbLULe-
HUSL KA4ecmea pe3yibmamos npoGeoeHUs MexXHOI0SUYeCKUX NPOYecco8, GbINOIHACMbIX MEXAHUIUPOBAHHBIM UL AGMOMAMU-
yeckum 060pyoosanuem. /s payuonanoHo2o 6b160pa Napamempos UMIYIbCHOL NOOAYU U KONeOaHuil C6apOUHOL 6aAHHbL HE00-
X00uMa paspabomka MamemMamuyecKo20 ONUCAHUS Pe3VIbMAamoe NPUMEHEHUsL SMUX MEXHONI 02Ul C6APKU U HANAAGKU.

Ilocmanogexa npoonemsl. /[ns co30anius Memoouk 6olbopa NApamempos UMNYIbCHOU NOOAYU JeKMpPOOHOL NPOGOIOKU U
Konebanuil c6apoOYHOL 6AHHLL HEOOX0OUMO Npogecmil 6blOOP HAUOONEe XAPAKMEPHIX U NPUMEHUMbIX PopM 6030eiicmeull,
U3bICKAMb CHOCODbL UX MAMEMAMUYECKO20 ONUCAHUS U MeMOObl peuleHusl YPAGHeHU, ONUCLIBAIOWUX Pe3YTbmanmsl ux oeli-
Ccmeull Ha MexXHON02UYeCKUll npoyecc.

AHanu3 nociedHux uccinedosanuil u nyoaukauuil. Haubonee ucnono3yemolmu mexHuKo-mexHoI02UYeCKUMU npuémamu
GIUAHUSA HA NOKA3AMENU KA4eCmed C8apHO20 Uled U HANIAGIEHHO2O0 CIOsl, 8 MOM Yucie NPOYHOCU, SAGNSeMC MEXAHUYEeCKoe
/U meniogoe GIUsHUE HA C8APOYHYIO 8aHHY. B nociednee epems wiupoko npumeHumbl maxkiue Memoosl, KAk NEPUOOUYEeCKoe
6030eticmeue MazHUMHO20 NOJISL HA PACNIAG C8APOYHOL 6AHHbL, UMNYIbCHBLE PENCUMbL CEAPKU U HANIAGKU HA Oa3e 3A0aHHbIX
aneopummos ynpasiexusi pabomoti 060py008anus (UCMOYHUKY CEAPOUHO20 MOKA, MEXAHUZMbL NOOAYU DNEKMPOOHOU NPOBO-
JIOKU), NPUMEHEeHUe OONOIHUMENbHOO0 JeUPOBAHUsL HANAABIAEMO20 MEMAILA, d MAKICE KOMOUHUPOBAHHbBIE MEMOObL.

Boloenenue neuccnedosannvix uacmeit oougeit npoodaemol. Hecmomps na 3navumenvbHulii npozpecc 8 CO30aHUU HOBLIX
MUno8 060pyO0BAHUS ONIsL C6APKU U HANTABKU C UMNYTbCHOIMU ANOPUMMAMYU QYHKYUOHUPOBAHUS, 8 YACMHOCIU, MEXAHUZMOB
nooauu ¢ ynpasnaemMolMu Napamempamii O8UNCeHUs 00 HACMOAUIe20 BPeMeHU MAL0 UCCIeO08AHUI, NOCBAUEHHBIX MAMeMA-
MUYeCKOMY ONUCAHUIO OeTICIGUsL UMNYIbCOB PA3TUYHOU YOPMbL HA NPOYECChbl COAPKU U HANTABKU.

Ilocmanogka 3adauu. [Iposecmu ananuz axmopos, GIUsIOWUX HA CIMPYKNYPY MeMAnid Wed U HanidaeileHHo20 Closl C
Yenbio NOGbIUUEeHUSL KAYeCm8a pe3yilbmamos npoyeccos8 C6apKU i HANAAGKY, GbIAGUMb NPUMEHsIeMble (hOPMbl UMNYILbCHBIX 603~
Oeticmeuil, onpeoeuns MameMamuyecKue ONUCAHUSL UMNYIbCO8, ONUCAHUSL OUHAMUYECKUX NPOYECcCO8 NPU CApKe C YYEMom
osudiceHuti ceapounoll 6annvl. Haiimu cnocobul peuienis noiyueHHoIX OughpepeHyuanoHbix ypagHeHu.

H3noxcenue ochosnozo mamepuana. I1oxkazamor pe3yibmanvi UMNYIbCHBIX G030€UCMBULL HA CIMPYKNTYPY MEMAla ued,
obecneyusarouue cyujecmeeHHoe YayuuieHue MexaHuyeckux c8oUCme c6apHo20 COeOUHeHUs U HANNABNeHHO20 closl. Buibpatvl
U ONUCAHBL 8 MAMEMAMUYECKOU (hopMe UMNYIbCHL YAPABGIAEMO20 0GUNICEHUS INeKMPOOHOl nposonoku. Hailoenvl onucanus
npoyeccos npu 0y2060M 6030€UCMEUU, A MAKICE OBUNICEHUTI C8apouHOll 6aHHbl. Tlonyuenvl Juggepenyuanvhvle ypagrenus
UMNYTLCHBIX 6030elCMEUTl HA Pe3yIbmambl C8apouHo20 npoyecca. Pewenus nonyuennuix ypagrHeruil 0CHOBbLIBAIOMCS HA NPU-
MeHeHUU ONEPAYUOHHO20 UCUUCICHUSL.

Bb1600b1 6 coomeemcmeuu co cmamvéit. Hynynvcnas nooaua 21ekmpoOHOl BPOGOIOKU C YAPAGIAEMbIMU XAPAKMepU-
cmuKkamu 0aém 603MONCHOCHIb CYUWeCMEEHHO YIVUULUMb CIMPYKIMYPY MeMAaliad wed, Ymo 6 3HAYUMENbHOl CMeneHl noGbi-
waem nPoOYHOCMb CEAPHO20 COCOUHEHUSL U HANIAGIEHHO2O0 CILOSL, A MAKICE CHUNICAIOM IHEP2eMUNeCcKUe 3ampanbl U pecypco-
nompebnenue. Texnonocus ceéapku u HANAAGKU C NPUMEHEHUEM UMNYAbCHOU NOOAYU DAeKMpPOOHOU NPOBOIOKU HAubOIee
aphexmusHa npu payuoHanbHO BelOPAHHBIX NAPAMEMPAX UMNYI6CHO20 OBUNCEHUSI NPOBOIOKU, YIMO HEGOZMONICHO be3 Mame-
Mamuyeckoeo onucanus 3mozo npoyecca. Mamemamuueckoe onucauue 8 00CMynHom O NPAKMUYECK020 NPUMeHeHUs GUoe
NPaKmMuyecKu UCKIouaen sman 00CMamoyHo ONUMeNbHbIX U 3aMPAMHbIX IKCREPUMEHMANbHBIX UCCIe008AHUT, A MAKICe NO3-
GOJIsiem NPOSHO3UPOBAMb OJcudaeMvie pe3yivmamol. /[upghepenyuansvhvle ypasHenus, onucul8alouue UMIYIbCHble 6030eli-
cmeusl, yenecoobpasHo peuant Memooami meopun agMmoMamuiecKo20 pe2yiupoSanis, 8 YacnHOCMU ¢ UCNOIb308AHUEM One-
PAYUOHHO20 UCHUCTEHUSL.

Kniouesnie cnosa: snexkmpooy2o6as ceapra u 0y206as HANIAGKA, UMNYIbCHAS NOOAYA; AHAIU3, YOPMA UMNYIbCA; GbLOOD;,
MamemMamuyeckoe onucaHue.

Puc.: 1. Bubn.: 20.

AKTYaJIbHOCTBH TeMbI HccieqoBaHust. JlyroBas cBapka W HallJaBKa C MCITOJIb30BAaHHEM
MJIABSIIIETOCS DJIEKTPOIA SIBJISIFOTCSI OTHUMU U3 OCHOBHBIX B COBPEMEHHBIX TEXHOJOTHYECKIX
mporieccax MpH CO3JaHUU HOBBIX OOBEKTOB MAITHHOCTPOCHUS, B CTPOUTEIHCTBE, PEMOHTE H
BOCCTAHOBJICHUH YK€ KCILTyaTUPYIOIIUXCS y3JIOB | jieTaneil. Bc€ aTo HaxouT nmpruMeHeHne
IpH paboTe B CaMBIX Pa3IUYHBIX YCIOBHIX, B TOM YUCJIE U B BOAHOM cpenie [ 1] mpu peasm3anuu
CBapKu MOKPBIM cIIOcOO0M. Pa3zBuTre TyroBBIX MPOIIECCOB CBAPKH U HAILIIABKH, 000PYIOBAHUS
JUTSL X pean3anuu 0a3upyeTcsl Kak Ha UCTOJIh30BaHUU BeE Ooee (P (PEeKTUBHBIX CBAPOYHBIX
MaTepHaoB, 3alIUTHHIX CPeJl, aKTUBATOPOB CBAPOYHOTO IIPOIlEcca, TaK U HA MOCTOSIHHO COBEP-
MIEHCTBYIOMEMCS 000PYA0BAaHUH M IIPUMEHSIEMBIM JIOTIOJIHATEIIBHBIM CUCTEMaM [2].

© Jlebenes B. O., 2020
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Pa3BuBaroTcs M TOCTOSIHHO COBEPIIEHCTBYIOTCS HAIIPABJICHUS, CBSI3aHHBIE C UMITYJIbCHBIMU
U MOJYJUPOBAHHBIMH JITOPUTMaMH pabOThl CUCTEM CBApOYHOI'O 00OpYI0BaHUS, I/I€ UX BBI-
XOJHBIE XapAKTEPUCTUKU U3MEHSIOTCSA 110 3aJaHHBIM I1apaMeTpaM WM aJalTUPYIOTCs K CBa-
POYHOMY HJIM HAIlJIAaBOYHOMY IIpoIieccaM, yIydlnasi pe3yibTaTbl HX padoThl.

1o HamemMy MHEHUIO, IMEHHO UMITYJIbCHBIE BO3JCHCTBUS Ha YIIPABIEHHE CBAPOYHO-HAILIA-
BOYHBIM TPOIIECCOM MMEIOT IMUPOKHE MEPCIeKTUBBI U OyIyT pa3BUBATHCS U B JalbHEHIIIEM,
SIBJISITHCSL OCHOBOM JIJIs1 HOBBIX TEXHUKO-TEXHOJIOTHYECKUX PELICHUH, B TOM YUCJIe ¢ KOMOUHHU-
POBaHHMEM BO3JCHCTBUI OT pa3HbIX T€HEPATOPOB UMITYJIHCOB.

ITocTanoBka nmpo6Jiembl. [{enbio HacTosmel paOoTHI SABISETCS PACCMOTPEHUE W aHAIIU3
OCHOBHBIX TE€HJICHIIMI B PA3BUTUU UMITYJIbCHBIX TEXHUKH U TEXHOJOTUM CBAPKU-HAIUIABKU Ha
OCHOBE MEXaHU3Ma I0Ia4U JIEKTPOIHON IIPOBOJIOKH C OIIPEAECIICHUEM HAIIPABICHUN UX JaJlb-
HEWIIEro COBEPIICHCTBOBAHUS C ITOJyYEHUEM AaHAIMTHYECKUX BBIPAXKCHUN JUUIsL OLICHKU BIIUSI-
HHSI UMITYJIbCHBIX BO3JCHCTBUM HA XapaKTEPUCTUKU MeTajula IIBa U DHEPreTHYECKUE Iapa-
METpbl Ipollecca, KaK OCHOBHBIX COCTAaBJISIIOIIMX OOECHeYMBAIOMIMX KayecTBO U
SKOHOMHWYHOCTB IIOJIyYEHHs CBAPHBIX IIIBOB U HAIUIABJICHHBIX BAJIUKOB.

B cBs3u ¢ TeM, uTO TeopeTnueckas 0a3a 1o yNpaBICHHUIO IPOLECCOM CBapKH- HAIJIABKH C
HCIOJIb30BAHUEM COBPEMEHHBIX UCTOYHUKOB CBAPOYHOI'O TOKA C UMITYJILCHBIM BO3JAEHCTBUEM
Ha IIEPEHOC JIEKTPOJHOI0 METAJIa, B TOM YHCIIE U CHHEPreTHYECKUM YIIPABICHUEM J0CTa-
TOYHO pa3BUTa U ONKCAaHA B TEXHUYECKOU nuTeparype, Hanpumep [3; 4], B HaCTOsIIIeM Mate-
puase Mbl OyieM B OOJIbIIIEH CTENEHU yIEsTh pad0Te CUCTEM UMITYJILCHOM MOIauy 3JIEKTPO/I-
HO MPOBOJIOKH, KOTOPBIE TaK:Ke MOTYT padoTaTh B CHHEPT€TUYECKUX PEKAMAaX.

CrnenyeT OTMETUTbH, YTO OCHOBHOE Ha3HAUEHUE MMITYJIbCHON CHCTEMBI MOJIauM 3JIEKTPO-
HOW IIPOBOJIOKU 3TO OpraHu3anus yIupasisseMoro IepeHoca JIEKTPOAHOTO METAJLIa, IIPU 3TOM,
B 3aBUCHUMOCTH OT CII0CO0a YIpaBIIEHUs IEPEHOCOM MOTYT OBITh pElIeHbI CIETYIOINE OCHOB-
HBIE 3a7]a4U:

- OpraHu3anys IepeHoca JIEKTPOJIHOr0 METAJIa ¢ 3aJaHHbIMU YaCTOTHBIMU XapaKTEpH-
CTHKaMH (4acToTa, CKBAXKHOCTh) U oOecriedeHneM cTabUIbHOCTH MpoIecca;

- YIIpaBJIEHUE TEOMETPUUECKUMH IapaMeETPaMU CBAPHOTO 1IBA U HAIJIABJIEHHOI'O BaJIMKA.

- CHUOKEHHE DHEPreTUYECKUX 3aTpar, B TOM YHUCIIE 3a CUET CHUIKEHUS TEIUIOBJIOKEHUN B
IIpoIIECC;

- yIpaBJieHHUE TIporieccoM (pOpMHUPOBAHUS CTPYKTYPBI METaJIIa KHUIKO BAHHBI 32 CUET BITH-
STHUS Ha (GPOHT KPUCTAIUIN3AINH;

- BO3MOKHOCTB BEJICHUSI CBAPOYHOI'0 Y HAIIJIABOYHBIX IIPOLIECCOB C KAYECTBEHHBIM PE3YJIb-
TaTOM B IIOJIOXKEHUSAX OTIIMYHBIX OT TOPU30HTAIBHOIO;

- IOJIyYeHNE Ka4eCTBEHHBIX Pe3yJIbTaTOB CBApKU-HAIIABKH Ha 00EUX IMOJISIPHOCTSIX C HC-
MOJIb30BAaHUEM HX MOJIOKHUTETHHBIX () (DEeKTOB, B TOM uucie (OpMUPOBAHUE ITBA U HAIIJIABJICH-
HOT'O BaJlUKa, ITyOUHBI MPOIJIaBICHUS U 30HbI TEPMUYECKOTO BIIUSHHUS;

- o0ecrieueHre CHUYKEHHS JI0JIM OCHOBHOTO MeTajljla B CTPYKType HaIlJIaBJICHHOTO YIpOU-
HSIOLIETO HAIJIaBJICHHOTO CJIOS;

- peleHre mpobieM CBApKU-HAIIABKH ISl pa3HBIX METAJIOB (CTaJIA, B TOM YHCIIE HepXkKa-
BEIOINME, YyTyHa, CIUIABOB AJIFOMHUHMS) IPU UCIOJIB30BaHUU 000PYOBAHUS ¢ UMITYILCHBIMU
BBIXOJIHBIMU XapaKTEPUCTHKAMH MPH 3TOM BaKHBIA () (EKT, KOTOPHIA MOXHO 0c000 OTMe-
TUTB — 3TO BO3MOKHOCTh KaUeCTBEHHO! CBApKU 0COOOT0 BU/IA COETUHEHUI Pa3HOPOIHBIX JTyTI-
JIEKCHBIX CTaJei.

JlocTrKeHre OTMEYEHHBIX pPe3yJbTaTOB BaXXHO B CO3JAHUU ATOMHBIX SHEPIeTHYECKHUX
YCTaHOBOK, KOPITYCHBIX 3JIEMEHTOB CYJOB U APYTUX CIOKHBIX U OTBETCTBEHHBIX KOHCTPYKIUN
U COOPYKEHUI.

Ou4eBuHO, YTO MOJIHBIN BHIOOP BCEX MIPEUMYIIECTB C UCIOJIb30BAaHUEM UMITYJIbCHBIX aJlr0-
PUTMOB YIPABJICHUS JYTOBBIX MPOIECCOB OJHOBPEMEHHO JIOCTATOUHO CJIOKeH. OJHAKO psiJ
3¢ (HeKTOB OJHOBPEMEHHO MOKHO MOTYYHTh, UCTIOIB3YsI BO3MOXKHOCTH HACTPOUKHU PEKUMOB U
(hopMHpOBaHHMS TAPAMETPOB UMITYJILCHBIX BO3/JICHCTBHM.
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[Ipu 3TOM MOTyUEHHEIE, a TAK)KE OXKUaeMbIe pe3yIbTaThl OCHOBBIBAIOTCS HA JETATHHOM H3Y-
YEHUH MPOIIECCOB U Pe3yJIbTaTOB YIIPABJICHUS IEPEHOCOM JIEKTPOJHOTO METaJIa, COBPEMEHHBIX
JOCTHKCHUSIX TEXHUKH, a TAKXKe Ha TPEOOBAHUSX, PEIBSIBIIIEMBIX TEXHUYECKUM MTPOTPECCOM.

AHaJH3 NocJIeJTHUX HccaeI0BaHUi B myOaukanuii. [loydyenue TeM wim apyruM crnoco-
0aM MEJIKO3EpPHHUCTOM MePBUYHON MUKPOCTPYKTYPhI METaJIa IIIBa 3TO OCHOBHOM (akTop, Mo3-
BOJISIFOIIMM B 3HAUUTEIHHON CTENIEHU YIIyUIIUTh Ka4eCTBO IIPOIECCOB AJIEKTPOIYTOBOM CBapKU
Y HaIJIaBKH. B 9TOM ciiydae BpeaHbIe MpuMecu OoJiee paBHOMEPHO pacIpeessFoTCs 1Mo rpa-
HUIIaM TEPBUYHBIX 3€pEH, CHUXKAsl, TAKUM 00pa30M, CKJIOHHOCTh K XPYNKOMY pa3pyIIE€HUIO.
YMEHBIIHUTH pa3Mephl CTOIOYATHIX ICHIPUTOB MOKHO MOTU(DUIIMPOBAHNEM, HATIPUMED, TTYTEM
BBEJICHUS B CBAPOYHYIO BAHHY HAHOYACTHUI[ OKCHJIOB TUTaHA WJIM IUPKOHUS [S], a TakKe pery-
JTUPOBAHUEM TIPOIEcca KPUCTAIUIA3AINH, OCYIIIECTBISIEMOM TIPU MaJioM TerioBiokeHuu. [1o-
clIeJTHEE MOKHO PeaTn30BaTh, €CJIM UCIIOIb30BATh B [TOJIHOM Mepe BO3MOKHOCTU HHBEPTOPHBIX
WCTOYHUKOB MUTAHUS C CHHEPTETHUYECKUM YIIPaBIEHUEM, a TaKXKe UMITYTHCHON MOTauu dJIeK-
TPOJHON IPOBOJIOKU WIIM PA3JIMYHBIX CIIOCOOOB MEXaHMUECKUX KOJIeOaHU CBApOYHON BaHHBI,
B TOM YHUCJIE U TeX, KOTOPbIE U3YYAIOTCS HAMHU.

Crnemyer OTMETHTH, YTO BaKHOW OCOOCHHOCTHIO MPHUMEHEHHsS] MMITYJILCHBIX IPOIECCOB
CBapKH M HAIUIABKM HAHECEHHE aHTUKOPPO3UOHHBIX MOKPHITHA, B YACTHOCTHU IIPH BBHIIOJHEHUU
OrpaHUYEHUH M0 CoAePIKaHUIO O-(heppuTa, KOTOPHIA CHIKAET IIIACTUYHOCTH M TTOBBIIIAET XPYII-
KOCTh HAIUIaBJICHHOTO cJosl. IMIyJIbCHBIE allrOpUTMBI Pa0OTHI COBPEMEHHBIX HCTOUHMKOB CBa-
POYHOTO TOKA M CHCTEM I0/Ia4H AJIEKTPOTHON MPOBOJIOKH 00ECTIEUNBAIOT CHIYKEHHE TETLIOBIIO-
’KEHUS U CTETIeHU NepeMelINBaHUs HAIUIaBIsIeMOr0 MeTalllla ¢ OCHOBHBIM, a CJIe/I0BaTeIbHO, 1
coziepxkanue d-peppura, 4yTo MO3BOJISIET PE3KO COKPATUTh 00HhEM HAILIABIEHHOTO CJIOs [6].

B TexHuueckoil qurepaType paccMaTpUBAIOTCSI BOIIPOCHI, CBS3aHHbBIE C JICHIPUTHOM JIHK-
BallMell B MeTaJie CBAPHOTO IIBA WJIM HAIUIABIIEHHOTO BaJIMKa KaK BeChbMa HEXelaTeIbHOTO
SIBJICHHS [ 7], TIpH 3 TOM OTMEYEHBI CTIOCOOBI OOPHOBI ¢ HUM, BKJIIOYAs M BBEJICHHE PA3HOTO BHJIA
MEeXaHWYeCKUx KoyiebaHwii. BBenenue Takux koiebaHWll MOXKET OBITh peajr30BaHO PSIOM
CI0co00B, OCHOBHBIE U3 KOTOPBIX 3TO UMITYJIbCHAS 10/1a4a 3JIEKTPOIHON MTPOBOJIOKH, Koje0a-
HUSI CBApUBAEMOT0 WJIM HaIUIaBjsieMoro uzaenus [8; 9], BBeeHne KojieOaHUN JOMOTHUTEb-
HBIMU ycTpoiicTBamu [10].

Bonpimas gacte pe3yiapTaToB, MOTYyYaeMbIX IPH UMITYJIBCHOM Moaue K TPOTHOM TPOBO-
JIOKH cBs3aHa ¢ 0oJiee MHTEHCUBHBIMU KOJIEOAHUSIMU CBApOYHON BaHHBI, IPOU3BOJIMMBIMHU, B
TOM YHUCJI€ CUIIOBBIMH BO3CHCTBUSIMH JTyTH.

B pabote [11] Takxe paccMOTpeHBI HEKOTOPHIE BO3MOXHOCTH 3KOHOMHUH JJIEKTPOIHEPTUU
TP CBAapKE C UMITYJIbCHBIMU COCTABJISIFOIIIUME CKOPOCTH TPH Toaue dIIEKTPOAHOM MPOBOIOKU
C YUETOM TEXHUYECKHUX W TEXHOJIOTHYECKHUX 3()(YEKTOB H BO3MOYKHBIX JIOMOJTHATEIFHBIX 3aTpar.

Crnenyer yka3aTh, YTO HETIOCPECTBEHHBIE 3aMephl Pacxoia dJIEKTPOIHEPTHH Ha TIJIaBIICHHE
AIIEKTPOJHOM MTPOBOJIOKH MPH YTOBOM CBapKe CO 3HAYUTEIHHBIMH KOJIEOaHUSIMU TOKA M HAIIPSI-
JKEHHS TIPOIIECCca OCYIIECTBUTE JOCTATOUHO CIOXKHO. TpedyroTcss mpuOOphl, YUHTHIBAIOIINE U3-
MEHSIOIINICS BO BpEMEHH U 110 BEJIMUMHE XapaKTep CBAPOYHOI0 TOKA U HAIIPSKEHUSL, 0COOEHHO
BbIpakeHHBI Tipu cBapke B CO, ¢ KOPOTKUMH 3aMBIKAHUSIMU TYTOBOTO TPOMEKYTKA.

JI71st OLIeHKM SHEepreTHUeCcKUX 3aTpaT MpH Pa3IMYHBIX BUJAX MepeHoca 3JIEKTPOHOTO Me-
Tajia MpeJUI0KEeHO UCIOIh30BaTh OMpPEIeICHHE MIEKTPOIHEPTUU, KOTOPOe HEOOXOIUMO s
peanu3alyy cBapovHoro mnpoiiecca. [Ipu 3ToM yunThIBaeTCs, YTO MEXaHU3UPOBAaHHAs AyTroBas
CBapKa OCYIIECTBISIETCS OT UCTOUYHUKOB C JKECTKON BOJIbTAMIIEPHON XapaKTepucTukou. Jlims
3TOro pazpaboTaHa cUCTeMa U3MEPEHHUs, KOTOpasl MPUMEHSIIACH NIPU ONPEIEIIEHUN YIeTbHBIX
3aTpaT AJIEKTPUYECTBA B IISITH BapHAHTaX MEPEHOCA DIIEKTPOTHOTO MeTalljia IPH CBapKe B Cpejie
CO2 B ciryyasix HEBO3MYIIEHHONW M MMITYJIBCHOH MMoa4uu 3eKTpoaHoi mpoBojoku CBOSI2C
muametpom 1,2 MM. Crucrema moipoOHO paccMoTpeHa B pabote. IMetoTcst OpuruHaIbHbBIE CH-
CTEMbl U3MEPEHUS], BBIXO/IHBIM ITapaMEeTPOM KOTOPBIX SIBISIETCS KOJMYECTBO JIEKTPHYECTBA,
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3aTpayrBaeMoe Ha IpoIlecc CBapKu. XapaKTepUCTHKH epeHoca MIEKTPOJHOTO MeTallla U pac-
XOJbI AJIEKTPOIHEPTUH € YIETOM aJIEKBATHOCTH 3aTPAYeHHOT0 3JIEKTPHUYECTBA U DJIEKTPOIHEP-
T'UH NIpUBEJEHBI B Ta0. 1.
Tabmmma 1
Yoenvnvie pacxoovl snepeuu npu pasnvix xapakmepucmukax u cnocooax c6apku

C ynpasJjisieMbIMH

be3 KOPOTKHX 3aMbIKaAHU
KOPOTKMMH 3aMbIKAHUSAMHU

C ecTeCTBEHHBIMU

Cnoco6 nepeHoca VYckopeHnue B | YcKopeHue B
KOPOTKHUMHU Bennuuna Bennunna
3J1eKTPOAHOT0 MeTaJljIa HMITyJIbCE WMITyJIbCE
3aMbIKAaHUSIMH ) s NMITyJIbCa HMITyJTbCa
m/c, m/e, Toka, A, 50 | Toka, A, 100
20-30 40-60 > T
VYV nenbHbIi pacxon 3JeKTpu- 2.5-2.7 2.1-23 1.9-2,0 1.8 10 1.6

9€CTBA, q mr, A-C/MM

[Ipu uccrnenoBaHUsIX, TPOBEJECHHBIX HEKOTOPOE BpeMsl TOMY Ha3ajl, UCIIOJIb30BAJICS MOJTY-
aBTomat tuna [TI1071 ¢ MmexaHu3MOM UMITYJIbCHOW TOJjauu, 0OecIeunBalouii MexaHuye-
CKUMH YCTPONCTBAMH PETYINPYEMYIO (OPMY UMITYITHCA, TIO3BOJISIFOIIUH MOTYYUTh Pa3IHIHbIC
YCKOPEHUSI DIIEKTPOAHOM ITPOBOJIOKH U BBIOPATh U3 HUX HEOOXOMMEIE.

B kauecTBe HCTOYHMKA CBAPOYHOTO TOKA BBIOpAH MPOCTOM MO KOHCTPYKIIUU BHIIPSIMUTEb
tuna BC300 ¢ peryiaupoBaHueM HaIpsDKEHHsI XOJIOCTOTO XOJa IMEPEKIIOYEHHEM OOMOTOK
TparcopmaTopa, T.e. ¢ HCUCKaXXEHHON (hOPMOI BBIXOTHOTO HAIPSIKEHUS, TTO3BOJISIONICH HC-
KIIIOYHTh BIMSIHAE (OPMBI HAMIPSKEHUS HA TUIABJICHUE 3JIEKTPOIHOM MTPOBOJIOKH.

N3 tabn. 1 BuaHO, 9TO HA MOTPEOJICHHE YHEPIUU TIPU CBApPKE CYIIECTBEHHO BIIUSET CIIOCOO
CBAapKH: ITPU UMITYJIGCHOH I10/1a4€ 110 CPAaBHEHUIO C OOBIYHON (HEBO3MYIIIEHHOH IToaueii) moTpeo-
JIEHUE HIIEKTPOIHEPIHU CHIXKACTCS, TIPH STOM C YBEIIMYEHUEM YCKOPEHUSI JBHKEHUS! AJIEKTPOTHOM
MIPOBOJIOKH B UMITYJIbCe (PUKCHPYETCS CHUKEHHE TMOTPEOICHHS AIIEKTPOIHEPIUU. ITO YACTHUHO
MTOATBEPIKIEHO B padoTax [12; 13], Ho TpeOyeT MpoA0IDKEHHSI HCCIISIOBAHUM B 9TOM HAIPABJICHUH.

MOHO 3aKIIIOYHUTh, YTO MapaMeTpbl UMITYJICHON MOJIaui BIMSIIOT HA HOTpeOJIeHHE dHep-
TUH IIPU UMITYJILCHOM JABH)KEHUHU AJIEKTPOJIHOMN MPOBOJIOKH.

BriaesieHne Hencc/leI0BAHHBIX YacTell 00meii mpodaemMbl. COBpeMeHHbBIE CTIOCOOBI UM-
MyJIbCHOM MOJIayM XapaKTepU3YIOTCSI BOSMOXXHOCTSMHU YIIPABJICHUS YaCTOTOU, CKBAXKHOCTBIO,
a Taxke (GopMoil U Jaxke BO3MOXKHOCTHIO PEBEPCHPOBAHUSI HANPaBIeHUs JIBUXKEHUs. Takoe
pa3zHooOpa3ue BOZMOKHOCTEH yIpaBieHUsI IPeoTIpeiesisieT MOUCK MaTeMaTHIeCKOro onuca-
HUS BIMSIHUASL UMITYJILCHOM MOJauy 3JIEKTPOJIHOM MPOBOJIOKU Ha (pOpMHUpPOBaHUE (M3MEHEHUE)
XapaKTepUCTHK JYTOBOTO Ipollecca, B YaCTHOCTH TOKA MPH CBAapKe, HAIUIABKE C KOPOTKUMU
3aMBIKQaHUSIMU JTyTOBOTO IPOMEXYTKA. DTO TaK’Ke OTHOCHUTCS K H3BICKAHHIO 3aBUCUMOCTEH
BIIUSIHUSL UMITYJIbCHOM OJJauM Ha XapaKTepUCTUKU JBUKEHHS paciljlaBa CBapOYHO-HAIJIaBOY-
HOM BaHHBI, OIPEJIEIISIONIET0 BO3MOKHOCTH CHUKEHUS POCTa CTOJIOUATHIX KPUCTAIIIOB.

B nocnennee BpeMsi co3iaHa HOBasi TEXHOJIOTUS JyTOBOM CBAPKH € JJO3UPOBAHHOM Mojauei
AIIEKTPOAHOM TPOBOJIOKH, TIO3BOJISIONIAS PeIIaTh eI psi/] MpobieM, BOSHUKAIOIMUX IIPU pe-
aNM3aly MpoIecCOoB CBapKHU-HAIUIABKU IUIaBSIUMCs 3eKTposioM. [loapoOHo mpouecce onu-
caH B pabore [14]. biaronaps HoBomy Habopy nmapametrpoB B IDC um. E. O. [latona co3nana
CTaHJapTHAasl TEXHOJIOTHUS, 00ECIIeUnBaIOINasl HAJI)KHYIO, SJKOHOMUYHYIO U BBICOKOKAUeCTBEH-
HYIO CBapKy C BOCIIPOM3BOJUMBIMH pe3yJIbTaTaMU U MUHUMAJIbHO HEOOXOTUMOHN JOPaOOTKOM
cBapHbIX m3genuit. [llupokuil nuama3oH peryJivpoBaHMsI 3HAUUTEIBHO paciIupsieT 00JacTh
MPUMEHEHHsI B OTHOLICHUHU TOJIIIMHBI MaTepuaa 1o CpaBHEHHUIO C aHAJOTMYHBIMU CTaHIapT-
HBIMU HabOpaMu MapaMeTpoB.

Panee Takast yacTh paGOTHI BBIIOIHSIIACH 10 OTHOIICHUIO K BBISIBJICHUIO 3aBUCUMOCTH Xapak-
TEPUCTUK UMITYJILCHOM IOJJauM Ha TOK JYTOBOT'O IpoIiecca JUis Ipoliecca TyroBOM CBApKH IJIaBsi-
LIAMCS 3JIEKTPOJIOM B 3alUTHOM ra3e ¢ KOPOTKUMH 3aMbIKaHUSIMU JTyTOBOT'O MpoMexyTka [15].
CrnenyeT 3aMeTUTb, YTO B 3TOU paboTe paccMaTpUBAJICS, KaK TENeph OMPEeNICHO, TOJIBKO YaCTHBIN
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ClTy4ai, KOTOPBI OTHOCHJICS K BO3MOXKHOCTSIM U3BECTHBIX B TO BpEMsI MEXaHU3MOB UMITYJILCHOU
nozmaun. K HacTosmemMy BpeMeHH pa3paboTaHbl M Pean30BaHbl B KOHCTPYKIMSIX HOBBIE CHCTEMBI
MIOJIAYH AIIEKTPOAHOM IPOBOJIOKH, Oa3UpyIOIIHecs: Ha IPUMEHEHUH Oe3pelyKTOPHBIX MEXaHU3MOB
C BEHTWIBHBIMH JIEKTPOABUTATEISIMI C MAKPOITPOIIECCOPHBIM YIIPABICHUEM U PETYIHPOBAHHUEM.
Takue cucTeMbl MO3BOJIAT MOMYUUTh UMITYJIBCHOE JBMYKEHHE AIIEKTPOJHON MPOBOJIOKHU, PAKTHU-
YeCKH ¢ IFOOBIMH ITOPUTMaMH (OPMHUPOBAHNS 3aKOHOB 3TOTO JBIKCHUSL.

IHocranoBka 3agaun. [ peanusanuy BO3MOXXHOCTeH Hanbosiee 3¢ (HeKTUBHOTO UCIIOIb-
30BaHMS UMITYJIBCHBIX BO3JCHCTBHUI HAa CBAPOYHBIN MPOIECC U HETIOCPEICTBEHHO BaHHY pac-
IJTABJICHHOTO MeTajlsla HeOOXOIMMO HOJTyYeHHEe MaTeMaTHUECKOTO OMIMCAaHUs BIMSHUS XapaK-
TEPUCTUK MUMITYJIbCHOTO JIBIDKCHHS HA TOK ITpoIlecca M ABMKCHUE pacIulaBa MeTajjla BaHHBL
BnusiHue ckopocTH 1mojiaun 3J1eKTPOTHON MPOBOJIOKHM HA CBAPOYHBINM TOK MOYKHO W3ydaTh, 3a-
JlaBasi pa3IMIHbIC 3aKOHBI JBIKCHNS IIPOBOJIOKH.

H3n0:keHne ocHOBHOro Matepuana. [ pemeHus 3Toi 3anaun popmanusyeM (Gopmbl
UMITYJIECOB Mo1auu. 1Ipu 3TOM ompenennM J1Be OCHOBHBIE TPUMEHSEMbIC ()OPMBI: TIPAKTHYe-
CKU CHHYCOHUJIAJIBHYIO (MOIYJIb CHHYCA) U IPUOIMKAIOLIYIOCS K IPSIMOYTroiibHOH. Takas dop-
Mayu3anus rpaguecKy mnpejicTaBieHa Ha puc. 1.

v V“

Via Va4

< > - > >
T T T

a 0
Puc. 1. Hoeanuzuposannvle popmvl umMnyibCHOU noOayu 31eKmpooHol NPOBOIOKU. d — CUH)-
couoanvHas, 6 — NPUOTUNCEHHASL K NPAMOY20IlbHOU

MaremaTrueckue OnucaHue UMITYJIbCOB IOAAYHN 3JIEKTPOJHON IPOBOJIOKU CHHYCOMANIb-
HOM 110 MOJTyJTFO OPMBI, TIPE/ICTaBICHHBIX Ha puc. 1 OyaeT umeTh BUHI (puc. 1, a).

fi(t) =V sinwtf| o0 (1)

rae V; — aMImuTy IHOe 3HaYeHHEe CKOPOCTH UMITYJIBCHOM MMO1auu AJIEKTPOIHOM MPOBOJIOKHY;
@ — 9acToTa CIIeJIOBAaHUS UMITYJILCOB (puc. 1, 6).

nT <t<nT+7

v
H=¢ % 2
f2() {0, nT+t<t<(n+DT, n=12,3... @

rae V> — BenuuMHa IPSAMOYTOJIBHOIO UMITYIbea; 1,7 — BpeMs JeHCTBUS UMITYIbCA U Hay3bl

MPSIMOYTOJIBHOTO UMITYJIbCA COOTBETCTBEHHO.

CymecTByeT psiJi cioco00B MaTEMATUYECKOTO OMMCAHUS IEPEXOHBIX MPOIIECCOB MPH pa3-
JUYHBIX BO3JAEUCTBUSIX, KOTOPBIE, KaK MPaBUJIO, 0a3UPYIOTCS] HA MAaTEMaTHYECKOM arapaTe Teo-
pUHM aBTOMAaTUYECKOTO PEryJMpOoBaHMs. AHAIU3UPYS 3TU CIOCOOBI HAMM BBIOpaH, IO HallleMy
MHEHUI0, HanOoJiee palMOHATIBHBINA JIsl TE€X 3aj1a4, KOTOPbIE OMPEIEISIOT TapaMeTphl IPU M-
MyJILCHBIX BIUSHUSX CO CTOPOHBI CUCTEMBI [T0JIa4H 3JIEKTPOIHOM IPOBOJIOKH — 3TO UCTIOIH30Ba-
HUE ONEePAIMOHHOTI0 UCUHUCIICHUS, MATEMATUYECKUH anmnapaT KOTOPOro U3BECTEH U JIOCTATOUHO
LIMPOKO IPUMEHSIETCS, B TOM YHCIIE, U TIPH UCCIIEJIOBAHUY TIEPEXOTHBIX MTPOIECCOB.

Jlanee paccMOTpUM MaTeMaTH4eCKOe ONMMCAHUE MPOIECCOB, TPOUCXOISIINX B O0BEKTE UC-
CJIETOBAHMS — [yTOBOM IIpoIlecce P UMITYJIbCHOM BO3JEHCTBUH CO CTOPOHBI I10JIa4H I1JIaBS-
HIeHcsl 2JIEKTPOJHON IPOBOJIOKU U CIETIAEM 3TO B JIBYX aCHEKTax:
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- HaxXOXJIeHHe TOKa JIyTOBOTO IMpoIlecca B 3aBUCUMOCTH OT MapaMeTPOB UMITYJIbCOB JIBH-
’KEHUS IPOBOJIOKH, YTO SIBJSIETCS HEOOXOIUMBIM, B TOM YHCJIE H JUIS PEIICHUS 3a1a4 OIpe/ie-
JICHUSI DHEPTETHYECKUX XapaKTEPUCTHK MpoIlecca CBApKU IPU MMITYJIHLCHOM BO3JICHCTBHH CO
CTOPOHBI CHCTEMBI TIOJIAYH;

- HaxOXKJICHHE MapaMeTpOB KOoIeOaHU BaHHBI KUIKOTO METallIa, 3aBUCSIINX OT XapaKTe-
PHUCTHK MMITYJIBCOB, UTO OMpeAeNisseT XapaKTep JABMKEHUS paciljiaBa, a B UTOTE Ka4eCTBO Me-
TaJljIa ITBa MIPH UMITYJIHCHOM BO3JICHCTBHY TIPH TT0/1a4€ AJIEKTPOIHOM IPOBOJIOKH.

B mutupyemoii pabote [15] BrIBeIeHO ypaBHEHHUE, CBI3BIBAIOIIEE TOK JIyTOBOTO MpoIecca
¥ CKOPOCTH ITO/Ia4H JICKTPOTHON MTPOBOJIOKH ISl AYTOBOW CBAPKH TUIABSIIIAMCS 3JIEKTPOIOM
B 3aIIUTHOM Tra3e ¢ KOPOTKUMH 3aMbIKaHUSIMU JTYTOBOTO MPOMEXKYTKa B ONEpaTOpHOl hopme
B Bujie n3o0paxkeHus. Vicrosn3yeM ero B cieIyIoleM Bue

E
i(p) _ (R+0,5b)
v(p) Tp*+p+k’ 3)

r7ie i, v — TeKyllIye 3HauYeHHUs TOKa J[yroBOIro MPoIlecca U CKOPOCTH MOAauu AJIEKTPOIHOM mpo-
BOJIOKH COOTBETCTBEHHO; p — onepaTop AudpepeHInpoBaHuUs;

I AHE

= R+0.50. R+0,5b

/i€, B CBOIO ouepeib L, R — MHIYKTUBHOCTb U SKBUBAJIECHTHOE COITPOTUBIICHUE CBAPOYHOU 1Ienu
COOTBETCTBEHHO; b — KOA(PQUIMEHT, XapaKTepU3YIOIMUil HAKIOH CTaTHYECKOH XapaKTepH-
CTUKH JIyTU K OCH TOKOB; E — HampsiKEHHOCTH DSJEKTPUYECKOrO MOJISI B CTOJIOE IyIH;

1
A= o H=U_(0,285-0,0052U) rue Uy — HampspkeHHe XOIOCTOrO XOja HCTOYHHKA
V/ 5

cBapouHoro Toka, a M =C v T —C v T +ry rne C, Co,— TEIIOEMKOCTH METAILIA [IPH TEM-
p ninn o/ 0" 0 o/ o0 p

b

neparypax IUIaBJICHUS M OKPYKAIOMIEH Cpellbl COOTBETCTBEHHO; Vs, Yo — IUIOTHOCTH MeTaylIa
P TeMIiepaTypax IJIaBICHUS U OKPYXKAIOIIEH cpeibl COOTBETCTBEHHO; 7, —CKPBITAsl TEIJIOTa
wiaBnenust; 1y, To — TeMIepaTypa IUIaBJIeHUS dIIEKTPOTHOTO MeTallia M TEMIIepaTypa OKpyKa-
IOIIeH cpeJibl COOTBETCTBEHHO.

B paborte [16] moka3ano, 4To B IIpoliecce KpUCTAUTH3ANHU (B 30HE pOCTa JICHPHJIOB) TIPH-
CYTCTBYIOT YEThIPE OCHOBHBIX (DM3MUECKHX SIBJICHUS: TEIUIONepeada, pocT KPUCTAILIOB, Tiepe-
XOJ] IpAUMeECei, TBUKEHUE JKUIKOTO MeTalllla, KOTOpOe MOXHO omucath AuddepeHnraibHbpM
ypaBHeHueM. [Ipu sTom monydeno nuddepeHimanpbHoe ypaBHEHHE TUHAMUYECKOW CHCTEMBI
KpUCTAJUTN3AIIIH CBAPOYHO-HATUIABOYHOW BAaHHBI B KAHOHMYECKOM BHJIE, KOTOPOE TPH HaYalIh-
HBIX HYJIEBBIX YCIOBUSX U UCCIIEIOBAHUY BIIUSIHUS U3MEHSIFOIIUXCS BO3JICHCTBHI CHCTEMBI Ha
KPUCTAJUTM3AIIMI0 METallla, B YAaCTHOCTH HMITYJLCHON MOJA4d 3JIEKTPOTHON IPOBOJIOKH,
MOJKHO TIpe/IcTaBUTh B BUje JlammacoBa n3obpaxenus. Onupasch Ha pe3ysibTaThl UCCIIEI0Ba-
Hust [17] 1 yauThIBas M)A HACTOSINEH pabOThI 3aIUIIIEM HECKOJBKO MpeoOpa3oBaHHOE ypaB-
HEHUE, KOTOPOE CBS3BIBAECT CKOPOCTH UMITYJILCHOM MOAauH SJEKTPOIHON MPOBOJIOKHU U JBUKE-
HUE pacIlIaBIEHHOTO MeTaJlIa B ONepaTOPHOH Gopme, 0 KOTOPOMY MOYKHO CYAHTH O CTEIICHH
BITUSHUS XapaKTEPUCTUK MMITYJIbCOB HA MHTEHCUBHOCThH YKAa3aHHOTO JBUKCHWS, a, CJIeJI0Ba-
TEJBHO, HA POCT JICHAPHUIOB KPUCTAILTH3YIONIETO METa/lIa B BUIe N300pasKeHMS:

v&(P) _ bp+ bl
v(p)  ap’tepre’

TAC Vg — TCKYHICC 3HAYCHUA KoJcOaHmit CBaquHOﬁ BaHHBI COOTBETCTBCHHO

“

26



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

b=B+C=(1—k) N o
ISy

TJIe B CBOIO O4epe.b ko — paBHOBECHBIN K03 pHUIIMEHT pactpeenieHus TpuMecei (IS CTad |
yriiepoaa k o = 0,46); cp — nucxoaHasI KOHIICHTPAIHS MIPUMECH B paciljiaBe BaHHBIL, S1, N1 — KO-

3¢ HUIIEHTHI ONTUCHIBAIOIINE COCTOSIHUE IIPUMeceil B paciiiaBe; 4 — KO3 HUIIUEHT pocTa CKO-
POCTH JIBHXKCHHS (PpOHTA KPUCTAILTU3AIMH OT TEPEOXJIXKICHUS; [0 — TPOTSHKEHHOCTH 30HBI
AKTHBHOTO POCTa JACHAPHIHBIX 3apojbiieii So, C — COCTaB U KOHIICHTPAIHS TPUMeceil B 30HE

Hhy

ly

pacriiaBa akTHBHOTO POCTa ICHIPUIHBIX 3apOABIIeH; b — , TJIe y — IJIOTHOCTH pacIliaBa;
k,+k

P d ) (A =ky)B,Cos N,y
cr=1; cmT e km — kKO3 QunmMenT Macconepenaun; k,; = < ,
0 0

Lo — ko3 durueHT nageHus Temneparypbl JMKBUAYC B ciuiaBe; Co — KodQPUIIMEHT IpUMecH B

_ Bty

Kuakon daze; €3 = /
0

B ypaBuennu (4) Bemmunasi X, (P)u X, . (p) oGo3HauarOT BXOAHOI M BBIXOXHON CHI-

rac

HaJbl COOTBETCTBEHHO. B KauecTBe BXOIHBIX CUTHAJIOB IPUMEHSIOTCS UMITYJIbCHBIE BO3JIEH-
CTBUSI, IPEJICTABICHHBIE HA PUC. 1, C UX MPECTABICHUSIMHU, TAaHHBIMU B BbIpakeHUsX (1), (2).

BaxxHoii siBIsieTCsl BOBMOXKHOCTD OLEHKH METOJaMH TEOPUU aBTOMATHUECKOI'O PeryIupo-
BaHUS YCTOMYMBOCTH CUCTEM, ONUCHIBAEMBIX YpaBHEHUSIMU (3), (4) IpU UMITYJILCHOM BO3/IEH-
CTBUU CO CTOPOHBI CUCTEMBI NTOJauu AJIEKTPOIHOM MPOBOJIOKH.

OmnpeneneHbl pa3ieIbHO MAaTEMATUUECKUE ONUCAHUS ABYX THUIIOB BXOJHBIX CUTHAJIOB JIJIs
JIBYX BUJIOB UX BJIMSIHUNA Ha CBapOuHbIi mporiecc. [yt Toro yToOsl UMETh MOJIHbIE MaTeMaTH-
YECKHUE OIUCAHUS CUCTEM BXOJIHOM CUTHAI — Pe3yJIbTaT €ro AeCcTBUs, HEOOXOAUMO UX IpUBE-
CTH K €JMHOMY BUIY. DTO MOXKET ObITh IIOJHOE UCII0IH30BAaHIE METOJ0B ONEPALIMOHHOTO HUC-
YUCJIEHUSI, TOT/Ia CHUTHAIBI BXOJHBIX BO3JCHCTBUNA HEOOXOJMMO TPEJICTaBUTh B BHJIE
COOTBETCTBYIOIIUX H300pakeHuil. BTopbiM cr1ocoGoM MOKHO BOCIIOJIB30BAThHCS, MPEACTABUB
CUTHaJIbl BO3JIEUCTBHUM B yJIOOHOM JIJIsl MCCJIEIOBAHUI MaTeMaTHYECKOM OIMCAaHUHU U Olepa-
TOpPHBIC H300paKEHUS TIepeaTOYHBIX QYHKIWH (3), (4) B BHJIe ©X OPUTHHAJIOB.

BrimmotErM Bee 9TH TipeoOpa3oBaHus Ui oNpeielieHns B AalbHelmeM HanOomee 3¢ dek-
THUBHOTO CTI0c00a UCCIEOBAHUS MOYYEHHBIX U MOJy4aeMbIX YPAaBHEHUM, UCTIOIB3YSI METOIbI
TEOPUH aBTOMATHIeCKoro peryaupoBanus [18]. [Ipu aToM, kak H3BeCTHO, H300pakeHne PyHK-
MY IEPUOJIMYECKON TTOCIIEIOBATEILHOCTH UMITYJIBLCOB JIJISl IPUMEpPA C JTUTEIHbHOCTHIO CUTHA-
JIOB MPUHSTHIE YCIIOBHO KaK 0 U TiepruoioM /' B 00IIeM BUJE ¥ JIJIsl BO3MOXXHOCTH BBIOOpA Xa-
PaKTEPUCTUK UMITYJIbCHBIX BXOJIHBIX BO3JICHCTBHIA BBITIISIUT CIEAYIONTIM 00pa3oM:

1—e
Flp)= p(-e") (5
Hcnons3ys ¢pyHknuio XeBucaiina
0,t<o
p(t—0)= Liss [ (6)

MOJKHO 3aITHCaTh, YTO HMITYJILCHAS CTyTIeHYaTast (QyHKITHS BpeMeHH / ¢ iepruoioM 7 mMeeT BUI:
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A,Osrsé}

7
0,6 <t<T ™

f(f)—A—A¢(l‘—5)={
e A=cons.
Jis meproAMdecKoi MOCIeI0BaTeTFbHOCTH UMITYJIBCOB C JUTUTEIEHOCTHIO CHTHAJIOB O U TTe-
puogom 1" opuruHai uzodpaxenus F(p) MOXKHO 3amUcaTh Kak:

JO)=A—Axt—0)+ At —T)— At —T—O)+ At 2T — At —2T— ) +.... (8)

YunTeBas epruOAMIHOCTh OYHKIMA f(1) ISl aHAIM3a TOBEJCHHUS CHCTEMBI JIOCTaTOYHO
paccMaTpuBaTh €€ 3HaYCHHE Ha MPOTSHKEHUU OJTHOTO Tepuoa 7' clieloBaHus UMITYIbCOB. Ta-
KO€ yCJIOBHE OOYCIIOBIIEHO HEOOXOIMMOCTHIO TPeOOBAaHMS TEXHOJOTUUYECKOTO MPOIecca UM-
MyJIBCHOM TMOJaul 3JEKTPOJHOM MPOBOJIOKH 0OECIEUNUTh B Hadajie KaKIO0Tro MOCIEIYIOLIEero
Mepro/ia CIIeJI0BaHuUs UMITYJICOB HyJIEBbIe HAYalIbHBIC YCIOBUS pabOTHI CHCTEMBL. B TpoTHB-
HOM citydae OyJIeT HapyIIeHO TeYeHUEe CBApOYHOI0 Mpoliecca.

[Tpencrasum Beipakerune (1) I fi(2) KCTIONB3Ys TAOMYHBIC TAHHBIC B OIIepaTopHOi hopme:

wctg("P)
20

(p° +a%) €))
Bripaxxenue (2) 11t f>(¢), Ipu NCTIOIB30BAaHUM TaOIMYHBIX JaHHBIX B OTIepaTOpHOM popme
MIPUMET BU/I:

4 |sin a)t| Sz

V,(1—e™™)
p(l—e™")

V,, nT<t<nT+71 f,(1) <

(10)
0, nT+r<t<(n+DT
MoxHo 3anucath 4 ypaBHEHHs, ONHKCHIBAIOIINE B OMEPATOPHON (GopMe 3aBUCUMOCTH
MEX/1y BBIXOJHBIMHU IIapaMeTpaMU U BXOJHBIM UMITYJIbCHBIM BO3JICHCTBUEM HCIOJIB3Ys HOTY-
yeHHbIe ypaBHeHuUs (3) u (4) B BeipaxeHusix (9) u (10)
E —
1. OGo3HauMB BenM4MHY (R +(,5h)  » NMOJYYAM BBIPOKEHHE B ONEPAaTOpHOH (opme,

OTIpeIeTISTIoNIee TOK JyTroBOTO Tpoliecca i(p) st umirybea 1mo (1)

p
wctg (—
g(2a)) H

[} =V,
(P =N ) Tt ek (an

2. Jlns mmmyibea 1o (2)
V,(1-e) H
p(l—e?Tp* +p+k (12)

3. Iyt ompe iesieHus BIUSTHUS UMITYJIBCHOM TTI0JIa4YH AJIEKTPOIHOM TPOBOJIOKU HA IBUKEHUE
B BaHHE >KHMJIKOTO METalIa Vi(p) MOKHO JUIsl BXOJHOTO UMITyJibea 1o (1) 3anucarh

L(p)=

b4
oclgG ) bp+h,

2 2 2
(p"+07) op +epte,

4. BiustHue AeWCTBUS UMITYJIBCHOW TMOAaud 10 (2) Ha XapaKTEPUCTHKU JIBUKECHUU B CBa-
POYHOM BaHHE V2(p) OMUCHIBACTCS CJIEYIOIUM 00pa3oM:

vi(p) _ 4 (13)
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V,l—e ) bp +b,
p(l- e_pT) C1p2 tC,ptey

v, (p)= (14)

VpaBuenns (11), (12), (13), (14), mpu ux perneHnn Jal0T BO3MOXKHOCTH OMPEIEIUTh Xapak-
Tep MepexXoHOr0 TOKa JUIsl TOKa AYrOBOTO Ipollecca U ABUKEHHS B KUIKOW BaHHE OT JIBYX
TUTIOB UMITYJILCHBIX BO3JIEHCTBUN. Perenne 3Tux ypaBHEHUH, T. €. HAX0XKICHUE OPUTHHAIOB
BO3MOXXHO MallIMHHBIMU CIIOCO0aMU UJIM C UCIIOJIb30BAHUEM YIIPOIEHUH, KOTOPBIE JAal0T pa3-
JIOKEHUS B CTENICHHBIC PSIbL, HampuMep, B psaa Teitnopa. [Ipumensist Takue pas3iokeHus ¢ He-
CKOJIBKUMH YJIEHAMH MOXHO € JOCTATOYHBIMU IO TOYHOCTH Pe3yJIbTaTaMU MOJIy4YUTh U300pa-
JKEHUS] BXOJHBIX CUTHAJIOB B YIIPOIEHHOM BHJIE.

Jost (11) momyuum ynpoméHHOoe TPUMEHEHHEM CTENEHHBIX psoB Teitnopa BeIpaxkeHne

7p P
ct, ~ -
80~ B 300) (15)
20
VYupoménHoe BeIpakeHHE IS f1(1) OyneT UMeTh BU:
2
2m%1—2p)
=V, 700

WO =h— e (16)

Hns (10), paznoskeHre UMeeT BU:

2
1—(-p+ 2

(d-e") 2
1-e?") r (17)
PUZET) pi-=pra 20
[Tocre HECITOKHOTO TIPe0Opa30BaHus YIIPOIMEHHOE BEIpAKEHUE JIIA f2(1) OyAeT HUMETh BUJT
2t-p
LO=V———.
pR2r—p) (18)

VYpoméHHble MaTeMaTHUECKUE OMMCAHUSI BXOIHBIX UMITYJICOB MOTYT OBITH 110 aHAJIOTUU
c(11),(12), (13), (14) npumeHeHbI 111 GOPMUPOBAHUS YPABHCHHIMA, OIIPEJICISIFOIIMX PE3yJIbTaT
BO3/ICMCTBUS HA MPOIECC CBAPKHU C UMITYJIbCHOW MOJauel 3JIEKTPOJHOMN MPOBOJIOKU C yIpaB-
JsieMBbIMU TTapaMeTpaMH.

Pacemotpum crienyronuit crioco6 rcclieJoBaHus BIUSHUS UMITYJIbCHOM MMOJJauu 3JIEKTPOI-
HOH MPOBOJIOKM Ha XapaKTEpUCTUKU Pe3yNIbTaTOB JyroBoro mpoiecca. [Ipu stom cremyer
HaWTH OOBIYHBIE BHIPAXKEHUS JIJIs1 BXOAHBIX CUTHANIOB (1) U (2) 1 OpUruHAIbI BRIpAXXEHUN JIJIs1
n3o0paxenuit (3), (4).

JIyist BXOTHBIX CUTHAJIOB 110 pHC. 1, a, 6 Hauboee parMoHaIbHBINA MYTh — 3TO UX MPEJICTaB-
JeHne B BUje paznoxeHus B psg @ypee. [Ipu sTom anmpoxcumanust GpyHKIUH pa3TAIHON
(dbopMeI 1715 mMIybea 1o ¢opme (1) B ob1meM cirydae:

l—cosz—ﬂn

2 3¢ 3 . 2mn
H=V(=-— COs
KO NG =z e (19

N3 ypaBuenus (19) Bo3pbMEM HECKOJBKO YIEHOB, YTO JOCTATOYHO JJISI TOYHOCTH HAIIHMX
UCCIIeIOBAaHUM U TIOciIe IpeoOpa3oBaHuil MOITydYuM
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2 3 3 2mx 3 4 rx
t)=V,]———(=—cos — + —cos ——
hO =Nl =5 Geor=mrygeos 5l (20)

JIst IpsIMOYTOJIBHOTO HUT OJTM3KOTO K HeMy UMITyJibca 1Mo Gopme (2) ¢ UCTIOIb30BaHuEM
o0111ero npeacTaBiIeHUS

1 2& 1 k
fz(f)=Vz[5+;kZ; Py n( 7DC)] 21

N3 ypaBHeHus (21) BoO3bMEM HECKOJBKO WIEHOB, YTO TaK¥KE JOCTATOYHO JJIsI TOYHO HAIINX
HCCIIeIOBAaHUH U TIOCIIEe TIPeoOpa30BaHUM MOTYyIUM

1 21 . 1 . 3mx
t)=V,][—+ —(—sin(—7mx) + sin—)],
rae L — nepuo JUIMTEeIbHOCTU UMITYJIbCA.
Haiiném opurunan BeipaxkeHus (3) ¢ yKa3aHHOH BbIIIE 3aMEHOM Kak F;(p), HCIIOJIb3YS

TabIMYHbIE TPEOOPa30BaHUS OPUTUHATIOB B M300PAKEHHUSI U BBHITOJIHUB CJIETYIOLIUE 3aMEHbI U
MOJCTAaHOBKH

H H
Tp2+p+k

T'(p~+-+
(pTT)

g _ g
(p+))+g p*+2p+j+g’

_l:L
7=

k_ oy k_ k
Folre =es —&= \/T 4T2 23)

B pe3yJibTaTe MPUBEJICHUS MOJTYYUM CJleIyIollee BhIpakeHue JJIsi CTaHIapTHOTO BUa u300pa-
JKEHUSL:

H H H g

Tp2+p+k T(p* WP ) g_T(p+j)2+g2' (24)
T T
Opurunain nzobpaxenus: pyHKuu F3(p) Oyaer uMeTb BUJ

Fi(p) =

f,(0) = giTe_ﬂ sin( g1). (25)

Hcnonb3ys mporenypy cTaHIapTHOTO MPUBEICHUS N300paKeHUsT PYHKIINH IS BhIpaxe-
Hust (4) B Buae Fi(p)

bp+b
Fy(p)= 1
2 e p’ +e.p+c, (26)
BO3MOKHO IIPUHTH K CTAHJAPTHOMY BBIPAKEHUIO BUIA
p+a
Fip)=—2E
A ay +b 27)

I[J'If[ HCII0JIB30BaHUA CTAHAAPTHOI'O BBIPAXKCHUS BBIIIOJIHUM ITOJCTAHOBKY

30



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

TP e
2¢,’ ¢, dct (28)

[TpuBeném BCro menouKy mpeoOpa3oBaHUi Ui MOIYYEHUS NCXOTHOTO BBIpaKCHUS H300-
pakenust F4(p) B onpesieieHun e€ opuruHana f(t)

pr b oSh G_6
Fi(p) = 2b1p+b2 =ﬁ 2¢, N 2¢, : ¢ 4c __
SV 2 Y 2 & c1( Sy, G ¢ c e, GG
p+_—)+ S _ 9 (py 2y T2
2¢," 4c “ ¢, 4] (P 201) ¢ Ac
(b _C2b1
_b  p+ta N P 2 b
c, (p+a) +b’ ch  (p+a)y+b* (29)
Opurunan nzobpaxenus (11) ynkun Fa(p)
b _Czbl
f.()= ﬂe“” cos bt+le“” sin bt
! ¢, c,b (30)

I/ICHOJ'IBSYH BBIBOJIbI AJI1 OpUruHajla MOXXHO C HCKOTOPBIM HpI/I6J'II/I)KeHI/I€M B aHAJIUTUYC-
CKOM BHUEC HaUTH U3MEHEHUS TOKa AYTOBOT'O ITponecca i 1(1) pu HeﬁCTBHH HUMITYJIbCOB:
o popme (1)
. 2 3 3 2m 3 4Am_ H .
i(t)=v[=- —(Zcos ——+=cos —)] — € 7 sin(g?),
3 772 3 8 3 7 T (€2))

o gopme (2)

(32)

C HEKOTOpPHIM TPUOJIMKEHUEM B aHATTUTHYECKOM BHJIe HAWTH W3MEHEHHUs CKOPOCTH KOJie-
OaHWi BaHHBI )KHJIKOTO METaJlIa Vi (1) IpU JCHCTBUN UMITYJIHCOB:

; _ 1 2.1, 1 . 3m o H _, .
i,(t)= L) =V, [E+ ;(Esm(z 7x) + sin E)] g_Te "sin(gt).

o opme (1)
b, b
2 33 2m 3 4m b o
Vi(t) V= - = (Zcos 2=+ Zcos —)] (e “ cos bt + ————L-e™“ sin bt),
(OIS =5 Geos 5+ geos=0)] (c1 cb " (3)
o gopme (2)
M (0) 0=Vl + 2 (G sinmn) +sin >
b _ &b
(ﬁ e “ cosht + le“” sin bt)
¢ cb ' (34)

Jlst onpeieneHust OpuruHaia OT MPOU3BEACHUS N300paXKeHHH, KaKk U3BECTHO, UCTIOIB3YIOT
TEOpeMY O CBEPTKE (YMHOXEHUU) X opuruHaioB [18]. B oOmem Bujae BbipakeHUE CBEPTKU
OpUTHHAIIOB UMEET BU/I:
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70 £O=] 1a-0)£0)d0 — F(p)F(p),

rIe f, (f ), fz(f ) — ()YHKITUH BPEMEHHU; Fl(p) s F2 ( p) — ux n300paxxenus o Jlamacy, coot-

(35)

BETCTBEHHO.
[Ipu npuMeHeHnn TeopeMbl CBEPTKHU B HAIIIEM CIIy4ae MOXHO UCIIOIb30BaTh KaK UCXOHbBIE
onucanus. [ Ipu vcnonbp3oBaHUM UCXOIHBIX OMMMCAHUN TTOTYYUM CBEPTKY ISl OTIpEIeTICHUsI 11e-

pexozHOro mporecca mo Toky I; (1) mpu Boszeiictsuu 1o tumy (1) B Bue

H

t
(1) = sinw(t—71)le” /" sin g7)dr,
l gT !' | ¢

(36)

e O0<t<7.
Haitném BeIpaskeHue Uit CBEPTKH MIPH ONPEIEICHUH TIEPEXOTHOTO MPOoIecca Mo CKOPOCTH

nemkennst Banusl V;(?) mpu Boseitctsun mo tumy (1) B Brze

b,

(s b ’ .
v (1) = Vl'ﬂsm o(t - r)‘ —Le ™coshr+ ie‘“’ sinbr |dz,
5 ¢ cb (37)

e 0<t<T1.
3aMeTuM, 4TO BRIpAXKEHHE JUISI BXOJHOTO CUTHAA 1Mo GopMe (2) MOKHO 3amucaTh B BUIC

f(O)=A—Ap(t—9). (38)

CBépTKa 11 OnpeesIeHUs IEPEXOIHOTO IIpoIiecca IO TOKY JAyTOBOTO IIpolecca iz (f ) pu
BO3/IeiicTBUU 1O THILY (2) B BUJIE
ViH

iz(t) = gT

t
A—Ap(t—1)]e " sin gr)dr
! [A=Ap(t=7)] gr)dr. 39)
e 0<t<1.
Haiiném BeIpaskeHHe JUIs CBEPTKH IIPH ONPEIEIICHUH TIEPEXOIHOTO IIPOIIecca 0 CKOPOCTH

JIBIKEHUSI BaHHBI V, (f ) TIpU BO3JIEHCTBHM 110 TUTTY (2) B BUE

_Gbh

2

’ b 2¢c
vw()=|[A-Ap(t-1)]| Yte “coshr+——L e " sinbr |dr.
,(f) j [A=ag(=)) - v w0

Nurerpais! Beipaxkenuit (37), (39), (40) MoxxHO Ipr HEOOXOJIMMOCTH M MHTEpece K JlaH-
HOMY UCCJIEJJOBAaHUIO BBIUYUCIIUTD, UCIIOIB3YsI COOTBETCTBYIOIUE KAIbKYJIISTOPHI.

Crnenyer OTMETUTD, UTO UMITYJICHBIE MTPOIIECCHI CBAPKHU U HAILJIABKU MOTYT OBITh UCIOJIb-
30BaHbI HE TOJIKO MU CBApKe M HAIUIABKE B CPeJIe 3allUTHBIX ra30B, HO U MPU IPUMEHEHUN
MOPOIIKOBBIX AJIEKTPOJIHBIX ITPOBOJIOK, & TAKXKE B APYTUX CIOCOOaX JYrOBOM CBApKU, HAIIPH-
Mmep [19; 20].
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PaccmoTpenHble Ba crioco6a pemeHus 3a1a4n Onpe/esieHus 3aBUCMOCTEN TOKa TyTOBOTr0
Tporiecca 1 KoJieOaHWi CBapOYHOI BaHHBI OT HaHOOJIee TPUMEHUMBIX (DOPM HMITYJIBCHOM T10-
JIaYM AJIEKTPOTHON MPOBOJIOKU JOCTATOYHO TOYHBI JIJIsI aHAIIM3a UCCIIEyEeMbIX UMITYJILCHBIX
IIPOIIECCOB M PE3YJIHTATOB UX JCHCTBHS.

BbIBOBI B COOTBETCTBHH €O CTATHEI.

MMty ThCHBIE METOIBI BO3JIEHCTBHS Ha ITPOIIECCHI yTOBOM CBAPKH M HAIUIABKH IUIABSIIIAMCS
AIIEKTPOJIOM OKa3bIBAIOT 3HAYMTEIbHBIE A(P(EKTH Ha TEXHOIOTHYECKUE PE3YJIbTAThI, CIIOCO0-
CTBYsS 00pa30BaHMIO HamOoJee KAYeCTBEHHBIX CTPYKTYp KaK HAIUIABICHHOTO MeTajula, TaK U
OKOJIOIIOBHOM 30HBI, @ TAK)KE CYIIECTBEHHO BIIUSIIOT HA CHIDKEHHE SHEPreTUYECKHX 3aTpar, Mpu
ATOM 3HAYHUTENBHBIX PE3YJIHTATOB MOKHO JOCTHYb, UCIIOJIB3YSI HMITYJILCHBIE aJlTOPATMBI (PyHK-
IIMOHUPOBAHUSI CHCTEM ITOJIaYH C YIPABJISIEMBIMH MapaMeTpaMu.

3BecTHBIE pe3yIbTaThl BO3ICHCTBHUS HA Pa3IMYHbIE XapaKTEPUCTHKH JyTOBOTO Iporecca
UMITYJILCHBIX CITOCOOOB MOJaYH AJIEKTPOTHOM MTPOBOJIOKU HE MOTYT OBITh TAKOBBIMHU, KOTOPBIE
B ITOJTHOI Mepe OMHCHIBAIOT MCCIIeAyeMble SIBICHUS 0 TOKY U KojieOaHWH BaHHBI, TaK KaK HE
MO3BOJISIIOT 3apaHee yCTaHABIMBATh MapaMeTphl HMITYJIBCHOTO JABHXKCHUS DIIEKTpoJIa 0e3 IKC-
NePUMEHTAIBHBIX paldoT, Clle0BaTEIbHO, HEOOXOIUMBI MAaTEMAaTHYECKUE ONMCAHUS OXKHUJIae-
MBIX PE3YJIFTaTOB OT 337aBaCMbIX BAPHAHTOB UMITYJIHCOB.

Haubonee >¢¢pexTuBHBIMU cIIOCOOAMH MaTEMAaTUYECKOTO ONMUCAHMS BO3ACHCTBII UMITYJIbC-
HOI TOa"M 3MIEKTPOHON MPOBOJIOKH SIBIISTFOTCSI CHOCOOBI, HCIIOJIb3YEMbIE B MATEMATHIECKOM all-
napare TEOpHU aBTOMATHYECKOTO PETYIMPOBAHMSL, B YACTHOCTH ONIEPAIIOHHOTO UCYHCIICHUSI, TIPH
3TOM OCHOBOH TaKOTO UCCIIEIOBAHUSI SIBJISTIOTCS] ONMCAHMS HCCIIEAYEMbIX ()parMeHTOB TEXHOJIOTH-
YeCKOT0 MpOoIiecca C UX Mpe/ICTaBIeHUEM B BUJIE YPaBHEHHIA ONIEPAIIMOHHOTO NCUUCIICHHSL, a TAKXKE
onwcaHust popMaTN30BaHHBIX UMITYJIECOB HanOoJIee MPIMEHSIEMBIX (OpM.

[ToxydeHHbIe pe3ynbTaThl B BHJIE KaK MPHOIMKEHHBIX, TAK H TOYHBIX YPaBHEHHM, ONTMCHI-
BAIOIINX HCCIIETyeMble BO3ICHCTBHS C MEHBIIEH U OOJbIIeil TPYAOEMKOCTHIO IPIMEHEHUS, C
JIOCTaTOYHOM TOYHOCTBIO JIJISI BRIOOPA MapaMeTpOB UMITYJIbCHBIX BO3JCUCTBHIA JUIS OICHKH W
IPOTHO3WPOBAHMS OMHCHIBAIOT HEOOXOAUMBIE [UIS TTIOJTyYeHHUSI KaUeCTBEHHOTO pe3ysbTaTa Kak
10 COCTaBy MeTaJla IIBa, TaK U 0 SHEProcOepeKEeHHUIO.
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UDC 4562-503.55
Viadimir Lebedev

USE OF CONTROLLED PARAMETERS OF ELECTRODE WIRE SUPPLY
AND THE POOL VIBRATION AS DYNAMIC SYSTEMS FOR IMPROVING
THE ARC WELDING AND SURFACING PROCESSES

Urgency of the research. Arc welding and surfacing with the use of pulse feed of electrode wire and mechanical vibrations
of the weld pool are effective means of significantly improving the quality of the results of technological processes performed by
mechanized or automatic equipment. For a rational choice of the parameters of pulse feed and oscillations of the weld pool, it is
necessary to develop a mathematical description of the results of the application of these welding and surfacing technologies.

Target setting. To create methods for choosing the parameters of the pulse feed of the electrode wire and oscillations of
the welding pool, it is necessary to select the most characteristic and applicable forms of influences, find ways of their mathe-
matical description and methods for solving equations describing the results of their actions on the technological process.

Actual scientific researches and issues analysis. The most used technical and technological methods of influencing the
quality indicators of the weld and deposited layer, including the strength, is the mechanical and / or thermal effect on the weld
pool. Recently, methods such as the periodic effect of a magnetic field on the melt of the weld pool, pulsed modes of welding
and surfacing based on specified algorithms for controlling the operation of equipment (welding current sources, electrode
wire feeders), the use of additional alloying of the deposited metal have been widely applied as well as combined methods.

Uninvestigated parts of general matters defining. Despite significant progress in the creation of new types of equipment
Jfor welding and surfacing with pulse algorithms of functioning, in particular, feed mechanisms with controlled motion param-
eters, there are still few studies devoted to the mathematical description of the effect of pulses of various shapes on the welding
and surfacing processes.

The research objective. To analyze the factors affecting the structure of the weld metal and the deposited layer in order
to improve the quality of the results of surfacing welding processes, to identify the applied forms of impulse effects, to determine
the mathematical descriptions of impulses, descriptions of dynamic processes in welding, taking into account the movements
of the weld pool. Find ways to solve the resulting differential equations.

The statement of basic materials. The results of pulsed impacts on the weld metal structure are shown, which provide a
significant improvement in the mechanical properties of the welded joint and the deposited layer. Pulses of the controlled
motion of the electrode wire are selected and described in mathematical form. The descriptions of the processes under arc
action, as well as the movements of the weld pool are found. Differential equations of impulse effects on the results of the
welding process are obtained. The solutions of the obtained equations are based on the application of operational calculus.

Conclusions in accordance with the article. Pulse feeding of electrode wire with controlled characteristics makes it
possible to significantly improve the structure of the weld metal, which significantly increases the strength of the welded joint
and deposited layer, and also reduces energy costs and resource consumption. The technology of welding and surfacing with
the use of a pulse feed of an electrode wire is most effective with rationally selected parameters of the pulse movement of the
wire, which is impossible without a mathematical description of this process. The mathematical description in a form accessible
for practical application practically excludes the stage of rather lengthy and costly experimental research, and also allows
predicting the expected results. Differential equations describing impulse influences, it is advisable to solve the methods of the
theory of automatic control, in particular, using operational calculus.

Keywords: electric arc welding and arc surfacing; impulse feed; analysis; pulse shape; choice; mathematical description.
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Onee [Tununeuxo

PECYPCOOIIAJHI HIOJIMEPHI AETAJII IPUBOJAIB MAIIIUH. 310OBYTKH
I HEPCIIEKTUBHA

Axkmyanvricmb memu 0ocnioyncenna. OcHosHUM 0diceperom 3POCMANHSA HAYIOHATbHO20 00X00Y NOBUHHO CIAMU PecypCo-
owaoxcenss, mobmo obcse NPoOYKYii nosurer supobasimucs 6e3 npupocmy mamepianeHux pecypcie. A ye o3nauae, wo maiiice
80 % npupocmy npodykyii nogunno Oymu 3a6e3neueHo 3a PaxXyHoK eKoHOMIL pecypcie. 3 yiero mMemorw HeobXiOHO 30inbuumu
3aCMOCY8AHHSA NPOSPECUBHUX PeCYPCOOULAOHUX MEXHON02IH, K BUMA2AIONMb MEHWUX 8UMPAm npayl, eHepaii ma cuposUHu.

Ilocmanogka npoodaemu. 3acmocy8ants HOgUX 0e36i0X00HUX | MATOBIOXOOHUX eKONO2IYHO YUCIIUX MEeXHON02ill.

AHaniz ocmannix 00cniodcens i nyoaikayiil. 3 ananizy 1imepamypHux 0xcepen MOXCHA 3pOOUMU BUCHOBOK, WO SUUM
KIACOM MeXHON02IUHO20 Npoyecy € Mal0onepayitiHicmo, Mal08iOX00HICMb, pecypcoouaonugicmy, Koau iHcmpymeHm aoo ce-
peodoguuge 00pasy Oitomv HA 6CHO NOGEPXHIO abO HA 6ecb 00 ’'em demani;, mpusaiicmo Oii IHCMpPYMeHmy abo cepedosuya Ha
demarns y 0eKilbka 0eCAmKI8 pazie CKOPOUYEMbCs | 6 CMINbKU JHC PA3i6 NiOGUULYEMBCSL NPOOYKMUGHICTb 0ONAOHAHHS.

Buoinenna nedocnidxceHux yacmut 3azanvHoi npoonemu. [Ipeocmagumu ochosHi demani NPUGOOI6 MAULUH, GUSOMOG-
JIeHI 3a CYYACHUMU MEXHONLO2IAMU 3 NONIMEPHUX KOMNO3UMIE, IX 3aCmMOCY8AHH MA NePCNeKMUGYU PO36UMK).

Mema cmammi. Po3enanymu npuxiaou oemaneii NPUG0Oi6 MauiuH, U2OMOGIeHUX i3 NONIMEPHUX KOMNO3UMIE 3a CYYac-
HUMU 1l NePCNEeKMUSHUMU MEXHONO02IAMU.

Buknao ocnoenozo mamepiany. llpedcmagneni nonimepri ma memanononimepti 3ipouxu, 1anyoau i 3youacmi koneca
NPUB0OI6 MAULUH, 30KPEMA [HMe2POBAHUX KOHCIMPYKYIll, ocobausocmi ix eupobruymea ma sacmocyeanis. [lokazana mexmiko-
EeKOHOMIUHA eqheKMUBGHICTb 3ACMOCYBAHHS 0emanell MAawut | MeXaniyHux nepeoay i3 NoNiMepHux Komnosumis. Posenanymi
nepcnekmuey i HeOOoNiKY MPUSUMIDHO20 OPYKY Oemaineil MautuH i3 nONIMepHUX KOMNO3UMIG.

BucHnoeku 6ionogiono 00 cmammi. Jleoani 6inow wucieHni npUKIAoU NPpaKkmuiHo20 3ACHOCY8AHHs 0emaneil MAuliH,
BUSOMOBNICHUX 30 CYYACHUMU MEXHONO02IAMU 3 NONIMEPHUX KOMIO3UMIB, C8I0Yams npo me, uo npu NPasuibHoOMy 6ubopi ma
BU3HAYEHHI pO3MIpi6 Oemanell NONIMePHi KOMNO3UMIU YACIO Nepegepulyiomv Memanu. A 3HUNCEHHSA CHONCUBAHHS Memanie
6ede 00 CKOpOUeHH s 6UO0OYEAHHSL PYOHUX KONAIUH [ MeMAiypeiiiHo20 GUpOOHUYMEA, WO, Y C8OI0 4ep2y, CHPUSIE GUPIULEHHIO
6a2amvox eKOHOMIYHUX, eHeP2eMUYHUX MA eKON02IUHUX npodiem. 3acmocy8anHs noNiMepHUX demaieti npUEooi6 Mauul 0ae
MONCIUBICb OMPUMYBAMU Nepesacu KOHCMPYKMUBHO20, MEXHIYHO20, MEXHON02IYHO20 Ma eKOHOMIUHO20 Xapakmep) .

Knrouosi cnoea: pecypcoowaomi mexnonoeii; Oemani MAuwiuH i3 NOTIMEPHUX KOMRO3UMIB; MEXHIKO-eKOHOMINHA eqpeKmMUSHICMb.

Puc.: 28. Taébn.: 7. bién.: 3.

Beryn. Ha ocHOBI ITUPOKOTO 3aCTOCYBaHHS HOBUX O€3BIIXOIHHX 1 MAJTOBIIXOTHIX €KOJIO-
TYHO YMCTUX TEXHOJOTIH Oy/e 31iiiCHIOBAaTHCS, HAa HAII TIOTJIS, JOKOPIiHHE TeXHIUHEe Tepeod-
JIaTHAHHS MAlTHHOOY[IBHOTO BUPOOHMIITBA 1 PEKOHCTPYKIIIS ITiIMTPUEMCTB.

SIK KOHCTpYKIIHHI MaTepiaiy s eTaneil MaluH Je/iaii OUIbIIOro HOUIMPEeHHS OTPUMY-
I0Th KOMIIO3MITIHI MaTepiaau (KOMIIO3UTH) Ha OCHOBI TBepAuX mojimepiB [1; 2]. 3actocy-
BaHHS TOJIMEPHUX KOMITO3UTIB 3aMiCTh METANIB MPU3BOJAUTH J0O 3HIKEHHS METaJIOMiCTKOCTI
Ta Bar, BTPAT BiJl KOPO3ii, 3HWKESHHS €HEPrOCIIOKUBAHHS, BiOparliif Ta poOOYHX ITyMiB, CKO-
POUYEHHS BEpCTATHOTO MAPKY 1 BAPOOHUUUX TUTOI, KapIMHATHHOTO 301IBIIIEHHS TPOTyKTHBHO-
CTI Ta 3HWKEHHS co0iBapTOCTI MpoaykItii. KpiM Toro, mporecu BUPOOHUIITBA JIeTaleld MaIlTiuH
13 oJIiMEpHUX KOMIIO3UTIB J0Ope MiIal0Thesl aBTOMATH3aIlil. Y pe3ynbTaTi He TIIbKH KOpiH-
HUAM YHHOM ITiIBHIIY€THCS MPOJTYKTUBHICTD Ipalli, ajle i OTPUMYIOTh CBO€ PIillICHHS ITUTAHHS
BUPOOHUIITBA BIUCOKOSKICHUX BHpPOOIB 1 6araThOX COIiaIbHUX 3aBjaaHb. JltoquHa BHUBUIBHS-
€TBCS BiJl Oe3MocepeIHROI yUacTi B IEKUTBKOX a00 B YCiX Omepallisx i3 BATOTOBJICHHS JeTaeit
MamuH. [Ipy nboMy SIKICHO 3MIHIOETBCS Ipalls POOITHUKA: BiH BCTAHOBIIIOE TEXHOJIOTIUHE
OCHAIIICHHSI, a JIaJIi CTa€e OIepaTopoM i CITocTepirae 3a MpaBHIIbHICTIO (DYHKITIOHYBAaHHS 00J1a]1-
HaHHS, TOTIOBHEHHSI CHPOBHHHU, KOHTPOJTIO 1 TPAHCIIOPTYBAHHS TOTOBOT IMPOTYKIIii.

3acTocyBaHHS OJHOI TOHM KOHCTPYKIIIMHMX IOJIMEPHUX MAaTepialliB 3a0lia/Kye
3...5 ToHH cTaii. BurotoBnenns aeranei i3 moixiMepHUX MaTepiatiB JO3BOJISIE MiABULIIUTH KO-
edinieHT BUKOpHCTaHHS MatepiamiB 10 0,95 (koedillieHT BUKOPUCTAHHS METalIy B KparioMy
BUIIAJKy CTaHOBUTH 0,74).

Maca KOMIUIEKTYIOUrX JieTajiel 0e3rmocepeIHbO BILTMBAE HAa Macy MAIHA. TOMY JIOIITBHO,
30KpeMa, y MPUBOJIaX MAIIMH 3aMiCTh METaJIEBUX 3y04acTHX KOJic, 3ipOUOK, IIKiBiB, JTAHIIIOTIB
Ta IHIMUX JeTalell 3aCTOCOBYBATH IOJIIMEPH.

© IMununenko O. 1., 2020
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Opnne 13 3aBAaHb y MpoOJIeMi 3HIKEHHS MaTePialoOMiCTKOCTI MAIlIUH TMOJIATaE He TUIBKH B
MaKCHMAaJIbHOMY ITiIBHIICHHI TEPMiHY CITy)KOH OKpeMHX JeTajiei, aje i B JOCATHEHHI PiBHO-
MipHOTO iX 3HOIIyBaHHs. BuOip pi3HUX MarepiajiB JUIsl HEOJHAKOBO HABAaHTAKEHUX JleTaleH
Ti€l K MAITMHY IT1IBAIILY€ TEPMIH ii CTy»KOH 3araiom.

Jlenani Ginbioro 3HaYeHHs: HabyBae MaJIOBIIXO/IHE Ta MPAKTHYHO Oe3BiX0/1HE BUPOOHU-
1TBO. JIpyruii BaKJIMBUEH HAIIPSAM B €KOJIOTIYHOMY acIleKTi — IepepoOKa pi3HUX BiIXOMIIB BH-
POOHUIITBA B KOPHCHY CHPOBHHY Ta BUPOOHU. Y I[bOMY CEHCI TEXHOJIOTisI BAPOOHHMIITBA IeTajIel
MAIIHH 13 TOJIMEPHUX KOMITO3HTIB i 3aCTOCYBaHHS iX Y KOHCTPYKITISIX MAIlTUH HAJIC)KUTH I1e-
penoBuxX 0e3BiAXOMHUX a00 MaJOBIIXOIHUX TEXHOJOTIH.

Bupimensst mpobiieMu 30epeskeHHsT peCypCiB JUISl IOJIATBIIOTO PO3BUTKY €KOHOMIKH JIep-
’KaBU OCOOJIMBO € aKTyaJlbHUM ISl OaraThoX raiy3seil. Jlo Takux BiTHOCHTHCS CLIBIOCIIMAIITH-
HOOY/TyBaHHSI, SIKE CII0)KUBAE OJIM3HKO MOJIOBUHU METATIONIPOIYKIIii, OTPUMYBaHOI METaIypriii-
HUM BUPOOHHITBOM. [Ipy 1iboMy B OaraThoX BHIAJKax YacTHHA MaTepialy BTPA4a€ThCs MPH
BHKOHAHHI TEXHOJIOTIUHUX OIepalliii pizaHHs, sSKi Bxke cede «Budyepnanm». Hepiako roToBi Ma-
[IMHU MAFOTh HAJJTIIIKOBO BEJIMKY MAaCy, IO B KIHIIEBOMY MiICYMKY BeJie 10 3HIKEHHS POJIIO-
qocTi 3em1i. bimsbko 25 % MeTany BUTpayaeThesl Ha 3allacHi YaCTUHHU.

ExoHOMicTaMu TiipaxoBaHO, IO 3HWKEHHS cOOIBApTOCTI BHPOOY B pe3ysbTaTi eKOHOMIT
1 % marepiainiB y 4 pa3u Oinblne, HiX 3HMKEHHS 11 ipu ekoHoMiT 1 % 3apo0iTHOT riatu.

BinmbImicTh MamuH oTpedye yA0CKOHAICHHS IXHIX MPUBOJIIB JUIS 3HUKCHHS MaTepiajioMi-
CTKOCTI Ta €HepPreTHYHUX BUTpAT HA PO3TiH i raJbMyBaHHS BeJeHUX JeTaiell. Ha mpuBon me-
XaHI3MIB 1 MaIllMH BHTPAYA€ThLCS I1°sITa YaCTHHA BCHOTO eHeprodantancy aepxasu. Ha Buroro-
BJICHHS JIeTajlell mepe/ady, sKi € OJHIEI0 3 OCHOBHHX CKJIaJIOBUX MPUBO/IA, YACTO BUTPAYAETHCS
HE MCHIIIC TPETUHHU TPYJIOBUTPAT, HEOOXITHUX JUISI BUTOTOBJICHHS MAIlIMH 1 MEXaHi3MiB, a iX
JIOBTOBIYHICTH Ta HAAIMHICTH Oarato B 4OMY 3aJIe)KHUTh BiJl SKOCTI Tepead.

Jlaboparopieto moimepuux geranei mamuH (I1]IM) HY «UepririBebka mosiTexHikay (i
Bcix Ha3B Hamoro 3BO, mo nepeayBaiu cydacHidt Ha3Bi) po3poOiieHi Ta BOPOBaXKeHi B ce-
pifiHe BUPOOHMIITBO HAa MAIMUHOOY IIBHUX MiANpUEMCTBaxX YKpainu, Pocii Ta bimopyci Hmkye-
HaBeJ/IeH1 TUIIOPO3MIpH JleTalel epeay 3aueIuIeHHsIM 13 oJIIMepHUX KOMITO3UTIB Ha 0a3i 1mo-
JiaMiiB 13 pi3HUMH HAIIOBHIOBaYaMH i PYHKIIIOHATEHIUMHE JTOOABKaMH.

1. IToniMepHi Ta MeTas10M0JIiMEPHI 3ipOYKH
Ha pwuc. 1 moka3aHi MpUBOJIHI 31pOYKH 3 METAJIEBUMU MaTOYMHAMHM (y JIPYTOMY BHIAIKY
IIMTOHKOBH a3 Ie He MPOTATHYTHH), a TaKOX 3ipodKa 3 MOXIIUBICTIO PEryIOBAaHHS I0JIO-
’KCHHsI 3y09acTOro BiHIII BITHOCHO MaTO4YHHH [1].

Puc. 1. 3pasxu sionumux 3ipo4ox 1umeom nio muckom Ha mepmoniacmagmomanmi

Ha pwuc. 2, 3 moka3zaHo JUCKPETH3AIIO OJHOTO 3 THIIOPO3MIPIB 31pOYKH Ta iIHTCHCHBHICTH
HaNpy>KeHb PI3HOTOBIIMHHOI 31pOYKH 3 UACIIOM 3yOLiB z = § IiJ1 4ac HaBaHTaKEHHSI.
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CeTxa KOHOWHHX DACMEHTOB /y3i10B 822, SNEMSHTOB
1487/ nns 2-r0 THUIOpPAZNMEpA 3BEe3IOUKN
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Puc. 2. Jluckpemusayist 00H020 3 munopo3mipie 3ipouxu
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Puc. 3. Inmencusnicmv HanpysiceHv pi3HOMOSWUHHOT 3ipoyuku z = 8 nio yac Ha8aHMa*CeHHs:
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OCHOBHI KOHCTPYKTHBHI MMapaMeTpH MOJIMEPHOI 3ipOuKH, 3 OISy Ha aHami3 ii Hampy-
KEHO-1e(pOPMOBAHOTO CTaHy, MOXHA BU3HAYMTH TaKUM YHHOM (puc. 4):

. . t t ..
1) miameTp JUIMIBHOTO KoNa o, = ——— = — z, Ie [ — KPOK; Z — YMCIIO 3yOLiB 31pOYKH;
sin— 7
z

2) toBumHa 3y6uacroro sinus H=085B, | ne B, — Bincranp Mik IiacTHHAME BHYTpiLI-

HBOI JIAaHKH JIQHITIOTa;

t t
3) niametpu Bukpyxok: d, =0,33d, =033—2z; d,=0,8—z;
T T

. 4
4) niamerp marounan d, = 03—z ;
T

5) nOBXMHA MaTO4YMHU [ = 3bh (JUIs BapiaHTy MOJIMEPHOI 31pOYKH 3 METaJIeBOI0 MaTOYH-

HOIO; SIKIIO MAaTOYHMHA TIOJIIMEpHa, il JIOBKWHA 3aJIeKaTUMe BiJ KpyTHOTO MOMEHTY, IO Tepe-
JIAETHCS, aJie He MEHIIe 3a 4b);
6) ToBmuHa giapparmu s = 0,55 ;
. . 4
7) niameTp po3TanryBaHHS 0TBOpiB d, = 0,56 —z;
T

. . 4
8) niametp otBOPIB d, =0,19—7z;
T

9) ToBIMHA 00012 h. =h,

4
<
| )
f ]
< ENRE
G S g BN B B
|
R i
o [ES
{

Puc. 4. Koncmpyxmueni napamempu nonimepHoi 3ipouxu

VY Tabn. 1 mpeacTaBieHi THIOPO3MIPH 31pOYOK, BIPOBAKEHUX HAMU B cepiifHe BUPOOHH-
IITBO HA OaraThoX MiAMPUEMCTBAX MAITUHOOYTyBaHHS.
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Tabnus 1
Tunopo3smipu 3ipo4oK, 6NpoBAONCEHUX ) cepiliHe 8UPOOHUYMBO

Ne Koa nerani/ popmu z t, MM B, MM d, Mmm I, Mmm Tun
1 4D-201 8 12,7 5,4 6 12 H
2 Yd-33 12 12,7 3,3 16 20 IT
3 Ud-27 13 12,7 5,4 18 34 IT M/H
4 4Yd-28 13 12,7 5,4 20 20 ITm
5 4d-220 14 12,7 3,3 12\20 24 IT
6 Yd-410 16 12,7 7,75 20 22 H
7 Ud-431 16 12,7 7,75 20\28 28 H
8 Ud-29 26 12,7 5,4 20 28 ITm
9 Yd-100 12 15,875 9,65 16 28 I1 m/m
10 Yd-1004 14 15,875 6,48 28 34 IT
11 Yd-507 20 15,875 6,48 28 48 I1
12 Yd-140 20 15,875 9,65 25 40 IT
13 Y®-300 20 15,875 9,65 42%* 16 116
14 YD-1006 22 15,875 6,48 DS 34 H
15 Yd-424 22 15,875 6,48 52% 16 116
16 Yd-405 25 15,875 9,65 36* 16 116
17 Yd-401 25 15,875 9,65 20 28 IT M/H
18 Yd-37 30 15,875 9,65 36* 16 116
19 Yd-206 14 25,4 15,88 25%* 25 H

O0e z — uucno 3yoyis; t — kpok;, B — siocmane miosic enympiwnivu niacmunamu aanyioea;, d — oiamemp 8any;
| — 0osorcuna mamovunu;

* — peayibogare NoNoANCeH s 3Y04aAcmo20 8iHYs o000 MAMOYUHU,

** _ 3ipouxa 3a00HO 3 NIOWUNHUKOM KOB3AHHSL,

% _ jumeeposana demans, upo Micmums 3ipouKy, NIOWUNHUK KO83aHHs, bapaban i kpuwku, [ — npusoona
3ipouKa 3i WNOHKOBUM NA30M Y nonimepHit mamoyuni; H — namsocua 3ipouxa; v — npugoona nonimepua 3ipo-
YKA 3 WINOHKOBUM NA30M Y Memanegii mamouuni; IIm/n — ompumysani 3 00HIeT Tummesoi npec-ghopmu nonivepHi
3IPOUKU AK Y NPUBOOHOMY GUKOHAHHI 3 MEManeso MamoyuHolo, max i 8 HamadicHomy guxonanni; 116 — 6onmoge
KpinjieHHs NoNiMepHo20 GiHYsA 00 MAMOYUHU.

3a HeoOX1THOCTI MOAATBIIOTO MiABUIICHHS HABAHTAXYBaIBHOI 3JJaTHOCTI MOJIMEPHI 3ipo-
YKH apMYIOTBCS, KPIM METaleBOi MaTOYMHHU, IIe CTATHHOIO IBUHTOBOIO 3aMKHYTOIO TPYIKH-
HOIO, KOXKHHMH 13 BUTKIB SIKOT pO3MIIILY€THCS B 3yOLSIX MOJIIMEPHOI 31poUKy 1 Mae npodisib, ex-
BiIMCTAaHTHHH Mpodiro 3yda B oro morepedHomy nepepisi [1].

Ha puc. 5 npezacraBneni oJTHOPS/IHI 3ipOYKH JUIS Tiepeiadi IOPiBHSHO BETMKUX KPYTHHX MO-
MEHTIB 1 TPUPSIHI 3ipOYKH Pi3HUX KOHCTPYKTHBHHX BHUKOHAHB [1]: HaTsDKHA TOJIIMEpHA, TIPH-
BOJ/IHA METaJIONOJIIMepHa 1 MeTaJIonoiMepHa 3 O0JITOBUM KPITUIEHHSM IMOJIIMEPHOTO BiHIIS J0
MeTajeBol MaTOYMHHU. BOHM 3aCTOCOBYBAIUCS HA KPYTHJIHHO-TIOBEPXOBUX MAlIHHAX, IO BXO-
JIAJTH JI0 CKJIaTy OCHOBHOT'O TEXHOJIOTTYHOTO 00JIaHAHHSI 111 BUPOOHHUIITBA XIMIUHMX BOJIOKOH.

Puc. 5. Memanononimepni ma nonimepHa 3ipoyku 3a2aibH020 NPUIHAYEHHS
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Ha puc. 6 npezacrasieHi ecki3u Ta (OTO HATSHKHUX 31pOUYOK B METAJIEBOMY 1 IMOTIMEPHOMY
BUKOHAHHSX Y BiJIIOBITHUX KOHCTPYKITISIX.

a
Puc. 6. Hamsocna 3ipouxa 6 memanegomy (a) i nonimepromy (6) 6UKOHAHHIX

3 METOIO ITiIBUIICHHS TpaIe31aTHOCTI MOIMEPHUX JIeTaleld MalTiuH 3][iHCHIOIOTh IIIJICCI-
psiMoBaHe MOIU(iIKyBaHHS TEPMOILUIACTIB, 0 BUITYCKAIOTHCS Y IIPOMHUCIIOBUX MacinTadax, Iti-
JTHOBUMH JToOaBKaMK Oe3IocepeIHRO B MPOIleci BUTOTOBICHHS JeTaeit [1; 2].

Jlist ekoHOMIT MOAH(IKYIOUMX T00ABOK i AMTUITHAK KOB3aHHS MOKHA BUTOTOBJISITH OKPEMO
i3 camo3marnryrodorocst antudpukiiiaoro marepiany (CAM), 3amuBaroun Horo sk 3akiiaaHy
JieTajb Mij] Yac BATOTOBJIEHHS TaKUX JieTajiei Ha TepMmoriactaproMmarax [3]. Tpeba Takox Bif-
3HAYUTH, 110 JIeTalli 3 OJIIMEPHHUX MaTepialliB MokHa (hapOyBaTH B OyIb-IKUH KOTip y TIpoIieci
mutBa (puc. 7; 8).

Puc. 7. Hamsaoxcni 3ipouxu Puc. 8. [lopapbosana namsicua 3ipouxa
0715 008201AHKOBUX JIAHYIO2IB 3 niowunnuxom koszans 3 CAM

JIist 3HVDKEHHST IHTEHCUBHOCTI 3HOIITYBAHHS 1 BIUIMBY TEIUIOBHX €(EKTiB HA PyHHYBaHHS
MTOBEPXHEBHUX 1 I IMOBEPXHEBUX IMapiB y 30HI KOHTAKTY 3aCTOCOBaHI TEpPMOKOMIICHCAITiiTHI Ka-
HaBKH, PIBHOMIPHO PO3MO/IiJICHI TI0 IIEPUMETPY OIOPH TepTs Kop3aHHS. [101i0HI KOHCTPYKITiT
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0c00JINBO epeKTUBHI il Yac iX poOOTH 3a MPUHITUIIOM 3BOPOTHOI ITAPH TEPTS, IO 1 Ma€e MicIe
y BHIIQJKy 3aCTOCYBaHHS TaKMX IIMMHWITHAKIB Yy HATSHKHUX Ta BIIXHISIOUAX 3ipovKax
(muB. puc. 6, 0). Lle 7ac MOXITUBICTB 301IBIIUTH YACTOTY 0OEPTAaHHS 31POUYOK 1 3HOCOCTIHKICTh
oropu TepTs KoB3aHHs Ha 25-40 % 06e3 3acTOCyBaHHS IPH IBOMY TPAIUIIHHOTO 3MaIlyBaHHS.
PazoBe 3anoBHeHHs KaHABOK IpadiTH30BaHUM KOHCHCTEHTHHM MAaCTHJIOM JIO3BOJISIE €KCILTya-
TyBaTH 3ipOYKH 31 CKJIOHATOBHEHMX MAPOK TOJIiaMiIiB i3 gacToToro o6eprants 1000 x5!, 3no-
COCTIMKICTh ONOPH TEPTsI KOB3aHHS MPH LIbOMY HiABHILYEThcs Y 5-10 pasiB y MOpiBHSHHI 3
AHAJOTIYHUMU 31pOoUKaMu Oe3 KaHABOK Y ITiIITUITHAKY KOB3aHHS [3].

KpiM BEMOT, IIT0 BUCYBAFOTHLCS JIO JIETANeH 13 MOJIMEPHUX MaTepialliB, IO BUPOOIISIOTHCS
JUTBOM ITiJT THCKOM, IIiJT 9aC CTBOPEHHS HOBHX KOHCTPYKIIif €JIEMEHTIB JIAaHIFOTOBHX TIepeiad
nependavanach MOKIMBICTh BUKOHAHHS JeTallel iHTErpoBaHUMU, TOOTO OJTHA MOHOJIITHA Jie-
Tallb, SIKa BUTOTOBIISIETHCS 3@ OJTHY TEXHOJIOTIYHY OIEpAIlifo, MOKE MICTUTH B COOI MakcUMa-
JBHE YUCIIO CTPYKTYPHO (DYHKIIIOHAIBHHUX €JIEMEHTIB.

Ha puc. 9 moka3zaHuii IpUKIIaJ] OJIHIET 3 IHTETPOBAHUX JeTallel, MO MICTHTh y co0l, KpiM
BJIacHe 3ipouky, OapadaH i KpUIIKY KpituIeHHs JaeTaii [1].

Puc. 9. 3ipouxa, inmeeposana 3 6apabanom i KpUKOI KpinjieHHs

BukopucTaHHS MOMIMEPHUX HATSKHHUX 1 BIAXWISIOYAX 3iPOYOK Y JIAHITIOTOBOMY KOHTYpI
JI03BOJISIE B OaraThOX BHIIAIKAX MTPOJIOBKUTH TEPMiH CIIyKOW CTaHIAPTHHX JIAHIIOTIB JI0 HOP-
MaTHBHOT'O TepMiHYy CIIy’kKO0M MammuH. Pexxumu ekcrutyaTanii mojiiMepHuX 3ipodoK 3a KpuTepi-
SIMU JIOITYCTHMOTO MIUTOMOT'O TUCKY B OIIOPi TepTsI KOB3aHHS [p] i 100yTKy fi0oro Ha AOMyCTUMY
IIBHJIKICTH KOB3aHHS [ }'] 3aJIe)KHO BiJl KOHCTPYKTUBHOTO BUKOHAHHS i BAKOPHCTAHUX MaTepi-
aiB mpejcTaBiieHi B Tadi. 2 [1; 2].

Tabmuis 2
Peoicumu excninyamayii nonimepHux 3ipoyox
BukoHaHHs, MaTepiaJjl, 3MallyBaHHSA [pl, MIla 14 1248
Mm/c MIla-m/c

I. HaTsiokHa 3ipoyka, BiAjuTa 320/1HO 3 MiAIIUIHIKOM KOB3aHHS 3 0,3 0,12
IMA-6 (10% II9H) 0,6 0,3
1. Be3 3MalyBaHHsI 0,4
2. 3 rpadiTH30BAHUM MACTHJIOM 0,5
I1. 3ipouka y BukoHaHHi I 3 ninmunankom kos3anus 3 [TA-6.6-1-229 1,0 - 1,0
1. Be3 3malyBaHHsl 2,0 1,25 2,5
2. 3 rpagiTH30BAHUM MACTHIIOM
I11. ITpuBoana 3ipouka 3 ITA 6-210 KC = = 0,1
1. Be3 3malyBaHHsl — - 0,25
2. 3 rpagiTH30BAHUM MACTHIIOM
IV. IlpuBoana 3ipoyka 3 I[1A-6,6 KC (ITT®3J) - - 2,0
1. Be3 3malyBaHHs1 - - 4,0
2. 3 rpagiTH30BAHUM MAaCTHJIOM
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TexHooTiYHU# IpoIIeC BUTOTOBIICHHS MOJIMEPHAX KOMITO3HIIHHUX MaTepiaiB IOJISATAE B
HacTyrmHOMy. OYHKIIIOHATBHY J00aBKy (HaIpuKiam, MoHOMip DA, mojiarneTans Ta iH.) 3Mi-
IIYIOTh i3 TBepAMMHE a00 PIIKMMH MacTHJIAMH 3aJIe)KHO BiJI YMOB eKcrnryarartii jgerami. [licms
MepeMiITyBaHHs CYMIII B il CKJIaJT BBOJISATH MOJIETHIIEH HU3bKOTO THCKY Y BUTIISAII TpaHyT abo
MOPOIIKY ¥ OCHOBHHUI KOMIIOHEHT — MOIEPEJHBO BHCYIIEHI /10 BMicTy Bosord < 0,15 % rpa-
HyJH noiaMigy. OTpuMaHy KOMIIO3HIIIO 3aBaHTAXYIOTh Y 3MIIIyBay 1 MEPEMILIyIOTh IPOTs-
roMm 25-30 xB. ['oToBUiT MaTepiai 30epiratoTh y repMeTHUYHIN Tapi.

Ha puc. 10 mokazanwuii mpukJia BUpi3yBaHHS (GOPMOYTBOPIOIOYOT 3yOITiB 31pOYOK MaTpPHIIi
JIPOTSTHUM €JISKTPOJIOM Ha eJeKTpoepo3iitHomy BepceraTi 3 UIIK 1 BimoBiTHU BUIMBOK HATSI-
XHOT (Biaxwmsirouoi) 3ipouku. Ciijt 3a3HaYMTH, IO 3a30p HA PUCYHKY HAJITO BETUKHUI y TIOPiB-
HsiHHI 3 1iameTpoM Apoty (0,2 MM) 110 IPUUMHI HASIBHOCTI MPYKHUX JieopMarliid.

Puc. 10. Bupizysanus popmoymeoproiouoi 3yoyie 3ipouok mampuyi OpomsaHum eieKmpooom
i BIONOBIOHUT BUNUBOK HAMANCHOI (8I0XUNAIOYOT) 3IPOUKU

Kommozutiftauit marepian nepepoOIsStOTh JTUTBOM il TACKOM Ha CTaHJIAPTHOMY HalliBaB-
TOMaTHYHOMY (JINTTEBI MaIuH|, Hanpukiaa, MJIB-32) abo aBToMmaTHIHOMY (TEpMOILITACTaB-
Tomar) obaxHanHi (puc. 11).

!
1T

S (1
Puc. 11. Mawuna eepmuxanvua nummeea MJIB-32 (nigopyu)
i mepmonnacmaemomam J[E 3330 @1 (npasopyu)

Temmeparypa nepepoOKr BU3HAYAETHCSI MApKOIO MOJTIMEPHOTO MaTepiaity, BUOPaHOTO SIK OC-
HOBA: HAIPHUKIIAJI, IpU BUKOopHcTaHHI nofiaminy [1A-6 Bona cranoButh 490-520 K, a st nosnia-
Mmigy [TA-6.6 (animx) — 535-560 K. [Tutommii THCK JTMTBA B yCiX BHMaakax cTaHoBUTh 80-120 MI]a.

OnuH 13 TUIIOPO3MipiB HATSHKHUX 3ipoyok (UD-206 — puc. 6, Tad:n. 1) npoitmos 3-piuHi Bu-
npoOyBaHHS B YKpaiHCHKOMY JIep>)KaBHOMY LIEHTPi 3 BUIPOOYBaHb Ta MPOTHO3YBAaHHS TEXHIKH 1
TEXHOJIOTIH ISl CLTBCHKOTOCIIONAPCHKOI0 BUPOOHHIITBA HA OypsikoHaBaHTaKyBadax CIIC-4,2
Oe3mocepeIHbO B CE30HH 30MpaHHS IIYKPOBOTO Oypsika B rocrnoaapcTBax PiBHeHChKoi Ta JIHin-
poneTpoBchbkoi obOiacteit (puc. 12). Ha 10 3ipoukax BUMiprOBaJIHCh JiaMeTpu 3arajuH 3yOIliB,
JliaMeTpH BUCTYIIB (30BHIIIHI JliaMETPH ), TOBIIMHHU 3yOIIiB 110 JiaMeTpy JUTHILHOTO KOJjIa 1 IpH
BEpINUHI, JiaMeTpH ITiAIMAITHIKA KOB3aHHSI, IO TPAITIOE Ha CTATLHOMY HaIbII (pHC. 6, 0).
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3ipouku OyJid BUTOTOBJIECHI 3 HACTYITHUX MaTepiajiB:

1. CkioHanoBHEeHH (KOPOTKE CKIOBOJIOKHO) mojiamin [TA 6.6-KC;
2. ITA 6.6-KC 3 momaBaHHSIM TUCYIB(DITy MOIOACHY;

3. 1A 6.6-KC 3 nmonmaBanusM rpadity.

Puc. 12. 3ipouku YD-206 nicis mpupiunux eunpo6yeams
[TopiBHSHHS IHTEHCUBHOCTI 3HOITYBAHHS JIAHIIOTIB KPOKY 25,4 MM, 1[0 IPAITIOIOTh 13 MPH-

BOJHHMMHM Ta HATSDKHAMU 3ipodkamu 3i ctaii 20 i ckiioHanoBHeHOTo momaminy TTA 6-210 KC
IIpU Pi3HUX YMOBAX 3MalllyBaHHs, IpejacTaBieHo B Tabi. 3 [1].

Tabmuns 3
Iopieusanvua inmencugHicmv 3HOULYBAHHS IAHYIO2I6
Martepian 3y64yacToro BiHLs 3ipoyoK IHTeHCHBHICTH 3HOLIYBAHHSA JIAHUIOTIB KPOKY
254 mm 1103
0e3 3MaryBaHHI 3 KOHCHCTEHTHUM (TpadiTh-
30BaHMM) MacCTHIIOM
IMpuBoaHi Ta HaTsKkHI 31 CTaJi 20 7,5 6,2
ITpuBoaHi 3i Ctani 20, HaTskHi 3 [TA 6-210 KC 7,0 5,8
ITpuBoani Ta HaTskHi 3 1A 6-210 KC 6,7 5,6

VY Tabi. 4 npeacTaBieHi eKCIIepUMEHTATBHI JaHi 110 JIOIMYCTUMIN HaBaHTa)KyBaJIbHIH 31aT-
HOCTI MOJTIMEPHUX 1 METATOMOIIMEePHUX 3ipodoK [1].

Tabmuus 4
Jlonycmuma naganmasicy8anbha 30amuicms NOJIMEPHUX | MEMALONOJIIMePHUX 3iPOYOK
Martepian Kpok, Mmm Yucno 3youis HapanTa- HIBuaKicTb, M/c
skeHHsA, KH

Moaikanpoamix 15,875...25,4 14...20 0,8...1,0 6...8
(OCT 6-06-14-70) 20...32 1,0...1,5 8...10
25,4...38,1 10...15 1,2...1,5 4...6
15...20 1,2...1,7 6...8
Moniamin ITA-6.8 25,4...38,1 15...19 0,7...1,0 5...7
(FOCT10589-73) 15...25 1,0...1,2 7...9
Mosmiaminx IMTA-6.10 15,875...25,4 14...20 0,5...0,8 6...8
(FOCT10589-79) 20...32 0,8...1,0 8...10
CKJIOHATIOBHEHi 15,875...25,4 14...20 1,2...1,5 6...8
noJtiamuau IMA6- 20...32 1,5...1,7 8...10
210KC, ITA-6.6KC 10...15 1,6...1,7 5...7
(OCT6-11-498-75), 25,4...38,1 15...25 1,7...2,0 7..9

MA-6.10BC, KBC,
KIIC (TOCT17648-72)
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2. [TosriMepHi Ta MeTAJONOJIMEPHI PUBO/HI JAHIIOTH

[IpakTHka excruTyaTarlii JIAaHIIFOTOBUX Tepeiad MoKa3ye, 1o 3/1e01IbIITOr0 KOPUCHUH HATSIT
CTaHJAPTHUX CTAJBHUX JAHIIOTIB cTaHOBUTH 10-20 % Bix iX rpaHUYHOrO (pyHHIBHOTO) HaBa-
HTaXeHHs. ToMy Mae ceHc BUPOOISATH HE TITBKH 31pOYKH, aje 1 JAHIIOTH 3 TOJIMEPHUX KOM-
mo3uTiB. BoHM X04a 1 He BOJIO/IIIOTh TAKUM PYHHIBHUM HAaBaHTAXCHHSIM, SIK CTAJIbHI JIAHIIIOTH,
MPOTE HE TUIBKU YacTO 3aJI0BOJIBHSIOTH HAMOUIBIN PO3MOBCIO/KEHUM YMOBAM €KCILTyaTarlii,
aJjie 1 MaroTh IepeBard y Basi, CHOXKHUBaHHI €HEeprii, IMBUAKOCTI, HU3bKOMY PiBHI IIIyMiB, aHTH-
KOpPO3iifHi# cTiiKkocTi Ta 3MarmyBaHHi [1].

SIK BUSIBUIIOCS!, BUTOTOBJICHHSI JIAHIIFOTOBHUX IEpeay Ta iX eJIEMEHTIB 13 MOJIMEpHUX KOM-
TTO3HTIB 3T1THO 3 KOHCTPYKITISIMH, aHAIOTTYHUMHY CTATHHUM, y OUIBIIIOCTI BUTIAIKIB HEMOKIIUBO
yepe3 BiIMIHHOCTI B TEXHOJIOTTYHUX 1 (Pi3UKO-MEXaHIUHUX BIACTUBOCTSX MaTepialib.

Tak, Hanpukiaa, 3’ €THAHHS 3 HATATOM, SIKI BAKOPUCTOBYIOTHCS IIPAKTUYHO B YCIX CTallb-
HUX POJIMKOBHX 1 BTYJIKOBHX JIQHIIIOTaX, HE MOKYTh OyTH BUKOPUCTAaHI1 JUIs CKJIaJaHHS JIAHITIO-
TiB 13 MOJIMEPHUX MaTepialliB uepe3 MocIa0IeHHs MPECOBUX MOCA0K YHACIIOK penakcarlii
Hanpy’KeHb, XapaKTepHoi Ay moiMepiB. AO0, HAPUKIIA[, YHACHITOK PO3MIPHOi 3aMKHEHOCTI
KOHCTPYKIIii pOJIMKOBOTO JIAHIFOTa HEMOXKIIBE 301JIbIICHHS] HeOe3MeUyHUX Nepepis3iB IUIacTHH
y MICISIX TPOBYIIHH 0€3 3HAYHOTO 30UIbIIeHHS rabapuTiB (IMUPUHH) JIAHITIOTA, 110 JJIS JIaH-
IIOTIB 13 TIOJIMEPHHUX MaTepiaiB Mae BEJIMKE 3HAYSHHS BHACIHIIOK OUTBII HU3BKUX 3HAYEHBb
MIITHOCTI Ta JKOPCTKOCTI KOHCTPYKIIIMHKUX IOJIMEPHUX MaTepialliB y MOPIBHSIHHI 31 CTAJISIMH,
10 TPAJAULIHHO BUKOPUCTOBYIOTHCS 3 IIEI0 METOIO.

JIiist cTBOpEHHST KOHCTPYKIIIH eJIeMeHTIB JIAHIIOTOBUX Tiepe/ad i3 HeOOXiTHUMHU TEXHOJI0-
TYHUMH | eKCIUTyaTaliiHUMH XapaKTepUCTUKaMH OyB 3aCTOCOBAHHUM METOJ CTPYKTYpHO-(Y-
HKIIIOHAJIBHOI'O KOHCTpYIOBaHHS. TyT TpeOa 3a3HauuTH, 110 KOHCTPYIOBAHHS JeTaleil JIaHIto-
TOBUX Iepeay i3 HOJIMEpHUX KOMIIO3UTIB TiCHO MOB’S3aHO 3 KOHCTPYIOBaHHSM Ipec-Gpopm
JUISL X JIMTBA IM1JI THCKOM Ha TEPMOIUIACTaBTOMATaX 1 TEXHOJOTIEI MEepepoOKH MOITIMEPHHIX
MaTepialiB y BUpOOH.

Byo BEHTrOTOBIICHO BiAMOBIIHE 00JIAHAHHS JJIT BHPOOHUIITBA JIAHOK JIAHITFOTIB 1 31pOY0K
PO3po0IIeHNX KOHCTPYKIIN JINTBOM i THCKOM. ba3oBuMHU MaTtepianaMu JJisl CTBOPEHHSI MOJTi-
MEpHHX KoMmo3uTiB Oymu momiamigm IIA-6 1 I1A-6.6 BupoOHHUIITBa UYepHITiBCHKOTO
AT «XimBoJOKHOY». Y pe3ynbTaTi X Moau¢ikamii pi3HUMH (QYHKIIOHAJHLHUMHU J00aBKaMH
OyJIi KapIUHAIBHO TIOKpAITeHi iXHi (I3MKO-MeXaHI9HI BIACTHBOCTI.

Jlanmroru, BUTOTOBJIEHI 3 MOJTIMEPHUX KOMIIO3HTIB, OCHOBaHUX Ha MOJiaMijax, MaloTh po-
3MipHY TOYHICTb, IO BiMOBIA€ TOYHOCTI MPUBOTHUX POJTMKOBUX JIAHITIOTIB 3arajbHOTO MPH-
3HAYEeHHS 3 HEBEJIMKHM PYHHIBHUM HAaBaHTA)KEHHSIM, a JIAHIIOTH 31 CKIOHAIIOBHEHUX MapoK
MarOTh O1TBIIT BUCOKY PO3MIPHY TOUHICTb, IO BIJMOBIIAE JIAHIFOTaM, TIPH CKJIaJIaHH] SIKUAX 3a-
CTOCOBYIOTH CEJIEKTUBHUN METO/I.

VY Ttabn. 5 mpexacrapieHi po3poOiieHi B 1abopatopii momiMepHuX aetaneit mamma YHTY i
3axMIIeH] maTeHTaMu [ 1] TUITopo3MipH MOIMEPHUX 1 METAJIONOIIMEPHUX IPUBOTHUX JIAHITIOTIB.

Tabnwug 5
Ilonimepni ma memanononimepHi nNPUEOOHI 1aAHYIO2U
Ne  Kona geradi / popmu t, MM B, mm h, Mmm m BuxkoHaHHS
1 I1JI-39 12,7 7,75 10,0 1 MertaieBi 30BHillIHI Ta
MOJTIMEpHI BHYTPILIHI JIAHKH
2 I1J1-40 19,05 12,7 14,8 l.....6 [MoBHicTIO TIONTIMEpHE
3 IJI1-41 12,7 7,75 14,8 2 [MoniMepHi TaHKH 1 MeTajeBi
BaJIUKA
4 I1J1-42 19,05 12,7 24,2 1 [MonimepHi TaHKK 1 MeTaneBi
BaJIMKKA

Oe t — kpok nanyrea; B — eiocmans midic enympiwnivu niacmunamu; h — wupuna 1aHKu 1anyo2a; m — poHicmo
JaHyioza.
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Ha puc. 13 300pakeHi npy>kHa MOHOJTITHA JIaHKa 1 poTorpadis ganmrorie [1J1-40 (Tadi. 5),
CKJIQJICHUX 13 TaKWX JIAHOK, B IKAX MAfOTh MicCIle TIIbKU TPYXHi gedopmarrii. DakTnaHO 00Ha
maka aanka 3amintoe 10 oemaneii 306HIWIHIX | GHYMPIWIHIX TAHOK CMAHOAPMHO20 CHATb-
Ho20 aanurza (puc. 13). BaxauBo 3a3HayuTH, 110 3 JAHOK, MMOKa3aHWUX Ha puc. 13, MOXHa
CKJIQJIaTH JBOX-, TPHOX- 1 OaraTopsIHi JIAHITIOTH.

Puc. 13. IIpysicna mononimua nauka i nanyrocu 11J1-40, ckradeni 3 maxux 1aHox

JlantroroBuii mpuBo I, ocHameHu# nanirorom [1J1-40, 3HaiioB cBo€e 3aCTOCYBaHHS B yCTa-
HOBKax [ 1], mpu3HayeHUX 7151 OUUIIEHHS TOBEPXOHB (DOJIBIH BiJl 3IUINKIB MACTHIIHLHO-0X0JI0-
JUKYBaJIbHOL PiIMHU, 1110 BUKOPUCTOBYETHCS 3aBOJJOM-BUPOOHUKOM TIiJ] Yac mpoKaTyBaHHS (o-
JIBTH 1 CTBOPEHHS aHOTHOTO OKCHIOBAHOTO MOKPHUTTS (puc. 14). Ile poduthest 1uis miABUINEHHS
aAre3iifHUX BIACTUBOCTEH MOBEPXOHB AIFOMiHIE€BOT (POJIBIH JI0 KJIETB Y MpOIleci BATOTOBICHHS
CTITPHUKOBHX 3alOBHIOBAUIB 1 YTBOPEHHS aHTUKOPO31MHOTO 3aXUCTY CTITHHUKOBUX KOHCTPY-
KIIi# 1mi)1 gac 30epiranHs Ta eKCIuTyaTarlii By3JIiB aBiakOCMiUHOT TEXHIKH Ha X OCHOBI.

Vemanoesrka suesicupennsi-anooyeanms
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Enexmpoou

Puc. 14. 3acmocyesanns nonimeprHo2o 1any0206020 npuood

BukoprcTranHs B yCTAQHOBIII JIAHIIOTOBOTO IPUBOJIY, OCHAIICHOTO TPAAWIIMHUMHA CTallb-
HUMH JIAHIFOTaMH 1 31pOYKaMHM, BUSIBUJIO HU3bKY KOPO3iIHHY CTIHKICTh ITUX JeTajeld B yMOBax
arpecrBHOTO CEPEIOBHUINA i MiIBUINEHOI TeMueparypu. Jiis ycyHeHHS IIbOTo SBUINA CIIpoOyBaIn
3aCTOCYBaTH rajibBaHIYHI MOKPUTTS, IPOTE 1€ HE BPSATYBAIO MOJIOKEHHS, TOMY IO MPU IIbOMY
OJTHAKOBO MAFOTh MiCIIe BTPATH, TIOB’s3aHi 3 BUTIKAHHSAM CTPYMY Yepe3 MeTaJIeBHI JIAHITIOT, 1 He
3a0e3Mmeuy€eThes MPoIeC aHOAYBaHHS (DOJIBIH METOJIOM «OIMOJISIPHOT OTIiMepr3aIii.

Ha ycranoBIi, mokasaniit Ha puc. 14, BHKOPHUCTOBYBAIOCH 7 31pOYOK i3 MOJIMEPHUX KOM-
MO3UTIB cTaHAAPTHOTO KpoKy 19,05 MM 1 onHopsiaauit nanigor [1J1-40 nosxunoro 10 m.
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Takum YMHOM, 3aCTOCYBaHHS JIAHITFOTOBOTO IPHBO/LY, OCHAIIIEHOTO MOBHICTIO MTOTIMEPHIM
naHIrorom 3 nojiamiay I[TA-6.6 abo ckionanmoBaeHoro moiaminy 11A6-210KC i 3ipoukamu 3
KX K€ MTOJIMEPHUX MaTepialliB, MOKa3ajio IMepeBaru BKa3aHWX IMOJIMEPHHX JeTaleH y opiB-
HSIHHI 3 aHAJIOTIYHUMU METaJIeBUMHU: BUCOKY CTIHKICTh JO arpECUBHOTO Cepe/loBHINA i BiACy-
THICTh HEOOXITHOCTI B TaJbBAaHIYHUX MOKPUTTIX; BUIYUYEHHS BUTIKAHHS CTpyMy Ta 3a0e3re-
YEeHHs MPOLECY aHOIYBaHHS aIOMiHIEBOI (OJBIH METOJOM «OIMOJIIPHOI MoJIiMepu3ariiy;
BHCOKI MEXaHI4HI BJIACTHBOCTI; 3HMKEHHS CHEPTOBUTPAT HA MPHBO/I; BIJICYTHICTh IIyMY IIiJ
gac poOOTH; MOKIIUBICTE poOOTH O€3 3MalllyBaHHs HaBiTh O€3 JIOJAaBaHHS B ITOJTiaMiJl aHTH(D-
PUKIIHHAX 1 MPOTU3HOCHUX KOMITOHEHTIB; BUCOKY €KOHOMIUHY €()eKTHBHICTB. 3ayBaXKHMO, IO
noJiiMepHuil KoMIo3uT Ha ocHOBI nomaminy [TA6-210KC 3 nonaBaHHSIM HE3HAUHUX KiIBKOC-
Teit rpadiTy 1 Aucynbhiay MOMTiOAeHY CYTTEBO MiIBUIITYE aHTU(QPUKIIHHI Ta TPOTU3HOCHI Blla-
CTHBOCTI JIQHITIOTIB 1 31pPOYOK.

Ha puc. 15 moka3zanwmii MetamonoaiMepranii nanior [1J1-39 (ta6m. 5), BHYTpilHI JIAHKH
SIKOTO BUKOHAHI 3 ITOJIIMEPHOTO KOMITO3UTY Y BHTJISI OJHOI IHTErpOBaHOI MOHOJIITHOT JIeTalTi,
O CKJIAJIAE€THCS 3 IBOX IMIIHAPUYHUX €IEMEHTIB 3 OTBOpPAMH, 3’ €THAHUX TUIACTHHYACTHMH
€JIEMEHTaMH, 1 30BHIIIHIX JIAHOK, Y POJIi SIKUX MOXKYTb CIIy>)KUTHU CTaHIApTHI MeTaJIeBl 3’ €/IHY-
BaJIbHI JIAHKH, TOOTO TaKWii JTAHIIIOT € TIOBHICTIO pO30ipHUM.

Puc. 15. Inmeeposani mononimui 6Hympiuwini 1aHKu MemaionoiliMepHo2o J1aHyo2d

Ha puc. 16 npencrasienuit mpuBo U moiMepHuit naHimror [1J1-42 (tadm. 5), mo ckiaga-
€THCS 3 MOHOJIITHUX BHYTPIIIHIX JIAaHOK, 30BHIIIHIX JJAHOK 1 CTSDKHUX BajiukiB. [lnacTunu na-
HOK BUKOHaHI1 MPSIMUMU JUTSI MOKJIMBOCTI 301IbIIEHHS X TOBLIMHU 0€3 BTpATH 3/1aTHOCTI 710 1X
CKJIaJaHHs B €IMHUHN JaHItor. Lle nocsraeTbcsi BBEIEHHSIM Y JIAHIIOT 301pHOI 30BHIMIHBOL
JIaHKH, s1Ka (PiKCyeThCS B JTAHIIOTY 32 JIOTIOMOTOIO CTSHKHOTO BAIMKA, OJJHOYACHO 3’ €THYIOUNCH
3 BHYTPIIIHBOKO MOHOJTITHOO JTAHKOIO.

Puc. 16. Ilpusoonuii nonimepruti ranyroe 11J1-42 3 [14-6 (nieopyu) i I1A6-210KC (npasopyu)

Ha puc. 17 noka3anwmii Hanpy>XeHu# cTaH JJaHOK JjaHIora [1J1-42.
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ANSYS 5.5.1
FEB 16 2000
19:34:55

NODAL SOLUTION
SUB =1

TIME=1

UX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =1.138

SMN =-.011219
SMX =.956685 a}
-.011219

.096326
.20387
.311415
.41896
.526505
. 63405
. 741595
.84914
.956685

M000REONN

Puc. 17. HanpysicenHs 8 1anKax N1aHylo2d: Oexs HA GHYMPIUHbOMY
i 306HiWHbOMY KOHmYpax (a) i ¢ mini Oemani (6)

BukopucTanHs BKa3aHHX MaTepiajiB i KOHCTPYKIIIH JeTalel Crpusie 3HUKCHHIO KOHTAKT-
HOT KOPCTKOCTI 3a4eIlJICHHS, BACYBAa€ MEHIII BUMOTH JI0 HeNapajIeIbHOCTI BB, 3MIHIOE Me-
XaHi3M 3HOIIYBAHHS €JIEMEHTIB IapHipa JaHILora, MHiABHIIYIOYHM HOT0 3HOCOCTIMKICTH
(puc. 18). 3HaYyHO 3HUKYIOTHCS IMHAMIUHI HaBaHTA)XEHHS B JIAHI[IOTOBOMY KOHTYpi (pHc. 19),
10 BUHUKAIOTh Yepe3 KiHeMaTH4Hi 0COOIMBOCTI JIAHIIOTOBO1 Iepeiadi Ta CIiBy/jap MIapHipiB
JIAHITFOTa 3 3yOIsIMH 3ipOYOK. 3MEHINY€EThCS BIUTHB KPAaKoBOTO e(peKTy (ITepeKocy) Ha CIpsi-
KeHi JeTaii mapHipa jaHmora. CyTTeBO 3HIKYIOTHCS MTATOMI THCKH Ha CIPSKCHHUX ITOBEPX-
HSIX KOHTaKTYIOUHX JIeTallel 1 THM caMHM ITiJIBUIIYETHCS IOBIOBIUHICTh IPUBOJIHUX POJIUKO-
BUX JIAHIIOTIB y 2-2,5 pa3u. BmpoBajkeHHs po3poOJieHHX KOMIIO3UIIIMHMX MarepiatiB i
TEXHOJIOTIYHUX CIOCO0IB 1X 3aCTOCYBAHHS J1a€ MOXKJIMBICTD MiABUIIUTH JOBIOBIYHICTh HATSIXK-
HUX 1 BUIXWISIFOYHX 31po4oK y 5-10 pasis.

a
Puc. 18. 3mina momenmy cun mepms 6 wiapnipax nanyio2oeux nepeoad, (H-wm):
a—y mMemanegomy 6UKOHAHHI (KOHMAKMHA napa — 6mynka-6aiux), 6 — y nojimepHomy
BUKOHAHHT (KOHMAKMHA NApa — WApHIpU 080X CYCIOHIX NPYICHUX MOHOJIMHUX JIAHOK)

Ha puc. 19 npencrapieni ekcriepuMeHTaIbHI OCIIJIOTPAMU JMHAMIYHUX HABAaHTAKEHb Y
JAHIIOTOBIN Tlepe/adi, OCHAIIEeHI i METalIeBUMHU 1 MOJIIMEPHUMH JIeTalsIMH. SIk 6auumo, 3acTo-
CYBaHHS MOJIIMEPHUX 31POYOK 1 JIAHITIOTIB IPU3BOAMUTH JI0 KapIMHAIBLHOTO 3MEHIIeHHS JIUHa-
MIYHUX HABAaHTAXKCHb.
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Puc. 19. Excnepumenmanshi ocyunozpamu OUHAMIYHUX HABAHMANCEHb ) IAHYI0206i1l
nepeoauyi, OCHawjeHill MemaneguMu (CUHitl Koip) i norimepuumu (4ep8oHuti Kolip) oemanimu

Pucynok 20 imocTpye MakCUMaNIbHI aMILTITYId TUHAMIYHUX HaBaHTAXEHb Y JTAHITFOTOBii
repeiadi, OCHAIICHIH PI3HAUMHE CITIOJTYYCHHSIMH 31pOYOK 1 JIAHITFOTiB, BATOTOBJICHUX 13 MeTaJle-

BHX 1 moJiMepHUX Matepiaiis [1].

ALITHTY AR, B

14707344077,

10474174075,

16107

14107

124107

1107

L T T T E e et

100 200 300 400 500 600 700 200 200 1000

Yacrtora obepramm , ob/s®
1- Metaneenfi magUEr Ha METANEBHE $podKax
2- TloniMepHRH TaHUIOT Ha METANEE HE SipodKax
3- MeTanepuii NaHICr Ha TOMMep HUX 21p 0Kax
4- TlomimepHui NTaHUICr Ha TOMIMEp HEE 3P oHKay

Puc. 20. llopiensanus amniimyo OuHamidyHux HAGAHMAJICEHb Y IAHYI0208ill nepeoadl,

OCHawjeHitl oemanamu 3 pisHUx mamepiaiie

Sx 6GaunMo, 1111 9ac poOOTH METaJIeBOI0 JIAHIFOra Ha MOJIIMEPHHUX 31poYKax MaKCHUMaIbHa
aMIUTITy/1a TUHAMIYHOTO HaBaHTAXCHHsI MEHIIE, HIXK MiJl Yac poOOTH Ha METaTEeBHUX 31pOYKaXx.
[Ipu poOOTi MOTIMEPHOTO JIAHITIOTa HAa METAJICBUX 1 IMMOIMEPHUX 3ipoUKax aMILIITya THHAMI-
YHUX HaBaHTAXXEHb MiHIMaTbHA 1 Maiike 30iraeThCs, Xo4a BiIaTH mepesary Tpeba podoTi Ha
MOJTIMEPHUX 3ipOYKax.

3. IToaimepHi Ta MeTaJIoNoJIiMepPHI 3y04uacTi KoJieca

JIyist BUTOTOBIIEHHS 3yOUaCTUX KOJIC YCIIITHO BUKOPUCTOBYIOTHCS MOTIMEPHI KOMITO3UTH.
Tak, Hampukiaa, APIOHOMOIYIBHI IIECTEepHI 3 MmoiiTeTpadTopeTuieHy, MOIu(iIKOBAHOTO
CKJISTHIMH BOJIOKHAMH 1 MacllaMH, 3aCTOCOBYIOTECSI B TOJMHHUKOBUX MeXaHi3Max, 3a0e3medy-
FOYM TOYHICTH Ta CTAOUTBHICTH PO3MIpPIB 1 HE BUMArarodu 3MaIryBaHHs. Y KCEPOKOMIIOBATbHIN
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1 CKaHyBaJIbHIM TEXHIIll 3HAWIILIM 3aCTOCYBaHHS IECTEPHI 3 MOJiypeTaHy, MOIu(iKOBAaHOTO
CKJIOBOJIOKHOM 1 moJriterpadTopetriieHoM. IllectepHi 3 nomideHiIeHCY b}y, MOTU(IKOBA-
HOTO CKJIOBOJIOKHOM 1 TIOJIITETpa TOPETHIICHOM, JTy)Ke CTIMKi JI0 pi3HHX XIMIKaTiB Ta pO3YHHIB
COJIeH, 3HAMIIIIN 3aCTOCYBaHHS B IMIECTEPEHHUX HACOCAX JUIA iX IMepeKadyyBaHHSI.

B oneparopi kepyBaHHS BiIKPUTTIM-3aKpHTTIM JBepeid aidtiB Gpipmu OTIC 3acTocoBy-
€THCS YePB’ TYHE KOJIECO (@ TOYHIIIE CETMEHT KOCc03y0oro Kojeca 3 KyToM HaxXuiIy 3yOriB 4°36")
3 mosiaMminy 6.6, monudikoBanoro aucynbdizom momibaeny (puc. 21), sike mpaiitoe B mapi 3i
CTAJIbHUM YEPB’ IKOM.

Puc. 21. Koco3zybuii ceemenm Koneca, wo npayroc 6 napi 3i CMaibHuM 4epe ikom

JlaGopaTtopi€to moyliMepHuX Jetajeid MamuH YepHIriBChbKOro T€XHOJIOTIYHOTO 1HCTUTYTY
(amH1 — HY «UepHiriBcbka moyitexHikay) po3po0seHi Ta MpoayKyIOThCs CEPIfHO Ha MaITHHO-
OyAiBHUX HiANPHEMCTBAX JUTBOM IiJ TUCKOM 9 TUIOPO3MIpiB IMIIHAPUYHUX 1 KOHIYHHX 3Y-

Ouactux xouric (puc. 22, 23) 3 moJtiamiziiB, HAMOBHEHHUX CKJIOBOJIOKHOM Ta MOJIA(DiIKOBaHMX Ipa-
¢itom (Tad. 6).

Puc. 23. Koniuni npamo3syoi wecmepni YD-30, UD-34 i 3youacme xoneco YD-31 (maba. 6)
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Tabmuns 6

Acopmumenm wiecmepens i KOIiC 3 NOTIAMIOHUX KOMNO3UYILL
N Homep aerani/ Moayae m, MM Ymucso 3youis  JliameTp oTBOpYy mia Tun
nn (hopmu z Baa d, Mm
1. YUd-32 1 216 38 LJTHIP.
22 Yo-101 3 27 25 LUTiHAP.
3. Yd-38 3 20 25% LJTHIP.
4. YD-600 3 31 25 LTiHAP.
5. Yo-36 3 80 30 LJTHIP.
6. Yd-39 3 20 30 LTI HAP.
7. 4o-30 3 20 25 KOHIY.
8. Ud-31 3 40 30 KOHIY.
9. Ud-34 3 20 20 KOHIY.

* cyyinoHoO 3 NIOWUNHUKOM KOB3AHHSL.

3y6uacte koseco UD-323m=1mm iz =216, mectrepri HD-38, UD-39, YD-101 npucyTHi
Ha puc. 24.

OnuH 13 THIIOPO3MIPIB KOHIYHHX 3y09acTHUX KOJIC 1 mpec-popma Juist Horo BUPOOHHIITBA
Oymu cripoektoBani Hamu st Kb «IliBnenne» i 3aBoay «IliBgenmary [1].

4. TexHiK0-eKOHOMIYHA e(peKTHBHICTH 3aCTOCYBAHHSA JIeTajleld MAIIHH
1 MeXaHIYHHUX Iepeaad i3 HoJJiMepHUX KOMIIO3HTIB

HaiiGimpIn BaXXmMBUMHU TTpoOIeMaMu, Ha BUPIMIEHH] KX 30CepeHKeH] 3yCHIUISI BUCHHX,
iHXeHepiB, eKOHOMICTIB, € MIIBHUINEHHS SIKOCTi, HAAIMHOCTI, EKOHOMIYHOCTI Ta MPOYKTHBHO-
CTi MaImuH, 00JIaHAHHS Ta IHIMUX BUPOOIB MAITMHOOYTyBaHHS, 3HIKEHHSI 1X MaTepiaJloMiCT-
KOCTI1 Ta €HepProcroXKuBaHHs. Y 3B’sI3Ky 3 IUM OTPUMAJIA PO3BUTOK HOBI MiJXOAU 0 pO3paxy-
HKY 1 KOHCTpyroBaHHS [1; 2], moB’si3aHl 3 TEpexojoM Ha aBTOMATH30BaHE ONTHMAJIbHE
MPOEKTYBAHHS 1 3aCTOCYBaHHSI ITOJIIMEPHUX KOMIIO3UIIIHHUX MaTepialiB.

OCKUIbKY TYCTHHA TOJIIMEPHUX KOMITO3HUIIIHHUX MaTepiajiB y AeKUIbKa pa3iB (IIs CKIIOHA-
MOBHEHUX MOJIiaMiliB y 6-7 pa3iB) HUKUYE I'YCTHHM YaBYHY 1 CTalli, 3MEHIIIY€ThCS Bara moJsime-
pHUX JeTajiell MallluH 1, sIK HACJIIOK, 3MEHIIYIOThCS iXHI MOMEHTH 1HEpIIii, EHepProCIoKH-
BaHHS Ha PO3TiH Ta TaJbMYBaHHS, BIAIEHTPOBI CWIH, IO J03BoJisse Ha 40 % migBUIMTH
yacToTy oOepTaHHs. BogHoUac 3a paxyHOK B’ I3KOTPYKHOT XapaKTEPUCTUKH MTOJTIMEPHOTO Ma-
Tepialy 3HWKYIOThCS JUHAMIYHI Ta yJapHI HABAaHTKEHHS B MEXaHIUHUX MPUBOJIAX MAIIUH, Y
pe3yabTaTi 4oro JTOBrOBIYHICTS iX JeTajei 301abInyeTbes y 1,52 pa3mu.

B ocHOBIi cy4acHOT TEXHOJIOTIUHOT MUBLTI3AIIIT JISKUTH MPAarHeHHS BUPOOIATH nefaii Oi-
JIBITIE BUPOOIB MPU CKOPOYCHHI CIIOKMUBAHHS CHPOBUHHM i eHeprii. B ycix iIHIyCTpiaIbHO pO3-
BUHEHUX KpaiHaxX HalllOHAIbHUN TPOAYKT 301IBIIYEThCS 32 PIK y cepeHboMy Ha 3,5 %, BUpo-
OHUIITBO X CTaJIl CKOpouyeThbes BiamoBiaHO Ha 0,2 %. OcHOBHA MpUYHMHA — 3HAYHUN PO3BUTOK
pecypcoOoIaTHIX TEXHOJIOTiH, EKOHOMISI METaTy 3a PaxyHOK JieJiaii OUIbII IUPOKOTO 3acTo-
CyBaHHs MOJIIMEPHHX KOMITO3UTIB. TEHJIEHIIIsI 0 CKOPOYECHHS BHUIUIABKH CTajl BigoOpaxkae
IparHeHHs OCHOBHUX 1H/IyCTpiaJIbHUX KpaiH 3BUIBHUTH CBOIO EKOHOMIKY BiJl MaTepialio- i eHe-
PrOEMHOT0, €KOJIOTIYHO OpYTHOTO BUPOOHUIITBA.

Temmu i HAPSIMOK PO3BUTKY EKOHOMIKH BEJTUKOIO MipOIO BU3HAYAIOTHCS TEXHOJIOTIETO, SIKY
o0OuparoTh iHKeHepr. BOHM MOBHHHI BpaxOBYBAaTH 3aJICXKHICTh BUTpAT i IiH. B uncni pakTopis,
[0 CTPUMYIOTh MPOIIEC 3aPOBAKEHHS PECYPCOOIIAIHUX TEXHOJOTIH, — Jifoya cucTema Ii-
HOYTBOPEHHS (a 3 JISIKOTO0 Yacy i onojiatkyBanHs). KpiM Toro, y Hac, Ik IpaBHII0, HEMOKITHBO
JTOOUTHUCS TIOBHOTO PO3PaXyHKY €(peKTUBHOCTI y CIIOXKUBa4a, TOOTO B pe3yJIbTaTi MiABUINCHHS
pecypey BHpOOY, 3HMKEHHSI HOTO MaTepiaJOMICTKOCTI, MacH, €HEeProCIOKIUBAHHS, BPaXOBY-
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€ThCS TUIBKU 3HUKEHHS cO01BapTOCTI BUpOOHUITBA AeTali. L[iHu Ha neTasi Ta By3Jid Opi€eHTO-
BaHI Ha CBITOBHI PUHOK, JIe BOHH (DIrypyIOTh SIK 3aITYaCTHHH, BAPTICTh SIKUX Y 4-5 pa3iB BHIIE
3a IXHIO (PaKTUYHY LiHY.

CyTT€eBOIO MIEPEITKOIOK0 JIJIS 3POCTAaHHS BUPOOHMIITBA MTOIMEPHUX JIeTaJIeH MAIIMH € 1He-
PIIist MUCIIEHHSI KOHCTPYKTOPIB, BUXOBAaHHUX Ha TEXHOJOTIi MeTaniB. BoHU He BipsSITh Y MOXKITH-
BOCTI HOBUX ITPOTPECHBHUX MaTepialliB, a 6arato XTo 3 KOHCTPYKTOPIB i TEXHOJIOTIB MPOCTO HE
3HAIOTh PO MOXIIUBOCTI MOJIIMEPHUX KOMIO3HTIB, JI0 TOTO X IOKHU 10 HEMAa€ JOCTaTHbBO I10-
BHOTO JIOBIJTHUKA KOHCTPYKTOpa-MarmuHOOY TIBHUKA, SIKAHA MICTHB OW BCi HEOOXI THI JIJIS TIPO€E-
KTyBaJIbHUKA JaHi PO I1i MaTepiaiu i BiAMOBITHI METOIN PO3PAXYHKY.

3acTocyBaHHS MOJIIMEPHUX KOMIIO3HTIB — SIKICHO HOBHIl e€Tal y pO3BUTKY MaIIHHOOYTY-
BaHHS. BoHU HE 00STHCS MOMIPHUX HABAaHTAXXEHb 1 TEMIepaTyp, KOpo3ii, 3 HUX MOKHA OTpH-
MyBaTH MaTepiajid IPaKTHYHO ITiJT OyIb-sKi HaIlepe 1 3aJjaHi YMOBH, OTPUMAaHHS iX HE BUMAarae
TPOMI3JIKMX BUPOOHMIITB TUITY METAypriiiHuX. BUTOTOBIEHHS AeTaneil 3 moliMepHUX KOMIIO-
3UTIB Maiike Oe3BiIX0/IHE 1 He eHeproeMHe. BOHU BOJIOIIOTH BHCOKOIO YIapHOO B’ SI3KICTIO 1
O1ITBII CTiHKI 10 a0pa3uBHOTO 3HOIITYBAHHS IPU yIapi, HiIXk cTajti. 3 HUX MPOCTille BATOTOBJISITH
JeTali ckiaaaHol GopMH, BOHM HACTUIBKHM TEXHOJOTIYHI, IO JAIOTh MOXIIMBICTh CTBOPIOBATH
JeTalti, BAPOOHUIITBO SIKUX i3 MeTay HaITO JIopore abo B3araii HeMokiuse. [lepexin Ha 1o-
JTIMEpHi JAeTali pi3Ko 3MEHIIY€E KUTbKICTh METAIOPi3aIbHOTO 00JIaJHAHHSL, a OTKE, CIIOKUBAHO1
eHeprii Ta CHpOBHHH. BapTicTh TepMoIIacTaBTOMATY JUTSI IEPEpOOKH TOJTIMEPHHAX MaTepialiB
y BUpoOu HabaraTo HIKYe 3a BapTiCTh YUCIEHHOTO 00J1aIHAaHHS JUIsl METanoo0poOKH, BiH 3aii-
Ma€ HabaraTo MEHIITy TUIOIY, a MPOIYKTHBHICTh HE3MipHO BHUIIIE.

CKopoueHHs! TPUBAJIOCTI BUPOOHUYOTO LUKITY CIIPHUsiE€ TPUCKOPEHHIO 00iroBOCTi 000poT-
HUX KOINTIiB. 3aCTOCYBaHHS MOJIMEPHHX KOMIIO3HTIB Y MAlMHOOYYBaHHI PO3IIUPIOE CHPO-
BUHHY 0a3y IPOMHCIOBOCTI, J03BOJIsIE EKOHOMUTH KOIITOBHI KOJILOPOBI Ta YOPHI METaNH, 3Y-
MOBITIOE€ aCOPTHMEHTHI 3pYIICHHS TPOIYKIIii, IO BHUIYCKAETHCS, CIPHSIE TTOKPAIICHHIO
TEXHIKO-€KOHOMIYHHX ITapaMeTpiB MaIllUH 1 00JIaHaHHS, 3HIKYE (DOHIOEMHICTH Ta TPYIOMi-
CTKICTh BUPOOHHUYOTO MPOIIECy, CKOPOUY€E TEPMIiHU MiATOTOBKH BUPOOHUIITBA i OCBOEHHS HO-
BUX KOHCTPYKIIiH. Yce 11e CTBOPIOE YMOBH JUIsl PI3KOTO MiABUIIIEHHS IPOTYKTHBHOCTI Ipalli Ta
3HIDKEHHS COOIBapTOCTI TIPOTYKIIii.

JIJis OIiHKK €KOHOMIYHOI e()eKTHBHOCTI 3aCTOCYBAaHHS MMOJIMEPHUX MaTepiaiiB Oynu BH-
KOPHCTaHI KOHKPETHI JIaHi, IpeJcTaBIeHi 3aMoBHUKaMu: BO «JIHImponeTpoBChKHM KOMOaii-
HoBu# 3aBoa», BO «Tomaky», n/s XK1121, HoBorpan-BonuHchkuii 3aBoJT CiTbCHKOTOCTIONAP-
cekoro MamuHoOyayBanHs, BO «Hixunacinemarmy (Ykpaina), BO «Boponex3epHomarmy
(Pocist), BO «I'omcinpmary» (binopycs). Sk 6a3a my1st mopiBHSIHHS Oyiia IpHiHSITa TeXHIKa (J1e-
TaJTi MaIuH), 0 3aMiHIOETHCS.

Piunuit exkonomiunmii edexr [1]:

O=(C;-Cy)—-En- Ky,
ne Cj, C>—cobiBapTicTh piYHOTO BUITYCKY JIeTaliel BiIMOBIIHO MO 0a30BOMY (MeTalleBOMY) i
HOBOMY (ITOJTIMEpPHOMY) BapiaHTax;

Ey — nopmatuBHU# KoedilieHT e()eKTUBHOCTI KaliTaJIbHUX BKJIAJIEHb, 110 JTopiBHIOE 0,15;

K7 — monatkoBi KamiTaJlbHI BKJIQJICHHS, SKi MICTSITh BUTPATH HA MMPOEKTYBAHHS 1 BUTOTOB-
JeHHs npec-popm, nposenenus H/IP, py6.

Hampuknan, cymapHa co0iBapTICTh MMECTH THIOPO3MIPiB METAICBUX 31pOYOK 3a Tepiof 3
mucronaga 1986 p. mo xoBtenb 1987 p. cranoBuna 60 220,61 py0., a mojiMepHHUX —
9153,57 py6. 3a paxyHOK 30UIBIIEHHS BUITYCKY MOJIMEPHUX JeTanei BiIOyI0CS 301IbIIICHHS
CYMH eKOHOMiuHOTO edexTy Ha 55 995,72 py6. Takum unHOM, CyMapHHU €KOHOMIYHUHN eeKT
3a BKa3aHui nepion ckias 6u 107 062,76 py0., aire 3 ypaxyBanHsM BuTpat Ha HJIP BiH cTaHo-
Buth 101 625,3 py0.
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3aranpHa cyMa (PaKTHYHOTO PIYHOTO €KOHOMIYHOTO e(DeKTY miibKu 3a paxyHoK 3HuU-
HCeHHA codieapmocmi U2OMOGIEHHA 3ipOYOK, TATBEPKEHOTO BIAMOBIIHUMHU aKTaMH, 3a
1987-1990 poxu cranoBmia 493 009,24 py6. Ilo JIHimponeTpoBChKOMY KOMOAWHOBOMY 3a-
BOJIY, JI€ 3aIpOBa/KyBaIach CUCTEMa ONTUMAILHOTO aBTOMATH30BaHOTO MPOEKTYBAHHS Oara-
TOMACOBUX JIAHITIOTOBHX Tiepeaad, ekoHoMigHuH edekT ctanoBuB 400 000 py6. Cirix miakpec-
JUTH, MO MiJ Yac PO3paxyHKy EKOHOMiuHOI e(eKTHBHOCTI He BpaxXoBaHi: 301TbIICHHS
JIOBrOBIYHOCTI JIAHIIOTIB y 1,5—2 pa3u y criokuBaya, 3HMKEHHSI €HePrOCIIOKUBAHHS, KiTBKOCTI
BEPCTAaTHHKIB, BEPCTATHOTO MApKY, IJIOM LEXiB.

VY 1986-1990 pp. nabopatopiero nonimMepuux Aeraieit mamms (I1JIM) Toni UepHiriBcbkoro
¢imiany KIII BukonyBanack pecmyOiikaHCchka IiJIbOBa KoMIulekcHa mporpama PH.82.02.17
«MarepiaJloMicTKiCTh» 3TiHO 3 3aBnaHHsaM 04.02 «Po3poOuTH i OCBOITH B TPOMHUCIIOBUX YMO-
Bax TEXHOJIOTIYHI MPOTIECH 31 3HIYKCHHS MaTePialloMiCTKOCTI Ta i IBUIIICHHS JIMHAMIYHUX SIKO-
CTCH MPHUBOJIIB MAIIMH IIIJITXOM 3aCTOCYBaHHS ITOJIIMEPHUX MaTepiaiiB B3aMiH METAJICBUX»
(ITocranoBa Pamu MinictpiB Ykpainu Ne 420 Bix 22.11.1985 npo BxirouenHs nporpamu «Ma-
TEPIATOMICTKICTBY SIK OJTHOTO 3 PO3ILIIB JIEP>KaBHOTO IUIAaHY €KOHOMIYHOTO 1 COIiaIbHOTO PO-
3BUTKY Ykpainm Ha 1986-1990 pp. 1 IloctanoBa Pamum MinictpiB Ykpainum Ne 250 Bifg
11.07.1986 npo Bximouennst 3aBaanHs 04.02 B mporpamy «MarepiaJloMiCTKICTh»). ABTOpPY cTa-
BUJIOCH B 000B 130K KOKHI TpH Micsii mpuOyTH j1o mijx’i3ay Ne 6 6yaisni Pagu MinicTpiB Yk-
paiHu A1 CYyIpoBOJY HOT0 B KaOiHET BiIIOBIIANBEHOTO 3a Ieil HAPSIMOK YHHOBHUKA, SIKOMY
Tpeba OyIi0 JOMOBICTH, 1110 3p0o0JieHo 3a uyeprosi 3 micsii. 3i cBoro 6oky Paga MinictpiB 30-
00B’s13aHa Oyna (3riHO 3 Tieto Xk [locTaHOBOIO) HamaTH JTabopaTopii MOJIMEPHUX JAeTalleit Ma-
ITUH TEPMOILIACTAaBTOMAT, YOT0 TaK 1 He OyJI0 BUKOHAHO.

[IpuBenena HIDKYE JOBITKA 3 MPAKTUYHUX PE3YJIbTATiB BAKOHAHHS IIPOTPaMU Ha TPUKJIIa i
Kuiscrkoro BO « TOMAK)» (Tabm. 7) mae ysiBIeHHS PO OTPUMaHI TEXHIKO-eKOHOMIYHI JTOCS-
rHeHHs [1].

Tabmums 7
Toxasnuxku 6nposeaodicenns norimepHux oemaiet MauiuH
Cranisi 0CBOEHHS — cepiiiHe BUPOGHHLTBO
Tokasmitkit 1986 1987 1988 1989 1990
[nan/¢akr, wr. 8000/ 10000/ 11200/ 12500/ 15000/
17130 36000 56000 40650 30000
3HIMKEeHHS TPYIOBUTPAT, pa3iB 8,6-29,2 5,9-23,7 8,3-63,9 11,6-40,6 1,27-9,0
3HmKeHAs co0iBapTOCTi, pa3iB 6,8-9,1 4,7-11,7 1,78-3,05 4,5-114 1,15-4,3
ExoHoM. edekT, pyo. 64238,94 101625,3 56159,0 58930,0 52056,0
ExoHomist MeTaiy, kr 18000 27000 15000 56000 88000
BuBinbHEHHS BEepCTaTHHUKIB, YOJI. 2 2 1 12 20

Sx cBiTUHATH TaOJI. 7, EKOHOMIYHICTB HE BCIX JeTajieii piBHOIIIHHA.

3aranpHi BuTpatd Ha HJIP mpoTsarom Bkazanux y Tabi. 7 pokiB (y TOMY YHCII TMPOEKTY-
BaHHS 1 BHTOTOBJICHHS Tipec-hopm) ctanoBmian K =598 400 py0. 3aranpHuil eKOHOMIYHHN
edext craHoBuB 333 009,24 py0. 3BijACH TEpPMiH OKYIHOCTI (B CEPEIHBOMY):

_K 598400
= —=———=18poKnu.

5 33300924
KoeoimieHT epeKTUBHOCTI (B CEPEeTHHOMY):
O 33300924

K 598400

[TopiBHIOIOYHM OTpUMaHI MOKA3HUKH €KOHOMIYHOI €()eKTUBHOCTI 3 HOPMATHUBHUMH (IS Xi-
Mi4YHOT 1 MamMHOOYAIBHOT raixy3eit mpomucioBocti 7' = 3-5 pokis, £ = 0,33-0,2), MmoxHa BU-
3HATH, 10 JIOJIATKOBI KaIliTaJIbHI BKIIAJCHHS OKYIIAIOTHCS B JTy)Ke HEBEJIMKI TEPMiHH, a Koedi-
mieHT egextuBHOCTI 0,56 > 0,2, TOOTO Jy’Ke BUCOKHUH.

b
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3a BKazaHMii nepio]] po3pobiieHo 19 THIOpo3MipiB MONMIMEPHUX 31pOYOK JIAHIFOTOBUX Iepe-
Jad Pi3HOTO MPH3HAYCHHS, 4 TUIIOPO3MIPH JIAHITFOTIB 1 9 THITOPO3MIipiB MUTIHIPHYHKX 1 KOHIY-
HUX 3y06uactux Kouic. Po3poOeni nerani nepenad 3 HOJIMEPHUX KOMITO3HUTIB BUTOTOBIISUTUCH
cepiitHo Ha Takux mignpueMmctBax: BO « TOMAK» (m. KuiB), /s XK1121, JIHinmporeTpoBChKuUit
kombaiiHoBwii 3aBo1, « HixkuucineMary, M. Hixwun, «"omcinemarnm» (M. ['omens, binopycs), Ho-
BOTpai-BoMHCEKHIA 1 BiTonepkiBChKHiA 3aBO/IN CLITBIOCIIMAITMHOOY AyBaHHS, « BopoHek3epHO-
mar» (Pocis). Kpim Toro, Oymu 3a10BoJIeH1 3aUTH HAa TEXHIYHY JOKYMEHTAIIIIO BiJl TAKUX Opra-
Hizamii: IlpunamoOyniBauit 3aBox (M. byda, Kuisceka 00:1.), CKTB «EneBaropciipmani»
(M. JIHITpOTIETPOBCHK), XepCOHChKHM KOMOAHOBHIA 3aBOJI, 3aBoj Memitonomsipoamart, HBO
o MexaHizarii Ta aBroMmaru3sarii Mintsokmama (M. Kuis), /s M-5745 (r. bexibmi, Momiosa),
10 «Kpacubrii metamumct» (M. CtaBponons, Pocist), [10 «Munckerpoitmarepuans»y (M. Min-
ceK, binmopyce), «HITO um. JlaBoukmra» (M. MockBa, Pocis), 3aBoji aBTOMAaTHYHUX JIiHIH
(M. Kpacnonap, Pocist), UensiOinchkuii KoBabChbKo-TIpecoBwii 3aBoj (Pocis).

[To 9 miampuemcTBaM, IO 3aiisHI Y BIPOBAKCHHI Pe3yJbTaTiB POOOTH, €KOHOMIYHHIMA
eeKT, MiTBEPKSHUN aKTaMy BIPOBAKCHHSI, MIJIbKU 8i0 3HUMNCEHHA cobieapmocmi eupo-
OHUUmMEAa noliMepHUX Oemaiell MAuIUH Y TIOPIBHSHHI 3 MeTaJeBUMHU cTaHOBHUTH Bia 30 000
10 300 000 mon. CIIIA Ha pik (110 TOMIIMHEOMY KypCy Jioyiapa Jio pyOJis) 3aeKHO BiJI i IPH-
€MCTBA IIPH I1JIBUIIIEHH]I HAAIMHOCTI Ta JOBTOBIYHOCTI MPpUBOAIB y 1,5-2 pa3u, ekoHOMiT O61H-
36K0 500 TOH KOHCTpYKIiiHOI cTaji Ha pik i 70 1 000 000 miAmumHUKIB KOYSHHS TP OTHOYA-
CHOMY 3HIKEHHI BarW, MaTepialoMiCTKOCTI MalIMH Ta oOJiagHaHHS Ha 25 %, CKOpOYEHHs
BEpPCTATHOTO MAPKy 1 BUBUILHEHHS BUPOOHWYNX KaJIpiB Ta 1ol Po3poOku 3axwHineHi aBTop-
cekumu cBigonrtBamu CPCP i marentamu Ykpainu. Po3risHyTi moiMepHi AeTasi MalluH eKc-
MTOHYBAJIUCh Ha MIKHApOJIHUX BUCTaBKax y boirapii (M. Codis Ta Bapna), Immii (M. Jlem ta
KanekytTa), Yropumwau (M. bynamnernr), UexocnoBauunnu (M. [Ipara), [Tonsmi (M. Bapimasa),
binopyci (M. Mincek), FOrocmasii (M. 3arpe6), Hiveuunan (M. bepiin).

Ha puc. 24 npezcrasieHi 3pa3ku po3po0JIeHUX 1 BIPOBAKEHUX MOJTIMEPHUX JleTaseit Ma-
IITUH, TTPAYOMY BiJT pOKY JIO POKY, mounHaroud 3 1990 p., BMICT «ImepecyBHOI BUCTaBKH» (SKa
3’sSIBUJIACH YK€ MICIIsl €KCIIOHOBAHOI BEJIMKOI B IepesliYeHuX KpaiHax) MepionYHO MTOHOBIIIO-
BaBCsl, TOOTO SIKIIO JIIBOPYY, HAPSAY i3 3ipodYKaMu, MPUCYTHI IIECTePHi, IMKIB 1 CYMyTHI JAeTali
y BUIJISJI KPULIOK HiAIIUITHUKIB 1 BTYJIOK, TO IPaBOPYY — B OCHOBHOMY 31pOYKH, 3yO4acTi Ko-
Jieca ¥ JIaHIIOTH.

A AR S

Puc. 24. Honimepni 0emani mawiut, 6nposaoiceti Ha MauunoOyOiBHUX 3A600aX
y cepiiiHe 8UpPOOHUYMBO
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Po3pobxa aBTOMaTHUHUX JTUTTEBUX Ipec-POopM 1 TEXHOJIOTIYHUHN MPOLIeC BUPOOHUIITBA ITO-
JTIMEpHHUX JeTajel MalluH HaropopkeHo cpionoro mexaumo BJIHI CPCP (M. Mockga), a aB-
TOp HaropojkeHuit opaeHoM «3a 3aciayruy Il crynens.

VY 3B’s13Ky 3 TaKk 3BaHUMU ITepeOyT0BHUMH TTporiecamu i pozmnagom CPCP, ocBoeHHs moJti-
MEpPHUX JIeTallel MalliH MaIuHOOYiBHUMH ITiIIPHEMCTBAMH OyJIO TOCTYIIOBO 3TOPHYTO i B
MTOBHOMY 00Cs131 Tak i He OyJI0 peai3oBaHo.

Ha 3aBepienns tpe0a 3ayBakuTH, 1110 3a Yac CEpiiHOro BUPOOHUIITBA MOJIIMEPHUX JIeTa-
Je MamMH Ta iX eKCIUTyaramii y CHOXXKHBa4iB JIO IBOTO Yacy SKHX-HeOyab peKJIaMalliid,
OB’ sI3aHUX 3 iX Mpale31aTHICTIO, He MocTymnaio. Lle cBIIYUTh Mpo BUCOKY TEXHIKO-€KOHOMi-
yHY e()eKTHBHICTh 3aMiHM METAJICBUX JeTallell MaIlliH MOJIIMEPHUMH.

BapTo 3ayBaxkutu 11e i mpo Te, 10 Taki JeTalli 3 MOJIMEePHIX KOMITO3UTIB He TiITHbKU 3HAYHO
TEXHOJIOTIYHIIII 32 MeTajieBi (YBeCh IIMKJI BUTOTOBJICHHS 3aiiMae mpuOm3Ho 50...60 ¢), ane it
3a0e3neuyroTh MPaKTHYHO BIJCYTHICTH BiJIXO/iB BUPOOHHIITBA 3aB/IIKA BTOPHHHIN mepepooii
JUBHUKIB 1 OpaKOBaHMX JieTajei. BiTbIn mupoki MacmTadu BIPOBAKCHHS, ITPH SIKAX KiJTb-
KIiCTh 3aCTOCYBaHb pO3pOOJEHUX METOJUK ONTHUMAIBHOTO MPOEKTYBAHHS KOHCTPYKIIH 1 Tex-
HOJIOTiH mifHIMe 1X Ha SIKICHO HOBHH piBE€Hb — PiBEHb JEpPKaBHOTO 3HAU€HHs, 0€3 CyMHIBY,
JIacTh Ie OUTBIT BUIATHI pe3yJIbTaTH.

5. TexHoJI0Tisl TPHBHMIPHOIO APYKY

B ocranHiif yac HaOysa JesIKOro NOMMHPEHHS TEXHOJIOTIS TPHBUMIpHOTO IPYKY Ha 3D npuH-
Tepax Oe3Mmocepe/IHbO 3 KPEClieHb B po3po0iieHnX nporpaMax. Criouarky HeoOXiTHO 3iHCHATH
3D monemoBanHs B cuctemi SolidWorks (puc. 25) abo Kowmmac, moTiM 3a3Budail moTpioHO 1mpo-
TOTHITYBaHHS Ha 3D mpUHTEPi 3 METOIO YCYHEHHS! MOKIIUBHX MTOXHOOK IPOIIECY MOJICITFOBAHHSL.
[Ticist moomnparfoBaHHs 3aITyCKAa€eThCS MPOIEC BUTOTOBJICHHS JeTani Ha 3D mpuHTepi momapo-
BuM (0,08...0,2 Mmm) apykom 6e3 Tucky. Marepianamu Jyisi ieTajield THITy [ecTepeHb, 10 BUTO-
TOBIISIIOTH HA 3D mpHHTEI, CIykaTh rmepeBakHo nojiamiaa [1A-6, [TA-6.6 Ta ix Moaudikarii,
ane y BUIIISAI €KCTPYIOBaHOTO MOHO(IIaMEHTY, HAMOTAHOTO Ha KOTYIIKY, 3 SIKOI BiH 3MOTY-

€TBCS TI0 Mipi TI0J1a4i B €KCTPYJIEp JUIS ITOIIAPOBOTO BUTOTOBIICHHS JieTali (puc. 26).
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Puc. 26. 3D npunmep ma nowapose ucomosieHHs oemainetl
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Burortosnena nerans He Oyje TaKOIO MIIHOIO, SIK Micis mpec-GpopMu, KyIu MOJTIMEpHHUN
MaTepiall moJaeThes M THCKoM. Kpim Toro, BoHa moTpedye 1o 1aibinoi 0OpoOKH 3 METOIO yC-
YHEHHSI TIEpIIOro Imapy, MiATPEMYIOUNX €JIEeMEHTIB, TaK 3BAHOI «CIIIHUII», YTPHUMYIHOUOTO
KJICIO 1 T. II., Y Pe3yJIbTaTi 4OT0 JIeTalbh MOXe JehOpMyBaTUCh 1 He OyJie sikicHOIO (puc. 27).

Puc. 27. Kneti, nepwiuti wiap ma « cnionuysy npu 6u2omosieHHi uiecmepHi

Tomy BUpPOOHHUIITBO JieTalieii MAIIMH 3@ TAKOK TEXHOJIOTIEI0 0OMEXEHO iX BUKOPUCTAHHIM
MepeBaYKHO B 00JIaTHAHHI TTOOYTOBOTO MPU3HAYCHHS, O(QiCHIN TEXHIIll, PyYHOMY IHCTPYMEHTI,
0 HE BiJI3HAYAIOTHCS BEJIMKHUMH HABAaHTAKCHHSIMHU U JIOBIOBIYHICTIO, ITiJl YaC PEMOHTY JUISI
TEMYacOBO1 3aMiHU JeTalei, ki BUAILIH 3 maay (puc. 28).

e

s L]}

Puc. 28. 3pytinosana wecmepus (npagopyu)
ma gionoenena Ha 3D npunmepi (nigopyu)

KiIBKiCTh, MPOXYKTUBHICTB 1 COOIBApPTICTH BUPOOHUIITBA TAaKHUX JeTallell HE MOXKe KOHKY-
pyBaTH 3 BUPOOHHIITBOM iX y mpec-hopMax Ha TepMOIUIacTaBTOMATaXx.

L{s TexHOJIOTIsI, X0Ya 1 € ayXKe 0ararooOisrOv0r0, I03BOJSIFOYA OTPUMYBATH BUPOOH Oe3
3aCTOCYBaHHS JOCUTH KOIITOBHUX IIpec-(opM, ajie He MOKe 3a0€3MeUUTH CTBOPEHHSI TOUHHX 1
MIITHUX JIeTaJIeil MallliH BEIMKAMHU BUPOOHIMYUMHE CEPisiMU, O€3 9OT0 3aCTOCYBaHHS TaKOi TeX-
HOJIOTi1 Y MaIIMHOOYyBaHH1 3aJIMIIA€THCS MpodeMaTuYHIM. byiemo crojiiBaTCh, 1110 3 1o-
JATBITAM PO3BHTKOM HAYKH 1 TEXHIKH BCl 3a3HAauYeHI HEJOJIKH TeXHoJjoril 3D npyky OyayTh
YCYHEHI, 1 BiH 3Haii/ie CBO€E TijiHe Miclle cepe]l HaHOUIbIT MPOAYKTUBHUX TEXHOJIOT1 BUPOOHU-
IITBA JeTajIed MaIlliH.

BucHoBku BignoBiaHo 10 crarTi. Jegasni OUTbI YkCIeHH] MPUKIIAAA TPAKTUYHOTO 3aCTO-
CyBaHHS JieTajell MallliH, BUTOTOBJICHHUX 33 CyYaCHUMH TEXHOJIOTISIMH 3 TTOJIIMEPHUX KOMIIO-
3MTIB, CBITYATH MPO T€, 1[0 IPU MPaBIILHOMY BUOOPI Ta BU3HAYEHHI pO3MipiB HOJIMEpHi KOM-
MO3UTH YaCTO NMEPEBEPIIYIOTh METAN. A 3HIKSHHS CITO’KUBAHHS METAJIB BEZIE 10 CKOPOUCHHS
BUJI00YBaHHS pyJHUX KOMAJIMH 1 METaTypriiHOro BUpOOHUIITBA, 1110, Y CBOIO YEpPry, CIIPHUSE
BUPIIIEHHIO 0araTh0X eKOHOMIYHUX, EHEPIreTHYHHUX Ta €KOJIOTIYHUX MpobieM. 3acTocyBaHH
MOJIIMEPHUX JIeTalleil IPUBO/IiB MAIIIMH J1a€ MOKJIMBICTh OTPUMYBATH I psijl IepeBar KOHC-
TPYKTHBHOTO, TEXHIYHOTO, TEXHOJIOTTYHOTO Ta €EKOHOMIYHOTO XapaKTepy.
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UDC 621.81:678.06:62
Oleg Pilipenko

RESOURCE-SAVING POLYMER PARTS OF MACHINE
DRIVES. ACHIEVEMENTS AND PROSPECTS

Urgency of the research. The main source of growth in national income should be resource conservation, i.e. the volume
of production should be produced without an increase in material resources. This means that almost 80% of the increase in
production should be provided by saving resources. To this end, it is necessary to increase the use of advanced resource-saving
technologies that require less labor, energy and raw materials.

Target Setting. Application of new waste-free and low-waste environmentally friendly technologies.

Actual scientific researches and issues analysis. From the analysis of literary sources, it can be concluded that the highest
class of the technological process is low-efficiency, low waste, resource saving, when a tool or environment acts immediately
on the entire surface or on the entire volume of the part; the duration of the action of the tool or environment on the part is
reduced by several tens of times and the productivity of the equipment is increased by the same amount.

Uninvestigated parts of general matters defining. To present the main parts of machine drives made of polymer compo-
sites using modern technologies, their application and development prospects.

The research objective. Consider examples of machine drive parts made of polymer composites using modern and ad-
vanced technologies.

The statement of basic materials. Presented are polymer and metal-polymer sprockets, chains and gear wheels of machine
drives, including integrated structures, features of their production and use. The technical and economic efficiency of the use
of machine parts and mechanical transmissions made of polymer composites is shown. The prospects and disadvantages of
three-dimensional printing of machine parts made of polymer composites are considered.

Conclusion in accordance with the article. More and more numerous examples of the practical application of machine
parts made using modern technologies from polymer composites indicate that, with the right choice and sizing of parts, polymer
composites often outperform metals. A decrease in the consumption of metals leads to a decrease in the extraction of ore
minerals and metallurgical production, which, in turn, contributes to the solution of many economic, energy and environmental
problems. The use of polymer parts for machine drives makes it possible to obtain a number of structural, technical, techno-
logical and economic advantages.

Keywords: resource-saving technologies; machine parts made of polymer composites; technical and economic efficiency.
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lean Kyssaees, Onexcanop Mumpoxin, lzop Kazimipog
MOAEJIOBAHHA ITPOLHECIB OXOJIO/JKEHHSA IMTOJIIMEPHUX JIMCTIB

Axkmyansuicmo memu 00cniodncenna. OXon004ceHHs. NONIMEPHUX TUCMI6, K [ Oilbuicms npoyecie nepepodKu niacm-
Mac, Hanexcums 00 Hei30MepPMIYHUX npoyecie, Mobmo HeOOXIOHO po38 a3yeamu meniosgy 3aoauy. Bio mounoeo pospaxyHky
Menio6020 OANAHCY Oyoice 3aNedcums KiHyesull pe3yiomam ekcmpysitiHoeo npoyecy. Tomy 3anponoHosana mamemamuyHa
MOoOenb ma npoepamHutl 610K 05 ii peanizayii 0ONOMONCYNb 3HAYHO NOKPAWUMY MEXHOL02IUHI MA eKOHOMIYHI NOKA3HUKU
eKCMpPY3IUHUX NIHT I3 GUNYCKY NONIMEPHUX TUCTMIG.

Ilocmanoeka npoonemu. Bucomosnennio nonimeprux Iucmie npucesueno bazamo Haykoeux npayw. Ilpu yeomy maxomy
npoyecy, sk 0X0I00HCEHHS KIHYe68020 NPOOYKIY NICIS eKCmpy3ii npuodileHo He 6aeamo yeazu.

AHnaniz ocmanuix 0ocnioxncens i nyonikauyin. Cmeopero 0exinoka MamemMamuyHux Mooenell meniosux npoyecie 0s me-
nioeHepeemuyno2o obaaonanus. Hanpuxknao: ons 0o0nouepe sunux, 060uepe sunuxX, ueps siuHo-0UCKOGUX eKCIpyoepie moujo.
Ipu yvomy 3anponoHo8aHo pisHi po3paxyHKoei cxemul, Memoou ma PiGHAHHA 0N IX 6UPIULEHHS.

Buoinenna nedocnioxncenux yacmun 3a2aavHoi npoonemu. Mamemamuuny mooens 0iis 8i00OPANCEHHS NPOYecie 0xXo-
JNOOJCEHHS NONIMEPHUX TUCIIG NICISL IX eKCmPY3il MOJCHA 88ANCAMU POZULUPEHHM YUX OOCAIONCEHb.

Ilocmanoeka 3ae0anna. OcHogna mema yiei cmammi NoAseA€ 8 po3podyi MameMamuyHoi Mooeui Ol AHarizy memne-
DpamypHo20 Nois npu 0X0N00MCeHHI NONIMEPHUX JUCMIE HA eKCMPY3IUHUX NIHIAX, Wo 003601umMb ONMUMI3y6amuy He MilbKy
MexXHON0IYHI napamempu, a 1 KOHCMPYKMUGHI XapaKkmepucmuKu aiHil.

Buknao ocnosnozo mamepiany. llpu 6ubopi cpanuynux ymos mpeba 6paxoeyeamu peaibhi KOHCMPYKMUGHI 0coOIU8OCmi
cucmemMu OX0N00HCEHHS NONIMEPHUX TUCTNIB, U0 00ePIHCYIOMb HA eKCcmpY3iHuX Niniax. [lpeocmasneno po3spaxynkogy cxemy
ma pigHsiHHs menioeozo banancy. Q0epoicanHs MameMamuyHoi Mooeni 30IHCHI08AI0CH 3a OONOMO20I0 ONePayiitHo20 Menooy,
8UKOpUCNO8YIOUU IHMezpalbHe nepemeopenns Jlannaca. Pospobneno npoepamy po3paxyHky napamempie Oisi KOHKpPemHux
VMO8 8UPOOHUYMEA.

Buchoeku 6ionogiono 0o cmammi. [Ipueedeno cyuacnuil rimepamypHuil o2nso meniogux 3aoay. Pospobieno mamema-
MUYHY MOOelb 0I5 MOOETIOBAHHSL NPOYECi8 0X0N00XHCeHH s NONIMEPHUX Tucmie nicis ix excmpysii. [1o6ydoeano npospammuil
bnox Ha 6azi mamemamuunoeo nakema MathCAD ons peanizayii po3pobreHoi mamemamuunor Mooeii.

Kniouoei cnoea: excmpysiiina 1inisi; pigHAHHS 6ANAHCY, MENI08A eHeP2isl; MAMEMAmMUYHa MOOelb;, NPOZSPAMHULL OILOK.

Puc.: 7. bion.: 15.

AKTyaJbHicTh TeMH JocaikeHHA. OXOJIOIKEHHS MOJIMEPHUX JIUCTIB, K 1 OLIBIIICT
MPOIIeCiB 13 MepepoOKH IUIacTMacC, HAJICKUTH J0 HEI30TEpMIUYHUX MPOIECiB, IO BUMAarae
PO3B’sI3aHHS TEIUIOBOI 3ajaui. Bijl TouHOro po3paxyHKy TEIUIOBOrO OajaHcy AyXkKe 3ajeKUTh
KIHIICBHI pe3ysIbTaT eKCTpy3iiHOTO IpoIiecy. ToMy 3amporoHoBaHa MaTeMaTHIHa MOJIENb Ta
nporpamMHuid 610K JUIs i1 peatizalii JTomoMOXyTh 3HAUHO MOKPAIIUTH TEXHOJIOTIYHI Ta €eKOHO-
MIYHI TIOKa3HUKH €KCTPY3IHHUX JTiHIH 13 BUITYCKY TOJIMEPHHX JIACTIB.

VY 11i#t po6oTi po3pobIeHO MaTEMaTHYHY MOJIEINb MPOIIECIB OXOJIOKSHHS MOTIMEPHUX JTH-
CTIB, oJiepkaHuX Ha 0a3i eKCTpy3iiHuX JiHii. [Ipr po3po0IeHHI MaTeMaTHIHOI MOJIeIi BUKO-
puctano JlekapToBi cucTeMu KOOpAUHAT. AHAIITUYHE PillIeHHS ITi€] TEII0BO1 3a/1a4i 3HAXOH-
JIOCH 3a JIOTIOMOTOFO OIIEPaIlifHOTO MeTO 1y (METOIOM iHTEeTpaJIbHOTO ITepeTBopeHHs Jlamaca).
YucnoBa peanizallis oTpuMaHoi MaTeMaTHYHOI MoJieNIi BiO0yBaacs Ha 0azi MareMaTHIHOTO
naketa MathCAD 3 BUKOpHCTaHHSM HU3KHA BOYJIOBaHHX Y IIeH MakeT pyHKIIIH Ta 00YHCIIOBa-
JHHUX OJIOKIB, IPU IIbOMY PO3p0O0OJIEHO BiIMOBITHUM TpOrpaMHUi OJIOK.

ITocTanoBka npo6aemu. [ToriMepHi TUCTH B O1IBIIOCTI BHITAIKIB OJCPKYIOTh HA €KCTPY-
31MHUX JIHISX 13 BUKOPUCTAHHSM Pi3HUX THIIIB €KCTPYAEpiB (OJAHOYEPB’IUYHHX, JIBOUEPB’sU-
HUX, YepB’ TYHO-IUCKOBHX TOIIO). THITOBY cXeMy JIiHIi IS 0OepKaHHS MOJIIMEPHHX JIUCTIB 30-
OpaxxeHo Ha puc. 1.

s JTiHIS CKJIATaeThes 3 TAKAX OCHOBHHX BY3JIIB 1 MEXaHI3MiB: eKcTpyepa /; eKCTpy3iitHol
(TUTOCKOIIITUHHOT) TOMIBKH 2; KaniOpyBajibHOrO (INIaJuIbHOIO) KalaHapa 3; poibranra s
OXOJIODKEHHS JIUCTIB 4; MPUCTPOIO JIIS TO30BKHBOTO Pi3aHHs OIYHUX KPaloK J; TATHYYOTO
HIPUCTPOIO 6; IPUCTPOIO JUISI TOTIEPEUHOT0 Pi3aHHs JIUCTIB 7; mrTadeneykianaya §8.

SIK 1 GUIBIIICTB TIPOIIECiB TePepOOKH IIaCTMAC, OXOJIOKEHHSI TIOTIMEPHUX JIUCTIB BiHO-
CAThCS 0 Hel30TepMiyHuX mporieciB. Lle moTpebye po3B’si3aHHs TemI0BOI 3a1adi. J[71s1 iboro B

3araJlHOMY BHIIAJIKy CJIiJl CKOPHUCTATHUCS PIBHSHHSIM TETUIOBOTO OajaHCy.

© Kyzses 1. M., Murpoxin O. A., Kazimipos 1. 1., 2020
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B
-

Puc. 1. 3aeanvnuii éuenso ninii 0ns 6upodHUYymMea 00Howaposux nucmis. 1 — ekcmpyoep,
2 — excmpy3itina 20106Ka, 3 — Kaniopysanvhuil Kaianop, 4 — poiveane 0 0X0JL00HCeH NS
Jucmis, 5 — npucmpiil 0Jis1 NO3008AHCHLOR0 Pi3anHs OIYHUX KpAUlOK, 6 — msaeHy4ull npucmpii,
4 — npucmpiti 0152 nonepeyno2o pizanns iucmis, 8 — wmabeneykiaoay

Y BEKTOPHOMY BHIJISIII, TOOTO HE 3aJI)KHO BiJ CHCTEMH KOOPJIHUHAT, B SIKiH pO3IISIAETHCS
KOHKPETHHH Mpoliec, piBHSIHHS TEIIOBOTO OaaHCy MOJKHA ITO/IaTH TaKUM YHHOM [ 1-5]:

DT - < -
'O.CP‘E:_(V.QJ—{G;VVJ’ (1)

5
ne Cp — KoediIieHT TEIIOEMHOCTI MaTepially pu HOCTIHHOMY TUCKY; ¢ — BEKTOD TEIJIOBOTO

- -
notoky; 1 — temmeparypa; VV — rpamient Bektopa V ; DT/Dt — cyOcranIioHanpHa MOXiTHA
-

Bix Temmneparypu; (V- ;) — CKaIsIpHUit T06yTOK BekTopa YV Ha BEKTOD q.

Jpyruii mo1aHoK y TipaBiit yacTuHi piBHSHHS (1) sIBJIsTe COOOFO TEH30pHUH 3amuc, mo 3 ¢i-
3UYHOTO MOTJISAY € MBHJIKICTIO HEOOSPHEHOTO PyXy BHYTPIIIHBOT €HEepril OJMHHUII eleMeHTa-
pHOTO 00’ €My 3a paxXyHOK B’s13K01 mucunariii. [{eif 101aHOK 1HOI HA3WBAOTh (PYHKITIERO TUCH-
marii. fkmo 3HauHuX JedopMallii B eleMeHTaxX, IO pPO3MIISIAIOThCS, HeMae, TO IEI0
BEJIMYMHOIO MOKHA HEXTYBATH.

BukopucroByroun JlekapToBi cuctemMu KoopanHaT piBHSIHHS (1), y pa3i HeXTyBaHHS QyHK-
II€I0 JTUCHIIAIT, HAOMpA€e TaKUH BUTIISA

p.Cp. a_T+Vx .a_T+Vx .a_T+Vx a_T —
ot ' Ox, ' Ox, P Ox,
dq, 9q, 0q, @)
= — + +

b
ox, 0Ox, Ox,
ne xi(i=1,2,3) — xoopauHaTHI oci (y 6ararboX BUIAIKaX Il OCi BIIIMOBITHO TO3HAYAIOTHCS
TaK X, ), Z.
JItst IpOo€EKITii BEKTOpa TEIUIOBOTO MOTOKY ¢; Y OUTBIIOCTI BUNIAKIB € CIIpaBeJTMBAM 3aKOH
Oyp’e, sKU MOKHA MTOJIATH Y BUIJISLIL
oTr

f],:—/l'g, 3)

1

Jie A — KoeQiIlieHT TeILIOMPOBIIHOCTI MepepoOIIFOBAaHOTO MaTepiaiy.
Jlist po3B’si3aHHs piBHSAHHS (2) 3 ypaXyBaHHSM CHiBBiIHOIICHHS (3) HEOOXiTHO MaTH IO
JIBI MEKOBI YMOBH IIOJTO JIIHIMHAX OCei KOOPJWHAT ¥ OHY IIOYaTKOBY YMOBY 32 4acoM t.
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[cHYIOTH TpY OCHOBHHMX THUIIU MEXOBUX TEMIIEPATYPHUX YMOB:
— MeX0Ba YMOBA IEPIIOro pojly; 1€ KOJIU Ha MOBEPXHI €JIeMEHTa, L0 PO3IJISIAEThCs, 3a-

JIaeThesl Temieparypa 1
TZY;E pH Xl:gﬁ (abo x; =0), “4)

ne & — XapaKTEPUCTHYHHUM T€OMETPHYHHIA PO3MIp y30BK BiIIOBIIHOI KOOPAUHATH;

— MeX0Ba yMOBa JPYToro poy; e KOJIM Ha IIOBEPXHI eJIEMEeHTa, 10 PO3IJISIIa€ThCS, 3a1a-
€THCSI TETJIOBHIA MOTIK ¢

iﬂ'g_Tz% npu X, =& (abo X, =0); ®)
X

1

— MEKOBa YMOBa TPETHOTO POJIY; 1€ KOJIM IOBEPXHS eIeMEHTY Ma€ KOHBEKTUBHUI TeIIo-
0OMiH 13 30BHIIIIHIM CEPeIOBUIIEM

202 =y (1, 7) mpn 3= (@60 %, =0), ©

v
ne T, — TeMIepaTypa 30BHIlIHBOTO CEpeIoBUINA; &, — KoediieHT Temoimtayi, [Br/(M>K)].

3HaKM IJIIOC 1 MIHYC BIATOBIZAOTh HAIPABIEHOCTI OCi KOOPAMHAT 1 BEKTOPA TEIIOBOIO
MMOTOKY. SKIIO HampaBIeHOCTI 3061ratoThesl, TO Oy/ie TII0C, B IHIIOMY BHIAAKY — OyJ1e MIHYC.

SIKIIIO IPUITYCTUTH, IO B TOYATKOBHI MOMEHT Yacy TiJI0 MaJlo MOCTiHY TeMueparypy 7,
TO TIOYAaTKOBY YMOBY MOYXHA 3aIIHCaTH TaK

T(x.1)=T, upu 1 =0. 7

IcHye 1€ i MeKoBa yMOBa YETBEPTOTO POJY, IO BIMOBIIA€ TETUIOOOMIHY TOBEPXHI TiJia 3
HaBKOJIMIIHIM CEpeIOBHINEM (KOHBEKTUBHUM TEIUIOOOMIH TiJia 3 pIIMHOIO) a00 TEMI000MIHY
CTUKOBHX TBEPIUX TiJI.

AHaJi3 0CTaHHIX J0CTiKeHb i my6aikaniii. Y poOoTi [6] po3po0iaeHo MaTeMaTuYHy MO-
JIeJNb JUIS TETUIOEHEpreTHUHOTo obnagHanHs. [Ipu boMy po3paxyHKOBY cXeMy MOJIaHO, K 30-
OpaxeHO Ha puC. 2, JIe MaIOTh MiCIle TaKi eTeMeHTH: / — MacHBHE Harpite Ti1o; 2 — MOTIK Tell-
JIOHOCISI; 3 — TEII0130JIsIis.

2

Ledilily

-h/2

X

hl3 b
N3 b2

S e

o ™

Puc. 2. Pospaxynkoea cxema OJisl anaizy memnepamypu npu 63acmMooii NOMOoKY menioHOCIs 3
meepoum minom: 1 — macuene Hacpime mino; 2 — nomix menioHocis, 3 — menioizonayis
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JIiist omEicaHHST TIPOIIECIB 3T1IHO 31 CXEMOIO Ha pHC. 2 3a 0a30Be PIBHSHHS MPUHHATO TaKe
PIBHSIHHSI HECTAI[IOHAPHOI TEIUIONPOBITHOCTI:

2 2
oC _E)T:/i_(E)T aTJ‘ ®

—_ + —_
P ot ox* oy’
[Tpu bOMY IPUIHATO TaKi MEKOBI YMOBH:

— MEXOBI YMOBH JUIS OC1 )

oT
A— =47

Oy
or
oy

e ©)

y=h/2

— MEKOBI YMOBH JUISI OC1 X

oT
ox
oT
ox

x=0

(10)

x=L1/2
[ToyaTkOBY YMOBY B3SITO TAKHM YHMHOM:
T=T npu t=0. (11)

Bukonyroun BiJIOBi/IHI TeperpynyBaHHs 3 BAKOPUCTAHHSIM 1HTEIPAIbHOTO TIEPETBOPEHHS

Jlannaca, ozmep)kaHO HACTYIHE PIBHSHHS JJIS PO3MOAUICHHS TEMIEpaTypH B JIUCTI 3TiIHO
CXEMH, II0JIaHO1 Ha pHC. 2.

1-
2
> 71, l 71,
2-exp| — - |— =71, -erfc +
2 Xp{ 4.t]\/ﬂ 7 (2-% . (12)
2
> 72, l (721(]
+ 2-exp| — -1/—— 2, -erfc
kzz(; p{ 44] T it 24t

TerioBmif OTIK ¢7 BT OXOJIOIHOTO CEPEIOBHUINA MOKE OyTH BU3HAYEHHM i3 TAKOTO BUPA3y

_6oaCy gy
K 1/

qr S

(13)

ré

ne P; —rycruna; G, — surparn; C pi — TETUIOEMHICTD; S r¢ — TUIOIIA TIOBEPXHI, HA SKY I10/1a-
€THCS OXOJIOJIKYIOUe cepenoButie; 7, 1 — TemmepaTypH BiJIOBITHO TOBEPXHI TBEPOTO Tijia
I OXOJIOKYIOUOTO CepeIOBUIIA.

Kpim Toro, y it po60oTi po3paxoBaHO TeMIIepaTypHe HANPY>KEeHHsI, BAKOPUCTOBYIOUH TaKe
PIBHSIHHS

o= E | L T 16as 22 [y T0rdy-To) (14)
od=v |k 20 57 ol

1e ff — KoeilieHT JHIHHOTO PO3IMUpPEHHS;, £ — MOYJIb IPYXKHOCTI; v — KoedirieHT [Iyaccona;
h,=h/2.
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VY po6orti [7] cTBOpeHO MaTeMaTHYHY MOJENb ISl TeTUIOBUX MPOIECiB Y 30HI >KUBICHHS
OJIHO-YEPB’IYHOTO EKCTPYyAepa, IPpH IIbOMY PO3PaXyHKOBY CXeMY IPHUBEIECHO JO0 MJIOCKOI MO-
TN, SIK 300pakeHo Ha puc. 3.

kL

Puc. 3. Pospaxynkoea cxema OJisl aHaizy memnepamypu 6 30Hi HCUG/IeHHS.
00HOYeps sIYH020 ekcmpyoepa: I — kopnyc, 2 — nonimepruti mamepiai, 3 — ocepost uepe ‘aKa
MatemaTuuHy MOJIENb JJI1 MOJIETIOBAaHHS TEMIIEPATYPHOTO MOJISL OJIEP>KaHO 3 BUKOPUCTAH-
HSIM 1HTETPaJIbHOTO METOTY, IPU IHOMY Ha TPAHUIISIX MOIMEPY 31 CTIHKaMU KaHaTy BUKOPHUC-
TaHO MEXOBI TeMIlepaTypHi YMOBH JPYTOTO POy .
Jlnst BU3HAUEHHS TeMIlepaTypH B IMOJIMEPHOMY MaTepiaii oJep>KaHoO BHpa3 Y TAKOMY BH-
LIS

1 ,
Tz(z,y)=T2,,—ﬂv—-1/§ V- f.-P.-T, k,+T, -k, ) EX,(z.y)-
'S P
1

__.\/%.(VP.f;J.P:_Tkv'k1b+7—;k'k2b).EX2(Z’y)> (15)
P

EX,(z )—i 2-\/2-6)( _dl ~dl, -erfc A )|,
Jc 1\Z Y - T 4.7 k 2\/;

2
dlk:\/z- —[y—@jmg-(z-kﬂ)}dzk: &-Ky—%j+hg-(2-k+l)}
s L as
[ .
a, |

2
y+h—2gJ+hg-(2~k+1)}d4k= &'Ky+%gJ+hg-(2-k+l)}.
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V HaBeleHUX BHILE PiBHSHHAX BXOJSTH TaKi MO3HAYECHHS: fp, fy — KOe(ili€eHTH TepTs MiX
MOJIIMEPOM 1 BiJIIIOBITHO KOPITYCOM i OCepIIsiM; V), — BHUIKICT PyXY MOJIMEPHOTO MaTepiaiy;
P- — TuCK, cTBOproBaHU# y mosliMepi; ds — KoeQillieHT TeMIIepaTypOIPOBiTHOCTI.

3HaYHYy KUIBKICTh MaTeMAaTHYHUX MOJEJNIEH sl aHalli3y TEIJIOBUX 3aj7a4 HaBEeICHO B Ha-
CTYIIHUX Ipargix [8—12].

BugineHHss HeZoCTi/UKeHHX YACTHH 3arajbHOI npodJjeMu. MareMaTHIHy MOJAETH JUIS
BiJIOOpaXKeHHS IPOLIECIB 0XOJIOKEHHS ITOJIIMEPHUX JIUCTIB M IX eKCTpy3ii MO’KHA BBa)KaTH
PO3IIMPEHHSIM [IUX JTOCIiKEHb.

ITocTanoBka 3aBaanHs. OCHOBHA MeTa Ili€l CTATTi MOJIATae B po3poOIli MaTeMaTHYHOT MO-
JIeNl JJIs aHauTi3y TeMIIepaTypHOTO TOJIS MPU 0XOJIOKEHHI IMOJIMEPHUX JIUCTIB HA €KCTPY3iii-
HUX JIHISX, 10 JO3BOJIUTH ONITUMI3YBaTH HE TIIHKH TEXHOJOTIUHI apaMeTpH, a i KOHCTPYK-
THBHI XapaKTePUCTUKH JIIHII.

BukJaa ocHoBHOro MaTtepiauay gocaimkenns. [Ipu MosenoBanHi TemMrepaTypHuX MoJIiB
y TIPOIIeCi OXOJIOJDKSHHSI TIOJIIMEPHHX JIUCTIB BUKOPUCTAEMO MPSMOKYTHI J[ekapToBi Koopiu-
HaTH. [Ipu BHOOpI TpaHUYHUX YMOB CIIiJ] YpaxOBYBaTH pealbHI KOHCTPYKTUBHI OCOOIMBOCTI
CHCTEMH OXOJIOKEHHSI MOJIIMEPHUX JIMCTIB, 10 OJIEPKYIOTh Ha €KCTPY31MHUX JTIHIsX.

BepxHs OBEpXHS JIMCTA MEPEBAKHO OXOJIOKYETHCS MOBITPSIHUM MOTOKOM a00 B TOBIT-
PSIHO-BOJITHOMY CEpeJIOBHINI, P IIbOMY MOKHA MPHHHATH MEXOBI YMOBU TPETHOTO POJY,
TOOTO KOHBEKTUBHUMU TeII000MiH. HIOKHS MOBEpXHS JIMCTA HA MEBHIM, IOCTaTHRO JOBTil Ya-
CTHMHI PyXy JIUCTA, IPOXOJUTH IO POJUKAM OXOJOKYIOUOTO POJIbraHry, M0 Ja€ JI0JaTKOBY
MOXJIUBICTD y TIPUIIBUANICHH] ITBUIKOCTI OXOJIOPKEHHS OJICP>KyBaHOTO BHPOOY.

Po3paxyHKOBY cxeMy MO>KHA HOJATH 3TiAHO 3 pHUC. 4, e MPUHHATO Taki Mo3HauYeHHs: T,
Ty — TemrmiepaTypH BiIIOBITHO HA BEPXHIiH 1 HIDKHIM MOBEPXHSIX JIUCTA; 1 — TEMIIepaTypa 0XoJo-
JUKYIOYOTO Cepe/IOBHUINA Ha BEpXHill HOBEpXHi JiucTa; 1, — MoyaTkoBa TeMIeparypa JUCTa Ha BXO/Ii
B 30HY OXOJIO/DKEHHS; }- — IIBUKICTH PyXy JIUCTA.

3 ypaxyBaHHsIM [eBHUX MPHITYIIEHb PIBHSHHS TEIUIOBOTO OalaHCy MOKHA MO/IATH TAKUM YHHOM:

or o’T
pm'Cpm.I/z'E:/’lm. ay2 . (16)
YA /Th 7.
A
_’“Vz

Al To

¥

0 N7

0
Puc. 4. Pospaxynkoea cxema 011 MOOENI0GAHHS MeMNepAmMypPHUX NPOYecie
npU 0XOJIOONHCEHHT TUCIB

Me>0Bi YMOBH JUTSI CXEMH 32 pHC. 4 3aIUNIIyTHCS TAKUM YHHOM (3 ypaxXyBaHHS MPUANHITHAX
paHille 3ayBaXkeHb):

oTr
A '5=%‘(TC—T11) npu - y="n;

m

, (17)
T, =T, -exp(—z . kl) pu y=0,

I 0 — Koe(iMieHT TeIUTOBIIa4l MidK 0XO0JI0DKYIOUNM CEPEOBHINEM 1 BEPXHBOIO TUIONIHHOIO
nucra; kI — mapaMeTp, 10 XapaKTepHu3ye MBUAKICTh 0XOJIOKCHHS HIDKHBOT TOBEPXHI JIUCTA.
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OnepxaHHs MaTeMaTHYIHOT MOJIEITI 3T1/THO 3 IBOMa OCTaHHIMH BHpa3aMu 0y1eMO 3/TiHCHIO-
BaTH 3a JOIOMOIOI0 OIepaIliifHOro MeToy, BHKOPHCTOBYIOUH iHTeTpaJIbHE TIEPETBOPEHHS
Jlamtaca 3a xoopauHaroro z [13, 14]. Oneparopuuii anamor piBHSHHS (16), TOOTO BHpa3 (16)
ITiCTIs iHTerpalTbHOTO IepeTBopeHHs Jlaraca, Moke OYTH TIOJJaHUM Y TAaKOMY BHTJISI

20 L
de Sl (18)
dy a. a

z

L
ne T — mykana temmepatypa B 300paxkeHHsX; s — oneparop Jlamaca;

A

m

a =——,
- pm'Cpm'Vz

OmnepartopHi aHAIOTH ISl MeXKOBHUX YMOB (17) 3amuinyThest Tak
or* _a,-(T.-T,)

npu y=nh
L p
=0.
s+kl/L P 4

Pimenns pipastaas (18) mae Burisin [15]:

T
T =—p+Cl-exp[— /i-yj+C2-exp( IiyJ (20)
S a. a.

Jliis Toro mo6 ckopuctarucs piBHsSHHIM (20), Tpeba BU3HAUUTH cTaii iHTerpyBanus C; i
C2, U1 4oro HeoOXiHO Oe3rocepeHbO MiJICTABUTH APYTY MeKoBY yMOBY i3 (19) B (20). s
BU3HAYEHHS 000X CTAJIMX IHTETpYBaHH HEOOXITHO CIIOYATKy BUKOHATH AU epeHIitoBaHHS pi-
BHsTHHSI (20) 32 KOOPAMHATOO ), TMICTS YOTO IMiICTAaBUTH MEepITy MeXKOBY YMOBY i3 (19).

BukoHyr0OUM BHINICHABEICHI TIEpEerpyyBaHHS, B OIIEpaTOPHOMY BUTIISII piBHIHHS (20) Mo-
’KHA [MOJaTH TaKUM YHHOM:

T T k] exp( K, \/_ ) T » k1 eXp(K y-\/g )— exp(—K y-«/; )

L _~"»pr p

s S+k1/L L s S+kl/L L -[exp(Kh'x/;)+eXp(—Kh-\/§)] -
. (Tc _Th) a. eXp(Ky'\/;)_ eXp(_Ky'\/;)
_ e , ey
Ay \/? S~[exp(K h.\/§)+exp(—K h\/;)]
re K, = y/Ja.: K, =hl\Ja..

Crig 3a3HAYUTH, IO B OCTAHHBOMY PIBHSHHI B KBaJpaTHUX Jy)KKaX, SKi 3HAXOJATHCS B
3HaMEHHHKAX, Y pealbHUX YMOBaX MOKHA BUKOPHCTATH YMOBY:

explK,s) >> expl—K s . (22)

3 ypaxyBaHHsM yMOBH (22) Bupa3 (21) crportyeTbest 10 BUTIISITY

i L, I, K exp(—K \/_) T, .ﬂ'{exp(—Kmy-\/;)_exp(—Khy.\/g) .

s S+k1/L L s s+kl/L L

o0 fooki) ook ] o
A, Js s s ’

Ky, = e N Ky =)y

S S
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Ha octanHbOMY etari ofepaHHS MaTeMaTUYHOI MOJIENi CIiJ MepelTH BiJ 300paKeHHsI
temmeparypu 17 1o i opurinany 7. JIjist IIbOTO CKOPHUCTAEMOCS TAKUMH (POPMYJIaMH TIEPEXOTY
i Teopemamu [13-14]:

T eXp(K 5) k1 k1 ( k1 j
_r T .— P T _
s e fz\/_ skl L L TP TR

L, ! .exp<—Ky'®. L e 5 Ve o
ﬁe\/ﬂ-z’ s s+k1/Le£erf{2-JEJ eX‘{ L (= 5)}15'

OcTato4Ho BHpa3 AJs BU3HAYCHHS TEMIIepaTypH 3a CXEMOIO, 0 BIAMOBIAAE puc. 4 1 3riHO
3 IPUHHATUMHI MEKOBUMH YMOBaMu, OyJie MaTH BUTJISIA:

T(z,y)=T,- flU(z, )+ f2(z,y)— f3(z,p) . (24)

B ocrannboMy piBHSIHHI BBEJICHO TaKi (QyHKIIIT

S S A I B 2 SN
Np) =Ty Jerfd o ﬁ} ex{ L cf)}dé,
f2z)= 21z, y)—f22(z V)

h+y
f2Uz.y)=T ,— eXP{——( 5)} 4{
z,y z— 2\/7\/,

kl 7
f22z,y) =T ;— l{—— (z- ff) { Jd
y I OCX -er \/—\/—
f3(z)= 31z )~ 32z, y);

(T T, (2))a. ; hy | 1 '
3zy)=2 - jerfc W mdé,

(T, T(z) a. * h-y 1
z,y) = . dé .
f32z.5)= jerfc i

Ha npomy erarri TpeGa 3a3HAYMTH, IO y JBOX OCTAHHIX BHpa3ax BeWYHHA 1h(Z), sIKa BH-
3HauUae TeMIepaTypy Ha BEpXHill MIIOMHKHI TUCTa, € HeBigoMoro. [1o6 onepxatu ocrarouHuit
pO3paxyHOK, Tpeba i1 Bu3HAUMTH. )i IIbOT0, HANPHUKIIAA, MOXHA CKOPHUCTATHCS (DYHKITIEIO
root, K10 KopuctyBaTucs maketoM MathCAD.

Io6ynoBa mporpamuoro 6,10y MathCAD niis peasizanii po3po06/ieHOT MaTeMaTHIHOT
MojeJti. YMOBH ISl PO3PAaXyHKY:

W
ot 1= 28.6——

m2.K Tp = 430K Tg := 300K

v 810k—

m- kg-K
V, = 0,022 ag = L
h:=8mm * S Pm Cpm Vz
a,=9.82x 10 %m [ := 800mm T, := 303K
k1:=0.3
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Pimenus:
z=1mm,5mm.. L y:=0,Imm..h

k1
To(z) := Tp-exp —f-z

450

400
To(2)

350

300 | | |
0 02 04 0.6 0.8

4

Puc. 5. I'pagpix 3minu memnepamypu Ha HUICHIU NIOWUHT TUcmd

kl k1
fl(z,y) =Ty —- fi B d
(z Y) p L erfc 2\/_\/_j exp|: ( g)} g
0
L fay
v0
22(z,y) := Tp‘%_ aexp__Tld-(z ﬁ):| (erfc( \/_ \/_jj
JO B
2(z,y) = 21(z,y) — 22(z,y) f12(z,y) = Tp = f1(2,y) + £2(z,y) Tly:= T,
Tn(z) :=rootl =T1p + f12(z,h) — OLc'(TC_Tlh)'\/;Z. erfc h+h . 1 o 1
h : h 5 }\‘m 2\/52\/5 \/n_g s Tlp
_Tlh \/— JJ | dg
S bvord =
450
400
Th(2)

350

3OOO 02 04 06 0.8

4

Puc. 6. I'pagix sminu memnepamypu na 6epxuiil NIOwWuHi 1ucma
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o (T —kzl(z))'@.Jﬂ (erfc(z.jaiz.yﬁ)) Ji_i "

ote-(Te = Th(2)) /2, ( ( I D Jl
32(z,y) = . erfc . dg
Am 2.\/?2.\@ &
0
f3(Zay) = BI(ZaY) - Bz(ZaY) f(Z’Y) = Tp—fl(Z,y) +f2(Z,y) _B(Z’Y)

T := CreateMesh (f,0.001 ,L.,0,h,8)

31(z,y) :

Puc. 7. I'pagix sminu memnepamypu no 06 'emy nucma

BucnoBku BignoBiaHo 10 crarri. HaBeneHno cydacHuit niteparypHuit Orisy TeMIOBHUX 3a-
nad. Po3po0ieHo MareMaTHIHy MOJIENb TSl MOJICITFOBAHHSI TPOIIECIB OXOJIOPKEHHS TOTiMep-
HUX JIUCTIB micnd 1X ekcTpy3ii. [lodynoBaHo nmporpamuuii 6710k Ha 6a31 MaTEMaTHYHOTO TTAKETa
MathCAD niis peaiizaiiii po3po0ieHoT MaTeMaTHIHOT MOJIEI.

CnHcoK BUKOPHCTAHHUX JKepeJT

1. Bepa P., Cteroapt B., Jlaiidyt E. SIBnenus nepenoca. Mocksa : Xvumus, 1974. 688 c.

2. Béhme G. Strémungsmechanik nicht-newtonscher fluids. Stuttgart : B.G. Teubner, 1981. 280 s.

3. JleBannueB B. AHanM3 MOJHOW peoslorMyeckod MoOJEIM TeueHus paciiaBa noiaumepa. Bo-
cmouno-egponetickuil JcypHan nepeoosguix mexuonoeui. 2015. T. 2, Ne 6 (74). C. 11-16.

4. Jlesanuues, B. Pa3paboTka mMozenu ABHXKEHHUs paciijlaBa MoJiMMepa B SKCTpyaepe. Bocmouno-
esponetickuil dcypHan nepedoswvix mexronoeut. 2015. T. 5, Ne 5 (77). C. 7-13.

5. Kysses 1. M. MonentoBanHs poOOTH Ta MPOEKTYBaHHS €KCTPY3ilHHMX arperatiB 3 po3poOKoro
enemeHTiB CATIP : monorpadis. J{ninponerposerk : JIBH3 YVIXTY, 2008. 474 c.

6. Kysses M. M., Kazumupog U. I1., benumenko C. C. MoaennpoBaHue TEIIOBBIX MPOLIECCOB B pa-
604Mx 00beMax XMMHUYECKOTO U TETNIOIHEPreTHUECKOro 00opyaoBaHus. Bonpocwvl xumuu u Xum. mex-
Honoeuu. 2011. Ne 1. C. 160-167.

7. Kysses U. M., Cutap B. U., Cadponora U. B. MozenupoBanue TemrneparypHOro mnojsi B CH-
CTeMe KOpIyc — MOJMMEPHBI MaTeprall — cepIeHHUK YepBsKa /Ajsl 30HbI MMTaHUS OJHO YEPBSIUYHOTO
akcTpyaepa. Bonpocwl xumuu u xum. mexronozuu. 2004. Ne 2. C. 198-204.

8. Sikora J. W., Sasimowski E. Influence of the length of the plasticating system on selected
characteristics of an autothermal extrusion process. Advances in Polymer Technology. 2005. Vol. 24,
Ne 1. P. 21-28.

69



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

9. Hwang W. R., Kwon T. H. Chaotic Volumetric Transports in a Sing le-Screw Extrusion Process.
Polymer Engineering and Science. 2003. Vol. 43, Ne 4. P. 783-797.

10. Kabat O. S., Heti K. V., Kovalenko I. L., Dudka A. M. Fillers on the silica base for polymer
composites of constructional purpose. Journal of chemistry and technologies. 2019. Vol. 27(2). P. 247-254.

11. Hong B. K., Kim H. S., Chung C. I. The flow of polymer melts through the clearance over a
barrier flight in extruders. Polymer Engineering and Science. 2002. Vol. 42, Ne 3. P. 654—662.

12. Kabat O., Sukhyy, K. Antifrictional polymer composites based on aromatic polyamide and
carbon black. Chemistry & Chemical Technology.2018. Vol. 12 (3). Pp. 326-330.

13. utkun B. A., llpynnukos A. I1. MaTerpanbHble npeoGpa3oBaHus U ONEpalOHHOE UCUHUCTIe-
Hue. Mockga : Hayka, 1974. 544 c.

14. JlappentbeB M. A., Illabat b.B. Metoabl Teopuu (GYHKIUI KOMIUIEKCHOTO TMEPEMEHHOTO.
Mocksa : Hayka, 1973. 736 c.

15. Kamke 3. CnipaBoYHHK MO 0OBIKHOBEHHBIM UG PepeHLIMaIbHBIM YPaBHEHHUSM / TIEp. ¢ HEM. MO/
pen. C. ®. ®omuHa. Mocksa : Hayka, 1976. 576 c.

References

1. Berd, R., Stiuart, V., Laifut, E. (1974). Yavleniia perenosa [Transfer phenomena]. Chemistry.

2. Béhme, G. (1981). Strémungsmechanik nicht-newtonscher fluids. B. G. Teubner.

3. Levanichev, V. (2015). Analiz polnoi reologicheskoi modeli techeniia rasplava polimera [Anal-
ysis of the complete rheological model of the polymer melt flow]. Vostochno-evropeiskii zhurnal
peredovykh tekhnologii — East European Journal of Advanced Technologies, 2(6 (74)), pp. 11-16.

4. Levanichev, V. (2015). Razrabotka modeli dvizheniia rasplava polimera v ekstrudere [Develop-
ment of a model of polymer melt movement in an extruder]. Vostochno-evropeiskii zhurnal peredovykh
tekhnologii — East European Journal of Advanced Technologies, 5(5 (77)), pp. 7-13.

5. Kuziaev, 1. M. (2008). Modeliuvannia roboty ta proektuvannia ekstruziinykh ahrehativ z
rozrobkoiu elementiv SAPR [Model robots of this design design of extrusion aggregates from the
Rosroboy Element CAD]. DVZ UDKHTU.

6. Kuziaev, I. M., Kazimirov, L. P., Belimenko, S. S. (2011). Modelirovanie teplovykh protsessov v
rabochikh obemakh khimicheskogo i teploenergeticheskogo oborudovaniia [Modeling of thermal
processes in the working volumes of chemical and thermal power equipment]. Voprosy khimii i khim.
Tekhnologii — Chemistry and chemical issues. Technologies, 1, pp. 160-167.

7. Kuziaev, 1. M., Sitar, V. L., Safronova, 1. V. (2004). Modelirovanie temperaturnogo polia v
sisteme korpus — polimernyi material — serdechnik cherviaka dlia zony pitaniia odno cherviachnogo
ekstrudera [Modeling of the temperature field in the system case - polymeric material - worm core for
the feeding zone of one worm extruder]. Voprosy khimii i khim. Tekhnologii — Chemistry and chemical
issues. Technologies, 2, pp. 198-204.

8. Sikora, J. W., Sasimowski, E. (2005). Influence of the length of the plasticating system on selected
characteristics of an autothermal extrusion process. Advances in Polymer Technology, 24(1), pp. 21-28.

9. Hwang, W. R., Kwon, T. H. (2003). Chaotic Volumetric Transports in a Sing le-Screw Extrusion
Process. Polymer Engineering and Science, 43(4), pp. 783-797.

10. Kabat, O. S., Heti, K. V., Kovalenko, I. L., Dudka, A. M. (2019). Fillers on the silica base for polymer
composites of constructional purpose. Journal of chemistry and technologies, 27(2), pp. 247-254.

11. Hong, B. K., Kim, H. S., Chung, C. I. (2002). The flow of polymer melts through the clearance
over a barrier flight in extruders. Polymer Engineering and Science, 42(3), pp. 654—662.

12. Kabat O., Sukhyy K. (2018). Antifrictional polymer composites based on aromatic polyamide
and carbon black. Chemistry & Chemical Technology, 12 (3), pp. 326-330.

13. Ditkin, V. A., Prudnikov, A. P. (1974). Integralnye preobrazovaniia i operatsionnoe ischislenie
[Integral transformations and operational calculus]. Science.

14. Lavrentiev, M. A., Shabat, B. V. (1973). Metody teorii funktsii kompleksnogo peremennogo
[Methods of the theory of functions of a complex variable]. Science.

15. Kamke E. (1976). Spravochnik po obyknovennym differentsialnym uravneniiam [Handbook of
Ordinary Differential Equations] (S. F. Fomina, Trans.). Science.

70



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

UDC 004.94+532.135
Ivan Kuzyayev, Oleksandr Mitrokhin, Igor Kazimirov
MODELING PROCESS OF CHILLING OF POLYMER SHEETS

Urgency of the research. The chilling of polymer sheets, as most polymer processing processes, refer to non-isothermal
process. This means that it is necessary to solve the heat task. Accurate calculation of the heat balance is one of the main
components for achieving the result of the extrusion process. Therefore, it had been suggested mathematical model and program
block for it realization help increase technological and economics index of extrusion line for production of polymer sheets.

Target setting. Many scientific works are devoted to the production of polymer sheets. However, the process of chilling
polymer sheets received less attention.

Actual scientific researches and issues analysis. Several mathematical models of thermal processes for thermal power
equipment have been created. For example, for single-worm, double-worm and worm-disk extruder, etc. It had been suggested
different design scheme, methods and equations for its solution.

Uninvestigated parts of general matters defining. The mathematical model for process of chilling of polymer sheets after
its extrusion can be considered as an expansion of investigations.

Setting a task. The main task of this article is in developing mathematical model for analysis of temperature field when
chilling polymer sheets on extrusion lines, that permits to optimize technological and constructional parameters.

The statement of basic materials. Border conditions depend on real constructional features of chilling of polymer sheets that
produced on extrusion lines. Scheme and heat balance equation were designed. The mathematical model was received with help
of Laplace transform. Computer program for calculation of parameters for specific production conditions was created.

Conclusions. A modern literary review of thermal problems is given. A mathematical model for modeling the cooling
processes of polymer sheets after their extrusion has been developed. The program block on the basis of the mathematical
package MathCAD for realization of the developed mathematical model is constructed.

Keywords: extrusion line; balance equation; thermal energy; mathematical model; program block.
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Bonooumup Kanvuenxo, Bimanini Kanvuenko, Cepeiii [Juoyns, €eeeniti Caxro

BU3HAYEHHS ITIOXUBKHU ITPOLECIB IJII®YBAHHSA
TA IBUAKICHOI'O ®PE3EPYBAHHA 3 YPAXYBAHHAM
CTATUYHOI TA JUHAMIYHOI HEBPIBHOBAKEHOCTI

AKkmyanvHicmo memu 00cnionceHHA. Jlocume uacmo Onsi OMpUMants HeoOXiOHOI MOYHOCMI U20MOGIeHH s Oemarnell,
BOHU 0OPOONSIOMBCS HA KPY2LOULTIQDYSAILHUX, 6HYMPIUHbOULLIYBANLHUX, NIOCKOWLIQYBANbHUX MA Pi3bOOWLIQY8aNbHUX
eepcmamax. llonepednvo epieHosadcere uinighyéanvHe KO0 8 Npoyeci eKchiyamayii mpayac 8pieHo8ax}ceHUt cmaH i Habyeae
oucbanauc, wo 3minemocs npomsieom yacy. OOHIEN 3 NPUYUH, WO GUKIUKAE 3MIHY OUCOANAHCY, € 3HOC WAIPYBATbHO20 KOIA,
AKUT Modice Oymu HepigHOMIpHUM abo piHomipuum. HepieHomipHuil 3H0C 6UHUKAE Y 36 'SI13KY 3 PO3CIHOGANHAM MIYHOCHI pi3a-
JIbHOT NOGePXHI KOAA (VY Medcax 00H020 iHcmpymenma). Ilpu pieHoMIpHOMY 3HOCI, 30KpeMa il 30 PaXyHOK NPAGOK KOId, He8pi6-
HOBANICEHICMb BUHUKAE Yepe3 HePIGHOMIPHY WiNbHICMb, GIOXUNIEHHS PO3MIDI6, (hopmu il pO3MAULY8AHHS NOBEPXOHD.

Ilocmanogka npodnemu. V npoyeci 6UKOHAHHs WLiQy8anoHUx pobim HeoOXIOHO 6pAX0GYE8AMU Me, WO UWNUHOCLb ULli-
¢ysanvrozo eepcmama enHacniook 3Hocy uLNighyeanvbHo20 Koaa, NIOOAMAUBOCMI ONOP, 32UHANLHOT HCOPCMKOCMI Nepexooumn
V HeBPIGHOBAIICEHUTI CMAH, U0 6NIUBAE HA MOYHICMb [ AKICHb MeXaniunoi 06pobku oemaneil. Tomy eunuxae npobiema eusHa-
YeHHSI NOXUOOK NONOJICEHHS POMOPA OUHAMIYHOI CUCMEMU 3 YPAXYBAHHIM CIMAMUYHOT Ma OUHAMIYHOT He6PIGHOBANCEHOCMI,
CKAAO00BUX CUJI PI3AHHS MA NPYHCHUX 3YCUNb, U0 GUHUKAIOMb 6 ONOPAX WNUHOETbHO20 6V3Id.

AHnaniz ocmannix 00cnioxncens i nyonikauii. Y pobomi 6ynu posensinymi ocmanni nyonixayii 3 yiei memu, sxi npedcma-
8IEHO Y BIOKpUMOMY 00CMYNI, GKNI0UarOYU mepexcy Inmepuem.

Buoinenna nedocniosyceHux yacmut 3a2anvHoi npoodnemu. Bioomi 0ocniodncerHs mouHOCHI npoyecy uLiihy8anHs 6aNCKO00-
pobnosanux demaneti He 6PAX08YIONb GAIUE CIMAMUYHOI, OUHAMIYHOL MA MOMEHMHOI HEGPIGHOBANCEHOCE MEXHONOIMHOI CUCEMU
wighyeanvrozo eepcmama. OOHAK y npoyeci OYIHIOBAHHS MOYHOCH NONOXHCEHHS WNUHOES 8 NPOCMOPOBUX KOOPOUHAMAX ma mo-
YHOCMI GULOMOBIEHHSL 3A0AHOT Oemali 6 MAMeMamu4Hii MOOei npoyecy MexaniuHoi 06pooKiL HeODXIOHO 6PAX08YEAMIL NEPePaxo-
6ari pakmopu. Tomy Oari 0ocrioxHceHHA Oaromb MOHCIUBICINb KOHCIMPYKIMOPY NIOSUWUMI IMOYHICb NPOEKNTY8AHHS MeMANopi3a-
JIbHUX 6epCcmamie ullighysanvHol gpynu npu 0o6pobyi demaneti, sIKi MArONb KOHCIPYKMUGHY HEGDIGHOBANMCEHICHTb.

Ilocmanoeka 3a60anna. Memoio yiei HAyK0680i pobOMuU € MOOENIOBAHHSL NOLONCEHHS, WNUHOIS ULTIQhy8anvHux ma ¢pe-
3ePHUX 6ePCMAMIB 3 YPAXYBAHHAM THEPYIUHUX 3YCUNb, SKI GUHUKAIOMb YHACIIOOK CIAMUYHOT ma OUHAMIYHOI He6pPIGHOBAM Ce-
HOCmi pOMOpPHO20 8Y314, W0 00YMOBTIOE MOUHICb I AKICMb NPOYeCy MeXaHiuHoi 00pooKiL.

Buknao ocnosnozo mamepiany. Cman 8pigHo6axiceHoCmi WNUHOETbHO20 8Y31d, 8I0DANAHCOBAHO20 3A6000M-BUL0MO6-
noeayvem, npu 0opobyi demaneil Ha MemMAaIOPi3AIbHUX epcmamax 6e3ynuHHo sminoemocs. [pu wnigyyeanni oucbanranc eu-
HUKAE GHACNIOOK 3HOULYBAHHSA | HEOOHOPIOHOI CIMPYKMYPUL 3MIHHOI IHCIMPYMEHMANbHOT 20]106KU WNIPY6anbHO20 Kpyed. Y npo-
yeci 06pobKu demaui, KA 06epPMAEMbCsL, GiH 3YMOBIEHUTE HEGPIGHOBAICEHOI 3A20MOBKOI0. [l KOMNEHCAYil petCUMHOL 3MIHU
oucOanancy i 3 Memoro nioGueH s SKocmi 06podKU, 0COONUBO HA IHIUHUX Onepayisx, 6e3 ZHUNCEHHS HOPMAMUGHUX PedCU-
MI8 pI3aHHs HA WNUHOENb 6ePCMAMA 6CMAHOBIIONMb KOPUSYEATbHI MACU, OUCKU 3 NPUBOOOM iX 810 2iOpocmamuunoi abo
2i0poOUHamMiuHOI onop.

BucHoeku 6ionosiono 0o cmammi. V pesynomami npogeoeHux 00CiioHceHb y pooomi OmpuMano MamemamuiHy Mooeisb
NONONCEHHS WINUHOCIA WNIQYBANbHO20 8epCmama 3 YpaxyS8aHHAM CKIAO0BUX CINAMUYHOT Md OUHAMIYHOT HeBPIGHOBANCEHOCM
POMOpa, sIKA GUHUKAE BHACIIOOK NOXUOOK MEXHONOZIYHOI CUCmMeMU 6epCmama ma 3Hocy wiighyeaibho2o kona. Bukopucmosy-
10UU Y10 MOOENb MONCHA NPOGOOUMU PO3PAXYHOK NOXUOOK MEXAHIYHOI 00pOoOKU, w0 euHUKaoms npu pizanni. Tarxodc ye 0oc-
JOJICEHHSL 00380JIAE YMOUHUMU GNIUG NOXUBOK Npoyecy Wiighyeants Ha sKicmo 06pobKu Oemaietl, uo 0ae MONCIUBICMb ON-
MUMIZY8AMU pedcuMu Pi3anHs i, 6i0N0BIOHO, nideuw UM epekmusHicmv npoyecy wlnighyeanus. L{a memoouxa maxosc modxce
BUKOPUCHOBYBAMUCS Ol BUCOKOULBUOKICHO20 (hpe3epysantsl, ke € albmepHaAmugoIo uiigyeanHio.

Knrwuoei cnosa: gppesepysanns; uwinighyeanns; noxubrku, moyHicme.

Puc.: 1. bi6n.: 7.

AKTyaJbHicTh TeMH. JIOCHTB 9acTo I OTPUMaHHS HEOOXiTHOI TOYHOCTI BUTOTOBIICHHS
nerasieil BOHU 00poOIISIOTHCS Ha KPYTJIoNUTi(hyBabHUX, BHYTPIITHBOILT(DYBaTbHUX, IJIOCKO-
nutigyBaTbHUX Ta pi3kO0NLTiyBATBHEX BepcTaTax. [lomepeTHbO BpiBHOBaKEHE MIUTIPyBaTTbHE
KOJIO B IpoIIeci eKCIuTyaTallii BTpayae BpiBHOBa)XXEHUH cTaH 1 HabyBae nucbaiaHe, 1o 3MiHIo-
€ThCS TIPOTATOoM 4acy. OJIHI€I0 3 MPUYHH, IO BUKIIMKAE 3MiHY JHUCOANaHCy, € 3HOC NutidyBa-
JBHOTO KOJIa, SIKKI MOKe OyTH HepiBHOMiIpHUM abo piBHOMipHUM. HepiBHOMIpHUH 3HOC BUHU-
Kae y 3B'A3Ky 3 PpO3CIIOBaHHSIM MIITHOCTI pi3ajbHOI IMOBEpXHI Koja (B MeXaxX OJHOTO
incrpymenTa). [Ipu piBHOMIpHOMY 3HOCI, 30KpeMa i 3a paxyHOK PaBOK KOJIa, HEBPiBHOBaXe-
HICTh BUHUKAE Yepe3 HePIBHOMIPHY IMUIBHICTE, BIIXUICHHS PO3MipiB, (POPMH 1 po3TaIyBaHHS
noBepxoHb. KpiM Toro, 3MiHa HEBPiBHOBAKEHOCTI MOXE OYTH BHKIMKAHA HAKOIMUYEHHSM Y
KOJIi BiIXOJIiB IITi(hyBaHHS Ta MAaCTHILHO-OXOJIOKYBAIBHOI PITAHU Y 3B’ SI3KY 3 HEOJHOPIJI-
HOIO MOPUCTICTIO NUTihyBaIbHOTO KOJTa. Tomy mporiecu OanaHCyBaHHS JOIITEHO BUKOPUCTO-
BYBAaTH Ha BepcTaTax NuUTi(QpyBaIbHOI IPYIH Ta BepcTaTax Juls IMIBHIKICHOTO ()pe3epyBaHHS.

© Kampuenko B. B., Kamsuenko B. B., LHudyns C. 1., Caxno €. 0., 2020
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ITocTanoBKka nmpodaemu. Y mporeci BUKOHAHHS HUTI(PyBaTbHUX poOIT HEOOXITHO Bpaxo-
BYBATH Te, IO IIHH/EIb NUTI(YBAILHOTO BepcTaTa BHACHIIOK 3HOCY MUTi(hyBaIbHOTO KOJIa,
iIATIIABOCTI OITOP, 3THHAIBHOT )KOPCTKOCTI MTEPEXOANTh Y HEBPIBHOBAKCHHM CTaH, IO BILIH-
Ba€ Ha TOYHICTD 1 IKICTh MeXaHI4HOT 00poOKH JreTaeil. ToMy BHHHKAE MpoOIeMa BU3HAYCHHS
MOXHOOK TIOJIOKEHHSI POTOPa TUHAMIYHOI CHCTEMH 3 YpaXyBaHHSM CTaTHYHOI Ta TMHAMIYHOI
HEBPiBHOBAYKEHOCTI, CKJIAZIOBUX CHJI Pi3aHHs Ta MPYKHUX 3yCHJIb, [0 BHHUKAIOTHh B OIOpPaXx
IIITAHIETFHOTO BY3JIa.

AHAJII3 0CTaHHIX JOCTIKeHD | my0Jtikamiii. Y po6oTi [1] po3risiHyTo cydacHi TeXHOJIOTIT
BUTOTOBJICHHSI BUCOKOTOUHHMX JieTallell pisHUMH MeToiamu. HaBeieHo MaTreMaTHyHy Teopiro Ipo-
TieciB (piHIMHOT MeXaHiYHOT 00poOKH MaTepialiB Ta chopMyTHOBAHO MPAKTUYHI PEeKOMEHIAIi
1010 BITPOBAKEHHS IIPOIPECUBHUX TEXHOJIOT1H MeXaHIYHOi 00pOOKH Yy BUPOOHUITBO. Y pobo-
Tax [2; 3] mpoBeaeHO TOCTIKEHHS KPYTJIOro IUTi(hyBaHHS IEPEPHUBUACTUME KPYTraMH i TTOKa3aHO
I IBHIIICHUH piBeHb 0OPOOJICHHS TIOBEPXOHh KOYCHHS B IOPIBHSIHHI 3 TPAJIUIIIHHAMHI METOIaMH
nutipyBanHs. Takox BU3HAYEHO OBEMIHKY IIITAHIEIIS LTI yBaITEHOT OA0KH TP 3MiHI JKOPCTKO-
CTi OTOp JUIsl pO3POOKK aBTOMATUYHOI CHCTEMH cTalui3allii BETMUMHY 3a30pY B IiIPOCTATHYHUX
T IIMAITHAKAX JUTS TIBUIIEHHS CTAIOCTI Tporecy mnntidyBanHs. Y [4] po3IIITHYTO METOJT BH/Ti-
JICHHS 3 YaCOBOTO PsITy TIEPioIMYHOI CKIIa0BOI BiOparriiiHoro mporecy. [IpencrasieHo excrepu-
MEHTATGHUM MPOTOTHIT CHCTEMU BUMIPIOBAHHS BIOpaIliii JAJIsl MIPOMHUCIOBOTO HUTiI(hYBAIBHOTO 00-
JagHaHHg. Y poOoTi [5] po3risHyTO mpoOJIeMy IOBHOIO OallaHCyBaHHS OaraTOYallKOBOIO
aOpa3WBHOTO IHCTPYMEHTY, PO3pO0JICHO I'padivuHy MOEh IpoIiecy OaaHCyBaHHS.

BuaisieHHs HeT0CTI/IKeHHX YACTHH 3araJibHOI mpodaemMu. Bigomi mociiKeHHS TOYHOCTI
nporiecy 1utipyBaHHsT BaXKKOOOPOOITIOBaHHX JIeTaleil He BpaXxOBYIOTh BIUIMB CTATHYHOI, JTMHA-
MIYHOI Ta MOMEHTHOI HEBPIBHOBa)XEHOCTI TEXHOJIOTIYHOI CHCTEMH ILTi(PYBaIHLHOIO BepcTaTa.
OnHax y mporieci OIiHIOBaHHS TOYHOCTI ITOJIOKEHHST IMITHH/IEIS B TPOCTOPOBUX KOOPMHATAX Ta
TOYHOCTI BUTOTOBJICHHS 3aJ]aHO1 JeTali B MaTeMaTHUHIi MOJIelli Iporiecy MexaHiuHoi 0OpoOKu
HEoOXiJTHO BPaxOBYBAaTH MepepaxoBaHi (hakropu. ToMy JaHi JOCHIPKEHHS JTAFOTh MOKJIHBICTh
KOHCTPYKTOPY TiIBUIIIUTH TOYHICTh MPOEKTYBAHHS METAIOPI3aIbHUX BEPCTATIB ILTi(PYBaTHHOI
TPYIH Ipu 00poOIIi JeTaeil, sSiKi MatoTh KOHCTPYKTHBHY HEBPIBHOBAXKCHICTb.

IMocranoBka 3aBaaHHst. MeToo 1€l HAYKOBOT pOOOTH € MOJICITIOBAHHS TIOJI0)KEHHSI IIITH-
HJICIIB MUTIQyBaTBHUX Ta (Ppe3epHUX BEPCTATIB 3 ypaXyBaHHSIM iHEPIIIHHUX 3yCHIIb, SIKi BUHH-
KalOTh YHACIIJOK CTaTUYHOI Ta JUHAMIYHOI HEBPIBHOBAXXEHOCTI POTOPHUX BY3JIiB BEPCTATIB,
10 3yMOBJIIO€ TOYHICTb 1 SIKICTh MPOIECY MeXaHIuHOT 0OpOOKH.

Bukiiax ocHoBHOro marepiaay. Ctan BpiBHOBa)KEHOCTI IIITMHJICIIEHOTO BY3J1a, Bij0OaiaH-
COBAHOT'O 3aBOJIOM-BUTOTOBIIIOBAYEM, ITpH 00pOOITi AeTajieil Ha MeTalopi3alIbHAX BepcTarax Oe-
3yNUHHO 3MiHIOEeThCs. [Ipu mutidyBanHi AucOananc BUHUKAE BHACIIIOK 3HOIIYBAHHS 1 HEOTHO-
PITHOI CTPYKTYpH HUTipyBalIbHOrO Kpyra. Y mporeci oOpoOKH Aeraii, sika 00epTaeThesl, BiH
3YMOBJICHHI HEBPIBHOBAKECHOO 3ar0TOBKOIO. JJ1s1 KOMIICH AITiT peXKMMHOT 3MiHH JTucOanancy i
3 METOIO Mi/IBUINEHHS IKOCTI 00pOOKH, 0OCOOIUBO Ha (iHIIIHUX Omepaiisx, 6e3 3HUKEHHs HOp-
MaTHBHUX PEKUMIB Pi3aHHS Ha IITUHJIEb BepCTaTa BCTAHOBIIOIOTH KOPUTYBAIBHI (HEBPIBHO-
BaxkeHi) Macu (KM), [6] aucku 3 IPUBOJIOM X BiJT TiIPOCTATHYHOI 200 TiIPOIUHAMIYHOI OTIOP.
ITo oKpyY>KHOCTI TUCKIB 3 OOKY TOPIIEBUX MTOBEPXOHB IMPOCBEPIIICHO Z) OTBOPIB, OCI AKUX IMapa-
JenpHi oci mmuHens. YacTrHa 0TBOPIB 3aOBHEHA CBUHIIEM (Z<Z/2) my1st nonanHs KM neBHOTrO
3HAYCHHS AUCOaIaHCy, IO KOMIICHCY€E BEKTOp TUCOaIaHCiB HEBPIBHOBAKEHOTO TIITHH/ICIIS.

BimmnentpoBa cuia, CTBOpIOBaHa OJTHUM CBHHIIEBUM IHJIHIPOM IPH 00EePTaHHI IITHHIEIIS
3 KYTOBOIO IMBHJIKICTIO @ , JOPIBHIOE:

2
F :Mcu a) Rcu,
ne M., — Maca CBHHIICBOTO AIIHAPA; Ry — pajiilyc pO3MIIIeHHS CBUHIIEBOTO IMITIHIpA.

[Tpu oMy yMOBa KOMIIEHCAIIT HEBPIBHOBAYKEHOCTI 00pOOIFOBAHOT 3ar0OTOBKH OTPHMAaHa
B pobori [6].
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[Tpu 00poOITi CKITaIHUX 1 BAXKKOOOPOOTIOBAHUX JeTallel MOXHOKH 00pOOKH, 10 BHHHUKA-
IOTh YHACIIJIOK Jie(hopMaIliif TEXHOJIOTIYHOI CUCTEMH Ta 11 €JIEMEHTIB € JIOMIHYIOUMMH B CyMa-
pHi ToxXuOI 00poOKu. J[st IXHBOTO BU3HAYCHHS MPOBEAEMO JHMHAMIYHI JOCITIDKEHHS CHUC-
TEMH LINHUH/ENb — HeBpiBHOBa)KeHa 1UTi(hyBasibHa rojioBka (puc. 1).

X dX

Puc. 1. Jlo suznauenns noxubku o0pooKu. a — cxema 0is GUSHAYEHHS NPUBEOCHOT
macu cucmemu; 6 — po3pAxyHKo8a cxema OUHAMIYHOT cucmemu
3ruHaIBPHAN MOMEHT Y TIepeTHHI muHeI (puc. 1, @) BU3HaYaeThes 3a GopMyIIoro:

M, =P(Z—x)+L2x)2, (1)

ne P — Bara notidyBajgbHOI TOJIOBKH; ¢ — TOTOHHA Bara IITTHH]IEIS.
PiBHsIHHS TpY>KHOT JTiHIT pOTOpa Ma€ BUTIISI:

d’y o -x)’
EJW:P(Z_X:)-FT. (2)
[HTETpY€EMO NBIUl OTpUMAEMO:
)3 A\
y 2= Um0 o p 3)
6LJ 24EJ

[TocTiini inTerpyBarss C u D 3HaiAeMO 3 MOYATKOBUX YMOB 1pu X = 0, y = 0:

x=0; y=0;, @ =0.
X
[Ticns migcTaHoBKH B [3] o1epKUMO:

- 1 [P(l X)) qU-x) +lz[p+q_ljx_l_(1>+q—lﬂ. 4)
YV IE 12 2 3 4

Ilpu x=LY,. =Y;:

Y, L 13(P+q—lj—l—(13+q—lj :
2EJ 3 3 4
Bupaxaroun Y, uepe3 Y, sHalinemo:
3 4
{bf (P+‘§lj{’;(}>+qz)—ql’;}}1f
. &)

(2P+qul3
374

3akoH 30epeKeHHs €HEePrii 71 JMHAMIYHOI CHCTEMH Ma€ BHUTJIS;

Yx:
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e 72
mY
T= j dT, +—¢ (6)
0 2
ne JdT :ﬂ Y? — KIHETHYHA EHEepris eJeMeHTa MEXaHIYHOI CHUCTEMHU JTOBXKHHOIO dX;
x M

2q
T= MYZ — KiHETHYHA €Hepris BCiei cucTeMHU.

Saminastoun 7’1 dTy IXHIME 3HAUYCHHSIMHU, 1 ITHTETpyIOUd BUpa3 (6), 0AepKUMO GOPMYITY JUIS
BU3HAYCHHS HaBEJICHOT Mach poTopa:
_(0,104P% +0,08Pql +0,016¢*)P ™

ml’l 1 b
0,6+ qgl*
( 17 )

ne g = (/I — moroHHa Bara IImuHes; P — Bara nnti)yBaJbHOI TOJIOBKH; / — JIOBXKHHA KOHCOJTI.

Jlani B poOOTI TOCTIKYyEMO 3MYIIIEH] KOJIMBAHHS CUCTEMH 3 YpaxXyBaHHSM CTaTHYHOI 1 U~
HaMI9HOi HEBPIBHOBA)KEHOCTI, a TAKOXK 3 YpaXyBaHHSAM JIii CKJIQJIOBUX CHJI pi3aHHS Px 1 P-, a
TaKOX MPYKHHUX CHJI Iy MACTHIIFHOTO MaTepiaity MiAIHUITHAKA (OChOBa CKJIaI0Ba CUIIN Pi3aHHS
HE BpaxOBY€ETHCS Uyepes il Maie 3HAaYCHHS).

[IpescTaBuMoO MeXaHIYHY CHCTEMY B TPUMipHOMY IpocTopi. CucTeMa Mae 0ChOBY iHEpIIito,
00epTaeThes 3 KYTOBOKO IMBHJIKICTIO @ Ha JIBOX ornopax A i B 3 koedirieHTaMu X0pcTKOocTi C;
i C2 (puc. 1, 6). Bubepemo Hepyxomy cucteMy koopauHat OXYZ tak, mo0 ii moyaTok 30iraBcst
3 JIIBOIO OTOPOIO B MOJIOXKEHH1 piBHOBAru. Jlogamo cucreMi Malie mepemimeHHs, To1i KOopIu-
HaTtu onopu A OyayTe Y;; Z;1, a xoopawHatu ortopu B — Y2, Z> Ilpu 1iboMy, TUHAMIYHI TTOXHOKH
00pOOKHM BU3HAYAIOTHCS SIK PI3HHII KOOPAUHAT KIHIIEBOTO i IIOYATKOBOTO TIOJIOKEHHS CUCTEMHU
Yo-Yi, Zo— 7.

["on10BHUIA TIEeHTpATBLHUI OCLOBUIT MOMEHT 1HEpIlii BU3HAYAETHCS 32 GOPMYIIOL0:

1 1
I,=—MR +=M,R’, (8)
2 2
ne M; 1 M>— maca mimuH eI 1 T (hyBaIbHOI TOJIOBKH, BITIOBIIHO; R 1 R — pajiyc MIMTAHICIIS
1 T yBaIbHOT TOJIOBKH.
MoMeHT iHepIIil BiTHOCHO OCi, IEPIIEHIUKYJIIPHOL IO Oci 00epTaHHS pOoTOpa, 3 ypaxyBaH-
HSIM 3MIIEHHS IIIMTAHENS ITi]T Ji€10 TeXHOJIOTIYHOro AucOanancy Oye:
R I R I
J=M|—+— [+M,| ~—+1|. )
4 3 4 3
KyT MiX mpoekIriero oci MIMmuHEs Ha MIIOMUHY XY 1 BicCIo X MO3HAYMMO [, a MiX BicCIO
HIMTAHENS 1 11 IPOEKIIi€r0 Ha IUIONIMHY X) TO3HAYUMO Y. 3allUIIeMO KOOPIMHATH IICHTpa Baru
C 3a popmynamu:

[ / [ [
V=Y 24Y, 07, =-Z 247,
/ / L [
Toni kytu f1 yOyayTh BUpakaTUCs yepe3 KOOpAUHATH [ = hoh sy = 2 =2, .

/ /
ExcrenTpucurer Balty mo3HauuMo 4epes e. ['0JI0BHA BiCh 1HEPIIil yTBOPIOE 3 Biccio 00ep-
TaHHA KyT O. [lmomuHa, y SKiif JeKHATh KYT O, 1 IUIOIIMHA Xy YTBOPHTH KYT (@f — £), ie &€ — KYT
BIJIXFUICHHSI OC1 BiJI BEpTHKai, @ — KyTOBa IMIBUIKICTE OOESPTAHHS TOJIOBKH. 3 ypaxXyBaHHSIM
BHIIE3a3HAUEHOTO, IEHTPH 1HEPIIil V¢ 1 Z., BIAXUIICH] Ha BETUYHHY €, BU3HAUAIOTHCS 3 BUPA3y:
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Y =-Y —ecos a)t}

[4

Z.=7+esin ot

(10)

3 ypaxyBaHHSIM KOOPJIMHAT IIEHTPIB Baru X 1 Zc, KyTiB £ 1 % a TaK0oX MiaTINBOCTI OTIOp
poOTOpa B MOMEPEUHOMY HANPSIMKY, PIBHSHHS HA0YAyTh TAKOTO BHUTJISTY:

M (9,0, —1,3) + ey, + ¢,ly, = Melw® coswt + P 1 - Q1
M (3,0, - L,Z) +c|lz, + c,lz, = Melw’ sin wt + PP — Q I
Joo(¥, =) —=J(Z,=Z)+ellz, +c,lz, =(J,—J)x
x5 sin(wt — )+ (P, — F.)HI — O.L.l; ’ (an
Joo(Z,=Z)=J (3, =y +elly, +c,Lly, =(J —J,)x
x*16 cos(wt — €)+(F, - P)LI- QO Ll.

ne Oy Ta Q- — mapaMeTpH Bard IIITHHJIEIS 110 KOOPAWHATAX ) 1 Z.

Po3p’s3anns piBasiHHES (11) TpoBOAUTHCS BiIOMUMH MareMaTuyHUME MeTtomamu Ha [1K.
PesynbraTe 103BOJISIOTH OJIEpKATH IHCHY KapTHHY NEpeMIilleHb, IIBHIKOCTI 1 IPUCKOPEHHS
poTopa B IepeXiTHOMY PEXUMIi 3 ypaXyBaHHSIM YTOYHEHUX KOOPIAMHAT €JIEMEHTIB IIITHHICIIS.
3MiHIOIOUH KOOPIUHATH Y 1 Z MOXHa yIpaBIIATH piBHEM BiOpallii poTOpHOiI CHCTEMH i, B OCTa-
TOYHOMY MiJICYMKY, HapaMeTpaMH SIKOCTI MeXaHIYHOi 0OpOOKH.

[Tepemori ¢ipmu Schiess koop Ta Junker (Himeuunna) a1t 00OpoOKH CKIIATHUX ITOBEPXOHD
3 KpUBOJIIHIKHHUM mpoderieM BukopucToBYIoTh Bepcrat 3 UIIK, B sxux mporecu ¢pesepy-
BaHHS Ta NUTiI(yBaHHS BUKOHYIOTHCS ITOCIIOBHO HA OJHOMY BEpCTaTi.

®ipma Schiess koop Brepie 3ampornonyBaia ppe3epyBaHHs Ta NUTiQPyBaHHS KYJIadKiB po-
3MOAUTFYAX BaJIiB JBUTYHIB BHYTPIIITHBOTO 3rOpaHHS 3 TIOCITIIOBHAM BBOJIOM iHCTPYMEHTAIh-
HUX 0a00K y 30HY 0OOpOOKH.

[HCTpyMEHTaTbHA ITOBEPXHS, SIK TIOBEPXHs 00epTaHHS TUCKOBUX IHCTPYMEHTIB ILTiyBa-
JHHOTO KoJ1a i (hpe3u OMHUCYETHCS OHUM PiBHSIHHSIM, MATPHYHHHA BAPa3 sIKOTO HaBEJIEHO B PO-
6orti [7]. Lle mae 3mory nipu ¢pe3epyBaHHi Ta nUTIQyBaHHI OMICYBATH €KBiIICTAHTH OJTHUM pi-
BHSHHSIM, 3 ypaXyBaHHSM JiaMeTpa iHCTPYMEHTa, IO CHpOINYE MpPOIECH YIPaBIiHHSI
nutipyBaHHSIM Ta ppe3epyBaHHSM.

Konctpyxkiist BepcrariB Schiess koop BKitouae /1B pOTOpHI CHCTEMH: CHCTEMA «IIIUHIEb-
JeTalb) Ta «IIMAHACTb-IHCTPYMEHT ((pe3a, nutidyBanbHuit Kpyr)y. Iy 3a0e3neueHHs mocTiii-
HOTO 3HSATTS IPUITYCKY 32 KOOPAMHATOI 0OPOOKH JIeTasIh ITOBUHHA 00EPTATHCS 31 3MiHHOIO YacTo-
TOO0 OOEpTaHHS, IO BUKJIMKAE JMHAMIYHI HABAHTAXKCHHS HA TEXHOJIOTIYHY chcTeMy. JIs 3MeH-
IIEHHS MOXUOOK «TE€XHOJIOTIUHOI CIaJKOBOCTI» Ipoliecy (pesepyBaHHs Ha Ipoliec HuTipyBaHHS
3aCTOCOBYIOTH IBHJIKICHE (Dpe3epyBaHHS 3 BUKOPUCTAHHSIM iHCTPYMEHTY, OCHAIIICHOTO Helepe-
TOYYBAaHMMHU IJJACTUHKAMH 3 HAJITBEP/IMX MaTepialiiB (€T-00pOBHUX Ta METAIOKEPAMITHHUX ).

BucHoBkH BianmoBiaHo 10 cTatTi. Y pe3yibTari IpoBeIeHUX JOCHIKEeHb Y pOoOOTi OTpH-
MaHO MaTeMaTH4HYy MOJIEJb MTOJIOKEHHS IIHH/IENS IUTi(hyBabHOTO BepcTaTa 3 BpaXyBaHHIM
CKJIQJIOBUX CTAaTUYHOI Ta JTUHAMIYHOI HEBPIBHOBKEHOCTI POTOPA, sIKa BAHUKAE BHACIIIJIOK T10-
XMOOK TEXHOJIOTIYHOI CHCTEMHU BepcTaTa Ta 3HOCY HUTi(yBaJbHOrO Kojia. BukopucroByroun
IF0 MO/IENIb MOKJIMBO MPOBOJAUTH PO3PAXYHOK MMOXMOOK MEXaHIYHOI 00pOOKH, IO BUHUKAIOTh
IpH pizaHHi. Takox Iie JOCHIKSHHS JI03BOJISIE YTOUYHUTH BIUTHB ITOXHOOK IMPOIECy MUTidy-
BaHHS Ha SKICTh 0OPOOKH JieTalleld, 1o JJa€ MOYKITUBICTh ONITHMI3yBaTH PEXKUMHU pi3aHHS 1, Bij-
MOBITHO, MABUIIUTH €(EKTUBHICTD MPOIleCy ITi(pyBaHHS.

3a 3anponoHOBAHOI0 MOAEIUTIO MOKHA ONITUMI3YBaTH apaMeTpH POTOPHUX CUCTEM «IIITUH-
JIeTh-JIETATb) Ta CIIHH/ETh-IHCTPYMEHT» Ta TEXHOJIOTIYHOT CHCTeMH 3arajioM. BoHa jae 3Mory
pO3paxyBaTH YacTOTy OOepTaHHS JeTalll Ta peKUMHU (pe3epyBaHHs 1 HUTI(QyBaHHS 32 KOOpAWHA-
TOIO 00pOOKH, siKa 3abe3nedye HeoOXiTHY TOUHICTh Ta SIKICTh 0OpOOIIIOBAHOT TOBEPXHI.
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UDC 621.92
Volodymyr Kalchenko, Vitalii Kalchenko, Sergii Tsybulia, Evgeny Sakhno

DETERMINATION OF ERROR OF GRINDING AND SPEED MILLING
PROCESSES TAKING INTO ACCOUNT STATIC AND DYNAMIC IMBALANCE

Urgency of the research. Quite often, in order to obtain the necessary precision in the manufacture of parts, they are
processed on circular grinding, internal grinding, surface grinding and thread grinding machines. The previously balanced
grinding wheel loses its balanced state during operation and acquires an imbalance that changes over time. One of the reasons
for the change in imbalance is the wear of the grinding wheel, which can be uneven or even. Uneven wear occurs due to the
variation in the strength of the cutting surface of the wheel (within the same tool). With uniform wear, including due to wheel
edits, imbalance occurs due to uneven density, deviations in size, shape and location of surfaces.
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Target setting. In the process of performing grinding work, it is necessary to take into account the fact that the spindle of
the grinding machine, due to wear of the grinding wheel, pliability of supports, bending stiffness, goes into an unbalanced
state, which affects the accuracy and quality of machining of parts. Therefore, the problem arises of determining the errors of
the rotor position of the dynamic system, taking into account the static and dynamic imbalance, the components of the cutting
Jforces and elastic forces arising in the supports of the spindle assembly.

Analysis of recent research and publications. The work considered the latest publications on this topic, which are pre-
sented in the public domain, including the Internet.

Uninvestig atedpart sof general matters defining. Known studies of the accuracy of the grinding process of difficult-to-
work parts do not take into account the influence of the static, dynamic and moment imbalance of the technological system of
the grinding machine. However, when assessing the accuracy of the position of the spindle in spatial coordinates and the
accuracy of manufacturing a given part in the mathematical model of the machining process, the listed factors must be taken
into account. Therefore, these studies enable the designer to improve the design accuracy of metal-cutting machine tools of the
grinding group when processing parts that have a structural imbalance.

The research objective. The purpose of this research is to model the position of the spindle of grinding and milling ma-
chines, taking into account the inertial forces that arise due to static and dynamic imbalance of the rotor assembly, which
determines the accuracy and quality of the machining process.

The statement of basic materials. The balanced state of the spindle assembly equilibratedby the manufacturer, and when
processing parts on metal-cutting machines, it continuously changes. When grinding, imbalance occurs due to wear and the
uneven structure of the grinding wheel. In the process of machining a rotating part, it is due to an unbalanced workpiece. To
compensate for the mode change in imbalance and in order to improve the quality of processing, especially at finishing oper-
ations, without reducing the standard cutting conditions, correction masses, discs driven by hydrostatic or hydrodynamic sup-
ports are installed on the machine spindle.

Conclusions. As a result, of the research carried out in the work, a mathematical model of the position of the spindle of a
grinding machine was obtained, taking into account the components of the static and dynamic imbalance of the rotor, which
arises due to errors in the technological system of the machine and wear of the grinding wheel. Using this model, it is possible
to calculate the machining errors that occur during cutting. In addition, this study makes it possible to clarify the effect of
errors in the grinding process on the quality of processing parts, which makes it possible to optimize cutting conditions, and
accordingly increase the efficiency of the grinding process. This technique can also be used for high-speed milling, which is
an alternative to grinding.

Keywords: milling; grinding, error, accuracy.
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ITPOBEJEHHS TOIIOJIOI'TYHOI ONTUMIBAIIL KPOHIITEMHA
TA NIATOTOBJIEHHS 10 3D-JIPYKY

AKmyanvhicms memu 00cni0MHCeHHA. 3HudiceHHss Macu ma 30L1bueHHs NUMOMOT MiYyHOCME KOHCMPYKYIl, W0 GUKOPUC-
MOBYHOMbCSL @ PIZHUX 2ATY35X MAUWUHOOYOYBAHHS — HA CbO200HI HAUBANCIUBIULL 3A60AHHSL KOHCIMPYKMOPI6 6cbo2o ceimy. Pi-
weHHs yux npobaem be3nocepedHbo Nog a3ame i3 3a60AHHAM NOULYKY ONMUMATbHUX 2eOMEMPUYHUX NAPAMEMPI6 NPOEKMo6a-
HO20 6UPOBY. 3acmocy8anHs MoOnoNo2iNHOT ONMUMIZAYIT O0360NUMb 3MEHWMUMU 8A2Yy GUPODY 3i 30ePeXCeHHAM GUMOS 00
Mmiynocmi demani.

Ilocmanogka npoonemu. Ompumamu monoro2iuHo onmuMizoeany demanv, smeruiuswu macy Ha 30-50 %. 3bepeemu
CMAMUYHI Xapakmepucmuxy ma KOHCMPYKMUGHY MiyHicmo Oemaii.

AHnaniz ocmannix docnioxcens i nyonikayiii. Onuparouucs Ha 00C6i0 ma pobomy chneyianicmis y ybomy Hanpsmi, npo-
brema, sIKa 3a3HAYeHa suue, Modce OYmu GUpiuleHa 3a OONOMO20H MONOL0TUHOI ONMUMIZAYIT MA AOUMUGHUX MEXHONO2IH.

Buoinenna HedocnioxceHux uacmuH 3azanvHol npooaemu. Huni ManooocaiodceHum numanHam 3a1umaemopcst napame-
mpu3sayisi izuyHoi MoOei ONist GUPIULeHHS 3A60AHb MONOIO2IYHOT ONMUMI3AYIL.

Ilocmanogka 3a60annsa. 3po6umu 00CiONCeHHS MONOLO2IT 3 MEMOI0 OMPUMAHHSL HALIKPAUL020 BIOHOULeHHSL MiHOCT 00
MacCu KpOHULMEUHA, 3MeHWUGULU NPU YooMy Macy Ha 50 %. 3pobumu nopiensnus pe3yiomamie 00CiiodceHsb Y pisHUX npozpa-
MHUX naxemax. lliozomyeamu uxioHi mooeni 05l weUoKo20 NPOMOMuUNY8aHHs 3a 0onomozoio 3D-0pyxy.

Buknao ocnoenozo mamepiany. Y yiii po6omi npogooumocsi monoio2iuna onmumizayis KpOHULMeHda. 3MeHuLyemo io2o
macy Ha 50 %, 30epiearouu éci cmamuuni xapakmepucmuxu ma napamempu. IIpoekmyemo demane y npoepamHomy naKemi
SolidWorks. I[Iposooumo onmumizayiro y 06ox npoepamuux nakemax: SolidWorks ma Fusion 360, nopisuoemo ompumani pe-
synemamu. J[pyKyemo onmumizosany oemane Ha 3D-npunmepi, sukopucmosyiouu npocpamuuii naxem Simplify 3D.

Buchnoeku 6i0nogiono oo cmammi. Onmumiz06ano KOHCMPYKYito KpoHutmena 6 npoepamuux nakemax SolidWorks i
Fusion 360, smenwuewu iioeo macy Ha 50 %. Kponwmeiin, onmumizoeanuii 6 SolidWorks, euenaoae ecmemuuno kpawe. Ko-
eqpiyienm 3anacy miyHocmi KpoHwmeina, onmumizosarozo 6 SolidWorks, oopienioe 12, a ¢ Fusion 360 — 15. Lle ceiouumuo
npo me, Wo HeoOXIOHO GUKOHY8AMIU HOBE OOCAIONCeHHS MOononozii, eudansiouu 60—65 % mamepiany.

Ipu niozomosyi 0o npomomunysarus memooom 3D-0pyky Ha 6uxo0i ompuman mexcmoguii OOKYMeHm 3 g-KOOOM.

Knrwuoei cnosa: mononociuna onmumizayis, aoumueni mexnonoeii; 3D-0pyk.

Puc.: 14. Bién.: 12.

AKTYyaJbHICTh TEMH J0CTITZKeHHsI. Y CyJaCHOMY CBIiTi, KOJIM TEXHOJIOT11 CTPIMKO 3MiHFO-
IOTH [AK INOBCAKJACHHC XKUTTA, TaK 1 00acThb IpOMUCIIOBOTO BI/Ip06HI/II_[TBa, OJHHM 3 KIIFOYOBHUX
3aBJIaHb IS MIAMPUEMCTB CTA€ BHITYCK OUTBIN SKICHOT i KOHKYPEHTOCITPOMOKHOT TTPOIYKITii.
[Ipu nboMy BUMOTH IO OKPEMUX BY3JIB 1 arperaris, 30KpemMa i JJOCUTh BiAMOBIATbHUX, 3 Ya-
COM MOXYTh TUTBKH 3pOCTaTH. SHMKCHHS MACH 1 30UTBIIICHHS ITATOMOI MIiITHOCTI KOHCTPYKITiit
B piSHI/IX rajmys3sax BI/Ip06HI/II_[TBa — HaWBaXXJIMBIIIL 3aBJaHHs, IO CTOATH ChHOTI" O,Z[Hi nepea KOHC-
TPYKTOPAMH BCHOTO CBITY. PilieHHs 1TuX mpobiieM Oe3mocepeIHbO OB’ I3aHe 13 3aBAaHHIM I10-
LIYKY ONTHUMAaJIbHUX T€OMETPUYHUX MTapaMeTpiB MIPOEKTOBAHOTO BUPOOY.

[Iporiec po3poOKu Ta MPOEKTYBAHHS JAeTallell BUHIIIOB HA HOBUH PIBEHB 3 BUKOPUCTAHHSIM
AIUTHUBHUX TexHosorii. OcobauBo € IPOABIISIETHCA 3 HOBOBBCJCHHAM Ta 3aCTOCYBAHHAM HO-
BITHBOI METOJIMKH — TOIIOJIOTIYHOT ONITUMI3aITiT IeTalTi, sika BiJlirpa€e BayKJIMBY POJIb Y CTBOPEHHI
MOJIETIIIEHUX KOHCTPYKIIiH 1 epeKTUBHOMY BHKOpHCTaHHI Matepiany [1; 2; 3]. OnTumizaris
JeTalli TAKOX CHpHUsIE OiIBIT PIBHOMIPHOMY PO3IOJILTY HANPYKEHB IO BCiil MOBEpXHI 00’ €KTa
onTuMizarii [4].

KpiM 3aBianp onTEMi3aIiii )KOPCTKOCTI i MIITHOCTI, TOIOJIOTIYHA OIITHMi3allisi BAKOPHCTO-
BY€ETBCS B HAPSIMKY, PO3pOOKU MIKPOCTPYKTYp MeTamarepiaiiB. Hampukiiaa, cKoHCTpyroBaTH
TaKy MIKpOCTPYKTYPY, IIO0 MicIIs ii IEBHOTO MEePioIMIHOT0 TOBTOPESHHS 1 yCepeTHCHHS Ha Ma-
KpOpiBHI OTpUMAaTH NMPYXKHi BIACTUBOCTI, SKi O 3370BOJILHSUIM YMOBaM ITOCTABIIEHOI 3a1a4i [5].

Y npodeciiiHiiit MOBI aBiaOYIiBHUKIB € (ppazeonorizm buy-to-fly ratio, Skl MOXKHA TTepEK-
JIACTH SIK «BITHOIIIEHHS TOTO, IO KYIHUJIH, JI0 TOTO, IO TOJETLI0». ToOTO CKiIbKH MaTepiaty
OyJI0 KYIUIEHO 1 CKUTBKH peallbHO «IIOJIETLION B POJIi JIeTalll y CKIaJli JliTaka. 3a pi3sHUMH J1a-
HUMU, 1Ie# TOKa3HUK cTaHOBHUTH 15:1 abo HaBiTh 20:1 mis ckinagHux netaneit. Bukopucranus
AIUTUBHUX TEXHOJIOrIM Ta TOMOJOrIYHOI OomTuMi3zalii JO3BOJISE€ 3BECTH ILIEd MOKA3HHUK 0

1,5-2,0:1 [6].

© €powenko A. M., [Tomowko B. 1O., 2020
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ITocTanoBka npod.aemu. Ha cboroiHi OCHOBHUMH METOJJaMU OTPUMAHHS 3arOTOBOK JIeTa-
Je# € TATTS 1 00poOKa THCKOM. 3a JOIIOMOTOFO IIUX METOJIIB MOYKHA OTPUMATH Pi3HOMAaHITHI
neraii, pizHuX radaputiB Ta Gopm. Tomosnoriuna onTUMizalis Ta aAUTUBHI TEXHOJOTII — I1e
HOBWIA €Tal PO3BUTKY MAIIMHOOY/TyBaHHS. 3a TOTIOMOTOIO IIEOTO METO/TY MOKIJIMBE OTPUMAaHHS
nerajiei Oyab-sKuX (opM Ta po3MipiB, sKi 3a TOTIOMOTOIO JUTTS a00 0OpoOKK THCKOM OyI10 O
OTPUMATH JIOCUTH CKIIAJHO. BUTOTOBJICHHS HACKIATHUX MpechopM BUMAarae 3axydeHHs J10-
naTkoBoi 00poOku Ha BepcTaTax 3 UIIK [7]. Lle 3ymMmoBmIOE BeMki €KOHOMIYHI 3aTpaTh, 6arato
oriepariii, o BIUIMBAE Ha Yac OTPUMAHHS KiHIICBOTO MPOIYKTY.

Tomosoriuna onTuMizariis Ta aUTHBHI TEXHOJIOT] JaI0Th MOKJIMBICTh OTPUMATH KiHIIEBUN
MPOJYKT Oe3 3aTydeHHs JOIaTKOBUX orepartiii oopookwu [8]. IIpu mboMy Maca JieTaiti 3MeHITy-
eTbes Ha 30—50 %, 30epiraroun Bci cTaTHUHI XapaKTepucTHKH. Lle 1ae MOXKIIMBICTh 32011 IUTH
Ha MaTepiaji JiI1 BATOTOBIICHHS JETalli, yaci Ha IiIFOTOBKY BUPOOHHIITBA, 00CS31 MEXaHIYHOI
00poOKH JieTasei Towo.

AHaJIi3 0CTAHHIX JOCTIIKeHD | mMy0JTikamiii. ATATHBHI TEXHOJIOTIT B TIOE€THAHHI 3 TOIO-
JIOT1YHOO ONTHMI3alli€l0 aKTUBHO IOYaJIM 3aCTOCOBYBATHUCS B PI3HUX rally3sX: MalIMHOOY1y-
BaHHI, MEJWIINHI, apXiTeKTypi To1mo [9; 10]. 3a JomoMoror 1aHOTO MiAX0TY, APYKYIOTHCS Ta-
OapuTHI KOHCTPYKIIii, JIeTal MalluH, KapKach OyiBelb, SKi MOXKYTh OYTH OITHMIi30BaHi Ta
3MeHIIeHi y cBoill Ba3i [11; 12].

BujisieHHs1 HeTOCTiIXKeHHX YACTHH 3arajibHoi mpoodjemMu. CTpyKTypHa ONTHMI3aIlis,
TOOTO TeHepallisi ONTUMAJIBHOTO TU3aifHy HaBaHTaXKEHUX KOHCTpYKIil BucBiTieHa B [11]. Ox-
HI€IO 13 3aJ1a4 CTPYKTYPHOI ONTHMI3aIlil € TOIOJIOTiYHA ONTHMI3allis. TUoBa 3aada TOIOJI0-
TiYHO1 ONTUMI3allii BUTIISIAE MPUOIU3HO TaK: JUIS IKOIiCh 3aJJaHOi TPOCTOPOBOI KOHCTPYKITii,
MalOYd KOHKPETHI OOMEKEHHS Y BUTJISA/II MaTepiajiB, TEXHOJIOTIH Ta IHITUX BUMOT, MAlO4H iH-
(opmartiro mpo 30BHIIIHI HABaHTAXEHHsI, HOTPiIOHO 3MO/IENTIOBATH ONITUMAIIBHY CTPYKTYPY, SKa
OyJle BATPUMYBATH HaBaHTAXKCHHS 1 3a]IOBOJIBHSITH OOMEKEHHSIM.

OnTuManbHICTh MOXe OYTH BHpakeHa, HAIIPUKJIIa/, Y BUTIISAL BUMOTH MiHIMI3allil 3araib-
HOI Baru KOHCTpYKIii. [Ipr 0OMeX)eHHSX y BUTIISAII MAaKCUMAIBFHO JOITyCTUMHUX HAMPY)KEHb Yy
Matepiali i ToImycTUMO MOXIIMBHX 3MIMEHHSIX MIPH 33/IaHUX HABAHTAXKEHHSX.

IMocTanoBKa 3aBaaHHsA. MeTor0 poOOTH € JOCIHIKEHHS TOIOJIOTIT 3 METOIO0 HAHKpaIoro
BiJIHOIIIEHHS MIITHOCTI JIO MacH KPOHINITEWHA, 3MEHIIUBIIH TIpu 1IboMy Macy Ha 50 %. Ilopis-
HSIHHSI pe3YJIBTATIB JIOCHIKeHb Y MporpaMHuX nakerax SolidWorks ta Fusion 360. ITiaroro-
BKa BUX1JIHOT MOJIeNi /ISl IIBUAKOTO MPOTOTHUITYBAHHS 3a omoMorow 3D-apyky.

Buxaax ocHoBHOro Mmartepiaiy. /{1 mpaBuiIbHOT MOCTAHOBKY 3aBJIaHHS HEOOX1THO PO3y-
MITH, K JIeTallb, IKY HEOOX1THO ONTUMi3yBaTH, B3aEMOII€ 3 IHIIUMU €JIeMEHTaMU CKJIaJaTbHO1
OJIMHUIII, SIKUHM (PI3WYHMIA BILIMB Ha Hel BUKOHYEThCS. [IpuitMaeMo 3a mpeaMeT JTOCIiKSHHS
KpPOHIITEWH, SIKUi TpuMae croiiyiep aBToMoO11s1. J{yist O11bI 3MiCTOBHOT OLIIHKY KiHIIEBUX pe-
3yJIbTATIB JOCIKESHHS, TOMOJIOTIYHY ONTUMI3aIlif0 KPOHINTEHHA BUKOHYEMO Y JIBOX IPOTpa-
MHuX naketax: SolidWorks i Autodesk Fusion 360. [locninoBHICTh BUKOHAHHS PO3paxyHKiB
OJTHAKOBA.

IMocaimoBHICTL BUKOHAHHSA TOCTIIKEHD:

- MOJICJTIOBAHHSI T€OMETPHYHOI MOJIETI;

- CTBOPEHHSI PO3paxXyHKOBOT MOJIEIII;

- CTBOPEHHS JIOCTIKSHHS B TIPOTPaMHUX MaKeTax;

- IPU3HAYCHHS MaTepiay;

- BU3HAYCHHS HABAaHTAXXCHD | TPAHUYHHUX YMOB;

- CTBOPEHHS CITKH;

- BUKOHAHHSI PO3PaxyHKY;

- 00poOKa pe3ynbTariB.

80



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 3(21),2020
TECHNICAL SCIENCES AND TECHNOLOGIES

3a JI0NOMOTOI0 METOJIIB PO3PaXyHKOBOT JTHHAMIKH BU3HAYAIOTHCS HABaHTAKEHHS, SIKI BH-
HUKAIOTh Ha KPOHIITEHHI. BiOBITHO 10 JaHUX aHAJIOTiB pOOMMO TaKy pPO3paxyHKOBY CXeMY

(puc. 1).

200 H

Puc. 1. Pospaxynkoea mooenb

Cunu niroteh y n1Box Hampsimkax. 50 H — ropuszonTansia cuita, 200 H — nputuckna cuna,
siKa Jii€e Bij crioiepa. KpirieHHs — mrapHipHi.

Bukonyemo craTHuHUi aHaNi3 3MOJEIHOBAHOIO KPOHINTEHHA. 3alyCKaeMO HOBE JOCIi-
JOKCHHSI 1 BHOUPAEMO CTaTHIHHIA aHami3 (puc. 2).
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Puc. 2. Enopa 3anacy miynocmi

Sk BuHO 3 pHcC. 2 3amac MilIHOCTI CTAHOBUTH 24.

HacTtymauMm etamom € qociaipkeHHs Tonojorii. CTBOPIOEMO HOBE JIOCITIDKSHHS 1 BUOUpa-
€MO JIOCTI/IKEeHHS TOIOJIOT11. AHAJIOTT4HO 31 CTATHYHUM aHaJli30M BKa3y€eMO TakKi )X MaTepiaj,
KPITJICHHS 1 CHJIH.

AHAJIOTIYHO 31 CTATUYHUM aHaNli30M CTBOPIOEMO CITKY. 3allyCKaeMO PO3paxyHOK 1 Ha BH-
X0/l OTPUMYEMO ONTHUMI30BaHy TOTIOJIOTIIO Y BHTJISII IMTOJITOHAJIBHOT CITKH 3 €IIOPOIO, KA Bi-
noOpakae, sKi 3 JUITHOK MOKHA BUJAJIUTH, a Ki HeoOXiTHO 30epertu (puc. 3).
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Puc. 3. Pe3ynomam onmumizayii mononoeii

CTBOPIOEMO €CKi3 1 Ha OCHOBI pe3yJ/IbTaTIB JIOCIIKSHHS BUTATSIEMO 3aiiBUit Matepial (puc. 4).

Puc. 4. Onmumizosanuii kponuimeiin

OO0OB’SI3KOBO BUKOHYEMO CTATHYHHM aHAJi3 ONTUMI30BaHOT JeTali 3 TAKMMH XK 3aaHUMHU
YMOBaMH, sIK 1 JT0 onTUMi3allii. Pe3ynbratu gocimipKkeHHS BKa3aHi Ha puc. S.
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Puc. 5. Enopa 3anacy miynocmi

MinimansHU KoedilieHT 3amacy MilHOCTI A0piBHIOE 12.
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IIpoBoaumo anauis B Fusion 360:
3MO/IeNTbOBaHy JIeTalb 30epiraeMo y popmari .step i Binkpubaemo B Fusion 360. ITocmito-
BHICTH BUKOHAHHS JOCIIKEHD Taka K caMma, gk 1 B SolidWorks.

W KpoHwTein v2 Actyal Minimum Safety Factor  15.00

=L g s The desxn appears to be over-engineered for the current
= 3 = @ analysis criteria. Ensure the Safety Factor Targets meet the

=1 —r
0 g standards of your company, application and industry.

™ y
- DEFORMATION * DESPLAY » MANAGE » INSPECT ~ SELECT~ FNISH RESULTS ~
Il sat with the lntsst ubdate. Eind. ey » Safety Factor Targets

» Recommendations

Show strongest areas of design E]

Deformation Scale Adpusted b
Don1 show this automatically &
(i) Close
8+
Load Casel~
7
Safety Factor +
6
& 4
]
4
- 3
L 2
1
[ 0
Min 15
Max 1

Puc. 6. Koeghiyicum 3anacy miynocmi

KoeoimienT 3amacy MiIfHOCTi CTAHOBHTH 15.

CTBOpIOEMO JOCIIKEHHS oNTUMI3aIlii (opM. AHAIOTIYHO 31 CTATUYHUM aHAJI30M BKa3y-
€MO TakKi X Martepia, KpituieHHs i citi. CTBOPIOEMO CKIHYEHO-EJIEMEHTHY CITKY.

Buznauaemo obnacTi, sixi HeoOXiHO 30epertu (puc. 7).

Preserve ftegion
Excludes region from Shape Optimization process.
region{s) of the model to exclade |
shapes

Specifies the
the Shape b e v Ealrion
include box, cylinder,

¥ Soandary Sze
Kol

Puc. 7. Busnauenns obnracmei, siki Heobxiono 36epeemu

VY pe3ynbpTari OTpUMYEMO €Mopy, Ha sKii BiIOOpa)KeHO YAaCTHHHM Tijla, sIKi MOXHA BUIA-
JIUTH, a K HeoOXiaHO 30epertH (puc. 8).
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1
Load Path Criticaity {
o 4 | 08

|
1

0 Max

Mass Ratio 53 06%
Approx. Mass: 0.392 kg

Puc. 8. Pe3ynomam onmumizayii

30epiraeMo pe3ysbTar SK MOJIrOHAIBHY CITKY (pHC. 9).

[ I| @ PROMOTE 23
¥

Add mesh object to: Design Workspace

- (@) Design Workspace =i
Existing Simulation Model
Clone Current Simulation Model
Load Path Criticalty v
& 4 08
06
Taraet
RESULTS
30 by G5 D] + o1 o v
FESULT TOOLS ¥ COMPARE™ | DISPLAYY = MANAGE™  INSPECT™ SELECT®  FINISH RESUL

Promote

Converts the Shape Optimization results to a new
8 Mesh Body. The Mesh Body can be edited using the
maodeling tools.

Puc. 9. 36epesicenns pesyniomamis y 6uensoi noiicOHANbHOL CIMKU

CTBOPIOEMO €CKi3 1 Ha OCHOBI pe3yJbTaTiB JOCII/DKEHHS BHJAISIEMO 3aliBHIA Marepiall
(puc. 10).
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Puc. 10. Onmumizosanuii KpoHuimerH

BukoHyeMO cTaTWYHMI aHAi3 ONTHMIi30BaHOI JeTali 3TiJHO 3 3aJaHOK0 PO3PaXyHKOBOKO
Moie/uTro. Pe3ybTaTh ociipkeHHs BKa3aHi Ha puc. 11.

T Kpowurmedn3 v2
Aiedual Winimum Sately Facior 15.00
i . mE 4 EoRE The design appeass to be over-engneered for the current
i 2] [ W [... J = 53 & analysis erieria Ensusa e Safety Facior Targets mael the
= L] standards of your company, apgication and ndustry.
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]
o 4
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4
3
- 2
i
o
Man %5
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Puc. 11. Koegiyienm sanacy miynocmi

KoedimienT 3anacy MinHOCTI AOpiBHIOE 15.

[TpoBOIUMO MM ITOTOBKY ONTHMi30BaHUX MOJIEIIEH 10 TPOTOTUITYBaHHS 32 JOIIOMOT0r0 3D-
APYKY.

AJIMTHBHI TEXHOJIOTII /Il BATOTOBJIEHHS KiHIIEBOTO MPOJYKTY B I[bOMY BUIIAJIKY HE paIlio-
HaJBHI, aie IX MOYXXeMO BUKOPHUCTATH B IIJISIX MIBHKOTO MpoToTUITyBaHHs. [IpoToTnn mae mMo-
JKJIUBICTh aJIEKBATHO OLIHIOBATH MOT0 ecTeTHYHI 1 (P13MKO-MeXaHI4UHi XapaKTepUCTUKH.

Jlist mporoTHITyBaHHs OyaeMo BUKOpHCTOBYBaTH FDM TeXHOJIOTiIO 3a HAsSBHOCTI JiejbTa
3D-npunTepa.

€ mporpamHi TTakeTH, B IKAX MOKEMO MiAroTyBaTh Mojeli s cinaiicuary (Simplify 3D,
Cura, PrusaSlicer). He nuBmnstauce Ha Te, mo Cura i PrusaSlicer y BiTbHOMY T0CTYIIi, 3yITUHSIE-
Moch Ha Simplify3D 3aBasku psty mepesar.

[Ticnst Toro, ik BKa3aid BCi HEOOXiTHI MapaMeTpH, HATUCKAEMO KHOMKY «IIATOTYBaTH JI0

Ipyky» (puc. 12).
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Puc. 12. ITliocomoska 0o OpyKy
[Ticist OTO BiIKPUBAETHCS PEKUM TOTIEPEAHBOTO TTeperysiy (puc. 13), e € MOXKIIUBICTh
NEePETIISIHYTH TPAEKTOPIl pyXy eKCTpyAepa, BA3HAYMTHU MicIle pO3TalllyBaHHS PETPaKTIB, 3a/1a-
BaTH MOTPIOHMIA JUTS aHATI3Y Jliana30H IapiB.
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Puc. 13. Pescum nonepeonvozo nepeaisoy

[Tpu Takmx 3alaHUX MapaMeTpax, 9ac JpyKy CTAaHOBUTH 19 roauH 22 XBUIMHH, Maca J0pi-
BHIOE 457,89 rpama (tutactuk PLA). 36epiraemo g-koJ Ha TUCK 1 3amyckaemMo 3D-npyk.

BucHoBKH BiiMOBIAHO 10 cTATTi. AKTYaIbHICTh aJJUTUBHUX TEXHOJIOTIH 1 TOMONOTIYHOT
OIITHMIi3aIlii TUTBKY 3pocTae. Jlemani Oibiie BAPOOHUIITB HE TUIBKH IPOTOTHUITYE, a i TIepexo-
JIThH Ha cepiliHe BUPOOHUIITBO, BUKOPUCTOBYIOUM aIUTHBHI TeXHOJOTI1. ¥ 1ii poOOTi onTUMI-
3yBaJI KOHCTPYKIIIFO KpOHIITeHHA B MporpaMHux maketax SolidWorks i Fusion 360, 3menm-
Biu Macy Ha 50% (puc. 14).

a

Puc. 14. Onmumizosani kponwmetinu: a — 6 SolidWorks; 6 — ¢ Fusion 360
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KoeoimienT 3amacy MitHOCTi KpoHITelHa, onTuMizoBaHoro B SolidWorks, nopisaioe 12,
a B Fusion 360 — 15. Ile cBimuuTh mpo Te, 10 HEOOX1JTHO BUKOHYBAaTH HOBE JIOCIIJKEHHS TO-
moJiorii, Bupansoun 60-65 % wmatepiany. CyO’€KTHBHO, KPOHIITEHH, ONTHMI30BaHUN B
SolidWorks, BUT/IsI1a€ €CTETHYHO Kpallle.

[Ipu miAroToBIIi 10 MPOTOTUIIYBAaHHS MeTOIoM 3D-pyKy Ha BUXO/1i OTPUMAHO TEKCTOBUI
JIOKYMEHT 3 Z-KOJIOM.
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UDC 621.7-4
Vidyslav Polushko, Andriy Yeroshenko

TOPOLOGICAL OPTIMIZATION OF THE SUPPORT
AND PREPARATION FOR 3D PRINTING

Urgency of the research. Reducing the weight and increasing the specific strength of structures used in various fields of
mechanical engineering - the most important tasks facing designers around the world today. The solution of these problems is
directly related to the task of finding the optimal geometric parameters of the designed product. The use of topological optimi-
zation will reduce the weight of the product while maintaining the requirements for the strength of the part.

Target setting. Get a topologically optimized part, reducing the weight by 30 - 50%. Preserve static characteristics and
structural strength of the part.

Actual scientific researches and issues analysis. Based on the experience and work of specialists in this field, this prob-
lem, which is mentioned above, can be solved with the help of topological optimization and additive technologies.

Uninvestigated parts of general matters defining. Currently, the little-studied issue is the parameterization of the neural
network of the physical model to solve problems of topological optimization.

The research objective. To study the topology in order to best match the strength to the weight of the support, reducing
the weight by 50%. Make a comparison of research results in different software packages. Prepare source models for rapid
prototyping using 3D printing.

The statement of basic materials. In this work, the topological optimization of the support is performed. We reduce its
weight by 50%, preserving all static characteristics and parameters. We design a part in the SolidWorks software package. We
perform optimization in two software packages: SolidWorks and Fusion 360, we compare the results. We print the optimized
part on a 3D printer using the Simplify 3D software package.

Conclusions. The support design in the SolidWorks and Fusion 360 sofiware packages has been optimized, reducing its
weight by 50%. The support optimized in SolidWorks looks aesthetically better. The margin of safety of the support optimized in
SolidWorks is 12, and in Fusion 360 - 15. This indicates that it is necessary to perform a new topology study, removing 60-65 %
of the material. In preparation for prototyping by 3D-printing at the output received a text document with g-code.

Keywords: Topological optimization, additive technologies, 3D printing.

Fig.: 14. References: 12.
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Hamanisa I pyokina, Onee Maprog

MATEMATHUYHE MOJEJIIOBAHHSA ITPOLECIB XOJIOAHOT'O
BUJIABJIIOBAHHS 31 CKUIAJTHOIO KOH®IT'YPAIIIE€IO IHCTPYMEHTY

AxkmyanvHicmb memu 00cioxncenna. llpoyecu Xon00H020 6U0ABNI06AHHA 300e3NneyyI0msb 6UCOKY AKICMb NOGEPXHI 1l MO-
YHI POIMIPU WMAMNOBAHUX 3A20MOBOK | Oemanell ma 3a605KU YbOM) OeMOHCMPYIOMb CMINIKY MeHOeHYII0 00 PO3UUPEHHS
MeXHONOSTUHUX MONCTUBOCHET MA 6NPOBAONCeHHS HA SUPOOHUYMEI. OMPUMAHHSL IH)CEHEPHUX QOPMYN PO3PAXYHKIE ONMUMA-
JILHO20 CUNOB020 PEXHCUMY, VAGNEHHA NPO XAPAKMeEPHI 30HU | Medxci po3nooiny meuii Memany ma 30H KOHMAKNy 0emaii 3 ix-
CMpYMeHmoM, NPOSHO3YBAHHS (YOPMOYMEOPEHHSL € AKMYATbHUMU 3A80AHHAMU, U0 NOMPeOYIONb GUPIULEHHSL.

Ilocmanoeka npoodnemu. Cknaoui 3a ¢opmoro demaini i3 CyyinoHUX ab0 NOPOICHUCIUX 3A20MOB0K OOYLIbHO GUSOMOG-
JISIMU CROCOOAMU NONEPEYHO0 [ KOMOIHOBAHO20 PAialbHO-N03006XHCHLO20 6U0aBI06anHs. [Ipu ybomy KoHpicypayis incmpy-
MeHmy (HaseHicmb Gacok, 3a0Kpyerens) 003605H0Mb CHOPMYEamu HeoOXIOHUT RPOPiTb Oemani ma Cymmeso niuearnms Ha
dehopmayiiinuii ma cunosuil pexcumu 0epopmyearis. Busnavenns onmumanbHoeo cuno8020o pexcumy y ueisiol iIH’HCeHePHUX
Gopmyn 3 ypaxyeamHsm 6naugy KOHCMPYKMUGHUX OCOONUGOCMEl [HCMPYMeHMY chnpusimume Oilbul aKMUGHOMY 6npo6a-
O0JICEHHIO HABEOeHUX NPOYECi6 HA BUPOOHUYMEL.

Ananiz ocmannix oocnioxcens i nyonikayiii. Ha ocnogi ananizy nyonikayii 3a OCMAaHHi poku OY10 6CMAHOGIEHO, U0
00CIONHCEHHSL NPOYECIi8 XONOOHO20 NO3008HCHLO-NONEPEYHO20 BUOABNIOBAHHS NEPEBANCHO NPOBEOeH] eKCHePUMEHMANIbHO, Me-
MOOOM CKIHUEHHUX eJleMeHMI8 Ma CMOCYIOMbCs GUSHAYEHHS CUN08020 PeXCUMY, 0cobausocmell hopmosmineHHs ma Oeghex-
MOYMEOpeHHs Hanieghabpuxamy.

Buoinenna nedocniocenux yacmun 3a2anvHoi npodnemu. HesupiweHumu 3anumaiomovcs NUMAaHHs o000 OMpUMAaHHs
IHOHCEHePHUX POPMYN PO3PAXYHKY CUNOB020 PedHcUMy (0COONUBO 34 HAABHOCI CKIAOHOL (hopMu IHCMPYMeHMY), Wo 6KA3VE HA
HeO0Cmamuio NPUOAMHICTIb OMPUMAHUX Pe3YTbmamie Olis GUKOPUCMAHHS HA GUPOOHUYMEI.

Memoto cmammi € po3uiupenns mexHOI0SIYHUX MONCIUBOCMET NPOYeCi8 XON0OHO020 GUOABNIOBAHHSL HA OCHOBL PO3POOK
HOBUX KIHeMAMUYHUX MOOYI6 CKIAOHOI (hopmu ma eupod.ieHHs 6I0N0GIOHUX PeKOMeHOAYill 000 IX UKOPUCIMAHHS OISl OMPU-
MAHHS OYIHKU CUTI0BO20 PENCUMY 0epOPMYBAHHS MA GUIHAYEHHS ONMUMATLHOT KOHGpI2ypayii iHcmpymeHmy.

Buknao ocnosnozo mamepiany. Y pobomi 3anpononogano 6UKOPUCMAHHS HAOIUNCEHOT KPUBOL Y AKOCMI 3aMiHu Yeepmi
Kona, wo 8i0obpasicac 3aokpyaienHs mampuyi. Bcmanoeneno, wo 6i0XunenHs 008ICUHY OY2U HAOIUNCEHOT KPUGOT Ma Naowi
KpUBoriHitiHoi mpaneyii, wo obmedcena nero, ne nepesuwye 0,8 %, wo 6xasye Ha a0eK6AMHICHMb 3aNPONOHOBAHOT 3AMIHU.
1Iposeodero pospaxynku npusedeHo2o mucky 0eghropmysants 6cepeOUri KiHeMamuuHo2o MO0y i3 3a0Kkpy2ieHHam. Bemanog-
JIeHO, W0 paodiyc 3a0KPY2eHHs MOXCHA BUKOPUCOBY8AmMU Y U0l napamempa onmumizayii KoHgizypayii incmpymenmy 3a
BENUYUHOIO NPUBCOCHO20 MUCK) 0ehOPMYBAHHS.

Bucnogku 6ionogiono 0o cmammi. Po3pobnenuil HOGUL KIHEMAMUYHUL MOOYIb i3 3A0KPYNEHHIM O03601E POIUUPUMIL
MONCTUBOCMIE eHepeeMUUHO020 MemOoOY OJisl MOOeNO8AHHSA NPOYECi8 XON0OH020 6UOAGIIOBAHHSA I3 CKIAOHOI ()OpMOI0 IHCmp)-
menmy. Lle 0o36onumo Haoani eukopucmogyeamu HageoeHi po3PAXyHKU 6 HOBUX CXeMax ma CHpusmume ompuMaHHoO OYiHKU
CUTI0B020 PEAHCUMY MA POPMOIMIHEHHSL I, SIK HACTIOOK, 8UPOOICHHIO PeKOMEHOAYIll 000 ONMUMATLHOT KOH(pIZypayii incmpy-
MeHNty ma Oilbil AKMUBHOMY GNPOBAONCEHHIO YUX NPOYECi8 HA GUPODHUYMEI.

Knrouoei cnosa: mamemamuune MoOenio8ants; npoyecu KOMOIHOBAHO20 GUOAGTIOBANHS, KIHEMAMUYHUL MOOYIb;, eHepee-
MUYHUT Memoo; npoyec 0eqhopMySanHsi.

Puc.: 4. Tabn.: 1. Fi6n.: 14.

AKTyaJbHICTh TeMH T0CTiKeHHs. [[poliecn X0I04HOTO BUAABIIOBaHHS 3a0€311eUyIOTh
BHCOKY SIKICTh TIOBEPXHI W TOYHI PO3MIipH INTaMIIOBAaHMX 3arOTOBOK 1 JIeTayiell Ta 3aBISKA
IOMY JIEMOHCTPYIOTh CTIHKY TEHJICHINIO JO0 PO3NIMPEHHS TEXHOJIOTIYHHX MOMIIMBOCTEH Ta
BIIPOBA/KEHHS HA BUPOOHUITBI. OTpHMaHHS 1H)XXEHEPHHX (HOPMYIT pO3paxyHKIB ONTHMAITb-
HOT'O CHJIOBOTO PEKHUMY, YSBICHHS PO XapaKTEPHI 30HU Ta MEXi PO3MOJILTY Teuil MeTaly i
30H KOHTAKTY JeTaji 3 IHCTPYMEHTOM, IPOTHO3yBaHHS (JOPMOYTBOPEHHSI € aKTyaIbHUMU 3a-
BJIQaHHSIMH, 1110 TOTPEOYIOTh BUPIIIICHHS.

IlocTanoBka npodaemu. CkiaaHi 3a GOopMOIO IeTali i3 CYIIIFHIUX a00 MOPOKHUCTUX 3a-
TOTOBOK JIOIJIbHO BUTOTOBJISITH CIIOCOOAMHU TIONEPEYHOT0 1 KOMOIHOBAHOTO pajialibHO-I03/10-
BXXHBOTO BHJIaBIIIOBaHHS. [IpH 1boMy KOHQITYpaIlist iHCTpyMEHTY (HasBHICTH ()acoK, 3a0KpyT-
JICHb Ta iH.) JIO3BOJISIFOTH HE TUTBKU cOpMyBaTH HEOOXiHUU Mpodise neTali, a i CyTTEBO
BITMBAIOTH Ha JIe(hOpMAIliifHUH Ta CHIIOBHIA peXUMH JeGopMyBaHHs. BU3HaYEHHS ONITUMAITh-
HOTO CHJIOBOTO PEKUMY Y BHTJISAI 1H)KEHEpHUX (HOpMYI 3 ypaxXyBaHHSM BIUTHBY KOHCTPYKTH-
BHUX OCOOJTMBOCTEH IHCTPYMEHTY CIPHUSTHME OTBII aKTUBHOMY BITPOBA/KEHHIO HABEICHUX
MpoIeciB Ha BUPOOHUIITBI.

AHaJIi3 0CTAHHIX J0CTiKeHb i myOJtikaniil. B octanHi poku H0CITiPKEHHSIM MPOIIECiB pa-
JaTbHO-TI03/IOBKHBOTO (ITOCIIOBHOTO 200 CYMIIIEHOT0) BUAABIIOBAHHS MPHUCBIYCHO Oarato
podit [1-9]. [Ipu npomMy aHami3 CHIIOBHX 1 AeopManifHIX PEKUMIB IUX MPOLECIB BUKOHAHO

© I'pyakina H. C., Mapxkos O. €., 2020
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TIEPEBAXKHO SKCIICPUMEHTAIBHO, Ha OCHOBI CKIHUCHHO-EJIEMEHTHOTO aHAII3y i MEeTOJIaMH BepX-
HBO1 O1iHKH. CrtocoOn «O6e3MaTpUIHOTO BUIABIIIOBAHHS 3aCTOCOBYIOTH JJIsS BATOTOBJICHHS TN~
OOKHMX TIOPOKHIX CYJIUH, IO 3HAYHO 3HM)KYE TIUTOMI CHIIH JIe()OPMYBaAHHS B TOPIBHSHHI 3 BUKO-
pUCTaHHSAM 3BOPOTHOTO BHAaBMIOBaHHS [3; 4]. YV pobGoti [5] mnpencraBieHO CHIIOBI
XapaKTEPUCTHKH MPOIIECY MOCIITOBHOTO PaIiallbHO-IIPSIMOTO BUIABITIOBAHHS, ITPOAHATI30BAHO
BIUIMB KOHCTPYKTUBHUX ITApaMeTpiB i pi3HUX yMOB TepTs. [lepeBipka J0CTOBIpHOCTI pe3yIbTaTiB
KIHIIEBO-€JIEMEHTHOTO MOJICNIIOBAaHHS BUKOHYBajlacs Ha EKCIIEPUMEHTAIBHUX JaHUX 3a 3Y-
crusM iehopMyBaHHA. Y poOoTi [6] 1ocTiKyBasli BIUTUB KOHCTPYKTUBHUX T€OMETPUYHUX I1a-
paMeTpiB Ipoliecy HOCIiOBHOTO paAiaIbHO-IIPSMOT0 BUIaBIIOBAHHS (BEIMUUHU KiJIBIIEBOT'O 3a-
30py, TOBIIMHY (JIaHIIS Ta pajiiyca OlpaBJIeHHs) Ha KOJMBAHHS HaBaHTaXXEeHHS. BUCHOBOK mpo
HEe3HAYHUU BILIMB Ha ()OpPMYBAaHHS HaBaHTKEHHS Ha IIYaHCOH i KOHTPITYaHCOH PajIiyciB 3a0K-
PYTJICHb TepeXiHuX AUITHOK IHCTPYMEHTY BHKIMKAIOTh CYMHIBH. [HTepec BHUKIHMKAE OCIIi-
JOKEHHSI €KCIIEPUMEHTATHHAM IIUITXOM 1 METOJIOM BEPXHBOI OIIHKK CIIOCO0Y KOMOIHOBAHOTO pa-
JaTBbHO-TIPSIMOTO BUIABJIFOBAHHS 3 BUKOPHCTAHHSM JIOJIATKOBOTO TiIPOCTaTHYHOTO THCKY B
ocepenKy Jedopmarii i BBEJCHHIM 3HAKO3MIHHOTO Xapaktepy aedopmartii [7]. 3Haune 301i1b-
IIEHHS] MIITHOCTI 3 YK€ HI3bKOIO BTPATOIO TUIACTHYHOCTI i BUCOKOIO OJTHOPITHICTIO MOKA3HUKIB
TBEPJIOCTI JeTaji MOPsI 31 3HWKEHHSM 3arallbHOr0 HaBaHT)KEHHS € BarOMHUMH TIepeBaramu
ILOTO c1toco0y. bararo nociimKeHs IPUCBSYCHI MUTAHHSIM OI[iHKU HApy>KeHO-Ae(hopMOBaHOTO
CTaHy 3arOTOBKHM Ta iHCTPYMEHTY, Je(EeKTOyTBOPEHHS Ta Ae(hOpPMOBAHOCTI METATy 3arOTOBOK
MIpH XOJIOTHOMY KOMOIHOBaHOMY BHJIaBMOBaHHi [8; 9]. ¥ poboTi [8] oTpumaHo OIIHKY Hampy-
xeHo-nedopmonanoro crany (HJIC), po3paxyHKu pecypcey IUTaCTHYHOCTI 3a PI3HAMH KPHUTEPi-
SIMH JJTSL TIPOIIECY KOMOTHOBAHOTO paialbHO-TIPSMOTO BUAaBIIOBaHHS. OCHOBHOIO METOIO CKiH-
YEHHO-EJIEMEHTHOTO aHaJIi3y MPOIeCy paialbHO-TIPSMOTO BUIABIIIOBaHHS [9] Oyi10 BUBYCHHS
BILTMBY TeomeTpii iHcTpyMeHTy Ha HJIC 3arotoBkw i 3HOC iHCTpyMeHTY. OTHAK IIepeBaXkHa Ya-
CTHHA JOCITi/DKEHb Ma€ OOMEXESHUH XapaKTep Ta He J]a€ iHKEeHEpHUX (popMyIT po3paxyHKY CHIIO-
BOT'O peXKUMY (0COOIMBO 3a HAIBHOCTI CKJIQJHOT (hOpMU IHCTPYMEHTY), IO BKa3ye Ha HeJ0CTa-
THIO IPUJIATHICTh OTPUMAHUX PE3YJIbTATIB JIJIsi BAKOPUCTAHHS Ha BAPOOHUIITBI.

Tpeba 3a3HaunTH, 10 €PEKTHBHAM TEOPETUIHUM METOJIOM PO3PaXyHKIB MPOIIECIiB XOIO/I-
HOT'O BUJIABJIIOBaHHS € eHePreTHUHUIM MeTo| Oanancy notyxHocrei [10]. Llelt meTon no3BoJIsie
MIPOTHO3YBATH CUJIOBUH PeXuM jaedopMyBaHHs Ta POPMOYTBOPEHHS 1 Ie()eKTOYTBOPECHHS Ha-
niBpabpukary. [Ipudomy meit MeTos 103BOJISIE OTPUMATH BEJIMYHHY IPUBEICHOTO THCKY JIe-
(hopMyBaHHS B aHAJIITAYHOMY BHTJISIJII 3 TIOJIAJIBIIIOF0 ONITUMI3AIli€l0 32 TEOMETPHYHUMH UM Ki-
HEMATUYHUMHU MapaMeTpaMu, a 3a JAESIKHX YMOB JUIs MPOLEeciB KOMOIHOBAHOTO CYMIIIEHOTO
BHJIABITIOBAHHS 1 PUPOCTH HariBpaOpukary. PO3BUTKY MOXKIIUBOCTEH €HEPreTHYHOTO METOTY
OanaHcy MOTYXKHOCTEH Ha OCHOBI PO3IIMpPEHHs 0a31 KiHEMaTUYHUX MOJYJIB CKJIAAHOT KOH(DI-
ryparii npucBsiaeHo 6arato po6ot [11-14]. OcHOBHI pe3yabTaTH JOCTIKEHD TO3BOJISIOTH Bpa-
XOBYBaTH 0c00JIMBOCTI KOHQiryparii inctpymenty [11; 12], popmu Mex po3nosainy Teuii me-
TaJTy BCepEeMHI 3arOTOBKU. BUSBICHO IPpoOIeMH YCKIIaHEHHSI MAaTEeMaTHIHOTO arapary npu
OTPUMAaHHI BEJIMYMHU MPUBEICHOTO TUCKY JeGOopMyBaHHS (B aHATITHYHOMY BUTJISII) BCepe-
JIMHI KIHEMaTHYHOTO MOJTYJISI TPUKYTHOI a00 Tparerienoaionoi GopMu 3 TOXUIAMHA MEKaMHU.
Yumaino poOiT MpUCBSYEHO BUPIIIEHHIO X MPOOJIEM - IMOIIYKY MPHIHOMIB CIIPOIIEHHS BUPaA3iB
MIPUBEJCHOTO TUCKY JeGOpMyBaHHS Ta OTPUMaHHS BiJIOBIIHHUX IH)KEHEPHUX (HOPMYIT po3pa-
XYHKIB CHJIOBOT'O PEXHMMY IPOLECIB XOJIOAHOTO BUAaBMoBaHHs [11-14].

BujisieHHs1 HeOCTiI)KeHHX YACTHH 3arajbHoi nmpoodgemu. Ha ocHOBI JiTepaTypHOTO
OTJISTy BCTAHOBIIEHO, [0 OIliIHKA TEXHOJOTTYHUX MOXIMUBOCTEH MPOIECIB XOJIOJHOTO BU/IaB-
JFOBaHHSI HA OCHOBI PO3IIMPEHHSI MOMXJIMBOCTEH €HEPreTHYHOTO METOY OallaHCy MOTY)KHOC-
Tl Ma€e BaXJIMBE HAYKOBE Ta MPAKTUYHE 3HAYCHHSI, SIKE MIATBEPKYE aKTyaIbHICTh POOOTH.
Posmupenns 6a3u yHiiKoBaHMX KiHEMAaTHIHHX MOJYJIB CKJIQJHOI KOHQITypaIii T03BOJUTH
OTPHMATH OILIIHKY CHJIOBOTO PEXUMY Ta (pOPMOYTBOPEHHS JAeTali y mpoliecax XO0JIO0AHOTO BH-
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JIaBJIIOBAHHS, 10 BIJNOBIa€ AificHOCTI. BUKOpUCTaHHS B pO3paXyHKOBHX CXeMax IHUX MpoIe-
CiB KIHEMaTHYHUX MOJYJIB 13 MOXUJIMMHU KPUBOIIHIHHUMH MEKaMH HATOMICTh €IEMEHTapHUX
MPSMOKYTHUX MOJIYJIIB BUMArae JI0AaTKOBHX JIOCIikeHb. Po3poOka HOBUX KiHEMAaTHYHUX MO-
JyJIB CKIIaHOT KOH(Dirypartii (0co0JIMBO 3 3a0KPYTJICHHIMHE) Ta PEKOMEH/IAIlIN IIOJI0 JTOIiTh-
HOCTI X BUKOPUCTAHHSI B PO3PaXyHKOBHUX CXeMaX JOCIIKyBaHUX MPOIIECIB CIIPUSTUME BUPi-
IICHHIO TUTaHb OTPUMAaHHS aJIeKBATHOI OIIHKHA ONITUMAIIEHOTO CHIIOBOTO PEXKHMY.

MeTo10 €cTATTi € PO3LUIMPEHHS TEXHOJIOTIYHUX MOXKIIMBOCTEH MPOIECIB XOJIOTHOTO BUIAB-
JIFOBAHHS Ha OCHOBI PO3pOOKH HOBUX KIHEMAaTHYHHX MOJTYJIiB CKJIQJIHOT ()OPMU Ta BUPOOIICHHS
BiJIMOBITHIX PEKOMEH/IAIlI 11010 iX BUKOPUCTAHHS /ISl OTPUMAHHS OI[IHKU CUJIOBOTO PEXKIMY
nedopMyBaHHS Ta BU3HAUYCHHS ONITHMAILHOI KOH(DIrypartii iHCTpyMeHTY.

Buxkiax ocHoBHOro Martepiajy. Y MexaX BUKOPUCTaHHS €HEPreTUYHOIO METOY BEpXHBOI
OIIIHKY BKJIMBE MICIIE BiJlirpae po3OUTTS 00’ €My 3aroTOBKH Ha KOMITJIEKC KiIHEMAaTHYHUX MOJTY-
JiB pO3paxyHKOBOI cxeMH mporiecy. [Ipu nbomy MoxiiBa mo0y/j0Ba BETNUE3HOI KIJTBKOCTI pi3-
HUX HAOOpIB KIHEMAaTHYHUX MOJYIIIB i3 PI3HUMHU KIHEMaTHYHO MOMIUBAMH ITOJIIMH TITBHIKOC-
teit (KMIII). ®opma mexi po3aily Teuil MeTaly BCepelMHI 3aroTOBKM abo0 CKIaJaHa
KOH(]iryparist iHCTpyMEHTY BUMarae BUKOPUCTAHHS KIHEMAaTHUYHUX MOJYJIB 13 KPUBOJIIHIHHOIO
MEXKOI0 TPUKYTHOI abo Tparrerienoionoi ¢popmu. Haman HaiOLbp eeKTHBHOIO BBAKAETHCS
PO3paxyHKOBa CXeMa 3 MiHIMAJIbHOIO BEJIMUYMHOIO IMPUBEIEHOTO TUCKY AedopmyBaHHs. [Ipu
EOMY JUIS PO3PaXyHKOBUX CXeM KOMOIHOBAHOTO BHIABIFOBAHHS i3 HASBHICTIO P03’ €IHAHOTO
abo CyMIIIIEHOTO ocepeKiB edopMariii MOKIMBUM € BUKOPUCTAHHS Pe3yIbTaTiB OJHOTO 3 aB-
TOHOMHHX OcepeJKiB Jiehopmartii. HassBHICTh IIMPOKOTO KOJIA MPOIIECiB BUAABIFOBAHHS i3 PO3-
BUHYTOIO PaJiajbHOIO CKJIAJIOBOIO TeUil MeTaly BUMarae OLIbII IETaIbHOTO JOCHIKEHHS 3 TO-
YKH 30pPY BIIOOpa)KEHHS KapTUHU Tedli METaly B 30HI PO3BOPOTY JI0 paaialibHOI Tedil 1 Jaii 3
Teuiero 710 (IIaHIeBOI 30HH 3 ypaxyBaHHIM HasiBHOCTI (pacok abo 3a0KpYTJIEHb Ha MMOBEPXHI KO-
HTaKTy MaTPHIIi 13 3aroToBKoro (puc. 1, 2).

B

AT1| -

&

Tr «—Tr2

l..
[

v

Puc. 1. V3acanenena cxema xombinoano2o 6uo0asnio8anHs
OCHOBHUMHY KiHEMaTHYHUMH MOJTYJIIMH CKJIaJTHOT (POPMHU € TparrerienoaioHi ockoBi (puc. 1,
ATI1, AT2, AT3), BayTtpimHi (puc. 1, [a) Ta kiHemaTH4yHi MOy TPUKYTHOI 200 Tpanenienoaio-
HO1 (hopMH, TII0 TO3BOJISIFOTH BPaXOBYBATH (POPMY IOBEPXHi KOHTAKTY iHCTPYMEHTY Ta 3arOTOBKH
y ¢mannesii 3041 (T1, Tr2, Tr3).
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a 7]

Puc. 2. Ompumani oemani 3 HasgHicmio 3a0Kpy2liesb. a — KOMOIHOGaHe padialbHo-npsime 6U-
0asno6ants 3 pozoaieio, b — KOMOiHO8aAHe PadiaibHO-360POMHE GUOABTIIOBAHHS

baza yHi(ikoBaHHX KiIHEMAaTHIHUX MO/TYJIIB i3 MTOXHJIOKO TPSMOJTIHITHOO MEXKEFO BKITFOYAE Tpa-
nenienoi0H1 KiIHeMaTHyHi MOy, JUTS SIKUX IPOBEJEHO PO3PaxyHKH HOTYKHOCTI cuil AedopMmy-
BaHHS, TEPTS Ta 3pi3y MiXK CYMDKHUMH MOy IsIMA. OJTHAK JUTST BUTIAJIKY BiICECHMETPHYHOI 3a1a4i
MIUTaHHS BpaXyBaHHs MEXI1 y BUIJISI UBEpTI KoJia He BUpileHe. B3arani Tpaneuienoaionuii Mo-
JIYJTb 13 KPHUBOJIIHIMHOO TIOXHJIO0 MEKEFO Mae Takuii BATIIST Ta BinosiHe KMITII (Tabmus).

Tabmurs
Cxema ma KMIIIII kinemamuuno2o mpaneyicnodionozo mooyis
Cxema KiHEeMATHYHOI0 MOJYJIsI KMIIII kiHeMATU4YHOr0 MOAYJIsl
- KMIILL xiHemaTH4HOTO TparnerienoaioHoro MoIyms:
!
hi+R I' Vo= Rx(hx + R)V; Z’(l")' z,
| NG,
i L _R(+RY,
hi F ' rz(r)
| Vi
i — ae z(r) — Oydb-sKa KpuBa, IO INPOXOAUTH uepe3 TOYKU
i > | (Ri.h;+R)1a (R, +R,h).
0 Ri R+tR r

BukopucranHs 11b0ro KiHeMaTUYHOTO MOJYJIA 13 IPSMOJIIHIHHOIO MEKEI0 He BUKJIMKAE TPY-
JTHOIIIB, OJTHAK BUKOPUCTAHHS K (QYHKLIT z(r) — UBepTi KoJia paaiycy R 3 IEHTPOM y TOYIl
(R,. +R,h +R) HE € MOKJIMBUM 3 OIJISIIy Ha HE iCHYBaHHS z'(R;), lle HE YMOXKJIMBIIIOE 110/1a-

JBIN PO3PaxXyHKH MOTYKHOCTI CHJI 3pi3y Ha MOBEPXHI BXOAY 10 MOAYJS Ta MOTYKHOCTI CHII
nepopmyBaHHS. TakuM YHHOM, IIOCTae TmpoOJieMa IIOIIYKY KPHUBOI, HAOIMKEHOI 10

z(ry=h,+R - \/Rz —(r— (R, + R))* , aHATITHYHOI IS 7" € [R;R +R].
Posristnemo kpuBy:

A

zl(r):—R+B, (1)
r—R,.(l—j
2
2
ne A= R R’(1+£j; Bzh,+R—2—ﬂA.
2r 27 RR
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[TponeMOHCTpY€EMO BiMIHHICTH JaHOI KPHBOI BiJ 4BepTi Kojia (pHc. 3), Epexoassdu 0
BimHocHux semmune R, =1, R =R/R,, l;l = h,/ R,. Kpupa uBepTi kosa BifoOpaxena Jep-

BOHOIO JTiHI€I0, HAOJIMKEHA KPUBAa — YOPHOIO IMyHKTHPHOIO JTiHI€0. XapakTep 3MiHH KPHBHX

HaOJIMYKEHO TTOI10HUIA.
=

0.6

I R=02|k = n_4|

z(r)
N\ 7)) — —
N

X
0,4 A\
\
\\
0,3 \
& _ ==
-04

0,5+

0,2+

| &

1 11 1,2 1,3 1,4 r
Puc. 3. [lopiensnvHuti ananiz nogeoinku Kpueux

2(r)=h + R—\[R* = (r - (R + R))* Ta z(r)

Binxunenns 3a JOBXUHOIO Tyru (TIEPEBUIIEHHS / 32 KPUBOIO z;(r) BITHOCHO TOBXWUHU /
YBepTi KoJia) cTaHOBUTH 110 0,8 %, a 3a MIIoIIer0 KpUBOIIHIHHOI Tparellii, 3ropu 0OMeXeHO1 da-
A

R
r—R|1-—

27
KOpHCTaHAa y BUTJISA/II HAOJMMKEHOT 3aMiHU uBepTi KoJia. Ll 3amMiHa Hajjae MOXKITUBICTH BUKOPH-

crauass KMIIII y nHaBenmeHomy BuIe BHTIAAL (Tabi. 1) Ta Ha BiAMIHY BiJ YBepTi KoJia
z;(R) # 0, mo Hagae MOKIUBICTH MPOBOJUTH HEOOXITHI PO3PaXyHKH.

HIMH KPHBUMH, CTAHOBHTS e MeHIe. OTKe, KpuBa z (r) = + B MOXe OyTH BH-

3anuimemMo CKIJIAJIOBi MPUBEICHOTO THCKY JAeGOpMyBaHHS BCepeIUHI KIHEMAaTHIHOTO MO-
myJist Tr2 i3 ypaxyBaHHSIM HOTYKHOCTI CHUIT ie()OpMYBaHHS, 3pi3y Ha IIOBEPXHI MiXkK CYMIKHUMHA
KiHEMaTHYHUMHU MOJYJIIMH Ta TEPTS Ha MIOBEPXHI KOHTAKTY IHCTPYMEHTY Ta 3aroToBKH. Po3r-
JSITAHHS. YMOB TepTs Oyje B MeXax, XapaKTepPHUX IS MPOIIECIiB XOJIOTHOTO BH/IABIFOBAHHS
M, =0,08. HaBememMo mOTY)XHOCTI CHII TePTsI Ha MOBEPXHi 3a0KPYTJICHHS Ta HA HIDKHIN Mexi

KIHEMaTHYHOTO MOIYJIS Y BUTIISII:

BR| 1+ i +4
_ dro u VR (h, + R) R A 2z

N, “In ; )
2
RR_ 4\~
drouVR(h+R)A| B> |\ 2z B B(1 2z) 11 47 3)
Na= Mo —=""5 £ RR( A\ a\c 'R 2\ ®RE)|
2(C+Bj ' '
T

93



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

ne C =R(l+£j.
27

[TotyxHicTh cun aeopMyBaHHS BCepeINHI KIHEMATUYHOTO MOJYJIS 3HAXOAUMO y BUTIISI
BepXHBO1 oIiHKH 3a Korri-byHSIKOBCEKHM:

N, <oM-W, 4)

e M= j j j £dV, £, — IHTCHCHBHICTB IIBHIKOCTeH edopmartii;

V=2x A R+R(1——) % % R +R2)2_R’2 — 00’eM MOYSI.

SIKII0 BBaKaTH CYCITHIMA KiIHEMAaTHIHUMH MOJTYJISIMHU YHI(IKOBaHI MOJYJTi JUTS BHITAJKY pa-
JiaJIbHOTO BUJIABJIIOBAHHS, TIOTYKHOCTI CHJI 3pi3y MPUAMAIOTh BUTJISI:

_nog(h+R)| 4774V, .

AN { RR? VR}’ 2
72'O'QR7(h +R)

. . 6

g \/_Cz ( )

Benmumna npuBeneHoro Tucky aedopMyBaHHS KiHEMaTHYHOTO MOAyis 112 i3 ypaxyBaH-
HsM (2) — (6)nipuiiMae BUTIISIA:

N,+N_,+ Nq +N,,+N,
”O-SVORI'Z ‘

JIiist nociKeHHsT TUTaHHS MOJIMBOCTI OMTHUMI3AIT pajiiyca 3a0KpyTIeHHs He0O0XiTHO po-
3[IIAAHHS BEJIMYMHU IIPUBEJICHOTO TUCKY Ae(hOopMyBaHHs 000B’SI3KOBO 3 ypaxXyBaHHIM HOTYXk-
HOCTI CHJI 3pi3y MK CYMIKHUMH KiHEMaTHYHUMHU MOy siMU. [IpoaHaiizyeMo moBeiHKY Belu-
YUHU TPUBEACHOTO TUCKY JedOopMyBaHHS p, po3paxoBaHHX 3a (7), 3aJe’)KHO BiJ pajiycy
3a0KpyryieHHs MaTpulli R (puc. 4). 3a Oyib-IKUX 3Ha4€Hb TOBUIMHU (PJIaHIIEBOI 30HU KPHUBI IIPHU-
BEJICHOT'O THCKY Je(popMyBaHHS MAtOTh TOUKY MIHIMYMY, ITI0 BKa3y€ Ha MOXKJIMBOCTI OIITAMI3aITii
(dhopMu iHCTPYMEHTY 3a pajiiycoM 3a0KpyrieHHs. [Ipu nmbomy 31 301IbIIIEHHSIM TOBIIUHU (hIaH-
IIeBOI 30HH ONTUMAJIbHE 3HAYECHHS paJiiyca 3a0KpYTJICHHS TeX 301IbIIy€eThCS HOPSA 31 3MEHIIICH-
HSIM caMol BeJIMYMHU MPUBEJCHOTO THCKY Je(pOpMyBaHHSI.
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Puc. 4. 3minenns eeruyunu npusederno2o mucky oepopmysanns

npu iy = 0,08 3q pisnux h,

BHuCHOBKH BignoBigHo 10 c¢TaTTi. 3anponoHOBaHO BUKOPHCTaHHsS KpUBOi BUIIAny Z,(7)

SIK 3aMiHa YBEPTI KOJIa, IO BiJOOpakae 3a0KpyTiIeHHS MaTpHIli. BcTaHOBIIEHO, IO BIIXUJICHHS
JIOBXKMHM T HaOJIM>KEeHOI KpUBOI Ta IUIONI KPUBOJIIHIKHOT Tparerii, 1o oOMexeHa Helo, He
nepesuiye 0,8 %, 1m0 BKa3zye Ha aJIeKBaTHICTH 3alporioHoBaHo1 3aMind. [IpoBeaeHo po3paxy-
HKH [IPUBEJICHOT0 TUCKY JIe(OpMYBaHHS BCepeINHI KIHEMAaTHYHOTO MOJIYJIS 13 3A0KPYTJICHHSIM.
BcranoBieHo, o pajiiyc 3a0KpyTiIeHHS MOKHA BHKOPHCTOBYBATH y BUTJISII ITapamMeTpa OITH-
Mizanii KoH(pIirypamii iHCTpYMEHTY 3a BEIMUMHOIO IPUBEJICHOTO TUCKY iedopMyBaHHs. Po3po-
OJICHWI HOBHWM KiHEMAaTHYHUU MOMIYJIb 13 3a0KPYIJICHHSIM J03BOJISIE PO3MIUPUTH MOKIUBOCTI
€HepreTUYHOr0 METOJTy JUIsl MOJIETIOBAaHHSI IPOLIECIB XOJIOAHOTO BU/IABIIOBAHHS 31 CKJIAJHOIO
¢dopmoto iHCTpyMeHTy. Lle 103BOIMTh Halalli BAKOPUCTOBYBATH HAaBEICHI pO3PaxXyHKH B HOBHX
cXeMmax Ta CHpUSTUME OTPUMAHHIO OI[IHKH CHJIOBOTO PeXHUMY Ta (pOpMO3MiHEHHS 1, K HACHTi-
JIOK, BUPOOJICHHIO PEKOMEHTAIlif 11010 ONTHMAaJTbHOT KOH(DIryparii iHCTpyMEHTY Ta OiJIbII aK-
TUBHOMY BIIPOBAJPKEHHIO JIaHUX MPOIIECiB Ha BUPOOHHUIITBI.
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Natalia Hrudkina, Oleg Markov

MATHEMATICAL SIMULATION OF COLD EXTRUSION PROCESSES WITH
COMPLEX TOOL CONFIGURATION

Urgency of the research. Cold extrusion processes provide a high surface quality and precise dimensions of stamped
workpieces and parts, and thus demonstrate a steady trend to expansion of technological capabilities and implementation in
manufacturing. Obtaining of engineering formulas for calculating of the optimal power mode, presenting about characteristic
zones and boundaries of the metal flow and contact zones of the part with deformation tool, predicting of shape formation are
urgent tasks that need to solve.

Target setting. It is advisable to produce parts of complex shape from solid or hollow workpieces by methods of transverse
and combined radial-longitudinal extrusion. In this case, the configuration of the tool (the presence of chamfers and roundings)
allows to form the required profile of the part and significantly affects on the deformation and power modes of the deformation.
Determination of the optimal power mode in the form of engineering formulas, taking into account the influence of design
features of the tool, will contribute to a more active implementation of these processes in the manufacturing.

Actual scientific researches and issues analysis. Based on the analysis of publications in recent years, it has been
established that studies of the processes of cold longitudinal-transverse extrusion are mainly carried out by experimental and
by the finite element method and relate to the determination of the power regime, the features of the shape resizing and defect
formation of the workpiece.

Uninvestigated parts of general matters defining. Obtaining of the engineering formulas for calculating the power regime
(especially for the complex tool shape) remain unresolved, which indicates the insufficient suitability of the obtained results
for using in the production.

The research objective is an expanding of the technological capabilities of the cold extrusion processes based on the
development of new kinematic modules with complex shape and the development of appropriate recommendations for their
using to obtain an assessment of the deformation force mode and determine of optimal tool configuration.

The statement of basic materials. The paper proposes the using of an approximate curve as a replacement for a quarter of a
circle reflecting of the matrix rounding. It has been found that the deviation of the arc length of the approximate curve and the area of
the curved trapezoid bounded by it does not exceed 0.8%, which indicates the adequacy of the proposed replacement. Calculations of
ratio pressure into of the kinematic module with rounding have been carried out. It has been established that the radius of curvature
can be used as a parameter for optimizing the configuration of the tool according to the value of the ratio pressure.

Conclusions. Developed new kinematic module with rounding allows to expand the capabilities of upper bound method for
modeling the processes of cold extrusion with a complex tool shape. This will allow in the future to use the above calculations in
new schemes and will help to obtain an assessment of the power mode and shape resizing and, as a result, to develop
recommendations for the optimal configuration of the tool and more active implementation of these processes in the manufacturing.

Keywords: mathematical simulation, combined extrusion processes, kinematic module, upper bound method,
deformation process.
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DESIGN, MANUFACTURING AND PROBLEM ANALYSIS
OF AN ENTIRELY FDM 3D PRINTED LINEAR PNEUMATIC ACTUATOR

Urgency of the research. Currently, manufacturing of pneumatic components is reserved only to well-equipped manufac-
turing plants and machine shops. The ability to reliably manufacture pneumatic components on a FDM 3D printer would
enable the creation of low-cost custom-made pneumatic actuators with novel properties. This, in turn, could increase the speed
and lower the cost of development of prototypes that use pressure air as their power source.

Target setting. Today cost-effective 3D printers can be found both in manufacturing plants and small machine shops and
hobbyist workshops. Hawing the possibility to make reliable pneumatic components like pneumatic actuators on such machines
could be beneficial and lead to opening new applications for them.

Actual scientific researches and issues analysis. Currently most research on using additive manufacturing to construct
a pneumatic actuator focuses mainly on bellows type actuators. Research on 3d printing of classical pneumatic actuators is
scarce and often presents a rough overview of the design process and immediately presenting a functional prototype without
focusing and studying the design hurdles thoroughly.

Uninvestigated parts of general matters defining. Parts for firm pneumatic actuators manufactured by FDM 3D printing
exhibit properties that have detrimental effects on the optimal working of such actuators. The question is on the magnitude of
these effects whether these effects can be tolerated and how to design such a firm pneumatic actuator without the need to
postprocess all the components.

The research objective. The aim of these research was to manufacture an early prototype of full plastic 3d printed not
postprocessed linear actuators and make a preliminary analysis of encountered problems therefore pointing the way for further
research in this field.

The statement of basic materials. The analysis consists of an attempt to manufacture a simple prototype of full plastic 3d
printed linear actuators without the use of postprocessing techniques and establishing a baseline for further research.

Conclusions. In this paper the design of three iterations of FDM 3D printed pneumatic cylinders are presented. The
problems arising from not using any postprocessing on either of the parts and using only 3d printed parts for the construction
is also discussed. In the final chapter the design hurdles for the design and manufacturing of such an actuator are presented..

Keywords: actuator; pneumatics; 3D printing.

Fig.: 9. Table: 4. References: 7.

Introduction. Material additive manufacturing technologies, commonly referred to as 3D
printing technologies have been a part of manufacturing since the 1980. In the past 20 years
thanks to the increasing computing power of low-cost microcontrollers, decreasing cost of man-
ufacturing and the expiration of many patents on 3D printing technologies, 3D printing is being
more and more popular with engineers and makers alike. 3D printing technologies allow to
manufacture prototypes faster and often much cheaper than using traditional manufacturing
methods. Apart from that, 3D printed parts can have geometry difficult or even impossible to
achieve using other methods. Currently, the cheapest form of 3D printing is FDM (fusion dep-
osition manufacturing) 3D printing, where the lower end 3D printers are easily accessible by
common people.

On the other hand, 3D printed parts, in general, suffer from coarse surface finish, anisotropy
in physical properties and, depending on the technology applied, lower dimensional accuracy.

This is one reason why parts requiring smooth surface finish and dimensional accuracy are
still being predominantly manufactured using standard manufacturing techniques.

One such field on which little literature can be found is 3d printing classical pneumatic and
hydraulic linear actuators. Usually research focuses more on developing and using of bellows
type actuators. These actuators work on the principle of a flexible airtight container. If pressure
air is pumped inside of this container, the container, depending on its geometry, deforms. An
example of this can be found in [1] where a soft bellows type actuator attached to rigid links and
variable stiffness joints simulates a grasping finger. True firm linear pneumatic cylinder type ac-
tuators manufactured using FDM 3D printing can be found in [2] and [3] where linear actuators
made using FDM 3D printing are presented. Here, some parts, namely, the piston rod, friction
rings and gaskets are not made by FDM 3D printing because the authors concluded that properties
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not achievable by FDM 3D printing are needed. The actuator was applied to construct a pneu-
matic linear servo actuator and a jumping robot. In 4 a design for a completely printed single part
multimaterial piston and seal assembly for a full plastic linear hydraulic micro actuator for use in
medical robots is presented. In this example the 3D printing technology of PolyJet was used. In
all of these examples, components that needed to have special properties, e.g. smooth surface
finish, high strength etc., were either not made using 3D printing, or were postprocessed.

The question asked in this article is whether it is possible to manufacture a pneumatic cyl-
inder using only FDM 3D printing without postprocessing any of its parts and what are the
challenges that need to be overcome before such an actuator can be used in an application.

We address this question by manufacturing three complete prototypes of pneumatic cylin-
ders and analysing the most prevalent problems encountered.

Manufacturing process. The manufacturing technology for the pneumatic cylinders was
chosen to be FDM 3D printing. As mentioned above, this is the most affordable and widespread
3D printing technology, which still allows for the manufacturing of detailed and strong parts.

This technology functions by first discretising (slicing) the 3d model of the object into sep-
arate horizontal layers which are manufactured by the 3D printer on top of each other (figure 1
and 2). Each layer is in turn made from extruded plastic filament drawn across a layer and fused
together to form the layer. Every layer has a spot where the start of the print path meets the end
of the print path. This spot is called the seam and corresponds to a spot of decreased surface
finish.

a . “b c o
Fig. 1. Production cycle of a FDM 3D printed part:
a— 3D model; b — sliced model with toolpaths, ¢ — finished part

a :
Fig. 2. Closeup on the structure of a 3D printed part:
a — theoretical a.k.a. within slicing software; b — real

As one can see from the figures above, the final part will have different tribological and
strength properties along the layer lines compared to the direction normal to the layer lines. The
strength of PLA parts along the layer lines according to [5] is around 50 MPa. Strength normal
to the layer lines can be much lower, the difference is heavily influenced by the settings of the
manufacturing process.

One other issue is that the parts manufactured using FDM 3D printing are not necessarily air-
tight as pores are created within the volume of the material during manufacturing (see figure 3).
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Fig. 3. Micro fractographs of 3D printed samples using FDM. Different raster
orientations plays and important role in mechanical behavior of parts [7]

Basic construction of industrial grade pneumatic linear actuator. Linear pneumatic ac-
tuators are widely used, mainly in manufacturing plants. These actuators provide a good ratio
of power to weight whilst being much cheaper and easier to integrate than other types linear
actuators [7].

The basic construction of a linear pneumatic actuator can be seen in figure 4.

Piston head

Front cover Piston r}sad seal Back cover

Piston rod seal

Piston rod W\ \N‘Q\\x\%\‘ W=k i

Qil seal \
Cylinder body  \year fing
Cover o-ring Cover o-ring

Fig. 4. Schematic sketch of a basic pneumatic linear actuator

The inner working of such an actuator is simple. Adding pressurised liquid or gas to one
side of the piston head produces a pushing force acting on the piston head.

There are two sets of components in this assembly. There are the structural components:
Back and front cover, cylinder body and rod bushing forming the cylinder body assembly and
piston rod, piston head and wear ring forming the piston rod assembly. These provide structural
integrity and eliminate unwanted degrees of freedom for movable parts of the actuator.

The other set of components are the sealing components: piston rod seal, piston head seals,
oil seal and the two cover o-rings. These components provide sealing from the pressure medium
leaking from one side of the piston head to the other and from inside of the actuator out, which
would reduce the actuators efficiency.

One very important detail to point out is that, although the wear ring and rod bushing facil-
itate low friction movement for the rod assembly relative to the cylinder body assembly, these
two assemblies, in ideal case, should, through the movement of the piston assembly, not touch.
The piston rod assembly and actuator body assembly are connected through the piston rod seal
and piston head seal. This fact can be easily seen on the commercial pneumatic linear actuator
SMC CD85E10-50S-B (see figure 5) where there is noticeable play in radial direction between
the piston rod assembly and cylinder body assembly.

Fig. 5. Linear pneumatic actuator SMC CD85E10-50S-B
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Design and manufacturing of linear actuator prototypes. Three iterations of the pneu-
matic linear actuator were designed and manufactured. The basic design of the prototypes is
based on the design of the SMC CD85E10-50S-B.

The design of the prototype was subjected to the following prerequisites:

a) The whole actuator including the seals is going to be 3d printed except the inlet fittings

b) The maximum pressure for testing the designs must, for safety reasons, not exceed 3bar

¢) The default layer height for the structural printed parts is chosen to be 0.2 mm for faster
printing

d) No surface of the actuator is going to be subjected to postprocessing and no lubrication
is going to be used.

The main parameters used for0O 3D printing can be found in table.1:

Table 1
Basic print settings used for manufacturing of linear pneumatic actuators
Parameter value
Nozzle diameter 0.4mm
Layer height 0.2mm
Number of top/bottom layers 5
Perimeters 7
Extruder print temperature 205 °C
Print speed 60 mm/s
Cooling 100%

The machine used to manufacture the testing cylinder was chosen to be the Creality Ender
3. This is a very popular and cheap machine able to produce parts with satisfactory surface
finish and physical properties without the need to modify the machine.

The material for manufacturing of structural components was chosen to be 3DFactory lu-
minous red PLA and for the seals FIBER3D TPU black. These materials were on stock and are
generally easily available.

Taking the basic design of an industrial grade design as a template, three consecutive itera-
tive prototypes of linear actuators were made. Because 3D printing offers more freedom in the
design of a part, the basic design of an industrial grade design was adapted to utilize the ad-
vantages and conform to the limitations of FDM 3D printing.

The cross sections of all three prototypes can be seen on figures 6 to 8.

b
Fig. 6. First iteration of a 3D printed linear actuator (a),
finished parts of the first iteration of a 3D printed linear actuator (b)
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As can be seen on figure 6 the overall construction is simpler than the example cylinder.
The back cover is fused with the actuator body, the front cover is a screw on cap whose front
part functions as the rod bushing. There is no wear ring and the rod seal, and the front o-ring
seal is also fused into a single sealing cap. The piston head seals have a cup shape and are
pressed against each other by a tightening nut.

This first iteration was functional allowing the piston to extend if pressurised to 2 bars.
Unfortunately, this version suffered from high amounts of pressure air leaking through both the
piston rings and front sealing cap. This issue was exasperated by the missing wear ring and
loose tolerances allowing the rod to move radially opening a path around the seals.

The second iteration shown on figure 7, has a redesigned front cap acting again as the rod
bushing and the rod has a widened back section taking on the role of the wear ring. Also, the
front cap seal and front rod seal are two separate parts now. The diameter of the front rod seals
was increased to decrease pressure air blow through. The body and piston were shortened, to
decrease the material and time needed for manufacturing.

The back tread of the actuator body got damaged during testing resulting in the threaded
section breaking in half. This resulted in pressure air escaping through the porous material of
the cylinder. Also, the increase in the diameter of the seals slightly decreased pressure air es-
cape. Unfortunately, due to the increased contact force between the seals and the rough actuator
body of the bore the piston was not able to move at 3 bar of inlet pressure.

Wiz
7

.

l

Fig. 7. Second iteration of a 3D printed linear actuator and finished parts
of the second iteration of a 3D printed linear actuator

The final prototype is shown in picture 8. In this design the cylinder body was again sim-
plified, and tolerances were adjusted. Also, a different design of the piston seal was imple-
mented, this time using a laminar shape. The new seal design decreased the friction forces
between the seal and bore, but the air leakage was audibly higher, nonetheless movement
was achieved. Replacing the new piston seals with the seals from the first version showed
the best results.
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Fig. 8. Third iteration of a 3D printed linear actuator
and Finished parts of the Third iteration of a 3D printed linear actuator

In table 2 one can see the extension force exerted by all three prototypes at a pressure of
3bar. Because the printing parameters were for all three prototypes the same, the variation of
extension force is mainly due to seal design and random factors arising through the manufac-
turing process. The thick halfcup seal’s diameter was too large leading to substantial binding
through the tests and not producing reliable results.

Table 2
Extension force at 3bar
cylinder prototype no. seal extension force [N] theorethical/messured force [%0]
1 halfcup 13 55,1
1 thick halfcup n/a n/a
1 lamelar 8,8 37,3
2 halfcup 11 46,6
2 thick halfcup n/a n/a
2 lamelar 9,6 40,7
3 halfcup 12 50,8
3 thick halfcup n/a n/a
3 lamelar 9,8 41,5

The static friction forces and friction were measured for the first cylinder and for every seal
(see table. 3).
Table 3

Extension force at 3bar

static force (brake off force) [N]
friction Ra halfcup seal lamelar seal thick halfcup seal
1,136333333 10,2 1,22 40,2

Design hurdles. As can be seen from the prototypes, there are significant hurdles to overcome
in designing and manufacturing of a practical linear pneumatic actuator on a cheap desktop 3D
printer. The main problems that need to be addressed are:
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1. Surface friction control- surface roughness and material significantly influence the fric-
tion force between the surface cylinder body assembly and piston assembly

2. Seam quality control- the presence of a protruding seam negatively influences actuator
performance (see figure 9 and table 4)

3. Tolerance control- improper dimensions of components effect seal blow through and fric-
tion forces

4. Seal design- 3D printing allows for novel seal design with unique properties

5. Material integrity control- both structural integrity at higher pressure and minimisation of
pressure air escaping through the pores of the material of the cylinder need to be assured

Table 4
Seam height
Prototype no Seam height [um]
1 126
2 176
3 144

a b c
Fig. 9. Inner bore seam 50x magnification:
a— 1* prototype; b — 2" prototype; c — 3" prototype

Conclusions. In this paper the design of three prototypes of not postprocessed full plastic
linear pneumatic actuators manufactured by FDM 3D printing and the topics that need to be ad-
dressed before these actuators can perform with satisfactory performance are presented. This pa-
per is supposed to be a starting point for further research, pointing towards further work that needs
to be done and giving basic information. Further topics for research can be, for example, on the
ways to decrease the friction within the actuator, on reducing the negative effects of the seam on
the performance of the actuator, on new seal designs, performance tests. This work will hopefully
lead to the development of a new class of reliable actuators with properties only achievable using
3D printing manufacturing technologies.

Acknowledgements. This research was funded by project VEGA 1/0389/18 and project
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VIK 62-851
Mapmin Bapea, @inin Qinaxoscvkuil

MMPOEKTYBAHHS, BUTOTOBJIEHHS TA AHAJII3 ITPOBJIEM JITHIMHOI'O
ITHEBMATHNUYHOTI O ITPUBOJIA, IIOBHICTIO BUKOHAHOI'O
3A TEXHOJIOT'TEIO 3D-APYKY METOAOM ITOITAPOBOI'O HAIIJIABJIEHHS

AxmyanvHicmb memu 00¢1i0MceHHA. Huni 6upoOHUYmMeo nHeeMamuyHux KOMNOHEeHMI6 OOCHynHe MilbKu 6 000pe 00-
JAOHAHUX BUPOOHUYUX NIONPUEMCMBAX | MEXAHIYHUX yexaX. Bueomoenenns nneemamuunux komnonenmie ona 3D-npunmepis,
npayioyux Ha NPUHYUNI NOULAPOBO2O HANIAGIEHHS, OACHb MOXCIUSICINb CMEOPIO6AMIU HUSbKOBAPMICHI NHEEMAMUYHI NPU-
600U 3 HOsImMHIMU énacmueocmamiu. Lle, y ceoio uepey, moowce 30inbuLumu WUOKICMb MA SHUSUMU 6APMICb PO3POOKU NPO-
MOmMunie, Ki BUKOPUCIMOBYIOMb MUCK NOGIMPSL SIK OHCEPeNo HCUBTEeHHS.

Ilocmanoexa npoonemu. Co0200mi exoHomiuni 3D-npunmepu MOXNCHA 3HATMU K HA SUPOOHUYUX NIONPUEMCTBAX, MAK
1 6 HeGENUKUX MEXAHIUHUX Yexax | MalicmepHsX 05 iroumenie. Bucomosnenns HAOTHUX NHEGMAMUYHUX KOMNOHEHMIB, MAKUX
5K NHEGMAMUYHI NPUBOOU, HA OQHUX MAULUHAX MOdCe OYMU 6UCIOHUM | Npusecmu 00 GIOKPUMMISL HOBUX MONCIUBOCHET iX
3acmocy8amHsL.

Ananiz ocmannix 0ocnioxcens i nyonikauii. Ha coo2o0mi 6invuiicms 00ciiodcers wooo aoumueHo20 GUpOOHUYMEA ONisi KOHC-
MPYI0O8AHHS NHEEMAMUYHUX NPUB0OIE (POKYCYIOMbCA NEPEBANCHO HA NPUBOOAX CUNb@oHHO20 muny. J{ocnioxcenHsa 3D-nadpyrkoearux
KIACUYHUX NHEEMAMUYHUX NPUB0OIE € HEOOCMAMHIMU | OOCUMb YACMO MICHANb uule NPUOTUSHUT 0210 NPOYeCié NPOEKIYE6AHHS
ma npe3enmyioms QyHKYIOHANbHI BPOMomuny 6e3 HaeOeHHsl Ma [PYHMOBHO20 BUGHEHHS KOHCPYKIMUGHUX NEPEULKOO.

Buoinenna nedocnidxceHux yacmut 3az2anvHoi npoonemu. Komnonenmu Qipmogux nHeGMamuyHux npusoois, 6Uomo-
6ieni 3a mexHonozielo 3D-0pyKy Memooom noulapogozo HAnIAeieHHs, NPOSGIAMb 61ACMUBOCI, SKI MAOMb WKIOTUGULL
GNIUG HA ONMUMATLHY POOOMY MAKUX NPu600is. Ilumanns nors2ae 8 Momy, Yu 6eIUNUHA YbO20 BNAUGY € OONYCHUMOIO, | AKUM
YUHOM CHPOEKMY8amMu NPUoou be3z nompeobu nociioyuoi 06podKuU 6CiX KOMIOHEHMIG.

ITocmarnogka 3a60anna. Memoio yux 0ocaioxceHb OYI0 6ULOMOBNEHHSA PAHHbO2O NPONOMUNY YIIKOM NAACIUKOBUX Ji-
HITHUX Npu60dis, HAOPyKoeaHux Ha 3D-npunmepi, 6e3 NOCIiOYIOYOT 00POOKIL, A MAKONHC NONEPeOHill aHANI3 NPodIeM, o u-
HUKAY, OISl NOULYKY ULTLAXI8 NOOANbULUX OOCIIONCEHD Y YbOMY HANPAMKY.

Buknao ocnoenozo mamepiany. Cmamms micmums ONUCAHHA CHPOD 8USOMOBIEHHS NPOCMO20 NPOMOMUNY NOGHICIO
NIACMUKOBUX NIHIUHUX npueooieé Ha 3D-npunmepi 6e3 6uKopuUcmants Memooig nocaioyiouoi 0opodKu ma 6UHAUeHHs NIOIPY-
HMA 018 NOOANLULUX OOCTIONCEHD.

BucHnoeku 6ionogiono 0o cmammi. Y yiti cmammi npedcmaeneni Mooeni mpvox imepayiii NHeGMAMUYHUX YUniHopis,
Haopykosanux 3D-0pyxom memooom noutapogozo nannagienus. Ob62o6opeHi npodremu, uo SUHUKAIOMb 0e3 GUKOPUCTHANHS
JHCOOHOI NOCMOOPOOKU KOMNOHEHMI6 ma Npu 3acmocy8anti Y KOHCMPYKYii minoku Haopykoeanux 3D-opykom demaneii. V
3AKAIOUHIT YACMUHI HA8EOeHT KOHCMPYKMUSHI NepeutkoOU O NPOEeKNTY8AHHS Md UPOOHUYMEA MAKUX NPUEOOIE.

Knwuogi cnosa: npusio; nneemamuxa; 3D-0pyx.
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MODELLING OF ROBOT MANIPULATION IN INTEGRATED PRODUCTION

Urgency of the research. Cell production has become one of the most important studies of the arrangement of production
systems. This production philosophy is based on the fact that the products are similar in shape and production processes. This
allows parts to be grouped into groups that they share during their processing, ensuring an economic effect.

Target setting. Automated production systems are built with large investments. The result is small-scale production auto-
mation cells, including industrial robots, including handling automation. These automation islands did not meet expectations
in terms of costs, commissioning dates, meeting production deadlines, achieving planned performances, so attention must be
paid to integrated production.

Actual scientific researches and issues analysis. Integrated production reduces material handling and transport time. By
making the product more time on the machinery and less time on the road. Because the parts move in the chamber and not in
the entire factory, travel time and distance are reduced, leading to a reduction in material handling costs, which represents
between 20 and 50 % of the total operating costs.

Uninvestigated parts of general matters defining. Most articles and other publications on the problem of modeling inte-
grated manufacturing alleviate the problem of modeling a specific cell. In my article I will solve a production cell in general
without specific properties.

The research objective This paper focuses on the integrated and logistic of the style of material flow, suitable for reali-
zation manufacturing and logistics network. Solution base is defining of mission, objectives and goal integrated of the style of
material flow. The core of solution is analysis of strategy on integrated. The result of solution is to define tools integrated and
Jformation evolution profile of the style of material flow.

The statement of basic materials. In general, the key to building integrated production is group technology based on the
principle of material flow analysis. The problem of modeling integrated production points to possible variants of solutions
based on the analysis of material flows. However, considering only this criterion is insufficient for practice, because it does
not consider e.g. about the number of pieces.

Conclusions. These relationships are representative of some approaching the importance of parameterization, which
remains open and accessible to address other tasks to optimize the production system.

Keywords: material flow; manipulation technical; integrated functions.

Fig.: 4. Table: 1. References: 13.

Introduction. Development of automation assembly systems makes the question of effi-
ciency and optimization, which can be addressed with regard to external conditions and internal
conditions. One of the determining factors is the automation of manipulating and flexibility of
material flows that are important in adapting manufacturing systems for large-scale changes in
market quality and reducing production costs. The requirements of flexibility and quality pro-
duction, low implementation costs lead to the creation of expediency handling equipment and
structures based on nature of phenomena associated with the implementation of functions and
activities [2].

For this purpose, to accede to the development of manipulating systems perspective as a
basis for the creation of flexible material flows. These are being diverted away from graphical,
analytical and parametric models and then used to design effective and efficient elements,
equipment manipulating and ensembles [1; 3].

Model of integrated production. Addressing integrated handling due to the fact that the
function of the material handling time and the number required to provide a process or depart-
ment material producing devices as well as time to settle differences and inequalities, which
have created in integrate technology operations in a coherent process [10].

For medium-sized enterprises in manufacturing structures for small series as well as large
enterprises with a variety of simple tasks in the handling of workpieces is under considerable
pressure to reduce production costs by all means and purposeful automation. For these areas it is
advisable to develop an integrated material flow solutions. Flexible automated handling the ma-
chine and automatic supply of individual production cells are still scarce. Towards an integrated
manufacturing system automation modules are still missing. Even in exceptional cases specifi-
cally addressing the use of automation of handling general fail and the concatenation of certain
types of components and the high costs incurred in individual solutions. Only by developing the
production-transmission systems, and in particular concatenation of grouping of workpieces can

create cost-effective systems that meet the established requirements [4].

© Pypmone¢ Anom, 2020
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The strategic objective is to achieve a more comprehensive application of automation engineer-
ing and manufacturing into one compact unit production logistics chain- Fig.1. profiling under the
integrated material flow. This trend makes the deployment of advanced concepts of the transport
storage and handling systems that ensure a high degree of automation and modularity. Handling,
transport and storage technology is indispensable for those goals, but far from forming an integrated
system. Equally important is a well-organized flow of material. While the system applies the prin-
ciple of integration objects to avoid unnecessary handling operations, respectively to be easily au-
tomated. The rational is needed to automate operations such level of integration to secure the re-
quired handling functions and to avoid duplication and thus unorganized production [5].

Preparatory Main technologies Expedition

technologies technol.
System integration | Fabricatingand  Integration of Inspection Integration
intermediates components product design  and testing product for
the market

<, = s

ar
5

D - Production
V - Stage stock

o - Stage supply and distribution
Fig. 1. Production logistics chain

Creating an integrated handling system, and hence more real integrated production and assem-
bly is, undoubtedly, the systemic nature of the creative question. This leads to the search for answers
on how to create complex technical systems, which currently require only a significant increase in
the level of automation, but also the design of appropriate means of forming system [2].

Description of the solution. In modelling and parameterization tasks, automated handling
assuming availability of exact methods of system analysis, in methods for the registration sys-
tem using a formal mathematical apparatus. Mathematical modelling is one tool in addressing
the tasks of analysis, design and management of handling systems, which have a material effect
on its efficiency. It is an abstraction model that is based on the allocation and modelling of
critical information, material and physical communication in circulation (Fig. 2) [6].

()

— _ Material flow

= = =P _ Information flow

SU, — Storage/Expedition
TMy—, VM —, VB — Production

Fig. 2. Form integrated production system
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Modeling. Creating the material flow logistics solutions precedes the description of com-
munication material and registration material communications network, describing the track
mounting system. Based on the decomposition of the manufacturing system of an indirect link
between the storage node-handling hub-production unit with its own handling equipment. For
a description of the material define the communication nodes (marking O), and ". joining the
(sign ---). Depending on the status and role of the studied functions handling system varies the
number of nodes, their state and mutual relations. Therefore, the model must represent the com-
munication material such registration, to determine the starting node (U1), the target node (U,)
and Centre knots (Ua, ..., Up.1). Then material communication network is the sum of flows in
all the roads leading from node U1 to node Un. If the communication system of the material in
any sub- Ui, Uy, ... Uy, defined as a structure of nodes U; (ui1, ui2 ,..., Uim), U2 (U21, U22, ..., Wom),
Un (Un1, Un2, ..., Unm), Fig.3 then analyze the material flow system for the distinctive level nodes
ujj (operations, buffer), at nodes Uy, Uy, ..., Uy (central), or U level (operational, interoperable,
central), Fig.4. [8]

Fig. 3. Description of communication material — central level
Uy

Fig. 4. Description of communication material — operational level

Where U; input-output store;
Ua.,...,Un — manufacturing/ assembly cells;
ujj — technology/ storage space.
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Writing a network of communication between the base material, the target node and the
centre nodes can be transferred using the incident matrix and graph-oriented material flow [7].

Parameterization. The communication system can be blamed for the material type and
position of individual nodes, the number of input and output material flow, the maximum ver-
tical connection with the node creating the material pattern, the presence of loops and the oc-
currence of isolated node [9].

These methods of modelling material communications are limited to standard types of dis-
tribution operations, which characterize the intervals between arrivals and time requirements of
handling a relatively simple structure of network communications material and simple rules for
the operation. Cover wider ties information, material and physical communication is configu-
rable options in material flow through the so-called the transport matrix, table.

Table
The transport matrix material flow
OD/DO Ui Uz Un
X 12 X 14
U —da —da
1 | Y, 12 Y, 14
7
U, ﬁaﬂ % ﬁam
& s &
X X 7 X
Uk —ta,, —as, *ay,
8 & r,
X X
Un —tay, —*2a,
Y, Yy

Where Xjj — the number of objects (handling units);

Y; — distance respectively transit time between nodes;

ajj — continuity operations and activities between the production and storage sites.

Rows respectively columns represent different points of the network once communication
material, and the transition from one point to the second point is represented by the matrix
element, whose index is the line end point (where), and a member of itself contains a value
which is given by elements X, y, a. Parameterization problem can be further used to determine
the number of transport and handling units and the organization handling the arrangements [13].

In determining the number of vehicles (ID) and manipulation (IM) units of the production
system based on: the relationship (1) if it is the flow of materials between storage nodes and
production units in direct custody or between nodes and storage nodes handling of individual
production cells with indirect link (central level).

=Xt (1)
60-p-s-7

Where Xjj — the number of objects (handling units) transported per hour;

Y; — transit time between nodes [min];

p — the number of pallets in the transport dose;

s — the number of components in the palette;

1 — access tomn transport units in the system.

These relationships are representative of some approaching the importance of parameteri-
zation, which remains open and accessible to address other tasks to optimize the production
system [12].
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Conclusions. These relationships are representative of some approaching the importance of
parameterization, which remains open and accessible to address other tasks to optimize the
production system.
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VIIK 621.865.8
Pyoonvgh Anow

MOJIEJIIOBAHHA ABTOMATHU30BAHUX ONEPAIIIN B IHTETPOBAHOMY
BUPOBHMUIITBI

AKmyanvhicms memu 00cioxcenna. I pynose supoOdHuymeo cmano 0OHUM 3 HAUBANCIUBIULUX HANPAMKIE 8 Op2aHi3ayil
supobHuuux cucmem. s ghinocoghiss 6upobHuymea epynmyemocs Ha cxodicecnmi 6upobie 3a (popmMoro ma 6UpoOOHUYUMU NPOYe-
camu. Lle 0o36o01s€ 32pynyeamu demaini 6 2pynu, 3a SIKUMU 60HU OLIAMbCS NIO 4ac ix 06pobKu, 3a0e3neuyiouu eKoHOMIYHUT
eghexm.

Ilocmanoexa npoonemu. B asmomamuzosani eupobHuyi cucmemu 6K1a0aiome GeuKi ingecmuyii. Pezyismamom € Hegeauxi
OLISIHKY ABMOMAMU306AHO20 GUPODHUYMEA, GKIIOYAIOYU NPOMUCLOGI pODOMU, A MAKoC agmomamusayito nepemiujenns. Li as-
MOMamu306ati ONAHKU He GUNPABOANU OYIKY8AHbL U000 3aMpam, CMpoKie 66e0eH sl 8 eKCHIYamayilo, OOMPUMAHHS CIMPOKIG
BUPOOHUYMBA, OOCSACHEHHSL 3ANIAHOBAHUX NOKAZHUKIE, MOMY He0OXIOHO NPUOLIUMI Y8azy IHMe2pO6aAHOMY 6UPOOHUYME) .

Ananiz ocmannix docniocens i nyonikayin. Inmeeposane supobHuymeo ckopouye uac Ha 0bpoodKy ma mpaHcnopny-
6aHHs. 3a605KU MOMY, W0 GUPIO bilble Yacy 3HAX00UMbCsL HA OONAOHAHHI MA MeHule Yacy GUMpAaiaemocs Ha MpPAHCNOPNLY-
eannsi. Ockinbku Oemani nepemiuaronme no OisIHYI, a He No 6CbOMY GUPODHUYMEY, YaC MA OO0BHCUHA NePeMIULeHb CKOPOY)-
IOMbCA, WO NPUIBOOUNL OO0 ZHUNCEHHS 3AMPAM HA 8AHMANCHO-PO36AHMANCYBANLHI pobomiu, AKi cmanoenams 6i0 20 0o 50 %
610 3a2aNbHUX eKCNILYAMAYIUHUX GUMPA.
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Buoinenna HedocnioxynceHux yacmun 3azaibHol npoodnemu. B 6azamovox cmammsx ma inwux nyonikayisx 3 npooiemu
MOOeNBAHHS THMEe2POBAH020 GUPOOHUYMBA PO32NIOAEMbCS NPOOIeMa MOOEN08AHHS KOHKpemHol epynu. Y yitt cmammi
DO3NAHY MO MOOENHEAHHSA [HMEeSPOBAHO20 EUPOOHUYMBA 3A2ATOM.

Ilocmanoeka 3a80anna. s cmamms 30cepeddiceHa Ha iIHMe2pOBaAHOMY Ma N02ICIMUYHOMY HANPAMKAX MAMepPIanbHO20 No-
MOKY, NpUOamHomy O peanizayii 6upooHuuol ma nozicmuyroi mepedici. OcHo8a piueHHsA —y 8U3HAYeHHI Miccil, yinell ma 3a0ay.
Inmescposanux 6 Hanpamok mamepianoHozo nomoxy. Cymuicmio pieHHs € ananiz cmpamesii inmeepayii. Busnayveno 3a60anus,
a makodic 3pobieno ananiz cmpameczii inmezpayii. Pesynemamom € eusnavenus incmpymenmie inmeapayii ma ¢popmyeanHs utis-
Xi8 YOOCKOHANCHHSL HANPAMKIE MAMeEPIiaibHO20 NOMOKY.

Buknao ocnosnozo mamepiany. 3azanrom, kirouem 00 noby0osu iHmMespo8ano2o SUPOOHUYMEA € SPYNo6a MexHON02is,
3acHO6ana Ha NPUHYUNI ananisy nomoky mamepianie. Ilpobnema mooeno6anns inmespo6ano2o upOOHUYMEA 6KA3ZYE HA MO-
JICAUGI 6aApIAHMU PiuleHb, 3ACHOBAHUX HA AHANI3] MamepianbHux nomokis. [lpome epaxysanus auue ybo2co Kpumepiro Heoo-
CMAmHb0 OJisl RPAKMUKY, OCKIIbKU GIH He 8PAX08YE HANPUKIAO KLIbKICHb GUPOODIS, 10 8U20MOBISIOMbC.

Bucnogok 6ionogiono 0o cmammi. L[i 63a6Mm036 ’513k1 OeMOHCMPYIOMb 68 0ESIKOMY HAONUINCEHHI BANCIUBICIb NAPAMem-
pu3ayii, AKa 3aIUUAEMbCS 8IOKPUMOIO MA NPUOAMHOI0 O GUDIUEHHS THULUX 3a0aY 3 ONMUMI3ayil 6UpoOHUYOL cucmeMu.

Knwuogi cnosa: mamepianeHuii nomix, Kkepy8auHsa 6upoOHUYUM NPOYEeCOM; IHMe2SpoBaHi hyHKYil.
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DESIGN OF THE HANDLING PROCESS AT THE WORKPLACE
WITH ABB ROBOT AND MODULAR CONVEYOR

Urgency of the research. The use of robotic Pick & Place operations in industry is currently gaining in importance due
to increasing productivity in the workplace. Deployment of such robotic workplaces in the food industry, where it is necessary
to handle a large number of products, allows to maintain the competitiveness of the producers of these products. The ability to
carry out demonstrations and trainings at workplaces that are not directly part of production allows students and workers to
try out these processes without the need to shut down production.

Target setting. The aim is to design a functional workplace, whose task will be to implement demonstrations of work in a
robotic workplace. The designed workplace will also serve in the educational process, where students will have the opportunity
to improve their knowledge in programming Pick & Place tasks using a parallel robot. At the same time, students will be able
to program the logic of pallet movement on a modular conveyor and synchronize this movement with the robot's movement.

Actual scientific researches and issues analysis. Automation or robotization would not be possible without the use of
modern conveyor systems. Therefore, it is necessary to constantly try to modify the currently used systems so as to increase
their productivity while maintaining the required quality. This can be achieved not only by optimizing processes, but also by
using modern modular conveyor systems.

Uninvestigated parts of general matters defining. Increasing the competence of employees and students in the program-
ming of robotic workplaces improves their application on the labour market. This cannot be achieved only by theoretical
preparation, it is necessary to have real training workplaces equipped with appropriate technology.

The research objective. The aim was to design such a robotic workplace where it will be possible to increase the potential of
employees or students and develop their creative thinking. The use of the proposed objects for manipulation has only a demonstration
task and assumes that students will come up with their own design solution to the given problem during the training process.

The statement of basic materials. Deployment of parallel robots in various operations has an ever-increasing trend. The
preparation of suitable workers for the optimal use of such robotic workplaces is therefore also important due to the transition
to Industry 4.0.

Conclusions. The article describes the modification of a modular conveyor for the needs of a robotic workplace equipped
with a parallel robot. The workplace is equipped with an IRB 360/3 - 1130 robot, a Bosch modular conveyor equipped with pallets
and a belt conveyor of its own production. The parallel robot is equipped with a suction cup enabling the removal of parts weighing
up to 300 g. The proposed handling process envisages the transfer of cube-shaped parts from a modular conveyor to a belt con-
veyor. When designing the workplace, it was necessary to replace the damaged control unit in the modular conveyor, equip the
conveyor with a system of additional sensors and program the workplace. The proposed workplace will serve as a demonstration
workplace on the university, as well as for training students in programming robots and a modular conveyor.

Keywords: robot; programming; conveyor, palette.

Fig.: 9. Table: 1. References: 8.

Problem definition. The trend of robotics (automation in general) is the cause of ever-
increasing demands for increasing production and production quality. There are many manu-
facturers on the market with a rich history who deal with the issue of robotics and offer a full
range of industrial robots designed for different types of tasks. Robotic workplaces often use
parallel (delta) robots to quickly pick up smaller products and organize them (Picking and Plac-
ing). Despite the relatively simple design, they can work with high speed, acceleration and
accuracy [1, 2]. The aim of the article is to design a handling process for the Delta robot ABB
IRB 360 FlexPicker using a modular conveyor belt and at the same time to design a reconstruc-
tion of this conveyor for the successful execution of the process.

The idea to create a new robot was created in the late 1980s by Swiss professor Reymond
Clavel and his team from the Laboratory of Robotic Systems at the Ecole Polytechnique Fed-
erale de Lausanne (EPFL). Professor Clavel was looking for repetitive robot jobs, and after
visiting a chocolate praline factory, they discovered that chocolate praline packaging was a
candidate for this type of high-speed, low-payload automation. There were also few robots on
the market that could quickly and repeatedly perform Pick & Place tasks. The professors' team
began to set restrictions on the design of the robot. First, the robot had to perform up to 3
operations per second. For the correct placement of the chocolate, the mobility of the robot
required 4 degrees of freedom: translation along 3 axes, as well as rotation around the vertical
axis. To achieve a high level of productivity, Clavel designed to position the motors and all
robot controls so that they are attached to the frame and make the moving part of the robot as
© Cewmiton SIH, @ydan Maptin, Kouan Maptin, 2020
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easy as possible. This mechanism led to the creation of a robot with a delta structure [3]. Little
did anyone know that at the turn of the century, this mechanism would be used as one of the
most successful parallel mechanisms with several hundred active robots around the world.

Current status in workplace. ABB Flexible Automation started manufacturing delta ro-
bots in 1999 under the name IRB 340 FlexPicker. This type of robot was primarily to be used
in three industries - the food, pharmaceutical and electronics industries.

There is an industrial robot IRB 360-3 / 1130 at the workplace, Fig. 1 equipped with suction
cups, a Bosch modular conveyor and a self-made belt conveyor.

IRB 360-3/1130

250 Note 1
LY
& )

50 Ncte1

R483,5 Note 1

Fig. 1. Robot ABB IRB 360

The IRB 360 robot group includes variants with a load capacity of 1 kg, 3 kg, 6 kg and 8 kg
and with a reach of 800 mm, 1,130 mm and 1,600 mm - which means that the IRB 360 is available
for versatile use depending on the required requirements. Thanks to good motion control, short
cycle times and high accuracy, the IRB 360 can work with small tolerances at very high speeds,
whether in narrow or wider spaces [4]. Each FlexPicker also has a sophisticated tool flange that
allows the use of a larger gripper and thus achieves higher speed when handling continuously
packaged products from a moving belt. The parameters of the robot are given in Table.

Table
ABB robot parameters [5]
Weight 120 kg
Payload 3 kg
Working range 1130 mm
Cycle times 0.52s
Repeatability +/- 0.1 mm

Modular pallet conveyor (TS1) is part of a larger family of TS (Transfer Systems) from Bosch
Rexroth, which also includes TS plus and TS4 plus [5]. Like all TS products, the TS 1 is a non-
synchronous conveyor based on the movement of pallets carrying workpieces, which is designed
to increase production productivity, time efficiency and at the same time allows flexibility in
assembly. All TS 1 components are pre-prepared and modular. This means that additional mod-
ules can be combined or added as required. The system can be easily changed, reconfigured or
relocated as needed. As production requirements change, TS 1 provides the flexibility to add
manual or automatic workstations. Popularity also simplifies system design and installation. As
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aresult, it can better respond to changing task requirements. Installation and maintenance are also

simple [6]. At the workplace in the TUKE laboratory, a parallel conveyor was used, the model of
which is shown in Fig. 2. The dimensions of the conveyor are 3500x600x900 mm.

Fig. 2. Modular conveyor

TS 1 conveyors transport parts on pallets of workpieces. Workpiece pallets travel on con-
veyor conveyor belts. The pallets can be stopped at the front or rear edge - regardless of the
orientation of the pallet on the conveyor. Pallets can also be stacked in a queue and released
one at a time. The size of the pallet is 160x160 mm and the load capacity is 3 kg.

The belt conveyor has dimensions of 2015x550x900 mm. The width of the belt is 300 mm

Proposal of robotized workplace. The modular conveyor used at the workplace in the
KVTaR SjF TUKE laboratory must undergo several modifications in order to be suitable for
use in the proposed handling process. Priority must be given to replacing the non-functional
original PLC responsible for the conveyor logic. Subsequently, the conveyor must be equipped
with sensors and pneumatic stop gates to a predetermined location and connected correctly. The
original Siemens S7 / 300 automatic machine, which was responsible for the control of the
conveyor belt, is inoperative and therefore needs to be replaced. The same PLC model (S7 /
300) is used as a substitute [7]. Replacing the PL.C is very important, because the PL.C will be
responsible in the handling process for the complete control of the conveyor and also for send-
ing signals to the control system of the IRC5 robot. These signals allow the IRB 360 robot to
be started and manipulated.

The design of the conveyor conversion must be further extended to include inductive sen-
sors. The first task that these sensors will perform is to identify the pallet with the product
before the place of gripping the product and subsequent handling, Fig. 3a. This sensor will
trigger the stop gate. The pneumatic stop gate stops the pallet with the product under the place
of handling, thus preventing its movement, Fig. 3b. The robot can then grab the product and
move it. After the product is picked up by the robot, the stop gate is deactivated and the empty
pallet continues on its way, Fig. 3c. The sensor and the corresponding stop gate thus wait for
the next cycle with the pallet and the product.

a)

Stop gate Induction sensor Pallet Manipulated object Vacuum suction cup

Fig. 3. Manipulation process
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The first stop gate located in front of the cross conveyor is deactivated after the start of the
process, thus allowing the movement of the first pallet with the product. The following sensor
is responsible for activating the stroke of the cross conveyor, during which the pallet is raised
and thus allows the pallet to be moved between the two paths, Fig. 4a. The lifting takes place
after a time delay which allows the pallet to reach the guide tracks of the cross conveyor. After
moving the pallet to the desired position, the stroke of the transverse conveyor is deactivated
and the pallet thus reaches the path of the longitudinal conveyor, along which it starts to move,
Fig. 4b. The following sensor, which has detected a pallet that has passed through the cross
conveyor, deactivates the stop gate preventing the pallet from moving in front of the cross con-
veyor, Fig. 4c. This will allow the next pallet to move and cross the cross conveyor.

Lifting unit

Fig 4. Moving pallets between two conveyors

Based on the analysis of the possibility of solving the movement of pallets on the conveyor,
the Pick & Place process was designed on a robotic workplace. The design was implemented
in the ABB Robot Studio environment. In the initial position, the stops are activated, which
hold 4 pallets, while the initial position of the pallets and the products located on them is shown
in Fig. 5a. The process begins with the start of the drives of the longitudinal and transverse
conveyors. Then the whole process starts, using Flexpendant (we start the program). The pallets
are gradually moved through the transverse conveyor under the place of handling, where the
robot moves the product located on the pallet and places it in a predetermined position, Fig. 5b.

Fig. 5. Start of the Pick & Place process

After moving the product with the effector to the specified position, the stop gate is deac-
tivated, allowing the empty pallet to move. The empty pallet approaches the second cross con-
veyor, where it is captured by a sensor and activates the process of moving the pallet through
the second cross conveyor, Fig. 6a.

This procedure is performed a total of 4 times for each product pallet. Each product has its
own designated place, where it will be stored, Fig. 6b and the empty pallets gradually return to
their original positions from where they began their movement at the beginning of the cycle.
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Fig. 6. End of the Pick & Place process
The robot places the products on a pad, which is placed on a belt conveyor. This conveyor
is not included in the handling process, but clearly presents the possibility of incorporating this
handling process into larger production processes. The process diagram is shown in Fig. 7.

=

[Release the palette 1] Pick & Place
! ok I
Sensor Sensor
L (cross conveyor 1) ) (cross conveyor 2)
I ) I ]
Cross conveyor 1 Cross conveyor 2
- ¢ N - i
Sensor Sensor
(pallet activation) ) L (return to home)
Activate another R&fi t) T
palette

¢ M\
Sensor @

(manipulation)

[ |

Fig. 7. Scheme of the proposed process

After starting the product, the first palette is released, the movement of which activates the
“Sensor” triggering the process (Cross conveyor 1). This process moves the pallet from one lon-
gitudinal conveyor to another. After moving the pallet over the cross conveyor, the pallet starts
moving along the guide paths of the second longitudinal conveyor and activates the “Sensor”
triggering the process (Activate another palette). This process will allow the next product palette
to move. The pallet reaches the handling point, where the sensor activates a stop gate preventing
the pallet from moving. The “Sensor” also sends an instruction to execute the subroutine (Pick &
Place). This process is performed by the IRB 360 robot, which moves the components from the
pallet and sends a signal to release the stop gate, which allows the empty pallet to move. After
releasing the handling stop, the empty pallet moves towards the next cross conveyor. There it
activates the "Sensor", which initiates the execution of the process (Cross conveyor 2). This pro-
cess is identical in structure to the process cross conveyor 1. After moving through the cross
conveyor, the pallet is allowed to move on the original longitudinal conveyor, where with the
help of the “Sensor” activating the process (Return to home) the pallet stops at the end stop.

116



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 3(21),2020
TECHNICAL SCIENCES AND TECHNOLOGIES

The view of the realize

d workplace is shown in Fig. 8.
= m_“ ‘ 1 - I
= |

Fig. 8. Realized workplace

In order for the handling process to be performed correctly, it is necessary to ensure proper
communication between all peripherals of the workplace. In Fig. 9 shows the interconnection
of all control elements and devices involved in the handling process.

INPUT — OUTPUT —

Sensor (cross conveyor 1)

Sensor (cross conveyor 2)

Sensor (activate another palette)

Sensor (return to home) Robot_done
Sensor (manipulation) Start_program

Stop_1
Stop_2
Stop_3
Stop_4

Stop_manipulation Start_manipulation

Fig. 9. Inputs and outputs interconnection structure

The inputs are responsible for sending signals from devices located on the conveyor or robot
to the PLC. Based on the inputs entered into the PLC, the entire program structure and logic of
the entire process is controlled. It is responsible for activating the outputs, which are sent back
to the periphery of the conveyor or to the robot [8].

Conclusions. This article shows an example of the handling process with a modular con-
veyor and the IRB360 Flexpicker robot. The process is relatively simple and allows connection
to various other processes or components. The conveyor was equipped and controlled by a
Siemens S7 / 300 PLC, which communicated with the IRC5 control system. The IRCS5 system,
in turn, was responsible for controlling the IRB 360 robot.
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The simulation in Robot Studio helped to visualize the whole manipulation process, in
which all controlled elements are shown. The software solution of this process also offers
flowcharts of individual threads as well as Ladder Logic diagrams controlling of PLCs.

The handling process consisted of 4 pallets with products whose movement was gradually
activated to ensure sufficient spacing. These products were moved to a predetermined location
using an IRB 360 robot. Subsequently, the pallets returned to their original position. The trans-
fer between the longitudinal conveyors was ensured by transverse conveyors.

For the needs of the handling process, it was necessary to modify the modular conveyor and
implement inductive sensors recording moving pallets and stop gates, which allowed to stop
the pallet at a predetermined place and release it based on the needs of the handling process.

Acknowledgements. This article was created thanks to the KEGA project support:
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cess of teaching robotics in line with Industry 4.
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ITPOEKTYBAHHSA ITPOLHECY OBPOBKH HA POBOYOM MICIII
3 POBOTOM ABB TA MOAYJIBHUM KOHBE€POM

AxkmyanwsHicmo docnioncenna. Hapasi euxopucmanns pobomuzosanux onepayiii Pick & Place y npomucnosocmi na6y-
6ae d0edaui GiNbULO2O 3HAYEHHSL 3A60SKU 30LIbULEHHIO NPOOYKMUSHOCMI npayi Ha pobouomy micyi. Bnposadoicenns maxkux po-
60mMomexHINHUX POOOYUX MICYb Y XAPYOBIT NPOMUCIOBOCTII, O¢ HeOOXIOHO 00POOISIMU BENUKY KINbKICMb NPOOYKMIG, 00360/15€
RIOMPUMYBAMU KOHKYPEHMOCHPOMONCHICMb 6UPOOHUKIE Oanol npodykyii. Moxciusicmes nposodumu demoncmpayii ma mpe-
HIH2U Ha poOOYUX MICYAX, SKI He € 6e3n0cepedHbo YACMUHON0 GUPOOHUYMEA, O036OJIAE CIYOCHMAM Ma POOIMHUKAM unpooy-
eamu yi npoyecu 6e3 HeoOXIOHOCMI 3YNUHAMU GUP OOHUYMEO.

Ilocmanoeka npoonemu. Memoro € po3podra hyHKYIOHATbHO20 POOOU02O Micys, 3A80AHHAM SIK020 6yOe peanizayis Oe-
MOHcmpayiii pobomu Ha pobomomexniuHomy pobouomy micyi. Cnpoekmogare poboue micye MAKOHIC MOXHCe GUKPUCTOB)6a-
MUCL Y HAGYANLHOMY Npoyeci, 0e CHYOeHMU MAMUMYNb MONCIUBICIb 600CKOHANUMU CEOT 3HAHHSA 3 NPOZPAMYBAHHSA 3A60AHb
Pick & Place 3 uxopucmannsm napaneisrno2o poboma. OOHOUACHO CMYOeHMU 3MONCYNb NPOSPAMYBAMU JI02IKY PYXY NIOOOHY
HA MOOYIbHOMY KOHEEEPI Ma CUHXPOHIZY8amu yeti pyx i3 pyxom poboma.

AHnaniz ocmanuix 00cioxncens i nydnikauin. Aesmomamuzayis yu pobomu3ayis HeMONCIUGL 0e3 GUKOPUCTIAHHS CYUACHUX
KoHeeepHUX cucmem. Tomy HeoOXiOHO NOCMIlIHO HaAMA2aMUcs 600CKOHANIOBAMU CYYACHI cucmemuy 08 NiOGUWeHHs IXHbOI
npoOyKmueHocmi npu 30epesicenni Heooxionoi sikocmi. L[bo2o modicna docsemu He mineKu 3a PaxyHoK onmumizayii npoyecis,
ane i 3a 00NOMO2010 CYYACHUX MOOYIbHUX KOHBEEPHUX CUCTEM.

Buoinenna nedocnioncenux yacmun 3azanvHoi npoodnemu. 1lioguwyerna komnemeHmuocmi npayieHuKie ma cmy-
O0eHmie y npoepamyeaHHi pobomu308aHux pobouux Micyb NOKpAWYeE ix 6UKOPUCMAHHA HA PUHKY npayi. [[boeo Hemoxcaueo
docsiemu iuuLe meopemuyHoIo Ni020MOBKOI0, HeOOXIOHO MamMu CNPABHCHI HAGUANbHI POOOYL Micysl, 001a0HAHT 6I0N0GIOHOI0
MexHoN02I€N0.
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Mema oocnidxcenna. Memoro € npoeknygarHs podOmMomexHiuHo20 pobouo2o Micys, wo 3ade3neuums 30LNbUIEHHS NO-
meHnyiany cniepoOimHuKi6 yu cmyoenmie ma 003601Uums poO3CUHYMU IXHE MEopye mucienHs. Buxopucmannus 3anpononosanux
00 €kmie 05t MAHINYIAYIL MAE TuuLe OeMOHCMPAyiiHull Xapakmep i nepedbauae, ujo 3000yeaui uuoi 0ceimu camocmiino
nio wac HABYaNIbLHO20 NPOYeEC)y 3aNPONOHYIONb GIACHEe KOHCMPYKMUGHE piuleHHs Yiei npodaemu.

Buknao ocnosnozo mamepiany. Bnposaocenns napanenoHux pobomis y pisHi onepayii nocmiiinHo 30inouyemoca. Tomy
nio2omogka 6iOnoGiOHUX POBIMHUKIE Oisl ONMUMANLHO20 GUKOPUCIIAHHS POOOMOMEXHINHUX POOOUUX MiCYb OYJice 8adCIUEA,
epaxosytouu nepexio Ha Industry 4.0.

Bucnogku 6ionogiono oocmammi. Onucano Moougikayiio MoOyIbHO20 KOHEEEPA Oiisk NOmMped poboMOmexHiuHO20 po-
60u020 Micys, ocHaweHo2o napaneivHum pobomom. Poboue micye ocnawene pobomom IRB 360/3 - 1130, modynonum mparc-
nopmepom Bosch, ocnawenum niooonamu, i cmpiukosum mpaHcnopmepom enachoeo eupooruymea. llapanenvruii pobom
OCHAWeHUIl NPUCOCKOK, W0 00380JI€ nepemiugyeamu demari éaeoro 0o 300 2. 3anpononoeanuii npoyec 06pobru nepedbauae
nepeneceHHs. demaneil y ¢opmi Kyoa 3 MoOyibHO20 HA cmpiukosuti koHgeep. [lpu npoexmysanni pobouo2o micys nompioHo
6Y10 3aMIHUMU NOULKOONCEHUIL OIIOK YNPAGILIHHS 8 MOOYIbHOMY KOHBEEPL, OCHACMUMI KOHBEEP CUCMEMOI0 000AMKOGUX 0am-
yukie [ 3anpoepamyeamu poboue micye. 3anponoHosane poboue micye Modce Oymu GUKOPUCIMAHO Y SKOCH OeMOHCmpa-
YitiHo2o0 po60ouoeo micys 6 yHieepcumemi, a MAKONC Ol HAGYAHHSL 3000Y6aAYI8 GUULOL OCBIMU NPOSPAMYBAHHIO POOOMIE ma
MOOYIIbHUX KOHBEEPIS.

Knrwuoei cnosa: pobom,; npoepamyeanns; KOHEeEP, NIOOOH.
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COMPUTER SIMULATION AND ANALYTICAL SOLUTION OF FOUR BAR
MECHANISM

Urgency of the research. The use of computers in technical practice leads to the extension of the possibility of solving
mathematical models. This makes it possible to gradually automate complex calculations of equations of mathematical models.
1t is necessary to input the relevant inputs of the mathematical model, to build a simulation computer model and to monitor
and evaluate the output results using a computer's output device.

Target setting. The possibilities of modeling a four-bar linkage mechanism by classical analytical methods and methods
using computer modeling are presented in this paper. The problem is to describe the creation of a computer model and to show
the mathematical model and its solution in the classical ways.

Actual scientific researches and issues analysis. The inspiration for the creation of the article was the study of the mech-
anisms in the work [1-3] and the study of other resources available in library and journal materials, as well as prepared study
materials for students of Technical university Kosice.

Uninvestigated parts of general matters defining. The question of building a real mechanism model. The possibilities to
building a real model, based on the result of simulation.

The research objective. The aim of this paper is to develop a functional model of the mechanism in ADAMS/View and
Matlab and its complete kinematic analysis.

The statement of basic materials.

The task was to create a computer model in MSC Adams and Matlab and to perform a four-bar linkage mechanism
kinematic analysis. At the same time the classical procedure of analytical methods of kinematic analysis was described. Kine-
matic characteristics of driven members and their selected points were determined. The movement of the parts of the mechanism
in its significant points was analyzed. The results of the solution were shown in both programs in graphical form. Kinematic
analysis was performed by both vector and graphical methods. Finally, the results with a graphical representation of param-
eters such as angular displacement, angular velocity and angular acceleration of mechanism members are presented in this
work. The results of these solutions are created in the form of graphs.

To ensure that the results do not differ from the model real, a good computer model gradually was created by its verifica-
tion and modification, which is one of the advantages of MSC Adams.

The practical applicability of the mathematical model was limited by the existence of an analytical solution.

Conclusions. The development of computer technology has expanded the limit of solvability of mathematical models and
made it possible to gradually automate the calculation of equations of mathematical models. In a computer model the auto-
mated calculation can be treated as a real object sample. In various variations of calculation, we can monitor and measure
the behavior of an object under different conditions, under the influence of different inputs. Graphical and vector methods were
used for classical analytical methods. MSC Adams and Matlab were used for the automated calculations.

Keywords: kinematics, mechanical system, four bar linkage mechanism, computer simulation.

Fig.: 13. References: 18.

Introduction. When solving the movements of machine parts, machines and equipment it
is necessary to create a kinematic model first. The kinematic solution of the mechanisms is to
detect individual driven members or some points of these members depending on the known or
prescribed movement of the drive members. This involves determining the dependence of po-
sition, velocity and acceleration, rotation of angles, angular velocity, and angular acceleration
of the investigated members and points depending on the movement of the drive member. The
graphical and vector method also play an important role in the analytical solution of mecha-
nisms. The kinematic model of the mechanism schematically captures all its properties, which
are necessary in kinematic analysis, individual members with dimensions, kinematic pairs. The
classical numerical solution of kinematics is often time consuming and difficult especially for
complex kinematic models with different movements. Today, we can use a graphical solution
to simplify and speed up the analysis. This is currently being replaced by a computer-based
solution using a variety of software products. These software products facilitate the efforts of
the solver. The solver enters the model configuration and input data, and the program then
calculates the required outputs. These data can be presented in form of graphic results [1-4].

Description of the mechanical system. The presented paper shows the solution of kine-
matic analysis of mechanisms by classical methods of analytical mechanics and computer pro-
grams available today. Graphical method and vector method from analytical methods of solving

© I'ponuosa /1., 2020
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mechanisms and computer programs Matlab and MSC Adams are used. In the kinematic anal-
ysis of the model of four-bar mechanism, the following parts of the paper show the solution by
the graphical method, then the model is created in the MSC Adams program and the vector
method is shown and its solution is performed using Matlab.

B

Fig. 1. Mechanical system of the four-bar mechanism

A four-bar mechanism shown in Fig.1 consists of four members, called bars or links. They
are connected in a loop by four joints. A link connected to ground by a joint is called a crank.
Driving link O21A has a counter clockwise angular velocity m21=1 (rad/s). Our task is to deter-
mine angular displacement @41, angular velocity w41 and angular acceleration a41 of the link
041B graphically for the crank position indicated and then to create a model of a mechanism in
MSC Adams/View and next in MATLAB environment. The crank O2;A rotates around point
021, motion of the connecting member AB is a general plane motion and member O4B rotates
around point O41. We indicate velocities of the points A and B [1-5].

Examples of mechanical systems. In engineering practice we can meet the following forms
of the four-bar mechanism of mechanical systems. Examples of mechanisms are shown in Fig.
2 and Fig. 3 [1].

Fig. 3. Mechanical system: a — rear-window wiper mechanism, b —kinematic scheme [1]

Kinematics analysis of the model. The velocity of points A and B can be obtained by using
the rule of the viewing angles [4]. Tangent of the angle Bv21 under which we see the endpoints
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of velocity from the permanent center of rotation is proportional to the angular velocity of the
rotating member (Fig. 4).

VBA
B
4
A:
Va g
Ia
\O:1=S5

Fig. 4. The four-bar mechanism with velocity in point A and velocity in point B

If we denote the angular velocity m2; of the member 2 with respect to 1, then for the velocity
va and acceleration aan at point A shall apply [5-8]:

vy =014 09 &)
Normal component of the acceleration in point A:
2
V4
ay, ==4— 2
An 021 A ( )
Angular velocity m21:
V4 .
V21 0o d 21 = @21 3)
Angular velocity m31:
VA4 VB
I3 = = = Q)
gh31 ood g “4)
Velocity of point B:
. p._
vp =K;51B-
p=haib (5)
Angular velocity 41 of the member 4 we determine:
VB
D41 = 6
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The member 3 is moving in the plane in form 3:1=3:2+2:1 and also 3:1=3:4+4:1. For the
velocity of the point A:

V31 = V432 TV 21 (7

For the velocity of the point B:
VB31 = VB34 T Vpai (8)
VB31 = V431 T VB431 9)

Acceleration ag of the point B [6-7]:
ap=ay+dpy (10)
Where agpi — known direction,

agn — can be obtained by Euclidean construction,
aat — 1s zero because

0)21=k01’lfbl:>0(21=O,aAt=0(21'021A=0 (11)
aan — is normal component of the acceleration of the point A:
2
V4
ay, =—=—
An Oy A (12)

Graphical solution of the above vector equation is in the Fig. 4. Angular velocity w41 and
angular acceleration 041 is then calculated according to:

w4 ==L 13

41 OuiB (13)
apy

a =

41 041B (14)

In Fig. 4 there is the model in graphic form with velocities of points A and B.
Normal component of the acceleration in point A and B is shown in Fig. 5.

i |
U dan |
(g ¥dpan

(pat

Fig. 5. The four-bar mechanism with acceleration in point A and velocity in point B
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Model of the four-bar mechanism using MSC Adams/View. The given four-bar mecha-
nism was modeled in MSC ADAMS/View and the initial parameters were provided [1-5]. In
the initial window of the program MSC Adams we set data folder, name of the project, units
and the working grid. We created the individual bodies of the mechanism. We selected the rigid
body link from the Toolbox.

(180, 180 ,
)
7777
(-60, 80, 0)-i :
(0,0,0) (180, 0, 0)

d

Fig. 6. The four-bar mechanism and creation:
a — points, b — members; ¢ — joints; d — motion

We defined the geometry, length, width and depth. Driving link O21A (Fig. 1) has a coun-
terclockwise angular velocity w21=1 rad/s, [8-12]. We select point tool in Main Toolbox.
Move the cursor to (0, 0, 0) position and points 1, 2, 3 and 4 are created a named automati-
cally (Fig.6, a). Then move the cursor to (180, 0, 0) position and created the member 4
(Fig.6, b). The member 2 should be rotated about point from horizontal position to counter
clockwise rotate. Then connected the members 3 with member 2 and 4 (Fig. 6, b). Next we
created joints between the members and ground (Fig. 6, ¢). Select the rotational joint motion
tool with speed 1 rad/s [6-7] (Fig. 6, d).

The final model of the mechanism is shown in Fig. 7. We create the measure windows for
angle @41, angular velocity 41 and angular acceleration a41 of the member 4. Then we start
simulation and we determine angle displacement @41, angular velocity w41 and angular acceler-
ation o041 of the member 4 (Fig. 8-11). The graph in Fig. 8a-b) describes the motion of the
member AB.
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a

Fig. 7. Model of a four-bar mechanism in MSC Adams View (a), trajectory of the points A, B
and xt3 of the members of mechanism (b)
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Fig. 8. Displacement x4 = f(t),magnitute of angular velocity wp = f(t)and wpc = f(1) (a),
displacement x4 = f(t), angular velocity w4s = f(t)and wpc = f(t) (b)
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Fig. 9. Velocity vcrs = f(t) and vyr3 = f(t), b) velocity virs = f(p21) and vyr3 = f(21)
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Fig. 10. The angular velocity wip=f(p+1)and wpc=f(p41)

In the window of the Postprocessor we selected window with animation of the mechanism
and windows with results data in graphics form for angle @41, angular velocity w41 and angular
acceleration a41 of the member 4 (Fig. 11).
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Fig 11. lllustration of the Postprocessor windows with model of mechanism, angular velocity
w4p, angular velocity wac, displacement of x4, X, y4, yB, XT3, Y13 versus angle ¢2;

Simulation of four-bar mechanism in Matlab. When applying the vector method, we
replace the mechanism with vectors that connect individual kinematic pairs. The result is a

closed polygon in Fig.12.

0.

Fig. 12. Indication of vectors in vector method

We write a vector equation (15) for this polygon (Fig.12) and two scalar equations (16) and
(17) for its components. The matrix equation of the polygon [8-13]:

N+rn+r3+r=0. (15)

Scalar equations in form:
[1cos@y +1,cospy +13c0sp3 +14c0504 =0 (16)
[ysing| +1,sin @y +/3sin @3 +14sin gy =0 (17)

After the differentiation of the equations (16) and (17) over time, we obtain the equations
for determining angular velocities shown in matrix form:

{13Sin(¢’3) 1 4sin(py )} [¢3} B [—lz(bz Sin(?’z)} (18)
13c08(p3) 14c08(p4)| 94| | ~1202cos(py)

After the differentiation of the equations (18) over time, we obtain the equations for deter-
mining angular acceleration in matrix form:

[13Sin(¢3) 14Sin(¢’4)} {(%} __ {—12('0'2 sin((oz)—lz(p§ cos((pz)—13(b32 cos((p3)—14gbf cos(m)} (19)

I3c0s(p3) 14c0s(p4)]'| P4 — 1533 c0s(p2) +1 293 sinlpy)+ 13953 sin(p3)+1 497 sin(py)
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These problems can also be solved for example, using the Matlab [13-18]. The results of
the simulation are in (Fig. 13a-b), where:

P31 =031, Pa1 =041, P31 =031, Pa1=A4.

= T |
B £ 4 ===" J
-eg < 2 | | I
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Time [sec] . Time [sec]
1 " 1 |
] | | I 4 ! | |
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35 1 | | | SV -1 | | |
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Fig. 13. The angle-time, angular velocity-time and angular acceleration-time graph
of the member 3 (a), of the member 4 (b)

Conclusions. The paper presents the possibilities of modeling a four-bar linkage mechanism
by classical analytical methods and computer methods using computer modeling. The aim of this
paper is to develop a functional model of the mechanism in ADAMS/View and its complete kine-
matic analysis. Furthermore a solution is also realized in the Matlab software. We analyze the move-
ment of the members of the mechanism of its significant points. Kinematic analysis was performed
with vector and graphical methods. Finally, the work presents results with a graphical representation
of parameters such as angular displacement, angular velocity and angular acceleration of mecha-
nism members. The results of these solutions are created in the form of graphs.
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VIIK 681.5:004.942
Jlapuna I ponyosa
KOMIT'IOTEPHE MOJAEJIFOBAHHSA TA AHAJIITUYHE PINEHHSA
YOTUPUIIAHKOBOI'O MEXAHI3MY

AKmyanvhicms memu 00¢ni0xceHHA. Bukopucmanns komn'tomepie ¢ mexHiunii npakmuyi npuzgooums 00 pO3UUDEHHS
MONCAUBOCMET CMBOPEHHSL MAMeMamuyHux mooenei. Lle dae modciusicmo nocmynoeo agmomamu3syéamu cKIAOHi 00uuc-
JIeHHA PIGHAHb Mamemamuynux mooenell. Heobxiono eéeecmu 6i0nogioHi 6xioHi oani MamemamuyHoi mooeni, no6yoyeamu
iMimayiiHy Komn'tomepHy Mo0eb, A MAKOIC KOHMPONIOSAMU | OYIHI8AMU 6UXIOHT pe3ylbmamu 3a 00NOMO2010 NPUCHPOI0
Komn'tomepHoi nepugpepii.

Ilocmanogka npodnemu. Y cmammi npedcmagneHi MOXCIUBOCHT MOOENI08AHHA YOMUPULAHKOBO2O0 BANHCITLHO20 MEXAHi-
3MY KIACUYHUMU AHATITMUYHUMU MemoOamu i Memooamy KOMR'IOmepHo20 MOOent08aHHs. 3a60aHHS NOAS2AE 6 MOMY, W00
onucamu CMeopeHHs, KOMN'tomepHol Mooeli i NOKA3amu MamemamuyHy Mooeib ma ii po36 A3aHH KIACUYHUMU CHOCOOAMU.

AHaniz ocmannix 0ocniocensv i nyonikayiii. HamxuenHsam Ona cmeopenHs cmammi noCIyHCulo 6UUeHHs MexaHismie 6
pobomax [1-3] i euguenns inuwux pecypcie, 00OCMYNHUX 6 OIOIIOMEYHUX MA HCYPHATLHUX MAMEPIANAX, A MAKONC NiO20MO6IeHT
HasyanvHi mamepianu ons cmyoenmis Texniunozo ynisepcumemy Kowuye.

Buoinenna nedocnioxncenux uacmun 3a2anvHoi npodaemu. [lumannsa nodyoosu peanvroi mooeni mexauismy. Moocau-
6ocmi n06Y006U peabHOL MOOET Ha OCHOBI Pe3yIbMany MOOeIO6aHHSL.

Mema cmammi. Memoro 0anoi pobomu € pospobra yHkyionanoHoi modeni mexanizmy ¢ ADAMS / View i Matlab ma
11020 NOGHULL KIHEMAMUYHU AHANI3.

Buknao ocnoenozo mamepiany. 3asoannsm 6yno cmeopumu komn'tomepny mooeio 6 MSC Adams i Matlab ma euxonamu
KIHeMamuyHuil aHani3 YOMUpUIaHKO8020 6ANCLIbHO20 MexaHizmy. OOHOYACHO 6yna OnUCana KIacuyHa npoyedypa ananimuy-
HUX Memooie KiHeMamuyHo2o ananizy. bynu eusHaueni KiHeMamuuri Xapaxmepucmuxi Keposanux uieHie ma eudpaHi Humu
mouxu. IIpoananizosano pyx wacmun mexamizmy y 11020 3Hauywux mouxkax. Pesynomamu piuennss ynu nokazaui 6 060x npo-
epamax y epapiunomy euensioi. Kinemamuynuil ananiz npogoouiu sk 6eKmMopHUMY, Mak i epagiunumu memooamu. Hapewmi,
6 Yill pobomi npedcmasneHi pe3yibmamii 3 2pAQiuHUM 300PANHCEHHAM MAKUX NAPAMEempis, K Kymoee nepemiujeHHs, Kymoea
WBUOKICIMb MaA KYMOoge NPUCKOPEHHsL eleMenmie mexanizmy. Pezynomamu yux piwens npedcmaeneni y uensoi epaghixis. [1[oo
pe3yTomamu He IOPI3HANUCA 610 PealbHUX MoOelell, NOCMYN080 6Y1a CMEOPEHd XOPOoUuLd KOMN TOMEPHA MOOeb ULTAXOM ii
nepegipku ma mooughixayii, wo € oouicio 3 nepesaz MSC Adams. Ilpaxmuuna npuoamnicme mamemamuynoi mooeni 6ynia
00MedHCeHa ICHY8AHHAM AHATIMUYHO2O DIUEHHS.

Buchoeku 6i0nosiono 0o cmammii. Po36umok o0uUCII08ANTbHOT MEXHIKU POZULUPUE MEHCY PO36'IZHOCIE MAEMAMUYHUX
Mooeetl [ 00360118 NOCHYNOB0 AGMOMAMU3YEAMU 0OYUCIEeHHSL PIGHIHb MAMEMAmMuyHux mooeiet. ¥ komn'tomepHuii mooeni
asmomMamu3068anull pO3PAXYHOK MOICHA PO32NISI0AMU K pealbHUll 3pa3ox ob'ekma. V piznux eapianmax po3paxyHkie mu mo-
2HCEMO KOHMPONIO8AMU MA GUMIPIO8AMU NOBEOIHKY 00'€Kma 3a PI3HUX YMO8, Ni0 6NIUEOM PI3HUX 6XIOHUX OaHUX. [ K1acuuHux
AHANTMUYHUX MemO0i6 BUKOPUCTOBY8ANUCL SpADIUHUL MA 6eKMOPHUT Memoou. [[ia agmomamu308anux po3paxyHKie euKo-
pucmosyeanu MSC Adams i Matlab.

Knrouosi cnosa: kinemamuxa; mexaniuna cucmemad; YOMUPUIAHKOBUTE MEXAHIZM 3UeNIIeHHS, KOMN T0OmepHe MOOeIO6AHHSL.
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ANALYSIS OF EXISTING DRIVE UNIT SOLUTIONS
FOR THE PNEUMOBILE PROJECT

Urgency of the research. Today, there is a need to provide alternative propulsion methods in the automotive industry.
Compressed air is one of the alternatives to fossil fuels.

Target setting. To test the possibilities of using compressed air as energy for vehicle propulsion, a competition is organized,
where teams from European universities are presented under the auspices of a company producing pneumatic components. We from
the Institute of Automation, Mechatronics, Manufacturing Technology and Robotics also took part in this competition twice. The
results of the competition, supplemented by the presentation of a vehicle not yet implemented, are the subject of this article.

Actual scientific researches and issues analysis. As this is an analysis of the results achieved, the article deals with the
ways in which they were achieved rather than with methods of a scientific nature.

Uninvestigated parts of general matters defining. As this is an evaluation of the achieved results, the article does not address
specific problems in the theoretical area. The results are presented for review by the reader and give room for his own assessment.

The research objective. The aim of the article is to acquaint the public with the results and the ways in which they were
achieved. It is also a kind of invitation for potential people interested in this issue.

The statement of basic materials. The basis for the creation of the article was information from student works, the result
of which were described vehicles.

Conclusions. The conclusions in the article show the problems that need to be solved for the further continuation of the
project, if possible with other "enthusiasts" in the field using compressed air for non-traditional purposes.

Keywords: Pneumobile Project; analysis; parameters of pneumatic engine; pneumatic components.

Fig.: 8. Table: 4. References: 11.

Introduction. The previous issues of the magazine already mentioned the activities that
were undertaken by our institute in the previous years of the Aventics/Emerson PNEUMOBILE
Competition race. The competition since 2007 is traditionally organized in the Hungarian city
of Eger. It takes place as a 3-day meeting of enthusiasts, at which individual teams from differ-
ent European countries present their results in the construction of a vehicle whose propulsion
is based on compressed air.

Variants of drive units. There are a relatively large number of variants of the vehicle drive
unit construction [2]. In our performance so far in the competition, we have built 3 drive unit
concepts. Two of them were confronted directly in the competition, the construction of the third
was stopped by the situation around the coronavirus pandemic.

Since the competition regulations allow to build a drive unit exclusively with max. four
linear single - piston pneumatic actuators (exclusively from AVENTICS, now part of
EMERSON) PRA series [6], the solvers must look for a suitable mechanical variant of the
transformation of a linear actuator into a rotary one.

The competition is divided into three separate races [1], the results of which are limited by
certain conditions of the pneumatic and mechanical elements used. It is therefore necessary to
determine their optimal arrangement so that the vehicle can drive as fast as possible and have
sufficient acceleration with minimal air consumption.

Obstacles in this effort are the limited amount of compressed air, its compressibility, the rate

of air consumption of individual components and their force effects. All in interaction, Fig. 1.

- COMPRESSIBILITY

FORCE
(TORQUE)

PRESSURE

=

] CONSUMPTION

Fig. 1. Parameters influencing the construction of the drive unit
© Iletep Tynes, 2020
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If we start from a precisely defined and non-renewable supply of compressed air (10 dm?
of medium, in recent years N> compressed to a pressure of 20 MPa) the course of loss of me-
dium is obvious and at the end of pumping the supply also a gradual decrease of usable pressure.

The recalculated volume of air to a pressure value of 1 MPa (the value of the max. pressure
with which the vehicle drive can operate) is from Boyle's law (Boyle-Mariott's law):

p1. Vi = p,.V, = konst, teda 20 MPa. 10 dm?® = 1 MPa.V, = V, = 20.10 dm® = 200 dm?.

Drive unit concepts. So far, three types of power units have been built. The first, Fig. 2,
used a trio of pneumatic cylinders with a diameter of 100 mm and a stroke of 80 mm, their
arrangement being a star with an angular displacement of the cylinders of 120 °. The torque
was transmitted to the rear axle formed by one wheel.

ngine Mounts
Coupler

Fig. 2. Engine of the first vehicle [4] - modified by the author

The second version, Fig. 3, used two cylinders with a diameter of 100 mm, but the stroke
was 320 mm, with both cylinders engaging independently of the rear driven axle via the rack
and pinion mechanism and the interaction of the ratchet mechanism (only half of the drive unit
is shown in Fig. 3).

Cylinder

Primary Gearing Secondary Gearing

Toothed Rack
Fig. 3. Engine principle of the second vehicle [9] - modified by the author

The third version due to the COVID 19 pandemic has not yet been completed (work in
progress approx. 65%), Fig. 4. It uses a pair of cylinders with a diameter of 63 mm and a stroke
of 320 mm. The cylinders are coupled together at the end of their piston rods and fixed to a
toothed belt. It engages in pulleys equipped with ratchet mechanisms, which ensures torque
when moving in both directions.
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Primary Gearing

To the Gearbox

Pulley with Ratchet
Mechanism

Cylinders

Pulley with Ratchet
Mechanism

Fig. 4. Third vehicle engine principle (in preparation) [8] - modified by the author
From the point of view of vehicle characteristics, it is possible to evaluate individual
versions as follows:

Force characteristics
Theoretical force of used actuators at different pressures:

Table 1
Theoretical forces of used pneumatic cylinders [N]
Piston Pressure [MPa]
Di t
g | 01 [ 02 | 03 [ o4 | 05 | o6 [ 07 | 08 [ 09 | 10
63 312 623 935 1247 1559 1870 2182 2494 2806 | 3117
100 785 1571 2356 3142 3927 4712 5498 6283 7069 | 7854

The efficiency of the drives is usually around 85-90%. We present the theoretical strength
and efficiency of the used cylinders only for information, because they do not give a picture of
their use for the required torque. It strongly depends on the engine concept itself.

Torque characteristics

The torque on the output shaft of the drive unit is approximately 487 Nm in the case of the
Ist vehicle, 122 Nm in the case of the 2nd vehicle and 253 Nm (theoretically) in the case of the
3rd vehicle.

Achieved (expected) speeds

The vehicle must reach a speed of at least 15 km/h, as this is a condition of the Long
Distance competition. However, as the Acceleration Race is also run, it is usually higher. The
results of vehicles in previous years are shown in tab. 2. For the third vehicle that is being built
with a view to placing in the Long Distance competition, the estimated speed is up to 20 km/h.

Table 2
Results of the Acceleration Race competition in the previous two years [10; 11]
Year Place Race No. Team Name Time Speed
2019 16 16 Air Force TUKE 27.270 38.29
2018 21 22 TUKE SjF 34.965 30.60

Air consumption

As the supply of media is limited, this is one of the decisive criteria. The air consumption
of a pneumatic drive is calculated from one double stroke of the drive, the total theoretical
consumption of individual drive units is given in tab. 3.

Table 3
Air consumption per double stroke of cylinder
. . Consumption
Diameter of linder stroke Number of :
Car cylinder [mm] < [mm] cylinders of on[flgf;" der [1;101::;;
1 100 80 3 1.256638 5.654868
2 100 320 2 5.026548 10.053096
3 63 320 2 3.989698 7.979396
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However, these are only theoretical values. In order to determine the overall effect of pro-
pulsion in conjunction with other vehicle equipment, it is necessary to determine the movement
characteristics of the vehicle by measurement (testing). The calculations involve determining
gear ratios that determine the amount of travel traveled per stroke of the drive.
While in the case of the engine of the first vehicle it is a gradual stroke of each of the engine
cylinders to perform one revolution of the engine output shaft, for the other two drives this
conversion is not applicable.

We therefore present the results documented in the competition, Tab. 4.

For the third vehicle in question, the estimated distance per bottle at an average speed of 15
km/h is approximately 6 km.

Table 4
Results of the Long Distance competition in previous years [10,11]
Year Place Race No. Team Name Average Speed Distance
2019 17 16 Air Force TUKE 16.690 km/h 3208 m
2018 15 22 TUKE SjF 14.509 km/h 3075 m

Gearboxes

Due to the performance characteristics of any air-powered mechanism, a suitable gearbox
is also an important piece of equipment.

In the first vehicle, a simple 2° gearbox controlled by a pair of pneumatic cylinders was
used, Fig. 5.
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Fig. 5. Simple two-speed gearbox [4]
For the second vehicle, a commercial variator called NuVinci was used [7], Fig. 6.

. Ball Satellite
Input Disc — . (3.12 balls)
(+)
S (o)
o &
= 1 h— e -
O
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O
Tiltable 5 .
Satellite ~| Output Disc
Axis

Fig. 6. NuVinci variator principle [7], modified by the author

However, its use was not a suitable solution (it could not eliminate torque peaks from the
engine).
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The third vehicle has in the design a four-speed gearbox controlled by four single-acting
pneumatic cylinders, Fig. 7.

p—t
3rd gear
41h gea

Fig. 7. Four-speed gearbox [5]

Differential

In the case of the first vehicle, a differential was not required, as it was a three-wheeled
version of the vehicle with a wheelbase: two at the front without a drive, one driven at the rear.

In the case of the other two vehicles, a simple differential made by modifying the industrial
idlers was used, Fig. 8 [4; 9].

Fig. 8. Simple differential [4]

Conclusions. From the results so far in the competition Aventics/Emerson PNEUMOBILE
Competition race can be drawn the following conclusions:

1. On vehicle No. 2 to replace the NuVinci gearbox with a more reliable variant and to
test it for individual parameters.

2. Complete and thoroughly test the third vehicle.

3. Evaluate the degree of change of the concept and replacement of unsuitable compo-
nents on the monitored parameters.

Up to participation in the announced races on time May 13-15, 2021, Eger will show how
much the parameters of the registered vehicles have been improved.
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cess of teaching robotics in line with Industry 4.
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AHAJII3 ICHYIOYMX PIINIEHB ITPUBOJHUX BJIOKIB
JJIA HHEBMOBIJIBHOI'O ITPOEKTY

Axmyansuicmo memu 0ocniodcennn. Coo200Hi 8 A6MOMOOLNbHIL NPOMUCIOB0CI ICHYE nompeba y cCmMEeopeHHI alomep-
HamueHux memooie nepecyeans. CmucHene nogimps — 00HA 3 AbMEPHAMUE GUKONHOMY NANUB).

Ilocmanoeka npodaemu. [1]ob nepegipumu MOICIUBOCT] BUKOPUCAHHS CIUCHEH020 NOGIMP3L 8 AKOCI eHepeli 015 npu-
6e0eHH s 8 PYX MPAHCNOPMHUX 3AC00I6, OP2AHI308YEMbCS KOHKYPC, HA IKOMY NPeOCMABLeHi KOMAHOU €6PONETICLKUX YHIBepCU-
memie nio e2i0or KOMNAHIL, Wo eupodIse nHeeMamuyni komnonenmu. Mu, npayisnuxu Incmumymy asmomamuxu, Mmexampo-
HIKU, GUDOOHUYUX MEXHONO2Il [ poOOmMoOmexHiKu, MaKodxic 08iui 6panu yuacme y yvomy KoHkypci. Iliocymxu KoHKYpCy,
00N0GHEHI NPe3eHMAayIEIo e He peanizo8ano2o asmomoobiis, € npeomemom yiei cmammi.

AHaniz ocmannix docniocensv i nyonikayiii. OcKinoky ye ananiz 00CAHYMUX pe3yIvimamis, y Cmammi po32nadarmocs
WAAXU IX OOCACHEHHS, ad He MemoOU HAYK08020 XapaKmepy.

Buoinenna nedocnioxncenux yacmun 3az2anvHoi npoonemu. OcKinoku ye oyinka 00CASHYMuUX pe3yilbmamie, 6 cmammi
He po32150armobcs KOHKpemHi npobiemu meopemuyHoi oonacmi. Pesynemamu npedcmagneni uumayegi 0ist 03HAUOMACHHS |
3anUUMaArme micye 0is 1020 61ACHOL OYIHKIL.

Ilocmanoeka 3ae0anna. Mema cmammi - 03HQUOMUMU 2DOMAOCHKICTb 3 Pe3YIbMamamu O0CHiONCeHHs | cnocobamu ix
Odocsienennst. Lle makooic c6o2o pody 3anpouternts Onst NOMEHYITHO20 CRIGPOBIMHUYMEA NH00el, SIKI YIKAGISIMbCS YUM NUMAHHSIM.

Buknao ocnosnozo mamepiany. Ocrogoro 01151 CMEOPeHHs CMAMmi NOCIYHCUNU 8I00MOCI 31 CIYOeHMCbKUX pobim, pe-
3YIbMAMAaM SKUX 6y1u ONUCAHI A8MOMOOLI.

Bucnogku 6ionosiono 00 cmammi. Bucnogxu 0o cmammi nokazylome npobiemu, ki Maiome Oymu eupiweri o nooa-
JIbULO20 NPOOOBHCEHHS NPOEKNLY, AKULO MONCIUBO, 3 THUUMU «eHMY3Iacmamuy 6 yiil 2any3i, wo 6UKOPUCHOBYIONb CINUCHEHE
noGimpsi Onsi HempaOUYIIHUX Yinell.

Kniouogi cnosa: npockm nneemobins; ananis;, napamempu NHeGMOOBUSYHA; NHEBMAMUYHI KOMNOHEHMU.
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AUTOMOBILE POWERED BY COMPRESSED AIR, PNEUMATIC CAR 2020

Urgency of the research. The issue of a pneumatic car — air car developing is very important nowadays, as the environ-
ment is threatened by a variety of emissions from cars. The decision has to be made. There are various alternatives to internal
combustion engines, and one of them is compressed air engines.

Target setting. The main goal is to develop a car that runs on compressed air and create a frame that matches the dimen-
sions specified for the competition.

Actual scientific researches and issues analysis. In recent years, Aventics has organized competitions and races on
pneumatic vehicles. These races have been running by Emerson for thirteen years. The pneumatic cars had to take part in
all categories of competitions. We have been dealing with this issue in Slovakia for the third year, and this pneumatic car
is our third model.

Uninvestigated parts of general matters defining. This article describes a car that runs on compressed air, as well as
describes in more detail the frame used and its design features.

The research objective. The purpose of this study is to analyze the pneumatic vehicle, its parts and to give a detailed
description of the manufactured frame and its properties. The corresponding frame was made on the basis of the conditions
determined by Emerson's competitions.

The statement of basic materials. The analysis was conducted on the basis of the terms of the competition. These conditions
are determined by the maximum and minimum dimensions of the car. Based on these conditions, a frame was developed, it was
previously analyzed by FEA - MKP. The description of the frame is given below.

Conclusions. This article describes the design of a pneumatic car for competitions. The competition focus is cars powered
by compressed air. The pneumatic cars were developed by bachelors and technical school. The design of this car has passed the
initial inspection and has been approved by the organizers of the competition.

Keywords: compressed air; pneumatic car, frame.

Fig.: 7. References: 10.

Problem definition. The basic concept is based on the rules of the XIII International Com-
petition of Pneumatic Motorists Aventics. This is a competition of students’ teams that include
future bachelors and engineers. This year the third concept of the pneumatic car has been de-
veloped for this competition [1].

Fig. 1. Designed vehicle — pneumatic car

This model has four wheels as well as two cylinders used as a drive. This type of drive does
not produce harmful emissions. The car offered (Fig. 1) can participate in competitions with a
restored or new car. This year a new one has been built, the total weight of which does not
exceed 90 kg.

© ITitep Mapuinko, Mikynam ["aiimyk, 2020
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The dimensions of this car met the requirements. The maximum length of the car is 2500
mm, and the maximum width is 1700 mm. The height is 90% of the width. The ground clearance
between the bottom of the vehicle and the ground must be at least 70 mm. The proposed vehicle
with the specified dimensions is shown in Fig. 2.

1158

A
Y

Fig. 2. Pneumatic car with dimensions

This year a concept consisting of a simple design has been proposed. The structure is strong,
and a steel profile is chosen as a building material. Last year, three wheels could be used to
design the concept. The rules of the competition no longer provide for the concept of three
wheels, so the design was developed that now 4 wheels are used. The vehicle designed in this
way is more stable in corners [2].

The frame was made of square and rectangular steel profile pipes, as they are easier to work
with than round ones. The main structure consists of square pipes measuring 25x25x2 mm, as
required by the rules, the load-bearing structures will be made of pipes of different sizes taking
into account their purpose [3].

Features of the frame. The car is 2157 mm long, 1158 mm wide and 8§65 mm high. Ap-
proximately 90 kg is the maximum weight of the car. The height of the ground clearance is 90
mm. This new concept is a vehicle that can cover the maximum distance using less compressed
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air. We chose a four-wheeled concept with a radius of 16 inches. It was decided to use the
engine, which will consist of two air cylinders with a diameter of 63 mm and a piston stroke of
320 mm located on the left side of the car. The driver is located right in the middle of the car.
A compressed air tank is installed on the right side of the car. The gearbox is located behind the
driver's seat. The engine is controlled by the Arduino Mega 2560 system [4].

Horizontal
pressure vessel

Compressed
air tank

Brake pedal

Brake hydraulic
system

Fig. 3. Pneumatic car and basic parts

In order to meet the conditions of the competition, it was necessary to adhere to the stated
dimensions. Since the decision on the concept of four wheels has been made this year, there have
been several changes compared to the first concept. The frame can narrow with these changes
and thus decreases overall. The driver's seat is located in the middle of the car. The frame of the
vehicle serves as a protective frame. The frame created in this way protects the driver even in
case of a collision or overturning. The concept was developed for maximum driver protection [5].

Fig. 4. Comparison of the first and third concept

b Ui
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Collision simulations. In the first study, a frontal collision was simulated by applying a force
of 10 kN to the front of the frame. The frame showed minimal deformation, and the maximum
stress reached only half the yield strength. Carried out simulation of a head-on collision and over-
turning of the car is shown in Figure 5 [6].
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Fig. 5. Simulation of the frame
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The front axle is sprung, the rear axle is stationary. The ground clearance of the front axle
varies from 80 mm to 94 mm during the suspension, the rear axle has a fixed clearance of 94
mm [7]. Control system of vehicle. This vehicle uses two linear cylinders. The cylinders are
connected by a belt. This engine is designed by Arduino - Mega. The whole system is powered
by a lithium-polymer battery 6S - 1 P, 24 V with a capacity of 10,000 mAh [8].

The diagrams start by checking the emergency stop button (SBE). After that, if the emer-
gency stop button is on, the system will stop and both cylinders will be empty, if the emer-
gency stop button is off, the system will continue to operate. After applying the power to the
Arduino-Mega controller, the driver must adjust the settings on the display. After that, the
Arduino Mega controller reads the signal on all sensors. Then all values are shown on the
display. The system continues to check the brakes. If the brakes are on, both cylinders (C1,
C2) will go out and the brake lamp will light up. Otherwise the system continues to check the
accelerator pedal, the brake light will go out. If the accelerator pedal is switched off, the air
supplied to both cylinders will be switched off. If the pedal is on, the system continues to
check the mode. If the signal from the ST6 sensor is correct and the signal from the ST6
sensor is incorrect, then the pistons are pushed out. If the signal from the ST6 sensor is incor-
rect, but the signal from the ST6 sensor is correct, then the pistons are retracted into the cyl-
inder. Then the cycle repeats.

Fig. 6. Planned position of electrical parts

The electrical cabinet will be located in one of the positions marked by orange rectangles,
the exact position will be selected when assembling the car with an emphasis on safety, weight
distribution, cable management and the driver comfort. The cabinet will provide the required
level of protection IP54 or better. The planned position of the pneumatic safety switch is
marked with a red circle. The planned position of the electric safety-stop is marked by a red
hexagon [9].

In the following Figure. 7 is shown the concept. The first two concepts also participated in
the competition [10].
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Fig. 7. Designed pneumatic cars in last three years

Conclusions. For the last three years the Department of Robotics has taken an active part in
the international competition in pneumatic vehicles. This year the students have created the third
concept of the pneumatic car. The first two concepts also took an active part in the competition.
The last concept of the pneumatic car has been developed on the basis of the experience gained
for the first two years.

This article describes one of the main parts of a pneumatic vehicle. The car has been designed
to meet the requirements of the competition. One of the main parts of the vehicle design is the
modeling of the frame to ensure safety requirements in case of accidents. As this car is a students’
project, it could not be completed due to the ongoing Covid-19 pandemic. This proposed vehicle
will be built soon when students return to the department.

Acknowledgements. This article was created with the support of the project KEGA:
010TUKE-4/2020 - Introduction of new knowledge and innovative approaches to the process of
robotics training in accordance with Industry 4.
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Ilimep Mapyinuko, Mixyraw I atioyx
ABTOMOBLJIb HA CTUCHEHOMY HOBITPIL, IHEBMOBLJIb 2020

Akmyanvhicmos memu 00cnioxncenna. [Ipoonema po3podku nHeemomoobins € dydce aKkmyanbHOK, OCKIIbKU CbO200HI HA-
BKONUULHbOMY CEPeO0GUULY 3A2PONCYIOMb PI3HT GUKUOU, 8upobaeHi agmomodinamu. Heobxiono suaiimu ii piwenns. B oanuil
yac edice ICHYIOMb PI3HI AlbMEePHAMUBU OBULYHAM GHYMPIULHBO20 320PAHHSA, | 00HA 3 HUX — ye OBUSYHU, U0 Npayooms Ha
CMUCHYMOMY NOGIMPI.

Ilocmanogexa npodnemu. Ocnogra mema - cmeopumu agmomo0ins, wo npayioe Ha cmucHeHomy nosimpi. llepuiovepeosea
Mema - Cmeopumu pamKy, o 6i0nosioae posmipam, 6U3HAYEHUM 3MASAHHAMU.

AHaniz ocmanHix oocniodicens i nyonikauin. B ocmanui poxu komnaris Aventics opeanizo8y8ana 3MazanHs 3 Nepe2omie
Ha nHeemomobinax. llpomsaeom ocmanHix mpunaoyamu poxie i 00 menep yi nepecoHu 04ontoe komnaria Emerson. Leii asmo-
MOO6INbL Mas bymu npedCmasieHuM y 6Cix HOMIHayiax KOHKYpcy. Mu 3atimaemocs yicto npobaemoro 6 Crosauuuni 6xce mpemii
DIK, i ye Hauia mpems MoOeb.

Buoinenna nedocnioxncenux yacmut 3a2anvhoi npooaemu. Y yiii cmammi onucyemocs agmomo0iny, Kuil ipUeoOUmsbCst
6 PYX CIUCHEHUM NOSIMPSM, | Oilbul 0eMAIbHO ONUCYEMBCS GUKOPUCIAHA pama ma ii 0cobausocmi.

Ilocmanogka 3a80anna. Memoto 0ano2o 00ciOdCeHHs € AHANI3 NHeEMOMODIIS, 1020 YacmuH i demaineti, ONUC GUSOMOG-
neHoi pamu i ii enacmueocmeii. Bionosiona pama byna 6ueomosnena 3a yMoe, 6U3HaveHux KoHkypcom Emerson.

Buknao ocnosnozo mamepiany. Ananiz npoeooumocs 6uxo0a4u 3 ymoe KoHkypcy. Li ymosu eusHauaomovcsa Makcumans-
HUMU [ MIHIMAIbHUMU 2a6apumamu agmomooins. Buxoosuu 3 yux ymoes, 6yna cnpoekmosana pama ma nonepeoHvo niooana
ananizy FEA - MKP. Onuc kxopnycy HageOeno Huicue.

BucHnoeku 6ionogiono 00 cmammi. Y yiti cmammi onucyemocs KOHCMPYKYIis NHe6MOMOOINsL Olisl 3Ma2anb. 3Ma2anHs
OpIEHMOBAHT Ha A8MOMOOBINL, WO NPAYIOIOMb HA CIMUCHYMOMY nogimpi. L[i nneemomo6ini po3pobrsomoecs bakanraepamu i cmy-
Odenmamu iHdceHepHux cneyianvhocmeil. Konempykyisi ypo2o aemomoo6ins npouuna nepeunHuLl 02110, KU CXEANULU OPSaHi-
3amopu KOHKYpCY.

Knwuogi cnosa: cmucnene nosimps, nHeémo0inn, pama.
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IUTAHHS CKIAJHOCTI NPOOEAYPHU IIOBY10OBU CXEMH
AJI'OPUTMIYHOT' O AEPEBA KJIACUDIKAIII

AKmyanvhicmo memu 00cnioxcenHa. Ha cyuacnomy emani po3eumxy iH@popmayitinux cucmem ma mexHonozitl, sxi oa-
3YI0MbCA HA MAMEMAMUYHUX MOOENAX MeOoPIl WMYYHO20 IHMeNeKmy (Memooax ma cxemax ar2opummisHux oepes kaiacugixa-
yil), 6UHUKAE NPUHYUNOBA NPOOIeMA 8Y3bKOI cneyianizayii HasA6HUX Ni0X00i6 Ma Memooie )y COYianbHO-eKOHOMIYHUX, eKON02I-
YHUX MA THWUX CUCMEeMAX NepeUHHO20 aHanizy ma 06pobku eenuxux macueie iHgopmayii. 3adaui, aki 00’ €OHyrOmbCs
MeMamuKolo po3nisHA8AHHA 00pasie, Oyxce PISHOMAHIMHI MA GUHUKAIOMb Y CYYACHOMY C8imi 8 Ycix cghepax ekOHOMIKU ma
COYIanbHO20 KOHMEHMY OIsbHOCHI THOUHU, WO NPUGOOUMb 00 HEODXIOHOCME NOOYO08U MA OOCTIONCECHHS. MAMEMAMUYHUX
Mooeneil 8i0nogioHux cucmem. Ha cb0200Hi Hemae YHigepcanrbH020 NiOX00y 00 IX p0o36 'sA3aHHs, 3aNPONOHOBAHO OeKilbKd 00-
cumo 3a2anbHUX Meopiil ma nioxooie, wo 00360150Mb supiuyeamu baeamo munie (Knacie) 3adau, aie ix NPUKIAoHi 3acmo-
CYBAHHSL BIOPIZHAOMbCS OOCUNb GENUKOIO YWYMAUBICIIIO 00 Cheyugiku camoi 3a0aui abo npeomemnoi 001acmi 3acmocy8anHsi.
Ilpeocmasnerna poboma npucesiuena npobremi Mooeieii 102iYHUX ma areopummivHux oepee kiacugixayii (cxem JIIK/AJK),
NPONOHYE OYIHKY CKIAOHOCMI CIPYKMYP aleopumMmivHux oepee (moodeneil Oepes Kiacugixayii), AKi cKaoaiomsvcs 3 He3anedxc-
HUX Ma agMOHOMHUX aN2opummie kiacugixayii i 6yoymo s6isimu cobolo neeHo0 MIipolo HOGULL Al20pUmm pO3Ni3HAGAHHS (3pO-
3YMINO, WO CUHME308AHUIL I3 8BIOOMUX CXeM, AN20PUMMIE Ma Memooie).

Ilocmanoexa npoonemu. Huni akmyanoni pizni nioxoou 00 no6yoosu cucmem po3nizHaants y eueiioi 0epes Kiacugi-
kayii (JIIK/A/K), npuuomy inmepec 00 Memooie po3nizHAGAHHS, KL GUKOPUCIIOBYIOMb 0epesa KLACUDIKaYil, BUKTUKAHULL
bacamoMa KOPUCHUMU 6IACMUBOCIAMU, SKUMU GOHU 60100i0Mb. 3 00H020 GOKY, CKIAOHICMb KAACY (YHKYIL PO3NI3HABAHHS
y 8uenaoi mooeell 0epes KI1acuixayii, npu GU3HAYEHUX YMOBAX, He NePesUyyomsb CKIAOHOCHI KIACY NIHIUHUX (YHKYI PO3-
NI3HABAHHSA (NPOCMIiuL020 3 8i00MUX). 3 IHULO20 — PYHKYIL PO3NIZHABAHHA Y 6U2NA0T Oeped Kiacudixkayii 003601a10Mb SUOLTUMU
6 npoyeci knacugpixayii AK NPUYUHHO-HACTIOKOBI 36 'A3KU (MA OOHOSHAYHO 6pAXY8amu ix )y NOOANbLULOMY), Max i ¢axmopu
sunaokosocmi abo HeGU3HAYEHOCMI, MOOMO 6PAXy8amit OOHOYACHO | QYHKYIOHANbHI, | COXACMUYHI GIOHOULEHHSL MIJIC 611AC-
mueocmamu ma noeedinkoro ecici cucmemu. [lpu yobomy 6ioomo, wo npoyec kracugikayii HOBUX, MAKUX, W0 00Ci He 3ycmpi-
yanucs, 06’exmie ceimy 6azamvox meapun i 1t0oeil (3a UHAMKOM 00 '€kmis, iHghopmayis npo sKi nepedacmocs 2eHeMuyHUM
WASXOM (HACTIOKOBUM), A MAKONC 8 OesIKUX THUWUX GUNAOKAY), GI00OYEAEMbCS 3 MAK 36AHUM TOSIMHUM 0epe6oM piuieHb (y
36 ‘SA3KY 3 HEUPOMEPEIHCeBOI0 KOHYENYIEIo). 3p03yMino, wo OOYiNbHO He PO3POOIAMU HOBUIL AT2OPUMM, A 3aNPONOHYEAMU OCSKY
KOHYenyir payioHanbHo20 GUKOPUCTIAHHS 8JiCe HAKONUYEHO020 NOMEHYIATY aleOpUummie ma Memooie kiacugixayii y euensoi
MoOeneil aneopummiunux oepee knacugixayii (cmpykmyp AJ/AK). Came momy ys poboma mae Hamip xoua 6 YacmKo8o nooo-
Aamu yi 06MedHceH A ma NPUceéaueHa oYiHyi CKIaoHocmi npoyedypu nooyooeu Mooeaell aneopummivHux (102i4Hux) depee Kia-
cugpixayii 6 2any3si 3a0au po3ni3HABAHHSL.

AHaniz ocmanuix oocuioxnceny i nyoaikauii. Y oocniodcenni posensnymi ocmanti HaAyKoel nyonikayil y eiokpumomy
docmyni, SIKI BPUCEsIUeHi 3a2anbHill npodaemi nioxooie, Memoois, areopummie ma cxem posniznasanms (mooeneii JIJIK/A/[K)
OuckpemHux 06 '€kmig (OUCKPemHUX 300pajcens) y 3a0a¥ax po3nizHaGaHHs 00pasie (meopii utmyuHo2o iHmeiexkmy).

Buoinenna Hedocnioxncenux wacmuH 3azaivHol npodaemu. Moxciugicmo npocnozo ma eKkoOHOMHO20 Memooy nooyoo6u
MoOeni aneopummiuHozo depesa kiacugikayii (abo cmpyxmyp AIK/JIIK) ma oyinka cknaonocmi makoi npoyedypu (mooeni
cmpykmypu AJIK/JIIK) na ocrosi nowamkogux macugie ouckpemuoi inghopmayii eeruxozo 06 ‘emy.

Ilocmanogka 3a80anns. /[ociiodicennss akmyanoHO20 NUMAKHS CKIAOHOCMI 3a2albHOT Npoyeodypu no0y008U aneopummi-
yHo20 Oepesa knacugpixayii (mooeni AJ[K) na ocHosi konyenyii noemanuoi cenexyii HAOOPI6 HE3ANEHCHUX ANOPUMMIE KIACU-
ixayii (MOMHCTUBUX IX PIZHOMUNHUX MHONCUH MA CRONYHYEHb), sIKe OISl 3A0AHOI NOYAMKOBOI HABUANLHOL 6UOIPKU (MACU8Y Ouc-
KpemHoi inghopmayii) 6yoye depesonodiony cmpykmypy (mooenv kiacugixayii AJK), 3 nabopy aneopummie oyinenux na
KOJCHOMY KpOYi cxemu no6y0o6u Mooei 3a OaHO0 NOYAMKOBO GUOIDKOTO.

Buknao ocnosnozo mamepiany. llpononyemocs oyinka cknaonocmi npoyedypu no6yooeu areopummivHo2o 0epesa Kid-
cugikayii 0ns 008iNbHO20 GUNAOKY (OJIsL YMOG CAAOKO20 MA CUIbHO20 PO30LIEHHS KIACI8 HagYalbHOI 6ubipku). Po36 5130k yvoco
NUMAHHS MAE NPUHYUNOBULL XAPAKMED, U000 NUMAHbL OYIHKU CIPYKIMYPHOL CKIAOHOCMI Modenell Kiacugikayii (v euensioi
0epe6onodionux konempykyit), cmpykmyp AJK ouckpemuux 00’ €kmie 0iist wupoKo2o Kidacy NPUKiaoHux 3a0ay Kiacugixayii
mMa po3nizHaGanHs 6 NAAHI PO3POOKU NEPCNEKMUBHUX CXeM Ma Memooig iX (inanoHoi onmumizayii (MiHiMiz3ayii) KOHCMPYKYL.
Lle oocnioxcenns mae akmyanoHicmo He Juuie 015l KOHCMPYKYill aneopummivHux depeeé kiacughixayii, ane i 0036019€ po3uiu-
DpUmu camy cxemy OYiHKU CKIAOHOCMI | HA 3A2ANbHUTI 6UNAOOK CIMPYKINYD JI02iUHUX Oepeé Kiacugixayil.

BucHoeku 6i0nogiono 0o cmammi. /[ocnioxceni numanns cmpykmypHoi cknaonocmi konempyxyiu JIIIK/AJIK, sanpono-
HOBAHA 6ePXHS OYIHKA CKIAOHOCHI OISl npoyedypu nobyoosu aneopummivioeo oepesa Kiacupikayii ¢ ymosax ciabkoeo ma
CUNTbHO20 PO30INeHHSL KIACI8 NOYAMKOBOL HAGYANbHOT BUDIDKU.

Knrwuoei cnosa: 3adaui posniznaganns, aneopummiyHe 0epego; cxema po3nizHAGAHHsL; CKIAOHICIb Oepesa Kiacupikayii;
OUCKPeMHA 03HAKA, Y3A2aNbHeHA 03HAKA, AN20pUMM Kiacugixkayil.

Puc.: 3. bion.: 23.
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AKTyaabHicTh TeMH gocaimkenHs. CydacHi iHpopMalliifHi CHCTEMHU Ta TEXHOJIOTII, sKi
KOHIIENITYaIbHO 0a3yIOThCs Ha MOJEINSAX po3Mi3HaBaHHS (Kiacudikariii) oOpas3iB y BUTIISAII
ctpykryp JIAK/AJIK (Moneneit noriunux aepeB kiacudikariii, alrOpUTMIYHUX JiepeB KJIacH-
¢ikartii), IIAPOKO BUKOPHUCTOBYIOTHCS B COIIATbHO-CKOHOMIYHUX, €KOJIOTIYHUX Ta 1HIIHAX CHC-
TeMax aHaizy Ta o0pooku iHpopmanii. Huni pakTnyHO HemMae yHiBepcalbHOTO MiAxoay abo
KOHIIETIIii IO X BUPIIIEHHS, ajIe 3alPOIIOHOBAHO Ha0ip JIOCUTH 3arajlbHUX TEOPIH Ta ITiIXOIiB,
10 JJ03BOJISTIOTH BUPIIIyBaTH 6arato TUMIB (KJaciB) MpUKIAHUX 3a7a4. IX GesnocepeHe 3a-
CTOCYBaHHS BiJIPI3HSETHCS JOCHTH BEJIIMKOIO YyTJIMBICTIO 70 crienndiky 3amadi abo mpeamMer-
HOT raiy3i 3actocyBanHs [1-7]. 3a3Haunmo, 1mo 0arato TeOPeTUYHUX Pe3yJbTaTiB OTPUMAHO
JUTS CTIeTliaIbHAX BHITAJIKIB Ta Mia3aaad. [IppaomMy By3pKHM MicIieM BIATNX PEeaTbHAX CUCTEM
pO3Mi3HABAHHS 3aJIUIIAETHCS HEOOXIHICTh BUKOHAHHS BEIMYE3HOro 00’€My OOUYHUCIICHb Ta
Opi€HTAITisl Ha TIOTY)KHHUM anapaTHUW iHCTpyMeHTapiit. [IpoTe BenmmKa KiNbKICTh MPUKIIATHAX
3a/1a4, y pi3HUX ranxy3sx IpUPOJI03HABCTBA, JIe BUPIIIYIOThCS 3a/1a4i Kiacudikailii 3 BUKOpHC-
TaHHSIM IPOTPAMHUX Ta allapaTHUX CHCTEM, BU3HAYAE IHTEHCHBHICTD Ta aKTyaJbHICTh TAaKOTO
HaMpsMy JTOCITiKeHb [8]. 3ayBakuMo, 110 Tary3b 3aCTOCYBAaHHS KOHIICMIIIT IEpeB pillieHb HUHI
Ha/I3BUYAiHO 00’ €MHa, a MHOKHMHA 33/1a4 Ta Ipo0jieM, SKi BUPIIIYIOTHCS IIUM arlapaToM, MOXe
OyTH 3BeJIeHa JI0 3a]1a4i OMHUCY CTPYKTYP JIaHUX, 3a/1adi po3i3HaBaHH Ta Kiacudikariii, 3axaqi
perpecii [9-11]. Came 3arainbHUM MUTaHHSIM CTPYKTYpHOI cKiIagHOCTI KoHCTpyKIi AJIK y po-
3pi3i mporeaypu iX reHeparii i Oyjie mpucBsYeHa J1aHa podoTa.

ITocranoBka npoo6aemu. Hexait Ha nesikiii MHOKHHI G TUCKPETHHUX 00'€KTIB (CHTHAIB) X
3ajaHe po30OMTTS R Ha cKiHdyeHe ymciio Kk migMHOXUH (KimaciB, obpasiB) H;(i = 1,...,k),
G= U{~‘=1 H;. BignoBiani MuHOXuHU Hy, ..., H, Oyaemo Ha3uBaTH 0Opa3zamu, a eJIeMEHTH MHO-
XWHU G — 300pakeHHSIMH a00 MpecTaBHUKaMH 00pasiB (kiaciB) Hy, ..., Hy. O0'ekTH (300pa-
KEHHS) X 3aJal0ThCsl HaOOpaMM 3Ha4YeHb JeIKUX o3HaK X;(j = 1,...,n). fxmo x € H; To Oy-
JIEMO paxyBaTH, IO JaHWUW 00°€KT HaJIekUTh 00pa3y H;. 3aramom obpazu Hy, ..., H, MOXyTh
OyTH 3a1aHi iMOBipHicHUMHU posnoaintamu p(H,/x),...,p(Hy/x), ne p(H;/x) — iMOBipHiCcTb
(abo B HemepepBHOMY BHITAIKY IIIJILHICTH IMOBIPHOCTI) HalleXxkHOCTI X (X € H;) obpasy H;. He-
Xaif MOYaTKOBOIO YMOBOIO 33j1aui 3ajaHa Jiesika (pikcoBana HB y Burisizi mocmioBHOCTI HaB-
YabHUX Tap HACTYITHOTO BHTJISY:

(xlrfR(xl))r "'r(xmrfR(xm))' (1)

[Tpuaomy, kpim movyarkoBoi HB, 3amana takox TB (TecroBa BuOipka — Habip 00’€KTIB Bi-
JIOMO{ KJIacOBO1 HaJIE)KHOCTI), SIK Jeska yacTuHa noyarkoBoi HB. OTxe, 3a mouaTkoBoIO ymo-
Boro HB — 11e cykymHicTh ((hikcoBaHA OCTIIOBHICTD) IeIKHX HAOOPIB (IUCKPETHUX 00 €KTIB),
MPUIOMY KOXKHUU HAOIp — 1€ CYKYITHICTh 3HAYCHb JCSIKUX O3HaK (aTpHOYTiB) Ta 3HAYCHB JiC-
sakux QyHKUiH po3nizHaBanHs (PP) na npomy Habopi. Toxi cykynmHiCTh 3HaYE€Hb O3HAK — 1€
Jesike 300paskeHHs (IMCKPETHHH 00°€KT), a 3HaueHHs QyHKIii (PP) BiTHOCUTS I1e 300paskeHHS
10 BimoBigHOTO 00pa3y [12]. Takum uyrHOM, 3a3BHYail CTOITh 3arajibHa 3a7a4a o0y I0BU MO-
neni AJIK 3 HaOopoM Aeskux mapameTpiB p, CTpyKTypa L sikoi Oyma OM ONTHMAaIbHOIO
F(L(p,x;), fr(x;)) = opt mono novyatkoBux ganux HB, mpudaoMy Hac y [bOMY JOCIIPKCHHI
Oyze IiKaBUTH CKJIJHICTh TaKOl CTPYKTYpH Ha eTami noOyaosu mojeni AJIK.

AHAJTI3 OCTaHHIX JOCTIKeHb i myoJrikamiii. JlocimipkeHHsT TPOJOBXKYE UK POOIT, sKi
MpUCBsTUEH] MpoOJeMi JepeBONOIIOHNX CXeM pO3Mi3HaBaHHS (MoJeNieil nepeB Kiacuikariii)
JUCKpETHUX 00°€KTiB [12-14; 17-21]. ¥V HUX MOPYIIYIOTHCS TUTAHHS TTOOY0BH, BAKOPUCTAHHS
Ta ONTHMI3aI] CTPYKTYp AepeB knacupikarii. Tak, 3 [4] BiztoMo, 1110 pe3ynbTyroue MpaBHiIo Kiia-
cudikarii (cxema), sike OOy I0BaHE JOBIIBHAM METOJIOM a00 aIrOPUTMOM PO3TaTy>KEHOTO BH-
00py O3HaK, Mae JAepeBOMOAIOHY JIOTIUHY CTPYKTYpY. [IpruomMy soriune 1epeBo CKIIQIAEThCS 3
BepIIuH (03HaK, aTpUOYTIB), SIKi TPYIIYIOTHCS 110 sipycax i sIKi OTpEMaHi Ha TIEBHOMY KpOIIi (eTarti)
noOyZ0BH JiepeBa po3mizHaBaHHA [5]. BaxmBoro 3aaueto, sika BUHUKAE 3 [8], € 3a1aua CUHTE3Y
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JIepeB pO3Mi3HABaHHS, sIKi OyIyTh HpeAcTaBIsATHCS (HaKTUYHO JepeBoM (Tpadom) alropuTMiB
(meromu AJIK). Ha BimMiHy Bijl iCHYIOUHMX METO/IB, TOJIOBHOIO OCOOJIMBICTIO JEPEBOITOIIOHIX
CHCTEM pO3II3HABAHHS € Te, 10 BAYKJIUBICTh OKPEMHX O3HAK (IPYIH O3HAK YU aJITOPUTMIB) BH-
3HAYAEThCS BIIHOCHO (DYHKIIII, fKa 3a7ae po30UTTS 00’ ekTiB Ha Kiach [12]. Tak B poboTi [7]
IiIHIMAIOTHCS! IPUHIIMITOBI MUTaHHS CTOCOBHO FeHepallil iepeB pillleHb Il BUIIaIKy MajIoiH(o-
PMaTUBHHUX O3HAK, MUTAHHS OIIHKHU SKOCTI MOOYIOBAaHUX MOJIENeH. 3aTHICTh CTPYKTYp JepeB
Kiacugikalii BUKOHYBaTH OJHOMIpHE po3raiyXeHHsl (BUOip O3HaK, aTpuOyTiB) AJIs aHAII3y
BILIMBY (Ba)KJIMBOCTI, IKOCTI) OKPEMHUX 3MIHHHX (BEPIIIHH) JIa€ MOYKIIBICTD MTPAIIOBATH 31 3MiH-
HUMHU Pi3HUX TUIMIB Y BUTJISI MPEAUKATIB, y3aralbHEHUX O3HaK, s Bunaaky AJIK — BiamoBia-
HUMH aBTOHOMHHAMH aJITOPUTMAaMH KJTacuQikallii Ta po3imi3HaBaHHs. Taka KOHIICIIIIs IepeB Kia-
cu(ikarlii akTHUBHO BUKOPUCTOBYETHCS B IHTEJIEKTYaJIbHOMY aHaji3l JaHUX, Jie KiHIIeBa MeTa
moJisATae B CUHTE31 MoJieni (PpikcoBaHOI CXeMH), sIKa MPOTHO3Y€E 3HAYCHHS IITHOBOI 3MIHHOI Ha
OCHOBI HabOpy MOYATKOBUX JaHWX (MacuBiB qaHnx HB) na Bxoni cucremu [11].

Tak, HaChOTO/IHI B MPHUKJIA/HIA TUTOIMMHI iCHY€E 3HaYHA KIJTBKICTh aJTOPUTMIB, SIKi peati3y-
IOTh KOHIIEMIIIIO JepeB pillleHb (JiepeB Kiacugikailii), aie HaiOIbIIOro BXKUBAaHHS Ta PO3IOB-
CIO/DKEHHS oTpuMan JABa ix mpeacraBauka (C4.5/C5.0 ta CART). Ilpuyomy 3raganuit Buiie
aropuT™ Jiorigyaoro nepeBa C5.0, sk kpuTepiid Bid0opy By31a (BEpIIMHH), BAKOPUCTOBYE TaK
3BaHUH TeopeTuko-iHpopmartiitnuit kputepiid. A anroputm CART Ga3yeTbest Ha po3paxyHKY iH-
nekcy Gini, sIKUit BpaxoBY€ BIIHOCHI BiJICTaHi (Y MeKaxX METPHKH ) MiXK PO3IIOIIaMH KiraciB [15].

OCKIIBKH TOJIOBHY 1/1€10 METOJIIB Ta aJITOPUTMIB pO3Taly’KEHOTr0 BUOOPY O3HAK (BEpIIUH
anroputMiB) AJIK MO)KHa BU3HAYUTH K ONITHMAIBHY alPOKCUMAIIIIO JIesKoi moyaTkoBoi HB
HabOPOM paH)KOBAHUX ANTOPUTMIB Kiacuikarii (03Hak, arprOyTiB 00 ekTy y Bunaaxy JIJIK),
TO Ha MEPINUHi IJIaH BUXOANUTH IICHTpaJbHE MUTAHHS — 3aj1ada BHOOPY €PEKTUBHOTO KPHTEPItO
posraiyxeHHsl (Bi10Opy BepIIMH, aTpuOyTiB, 03HAK JUCKpeTHUX 00 ekTiB st JIJIK ta anro-
putMiB s AJIK). Came 11i MpUHIMITOBI 3a1a4i po3TIIAaroThes B [19], 1e mopyImyroThes mu-
TaHHsI SIKiCHOT OI[IHKH OKPEMUX JTUCKPETHUX O3HAK, iX HAOOPiB Ta (PiKCOBaHUX CHOIYYEHb, 110
JIO3BOJISIE 3aITPOBAIUTH e€(PEKTUBHUN MEXaHI3M pealtizallil po3raryKeHHS.

Meta pob6oru. Metoro 11i€i poOOTH € BepXHsI YUCIIOBA OIliHKA CKJIAJHOCTI CTPYKTYypHU
MOOY/I0BAaHOTO AJTOPUTMIYHOTO JiepeBa Kiacu(ikarii, mo 3abe3redye IBHJIKY Ta SKICHY
cxeMy Kiacupikarii TUCKpeTHUX 00’ €KTIB y 3aJjauax MMTYYHOTO 1HTEIEKTY.

Buksaa ocHoBHOro Mmartepiasy. Ha oMy ertami JociiKeHHS pO3TIITHEMO ITPUHITATIOBE
MUTaHHS METOJIIB JepeB Kiacudikamii (Moaeneil kiacugikaii) — MUTaHHS 3arajbHOI CKIIAIHO-
CTI TIpoIeAypH IMMOOYIOBH JiepeBa Kiacudikarii (MeTo IiB IepeB Kiacudikaiii). OTxe, MpUIy-
CTHMO, III0 MAEMO CIpaBy 3 mo4yatkoBoto HB Burnsny (1), sika mpeacTaBieHa CyKyIHICTIO Ha-
BUAIBHHX Iap BiJOMOI Kiacudikarii. 3ayBaxkumo, 1o TyT HB € nerepminoBanoI0, TOOTO JIs
Hel OyJie BAKOHYBATHCS Taka yMOBa:

If (i fr (i) and (xy, fa(x))), xi # x; then fr(xy) # fr(x)). ()
Bunaoox JIJIK. Hexaii Ha KO)XHOMY KpOIli B TIpoIieci TOOYI0BH JIOTIYHOTO AepeBa (JesKoi
moeni JIJIK) Oyae BuOuparucs numie ojiHa BijiOpaHa elleMeHTapHa 03HaKa 3 Habopy (ikco-
BaHUX 03HAK (1, P2, ..., Pp). TOII HA N — TOBOMY KPOIIi IPOIIEYPH TOOYIOBH JepeBa KIacH-
¢ikarii cxema JIJIK Oyne sBiasiTH co000 JesKuil IpeAnKaT p,, (y3aralbHeHy O03HaKy, sSKa To-
OynoBaHa 3 Habopy eneMeHTapHUX o3HakK) [20], sgxuit € HaWHOLTBII ePEeKTUBHOIO
anpokcuMailiero nmoyarkoBoi HB 3aranproro Burmsiny (1) (6e3mepedno, 1e cripaBeauBo 1 s
BUNaAKY cTpykTypu AJIK).
3ayBakuMo, 110 TYT P, OyJie SBISATU cOO0I0 JIeSKY IepEeBONOIIOHY cxeMy (IepeBo Kilacu-
¢ikarrii), sKe CKIaIa€ThCS 3 N BEPIIUH, TOOTO B CTPYKTYPY MpEAUKaTy P, OyAyTh BXOJIUTH
BCHOTO N €JIEMEHTApPHUX O3HAK (aTpHOyTiB JUCKpeTHOTO 00’ ekTa HB) 13 mouaTkoBOr0 HAbOPYy.
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3ayBa)KUMO, 110 TOCIIIOBHICTD MPEJUKATIB Pq, Py, -, P; (Y3arallbHEHHX O3HAK) 30iracThes

1o nmouatkoBoi HB Burmsy (1), sKio mournHarouu 3 Aeskoro @, 6yje BHKOHYBAaTUCh YMOBA!
fosm = fr(x), (i = 12,..,m), (m 2 0). A3)

Jlesika ejleMeHTapHa O3HaKa, sika Oy/ie BuOuparucs ((pikcyBaTucs) Ha 1 — TOBOMY KpOIIi B
cxemi mooyaoBu mozeni JIJIK, mo3nauumo uepes ¢,,. 3po3ymino, o o3HAIl ¢, BiAMOBiIaEe
JesKAi (PIKCOBaHHUU MUISAX 14,713, ..., AKHHA 3aKIHIYETHCS UM aTpuOyTOM (BEPINUHOIO JepeBa
knacudikamii — moxeni JIJIK). Hanpuknan, va puc. 1 300paxeno JIJIK, B sskomy BepmuHi ¢,
(o3Hari) Bimmosinae muisix {0}, a BepmmHi @5 — nursix {0,1}.

[Insx, SKAi BiAMOBIIa€ eIEMEHTAPHIN 03HAIT (0, BKA3aHUM YHHOM, TI03HAUYUMO uepe3 T,
a yepe3 D,, M03HAUUMMO MHOXHHY THUX Tap (xi, Ir (xl-)) nouyaTkoBoi HB 3aranbHoro Burisiay
(1), s sixux 00’ ekt W; Hanexats nuisixy 1. Hanpuknan, most crpykrypu JIIK (puc. 1), He-
Xal @, = @4, Tomi msix T, 6yxe matu Burisig {1,0}.

VY TakoMmy BHUNAAKY AESIKHH 00’ €KT W; HalexuTh UBIXy {1,0}, SIKII0 BUKOHYIOTHCSI YMOBHU
p1(wy) = 11apz(w;) =0.

Jlani Oymemo BBaXKaTH, 110 eJIeMEHTapHa 03HaKa @, ¢1ad0 po3isisie MHOXHHY D,,, SKIIO B
D,, icHYIOTh Taki mapu (xl-, fr (xi)) Ta (xj, fr (xj)), mo @,(x;) =0 Ta gon(xj) =1 (10010
Qon(xi) * ¢n(xj))'

Ha nactynnomy eTari TOCTiIKEHHsI BBEIEMO MOHSTTS KiHIIEBOT HOTY>KHOCTI CXEMHU METOLY
nepeBa Kiacugikarii.

0 f

f2

f3
fa

fs

1 fe

Puc. 1. Ilpuxnao cmpyxmypu JIJIK 3 enemenmapnumu o3uaxamu 6 poii 6epuiun

Busnauenns 1. T1ia XiHIIEBOIO IOTY)KHICTIO CXEMHU METOJTy JiepeBa Kiacudikarii (Moemnei
JIIK/AJIK) OGymemo paxyBaTH KiUTBKICTh YCIX KIHIIEBUX BEpIIMH (BU3HAUCHUX JIMCTIB) ITi€l
cxemu. Hanpuxoan, nist JIJIK 3 (puc. 1) kiHleBa NOTYKHICTh Oy/ie TOPiBHIOBATH 6.

OdeBHIHO, IO KiHIIEBA IMOTYXKHICTh CXEMH METOJTY JiepeBa Kiracu(pikarlii TaKoxX JOPiBHIOE
KUTBKOCTI BCIX KIHIIEBUX IIIAXIB B JIaHIH cxeMi. 3p0o3yMiJio, IO iHIYKITIEIO 3a N JIETKO JJOBECTH,
0 KiHIIEBOIO MOTYXKHICTIO KOJKHOI 3 BUIECKAa3aHUX CXEM P, (TpeauKariB), 10piBHIOE N + 1.
Jli#icHO, Te, IO KiHIIeBa MOTYXKHICTh Py, A0 CKJIAIY SIKOTO BXOJMThH TUILKH OJJHA O3HaKa abo
anroput™ (Bumanakis JIJIK/AJIK) nopiBHIOE 2, € O4eBHIHUM.
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Hexait xiHIIeBa MOTYXHICTb CXeMU P, JOpiBHIOE N + 1. [linpaxyemo KiHIIEBY MOTYKHICTh
Pn+1- 3PO3YMLIIO, IO 115l cXeMa OYAYEThCS Ha OCHOBI CXEMU Py, KOJIM B JIeSKil KiHIIEeBil Bep-
IIMHI TIOCTITIOBHO JIOJIA€THCSI HOBA BEPITMHA (03HAKA, AITOPHTM) 3 HOMepoM n + 1. OueBuaHO,
10 TpU JOJaBaHHI I1i€l 03HAKU (AJIrOPUTMY) Y CXEMY P, 3HUKA€E OJ[HA KiHIIEBa BEpIIMHA Ta
JIOJTAIOTHCS JIB1 HOBI KiHIIEBI BepmuHE. OTXKe, MOYXHA 3pOOUTH BUCHOBOK, IO KUIBKICTH yCiX
KiHIIEBUX BEPIIUH CXEMH P, JOPIBHIOE N + 2.

[TpumycTumo, 1o Ha KOXKHOMY #-BOMY KpOIIi ITpoIieIypH MoOYI0BH JiepeBa Kiacu(ikarii
(momem JIZIK) mHOXWHA D,, clabo PO3MUIIETHCSA ACSIKOK O3HAKOK ¢,. Jlami po3rissHeMo
CXEeMY P,. Y Ii#f cxeMi MaeMO BiJITIOBITHO BUIIECKa3aHOMY, N + 1 KIHIIEBUX MUISIXiB. 3aBISIKI
ToMy, o D, Ha KO)XHOMY KpoIli ¢1a00 po3AISI€ThCS, KOKHUN TaKUil MUISIX MICTHTH Xo4a O
onny mapy nouatrkoBoi HB 3aranpnoro Burmsay (1). Kpim Toro, oueBuaHO, 110 pi3Hi KiHIIEB1
LUISIXU B P,, HE MAIOTh CIUIBHUX Map i3 BUOipkH (1).

OTxe, MOXKHA 3pOOUTH BUCHOBOK, IO cXeMa (TIpeuKar) p,, po3aiiste HB (Ha ocHOBI 6a3o0-
BOT'O KPUTEPIIO PO3raly’KeHHs BBEJCHOT0 MOTOYHUM METOJIOM JiepeBa Kiacupikaii) Han + 1
HEeMyCTUX YacTHH (TAMHOXHWH), 1[0 He MepeTHHatoThest. OcKinbku B movyatkosiii HB yckoro
3HAXOJUTHCS M HABYAIBHUX Hap, TO CXeMa Py, 1 (a00 mpeauKaT i3 MEHIIUM HOMEpPOM) TTOBHi-
CTIO PO3JILIMTH Mo4YaTkoBy HB, T0OTO p,,,_1 Oy/e MOBHICTIO pO3Ii3HABATH BUOIPKY.

TakuM YHHOM, SIKIIO Ha KOKHOMY #-BOMY KpOIIi BiliOpaHa eJeMeHTapHa 03HaKa ¢, cJiabo
po3ainse MHOXUHY D,,, TO B IboMY BHINAJKY mpoiiec modymaoBu JIJIK 36iraeTbest BiTHOCHO TO-
yaTkoBoi HB Ta 3akiH4yeThcst He OiIbIne 3a m — 1 KpOKiB, Jie M — KUJIBKICTh YCiX HaBYAIBHHUX
nap noyatkoBoi HB.

3ayBakuMo, 110 yMOBa c¢1aboro po3/iieHHs KJIaciB € JI0BOJI €1aboi0 — ToMy BOHa 3a0e3-
revuye HEBUCOKY 301KHICTB IIPOIeAYPH ITOOYA0BH JiepeBa Kiachpikarlii, 0OTe, BaKIHBO PO3T-
JSIHYTH TUTaHHS 301KHOCTI Mpoliecy Hpu OLIbIn cuiibHIM yMoBi. ToMy OynemMo mpumyckaTi,
10 MaeMO cIIpaBy 3 Bunakom, ko HB mictuts inpopmariro npo asa kiacu (o0paszu) Hy Ta
Hy, a cama HB wmae nerepminoBamy mpupomay. Hexali nj — KilbKICTh HaBYaIbHUX TIap
(xi, fa(x;)) y mouarkosiit HB, siki 3ajoBonbHstOTH criiBBimHomentio fz(x;) = j, (j = 0,1),
MPUYOMY JUIS CHPOINEHHS Ta BA3HAYEHOCT] MOKJIaIeMO, 110 Ng = Ny .

3agikcyBaBmm fz(x) = 0, Oyme OTpUMaHO JEsAKY y3aralbHeHy 03HaKy (cxemy) fy, dKa ar-
pokcumye (TOBHICTIO a00 YacTKoBO) oyatkoBy HB. OueBuHO, 1110 B 1bOMY BUIAJKY (TOOTO
B CHTYyaIlil, KOJIA Ie He 3po0JeHo BHOIp JKOJHOI eJeMEHTapHOI O3HAKH (0,,) y3arajlbHeHa
o3Haka (cxema) f;, € HallkpaIoro arpokcuMaiiero moyarkosoi HB. Jlami Benwanny n,; OymemMo
Ha3WBaTH O0E3YMOBHOIO KUJTBKICTIO IIOMUJIOK Y movaTkoBiit HB.

Hexait na nepiomy kporii moOy/10B1 JiepeBa Kiacudikarlii Biliopana (JIOBUIbHUM HIISIXOM)
Jiesika eJIeMeHTapHa O3HaKa ¢, — MPUYOMY ISl O3HaKa Po3i0’e moyaTKoBY BUOIPKY Ha JIBi 4ac-
THHU (MiAMHOXKMHK) Hy Ta Hy, ne H; — MHOXWHA BCiX map (xl-, fr (xl-)) nouatkoBoi HB, nis
SKAX BUKOHY€ThCA cimiBBignomenus f;(x;) =j,(j = 0,1).

Hexait n), — MHOXMHA Beix map (xl-, Ir (xl-)) 3 Bubipku Hj, (j = 0,1), 11 SIKUX BHKOHY-
eTbest criBBigHOmEHHS fz(x;) = m,(m = 0,1). O3HaKy @, MOXHa paxyBaTH y3arajlbHEHOI
03HaKOIO f; (CXeMoI0), siKa MO0y I0BaHa Ha MepIioMy Kpoili mporecy mooymaosu JIJIK.

Beesiemo Benmuuny p = max(nd, nd) + max(nd, nl), sxa sense co6oro KilbKicTh mpaBu-
JTHHUX BiAMOBieH (Kmacudikailiit), IKi peani3yroThesl y3araJlbHeHOI 03HAKOIO f, a BIIMTOBIIHO
BEJIMYHMHA N — SBJISE COOOO KiJIBKICTh IPABMIIGHUX BIAMOBIEH (Kimacudikariiif), ki peamisy-
IOTHCS y3araJlbHEHOIO 03HAKOIO f).

[Tinq KiTBKICTIO TPAaBHIBLHUX BIAMOBIAEH pPO3YyMIEMO KUTBKICTH THX HABUYAIBHHX Iap
(xi, fr (xl-)) y IMOYATKOBi¥ HaBUaNbHiH BHOOPI TUIY (1), I SKHX BUKOHYETHCS CITIBBITHO-
mreHHs piBHocTi fz(x;) = f1(x;).
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Ockineku nd + ny = ny ran? + nl =ny, 10
p = max(nd,n?) + max(n, nl) > n,. 4)
TakuM YMHOM, TIpH BHOOPI O3HAKHU (9 KUIBKICTH MPABHIIBHHUX BIAMOBIJEH K MiHIMYM HE
3MeHIIyeTbes. KimbKicTh TOMUJIOK, SIKi 1a€ y3arajJbHeHUI alropuTM f;, OyJe TopiBHIOBATH:

m—p=n; —(p—ng) <ny. (%)
3ayBaxxumo, 1o (5) BurnBae 3 (4). Beegemo Benmuuuny A4 = mn__1p Ta Ha3BEMO ii SKICTIO

eJIEeMEHTapHOI 03HAKH (0, BITHOCHO modyaTkoBoi HB, aHamoriuHo BU3HAYAETHCS A, O3HAKHU (@),
BijiHOCHO TIoyatkoBoi HB (n = 1,2,3, ...).

Ha nactynmHoMYy eTari JoCiKeHHS 3p00UMO Take MPUIYIIeHHS — SIKiCTh A,, eleMeHTapHOl
O3HAaKH (,, BIIHOCHO MacuBY movarkoBoi HB He Men1e, Hixk neske gucio y, ge y > 1.

[TpoanamizyeMo CKJIaJHICTh MPOIEIypH MOOYIOBH JepeBa Kiacuikarlii 3a Iiei yMoOBH
(y > 1), i p0ro OIIHKUMO KIJTBKICTh KPOKIB, 3a SKHUMH IIei mporiec (TIpoIieaypa) pearisye
ITOBHE PO3ITi3HABAHHS MAaCHUBY IIOYaTKOBOI HAaBYAIBHOI BUOIPKH.

PosrnsiHemo a1t BU3HAYEHOCTI HACTYIHY cxeMmy oOy10BU AepeBa kinacudikaiii (puc. 2).

Hoo, hoo O [(00)

H11Ih11

| 1(11)

Puc. 2. Cxema po36umms na nioMHOMICUHU 8 cmpyKkmypi Oepesa Kiacugixayii

Hexaii n; — 6e3yMoBHa KiJbKicTh HOMUIOK TouatkoBoi HB. EnemenTapna o3Haka @] po-
sninsie HB Ha nBi BuOipku H, ta H,. Hexait h, Ta h,, BianoBijHO 0€3yMOBHA KiJIBKICTh TIOMH-
ok y Bubipkax Hy ta H;. O3naka @ po3ainuth MHOKUHY H, Ha 1Bi MHOXuHU Hyy Ta Hy;.
Hexait hyo Ta hy; — 6€3yMOBHA KUIBKICTh TOMHJIOK Y BHOIpKax Hy, Ta Hy,. AHAJIOTIYHO BH-
3HAYMMO MHOXMHHU H;o,H;, Ta KinbKocTi hy Ta hy; MUl eeMEHTapHOT O3HAKU (3.

3 mouaTkoBoi yMOBH (Y > 1) BUILUTUBAE HACTYITHA CUTYAIIis:

Ifh’0+h1 S%*nl

Lhoo + hoy <2+ b, (©)

=

lhlo + hll < -—-x h'l

<L

3 (6) oTpumaemo:
hm+hm+hw+mis%*m. 7)

2

3pobuMo Taki MPUOYIIEHHS B bOMY BigHOMIEHHI: hy = 1, hy =1, hgg = 1, hy; = 1,

hio = 1 T1a hy; = 1. 3Biacu OynemMo MaTH Take:

1 1
21S;*n1,22S?*n1. (8)
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AHaoriuHO 17151 HA0OPY O3HAK (4, @3, ... , SIKI PO3TAIIOBaHi Ha I-TOBOMY SIPYCi JIOTIYHOTO
JepeBa, OyJeMo MaTH:

. 1 .
2t < ! abo (2y)' < n,. ©)

3BiJIcCK MOKHA 3pOOMTH BUCHOBOK, IO ITPOIIeC TIOOYI0BH JiepeBa Kiacupikariii Oy e mpoos-
JKyBaTHCS JIOTH, JIOKH B CTPYKTYPi JepeBa He Oyae m sipyciB (PiBHIB), ¢ M Ma€ TaKU BATJIS:

m = R(-282ly (10)
1+log, y

[Tixg R(x) po3yMi€Thcs 3a0KpYTJIEHHS YKMcIa X JI0 HAWOJIMKUIOTO IIJIOTO YUCIa, sSIKe Iepe-
Burye x. Hanpuxman, Q(1,2) = 2,0(3,7) = 4,Q(4,1) =5.

OTrxe, nepeBo Kiacuikarii, sKe Mae M MOBHUX SPyCiB (TOOTO BUIAIO0K, KOJU HA i — TO-
BoMY sipyci cTosith 2171 Bepmmn), Mae 2™+ — 1 BepIIMH — TAKMM YMHOM PO3ITIi3HABAHHS II0-
yatkoBoi HB 3a ymoBu (y > 1) 3a nonomororo nosxoro JI/IK BiiOyBaeTbes He OiJiblle, HIX 3a
2™*1 _ 1 kpokiB, Jie M po3paxoByeThes 3a JOIOMOroxo Bupasy (10).

Ha nactynmHomy etari JOCHIKEHHS PO3IIITHEMO MUTAHHS CKJIATHOCTI CXeMH (IIPOIeaypH
nobynoBu) aepena kiaacudikarii mis Bunaaky AJIK, BBiBIIM Ha moyaTKy HEOOXiTHI B TOaTb-
IIIOMY BU3HAYCHHSI.

Busnauenns 2. Tlix MOTYXHICTIO Jiesiko1 MoOyaoBaHo1 y3aramsHeHoi o3Haku (YO) abo Ha-
6opy YO (s pikcoBanoro kpoky cxemu AJIK) Oynemo paxyBaT KiJbKiCTh HaBYAJILHUX ITap
(xi, fr (xl-)) nouatkoBoi HB Burmsny (1), siki anpokcuMye (MpaBUIbHO KIIacH(iKye) qaHa y3a-
rajbHeHa 03Haka (IIOCJIiIOBHICTh y3aralbHEHUX O3HAK).

Baxxmueum MmomernToM it cxem AJIK e Te, mo mpu nmokpokoBomy po3outti HB Ha 1Bi
BuOipku H, Ta H; (i Tak jnaii) 9acTuHa BHOIpKH OyIe MOBHICTIO TOKPUBATHCS TIOTOYHHUM aJIro-
puT™MOM Kinacudikarii (y3araapHEHOI 03HAKOIO a00 X HA00poM) — TOOTO OyIeMO MaTH CIIPaBy
3 BUNAJKOM CHJIBHOTO po3iisieHHs KiaciB MacuBy HB. OTxe, MoXxHA 3poOUTH MPHUITYIIEHHS,
10 CKJIaAHICTh KiHneBoi cxemu AJIK (3aranpHa KiJTbKICTh KpOKiB 10Oy 10BH JiepeBa) Oy/ie 3Ha-
YHOIO MipOIO 3aJIe)KaTH BiJ TMPOIEAYPH MTOYATKOBOI OIIHKH Ta BiIOOPY HAO0OPY HE3aJeKHHUX
AITOPUTMIB Kacu]ikallii a;, IX MOYaTKOBHX ITapaMeTpiB, TapameTpiB HabopiB YO f;, ski BOHU
TEHEPYIOTh ISl KOKHOTO Kpoky cxemu AJIK.

Toni mnsa cxemu AJIK BaxJIMBO PO3MIISIHYTH 3arajibHy CKJIQIHICTh MPOIEAypU MOOYA0BU
nepeBa kinacudikarlii mpu yMoBi ciiabkoil po3AiIbHOCTI KiaciB moyatkoBoi HB — mpwu sikiit re-
HepyeThes He OibIne ojHiel YO MOTYKHICTIO B OJTAHUITIO JIUIS KOXKHOI BEPITUHY JiepeBa Ta Ipu
YMOBI CHJIBHOT PO3/IiTBHOCTI, KOJIM 0OMe)KeHb Ha KibKicTh YO Ta iX MOTYXKHICTh He HaKJIaja-
€THCS YMOBAMH 3a/1a4i Ta MPAaKTHYHOIO JIOMUTBHICTIO 1 MOKJIMBO iX OyayBaTH.

Bunaoox AJIK. Ha nepiomy eTarmi po3riisTHEMO BUIAJOK CIAOKOTO PO3JiICHHS KJIAciB 3
oOMexeHHs MU Ha Habopu YO mo 0yayroTses cxemoro AJIK.

3a3HaunMo, 10 Ipoleaypa moOyI0BH aITOPUTMIYHOTO JIepeBa Ma€ MEeBHI 0COOIUBOCTI 3
MOTJISAY ToeTaItHol ampokcuMartii mouatkoBoi HB mocrminoBricTio YO. Hexait Ha Ko)KHOMY
Kporii moOymoBu aesikoi mojeni AJIK, Oyae BuOuparucs Uit poOOTH OJMH (PiKCOBaHUI aro-
puT™ Kiacudikarii 3 Habopy BimiOpaHUX anropuT™MiB (a4, Ay, ..., A, ), IPHUOMY JIEPEBO KIIACH-
¢ikarii Moxe OyTr o0y 10BaHE OJTHUM AITOPUTMOM @; Ta MocHiIoBHICTIO Y O, sIKi BiH TeHepye.

TakuM 9uHOM, ITiCIIA MPOBEJICHHS N KPOKIB MPOIeypu MOOYI0BH JiepeBa KiachQikarii
ctpykrypa AJIK Oyne sBisaTu cob010 IeIKy cxeMy S, (y3arajlbHeHy O03HaKy JPYroro MmopsaKy,
sika To0yIoBaHa 3 Habopy CHHTEe30BaHUX airoputMamu kiacudikamii YO), sika € HalOIbII
e(eKTUBHOIO anpokcumMailiero nmouatkoBoi HB 3aranbHoro Burisiny (1) Habopom He3anekHUX
anroputMiB Kiacudikarii Ta ix YO. 3po3yMijio, mo TYT TaKOXK S, OyJe MPeJCTaBIsATH JICIKY
nepeBonoiioHy cxeMy (cTpykTypy JAYO), sika cK1a1aeThest 3 N BEPIIHH, TOOTO B KOHCTPYKITITO
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CXEMH S, OyIyTh BXOJUTH BCHOTO N aIropuTMiB Kiacudikarii (YO — mpu yMOBi TeHepartii ist
KOXKHOTO KPOKY IIPOIIeAypH ITOOYI0BH JiepeBa He OiIbIIe OJHi€T y3aralbHeHOT 03HaKH MiHIMa-
JHHOI MOTYKHOCTI B OJTMHUITIO) 3 TOYATKOBOTO HA0OPYy.

OTmxe, MOXHA 3pOOMTH BUCHOBOK, IO MOCTiOBHICTh TOOYIOBAHUX CXEM Sy, Sy, ..., Sj (y3a-
raJlbHeHUX O3HAaK JIPYroro mopsaky) 30iraerbes Ao nmoyarkoBoi HB Burmsny (1), He Ginblie
HDX 3a M KpokiB (e M — 3arajgpHa MOTYXHICTh MovyaTtkoBoi HB), HaBiTk 3a yMOB renepaiiii Ha
KOKHOMY Kpolti Jiutie ojHiel YO, MOTYKHICTh KOXKHOI 3 SIKUX He OLIbINe OJMHHUILL.

Jesxuit anroput™ kiacudikanii, sskuid 6yze BuOuparucs (pikcyBaTucs) Ha n — TOBOMY
Kpotii B mporieaypi mooymoBu Moaeni AJIK (quist rerepartii BiamosigHoi Y O), MO3HAYMMO Yepe3
a,,, TPAYOMY 3PO3YMLJIO, IO IILOMY aJITOPHTMY @, BIJIOBIJA€ JesKa cXeMa S, sKa CKiaja-
€TbCS 3 AITOPUTMIB A4, Ay, ..., Ap_q T 3aKIHUYETHCS JAaHUM aTpuOyTOM (BEPIIMHOIO JiepeBa
knacudikarii — moneni AJIK). Hanpuknan, na puc. 3 300paxena aeska mojens AJIK B sikiii
¢ikcoBaHiif cxemi S, (BeplIuHi jAepeBa kiacudikarii, mo OyIyeThCs) BiAMOBIAA€ MOCITIIOB-
HICTB KpOKiB (cxeM) {S;}, a cxemi Sy, — MOCHiTOBHAHN IIISIX {Sq, So, ..., Spr—1}-

Poc(HB_u-1)) = 2;
Ppt(YOM_l) = 1;

P,.(HB) = M;
Ppe(YOU) = 1;

............
............

Py (HB_1) =M —1;
P, (Y0?) = 1;

P>
H;

Puc. 3. llpuxnao cmpyxmypu AJIK 3 YO 6 poni éepuiun

Omxe nns moxeni AJIK mosxHa 3poOuTH Takuii BUCHOBOK: cxeMa S, (B CTPYKTYpi JepeBa
kiacudikarii) posainse HB Ha n HemycTrx yacTuH (IiIMHOKHH), 110 HE TIepeTUHAI0Thes. [Ipn
IIOMY, OCKLIBKH B mo4YaTKoBiit HB ychoro 3naxoauThess M Ha9aapHUX Map, TO CXeMa Sy, TOB-
HICTIO pO3AUTHTH (arpokcumye) nouatkoBy HB (ToOTO s, Oyae moBHICTIO po3mi3HaBaTH BUOi-
PKYy, 32 YMOBH I'eHepallii Ha KO)KHOMY KpoIli 1o ofHii YO noTyxHicTio ouH). Takum ynHOM,
SIKIIIO HAa KOXKHOMY 1 — BoMy Kpoltli cxemu nooyzoBu AJIK 3renepoBana YO (BiaiOpanum ain-
ropuTMOM KiIacudikarii a,) cnado po3ziyisse MHOXKHHY odatkoBoi HB, To B oMy BUnajKy
mpoliec ToOyT0BH JiepeBa Kiacudikarlii 30iraeTbes BiIHOCHO moyaTkoBoi HB Ta 3akiHuyeThcst
He OlbIne HiX 32 M KpOKiB, e M — KIJIBKICTh yCiX HaBUaIbHUX Map noyatkosoi HB.
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Ha mactymHOMYy eTarti JOCIKEHHST BaXKITUBO PO3TIISIHYTH BHIIAJ0K CHIIBHOTO PO3JIiJICHHS
KJ1aciB mouatkoBoi HB, Koy sx0THEX 0OMeKeHb Ha aJlTOPUTMHE @; 1010 reHeparii YO He Ha-
KJIAJarOThCs (TOTYXKHICTh MoOymoBaHol YO oOMeXeHa JUIIe MPaKTHIHOIO MOXKIIUBICTIO ca-
MOTO aJITOPUTMY KJacudikarlii a; Ta CTpyKTypHEMH napameTpamu HB).

Hexaii yepe3 Benmmauny P(f;) m0o3HaYMMO 3arajibHy MOTYXKHICTh (QIPOKCHMAILIHHY 3/1aT-
HicTh) BianosigHoi YO f;, (1 <j <'s), ne s — kimpkicts YO B cxemi AJIK, mo Gynyerses.
Jani Ha neskomy kpoti 7, (1 < r < M) cxemu AJIK noOynoBaHa moCHiIOBHICTh y3arajibHe-
HUX O3HAK f, ..., f, 3 BixnoBiguumu iM Besmunbnamu P(f;)) =z, ne (1 <z<M),(1 <i<r),
M — 3aranpHa notyxHicts HB, mpudomy cepen HuX € Benmmumby z™M3 ta z™™ gxi € ana HEX
BIJIMTOBITHO MaKCUMaJIbHAMH Ta MiHIMAJIGHAMH (BiJIHOCHO MOTOYHOTO Kpoky cxemu AJIK).
Tomi B TakoMy BHTIAIKy, cxeMa (Mojenb) AJIK Oyne moOymoBaHa 3a t KpOKiB, Jie BeJTMYHMHA ¢
BH3HAYAETHCS CHiBBiqHOMEHHM (11).

P 1GL N
= zmaxy,min ~ ymaxy,min’ (11)
3ayBa)kMMO, 1110 Y BUIIAJKY CUTYaIlii, KOJIM YMOBOIO MIPUKIIAIHOT 3a1a4il Ha cxemy AJIK, mo
OyIyeThCs, HAKIAAAIOThCSI OOMEXKEHHS MO0 TMOTYXXHOCTI cuHTe30BaHuX YO (He mepeBu-
IIEHHS BiAMOBIIHOT BeIMunHU P) — cxeMa nepeBa kiacudikariii (moaens AJIK) 6yae moOymo-
BaHa 3a t KPOKiB, JIe BeIMUNHA ¢ BUBHAYAETHCS CIiBBiAHOIICHHIM (12).

t<—. (12)

Haramaemo, mo mpu sxopctkux oomexeHHsx cxemu AJIK Ha oy renepoBany YO (J1e 3a ymo-
BOIO P( fj) =1,(1 <i<t)), To0T0 y BUMaAKy claOKOro po3JiIeHHs! KJIaciB MOTOYHOI 3aauyi
cxema gepesa kinacudikarii (Mmoaens AJIK) Oyne moOymoBana 3a t KpokiB, Jie BenmuunHa t < M.

BucnoBku BiamosigHo 10 cratTi. OTXe, 3BaKal0un Ha BCE BHINE3a3HAUYCHE B IIBOMY JIOC-
JiDKEHHI, MOYKHA 3pOOUTH TaKi BACHOBKH:

Jlist ymoBH ci1abkoro po3jaiieHHs KiaciB y Bunaaky JIJIK, skmo Ha K0)XKHOMY N — BOMY
KpoIli BifiOpaHa eJeMeHTapHa O3HaKa ¢, cl1abo po3/iise MHOXKUAHY (TIIAMHOXUHY) 00’ €KTiB
novatkoBoi HB, To B 11bOMy BuIaKy mpoiiec modyaoBu JiepeBa kiacudikarii 30iraeTbest Bij-
HOCHO oyaTtkoBoi HB Ta 3akiHuyeThcs He Oiiblie Hixk 3a m — 1 KpOKiB, Jie M — KUIBKICTb YCiX
HaBYaJIbHUX Nap noyatkoBoi HB.

OTxe, nepeBo knacudikarii (ctpykrypu JIJIK) 3a yMoBH CHIIBHOTO pO3AiJICHHS KJIACiB MHO-
KHHU 00’ €KTiB ToyaTkoBoi HB, sike Mae m MOBHUX sIpycCiB, piBHIB (TOOTO BUIAJIOK, KOJIM Ha | —
TOBOMY SIpyci cTosTh 2171 Bepmmn), Mac 2™ — 1 pepumn. Takum UMHOM PO3IIi3HABAHHS Ma-
cuBy nouatkoBoi HB mpu ymosi (y > 1) 3a nonomoroto nmoBHoro JIJIK BinOyBaeThes He OLIBII

logz ny
(1+log2 y) ’
3arajpHa KiJIbKICTh BCIX KiHIIEBHX BEPIIHH JIOTIYHOI CTPYKTYpH (JIUCTIB JiepeBa po3Ii3Ha-
BaHHS) MMOOYI0BaHOI cXeMHU Kjacudikarlii Oyae oJJHO3HAYHO BU3HAYATH KiHIIEBY ITOTYKHICTh
cxeMu MeTony nepeBa kinacudikarii (moaeneit JIJIK/AJIK).

[otyxHicTio aesxoi YO (mabopy noOynoBanux YO), st piKCOBaHOTO KPOKY CXEMH Me-
tony AJIK — paxyeTbcs 3arajibHa KiIbKICTh HAaBYAJIbHUX Hap (xl-, Ir (xl-)) noyatkoBoi HB (mi-
nMHOkUHHE TTouaTtkoBoi HB) Burmsiay (1), siki anpokcumye (paBrIIbHO KiTacu(ikye) 1aHa y3a-
raJibHeHa o3Haka (TIOCIiIOBHICTh y3arajJlbHEeHUX O03HaK).

VYV Bumanky ciaabkoro posaiieHHs kiaciB moyatkoBoi HB mis cxemu AJIK mporiec mo0y-
JIOBM JiepeBa Kiacudikallii 30iraeTbes BiTHOCHO MacuBY JaHUX HB Ta 3akiHuyeThes He OibIne
HIX 32 M KpOKiB, e M — KiJIbKIiCTh BCIX HABYAJIBHUX Tap movyarkoBoi HB.

VY BUNAAKY CHJIBHOTO pO3/ileHHs KiaciB modarkoBoi HB mns cxemu AJIK, konwm moTyx-
HicTh nobynoBanoi YO (abo Habopy YO) oOMexeHa JTHIle MPaKTHYHOIO MOXKIIMBICTIO CaMOT0
aNropuTMy Kiacudikarii a; Ta noyarkopumu napamerpamu HB — cxema (Mmozgens) AJIK Oyne
nmoOymoBaHa 3a t KpOKiB, Jie BeIMUMHA ¢ BU3SHAYAETHCS CIiBBiAHOMIEHHIM (11).

Hixk 32 2™*1 — 1 xpokiB, 1€ M po3paxoByeThes 3a JOIOMOTOK0 BUpazy m = R
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Igor Povkhan
QUESTIONS OF COMPLEXITY OF THE PROCEDURE FOR CONSTRUCTING
AN ALGORITHMIC CLASSIFICATION TREE SCHEME

Urgency of the research. At the present stage of development of information systems and technologies that are based on
mathematical models of the theory of artificial intelligence (methods and schemes of the classification tree algorithm), there is
a fundamental problem of narrow specialization of existing approaches and methods in socio-economic, environmental and
other systems of primary analysis and processing of large amounts of information. The problems associated with the theme of
pattern recognition are very diverse and arise in the modern world in all areas of Economics and social content of human
activity, which leads to the need to build and study mathematical models of the corresponding systems. As of now, there is no
universal approach to their solution, several fairly General theories and approaches have been proposed that allow solving
many types (classes) of problems, but their applications are quite sensitive to the specifics of the problem itself or the subject
area of application. The presented work is devoted to the problems of models of logical and algorithmic classification trees
(LCT/ACT schemes), offers an assessment of the complexity of algorithmic structures of trees (classification tree models),
which consist of independent and Autonomous classification algorithms and will represent to a certain extent a new recognition
algorithm (it is clear that synthesized from known schemes, algorithms and methods).

Target setting. Today, various approaches to building recognition systems in the form of classification trees (LCT/ACT) are
relevant, and the interest in recognition methods that use classification trees is caused by a number of useful properties that they
possess. On the one hand, the complexity of the class of recognition functions in the form of classification tree models, under
certain conditions, does not exceed the complexity of the class of linear recognition functions (the simplest known). On the other
hand, recognition functions in the form of classification trees allow you to distinguish between causal factors in the classification
process — it is known that the process of classification of new objects that have not yet been encountered in the world of many
animals and people (with the exception of objects, information about which is transmitted by genetic means (investigative), as well
as in some other cases), occurs according to the so-called logical decision tree (in connection with the neural network concept).
1t is clear that it is advisable not to develop a new algorithm, but to offer a concept of rational use of the already accumulated
potential of algorithms and classification methods in the form of algorithmic models of classification trees (ACT structures), and
that is why this work intends to at least partially overcome these limitations and is devoted to assessing the complexity of the
procedure for constructing algorithmic models (logical) classification trees in the field of recognition problems.

Actual scientific researches and issues analysis. The study reviewed recent open access publications on the General
problem of approaches, methods, algorithms and recognition schemes (LCT/ACT models) for discrete objects (discrete images
in image recognition problems.

The research objective. The possibility of an efficient and cost-effective scheme for constructing an algorithmic classifi-
cation tree and evaluating the complexity of such a procedure (ACT structure model) based on the source arrays of large-
volume training samples.

The statement of basic materials. We propose an estimation of the complexity of the procedure for constructing an algo-
rithmic classification tree for an arbitrary case (for conditions of weak and strong division of classes in the training sample).
The solution to this question is of a fundamental nature, in terms of assessing the structural complexity of classification models
(in the form of tree structures, ACT structures of discrete objects for a wide class of applied classification and recognition
problems in terms of developing promising schemes and methods for their final optimization (minimization) of the design. This
research is relevant not only for constructions of algorithmic classification trees, but also allows us to extend the scheme of
complexity estimation to the General case of logical classification tree structures.

Conclusions. We investigated the structural complexity LCT/ACT, the proposed upper bound for the complexity for build-
ing algorithmic classification tree in terms of weak and strong separation of classes of the initial training sample.

Keywords: recognition problems, classification trees, algorithmic tree, recognition scheme, discrete object, generalized feature.
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Cepeiu Touunin
HPUKJIAJTHE ITPOTPAMHE 3ABE3IIEYEHHS JJI5S1 OIITOBOJIOKOHHOI'O
OU®POBOI'O CIIEKTPOMETPA BTC-110S

Akmyanvhicmo memu 0ocnioxycenna. CnekmpanoHi NPUIAOU WUPOKO BUKOPUCTIOBYIOMbCSL 8 HAYKOBUX MA NPUKIAOHUX
onmuynux docaioxncennsx. CyuacHi cnekmpaivHi npunadu 6 6a2amvox 6unaokax € yugposumu. Pospobra npukiaonoeo npo-
epamnoeo 3abeznevenns (I113) 0ns yugposux cnekmpanvHux nPuLadie € AakmyarbHUM 3A60aHHSIM.

Ilocmanogeka npoonemu. 30e6inoui020 KOMNAHIT, SKi 6ULOMOBNSIOMb CNEKMPATbHE YCMAMKYEAHHS, NOCMABIIoONb Yug-
po6i cnekmpanvhi npunaou i npuxiaowe 113 6 komnnexmi. ¥ 6aeamvox sunaokax euxopucmaunus yvoeo 113 npug'sasano oo
neenoi niamgopmu. I1o0ibni ocobrusocmi mae npuxiaone npozpamue 3abeszneuenns o cnekmpomempa BTC-110S. Kpim
moeo, 113, sike nocmaensiemocs pazom i3 npunadamu, Modice He 6KNIOYAMY HeOOXIOHUX OISl ONMUYHUX OOCTIONCeHb NPOYeoyp
00pOoOKU CheKMPATbHUX OAHUX.

Ananiz ocmannix 0ocnioxycensy i nyonikauin. Y naut uac oonieio 3 HaUOINLUL NONYISAPHUX MOE NPO2PAMYBAHHs € Java.
Ocmanuim wacom mo6oio npospamyeanns Java pospobrena kpocniameopmua npoepama ST Complex — npuxnaoune 113 ons
cnexkmpomempa BTC-110S.

Buoinenna nedocnioscenux wacmun 3azanvHoi npoonemu. lpoepama ST Complex mae nesni oomesrcenns. Bona 0o-
3eonse cnexkmpomempy BTC-110S peecmpysamu cnexmpu unpomino8anHa minbku 6 oOHokpamuomy pexcumi. Kpim moeo,
npu 06pobyi cCNeKmMpaibHUX OAHUX GIOCYNHIL MONCIUBICTIL 3HAXOONCEHHS PE3YNbMAamie MHONICEHHS. Ma OLIeHHS CNeKMpi6 00UH
Ha 00HO20, A MAKOMC BU3HAUEHHS KOPeNAYIIHO20 CheKmpa ma 1020 KoeiyicHma 6i0onogioHocmi.

Ilocmanoeka 3ae0anna. Pospobumu Java-0ooamok, SKuil Mojice GUKOPUCTIO8YEAMUCS 0I5l PeECMPAayii CNeKmpoMempom
BTC-110S cnexmpig 6unpominio8anHs 8 00HOKPAMHOMY Ma 6e3nepepEeHoMY PedlcuMi, a MAKONC OISl KITbKICHO20 NOPIGHAHHS |
00pOOKU 30 OONOMO20I0 APUPMEMUYHUX ONepayiil CNeKMPAIbHUX Oanux 06'ekmie docaioxcenns. [lpu yoomy 0ns nopieHsnus
cnexmpie Oxcepen ONMUYHO20 GUNPOMIHIOBAHHSL BUKOPUCHIOBYBAMU DIZHUYEB] MA KOPENAYIlHI CNeKmpl, a maKoxic IxHi Koe-
Giyienmu 8ionosionocmi.

Buknao ocnosnozo mamepiany. Onucari ocoonusocmi ¢hyHKyioHyeanHs ma epagivnuii inmepgeiic kopucmyeava Java-
dooamka, wo eupiutye nocmaegiene 3asoanis. Haeedeni npukiaou iio2o 6ukopucmanmsi.

Bucnogku 6ionogiono 0o cmammi. Po3pobieno kpocniamgopmue npuxiaoue 113 ons peecmpayii cnekmpomempom
BTC-110S cnexmpig 6unpominio8anHs 8 00HOKPAMHOMY Ma 6e3nepepEeHoMY PedlcuMi, a MAKONC OISl KITbKICHO20 NOPIGHAHHS |
00poOKU 30 OONOMO20I0 APUPMEMUUHUX ONePaYill CHeKMPATbHUX OAHUX 00'€Kmie 00CNiONCeHHS. 3 NOPIGHAHHSL CHeKMpPIe 00 '-
EKMIB OOCTIONCEHHS NPOSPAMOIO GUIHAUAKOMbCS KOeiyieHmU 6I0N0GIOHOCMI 05 IX PI3HUYEB020 MA KOPEAYIUHO20 CNeKmpd.

Knrwuoei cnosa: cnekmpomemp, chekmp, npukiaoHe npospamue 3a0e3neueHHs.

Puc.: 5. bién.: 8

AKTyaJbHiCcTh TeMH J0cTiKeHHsl. ONTHYHUH CIIEKTpabHUI aHalli3 IMUPOKO BUKOPHUC-
TOBYETHCS B HAYKOBHX 1 MPUKJIATHUX JOCITIKSHHSIX. AHAI3 TPOBOISITh HA OCHOBI CIIEKTPIB,
SIK1 3apeecTpoBaHi CHEKTPATbHUMU MIPHIIAAaMHU, IO MPAIIOIOTh Y Jiala3oHi JOBXKHUH XBUJIb OII-
TUYHOTO BHITPOMiHIOBAHHSI.

CyuacHi cnekTpajibHi Mpuiaau B 0aratboX BUMaJKax € IudposuMu. KepyBaHHS iXHBOIO
po0OTOr0, @ TAKOXK MPHIHOM Ta 00poOKa JTAHUX CIIEKTPATBHUX BUMIPIB, 3MIHCHIOETHCS TPUKJIa-
JTHUM NporpamMHuM 3ad0e3neueHHsM (113).

[Ipu mpomy po3poOka npukiagHoro 113 s cekTpaabHUX MPUIIAIiB € aKTyaIbHIM 3a-
BJIAHHSIM.

ITocTanoBKa mpodaemu. KoMmnaHii, iKi BATOTOBJISIIOTH CIIEKTPAIbHE YCTaTKyBaHHS, ITEpe-
BaXXHO MTOCTABJISIIOTH IIU(POBI CHEKTpabHI MPUIAANA i KOMIT IOTEpHI MPOrpamMu JIjsl iX BUKO-
puctanns (mpukinagae [13) y koMIiekTi. Y 6araThbOX BHITAIKaX BHKOPUCTAHHS IAX MTPOTpaM
YKOPCTKO MPUB’sI3aHO 10 NeBHOI matdopmu. [1onibHI 0co6IMBOCTI Ma€e MPUKIIAIHE TPOrpaMHe
3a0e3rmeueHHs I MU POBOro onToBoJIOKOHHOTO criektpomerpa BTC-110S [1], ¢pyHKIiOHA-
JIbHI MOXKJIMBOCTI SIKOTO OIKCaHi B [2].

Kpim Toro, mporpamue 3abe3reueHHs, sike TIOCTaBISIETHCS Pa30M 13 TpUIaJaMH, MOXKe He
BKJIFOYATH HEOOX1JTHUX JUISI ONTUYHUX JIOCIIKEHb MPOIEaAyp 00pOOKH CHEKTPATbHUX JTaHHX.

[Tpr mbomy po3poOKa KpocIuiaThopMHOTO MTPHUKIIAJTHOTO POTPAMHOTO 3a0e3MeYeHHs IS
nu(poOBUX CHEKTpaIbHUX MpuiaaiB, 30kpeMa i st BTC-1108S, sike ynpasinsie iXHBOIO po6o-
TOIO, PEECTPYE Ta 0OPOOIISE CIIEKTPH JKEPET ONTHYHOTO BUTIPOMIHIOBAHHS 32 JOIIOMOTOIO He-
OOXIHHUX TPOIIEAYD, € AKTYaTHHOIO MPOOIEMOIO.

© Touunin C. [1., 2020
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AHAaJTi3 0CTAHHIX J0CTiIKeHb 1 myoOJikamiii. Y pobotax [3; 4] moBiIOMISETHCS TIPO PO3-
pobky npukanuaoro [13 s ciektpomerpa BTC-110S.

[Tpu ipomy B [3] Takok HaBe/IeHI XapaKTepUCTUKH Ta KOMaHIH KepyBaHHS IS IIHOTO ITH-
(pOBOTO ONITOBOJIOKOHHOTO CIIEKTPATLHOTO TIPUTIALTY.

V T1oit uac B [4] onucanmii kpocriardpopmuuii mporpamanii komrieke s BTC-1108S, mo
OyB CTBOpEHHI 3a JJOITOMOT0I0 MOBH TporpamyBaHHs C++. Bin, 30kpema, 3abe3neuye peect-
paIliro MPIIIAJIOM CIIEKTPIB JIKepesl ONTHIHOTO BUITPOMIHIOBAHHS K B OJTHOKPATHOMY, TaK 1 B
Oe3nepepBHOMY PEXKHMi, a TAKOXK JI03BOJIIE BUKOHYBAaTH HAJl HUIMHA MaTeMaTH4HI omepartii, y
TOMY YHCTI ¥ apuMETHIHI (J0/1aBaHHs, BAPAXYBAHHS, MHOYKCHHS, TIJICHHS ).

OcTaHHIM 9acOM IIPU ONTHYHUX JOCIIKEHHSX IS KUTBKICHOTO MMOPiBHSHHS CIIEKTPiB BTO-
punHHOTO BHUNpoMiHioBaHHS (CBB) pi3HuX peuyoBHH BUKOPUCTOBYIOTH X PI3HUIEBUH CIIEKTp

(PC) J )Ii (ﬁ) , BLATIOBITHO 110 |5, 6] #ior0 BH3HAYAIOTH 32 IOTIOMOTOIO BUpa3y:

EQ)=1-|1,(2)-1,(A)=1- III,M) ;(/1)| )

X max E max

e A — noBkuHa XBuI, [ X(ﬂ,) il (ﬂ) — HopMmoBaHi CBB st pedoBunn (X ) , IKY aHaJI3yIOTb,
IV

Fmax — 3aPEECTPOBAHI CIIEK-

Ta etanonHoi pevounnu (E) BianosiuHo, I;((l), Ig(l),

X max °
TPH JUISI PSUOBUHH, IO JOCITIJDKYIOTh, 1 €TAJIOHHOI PEYOBHHHM, a TaKOX iX MaKCHUMaJIbHI 3Ha-
YEeHHSI BIATOBITHO.

OuiHka ifeHTHyHOCTI 260 BimMiHHOCTI criekTpiB X(ﬁ) Ta I, (ﬂ) 3JIIHCHIOETBCS 3a J101I0-

Mororo Koeirienra BignosinHocti K, [5; 6]:

K=y 2l -1,(0) = ZIE @

Je N — YMCJIO 3aMKHYTHX iHTEpBAIiB AA Y CIEKTPAILHOMY JiaNa3oHi JOBKHH XBUIb Bl A
no A, i3 mmpunoro B, B=A,—A,, N=B/Ax.
Biamosizao 10 (2), npu A4 — 0, kKoedinienT K; Mae 3HaYCHHS:

] A
K= [ri(A)dz. 3)
A

3rigno 3 (3) K, — cepeHe 3HAYEHHS PI3HAIIEBOTO CIEKTPA B JIialla3oHi JIOBKUH XBHIb Bix /4,
mo A .

V Toii yac neBHUH iHTEpEC MPH TTOPiBHIHHI ];((/1) Ta I}, (ﬂ) B Jliama3oHi JOBKUH XBHIIb BiJ[

A no A, , na sxomy [ g(ﬁ) HE MICTHTbH HYJIbOBUX 3HaueHb, Ma€ Kopemsiiitauii criektp (KC)
Ji(2), mo BusHavaeTses BrpasoM:

J)b;(;t):]_|‘]x(/1)_‘]5(/1)| |(1’ (/1)/[)(5) ([ (/1)/155)| (4)

7. | (1.(2)/ 1)

ne Jy(A), JE(Z) — HopmoBani 3a sHavennavn 1y Ta Iy, cnextpu I'(A) it I,'E(ﬂ) BiImo-

. ’ ’ . . .o .o . .
BinHO, [y, Iy — iHTEHCHBHICTD Ha IEBHIM, XapaKTEpHil Il IAHOTO €TAJIOHA JIOBKUHI XBUIL

Ay (4 <A, <A,) nns cuexrpis I'(4) i 1,(A) sianosizmo.
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[Ipu 11bOMy OLIIHKA IAEHTUYHOCTI a00 BiIMIHHOCTI 00'€KTIB AOCIHIKEHHS 3 €TaJOHOM Ha
OCHOBI (4) 3IilCHIOETBCS 3a JIOMOMOroro KoedimienTa BifmosigHocti K. (cepeaHbOro 3Ha-

yenns KC y cnexrpansHOMY mianasoHi Bix 4 no 4, ):

Al

] /4
K.=— J JE(A)dA. (5)

Jlns peectpaliii crieKTpiB BTOPUHHOTO BHITPOMIHIOBAHHSI MOPS 31 CHEKTPOMETPAMH IIH-
POKO BUKOPHUCTOBYIOTH CBITIIOQLIBTpH. [IpH 1IbOMY 3arajibHe MPOIYIIEHHS T(4) CIIeKTpaIbHOT
YCTaHOBKH JI03BOJISIE BUAUIATH iHTEPBAT JJOBKAH XBUJIb HEOOXITHUH JIJIS peecTpallii CIieKTpiB
00’ €KTIB JOCIIIKEHHS IPU TPUAYIIEHH] 30y ATMBOTO BUITPOMIHIOBAHHSL.

o E . .
V Toii yac XapakTepHOO pHCOO J X(/”L) Ta K., SIK1 BU3Ha4Yat0ThCs Bupasami (4) ta (5), Bin-
MTOBITHO, € TX HE3MIHHICTB IS PI3HUX T(4).
E o . . . .
[Tpu upomy 1, (l) i K, , sxi po3paxoByroTh i3 Bukopuctanssm (1) ta (3), BianosiaHo, mo-
I6HOT 0COOJIUBOCTI HE MAIOTh.

Bimzraunmo Takox, mo Bupasu (1), (3), (4), (5) MokHA BAKOPUCTOBYBATH 1 IJIs1 TOPIBHSIHHSI
ONITUYHUX CHEKTPIB JPKEPET IEPBHHHOTO BUITPOMiHIOBAHHSI.

. . . N 7/ .o o . . .
Kpim Toro, mpu jgociiukenti ocodnusocteii [ X(ﬂ) il E(l) HEeBHUM iHTepec MaroTh 1 JaHi

TIPO eKCTpeManbHi 3HauenHs [ (l) Ta Jf;(?t).

YV Hamn gac oJHi€r0 3 HalHOUTBIN MOMYJIIPHAUX MOB IIPOTpaMyBaHHSI, BiIMTOBITHO JIO 1HJIEKCY
TIOBE [7], € Java™. Bona kpocnnargopmHa i IIPOKO BUKOPHCTOBYETHCS B TIPUKIATHUX ITi-
7s1x. Java mae po3BuHeHuit API, Sikuit BUTBHO MOIIUPIOETHCSL.

Y poboti [8] MoBoro mporpamyBaHHsS Java Hamu Oyja po3poOliieHa Imporpama
ST Complex — npukmnagne [13 s cnextpomerpa BTC-110S.

BuisieHns HexoC/TiIPKeHIX YaCTHH 3arajibHoI mpooaemu. [Iporpama ST Complex mana
NeBHI 0OMeXeHb, 30KpeMa, Tij ii kepyBaHHsIM criekTpomeTp BTC-110S mir peectpyBatu cre-
KTPH JDKepesl ONTHYHOTO BUIIPOMiIHIOBaHHS TUIBKH B OJJHOKPATHOMY PEXKHUMI.

KpiM Toro, mipur 00poOI1i eKCIIepuMEHTAITEHUX JIaHUX Oyjia BIICYTHS MOXIIMBICTH 3HAXO-
JDKEHHS pe3yJIbTaTiB MHOXKECHHS Ta JUICHHs CIIEKTPIB OJIMH Ha OJHOTO, a TAaKOK BH3HAUCHHS
Ji(2) iK..

ITocranoBka 3aBxanHs. Y 11iif poOoTi Oyia mocraBieHO 3aBJaHHs PO3POOKH 32 JOIOMOTOIO
MOBH TIporpamyBaHHs Java KpocruratpopMHOro nmpukiagaoro 13, ske Mo)ke BUKOPHUCTOBYBa-
TUCs 11 peectpartii criekTpomerpoM BTC-110S cniekTpiB JpKepet ONTHYHOTO BUIIPOMiHIOBAHHS
B OJTHOKpPATHOMY Ta Oe3MepepBHOMY PEXHMi, a TaKOX KUTbKICHOTO MOPIBHSHHS 1 0OpOOKH 3a
JIOLIOMOTOI0 aprU(PMETHYHHX ONepaliif CIeKTpaIbHUX JTaHUX 00’ €KTIB JTOCIIIKEHHSI.

[Tpu 11bOMY JIJIs1 KiTBKICHOTO TIOPIBHSIHHS CIIEKTPIB JDKEPEN ONITHYHOTO BUIIPOMIHIOBAHHS
nependavanocs BukopuctoByBatu Bupasu (1), (3), (4) ta (5).

BukJiaa ocHoBHOro martepiasy. [l BUpillleHHs IOCTaBJIEHOTO 3aBJIaHHsI OyB CTBOpEHUI
Java-nmomarox DS Complex, sikuii mpu po6oTi 3i ciekrpomerpom BTC-110S BukopucToByBaB
iaTepdeiic RS-232 ta mpotokonr ASCII. [Iporpama maina rpadiuamii iHTepdelic KopucTyBada
(Graphical User Interface — GUI), mo posramoByBaBcs Ha TMaHem i3 BKIAJAKaAMU:
«Registration», «Matching» ta «Processingy.

Ha6ip kommonentie GUI Bkitagkn «Registration» BUKOPUCTOBYBABCS JUISl KEpyBaHHS IPO-
LIECOM peecTpallii CIeKTPIB HKepe ONTUYHOTO BUIIpoMiHIoBaHHS criekTpomerpoM BTC-110S,
a TaKOX B1JIOOpaKeHHsI CIIEKTpaJIbHUX JaHuX. Ha modatky po6oTu 3 HUM 3a JIOTIOMOTOIO CITH-
CKY, SIKHI PO3KpHUBAETHCS, Ta KHONKH «Porty Bubmpascs COM-opT cieKTpoMeTpa, a Mpu Ha-
THUCKaHHI Ha KHOMKY «Timey 3a1aBaBcs 4ac eKCIO3uIlii criekTpa (y MiTiceKyHax ), YicelIbHe
3HAYEeHHS SKOTO MONepeHFO BCTAHOBIIOBAIOCS B MOJIi BBOJY.
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[Ipornec peectpanii 3ailicHIOBaIacs miciasl HATUCKaHHS Ha KHOMKY «Runy. IIpu ripomy He-
0OXiHI JUIT poOOTH IMporpaMu Koe(ilieHTH, sKi Bu3Ha4aroTh Kaniopysaras BTC-110S no go-
BXXKWHAX XBUJIb, 3Haxoaumucs y ¢aitm Coefficients.csv.

VY BUnNanKy «BKIFOYEHHsD mparopis «Loop» peanizoByBaBcsl Oaratopa3oBHi PeXUM pe-
ecTpallii, Ipu «BUKIIOUEHH1» — oJJHOKpaTHUH. [Ipu poboTi ciekTpomeTpa mijg yac peectparii B
Oaratopa3oBoMy pexuMi KHoIKa «Run» mMana Ha3By «Stop» Ta BUKOPHCTOBYBAIACS JIJIS 3yIIH-
HKH IIBOTO TIPOIIECY.

3apeecTpoBaHUil CIEKTP BiJOOpakaBCs HA IMaHEeNl JoJaTka B rpadidyaoMy BUTIIsm. [Ipu
«BKJIFOYEHH1» Tpamopiis « Tabley maHi ciekTpaJbHUX BUMIpIB MOTIIH JIOJIATKOBO MPEJCTABIIS-
TUCS 1 Y TAaOJMIHOMY BHTJISIII.

Kpim Toro, criekTpasibHi JaHi MoxKHA OyI0 30epertn y ¢aitnax ¢popmary *.csv i nmpu He0O-
X1JJHOCTI OJISpIKaTH JI0 HAX JOCTYII 3a JOIoMororo MeHro «Filey.

V Toit "ac iHopmalis Ipo CTBOpeHui Java-101aTok Ta 0COOIMBOCTSIX Horo po6otu Oyna
JOCTYITHA ITPH BUKOpUCTaHHI MeHIO «Helpy.

Ha puc. 1, sx npuknan, 306paxkeno BikHo mporpamu DS Complex 3i cnektpoMm ¢oTtotto-
minecteHIii (®JI) ;xoBTOro KoJIH0pOBOTO MaNepy, Ha PHC. 2 — YEPBOHOTO.

@JI xompopoBOTO Manepy 30y/UKyBagacs GioJeTOBHM JIa3epOM 3 JIOBKHHOIO XBHUITI BHITPO-

¢imeTp K3CS 3aBTOBIIKH 2 MM.

EDS_Cnmplex
File  Help
Part lcoms w| [ Tme ] [ 100 | @Table Cioop [
-Pixel L relun, WL, nm ||
634 63275 548,931 |a |
60 000

656  |63350 549,631
657  |p3411 549,080
|58 63390 550,330
50000 |55 63358 550,679
|60 63354 551,028
661 63308 551,377
662 |53446 551,726
40000 g63 63450 552,075 |
664  |53446 552,424

655 63288 349,281

|BES 633594 552,773
= |B66 163330 553,121
30 000 BET 63314 233,470
|B62 563339 553,818
(L] 53246 554,167
. 670 53192 554,515
20 000 571 53307 954,863
BF2 3420 555,211
673 63402 555,559
674 63325 555,907
675 63257 556,255
676 53161 556,602
677 53135 556,950

Intensity, rel.un

10 000

5 T— 678  |53084 557,297
350 400 450 500 550 00 &50 700 750 SEIDEE‘?Q [62975 557,645
Wavelength, nm pee:  azser 457992 |

681 |f2g=2  |555,339

Spectrometer | Matching | Processing |

Puc. 1. Bikno npoepamu DS _Complex 3i cnexkmpom DJI scosmozo nanepy

Ha6ip xommnonentiB GUI mporpamu DS Complex, mo po3TamoByBaBcsS Ha BKJIAII
«Matchingy», BukopuctoByBaBcs st popmyBaHHs Ta 00pooku PC i KC Ha ocHOBI cniekTpiB,
ki Oyym 3apeectpoBaHi criekTpomeTpom BTC-110S.
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[Ipu poGoti 3 HEUM 3a nomomoroio MeHto «File» crmexkTpu ONTHYHOrO BUIPOMIHIOBaHHS
(COB) etayionHOro 00'€KTa Ta 00'€KTa aHAITI3Y 3aBaHTAXKYBaAIHCS 3 *.csv (aiiiiB 1 BimoOpaka-
JMcs Ha maHeni fojaaTtka. Bubip ¢opmysanns ta 06pobku PC a6o KC Buznauaes 3a gjomnomo-
roto mpanopitiB «I(WL)» i «J(WL)» BigmoBigHo.

V Toii yac ms ininianizanii 3Havenns 4 i A, cmexrpansHoro mianaszony PC a6o KC Bu-
KopHucToByBanucs mosist BBoay «Low value» ta «High value» BiamosinHo.

DS_Complex
File  Help

50 000

40 000

a0 000

Intensity, rel.un,

20 000

10 000

350 400 450 500 550 &00 650 700 750 00|
Wavelength, nm

Spectroreter | Matching | Processng |

Puc. 2. Bikno npoepamu DS Complex 3i cnexmpom @JI uepsonozo nanepy

[Ipu BrmoueHomy npanopii «I(WL)», micns Hatuckanus Ha kHomky «Calculatey, mpo-
rpama DS Complex po3paxoByBaia pi3HHIIEBHN crieKTp. [oTiM BHKOHYBaa HOro 4ucelibHe
iHTerpyBaHHs 31 3MIHHAM KPOKOM Ta pO3paxyHOK KoedilieHTa Ky 3 BUKOPHCTAHHSIM BHpa3y

. . . . 7E
(3). Kpim Toro, BH3HaYasa MiHIMAIIBHE I TA MAKCUMATBHE 3HAUCHHS Lpnay 3aTIKHOCTI (/1)
[Tpu oMy PC BinoOpaaBcst Ha TaHeli goaTka B rpadivHOMY BUIIIiAI, a 3HayeHust K, 1,

ta I, 3 sBisumcs B moisix BBoxy «Kdy, «Imax» i «Iminy» BiAmoBiHO.

CnexrpanbHi gani 1) (l) HOMIIITANTKCS B TaOJUINIO Toj1aTKa. Y Hill GoH psaKiB i3 mapamer-

pamu ekctpemymiB PC 3100yBaB cipuit KoJtip.
VYV r1oit wac mpu BrimodeHomy mnpanopui «J(WL)», micis HaTHCKaHHS Ha KHOIKY
«Calculate», mporpama DS Complex npoBamia po3paxynok KC ta 06poOKy #oro crekTpa-

JpHUX JaHux. [Ipu npoMy 3HaueHHs koedinienta K, BH3HAYANOCS 32 TOMOMOror0 Brpasy (5).
KC BinoGpaxaBcs Ha maHesni JojaTka B rpadiuaomy Burisi, a 3uavenns K, J_ 1 J,,

. . . . E .
3’ IBJISUTHCS B TTOJIAX BBOAY «Ke», «Jmax» 1 «Jmin» BiAMOBIAHO, a 1aHi J X(/i) rmoMirmanaucs B Ta0-

JIMITEO JTOJIaTKa.
Kpim Toro, po3pobnenuit nonarox go3sodsie 36epertu PC i KC y ¢aiinax popmary *.csv
Ta 3a HEOOX1THOCTI OJIepXKaTH JI0 HAX JIOCTYH 3a JJOOMOT o0 MeHto «Filey.
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Ha puc. 3 six npukan 306paxene BikHo nporpamu DS Complex i3 PC i 3nauennsvu K, ,

ta [

min?

DS_Complex

Ha puc. 4 BikHo 3 KCi K,

J

max >

Jmin .

File Help
1,01
&0 000 “‘\\ i //
— I" ,I.
. 50000 08 \ | \M
3 i f z f
o 40 000 / % 0,6 \
£ 20 000 - | 8 \
b | =04 5 /
£ 20 000 5
e 8 g
I 0,2
10 000
0= - : : - 0,0 1= : : :
350 400 450 500 S50 600 650 700 750 800 450 500 550 GO0 650 700 750
Etalon Wavelenath, nm Comparison Sperctrum WL, nm
50 000 - PARAMETERS WLonm Jorl
562,24 (0,256 A
40 000 { I(WL) CIatwL) 563,19 0,255
- | 563,54 0,254
3 / Low value Highvaue  Eszas  0.os4
F 30000 | ; ;
= I,' | 4s0 | [ 7500 | [Eea2s o2z
= | 564,57 |0,251 |—
5 20000 / Kd Imax Imin 564,92 |0,251
E / [ o7 | 1o00 | 0251 565,26 o251
10 000 Se5,61 0,252
Kic Jmax Jrmiri 565,95 0,251
) | | |566,30 |o,251
"350 400 450 00 S50 600 & 0 750 B0 R e
50 600 650 700 750 800 : SeE,00 D.251
X Wavelength, nm h Calculate I567 33 0251 | ¥
f_-SEc_t-rEﬁwgtEr_i Matching | Processing |

DS_Complex

File Help
60 000 e e
.'l/ IIII|
_ 50000 =0 \
% | 4% f I'.
T 40 000 ,I“ 3 f
2 | = . \
= y | b e |
£ 30 000 | S
5 / PR \
£ 20000 5 i ¥
. e
10 000 | Ml
Ay
] ! — 4 : : !
350 400 450 S00 S50 B00 650 700 7SO 800 450 SO0 S50 @00 650 700 7SO0
Etalon Wavelenath, nm Comparison Sperctrum WL, nm
50 000 - PARAMETERS WL, nm! Jarl]
N 745,97 |-3,811 |~
40 000 / 1wy J(wiL) 746,26 |-3,772
& | 746,54 |-3,683
2 i Loy value High walue 746,87 3711
m 20 000 s )
s | 4s0 | | 750 | G471z [EEOS
= | 747,41 |-3,820
& 20000 | kd Irnax Imin 747,70 | 3,787
E | | | [ 747,98 3,796
10 000 748,27 [-3,730.
ko i Imin 748,56  |-3,710.
: | <1573 | 100 | -3mer [F4EES 784
0 : 749,13 |-3,863
350 400 450 500 S50 600 650 700 750 800 a4 BEm
® Wavelength, nm [ Calculate 3;49:71 _3:7;r;r w

I' Spectrometer Matching | Processing |

Puc. 4. Bikno npoepamu 3i cnekmpamu DJI uepsonozo ma scoemozo nanepy ma ix KC
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PC ta KC Oynu orpumMani npu nopiBHsiHHI criekTpiB @JI KoIp0poBOTo namnepy — 4epBOHOTO
Ta KOBTOTO (BUOMpABCA K eTanoH). [Ipu npoMy 3HaueHHS A, MOKIananocs piBHEM JIOBXKHHI

XBHJI IIPOSIBY MAKCUMYMY iHTEHCHBHOCTI CIIeKTpa eTanona [, .

Ha6ip xommnonentiB GUI mporpamu DS Complex, mo po3TamoByBaBcs Ha BKJIAII
«Processing», 103BOJISIB BUKOHYBAaTH MaTeMaTU4Hi onepaiii J0/1aBaHHs, BUPaxXyBaHHS, MHO-
’KCHHSI Ta JIUICHHS HaJT CIICKTPaMU JKEpeIT ONITHYHOTO BUITPOMIHIOBaHHS, sIKi OyIJI 3apeecTpo-
BaHi cnektpomerpoM BTC-110S. Ha nmouatky po6oTu 3 HUM Iipu BUKOpHcTaHHI MeHio «Filey
COB mxepen Sa , Sh 3aBaHTaXyBaiHcs 3 *.csv (aiiB i BioOpakamucs Ha aHeNi JoaTKa.
VY 1ol yac mepen po3paxyHKOM Pe3yJbTYIOUOro CIIEKTpa Sy 3a J0ImoMOroro moB3yHkiB GUI
BCTaHOBJIIOBAJINCS HEOOX1/1HI 3HaUSHHsI K KoedilieHTiB A 1 B, siki npsimo npomnopiiitHo 3MiHIO-
BaJIM 3apEECTPOBaHy CIEKTPAJIbHY IHTEHCUBHICTh Sa 1 Sh (JUISL BCIX CHEKTPAIbHUX TOYOK,
sKi Oynu onudpoBaHi MPHIIATIOM), BiAMOBITHO. THIT MaTeMaTHUHOT 0OPOOKH TS OJIep KaHHS
Sr  BU3HauaBcs npu BKIoUeHHI npanopiist GUI Bkinagkn «Processingy, Ha3Ba SIKOTO0 30iranacs
3 BUpa3oM HeoOXinHo1 MaTeMaTuuHoi omepartii. [Ipu oOumncienHi S 3a JOMOMOTOI0 KOXKHOI
MaTeMaTUYHOI orepailii BAKOPHCTOBYBAJIHMCS TapH 3HAYECHB CIIEKTPATBHOI IHTEHCUBHOCTI Sa
Ta Sh U OIIM(PPOBAHUX TOUOK IUX CHEKTPIB, SKi MAJIM OJTHAKOBI JJOBKUHH XBHITb.

[licnsa HatuckanHs Ha kHONKY «Calculate» nporpama DS Complex po3paxoByBaia cekTp
Sr , IKu# BimoOpakaBcs B rpadiuHOMY BUIJIS/I Ha MMaHeli J0AaTKa, a HOro JaHi MoMilnaiucs
B Tabimmto. CnekTp S MoxkHa Oyio 30epertu y daitni ¢popmary *.csv i mpu HEOOXiTHOCTI
OJIepKaT J0 HOTO JIOCTYT 3a JONOMOToi0 MeHIo «Filey.

Ha puc. 5 sx nmpukian 300pakene BikHO nporpamu DS Complex mpu MHOXEHHI CIIEKTpa
¢doTomroMiHecHeHIi1 )oBToro nanepy ( Sa ) Ha criektp DJI yepBoHOi ( SH ).
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BucnoBku BimmoBiano 10 crarri. Takum unHOM, y 1i#i po60Ti OYyB po3pobieHuit Kpociia-
thopmumii Java-nomatok DS Complex (mpukiaamae I13) mns peecrpariii crieKTpoMeTpoM
BTC-110S cnektpiB Jpkepea ONTUYHOTO BUIIPOMIHIOBaHHS B OJIHOKpAaTHOMY Ta Oe3mepeps-
HOMY pEXHMi, a TaK0X KUTbKICHOTO ITOPIBHSIHHS i 0OpPOOKH 3a JIOIMOMOTOI0 apu()MeTHIHHX
orepariii CIeKTpaJIbHUX JaHUX 00’ €KTIB JOCIiIKEHHS.

[Tpu KiabKiCHOMY TTOPIBHSHHI CIIEKTPIiB 00'€KTIB JTOCIIHPKEHHS POTPaMOIO0 BU3HAYAFOTHCS
KoeiIieHTH BIAMOBIAHOCTI JJIs IX PI3HUIIEBOTO Ta KOPEJSLIHHOTO CIEKTpa.

Hamani nepenbadaernsest MmosiepHizyBaTh Java-nomgarok DS Complex, 30kpeMa, 3a0e3neunTi
MOJKJIUBICTB Horo po6oTu B OiHapHOMY pexuMi 0OMiHy gaHUMH 3i criekTpomeTpom BTC-110S.
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UDC 004.42:535.361
Sergei Tochilin

APPLIED SOFTWARE FOR FIBER OPTICAL DIGITAL
SPECTROMETER BTC-110S

Urgency of the research. Spectral instruments are widely used in scientific and applied optical research. Modern spectral
instruments in many cases are digital. The development of application sofiware for digital spectral instruments is an urgent task.

Target setting. Typically, companies that manufacture spectral equipment supply digital spectral instruments and
application sofiware as a set. In some cases, the use of this software is tied to a specific platform. The application sofiware for
the BTC-110S spectrometer has similar features. In addition, the software that comes with the devices may not include the
necessary spectral data processing procedures for optical studies.

Actual scientific researches and issues analysis. Currently, one of the most popular programming languages is Java.
Recently, the cross-platform program ST Complex, an application software for the BTC-110S spectrometer, has been
developed in the Java programming language.

Uninvestigated parts of general matters defining. The ST Complex program has several limitations. It allows the BTC-
1108 spectrometer to record radiation spectra only in a single mode. In addition, when processing spectral data, it is not
possible to find the results of multiplying and dividing the spectra into each other, as well as determining the correlation
spectrum and its correspondence coefficient.

The research objective. In this work, the task was to develop a Java application that can be used for recording radiation
spectra in a single and continuous mode with the BTC-110S spectrometer, as well as for quantitative comparison and
processing of spectral data of objects of study using arithmetic operations. Moreover, to compare the spectra of optical
radiation sources, use the coefficients of correspondence of their difference and correlation spectra.

The statement of basic materials. The features of functioning and the graphical user interface of a Java application that
solves the problem are described. Examples of its use are given.

Conclusions. A cross-platform application sofiware has been developed for recording radiation spectra in a single and
continuous mode with the BTC-1108S spectrometer, as well as for quantitative comparison and processing using arithmetic
operations of spectral data of research objects. When comparing the spectra of objects of study, the program determines the
correspondence coefficients for their difference and correlation spectra.

Keywords: spectrometer, spectrum; application software.
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OHLIHKA ITEPEBAI' MEPEXXEHEHTPU3MY TA MEPEXXEHEHTPUYHUX
TEXHOJIOI'IA JIA PO3BY1OBHU 3bPOMHUX CUJI YKPAIHU

AKmyanvHicms memu 00Cai0HceHHA. 36adcalouy HA 3MIHU XAPAKMepPy e0eHH s CYUACHUX GIUH [ WLISAXU OOCASHEeHHS IH-
Gopmayitinoi nepesazu HAO CYNPOMUBHUKOM, OOCTIONCEHHSI MEPEHCEYSHMPUYHUX MEXHON02Il € HAO36UYALIHO AKMYATbHUM.
Hiosuwenns manesperocmi niopo30inis, ixnvoi 30amHocmi 00 6UKOHAHHS OOUOGUX 3A60AHb HA NIOCMAGI Oe3nepepeHo2o iH-
opmayitinozo cynpo8oodceHHs 0 MONCIUGICMb OMPUMAMU 3HAYHY Nepesazy HAO NPOMUBHUKOM, NONepeodX Cyeamu, 3ano-
bizamu ma 3HeuK00XHCY8amu peaibHi ma NOMeHYiliHI 3a2po3u HAYiOHANbHIT be3neyi.

Ilocmanoexa npoonemu. Cyuacnuil pieeno agmomamu3sayii, inpopmamuszayii ma cucmemu Ynpaeninus 36poiHux cun
Vkpainu 3a cyxkynuicmio 3Hauerv xapakmepucmuk c60ix OCHOBHUX CKAAO0BUX YACMUH He 6i0N08I0AE CYUACHUM BUMO2aM

AHnaniz ocmannix 0ocnidxcensy i nyoaikauin. PosensHymo npobreMamuxy 306HIUHIX THGHOPMAYTIHUX 6NAUGIE MA THPO-
PMAyiiiHUX acnekmie 3ab6e3neyents HaylOHATbHOL Oe3neKu 0epHCasU, KOHYeNnmyaibHi npodIemMu GilHU 1 Mupy ma npoonemy
MepedceyeHMpPUUHUX GILLH.

Buoinenna nedocnioxcenux ywacmun 3azanvHoi npoonemu. OcrhosHO0 NPodIEeMOK 3aCHOCYS8AHHS NPUHYUNIE Mepece-
YeHmpusMy nio uac opeanizayii cyyacHozo 6010 € HedOCMAMHbLO eeKMUBHI Ma Headanmosari 00 CYYACHUX UMO2 IHPopMa-
yitiHi cucmemil.

Ilocmanoska 3ae0anns. Ilepuiouepeosum 3a80aHHAM € (hOPMYBAHHS eheKmuUHOT iHhOpMayiliHol cucmemu Ha OCHOGI
MepedceyeHmpUYHUX MeXHON02IH, o 003601UMb CKOPOMUMU YAC HA NPUUHAMMSA DIUEeHH Ma NPOSHO3YEAMU MOXCIUBT 6api-
aHmMu po36UMKY CUNyayitl ma 3anodieamu MOXCAUGUM HACTIOKAM.

Buknad ocnosnozo mamepiany. 3ae0sxu npoepecy y cepi inghopmayitino-comyHixayiinux mexnonoeii (IKT) 3 ’seunuce
HOBI 3pA3KU 8UCOKOMOYHOL 30pOi, cyuacHi 3acobu po3gioku, agmomamuyti i agmomamuzoeani cucmemu ynpaeiinus (ACY)
giticokamu ma 30poeto. Komn'tomepni mexnonoeii 0anu modciusicme kepyeamu 30po€r Ha 6IOCMAHI 8 Kilbka Mucsy Kiiome-
mpie, popmyeamu 6ucoKOmMoyHi moukosi yoapu, kopezysamu Oii 6ilicbkogux niopo30inie, 30ilicHoeamu Oii 8ilicbKo8UX (op-
MYBAHb 6i0PA3Y 6 OEKLIbKOX HANPSMKAX 3 MEMOIO 3HUWEHHS 00 €KMi6 CynpomueHUKa abo 3axonieHHs 1020 mepumopii, 0ocsi-
2amu pe3ynomanty 3a KOpOmKuil npomixcox uacy mowo. Heooxionicme MakCUManvbHo20 GUKOPUCIIAHHS MOXCIUBOCHIEN 6CIX
HAAGHUX 30C00i6 pO36IOKU | OOUOSUX NIAMPOPM CHPULUHUIA NepexXiO 8I0 NAAM®OpMOYyeHmpuUyHol MoOeni YNpasninHA Gilict-
Kamu i 30po€ro, 0e 0CHOBHULL aKyeHm POOUBCSL HA KINbKICIb 030POEHHS MA GIlICbKOG0T MEXHIKU, 00 MepelceyeHmpuiHol.

BucHoeku 6ionogiono 0o cmammi. Buznauena ponv mepesceyeHmpuyHux GitiH ma iXwiil 6NIUE HA PO3GUMOK 30D OUHUX
cus nepedoBUX 8 eKOHOMIYHOMY CeHCI KpaiH. 3acmocy8anHs Mepediceyye HMpUUHUX nioX00i6 CHPUYUHUIO NOABY YUMATUX HOBUX
Hempaouyiinux ¢oopm i cnocodie 30poiHol 6opomvbOU, MAKUX K «CNeYIiaNbHA ONepayisy, « MPUGUMIPHA NOBIMPSHO-HA3EMHA
¢hopma yoapy no cynpomuenuxyy, «O0anexii eoeHesutl Oiily mowo, nio yac AKux Kopaoui i Ni0OOHT YOBHU, JTIMAKU, KOCMIUHI
anapamu, besninomui nimaneri anapamu (bI1JI4), manku, nonvogi padiocmanyii i nNOpmamueni KOMn 1omepu Mouo CRilbHO
BUKOPUCNOBYBANU THPOPMAYIIO 30 OONOMO20I0 EOUHUX IHMepelicie, cmanOapmis i npomokonie. Busnaveni ckniadogi eucokoi
ehexmueHoCmi MepexceyeHMpPUYHUX GIliH.

Knwuogi cnosa: ingopmayiiina nepesaza; €Ounutl iHgopmayiiiHuil npocmip, MepexceyeHmpusm, MepexceyeHmpuyHa
cucmema YNpaeniHHa, mMeperceyeHmpuyHa GilHda.

Puc.: 8. bion.: 42.

AKTyaJIbHICTh TEMH J0CTiIZKeHHsI. PO3BUTOK JTF0/ICTBAa HAIPHUKIHITI XX CT. 03HaMEHyBa-
Bes Ti100anizali€ero Ta iHnpopMaTu3amiero, ki COpUYMHAIN IIMPOKOMacIITaOHi 3MiHU B €KOHO-
MIYHIH, COIiabHIN, TOJITHYHINH, HAYKOBO-TeXHIYHIH, KYJIBTYpHIH chepax Ta CTpIMKHNA PO3BH-
TOK iH(popMartitHo-koMyHiKariiHux Texnonoriit (IKT). Bindynock hopmyBaHHS HOBOTO THITY
CYCIILTFHUX BIJITHOCHH Ta CTAHOBJICHHS 1H()OPMAIIIHOTO CYCITIIBCTBA, JIe OLIBIIICTh MPAIOI0-
YOro HaceleHHS 3aifHATI BUPOOHUIITBOM, 30€peKEHHSIM, TIEpepOOKOIO Ta peaizalliero iH}pop-
Martii, oco6JmBo ii HaitBUIOI hopmu — 3HaHB [1]. XapakTepHUMH 0COOTUBOCTSIMH IIBOTO CYyC-
MTBCTBA CTAJIM PEBOJIONIIHI 3MiHU B iH(QOpPMAIITHOMY MEHEKMEHTI, MiJKUTaIi3alisl (B
anri. digital — A poBHii), y pe3ysIbTaTi 3aCTOCYBaHHS SIKOT OLTBINICTh 3aC00iB KOMYHIKAIIi1 Ta
¢ikcarii 30BHIIIHBOTO CBITY CTaM¥ NU(PPOBUMH, MBUIAKUH PO3BUTOK POOOTOTEXHIKH, IITYY-
HOTO IHTEJIEKTY, BIpTYaIbHOI pealbHOCTI, iHpOopMaIliiHIX MepeXk 1 pO3BUHEHOI 1H(GOpMaITiifHOT
iH(ppacTpyKTypH, BUIBHHI JOCTYTI JTIOJCTBA 110 iH(opMarlii, 3D-mMoenoBaHHs TOIIO.

AKTyaJIbHICTh PO00TH 3yMOBJIEHAa HOBUMH BHUKJIMKAMH, SIKi TIOCTAJIH TIEPE]T JIFOACTBOM B3a-
raji Ta nepea YKpaiHOIO 30KpeMa B mporieci riobaitizanii B ycix ii BuMipax Ta Ha BCiX 11 piBHSIX.
ABTOMATH3AITis TPOIIECIB MOBCIKICHHOI Ta 00MOBOT JISUTBHOCTI MOJKE T IBUIITUTH OOHOBI MOXK-
muBOCTI BitickK (cmi) Ha 15-30 % 1 omHOUYacHO Ha 50 % CKOPOTUTH Yac, SIKUH BUTPAYAIOTh Op-
TaHW YIPaBJIiHHS Ha OIepaTHBHE TUTAHYBAHHS 1 JIOBEJICHHS 3aBaHb J0 mijreraux. [Ipote HuHI
30poiini cum Ykpaiau (3CY) Haa3BHUaifHO NOBIIHHO MIPOCYBAIOTHCS B IbOMY TEXHOJIOTIUHOMY
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HanpsiMKy. PiBeHb aBToMaTH3allii JisUTbHOCTI OpraiB BilickkoBoro ympasiinas (OBY) 3CY cra-
HoBHTH Jinte 10-30 % Bix motTped. HasBHI KoMITIIeKCH 3aco0iB aBTOMaTH3aIlll Ta TPOTrPaMHO-
TeXHIYHI KOMIIJIEKCH HE CKJIaJIal0Th LUTICHUX CUCTEM, YMHHI iH(OpMaIiifHO-pO3paxyHKOBI 3a1au4i
320e3MeuyIOTh JIUIIe MiHIMAIBHUH HaOIp PYHKIIOHATLHOCTI — He OibIme 3a 12—15 % Bix 3ara-
JHHOT KiJIBKOCTI eTleMeHTapHUX (PYHKIIH mocagqoBux 0cib opraHiB BiiCHKOBOTO YIIpaBIiHHS [2].

Oco6rBOI TOCTPOTH HAOYIN MPOOJIEMH TEOPETUYHOTO OCMHUCIICHHS Ta MPAKTHYHOTO BIIPO-
BaJKeHHsI cTpaTerii pizHuX (Gopm iHPopMaliitHoro mpoTrudopcTBa, iHGOpMaIIHHUX BiliH Ta
BifiCBKOBO-iH(OpMaIifHOT O€31IeKH B PI3HOMAaHITHUX KOHTEKCTaX KOH(PIIKTHOTO PO3BUTKY CBi-
TOBO{ CIIJTHFHOTH.

ITocranoBka mpoodsemn. Tpanchopmaris IKT 30impmmia iHGopMamiiHANE TPOCTIp Ta
MIPOCTOPOBI MApAMETPU CYUaCHOTO COIIiyMY, SIKUH yiKe He MOKe 00XOTUTHUCH 03 eTIeKTPOHHUX
TEKCTOBUX JIOKYMEHTIB, MUTTEBOTO OOMIHY MTOBIJJOMJICHHSIMHY (QHTIL. instant messaging), -
poBoi hopMu noganHs 00’ €KTiB, BUKOPUCTaHHS iHPOpMaLIHHIX pecypciB Ta BipTyasizanii BU-
POOHHUIITBA, KOHBEPIEHITIT Ta TUHAMI3MY COIliaIbHIX IPOIECIB TOIIO.

3MiHH, 1110 BiAOYIIUCH 1 TPOJIOBXKYIOTh BiI0YBAaTUCH B IH(OpMAIIHOMY CYCIIUIBCTBI, 3aXKa1aIu
MEePerJIsly CTApUX MapairM YIPABIIiHHS 3 TOTJISY PUAHSTTS PillleHb, 1X BUKOHAHHS 1 KOHT-
POJTFO, OCKLTBKH i€EpapXiYHAM CHCTEMaM YIIPABIIiHHS BIIACTHBI KOPCTKI MeXaHi3MH KOO MHAITIT
T TATOPSIIKOBAHUX CHUI 1 3aC00i1B, a 3MiCT, IIBHUIKICTh JOCTaBKHU, (popMaTH 1 sKicTh iH(opMarrii
TOJIOBHIM YMHOM BH3HAYAIOTHCS ITPOIIECaMy BUKOHAHHS (DOPMATEHUX BUMOT YIIPABIIHHSL.

VYrpapiiHHS Cy4acCHUMH CKJIQJIHUMU CHCTEMaMH, KUJTBKICTh SIKMX 13 KOXKHHM JHEM 3pOCTaE,
CIIOHYKA€E BiIMOBUTHCH BiJ] JKOPCTKOI i€papXil yIpaBTiHHS, BAMarae KOOpIuHAIIii Aiif cCaMOCTIHHIX
CyO’€KTIB y pealbHOMY Yaci, iX FapMOHIYHOI B3a€EMO/IiT 3 OTOUEHHSIM, a TAKOK CHHEPTii 3HaHb, 1H-
TYIIlT Ta IHTENIEKTY BCIX YYACHHKIB IIOJIO 3a0e3TeueHHs (DYHKIIIOHYBAHHS TaKUX CUCTEM. Y IHX
YMOBAX CTa€ BCE BayKUue OTPUMYBATH HEOOXiHY 1H(pOpMaIlio, 0e3 oraHyBaHHS IMOTY>KHUX MOXK-
JIMBOCTEH, 0 HAJAIOTHCS 1HPOPMAIITHIMHI MepeaMu CBiTy. Lle cripuirHsie ONTyK HOBUX OpH-
THATBHUX i7Ie 1 MiIXO/IB JI0 YIIPaBJIiHHS B TEpMiHAX caMOOpraHiszailii, Xaocy, JMHAMIKU CKJIaJI-
HUX CHCTEM, YIIPABJIIHHS 3HAHHSAMH 1 KOJICKTHBHOTO 1HTEJIEKTY. SIK HACITITOK, BUHHUKJIA KOHIIETTITis
1 Teopist MEpEXKEIIEHTPU3MY Ta MOsIBA MEPEKELIEHTPUUHUX CUCTEM YIIPABITIHHSL.

OcHOBHa i/1esl KOHIIETIIIiT MEPEIKEIIEHTPHYHOTO YITPABIIHHS JISKHATD Y ITiIBHINCHHI e(heKTH-
BHOCTI iH(popMaIiiitHoro 3ade3meueHHs IpoIeciB YIpaBIiHHSL.

EdexTuBHICTE MEpeKi 3pocTae JHIHHO 31 3pOCTaHHSIM KUIBKOCTI 11 €JIEMEHTIB 1 €KCITOHCH-
Li#HO — 31 3pOCTaHHIM KUJTBKOCTI 3B’S3KiB M)XK HUMU. BripoBa/)KeHHs B opraHizaiiifHy cTpyK-
TYypy CHCTEMH YIPABIIiHHS MEPEIKEBUX €IIEMEHTIB JI03BOJISIE ITiJICUIIATH B3a€EMOJIIFO MiX OKpe-
MUMH i1 JJaHKaMH 1 3poOuTH ix Oibln iHpopMmaniiHo HacuyeHnMU. Panime e 3pooutu Oyio
HEMOJKITUBO, OCKUTBKH CKJIQIHICTD 1 3aITyTaHICTh TAaKWX OpraHi3alliiHUX CTPYKTYpP MOTJIH He
TLIBKH 3arajJbMyBaTH, a YaCOM 1 B3araji mapajiizyBaTH Ipolec yIpaBimiHHS [3].

[lepeBara ineii MepeKeleHTPU3MY CIPUYMHMAIIA iXHE TIOBCIOTHE BIPOBAKEHHS Maike y
Bcl cydacHi TexHosorii (iHpopmaiiiiHi, colianbHO-I'yMaHITapHi, MOOUIbHO-KOMYHIKaTHBHI,
CUCTEMH IIBUIKOTO OOMIHY HOBIJIOMJICHHSIMH, OJIOTH, COIIaTbHI MEepexi, MepekeBi OHJIAH-
irpu Tomo). He Oynu ocTtopoHs Bia BpoBapkeHHs 1 30poiini cuu (3C) nepenoBux kpain. Ha
0a3i HOBITHIX 1H(pOPMAIIHHUX pO3POOOK CTAIIN 3’ SIBIIATACH HOBI IPOTPaMHIi, allapaTHi Ta CeH-
COpHI pillIeHHS, SKi JO3BOJIMIM CKOPOTUTH LUK OOHOBOTO YHpaBIiHHS, HaJaBaTH KOMAaHH-
pam pi3HOTO PiBHS Ta MiAPO3/iIaM Ha IO OO0 MOXKIIMBICTh IepeOyBaHHS y CTaHI «CHTYaIlii-
HOT 0013HAHOCTI» 3 YITKWM YCBIJIOMJICHHSIM Ta (iKcalli€lo BIACHOTO PO3MIIIEHHSI Ta 3aB/IaHb,
MicIisg Ta Jid JPYKHIX HiAPO3IUTB, PO3TAaIlyBaHHS Ta MPOTHO30BAHUX OIIIHOK JIi BOpora.
3’ BUJIMCH HOBI BU/IM BUCOKOTOUHOT 30p0i, 3ac00U pO3BiAKH, aBTOMATH30BaH1 CUCTEMH yIIpaB-
niaasa (ACY) BilfickkaMu Ta 30pO€r0, HOBI KOHIICIIIIT BeJICHHS BiiffH 1 30pOiHMX KOH(JIIKTIB.
Ve mocrTiliamii mporec yockoHaNeHHs GOpM i CIOCOGIB 3aCTOCYBAHHS BiliCBK.
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[HTerparist y9acHUKIB OOMOBHUX JIiii, 00’ €KTIB 1 ITYHKTIB YIPaBJIiHHS BiiCbKaMH 1 30po€to B
enuHAN iHPopMariiauit mpoctip (€1I1) mama MOKIMBICTE OJIep)KaHHS CHHEPTeTHYHOTO ede-
KTy 3a paXyHOK IIOBHOT'O BHKOPHUCTAHHS JIOCTYITHUX 1H(POPMAIiHHUX peCypcCiB, IiABHINCHHS
SIKOCTI B3a€MOJIii Ta piBHS CAaMOCHHXPOHI3aIlii Ta ONEPaTUBHOCTI YIPABIIHHS HiAIOPSIKOBA-
HUAMU CUJIaMH ¥ 3aco0amu, OofioBrMHE 3acobami 1 miaTdopmamu [4; S].

AHaJTi3 0CTAHHIX J0CTiKeHb | myOaikaniil. TeopeTnyHi 3acanu mpobieM 3a0e3neyeHHs
HaIllOHAJIbHOT Oe3rneku Ykpainu BukiIaneHo B mparsx yuennx O. boapyka, 1O. byta, O. Bna-
cioka, B.T'opbymina, A.Kauuncwkoro, B. Kpucauenka, O. Manaunncrkoro, M. OxeBana,
b. ITapaxoncekoro, C.Ilupoxkosa, I'. Camyka, T.Crapoay0, B. Temenuma, B. Tomy6xo,
B. Iluranosa, O. [1leBueHka Ta iH.

[Tpo6Grema 30BHINIHIX iHPOPMAIIHHUX BILIMBIB Ta iHYOPMAIIHHAX aCIIEKTIB 3a0e3TeUCHHS
HaIllOHAJIBHOT Oe3IeKH Jiep)KaBH JOCITDKyBayiachk y mparsax: B. bonmapenka, J[x. bpayHna,
O. Bycartioka, I'. JIxoserra, [lI. lyboBa, C.Kapa-Myp3u, O.JlurBunenka, A.Manoiina,
C. Henbaencrkoro, M. OxeBana, B. Iletpuka, I'. IlodenmoBa. Cepen 3aKopIOHHUX aBTOPIB
CIiJT 3BEpHYTH yBary Ha jgocimipkeHHs I. [Togenmosa, 3. bxkesincekoro, JIx. Has, JI. bemnna,
M. Kacrensca, [1. Hapennopda, K. Jloitya, I'. J[oBeTTa Ta iHIIHX.

Konnenryasnbhi mpoGieMu BiiHE 1 MDY po3riisiaatoThes B npansix: P. Apona, K. I'apxkieBa,
K. Knayzesina, b. Jlinnen-I'apra, H. Makiasemni, X. Monbtke, K. [Tonmepa, II. IIpymona,
€. Puokina, C. Tromkesuua, M. [{ropymnu, A. lIBeitnepa ta iH.

I3 cyTo METOH0J0riYHOr0 MOy HMpobieMy MepeKeHEeHTPUUYHUX BiiH JOCIIKYBaIN
A. O. 3inuenko, B. I. Cimocap, K. Cebrowski, Garstka John J., D. S. Alberts, A. A. Am6ap-
nymsH, FO. C. 3arymuBetep, JI)k. ApkBijuia Ta iHIIi.

BuisieHHs He10CTiUKEHAX YaCTHH 3arajibHoi npoodsemu. [Iporpec y cTBOpeHHI Ta BJIO-
CKOHAJICHHI 030pO€HHS Ta BICHKOBOT TEXHIKHM 3aBXK/H 3/[IHCHIOBAB ICTOTHHH BIUIMB Ha BIHHU
Ta popmu iX BeaeHHs [6]. Po3poOka 030poeHHs, fioro MoiepHi3allis, K CBITYHTH iCTOPIs, 3aB-
KM WIITH BiJ 3ac00iB iHAWBIAYAIBHOTO IO 3aCO0IB TPYMOBOTO, a 3rOJIOM i MacoBOTO ypa-
JKEHH$, a BIliCbKOBOI TEXHIKM — IIUIIXOM CTBOPEHHS 1 BIOCKOHAJICHHs] O0HOBHX MIIATGOPM, Bif
CTapoJaBHIX KOJICHUIb Ta OOMOBHUX CIIOHIB, 10 Cy4acCHUX TaHKiB, OpOHETPaHCIIOPTEPIB, JiTa-
KiB, KOpaOJIiB, MiIBOJHUX YOBHIB, PAKETHUX KOMILIEKCIB PI3HOTO TUITY Ta KOCMIYHUX 3aC00iB.

Ha Ttoif yac misikom BunpaBiaHuM OyB HiAXiJ MiApaXyHKy TaHKIB, JiTaKiB, MiABOJHUX YOB-
HIB, apTHIICPICHKUAX TapMaT, aBTO- 1 MOTOTEXHIKH, KIJTBKOCTI OIMIIB TOm©O. Y KOro OijbIie
TaKUX PecypciB, TOH 1 CUIbHIME. AJle ChOTOJIHI B apMil KOHKYPYIOTh YK€ HE CTUIBKH aKTHBH,
CKUTBKH MOJICITI YIPABIIIHHS, Jie KIIIOYOBa POJIb HAJICKHUTH JIBOM CKIIQJOBHM: iH(popMaIlii Ta
yacy. Yac Ta iHpopmarlis — e HemaTepiajabHi aKTHBU HapOIyBaHHS OOWOBOTO MOTEHITATy. Y
MIJICYMKY OLJIBIIN CTIHKUM € TOM, XTO Mae OuibIne iHdopmallii, mBuIre i 00pooIIste, IBUIIIE
npuiiMae pillleHHs 1 3aBJae CBill yap y HalO1IbII BpazauBe Miclie Bopora. 30poiiHi CyTHUKH,
0 CYyTi, CTAIOTh MPOTUOOPCTBOM MYHKTIB 1 IIEHTPiB O0HOBOT0 yIpaBIiHHS i KOMaHIHUX CHC-
TeM 3aranoM. KoHKypyroTh yke He IaTdopMu, SKUMU O CydyacCHUMU BOHU He BUTIIsanu. Ta-
Hku, BTP, apTunepiiiceki Ta pakeTHI CUCTEMH TaK 1 OyyTh MEPTBUM METAJIOM, SIKIIO IXHI po-
3paxyHKH Ta eKilaxi He 3MOXKYyTh OTpUMaTH OOHOBE 3aBIaHHs BiAMOBITHO 0 cUTYyallii. 3acodu
PO3BIZIKH, 3B’SI3KY, IIJICBKA3iBKH, YPAXXSHHS TaKOK BTPAYalOTh CBOIO aBTOHOMHY CaMOJI0CTaT-
HicTh. KOHKYpYIOTH MOJIEITI Ta CHCTEMH YIIPABIIIHHS. AJDKE TUIBKH B CyYacHI CUCTEMI yIIpaB-
JiHHS BilicCbKaMH MOJKHA 3a0€3MeUnTH KapAHHATBLHUN TpHUpPICT O00H0BUX MOoXIBOcTei. Came
toMmy chorojiHi y 3C mepemoBuX KpaiH CBITY IIMPOKO 3aCTOCOBYEThCS Miaxin Ha 6a3i C4ISR
(command, control, communications, computers, intelligence, surveillance and
reconnaissance), sIKuii i mo3Hayae B3a€EMOIIOB’Si3aHE ICHYBAaHHS Ta PO3BUTOK CHCTEM YIIpaB-
JHHS, 3B’ 13Ky ¥ pO3BiJIKM Ha OCHOBI aBTOMATH3AIII] MPOIIECiB B3aEMO/IIi.

IlocTranoBka 3aBaanns. Po3po6ka xonmemnii ['1C BIL, migxonis oo ii cTBOpeHHs, iHTe-
rpanis ['IC BII 3 texnomorismu J[33, po3poOka anropuTMiB MOHITOPUHTY iH(OpMAIiTHOTO
MPOCTOPY € NEPUIOYEPTOBUMHU 3aBJIaHHIMH B pPO30Y/I0BI Cy4yacHO1 YKpaiHCHKOT apMii.

O0’exT nocaipkenns — iHdopmMmariiitne cepeioBuine GyHKIIOHYBaHHS 30pOMHUX CHIL.
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IIpeamet mocaizKeHHS — ITiIXO0/IH 11010 BEJACHHS BiliH 1 BINCHKOBUX KOHQIIKTIB.

Meta poboTH — OIliHKa TIepeBar MepeKeEeHTPU3MY Ta MEPEKEIIEHTPUIHUX BiliH.

Bukian ocHoBHOro martepiamy. BiiuB po3BuTKy 3ac00iB 3B’ SI3Ky Ha CUCTEMY YIIPaBIIiHHSI
BilicbKaMH i1 30poe€ro mpejacTaBieHuit Ha puc. 1. JluHamika 3MiH 00’ eMiB niepeaadi iHpopmartii
B TAaKTHYHIH JIaHIIl yIIpaBIiHHS 3 PO3BUTKOM 3ac00iB 3B’ 3Ky Ipe/ICTaBlIeHa Ha pUC. 2.
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cucmemy ynpaenints siticokamu i 30poeto [7]  ingpopmayii 6 makmuyHiil 1anyi ynpaeiinHs
3 PO36UMKOM 3ac00i6 36 ’sa3Ky [7]

PiBeHb pO3BHTKY iH()OPMAIHHAX TEXHOJIOT1H, HAIBHICTh CYYaCHUX 030pO€HB, BIHCHKOBOT
TEXHIKK Ta 00OBUX MIaTdopM MiABUIIMB e()EeKTHUBHICTH IX 3aCTOCYBaHHS Ha Moji 6oro. 3a-
BIsikH miporpecy y cdepi IKT 3’ aBHIMCH HOBI 3pa3Ku BUCOKOTOYHOT 30poi, cydacHi 3aco0u po-
3BIJIKM, aBTOMAaTH4HI ¥ aBTOMAaTHW30BaHI CHCTEMH YOpPaBIiHHS BificbkamMu Ta 30pO€ro.
KoMIT’ roTepHi TeXHOJIOTIT Jaii MOKIIUBICTh KepyBaTH 30pO€Er0 Ha BiJICTaHI B KUJTbKA THCSY Ki-
JOMeTpiB, (opMyBaTH BUCOKOTOUHI TOUKOBI yJapu, KOperyBaTH il BIiCBKOBUX IiIPO3JILTiB,
CHPSIMOBYBATH JIii BiiChKOBHX ()OpMYBaHB 0/ipa3y B ACKIIBKOX HAMIPSIMKaX 3 METOIO 3HUIIICHHS
00’ €KTiB MPOTUBHUKA a00 3aXOIUIEHHS HOTO TEPUTOPIi, JOCITaTH pe3yIbTaTy 3a KOPOTKHUil Ipo-
MDKOK Yacy Toimo. [Ipu mboMy MpOoTHBHUK MOKe 1 He OaunTh Hanaaauka. CydacHi po3BigyBa-
JbHI CYMyTHUKH ONTHYHOTO, iHPpauepBOHOTO, Padio- 1 PaJiOTEXHIYHOIO Jiama3oHiB 3HOMKH
JI03BOJISIFOTH 31HCHIOBATH Oe3MepepBHE 1 BCETIOTOHE CITOCTEPEIKEHHS 32 TEPUTOPI€IO MTPOTH-
BHUKAa, NIEpeJaloud pO3BijlaHi B IEHTPH X 00pOOKH MPaKTUYHO B MacIITabi peajbHOro 4acy.
Pi3HOrO poay pamiosoKamiifHi CTaHIIil, B TOMY YHCJII Ha3eMHi i IMOBITPSHI CTaHIIT JAITBHBOTO
panionokaniiinoro BusiBieHHs (JIPJIO) cucteM mpoTupakeTHOi 1 TPOTUIIOBITPSHOI 060POHH
(ITPO 1 IIITO), 103BOJIAIOTH BUSABJIATH 3aCO0M 030pOEHHS MPOTHBHHUKA HA BEJIMKHUX BIJICTAHSIX,
y ToMy 4ucii 3a ropu3oHToM [8]. ChoroHi BXKe HaBITh CYy4acHOTO OiHIIs, 030po€HOT0 cTpise-
IIBKOIO 30POEFO 13 3aI1acoM MaTPOHiB, MiJCTBOJLHIUM I'PAaHATOMETOM i pyYHUMH IpaHaTaMH Ta
13 3aco0aMu CIIOCTEepeKeHHsI 1 3B°sI3Ky AJIsl 0OMiHY iH(opMalli€to, BBaXKalOTh 00MOBOIO TIAT-
(dhopMor0, TIpaBJia 3 0OMEKEHOIO BOTHEBOIO MIIIIIIO. AJie IPpOoOJIeMH B CHCTEMI YIIPABIIiHHS Bili-
ChbKaMH 4acoM HiBEJIIOBAJIH el porpec, OCKIIbKH Yac BiJl MOMEHTY OJIep>KaHHS PO3BIIJaHUX,
ix 00poOKwH, Tepeadi oprasam yIpaBJIiHHS IS TIOJIATBIIOTO PO3PAaXyHKY W KOperyBaHHS IIi-
JIEBKA31BOK 1 10 MOMEHTY OJIEp>KaHHs yJapHUMH 3ac00aMU JaHUX MPO I[iTi BUSIBJISIBCSI HECTTiB-
CTaBHUM 3 OYIKYBaHOIO JUHAMIKOIO OOHOBHX JIili. A CTPOro MEHTPaTi30BaHUM Ta i€papXiaHui
HUISX IPOXO/IKEHHS PO3BiTyBaJIbHOI 1 KOMaHAHOT iH(pOpMaIlii TpaKTUYHO 3BOUB HaHIBellb 110-
TEHIIHHI yIapHi MOKIIUBOCTI pi3HOTO poay OoioBuX miardopm [9].

OTxe, OypxJIUBUH PO3BUTOK iH(OPMALIMHUX TEXHOJIOTIH, SIKICHI Ta KUTBKICHI 3MiHU 030poO-
€HHS 1 BINCBKOBOI TEXHIKH, 3aC00IB PO3BIJIKH 1 CITOCTEPSIKCHHS 32 IPOTHBHUKOM, HEOOXITHICTh
yJIOCKOHAJIEHHS 3ac001B aBTOMATH3allii CUCTeM YIPaBIiHHS, 3B’ 513Ky 1 epeadi TaHUX Ha MexXi
CTOJIITh MPUBEITH J0 YCBIIOMJICHHST HEOOX1THOCTI 3MiHH ()OPM 1 METOTiB yIIpaBIiHHS 30pOHHOT
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60poTrOu. KpiM TOTO, SIK CBITYMB TOCBIJ, Y X011 BiliH 1 30pOoHHIX KOH(IIIKTIB JAeali yacTimie
BHHHKJIa HEOOXIHICTh paIlioHAIbHOTO BUKOPUCTAHHS 00MOBOT MOTY)KHOCTI Pi3HOTO THITY 0O-
HoBux TargopMm 3i 3BHUYANHOIO 30pO€I0, PO3KPHUTTS BCIX X MOTEHIIIMHUX MOYKIUBOCTEH.
Ctajio oueBUIHUM, IO YCITIX YXKe He MIT 3a0e3MeuyBaTHCh OJTHAM BHIOM 30poi: IepeMora 1mo-
TpeOyBasia 3;1aro/KeHoi B3aeMOIii BCiX BUIIB 1 pOIiB BifichbK — (h10TY, aBiallii, pakeT cepeHbO1
1 MaJIo1 TaTbHOCTI, apThiIepii, TaHKiB 1 mixotu [10-14].

EdextuBHe ynpapniHHs BCiMa BUIaMU i poJiaMHu BifiChK CTaJI0 BUMAaraTy iHTeTpailii HassBHUX
pizHOpiaHEX ACY BilicbKaMu i 30pO€r0 B €JIMHY 3aBaJIOCTIHKY CHCTEMY YIIPABIIIHHS 1 3B’ S3KY
JUTSL OZIeprKaHHs iHPOPMAITIfHOT TEXHIYHOI IIepeBaru HaJl IPOTHBHUKOM, siKa O IpyHTyBaJlach Ha
TPHOX CKJIAJIOBHX: ONIEPAaTHBHOMY OJIepKaHHI iH(pOpMaIlii, alecKBaTHOMY PO3YMiHHI CHTYaIlii B
OoioBoMy MPOCTOpi, eheKTUBHOMY BUKOPUCTaHHI KOXKHOI O01oBoi miardgopmu. HasiBHICTE Be-
JIMKOI KIJTBKOCTI pi3HOMaHITHOI iH(popMaIlii Tpo MPOTUBHHUKA i CBOI CHJIM Ta 3aCO0M Ha Pi3HUX
PIBHSX YOpPaBIiHHS TaKOX BAMAarajio MoJajbIIOr0 PO3BUTKY CHCTEM i 3aco0iB 300py, 30epe-
TKy 00HOBOT 00CTaHOBKH, ITi/I'OTOBKU KOMaH/TyBaHHSM BapiaHTIB HAOUIIIT e()eKTUBHUX YIIPaB-
JIHCBKUX PILIeHb, TOOTO JOCSATHEHHS 1H(OopMaIiiiHOoi IepeBaru HaJl CyIpOTUBHUKOM.

OfHHEM 13 IEpPCIIeKTHBHUX IIIAXIB JIOCATHEHHS iHPOPMAIifHOT ITepeBaru CTajio CTBOPEHHS
KOMILIEKCIB iH(popMaIliifHuX Mepex — TexHiuHoi ocHoBH ACY BilicbKaMH 1 30pO€ro Ta OpraHi-
3aIlisi TOPU30HTAIBHUX 1 BEPTHKAIBHUX 3B’ I3KiB JIJIs 3a0e31eueHHsT OOMiHY JaHUMH MiX Oy 1b-
SIKUMH 00’ €KTaMH B 30HI OOMOBOT0 IMMPOCTOPY B peaIbHOMY Yaci.

Hampukiami XX — movarky XXI c¢t. Ha 3ax01i moYaim akTUBHO pO3pOOIISTACH HOBI KOHIIE-
IIIiT BIfH — KOHIEIIIISI aCAMETPUYHOI BiiHU (aHTJI. asymmeltric warfare), KOHQIIKT i3 HYJIbO-
BOIO CYMOIO, KOH(TIKTH 3 HEHYJIHOBOIO CYMOIO, KOH(QJIIKTH 3 BiJI’€EMHOIO CYMOIO, KOH(JIIKTH
MaJioi iIHTeHCUBHOCTI, M’SIKOi CHIIH, TEXHOJIOTiI KEPOBAHOTO Xa0Cy, MEPEKEIIEHTPUIHOT BIHU
(MIIB, anrn. Network Centric Warfare — NCW), 6araToJJOMEHHOTO TPOTHUCTOSIHHS (QHTJL.
Multidomain battle, MDB) To110, yI0CKOHATIOBATUCH (POPMHU 1 CIOCOOU 3aCTOCYBaHHS BIHCHK.

Cepe IbOTO PO3MAITTS KOHIICTIIIIH JTOCUTh MIEPCIEKTUBHOIO BHSIBIUIACH KoHTIEMTiss MI[B,
sIKa HE TITHKU 3aBOIOBAJa CBOIX YMCENbHUX MPUXUIBHUKIB, ajie i Oyna mpuiiHATa 32 OCHOBY
JIIOYUX TIPOTpaM PO3BUTKY Ta yaockoHaieHHs 3C 6araThoX MmepeIoBUX B eKOHOMIYHOMY CEHCI
KpaiH CBITYy 1 Ha CHOTO/IHI BKE MPOUIILIA MPAaKTUYHY arpoOaIlito B X0l pealbHIX BIHCHKOBUX
koHikTiB. [IpoTe mmpoko yxuBanuii TepMid MIIB € HEKOPEeKTHIM ITePEeKIaIoM 3 aHTTIHCh-
koi MoBHU TepMmiHa «network-centric warfare (NCW)» — mepexernieHTpruyHi BilicbkoBi mii [15],
OCKIJTBKH HIEThCs HE TIPO HOBY (popMy abo0 criocoOm BeJIeHHS BICHKOBUX JIil (X0Ya MIPHHIIH-
MOBO HE BUKIIIOUAETHCS 1X MOsIBA, HAMPHUKIA, iHGopMaIliiHuil BIUMB, iHQOpMalliiiHa aTaka,
iHpopmariitHa OuTBa, IHGOPMAIIiIifHA OTepallis TOIIO), a MPO MEPESKEIEHTPHUIHAN TiAXI]T 10
oprasizariii i BeleHHsI TaKux Jiii. Ajile ocKkiabKu TepMin MIIB Bxke «IpuXuBCsS», TO 3aBIaHHS
MOJIATAE HEe B TOMY, OO HOTO 3MIHUTH, & B TOMY, 100 HOTO MPaBUIBLHO PO3YMITH 1 BXKHBATH.

MepexeneHTpUYHICTh — KOMILJIEKCHA BIIACTUBICTh CUCTEMH, 1110 BKIIIOYAE B ceOe pi3HI KOM-
MMOHEHTH: 1HQPACTPYKTYPY, ITaTHOPMH, TiJCHCTEMH, TIPOIIECH 1 JIFOIeH 1O CTIHKiH TiT00aIbHO
B3a€MO3B’sI3aHil iHPOpMaIliiTHO-MepekeBil B3aeEMOIIT, IpH sAKiit iHopmartis 11 i1 CiabHOTO
BHKOPHUCTAHHS HAaJIAEThCSI KOMITOHEHTaM CHCTEMH CBO€YAcHO 1 Oe3mmoBHO [16].

CydacHOMY PO3YMIHHIO MEPEKEIICHTPU3MY IIEPEe/Iy€e BeJIMKa KIJTbKICTh €TalliB, OB’ I3aHUX
3 00’ eqHAHHM ITyHKTIB yrpaBaiHas (ITY) 1 3B°s13Ky, aBTOMAaTH30BaHUX CHCTEM YIIPABIiHHS Ta
00YHCTIOBAJIBHOT TEXHIKH, 1X IiJIKIIIOUYECHHS JI0 BXXKe CPOPMOBAHOI MEPEKi YIIpaBIiHHS 030po-
€HHSIM, PI3HOMaHITHHX 3aC00iB PO3BiJIKH, BHCOKOTOYHOI 3001, a TAaKOXK 3B’ A3KY 1 mepeaadi 1a-
HUX, 3JIaTHUX IHTEIPYBATHUCS B )K€ PO3TOPHYTY CHCTEMY YIIPaBIIiHHS Ha TeaTpi BiltHH i 3a0e3-
IeYyBaTH J0BEJICHHS iHpOpMaIlii 10 KOPHCTYBAYiB Y peaJbHOMY Yaci.

MepexeneHTpuYHa cucTeMa yIpaBIiHHSI — CUCTEMA YIIPaBIiHHS PO3MOALUIEHOO iHpOopMa-
IIHHOIO CUCTEMOIO, B sIKiii 11 0a30Bi ereMeHTH (CHITH i 3aco0m crioctepexxeHHs, ACY i ocobwu,
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o npuiiMaroTh pimenHs (OIIP), a Takox mignopsakoBaHi cuiu 1 3acodu, 00’ ennani B €111.
[Ipu mboMy Taka cucTeMa YIpaBIiHHS XapaKTepU3yEThCS MPUHIAIIAME BiKPUTOCTI, CAMOOP-
rafizarii, c1abkoi iepapxii B KOHTYypi IPUHHSATTS pillleHb 1 3[aTHICTIO MTOPOJKYBATH I1iJIi Bce-
penwHi ceOe. Taka iHTerparlis i BUIIYE MOXKIUBOCTI iH(POpMAITiHOT B3aEMOJIii i pOOHUTH Hee-
(eKTUBHUMH iCHYIOUI cTIOcOOM JecTadili3ylouoro BILUIUBY, OPI€EHTOBaHI Ha MPUAYIICHHS abo
ypaKeHHSI OKpEMHUX €JIEMEHTIB CHCTEMH yIpaBlliHHS. Lle BinOyBaeThcs depe3 Te, IO IIi CIo-
co0M mepeBaKHO CIPSIMOBaHI Ha MOPYIICHHS MPOLECIB Mepeiadi TaHNX, XapaKTepHUX s i€-
papxigyHuX cHcTeM yrpaBiiHHA. [Ipy MepexerneHTpUIHOMY TiIXO/ 11 JIii € Hee(heKTHBHUMH,
3aBJIIKA CTBOPEHHIO BUCOKO3B’SI3HOI'O MEPEKEBOI0 CEPEIOBUIIA B CKIIaJll €JMHOTO iH(pOpMa-
niiaoro mpocropy (€IIT), komu it mepenavi iHpopMarlii MOXKHa BUKOPHUCTOBYBATH O€3J1id
HUISAXIB, IPU I[bOMY MOPYIIeHHS (YHKIIIOHYBaHHSI OKPEMHUX JIiHIH a0o MmiMepex 3B’S3Ky He
Oy/ie KpUTHYHHM JUTSI TIOPYIICHHS YIPABIIHHS MEPEKEIIEHTPUYHOT CHCTEMH 3arajioM.

DakTUYHO, MEPEIKEIICHTPUYHI CUCTEMH YIIPABIIHHS — 116 MaTPUYHI iH(OpMaIliitHO-KepyroUi
CHCTEMH, B OCHOBI SIKUX JICKUTH MII00ATBHHN 1H(OpMAIIfHAN B3a€MO3B’ 30K ii eleMeHTiB [17].
J1J1s Tako1 cCTeMU XapaKTepHUMH € He TUTbKY BepTUKaIbHA IHTErpallisi MiJk CHJIaMH i 3acobaMu
cniocTepeskenHs, [1Y 1 miamopsaKoBaHUMU CHIIaM| 1 3acobaMu, ajie i po3raixyKeHa Mepexa ro-
PHU30HTATBHUX 3B’S3KiB HAa TOMY JK CaMOMY PiBHI YIPaBIIiHHS MiX Pi3HOPITHUMH €JIeMEHTaMH
CHCTEMH, SIKi € JDKepeIaMu 1 CIIo’KuBaYaMu iH(opMailii, o MupKymoe B cucteMi [17].

Amnai3 BiiiH 1 BificbKOBUX KOH(IIKTIB KiHII XX — movatky XXI CToJTh 3aCBiTUHB, IO
OCHOBHMMH (paKTOpaMu, SIKi BIUIMBAIM Ha 30poiiHy O0opoThOy, cramu (izuko-reorpadivsi
YMOBH BeJIeHHS 30poifHOT 00pOTHOH, PO3BUTOK 3ac00iB 30pOitHOT OOpOTHOH, OCOOTUBOCTI Ti/I-
TOTOBKH TIOBITPSIHO-HACTYNAIBHUX Ta MOBITPSHO-HA3EMHUX HACTYNAJIBHUX omneparliii. Xapak-
TEPHOIO TEHJICHIIIEIO MMPOBEICHHS OIepaIliif CTaIo 3aTydeHHs OaraToHaIioHAIBHUX crl. Oco-
OmuBOoro 3HaueHHS HAOyB MIArOTOBYMU TMepioj, SKUM 00’€IHAB MOBITPSHO-MOPCHKY
TPaAHCIIOPTHY, PO3BiyBaJIbHY OIleparlii, onepariro 3 3a0e3MeueHHs KUTTEMISUTBHOCTI BIHCHK.
XapakTepHUM IS IILOTO Yacy cTaia JeMOHCTpaIlisl CHTH (30CepePKeHHS B3JIOBXK OeperiB iMo-
BIpHOTO CYNPOTHBHUKA 3HAYHHUX CHJ (JIOTY, IPOBEACHHS MMUPOKOMACIITAOHNX HAaBYaHb, Tie-
pebGa3yBaHHS aBiallii Ha epeIoBi aepoIPOMU TOIIIO), SIKUI TPUBAB OJU3BKO I ATH MicsiliB [ 18].

BiiicekoBi koHpikTH (BiitHHN) Y Ilepcrkiit 3arori (1991 p. — onepartist «byps B mycTeniy,
2003 p. — omeparis «CBoboma Ipaky»), B lOrocnasii (1999 p. — omepariis «Coro3HHUIIbKA
cuinay), B Adranicrani 2002 p. — «HenoxutHa cBo60a»), Cupii (2016-2020 pp.) cTanm KoH-
JTIKTaMU BUCOKUX TEXHOJIOTiN Ta HaOyM cenu(iYHUX pHC: PIITYydOCTi B JOCATHEHHI MOTITH-
YHUX IJICH, CIIPSIMYBaHHS Ha IMapalid CHCTEM JIEPKaBHOTO, BIHCHKOBOTO YIIPABIIIHHS 1 KPUTH-
yHOi  1HQPACTPYKTYpH CYOpPOTHUBHUKA, JAWHAMIYHOCTI, IIBHJIKOIIMHHOCTI, BHCOKOI
TEXHOJIOTIYHOCTI 3aCTOCOBYBAHMX 3ac00iB. BupimanbHe 3Ha9eHHS TS TOCATHEHHS TIEPEMOTH
CTaJIO 3aCTOCYBaHHS OaraToHAI[iOHAJIBLHUMU CUJIaMU 3ac00iB 30poitHOT O0POTHOM, CTBOPEHUX
Ha 0a3i HOBITHIX TEXHOJIOTIH, 30KpeMa Oe3mIoTHHX JiTambHuX amapaTiB (BITJIA), kepoBaHmx
aBialifHUX 3aco0iB ypaxeHHs, 3ac00iB pamioenekTpoHHoi 6opoTrdu (PEB), po3Biaku, aBTO-
MaTH30BaHOTO YIIPABIIIHHS Bifichkamu Ta 30poeto [19; 20].

JlocBin BejieHHsT OOMOBUX JIifi PEeryJISIpPHUMH BiiChKaMHU TPOTH ipperyJIsipHUX 30pOMHUX
(hopMyBaHb 3aCBiTYMB, IO 3aCTOCYBAHHS BIICHK MaJIO TIEBHI OCOOJUBOCTI:

— Mo-Tiepiiie, BUKOHAHHS 3aBAaHb 3/IIHCHIOBAIOCH 00’ € THAHHSIMH BiCHK PI3HOBHIOBOT 1 pi-
3HOBIJIOMYO01 HAJIEKHOCTI 32 BiJICYTHOCTI YiTKO BHPAXEHOI JIiHIT GPOHTY HA pO3pi3HEHUX, HE-
PiAKO 130JbOBAaHMUX HAMPSMKAX, Y BIAPUBI 3’€IHaHb, YACTUH 1 MiJPO3JLTIB BiJl TOJOBHUX CHJI
IIPH BHCOKOMY CTYII€HI CAMOCTIHHOCTI B YMOBaX, KOJI CYITPOTHBHHK IMUPOKO 3aCTOCOBYBAB
3acaju, MapTU3aHCHKI crmocoOu 00poTHOM, HIYHI 11T 1 3a3BaBaB panToBi yJaapu;

— TO-JIpyTe — IMOCTaBJIeHI 3aBIaHHS BHPINIYBAINCH IIISIXOM IEPEBAKHO HETPATUIIHHAX
Coco0iB, pi3HUMH 3aTOHAMU 1 rpynaMu, cOPMOBAHUMH 32 IIIbOBUM NPH3HAUCHHSIM;
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— ITO-TPETE — MiAFOTOBKA OO0 1 YIPABIIiHHS 3’ €THAHHSIMH, YACTHHAMH 1 ITiIPO3/I1JIaMH Pi3KO
YCKJIaTHIOBAJIACh YHACTIIOK OJJHOYACHOTO BeJICHHS OOMOBUX il Y AEKIITBKOX Pi3HUX paioHaX
3a HassBHOCTI BIJIKPHTHX (POHTIB 1 PO3TATHYTUX THJIOBHX KOMYHIKAITiH.

[lix gac GoloBUX Jiif 3’ SIBUJIOCH YAMAJI0 HOBUX HETpaauIiiHUX (GopM 1 crocobiB 30poitHOT
00poTHOU: «CcremianbHa oTepallisy, «TPUBIMipHA TOBITPSHO-Ha3eMHa (hopMma yaapy mo CympoTh-
BHUKY», «/IalleKiii BOTHeBHI O1ii» TOIIIO, i Yac sIKIX KopabJIi i miIBOHI YOBHHU, JIITAKW, KOCMIYH1
ammapary, BITJIA, Tanky, MOJTBOBI paTiOCTaHIIIi 1 MOPTATUBHI KOMIIT FOTEPH TOIIO CHUTEHO BUKOPH-
CTOBYBAIM iH(OpMAIIiFO 3a JIOIIOMOTOF0 €IMHUX 1HTep()eiiciB, CTaHIaPTIB 1 MPOTOKOIMIB [21].

OHHMM 3 eJIeMEHTIB CHeIlialbHOI OITeparlii cTaIu CrerialbHi BIHCHKOBI JIii, IO 3/TiHCHIOBA-
JUCh 3arajibHOBINCHKOBUMU 3’ €HAHHSIMH, YACTHHAMU Y B3aeMOJii 3 (POPMYBaHHSIMHU 1HIITHX
CHJIOBUX CTPYKTYp. IXHIM 3MiCTOM CTaiy i30JsIilHO-00MesKyBalbHi, PO3BilLyBalbHO-MOIIY-
KOBi, yJIapHO-BOTHEBI 1 peHI0BO-IITYpMOBI Oleparlii, CIpsSIMOBaHI Ha PO3rpOM HE3aKOHHHX
30poitHuX GpopmyBaHb. [TosBa 1aHOT (OPMHU TAKTHIHHX Al 0OYMOBJICHA THM, IO B 30pOHIX
KOH(DJITIIKTaX TpaauIliiiHi BUIHA 0010 (HACTYII i 000pOHA) y)Ke He OXOIUTFOBAIHA BECh 3MICT 30poii-
HOTO MPOTHOOPCTBA 3 ipperyIIspHUMH (HOPMYBaHHSIMH TPOTUBHUKA [22].

[ToTpiOHO TakoX BiJI3HAYUTH €(EKTUBHY OpraHizaiito OaraToHaliOHAJILHUMU CHJIAMH KO-
amiii pagioeNeKTPOHHOTO MPUIYIIeHHS 00’ €KTiB cynporuBHUKa. HoBum enementom y PEB
CTaJI0O pyWHYBaHHS TEJIEBI3IMHUX TepeaBaIbHAX IICHTPIB 1 paJiOMOBHUX CTaHIIIH. AKTyalb-
HUAMH CTaJIM Taki (OPMU JIiH, SIK «CIEKTPOHHHUU yJIap», «CIIEKTPOHHHMA HACTYI», «OIeparis 3
BUBEJICHHS 13 J1aJly aBTOMaTH30BaHUX, KOMIT IOTEPHUX CHCTEM YIIPABIIiHHS TOIIIO.

Taxum yrHOM, HEOOX1HICTh MAKCUMAIILHOTO BUKOPHUCTAHHS MOYKIIMBOCTEH BCIX HASIBHHIX
3ac00iB po3BiAKH 1 600BUX MIAaTGOpM CIpUUMHMIA TepeXiJl BiJ «IIaT(HOPMOLEHTPUYHOD)
MOJIeJNi YIpaBIiHHS BiiChKaMU 1 30pO€l0, /e OCHOBHMI aKI[eHT poOMBCS HA KUIbKICTh 030po-
€HHS Ta BICHKOBOI TEXHIKH, JIO «MEPEKEICHTPUIHOI» (prc. 3), siKa sSBIITE€ COOOIO CTATy CHC-
TEeMY TIOTJISTIB Ha BiHCHKOBO-TEXHIYHE 3a0e3eYCHHS Ta BeJICHHS OOHOBHX JIiif B yMOBaX TOTa-
JHHOT KOMIT FOTepH3aIlii CHI i 3ac00iB 30poifHOT 60POTHOH.

VY3araibHeHa CTPYKTypa MEpEKEeIIeHTPUYHOT CHCTEMH YIIPaBIiHHS MpejcTaBleHa Ha puc. 4,
ne adpeBiatypa TKM mo3nauae TenekoMyHiKalliiiHi MEpexKi.
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Puc. 3. Esontoyis mexnonoeiil i nepexio Puc. 4. V3acanenena cmpyxmypa
00 mepediceyenmpuyHux onepayiu [23]  mepedceyenmpuynoi cucmemu ynpaeninus [24]
TepMiH «MepeKeIeHTPU3MY YIepIIe 3 IBUBCS B aMEPUKAHCHKIM KOMIT IOTEPHI# 1HIyCTpii
1 cTaB pe3ysIbTaTOM IPOPUBY B iH(POPMAIITHIX TEXHOJIOTISAX, SIKAH JO3BOJUB OpraHi3zyBaTH
iHTeporepabesbHy B3a€MO/III0 Mi’K KOMIT I0TepaMy, HE3BaXKat0Oul Ha BUKOPUCTAHHS B HUX Pi3-
HUX omnepaniinux cucrteM cnovarky y CIIA a moTiM i B ychbOMy CBITI.
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[inkoM mpupoaHO, IO ¥ ifeosioraMu BiiCHKOBOTO 3aCTOCYBAHHS LOTO TEPMiHA TAKOX
cTay amepukanili. ¥ cepeauni 1990-x pokis rpyma criBpoOiTHUKIB Kopriopamii «PEH]I» i
kepiBHUIITBOM J[>k. Apkinn i [[. Pordensara po3pobuna miaxoau moa0 BeACHHS MePEKEeBUX
BiitH (MIIB), siki BoHM BHKIaHU y cTarTi «lIpumects MepesxkeBoi BiltHE» [25].

[Tonansima po3podka Teopii MIIB (emerging theory of war) mos’si3ana 3 iMeHaM¥ KOJIHIII-
HbOTO MiHIcTpa 06oporu CIIIA Jlonansaa Pamcdenna i BitickkoBoro unHoBHHKa [Tona Bydo-
Bima. be3nocepenniMu po3pobHHKamu KoHIeniii MIIB BBaxkatotbes Bineaamipan Aptyp K.
Cioposcbki — kepiBHHK Odicy pedopmysanns 3C CIIA (Office of the Force Transformation)
1 HayKOBO-TeXHIUHUM pagHuK yrpasiiHHs cucteM C4 (KomannyBaHHS, ynpaBiiHHS, 3B SI30K,
koMIT 1oTepHi Mepexi) O0’exranoro mrada 3C CIIA Jxxon ["apcTka, sKi epIii BHKOPUCTAIN
TepMiH «MepexereHTpuuHui» (Network Centric) i omy6uiKyBanyu OCHOBHI TOJIOKEHHS KOHITE-
mii B xkypHai «Proceedingsy y ciuni 1998 p. y ctarti « MepexeneHTpuYHa BilfHA: ii TIOXO-
JokeHHS 1 MaiiOyTHey. CeOpoBcki 1 ['apeTka moOyryBanu cBoro ImyOJiKalilo Ha IpUKIaaax i3
rayry3i eKOHOMIKH, BKITIOYarOYH ()iHAHCOBHUH CEKTOP, 1 ISTKHAX MMO3UTUBHUX pPe3yJIbTaTax 3 IMpo-
BeJIeHHX pedopM, HAIPHKIIAJ, 3MiHH CTPYKTYpPH i MeTo1iB poboru nomninii Heto-Mopka. Born
3a3Havany, mo MIIB i moB’s3aHi 3 Hero peBoltolii Y BiIChKOBI# cIipaBi BiIOYBalOThC 1 uep-
MaIOTh CBOKO CHEPTII0 3 KapJAWHAIBHUX 3MiH B aMepUKaHCHKOMY CcycHiibeTBi. [Tomepey mux
3MiH 3HaXO0JITHCsI KOEBOJIIOIIisI eKOHOMIKH, iIHPOpMaIifHUX TEXHOJIOT1H, 6i3HEeC-IIpoIieciB i op-
rafizalliii, a BOHHU 3B’s13aHi OJHE 3 OJHUM TPhOMa TEMaMH:

— 3MIIIEHHSM aKIIEHTY 3 IUIaT(GOPMHU Ha MEPEKY;

— Tepexij] BiJl pO3MIISTY JIFOUHMX 0Ci0 SIK He3aJIeXKHHUX CYO’ €KTIB JI0 iX pO3TIIAY SIK YaCTHHU
€KOCHCTEM, IO MOCTIMHO aJanTyoThCs,

— BaXJIMBICTh MPUHHSATTS CTPATETIYHHUX PIllleHb, CIIPSIMOBAHUX Ha aJlanTalfifo abo HaBiTh
BIDKMBAHHS B TAKMX 3MIHIOBAaHUX €KOCHCTEMaX.

JloompariboBaHa i JieTaIbHO MPeJICTaBICHA KOHIIEHIis Oyra ommyOIrikoBaHa B mparti [25].

Konnenuis MIIB Oyna npuiinsTa i peanizoBana Ha npakTuili [leHTaroHoM sk JOKTpHHA 1
MTOJIBOBUH CTATYT MiJT 9ac npe3uaeHTcersa JIk. byma-momoamoro (2001-2009 pp.).

KitouoBum nonsittssm konuentiii MIIB € «mepexay (anrin. the network), noBuit inpopma-
MIWHAN TPOCTIp, J€ PO3rOPTAFOTHCS OCHOBHI CTpaTeTivHi omepallii sk po3BiyBaJIbHOTO, TaK i
BiIiICEKOBOT'O XapaKTepy, a TAKOXK IXHE MeliliHe, IUIJIOMaTHYHE, EKOHOMIYHE 1 TeXHIUHEe 3a0e3-
neyeHHsI. BiliHa cTae MepeXeBUM SBHUIIEM, a BIHCHKOBI JTii — pI3HOBUIOM MEPEKEBHX ITPOIIECIB.
Perynsipnaa apmis, Bci BUIM PO3BIAOK, TEXHIUHI BIAKPUTTS, BUCOKI TEXHOJIOTIT, )KYpHATICTUKA 1
JTATUIOMATIST, CKOHOMIYHI IPOIIECH 1 COIlialibHI TpaHchopMallii, IUBITbHE HACETICHHS 1 KaapoBi
BIICHKOBI peryJIsipHi YaCTUHU 1 OKpeMi c71a00 0(hopMIIeH] IPYIH — yCe 11€ IHTErPYETHCS B €AUHY
Mepexy (B equHUE iHGOopMartiitHuid mpoctip, €1I1), 1e mupkyroe iHpopMaIris.

3 TexHIYHOTO MOy B ocHOBY KoHIemnilii MI[B noxmaneni crangaptu3zaitis, yHigikaiis
Ta KOMIUIEKCHE BIIPOBA/KEHHS HOBITHIX iH(OPMAIIMHAX TEXHOJIOTIH, 1110 JI03BOJISIE CTBOPUTH
enuHAN 1HGOpMAIitHO-KOMYHIKAIHUN TpocTip. Ak Hacmigok, BiAOyBaeThcsl iHTErparlis
CKJIQIOBUX 1H(OPMAIIHHOTO IIPOCTOPY 3 MEpeKaMH 3ac00iB ypakeHHsI, 00MOBOTO 1 THIIOBOTO
3a0e3mneueHHs, 3ac00iB PO3BIIKY 1 KOHTPPO3BIIKHU, 3B’ 3Ky, OpraHiB ympaBliHHs (OpMyBaHHS
IPOMAJICHKOI JTyMKH, JUTIJIOMATHYHHUX BiJIOMCTB, PEITiiHOI, KOJEKTUBHOI 1 €THOIICHXOJIOTI,
€KOHOMIYHOTO 3a0e3IeUeHHs, aKaJIeMiYHOI HayKK, TEXHIYHUX 1HHOBAIlii MOHITOPHHTY CoIlia-
JBHUX MPOIIECIB TOIO, MK SIKUMH 3JIIHCHIOETHCS TTOCTIHHUN 1H(GOpMariiamii oomiH. JlocTym
1o indopmartii B €111 pernmameHTyeThCS BIAMOBITHUMHU TOBHOBOKEHHSIMHU.

[HTerparist ceHCOpiB (IATUYHKIB, JKEpET JaHKX ), 0Ci0, IO MPHHMAIOTh PIlIEHHS Ta BUKO-
HaBIIiB, 3a0€3MeYIo JIOBEJCHHS 10 YYacHHKIB Jiii HeoOXiaHoi iH(popMallii mpo cHUTyarlito,
MIPUCKOPHUJIO TIPOIIeC YIPABIIHHS CHJIAMHM 1 3ac00aM¥ 1 CIPUSIIO TiABHINEHHIO TEMITIB ITPOBE-
JICHHS BIMICBKOBHX OIepalliil, MAaHEBPEHOCTI BIHCHK 1 €()EeKTUBHICTh YpaK€HHS CyIPOTHUBHUKA
iX curyariitny 60€3/1aTHICTB 1, BpenITi-pemT, 00HoBy MiIh [26].
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[IBUAKICTH MPUUHATTS PIlLICHb € MPOLIECOM, IIPH IKOMY MO3HUIis iHpopManiiHol nepeBaru
MIEPETBOPIOETHCS B KOHKYPEHTHY TIepeBary.

Konmnenmis MI[B — 1ie He TinbKU po3ropTaHHS IUPPOBUX MEPEXK 3 METOIO 3a0e3MeUCHHSI
SIK BEPTUKAJIBHOI, TaK 1 TOPU3OHTAILHOI iHTerparlii Bcix yJacHHKIB omepartii. I{e me i 3miHa
TaKTUKH JIii epCcreKTUBHUX (OPMYBaHb 13 po30cCepeIKEHUMH OOHOBUMU MOPSIKAMH, OTITH-
Mi3arlis Coco0iB PO3BiTyBaNBHOI JiSUTBHOCTI, CIIPOINEHHS MPOIEAYP Y3TO/DKEHHS Ta KOOPIH-
HaIlil BOTHEBOTO YpaXXeHHs, a TAKOXK JIEsIKe HIBEIIOBaHHS PO3MEKyBaHHs 3ac001B MK JJaHKaMH
VIPaBIIiHHS.

[ligBuimenHst 60H0BUX MOXIIMBOCTEH cydacHUX (POpPMYBaHb — MPSIMUKA HACHITOK MOJIM-
mMeHHs iH(opMaIiifHOTo 0OMIHY 1 3pOCTaHHS poJIi caMoi iH(opmarii, TOOTO pearizarii MpHH-
numiB HOBO1 koHuernrii. [le HoBa dopma i crioci6 ympasmiaas 3C B opraunizaiiii i BeieHH1 00-
HOBHX JIild, JIe B IICHTP1 YBaru BUSBISIETHCS MEpPEKa, HAWOUIBIIIM BaXKITMBUM aCIIEKTOM SIKO1 €
MPUHIUIIN OpraHizarii i 6arato B YoMy caMooprasizaiii (caMOCHHXpOHi3allii), i KO0 po3y-
MIIOTh 371aTHICTh BIHCHKOBOI CTPYKTYPH CaMOOPIaHi30BYBATHUCh 3HH3Y, a HE 3MIHIOBATHCH 3Ti-
JTHO 3 YKa31BKaMH 3BEpPXY.

XKopcTka iepapxiuHa cucTeMa BiICBKOBOTO YIPaBIIiHHS 3aMIHIOETbCS THYYKOIO MepeKe-
BOIO: ITIIIOPSAIKOBaHI BiiCHKOBI (hOpMyBaHHS OTPUMAIOTh CBOOOY Y BHOOpI METOMIIB Miif, a
Oprasi3aIifHo-IIITaTHA CTPYKTYypa BIfiChK mepeadavae MOCTiiHI 3MiHU, aJalTyBaHHS 10 BUMOT
o0cTaHOBKH Ha 1ot 6oro [15].

MepesxerieHTprHI il 3aCHOBaH1 Ha JOCTYIII KOMaHAMpa /10 Bciel HeoOXinHol oMy iHpo-
pMartii pexxuMi pealbHOTO Yacy, 3a paXyHOK CTBOPEHHS CIEIlialbHOI MepeKi, siKa JI03BOJISE
oMy oJiep:KyBaTH BCIO HEOOXiHY iH(oOpMaIlifo i BijaBaTH Hakasu. [{e KIo4oBHii MOMEHT y
il KOHIICIIIi, OCKITBKH 3a JIOTIOMOTOI0 KOMIT FoTepa 1 3B’ 3Ky, KOMaHIHP MOXE OJHOYACHO
HIBUJIKO 3’ €IHYBATUCS ¥ OaUUTH KOKHHUH BICHKOBUH MiAPO3/LJ, KOKHY 00HOBY miaardopmy,
Oiit1s, 3HATH, IO BiH O0AYHTH, IO Yy€E, MO poOUTH. BiamoBiIHO MiApo3/imm, TiarGopMu i oK-
pemi 011l MOXKYTh OauUTH cUTYaIlir0 Ha moji 60r0. Takox 3aBAsKU cHIaM PO3BIJAKU B HHUX €
3Mora OauuTH i MPOTUBHHUKA, JIe BiH IIepeOyBae 1 B AKiH KiTbKOCTi. BolHOYAC MPOTHBHUK HABITH
He 3/10Ta/lyBaTUMETHCSI, 1110 HOTO BiKe IOBHICTIO PO3BiJaiu. | KOKHOT CeKyH/IM KOMaHAUP MOXKe
KOHTPOJTIOBATH Bce 1oJie 60ro [27].

Sx BiTOMO 3 Teopii CUCTEMHOTO aHami3y, 00'€ THAHHSI IEKITBKOX CHCTEM, 32 YMOBHU HAJICK-
HOT B3aeMOIi1 (3B’S3KiB) JTO3BOJISE JTOCSITTH CHHEPTETHYHOTO (€MEPHKEHTHOTO) ePeKTy, IKAI
Habararo nepeBuIILye CyMy KOMIIOHEHTIB 11 CKJIaJIOBHX 1 3a0e31edye TpU YMOBH yCIIiXy Ha IO
0or0: Oe33arnepeyny rmepeBary B po3BiIIaHUX PO OOHOBHI IPOCTip, MPAKTUIHO OE3MOMIITKOBA
MoCcTaHOBKa OOMOBHX 3a/1a4, MUTTEBA i yceOiUHa OIlIHKA CUTYaIlii.

30poiiHi crik, 00’ €JTHAaHI HAIIHHIME iH(OpMAITIHHIMHA MEpeKaMH, OTPUMAITH MOXIIHBICTh
SIKICHO HOBOT0 OOMiHY iH(opMalli€to, 0 MiIBUIINIO SKICTh 1H(popMaIlii i piBeHb 3araiabHOT
iH(OPMOBAHOCTI TIPO CHTYAIIIFO HA TOJIi 00F0 (TeaTpi OOHOBHX Jiif), 3a0€31eUnII0 TaKMi piBEHB
CHiBPOOITHUIITBA 1 CAMOCHHXPOHI3AIIiT, SKHA TO3BOJIUB MiABUINUTH 3aBaJOCTIHKICTh 1 IIBHUI-
KIiCTh Tepeadi KOMaH;| yIIpaBIiHHS Ta MiABUINATH ¢()eKTUBHICTh BUKOHAHHS OOMOBHX 3aJ1ad.
3a paxyHOK iH(opMaIifHoro oOMiHy Ta 3pOCTaHHS 3Ha4eHHs camoi iHpopmMarllii BiaOyI0Ch
T IBUIIEHHS] MOYKJIMBOCTEH BIICHKOBUX ()OpPMYBaHb II[OJI0 BOTHEBOTO YPaXXSHHS CHJI CYTTPOTH-
BHHKA, 3pOCTaHHSI X MOOITFHOCTI, €pEKTUBHOCTI YIPABIIiHHS CUJIAMH i 3ac00aMu Mepekerie-
HTPUYHUX CHJI 1 BPEIITi-peNIT, 3pOCTaHHS TEMITIB OTlepalliii, piBHS caMOCHHXPOHi3aIlii 60o-
BHX JIiii Totmo [28].

30imbIeHAsT OOHOBOI MOTY)KHOCTI reorpadidao (IIPOCTOPOBO) PO30CEPEIDKEHUX, T00pe
eKiMipOBaHUX 1 MaTepiajJbHO OCHAIEHUX BIHCHKOBHUX (OPMYBaHb (MEPEKELEHTPUUHUX CHIT)
BiJIOYBa€ThCS 32 PaXyHOK YTBOPEHHS IepeBar B iHGopMaIiifHOMy POTHOOPCTRBI 3a paxyHOK
HIMPOKOT0 3aCTOCYBaHHSI aBTOMATU30BaHUX CUCTEM YIIPABIiHHS BIHCEKOBUMH ()OPMYBAaHHIMHU
HA3eMHOT'0, MOPCHKOT0, TIOBITPSHOTO 1 KOCMIYHOTO Oa3yBaHHS, PO3BiAKH, MOHiITOpHHTY, PEB
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HA3eMHOT'0, MOPCHKOTO, TMOBITPSHOTO 1 KOCMIYHOTO Oa3yBaHHs, 30po€io, 3aco00aMu PO3BIIKU
TOINO 1 TOJISATae B IHTETparlii BCiX BpaKarOuuX, JIOTICTHIHUX, 1HPOPMAIIITHIX, TATIOMATHY-
HUX, COIIAJIbHUX Ta IHIIUX 3aC00iB Y MEPEKELEHTPUYHY CUCTEMY, sIKa MICTHTb Y co0i Bci piBHI
1 HanpsiMH yrIpaBiHHs [29].

MIIB mo3xe BECTHCH Ha BCIX PIBHSIX BIHCHKOBUX JIilf — TAKTUYHOMY, OTIEpAaTUBHOMY 1 CTpa-
terigaomy. [IpuHIIUTIA 11 BeJIeHHS JKOJHAM YHHOM 00pa3oM He 3ajie)kaTh BiJ reorpadiqaoro
perioHy, 00HOBHX 3aj1a4, CKJIAy i CTPYKTYpH BUKOPUCTOBYBAaHHX BIHCHK.

YV KoHIenTyaapHO-TeopeTHIHOMY IiaHi CeOpoBcki 1 ['apcTka mpecTaBiIi MepeKeIieHT-
PHYHY MOJIEITTb Y BUTJISIII CUCTEMH, IO CKJIAJAETHCS 3 TPHOX IMiJICHCTEM-PEIiTOK — MI00aIBHOT
iH(popMaIiifHO1, CeHCOPHOI (PO3BiayBaIbHOT) i 00IOBOT (3acobm ypakeHHs, OoifoBa TeXHiKa i
0c000BHH CKJIaJl OKpeMHX TAKTUYHUX MiAPO3/LIIB Ta 00MOBOr0 YIpaBIiHHSA) 1 sIKi B3aEMHO I1e-
peTHHarOThCA. ['padivuHa iHTEpHIpeTariss MepeXeIeHTPUIHOTO ITiIXO0AYy IpeJICTaBIeHa Ha
puc. 5 [31]. Cknanosi cxema Mojienli mpeJcTaBiieHa Ha puc. 6 [31].

Inpopmauiiina pewimsa

CeHcopHa pewiimxka
{ 3acobu po3sioku)
\ ?
|
¥
——
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{3acobu ypaxenta OY)
= = = ‘ : m x il)8 p .

Puc. 5. Mepeorceyenmpuuna konyenyisi ge-  Puc. 6. Ck1a0og6i mepediceyenmpuyHoi Mmooeii
Oenns 60uosux Oitl

OcHoBy €IIl cranoBuTh Tak 3BaHa «[mobGanpHa iH(oOpMariiiiHa permitkay (I'IP, aHrm.
Global Information Grid — GIG Centric Warfare — NCW), sika 3a0e3neuye komanryBanHs 3C
MO>KJTUBICTIO YIIPaBIIiHHS BifichkaMu B OOMOBHX yMOBaX Ha OCHOBI iH(pOpMAIiHHO-KEPYIOIHX
cucreM. OynkiionyBanus ['IP 3abe3neuye moTyxHe yrpyimyBaHHS pO3BiIyBaIbHUX, KOMYHi-
KaIifHUX 1 HaBIirarifHuX KOCMIYHUX JIITATBHAX alapaTiB Ha HaBKoJI03eMHil opOiTi. Ile rapa-
HTY€ YCHIIITHe BeJeHHs O0HOBUX il MPOTH CYIIPOTUBHUKA, Y SIKOTO BiJICYTHI MOIOHI CHCTEMH.
3HauHy YacTUHY TaKoi iH(opMarlii ckiiagae KocMidHa iHpopMallis, sika € 6a30BOIO JIJIS T€OiH-
¢dopmartiiinux cucreM BilicbkkoBoro npusHaueHHs (I'IC BII) cuctemu miaTpuMKu TpURHSTTS
pimeHb y 00MOBi# 1 MAPHi 0OCTaHOBIII.

I'IP noeanye Bei cuu 1 3aco6u 3C KpaiHu €BEeHTYaIbHOTO CYIPOTHBHHKA Ta ii COIO3HHKIB
B €JIMHY CHCTEMY YIPaBIiHHSI, PO3BiJIKH, BOTHEBOTO Ypa)K€HHS, JIOTICTHKH ¥ 3abe3meuye iX
Bci€ro HeoOXiHOtO iH(opMartieto s BeneHHs BiitHu. ['IP mokinkana 3a0e3neun T abcooTHE
iH(popMaIiifHe JOMiIHYBaHHS Ha T0JIi 000, 110, Y CBOIO Yepry, JO3BOJUTH BUIICPETUTH IIPOTH-
BHHKA Ha BCiX eTamax MiArOTOBKH 1 BeJaeHHs OoioBux niii [15] € HackpizHow (end-to-end),
JDKEHHS Ta HaJlaHHS 3a 3anmutamMu. [Ipu 1boMy JOCTYII JI0 MOBIIOMIICHb MAlOTh TiJTIbKH KOPHUC-
TyBadi, IO 3apEECTPOBaAHI B MEPEXKi, IS IHITUX, 30KpeMa i IiepeaBalbHIX cepBepiB, iH(OP-
Mallisi € HeJIOCTYITHOIO.

I'IP mponu3sye co6oro Bcro cucteMy cydacHoro yrpaniaiaas 3C CIIA i Buctynae ii ocHo-
BOIO Ta MICTUTH BIIaCHI ¥ OpeHI0BaHI KOMYHIKaIlii, KOMIT IOTepHI CUCTEMH 1 CepBicH, Mporpa-
MHe 3a0e3IedeHHs (BKIIIOYarO4Yy JI0JIaTKH), JIaHi, cepBicH O€3IeKH, 1HII OB’ sI3aHi cepBicH i
HarioHanbHI cuctemu Oe3neku CIIIA.
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VY texuiunomy tiani nepeq MO CIIIA B 0co6i AreHTcTBa 3 IEPCTIEKTUBHUX BiHCHKOBUX
po3pobok — DARPA, nocrtasiiena 3agaya 10 2020 poky B peXuMi peaibHOTO Yacy MO€IHATH
nporecu: aemudpyBaHHs 00’ €KTIB CYIPOTUBHUKA, iX reorpadidny NpHuB’s3Ky, BUaudy ILijIeB-
Ka3iBOK 1 3HUITIICHHS 00’ €KTiB. [ Ipu iboMy 1711 KOcMigHOT iH(pOpMaIlii reOMeTPUIHHI TapamMeTp
00’€eKTa 1o pUB’ 311 i po3Mipy He TOBUHEH MEpeBUIILyBaTH 1 MeTp.

EneMeHTaMu ceHCOPHOT PEITiTKH BUCTYITAIOTH 3aCO0H PO3BiJIKH (CEHCOpH a00 TaTYHKH, 1H-
(dhopmMailiiiHi areHTH TOIIO), a eJIeMEHTaMHU 00MOBOT PENITKH € 3ac00M ypaxkeHHs (CTpiibIii). L1i
JIBI TPYIIH €JIEMEHTIB 00’ €THYIOThCSI OpraHaM¥ YIPaBJIiHHS 1 KOMaH TyBaHHSI.

3B’sI3KH 1 BITHOCHHU MIX ycCiMa elleMeHTaMH MiJICUCTeM 1 CAMUMH TIiJICUCTeMaMU JI0BOJII
CKJIQJTHI i 0araToIIaHOBI, IO JT03BOJISIE, HAMPUKIIA, «CTPUIBISIMY YPaKaTH I 0JIpa3y Micis
OTpHUMaHHs 1H(OpMAIIil BiJl «CEHCOPIBY, MIiCIIsl OTPUMAHHS HaKa3y BiJl OpraHiB yIpaBJIiHHs, 200
B JISSIKUX BUIAJKaX camocTiitHo [15].

OcHoBHEM 3MicTOM cydacHuX MIIB cTaroTh criibHI EHTpaIbHO-MEPEXKEBI oreparlii, mo
SIBIISTIOTH 00010 30HY 00iB 1 yaapiB, BuUKoHyBaHUX 3C po3ocepePKeHUMH TI0 BCbOMY TTPOCTOPi
TeaTpy BilicbkoBux nii (TBJ]) B3aeM03B’si3aHMMHE (€JUHUM 3a]lyMOM, OTIEpaTUBHO, iH(pOpMa-
[IMHO TOIMIO) 1 B3aEMO3AICKHUMHE Pi3HOPITHUMU TaKTUIHUMU (popmyBaHHs 3C.

["0710BHI XapakTepHi KOMIIOHEHTH po3ocepepkeHnx 1mo Bceomy TBJI 3C:

— BUCOKOe(eKTHBHA «iH(opMaIliiiHa penriTkay;

— JOCTYII JI0 BCiel HeoOXiTHOT iHpopMaIrii;

— BUCOKOTOYHA 30posi;

— BUCOKOE(DEKTUBHA CHCTEMa YIIPaBJIiHHS 1 3B’ S3KY;

— IHTerpoBaHa «CEHCOpPHA PEIIiTKay, 3 €JHAHA B €JUHY MEPEKY 13 CHCTEMOIO 3aco0iB ypa-
KCHHSI Ta CUCTEMOIO YIIPABIIiHHS 1 3B’ S3KY.

AKTHBHE BUKOPHCTAHHS JIaHUX OTPUMAHMX 3a JOMOMOTOI0 aepOKOCMIYHOT PO3BiIKHU, Oe3-
nioTHUX JitanpHUX amnapaTiB (BITJIA), BHCOKOTOYHOI 30poi, 3aXHUINEHUX CTIMKUX KaHAJIB
3B’SI3KY 3 BUCOKOIO MTPOITYCKHOIO CIIPOMOYXKHICTIO, 3ac00iB paaioenekTpoHHoi 6opoTrdu (PEDB)
JI03BOJISIE 3aB/IaBaTH Oe3MepepBHi yaapu 1O CyMPOTUBHUKY 3 JajeKuX Biactaneit. [Ipu mpomy
Bi/I0yBa€ThCS PO3TOpTaHHS KOMII IOTepHUX (iH(OpMaIiifHUX) MEpeX 3 METOI0 3a0e3MeUYeHHS
SIK BEPTHKAIBHOI, TaK 1 TOPH30HTAILHOI 1HTErpallii eJleMeHTiB 00H0BOI MOOY0BH, 3MiHA TaK-
TUKH JIii BIHChKOBUX (POPMYBaHb 13 pO3cepIKeHUMHU OOMOBUMHU MOPSAKAME, OTITUMI3AIlisl CIIO-
co0iB pO3BiTyBaJIbHOT JISUTBHOCTI, CIIPOIEHHS MPOIIEYP Y3TOKEHHS Ta KOOPIUHAIIIT BOTHE-
BOTO ypa)keHHs, Oe3nepepBHUN ONTUMATBHHUKM PO3MOILT IiIeH 1 BUPOOJICHHS IIJIEBKA31BOK Y
30HI BIIMOBITAIBHOCTI TiApo3iny (00HOBOI OMHMIN), 8 TAKOXK HIBEITIOBAHHS PO3MEKYBAHHS
3ac00iB 10 JaHKax ympaslinHsa. Kpim Toro, po3ocepekeHicTh BiiCbKOBUX (POpMYyBaHb pa3oM
31 MBHJIKICTIO JIili MOOIJIBHKX CHUI JIO3BOJISE B pealbHOMY Yaci 3/iCHIOBATH 3MiHU HAIPSIMKIB
yzapiB 1 BBeJIeHHs B oMaHy koMaHayBaHHs 3C CyNmpOTHBHUKA, K PO CBOI MOTOYHI HAMIipH,
TaK i Mpo 3arajibHy ONEePaTUBHY OOCTAHOBKY.

Hapazi y MinictepctBi o6oponu CIIIA TepMiH «MepeKeIeHTPUIHUI» PO3YMIIOTh K Xa-
paKTepHy BIACTUBICTh HAIIIHOTO, III00ATHHO B3aEMOTIOB’ I3aHOTO MEPEKEBOTO OTOUYCHHS, 1110
OXOILTIOE 1H(PaACTPYKTYpy, CUCTEMH, MPOLIECH Ta JIIOAEH 1 B IKOMY JlaHi JUIsl CIIIJIBHOTO BUKO-
PHUCTaHHS HAJIAIOTHCS KOPHCTYyBayaM MOBHICTIO Ta cBoedacHo [33].

[Homanemmii po3sutoxk konunenuii MIIB npusiB go npuitasrrs Ilporpamu FCS (Future
Combat System). ["'omoBHuME HanpsimkamMu HacTymHOI peopranizamii 3C CIIIA cramu: 00’ en-
HaHHS BCIX CHCTEM YIPaBJIiHHS 1 BEJCHHS OO0 B €IMHY apMiHChKy MEpeXy 1 MakCUMalibHa
3aMiHa JXHBHX COJIJIATIB i CIIy’)KOOBITiB Ha aBTOMAaTH30BaHi 1 pOOOTH30BaHI CUCTEMH. A JT01aT-
koBoto 1o FCS, sika noriyHo BUITUBAE 3 OCHOBHUX, CTaJla 3aMiHa TEXHIKH 1 030pO€HHS Ha
OLTBIN TOCKOHAJI i TEXHIYO HOBI 3pa3Ky 3 MIATPUMKOIO pOOOTH B €MHOMY apMiCBKOMY ce-
penoBuii mepexi [34].
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Kpim MepesxerieHTpruHOI Mojieli opraizaiii i BegeHHs: 00HoBUX Iiit moaiOHMiA miaxis 3a-
CTOCOBYETBCS 1 TIPH MPOEKTYBAHHI TaK 3BaHUX MEPEKEIEHTPHIHUX 1HPOPMAIIITHO-KePYIOUnX
cucreM (IKC) cnenianbHoro nmpusHaueHHsi. HaitOoipIn nepceKTHBHUM HAaIPSIMOM PO3BHUTKY
IKC € marpuuni IKC. B ix ocHOBI, sk i B ocHOBI koHIenii MIIB, jexuTs rimodansHa iH(Op-
MarfiiHa perriTka.

Ha mymKy po3poOHUKIB KOHIIEIIIIT, «MEpEKEIEHTPHYHUNY CIociO BeJeHHS 00HOBHX il
JTa€ MOXJIMBICTh 3IMCHUTH TIEpeXis] Bijl BIHM HA BHCHAXKEHHS JO IIBUIAKOILTUHHOL 1 OLIBII
e(eKTUBHOI (OpMU BeJICHHS 30pOHOT OOPOTHOM, XapaKTEPHUMHU 0COOIMBOCTSIMH SIKO1 € IITBH-
JIKICTh YIPaBIiHHS Ta CAMOCHHXPOHI3aIlisl, TOOTO 3aTHICTh BIICHKOBOI CTPYKTYpH caMoopra-
HI30BYBaTHUCh 3HHU3Y, HE OUIKYIOUM BKa3iBOK 3BepXy [35]. Kpim Toro, konmemmis MIIB Bijrmo-
BiJla€ HOBUM BHUMOT'aM, YMOBaM iH(OpPMaLiHHOTO CYCHIIbCTBA i HAMOIMKYMM YacOM «SIKIIO
HE 3aMiHUTH COOOFO TPATUIIHHY TEOPirO BIHH, TO iICTOTHO, IKICHO 1 0€3[TOBOPOTHO i1 3MIHUTEY.
Bona mMoxe 3acTocoBYBaTHCH SIK JJII MUPHOTO, TaK 1 JJIs1 BILCBKOBOIO Yacy, OXOILTIOBATH BCi
PiBHI YIpaBIIiHHS, a TPHHIIMITA i BeJICHHS HE 3aJIe)KaTh BiJl reorpadiqHoro periony, 60HoBuX
3anay, ckiaaay i crpykrypu 3C. Cami xx 3C y bOMY BHIAJKY SIBJISIOTH COOOIO0 PO3TATyKEHY
Mepexy rapHo iHdopMmoBaHUX, aye reorpadiuHo po3nojaiieHux cuia. MIIB — He HOBHiT TuI
BilfHM, @ HOBUH ITiIX1]1 IO OpraHi3ariii Ta BeJIcHHs OOMOBUX Jiif, Ie B IIEHTPI yBaru ONMUHSIETHCS
iH(opMaliifHO-KOMYHiKalliifHa Mepexa. MepexeleHTpUYHI BIHCHKOBI il XapaKTepu3yrThCs
HE TUTBKH 3a0e3MedYeHHsIM Iepeiadi po3BiayBaibHOI iHPOpMAIIl BCIM yJacHHUKaM ITUX JIild B
pealbHOMY 4Yaci, ajie i BUCOKMM piBHEM opraHizarlii (camoopranizaiiii) G yHKI[IOHYBaHHS eJie-
MEHTIB 000BOI TOOYIOBH, SIKA MPOSIBIISIETHCS B O€3IIePEPBHOMY ONTUMAIBFHOMY PO3TIOILTY ITi-
Jeit Ta BUpOOJIEHHS IIIEBKa3iBOK Y MacIiTadi 30HU BignoBigansHoCcTi [21]. e me i 3miHa Ta-
KTHKA [ TepCHeKTHBHUX (OpPMYyBaHb i3 PO30CEpEKEHHMMH OOHOBUMH IOPSIKAMHU,
OTITUMIi3aIlisl CTOCO0iB PO3BIYBATBHOI NiSITEHOCTI, CIPOINEHHS MPOIIEAYP Y3TOIKEHHS 1 KOOp-
JIMHAIIT BOTHEBOTO YPaXXCHHS, a TAKOX MEBHE HiBEIIOBAHHS PO3MEKYBaHHS 3aco0iB 110 JIaH-
rorax ynpasiiHHs [36].

Bucoxa epexruBricTh MIIB nocsraeTrses:

— iH(opMaLiTHOIO MIEpeBaroko MUITXOM IITYYHOTO 301IbIIEHHS TOTPeOU CyIIPOTUBHUKA B 1H-
(dopmartii mpyu 0THOYACHOMY OOMEKEHHIO JIOCTYITY J0 Hel; 3a0e3MeueHHI0 MaKCUMAITbHO MOXK-
JIMBOTO JOCTYIy 10 iH(opMarii cBOiX BIHCHKOBUX ()OPMYBaHb Yepe3 MepeKeBl MeXaHi3MH i iH-
CTpYMEHTapiii 3BOPOTHOTO 3B’SI3KY MPU HAIIMHOMY 3aXHCTi BiJ] iX MPOHUKHEHHS POTUBHUKA;
3a0e3nevyeHHi JOCTYILY JI0 HIMPOKOTO CIIEKTPa ONEepaTUBHOIO i AMHAMIYHOTO 1H()OPMYBaHHS;

— 3a0e3IMeYCHHSIM 3arajIbHOl MOiH(OPMOBAHOCTI ITUIIXOM ITOOYIOBH IHTEIPATUBHOI iHPOP-
MaIliifHoi Mepexi, sika nepeadavae MOCTIHHY akTyalizamito iHpopmalii, 0 OTPUMYETHCS Bij
PI3HHX BHJIIB PO3BIIKH Ta IHINUX JKEpeN oJIep)KaHHs iH(OpMaIlii; IepeTBOPSHHSIM KOPHCTY-
BayiB iH(opMmallii oJHOYacHO 1 B 11 MOCTaYalbHUKIB, SIKi OApa3y * aKTUBYIOTh 3BOPOTHHM
3B’SI30K; MAKCUMAJIBHUM 3aXHUCTOM JOCTYITY JIO ITi€l MepeXi MPOTHBHHUKA IMPU MaKCHUMAaITbHIN
JOCTYITHOCTI /10 Hei CBOiX BICHKOBUX (pOpMYyBaHb 1 m1athopm;

— 3aMiHy HakKa3iB KOMaHJMpa 3araJlbHAMHA BKa3iBKaMH PO 3aBIIaHHS; ITiIBUIIICHHS aBTOHOM-
HOCTI ¥ CaMOCTIHHOCTI MiJIETINX; YHUKHEHHI CTPOToi 1 0JHO3HAYHOI (hopMaJti3alii ynpaBIiHHS;

— 3MEHIICHHSAM IUKITy TPHAHSTTS PillleHb Ta 301UTbIIEHHSM IBHJIKOCTI iX Iepemadi 3 Me-
TOIO JIOCSATHEHHS ONEepaTHBHOI IepeBard; OJOKyBaHHSIM peai3allii cTpaTeriyHux pilleHb Cy-
MIPOTHUBHHUKA 1 3a0€31eUeHHI CBOET IIepeBary B 3MaraHHi Ha piBHI pillleHb;

— peastizalli€elo CaMOCUHXPOHI3aIii Jiif 60HOBUX MiPO3/1IiB IPAKTUYHO B aBTOMATUYHOMY
peXHMi, caMOCTiiTHOMY (hOpMYITFOBaHHI 1 p0O3B’sI3aHHI OITEPATHBHUX 3a/1a4 Ha OCHOBI 3arajIbHOL
MoiH(GOPMOBAHOCTI 1 pO3yMiHHSI HaMipiB KOMaHAUPa, IO ICTOTHO MiJBUIIYE CAMOCTIHHICTH 1
TBOPYY IHIIIATHBY KOMAaHJHUPIB MiAPO3ILTiB;
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— reorpaiYHUM PO3IMOALIOM CHJI HIISXOM IepexoJly BiJl JiHIHHOI KOH(Iryparii Ha moi
000 JI0 TOYKOBOT KOH(QITYpallii; KOHTPOJIIOBAHHSM HE BEJIMYE3HUX IMPOCTOPIB, a HAWOIIBIT Ba-
JKIJIMBUX CTpPATEriuHUX paiioHIB; BEJE€HHI HACTyNy He (pOHTAIHHUMHU CHIIAMH, a TOUKOBHUMH
i Ipo3 TiIaMHu; 3a0e3eueHHI BUCOKOT B3aEMO/IiT BCIX CHJI JIUIS IIBHJIKICHOTO MaHEBPY;

— eMacuikalli€ero, 3aCHOBAaHOIO Ha BHUKOPUCTaHHI iH(pOpMAIl] sl JOCSITHEHHS Oa’KaHUX
e(eKTiB, OOMEKSHHSIM HEOOXITHOCTI 30CEPE/HKCHHS BEIMKUX CHJT Y KOHKPETHOMY MiCIli; 301)Tb-
IIeHH] IIBUJIKOCTI i TeMITy mepeMileHHs Ha oIl 600 sl TOTo, 00 CYTTEBO YCKIAJHUTH CY-
MPOTHBHUKY MOXKJIMBICTh CBOEYACHOTO BHSIBIICHHSI TaKOTO repeMirieHHs. 1{eit mpuHImn BiiHI
BUMarae 301IbIIEHHSI KUTBKOCTI 1 IKOCTI iHpOpMAIIfHUX JHKEpe K y paiiloHi 60HOBUX [iH, Tak
111032 HUMH. A 11€ 3a0€31eUy€eThCs 3a paXyHOK iHTeTpallii B €Z[MHY CUCTEMY JTAaHUX, OTPAMYBaHUX
PO3BIIKOIO, CHCTEMAMHU MOHITOPUHTY  pO3Mi3HaBaHHS, BAKOPUCTAHHSIM CEHCOPIB (JaTYMKIB) SIK
TOJIOBHUX MAaHEBPOBHX €JIEMEHTIB, TaK CEHCOPIB MOPATBHO-TICHXOJIOTTYHOTO BILTABY [37];

— TTUOOKUM CEHCOPHUM TMPOHUKHEHHSM, sKe 3a0e3medyeTbest 30UTBIIeHHSIM KUTBKOCTI 1
SIKOCTI TATYMKIB K y paiioHi OOMOBHUX JIiH, TaK 1 103a HUM ILIIXOM 00’ €JHAHHS B €IMHY CHC-
TEMY JIaHUX, OTPUMYBAHUX PO3BIIKOIO, CHCTEMaMU CIIOCTEPEKEHHS Ta pO3Mi3HABaHHS; IOCTa-
YaHHSIM KOKHOI rapMaTy pi3HOMaHITHUMH JaTYMKaMHU Ta iH()OpMaIiifHUMU ceHCopaMU; BUKO-
PHUCTAHHSM JIaTYHKIB 1 MYHKTIB (TOYOK) CIIOCTEPEIKEHHS Ha IOJIi 000 1 11033 HUM;

— 3MIHOIO CTapTOBHUX YMOB BeJICHHS BIICbKOBHX JiH, SIK€ MOJSIra€ B MONEepeIHbOMY BILIHBI
Ha CTapTOBI YMOBH BilfHH IUITXOM 3aKJIJaHHs B HUX TaKOi CTPYKTYPH, sIKa 3aBiJIOMO TIPHBEIC
JI0 TIEpEMOTH HaJl IPOTUBHUKOM; IIPOBOKYBAHHSIM ITO€THAHHS B Yaci Ta pOCTOpi MOIiH, sIKi 1mo-
KJIMKaHi BILTAHYTH Ha TIOTSHIIMHOTO CYIPOTUBHUKA 1 OJIOKYBATH HOTO BiAMOBIAHY 1HIIIATHBY;

— CTUCHYTICTIO oIeparlii, B IKUX JI0Jal0ThCsl CTPYKTYPHI 1 MPOLeAypHI pO3MEKyBaHHS MK
PI3HHMH BIICBKOBMMHM CITY>KOaMH, a TIOBHHI JTOCTYI JIO Pi3HOPiAHOI iH(popMartii 3abe3meqy-
€ThbCS HaBITh HA HAWHMKYOMY PiBHI OOMOBUX OJIMHUIIb. 32 PaXyHOK LbOTO MiIBHUIIY€ETHCS PO3-
TOpPTaHHS 1 3aCTOCYBAaHHS OOMOBOT CHITH Ta 3a0e3MeueHHs OOoemprIiacaMu; BiIMiHSIETbCs (par-
MEHTallis OpolleciB (OpraHizaiisi, po3ropTaHHs, BHKOPHCTaHHS, 3a0e3MeueHHs TOINOo) Ta
¢yHKIiOHATEHUX c(ep (oTeparrii, po3BiIKH Ta JOTICTHKH ); BIJIMIHIOIOTBCS CTPYKTYPHI po3Me-
JKYBaHHSI Ha HU30BHX 0a30BUX Ipylax;

— 3aCTOCYBaHHSAM orlepalliii, mo rpyHTyroThcs Ha edektax (OBE, anrn. Effects-based
operations), TOOTO CYKyIHOCTI Ji#f, cipsIMOBaHUX Ha (POPMYBaHHS MOJIENi MOBEAIHKH JIPY3iB,
HEHUTpaILHUX CHJI 1 BOPOTIB y Oy/Ib-sIKil cuTyarii (Mupy, Kpu3u ado BiitHN). [Ipu mboMy ydac-
HUKaM HIYOT0 HE HaB S3y€ThCS MPSIMUM YHHOM, aJie IIPU [IbOMY BOHU BUKOHYIOTH T€, IO MOT-
piOHO THM, XTO BUOYIOBYE IO MOJICITb YIIPABIIIHHS.

['padiuna inTepnpeTarlist nepeBar MepexxeleHTpUIHOT Moesi 60HoBUX N1l pe/cTaBIeHa
Ha puc. 7 [38].

BinmosigHno mo koureniiii MIIB cTBepmxy-
€TbCS, 110 CyYacHI KOH(IIKTU PO3ropTalOThCS B
YOTUPHOX CYyMDKHUX chepax: dpizuuniil, iHpopma-
LifHIA, KOTHITUBHIHN Ta comianbHil. KoxHa 3 HUX
Ma€ BaXJIMBE CaMOCTiifHe 3HAUCHHsI, ajle BHpila-
aeHUM 'y MIIB € cunepreTmunuii (emMepaKeHT-
HUM) eeKT 3a paXyHOK IIIeCIpSIMOBaHUX il pi-
3HUX (PAKTOPIB LUX CTPYKTYD. Knacuwa modens

®isnuna cdepa — e Tpamumiiina cepa BiliHw, odoeux did

y SIKi#t BIIOYBA€THCS 3ITKHEHHS (PI3MYHMX CHJI Y Yaci _,_’_|—'_

Ta ipoctopi. Llst cdepa MicTuTh y coi cepenoBuine

>

Mepexeyenmpuyna
modens Goliosux dill

SHuwjeHi yini

>

BeJIeHHs1 O0MOBHX Aiif (MOpe, CyIla, TOBITpsl, KOCMi- Yac
YHUI npocTip), 60ioBi mardopmu i ¢izuuni Hocil  Puc. 7. [lepesazu mepediceyenmpuunoi
KOMYHIKaIiiHux mepex. Lleft acmekt mimmaeTbest Mmooeni 60t106ux Oitl
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BUMIpY 1 paHille cIyryBaB OCHOBOIO Ipu Bu3HaueHHi cu 3C 11X 31aTHOCTI BecTH 60iioBi Aii. B
iHpOpMAITIfHY eroXy el YMHHHK € He TAKAM BaXKITHBHM, TOMY CJIiJT pO3TJIsIaT (Pi3HIHUI acIIeKT
SIK JISSIKAIA TpaHMIHUN e(eKT JIii Mepe)keBUX TEXHOJIOTiH, OCHOBHA YacTHHA KX 3HAXOJUTHCS B
iHImMX cepax, ae sKi IPOEKTYIOTh Ha PizuuHy chepy cBoi epeKTH.

[adopmariitna cdepa — 11e cepa, e CTBOPIOETHCS, OOPOOIIIETHCS 1 POMOALISETHCS 1HPOP-
maris. Ls chepa nokpuBae cuctemu nepenadi iHpopMmariii, 6a3oBi ceHcopH, MozeTl 00poOKH
iHpopmarrii Tommo. [le nepeBakHe cepeOBUINE SITOXH MEPEKEBHX BiifH, sIKa BIJIOKpEeMUIach B
CaMOCTIHY KaTeropiro — «inpopmMochepy» — mopsizt 3 GisHIHAMHI CepeTOBHUINAMU i Ha0yBa€e Ba-
KITABOTO 3HA4YeHHS. [H(popMmariiitHa cdepa B emoxy MepekeBHUX BIMH IOB’s3ye MiX cO00IO BCi
PiBHI Be/IeHHs BilfHM Ta € HaiOLIbII npioputeTHOO. [lepeBarn abo HemONIIKKM B HAKONWYEHHI,
nepeadi, 00poOIti i oxopoHi iHGopMarii HabyBarOTh MOCTYIOBO BUPIIIATHFHOTO 3HAUYCHHS.

KornituBHa cdepa — 11e 3AaTHICT OIHIS 10 pO3YMOBOTO CHPUNHSATTS 1 HepepoOKH 30BHi-
mHKO1 iH(opMariii. CaMme BoHA € THM IIPOCTOPOM, e TiepeBaxkHO 3iiiicHIoeThest OBE. Vi oc-
HOBHI BIHHM 1 OMTBH PO3rOPTAIOTHCS 1 BUTPAIOTHhCS caMe B Mii cdepi. Came B KOTHITUBHIN
cdepi 3HAXOAIAThCS TaKi SBHINA, IK «HAMip KOMaHINPay», JOKTPUHA, TAKTHKA, TEXHIKa 1 TPOIIe-
nypu. MLIB HamaroTh 1iboMy (pakTopy BasKJIMBE 3HAYEHHS, X04a MPOLIECH, IO 3TIHCHIOIOTHCS
B 1i#t cdepi, BAMIPSATH 3HAYHO CKJIaHIIIe, HIK y Qi3uuHilt cdepi. Ane IX IIHHICTD 1 e(heKTUB-
HICTh HabaraTo BaXJIMBIIIE.

CormianbHa cdepa sBIIsIe COOOKO MMOJIe B3aEMOIIT JIFOJIEH, Jie IepeBaKaIOTh iICTOPHUYHI, KYJIb-
TYpHI, peNiriiHi I[IHHOCTI, IICUXOJIOTIYHI YCTAHOBKH, C€THIYHI OCOOIUBOCTI. Y COIIaIbHOMY
IPOCTOPi PO3BUBAIOTHCS CTOCYHKH MiX JIFOJBMU, BUOYTOBYIOTHCS PHPOIHI iepapXii B rpymax
— JIiIepH, BiJIOMI, TOIIO, CKJIAIAI0THCS] CUCTEMU I'PYNOBUX BifHOMEHb. ColianbHa cdepa € KoH-
TEKCTOM Mepe)KeBUX BiliH, sIKy Tpeba OpaTu J0 yBaru HalOUIbII peTeNIbHUM YHHOM. BiitHn
iH(pOopMaIIiifHOT eITOXH 3aCHOBaHI Ha CBIJOMil iHTETparlii BCiX YOTUPHOX cdep. 3 HUX 1 CTBO-
PIOETBCS Meperka, sika 3HAXOUThCS B OCHOBI BeJICHHS BICBKOBHX it [38].

Oco0MBOCTAMU MEPEKEIIEHTPHYHUX BIfH CIIYTYIOTh:

— IIUPOKAa MOKJIMBICTh BUKOPUCTaHHS reorpadidHo po3MoJijIeHuX BiHCHKOBHX (opmy-
BaHb. SIKII0 MonepeIHbo Yepe3 pi3HOro poy OOMeKeHHs Oyiia HeoOXiHICTh PO3TallyBaHHS
YACTHH 1 MiIPO3JIUIIB THJIOBOTO 3a0e3MedYeHHs B Oe3mocepe iHii OJU3BKOCTI JI0 MiCIlb JAHUCIIO-
KaIrii CBoiX Bilicbk abo 710 00’€kTa 000pPOHH, TO HOBA KOHIICTIIIIS 3HsIa Il OOMEKESHHS 1 IpaK-
THYHO JI0BejIa CBOIO e()eKTHBHICTH B Ipaky. [ opraHizarii aipecHOT0 THIIOBOTO ITOCTaYaHHs
— OCHOBHU 00HOBOTO0 3acTOCYBaHHsI BilicbK y MaHeBpOBiil BiifHi, apmist CIIIA BuKopHcTOBYBajIa
posnofineny indopmaniitny cuctemy Army’s Movement Tracing System — MTC, sika Ha oc-
HOBI PaJliOBUIIPOMiIHIOBATbHUX JAATYHKIB, CTAlllOHAPHUX 1 HOPTATUBHUX CKAaHEPIB, HaBirariii-
HOT cynyTHHKOBOI cuctemu GPS, Ge3mpoBiHOTO TOCTYITY 1 TakTHuHOTO Internet 6e3mepepBHO
BiJICJTIIKOBYBaJIa MOJIOKEHHS BCIX HA3eMHUX PyXOMHUX 00’ €KTIB (TaHKIB, OpOHETpPaHCIIOPTEPIB,
oorioBux MamwuH nixotu (BMIT) Tommo) Ha BcboMy ipakchKOMY TeaTpi O0ioBUX Jiit. Bix exima-
KIiB Ha3eMHHX PYXOMHX 00 €KTiB MiPO3IIN THIY OACPKYBaIM 3allUTH HA MOCTAYaHHS Ta-
nuBa, OOempuUNaciB, 3aaCHUX YaCTUH Ta IHINUX BHJIIB 3a0e3meueHHs. YChOro B IIiif cucremi
OyJ10 3amistae 0au3pko 4000 6oproBux KoMmIr totepiB i 100 cepBepiB, IO MPAITFOBAIHA i OITe-
parniiinoro cucremoro Windows NT. Cucrema MTC komryBana apmii 418 mua mon. CIIA,
orpumanux kommanisMu NSI Global inc. i Comtech Mobile Datacom Corp. 3a mocradanss
HEeOoOXiTHOro 00JIaJHaHHS IPOTITOM TPbOX POKIiB;

— HasBHICTh BHCOKOiHTeNeKTyanbHUX 3C, sIKi BUKOPHCTOBYIOTH BUCOKOTEXHOJIOTIUHE CY-
yacHe iH(popMaIiifHO-KOMYHIKaIlliiiHe 00JiaHaHHs, BUCOKOTOYHY 30poro, iH(opMarliro ojep-
JKaHy BiJI BCEOXOILTFOIOYOT0 MOHITOPHHTY OOHOBOTO POCTOPY, SIKi pO3YMIIOTh HAMipH KOMaH-
JTlyBaHHSI, MAIOTh TIEBHI 3HAHHS Ta HABUYKH 1 3a0€3eUyIOTh 3HAYHO OLIBINY e()eKTHBHICTh, Ha
Bi/IMIHHY BiJl BEJICHHS aBTOHOMHHX, MOPIBHSHO po3pi3HeHux nii. [lepen modatkom BiiiHU
(2003 p.) Hax Ipakom Oyu po3MimeHi 40 aMepUKaHCHKUX CYITyTHUKIB. Lle 103BOMIO OCHOB-
Hill ypapHiil cui, mo O6pana yyacts B omeparii «I1lok i XxBumoBaHHS» — 5-My apMiiicbKoMy
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KOpITyCy caMOCTiiHO BijiciikoByBaTH /10 1000 Ha3eMHUX LiJIeH CyTPOTUBHUKA IPOTITOM TO-
muau. KoManupr eckaapuiieii mamyOHOT aBiallii MOrIM OpaTy y4acTh y TUIAHYBaHHI BUJIBOTIB
CBOIX €KiMaKiB pa3oM i3 KoJeramu 3 apMiiichKol aBiallii, KOpUCTYIOUUCH 3arajibHOIO iH(popMa-
MIHHOIO CHCTEMOO, Y0T0, HaNpHUKiIaa, He Oymo B 1991 p. bineme Toro, monan 80 % OGoioBux
BUJIHOTIB aBiallii MPOBOJUIUCH HAOCIIIY (BIICYTHICTh y TaM siTi 00MOBUX KOMIT IOTEPIB JiTa-
KiB TIOIIepeTHBO BU3HAYCHHUX ITijIei). [Hopmarris mpo i Haaxoauia B 00pTOBI KOMIT FOTepH
BiJl HA3€MHUX YaCTUH Oe3MocepeIHRO 3 JiHii 3iTKHEeHHS. [/l IIhboro aMepuKaHIll pPO3rOpHYIN
CIeIiaIbHy cHCTeMy OOMOBOTO IUIAHYBAHHS 1 yIIpaBJIiHHS aBialliii Ha TeaTpi BIHCHKOBUX Jiit
(TBJT) «TBMCS» (Theater Battle Management Core Systems). KpiMm Toro, BuKopucToByBa-
Jach HOBa po3MmojiieHa iHpopMariiiHa cuctema 6oioBoro ympasmiaas FBCB2 (Force XXI
Battle Command Brigade or Below), sika oxoruttoBana piBeHb «Opuraga — 6aTajabiioH — poTay.
VYci koMaH Py OOMOBUX MIAPO3ILUTIB 1 IEpe0Bi apTHIICPICHKI HABOUMKH IS OPIEHTYBAHHS
Ha MiclleBOCTI 1 mepeaayi 60HOBUX TOHECEHb MAJIM B CBOEMY PO3MOPSKEHHI IITaTHI KapMaHi
koMmit torepu (500 MI'm) 4 I'6aiit (Windows 95|NT) 3 MilTHUM KOPITyCOM;

— HasiBHICTB JIOBOJII €()eKTUBHUX 1H(OpMAIITHUX KOMYHIKaIlii M’k 00’ €eKTaMu B 601H0BOMY
MIPOCTOPI, IO JJa€ MOKJIMBICTh reorpadivyHo po3NOIiIeHUM 00’ €KTaM BUKOHYBATH CILIbHI 60-
HOBI JIi1, a TAKOXK JMHAMIYHO PO3MOJLISATH BiIIOBIIAIBHICTE 1 BECh 00CAT poOOTH, 100 TpHC-
TocyBaThch A0 cutyauii. Lle Ginbine Hix y 7 pasiB (mopiBHsHO 3 1991 p.) 3011bmMI0 CyMapHy
cmyry nporryckauHs (o 3 ['Tm) opermoBanux [leHTaroHOM KaHaB CYyITyTHUKOBOTO 3B’ SI3KY
JUTSL Tiepeiadi iHpopMartii.

BpaxoByroun ocobimBocti mpoBesieHHs MIIB cTocoBHO 10 MOXKIHBOTO TeaTpy OOHOBHX
N, KOHIIeTIisl nepeadadyae YOTUPU OCHOBHI (pa3u BeJleHHs OOHOBUX JIiHA.

1. JlocsrHeHHS iH()OPMAIIHOT TIepeBary 3a JIOIOMOT0I0 BHIIEPEKYBAJILHOTO 3HUIIICHHS
(BUBeJIeHHS 3 JaJly, IPUIYLICHHS) PO3BiTyBaJIbHO-1HPOpMaLiiHOTO 3a0e3eYeHHs] CypOTHB-
HUKa (3ac00iB 1 CHCTEM PO3BIJKH (CEHCOPIB), MEPEIKOYTBOPIOIOYMX BY3JIIB, IICHTPIB 0OPOOKH
iH(popMarlii Ta ynpaBiIiHHS TOIIO).

2. 3aBoroBaHHS TEpeBaru B MOBITPI MUISIXOM MPUYIICHHS (3HUIIECHHS) CUCTEMH MPOTH-
noBiTpstHoi 06oponu (I1I10) cynmpoTuBHUKA.

3. TlociioBHE 3HMINEHHS 3aIWINEHUX Oe3 YIpaBIIiHHS i iH(OpMaIii 3aco0iB ypakeHHS
CYIPOTHBHHKA, HacaMIIepe]] paKeTHUX KOMILIEKCIB, aBiallii, apTuiepii, OpOHETeXHIKH.

4. Ocraroyne mpuaynieHHs ab0 3HUIIEHHS OCEPEAKIB OMOPY CYNMPOTHBHUKA.

VYemnimHe 371 icHeHHS KOKHOT 3 (a3 omeparlii IpyHTY€eThCsl Ha 3HAUHO MEHIIIH TpHUBaJIOCTI
OOMOBOTO ITUKITY «BUSBIICHHS — BITI3HAHHS — IIJICBKa3iBKa — ypaXXeHHS» a00 ITUKITYy «CIOCTe-
PEKEHHSI — OPIEHTYBAHHS — IPUHHATTS PIIIEHHS — Ai1» NOPiBHSHO 3 CYIIPOTUBHUKOM, Ha OLIbIIT
TOYHUX 1 TOBHUX BIJIOMOCTSIX PO YIPYIIOBaHHS CyIpoTHBHUKA [39; 40].

Kpim 6e3nocepennbo 60i0BUX N1iii, MEpEKEHTPUYHA ITApaTUrMa MOKe BUKOPUCTOBYBATUCH
Y MOHITOPHHTY 030pO€HHS, O0POTHO1 3 TEPOPU3MOM, ITiITPHMIII OTeparliii mo 60poThOi 3 Hap-
KO0Oi3HECOM 1 KOHTpaOaH1010, ONepallisiX M0 KOHTPOJIO 3a BUKOHAHHSIM CaHKIIN 1 mepexorn-
JICHHIO CYJICH Y MOPi, KOHTPOJII 3a 30epeKeHHSIM 3aKPHUTHX 30H, 3a0€3eUCHHSIM CBOOOTH ITPO-
XOJDKEHHS CYJIeH 1 IPOJIbOTY JITaKiB; HaJaHHI T'yMaHITapHOI JIOTIOMOTH, CIIPUSIHHI IIUBLIBHIN
BJIaJli, 3aXUCTY HAIlIOHAJILHOTO CYBEPEHITETY, IPOBEJCHHS aHTUITOBCTAHCHKUX OTIepaIliii; ore-
parisx 3 eBaKyallii MUPHOTO HaCeJICHHsI, MUPOTBOPYHX OIlepalliif, 3aXUCTy CyTHOIIJIaBCTBA, Psi-
TYBaJIGHUX OIEpaIlisiX, Oleparlisx 3 JIEMOHCTpAIlil CHITH, MPOBEICHHS KapalbHUX YAapiB 1 peii-
JIiB, HaJIaHHI ITITPUMKH ITOBCTAHIISIM TOIIO [41].

BusiBuBim, siki nmpedepeHinii 1ae aMepuKaHChKUH MMiIXid, Y TOMY X HalpsMKY MOTSTHY-
mucs 1 inmi kpainu. 3okpema, B HATO peanizyetbes konneniis «KoMIiekcHi MepekeBi Mo-
xymBocTi» (NATO Network Enabled Capabilities), y ®@pantiii — «IHpopMariiHO-IIEHTpHYHA
BiitHa» (Guerre Infocentre), y IlIBernii — «MepexeBa obopona» (Network Based Defense), y
O®PH — YnpaninHs depe3 Mepexy, B ABctpaiii — KomrmrekcHa MepeskeBa BiliHa, B Kurai —
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«Cuctema 00OMOBOTO YIpaBIiHHS, 3B’S3KYy, OOUHCIIOBAILHOT TEXHIKH, PO3BIIKH, CIIOCTEpPE-

*eHHs 1 BorHeBoro ypaxkeHHs» (Command, Control, Communications, Computers,
Intelligence, Surveillance, Recognizance & Kill) (puc. 8).

— JE— KimoyoBuMm 3acobom 3abe3redeHHsT OOMiHY

- Cum _ Hf'_'m"am ) iHpOopMariiero i CHUILHOTO il BUKOPHCTAHHS B

| Jepeneuenmpumaciana | Mepemeuenmposionepaui — HATO  po3rnsparoTh  iHINIATHBY —CTBOPEHHS
e e «®DeneparuBHOi Mepexi wiciity (anra. NATO
r-AI.: IH Federated Mission Networking (FMN)). Mirpa-
s s ist FMN Ha TakTW4YHU# piBeHb CTBOPIOE YMOBH

Komnnexcri mepexeyenmposi Mepemesa obopona

JUst €(heKTUBHOTO BEJACHHS MEpPEeKEICHTPUIHUX

— ﬂ oTieparii.
CamMe B «MepeKeleHTPH3Mi» BIiCHKOBI 3apy-
ynpgunm:mpes S KO e i i OKHUX KpaiH 60ayaTh iIHHOBAIIHHUN IHCTPYMEHT
o . . VD HiBUIIEHHS 6OMoBHX MosuBocteit 3C, unce-
_ i JBHICTh SIKUX ITJIJIAETHCSA IMOCTIHHOMY CKOpPO-
;H.;,gp,“g:,;g;%:mpuw "f.":&?.fg;c%ﬁﬁ%“" YEeHHIO, 1 IIIKOM 06.’€KT}/IBHO pO3paxoBYIOTh Ha
info-Centric Warf /) NATO Ntk Enotied Copabiity ncc) - OTPAMAHHS €KOHOMIYHOT BUTO/TH.
[Tig MepeKeIeHTPUYHUMH CHUJIAMU PO3YMi-
e IOTh 30pOrO 1 BiliChbKa, SAKi 37aTHI peani3yBaTH
g e g b xoHuemito MIIB.

cnocmepeseHHn | B0ZHEB020 YPAMEHHA

3BUYANHO, PO3rIsIaTh KoHIenito MIIB sk

Puc. 8. Konyenyii mepeaceyenmpuynux ~ N3HAUCIO JUIS OTHOYACHOTO BI/IpiIJ_IeHI:ISI BCIX

siiin ma 36poiiHUX KOHNIKMIE, Wo Po3po- npoOJieM y Tairy3i BiiCBKOBOTO YIpaBIIiHHS HE

Gasiomves CIIA, HATO ma Oesxumu in-  BapTo. Ane 3acToCyBaHHS KOMILJIEKCHOIO IIifI-

iU Kpainamu xony, KW TIependavdae mepeayciM KoopanHa-

Iif0 3YCHJIb JEpPKABHOTO Ta BIHICHKOBOTO KepiB-

HUIITBA, 3MiHY iXHIX TOTJIAIIB HAa YIpPaBIIHHS BIHCHKOBUMH (hOPMYBaHHSMH, CTBOPEHHS

yripikoBanux ACY BilickkaMu Ta 030pOEHHSIM, pO3pOOKY CydaCHUX TEXHIYHUX 3aC00IB PO3-

BiJIKM Ta BACOKOTOYHOI 3001, a TAKOXK MiATOTOBKY BCHOTO 0COOOBOTO CKIIATY J0 POOOTH 3 HO-

BiTHIMU 1H(pOpPMAIITHO-KOMYHIKAIlIMHUMH CHCTEMaMH, J03BOJIUTH moOyayBatu 3C, 31aTHI
aJIeKBaTHO pearyBaTH Ha Oy/b-SKi 3arpo3H HaIllOHATBbHINM Oe3Melli Hallo1 IepyKaBH.

Kpim Toro, anami3 BifichKOBIX KOH(IIIKTIB, 30KpeMa oreparlis «bypsi B mycTeni», CBITIHUTH,
IO OJTHE 3’ €HAHHS, OCHAIIICHe CYYaCHUMH 3aco0aMUu aBTOMATH3allii yIpaBJIiHHS BiiChKaMH,
MO3K€ YCIIIITHO TPOTUCTOSATH TPHOM 3’ €JHAHHSIM, HE OCHAIIIEHUM TakuMH 3acobamu. Ctae ode-
BHJIHUM, IIIO 3 YpaxyBaHHIM CHTYaIlil Ha CXOi HaIoi AepxarH, Je mapo3aim 3C Ykpainu
3MYIIIeHI TPOTUCTOSATH MPOTUBHUKY, KU Ma€ TiepeBary B YMCEIbHOCTI i BOTHEBHX 3aco0ax,
BHKOpHUCTaHHs KoHIemnii MI[B Moxe ctaTé THM iHHOBaIiifHAM HAIIPSIMOM PO3BHUTKY, IO JI0-
3BOJIUTH BUBECTH OOOPOHO3ATHICTh KpaiHU Ha MPUHITUTIOBO HOBUI piBEHb.

CtBOpeHHS €1uHOI iHpOpMAaIiHHOT MepeXi 3/1aTHE B KiJIbKa pa3iB 301IBITUTH HOTYKHICTh
3C 6e3 30imbIIeHHs iX yncenbHOCTi. MIIB 103BOIsIE MiAHATHCH HA HOBUH PiBEHB YIPABIIHHSI
BiliChKaMH, CYTTEBO 3MEHIITYIOUH Yac MPUHHSATTS pillleHb. 3aCTOCYBaHHS HOBUX iH(OpMAITiii-
HUX TEXHOJIOTiH JI03BOJISIE 3MIHUTH KJIACHYHE CITIBBITHOIIEHHS CHJI IK CTOPOHH, 1110 HACTYTIAE,
TaK i CTOPOHH, IO OOOPOHSETHCS HA MPOTHIICKHE, 32 YMOBH, 10 CTOPOHA, SIKa 000POHSETHCS,
HE Mae MOXJIMBOCTI Bectrt MIIB.

BucnoBku BignoBigHo 10 cTtaTTi. CyJacHHIA CTaH aBTOMATH3AIli1l TisITbHOCTI OpTaHiB Biii-
cekoBoro ynpasiiaas (OBY) 3C Ykpainu e nepepuirye 10-30 % Big nmotped. [IpoBenennit
aBTOpaMH aHai3, CBITIMTh, IO aBTOMATH3AIIis ITPOIECIB MOBCIKICHHOI Ta 00HOBOT JTisITHHOCTI
Ha OCHOBI MEPEXKEIEHTPHYHUX TEXHOJIOTIH Ja€ MOKIUBICTh MiBULIUTH €(PEKTUBHICTh 3aCTO-
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cyBaHHsI Bilickk moHaiimente Ha 15-30 % i omHovacHo ckopotuth Ha 50 % yac, sKkuit BUTpa-
YarOTh OPTaHW YIPaBJIiHHS Ha ONEpaTHBHE ITUIAHYBAHHS 1 JOBEJCHHS 3aBIaHb JIO Ii/JICTIIHX.
HasiBHi koMITIIeKcH 3aco0iB aBTOMATH3AIli1l Ta MPOrPaMHO-TEXHIYHI KOMIIJIEKCH HE CTAaHOBIISATh
MUTICHUX CHCTEM, YMHHI iH(OpMaIifHO-pO3paxXyHKOBI 3a/1avi 3a0e3MedyIOTh JIUIIEe MiHIMaTb-
Hu#t HaOlp YHKIIOHATBLHOCTI — He Oinbine HixK 12-15 % Bix 3aranbHOI KUTBKOCTI eleMeHTap-
HUX (QYHKIIH ITOCaI0BUX OCiO OpraHiB BIHCHKOBOTO yIIPaBIiHHS.

OTtxe, y unHHIH (7e-paKTo pyuHiil Ta FOJOCOBIN) CUCTEMI YIIPaBIiHHS KEPIBHOMY CKIIaIy
3CY st BUpOOJICHHS Ta IPUUHSTTS PIllleHb 3aTUIIaeThes jumre 15-17 % Bix gacy, BiaBee-
HOTO Ha ONepaTHUBHE IJIAHYBAHHS. 3a IIMM MOKa3HUKOM YKpaiHa MOCTYMaeThes BCIM KpaiHaM
osoxky HATO, 4ineHoM sikoro BoHa mparte cratu. B cBoro uepry, 3C mpoBiTHUX KpaiHaX CBITY
HIMPOKO 3aCTOCOBYIOTH reoiH(opMariiiti cucreMu BilicbkoBoro npuszHadenns (I'IC BII) mis
MOJICITIOBAHHS CUTYyaIliil, 00MOBHX Oleparii Ta MPUHHATTS PillIeHb, BUTPAYAIOYH TIPH ITHOMY
10 75-80 % gacy onepaTHBHOTO IJIAHYBAaHHS, IO 3a0e3meuye OUIbII TTHOOKE Ta SKiCHE Ompa-
IIOBaHHS 3aJIyMiB, ONTHMIi3y€e 3ax0au OOMOBOTO Ta JIOTICTHYHOTO 3a0e3leueHHs, MiHIMi3ye
BTpaTH Ha 1o’ 60r0.

Tomy, Ha Haly AyMKY, MEpIIOYEpPTOBUMU 3aBIaHHSIMHU pO30YI0BU Cy4acHOI YKpaiHCHKOL
apMii moBUHHI ctatu po3poOka xoumernii ['1C BII, miaxomiB mo/1o ii CTBOPEHHS, iHTETpallis
I'IC BII i3 Texnonorismu /33, po3pobka Mozenet iHTeponepadbensHOCTi iHGOpMaIiHHAX CHC-
TeM, [0 BUKOPHCTOBYIOThCS B 3C YKpaiHu, po3poOKa aJropuTMiB KJIacTepH3aIlil Ta MOHITO-
pUHTY iH(pOpPMAIIITHOTO MPOCTOPY, PO3POOKA ATOPUTMIB MPOTHO3YBAHHS ISl MOJICTFOBAHHS
CIleHapiiB po3BUTKY OOMOBHX Jiif B yMOBaX HEBU3HAYCHOCTI.

CnucoK BUKOPHCTAHHUX JIKepeJt

1. Hazapuyk A. B. CeteBoe o61iecTBo U ero ¢unocodckoe ocMbicienue. Bonpocwl punocoghuu.
2008. Ne 7. C. 61-75.

2. CyuacHi TexHomorii aBTomaru3auii ynpasninasa. URL: http://opk.com.ua/cy4acHi-TexHomnorii-
aBTOMaTH3aLlii-yNpaBIiHHS.

3. bypenok B. M., Jlamynos B. M., Mynpos B. H. Teopus u npakTrka ruiaHUpOBaHUS U YITpaBJie-
HUsI pa3BUTHEM BOOpYykeHus / moa ped. A. M. MockoBckoro. Mocksa : M3a-Bo «Boopyskenue. [Tonu-
Tuka. Konsepcus», 2005. 418 c.

4. Makapenko C. Y. UadopmaiimoHHOE MPOTUBOOOPCTBO M PAIMOdIIEKTPOHHAS Oophba B ceTelle-
HTpuueckuX BoiiHax Havyana XXI Beka : moHorpadus. Cankr-IletepOypr : HaykoeMkre TeXHOIOTHH,
2017. 546 c.

5. Spomw C. I1. 3aBmanHs AOCTIIXKEHHS Ta NUIIXHM CTBOPEHHS €IMHOTO iH(GOPMAIIITHOTO MPOCTOPY
NpY opraHizaiii yrnpaeiiHHs Bilickkamu. Cyuacni ingpopmayiiini mexnonozii' y cgpepi besnexu ma 060-
ponu. 2010. Ne 3(9). C. 34-41.

6. Kunrcron-Makkiopu 3. JIk. PykoBoacTBO BOHHOI. AHAIU3 PO MOIUTUUECKOTO PYKOBOJC-
TBa W BBICILIETr0 BOSHHOTO komaHioBaHus / niep. ¢ anri. H. I1. [1asnosa u E. M. Muxaiinosa. Mocksa :
HznarenbcTBO MHOCTpaHHOH TMTepatypsl, 1957. 342 c.

7. OnbIT npuMeHeHUs] OeCUIOTHON aBUaLMKM B BOOPY)KeHHOM KoH(nukTe Ha YkpauHe. URL:
https://general-skokov.livejournal.com/tag/cerenientpuueckasn%20BoiiHa.

8. Kosanes B., Manuneukwii ['., Mateuenko 0. Konuenmms «ceteneHTpUyuecKoin» BOWHBI IS
apmuu Poccum: «MHOXMUTeNb CUibl» WM MeHTanbHas joBywka? URL: http:/www.inesnet.ru/wp-
content/mag_archive/2013_05/ES2013-05-Kovalev_Malinetsky Matvienko.Pdf.

9. TMapumwn C. A., I'op6aues 0. E., Koxxano FO. A. CoBpeMeHHbIe TeHJICHLIMU Pa3BUTHUS TEOPUN
Y MPaKTHUKH yrnpasiieHHus B BoopyxkeHHbIX cuinax CIA. Mocksa : JIEHAH/, 2009. 272 c.

10. Cnunmuenko B. U. BoiiHbl HOBOrO MOKOJNEHUS: AUCTAHLUMOHHbIE W OECKOHTaKTHbIE. MockBa :
OJIMA-ITPECC ob6pazoBanue, 2004. 380 c.

11. UadpopmatimoHHble, crieliMalibHble, BO3AYIITHO-/IECAHTHBIE U a3POMOOUIIbHBIE ONEPALH apMHIA
BeAYyLLHMX 3apyOekHbIX rocyaapct: MHdopmaunonno-ananutuieckuii coopuuk / A. H. Cupopun u ap.
Mocksa : Boenusnar, 2011. 344 c.

12. Tpebun M. I1. Boitaer XXI Bexa. Mocksa : ACT, 2005. 608 c.

179



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

13. Bapoiies A. I1. Copemennas crparerus CILIA u HATO (B koHTekcTe npo6sieM HallMOHAb-
Ho#t Oe3omacHocTH Poccnn). Mocksa : OI'U, 2011. 248 c.

14. Kapsaxuna B. B. Boennas nonmutrka u ctpaterus CILIA B reonmonutryeckoil TMHAMHKE COBpe-
MEHHOIro Mupa : MoHorpadus. Mockga : ['panuiia, 2011. 283 c.

15. Tlonoe M. M. «Cerenenrpuueckas BoHHa»: rotoBa Jau k Hed Poccusa? URL:
http://www.milresource.ru/NCW.html.

16. Alberts D. S., Garstka J. J., Stein F. P. Network Centric Warfare: Developing and Leveraging
Information Superiority. 2-nd Edition (Revised). US Department of Defense, C4ISR Cooperative
Research Program Publications Series, 2001. 292 p. URL: http://www.dodccrp.org/files/
Alberts NCW.pdf.

17. Maxkapenko A. B. BBenenne B ceTerieHTpUUYeCKAe HHGOPMAIIMOHHO-YTIPABJISIONINE CHCTEMBI.
Koncmpyxmusnas KubepHemuxa. Hccneoosanust. Paspabomxu. Koncanmune. URL:
http://www.rden.ru/estimation/2010/03042010.shtml.

18. Cmrocapenko A. B. [locBin BempeHHs: 00HOBHX il y JIOKaJIbHHUX BiliHaX KiHIHM XX — MOYaTKy
XXI cronith, Ta Horo BukopuctanHsa y miaroroeui 3C Ykpainu. URL http://ena.lp.edu.ua/bitstream/
ntb/30909/1/30.pdf.

19. Tlepmskos O. 0., CoitheB A. 1. IndhopmarliiiHi TexHOIOTIT Ta cy4acHa 30poiiHa 6opoTsba. Jly-
raHcek : 3Hanss, 2008. 204 c.,

20. Bacunienko O. B. OcHOBHi CBITOBi TeHJIeHIIiT PO3BUTKY 030pO€EHHS Ta BIiCHKOBOT TEXHIKH JJIs
BeJICHHA BikiH y MaliOyTHboMY. Hayka i o6opona. 2009. Ne 4. C. 18-22.

21. Kympusiao A. A. CeTenleHTpHYeCKAE BOSHHBIC NEHCTBUSA U BOTIPOCHI MHTEPOINEpaOeIIbHOCTH
aBTOMATU3UPOBAHHBIX cUCTeM. Asmomamuzayus npoyeccog ynpaegnenus. 2011. Ne 3(25). C. 83-97.
URL: http://apu.npomars.com/images/pdf/25_14.pdf.

22. 3aiiues JI. B., lllapuii B. 1., Jlo6poonbebkuii B. b. Po3BuTOK 3aranbHOT TAKTHKY 3a IOCBIIOM
JIOKaJIbHUX BiliH 1 30pOHHMX KOHQJIIKTIB CYy4aCHOCTI, IKi BEJIUCh PETyJIIPHUMHU BiiCbKaMH MPOTH ippe-
ryJsipHuX 30poiiHuX GopMyBaHb. 30ipHuk Haykosux npays Bilicbkogozo incmumymy Kuigcvkoeo nayi-
oHanvHo2o yHigepcumemy imeni Tapaca I[llesuenxa. 2015. Bum. 49. C.117-124. URL:
http://nbuv.gov.ua/UJRN/Znpviknu_2015 49 20.

23. Monimyxk JI. 1., ®inimonos C. M. AHani3 IesKUX CUCTEM yNpaBJliHHS 30pOHMHUMHU CHUTaMH KpaiH
HATO Ta inmux nepxkas. Biticoxoguii 30ipnux. 2009. Ne 1. C. 85-94.

24. Makapenko C. . [logaBneHune ceTeLleHTPUYECKUX CUCTEM YIPaBICHUS PAaAUOICKTPOHHBIMU
nHpopMaMoHHO-TexHn4Yeckumu Bo3aetictBusmu. URL: https://cyberleninka.ru/article/n/podavlenie-
setetsentricheskih-sistem-upravleniya-radioelektronnymi-informatsionno-tehnicheskimi-
vozdeystviyami/viewer.

25. ArquillaJ., Ronfeldt D. The Advent of Netwar. Santa Monica, CA: RAND, 1996. P. 47.

26. CereneHTprueckas BolHa. JlaiipkecT Mo MaTepuanaM OTKpBIThIX U3naHuii 1 CMU. Mockaa :
BAT'ILI BC P®, 2010.

27. MepesxxeBo-LIeHTpUYHI BilicbKOBI Iii: MalilOyTHe ykpaiHcbkoi apmii. URL: https://tsn.ua/blogi/
themes/o_voine/merezhevo-centrichna-viyna-maybutnye-ukrayinskoyi-armiyi-1258350.html.

28. Cnrocap B. WM. Boennas cBsa3b ctpan HATO: mpobiembl cCOBpeMEHHBIX TEXHOJIOTHH. Dnekmpo-
nuxa. Hayka, Texnonoeus, busnec. 2008. Ne 4. C. 66-71.

29. Tpaxrenrepu D. A. CeTelleHTpUUYECKHUE METOIbI KOMITBIOTEPHOTO MPOTUBOICHCTBHSA KaTaCTPO-
dbam wu puckam. Vmpasnenue Oomrvuumu cucmemamu. 2013. Bem 41. C. 162-248. URL:
http://elib.fa.ru/art2017/bv798.pdf/download/bv798.pdf.

30. ITapumn C. A., I'opb6aues 1O. E., Koxanos 0. A. CoBpeMeHHbIE TEHASHIIMH PA3BUTHS TEOPHH
Y MPaKTHUKH yrnpasiieHHus B BoopyxeHHbIX cuinax CIA. Mocksa : JIEHAH/, 2009. 272 c.

31. Konu nmounetbes Tpets ciToBa BiiiHa. URL: http://jak.bono.odessa.ua/articles/koli-pochnetsja-
tretja-svitova-vijna-news-nsk.php.

32. Taktuka cyxomyTHux Bikicek. URL: http://www.dogswar.ru/forum/viewtopic.php?f=30&t=
958&hilit=kanuykoB&start=80.

33. Edpemor A. 0., MakcumoB []. 0. CeretieHTprdeckas cMcTeMa yIIpaBJIeHHs — YTO BKJIabIBa-
eTcs B 9T0 MoHsATHe? TexHuueckue u npocpammueie cpeocmsd cucmem YNpasieHus, KOHMpoa u usme-
penusa : Tpyasl 111 Beepoccuiickoii koHdpepeHmn ¢ MexayHapoaasiM yaactrem (YKHN-2012, Mocksa).
Mocksa : MITY PAH, 2012. C. 158-161.

180



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

34. Kyspmun WM. Future Combat System — peBomomms win ssomornus? URL:
http://www.3dnews.ru/editorial/future_combat_system.

35. MHpopManmoHHbIe, CrielalibHbIe, BO3AYIIHO-ISCAaHTHBIC U a3pOMOOUITbHBIC OTIepaLiii apMHi
Be/yIIMX 3apyOekHbIX rocyaapcts: MHdopmalmonHo-ananutnieckuii coopuuk / A. H. Cupopus u ap.
Mocksa : Boennsnar, 2011. 344 c.

36. Carun JI. B. CerenentpuyHas u ceteBas BoliHa. BBeaenue B koHuenmuo. Mocksa : EBpazuid-
ckoe aemwkenue, 2011. 130 c.

37. Camyk I'. Tndopmaniiina Oesnexka B cucteMi 3abe3neueHHs HauioHanbHOi Oe3neku. URL:
http://journ.univ kiev.ua/trk/publikacii/satshuk publ.php.

38. 'nymkoB B. O. OcHOBHM HOBITHBLOT TeOPiT BEJICHHS CYYACHUX BiiH. AkmyaibHi npobremu noi-
muxu. 2015, Bun. 56. C. 12-21. URL: http://dspace.onua.edu.ua/bitstream/handle/11300/3031/ ['mym-
koB%20APP 56.pdf?sequence=1&isAllowed=y.

39. Ilepmskor O. 1O., CoiTHeB A. 1. IHpopmaliiiHi TexHOJIOTIi Ta cydacHa 30poiiHa 6GopoTroa. Jly-
raicek : 3HanHs, 2008. 204 c.

40. Fadok, David S. John Boyd and John Warden. Airpower’s Quest for Strategic Paralysis. The
Paths of Heaven: The Evolution of Airpower Theory, Maxwell AFB, AL: Air University Press, 1997.
30 April 2008. URL: http://aupress.maxwell.af.mil/saas_Theses/Fadok/fadok.pdf.

41. Pepomiouiisi B BOGHHOM [leJie M «apMelickhe omepanuv BHe ycioBwid BoiHB. URL:
https://magazines.gorky.media/0z/2005/5/revolyucziya-v-voennom-dele-i-armejskie-operaczii-vne-
uslovij-vojny-oboyudoostroe-oruzhie.html.

References

1. Nazarchuk, A. V. (2008). Setevoe obschestvo i ego filosofskoe osmyislenie [Network society
and its philosophical understanding]. Voprosyi filosofii — Problems of philosophy, 7, pp. 61-75.

2. Suchasni tekhnolohii avtomatyzatsii upravlinnia [Modern technologies of control automation].
(n.d.). http://opk.com.ua/suchasni-tekhnolohii-avtomatyzatsii-upravlinnia/.

3. Burenok, V. M., Lyapunov, V. M., Mudrov, V. 1., Moskovskyi, A. M. (ed.). (2005). Teoriia i
praktika planirovaniia upravleniia razvitiem vooruzheniia [Theory and practice of planning and man-
agement of weapondevelopment]. 1zd-vo «Vooruzhenie. Politika. Konversiya.

4. Makarenko, S. 1. (2017). Informatsionnoe protivoborstvo i radioelektronnaya borba v
setetsentricheskih voynah nachala XXI veka [Information confrontation and electronic warfare in
network-centric wars at the beginning of the XXI century]. Naukoemkie tehnologii.

5. Tarosh, S. P. (2010). Zavdannia doslidzhennia ta shliakhy stvorennia yedynoho informatsiinoho
prostoru pry orhanizatsii upravlinnia viiskamy [Research tasks and ways to create a uniform information
space at the organization of management of armies]. Suchasni informatsiini tekhnolohii u sferi bezpeky
ta oborony — Modern information technologies in the sphere of security and defense, 3(9), pp. 34—41.

6. Kingston-Makklori, E. Dzh. (1957). Rukovodstvo voynoy. Analiz roli politicheskogo
rukovodstva i vyisshego voennogo komandovaniva [War leadership. Analysis of the role of political
leadership and the highest military command]. (N. P. Pavlova i E. M. Mihaylova, Trans.). Izdatelstvo
inostrannoy literaturyi.

7. Opyit primeneniya bespilotnoy aviatsii v vooruzhennom konflikte na Ukraine [Experience in
the wuse of unmanned aircraft in the armed conflict in Ukraine]. https://general-
skokov.livejournal.com/tag/setetsentricheskaya voyna.

8. Kovalev, V., Malinetskiy, G., Matvienko, Yu. (n.d.). Kontseptsiya «setetsentricheskoy» voynyi
dlya armii Rossii: «mnozhitel silyi» ili mentalnaya lovushka? [Concept of “network-centric” war for the
Russian  army: "force multiplier" or a mental trap?]. http://www.inesnet.ru/wp-
content/mag archive/2013 05/ES2013-05-Kovalev Malinetsky Matvienko.Pdf.

9. Parshin, S. A., Gorbachev, Yu. E., Kozhanov, Yu. A. (2009). Sovremennyie tendentsii razvitiya
teorii i praktiki upravleniya v vooruzhennyih silah SShA [Modern trends in the development of the theory
and practice of management in the US armed forces]. LENAND.

10. Slipchenko, V. L. (2004). Voiny novogo pokoleniia: distantsionnye i beskontaktnye [New gen-
eration wars: remote and non-contact]. OLMA-PRESS obrazovanie.

11. Sidorin, A. N., Ryabchenko, 1. A., ... Gerasimov, V. P. (2011). Informatsionnye, spetsialnye,
vozdushno-desantnye i aeromobilnye operatsii  armii  veduschikh zarubezhnykh gosudarstv:
Informatsionno-analiticheskii sbornik [Information, special, airborne and airmobile operations in the
armies of the leading foreign states: Information and analytical collection]. Voenizdat.

181



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

12. Trebin, M. P. (2005). Voynyi XXI veka [Wars of the XXI century]. AST.

13. Baryishev, A. P. (2011). Sovremennaia strategiia SShA i NATO (v kontekste problem
natsionalnoy bezopasnosti Rossii) [Modern strategy of the USA and NATO (in the context of Russian
national security problems)]. OGI.

14. Karyakin, V. V. (2011). Voennaia politika i strategiia SShA v geopoliticheskoi dinamike
sovremennogo mira [Military policy and strategy of the United States in the geopolitical dynamics of
the modern world]. Granitsa.

15. Popov, I. M. (n.d.). «Setetsentricheskaya voyna»: gotova li k ney Rossiya? [“Network-centric
war”: is Russia ready for it?]. http://www.milresource.ru/NCW .html.

16. Alberts, D. S., Garstka, J. J., Stein, F. P. (2001). Network Centric Warfare: Developing and
Leveraging Information Superiority (2nd edition (revised)). US Department of Defense, C4ISR
Cooperative ~ Research  Program  Publications  Series.  Retrieved  19.12.2019  from
http://www.dodccrp.org/files/Alberts NCW.pdf.

17. Makarenko, A. V. (n.d.). Vvedenie v setetsentricheskie informatsionno-upravliaiuschie sistemyi
[Introduction to network-centric information and control systems]. In Kownstruktivnaia kibernetika.
Issledovaniia. Razrabotki. Konsalting — Constructive cybernetics. Research. Developments. Consulting.
http://www.rden.ru/estimation/2010/03042010.shtml.

18. Sliusarenko, A. V. (n.d.). Dosvid vedennia boiovykh dii u lokalnykh viinakh kintsia XX —
pochatku XXI stolit, ta yoho vykorystannia u pidhotovtsi ZS Ukrainy [Experience of warfare in local
wars of the late XX - early XXI centuries, and its use in the training of the Avrmed Forces of Ukraine].
http://ena.lp.edu.ua/bitstream/ntb/30909/1/30.pdf.

19. Permiakov, O. Iu., Sbitniev, A. 1. (2008). Informatsiini tekhnolohii ta suchasna zbroina borotba
[Information technology and modern warfare]. Znannia.

20. Vasylenko, O. V. (2009). Osnovni svitovi tendentsii rozvytku ozbroiennia ta viiskovoi tekhniky
dlia vedennia viin u maibutnomu [The main world trends in the development of weapons and military
equipment for future wars]. Nauka i oborona — Science and defense, 4, pp. 18-22.

21. Kupriyanov, A. A. (2011). Setetsentricheskie voennyie deystviya i voprosyi inteoprabelnosti
avtomatizirovannyih sistem [Network-centric military actions and issues of interoperability of
automated systems]. Avtomatizatsiia protsessov upravleniia — Automation of control processes, 3(25),
pp- 83-97. http://apu.npomars.com/images/pdf/25 14.pdf.

22. Zaitsev, D. V., Sharyi, V. 1., Dobrvolskyi, V. B. (2015). Rozvytok zahalnoi taktyky za dosvidom
lokalnykh viin i zbroinykh konfliktiv suchasnosti, yaki velys rehuliarnymy viiskamy proty
irrehuliarnykh zbroinykh formuvan [Development of general tactics based on the experience of local
wars and armed conflicts of today, which were conducted by regular troops against irregular armed
groups]. Zbirnyk naukovykh prats Viiskovoho instytutu Kyivskoho natsionalnoho universytetu imeni
Tarasa Shevchenka — Collection of scientific works of the Military Institute of the Taras Shevchenko
National University of Kyiv, 49, pp. 117—124. http://nbuv.gov.ua/UJRN/Znpviknu_2015 49 20.

23. Polishchuk, L. I., Filimonov, S. M. (2009). Analiz deiakykh system upravlinnia zbroinymy
sylamy krain NATO ta inshykh [Analysis of some management systems of the armed forces of NATO
and other countries]. Viiskovyi zbirnyk — Military collection, 1, pp. 85-94.

24. Makarenko, S. 1. (n.d.). Podavienie setetsentricheskikh sistem upravleniia radioelektronnymi
informatsionno-tehnicheskimi vozdeistviiami [Suppression of network-centric control systems for elec-
tronic information and technical effects]. URL: https://cyberleninka.ru/article/n/podavlenie-
setetsentricheskih-sistem-upravleniya-radioelektronnymi-informatsionno-tehnicheskimi-
vozdeystviyami/viewer.

25. Arquilla, J., Ronfeldt D. (1996). The Advent of Netwar. Santa Monica, CA: RAND.

26. Setetsentricheskaia voina. Daidzhest po materialam otkryityih izdanii i SMI [Network-centric
warfare. Digest based on materials from open publications and media]. (2010). VAGSh VS RF.

27. Merezhevo-tsentrychni viiskovi dii: maibutnie ukrainskoi armii [Network-centric military ac-
tion: the future of the Ukrainian army] (n.d.). https://tsn.ua/blogi/themes/o voine/merezhevo-
centrichna-viyna-maybutnye-ukrayinskoyi-armiyi-1258350.html.

28. Slyusar, V. I. (2008). Voennaya svyaz stran NATO: problemyi sovremennyih tehnologiy [Mil-
itary communications of NATO countries: problems of modern technologies]. Elektronika: Nauka,
Tehnologiya, Biznes — Electronics: Science, Technology, Business, 4, pp. 66—71.

182



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

29. Trahtengerts, E. A. (2013). Setetsentricheskie metodyi kompyuternogo protivodeystviya
katastrofam i riskam [Network-centric methods of computer counteraction to disasters and risks].
Upravlenie  bolshimi  sistemami —  Large-Scale  Systems Control, 41, pp.162-248.
http://elib.fa.ru/art2017/bv798.pdf/download/bv798.pdf.

30. Parshin, S. A., Gorbachev, Yu. E., Kozhanov, Yu. A. (2009). Sovremennye tendentsii razvitiia
teorii i praktiki upravleniia v vooruzhennykh silah SShA [Modern trends in the development of theory
and practice of management in the US armed forces]. LENAND.

31. Koly pochnetsia tretia svitova viina [When the Third World War begins]. (n.d.).
http://jak.bono.odessa.ua/articles/koli-pochnetsja-tretja-svitova-vijna-news-nsk.php.

32. Taktyka sukhoputnykh viisk [Tactics of Ground Forces]. (n.d.).
http://www.dogswar.ru/forum/viewtopic.php?f=30&t=958 &hilit=kanchukov&start=80.

33. Efremov, A. Yu., Maksimov, D. Yu. (2012). Setetsentricheskaya sistema upravleniya — chto
vkladyivaetsya v eto ponyatie? [Network-centric control system - what is included in this concept?].
Tehnicheskie i programmmyie sredstva sistem upravleniya, kontrolya i izmereniya: Trudyi III
Vserossiyskoy konferentsii s mezhdunarodnyim uchastiem — Hardware and sofiware for control,
monitoring and measurement systems: Proceedings of the 3rd All-Russian conference with international
participation (UKI-2012, Moscow) (pp. 158-161). IPU RAN.

34. Kuzmin, I. (n.d.). Future Combat System — revolyutsiia ili evoliutsiia? [Future Combat System
— revolution or evolution?]. http://www.3dnews.ru/editorial/future combat system.

35. Sidorin, A. N., Ryabchenko, 1. A., ... Gerasimov, V. P. (2011). Informatsionnye, spetsialnye,
vozdushno-desantnye i aeromobilnye operatsii armii veduschikh zarubezhnykh gosudarstv:
Informatsionno-analiticheskiy sbornik [Information, special, airborne and airmobile operations of the
armies of leading foreign countries: Information and analytical collection]. Voenizdat.

36. Savin, L. V. (2011). Setetsentrichnaia i setevaia voina. Vvedenie v kontseptsiiu [ Network-cen-
tric and network warfare. Introduction to the concept]. Evraziyskoe dvizhenie.

37. Sashchuk, H. (n.d.). Informatsiina bezpeka v systemi zabezpechennia natsionalnoi bezpeky
[Information security in the system of national security]. http://journ.univ.kiev.ua/trk/publikacii/
satshuk publ.php.

38. Hlushkov, V. O. (2015). Osnovy novitnoi teorii vedennia suchasnykh viin [Fundamentals of the
latest theory of modern wars]. Aktualni problemy polityky — Actual Problems of Politics, 56, pp. 12-21.
http://dspace.onua.edu.ua/bitstream/handle/11300/303 1/Hlushkov%20APP_56.pdf?sequence=1&isAll
owed=y.

39. Permiakov, O. lu., Sbitniev, A. 1. (2008). Informatsiini tekhnolohii ta suchasna zbroina borotba
[Information technology and modern armed struggle]. Znannia.

40. Fadok, David S. John Boyd and John Warden (1997). Airpowers Quest for Strategic Paralysis.
The Paths of Heaven: The Evolution of Airpower Theory, Maxwell AFB, AL: Air University Press, 30
April 2008. http://aupress.maxwell.af.mil/saas_Theses/Fadok/fadok. pdf.

Revoliutsiia v vennom dele i «armeiskie operatsii vne uslovii voiny» [Revolution in military af-
fairs and “army operations outside the conditions of war”]. (n.d.).
https://magazines.gorky.media/oz/2005/5/revolyucziya-v-voennom-dele-i-armejskie-operaczii-vne-
uslovij-vojny-oboyudoostroe-oruzhie.html.UDC 316.259+355.01

UDC 316.259+355.01
Vitalii Zatserkovnyi, Pavlo Savkov, Igor Pampukha, Iryna Syniavska

ASSESSMENT OF THE ADVANTAGES OF NETWORK-CENTRISM
AND NETWORK-CENTRIC TECHNOLOGIES FOR DEVELOPMENT
OF THE ARMED FORCES OF UKRAINE

Urgency of the research. Given the changes of the nature of modern wars and ways to achieve informational advantage
over the enemy, the study of network-centric technologies is extremely relevant. Increasing the maneuverability of units, their
ability to perform combat missions on the basis of continuous information support, makes it possible to gain a significant
advantage over the enemy, to prevent and neutralize real and potential threats to national security.

Target setting. The current level of automation, informatization and control system of the Armed Forces of Ukraine on
the set of values of the characteristics of its main components does not meet modern requirements.
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Actual scientific researches and issues analysis. The problems of external information influences and information aspects
of ensuring the national security of the state, the conceptual problems of war and peace and the problem of network-centric
wars are considered.

Uninvestigated parts of general matters defining. The main problem in applying the principles of network-centrism in
the organization of modern combat is insufficiently effective and unadapted to modern requirements information systems.

The research objective. The priority is to form an effective information system based on network-centric technologies,
which will reduce the time for decision-making, and predict possible scenarios and prevent possible consequences.

The statement of basic materials. Advances in information and communication technologies (ICTs) have given rise to
new models of high-precision weapons, modern intelligence, and automatic and automated control systems (ACS) for troops
and weapons. Computer technology made it possible to control weapons at a distance of several thousand kilometers, to form
high-precision point strikes, to correct the actions of military units, to carry out actions of military formations in several
directions to destroy enemy objects or capture its territory, to achieve results in a short period time, etc. The need to make the
most of all available reconnaissance and combat platforms led to a shift from a platform-centric model of troop and arms
control, with the main emphasis on the number of weapons and military equipment, to a network-centric one.

Conclusions. The role of network-centric wars and their influence on the development of the Armed Forces of the
economically advanced countries is determined. The use of network-centric approaches has led to the emergence of many new
non-traditional forms and methods of armed struggle, such as "special operation”, "three-dimensional air-ground form of
attack on the enemy", "long-range fire", etc., during which ships and submarines, aircraft, space aircraft, unmanned aerial
vehicles (UAVs), tanks, field radios and laptops, etc. shared information through common interfaces, standards and protocols.
The components of high efficiency of network-centric wars are determined.

Keywords: information advantage; single information space; network centrism; network-centric control system; network-
centric war.
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3ACTOCYBAHHSI METO/IB KOPEJISIHIMTHOT'O AHAJII3Y
10 MPOBJIEMH ITPOTHO3YBAHHS PEAJIBHOI'O YACY BUIIPOBYBAHb
03BPOCHHS TA BIMCHKOBOI TEXHIKH

Akmyanvhicms memu 00cnioxncenna. [lpogedenis sunpobyeans 030pocHHs Ma GiliICbK0GOI MEXHIKU € 8ANCIUBUM MA GI0-
nogioansHum depoicaguum 3a60anusam. Ilpoyec eunpobysans mae pecnamenmui 006MedceHts 6 uaci, uum 3ab6e3newycmocs c60-
€uacHe BUKOHAHHS 0ePAHCABHUX NPOSPAM 13 NPUIIHAMNISL HA 030POEHHS HOGIMHIX 3pasKkie. Hepioko nio uac eunpobdysanv 6i00y-
8aIOMbCSL YACOBI GIOXUNIEHHA | 3aMPUMKU 6i0 3aNIAHOBAHUX MePMIHI6, U0 cmasums nio 3az2po3y YCNIUHICMb 6UKOHAHHS
Oeporcagrozo 3ae0ants. Tomy npoeHo3yY6aHHs PeaibHO20 Yacy NPOoGeOeHH s GUNPOOYEAHb € AKNYAILHUM 3A60AHHSIM.

Ilocmanoeka npoodnemu. Egpexmuenicmo pynrxyionyeanms 6illcbk0o6ol 6unpoby8aibHoi YCmaHo8U 6U3HAYAEMbCS YIMKUM
Ma Hana2o00HCeHUM NPOYECOM NPOBEOCHHS MACOBUX GUNPOOYEAHb HOGIMHIX 3PA3KI6 030POEHHS MA GiliCbKOBOI mexHiku. 3pueu
6UNPOOY8aHL MA YACOBI GIOXUNCHHSL 810 NAAHY, KL MAOMb NEGHY CMOXACMUYHY NPUPOOy, 30AMHI 3HUZUMU eQeKMUEHICMb
6CbO20 NPOYECy MACOBUX BUNPOOYBaHb. 36i0CU BUHUKAE NPODIEMA NPOZHO3YBAHHS PeANbHO20 YACY NPOGeOeHH s GUNPODYBAHb
OKpeMO0e0 3paszka 030pPOEHHS MA GiliCbKOGOT MEXHIKU.

AHnaniz ocmannix oocnioxcens i nyoaikauiit. Ha co0200mi icnyromos 6aeamo ¢yHOameHmanbHux i RPUKiIaoHux npaybs i3
NUMAHb (POPMYBAHHS NPOSHO3I8 K NPUPOOHUX S6UWY, MAK i y pi3Hux chepax disnioHocmi noounu. Ocmanuin yacom nyonixy-
EMbCS YUMATIO HAYKOBUX PODIM, NPUCEIYEHUX NPOOIeMam NIOGUWEHHSL eqheKMUSHOCMI 6UNPOOY6aHb, 30KPeMa 3a O0NOMO20I0
aemomamu3ayil.

Buoinenna nedocniodcenux yacmut 3azanvHoi npoonemu. [lpodremoro € 6usHayeHHs eIUNUHI MA XapaKmepy 6Nauey
B306HIULHIX | GHYMPIULHIX YUHHUKIG HA PeaNbHUTL HAC NPOBEOCHHS. 8UNPOOYEAHb OKPeMUX 3DA3KIE.

Ilocmanoeka 3a80anuna. J[1is Hopmanizayii nNiaHo8oi OisibHOCMI UNPODYEANLHOT YCMAHO8U HeOOXIOHO GU3HAYUMU CNOCIO,
30 00NOMO2010 K020 HA OCHOBI HASIBHO20 CMAMUCMUYHO20 Mamepiary npo nepediz Gunpodyeans 003601UMb YUCETbHO GU3HA-
yamu GeIUNUHY MA XaApaKmep GNIUGY 306HIUHIX [ HYMPIULHIX YUHHUKIG HA YAC NPOGEOCHHS 8UNPODYSAHbL MA OMPUMYEAMU
anpiopHy OYIiHKY MOJNCIUB020 GIOXUNEHHS YaCy GUNPODYBAHL KOHKPEMHO20 3PA3KY 030POEHHS Ma GIICbKOGOT MEXHIKUL.

Buknao ocnosnozo mamepiany. Poszensnymo nioxio 00 00epicarnHsi KilbKiCHUX 3HAYeHb GNIUGY YUHHUKIE 3CY68) Yacy HA
npoyec eunpodysarv. OOIpYHmMOBaHO MA 000AHO 00 3A2ANbHO20 UPA3Y PO3PAXYHKY PealbHO20 Yacy Unpody8aHs NONpagoy-
Huil KoeiyicHm 6udy eunpodysann. Posensinymo ma nio2omoeneHo 00 aieopummyeaHHs MAmeMamuiHui anapam Kopeasyii-
HO20 aHanizy 0na OOCNIOHNCEHHS CHYNEHIO Ma XapaKmepy 6Nauey 6HYMpPIUHIX ma 306HIULHIX YUHHUKIE HA peaNbHUll Yac Unpo-
0y8aHb KOHKPemHO20 3pa3Kka O030pOEHHA MA GillcbKOBOI mexXHiKu. 3poOneHi 3ayeadiceHHs MA peMapKu i3 3acmOCy8aHHs
KOpenayitino2o anauizy 00 npoeHO3YEAaHHI PeaibHO20 Yacy GUNPOOYEaHs.

BucHoeku 6i0nogiono 00 cmammi. 3acmocy8anms Kopeasyitino2o ananizy 0Jisk BPOSHO3Y8AHHSL PeAlbHO20 Yacy 6UNpPodY-
6aHb 00360UMb BCMAHOBUMU 00 €EKMUGHT NOKAZHUKU GIOXUNEHHS 4acy 6unpo0y6ants nio Oi€l0 308HIULHIX MA GHYMPIULHIX
YUHHUKIG, WO CYNPOBOOINCYIONb NPOYeC 8Unpodyeans. Bukopucmanns npoznosie y ckiadi asmomamu3zo8anoi niocucmemu nid-
HYBAHHSL MA YRPAGIIHHS SKICMIO 6UNPOOYEAHL 00360IUNb HOPMALIZyeamu nepebic npoyecy eunpodyeéans ma MiHiMIizyeamu
He2amuGHull NPOs6 306HIULHIX MA 6HYMPIULHIX YUHHUKIG.

Knrouoei cnoea: asmomamusayis;, 6unpo6yeantsi, NPOSHO3Y6AHH, YAC, 030POECHHS MA GiliCbKOBA MEXHIKA.

Taén.: 6. Puc.: 1. bi6n.: 32.

ITocranoBka npo6aemu. OcHOBHE ()YHKITIOHAJIbHE IMPU3HAYCHHS BHIIPOOYBAIBHOI yCTa-
HOBH IOJIATAE y MMPOBEICHHI PI3HOTO pOIy BUTIPOOYBAHb 1 JOCTIIKEHB 3pa3KiB, a TAKOXK OI[IHKA
pe3yJIbTaTiB BUIIPOOYBaHb. 3 MIEPIIOTO MOTIISAAY TaKa JisIbHICTh TOBUHHA MAaTH YiTKHA TTaHO-
BUI XapakTep, MPOTe Ha MPaKTHIIi, TUIAHOBUHN TPOIIEC MPOBECHHS BUIIPOOYBAHb ypa3IHBHIA
JIO MHOYKMHHU BHYTPIIIHIX Ta 30BHIIIHIX CTOXaCTUYHHUX BIUIMBIB. KpUTHYHMM Takwii BILIMB €
MIPH JOCTAaTHHO BENUKil IHTEHCUBHOCTI Ta IMIITFHOCTI BXITHOTO MOTOKY 3pa3KiB JIJIsl BUTIPOOY-
BaHb. Toji Oyb-AKa 3aTpUMKa y BUITPOOYBaHHI OJHO3HAYHO BiJli0’€ThCS Ha BUIIPOOYBaHHI iH-
IIUX, HACTYITHUX 3pa3KiB (1[I0 MOKE CTATUCS Yepe3 eeMeHTapHUN MOKIIMBHI Opak (axiBIliB-
BHITPOOYBAIBHUKIB, 3 SKAX KOMIUIEKTYIOTHCS BUIPOOYBaiabHI Opuramun). [Ipu mpomy yTpu-
MaHHs y IITaTi yCTAaHOBU HAMIpHOT KiJIbKOCTI (paxiBI[iB JUIs ONIEPaTUBHOIO pearyBaHHs Ha 110~
TiOHI (hopc-MaKOpHI CUTYyaIlii MOYKe BUSBUTHCH HAJITO 3aTPATHUM. 3 1HIIIOTO OOKY, 3MEHIIICHHS
yacy BUIPOOYBaHb, HAIPUKJIIAJ] Yepe3 3HATTS 3pa3Ky 3 BUIIPOOYBaHb, MOXKE MIPU3BECTH JI0 Tie-
BHOT'O IPOCTOIO BUIPOOYBAIBHOI OpUTaIH, a OTXKe, 1 3HWKECHHS e¢(eKTUBHOCTI (DYHKIIIOHY-
BaHHS BUIIPOOYBAIBHOT YCTaHOBH. 3BiJICK BUHUKAE TPOOJIeMa BpaxyBaHHS MPOSBIB MOMIIUBUX
CTOXACTHYHUX YAHHUKIB BILTUBY Ha IPOIEC BUIIPOOYBAHHS 1, BiITOBITHO, TPOTHO3YBAHHS pe-
AJIHOTO Yacy NMPOBEJICHHS BUIIPOOYBaHb.

© Kopnienko C. I1., Kopnienko I. B., [Imutpies B. A., [TaBnenko A. I'., Ckuba O. B., 2020
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AHaJli3 oCcTaHHIX J0c/iKeHb i myOJikanii. [Iporecu miaHyBaHHS Ta IPOBEIEHHS BU-
MpoOyBaHb PETJIAMEHTYIOTHCS YHCEIHPHIMH 3aKOHOIAaBYMMHU i HOPMATUBHUMHE aKTaMH, BiJIOM-
YIMH HaKa3aMUy Ta METOJMYHUMU peKoMeHaamisMu, Hanpukian [1-4]. Ha ceoroani oxepxkana
PO3BHUTOK BeJMYE3HA KUTBKICTh METOJIIB IMPOTHO3YBAHHS, IO 3aCTOCOBYIOTHCS SIK JIO Pi3HHX
MPAKTUYHUX cep KUTTEAISITBHOCTI, TAKUX SIK eKOHOMIKa [5, 6], MapkeTuHr [ 7], BAPOOHUIITBO
[8], comiomnoris [9; 10], momituka [11], nemorpadist [12; 13], meteoposoris [14; 15] Tommo; Tak
1 OKpeMHUX HayKOBHUX HaNpsIMiB, TAKHX SIK TEOPist HAAIMHOCTI TeXHIYHUX cucteM [16; 17] i, Ha-
BITaKH, TeOpist cKpuTHOCTI [18], mporHo3yBaHHS MOBEMIHKH Pi3HOMAHITHUX CHCTEM, SBHII i
mportieciB y TexHit [19], cuctemax 38’ s13ky [20], KoMIT FoTepHUX TeXHOJOTIsAX [21], eHepreTuili
[22], 30kpema i y BilicbKOBii cripaBi [23]. Yci i METOIM YMOBHO MOJKHA 3TPYITYBaTH HA €BPH-
CTHYHI (€KCIEpTH1), HAaTypHi (MOJENbHE, MaCIITa0HE MOJICTIOBAHHS ), eKCTPAIOJISIIHHI (UHA-
MiKa Cepe/iHIX, HAMMEHINMNX KBaJpaTiB) Ta MaTeMaTH4HI (CTAaTHCTUYHE, aHATITHYHE, IMiTa-
miliHe Ta iHIIe MojemoBanHs) [24]. be3ayMoBHO, KOKEH METO]| MPOTHO3YBaHHS Ma€ BIACHI
TIepeBary Ta HeJOIKH 1 BIJIOKPEMITFOETHCS 3-ITOMIXK 1HIIMX [MIJTbOBUM IPU3HAYCHHSM, CKJIaTHi-
CTIO, TOYHICTIO 1 HAIIHHICTIO 0/Iep>KaHUX IPOTHO3HUX OIIIHOK.

Jliis Hammoro BUMaAKy mpobiiemMa MporHo3yBaHHs (POPMYIIOEThCS B paKypci HEBU3HAYEHO-
CTi BIUTMBY 30BHIIIHIX Ta BHYTPIIIHIX YAHHHUKIB Ha XiJ Tporecy BUIpoOyBaHHs. [Ipn msoMy
HEBIJIOMUMH Ha 1€ MOMEHT € SIK MOKJIMBUH Nepellik YNHHUKIB BIUIUBY, TaK 1 iXHS BeJIMYHMHA
Ta XapakTep MPOsBY, a TAKOXK IXHS KOMIUIEKCHA fisl. [[porHO3yBaHHS MOXIIMBAX YacOBUX Bifl-
XHWJIEHb XOJly BHUIIPOOYBaHb J03BOJIMJIO O HIBEIIOBAaTH HEraTUBHY YacOBY JEBialliio Mpolecy
BHIIPOOYBaHb, SKa BUKJIMKAHA TPOSIBAMHA YMHHUKIB 3CyBY. [1iaXia 10 mporHo3yBaHHS peab-
HOTO Yacy BUMPOOYBaHb 3aPOTIOHOBAHO aBTOpaMU y [25], B OCHOBI SIKOTO MOKIAACHO GopMy-
BaHHS CUCTEMH IIONPABOYHUX KOe(iIli€HTIB, 00UNCIICHUX Ha OCHOBI HA0OPY CTATHCTUYHUX J1a-
HUX. BUXiIHUMH [OaHuMU JUIS 3ajadi MPOTHO3YBaHHS € HaOlp CTAaTUCTUYHHUX JaHUX
pe3ynbTaTiB BUIIPOOYBaHb 3a TPU POKH, FeHepallbHA CYKYITHICTh SIKAX BOJIOI€ BIACTHUBICTIO
CIIPOMOJKHOCTI [26], 110 3BY>Ky€ BUOIp METOiB aHAII3Y 10 CTATUCTUYHOTO MOJICTFOBAHHS.

AHati3 reHepaNbHOT CYKYITHOCTI CTAaTUCTUYHHX JaHUX JIO3BOJIUTH CPOPMYBATH HAOIHIKeE-
HUU Tiepellik YNHHUKIB BIUIMBY Ha XiJl BUIPOOYBaHHS Ta OI[IHKY XapakTepy ix BIUmBY. [IpoTte
3aCTOCYBATH HANPSMY €KCTPAIOJIAIIHHI METOIM IPOTHO3YBaHHS Oy/1e HEMOXIINBO Yepe3 YHi-
KaJIbHICTh 3pa3KiB JUIsl BUTTPOOYBAHHSI Ta MOXKJIMBY KOMILIEKCHICTh BIUTMBY YAHHUKIB 3CYBY. Y
[25] 3ampormoHOBaHO BUKOPHCTAHHS arapary Teopii HMOBIPHOCTEH Ta KOPEIAIIHHOTO aHaTi3y
JUTSI BpaXyBaHHS BILUTUBY CTOXAaCTUYHHX IpolieciB. Bubip came 1iboro MeToay aHaiizy IpyHTY-
€ThCS Ha HESIBHUX O3HAKax BIUIMBY YAHHHKIB Ha POIIEC BUIPOOYBaHb Ta JT0OpY pO3BUHEHICTh
IUX METOMIB aHauizy [26; 27]. Jlo TOro 3 3acTOCyBaHHS IIbOTO METOJY BXKe OyJ10 anmpoOOBaHO
aBTopamu y [28], e oxeprkaHi J0Opi MPaKTHIHI Pe3yIbTaTH.

BripoBakeHHST TAaKOTO METOy TPOTHO3YBAaHHS Y MiJICHCTEMY aBTOMAaTHU3allil IJIaHyBaHHS
Ta yIpaBIiHHSA BUIPOOYBaHHAMU [29], 103BOJIUIO O CYTTEBO IMiIBUIIUTH SKICTh IIPOIIECY BH-
poOyBaHb, 30KpeMa, 1 TisTbHICTh BUTPOOYBaIBHOI YCTAHOBH.

Bunisienns Hexoc/TiIzKeHHX YACTHH 3arajibHOI MpoodJieMu. 3amponoHOBaHUN aBTOpaMu
MiJX11 10 TPOTHO3YBaHHS PeaTbHOTO Yacy MpOBEJCHHS BUMIPOOYBaHb 030pO€EHHS Ta BICHKO-
Boi TexHiku (OBT) [25] mepenbadae BUKOPUCTAHHS BaroBUX KOSQIII€HTIB JIJIT KOPETyBaHHS
HOPMAaTHUBHOTO Yacy BUKOHAHHSI BUIPOOYBaHb MeBHOTO 3pa3ka. OlHaK BU3HAYEHHS BEJTMYUHU
Ta XapakTepy BILITUBY (I0JIATHUH UM BT’ €MHUIT) € HUHI TPOOJIEMOIO Yepe3 MOXKIIMBY KOMILIe-
KCHICTh BIUIMBY PI3HUX YMHHHUKIB 3CYBY, CTOXaCTUYHICTh YMOB MPOBEJEHHS JTOCTiIKEHb Ta
VHIKQJIBHICTE (HeCepiiHICTh) 3pa3KiB I BUITPOOYBAHHS.

Mera crarTti. ChopmyBatu crniociO, SKHif Ha OCHOBI HASBHOTO CTaTUCTHYHOTO MaTepiaiy
JI03BOJIMTH YMCEIIFHO BU3HAYATH BEJIMUMHY Ta XapaKTep BILUTUBY 30BHIIHIX i BHYTPIITHIX YAH-
HUKIB Ha 4Yac MPOBEJCHHS BUIMPOOYBaHb Ta OTPUMATH ampiOpPHY OIIHKY MOXJIMBOTO BiJIXH-
JIEHHS Yacy BHNIPOOyBaHb KOHKpeTHOTO 3pa3ky OBT.
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BukJaa ocHoBHOro martepiaJjy. 3aralbHOMY pO3TJIILy HiusArae BUIpoOyBaTbHUM 1HCTH-
TYT, IKAIA TPOBOJAMTH BUIIPoOyBaHHS HOBUX 3pa3kiB OBT. Jlns onmcy i aHami3y mporecis, 10
CYIPOBOJUKYIOTH ITpoliec BUlipoOyBaHHs y [30] 3anpornoHOBaHO BUKOPUCTAHHS CUCTEMHU Maco-
Boro oociyropyBanHs (CMO), rpadivne npeacTaBiaeHHs K01 HaBeASHO Ha puc. 1.

| Yeprh 3 | Bunpodyzanns
i anepenuiiosannx sa |
Bxianui norik spaskie { TPYNANMH SpaIKIE i |kaHaIK Buxianvii 1o
1na BHNpOSY a1 A / | | | ESH ] \ i Ipaskin
i~ I =2 1 |~
| N | e g e e e | N [
|____I|___J|____I_> ! [ N
\ :I Hacryima craais
> |n
HUTTEBOTO LLHKNY
S >
t
TIOBCPHCHHA HA TIONICPCAHIO Hotik siamon
CTAATO KT TCBOIO UMKILY
- | || || | «—

Puc. 1. Cucmema macogoeo obciy208ysants 6unpo0y8aHs

AHaJti3 3BITHOTO Marepiairy 3 pe3yJibTaTaMi BUIIPOOYBaHb BUSABUB (DaKTH BiIXHUJICHHS (a-
KTHYHOTO TEPMiHY BUIIPOOYBaHb BiJI 3allJIAHOBAHOTO, IO OB’ S3aHO 3 BILTUBOM Pi3HUX YMHHHU-
KiB BHYTPIIIHKOTO (JOMIATOTOBKA BUIPOOYBAIbHOI OpHraau, motpeda y cuernudiuaux MeTo-
TUKax BHUIPOOyBaHb, HEJOCKOHATICTh JAOOPATOPHO-BUMIPIOBANBHOI 0a3u TOINO) Ta
30BHIITHBOTO XapakTepy (IOTOJHI YMOBH, TOpa POKY, HEHiATOTOBIEHICTH 3pa3Ky abo ycy-
HEHHsI BUSBIICHUX HEJOJIKIB y mporieci BumpoOyBaHHs). [y HiBeTIOBaHHS TaKOTO HETaTHB-
HOTO SIBUINIA aBTOPAMHU 3aIPOIIOHOBAHO MiIX11 IO TPOTHO3YBAHHS PEATbHOTO Yacy BUIIPOOY-
BaHb, SIKUH IPYHTYEThCS HAa BUKOPUCTaHHI BUpa3zy [25]:

7 =o0M(t, |, (1)

* o . . .
e t G_ HpOFH03OBaHI/H/I qac HpOBeI[eHHH BI/IHpO6YBaHB, C()G - 3r0pTI<a BaroBux KOC(blHIEHTlB,

0 BPaXOBYIOTh BILTUB YMHHHUKIB 3CYBY Ha XiJI BUIPOOYBaHHS 3pa3ka; M|t ;] — MaTemaTndne
CIO[IBaHHS Yacy BUIIPOOYBaHHS C€peTHbOCTATUCTUYHOTO 3pa3Ka.

Ha mibomy ertami omyctumo nuTadHs pizHOpiaHOCTI 3pa3kiB OBT, BuaiB BunpoOyBaHb, pi3-
HOBH/IiB YNHHUKIB BIUTUBY, 1 (hOpMaizy€eMo iX 10 MOHITh MHOXUH: Z={Z}, 22, ...Zn} — MHOKHHA
kimaciB 3paszkiB OBT; S={s, 52, ...Sx} — MHOKWHA BH/IiB BUIIPOOYBaHb; VE{V), V2, ...V} — MHO-
JKMHA YMHHUKIB 3CyBY 4Yacy.

Sk Bxke 3a3Havasiocs y [25], HeOHOPIAHI 3pa3Ky (@ TOYHIIIE IPyIH, a00 KJIACH 3pa3KiB) IpH
BUIIPOOYBAaHHSIX MOXKYTh MO-PI3HOMY pearyBaTé Ha IPOSIBM YMHHUKIB 3CYBY Yacy — OJHa rpymna
3pa3KiB (HarpuKIal, 6e3MiI0THI JIiTaJbHI arnapaTy) MpyU BUIIPOOYBAHHSAX MAIOTh KPUTUYHY 3aJie-
JKHICTH BiJI OTOJHMX YMOB, ajie 1HINA Tpyra (HampuKiIa, Kabeli 3B’ a3Ky) Maiike HEdyTJIUBI JI0
TaKoro YMHHWKA. BiqmoBinHo, 3ropTka BaroBux KoedimieHTiB o 10 i-Tiif Tpymi 3paskiB mpes-

CTaBJISIETHCS 3TOPTKOIO IO z; CTOBITYMKY MATpPUI (Ha3BeMO ii MaTpUIEI0 YNHHUKIB 3CYBY) BUIY:

Z Zy Z,
Vi | O O .o O,
Vy | @Oy Op o @y, ()
Vm (Dml 0))712 (Dmn

Jie ;i — BIUIUB j-TO YAHHUKA Ha i-Ty TPYIy 3pa3KiB.
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Bupas (1) Bupaxkae BIUIMB YMHHUKIB 3CyBY Ha pealbHUN yac BUNIpoOyBaHb. [IpoTe Buj BU-
poOyBaHb (BH3HAYAILHI BiJIOMYI, JepXKaBHI TOIO) CYTTEBO BILTUBAE Ha OOCAT BUIIPOOYBaHb,
a OTXe, 1 Ha yac BUKOHAHHS IPOTpaMy BUIIPOOYBaHHS. 3 OIJIsy Ha 11e MOXKHA Oys10 6 oviKy-
BaTH, 1o MaTpuis (2) Mae 3BECTUCH JI0 TPUBUMIPHOTO BHTIISTY 3 TIEpeOOpOM IO BCiX BHIAX
BUNPOOYBaHL MHOXKUHU {S}, OJTHAK, OUYEBUJIHO, ITI0 BILJIUB OYIAb-sIKOTO BUIY BUIIPOOYBaHb Sk
Ha 3araJbHUH yac BUKOHAHHS POTPaMU BUIIPOOYBaHb € JIIHIHUM 1 He 3aJIe)KUTh Bij KOMOiHa-
1ii eeMeHTiB MHOXUH {Z} i {V'}, ane 3aexuth TitbkH Big rpynu OBT Z;, a came Big oOcsry
BUIpoOyBaHb KOHKpeTHOro Buxy OBT. To6To miist koxHo1 rpyniu OBT mae OyTu nonpaBouHmit
KoeiIlieHT BUAY BUIIPOOYBaHb:

o 4 z,
S S S 1,
Sy | S Sy e Sy, (3)
S‘C le Sx2 an

3 nux MipkyBaHb Bupa3 (1) HaOyxe BHTIISIY:
1 =w’s M [1‘6 ] , 4)

ne Sk — KoedillieHT, M0 BU3HAYAE MOMPaBKY TPUBAIOCTI BUMPOOYBaHb k-TO BUAY AJIS i-i
rpynu OBT.

Po3rnsiHeMo MOXIUBICTH (POpMYBaHHSI MAaTpHIll YMHHUKIB 3CyBY (2). Koedinientn 3cyBy
@ji MAIOTh 00’ €KTUBHO BiJI0OpakaTH CTYIiHb BIUIMBY YAHHHKIB 3CYBY Ha Yac BUIPOOYBaHHSI.
Od4eBHIHO, IO SIK TPOSB YAHHUKIB 3CYBY, TaK 1 pe3yJbTaT IXHHOTO BIUIMBY Y BHUTJISAII 3017Tb-
meHHs a00 3MEHINEHHS Yacy BUIIPOOYBaHb € BUMIAJAKOBUMHE BeTMuuHaMu. ToOTO B mpocTimomy
MIPEJICTaBIICHHI, MAEMO CUCTEMY JBOX BHIIAJKOBHX BEJIHUYUH «IIPOSB YAHHUKA BILTUBY (X)» —
«4ac BUMIPOOYBaHb ())», AJIS IKUX HEOOX1THO BCTAHOBUTHU KOPEJSIIIHHY 3aJIC)KHICTh BUIY X—>).
BusnaueHHs Takoi 3aJIe)KHOCTI MOKJIMBE Ha OCHOBI pe3yJIbTaTiB aHaIi3y MacHUBY CTaTUCTHY-
HUX JIaHUX MIPO Pe3yJIbTaTH BUMTPOOYBaHb.

BinmoBigHO 10 MpHWHIMIIB KopesimiiHoro aHamizy [31] BH3HAUMMO MOPSIOK BCTAHOB-
JIeHHS KOpeJLILIHHNX 3a/Ie)KHOCTeH CHCTEMH JIBOX BUIIAJKOBUX BEJIMYMH Vi1 ¢, . Ha mepmomy

eTani HeoOXilHO copMyBaTH CTATUCTUUHHMN PSAI PO3NOILIY BHIIAJAKOBOI BEIMYMHH /. IS

CTaTHCTHYHOI CYKYITHOCTI IaHUX 3 # BUIPOOYBaHb: i=1..n; ) <.
1 | 2 | | ; | i1 | n
S T T T T

8

JU1st CTaTUCTUYHOTO PsAAy /) HEOoOXiAHO 0OpaTH ONTHMANbHY cUCTeMY Kiacudikamii (rpy-

ITyBaHHS) MPOBEJICHUX BUNPoOyBaHb. OOpaHa crcTeMa IMOBHHHA SIKHAWKpAIMM YHHOM Bij0-
KPEMJIIOBATH T'PYILy BUIPOOYBaHb ((hopMyBaTu KiIacTep i OKpecIoBaTH 0COOIMBOCTI KIIacy).
TyT MOXHa KOPHCTYBATHCS PI3HUMHU METOIaMu: a00 O3 IiIF0OBaIbHI, a0 aromepartiiini. Haii-
OLITBII TOTMUPEHUMH aBTOMATU30BAaHUMH METOJAMHU PO3OMBKH CTATUCTHYHOTO PSITy € METO/IN
PIBHHX 1HTEPBAJIiB, IPUPOTHOI PO3OMBKH, KBAHTHIIIB Ta CEPEAHBOKBAPATHUHOTO BiIXUICHHS.
Jliist BUiIeHHS 1101i0HOCTI 200 po301’KHOCTI CTATUCTHYHOTO MTOKa3HUKA MOYKHA BUKOPHUCTOBY-
BaTH MipH OJHOPITHOCTI 00’ €KTIB, TaKi sSIK: €BKJIJIOBA BIJICTaHb (CTylEeHEBa €BKIIIIOBA BiJIC-
TaHb), BijictTaHb YeOuimeBa, MaHreTTeHChKA BiACTaHb, BiIcTaHh MiHKOBCHKOTO TOIIIO [32].
Jlyis BU3HAYEHHS CTYIEH] MOMIOHOCTI CTATHCTUYHOTO TIOKa3HUKa (Y HAIIOMY BUTAJIKY IIe

. . \2
ls), MOJKHA CKOPHMCTATHCS €BKJIIIOBOIO BiICTAHHIO BHIY S, = (té -t/ ) . 'V Bumazky crocre-
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PEXKEHHS aHOMAIIBHO BENMKHX 3HAYCHB §, 3aCTOCYBaHHS CBKIIIOBOI BIACTaHI HE Oyne edek-

i _

. A\
TUBHAM. TYT IOIIJIEHO CKOPUCTATHCS CTYIICHEBOIO €BKJIIJOBOIO BiJICTAHHIO S, = 4 /(t; —t ) ,B

SIKif BapifOBaHHSIM 3HA4YeHb p 1 / IPOrpecuBHO 30UIbITYBAaTH a00 3MEHIIyBaTH Bary aHoMallb-
HUX TTOKA3HUKIB, JIOCSATAIOYN CTAaTUCTUYHO-PIBHOMIPHOTO IHTEPBAIBHOTO PSAY €BKIIIJIOBOI Bi-
JICTaHi 1010 MiHIMaJIbHOTO 3HAYEHHSI CTATUCTUYHOTO TIOKA3HHUKA.

CdopmoBaHuii iHTEpBATLHUN PSIJT PO3OUBAETHCS HA MTEBHY KiIBKICTh iHTEPBAJIIB, JIe IHTEP-
BaJI CTATUCTUYHOTO MOKAa3HUKA OOUHCIIOETHCS BIAMOBIIHO OOpaHOi MIMPHHU iHTEPBAIBHOTO
pAIY eBKIII0BOI BijicTaHi. Hanpukiran, nmpu po30HBIN 32 CXeMOIO PiBHUX iHTEPBAJIiB IMUPHHA
iHTEepBaly CTAHOBUTHME:

1 n
t —t
— _8 8
Ah= o 6]
ne b — KUTBKICTh iHTepBatiB. [lapaMeTpn iHTEpPBATLHOTO PsITy MAaTAMYTh BHTJIST TaOT. 1.
Tabmums 1
Ilapamempu inmepsanvrozo psoy « ac eunpobyeantsy
KinbkicTh Humxnsa mexa Bepxus mexa Iupuna
MMapameTp . . . . B .
iHTepBaJiB iHTepBaJy, ho iHTepBay, i iHTepBany
Yac BunpoGyBaHHs b s S s Ah

Hanai 371iiCHIOETBCS TPYITyBaHHS BHIIPOOYBaHb 110 KJIacax BiIOBIJIHO O BCTAHOBJICHOL
IMIMPUHK 1HTEPBAJIBLHOTO PSIy, KOXKHE 3 SKHX XapaKTePU3YEThCS MPOSBAMHM YHHHHKIB 3CYBY
yacy (tabu. 2).

Tabmurs 2
3epynosani nokasnuxu 6unpody8aHsL ma Xapakmepucmuku YUHHUKIG 3CY8Y
YMoBHHUIH Yac [MposBn [poseu [posiBu
Ne InTepBan
HOMeEp BUTIPOOYBAHHS 4, | UWHHUKA V; YUHHUKA ... YHHHUKA Vi
Kiacy b Ah - - - -
BUMpoOyBaHHA | alc. BiJIH. abc. BiJIH. aoc. BiJIH. abc. BiJIH.
1
1 t, 1
b t; ot iz

Pe3ynpraTom rpymyBaHHS BUIIPOOYBaHb € CyMa ITOKa3HUKIB MTPOSsIBIB YMHHUKIB 110 TPpymax,
K1 OyAyTh JJajli HOpPMYBATHCS 32 KUIBKICTIO BUITPOOYBaHb y KJaci i BU3BHAYaTUMYTh CEPEIHbO-
I'PYTOBI MMOKa3HUKH POSBIB YNHHHUKIB 3CYBY I10 iHTEpBaJaX.

VY nojaneomMy HeoOXi/THO YTBOPHUTH CEPit0 KOMOIHAIMHUX YTPYITyBaHb IHTEPBAJIBHUX PsI-
niB «Yac eunpobdyeannsa» — «llpoas i-eo uunnuka 3cygy». J{js nporo, Ha OCHOBI a0COTIOTHUX
3Ha4YeHb MPOSIBIB YNHHUKIB 3CyBY 3 Ta0J. 2, HEOOXiTHO YTBOPUTH m BapialliitHUX psiiB (3a Ki-
JBKICTIO YAHHHKIB 3CyBY). P0301MBKa chopMOBaHMX BapiallifHUX PsIiB YAHHUKIB 3CYBY Ha iH-
TepBaJIM BUKOHYETHCS aHAJIIOTIYHO /10 po30MBKH BapialiifHOTo psily yacy BUIPOOyBaHb, BUKO-
PHCTOBYIOUH OJIMH i3 HaBEJCHUX METOJIiB (IIOMEPeTHFO MH KOPHCTYBAINCS METOAOM PIBHUX
inTepBaiis (5)) (Tabdm. 3).

Tabmmms 3
Iapamempu inmepeanvHo2o psody i-20 YUHHUKA 3CY8Y
KiabkicTh Huxusa mexa Bepxus mexa .
IMapamerp . . . . ; IIupuHa inTepBany
iHTepBaJiB iHTepBagy, h iHTepBagy,
YuHHUK 3CYBY V, b Vi min Vimax Ah
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Ha ocHoBi cpopMOBaHMX iHTEPBATBHUX PSAIB 3IHCHIOETHCS TIONIAPHE IPYIyBaHHS 1HTEp-
BaIBHUX PsftiB « Yac eunpobysanuay — «Il1pose i-eo uunHuka 3cyey», pe3yibTaT IKAX YTBOPIOE
KOpeJIsiiHi Tabauili, TpUKiIa sikoi HaBeeHo B TalI. 4.

Tabmuus 4
Kopensuiitna Tabmuus « Yac eunpobyeannusa» — « Hunnux 3cyey v, »
Yac BunpoOyBaHHs [, UYuHHYK 3CYBY V,
n
th
Knac h InTepBan Vi - e Ve
. g KinbkicTh cyMicHUX MPOSIBiB MO CyMapHe 3HaueHHs
s ls Knacax i3 Tabnuui 2: n, | O CTPOHUII
b t) ot
n, CyMmapHe 3HaueHHS 110 CTOBIILIO 3aranom

JL1st CIpOIIeHHS ITOJAITBITION0 OOYHCICHHS BUOIPKOBOTO KoedilieHTa Kopesilii HeoOXiTHO
TpaHchOpMyBaTH KOpesLiiHi TaOauIll IHTEPBAIBHUX PAIB Y KOPEJsiiiHI TaOIUIll YMOBHUX
BapiaHTIB, JIJI YOTO BBEJEMO YMOBHI 3MiHHI 2 1 W:

V.—c 7 —c
1 i
— W, =2

2
Ah, Ah,
ne ¢, ¢, — XubHuit Hynb, A, Ah, — iHTepBaI KPOKY.

Tyt cnin 3ayBaskuTH, SKINO BapialiiiHi psad YUHHUKIB 3CyBY PO30MBAINCS METOAOM PiB-
HUX IHTEPBAJIiB, TO IMIMPUHA iIHTEPBAJIIB OJHOTO IHTEPBAIBHOTO PSTYy Ma€ PiBHI 3HAYCHHST; SIKITIO
JUIsl po30MBKYM BapiallifHOTO psily BUKOPHCTOBYBaIacs KiacTepHa Kiacugikailis (OyIb-sKuii
METO,T BiJIIIYKAaHHS TOIIOHOCTI Ha KINTAJIT €BKJIi0BOT BiJICTaH1), TO He3Ba)Kal0OUX Ha PO3OUBKY
BapiallifHOTO sy METOAOM PIBHMX iHTEpBaliB, IIMpPUHA JJIs PI3HUX 1HTEpBalliB HE Oyze of-
HaKOBOIO.

u, =

BuGipkoBuii koe(ilieHT KOpensamii 7, = (Z nuwvt—nvt) / (n5,5,) npu 3aMini 3MiHHEX Ha

YMOBHI TpaHC(HOPMYETHCS JIO BHTIISIY:

n_uw —nuw
Z Uw (6)

I"B - — 9
nGHGl‘V
1e ©,, 6,, G, , G, —BHOIPKOBI cepe/iHi KBaApaTHYIHI BiAXHUICHHS.

w
TpancdopmoBani kopemnsiiitHi TaOIUII YMOBHUX BapiaHTIB JJIs pi3HUX KOMOIHAIi# iHTep-
BaJIbHUX PSiB MaIOTh BUTJIS TaOI. 5.

Tabmums 5
Kopenayitina mabnuys ymosnux eapianmie « Yac éunpo6yeannsay — « QdunHux 3¢cyey v, »
w, u, n
W,
Knac h InTepBan -1 0 1 "
| . KinbkicTb cymicHHX MpOsBiB 1O CyMapHe 3HaueHHs 110
6.6 Kjacam 3 Tabmmui 2: 7, cTpoyLi
J n
b t{i t(f
n, CymapHe 3HaUeHHS 110 CTOBIILIO 3aranom
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OO0uHrCcIUMO 3HAYEHHS z n,,uw IJIs KOPeJSIIMHUX TabIuIb YMOBHUX BapiaHTIB, IIEPeT-
BOPHBIIH iX JI0 BUTJISAY TaOI. 6.

Tabnuus 6
Pospaxynxosa mabnuys ymosnux eapianmie « Hac eunpobyeannsny — « Qunnuk 3cygy v, »
w u
Knac & IHTepBan -1 0 1
n,u
! o n,
n,w
b t ot
W= anv . . 3aranom
11174 Z ul

OOuncnenHst BUOIpKOBOro Koe(]ilmieHTy KOPEeJsii sl MHOXKHHU JIOCIIJDKyBaHUX Bapia-
MIWHAX PSIIB 3JIIHCHIOETHCS 3a BUpa3oM (6), IpH IbOMY 3HaueHHS ¥ 1 W O0YHCITIOIOTHCS BH-

XOJ449H 3 O3HAUCHHS CCpCI[HLOII
2 2
E nw _, E nu  _, E n,w
I e U
n n n

S
u=
n

a CCPCAHbOKBAIPAaTUIHC Bi,Z[XI/IJIeHHH 3a BUpa3aMu:

G, =i’ — (@), 5, =W —(W).

Jlist Toro, o6 rmepeiTH Bij BUOIpKOBUX Koe(DIIiEHTIB KOPEIISIIT 10 KOS]iIlieHTIB 3CyBY Y
Matpuiri (2) MOKHA CKOPHCTATUCS PIBHIHHIMH JIIHIHHOT perpecii BUAY:

;W=

y.-y=r,—(x-%), (7

e G, G, — BHOIPKOBI cepefHi KBaJpaTUYHI BiJIXHJICHHS, G,=AhgG,, 6, =Mg,;

X
X =ulh +c; y=whh+c,.
Po3B’s130k piBHsIHHS (7) OyAe MpeacTaBIeHUN Y BUTIISI:
Y. =ax+b, ne ai b uucna. Orxe, matpuiis (2) Habyjie BUTIISY:

z, z, z,
v | avtb a,v+b, .. a,v+bh,
v, | ayv,+by  apvytby, o @y, tby, (8)

v |a,v,+b, a v +b a v +b

m m2 mn"m mn
BAKIA 0, =a,v, +b,.

3a Takoro mpejcTaBiIeHHs MaTpulll (2) 3ropTka wj; 1o i-Tiit rpyni OBT 3xilicHioeThes cy-
MOIO €JIeMEHTIB OKpeMoro croBmuuka. [Ipote, ongep:kanuil pe3ynpTaTr He MOYKHA BUKOPHCTATH
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y Bupasi (4), Tak K 3a (i3MYHUM CEHCOM 3TOpTKa HE € KOe(IIliEHTOM, SIK MPEICTaBIsIIOCS Y
[25], i sxuit nepebyBac y mexax: 0 < © <1 — npu 3MeHIIEHH] peabHOTO Yacy BUIIPOOYBaHb;
I <o <+ _ppy 30iNbIIEHA] PEATEHOTO Yacy BUIPOOYBaHb, SKIIO =1 TO YNHHUKH 3CYBY HE
BILIMBAIOTH HA Yac BUIIPOOYBaHHS 3pa3Ky.

ToOGTo MU oneprkanu He 0e3po3MipHY BEIIMUUHY, a 4ac BHIPOOYBaHb ITiI JI€F0 YAHHUKIB
3cyBy. Jls peicTaBieHHs OUTBINT YiTKOTO (PI3UYHOTO CEHCY NP JOCIiHKEeHI KOPEIISIIil napu
BUIIQJIKOBUX BEJIMYUH «IIPOSIB YNHHUKA 3CYBY» — «4ac BUIPOOYBaHb» Oa)kaHO JTOCIIKYBaTh
He Yac BUIPOOYBaHb, a BIIXUICHHS Yacy BUIPOOYBaHb BiJ 3aIIaHOBAaHOTO Al =1 . —I!

6 real 6 plan *

B nmpomy BHImanKy nmporHO30BaHU# Yac BUMPOOYBaHb 3pa3ky i-Toi rpynu OBT cranoButnMme:
£ =, (@5]‘ +M[tg })’ ©)

ne oY — 3roprka BaroBux KoedimieHTiB  z,-ro  croBmumka Marpuii  (8):

1
G _ . _ .
o] =(a,v, +b,)+(ayv, +by)+..+(a,v, +b,,); M[tg] MaTeMaTH4He CIIOJIBAHHS Yacy

BunpodyBaub OBT.

Jlami 3poOuMoO 3ayBakKeHHSI Ta peMapKH 13 3aCTOCYBaHHS KOPESIIIHOTO aHAJIi3y JI0 Tpo-
THO3YBaHHS peallbHOTO Yacy BUIPOOYBaHb, M0 MOXKE BUSBUTHCH KOPHCHUM TIPH PAKTUIHAX
OOYMCIIEHHSIX.

1. Ilepenbauanocs, ajne paHile He OTOBOPIOBANIOCS, 10 HABEJACHUN MOPSJIOK PO3PaxyHKY
3aCTOCOBYETHCS JIO BCI€T CTATUCTUYHOI CYKYIHOCTI IaHUX, MIPOTE, SIK 3a3HAYAJIOCs BHILE, OJHI
{ Ti )X YMHHHUKH 3CYyBY MOXYTh IO Pi3HOMY BILTMBATH Ha 3pa3ku pizHuX rpyn OBT. Tomy, mis
JOCSTHEHHSI JIOCTOBIPHOTO Pe3yJIbTaTy, KOPEISIIHHUI aHai3 JOIITHHO 3aCTOCOBYBATH TaKOXK
10 Beix rpyn OBT 3 MHOXWHE {Z}.

2. CTaTHCTHYHUI MaTepian 3 BUKoHaHHS BUIIpoOyBaHb OBT 3a Tpu poku € J1oBoJIi 00’ €M-
HUM 3a KiJIBKICTIO BUIIPOOYBaHb, 11e POOUTH FeHEPAIbHY CYKYIHICTh «CIIPOMOXKHOIOY, alle Po-
OUTh 3a/1auy aHaJli3y HaJCKIIAJHOIO, SIK 32 00CSIroM OOYMCIIEHb, TaK 1 32 4acoM, 10 MOTpely-
€THhCS Ha OTIHC IMPOSIBIB YAHHUKIB 3CYBY Yacy BHIPOOYBaHb. 3 iHIIOTO OOKY, 3Ba)KalOYW Ha
BenuKy KiTbKicTh Tpynt OBT (BunpoOyBaHHs mpoBoauiiocs rmo 25 rpynax OBT) He MoxHa mpo-
CTO 3MEHIITYBaTH MIEPioJ aHAIII3Y JaHUX. Y IbOMY BUTAJIKY, Ha ITOTJISIT aBTOPIB, MOXKHA CKOPH-
CTaTHUCS peNpe3eHTaTUBHOIO BUOIPKOIO SIK IS BCi€l CyKYITHOCTI JaHUX, TaK 1 IPH JOCIIJKEeHH1
okpemux rpyn OBT (ze kinpkicTs BUIIPoOyBaHb OyJia JOCTAaTHBO BEJIHKOIO).

3. Iy 3MEHIIeHHsT KUIBKOCTI omepariiii 0OpoOKH JaHUX MOXKHA MEperpymyBaTH paHilie
yrBOopeHi rpynu OBT, 1o SKuX BUKOHY€THCS] CTATHCTUYHUH 3BIT, 3 METOIO 3MEHIIICHHS 1X KiJTb-
kocTi (00’ eqHaTH criopigaeHi rpymu OBT). Takox MoKHA IPUITYCTHTH BUKITFOUEHHS 3a3/1aj1e-
Ti/Ib OYEeBUIHUX BUTAJIKIB BIJICYyTHOCTI KOPEJISAIIil, HAPHUKIIA]] BIUIUB MTOTOTHIX YMOB TIPH Jia-
00paTOpPHUX BUIPOOYBAHHSX y 3aKPUTUX TPUMIIICHHSIX.

4. J1nst BCTaHOBJICHHS KOPEJISIIIii IO BHJIaX BUIIPOOYBAHHS MOJKE BHSIBUTHCS JIOCTATHIM JI0-
CJTIJDKEHHS BCi€l reHepalibHOT CYKYITHOCTI JaHHX, He 3BYKYIOUH aHaTi3 10 okpemux rpym OBT.
Take mpumytieHHs: 0a3y€eTbesl Ha TOMY, IO MPOIEAYPHICTH JIJIT OKPEMUX BHJIIB BUIIPOOYBaHb
€ oHaKoBoO Jij1s BeixX rpynm OBT, mporte, 11e mpunyIieHHs moTpedye MpaKTAIHOT IEPeBipKH.

5. Ilpu dopmyBaHHI TepeNiKy YHMHHHKIB 3CYyBY He OakaHO OoOWpaTH Ta JOCIHIIKYBaTh
«ITFIOJICHKUI YMHHUK (paxiBIls 3 BUITPOOyBaHby. X04a MOXKE 3/IaTHCS, IO Yac MPOBE/ICHHS BH-
npoOyBaHb HANpsIMY 3aJ€KUTh BiJ JOCHIAIB 1 MpaKTUYHUX BUIIPOOyBaHb (axiBus. [Ipote
MPaKTHKA «3araHsaTiy (HaxiBIisd y )KOPCTKI YaCOBI paMKH MOJKe HETaTUBHO BIUIMHYTH Ha SIKICTh
1 peTenpHICTh caMuX BHIPoOyBaHb. KpiMm Toro, 3Bakaroun Ha Benmkuil nepernik OBT, sky Bu-
poOoBYye i cepTr(iKye BUIIPOOyBaIbHA YCTAHOBA, 1 TKa Mae OOMEKEHHH MTaT, KUIBKICTh (a-
XIBIIIB, 110 MOKE€ BUMPOOOBYBATH KOHKPETHY CHUCTEMY 1 Ma€ 10 Hill JOCBiJ, PiAKO NEpEeBUIILYE
OJTHOTO — BOX. ToMy, BTpauaeTbesi CEHC AOCIHIKEHb KOpelsii oaHoro ¢axisiis, KUK, CKO-
piIme 3a Bce, 0JTHAKOBO iIHTCHCHBHO BUKOHYE 3aJadi 110 BCil TEXHIIT.
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6. O6uucneHi BUOipKoBi Koe(illieHTH XapaKTepU3YIOTh JiHIIHHY 3aJI€KHICTh BIUIUBY YMH-
HUKa 3CyBY Ha 9ac BUIIPOOYBaHb. MeToaMu KOPEJIAIiHHOTO aHaIi3y MOYKHA OI[IHUTH HeTiHil-
HICTB 3aJIe)KHOCTI, MMPOTE, BU3HAUUTH (POPMY 3aJI€IKHOCTI JOBOJI CKIAIHO, IO JEIIO0 3MEHIITYE
TOYHICTH IPOTHO3Y.

7.V mporieci aHani3y CTaTUCTUKU CIOCTEPIralOThCsl BUMIAAKHN MPU3YIIMHEHHS a00 MepeHe-
CCHHS BUIIPOOYBAaHb OKPEMHX 3pa3KiB, IO ITOB’s13aHe 3 iX HEIiAMOTOBICHICTIO a00 YCYHEHHSIM
BUSIBJICHUX HEOJIKIB. 3roJIoM, 3a MEeBHUH yac, BUIPOOYBaHHS NMPOJOBKYIOTh. [Ipu 3actocy-
BaHHI KOPEJSAIIHHOrO aHali3y JI0 TaKWX BUIAJKIB, BCI BiOKpeMIJIeHI (pparMeHTH BUIIPOOY-
BaHHS OJTHOTO 3pa3Kka NoTpiOHOo 00’ enHaTH. [HaKIe, MOKHA TPUNTH JI0 TOMUIIKOBOTO CTaTUC-
TUYHOTO BHCHOBKY, III0 HEIiATOTOBIICHICTH 3pa3ka 3MEHIITy€ Yac oro BUIpoOyBaHb.

8. AHai3 HassBHOT'O CTaTUCTUYHOTO MaTepiaty pe3ybTaTiB BUIIPOOyBaHb MOKa3ye MO JIESIKHX
rpynax OBT Maiy uucespHICTh a00 B3araji BiJICYTHICTH BHIIPOOYBaHb. 3 OIVIAY HA 1€ BU3HA-
YCHHS TIONPABKK HA BUJI BUIPOOYBaHb s, Takux rpyn OBT nmpakTuaHO HEMOXKIIMBA, TOMY Mae

CEHC BUKOPHMCTATH HOIPABKH S, , IKi BA3HAYEHI 10 BCili CYKYIIHOCTI PE3yJIbTaTiB BUIPOOYBAHb.

9. 3Baxkaroun Ha 00CSITH OOYHCIICHB IIPH BU3HAYCHI BUOIPKOBUX KOC(IIli€EHTIB KOPEIIAIIii,
NPAaKTHYHY METY IIPOTHO3YBaHHS PeajbHOTO Yacy BHIIPOOYBaHb i, MOKIUBO, TOTPeOy B MO-
JATBIIOMY YTOYHEHHI i KOpEryBaHHI KOe(illi€eHTIB KOpEAIii BHHUKAE MMOTpeda B aBTOMATH-
3amii cTaTuCTUYHOT 00poOKHU iH(popMalii 1 BUpoOIeHHs MONPAaBOK MPH IJIAaHYBaHHI MpOBe-
JICHHSI BUTIPOOYBaHb.

BucHoBKkH BiAnoBiTHO 10 cTaTTi. 3acTOCYBaHHS KOPENAIIMHOTO aHATI3y AJIs MPOTHO3Y-
BaHHS PEAJIbHOTO 4Yacy BHUIPOOYBAaHb JO3BOJUTH ITIJIBUITUTH PiBEHb TOYHOCTI 1 HAIIHHOCTI
MIPOTHO31B, TaK SIK BCTAHOBIIIOE 00’ €KTHUBHI BIIXUJICHHS Yacy BUIIPOOYBaHHS 1111 11€10 30BHIII-
HIX Ta BHYTPIITHIX YAHHUKIB, III0 CYIIPOBOJKYIOTH ITpoIiec BUIpoOyBaHsb. [IpakTnyna peariza-
1ist i1e MpOrHo3yBaHHsI 4acy BUIIPOOYBaHb MOJKIJIMBA JIMIIIE Y CKJIa i MiICHCTEMH aBTOMATU30-
BaHOTO IIJJAaHYBaHHS Ta YIpaBIiHHSA BUIPOOYBaHHSMH, Jieé TPOTHO3YBaHHS Oyze
3MIICHIOBATHCH Ha eTalli IIaHyBaHHsI [IPY BBEJICHHI YMOB IIPOBEICHHS] BUIIPOOYBaHHSI.

be3yMoBHO, Mpy MpakTUYHINW peaizallii moTpeOyeThCS OIIHKA pe3y/IbTaTiB IPOTHO3IB, a
HAKOITMYEHHS Ta 00poOKa HOBMX CTATUCTUYHUX JaHUX JO3BOJUTH IPOBOJUTH TOTOYHE YTOY-
HEHHs Koe(iIlieHTiB MaTPHIIi 3CyBY. 3BaXKAIOUH HA BEIIMKHH 0OCAT OOYHCIICHD IIPU BU3HAYCHI
Koe(ilieHTiB Kopesiii i moTpeda B iX MepioAUYHOMY YTOUHEHI, aKTYalIbHOIO € 3a7a4a Po3po-
OKM 1 aBTOMATH3AIlil aITOPUTMIB OOYMCIICHHS ITONPABOYHIX KOSQIIli€HTIB Yacy BUIIPOOYBaHb,
3 METOI0 iX TOAAJIBIIOr0 3aCTOCYBAHHS MPHU MPOTHO3YBAHHI PEalbHOTO Yacy BHIIPOOYBaHb y
CKJIaJli TiICKCTEMHU aBTOMATH30BaHOTO TUTAHYBAHHS Ta YIIPABIiHHS BUIPOOYBaHHSIMHU.
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UDC 519.872.4

Svitlana Korniienko, Thor Korniienko, Volodymyr Dmytriiev,
Anatolii Pavlenko, Oleh Skyba

APPLICATION OF CORRELATION ANALYSIS METHODS
TO PROBLEM FORECASTING REAL TIME FOR TEST
OF WEAPONS AND MILITARY EQUIPMENT

Urgency of the research. Testing of armaments and military equipment is an important and responsible state task. The
testing process has regulatory time constraints, which ensures the timely implementation of state programs for the adoption of
the latest models. Often during the tests there are time deviations and delays from the planned deadlines, which jeopardizes
the success of the state task. Therefore, the actual task is to predict real-time testing.

Target setting. The efficiency of the military test organization is determined by a clear and well-established process of
conducting mass tests of the latest models of weapons and military equipment. Test disruptions and time deviations from the
plan, which have a certain stochastic nature, can reduce the efficiency of the whole process of mass trials. This raises to the
problem forecasting real-time for tests of individual samples of weapons and military equipment.

Actual scientific researches and issues analysis. Today there are many fundamental and applied works on the formation
of forecasts of both natural phenomena and in various spheres of human activity. Recently, many scientific papers have been
published on the problems of improving the efficiency of tests, including through automation.

Uninvestigated parts of general matters defining. The problem is to determine the magnitude and nature of the influence
of external and internal factors on the real time of testing individual samples.

The research objective. To normalize the planned test activities of the test facility, it is necessary to determine a method
that, based on available statistical material on the course of the tests, will quantify the magnitude and nature of the influence
of external and internal factors on the time of testing. Also, using this method, you can get an a priori estimate of the possible
deviation of the test time of a particular model of weapons and military equipment.
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The statement of basic materials. The approach to obtaining quantitative values of the influence of time shift factors on
the test process was considered. The correction factor of the test type was substantiated and added to the general expression
of the calculation of real-time tests. The mathematical apparatus of correlation analysis for studying the degree and nature of
the influence of internal and external factors on real-time tests of a specific sample of armaments and military equipment was
considered and prepared for algorithmization. Remarks and comments on the application of correlation analysis to real-time
forecasting of tests were made.

Conclusions. The use of correlation analysis to predict real-time test time will allow establishing objective indicators of
deviation of test time under the influence of external and internal factors accompanying the test process. The use of forecasts
as part of the automated subsystem of planning and quality management of tests will normalize the course of the test process
and minimize the negative impact of external and internal factors.

Keywords: automation, tests; forecasting, time; armament and military equipment.
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SIMULATION OF THE TRAJECTORY OF A MOBILE ROBOT IN FLOWCODE

Urgency of the research. Simulation is used to simulate the real movement of the robot, to test the software and capabil-
ities of the robot before assembling it. It makes it possible to change and improve the program code during the testing process
in order to implement it in practice at the end. A simulation is a free testing platform without additional financial costs.

Target setting. Simulate the movement of a robot using Flowcode, without composing a real robot when it is unavailable.

Actual scientific researches and issues analysis. Currently, research focuses on similar issues, as there are currently
limitations through which design and testing takes place remotely outside the workshops.

Uninvestigated parts of general matters defining. The current solution of using the Flowcode program allows the imple-
mentation of programming, modelling, and simulation of work in one program.

The research objective. The purpose of the article is to give an idea of how to do a robot motion simulation to test the
Sfunctionality of program code without using physical robot.

The statement of basic materials. For realization the robot simulation, need to have computer with basic configuration
and a licensed version of Flowcode sofiware installed.

Conclusions. The published article presents the idea of programming and simulating the movement of a mobile robot
using Flowcode software, which will help reduce financial costs and time before creating a real robot. Testing the functionality
of the program code and the possibility of remote operation without a physical object.

Keywords: simulation; mobile robot; Flowcode.

Fig.: 12. References: 3.

Introduction. Flowcode is a Microsoft Windows-based development environment commer-
cially manufactured by Matrix TSL for programming embedded devices based on PIC, AVR (in-
cluding Arduino), and ARM technologies using graphical programming styles (such as flowcharts)
and mandatory programming styles (via C and Pseudocode). It is currently in the eighth revision.

Flowcode is designed to simplify complex functions such as Bluetooth, mobile phones, com-
munication, USB communication, etc. Using pre-developed libraries of dedicated component
functions. This is accomplished by dragging virtual representations of the hardware to the visual
panel, providing access to associated libraries. Flowcode is therefore ideal for speeding up soft-
ware development time, allowing those with little programming experience to get started and help
with projects. This is suitable for formal teaching of microprocessor programming principles.

Also it allows the user to develop and display their program using four different visual
modes. These are the flowchart display, the block display (block-inspired graphical program-
ming paradigm), the C code display, and the Pseudocode display [1].

Fig. 1. Initialization

Pogram code. First, we will create functional blocks responsible for the initialization of sen-
sors, motors and the rest of the simulation of the robot's motion process. This part of the program
runs only once because it is before the main part of the program. Here, the robot's speed, inputs and
outputs are set, and the simulation is controlled. Figure 1 shows what initializations take place.

© Makcum I'punis, Mapek Cyxkom, [Tetep @ependik, 2020
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Fig. 2. Main program 1 [3] Fig. 3. Main program 2 [3]

"Main" is mainly a macro in the program for controlling a mobile robot, which contains
many individual parts and the use of other macros. The principle of robot control consists of a
main path, which the robot repeats the movement of which is carried out by sending PWM
signals to individual motors. Using of three IR sensors, the input signals are processed and, as
a result, change the movements of the robot, so that it does not collide with obstacles and can
bypass them. It also includes software for using various buttons and switches, containing special
functions of the robot. The initialization of the simulation is at the beginning, and the simulation
macros are used throughout the control. The robot should move autonomously but has also the
opportunity to communicate with an operator who can change its movement.

This program may contain many additional functions that vary from the needs of the devel-
oper and the capabilities of the robot. In particular, these are blocks that are responsible for
certain additional keys, additional actions when receiving signals from sensors, which can also
be added and configured in addition to the main part of the program.

e

Fig. 4. Additional program of random changes of direction

The main part of the robot motion simulation consists of the following parts:
— Ev_Timer
— Movement macros.
The first and most important is responsible for the functionality of the simulation and its re-
production in the simulation field, the subsequent ones are responsible for the speed of movement
of specific parts of the robot and the reproduction of this movement on the simulation field.
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Fig. 5. Ev Timer [2]

Spine the Robotio the Lek

Fig. 6. Movement macros

3D Model. To visualize the movement of a mobile robot, a prototype was created in the
form of a 3D model with all its parts in real size. This was done using the same Flowcode
program in the Creative tab. The 3D model could also be created in other programs designed
specifically for modeling, but to save time and test the performance of all functions of the robot
movement program, the built-in capabilities of Flowcode were enough.

Fig. 7. 3D model 1 Fig. 8. 3D model 2

Dashboard Panel contains 3x IR sensors for simulation of obstacle detection, green On / Off
switch, red button of special robot rotation function, switch for robot forward control, 2x PWM
graphs and 2 LED diodes for monitoring incoming signals from motors. Here, when the simu-
lation is switched on, we control all changes of input parameters and we can monitor the output
signals, can see at Figure 9.
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Fig. 9. Dashboard Panel

To start the simulation, we need to run the program, open the simulation field. Using the
Dashboard panel, we manage all changes and simulate real obstacles to testing the functionality
of the conceived solution. Figures 10, 11 and 12 show the simulation results and robot movement.

Fig. 11. Simulation results 2 Fig. 12. Simulation results 3

Conclusions. Using the Flowcode program helps to properly invest time and resources in
such a way that it would be economical, comfortable, and quick to create a simulation of the
movement of a mobile robot without creating a real prototype. The robot model can be created
considering the real dimensions in the program itself, the code can be programmed and tested.
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MOJIEJTFOBAHHSA TPAEKTOPIi MOBLIBHOI'O POGOTA
HA IINTAT®OPMI LOWCODE

Axkmyansuicmo memu 0ocnioncenna. Cumynsiyis UKOPUCHOBYEMbCs OISl IMIMayil peaibHo20 pyxXy poboma, Ois nepe-
GIPKIL NPOZPAMHO20 3abe3neueH s ma MOICIUGocmeti poboma nepeo oo 30ipkoio. Lle 0ae moociusicmo 3miniosamu i NOKpa-
wWyeamu npoSpamHull Koo 6 npoyeci mecmy8anis, woo 6 Kinyi peanizyeamu 1o2o Ha npakmuyi. Cumynsyis — ye 6e3Koumoena
niamgopma ons mecmysanus 6e3 000amMKoSUX QIHAHCOBUX GUIMPAN.

Ilocmanoexa npoonemu. 3moodenroeamu pyx poboma 3a 0onomoeoio Flowcode, ne cmeoprorouu cnpasiicrvoeo poboma.

Ananiz ocmannix 0ocnioxcensy i nyonikauin. Huni 0ocnioscenns 30cepedxceni Ha aHATOSIYHUX NPOOIEMAaX, OCKLIbKU
3apas icHylomo 00MediceHHsl, yepe3 SKi NPOeKmy8anHts i mecny8anHs NPoBoOAMbCs 6i00ANeHO, NO3A MAICMePHAMIU.

Buoinenna nedocniorncenux uacmun 3a2anvHoi npoonemu. [lomoune piwenns 3 euxopucmanuam npospamu Flowcode
00360515€ peanizyeamu NPOSPAMYEAHHS, MOOENI0BAHHA | CUMYIAYII0 podOMU 8 OOHITl NPOSPaMi.

Ilocmanogka 3a60anna. Mema cmammi - oamu YagieHHs: npo me, K SUKOHAMI CUMYIAYII0 pyXy poboma Olis nepesipku
QyHKyioHarbHOCMI NPO2PAMHO20 KOOY be3 GUKOPUCMAHHS (i3uuHO20 poboma.

Buknao ocnosnozo mamepiany. /[ns peanizayii cumynsyii poboma neodxionuti komn romep i3 6a306010 KoHgizypayicio i
6CMAHOBIeHOI0 NIYeH3IIHOI0 6epcielo npospamnozo 3abe3neuenns Flowcode.

Buchoeku 6ionogiono 00 cmammi. B onyonikoeaniii cmammi npedcmagiena ioes npocpamyeants i MOOen08AHH S PYXY
MOOBINbHO2O pO6OMA 3 GUKOPUCIIAHHAM NPOSPamMHo2o 3abesneuenss Flowcode, wo donomodce cxopomumu ¢hinancosi u-
mpamu i uac Onsi CMEOPeHHsl CRPAsdCHL020 poboma. llepesipero npayezoamuicms NPOSPAMHO20 KOOY MA MONCIUBICMb GI0-
Odanernoi pobomu 6e3 Pizuurnoco 06'ckma.

Knrouoei cnosa: mooeniosanns,; mobinbruii po6om; Flowcode.
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SELECTED ASPECTS AND SPECIFICS OF THE ROBOTIC
ARM PROGRAMMING AT AUTOMATED WORKPLACES

Urgency of the research. It is important to point out at innovative elements in the field of robotic arm programming. At
the same time, we want to provide guidance, how to work with these elements further and implement these principles into the
automated workplaces control.

Target setting. Purpose of article is to give some form of instruction, how to work with innovative elements for robotic
arm programming.

Actual scientific researches and issues analysis. Currently, there are already many innovative and user-friendly pro-
gramming units on the (automation) market today. Therefore, it is necessary to make the professional public aware of the new
possibilities of programming robotic arms.

Uninvestigated parts of general matters defining. The manufacturer's user manual is the most frequently used in this
area, but it does not sufficiently describe some aspects of robotic arm programming. Therefore, we consider it is necessary to
address at this issue.

The research objective. The aim of article is to provide some kind of instruction, how to work with special equipment, like
is programming unit (called also pendant).

The statement of basic materials. For realization of advanced programming functions is good to have a suitable material
how to solve path sequence and automation process at the workplace.

Conclusions. Published article presents selected programming aspects for robotic arm with emphasis to specialities of
robotic arm manufacturers. Presented article provides a closer view to some detailed solution regarding robotic arm program-
ming that are not often and sufficient described at providers manual.

Keywords: automation; robotic arm; robotic programming.

Fig.: 8. References: 15.

Introduction. The emphasis is put on implementation of advanced programming algorithms
together with a simplifying of the robotic arm programming, and as a whole, is constantly growing.
Actual pressures comes from the requirements of (especially) automotive industry as well as from
the end customers in the position of users. In addition, the programming environment itself is in-
creasingly developed to become more "user friendly". If manufacturers did not take these aspects
and requirements into account, it would easily be the case that their products would cease to be
produced, profits would fall and the company would lose its competitiveness. The policies of the
companies that offer this software are therefore different. Some of them are more user-friendly,
whether in the form of available manuals, a better in the form of the off-line environment, low
software prices, broad school support and so on [1]. Other providers of these software focus more
on the larger "players" in the market and to the implementation of their products in larger compa-
nies, such as automakers or large plants. Teaching materials are usually not commonly available,
training is expensive, and so on. From the view of robotic arm control, program must be conceived
in a way that its structure represents a flexible sequence of moving steps from robotic arm. Focus
is led on achieving the desired trajectory from the end effector to the programmed points with re-
quired speed and accuracy [2]. At the same time, each robotic arm manufacturer develops and im-
proves their own programming language for programming that is not compatible with each other.
However, there is one exception, which is the Siemens software package, "TECNOMATIX (PLM
software)". Through this program, it is possible not only programming of complex robotic arm from
many others manufacturers, but also the entire complex workplaces, starting by entering of the input
parameters to the final assembly time or ergonomic requirements, see Fig. 1.

SIEMENS
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Gradually, new industrial languages have been developed for robotic arms that are fast,

reliable and relatively simple. An overview of the individual programming languages can be
seen at figure 2.

ABB RAPID
KUKA KRL (Kuka Robotic Language)
YASKAWA INFORM
FANUC KAREL
COMAU PDL?2
STAUBLI VAL3
UNIVERSAL .
ROBOTS URSecript

Fig. 2. Available program languages of the robotic manufacturers

Online programming of the robotic arm. On-line programming is (in principle) always
characterized by the presence of operator (programmer) directly at the robotic arm. It is realized
by a programming unit called teach pendant. It is equipped with a large brightness display,
which presents progress of the program or its current status bar together with a switch between
manual and automatic operation and the selection of multiple display windows [4]. Control of
the robotic arm in manual mode is characterized by gradual guidance to the individual program-
ming points, which are gradually written by the operator (programmer) into the memory of
robotic arm control system. Nowadays, modern programming unit (pendants) are already built
based PC. The built-in colour display allows the operator to directly program I/O (inputs / out-
puts) and other functions and also the advanced operation of the robotic arm depending to the
built-in functions of robotic arm control system. Some programming units (e.g. COMAU Ro-
botics) are able transmit data to the robotic arm control system via wireless technology [5]. An
overview of programming units - pendants of selected companies is shown at figure 3.

Fig. 3. Selected programmable units — pendants of robotic manufacturers

Off-line programming of the robotic arm. Off-line robotic arm programming begins with
a computer model (of the robotic arm, workplace, peripherals) based on increasingly intelligent
software packages in an effort to get closer to a real automated workplace. Thus, this type of
programming can be characterized as "outside of the automated workplace". The advantage lies
mainly in the fact that while automated workplace itself is physically built, their programming
activities can be created simultaneously, which leads to great savings in time and costs [6].
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Errors are permissible and allowed because there is no risk of any real damage, in addition to
the real automated workplace, these ways can be fully tested before their complete physical
start-up. Off-line programming enables a complex description of the assigned task, experiments
with the structure of the automated workplace, elimination of collision situations or verification
of the program in 3D representation, see figure 4.
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Fig 4. Overview of some off-line environment from robotic manufacturers

Specifics of the robotic arm programming. Gradual learning - the robotic arm is gradually
guided by the operator in this way (programmer) using the buttons directly on the pendant to the
individual positions, (in which an action is to be performed, e.g. gripping, or tool operation) and
the coordinates of these precisely tuned positions and the orientation of the tool are stored in the
memory of the control system [7]. During automatic operation, the robotic arm then uses this data
from the memory of the control system. Positions of the individual points and tool orientation at
these points are automatically recorded according to the manual setting, in this method. Other
functions of the robotic arm are programmed using a PC or directly inside the editor of program-
ming unit [8]. Programming units enable monitoring of inputs / outputs and system information,
writing programs in the editor, allowing access to production data (average cycle time, number
of production cycles, ...), setting of working parameters e.g. for welding directly from the pendant.
More modern units have analytical functions to optimize the work of the robotic arm.

Guidance programming - is very popular and is used to program simple and less accurate
application movements (painting, spraying, etc.). The programming process begins with the
manual guidance of the robotic arm by the operator (programmer) manually. Control system
records this movement, i.e. writes to memory at regular periodic intervals. In particular, data of
the position and orientation of tool [9]. When automatic operation is started, the robotic arm
plays back the recorded activity. Repetition of the movement path is not entirely accurate, be-
cause the robotic arm itself is loaded in the opposite direction when repeating the movement
than when guiding along the desired path were [10]. Main reason lays at the deviations that are
defined by the clearances in the bearings and the flexibility of the structure have opposite ori-
entations. Another disadvantage of this specificity is presence of the operator, which can cause
big problems in small spaces, but the creation of the program is relatively fast.

SmartPAD — it is a specific programming unit, which is characterized by a large and clear
display with function keys for speed settings, coordinate system settings and central stop [11].
The specialty is a button for software disconnection of the programming unit as well as a 6D
mouse for manual control of the robotic arm, see figure 5.
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Fig. 5. Overview of some off-line environment from robotic manufacturers

The specificity of programming lies in the control of individual axes of the robotic arm, which
are intuitively controlled by a 6D mouse. Depending on the dominant mode, the control can be used
to move one or more axes simultaneously [12]. Robotic arm can move e.g. just by pulling or squeez-
ing this control. Movements at axes X, Y a Z is possible to realize according to the figure 6.

Fig. 6. Movements when pressed or pulling 6D mouse

The robotic arm can also be moved by turning or by tilting the control via 6d mouse. Follow-
ing rotary movements in the axes A4, A5 and A6 can be realized according to figure 7.

Fig. 7. Movements during rotation or tilting the 6D mouse

In the following configuration, it is possible to move all 6 axes of the robotic arm. When
the rectangular coordinate system is set, pushing and pulling the Space-Mouse along their X, Y
or Z axis causes a corresponding movement of the robotic arm along the X, Y or Z axis of the
set reference coordinate system [13]. Rotation of the element about the X, Y or Z axes also
causes the corresponding rotation of the tool about the X, Y or Z axis, figure 8.

-

Fig. 8. Unlimited functionality of the 6D mouse element
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Conclusions. Current trends in the field of control and programming of industrial robotic
arms in automated operations are focused on remote mobile control via the cloud [14]. The
industrial robotic arm is controlled by a PLC stored in the cloud space. This trend is proving to
be one of the possibilities for the implementation of the upcoming digitization of industrial
processes, the ultimate goal of which is to achieve ,,smart factories*. The way to get to this
vision is definitely advanced image processing with "machine vision" technology for maximum
flexibility and efficiency within the automated assurance of process continuity and quality [15].
A common and fundamental principle is the advanced cooperation of sensor systems in order
to share their status and collect data for manufacturers. This process makes it possible to ex-
change information independently, to manage and to cooperate with each other between the
various levels of management systems.
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Mapex Bacawi, Apocnae Cemincoruii
JHESIKI ACIIEKTH TA CHEHHU®IKU ITPOI'PAMYBAHHS PYK POBOTIB
HA ABTOMATU30BAHUX POBOYUX MICHAX

AKmyanbvHicmb memu 00cioHceHHA. Badciueo i03Hauumu iHHOGAYITIHI eneMeHmU 6 2aNy3i NPpoSPaMY8aHHs pOOOmMU30-
6anoi pyku. Boonouac mu xouemo nadamu incmpykyiio, Ak npayoeamu 3 yumi efemMeHmamu oani i 6npoeaoumi yi NPUHyUnY
6 cucmemy Kepy8aHHs AGMOMAMU308AHUMU PODOYUMU MICYAMU.

Ilocmanoeka npodnemu. Haoanus desikoi ¢popmu incmpykyii, K npayiosamu 3 IHHOBAYIHUMU eleMeHmam Osi npo-
2pamyeants pobomu308aHoi pyKi.

AHnaniz ocmannix oocnioxcens i nyonikauiii. Huni na punxy aemomamusayii ejxice € 6a2amo iHHOGAYIUHUX | 3DYUHUX 015
KOPUCMYBAHHS NPUCmpoig npoepamyeants. Omoce, HeOOXIOHO O3HATIOMUMU NPOPECITIHY SPOMAOCLKICHIL I3 HOBUMU MONCIU-
60CMAMU NPOSPAMYBAHHI POOOMU30BAHOL PYKIU.

Buoinenna nedocniocenux paniuie yacmun 3a2anvHoi npoonemu. Kepisnuymeo kopucnmyeaua 6io0 upoOHUKa € Haii-
yacmiute 6UKOPUCMOBYBAHUM Y Yill chepi, ane 60HO HEOOCMAMHLO ONUCYE OesKi ACNeKMU NPOSPAMYBAHHS pOOOMUI08AHOT
pyku. Tomy mu esasxcaemo 3a HeoOXiOHe 3ATUHAMUCA YUM NUMAHHAM.

Ilocmanoeka 3ae0anna. Haoanns incmpykyito, sk npayosamu 3i cneyianbHum 0ONAOHAHHSIM, HANPUKIAO, i3 OIOKOM
NPOSPAMYBAHHSL (NIOGICHUM NPUCMPOEM,).

Buknao ocnoenozo mamepiany. /[ns peanizayii pozuupenux yyHkyin npoepamysars 00ope mamu 6i0N0GIiOHUL mame-
pian, sK supiutysamu nocIi008HICIb WISXIE [ NPOYec a8mMoMamu3ayii Ha poboyomy micyi.

BucHnoeku ionosiono 0o cmammi. Onybiikosana cmammsi HA0GeE BUOPAHT ACNEKMU NPOSPAMYBAHHS POOOMUZ0BAHOL PYKU 3
AKYEHMOM Ha CheyianbHocmi 6upobHuKie pobomuzosanux pyk. lipedcmasnena cmamms Haoae 6itout OemanoHull 02180 OesKUX Oe-
MANLHUX PiuLeHb U000 NPOSPAMYBAHHSL POOOMU306AHUX PYK, SIKI HEUACMO | HeOOCMANHLO ONUCAHI 6 KePIGHUYMBI GUPOOHUKIS.

Kniouogi cnosa: asmomamusayis, pobomusoeana pyka, pobomusoeane npozpamyeaHHs.
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Onexcanop I'opoces, Kocmanmun Jleonmics

MOJAEJIb CHEHAPIIO OIIIHIOBAHHSA AKOCTI ITPOTPAMHOI'O
3ABE3IIEYEHHSA

Akmyanvnicms memu oocnioncenns. Oyintosanns sxocmi npoepamnozo sabesneyenns (113) € 0606 's3x06um npoyecom
npu 3abe3neyenni HeooxioHoi skocmi 113y medcax 3azanvho2o npoyecy tloeo po3pooku. Ilocmiiinuii po36umox HaseHux i nos6a
HOBUX IHOPMAYIUHUX MEXHONOTI (WUMYYHUT IHMeNeKM, XMAPHI 00UUCTIeHHS, 8IDMYANbHA 1l OONOGHEHA PealbHICHb MOuj0) i
cucmem niOBUWYE 8UMO2U 00 NPoyecy OYiH6anHs ma 3ade3neuenns akocmi 113.

ITocmanoska npooaemu. Icuyroui nioxoou 00 OYiHIOBAHHSL IKOCII MAIOMb CYMMEBL HeOOJIKU, SIKI N08 's3aHi 3i CIAOKO
popmanizayiero npu nianysanHi 3a60amb oyiHeanus sikocmi 113, eucokum cmynenem He@U3HAYEHOCHI NPU NPULHAMMI pi-
WeHHsL BIONOGIOWILHUMU YYACHUKAMU NPOYECY, HeOOCMAMHICIIO A60 HAOMIPHICIMIO THOpMayii, 6USHAUEHHAM KITbKOCHI yua-
cHuKie npoyecy oyintoearns I13.

AHaniz ocmannix oocnioxcens i nyonikauiit. bynu posensanymi ocmanni nyonixayii, ugo 3Haxo0smocsi y 6i0KPUNomy 0o-
Cmyni, y AKUX PO32IA0AEMbCA CYeHAPHUL NIOXIO Y 3A2anbHOMY 6uenAli il Y YacmuHi OYiHIOBAHHA OKPeMUX 3A60AHb AKOCMI
npPoSPaMHO20 3a0e3neyeHHs..

Buoinenna nedocnioxncenux wacmun 3azanvHoi npoonemu. Onuc cyenapHo2o nioxooy 01s 3a0ay OYIHIOGAHHSL AKOCM
NPOSPAMHO20 300e3NeUeHHS.

Ilocmanogka 3a60anuA. binvw (popmanizoearne npedcmasnents CyeHapHo2o nioxooy Ois 6UpiuLeHHs 3a0ay OYiHIO8AHHS
sicoemi 13 ne pozensoanocs. Memoio cmammi € po3pobka Mooeii cyeHapito OYiHIOBaNH S SKOCMI NPOZPAMHO20 3a0e3NeUeHHsL.

Buknao ocnosnozo mamepiany. Y cmammi npononyemocsi npeocmasieHts it Onuc Mooei CYeHapiro OYiHIBAHHS IKOCHLE
113, sixa cknadaemocs 3 6 HACMYNHUX eleMeHmMIB: NOYAMKOBUX YMOG, 6XIOHUX OAHUX, OLll, NepexiOHux OaHux, poiel i pe3yio-
mamie. Byno ecmanogieno, uo npoms2om c8020 HCUMMEBO20 YUKILY CYEHAPILl Modce nepe6yeamu 6 HACMYNHUX CMAHAX: Cye-
Hapiil Ha nanepi, nitomuuil cyexapii i pearoHutl cyenapii. Ipu nepexodi 6 KoxiceH cman MHONCUHU eNeMeHMI6 CYeHapilo
Mooicymb amintosamucs. [l popmanizayii maxux 3min 6yau 66e0eHi il hopManbHO ONUCAHi 000AMKOBL onepayii Hao cyeHa-
piem: onepayisi GUKNIOUeHHs Ma onepayis ekaoueHHs. Pozensinymo eapianmu Hepi@HOCmel MHOJMCUH eleMeHmi6 CyeHapilo O
cyeHapito Ha nanepi i NiTOMHO20 CYeHapIro.

Bucnoexu 6ionogiono 0o cmammi. [lpeocmasnera mooensv cyeHapiio OYiHIOBAHHS AKOCMI NPOSPAMHO20 3a0e3neyeHHs
MOodHce 3acmocosyeamucs npu oyintosanti axocmi [13 Ha ocnoei 3aciey oegpexmis.

Knrwuoei cnosa: cyenaphuii nioxio; mooens cyenapiio; sikicmo 113, oyintosanns axocmi 113, 3acie depexmie I13.

Puc.: 2. Taébn.: 1. bi6n.: 16.

AKTyaJbHicTh TeMH aocaimkeHHsa. OIiHIOBaHHS SKOCTI MPOTPaAMHOTO 3a0e3MeUYeHHsI
(IT3) € 060B’I3KOBUM ITPOIIECOM ITPH 3a0e3MeYeHHI HeoOXiTHOT sskocTi [13 y Mexkax 3aralbHOTro
nporiecy oro po3poOku. ITocTiiiHui po3BUTOK ICHYIOUHX 1 IT0sIBa HOBUX iH(POpPMaLIHHUX TeX-
HOJIOTi# (IITYYHUH 1HTEJIEKT, XMapHi OOYHCIICHHS, BIpTyaibHa i JJOIIOBHEHA PEaIbHICTH TOIIO)
1 cucTeM MiJIBUIILYE€ BUMOTH JI0 MPOIECY OIIHIOBaHHS Ta 3abe3neueHHs skocTi [13 3aranom.

ITocTanoBka mpodeMu. Taka eBOJIOIIS cepe]l iICHYFOUHX MiAXOJIB 1 MapaJurM OIiHIO-
BaHHSA skocTi [13 Mae HeocTaTHIO TUHAMIKY, OCKUTBKH MAaOTh MiCIle HEJIONIKH, cepel SIKUX
cimabka (opmaltizamist mpy ITaHyBaHHI 3aBJIaHb OIIHIOBAHHS SKOCTI 113, BUCOKHI CTYITiHb He-
BU3HAYCHOCTI TIPU MPUKHSATTI PIIICHHS BiJIMOBIAJIBHUMHU YUYaCHHUKAMH TPOIIECy, HEJI0CTaT-
HiCTh a00 HAJAMIpHICTH HEOOXITHOI MOYaTKOBOI iH(popMaIllii, popMyBaHHS TPy YIaCHHKIB
nporiecy omiHoBaHH SKOCTi [13. OcoOamBo Taki mpobiieMu sIBHO BUpa)keHI B METOaxX OIIHIO-
BaHHS sikocTi 13, 3acHOBaHUX Ha 3aciBi nedekri [13.

AHaJi3 0CTaHHIX AocTiKeHb i myOJikanii. OZHUM 13 BIIOMUX HiIXOIiB, SKHH MOXKe JI0
HeoOXIiJHOTO piBHS (popMalTi3yBaTH MpoIliec OliHoBaHHS AKkocTi [13, € ciienapauit miaxin. Bi-
JIOMi poOOTH, MPUCBAYCHI opraHi3artii i popmalrizaiii mporecy omiHoBaHHS sskocTi [13, omucy-
I0Th OKpEMi BUIIAJKH B YaCTHHI PO3BUTKY Ipoliecy oliHtoBaHHs sikocTi 113 [1-3], a crienapHmii
ITiJTX1)T OTTMCYETHCS YaCTKOBO, HA PiBHI JACSIKUX eJIeMeHTIB [4-6]. Xo4a iCHYIOTh pOOOTH, TIPHC-
BSIUEHI CIIEHAPHOMY MIIXO0JY, alle BiH PO3TIISIIAE€THCS B 3arajlbHOMY BHUTJISIIL SIK MiJIX11 10 yII-
pasiiaHs [7-10], 6e3 ypaxyBaHHS 0cOOJIMBOCTEH orliHtoBaHHS SKOCTi [13 3aramom. CrieHapHwMiA
MiX1]] KOHIIETITyalbHO HE PO3IIIIA€ThCs B poOOTax, MPUCBIYCHUX OLliHIOBaHHIO sikocTi [13 Ha
ocHOBI 3aciBy aedexris [13 [11; 12].

BunisieHHsI HeT0CTKEHIX YaCTHH 3arajbHoi mpo6JeMu. OCKUTBKY B iICHYIOUHX POOOTaX,
sIKi OyJTM MTpOaHaIi30BaHi B IIOBHOMY 00CSI31, HE OITUCYETHCS CIICHAPHUH IMiIX1T IO OIiHFOBAHHS
SIKOCT1 ITPOTPaMHOT0 3a0€3MeUeHHs], iCHy€e HeOOX1THICTh HOro (hopMaizoBaHOTO MPE/ICTABICHHSI.

© l'opuees O. O., Jleonties K. I1., 2020
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MerToro cTaTTi € po3poOKa MOIETT CIIEHAPIO OIIIHIOBAHHS SIKOCTI IPOTPaMHOTO 3a0€3MeUeHHSI.

Bukisiag ocHOBHOT0 MaTepiaJy.

Mogaenas crieHapiio oniHIOBaHHS SIKOCTi porpamMHoro 3atesneveHHs. [lonaTTs cuena-
pir. [IpencraBumo i popMaTEHO OMUIIIEMO CIICHAPIEOPIEHTOBAHUH ITiAX1] 0 OIIIHKY sKocTi [13.
Hacammepen posrisiHeMo TOHSTTS ciieHapito. CJIOBO «CIIeHapiil» MOXOIUTh Bifl JJATHHCHKOTO
CIIOBA «Scaenay, siKe TepeKiIaacThes K «creHay. CrovaTKy CrieHapiil po3riisiaBcs sIK JliTepa-
TYPHO-JJpaMaTUYHUM TBip, HAIMCAHUH SIK OCHOBA JJIsl IOCTAHOBKH KiHO- a0 Tenediibmy, i iH-
X 3aXO0J1IB B TeaTpi Ta iHMMX MicIaX. ¥ XX CTOMITTI MpoBiTHUH aHATITHK Kopropartii RAND
I'epman Kan (Herman Kahn) [13] aganTyBaB 1ieif TepMiH JUIsi BAKOPUCTAHHS ITPY HAITCAaHHI MO-
KITUBUX ICTOPiIA PO3BHTKY moii y MaiioyTHpoMy. OmiBep Creppoy (Oliver Sparrow), onuH 3
OCHOBOIIOJIOKHMKIB CIIEHapHOTo Mmijxoxy B Kopropanii «Royal Dutch Shell», Buainse wotupu
CyYacHI TpaKTyBaHHS ITbOr0 TepMiHa [ 14]: «aHai3 9yTIMBOCTI» B TAKKX cdepax SK yIpaBIIiHHS
(hiHAaHCOBUMU TOTOKAMH, OI[IHIOBAHHS PU3HKiB, MEHEKMEHT MPOEKTIB; CHHOHIM MOHSTTS «HAJI-
3BUYAHMIN TIaH» B BIHCHKOBOMY UM IUBIIFHOMY TUIAaHYBAHHI ITO3AINTATHUX CUTYAaIlii, BU3HA-
Yalo4u, XTO 1 [0 TOBUHEH POOWTH B pa3i BUHUKHEHHS HEUITAaTHOI CHTYAIlii; CHHOHIM «HaJ3BH-
YalfHOTO TIaHy» B KOPHOPATUBHIM ab0 JepKaBHIN HNOMITHUIL; Y PO3YMIHHI «JIOT1YHO y3TOJKEHE
MIPHITYIIEHHS PO MaOyTHEY TIPU MPUHHATTI pillieHb 1 JOpMyBaHHI cTpaTerii.

VYci 0CHOBHI BU3HAUEHHSI y3aralbHIOIOTHCS TOJUIAaHACHKUM yueHuM @Pininom Ban Hotre-
HOM (Philip Van Notten) B [15] Take BU3HaUeHHS: CIIEHAPiil — I1e TIOCIiJOBHUM OITHC aJlbTePHA-
THUBHHX TiTOTETHYHO MOYJIMBUX BAapiaHTIB PO3BUTKY MOJIifl B MalOyTHBOMY, SIKUi BioOpakae
Pi3HI MTOTJISIIA HA MUHYJIE, CHOTOJICHHSI Ta MailOyTHE, a TAKOXK KU MOXe OyTH OazucoM st
IJTAHYBaHHS Jii.

®opmaJtizoBaHe NMpeACTaABIeHHsS] MO/IeJi. AaNTyBaBIIN MpeJICTaBICHe BU3HAYCHHS CIle-
Hapio /ISl OLIHIOBAHHS SIKOCTI TPOTrPaMHOro 3a0e3MeueHHsl, OTPUMAEMO TaKe TPAKTyBaHHSI: clie-
Hapiii omiHOBaHHS sSKOCTi [13 — 11e TPOAYKT ITaHyBaHHS Ta onmucy (Oe3repepBHOI) MOCITiTOBHO-
CTi i, CIIPSIMOBAHUX Ha OIIIHIOBAHHSI SIKOCTI IIPOIPaMHOT0 3a0e3MeUeHHs], SIKU BKIIIOYA€E OIHC
ITOYATKOBHUX YMOB, BX1JIHUX JaHUX, OUIKyBAaHOTO pe3ybTary (TiIIOTEe3H) i pO3MOJILT poieii ydac-
HUKIB poriecy oriHtoBanHs sikocTi [13. Cepen porneit yqacHUKIB poliecy MOKHA BUIUIATH TaKi:
opranizarop (IHXeHep-JIO0CIIiTHUK) ITpoIiecy oriHroBaHHS sKocTi [13 (po3poOHHMK clieHapiro), Ke-
piBHUK rpynu TecTyBaHHs 113 (KepiBHUK Ipynu SIKOCT1), TECTYBaJIbHUK (1H)XKEHEp 3 SKOCT1), KO-
puctyBad. TakuM YrHOM, CIIeHAPii OIIHIOBAHHS SIKOCTI MMPOTPaMHOT0 3a0e3IeUeHHS BKITIOYae 6
TaKUX eNEMEHTIB: JIil, IepeXiiHi JaHi, SKi MepelaloThes BiJ] €Taly J0 eTalry, poJii, BXiIHi JaHi,
MOYaTKOBI YMOBH, OUiKyBaHHHU pe3ynpTar abo rinotesa. [lpencTaBuMo B 3aralbHOMY BUTIISIIT —
rpadiugomy (puc. 1) i popManbHOMY BUTJISII €IEMEHTH ClIeHapilo:

— INCONSCE = {inconscek} — MHOKHHA ITOYaTKOBHX YMOB CIICHAPIIO OI[IHFOBAHHS SKOCTI

nporpamuoro 3adesmnedeHnst (INCONSCE — Initial Conditions of Scenario), inconsce — movar-
KOBa YMOBA CIICHAPIIO OIIHIOBAHHS SIKOCTI IIPOTPaMHOTO 3a0e3IICUeHHS;

— INDASCE = {indasce }" — MHOXXHMHA BXIJTHUX JAQHUX CIICHAPIIO OI[IHIOBAHHS SIKOCTI
1) j=1

nporpamuoro 3abesneuenns (INDASCE — Input Data of Scenario), indasce — BXiaHi JaHi cue-
Hapiio OIIHIOBAaHHS SKOCTI IIPOTPAMHOT0 3a0e3eUeHHS;
— ACTSCE = <actsce, >‘_7_l — MHOXKWHA JIif CIIEHapilo OIIHIOBAHHS SIKOCTI IPOrPaMHOTO 3a-

r
k=1

oe3neuenns (ACTSCE — Actions of Scenario), actsce — Jiist ClieHapito OIIHFOBAHHS SIKOCTI ITPO-
rpaMHOTO 3a0e3MeYeHHS;

— TRANDAT = { l‘randat,}:’:l — MHOXXHMHA TICPEX1THAX JaHUX, SKi MepeTatoThes Bi il J10

Iii, TOOTO BUXiHI JaH1 MEPEXOIATh 1 CTAIOTh BXITHUMU JaHUMU Juist HacTynHoI il (TRANDAT
— TRANSsition DATa), actsce — aist crieHapiro OIIHFOBAHHS SIKOCTI IIPOTPAMHOT0 3a0€3IIeUeHHST,
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— ROLSCE ={rolsce, };:1 — MHOKHHA poJIel A7l CLieHapito OLiHIOBAHHS SIKOCTI IIporpa-

MHOTO 3a0e3neueHnst (ROLSCE — Roles of Scenario), rolsce — poitb IS CIIeHAPIFO OI[IHIOBAHHS
SIKOCTI MTPOTPAMHOTO 3a0€3MEUeHHS;

—  RESSCE = {resscem };:1 — MHOXHWHA Pe3yJIbTaTiB CIIEHAPIIO OIIHIOBAHHSI SIKOCTI MTporpa-

MHoro 3abe3neuenHs (RESSCE — Results of Scenario), ressce — pe3yibTar clieHapito OIliHIO-
BaHHS SKOCTI MMPOTPAMHOTO 3a0€3TeYCHHS.

'I"I"ll"ll'

rolsce; rolsce,  rolsce; rolsce, rolscen:

1ndasce1
_—
indasce,

—_—
indasce; trandat, trapday,.|

JAHUX (INDASCE)

L \
t 1'\1 t) o\: . \

indascej+|
== actsce; L\ actsce,

inconsce;
s

\

actsce; actscejy

inconsce,
—_—

inconsce]_(

INCONSCE+ I
—

(ADSSHY) a1reLdrAead BHIDXOHIA

ymos (INCONSCE)

MHo>k1Ha noyaTKoBUX MHOKHWHA BXiHHI/IX

e ———— — ——————

Muoxuna giii (ACTSCE)

Puc. 1. I'pagpiune npedcmasnenns mooeni cyenapiro oyinio8anHs aKkocmi
npo2pamHo2o 3abe3neyents

Takum YMHOM, CIleHapidi OIIHIOBaHHS SKOCTI MporpamHoro 3abesmedeHHs (SAQSW —
Scenario of Assessment of Quality of Software) onucyeTtscs sik MHOKHHA MHOXKUH (1):

INCONCE,INDASCE, ACTSCE,
SAQSW = 1)
TRANDAT ,ROLSCE,RESSCE
Jocmigaum 1uistxoM Oyli0 BCTAHOBIIEHO, IO CIIEHAPiH MPOTATOM CBOTO KUTTEBOTO ITHKITY
(puc. 2) eBOJIOIIOHYE 1 TPEICTABIISIETHCS B TPhOX HACTYITHUX CTAHAX:
— cuenapit Ha mamepi (SPAQSW — Scenario on Paper of Assessment of Quality of
Software). I{e mepmmii cran crieHapiro, sIKuii po3poOsETbCsl OPraHi3aTOPOM MPOLECY OIIHIO-
BaHHS. /{7151 MO3HAYEeHHS TAKOTO CTaHy CIIEHAPIIO JIJIS KOYKHOI MHOYKHHH JTOTaHO 1HACKC «S» (2)

INCONCE,,INDASCE,, ACTSCE,,
SPAQSW = ; ®)
TRANDAT,, ROLSCE,, RESSCE,
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— ninotHui cuenapiit (PSAQSW — Pilot Scenario of Assessment of Quality of Software).
Le cuenapiit Ha mamnepi, SIKUH BUKOHY€ETHCSI B TeCTOBOMY pekumi. Takuit crienapiit HeoOxis-
HUH, 00 BiJNpalfoBaTH i YTOUHUTH CIIEHApiil Ha pealbHOMY TecToBOMY mpukiasi. [lepesa-
JKHO KUIBbKICTh YUYaCHHKIB, sIKi 3aJIy4eHi B CIIeHapiii, € MiHIMaIbHOIO. 3a3BHuail Takuii crieHapii
BiJIPI3HSIETHCS BiJ] CIICHAPIIO HA IMarepi 3a paxyHOK YTOYHECHHS €JIEMEHTIB cIieHapiro. J{js mo3-
HAYeHHS TAKOTO CTaHy CI[EHApilO JJIsl KOXKHOI MHOXKHMHHU JA0AaH0 iHJeKC «Py (3)

INCONCE,,INDASCE,,ACTSCE,,
PSAQSW = ; 3)
TRANDAT,,ROLSCE,,RESSCE,

— peanpHuit cenapiit (RSAQSW — Real Scenario of Assessment of Quality of Software).
Takuii cTaH crieHapito BUKOPUCTOBYETHCS JUTS OIiHIOBaHHS sikocTi [13 ji1s peanbHOT0 00’ €KTa
JOCTiPKeHHS. 371e01JTBIIOro MOJKe BiJIPi3HATHUCS Bij MIJIOTHOTO CIICHAPIIO, 3 PaXyHOK YTOY-
HEHb, SIKI BHOCSATHCSI B HBOTO B TIpoIleci BUKOHAHHS. J[JIsI To3HAYeHHS TaKOTO BapiaHTa CIieHa-
pito [T KOXKHOI MHOXKHHU J0JaHo iHAeKc «Ry» (4).

INCONCE,,INDASCE,,, ACTSCE,,
RSAQSW = . ©)
TRANDAT,,ROLSCE, ,RESSCE,

Onepanisi BUK/TI0YeHHS (BHIATEHHS)
eJIeMeHTa 10 cLeHapilo
(EOE — Exclusion Of Element)

Eran 3. ®opmyBanus
pealbLHOro cueHapiio
(RSAQSW — Real Scenario of
Assessment of Quality of

Eran 2. ®opmyBaHHs
MiJIOTHOTO CHeHAapilo

Eran 1. ®opmyBaHHs cleHAPiI0
Ha mamnepi

Assessment of Quality of Assessment of Quality of

Software) Software) Software)
1 »
| INCONSCE; = {inconsce,},_ ) INCONSCE ={inconsce,}! / >> INCONSCE, = {inconsce, },
et I 4T Ittty TTA
________________________________ _::_ _l(\|ll
f
| INDASCE, ={indasce, } INDASCE, ={indasce, | \ir INDASCE, = {indasce,}

ACTSCE, ={actsce, >7:

1

|
L

e SN B il i
| TRANDAT, = {trandat,} TRANDAT {randary', [ V| TRANDAT, ={irandat};,
—————————————————————— co

jm——————————— =N _a_ _a\i
1 \" 1

| _ROLSCE, ={rolseel},, | ROLSCE, =[rolsee,},, _ [L_ 1 ROLSCE,={rolscc..,
LA

[T T T == ——————————=— -\ RESSCE. — .
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Puc. 2. JKummeeuil yuxn cyenapiro oyinto8anHs aKkOCmi npocpamHozo 3a0e3neyeHHs
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TakuM YMHOM YTOYHHMO 3arajbHHiA 3aluc IS CIICHAPII0 OIiHFOBAHHS SIKOCTI MpOTpaM-
HOTO 3a0e3MeUeHHs 3 ypaxXyBaHHSIM CTaHy CIIEHApIfo 1 J0JamMo I KOKHOT MHOXHHH 1HJICKC
VOS, sxuit no3Haudae ctal crenapito (VOS — Variant Of Scenario). Otxe, innekc VOS moxe
HaOyBaTh TakuX 3Ha4eHb: S — SPAQOSW — Scenario on Paper of Assessment of Quality of
Software, P — PSAQOSW — Pilot Scenario of Assessment of Quality of Software, R — RSAQSW
— Real Scenario of Assessment of Quality of Software) (5):

INCONCE, .,INDASCE, .,ACTSCE

SA QSW — VoS > VoS > VoS > (5)
TRANDAT,,,ROLSCE, .,RESSCE

VoS > VoS > vos

Omnepanii Hax cienapiem. [[poTsaroM cBOro JKUTTEBOTO ITUKITY CIIEHAPIH MOXKE YTOUHIOBA-
THUCSI, TOOTO BUIO3MIHIOBATUCS. Y CTATTi HE PO3IIISAAAIOTHCS Ta HE aHATI3YIOThCS TPUKIIAIN Ta
MPUYHHY, Y SKUX BHITAJIKaX MOYKE 3MIHIOBATHUCS CIICHApil, OCKIJIPKU TaKWi MaTepiajl BUMarae
OinpIIoro oOcsATy Ta MOKE MpETEeHAyBaTH Ha OKpeMy CTaTTIO. ByJo BcTaHOBIEHO, IO Taki
3MiHHF 3BOJIATHCS JIO IBOX TaKHMX OIEeparliii HaJ| eleMEeHTaMH CIIeHapifo:

— BUKJIIOYEHHS (BUIATIEeHHs) eneMeHTa cueHapito (EOEyos vos eos — Exclusion Of Element);

— BKJIIOUEHHS ([To/1aBaHHs) eneMeHnTa cueHapito (IOEyos vos teos — Inclusion Of Element).

MoJTHBa TaKOK OIepallist IEPETBOPECHHS €IIEMEHTIB CIICHAPIIO0, ajle BOHA HE PO3TJISIA€ThCS,
OCKIUTBKH MOYe OYTH IpeJICTaB/IeHa IMaporo oleparliii BAKIFOYEHHS 1 BKIIToYeHHS. [Ipu BBeIeHH1
JIOJATKOBUX MHOKHH JUIsl KOKHOI 3 HUX OyB nonanuii inaekc TEOS, skuii o3HAYae BapiaHT
crienapiro (TEOS — Type of Elements Of Scenario). Takum unHOM, iHIeKC TEOS MOXe HaOyBaTH
takux 3Ha4eHb: INC — INCONSCE — Initial Conditions of Scenario, IND — INDASCE — Input
Data of Scenario, ACT— ACTSCE — Actions of Scenario, TRA — TRANDAT — TRANSsition DATa,
ROL — ROLSCE — Roles of Scenario, RES — RESSCE — Results of Scenario).

Jliist O1bI JOPMAITBHOTO OIHMCY TAaKUX 3MiH CIIEHAPIIO BBEJACMO JOJATKOBE TTO3HAYCHHS —
Syos vos, sike Moe OyTH ABOX BUIIB: Ssp — MEepeXiTHUN CTaH CIIEHAPIIO HA Tanepi B MUTOTHUN
CIieHapiid, Spr — MepeXiIHAN CTaH MiJIOTHOTO CIICHAPIIO B pealbHUil crieHapiil. PosrisaemMo
MO>KJIMBI BapiaHTH HEPIBHOCTEH CIIeHapiiB Ta IXHIX eJIeMEHTIB JUIs IepeXiTHUX CTaHiB (puc. 2).

dopMallbHO TPEJICTABUMO OIKC omepamnii BukmoueHHs (EOEyosvos tEos) 1 BKIFOYSHHS
(IOEvos,vos,teos). J1Ji IbOTO HEOOXiTHO BBECTH JIOJJATKOBI HACTYITHI MHOXKUHHU:

— MHOKHHA TIOYaTKOBUX €JIEMEHTIB 3 BianoBiIHOT MHOXUHU (SOETE0s — Set of Original
Elements). Taka MHOXKMHA BKJIFOYA€ BCI €JIEMEHTH ITOYATKOBOTO CIIEHAPIFO, JIUISA SKOTO OyIie
3aCTOCOBYBATHUCS BiJIIIOBI/IHA ONIEpAILis;

— MHOJKHHA €JIEMEHTIB, 110 BUKITIOUAIOTHCS 3 BiAMOBITHOT MHOXWHE (SEXETE0s — Set of
Excluding Elements). OckibKu pr BUKOPUCTAHHI OIeparlii BUKJIFOUESHHS MOXKe BUIAIATHCS
TIJIBKH OJIMH €JIEMEHT 13 MHOYKHHHU TIOYaTKOBUX €JIEMEHTIB CIICHAPII0, TO TaKa MHOYKHHA BKJTFO-
YaTAMe OJIMH €JIEMEHT, X04a TaKi eJIEeMEHTH B MHOKHHI MOXXYTh HAaKOTIMUYBaTHUCS IIpH OaraTo-
pa30BOMY BUKOPUCTaHHI oTepailii BUKIIFOYCHHS JIJIS [I0YAaTKOBOTO CIICHAPIIO;

— MHOKHHA BHKITIOUECHUX €JIEMEHTIB 3 BioBiTHOT MHOXUHU (SEETEOS — Set of Excluded
Elements). OckiTbk¥ TIpH BUKOPUCTAHHI OIleparlii BUKJIFOUESHHS MOKE BHTAJISITUCS TUTHKH OJTHH
€JIEMEHT 3 MHOXHHHU MTOYATKOBHX €JIEMEHTIB CIIEHAPil0, TO TaKa MHOYKHHA OyJIe CKJIaaThucs 3
OJTHOTO €JIEMEHTY, X04a TaKi eJIeMEHTH B MHOXKHHI MOXKYTh HAKOITMIyBaTHCS TIpU Oararopa3o-
BOMY BUKOPHCTaHHI onepariii BUKIFOYEeHHs Uil TOYaTKOBOTO ciieHapito. ToOTo enemMeHT cie-
Hapifo TPU BUKOPHUCTAHHI OMNeparlii BUKIIIOUSHHS ITIEPEXOIUTh 3 MHOKUHH €JIEMEHTIB, IO BH-
KITIOYAIOThCS, Y MHOKHHY BUKITIOYCHUX CJICMEHTIB;

— MHOJKHHA Pe3yJIbTYIOUHX eJIeMEHTIB 3 BiAMOBITHOT MHOKUHU (SRETEOs — Set of Resulting
Elements). Taka MHOXKHHA (POPMYETHCS K PI3HHUIIS MiXK MHOKHHOIO TIOYATKOBUX €JIEMEHTIB 1
MHOKHHOIO €JIEMEHTIB CIIEHApPit0, IO BHKIIFOYAIOTHCS, a00 JK SIK CyMa MHOXKHHHU TTOYaTKOBUX
€JIEMEHTIB 1 MHOYXUHU €JIEMEHTIB, 110 BKIIOYAIOTLCS;
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— MHOXXHHA €JIEMEHTIB, 10 BKJIIOYAIOTHCSH, 3 BIMMOBiIHOT MHOXUHU (SIETE0s — Set of
Included Elements). Lle MHOXUHa, sika BKIIIOYae B ceOe eneMeHT abo eleMeHTH, siKi Oy1yTh
JI0JIaHi B MHOYKHHY TIOYAaTKOBUX €JIEMEHTIB, 1 Take 00'€THAHHSI MHOXXHH (POPMYE Pe3yIbTYIOTY
MHOKHHY €JIEMEHTIB CIIEHapilo.

Y 3aragpHOMY BHIJISJIN OIeparliss BUKIIOYeHHS (BHuaieHHs) eneMeHTa (EOEyos vos TEOS)
JUTSI KOYKHOTO CTaHy CIIEHapiio 3aMuCcyeThes B Takuit crocio (6):

SRETEOS = SOETEOS \ SEXET EOS
EOEV()S,V()S,TE()AS' = SEETE()S = SOETE()S M SEXETE()S ? (6)
SIE, .=9

TEOS

a omepailis BKItoueHHs (HogaBanHs) eneMmenta (IOEyos vos,Eos) ISl KOKHOTO CTaHy CIIEHAPiIo
TakuM 9rHOM (7):

SRE,, ;=S OETE()S U SIE,,
1 OEVOS,VOS,TEOS = SOETEOS M S]ETEOS = . (7)
SEE,. . =SEXE., .=

TEOS TEOS

JKutreBuit UK CIIEHAPIIO OILIHIOBAHHS SIKOCTI MPOTPAMHOTO 3a0e3MeyYeHHs] BKIIIOYae 3
eTarw, sIKi BiJIIOBIIAal0OTh HOTO TPHOM CTaHaM (JIUB. pHC. 2):

1. Ertan ¢opmyBaHHS clieHapito Ha mamnepi;

2. Eran ¢popmMyBaHHS IMIJIOTHOTO CIICHAPIIO;

3. Ertan ¢opmyBaHHS peabHOTO CIIEHAPIIO.

Taxi eTanu GpopMyBaHHS CIIEHAPIFO OIIHIOBAHHS SIKOCTi MPOTPAMHOTO 3a0e3MeYeHHS MO-
KYTh BUKOHYBATHCS TUTBKY NOCIiZIOBHO. Ha mouatky — etan (oopMyBaHHS CIIEHAPIiO Ha Harepi,
JIaJTi TJIOTHOTO Ta PealIbHOTO CIICHAPIiB.

[lepexomsau Bij eTarry J10 eTary, MpoTSATOM CBOTO JKUTTEBOTO IIUKITY CIIEHAPil OI[IHIOBAHHS
SIKOCTi MTPOTPaMHOro 3a0e3NeueHHs] MOXKe 3a3HaBaTH MEBHHUX 3MiH. Taki 3MiHU € HaCIiIKOM
3aCTOCYBAHHS OIepalliif BUKIIFOUEHHS 1 (a00) BKITFOUCHHS €JIEMEHTIB CIIeHaPIfo.

Jliis mepexijiHOTO CTaHy Ss,p ICHYIOTh HACTYIIHI JIBa BapiaHTH HEPIBHOCTEM:

— cleHapiil Ha manepi He JOPIBHIOE MiIOTHOMY clieHapito, Tooto SPAOSW # PSAOSW .
SIKIo po3TisAaTH TaKy HepiBHICTH Ha PiBHI €JIEMEHTIB, TO MOXJINBI BapiaHTH PIBHOCTI 1 Hepi-
BHOCTI TaKUX €JIeMEeHTIB. Po3risiHEMO BapiaHTH HepiBHOCTEH Ha PiBHI €JIEMEHTIB ClieHapio Ha
marepi i MJIOTHOTO CIIEHAPIIO 1 MPeJICTaBUMO iX Yy BHIJISIII TIOBHOTO MPOCTOTO Iepedopy, BH-
KJIFOUAIOYW BapiaHT MOBHOI piBHOCTI (IUB. Tab.). J{71s mpuKiIamy oJMH TaKWil BapiaHT HepiB-
HOCTEH (TabJUIIS, PAAOK 22) pO3MUIIEMO OLTBII JIeTaTbHO. TaKkuil BapiaHT CKIIaIA€EThCS 3 TAKKX
CIIiBBIIHOIIICHB: INCONCE, # INCONCE, INDASCE = INDASCE, i ACTSCE # ACTSCE i

TRANDT, = TRANDT,, ROLSCE, # ROLSCE, RESSCE, = RESSCE,. Ockinbku cepen He-

PIBHOCTEH € 1 pIBHOCTI, SIKi BKa3YIOTh Ha iJICHTHYHICTH €JIEMEHTIB, OyIeMO PO3TJIsIaTH 1 OIH-
CyBaTH TUIBKM HACTYNHI HEpiBHOCTI: INCONCE, # INCONCE,  ACTSCE, # ACTSCE,,

ROLSCE, # ROLSCE . OcCKiTbKM HEPIBHOCTI ClIeHapiiB CB1IYaTh PO BUKOPUCTAHHS olneparii

BKJTFOUYEHHST a00 BUKITIOUSHHS OIMUIIIEMO OLIBIN JIeTaThbHO TaKi HEPiBHOCTI T 000X Omepartii:
— SKIO 3aCTOCYBaJId OIEPAIli0 BHUKIIOYCHHS IS CJIIEMEHTIB MHOXXHHHU IOYaTKOBUX
YMOB, JIi#i 1 poneit 1uis crienapiro (8-10):
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44 |- [+ |= [+ = |= |
3akiHyeHHs Ta0II.
1 2 3 4 5 6 7
45. = # = = # #
46. = + = = £ =
47. |= # = = = 7
48. = + = = = =
49. |= = # # # i
50. |- = # 7 7 -
51 |= = # 7 = 7
52. |- = # # - =
53. = = # = # #
54 [= = # = 7 -
55 |= = # = = 7
56. |- = # = = =
5. |= - = 7 # 7
58.  [= = = # # -
59. |= = = # = 7
60. |- = = # = -
61. = = = = # #
62.  |= = = = i -
63.  |= = = = = i
SOE,,, = INDASCE,
EOE _ SRE,, =SOE, \SEXE, =INDASCE, ©)
s SEEIND = SOEIND M SEXEIND
S]EIND =<
SOE,,,, = ROLSCE;,
EOE SRE,,, =SOE,,, \SEXE,,, = ROLSCE, | . (10)
St - SEER()L = SOER()L m SEXER()L
S]ER()L = @

—  SKIIO 3aCTOCYBAJIH OTIepaIlit0 BKIIOUCHHS IS €JIEMEHTIB MHOKHHH MTOYATKOBUX YMOB,
T 1 poneit utst crienapiro (11-13):

SOE,,. = INCONCE,
SRE,,. =SOE,,. U SEXE,,. = INCONCE,

IOE,, . =4 SOE,, NSIE,, =@ : (11)
SEE,. =SEXE, =@
SIE, =@
SOE,, = INDASCE,
SRE, =SOE, USEXE,, =INDASCE,

IOE, , ,, ={SOE,, NSIE,, =@ : (12)
SEE, =SEXE, =@
SIE,, =@
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SOE,,, = ROLSCE,

SRE,, =SOE,, \USEXE,, = ROLSCE,

IOES,P,R()L = SOEROL M SIER()L = ' (1 3)
SEE,,, =SEXE,, =0
SIE,, =@

— CleHapiii Ha nanepi i1eHTUYHUH MIT0THOMY clieHapito, T00To SPAQSW = PSAQSW .
Taxum 9UHOM KOKHIM MHOKHHI CIIEHApIIO Ha Tarepi BiJIOBIIa€ eKBiBaJeHTHA MHOKHHA TTi-
JOTHOTO ~ ClEHapito,  TOOTO  INCONSCE, = INCONSCE,,  INDASCE, = INDASCE,, »

ACTSCE; = ACTSCE,» TRANDAT, = TRANDAT, , ROLSCE; = ROLSCE,, .

Jlist mepexiTHOTo cTaHy Sp r ICHYIOTH HACTYITHI JIBA BapiaHTH HEPIBHOCTEM:
1. IlinoTHuit cueHapiit He TOPIBHIOE pealbHOMY CIIeHapito, TO0To PSAQSW # RSAQSW .

Taka HEepIBHICTh B YaCTHHI MHOXKHHHU BapiaHTIB Ha PiBHI €JIEMEHTIB CIICHApil0 aHaJorivyHa
HEpIBHOCTI CIIEHapilo Ha marepi i MIJIOTHOTO CIEHApilo 3 ypaxyBaHHIM TOTO, IO SIK Koedi-
IIEHTH TIPH eJIEMEHTaX CIICHAPII0 PO3MIIIAIOTHCS KOe(DiliEHTH B KPYTIIUX JIy)KKaxX, TOOTO 3a-
MICTh IHACKCY «S» po3rasaacThes inaeke «Py, a 3amicThb iHIeKCy «P» po3risaaeTbes iHASKC
«R» (amB. Tadm.).

2. TlinoTHuit cueHapiil iIEHTUYHAN pealbHOMY CIleHapito, TOOTo PSAQSW = RSAQSW .

TaxuM YAHOM KOKHA 3 MHOXKHH €JIEMEHTIB OJHOTO CIICHApIIO JIOPIBHIOE BiIIMOBIIHIH MHO-
KMHI IHIIOTO CIEHapilo, TOOTO NCONSCE, = INCONSCE,,» INDASCE, = INDASCE,

ACTSCE, = ACTSCE, s TRANDAT, = TRANDAT,>» ROLSCE, = ROLSCE, -

3acTtocyBaHHsl MojeJi. 3apONOHOBaHA MOJIENIb MOXe OYTH BHKOpHCTaHa JUIsl OIiHIO-
BaHHS SIKOCTI IMPOTPAMHOTO 3a0e3MeUeHHs 3 BUKOPUCTaHHIM 3aciBy nedekTiB I13. 3okpema,
pu po3poOrri Ta peanizamnii mpoueayp 3aciBy gedextin (Fault Injection Testing, FIT), ski Bu-
KOPHCTOBYIOThCS B HaykoBo-BHpoOHWYOMY MiAmpueMcTBi «Paiiity, 3aCTOCOBYIOThCS Pi3HI
CIIeHapii 3aciBy s OIiHKY QyHKITIoHATIBHOT Oe3neku FPGA mpoekTiB a1 ToKanbHUX iHOP-
Martiiao-kepyrounx cucteM AEC. Jlnsg Bukonanus FIT ¢popmyroTees pizHi mpodii gedexTis,
110 3aCiBalOTHCS B €ICKTPOHHHN MPOEKT, (Bi3WYHUI MOYIIb, IPOTpaMHE 3a0€3EUCHHS BEPX-
HBOTO PiBHS, OJJMHOYHUX 1 MHOKUHHUX JIe(DeKTiB, BITHOCHUX 1 aOCOTIOTHHUX JIe()eKTiB JTBOBE-
PCIOHHHX CHCTEM aBapiiHOTO 3aXUCTy TOIIo. Take pi3HOMaHITTS MpodisliB TOPOIKYE Pi3HO-
MaHiTTs crieHapiiB FIT i ciieHapiiB omiHIOBaHHS SIKOCTi, OITUCAHHUX Y CTATTi.

BucHoBku BinmoBiaHo 10 cratTi. Y cTaTTi npejcTapieHa i GopMaabHO OmUcaHa MOJIENb
CIIeHapio OIIHIOBAHHS AKOCTi MPOrpaMHOro 3abe3meueHHs. Ii 3acToCyBaHHS J03BONHUTH (Op-
MaJli3yBaTH IJIaHyBaHHs (IIOYaTKOBI YMOBH, BXiJHI JaHi, Jii, MepexiaHi AaHi, poiii 1 pe3yib-
TaTH) i BUKOHAHHS CI[EHAPII0, BpaxXyBaTH MOXKIIUBI OCOOJMBOCTI CTaHIB CIICHApIiB, Mepexia
CIIEHapiIo 31 CTaHy B CTaH 3 ypaxXyBaHHSIM MOXJIUBUX 3MiH MHOKHH €JIEMEHTIB CLIEHapiO.

[TomamnbIm TOCIIKSHHS IOIIBHO CIPSIMYBATH Ha PO3poOKy i aBTOMATH3AIIIO peatizamii
JieTajli30BaHuX clieHapiiB oniHioBaHHs sikocTi 113 1 FPGA mpoexTis.
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Oleksandr Gordieiev, Konstantin Leontiev
SOFTWARE QUALITY ASSESSMENT SCENARIO MODEL

Urgency of the research. Assessment of the software quality is a mandatory process to ensure the required quality of
software within the overall software development process. The constant development of existing and the emergence of new
information technologies (artificial intelligence, cloud computing, virtual and augmented reality, etc.) and systems increases
the requirements for the evaluation process and software quality assurance.

Target setting. Existing approaches to quality assessment have significant problems associated with weak formalization in plan-
ning software quality assessment tasks, a high degree of uncertainty in decision making by the responsible participants in the process,
insufficient or redundant information, and determining the number of participants in the software assessment process.

Actual scientific researches and issues analysis. Recent publications in open access, which consider the scenario ap-
proach in general and in relation to the tasks of assessing the quality of software, were analyzed.

Uninvestigated parts of general matters defining. Description of the scenario approach for sofiware quality assessment tasks.

The research objective. A more formalized presentation of the scenario approach for solving tasks of sofiware quality assessment
has not been considered. The purpose of the article is to develop a model of the sofiware quality assessment scenario.

The statement of basic materials. The article proposes a representation and description of the software quality assessment sce-
nario model, which consists of the following 6 elements: initial conditions, input data, actions, transition data, roles and results. It has
been found, that during its life cycle, a scenario can be in the following states: scenario on paper, pilot scenario and real scenario.
During the transition to each state, many elements of the script can change. To formalize such changes, additional operations on the
script were introduced and formally described: the operation of exclusion and the operation of inclusion. Variants of set inequalities
for the scenario on paper and the pilot scenario are considered.

Conclusions. The model of the sofiware quality assessment scenario is presented. It can be used for sofiware quality
assessment based on the seeding of defects.

Keywords: scenario approach; scenario model; sofiware quality; software quality assessment; software defects injection.
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POSSIBILITIES OF CONVERT CAD MODELS
FOR REAL TIME RENDERING SOFTWARE

Urgency of the research. The proposed methods can save valuable time and cut down the cost on hardware in some
instances and make it easier for a non-technical group of professionals to design and renderer products.

Target setting. To use fiee and paid products for use in modern businesses and schools to optimize the design and research
phase and also create environments for training the qualified personnel in extreme conditions.

Actual scientific researches and issues analysis. These optimizations are done directly by developers of the real time
simulation tools and some large companies but a lot of them are fractured to smaller businesses and need one direction to
make it to the mainstream.

Uninvestigated parts of general matters defining. Conversion methodology CAD models for real time rendering.

The research objective. Make a uniform standard of procedures on how to leverage the power of real time rendering tools and
find ways to use them in industrial practice.

The statement of basic materials. Possibilities of using the game engine Unreal Engine and the Fpic Games addon DATASMITH
Jor conversion CAD models for real time rendering sofiware are presented in article

Conclusions. The game engines can be used with right tools to make it easier for artists and other non-technical professions
to see results immediately. Also these tools can be leveraged to make simulations of various kinds with higher efficiency but the
results can be less accurate. But with the development of better tools and better integration of CAD software these results can be
improved and me and also other professionals believe that the future of the designing and testing products is real time.

Keywords: CAD model; DATASMITH, Unreal Engine; UV map; Virtual Reality.
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Introduction. In many industrial use cases there is a need for using different tools and appli-
cations to reach a certain goal in research and development of product or mechanical assemblies.
In mechanical engineering these problems are common in industrial software. For example, if
you create a CAD model in SOLIDWORKS and you need structural analysis, it might happen
that particular software doesn't have the best tools for your specific use case. Then you as an
engineer are forced to use other expensive software to make these analyses. This problem is en-
countered most commonly in the process when we need a photorealistic render of a product or
we want to create a model from CAD software to use it in a game engine for real time rendering.
These demands for this kind of rapid development will only rise in the near future. If we use the
right tools, we can significantly cut time needed for development. Also artists now can create
realistic graphics or promotional renders with photorealistic fidelity by touching a button. There
were many advances in this field of real-time rendering, but we would like to highlight a particular
use case, which shows what these tools in the right conditions can achieve. The Michigan based
Mechanical Simulation firm uses Unreal Engine and their proprietary software CarSim thanks to
which they can simulate accurate conditions for driving such as asphalt type or road slope etc.
Their software is splitted to two big softwares. The solver which solves the physical problems
and Unreal Engine which creates the visualization. This firm shows that these kinds of simula-
tions are possible and useful, for example as simulating autonomous driving and using that data
to improve real product. The customer of VERTechs firm were able to create virtual city where
they tested their autonomous vehicles. This is just one of the many possibilities which can be
done by an Unreal Engine. This article will be exploring the possibility of solving the fundamental
problem which is introduced by using a game engine [1-4].

Differences between CAD simulations and real time methods. CAD software has many
advantages then real time methods, but the real time tools are quickly catching up. When we
think about creating a product in CAD software, for example SOLIDWORKS, we usually think
about this workflow. We design the model, then define variables we want to simulate. Then we
tell the software to calculate the results. We wait for the results to be calculated and then reit-
erate if we see structural deformations or other design flaws, and do this over and over again.
CAD software makes it easier in recent years but the next evolution can be the real time ren-
dering. When we think about real time rendering, the first thing that we see is used in the video
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game industry. And that is not a bad thing. These tools used in this particular industry are very
powerful and have a lot of foundation already to be used in the professional spaces. A great
example is a tool called ArchViz, in which we can transfer integrity from application that is
used for building designs to a game engine and render the building in real time so that clients
can walk inside a building, while this building is not even built. Now we apply this promise of
high fidelity simulation to engineering. The workflow will be in the high level the same. We
design the product, then we test and repeat this process. But the benefits start to show when we
look closer to the parts of the process. After we have designed the product in a conventional
CAD, we export it to a real-time renderer, which in our case is the Unreal Engine and in future
or perfect case we have advanced tools in Unreal, thanks to which we do not need to further
edit this CAD model. Then we specify what we want to start the test and we see real time results.
For example, a plane crashing to the ground in real time and we can see the results of the de-
formation of the plane elements as soon as the plane hits the ground. Or we can pause the
simulation and change for example the type of the engine in the middle of the simulation. These
benefits of real time rendering can change our ways of how we approach research and develop-
ment, and make these processes more straight forward [5].

The problem of the fragmentation of the software. When we worked on the project,
which was focused on creating simulation software for a laic audience, we came across this
problem. Being mechatronics engineers, we didn't want to learn a new software, which is spe-
cific for the game industry to model models for this use case. We are pretty familiar with CAD
software, so that was a natural option. Many engineers had this same problem and EPIC games
created solutions for this, but that is only a part of the solution. The other part is how we use
these models. There are two ways, which will be discussed in the capitol below. But to outline
the problem, we need to understand how these software works. CAD software has its own file
format and the game engine uses their own standards. CAD software uses format specific for
each platform, for example IGES, etc. The game software uses FBX. We needed a compatibility
layer to convert these file formats and give them some other properties, which we also discuss
below. The fundamental problem was the difference of file formats, but in many cases further
modification of the basic design is required, but this is in the end worth the trade-offs [6, 11].

Available software and methods to convert CAD Models for real time rendering. There
are many methods on how we can approach this problem. Some can produce usable results and
some can produce results, that reach industrial standards. First, we need to choose the suitable
render engine for our use case. If we look for commercial solutions, we have two biggest options
and these are Unity and Unreal Engine. Our method was tested in Unreal Engine, because this
engine has a necessary set of tools, which in our opinion are essential for this use case. If we
want to render our CAD model in real time, we have two paths to export our model.

Fig 1. STL model in Cinema 4D UV map view [6]
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First path is to use the STL format for our model and then we import it to 3D editing
software like Blender or Autodesk MAYA, in which we export our STL file as FBX file
format. There are two significant problems with these methods. First one is UV mapping of
the STL model and the second is file format itself. These problems only exist if we don't edit
these models in Blender and Autodesk MAYA or Cinema 4D, and we only export them with-
out fixing them. UV mapping is essentially telling the render engine how and on what scale
the texture of the material should be applied to our model. The problem with that is that STL
format is not exporting UV maps in SOLIDWORKS. You need to create it. For example,
Cinema 4D can automatically create the correct UV map based on your model. Then if you
export it as FBX file format and import it to the Unreal Engine and apply a material to it, it
shows the material correctly, but it has some imperfections. We found that radial surfaces
usually have the material blurred. Your results may vary, it all comes down to the geometry
of your CAD model. The other problems are created directly from STL format and the way it
handles the models. STL format is most notably used for 3D printers and the model is ex-
ported as layers, which creates all sorts of problems. Especially curved geometry is created
from small triangular planes and if we want some degree of visual polishness, then we need
a very large number of these planes, so the object is perfectly smooth to the human eye. That
is a problem in UV maps. Because of this the UV map is far more complex than it needs to
be and the editing of it becomes far more difficult. Also this creates visual inconsistencies
that can be seen as blurred textures or stretched texture on the edges. To fix this problem we
need to usually create a new UV map from scratch. This process is time consuming because
we need not only to fix this inconstancy, but optimize the whole UV map for the large number
of triangular planes. There are more methods to do this, but the best one from our results is
to use the Unreal Engine plugin called DATASMITH. This method is created for the Unreal
Engine model called Static mesh actor, which is commonly used in video games as FBX
(filmbox) file format. FBX uses C++ and python so thanks to that this format is modular and
can be used in open source editors such as Blender. This translation layer DATASMITH not
only saves time, but makes models like arches or difficult geometry better, because it is cre-
ated from polygons. That means game engines can render these models in high quality and
thanks to next gen features like ray tracing, they can achieve high fidelity visuals and lighting.
This add-on also removes the need for fixing UV maps by reducing these time consuming
tasks from professional workflow. But we still may need to create UV maps, if we want to
achieve professional results. Thanks to that, customers can ride a new car before it even hits
the assembly line. The most notable problem is that relations between parts needs to be reap-
plied. That means if we for example export assembly of large 100 part assembly from
SOLIDWORKS, then if we use the first method, we have the full object in the Unreal Engine.
The relations between objects we need to fix and apply from the ground up. That said we can
also import architecture data in the Unreal Engine and make archive simulations for clients.
We found it best to apply material in the Unreal Engine, because thanks to Quixel Megascans
you can create photorealistic scenes that look and feel real. If we add raytracing for lighting,
then we have one of the best looking sceneries, which no CAD software can do. The best part
is everything is real time rendered, so we can go to the scene and change static meshes and
see the result right away. But this workflow can't completely eliminate the need for modeling
software [8, 10, 11].
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Fig. 2. STL model in Unreal Engine without UV map. Raw import [7]

We use this workflow to create levels for VR experiences and it saves time for our projects,
because we create simple shapes in SOLIDWORKS and then in an Unreal Engine we create
buildings. The benefit is that the DATASMITH keeps the dimensions in scale so, for example,
1 meter big in xyz cube in SOLIDWORKS is exactly similar and because of that the whole
experience can be designed for example the scale of real building. These static meshes have
advantage because then they can be vertex painted and the added layer of detail contributes to

more photorealistic presentation.

Saving as Editing UV
CAD STLfile__ | Graphics program 1211113 o theflap
(SOLIDWORKS | format (MAYA,Blender, - > Unreal Engine
etc.) Cinema 4D etc.) changes

Fig. 3. Scheme of software use in the particular order [8]

As we said, Quixel Megascans, which are free for Unreal Engine, also save significant time.
These textures include information such as roughness, metallic and normal. Roughness is im-
portant because, as the name suggests, it changes meaning or shape, how rough a surface is,
and how aggressively the light from that object is diffused. Normal map contributes to the
physical shape of the model which can imitate, for example, a brick or stone surface. If correctly
applied, these materials can increase the level of visual fidelity and make the final product more
realistic. If we compare the end result between our method and the method of using
DATASMITH, the results are pretty similar. The only difference is that by using this plugin we
saved time and we had to do less work [9].
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Fig. 4. STL model in Cinema 4D with uv map [9]

The difference of the STL and FBX file format. If we investigate the differences of
these two formats, at the end we will see why the FBX format is more commonly used in
game development. STL file format is used usually in stereolithography in CAD and has in-
formation only about the shape of the product. There is no information about the color or
texture and other information like animations or audio add-ons. On the other hand, FBX file
format, which is owned by AUTODESK, can store motion capture data, video data, animation
data, audio data and usually is more commonly used in video games. Thanks to that, the FBX
file format can be used not only for solid objects but for characters and other complex assets
used in this type of application.

Fig. 5. STL model in Cinema 4D without UV map optimization [6, 8]

As we see, if we import the STL model to the graphics editing software, the model does not
have any additional information and the showed UV map on Fig. 5 shows the unoptimized map
of the surface, which is created only by interpretation by program of the model. The result is
evident on the first sight, if we use the tool for optimizing the UV map.
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Fig. 6. STL model in Cinema 4D without UV map optimization [6, 9]

We see the end result of the optimized UV map on Fig 6. We used the tool built in the
Cinema 4D and exported STL file format as FBX and now we achieved the parity, and our STL
model is now FBX and have the information about the surface of the model and how to apply
materials to it. On the other hand, if we create the model natively in the editor which is specif-
ically created for graphics design like Blender or MAY A, the UV maps are created or edited in
the process of the modeling. But the CAD software is not created for this kind of use case, so
that's why we have to find this kind of workaround [10, 11].

The End Result. When we see the end results, it will be pretty similar, which is a good
thing. That means that we can use both these workflows, but we need to think about which of
these workflows is more efficient for us. The STL convention done manually gives us control
on how we want to edit our models, but it requires from us to learn a new software, which is
used in game development such as Blender or MAYA or Cinema 4D. On the other hand, the
DATASMITH plugin gives us more straightforward conversion and is better for large data im-
ports, such as architectural data.

Fig. 7. STL model and DATASMITH import in Unreal Engine side by side. Right
is STL and left is DATASMITH import [6,10]
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As we see, they look pretty similar, but we want to point out, that if we choose the STL
method we need to take patience with choosing the correct dimensions for our model in CAD
software, because if we choose small dimensions and scale it up, we can see aliasing on the
edge of right model, Fig. 7. On the other hand, DATASMITH import looks pretty similar but
the dimensions also are important, because they can save us time later in the engine, where we
don't have to scale them properly later. Thanks to implementation of chord tolerances, the
model imported this way is smoothed out in the engine.

Fig. 8 STL model in Unreal Engine with optimized UV map [6]

If we look at the results of material appliance, the UV map optimization in Cinema 4D or
done by DATASMITH is pretty much similar and the editing of the material can be done later,
so the end result is very usable and can be used even in industrial applications.

Bs

Fig. 9. STL model in Unreal Engine imported by DATASMITH UV map test [7, 9]
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Conclusions. As the development of the real time rendering continues and as new technol-
ogies such as NVIDIA'S real time raytracing are coming to the mainstream, we are finally hit-
ting that golden standard, which we call photorealism. Which is more impressive, these tech-
nologies are accessible through consumer hardware and the performance is doubling in the next
generation. As we develop more powerful physics engines and we learn to use raytracing, we
can create photorealistic real time simulations in close future, which can give us results in a
matter of minutes. Maybe at the start they are not as detailed as traditional CAD software cal-
culations, but with development of these tools we can soon hit that goal too. This opens a lot
more possibilities for the future. We can modify the simulation in the middle of calculation or
a designer can see in high fidelity detail the final product in real time without the need to wait
several hours to render it. Also we can make these tools more accessible for non-professionals
and make the learning curve less difficult and save time on rendering. There is also economic
value when we can use consumer level hardware to create professional results. These reasons
can be the foundation for our prediction that the future of rendering is real time rendering.
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MOKJIUBOCTI KOHBEPTYBAHHS CAD-MO/AEJIEHN
JIJISI TIPOTPAMHOI'O 3ABE3NIEYEHHS BI3YAJIIBAILIL B PEAJTBHOMY YACI

AKkmyanvHicmb memu 00CNiONCEHHA. 3aNPONOHOBAHT MEMOOU MONCYMb 3A0UAOUMU OOPOLOYIHHULL YaC MA 6 OesAKUX
BUNAOKAX CKOPOMUMU 8UMPAMU HA 0OJTAOHAKHS, d MAKOXHC CRPOCMUmMuU po3pooKy ma i3yanizayito npooyKmie OJisi HemexHiy-
HUX npoghecionarnis.

Ilocmanoeka npodnemu. Buxopucmanns 6e3K0uUmosHuUx ma nAAmMHUX nPOOYKMi6 OJisk 3ACMOCYBAHHS 6 CYUACHOMY 0i3-
Hecl ma y wKonax 0iisk onmumizayii (hazu npoekmyeaHHs ma OOCIIONCEHHS, d MAKOIC CIEOPEHHS YMOG OJisl HAGYAHHS KEAi-
ixosarnozo nepconany 6 ekcmpemalbLHUX YMOGAX.

Ananiz ocmannix docnioxncens i nyonikayii. Li onmumizayii 30iicHioromscs 6e3n0cepeonbo po3pooHUKamiL IHCmpyme-
HMI8 MOOCNIOBAHHS 8 PENCUMI PEAbHO20 Hacy ma OesiKUMU GeNUKUMU KOMNAHIAMY, ale 6azamo 3 HUX po30iieHi Ha Oinbul
OpibHi nionpuememea i nompe6yons 0OHUX peKoMeHOayitl, sKi Oyau 6 OCHOBHUMU.

Buoinenna nedocnioncenux yacmut 3a2anvHoi npoonemu. Memooonozis nepemeopennss CAD mooeneii 0ns sizyanizayii
6 peanbHOMYy Yaci.

Ilocmanoeka 3agdanna. Cmeopumu €OuHULl CManOapm npoyeoyp, wo 003600 NMb GUKOPUCTIATU MONCIUGOCIT IHCIPY-
MeHmIg 8I3yanizayii 6 pesicumi pearvbHo20 4acy ma 3Haumu cnocoou ix 6UKOPUCMAHHS Y GUPOOHUYTT NPAKMUYI.

Buknao ocnoenozo mamepiany. YV cmammi npeocmaeneHi Moxcaugocmi suxopucmauta ieposoeo pyutia Unreal
Engine ma aooony Epic Games DATASMITH oxns nepemeopennss CAD mooeneii y npoepamue 3abe3neuenns 0is 6i3yanizayii
6 peanbHOMYy Yaci.

Bucnoeku 6ionosiono 0o cmammi. 12pogi pyutii MOX*CHA GUKOPUCTIO8YEAMU 3 MAKUMU IHCIPYMEHMAMU, W0 CHPOULYIOMb
XYOOIUCHUKAM MA THULUM HeMeXHIYHUM NPAYiGHUKAM Mummese 6auenns pesyibmamie pobomu. Kpivm moeo, yi incmpymenmu
MOANCYMb OYMU GUKOPUCTNAHT 0I5l PI3HUX 6UOIE MOOETHGANHS 13 OIbUL BUCOKOIO eeKMUGHICMIO, alle Pe3yTbMamu MOXiCynb
oymu menut mounumu. IIpome 3 noaeorw kpawux iHcmpymenmie ma kpauwjoro inmezpayieto npoepamnozo 3abesneuvenns CAIIP,
yi pezynomamu ModicHa nokpawumu. Ha nauty oymxy, maidymHim npoekmyeanHs ma mecmy8ants npOOyKmie € mecmy6anHs
6 peanbHOMYy Yaci.

Knwuogi cnosa: CAD-mooens; DATASMITH; Unreal Engine; UV-poszopmxa; eipmyanvHa peanvHicme.
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IHO®OPMAIIMHA CUCTEMA PO?.HQ)_IIJILHOT EJEKTPUYHOI MEPEXKI
HA BA3I KOHIENLIi SMART METERING
13 3BACTOCYBAHHSIM TUITOBUX I'PA®IKIB HABAHTAKEHHS

AxkmyansHicmo memu 0ocnioyncenna. Buxopucmanns ingpopmayitinux cucmem ma 6a3 OaHux cmae Hegio €MHOI0
CKIA006OI0  OIsIbHOC  eHepeemuyHux KoMmnauii. Ingopmayis npo eupobHUYymMeo ma CcnodCUBaHHs eleKmpoeHepaii
30epieaemocs 6 azpecoganomy euensol. Lle ne oae 3mozu usHauamu ckiadosi 6ANIAHCOBUX GUMPAM eleKmpoeHepeil Memooom
noeneMeHmHUX pOo3PAXyHKI6 ma auanisyeamu ix cmpykmypy. Taxkum uuHom, 600CKOHANEHHS MAMeMamuyHo2o0 ma
NpOSPaAMHO20 3a0e3neyerHs IHGOPMAYitiHuX cucmem 00Ky eleKmpoeHepeii 3 Memoro ni08uueHHsl A0eK8aAMHOCHI GUIHAYEHHS
empam ejieKmpoenepzii' y po3noOilbHUX MePedCax € aKmyanbHuM 3a60AHHAM.

Ilocmanoexa npoonemu. Ochawjennsi po3noOiIbHUX eNeKMPUYHUX Mepedc 3aco0amu MOHIMOPUH2Y IXHIX napamempie
Yacmo GUABNAEMbCA HeOOCMAMHIM OJisl PO36 S13Y6AHHA 300aY NIAHY8AHHS MA 6e0eHHs pexcumie. Tomy memoro 00cniOHceHHs
€ aHANI3 MONCIUBOCHI 3ACMOCY8AHHA CUCIIEMHO20 NIOX00Y 00 cmeopenHs iHgopmayitinux cucmem PEM 3 euxopucmarnnsam
OaHUX ABMOMAMU308AHUX CUCMEM KOMEPYITHO20 0ONIKY elekxmpoenepeii ma iHuux HaseHux odxcepell inopmayii Ons niogu-
WeHHs MOYHOCII MOOENIOBAHHS XAPAKMEPHUX PeICUMIE Mepedc Md CKAA008UX DANAHCY eleKmpoeHepail.

Ananiz ocmaunix oocnioxcenv i nyonikauiil. Huwni euxopucmogyromecsi Oexiibka niOXo0ie Onsi nepesipku ma
GIOHOBNEHHSI OAHUX U000 enekmpuunux Hasanmayicenv y cucmemax ACKOE ma Smart Metering: 1) mexnonoein eenuxux
odanux (Big Data Technology — data management); 2) enobanere o6yucieHts Ha OCHOGI He 6MPAYeHUx OAHUX, 3) CIAMUCMUYHI
Memoou; 4) wmyyHi HeUpoHHi Mepedxci; 5) kiacmepHull aHaniz; 6) 3aCMOCY8AHHA MemoOi8 OYIHIO6AHHA CMAHY;
7) GUKOpUCMAHHS MUNOGUX 2paiKie elekmpuuHux Haeanmadicenv. Haeedeni nioxoou moocymo kombinyeamucs Ous
OMPUMAHHA O00AMKOBUX Nepesae.

Buoinenna neoocnioyncenux wacmun 3azansnoi npoonemu. Heobxionoio ymogoio 0t GUKOPUCMAHHS HASGHUX NIOX00i6
€ HasAgHICMb HeempaueHux Oanux. Lle pobums NPUHYUNOBO HEMONICTUBGUM 3ACTOCYBAHHS GIOOMUX NIOX00I8 ONIsi OOCHIONCEHHSL
pedcumHux napamempie PEM 3 nputinamuoro moynicmio.

Ilocmanoeka 3ae0anna. Omoice, OCHOBHUM 3A60AHHAM € OOCTIONCEHHS MONCIUGOCT] GUKOPUCTIAHHS CUCTEMHO20 NiO-
X00y 00 nobyoosu ingopmayiinux cucmem PEM i3 3acmocysannsm mexnonoeii Smart Metering, a makooic memooieé ma aneo-
DpUMMIB, K BUKOPUCMOBYIOUU HAABHY THpOpMayilo, azpe208aHy 3a YACOBUMU NePioOaMiL, OA0YNb 3MOZY BUSHAUAMU PeHCUMHIT
napamempu PEM 3 HeobxioHo0 mounicmio.

Buknao ocnoenozo mamepiany. /[ poseopmants azpe208anux OAHUX ) 2paiku HABAHMANCEHHS MA 2eHePYBAHHH, )
PpOOOmI 3aNPONOHOBAHO GUKOPUCMOBYBAMU MUNOGL PAIKU eHep2o0OMIHY Cnodcueawie ma micyegux Oxcepen eHepeii. J{ns
V32000iCeHHsL GUMIPSHUX NAPAMEMPIE Ped UMy ma ncegOO0BUMIPIOBAHb, PO3PAXOBAHUX 30 MUNOBUMU SPAPIKAMU, 3ANPONOHOBAHO
BGUKOPUCIIOBYBAMIL ANCOPUMM HA OCHOGI Memoody HaumeHuiux keaopamie. OyiHIO8AHHS MOYHOCMI NPOBOOUNOCS WLISXOM
3icmaegneHHs 6mpam enexmpoenep2ii Oisk YLIKOM CROCMEPENHCHOT MepediCi 3 pe3yibmamamit iMimayitiHux po3paxyHkKie.

Buchnoexku 6i0nogiono 00 cmammi. Bcmanoéneno, wo 3aCMOCY8AHHS MUNOGUX 2pADIKI6 HABAHMANCEHHS MaA
2EHEPYBAHHSL OAE 3MO2Y BIOHOBNIOEAMU ZPAPDIKU eHeP2OOOMIHY CRONCUBAYIE MA Micyedux Oxcepell eHepell 3 NPUHAMHON
mounicmio. Buxopucmanna munosux epagixie HABAHMANCEHHS MA 2eHePYBAHHS (NCe800BUMIPIOBAHb) 0AE 3MO2Y 3SMEHUUMU
eapmicme cucmem MOHIMOPUHSY POZNOOINLHUX MEPEiC.

Kniouosi cnosa: poznoodinena erekmpuuna mepesica; OaiaHc eiekmpoenepeii; empamu eieKmpoeHepeii; 6I0H0GNeHHs.
napamempie pexcumy;, munoguil 2papix HA6AHMANCEHH, OYIHIOBAHHA CIAHY.

Puc.: 6. bion.: 18.

AKTyaJbHICTh TeMH T0CTizKeHHsI. BukoprcTanus iHpopMaIliitHiux cucteM Ta 6a3 JTaHUX
CTa€ HEBIJI'EMHOIO CKJIAJIOBOIO JisUIBHOCTI €HEepreTHUHNX KoMmaHiil. Ha enxekTpoHHy ocHOBY
MEPEXOIUTh JOKYMEHTOOOIT, 3pocTae KiIbKICTh HOBOTO OOJaJHAHHS, BIIPOBAIKYIOTHCS
cucteMd 300py Ta KEpyBaHHS JaHHMH, 30KpeMa, KepyBaHHS TpPaHCIOPTYBaHHSM Ta
PO3MOJILIIOM €JICKTPOSHEPTii.

Ha#i6inpm BijioMor0 iHGOPMAIIHHOIO CHCTEMOIO PO3MOIAUIBHUAX EICKTPUIHHX MEpeX €
aBTOMATH30BaHa CUCTeMa KoMmepItiiHoro 00Ky enekrpoeneprii (ACKOE). Bona 3a6e3mneuye
o0k enextpuunoi eHeprii (EE) Ha oCHOBI JlaHWX, IO OJEp)KyBaHi Oe3MOcepeIHbO Bif
JTIYAJIEHUKIB 1/a00 BUMIpIOBAIBHHX IepeTBoproBadiB. Macope inTerpyBanHs 10 ACKOE
IHTeNEeKTyalbHUX MPUJIaJIiB 00JIIKY 3 MOKIIMBICTIO 30€piranHs i IepeiaBaHHs JaHUX Ha OCHOBI
TexHOJOoTii Smart Metering nae 3MOTy BUPIIIyBaTH KOMIUIEKC HOBHX aKTyalbHUX 3aBJaHb.

© Tomamescokwii FO. B., Bypukin O. b., Kymuk B. B., Manorynko 1O. B., I'puauk B. A., 2020
229



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Hampukoian, BijiianeHe 3HATTS MOKa3aHb 13 MPIIIAIB 001Ky, aBToMaTHYHe (DiKCYBaHHS 1X 3a
MEeBHUI TPOMIXKOK Hacy, BUSBJICHHs ocepenkiB BTpaT EE, a Takok MUTTEBe MUCTaHIliiTHE
0oOMe)KeHHS] HABaHTa)KEHHS Ta TIPUITMHEHHS eJIEKTPOTIOCTauYaHHSI.

3actocyBaHHS iHQOpMaIii, HaKONMHMYEHOI cUcTeMaMu Smart Metering, MTigBHUIIYE
CIOCTEPEKHICT PO3MOAUTHLHOI elleKTpudaHOo1 Mepexi (PEM) 3aBsikn BHKOPHCTAHHIO BUMIPSTHAX
rpadikiB enekTpocnokuBaHHs. HassBHICTh CHHXpOHI30BaHO1 iH(pOpMaIlii mpo BUMIpsHI peXKUMHI
napamMeTpyd pO3MOJUIBHOI €JeKTPUYHOI Mepexi Jlae 3MOry BH3HAuaTh OOCSTU CHOMXKHUTOL
eJIeKTpoeHeprii craniapTHUMU aireOpaiyaumu Metonamu [1]. Ilporte, mocuTh wacto uepes
BiMOBY amapaTHoOro abo iHdopmariiitHoro 3a0e3nedeHHs I[i JaHi MOXYTh HE HAJIXOJIUTH
npoTaroM yciei go6u abo i1 yactunu. Ilin yac BUMipioBaHb, a TakoX mepenadi iH(opmarii
CITIOCTEPIraeThCs BIUTUB €IEKTPOMArHITHUX 3aBaJl BiJl 3aCO00IB aBTOMAaTHYHOTO PETYIIOBAHHS,
PO3CHHXPOHI3aIlsl ad0 CIpsAMOBaHI aTakk Ha iH(GOPMAIHHI Mepexi CTOPOHHIMH 0cO0aMU Y
BHTJISAIl pyYHOTO a00 «BipyCHOTO» BTpy4aHHs [2-4]. Lle mpu3BoaUTE 10 BTPATH OKPEMHX MTAKETIB
iHpopmarrii. TakuM drHOM, HEOOXITHOIO YMOBOKO (DYHKITIOHYBaHHS 1H(POPMAIIHHOI CHCTEMH
PEM € MOXTHBICTh BiIHOBJICHHS BTpadeHoi iHpopMarrii.

IToctanoBka mpo6JeMu. MeToro JOCTIKEHHS € aHalli3 MOMJIMBOCTI 3aCTOCYBaHHS
CHCTEMHOI'0 MiXO0Jly A0 CTBOpeHHs iHpopmaniiHux cucreM PEM i3 BUKOpUCTaHHSM JaHUX
aBTOMATH30BAaHUX CHUCTEM KOMEpPLIMHOTO OOJIKYy eJeKTpOeHeprii Ta IHIINX HasBHHUX JDKepell
iH(popMarii 1 aBTOMaTH3AaIli1 KepyBaHHS PO3NOUIBHUME €JIeKTPUIHUMHI MEpEKaMH.

AHaJi3 ocTaHHIX J0caiKeHb i myOJikaniii. Ha choroiHi BUKOPUCTOBYIOThCS JeKiIbKa
TiIXOTiB JJIS TIEPEBIPKH Ta BiTHOBJICHHS JaHUX II0/I0 €JICKTPUIHAX HABAHTAXKEHD y CHCTEMax
ACKOE Tta Smart Metering:

1) TexHONOTIs BeNMKuUX AaHuX (Big Data Technology — data management) [5];

2) rirobanpHe 00YHCIICHHS Ha OCHOBI HEe BTpaueHUX JIaHUX [6];

3) cratuctuuni Mmetoaw [7, 8];

4) mtyyHi HelipoHHI Mepexi [3];

5) xnactepHuit ananis [3, 9];

6) 3acToCcyBaHHSI METO/IiB OIliHIOBaHHs cTaHy [10];

7) BUKOPUCTAHHS TUIIOBHX TpadikiB eNeKTpUYHUX HaBaHTaxkeHb [3; 11; 12].

Hageneni miixou MoKy Th KOMOIHYBaTUCS, JUIsI OTPUMAaHHS JOAATKOBUX IepeBar.

Heo0xiHOIO YMOBOIO JIJIsl BUKOPUCTAHHS HaBEJICHHUX ITiIXO/IB € HAsBHICTh HEBTPAUCHIX
nmaHuX. ToOTO JUIsi YacTHHHM MepeXki HeoOXiqHI BUMIpIOBaHHS B 00°€Max, JOCTaTHIX IS
BiJIHOBJICHHS iH(popMaIlii, a00 BeIUKHN HAOIp PETPOCIICKTHBHUX JAHWUX JUIS BiTTHOBJICHHS
BTpaveHO1 iHpopMaIlii Ta BUSBJICHHS BUKUIIB Y BAMIPIOBAHHSIX.

BiamoBigHO 70 TPOBEJACHOrO aHamizy JUIS MOJAIBINOrO JIOCTIDKCHHS BOAYaeThCS
3aCcTOCYBaHHSI KOMOIHOBAHOTO IT1IX0/Ty METO/IiB OIiHKH cTaHy [10] A gacoBoi CHHXpOHi3aIlii
iH(popMarlii Ta 3aCTOCYBaHHS TUIIOBUX I'padikiB €JIEKTPUUHUX HABAHTAKEHb JUISI BITHOBICHHS
arperoBaHnoi B uaci ingopmartii [11; 12] mpo o611ik eIexTpoeHeprii.

Bunginenns HegocizKeHNX YaCTHH 3arajbHOI mpodaemu. OCHAICHHS PO3MOALUTEHUX
mepex 3acobamu ACKOE nocuts Butpatse, Tomy 3ae6inbmoro ob6aik EE mpoBoautses 3a
y4acTi MepcoHaly CIIyOHM KoMepIiiiHoOTo 001Ky enekTpoeHeprii PEM abo crmoxuBadiB. Ta-
KW croci0 300py i 0OpoOJIeHHST KOMEPIIIHHUX BUMIPIB € JHKEPEIIOM ITOMHIIOK i CIIOTBOPEHB
KoMepIiitHux ganux. Kpim Toro, arperyBanHs iH(popMaIlii Mpru3BOIUTE JI0 CKJIAJTHOCTI aJIeKBa-
THOTO OIiHIOBaHHS cTpyKTypH O0anancy EE Ta BunineHHs Hee()eKTUBHUX ITiICHCTEM Ta ellieMe-
HTIB eNIEKTPUYHUX MepeX. e poOuTh MPUHIMITOBO HEMOKIIUBUM 3aCTOCYBAHHSI BiIOMHX ITiJT-
XOJIIB JUTSI TOCIiHDKeHHS peKUuMHUX mapameTpiB PEM 13 mpuifHITHOIO TOUHICTIO.

ITocTanoBka 3aBaaHHA. TaKuM YWHOM, OCHOBHHMM 3aBJIaHHSM € JIOCIIIKEHHS MOXJIUBO-
CT1 BUKOPUCTAHHS CUCTEMHOTI0 MiJX01y /10 moOya0BH iHpopmaniiinux cucteM PEM i3 3acto-
CYBaHHSIM TexHoJIOTii Smart Metering, a Tako>X METO/IiB Ta AJITOPUTMIB, SIKi BAKOPUCTOBYIOUH
HasiBHY iH(OpMallito, arperoBaHy 3a YaCOBUMHU IMepioamMHu, 1aayTh 3MOT'Y BU3HAUATH PEKUMHI
napameTpu PEM 3 HE0OXiTHOIO TOYHICTIO.
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Jnst nocsrHeHHst MeTH OyJIv TTOCTaBJIEH] TakKi 3aB/IaHHS:

— IIpoaHaTi3yBaTH HASBHICTH JDKEpeN JUIS ITJIBHINCHHS CHocTepexHOCTI EM B ymoBax
HEMOBHOI BHXiHOT iH(pop™Maii;

— MpoaHali3yBaTd MOXJHMBOCTI BukopucTaHHs iH(popmanii ACKOE nans migBuimeHHs
cnoctepexknocti PEM B yMoBax HemoBHOI BUXi/iHOT iH(opMarli;

— pO3poOUTH METOJl OIIIHIOBaHHS IapaMeTpPiB PEKUMIB PO3MOIUIBHUX MeEpex 13
BukopucTanasM iHpopmarii ACKOE Ta iHmmx;

— IIEPEeBIpUTH AJICKBATHICTh PO3POOJICHOTO METOY Ta MOJKIIHBICTH HOTO 3aCTOCYBAHHS Y
iHpopMamniiHux cucreMax PEM 3 BUKOpUCTaHHSIM HATypHOTO €KCIICPUMEHTY.

AHaJli3 MOKIHBOCTI BUKOpHcTaHHA HasgBHOI iHpopmanii ACKOE Tta inmmux kepen
AJISl HiIBHIIEHHS CIIOCTEPEKHOCTI eJIeKTPUYHHX MepexK

BignosigHo no xonnentii moOynosu [13] aBToMaTH30BaHi CUCTEMHU KOMEPIIHHOTO OOJIKY
eJIeKTpoeHeprii Ui Tmo0yTy 1 cepr TOCIyr € iepapXidHOIO CHUCTeMoro. BoHa 3abesmeuye
aBToMaTi3oBaHui 00K EE Ha OCHOBI JTaHWX, IO HAJIXOAATH OE3MOCEPETHBO BiJl JTIUAIHHHUKIB
i/abo BuMiproBastbHUX MTepeTBoproBaviB EE. OcHoBHOIO MeToro cTBoperHss ACKOE € BupinreHHS
NUTaHb (PiHAHCOBUX BIIHOCHMH Ha OCHOBI TOYHOI Ta ONEpPaTUBHO OJIEPXKYyBaHOI iH(opMaIlii,
BUPIIICHHS] MUTaHb MiJBUNICHHS ¢(PEKTUBHOCTI Ta PAIliOHAJBHOTO BHUKOPHCTAHHS MAIMBHO-
SHEPreTUYHUX PECYpPCiB, a TaKOXK eHepro3oepekeHHs. OTxke, HAIBHICTH IMOBHOI iH(pOpMaIlii B
0a3i garnx ACKOE s Bciei PEM Moxe 3a0e3neunTs 11 COCTEPeX HICTh JUISl PO3B’sI3aHHS
TEXHIYHHX 337124, HAITPHUKJIA, aHATI3Y CTPYKTYPH TEXHOJIOTT9HIX BUTpAT eylekTpoeHeprii (TBE).

OnHak Ha ChOTOJHI B OLIBINOCTI eHepronocTavaibHuX KoMmnadiii BcraHosieHHs ACKOE
nepeadadeHo JuIne s mnepuMmerpa (y TOUYKaxX KOMepLiHOro oOJdiKy HepeTikaHb Bija/no
CYCIIHIX €JeKTPHYHHX Mepek) Ta IOPHIUYHUX CII0KMBadiB. TakuM YHMHOM, ISl OKPEMHUX
¢parmentiB PEM criocTepexHIicTh 3a0e31edyeThes JIMINE Y BUIAIAKY €JICKTPOITOCTadYaHHS
IOPUINYHAX CITOXKHBAYIB.

Bomuouac jis 6amancyBanHs enektpoeneprii y PEM wHa BBojax mingcrantiii 110-35 kB,
a TaKoXX Ha TOJIOBHHX [iNsHKax IHiHii 20-6 kB mepenbaueHo BuMipioBaibHI 3acoOu
TEeXHIYHOTO OOJIKY.

JlomaTkoBUM JKepesoM iHpopMaIlii mpo COKUBaHHS €IEKTPOCHEPTIl € OLTIHTOBI CUCTEMHU
EHEeprorocTadaIbHUX OpraHizamiid. Y HuX 30epiraetbes iHpoOpMaIis Ipo KOPUCHUAN BiJITyCK
EE y Toukax mpogaxy mpoTsroM 00JIiKOBOTO TIEpioay.

Ockinpku  iH(poOpMariiiiHe 3a0e3nedeHHs (iHAHCOBHX  B3aeMopo3paxyHkiB PEM
IPYHTYETbCS Ha JaHUX OOJIKy, OTpUMAHMX 13 PI3HHX JDKEped 13 pI3HUM CTYINEHEeM
JIOCTOBIPHOCTI, 3pOCTaEe KOMepIiifHa CKJIaJ0Ba BTpAT €JIeKTPOEHEPrii.

Jiist cTBOpEHHS HAJIEXKHOTO iH(pOpMAIifHOTO 3a0e3MeYeHHs Ta ITiIBUIIICHHSI JOCTOBIPHOCTI
JTaHUX O0JIIKY eeKTpoeHeprii y [12] 3ampormoHoBaHO BUKOPUCTOBYBATH YCEPEIHEHI 3a YaCcOM
Ta CYKYITHICTIO eJleKTponpuiiMadiB TumoBi rpadiku HaBanTaxkeHHs (TTH). s koxuoro TT'H
3a3HAYCHO TEPeNIiK KOJIB CITOKMBAYiB 3T1IHO 3 KaTeropisMU BHJIIB €KOHOMIYHOI JiSTTBHOCTI
(KBEJl), mo mae 3Mmory BHW3HA4YaTH MJisi KOHKPETHOTO croxuBawa BigmoBimamii TI'H.
Bukopucranust KBE]] y OiniHrosiii cucteMi 3abe3neuye MOXKIUBICTh 3icTaBlIeHHs iH(popMarii
IOZI0 €JIeKTPOCIIOKUBAHHS 3a MepioJl IHTErpyBaHHS 3 TUIOBUM IpadiKoM HaBaHTaKEHH
CIOXXHMBAYa.

TurmoBi Tpadikk IMONAIOTECS Yy BHUIJISII MOTOJUHHUX XapPaKTEPHCTHK MaTeMaTHYHOTO
OYiKYBaHHS Ta CEPEeTHHOKBAJPATUIHOTO BiIXMICHHS aKTHBHOTO i PEaKTUBHOTO HABAHTAKEHB, a
TaKOXX XapaKTEePUCTUKH Koe(illieHTa KOpesiilii akTHBHOTO i peaKTUBHOTO HaBaHTaXKeHb (puc. 1).
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Tabanes A1.1
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Puc. 1. Ilooanus inghopmayii 6 anbOomi munogux epagixie elekmpuiHux HaGaHMA}CEHb!
a—y mabauuniti popmi; 6 — 6 inmepnpemosaniti epapiyniil hopmi

MaremaTruHe OYiKyBaHHS HaBaHTA)XEHHS HOPMYETHCS BIJIHOCHO MaKCUMAaJIBLHOTO
3HAUEHHS 1 MOJaeThes y BijmcoTkaxX. Takmm umHOM, TT'H mae 3Mory poskiacth 3Ha4eHHS
CyMapHOi CITOKHTOI eHeprii 3a OOJIKOBHU Tepio IO BHUTJISAY IMOBIPHOTO ITOTOAMHHOTO
rpadika HaBaHTAXXCHHS, JOIMOBHIOOYM 0a3y mJaHWX iHQopmariiiHoi cuctemun PEM
TICEBJIOBUMIPIOBAaHHSIMH.

Metoa oniHIOBAHHSA NMApaMeTPIB PeKUMY PO3NOAIILHUX Mepexk i3 BUKOPHCTAHHAM
arperoBaHHX y 4Yaci JaHHX 00JIiKy eJIeKTpOoeHeprii.

3amadyy BHUKOpHMCTaHHsS arperoBaHoi B uaci iHQopmaiii aBTOMaTH30BaHUX CHCTEM
KOMEPIIHHOro OOJIKYy eJeKTpOeHeprii MOXHa po3MIsgaTH K 3a/4ady MiHiMi3alil moxubok
BUMIipIOBaHHs pexxuMHuX mapamerpiB PEM y Teopii onintoBanus crany (OC) enekTpuuHOL
Mepexi [17]. Jlng aHamizy JOCTOBIpHOCTI BHMIpIOBaHOI iH(opMaIlii po3poOJeHo KijdbKa
migxoxaiB. Kimacuana mist enexrpoenepretukn 3aaada OC [14—18] BUKOPHCTOBYE SIK PiBHSHHS
CTaHy PIBHSHHS YCTAJIEHOTO PEXHAMY. 3MIHHAMHU IUX DPIBHSHBb € 3HAYCHHS aKTHBHOI Ta
PEaKTUBHOI TOTYKHOCTEH, CTPYyMiB 1 HAmpyr, a YMOBHO IIOCTIHHUMH Koe(]illieHTaMHu —
nmapaMmeTpH 3acTymHoi cxemu PEM. 3HadeHHs CTpyMiB, HAlIPYT Ta MOTYKHOCTEH BBAXKAIOTHCS
TeJeBUMIipaMU i3 3a/1aHOIO BiporiaHicTio [14].

PexxuM enekTpuuHOI Mepexi, IO XapaKTepU3yeThCs MMM IapaMeTpaMu, BiNOBiTae
NIEBHOMY MOMEHTY (TIIPOMDKKY) dacy ¥ TMOCTiiHO 3MiHIO€Thcsl. HacmigkoM 1poro €
HEOOXiTHICTh NEePIOIMYHOTO0 KOPUTYBAaHHS HECHHXPOHI30BaHUX Ta MOMIJIKOBUX TeJIEBHUMIpiB
TakK, 00 y CYKYIHOCTI 3 BipOTiIHUMH IapaMeTpaMH PeXUMY BUMIpsIHI 3HAYSHHS BiANIOBIAAIH
yMOBaM BHKOHaHHs Oanmancy moTykKHOCTi y PEM.

OcoONMHMBOCTI CHUCTEMH TEXHIYHOTO MOHITOPHUHTY CYYacHUX PpO3MOAUTEHUX MEpeX,
30KpeMa, HEJIOCTATHS KIUIBbKICTh 3ac00iB CHHXPOHI30BAHOTO TEJICBHMIPIOBAHHS PEKHUMHHIX
napameTpiB, He JTAIOTh 3MOTH 0e3MocepeTHhO0 BUKOPUCTOBYBATH METO/IM OI[iIHIOBAHHS CTaHY B
TaKUX MEpexkax.

Ha croroani amapatHa yacTMHa cHCTeMH TexHI4HOro MoHiTopuHry PEM cknanaerbes
MEPEeBaXHO 3 BUMIPIOBAJBHUX HPUCTPOIB, BCTAHOBIEHUX HA BBOJAX TPaHCHOPMATOPHUX
migcranmii 110-35 kB Ta Ha ronoBHUX nisHKax JdiHii 20-6 kB. e He 3a0e3meuye HeoOXiTHOT
CIIOCTEPEKHOCTI HABITh ISl XapaKTEPHUX PEXHUMiB. BiZIIOBITHO 10 CyKYITHOCTI BUMIPIOBAaHUX
napametpiB y PEM, ix TouyHOCTI Ta MOXKIMBOCTI CHHXpPOHI3allii, JUIsl OI[IHIOBAaHHS CTaHy
JIOIJTEHO 3aCTOCOBYBATH ITJIXOJM, IO 0a3yrOThCS HAa METOJI HaWMEHINUX KBajapartiB. Sk
MOJIyJII ycTajeHoro pexumy PEM Haitvacrimne BUKOPUCTOBYIOTH PiBHSHHS Y (opMi OamaHCy
CTPYMIB, SIK ()YHKIII1 BY3JIOBAX HAIpyT y MOJSIPHUX Ta MPSIMOKYTHHX KOOPIUHATAX.

Mertox OIiHIOBaHHS CTaHy Ha OCHOBI METOIYy HaWMEHINUX KBaJpaTiB I'PYHTYETbCS Ha
JiHeapu3alii B3a€MO3B'SI3Ky MIXK BUMIPIOBAaHHSMHU Ta 3MIHHUMH CTaHY €JICKTPUIHOI MEPEKi.
HeniniliHi CHiBBIAHOIIEHHS MK BEKTOPOM CTaHy Ta BUMIPSHUMH €JEKTPUYHUMHU 3MIHHUMHU
MO>KHA Mo/IaTy B Takomy Bursi [18]:
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z = h(x) +v, (D
Jie Z — BEKTOP CHHXPOHI30BAaHO BHMIPSHHUX IMApaMeTpiB €IEKTPHUYHHUX MEpPEeX; X — BEKTOp
sMmiHHEX cTaHy PEM; h(x) — BekTopHa (yHKIIiS, SKa TOB’SI3y€ BUMIPIOBaHHS 31 3MIHHUMU
CTaHy Ha OCHOBI OanaHcoBHX piBHSHB Ui PEM; v — BeKTOp BIIXWJIEHb MK BUMIPSTHUMH Ta
PO3paxyHKOBHMH HapaMeTPaMH PEKUMY.

s dopmyBaHHS BEKTOpY CTaHy X MOXXHAa BHKOPHCTOBYBAaTM HECKIHUYEHHY KiJIbKiCTh
KOMOiHaIliii 3Ha4YeHb 3MIHHHUX, OJIHAK IPAKTUYHY IIIHHICTP Mae€ Taka KOMOIHaIis, IIo
3abe3mnedye MiHiMi3aIlilo a0COJIOTHUX 3HAUYEHb BEKTOpa V. 3 OMIAIY Ha 1€ HiJIboBa (YHKIIis
3a/1a4i BU3HAYCHHS BeKTOpa cTany PEM y 3araapHOMY BUTIISIL:

Mz — o (x)] T )
J(x)= ZMz[z—h(x)] W[Z—h(x)] — min, )
- or
=1 i
Jie G — CTaHJapTHE BiJXUIEHHS KOKHOTO BUMipIoBaHHS; W = diag [0' 2,05,...,0. }1

oOepHeHa JiaroHaJbHA MATPHIlSI OYiKyBaHHUX (OI[IHEHUX) CEPEeTHHOKBAPATUYHIX BiIXUICHB
OKPEMHX BUMIPIOBaHb.

3a3BUyYaif sIK 3MIHHHN CTaH X; MpUUMaloTh MOAYb U; Ta pa3Huit KyT J; HapyTu B He3ase-
*HUX By3iaax PEM. BumiproBanumu mapamerpamu B PEM € Moty Halpyra B OKpeMHX BY3-

. B . .
nax UlB . aKTHBHI P,” Ta peakTHBHi QB MOTYXHOCTI y By3JlaX HABaHTa)KEHHS Ta FeHepyBaHHS,

mo ocHameHi 3acobamu ACKOE, akTuBHI PJ.B Ta peaKTHBHI Qf MOTYKHOCTI, IO MTPOTIKAIOTh

JiHIIMHA Ta TpaHCPopMaTOpPaMH, IO OCHAIIEHI 3ac00aMU TeJICBUMiPIOBAHHS.

Ocob6nuBictio PEM € HeocTaTHICTh BEKTOPY crioCTepeskeHHs Z. T0OTO, BAKOPUCTOBYIOUH
CYTO BHIMIpSIHI ITapaMeTpHu He BIA€eThes ieHTU(iKyBaTH ctaH PEM, ampke 3amada (2) He Mae
po3B’si3KiB. JIomOBHEHHS BEKTOpy z iH(oOpMali€lo 3 THUHOBUX TpadikiB HaBaHTaKEHHS
(ncepmoBuMipamu) s By3miB PEM, nmacte 3Mory 3allyduTd pecypcH HasSBHUX 3ac00iB
BUMIPIOBaHHSI Ta MOHITOPUHTY JUIsSI 3a0€3MEUeHHs CIIOCTEPEKHOCTI eNEeKTPUYHOT Mepexi 6e3
JIOJJATKOBUX (DiHAHCOBUX BUTpAT.

Sk odiKyBaHI CepeIHbOKBAJpaTHUYHI BIJXHJICHHS IICEBJIOBHMIpIOBaHHS W, JUIs
HECIIOCTEPE)KHUX BY3JIB IPOIMOHYETHCS BHUKOPHUCTOBYBATH 3HAUEHHS, HaBeJEHI B arjaci
TUTIOBHUX I'paiKiB HaBaHTaXKEHHS JUTS CIIOKHBaYa, BIAMOBITHO 10 Horo koay KBEJT [12].

Mo/IUBICTh  3aCTOCYBaHHs IPONOHOBAHOTO MiAXoay B iH(opMamiiiHiil cucremi
pO3MONIITBHOI eJleKTprudHO1 Mepexi 3 BukopucTanHsM TT'H ta 6a3sm manux ACKOE Oyna
nepeBipeHa Ha NMPHUKIIAJ pealbHIX MIChbKUX enekTpomepex 10 kB.

IlepeBipka agekBaTHOCTI PO3pOOJEHOr0 MeTOAY 3 BHKOPHCTAHHSIM HATYPHOIO
eKCIIepUMEHTY.

Jlist TIepeBipKH aJeKBATHOCTI BIJITBOPEHHS JUHAMIKHA PEKHMY YaCTKOBO CIIOCTEPEIKHOT
PEM na ocnosi TT'H 6ys10 Bukoprctano ¢pparMeHT BiHHUIIBKUX MiCHKHX €JIEKTPUUHUX MEPEX
10 kB — digep ®-165 migcranmii 110/10 kB «3axigHay. digep MICTUTh 5 CHOKUBAIBHHX
nifcranmiit (puc. 2) 3 tpancdopmaropamu 10/0,4 kB pizHux notyxknocredd. Bin migcraniii
¢dimepa OTpPUMYIOTH JKWBIeHHS mpoMucioBi (17 %) ta moOyrtoBi (83%) cmoxuBayi.
BuxopucToByroun eneKTpoHHI JIUMIBHHUKH, A7 ¢igepa Oyno 3a0e3nedeH0 CHHXPOHI30BaHY
peecTparito TmapaMeTpiB HAJIXO/UKCHHS Ta BIIIIYCKY eJIEKTPOSHEprii 3 IiBrOAWHHHM
iHTepBaioM mnpotsaroM 22 ni6. Takum umHOM Oyno 3abe3leyeHo MOBHY CIOCTEPEXHICTh
MepeKi JUIS BU3HAYCHHS OaJlaHCOBHMX BTpaT ejekTpoeHeprii. KpiM Toro, oTpuMaHo maHi Jis
OIIIHIOBAHHS PO3MOLTY HaBaHTKEHHS MiXK mifcTaHIisMu s 1056 miBroJuHHUX MEPioIiB.
[Ipukian pe3yapTaTiB BAMIpIOBaHb HaBEJACHO Ha pHC. 3.
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O IIC 110/10 kB
5 3axinna” ®-165
P - 10 kB
MB - 10 B
JIP - 10 kB

AAB-3%120

AAB-3*120

2*AAIIB-3%120

2*AAIIB-3%120 AAIIB-3*120

456
400+250

2*AALIB-3%120
2*AAIB-3*120

2*AAIIB-3*120
0,36

457
400

455
2%400

Puc. 2. @paemenm cnocmepescnoi enexkmpuyunoi mepesici 10 kB

3 puc. 2 BUJHO, 1110 10 BUOIpKH YBIHIILIH sIK poOOUi, TaK i CBATKOBI JIHI (puc. 3, 6), a mepenik
CHOXMBauiB (Qifiepa MICTUTh IOPUIMYHUX Ta MOOYTOBUX aOOHEHTIB. OCTaHHE Ja€ 3MOry
pOOHTH y3araJlbHEHHs 3a pe3yJIbTaTaMH aHalli3y OCHOBHOI Ta TECTOBOI BUOIPOK.

200 HanxomkeHHs eeKTpoeHeprii 0 Binmyck enexrpoeneprii
’5. 600 £ 80
< 70
4 500 2
£ ool Al N | o]
2 o0 Lpdfnd LU U AT AN AL 7} 2
o o/ A" =
o VI VARVIR VM VS YA VI L] g w0
2 100 VAVGAVAVEVEVEVEVEVEVEVEE S
g
3 "tiistrieisiiiicriiazz 4 '
'cﬁ&i'cﬁﬁéﬂéﬁoﬁdsoeéﬁoﬁoeos
—R. kBAp*r —R.kBAp*n

Puc. 3. [Ipuxnao eumipsnux 3uavenb nNpomsa2om 0OUHAOYAMU OHIG:
a — HaOX00JICeHHs eflekmpoeHep2ii 3 20106HOT OLIAHKU ¢hidepa,
6 — gionyck enexkmpoenepeii no TII-543

O1iHIOBaHHS CTaHY €JICKTPUIHOT MEPEXKi 32 YMOBH JIOCTATHHOI KUTBKOCTI JJAHUX Ta MMOBHOI
CIIOCTEPEIKHOCTI OyTa BUKOHAHA HA OCHOBI 3Ba)KEHMX HaiiMeHIuX kBaapatiB (WLS) [18] y
nporpamaomy cepenoBuini MathCad 15 (Mathsoft, CIIIA). Takum unHOM OYyJ10 TOBEEHO, 11O
3a HAABHOCTI TOBHOI iH(OpMaIii Tpo HATXOHKEHHS Ta CIIOXKUBAHHS eJICKTPOSHEprii
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pe3yJIbTaTH PO3PaxyHKIB MPAKTHYHO 30IraloThCcsl 3 BUMIPSHUMH 3HAYCHHSIMH (pHC. 3).
MakcrMaabHa BiJIHOCHA MOXHMOKa MOJICIIOBaHHS OyJjia oO4YMCIeHa Ha OCHOBI 3iCTaBJICHHS
BEKTOPY BHMIpPSHUX TapaMeTpiB Z, TOOTO OCEpeIHCHHMX IOTYXHOCTEH HaBaHTa)KCHHS Ha
MiBrOJJMHHOMY 1HTEpBaJIi, Ta IX pO3paxXyHKOBUX 3Ha4eHb h(X):
z, —h(x)
— 1 1
5max_ 100’ (3)

Z.

1
i cranoBmia merme 3a 0,01 % (puc. 4, a).

JUi1 eKCepuMEeHTaNbHOTO MiATBepKEHHSI MOKJIMBOCTI Bukopuctanus TI'H 3 meroro
(hopMyBaHHS IICEBIOBUMIPIB OyJI0 BAKOHAHO 3aMiHy BUMIPSHHUX TpadikiB 3MiHH MOTYKHOCTEH
quist By3miB TI1-458, TII-543. TI1-455 ta TII-456 Ha BiATBOpEHI HA OCHOBI THIIOBUX I'padikiB
ta cymapHoro croxxuBanHs EE (inpopmaris 3 ACKOE). Ilicis onintoBanHs crany PEM Tta
Bu3HaueHHs h(x) Oyn0 po3paxoBaHO BiIHOCHI MOXMOKH OI[IHIOBAHHS MiBrOJMHHUX PEKUMIB
(puc. 4, 6—2).

Ha puc. 4, 6, 6 mokazano niarpaMu 3MiHU BiTHOCHOI MOXUOKU OIIHIOBAaHHS PEXKHUMIB IS
BHITQJIKy BUKOPHCTAHHS IICEBJIOBHMIpPIB Yy BY3Ji 3 HaWOLIBIIAM €JICKTPOCIOKHBAHHSIM
(TI1-458) Ta y By3m 3 HaiiMeHIIUM enekTpocnoxuBanHsM (TII-543), BimnosigHo. [ns
KoXKHOro 3 48 BuUMIipIOBaHb J000BOro rpadika BiJIHOCHA TOXHOKA iX BIITBOPEHHS HE
nepesutrye 0,01 %. To6to BukopuctoByroun TI'H Ta oriHroBaHHs cTany iH(popMalioo Mpo
3MiHH €JIEKTPOCIIOKUBAHHS Y By3J1ax PEM 0yJ10 BiIHOBJICHO 3 BUCOKOIO TOYHICTIO.

-9
6x10 5.% T T T T 0,01 5 T T " "
4x10” =
455 =2 5a0°) 1
— 110" i 456
156 L0 ’
v 457 w'- ’.\.'."’.“'\n."-,' e
457 0 . o ,>’¢‘WM‘1 ) e
458 L., o \ -.
458 - . \
= Tax0” 1 543
213 -5%10° 1
4107 4
-9 . | . | N 20.01 . . . . N
61075 10 20 30 40 30 10 10 20 30 40 30
a 9]
0,01 T T T T 6 . ' ' '
8, % 8, %
s5%107 | . 4 R S 1
455 TV G E
456 0 e = g TN R o na Ty e .: :. : K
457 o
X -3 - -
a5
543
0,01 [ 1
N
-0,015 " . . . 6 \ \
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6 l

Puc. 4. Maxcumanoui ionocui noxubku mMooeno8ants OUHAMIKU eJIeKMPOCNONCUBAHHS!
a— o abconomno cnocmepedcHoi mepedici; 6 — 3a giocymunocmi eumipie y ¢ysni TI-458;
6 — 3a giocymnocmi éumipie y ey3ni T11-543; 2 — 3a giocymnocmi eumipie y eyznax TII-455

ma TII-456
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Ha puc. 4, 2 nokazaHo jaiarpamu 3MiHM BITHOCHOI MOXHMOKH 3a BiJICYTHOCTI BHMIpSTHOI
inpopmarii g By3nmiB TII-455 ta TI1-456, sxi Mar0Th HAHOUTBITY KiTBKICTH IMPUETHAHAX
minii. L1i By3nu Oyiu BifiOpaHi, OCKUTBKY HAsBHICTH TEJIEBUMIPIB JJISl HUX ICTOTHO BILTUBA€E HA
nepeTikanHs eHeprii y EM. BukopucTanHs 1ceBIOBUMIPIB Y BKa3aHUX By3j1aX MPH3BEJIO 0
3pOCTaHHsI BIIHOCHOI MOXUOKH OIIIHIOBaHHS JMHAMIKHU €JIEKTPOCIIOKHUBAHHS /10 5 %o.

TakuM 9MHOM, 3a pe3ysibTaTaMH PO3paxyHKIB OyJI0 BCTAHOBJICHO, IO iH(OpPMAIIIO TIPO
JIMHAMIKy ereKTpocnoxkuBaHHs y PEM MoXHa BiIHOBHTH 3 TPHUHSTHOIO TOYHICTIO 3aBJISIKH
BHKOPHUCTaHHIO TUIIOBUX TpadikiB HaBaHTakeHHs Ta iH(popmarlii ACKOE. Otpumani pe3y/ibTaTa
TaKOXX JAIOTh MiZICTaBU JJIsl IOCTAHOBKH 33/1a4l ONTHMI3allil CTPYKTYpH iH(OpMaIiifHOI cucTeMI
Ha Oa3i Smart Metering, 30KkpeMa MiHIMi3aMii KUTHKOCTI BHMIPIOBAJIBHHX IPHCTPOIB 3
3a0e3MeyeHHsIM 3a/1aH01 TOUHICTIO BIITBOPEeHHsI HapaMeTpiB pexxumy PEM.

Indopmaniiina cucrema po3moaiIbHOT eJIEKTPHYIHOT Mepeski Ha 6a3i KoHmenii Smart
Metering

HasBHicTh 1ocToBipHOT iH(pOpMarrii mpo pexxumu PEM cTBoproe mepeyMoBH IS i BH-
HIeHHS €()eKTUBHOCTI pO3pOOJICHHS €JIeKTPOOIIAJHUX 3aX0/(iB B YMOBaxX HEJIOCKOHAJIOCTI BH-
XigHO1 iH(popMaIllii Ta aJpecHOro eHeprornocTadyaHHs CIIOKHUBAYIB 3aBJISKH BIOCKOHAJICHHIO
MaTeMaTHYHUX MOJIEJIeH Ta 3aCTOCYBAHHIO TEXHOJIOTiH KOMITTOTEPHUX €KCIIEPTHUX CHCTEM.

OTpumani pe3yJbTaTH MiATBEP/UKYIOTh BAXKJIMBICTH BPaxyBaHHS B3a€EMO3B’SI3KIB MiX
nmapamerpamu pexumy EM Ta xapaktepuctukamu HaBaHTaxeHHs. [loxmOka, sika BHHHUKae
BHACJIIJIOK MiHIMi3amii BiIXUJICHb NICEBJIOBUMIpIB Ta pealbHUX BUMIPIB NMapaMeTpPiB PEKUMY
PEM, po3moinsieTbest 3TiTHO 3 BArOBUMH Koe(illieHTaMH — 3aJaHAX CePeTHbOKBAIPATHIHIX
BiJIXWJICHb TTapaMeTpiB.

AHaTI3yI0uH pe3yJIbTaTH eKCIIEPUMEHTIB MOYKHA OTPHMATH BUCHOBOK ITPO JIOMUIBHICT 3a-
CTOCYBaHHS B JOCTI)KyBaHOMY ()parMeHTi eJIeKTPUYHOI Mepexi JIuIe 3-X BUMIiPIOBATBHUX
npucTpoiB Smart Metering, 1Mo JacTh 3MOTY CYTTEBO 3MEHIIATH BUTPATHA HA BIPOBAKEHHS
iHpopMariitHoi cuctemu (puc. 5).

NncC 110/10 kB "3axigHa" ®-165 MNnc 110/10 kB "3axigHa" ®-165
WP - 10kB LUP - 10kB
MB - 10kB MB - 10kB
nP - 10kB nP - 10xB

J—
|

400

| —

2*AALLB-3*120

0, LLIB-3*1
- 026

E

400+250

*AALLB-3*120

455
400 0,36 2*400

Puc. 5. Bubip micys ecmanosienns eumiprosaiviux npucmpoie Smart Metering
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PesynpraTi po3paxyHKy BiTHOCHHX IOXHOOK MOJEITIOBAHHS JUHAMIKH EJIEKTPOCIIOKH-
BaHHS BKa3yIOTh Ha Te, IO BiJICYTHICTh BUMIPIOBaHb Y JBOX HAWOLIBIN BaXKJIMBHUX 3 MOTIISIY
iH(OpPMATUBHOCTI By3JlaX MPU3BEIYTh JI0 3POCTAHHS BIIHOCHOT TOXUOKH OI[IHIOBAHHS PEKUMY
10 5 %. Otmxe, 3a1aBIy HEOOXIIHY TOYHICTH MOJICITIOBAHHS, MOYKHA OTPUMATH BiJIIOBIIHY
CTPYKTYpY iH(popManiiinoi cucremu PEM 3 MiHiMalbHUME BUTpaTaMu, a TAKOK MOCIITI0BHICT
BIIPOBA/KEHHS 3aco0iB iH(OpMaIiifHOT cHcTeMHu. 3acToCcyBaHHS Takoi iH(OPMAIIHHOT CHC-
TEMH JJacTh 3MOTY BU3HadaTH cTpykTypy TBE B MiciieBuX (JIOKaIbHUX) NEKTPUYHIX MEpeKax
Hamnpyroro 0,38-110 kB eHepronocradalbHUX KOMIaHI# i3 KiJTbKICHAM OI[iIHIOBAaHHSM TEXHIU-
HUX PO3PaxyHKOBUX BTpAT €JIEKTPOCHEPril B €IeMEHTaX MEpeXk, BUTPAT eleKTpoeHeprii Ha
BJIaCHI MOTpeOH MiJCTAHIIIM Ta HETEXHIYHUX BTPAT i3 HEOOX1THOIO TOYHICTIO.

[IpononoBana indopMmariiiina cuctemMa po3NOIIEHOI eeKTPUYHOT Mepexi Ha 0a3i KOHIle-
i Smart Metering Mae BUTIISAN, TIOKa3aHUi Ha puc. 6. [HpopMmartiiiHi 3B’ I3KH BUMiPIOBATTBHIX
MPUCTPOIB 3 6a3010 TAaHUX ONIEPATUBHO-1H(POPMAIIHHOTO KOMILIEKCY JAIOTh 3MOTY Ha piBHI /-
CIIETYEPCHKOTO KepYBaHHS BPaXOBYBATH eKCILTyaTalliiHi ocoOauBocTi criokuBadiB EE ta jo-
KaJIbHOI €JIEKTPUYHOI CUCTEMHU.

rnc 110/10 kB "3axigHa" ®-165 GSM mogem
WP-106  MepexeBuin —_—
[é MB - 10kB P I GPRS

Pt [y TATOD 1900 My

456
400+250

0.33

o
ol

&

Q 2
F
~AALLIB-3+120°
400 036

Puc. 6. IIpononosana ingpopmayitina cucmema po3nooinbHoi eleKmpudnHoi mepelci
Ha ba3zi konyenyii Smart Metering

BucHoBKH BiINOBiAHO 10 cTATTI.

1. HocipkenHss  MoxuBocTi  BukopucTanHs jganux ACKOE mmg  mijgBuIneHHS
cnioctepexkHocTi PEM noka3zanu HeoOXiIHICTh EpeTBOPEHHS arperoBaHoi B yaci iHpopmarii
PO CIOXKUBAHHS €JIEKTpoeHeprii 10 (yHKIioHATBEHOT Gopmu rpadika HaBaHTaxeHHS. J1Jis
PO3B’sI3aHHS 1i€l 3ajadl 3alpOIIOHOBAHO BUKOPHCTAHHS TUIMOBUX TpadikiB HaBaHTaKECHH
BIJIHOBIHO 10 BUAIB EKOHOMIYHOI TisJIGHOCTI CIIOKHUBAYiB.

2. 3amponoOHOBAaHO METOJI PO3rOPTaHHS arperoBaHoi iHGopMmarii Mpo CHOKXUBaHHS
elekTpoeHeprii y Qopmy rpadika HaBaHTaKeHHS. MeTOJl TPYHTYEThCS Ha (GopMyBaHHI
NICEBJIOBUMHPIB  OCEPEAHEHUX TOTYXKHOCTeH 13 BHUKOPUCTAHHSM TUNOBHX TIpadikiB
elekTpocnoxuBauHs. [loganpma MiHiMI3aIlis BiIXMIICHb MiX IICEBJIOBUMIpaMH Ta PeaTbHUMHU
BUMipamMH MOTYXHOCTEH y iHImMHX By3:1ax PEM BHKOHY€ETHCS METOIOM 3BaKCHUX HAMEHIIINX
KBQJIpaTiB Ta CIHpHSE€ HAOJIMIKCHHIO IICEBJOBUMIPIB JO (aKTHYHMX 3HAYCHH IapaMeTpiB
enexTpocnoxuanHs. [loka3aHo, 1O po3poOJeHUil MeToJ] MOKHA BUKOPHCTATH JUIS
BiJIHOBJICHHS BTpadeHoi iH(opMarlii, BiJOpakOBYBaHHS BHMIpIOBaHb Ta CHHXPOHi3aIlil
arperoBaHUX MMOKa3iB JIUMIbHUKIB €JIEKTPOEHEeprii.
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3. IlepeBipky ameKBaTHOCTI pPO3POOJIEHOTO METOAY BHUKOHAHO IIISXOM 3iCTaBIICHHS
pe3yIbTaTiB KOMIT IOTEPHOTO MOJIEIIOBAaHHS Ta HATYPHOTO E€KCIEepUMEHTy s (pparmMeHTa
peanbHoi PEM. 3a pe3yibTaTamu MOJENIOBaHHS BCTAHOBIIEHO, IO 3actocyBaHHs TI'H Ta
METOJIIB OIlIHIOBAHHS CTaHy Ja€ 3MOTY BiJTHOBIIIOBAaTH peajbHUil TpadiK CIOKHBAHHS 3
iMOBIpHICTIO He HIK4Ye 95 % 3a BiJICYTHOCTI BHMIpIOBaHb BIAIYCKY €NEKTPOCHEpPTii s
HaNOUIBII HAaBAHTAXKEHO] MiICTAHII].

4. Ha mpuxuiazi ¢pparMenTa eJeKTpoMepeski oKa3aHo MOKIIMBICTh ONTUMI3aLlii CTPYKTYpU
BHMIPIOBAJTGHOT ImiicucTeMH iH(popMariiiiHoi cuctemu PEM i3 3acTocyBaHHSIM TEXHOJIOTIT
Smart Metering. Oxnak BmiMB ocHameHocTi EM 3acobamu 00miKy eneKkTpoeHeprii Ha
aJCKBATHICTh OIIHIOBAHHS PEKAMHUX TapaMeTpiB Ta BTPAT eJCKTPOeHeprii moTpedye
MOJATTBINUX JOCIIIKCHB.
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Yurii Tomashevskyi, Oleksander Burykin, Volodymyr Kulyk,
Juliya Malogulko, Viadyslav Hrynyk

DISTRIBUTION ELECTRICAL NETWORK INFORMATION SYSTEM BASED
ON THE SMART METERING CONCEPT USING STANDARD LOAD SCHEDULES

Relevance of the research topic. The use of information systems and databases is becoming an integral part of energy
companies. Information on electricity production and consumption is stored in aggregate form. This doesn 't allow to determine
the components of the balance costs of electricity by element-by-element calculations and analyze their structure. Thus, the
improvement of mathematical and software information systems for electricity metering in order to increase the adequacy of
the determination of electricity losses in distribution networks is an urgent task.

Formulation of the problem. Equipping distribution networks with means of control of their parameters is often
insufficient to solve the problems of planning and maintenance of modes. Therefore, the aim of the study is to analyze the
possibility of applying a systems approach to the creation of EDN information systems using data from automated commercial
electricity metering systems and other available sources of information to improve the accuracy of modeling network modes
and electricity balance components.

Analysis of recent research and publications. Today, several approaches are used to check and recover data on electrical
loads in ASKOE and Smart Metering systems: 1) Big data technology - data management, 2) global calculation based on non-
lost data; 3) statistical methods; 4) artificial neural networks; 5) cluster analysis; 6) application of assessment methods, 7) the
use of standard schedules of electrical loads. These approaches can be combined to gain additional benefits.

Selection of previously unexplored parts of the general problem. A prerequisite for the use of existing approaches is the
availability of don’t lost data. This makes it fundamentally impossible to use known approaches to study the parameters of the
EDN mode with acceptable accuracy.

Setting objectives. Thus, the main task is to study the possibility of using a systems approach to building EDN information
systems using Smart Metering technology, as well as methods and algorithms that, using available information aggregated
over time, will determine the parameters of EDN mode with the required accuracy.

Presenting main material. To deploy aggregate data in load and generation graphs, it is proposed to use standard graphs of
energy exchange of consumers and local energy sources. To reconcile the parameters of the measured mode and pseudo-dimensions,
calculated according to typical graphs, it is proposed to use an algorithm based on the method of least squares. Accuracy assessment
was performed by comparing power losses for the fully observed network with the results of model calculations.

Conclusions in accordance with the article. It is established that the use of standard load and generation schedules makes it
possible to restore the energy exchange schedules of consumers and local energy sources with acceptable accuracy. The use of
standard load and generation schedules (pseudo-measurements) allows to reduce the cost of distribution network monitoring systems.

Keywords: electrical distribution network; electricity balance; electricity losses; restore mode settings; typical load
schedule; condition assessment.
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Onee Cinuyxk, Cepeiu bouxo, Onekciii I'opooniu, Ana J{onyoapeea, Anopiti /[umepeys
METOJI OITUMIBAIII PEXXKUMIB POGOTH EHEPTETUYHOI'O
OBJAJIHAHHS 'TPHUYOPYAHUX HIAINTPUEMCTB

AxkmyanvHicmob memu 00caiddnceHHA. OOHUM 3 ANbMEePHAMUBHUX PilleHb NUMAHHS OPY2020 HEe3ANEHCHO20 0Xcepea HCul-
GIICHHSL eIeKMPOCNONCUBAYIE MOJICY b OYMU GUKOPUCIAHT 0dicepenia PO30cepediceHol eeHepayil, poO3mauLt08anol Ha mepumo-
DIl nionpuemcmea, 3 Memor eieKmponoCcmaianis iONOBIOANLHUX eIeKMPONPULIMAyie Yy aeapiliHux cumyayisix ma 6 [HuLux
nCego0aBaPIliHUX PeXCUMAx poOOMu, 3 MEMOI0 3MEHULeHHSL GUMPANT 3d CRONCUMY eLeKmpoeHep2ilo ma NiOGUWeHH S PIGHSL HA-
oitinocmi enexmponocmayanns. Boonouac ananiz po3nooiny NOmMoKie CnoiCUSanHs elekmpoenepeii ceiouums, wo 6eauKa ua-
cmKa enekmpu4Hoi eHepaii npunadae came Ha J0KaNbHi enepeemuyni 0o 'ekmu. Lle obymoentoe 3azanom akmyanvHicmo Gu-
BUEHHS. NUMAHHS 0COOIUEOCEN NPOSHO3VE8AHHSA eNeKMPOCHONCUBAHHS 3 MEPEXHCi 8 YMOBAX NIONPUEMCING MA AKMYATbHOCHI
3acmocy8ants npu Ybomy KOMOIHOBAHO20 NIOX00Y, OCODNUBO NPU BNPOBAONCEHHI 6 CMPYKMYPY eNeKmpOnOCMAYaHHs Yux nio-
NPUEMCING PO30CEPEONCeHOT 2eHepayil.

Ilocmanogeka npoonemu. [Ipobremoio yiei pobomu € numanis niOGUWEHHsL eHep2oephermueHoCmi 2ipHUYOPYOHUX NiON-
puemcms. [[o mozo sHc 00c8i0 NOKA3YE, WO NONPU HeOOBAHMANCEHHS eNeKMPUUHUX NOMYHCHOCMEN, 30UmKl 6i0 A8APIUHUX
nepepe enepe03abe3neyeHts 3 KOJCHUM POKOM 3DOCHAlONb.

Ananiz ocmannix 0ocnioycens i nyonikauiit. Y nonepeonix asmopcokux 00cniodxcenHsx 6yio o6IpyHmoeano Heooxio-
HicMb OnMUMI3ayii pedicumie pobomu eiekmpuiHo20 00NAOHAHHS 2iPHUYOPYOHUX NIONPUEMCME Y PA3L 3ACMOCYBAHHSL PO30Ce-
DpeodiceHoi eenepayii. 3a Kpumepisamu eKOHOMIYHOCI Ma eghekmueHocmi nepeddauaemvcs (hopMySaHHs eqheKmuGHUX PeXcu-
Mi8 8 YMO8AX NOCMIUHO20 3POCMAHHA HABAHMANCEHHS eeKMPOCNONCUBAYI6 MA 30iNbUleHHS PeaNbHOl CKIA0080I CRONCUMOL
enexmpuunol enepeii (EE), 3ceneposanol npu euxopucmarnui po3ocepedscenoi eenepayii. J{ns 0ocacHeHHA MAKCUMATbHO20
EeKOHOMIUHO2O0 eqheKmy npu 3acmoCYSaHHI PO30CEPEONCEHOT 2eHepayii @ yMoeax 2ipHUUOpPYOHUX NIONPUEMCNG, CUCTEM KepY-
BAHHSL HABAHMAICEHHAM MA AKYMYII0I04020 00IAOHAHHS, OCOONUBO GANCIUBUM € OP2AHI3AYISL NAAHYBAHHS €LeKMPOCHONCU-
BAHHSL, ONEPAMUBHO20 Ti ONMUMALLHO20 GUOOPY PENHCUMIB 2eHepayii eleKMPUYHOL eHepaii, po30cepedceHoi 2eHepayii ma one-
PAMUBHO20 KePYBAHHS PelCUMAMU POOOMU eHepeemuiHo20 OONAOHAHHS, sIKe GUKOPUCMOBYEMbCA 0N 3abe3neveHHs
ehexmugrozo 1 6e3nepebilinoeo yHKYIOHY8aHHS 0OIAOHAHHS eIeKMPOCNONCUBAYIE CIDHUYOPYOHUX NIONPUEMCIG, 3 MENOI0
30euLesieHHsl 6U000Y6aHHs 3aNI30PYOHOI CUPOBUHU, 8 YMOBAX Y3200HCEHHSL PEICUMIE POOOMU OXcepell 2eHepayii 2IpHUYOpYO-
HUX NIONPUEMCME | 306HIULHLOT eleKMPOMepPeCi.

Buoinenna nedocniodcenux yacmut 3a2anvHoi npodaemu. Bpaxoeyrouu ckiadHicmv mexHoN02iuH020 npoyecy ma che-
YupiKy QyHKYioHY8aHHS 2IPDHUNUX NIONPUEMCING, AKMYATbHUM HAYKOBO-NPAKMUYHUM 3A60AHHSIM € PO3POOKA Memooy Onmi-
Mizayii pexcumie pobomu eHepeemuuHo20 00NAOHAHHS 3aNI30PYOHUX NIONPUEMCIE NPU 6NPOBAONCEHHI @ CIPYKIMYPY eleKni-
PONOCMAYAHHA YUX NIONPUEMCIMEG PO30CEPeOHCEeHOL 2eHepayil.

Ilocmanogka 3a80anna. Taxum yuHom, aKmyanoHUM HAYKO80-NPAKMUYHUM 3A60AHHAM € CUHME3 Memooy Onmumisayii
pedcumie pobomu eHepeemMuyHo20 0OIAOHAHHS 3ANI30PYOHUX NIONPUEMCING NPU BNPOBAOICEHHI 8 CIPYKMYPY IX elekmpono-
cmauanms pos3ocepeddceroi eenepayii. Lle 0036onums epeKmusHo 6NPOBAOICYBAMU OXHCEPENa PO30CcepedrceHol eeHepayii 6
CMPYKMYpU e1eKmponoCmAaiaHHs 2ipHULOPYOHUX NIONPUEMCING.

Buknao ocnoenozo mamepiany. Bpaxogyrouu me, wo Ha NIONPUEMCMBAX AKMYATbHUM € 6NPOBAOICEHHS 8 3A2ANbHY
CIMPYKMYpPY CUCMeEM eNeKMPO*CUBTIEHHSL PO30CePeONCeHOI 2eHepayil, 3anpoNoH06aHO 6NPOBAONCEHHS BIOHOBNIOGAHUX Odiceper
eHepeil. Misc mum, wo He MeHUL 8AXHCIUBO, OOCBIO NOKA3YE, WO HE3BANCAIOUU HA HEOOBAHMANCEHHS eIeKMPUYHUX NOMYHCHO-
cmeil, 30umKu 6i0 ABAPINHUX Nepepe eHepe03ade3neyeHHsl 3 KOXCHUM pokom 3pocmaiome. Kodcnuil napamemp 3aeanvHol on-
mumizayii 6ubopy pexcumie pobomu eHepeemuuHo20 00IAOHANHHS SIPHUYOPYOHUX NIONPUEMCINE MAE PI3HULL CIYNIHb 6NIUB).
Tomy Onst 6upO6IEHHST ONMUMATILHUX PEXHCUMIE POOOMU OAcepel PO30CepeOICeHOi 2eHepayii 6 YMOBaAX iPHUYOPYOHUX NiONpu-
EMCME 30 KpUMepPIAMU eKOHOMIYHOCII MA eQheKmueHoCmiI, NPONOHYEMO GUKOPUCIIAMU 3aNPONOHOBAHY YiNb08Y YHKYI.

Buchoeku 6ionogiono 0o cmammi. Ha 2ipnuuopyoHux nionpuemcmeax axmyanoHum ma MOICIUGUM € GNPOBAOICEHHS 8
3a2AbHY CIPYKIYPY CUCIEM eLeKMpONCUGLEHHSL PO30CepeddiceHoi 2enepayii Ha 6azi 6iOH06NI06aHUX Oxcepen eHepeii. Boo-
HOYac 3 Memoro 00CMAamHb0 eHepeoeheKmueHo20 UKOPUCTNAHHS MAKUX MIHIeAeKMpPOCMAaHYill Y CMPYKIMYpax CUucmem eiex-
MPOACUGTEHHS HEODXIOHO [PYHMOBHO AHANIZY6AMU NUMAHHS, NOB A3AHI 3 PENCUMAMU POOOMU eHepeemuUYHO20 0ONIAOHAHHS
Yux nionpuemcms. 3anponoHo8anull Memoo 00360NAE ONMUMIZYEAMY POOONTY eHepeemuyH020 00IAOHAHHS IPHUYOPYOHUX
nIONPUEMCIME NPU BUPOBAOICEHHI 00 CPYKIMYPU IX eNeKmpOnoCmaiaHHs po30cepedlceHol ceHepayil.

Kniouogi cnosa: posocepeoddicena cenepayisi; enepeemuyne 0ONAOHAHHS; eNeKMPONOCMAYAHHS IPHUYOPYOHUX NIONpU-
EMCME; ONMUMIZAYIS PeACUMi8 po6omi.

Tabn.: 1. bion.: 9.

IMocranoBka nmpodIeMu. 3BaXKatOUX Ha peatii ChOTOICHHSI, ITUTAHHS ITiIBHIICHHS CHEPro-
edextuBHOCTI TipHUYOpyHUX MmianpueMcTB (I'PI) € aktyamsauM. Jlo TOTO 3K JOCBi ITOKA3ye,
0 HE3BAXKAIOUM HA HEJOBAHTAXXCHHS CJICKTPUYHUX MOTYKHOCTEH, 30MTKH BiJl aBapiiHUX Iie-
pepB eHepro3ade3neyeHHs 3 KOXKHUM POKOM 3POCTAIOTh.

OnHUM 3 aJTbTePHATHBHUX PIIICHb TUTAHHS APYTOTO HE3aJISKHOTO JDKEepesia XKUBJICHHS eJie-
KTPOCIIOKHUBAYiB MOXKYTh OyTH BUKOPUCTAHI JKepelia po30cepePKEHOT reHepallii, po3TalioBaHi
Ha TEPUTOPIT MiIPUEMCTBA, 3 METOIO €JIEKTPOIIOCTAYaHHS BiIIOBITAIBHUX €IEKTPOIPHIiMayiB
y aBapiifHUX CHUTYAaIlisX Ta B IHIIUX IICEBIOABAPIMHUX pekUMaxX POOOTH, 3 METOIO 3MEHITICHHS
BHTPAT 3a CITOYKUTY €JIEKTPOSHEPTiFO Ta ITiIBUIICHHS PiBHS HAIIHHOCTI €JICKTPOTIOCTAYaHHS.

© Cinuyk O. M., Botiiko C. M., I'opoawiit O. M., lonynapera . C., Jumepens A. B., 2020
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Bonnouac anaii3 po3mo/iny MOTOKIB CIIOKUBAHHS €JIEKTPOEHEPrii CBIAYUTH, 0 BEJIUKA
YyacTKa eJISKTPUIHOI CHEepril MpUIaae caMe Ha JIOKAJTbHI eHepreTHYHI 00’ €KTH, [0 3YMOBITIOE
3arajioM akTyaJbHICTb BHBUEHHS NMHUTAaHHS OCOOJMBOCTEH NMPOTHO3YBaHHS €JIEKTPOCHOMKH-
BaHHS 3 MEpeKi B yMOBaxX HiAPUEMCTB Ta aKTyaJbHOCTI 3aCTOCYBAHHS IIPH IbOMY KOMOIHO-
BaHOTO MiAX0Jy, OCOOJIMBO MPH BIPOBAKEHHI B CTPYKTYPY €JIEKTPONOCTAYaHHS IIUX ITiIpU-
€MCTB po3ocepemxenoi renepartii (PT)) [1].

AHAaJTi3 0CTaHHIX 0CTIKeHb i my0aikaniil. Y nmonepeaHix JOCTiKEHHSIX aBTOpaMu 00-
IPYHTOBAHO HEOOXIHICTh ONTHMI3aIlii PeKUMIB poOoTH eekTpuaHoro oonaaHanas ['PIT npu
3actocyBanHi PI'. 3a kpurepisiMu eKOHOMIYHOCTI Ta e(eKTUBHOCTI nepeadavaeTbes Gopmy-
BaHHS €()eKTHBHUX PEXKUMIB B yMOBAX ITOCTIHOTO 3pOCTAHHS HABAaHTAXKEHHSI €IEKTPOCIIOKH-
BayiB Ta 30UIBIIEHHS pealbHOI CKJIa0BO1 crioxkuToi enekTpuyHoi eHeprii (EE), 3renepoBanoi
pu BUKopucTanHi PI" [2-9].

Jlis ocsiTHeHHSI MaKCUMaJIbHOTO €KOHOMIYHOTO eekTy mpu 3actocyBanHi PI' B ymoBax
I'PI1, cuctem KepyBaHHSI HaBaHTOKEHHSIM Ta akymysrorouoro odnagHanus (I'AEC, AB), oco06-
JIMBO Ba)KJIMBHM € OpraHi3allisl IUIaHyBaHHS eIEKTPOCIIOKUBAHHS, ONIEPATUBHOTO 1 ONTUMAIb-
Horo Bubopy pexuMis rerepanii EE PI" B ymoBax I'PII (mmaxt abo xap’epiB) Ta onepaTuBHOTO
KEepyBaHHS peXUMaMH poOoTH eHepreTuuHoro odnaaHaHHs (EO), sske BAKOPUCTOBYETHCS JIJIst
3abe3nedeHHs] epeKTUBHOTO Ta Oe3nepeOiifHOro (yHKIIOHYBaHHS 0OJaJHAHHS €JIEKTPOCIIO-
xwuBauiB [ PI1, 3 MeToro 31emmeBneHHs BUA00YBaHHS 3ami3opyaHoi cupoBuHH (3PC), B yMmoBax
Y3TO/KEHHsI peskuMiB poOotu mxepen reepaii ['P11 i 30BHIIHBOT eeKTpoMepexKi.

BuzHaueHHs1 HeTOCTIPKEHHX YACTHH 3arajbHoi nmpooaemu. OTxe, aKTyalbHUM Hay-
KOBO-IIPAKTUYHHUM 3aBJaHHSM € PO3poOKa METOJly ONTUMIi3allii pexUMiB POOOTH eHepreTuy-
HOTO 00JTaJHaHHSI 3aT130pyTHUX HiAIIPUEMCTB IIPU BIIPOBA/UKEHHI B CTPYKTYPY €IIEKTPOIIOCTa-
YaHHS [UX Tianpuemcts PT.

Mera crartTi. ['0T0BHOIO MeTOIO IMi€l poOOTH € po3poOKa METOy ONTHMI3allil PeKUMiB
POOOTH eHEepPreTHYHOro 00JIaJHAHHS 3aTi30pYJHUX HIAMPUEMCTB MPH BIPOBAKEHH] B CTPYK-
Typy JIeKTPOIOCTadYaHHs UX MiampueMcTB PI.

BukJjaa ocHoBHOro Martepiaiy. 3 MeTor0 BUpOOJIeHHS onTuMi3oBaHuX pexxuMmiB EO 3PII,
HeoOXIiTHO BUUIATH OCHOBHI, HAWO1IBIIT e()eKTHBHI CKIIAJI0BI, SKi Oe3IM0CepeIHRO BITUBAIOTh
Ha piBEHb ONTHMIi3alii B I{iyIoMy, TOOTO (pakTopu BILIUBY (¢t ) Ta cHOPMYIIOBATH iX 3MICT, BU-
3HAYWBINY CTYITIHb BIUTHBY (IIPOSIBY) Ha mportec onTumizartii. B ymosax 3PI1 npwu 3acTocyBanHi
PI" MoxHa BUIIMTH HAWOLIBII BITMBOBI (DAaKTOPH, KOXKHUN 3 SIKUX 3aJI€KUTh BiJl KPUTEPIiB
B, » Kl BU3HAYaAIOTh CTYIIiHb BILIMBY ILOT0 (P)aKTOPY HAa BU3HAYEHHS ONTHMAJIBHUX PEXKUMIB

po6otu EO B ymoBax 3PII.

Bonnouac HeoOXiIHO BU3HAYUTUCH Y CHOCO0AX 3aCTOCYBAHHS KOKHOTO OKPEMO B3SITOTO
mwkepena EE, fioro po3ramyBaHHI Ta iXHIX HapaMeTpax, eKOHOMIYHIH JOMIILHOCTI BUKOPHC-
tauHs PI" B ymoBax I'PII. Orxe, 3amaua ontumizanii 0e3nocepeHbo 3anexuts i tumy P, i
mapaMeTpiB, KUTBKOCTI, MICITh PO3TaIlyBaHHS, PSKUMIB BUKOPHCTAHHS, B 3aJICKHOCTI BiJl yMOB
BupoOieHHs (BuaooyTtky) 3PC, mapameTpiB arMocdepH, ce30HIB pOKy, Tapu(pHHUX 30H 100U,
BILIMBY 30BHIMTHIX (aKTOPiB Ha CrIoKUBaHHSA 1 reHepartito EE, a Takosx piBHs BruuBy Pl Ha eko-
JIOTiI0 OTOUYIOUYOTO CEpPEIOBHUINA, 3 METOIO 3MEHIIIEHHSI HEraTUBHOTO BIUIMBY Ha CTaH aTMocde-
PHOTO MTOBITPS, IIIBHIKOCTI pyXy IMOBITPSIHAX Mac, Ha Mirpalliro Taxis, eJIeKTPOMarHiTHe BATIPO-
MiHIOBaHHS B ycix gianazoHax (CBY, BY, CU, HY, YKB) 306epexensst 6iodaopu, 6iorieHO3y Ha
TepuTopii po3mimenns PI', MiHiMI3amis 3a0pyTHEHHS BOJTHIX apTepiil, 3MEHIIICHHS BILIMBY Ha
€pO3iI0 MMOBEPXHI, 3MiHY PiBHS IPYHTOBHX BOJI Ta 3a00JI0UEHHS IPUJIETIINX TepUTOpiii Ta iHIme [8§].

ToMy HEoOXiTHO BpaxyBaTH THITH 1 KiTBKICTh PI” Ta MOXKITUBHI BILTUB HAa BUPOOJICHHS OTI-
TUMaNbHUX 1 epekTuBHUX pexumiB podotu EO I'PI1, a came BIITUB KOXKHOTO JIKepesia reHepa-

uii EE ( ]{/’ ) Ta pexumiB Bukopuctanus PI' (I =1, p, ne p — KUIbKICTb PEeXHUMIiB).
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Koxxuuit mapametp 3aranbHoil onTuMizanii Bubopy pexumiB podotu EO 3PII mae pizunit
CTYIIIHB BIUTHBY (IIPOSIBY, BAXKJIMBOCTI). TOMY 1T BAPOOIIEHHS ONTHMAIBHAX PEKAMIB pOOOTH
PT" B ymoBax I'PII 3a kxpuTepissMu €KOHOMIYHOCTI Ta €()eKTHBHOCTI IIPOITOHYEMO BUKOPUCTATH
UTEOBY (DYHKITIO 3arajibHOTO BHITY:

~
I
=

q=k
]:m
1 i=n
Jq J 4,9y —
O_<F; (namakapnug]a i 97/1']')_ (IU%' ’Jﬂp ychp )_
nem-k; g
I=p
q=k
Jj=m
n m k 1 i=n
- nomek He, (% Ulcp )(_Z 7 qu) =<1
}’l m: i=l j=1 q=1 i,7,q9,1=1

ne a;— i-i (akTop,

S/ — PiBEHB BILIMBY j-TO KPHTEPIIO i-r0 (aKkTopy;

¥, — piBeHB BILUBY B i-My (haKTOpi, j-My KpHTepii;

[ =1, n, n — XiIbKICTH (PaKTOPIB,

[ =1, m, m — XiTbKICTh KPUTEPIIB,

q = 1,k , k—xinpkicts o6mamnanns (JIPI) EO /=1, p, p — KinbKicTh peXXHUMIB ITPOSIBY KPUTEPIIO
naHoro (akTopa.

IpumiTka. ai MOXYTh OyTH PiIBHO3HAYHI, TOMI 4 = 0 <p, <l z My =

i=1
Sx1no ai He pIBHO3HAYHI, TO CTYIIIHb iX BAXKITUBOCTI (i BU3HAYAIOTH Y BificoTKax (%) 3amu-

caHmx gecsTkoBuM apodom A, €[0:1), B e [0:1], 4] € (0:1)

3 MeTOI0 3’sICYBaHHS CTYIICHS BaXKIIMBOCTI KOXKHOTO (DaKTOPY Ha ONTHMI3aIlii0 BUOOPY pe-
xumy poootu EO 3PII, oOmexyroTh mpoMixkHi 1i1p0B1 GyHKIiT (ITLD):

I=p

g=k - - -

1 .
qul::l(ﬂm ‘,Bl,cps%,cp) =lLm, j=1Lk j=1p

ne i — HoMep (axTopy,
J — HOMep KpuTepito i-ro ¢akropy;
q — HOMEp enekTpoobnagHanHs (xepena EE),
P — KIJIBKICTh PEXXKUMIB B j-My KpuTepii B i-My (axTopi,
1 — KIJTBKICTh (haKTOPIB,
m — KUTBKICTh KPHTEPIiB,
k — xi1bKicTh 00aiHAHHS, siKe criokuBae (reuepye) EE,
[ — KIJIBKICTh PEXXUMIB B j-My KpuTepii i-ro dakropy [4].
SIxmmio ¢akTopH i piBHO3HAYHI, TO le MAIOTh PIBHI YUCIIOBI 3HAUEHHS, SIKI MOYKHA 00UHC-

(pll (ﬂ,, ’7/7/

1 . .
ATy 32 GopMyIIoK0 g, =—. JIIsl COPOILIEHHS. OOUYMCIEHHS! MOKHA MPUMHSITH KOXKHE Uy PIB-
n

HUMH OJIUHHUII, TOOTO 01 = a2 = 0y =...= 1. SIKIIO fe; OOUUCITIOIOTD, TO OJCPKYIOTh YHCIIOBI

3HAYeHHs Y BUIIISI AECATKOBUX Jpo0iB, mpudomy 0< g4, <1, Z/Jm =1.
il
Sxmo ¢akTopu oi HepiBHO3HAYHI (piBHI MPOSBY (BIUIMBY)) Pi3Hi, TO CTYIIHb X BAXKIUBOCT1
(ui) BU3HA4AIOTH Yy BijcoTKax (%), sIKi 3aIMCYIOTh Y BHIJISJI JIECATKOBUX APOOIB, TPUUOMY
O<p, <1
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Jlns oO4YrcIIieHHsT YMCITIOBUX 3HAYCHB [)’;” , 7/'1/ HEOOXITHO CKJIACTH TAOJUIO IS KOXKHOTO
iiep

Iep

KPHUTEPiIO BiMOBITHOTO (PaKTOPY, BUBHAYMBIIHU PEKUMHU IO KOKHOMY KPUTEPIIO JUIsl BCIX TH-
iB 00JIaTHAHHS, BU3HAYMBIIY 3HAYCHHS BArOBUX KOE(DIIIEHTIB MO KOKHOMY PEXKHUMY I KO-
JKHOTO THUMY OoOJiagHaHHS. Y TaONWIll O TOPU3OHTAT PO3MIIIYIOTh THUIU OOpaHOTO 00Jai-

nauns (g =1k, kinexicte EO), a mo BepTUKaii, [JIs KOXKHOTO KPUTEPiIO, HOMEPA PEKUMIB
[ =1, p, p— KiIbKiCTb PEKHUMIB, L0 BiANOBIIAIOTH ILOMY KPUTEPIIO.

Hanpuknan, skmo i = 2,7 =1, ¢ =5, p = 3, T00TO0 /11 2-TO hakTopy, 1-ro Kputepiro, i3
TphOMa PEKUMaMH, JIJIS 11 ITH TUTIB 00JIaJHAHHS, MATUMEMO BHTJISIIT TAOJIHIIL.

Tabmmms
Peoicumu pobomu obnaonanns
OO6agHaHAS qi Q2 qs Q4 gs ... qk
Ve 7/211q, 7/212W 7/213q, 7/214q, 7/215q, . 7/21kqv
Pexumu
0 1 ] ] 1 ] 1
1 Yo Va1 V213 V214 V215 Y2tk
2 2 2 2 2 2
| L I Va1 V213 V214 7215 Vaik
(@) (xp)
a(f,) £ 7/211 7/212 7/213 7/214 7/215 7/21k
by Yo Va2 Vs i Yas Yo
al - ql,
A;q =|.. .. .. |—B/xoOnagHaHHs BiTHOCHO pexuMiB pobotu EO g / kputepil, o;
gl lep

/1
dakropa, 1e g/, = 7/4/(11""
ToOTo TO BepTHKANI YTBOPIOIOTHCS KOPTEXi JUIS KOXHOTO THITY OOJIaTHAHHS JUIS
(L i3 U S | Y & R & e 203
qir: {}/l/ql’yl/ql’yl/ql"'} > g2 {711(12’70112’70112"‘} > gk {7qu57qu57qu"'} :
[ToTiM 3HAXOASTH cepellHe 3HAYCHHSI BarOBUX KOE(III€HTIB KOXKHOTO KOPTEXKY JUIS KOXK-

HOTO HOMepa 00JIaTHaHHSI, YTBOPHUBIIU KOPTEXK CEPETHIX 3HAYCHb BarOBUX KOEPIIIEHTIB IS
BCIX H0MepiB 06J‘IaILHaHH$I 3a (popmyIoro:

i
quf@ __27/1141 (}/;ql—i_ yq1+ yql+ )

. . [} [} I
AHanorquO nst koxHoro Tany EO (qx): q1,..., gk { Vigrens Viigneps Visanep -+ ;/U‘.q;cp} .

[ToTiM 3HAXOATEH CepellHE CyMapHe 3arajibHe 3HAYCHHsI 0 BCIX pexXuMax i THUmax oonai-
HaHHS 3a (1)0pMyJ1010'
] l_p ]
l—p _ :_ _ l—p l—p l—p
Yia. gy Z ijq ( Ziig1 CP Yig2ep +7/Jq36p Tty qkqv)
1

JL1st KOKHOTO i-T0 haKTopy, j-r0 KPUTEPIto, IO BCIX peXKMMaXx /, IS BCIX TUIIIB 00JIa THAHHS
g cepelHe 3HAYCHHS BaroBUX KOe(iIieHTIB (IT0 BepTHKaTi). AHAJIOTIYHO MPOBOASITH O0UHC-
JICHHS YUCJIOBUX CEPE/IHIX 3HAYCHb BaroBHX KOCQIIIEHTIB JJIA BCIX PEKHUMIB 1 TUIIB 00J1a-
HaHH 110 ropu3oHTai. [Ipy YoMy 4ncI0Bi 3HAUEHHS BaroBUX KOe(ili€HTIB B KOXKHIN KJIITHHII

. L . L pa . .
TabJIMIL € OTHAKOBUMH SIK JUISL Y01 » TAK 1 IS ﬁ;l , TOOTO Y}y = Py » SIKi 3HAXOJIATHCS B IHTEp-
Bani [0;1], BU3HAUAIOTHCS €KCIIEPTHUM LIUISIXOM [9].
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3arajpbHUI BUTIISA ONTHMI3AIlil PeKUMIB pOOOTH 0018 THAHHS:

aplq .. apBlqg, ... aBlg. .. apBlLq ... aBlLg. .. alﬂllqu
K

a.ple, . apfle, .. afla .. aflq .. afbq .. aflg,

a,(f{)—> min

BucnoBku BimnoBiaHo 10 crarri. 1. Ha rippuyopyqHux minpueMcTBax akTyaJlbHUM Ta
MOJKJIMBUM € BIIPOBA/I’KEHHS B 3arajbHy CTPYKTYpPY CUCTEM eNIEKTPOKUBIIEHHS pO30CcepeKe-
Hoi reHepaiii Ha 0a3i BIJTHOBIIOBAHUX JDKepes eHeprii. BogHouac 3 MeTOI0 JOCTaTHBO €HEpPro-
e(eKTHBHOTO BHKOPHCTAHHS TAKUX MiHIEIEKTPOCTAHIINH Y CTPYKTypaX CHCTEM ENICKTPOKHB-
JCHHS HeoOXiJIHO TPYHTOBHO aHAJi3yBaTW IMTAHHS, IIOB’S3aHi 13 peXUMaMH pPoOOTH
€HEePTreTUYHOTO O0JIaIHAHHSI KX T ITPHEMCTB.

2. 3anmponoOHOBAHUN METOJ JI03BOJISIE ONTHMI3yBaTh poOOTY €HEepPreTMYHOro oOJagHaHHS
TIPHUYOPYIHUX MiIPUEMCTB IIPU BIPOBAKEHHS /IO CTPYKTYPH 1X €JIeKTPOIOCTavyaHHs PO30-
CepeKeHO1 TeHepartii.
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Oleg Sinchuk, Serhii Boiko, Oleksiy Gorodny, Yana Doludarieva, Andrii Dymerets

METHOD OF OPTIMIZATION OF OPERATING MODES
OF ENERGY EQUIPMENT OF MINING ENTERPRISES

Urgency of the research. One of the alternative solutions to the second independent power supply of electricity consumers
can be used sources of distributed generation located on the territory of the enterprise, in order to supply responsible electrical
receivers in emergency situations and other pseudo-emergency modes, to reduce electricity costs and increase reliability. At
the same time, the analysis of the distribution of electricity consumption flows shows that a large share of electricity falls on
local energy facilities, which determines the general relevance of studying the peculiarities of forecasting electricity consump-
tion from the grid in enterprises and the relevance of the combined approach, especially in implementing the structure of power
supply of these enterprises of dispersed generation.

Actual scientific researches and issues analysis. In a number of previous studies, the authors substantiate the need to
optimize the operation of electrical equipment of mining enterprises using distributed generation, according to the criteria of
economy and efficiency provides for the formation of efficient modes in a constantly increasing load of consumers and increas-
ing the real component To achieve maximum economic effect when using distributed generation in mining enterprises, load
control systems and storage equipment, it is especially important to organize the planning of electricity consumption, opera-
tional and optimal choice of modes of electricity generation of distributed generation in mining enterprises and operational
control of equipment operating modes. which is used to ensure efficient and uninterrupted operation of the equipment of electric
consumers of mining enterprises, in order to reduce the cost of extraction of iron ore, in terms of coordination of modes of
operation of sources of generation of mining enterprises and the external grid.

Uninvestigated parts of general matters defining. Given the complexity of the technological process and the specifics of the
operation of mining enterprises, an urgent scientific and practical task is to develop a method for optimizing the operation of iron ore
power equipment during the introduction into the power supply structure of these enterprises of dispersed generation.

The research objective. Thus, the actual scientific and practical task is the synthesis of a method for optimizing the modes
of operation of iron ore power equipment when introducing distributed generation into the power supply structure of these
enterprises, which will effectively implement distributed generation sources in the power supply structure of mining enterprises.

The statement of basic materials. Given the fact that the enterprises are relevant to the introduction into the overall
structure of power supply systems of distributed generation, the introduction of renewable energy sources is proposed. Mean-
while, not least, experience shows that despite the underutilization of electricity capacity, losses from emergency power outages
are growing every year. Each parameter of the general optimization of the choice of operating modes of power equipment of
mining enterprises has a different degree of influence. Therefore, to develop optimal modes of operation of sources of dispersed
generation in the conditions of mining enterprises according to the criteria of economy and efficiency, we propose to use the
proposed target function.

Conclusions. At mining enterprises, the introduction of dispersed generation power supply systems based on renewable
energy sources is relevant and possible. At the same time, in order to sufficiently energy-efficient use of such mini-power plants
in the structures of power supply systems, it is necessary to thoroughly analyze issues related to the modes of operation of
power equipment of these enterprises. The proposed method allows to optimize the operation of power equipment of mining
enterprises in the introduction into the structure of their power supply of dispersed generation..

Keywords: dispersed generation; power equipment; power supply of mining enterprises; optimization of operating modes.

Table: 1. References: 9.
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POSSIBILITIES OF STRESS MEASUREMENT
IN STRUCTURES USING MODERN TECHNOLOGIES

Urgency of the research. In many industrial areas, knowledge of deformation stresses in materials is required. Mainly
for safety, continuous monitoring of the condition, the maintenance planning, overall prediction of the service life of structures,
as well as for other reasons aimed at saving money and time required for repairs.

Target setting. The research aimed to create a "low-cost” monitoring device for monitoring the stresses in the structure,
created on the principle of loT.

Actual scientific researches and issues analysis. When designing the system and preparing this paper, we considered
both current sources — publications and papers dealing with the current state of development of the monitoring loT systems as
well as existing solutions, which are available on the market.

Uninvestigated parts of general matters defining. The mobile application was not implemented at this stage. It will be
implemented in the next stage of development.

The research objective. The purpose of this article is to explain how we can create own loT monitoring system by using
Arduino platform.

The statement of basic materials. In our work were used components from Arduino, which is the world’s leading open-source
hardware and sofiware ecosystem. The company offers a range of software tools, hardware platforms and documentation enabling
almost anybody to be creative with technology.

Conclusions. The created loT monitoring device was created on the Arduino platform. The software part was implemented
in the Arduino loT Cloud environment. Testing of the device has proven its functionality during the practical deployment of the
created system. It is possible to modify it to best suit the specified requirements.

Keywords: Arduino; Raspberry Pi (RPi) Internet of things (loT); strain gauges; Arduino loT Cloud.

Fig.: 13. References: 16.

Introduction. Monitoring of deformation stresses is an important part not only of industrial
production but also of many other sectors. It is essential to know the stress of structures in terms
of preventing possible failures, predicting the residual life of the material, etc. [1; 2].

Our goal is to create a device for monitoring stresses in the structure by the strain gauge
method. Such a solution would be suitable for long-term monitoring of the condition of the struc-
ture (bridges, cranes, and others). The proposed solution is based on the IoT principle. The device
should be single-purpose, i.e. it should detect the deformation on the selected structure, which is
then converted to stress (bending, compressive or other). At the same time, it should be inexpen-
sive, with low consumption and must allow remote monitoring of the current state of the moni-
tored structure. The Arduino platform is sufficient for this task. We decided to use a board from
the Arduino MKR 1000 family. The choice of a specific type depends on the communication
interface on which we want to implement data collection (Wi-Fi, Sigfox, LoRaWAN, GSM mod-
ule or other). We chose the MKR 1010 board, which contains a Wi-Fi module [3].

Professional solutions from HBM. Commercially available systems for measuring
stresses in a structure using strain gauge measurement have their negatives. Conventional de-
vices used so far are not suitable for remote monitoring of stresses in the structure. The next
generation of measuring systems meets this requirement, but the problem is the high price. That
is why we were looking for our own, reliable and affordable solution.

Currently, there are several types of professional measuring devices in the world from var-
ious manufacturers for strain gauge measurements of mechanical quantities. We will focus on
equipment from HBM company, which is a leader in the field of measurement technology and
has a comprehensive portfolio of products needed for the implementation of strain gauges (sen-
sors, apparatus, software, and others).

Quantum X is a universal, accurate and reliable system for measuring various physical quan-
tities. It is compatible with HBM sensors and Catman software and provides a comprehensive
solution for measuring and testing structures. Quantum X family measuring devices are also de-
signed for standard local strain gauge measurements, and some models also allow synchroniza-
tion via FireWire or Ethernet, as shown in the Quantum X modular concept (Fig. 1) [4].

© IMarpuk lapra, Maptin Ctynennii, 2020
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Fig. 1. Quantum X [4]

Such a solution allows us to a certain level of remote monitoring of measured data, but it is
not built for cloud monitoring.

Another option is the PMX device from HBM (Fig. 2), which is also an accurate, reliable
and efficient measuring device. It is a multi-channel system that is designed for the collection
and processing of large amounts of data. It is equipped with interfaces (Profinet, EtherCAT,
Ethernet [P, TCP/IP) [5].

Fig. 2. PMX [5]

The PMX can be flexibly expanded with practical plug-in cards for different types of meas-
urements to suit specific needs. Technical data on expansion plug-in cards are given in the
source [5]. It is also possible to configure PMX and monitor the required quantities using the
web interface (Fig. 3). Such a solution already meets the requirement of IoT, but the main dis-
advantage of this system is its high price [5].
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Fig. 3. Web interface of PMX [5]

Solutions from Embedded Micro Technology. In the next section, we will introduce com-
mercial solutions based on the low-cost platforms Arduino and Raspberry Pi.

Raspberry Pi development boards are often seen only as platforms for the agile development
of prototypes of electronic devices for educational and experimental purposes. Possibilities of
their usage in the industrial environment are often underestimated, or they are used only in the
field of development. However, this practice is gradually changing, and some companies have
launched industrial versions of Raspberry Pi development boards. The flexibility of their pro-
gramming and their easy adaptation to existing installations can bring several benefits to indus-
tries. They can be used either as low-cost alternatives to traditional industrial automation and
control systems or to extend the functions of older industrial systems, e.g. the possibility of remote
monitoring. Among the companies that offer devices based on RPi is the company Embedded
Micro Technology, which develops industrial integrated boards "MyPi" usable also for IoT [6].

The MyPi (Industrial IoT Integrator Board) (Fig. 4) is specially designed for the industrial
market, providing a powerful and easy-to-use platform. It contains a CPU based on the RPi
computing module with broad OS support and easy integration into the cloud services of the
Internet of Things. The integrated platform has an 1O interface and several built-in cards for
standard network protocols such as e.g. (Modbus, CAN, RS485 and many more) [6].
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Fig. 4. Industrial loT Integrator Board (MyPi) [6]

Solutions by Industrial Shields. Another possible solution is offered by the company Industrial
Shields, which focuses on the construction of PLCs based on the Arduino platform, but also RPi.

PLCs created on the Arduino platform offer solutions based on Arduino Leonardo or Ar-
duino Mega boards (Fig. 5). The choice of board used depends on the requirements of the sys-
tem. There are several communication interfaces to choose from (Wi-Fi, GPRS, LoRa, DALI),
protocol support (RS485, RS232, SPI, I2C, Modbus RTU). It is also possible to choose a solu-
tion that will contain multiple, up to 20 I/O (digital, analogue, relay). [7]

Fig. 5. PLC based on Arduino [7]

A more robust solution from Industrial Shields is based on the RPi board (Fig. 6). Compared
to Arduino, it offers higher performance, multiprocessing, a Linux based operating system,
multiple connectivities. Thanks to the dual Ethernet ports, the dual RS-485, Wi-Fi, Bluetooth,
CAN bus and other options, it is possible to connect to a large number of devices and to use
multiple protocols and communication ports. These parameters also result in higher energy
consumption, which is still lower compared to the PMX system from HBM.

252



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

The standard programming environment Arduino IDE, Python, Node-RED and similar can
be used to program these PLCs.

Fig. 6. PLC based on RPi [7]

Our solution. Since our goal was to create a monitoring system at the lowest possible price
without the need for high performance, the choice was to create the original system, built on
the Arduino platform.

Arduino boards contain a built-in processor, built-in RAM, without the possibility of ex-
pansion. They are designed for repetitive tasks (e.g. monitoring soil moisture, opening and clos-
ing garage doors, controlling lighting, controlling small devices such as sensors, motors, lights,
and others). They are suitable for tasks that do not require a large amount of memory and such
a powerful processor.

Arduino boards” main advantage is that they can be in continuous operation, as energy from
an external source, such as a power bank, is sufficient for their operation. That allows them to
be used out of reach of the mains. Arduino boards are built on an open-source platform. The
Arduino platform offers several types of development boards with different features as well as
large expansion add-on boards [8].

Because our goal was to create an loT solution, we have chosen an Arduino board from the
MKR 1000 family, which also has a built-in communication protocol. Since we wanted to use
the Wi-Fi interface, we chose the MKR WiFi 1010 version [9].

The Arduino MKR 1010 (Fig. 7) is a compact and powerful board based on the Atmel
ATSAMW?25 SoC (System on Chip) chip, which is part of the "Smart Connect family of Atmel
Wireless devices" specially designed for IoT solutions. It includes a reliable 32-bit Arm Cortex
—MO0+ computing processor, a wide range of I/O interfaces and low-energy Wi-Fi technology
with an encryption function for secure communication. The construction of the board further
consists of a Li-Po charging circuit, which can work on an external 5V battery or by powering
directly via the micro USB port on the board. Unlike other boards, it can operate with a mini-
mum supply voltage of 3.3V, and its output pins continue to give an output voltage of 5V. It
can detect the change of power supply automatically [9].

Arduino MKR 1010 board can be programmed either using the official Arduino IDE soft-
ware or directly on Internet platforms providing a programming environment, such as Arduino
IoT Cloud. All the mentioned features make this development board the preferred choice for
emerging loT projects [10].
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Fig. 7. Arduino MKR 1010 [11]

For more demanding requirements for performance or safety, Arduino also offers the PRO
version, which is available under the name Portenta family — Portenta H7 (Fig. 8). However,
the MKR 1010 board was also suitable for our purposes and requirements [12].

ARDUIND
PORTENTA HT

AROUING SYUBSL
ifoa

M crownd [ internal Fin [ Dipitel Fin [l Microcentroller’s Port
W Fower H s pin [] analeg Pin High Density Comnestor

| B [] other pin [ pefault

Fig. 8. Arduino Portenta H7 [12]

If it is not possible to use Wi-Fi communication in the practical application of the created
system, it is necessary to choose a board containing a GSM module — specifically MKR GSM
1400 (Fig. 9). All inputs and outputs are identical to the Wi-Fi version of MKR 1010, so the
resulting solution is easily modifiable in the GSM version [13; 14].
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Fig. 9. Arduino MKR GSM 1400 [13]

Measuring chain. Deformations that we want to measure with strain gauges are usually
very small. Changes in resistance are also minimal. It is not possible to measure them directly,
S0 it is necessary to use an amplification module [1].

The resulting measuring chain (Fig. 10) consists of a strain gauges (beam on which strain
gauges are applied). This module was used to simplify the preparation and testing of the solu-
tion. In practical use, strain gauges are applied to the monitored structure (depending on the
stress we would like to monitor). Another element used is the HX711 amplifier conversion
module. The connection between the strain gauges and the HX711 module is made using an
electric "Wheatstone" voltage bridge. The HX711 module is used to amplify and convert the
output signal to the Arduino MKR 1010 microcontroller, which displays the acquired data on
the LCD display to the user and simultaneously sends the measured data to the cloud.

: ]
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Fig. 10. Final measuring chain [16]
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The final form of the monitoring equipment connection design developed in the Fritzing

program is shown in (Fig. 11).

Fig 11. Equipment connection design from Fritzing [16]

The software part of the solution was implemented on the Arduino [oT Cloud platform (Fig.
12). Arduino IoT Cloud is an Internet platform, containing a number of tools for connecting
objects, devices within the Internet of Things and thus the rapid exchange of data in real-time.
Ability to watch them from anywhere through a simple user interface [15].
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Fig 12. Sample of final code from Arduino loT Cloud [16]

After creating the software, the functionality of the device was tested. An example of testing
is shown in Fig. 13. Testing verified the functionality of the solution.
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Fig. 13. Sample of testing [16]

Conclusions. This article aimed to present the possibilities of remote stress monitoring in
structures using [oT technology. In the first part, we presented the existing commercially availa-
ble options. These devices represent complex top monitoring possibilities, not only stress meas-
urement - but they are financially demanding. That is why we decided to create a monitoring
device, which is not so expensive. The advantage of the created device is also that it is possible
to adjust it according to preferences. For example, if a Wi-Fi network is not available, the system
can be modified to use the GSM network. It is also possible to modify the power supply - the
device can be powered from the mains, or use a battery or solar cell as a source [16].

The created device is still in development, and it is necessary to work on its software page.
The plan is to create a mobile application that would also include notification options that would
alert the user to the achievement of critical values.
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VIK 620.17
Hampux lapea, Mapmin Cmyoenuii

MOKJIMBOCTI BUMIPIOBAHHSI HAIIPYKEHDb ¥ KOHCTPYKIIAX
I3 BUKOPUCTAHHSAM CYYACHUX TEXHOJIOT'TH

AKmyanvHicmo 00cioncenna. Y 6a2amoox 2any3ax npoMUCio80Ci 6ANCIUGUM € GUSHAYECHHSL 6HYMPIUWHIX HANPYICEHD
pizHomManimuux koncmpykyii. L[i 0anni HeobXioHi Onst ananizy be3nexu 6UKOPUCMAHHSA, NOCMIUHO20 KOHMPOIIO 3A CIMAHOM,
NAAHYBAHHS MEXHINHO20 0OCAY208Y6AHHS, 3A2AIbHO20 NPOSHO3YBAHHS MEPMIHY CIYHCOU KOHCMPYKYIT, a MAKodlc Oist IHULUX
yineil, CNpAMOBAHUX HA eKOHOMIIO (DIHAHCI6 ma uacy, wo HeoOXiOHT Olist peMOHMY.

Ilocmanogka npodnemu. Memoro 00CHiOHCEHHS € CMEOPEHHS HeOOPO2020 MOHIMOPUHE08020 NPUCIIPOIO 3A NPUHYUNOM
1oT ona koHmponto HanpyHceHs Y KOHCMPYKYIL.

Ananiz ocmannix oocnioxncens i nyonikayii. [Ipu pospobyi cucmemu ma nioeomoeyi 0anoi cmammi 6paxo6ami siK no-
mouHi dxcepena — nyonikayii ma cmammi, wo CIMOCYIOMbCsL CYUACHO20 CIAHY PO36UMKY MOHImopuHeoeux cucmem loT, mak
i icHy104i piuleHHs, aKi OOCMYNHI HA PUHK) .

Buoinenna nedocnioynceHux yacmun 3azanabHoi npoonemu. Ha yvomy emani po3ensioaemocs MOXCIUBICMb CMEO-
penns MOBINbHO20 O00AMKY ONlsl GUSHAYEHHS. GHYMPIULHIX HANDYJCeHb Y Koncmpykyisx. Hozo enposadacenns nianyemocs
Ha HACMYNHOMY emani po3pooKu.

Mema 0ocniddcenna. Memoro cmammi € NOACHEHHA NPUHYUNY cMEOpeHHs cucmemu moHimopunzy loT 3a donomozoro
nnameopmu Arduino.

Buknao ocnosnozo mamepiany. ¥V pobomi éuxopucmani komnonenmu mop2oeoi mapxu Arduino, sxa € npogionoro ana-
DPAMHO-NPOSPAMHOIO eKOCUCEMOIO 3 IOKpumum kooom. Komnanis npononye wiupoxkuii cnekmp npospamHux 3acobis, anapa-
MHUX nAAmM@opm ma 0oKymenmayii, ujo 0036015€ Mailxice 6y0b-KOMY NPOSGUIMY MEOPUULL NIOXIO 00 po6OmMuU 3 MEXHONOSIIMIL.

Buchoeku 6ionogiono 0o cmammi. Cmeopeno npucmpiic monimopuney 1oT na nnamepopmi Arduino. Ilpoepamna uac-
muna peanizogana y cepedosuwyi Arduino loT Cloud. Tecmysanns npucmporo niomeepouno io2o yHKyioHanibHicms nio uac
NPAKMUYHO20 GUKOPUCMAHHS cmeopeHoi cucmemu. Tlepedbayena modxicaugicnmo 3MiHu RPUCMPOIO Ol 3a0e3neYeHHsl 1020 Kpa-
woi 6I0N0GIOHOCMI 3A3HAYUEHUM UMO2AM.

Knwuogi cnosa: Arduino; oononnamuuii komn'romep (RPi) Inmepnem peueii (IoT); menzooamuuxu; Arduino IoT Cloud.
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IDENTIFICATION OF CONDITION OF LINEAR DISPLACEMENT SENSOR

Urgency of the research. There are several types of displacement sensor available on market. Displacement sensor in-
vestigated in this work is based on optical encoder principle. Condition of sensors changes with using of it. Periodically it is
necessary to check its condition, if it is within the declared limits.

Target setting. Displacement linear sensor is mounted in comparator stand for the verifying of its condition using the set
of length gauge blocks. Length gauge blocks allows to set up the etalon of length with various dimension in interval from 0.5mm
to 100 mm. The systematic errors of used set of length gauge blocks of grade “0” are very small in comparing with measured
dimension and measured deviations.

Actual scientific researches and issues analysis. It is necessary to check actual status of sensor. It means that verification
process will obtain the information about maximum permissible error and information about reliability.

Uninvestigated parts of general matters defining. The main problem was to identify condition of sensor. The question of
the probability distribution of measured values and uncertainty balance are uninvestigated, because the next research will be
focused to this are.

The research objective. The aim is to obtain maximum permissible error of explored sensor. On the base of deviation of meas-
urement made on length gauges could be expressed. The optimal number of measurement is problem to know, because the low number
will cause big uncertainty of measurement and large number of measurement will cause the large cost of measurement.

The statement of basic materials. Gauge length blocks have been used for verification of investigated sensor. The set of gauge
length blocks of grade “0” has been used, which are preferred mainly for calibration or verification purposes. Maximum permissible
error has been estimated as math model for next using. Also optimal number of measurement is identified from analysis of
standard deviation of measurements made one hundred times on selected dimensions.

Conclusions. The investigated sensor meets the maximum permissible error limits set by the manufacturer with a large
margin, and so the maximum permissible error limits have been tightened so that the measurement uncertainty is better. The
sensor can be used in dimensional measurement applications, even in industrial conditions.

Keywords: Displacement sensor, distance; measurement; maximum permissible error; length gauges.

Fig.: 20. References: 4.

Introduction. This work is focused on the field of engineering metrology of lengths. The
main problem in practice is the measurement of lengths with a sufficiently fast reaction time
and minimal measurement uncertainty. These are mainly measurements of the dimensions of
components in industrial production. For this purpose, different types of gauges are produced
based on different physical principles. Measuring systems for measuring dimensions can be
divided according to the output quantity into mechanical and electrical gauge. In the case of
mechanical gauge, the measured dimension is transformed into a mechanical change in the po-
sition of the indicator. For electrical gauge, the measured dimension is transformed into an
electrical signal displayed on electrical instruments and display units.

Mechanical gauges are often used, but their accuracy is limited by the inaccuracy of me-
chanical components and various parasitic phenomena such as friction, backlash and hysteresis.
Their service life is limited due to their gradual wear and require maintenance. The measure-
ment uncertainty with these types of meters is unstable over time and tends to deteriorate over
time, precisely due to mechanical parasitic phenomena.

For these reasons, it is therefore an attempt to replace mechanical gauge with electrical gauge,
where some physical principle is used to transform the measured dimension into an electrical quan-
tity (e.g. electrical voltage, electric current, frequency, pulse width or digital coded signal).

Electric dimensional gauge most often use the resistance principle, optical principle, capac-
itive principle, ultrasonic principle, inductance principle, Hall Effect, etc. Each of these princi-
ples has its advantages and limitations, according to which it is necessary to choose a suitable
principle for the application [1].

In this article, the condition of the Linear displacement sensor (fig.1), which uses a photo-
electric linear encoder consisting of a transmitter - LED diode and a receiver - photodiode, will
be investigated experimentally. By moving the measuring ruler with permeable and imperme-
able places with a spacing of 20 micrometers, with which it is possible to determine the position

of the ruler and thus the measured object. The output of the sensor is a rectangular course of

© Tersna Kenemenosa, IBana KonapikoBa, Annpiit bernenik, 2020

259



Ne 3(21), 2020 TEXHIYHI HAVKH TA TEXHOJIOTII
TECHNICAL SCIENCES AND TECHNOLOGIES

electrical voltage. The sensor can be used in any position. The measuring range of the sensor is
100 mm with a resolution of 0.1pum. The maximum inaccuracy of the sensor is declared at the
level (2 + L /100) um, where L - is the measured length in millimeters. The sensor is enclosed
in a housing with dust and water resistance at the level [P54 of degree of protection. This allows
this sensor to be used in industrial operation as well. Spindle is droved with helical spring and
contact point is standard 3 mm ball contact point, which is changeable with another contact
point. The sensor is connected to digital counter with LED display with possibilities to execute
several math functions (fig. 2).

Fig. 1. Verified displacement sensor
& if P Fig. 2. Displacement sensor

in comparator stand with digital counter

1. Experimental verification of the sensor. Experimental verification of sensor has been
executed via using the length gauge blocks of grade “0” (fig. 3). Verification process has been
done using the comparator stand and set of length gauge blocks [2, 3, 4]. The sensor is fixed in
comparator stand and length gauge blocks as etalon were placed between the comparator table
and spindle contact point (fig. 4). Three pieces of the sensor have been available. The aim is to
select the best of them and verify it for achievable accuracy of measurement.

—— i

ad

Fig. 3. Set of length gauge blocks (grade 0) Fig. 4 Vériﬁcation processof sensor

All three sensors are verified using the set of length gauges as etalon. In the range from 0
to 100 mm, a standard was set from a set of length gauge blocks to verify all sensors. Systematic
errors of used length gauge blocks are evaluated as algebraic sum of systematic errors of used
individual length gauges (fig. 5). Each millimetre was measured 3 times and the mean values
of these measurements are shown in fig. 6. As it is visible, the systematic errors of the scales
are much smaller than the values measured by the sensor, so these errors can be neglected and
it is not necessary to correct the measured values with these systematic errors of the scales.
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From fig. 6 it is visible, that the sensor 2 is the best in terms of the measurement accuracy
achieved. Therefore, the condition of this sensor will be further investigated. If this sensor is in
good condition, it will be used for digital measurement in a length measuring machine for the
purpose of modernizing this machine.

Fig. 7 shows the course of deviations of the measured data from the values of the standards.
All values are shifted to positive values and the course shows that it could be a systematic error
of some part of the measuring chain. The average value of the deviations could be used to
correct the measured values to improve the accuracy of the measurement. However, even after
this correction, several values would show a relatively large measurement error (fig. 7). The
values of deviations show a slightly fluctuating tendencys, so it is possible to try to approximate
their polynomial function, but if it were used to correct the measured values in this case, some
values would show a large measurement error (fig. 8).
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Fig. 7. Deviations of measured data from Fig. 8. Deviations of measured data
sensor 2 with approximation with average from sensor 2 with approximation

with polynomial function

Fig. 9 shows the correction by means of the average value of deviations, and for comparison,
a correction was also performed by means of half the value of the variation range (Fig. 10), and
in this case the situation is more favourable in terms of measurement errors.

261



Ne 3(21), 2020

0.025

TECHNICAL SCIENCES AND TECHNOLOGIES

0.025

TEXHIYHI HAYKU TA TEXHOJIOT'IT

o [ =Semsor2  —Corrected | =
& 002 : " ' £« 002 g iid
zE A ,",'IN'.M i l | 11' r s < T WL |
- ; Lt W L | o @ 0.015 % Wt 1 i
3 2% IV W merJ Yl sSE / ] | PO eVl
@ ] £ W | el U i in B0 o .,|w_,-‘m-
32 Eom | P g§c§ ool |
T s oo Es &
£ £ 0.005 A [ iz 5 § 5 0005 - "
o o | 1

= E g it 1.1“‘ i | i I,-'* 28 -;_,‘; \ -..-'I .'“".ﬁ R' I I;I f T

T 15 WA I 1 f| At FRIES 0 e - - e
=31 o [ WA o ! = e gy Wl | | | N
2k T g Yl TR L SR W A | &g S o 20 Y\, |]40 60" "g0./ | 100
%8 0 20 " [la0n" 0 80" 100 5 S 7 gops W | Lt T
3 Y -]
g 0005 B & ~-Sensor 2

0.01 -0.01 ~Corrected using the half of variation span

Value of etalon (mm)
Fig. 10. Deviations of measured data
from sensor 2 and deviations corrected
using the half of variation span

Value of etalon (mm)
Fig. 9. Deviations of measured data from
sensor 2 and deviations corrected using the
average value

Next, a correction using half the variation range of the measurement deviations will be con-
sidered (Fig. 11). It is then possible to set the maximum deviation limits to +6 pm. These thresh-
olds could further be used to estimate the measurement uncertainty of the measurement chain,
usable for balancing measurement uncertainties that are not known. Based on the experience of
measuring with this sensing system, this is the uncertainty determined by method B (fig. 11).

ISO 10360 standard stated as a limit value of the so-called maximum permissible error -
MPE. 1t is given in the form of a linear mathematical model MPE = A + L / B, which can be
more easily processed in the case of use in the processing of measured values. The sensor man-
ufacturer states the maximum permissible error value for this examined sensor in the form MPE
=+ - (2 + L/ 100) in micrometers, where L is the measured value in millimeters.

By plotting this value in the graph of measurement deviations, it is possible to determine
whether this sensor complies with the maximum permissible error defined by the manufacturer
(fig. 12). The graph (fig. 12) shows that the values are within the defined area bounded by the
maximum permissible error values, which means that the sensor complies with the maximum
permissible error values specified by the manufacturer.
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Fig. 11. Deviations corrected using the half  Fig. 12. Comparison of measurement devia-
of variation span with limits tions with limits defined by producer

Fig. 12 shows that the sensor with a large margin meets this criterion set by the manufac-
turer. In Fig. 12, however, it is not possible to see whether the range of values near the zero
value meets this criterion due to the display scale. This can be assessed in detail (fig. 13), which
shows the situation in the interval near the zero value. This graph (fig. 13) also confirmed that
the sensor is in excellent condition.
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Since the sensor with a large margin meets the maximum permissible error set by the man-
ufacturer, then the current new maximum permissible error limits can be determined to charac-
terize the current condition (fig. 14). The new maximum permissible error can therefore be
approximated by the mathematical model +(2 + L / 400) (fig. 14). This border area (fig. 14). It
is possible to use later it for a more accurate assessment of the current measurement condition
of this measurement system.
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Fig. 13. Comparison of measurement devia-  Fig. 14. Comparison of measurement devia-
tions with limits defined tions with reduced limits — detail near
by producer — detail near the zero the zero

2. Repeatability. Another important evaluation criterion of the measuring system is the
repeatability of the measurement. Measurement repeatability expresses the ability of the meas-
urement process on the measuring system to show approximately the same value of the meas-
ured quantity under the same measurement conditions. If the measured values are very scattered
during repeated measurements, it means that the measurement process is unstable and the re-
peatability of the measurement is unsatisfactory. Five dimensions (0 mm; 5 mm; 25 mm; 50
mm; 70 mm) were selected for the repeatability assessment, in which 100 measurements were
performed under the same conditions (Fig. 15, Fig. 16, Fig. 17, Fig. 18, Fig. 19). For a qualita-
tive assessment, fig. 20 shows the cumulative standard deviations. This means that out of a
series of 100 measured measurements, the reference values are gradually evaluated with in-
creasing measured values. Therefore, they are called cumulative standard deviations.
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with value “0 mm” with value “5 mm”

Cumulative standard deviations provide information on how many measurements the meas-
urement process stabilizes. The standard deviation is also used to determine the standard un-
certainty by method A. As can be seen from fig. 20, after exceeding the number of measure-
ments 40, there is no further significant reduction in the value of the standard deviation and
thus no reduction in the standard uncertainty determined by method A. It is therefore unneces-
sary to measure more than 40 times, since the measurement process is already stabilized.
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Based on fig. 20, it is thus possible to determine what uncertainty can be obtained by the
method A with a specific number of measurements. The question of the required number of
measurement repetitions can therefore be determined in this way.

Conclusion. The displacement is one of the most frequently measured quantities in the in-
dustry. The sensor investigated in this work is made for use in industrial conditions. After using
this sensor, it is necessary to check its condition after a certain time, whether it meets the spec-
ified conditions. Using a set of length gauge blocks, measurement inaccuracies were detected,
which, however, were within the range delimited by the maximum permissible error values. It
is even possible to narrow these limits in order to show a better value of maximum inaccuracy
and hence the value of standard uncertainty by method B. Examination of measurement repeat-
ability answered the question of what is the optimal number of measurements to achieve a spe-
cific standard deviation that can be considered standard uncertainty determined by method A.
Further research will focus on determining the mathematical statistical model of the distribution
of measured values, which is needed to determine the coefficient of expansion to determine the
expanded measurement uncertainty for the investigated sensor.

Acknowledgement. The work has been accomplished under the research project APVV-
15-0149, VEGA 1/0224/18, KEGA 006STU-4/2018 financed by the Slovak Ministry of Edu-
cation. This paper was published in cooperation with company KYBERNETES s.r.o. within
the project “Research and development of the ECOGI product at KYBERNETES ", ITMS Code
of Project: 3130120955.

) » References
1. CHUDY, V., PALENCAR, R., KUREKOVA, E., HALAJ, M. (1999). Measurement of technical
quantities (in Slovak). Edition of STU, 1st. ed., 1999. ISBN 80-227-1275-2.

264



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

2. EA-4/02 M:2013 Evaluation of the Uncertainty of Measurement In Calibration. Publication Ref-
erence. European Accreditation Laboratory Committee. September 2013 rev 01. cited August, 8th, 2019.
Available online: https://european-accreditation.org/wp-content/uploads/2018/10/ea-4-02-m-rev01-
september-2013.pdf. EA-4/02 is a mandatory document belongs to Category: Application documents
and Technical Advisory documents for Conformity Assessment Bodies.

3.1S0O 3650:1998(E) International Standard, "Length standards — Gauge Blocks," International Or-
ganization for Standardization, Geneva, Switzerland.

4. JCGM 100 — Evaluation of measurement data — Guide to the expression of uncertainty in measure-
ment (ISO/IEC Guide 98-3). First edition September 2008. Available online: http://www.iso.org/sites/
JCGM/GUM-JCGM100.htm.

UDC 004.4
Temsana Kenemenosa, leana Konapixoea, Anopiti beneoix
ITEHTU®IKAIIS CTAHY JATUMKA JIHIHHOT O 3MIIIEHHS

AxmyanvHicmb memu 00cnioxncenuAa. Ha punxy oocmynro kinbka munie damyuxie nepemiwyeHHs. Jlamuux nepemiujenns,
docnioxcenutl y yiti pobomi, 6azyemocsi Ha nPUHYUNi onmuyHo2o kodepd. Cman 0amuuKie 3MIHIOEMbCSL NPU 1020 GUKOPUC-
manni. [lepioouuno HeobXIOHO nepesipsamu Yu 6iH 3HAXOOUMBCS 6 3AAGNEHUX MENHCAX.

Ilocmanogka npoodnemu. Bumipiosanonuil AiHiHUT OamMYuK 6CMAHOGIeHULL Y CIeHOT KOMnapamopa 018 nepesipKi 1io2o
CMAaHy 3a 00NOMO20I0 HABOPY BUMIPIOBANLHUX ONIOKIE 008HCUHU. BIIOKU 0N BUMIPIO6AHHA 00BHCUHU DO380NAIONL ECIMAHOBUMU
emanon 008HCUHU 3 PI3HUMU posmipamu 6 iHmepeaii 610 0,5 0o 100 mm. Cucmemamuyni noXubKu UKOPUCMOBYBAHO20 HAOOPY
610Ki6 KanibpyeanbHoi 0oexcunu kiacy « 0y 0yce Mani 6 NOPIGHAHHI 3 GUMIPSHUMU POIMIPAMU MA GUMIDSHUMU GLOXUIEHHAMU.

Ananiz ocmannix docnioxcens i nyonikayiii. Heobxiono nepesipumu paxmuunuti cman damuuxa. Lle oznavae, wo 6
npoyeci nepegipku 6yoe OmpumMana iHghopmayis npo MaKCuUMaibHO OONYCMUMY NOXUOKY ma IH(opMayis npo 1020 HAOIIHICMb.

Buoinenna neoocniosycenux wacmun 3azansnoi npooaemu. OcHo6Hoo npobremoio Oyn0 6UAGICHHS CMAHY OamYUKd.
Humanus po3nooiny limosipHocmell GUMIPAHUX 3HAYEHb MA OANAHCY HEGUIHAYEHOCHI He OOCIIONHCeHI, MOoMY HACHIYnHe 00Ci-
doicerHs Oyoe 30cepedicene came Ha YoOoMY.

Ilocmanogka 3aedannn. Mema nonseac ¢ momy, wob ompumamu 2paHUYHO OONYCMUMY NOXUOKY, 5IKY MONCHA GUMIDSINU,
00CNiONCYBAHUM OAMUUKOM HA OCHOGI GIOXUNCHHA GUMIPIOGAHHS, GUKOHAHO20 NIO Yac GUMIPIOAHHS 006dICUHU. Busnayumu
ONMUMANLHY KINLKICMb GUMIPIOBAHL CKIAOHO, MOMY W0 MANA KilbKICIb GUKIUYHE 6EIUKY HEMOYHICIb GUMIPIOBAHHSL, d 6eUKA
KITLKICMb 8UMIDIOBAHL NPU36ede 00 GUCOKUX GUMPAN HA BUMIDIOGAHHSL.

Buknao ocnoenozo mamepiany. J[ns nepegipki 00CHiONCY8AHO20 OAMUUKA BUKOPUCIMOBYBANUCS ONIOKU 6UMIDIOGANILHOL
odosocunu. bye euxopucmanuil Hadip O10KI6 GUMIDIOEATLHOT Q06XCUHU Kiacy « Oy, SKI GUKOPUCIOBYIOMBCS 8 OCHOBHOMY OJisl
yineil kaniopysanHs yu nepesipku. MaxkcumanoHo 0onycmuma noxubKa po3paxoeana ik Mamemamuyna Mooeio O HACHyn-
HO20 eukopucmauua. Takooc onmumanbHa KineKicms GUMIPIOGAHL GUHAYAEMBCA 3 AHANiZY cmanOapmuo20 Gioxunenns 100-
KPAMHO20 BUMIPIOGAHHSL 0OPAHUX PO3MIDIE.

Buchoeku 6ionogiono 0o cmammi. J[ocniodxcysanuii 0amuuk 6ionogioae SpaHuuHo OONYCIUMUM NOXUOKAM, 6CIAHOGIEHUM
BUPOOHUKOM, 3 6EIUKUM 3ANACOM, [ MOMY SDAHUYHO OONYCIMUMI NOKAZHUKYU NOXUOKU Oyu 8idibpani scopemiiwe, uod noxudrka
BGUMIPIOGAHHS 6YIIA MOYHIULOIO. J{AMYUUK MONCHA BUKOPUCTIOBYEAMU O/l GUMIPIOGAHHSL POMIDIE, HAGIMb Y NPOMUCTOBUX YMOBAX.

Knrwuoei cnosa: oamuuk nepemiugens, 8i0Cmanv; GUMIDHOGANHS, SPAHUYHO OONYCIMUMA NOXUOKA; OAMYUKU OO0BHCUHU.
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Robert Rakay, Alena Galajdova
TESTING PROPERTIES OF SMART CONDITON MONITORING SYSTEM

Urgency of the research. Modern trends in the automation focus on the implementation of new technologies to reduce
production and maintenance costs. Maintenance and service of every industrial automation system is crucial.

Target setting. When engineers try to optimize the cost of production and processes, they usually reduce maintenance cost. The
latest smart monitoring systems provide significant benefits in terms of risk management and equipment failure reduction.

Actual scientific researches and issues analysis. To prepare this paper, various publicly available datasheets and exper-
imental solutions were analyzed as well as conclusions of other experiments were used to create the knowledge base on this
research topic.

Uninvestigated parts of general matters defining. Many different monitoring technologies can operate online and offline
from various vendors of automation technologies. This paper is insufficient to describe them all.

The research objective. In this article, automation monitoring systems were analyzed in terms of problems with machine
inspection and predictive maintenance. And the results of the article form the basis for a further research task.

The statement of basic materials. To predict a future malfunction or to prevent the failure of an industrial machine now it is
necessary to implement the latest monitoring technologies. The use of compact solutions in smart monitoring, such as Mitsubishi SCM
or VIKON MMP, provides a good basis for solving problems such as bearing breakdowns and its subsequent failure.

Conclusions. The proposed paper provides possibilities for smart monitoring of an industrial automation system. The
tested system can provide useful information about unknown conditions inside our device, without interrupting the operation.

Keywords: monitoring; maintenance; automation.

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

Introduction. The main goal of monitoring is to minimize the risk of failure by understand-
ing the conditions by early fault detection. Failures can happen, but can be avoided. When a
fault is triggered, the device loses power and a general degradation begins. With longer lasting
defects the costs of intervention and consequences will increase with the risk of total device
functional failure (Fig.1).

| Perfomance

® Risk/Cost

Condition

Month

Fig. 1. Performance and Risk/Cost trends based on undetected defect occurrence

Together with real-time monitoring we can scan every part of a working device such as
electric motor, rotor, stator, pump, pump rotors, bearing, gearbox etc. We use vibration to see
inside the machine, to understand which component is degrading. Temperature measurement
and ultrasound analysis are also standard methods for condition monitoring [1].

To increase the reliability of the performing device we must go beyond standard mainte-
nance methods. These methods include elimination of unreliable suppliers, cheap spare parts,
improper transportation, unskilled users, poor large scale design. In practice, inseparable steps
in the maintenance of property are small-scale lubrication technology, high-quality spare parts
and proper installation and operating procedures [2, 3].

The main function of the central processing unit in automated production systems include:

- Acquisition of production data (product type, number, time data).

- Activation of required component programs.

© PoGept Pakaii, Anpona ["anmaitmona, 2020
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- System for exchange of information.

- Data exchange in the transport system.

- Data exchange in the measuring system.

- Representation of information for the user Continuous condition monitoring and diag-
nostics.

These functions are valid for modern devices and devices but, in the industrial area there
are a large number of older machines that work continuously to this day. These devices also
need to be monitored and diagnosed without interrupting their operation.

The main reasons for monitoring and diagnostics:

- Production systems and machine contain high value devices and parts, where there is a
small defect or the error can cause large loss of production and damage on the machine.

- At high machine performance, the condition of the product, machine, or apparatus may
change. A system with high level of automation produces a large amount of diagnostic data that
cannot be monitored by human user alone.

Condition monitoring. The main goal of the monitoring system is to monitor the produc-
tion machines and the system, to prevent damage to the machine tool and workpiece and to
ensure the continuous operation. Monitoring can be devided to measurement, processing, deci-
sion and intervention. As main aspects of real-time condition monitoring, we must to ensure
that this does not affect the speed of the system, and the system has to intervene before the
actual damage has occurred. A monitoring system can be focused on a product (and its quality),
device (or machine), tool or process (Fig.2).

G\:ntion of

| process elements
damage

Reliable condition

—

Process elements

Modification of
production process

Recognition of
condition
change

Product
monitoring

Process
monitoring

Machine Tool
monitoring monitoring

Fig. 2. Relation between monitoring systems

The monitored conditions can be divided into normal, specific, critical and dangerous con-
ditions. The target is to keep the normal state. The particular status fulfils the technological
requirements, but the harmful trend is measurable. The critical status is substantially different
from normal, the process must be stopped and repaired. In the dangerous state is drastically
different, immediate intervention is needed. Parameters are usually digital and analogue data,
load, vibration and geometry data [3].

There are different monitoring technics for online and offline inspections. Load monitoring
can be performed by force, torque, acoustic emission measurement, where the measured data
are compared with the limit values for normal state values.
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Vibration monitoring. The vibration follows accessible parts of machines. The measure-
ment can be analyzed in time or frequency domain.

Time domain analysis is less time consuming, graphically describes the conditions and does
not provide comprehensive information about the system. Processing may include peak to peak
or peak level measurements. For example, the analysis between the peak is useful at maximum
stress, the average value determines the time course of the oscillating motion, the effective
value (RMS - square root) is the most important part of the amplitude analysis. [5,6]

Frequency domain analysis. In real systems, the vibration signal is very complex. At the
same time, there are different signals with different frequencies. The Fourier transform is used
to separate the signal. Different parts of a device produce different vibration signal (Fig.3).

Fig. 3. Vibration signals of different machine parts

Because condition-based maintenance is often used only on the most critical equipments and
systems, various vendors developed solutions that allow condition monitoring even in applica-
tions where it was not previously available. [4]

Vendors of automation technologies combine and use different technologies. Some technol-
ogies and solutions are listed below:

- Temperature measurement with or without direct contact,

Revolution meters,

Stray current detector,

Endoscopes, stethoscopes,

Noise level meters and ultrasound detectors,

Vibration detectors etc. (Fig. 4).

Fig 4. Example condition measurement technologies
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These technologies are based on portable devices and the experience of maintenance users.
These measurements are usually performed according to plan or when the device detect a fault.

The new level of condition monitoring is based on continuous devices monitoring. An ex-
ample of such system is VIKON MMP, or MIVA Machine Protector. (Fig. 5) It combines a
vibration alarm system with data collection unit. The device can work as separate unit or with
connected PC and SW PEMAC for further evaluation and signal analysis [7].

/ i Alarm status \

MIVA Machine Protector B

2 control signals RS232/RS485

ﬁ Schemiatic view of MMP functions

Fig. 5. VIKON monitoring system

Another example of the condition monitoring systems is Mitsubishi Smart Condition Mon-
itoring or SCM KIT. (Fig. 6) It integrates the advanced FAG SmartCheck sensor with a pow-
erful Mitsubishi PLC and HMI [8].

The system consists of: 1-PC station for commissioning, configuration and monitoring,
2 — Ethernet switch for interfacing the devices, 3 — SmartCheck sensor applied onsite, 4 — HMI
panel as visualization and control panel, 5 — Programable logic controller for signal processing
and automatic response.

Fig. 6. Network of FAG SmartCheck and Mitsubishi devices [8]

The system includes templates to detect the following damages: rolling bearing damage,
unbalance, misalignment, impacts. Monitoring can be carried out in three stages, based on the
level of integration to the existing infrastructure. The first stage is a stand alone device, the
second stage integrates the SmartCheck to the existing control system, while the third stage
outsources external sensor security to the service provider [8].

The main technical data of the SmartCheck are described in the table below [9].
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Table
Technical details of SmartCheck device [9]

Acceleration sensor (piezoelectric sensor)

Vibration Frequency range: 0.8 Hz—10 kHz
Measurement range: 50 g
Temperature Measurement range: -20 to +70°C
Acceleration

Speed and path by integration
System temperature
Process parameters (e.g. speed, load, pressure)

Diagnostic methods | Time signal, demodulation, spectrum and trend analysis, speed and frequency tracking
RMS, frequency-selective RMS, constant component, peak, peak-to-peak, crest factor,
Wellhausen count, carpet level, condition guard
Other user-defined characteristic values are possible.

Frequency resolution 1600, 3200, 6400 or 12800 lines Min. line width 0.0039 Hz at 50 Hz (depending on

Measurement functions

Calculated characteristic
values

low-pass)
Measurement resolution 24 bit (A/D converter)
Power consumption <200 mA at24 V
Communication Ethernet 100 Mb/s; RS485 (currently not supported)

The device can be configured using 3 software: FAG SmartWeb, FAG SmartUtility light or
FAG SmartUtility. FAG SmartWeb is a web interface for direct access. FAG SmartUtility light
is free and allows you to use several devices with one software, while the paid version FAG
SmartUtility is suitable for central management of production machines at all sites or for data
analysis.

By default, FAG SmartCheck uses preset alarm thresholds. The operating vibrations in a
machine are decisively influenced by the specific operating condition. The FAG SmartCheck
has an automatic learning mode to set the alarm thresholds to match the specific device. During
commissioning the learning mode sets the threshold values [9].

For demonstration purposes a model of industrial production system was used, precisely its
conveyor belt motors. Measured data are visualized in web application FAG SmartWeb (Fig. 7)
live measurement is available in this application, and device configuration is also performed.
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Fig. 7. SmartWeb — web interface
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Other option of accessing and use of data is with PLC (programmable logic controller) and
a connected HMI (human machine interface). The below listed hardware was used in our KIT:

- PLC- Mitsubishi FX5U-32M

- HMI- Mitsubishi GT2104-RTBD

- Power Supply -PSU25

- Industrial unmanaged Gigabit PoE Ethernet switch — ORing- IGPS- 1080-24V

The demonstration measurements resulted a significant difference between the two ana-
lyzed conveyor motors.

el I T 1 |

Fig. 8. HMI of Motor I and Motor 2 measurements

The HMI panel showed difference during the measurement of ISO 10816 -Mechanical vi-
bration. Fig.8 displays difference of actual states. Due to time constraints the experiment had
to be carried out only for a short time. The long term and maximal values were not affected by
our measurements. Further experimentation will be aimed on longer monitoring.

While all the relevant data can be shown on the HMI of the Smart KIT, for more detailed
view and configuration the web interface is more suitable.

FAG seurwnt FAB sme

e e s - G = [

e T vt ania

Fig. 9. Web interface of Motor I and Motor 2 measurements

While the first conveyor motor did not show any failure, the second motor caused mechan-
ical vibration. This difference is visible on Fig.9, of ISO 10816-1. This measurement can pro-
vide basis for further system analysis.

In terms of time, we were not able to perform more tests on the conveyor system. Further
tests and analysis will be performed on the laboratory production system in the future.

With this Smart Condition Monitoring KIT, it is not necessary to analyze separately the
data, the software tool is charged for this purpose and requires expertise in signal analysis.
However, the system can use the automatic learning function to detect the normal “behaviour”
of the system and then detect the fault, when it occurs.

271



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Conclusion. This paper describes, automation production monitoring systems. The modern
smart monitoring systems are unique in the concept of implementation and operations because
there is not necessary to interrupt production or process and it is possible to inspect different
components of assets. Smart monitoring system as Mitsubishi SCM or VIKON MMP will find
application in the maintenance and monitoring tasks of existing devices. The integrated smart
sensor can be used as an intelligent tool via outsourced service. In the experimental part two
conveyor motors were analyzed using the FAG SmartCheck system. Various configuration
templates are available in the online training mode for successful system setup This training
mode requires several hours of continuous operation which was currently not possible.

Finally, the carried-out experiments have shown that Mitsubishi SCM is suitable for stand-
alone condition monitoring tasks and for integration into existing production systems. Thanks
to simplified visualization and web application it’s not necessary to understand every small
aspect of the issue of processing special diagnostics signal.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0330/19 -
Vyskum a navrh algoritmov a systémov pre fuziu roznorodych dat v multisenzorovych archi-
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VIIK 681.5
Pobepm Paxaii, Anena I anatioosa

TECTYBAHHSA BJJACTUBOCTEN PO3YMHOI CUCTEMUA
MOHITOPHUHI'Y CTAHY

AxmyanvHicmo memu 0ocnioxncenna. CyuacHi meHOeHYil 6 agmomamu3sayii OpieHMOBAHI HA 6NPOBAONCEHHS HOBUX me-
XHONO2IU OISl 3HUINICEHHS. GUMPAM HA 6UPOOHUYMBO U 00CTY208Y6AHHSA. YMPUMAHH MA 06CAY208YBAHHS KOJICHOI cucmemi
NPOMUCTOBOI A8MOMAMU3AYLL MAE BUPIULATbHE 3HAYCHHSL.
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Ilocmanogka npoonemu. Konu indcenepu namazaromscs onmumizyeamu 6apmicies 6upoOHUYmMea i npoyecis, 60HU 3a-
36uUYail 3HUMICYIOMb GumMpamu Ha oocryeogysanns. Hoeimui cucmemu po3ymno2o monimopunzy 3abe3neuyiomo 3HauHi nepe-
6azu 3 NO2NSAOY YNPAGIIHHA PUSUKAMU MA 3HUNCEHHS KITbKOCMI NOMUTIOK )Y pOOOMI 001a0HAHHSL.

AHnaniz ocmannix 0ocnioxcens i nyonikayii. /[ns niocomosxu yiei cmammi 6yiu npoaHanizo8ami pizHi 3a2aibHo00CH)-
NHI Oawi, excnepuMeHmanoHi pileHHsl, d MAKOHC BUCHOBKU THULUX eKCNepUMeHMI6 ONisl CIMBOPeHHs 0a3u 3HAHL 3 Yiel memu
00CNIONHCEHHSL.

Buoinenna nedocniocenux yacmun 3a2anvHoi npodnemu. Pi3ni mexHonozii MOHIMopuHzy 6i0 pi3Hux nOCMAauanbHUKI@
MexHoN02ltl agmomMamu3ayii Moxcyms npayroeamu oHiauH i oghaaiin . Lliel cmammi neoocmammvo, wob onucamu 6ci 3 HuX.

Ilocmanoeka 3a60anua. V yiii cmammi agmomamu306ani cucmemu MOHIMopuHey 6yn0 npoananizoéano 3 mouku 30py
npobnem 02130y MeXaHizmie ma npo@inakmuyHozo 06ciy2o08yeanns. Pesyriomamu cmammi € 0CHOG00 Ol NOOATbLULO2O OOC-
JOACEHHsL NpObIIeMU.

Buknao ocnosenozo mamepiany. [1[o6 nepedbauumu maidoymumo HecnpasHicnmo abo 3anodiemu uxooy 3 1ady NPOMUCLO-
6020 0DIAOHAHHSA 3aPA3, HEOOXIOHO BNPOBAOUMU HOGIMHI MEXHON02I] MOHIMOPUHZY. Bukopucmanna komnakmnux piuteHs po-
3yMHO20 Monimopuney, maxux sik Mitsubishi SCM a6o VIKON MMP, 3a6e3neuye xopouty ocHogy Oiisi upiuleHHs maKkux npo-
b1eM, SIK HanPUKIAo, HeCNPAGHICMb NIOWUNHUKA MA 1020 NOOANbULULL GUXIO 3 1a0Y.

BucHnoeku 6i0nogiono 0o cmammi. L[ cmamms nokazye MOo*CIUGOCmi po3yMHO20 MOHIMOPUHZY CUCTEMU NPOMUCTO0B0]
asmomamusayii. [I[pomecmosana cucmema modice Hadamu KOPUCHY iHghopmayiio npo HegioOMi yMOBU BCepeOuHi HauLo020 npu-
CmpoIo, He nepepuearyy pooonty.

Knrwuoei cnosa: monimopune; 06ciy208y8anHs; a6momMamu3ayis.
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PROGRAMMABLE LOGIC CONTROLLER TRAINING STANDS
FOR EDUCATIONAL PURPOSES

Urgency of the research. Programmable logic controller are devices for controlling of various systems also in industry.
If controlled device is complicated, it is problem to debug application, because of risk of its damage. For this purpose is better
to use hardware training stand for testing of your designed application.

Target setting. Training stand is as compact small device which is easy to move to another place. Also it allows to connect
other hardware device for testing. Logical state hardware simulator is also designed for simulation of logic system with any
user inputs with buttons or switches and also witch coloured lights for visualisation of output state.

Actual scientific researches and issues analysis. Training set allows to make simulation of control system with real parts
before its practical use with expensive controlled system, where any mistake can cause a huge economist loses, but errors
occurred during the simulation on training set only make warning and shows the weak place on design.

Uninvestigated parts of general matters defining. The questions of the networked structure of programmable logic con-
troller structures are uninvestigated, so the next research will be focused to this.

The research objective. The main goal is to create a compact device for training future application developers with a
programmable logic controller, but it is also usable for developers from practice, who need to debug the program before
installing it into real operation.

The statement of basic materials. Existing training sets are large and expensive devices that are not easy to carry and cannot be
expanded. Working with such devices is quite complicated. The designed training stand is a flexible and easily portable device.

Conclusions. Main contribution is that students will gain practical experiences and skills that are essential for PLC
programmers. This device supports also own creativity of students, because it allows to modify hardware composition. It uses
the DIN rail system similar as in real installation cabinet. The stand also includes the human-machine interface for training of
practical using of these devices.

Keywords: Programmable logic controller; controlling; hardware; human-machine interface; ladder.

Fig.: 10. References: 3.

Introduction. According to [1], millions of microprocessors are produced annually, but
only less than 1 % is used in conventional computers. The vast majority are used as a control
system in other embedded systems. Proof of this is the number of microprocessor-containing
devices around us that we encounter on a daily basis. These include such devices as cars, ATMs,
refrigerators, washing machines, dryers, dishwashers, copiers, CD and DVD drives, mobile
phones, air conditioners, heating systems, aircraft, trains, traffic lights, gate systems, satellites,
etc. In all products, their main task is to extend product properties and create intelligent product
properties. The main goal is to make life easier for a person and increase their safety and com-
fort. In some products, such as automobiles, aircraft have dozens of such microprocessors inte-
grated in those products.

Customers prefer products with a degree of intelligence that brings new features to the product
that make it easier to use. A typical example is a car, which contains dozens of embedded micro-
processors for the control of individual processes in the car. The aim is to increase the comfort of
using the car and also human safety. Aircrafts are also filled with microprocessors, which take
care of the safety of the aircraft and take on a number of complex and demanding tasks. Thus, a
certain part of the responsibility is transferred to these microprocessors, which clearly make a
person's life easier. Many other daily consumption products around us are filled with micropro-
cessors and we often do not realize that only with their help some products can work. Often we
don't even realize how dependent on these microprocessor-controlled systems we are.

A special part of microprocessor applications is “programmable logic controller” (also
called “PLC”), which are the core mainly in industrial facilities, where they take over the func-
tion of controlling complex industrial processes. These are industrial control systems, that ob-
tain information from sensors and then implement logical operations, where they compare the
desired value of the variable with the actual one and implement an action intervention in the
controlled system using actuators. PLC controllers are designed to handle real-time parallel
control operations and are resistant to electrical noise and vibration and shock, which are very

common in industrial environments.
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The history of PLC controllers dates back to 1964, when the first PLC called MODICON
084 [2] was introduced in order to replace expensive and extensive panels with complicated
structures composed of electromagnetic relays. The relay in this period was a module with a
limited life and a speed of information processing was limited by the electromechanical princi-
ples of relay operation. Even then, it was a PLC system with exceptional mechanical robustness
and the ability to operate continuously.

At present, PLC controllers are based on microprocessors and are placed in racks together
with other electrical modules and are not normally accessible to ordinary users. For communi-
cation with the user, the PLCs are equipped with a human-machine interface (HMI), which
allows a user to control the status of a controlled system and can intervene in the control process
if required by the situation in the controlled process.

PLC control systems are installed in devices with high electrical voltage, where there is a risk
of electric shock, and thus only the technician, who has the appropriate authorizations in connec-
tion with the safety of work with electrical equipment has direct access to the hardware of PLC
control systems. In many cases, the controlled system is a technological system, the costs of which
are high, so it is important that only authorized persons work with the PLC control system.

The main aim of this paper is to present the training set for educational purpose for students
on bachelor and master study on studying “Industrial mechatronics” programme. Students have
to prepare for designing control structure with PLC also from practical viewpoint. Students can
build practical systems with real PLC and other parts used in real systems. This approach helps
to bring more practical experiences to students and improve their capability and knowledge in
area of design of control systems including the PLC controllers. PLC programmer cannot be a
perfect specialist without practical knowledge. Also training set allows to make simulation of
control system with real parts before its practical use with expensive controlled system, where
any mistake can cause a huge economist loses, but errors occurred during the simulation on
training set only make warning and shows the weak place on design. Also training set can al-
lows to simulate abnormal situation, which cannot be trained on real systems as extreme low
temperatures, extreme high velocities etc. [3].

1. PLC control system concept. Concept of controlled system based on PLC (fig. 1) con-
sists of sensors of all relevant quantities. Another part is number of actuators as relays, motors,
solenoids and pumps etc., which make a suitable action into controlled systems. The report
about the processes to standard user can be shown on indicator lights or signal column also
called light tower, buzzers etc. The user command can be obtained through the buttons or
switches (also emergency stop buttons). If it is necessary, PLC also includes touchable LCD
panel as human-machine interface (“HMI”).

Relays, motor starters, solenoid valves actuators (AC,
DC motor, Pump, Pneumatic, Hydraulic, ...)

...ﬂé’o 0‘

Indicator light; Signal
column - Tower Light
Indicator, buzzers

w
o
o -

/

Sensors, limit switches Push buttons, selector switches, emergency stops

Fig. 1. Concept of controlled system including the PLC controller

275



Ne 3(21), 2020 TEXHIYHI HAVKH TA TEXHOJIOTII
TECHNICAL SCIENCES AND TECHNOLOGIES

Programmable logic controller PLC (fig. 2) consists of main core unit, where the central
processing unit CPU, all types of memories, communication busses and other support devices
are placed. Inputs and outputs blocks are also placed on main core, but it is possible to expand
main core with another extra blocks with requested inputs or outputs. As it shown on figure 2,
the PLC receives information about the followed quantities from controlled process and PL.C
sends any commands (if it is necessary) to outputs and to any actuator to make any action on
controlled process. There are two variants of power supply arrangement. Power supply with
24V output voltage can be as separate part or to be included in main core unit of PLC. Our
application is running inside the main core. The application is developed on personal computer
using the development tool related to type of used PLC. Some PLC also includes human-ma-
chine interface directly on main core unit or it is presented as another module installed some-
where in structure. The CPU unit of PLC provides a PROFINET port for communication over
a PROFINET network. Additional modules are available for communicating over PROFIBUS,
GPRS, RS485, RS232, IEC, DNP3, and WDC networks. If it is necessary, you can build net-
work structure with more PLC units using the Profinet network (fig. 3).

{; s g — 1%’
s Analog

Sensors Sensors

Digital
Inputs

Running .
application

—

Fig. 2. Structure of PLC

Profinet
switch

HOST PC

I_.!.

Fig. 3. Profinet network with more PLCs Fig. 4. Control system with PLC placed
and HMIs inside the rack cabinet with DIN rails

Normally, all modules are placed inside the industrial rack cabinet together with other elec-
tric components and modules (fig. 4). All parts in cabinet are fixed on DIN rails system.

After you download a program, the CPU contains the logic required to monitor and control
the devices in your application. The CPU monitors inputs and changes of outputs according to
the logic of this user program, which can include Boolean logic, counting, timing, complex math
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operations, and communications with other intelligent devices. There are several ways how to
develop program for PLC. The IEC 61131-3 [2] standard defines programming languages for
programmable logic controllers (PLCs). This standard is under the control of CODESYS (Con-
troller development system). This means that it is a development environment for programming
PLC applications according to the international standard IEC 61131-3. Thanks to the [IEC 61131-
3 standard, we can create uniform data and program structures and control mechanisms inde-
pendently of the manufacturer, PLC type, and regardless of the hardware used. The most fre-
quently used languages for application developing are: Ladder Diagram (LD), Sequential Func-
tion Charts (SFC), Function Block (FBD), Structured Text (ST) and Instruction List (IL).

2. Training stand. Everything you need for an easy start is available Starter kits (fig. 5),
which are available on the market. But it includes only pure PL.C and HMI with Profinet cable
and software for application developing.

Fig. 5. Starter kit without any accessories

The starter kit can be used immediately, but there are several aspects that need to be ac-
cepted. Assembly of the configuration is possible on the table, but carrying all modules with
cables and other accessories is complicated then. Connection to a PLC screw terminal is also
possible, but its repeated use can cause damage of the terminal and thus malfunction of the
PLC, as the damaged terminal cannot be replaced. Connecting a host PC directly to the Profinet
RJ-45 connector (included directly on PLC) is possible, but repeated connection and discon-
nection can destroy this PLC Profinet port and disable its further use. For practical training in
the use of PLC, it was necessary to create a practical test stand that can be easily transferred
and would form a compact unit to allow rapid creation of a prototype control system (fig. 6).

™A ]

prem—

Fig. 6. Training PLC stand overall configuration (left); back side of stand with power supply
and circuit breaker (middle); upper view to stand (right)
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All components of training stand (fig. 6 and fig. 7) are placed on DIN rail system mounted
on aluminium frame as compact device, which is easily movable. Also additional free DIN rail
is available for extra selectable accessories. The training stand includes a total stop switch for
turning the stand to off or on. The switch is backlit red when turned on. The stand includes
ground fault protection and circuit breaker protection. The residual-current device (RCD) is
located in the central electric cabinet in the laboratory. The central power supply (24V) and
circuit breaker are located on the rear DIN rail. All high voltage terminals are insulated, so that
they do not come into contact with live parts of the stand.

The HMI display is located at the top (fig. 7). The HMI and PLC are connected to the switch
and the host PC can thus be connected to this switch and not to the PLC or HMI. This prevents
damage to the RJ-45 terminal on the PLC and HMI.

The inputs and outputs of the PLC are connected to the extra terminal block and other de-

vices will be connected to it so that the terminal block on the PLC is not damaged.

Fig. 7. Total red highlighted power switch (left); additional screw terminal (middle),
Profinet switch (right)

3. Logic state hardware simulator. A logic hardware simulator (fig. 8) was created to simulate
logic states at the PLC input. In addition to the commercially available signalling LEDs and buzzer
on this simulator. The logic state at the input can be activated using a toggle switch or button. Sig-
nalling LEDs and a buzzer located on the simulator can be used to visualize the PLC outputs. This
simulator allows you to debug the program in the PLC before connecting it to a real device and thus
avoid errors and damage to the controlled device. In addition, it is possible to simulate atypical
situations, which are difficult to induce on a controlled system and test the behaviour of the PL.C
with the program. The failure of the simulation will only alert us to an error in the program, but will

not destroy the controlled device. We can fix our program and fix the errors.
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Fig 8. Logical state hardware simulator

4. Traffic light application. The task is to make programme application and hardware reali-
zation with hardware simulator (fig. 9). There are time sequence defined for traffic light. It means
that there is a time for green colour light, time for orange colour light and time for red colour
light. The ladder diagram (fig. 10) consists of three timers, which defines time delay for every
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colour. For complicated crossroad it is necessary to combine more lights from more sides of the

crossroad. Ladder diagram is very intuitive programming, because it shows signal flow. Students
also can connect logic state hardware simulator instead of real lights for testing of their program.

CEAR
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Fig. 10. Final ladder diagram for traffic light application

Conclusion. The proposed laboratory stand is a useful tool for teaching PLC control sys-
tems. It enables clear training of work with these systems. It is also possible to connect real or
model hardware systems. Students will gain practical experience and skills that are essential for
PLC programmers. At the same time, the test stand is a compact device that can be easily trans-
ferred and debugged on programs and applications for real controlled devices before being ap-
plied to real devices. A huge advantage is that it is possible to detect errors at an early stage of
application development and it is even possible to simulate extreme situations, which is not
possible with real devices.
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HABYAJIBHI CTEHU ITPOT'PAMOBAHUX JIOIT'TYHUX KOHTPOJIEPIB
JJIAA OCBITHIX HIVIEN

AxkmyanvHicmo memu 00cnionceHuA. [Ipoepamosanuii 102iyHutl KOHMpoaep — ye NpUcmpiti ONisl YUPAaGHiHHA PISHUMU
cucmemamil, 30Kpema 8 npoMucio8ocmi. Axuyo keposanuil npucmpiii CKIAOHUI, HAIA200UMU 000AMOK CKIAOHO Uepe3 PU3UK
11020 nowKoOICeHHs. [IIsl o020 HAUKpaue GUKOPUCHIOBY8AMU ANAPAMHULL HAGUAILHUL CIEHO OJisl MeCHYBAHHSL PO3POOIEeHOI
8amu npospamil.

Ilocmanoeka npoonemu. CmeHo 015 mpeny6ans - ye KOMIAKMHUL HeGeIUKULL NPUCMPIL, KUl 1e2KO NepeHecmu 6 IHuLe
wmicye. Taxooic ye 00360515€ 3'€Onamu 061a0HAHHS 0N MeCMY8aHHA. Anapamuuil CuMynsimop 102i4H020 CIMAHY MAKONC NPU3-
HaueHuil 05t MOOENI0GAHHSL 102TUHOI cucmemu 3 OyOb-AKUMU EXIOHUMU OAHUMU 3a OONOMO20K) KHONOK ab0 nepeMukavis, a
MAKOJHC i3 KONbOPOSUMU IHOUKAMOPAMYU Ol 8I3Yani3ayii 6UXIOHUX OGHUX.

AHaniz ocmannix docnioxncens i nyonikayii. Hasyanvruii npucmpiii 0036o1a€ 30iUcHumMy iMimayiro cucmemu ynpae-
JUHHS CRPABHCHIMU eJleMeHMaMiL neped NPAKMUYHUM GUKOPUCMAHHAM Y O0po2ill KepOoBaHill cucmemi, 0e 6)0b-AKa NOMUIKA
MOdHce npusgecmu 00 Gelude3HUx (PiHaHcosuUx 6mpam, aie NOMUIKY, WO GUHUKIU N0 Yac MOOeNI08AHHS HA HAGYAILHOMY Cie-
HOI, JuuLe NONEPeOHCaIoms I NOKA3yme ciabke micye po3pooKil.

Buoinenna neoocnioxncenux uacmuH 3a2anvHoi npoonemu. [lumanns mepesiceoi no6yoosu cmpykmyp npospamosanux
JLOSTYHUX KOHMPOTIEPi6 € He QOCIIONCEHUMU, MOMY HA YbOMY OYOe 30cepedicere HACIYNHE OOCTIONCEeHHSL.

Ilocmanoeka 3ae0anna. OcrhosHa mema — CMEOpUmMU KOMAAKMHULL NPUCMPITL Ol HABUAHHS MATOYMHIX PO3POOHUKIE
000amKi6 3 NPOSPaAMOBAHUM JOSIYHUM KOHMPOIEPOM, KU MAKONC MONCHA OYIIO O GUKOPUCMOBYEAMU PO3POOHUKAMU-NPAK-
MUKAM, SIKUM ROMPIOHO HALAWMYEAMU NPOSPAMY Neped MuM, Ik 6CMAHo8UMIL ii 6 peanvHy pobomy.

Buknaod ocnoenozo mamepiany. Icnyroui HaguanvHi npucmpoi 8enuxi ma 00poei, Ix Henpocmo HOCUMU i He MOXMCHA PO3-
wupumu. Poboma 3 maxumu npucmposimu oocumo ckraona. Cnpoekmosanuti mpeHyeaibHuii CMeHO — ye 2HYYKULl ma jieeko
nepeHoCHUl NPpUCmpil.

BucHoeku 6i0nogiono 00 cmammi. OcrnosHa yiHHICMb NOIS2AE 6 MOMY, WO CHYOeHMU OMPUMAIOMb NPAKMUYHUTL 00C-
610 ma Haguuku, Heob6xiouHi npoepamicmam PLC. ]eti npucmpiii cnpuse makoic KpeamueHOoCmi cmyo0enmie, OCKiIbKU 0036015€
3MIHIOGamMu anapamuuti cknao. Y Hoomy euxopucmosgyemocsi cucmema DIN-peiiku, nodibna 00 cnpasicHboi MOHMANCHOL
wagpu. CmeHo maxKoxtc 6K10YAE NOOUHO-MAUWUHHUL IHMep@eric 0N HAGYAHHA NPAKMUYHOMY 6UKOPUCMAHHIO YUX NPUCIPOIB.

Knwouogi cnosa: npospamosanuii 102iuHuil KOHMpoRep, YNPAGNiHHA, anapammue 3ab6e3neyenHs, 1100UHO-MAUUHHUL [H-
mepaeiic; pene.
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OTPUMAHHSI TA OOIHKA AKOCTI XAPHOBUX KUPIB
HNIABHUINEHOI BIOJIOT'TYHOI HTHHOCTI

AKmyanvhicms memu 00Ci0HCEHHA. SKicHUll CKIAO CRONCUBAHUX JHCUPIE BNAUBAE HA 300p08 51 I00unu CnoxicueanHs
MOHOHEHACUYEHUX HCUPIE MAE Ne6HI nepesazi: ede 00 3HUNCEHH: PUSUKY 3AX60PI06AHL HA Oiabem, 3HUNCYE 3aX80PIOSAHHS
cepye8o-cyOuHHoI cucmemu i oxcupints. Ilpagunvhe cnoJiCueants HCupie npuzeo0uns 00 3a2albHO20 3HUNCEHHS PUSUKY CMe-
pMHOCMI IO YCIX NPUYUH.

Ilocmanogeka npoonemu. /s niosuwyenns 6ion02iuHol YyiHHoOCmi NPOOYKMY OOYIIbHUM € YACMKO6A 3aMIHA MOLOYHO20
JHCUPY POCTUHHUMU ONISIMU, OALAMUMU HA BMICT, 0NeIHO80T, TIHONEGOI MA NIHONEHOBOT HCUPHUX KUCLOM, 30A2AUeHHS XAPYOBUX
HCUPIG YIHHUMU OIONI02TUHO AKMUBHUMU PEYOGUHAMU ULTSXOM 86€0eHHSL 00 IX CKIAQY, HANPUKIAO, POCTUHHUX O0OABOK.

Ananiz ocmannix docnioxcens i nyonikayii. Ha coo2o0ni po3pobneni 6uou 6eputko6ozo macia 3 6a2amo@yHKyioHalb-
HUMU POCTUHHUMU XAPUOGUMU 000ABKAMU, Ki 60N00II0Mb LIKYSWILHO-NPOMINAKMUYHUMU 61ACMUBOCMAMU. NeKMUHOM, [HY-
JIIHOM, KPIONOPOWKAMU 3i CION06020 OYpsKA, OPYHLOK YOPHOT CMOPOOUHU, MOPKEU, MOoniHamoOypa ma in. [nuwuil wnsx niou-
WeHHs1 BL0N02IYHOT YIHHOCMI XAPYUOBGUX JHCUPIE — 3AMIHA MOJIOYHO20 JHCUPY POCIUHHUMU ONISMU ADO HCUPAMU.

Buoinenna neoocniodyceHux uacmuH 3a2anvHoi npooaemu. Y pesynomami npogedeHo2o ananizy UsaeneHo, wo obme-
Jicena iHghopmayis nPo GUKOPUCTNANHSL KYPKYMU, IMOUDY, MACIA KAKAO @ MEeXHOLO02IT XapUOGUX HCUPIE A HCUPOBUX CYMIULEH.

Ilocmanogka 3a60aHHA. J[ocnioumu 6nnue Ha AKICHI NOKAZHUKU MACIA CONOOK08EPULKO8020 KYPKYMU ma imoupy. Po3po-
OUMU POCIUHHO-JICUPOBY CYMIUL 3 GUKOPUCIAHHIM MACIA KAKAO.

Buknao ocnoenozo mamepiany. J[ns ompumanux 3pasxie Macia 3 000A8aHHAM KYDKYMU Mma imoupy gizuko-ximiuni ma mi-
kpobionoziuni nokasHuxku sxocmi eionosioaromo J[CTY 4339:2005. Macno eepukose. [looasanns KypKymu ma imoupy 6 peyen-
Mypy Macia 6epuiko8020 NIOGUILYE MIKpODION02INHY YUCmonty 20mogo2o eupody. baxmepitl epynu kuuikogoi nanuuxu, opiic-
001CI6, NNICHABU 6 OOCILIOHUX 3PA3KAX He susieneHo. Po3pobnena pociunHo-scuposa cymiut, ika MICIumb ) C60EM) CKNAOL POCIUHHY
0n1i10, MACNIO KAKAO, 6epULKU, NeyumuH i nekmur. Ompumanuii npoOyKm MAe cCMAaxk ma 3anax i3 20pix0680-uloKOIAOHUM GiOMIHKOM.

BucHoeku ionogiono 0o cmammi. Brecennsi 6 macio corookoeepuikoge KypKyMu ma iMoupy He 6naueae Ha opeaHoie-
nMUYHi Ma Gi3uUKO-XIMIYHI NOKAZHUKYU SKOCMI 20108020 NPOOYKMY i, 8DAX0GYIOUU MICH OION02IUHO AKMUGHUX DEYOSUH Y
3anPONOHOBAHUX 000ABKAX, CNPUSE NIOBUUEHHIO 11020 Oi0N02I4HOT YIHHOCTL.

3 02nady Ha bionoziuny yiHHicme i Qi3uKo-XiMiuHI 61ACMUEOCII MACIA KAKAO 60HO € NEPCHNEKMUBHOIO CUPOBUHOIO OJA
BGUKOPUCIAHHSL 8 PO3POOYT POCTUHHO-ICUPOBUX CYMiuell (PYHKYIOHANbHO20 NPUSHAYEHHSL.

Knrouogi cnoea: 6ionoziuna yinnicmo; iMoup; KypKyMa; Macio KaKao, pOCIUHHO-HCUPOGI CYMIULL.

Tabn.: 1. bién.: 8.

AKTYyaJIbHICTh T€MH JOCTIKeHHsI. XapUyoBi )KUPH — KOHIIECHTPOBAHE JKEPEIIO SHEPTil JIIs
JIFOJICBKOTO OpraHi3My, BOHH TPAHCIIOPTYIOTH JO OpPraHi3My pO3YMHHI B JKHpax BiTaMmiHH. be3
KUPY TKa MEHII cMadHa. J[)KeperaMu XapuoBUX JKUPIB JIJIsI OpPraHi3My JFOIUHHU € )KUPH, SIKI MA
HaMa3zyeMo Ha XJIi0, — I1e BEpIIKOBE Macjo, MaprapuH, CIIPel; XKHUPH, SIKi M BUKOPHCTOBYEMO
IIpY IPUTOTYBaHHI 1K1, — OJIis, CMaJIellb TOIIO, 1 )KUPH, SIKI MICTSTHCS B CHOXKMBAHUX HAMH IIPO-
nykrtax. CyTTeBe 3HaUCHHS IS 37I0pOB’Sl JIFOJJMHU Ma€ SIKICHUN CKJIaJ CIIOKUBAaHUX *kupiB. Ha-
MIPUKJIAJI, CIIOKMBAHHS 3aHAJITO BEITMKOT KITBKOCTI HACHYEHHX KUPIB BeJIe J0 i IBUIICHHSI PiBHS
XOJIECTEPUHY B KPOBI, 1[0 MOKe MPU3BECTH JI0 IpodiieM i3 cepueM. CrioKuBaHHS MOHOHEHACH-
YEeHUX JKUPIiB Ma€ MEBHI lepeBary JiIst 3JI0pOB s, a caMe BeJie /10 3HUKEHHS PU3HKY 3aXBOPIOBAHb
Ha JliabeT, 3HIKYE 3aXBOPIOBAHHS CEPIIEBO-CYMHHOI CHCTEMU i 0kupiHHs. [IpaBmiibHe crioxu-
BaHHS JKUPIB MPU3BOIUTH JIO 3aralTbHOTO 3HWKEHHS PU3UKY CMEPTHOCTI Bij| yciX npuywmH [1; 2].

ITocTanoBKa MPodaeMu. Y MOJIOYHOMY KHPi MICTHTHCS HEOCTATHS JUIS 33/T0OBOJICHHS TIO-
TpeO JIFOIMHU KiJTBKICTh HCHACHYCHHX YKUPHUX KACTOT J{JIs i IBUTIICHHS O10JI0TIYHOT IIIHHOCTI
MPOAYKTY JOIIEHUAM € YaCTKOBA 3aMiHa MOJIOYHOTO JKUPY POCITHHHUMH OJIisSIMHU, OaraTuMA Ha
BMICT JIIHOJIEBOI Ta JIIHOJIEHOBOI KUPHUX KHUCIOT. IIpu 11bOMy BHKOpPHCTAaHHS MaJbMOBOI Ta
apaxicoBoi oJIii He € paliOHAILHUM, TOMY IO 30UIBIIYEThCS HABAHTAXXEHHS HA MEUYiHKY JIO-
JIMHY Y TIPOIIeCi CIIOKUBAHHS TaKOTO MPOIYKTY [3].

BionoriuHo aKTHBHI pEYOBHHU POCIMHHOT CHPOBHHHU MAIOTh ITUPOKUHN CIIEKTP TIO3UTUBHOI
Ji1 Ha OpraHi3M JIIOJIMHU, & MOKJIMBICTh BUKOPHCTAHHSI )KUPOBOI OCHOBH SIK HOCIS JJISl TPpaHC-
MOPTYBaHHS 0i0JIOTIYHO aKTUBHUX PEYOBUH POCIMHHOI CHPOBUHHU JI0 OPTaHi3MYy JIFOJWHU TIOT-
pelye neTaabHOTO BUBUCHHSI.

© Yensabiera B. M., OnbmreBceka C. C., 2020
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AHaJti3 ocTaHHIX J0CTiZKeHb i my0Jtikamiii. bioIoriyHO aKTUBHI peYOBUHM, 1110 MICTSATHCS
B POCIIMHHIN CHPOBHHI, 371aTHI MPOTUCTOSTH PYHHIBHINA il BUTBHUX paJIdKaliB, BIIHOBIIOBATH
mopyIneHi (QyHKINI opraHizMy, 3ano0irati OHKOJIOTIYHUM Ta CEPIIEBO-CYIMHHIM 3aXBOPIOBAH-
HSIM, CTIOBUTBHIOBATH TIPOTIEC CTApiHHS i TOJIOBKYBATH aKTHBHE JOBTOMITTS. B ocTanHi necsTu-
JTTSI 3yCHILISL TEXHOJIOTIB CIPSIMOBAHO HA OOTPYHTYBaHHSI, PO3pOOJICHHS if BAPOOHUIITBO HOBUX
XapUYOBHX MPOJIYKTIB, IO HE TLUTBKH 330BOJILHSIIOTH MOTPEOU JIFOJMHM B €HEPril Ta HyTpi€HTaXx,
a ¥ YMHATH IMyHOMO/ICITIOIOUNH, O10pery IS TOpHU#, peadimiTarlifHui Ta 1HIII TO3UTHBHI (i3io-
JIOTi1YHI BIUIMBHM Ha OpPTraHU, CHCTeMH i (yHKINT opraHizmy [4]. Po3po0ieHo BHM BEPITKOBOTO
Macia 3 6araroyHKIiOHATbHIMH POCITUHHIMHA XapUOBHMH JI0OABKaMH, SIKi BOJIOIFOTh JTIKyBa-
JTHHO-TIPO(ITAKTHYHUME BIACTUBOCTSMU, & cCaMe TIEKTHHOM 1 1HYJTIHOM, KPIOITOPOIITKAMH 31 CTO-
J0BOrO Oypsika, OpyHBOK YOPHOI CMOPOJIMHHU, MOPKBH, TOIIiHAMOypa Ta iH. [5]. Y BepiukoBe Ma-
CJI0 IPOIIOHYIOTh BHOCUTH CIICI[iaIbHO MiITOTOBJICHI CYCIIeH31i POCITMHHIX JT00aBOK: TIOPOIIKY
13 TalpUKH, PO3MEJICHOTO HACIHHS KYHXyYTy Oitoro. [Tokasano [6], mo 30aradera nuMu J100aB-
KaMH MacJIsTHa CYMIIll XapaKTepU3y€eThCsSl BUCOKAMH CMAKOBAMH BJIACTUBOCTSIMH: MA€ UHCTHHA
BEPIIKOBUH CMaK Ta 3arax i3 MPUEMHUAM IIPHCMAKOM KYH)KYTY Ta B Mipy COJIOHYBaTHM CMaKOM.
Taxox sIK poOCTHUHHI JJOOABKH JI0 MacJia BEPIITKOBOTO MPOTIOHYIOTHCS. CHPOII 13 ST1]T YOPHUIIL, TI0-
po1ok 6aHaHa, JJaMiHapii, MOPOIIKY 3 MAIWHH Ta BUIIHI [6].

[HIMH TOIX MIBUIICHAS O10JIOTIYHOI IIHHOCTI Xap4yoBUX JKUPIB — 3aMiHa MOJIOYHOTO
KHUPY POCITMHHUMH OJIisIMH a00 KUpaMH. 3a OTPUMaHUMU pe3yJibTaTaMK JOCTIDKeHb [7], aB-
TOPHY OYIKYIOTh, III0 BAKOPUCTAHHS 3aMiHHHKA MOJIOYHOTO JKUPY «Sania» y BAPOOHHIITBI CIIpe-
JIiB TaCTh 3MOTY CTBOPUTH MPOAYKT 13 HEOOX1THOIO KOHCUCTEHIII€I0, HAOIMKEHOIO /10 BEPIIKO-
BOTO Macja, Ta ONTHMAJIbHUM JXHPHOKUCIOTHHM CKJIAJOM, IO 3aJ0BOJILHSTUME BUMOTH
3JI0pPOBOT'O XapyyBaHHSI.

Oco0MBOCTI TEXHOJIOTIT BHPOOHHUIITBA KOMOIHOBAHHMX CYMIIIIeH XapuOBUX JKHUPIB JI03BOJISIE
3aCTOCOBYBATH TOPSIIT i3 MOJIOYHHMH KOMITOHEHTAMH BEITUKY KUIbKICTh KOMITOHEHTIB POCIIAH-
HOTO ITOXO/PKEHHS, TOJJOBHUM YMHOM POCIIMHHUX OJIild. 3aBISKH IIbOMY KOMOIHOBaHI KHPOBI
CyMillli, IOPIBHSIHO 3 BEPIIKOBUM MAaciiOM, MICTSTh OUIBITY KUJIBKICTh BiTaMiHiB 1 610J0T14HO
AKTHBHUX PEYOBHH, 3HAYHO MEHIIY KiJIbKICTh XOJECTepHHY, MAalOTh CIIOXKHMBYI NepeBard, Ha-
NPUKJIAJ, He 3aMep3aloTh IIPH TeMIeparypi Bix -4 110 -12° C, MaroTh MIACTHYHY KOHCHCTEHITO
[8]. TTixbip HEMOJIOYHUX JKHUPIB JIIT KOMOIHOBAaHHUX CyMilllell ITOBUHEH 3IHCHIOBATHCS 3 ypa-
XYBaHHSIM OPTaHOJICITHYHUX BJIACTUBOCTEH, CTPYKTYPHO-MEXaHIYHUX TOKAa3HHUKIB, Xap4oBOL
Ta 610J0T14HOl IIHHOCTI. MOJIOYHMI KUP MICTUTH MEHIIIE HIX 5 % He3aMiHHUX MOJiHEHACH-
YEeHUX KUPHUX KUCIIOT, TAKUX SIK JTIHOJICBA, JIIHOJICHOBA, apaXiJJOHOBA, i BUCOKUI BMICT XOJIe-
ctepuny (Bix 100 mo 240 mr Ha 100 r) [8].

AHaJTi3 OCTaHHIX JOCIiPKEHB 1 MyOJTiKaIliil mokasye BiACYTHICTE iH(GOpMAIIii TTPO MOKITH-
BiCTh BUKOPHCTAHHS CIICIi KypKYMHU Ta iMOMpY, K POCITHHHHX JT0OOABOK JIO Macja BEpIIKO-
Boro. Tako) He BHUCBITJICHO MHUTAHHS MPO BUKOPUCTAHHS Macja Kakao MpH po3poOIll poc-
JMHHO-)KUPOBHX CyMiIIIeH.

Bupinenns Hexocai:KeHHX YACTHH 3arajbHOI Mpo6JjeMu. Y pe3ylbTaTi IpoBeJIeHOrO
aHaIi3y BHSBIICHO, IO OOMeXeHa iH(opMarlis Tpo BUKOPUCTAHHS KypKyMH, iIMOHMpy, Macja
KaKao B TEXHOJIOTIT XapuOBUX JKUPIB Ta JKUPOBUX CYMIIIICH.

IMocTanoBKa 3aBAaHHA. 32 METY OYJI0 TOCTABJICHO JIOCIIINTH BIUIUB Ha SKICHI TTOKa3HUKA
Macia COJIO0AKOBEPIIKOBOTO KypKYMH Ta iIMOHpY, SIKi BBOAMIIMCH Y PEIENTYPY 3 METOFO ITi/IBH-
HIeHHs 010JI0TIYHOT IHHOCTI TOTOBOTO MPOJIYKTY. PO3poOHUTH pOCTMHHO-)KUPOBY CYMIIlI i3 BH-
KOPUCTaHHSIM Maciia Kakao. OIiHUTHA OpraHoJIeNTUYHI Ta (13UKO-XIMIYHI MOKa3HUKU OTpHUMa-
HOTO TOTOBOTO MPOJYKTY.

Bukiaaa ocHoBHOro MaTtepiasty. Macio coJioIKOBEpITIKOBE OTPUMYBAJIH CITOCOOOM Oe3repe-
pBHOTO 30MBaHHS BEPIIIKiB, 13 JI0JJABAHHAM KYpPKYMH a00 iMOMpY Ha CTaJiil yTBOPEHHS MaCISTHOTO
3epHa. BukopucroBysanu: Bepimku 3a JICTY 8131:2015 Beprku-cupoBuna. TexHIUHI yMOBH; 110-
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porok kypkymu 3a 'OCT ISO 5562-2017 IpsHocTu. Kypkyma menast u mosoTas (Hopomkooopa-
3Has). TexHwueckuwe ycioBus; noporrok iMoupy 3a JICTY ISO 1003:2018 Ilpsmommi. ImOup
(Zingiber officinale Roscoe). Texniuni ymoBu. PociiiHHI 100aBKH BHOCHIIHCH Y KiTbKOCTi 0,6 %0
JIO MacH TOTOBOTO TIPOTYKTY. MacoBa yacTka Kupy y BUpoOJIeHOMY Maciti craHoBmIIa 69,5 %o.

CrieKkTp BIUIMBY KYPKYMH Ha OpPTaHi3M JIIOJIUHY JTy’Ke mupokuit. Kpim edipHEX oii, anka-
J0iiB, BiTaMiHiB, eneMeHTiB logy, @ocdopy, @epymy i Kanbiiro, y KypKyMi MiCTITbCS Kyp-
KyMiH — PEYOBHHA, 3/1aTHA MPUTHIYYBATH PICT KJIITUH 3JIOSKICHUX MYXJIMH, KYPKYMOp — pedo-
BHHA, 1110 CHIOBUJIBHIOE i 1HTIOy€ pakoBi 3aXBOPIOBAHHS IIKIPH i MOJIOYHHX 3aJ103, IIMHEON —
Ma€ aHTUTIapa3UTapHUil BIUIMB, TYMEPOH — Ma€ aHTHOAKTEpialbHY Jil0.

[MOMp — cHITPHHI AHTHOKCUIAHT, Ma€ aHTUOAKTEPiaNIbHI BIACTHBOCTI, CIIPUSIE 3MIIIHEHHIO
iMyHITETY.

OprasoJienTHYHI TOKa3HUKH OTPUMAHUX 3pa3KiB Macjia HaBeJIeHI B TaOJTHIT.

Tabmuns 1

OpeanonenmuyHi NOKA3HUKU MACLA CON00KOBEPULKOBO20 3 000ABAHHAM KYPKYMU MA iMOupy
MoKasHIK SIKOCTi Macu10 BepluKOBe 3 10JaBaHHSAM Macao BepIIKOBE 3 101aBAHHAM
KYPKYMH iMOupy
CmMak i 3amax NpUTaMaHHUI KypKyMi CBO€Epi THMI NpUTaMaHHuii iMOupy
KoncucteHuist i 30B- | 0HOpioHA, MIacTHYHA, TyXkKe IIiIbHA, OBe- | OAHOPiIHA, TNIACTUYHA, IiIbHA, TOBEPXHS
HIIIHIM BUTIISA pXHsl Ha po3pi3i OincKyya, cyxa Ha po3pi3i cnabo OiMckyya, cyxa
Koumip HacUYEeHUIi )KOBTUI OTHOPITHUMN CBITJIO - )KOBTHU OJTHOPiTHUH
3a BCi€I0 Macoro 3a BCi€I0 Macoro

3a JICTY 4339:2005. Macio BepIIKOBE TUTPOBAHA KHUCIOTHICTD JIJISL COJIOKOBEPITKOBOTO
Macjia TIOBUHHA OyTH He Ounbiie Hixk 23 °T. Jlig oTpuMaHuX 3pa3KiB THTPOBaHA KUCJIOTHICTH
IJIa3MH Macja 3 Kypkymoro craHoBmia 3,1 °T, 3 imOupeMm — 5,9 °T. kiabKicTh Me30(iIBHUX ae-
poOHMX Ta (haKyILTATUBHO aHAepOOHHMX MIKPOOPraHi3MiB y Maci 3 I0JaBaHHSIM KypKYMH CTa-
HoBmia 7,5 - 10* KYO/r, y Macni 3 nomaBanssM iM6upy — 9,0 - 10* KYO/T, Tofi SIK ¥ 3pasky
Macia Oe3 JI0JaBaHHsS POCIWHHUX JOOABOK IIel IMOKa3HWK CKjiaamaB 1,7 - 10° KYO/r, a 3a
JICTY 4339:2005 BiH He moBuHeH nepesumtysatu 5,0 - 10°. OTxe, JoIaBaHHSI KYPKYMH Ta iM-
OHMpy B pelenTypy Macjia BEpIIKOBOTO IiABHINY€E MiKpOOiOJIOTIYHY YHCTOTY TOTOBOTO BUPOOY.
BakTtepiil rpyny KAIIKOBOI TATHYKH, IPIKIDKIB, IUTICHABHY B JOCIIHUX 3pa3KaxX HE BUABIIEHO.

3MiHY MEPEKUCHOTO YHCIIA KUPY M1 Yac 30epiranst BEPIIKOBOIO Macja JTOCIHKYBaIN
npoTsaromM 15 mi6 3 MOMEHTY BHUTOTOBJIEHHS Ipu Temieparypi (312) °C. YBeck TepMiH 30epi-
raHHs IIEPEKUCHE YHCIIO0 301IBIIYBAIOCS B YCiX 3pa3kax i 3miHroBayioch Bijg 0,8 %20 MMOJIB/KT
Ha no4atky 30epiranss 10 7,0 20 MMOJIB/KT Ha OCTaHHIN JIeHb 30epiranns. [Ipuyomy y 3pas-
Kax 3 JI0JIaBaHHSM KYpPKYMH Ta iMOMpY Ha KiHeIlb TepMiHy 30epiranHs MepeKucHe Yuciio 0yio
TPOXH BHIIKAM, HI)K Y KOHTPOJLHOMY 3pa3Ky.

JIi1s Macita BepIIKOBOI'O HE BBEACHO, a OT JIUIA CIPEIIB 1 )KHPOBUX CYMIIIEH BBEIEHO IIepe-
KHCHE YHCIIO IK (PI3UKO-XIMIYHUN MOKA3HUK, SIKE CTAHOBUTH IIiJI Yac BUIYCKAHHS 3 MiAIPUEM-
cTBa — He OuibIIe HiXK Y20 5 MMOJIB/KT, a Micjs 3aKiHYEHHS TePMiHY IIPUJATHOCTI JO CIIOXKHU-
BaHHS — 20 10 MMounb/kr. Takum 4nHOM, OTPUMaHe Macjo BEPIIKOBE 3 JOJaBaHHSIM KyPKyMHU
Ta IMOMPY 3aIUIIAETHCS IPUAATHUAM JI0 CIIOXKUBAHHS HA KiHEllb TEPMiHy 30epiraHHsl.

[TopiBHSHHS IIEPEKUCHOTO YMCJIa OTPUMAHOTO IPOAYKTY 3 BUMOTaMH JI0 CIPEIIB 1 JKHPO-
BHX CYMIIIIEH € JOPEUHMM, aJPKE ITPH BBEJAEHHI POCIMHHUX J00ABOK KYPKYMH Ta IMOMPY OTpH-
MY€EMO MAacJIO BEPIIKOBE 3 PYHKIIIOHAILHUMHI 100aBKaMH, sIKi MICTHTh Y CBOEMY CKJIa/l HEHa-
CHYEHI Ta IOJIiHEHACHUYEH] KUPH, MMONi(EHOIH, K1 34aTHI JO OKHCHEHHS, IO 1 BIUIMBAE HA
3HAYEHHS IIEPEKMCHOTO YKCJIa TOTOBOTO IIPOIYKTY.

Macio kakao MicTuTh BiTaMidd E 1 K, 3aBagxu BmicTy Ko(eiHy Mae TOHI3yIOUY JIif0, a I10-
mideHoNH pasoM i3 BiTaMminoM E BH3HA4YarOTh MOro MOTYKHI aHTHOKCHUIAAHTHI BJIACTHBOCTI.
3HavyHy 4YacTHMHY Maclia Kakao CTaHOBUTH cTeapwHoBa (~59,7 %) Ta ojeiHOBa KHCIOTH
(~32,9 %), sxi 3maTHI HOpMaTi3yBaTH PiBEHb X0JecTepuHy. J[71s Macia Kkakao BIAaCTUBHUH 3amax
moxkosany. Temmeparypa miaBnenus 32-35°.
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3a cBOIMH BJIACTHBOCTSMH Ta CKJIaJOM Maclio Kakao O0€3CYMHIBHO MPEJCTaBIISIE IHTEpEC s
XapyoBOi MPOMHUCIIOBOCTI. Hacammepe s Macio Kakao BAKOPUCTOBYFOTH JUISI IIPATOTYBAHHSI IIIOKO-
Ty ¥ KOHIUTEPChKOT ria3ypi. HaMu BHBUeHa MOXKITHBICTS BUKOPUCTAHHS Maciia Kakao B TEXHO-
JIOTii POCIIMHHO-)KHPOBUX CyMillieid. Po3po0iieHa cyMill MicTHIIA y CBOEMY CKJIaJli POCITHHHY OJTifO,
MAacJio KaKao, BEPIIKH, JEIUTHH 1 TeKTUH. OTprUMaHui MPOIyKT Mae CMaK Ta 3amax 3 ropiXoBo-
IMOKOJIQTHAM BiJITIHKOM. KOHCHCTEHIIiS OHOpITHA, TUTacTUYHA, M ska. [loBepXHS Ha po3pisi
cnabo 6ymckyya, cyxa. Komip cBitino-xoBTuit. MacoBa 9acTka 3arajibHOTO XKHUPY B OTpUMaHii cy-
MiIi ctaHoBuiIa 68,7 %, MacoBa yacTka BOJIOTH — 15 %, KUCIIOTHICTE TpoayKTy — 1,6 °K.

BucHoBku BinnmoBiaHo 10 crarTi. BHeceHHs B Maclio COJOIKOBEPIIKOBE KYPKYMH Ta iM-
Oupy He BIUTHBAE Ha OPTAHOJICTITUYHI Ta (Pi3MKO-XIMiYHI ITOKa3HUKH SKOCTI TOTOBOTO MIPOJIYKTY
i, BpaXOBYIOYH BMICT O10JIOTIYHO aKTUBHUX PEUYOBHH Y 3alPOTIOHOBAHUX J00AaBKaX, CIPHUSIE
MiIBUIIEHHIO HOro 010JIOrYHOT IIHHOCTI.

3 ornsaay Ha 6i10J0TIYHY IIHHICTS 1 (Pi3UKO-XIMIUHI BITACTUBOCTI Maciia Kakao BOHO € Mepc-
MTEKTHBHOIO CHPOBHHOIO JIJIS PO3POOKH XapUOBHX KHUPIB (PYHKIIOHATBHOTO IPH3HAYCHHS.
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UDC 664
Viktoriia Cheliabiieva, Svitlana Olshevska

PRODUCTION AND ASSESSMENT OF QUALITY OF FOOD FATS
WITH OF INCREASED BIOLOGICAL VALUE

Urgency of the research. The quality of fats consumed affects human health. Consumption of monounsaturated fats has
certain benefits: it reduces the risk of diabetes, reduces cardiovascular disease and obesity. Proper fat intake leads to an
overall reduction in the risk of all-cause mortality.

Target setting. To increase the biological value of the product, it is advisable to partially replace milk fat with vegetable
oils rich in oleic, linoleic fatty acids, enrich food fats with valuable biologically active substances by introducing into their
composition, for example, plant supplements.

Actual scientific researches and issues analysis. To date, types of butter with multifunctional plant food additives have
been developed, which have therapeutic and prophylactic properties: pectin, inulin, cryopowders from table beets, black cur-
rant buds, carrots, Jerusalem artichokes, etc. Another way to increase the biological value fat is to replace milk fat with
vegetable oils or fats.

Uninvestigated parts of general matters defining. As a result of the analysis, it was found that there is limited information
on the use of turmeric, ginger, cocoa butter in the technology of edible fats and fat mixtures.

The research objective. The effects of turmeric and ginger on oil quality have been studied. Cocoa butter was used to
prepare vegetable-fat mixtures.

The statement of basic materials. Physicochemical and microbiological indicators of quality of the received samples of
oil with addition of turmeric and ginger correspond to the accepted norms. The addition of turmeric and ginger in the recipe
of butter increases the microbiological purity of the finished product. Bacteria of the Escherichia coli group, yeast, mold were
not detected in the experimental samples.

Developed vegetable-fat mixture, which contains vegetable oil, cocoa butter, cream, lecithin and pectin. The resulting
product has a taste and smell with a nutty-chocolate hue.

Conclusions. The addition of turmeric and ginger to the oil does not affect the organoleptic and physicochemical qualities
of the finished product and, taking into account the content of biologically active substances in the proposed additives, in-
creases its biological value.

Cocoa butter, taking into account the biological value and physicochemical properties, is a promising raw material for
use in the development of vegetable-fat mixtures of functional action.

Keywords: biological value; ginger; turmeric; cocoa butter; vegetable-fat mixtures.
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TOCJIKEHHSI MOJKJIMBOCTI TOOUYMIIEHHSI CTTYHAX BOJT
MOJIOKOIEPEPOBHMX 3ABO/IIB 3A JOTTIOMOT OO BIOIPEITAPATIB

AKmyanvHicms memu 00Cni0MCeHHA. V 36’53Ky 3 mum, wo OLIbUWLICMb XAPUOGUX GUPOOHUYME 3ANEHCHO 8I0 2any3i,
acopmumenniy NpoOYKYii, wo GuUpOOIIEMbCs, Ce30HHOCMI MA IHWUX (QAKmopie, Maiome pi3HUll CKIAO CMIYHUX 600,
00CTIONHCEHHS, HOBUX EeKMUBHUX MEXHONO02IT DION0SIUHO20 B000OUUUEHHS OISl KOHKPEMHUX GUPOOHUYME € AKMYATLHUM.

Ilocmanoexka npoonemu. Cmiyni 600U NiONPUEMCME MONIOKONEPEPOOHOI 2any3i XapakmepusyomoCsi GUCOKUM EMICIOM
Op2aHIUHUX OOMIULOK, 3AGUCTUX DEYOBUH, MONCYMb MAMU HECHPUsMAUGUI 015 OION0SIUHO20 OUUWEHHST 6MICTY OlO2eHHUX
enemenmie i 3navennss pH, momy epexmuericmo ouuwgenns 600U Modice 3aNUULamucs 00Cums HU3bKoi0. I HazaneHow npobdremor
Cb0200eHHSL € YOOCKOHANEHHA HAAGHUX | pO3DOOKA HOBIMHIX MEXHON02Ill OYUUeHHSL CIIYHUX 600 HA NIONPUEMCINGAX 2AN1Y3L.

AHaniz ocmanHix 00cnioncenv ma nyoaikayiil. /{ocnioxcenHs euxopucmants oionpenapamis 01 O4ulyeHHs NPUPOOHUX
[ wmyuHux 6000UM, NOOYMOB0-20CROOAPCLKUX MA CIMIYHUX 600 0A2AMbOX NIONPUEMCINGE 0OIPYHMOBAHI MA NPedcmagieHi 6
pobomax 6azamvox 6i00MUX YKPAIHCOKUX MA 3AKOPOOHHUX YYEHUX.

Buoinenna neoocnioxcenux uacmun 3a2anvHoi npoonemu. Hezsadxcarouu Ha wucnenni 00CHioNncents, y 1imepamypHux
Odicepenax HeOOCMAamHb0 OAHUX WOOO ePEeKMUBHOCHI 3ACMOCY6AHHS OIONpenapamic Ons OYUWEHHS CMIYHUX 600
MOIIOKONepep OOHUX NIONPUEMCING.

Ilocmanoeka 3a60anna. Memoio pob6omu 6yn0 6UHAUEHHSL MONCIUBOCIE MA eheKMUGHOCIT OOOUUCTIKI CIIYHUX 600
MOIOKONEpep 0OHUX NIONPUEMCIME 3a 00NOMO2010 bionpenapamis. /locriocyeanu ennug 6ionpenapamis « I piz-Tpimy, «/lacyn-
Tpimy, «bio-Py, «Ilono-Tpimy» na ciopoximiuni noxkasnuxu cmoxie IIpAT « Hoszopoo-Cieepcoruil cup3asoo .

Burnao ocnoenozo mamepiany. Iloxkazano modxcnusicmo euxkopucmauus dionpenapamie mopeogoi mapku « Mikposumy» y
MeXHON02I OYUUleHHsT CIIYHUX 600 Cup3aeodie. EghexmueHicmos 0oouuujeHHs CIIMHUX 600 NEPEeGIPANAC, ULTAXOM GUIHAYEHHS!
ximiunoi nompedu kucnio (XIIK), emicmy gpocpamis, amonito conb06020 ma 3aniza 3a2aibHo2o 00 ma niclisl 6HeceHHs, bionpenapanty.

Bucnogexu 6ionogiono 0o cmammi. Haiibinvw epexmugnum 0asi 00ovuwjentss cmivnux 600 € oionpenapam «Ilono-
Tpimy. Ilpu tioco euxopucmanni XIK snuxcyemoca y 18,9 pasa, emicm amonito convosozo —y 4,5 pasa, ¢pocpamie — y
4,7 pasa, 3aniza 3azaneHozo —y 3,6 pasa.

Knwuoei cnosa: cmiuni 600u; monoxonepepodui nionpuemcmea; bionpenapamu; 2i0poXimMiuHi NOKA3HUKU, Ol0N02IuHe
OUUWEHHS] CMIYHUX 800.

Tabn.: 3. bion.: 15.

AKTyaJbHiCTh TeMH J0CTiT:KeHH. SIK BIZIOMO, Xap4yoBa Ta nmepepoOHa MPOMHCIOBICTh Mae
JIOCTaTHBO BEJIMKY KUTBKICTh HEBUPIIIEHUX €KOJIOTIYHUX MPOOIIEM, cepel IKAX HacaMIlepe;] BH-
JUISTIOTH BEJTMYE3HI 0OCSTH CTIYHOI BOJU. YUeHI aKTUBHO 3aiiMarOThCs pO3POOKOIO0 TEXHOJIOT1iH
OYHUIIICHHA CTIUHUX BOJI Xap4YOBUX BI/Ip06HI/IL[TB 1 HepCHeKTI/IBHiCTL 3aCTOCYBAHHA 6aFaTOCTy1'Ie-
HEBUX TEXHOJIOTIH iX GloJoriuHoro ounineHHs qoeneHa. OMHAK y 3B S3KY 3 THM, IO OUIBITICTh
XapYOBUX BUPOOHHMIITB 3aJI€IKHO BiJ| rary3i, aCOPTUMEHTY MPOIYKIIii, IO BUPOOIISIETHCS, CE30H-
HOCTI Ta iHIMUX (PaKTOpiB MAIOTh PI3HUN CKJIAJ] CTIYHUX BOJ, JOCIIIPKEHHS! HOBUX €(DEKTUBHUX
TEXHOJIOT1# 010JI0TYHOTO BOJOOYHIICHHS JIJII KOHKPETHUX BI/Ip06HI/II_[TB € aKTyaJIbHUM.

IMocranoBka npodaemu. CydacHe XapyoBe BUPOOHHIITBO XapaKTEPH3YEThCS CKIIATHOIO
TEXHOJIOTIEF0, BEJTMKOIO KUTBKICTIO OTIepalliid, CyIPOBOJKYETHCS YTBOPEHHSAM ITOOIYHOT CHPO-
BUHHU, 30KpEMa CUPOBATKHU, Ta BUCOKOKOHIICHTPOBAHUX 3a BMICTOM OpFaHi‘{HI/IX CIIOJIYK, aJIC
3a3BUYail HETOKCHYHUX CTiYHUX BoJ. Cepell BiJOMHX METOJIB OYHIIICHHS CTIYHHAX BOJI MOJIO-
KOIlepepoOHUX 3aBOJIIB HAWOIIBIIT €KOHOMIYHO OOTPYHTOBAHUM Ta OJHOYACHO €(PEKTUBHUM €
OioJytoriune ounineHHs [1-3].

O,Z[HaK y 3B’$I3Ky 3 THUM, 11O BKa3aHi CTOKH € BHUCOKOKOHICHTPOBAHUMMU 3a BMICTOM opraHi-
YHUX JIOMIIIOK, 3aBUCIMX PEYOBHH, BOHH MOXYTh MaTH HECHPUSTINBHUI IS O10JOTIYHOTO
OUUIIICHHSI BMICT OiOT€HHUX eJIeMEHTIB 1 3HaueHHs pH.

HuHi JTiveHi miinpueMcTBa XapuoBoi IPOMUCIIOBOCTI 1, 30KpeMa, MOJIOKOIIepepoOHi, 3a6e3-
IIeYeH] BIIACHUM KOMILJIEKCOM CIiopya 1A OUYUIICHHA CTIYHUX BOJI. IxHi cTOKH MICTATE KOMIIO-
HEHTH IIepepoOIFOBAHOT CLITBCHKOTOCTIONAPCHKOI CHPOBHHH, IO, SIK 1 BC1 PEYOBHHH 010I0TTIHOT
MPUPOIN, MOXKYTh OyTH okucHeHi. CKUIaHHS TaKuX BOJ] 0€3 OUMINEHHs B MIChK1 KaHai3aIiiH1
MepeKi He JIO3BOJISETHCS, OCKUIBKH MOTPAIUISTHHS 1X Y IPUPOJIHI BOJIONMHUINA TPU3BOIUTH 10
MOTIPIIICHHS] YMOB YKUTTEMISIILHOCTI T1IPOOIOHTIB Yepe3 Te, 0 Ha OKHCHEHHS IUX PEYOBHH
BUTPAYAETHCS KUCEHb, IKUH POZYMHEHUH Y BOJIL 1 € OJTHUM 13 HAMBaXUIUBIIIMX YMOB JKUTTETi-

SUTBHOCTI BOJTHOT OioTH [4].

© 3awmaii XK. B., /I3t06a B. A., bBysuteceka H. 1., 2020
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bioxiMiuyHMI1 METO/ OUHMINEHHS 3aCHOBaHUM Ha BUKOPUCTaHHI MiKpOOPIaHi3MiB, sIKi B TIPO-
TIeCi CBOET KUTTEISITBHOCTI PO3KIIAIAIOTE TIEPEBAYKHY OLTBIIICT CKIQJIHUX OPTaHIYHUX PEeUo-
BUH JI0 BYIJIEKUCIIOTO ra3y 1 Boau. Ha Benmukux xap4oBUX MiIPUEMCTBAX 3aCTOCOBYIOTH aHa-
epoOHO-aepoOHEe pyHHYBaHHS 3a0pyAHIOIOYMX PEYOBHH. 3aCTOCYBAHHS JIBOCTYIIEHEBOTO
OYHINEHHS 3yMOBJICHO BUCOKUMH KOHIICHTPALISIMU 3a0pY/AHIOIOUUX PEYOBUH 1 PI3SHUMH IIBU/I-
KOCTSIMH OKUCHEHHSI OKPEMHX KOMITOHEHTIB.

[lokaznuk pH cTiyHMX BOJ XapuoBOI MPOMHUCIOBOCTI 3HAUYHOIO MipOIO BU3HAYAETHCS BUJIOM
epepoOITIOBaHOT CHPOBUHHU 1 3aCTOCYBAHHSM JIYXKHHUX 3aC001B JIJII MATTS OOJaaHanHs. J{ims ne-
SIKMX TTJITPUEMCTB BiH MO KOJMBATUCS B 3HAYHUX MEXKaX, BUXOJISTUM 3a MEXIi 3HaYeHb, peKO-
MEHIOBaHMX JUIsSI O10JIOTIYHOTO OYHITICHHS (6,5—8,5), 10 BUMarae moIepeHL0ro KOperyBaHHS
BenmurHY pH 3a monomororo XiMiuHoi HelTpaizaliii. Y OUIbIIOCTI BUMA/IKIB KOPEr'yBaHHIO ITi/I-
JIsira€ TaKOXK BMICT Y CTIYHHX BOJIaX OI0T€HHUX €JIEMEHTIB, SIKAH MOKE BUSIBUTHCS HEJIOCTATHIM
JUISL HOPMAJIBHOTO 3/1iiCHEHHS Tpoliecy 0i0JI0r1YHOIr0 OYHUINEHHS B aepOTeHKax [5].

VYc¢i po3rIIIHY T 3aKOHOMIPHOCTI XapaKTepHi 1 U CTIYHUX BOJT MOJIOKO3aBO/IiB, OJJHAK KOH-
LEeHTpallisl 3a0pyIHeHb CYTTE€BO 3aJE€KUTh BiJl aCOPTUMEHTY HPOAYKIl mifnmpueMmcrtsa. Tak,
CTiUHi BOJH MIIPUEMCTB, OCHOBHOIO IPOJYKIIIEIO SIKUX € BEPIIKOBE MAcio, TBEPIUH cup, Ma-
IOTh JIOCTaTHBO KoHIeHTpoBaHi cTiuHi Boau (XIIK — g0 5000 mrO»/:1). ToMy yaocKoHaICHHS
ICHYIOUMX 1 po3poOKa HOBITHIX TEXHOJIOTIH OYMINEHHS CTIYHUX Ha MiJIPUEMCTBAX ramysi 3a-
JIMIIAETHCS. HATAIBHOO MTPOOJIEMOIO CHOTOJICHHSI.

AHAJi3 OCTaHHIX JOCTiIKeHb Ta myOJaikamiii. TeopeTHYHUM 1 TPAaKTUYHUM acHeKTam
e(pEeKTHBHOTO BUKOPHUCTAHHS MPUPOJTHUX PECYPCiB, 30KpeMa BOJHHX, Ha ITiIIPUEMCTBAX Xap-
YOBOT IPOMUCIIOBOCTI IPUCBAYEHI poOOTH OaratboX MpoBiTHUX yueHuX, 30kpema I1. I1. bop-
meBchkoro, b. M. Jlanwnmmmuna, JI. B. Jleiineko, C. 1. Jloporynmosa, A. O. 3aiHIKOBCHKOTO,
M. 4. Jlememesa, M. M. JlinaroBa, M. A. XBecuka, JI. I'. UepHtok Ta iHmmx. Ane epexTuB-
HICTh BUKOPHCTAHHS Ta OYHIICHHS BOJIM Ha 3TaIaHuX MiANPHEMCTBAX € IOCUTH HA3BKOIO.

ABtopu po6oTH [1] BKa3yIOTh, 10 7Sl OUUIIICHHSI CTIYHUX BOJI MOJIOKOTIEpePOOHUX ITi/II-
PUEMCTB MaJIol TOTY>KHOCTI HAWOLIBIII AOIIIFHA TBOCTYIICHEBA CXeMa 3 aHaepOOHUM OYHIIECH-
HSIM Ha IepIIOMY CTYIIeHI Ta aepoOHUM Ha APYroMy. 3 iHIIOTO OOKY, OJTHUM 13 MeTO1iB 61010~
TIYHOTO OYHIIICHHS ITPHPOJTHUX, TOOYTOBHX 1 CTIYHUX BOJ € BAKOPHUCTAHHS OiomperapaTis. Sk
CTBEPKYIOTh BUPOOHUKH [6], Giompenapatu MOXyTh OYTH BUKOPHCTaHi JUIsl KOMIUIEKCHOTO
O10JIOTIYHOTO OYMINEHHS CTIYHHX BOJ MOJIOYHHX, M’SICO-, pHOOTIEpEepOOHIX, MACIOEKCTPaK-
LiHHUX, TMBOBAPHUX, I[yKPOBHUX 3aBOJIIB, MIAMPHEMCTB JIETKOI IPOMHCIOBOCTI, HaQTOXiMiy-
HOT'O KOMILUIEKCY, TBAPUHHHUIIBKHX KOMIUIEKCIB. biompenapaTi MOXyTh 3aCTOCOBYBATHChH B ae-
pOTEHKax, BiJCTIMHMKAX, OlOJIOTIYHUX CTaBKaX, HakomuuyBauax. Ha chorojHi mpoBeaeHO
OaraTo JOoCHiKeHb e()eKTUBHOCTI 3aCTOCYBAHHS PI3HUX MpenapaTiB JJIsT OYUIICHHS CTIYHUX
BOJI, 30KpeMa THX, III0 YTBOPIOIOTHCS HA MIANPHEMCTBAX MOJIOYHOI IpoMHucioBocTi [7—-10].

BujgiieHHs1 HeTOCTiKEeHHX YaCTHH 3arajbHoi mpooJemu. [lomepemHi JoCIiKSHHS
mpenapatiB TOProBoi Mapku «MiKpo3uM» MOKa3aju, 0 BOHU JIIOTH 3 Pi3HOIO eEeKTUBHICTIO
Ha pi3Hi JoCTipKyBaHi 00’ ekTr. Tomy mormyk GiompenapaTiB caMe JiIs OYHMINEHHS CTITHUX BOJT
HiIIPUEMCTB MOJIOKOIepepoOHOT ray3i 3aJUIIAETHCSl HEBUPIIICHUM 3aBJaHHSM.

Mertoro crarTi Oyj10 BU3HAUYCHHS MOXJIMBOCTI Ta €()eKTHBHOCTI JIOOYUCTKU CTIYHUX BOJI
HiIPUEMCTB MOJIOKOIIepepoOHOT rairy3i 3a JomoMororo 6ionpenapartis. J{ociiKyBany BIUIUB
oionpenaparis «I pi3-Tpity, «Jlaryn-Tpity, «bio-P» «ITorn-TpiT» Ha riapoxiMidHi TOKa3HHKA
ctokiB [IpAT «Hosropon-CiBepcbkuii cup3aBoay.

Bukinaag ocHoBHoro martepiamy. OO0’€KTOM IBOTO JOCITI/DKCHHS OyJIW CTIYHI BOJH
[IpAT «Hosropoa-CiBepcbkuii cup3aBo/» — OJJHOTO 3 MPOBITHUX IMiIPHEMCTB MOJIOYHOI ra-
ny31 UepHITiBITHHM, IO HA CHOTOJTHI BUTOTORIISIE 29 BUIIB CHPIB Ta BepiikoBe Macio [11].

287



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

OOpani st pocnimkenHs: 6ionpenapatu «I'piz-Tpity, «Jlaryn-Tpit», «bio-P» «Ilona-
Tpit») HE TOKCHYHI, HE MICTATh MATOTEHHUX YA YMOBHO MaTOT€HHUX MIKpOOpPraHi3MiB, TeHe-
THYHO MOJIA(DIKOBAHHMX OPTaHi3MiB, HE IIKIJIJIMBI JIIS JIFOJIMHA, PHO, KOMaX, POCIIH, 300IIIaH-
KToHY. He CTBOPIOIOTH KHCITOTO 200 JTy’)KHOTO cepeI0BHINA, He KOPO3iiiHi, He € 3a0py THUKaMU
I'PYHTIB, BOJIY, IOBITPSI, IIOBHICTIO O10JI0T1YHO PO3KJIAAIOTHCS. AKTHBHI 32 TeMIepaTypH Bif
2 °C. Jlerko TepeHoCATh Bil’ €MHi TeMIIepaTypH, YTBOPIOIOT CIIOPHU Ta MEPEXOIATh Y CTaH CIIOo-
koro. CTilikicTh J10 arpecuBHUX cepefoBuin: pH 5-9, xmop — He Oinbime 35 Mr/m, BiICYTHICT
CHJIBHUX KHUCIIOT 1 JIyTiB, BUCOKHX KOHIIEHTpAIliif OakTepunuIiB, aHTUCENTHKIB [6]. XapakTe-
pHCTUKA IIpenapaTiB HaBeJeHa HIKYe.

«I[Toua-Tpity. Cyxuif KOHIIEHTPAT 010JIOTIYHOTO OYUIIICHHS 1 BIJTHOBJICHHS BOJIOMM, ITIO Mi-
CTUTH 6—12 BUIIB IPUPOIHUX aepOOHHX (PaKyIbTaTUBHUX ME30(1IIbHUX MiKPOOPTaHi3MiB, JUIs
SIKUX OCHOBHMM J[KEPEJIOM €Heprii € OpraHiyHi peuoBHHH 1 MMOKUBHI CIIOIYKH HITpOreHy, ¢o-
copy B BOJI 1 IOHHUX BiJIKJIQJCHHSIX.

«Jlaryn-Tpit». Mictuth 6—12 BHIIB MPUPOTHUX IPYHTOBUX acpOoOHHMX (DaKyIbTATHBHHX
canpodiTHUX MIKpOOiB i ()epPMEHTIB, B3AEMHOIO €0 SIKUX 3/IIHCHIOETHCS OUYHUIICHHS BOIH 1
JIOHHUX BiJKJIaJICHb BiJl OpPraHigHOTO 3a0py/THEHHS.

«I'pi3-TpiT». BUKOPUCTOBYETHCS JIJIs YTHITI3aIlii TBEPAUX JKAPIB 1 OUUIIICHHS CTIYHUX BOJI.
MicTuth yHiKaJIbHYy KOMIO3HII0 12 mTaMiB cTporo canpodiTHUX (HakyJIbTaTUBHUX a€pPOOHUX
MiKpOOPraHi3MiB, JUKEPEIIOM JKUTTEIISUTBHOCTI SIKUX € MMPaKTUYHO BCi (ppakiiii kupiB 1 HaTypa-
JTHHUX (PEPMEHTIB, 3araIbHOIO JI€I0 SKHX € PO3PIHKSHHS | KOMIUIEKCHA PEYKIiS TBEPIAMX KH-
piB Ha CO21 H>O.

«bio-Py. biojoriunuii nmpenapar i3 BMICTOM €H3UMiB Ta BUOpaHUX INTaMiB HEIIKIIJIMBUX
OakTepiid, MpU3HAYCHUH T PO3KJIaIaHHs Ta JIKBIAAII] HEYUCTOT, KPOXMAITIO, IIEJTFOJI03H, PO-
CIIMHHUX 1 TBAPWHHUX KHUPIB Ta OJIid, 3aJUIIKIB IICJISI TOCTIOAPCHKUX TBApUH Ta 1HIIHUX BiJI-
X0J1iB 010JI0T1YHOTO TTOXOKEeHHS [7].

Jlist 3°sicyBaHHST MOYKITABOCT1 JIOOYHIIICHHS CTIYHUX BOJ| CHP3aBOJy Oiompernapard Jo]ia-
BaJIH JIO CTOKIB ITicIIsT aHAaepoOHO1 eMHOCTI. ['padik BHeCEeHHS, KiJIBKICTh OiopermapaTiB 3a3Ha-
yeHi B Ta0. 1.

Tabmuus 1
I'pagix oooasanns 6ionpenapamie 0o npob cmiuHoi 600U
Trokni Maca BHeceHux Oionpenapartis, T
Jlaryn-Tpit Bio-P I'piz-Tpit Houa-Tpit
1 TWXeHb 1,0 1,0 1,0 1,0
2 TIKJIEeHb 0,5 0,5 0,5 0,5
3 TWKIEeHb 0,5 0,5 0,5 0,5
4 TIKIeHb 1,0 1,0 1,0 1,0

SIKicTh OYMINEHHS CTOKIB OIIHIOBAIW IIISXOM BH3HAYCHHS TiIPOXIMIYHHX TOKA3HUKIB
BOJIM. AHAJTI3H IMPOBOIMIIMCH Y JJabopartopii Jlep)kaBHOT eKOJIOTiYHOI iHCITeKIIil B UepHITiBChKil
obmnacti. Buznaueno XIIK [12], BmicT amowito [13], ¢pocdaris [14], 3amiza 3aransHoro [15].

OcHogHi rizpoximiuni mokazuuku crivyHoi Bogau [IpAT «Hosropoa-CiBepcbkuii cup3aBopy
ITiJT 9ac BigOopy npod HaBeeHi B Ta0I. 2.

Tabnuus 2
T'iopoximiuni noxaznuxu cmiunoi éoou lIpAT « Hoe2opoo-CigepcbKkuti cup3agooy

IIpo6u BoAM 10 BUKOPUCTAHHS
IToka3HuKH IKOCTi BOAH Oanunuui Bumi- - ﬁionpenapaTip = rac
PIOBaHHS Bxin B anaepobHy Buxin 3 anaepoOHOT
E€MHICTh €MHOCTI
XITIK MrO»/n 1300 680 60
BwmicT amoHiro coipoBoro (NH',) MT/71 32,0 12,5 3,5
Bwict ¢ocdaris (PO4) M/ 28.0 14,0 4,5
Bwmicrt 3aiza 3arajabHOro M/ 3,50 1,28 0,80
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[1ix yac mpoBeieHHS TOCTiKeHb OyI10 3adikcoBaHO MEPEBUIIEHHS IPAHUYHO TOITYCTUMUX
ckuniB: XITK y 21,7 paza Ha Bxoi Ta'y 11,3 pa3a Ha BUXO0/Ii 3 aHaepOOHOT EMHOCTI; BMICT 10HIB
NH4" —y 9,1 iy 3,6 pasa Bianosigno; POs’ —y 6,2 Ta 3,1 pasa; BMiCT 3ai3a IepeBHIILyBaB
I'JIC y 4,4 ta 1,6 pa3a BiIOBIIHO.

Ha nepiiomy THXHI eKCIIEpUMEHTY 3 AOCIIHKYBAHOIO BOJIOIO Bi3yalbHHUX 3MiH He BiaOy-
BaJIOCh, OCKLJIBKH IPOXOJINB aJIalTAIlITHIH TTepioT MiKpOOPTraHi3MiB, IO MIiCTIThCS B Oiompe-
napartax, 10 HOBUX yMOB iCHYBaHHsI, TEMIIEpaTypHOTro pexumy. Ilicist 1BOX THXKHIB eKcIepH-
MEHTY TII0YaB 3MIHIOBATUCh KOJIp Ta 3 SBWINCH O3HAKH AKTHBHOI JKUTTEMISIILHOCTI
MiKpOOprasi3miB y BifiiOpanux mpodax. Yike Ha TPeThOMY THXKHI CTaJO IOMITHUM CKYITYSHHS
ocajly Ha JHI CKJISTHKH.

HampukiHili 4eTBepTOro THKHS €KCIIEPUMEHTY MEPEBipsUTHCh MPOOH CTIYHUX BOJI 3a TiJIpo-
XIMIYHIMH TTOKa3HUKaMH Ha €peKTUBHICTB JTii OiompernapaTiB, pe3yJIbTaTH HaBeJCHO B Ta0JI. 3.

Tabmuns 3
Liopoximiuni nokasnuku cmivHux 800 nicis Oii bionpenapamis
TMoka3HUKH AKOCTi BOAH Onunuui «Jlaryn- «Bio-P» | «I'pis-Tpim» «Tlonn-
BUMIipIOBaHHS Tpim Tpim»

XTIK mrOs/n 39 37 35 36

BwmicT amoHiro cospoBoro (NH's) MI/1 2,50 2,70 2,85 2,79
Bwmict docdaris (PO4") Mr/n 2,9 3,1 3,3 3,0
BwmicT 3aiiza 3arajgpHOro MI/1 0,37 0,39 0,37 0,36

VY pe3ynbraTi HOPIBHSAHHA TiAPOXIMIYHUX MOKA3HUKIB CTIYHHMX BOJI JIO 1 MICJIS BUKOPHC-
TaHHs OilomperapariB OyJIn oJiepKaHi HACTYITHI pe3yJIbTaTH: BiI0OYJIOCH 3HAUHE 3HUKCHHSI BMi-
CTy 3a0pyJHIOBaYiB, 30KpeMa Iiciisi BHeceHHs Oiomnpenapary «Jlaryn-Tpit» mokaszuuk XIIK
3HU3UBCA Y 17,4 pa3a, 3HU3UBCS BMICT TaKOX 1HIMUX 3a0pyTHIOBAYiB: BMICT aMOHIIO COJTHOBOTO
(y 5 paziB), ¢pocdartis (y 4,8 paza), 3amiza (y 3,5 paza); «lloua-Tpit» — nokazuuk XIIK 3a130M-
Bes y 18,9 pasa, BMiCT aMOHIO coTboBOTO — Yy 4,5 pasa, pocdartiB —y 4,7 pasa, 3amiza —y 3,6
paza; «bio-P» — moka3znuk XIIK 3uu3uBcs y 18,4 pasa, BmicT amoHito —y 4 pasa, ¢pocdariB —y
4,5 paza, 3amiza —y 3,3 pasm; «I'pi3-Tpit» — nokasuuk XIIK 3am3uBCs y 19,4 pasa, BMicT amo-
Hito —y 3.8, pocdariB —y 4,2 paza, 3amiza —y 3,5 paza.

3’sicoBaHoO, 1110 BCi 3alpOIIOHOBAHI Oiompenapary € JOCUTh JIIEBUMH JIJIST OYHINCHHS CTid-
HUX BOJ| MOJIOKOIepepoOHUX mianpueMcTB. He3paxaroun Ha Te, IO 3 YCIX JOCIiIKYyBaHUX
npenapatis juire «I pi3-TpiT» pekoMeHT0BaHO BUPOOHUKAMHU JJIsI BAKOPUCTAHHS B POJII OYH-
CHHKA CTIYHUX BOJ| Xap4OBUX BHPOOHHIITB, HOTO €(PeKTHUBHICTh BUSIBHJIACH HAMBUIIOIO JIUIIIE
3a 3araybHUM Toka3HUKOM XIIK, 1m0 € HaiOLIbII aKTyaJbHAM JIJIS CTOKIB MOJIOKO3aBO/IIB.
Haii0inbIe 3HMKEHHS BMICTY 3ali3a CIIOCTEpirajoch Ipu BUKOpHCTaHHI mpenapaTy «lloxa
Tpity», a amoHirO copoBOTO — «JIaryH-TpiTy.

BucHoBkm BignmoBigHo a0 crarTi. Pe3ynbraTi BU3HAYEHHS TiAPOXIMIYHHMX MOKA3HUKIB
CTIYHHX BOJI CHP3aBOJY MTOKa3aJIH, 10 HAHOLTBIT e(peKTUBHUM IS TOOYHINEHHS BiJl OpraHiv-
Hux peuoBHuH € Oiompemnapar «Iloun-Tpit». Ilpu #oro Buxkopucranui XIIK 3HMKyeThCS Y
18.9 pa3a, BMiCT aMOHiI0 cOJIbOBOTO — Y 4,5 pasa, pocdartiB —y 4,7 pa3a, 3aiiza —y 3,6 pasa.

[IpoBeneni nociiKeHHS JI03BOJSIIOTH PEKOMEHIYBaTH BHUKOPHCTaHHS OiompenapariB
«[Toug Tpity, «JlaryH-Tpit» i «I"pi3 TpiT» AT JOOUHIIECHHS CTIYHIX BOJI MOJIOKOIIEPEPOOHHUX
HiJIPUEMCTB, 30KpeMa CUP3aBO/IiB.
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UDC 628.35
Zhanna Zamai, Valentina Dzjuba, Nataliia Buialska

THE STUDY OF THE POSSIBILITY OF THE POST-TREATMENT
OF DAIRY WASTEWATER USING BIOLOGICAL PRODUCTS

Urgency of the research. Due to the fact that most food industries have a different wastewater composition, which depends
on the industry, the range of products, seasonality and other factors, the study of new effective biological water treatment
technologies for specific industries is relevant.

Target setting. Dairy wastewater is characterized by high content of organic compounds, suspended solids, and may has
an unfavorable content of biogenic elements and pH values for biological treatment, consequently, the efficiency of water use
and purification remains rather low. Improvement of existing and development of new wastewater treatment technologies at
the enterprises of the industry is a pressing problem of our time.

Actual scientific researches and issues analysis. Studies on the use of biological products for the treatment of natural
and artificial water bodies, household and industrial wastewater are substantiated and presented in the works of many famous
Ukrainian and foreign scientists.

Uninvestigated parts of general matters defining. Despite numerous studies, in the scientific literature there are not
enough data on the effectiveness of the use of biological products for the dairy wastewater treatment.

The research objective. The aim of the work is to determine the possibility and efficiency of additional treatment of dairy
wastewater using biological products. The influence of the biological products “Grease-Treat”, “Lagoon-Treat”, “Bio-R”,
“Pond-Treat” on the hydrochemical indicators of wastewater of “Novhorod-Siverskyi Cheese Factory” was studied.

The statement of basic materials. The possibility of using a number of biological products of the trademark Mikrozym in
the technology of the treatment of the wastewater from cheese factories was studied. The efficiency of wastewater treatment
was checked by determining the chemical oxygen demand (COD), the content of phosphates, ammonium salt and total iron
before and afier addition of a biological product.

Conclusions. The most effective biological product for wastewater treatment is Pond-Treat. When it is used, the COD
decreases 18.9 times, the content of salt ammonium — 4.5 times, phosphates — 4.7 times, total iron — 3.6 times.

Keywords: wastewater; dairy enterprises; biological products; hydrochemical indicators; biological wastewater treatment.

Table: 3. References: 135.

291



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

3amaii Kanna BacuiiBHa — xaHANMAAT TEXHIYHUX HAyK, AOLEHT Kadenpm xapwdoBux TexHouorii, HamionampHwit
yHiBepcuteT «UepHiriBcbka nonitexsika» (Byn. IlleBuenka, 95, m. Uepniris, 14035, Ykpaina).

Zamai Zhanna — PhD in Technical Sciences, Associate Professor, Department of Food Technology, Chernihiv
Polytechnic National University (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: zamaizhanna@gmail.com

ORCID: https://orcid.org/0000-0003-2879-4677

ScopusID: 6506101557; 6506148493

J3106a BantenTuna AHapiiBHa — 3acTynHUK HadanbHUKa JleprkaBHOT ekosoriyHoi iHcnekuil y YepHiriBebkiii o6ma-
cri, JlepxaBHa exoJioriuHa iHcrniekiis y YepHiriBepkiit oonacti (Bynn. Mansicosa, 12, m. Yepwiris, 14017, Ykpaina).
Dzjuba Valentina — Deputy chief of State Environmental Inspectorate in the Chernihiv Region, State Environmental
Inspectorate in the Chernihiv Region (12 Malyasova Str., 14017 Chernihiv, Ukraine).

E-mail: vdzjuba@ukr.net

Bysnbcebka Haranis [aBaiBHa — KaHIUIaT TEXHIYHUX HayK, JHOLEHT Kadeapu XapuoBUX TexHoJorii, Hanionans-
Hui yHiBepeuTeT «epHiriBchka nonitexHika» (Bya1. IlleBuenka, 95, m. Uepniris, 14035, Ykpaina).

Buialska Nataliia — PhD in Technical Sciences, Associate Professor, Department of Food Technology, Chernihiv
Polytechnic National University (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: buialska@gmail.com

ORCID: http://orcid.org/ 0000-0002-6800-5604

ResearcherID: G-2935-2014

ScopusID: 57205645768

3amaii K., JI3t06a B., Bysuibcbka H. JIocii ke HHST MOMKITHBOCTI JOOUHMIICHHS CTIYHUX BOJI MOJIOKOTEPEPOOHHX 3aBOJIIB 3 JOMIOMOTOI0 Oionpe-
napari. Texwniuni nayku ma mexnonoeii. 2020. Ne 3 (21). C. 286-292.

292



TEXHIYHI HAVKU TA TEXHOJIOT'Ii Ne 3(21), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

PO3JLI V. BYJIIBHUIITBO
TA TEOJIE3IA

VIK 528.481
DOI: 10.25140/2411-5363-2020-3(21)-293-300

bozoan Jicyman, @edip 3abnoyvkut

3ACTOCYBAHHS KBAIPATYPHUX ®OPMY.I IIPU MOJAEJTIOBAHHI
I'PABITAOIMHOT O ITIOJIS STHA-® YHKIIAAMUA

AKmyanvhicms memu 00cioncenna. Ha coo200Hi npu n06y0osi 6ucomuux mepeic HatmoyHIuUMY 3aTUULAIOMbCS MPa-
OuYitiHi Memoou eeomMempuuHozo Higentosanna. llonpu me, w0 3acmMoCy8aHHs CYNYMHUKOBUX MEXHONO02Il € 3HAYHO eKOHOMI-
YHO BURIOHIUUM | 0036018€ OMPUMAMU KOOPOUHAMU CYOMINIMEeMPOBO20 PIGHA MOYHOCHI, GIOCYMHICMb 8UCOKOMOYHUX MOOe-
Jell 2eoioa He 003601A€ NOBHOYIHHO 3AMIHUMU HUMU MPaouyitini memoou. Tomy O0ocniOxcenHs | NOKpauweHHs Memoois i
aneopummie nofyoosu NOGePXHi 2e0ida € aKkmyaibHoI0 3a0ayero.

Ilocmanoeka npoonemu. € yunmano memodie nobyooeu nogepxui 2eoioa. OcmanHim uacom 0edai OLNbULY NONYAAPHICTb
Habupaomo NAPaAMempuyHi Memoou, 8 OCHOBL KUX JIeHCUMb SUKOPUCMAHNS chepuyHux @yuryit Jlexcanopa dilicnozo cmy-
newst. J[o 0CHOGHUX HEOONIKI6 MaKo2o pody Memooie MONCHA GIOHeCmu me, Wo GOHU He € OPMOLOHATbHUMU ) C8OTll obracmi
euznayvenns. Bunamox cmanoenamo STHA-@yuryii. Bionogiono npu ix 6uxkopucmanui MOJICHA 3acmocy8amu KeaopamypHi
dopmynu (nanp., opyeuii memoo Hetivana). Ocrnosna npobiema noiseae 6 momy, wo maxi Keaopamypu Maiomo 0yice no2amy
30ixcHicMb, | HeOOXIOHO PO3pPOOUMU MOOUPDIKOEAHT MEMOOU, AKI O036ONAMUMYMb 0OYUCTIOBAMU HeB8I0OMI KoepiyicHmu Mo-
Oenli 3 MEeHWUMU 8UMPAMAMU YAC).

Ananiz ocmannix oocnioxcens i nyonikauii. Poszensinymo nybnikayii, 6 sKux 6UceinieHo 0CHOBHI emani nooyooeu no-
MeHYIanbHUX NOLIG 3 BUKOPUCHAHHIM CepudHux yHKyiti OlCHO20 CIYNEeHs.

Buoinenna nedocnioxncenux paniuie yacmut 3a2anbHoi npoonemu. Buxopucmanns STHA-gynkyii 0ns nobyooeu euco-
KOMOUYHO020 PecioHANbHO20 2pagimayiiiHo2o NOAs € NPAKMUYHO HAO36UYALIHO CKIAOHON 3a0auer0 Yepe3 NOGLIbHY 30idCcHICMb
K8aopamypHux psoie.

Ilocmanogka 3ae0anna. Pospobumu anzopummu, ski 00360151Mb NOKPAWUMU 30IHCHICMb KEAOPANYPHUX P50i6 NPU GU-
kopucmanni STHA-pyHkyiti 015 no6yoosu 6UCOKOMOUH020 pe2iOHANbHO20 2PAGIMAYIiHO20 NOJIAL.

Buknao ocnosnozo mamepiany. Po3pobierno moougixkosanuii memoo 3acmocysanns keaopamyprux ¢popmyn I'aycca npu
MO0ent08anHi pecioHanbHo2o epagimayiiinozo nons 3emni STHA-yuxyiamu. Lle 0ozeonums 6y0yeamu 6ucokomouHi peciona-
JIbHI NOBEPXHI 2e010a 6e3 HAOMIPHO20 GUKOPUCIMAHHSL PecypCi6 i uacy.

BucHoeku 6ionogiono 00 cmammi. 3anpononosano ma anpobo8ano Memoouxy O ONMUMI3ayii OOUUCTIeHHsL HeBIOOMUX
2APMOHTUHUX KOeDIyieHmie MoOeNi pecioHANbHO20 2pagimayitiHo2o NoJisl 3 BUKOPUCMAHHAM KeadpanmypHux ¢opmyn I aycca.

Knrwuoei cnosa: epasimayiiine none; mooenv; cghepuuni ¢yukyii; keadpamypHi popmynu.

Tabn.: 4. Puc.: 4. bién.: 7.

AKTYyaJbHICTH TEMH J0C/TI/IZKeHHsI. BUKOPUCTaHHS CYyITyTHUKOBUX TEXHOJIOTI# JT03BOJISIE
OTPUMYBATH KOOPJIUHATH TOYKH i3 CyOMITIMETPOBHAM PiBHEM TOYHOCTI B T€OC3UIHIN CHCTEMI
KoopauHAaT. JIJis mepexo/Iy Biji T'€0Ie3UYHOI IO OPTOMETPUYHOT 200 HOPMAIBHOI BUCOTH HEOO-
X1JJHO OOYHMCITUTH B Il TOYIlI BUCOTY reoina abo KBazireoina BiamoBiaHo. CydacHi MOJeIi BU-
COT reoija 3a TOYHICTIO 3HAYHO MOCTYIMAKTHCS T'€0Ie3MUYHIUM BUCOTaM. BiAMOBIHO aKkTyashb-
HUM € 3aBJIaHHS PO3POOJICHHS HOBHX aJITOPUTMIB 1 METOIUK JIJISI MOJICITIOBAHHS BACOKOTOYHUX
IIOBEPXOHb reoiza.

ITocranoBka nmpo6semu. Huni BijjoMo 6arato MeToJliB MOOYJOBH periOHATBLHOI MOJIENi
reoiga. OCHOBHUMH METOJIaMH HETIapaMETPUIHOTO MOJICITIOBAHHS MOXHA BBKATH METO/T Ce-
peIHBO1 KBaApaTUIHO1 KOJIOKAIlli, mBHIKe epeTBopeHHs Dyp’e Tomo. CBOEIO Yeprorw OCHO-
BHUM METOJIOM MapaMeTPUYHOTO MOJICIIFOBAHHS PETiOHATBLHOTO MOTEHI[IAILHOTO (B TOMY YH-
cmi rpasitaniiaoro) moss € Metoa SCHA [1], Ha 0CHOBI SIKOTO TIOOY/TOBaHO iHIIT METOJIH, TaKi
sk ASHA, TOSCA, STHA [2; 3; 4] Tomo. He3Baxkatoun Ha BEIHUKY KUIBKICTh ITMX METOJIIB
TOYHICTH BIAMOBIIHUX MOJeel ckiaamae 0mm3pko 10 oM, o € 3Ha4HO OijIblie, aHiK TOUHICTH
re0/Ie3MYHOI BUCOTH, OTPUMAHOT 3 BUKOPUCTAHHSIM CYIyTHUKOBUX TeXHOJIOTiN. Tomy s 3a-
MIHH TPAIUIIIHIX METOIB BACOKOTOYHOTO HiBEIIIOBAHHS CYITyTHUKOBUMH METOIaMU HEOOXi-
JTHO TIOKPAIIUTH aJITOPUTMHU 1 METOIMKH TOOY/IOBH TTOBEPXHIi Teoina.

AHaJIi3 0CTAaHHIX TOCTIKEeHD i my0ikamiil. AHaIi3 myOmikarii [2], MpUCBIYCHUX BUKO-
PUCTaHHIO METO/IIB MapaMETPUIHOTO MOJICIIIOBAHHS PEriOHAILHUX IPaBiTAI[lfHUX Ta MarHiT-
HUX IOJB, MoKa3ye, mo Metoa STHA [4] moOy10BH perioHaIbHOTO I'PaBiTAIlIMHOTO OIS Ma€e

© JIxyman b. B., 3abmompkuit @. [1., 2020
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CYTTEBY TIiepeBary HaJl BciMa iHIIMMU METOJaMHU, OCKIJIbKHA B HOTO OCHOBI JIeKaTh (YHKITiT,
OpPTOTOHAJTbHI Ha JIOBUIBHIN chepuuHiii Tparertii. [le mae MOKITUBICTE TP OOYKCIIEHH] TapMO-
HIYHUX KOe(ili€HTIB BUKOPUCTOBYBATH KBaapaTypHi popmynu [5; 6]. [IpoTe BukopuctaHus
IIOTO METOY Hece 3a cOO00 JIesKi TPYIHOIII, sIKi HeoOXiTHO MiHiMizyBaTH [7].

BunisieHHs He10C/Ti>KeHUX YACTHH 3arajbHoi npodjeMu. 301KHICTh KBaIpaTypHUX psi-
niB mpu BUKopucTaHHi Metoxy STHA s moOymoBH perioHaqsHOT MOJIEN IpaBiTalifHOTO
noJist 3emuli € JI0BOJII TMOBUIBHOIO [7], IO CHpUYMHSE 3HAYHI TPYAHOIII NMPU BUKOPHUCTAHHI
IbOTO MeTo 1y. ToMy HeoOXiTHO BUKOHATH MO (DiKaIlifo 3a3HAYCHOT'0 METO/TY, SIKa JI03BOJIUTh
CYTTEBO 3MEHIIUTH Yac 004HCIeHb Oe3 BTpaTH TOYHOCTI.

ITocTanoBka 3aBaaHHsA. BupillleHHS IMOCTaBICHOT 3a/1adi peali3yeThCs IMIITXOM MO ]i-
Kauii qpyroro metoay Heiimana npu #toro 3actocyBanni 10 STHA-¢yHKuii mij yac Mojaento-
BaHHS PETi0HAIBHOTO TPaBITAI[IHHOTO OIS 3EMITi.

Bukian ocaoBHoro matepiany. Hanpukinmi XX ctomitts B po6oTi [1] 6yio 3amponono-
BaHO BUKOPHCTOBYBATH JIJISI MOJICITFOBAHHS PETiOHAILHOTO IPaBITAIITHOTO Ta MarHiTHOTO TI0-
JiB (SIK HACIJOK, 1 MOBEpXHI reoina sik TpaHcopMaHTH rpasiTalliiiHoro mnoss) chepuyni GpyH-
kuii Jlexanapa nilicHOro crymens, ski Brepue Oyiau orpumani Tommconom. Takuit meton
orpumaB Ha3By SCHA. ®yHKIIi1, MOKJIa/IeHI B OCHOBY IIbOT'O METO,Ty, MAtOTh TAKHI BHUTJISII:

Rim(6,2) = Py m(cos 6) cos(ma),

S p 1
Skm(0,4) = Py, m(cos 0) sin(m4), D

e Pn"m (cos 6) moxHa 3HANTH, BAKOPUCTOBYIOYH PO3KIIA/ y IiEPreOMETPUIHAN psit £
pnkm(COS 0) = (1 —cos?0)z - F (m - Ny, N +m+1,1+m, 1—6205 9). 2

VY ¢popmynax (1) i (2); n — niicHAN CTYIiHB; m — MUIANA TOPSAIO0K; k — YIOPSIKYBaIbHUI
1HIEKC.

Oo6nacTro Bu3Ha4YeHHs QyHKIIH 1 ciayrye cepudHmii cerMeHT, a BeJIMUWHA CTYIICHS 71 3a-
JIeKUTH BiJl BEIMUMHU IOTO cerMenTa. Jis Bizyamizanii Ha puc. 1 306paxeno chepuyni GpyH-
Kitii Py 521 0(c0s0) (k = 6), Pi7 972 6(c0s0)cos6A (k = 6) Ta P,y 3606(c0s0)cos6d (k =
12) na cermenTi chepu 0, < 25°.

90 = 250

Py, 21 0(c0s8)

Pis 360 ¢ (cos) cosGA (a) Piy o726 (€058)cos64

 of

Puc. 1. Cpepuyni gpynxyii Jlescanopa na cpepuunomy ceemenmi g < 25°:
a _P22.821 O(COSH), (k = 6), 0 — ﬁ42.360 6(COS€)COS6A (k = 12), 6 — P17_072 6(COS€)COS6A
(k =6)

[}
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Hesaxaroun Ha mupoke Bukopuctansas merony SCHA [3], Bin mae neBHi Henomiku. Oc-
HOBHUMH HeJIOJIiKaMu, Ha HaIly AYMKY, € Te, 0 0a30Bi (YHKIIIT HE € OPTOrOHATBHUMH 1 JJIS
BUKOPHUCTAHHSI ILOTO METOy MOTPiOHO BXiHI 1aHi TpaHC(HOpPMYBaTH Ha CErMEHT chepH.

JIist yCYHEeHHSI TaHUX HEJOJIKIB y poOoTi [4] Oyio 3anmpononoBano meron STHA, sxuit
noOynoBano Ha ocHOBI MeTory SCHA. STHA-(yHKIIT BOJIOIIOTH BIaCTUBICTIO OPTOrOHAIIb-
HOCTI Ha JOBUTBHIN cepuuniii Tpamerii. 3aranpanii BUurst STHA-yHKIIN € HacTymHUM:

Rim(0,2) = Py (6) cos (an H&) )
Amax—2min (3)
Siem(8,2) = P (8) sin (2mm —=—in_)

Amax—Amin
ne Py, (cos 8) MoxxHa 3HaiTH sk [4] )
Prm(6) = sin™(0 — Opin) - F (m N, +m+1,14+m,
AKIO Opin < 0 < Opean
Pem(0) = (D) *™Msin™ (6 — 60) - F (m —n,ng+m+1,1+m,
AKIO Opogn < 0 < Oax

1—cos(0 —Bmin))
2 J

1—cos(6max—6)) ? (4)
2

)

abo
Prn(8) = sin™(0y — |0 —O0pmean!) - F (m —n,n+m+1,14+m,
AKIO Opin < 0 < Opean
Pin (8) = (=1)F4™sin™ (6 = 160—~Omeanl) - F (m = m e + m+1,14+m,
AKIO Oean < 0 < Ohax

1—cos(90—|9—9mean|))
2 )

1—C05(90_|9_9mean|)) ’(5)
2 )

1€ Omins Omax Amins Amax — KOOPIMHATH BEPIINH JOCUTKYBAaHO! Tpamnemii, O,eqn =
Omin+0Omax _ Omax—0min
——=,0) = —.

2 2

st Bisyamizamii Ha puc. 2 300paxeHo cdepuuni (yHKmii Rgo(60,4), Rg4(0,1) Ta
Rg3(0,1) mHa coepuuniii Tpamemii 3 KoopAmHaTaMm BepH O, = 200, 6,4 = 709,
Amin = 30%, Amax = 50°.

Puc. 2. Cpepuuni ¢hynxyii na cghepuuniti mpaneyii 3 koopounamamu 6epuiun
Omin = 20°,01ax = 70°%, Amin = 30°, Aax = 50°:
a— Rgo(0,1);, 6—Rs(0,1);, 6—Rg5(6,4)

Ockinbke QYHKIIT 3 BOJIOJIIFOTH BIACTUBICTIO OPTOTOHATBHOCTI, JUTSI OOYHMCIICHHS HEBIJ0-
MUX KOe(]ili€HTIB MOJIeNi PerioHaJIbHOTO TpaBiTAIlifHOTIO 1MOJIs 3eMili MOKHA BUKOPHCTATH
KBaJIpaTypHi popmynu. Y poOoTi [7] Oyiio mpoBeieHO aHai3 MOKIIUBOCTI 3aCTOCYBAHHS JIPY-
roro metoxy Hetimana (kBanpatypuux ¢opmyn ['aycca) no STHA-dyuk1iit. Becranosneno, mo
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PSI YMCIIOBOTO IHTErpyBaHHS 30iraeThCs JIy’Ke MOBUIBHO, 1 HABITh JAJIS TOOYA0BH MOJIeTieit HU-
3BKOTO TOPSIKY HEOOXITHO BUKOPHCTOBYBATH MOPIBHSIHO BEIMKY CITKY 3 BXIJIHUMH JaHUMH.
Buxonaemo moaudikartito poro MmeToy. J[i1s 11boro crepiy BBeIeMO HOBY 3MIHHY 7, 00J1aCTh
BU3HAYeHHs sKOi te[2cosf, — 1;1]:

t = cos( 8 — Omin) , AKIO Opminy < 6 < Opean;

t = 2c0s6y — coS( Bpmax — 0) , AKIO Opeoan < 0 < Opnax- ©)
Toni pynxuii 5 nepenuuryThes:
Puim(®) =1 —t®z-F (m N, +m+1,1+ m,%t),
AKIO cos Oy <t <1, R

P (t) = (—1)F™m(1 — EZ)% -F (m N, +m+1,1+ m%)
aKwo 2cos By —1 <t < cos by,
net =2cosf,—t.
Ockinbku GyHK1ii (7) € OpTOroHATFHUMHU Ha chepruHiit Tpameril, A1 00UrcIeHHs MOAel
PETiOHATBHOTO T'PABITAIMHOTO OIS 3eMJIl 3 BAKOPUCTAHHSAM KBaJIpaTypHHX (OpMYIT HEoOXi-
JTHO 3HAWTH TaKi By3/u 6; 1 Baru w;, 3 SKUMH BUKOHYBAaTUMETHCSI yMOBA:

N .
2i=1 WiP,m(0;) Prym (0;) = min, ky # k. (®)
Jlist Mmostikariii MEeTOIMKH, 3aIlpOTIOHOBAHOI B [7], 3HaiiIeMO KOOpAWHATH BY3JIiB 1 Baru

Ha BIAPI3KY [Omin, Omean]> @ TOTIM TPOTOBKUAMO X CHMETPUYHO BiTHOCHO O00n:

t; = %(1 + cos 6y) + %(1 — cos 0y)x;,
€))
w; = %(1 — cos 0y)c;.
3HaueHHs KOOPIUHAT BY3JIB t; Ta Bark w; 10 5-ro mopsaxy Ha Biapisky te[0,9063; 1] mo-
Ka3aHo B Tao. 1.
Tabmuus 1
Koopounamu eysnie t; ma eéaeu w; 00 5-20 nopsoxy
na 6iopizky te[0,9063; 1]
t 0]
0,910703 0,011099
0,927929 0,022422
0,953154 0,026650
0,978379 0,022422
0,995605 0,011099

3 BHKOPUCTAHHAM GOpMYITH 9 MOKHA OOUHCITUTH KOOPIWHATH BY3JIIB CITKH 6; 110 5-T0 T10-
pazxy Ha Biapisky 8e[20°,45°]. 11i koopauHaTH Ta Baru HOKa3aHO B TalOJ. 2.
Tabnuus 2
Koopounamu ey3nie 8; ma eaeu w; 00 5-20 nopsoxy
na eiopisxy 9e[20°,45°]
6 o
4439733 0,011099
41,88579 0,022422
37,60697 0,026650
31,93604 0,022422
25,37380 0,011099

OcTaToyHO 00YMCIUMO KOOPAMHATH BY3JIiB 1 Baru Jyis BIAPi3KY [Omin, Omax]> PO3MICTHBIITN
iX CHMETPHUYIHO BiTHOCHO O,,,.45,. IX 3HAUCHHS MMOKa3aHO B Ta0II. 3.
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Tabmuus 3

Koopounamu eysnie 8; ma e6azu w; 00 5-20 nopsoxy Ha eiopisky 0e[20°,70]

6 ®
25,37380 0,011099
31,93604 0,022422
37,60697 0,026650
41,88579 0,022422
44,39733 0,011099
45,60267 0,011099
48,11421 0,022422
52,39303 0,026650
58,06396 0,022422
64,62620 0,011099

Ha puc. 3 BinobpaxkeHo miarpamy oO4YHCIEHUX Bar w;.

0,03

0,025

\9)

0,0

[y

(=]

0,015
0,0
0,005
25,4 31,9 37,6 41,9 44,4 45,6 48,1 52,4 58,1 64,6

Puc. 3. Bazu w; ona N = 5 na eiopisky 0e[20°,70°], obuucneni
3a 00NOMO200 MOOUPDIKOBANO20 MemOY

VY Tabn. 4 BimoOpaxeHo 3HaueHHS cymu 8 1o 4 crymeHs/mopsaky mus ki + k, =
napHe 4YMUCJI0, a TakoX k; = k,, o0uncieHol y By3nax kBajpatypu ['aycca moaudikoBaHuM

metoaoMm ripu N = 10.

Tabmuus 4

Cymu 8 ons ky + k, = napHe uucno ma k; = k, 0o 4 cmynens/nopsaoxy, ooyucienor
y 8ysnax keaopamypu I aycca mooughikosanum memooom

npu N = 10 na siopiszky 0€[20°,70°]

10 10
Z Wi Pyo(8:)Poo(0;) | 1,2236e-011 Z w; Py, (6;)P,,(6;) ]0,0016

i=1 i=1

10 10

> oPa(8)P(6)  |-44235¢-017 N wPra(BPa(8) |67561¢:004
=1 i=1

10 10

> 0P (0P (6)  |639886-012 S orPa(@Pso(@)  [0.0220

=1 i=1

10 10

Z ;P4 (0;)Poo(6;)  |-3,0026e-010 Z ;P31 (6;)P31(6;) |5,8826e-004
i=1 i=1
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3akinyeHHs Ta01. 4

10 10
D @Pi(@)Px(8) | 28585¢-007 Y wPra(0)Pra(6)  |7.3237e-005
i=1 i=1

10 10

> 0P (6P (6)  |7.10056-009 N wiPrs(@Pia(8) | 501326005
=1 i=1

10 10

z Wi P, (6;)P,,(6;) -1,3934e-010 Z w;Pyo(8,)Py(6;) [0,0171

=1 i=1

10 10
D wPo@Po(8) | 0.1874 Y wP(B)P(8)  [2:6565-004
=1 i=1

10 10

Z w;P1(6;)P1(6;) 0,0513 Z Wi Py (0;,)P4(6;) 1,9488e-005
=1 i=1

10 10

> P8P (6 [0.0101 S wiPis(BPi(8)  |3.99126-006
=1 i=1

10 10

Z WPy (0)Pyo(6;)  |0,0309 Z WP (0)Pya(6;) | 3.9390e-006
i=1 i=1

Sk MmoxHa 6aunTH 13 Tab1. 4, 3HAYCHHS cyM IIpH k; + k, = mapHe 4Yuc/10, € HabaraTo MeH-
ITUMH, aHDK IpA k; = k,, 1 HAMH MOKHA 3HEXTYBAaTH. 301KHICTh PSiB YHCEIBLHOTO 1HTETPY-
BaHHS 3HAYHO KpaIra B MOAM(PIKOBAHOMY METO/II.

Jlis mpukiaxy o0YMCIMMO eIeMEHTH MaTpHIll HOpMaJIbHUX PIBHAHB NN, 00UYHCIEHOI 3 BU-
KOPHCTAHHSM BHINECOIMCAHOI METOJUKH Ha cepudHiil Tpamerii 3 KOOpJWHATaMU BEPIIUH
BOmin = 20°,00ax = 70°% Apmin = 30°, Aoy = 50° 110 4-ro crynens/nopsaaxy (Kmayx = 4), BU-
KOPHCTABINK PiBHOMIPHY CiTKY 3 mapamerpamu N = M = 10. Ha puc. 4 300pakeHo ¢pparMeHT
i€l Matpuii (6 OCTaHHIX PSAAKIB 1 CTOBIIIIB).

1,00E-04
9,00E-05
8,00E-05
7,00E-05

6,00E-05
4,00E-05 —
—_—
—

3,00E-05
2,00E-05
1,00E-05
0,00E+00
-1,00E-05 20 21 22 23 24 25
m20 m2] m22 =23 m24 m25

Puc. 4. ©paecmenm mampuyi Hopmanohnux pieHsaHb HA chepudnii mpaneyii 3 KOOPOUHAMAMU
seputn Opin = 20°,0max = 70°, Ain = 30°, A0 = 50°
00 4-20 cmynens/nopsaoxy (Kmax = 4) 3 suxopucmanusm
pienomipnoi cimxu 3 napamempamu N = M = 10
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OueBnHO, MOYKHA 3HEXTYBATH BCiMa €JIeMEHTAMH MaTPHIli HOPMAJIbHHUX PIBHSHB 3a BUHS-
TKOM €JIeMEHTIB ToJIoBHOI miaroHaini. [[ns citku 3 koopaunatamu By3miB 6; (i = 1,...,N),

A (j =1,..,M) Gynp-aKuii eneMeHT roJIOBHOI JliaroHalli MaTpHIli HOPMAIBLHUX PIBHAHB MO-
JKHA 3HAUTH 32 POopMYIIOI0

—__M yw 2
Ngq = 2o i=1 Wi P (67), (10)
JIE Ny g — €NEMEHT IOJIOBHOI JiaroHali MaTPUILi HOPMAIBHUX PiBHSAHE, a &y, — cuMBoI KpoHekepa:

1,akmom =0,

Om = 0, akmo m % 0. (1D

BucnoBku BigmoBiaHo 10 crarri. [IpoananizoBaHo OCHOBHI HEOJIKH MapaMeTPHIHHUX
METO/IiB MOJICJTFOBAaHHS PEriOHALHOTO T'PaBITAIIMHOTO IMOJIS. 3alPOIIOHOBAHO METOMKY JIIS
ontuMi3arii 0OUNCIeHHs HEeBIIOMUX rapMOHIYHUX KOe(illi€HTIB MO/JIEITi perioHaIbHOTO TpaBi-
TaI[ifHOTO TOJISl 3 BUKOPUCTAHHIM KBagpatypHux ¢opmyi ['aycca. [[nst anpobarii 1iei MmeTo-
JMKH 00UNCIIEHO MATPHITIO HOPMATbHUX PiBHAHB HA cepuuHiit Tpanemii Oy, = 20°, Orax =
70%, Amin = 30°, Ay = 50°.
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UDC 528.481
Bohdan Dzhuman, Fedir Zablotskyi

APPLICATION OF QUADRATURE FORMULAS IN MODELLING
OF THE GRAVITY FIELD BY ASHA-FUNCTIONS

Urgency of the research. For today for constructing altitude networks the most accurate are the traditional methods of
geometric leveling. Despite the fact that the use of satellite technologies is much more cost-effective and allows to obtain
coordinates of the submillimeter level of accuracy, the lack of high-precision models of geoid/quasigeoid does not allow to
Sfully replace traditional methods. Therefore, the study and improvement of methods and algorithms for constructing the surface
of the geoid/quasi-geoid is an urgent task.

Target setting. There are many methods of constructing the surface of the geoid. Recently, parametric methods are gaining
more and more popularity, which are based on the use of spherical Legendre functions of real degree. The main disadvantages
of this method include the fact that they are not orthogonal in their field of definition. Exceptions are STHA-functions. Accord-
ingly, we can use quadrature formulas with them (eg, Neumann's second method). The main problem is that such quadratures
have very poor convergence and it is necessary to develop modified methods that will allow to calculate the unknown coeffi-
cients of the model with less time.

Actual scientific researches and issues analysis. The publications are considered in which the main stages of construction
of potential fields with use of spherical functions of real degree are covered.

Uninvestigated parts of general matters defining. Using STHA-functions to construct a high-precision regional gravita-
tional field is almost an extremely difficult task due to the slow convergence of quadrature series.

The research objective. Develop algorithms that will improve the convergence of quadrature series when using STHA-
functions to construct a high-precision regional gravitational field.

The statement of basic materials. A modified method of applying Gaussian quadrature formulas in modeling of the Earth's
regional gravitational field with STHA-functions has been developed. This will allow to build high-precision regional surfaces
of the geoid/quasigeoid without excessive use of resources and time.

Conclusions. A method for optimizing the calculation of unknown harmonic coefficients of the regional gravitational field
model using Gaussian quadrature formulas is proposed and tested.

Keywords: gravitational field;, model; spherical functions; quadrature formulas.
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Cepeiu Kpavox, Onena boiixo, Jlloomuna Mamonmoea

BPAXYBAHHSA BUMOTI' IKAO CTOCOBHO MICHEBOCTI
TA IIEPEHIKOA Y PAMOHAX AEPOIIOPTY JUISA IX KAPTOI'PA®YBAHHS
TA BUKOPUCTAHHS B TEOTHOOPMAIIMHAX CUCTEMAX

AxmyanvHicmy memu 00cioxnceHHA. V medcax [epocasHol yinbosol npospamu po3eumky aeponopmis Ha nepioo oo 2023
PpoKy 6 Yrpaini 32iono 3 nHakazom JlepowcasHol asiayitinoi cryocou Ykpainu Ne 582 6io 13.05.2019 poxy esedero Hosi asiayitini
npagua cmocogHo 06CIy208Y8anHsL aeporagizayiinoro ingopmayicro. Asiayitini npaguia po3pobieHo 3 ypaxyeaHHIM 3aKOH00a6-
cmea €sponeticoxozo Corw3zy, 0okymenmie Cepoxonmponio, Cmanoapmie ma pexomenoosaroi npakmuxu ICAO.

Ilocmanoexa npoodnemu. Huni ons onepyeans aepoHagieayitinor iHgopmayieio YOOCKOHATIIOMbCSL CReYIani308aHI 2e0-
iHghopmayiiini cucmemu. Bonu 003601510mo nioguwumu cmyninb agmomMamu3ayii ynpaeiiHts aepoHagieayiero 6 paloHax ae-
DPONOPMY, NPUCKOPUMU NPOYeC PO3POOKU Ma 6UNYCKY HeOOXIOHUX OOKYMEHMIE, NIOGUWUMU IXHIO SKICMb Md, 8 NIOCYMKY, Nio-
SUWUMU ONEPAMUBHICIb NPULIHAMMA DileHb MA SMeHWUMU PUSUK NO3AULIMAMHUX CUNYAYTI.

AHaniz ocmannix 00cnioxncens i nyonikayin. bynu posenanymi ocmanni nyonikayii' y 6iokpumomy oocmyni, ki npucesi-
YeHi GUKOPUCIMAHHIO CNeYiani308anUx 2eoiHopMayitiHux cucmem OJis ONEPYBAHHs AePOHAGI2AYITIHUMU OAHUMU.

Buoinenna nedocniocenux uacmun 3azansHoi npoonemu. Ananiz nyonikayiii 00360.se 3p0dUmMu 6UCHOBOK PO He0D-
XIOHICMb NIONOPSIOKY8AHHS OOKYMeHmayii 015 pO3POOKU CYUACHUX AePOHABIAYIUHUX 2e0IHPOPMAYILHUX CUCTIEM GUMO2AM
1IKAO. 3ziono 3 nakazom [lepocasnoi asiayitinoi cryocou Yrpainu No 582 0o nepenixy aeponasizayiiinux xapm, wo nionsiea-
10me NyoniKayii, Hanelcamy eneKmpoHHA Kapma MiCye6ocmi ma Nepeutkoo y patloHax aeponopnty ma HanoGHeHHs 6a3z OaHUxX
I'IC axmyanohumu oanumu npo SKICHI Ma KUTbKICHI XapaKkmepucmuky Micye6ocmi ma nepeutxoo.

Mema cmammi. I onoeHoro memoro cmammi € ananiz HopmamusHux 0okymenmie IKAO ma Eepoxonmponto cmocosHo xapak-
MEPUCMUK MiCYeBOCMI Ma NepeuiKoo y paioHax aeponopmy, Oani npo siki KOMIIeKmylomecsi 6 6azy oanux cneyianizoeanux I'IC.

Buknao ocnoenozo mamepiany. Pozensinymo nooin nogimpsno2o npocmopy KpaiHu Ha okpemi patonu: paion | — ecs
mepumopisi 0epacagi: paiion 2 — mepumopisi 8y3108020 OUCNEMYePCbKO20 PAlioHy, paiion 3 — mepumopis 06abiy 3nimHo-
nOCAoOKoB0i cmyeu, mepumopis 4 — MailoaHuyux Ha Mopyi 3AIMHO-NOCAOK0BOL cMyel, 0ONAOHAHUTL OISl GUKOHAHHS MOYHUX 3a-
X00i6 Ha nocaoky no kameeopii Il abo Ill. Hasedeno 6umozu 00 KiNbKIiCHUX Xapakmepucmuk ma ampubdymueHoi inghopmayii
0151 8I000pACeH s MICYe8oCmi ma NepeuKoo 6 aepoHasicayiliHuxX OaHUX 6I0N0GIOHO 00 pailoHie aeponopmy. Ak cucmema
GIONIKY OISl BUSHAYEHHS WUPOM | 00820M NepeuKoo Yu 00 '€Kmie Micyesocmi 6 MIJCHAPOOHILl aepoHAGieayii UKOPUCTNOBY-
emovcs cucmema koopounam WGS-84 3a eepcieio (G1150) ma ITRF 2000, a 015 uznavenHs 6ucomu 63smo cepeoniil piseHn
mopsa (MSL). J{na nepexody 6i0 eeode3uurux 6ucom 00 UCOmM 8iOHOCHO CepeOHbO20 PIGHS MOPS GUKOPUCTIOBYEMbCA 2pasima-
yitina moodenv 3emni EGM-96, na ochogi sikoi po3podnsiiomscst ma 6UKOPUCMOBYIOMbCSL pe2ioHANbHI ab0 Micyesi Mooeni 2eoidy
6 patioHax aeponopniy, Aki ymouHiooms oani EGM-96.

Bucnoexu 6ionoeiono 00 cmammi. Buxonano ananiz nopmamuenux ookymenmie IKAO ma Espoxonmponio cmocosHo
SKICHUX MA KITbKICHUX 6UMO2 U000 OQHUX NPO MICYeGicmb ma Nnepemkoou, wo cKiaoaioms 6a3u OaHUX aepoHagieayitiHux
I'IC, 3anedcrHo 6i0 paiioHie aeponopmy — 05 uOOPY Memooig ix kapmoapagyyeanns. /s 6U3HAUEHHsL NIAHOBO20 NOIONCEHH S
nepeutkoo yu 00 '€kmie mMicyegocmi 6 MiNCHApOOHill aepoHagieayii 3acmocogyemvcs cucmema koopounam WGS-84 3a eepcicto
(G1150) ma ITREF 2000, a sucoma 8iopaxogyemucsi 6i0 cepednvbo2o pieHs Mopsl. [l yb0o2o 8UKOPUCTIOBYEMbCSL SPABIMAYIiHa
mooens 3emni EGM-96, axa ymouHioemocs Ha Micyegomy pi6Hi.

Kniouoei cnosa: sumozu IKAO; zeoingpopmayiiini cucmemu (I'lC); micyesicmob,; nepeuikoou 6 paiionax aeponopniy; 6asu
danux, aepoHasieayiiina iHgopmayis.

Tabn.: 2. Puc.: 3. Bi6n.: 13.

AKTYaJbHICTh TEMH JOCTIKeHHA. Y Mexax J[ep)kaBHOT MIIbOBOT MPOTrpaMH PO3BUTKY
aeponopTiB Ha mepion A0 2023 poky [1] B Ykpaini 3rigHo 3 HakazoM JlepxaBHoi aBiamiiHO1
ciyx0m Ykpaiau Ne 582 Bix 13.05.2019 poky BBeJieHO HOBI aBialliifHi IpaBmia CTOCOBHO 00-
CIIyTOBYBaHHS aepoHaBiraiiiHoro inopmariero. ABialliiiHi mpaBuiIa BU3HAYAIOTH BUMOTH JI0
00CIIyroBYBaHHS aepoHaBIraI[iiHOIO iH(pOpMaITi€ro, TKa HAAa€ThCs Ha TepUTOpii YKpaiHu Ta B
MOBITPSHOMY IPOCTOPI HAJT BiIKPUTUM MOPEM, SIKH# 38 MI>KHAPOIHUMH JOTOBOPAMH HAJICKUTh
JI0 BIAMOBITATBHOCTI YKpaiHu. ABiaIliiiHi IpaBmia po3po0IIeHo 3 ypaxXyBaHHSIM 3aKOHOJIaBCTBA
€Bporneiicbkoro Coro3y, TOKYMEHTIB €BPOKOHTPOIIIO, CTAHJAPTIB Ta PEKOMEHI0BAHOI MpaK-
TiKH MiXKHapoIHO1 opraHizariii muBiibpHOI aBiarii (ICAO) [2].

ITocTanoBka mpo6/emu. AepoHasiraiis onepye iHpopMalli€o mpo MapupyTH HOJIbOTIB
MOBITPSHUX CY/ICH, IIYHKTH JIOHECEHb, NIEPEIIKOH, 3a00pOHEHI IS TTOJTBOTIB 30HU Ta iHIIE.
s iHpOpMaIIis MOCTIHHO 3MIHIOETHCS, @ TOMY MiJIArae olnepaTHBHOMY pelaryBanHo. JloHe-
JaBHA ITIIFOTOBKA acpOHABITANIMHAX JJAaHUX BAMAaraja 0arato «py4Hoi Ipaii», sKka BUTpava-
Jach Ha CTBOPEHHS CXEM MapIIpPyTiB, ONEpaTHUBHIX BUMIipIOBaHb Ha MMANEPOBUX KapTax, ITiJIro-
TOBKY JI0 BHJIaHHS TOIIIO, IO MOTPeOyBaIO 3HAYHUX 3aTpPaT Jacy.

© Kpsuok C. [I., boiiko O. JI., Mamonrosa JI. C., 2020
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Huni nns onepyBaHHsI aepoHaBiraniHowo iH(opMaIiero po3poOIIsIoTECs Creliali3oBaHi
reoindopmariitai cucremu (I'IC). [Ipudomy y 3ramanomy Buire Hakasi Ne 582 BumaraeThcs:
«eTEeKTPOHHI aepoHaBITAIllITHI KapTH MAIOTh HA/IaBaTUCS HA OCHOBI MACUBIB JJaHUX Ta BUKOPHU-
cTaHHS reorpadigaux iHpopMmariiaux cucrem». Amke ['IC 103BONISIOTH MiABUIIATH CTYITIHB
aBTOMATH3AIli]l YIpaBIiHHS aepOHABITAIlI€I0 B pallOHAX aeporopTy, IPUCKOPUTH MPOIIEC PO3-
pOOKH Ta BHITYCKY HEOOXIJHHMX JIOKYMEHTIB, IIABHINATH IXHIO SKICTh Ta, Y MiJICYMKY, IiIBH-
IIUTH ONIEPATUBHICTH y IPUMHSATTI PIllICHb Ta 3MEHIIIUTH PU3UK MO3AIMTATHUX CUTYAIlii.

AHaJIi3 0CTAaHHIX ToCTiKeHb i myoaikaniii. [IpakTidaHo Bes iHpOpMaItis ciryx0 acpoHa-
Biramii Mae reorpaiuH1i KOHTEKCT, IEPBUHHUM JKEPEJIOM SIKOi € Ha3eMHi reoJie3ndHi BUMi-
pIOBaHHS Ta JaHi JUCTAHIIHHOTO 30HayBaHHs 3emii (J[33).

Jo knacy Hagirariitaux moxHa BigHect ['1C «Kaprta 2005». Bona mae q1Ba Moy aj1st oripa-
IIFOBaHHSI HaBiramiitHuMu ganumi. [lepmmii Moty b O3BOJISIE HAHECTH HA €JIEKTPOHHY KapTy TO-
YK 3 BiJIOMHMHU IUIAHOBUMH Ta BUCOTHUMH KOOpJIMHATAMHU, siKi oTpuMani GPS-mpuiitmauamu, Ta
00’€THATH TOYKH JTiHIIMH Ha OCHOBI TeKCTOBHX (aiiniB y hopmari NMEA 0183. L1i 1ani MOKyTh
OyTu oTpUMaHi B pe3yJIbTaTi Te0e3NYHIX BUMIPIOBaHb Ta ONpPallbOBaHi B OJIOL re0/Ie3NYHUX 3a-
nay. J{pyruit Mo/ ysib Ma€e 3MOry NMpUAMAaTH HaBirauiiiHi JaHi B peKuMi peabHOTO 4acy Ta BUKO-
HYBaTH BiJI0OOpa)kKeHHSI JIOKAITil CrelialbHAMA YMOBHIMH 3HaKaMHy Ha (hoHI KapTorpadiqHoro 30-
OpaxkeHHs TepuTOpii. DOHOBUM 300pa’KeHHSIM MOJKE CIYTyBaTh TororpadiuHa Kapra, MOpChKa
KapTta ctaHmapTy S 57/S 52, pe3yibraTh KOCMIYHOTO Ta aepo3HIMaHHS M acpOHaBIirariiiHa Ka-
pra. Kpim HaBiraniitaux 3amay, ['IC «Kapra 2005» 103B0J1s5€ BUPIITYBaTH 3aBAaHHS I T€0/Ie3U-
YHOT'O Ta KaJIaCTPOBOTO 3HIMAHHS, IHKCHEPHI PO3PaxyHKH B IIUBLIBHOMY Ta JJOPOKHBEOMY OY/IiB-
HUITBI. Tako) MOXKJIMBEe BUKOHAHHS OBEpIICWHHX ONepalliii HaJl CIUCKaM# 00 €KTiB, BUKOHYBATH
MepeKeBUH aHai3 JIIsl BHOOPY ONTHMAIBHAX MapIIpYTiB, IEpepaxyHOK KOOPMHAT Y Pi3HI CHC-
temu: WGS84, Knapka 1880 p., Kimapka 1866 p., I1390, CK 42 [3; 4].

[Toganpmmm Baockonanmenusm ['IC «Kaprta 2005» € I'IC «Kapra 2011». Bona no3Bosise
BUKOHYBATH Taki (YHKIi: TPUBUMipHE MOJEIIOBaHHS; OOYA0BY MO3aiku 300pakeHb; CTBO-
peHHs 0pTOdOTOIUTaHIB; BHKOHYBATH JIOT19HI i MaTeMaTHYHI oniepallii HaJl CIIUCKaM# 00'€KTIB;
MPOBOAMTH MOOYOBY i aHAIIi3 MEPEKEBOI MOJIEINi; BUKOHYBATH I'€0/Ie3WYHI Ta T€0JIOT1UHI M0o-
OyJIOBH ¥ pO3paxyHKH; IPOEKTYBATH B IHTEPAKTUBHOMY peXHUMi iH(GOpMaIIiifHi CUCTEeMH; BU-
KOHYBaTH TeMaTH4YHe KapTorpadyBaHHs, HAPUKIA], U MOTPeO acpoHaBirailii; BAKOHYBaTH
PO3paxyHKH Ha IUIOIIMHI B MIPOCTOPI; OYAyBaTH Ta W aHANI3yBaTH MOBEPXHi; Oy yBaTH 30HH
3aTOIUICHHSI; BAKOHYBATH 0OPOOKY JJaHWX JIa3ePHOTO CKaHYBaHHSI;, 3aCTOCOBYBATH 0a3u JaHUX;
TOTYBaTH KapTH JI0 BUAAHHS [S].

I'IC «Ilanopama» npu3HaueHa Jyis HiATOTOBKY JIOKYMEHTIB aepoHaBiramiiHoi inpopmartii.
Komrneke € HabopoMm 1HCTPYMEHTIB JUIS: BeJACHHS Oa3W acpoHaBITaIlifHUX JaHHUX, IMPOEKTY-
BaHHSI MapIIpyTiB BIJIBOTY MOBITPSHHUX CYCH, MiIXO0/IIB Ta MOCAIKU; MOJICITIOBAHHS aepOHaBi-
ramiitHoi curyarii; popMyBaHHS acpOHABITAIMHAX KapT Ta 0OMiHy JaHuMH 3 iHmmvu ['IC y
TekcToBOMY (hopmaTi ARINC424-19 ta popmati metaganux AIXM 5.1 1 WFS2.0. Ilponykr ana-
NITOBaHUM JI0 poOOTH 3 omepariiaumu cuctemamu: Windows, Astra Linux SE, ALT Linux,
Onr6pyc, Ubuntu, CentOS, MCBC) Ta apxitektyp Intel, Dns6pyc, KOMJIVB, PowerPC,
SPARC. Komrmuieke po3podieHo 3rigHo 3 qokymeHnTartiero IKAO [6].

Binnosinao 1o Bumor IKAO noBiTpsHi cyaHa (ra3oTypOiHHI Ta HOPIIHEBI) 3 cepTHdiKoBa-
HOIO Macoro 5700 Kr Ta B¢l HOBITPsIHI CyHA 13 cepTH(iKoBaHOIO Macoro moHaa 1500 kr, abo Ha
00Ty SKMX 3HAXOAUTHCS OubIe Hik 30 macakupiB, OBUHHI OyTH 00J1aiHaHI CUCTEMOIO T10-
TepePKEHHS PO OJTM3BKICTh 3eMITi, TKa Ma€e (PYHKIIIFO OI[iHKH pentbedy Ta mepemko1. Cucrema
MOTIepe/KY€E eKilax Mpo MOTEHIIHHY HeOe3MmeKy OJIM3bKOCTI 3eMHOI MOBEPXHi y BHUIIaIKaX:
HaJMIpHOTO 301IBIIEHHS IMBUIKOCTI 3HMKCHHS MTOBITPSTHOTO CY/HA; Pi3KOT0 30JMKCHHS 13 3¢-
MHOIO TIOBEPXHEIO; Ha/IMIPHOI BTPAaTH BUCOTH IIiJ] Yac 3JIETy Y CIPSIMYyBaHHS Ha MOBTOPHE
KOJIO; HaIMIipHOTO 3HIDKEHHS BITHOCHO TJIiCa/IM 3aXO/DKEHHS Ha IMOCAAKY 3a MpujialaMu; He
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BUITYIIIEHUX I1aci Ta MOJ0KEeHH] 3aKpUJIKiB HEBIIIOBITHO 10 Mocaaku. Bkazana cucrema mo-
BHHHA MaTH HAIlOBHEHY 0a3y CTOCOBHO pelibe(y MICIIEBOCTI Ta NMEPEIIKO ] B palloHaX aecpoIio-
PTiB BiIIpaBKH Ta npu3emiieHHs [7; 8].

BupisieHHs Hex0CTiIPKEHNX YACTHH 3arajJibHOI MPo06JieMH. AHAJII3 HaBeIeHUX ITy0JTiKa-
it 103BOJIsIE 3pOOUTH BUCHOBOK PO CyYacHY TEHAEHIIIO MiIOPsIKYBaHHs JOKYMEHTAIli1, Ha
OCHOBI SIKOT BUKOHY€EThCS po3poOka cydacHuX aepoHaBiramiiaux ['IC, Bumoram IKAO. Kpim
TOTO, 3T1JIHO 3 HaKa3oM Jlep:kaBHOI aBiamiifHoOi ciryx0u Ykpainu Ne 582, o mepeniky aepoHa-
BirarifHuX KapT, IO I UISITaloTh IMyOJTiKaii, HaJie)kaTh eJISKTPOHHA KapTa MICIIEBOCTI Ta I1e-
pelIKo/1 y paifoHax aepoIopTy Ta MOMOBHEHHsI 0a3 TaHUX SKICHOIO Ta KiJIBKICHOIO XapaKTepH-
CTHKOIO CTOCOBHO MICIIEBOCTI Ta mepermkoy [2].

Merta cratTi. ['0J0BHOIO METOIO I1i€l cTATTi € aHai3 HopMaTuBHUX JTokyMeHTiB IKAO Tta
EBpPOKOHTPOIIIO CTOCOBHO XapaKTEPHCTHUK MICIIEBOCTI Ta IMEPEIIKO y pailOHaX aeporopTy,
JaH1 Mo sIKi KOMIUIEKTYIOThes y 0a3y nanux aeponasiramiiaux ['IC.

Buknaa ocHoBHOro marepiaiy. BinmosigHo mgo HopM IKAO, moBiTpstHHE TIpocTip Ha-
BKOJIO aepoIopTy MOALISEThCS Ha OKpeMi paifonu: 1, 2, 3, 4 — B IKUX perjlaMeHTYy€eThCsl Ha0ip
JTAHUX TIPO TepeIIKoau Ta 0OMexyBasibHi moBepxHi. Ha puc. 1 nokasasni paiionu 1 ta 2.

PAMOH 1 " ™

Puc. 1. Meaxci paiionie 1 ma 2 aeponopmy

[Tpudomy o paiioHy 1 HaJleXKUTh BCsI TEPUTOPIsS Iep)kaBh. PaitoH 2 moinsieTbest Ha OKpeMi
paiionu. Paiton 2a — mpsiMOKyTHa 30Ha HaBKOJIO 37iTHO-110caikoBoi eMmyTH (3I1C), sika BKitouae
JHOTHY CMYTY Ta OyIb-SIKy HasBHY CMYTY, IO BUIbHA BiJx mepemko. Paiion 2b — 30Ha, 1110
OXOILTIOE MICIEBICTb BiJ] 3aKiHUEHHS pailoHy 2a y HalpsMKYy BUJIBOTY Ta IIOCAJIKU Ha BiJICTaHb
10 kM 3 po3xopkeHHSM Bropy Ha 15 % y xoxen 0ik 3IIC. Paiion 2¢ — 30Ha, IO OXOILTIOE
MICIIeBICTh 3 30BHIIIHBOTO OOKY paifoHy 2a Ta paiiony 2b Ha BiacTanb He Ounblie HiX 10 kM
BiJT Mexi paiioHy 2a. Paifon 2d — 30Ha, 110 OXOIUTIOE MICIIEBICTh 3 30BHIIIHBOTO OOKY paiiOHIB
2a, 2b ta 2c Ha Biactanb 45 kM Bin ARP (aerodrome reference point) — KOHTPOJIBHOI TOUKH
aepoapoMy (YMOBHA TOYKa, sIKa BU3HAYAE KOOPJUHATH HOTO MICIETIONIOKeHHS), a00 710 iCHY-
F040T MEXKi BY3JI0BOTO JAUCIIETYEPCHKOTO pafoHy, 3aJIeXHO BiJl TOTO, 110 Ommxye [2; 8; 9].

Paiion 3 —30Ha (puc. 2), mo Mexye 3 poO0YO0i MIIOMIECIO aepOIPOMY, SIKa B TOPU30HTATLHOMY
HanpsAMKy npoctsraethbes Bif 6iunoi kpomku 311C nHa Binctans 90 M Bix ockoBoi JiHil 311C i Ha
Bijictarb 50 M Bij] OIYHOT KPOMKH BCIX 1HIMUX YaCTHH poOOYOI IO acpoapomy [2; 9].
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Paiion 4 — 30Ha (puc. 2), mo npoctsiraetbes Ha Bijctanb 900 M Big mopora 311C 1 60 M 3 Kox-
HOTro 00Ky TIpoToBkeHO01 ochoBoi JiHIT 3I1C y HanpsMKy 3axomy Ha mocanky Ha 3I1C, oOnmaaHany
JUIs BAKOHAHHS TOYHUX 3aX0JIiB Ha Tocaaky mo kateropii Il abo III. Tam, ge micrieBicTs Ha Bifc-
TaHi, mo nepepuirye 900 M Bijx opora 3I1C € ripcbkoro ado 0COOIMBOFO 3 IHITIMX MipKYBaHb, JI0-
BXUHY paiioHy 4 ci1iJ1 30UIBIINTH Ha BiJICTaHb, o He nepesuiye 2000 m Big nopora 3I1C [2; 9].

[TepemkogamMu BBXKatOThCS BCi HEPyXoMi (TTOCTiiHI a00 THMYACOBi) 1 pyXoMi 00’ €KTH 200
YyacThHa iX, I10: PO3TAIIOBaHi B 30Hi, SIKa MPU3HAYCHA I PYXY MOBITPSHUX CYJIEH TI0 TIOBEp-
xHi; a00 MMTHIMAIOTHCS HaJT BA3BHAYCHOIO ITOBEPXHEIO, 10 IPU3HAYeHA IS 3a0e3eueHHs 0e3-
MIEKH TOBITPSHUX CYJICH Y TIOJIbOTI; a00 TepeOyBaroTh 32 MEKaMH WX BU3HAYCHUX TOBEPXOHb
1 PO3IIHIOIOTKCS, SIK TaKi, 0 HeOe3MeyHi JIJIs OBITpsAHOT HaBirarii [9].

V paitoni 1 maHi mpo meperIkoay HaJaroTHCS 010 TEPEeITKo 1 3aBBUIIKY Oibine 100 M Haj
3emuiero. J{st paiioniB 2a, 2b ta 2¢ He BpaxOBYBaTH JaHI PO MEPEITKO A BUCOTOIO MEHIII 3a 3
Ta 15 M Haj 3emiiero BiamnoBiaHO (puc. 3).

PAVOH 3
BOR 116.9

7
PAROH 3_

50 M=~

Arap

ARP _;*I_x, -" ‘i

ANOH 3
BOR 160 p):nl 2

Puc. 2. Meoxci paiionie 3 ma 4 aeponopmy

BpaxoByroThes 1aHi PO MEePENIKOAH, SKi MiTHOCATHCS HaJl IUIOCKOO TIOBEPXHEI0, 10 Mae
Haxwi 1,2 % i Mae 3arajJbHUIA MOYATOK 13 30HOKO TPAEKTOPII 31TbOTY — paiionu 2b, 2¢. IToBepxHs
00Ky meperko paiiony 2d po3ramoBana Ha Bucoti 100 M Haz 3emiero [9].

Aute Ha aepojipoMax, sIKi PeryJIipHO BAKOPHCTOBYIOTHCS Mi>KHAPOTHOIO IIUBLITHHOIO aBialli€ro,
HaJIAl0THCS JIaH1 PO MEePEIKO/IH II0/I0 BCIX MEPEIIKO/I, 10 3HAXOSITHCS B MEXKaX paiioHy 2, sKi
3TiJTHO 3 OITIHKOIO CTAHOBIIATH HEOE3IEKY JIUIsl aepoHaBirarii. ¥ THX 30HaX paioHy 2, Jie BAKOHAHHS
MOJIbOTIB 3a00POHEHO BHACHIIOK JTy’Ke BUCOKOI MICIIEBOCTI ad0 iHIMX MiclIeBHX 0OMexXeHb 1/abo
IIPaBUII, JIaHI PO MICIIEBICTH BiIMOBIIAOTH KUTbKICHUM BUMOTaM JUIs paiiony 1 [9].
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V paiionax 3 ta 4 HaIarOTHCS JaHi PO MEPEITKOIN, BUII 3a 3 M HaJI 3eMJIEIO.

1c61:‘\\i
|

[ToBepxHs1 BpaxyBaHHS AaHUX
PO MEPELIKOAN

—._\_\_\--\-\- |
-.___,.-rl
100 m 8
WY J oY
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: t I - : i
) i |
| IToBepxHsi BpaxyBaHHS JaHHX R
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|
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Puc. 3. Posmauitysanus nogepxoHv 0.5 8paxy6ants OAHUX NPO NepeutKoou
63006d1c 31IC (sepxus uacmuna manionka) ma nonepex 31C (HudcHa yacmuna ManoHKa)

KinbkicHi 1aHi Ipo mepenikoau B paiioHax 1 — 4 HasezeHi B Tadu. 1 [9].

Tabmums 1
Kinvxicni umozu w000 oanux npo nepeuxoou
KiabkicHi aaHi Paiion 1 Paiion 2 Paiion 3 Paiion 4
TouHICTh Yy BepTHKaIbHI IUIONIMHI, M 30 3 0,5 1

Po3ineHa 31aTHICTE Y BEpTUKATBHIN TUTOIINHI, M 1 0,1 0,01 0,1
TOuHICTh Y rOPH30HTANBHI TUIOWHI, M 50 5 0,5 2,5
JoBipya iiMoBipHicTb, % 90 90 90 90

Knacudikamis mimicHoCTi 3BnuaiiHi Baxumsi Baxumsi Baxmsi

Ipumimka. Tlepion OHOBNEHHS JaHNX — 3@ HEOOXITHOCTI.

[Tix po3ainpHOIO 3MaTHICTIO (Ta0d. 1) po3yMiIOTh YHCIO OAMHUIE a00 mu(p, 0 BU3HAYAE
MOPSIITOK BHMIPSTHOTO 200 po3paxoBaHoro 3HaudeHHS [9]. Kimacudikarris misricHOCTI 3acHOBaHA
Ha MOTEHI[IHHOMY PU3UKY BUKOPHCTAHHS BUKPUBIICHHUX JJaHUX. 3aCTOCOBYEThCS Taka Kiacudi-
Kallisl aepoHaBITallifHAX JTAHUX:

- 3BUYAliHI JIaHl — € Jy)ke Majia HMOBIPHICTh TOTO, 1[0 BUKOPUCTAHHS MEPEKPYUCHHUX 3BH-
YaifHUX JaHUX JUTS Oe3MEeYHOro MPOJIOBKEHHS MOJBOTY U MOCAIKH MOBITPSHOTO CyAHA OYIyTh
OB’ s13aHi 31 3HAYHUM PU3UKOM 1 MOKJIMBICTIO KatacTpodu;

- BOKJIMBI JIaHI — € MaJla HMOBIPHICTh TOTO, 10 BUKOPUCTAHHS MMEPEKPYICHUX BAKIMBUX
JAHUX JUIS OE3MEYHOr0 TPOJIOBXKEHHS IMOJBOTY W TOCAJKH IMOBITPSHOTO CyAHAa OYAyTh
TTOB’sI3aHi 31 3HAYHUM PU3UKOM 1 MOKJTMBICTIO KaTacTpoQu;

- KpUTHYHI JIaHi: € BeJIMKa KMOBIPHICTB TOTO, 110 BUKOPUCTAHHS MEPEKPYUCHUX KPUTHUHUX
JAHWX JJ1s1 O€31eYHOT0 MTPOAOBKEHHS ITOJIHOTY 1 OCAIKH TOBITPSIHOTO CyAHA Oy Ty Th ITO€THAH]
31 3HAUHUM PHU3UKOM 1 MOXIIUBICTIO KaTacTpodu [9].

MicrieBicTh — TOBepXHS 3eMJTi 3 TAKAMH MPUPOJTHAMH €JIEMEHTAMH, SIK TOPH, TOpOH, Xpe-
OTH, TOJIMHU, BOAM, BIYHUH JTiJ], CHIT, 32 BUHATKOM MepemKko . J[aHi mpo MiCIeBiCTh HATAIOThCS
B paiioHax 1 Ta 2, y 30Hi TpaeKTOPii MOJIBOTY MOBITPSHOTO CyAHA (PHC 3, BEpXHS YacTHHA Ma-
JIFOHKA) Ta B 30HAX, IO 3HAXOJATHCS B MEKaX O1YHMX MOBEPXOHL OOMEKEHHS IIEPEIITKO,T aepo-
napomy. KiTbKicHI BUMOTH IOJI0 JTAHUX PO MICIEBICTh HaBeACHO B Ta0. 2 [9].
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Tabnuus 2
Kinoxicni 6umoeu wjo0o oanux npo micyegicmo
KiabkicHi nani Paiion 1 Paiion 2 Paiion 3 Paiion 4

[HTepBa Mix mocTamu 3c ayru (90 M) | lc ayru (30 M) | 0,6¢ nyru (20 m) | 0,3¢ nyru (8 m)
TouHicTh y BepTUKANBHIN MIOMMHI, M 30 3 0,5 1
Po3zinpHa 31aTHICT Y BEPTUKAJIBHIHM MJIOMKHI, M 1 0,1 0,01 0,1
TouHicTh y rOpH30HTANIBHIH IIIONMIMHI, M 50 5 0,5 2,5
JloBipua iiMoBipHiCTb, % 90 90 90 90

Knacudikaris minicHocTi 3BHyaiiHI Baxmsi Baxmsi Baxumsi

Ipumimka. Tlepio OHOBIEHHS TAaHUX — 33 HEOOXiTHOCTI.

Sk BuHO 3 Tabu1. 1 Ta 2, BUMOTH 1I0JI0 TOYHOCT] BU3HAUCHHSI BEPTUKAILHOTO Ta TOPU30H-
TaJBHOTO IOJIOKECHHS SIK TIEPEITKOJI, TaK 1 MICIIEBOCTI, pO3/iIbHA 3/IaTHICTh JAHHX, JIOBipUYa
HMOBIpHICTH Ta IUIICHICTh — oHaKoBa. Kpim Toro, naHi mpo MicleBicTh Ta MEPELIKoIu Io-
BHUHHI HA/IaBaTHCh Yy €JIEKTPOHHOMY (IM(pPOBOMY) BUTIISIAI — JUIS HAITOBHEHHS €IEKTPOHHOL
0a3u paHux npo JapmamadT i meperkou [10].

3a cucreMy BiUTIKY B TOPU30HTAIBHIN ILIOMWHI TSI MI>XKHAPOHOT aepoHaBIirarlii BAKOpH-
CTOBYIOTh BeecBiTHIO reoiesnuny cuctemy — WGS-84. Tomy aeponasiraiiitti reorpadivusi Ko-
OpJWHATH (IMHPOTH Ta JOBTOTH) BHPAXKAIOTh BIJJHOCHO Teoje3ndHol 0a3u BiIiKy — WGS-84.
[HII0}O TOYHOIO BCECBITHBOIO CHCTEMOIO 3eéMHHMX KOOPIHMHAT € 3eMHa cuctema Bijtiky ITRS
MixnapoHoi ciryx0u odepranus 3emii (IERS). [Ipaktuanoro peanizamiero ITRS € omopHa cu-
crema [TRF. Octanns peanizamiss WGS-84 (G1150) npus'sizana 10 moyaTky mnepiogy BiJUTIKY
ITRF 2000. WGS-84 (G1150) y3romxyetbest 3 [TRF 2000, i B mpakTHYHUX peai3aliisX pi3HHALS
MiX IIIMHU JIBOMa CUCTEMH 3HAXOUTHCS B Mexkax 1-2 cm ayist CBiTy 3arajiom, o o3Hayae Impax-
THuHy i1eHTHaHicTe WGS-84 (G1150) Ta ITRF 2000 [10].

VY MDKHapOJHIN aepoHaBirarii 3a CUCTeMY BUITIKY Y BEpTHKAJIbHIH IUIOMIKWHI BUKOPUCTOBY-
€ThCs MpUAHATHN 3a 6a3y MSL (mean sea level) — cepenHiii piBeHb MOpsI, IKHii 3a0e3meuye
3B’S130K 3aJI€KHUX BiJl TpaBiTallil BiIHOCHUX BUCOT (II€PEBUIIEHB) 3 MOBEPXHEIO, 110 3BETHCS
reoinoM. Y ro0anbHOMY IUIaHi Teoinx HalOuIbme 6Ju3bKo Bianoimzae MLS. 3amexHi Bij rpa-
BiTaIlii BiTHOCHI BUCOTHU (IIEPEBUIIIECHHS) € OPTOMETPUUHUMH BUCOTAaMH, a BIJICTaHI 10 TOUOK
HaJ[ eJIIICOIIOM € BUCOTaMH BIJHOCHO eltiricoiyna. Pi3HuIN BKa3zaHMX BHCOT YTBOPIOIOTH XBHUTI
reoinga BiIHOCHO MOBepxHi emirncoina [9; 10].

3a r00abHy MOJIeNb IpaBiTallii BHKOPUCTOBYEThCS IpaBiTamiiHa Mojaeab 3eMii — 1996
(EGM-96), 1o MicTHTh JeTanbHy iH(pOopMaIlio Ipo moJie JOBIUX I'paBiTalliifHUX XBUIIb reoifga
yepes rpaayc o 360°. Y reorpadivyHux IMyHKTaX, Je TouHicTh EGM-96 He 3Ha4Ha, HA OCHOBI
nanux EGM-96 po3poOisitoTbest Ta BAKOPUCTOBYIOThCS perioHaiibHi abo MicIieBi MoJieni reo-
iy, IO MICTATH JIaHI TPO TpaBiTaliifHe TOJie 3 BUCOKOIO PO3JUIHLHOIO 3/IaTHICTIO (KOPOTKi
XBU). Y THX BUMAAKaX, KOJIH BUKOPUCTOBYETHCS 1HINIA MOJIEINb reoiqy 3amicth Mmojaeni EGM-
96, B AIP (Aeronautical Information Publication) — 30ipHHK acpoHaBirariiiHoi iHpopMarlii mpu-
BOJIUTHCSI OTIMC BUKOPUCTAHUX MOJeJiel Ta HeoOXiIHI mapaMeTpu JJIs MoIepeHboro IepeTBo-
PEeHHS BIIHOCHHX BUCOT JIUIS IIepeXoay Bia nmux Moxaeneit 1o EGM-96 [9; 10].

VY BcecniTHiii reoae3nyHiit cucreMi — WGS-84 Bu3Ha4atOThCs caMe BIUCOTH BiJIHOCHO €Ji-
coina. Tomy Bix IMX BHCOT, BU3HAYCHUX T'€0JIE3NYHUM uM HaBiramiitanm GPS-o0ianHanHsM,
HEOOX1JTHO MEeperTH 10 OPTOMETPUYHUX BHUCOT 3 ypaXyBaHHS XBHJIb I'eoija — po3TalllyBaHHS
MTOBEPXHi Teoiia BiTHOCHO eJIICoina, SKHil BHKOPUCTOBYEThest Y W(GS-84 sik TOBepXHS BiJIHO-
cHocTi. 3rizHo 3 BuMoramu ICAQO BHCOTH reoifa Ha TEPUTOPISIX MIPKHAPOIHUX aepOIOPTIB I10-
BHHHI OyTH BH3HAYCHHMH Tak, MO0 3a0e3MEeYMTH BiJATBOPSHHS XBHJI Teoila Ha piBHI 25 ¢cM
[11]. Taka rpanmuna moxuoOKa /ist 1oBipuoi iiMoBipHOCTI 0,95-0,997 Ta HOpMaIBLHOTO PO3MO-
Ty 3 ypaxyBaHHSAM KoedimieHTy mepexoay 2,0-3,0 [12] mo3Boiise oTpuMaTH CepeTHIO KBaI-
paTuyHy MoXuOKy BU3HAYEHHS XBHJI reoiny Ha piBHI £(8-12 cm) [13].
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MacuB gaHuX Mo MiCIIEBICTh MiCTUTh MAaCHBH IIM(POBUX JAHUX, IO OMUCYIOTH IIOBEPXHIO
MICIIEBOCTI y BUTJISAI O€3MEpPepBHOTO PSIy 3HAYCHB MEPEBUINEHB, SIKi O0UMCITIOIOTHCS BiJT 3a-
raJibHO1 0a3W 3HauYeHb YCiX By3Jax (Toukax) meBHOI ciTku. CiTKa MiCIIEBOCTI € KyTOBOIO abo
JTIHIAHOO Ta Ma€e MpaBUIbHY a00 HenpaBmwiIbHY Gopmy [9; 10].

KpiM KiTBKICHEX JTaHWX, HEOOX1THO Ha/JaBaTH aTpHOyTHBHY 1H()OPMAIIiFO TIPO MICIEBICTb.
Jlo BaxxMBOi iH(pOpMaIlii BITHECEHO TaKi aTpuOyTH MICIEBOCTI: pallOH OXOIICHHS; TOKAKIUK
Ipo yKJIaja4ya JaHuX; MOKaKIUK PO JHKEpeNo JaHUX; METOJ OTPUMAaHHS; IHTepBal MiX MOC-
TaMH; CUCTEMY BiIJIIKY, PO3/UIbHY 371aTHICTh, TOYHICTh, MiCII€3HAXO/PKEHHS Ta JOBIpUUi pi-
BEHb y TOPU30HTAIbHIN IUIOMIMHI; IEPEBUIIICHHS Ta HOTO BIJUTIK; CUCTEMY BIIJIIKY, PO3/UIBHY
3[1aTHICTh, TOYHICTH, TA JIOBIPYMIA PiBEHb Yy BEPTUKAIbHIN TIIONINHI; 3apeecTpoBaHa MOBEPXHS;
IUTICHICTR; BiMITKA JIaTH ¥ Yacy; BAKOPUCTaHI oauHHUII Jacy [9; 10].

Y MacuB JJaHWX PO MEPEIIKOIN BKIIOYAIOTHCS BCI THITH €JIEMEHTIB, BU3HAYCHI SIK Heper-
KOJTH, 1 KOXKEH 13 HUX OIHCYETHCS BIAMOBIIHO JIO TIEepelliky 000B’ I3KOBHX aTpHOyTiB. Baxm-
BOIO iH(OpMAITi€r0 PO aTpuOyTH HEPemKo/l €: palioH OXOIUICHHS; MOKKYMK PO yKiIajgada
JIAHUX; TOKQKIHK PO JPKEPeIIo JaHUX; CHCTEMY BiJUTIKY, PO3/iIbHY 34aTHICTh, TOYHICTH, Mic-
L[€3HAXO/KEHHSI, IOBIPYUH PiBEeHb Ta PO3MipH B TOPU3OHTAIBHIN IIIOMIKHI; IEPEeBUILICHHS; CU-
CTEMY BLJIIKY, PO3/UIbHY 3/1aTHICTh, TOYHICTb, Ta IOBIpYMN PiBEHb Y BEPTUKAIBHIH MJIOLIHHI;
THUII IePEIIKOM Ta HOro KoH(Iryparlis; HiJiCHICTh; BIIMITKA IaTH 1 4acy; BUKOPUCTAH1 OIMHUIIL
yacy; OCBITJIEHHS Ta MapKyBaHHs. [0 arpuOyTiB TUMYacOBUX 1 pyXOMUX MEPEIIKo HaJIeKaTh
II1e i Taki: BIIHOCHA BUCOTA; JIisl Ta €eKTUBHICTS [9].

BucnoBku BimmoBiaHo 10 crarrti. Bukonano ananiz HopMatuBHEX JokyMeHTIB IKAO Ta
EBpPOKOHTPOJTIO CTOCOBHO AKICHHX Ta KUTBKICHHX BUMOT IIIOJIO JIAHUX PO MICIEBICTh Ta Mepe-
TITKOJTH, 1110 CKJTaJIal0Th 0a3u nanux Hapirariaux ['1C, 3anexHo Bij pailoHIB aeporopTy — JIs
BHOOpY METOJIIB iX KapTorpadyBanHs. BcTaHOBIICHO, IO SIK CHCTEMY BiUTIKY B TOPH30HTAb-
HIil IUTOINMWHI B MIXKHAPO/IHINM aepoHaBIraIlii BAKOPUCTOBYEThCS cucTeMa kKoopauHat WGS-84
3a Bepceiero (G1150) ta ITRF 2000, a 3a cucremy BiJUTIKy Y BepTUKaJIbHIN IUIOMUHI — cepeHiH
piBerb Mopsi (MSL). Jns mepexoay Bija reofe3WYHUX BUCOT JIO BUCOT BIJIHOCHO CEPEIHBOTO
PiBHSI MOPsI BAKOPHCTOBYEThCS IpaBiTauiitHa Mozens 3emini EGM-96, Ha ocHOBI sikoi po3po0-
JISTFOTHCS Ta BUKOPUCTOBYIOTHCS perioHabHI a00 MicIieBi MOJIeNi reoiy B pallOHaxX aepoIopTy.
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UDC 528.4,528.489
Serhiy Kryachok, Olena Boiko, Liudmyla Mamontova

CONSIDERATION OF ICAO REQUIREMENTS FOR TERRAIN
AND OBSTACLES IN THE AIRPORT AREA FOR THEIR MAPPING
AND USE IN GEOINFORMATION SYSTEMS

The urgency of the research. Within the framework of the State Target Program for the Development of Airports for the
Period up to 2023 in Ukraine in accordance with the order of the State Aviation Service of Ukraine No. 582 dated 13.05.2019,
new aviation regulations were introduced regarding aeronautical information services. Aviation regulations have been developed
taking into account European Union legislation, Eurocontrol documents, ICAO standards and recommended practices.
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Target setting. Nowadays, specialized geographic information systems are being improved to operate with aeronautical
information. They make it possible to increase the degree of automation of aeronautical data management in airport areas, to
speed up the process of developing and issuing the necessary documents, to improve their quality and, as a result, to increase
efficiency in decision-making and reduce the risk of emergencies.

Actual scientific researches and issues analysis. The latest publications in open access, devoted to the use of geographic
information systems for handling aeronautical data were reviewed.

An unexplored parts of a common problem. Analysis of publications allows us to conclude that it is necessary to take
into account the ICAO requirements when developing air navigation geoinformation systems. According to the order of the
State Aviation Service of Ukraine No. 582, the list of aeronautical maps to be published includes an electronic map of the
terrain and obstacles in the airport areas and filling the GIS databases with relevant data on the qualitative and quantitative
characteristics of terrain and obstacles.

The research objective. The main purpose of the article is to analyze the regulatory documents of ICAO and Eurocontrol
regarding the characteristics of the terrain and obstacles in the airport areas, which data is entered into the specialized GIS database.

The statement of basic materials. The division of the country's airspace into separate regions is considered: region I -
the entire territory of the state: region 2 - the territory of the nodal control area, region 3 - the territory along the runway,
territory 4 - the site at the end of the runway, equipped for precise approach for landing in category Il or I1I. The requirements
for quantitative characteristics and attributive information for terrain and obstacles in aeronautical data in accordance with
the areas of the airport are given. The WGS-84 coordinate system according to version (G1150) and ITRF 2000 is used as a
reference system for determining the latitudes and longitudes of obstacles or terrain objects in international air navigation,
and mean sea level (MSL) is taken to determine the height. For the transition from geodetic heights to heights relative to mean
sea level, the Earth gravity model EGM-96 is used, on which basis regional or local geoid models in the airport areas are
developed and used, which refine the EGM-96 data.

Conclusions. The analysis of the regulatory documents of ICAO and Eurocontrol was carried out regarding the
qualitative and quantitative requirements for data on the terrain and obstacles that make up the databases of specialized GIS,
depending on the areas of the airport, for the choice of methods for their mapping. To determine the planned position of
obstacles or terrain objects in international air navigation, the WGS-84 coordinate system according to version (G1150) and
ITRF 2000 is used, and the height is measured by the mean sea level. For this, the Earth's gravity model EGM-96 is used,
updated which at the local level.

Keywords: ICAO requirements; geographic information systems (GIS); terrain, obstacles in airport areas; databases;
aeronautical information.
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Anamoniiu Bieam, IOpiit Kopoyoa, Cepeiti [lempos
JOCJI’)KEHHS BIUVIMBY TEMIIEPATYPU HA 3MIHY PO3MIPY

KOHTPOJIbHUX JIIHIMOK I3 BAKOPUCTAHHSAM IHAUKATOPA
roanHHUKOBOI'O TUITY

AxkmyanvHicmo memu 00C1i0HCEHHA. Bumiprosanna manux nepemilyeHo € 6aXCIUBUM 3A60AHHAM [HIHCEHEPHOI 2e00e3il.
Bumipu 3 noxubkoro dianasony 0,001—-0,1 mm nazuearome mexHiunumu. /[nsa 6UKOHAHHA MAKUX UMIDIOBAHL PO3POOIAIOMY
cneyianoHe 00OIAOHAHHS MA MemoOuKu pobomu Ha Hoomy. Kowmpononi ninitiku ma 63ipyesi Mipu GUKOPUCMOBYIOMb OISl
Mempono2iunoi nosipku obraonanus. Hatibinoute Ha 3sminy posmipy eupody eniusae memnepamypa. Po3pobka memoodie o0ns
BUCOKOMOUHOI iKCayii Manux nepemiuyeHsb 6i0 3MIHU MeMNePamypu € aKMyanoHUM 3A60AHHSIM.

Ilocmanoeka npoonemu. Bumipsimu mane nepemityeHHsl 3 BUCOKOI0 MOYHICHIO Oydice CKIAOHO. /[ Yybo20 GUKOPUCTOBYIOMD
inmepghepomempu. 3anponoHysamu HOBULL 6UCOKOMOUHULL MEMOO GUMIPHOGAHHS MATUX Nepemiuernb. J{oCIioumu MONCIusicno
GUKOPUCIAHHS NPONOHOBAH020 MeMOOY Ol GUIHAYEHHS NIHINIHO20 POULUPEHHS KOHMPONbHUX NIHITIOK.

Ananiz ocmannix oocnioxncenv i nyonikauiil. Poszensnymo nybnikayii y 6i0Kpumomy 00cmyni wo0o JIiHilIHO20
DpOo3uLuperHs mamepiany, npunaoie ma memooie gikcayii Manux nepemiujets.

Buoinenna nedocniosycenux uacmun 3a2anvHoi npoodaemu. Buxopucmants iHOUKamopie 200UHHUKO8020 MUNY 3amMicib
inmepghepomempis. J{ocniodceHHs: 3MIHU PO3MIDY KOHMPONbHUX NIHIIOK Y pa3i 3minu memnepamypu. Ilepesipka ¢opmyn
memMnepamypHo20 JiHIH020 PO3WUPEHHS O KOHKPEMHO20 O0CTIONCYBAHO20 83ipYsi.

Mema cmammi. J[ocrioumu 3MIiHY O08HCUHU KOHMPOIbHUX JIHITIOK 610 meMnepamypu 3 6UKOPUCHAHHIM [HOUKAMOpIE
200UHHUKOBO20 MUNY.

Buknao ocnoenozo mamepiany. Buxopucmanus iHOUKamopie 200UHHUK08020 MUny 0ae 3mMo2y 8i0cniOK08yeamil 3MiHy
DO3MIDY KOHMPONLHUX JIHIUOK YV pasi 3MiHU memnepamypu i, Y C6010 uepey, 0d€ MOXCIUGICIb NepesipKu Gopmyiu
MeMnepantypHo20 NIHIIHO20 PO3ULUPeHH: Ol KOHKPEMHO20 00CIIONCY8AH020 63ipys, a He minvku gixkcysamu posmip. Taxoxc
HAMU 6CMAHOBIEHO, W0 WEUOKA 3MIHA memnepamypu, 6invuie nixe na 1,5° 00 decsimu X6unun, GUKIUKAE HEIHITIHY 3MIHY O08XHCUHUL
odocnioxcyeanux 63ipyie. Lleti ghakm HeobXiOHO 6paxosyeamu nio 4ac GUMIPHOGAHb KOHMPOIbHUMU TIHIIKAMU 6 NOTbOGUX YMOBAX
npu pizkux nepenaoax memnepamypu. Obuucieni koe@iyieHmu Kopeasayii 3MIHU POMIPY 60 meMnepamypu ma 3miHu po3Mipy 6
yaci nio ennueom memnepamypu. s KOHMPOIIO 00ePAHCAHUX Pe3YIbmamie OYn0 GUIHAUEHO 3MIHY OOBICUHU KOHMPONbHUX
NHITIOK 3 6UKOPUCMAHHAM 1asepHo20 inmepgepomempa. 3i sminoto memnepamypu y 8.5 C konmponvHuii memp 3minue ceiii
posmip Ha 0,18 ma 0,16 mm (8i0no6ioHO nazeprull iHmepghepomemp i IHOUKAMOP 20OUHHUKOBOLO MUMNY).

Bucnoexku 6i0nogiono 0o cmammi. 3anponoHo6aHo MemoOUKY GUSHAYEHH MANux nepemiujeHb UKOPUCHIO8YIOUU
iHOUKamop 200UuHHUK08020 muny. Bcmarnoeneno koeghiyienmu xopensayil 3miHu GeluuuHu 6 yaci ni0 6nIUEOM 3MIHU
memnepamypu. Ymouneno xoegiyicumu niHiliH020 po3uluperHs ons aamyni ma cmani. Ilpaxmuyna yinnicme nposedeHux
oocniodcensb y MOMY, U0 3anponoHOBAHA MenOOUKA 00380NAE NPOGOOUMI MeMPOLO2iUHY NepesipKy (nosauep2ogy, 0ixicyy)
eMmanoni8 00BHCUHU 6e3 3aCOCYBAHHS KIACUYHUX eMATIOHIE MAKUX, SIK 1A3epHi IHmepgepomempu.

Knwuoei cnosa: emanonu,; 6ucokomouHi GUMIPHOGAHHS, KOHMPOIbHA NIHIUKA, [HOUKAMOP 200UHHUKOB020 MUNY, 3MIHA
memnepamypu, 3MiHa po3MIpy.

Puc.: 5. Tabn.: 8. bién.: 12.

AKTyaJIbHICTh TeMH J0CJTI/ZKeHHsI. Bisl cBo€4acHOTo Ta MpaBHIbHOTO BUPIIICHHS THTAHHS
METPOJIOTIYHOTO 3a0e3MeUYeHHs] T'€OJC3NYHUX TPWIAIIB 3HAYHOIO MIPOI0 3aJICXKHTh SKICTh
BUKOHAHHSI TE€OJIC3MYHUX POOIT s pi3HOMaHITHUX cdep rocrmoaapcTna (reoaesis, Oy 1iBHHUIITBO,
3eMIIeyCTpiii, BifiCbKOBa crpaBa Ta iHIIE). MeTpOJIOTiuHI TepeBipKH TPHIAIIB JIUISI BUMIPY
TeOMETPUYHUX BEJIMYHH (JIOBXKUH JIiHii ) IIPOBOISATHCS 3TITHO 3 METOIMKOIO Ha CIIEIiali30BaHOMY
o0JIaJIHAHHI Ta BIJMOBIIHAMH OpTaHi3alisMH, SKi aKpeJUTOBaHI Ha IMPAaBO IMPOBEICHHS TaKHX
podir. [Iporierypa METpOJIOTiuHOT IepeBIpKH MOJISTaE B Tiepeadi po3Mipy BiJl OJHOTO J0 iHIIIOTO
3aco0y BHUMIpFOBaHHS (Bij] BUIIIOTO B i€papXil eTaloHHOI 0a3u J1o HIK9oro) [1].

V niit iepapxiuiit 6a3i 10CIKyBaHi KOHTPOJIBHI JTIHIMKH € IITPUXOBUMU 3pa3KOBUMH MipaMH
I ta IV Tumy, ski ciayxath Ui Tepefadi po3Mipy BiI poOOYMX eTajloHiB JIO 3aco0iB
BUMIPIOBAJIBHOI TEXHIKW (HIBENpHI pelku, MeTaneBl JiHIHKM, MOJbOBI JIHINHHI Oa3ucw).
BigmoBiiHO 10 TepioMYHOCTI MPOBEJCHHS METPOJIOTIYHHX TIEPEBIPOK BHJIUIIIOTH YEProBy,
1103a4eproBy, O1Kydy HepeBipKy. UeproBy MeTpoJIOriyHy HEepeBipKY MIPOBOASATSH 3 MEPIOJUUHICTIO
pa3 B 2 pOKH IULSIXOM BA3HAYCHHS i1 TOBKWHH 3 BUKOPHCTAHHSIM JIA3epHOTO iHTEpepoMeTpa.

IMocranoBka mpoOaemu. Y BHIAIKY NMPOBECHHS I103aUepProBUX UM ODKYUHX MEpPEBIPOK
KOHTPOJILHOTO METPY HEJIONIJIFHO BUKOPHCTAHHS JTa3epHUX 1HTepepoMeTpiB (Jac MPOBECHHS,
BapTiCTh MOCIYrH Ta iHme). ToMy, Ha Halry TyMKy, Y TakuX BHUIIAJKaX ICHYe MOXIHBICTH
BU3HAYATH 3MiHY HOTO JOBXWHH 3 BUKOPUCTAHHSM 1HIUKATOpa FOAMHHIUKOBOTO THITY.

© Bisar A. ., Kopmy6a 10. T, Tletpos C. JI., 2020
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AHaJIi3 ocTaHHIX JocaiukeHb i myOJikamiii. SIk Oyio 3a3HaueHo BuIle, KOHTPOJIbHA
JiHifKa Ta B3ipIeBI MIpH 3aCTOCOBYIOTH JUIS METPOJIOTIYHHX IEPEBIPOK PIZHOMaHITHHX
TeoJIe3NYHNX MPHUIAiB Ta cremnianizoBaHoro oomagHanHs. Takox y [2-4] ogHOMETpOBi Ta
JIECATUMETPOBI 1HTEpBaIH (Pa30BOI JUISTHKH 0a3KCy IPYroro po3psty BUMIPSITA KOHTPOJIEHAM
MeTpoM 13 moxu6koro Menie 0,1 ta 0,3 MM BiamoBigHO. KOHTPOJIBHI METPU BUKOPUCTOBYIOTh
JUTSE KOMITApyBaHHS HiBemipHUX peiiok [S]. Takox y pobdortax [6; 7] mokazaHo HEOOXiTHICTH
NpsIMAX BUMIPIOBaHb Ta JIOCHIIKEHO METOJWKH BHCOKOTOYHHMX BHMIpPIOBAaHb B 1HXKEHEPHIH
reonesii. Y pobGoti [8] po3pobieHO cdepuuyHHMit BigOWBaY Ta BiJIOWBAY-BEKTOp JUIS
BHCOKOTOYHHMX TEXHIYHUX BHMIpPIOBaHb y MPOMHCIIOBOCTI, JIe € 3HAUHA 3MiHA TEMIIEPaTypH.
Po3pobOka cydacammu dipmamu [9, 10] oOmagHaHHS A9 TPAMUX BHMIPIOBaHb THITY
«KOHTPOJIbHUH MeTp» MiATBEPJPKY€E aKTyaIbHICTh TAKUX JOCHIKEHb.

Buninstores JiHiiHE @ Ta 00’€MHEe [ pO3MIMPEHHS PO3MIpIB TBEPIOro Tila MPH 3MiHi
temneparypu. Hamu nocnimkeHo JiHiiHe po3mupeHHs. 3HA4YeHHs JiHIMHOTO KoedimieHTa
TEMIIEPATYPHOTO PO3ITHUPEHHS 00YNCITIOEThCS (hopMmytoro [11]

[=1(1+a-Ar), (1)

ne lp, — po3Mip TBEpOTO Tija A0 HAarpiBaHHS; / — po3Mip TBEPAOTO Tija Miciis HarpiBaHHs; Af —
PI3HHIIS TEMIIEPATYPH.

VY tabn. 1 HaBeieHO pO3paxyHOK 3MiHHU PO3MipiB MaTepiajly BiJl 3MiHH TeMIEpaTypH, 3 IKOTO
BHTOTOBJIFOIOTH POOOYi €TAJIOHH JIOBKHH 3T1THO KOe(iIi€HTIB JTIHIHHOTO PO3IIUPEHHS.

Taomurg 1
3mina 006xHcUHU OOHOMEMPOBO20 BIOPI3KA 610 3MIHU MeMnepamypu.
Marepian a- 3mina Temmepatypu At, °C
Al mm| 107°7/°C 1 5 10 20

IHBap 1,5 0,002 0,01 0,02 0,03
JlaTyHb 19 0,02 0,10 0,19 0,38
AsroMiHiit 23 0,02 0,12 0,23 0,46
Cranb 11 0,01 0,06 0,11 0,22

I'padivHO TEeOpeTHUHO pO3paxoBaHy 3MiHY JOBXKHHH OJIHOMETPOBOro Binpizka (A1),
BUTOTOBJICHOTO 3 TOIO YM IHIIOIO MaTepiajy I BIUIMBOM 3MiHH Temrmepatypu (Af),
HaBeJIeHO Ha puc. 1.

Al,mm

0.50
/ =t ANIOMIHIA
0.40
// g [aTYHb
0.30
// / e CTaNb

0.20 //
0.10
0 =0o=|HBap

0.00 ¢ T — " . ; . ; ,
0 2 4 6 8 10 12 14 16 18 20 A&tL°C

Puc. 1. 3mina 0oearcunu mempo6ozo 8iopizka 6i0 3MiHU memnepamypu
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OCKiJIbKM KOHTPOJIbHUI METp BHTOTOBJICHO 3 JIaTyHi, TO 3MiHa TeMIEpaTypH Ha OJIUH
rpaayc TEOPETHYHO IMOBHHHA 3MIHHTH Horo po3Mip mpubam3Ho Ha 0,02 mm. Tomy mus
MPOBEJICHHS METPOJIOTIYHUX TIEPEBIPOK KOHTPOJILHUX METPIB SIK INTPUXOBUX 3pa3koBux mip 11
ta IV THIly BUKOPUCTOBYIOTH Jla3zepHi iHTepdepomerpu. HeoOXiHO 3a3HAYUTH, IO JTa3epHi
iHTepdepoMeTpH SK €TAIOHM JOBXKMHM B YKpaiHi posramoBani B KueBi Ta Xapkosi. B
iHcTUTYTI Teoe3ii HY «JIpBiBChbKa MOJIITEXHIKA» BCTAHOBIICHO Jla3epHuid iHTepdepometp II1-
1 3 niHiftHOO YacTUHOIO JOBXKHHOIO 20 MeTpiB. CepeIHbO KBaIpaTHYHA MOXUOKA BU3HAUCHHS
3MiHHM JOBXHUHH iHTepdepomerpoM cTaHOBUTH 1 MKM/1 M. Dikcariro BiJUTiKy BUKOHYIOTH 3a
JIOTIOMOTOI0 ONITUYHOTO MIKPOCKOIy, SIKMH 3akpituieHo Ha KapeTmi. Bona, y cBoro dyepry,
MepecyBa€eThCS TI0 HATPSIMHUM, SIKi 3a0€311eUyIOTh BiIXAJICHHS JIa3€PHOTO IIPOMEHIO He OibIie
HX 1,5 MM Ha BCili TOBJKHHI JIIHIHHOT YaCTHHHU.

BuisieHHs1 HeT0CTiIPKEHNX YACTHH 3arajibHOI poodaemu. J[o HeToCTiKEHUX TpodIeMm,
SIKi TIAHYETHCSI HaMU BUPIMIATH, MOKHA BITHECTH JOCITIDKEHHS JiHIHHOI 3MiHH pPO3MIpy
KOHTPOJIBHUX JITHIAOK ITpH 3MiHI TeMITepaTypH, epeBipka (GopMyI1 TeMIiepaTypHOTo JIIHIHHOTO
PO3MIUPEHHS JIIT KOHKPETHOTO JIOCIIKYBAHOTO B3ipIls, @ TAKOX JOCII/DKEHHS TOYHOCTI TPH
BUKOPHUCTaHHI 1HIUKATOPIB TOJIMHHUKOBOTO THITY 3aMiCTh iHTepdepoMeTpiB.

Meta crarTi. JlocniauTu 3MiHY JOBXHHU KOHTPOJIBHUX JIHIHOK B TeMIepaTypu
3 BAKOPUCTAHHSIM 1HJMKAaTOpa TOJAMHHUKOBOTO THIY (TOYHICTH BIiJUIIYyBaHHS B3STTS
Bimiky 0,01 Mm).

Bukian ocHoBHOro Matepiauy. Sk 1ociiKyBaHi 3pa3ku BHOpaHO KOHTPOJIBHUN METp Ta
JBI KiHIeBi MipH (puc. 2), ge / — nmiBMeTpoBa Kinresa Mipa III tamy 3i cram, 2 — MeTpoBa
kinnesa mipa III Tumy 31 crami 3 — meTpoBuii KoHTpoiabHMN MeTp IV Tumy 3 nmaryni. [ns
IIIBUIIICHHS. TOYHOCTI BH3HAUEHHS TeMIIepaTypH JOCTIDKYBAaHUX 3pa3KiB BHKOPHUCTAHO
JIOJIATKOBUH TIOBIPEHUN TEPMOMET 13 JIBOMA 30BHIIITHIMA BUHOCHUMH JIaBaAYaMH.

Puc. 2. Jlocnioocysani spazku

ExcniepumenTanbHi TOCTiKEHHS POBOAMIN Ha po3pobIieHi HaMu ycTaHoBIi (puc. 3), 1e
OJIMH KiHEI[hb KOHTPOJHHOTO METpa JKOPCTKO 3aKpIIJIUTM HAa METaJIeBOMY IBeJepl JIHIHHOI
YyacTuHH JiazepHOro iHTepdepomerpa II1-1, a apyruit Takox >KOPCTKO, aye 4epe3 iHIUKaTop
TOJIMHHUKOBOTO THUITY. BakimBuM € 3a0e3nedueHHst CTaOlIbHOCTI KOHTPOJFOIOUOTO MapameTpa
JUISL BCIX €JIEeMEHTIB KOHCTPYKIIii, KpiM JTociiKyBaHoTo. [{e mocsiraetbes THM, 110 1aboparopis
OCHAII[eHa aBTOHOMHOIO CHCTEMOIO OTIAJICHHS, siKa 3a0e31euye cTablibHy TeMIepaTypy B MeKax
15-20 °C. Ilepen movyaTkoM HpPOBEACHHS €KCIIEPUMEHTY KOHTPOJIBbHI JIHIHKM Ta KiHIEBI MipH
OXOJIOJDKYBAJIM JUTS 30UTBINCHHS Jialla30Hy 3MiHH TemrepaTypd. llin dac BHMiproBaHb
Temrmeparypa cepenosuina 0yino 18 °C, Tobto 6mu3bka 10 HopManbHoi 20 °C. J{71st JociKeHHs
BILTMBY TEMIICpATypH Ha 3MiHY pO3MIipy JOCITIIKYBaHUX 3pa3KiB HAMU BUKOHAHO IT" SITh THITOBUX
EKCIIEpUMEHTIB. Y KOKHOMY 3 €KCIIEpUMEHTIB (DIKCyBajaM 3HAYCHHS TeMIIEpaTypH, BUIIK MO
iHIMKaTOpy TOMWHHWKOBOTO THITy Ta Yac BiTidyBaHHS. ExcnepumenTtn 1-3 mossiramu B
JIOCTIJDKEHH] 3MiHU JOBXXKHHU KOHTPOJIBHOTO METPY 3 Pi3HUM IHTepBaJOM Yacy. ExcriepuMeHT
Ne 4 onsiraB y TOCTiDKEHH] 3MIiHH JIOB)KHHU METPOBOI KiHIIEBOI MipH, a eKCIiepiuMeHT Ne 5 —y
JIOCJTIPKEHH] 3MiHM JOBKUHH MIBMETPOBOI KiHIIEBOT MipH.
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Puc. 3. Yemanoexa ons oocniosicens

Ne 3(21), 2020

PesynpraTi °IThOX €KCHEPUMEHTIB [10JIaHO B Ta0I1. 2—06,
JIe T — 9acOBUU MOMEHT BiJUTIKY 1HIUKATOPa TOJUHHHUKOBOTO THITY;
t — Temmepartypa J0CHIiPKyBaHOTO 3pa3Ka;
AT — pi3HMI Yacy y BiUTIYyBaHHI IHIAKATOpa TOJWHHHKOBOTO THITY;
At — pi3HHIIS TeMIIepaTypu MK BiJUTIKAMHU 1HAWKAaTOpa FOJJUHHUKOBOTO TUILY;

Al — pi3HUTIA PO3MIpY JTOCITIHKYBAHOTO B3ipIIs.

313

Tabmurs 2
Peszynomamu eumiprosans (excnepumenm 1)
T, t, At, Al
Ne rox oC AT, o oC MM
1 13:30 11,0 0:00 0,0 0,00
2 13:55 14,5 0:25 3,5 0,09
3 15:00 17,0 1:30 6,0 0,13
Tabmuus 3
Pesynomamu eumiprosans (excnepumenm 2)
T, t, At, Al
Ne ron oC At, ron oC MM
1 12:32 7,5 0:00 0,0 0,00
2 12:41 11,5 0:09 4,0 0,07
3 12:48 13,0 0:16 5,5 0,15
4 12:56 15,0 0:24 7,5 0,18
5 13:14 16,5 0:42 9,0 0,18
6 17:00 17,5 4:28 10,0 0,19
Tabmursg 4
Peszynomamu eumiprosans (excnepumenm 3)
T, t, At, Al,
N roj °C At, ron °C MM
1 13:37 9,5 0:00 0,0 0,0
2 13:41 10,5 0:04 1,0 0,02
3 13:46 12,0 0:09 2,5 0,05
4 13:50 13,0 0:13 3,5 0,08
5 13:53 14,0 0:16 4,5 0,09
6 14:00 15,0 0:23 5,5 0,11
7 14:05 16,0 0:28 6,5 0,12
8 14:18 17,0 0:41 7,5 0,14
9 14:42 17,5 1:05 8,0 0,16
10 16:27 18,0 2:50 8,5 0,16
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Tabmums 5
Pesynemamu eumipiosans (excnepumenm 4)
T, t, At, Al,
Ne rox oC At, ron oC MM
1 9:22 8,3 0:00 0,0 0,00
2 9:27 10,3 0:05 2,0 0,02
3 9:29 11,3 0:07 3,0 0,03
4 9:31 12,3 0:09 4,0 0,04
5 9:35 13,3 0:13 5,0 0,05
6 9:39 14,3 0:17 6,0 0,05
7 9:44 15,3 0:22 7,0 0,06
8 9:52 16,5 0:30 8,2 0,07
9 9:59 17,3 0:37 9,0 0,08
10 10:35 19,3 1:13 11,0 0,10
Tabmmms 6
Peszynomamu eumiprosans (excnepumenm 5)
T, t, At, Al

Ne rox oC At, Ton oC MM

1 15:18 4,7 0 0,0 0,00
2 15:19 5,7 0:01 1,0 0,00
3 15:21 7,7 0:03 3,0 0,01
4 15:22 8,7 0:04 4,0 0,01
5 15:26 11,7 0:08 7,0 0,02
6 15:28 12,7 0:10 8,0 0,02
7 15:33 14,7 0:15 10,0 0,03
8 15:44 17,7 0:26 13,0 0,04
9 15:51 18,7 0:33 14,0 0,04
10 16:35 20,8 1:17 16,0 0,05

Ha pwuc.4 mnomaHo BHUMIpsSHI 3HA4YeHHS 3MiHU JOBXWHHU (4/) 3ale)XHO BiJ 3MiHH
temriepatypu (At).

Al, mm
0.2
—g—F2
,—0 —f—[3
0.15
e 1
) /// / " 4
0.05
-5
0 T T T ! t' nc
4.0 9.0 14.0 19.0

Puc. 4. 3mina posmipy oocnioscyeano2o 63ipys 6i0 memnepamypu.
(Oani 3 xononox 3 ma 6 mabauys2—06)
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Ha puc. 5 naBeieHo BUMipsiHI HaMH 3MiHU JOBXHH (Al) 3a1€KHO BiJl 3MiHU TeMIIepaTypu
(At), mpuBeIeHI 10 HYJS MKaId. TakoX HaBEJACHO TEOPETHYHO PO3PAaxXOBaHi 3a BIJIOMHUMHU
KoedilieHTaMi JIiHIHHOTO pO3IMIMPEHHsT 3HAYEeHHS 3MiHU JIOBXKHMH 3aJ€KHO BiJ] 3MiHH
TeMIIEpaTypH.

Al, mm
02
= Teop. NatyHe Im
e 2
]
D.15
e 1,

=ge=Teop. Ctanb1 m
i £

=== Teop.Ctanb 3.5 m

e )

; ; At°C

o 5 10 15

Puc. 5. 3mina posmipy oocnioxcysanoeo 63ipys 6i0 sminu memnepamypu
(Oani 3 kononox 5 ma 6 madbauys2—6 npugedeni 00 HyJs)

Excnepumenr 1 ta 2, jie sIK JOCIIKYBaHHMiA B3ipellb OyB KOHTPOJIbHHI METpP, BUTOTOBJICHUIMA
i3 aTyHi, moxa3aB HelniHiliHe BUIOBXEHHS IIPU pi3KoMy 3pocTanHi Temmeparypu (1,5° Mermre
HiK 3a 10 xBwiuH). ExcriepumeHT 3 13 HEBEJIMKUM BIIXWICHHSM BIAMOBINAE iHIAHIN
3aJIe)KHOCTI BHJIOBXKEHHS. ExcriepuMeHT 4 Ta 5 BIANOBiAae JIHIWHIA 3aJ€KHOCTI, aye
CIIOCTepIraeThCsl HEBIAMOBITHICTh KoedilieHTy po3mmpeHHs cTaii. Hamu po3paxoBaHO
Koe(iieHTH KOpemsmii “r” juid MiATBEp DKCHHS HENIHIMHOT 3aJeKHOCTI BHJIOBKCHHS BiJI
3pocTaHHs Temmeparypu 3a (opmyrnoro 3 [12]. OTpumani 3HaueHHS HaBeJeHI B TalOi. 7.
Po3paxyHok KoedilieHTIB KOPEIIAIii I JPYTOTo Ta TPETHOTO JTOCIi Ty BHKOHAN O€3 OCTaHHIX
BUMIpiB, OCKUJIbKM BOHM BHKOHaHI 13 3HAYHOIO 3aTPUMKOIO Yy dYaci sl MiATBEpKEHHs
cTabinizanii po3Mipy Ipu He3MiHHIH Temmeparypi.

Tabmuns 7
Koedghiyienmu xopensyii sminu éuooeaicennsi (Al) oocniosxcysanozo spasxa
610 3miHnu memnepamypu (At)

Ne I (At, °C - Alvv)
IEl 1,00
TE2 0,89
TE3 0,99
TE4 1,00
TEs 1,00

OcKkinbKH KOeQiIieHTH KOPETsIlii eKCIEPUMEHTY 3—5 TOPiBHIOIOTH OJIMHMIIL, TO 33 JAaHUMU
TabJIMIb 4—6 MOKHA pO3paxyBaTH KOCQIIIEHT JIHIHHOTO PO3IIMPEHHS IS KOKHOTO JOCIi-
JOKyBaHOTo B3ipist. Bupasumu 3 popmynu (1) koedimieHT miHiHHOTO po3mmpeHHs “o” (2):

[—1,

a:lo-At' 2
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VY T1abn. 8 momaHo yTouyHeHi KoeQillieHTH JiHIHHOTO PO3MIMPEHHS Ui KOHTPOJBHOIO
METpY, BUTOTOBJICHOTO 3 JIATYHI, Ta B31pIIeBOI MipH, BATOTOBJICHOT 31 CTaJIi.

Tabmums 8

Ymouneni xoeghiyicumu ninitino2o posuwupenns

07151 00CII0ACYBANUX 63ipYi6 13 IamyHi ma cmali

Matepian @
KT
A1, MM 10°/°C ¢ 10°/°C
JlaTyHb 20,00 1,30
Cranb 9,46 0,99

JIJIT KOHTPOJTIO OJIEp’KaHUX pe3yNbTaTiB OyJI0 BU3HAUCHO 3MiHY JIOBXKUH JTOCIIKYBaHUX
B3IpIIiB 3 BUKOPUCTAHHSM Jla3epHOro iHnTepdepomerpa. Onepikani pe3ysibTaTH, a caMe 3MiHa
JOBKMHH BH3HAUCHA JIa3epHUM IHTEpPEPOMETPOM 1 IHJUKATOPOM TOIMHHHKOBOTO THITY
BizpizHstOThes Ha 0,02 — 0,04 MM, 110 TiATBEPKYE MOKIIUBICTH BUKOPUCTAHHS 1HMKATOPIB
TOJIMHHOTO THITY JIJISI TPOBECHHS MEPEBIPOK KOHTPOJIBHUX JTIHIHOK.

BucHoBKkH BiAnoBiIHO 10 cTaTTi. AHANI3YIOUM PE3yJIbTATH JOCIIIKEHb, MOXHA 3pOOUTH
TaKi BACHOBKH. BUKOpHCcTaHHS iHIUKATOPIB FTOJMHHAKOBOTO THITY JIa€ 3MOTY BiJICIIIIKOBYBAaTH
3MiHy pO3Mipy KOHTPOJIbHUX JIHIMOK y pa3i 3MiHU TeMIeparypH i, y CBOIO dYepry, Jae
MO>KJTUBICTB ITEPEBIPKU (POPMYIIH TEMITEPaTyPHOTO JIIHIHHOTO PO3IMUPEHHS JIJISI KOHKPETHOTO
JIOCITIJKYBAHOTO B3IpIlsl, a He TUIbKHM (ikcyBaTu po3mip. Takok HaMHM BCTaHOBIJIEHO, IO
IBUJIKA 3MiHA TeMmepaTypH, Oinbme Hik Ha 1,5° 70 JecsATH XBHUIMH, BUKINKAE HENiHIHHY
3MiHY JIOBXMHM JOCHIUKyBaHMX B3ipuiB. et ¢akt HeoOXimHO BpaxoByBaTH IIiJ] dyac
BHAMIipIOBaHbh KOHTPOJIFHIM METPOM B TTOJTHOBUX YMOBAX MPH Pi3KUX TepernaiaX TeMIeparypH.
[IpocTroTa METOUKH Ta JOCTYMHICTH MPIJIAIIB AJIS MIEPEBIPKU Ja€ 3MOTY MPOBEJICHHS TaKHX
poOIT HE TUTBKH y CHeIliali30BaHMX JJabopaTopisx, aje if Ha BAPOOHMIITRBI Ta B 3aKJajaX OCBITH
JUTSI HABYQJIBHUX ITLICH.
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UDC 528.3
Anatolii Vivat, Yurii Korduba, Sergii Petrov

INVESTIGATION OF TEMPERATURE INFLUENCE ON THE
CONTROL METER SIZE CHANGE USING THE CLOCK TYPE
INDICATOR

Urgency of the research. Measuring small displacements is an important task of engineering geodesy. Measurements
with an error in the range 0.001 mm - 0.1 mm are called technical measurements. Special equipment and methods of working
on it are developed to perform such measurements. Control lines and sample measures are used for metrological verification
of equipment. The temperature has the greatest effect on the change in the size of the equipment. The development of methods
for high-precision fixation of small displacements from temperature changes is an urgent task.

Target setting. It is difficult to measure small displacement with high accuracy. Interferometers are used for this purpose.
A new high-precision method for measuring small displacements is proposed. Investigate the possibility of using the proposed
method to determine the linear extension of the control lines.

Actual scientific researches and issues analysis. Open access publications on linear expansion of material, devices and
methods of fixing small movements are considered.

Uninvestigated parts of general matters defining. Use of clock-type indicators instead of interferometers. Research of change
of the size of control lines at temperature change. Checking the formulas of thermal linear expansion for a specific test sample.

The research objective. Investigate the change in length of control lines from temperature using clock-type indicators.

The statement of basic materials. The use of clock-type indicators allows to track the change in the size of the control
lines when the temperature changes, and in turn allows to check the formula of thermal linear expansion for a particular
sample, and not just to fix the size. We also found that a rapid change in temperature, more than 1.50 to ten minutes, causes a
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nonlinear change in the length of the studied samples. This fact must be taken into account when measuring with control lines
in the field at sharp temperature drops. The correlation coefficients of size change from temperature and size change over time
under the influence of temperature are calculated. To control the obtained results, the change in the length of the control lines
was determined using a laser interferometer. With a temperature change of 8.50 C, the control meter changed its size by
0.18 mm and 0.16 mm (respectively, laser interferometer and clock-type indicator).

Conclusions. A method for determining small displacements using a clock-type indicator is proposed. The correlation
coefficients of the change in time under the influence of temperature change are established. The coefficients of linear expan-
sion for brass and steel are specified. The practical value of the research is that the proposed method allows for metrological
verification (extraordinary, running) of standards of length without the use of classical standards such as laser interferometers.

Keywords: standards; high-precision measurements; control line; clock type indicator, temperature change, size change.
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— KBHTAHIIIIO (CKaHOBaHY) PO CIUIATy BapTOCTI MyOJTiKaIlii HayKOBOI CTaTTi.

OnyOmikyBaHHS HAYKOBUX cTaTell y )kypHai « TeXHiUHI HAyKH Ta TEXHOJIOTI» € IIaTHUM.
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