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HOBA TEXHOJIOTIS 3BAPIOBAHHS THCKOM AJTIOMIHIIO
3 MIJUIIO YEPE3 TPOLLIAPOK

Axmyansnicme memu oocniodycenna. CyyacHuil memn HPOMUCTIOBO20 PO3GUMKY HOMPEOYE 3HUNCEHHS MeMANOEMHOCHIE
KOHCMPYKYIll Ma 00HOUACHO20 NIOBUWEHHS IXHIX MeXHIUHUX Xapakmepucmuk. Bukopucmanns Oimemanesux 3’ cOHanb y 6y31ax
KOHCMPYKYIll 0036015€ NOEOHAMU Nepesazu KOJCHO20 3 Mamepianie ma 3abe3newumu 6UCOKI eKCRIyamayiliHi 61acmugocmi.
O0num i3 Hallbinb nowuperux 6imemanie € napa antOMIHI-MiOb, WO WUUPOKO BUKOPUCHIOBYEMLCA 8 PISHUX 2ATLY3AX NPOMUCTO-
socmi. Tomy akmyanbHum 3a80AHHAM € ROULYK HOBUX CROCODI8 OMPUMANHS HEPO3 EMHUX 3 €OHAHb ANIOMIHIIO 3 MiOOIO.

Ilocmanogxa npoonemu. Ompumanus AKICHUX HEPO3 EMHUX 3 €OHAHb PI3HOPIOHUX Mamepianié noe’azame 3 MexHo-
JOTYHUMU MPYOHOWAMU, BUKTUKAHUMY 8IOMIHHOCIAMU (Qi3uKo-Mexaniunux eracmusocmeli mamepianis. Ocobaugo ysa npo-
bnema ycKNaoHEMvCsl 8 pasi HeoOXIOHOCMT 00epIICAHNS NPEYUIIUHUX 3 €EOHAHD.

Ananiz ocmannix oocnioycens i nyonikayist. Cnocobu 36apiosanHs MuckoM, 30Kpema eileKkmpoKoHmaKkmue, 30amHi 3a-
nodiemu UHUKHEHHIO 8KA3AHUX NpodieM, nidguuumu MiyHicmos 3 €OHaHHA Ma 00CsA2MU NPeYusiuHOCmi 3a paxyHox Oinbiu
HU3bKUX memMnepamyp ma mMeHuiloi mpusaniocmi ix 0ii NOpieHAHO 31 36apI0GANHAM NAAGNEHHAM. Y nonepeonix pobomax namu
6y710 po3pobieno mexHon02i NPeyusitino2o eneKmpoKOHMAKMHO20 36aPI0BANHS ATIOMIHIEBUX CNAABIE Yepe3 MOHKUL Mema-
J1e8Uti NPOMIdICHU NPOULAPOK.

Buoinenns nedocnioxncenux uacmun 3azansnoi npoonemu. HedocniodiceHum numantam 3a1UuUacmocs enekmpoKkon-
makmmue 36apro8anHs ANIOMIHIIO 3 MIOOI0 Uepe3 MOHKULL Memanesuti NPOMIdICHUL NPOULAPOK.

Ilocmanogka 3aedanns. Jlocniodcenus 30amHocmi 00 36aplOGAHHI TMUCKOM aNIOMIHiI0 ma Mioi uepe3 NpOMIdICHULL
NPOWApOK 3 AMOMIHIEBOT (hobeU 3 MEMOIO OMPUMAHHSA 3 EOHANb 3 BUCOKOI0 MIYHICMIO MA HUZLKUM pigHem Oedhopmayii.

Buknao ocnosnozo mamepiany. /locniosicenns nposoounu Ha 3paskax i3 anominito A0 ma mioi M1 3 euxopucmanusm
NPOMIDICHO20 NPOWLAPKY 13 CyyinbHoi cmpiuku aniominiegoi ghonveu mapku AJJ0. Lnsaxom excnepumenmis 6cmaHoeneHo on-
MUMATLHUL PeNCUM el1eKMPOKOHMAKMHO20 MOUK08020 36apiosanis. AKicmb 36apno2o 3 €OHAMHA 3anedicumb 6i0 KilbKOCMi
wapie ¢onveu 8 NPOMIJCHOMY NPOUAPKY.

Bucnoexu ionogiono 0o cmammi. Po3pobneno mexHonociio 36apiogamHs MuUckoMm aniominito ma midi uepe3
NPOMIICHUL NPOWAPOK 3 ANIOMIHIEBOT honbeU,; BCMAHOBIEHO, WO BUKOPUCMAHHA NPOMIJICHO20 NPOULAPKY 00380A€ 30iNb-
WUmMy Mensio8KIA0eH sl 8 301y 3 €OHAHHA MA 3MEHWUMY PiBeHb 3aIUuK080i dedopmayii; docniodHceHo MiKpoCmpyKmypy
30HU 3’ €OHAHMA; BU3HAYEHO MIYHICMb 36APHUX 3 €EOHAMND.

Knrouoei cnosa: antominiil; Miosb; 36apro8aHHs MUCKOM, NPOMINCHULL HPOUIAPOK, MENI08KIA0EHHS, MIYHICIb, NPEeYU3iuHIiCHb.

Puc.: 3. Tabn.: 2. bién.: 16.

AKTyaJabHicTh TeMHu AocaizkeHHsA. OqHIEI0 3 HAaaKTyalbHIIKUX MPoOIeM MalIMHOOY-
TYBaHHS € 3HIDKEHHS METaJIOEMHOCTI KOHCTPYKIIIM MpHU OJHOYACHOMY MiJBHUINEHHI iX TeX-
HIYHUX XapaKTepUCTHK Ta HAaJIIHOCTI B poOOTi.

Po3BuTOK CydacHOTro aBia-, aBTOMOOLIE-, TpUIa00yAyBaHHs, XIMIYHOI, EHEPreTUYHOI Ta
IHIIUX Tany3edl NPOMMCIOBOCTI TICHO MOB’S3aHUN 13 HIMPOKUM BUKOPHUCTAHHSIM TaKHX
METaJieBUX MarepianiB, SKi BOJIOJIIIOTH BHUCOKOIO MIIHICTIO TPU HU3BKHX Ta BHCOKHUX
TeMIepaTypax, BEJMKAM BiJHOIICHHSM MIIIHOCTI 10 MUTOMOi Baru, JIOCTaTHHOIO OIIPHICTIO
HaNpYy>KEHHsIM, 110 BAHUKAIOTh MIPU BiOpaiisix TOIIO.

AHaJti3 BIaCTHBOCTEH ICHYIOUMX KOHCTPYKI[IMHUX MaTepialliB Ta Marepialis, 110 CTBOPIO-
IOTBCS, TOKa3ye, IO JKOJEH 13 HUX HE BINOBiJa€ BUIIEBKa3aHUM BHMOTaM OJHOYACHO.
OnHuM 13 cnoco0iB pamioHAJLHOTO 3aCTOCYBAHHS KOHCTPYKIIMHMX MarepiajiiB € BUTOTOB-
JeHHd X KoMOiHOBaHMMH. ToMmy B 0ararboX KOHCTPYKLISX ONTHUMAaJIbHI €KCIUTyaTalliiHi
BJIACTUBOCTI MOXJIMBO OTPHMATH, BUKOPUCTOBYIOUM OimeTaneBi 3’€IHaHHS Ta BY3Id. Y
[IbOMY BHUIIQJIKy HaHOUIbII TOBHO BHUKOPHUCTOBYIOTHCS BJIACTHUBOCTI, fKI XapaKTepH1 Uis
KOXXHOTO 3 METaJIB, 110 BXOJSTH IO CKJIaAy KOMOIHOBAaHHX 3’ €THAHb.

Cepen takux OiMeTasieBUX 3’€JHAHb 3HAYHOTO TMOUIMPEHHS B PI3HUX raiy3six HaOyBae
BUKOPUCTaHHS Napu Mifb-antoMiHii [1; 2]. Hanpuknan, B €1eKTPOTEXHIYHIA TPOMHUCIOBOCTI

© Hosommurenps O. O., FOmenko C. M., Onekcienko C. B., [Tonoseupkuii €. B., Anekceenko I. 1., 2019
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3aCTOCOBYIOTh HEPO3’€MHI 3’€IHAHHS AIIOMIHII0O 3 MIJJII0 B €JIEKTPOINPOBOJAX, CHUIIOBUX
TpanchopmaTopax. B eHepreruili MigHO-amIOMIHIEBI BY3/IM BUKOPUCTOBYIOTHCS B €JIEMEHTAX
XOJIOMITBHOT Ta KPIOTEHHOT TEXHIKH.

OcTtaHHIM YacoM 3BapIOBaHHS AIOMIHIIO 3 MIJJIIO CTA€ OJHUM 13 HEHTPAIbHUX TEXHIYHUX
3aBJlaHb y TaKid MEpCHEeKTUBHIM cdepi, AK eIeKTpoaBTOMOOLICOYAyBaHHS, 30KpeMa JUis
BUTOTOBJICHHS aKyMYJIATOPIB [2].

Bubip nwmx marepiamiB Ui JOCHIDKEHHS 3yMOBJIGHHMH HE JIMIIE iX MOIIMPEHICTIO Y
BUPOOHMIITBI, a TAKOX MOTPEOOIO B OTPUMAaHHI HEPO3 €MHUX 3’ €JHAHD NAPU Mi/Ib-JIIOMIHIHN 3
HEOOXITHUMHU EKCIUTyaTal[iIitHUMHU SKOCTSIMU.

ITocTanoBka mpo6saemu. Pi3HOpiAHI 3’€AHAHHS, 10 MPAIIOIOTh IPU BUCOKHUX TEMIIEpa-
Typax a0o y crelriaJbHUX CepeJOBHILAX, JOLULUIBHO OTPUMYBATH 32 JOMOMOIOI0 3BapIOBAHHSI.
Ile 3yMOBIEHO THM, IO MEXaHIYHI 3 €qHAHHS (3aKJIEMOYHi, OOJITOBI TOIIO) 3ACOUIBIIOTO €
HEHaJlITHUMHU B eKCIUTyaTallii Ta CKJIaJHUMH 332 KOHCTPYKIi€r0. 3’€THaHHS, OTPUMaHi 3Bapro-
BaHHSM, CHPUSAIOTH 3HIDKEHHIO METaJIOEMHOCTI, pr,Z[OMICTKOCTl Ta MiJBUIICHHIO SKOCTI
3’enHaHHA. BojgHOuac 3BaproBaHHs pPI3HOPIIHMX METaliB 1 CIUIaBIB IOB’s3aHE 3 TEXHO-
JIOT1YHUMH TPYAHOIIIAMH.

CKIIaHICTh 3BapIOBAHHS ATIOMIHIIO 3 MIUIIO TIOB’s3aHa 3 THM, 10 BOHH PO3PI3HSAIOTHCS 32
GBUYHUMH Ta MEXaHIYHUMH BJIACTUBOCTSMH, SIKI OOYMOBIIIOIOTH SIK B3a€MOJIII0 METAJiB MK
co0010, Tak 1 iX B3aeMOJI0 3 (a3aMu, 110 YTBOPIOIOTHCS B MPOLIECi 3BApIOBAHHSA. Y TBOPEHHS
KPUXKUX IHTepMETaIIHUX (a3 y mporeci 3BaploBaHHS 3HIKYE MOKA3HUKH MIITHOCTI. 3agaya
OTPUMAaHHS SAKICHOTO 3BapHOTO 3 €JHAHHS 1€ OUIbIEe YCKIAIHIOETHCS HEOOXITHICTIO
3abe3nedyeHHs npermsiiHocti. ToMy akTyalbHUM 3aBIAaHHSIM € JOCTDKEHHS Ta BJOCKOHA-
JIEHHSI CMIOCOO0IB 3BapIOBAHHS AFOMIHIIO 3 MO 3 METOK 3a0e3MeUeHHs] BUCOKHUX MOKA3HUKIB
MEXaHIYHO1 MIITHOCTI Ta HU3bKOTO PIiBHS 3aIMIITKOBOT AedopMartii 3’ € JHaHb.

AHali3 ocTaHHiX gocaimkenb i myOaikauniii. CrocoOu 3BaprOBaHHS IUIABICHHSIM
TIOMIHIIO Ta MiJl OB’ s13aHi 31 3HAYHUMU TPYIHOIIAMH, BUKIIMKAHUMH BHACTIIOK crienudiku
¢b13UKO-XIMIUHUX BJIACTUBOCTEH LUX MarepianiB. JlogaTkoBa mpobiemMa BHHHKAE BHACITIIOK
HAsBHOCTI Ha IOBEPXHI aJIIOMIHIIO TYTOIUIaBKOT OKCUIHOT ITiBKU AL O3.

Binomo, 110 SKiCTh 3BapHUX 3’€IHAHB 3 PI3BHOPITHUX MaTepialliB CYTTEBO 3aJICKHUTH Bill YMOB
dbopmyBaHHsI IHTepMeTaiNiB. BoHu 30epiratoTh BUCOKUIA piBeHL JIIIE HAa TIOYATKOBIA cTajii
NpolieCy 3BapIOBAaHHs, KOJM BiIOyBaeThCsl IMOMEPEYHMi pICT iHTepMeTaninHoi ¢asu. Pocry
u{TepMeTamzuB CIPHAIOTH BHUCOKI TeMrepaTypu HarplBaHH;I Ta TpI/IBaJII/II/I yac ix aii. Orpumaru
SKICHE HEpO3 €MHE 3 €JJTHAHHS PI3HOPIAHUX METAIIIB I03BOJISIIOTH Ti CIOCOOU 3BapIOBAHHS, Y SIKUX
TEPMIYHUH LIUKIT HE TIEPEBUIILY€E TEMIIEPaTypHO-4aCOBUX YMOB YTBOPEHHS iHTepMeTamifiB [3].

Bkazanum BuMoOraMm HaiOUIBIIIOI0 MIpOIO BIANOBIZAIOTH CHOCOOM 3BApIOBAHHS THCKOM.
Cepen uux cnocoOiB 10CUTh ePEeKTUBHUM € nudy3iiiHe 3BaploBaHHS y BakyyMi [4; 5], mpoTte
el TEeXHOJIOTTYHUI MpOLIeC XapaKTePU3YEThCS 3HAYHOIO TPHUBAIICTIO, Y PE3YJIbTaTi 4Oro
3’SIBJIIETbCS BUCOKA MMOBIPHICTh BUHUKHEHHS iHTepMeTanigiB. KpiM Toro, BHCOKa TpUBAICTh
3HI)KY€E MPOJIYKTHBHICTH IIbOTO Mpolecy. Y 0ararbOX BHUIIAJKaX BUKOPUCTOBYETHCS XOJIOJIHE
3BapIOBAHHS ATIOMIHIIO 3 MIUIIO, OJHAK, MO-TIepIle, 3’ €JHAHHS IPU LOMY XapaKTEepU3YIOThCS
HaMIpHOIO Aedopmalti€ro, a mo-apyre, 3 IIIMHOM Yacy Taki 3’ €THaHHS 0CIa0oThes [5; 6].

VY mopiBHSAHHI 31 3raJlaHUMHU crioco0amMH OUIBII TEXHOJIOTIYHUM € eJIeKTPOKOHTAKTHE
3BapIOBaHHS, 1110 3yMOBJIIOETHCS TAKUMHU TepeBaraMu: BUCOKa MPOIyKTUBHICTh, EKOHOMIYHICTb,
HE3HAYH1 3aJIMIIKOBI edopmallii, MPOCTOTa Ta 3pyYHICTh POOOYOro MPOIECY, CXUIBHICTD JI0
nerkoi Mexadizamii Ta aBromarum3zainii [6; 7]. Ilpore B OaraThox BHINAAKaxX TPU EIEKTPO-
KOHTAKTHOMY 3BapIOBaHHI MapH alIOMiHIA-Mib MpOLIEC HArpiBaHHS Mili CTPYMOM € JOCHTb
TPUBAJIMM BHACTIOK il BUCOKOI €EKTPOIPOBIAHOCTI, 1[0 MOXKE MPHU3BECTH SIK 10 YTBOPEHHS
IHTEepMETAaJIIIIB, TaK 1 10 3HIKEHHS MPEIU31HHOCTI.

Tomy HeOOXiIHUM 3aBIAaHHSIM € TMOIIYK NUIAXIB 3a0€3MEYeHHS MHUTTEBOTO HArpiBaHHS
METaJliB 3 METOI0 YHUKHEHHs (pOpMyBaHHS IHTEPMETANIIIB Ta 3MEHIIEHH PiBHA Jedopmartii.
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SIK TMOKa3aHO B MOMEpEeAHIX pPoOOTaxX, MpU EJIEKTPOKOHTAKTHOMY 3BapIOBaHHI €(eKTy
NPEUU3IHHOCTI MOYKHA JOCATTH LUIAXOM 3MEHIICHHS O00’€MY pO3ILIABIEHOTO METaly,
3HWKEHHS 3YyCHJUIA CTUCKY Ta 3pPOCTaHHS TEMIIepaTypu Yy 30HI KOHTAKTy IUISIXOM KOPOTKO-
IMIyIBCHOTO JI030BaHOTO BKIJIAJeHHS eHeprii [8; 9]. BomHodac IHTEHCHMBHOTO TEIUIOBHU-
IineHHs 0e3 HaaMIPHOTO IeperpiBaHHsS MeTaly MOKHA JOCATTH BUKOPUCTAHHAM TOHKHX
IPOMDKHUX TPOINAPKIB 31 3BaplOBaJbHOrO Marepiany abo marepiany 3 ONHM3BKHUM [0
OCHOBHOTO MeTally XiMiuHUM ckiaaoMm [§; 10].

Ha ocHOBI muX [nochipkeHb HaMu Oyno po3poOJEHO TEXHOJIOTIIO MPEeHHu3iiftHOro
€JIEKTPOKOHTAKTHOTO TOYKOBOT'O 3BAPIOBAHHS AJTIOMIHIIO IIISAXOM BUKOPHUCTAHHS TOHKOTO
METaJeBOro MpOMDKHOTrO mpomapky [11], a y momanbmoMy — TEXHOJOTI0 HpPErnu3iiHOro
CTHKOBOTO 3BapIOBAHHS OMOPOM AIFOMIHIIO uepe3 mpormapok [12; 13].

BujinenHsi He1oCaiI:KeHUX YACTHH 3arajibHOI NpodaeMu. Y HasBHUX MyOJiKaIlisgx Ha
TEMy 3BapIOBaHHS THCKOM 3aJMIIAE€THCS HEIOCTIHDKEHUM €JIEKTPOKOHTAKTHE 3BapIOBAaHHS
AIIOMIHIIO 3 MIJUTIO 3 BUKOPUCTAaHHAM TOHKHUX METAJICBUX MPOMDKHUX MPOIIAPKIB.

ITocTanoBKka 3aBAaHHA. MeTOI0 poOOTH € PO3pOOKa TEXHOJIOTI] eIeKTPOKOHTAKTHOTO
TOYKOBOTO 3BapIOBaHHS AJIOMIHIIO Ta MiJi 3 BUKOPHCTAHHSIM MPOMDKHOTO MPOIIAPKY Yy
BUTJIS/II AIFOMIHI1€BOT (DOJBTH.

Buknan ocHoBHOro marepiaiy. Bsaemoois anominito 3 mioow. Crnenudika moeaHaHHS
(GI3MYHUX BIIACTUBOCTEH Mii Ta AJIOMIHIIO Taka, M0 B OUIBIIOCTI BHITAJKIB HE BUKIHKAE
JIOJaTKOBUX YyCcKinagHeHb. Hampuknax, piBHunsg y 1,5 pasu KoeQillieHTiB TepMiyHOTO
PO3MIMPEHHST HE MPHU3BOJAUTH 10 HeOe3NeKku pyHHyBaHHS 3 €IHAHHS, OCKUIBKM 0OuiBa
MaTepiaiu € BUCOKOIUIAaCTHYHUMHU. O/IHAK 3HAa4YHA PI3HUI B TEMIIEpaTypax IUIABJICHHS LUX
MeTaJliB COPUYMHSAE TOU (DaKT, 1110 ATIOMIHIA PO3IUIABIISETHCS paHile, HbK Mifgb. BiiMiHHICTD
TEIUIONPOBITHOCTI Ta TEMJIOEMHOCTI MPHU3BOAUTH 0 3MIHM TEMIIEPATypHHUX IOJIB Ta YMOB
KpucTanizamii merany [14].

BupimanbHuMm  ycKnagHOIOYMM (AaKTOpPOM TPH 3BApPIOBAaHHI AMIOMIHIIO 3 MIUUI0 €
CXWJIBHICTh J0 YTBOPEHHS XIMIYHMX 3’€lIHaHb. AHaJi3 JiarpaMu CTaHy CHCTEMH aJIIOMiHii-
MiIb TIOKa3ye, M0 B Il CUCTeMI1 iCHYe psii CTIHKHUX (SK MpW KIMHATHIA TeMIeparypi, Tak i
npu HarpiBanHi) iHTepmetaniniB (ALCu, AlCu, AbLCu;, AlCuz, AlsCuy Ta iH.), mO
XapaKTEePU3YIOTHCS BUCOKOIO TBEPIICTIO Ta HU3HKOO TUIACTUYHICTIO [ 14].

Y mopiBHSHHI 3 TMOEIHAHHSAM AIOMIHIIO 3 IHIIMMH MeTalaMu (HalpUKIaJ, 3aii30M,
HIKeJIeM) JJIsl B3a€MOJIii aTIOMIHII0 3 MIITI0 XapaKTEpHI BEIHUKI MIBUAKOCTI POCTY MPOIIAPKIB
IHTepMeTaliliB 1 Majla TPUBATICTh JIATEHTHOTO mepiody. HasBHICTH JATEHTHOTO mMepioay
J03BOJISIE OTPUMATH BHCOKOSKICHI 3’€qHAHHSA O€3MOCEPEIHBbO ATIOMIHIIO 3 MIIII0 TaKUMH
METOJaMH 3BApPIOBAHHS THUCKOM, SIKi BAKOPHCTOBYIOTh BIIHOCHO HEBHCOKI TEMIepaTypu Hpu
HEBENMKiA TpuBanocTi Aii. OOHUM 13 TaKUX CIOCOOIB € EIeKTPOKOHTAKTHE 3BAapPIOBAHHSL
BukopucTaHHs  eEeKTPOKOHTAKTHOTO 3BapIOBaHHSA JIO3BOJIIE 3a0e3MEUUTH  OOMEKeH1
TEIUIOBKJIAJICHHS Ta TEMIEpaTypy 3BapiOBaHHA 1 TaKUM YUHOM 3aloOIrTH IMEpPEeBHILEHHIO
nmaTeHTHoro nepioxay [3; 15].

TexHnonoziunuti npoyec e1eKmpoKOHmMAaKmHo2o moukogo2o 3eapiosanns (EKT3). Konrakr-
HE TOYKOBE 3BAPIOBAHHS I'PYHTYETHCS HAa T'€HEPYBAaHHI JDKOYJIEBOTO TEIUIA MiJ Yac MpPOXO-
JDKEHHS €JICKTPUYHOTO CTPYMY MDK €JIEKTpOJaMM 3BapIOBAIbHOT MAIIMHU B MeTali JeTanen
Ta Ha KOHTAKTHUX OTOPAaxX €JIEeKTPOJ-JeTalb Ta JeTalb-JeTalb, a TAKOXK IUIACTHYHIN nedop-
Mailii Harpitoro merany [16].

[Ipomiec 3BaproBaHHS NPOBOAMTHCA y TpU eranu. Ha meprmomy erami BinOyBaeThes
CTHCKaHHS JIeTalieil, 10 3BapIOIOThCS, SKHI BUKJIMKAE TUIACTHYHY Ae(popMallito MIKpOHEpiB-
HOCTEH y JIaHIII031 €JIeKTPOI-AETalb-AETallb-EIEKTPO/I.

Jlpyruii eran rnojsra€ y BBIMKHEHHI IMITyJIbCY €IEKTPHYHOTO CTPyMY, IO MPU3BOAUTH 10
HarpiBaHHs MeTally, HOro pO3IUIAaBJICHHS B 30H1 3’ €JHaHHS Ta YTBOPEHHs piakoro siapa. [To mipi
MPOXO/DKEHHS CTPYMY SIAPO 30UIBIIYETHCS 32 BHCOTOIO Ta B JlIaMETpi 0 MaKCUMAIIbHUX
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po3MipiB. BinOyBaeThcst yTBOpeHHs 3B s3KiB y pifkii (azi merany. [Ipu oMy npooBxKyeThCs
IUTACTUYHE OCA/DKEHHS KOHTAaKTHOI 30HM /O KiHIIEBOro posMmipy. CTHCKaHHS JeTanei
3a0e3nedye yTBOPEHHs YIIUIbHIOIOUYOTO MOSICY HaBKOJIO SApa, 110 3a100irae BUIMJIECKY METay.

Ha tperbomy erami mporecy BigOyBaeTbCsi BUMKHEHHS CTPYMY, OXOJIO/DKEHHS Ta
KpHCTali3allis MeTaiy, 0 3aKiIHUyeThCsl yTBOPEHHAM JIUTOTO sinpa. [Ipu oxonomxenHi 00’eM
MeTally 3MEHIIYEThCS Ta BUHUKAIOTh 3AIMIIKOBI HampyxeHHs. s 3a0e3leyeHHs Kpamux
YMOB KpHCTai3allii MeTajly CTUCKalo4ye 3YCHJUIA 3HIMA€EThCS 3 JAESKOI0 3aTPUMKOIO ICIs
BUMKHEHHS CTPYMY.

Excnepumenmanvrne oocnioxcennss EKT3 antominito 3 mioow. BingnpairoBaHHS TEXHOIOT11
3BapIOBaHHS AITIOMIHIIO Ta Mili 3/11HCHIOBANOCS Ha 3pa3kax amoMiniio mapku AJI0 ta mini
Mapku M1 y Burmsani miactud po3mipom 1x20x100 mm. Sk mpOMDKHHIA TpPOIIApOK, VIS
€JIEKTPOKOHTAKTHOTO 3BapIOBaHHS BUKOPHCTOBYBABCS TeXHIYHUHM amoMiHiii mMapku AJI0 y
BUTJIAI CYLIUIBHOT CTPIUKH (pOIbru 3aBTOBIIKH 11 MKM, sika ckiiafanacs B JAEKiIbKa IIapiB.

XiMiYHHH CcKJIaa Ta (I3UKO-MEXaHIYHI BJIACTUBOCTI JAaHMX MaTepialiB HaBEACHO Yy
tabn. 1,2 [15].

3BapioBaHHS NPOBOJMJIM HAa MAaIIMHI Ui KOHTaKTHOTO TOYKOBOTO 3BapIOBaHHSA
3aranbHOro BUKopucTaHHs tuny MT-1216 (makcumanbHa cuna ctpymy 12 kA). [uxiorpama
npouecy EKT3 nokazana Ha puc. 1 [16].

Ne 4 (18), 2019

Tao0mums 1
Ximiunuii cknao (mac. %, He Oinvuie) mamepianis, ujo 36aprOOMbCS
Meran Al Cu Mg Mn Fe Si Zn Ti
AJ10 99,5 0,02 0,05 0,025 0,3 0,3 0,07 0,1
M1 99,9 0,005 0,001 0,002 0,002 0,002 0,004 0,05
Tabmums 2
Dizuxo-mexaniumi enacmueocmi mamepianis, wo 3eapioomuvcs (npu T = 20 °C)
7, a-10°, px1078,
Meran 3 1 2,Br/m'K | E,TTla| 64, MIla | o1, MIla | HB, MIla| o, %
r/cM K OM'M
AJ10 2,71 24,0 2,92 226 71 80 40 30 15
M1 8,90 16,0 1,75 390 128 200 90 35 45
P,H P
js AlMM? [-------- ; —a8
______ g Jss
tse t,c

Puc. 1. luxnoepama npoyecy EKT3:
Pss — cmuckaroue 3YCULA,; j3(g_ 2YCMUHA 364Pr06albHOCO CMpPYymM)),; t;6 — yac 36apr06AarHHA

EneKkTpoKOHTaKTHE TOYKOBE 3BAPIOBAHHS 3/IHICHIOBAIM Ha MKOPCTKUX PEKHUMax: I'YCTHHA
ctpymy — 400-450 A/mm?, bac iMmynbcy 3BapioBanHs — 0,1-0,5 ¢, cTHCKarode 3yCHILIA —
0,8-1 xH. KinbkicTs mapiB ¢posbru y IpoMbKHOMY IpoIlapky 3MiHoBau Big 2 1o 10.

Heo0OximHO 3ayBakuTH, 110 HA BKa3aHUX PEKUMAaX 3 €THAHHS aJTIOMIHIIO Ta Ml HAIpsMY,
0e3 BUKOPHCTaHHS MPOIIAPKY, OTPUMATH 3BapHE 3’€JHAHHS HE BJIAJIOCS.

[IlnsixoM TPOBEAEHHS EKCIEPUMEHTIB OyJ0 BU3HAYEHO ONTUMAJBbHUI PEXHUM TPOLECY
3BapIOBaHHS, L0 TOJITAaE B MPUKIIAJICHH] 0 AeTaleH, 10 3BapIOIOThCS, TUCKY Ps; BEIMYHHOIO
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28 MI1a, IpoIycKaHHi Yepe3 JeTaili KOPOTKOYACHOTO IMITyIIbCY CTPYMY I'YCTHHOIO fs5 425 A/MM?,
9aci 3BaproBaHHsA 3 0,1 ¢. OnTuManbHa KUTBKICT MIapiB (OJIBTH Y IPOMBKHOMY TPOIIAPKY — 6.

MeranorpadiuHi JOCTIPKEHHS 3BapHUX 3’€THAHb MPOBOIMINCH Ha IUTipax 3a JOTOMOTo0
cBiTJIOBOTO Mikpockomna Neophot-32 Ta eleKTpOHHOTO CKaHyro4doro Mikpockona SEMI15 ¢ipmu
«Philips» (Himepnanau). EnekTpoHHMH  MIKPOCKON ~ OCHALICHUH  EHEProAucIiepciitHuM
PEHTTeHIBChbKUM aHasizaropoM XiMidHuX eneMeHTiB LINK dipmu «OXFORD» (Anrmis). Pexum
pOo6OTH €IEKTPOHHOTO MIKpOCKOMa: MpHCKoproroya Harpyra — 20 kB, ctpym myuka — 40 MA.

SIKICTh 3BapHUX 3’€JHaHb OI[IHIOBAJIM 32 pe3ybTaTaMH MEXaHIYHUX BUIIPOOYBaHb Ha 3pi3
Ha po3puBHiil MamuHi Mmapku PT-250.

MiKpoCTpyKTypa 3BapHOTO 3’€IHAHHS, OTPUMAHOI'O HAa ONTHUMAJIBHOMY PEXuMi yepe3 6
I1apiB IPOMDKHUX TOHKUX MPOIIAPKIB, peAcTaBieHa Ha puc. 2. Ha ¢oto sickpaBo BupaxkeHe
3MIIIIEHHS JIUTOTO sijipa B OIK JeTali 3 alOMIHIO, IO MOSCHIOETHCS MEHIIMMH 3HAYCHHSIMHU
HOro Temuo- Ta eJIEeKTPOINPOBIAHOCTI MOPIBHAHO 3 Mifaio. JoCHiKeHHS MIKpPOCTPYKTYpHU
MOKa3aJIy, 110 TTTMOWHA MPOIIIaBJICHHS METaIly IPU BUKOPUCTaHHI 6 MIapiB (OJIBIU CTAHOBHUTH
He Outbine Hik 10 % TOBIIMHU MeTamy.

8
Puc. 2. Mixpocmpyxmypa 36apnozo 3 ’conanns AIJ0+MI1, ompumanozo EKT3 (j = 425 A/mwm’;
P =28 Mlla; t;s = 0,1 c), uepes 6 wapis ¢honveu A0, onmuuna mikpockonis, x50, (a),
e/leKmpoHHa Mikpockonis (0, 8)

Bapro 3a3HaunTH, 1110 BUKOPUCTAHHS y NMPOILIAPKY OuIbIIe HDK 6 mapiB (Gonbru crpuyu-
HS€ HACKpI3HE TPOIUIABJICHHS, IO BUKIMKAaHE HAJAMIPDHUM TEIUIOBKJIAJCHHIM Yy 30HY
3’€IHaHHA. 3aCTOCYBAaHHS MEHIIOT KUTbKOCTI MPOMDKHHUX IIAPIB TAKOXK BUSBHUIOCS HEMOIITb-
HUM, OCKUTPKH TETUIOBKJIAJICHHS € HEJJOCTATHIM, a JiaMeTp s/ipa HE BiAMOBITa€ BUMOTaM J0
HOMIHATBHUX PO3MIpIB (20 + 3 MM, O — TOBIIIMHA METAIY).

3a 10TIOMOT 010 MIKPOPEHTT€HOCIEKTPAIbHOTO aHaJli3y 3BAPHUX 3’ €IHaHb OYIIO BUSBIICHO, 1110
B 30Hi 3’€JJHAHHS BIICYTHI CIIIIM IHTEPMETATITHUX 3 €JHAHb, 10 CBITYUTH IPO Te, 10 AITIOMIHIH
Ta Mib HE BCTYMAIOTh y XIMIYHY B3aeMoiro. CITijliB OKCHIIB METaIIIB TaKOXX HE BUSBIICHO.

Ha puc. 3 npeacrasnena tonorpadis MOBEpXHi 37aMy 3BapHOTO 3’€THAHHS MICIs BUIIPO-
OyBaHb Ha 3pi3. BcTaHOBJIEHO, 1110 AiaMeTp siipa CTAHOBUTH Bix 4,5 110 5 MM.
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Puc. 3. Tonocpagis nosepxui 3namy niciist gunpodysams Ha 3pi3 (X8)

MinHicTh 3BapHOTO 3’€AHaHHS CTaHOBUTH 80-82 % Big MIITHOCTI OCHOBHOTO Martepiany
(amrominito AJ10). IIpu 11bOMy BCTaHOBIIEHO, IO BEIMYHMHA 3aJUIIKOBOI Aedopmartii He mme-
peBuiye 2 % BiJ MOYATKOBOT TOBIIMHHU AeTani. [loganbini 10CHiPKeHHS B IbOMY HampsMi
MIPOJOBKYIOTHCS.

BucHOBKH BiANOBiHO 10 CcTATTI.

1. Po3pobneHo HOBY TEXHOJOTIO 3BaproBaHHs THCKOM amroMiHito AJI0 3 mimaro M1 gepes
TOHKHUI MeTaJieBUil POMDKHHIA MPOIIAPOK, sIKA MOJITa€ B PO3MILIEHH] MK JIeTalsiMH, 10 3Ba-
PIOIOTBCS, TIPOIIAPKY 3 amoMiHieBoi (osbru Mapku AJ10 ToBmmHOIO 11 MKM.

2. BcTaHOBJNEHO, IO Ll TEXHOJOTIS JO3BOJISE 3aMOOIITH YTBOPEHHIO IHTEPMETANITHUX
3’€IHaHb AJIOMIHIIO Ta MiJli 32 paXyHOK MUTTEBOTO HarpiBaHHs 30HU 3’€THAHHSL.

3. Tloka3zaHo, 110 3aIPONOHOBAHA TEXHOJIOTIS €IEKTPOKOHTAKTHOTO TOYKOBOTO 3BApPIOBAHHS
amominito AJI0 3 mizmo M1 ugepe3 npomapok 3 amromidieBoi Gosieru AJI0 no3Bosse oTpumMaTH
MIIHICTh 3BapHUX 3’€THAHb Ha PiBHI 82 % MIIHOCTI OCHOBHOTO MaTepiany MpH BiIHOCHIN 1e-
bopmartii mopsiky 2 %.

4. OtpuMani pe3ynbTaTH MOXYTh OyTH BHKOPHUCTaHI IPH PO3pOOIL TEXHOJIOTIH BHIOTOB-
JIeHHs OIMeTaNIeBUX 3BApHUX 3’ €JJHAHD 3 HIIKX PIZHOPIAHUX MaTepialis.
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Oleh Novomlynets, Svitlana Yushchenko,
Serhii Oleksiienko, Evgen Polovetskiy, Thor Alekseienko

NEW TECHNOLOGY OF PRESSURE WELDING OF ALUMINIUM
WITH COPPER THROUGH INTERLAYER

Urgency of the research. The modern rate of industrial development requires materials consumption lowering and si-
multaneous increase of technical features. Usage of bimetal joints in structure’ units allows combining advantages of each
material and providing high operational properties. One of the most widespread bimetals is the pair aluminum-copper.
Therefore, the search of new methods of getting permanent joints of aluminum and copper is the actual task.

Target setting. The getting of qualitative permanent joints of heterogeneous materials is concerned with technological
difficulties, which are produced by difference of physical-mechanical properties of materials. This problem complicates es-
pecially when the precision must be obtained.

Actual scientific researches and issues analysis. Pressure welding methods, particularly resistance welding, allow
avoiding mentioned problems, increasing the strength and achieving precision due to lower temperatures and lower duration
of their action compared with fusion welding. In the previous works, we had developed the technology of precision of re-
sistance welding of aluminum alloys through thin metal intermediate layer.

Uninvestigated parts of general matters defining. Electric resistance welding of aluminum with copper through thin
metal interlayer is still uninvestigated.

The research objective. The research of pressure welding of aluminum and copper through interlayer, made of alumi-
num foil, with the aim of obtaining the joints with high strength and low level of deformation.

The statement of basic materials. The research have been carried out on the specimens of aluminum 10504 and copper
Cu-ETP with usage of solid band of aluminium foil 1010 as interlayer. By carrying out of experiments the optimal welding
conditions of resistance spot welding has been determined.

Conclusions. The technology of pressure welding of aluminum and copper through aluminum foil interlayer has been deve-
loped; it has been determined that using of interlayer allows to increase of heat input into the welding area and decrease the level of
residual deformations; the microstructure of welded zone has been investigated; the strength if welded joints has been determined.

Keywords: aluminum,; copper; pressure welding; intermediate layer, heat input; strength; precision.
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®OPMYBAHHS 30HU MMPOIJIABJIEHHSI IPM HYJIHOBII IIBUIKOCTI
EJIEKTPOJYTOBOI'O HAILTABJEHHS JPOTSIHUM EJEKTPOJIOM
M1 ®JII0COM

Axkmyanvhicmbs memu 00CnioHceHHA. []yorce 8AHCTUBUM € NUMAHHS HOPMOYMBOPEHHS 36APIOBATLHOT 6AHHU NPU HYbO-
il weuokocmi Hannagienns. Lle nos’sa3ano 3 mum, wo npoyec HAnN1agieHHs OOYIIbHO NOYUHAMU NPU HYTbOBIT WEUOKOCHI
nepemiwerHs Oyeu, wob 6CIMAHOBUSCSL PO3MID WBA (6ANUKA) HA NOYAMKY 6UKOHAHHS HANIAG/IEHHS.

Ilocmanogxa npoénemu. Ilpu popmoymeopenni 36apro6anbHoi @anHu npu HYIbOGIl WEUOKocmi Haniagienus oyoe eu-
KIHOYEeHA NOYamKko8a OUIAHKA Wed, KON Npoyec € HeCMAIuM y meniogomy ceuci. IIpu ybomy 0oyinbHO UHAYUMU Yac, NPo-
MA2OM IKO20 OCHOSHUL Meman 6yOe nponnagieHuil 00 po3mipis, wo 8i0N08I0ar0Ms MEeXHIYHUM GUMO2AM, MOOMO NPU WEUO-
Kocmi, 6CMAan08eHitl 0l Yb020 MEXHONL02IUH020 NPoyecy.

Ananiz ocmannix oocnioxncens i nyonikayii. /[na npoyecy 0y208020 HANIAGIEHHA 3A36UHAll BUKOPUCIMOBYIONb MEOPit0
mennogux npoyecis, pospooneny M. M. Puxaninum sk ons pyxomoi oyau 3i weuOKiCmio Haniaeients, max i s HepyxoMoi,
KOIU WBUOKICMb HANLAGIIEHHS. OOPIGHIOE HYIIO.

Buoinenns nedocnioxcenux yacmun 3a2anvioi npodnemu. Y nimepamypi nemae 0anux, npuceaieHux numanuio @op-
MOYMBOPeHHs 36apI08ANbHOIL 6AHHU NPU HYIbOBI WEUOKOCTI 0Y208020 HANNAGNEHHS N0 IOCOM.

Ilocmanogka 3a60anns (yineit cmammi). Ananiz MO*CIUBOCII 3ACMOCYBAHHA 8I00MOI Meopii pO3NOBCIOOCEH s men-
714 NPU 36aPHOBAHHI Olst BUSHAUEHHS PO3MIPIE MOUKU, WO POPMYEMBCS NPU HYTbOGIL WEUOKOCHI 0Y208020 HANIAGTIEHHSL.

Buknao ocnosnozo mamepiany. Ha ocnogi meopii poznogcioodicenna menna npu 3eaprosanni M. M. Pukanina eusnaue-
Hi 3MIHU MeMnepamypu 6 4aci 3anedxcHo 8i0 padiyca moyxu, wo gopmyemoca. CnigcmagneHHam po3paxyHKoux i ekcnepu-
MEHMANbHUX OAHUX BCMAHOBLEHO IX HECNIGNAOAHHS.

Bucnogxu 6ionogiono 0o cmammi. Buznaueno, uwjo ona 6cmanogieHts po3mipie 301U NPONIasieHHs npu 0y2080My Ha-
naaenenti OpomAHUM eneKmpooom nio huiocom i3 HYIbLOBOIO WBUOKICMIO mpeba 8paxosy8amu He Minbku OUQY3iuHy (KOHOY-
KIMUGHY), A U KOHBEKMUBHY CKIAA08Y NEPEHECEeHHs MeNid, AKA 6UHUKAE BHACTIOOK PYXY Memand y 6aHHI.

Kniouosi cnosa: 0yzoee nannasnenns; ougy3itinuil i KOH8EKMUBHUL MEXAHI3MU NepeHeCeHHs Mend; e1eKmpoMacHimmi
cunu Jlopenya.

Puc.: 2. Bion.: 2.

AKTyaJdbHiCTh TeMH A0CTiTKeHHA. [[y)Xe BaXJIMBUM € MUTaHHS (OPMOYTBOPEHHS 3Ba-
PIOBAIIbHOT BaHHU MPH HYJIOBIM MIBUAKOCTI HarutaBieHHs. Lle moB’s3aHo 3 THUM, IO MPOLEC
HAIUTaBJICHHS JOLLUIHPHO MOYMHATH MPU HYJIHOBIM IMIBHAKOCTI MEPEMIIICHHS TyTH, 00 BCTa-
HOBHBCSI PO3MIp IIIBa (BaJMKa) Ha MMOYAaTKy BUKOHAHHS HAIIABJICHHS.

IMoctanoBka mpodiaemu. Ilpu (opMoyTBOpeHHI 3BaproBajbHOI BaHHH NPU HYIbOBIH
IIBUIKOCTI HAIJIaBJICHHs OyJe BUKIIOYCHA MOYATKOBA JIUISTHKA IIBA, KOJH MPOIEC € HeCcTa-
JUM Yy TeryioBoMy ceHci. [Ipu 11bOMy TOLIBHO BU3HAYMTH Yac, MPOTATOM SIKOTO OCHOBHUI
MeTan OyJie MpOIUIaBIECHU 10 PO3MIpiB, IO BIAMOBIIAIOTH TEXHIYHUM BHUMOTaM, TOOTO MpH
IIBUIKOCTI1, BCTAHOBJICHIHN ISl I[HOTO TEXHOJOTIYHOTO MPOIIECY.

AHaJI3 OCTAaHHIX JOCJaiIKeHb i myOaikanii. /g npouecy AyroBoro HaraBiI€HHS 3a-
3BUYali BUKOPUCTOBYIOTh TEOPIIO TEIUIOBHX MpOIECiB, po3podierny M. M. Pukaninum [1] sk
JUIL pyXOMOI JIyTW 31 MIBUAKICTIO HAIUTABJICHHS, TaK 1 JJIS HEPYXOMOi, KOJM IIBHUJKICTh Ha-
IUTaBIICHHS OPiBHIOE HYIIO [1; 2].

Buainenns HeoCTiXKEHNX YACTHH 3arajbHOI mMpodJjieMu. Y JiTepaTypi HeMae NaHuX,
NPUCBAYCHUX MHUTAHHIO (POPMOYTBOPEHHS 3BAPIOBAJILHOI BaHHU IMpPHU HYJIBOBIM IIBHJIKOCTI
IYTOBOTO HAIUIABICHHS APOTOM Iifl (PIFOCOM.

Buknang ocHOBHOro marepiany. € pieHHs sl TOCTIHHO JIF0Y0T0 TOYKOBOTO JDKEpena,
PO3TAIIOBAHOTO Ha MOBEPXHI HAMIBHECKIHUEHHOTO Tijla MPH HYJIbOBIH IIBUIKOCTI HAILIaB-
JeHHA. Y LbOMY BHUIIAJKy HE BPaXOBYETHCS JiaMETpP €IEeKTPOJa, & BUKOPUCTOBYETHCS e(ek-
TUBHA TEIUIOBA MOTYXHICTh AYTH (qu) 1 TEmIoQi3uyHi KOHCTAaHTH OCHOBHOTO MaTepialy.
[Tpupict Temnepatypu A7 B yaci Bif 6e31mepepBHO JIII0YOT0 TEIUIOBOTO /DKEpesia BUZHAYAETh-

cst 3a popmymoro [1; 2]:

© Pasmunuisges O. J1., Isanos B. I1., Areesa M. B., 2019
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q
AT =—"4—(1-O 1
MR( W), (1)

ne g, =n,I,U, — €pEKTUBHA TEIIOBA NOTYKHICTh 3BaprOBaIbHOL 1yrH, BT;

1, — CTpyM HaIlIaBIEHHS, A;

U, — nanpyra Ha ay3i, B;

nu — epextuBamii KK/] mpouecy HarpiBaHHsS OCHOBHOT'O METaJly Jyrolo;
A — xoedimieHT TemonpoBigHoCcTi, BT/M'K;

R — paniyc-BeKTOp BiJl JpKepera Teria 10 pO3risiHyTO1 TOUKH, M;

a — Koe]illieHT TeMIepaTypoIpoBiaHOCTI, M%/c;

®(u) — QpyHKIIs iHTErpana HMOBIPHOCTI Bill apryMeHTY U R

S U=
4at

¢ —4ac, C.

Bynu BukoHaHi po3paxyHKH Ui BUNIAAKY HariaByieHHs ApotoM CB—08A niamerpom 4 MM
nix mapom ¢iarocy AH-60 mocTiiHUM CTpyMOM 3BOPOTHOI MOJIAPHOCTI 3 TAKUMH TapameTpa-
Mmu pexumy: 1, = 650 A; Uy= 32 B; v,= 0 m/c. 3HaueHHs] KOHCTAHT 1 TeII0(p3UIHUX Koediwi-
entiB: 77, = 0,9; 1 = 40 Br/m'K; a = 0,08-10* m?/c.

Jlnsi MOpIBHSHHS PE3yNbTaTiB PO3PaXyHKY 3 pEaJbHUMH 3HAuCHHSIMH Oyiau MpOBEAEHI
eKCTIIepUMEHTAIbHI HAIUIABJICHHS 3 TEXHOJOTIUHUMH apaMeTpaMH, ki Oyiau HaBeleHl BUIIE,
Ha TUIACTMHHU 3 MaJOBYrJeneBoi ctani ToBmuHO0 20 MM. [licis HarutaBneHHs BUTOTOBIISITH
Makpouutipu, 3a SKUMU BU3HAYAIM MapaMeTpH 30HU MpoIulaBieHHA. OTpuMaHi 3aJIe)KHOCTI
reOMETPUYHUX MTapaMeTpiB HaBelleH1 Ha puc. 1, 2 CIUIBHO 3 PO3PaXyHKOBUMH JAHUMHU.

Jlani po3paxyHkiB (puc. 1) moka3yioTb, 10 Ui TOYOK, IO JIeXkaTh Ha KoJjii R = const
(R=2;5;7; 10 MM) 3 TUIMHOM Yacy TeMIIepaTypa TOYOK HEYXHJIbHO 3pOCTA€, 110 HE BiIMOBI-
Ja€ peajJbHUM pe3yabTaTaM, OTPUMAaHUM EKCHEPHUMEHTAIbHUM IUISXOM, SKi CBiI4aTh Mpo
MPUITMHEHHS POCTY MTMOMHM MPOIUIABJICHHS 1 IPOCYBaHHS 130TepMu Tu1aBieHHs 1,,=1773 K
(1500 °C) Brimb 0OCHOBHOTO METay.
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Yac gii Oyru t, ¢

Puc. 1. 3mina memnepamypu 6 uaci 3anedxicHo 6io paodiyca:
1, 2, 3, 4 —¢ionogiono, R =10, 7, 5, 2 mm
[TpocyBanHst ppoHTY MIIaBIIEHHS, TOOTO BIICTaHI BiJl TOYKH BBEJICHHS TeIlIa B OYIb-SIKOMY
HaNpsMKY BiIOYBA€ThCS B Yaci MPaKTUYHO JIHIAHO (pHC. 2, KpuBa 5), 110 HE BIANOBIIAE eKCIIe-
pPUMEHTATBHUM JaHUM (puc. 2, kpuBi 2, 4). Takox BUABHIOCS, [0 XapaKTep 3MIiHU PO3paxyH-
KOBOTO 3HaueHHs R(f) HabaraTo pi3KiMM{, HDK 33 JaHUMH EKCIIEPUMEHTY, 1, HAaBIIaKu, eKcIie-
pUMEHTaIbHI 3HAYeHHS TJIMOWHY MPOTUTaBIeHHS (/1,p, )3HAUHO OUTBIII, HK PO3PaXyHKOBI.
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Puc. 2. Juuamixa 3pocmanns po3mipie 3onu nponnagnenus (izomepmu T, = 1773 K)
3anexHcHO 810 Yacy Oii HePYXoMo2o Oxcepena HacpiBanHs:
1, 2 — enubuna nponnaenenns; 3, 4 — wupuna nponnaeients; 2, 4 — ekcnepumMenmanvhi Oaui;
5 — pesynomamu pospaxyuky 3a gpopmynoio (1)
OcHOBHa BIIMIHHICTb PO3PaXyHKOBHX JaHUX BiJl €KCIIEPUMEHTAIBHUX 3HAYEHB IOJISATAE B
TOMY, III0 TIPUPICT TEMIEPATypH B KOKHIM TOYILII 30HU TUIABJICHHS 3 ITMHOM 4Yacy MPOJ0BKYE

3POCTATH, X0U i OOMEKYEThCS 3HAYEHHSAM BHpasy —Zu | HaGIMKAIOUHCH JO HHOTO IpPH
27AR

{ — 00, TOCSTAI0YM JEKUTbKa XBUIIUH.

Kpim Toro, 3miHa B yaci po3paxyHKOBUX KOHTYPIB 30HU MPOIUIABJICHHS HE BIINOBIAE KO-
HTYpaM, OTPHMAHUM €KCIIEPUMEHTAIBHUM IIIJISIXOM, IPUYOMY OCTAHHI MalOTh OUIBII CKIaIHY
¢dopmy. Lle nos’s3ano 3 HacTynHUM. [Ipu mopyiieHHi Ayru B pe3ynbTaTi IJIaBJIEHHS OCHOB-
HOTO METaly B HbOMY YTBOPIOEThCS JIyHKA (TIOYATKOBUHN KpaTep), KyIu MOYMHAE HAJAXOTUTH
PO3IIABJICHUH €NEKTPOAHUI MeTaj, HaJalouH J10JIaTKOBE TEIUIOBKIAAECHHS y BaHHY. [loTiMm,
Ha TBEPJUX CTIHKAX JYHKH, III0 YTBOPIOETHCSA, 3POCTAE MPOIIAPOK PIIKOTO METally, KU He-
raTUBHO BIUTMBAE HA YMOBH TEIUIONEpEaAayi Bil Jyrd B OCHOBHUI MeTaj. Y MepioJl 3pOCTaHHS
30HM MPOIUIABJICHHS PIAKUI MeTaa BpIBHOBAXKYETHCS TUCKOM JIyT'H i pO3TAIIOBYETHCS PIBHO-
MIPHO Ha JH1 Ta CTIHKaxX Kparepa. Y Mipy 30UIbIIeHHS 00CITy PiIKOro MeTaiy 3pocTae i Horo
T1IPOCTATUYHUNA TUCK, BUTICHSIOUM JYTY J0 BEPXHBHOI YACTUHM KpaTepa, TUM caMHM Iie Oi-
TBIIIE YIOBUTLHIOKOUN 3pOCTAHHS TJIMOWHU MPOIUIABIICHHS aX JI0 HOT0 3yMUHKU. Y Mipy 3poc-
TaHHS 00’€My BaHHHU B IICHTP1 30HM MPOILIABJICHHS Ma€ MiICIe XapaKTepHe MOTrINOICHHS, 110
BHUHUKAE 3aBJISKH OCHOBOMY ITOTOKY €JIEKTPOJIHOTO METally, a TaKOX HAasBHOCTI PO3BHUHEHUX
MOTOKIB PIIKOTO METaly, 1[0 MPU3BOIUTH JI0 BIIXUICHHS KOHTYPY OCTAaTOYHOI 130T€pPMH I1j1a-
BJICHHA BiJ TJIQIKO1 KPUBOi IPyroro mopsaky. [Ipu po3paxyHkax TakoX HE BpaxOBaHHUH pyx
pinkoro Metany mia Ji€ro enexkrpomarHitHux cui Jlopenua. [loToku pigkoro merany B 3Ba-
pIOBANIbHIN BaHHI 3MIHIOIOTh YMOBHU TEIUIONIEPEHECEHHS B Hii, TOOTO CJiJl BpaXOBYBAaTH KOH-
BEKTUBHUI MEXaHI3M TEIUIOTIEpEeHECEHHs PH (popMyBaHHI pO3MipiB BaHHHU.

BucHoBku BinmoBinHo 10 cratTti. Po3paxyHkaMu BCTaHOBJIECHO, IO Ui PO3MIPIB 30HU
MPOIUIABJICHHS IPU AYTOBOMY HAIUIABJICHHI APOTSIHUM €JIEKTPOIOM i (GIIOCOM i3 HYIbOBOIO
IIBUJIKICTIO HEOOXiTHO BPaXxOBYBATH HE TUIbKU IU(DY3iiiHY (KOHIYKTHBHY), @ I KOHBEKTUBHY
CKJIaJIOBY IEPEHECEHHs TEIUIa, IKa BUHUKA€E BHACIIIOK pyXy MeTajla y BaHHI.
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UDC 621.791.75
Aleksandr Razmyshlyaev, Vitaliy Ivanov, Marina Ahieieva

FORMATION OF PENETRATION AREA AT ZERO VELOCITY
OF SUBMERGED ELECTRIC ARC SURFACING WITH WIRE ELECTRODE

Urgency of the research. Very important is the question of the welding bath formation at zero surfacing velocity. This is
due to the fact that the surfacing process is advisable to start at zero velocity of the arc to establish the size of the weld
(beam) at the surfacing beginning.

Target setting. When forming a welding bath at zero surfacing velocity, the initial weld section will be excluded when
the process is unstable in the thermal sense. In this case, it is advisable to determine the time during which the base metal
will be smelted to the size corresponding to the specifications, that is, at the velocity set for this technological process.

Actual scientific researches and issues analysis. The theory of thermal processes, developed by N.N. Rykalin, is usually used for
the arc surfacing process both for a moving arc with a surfacing velocity and for a stationary one when the surfacing velocity is zero.

Uninvestigated parts of general matters defining. There is no data in the literature concerning the welding bath for-
mation at zero velocity of submerged arc surfacing.

The research objective. Analysis of the possibility of applying the heat spread theory in welding to determine the size of
the forming point at zero velocity of arc surfacing.

The statement of basic materials. Based on the theory of heat spread during welding by N.N. Rykalin defined changes
in temperature over time depending on the radius of the forming point. Matching of the calculated and experimental data
established their mismatch.

Conclusions. It has been stated that in order to establish the dimensions of the penetration zone during submerged arc
surfacing with a wire electrode at zero velocity, not only the diffusion (conductive), but also the convective component of heat
transfer, which occurs as a result of the metal movement in the bath, should be taken into account.

Keywords: arc surfacing; diffuse and convective heat transfer mechanisms; electromagnetic Lorentz forces.

Fig.: 2. References: 2.
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BJINSTHUE KOMBUHHUPOBAHHOI'O MATHUTHOTI'O IOJISI
HA ITPOU3BOJUTEJIBHOCTH PACILIABJIEHUSI ITPOBOJIOKH
IIPU YT OBOM HAILJIABKE

Axkmyanvrhocmes membl uccinedosanus. Ipumenenue ynpasiaouux npooonvHo2o machumnozo noas (IpMII) u none-
peunozo macnumnoeo noas (IloMII) npu snekmpody2060i Haniaske u céapke npoeoNoKou noo griocom obecneuusaem pso
mexHnonocuveckux npeumywecms. Ipumenenue IHpMII u [ToMII npu dyeoeou naniagke u céapke npogoioKkol oo Quiocom
no36o0nsiem ysenuuums Kodpuyuenm pacniagienus NPosoaoKu, YAPAsiimy 2iyOUHOU U NAOWAObIO0 30Hbl NPONAABNEHU.
OCHOBHO20 MEMANNA, USMENLYANTL CIPYKNYPHbIE COCMABTAIWUE HANIAGIEHHO20 MEMAIA (U6a).

ITocmanoexa npoonemvl. Ilosvluierie npou3s00UMenbHOCIU Npoyecca 0y2080i CAPKU U HANLABKU NOO iocom onpede-
Jsemes: unmencugpuyuposanuem npoyecca pacnaagienus npogonoxu. Cosmecmnoe enuanue IpMII u TloMII, mo ecmb kombu-
HUPOBAHHOE MACHUNIHOE NOJIe, NO360IUM 8 OONbULEN CIENEHU YEETUYUMb KO GUYUEHm pACniaeieHus HPOBOLOKU.

Ananuz nocneonux uccnedoganuii u nyonukayuii. B nocneonux nyboruxayusx ucciedogaro enusuue IIpMIT u IloMI1
Ha Koapduyuernm pacniagienus nPosoIoKU npu 0y20801i ceapke U HaNIasKu noo guiwocom. Ilpumenerue ynpasiaiouwux Kom-
OUHUPOBAHHBIX MAZHUMHBIX NOJEl NPU 0Y20801l C8apKe UCCIe008AHO Osl CBAPKU HENAABAUUMCS DIEKMPOOOM.

Buioenenue neuccnedosannsix yacmeii oougeii npoonemst. [Ipakmuvecku nem pabom, 8 KOmMopvIx Obl UVUANOCH COB-
mecmuoe gnusnue HpMII u IloMII, mo ecmb kombunuposannozo macnummoz2o nona (KMII) na koagpguyuenm pacnnaenenus
91eKMpOOHOU NPOBONOKU NP OY20801 HANABKE U C8APKe HOO (PIIOCOM.

Ilocmanogka 3a0auu. Onpedenenue GnuaHus KOMOUHUPOBAHHO20 MASHUMHO20 NOJA HA KOIDduyuenm pacniasieHus
91eKMpOOHOL NPOBOIOKU NPU 0Y2080Ll HANABKe NOO CloeM Paroca.

H3noscenue ocnoenozo mamepuana. Ckoncmpyuposano ycmpoiicmso 015 cosoanus KMII. Hccneoosano pacnpedene-
nue komnonenm unoykyuu KMII, a maxoce enusnue KMII na xoagpgpuyuenm pacnnasnenus 31ekmpoonoll npoeoioKu npu
0y20801i Haniagke noo croem @aroca 015 GeppomMasHUmMHbIX U HegheppoMazHUMHBIX NPOBOJIOK.

Bui6oowt 6 coomeemcmeuu co cmamoeil. Onpedenenvl 3HaueHus KoIPPuyuenma pacniasieHus NPosoLoK Kaxk geppo-
MASHUMHBIX, MAK U HegheppOMASHUMHBIX NPU 0Y20801 HANABKE NOO QIIOCOM.

Kniouegvie cnosa: oy2oeas naniaska, KOMOUHUPOBAHHOE MASHUMHOE HOe, UHOYKYUA, Kodghguyuenm pacnnasnenus
nPOBOIOKU.

Puc.: 3. bubn.: 7.

AKTYaIbHOCTH TeMbI HCciIe0BaHusA. [IpuMeHeHne yrpaBisiomuX MpoI0IbHOIO MarHHT-
Horo noJist (IIpMII) n nonepeunoro maraurHoro noist (IIoMII) npu anexkTpoyroBoil HaraBke
U CBapKe MPOBOJIOKOH 1MOJ| (DIIFOCOM OOECTICUMBACT PSI] TEXHOJIOTHUYECKUX MPEUMYILECTB, KpaT-
Kuil 0030p koTOphIX mpuBeaeH B padorax [1, 2]. Ilpumenenue [TpMII u [ToMII npu ayroBoit
HAIUIaBKe ¥ CBapKe MPOBOJIOKOW MOJT (DIIFOCOM IMO3BOJISIET YBEIUYUTH KOIPQUIIMEHT pacIuiaBiie-
HUS TIPOBOJIOKH, YIIPABJIATH INIyOMHOW M IJIOIIA/ABIO 30HBI MPOIUIABICHNUS OCHOBHOTO METAIlIa,
M3MeENbUaTh CTPYKTYPHBIE COCTABIISIONINE HAIIABICHHOTO MeTayuia (mmBa) [ 1-5].

ITocTanoBka npodsaemsl. [1oBblIEHNE TPOU3BOIUTEIBHOCTH ITPOLIECCA JYTOBOM HAIUIABKU
U CBapKu 107 (IIOCOM OIpEeesieTcs] HHTEHCU(UIIMPOBAHUEM TIpOLiecca PACIUIABICHUS TPO-
Bosioku. CosmectHoe BiusiHue [IpMII u [ToMII, T.e. KOMOMHUPOBaHHOE MarHUTHOE IOJIE 103~
BOJIUT B OOJIBILICH CTETIEHH YBEIMYUTH KOA(D(GHUIMEHT PacIIaBICHHs IPOBOJIOKH.

AHaJIN3 MOCJIeIHUX HCCaeJ0BaHUH W nyOaukanmii. [IpuMeHeHne ynpaBisiommux KoM-
OMHUPOBAHHBIX MarHUTHBIX MOJICH TIPU JYroBO#l cBapke oTpaxeHo B paborax [6; 7]. OqHako
3TU JTaHHBIE OTHOCATCS K CBAapKe HEIUIABAIIMMCS 3JeKTpoaoM. B pabote [1] mokazaHo, uto
srakonepemeHHoe [IpMII wacrotoii f =50 ['m oGecrieunBaeT moBbimieHHEe Kod(duimenTa
pacruiaBieHusi IpoBoJioku (o) Ha 18...20 %, a noctostnaoe [IpMII — na 30 %. C Bo3xeii-
crBueM noctosiuHoro [ToMII npu HamnaBke 3G QexT noBbILeHus 0, cocTaBisieT 27...30 %, a
npu yactore 50 I'ty a¢dexT noBbimeHus o, cHmkaercs 1o 0 [2].

Boigenenne Hencciie0BaHHbIX YacTeii 00u1eii mpodyembl. OgHAKO HET padoT, B KOTO-
pbIx ObI u3y4anoch coBMecTHoe BiausHue [IpMIT u I[ToMII, To ecth KOMOMHUPOBAHHOTO Mar-
HuTHOTO MoJis1 (KMII) Ha KO3 GUIMEHT paciiaBIeHUs NEKTPOTHON MPOBOJIOKHU O MIPH AY-
rOBOI HarulaBKe M cBapke moja (urocoM. DTO MOTPeOOBAIIO BBHIMIOJIHEHUS HMCCIEIOBAHUM,
pe3ybTaThl KOTOPBIX U3JIOKEHBI B TAHHOM pabdoTe.

© Areesa M. B., Pasmumuses O. [1., 2019
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IlocTanoBka 3aganus (uejb crarbu). Llenbio HacTosIIel pabOTHI SBISETCS OmMpesene-
HUE BJIMSAHUS KOMOWHUPOBAHHOTO MAarHUTHOTO TOJS Ha KOA(MQHUIMEHT pacIuIaBlIeHUs 3JeK-
TPOJHOM MPOBOJIOKH MPH TyTOBOM HAIJIaBKe MO/ clioeM (hiroca.

N3noxenune ocHoBHOro marepuasa. /(s cosganus KMII ucnons3zoBanu ycTpoiicTsa,
reHepupytouue oraenbHo [IpMII u TToMII. Cxema U KOHCTpYKIUS yCTpOMCTBa, F€HEPUPY-
romero KMII, npusenens! Ha puc. 1.

s cosganus [IpMII B ycTpolicTBe, npeAcTaBIeHHOM Ha puc. |, UCIOIb30BaNach 4EThI-
pexcnoiiHas oOMoTka / ¢ yrcnoMm BUTKOB 144. OOMOTKa BBIMOTHEHA U3 MEIHOW MPOBOJIOKH
IMaMEeTpoM 2 MM, KOTopasi U30JMpoBaHa OT (eppocepaeyHrka 2 ¢ MOMOLIbI0 H3oisTopa 3.
deppocepAcUHUK 2 ¢ HAPYKHBIM JUAaMETPOM 52 MM M BHYTPEHHUM AUaMETPOM 24 MM H3ro-
ToByieH u3 cranu tuna Cr.3. @eppocepAeyHUK UMeET BHU3Y OYpTHK 4 IS ynep>kaHus o0-
motku /. Conenoup kpenuics Ha apromar tuna AJIC-1002 ¢ momo1pio OOJITOBBIX COeHE-
Huil. CepAeuyHUK HMEN BHYTPU OTBEPCTUE, B KOTOPOM MPOXOJWJI MYHAIITYK 5 C
TOKOTIOABOAAIIMMHY I'yOKaMu 6. BHYTpH MyHIIITYKa MPOXOIUIIA SIIEKTPOIHAS TIPOBOJIOKA 7.

A7

Puc. 1. Cxema ycmpoticmsa, eenepupyroweco KMII:
1 — uemvipexcroiinas oomomxa, 2 — peppocepoeunuk, 3 — uzoaamop, 4 — 6ypmux, 5 — MyHOUMyK,
6 — mokonpogoodsawue 2yoKu, 7 — 21eKmpoOHAs NPOBOIOKA, § — MASHUMONPOEOO,
9 — nakouHble Yuacmku ¢ oomomkou, 10 — 6oamei, 11 — uzonamop, 12 — nracmuna

s coznanus [ToMII B ycTpolicTBe, IpeCTaBIEHHOM Ha pUC. 1, HCIOJIB3YETCSI MarHUTO-
poBoJ 8, COCTOAIMN U3 TPEX y4acTKOB. J[Ba HAKIOHHBIX y4acTKa, Ha KOTOPBIX Pa3MEIIEHbI
0OMOTKHM 9, a TakKe TOPU3OHTAIBHBIN y4acTOK, COCMHEHHBINH C HAKIIOHHBIMU C TTOMOIIBIO
00JITOBBIX coerHeHH /(). MarHUTONPOBOA COOpaH U3 IJIACTUH AIIEKTPOTEXHHUUECKOW CTaIH
tomuuHou 0,5 MM. Ceuenue Habopa 30%20 mM. [IBe 0OMOTKH 9 BBITIOJIHEHBI ABYXCIOWHO U3
MEHOTO M30JIMPOBAHHOTO MPOBOAA TuaMeTpoM 2 MM. KomuecTBO BUTKOB B OJHOH 0OMOTKE
cocrtasisiio W = 70.
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Conenoup ¢ dpeppocepaeunukom, renepupyromuit [IpMII, u ycTpoiicTBO, reHepupyroiee
IToMII, xpenunu Ha cBapounslii aBTomat Thna AJ/[C-1002. [Ipu 3TOM MarHUTONIpoBOA 8§ U30-
JUPOBAJICS OT aBTOMaTa M30JATOpoM /. ABTOMAT NO3BOJIAI U3MEHATh napamerp H (Bbuier
3IIEKTPOA), T.€. PACCTOSHUE MEX/1Y TOKOTIOABOSIIMMY T'yOKaMu 6 U TIIAaCTUHOM /2, a Takke
h — paccrosiHEE OT TOPIIOB MarHUTONPOBOa § 10 OBEPXHOCTH IacTUHb! /2. KoHCTpyKuums
YCTpOIICTBa NO3BOJISJIA UBMEHATh PACCTOSIHUE MEX1Y HIDKHMUMM Y4acTKaMH MarHMTOIPOBOJA
y TopLa 3M1eKTpoaa (mapaMerp a). DJIEKTpoaHas IPOBOJIOKA 7 MPOXOAuia Yepe3 TOKOIIOBO-
JSIIME MYHIIITYK 5 ¥ TYOKH 6.

Ha puc. 1 mpuBeneHa Ttakxe cucTeMa KOOpAUHAT, IPUHATAs Ui UCCIEIOBAaHUS MarHuT-
Horo nois. IIpum 3ToM Haydajao KOOpAMHAT pacroiarajioch Ha MOBEPXHOCTH IUIACTHHBI MOJ
ocbio amnekTpoaa. s nzyuenust konpurypauun KMII B 30He Karum ¥ Ayrd MpoOBOAUIHCH
M3MEPEHUs] KOMIIOHEHThI MHAYKIMH BJ10J1b ocu OX (By) u mpononbHoi (B;) KOMIOHEHTHI UH-
aykuuu BAojb ocu OZ. Bo Bcex 3KCHEPUMEHTaX COXPaHSAIM MOCTOSHHBIMHM MapaMeTpbl
L. =45 A; H=35 mm; a =70 mm; h =25 mm. Katymku yerpoiicts, renepupytomux [TpMII u
[ToMII, 6buTH BKITIOYEHBI MMOCIIEIOBATENbHO. BO BCeX 3KCIEpUMEHTaX 4yepe3 KaTYIIKH Mpo-
nycKaau nepeMeHHbIil Tok I =20 A gacrotoil f =5 'l OT reHepaTopa MpsIMOYTOJIbHBIX UM-
MyJIbCOB, KOHCTPYKIMS KOTOPOTO OTMcaHa B padote [2].

W3mepeHus KOMIIOHEHT UHAYKIHUU By 1 B, MpoBoMIIM yHUBEPCAIBHBIM TECIAMETPOM THIIA
43205 ¢ gatunkoM XoJula, UMEBIINM U3MepHUTenbHyIo 6a3y 0,9%0,9 mm. M3mepenus mpoBo -
muck ipu Z =0; Y = 0: Boonb ocu OX vepe3 5 mm. B riccnenoBanusx ucmosb3oBanack peppo-
MarHuTHas cBapouHas nposojoka C-08I'A nuamerpom 4 MM, a B KaUe€CTBE OCHOBHOI'O METaIl-
Ja - acTuHel n3 HemarHuTHOM cranu Ct.12X18H10T tommmuoit 10...20 mm.

HccenenoBanu pacnpeneneHue KOMIOHEHT HHAYKIMK By U B:, KOTOpBIE TeHEpUpYET Kaxk-
noe cocrasistoniee KMII, to ects pazaensHo IIpMII u IToMI, a Takke npu UX COBMECTHOM
COTJIACOBAHHOM JICHCTBUHU.

30 30,

3 N\
N

o
S

N
S

NN 3
gl

Wunykuus By, M1,
T\
Wunykuus B., mTm,

/

v T l‘\ : 2

0 5 10 15 20 0 5 10 15 20
Paccrostaue o ocu OX, Mmm Paccrosinue o ocu OX, Mm
a 9]

Puc. 2. Pacnpeodenenue komnonenm unoykyuu By (a) u B: (6) 60016 ocu OX
npu gozoeticmeuu KMII (I,=45 A; H=35 mm; a=70 mm; h=25 mm; Z=0; Y=0):
1 —TIIpMIT; 2 — I[IoMII; 3 — KMIT

JlaHHBIE U3MEPEHMI TOKa3aJIH, YTO KOMIIOHEHTa HHIYKIUU By 3HaunTENbHO OOJBIIE MTPH
BozneiictBuu [IoMII, uem npu Bo3aelicteuu IIpMII (puc. 2, a — xpussle 1, 2). Komnonenra
uHAYKIMHA B; 3HaunTensHO Gosbine npu BosaeiictBuu [IpMII (puc. 2, 6 — kpussie 1, 2). Ta-
KuM o0paszoMm, kaxaoe u3 coctapisitonnx KMIT (ITpMIT u IToMII) renepupyer onpenenéu-
HbIA YPOBEHb OJIHOW M3 KOMIIOHEHT MHAYKUMHU By mnm B, a mpu COBMECTHOM J€HCTBUHU
[TpMII u IToMI1, 3T KOMITIOHEHTHI HHAYKIIMA CYMMUPYIOTCS (pHC. 2, @ U 6 — KPHUBBIE 3).
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HccnenoBamu k03(pPUIIMEHT pacIuiaBiIeHHs JIEKTPOIHOTO METajlla O, MPU BO3JCHCTBUM
KMII. DxcriepuMeHTh! BBINOJIHSUIMCH C UCMOJIb30BaHUEM 3HaKkonepeMeHHoro KMII uacroToit
f =5T1u, mockonbKy npu 3TOM obecrieunBaeTcst Xxopouiee (OpMUPOBAHUE HAIUIABIEHHOTO Ba-
nuka [1]. Bemmonusiim skcnepuMeHTanbHble HarutaBku aBromatoM AJIC-1002 ¢ He3aBucUMOM
OT HaIpsDKEHUS OYTH CKOPOCTBIO NOJauu 3neKkTpona otT Bempsamutens BJY-1201 (¢ nmaparo-
1Iell BHEIIHEH XapaKTepuCTUKOI Ha oOpaTHOM nossipHocTn) nof ¢urocom AH-348A. Bo Bcex
HKCTIEPUMEHTAX MapaMeTphbl peKUMa HaIJIaBKU 0e3 BO3JICHCTBUS MarHUTHOTO TOJISl YCTaHABIH-
BAINCh TPEABAPUTENIHHO MO CTPEIOYHBIM MPUOOpaM, U OHU COCTABIISUIM MIPU TaMETPE TPOBO-
noku d, =4 mm: 1, =500...520 A; U, =28...30 B. Cxopocts HaruaBku V;, =30 m/4. IIpogon-
KUTEIBHOCTH IIPOIECCa HAIIaBKU cocTapisuia He MeHee 30 ¢. BoimonHsum 3...5 HamiaBok Ha
kaxaoMm pexume. Ilapamerper H, a, I u h coxpaHsuin TOCTOSHHBIMH, COOTBETCTBEHHO
H=35mvM; a = 70 mm; [, =45 A. Bo Bcex dKCIEpUMEHTaX HUCIOJIB30BATH (eppOMarHUTHYIO
1poBoJioky CB-08I'A muamerpom 4 MM U mIacTuHbl U3 HeMarHuTHOM ctamu Ct.12X18HI10T.

= 16T
=
T
)
= sl
<
= o
8 < 14l
‘:‘E 14
= 7 134
=
=
=
8 12t
=

11

Puc. 3. Koaghgpuyuenm pacniagnenus 3nekmpoono2o memaina o, npu Haniaske noo Quocom:
1 — 6e3 so30eticmsus mazHumHo20 noss; 2 — c eosoeticmeuem IIPMII; 3 — ¢ eo30eticmeuem I10OMII;
4 — c so3oeticmsuem KMII; 5 — c so30eiicmeuem KMII (nposonoka 06X18HI9T ouamempom 4 mm)

AHanu3upys pe3yabpTaThl, IOIy4YeHHbIE B 3KcriepuMeHTax ¢ Bo3aeiicteueM KMIL, [IpMIT u
[ToMII, MoxkHO OoT™METHTh, YTO IpHU Bo3aehcTBUM ojxHOoro IIpMII ¢ muaykuueit B, =25 mT,
MOBBIIIEHHE KOA(HUIMEHTA PaCIUIaBICHHUS JIEKTPOAHOTO METalIa 0, COCTAaBMIO OKoyo 18 %
(14,5 1/A-9) (puc. 3, cron6buxk 2). Ilpu Bo3aeiictBuu [ToMII ¢ BenmunHOM KOMIIOHEHTHI HHYK-
1 B, = 15 mTn, noseimenwue o, coctasmio 10 % (13,7 r/A-4) (puc. 3 — crondbuxk 3). [Ipu Bo3-
nevictBun KMII 3HaueHus o, ObUIO HECKOIBKO OOJNbIIIE, YeM B JIBYX MPEAbLAYLINX CIydasx, v
OHO coctaBuyio 15 r/A-4 (puc. 3, cronbuk 4, moBsIIIeHUE 0 Ha 21 %).

Taxkum o6pazom, npu BozaeiictBun KMII ypoBenb ko3¢ ¢uienta pacriaBieHHs dJeK-
TPOJIHOM IIPOBOJIOKH (@ BBILIE MO OTHOIIEHHMIO K BapHaHTaM, KOTJa OTIEJIBHO HCIIOJIb30Ba-
soce IIpMII wnu IToMII.

Boinonnsinu taxke HarmiaBkd mpoBoJiokod CB-06X18HOT (nmemarHutHON) AnamMeTpoM
4 mm c BoszzaeiictBueM KMII Ha TOM e pexuMme, 4TO U IIpH HarsiaBke npoBoJiokoil CB-08I'A.
[Tomyueno mpupamenue o, ot 13 1/A-u (6e3 BozneiictBuss KMII) no 14,5 r/A-4 npu Bo37eii-
creun KMII (puc. 3, ctonbuk 5), To ectb Ha 11,3 % (mpu ypoBue By = 15 mTi). [Tockonbky
[TIpMII He MOBBIMIAET 0, IPU HAIUIABKE HEMAarHUTHBIMHU MpPOBOJOKaMu [1], To 3ToT 3hdexT
NpUpaleHus o, Ipu HarmaBke ¢ Bo3zaercTBueM KMII oOycioBneH Bo3aeiCTBIEM KOMIIOHEH-
Tol Bx (B ocHoBHOM oT IIoMII). Takum oGpazom, KMII nenecoobpazHo HMpuUMEHSTH MPHU
HaIulaBKe He TOJbKO (heppoMarHuTHBIMU npoBosiokamu (CB-08I'A), HO U HedeppoMarHuT-
HbIMH npoBoJiokamu (C-06X18HOT).
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BbiBoabI B cOOTBETCTBHH €0 cTaThEél. [Ipu qyroBoii HarutaBke moj cinoem ¢uiroca ¢ BO3-
JECTBUEM BHEIIHMX MAarHUTHBIX Moyied yactoto 5 ' moBbimeHue koddduimeHta pac-
11aBsieHus (op) npoBosioku CB-08I'A cocraBuio 18 % npu Bosaeiicteuu IIPMII u 10 % npu
Bozzaericteuu [IOMII, a npu BozaeiictBun KMII (komOunanuu IIpMIT u [ToMII) — 21 %.
[Tpu nHarutaBke HeMarHuTHOM TpoBosiokoit (CB-06X18HIT) BosneiictBue KMII obGecnieuniio
MOBBILIEHUE O HA 11,3 %.
[Tpu nyroBoii HamIaBKe € LEJBIO MOBBILICHUS KOAPUIIMEHTA PACIUIABIECHHS 0 UCIIOJIB30-
Banne KMII nienecooOpa3Ho 171t MPOBOJIOK Kak (peppOMarHUTHBIX, TaK U He(heppoMarHUTHBIX.
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UDC 621.791.75

Marina Ahieieva, Aleksandr Razmyshlyaev

THE COMBINED MAGNETIC FIELD INFLUENCE ON THE WELD
MELTING PRODUCTIVITY AT ARC SURFACING

Urgency of the research. The use of longitudinal magnetic field (LMF) and transverse magnetic field (TMF) at sub-
merged arc surfacing and welding provides a number of technological advantages. The use of LMF and TMF at submerged
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arc surfacing and welding allows to increase the wire melting coefficient, control the depth and area of the penetration zone
of the base metal, grind the structural components of the surfaced metal (weld).

Target setting. The increase of productivity of the submerged arc welding and surfacing process is determined by the in-
tensification of wire melting process. The combined effect of LMF and TMF, i.e. combined magnetic field will allow to in-
crease the wire melting coefficient to a greater extent.

Actual scientific researches and issues analysis. In recent publications, the effect of LMF and TMF on the wire melting
coefficient at submerged arc welding and surfacing has been investigated. The use of combined magnetic fields in arc wel-
ding has been investigated for non-consumable electrode welding.

Uninvestigated parts of general matters defining. There are practically no works that would study the combined effect of LMF
and TMF, i.e., a combined magnetic field (CMF) on the electrode wire melting coefficient at submerged arc surfacing and welding.

The research objective. Determination of the combined magnetic field influence on the electrode wire melting coeffi-
cient at submerged arc surfacing.

The statement of basic materials. Designed a device for creating the CMF. The distribution of the CMF induction com-
ponents, as well as the CMF influence on the electrode wire melting coefficient at submerged arc surfacing for ferromagnetic
and non-ferromagnetic wires is studied.

Conclusions. The values of the wires melting coefficient, both ferromagnetic and non-ferromagnetic, are determined for
submerged arc surfacing.

Keywords: arc surfacing; combined magnetic field; induction; wire fusion coefficient.
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Bonooumup Benoiceea, I'ennadiii Ilacos
SMEHIIEHHSA BIIVIMBY ABTOMOBIJIBHOI'O TPAHCIIOPTY HA JOBKIJIJIA

Axkmyansuicms memu 00cniodceH . ABMoMOOIIbHUL MPAHCROPM 8X00UNb 00 PO3BUHYMOI mpanchopmuoi cucmemu Yxkpa-
inu. Ane pasom iz 6azamvma nepegazamu, sKi 3a6e3nevye agmMomMoOiTbHULL MPAHCROpM, GiH MAE WIKIONUBULL 6NIUE HA OOBKIIIA.

Ilocmanogxa npodnemu. OOHi€0 3 20106HUX BUMO2, WO CMAGIAMBCS 00 ABMOMODINLHO20 MPAHCHOPMY, € 3a0e3neyeH-
Hs 6e3neuHux nepese3eHb NACANCUPIB | 8AHMAIICIE NPU MIHIMANbHIL codisapmocmi 3 HAUMEHULOI0 WKOOOI0 011 HABKONUL-
Hb020 cepedosuya.

Ananiz ocmannix oocniocens i nyonikauii. Bniugy asmomobineto2o mpancnopmy na 3a6pyOHeHHs HABKOIUUHBLO2O
cepedoguwya npucesueno bazamo npays Haykosyis. Pezynomamu 0ocniodicens HageOeHO 8 HAYKOBUX JCYPHANAX, HABUATLHUX
nocionuxax i niopyuHuKax 3 eKonocii, ane 6oHu 30e6inbluo20 GpazmeHmapui i He BUCEIMAIOIOMb NPOONEMY 8 YiLoMY.

Buoinenns neoocnioyncenux wacmun 3azanvuoi npoonemu. Posensioamu agmomobinenuii mpancnopm mpeba 8 Kom-
niexci, sk iHOycmpiio, no6 a3any 3 6UPOOHUYMBOM, 00CY208Y8AHHAM i PEMOHMOM asmomoobinis, ix excniyamayicto, aupoo-
HUYMBOM NANLHO-MACMUTILHUX MAMEPIanie, i3 pO36UMKOM i eKCHILYamayicio 00pOICHbO-MPAHCNOPMHOT MepediCi Ul iH.

Ilocmanogka 3aed0anua. [Iposecmu ananiz YUHHUKIE Ma 3anponoHy8amu cucmemy 3axo0ie i3 MiHiMizayii wKionueoeo
8NAUBY ABMOMOOILILHO2O MPAHCNOPMY HA HABKOIUWHE CEPed0sUlye NPOMALOM BCbO20 JICUTMMEBO2O YUKILY ABMOMOOLNA.

Buknao ocnoenozo mamepiany. Tpancnopmuuii KOMIIEKC — 0OHe 3 HAUNOMYICHIUUX Odicepen 3a0pYOHeHHs. HABKOMULU-
Hb020 cepedosua. ABMomModinbHUL MPAHCHOPM HANEHCUMb 00 20JI08HUX 3A0PYOHI08AHIE AMMOCPepHO20 nOGimpsl, 8000UM
i ipynmy. Biobysacmuvcs Oecpadayia i 3azubens exocucmem nio 6MIUEOM MPAHCROPMHUX 3A0PYOHEHb, WO 0COOIUBO THMEH-
cusHi na ypbanizosanux mepumopisx. I ocmpo nocmae npoonema ymunizayii i nepepodxu 6i0xo0is, wo GuUHUKAIOMb Nio Yac
excniyamayii mpancnopmuux 3aco6is, 30kpema il nicis 3ageputeHts cmpoky ix cayocou. Kpim mozo, mpancnopm — ocnosne
0oicepeno wymy 8 MiCmax, a maxodic 0Jlcepeio menioeo2o 3a0pyOHeHHsL.

Bucnoeku 6ionogiono oo cmammi. Y pooomi 30iticneno KomnieKcHuil nioxio 0o eupiuients npoonemu 3MEHUEHHS BNIUBY
asmMoMOObLIbLHO20 MPAHCNOPMY HA O0KILIAL ULIAXOM HOBHO2O 8PAXY8AHH 6CIX WKIOTUBUX (haKmopis, o8 s3anux i3 UpoOHUYMEOM,
EKCRIYamayicto, MexXHiuHuM 00CY208y8aHHAM, PEMOHIMOM, YIULI3AYIEI0 agmomo0inia, BUpoOHUYMBOM ma 3a0e3nedeHHAM NaAuG-
HO-MACMUTbHUMU A eKCATLYAMayiiiHuMu Mamepianamu, eKciyamayicto ma niOmpumKoio 00pOICHbO-MPAHCHOPMHOL MePeICi.

Knrouosi cnosa: asmomobineHuil mpancnopm, WKionusuii naus agmomoobinbHo20 mpancnopmy Ha 00GKiNA, eKono2i-
Hicmb asmomooina,; ymunizayis asmomooinis.

Puc.: 1. Bion.: 6.

AKTyaJdbHiCTh TeMH J0CTiTAKeHHs. Y chepi HApOIHOTOCIIOIAPCHKOTO KOMIUIEKCY OJHI-
€10 3 MPOBITHUX Tay3el € TpaHcnopT. Bin Gepe yyacTh y CTBOpEHHI MPOAYKILii Ta 1ocTaBi ii
CIOKHMBauaM, 3JIMCHIOE 3B 30K MDK PI3HMMHU Taly3sMH TOCHOJApCTBA, MDK PEriOHaMH Ta
KpaiHamu. Po3mupenHs Ta yJ0CKOHaAJICHHsS! TEPUTOPIAIBHOTO MOJIUTY IMpalli BEIUKOI0 MIpPOIO
3aJISKUTh Bil PIBHA PO3BUTKY TPAHCIIOPTY. TPAHCHOPT CKIAJAETHCS 3 OKPEMHUX BHIIB, TAKUX
SK: 3aII3HUYHOTO, aBTOMOOLUIEHOTO, MOPCHKOT0, PIUKOBOT0, TPYOOIIPOBIIHOTO, MOBITPSHOTO
i iH. BkazaHi BUAM TPAHCIIOPTY B3aEMOJIIFOTH MK COOO0, YTBOPIOIOYH TPAHCIIOPTHY CHCTE-
My. ABTOMOOUIbHUH TPaHCIIOPT — ray3b TPAHCIIOPTY, siKa 3a0e3reuye 3aJJOBOJICHHS MOTped
HACEJICHHS Ta CYCIUILHOTO BUPOOHUIITBA B MEPEBE3EHHAX MACAKUPIB Ta BAHTAXKIB aBTOMOOI-
JHHUMH TPAHCHOPTHUMH 3aco0aMu. Bennka mpoTsKHICTE aBTOMOOUIBHHX JIOpIr 3a0e3meuye
MOJKJIMBICTB 1X MOBCIOJHOI €KCIUTyaTallil Mpyu 3Ha4YHINA MepeBi3Hil 31aTHOCTI. MaHEeBpEHICTbh,
MOOLUTBHICTh, BUCOKI ITBUKOCTI TOCTABKHA BAHTAXKIB 1 IEPEBE3EHHS MacaXupiB, KOMPOPT MO-
i31KK Ta 1HII TO3UTHBHI AKOCTI aBTOMOOUILHOTO TPAHCIIOPTY 3a0€3MeuniIn oMy MiABUIICH]
TEMITH 3pOCTaHHs, ajie BOJHOYAC BiH MA€ IIKIUIMBUY BIUIMB HA JTOBKUILJIS.

ITocTanoBka npo6Jemu. [Topsa i3 mepeBaramu, siki 3a0e3meuye CyCHUIbCTBY PO3BHHYTA
TPAHCIOPTHA Mepexa, ii Mporpec Tak caMo CYMpPOBOKYETbCS HETAaTUBHUMHU HACHIJKAMH —
HETaTUBHUM BIUIMBOM TPAHCIOPTY Ha HABKOJUIIHE CEpelOBHIIE. ABTOMOOUILHHMI Mapk, €
MPAKTUYHO OCHOBHHUM JDKEPESIOM 3a0pyJHEHHS HAaBKOJMIIHBOTO CEPEIOBHINA, a TaKOX O-
HUM 13 JDKEpe, 1[0 CTBOPIOE BUCOKUI piBeHb IIyMYy i BiOpailito. ExonoriuHi 30MTKH Bi eKc-
IUTyaTalii aBTOTPAHCIIOPTHUX 3aCO0IB 3yMOBJIEHI TOKCHUHUMH BUKUIAMHU. Y 0aratbox BeJH-
KHX MICTaX Ha YacTKy aBTOTPAHCHOPTY JAOBOIUTHCS TMoHan 70 % Bin 3arajibHOi KUTBKOCTI
BUKH/[IIB 3a0pyIHIOIOUMX PEUOBUH B arMochepy. byayun HalOUIBIIUM CHIOXKUBAuYEM MPUPOI-
HOTO TaJIMBA, aBTOTPAHCIIOPT ICTOTHO BIIMBA€ Ha 30UIbIIEHHS KOHLEHTpalii B aTMocdepi
BYIJIEKHCIIOTO Ta3y i, THM CaMUM, Ha IPOILIeC TI00aJIbHOr0 MOTEIUIIHHS KIIIMATy Yy CBITI.

© Bemxera B. 1., [Tacos I'. B., 2019
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AHaJI3 ocTaHHIX q0caiIKeHb i my0Jikaniii. Y po6oTi [1] oOrpyHTOBaHO aKTyaJIbHICTh
npoOseMH €KOJIOTiYHOT Oe3MeKr aBTOMOOUIBHOTO TPAaHCHOPTY, MPOAHATI30BAHO YKUTTEBHUM
UK aBTOMOOLIS, BIUIMB MOTO €KCIUTyaTallii Ha JOBKUULIA, BU3HAUEHO HANPSAMU Ta 3aXOIH
100 MIABUIIEHOT €KOJIOTTYHOT Oe3MeKn aBTOMOOUIBHOTO TPAHCIIOPTY.

[Tpo6nema 3a6pynHeHHS aTMOC(hEPH BUXJIONTHUMHU T'a3aMUd MOTOPHOTO TPAHCIIOPTY MpoaHa-
mi3oBaHa B poOoTi [2]. Po3risiHyTo MUTaHHS BIUIMBY Ha CTaH aTMOC(EpH CKIIaTy BUXJIOMHHUX
ra3iB pi3HUX BHJIIB MOTOPHHX TPAHCHOPTHUX 3aCO0IB Ta OCHOBHI 3aX0JU # METOH IIOA0 3HH-
’KEHHS LIKIJIMBOTO BITMBY MOTOPHOTO TPAHCIOPTY HAa aTMOCQepHe MOBIiTps. s ounineHHs
BUXJIOITHUX r'a3iB MOTOPHOI TEXHIKU 3aIPOIIOHOBAHO BUKOPUCTOBYBATH BIIACHE YI0CKOHAJICHHUM
METOJI OCYILIYBAaHHS MAIMBHO-MACTUIBHUX MaTepiaiiB, KU MOJSAraB y TOMY, L0 3aMiCTh Tre-
HepaTopa HEUTpaJIbHUX ra3iB 3aIPOIIOHOBAHO BUKOPUCTOBYBATH BHXJIOIHI Ia3d MOTOPHOT TEX-
HIKH, SIKI 3a37aJerigb ounIIytoThcs Bin CO; B KaramizaTopax OYUIICHHS BUXJIOMHUX T'a3iB.

BriuB aBTOTpaHCHOPTHUX 3ac00iB Ha JOBKULIS B JKUTJIIOBUX MacHBax MICT y B3ae-
MO3B’SI3KY 3 BYJIHYHO-JI0POKHBOIO CITKOIO PO3TIISAAETHCS B poOoTi [3]. 3ampornoHoBaHO Bpa-
XOBYBATH TPAHCHOPTHY I'yCTHHY aBTOLUIAXIB JUISI MOJEIIOBaHHS PyXy aBTOMOOLIIB, IO Ja€
MOJKJIMBICTh OUIBII TOYHO BU3HAYaTH 3a0pyIHEHHS JTOBKULIS 3 BPaxXyBaHHSAM TPaHCIOPTHO-
eKCIUTyaTaI[IfHUX MOKA3HUKIB JIOPIr.

PoGoTa [4] mpucBsiueHa mpobiiemam ytuiizaiii aBToMoO0iniB B Ykpaini. Posrisnaerscs
yTUITi3allis aBTOMOOUIIB SIK OJUH 13 3aX0JliB 30epe eHHs MOBKULIA. J{OCHiIKEHO 3aKOpA0H-
HUH T0CBiJ TepepoOKH TPAaHCTIOPTHUX 3aCO0IB Ha 3aBEpIIAIbHOMY €Tarli )KHUTTEBOTO LUKITY Ta
IIUISIXU OTO BIPOBAKEHHS B YKpaiHi BIMOBIIHO A0 MpuitHATOro BepxoBHoto Panoro Ykpa-
inu 3akony «IIpo yTuiizanito TpaHCIOPTHHUX 3aC00iBY.

Buainenns HexocaiIzkeHMX YACTHH 3arajbHOI mpooJeMu. J[ocniyKeHHs BIUIMBY aBTO-
MOOLIBHOTO TPAHCIOPTY HA TOBKULISA Ta 3JI0POB’S JIOAEH € JOCUTh aKTyalIbHOIO MPOOIIEMOIO
1 po3ryIsiaeThesl B 6araTboX HayKOBHX Mpalsix [2; 3]. Ane OUIbIIICTh JOCTIIKEHb PUCBSIYE-
Ha 3a0pyJHEHHIO aTMOC(EpPHOTo MOBITPS BiANpPAIlbOBAHUMH T'a3aMHU, B TOW Yac SK 1HIII IIKi/-
nuBi (pakTopu Mailke He BPaBXOBYIOTHCS.

Binomi pesynpratu pobotu [4], 1e aBTOpHU MparfoBaiy HaJ MpoOIeMOI0 3MEHIIEHHS BILIH-
BY aBTOMOOLIFHOTO TPAHCIIOPTY Ha HABKOJIMIIIHE CEPEOBUILE 32 PaXyHOK BUPIICHHS TUTAHHS
PO YTUITI3ALiI0 TPAHCIOPTHHUX 3ac00iB B YKpaiHi. Y 1iif cTaTTi I1i pe3yJIbTaTu JOTIOBHEHO.

Merta cratTi. ['010BHOIO METOI0 POOOTH € MPOBEACHHS TOCTIKEHHS IIKIUIMBOTO BILIH-
BY aBTOMOOUTIHHOTO TPAHCIIOPTY HA HABKOJIMILHE CEPEIOBUINE HA €Tanax MPOEKTYBaHHS, BU-
pPOOHUIITBA Ta EKCILTyaTallii Ta pO3TJIs 3aX0/IiB II0JI0 MiABUIICHHS €KOJOTIYHOT O3MeKH.

Bukaan ocHoBHOro marepiany. OnHiero 3 HaOIbII BaXKIMBUX SKCIUTyaTaI[lfHUX Biac-
TUBOCTEH aBTOMOOUTEHOTO TPAHCIIOPTY, 1110 BU3HAYAE HOTO SAKICTh Ta OE3MEYHICTh, € EKOJIOTI-
YHICTh. MDKHAPOIHI CTAaHAAPTH HA CUCTEMU SKOCTI BBOJAATH MOHSATTS TaK 3BAHOT «IIETIi KO-
CTi», 110 BCTAHOBJIIOE BUMOTH JIO TNPOJYKIIi, ImpoleciB abo MOCIyr Ha BCIX CTamifxX ix
KHUTTEBOTO LUKIY (puc. 1), MOYMHAIOUM 3 IPOEKTYBAHHS 1 3aKiHUyIOUM yruiizaniero. e mos-
HOIO MipOIO BITHOCHUTBHCS 1 10 aBTOMOOUTEHOTO TPAHCIIOPTY.

ABTOMOOUTBHUI TpaHCIIOPT Tpeda PO3IIISIATH B KOMILICKCI, K 1HIYCTpilo, MOB’sI3aHy 3
BUPOOHUIITBOM, TEXHIYHUM OOCITYrOBYBaHHSM 1 pEMOHTOM, €KCILTyaTalli€lo, YTUTI3alli€lo aB-
TOMOO1TiB, BAPOOHUIITBOM MaJTMBHO-MACTHIIBHUX Ta EKCIUTyaTal[iiHUX MaTrepiaiiB, OyaiBHH-
LITBOM Ta 00CIYTOBYBaHHSAM JI0POKHBbO-TPAHCIIOPTHOT MEPEXKI.

VY3araabHeHO MOXKHA C(OPMYITIIOBATH TaKi HEraTUBHI BIUIMBH aBTOMOOLIIB Ha JTOBKULIS.

[lepmra rpymna nos’s3aHa 3 BUpOOHUITBOM aBTOMOO1IIB. Ha aBTOMOOUIEOYAIBHUX MinIpH-
€EMCTBaX JDKEpeIaMu BUKHUIIB IIKI[UIMBUX PEYOBUH B aTMOC(EpHE MOBITPS € TEXHOJIOTIdHE
oOmagHaHHsA M arperatd, 10 3aCTOCOBYIOTHCSI Y BHPOOHHMIITBI 3arOTOBOK, Y KOBaJIbCHKO-
MIPECOBUX, TEPMIUHUX, TaTbBAHIYHIX, MEXaHOCKIAJAIBHUX, 3BAPIOBAIBHIX, JTaK0(hapOOBUX i
TUBapHUX 1exax [5]. YacTka mianpueMcTB MamimHOOYAyBaHHS B 3aralbHOMY 00Cs31 BUKH/IIB
HIKIJUTMBUX PEYOBHH B aTMocdepy He nepesuinye 3 %. [lepexycim, 11e BigXiJqHi ra3u 4aByHO-
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JMBApHOTO Ta CTajeJuBapHOTO BupoOHunTBa. Ha 1 T waByHy mpumagae 10-12 xr mumy i
150 xr yagHOTO Ta3y, a Ha 1 T cTaui, BignoBigHO, 6—8 1 50 kr. BHacIigok poOOTH TEXHOJIOT1Y-
HOTO YCTaTKyBaHHs B aTMoc(depy HaaAXoIITh Macia, apH, aMmiak, I[iaHICTHI BOJCHb, a€p0O30-
mi, pmopumu, MeraneBuii Ta aOpa3sUBHUN MW, YalT-CHIPHUT, CIPKOBOJIEHB, TBOOKCH] CIPKH,
OKCHJIM a30Ty ¥ iHIII IIKiUIMB1 peuoBMHU. Ha mignmpueMcTBax MammHOOYIyBaHHS HaKOIH-
9y€eThCS 3HaYHA KUTBKICTh TBEPAMX BiAXOMIB, 30KpeMa: aMOPTH3AIIIHII OpYyXT, SIK pe3yabTaT
3aMiHU 3HOIICHHX JIeTallel 1 MoJepHi3allii 00JaHaHHS; BIAXOAHW Bi BUPOOHHIITBA MPOKATY;
BIJIXO/IY JIUTTS; BIAXOAM BiJl MEXaHIYHOT 0OpOOKH 3arOTOBOK HA BepcTaTax.

CnoxuBuya cdpepa Bupo6Huua ccpepa

Ymunisaws abo BTOpHHHA
nepepodka nicnA 3aBeplleHHA
TEPMIHA EKCNnyaTaLyi.

MapKeTHHT | BUBYEHHA PUHKY I

MpoexTyBaHHA | po3pobka |

NpoayKLil
- MNpoekTyBaHHA |
ExcrnyaTauis pospobka npougcie
TexHivne 3akyniena
obcnyrosysaHHA Martepianis
| Excnnyatauis BupoBHULTED Yi
ObcnyrosyBaHHA | ¥ I HafaHHA Nocnyr
pPEMOHT !
v —1 [lepesipka
BupoGuuureo
Cnava B
eKCnnyaTayiio S ——
cmauyBaHH}l ||

MoHTaM \ | C6yT, npoaa |

Puc. 1. Ilemns sxocmi

OpHi€ero 13 TPUYMH 3a0pyIHEHHS HABKOJIMIITHBOTO CEPEIOBUINA ITIITPUEMCTBAMH MaIIHHO-
OyIlyBaHHS € HEOUMILEH] CTIUYHI BOJM, 110 CKUJAIOTHCS Y BOJAOMMHINA i MOPYIIYIOTH OIOpiBHO-
Bary. Y CKIaJi CTIYHUX BOJ| MalIMHOOYIBHUX 3aBOJIIB MEPEBAKAIOTh: KPEMHE3EM, OKCHIIN 3a-
7i3a, ANOMIHIIO, Kalbllifo, MarHito (BUPOOHMIITBO JIMTBA); MACTHJIAa ¥ OKalMHA (MPOKaTHE
BUPOOHMIITBO); KAIBLIMHOBaHA cofa, GocdaT HATPiIO, TPUETAHOIAMIH, METAJIEBUI Ta aOpa3uB-
HUU MW, MiHEpAJIbHI MacTIiIa (MEXaHIYHEe BUPOOHUIITBO); IiaHIIM, CipyaHa Ta a30THA KHCIIO-
TH, MiJib, HIKEJIb, OJIOBO, XPOM, ITMHK (TajibBaHIUYHE ¥ J1ako(papOoBe BUPOOHHUIITBO).

BukopucranHs MeTaneBHX BiIXOIB y MamMHOOYAYBaHHI CHpHUs€ CKOPOYECHHIO €HEpro-
€EMHOCTI, TPYAOMICTKOCTI i coOiBapTocTi mpoaykuii. EdhekTuBHIM 3ac000M € yTuiizaiis Bif-
X0/1B 0e3 MeperiaBKy 3 MONepeHIM X COpTYBaHHAM. [ mepepoOKH CKIaHOTO 32 BMICTOM
METAIOOPYXTy 0COOJIMBE 3HAUCHHS MA€ 3aCTOCYBaHHS KPIOT€HHOT TEXHOJIOTIi, 0 TPYHTY€ETh-
csl Ha (PI3MYHUX BJIIACTUBOCTSAX BTOPUHHUX METAIEBUX 1 HEMETAJIIEBUX BIIXOMIB 13 HACTYITHUM
iX OXOJOKEHHSM JI0 y)Ke€ HH3bKHUX TeMmrieparyp. HalOuibll mporpecHBHOIO TEXHOJIOTIEIO
nepepoOKH CTPYKKH IiJ] TUCKOM € TOPOIIKOBA TEXHOJIOTIs, 0 JO3BOJIIE€ B OaraThb0X BUMA/-
Kax oO0ilTHCcs O0e3 IuTTs aeraieid. TBepai BiIX0o Iy JUBaApHOIO BUPOOHHMIITBA 3aJICIKHO BiJl BU-
TSIy Ta CTaHY MO’KHA YTHJII3yBaTH TAaKOX IEPEIIaBKOI0 HAa OCHOBI TEXHOJIOTTYHOTO IPOIie-
Cy pereHeparii micky (OpPMYyBAIBHHX CyMIlIed. YTwIizamii MiAMAraroTh TaKOX TBEpAl
BIJIXOM MOJIMEPHUX MarepialiB, TYMOTEXHIYHI BiIXoau i Biaxoau AepeBuHU. Jlenani Oib-
II0T0 3HAUYEHHS Ha0yBae pereHepariist BiAmpanboOBaHUX MACTHIL.
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Butpatu cBiXOi BoAM Ha MAaIIMHOOYIIBHUX MIANPUEMCTBAX Y TPOIECI 3HEKUPIOBAHHS,
TpaBJICHHS, TaJIbBaHIYHOTO HAaHECEHHS IMOKPUTTIB 3HAYHO CKOPOUYIOTHCS 3aBISKH 3aCTOCYBaH-
HIO CTPYMUHHO1, BOJOTOBITPSHOI Ta MPOTUTEUIHHO-KAaCKaIHOI cucTeM. TakoX HeoOXiTHIM 3a-
XO0JIOM 3MEHIIICHHS €KOJIOT0IECTPYKTUBHOTO BIUIMBY Taly3i € OUMIIEHHS BOJI, BAKOPUCTAHUX Y
nporieci BUpoOHUITBa. MamnHoOy/1iBHI MiANpUEMCTBA BUKOPUCTOBYIOTH 10 10 % Bin 3araib-
HOT KUIBKOCTI BOJM, IO CIIOXKHBA€E MPOMUCIOBiCTh. HaliOupie ii BHKOPUCTOBYIOTh 3aBOJU 3
BUPOOHHUITBA BaHTAKHUX aBTOMOOLIIB (240 M> Ha oauHUIIIO Tpoxykuii). IIpu 1mpoMy cepen-
HBOPIYHI CKMM CTIYHUX BOJ ocsraioTsh 180 M® Ha ounmIio npoaykiii. Cepes iHIINX ramyseit
MaIMHOOY[yBaHHS 11i MOKA3HUKHU TakKi: npenusiiiHe BepcratobymyBanns — 90 i 55 mM*; kommpe-
COpHE, XOJIOUIIbHE i KMCHEBE MAITMHOOYAyBaHHS — 66 1 59; Baxkke BepcTaroOymyBaHHs — 59 1
45; mignpueMcTBa 3 BUPOOHMIITBA MIAIIUITHUKIB — 55 1 48; 3aB0M 3 BUPOOHUIITBA Pi3aJIbHUX
iHCTpyMeHTIB — 45 1 26; nuBapHi 3aBoau — 17 1 9 M>. OTxe, TONOBHUME pe3epBaMH Il 3MEH-
[ICHHS [IKIIJIMBOTO BIUIMBY B il TPYIi € BJOCKOHAJICHHS HASBHUX TEXHOJIOTIH, 3MEHIICHHS
€HEepProeMHOCTI Ta pallioHaJIbHE BUKOPHCTaHHS PEeCypCHO-CUPOBUHHOT Oa3H.

Jlpyra rpyma 3yMOBIIeHa eKCIuTyaTtaliero aBToMoOu1iB. Hacammepes 1ie BUALICHHS HIKiA-
JUBUX BHUXJIONMHHUX ra3iB, BUTpaTa MaJMBHO-MACTHJIBHUX Ta EKCIUTyaTal[lfHMX MaTepiais,
IIyMOBE 3a0pynHEHHs. AHali3 3aXOMIB 13 3HWKEHHS TOKCUYHOCTI BIAMPAIbOBAHUX Tra3iB aB-
TOMOOLTIB T03BOJISIE BUAUIMTH TaKi OCHOBHI Hampsmu [5]:

1. BUKOpPHCTaHHSI HOBHX THIIIB CHJIOBOI0 YCTATKYBAHHS 3 MiHiMaJbHHM BHKH/IOM
LIKIVIUBUX PEYOBHUH.

2. 3amiHa KOHCTPYKUii, po00YMX MPoOLECiB, TEXHOJIO0Til BHUPOOHUIITBA AaBTOMOOLIIB 3
METOI0 3HUKeHHS] TOKCMYHOCTI BiimpanbsoBaHux rasiB. BrockoHanaeHHs KOHCTPYKLUIT 1 po-
004MX mpoleciB OCH3MHOBUX JBUTYHIB CIIPSMOBAHE HA MiIBUIICHHSA CTIHKOCTI 3aiiMaHHS 1
IIBUJAKOCTI 3rOpsSHHSA 301THEHHMX MANbHO-TIOBITPSHUX CyMiIeH, sKi 3a0e3Me4yloTh HU3BbKY
TOKCHYHICTh BIIIpPalbOBaHUX T'a3iB. ABTOMOOUIb CTa€ €KOJIOTTYHO HA0AraTto «YHCTIMIUM» Y
pasi 3aCTOCYBaHHS €JEKTPOHHUX CHUCTEM YIPAaBIiHHS, SIKI ONTHUMI3ylOTh POOOTY IBUTYHIB,
rajJbMIBHUX CUCTEM TOILO.

3. 3acTocyBaHHSI MPUCTPOIB OYMILEHHS 200 HelTpaJjizanii BilmpanbLoBaHMX rasis.
Jlnst aBTOMOOLTIB 13 OCH3MHOBUMH JABUTYHAMH AyXke e(EeKTUBHI KaTaJiTHUHI HEHTpanizatopu
noTpiiHo1 aii. [lyis aBTOMOOWIIB 13 JU3ENIIMHU 3aCTOCOBYIOTH (PUTBTPH, AKI OYHMILAIOTH BiAmpa-
IILOBAHI Ta3! BIJ caxli.

4. BukopHCTaHHSI ATbTEPHATHBHOrO0 200 3MiHA XapaKTePUCTHK TPAJIMUIHHOIO ma-
JBHOr0. /[0 MepCcreKTUBHOTO MAIBHOTO 31 3HUKEHUM pPIBHEM TOKCHMYHOCTI BHUXJIOITHHUX ra3iB
BIZTHOCSITH BOJIEHB, €TAHOJI, METAHOJI, CTUCHEHHI MPUPOIHUH 1 3piKeHni HadhTOBHIA ra3, He-
eTUIIbOBAaHI BUCOKOOKTAHOBI OCH3MHU. 3HIDKEHHsI PIBHS BIUIMBY Ha BOJHI PeCypcH aBTOMOOI-
JHHOTO TPAHCIOPTY IMOB’s3aHE 3 OpraHi3alielo 00OPOTHOTO BOJOIMOCTAYAHHS Y MpPOIECcax
MUTTSI aBTOMOOLTIB. BpaxoByroun HEBUCOKI BUMOTH JI0 CKIIQAY BOJH, IO MOJAETHCSI HA MHUIA-
KY, JOUUIBHUM € 1i OYHMINEHHS MiCisi BUKOPUCTAHHS MEXaHIYHUMHU (TPOLIKYBaHHS, BIACTO-
IOBaHHS) Ta (Pi3UKO-XIMIYHUMHU ((hIOTAallis, BUKOPUCTAHHS KOATYJISHTIB, aJICOPOCHTIB TOIIIO)
METO/JaMU. 3HW)KCHHS PIBHS HAKOMWYCHHS TBEPIUX BIAXOMIB Bil €KCIUTyaTallii aBTOMOOLISA
IPYHTYETBCS Ha 3aCTOCYBaHHI Pi3HUX CrOCOOIB yTmimizawii BigmpaiboBaHux muH. OcoOauBo
ICTOTHMM € HETaTHMBHMI BIUIMB aBTOTPAHCIIOPTY B CEPE/HIX 1 BEIMKHX MICTaxX, JIe KOHIIECHT-
paitis 11bOro BUAY TPAHCIIOPTHUX 3ac00iB HAHOLIbINA, 0 CTAHOBUTH CYTTEBY MPOOIEMY JUIS
HACEJICHHS TaKUX MICT, HacamIiepes Jjs Tiei Horo 4acTUHH, 10 MPOKUBAE B KHUTIOBHUX Oy-
JIMHKAX YU JKUTJIOBUX MAacHBaX, pPO3TAIIOBAaHMX MOOIU3Y BEIMKHX TPAHCIIOPTHUX apTepii,
nepexpecTb, Micllb NapKyBaHHs, rapaxis Touo. IlepcrnekTuBy MoCcTynoBOro BUPIMICHHS ITi€l
po0OseMH TOBUHHO JIaTH 3alpOBaHKEHHS MIABUIECHUX CTaHIAPTIB Ta BUMOT JIO €KOJOTTYHOI
0e3reKkn aBTOMOOUTBHOTO TPAHCIIOPTY, CTUMYJIIOBAHHS BUKOPUCTAHHS HaWMEHIN IIKIUTMBUX
JUIS. JOBKUIISL BUAIB MajINBa, OACPKAHHS BUMOT IIOJ0 3a00pOHH PO3TAIlTyBaHHS MICIh CKY-
MTYEHHS aBTOTPAHCIIOPTY B Oe3mocepeaniil GIM3bKOCTI 0 30H MPOKUBaHHA oaei. Kpim To-
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ro, piBeHb HETaTMBHOTO BIUIUBY Ha JOBKULIS 3HAYHOIO MIPOI0 BHU3HAYAETHCS MPABHIIBHOIO
OpraHizalfi€io pyxy aBTOTPaHCHOPTY. 30KpeMa, HAHOUTbIINI BUKU/ IIKIIJTMBUX PEUOBUH Bij-
OyBa€eThCs MPH TaJbMYBaHHI, PO3TOHI i 101aTKOBOMY MaHEBpPYBaHHI aBTOMOOLTIB. Y 3B’S3KY
3 UM CTBOPEHHS JIOPOXKHIX «PO3BHIIOK», MPaBUIIbHA YCTaHOBKA CBITJIO(OPIB, peryitoBaHHs
PYXY TPaHCIOPTY 3a MPUHLUIIOM «3€JI€HOT XBUJI» CYTTEBO CKOPOUYE MOTPAIUISIHHA B aTMOC-
depy 3a0pyIHIOIOYNX PEYOBUH, & TAKOXK CIPHUsE 30ePEKEHHIO TPAHCIIOPTY. 3aco0amMu 3MeH-
IICHHSI BUKHJIIB BiJ] aBTOTPAHCIIOPTY MOKYTh CTaTHU TEXHIYHI, TEXHOJIOTTYHI Ta opraHi3amiiHi
3aX0JI1 BIUTUBY JUISI TOKPAIEHHS CTaHy aTMOC(EPHOTo TMOBITPS, a caMe:

- 3/1IICHEHHS MOCTIHHOTO KOHTPOJIIO 32 AKICTIO HAPTOMPOAYKTIB, SKI peayli3yloThCs LUIs-
XOM ONTOBOI Ta po3ApiOHOT TOPTIBIi, MOCTYIOBE MEPEBEICHHS aBTOMOOLIIB Ha allbTepHATHUB-
Hi BUJIU [TaJIBHOTO;

- TIepeXi/l Maca)kupPChbKOTO TPAHCIIOPTY HA €KOJIOTTYHO HAWOLIBII «UUCTHI» BUJ TPAHCIIO-
PTY — €JIEKTPOTPAHCIIOPT;

- BUBEJICHHS MOTOKIB TPAH3UTHOTO TPAHCIOPTY 32 MEX1 HACEIEHUX MYHKTIB, CKOPOUCHHS
KUTBKOCT1 aBTOCTOSTHOK Ta MapKyBaJIbHUX MAlIaHYMKIB y LIEHTPAX MICT, TYCTO3aCEIICHUX KH-
TJIOBUX MacHBax Ta MICIISIX MAaCOBOTO BIIIIOYMHKY HACEICHHS;

- OCHAIIICHHsI aBTOMOOLIIB HEHTpaizaTopamu;

- BIIPOBAJDKEHHS MPAKTUKH €BPONEUCHKUX KpaiH 11010 BBEJCHHS MOJATKy Ha BUKOPHC-
TaHHS aBTOMOOWUIIB i3 BEJIMKUM BMICTOM 3a0pYyAHIOIOUMX PEUYOBUH Yy BiANpPAI[bOBAHMUX Ta3ax
OJIHOYACHO 3 TIOCTYIIOBHM BHUBEICHHSM TaKMX aBTOMOOLIIB i3 ekcruryaranii. BogHodac He
MEHIII BaXKJIUBUM 3aBJIaHHSIM € BUPIIICHHS TUTAHHS PO3MIMPEHHS JOPIT 3 SKICHO MOJIMIIEHUM
MOKPUTTSIM, 30UTBIICHHSI KUTBKOCTI METaHOBHX 3alPaBOK, aKTUBI3allis pOOIT i3 TepeBeaCHHS
aBTOTPAHCIOPTY HAa BUKOPUCTAHHS MIPUPOIHOTO ra3y i OiomaauBa TOIIO.

Tpets rpyna noB’si3aHa 3 aBTOMOOUTBHUMHY IIIsIXaMH. ABTOMOO1UIbHA IOPOTa, SIK 1HXKEHE-
pHa cropyza, IpoKjaieHa Ha MICIIEBOCTI, CIPUYHMHSIE TaKi HETATUBHI BIUTMBY HAa HABKOJIUIIIHE
CEepeIOBHUIIIE.

Bunyuenns micyesux npupoonux pecypcig. BimayxeHHs 3eMeTb i aBTOMOOLUIbHI JOPOTH,
A3C, 3ynuHKH, CEepBICHI Ta PEMOHTHI minnpuemcTBa. B VYkpaiHi HamiuyeTbcsi ONMU3BKO
170 tuc. kM. Jlopir 3arajgpbHOr0 KOpUCTyBaHHA Ta Omu3bko 150 tuc. xm. [lopir micueBoro
3Ha4YeHHs 0e3 BpaXyBaHHS BYJIMIIb MICT HaceleHUX MyHKTiB. Ha OymiBHHITBO 1 KM cydacHOi
aBTomaricTpaii morpiono mo 10-12 ra mromi. Kpim 115010, 101aTKOBI TUIOII HEOOXiAHI IS
TEXHOJIOTTYHUX LUIEeH: CKIaiB 30epiraHHs OyIiBeIbHUX MaTepialliB, MiCllb CTOSHOK, TUMYa-
COBHX CIIOpPY]I, PO3MIIIEHHS 3HATOTO 3 IOPOTH IPYHTY. Benuki mroii 3aiiMaroTh TaKOX TpaH-
CIIOPTHI pO3B’sI3KK 710 1,5 ra mpu MepeTuHi TBOCMYTOBUX JIOPIr Ta A0 35 ra mpH MepeTuHi
[IECTUCMYTOBUX JIOPIr.

3HATTS POAIOYOrO IIAPY IPYHTY, JOOYBaHHS MICKY, KaM STHUX MaTepiajis.

3mina penveghy micyesocmi. OOnamTyBaHHsS HACHINB Ta BUIMOK, YTBOPEHHS TITMOOKHX
Kap’€epiB MicJisi BUAOOYBaHHS IPYHTY, HACUTIAHHS BiBAJIIB IPYHTY.

Tiopomexniuni pooomu. OcyuryBaHHs 3a00JI0Y€HOT MICIIEBOCTI Ta BJIANITYBAHHS HACHUIIIB
Ha 00JI0Tax, 3MiHa CTOKY OBEPXHEBUX BOJI Ta PyCel BOJOTOKIB.

Texnonoeiumi 3a6pyoHenns. BukopuctanHs OyIiBeIbHUX MaTepiajiB MPU3BOIUTH 10 3a0py/I-
HEHHSI TIPUJIETJI0l TepUTOPii TOKCHYHUMH peYOBUHAMH. BUKOPHUCTaHHS NMPOTHOXKENEIHUX CyMi-
1€l MPUTHIYYE TPUPOHY POCIUHHICTD, 3a0pYAHIOE BOJOWMH Ta BOAOTOKH.

Iopywennsa nopmanvrozo @yukyionyeannsa exocucmenm. Ilpu nepeTuHi MTyYHUX CHOPYH
3MIHIOETBCS CEPeAHs MIBUAKICT BITPIB. JJOporu mepenkopkaoTh MIIsXaM Mirparii TBapHuH.
MocroBi niepexo i iepeopMOBYIOTE OEPETOBY JTiHIIO, 3MIHIOIOTH MMOTIEPEYHUH Mepepi3 Tedii,
BHACIIIZIOK YOTO MOPYUIYETHCS T1APaBIIUHUI PEKUM MOTOKY, 3’ ABISIOTHCS POSMHUBH, MOXKYTb
OyTH 3HHUIIEHI Miclg HEepecTy pub Ta iX 3MMYyBaJIbHI SIMH.

Asmooopozu € doxcepenom ymeopenns nuny. I1in 4ac pyxy CTUPA€EThCs TOPOKHE NOKPUTTS 1
aBTOMOOLUIbHI MKHU. J[0 1IBOTO JOJIAETHCS TAaKOXK Opya 3 I'PYHTY, HAHECEHUI Ha MPOi3Hy yac-
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TUHY, TOMY YTBOPIOETbCS UL, IKUH BITEpP MOXKE IEPEHOCUTH Ha BiICTAHb JI0 COTEHb KUIOMET-
piB. Ckian nmuity Ta HOro KUTbKICTh 3ajieXaTh Bl Marepiany JOPOKHBOTO MOKPUTTA. | paBieBi
JOpPOTH YTBOPIOIOTH MWJI MEPEBAXKHO 3 JIOKCHIY KpEMHIlo, IpyHTOBI — Ha 90 % 3 KBapueBux
YAaCTHHOK, Ha JIOporax 3 ac(anbToOOETOHHUM MOKPHUTTSAM JI0 CKJIAAY MUITY JOAATKOBO BXOJSThH
MPOAYKTH 3HOUTYBAHHS, 0 MICTATH OiTyM. [T Takox CTBOPIOE MEepeyMOBH [Tl BHHUKHEHHS
JOPOXKHBO-TPAHCTIOPTHUX MPHUTOJT i/ Yac AOIMLY, OCKUTBKU 3MEHIIYEThCS KOS(ILIEHT 34YETIICH-
HsI IIIMH 3 OTIOPHOIO TIOBepXHEro. [ ocigae Takok Ha CUTBCHKOTOCIOAPCHKI KYJIBTYpH, BUCA-
JDKEH1 MoONIn3y JOPOTH, TOMY BOHM HAKOMTUYYIOTh IIKIJVTUBI PEUOBHUHH.

YerBepra rpyna moeaHye MpoOIEeMH YTHIII3aImil aBTOMOOLIIB, IO BiAMPAIIOBAIHN CBiit
TEPMiH, IIMH, aKyMYJSATOPIB, pereHeparii oJauB Ta HIIMX TEXHOJOTTYHUX piauH. HuHi aBTO-
MOOLIbHA TPAHCIOPTHA CUCTeMa YKpaiHH Hajiuye Oiuibine 9,2 MIIH TPaHCIOPTHUX 3ac00iB,
cepell SIKUX JIETKOBUX aBTOMOOLUTIB — 6,9 muH, BaHTaxkHUX — 1,3 MuH, aBTOOYyCiB — 250 THC,
MOTOTpaHCIopTy — Oitbiie 840 Tuc. Ix cepeaniit Bik cranoBUTH 6:1u3bK0 16 pokis. Y 2018 p.
PUHOK OYBIIMX Yy CITO’)KMBAaHHI aBTOMOOLTIB YTpHUi EPEBHUILYBAB MPOJaXX HOBUX aBTO. Tib-
ku B rpyaHi 2018 p. ykpaiHii iMIIOpTYyBaqu PeKOPAHY KUIBKICTh TaK 3BaHUX «EBPOOISIX» —
22 THC., Ha U0 BIUIMHYJO /1Bl IPUYMHM — 3aKIHYEHHS TEPMIHY JIii MIIBIOBOTO 3aKOHY MPO PO-
3MHUTHEHHS, a TaKOXX Mo4aTok Aii 3 26 mucromana 2018 p. HOBOro 3akoHY, IO JIETai3ye B
VYkpaini «epoomsixu». [Tonan 60 % 3aBe3eHHX JETKOBUX aBTOMOOLIIB cTapili § pokiB, a Oiu-
36K0 27 % aBTOMOOLTIB cTapiie 30 pokiB.

V pe3ynbTari TpUBajoi ekcruryaranii GizudHi i XiMiYHI IPOIECH, 10 BiAOYBAIOTHCS B aBTO-
MOOLTI, MPU3BOATH JIO 3HOCY HOr0 OCHOBHHUX BY3IIIB 1 MEXaHI3MiB, 30UTBIIICHHS KUTBKOCTI IIK1JI-
JMBUX BUKUIIB B aTMoc(epy, MOPYIICHHS PEryiiOBaHb, 30UIBIICHHS KUTBKOCTI HEMOMAJ0K Ta
noripuieHHs TexHiyHoro crany. lllopoky B Ykpaini BinOyBaerscst 10 20 % JITII yepe3 necnpas-
HUI TEXHIYHUI CTaH TPAHCHOPTHUX 3ac00IB Uepe3 3HIKEHHs KoedilieHTa O0e3neKkn aBTOMOOUIS
Kéa, sIKU# 1711 HOBOTO aBTOMOOLUIS cTaHOBUTSH 1,0, [utst i’ situpiuHoro 0,7...0,8, a gecsatupiyHoro —
0,4...0,5. Tomy crix BUBOAMTH 3 €KCILTyaTallii aBBTOMOOLTI 3 TPUBAJIMM TEPMIHOM EKCILTyaTallii.

Pana €spomneiicbkoro Corosy y 1997 poui npuiinsina Jupexkrusy 97/C 337/02 «Tpancno-
PTHI 3aco0u, 1110 BUMIIUIK 3 eKcIutyatalii». Y moromy 1999 poky B mio JlupektuBy Oynu BHe-
CEHi MOMpPaBKH, 3a AKUMHU aBTOMOOLTI mounHaouu 3 01.01.2005 p. moBUHHI YTHIII30BYBATHUCH
AK MiHIMyM Ha 85 % 1o Maci IIJIIXOM MOBTOPHOTO BUKOPUCTAHHS OKPEMUX BY3IIIB 1 JleTaneil,
PELMKIIIOBaHHS MaTepiajiB, a00 CIaglOBaHHIM BiIXOJIB i3 BUKOPUCTAHHIM TEIUIOBOI €Heprii.
301.01.2015 p. gactka yTuiizanii mo Maci MOBUHHA CTAHOBUTH K MIHIMYM 95 %.

3riHO 3 MPEKTHBU BCl BUTPATH, TIOB’A3aH1 3 YTHIII3aLli€l0 CTAPUX aBTOMOOLTIB, JIATAIOTh HA
aBTOBMPOOHHMKIB. T1i, y CBOIO Uepry, 3aKiia/laloTh BUTPATH Ha YTUJII3aIlil0 Y BapTiCTh HOBUX aBTO.

VY neskux kpainax (Pocis) BcTaHOBJIEHO Ha 3aKOHOJIaBYOMY PiBHI OKpeMi Tapudu 3a Tpa-
HCTIIOPTYBaHHs, 30€piraHHs Ta yTUII3allil0 aBTOMOOUIBHOTO METaIOOPYXTY.

Y CHIA yrumizanis 3HOIIEHUX TPAHCIOPTHHUX 3acO0iB € Oi3HECOM 3 000POTOM MOHAA
8 MIp moapis.

B Vkpaini 3akon «lIpo yTmiizamito TpaHCIOPTHUX 3ac00iB» Oyio npuitHATo BepxoBHOIO
Panoro Ykpainu B 2013 pomi. Lleit 3akoH BU3Hauae MpaBOBi, OpraHizailiiiHi Ta eKOHOMIYH1
3acay JisUTbHOCTI, IOB’S3aHOT 3 YTHIII3ALI€I0 TPAHCIOPTHUX 3ac00iB HA TepUuTopii YKpainu 3
METOI0 3a0e3MeUYCeHHS €KOJIOTIUHOT OE3MEeKH, OXOPOHH HABKOJHUIIIHHOTO MPHUPOJTHOTO Cepeo-
BHUIIA, )XUTTS Ta 30pOB’s TpomajsH [6]. [lyisa peanizamii boro 3aKOHY BBEIH €KOJOTTYHUI
30ip Ha IMIOPTOBaH1 aBTOMOOLII. 3a7eKHO Bl 00’ €My JIBUT'yHA TIOJIATOK CTAaHOBUB Bif 4,7 110
30 tuc. rpuBenb. Ane y 2014 poui mix BIJIMBOM aBTOMOOLIICTIB 1 MPEJCTaBHUKIB Oi3HECY
30ip BigMiHMIM, a 3aKOH Tak i He HaOyB umHHOCTI. PaxiBIli BBaXKAIOTh, IO L€l 3aKOH Mae
HEJOMIKU. Y HhOMY HE BKa3aHO, SKi MAlTUHU MiAJIATAI0Th yTuotizalii. Hi BuMor 1o BiKy TpaH-
CIIOPTHOTO 3aco0y, Hi 10 TEXHIYHOTO CTaHy HE MPOIUCAHO, TOMY BUHIILIO, IO YTHUJIi3allisl —
crpaBa TIOOpPOBLIbHA 1 BIIACHUKH HE MOCIIIIIIN 31aBaTi CBOI aBTOMOO1I1 Ha miepepooOky. Me-
peka yTHII3aliifHuX 3aKiIaaiB Tak 1 He 3ampamtoBana. Lleit 3akoH HE CTUMYIIOE 371aBaTH aB-
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TOMOOLUIH Ha yTHIII3allil0 Ha BiAMIHY Bia Kpain €Bpocotosy. Hampukinazn, y @paniii nependa-
YeHO BeNHKI mTpadu, SKIIO BIACHUK HE 37a€ aBTOMOOUIh B YTHIII3AIIIO MICHS 3aKIHYCHHS
TepMiHy ekcruryaraiii. ¥ Hopserii mpu KymiBii HOBOTO aBTO 3aKJIaJCHMNA YTHII3AI[iiHHIMA
30ip, SIKMI OBEpPTAETHCS MPH 37a4i aBTO B yTHII3ali0. ToMy yKpaiHIli B KpalomMy BHIIAJKy
po30uparoTh aBTOMOOUTI Ha JETaji, YaCTUHY 3 SKHUX MPOJAI0Th, a IHINY 3[alI0Th Y MYHKTH
npUMaHHS METaJI0JIOMY, a00 B3arali KHJIaloTh aBTOMOOUTI pXKaBiTH Ha MOABIP 1.

J1Jis IOKpAIeHHS CUTYAIlil 3 YTHIII3aI[i€l0 aBTOMOOTIB, CIUPAIOYHCh HAa CBITOBUI JOCBIJ,
HEOOXIJJTHO BHECTH 3MiHM JI0 3akoHy Ykpainu «IIpo yTumizaiio TpaHCIIOPTHHUX 3ac00iBY, Je:

- Iepe0aYnTH BENUKi mTpadu Ui aBTOBIACHUKIB, SKIIIO BOHU HE 3J]al0Th aBTOMOOLIb B
YTUITI3a11i0 MiCHsl 3aBEepIICHHS TEPMiHY eKCILTyaTallii Ta 3a KHHYTi aBTOMOOLTI;

- 3aKJIACTH B L[IHY HOBOTO Ta IMIIOPTOBAHOT'O aBTO YTUJIi3alliitHui 30ip;

- BCTAHOBUTH TIOJJaTOK HAa aBTOMOO1ITI 3aJIe)KHO Bifl BIKY aBTOMOOLIIS;

- MOCWJIUTH IITpadHi CaHKIII] 32 BUKUIY MMOHA HOPMY LIKINTUBUX PEUOBHH B aTMOChepy;

- 3a0e31meunTy cTabUIbHY JIepKaBHY (DIHAHCOBY MIATPUMKY 3aXOJiB 3 yTHIII3ALLI].

BucHoBky BignmoBigHo 10 craTTi. Brume aBTOMOOITEHOTO TPaHCIOPTY Ha €KOJIOTTUHY
CHUTYallil0 B HAIllii KpaiHi JOCAT KPUTUYHOT MEX1 — MOKAa3HUKHU 3a0pyAHEHHS aTMOC(EpPHOTro
MOBITPS 1 JOBKULIS MEPEBUIIYIOTh AOMYCTHUMI MOKAa3HUKU MDKHAPOIHUX HOPM 1 CTaHAApTIB.
Tomy npoGiiema 3MEHIIEHHSI HEraTUBHOTO BILIMBY Ha JIOBKULIS aBTOMOOUIBHOTO TPAHCIIOPTY
Ha BCIX CTaigX HOTro KUTTEBOTO IMKIY € aKTyaJbHOI0. B poO0Ti mpoaHani3oBaHO BILTUB Pi3-
HUX YMHHUKIB Ha 3a0pyJHEHHS aBTOMOOUIBHMM TPAHCIIOPTOM JOBKUUISA Ta 3alpONOHOBAaHI
IUIIXY BUPILICHHS €T TPOOIeMH.
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UDC 629.113
Volodymyr Venzhega, Hennadij Pasov
DECREASING OF THE MOTOR VEHICLE EFFECT ON THE ENVIRONMENT

Urgency of the research. Road transport is a part of the developed transport system of Ukraine. However, along with
the many benefits of road transport, it has a detrimental effect on the environment.

Target setting. One of the main requirements for road transport is to ensure the safe transportation of passengers and
goods at minimal cost with the least environmental damage.

Actual scientific researches and issues analysis. Many works of scientists are devoted to the influence of road transport
on environmental pollution. The research results are reported in scientific journals, textbooks, and ecological textbooks, but
in most cases they are fragmentary and do not cover the whole issue.

Uninvestigated parts of general matters defining. Consider road transport in the complex, as an industry associated
with the production, maintenance and repair of cars, their operation, production of fuel and lubricants, with the development
and operation of the road transport network, etc.

The research objective. Conduct an analysis of the factors and propose a system of measures to minimize the harmful
effects of road transport on the environment throughout the life cycle of the vehicle.

The statement of basic materials. The transport complex is one of the most powerful sources of environmental pollu-
tion. Road transport is one of the main pollutants of atmospheric air, reservoirs and soil. There is degradation and loss of
ecosystems under the influence of transport pollution, which is particularly intense in urban areas. The problem of recycling
and processing of waste arising during the operation of vehicles, including after the end of their service life, is acute. In addi-
tion, transport is a major source of noise in cities and a source of heat pollution.

Conclusions. The complex approach to solving the problem of reducing the impact of road transport on the environment
is implemented in the work by taking full account of all harmful factors related to the production, operation, maintenance,
repair, disposal of cars, production and provision of fuel and lubricants and operational materials, operation and mainte-
nance of the road transport network.

Keywords: road transport; harmful effect of road transport on the environment, environmental friendliness of the car;
recycling of cars.
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ANYLSIS OF PIPE MECHANISM LOCOMOTION

Urgency of the research. Inspection tasks are frequently and very important from the view of safety. From this reason
the topic is very actual.

Target setting. The aim of the study is to investigate new kind of pipe mechanism based on differential frictions of bristles.

Actual scientific researches and issues analysis. There are many mechanisms for inspection of narrow or hard-to-reach
areas. Many of them are based on wheels or tank belt. This research investigates bristle-based pipe mechanism.

Uninvestigated parts of general matters defining. Nowadays, the SMA materials or different kind of memory materials
are always in the focus of researchers.

The research objective is to develop and experimental test the new kind of mechanism based on SMA as well as steel
spring mechanism.

The statement of basic materials. The locomotion divided into two phases is introduced. Based on this locomotion the mathe-
matical model was derived. Assuming mathematical model was developed control system for experimental pipe mechanism.

Conclusions. The results of the experiments shows problems with cooling phase due to its long time consumption. For
cooling was used external device. The cooling phase significantly decrease average velocity of pipe mechanism. The advantage
of this kind of mechanism is simple control and utilization for the pipe with small diameters.

Keywords: pipe mechanism; SMA; spring.

Fig.: 10. References: 11.

Introduction. There are many hard-to-reach areas which need to be inspected because of
detection of escaping gas or monitoring of obstacle presence etc. From this reasons the re-
searchers develop many years the mechanisms suitable for these tasks [1]. Within this re-
search will be investigated pipe mechanism. There are several kind of mechanisms for these
purposes like wheel-based or tank-belt based mechanisms. In the research we will discuss
about bristle-based mechanism. Bristle-based mechanism works on the difference of friction
in forward and backward motion [2; 3]. In other words, the friction coefficient in one direc-
tion is different in comparison of friction coefficient in another direction [4]. So, by suitable
designing of mechanisms bristles it can be achieved this friction differentiation [5; 6].

In our case as actuator will be used SMA spring in cooperation with conventional steel
spring. There are some similar solution in the works [10][11]. The paper is divided as follows.

The second chapter deals with mechanical design of our pipe robot. Next, mathematical model
is introduced. It deals with pipe mechanism motion in the narrow space like pipe. Within the paper
the mechanism is investigated by experiments. The conclusion shows the results of the analyses.

Design of mechanical parts of pipe mechanism. One of the most important issues within
the pipe mechanism designing is design of actuator. There were investigated many mecha-
nisms in the past based on DC motor actuators or actuators based on magnetism principles.
This study investigated SMA (shape memory alloy) actuator [7; 8; 9].

So, entire actuator consists of SMA as well as steel spring actuator. SMA spring behaves
based on the temperature of the spring. By heating of the SMA spring, it expands. When the
SMA springs is cooled, it shortens. By these two cycles can be driven mechanism based on
SMA spring. Steel spring plays the role of the helper of shortening of the SMA spring.

As can be seen in the Fig. 1, the red colour represents SMA spring in heating phase and
blue colour SMA spring in cooling phase. The black one represents steel spring.

|

Fig. 1. Phases of SMA spring (red — heating, blue — cooling)

© ®dinakocrkuit @inin, Buprana Isan, 2019
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Based on concrete type of used SMA spring, during cooling phase it shortens to 16 mm.
On the other hand, during the heating phase, it extends to 30 mm.

/
Q/@ L

1

Fig. 2. CAD model of in-pipe robot
In the Fig. 2 the CAD model is shown.
Design of our pipe mechanism arise from the inspiration from the nature by inchworm. In
the Fig. 3 is introduced the locomotion of the mechanism.

| ,
- 38

Fig. 3. Locomotion of the pipe mechanism

From fig. 3, zero phase is initial position of pipe mechanism. During the first phase, the
first module moves forward by maximum extension. The first phase is heating phase. While
the first module moves forward, the friction coefficient of this module in forward direction is
smaller than friction coefficient of second module in backward motion. During the second
phase, so called cooling phase, the second module moves forward while the first module is
static because of friction differentiation.

FS+F/S_FSMA=0 (1)

where Fs is force of steel spring, Ffs is static friction and Fsay is SMA spring foce, respectively.
Static friction force can be set as

Fys = ugFyn )

where s and Fly are static friction coefficient and load force, respectively. Variable # represents

following function
OVv 0
77 =
IVv =0

The second module motion is expressed as follows

Fyy—Fy=F, >0

3)

4
where Funa is SMA spring force, Fs is steel spring force and Fr is friction force. Considering
Coulomb friction model between mechanism modules and pipe, friction force is

Ff = ﬂCFN Sgn(V) (5)
where uc and FN are Coulomb friction coefficient and load force, respectively. Sgn(v) is signum

function, described by equation (6).
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IvVv>0
sgn(v) =< 0Vv=0
-1vv<0

(6)

Coulomb friction force depends on the direction of module velocity. From the equations (1)
and the equation (4) we can derive

F, —F
ILJS — SMA S
wgn (7)
F, —F
ph <3t s
wg sgn(v) ®)

where w is weight of pipe mechanism module. The required difference between forward and
backward friction coefficients can be set by suitable design of pipe mechanism bristles.

SMA spring is cooled by external device during its second phase. In this phase, it loses its
force and steel spring helps to shorten the distance between two modules.

The second phase could be described as

FS
< —_—
wg sgn(v) ©)
FS
Hg =
wgn (10)

The first phase duration is

- 20w
1 Fou—Fs—pewg Sgn(V)

(11
The second phase duration is
26w
G )
— u-wgsgn(v
s~ Hcwgsgn (12)
From both eqautions (11) and (12) can be set average velocity of pipe mechanism
v o= 0
L=
l+t, (13)

Theoretical average velocity of the pipe mechanism in the Fig. 4 is shown.

Average veloeity [m/s]

43

i
Coulomb ricton coefficient 0!

. e, . 3 35
7 B ool Sl sping (1)

Fig. 4. Pipe mechanism average velocity
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Experimental on SMA spring. As have been mentioned, SMA material changes its
properties by heating or cooling it. The heating of SMA can be achieved by supplying it by
electrical current. By connecting SMA to supply voltage different potentials, the current
would flow through it.

For experimental testing was SMA spring connected to supply voltage from 0.2 V up to
2 V. The results in the Fig. 5 are shown.

n
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Displacement [mm]
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Fig. 5. SMA spring extensions based on different voltage level

14 16 18 1

From the Fig. 5 it is clear, the higher supply voltage is the more extension of SMA spring
occurs. The load force for measurements were gained by different steel springs.
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Fig. 6. SMA spring and electrical current
The current flowing through the SMA is too high. For the voltage 2 V it is roughly 4 A.
As have been mentioned, friction force is very important for this kind of mechanism. Design
of the bristles is important task. Friction coefficient in the forward as well as backward direc-
tion can be determined by tribometer.

DC [
motor |,

A 2

Fig. 7. Friction coefficient measuring stand
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By any kind of motor with screw the angle of inclined surface can be changed, (see Fig. 7).

F, —wgsina =0

(14)
Fy,—wgcosa =0 (15)
The static friction coefficient can be set by following term
Mg =18 (16)
From measuring of friction there were found following values
Hrorwara = 0-449 (17)
Hpaciorara = 0-589 (18)

As can be seen, the friction coefficient in forward direction is lower than friction if
backward direction. By this difference the forward motion is achieved.
Experimental analysis with pipe mechanism. According to CAD model mentioned

above was designed pipe mechanism for experimental purposes. The mechanism is designed
for 13 mm diameter of the pipe, see Fig. 8.

Fig. 8. Experimental pipe mechanism

During the experiments the electrical current consumption was measured. The measure-

ments were done by input/output measuring cad MF624 connected with MATLAB / Sim-
ulnik, see Fig. 9.
2 :
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Fig. 9. Electric current consumption during Fig. 10. First phase of locomotion
the first phase of locomotion for several supply voltage levels

It can be seen, the first phase of locomotion characterized by SMA spring heating, last
roughly 40 seconds.

The Fig. 10 shows, that the higher current flowing through the SMA spring is, the lower

time it takes. The second phase, cooling phase, was takes a long time. From this reason was
used blower for faster cooling phase.

The significant disadvantage of this kind of mechanism is SMA spring heating but espe-

cially cooling phase which takes a lot of time what causes very slow locomotion, in our case
only 2 mm/min.

Conclusion. The paper dealt with motion analysis of pipe mechanism in the pipe with di-
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ameter 13 mm. At first mathematical model of locomotion was designed. From mathematical
model of both phases the average velocity of mechanism was derived. Then SMA spring was
experimentally tested in cooperation with steel spring. In the conclusion, there was designed
pip mechanism according to CAD model mentioned in the beginning of the paper. The exper-
iments were done with this experimental pipe mechanism. The results show problems espe-
cially with cooling phase which takes a lot of time. From this reason is this kind of mecha-
nism very slow. The advantage of the mechanism is very simple control system, small weight
and possibility to use the robot in very small diameters of pipe.

Acknowledgement. The authors would like to thank to Slovak Grant Agency — project
VEGA 1/0872/16.

References

1. Gmiterko, A., Dovica, M., Kelemen, M., Fedak, V., Mlynkova, Z. (2002). “In-pipe Bristled Mic-
romachine”, IEEE 7th International Workshop on Advanced motion control, pp. 599-603 [in English].

2. Kelemenova, T., Kelemen, M., Mikova, L. & Balaz, R. (2012). “Bristled In-pipe Machine Insi-
de Pipe With Geometric Deviations”, Procedia Engineering — Elsevier / International Conference on
Modeling Mechanic and Mechatronic systems, pp. 287-294 [in English].

3. Tatar, O., Mandru, D., Ardelean, 1. (2007). “Development of mobile nimirobots for in pipe in-
spection tasks”, Mechanika, 60-64, 6 (68), ISSN 1392- 1207 [in English].

4. Wang, Z., “A Bristled-Based Pipeline Robot for I11-Constraint Pipes”, IEEE / ASME Transac-
tion on Mechatronics, Vol. 13, No. 3, June 2008 [in English].

5. Yu, H., Ma, P., Cao, Ch., “A Novel In-Pipe Worming Robot Based on SMA”, Proceedings of
the IEEE International Conference on Mechatronics & Automation, pp. 923-927, Niagara Falls, Ca-
nada, 2005 [in English].

6. Choi, H. R., Roh, S., “In-pipe Robot with Active Steering Capability for Moving Inside of Pipe-
lines”, Bioinspiration and Robotics: Walking and Climbing Robots, ISBN 978-3-902613-15-8,
pp. 375-402, Austria 2007 [in English].

7.Li, P., Ma, S., “Self-Rescue Mechanism for Screw Drive In-pipe Robots”, IEEE International
Conference on Intelligent Robots and Systems, pp. 2843 — 2849, Taiwan 2010 [in English].

8. Yaguchi, H., Izumikawa, T., “Performance of Cableless Magnetic In-Piping Actuator Capable
of High-Speed Movement by Means of Inertial Force”, Advances in Mechanical Engineering, pp. 1-9,
2001 [in English].

9. Yaguchi, H., Kamata, K., “In-piping Magnetic Actuator Capable of Inspection in a Thin Com-
plex Pipe”, Mechanical Engineering Research, Vol. 2, No. 2, 2012 [in English].

10. Kim, S., Hawkes, E., Cho, K., Jolda, M., Foley, J., Wood, R., “Micro artificial muscle fiber
using NiTi spring for soft robotics”, IEEE International Conference on Intelligent Robots and Sys-
tems, pp. 2228-2234, USA, 2009 [in English].

11. Koh, J., Cho, K., “Omega-Shaped Inchworm-Inspired Crawling Robot with Large-Index-and-Pitch
(LIP) SMA Spring Actuators”, IEEE Transactions on Mechatronics, vol. 18, no. 2, 2013 [in English].

VIK 621.646.978: 62-799
Dinin Dinaxoscokuii, lean Bipeana
AHAJII3 HEPEMIHNIEHHA TPYBOITPOBIITHOI'O MEXAHI3MY

Axmyanvnicme memu 0ocnioycenna. Incnexyiiini 3a80anms yacmi i Oydice 8adcIusi 3 mouxu 3opy besnexu. 3 yiei npu-
YUHU meMa OYdice AKMYAIbHA.

Ilocmanogxa npoonemu. Memoio pobomu € 00CHiONCEHHs HOB020 MUNy MPYOHO2O0 MEXAHi3My HA OCHOSI Ougepen-
YianbHO20 Mmepms WEemuHoOK.

Ananiz ocmannix 0ocniodcens i nyonikauii. Icruye bacamo mexanizmie 02150y 8y3bKUX A00 8ANCKOOOCMYNHUX MICYb.
binvwicmy 3 nux marome xonicny abo eycenuuny 6azy. B yiti po6omi docnioxcyembcs mpyoonpogionull Mexamism 3 nogepx-
Hero y 8uensiol wemuHu.

Buoinenns neoocnioycenux uwacmun 3azanwvnoi npoonemu. Y naw uac SMA mamepvianu abo piznozo poody 3a-
nam ’siImoeyroyi Mamepianu 3a68x4#cou 3HAX00SMbCsl Y YeHmpi yeazu O0CAIOHUKIE

Ilocmanogka 3a80anua nonaeac 8 po3podyi ma eKcnepuMeHmanrbHOMy 8UNPOOYBAHHI HOBO20 MUNY MEXAHI3MY HA OC-
Ho6i SMA, a maxoc cmaneso2o npysiCUHHO20 MEXAHIZMY.
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Buknao ocnosnozo mamepiany. Ilepemiwenns mexanizmy posoinene na 06i gpazu. Ha ocnosi yboco nepemiugenns 6yno
BUBCOCHO MAMeMamuyHy Mooelb. Bukopucmogyouu mamemamuymy mooeins, 6yia po3pobiena cucmema ynpagiiHHs ekcne-
PUMEHMATILHUM MPYOHUM MEXAHIZMOM.

Bucnoexu eionosiono 0o cmammi. Pe3yivmamu excnepumenmis nokazyioms npooiemiu 3 ¢pazoin oxonoodicents uepes
mpusany excniyamayiro. Jis OX0N00iHCeHHs UKOPUCMOBYBABCA 308HIWHIL npucmpill. Daza 0X0N00MNCEHHA 3HAYHO 3HUICYE
cepedno weuokicms mpyonozo mexanizmy. Ilepesaca ybo2o mexanizmy nouseac 6 RPOCMoMy Kepy8anhi ma GUKOPUCTAHHL
013 mpyou HesenuKux diamempis.

Kniouosi cnosa: mpyonuii mexanizm; SMA; npyoicuna.

Puc.: 10. bion.: 11.
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SIMPLIFICATION AND VERIFICATION OF DYNAMIC EQUATIONS
OF MOVEMENT OF AN AUTONOMUS UNDERWATER VEHICLE

Urgency of the research. Currently, most machines go through computer modelling and simulation phase in their de-
velopment cycle. The ability to formulate simple yet effective models helps to both decrease development cost and time.

Target setting. Today many tasks are being accomplished by robots whether mobile robots or industrial robots. To simulate the
behaviour of these robots a dynamic model is needed. These models can be very complex and the parameters to fill all the equations
can be difficult to find, therefore simplifications need to be implemented and verified so that the models are still accurate.

Actual scientific researches and issues analysis. A basic step in the development of new products is the simulation and
modeling phase. Development of a computer model prior to development of a physical prototype saves time and resources.
Unfortunately, some models can be very complex and require parameters only acquirable from tests on physical systems.
That is why often these models need to be heavily simplified which can lead to imprecise results. Often, verification of the
model is needed. One of such systems is the dynamic model of an Autonomous underwater vehicle (AUV).

Uninvestigated parts of general matters defining. This article focuses on verification of a highly simplified dynamic
simulation model of AUV.

The research objective. The aim of these research was to model a simplified dynamic model of an AUV moving through
fluid with nonnegligible viscous properties and verifie the model by comparing simulation results with experimental results
obtained by testing on the real AUV.

The statement of basic materials. The analysis consists of an attempt to summarise the possible ways to simplify a general
dynamic equation for movement of an AUV in a fluid with nonnegligible viscous properties and showing, that even such simpli-
fied model stays usable and bring with it reduction in complexity.

Conclusions. This article shows the basic dynamic equations for describing the movement of a general AUV in a fluid
with nonnegligible viscous properties and the possible simplification of this equation in regard to a specific construction of a
real world AUV. The results gathered from the simulation model are then compared to experimental results performed on the
physical AUV with the conclusion, that both datasets are matching within reasonable margins. This article serves as a good
reminder of the importance and benefits of well establishing simplifications in a model of a real-life system.

Keywords: AUV; dynamics; simulation.

Fig.: 7. References: 7.

Introduction. The development of complex machines is an expensive and time-consuming
process. The development of well build, reliable, but simple models whether it be 3d, simula-
tion or mathematical models can be a major factor in successful development of a machine.

This aspect of development can be very well seen in the process of design and development
of an Autonomous underwater vehicle, AUV for short. AUVs are robots able to operate under-
water without the aid of an operator. These vehicles are widely used in situations where the use
of remote operated underwater vehicles is not practical. Examples of these tasks are autono-
mous mine sweepers, underwater wreckage or cave inspection, long term seafloor surveys etc.
As can be seen, the task and mission times an AUV can be built for varies, and so varies their
design. Also, movement underwater is a very specific task, for which an AUV needs to be well
designed as a failure underwater could mean the destruction of the vehicle. It is often necessary
to develop a reliable model of such a vehicle to understand its behaviour underwater and for the
task of developing a control system for it.

Dynamic model of an AUYV. In the next chapter, the description of dynamics of an AUV will
be presented. Unlike for objects moving with low speed in air, for which often kinematic descrip-
tion is sufficient, for the correct description of movement of an underwater vehicle it is crucial to
define the dynamic equations describing its behaviour in a fluid environment. This applies even for

low speed movement. The dynamic model of an AUV shown bellow is according to Fossen [2].
MY+ Cyp).v+ Dy +G =15+ 7 (1)
M — matrix of inertial forces
Cyy — matrix of Coriolis and centripetal forces
Dy — matrix of hydrodynamic dampening
G — Vector of gravitational and buoyancy forces
T — matrix of external forces and momentums
T — matrix of motor forces
v — state velocity vector

© Maptun Bapra, 2019
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Fig. 1. Coordinate systems of an AUV

It needs to be noted, that all the above-mentioned vectors and matrices are defined in respect
to a coordinate system that is rigidly attached to the AUV B with the x axis pointing in the di-
rection of the forward movement of the AUV.

The matrix M consists of the matrix of own internal inertia Mzp and the matrix of added
(virtual) mass M,. The matrix My is derived from the kinetic energy equation of the flowing
fluid that was given to it by the movement of the AUV. The elements of the matrix M, are for a
fully submerged vehicle constant and will always have a positive value.

M = Mgp + M, (2)

The matrix of Coriolis and centripetal forces is in relation to the matrix of inertia M an
therefore also has two elements, Cgp(;) the matrix of Coriolis and centripetal forces due to Mgp
and Cy(yy the matrix of Coriolis and centripetal forces due to M.

Cwy = Crpv) T Caw) 3)
The matrix D,y consists of multiple elements describing multiple types of dampening.
D(v) = DP(U) + DS(U) + DW(U) + DM(U) (4)

Dp vy — potential dampening due to forced oscillation of fluid;

Dg(vy — linear and quadratic friction on the boundary layers of the fluid and vehicle;

Dy vy — wave dampening;

Dy vy — dampening due to vortex shedding.

G describes the effect of the buoyancy force and gravitational force upon the AUV in the
coordinate system fixed to the AUV, not in the world coordinate system.

Similar to G, the matrix of external forces and momentums describes the effects of external
force acting upon the AUV relative to the coordinate system fixed the AUV. These forces rep-
resent the effects of underwater currents interacting with the AUV.

Finally, the matrix of motor forces T represents the forces of the motors the AUV is
equipped with. The composition depends on the construction of the AUV.

t=LU (5)
U — vector of all values of motor forces
L — 6xn matrix describing the force effects of matrix U in coordinate system B

All of the abovementioned matrices are 6x6, representing coupled 6 degrees of freedom for
describing general motion of an object in a fluid with nonnegligible viscous properties.
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Simplification of the dynamics in respect to a specific design of an AUV. As can be
seen, the description of the dynamics of general motion of an object in fluid is complex. They
require many parameters that, even though, can be calculated under difficulty, are usually found
using tests on real life models. In general, it is not necessary to acquire all the parameters re-
quired to describe the full 6 DOFs of an AUV. Depending on the specific design of an AUV,
simplifications can be made, under certain assumptions, that decrease the number of parameters
that need to be acquired and significantly simplify the final dynamic equations.

One common type of AUV is one of frame construction, equipped with two parallel vertical
thrusters to control dive and two forward facing thrusters to provide forward and backward
movement as also the ability to differentially steer. One of such AUVs is the MAKO (Fig. 2),
an AUV build by Andrev Gonzales and team at UWA (The University of Western Australia)
for the purpose of participating in the International Autonomous Underwater Vehicle Competi-
tion. For this vehicle, all the necessary tests to specify the needed dynamic constants were done
and are known. The complete description of this AUV and the methodology of finding the
needed constants can be found in [1].

Fig. 2. AUV MAKO

In the following paragraphs, simplification of the dynamic equations for this vehicle will be
demonstrated.

For this AUV the following assumptions can be made:

1. AUV moves at slow speed (2 m.s™).

2.The vehicle is symmetrical along all three planes of symmetry.

3. Rotation along the x and y axis is not being taken into consideration.

4. All degrees of freedom are independent of each other.

The assumption of slow speed in this list is crucial. As can be found in [6], AUVs have an
operational speed between 0.5m.s” and 5m.s™!, with most having operational cruising speed of
about 1.5m.s™!. All the physical tests and modelling done in [1] were done with the assumption
of a top speed of 2 m.s!, which is close enough to the values stated in [6] to be valid. Thanks to
the assumption of low speed, the effects of small asymmetries in the planes of symmetry of the
AUYV can be neglected. The Coriolis and centripetal forces can be ignored due to assumption of
low speed. The matrix of dampening, thanks to the assumption of symmetry and low speed, is
reduced only to the matrix of linear and quadratic friction on the boundary layers of the fluid
and vehicle. These assumptions effectively decouple all the dynamic equations.

Engineers most often choose to place the centre of buoyancy above the centre of gravity
creating passive control of rotation along the x and y axis (Fig. 3). This assumption eliminates
two Dofs leaving only four: movement along X, y, z and rotation around z.

45



Ne 4 (18), 2019 TEXHIYHI HAYKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
a) Stable position: b) Instable position:
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B- vector of buoyancy forces

Fig. 3. Principle of passive stabilization

After these simplifications are applied, there will be four independent dynamic equations
consisting of parameters for every degree of freedom in the general form of:

My;0; + dgi¥; + dy91:9:19:| + goi = Toi (6)

my; — parameter of internal inertial matrix for DOF i;

dg; — parameter of linear dampening for DOF i;

dg|9); — parameter of quadratic dampening for DOF i;

gg; — force effects of gravitational and buoyancy on DOF i;

Tg; — internal motor force effect for DOF i

9; — velocity for DOF 1.

Simulation of simplified model of AUV and comparison to experimental results.

The above-shown simplified dynamic model ignores many components of the original dy-
namic model, therefore it is fitting to compare the results given by this model with experimental
results, hence validating it.

The necessary parameters for the equations and the experimental results were taken from [1],
for the AUV MAKO. The dynamic model was made in the program matlab-simulink (Fig. 4).
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Fig. 4. Dynamic equation for the movement in direction of axis x

Below is the comparison between simulation and experiment for movement in direction of
X, z and rotation around z is presented. Simulation results come close the experimental results.
Some mismatch is the result of measuring errors and limited effects of equation simplification.
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Velocity (m/s)

0,25

0,2

o
=
[$)]

o
e

o
o
(5]

Velocity in direction y

2 3 4 5

Order

6 7

+Simulation
m Experiment

Fig. 6. Comparison between simulation and experiment for movement in direction of y

Alngle velocity (rad/s)

0.4

0,35

03

0,25

0,2

0,15

0,1

0,05

0

Angle velocity around axis z

Order

25

& Simulation
B Experiment

Fig. 7. Comparison between simulation and experiment for rotation around z axis

Conclusions. This article shows the basic dynamic equations for describing the movement
of a general AUV in a fluid with nonnegligible viscous properties and the possible simplifica-
tion of this equation in regard to a specific construction of a real world AUV. As can be seen,
even highly simplified models can be reliable and therefore save development time and re-
sources. This is shown on the presented example where the simulation results are compared to
experimental results performed on the physical AUV where both datasets are matching within
reasonable margins. As this article shows, it is of high importance and benefit to establish
sound simplifications in a model of a real-life system.
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VIIK 629.58
Mapmin Bapea
CHPOLIEHHSA 1 ITEPEBIPKA TIUHAMIYHUX PIBHSHDB PYXY
ABTOHOMHOTI'O HIIBOJHOI'O ABTOMOBLJIA

Axmyanvnicmo memu 0ocnioxcennsn. B oanuii yac 6invuicmes mawiun npoxooums eman KOMn' iomepHo20 Mooenio8anHs
i cumynayii @ ceoemy yurai po3pobku. Moowcnugicme opmyniosamu npocmi, ane eghpekmusni mMooeni 00NoMazae 3HUIUMU
sumpamu i 4ac Ha po3pooKy.

ITocmanoeka npoonemu. Coo200mHi bazamo 3a60anb 6UKOHYIOMbC pobomamu, 6y0b mo mobiibHi pobomu abo npomu-
cno6i pobomu. [ imimayii nogeoinku yux pooomie Heooxiona ounamivna mooens. Lli mooeni mooicyms 6ymu Oyorce ckiao-
HUMU, a CKIA008I napamempu 051 6CiX PIGHAHb BAANCKO 3HAUMU, TMOMY NOMPIOHO NPOBAOUMU CNPOWEHHs MA nepesipumu,
wob mooeni by 6ce-maxu MOYHUMU.

Ananiz ocmannix oocnioxycens i nyonikauin. OCHOBHUM KDOKOM Y PO3DOOUI HOBUX 8UPODI6 € CMBOPEHHS. MOOeIl ma
eman mooenoganns. Po3pobka komn'tomeprnol moodeni nonepedy po3pobku hizuuno2o npomomuny eKoHOMums 4yac ma pe-
cypcu. Ha ocans, 0eski mooeni modicyms Oymu 0ysice CKAAOHUMU [ BUMALAIOMb NAPAMEMPIB, SKI MONCHA OMPUMAMU JIULe 3
sunpobysarns Ha (izuunux cucmemax. Oco yomy yacmo yi Mooeii nompebdyomp 3HAYHO20 CNPOUEHHS, U0 MOJICe NPU3BECU
0o nHemoyHux pezyabmamis. Yacmo nompibua nepegipka moodeni. OOHi€l0 3 maKux cucmem € OUHAMIYHA MOOENb A8MOHOM-
HO020 Ni06o0Ho20 asmomoobins (AITA).

Buoinenns nedocniosycenux wacmun 3azansnoi npoonemu. L{n cmamms npuceauena gepugpikayii cunoHo cnpoujeHoi
Mooeni OuHAMIuH020 mooentosarus AIIA.

ITocmanoexa 3aedannsn. Memorw yux 0ocniodicerv OyI0 3M00en06amu Cnpowery ouHamiuny mooenv AIIA, wo py-
Xaemwvcs yepe3 PiOuHy 3 HeCYmMmeSUMU 8 SI3KUMU 8IACMUBOCIAMU, | NEPegipUMU MOOeb ULIAXOM NODIGHAHHS pe3yibmamie
MOOENIOBANHS 3 eKCNEePUMEHMAIbHUMU De3VIbIMAMAMU, OMPUMAHUMU NPU mecmy8arHti Ha pearvromy AIIA.

Buknao ocnoenozo mamepiany. Ananiz ckiadacmocst 3i Chpoou y3a2anibHUMU MONCIUBL CNOCOOU CRPOUEHHSL 302A/IbHO-
20 OUHAMIYHO20 PieHsHHS 015 pyxy AIIA v piouni 3 Hecymmesumu 8'a3KuMU 61ACMUBOCMAMU MA NOKA3AMU, U0 HABIMb MAKd
CHPOULeHa MOOeb 3ATUUAEMbCS NPUOAMHOI0 OJi BUKODUCIAHHSL MA NPUBOOUMb 00 3MEHUEHHS i1 CKIAOHOCMI.

Bucnoexu ¢ionoeiono 0o cmammi. Y yiii cmammi noKazani OCHOGHI OUHAMIYHI DIGHAHHS OISl ONUCY PYXY 3A2aNbHOL
AIIA y piouni 3 He2nuboKUMU 8 'SI3KUMU 61ACMUBOCMAMU MA MOJNCIUEE CRPOULCHHS UbO20 DIBHSHHS, WO000 KOHKPEMHOI KOHC-
mpykuyii peanvrozo AIIA. Pesynemamu, ompumani 3 iMimayithoi MoOeni, nOmim nopieHIOIOMbCsl 3 eKCnepUMeHmMALlbHUMU
pesyavmamamu, SUKOHAHUMU Ha peanvHomy AIIA, 3 eucnoskom, wo obuosa Habopu Oanux 30ieatomvcs 6 OONYCHUMUX
Mmedicax. Ll cmamms cayosicums 2apHUM HA2a0y8aHHAM PO BANCTUBICIb MA Nepeazll GIPHO 6CIAHOBNIEHHUX CHPOWEHb 05
NnOOANBUI020 PO3PAXYHKY PeanbHUx MoOenell.

Kniouosi cnosa: asmornommuti niogoonuil gimomooine (AI14); ounamixa; mooentosanns.

Puc.: 7. Bion.: 7.
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PROPOSAL OF ROBOTIZED CELL WITH ROBOT KUKA KR 6
FOR EDUCATIONAL PURPOSES

Urgency of the research. The issue of using robotic workplaces for training students of technical fields is highly topical.
It makes it possible to increase the labour market participation of students not only for the needs of the present, but also for
the future. The design and implementation of an educational robotized workplace make it possible to prepare students ac-
cording to their needs and current knowledge.

Target setting. The aim of the solution is to design an educational workplace for handling, equipped with a Kuka KR6
robot and pneumatic effector. The three-finger effector from SMC allows you to hold and carry objects with a maximum
clamping force of 130 N. At the same time, the workplace allows you to place handling objects in a total of 32 positions.

Actual scientific researches and issues analysis. The deployment of angular industrial robots has also penetrated into
other areas of industry where their use was only sporadic. This creates the need for additional personnel able to program the
robot and set the technology for a specific issue of the robotized workplace.

Uninvestigated parts of general matters defining. Improvement of students' knowledge or retraining of employees cre-
ates preconditions for their better application in technical practice. The ability to realize customized programs on industrial
robots currently deployed in industry prepares students to perform their work without the need for further training, saving
costs and time for employers.

The research objective. The aim of the research was to design an educational robotized workplace in order to prepare stu-
dents according to the specific needs of employers. The workplace allows the use of other pneumatic grippers, while it is possible
to connect a total of 16 inputs and outputs for the use of other peripheral devices. The robot can also be used to create a pro-
gram in an ROS environment, which in turn creates the need to use a Kinect device to detect not oriented components.

The statement of basic materials. The use of the robot, whose control system KR C4 is one of the most modern, allows
students to prepare for the needs of practice in the nearest future. After completing the training, the student is able to pro-
gram on-line Kuka robots for industrial use.

Conclusions. The article focuses on the design and creation of a training robotized workplace for creating programs using
a pneumatic gripper. The design and use of the chessboard makes it possible to create a large number of possible combinations
for training purposes. This creates a good precondition for adapting training to the specific needs of trained groups. The use of
horizontal and inclined plane will teach students how to use the co-ordinate system of the tool or external base when program-
ming. For this reason, programming the movement of the robot along the correct trajectory is more complex and improves the
spatial perception of the students in the robot workspace.

Keywords: industrial robot; Kuka, chessboard; manipulation.

Fig.: 6. Table: 1. References: 9.

Problem definition. The deployment of industrial robots in various industries has an in-
creasing trend related to the need for human replacement in the production process. The in-
creasing cost of human wages, as well as the lack of a skilled workforce, force manufacturing
plants to robotized work tasks. Especially those operations that do not require human creativi-
ty. The deployment of a qualified worker moves to the position of supervisor of a possible
programmer, who keeps the operation within the required limits. This creates the need to find
enough workers in the labour market to be able to revive, operate and carry out the necessary
maintenance of industrial robots. Colleges and universities must therefore prepare students so
that they are able to accomplish these tasks when they enter the labour market [1, 2].

Continuous development in the field of technology improvement (welding, spraying, joi-
ning materials, etc.), used as end effectors on industrial robots complicates the preparation of
students for a specific application. Therefore, it is important that students have a broader view
in this area and understand the processes that lead to successful programming not only of the
robot trajectory, but also of the setting of the end effector parameters. The ability to create pro-
grams for industrial robots from various manufacturers creates good conditions for the student's
position in the labour market not only in Slovakia but also in other developed countries [3, 4].

The KR 6 R900 sixx is a compact six-axis robot designed for the highest working speeds.
Different designs, mounting positions, reaches and loads make this little robot a good tea-
ching aid. The robot is characterized by its versatility, which allows the use of in new areas of
application. Regardless of whether it is on the floor, ceiling or wall - thanks to the integrated
power supply and proven control, the KR C4 compact delivers the highest precision in the

© Cewiion SH, Kouan Maprin, 2019
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smallest space. The new automation concepts enable the Safe-Robot function and are availa-
ble in cleanroom, explosion-proof, hygienic design or splash-proof versions [5, 6].

Base parameters robot KUKA KR 6 are shown in Table 1.

Table 1
Kuka robot parameters [7]
Weight 52 kg
Maximum load capacity 6 kg
Rated load capacity 3 kg
Workspace radius 901 mm
Speed 300 - 615°/s
Repeatability +/- 0.03 mm
Power supply 230V, 50 Hz/ 2.5 kVA

Current status in workplace. The workplace is created especially for the needs of teaching
and training according to the requirements of the project “Starting package of investment elements
for lifelong learning at TUKE”. This is a special preparation of TUKE graduates for the needs of
companies working in the deployment of robotized lines in the automotive industry, especially for
VW and Daimler. The KUKA KR 6 industrial robot with the KR C4 Compact control system, the
work table and the pneumatic gripper SMC MHS3 40D are located at the workplace (fig. 1).

MHS3-40D

Kuka KR 6

Pendant

KR C4
compact

Fig. 1. Robotized workplace

The latest generation of C4 control systems is available in five versions. Physically the
smallest type is the C4 Compact, which has dimensions of 271 x 483 x 460 mm. It includes an
SSD for faster response, can control 6 axes and 2 additional axes as an option. The weight of
the unit is 33 kg and the ambient temperature in which it can operate is 5 to 45 °C. The inter-
face used by the unit is USB 3.0, GbE and DVI-D and Display Port.

The pneumatic three-finger gripper MHS3 - 40D from SMC is characterized by the used
cylinder of size series 40, fig. 2. The stroke of the double-action gripper is 8 mm. The clam-
ping force is 118 N for gripping the outer surface of the object and 130 N for gripping the in-
ner surface of the handling object. The weight of the fingerless gripper is 351 g. The repeata-
bility of the gripper can be up to £0.01 mm. The gripper is fitted with a pair of end magnetic
sensors to monitor the opening and closing of the fingers. The SY5120-5Y0-01F-0 valve from
SMC is used to control the gripper [8, 9].
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Fig. 2. Pneumatic gripper SMC

The proposed work scenario focuses on the handling process. The task of the students at
the workplace will be to translate metal pipes of ¥26x2 - 25 mm (fig. 3) from designated po-
sitions to positions given by the teacher.

@ 26

25

T

Fig. 3. Object of manipulation

Proposal of robotized workplace. The removal or storage location is located in the robot's
workspace at the base of the robot or on an inclined plane. The usable working area on the table
where the robot is located is 600 x 600 mm. The inclined plane is 300 x 300 mm and allows you
to adjust the tilt angle from 0 to 90 °. The inclined plane includes a layer where four 60 mm
magnetic strips are placed. The tapes are located below the chessboard area where students store
the manipulation objects to ensure they are retained when the gripper opens.

In the work area is placed "checkerboard" External dimension of 300 x 300 mm in (fig. 4).
The chessboard contains 16 (4x4) positions where manipulation objects can be stored. It is
marked on the horizontal axis with numbers 1 to 4 and on the vertical axis with letters A to D.
The diameter of the marked area is 27 mm, which allows to store the manipulation object with
a tolerance of + 0.5 mm.

40 260

65

65

260

10000
1 @@ O @IS
100 |0|0
1900 0 @

40

Fig. 4. Chessboard no. 1

51



Ne 4 (18), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
When entering individual assignments by students, it is possible to choose different com-
binations. Most often, students are required to remove and transship 4 pieces of handling ob-
jects. If students have minimal experience in robot programming, a configuration is used
where they remove and translate manipulation objects only on a horizontally placed chess-
board. In (fig.5) is a view of the workplace where from the chessboard No. 1 (positions Al
and C4) it is necessary to move the manipulation objects to the chessboard No. 2. Location to
store is (C1 and A3). The other two manipulation objects need to be moved from the chess-
board no. 2 (D1 and B4) on chessboard no. 1 (A4 and D1).

740

1180

Fig. 5. Horizontal placement of two chessboards

Students with more experience in robot programming remove and store manipulation ob-
jects from a horizontal chessboard to an inclined chessboard. That is, they remove two ma-
nipulation objects from a chessboard located on an inclined plane to a chessboard mounted on
a horizontal plane. At the same time, the other two manipulation objects translate from the
horizontal chessboard to a chessboard mounted on an inclined plane, FIG. 6. An example of
an assignment for a student can be as follows: translate manipulation objects from chessboard
no. 1 (CI and B3) to chessboard no. 2 (D2 and B4). Then translate the manipulation objects
from chessboard no. 2 (B1 and D4) to chessboard no. 1 (A2 and C2).

» @ o ©
ole
|
®

Fig. 6. Chessboard placed horizontally and on an inclined plane
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Since we have 32 (2x16) possible positions for taking and storing manipulation objects, there
are a large number of possible combinations. This allows the teacher to customize the number of
objects and the location of manipulation objects according to the individual needs of a particular
student. The student's task is not only to program the robot trajectory, but also to be able to work
with digital inputs and outputs. Using them, the student can control the closing and opening of the
gripper in positions where individual objects of manipulation are taken and stored.

Conclusions. Creating a robotized workplace enabling students to improve their competences
will ensure their better employment in the labor market. The possibility to create various configu-
rations from the used chessboards allows the teacher to customize the assignment according to the
needs or knowledge of a particular student. Placing the chessboard on an inclined plane improves
the student's imagination for programming. To create a trajectory of movement, they use a shift in
three perpendicular axes. However, to store or remove the manipulation object from an inclined
plane, it is also necessary to use rotation about the respective axis. The use of pneumatic gripper
puts demands on students to use inputs and outputs of the robot or logical variables.

Acknowledgement. This publication was supported by project VEGA 1/0389/18: Re-
search and development of kinematic redundant mechanisms.
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MPOIO3ULIA POBOTU30BAHOI'O POBOYOI'O MICIA 3 POBOTOM KUKA
KR 6 JIJISI HABUAJIbHUX IIIEHA

Axmyansnicme memu oocnioycenna. Ilumanns euxopucmanis pooOmMuU308aHux pobouux Micyv O HAGUAHHA CHIY-
O0enmie mexuiuHux eanysell € Hao38uualino akmyanvhum. Lle oae 3mo2y 30invuwiumu 3aiHAmMicMs CMyO0eHmie Ha puHKy npayi He
auwe 0ns nompeb cbo2o0eHHs, ane i ona maubymnvozo. Po3pobka ma peanizayis HAGUANLHO20 POOOMOMEXHIUHO20 pOOOH020
Micys 0aiomb MOJICTUBICTIL 20MYBAMU CIYOEHMIE 8iON0BIOHO 00 iX nompeb ma CyHacHUX 3HAHb.

Ilocmanogxa npobnemu. Mema piwennsa - po3podoumu Haguanivhe podoue micye 01 06podKu, obnaduane pobomom
Kuka KR6 ma nnesmamuunum epexmopom. Epexmop 3 mpvoma nanvysamu SMC 0osgonae ympumysamu ma nepeHocumu
npeomemu 3 maxcumanvhum 3ycunasam samucky 130 H. B moii oce wac poboue micye 00380ns€ poamiugysamu 0opooniosami
00'exmu 6 3aeanvuill Kinbkocmi na 32 no3uyisx.

Ananiz oocnioycens i nyonikayii. Buxopucmanus Kymogux npoMUciogux pooomie nowupunocs i 8 inuti 2any3si npomucio-
socmi, Oe ix guxopucmogysanu 1uuie vac 6io uacy. Lle cmeopioec nompebdy 8 000amKo8oMy nepcoHani, 30amHoMy NPOPamyeamu
poboma i Hanawmysamu mexHonoz2iio 0l KOHKpemHoi npodiemu pobomu308aHo20 pobo4020 Micys.

Buoinenns mnedocnioycenux uwacmun 3azanvhoi npoénemu. I[lokpawenna 3uanv cmyoenmie abo nepeniocomogxa
npayieHuKie cmeopioc nepedymosu Ons iX Kpaujoeo 3acmocy8anns 8 mexuiumit npaxmuyi. Moociugicms peanizysamu
cneyianizogami npoepamu Ha pobomax NPOMUCIOB020 PiGHs 20MY€E CMYOeHMI8 8UKOHYBAMU C8010 pobomy be3 HeoOXiOHoCcmi
000amK0B020 HABYAHHS, eKOHOMAAYYU GUMPAMU MA H4ac 0151 PO6OMOOAsYI8.
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Ilocmanogka 3agdannsn. Memoio docniodxcenns 6yn0 po3pobumu HaguanvHe pobomomexuiune poboue micye 3 Memoio
nio2omosKu cmyoenmia 8iono8iono 00 KOHKpemuux nomped pobomooasyis. Poboue micye 0038015€ gukopucmogysamu iHuti
NHeBMAMUYHI 3aXONI08AYI, MAKONIC MONCIUGO NIOKTIOUUMU 3a2anom 00 16 6x0016 i 6ux00i6 01 3 €OHAHMA 3 THUUMU NepU-
Gepitinumu npucmposmu. Pobom maxodic modice sukopucmogysamucs ons cmeopenus npozpamu 6 cepedoguwyi ROS, wo,
CB010 Yepey, cmeoproe HeobXioHicme sukopucmarnisa npucmpoio Kinect 015 6usasnenHs HeopicHmMo8aHux KOMRHOHEHMIG.

Buknao ocnosenozo mamepiany. Buxopucmannus poboma, wus cucmema ynpaeninna KR C4 ¢ oouicto 3 naiicyvachiuiux,
0036018€ CMyOeHmam nioeomyeamucs 00 Hompeb npakmuku 8 Harbaudicuomy maudoymmuvomy. Ilicisa saxinuenns naguamHs
cmyOenm modice npozpamysamu on-iaiin pobomu Kuka 0ns npomuciosoeo uKopucmamms.

Bucnogxu 6ionogiono oo cmammi. Cmamms 8uceimaio€ po3pooKy ma cmeopeHHs HABYANbHO20 POOOMU308AHO20 PO-
604020 Micys Onsi CMBOPEHHS NPOSPAM 3 BUKOPUCTNAHHAM NHeBMAmuiHo2o 3axeamy. Koncmpyxkyia ma euxopucmanus waxo-
601" QOWIKU 0AE MOACTUBICTNG CIMBOPUMU BENUK) KITLKICIb MOACIUBUX KOMOIHayill Ona Hasuanvhux yineil. Lle cmeopioe xo-
pouty nepedymosy Oas adanmayii HABYaHHA OO0 KOHKpemHUx nomped epynn, wo Hagyaiomvcs. Bukopucmanna
20pU3OHMANLHOT MaA NOXUNOI NAOWUHU HABYUMb VUHIE GUKOPUCMOBY8AMU CUCMEMY KOOPOUHAM [HCMpYyMenmy abo
306HiWHBOI 6a3u npu npozpamyanti. 3 yiei npuuUHU NPOSPAMYBAHHA PYXY POOOMA NO NPpAGUIbLHIL Mpackmopii € Oinbut
CKAAOHUM § NOKPAWYE NPOCOPO8e CRPULIHAMMA YUHAMU poboUoi obracmi poboma.
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INDUSTRIAL DESIGN APPROACH TO SPECIFIC ENGINEERING DESIGN

Urgency of the research. Prior to industrialization, individuals undertaking design were artisan craftsman, one can-
speculate on what expertise and knowledge those active in design might need in a futurepost industrialist age. Currently,
though, the activity of industrial design is generally linked to product development in a manufacturing context. Industrial
Design is inextricably a part of innovation and it can make a contribution in the broad categories of innovation activity:

Target setting. Industrial design is only one sort of design. It has much in common with architecture and the various
versions of design within engineering. Indeed the relationship between industrial design and mechanical and production
engineering is similar to that enjoyed by architects with civil engineers.

Actual scientific researches and issues analysis. A design method is a normative scheme that specifies in detail a cer-
tain working procedure, the activities to perform, and also specifies order in which the activities should be carried out. It is
usually very precise, and the designer is to follow it meticulously.

Uninvestigated parts of general matters defining. Most articles and other publications relating to problem of human-
machine interaction, reduces this problem on ergonomic of controls and displays. In my article will be the ergonomic only
one the constrains and I will not re-publish in my work anthropometric parameters, but I will put my effort on less common,
but very important factors of industrial design in robotics.

The research objective. Concept originality means number of innovative features or technologies encompassed to robot
concept. Score is for innovations could be in robot kinematic chain, drives, cabling, workspace, user interface, safety, etc.

The statement of basic materials. Engineering design has merit in continuous improvement of the basic parameters of the
robot by applying newest outcomes of technology areas of mechanics, metallurgy, cybernetics to robot construction and control.
Main objective of engineering design is to improve positioning accuracy, repeatability, load capacity, service life by the reduc-
tion of weight, energy demand, ecology impact and prices.

Conclusions. Design must be understood as a word that describes both a process and an outcome. It is the process of tur-
ning ideas into material things. Design cost is typically a very small portion of total product cost, but design process has major
impact on product success.

Keywords: industrial design; Scara robot; enginnering design.

Fig.: 12. References: §.

Introduction. Industrial robots have enormous social-economic importance. Prices of in-
dustrial robots has felled significantly. In 2000, the price of industrial robots was around 1/5th
of the price of robots in 1990. With the increasing number of robots proportionally increases the
number of people who come into contact with robots. While in the past there were mainly ex-
perts who experimentally introduced the robots to production in large enterprises, today robotics
has become a necessity in small and medium-sized enterprises, so now are robots administered
by more “ordinary” engineers and workers who are not specialized directly in robotics. With the
trend of massive deployment of robots in smaller enterprises became a need for adaptation of
industrial robots to a wider group of users as it was before. Adaptation is mainly in level of in-
teraction between robots and humans. Analogies maybe in personal computers. Their first ge-
neration was programmed and operated by team of highly specialized experts in the field of in-
formatics, who cared about their software and electrical engineering team, who maintained the
hardware. Programming took place at the level of machine code and maintenance consisted of
exchange of elementary defective computer parts. However, few current computer users have
an idea about the binary codeor the functioning of one of the tens of millions of transistors in
the processor. Instead, the computers are effectively used for daily work and a lot of users can
replace computer’s hard drive by themselves. The logical evolution of industrial robots, with
their decreasing price should be in intensive “humanization”, so that they could become com-
mon tool for achieving high efficiency and quality even in SMEs — enterprises where a decade
ago was not possible to deploy a robot for personal and financial shortcomings. Situation when
the industrial robot will be so common in SMEs such as the laser printer is coming. To achieve
this, it is necessary to create a new generation of industrial robots based on the principles of
consumer affairs — on the principles of industrial design [1, 3, 4].

Object of research. Object of design research is experimental prototype of SCARA robot
solved in department of Robotics of Faculty of Mechanical Engineering of Technical University

of Kosice, fig. 1.

© Irnar Ian, Pynonsd fAnoc, 2019
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Concept of robot is based on Yamaha YK400 scara robot. From this template has du-

alshaft configuration of z-axis and laid-out second arm. General layout of this robot follows

most popular design of scara robots. Kinematic description was carried out in section “Scara
robot decomposition” [5].

Fig. 1. New design of ballscrew shaft support

The robot is powered by harmonic drives FFA-32B—80-L-RES-B, FFA-20-80-L-RES-B
on first and second axis with direct drive. Rotational and linear movement of vertical arm is
powered by two additional drives via belt drive [3].

Pre-existing engineers’ design. In time of my involvement into project many strategical
decision about robot design were already decided and many parts were machined — see fig. 2.
Both arms had final shape. Base of the robot had only temporary construction and originally
proposed design was able to absorb the changes without financial and material drawback. Z-
axis subassembly utilizes dual-shaft configuration. Ballscrew shaft must be lubricated and
cannot stay outside the cover, but must be isolated from surrounding [6].

Fig. 2. Experimental SCARA robot

The project of experimental SCARA robot is solved by department that have access to va-
riety of production machines, but no access to foundry, thus the parts cannot be molded, even
if it will be very effective. Denso SCARA robots have most body parts molded to achieve
specific shape, which cannot be produced by machining. In this project most part will be ma-
chined on CNC machines, including complex shaped from aluminum alloys and steel. Thin

56



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
wall complex shaped parts (mostly covers) can be laminated to machined forms, but not in-
jected. Specific parts can be produced by rapid prototyping methods.

Laid-out arm. Concept of laid out second arm of engineering proposal was inspired with
Yamaha YK400. Laid-out arm allows to downsize size it and reduce moment of inertia. Using
this concept, it is not appropriate for each arm, and if is incorrectly used, can have the opposite
effect — increasing the moment of inertia. Limit criterion for this concept should be at first place
the shortage of space for a drives of the third and fourth axis between the drive of second axis and
Z-axis. In this case is laid-out concept appropriate. Side effect of laid-out concept is increasing of
the weight of the arm (green box on following figure) and thus its moment of inertia. The transfer
of drives of third and fourth axis closer to the axis of rotation may not sufficiently compensate the
increase of weight of arm and in this case is the use of laid-out concept disadvantageous.
Unfortunately, this is the case of processed engineering design of scara robot [8].

3rd and 4th axis drives z-axis

2nd axis and drive

Fig. 3. Maximum gradeability of service robots

Instead of upper mentioned disadvantages, following design is build on laid-out second
arm. The main reason for utilizing this concept is the state of the project and finished parts.

First draft proposal. First design of cover, fig.4 was proposed after my involvement to
project of experimental SCARA robot. On this design I have defined volume of robot which
need to be protected and covered. By designing of this first version I have identified first cri-
tical constrains of engineers’ concept.

« Utilizing of laid-out second arm was disputed (see previous section).

* Second arm was too small for effective cover support.

* Z-axis subassembly is too wide at the top end for design that should express speed.

Fig. 4. First proposal of cover
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Second proposal. This design was created for partial project evaluation. This concept
deals with laminated covers of base and second arm. Design doesn’t effects in any way the
engineers’ concept and only adds two part to existing parts. By designing of the shape was
taken into account the technological process of laminating — releasing the laminated product
from form and thus because all surfaces are slanted against the floor. One of the aims by styl-
ing of this design was to obtain smooth shapes of covers that will express speed of robot. On
this concept I have confirmed that from box base will never be a smooth shape, nor if the
edges are rounded, fig. 5 [7].

Fig. 5. First proposal of cover

Major changes to engineering design. First concept of robot carried out by robot engineers
put ultimate constrains on final design. These constrains led to insufficient designs (first and
second proposal) that did not satisfied me. After short research I have identified four major con-
strains of original design, fig. 6:

Fig. 6. Engineers proposal of base, support of ballscrew shaft and second axis drive

* Construction of base

* Support of ballscrew shaft

* Shape of second arm

* Orientation of second axis drive

Construction of base. Engineering team designed base from two L-profiled parts. Disad-
vantage of this proposal was in large floor space of robot. I have tried to minimize floor space
by designing new robot base.

Base consists of three parts. Bottom plate with holes for bolts that fixing robot to the floor
has diameter only 186 mm. Mounting bolts have spacing 146 mm (original have spacing 180 x
210 mm). Middle part is tube with diameter 180 mm and height 200 mm. This part has also
holder of bottom part of cable and cut for motor cables. Top part is circle flange for drive.
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«——tube

cable
holder
bottom
plate

Fig. 7. Mounting plate and redesigned base

Support of ballscrew shaft. Support of ballscrew shaft in engineering concept was car-
ried out by two parallel sheetmetal plates by sides of ballscrew shaft. Disadvantageous was
the constant distance between these two sheetmetals that disabled to design effective cover.
On the other hand parallel sheetmetals were not very rigid. In my concept I propose to support
ballscrew shaft by rod for which is adopted existing base block of ballscrew shaft. This
change brings reduce of wide of top part from 65 mm to only 30 mm, fig. 8.

i i <€— ballscrew shaft
support /

rod

base block

Fig. 8. New design of ballscrew shaft support

Shape of second arm. The shape of second arm of original design did not have enough
space for holding the cover of arm. Unfortunately this arm is already machined, thus I have
designed a thin frame around the arm to support the cover of arm. Frame increases the origi-
nal arm for 4 mm on sides. This frame also covers the camera in front of z-axis and outgoing
cables from second axis drive, which was rotated to fill cut in the arms as is described in fol-
lowing section, fig. 9.
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i i <«— ballscrew shaft
support /

rod

base block

Fig. 9. New design of ballscrew shaft support

Orientation of second axis drive. In original design the second axis drive was oriented
with wire terminal pointing to base. Cables in that design were overlapping the robot’s arm
that put requirement on additional volume of cover of arm. In final design the drive is rotated
about 180° around the joint to point the cables to z-axis direction. This orientation fills the cut
in the arm caused by laid-out concept and makes the arm visually more compact, fig. 10.

Fig. 10. Orientation of second axis drive

Integrated vision system. As was mentioned in analytical part of dissertation thesis most of
the scara robot application requires vision system. In this concept is the camera located at the
end of second arm in front of z-axis. This position is used in most current application, where is
required to place lens at most closer position to z-axis. This design can hold up to medium size
CCD or CMOS camera and standard lens. Camera is flexible attached to arm by sheetmetal
camera holder. Holder can be positioned in front-back and up-down direction, fig. 11.

firewire
camera connector

firewire
camera

camera
holder

lens sealing

~/

Fig. 11. Orientation of second axis drive
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Final design. Final design of robot, fig. 12 was proposed with respect to all defined require-
ments and constrains. Original concept of base and body was changed to meet overall design con-
cept. At first place was the integration of breakthrough features like internal camera, fast-clipping
covers and solid cable that can put the users’ experience on higher level. Styling of this concept
has effort to attract wide range of users and potential users, so at second place was to introduce
original color and shape styling. Black painted visible metal parts are combined with two color
covers, where is light grey surfaces are combined with aggressive red. Shape of the covers hides
all cables including main terminal and its connectors, which is visible only from back side. Shape
of'top cover part can evoke the shape of wing of air fighter, which expresses speed and power. All
these features and stylings must met ergonomic and safety criteria [2].

Fig. 12. Final design

Conclusions. Basing the analysis and the experience from process of designing the existing
concept, can be concluded following:

* Industrial design is an integral part of product design including the robots.

* All products must be designed in respect to human criteria, including those where

user contact is not common from a first point of view.

* Styling, shape form, color and other factors have their own rules and thus must be

designed by a persons with appropriate knowledge — mostly industrial designers.

* Industrial designers must be involved at very first beginning of design proposal;

later involvement can do both — raise the expenses and lead to design deficiency.

By utilizing previous statements was developed virtual 3D CAD model. This model of in-
dustrial design after reviewing by engineering team will be used for finishing the construction
of existing experimental SCARA robot.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0389/18
Research on kinematically redundant mechanisms
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VIIK 621.865.8
leéan lenam, Pyodonvgh Anow

HABJINKEHHSA TPOMUCJIOBOI'O JIU3AVHY 10 CHEIIA®IKHA
IH’ KEHEPHOT' O ITPOEKTYBAHHA

Axkmyanonicme memu 00cnioxycenus. /lo inoycmpianizayii mioou, sKi 3aUMAnUCs OU3AUHOM, OYau Maucmpamu-
PEMICHUKAMU, bl MOJNCHA MINbKU NPUNYCIMUMU, AKUL 00CEI0 MA 3HAHHS MONCYMb 3HA0OOUMUCS MUM, XINO 3AUMAEMbCA OU-
3auHOM Y Maubymuio nocminoycmpianviy enoxy. OOHak, 8 0anull 4ac OBUIbHICMb 8 2any3i NPOMUCI08020 OU3AUHY, K NpPd-
BUI0, NOB'SA3AHA 3 PO3POOKOIO NPOOYKYIL Y KoHmeKkemi aupobruymea. IIpomucnogutl Ousaiin € Hesid EMHOI0 YACTMUHOIO THHO-
6auyitl, i 8IH MOdICe 3p0OUMU CBIIL HECOK V PI3HI Kame2opil IHHOBAYIIHOL OisLIbHOCMI

Ilocmanosxa npoonemu. [lpomuciosuii ousaiin - ye e oour 6ud ouzaiiny. Bin mae bazamo cninbHoeo 3 apximexmyporo ma
PI3HUMU 8epCiamu OU3ALUHY 8 PAMKAX THICeHepHUX pobim. Hacnpasdi 63a€M036 130K Midc BPOMUCTOBUM OUSATIHOM MA MAUUHOOYO)Y-
BAHHSIM T NPOMUCTIOBUM BUPOOHUYMBOM AHANTOSTYHULL MOMY, SIKUM KOPUCHYIOMbCSL APXIMEKMOPU 3 YUBLTHUMU THICEHEPAMU.

Ananiz ocmannix oocnioxncens i nyonikauin. Memoo npoexmyeans - ye HOPMAMuUBHA cxema, sIKa OemaibHO ONUCYE
nesHy pobouy npoyeoypy, 6UKOHY8aHi Oii, @ MAKO’C BUSHAYAE NOPAOOK, 8 AKOMY Yi Oii nosunHI 30iticHiosamucs. 3azeuyail ye
dyoice MOUHO, | NPOEKMYBANLHUK NOBUHEH PEMeNbHO CINENCUMU 3a YUM.

Buoinenns neoocnioncenux uacmun 3azanvnoi npoonemu. binowicms cmameil ma imwiux nyonikayit, wo cmocylomscs
npobnemu 83aeMOOIL OOUHA-MAWMUHA, POKYCYIOMbCSL HA NPOOIeMI ep2OHOMIYHOCHI eneMeHmie Ynpasiinis ma oucnieis. Y moiil
cmammi 6y0ymby uuie epeoHOMIYHI 0OMediceHHs 1 He 0)0ymb NOBMOPHO NYONIKY8amucs aHmponoMempuyni napamempu, ane Oy-
O0ymb CHPAMOBAHT 3YCULISL HA MEHUL NOUUPEHT, NPOMe OVIHCe BANCTUBL ACNEKMU NPOMUCTIO8020 OU3ALHY 8 POOOMOMEXHIYL.

Ilocmanoeka 3ae0annsn. Opuinanvhicms KOHYENnyii 03HAUAE HU3KY THHOBAYIUHUX (DYHKYIT aOO MexHONo2il, o 0Xon-
JIF0I0Mb KOHYenyico poboma. Llinnicmy inosayiil Modice mamu micye y KiHeMAmMuyHOMY 1aHYi03i poboma, npusodax, Kabe-
15X, pobouiil obnracmi, inmepdhelici kKopucmysaua, dezneyi mouio.

Buknao ocnoenozo mamepiany. Inocenepne npoekmysants mae nepesazy 6 nOCMiliHOMY 600CKOHANCHHI OCHOBHUX Na-
pamempie poboma WLIAXOM 3ACTNOCYBAHHSL HOBIMHIX QOCACHEHb MEXHONIOSIYHUX obnacmell Mexaniku, memanypeii, Kibepre-
muxu Olsk KOHCMpYI08anHs. ma ynpaenints pobomom. OCHOBHA MemMa IHIHCEHEPHO20 NPOEKMYBAHHS - NIOBUUWUMU MOYHICMb
NO3UYIOHYBAHHS, NOBMOPIOBAHICIb, BAHMANCONIOUOMHICINL, MEPMIH CIYHCOU 30 PAXYHOK 3MEHUIEHHS 8a2l, eHepeOCNONCl-
BAHHS, BNIIUBY HA HABKOIUUHE CEPedosulle ma YiH.

Bucnoexu 6ionogiono 0o cmammi. I1i0 npoexmysannsm ciio po3ymimu clogo, sike ONucye sik npoyec, max i pesyib-
mam. Lle npoyec nepemegopenus ideil y mamepianvui peui. Bumpamu Ha npoeKmysanus, K Npasuio, CMaHosismy dygce
HeBeNUKY YaCmUHy 3a2albHOi 6apmocmi 8upody, aie npoyec NPOeKmy8aHHs MA€ 3HAYHUL 6NAUE HA AKICMb 8UPODY.

Kniouosi cnosa: npomucnosuii ouzaiin; pobom Scara, indicenepue npoekmy8anis.
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SNAKE-LIKE ROBOT RECTILINEAR MOTION ANALYSIS

Urgency of the research. Some animal locomotion mechanisms are often used for robot designing because of their ap-
propriate properties for some kinds of environments. A snake has excellent skeletal structure which provides it advantageous
properties for reaching places where other kinds of mechanisms cannot move and operate.

Target setting. A biologically snake by mathematically way is described. The properties of N-mass mechanical system
by increasing number of masses are changed with the certain regularity which in this paper is determined.

Actual scientific researches and issues analysis. Only a few previous decades the researchers and the designers started to
copy the animal motion to the mechanisms. The principal motivations of the snake locomotion are the environments where the
traditional machines are not applicable due their dimensions or shapes and where the accessories like the wheels or the legs fail.

Uninvestigated parts of general matters defining. The rapid development of robotics and technologies offers large
spectrum of a robotic devices use for hard reach areas or man danger zone. Some animal locomotion mechanisms are often
use for robot designing because of their appropriate properties for some kinds of environmetns.

The research objective. Within this research one of four basic snake gaits is analysed.

The statement of basic materials. There exist various kinds of rectilinear motion models, for example models with
masses, dampers and springs. In this study we will deal only with the mass model.

Conclusions. The paper also deals with the force effects on i-th moving mass of system and based on this the average
velocity of the system is derived. In the conclusion the optimal number of masses N is established in order to the average
velocity could be maximum.

Keywords: N-mass system,; robot; snake.

Fig.: 6. References: 6.

Introduction. Some animal locomotion mechanisms are often use for robot designing be-
cause of their appropriate properties for some kinds of environmetns. A snake have excellent
skeletal structure which provides it advantageous properties for reaching places where other
kinds of mechanisms cannot move and operate. Moreover, snake motion is very stable because
during its motion it has most body parts in the contact with the surface. This area of research is
in most cases only in theoretical level since the snake-like robots are very difficult to design and
control. However there are some cases which in the practical level are used. For example Israel
army developed snake-like robot which for survey purposes is used as we can see on the Fig. 1.

A rectilinear motion is the second basic motion of snakes and absolutely differs from other
ways of the snake motion. The rectilinear motion is specific for the snakes with large body di-
sabling them lateral undulation motion. This type of motion is slower then other ones. During
the motion the abdominal scales are alternately smoothly lifting up from the surface and dra-
wing forward and then lowering down. The parts of the abdomen skin are drawing forward and
so the abdominal scales are joining in the bunch. This part of the body is then pushing down and
the sides of the abdomen go down on the surface. Although this type of motion is not very ef-
fective but its properties are appropriate especially for narrow spaces [1, 2, 4].

Fig. 1. The military snake robot [5]

© I'mitepko Onexcannp, 2019
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Mathematical model. There exist the various kinds of mathematical models of a snake-
like robot motion depending on gait pattern. If a robot use passive wheels there is sufficient
use only kinematic model (mostly within lateral undulation motion), however robot which
doesn’t use any equipment (active or passive wheels, tracks etc.) for motion have to be de-
scribed by dynamic model. The snake-like robots with wheels reduce friction forces acting
between robot and surface however within robots without wheels friction forces play an im-
portant role during a motion. Generally there are used two kinds of friction models such as
Coulomb’s friction model and viscous friction model. There exist various kinds of rectilinear
motion models, for example models with masses, dampers and springs. In this study we will
deal only with the mass model. If we want to analyze a snake body we have to see its biologi-
cally body as the series of N homogeneous consecutive elements where each element per-
forms some activity as we can see on the Fig. 2.

Fig. 2. The Anatomy of Rectilinear motion [6]

Some body parts are in static contact with the surface while other are shortened or lengthened.
Combination of these activities the rectilinear motion is performed. In the Fig. 3 a simplified
model of a snake is shown. The snake rectilinear motion on this model will be analyzed [3].

m m m m m
11210731 %]---N

o ) i

Fig. 3. Simplified model of a snake

Before we derive mechanical system average velocity we will analyze mechanical system
consisting of three and four masses. Each system will be consists from N phases and each
phase into two sections is divided. During the first section i-th mass to the (i+1)-th mass is
attracted and during the second section i-th mass is slowed down.

Three-mass mechanical system. The motion sequence of 3-mass system is:

1] [2] [3

11 2 3

1 2 3

Fig. 4. The motion sequence of a three-mass system
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The motion of this mechanical system consists of three phases. During the first phase the mass
1 will be attracted to the mass 2 while masses 2 and 3 stay at rest (it means that actuator between
mass 2 and 3 maintains their relative position and they behave as one mass). The propulsive force
is maximal force which can affects on masses 2 and 3 so that these masses can stay at rest. Forces
of dry friction, obeying Coulomb’s law, act between the masses and the surface. In this case Cou-
lomb’s friction force depends on direction of velocity of moving mass and its weight m.

E, = 2kgm
The first phase duration is:

t(3masses) _ 4’_5

cl kg

Where k is friction coefficient (system behaves with isotropic characteristics), s is maxi-
mum possible extent between two masses and g is gravitational acceleration. During the sec-
ond phase the mass 2 is attracted to the mass 3 while masses 1 and 3 stay at rest. The propul-

sive forces between masses 1 and 2 and between masses 2 and 3 are:
Fpl = sz = kgm
The second phase duration is:

(3masses) — 4’_5

c2 kg

During the last phase the mass 3 is pushed from mass 2 while masses 1 and 2 stay at rest.
The propulsive force is:

t

E, = 2kgm
The third phase duration is:

t(3masses) _ 4’_5

c3 kg

We can see that in each moment of the motion the same total force on each moving mass
is affecting. The average velocity of the 3-mass system is:
1

La=7¢ kgs

N-mass mechanical system. Based on previous findings we can derive the average veloc-
ity of N-mass mechanical system.

~(i-Ikmg (i-7kmg (N-ikmg -(N-ilkmg
1 Jeeo| I-1 |<—-> i bd i+1 leees] N
/

7 7 7

Fig. 5. N-mass mechanical system

0

According to the Fig. 5 N-mass mechanical system we can describe two propulsive forces
affecting i-th moving mass in arbitrary time as:

EY = (i— Dkgm
ES = (N - Dkgm
Where i=2, 3, ..., N-1. For ending masses the propulsive force is:
FMY = (N = Dkgm
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Total force which affects i-th moving mass is:

a
FY = (N = 2)kgm
Based on previous equations we can derive relation of the average velocity of N-mass system.

o
R
T
V4
|

%

8
T

Average velocity [m/s]

=2
8
T
|

0.026 -

#l

0.024 ! ! L L ! ! ! !
2 4 6 8 10 12 14 16 18 20

Number of masses N
Fig. 6. The average velocity depending on number of masses N

Determination of optimal masses number we can obtain by determination of local extre-
mum by derivation according to masses number N. The mechanical system will have the
maximum velocity when N=4.

Conclusion. Only a few previous decades the researchers and the designers started to
copy the animal motion to the mechanisms. The principal motivations of the snake locomo-
tion are the environments where the traditional machines are not applicable due their dimen-
sions or shapes and where the accessories like the wheels or the legs fail. Within this research
one of four basic snake gaits is analyzed. A biologically snake by mathematically understand-
able way is described. The properties of N-mass mechanical system by increasing number of
masses are changed with the certain regularity which in this paper is determined. The paper
also deals with the force effects on i-th moving mass of system and based on this the average
velocity of the system is derived. In the conclusion the optimal number of masses N is estab-
lished in order to the average velocity could be maximum.
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AHAJII3 TPSIMOJITHIMHOI'O PYXY 3MIENNOAIBHOI'O POBOTA

Axkmyanonicmes memu 00Cniodcennn. [eski Mexanizmu nepecy8anHs meapur 4acmo GUKOPUCMOBYIOMbCS Olsl KOH-
CMpYI08anHs. pobOmMi6 3a680KU OESKUM IX GIACMUBOCIAM, WO NIOX00Mb Oisl Ne6HUX BUOI8 HABKOMUWHBO2O CepedosuLld.
3mis mae 6iOMIHHY cmpYKmypy cKelemd, wo Haodae iil nepegazu 01 O0CASHEeHHs Mux Micyb, Oe [HWi 8UOU MeXaHi3Mie He
MOJICYMb PYXAMUCs ma GyHKYIoHysami.

Ilocmanoska npoonemu. Mamemamuuno onucana dionociuna smis. Bracmusocmi mexaniunoi cucmemu 3 N-macamu 3a
DAXYHOK 30I1bUEHHS KITbKOCH MAC 3MIHIOIOMbCA 30 NEGHOI0 3AKOHOMIPHICINIO, KA BUSHAYAEMbCS 8 OAHIU POOOMI.

Ananiz ocmannix 0ocniodcens i nyonikauii. Jluwe npomseom nonepeoHix oecamuainmes 00CIIOHUKU MA OU3AUHEPU NO-
uquu 8I0MEOPIEAMU PYX Meapun y mexaunizmax. 101061010 nepesazoro UKOPUCMANHSL 3MIENOOIOH020 NepemiyerHst € makKi
cepedosua, 8 AKUX MPAOUYIIHI MAWUHY He MOJICYMb OYmu 3aCMOCo8Hi uepe3 ix ghopmy yu posmipu, i 0e He MOJCYmb
npayeamu npUCMpOoi Ha KoLecax uul HidCKax.

Buoinenns nedocnioscenux wacmun 3azanvhoi npoonemu. Lllsuokuii po3eumox po6omomexHiku ma mexHono2ii npo-
NOHYE WUPOKULL CREKMP SUKOPUCMAHHS POOOMU308AHUX NPUCMPOLE Y 8AICKOOOCIYRHUX MICYSIX abo Hebe3neyuHill 30Hi Os
MH0OUHU. [lesKi MexaHizMu nepecy8aHHs meapuH 4acmo UKOPUCMOBYIOMbCa 01 NPOEeKMY8anHsA poOOmIs yepes ix 8iOnosioHi
81ACMUBOCHI OJIAL 0CAKUX UL HABKOIUUUHBO2O CEPedosULLd.

Ilocmanoska 3ae0anns. Y pamxax yb02o 00CHIONCEHHS NPOAHANIZ08AHO OOUH 3 YOMUPLOX OCHOBHUX 3MITHUX DYXI6.

Buknao ocnoenozo mamepiany. Ichyromov pisui 6uou NpAMONIHIIHUX MOOeNell PYXy, HANPUKIad, MoOoeli 3 Macamu,
demnchepamu ma npysrcunamit. Y ybomy 00CHIONCEHHI PO32TAOAEMbCS JIUULe MACO8A MOOEb.

Bucnoexu eionosiono 0o cmammi. Y cmammi po32150acmvcsi GNIUE CULU HA -y PYXOMY MACY cucmemu i Ha OCHOBL
Yb020 BUBHAYAEMbCSL CEPEOHS UBUOKICb cucmemu. Y niocymKy 6CIMano8I0EmMbCs ONMUMAIbHA Kitbkicmob mac N ons moeo,
oo cepedns WEUOKICMb MO2NA 00CA2AMU MAKCUMATbHUX 3HAYEHD.

Kniouosi cnosa: N-macosa cucmema; pobom, 3Misi.
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MEASURING METHODOLOGY AND PARAMETRIC TESTS
OF ROTARY POSITIONING TABLE

Urgency of the research. The use of positioning tables as peripheral devices for production or robotic technology is an ur-
gent need for today's automated operations. Since their task is to extend the user's possibilities in the workplace, their design and
control method and, last but not least, the technical parameters must correspond to the level of machine tools and robots.

Target setting. The aim of this paper was to approach in a real case the methodical approach to the determination of
key parameters of rotary positioning units intended for manufacturing technology and robotics. The tests carried out on the
real representative gave an answer to the question of the applicability of the selected methodology for measuring selected
parameters of the rotary uniaxial positioning table.

Actual scientific researches and issues analysis. Research in this area consisted in designing a methodological basis
for obtaining relevant data useful for evaluating the technical level of the prototype being measured.

Uninvestigated parts of general matters defining. In the paper and basically also in the performance of the tests on the
VAPOS module it was not possible to perform full parametric tests for some problems related to the technical design of the
sample (prototype), therefore the proposed measurement methodology focused rather on the issue of making and justifying
the use of some building elements of the table.

The research objective. The aim of the project and the article was to verify the validity of the methodology used and to
verify the suitability of the type of reducer used in such a technique.

The statement of basic materials. The basic materials for the creation of the article were processed data from sample
measurement at our department. Some of the data contained in the measurement protocol was not difficult to disclose be-
cause it is the know-how of the department and the sponsor.

Conclusions. The conclusions of the paper and the project show the suitability of the chosen methodology and the re-
sults from measurements according to this methodology were used for further improvement of the design of the rotary table
at the manufacturer and in the development of new types of reducers of their supplier.

Keywords: methodology, rotary table; accuracy; indexing; parametric test.

Fig.: 13. Table: 1. References: 9.

Introduction. In production in robotic plants, the equipment of the robotic structure is
greatly limited by the complexity of application of the workplace. In order to achieve all the
required positions of the working tool (eg welding torch or welding tongs) (eg in arc welding
or spot welding), the workstation must be equipped with a suitable peripheral device. Such a
device serves as a tool to extend the application possibilities of the workplace.

In current technical practice, positioning rotary modules are increasingly used in machine
tools and robotized workplaces, both in the position of the next working axis of the machine /
robot and in the position of the positioning device for positioning the machine / robot tooling.

Positioning devices designed for machine tools are offered by almost all leading companies in
the manufacturing machine segment (eg Tsudakoma Corp., Japan, Nikken Comp., Japan and
others), fig. 1. Units of this type shall be manufactured in single, double and triple versions.

TSUD.W,KOM/\ -m

Fig. I Rotary tables [7],[8],[9]

Rotary table tests. Parametric tests carried out on such devices depend on the intended
use. These tests are precisely defined in international (ISO 230-2 / 1997 - only rotary and li-
near axes in uniaxial design) and national (JIT, DIN) standards. The standard measurement
methodology resulting from the norms is to some extent adapted by individual manufacturers
according to the application deployment of such a unit.

© Ierep Tynes, 2019
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Types of tests. Tests performed on a rotary table can be divided into two basic groups [6]:

(a) tests of geometric accuracy achieved in the manufacture of module components;

(b) tests for accuracy and repeatability of the module stop at the programmed position of
the rotary module.

Geometric accuracy of execution of individual module components consists of a total of 8
measurements of parameters, table, ultimately determining its applicability.

Table
Geometricka presnost vyhotovenia stola [2]

|

Yo+ — - — =

Table top flatness (concave) Parallelism of table top to frame bottom

| — | —

) 1]
=3 L= (} =] o
i} f

Table top runout Center bore runout
cylinder
1| E—
e
ﬂ
Perpendicularity of table top Perpendicularity of table top
to frame bottom guide blocks to frame bottom

7

g 7777
Height difference of both center lines Parallelism of center line between
of rotary table and tailstock (tailstock rotary table top and tailstock to frame
center line should be higher) bottom guide blocks

The basis for making these measurements is the methodology for verifying the
geometrical parameters of machine tools (the so-called Schlesinger methods).

The measurement chain for these tests shall consist of an odometer and a standard refe-
rence body, Table 1.

Given the accuracy and application of the tables, it is necessary to use gauges with the
appropriate accuracy class (min. 0.01 mm).
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Repeatable stopping accuracy in the programmed position (so called indexing) is based on
repeated stopping of the module table at the programmed point while measuring the absolute
repeated inaccuracy of the module stopping in this position [1, 3].

Rotary table VAPOS 300 [5]. A single-axis rotary, continuously controlled positioning
module with SIEMENS Simudrive 611 control was used to create the methodology and
perform tests to verify it. The TWINSPIN TS240 / 121 reducer (manufactured by SPINEA,
Slovakia) was used by the manufacturer to reduce the nominal speed of the servomotor.

Figure 2 shows a representation of the rotary module with its principle (arrangement of
functional parts) as well as some of its parameters.

PARAMETER UNIT VALUE
Table rotation speed min” 12124
Minimum rotation (incr.) deg 0,0001/0,00005
Positioning accuracy (index. - cumul.)| arc.sec +5/+2
Weight kg 210

Gear ratio - 1:242

Maximum load of table

vertically kg 500
horizontally kg 1000
Encoder Servomotor Table clamping_surface
Maximum axial force N 47300
[ ] - Redpaor Driving torque Nm 1620
3 (1:121 secondary
conversion) Maximum inertia of the workpiece kg.m’ 56
= Maximum torque Nm 3240 (1620)
: Maximum tipping moment Nm 5720
Toothed belt Incremental sensor
(1: 2 primary Braking torque Nm 500/ 1800
Coiersion) Clamping hole mm 28

Fig. 2. Rotary table VAPOS 300 [5]

Tests of VAPOS 300 rotary table. The positioning table was subjected (according to
customer requirements) to some kinematic tests, indexed positioning accuracy and partial
frequency analysis of the behavior of the mechanical part of the table was performed. Tests
were carried out with no load and technological load.

The technological load during the measurement was caused by the cutting process when
machining the test piece on a mechanical cantilever milling machine, fig. 3.

Rotary Table Milling

Machine

Sensors

Rotary
Table
Cotrol

System

Computer

Fig. 3. Measuring set (measuring string) Source: author
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a) Kinematic tests of rotary table

In the kinematic tests of the table, the measurement of the path, speed and acceleration of
the table was performed without load and at the technological load. Figures 4, 5 and 6 show
graphical recordings of measured paths, speeds and accelerations without load. The
measurement of the kinematic characteristics of the table was performed by the DSS-5L cable
track sensor with the MIS-3 measuring card and the ProMeS evaluation software.

Figures 7, 8 and 9 show graphical records of the measured course of the path, speed and
acceleration of the load table.

MIN INT
%0
v:0

1st

DIFFERENCE
46

2001 Y: OFF il zoon v: oFF
20

Fig. 4. Table path (no load) Fig. 5. Table speed (no load)

.........................

200M V: OFF

dexing)

Xe tIs) ¥: C

Fig. 6. Table acceleration (no load) Fig. 7. Table path (with load when in

| mIN INT
X:221

Fig. 8. Table speed Fig. 9. Table acceleration
(with load when indexing) (with load when indexing)
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b) Table tests of accuracy when indexing

The indexed table accuracy test methodology is described (for uniaxial tables) by the interna-
tional standard ISO 230-2 / 1997. Every company producing rotary modules is bound by this
methodology. This consists of programming the rotary module for repeated stopping at the meas-
ured points, and deviations from the programmed value are read and recorded. Measurements are
made at eight or sixteen points while turning the table CW and CCW. Measurement of deviations
is usually performed by a precision rotary encoder (incremental, encoder, etc.). A graphical repre-
sentation of the deviations measured according to this methodology is shown in Fig. 10.

The VAPOS table measurement methodology was carried out in a modified version, as
the rotary module delivered for testing was not equipped with the necessary sensory equip-
ment and the positioning surface did not have the required parameters (it was a prototype).

We chose the aiming system of targets fixed in the positions of the clamping holes
(6xM16) with the laser sensor ZX-LD 100 from OMRON.

A graphical representation of the course of the measured deviations is shown in Fig. 11.

Positioning accuracy Positioning accuracy
5 65
E‘ 40 = 6,0 +-
g 3 VA '\“\ g 45
= 30 \ = 30 - \
5 28 Ny » 518 ~a
E o2 o 7 g 0 pd
oy 15 / wp 1,5 /
£ 10 £ 30 4 S
£ s/ 74 £l Do
Z 0 4 Z 60
& s £ 65
TO0TTI0TUS 7 96 120 144 168 192 216 240 264 285 312 336 360 " 0 120 180 240 300 360
—e— CCW Angle[°] —e— cCcW Angle [ ]
—— CW O
Fig. 10. Positioning accuracy CCW/CW Fig. 11. Modified positioning accuracy
ccwiew

¢) Table frequency analysis
The rotary table vibrations were measured only in a tangential direction by the piezoelectric
acceleration sensor (ADASH, Czech) at a radius of 128 mm from the center of the table rotation.
The table operation modes were identical to those loaded during the kinematic test and in-
dexed positioning accuracy measurements.
The graphical waveforms of the measured table vibrations are shown in Fig. 12 and 13.
IJ“" [mmis] 187 [mmis]

0.35+

0.30

/Jl/\ 0.2
0.00. k L 5 ) 00.

2000 4000 6000 3000 1000 12000 1000

v T T T r T T
15000 2000 4000 000 8000 10000 12000 000 16000
[Hz] [Hz]

Fig. 12. Table frequency analysis (a) Fig. 13. Table frequency analysis (b)

Conclusions. Positioning rotary modules, as a tool for increasing technological parame-
ters of production equipment performance, will continue to be increasingly used in technical
and technological practice. their users.
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METO/IUKA BUMIPIOBAHHSI I TAPAMETPAYHI BUITPOBYBAHHS
IMMOBOPOTHOI'O MO3UIINHOI'O CTOJY

Axkmyanonicmes memu 00Cni0NceHHA. Bukopucmanms nozuyitihux cmoinié 6 skocmi nepughepitinux npucmpois ons 6u-
POOHUUUX aDO POOOMUZ08AHUX MEXHONIOZIU € HALATLHOK NOMPeOOoIo O CYHACHUX agmomamu3oeanux onepayiil. Ockineku ix
30680aHHs NONARAE 8 POSUUPEHHT MONCTUBOCEN KOPUCIMYBAYA HA POOOYOMY Micyi, CnociO ix NpOeKmy68anHs ma ynpaeiinHs
a maKodic, Wo He MEeHW 8AXCIUBO, MEXHIYHI napamempu NOGUHHI 8I0N08I0amu PieHI0 6epcmamie i pobomis.

Ilocmanoeka npoonemu. Memoio danoi pobomu O6yi0 HAONUZUMU 8 PEATbHOMY BUNAOKY MEMOOUUHUL NiOXI0 00 8U3HA-
YEHHSL OCHOBHUX NAPAMEMPIE 00EPMOBUX NOZUYITIHUX 8316, NPUSHAYEHUX 05l BUPOOHUYUX MA POOOMU0BAHUX MEXHONOZIL.
Bunpobysanns, nposedeti Ha peanbHOMy NPeOCmagHUKy, 0anu 8ion08idb Ha NUMAHHS NPO 3ACMOCOBHICTG 0OPAHOL Memodo-
10211 01151 BUMIPIOBAHHSL BUOPAHUX NAPAMEMPIE NOBOPOMHO20 0OHOBICHO20 NOZUUITHO20 CIOTLY.

Ananiz ocmannix 0ocnioxcens i nyonikauiii. /locniodxcenns 6 yiil 2any3i noaseanu 6 po3pooyi memooonociunoi obasu
0151 OMPUMAHHSL 8IONOBIOHUX OAHUX, KOPUCHUX OJISL OYIHKU MEXHIYH020 PIBHS 0OCIIONCYBAHO20 NPOMOMUNA.

Buoinenns neoocniosycenux uacmun 3a2anvbHoi npooaemu. Y cmammi ma 8 0CHOBHOMY NpU GUKOHAHHI UNPOOYEAHD
na mooyni VAPOS ne 60anocsi euxonamu noeui napamempuyti eunpodysants 0iisi 0essKux 3a0ay, noe'si3anux 3 mexHivHum
OU3AUHOM 3pasKa (Mpomomuny), momy 3anponoH08aHA MemoOOo02ia GUMIPIOBANHS OVIA CKOpiuLe 30CePedd’CeHa Ha NUMAHHI
CKAAOAHHS Ma 0OTPYHMYBAHHS BUKOPUCTIANHS 0esIKUX eeMeHmi8 KOHCIMPYKYiT cmoity.

Ilocmanoeka 3aedannsn. Memoro npoexmy ma cmammi 6y10 nepegipumu 0OIPYHMOBAHICMb BUKOPUCTNOBYBAHOT Memo-
00710211 ma nepesipumu 8i0N0GIOHICMb MUNY PEOYKMopd, W0 6UKOPUCINOEYEMbCS Y MAKI MexXHiyi.

Buknao ocnosnozo mamepiany. Ocnosnumu mamepianiamu Onsi CmeopeHust cmammi 6yau 00pobieni 0awi 3 8UOIPKOBUX
BUMIPIOBAHDL Y HAWOMY GIO0INi. Jleaki Oami, wo MiCmambcs 8 NPOMOKONI GUMIPIOBAHHS, OYNI0 8AJICKO POSKPUMU, OCKIIbKU e
HOY-Xay 8i00LTy ma CnoHCcopa.

Bucnoexu ionogiono 0o cmammi. Bucnosku 3 yici cmammi ma npoekmy nokasyloms npuoamuicms 00panoi memooo-
J102il, a pe3yibmamu UMIPIOS8anb 8I0N0GIOHO 00 Yiel MemOoOON0Il UKOPUCOBYBATUCH OISl NOOAILULOCO 800CKOHAICHHSL
KOHCMPYKYIT NOBOPOMHO20 CIMOY Y 8UPOOHUKA MA NPU PO3POOYI HOBUX MUNIE PEOYKMOPIE iX NOCIAYATbHUKOM.

Kniouosi cnosa: memoouxa,; nogopommuuii cmin; mounicms, inoexcayis; napamempuyne UnpoOy8anis..
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Bonooumup Bunnux

AHAJII3 METOAIB OBPOBKH KPUBOJIIHIMHUX TOBEPXOHBb KYJIAUKIB
PO3IOAIVIBHUX BAJIIB OPIEHTOBAHUM IHCTPYMEHTOM

Axkmyanvnicms memu 0ocnioncennsn. B ymosax sucoxoi konxypenyii ¢ mauiuno6yoyeanui eupooHuymeo cmae Oinviu
HAYKOEMHUM. AKMYANbHUM HAYKOBO-NPAKMUYHUM 3A80AHHAM Y MAUUNHOOYOY8aHHi, agmomodinedy0y8anHi ma mekCmunbHill
npoMuciosocmi € 3abe3neyentss 8UCOKoi MOYHOCII ma nPoOYKMUGHOCHE 00POOKU KYIAUKi@ pO3nOOLNbHUX 8aNli8 MA KYIAUKIE
MEKCIMULLHUX MAUWUH.

ITocmanoexa npoonemu. i 3a06e3neuenuss 6UCOKOI MOYHOCME MA NPOOYKMUBHOCHI 0OPOOKU KPUBONIHIUHUX NO8ep-
XOHb KYNAuKi8 HeOOXIOHO 3ACMOCO8Y8AMU HOBI BUCOKOEHEKMUBHI CROCOOU 0OPOOKU.

Ananiz ocmannix oocniocens i nybnixayiii. Posensiymo cnocobu 06pobxu demaneii OpicHmo8anumu iHCmpymeHma-
mu. Hasedeno mpusumipne MoOeno8anHs iHCMpyMeHmMAIbHol NOBEPXHI, NPOYecis 3HAMMS RPUNYCKY Ma hopMOYMBOPEHHs.
npu 06podYi KPUGONTHIUHUX NOBEPXOHb K)IAUKIE.

Buoinenns nedocniosycenux uacmun 3azanvhoi npoonemu. Biocymuicme ananizy oocniodcens npoyecy o6podoku kpu-
BONIHIUHUX NOBEPXOHb KYNAUKIE PO3NOOLNbHUX 8ANLI6 MA KYIAYKIE MEKCMUTLHUX MAWUH.

Ilocmanogka 3aédanna. [Ipoananizyeamu cnocobu o6podKu KpUBONIHIIHUX NOBEPXOHL KYAAUKIE PO3NOOINbHUX 8ANI6 I
KYIQy4Ki6 MeKCmUIbHUX MAWut 3i CXpewyeHumMu ocamu incmpymeHma ma 0emari.

Buknao ocnosnozo mamepiany. Posensinymo cnocobu obpobku xpugoniniiinux nosepxons demaneil. Obpobka xpu-
BONIHIIHUX NOBEPXOHD KYIAUKIE POZNOOJLTbHUX 847116 30IUCHIOEMbCS 3a 00UH D0 OeKibKa npoxodis (pe3or abo wnig)ysans-
Hum kpyeom. Hailbinvw egpexmusnumu cnocobamu 06pobku Kynaukie posnooileHux 6anie € uiigpyeanna ma gpeszepysanns
OPIEHMOBAHUMU THCMPYMEHMAMU 3A OOUH YCIAHOB.

Bucnogxu 6ionogiono oo cmammi. Y pobomi npoananizoeano cnocobu winighysanns ma gpezepysanns demaneu. s
3a0e3neuents UCOKOL MOYHOCHI Ma NPOOYKMUSHOCHIE 0OPOOKU 3aNPONOHOBAHO GUKOPUCMOBY8AMU CNOCIO (hpe3epysarHs
KPUBONIHITIHUX NOBEPXOHL KYIAUKIE PO3NOOLIbHUX 8ANli6 | MEKCMUNbHUX Mawun na éepcmamax 3 YIIK 3i cxpewenumu ocsamu
¢pe3u ma demarni, de 3a 0OuUH NPOXIO 8i0OYEAEMbCS YOPHOBE Ul HUCMOBe pe3epyBanHs 6CiX KYAAUKIE.

Knrouosi cnosa: o6podra; opieHmosanutl iHCmpymenm, Kyiauok po3nooiibHO20 8aad; KYIAYOK MEKCIMUWIbHOT MAUUHU,
MOOeno8arHs; (hopMoymeopeHHs.

Puc.: 10. bion.: 16.

AKTYyaJIbHiCTh TeMH J0CTiI:KeHHsl. PI3HOMaHITHI JeTani, 0 BUTOTOBJISIOTh HA MalllH-
HOOYIIBHUX, aBTOMOOUIEOYNIBHUX, TEKCTHJIBHUX Ta IHIIMX HIANPHEMCTBAX, MAIOTh KpH-
BONIHIMHI poOoui moBepxHi. Jlo Takux pgeraneil BiTHOCATBHCS, HANPHUKIAL, KYyTauyKd
PO3MOAUTHPHUX BaJliB. 3a0e3meueHHs] BUCOKOI TOYHOCTI Ta SKOCTI KPUBOJIHIHHUX MOBEPXOHb
CKJIAJIHOTO TPOQITIO, a TAKOXK iX MPOIYKTUBHOCTI OOpOOKH € aKTyaJbHUM 3aBJIaHHIM.

ITocranoBka npodJiemu. [Ipu 3a6e3neyeHHi BACOKMX BUMOT IO TOYHOCTI PO3MIPIB Ta SIKOCT1
MOBEPXHEBOTO LIApy BIAMOBITAIBHUX KPHBOJIHIMHUX TMOBEPXOHb JETalel HeoOXITHO 3BepTaTh
0coOJIMBY yBary Ha ix ¢iHiHy 00poOKy. AHAII3 BIAOMHUX METOJIIB 0OpOOKH KPHBOMIHIHHIX TO-
BEPXOHB PO3MOAUTHHUX BATIB CHPUSTUME PO3pOOIIl HOBUX BUCOKOS(EKTUBHUX CIIOCOOIB 0OPOOKH.

AHaJni3 ocTaHHiX Aocaikenb i myOaikaniii. [Tporec 06poOKH KpUBOTIHIHHIX TOBEPXOHb
neraneit pocmimkyBanu B. . Kanpuenko, B. B. Kanpuenko, A. 1. I'pabuenko, EpBin FOnkep,
I'eopr XumMmenbcOax Ta iHIII.

VY pobotax [1; 2] posrnsHyTo crioci0 nutipyBaHHS 31 CXPEIIEHUMHU OCSIMU IHCTPYMEHTA Ta
JeTali, a TakoX TPUBHMIPHE MOJICIIIOBAHHS 00pOOKH Ta (OPMOYTBOPEHHS MOBEPXOHB JIeTa-
nei 13 mpoiieM y BUTIIAI JYTH KOJa.

VY po6oTi [3] HaBeneHo cnemianizoBaHe nuTipyBagbHEe 00 AHAHHS sl 0OpOOKM KyNIauKiB
PO3MOIUTHHIUX BaTiB.

MoynbHe TpUBHUMIpHE MOJEIIOBAHHS Mpoliecy 0OpOOKM KPUBOIIHIHHUX MOBEPXOHb Jie-
Tajei HaBeneHO B poOoTi [4].

VY marenTi [5] HaBeneHo cnocid nutihyBaHHS KyiadkiB pO3MOIUTFHOTO BaJa, IO MAalOTh
yBIrHYTi OiuHI CcTOpoHH. Y 1boMy crocoOi nuripyBaHHs mnpodino Kymauka oOpoOka
3MIIIICHIOETHCS TPhOMA IITI(PYBATBHUMHU KPYTaMHu.

Epein IOnkep Ta I'eopr XimmenbcOax po3pobunu crnocid nuripyBaHHS KyJaukiB
po3noaibHOro Baja [6], B skoMmy nuripyBaHHS Hpodimio Kylauka 3A1HCHIOETHCS TBOMA

1T yBaTbHUMH KPYTaMHU.

© Bunnuk B. O., 2019
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VY marenri [7] M. B. Cypau, E. B.Ilononscbkoro, A. O. Tapenina, O. ®. ['opbayosa
pO3risgaeThes Crocio 0HOYACHOTO LITI(pYBaHHS KyJIauKiB PO3MOJUIBHUX BaJliB.

VY poborax [8-11] onucani muigpyBanbHi BepcTaTi [yt 0OpoOKH CTYMIHYACTHUX, KOJTIHYAC-
THX, PO3NOAUILHUX BaJiB Ta caM Ipoiec oOpoOku nux aeraneil. lllnipyBanns Bcix mosep-
XOHbB JieTajell 31iCHIOEThCS OPIEHTOBAHUM IHCTPYMEHTOM 32 OJIUH YCTaHOB.

VY crarti [12] Ta natenti [13] onucano cnoci6 nutipyBaHHS pO3NOAUIBHUX BajliB 3a OJUH
YCTAHOB OpPIEHTOBAHUM IHCTpyMEHTOM. HaBeneHo TpuBHUMIpHE IN€OMETpPUYHE MOJIENIIOBAHHS
IHCTPYMEHTIB, ITPOLIECIB 3HITTS NPUILYCKY Ta (POPMOYTBOPEHHS KyJauKiB PO3MOIUIBHUX BaJiB.

VY poborti [14] nocnimxeHo mpouec (pe3epyBaHHs CTYHNIHYACTOIO Bajla OPIEHTOBAHOIO
¢dpe3o10, po3pobIeHO HOBUM cnocid (pezepyBaHHs LUIIHIPUYHOI TOBEPXHI Bajia, A€ YOPHO-
Ba 00poOKa 3MIHCHIOETHCS TOPIIEBOIO MOBEPXHEIO (Ppe3u Ta nepudepiero 3yda, a YUCTOBE
¢bpe3epyBaHHS — epUPeEPIEIO.

VY crartax [15; 16] onucano crnocobu (pezepyBaHHs KyjldauKiB pO3NOJUIBHUX BalliB 3a
OJIMH YCTaHOB OPIEHTOBAHUM IHCTPYMEHTOM, HAaBEIEHO TPUBHMIPHE T'€OMETPUUHE MOJEIIO-
BaHH$ MIPOLIECIB 3HATTS MPUILYCKY Ta (POPMOYTBOPEHHS IOBEPXOHB KYyJIAuKIB.

BuaisieHHs1 HeOCIIZKeHUX YACTHH 3arajbHoi nmpodJemu. BincyTHiil aHamiz MeToaiB
00pOOKM KPUBOJIIHIHHUX MOBEPXOHB KYJAuKIB PO3MOIUIBHUX BaJliB.

Mera cratTi. ['0;10BHOI0 METOIO 1Li€i pOOOTH € aHali3 METOAIB OOPOOKH KPUBOJIHIHHUX
MMOBEPXOHb KYJIAUKiB PO3MOAUTEHUX BaJIiB, IO JO3BOJIUTH BU3HAYUTH HAWOUTBII ONITUMATBHHM.

Buxkiaax ocHoBHoro marepiaay. Y pob6otax [1; 2] posrasHyro cnocid nutidgpyBaHHS 3i
CXpELIEHUMHU OCSIMHU 1HCTpyMeHTa Ta fetani. OOpoOka MOBEpXOHb AeTanei, 0 MalTh Kpu-
BOJIHIAHUNA POk, 301MCHIOETHCSI OPIEHTOBAHUM ILIIQyBaIbHUM KpyroMm. Takox po3po0-
JIEHO TPUBUMIPHE MOJIENIOBaHHS OOpoOKH Ta (OPMOYTBOpPEHHS IOBEPXOHb JeTalel 13
npodigeM y BUIISIL AYTH KOJa.

Ha 3aBoxi I[TAT «XapBepct» [3] BUTOTOBISIOTH CleliaidbHI KpyriouuidyBalbHi BepcTa-
™1 (puc. 1, a) anga oO6poOkM KynaukiB po3nojaulbHUX BaiiB. L{i BepcTatu mpusHaueHi ais
MOCJIIIOBHOIO BPI3HOTO HITIQYBAaHHS 3a HallIBaBTOMATUYHUM ILUKJIOM (puc. 1, 6) B ymoBax

OJIMHUYHOTO, CEPIMHOTO Ta MaCOBOTO BUPOOHUIITB.

. 1

fTTE———
-

a 7]

Puc. 1. Creyianvnuii kpyenownigpyeanvhuii eepcmam (a) ma HanieagmMoMamuyHUuLL YUK
00pobKu (0) Ky1auKie po3noodilbHo20 6ana

VY po6oTi [4] 3anponOHOBAHO MOAYJIbHE TPUBUMIPHE MOJEIIOBAHHS IHCTPYMEHTIB, JleTa-
Jel Ta mporecy 0OpoOKM KpUBOJIHIMHUX MOBEpXOHB Aetaneld. I[linBuiieHHs epexkTUBHOCTI
3a0e3MeuyeThCs 32 PaXyHOK CXpELlyBaHHS OCeil IHCTpyMEeHTa i eTali.

V marenri [5] Epsina FOnkepa posrasaaerscs cnoci nutipyBaHHS KyJIadKiB poO3MOALTb-
HOTO BaJla, SIKI MalOTh YBIFHYTI O1uHI cTopoHH. OOpoOka mpodutto Kynadka 371HCHIOETHCS
TpbOMa HUTI(QYBATbHUMH KPYTaMH.

Ha puc. 2, a 300paxeHna nepiia omnepauis, 1e nepmui midysaabHuil Kpyr 7 o0pobise
BUXIIHUA 3 Ta NpOMDKHUH 4 KOHTypu Kynauka /. Ilepmmili nutidyBambHUR Kpyr Mae
MOPIBHSHO BeNMKUI niamerp, Hampukiaaa 400 MM, BHACHIOK 4Oro HE MOXHa 00poOuTH
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YBITHYTI O14H1 CTOpPOHHM Kynauka. [l yucToBoro uutigyBaHHs (pHC. 2, 6) 3aCTOCOBYETHCS
Apyruii nutidyBanbHUM Kpyr 9 MEHILIOTO AlaMeTpa.

Puc. 2. Cxema 06podxu Kynauka po3nooiibHo20 6ana 3 YGieHymMuMy OOKOBUMU NOBEPXHAMU.
a — 8uUXiOH020 3 ma nPOMIdNCHO20 4 KOHMYpY KYAauKd, O — YUCmMo8020 Wi(hy8anHs KYIauKd, 8, 2 — YGIHYMUX
OIUHUX NOBEPXOHb HA NPOMINCHOMY KOHMYPI Kynauka, 1 — kynauox; 2 — po3nodinvruil ean; 3, 4, 6 — euxionuti
Ma nPOMIICHI KOHMYpU Kyaauka, 5 — kinyesuti konmyp kyaauka,; 7, 8, 9 —wnighyeanvmi kpyau
st YOPHOB020 mdA HUcCmoeo2co Wﬂid)ygaHHﬂ

[nipyBaHHs YBIrHYTHX OIYHHMX ITOBEPXOHb Ha MPOMBKHOMY KOHTYp1 Kyjlauka 300paskeHO
Ha puc. 2, 6, 2. YBITHYTI OI4H1 MOBEPXHI OOPOOIAIOTHCS TpeTiM WITiIPYBaIbHUM Kpyrom &
(puc. 2, 6), 1laMeTp SKOTO BIANOBIIAE YBIFHYTOCTI IpO(UI0 MPOMDKXHOIO KOHTYpY 6. Bucora
nutigpyBanbHOoro kpyra 8 (puc. 2, 2) MeHIIa 3a JOBXKHHY KyJlauka, TOMY MUTiQpyBaHHS
IIPOMDKHOTO KOHTYPY 6 3AIHCHIOETHCS TAKUM YHHOM, 11O MPH paaiaibHO HEPYXOMOMY KyJIauKy
1 KOHTYp IITIPYETHCS 3 MO3AOBKHBOIO M0JaU€I0 B HAIPSIMKY, IOKa3aHOMY CTPUIKOIO A.

VY mnarenTi [6] Epsina IOnkepa ta I'eopra XimmenbcOaxa TakoX pO3IISAAETHCS CIIOCIO
nutiyBaHHS KyJadKiB po3noauibHOro Basia. OOpoOka npodutro Kyauka 311HCHIOETHCS BO-
Ma HuTipyBaJIbHUMH KpyraMu JJisi YOPHOBOI'O Ta YHCTOBOTO HUTI)yBaHHS.

Bucota yopHoBoro muridysansHoro kpyra / (puc. 3, a) Ouiblia, HDK JOBXKHHA KyJadka 2.
[HCTpYMEHT Mae [1BI KUIbLIEB1 KaHABKU 3, SIKI PO3IIMPIOIOTHCS BCEPENUHY, TOMY MK OopTamu
KaHaBKU 3 1 peOpaMu 4, 10 3aJUILAIOTHCSA NpU LUTIQYBAaHHI, € BUIBHUN MPOCTIP, B SKUH IO-
JA€ThCS 0X0JI0/PKyBalIbHA piinHa. AOpa3suBHMI 1ap 5 nepepuBaeThes KaHaBkaMmu 3. 3 puc. 3, T
BHJTHO, 1110 332 paXyHOK KaHaBOK LUTI()yBaJILHOTO Kpyra 0OpoOII0€eThCS JIUIIE YACTHHA POPLIO
Kynauka. Lle 3meHIye Temneparypy B 30H1 00poOku Ta gae moxxiuBicTs noxaui MOTC. Ilicns
4Oro BiI0yBa€ThCsSl YUCTOBA 00poOKa 1T yBaIbHUM Kpyrom 9.

76



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

ITig yac 0OpoOku Kynauka 2 HuTiQyr0Thes TakoXk Horo jiBa (puc 3, 6) Ta npasa (puc. 3, 8)
¢acku 6. /1 nboro 4opHoBUH nuTiQyBaabHUI Kpyr / Ma€e KpOMKH 7 Ta 8, K1 BUCTYIAIOTh Ta
B IIepepi3i MaloTh TPUKYTHY GOpMY, a iX HaxXMJl BiANOBIIa€ HeoOXiTHOMY Ipodito (acok 6.

8 2

Puc. 3. Cxema obpobku Kynaukie po3nodinbHo2o 6ana 080Ma WliQhy8aATbHUMU KPY2AMU:

a — cxema 0OpobKu Kynauka, 06, 8 — 00poOKa Kyl1auKka YOPHOBUM ULTIGDYBATILHUM KPY2OM,
2 — nepepiz poboyoi NOBEPXHI YOPHOBO20 WLNIPYBAILHO2O KPyed, O — Nepexio 6i0 YOPHOBO20 WDy 8aAHHS
00 yucmogozo; 1 —uoprosuil winighysanvHuil Kpye, 2 — Kyaauok, 3 — Kinbyeei kanaeku, 4 — peopa;
5 — abpasusnuii wap; 6 — gpacku, 7, 8 — kpomku,; 9 — wucmosui winighy8anbHull Kpye

VY marenti [7] M. B. Cypau, E. B. Ilogonscekoro, A. O. Tapenina, O. ®. I'opbauosa
po3rasgaerbes cnoci0 mutidpyBaHHS o/ipa3y AEKIIbKOX KYJIauKiB pO3MOAUIBHUX BaJiB.

[Tpuctpiif i peanizamii 3alpoOOHOBAHOTO CHOCOOY OOpPOOKHM KpPUBOJIHIHHHUX MOBEPXOHb
BUPOOIB CKJIAA€ThCs 3 aOpasuBHOTO iHCTpymeHTa / (puc. 4, a), BCTAHOBJICHOTO HAa CTaHMHI 3
MO>KJIMBICTIO IIOAa4yl HOTo Ha Bpi3aHHs y BUPIO 2, AKUM 3aKpIIUICHUI Ha IITUHJIENI ITITAaHETapHOT O
IIPUCTPOIO, 3SMOHTOBAHOTO Ha pyxoMiil kapetui 4. KapeTka 4 BcTaHOBIIEHAa Ha TIOBOPOTHOMY Oa-
pabaHi 5 3 MOXKJIMBICTIO NIEPEMILIEHHS B IUIOLIHMHI, NEPHIEHANKYIIPHIN 10 OC1 NEPEMIILIEHHS BU-
poOy 2 3a KpyroBOIO TPAEKTOPIl MPUTHCHEHOTO MPYKUHOIO 6 KyJadka 7, 3B’s13aHOTO 3a JOMOMO-
rOI0 poJiMKa 8 3 KapeTkoro 4 3aBAsku npyxuHi 9. Kynadok 7 BCTaHOBJIEHO Ha IMOBOPOTHOMY
OapabaHi 5 3 MOKJIMBICTIO 3BOPOTHO-IIOCTYIAIBHOTO MEPEMILIEHHS B HapsAMKY oci O-O, Hampu-
KJaJl, 32 JONOMOTO0 CHJIOBOTO TiApOoIIiHApa yepe3 mroBxad /(). [loBopoTHuii 6apadban 5 BcTa-
HOBJICHUH Ha mmuHAeni // nepeanpoi 6a0ku KpyriouutidyBalbHOTO BepcTara, 1 KIHEeMaTUYHO
OB ’SI3aHUH 13 TPUBOJOM 00epTaHHs (Ha CXeMi He IOKa3aHMii) 3a 1ornoMororo nosigka /2. Obep-
TaHHs BUpOOY 2 HABKOJIO IIAHETApHOI ocl 3a0e3nevyeThesl MpuBoaoM /3, poboTa SKOro CHH-
XPOHI3y€eThCs 3 poOOTOIO MPUBOJIa 00EpTaHHS MOBOPOTHOTO OapabaHa J.

3aroTOBKHM KyJauyKOBHUX BaliB 2 3aKpIIUIIOIOTHCS B KOKHOMY IIMHHAEN! 3 Ta pIBHOMIPHO
PO3MOAUIEH] MO MEPUMETPY MOBOPOTHOTO OapabaHa 5 IMiaHETapHOTO MPHUCTPOI0. 3ar0TOBKU
3aKpIIIIOIOTHCA B IIEBHOMY BUXITHOMY KyTOBOMY IOJIOKEHHI TaK, 110 NPU KOHTAKTi 3 abpa-
3UBHUM IHCTpyMEHTOM [ BinOyBaeTbcsi 00poOKa IAEHTUYHUX IUISTHOK KOXHOTO BHUPOOY.
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[Ticns 3akpinueHHs BUpoOIB MOBOPOTHUM OapabaH 5 oOepTaeThes, a BUpoOH 2 HepyxoMi abo
00epTaloThCsl 3 KYTOBOIO HIBUAKICTIO, KPaTHOIO KYTOBIM IIBHJIKOCTI KPYrOBOIO OO€pTaHHS
OBOpPOTHOTO Oapabana 5. VY 11eif MOMEHT BiiOyBa€eThCs MOJla4ya IHCTpyMEHTa / Ha BpPi3aHHA 1
3IIACHIOETHCS Bpi3aHHS Ha BCIO BEIMUYUHY MPUITYCKY, 110 3HIMAETHCS.

J

7
-

Ll

IS D,

Puc. 4. Cxema 0bpobku Kynaukie po3noodilbHux 6auis:

a — cxema npucmporo 0is peanizayii 0aHo2o cnocody, 6 — euo A, 6 — ymosHa cxema 0Jisl PO3PAXYHKY 3HAYEHHS.
Kyma nogopomy 8upo0y HA8K0I0 NIAHEMAPHOT OCI 3 4ac 0OHO20 NOBOPOMY HABKOJIO OCI NepeMIiujeHHs 8UPOOY
no Kpyeosiii mpaekmopii; 1 — abpazuenuil incmpymenm, 2 — 0opobnosani demai, 3 — wnunoens,

4 — kapemxa, 5 — nogopomnuil bapaban; 6 — npysicuna, 7 — Kynauox, 8 — poauk,; 9 — npyosicuna,

10 — wmoexau; 11 —wnunoens, 12 — nogiook; 13 — npugoo
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VY pobotax [8-11] onmcani po3pobineni ¢pipmoro Junker BepcTatu A oOpoOKH CTymiHYa-
CTHX, KOJIHYACTHX, PO3NOJAUIBHUX BaJiB Ta caM Ipoluec nuripyBanHs nux geraineid. O6poOka
BCIX MOBEPXOHb JeTalleil 31HCHIOETHCSI OPIEHTOBAHUM IHCTPYMEHTOM 3a OJUH ycTaHoB. Ilpu
0o0pobui KynaukiB (puc. 5) muTipyBagbHUA KpYr 31MCHIOE 3BOPOTHO-NOCTYNAIBHUHA PyX B

IUIOIINHI, SIKa TPOXOUTH Yepe3 BiCh 00epTaHHS PO3MOAUILHOTO Bajla Ta IHCTPYMEHTA.
P—

“1 Ny A\ AL

Puc. 5. llInighysanus kynauxie po3nodinvHozo eana Ha eéepcmami gipmu Junker

VY cratri [12] Ta matenrti [13] onucano crnocid numiyBaHHS pO3MOAUTEHUX BaTiB 33 OJUH
YCTaHOB OpPIEHTOBAHUM IHCTPYMEHTOM, HaBEIE€HO TPUBUMIPHE F€OMETPUYHE MOJAEIIOBAHHS 1H-
CTPYMEHTIB, IIPOLIECIB 3HATTS NPUITYCKY Ta (POPMOYTBOPEHHS KyJIauKiB PO3NOJUILHUX BaJiB.

Ha puc. 6 HaBeneHa cxema crnocoOy IIMOMHHOrO HUTIQYBaHHS PO3NOAUIBHOIO Bayia [
OpIEHTOBaHUM IHCTpyMEHTOM 2. YOpHOBUII NPUIYCK 3HIMAETHCA TOPLIEM Kpyra 3a paXyHOK I0-
3JI0B’KHBOTO MEPEMIIIEHHS, a YUCTOBE LTI YyBAHHS KyJauKiB BUKOHYETHCS HOro nepudepieto.

Puc. 6. Pospaxynxoea cxema winighysanus po3nooineHo20 éana:
1 — posnodinvruti éan, 2 — winighyeanvruil Kpye

ITIpu oOepraHHI PO3MNOAUIBHOIO Bajla Ha KyT \y TOYKa KOHTAKTy Kpyra 3 JA€Tajllio Iie-
PEMIIYETHCS, 3a PaXyHOK CHUHXPOHHUX BEPTHKAJIBHOTO 1 NOMNEPEYHOr0 PYXIB 1HCTPYMEHTa
BOHA 3aBXX/U 3HAXOJUTHCS B TOPU3OHTAIBHIN IUIOLINHI, SKa IPOXOJUTh Yepe3 Bich 00epTaH-
HS Kpyra Ta LIeHTp KpUBU3HHU JeTaii. Lle 3abe3nedye nocTiiiHy rinuOuHy pi3zaHHs B3J0BXK KOH-
Typy. HepiBHOMIpHE 00epTaHHs cTabuIi3y€e 0Aa4yy B3J0BK KOHTYPY B NOPIBHSIHHI 3 METOJIOM
00poOKH 3 PIBHOMIPHUM 00€pTaHHAM PO3MOJAUTEHOTO Baja.

JlocnifkeHHs npoliecy (ppezepyBaHHs CTYNIHUACTOTO Bajla OPIEHTOBAHOIO (ppe3oro Hase-
neHo B poOori [14]. Po3pobieno HoBuil criociO ¢ppe3epyBaHHS LUIIHAPUYHOI TOBEPXHI Baja,
7ie YOpHOBa 00poOKa 371 CHIOEThCS TOPLIEBOIO IIOBEPXHEIO (Ppe3u Ta nepudepiero 3yda, a un-
cTtoBe (pesepyBanHsi — nepudepieto. [IpoBeneHo TpUBUMIpHE MOJAETIOBaHHS IHCTPYMEHTA,
IPOLECIB 3HATTA NMPUIYCKY Ta opmoyTBopeHHs. Ha 0CHOBI aHani3y po3polOiieHux Mojenei
JOCTIIKEHO OCHOBHI XapaKTEPUCTHKU Ipoliecy 00poOKH OpIEHTOBAHOIO (Ppe3oro.
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VY crarti [15] onucano cnoci6 yucToBOro pe3epyBaHHs KyJauKiB pO3NOAUIBHUX BaJiB 3a
OJIUH YCTaHOB OPIEHTOBAHUM IHCTPYMEHTOM, HAaBEJEHO TPUBHMIPHE T'€OMETPUUHE MOJEIIO-
BaHHS MPOLIECIB 3HSTTS MPUIIYCKY Ta (POPMOYTBOPEHHS KYyJIauKiB PO3MOJUIBHUX BaJliB.

Ha puc. 7, a naBenena cxema o6poOKu po3MOALTEHOTO Baja 2 MOBEPHYTOIO Ha KyT ff (ppe-
3010 /, mepepiz A-A 300paxkeHo Ha puc. 7, 6. Ilpu uncroBiit 0OpoOIl 3pi3aHHS BCHOTO IpPHU-
NycKy ¢ BiiOyBaeThcs nepudepiero ¢ppesu. g 3abe3nedenns poboTu Beiei nepudepii ppesu
BICh il HOBOPOTY 3HAXOUTHCS B TOUIII 4.

[TocTiiiHa rnmOMHA pi3aHHS Ta MOJada B3J0OBXK KOHTYpPY 3a0€3MedyloThCi 33 PaxXyHOK
CUHXPOHHUX BEPTHUKAJIBHOTO 1 MOIMEPEYHOro PyXiB IHCTPYMEHTa Ta HEPIBHOMIPHOTO 00ep-
TaHHS KyJadka.

Puc. 7. Cxema ¢ppeszepyeanns Kynauxa po3nooiibHozo eana
31 CXpewjeHuMU 0CAMU IHCmpyMenma ma 0emali: 1 — gpesa; 2 — posnodinenui 6an

V crarTi [16] onucaHo cnocid (pezepyBaHHA KyJlauKiB PO3NOJIUIBHUX BalliB, A€ YOPHOBA
Ta 4YucTOoBa 00poOKa BiIOYBaIOThCA 32 OJIMH YCTAaHOB OPIEHTOBAHUM IHCTpyMeHTOM. HaBene-
HO TPUBHMMIpPHE T€OMETPUYHE MOJIEIIOBAHHS MIPOLECIB 3HTTS MPUITYCKY Ta (POPMOYTBOpEHHS
KYJIauKiB pO3MOALILHUX BaJIB.

Po3paxyHkoBa cxema 00poOku aHayoriyHa omucasa B crarti [15]. OckoBuil nepepis npu
00po01i KyJauKiB pO3MOJUIbHUX BaJliB, JIeé YOPHOBE Ta YUCTOBE ()pe3epyBaHHS 3/1HCHIOETHCS
3a O/IUH YCTaHOB, 300pakeHUH Ha puc. 8. YHopHOBUI NPUITYCK 3PI3YEThCS TOPLEBOIO MOBEPX-
Hero ¢pe3u Ta nepudepiero 3yda, a uucToBa 00poOKa 311licHI0eThCs nepudepiero. [lpu npomy
BICh IIOBOPOTY IHCTPYMEHTA 3HAXOAUTHCS B TOULll 4 111 3a0€3MeUeHHs] poOOTH Beiel nepudepii.

A-A
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Puc. 8. Po3piz A-A 3y6a ¢pe3u npu 0b6pobyi Kyrauka po3nooilbHo2o 8ana

31 CXpewjeHuMU 0CAMU IHCMPYMeHma ma 0emali:
1 — ghpesa; 2 — poznodinvruil ean
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ITpu moBoOpoOTI po3nOAUILHOIO Basia 2 Ha KYT Oue (pHcC. 9, a, 6) TOUKa KOHTAKTY 3 IHCTPY-
MeHTa / 3 KyJIauKOM pO3MOJUIBHOIO Bajia 2 MEpPEeMIIYeEThCs 3a paXyHOK CHMHXPOHHMX IOIIe-
pPEUHOro 1 BEPTUKAIBHOIO PYXIB (Pppe3u Sins. TOUKA KOHTAKTY 3aBKIU 3HAXOAUTHCS B TOPU-
30HTAJIbHIN IJIOIIMHI, KA IPOXOIUTh Yepe3 Bich 00epTaHHs (pe3u Ta LEHTP KPUBU3HU IyrU
kynauka. Kymnauok oOepTaeThcs 31 3MIHHOIO IIBUIKICTIO, 110 3a0e3neuye NOCTIHHY TITHOUHY
pi3aHHs Ta N0Jady B3J0BX KOHTYpY.

Y, 1 ydet

s

Puc. 9. Cxema 0b6pobku kynauxa:
1 — ghpesa; 2 — poznodinvruii 6an, 3 — mouka KOHMAKMy IHCMPYMEHMA 3 KYJAA4KOM PO3ZNOOLIbHO20 8ald

TpuBumipHa MozieNb Kyjladka po3MOoAUIBHOIO Basla 300paxkeHa Ha puc. 10.

){,Dm-i

Puc. 10. 3D-mo0env nogepxui Kynrauka po3nooilbHo20 8ana

BucHoBku BianmoBiaHo a0 crarrti. Po3noauTbHI Baau IBUTYHIB, MAIIMH 1 MEXaHI3MIB €
JOCUTH TOLIMPEHUMHU JAETASIMH, K MAlOTh BUCOKI BUMOTHU J0 TOYHOCTI Ta SIKOCT1 IOBEP-
XOHb. ¥ poOOTI pO3IJIIHYTO PI3HOMAHITHI CIOCOOM 00pOOKH TakUX AeTanei.

Amnani3z JjirepaTypHUX JDKEpeNn I0Ka3aB, 110 NMPOAYKTMBHHUMH CIOcOOaMH OOpOOKH KpH-
BOJIIHIHHUX MTOBEPXOHb JieTanel € nutipyBaHHs Ta (pe3epyBaHHs. [ 3a0e3neueHHss BUCOKOL
TOYHOCTI Ta MPOJYKTUBHOCT1 0OpOOKH KPUBOJIIHIMHUX MOBEPXOHb KYJIAuKiB PO3MOALUILHUX BaJliB
JOLUTLHO BUKOPHCTOBYBATH (ppe3epyBanHs Ha Bepcrarax 3 UIIK 31 cxpemenumu ocsamu ¢pesu
Ta JIeTajl, e 32 OJIMH MPOX1J 3IMCHIOETHCSI YOPHOBA Ta YMUCTOBA 0OPOOKA BCIX KYJTauKiB.
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UDC 621.914.1
Volodymyr Vynnyk
ANALYSIS OF METHODS OF PROCESSING CURVINAL SURFACES
OF CAMSHAFTS WITH DISTRIBUTED SHAFT ORIENTED TOOLS

Urgency of the research. In conditions of high competition in mechanical engineering, production becomes more
knowledge-intensive. An urgent scientific and practical task in the engineering, automotive and textile industries is to ensure
the high precision and productivity of machining camshaft cam and cam machine cam.

Target setting. New high-efficiency machining techniques must be used to ensure the high accuracy and performance
of curved cam surfaces.

Actual scientific researches and issues analysis. Methods of machining parts by tool oriented are discussed. The
three-dimensional modeling of the tool surface, the processes of removal of the allowance and the formation during the pro-
cessing of curved surfaces of the cams are presented.

Uninvestigated parts of general matters defining. Lack of analysis of studies of the process of processing curvilinear
surfaces of camshaft cam and cam textile machines.

The research objective. Analyze ways of machining curved surfaces of camshaft cam and textile machine cam with
crossed tool axes and parts.

The statement of basic materials. Methods of processing curved surfaces of parts are considered. The curvature of the
camshaft cam surfaces are machined in one or more passes with a milling cutter or grinding wheel. The most effective ways
of machining camshafts are grinding and milling oriented tools in one go.

Conclusions. The methods of grinding and milling of parts are analyzed in the work. To ensure high accuracy and pro-
cessing efficiency, it is suggested to use a method of milling curvilinear surfaces of camshafts and textile machines on CNC
machines with crossed axes of milling cutters and parts where rough and milling of all cams occurs in one pass.

Keywords: processing; oriented tool; camshaft cam; cam textile machine; modeling; shaping.
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TEXHOJIOI'II

VK 004.056.57
DOI: 10.25140/2411-5363-2019-4(18)-85-91

Bonooumup Kasumup, leop Kapnaues, Braoucnas Cinakog
JTUHAMIYHAN AHAJII3 TIOCJIJIOBHOCTEM API-BUKJIMKIB OC ANDROID

Axmyansnicmos memu docnioxycennsn. Ha cb0200mi Habyno 3Hauno20 NOWUPeHHs BUKOPUCMAHHS KOPUCHTY8AYAMU MOODilb-
HUX npUcmpoie ma 000amkia 3 Memoro 30epicants npueamuoi ma konghioenyitinoi ingpopmayii. Ilopao 3 yum, icnytome memoou
ma wasxu nowuperts wKionueoeo npoepamnozo sadesneuenns (113) 6 onepayiiniiu cucmemi (OC) Android. [Ina eghexmusnoi
b60opomuvbU 3 HUMU ROCMAE HeOOXIOHICHb PO3POOKU HOBUX NOKpaujeHux nioxodig 0o suasnenns wikionusozo 113 ¢ OC Android. ¥V
cmammi po32iiaHymo HO8UL Memo0 OUHAMIYHO20 AHANIZY 000amKi8, AKUL 00380IUMb NOKPAWUMU ICHYIOYY cucmemy 6e3neKu.

Ilocmanogxa npoonemu. Y eanysi sabesneuenns egpexmusnoi ma besneunoi pobomu MoOLIbHUX NPUCMPOi8 GyHKYioOHATb-
Ha ma ingopmayitina 6e3nexa po32nadalomsvcs K 06i GYHOAMEHMANbHI CKIA008I, W0 83AEMOO0N08HIOIOMb 00HA 00HY. OOHUM
i3 HatlegheKMueHiUX CNOCOOI8 OMPUMAHHA 3N0BMUCHUKOM OOCMYRY 00 Komidenyitinoi inghopmayii € euxopucmanna OC
Android. Oonum i3 3acob6ie niosuwenis Haditinocmi pobomu € po3pobxa mooeneti beanepeperoco OUHAMIUHO20 3aXUCTY.

Ananiz ocmannix oocnioxncens i nyonikauii. Posensnymo ocmanni nyonikayii' y 8iokpumomy 0ocmyni, 6Kniouaioyu oa-
ni Google Malware Project, PScout Android Permissions Mappings ma Axplorer Permissions Mappings ma pobomy Android
Malware Detection Using Permission Analysis.

Buoinenns nedocnioycenux uwacmun 3azanwvhoi npoonemu. Pospobxa ma mamemamuune 0OIDYHMYBAHH MoOenel
be3nepepsnozo ananisy API-euxnuxie 6 OC Android.

Ilocmanogka 3ae0anns. 3anpononysamu 6azo8y mooens 3axucmy OC Android, wo tpynmyemucsa Ha ananizi nociioos-
nocmetl API-euknuxis.

Buknao ocnoenozo mamepiany. Y cmammi Hagedeno Memoo ompuMants ma ananis nocriooswocmeii APIl-suxiuxie OC
Android 3a donomoezoio incmpymenmapito Frida. Taxodic nagedeno naibinvu penpe3eHmamusHi pe3yibmamu mecmyeans
3anponoHOBAHO20 MEMo0y.

Bucnogxu 6ionosiono 0o cmammi. 3anponoHogano memoo OUHAMINHO20 aHanizy wKioausozo 113 3 euxopucmanuam iu-
cmpymenmapito 05 pegepc-indcunipunzy Android ma 10S oooamxise — Frida. 3anpononosanuii memoo ounamiuno2o ananisy
API-guxnuxie modicna uxopucmogysamu 0151 NOKpaujeHHs icuyiouux cucmem ananizy APK, a memoo oocniodicenus ipycHux
ROCTIO0BHOCMEN MONCHA NOWUPUMU 01 BCIX XAPAKMEPHUX 8IPYCHUX SDYN.

Knrouosi cnosa: 6esnexa; besnexa Android; API-suxnuxu; 3noemucre I13; ounamivnuil ananis, dossonu, Frida.

Puc.: 5. Bion.: 9.

AKTyaJbHiCTh TeMM J0CJHiIKeHHs. BHUKOpHCTaHHS KOpHCTyBauyaMH MOOUIBHHMX IpH-
CTpOiB Ta JOJATKIB 3 METOIO 30epiraHHs MPUBaTHOI Ta KOHQIEHIIiHO1 iH(popMmarlii Ha choro-
AH1 HaOyno 3HA4YHOTO MomupeHHs. [lopsa 3 UM ICHYIOTH METOJM Ta IUISXH MOUIHMPEHHS
HIKTMBOTO TporpaMHoro 3abesnedenHs B OC Android.

3aBasku 3pocraroyiii nomymspHocTi Android 3a ocTaHH1 KijlbKa POKIiB 3JI0BMUCHE TPOrpaMHe
3abe3MeyeHHs, CIPsSMOBaHEe Ha IIaTGOpMy, 3HAUHO 3pocio. 3riHO 3 OCTaHHIM 3BiToM McAfee
[8], mOpoKy 3’sBIIsIEThCA OMM3BKO 2,5 MIIH HOBHX 3pa3KiB MIKiMBHUX nporpam Android, Takum
YUHOM 30UTBLIYIOUH 3araibHy KUTBKICTh 3pa3KiB MIKIUTMBUX Mporpam 10 12 mitH.

3noBMucHe mporpamHe 3abe3meueHHst A Android MoxHa 3HATH B PI3HUX J0JATKaXx,
TaKuX SIK IrpoBi Mporpamu, OAHKIBCHKI MPOTrpaMH, JOJaTKHU COLIANIBHUX Meia, OCBITHI Ipo-
rpaMu Ta 104aTKoBi nporpamu. [Iporpamu, 3apakeHi 3770BMUCHUM IPOTPaMHUM 3a0e3IeUeH-
HSIM, MOXYTh MaTH JOCTYN 10 KOH(]igeHUiHHO1 iHpopMarlii, HaCUIaTh TEKCTOBI MOBIIOM-
nenHs 10 VIP HomepiB 6e3 morokeHHs 3 KOpHCTyBadeM ab0 HaBITh BCTAHOBJIIOBATH PYTKIT
Ha MPHUCTPIH, 110 J03BOJIAE 3aBAaHTAXYBAaTH Ta BUKOHYBATH OYyAb-SKUN KOJI, AKHH PO3POOHUK
3JI0BMHCHOTO IIPOTPAMHOTO 3a0€3MeUeHHs X0Ue PO3rOPHYTH, TOIIO.

Jnst epekTrBHOT OOPOTHOM 31 3TIOBMUCHUM MPOTPAMHUM 3a0€3MEUEHHSM MOCTAE HEOOXITHICTD
PO3pOOKH HOBHX MOKpAIIEHUX MiAXoiB A0 BusBieHHs mKigmBoro [13 8 OC Android. ¥ crarti
PO3TIITHYTO HOBUH METOJl TMHAMIYHOTO aHANI3y JOJATKIB HA MPEIMET BUSBIICHHS IIKIUTABOTO
MpOrpaMHOTO 3a0€3MeUeHHS, SIKMi TO3BOJIUTh MOKPAIUTH ICHYIOUY CUCTEMY O€3IeKu.

IMocTanoBka mpoOJemu. IIpobGieMu cTaTHYHOrO aHaji3y MPOTPAMHOTO 3a0e3MEUCHHS
OC Android noB’si3aHi 3 HETOCKOHANICTIO 6aratbox (hakTopiB BUSBJICHHS 3710BMUCHOTO I13.
KirouoBoro mpo61eMoio CTaTUYHOTO aHalli3y J03BOJIIB OCHOBAHOTO HA CTAHIAPTHOMY METO1

© Kasnmmup B. B., Kapnaues I. 1., Cinakos B. C., 2019
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LSI, sxuit 6yno 3ampornonHoBano B po6oti Android Malware Detection Using Permission
Analysis [6], € HEMOKITUBICTh BUSBIICHHS HEOE3IMEUHUX YaCTUH KOy apk.

AHaJi3 octaHHix Jukepea i myOJikaniii. Y po6oti Android Malware Detection Using
Permission Analysis [6], o0 IpyHTy€eThCsl Ha cTangapTHOMY MeToi LSI, BUKOpuCcTOBY€EThCS
cratnyHui aHaniz I13. 3amicTh CTaTUYHOTO aHaNi3y MPOMOHYETHCS 3POOUTH TUHAMIYHUN
aHalli3 TOCTIIOBHOCTeH BUKIMKIB. JluHaMiyHUN aHami3 poOOTH MOOUIPHUX JOJATKiB
000B’sI3KOBO BKJIIOYA€E y cebe 0ok 3abesmeueHHsT PYHKIIOHATHHOI O€3MeKH, MO0 3/IICHIOE
MOHITOPHHT MOTCHIIIHHO HEOE3NMEYHUX TOCTIIOBHOCTEH Ta iMeHTH(IKYE BIAMOBIHI TOMI1, K1
MOJKYTh MPHU3BECTH /0 BTPATH AAHUX, JOCTYIY A0 KOH(DIAGHIIHHUX JaHUX CTOPOHHIX OCi0
a0o0 GJIOKyBaHHSI CTOPOHHIMH 0CO0aMM HaJIe)KHOTo AocTyrmy. Ha 6GazoBoMy eTari oTpuMaHHs
nocmigoBHocTelr API-BukiukiB «Android Permission» [7], € BusHauenus API-BukiukiB, 1o
3aCTOCOBYE MpOrpaMy HAa OCHOBI MAmiHTIB Ta MOJANbIIe OTPUMaHHS mociigoBHOcTed API-
BUKJIMKIB Ha OCHOBI iHCTpyMeHTapito Frida [3].

Buainenns Hexoc/iaskeHUX YACTHH 3arajbHoi mpodjemu. Po3poOka Ta MaTemMaTH4HE
oOrpyHTyBaHHs Mojieneit 6e3nepepBHoro aHanizy API-suxiukis B OC Android.

IlocTanoBka 3aBaaHHs. MeTa CTaTTi MOJATaE B OMKUCI HOBOTO METOIY JIWHAMIYHOTO
a"anizy nocninoBHocreit API-sukinkisB OC Android.

Buxkiax ocHOBHOro marepiaiy.

Metoa nuHamivHoro anasizy. Cranom Ha 2019 pik, Google Android € ninepom MoOiIb-
HUX ONEpallifHuX cucTeM, 3aiimatoun maiixke 80 % punky. [lonan 65 mupa 3aBaHTaXeHb OY-
710 3po6ieHo 3 odiniiHoro marazuny irop Google [5], a HuHI icHye moHax 1 Mupa npucTpois
Android y BcboMy cBiTi. 3a manumu Statista [4], 1o 2021 poky mo BceoMy cBiTYy Oynie 10CTaB-
neHo 6muspko 1,5 mupn npuctpois Android.

Il craTTs Mae MPOJOBXKUTU JOCIIIKEHHs, po3nodate B poboTi [6]. CxemMa cTaTUYHOTO
nomyky API-BukiukiB HaBeneHa Ha puc. 1.

{J Android Malware
- Samples

v
gH; JIeKOMITLTALIIS
v

JeKoMIIUTBBAHHIT OITIIC
T APK

h 4
; Android Permissions e
E Mappings — ,@ Ilowyk 30118

A4

API-BUKTIEI

getContactUri(int)
loadAllSimContacts()
copyMessageToSim()

Puc. 1. Cxema cmamuunozo nowyky API-euknuxie

3aMiCTh HAasABHOTO MIIXOAY MPOTMOHYETHCS 3pOOMTH AMHAMIYHUIN aHaJi3 MOCIIJOBHOCTEH
BUKIIUKIB, 5IKI BUKOpUCTOBYIOTH Android Permissions. ANTOpUTM JUHAMIYHOTO aHaJi3y
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nociinoBHocTel API-BUKIMKIB Mae CTaTH MIJCUCTEMOIO MEPEKEBOrO0 pecypey, MIo
PO3MOBCIOIKYE JOJATKU AJI1 MOOUIbHUX MpHUCTpoiB Ha ocHOBI OC «Android».

baszoBa cxema po6oTH aHaIi3aTOpa IPOrPaMHOTO J10/1aTKA CKIAAA€THCS 3 TAKUX ITYHKTIB:

1)
2)
3)
4)
5)
6)

cTaTuyHui nomyk API-BUKIINKIB;

JVMHAMIYHE OTPUMAaHHS MOCIII0BHOCTI 3a TOTIOMOT 00 IHCTpyMeHTapis Frida;
no0OynoBa rpady NOBEIIHKH;

rIIMOMHHUN aHami3 cyorpadis;

CTUCHEHHS rpady;

OTPUMAaHHS pe3yJbTaTiB HMOBIPHOCTI 3710BMHUCHOTO [13.

Jnist Bu3HavueHHs1 API-BUKITHKIB, 110 MO>K€ 3aCTOCOBYBATH JIOJATOK, 3aIIPOIIOHOBAHO 3pOOHUTH
noryk Ha ocHoB1 PScout Android Permissions Mappings Ta Axplorer Permissions Mappings.

Hanpuxnan, nis android.permission.READ CONTACTS icnye 57 API-BUKiIMKIB, cepen
AKUX HAaHOUIbII MOIIMPEHUMH €:

1)

android.net.Uri addToMyContactsGroup(android.content. ContentResolver,long);
android.net.Uri getContactUri(int);

android.net.Uri getUriToQuery();

android.database.Cursor load AlISimContacts(int);
android.widget.QuickContactBadge:

void assignContactFromEmail(java.lang.String,boolean,android.os.Bundle).

Cxema 3ampONOHOBAHOTO METOAY JAMHAMIYHOTO OTpUMaHHS mnociigoBHocTted API-
BHUKJIMKIB HaBeJeHA Ha pHC. 2.

D Android

Y

. ; baza manHux
D Linux PC + Frida . A .
IMOCIITOBHOCTEH

API-BUKIHKIB

D Android X

Y Y
Ce BCpHAa CHCTEMaA
> D Linux PC + Frida  —> ﬁ “PBepHa | 3
aHaHl3y IIOCIIIJOBHOCTECH

D Android

Y

D Linux PC + Frida

Puc. 2. Cxema ounamiunoco ompumanns nociiooenocmeit API-euxnuxis

Jlnst orpumanHs nocainoBHOCTI API-BUKINMKIB CTBOPEHO AWHAMIYHUI aHaII3aTOp Ha OCHOBI
iHcTpyMmeHTapito Frida - Dynamic Instrumentation Toolkit for Developers, Reverse-engineers, and
Security researchers, sikuii 103BoJIsie iepexoroBatd API-BUKIMKY Ta pOOUTH 1H €KIIIT BIACHOTO
koay B mpaiorouy APK. Otpumana 3a J0TOMOTOI0 AMHAMIYHOTO aHANI3aTopa IMOCIHIIOBHICTh
API-BUKIHKIB, 10 BKJIFOYAE Nepeavy KOH(1ICHIIITHUX JaHUX, HaBeJeHa Ha pucC. 3.
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@ OTprMaHHA HoMepy TenedoHy KopucTysada

<TelephonyManager: getLinel Number()>

” OTpMMaHHAa iM'a nocTayasibHMKa Nocayr } ----------

<TelephonyManager: getSimOperatorName()>

=S [| KogyBaHHA gaHux y dopmar «String»

<String:format(String,Object[])>

lMepedaya KoH@piOeHYiliHux daHuX

_@ MNepeaaya gaHux yepes MmeperKeBuii KaHan

<OutputStream: write(byte[])>

Puc. 3. Ilocnioosnocmi API-euknuxis, wo exuouae nepedavy KOHQDIOeHYiuHUX OaHUX

[TporpamMHuii KoJ OAHIET 3 OTPUMAHUX MOCIIJOBHOCTEN BKIIIOUae y ce0e Takl KpOKH, L0
0a3yr0ThCsa Ha OCHOBI TUTTOBUX API-BUKIIHKIB:

— OTpUMaHHs HoMepa TenedoHa KopucTtyBada «getLinel Number ()»;
OTpUMaHHS IM'sl MocTavyaabHUKa nocayr «getSimOperatorName ()»;
KOJyBaHHA JaHUX y popmart «String» (String, byte []));

— Iepeaayda JaHUX depes MepexkeBuil kanaim«network (write(byte[])».

®ikcyroun API-Buxiuku 3 BipycHux APK mpoexty Android Malware Genome project [7],
Oyna copmoBaHa 0a3a JaHHMX BIpycHUX nociinoBHocTel API-BukiukiB. HaBeneHi xapakTepHi
st permissions API-Buxnuku B3siTo 3 nocnimkenb Android Permissions Mappings [9] Ta [2].

JocigaxenHsi BIpyCHHX MOCJIiIOBHOCTei. 3arpornoHOBaHa MaTeMaTHYHa MOJIENIb BH3HA-
YeHHs1 IMOBIPHOCTI BipycHOT nociioBHOCTI API-BuKMKIB 0a3yeThcst HAa pO3AUICHH] JOCTIDKY-
BAHOTO IHTEpBay yacy Ha I inTepBaiiB (ne i € [1;1]), npu upomy yac, 3a KU OTPUMYETHCS T10-
CITIIOBHICTh BH3HAYAETHCS yepe3 3MiHHY t; € [t1;t;]. Y TakoMy pa3i HMOBIpHICTP BHHUKHEHHS
BIPYCHOT IOC/IZIOBHOCTI 3 HEOE3MEUHUX JOAATKIB MOXK€E OyTH BU3HAYEHA YePE3 PIBHAHHS:

n.
P(t)=—, 1
(¢) N (1)

I€ n, — KUIBKICTh BIPYCHHX NOCIinoBHOCTeH API-Buknmkis, a N — mOBHa KUIBKICTh 3a()iKCO-

BaHuX mnociigoBHocTed API-BukmukiB. Lli mocaimoBHocTi oTpumani 3 246 APK mnpoekty
Android Malware Genome Project [7]
21880

P(t)= =
1
32657
OTpuMaHHs BIPYCHOI MOCIIIOBHOCTI B PpI3HI IHTEpBAaIM 4acy t — He3aJeXHl MHOAii,
HMOBIPHICT OTpUMAaHHsI 3a KOkeH kBaHT p =0,67.

0,67, (2)
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Po3paxyemMo 3anexHICTh 3HAXOJKEHHS MMOBIPHOCTI BIpyCHOI MOCIHIZOBHOCTI Bif ii JOB-
KHUHU. |71 po3noiny WMOBIPHOCTI OTPUMAaHHS BIpyCHOT MOCHIIZOBHOCTI /10 MEPLIOr0 TOYHO-
ro 30iry 6yJieMo BUKOPHUCTOBYBATH T€OMETPHYHUI 3aKOH PO3MOILTY.

P(X=k)=pqd"", k=1,2,3,K, (3)

ne p=P(A) — iimoBipHicTh mosiBu noxii 4 (BipycHOT mociinoBHOCTI API-BUKIIUKIB) Y KOXK-
HOMY BUIPOOYBaHHI, ¢ =1- p, X=k — KiIbKicTh BUNIPOOYBaHb 10 MOSIBY MOAIl 4 B cepii He3a-
JISKHHUX MOBTOPHHUX BUITPOOYBaHb.

I'padix iMOBIpHICTI OTpUMaHHs BipycHOT mociinoBHOCTI API-BUKIHKIB 3aiexHO Bix ii
JOBXUHU HaBEJIEHUH Ha puc. 4.

P(k)
0.3

0,7

0,6

0,5

04

0,3

02

01

0

k

Puc. 4. Umosipnicms ompumanns ipycroi nocrnioognocmi API-euxnuxie
3a1€AHCHO BI0 T 008AHCUHU

Hexait BunajgkoBsa BenuynHa X — JOBXKHHA caMol ITOCTIZOBHOCTI. BU3HAUMMO YHCIIOBI Xa-
PAKTEpUCTUKM JITAHOTO pO3MOALTY: MaTemaTthyHe crnoniBaHHs M(X), nucnepcii D(X) Ta
€peIHBOTO KBAJPATUYHOTO BiXUICHHS G(X) :

M(X)= LA 1,4925
P 0,67 (4)
DXx)=-L= 00’63732 =0,735
p > (5)
o(x)= e _¥033 0,8573
P 0,67 (6)

Jlnst IpUKIIasy MOXHA 3HAUTH HMOBIpPHICTh OTpuMaHHs neBHUX APl BUKIMKIB TposH xa-
paKTepHUX BIPYCIB JUIS TAKUX MOCIiIOBHOCTEH:

1) com.android.providers.contacts.ContactsProvider2;

2) android.telephony.TelephonyManager.listen;

3) getAllCelllnfo;

4) getCellLocation;

5) sendDataMessage.

Pe3ynpTat excriepuMeHTiB i3 3a()iKCOBAHOIO CTAaTUCTHKOIO YaCTOTH BUKJIMKIB OJHIET 3
MOCIIIOBHOCTEH, XapaKTepHOI AJsl TPOSH-BIpYyCiB, po3paxoBaHoio 3a (popmyroro (1), HaBene-
HO Ha puc. 5.
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Trojan-like API calls chain

0 01 02 03 04 05 06 07 08 09

com.android . providers.contacts. ContactsProvider2

android telephony TelephonyManager listen

android telephony TelephonyManager get AllCellInfo

android.telephony TelephonyManager. getCelll.ocation

android. telephony.gsm . SmsManager sendDataMessage

Puc. 5. Cmamucmuxa yacmomu 8UKIUKIE 0OHIEL 3 NOCAIO08HOCIEL,
XapaxmepHoi 0Jis1 mposiH-8ipycie

BucHoBku BignoBiaHo 10 crarri. [laHa cTaTTs € MPOJOBKEHHSIM CTATTI JOCTIIKEHHS
oesnexku OC Android [6]. 3amponoHOBaHO METOJl NMHAMIYHOTO aHami3y mkimmBoro 13 3
BUKOPUCTaHHSM IHCTpyMEHTapiio Juig peBepc-imkuHipuHry Android ta I0OS nomartkiB — Frida
[3]. 3amponoHOBaHMN METOJA OTUHAMIYHOTO aHalizy API-BUKIMKIB MOXHa BUKOPHCTOBYBATH
JUI TIOKpAIlleHHs ICHylounx cucrteM aHanizy APK, a Merox JoCHiDKeHHS BipyCHHX
MOCIIOBHOCTEH MOKHA MOIIKUPUTH JUTSI BCIX XapaKTEPHUX BIPYCHUX TPYII.
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UDC 004.056.57
Volodymyr Kazymyr, Igor Karpachev, Vladyslav Sipakov
DYNAMIC ANALYSIS OF ANDROID API CALLS

Urgency of the research. Storing user’s private and confidential information have been widely used today by users of
mobile applications. Methods and ways of spreading malware in the Android operating system are growing at the same time.
A new and improved approach to Android OS access model analysis is needed for effective protection. The article deals with
the development of new models of dynamic analisis, which will lead to improvement in the existing security system.

Target setting. In the area of ensuring the safe and efficient operation of mobile applications, functional and
information security are considered as two fundamental components complementing each other. One of the most effective
ways for an intruder to access confidential information is bypassing the system's single-point OS check. One of the tools to
improve the reliability of work is the development of models of dynamic continuous protection.

Actual scientific researches and issues analysis. Recent open publications were considered, including data from
Google Malware Project, PScout Android Permissions Mappings, Axplorer Permissions Mappings and article Android
Malware Detection Using Permission Analysis.

Uninvestigated parts of general matters defining. The development and mathematical justification of the models of
continuous analysis of API call chains in Android OS.

The research objective. Suggest a basic Android OS protection model based on the analysis of API call chains.

The statement of basic materials. The article provides a method for receive and analyzing API calls chains of Android OS
using the Frida instrumentation toolkit. There are also most representative results of proposed method are also presented.

Conclusions. The article proposes a dynamic malware analysis method and describes a series of steps to ensure
effective Android OS security. The proposed method for investigating sensitive API call chains can be used to improve
existing APK analysis systems.

Keywords: security; Android security; API calls; malware; dynamic analysis; permissions; Frida.
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MIKPIBHEBHI BAJTAHC: BAJJAHCOBI IOKA3HUKHA MIZKPIBHEBOI'O
IHEPECYBAHHSA OJUHHUIb OB’€EKTA — ATPEI'ATHA ®OPMA

Axmyansnicmos memu 0ocnioxncenna. Banancosi nokasHuKy MidicpieHeeo20 nepecysants 00UHUYb KEPOBAHO20 CMpPYK-
mypoearno2o 06 ’ekma 3abe3neuyroms 8CeOiUHy KINbKICHY OYIHKY HACAIOKI@ Kepyouo2o 6NAu8y Ha 00 €KM w000 O3HAKU,
BUMIPIOBAHOT Y WIKATT 8IOHOUIEHD.

Hocmanoexa npoénemu. Heazpezosani 6anancosi noKasHuKu, 3anponoHoeani 00 Yb0o2o Ols XapaKmepucmuky Miscpis-
HEB020 NEPECYSaHHsl, YHEMONCIUBTIOIOMb NOOIOHY OYIHKY.

Ananiz ocmanuix oocnioscens i nybnixayiii. Ob4ucnenna Heazpe2o8anux OANAHCOBUX NOKAZHUKIE MIJICDIBHEB020 nepe-
cyeanHs 8i06ysacmuvcs epe3 3HAUeHHs YUCeNbHOCME PYXOMUX 0OUuHUYb 00 €Kma.

Buoinenns nedocnioxncenux wacmun 3a2anvioi npoonemu. Oyinka HAcCTioKie Kepylowo2o naugy Ha CMpyKmypo8aHuil
00°€Km, BUKOHYBAHA Y 3HAYEHHAX SUMIPIOBANHOL O3HAKU | NOSCHIOBANA MIJICDIGHEGUM NEPECYBAHHAM OOUHUYb Ybo20 06 ckma.

Ilocmanogka 3asoannsa. Cihopmynogamu 6anancosi NOKA3HUKYU Nepecy8ants @ cucmemi NOKA3HUKI8 Midicpisnesoeo ba-
JAHCY WAXOM POPMYNIOBAHHA NPABU iX 00UUCTEeHHA 8 azpe2amHtill (popmi.

Buxknao ocnoenozo mamepiany. Azpezosani 6anancosi NOKAZHUKU MIDICDIGHEB020 NEPECYBAHHSL POPMYTIOIOMbCS HA OCHOGI
11020 KAHOHIMHOT (POPMU — MIDICDIBHEB020 3aMIUEHHS, WO D0360NSE BCEOIUHO OXAPAKMEPUIYEAMU HACTIOKU KEPYIOUO20 6RIUEY
Ha 00’ekm Ha pizHux pieHax ix cucmemamusayii. Pesynomam maxoi cucmemamusayii — abconomui ma cepeoHi noKasHuKu
canoo nepecysanns i pieneeozo 0bopony, 6iOHOCHE CanbOO NepPecyéamts, Koeiyichmu cmpykmypu pieHego2o npupocmy i
pienesoco obopomy, eghekmusHicmb nepecy8ants, BUIHAUEHI 8 PI3HUX BUOOBUX KAME20PIAX 3a Kpumepiamu «CmyniHe azpeey-
8anHay ma «medici pyxy». Bonu cpopmynvosani uepes cykynmi suauenns 03HaKu, BUMIPIOBAHOI HA MOMY YU THUOMY PIGHI Y py-
Xomux 00uHUYb 006’ €KMa, NpedCmagieHux y Kame2opisx MidcpieHego20 nepecysants «npuobymmsay i «gueymmsy.

Bucnoeku 6ionosiono 0o cmammi. 3anpononosani 6a1anCO8i NOKAZHUKY MIJICPIGHEB020 NEPeCyEaHs MAIOMb ANCIUEE
3HAueHHs 01 OYIHKU HACTIOKI6 ma egheKmuUeHOCMI Kepyryo20 8NaU8y Ha CIPYKMYPOSAHULL 00 €KM.

Kniouogi cnosa: 6anancosi nokasnuku, eexmueHicmo nepecysanis,; Koeiyicum cmpykmypu, Mmiscpienesuti 6ananc,
obopom, npupicm, canvoo.

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

AKTyaJIbHICTh TeMU J0cTiTxKeHHs L. DOpMYITIOBaHHS OATaHCOBHUX MOKA3HHUKIB MDKPIBHEBOTO
NiepecyBaHHsI OAMHHUIIb KEPOBAHOTO 00’ €KTa, CTPYKTYPOBAHOTO Y IIKaJIi BITHOIIEHD 33 OTHOPITHOIO
O3HAKOI, € aKTyaJlbHUM HAayKOBUM 3aBIaHHSIM 3a0e3eueHHs] BCEOIMHOI KUTBKICHOT OINHKU
HACTIIKIB KEPYIOUOTO BIUTMBY Ha 00’€KT 1 €(heKTHBHOCTI IIbOTO BIUIMBY B CHCTEMi IMOKa3HUKIB
MDKpiBHEBOTO Oanancy. [l miif 13 TaHuME B iHPOPMAITIHHIX CUCTeMaXx Mo/1i0Ha OIliHKA TIOB’ si3aHa
3 BHM3HAUCHHAM IHACKCIB (KoeilieHTIB edeKTUBHOCTI), /1€ IHACKCOBAaHUMH BEIIMUMHAMH €
co0IBapTICTh MOCHYT, iXHi (DI3MYHI 0OCSTH, BIIIIOBIAHI EHEPrOBUTPATH 200 TPYIOMICTKICTb.

ITocTanoBka npodaemu. banancoBi MOKa3HUKU MDKPIBHEBOTO TEpPECYBaHHS, MPECTaB-
JIeH1 10 1hOTO Yepe3 He3BaKEeHI (HearperoBaHi) CKIaJ0BI MDKPIBHEBOTO OalaHCy, YHEMOX-
JTUBIIOIOTh MOAIOHY omiHky. [lomomatu mro mpoOiieMy cTae MOXIIMBUM 3aBISKA MOJEIi
MDKpIBHEBOTO OallaHCy, CHHTE30BaHIi B arperatHiii popmi, e CKajoBi OanaHcy mpescTaB-
JeH1 3BaXEHUMHM, TaK, IO POJb Bard pIBHEBUX 3HAUYEHb O3HAKU BINIrpa€ YHCEIbHICTH
MDKpIBHEBUX NEpECyBaHb OJTMHHIIb 00’ €KTa.

AHaJIi3 ocTaHHIX AocaiT:KeHb i myOaikauniii. bamancoBi Moka3HUKKM MIKPIBHEBOTO TIEpe-
CYBaHHS, NPECTABJICHI B CUCTEMi MOKa3HHKIB MDKPIBHEBOTO OaJlaHCY 3a KPHUTEPIEM «IIpH-
3HA4YEeHHs», 10 1IbOT0 Oynau chOopMyabOBaHI JIMIIE B HEArperoBaHOMY BHIJISIII — Uepe3 CKia-
JI0B1 IIPOCTOT MOETi MiXKpiBHEBOTO OanaHcy. B arperatHiii ¢opMi ocTaHHS MpEACTaBICHA B
po6oTi [2], a ii aHaorom € Monenb MikramyseBoro Oanancy (JleouteeBa B.B.) [1, c. 8-18].
ArperoBani CKJIaJJOB1 MOJIeJIi MDKPIBHEBOTO OallaHCY MIAXOIATh Ha POJIb MOPIBHIOBAHUX MK
co0010 BEJTMYMH B KOHCTPYKLIi JaHWX Moka3HUKiB. 11100 OIIHKM HacHiAKIB KEpyKdoro
BIUIMBY Ha 00’€KT, KU Yepe3 Lel BIUIUB 3a3HAE CTPYKTYPHHUX 3pYIICHb, MOSCHIOBAHUX PY-
XOM HOTO OJIMHUIIb, Y CTATHUCTHUIII TPAAULIIHHO 3aCTOCOBYIOTHCSI A0COJIIOTHI Ta BITHOCHI BEJIH-
YMHHU, B TOMY YUCIli KoedinieHTH nopiBusaHHA [1; 3-10].

Buainenns Hemoc/iaKeHUX YACTHH 3arajbHoOi mpodiaemu. Lle — omiHka HacHiAKIB Ke-
PYIOUOTO BIUIMBY Ha CTPYKTYpPOBAaHHUU 00’€KT, IKa BUKOHYETHCS Yy 3HAUEHHSIX BUMIPIOBAHOT
O3HAKH Ta MOSCHIOETHCS MDKPIBHEBUM IME€PECYBAHHSAM OJMHHMI IILOTO 00’ €KTA.

© Hyo6srin O. b., T'yp’es B. 1., ®@ipcosa L. B, 2019
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ITocTanoBka 3aBaanus (Mera crartrti). ChopmymoBatu OalaHCOBI MOKA3HUKU MDKPIiB-
HEBOTO TEpPEeCyBaHHS OJMHHUIL 00’€KTa B CUCTEMI IMOKA3HUKIB MDKPIBHEBOTO OajaHCy ILIs-
XOM (OpPMYITIOBAHHS NPABUJI X OOUMCIIEHHS B arperatHiii popmi.

Bukiaa ocHoBHOro marepianay. Hacmigky kepyrouoro BIUIMBY Ha 0O’€KT, CTPYKTypOBa-
HUH 32 OJTHOPITHOIO O3HAKOIO Yy MIKAJi BITHOIIEHD, OI[IHIOIOTHCS OE3MOCepeIHRO uepes OanaH-
COBI TOKa3HUKM MDKPIBHEBOIO pyXy OJMHHIL LBOro 00’ekta. TOMy KiNbKiCHA OIlIHKA
HACJIIKIB Ma€ CUCTEMHHI XapakTep, OMOCEepEeIKOBaHUH KiIacH(]iKaIli€lo uX MOKa3HUKIB 3a Ta-
KAMH OCHOBHMMH KpPUTEpISIMU: 3a TPU3HAYCHHSAM — PIBHEBMH NPHUPICT, PIBHEBHI 000pOT,
BIZIHOCHE CaJIbJI0 TepecyBaHHsl, e()EeKTUBHICTh MEPECYBAHHS; 32 CIOCOOOM OOUMCICHHS — a0co-
JIIOTHI, BIIHOCHI, CEpeHi; 3a MeXaMu pyXy — PIBHEBi, TPYIOBI; 32 CTYIIEHEM arperyBaHHS —
NapHi, YaCTUHHI, YacTKOBi. OLIHIOIOYM HACIIIKU MEpexoay 00’€KTa 31 CTaHy «J10» BIUIUBY
(«0») y cran «micis» HbOTO («1»), Oyab-sKkuil OamaHCOBUI MOKA3HUK MICTUTh Y CBOEMY CKJIa/i
1Bl MOPIBHIOBaHI MK CO00I0 CKJIa/I0B1 OanaHcy, sIKi 32 KpUTepieM Kiacuikallii «03HaKu pyxy»
BU3HAYAIOTHCA B TAKUX KATETOPLAX IMEPECyBaHHS OJUHUIL 00’ €kTa: BUOYTTS («B») 1 mpulyTTs
(«IT»), y Tomy umcni nporpecuBHoro («B.» 1 «I1H.») 1 perpecuBHOro («BH.» 1 «I1B.»).

[TonibHe TOPIBHSHHS CKIAJAOBUX OallaHCy CTaE€ MOMJIMBUM 3aBISKH TOMY, IO MOJETb
MDKPIBHEBOTO OallaHCy CMHTE30BaHa B arperarHii ¢opmi [2]. Y Takili MOJENI YUCENBHICTD N;;
i=12,...kj=1,2, ..., k) MbDKpIBHEBUX MepeCcyBaHb OJJMHUIIb 00 €KTa 3 PIBHS [ HA PIBEHB j €
Barolo 11010 PIBHEBUX 3HA4Y€Hb O3HAKH [; 1 lj, BUMIPIOBAHOI B IIUX OJIMHUIIL BIIIIOBIAHO HA PIBHI
i y craHi 00’€KTa «10» Ta Ha PiBHI j y WOro CTaHi «Iicis». Pesynbratom TaKOFO 3BVKYBAHHS €
TaKi PIBHEBI MAPHI CKIIOBi Oanancy — arperatu: Lg;j = ngjl; iLly;j = ny;l; (i # ), sxi € ocHo-
BOIO ISl CKJIAZaHHsI MDKpiBHEBOTO Oanancy. Uepe3 HMX BU3HAUYAIOTHCS OUTBIN CKIIQ/IHI CKIIA0BI
OaylaHcy 3 Kareropii mepecyBaHHs, BUOYTTS Ta MpUOYTTS: piBHEBI yacTWHHI — Li, Le<> 1 L),
LH<,>; piBHeBi YACTKOBI — LBI’BA, LBB4<j>, LBI’HA, LBH4<j> iLHH Js LH<,>H4, L Js LH<I>BA; IpyHOBi YACTHHHI —
Lg i Ln; rpynoBi 4acTKoBi — LBs., L. 1 L1, Lits, - K1 € 3B€ICHUMH arperaraMu i siBJSIFOTh Cy-
KYITHI 3HAa4€HHsI O3HAKH, BUMIPIOBAHOT Y CTaHAX 00’ €KTa «I0» 1 «ITiCIIsh BIIMOBIAHO 1 MPEICTaB-
JIeH1 CYKYITHOIO YMCENBHICTIO HOTO OJIMHUIIb Ha PiBHI i 200 j (NVBi, NVBis., NBin. 800 N11j, Nituj, Niis,),
a TakoX Ha Oyb-ikoMY piBHI (NVB, NBs., Vs 800 N1, N, Nis.).

[Ilomo mWOpiBHIOBaHMX MDK COOOI0 PIBHEBUX IMAapHUX arperaTiB, MOXIIMBI Bl CXEMHU
MDKPIBHEBOTO 3aMIIIEHHSI OJTMHUITL 00’ €KTa, SIKi MIPEICTABISAIOTH BIIMOBIAHI CKIIaI0B1 OanaH-
cy (puc.): mepia — Ha ONOpHOMY piBHi p (Lgy; 1 Lyj;p) a00 mo3a vum (Lp;y, 1 Lpypj) y B3aemMonii
PiBHSA p 3 PIBHAMMU i i j (puc., a); Apyra — Ha piBHAX i (Lg;;) 4 j (Lg;j) B OGesmocepennin ix
B3aeMO/I1 (pucC., 0).

Ne 4 (18), 2019

piBens i (1)) Rip piBens p (1)) pj piBens j (1)
i:1,2,...,k — Ll‘[ip=niplp j:132,---,k
(Lpip = nipl;) Lppj = nyjly (Lupj = 1pjly)

a
piBens i (1)) njj piBens j (1)
i=1,2,..,k —>s| j=12,..,k
(Lpij = "ijli) (Lnij = ny;l5)
o

Puc. Cxemu midncpieneeoeo samiwents 00uHuYyb 06’ ekma:
Ha PiGHI p y 11020 83AEMOOIi 3 pisHAMU 1 UL ] (a); 3 pi6Hs i Ha pisenb j (0)

Sxmo o3Haka BI/IMipIO€TI>C5I 1o3a OonopHoro piBHs (i, j a6o p), ToOTO Ha 6yz[1> -SIKOMY 1H-
oMy p113H1 B MMO3HAYEHHI CKJIJI0BOi 200 MOKa3HUKA OallaHCy Iei OHOpHI/II/I piBEHB B3STHH Y
KYTOBI TY’KKH. ¥YCi MOKITUBI KOHCTPYKIIii 0aTaHCOBUX MOKA3HUKIB MDKPIBHEBOTO TIEpECyBaH-
HSI TIPEJICTaBJICHI B OKPEMiil TaOIHIIi.
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[opiBHSHHS cKIag0BUX OanaHCy (AuB. Tall.) Iae Taki BUIOBI KaTeropii 0aqaHCOBUX MO-
Ka3HUKIB MDKpPIBHEBOTO IepecyBaHHs: a0COMOTHI — canbao nepecyBanHs (ACII) i piBHeBuit
obopot (APO); BinnocHi — canbno nepecyBanus (BCII), koediieHTH CTpyKTypu piBHEBOTO
npupocty (KCPII) i piBaeBoro o6opory (KCPO), koediuieHT epeKTHUBHOCTI mepecyBaHHs
(KEII); cepenni — canpno nepecyBanns (CCII) i piBHeBuit o6opot (CPO) (rp. 2). Yci BoHH
3rpYyNoOBaHi 32 KPUTEPIIMU «CTYIIHb arperyBaHus» (rp. 1), «mexi pyxy» (rp. 3 irp. 4), a Ta-
KO BIIMOBIIHO JI0 TOTO, SIKa CXeMa MDKPIBHEBOTO 3aMIllIEHHS 3aCTOCOBYEThCS: abo Tpiaaa
piBHIB (i; p; j) (Tp. 3), abo mapa piBHIB (i; j) (Tp. 4).

XapakTepHUM /715 BCiX OalaHCOBUX TMOKA3HUKIB € TIOPIBHSAHHS (BiqHIMaHHS a00 JUICHHS )
a00 moenHaHHs (OJaBaHHA B PIBHEBOMY 000OpPOTI) B HUX CKJIQJIOBUX OajaHCy, OJHA 3 SIKHX
MpEJICTaBICHA OJMHUIISIME 00’€KTa, BUOYIUMH 3 piBHS (Ha piBEHB), a IHINA — OJUHUIIMU
00’ekTa, MpuOYTMMH Ha PiBEHB (3 PiBHS), TaK, 110 BOHU 200 Oe3mocepelHbO BU3HAUAIOTH TOM
9y HIIUKA OanaHCcOBUN MOKa3HHUK (aOCOJIFOTHMIA, BITHOCHE CallbJ0 MEPECyBaHHs) ab0 pa3oMm
CKJIQJIal0Th MOTO OKpeMi YaCTHHH (YUCEIIbHHUK 1 3HAMEHHHUK KOEQII[i€HTIB PIBHEBOTO MPUPO-
CTY, pIBHEBOTO 000POTY i €()eKTUBHOCTI MEPECyBaHHS, YUCEIILHUK CEPEIHBOTO TTOKA3HUKA).

Bun i BignoBigHe Mo3HAYEHHS OYAb-SIKOTO YaCTKOBOTO 0OallaHCOBOTO MOKa3HHMKA Ta Iap-
HOTO Koe(illieHTa CTPYKTYpH PIBHEBOTO MPUPOCTY (000POTY) 3a HAPSIMOM IE€PECYBaHHS 3a-
JIKUTH Bi TOTO, MEpecyBaHHs sKOro Hampsimy (d. — «direction») NmpeacTaBisAlOTh MOPIB-
HIOBaHI (TOE€IHYBaHI) CKJIAJOBI 0OalaHCY-KOMIIOHEHTH I[hOTO TIMOKa3HHWKA: MPOTPECHBHO-
perpecuBHe (H.) a00 perpecuBHO-TIPOrpecHBHE (B.) Ha3ycTpid; mporpecuBHe (H./B.) abo pe-
rpecuBHe (B./H.) HaB310TiH [10].

Taomums
banancosi noxasnuxu misxxcpienegoco nepecyeanHs
Kateropii nepecyBaHHS, sKi IPEACTaBIISIOTH OPiBHIOBaHI
g [ Hoxas- MiX co00I0 CKIIaJI0Bi OaslaHCy
M | HIK B p-piBHEBHX a00 B 11032 p-PiBHEBUX gepe3 BUOyTTA 3 piHA (B)
3HAUYEHHAX O3HAKU ab60 uepe3 npuOyTTs Ha piBeHs (I1)
1 2 3 4
X BI/I6y‘I‘T$I abo HpI/I6yTT$I Mpj OLL. 3 plBHﬂ p BUOYTTS 200 IpHOYTTA 7;; Of1.
Ha piBEHb j i 1;, OJ1. 3 PiBHS { HA PiBEHb p 3 piBHS i Ha PIBEHB j
Pisnesuii
(W) — — i)y .
ALY = Ly, — Lgy; = AN, 7' L,;
ACTI AL(y = Lnpj — Lpip = npjl; — nzplt AL;; = Ly;; — Ly = ny5 (L = 1)
= APO ZLZ:J = me + LBpj = ZN () l 5 ZLU = LHij + LBij = Tlij(lj + ll)
(p) _
a 2L5 = anj + LBip = nm lj + nlpll
S BCILY = Lyyy: Ligp; = Ny £ 15 .
= BCII ~ 57) Mip* Bpj pJ BCHU = LHij:LBij = lj li
BCHU = anj. LBlp = n l nlpll
el (i), _ ] . A
KC: KlPHp :<AL tALp ANP 'ANP’ IilPH(B)ij = ALyt ALg;;
PIT KlPHU = AL AL@ Ifwn(n)ij = AL;j: ALp;
PO R, =331, = ZN;,W:ZNP; Ruvogeyyj = ZLyj: ELa;
i _ K ;i =2L;; XLy
KIPOU ZL ZL@) 1PO(I)ij 3 1j
3a HarpsimoM (d.)
d'{H B.; H./B,; B/H} d+{n;B.}
o (i) (i) _
= Rt —AAL ALpd = AN, ANy Robn@eyij = ALyt ALig;
§ sznu = AL AL(P>‘dl- KZPH(H)U = AL ALdj
Ko, = LY. ZLpd = SNV EN, g5 Ravomyij = ELij:ELia
I?ZPOU = 3L 3L Karoaniy = ZLU'ZLd-J
K ALU ZLU AN<U>ZN<U>
KEIT £y = P P Rengj = ALy 2L = (L= 1): (4 + 1)
(p) EIlij ij- ij j i)-\% i
KErIU = AL ZLL.’;7
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ITpooBxeHHS TaOJI.

1] 2 | 3 | 4
I'pynosuii
3a HarpsimoM (d.)
KC: d.~{H.; B.; H./B.; B./H.} d.~{n./B.; B./H.}
PIT P (i _ = — -
PO K3gﬂp - ALz:J ALqg; K3PHU AL ALd. If:3pn(B)ij = I£3PH(H)ij = ALij:ALd.
1?33010 = ZL;:J TLy; K3P0U ZL Ly Kspom)ij = Kspomyij = ZLij: ELqg.
KC: — — . 74 -7
PII K4Pnp AL W) :AL; K4pnu ALU AL I£4PH(B)ij = 1£4Pn(n)ij = ALU:AL
PO Ripgp = ZLy":3L; Kb, = SLY): 3L Kapom)ij = Kapoanyij = ZLij: L
BUOYTTA a60un P H6yTum N B OJ1 3 PIBHA P BUOYTTS 1 IpHOYTTS Np; 3 piBHA i Ha OyIb-IKHIt
Ha Oy/Ib-SIKHH 1HIIHH PiBEHB 1 TPUOYTTS . L .
X . iHImmit piBeHs a00 MpHOYTTA 1 BUOYTTS Ny 0. Ha
a60 BHOYTTS N, OAL. HA PIBEHB p . ; . .
. . PIBEHB j 3 OYIb-SKOTO 1HIIIOTO PiBHS
3 OyIb-SIKOTO 1HIIIOTO PIBHS
Pisnesuiti
ACII AL, = Ly, — Lpp; ALy = Ly — Lgp) ALg; = Lygy — Ly ALy; = Ly — Ly
APO ZL = an + LBps ZL (p) = L {p) + LB(p) ZLBL' = LH(Q + LBi; ZLH} = LHj + LB(})
BCIT BCI, = = Ly Lgp = Nnp © Ny BCHg); = Luiy* Lais
_ BCIy) = Lng): Ly BCHm; = Lnj: Lyyj)
< | ke Kenp = ALp: 3Ly = AN, : ZNp; Kene): = ALpi ZLg;;
= _ Kinp) = ALt ELp) _ Kinan; = AL, 2Ln;
= | ccn AL, = ALy: |AN, |; AL, = ALg,y: |AN,| ALy; = ALg;: |ANg;|; ALy; = ALp;: |ANg;|
s | CPO 2L, = XL,:ZN,; ZLipy = ZLipy: Ny, YLg; = ZLg;: ENg;; XLy = XLy ZNp;
) I pynosuii
KC: e e
P% ISLPHP = ALP:AL; Epn(l,) = AL<p>:AL KPH(B)I = ALBL AL KPH(H)] = ALH} AL
PO KPOp = ZLP: ZL; KPO(Z?) = ZL<p>:ZL KPO(B)I = ZLBL ZL KPO(H)] = ZLH] YL
X BUOYTTS Ng 0f1. 3 OyIb-IKOT0 PiBHA i IpHOYTTS Ni o1. Ha Oynb-SKHil PiBEHb
ACII AL =Ly—Lg
APO XL =L+ Lg
BCII BCII = Ly: Ly
KEII Kep = AL: XL
CCIl AL = AL: |AN|
CPO XL =2XL:EN
MIPOrPECUBHOTO (PETPECUBHOT0) BUOYTTSA Npps | IPOTPECHBHOTO (PErpecUBHOT0) BUOYTTS Npis. (Npin.)
(NBps) 0O11. 3 piBHSA p 200 Nriip. (Nrips.) O1I. of1. 3 piBHSA 200 Niyju. (Njs.) OZI.
X Ha piBEHb p 1 IPOrPECHBHOTO (PErPECUBHOTO) Ha PiBEHb j 1 MPOTPECUBHOTO (PErpeCHBHOI0) IPH-
npUOYTTS Nriiwp (Nrisp) O Ha PiBEHB p 200 Npps. | OYTTS Niwj (Niis;) O. Ha piBeHB j 00 Npis. (Npiw.) OII.
(NBpw) OI1. 3 piBHS p 3 piBHA §
Pisneeuii (d.+{u.; B.; H./B.; B./H.})
ALpH. = LHH.p - LBpH.
ALpB. = LHB.p - LBpB.
ALpg = LHH.p - LBpB.
AL s = Lp,,, — Lg . .
Pa vp TP AL = Ligys, = Lpi. (ALn; = Ly j — Lpu )
E ALy, = Ly = Loup) - s/
S AL (p)s. = LH LBB.(p) ALii = LH(i)B. - LBiB AL%j = LHB.j - LBB.(j)
5 ALy = Ly — L 3
§ by = e Be.(p) ALy = Lgiys, — Lpin. | ALy j = L — Lps. )
ACII ALy = Ln<p>s. = L p) ALy, = gy, = Lyin. \ALyj = L = Ly
APO Zlpu = Liup + Lgpa L = Ly, + Loin, (Zla; = Lij + Lpug)
ZLPB. = LHB.p + LBpB. ‘H' > _
ZLP? = LHH.p + LBpB. ZLl:_ = LH(i)B. + LBiB ZLi_J - LHB.j + LBB.(j)
ZLye = Lngp + Lopu ILiy, = Ligiyu, + Lpin. [ 2L = L j + Lps )
ZL (p)u. — LH + LBH D) ZLiH. = LH(i)B + LBiH z:LB.j = LHB.j + LBH.(j)
ZLpys. = Lngpys, + L
(p)B. {p Ba.(p
ZL P): - Ln + LBB. P
ZL B_ - Ln + LBH.
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1 2 3 4
BCHpH. = LHH.p: LBpH. = NHH.p : NBpH. BCH(B)lB = LH Llpgy,
BEHpB. = LHB.p: LBpB. = NHB.p : NBpB. BCH(B)# = LH LBLB
BEHPE = buptLopn. = Nty * Nops BCH gy, = Liiyn.: Loin.
BCII BCHPE = Loy Lopn. = Nnwp * Nepn, BACH(B)iH. = Lniys.: Lpin.
BCH@) n = LH .LBH.<p> BCH(H)Z—J = LHH.j:LBH.(j)
BCH . = Lng) LBs<p> BCH(H)%J. = L Lis )
BCI, v = Ly, : L A }
- )y T e DB BCI(myu.j = Liw.j: Ls ¢y
BCIL,; = = Ln<p>s.=LBH.<p> BCM ()0 = L. Lougj)
KC: KlPde = ALpq:AL, = AN, d'ANp; KlPH(B)Ld = Ade ALg;;
PII K1Pr1 yd, = ALgpya: AL, Klpn(n)dj = ALdJ ALy;
PO KlPOpd = 2Lpq:ZLy = ZNpg: ZNP§ If:lPO(B)ld. = ZL‘zd.'ZLBL:
KlPO yd. — ZL p)d. ZL KlPO(H)dj = ZLdj.ZLHj
KEI Kenpa, = ALpq:ELpq = ANpg: Zdi_; KEH(B)zd = Ale Zle,
Rentpa. = ALgya: EL Renaa = Ala: ELa,
ALpd - ALpd |A pd.|: Ezd. - Ale |ANld|5
ccn ALya = ALy |AN<p>d_| ALy; = ALg,: [ANg|
CPO ZLpd = ZLpd INpq; YLig =2L;q:ENg;
ILipya. = Ilipa: ZN ILy; = 3Ly INg;
prnosuﬁ (d.+{n.; B.; H./B.; B./H.})
ACII AL, = Lpy. — Lpu, ALy, = Ly, — Lpg, ALH = Ly, — Lgs, ALB = Lpy. — Lgs.
APO ZLH = LHH. + LBH.7 ZL = LHB + LBB 5 ZLH = LHH + LBB 5 ZLB = LHB + LBH
KZPH(B)lB = AL AL " KZPH(H)B—_'j = ALEJ.:ALH_
KZPH(B)lH = AL, H:ALB_ I?ZPH(H)EJ. = ALs. AL,
_ K w = ALy :ALs | K = AL, ;1AL
. sznpd — ALpd'ALd; AZPH(B)IB. ‘lB. = AZPH(H)H.} ‘H.j =
e Ropnipya, = AL ALy Roen@in. = ALiy: AL {Ropnan = Al AL
=| PO KZPOpd = ZLpd ILq; I?ZPO(B),; = ZLB:ZLH_ 1?2,,0(“)5 = ZLu;: 3L,
2 Kypopya. = ELipya: ELq S S ' 3
S Rppogit: = 3L, i Zho | Kopoqe; = TlayiZL,
= . : B
_.:‘;‘3 KZPO(B)iB. = ZLiB.'ZLg Kapomyuj = ZLH.j:ZLg
Raovoyin. = ZLin: ZLe: ( Kapoyn = ZLa: Ele:
Kspnpa. = ALpa:AL; Rspnewyia. = ALyg: AL;
KC: Kspnpya. = ALgpyq.: AL Kspnmaj = ALqj:AL
PHO K3P0pd = ZLpq:XL; K3PO(B)Ld = Zde EL;
PO K3p0 yd. = EL(pya. 1 EL K3PO(H)dj = ZLdj ZL
Kpna. = ALg: AL
Kpoq. = ZLq: 2L
BCB BCHH = LHH. : LBH.; BCHB. = LHB. : LBB.; Bani = LHH. : LBB.; BCH& = LHB. : LBH.
KEII King = ALg:%Lg
ccn ALy = ALg: |ANy |
CPO ZLd = ZLd ZNd

Bbesnocepenns owiHKa HACHIIIKIB KEPYIOYOrO BIUIMBY Ha 00’€KT — BTpAT ab0 MOTMOBHEHHS
1010 O3HAKH, BUMIPIOBAHOI B HOTO OJMHUIIb, — 3a0€3MeUy€eThCsl aOCOTIOTHUM CallbJ0 Tepe-
CYBaHHS, SIK€ XapaKTEepHU3y€e Ha CKUIbKU BIIPI3HAIOTHCS OJHE BiJl OJHOTO CYKYITHI 3HAYECHHS
O3HAKH, BUMIPIOBAHOT HA TOMY YH IHIIOMY piBHI (11032 HUM) Y IpUOYIHX 1 BUOYJIUX OJUHHIID
00’eKkTa, SKI MPEICTaBIAIOTh MOPIBHIOBAHI KaTeropii nepecyBanHs. HeszanexHo Bix BHIOBOI
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Kareropii, y TabIuIli BOHO BU3HAYAETHCS Uepe3 CKIAZ0B1 OamaHCy 3 BIAMOBITHOT BUIOBOI Ka-
Teropii. 3 iHIIOro OOKY, 3aJIEKHO BiJl CXeMU IepecyBaHHs, OyIb-sIKUil 3 HABEICHUX B TaOIMII1
YACTUHHUX 1 YaCTKOBHX IMOKA3HUKIB aOCONIOTHOTO Calbl0 MOXe OyTH OOUYMCICHHH udepe3
MapHU MOKa3HUK p-piIBHEBOTO AL(p” ) 260 mnosa P-pIBHEBOTO AL(iZ;) CallbJI0, SKIIO BiH MpeJ-
CTaBIIsie MDKpIBHEBE IIPECyBaHHS OJUHMIL 00 €KTa B Tpiaai piBHIB (7; p; j) (puc., a), abo ye-
PE3 MapHui MOKasHUK AL;;, IKIO MDKPIBHEBE IEPECYBAaHHs PO3IIISANAETLCS B Mapi piBHiB (i;
J) (puc., 6). Hanpuknan, 3araneHi Brpatu (AL < 0) abo nonoBHeHHs (AL > 0) 06’exTa MOKHa

BHUPA3UTU TAKUM YHHOM:

[~k k y
(ij) (ij)
| E E AL | E ALl |
_4 =1 j<p i=p+1 j>p
- k k
| (ij) (ij)
(E E ALY | E YA |
p= j=1 i<p j=p+1 1>p

1
(Zp L(p> S A L(p> );
j<p j>p
p—1 4 1(p) (p)
ALY AL? ,
<Z i<p + Z] =17y i>p)

— vk vk —

AL = )iy Zj:l AL;j = Zj:l Zi=1 AL;;. (2)

Cknanosi B cymax Bupa3sy (1) MosICHIOIOTh HACIiIKM KEPYIOUOTo BIUIMBY Ha 00’€KT uepe3
3HAYEHHs 03HAKH, BUMIPIOBAHOT y CTaHaX 00’ €KTa «ITICIIS» 1 «J10»: y MepIiiil cucTeMi piBHSIHb —
Ly = nlplp 1LBp j = Npj lp BIIMOBIHO B My 1B Ny HOr0 OJMHMIIL HA PIBHI p; B IPYTIi CH-

(M

cTeMi PIBHAHD — Ly = Npjlj 1 Ly, = Mypl; — BIAMOBIAHO B My, 1 B Ny, HONO OJMHMIE MO3a
piBHS p, Ha PiBHAX j i i. JlonaHKu B piBHSAHHI (2) MOSICHIOIOTH BTpaTH (IIOMOBHEHHS) 00’ €KTa
uepes 3Ha4eHHsA Lyy;; = nyjl; 1 Ly;j = ny;l; 030aKy, aHaorigHo BUMIPIOBaHO1 B 1;; HOTro 0/M-

. U . . . . . L .
HUIb HA PIBHAX j i i BiANOBiqHO. Ha BiIMiHY BiJ BEeNTUYHUH AL( g 1 AL(fj), 3HaK MEPILIOT 3 SIKUX
3aJIe)KUTh BiJl CIIBBIIHOIICHHS YHCEIHHOCTI OJMHUIIb, HpI/I6yJII/IX Ha OMOPHUI piBeHH 1 BHOY-
JMX 3 HBOTO, a JIPYroi, KpiM TOTO, BiJl CIIBBIAHOIICHHS PIBHEBUX 3HAUY€Hb O3HAKU, BUMIpIOBa-
HOI B IIMX OJMHUIIb, 1 HE3AIEKHO BiJl HAaNpAMY iX MepecyBaHHA OOHJIBI Ii BEIMYMHU MOXYTb
XapaKTepu3yBaTHCA SK BTpaTd (Bi’€éMHE canb/i0) a00 MOMOBHEHHS (JOAAaTHE Calb0) 00 €KTa,

3HaK 1 BUIMOBIMHKK 3MICT BeNMYMHU AL;; MOBHICTIO BU3HAYAETHCS HATIPAMOM IEPECYBAHHS 71;j
PYXOMHX OJMHHUIL 00’€KTa, TOOTO 3HAKOM PI3HHUIIL (lj — li). «HynboBe» canpao CBITYHUTH PO
T€, IO CYKYIHI BTpaTh KOMIICHCYIOTHCS CYKYIHHM IIOTIOBHEHHSIM OO0’€KTa IOJ0 O3HAaKH,
BHUMIpIOBAHOI B HOTO OJTMHHUIISIX.

SIkmo ckianoBi OanaHcy, 3 SKUX MOOYJOBAHO aOCOJIIOTHE CAJIbJ0 MEepEeCyBaHHsS, MOPIB-
HIOBAaTH MDX cO0010 HE 4epe3 BiHIMaHHS, a yepe3 IUICHHS, TO c(hOpMOBAHUN TaKUM YHHOM
0araHCOBUI MOKAa3HUK SBJIsIE COOOIO BIJHOCHE Calibl0 IMEPECyBaHHS, SKE XapaKTepusye B
CKUIBKM pa3iB BIIPI3HAIOTHCA OJHE BiJ OJHOTO CyKYIHI 3HAQUEHHS O3HAKH, BUMIPIOBaHOI Ha
TOMY YM 1HIIOMY piBHIi (11032 HUM) y IpUOYIHUX 1 BUOYIMX OJUHMIB 00’ €KTa, SKi MpeCTaB-
JSI0TH TOPIBHIOBAH1 KaTeropii nepecyBanHs. Sk 1 aOCOTIOTHE, BITHOCHE CaJIbJI0 MEPECYBaHHS
Moke HaOyBaTu OyIb-SKMX 3Ha4€Hb, a CHTYallis, KOJM BOHO JOpIBHIOE +1, eKBiBaJieHTHA
«HYJTBOBOMY» a0COJIOTHOMY CaJIbJIO.

Kpim abcomoTHOro canplo, siKe NPEACTABICHO «UUCTHM» IMEPEeCyBaHHSM OJMHMIb
00’ekTa Ha piBHI a00 MO3a HUM, MAIOTh MICII€ AHAJIOTIYHI BHIOBI KOHCTPYKIII] MOKa3HUKIB
MDKPIBHEBOTO 000POTY, AKI XapaKTEPU3yIOTh «BAJIOBE) MEPECYBAHHS TUX YK€ CAMUX OJUHHIIb
00’eKTa CyKYITHUM 3HAa4YE€HHSM BUMIPIOBAHOI B HUX O3HaKW: B HHUX BiIHIMaHHSI Mae OyTu
3aMIHEHO Ha JO0JaBaHHS, a B IO3HAYCHHI MOKa3HUKA CUMBOJ pi3HUII «A» 1 mitepu «PI» — Ha
CUMBOJI CyMHU «X» 1 Jitepu «PO» BiIIOBIAHO.
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OckiTbKM a0COJIOTHI MOKAa3HUKU calblio (000POTY) MPENCTaBIsAIOTh YHCTE (BAJIOBE) IIe-
pecyBaHHS OJMHUIL 00’ €KTa HA PI3HUX PIBHAX IX cHCTeMaTH3allii i, sik OyJI0 MOKa3aHO BHIIIE,
BOHU 3aKOHOMIPHO TIOB’s3aHI MK CO0OF0, TO CIIBBIIHOCSYHM X B Till 4M iHINIA KOMOiHAIL,
Tak, SIK 1€ 3aPOIIOHOBAHO B TaOIMIIi, MOKHA C()OPMYBATH KaTEropito BITHOCHUX OalaHCOBUX
MOKa3HHUKIB TIepeCyBaHHs — KOE(I[IEHTH CTPYKTYpU PIBHEBOTO MPUpPOCTy (000poTY).

KoedimieHT piBHEBOTO MPUPOCTY, OLIHIOIOYH CTPYKTYpPY BTpar (MOTIOBHEHHs) 00’€KTa,
XapaKTepU3YETHCS SIK MUTOMA Bara CKOPOYeHHs (IPUPOCTY) O3HAKH, BUMIPIOBAHOI y CTaHaX
«I0» 1 «IicTsH» Ha TOMY YM IHIIOMY PiBHI (3aJIe:KHO BiJ BUAY KoedilieHTa) B HOTO OJIMHUILb,
NPEJCTAaBICHUX Y MEBHINA KUIBKOCTI HAa OMOPHOMY piBHI a00 Ha BCIX PIBHAX pa3oM y Tiil uu
HIIIH KaTeropii mepecyBaHHs, B PO3MIpi Calb/I0 MEpecyBaHHs, aHAIOTTYHO BUMIPIOBAHOTO B
HOT0 OJMHUII, IO MPEACTABISAIOTH BTPATH (MOTIOBHEHHS) 00’ €KTa, Pa3oM 31 3ralaHUMU OJH-
HUIIMH, OUTBII IIUPOKUM KOJIOM YUYACHHKIB MEPECYBaHHS, YUCEIbHICTh 1 CKIIAJl IKHX 00yMO-
BIICHI1 BUJIOM Koe(iIieHTa.

KoediuienT piBHEBOro o0OpoTy, OLIHIOIOYM CTPYKTYpYy OOOPOTY OAMHHUIIL 00 €KTa, Xa-
PaKTEpU3YETHCS SIK MUTOMA Bara 000pOTy HOro OJMHHULb, IPEACTABICHUX B MEBHINA KITBKOCT1
Ha OMOPHOMY piBHI a00 Ha BCIX PIBHAX pa3oM B Till YW IHIIIA KaTeropii mepecyBaHHS 3
BHUMIPIOBAHHSIM B HUX O3HAKH y CTaHAX «JI0» 1 «IIICJIsSH» HAa TOMY YU IHIIOMY PiBHi (B 3aJIeXK-
HOCTI Bil BUIy KoeilieHTa), B 000pOTi, aHAJIOTIYHO MPEACTaBICHOMY, Pa30M 3i 3TraJJaHUMHU
OJIMHULIAMH, OUIBII IIMPOKUM KOJIOM YYACHHKIB INEpPECYBaHHS, YMCEIBHICTh 1 CKIaa SKHX
oOyMoOBIIeHI BUJIOM Koe(ilieHTa (BU3HAYAIOThCSA aHAIOTTYHO Koe(illieHTaM pIBHEBOTO IMpH-
pocCTy, TUIBKHU Yepe3 aOCOIIOTHI TOKa3HUKH 000pOTY).

KoedimienTn crpykrypu 3aBxau Outbini HiX 0 1 He nmepeBuInyoTh +1. Cyma BCiX 3HaU€Hb
TOTO YM IHIIOTO KOoe]illieHTa BIAMOBIIHO 0 YMOBH HOPMYBAHHS 3aBXIU AOPIBHIOE +1.

CriBBiIHOIIEHHS] a0COMIOTHUX TMOKA3HUKIB PIBHEBOTO MPUPOCTY (B YUCEIBLHUKY IPOOY)
Ta piBHEBOro 00OpOTY (B 3HAMEHHHKY JIpo0y) 3 OJHOMMEHHUX BHJIOBHX KaTEropid, 1ae cre-
UGIUHY KOHCTPYKI[iIO 0alaHCOBOTO MOKa3HUKA — KOeQilieHT e(peKTHBHOCTI MepecyBaHHs
(cykymHoro abo 3a HanmpsMoMm). Bin xapakTtepusye po3mip BTpaT abo MONOBHEHHS 00’€KTa,
10 PIBHOIO MIPOIO MPUIIAJA€ HA KOKHY OJAMHUIIIO PO3MIPY BIAIMOBITHOTO 000POTY, HA Pi3HUX
piBHAX cucremaru3anii nepecyBanHs. KoedimieHT Moxxe HaOyBaTtu Oyab-sSKUX 3HA4YCHb B
niamazoi Bin -1 10 +1. Moro aGcosoTHe 3HAYESHHS 3aJIEKUTh Bill CIIBBiIHOIICHHS 3HAYEHD
CKJIaJIOBHUX JUICHOTO Ta JUIBHMKA: BiH JOPIBHIOE HYJIO 32 PIBHOBEJIUKUX CKJIQJ0BUX, IO HE
JOPIBHIOIOTH HYJIO (YMCEIbHUK JOPIBHIOE HYJIIO); BiH € JOJAaTHUM uYepe3 AOMIHYBaHHS IMpH-
Oynmux Hax BUOYyTUMHU (YHUCENHHUK SIBIISIE€ TOMOBHEHHS 00’€KTa); BIH € Bi’€MHHM Yepe3
JIOMIHYBaHHS BUOYIUX HaJ MPUOYIUMH (YHCEIbHUK SBIISiE BTpaTH 00°€KTa); BiH JOpIBHIOE +1
yepe3 BIICYTHICTh BiANOBITHUX BHOYIUX OJUHHIB 1 -1 depe3 BiICYTHICTh BIAMOBIIHUX MPH-
Oynux oauHUIb. Yepe3 BIACYTHICTh PYXOMHX OIMHHUIb, IO MPEACTABISIOTh CKIIAJAOBI YH-
CeNTbHUKA Ta 3HAMEHHMKA, BUHUKA€E HeBU3HAUEHICTh BUILY «0:0».

VY tabauii, KpiM aOCONIOTHUX 1 BIIHOCHUX, IPECTABICH] cepeaHi 0aJaHCOBI MOKa3HUKH
MDKpIBHEBOTO IEPECYBAaHHS: CEPEIHE CaJbI0 MEPECYBaHHs Ta CepeHiil piBHEBUN 000poOT, -
BU3HAYCHI B Ti 4K IHIIIA BHUJOBIA KaTeropii mepecyBaHHs, CyKyHMHOTro (4acTHHHI) abo 3a
HanpsMoM (dacTkoBi). KoxeH 13 HUX BIIMOBIIHO XapakTepU3ye po3Mip BTpaT (MIOTIOBHEHHS)
abo 000poTy 00’€KTa, IO PIBHOIO MIPOIO MPUTAAAE HA KOKHY OJMHUIIO YUCTOTO ab0 Bajo-
BOro nepecyBaHHs. Cilif] 3a3HAUYUTH JB1 BaXKJIMBI 0COOIMBOCTI Y BU3HAYCHHI CepeIHIX OanaH-

—_— e —

COBHX MOKa3HUKIB mepecyBanns. Ilepuma crocyerses cepentix pisHeBoro (ALg, , ALy, , AL, ;,
AL, j) Ta TPYIOBOTo (ﬂg, ﬂg) calp/io, IO MPEACTaBIICH] CYKYIMHUM IEPEeCyBaHHSAM OJH-

iB.> iH.>

HUIlb 00’€KTa # iX MepecyBaHHSIM HaB3AOTIH B OKPEMO B3STHX KaTETOPIiX «BUOYTTS 3 PIBHS»
Ta «IpUOyTTS Ha piBeHbY». BOHO € MCEeBAONOKA3HUKOM Ta HE Ma€ CKIHUCHOTO 3HAYCHHS, TOMY
10 3HAMEHHUK JpoOy, SKUH HOro MpencTaBisie, 3aBXKIU NOpiBHIOE Hymto. OcTaHHE Mosic-
HIOETBCS THUM, IO 3MeHnIyBaHe Ta Bil eMHHMK (Npyu, 1 Npis, Nigys. 1 N, Niwj 1 Npg(jy
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N j 1 Npy(jy> Niw. 1 Npg, Npjg, 1 Npy, ) 3HAMEHHHMKA — Ta JK caMa BEJIMYUHA YHCETBHOCTI PyX0-

MUX OIMHHUIL 00’ekTa. Jlpyra 0coOJIHMBICTH CTOCYEThCSI aOCOJIIOTHUX 3HAYEHb CEPEIHBOTO
CallbI0 Ta CEPeAHBOr0 O00OpOTy. B OCTAaHHROrO BOHU 3aBXKIM BIANOBIJAIOTH Jiala3oHy
BHUMIPIOBAHOT O3HAKH, 1110 HE BIACTHBO JISi CEPEIHBOTO CANIbIO.

BucHoBku BignmoBimHo 10 cratTi. 3aBOsSKM MOJeNi MDKpIBHEBOTO OanaHCy, CHHTE30-
BaHii panime B arperatHiii ¢opmi, Baagocs chopMyBaTH KaTEropio arperoBaHux OanaHco-
BUX MOKa3HMUKIB MDKPIBHEBOTO MEPECyBaHHS OJAMHUIIL KepOBaHOTO 00’ekTa. BoHu, pasom 3
MOKa3HUKaMH PIBHEBOI CTPYKTYpH 00’€KTa, i 3MiHM Ta KOOPAMHAIII], @ TAKOX MMOKa3HUKAMHU
CTPYKTYpH, IHTEHCUBHOCTI Ta KOOPAMHAIT MDKPIBHEBOTO PyXy OJMHHIL 00’€KTa, 3abe3rme-
YYIOTh BCEOIYHY OLIIHKY HACTIAKIB 1 €(peKTUBHOCTI Kepytouoro BIUIMBY. O1liHIOBaHHS edek-
TUBHOCTI Oprasizamii mporeciB 3 gaHMMHU B iH(QopMaUiiiHMX cHUcTeMax mependayae
BHUMIPIOBAHHSI BEJIMYMH PECYPCHHUX BHUTpAT K aOCOJIIOTHUX 1 cepelHiX OalaHCOBUX MOKa3-
HUKIB, a BIAMOBIIHI KOe(DIi[i€eHTH ePEeKTUBHOCTI BUSHAYAIOTKLCS K BIAHOCHI OAIaHCOBI TTOKA3-
HUKHA MDKPIBHEBOTO IEPECYBaHHS.
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INTER-LEVEL BALANCE: BALANCE INDICATORS
OF THE OBJECT UNITS MOVEMENT — AGGREGATE FORM

Urgency of the research. The balance indicators of the inter-level movement of a managed structured object units pro-
vide a comprehensive quantitative assessment of the effects of a controlling influence on an object by attribute, measured in
the scale of relations.

Target setting. Non-aggregated balance indicators proposed previously for characterizing inter-level movement do not
represent a possible estimate.

Actual scientific researches and issues analysis. The calculation of non-aggregated balance indicators of inter-level
movement is carried out through the values of the number of object's movable units.

Uninvestigated parts of general matters defining. Evaluation of the effects of a control action on a structured object
that is performed in the values of the measured attribute and is explained by the inter-level movement of units of this object.

The research objective. To formulate the balance indicators of movement in the system of the inter-level balance's indi-
ces by formulating rules for calculating them in aggregate form.

The statement of basic materials. The aggregated balance indicators of inter-level movement are formulated on the ba-
sis of its canonical form — inter-leaving substitution, which allows to comprehensively characterize the effects of controlling
influence on the object at different levels of their systematization. The result of such systematization is absolute and average
balance of movement and level turnover, relative balance of movement, coefficients of the structure of level growth and level
turnover, movement efficiency determined in different species categories according to the criteria of “degree of aggregation”
and “limits of movement”. They are formulated through the aggregate values of the attribute, measured at one level or an-
other in the moving units of the object, represented in the categories of inter-level movement "arrival" and "extinction".

Conclusions. The proposed balance indicators of inter-level movement are important for the assessment of the impact
and effectiveness of the controlling influence on the structured object.

Keywords: balance indicators; efficiency of movement; coefficient of structure; inter-level balance; turnover increase; balance.

Table: 1. Fig.: 1. References: 10.
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REPEATABILITY AND VALIDITY OF THE MEASUREMENTS MADE
ON TOOLMAKERS MICROSCOPE

Urgency of the research. There are several problems with resulting of measurement result related to validity and
repeatability of measurement device. Toolmaker microscope has been verified for these characteristics.

Target setting. Toolmakers microscope is as target device which is currently used for fast testing of manufactured
prototype. Currently, it is necessary to know information about repeatability and validity of obtained results.

Actual scientific researches and issues analysis. Producer did not provide the maximum permissible error MPE, so the
aim of this work was to establish the actual MPE for this microscope. Also there is no mention about repeatability of this
machine. Normally in accordance with standards, it is required to express results with also with measurement error or
uncertainty of measurement.

Uninvestigated parts of general matters defining. The main problem is with expressing of validity and repeatability of
measurement process. The minimum number of measurement has been established and also maximum permissible error has been
identified. Producer provides own microscope etalon as calibration ruler and multiscale micrometer glass slide for microscope. The
question of the validity of these etalons are uninvestigated, because the next research will be focused to this problem.

The research objective. Too log measurement process will unnecessarily over-price overall costs for measurement
process. But insufficient number of measurements will decrease accuracy of measurement and overall uncertainty of
measurement. Verification process of microscope has been executed for obtaining the information about maximum error of
microscope. This information is also necessary for balance of the uncertainty of measurement made on this microscope.

The statement of basic materials. The probability distribution of measured values and number of minimum required number of
measurement has been obtained from mentioned analysis.

Conclusions. Validity and repeatability of measurement device bring the information how we can believe to
measurement process with specified measurement device. Every measurement device should be verified for these
metrological properties. Repeatability obtained for examined microscope shows information about the number of
measurement needed for effective measurement from the viewpoint of optimized inaccuracy and also from the viewpoint of
economic costs. Measurement process is very expensive, so it is necessary to do economy optimization because of ability to
be competitive on the market.

Keywords: optical microscope; distance;, measurement; validity; repeatability.

Fig.: 6. References: 14.

Introduction. This work tries to solve problem of validity of measurement which are made
on Toolmaker microscope. Validity and repeatability are the most important key properties of
measurement devices for evaluation of state of the device. Both repeatability and validity evalu-
ate the quality of research. The quality of measurement process is very important for the making
of decisions. If there is no quality of measurement, then it is not possible to make good decision.

Repeatability gives information about consistency of measurement results for multiply repeat-
ed measurements of any quantity. Repeatability describes the stability of process of finding of the
measurement of measurement quantity. Process of the measurement is influenced by the various
errors. Systematic and observational errors can be identified and eliminated. But random errors
can be reduced only via using of repeated measurements and making the average from many
measurements of quantity. But there is a problem, because if we will increase the number of re-
peated measurement then also overall price of the measurement will rapidly grows. Consequently,
there is a question: “How many measurement is necessary to do for the obtaining of the best re-
peatability of measurement result?” If random error is minimized then measurement result repeat-
ability is very high. It is necessary to find, how many minimum repeating of measurement is nec-
essary to do. It is possible to find it only with detailed analysis of large count measurements.
Optimum number of measurement will say about necessary repeating but it depends also on char-
acter of measured quantity. For some cases, another increasing of measurement repeating will not
improve repeatability but it will increase only the overall costs of measurement. For these reasons
it is a key role to identify optimum number of measurement repeating.

Validity responses on the question about the trustfulness of the measurement results for
any measured quantity. If systematic errors are minimized then it is possible to say that we
have valid measurement result.

If the measurement is not reliable then also it is not valid.

© KenemenoBa Tersna, 2019
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Toolmaker microscope will be analysed in this paper for the reaching of the validity and re-
peatability of the measurements on this equipment. The microscope is used mainly for the in-
spection and measurement of machine and electrical (fig.1) or other type of parts (filters and
dust particles) (fig. 2). In compare with coordinate measurement machines (CMM), the micro-
scope allows fast measurement with lower price. Also price of the microscope and overall using
costs on the microscope are greatly lower than on CMM machines [1-4]. Here is no mention
about the type and producer of microscope because of General Data Protection Regulation.

Fig. 2. Measurement of dust particles

Tested microscope is designed for using in laboratory and also in production hall envi-
ronment. If it will be used for quality checking of parts, it is necessary periodically to check
the repeatability of the microscope [4].

1. Measurement repeatability of examined toolmakers microscope. Repeatability of
the microscope depends on numbers of measurements. For this reason it is necessary to iden-
tify suitable number of measurement. Standard deviation describes variation or disperse of set
of measured values. It is a statistical quantity, that is related to average value and it is ob-
tained as square root of the variance through the determination of variation of each value to
average value. Variation of measured value is defined as subtraction of measured value from
the average value. Every these subtraction is squared and summed. Square root of this sum is
searched standard deviation of measured values.

In this work one hundred measurement have been executed for six selected values in all
range of microscope. These measured data are analysed via using histograms (fig. 3). Histo-
gram is graphical representation of distribution of measured values. It is as bar graph, which
is composed from series of intervals and all values are sorted into these interval with equal
size. Bar graph shows a count of values in every interval. Height of bar is proportional to the
count or frequency of values, which belong to this interval. Number of interval can be ob-
tained from Sturgess equation [5]:

khl.sti1+log2nM, (1)

where nys 1s a number of values.
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Scott equation also respects also disperse and span of values [6]:

R 1
ki =70 )
"w349.8, M

where R 1s span of measured values, Sx is standard deviation, 7y is number of measured values.

Histograms show which data distribution law is valid for these measured values. Figure 3
shows, that we can assume the normal (Gaussian) distribution law for obtained values (fig. 4). It is
most frequently used continuous probability distribution of measured data representation. Bell
curve is characteristic for this distribution shows that most of values are placed close to average.
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Fig. 4. Probability density for normal Gaussian distribution

Approximately 68% of values are placed inside interval with plus and minus one standard
deviation of the average valued. If we assume plus minus two standard deviations interval,
then 95% of values become to this interval and if we will take interval plus minus three stan-
dard deviations, then 99.7% of values are inside this interval around the average.
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Standard deviation from these values have been evaluated (fig. 5). For comparing the cu-
mulative standard deviations are done for first ten measured values, then for first twenty
measured values and so on up to the standard deviation of all (hundred) measured values.
Consequently, it is possible compare data dispersion when we will add next ten measured
values. Figure 5 shows the cumulative standard deviations and it gives answer to question
“How many measurement is necessary to execute?” Best repeatability is obtained for 50
measurements. Next measurement do not improve the repeatability of measurement or contri-
bution is only minimally.
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Fig. 5. Cumulative standard deviations for obtained values

2. Measurement validity of examined toolmakers microscope. Validity is an ability of
measurement device to return quantity value, which we want to measure. It evaluates whether
the measurement process returns accurate measurement result and whether the suitable meas-
urement device have been used.

Calibration process returns the answer about ability of measurement device to measure
any quantity with requested accuracy. It means that it is need to do comparison of measured
value with value represented on etalon gauge. International standards (EALR-R2, ISO 3650)
provides necessary steps for calibration process [7, 8].

Maintenance staff often meet with terms as calibration and verification. International Vocabu-
lary of Metrology (VIM) [9] defines verification as process measurement devices is tested if it is
able to fulfil requirements as for example maximum permissible error MPE. Verification check-
ing the calibration results or actual state of measuring machine with specified requirements de-
fined by manufacturer or legal metrology organisation or customer which is as end user.

International Vocabulary of Metrology (VIM) [9] also defines term calibration as process
where it is obtained relationship between the value from indicator and value obtained from
reference material or etalon.

Maximum permissible error MPE obtained by the ISO10360 is also as evaluation of validity
of examined microscope. Maximum permissible error is maximum error normally guaranteed
by producer of measurement instruments. But there is a many measurement instruments, where
producer does not provides this information. Math model from experimental data (fig. 6) has
form MPE=5+L/2.5, where L is measured dimension (mm) and MPE is resulted in pm.
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Fig. 6. Maximum permissible error MPE for Toolmaker microscope

Conclusion. Validity and repeatability of measurement device bring the information how
we can believe to measurement process with specified measurement device. Every
measurement device should be verified for these metrological properties. Repeatability
obtained for examined microscope shows information about the number of measurement
needed for effective measurement from the viewpoint of optimized inaccuracy and also from
the viewpoint of economic costs. Measurement process is very expensive, so it is necessary to
do economy optimization because of ability to be competitive on the market. Too log
measurement process will unnecessarily over-price overall costs for measurement process.
But insufficient number of measurements will decrease accuracy of measurement and overall
uncertainty of measurement. Verification process of microscope has been executed for
obtaining the information about maximum error of microscope. This information is also
necessary for balance of the uncertainty of measurement made on this microscope. Producer
did not provide the maximum permissible error MPE, so the aim of this work was to establish
the actual MPE for this microscope. The evaluation of MPE also shows, that it has downward
trend and it can be partially compensated with separation of systematic error from this error
balance. The main advantage of this microscope is fast measurement process and also low
overall costs in comparing with coordinate measuring machines [10-17].
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VIIK 004.4
Temsana Kenemenosa

IHOBTOPIOBAHICTbB I JOCTOBIPHICTH BUMIPIOBAHD, 3POBJIEHUX
3A TOITIOMOI'OIO IHCTPYMEHTAJIBHOI'O MIKPOCKOITIA

Axkmyansnicms memu 0ocnioxncenusn. Ilpobnema oyinku nOBMOPIOGAHOCHE Ma 00CMOGIPHOCI 3aC00i8 BUMIPIOBATLHOT mex-
niku (3BT) € naodssuuaiino eaxciusoro Ha oaromy emani. Jlana poboma nPUCesuera OUiHyi Yux XapaKkmepucmux 0jist MIKPOCKONY.

Iocmanoeka npoonemu. Mixpockon - ye npucmpiil, SKull 6UKOPUCHOBYEMbCSL OISl WBUOKO20 MeCmyB8aAHHS NPOMOMUNIS.
s 0ocmosipnocmi OYiHKU 3DA3KIE 8ANCIUBUMU € MEMPOJIOSIUHI XAPAKMEPUCUKU UbO2O 3ACO0Y BUMIPIOBAILHOI MEXHIKI.

Ananiz ocmannix 0ocnioxcens i nyonikayiii. Bupoonux y mexuiuniii 0okymenmayii He HA0asas epaHuiHo 0OnyCmumy
noxuoxy 3BT, momy memoro danoi pobomu 06y10 6cmanosumu hpakmuune 3HaYeHHs noXudKY 011 yboeo mikpockona. Takooic
8i0cymHs iHdhopmayis w000 nosmoprogarocmi o ybo2o 3BT.

Buoinenns neoocnioyncenux uacmun 3a2anvHoi npoonemu. B sxocmi 6CmMaHoB1eH s MEMPOTIOIUHUX XAPAKMEPUCTIUK
00CTOACYBAHO20 MIKPOCKONY BUPOOHUK 300e3neuye 61aCHULl emalon AK KaniopysanvHy aiHiuky. [lumanus npo o6rpyHmo-
BAHICMb YUX eMAJIOHIE He OOCHIONCEHO, OMICE HACMYNHE OOCAIONCEHHS Oy0e 30Cepeddiceno Ha Yitl npobiemi.

Ilocmanoeka 3ae0anns. OCHOSBHUMU 3A80AHHAMU, SKI SUPIULYIOMbCS 6 OAHill poOOMI € 8CMAHOBLEHHS. eKOHOMIYHO-
06IPYHMOBAHOI KilbKOCMI UMIPIOGab, 0151 3a0e3nedents HeoOXiOHOI mouHoCmi Ma aHANIMUYHO20 8UPA3Y, WO Xapakmepu-
3y8amume OCHOBHY THCHPYMEHMATbHY NHOXUOKY 8UMIDIOBAHHSL.

Buknao ocnoenozo mamepiany. Ilposedeno ananiz excnepumenmaivbiux OAHUX 8UMIPIOBANb JIHIUHUX PO3MIPIE 3d 00-
nomMo2o10 onmuuHoeo mikpockony. Ilobyodosani cicmoepamu po3nooiny pe3yibmamie UMIpIoeanb 0as 00'ckmie 6i0 3 00
25 mm. Oyineno 3anexncnicms HeGUHAYEHOCI BUMIPIOBAHb NIHIUHUX PO3MIPIE 3a munom A 6i0 KilbKocmi eKCnepumenmis.
Ha ocnosi npedcmasnenux 3anexcnocmell 8U3HAYEHO eKOHOMIYHO OOYIIbHY KLILKICIb CNOCMEPedceHb, HeoOXIOnY Ons om-
PUMYBAHHA pe3yIbmamie i3 3a0ano mounicmio. Ha ocnosi ananizy excnepumeHmanvHux OaHux memooamu JiHIUHOL pe-
2pecii gU3HaAUeHO AHANTMUYHUL BUPA3 OISl MEJHC THCMPYMEHMANbHOT NOXUOKU 8 3a1eHCHOCHIE 810 3HAUEHHS NIHIUHUX PO3MIDIE.
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Bucnoexu eionosiono 0o cmammi. Ha ochosi excnepumenmanibHux O0CHiONCeHb GU3HAUEHI XAPAKMEPUCTUKU O0-
CMOBIPHOCMI BUMIPIOBAHD Y GUSTIAOL AHATTIMUYHOSO BUPA3ZY MENC SPAHUYHOT THCMPYMEeHMAanbHoi noxubxu. /locriosceno no-
B8MOPIOBAHICMb Pe3YIbMamie 0lst Ybo2o Mikpockony. QOIPYHMOBAHO KiNbKICIb GUMIPIOBAb, HCOOXIOHUX OISl eheKmueHo20
BUMIPIOBAHHSL 3 MOYKU 30PY ONMUMIZ308AHOT MOYHOCT, A MAKOJIC 3 MOYKU 30py eKOHOMIuHUX sumpam. [Ipoyec eumipiosan-
Hs Oyoice 0opozutl, MoMy HeoOXIOHO 30IUCHI08aMU ONMUMI3AYII0 eKOHOMIYHUX sumpam OJisk MONCIUBOCTI OYMU KOHKYDEH-
TMOCIPOMOIICHUMU HA PUHK).

Kniouosi cnosa: onmuunuii Mikpockon, 8i0cmans, 6UMIPIOBAHHS, 00CMOBIPHICIb, HOBMOPIOBAHICMb.

Puc.: 6. bioa: 14.

Kelemenova Tatiana — Associate Professor, PhD in Technical Sciences, Faculty of Mechanical Engineering, Tech-
nical University of Kosice (Letna 9, 04200 Kosice, Slovak Republic).

Kenemenoa TeTsiHa — nomeHT, KaHIWAAT TEXHIYHUX Hayk, MexaHiunuil Qakynprer, Texuiunmii yHiBepcHTET
Komme (Letna 9, 04200 Kosice, Slovak Republic).

E-mail: tatiana.kelemenova@tuke.sk

Scopus Author ID: 55260126300

Kelemenova, T. (2019). Reliability and validity of the measurements made on toolmakers microscope. Technical sciences and technologies,
4 (18), 101-107.

107



Ne 4 (18), 2019 TEXHIYHI HAYKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
UDC 004.932
DOI: 10.25140/2411-5363-2019-4(18)-108-113

Marek Vagas, Alena Galajdova, Martin DZongov
PROPOSAL OF A VISION SYSTEM FOR AUTOMATED LINE MPS 500

Urgency of the research. Research needs from this area are based on designing of effective and affordable vision sys-
tem solution with aim of automation level increasing in content industry 4.0 and should be an advantageous solution mainly
for SMEs. In overall, development direction in vision system area pointed to the necessity for innovative technologies imple-
mentation that starts from supply chains up to customers.

Target setting. Main aim of article is to propose a solution for image processing of selected assembly parts at specified
automated line from FESTO company to automate monitoring and evaluating of obtained data together with supporting of
educational activities for field: ,,automation and control of machines and processes ** of our students, at other hand.

Actual scientific researches and issues analysis. Currently, vision systems have enjoyed a great popularity, their imple-
mentation into the automated lines grown up and application range more and wider. Supporting from manufacturers is
strong, so far, we consider that useful and well-priced solution will be benefit in research area.

Uninvestigated parts of general matters defining. Existing realized and implemented solutions are based on solid whole
concept from suppliers, starting from connectivity through image processing up to evaluation of situations (pictures, state etc...).

The research objective. Purpose of an article is to provide an alternative proposal for implementation of affordable and
alternative vision system solution into the selected automated line from FESTO company.

The statement of basic materials. Most of realized projects are based on complex vision system solution. Customized
and well — priced proposal are rarely, so, we consider, that should be useful to contribute into research community in form of
an article from this area.

Conclusions. Presented article offer fundamental deployment of vision system into the automated line from company FESTO
with aim of intelligence level increasing of this line. Last, but not least, purpose of automated line will be educational training with
focus to experimental verification of students knowledges, primarily from pneumatics, compact PLC and vision system, of course.

Keywords: camera system; automated line; assembly process; vision system.

Fig.: 4. References: 9.

Introduction. Recent development in process automation emphasizes deployment to innova-
tive technologies implementation, starting with supply chains and ending with customers. These
efforts also affect assembly process; as a result of which previously used manual inspection me-
thods for various objects were replaced by automated inspection and also measurement have been
changed. In the past, trained worker was inspecting product and inspection at automated lines was
only performed on only individually selected object or product. The result at output of line was a
series of poor quality products, which simply did not pass sufficient control and consequently got
to the next stage of processing, respectively in case of final operation, directly to the customer.

However, with increasing of requirements for object quality, demands on measurement
and control process have also increased [1]. Older measurement techniques are slow, incon-
venient and impractical today. Moreover, they are characterized by lower reliability and un-
necessarily increase final price of final product. Therefore, in quality control and similar rou-
tine activities, traditional forms of vision control are replaced by machine vision (figure 1)
even with higher initial costs. Main advantages of machine vision systems are their speed and
accuracy. These systems are able to perform inspection without time loses on at the automa-
ted line, which allows quick and transparent checking of all objects without time consuming.

© Mapexk Baram, Anena I"anaiinosa, Maptun /xonros, 2019
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The concept of machine vision deals with optical inspection at an automated industrial sys-
tems. Reliability of this inspection is mainly determined on the devices parameters selection
such as camera, lens, lighting, PC and appropriate software use. The application of machine vi-
sion is constantly increasing today and in practice it is applied in various application areas. It
allows easier and more efficient work control and it can works at high speeds under high preci-
sion conditions. With such a vision system it is possible to perform more experimental mea-
surements and also continuously checking of one captured image [3]. Machine vision is used
for detecting of object properties such as shape, surface quality or reading characters, bar codes
and printing. Typical applications for image processing from vision systems are:

e Checking of presence, colour and shade of object.

¢ Evaluation of dimensions, shape or description of object.

¢ Error detection, light intensity measurement, motion and position control.

e Checking of other tasks according to the customer specifications.

The object for vision system monitoring can be practically everything, e.g. a screw on con-
veyor belt, a biological sample or cookies in boxes, etc. Machine vision is used primarily in au-
tomation and it is used for monitoring of quality production, detecting of defective products or
control, while ultimate goal with required characteristics is achieved. Vision system scans ob-
ject and evaluate obtained image by itself or sends scanned image to computer for further pro-
cessing and assessing of accuracy [4].

Vision system at automated line. Proposed intelligent vision system can be characterized
as compact device in which a complete machine vision system is integrated. It provides all
functions from capturing of first image through processing up to evaluating and sending of
results via Internet. It is also capable for solving of demanding tasks and can perform several
different inspections simultaneously. It includes a microcomputer, which takes care for an
entire camera system. Communication with environment is provided via PROFIBUS, Ether-
net or programmable digital inputs and outputs.

Developed environment Superior system
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Fig. 2. Implementation of vision system at automated line MPS 500
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This vision system is also equipped with a serial interface that allows communication with
a compact PLC. The inspection process is created at standard computer with the help of soft-
ware supplied by manufacturer [5].

This software is then loaded into the vision system memory. The biggest advantage of vi-
sion system is increased mechanical resistance in consequence with its deployment in indus-
trial environments. Choosing of specific type of vision system was dependent mainly on af-
fordability, free version of configuration software and transparency of its activities. With aim
of this, functional comparison of selected vision system can be seen at table 1.

Table 1
Functional comparison of selected vision system
Symbol . o BVS-E | BVS-E
0); tool Title Description Advan | Univer
Check It compares average brightness value in region of in- X X
brightness terest with setting of minimum and maximum values.
Compare It compares maximum contrast value in region of X X
contrast interest with setting minimum and maximum values.
Check contour It cl.lecks.if outline (shape) of current part matches X )
outline with reference image.
It calculates edges in the area of interest and checks
Count edges |if number of edges is between available minimum X X
and maximum.
It compares width in pixels between two edges and
Compare width |checks if it lies between available minimum and X X
maximum.
Rl It searches matching pattern corresponding to pat-
W\ Pattern detect |tern from reference image and counts number of X X
[N times, where pattern appears in region of interest.
It looks position of first edge in the area of interest
=I Check position |and checks if it lies between accessible minimum X X
and maximum.
» " It calculates similarity between desired contour and
4 7 4 360° Defect | contour of interest. Deviations between them are de- i X
4 finder tected with great accuracy. The contours to be
' checked can also be selected during parameterization.
o It searches and counts all outlines whose resem-
-3 360° Count |blance to the desired outline if is greater than speci-
. N . - X
» Contours fied value. The position in image and its angle of
— rotation are output for each contour.
abC/\ Optical It checks presence and correctness of "learned"
\,_//\ ch.aract.er characters. i X
verification
e It reads following barcodes: Interleaved 2-of-5,
mmﬂl" Read barcode |Code 39, Code 128, Pharmacode, Codabar, EAN 8, - X
EAN 13, UPC-A, UPC-E.
oD .
ﬁ Read (Ci?)?emamx Reads datamatrix Code: Datamatrix ECC 200. - X
% Read QR Code |Reads QR codes and Micro-QR codes. - X
EL. e

Since the task is to select an economical advantageous vision system, the lower price for
BVS-E type is an important factor in selection of system. However, it is also necessary to take
into account functions of compared vision systems, their usability for deployment to the MPS
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500 automated line and possibility of future exploitation in education of students in laborato-
ry, where Festo MPS 500 automated line is located [6].

Selected vision system has integrated evaluation electronics, illuminator and two digital out-
puts. It combines functions of BVS-E Ident and BVS-E Advanced vision systems into the single
device, which greatly simplifies spare parts supply and allows it for using of almost any inspec-
tion task. The result of inspection is signalized by two states (OK and an Error). This signal is
transmitted via digital outputs, Ethernet or RS-232 interface. Universal vision system can locate
and verify up to 40 barcodes per second, regardless of their position. Collected data from reading
codes are transmitted through interface for further processing (image, shape, etc.). Thanks to the
Optical Character Verification (OCV) function, we are able to verify printed letters and numbers
of selected vision systems to obtain information on the batch or object expiration date.

Fig. 3. Chosen vision system BVS-E Universal from Balluf Company [7]

This vision system comes with different lens versions. One of the latest innovations is the com-
patibility with infrared light. The wavelength of integrated light is shifted from original 630nm to
the new limit of 870nm, which is classified as invisible to human eye that will certainly be appreci-
ated by any employee working near a similar facility. A standard feature is an integrated light filter
that prevents ambient light from affecting of unit control quality and thereby increasing process reli-
ability [8]. Power supply and peripherals of vision system are connected with two proven standard
industrial M12 connectors. Table 2 shows technical specification of vision system.

Table 2
Technical specification of BVS-E Universal vision system
Camera system code BVS UR-3-001-E
Picture sensor CMOS - monochromatic
Resolution of sensor 640x480
Object lens 8 mm
Working range 50-1000 mm
Vision field 24x18 — 480x360 mm
LED colour, wavelength Red, 633 nm
Voltage Us 24V DC +10%
Current with no load, Io Max. 200 mA pri 24 V DC
Switching outputs 3x PNP - Transistor
Digital inputs 1x Trigger,1 x Select
Interface for parameter setting 1x M12 4-pin — Ethernet 10/100 Base T

Automated line MPS 500. This automated line from FESTO Company introduce a compre-
hensive solution for automation of assembly process, both for educational purposes and for scien-
tific and research activities. It contains many input and output devices and actuators, what makes it
an ideal training place for engineers and technicians from industry. It is designed to cover many
technical possibilities related to the issue of modern automated lines that are usually used in indus-
try, see figure 4. The automated line consists of 5 stations: 1 - distribution and testing station, 2 -
process station, 3 - assembly station with robot, 4 - handling and sorting station, 5 - transport system.

111



Ne 4 (18), 2019 TEXHIYHI HAYKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

Fig. 4. Automated line MPS 500 at Department of automation
and human machine interactions, TUKE:
1 - distribution and testing station; 2 - process station; 3 - assembly station with robot;
4 - handling and sorting station; 5 - transport system

Automated line verifies basic principles of pneumatic and electrical systems, their control
and mutual communication between individual stations. Thanks to the Mitsubishi RV-2AJ
robot station, it is also possible to focus on the basics from standard industrial robots prog-
ramming. The main advantage of MPS 500 line is its modular concept. Line configuration
uses all available stations; its centre is a conveyor belt at rectangular ground plan [9].

Conclusions. The installation of a vision system on an automated line MPS 500 assumes
object recognition and subsequent signalizing on light beacon. Solution assumes connection
with a compact PLC from Siemens. From a constructional perspective, system is coupled to
the respective rack at corresponding height above the line. Initial testing showed a poor scan-
ning speed of vision system. Regarding to this situation, we decide to scan objects in a static
position with help of pneumatic piston to stop the movement.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0330/19 -
Research and design of algorithms and systems for the fusion of heterogeneous data in multisen-
sor architectures.

References

1. Takacs G., Vachalek J., Rohal-Ilkiv B. (2014). Identifikacia sustav. In: Nakladatelstvo STU.
281s. ISBN 978-80-227-4288-7.

2. More information about machine vision at automated line is available at followed website:
https://www.vistalink.eu/cognex-sight.

3. Sukop M., Hajduk M., Vagas M. (2014). Transferring image processing algorithms on application
with multi arm robot and mobile phone. In: Robotics in Alpe-Adria-Danube Region. 23rd International Con-
ference: September 3 - 5, Smolenice Castle, Slovakia. Bratislava: STU, S. 1-6. ISBN 978-80-227-4219-1.

4. Sukop M., Hajduk M., Semjon, J., Janos R., Varga J., Vagas M. (2016) Measurement of weight
of objects without affecting the handling algorithm. In: International Journal of Advanced Robotic
Systems. Vol. 13 no. 5, p. 14-19. ISSN 1729-8814.

5. Balaz V., Vaga§ M., Semjon J., Rusnak R.: Camera system of industrial robots (2016). In: Ap-
plied Mechanics and Materials: Automation and Robotics in Production Engineering. Switzerland:
TTP, Vol. 844, p. 68-74. ISBN 978-3-03835-702-5, ISSN 1660-9336.

112



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

6. Onofrejova D., Onofrej P., Simsik D. (2014) Model of Production Environment Controlled With
Intelligent In: Procedia Engineering: Modelling of Mechanical and Mechatronic Systems MMaMS
2014: 25th-27th November 2014, High Tatras, Slovakia. No. 96, p. 330-337. ISSN 1877-7058.

7. More information about chosen vision system at automated line is available at:
https://www.balluff.com/local/us/productfinder/product/?key=BVS001F#.

8. Dhillon B.S. Reliability, Quality and Safety for Engineers (2019). In: CRC Press, Taylor &
Francis Group, LLC, 238 pages, ISBN 9780367393601.

9. Timanik V. (2019). Experimentalne overovanie implementacie. In: Robotics and Manufacturing
Systems. Lublin University of Technology, p. 39-46. ISBN 978-83-7947-104-1.

VIK 004.932
Mapex Bazaw, Anena I'anaiioosa, Mapmun [{oxconeos

mponoO3nuIsaA CACTEMU MAIIMHHOTI'O 30PY
JJIsI ABTOMATHU30BAHOI JITHII MPS 500

Axkmyanouicme memu oocnioxycenns. Illompedu 6 eany3i KOHmMpOJIo AKOCMI 6UpobHI6 TPYHMYIOMbCSL HA PO3pooYyi edhek-
MUBHO20 Ma OOCMYNHO20 3d YIHOIO 8APIAHMY CUCEMU MAWUHHO20 30PY 3 MEMOI0 NIOBUWECHHSL DI6HS A8MOMAMU3AYIL KOH-
menmy 6 inoycmpii 4.0. Lle mac 6ymu ucioHuM PilleHHIM NepesasicHo OJisi MAIUX MA CepeOHix NIONPUEMCMS. 3a2anom Ha-
NPAMOK PpO36UMKY 6 001acmi cucmem MAWUHHO20 30pY 6KA3V8AN0 HA HEOOXIOHICMb 6NpPO6AOIICEHHs ITHHOBAYIIHUX
MexXHON02IU, NOYUHAIOYU 3 IAHYIO2I8 NOCIAYAHHSL BUPODI8 CROJICUBAUAM.

Ilocmanoeka npoonemu. I'onosroio memoro cmammi € npono3uyis piwientss 0t 06poOKU 300padicenb BUOPAHUX CKIA-
OanvHux demaneu Ha 3a0awitl asmomamu3o8aniu ainii 6i0 komnanii FESTO 0na agmomamusayii MOHImopuHzy ma oyiHKu
OMPUMAHUX OAHUX PA3OM 3 RIOMPUMKOIO 0C8IMHBOI OIILHOCMI 8 2aNY3i «A8MOMAMU3aYis Ma YNPAGTIHHA MAWUHAMU | NPO-
yecamuy 051 HAUWUX CMYOEHMIB.

Ananiz ocmannix oocnioxcens i nyonikayin. B oanuil vac cucmemu MAUUHHO20 30py KOPUCTIYIOMbCS 8EIUKOIO NONY-
JIAPHICIIO, 4 IX 8NPOBAOICEHHS 8 ABMOMAMU306AH] NiHIT ma 061acmi UKOPUCTNAHHA ROCMIIHO po3uwuptotombcst. Cnocmepi-
2AEMbCAL 3HAYHA NIOMPUMKA 3 OOKY 8UPOOHUKIE, W00 NUMAHb O0CIONCEHH S PIZHOMAHIMHUX PIULEHDb Y OAHOMY HANDIMKY.

Buoinenns neoocnioscenux wacmun 3a2anvhoi npoonemu. Icnyioui peanizosami piuients 6a3yiomscs Ha YINiCHIU KOHYyenyii
610 NOCMAYANILHUKIB, ) SIKY 6X00UMb 00pOOKA 300padcetb ma YiiCHA OUIHKA cumyayinl (3a2albHull 6UIA0, CMAaH Mouo).

Ilocmanoeka 3aeé0anna. Memorwo cmammi € HAOAHHA NPONO3UYIT WOOO BNPOBAOAHCEHHS OOCMYNHOT MA ANbMEPHANUG-
HOI cucmemu MauiuHHo20 30py y 6UOpany asmomamuzoeary niniro 8io komnanii FESTO.

Buknao ocnoenozo mamepiany. binvuwicms peanizoganux npoekmia IpyHmylomscs Ha KOMIIEKCHOMY piulenHi cucmemu
MAWUHHO20 30pYy. IHOUBIOYaIbHI ma Hedopo2i NPONo3uYii cucmem MAWUHHO20 30py 3YCMPINAOMbCs 0OCUmMb pioKo, momy
00CIOHCEH s 0COONUBOCMELL IX BUKOPUCINARHS A AHANI3Y CIMAHY 6UpPoDOie OYO0ymb KOPUCHUMU OISl HAYKOBYLE 8 YLl 2aJ1y3I.

Bucnoexu ¢ionogiono oo cmammi. Ilpeocmasnena cmamms NPONOHYE NPOEKM CUCMEMU MAUUHHO20 30pY OJisl A8MO-
Mmamuzosanoi ainii 6i0 komnanii FESTO, wo 3 it 3acmocysanHam niosuwums pigens Konmpoio skocmi. Kpim mozo, uxopu-
CMAHHSL 3aNPONOHOBANHOT ABMOMAMU3Z08AHOL IIHIT Y HABUAILHOMY NPOYECi NOKPAWUMb SKICIMb 3ACEOEHHS MAMepIiany cmyoe-
HmMamu ma 003601UmMb NPOBOOUMU eKCNEPUMEHMATIbHY NepesipKy iX 3HAaHb, Hacamnepeo, 3 nHegmamuxy, komnakmuux I1JIK
ma cucmem MAUUHHOZ0 30p).

Knruoei cnosa: cucmema xamep; asmomamuz08ana Jitis, npoyec CKIA0AHHs, CUCTNEMA MAUUHHOO0 30D).

Puc.: 4. bion.: 9.

Vagas Marek — Associate Professor, PhD in Technical Sciences,Technical University of Kosice, Faculty of Mechanical
Engineering, Department of automation and human machine interactions (9 Letna Str., 04200 Kosice, Slovak Republic).
Mapexk Baram — noneHT, KaHIUAAT TEXHIYHUX HayK, TexHiunmii yHiBepcurer Kommre (Letna 9, 04200 Kosice,
Slovak Republic).

E-mail: marek.vagas@tuke.sk

Scopus Author ID: 55014596100

Alena Galajdova — Doctor of Technical Sciences, associate professor, Technical University of Kosice, Faculty of
Mechanical Engineering, Department of automation and human machine interactions (9 Letna Str., 04200 Kosice,
Slovak Republic).

Aujena I'anmaiigoBa — MOKTOp TEXHIYHHMX HAYK, HOUEHT, Texniunmii yHiBepcurer Kommme (Letna 9, 04200, KoSice,
Slovak Republic).

E-mail: alena.galajdova@tuke.sk

ORCID: https://orcid.org/0000-0003-0128-4191

Scopus Author ID: 6506796741

Martin DZongov — Engineer, PhD student, Technical University of Kosice, Faculty of Mechanical Engineering,
Department of automation and human machine interactions (9 Letna Str., 04200 Kosice, Slovakia).

MapTtuH JI:k0HroB — iHKeHep, actipanT, Texuiunmii yHiBepcurer Kommme (Letna 9, 04200, Kosice, Slovak Republic).
E-mail: martin@dzongov.sk

Vagas, M., Galajdova, A., Dzongov, M. (2019). Proposal of a vision system for automated line MPS 500. Technical sciences and technolo-
gies, 4 (18),108-113.

113



Ne 4 (18), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

PO3ALJ III. EHEPI'ETUKA, EJIEKTPOTEXHIKA
TA EJIEKTPOMEXAHIKA

UDC 004.4
DOI: 10.25140/2411-5363-2019-4(18)-114-120

Michal Kelemen
EXPERIMENTAL IDENTIFICATION OF SENSITIVITY OF TILT SENSOR

Urgency of the research. Robots and vehicles which locomote on high slope ground has tendency to overturning and
they lost stability during the locomotion. The problem also occurs in area of automotive industry.

Target setting. All vehicles moving on the rough and inclined ground has a problem with stability. Emergency system
for warning before dangerous tilt angle can be mounted inside the vehicles and robots as prevention of side overturning.

Actual scientific researches and issues analysis. The problem is to find the reliable sensor for detection of dangerous
tilt angle. Task is to identify the sensor properties as sensitivity, zero shift and also uncertainty of measurement. Before using
it is necessary to identify sensor properties.

Uninvestigated parts of general matters defining. The questions of the filtering of data acquisition by tilt angle sensor
are uninvestigated, because the next research will be focused to this topic.

The research objective. Sine bar is used for verification and testing of tilt sensor. Sine bar angle is adjusted using the
parallel length gauge blocks. Sensor reacts to the changed tilt angle proportionally with pulse width on output pulse width
signal. Indication of sensed data is made via using the microcontroller and LCD display. Also all calculations are executed
inside the microcontroller.

The statement of basic materials. The tilt sensor can be mounted inside the problematic vehicles to detect dangerous tilt
angle and also automatic system for change the center of gravity position can be designed. The system will compensate the
dangerous tilt angle.

Conclusions. Evaluated uncertainties are related to overall sensing system and not only for sensor. Only sensor alone
cannot be tested, because the sensor has no indication module. Expanded uncertainty of the system for measurement of tilt
has been obtained and it is value should be taken into account before the sensor using.

Keywords: Mobile robot,; locomotion; pipe; cleaning; parallelogram; chimney.

Fig.: 8. References: 17.

Introduction. Service robots use a various sensors for detecting of internal state quantities
and also quantities of outside world. On the base of these sensors data, control system of robot
reacts to any situation. Tilt sensor can be used for the measurement of inclination of robot body

Fig. 1. Tilt stability of legged robot

Off-road vehicles also locomote on inclined ground and in this situation also they can lost
stability and overturning of vehicle can occurs. Sideways overturning has to be checked. Also
the tilt sensor can be used for monitoring of actual tilt of vehicle.

Analysis of stability needs to know the position of center of gravity of vehicle (CoG). Center
of gravity Vehicle will roll over in case when the center of gravity is placed outside of its base of
stability. Base of stability is an area between points, where vehicle has contact with ground.

Roll-over protection system can be installed in vehicle as prevention of sideway stability
lost. System includes the sensors for detection of dangerous vehicle tilting.

© Kenemen Mixai, 2019
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Fig. 2. Sideway stability of vehicle

Actually there are several used sensors for this purposes which uses mechanical parts as
pendulum with inertial mass or ball system, which has frequently malfunction and limited
life. This work explored the using of sensor without any mechanical parts. Main contribution
of this work is verifying of usability of the proposed system for the tilt measurement.

The paper deals with testing of tilt sensor probably useful for the roll-over protection system.
The precision of the sensor system should be known, because of evaluation, how we can believe
to the sensing system. Using of the unreliable sensor will cause the vehicle accident [11-17].

1. Tilt sensor principle. Tilt sensor is working on principle based on heat temperature ar-
ray (fig. 3). It includes heat chamber with source of heat in the middle of chamber and four
temperature sensors place in corners of the chamber.

Fig. 3. Heat temperature array chamber of sensor

If sensor is in horizontal position in both axes, then all four sensors will detect equal tempera-
ture. If sensor is tilted, then measured temperatures differ in accordance with tilt angle. Tilt angle
in both axes can be calculated from measured temperatures. Output quantity is pulse with modula-
tion signal, which represents the searched tilt angle. The sensor is able to obtain tilt angle in both
axes X and Y and also there are independent two pulse with modulation signals for tilt angles.
Duty cycle of pulse with modulation signal changes linearly with tilt angle in both axes.

The sensor is produced via using the MEMS technology and there is no moving parts in-
side the sensor, so the sensor has better resistibility against the damaging.

The technology used for producing does not enable to produce tilt sensors with equal
properties (sensitivity, zero shift etc.). For this reason it is necessary to identify the sensitivity
of each sensor to obtain maximum accuracy of measurement.

Output signal (fig. 4) which is on sensor output is rectangular pulse with modulated signal
with constant period 7" and duty cycle D is holding the information about tilt angle. Conse-
quently, there is a need to measure of duration time logical high state #x.

\

.

Ty

Logical level

-

2 »
Time

L.

Fig. 4. Output signal from tilt sensor
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Producer of sensor provides the math model for tilt angle measurement ozz.7:

Qrr = arcsin (%), [18] (1)

where ¢y is duration time of logical high state in pulse with modulation signal (ms).

Cs is a sensitivity of sensor and producer provides only an interval of possible values of
sensitivity. For accurate measurement, it is necessary to experimentally identify the value of
sensor sensitivity.

2. Experimental identification of sensor sensitivity. Experimental system (fig. 5) has
been built for this purpose. It consist of sine bar and parallel gauge blocks placed under one
end of sine bar. Sine bar has rectangular body fixed on two cylinders at the both ends. Axis
distance between the cylinders is known. Top surface of bar is parallel to the line composed
through the centres of cylinders. Tilt sensor is placed on top surface of sine bar. Inclination is
adjusted via using of suitable parallel gauge length blocks. Tilt angle can be calculated from
sine rule in rectangular triangle.

| N —;*_

. SR - S
= oty =

Fig. 5. Experimental system for testing of tilt sensorﬁ
Duration time of logical high state (pulse width of pulse modulated signal) is measured
via using the oscilloscope and also microcontroller with LCD display which is currently used
for this purpose.
From the model (1), it is possible to derive static characteristic model:

ty = Cs - sin(arr) + 5, [18] (3)
Figure 6 shows measured data and its linear approximation. After regression analysis the
new linear model is obtained.

55
y = -1.3749x + 5.036
5 ¢ RE=09090 |emmerenlhsmemns
£
545
s
=)
T el e
1]
(1]
s
& 35 tomer s e e e e e
3
0 0.2 0.4 0.6 0.8 1

sin onr(°)

Fig. 6. Experimental data from measurement on sine bar setup
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Linear model (fig.6) shows that sensitivity has value Cs = -1.3749 ms and also zero shift
has different value Zs = 5.036 ms. Model (3) includes zero shift with value 5 ms.

From experimental data it is possible to write new modified math model of measurement
with corrected coefficients:

_ . (5.036-ty
Qpr = arcsin (—1.3749 ) 4)

Corrected math model will provide more accurate results from measurements. After deri-
vation it can be obtained an uncertainty of coefficients determined on math model (fig. 6):
2 _ n 2
Ugg = Xy 5
Cs n'Z?:1(Sin(aT1LT))2—(Z?:l(Sin(aTILT)))Z ®)
Z?:l(Sin(aTILT))Z L2
. 2 on . z'0 (6)
ny (sin(arn) =Sk, (sin(arLr)))
where ¢ is standard deviation of duration time measurements 7z and it can be obtained from
selected residual dispersion:

2 _
Uzs =

ﬁ' ?:1[15111' — (Cs - sin(arr + Zs))] (7

Covariance is a characteristic, which defines the joint variability of our coefficients sensor
sensitivity Cs and sensor zero shift Zs:

2 _
OMSE =

-¥ (sin(ariLr)) L2
n'2?=1(5in(aT1LT))2—(Z?=1(Sin(aT1LT)))2 ? ®
Obtained model (4) can be implemented into microcontroller for recalculation of mea-
sured time into requested tilt angle. Also after verification it is possible to identify standard
uncertainty of measurement of tilt angle realised using the tested tilt sensor (fig. 7). Ten
measurement have been executed for every values of tilt angle. All standard uncertainties are
less than 1° or 0.017 radians.

2 _
Uzs =

0.8
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Standard uncertainty for
measurementof tilt angle (°)

0.1

000 287 8.63 I 1448 2049 | 26.74 33.37 40.54 | 4859 61.04
Tiltangle (°)
Fig. 7. Standard uncertainty of measurement of tilt angle
Before final evaluation it is necessary to analyse also errors of used sine bar and parallel
length gauge blocks (fig. 8). As it is visible, the maximum inaccuracy of sine bar with gauge
blocks is 0.5°. Overall uncertainty of tilt angle measurement is affected also with accuracy of
sine bar with gauge blocks. For the better results and knowledge of uncertainty of tilt sensor is

necessary to use etalon with better accuracy value. Duration time has been measured via using
the microcontroller counter and also this inaccuracy should be used for final evaluation.
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Fig. 8. Maximum inaccuracy of sine bar with parallel length gauge blocks
Expanded uncertainty is calculated and maximum values is 1.2° and it is for rectangular

distribution with coverage factor v3 at probability level 95%. This uncertainty also includes
contribution from microcontroller. Required expanded uncertainty is under 2°, but it depends
on concrete applications.

Conclusion. Purpose of this research was to test commercial tilt sensor and identify the
sensitivity and zero shift of the sensor. It is necessary to do it, because of variability of the
sensor properties produced by manufacturer. Producer provides the interval for sensitivity
coefficient in range between the values from 1.18 ms to 1.32 ms. Our sensor sensitivity is out
of this range and it confirms the necessity of testing the sensor. Also producer defines zero
shift to value 5ms, but for our sensor the values of zero shift is 5.036 ms. These identified
coefficients for sensors help to decrease the overall uncertainty of tilt measurement.

Sensor was included into measurement system which also includes microcontroller and
LCD display module. It is necessary to say, that also microcontroller brings any contribution
overall uncertainty of measurement. Consequently, all evaluated uncertainties are related to
overall sensing system and not only for sensor. Only sensor alone cannot be tested, because
the sensor has no indication module. Expanded uncertainty of the system for measurement of
tilt angle is 1.2° and its value should be taken into account before the sensor using.
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VIIK 004.4
Kenemen Mixan
EKCIIEPUMEHTAJIBHE BUSHAUEHHSA YYTJIUBOCTI JATYUKA HAXUJTY

Axkmyanonicmes memu 0ocuioxycenns. Pobomu ma mpancnopmui 3acoou, ki pyxaiomscs Ha KPYMux cXuidax, Maoms
menoenyito 00 nepekudanHs, Ko OHU empaiaioms cmitikicme nio yac pyxy. Ilpobnema maxodic GUHUKAE 8 2any3i agmo-
MOOLILHOI RPOMUCTIOBOCTII.

Ilocmanoska npoonemu. Yci mpancnopmui 3acobu, wo pyxaromsCsi O HepieHill i NOXULIL 3eMili, MAiomb npodiemu 3i
cmabinvuicmio. Agapitina cucmema nonepeodicents neped HebesneuHUM Kymom Haxumy Modice Oymu 6CMaH081eHa 8CepeOuti
MPAHCROPMHUX 30C00I8 ma pobdomis 015 3an00ieants OTUHOMY NEPEKUOAHHIO.

Ananiz ocmannix oocnioxycens i nyonikauiii. [lpoonema nonseae y noutyky Haoitiho2o 0amuuxa Ojisl 8UseieHHs Hebe3-
NeYHo20 Kyma HaAxuny. 3a60aHHs — GUSHAYUMU 8IACIUBOCTNI 0aMYUKA, MAK] AK K YYMAUGICMb, 3CY8 HYIA, A MAKOIC NOXUO-
Ky umiprogants. Ileped suxopucmauuam HeoOXiOHO GUSHAUUMU 8IACTNUBOCTNE OAMYUKA.

Buoinenns nedocnioxncenux wacmun 3azanshoi npoonemu. [lumanns ginompayii 36opy oanux oamuuxom Kyma Haxu-
Ty He 00CTI0NHCEHT, MOMY OaHe 00CTIONHCEHHs OY0e 30CepedHCeHO HA Yill meMi.

Ilocmanoeka 3aé0anns. /[na nepegipku ma unpodYBauHs OAMUUKA HAXUTY GUKOPUCTIO8YEMbCS OIOK 0151 OOCTIONCEHHS
Kyma Haxuny. Kym nosopomy camoeo 010Ky 015 00CHIONHCEHHA KYMA HAXWLY Pe2yIEMbCS 3 OONOMO20H0 SUMIDIOBATbHUX
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O110KI8 NApanenvHoi 008icunU. JJamuux peazye Ha 3MIHEHULl Ky HAXUWILY NPONOPYIUHO WUPUHT IMIYAbCY HA GUXIOHUL CUSHAT
imnynocy. Inoukayis ompumanux OaHux 30ilUCHIOEMbCA 3 OONOMO20l0 Mikpokonmponepa ma PK-oucnnes. Taxooic éci po-
3PAXYHKU GUKOHYIOMbCS 6CEPEOUNT MIKPOKOHmMPOepd.

Buknao ocnosnozo mamepiany. Jlamuuk naxuiy modxce o6ymu 6CmanosieHull 6cepeouni npooieMHUX mpaHCcnopmHux
3ac00i8 071 GUAGIEHHs HeDe3NeUH020 Kyma HAXULY, d MaKodlC Modice Oymu po3podieHa asmoMamuyHa cucmema O 3MiHu
nonoxcenns sazu. Cucmema KOMREHCYe Hebe3NeuHUl Kym HAXUTLY.

Bucnoexu 6ionogiono 0o cmammi. Oyineni noxudKu 6UMIpIOSanHs, N0 '3aHi He Juue 3 OAMYUKOM, aje Ul i3 3a2albHOI0
CcUCmemor UMIpIO8anHs. Jamuux okpemo ne moodice 6ymu npomecmosanuil, OCKIIbKU 8IH He Ma€ MoOYis inoukayii. Ompu-
MAHA PO3UUPEHA HeBU3HAYEHICMb cucmemu OJisk GUMIPIOSAHHS HAXULY, MOMY 1T 3HAYEHHsL CLI0 8PAX08y8amu neped UKOpU-
CMAHHAM OAMYUKA.

Kniouosi cnosa: mobinonuii pobom,; nepecysamus;, mpyoa, o4uyeHts,; napaieiospam, 0x4cepeno 802HIO.
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MEASURING CHAIN FOR CHECKING THE VIBRATION
OF MECHANICAL PARTS

Urgency of the research. Interest in this topic is aroused, because mechanical vibration may damage the machinery or
parts of machine. Therefore, it is appropriate to design systems that detect problems. Also these systems can help in the time-
ly replacement of the worn part.

Target setting. The main goal is to design a system that can detect in a timely manner a problem that could destroy the
device. It is therefore necessary to design systems that can record this.

Actual scientific researches and issues analysis. In recent years, there has been an increase in demand for equipment that can
detect a timely problem. Many such devices already exist and are still being upgraded. This industry is called vibrodiagnostics.

Uninvestigated parts of general matters defining. This paper is focused on the analysis of mechanical systems and the
creation of a measuring chain.

The research objective. The aim of this research is to analyse the mechanical systems and the assembly of the measur-
ing chain. The functionality of the device can be verified on this measuring chain. Whether or not it is suitable for operation.
In the future these systems will be upgraded with software that better records the vibrations.

The statement of basic materials. The analysis consists of basic information about mechanical systems and sensors. The defini-
tion of this problem is described below. Based on this knowledge of mechanical systems, a measurement chain was designed.

Conclusions. Our vision is to implement knowledge of mechanical systems not only on a simple fan stator. Problems of vibrodi-
agnostics are still progressing and increasingly in technical practice. We would continue to do more testing on more complex devices.

Keywords: mechanical vibration; mechanical systems; damage; vibrodiagnostics.

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

Problem definition. The operation of each machine produces effects that cause the ma-
chine to oscillate. Increasing the performance of the device leads to an increase in the level of
dynamic effects, which results in unfavorable consequences, namely a reduction in the service
life, reliability and, above all, wear of the machine parts of the device. However, the oscilla-
tion cannot be completely eliminated and therefore a certain permissible value is prescribed
for each device. Compliance with this standard ensures long-term and trouble-free operation
of the device. Each machinery should include its continuous vibration diagnostics coupled
with monitoring of the operation to enable its immediate control of the operating parameters.

The accuracy of production, technological assembly, used material of its parts, loading, etc.
also have a significant influence on the oscillation of the device itself. Analytical, numerical and
experimental methods of mechanics, which are part of the analysis of machines and equipment,
are used to solve the vibration problem. In many cases, they are the only possible procedure for
determining real dynamic parameters. There are already enough publications in this area. The
importance of solving this issue is versatile, because the solution of this issue can prevent un-
necessary waste of economic resources and, in extreme cases, loss of life [1].

Problems of mechanical systems and their oscillations, therefore the Fig.1 shows the distri-
bution of oscillating processes. The distribution is given by STN ISO 2014 and in this standard
vibration is understood to be a change in the time value of the defining quantity of the vibration
that expresses the movement or position of the mechanical system when the defining quantity is
alternately greater or less than a certain average or reference value. The aim of the research is to
get acquainted with the possibilities of vibrodiagnostics. To accomplish the goal there were
such tasks. To describe the Fourier transformation and assemble the measurement chain [2].

oscillating
process
deterministic statistical
periodic aperiodic stationary non - stationary

Fig. 1. Oscillating processes
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Sensors for measuring mechanical vibration. A measuring device is a set of instruments
that works by obtaining at its output information y (#) about the time course of the quantity x (?)
that acts on the input of this device. In order to obtain complete information about the measured
quantity, it is necessary to know the transmission properties of the measuring device used
(e.g. sensitivity, working range, linearity, etc.) [3].

At Fig. 2 1s a block diagram of a measuring device for measuring mechanical vibration.
Transmitter / transmits mechanical vibration from the measured object to the sensor. An exam-
ple of such a transfer member is e.g. clamp for fastening the sensor to the measured object,
glued connection of the sensor to the object, etc. The sensor contains a detecting element that
determines the physical nature of the sensor output signal [4].

Sensors:

* absolute and relative,

* touch and non-touch,

» mechanical,

* hydraulic,

* pneumatic,

* optical,

* electrical,

* active or passive.

oscillating
object Pl memory | analyzer
A
X (1) SEn sor Y (t)
Y
Aemr . = indicating
transfer  |=—jn —>| transferll f—=—pp amplifier 4w B
converte :
Mechanical vibration measuring equipment
A 4
registration
device
s enaain Y

Fig. 2. Measurement block diagram

A transducer is a device that extracts energy from one system and supplies energy in the
same or in another form to another system so that the required input energy characteristics are
present in the output energy. The converter transforms the quantity obtained by the sensor in-
to another analog physical quantity. The main types of electromechanical converters are:

* piezoelectric, piezoresistive,

* electrostatic transducer,

* magnetostrictive transducer,

» inductive — electronic transducer,

* moving coil transducer.

Frequency analysis of vibration. There are methods for analysing the time wave itself and
are very effective for some disorders. But this is not the most common way to analyse vibra-
tions. The most commonly used so-called. Frequency analysis. The basic consideration of how
to analyse vibrations in more detail is shown at Fig. 3. Each time wave consists of contributions
from individual vibrating parts, mostly with different frequencies. Frequency analysis is a tool
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that is able to show these individual contributions directly. Vibration diagnostics detects a ma-
chine error based on the frequency components that occur in the vibration spectrum. Frequency
analysis is performed by Fourier transform (Fourier series decomposition) [5].

f

unbalance A

=J

frequency

time

ampitude / . ampinde

¥

AETANE N
\\. \

»

IRVARV; -

frequency

Fig. 3. Principle of frequency analysis

The function x (z), which is periodic at time T, can be expressed as an infinite sequence

in the form:
x(t) = % + Y ila, cos(nwt) + b, sin(nwt)]; w = 2?" (1)
This relation means that the original function x (?) can be composed of infinitely many si-
nusoidal waveforms that have different amplitudes and their frequencies are multiples of the
fundamental frequency w. The coefficients a, and b, are Fourier or spectral coefficients of the

function x (¢) and are calculated from:
a, = %fOT x(t) cos(nwt) dt (2)

b, = %fOT x(t) sin(nwt) dt (3)

When working with measured vibration signals, we consider the function to be periodic in
the measured interval 7. Current signal analysers do not work with a continuous time wave,
but the measured signal passes at the input to the A / D analyser (analog / digital), which rec-
ords the time wave as a sequence of N discrete values with regular time intervals in the 7 in-
terval is called discretization. The discretized function x (z), which is defined on the set N of
individual time moments #, (k=1 ... N), can be written as a finite Fourier series:

N

xi(=x(t)) = % + 211 [ancos (Zn;ltk) + b,sin (Znntk)] ;k=1..N 4)

T

Fourier coefficients are often displayed in the form of amplitude ¢, and phase ¢,:

cn(= (t)) = ai + b3 (5

on = arctg (- 2*) (6)
n(=x00) = 24 Y [ercos(M2 4 g, G

This form of Fourier transform is called a Discrete Fourier Transform (DFT). The resul-
ting Fourier series, or a set of sinusoidal waveforms from which the original time wave can be
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composed, is called the frequency spectrum. Thus, by Fourier transform, we transmit infor-
mation about vibrations from the time domain where the individual events are mixed to the
frequency domain in which each event is represented by a separate sinusoidal waveform cor-
responding to the frequency (frequency or spectral line) [7].

The basic relationship between sample length 7, the number of discrete values N, the sample
rate f; and the range and resolution of the frequency spectrum applies. The range of the spec-
trum 1S O-fmax, Where fma 1s the Nyquist frequency and the line resolution in the spectrum is Af:

1_ fs
Af = o=7 (8)
Jmax = %: %g )

In current analysers is used algorithm called Fast Fourier Transform (FFT), where N is the
integer power of number 2. In fact, the upper frequency limitation of the spectrum fmax 18
somewhat reduced from the theoretical value (e.g. for N = 2!, 1024 frequency lines are not
used, but only 800).

The basic principles of vibration diagnostics consist in consistent and correct measurement of
mechanical vibration of machines and structures in industrial or laboratory environments. Vib-
rodiagnostics can be briefly compared to ECG examinations of the human body in health care,
even if another physical factor is measured and analysed and, of course, the method of measure-
ment and analysis is applied. However, the objectives of the two different fields are common. In
the case of ECG, to determine the health status of a person - in particular the heart as the engine of
the human body and in the case of vibrodiagnostics determine the technical condition of the ma-
chines, including the various drives, without decommissioning and disassembly [8].

Realization of the proposed measuring chain. The object of measurement was a fan,
which represented the analysed rotary machine. For measurement, uniaxial acceleration sen-
sors Briiel&Kjceer 4507B were used, which were applied to the fixed part of the fan at a posi-
tion above its rotor. Tab. 1 is shown parameters of used sensors for measuring [9].

Table
Accelerometer parameters
sensitivity 9,927 mV / ms™
frequency range 0,3 Hz - 6 kHz
measuring range £ 700 ms? peak (+ 71 g peak)

The sensors were applied to measure acceleration in three directions: radial - horizontal
direction, radial - vertical direction, axial direction, Fig. 4.

Fig. 4. Sensors on stator of motor

The sensors were connected to the USB 4431 A / D converter, which was connected to a
computer via a USB interface. This type of converter has 4 analog inputs and 1 output. After
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the wiring of the sensors, the power supply, the converter and the computer, the measurement
was made. The proposed chain works and the measurements were performed. The measure-

ments will be processed. At Fig. 5 is shown proposed measuring chain.
-

o /
S 74

Fig. 5. Measuring chain

Conclusions. Based on the described analysis, we became acquainted with the measure-
ment by means of vibrodiagnostics. In the future, we would like to make multiple measure-
ments, using other sensors, on machinery and thus verify the measurement chain in practice.
This chain should continuously monitor the oscillations on the devices. For more accurate

measurement it is necessary to create data collection. This method could be used to detect
machine failure in a timely manner.
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Ilimep Mapyunxo, Mixynaw I'atioyx, Mapmin Kouan
BUMIPIOBAJIbHUM KAHAJI JJISI OIIIHKHY BIGPAIIL JETAJIEH MEXAHIKH

Axmyanvhicmo memu 0ocnioxcenua. lumepec 0o yiei memu niosuweHuUll, OCKIIbKU MeXAHIuHI 8ibpayii Modcyms noui-
Kooumu mawuny abo oemani mawuny. Tomy 0oyinbHO po3podumu cucmemu, wo suasisioms yi npoonemu. Takoxc yi cuc-
memu MONCYymb OONOMOSMU 8 CE0CHACHIL 3AMIHI 3HOWEHOI 0emaili.

Ilocmanoeka npoonemu. OcuosHa mema - po3pooUmMuU CUCMEMY, KA 3MONCE BUACHO BUABUMU NPoOIeMy, KA Mo2ia O
spyunyeamu npucmpit. Tomy HeobXiOHO po3pobumu cucmemu, Ki MOXHCYMb Ye PeECmpysamu.

Ananiz ocmannix oocnioxcens i nyonikauiii. B ocmanmi poku cnocmepieacmscsi 3pOCMAanHs NONUMY HA 00NAOHAHHS,
sAKe Modice YacHo suasumu yi npoonemu. bazamo maxux npucmpois sice icHyromb i 8ce we oHosaIMbCA. L eanyss Hazu-
8aemuvcsl 810p00LAcHOCINUKOIO.

Buoinenns nedocniosycenux uacmun 3azansnoi npoonemu. L{n cmamms npucesiyena ananizy MexamivHux cucmem ma
CMBOPEHHIO BUMIDIOBATIbHO20 KAHATY.

Iocmanoeka 3ae0anns. Memoro ybo2o OOCTIONCEHHS € AHANZ MEXAHIYHUX CUCIEM MA CKAAOAHHS BUMIPIOBAIbHO20 KAHA-
71y. QYHKYIOHAILHICIb NPUCMPOIO MOJICHA NePesipUmu Ha YboMy GUMIPIOBATbHOMY Kanaui. TIpudamuuil 6in ons ekcnryamayii
yu Hi. B manbymuvomy yi cucmemu 6y0yms MOOEpHI308AHI NPOCPAMHUM 30A0e3NEYEeHHsM, SIKe Kpaule peccmpyoms 6iopauii.

Buknao ocnosnozo mamepiany. Ananiz cknaoacmocsi 3 0CHOBHOL iHopmayii npo mexaniyni cucmemu ma oamuuxu. Busna-
uenns yiei npobiemu onucaro Hudicue. Ha ocrosi yux 3namns mexanivnux cucmem 6y8 po3pooneHutl BUMIPIOBANIbHULL KAHAL.

Bucnoexu ionogiono 0o cmammi. Hawe 6auenns - 6nposaodicy8amu 3HAHH MEXAHIYHUX CUCMEM He Tuule HA 36UYali-
HoMmy eenmunamopi. IIpobnemu ibpodiacnocmuxu éce wie npoepecyromy i ece wacmiute 8 mexuiynitl npaxmuyi. Mu 6yoemo
npPo00BICY8AMU MECMYBAHHSA HA OIbLUU CKAAOHUX NPUCMPOSIX.

Knrouoei cnosa: mexaniuni 8iopayii; mexaniyui cucmemu, NOUKOON CeHH s, 8i10pOJiacHOCMUKA.
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WIRELESS SERVOMOTOR CONTROL FOR REMOTE ACTUATION

Urgency of the research. Actual trends of home and hobby automation focus on implementation solutions to everyday
life situations. The main goal is usually to simplify or remotely control a task with low cost devices.

Target setting. When designing automation systems of different devices, developers are trying to find the most
reliableand effective solution with fulfilling every base requirement.

Actual scientific researches and issues analysis. To prepare this paper, different publicly available datasheets and
experimental solutions were analyzed as well as conclusions of our previous and other ongoing experiments were used to
create the knowledge base about this topic.

Uninvestigated parts of general matters defining. There are many different communication solutions and every
manufacturer of communication device provides its own solution. This paper is insufficient to describe them all. But creates
base for further result comparison with other future solutions of the same task. The proposed solution is not connected to any
moving object. In a real application the requirements of torque and system power consumption has to be considered.

The research objective. In this article a model of a remote control system is proposed for a home automation, in this
article a wireless connection is created to remotely control position of servomotor.

The statement of basic materials. To propose a future model of home appliance control system it is necessary to
implement the newest communication technologies. Using the new communication protocols such BLE, LoRA or nRF
provides good basis to solve this issue.

Conclusions. The proposed paper introduces a model wireless remote control system for simple tasks such controlling of lights
or dimmers. The tested system provides a good basis for future real life application, however, it needs to be adapted to specific tasks.

Keywords: wireless control; home automation; servomotor.

Fig.: 6. Table: 2. References: 8.

Introduction. The main task of remote control systems is to operate another devices from
a distance. In the past these systems were realized as wired low range teleoperation systems.
In current solutions this kind of remote operation is applied only for very hazardous task such
as radioactive or explosive environments. The wired systems are replaced with wireless
communication and nowadays automated systems are aimed to make everyday life easier and
more comfortable for every person in society. This can be reached by creating of different au-
tomated microsystems which can replace or help with tasks such as appliance control or ope-
ning and closing of objects controlled by electrical devices. [1]

Not every automation task requires connection via Internet and people with temporary or
permanet disabilties can use local wirelessly controlled devices. This type of remote control
system can be built using wireless communication protocols as:

e Bluetooth, BLE

e ESPNow

e LoRA

e ESPNow

¢ Other RF based protocols.

Each of these communication tools share the form low to medium range, lower transfer
rates and connection limitations. Despite the limitations of the above mentioned protocols, they
can be integrated to control lights, blinds and other simple devices. The transfered data doesn’t
contain any private information and in most of cases they are not time critical too [2-4].

By integrating of electrical actuators we can carry out different functions. For example a
servo motor can replace the activity such as door or hatch opening and closing.

Minimal requirement to determine applicability of servo motor is to determine the torque.
The torque is a force applied at a right angle to a lever multiplied by its distance from the lever's
fulcrum (the length of the lever arm). It means that if we want to lift a 2 kg object, and the lever
arm is 2 cm long, we need a 0,4 N-m torque. The SI unit for torque is N-m or kg-m?-s 2,

For the purpose of an experimental system testing there is no exact task to be controlled
remotely, and the devices are tested only as laboratory example. The main goal is to control
the position of the servomotor.

© Pakaii Pobept, 2019
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The proposed control system consists of a transmitter device and receiver device, which
are networked via the nRF24 modules. The input of the system is a potentiometer of 10kOhm,
which is directly connected to the analog input of the microcontroller. This voltage value is
read and processed to a digital value by the 10-bit ADC integrated to the Arduino. The pro-
cessed value is then sent to the receiver of the system. The receiver controller has an attached

servomotor connected to one of its digital outputs.

SENSORS/ ACTUATORS/
INPUTS OUTPUTS

(oan| Transciever Transciever
fil>@=e-~i
2 oG

Fig. 1. Proposed remote control system

nRF24L01 RF module. This device works as transceiver modules, so each module can
send and receive data. The transmission is half-duplex, they can either send or receive data at
a time. These modules operate at a frequency of 2.4 GHz (Industrial Science Medical ISM
band) with a transfer rate from 250 kbps to 2 Mbps, which is legal in many countries and can
be used in industrial and medical applications. With suitable antennas, they can transmit and
receive information up to 100 meters between them [5, 6].

The modules work with power supply of 1.9 to 3.6 V and have a consumption of 12mA
during a normal operation. This makes the devices very battery friendly for remote system.
The module communicates with the controller via SPI protocol.

Most of the module pins are 5V tolerant and can be easily interfaced with the Arduino like
microcontrollers. Each module can communicate through 6 “Pipelines”, which means each
module can communicate with 6 other modules to transmit or receive data. This makes the
module suitable for star and mesh networks of IoT systems.

The module has to be configured within the control program of the connected microcontrol-
ler. There are available configurations defining the transfer speed, communication channel,
power amplification, message size.

In our case the address was chosen 0, while the communication channel is 115 out of the
available 125. The speed can variate from 250 kbps to 2Mbps. The power levels for the radio
amplifier are adjustable to MIN, HIGH or MAX. For the maximum range the MAX is re-
commended but this creates an increased current consumption, so in case of battery powered
systems this have to be considered while calculating the battery life.

NRF24L01

2,401 GHz "Pipelines"

—_— ~

NRF24L01 < m
"ABCDE"
m 2,402 GHz
: —
® \s

2,525 GHz
T —— 0
NRF24L01

AN

2,400 do2, 525 GHz
1 Mhz spacing / 125 channels

7]

Fig. 2. nRF24L01 Pipelines communication principle
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Arduino UNO R3. Arduino Uno is a microprocessor board based on ATmega328P. It
has 14 digital I / O pins (6 of which can be used as PWM outputs), 6 analog inputs, USB con-
nection, power connector, [CSP header and reset button. It can easily be connected to a com-
puter using a USB cable powered by an AC adapter or a battery [7].

Table 1

Technical details of ARDUINO UNO REV3
Microcontroller ATmega328P
Operating voltage 5V
Input voltage (recommended) 7-12V
Maximum input voltage 6-20V
Number of digital inputs / outputs 14 (6PWM)
Analog inputs 6
Maximum current for Vs / Res 20 mA
Maximum current for 3.3 V input 50 mA
Flash memory 32 KB
SRAM 2 KB
EEPROM 1 KB
Operation cycle 16 MHz
Dimensions (Length x Width) 68.6 x 53.4 mm
weight 25¢g

To power the pins:

* Vin - input voltage for powering the board or powering peripherals.

* 5 V output pin for peripherals.

* 3V3 - reduced power supply.

* GND grounding pin.

* IOREF - reference voltage pin.

UART TTL (5V) serial communication is available to communicate with other devices. It
uses RX and TX pins. In addition to UART, I2C or SPI communication can be used.

For communication with the computer it is possible to use the so-called serial monitor. Us-
ing it, we can transfer data to a PC.

Microservo. As an example output device the MG90S micro servo motor is used. This
servo is suitable for task of remote control such as RC models. The movement of the servo is
limited to 180°, or 90° in each direction. The technical characteristic of MG90S 1is described
in the table below [8].

Table 2
Technical details MG90S
Weight 134¢g
Operating voltage 4.8-6 V
Current 10 -250 mA (stall 700mA)
Torque (4.8 V) 0.1765197 Nm
Torque (6 V) 0.2157463 Nm
Operating speed (4.8 V) 0.1/60 °
Operating speed (6 V) 0.08 s/60 °
Dead band width 5 us

Software. For programming and configuring the remote control system the Arduino IDE pro-
gramming environment was used. It is a Java application, created to program different microcontrol-
lers of Arduino and its clones. The main software includes the code editor, compiler, uploader and
also tools for serial port monitoring. Every created control software includes the following parts:

- Declaration of variables, used libraries

- Configurations of I/O devices and communication

- Control loop, which will be conducted cyclically.
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Figure below shows the programming environment Arduino IDE.

The control software is described @ sketch_dec03a | Arduino 164 - O X
with control algorithms below. The Fle Eiit Shemh Took Hek
control software starts with the decla- =
ration of used libraries, which inte- v:zj“j:fj;o ( =

grates functionalities to work with the // put your setup code here, to run once:
connected peripheries as the commu-
nication modules and the servomotor.
After the needed libraries the varia-
bles of the control program are de-
clared. These variables include volt-
age value from the potentiometer,
control value for servo position,
communication variables. The next < | | >
step is to configure the used commu-
nication channels and pins on the mi-
crocontroller. Finally, the main part of
the control software is created, which -
is cyclically repeated. Fig. 3. Arduino IDE

1

void loop () m
// put your main code here, to run repeated]

Data structure for communication, Data structure for communication,
Communication configuration Communication configuration

s communication active s communication active

Connected device Connected device

'Analog value

Read value,
Process value,
Send value

Read the
message

Process value
Write the position

Fig. 4. Control diagram — sender and receiver programs
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Proposed system. The proposed system was tested in laboratory environment. The picture
below shows the proposed connection of both sides and the physical realization of such con-
nections. The main microcontrollers are Arduino UNO Rev3. For experiments the USB Pow-
er supply cables were used. Also, for programming and monitoring of this system, the serial
monitor functionality of the Arduino IDE was used.

The communication between the PC and the microcontrollers is configured to 9600 bit/s.
The RF communication proceeded on channel n. 115. The speed of the wireless data transfer
was 250 Kbps. The power amplifier was chosen to be LOW because of the short distance be-
tween the communicating partners. The final wiring of the system is shown on the next figures.

Fig. 5. Wiring schemes — sender and receiver

The experimental testing was successful. The picture below shows part of the control
software with a detail of the received messages.

I receiver

J¥*CE — 7
MISO - 12
MOSI - 11 COM3 (Arduino/Genuino Uno)
SCK - 13
cs - 8 ||
Recently tested with nano

*f

Received:39

Received:39
#include <SPI.h>

finclude "RF24.h"
finclude <Servo.h>

Received:39

Received:39
Servo myservo;

Received:39
RF24 myRadio (5, 10);

Received:39
struct package

{ Received:39
int msg;

s Received:39
typedef struct package Package;

Package data; =
Automatické rolovanie

byte addresses[][6] = {"0"};
void setup()
{
Serial.begin(9600) ;
myRadio.begin() ;
myRadio.setChannel(115); //115 band above WIFI signals

Fig. 6. Wiring schemes — sender and receiver

Conclusion. In this paper, a proposal of model remote-control system is described. To
fulfill a real-life task requirement, it’s necessary to replace the servo motor to be able to ma-
nipulate with an object, also the power consumption has to be analyzed. In this case a model
system can only represent the means of describing functioning not a concrete device for a
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specific application. The communication protocol nRF is lightweight transfer technology
working in the range of standardized ISM band. With its characteristic it’s well suitable for
simple home automation systems, where one or more physical tasks are replaced with electri-
cal devices. As a controlled device a servomotor is implemented on the receiver side. The po-
sition of the servomotor is determined by the received messages from the sender side. The
input value of the system is created with a potentiometer and analog to digital conversion.

The carried-out experiment showed that to automate tasks as an appliance control (light-
ing and dimmer devices) a remotely controlled actuator is suitable solution. This type of au-
tomated system can help to older people and people with disabilities to make their everyday
life easier or comfortable or more independent. By combining batteries with these systems,
we can create simple powerful micro automated systems. Compared to commercially availa-
ble systems the proposed solution offer advantages as reconfigurability with different periph-
eral devices, reusability in various tasks and provides good basis of knowledge in the educa-
tion of students of automation and mechatronics.
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VIIK 62-529:681.5
Paxaii Pobepm

BE3MPOBIIHUI KOHTPOJIb CEPBOMOTOPA
JJISI JUCTAHIIIMHOT'O YIIPABJIITHHS

Axkmyanonicme memu 00ciioncennsn. Axmyanvhi menoenyii asmomamusayii 0omy ma Xo0i 30Cepeddicyiomvcs Ha
B8NPOBAVIICEHHI NPOCMUX PilleHb Y NOBCAKOeHHT ocummesi cumyayii. OCHO8HA Mema - ye, sIK Npasuio, cnpocmumu abo 8io-
OaneHo Kepygamu 3a80AHHAM i3 HEOOPOUMU NPUCTIPOSMU.

Ilocmanogxa npoonemu. Pospobrsiouu cucmemu agmomamusayii pisHuUx HPUcmpois, po3poOHUKU HAMALAIOMbC
3Haimu Haunpocmiuie piuents 3 BUKOHAHHAM KOJICHOI 0A3080i UMO2U.
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Ananiz ocmannix oocnioycens i nyonikayiu. /[ns niocomosxku oanoi pobomu Oyau npoaHanizoeani pizHi 3a2anbHO00-
CcmynHi mabnuyi OaHUX Mma eKCnepUMEeHMAIbHI PIleHHs, a Makoc 0yau 3po0ieHi UCHOBKU HAUUX NONEPEOHIX ma THUUX
NOCMITIHUX eKCnepUMenmia Olisi CmeopeHts 0asu 3HaAHb 3 yiel memu.

Buoinennsn nedocniosycenux wacmun 3azanvhoi npoonemu. Icnye 6a2amo piznux KOMYHIKAUITTHUX DiULleHb, | KOJICeH 6U-
POOHUK NPUCIPOIO 36'513KY NPONOHYE C8O€ piwenHs. L[ cmammsa € nedocmamuvoio 015 ix onucy. Ane cmeoproe 6asy ons
NOOANBULO20 NOPIGHAHHS PE3YIbMAMIE 3 IHWMUMU MAUOYMHIMU PIUEHHIMU MIET Jic 3a0a4i.

Ilocmanoeka 3as0anns. Y yiti cmammi npononyemscs cucmema OUCMAHYIIHO20 KePYBaHHs Ol OOMAUHbOL asmoma-
muzayii, y yitl cmammi cmeopero 6e30pomose 3'cOHantsl 0N OUCIMAHYITIHO20 KePYBAHHS NOJIONCEHHAM CeP8OMOMOopd.

Buknao ocnosnozo mamepiany. l1Jo6 3anpononysamu mMaiubymnio mMooeis cucmemu YnpasiinHs nooymosumu npuid-
damu, HeobOXIOHO 6NPOBAOUMU HOBIMHI KOMYHIKQYIUHI mexHonoeli. Bukopucmantna HO8UX npomokonie 36'a3Ky, maxkux sK
BLE, LoRA abo nRF, 0ac xopouty 0cHO8Y O/ist GUPIULEHHS Y020 NUMAHHSL.

Bucnoexu eionoeiono 0o cmammi. Y 3anpononoeaniti cmammi npedcmasiena 6e30pomosa cucmema OUCManyitiHo2o
KepysauHs 0151 NPOCMUX 3a80aHb, MAKUX AK YRPasinta papamu abo oummepamu. Tecmosana cucmema 3abesneuye xopouty
OCHO8Y 07151 MAUOYMHbO2O 3ACMOCYBAHHS 8 PEANLHOMY HCUTNML.

Kniouosi cnosa: 6e3nposioHuti KOHMpPONb, OOMAULH ABMOMAMUZAYIsL; CEPBOMOMOP.
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Lubica Mikova
DESIGN OF A CONTROLLER FOR IDEAL POSITIONING SERVOSYSTEM

Urgency of the research. In advanced mechatronics, motion systems are the key technology, since mechanical systems
such as Microelectronics manufacturing equipments are often required for high speed and accuracy. As a result, the increa-
sing influence of the dynamics of the mechanical system on the quality of the position servosystem is noticeable. One of the
important dynamic effects is the dynamics of the mechatronic system's vibroisolation, which arises as a result of the reaction
force generated by the action variable.

Target setting. The aim of the paper was to design a PID controller for an ideal positioning servosystem. Ideal
positioning servosystem consists of a one mass which is actuated by the Fservo force.

Actual scientific researches and issues analysis. In modern controllers, in the correction error value, classic feedback
combines with forwarding feedback. The forward control is based on the fact that if the model of the mechanical actuator is
known and all the initial conditions are zero, the desired position can be reached without the use of feedback.

Uninvestigated parts of general matters defining. From a theoretical point of view, it has been devoted to ideal
positioning servosystem for quite a long time, but the results achieved are rarely used in practice. One of the reasons is their
theoretical focus, using complex mathematics, and as a result there is a great gap between theory and engineering practice.

The research objective. Design of PID controller is based on equation for crossover frequencies, which allows to
determine the derivative and integration constant of a PID controller for a given bandwidth.

The statement of basic materials. The most important dynamic effects that impact the properties of actuators are
actuator flexibility, flexibility of system limited mass and rigidity of the stationary part of the system. From the equation for
the eigenfrequency wDP of the low-pass second order filter is determined. Finally, the specific gain P is determined to suit
the amplitude and phase margin. This completes the design of the ideal positioning servosystem.

Conclusions. PID controller for an ideal positioning servosystem is design based on equation for crossover frequencies,
which allows to determine the derivative and integration constant of a PID controller for a given bandwidth.

Keywords: motion control; vibroisolation, stability; performance control system.

Fig.: 7. References: 10.

Introduction. In [1] discusses the demands for proper tools for computer aided control
system design of mechatronic systems and identifies a number of tasks in this design process.
Real mechatronic design, involving input from specialists from varying disciplines, requires
that the system can be represented in multiple views. The idea of feedback to make corrective
actions based on the difference between the desired and the actual values of a quantity can be
implemented in many different ways [3]. In modern controllers, in the correction error value,
classic feedback combines with forwarding feedback. The forward control is based on the fact
that if the model of the mechanical actuator is known and all the initial conditions are zero,
the desired position can be reached without the use of feedback. The required feedback cha-
racteristics, which are generally expressed within the bandwidth, depend very much on the
errors of the system [2 - 10]. The three most important dynamic effects that have impact on
parameters of actuators are:

e actuator flexibility,

e flexibility of the system,

e limited mass and rigidity of the stationary part of the system [5].

Ideal positioning servosystem. Ideal positioning servosystem consists of a one mass
which is actuate by the Fservo force. This force is generated by PID controller with which it is
involved in a series of the low-pass second order filter. Position of mass ma represents the
actuator and is measured to the relatively fixed base.

Xd @ e N PID+ Fservo

X ﬁ_, Xservo‘
il g

Y

i low-pass filter

Fig. 1. Closed loop control system of ideal positioning servosystem
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To derive the transfer function of the PID controller and the low pass filter of the 2nd or-
der, we start from the typical crossover frequencies for the PID controller with the low pass
filter of the 2nd order related to the bandwidth, which is defined by frequency f,. The follo-
wing relations used for the crossover frequencies:

s
=
s
fo="2
fDP:4-fsp

The relationship between PID controller constants and crossover frequencies can be de-
rived from the following PID controller transfer function, where P is proportional, D - deriva-
tive and I - integral values:

1 I
I\ P(s+Ds*+1) PD(s*+-+7)
R(s)=P<1+Ds+E)= =

S S
Then:
1 1
PI|| 1+ ——s 14+——s
R SR I
2D A4p2 D 2D Al4p2 D
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S
PI(1+ Tps)(1 4+ T;s)
R(s) = S
1
TD =
N N
2D 4D? D
1
T =————
1 B
2D 4D? D
For crossover frequencies we get:
1
Wp —E - fo = 2nT,
1 1
= — - =
=g > =

This means that we get the integration constant I and the derivative constant D for the
controller from the following set of two equations of two unknowns:

1 1 I
5"\/5_3_]“5,,
10

21

1 11

2D ap?2 D fo
21 3

The proportional constant then adjusts the gain to ensure that the position actuator is sta-
ble. The Bode characteristic in the asymptotic approximation for the PID controller (without
filter) is shown in fig. 2.
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Fig. 2. Bode characteristic of PID controller
We will consider the transfer function of the low-pass second order filter in the form:

2
Wpp

Govon =
F) ™~ g+ 28pwpp + WEp

In this equation, the damping factor & and the eigenfrequency wpp, which represents the
break frequency, are present. This frequency must satisfy the condition in the equations for
crossover frequencies.

Wpp = 2m4 f:gp

We will consider a small overshoot of the low-pass second order filter, so we choose the
damping factor £z = 0,7 The asymptotic approximation of the Bode characteristic of the low-
pass second order filter is shown in fig. 3.

A(w) A
(dB]

0| 0dB/dek :

-180°,

Fig. 3. The asymptotic approximation of the Bode characteristic
of the low-pass second-order filter
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From the above-mentioned partial Bode characteristics its clear, that is possible to con-
struct the overall characteristics of the PID controller and the second-pass low-pass second
order filter. Its graphical representation in asymptotic form is shown in Fig. 4.
A(O.)) A
[dB]

N

90°

Fig. 4. Asymptotic approximation of Bode characteristic

It has already been mentioned that the actuator is represented as a mass of the mA applied
to the force Fsgrvo.

Xservo

f 2 ma
Fservo Q O

Fig. 5. Model of actuator of ideal positioning servosystem
The dependence between the output variable of the Xservo actuator and the input variable
Fservo is described by the equation:

S d*Xservo _F
A= a2 SERVO
The transfer function is then:

Xservo(S) _ 1
Fsgryo(s)  mys?
The corresponding Bode characteristic is shown in fig. 6. Throughout the whole frequency

range, the amplitude characteristic has a slope -40dB/dek and the phase frequency characteris-
tic is equal —m.
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Fig. 6. Bode characteristics of the actuator of the positioning servosystem
and Bode characteristic of open loop the positioning servosystem

Where PM — Phase margin and GM — Gain margin. Amplitude and phase margin determine
the degree of stability and basicaly show, how close to the point (-1.0) is the frequency charac-
teristic in the complex plane. Amplitude margin determines how many times the gain P of the
proportional term of the PID controller can be increased before the positioning servosystem
reaches the stability limit. Phase margin determines how much delay the excitation signal can
afford at a given frequency before the phase delay reaches -180° and the feedback system
reaches the stability limit. Amplitude and phase margin can be easily read from the Bode cha-
racteristic (Fig. 6). In our case, according to the gain of the proportional term of the PID con-
troller, three cases can appear, which are illustrated by the Nyquist characteristic in Fig. 7.

I 1.
Alm Alm

Stable positioning servosystem
Unstable positioning servosystem gain P=P2
gain P=P1 [0}

% >
[ P | PE
-1,j0 Re -1,j0 Re

1.
Alm

Unstable positioning servosystem
© gain P=P3

[OF d=°]
-1,j0 Re

P1<P2<P3

Fig. 7. Frequency characteristic of open ideal positioning servosystem
for different gain of the proportional term of the PID controller
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From these frequency characteristics follows, that the permissible gain P is limited both
from above and below. Therefore, a suitable gain value P must ensure sufficient margin in
both amplitude and phase.

Conclusion. The aim of this article was to design a PID controller for an ideal positioning
servosystem. Its design is based on equation for crossover frequencies, which allows to de-
termine the derivative and integration constant of a PID controller for a given bandwidth.
From the equation for the eigenfrequency wpp of the low-pass second order filter is deter-
mined. Finally, the specific gain P is determined to suit the amplitude and phase margin. This
completes the design of the ideal positioning servosystem.
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VIIK 004.4
Jhoouya Muxosa

IMPOEKTYBAHHA KOHTPOJIEPA JUIA IJEAJIBHOI'O
MO3UIIOHYBAHHSA CEPBOCUCTEM

Akmyanonicms memu 00CiONCEHHA. Y CyHaACHITl MEXAMPOHIYL OCHOBHUMU MEXHOLOLIAMU € PYXOBI CUCEMU, OCKIIbKU
Maxi Mexamiuui cucmemu, sK, HANPUKIAO, GUPOOHUYMBO 0ONAOHAHHS OISl MIKDOGLEKMPOHIKU. YACTNO SUMAAIONb BUCOKOT
WEUOKOCMI MA MOYHOCMI NO3UYIOHY8AHHS. B pe3ynomami nomMimuuil 3p0cmaioyutl 6Niue OUHAMIKU MEXAHIYHOL cucmemu Ha
AKicms nosuyionysanus cepsocucmemu. OOHUM I3 8AXHCTUBUX OUHAMIUHUX ehekmis € OuHamiKa 8i0poi3onayii MexamponHol
cucmemu, sIKA UHUKAE 6HACLIOOK Oil peakyitiHoi Cuiu, o 2eHepyemvcst IMIHHOI Ol

Ilocmanoeka npoonemu. loeanvrua cepsocucmema nO3UYIOHYBAHHS CKIAOAEMbCSL 3 MACU, KA NPUBOOUMbCSL 8 OO Cu-
zoto Fservo. Lo cuny 3a0ae PID-konmponep, wo 6Kkaouenutl noCiio08HO 3 HUZbKOYACMOMHUM (itbmpom 0py2020 NopsoKy.

Ananiz ocmannix 00caioxncens i nyonikayin. Y cyuacnux KOHmMpoiepax KiacudHull 360pOmMHULL 36 130K NOEOHYEMbCSL 3
NPAMUM 360POMHUM 38'13KOM 34 3HAUEHHAM nomuaxu. IIpsime ynpaeninms 3achosane HA mMomy (akmi, wjo saKuo mooeib
MEXAHTUHO20 NPUBOAY 8i0OMA I 8CT NOUAMKOGI YMOBU OOPIBHIOIOMb HYIH0, OANCAHO20 NOTONCEHHSL MONHCHA 00CsAemU Oe3 8UKO-
PUCTAHHS 360POMHO20 36 'SA3KY.

Buoinenns neoocnioncenux uacmun 3azanvhot npoonemu. Teopemuyuna mouka 30py 0ogeuil 4ac 0yna npug ’sa3anda 00
ideanvHol cepsocucmemu NO3UYIOHYBAHHS, Ale OMPUMAHI Pe3yIbmamu pioko 8UKOPUCMO8YIombcst Ha npakmuyi. OOHicio 3
NPUYUH € IX MeopemuiHa HaNPaeiLeHicMyb 3 BUKOPUCMAHHAM CKIAOHOT MameMamuxu, i, K pe3yivmam, iCHyE 8eNUKULl po3pus
MIJIC MEOPIEI0 | IHHCEHEPHOIO NPAKMUKOIO.

Ilocmanoeka 3aedannsa. Ilpoexmysanns PID-konmponepa 3acrhoéane Ha PiGHAHHI 01 YACMOM 3pi3y, WO 0036015€
susHauamu oughepeHyitiny ma inmezpanvty ckiadosi PID-kxonmponepa 011 3a0aHoi nponyckHOi 30amHoCmi.
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Buxnao ocnosnozo mamepiany. Tpu natisadxicnugiuii OuHAMIYHI ehekmu, wo 6NAUBAIOMb HA GLACMUBOCHE NPUBOIIS, - e
SHYUKICIb NPUBOOY, SHYUKICIb CUCMEMU, 0OMEINCEHA MACA MA JHCOPCMKICMb HEpyXomol uacmunu cucmemu. 3 piGHAHHA Ols
enacroi yacmomu [1DP eusnauacmvcsi HUzbKouacmomuuil Ginemp opyeo2o nopsaoky. Hapewmi, nponopuitina cknadosa P
BUBHAYAEMBCSL BIONOBIOHO 00 amniimyou ma gasu. Lle 3a6epurye npoexmyeéants i0eanbHol cepeoCUcmemit NO3UUIOHYEAHH.

Bucnoexu 6ionogiono 0o cmammi. Memoro cmammi 6yino pospooumu PID-konmponep ons ideanvroi cepgocucmemu
nosuyionyeanns. Hozo xoncmpyxyia 3acnosana na pignsanui Ons wacmon 3pizy, wo 0036015€ gusHauamu oupepenyiiiny ma
inmeepanvuy cknaoogi PID-konmponepa 011 3a0anoi nponycKHoi 30amHOCHi.

Kniouosi cnosa: xonmpons pyxy, 8ibpoizonayis; cmabinbHicme, cucmema KOHMpPOnI0 nPoOyKmueHOCMi.
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MODERNIZATION OF THE TRANSPORT SYSTEM CONTROL
OF THE PRODUCTION SYSTEM

Urgency of the research. Nowadays, it is crucial to keep up with modern technologies. Therefore, this work aims to
modernize the production system Festo MPS 500. Thanks to this, it will be possible to apply to the system technologies meet-
ing the latest trends in Industry 4.0. The MPS 500 system prepared in this way can be used to research new trends in accord-
ance with Industry 4.0. The modernized MPS 500 system will also find use in the education of students in the field of automa-
tion and mechatronics so that they are sufficiently prepared for practice.

Target setting. The goal of the research was to modernize the transport system of the modular production system Festo
MPS 500 according to Industry 4.0 platform.

Actual scientific researches and issues analysis. When upgrading the system MPS 500 and preparing this paper, we
took into account both current sources — publications and papers dealing with the current state of Industry 4.0 and modular
production systems as well as existing modular production systems based on Industry 4.0 platform.

Uninvestigated parts of general matters defining. At this stage of the research, data acquisition from the system MPS
500 and interconnection with the cloud was not realized.

The research objective. The purpose of this article is to modernize the MPS 500, which will allow focusing on Industry
4.0 research specifically for the deployment of Cyber-physical systems, Internet of Things, Big Data, Cloud Computing.

The statement of basic materials. Effective research of the new technologies in the industry requires to use modern systems
which meet the criteria of Industry 4.0 platform. So the original system Festo MTS 500 was upgraded by systems from Siemens.

Conclusions. The main aim of this work was to modernize the transport system of the production system MPS 500.
Elements of the system management were changed, and a new control program was created in the TIA Portal environment.
The functionality of the MPS 500 was subsequently verified, where the full functionality of the system was confirmed. It
makes the MPS 500 ready for further expansion in accordance with Industry 4.0.

Keywords: automation, control; modular production system, transport system,; PLC; Industry 4.0.

Fig.: 9. References: 12.

Introduction. Festo MPS 500 (Fig. 1) is an educational modular production system that helps
to teach mechatronics and automation [1]. It consists of a central transport system (conveyor),
process station, entry and exit station and assembly station with a robot. The transport system
(Fig. 2) is the brain of the MPS 500. Transport trolleys are used to move the assembled compo-
nents on the line. Up to 4 components can be placed on each trolley. All stations are interconnect-
ed with the transport system. Control of the stations and transport system is conducted by pro-
grammable logic controllers (PLCs). Communication between individual stations and the
conveyor is ensured via I/O (input / output) ports and AS-i (Actuator / Sensor interface) [2], [3].

- i | T3 | 5
- | ) |

.

L
JAII

1 —distribution and testing station, 2 — process station, 3 — assembly station with a robot,
4 — handling and sorting station, 5 — transport system
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Fig. 2. Transport system of the MPS 5 00

All control elements of the transport system, including the PLC, frequency converter for
motors and cabling, are located in the control cabinet. All these elements are supplied via the
safety relay contacts. The original state of the control cabinet of the educational system MPS
500 before its modernization is shown in Fig. 3.

Fig. 3. The original state of the control cabinet:
1 — PLC Siemens SIMATIC S7-300 CPU 313c; 2 — Frequency converter Siemens MICROMASTER 420;
3 —Power supply unit; 4 — Safety relay pilz x9
Modernization of the transport system. The main criterion in the modernization of the
transport system of the MPS 500 was the use of modern components following Industry 4.0 [4].
MPS 500 is modular, so it can be extended to include stations that would perform other opera-
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tions, such as monitoring by a smart camera. With the camera, it is possible to monitor the cor-
rect machining of the component or to monitor the status of the component storage station. Lat-
er, it will be possible to extend the MPS 500 with sensors for detection of the trolley’s presence,
the presence of a component on the trolley, or the filling of the conveyor in front of the station.

Control system. Before the actual expansion of the MPS 500, it was necessary to upgrade
the control by PLC. Since we decided to use the Profinet communication bus, it was neces-
sary to use a switch with a suitable number of communication ports to connect the PLC with
each station. The control PLC must communicate with the stations and synchronize them with
the conveyor belt.

We chose the PLC S7-1500 CPU 1512C-1PN (Fig. 4) [5] as the control PLC. An important
indicator for selecting a PLC was the fact that it has up to 32 I/O ports for further system expan-
sion. Plus of the selected PLC is an integrated web server, which offers the possibility to display
diagnostic and service information remotely. This PLC also has five analogue inputs that can be
used to collect information from current, temperature, and other relevant sensors.

The SIMATIC S7-1500 PLC has two Profinet communication ports. This communication
bus will also allow the system to access the Internet and connect it to the cloud. Another reason
why we decided to use the SIMATIC S7-1500 PLC was that the lower-order PLC does not have
enough computational power to process the amount of data retrieved from the sensors.

Fig. 4. PLC Siemens SIMATIC S7-1500 CPU 1512C-1PN [5]

The PLC does not provide a direct connection of the communication module, so it was
necessary to use a decentralized peripheral. Siemens offers the SIMATIC ET 200 peripheral
for this purpose.

SIMATIC ET 200 offers a wide range of distributed I/O systems. There is a version in-
stalled in the control cabinet or without the control cabinet, installed directly in harsh indus-
trial environments. The device is also available with the protection up to I[P67. [6]

A SIMATIC ET 200SP with IP20 protection was used for our needs (Fig. 5). It is easy to
operate, ensuring maximum economy in a switchboard with a compact design and high per-
formance [7].

L 3
e

Fig. 5. SIMATIC ET 200SP [7]
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To the decentralized peripheral SIMATIC ET 200SP, it was also necessary to connect an

additional module AS-i Master, which is a communication module for AS-Interface. The AS-i

master allows simple “field” devices to be connected to the SIMATIC ET 200SP via the AS-

Interface. Several AS-i Master modules can be connected to one SIMATIC ET 200SP. [8].
Fig. 6 shows the ET 200SP peripheral with AS-1 mastic attached.

Fig. 6. SIMATIC ET 200SP with AS-i Master [8]

Frequency converter. SINAMICS G120 from Siemens has been selected from the offer
of frequency converters (Fig. 7). It is a modular frequency converter for a variety of asyn-
chronous motor control applications. Various converter variants allow a wide power range
from 0.55 to 250kW. This series of converters are available in three voltage variants for con-
nection to 200V, 400V and 690V. Each SINAMICS G120 series frequency converter consists
of a control unit and a power unit. In the SINAMICS G120 series, each control unit can be
combined with each power unit.

The control unit controls and monitors the power unit and the connected motor with the
choice of the control method. It enables communication with central or local control as well
as with monitoring devices.

Fig. 7. Frequency converter Siemens SINAMICS G120 [9]

Basic functions of the SINAMICS G120 converter [10]:

* vector, torque control with or without speed feedback,

* precise stopping for a defined number of shaft (engine) revolutions,

* possibility to measure speed, frequency, current, temperature, torque, voltage, motor power,
« fixed power frequency or potentiometer for setting the engine speed,

* diagnostics and fault reporting,

* an automatic slow start after failure,

« adjustable switching frequency for silent motor operation.
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Installing new components. New components have been installed in the control cabinet —
PLC, decentralized peripheral SIMATIC ET 200SP, frequency converter SINAMICS G120 and
SCALANCE X208 switch for interconnection of all PLCs used on the system MPS 500. These
devices are mounted on a DIN rail. It was also necessary to connect the 24V power supply to the
SIMATIC ET 200SP. Subsequently, AS-i master and the PLC were connected with a network
cable to SIMATIC ET 200SP. The final state of the control cabinet is shown in Fig. 8.

Fig. 8. The final state of the control cabinet:
1 — PLC Siemens SIMATIC S7-1500 CPU 1512C-1PN; 2 — SIMATIC ET 200SP;
3 — Switch SCALANCE X208, 4 — Frequency converter Siemens SINAMICS G120

The control program. After the hardware changes were made, it was necessary to create
a new transport system control program to work with all stations in the MPS 500. The
transport system must be able to respond to any conditions that may occur during MPS 500
operation (such as empty trolley in front of the station). The control program was created in
TIA Portal in the LAD programming language.

TIA Portal (Totally Integrated Automation Portal) is Siemens software designed to create
custom applications for PLCs, distributed peripherals, network components and
communication components, HMI (human machine interface) panel design and extensive
SCADA (Supervisory control and data acquisition) visualizations. All of this is integrated into
a single software environment with an easy single-screen operation.

TIA Portal not only accelerates the creation of user applications but also has a transparent
and straightforward structure. The resulting control program can be easily modified or
supplemented. The program allows more accessible diagnostics in regular operation,
including maintenance and service of automation technology. With its characteristic system
features, TIA Portal supports the complete life cycle of the machine or devices [11].

Fig. 9 shows a demonstration of a control program that ensures the transport system
cooperates with an assembly station with a robot.

Experimental verification of system functionality. The testing was carried out to verify
the functionality of the whole system MPS 500. It was necessary to test all possible scenarios
that might occur while the program was running in order to correct errors in the control pro-
gram. The production cycle time required to test, process, assemble and sort one component
was also measured. The identified shortcomings were subsequently remedied, and the result-
ing solution is fully operational [12].
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Fig. 9. Part of the control program

Conclusions. The main aim of this work was to modernize the transport system of the edu-
cational line MPS 500. Elements of the system management were changed, and a new control
program was created in the TIA Portal environment. Used PLC and decentralized peripherals
SIMATIC ET 200SP fulfil their task without problems, and the control of the movement of
transport trolleys is performed as expected. All stations were connected via Profinet via
SCALANCE X208 switch. The Siemens SINAMICS G120 frequency converter can measure
current, temperature or torque values directly. The inverter has a port for connection to the PLC
via Profinet, that is, it sends the measured values directly via the data cable to the PLC, which
processes them. It is also possible to parameterize the converter centrally via the PC, thus avoid-
ing time-consuming parameter entry via the display or by using the buttons on the converter.

The next step in extending MPS 500 functions will be to implement an HMI panel on
which will be the process visualized. The HMI panel also has a Profinet connection so it can
be connected to the PLC via free ports on the switch. In the next phase, the MPS 500 will be
supplemented with additional sensors to monitor multiple parameters. The MPS 500 also
connects to the cloud, allowing remote control of the production process

Acknowledgement. This work was supported by grant project VEGA 1/0330/19.
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VIAK 681.5
Ilampux Capea, Tomaw 3abonu

MOJAEPHI3AIIA YIIPABJIIHHA TPAHCIIOPTHOIO CUCTEMOIO
Y BUPOBHUYINA CUCTEMI

Axmyanvhicmo memu 00cnioxncennsn. B Oanuil uac, expaii 8axciuso, wjob umu 6 Ho2y 3 CYYaACHUMU MEXHOLO02IAMU.
Omoice, ysi poboma cnpsmosana na mooepuizayito eupoonuqoi cucmemu Festo MPS 500. 3aeosku yvomy modicna 6yoe 3a-
cmocysamiu 00 CUCIMEMHUX MEXHON02I, U0 BIONosioaroms ocmannim menoenyisim y Inoyempii 4.0. Iliocomosnena maxum
yunom cucmema MPS 500 mooice Oymu euxopucmana 0ist 00CAIONCEHHs HOBUX MeHOeHYTll 8IOnosioHo 0o Indycmpii 4.0. Mo-
Oepnizosana cucmema MPS 500 makodic 3naiioe 3acmocy8ants y HAGYAHHI CMYOeHMi8 y 2any3i agMOMAmuKy ma mexampo-
HiKU, W00 6OHU OVIU OOCNAMHBLO NIO20MOGIEHT 00 NPAKMUKU.

Ilocmanogxa npobnemu. Memoto docniodxcenns 6yna MooepHizayiss mpancnopmuoi cucmemu MoOyIbHOI 8UPOOHUYOT
cucmemu Festo MPS 500 6ionosiono 0o niameopmu Inoycmpis 4.0.

Amnaniz ocmaunix oocnioxcens i nyonikayiii. 11i0 yac onosnenns cucmemu MPS 500 ma nidcomoeku danoeo OOKyMeH-
my Mu 8paxyeanu sk Cy4acui odcepena - nyoaikayii ma cmammi, o cmocylomscs cydachozo cmany Inoycmpii 4.0, max i
MOOYNIbHI BUPOOHUYL cUCeEMU, 4 MAKOMNC ICHYIOHI MOOVIbHI UPOOHUYE cucmemu Ha 6a3i niampopmu [noycmpis 4.0.

Buoinenns nedocnioycenux wacmun 3azansnoi npoonemu. Ha oanomy emani docniodcens 30ip oanux i3 cucmemu
MPS 500 ma 63aemo036's130k 3 xmaporo 30iticnero He 6yio.

Ilocmanoeka 3ae0anns. Memoio yici cmammi € mooepuizayis MPS 500, wo 0o360nume 30cepeoumucst Ha 00CHIONCEHHSX
Inoycmpii 4.0 cneyianvho 0ns pozeopmanis Kibep@izuuHux cucmem, iHmepHeny peyeil, eIUKUX OaHUX, XMAPHUX 0OUUCTEHb.

Buknao ocnoenozo mamepiany. Eghexmughe 00cniodicents HOGUX MEXHON02IN y 2any3i nompedye GUKOPUCIAHHS CYHACHUX
cucmem, wjo gionogioaroms kpumepiam niamghopmu Inoycmpisa 4.0. Omoice, opuzcinanvra cucmema Festo MTS 500 6yna mooepni-
308aHaA cucmemamu upooHuymasa Siemens.

Bucnoexu ionogiono 0o cmammi. Ocrhosna mema yici pooomu noaseana 6 MoOOepHi3ayii mpancnopmHol cucmemu 6u-
pobruuoi cucmemu MPS 500. Enemenmu ynpasninua cucmemoio Oyau 3MIHeHI ma CmeopeHo HO8Y Npoepamy YPAsiHHs 8
cepeoosuwi nopmany TIA. [lomim @yuxyionanenicme MPS 500 Oyna nepegipena, de 6yia niomeepoicena nosHa hyHkyio-
Hanvricms cucmemu. Lle pooume MPS 500 comogum 00 nodanvuiozo posuupenis 8ionogiono 0o Imoycmpii 4.0.

Knrouogi cnosa: asmomamusayis, ynpaeninus, MooyivHa aupobruya cucmema, mparcnopmua cucmema; PLC; Inoycmpis 4.0.
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DETERMINATION OF TRANSFER FUNCTION OF MAGNETIC LEVITATION
MODEL AND EXPERIMENTAL VERIFICATION OF OPTICAL SENSOR

Urgency of the research. The potential of controlling the position of levitating objects has great application in deposi-
tion and in various positioning systems. Magnetic levitation eliminates direct mechanical friction between moving parts.

Target setting. The measurement shielding method used is one of the methods of determining the position of a levitating
object. By combining positioning and regulating elements, we achieve a feedback control. The use of a given type of meas-
urement has advantages in places where the use of other methods is not appropriate.

Actual scientific researches and issues analysis. The problem of magnetic levitation is addressed by several research
laboratories with a direct connection to practice. The problem that is currently solved within magnetic levitation is the regu-
lation of the levitating object using various types of regulators.

The research objective. Derivation of mathematical model of magnetic levitation and examination of nonlinear system
followed by linearization by Taylor series. Experimental determination of characteristics and dependence between object
position, voltage and current.

The statement of basic materials. The position of the levitating object is determined by the shading of the optical sen-
sor. The light source is a laser light.

Conclusions. In this work we defined the mathematical model of the magnetic levitation system and subsequently de-
rived the transfer function of the levitation system and the position sensor. From the experimental verification of the shadow
method for the determination of the position of the levitating object and the consequent need for regulation, we found that the
dependence of the position of the levitating object on current and voltage on the photodiode is linear in the active region.

Keywords: magnetic levitation; optical sensor; laser module; motion detection.

Fig.: 9. References: 11.

Introduction. Magnetic levitation has a large perspective in practice, but the widespread use
of this technology is not as enormous as some other technologies. The best-known application of
magnetic levitation is the use of maglev trains, but it is not the only application of magnetic levita-
tion in practice. To meet the functional model of magnetic levitation in practice is quite proble-
matic in our latitudes. Germany is one of the few countries dedicated to magnetic levitation tech-
nology and has a high reputation worldwide with its Transrapid train. Another application of the
use of magnetic levitation is, for example, in the Trimble® S6 servo system Fig. 1.

Magnet

Motor winding / angle board

Instrument base

Fig. 1. Trimble S6 (integrated angle and servo system) [1]

Trimble® MagDrive™ servo technology is an integrated servo and angle system that uses
a direct drive and frictionless electromagnetic drive technique similar to those used in maglev
trains. The direct drive system allows the servo motors to be mounted directly on the
horizontal and vertical axis, removing the need for additional mechanical gearing [1].

© Epixk Ilpana, 2019
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Shadow method of measuring position. Magnetic levitation has a large perspective in
practice, but the widespread use of this technology is not as enormous as some other
technologies. The measurement of the position of the levitating object using the shadow
method is based on the measurement of the current depending on the intensity of the incident
light beam on the photosensitive sensor. The drop shadow on the photodiode will cause us to
drop the current. Classic light or intense laser light can be used as the light beam source. The
sensing unit thus consists of an emitter and an emitted beam sensor. It is most ideal to use a
laser beam source as the emitter, the intensity of which is better reflected in the photodiode in
a way of greater variance of the measured values. The figure Fig. 2 shows a diagram of the
construction of the sensing. When designing it is appropriate to use a collimator, which
provides us collimated beam [2-5].

Fig. 2. Schematic representation of the position sensing solution by the shadow method:
1 — coil, 2 — connecting screw, 3 — levitating object, 4 — fotodiode, 5 — lasermodule with collimator
Mathematical model of the levitating system. In order to be able to regulate this
dynamic system, we describe the physical behavior of the magnetic-levitation dynamic
system by a mathematical model. Principle of behavior of levitating body, description of its
movement and realization of mathematical model is in following lines.

f mg

Fig. 3. Forces acting on a levitating object

The electromagnet inductance is assumed in the form:
Lo

Ly) =1L, + =) (D
We also assume that there is a relation between the inductance constants:
Ly > Lo,y(0) =1 (2)

The electromagnetic force acting on a levitating object can be expressed from the
magnetic energy equation:

WG y) =3i°L0) 3)
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Electromagnetic force is defined as a derivative of magnetic energy and after substitution
of induction of electromagnet and energy of magnetic field we get:

, ow’ Loi?
F,y)=—=—""—— 4
m(Ly) = (14 (4)
In the next step, we can derive the equation of motion of the levitating object from Fig. 3:
my =mg + E, )
Substituting Equation (4) into equation (5) gives a nonlinear motion equation:
. Loi?
mj =mg ——2" ©)
2a(1+2)

As the role of the electromagnetic actuator is generating such a magnetic force to be balanced
against the gravitational force is necessary to equation (6) adjust into static equilibrium:

mg = Lo—iz (7)
2a(1+%)2
In the next step, it is necessary to modify equation (7) to express the current:
= Y\ [2mga
1=(1+7) =5 (®)
Nonlinear equation of motion (6) can be developed into Taylor series. Then we get:
E,(Ai,Ay) = E,(I,Y) + aF’;—;””Ay + Lm0 p; (9)
Where the fault variables are equal: Ay =y —Y, Ai =i — 1.
After substituting force equations into equation (9) we get:
2 2
Fp(Bi,Ay) = ——2—— + — = Ay — —° A (10)
2a(1+7)  a?(1+) a(1+7)
After modification, the basic linearized equation has the form:
mAy = mg + F,(Ai, Ay) (11)
Substituting equation (10) into equation (11) and then simplifying the relations we get:
2
mAy = —2—— Ay — —° Ai (12)
a2(1+E) a(1+E)

In the next step, it is necessary to simplify equation (12) by multiplying both expressions
on the right and left sides:

2

2mga(1+£) .
= 1 (13)
The resulting equation will then have the form:
. 29 29 .
8y - (22) ay + (*2) ai = 0 (14)
Using the Laplace transform we get the following expression:
2 _ (29 29
s2AY(s) - (22) av(s) + (2) ar (15)
By adjusting equation (15) we get the transfer function:
AY(s) 1
AI(s) ~ As?-B (16)
Where the individual coefficients A, B:
I [As? 1 [a
a=-ll B =aw ) (17
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Since in expression (17) the coefficient B is negative and the coefficient at the first derivative
missing, this system is unstable. It is therefore necessary to ensure system stability feedback. We
need numerical values for the electrical and mechanical subsystem directly to models [2-5].
Experimental verification of the shadow method. The absolute measurement method
was used for experimental verification. The aim of the measurement was experimental
verification of the proposed solution. The experiment was performed under different
conditions and settings and was therefore divided into several phases. The determined
dependency characteristic is therefore different for each phase.
4 3 30.3

/@
T =
J L | —
(+)

MOXp0.5mm

Fig. 4. Laser diode HLDPM12 — 655 -5

In the experiment we used Laser diode HLDPM12 — 655 — 5 in Fig. 4 with collimator, and
Tesla 1PP75 photodiode. The active surface of the Tesla 1PP75 photodiode is 3.5 mm x 5.5 mm.
Current measurement was performed on a HP 34401 A professional laboratory multimeter. The
casting of the shadow on the photodiode was obtained using a metal sheet that was mounted in a
rack with micrometer movement in the X-axis and Y-axis directions. Schematic representation of
the measurement is in the figure Fig. 5.

4 ; 2 5

Y ks

\

1

AL

YAl ddii s

Fig. 5. Scheme of current measurement by laser beam on photodiode:
1 — Laser module, 2 — photodiode, 3 — Metal shielding plate,
4 — Stand with micrometer movement, 5 — ammeter

Measurement procedure:

* connecting the laser to the mains, attaching the laser probe to the stand and connecting
the photodiode through the wires to the multimeter input;

* turning on the laser and checking the beam so that it hits the sensor;

» setting the distance of the sensor from the laser module as required;

» grasping the shielding plate in a micrometer feed rack;

* zero setting of the shielding plate;

* turning on the multimeter and setting the DC current mode;

* recording the generated background currents of the measuring room;

* reading the value from the multimeter with zero cover;

* turn the screw to change the position of the shielding plate in 0.5 mm increments until
the entire 10 mm interval has passed;

* reading three values from the multimeter every half millimeter and writing to the table;

* calculation of averages from the measured values and subsequent correction for total
measurement error;

* Interpolation graphs [5].
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Table 1
Laser diode HLDPM12 — 655 — 5 parameters
Laser diode Supply voltage [V] Wavelength|nm] Qutput voltage [mV]
HLDPM12 - 655 -5 2,5~4,0 655 6,0 ~7,0

Fig. 6. Model of design of collimator and laser diode

If light is incident on the diode, there is an electrical voltage on the diode leads. From the
characteristic of the photodiode we know that the dependence of the voltage on the illumination
is largely non-linear, while the dependence of the current on the illumination is linear. For this
reason it is advantageous to connect the photodiode to the current-voltage converter.

The current is applied to the inverting input of the operational amplifier. Since the input
resistance of the amplifier is large, it also passes through resistor R2 in the feedback of the
operational amplifier. Due to the high gain, the feedback tries to keep the input close to the
potential of the non-inverting input. The input voltage of the converter Ul is close to zero as
well as the input resistance. The output voltage of the circuit represents the voltage drop
induced by the current I on the resistor R2. The resistance of resistor R2 must be chosen so that
the output voltage is in the linear range. If the operational amplifier output becomes saturated,
the wiring does not work. Since the amplification of the converter was not sufficient, another
amplification stage implemented by the operational amplifier TLO72 was used.

+15 +15

T 13kQ
] T 11kQ
—

-15

Fig. 7. Schematic of current-voltage converter
The dependence of the output current on the position of the levitating object is :
I=al+b (18)
Where the coefficients a, b of equation (18) can be determined using the least squares method.
14 5. v14 ;2 _§14 ;. v14 .5,
— 2i=1ll-21=1ll 21,:11[-21:211!1! (19)
14’-2%;}1 li2_<2i1;1-1 L )
14 (Y14 ) (T
p = Ticalili (21=1ll)-(21=1211) (20)
14’-2%;}1 li2_<2i1;1-1 L )
By substituting the measured values into equations we get the resulting coefficients a, a b:
I =14,451—-2,12 (21)
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Fig. 9. Graphical representation of voltage versus distance

From the measured data it can be seen that the working range of the sensor is 6.5 mm,
while the dependence is linear. Transfer functions of the sensor have the following form:

Al

Gsn = n (22)
AU

Gsn = E (23)

Conclusions. In this work we defined the mathematical model of the magnetic levitation
system and subsequently derived the transfer function of the levitation system and the
position sensor. From the experimental verification of the shadow method for the
determination of the position of the levitating object and the consequent need for regulation,
we found that the dependence of the position of the levitating object on current and voltage on
the photodiode is linear in the active region [1-11].
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Epix Ilpaoa

BU3HAUYEHHSI NEPEJABAJIbHOI ® YHKIIII 1J1s1 MOJEJII MATHITHOI
JIEBITAIIII TA EKCIEPUMEHTAJIbHA TIEPEBIPKA OIITUYHOI'O JIATYHUKA

Axkmyanonicme memu 0ociiodxcennsn. Kepysanns nonosicennsm ob'ekmis, wo nesimyioms, Mae 8eauKull NOMeHyial 6
3ACMOCYBAHHAX, MO8 A3AHUX 3 OCAONCEHHAMU A 8 PISHOMAHIMHUX CUCeMAX NO3UYIOHY8aHHs. Masnimua nesimayis GUKo-
uae npsame Mexaniune 34enieHHs. MIJC PYXOMUMU YACUHAMU.

Ilocmanoeka npoonemu. Buxopucmogysanuii Memoo eKpary8ants SUMIPIOSAab — 00UH i3 MEMOOI6 BUZHAYUEHHSL NOJIOJNCEHHS
00'exkma, wo nesimye. LLisixom KoMOIHY6aAHHS eneMeHmie NO3UYIOHYB8AHH MA Pe2yOBAHHS, 00CIeAEMbCS KOHMPOTb 360POMHO20
36'513Ky. Bukopucmanmst 3a0ano20 muny sUMIpIOBAHHsL MA€ nepesazii 8 MICYsIX, 0e UKOPUCIANHS THUUX MemOOi8 He € OOULTbHUM.

Ananiz ocmannix oocnioscens i nyonikauiii. [Ipobnema maznimnoi negimayii supiulyemscs dazamoMa HaAyKo80-00CIOHUMU
abOpamopismu, SIKi Maroms NPSIMULL 36 130K 13 NPAKMuHUMU 0ocuioxcennsimu. Tlpobnema, sika 6 OaHuil 4ac supiuLyemvcs 8 00-
JACmi MA2HIMHOL 1e8imayii, — ye pe2ynto8anHs Cmary 0b'ckma, wo 1esimyc, 3a 00NOMO20I0 PI3HUX MUNIE pe2y/Isimopie.

Ilocmanoeka 3as0anns. Buseoenns mamemamuynoi mooeni MacHimuoi nesimayii ma 0oCniodceHHs: HeniiliHol cucme-
MU 3 HACIYNHOW JTiHeapusayieio 3a donomo2ow pady Teiiopa. ExcnepumenmanvHe 8USHAYEHHS XAPAKMEPUCTNUK MA 3die-
JHCHOCMEL MIIC NOJLOJNCEHHAM 00'€Kma, ma Kepylouumu Hanpy2oro ma Cmpymom.

Buxknao ocnoenozo mamepiany. Ilonoosicennsn 06 ’ekma, wo 1egimye, GUSHAUAEMbCS ULIAXOM 3aAMIHEHH ONMUYHO020 0a-
muuka. [cepenom ceimaa sucmynae naszep.

Bucnoexu ionosiono 0o cmammi. Y oaniti po6omi U3HAYEHO MAMEMAMUYHY MOOETb CUCEMU MAZHIMHOL 1egimayii,
o 32000M 00360/IUILO OMPUMAMU NEPeOABANbHY (DYHKYIIO cucmemu esimayii ma 0amyuka nojiodNCeHHs. 3 eKxcnepumenma-
JIbHOL nepesipKu Memooom 3amineHtst OISl BUHAYEHHS. NOJLOJICEHHsL 00'ckma, wo nesimye, ma 6i0n06ioHO 00 Ybo2o NONO-
JiCeHHs1, HeOOXIOHOCMI 6 pe2yNio8aHHI, OYI0 BCTNAHOBNIEHO, W0 3ANEHCHICIb NONONCEHHS 00'€Kma, Wo 1e8imye, 6i0 cmpymy
ma Hanpyeu Ha homooiodi € AIHIlHOW 8 AKMUBHIL 0bracmi .

Kniouosi cnosa: maenimua negimayis;, onmuyHull Oam4ux,; 1a3epHuti MoOyib;, OemeKmy8aHHs pyxy.
Puc.: 9. Bion.: 11.
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YIOCKOHAJIEHHS EJJEKTPUYHOI CKJIAJIOBOI EJJEKTPOBATIT
HMOJABIMHOI'O 3ACTOCOBYBAHHSA

Axmyanvuicms memu 0ocniodcenns. Possumox 6azi na enexmponpugooi 0s iticbKo8020 NPUHAUEHHS 3 MOJICTUSICHIIO NIO-
3apA0KU 8i0 COHAUHUX NaHeNell, SIKI Malomb 3HAYHY KiIbKICMb nepeaz y NopieHaHHI 3 0azi 3 08USYHAMU HYMPIUIHBO2O 320PAHHA.

Ilocmanogxa npoonemu. B ymosax deghiyumy enepeopecypcis, inmencugno2o 3a6pyoHeHHs HABKOTUUHBO2O Cepedosi-
wa ma ceimosux eKOHOMIYHUX KPUZ0BUX AGUWY, IHHOBAYIIHI MPAHCNOPMHI 3aco0uU, MaKi K enekmpomooini ma eiekmpompa-
HCNOpm 3a2a10M € 00HUMU 3 HAUOINbUL NEPCREeKMUBHUX 8UOI8 MPAHCNOPIMHUX 3ACO0I8.

Ananiz ocmannix docnioxcens i nyonikayin. bynu posensnymi ocmanni nyoaikayii'y 6iokpumomy 0oCmyni, 6Kuo4aoyu
MexHO02i10 Ni03apadKU 8i0 COHAUHUX NAHEeNell.

Buoinenns mnedocnioycenux uacmun 3a2anvhoi npoonemu. Heoocmammuvo O0ocniodceno numanHs KOHCMPYKMUSHOT
PO3POOKU cucmeMu JICUBNIEHHS OONOMIJICHO20 0ONAOHANHS eleKMPUYHO20 6a2i 8i0 AlbMEPHAMUBHUX Odicepenl eHepeii.

Hocmanoexa 3aédanns. Mema cmammi — npugephymu yeazy 64eHux, (axieyie ma cnoicugayié 0o eupiuienHs NUMaHs
WBUOKO20 PO3BUMKY MACOBO20 BUPOOHUYMEA enekmpobazi, 30kpema bazi O 8UKOPUCIAHHA Y BIlicbKO8IU chepi 8 Yrpaini;
BUSHAYUMU BAICTUBE NEPULOUEP208] 3aX00U, SIKI HEOOXIOHI Ol 3a0e3neyents WeUOK020 Ma eheKmUeHo20 NPO8AONCEHHS
enekmpobdazi 014 8iliCbK08020 NPUSHAYEHHSL.

Buknao ocnoenozo mamepiany. Buxopucmanns y gilicbkosiil cghepi baei na enekmponpugooi i3 cucmemoio pexynepa-
MUBHO20 2ANlbMYGAHHS 3 NIO3APAOKOIO Gi0 COHAUNUX NAHEEl, A Came NAMpYLIOGaHHs 8 2iPCoKill Micyeeocmi, € d0CMAamHib0
ehexmugnumM 3a80AKU 3anacy xody, axuil Oyoe docums 8enuUKUM npu 3acmocysani yici cucmemu. Ilpu yvomy nepesazoio
eneKkmpobazi € 6eIUKa MaHespenicmb, HeGeIUKa MAca i NPOCIMOMA KOHCIMPYKYL.

Bucnoeku 6ionogiono 0o cmammi. Posensanymo 6aei na enekmponpusooi 0s GiticbkoB020 NPUHAUEHH SIK OOUH 3 PI3HOBUOIE
erexkmpompancnopmy 6 Ykpaini. Busnaueno nepesazu 6azi 6 ROpiHsanmi 3 aBmMoMoOLIAMU 3 OBUSYHAMU BHYMPIUHLO20 320PSHH.

Kniouosi cnosa: enexmpob6azi; enexmpompancnopm,; COHAUHi Naneni, eneKmpoenepeis, eneKmpomooins, enekmpoosi-
2VH; peKynepayis; GiliCbKO6e NPU3HAYEHH.

biobn.: 6.

AKTyaJabHicTh TeMH AocaizkeHHA. B YkpaiHi € HaranbHa notpeda B po3BUTKY Oari Ha
CHCKTpOHpI/IBO[[i JJIA BICBKOBOT'O MPHU3HAYCHHA, SIK1 MalOThb 3HAYHY KIIBKICTD nepepar y 1mo-
PIBHSAHHI 3 0ari 3 ABUT'yHaMH BHYTPIIIHBOTO 3rOPAHHS.

IlocranoBka mpodjemu. B ymoBax nediuTy eHepropecypciB, IHTEHCHBHOTO 3a0pyi-
HCHHA HABKOJIMIIHBOT'O CECPCAOBUIIA Ta CBITOBHX €KOHOMIYHUX KPpHU30BUX SIBUIII, iHHOBaI.IiﬁHi
TPAHCIOPTHI 3aCO0M, TaKi AK eIEKTPOMOOLIl Ta €JIEKTPOTPAHCIIOPT 3arajioM € OJHUMHU 3 Hail-
OUTBIN MEPCIIEKTUBHUX BUJIIB TPAHCTIOPTHUX 3ac00iB [1]. Ase 3MOBa MOHOMOMICTIB, SIKi BOJIO-
JIIOTh JDKEepelaMH BUI00YTKY BYTJIEBOJIHIB, BIICYTHICTh HOBITHBOI aBTOTPAHCHIOPTHOT 1H(pa-
CTPYKTYpH, IHHOBAIUMHMUX JOPIT, BIAMOBITHUX 3alpaBHUX CTAHI[M Ta CTaHIIA TEXHIYHOTO
O6CHYFOBYB3HHH HOBOTI'O HOKOHiHHH, CTOSHOK TaJIbMYIOTh PO3BUTOK Ta BIPOBA/KCHHSA CJICK-
TPOMOOUIIB y Cy4yaCHUX yMOBax [2].

AHaJji3 ocTaHHixX qocaikeHb i myoaikauiii. JlocaimkeHHsM npobiaemMu QyHKIIOHYBAHHS
aBTOTPAHCIIOPTY Ta PO3BUTKY aBTOMOOLUIBHOT IHPPACTPYKTYpH y CBOIX MpaIsiX NPUAUIIIN yBa-
'y Taki BijoMi BueHl, sk b. B. Bypkincekuii, 10. ®. I'yrapesuy, O. M. Kotny6aii, B. B. Jlugap,
B. I1. MiknoBna, A. M. Pemsiok, O. B. Ps6osa, [I. K IIpeiirep, B.I'. [llunkapenko, L. P. FOx-
HOBCBKUH Ta 1H. [2]. AJie aclieKTH PO3BUTKY, BIIPOBA KEHHS Ta BUPOOHHUIITBA €JIEKTPOMOOLUTIB €
I1e He JIOCTaTHhO BUBYCHWMH Ha ChOTOJTHI [3].

Buainenns Hexocai:KeHUX YACTHH 3arajbHoi mpodsiaemu. HemoctaTHRO JOCTIIKEHO
IIMTaHHA KOHCTPYKTI/IBHOI pO3pO6KI/I CHUCTCMU XHBJICHHA [[OHOMi)KHOFO O6Ha[[HaHHH CJICKT-
pUuHOrO 0ari Biji aIbTEPHATUBHUX JIKEPEN €HEprii.

IMocTanoBka 3aBaaHHsA. MeTa CTaTTI — NPUBEPHYTH yBary BUEHHUX, (axiBLIB Ta CIOXKH-
BayiB a0 BI/IpiH_ICHHH NHUTaHb MBUAKOTO PO3BUTKY MAaCOBOI'O BI/IpO6HI/II_ITBa eneKTp06ari, 30K-
pema Oari a1 BUKOpPHCTaHHs y BIMCbKOBIM cepl B YKpaiHi; CIPOTHO3yBaTH MEPCHEKTUBU
BIIPOBAJPKEHHS Ta €KCIUTyaTalli elekTpodari Ta iX KOHKYPEHTHOI CIIPOMOYKHOCTI; MOPIBHATH
BIMICbKOBI Oari B YKpaiHi Ta CBITI; MOPIBHATH MEpeBard 1 HEAOMIKM Oari BUPOOHUKIB HIIUX
KpaiH, BU3HAYUTH BaXKJIMBI1 MIEPLIOUEPrOBI 3aX0/IH, SIKI HEOOX1/1H1 Juisd 3a0e3Me4YeHHs IBUIKO-
o Ta C(l)CKTI/IBHOFO BITPOBAIZKCHHS eHeKTp06ari JJIA BiliCBKOBOIO MMPpU3HAYCHHS.
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Bukaan ocHoBHOro martepiajy. EnekrpomMoOiuib — 11e TpaHCHOPTHHM 3aci0, SIKH PUBO-
JUTHCSA B PyX €JNEKTPUYHUM JABUTYHOM 1 NPU3HAYEHUN Ul MEPEBE3CHHS JIIOAEH, BaHTAXIB,
OyKCUpyBaHHS IPUYEIIIB Ta TPAHCIIOPTHUX 3ac00iB, BUKOHAHHS PI3HOTO BUIY pOOIT Ta moc-
ayr [3]. Huni enexTpoMoOUIi 1€ HE 3/1aTHI CTBOPUTH CEPHO3HY KOHKYPEHIIIO TpaJuLlIiiHUM
OEH3MHOBUM Ta JTU3EIbHUM aBTOMOOUISIM yepe3 iXHIO BUCOKY BapTICTh, HEBEJIMKI BIACTaH1
npo0iry, Majly HMKIIYHICTh aKyMYJISATOPHHUX MaHEJeW, BIACYTHICTb CyYaCHUX IIBHJKICHUX
€JIEKTPUYHMX 3allpaBHUX CTAHI[IM. AJie 3 KOKHUM POKOM 3aBJISIKM IHHOBAI[IMHUM TEXHOJIOTI-
SIM 111 HEJIOJIIKU TTOCTIHHO HIBETIOOTHCS [4].

VY cydacHHX eneKTpOMOOLIAX MOXE BUKOPHCTOBYBATHUCS SIK €IEKTPOJBUTYH MOCTIHHOTO,
TaK i 3MiHHOTO CTpyMy. MOr0 OCHOBHHM 3aBJAHHSM € Iepeaaua 00epTOBOrO MOMEHTY Ha
npuBoJ eeKTpoMoOuUIss. OCHOBHUMHU BIIMIHHOCTSIMH CY4acHOTO €JIEKTPUYHOIrO JABHUIYHA JJIs
aBTOMOOLIS BiJl TPAJUIIIMHOTO €JIEKTPOMEXaHIYHOI MAIlIMHU € BEJIMKa MOTYXKHICTh 1 KOMITaK-
TH1 PO3MIPH, BUKIMKaHI OOMEXKEHICTIO JOCTYITHOTO MPOCTOPY. XapaKTepU3YIOThCsl CydacHi
€JIEKTPUYHI JBUTYHU MOTYXHICTIO, MAKCUMaJIbHUM OOEPTOBHM MOMEHTOM, Halpyrowo, CTpy-
MOM, @ TaKOX YacTOTOIO OOepTaHHS.

[lepeBaramu eneKTpOJBUTYHA €:

- MaJia Bara i JIOCUTh KOMITAKTHI pO3MipH;

- JIOBTOBIUHICTb,

- IPOCTOTA E€KCILTyaTallii;

- €KOJIOTTYHICTD;

- MaKCHMAaJIbHMI1 00epTOBHI MOMEHT JAOCTYIHUA yxke 3 0 xB™;

- Bucokui KK/I;

- HeMa€ HeoOX1IHOCT1 B KOpoO1li mepeiay;

- MOKJIMBICTb pEKyIepallii eHeprii.

3a KOHCTPYKTUBHUM BUKOHAHHSIM €JIEKTPOJIBUT'YHH MOAUIAIOTHCS Ha:

- KOJIEKTOpHI: IEpEeMHUKaYeM CTpyMy B OOMOTKax 1 JIaTYMKOM MOJIOXKEHHS POTOpa € TOU
&Ke caMuil IPUCTPIN — eNeKTPOTEXHIYHUN KomyTatop [2]. [Ipaitoe nepeBaxxHO HA MOCTITHOMY
ctpyMi. IIpoTe cyyacHi el1eKTpOJBUTYHM, TaK 3BaHI YHIBEpPCaJIbHI1 KOJEKTOPHI JABUT'YHU, MO-
KYTh OJJTHOYACHO IPALIOBATH HA MOCTIHHOMY 1 3MIHHOMY CTpyMi [4];

- 0€3KOJIEKTOPHI: BEHTUJIbHI IBUT'YHH MOCTIHHOTO CTPYMY BUKOHAHI1 y BUIJISJI 3aMKHYTO1
CHCTEMH 3 IaTYMKOM I0JIOKEHHS pOTOpa, IHBEPTOPOM 1 IEpEeTBOPIOBaYeM KoopauHaT [3].

bari — 1ie HeBenuKkuMii JeTKU BCIOIUXI s 1344 0 O6e3a0pikkio. Lleit Bum tpancnopty
BUKOPUCTOBYETHCS SIK /ISl HIUBUIBHOTO, TAK 1 1715 BIICBKOBOTO MPU3HAUYEHHS!.

OpnHuMu 3 HallaKTUBHILIMX €KCIUTyaTaHTIB apMiiicbkux Oari € 30poiini cuim CLHA. Tyt
Ha 030poeHH] nepedyBae noHaxa 20 BUIIB 6ari BUpOOHMIITBA PI3HUX KoMmMaHid. CroyaTKy oc-
HOBHMM iX IpU3HaueHHsIM Oyno narpyitoBaHHs kopaoHiB CHIA. Takox 11 aBToMmo0Ou1i 1o0pe
MIAXOASTh A7 A1l y IMycTelNi, IPOBEICHHS TUBEPCIMHUX BUJIA30K 1 BeIEHHS PO3BIAKU. 3a3BU-
Yail BOHU € HOCLIMH JIETKOTO 030pO€HHS, a TXHIN eKIMaXK CKIaAaeThes 3 2-3 4OJoBIK. Bilichk-
KOBI KOH(]iKTH B Adranictani Ta Ipaky mokazanu, 1o noJinueHHss OpOHbOBAHOTO 3aXUCTY
MO3alUISIXOBUKIB HEMHUHYYE BeJle A0 3pOCTaHHs IXHbOI MacH 1 BTpaTH MOKJIMBOCTI BUKOHYBa-
MOPTHUM 3ac00aM, 110 BOJOIOTh BUCOKOIO MAaHEBPEHICTIO, IIBUAKICTIO, MAJIOT IOMITHICTIO
Ha MICIIEBOCT1 i MIOPIBHSHO HEBEJIMKOIO IIHOIO [5].

Huni B Vkpaini 06ari npaiitoe Juiie Ha ABUTYHAX BHYTPILIIHBOTO 3rOpaHHs. AJie B 11l CTaTTi
MU PO3IJISIHEMO Oari Ik OJMH 13 PI3HOBUJIB caMe eJEKTPOTPAHCIIOPTY, TOOTO TPaHCHOPTHUIMA
3aci0 Ha eJIEKTPOIPUBO/IL 3 MOXKIIUBICTIO MII3APSIKH BiJl COHSYHUX MaHENei.

bari mae Taki nepeBaru:

- JIETKICTh KOHCTPYKLIi 1 YIpaBJIiHHS;

- XOpollla MaHEBPEHICTb;

- MIIHI I1aci;
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- MIIHA pama;

- CTIMKICTh Ha Oy/b-sKil MOBEPXHI;

- BHMCOKHUH KJIPEHC (3BIICK BUCOKA MPOXITHICTD MO OE3A0PILKKIO 1 CKENSICTIN MICLIEBOCTI),
MIPOCTOTa B 0OCITYTOBYBaHHI;

- MIBUJKICTb, TUHAMIKA PO3TOHY.

Takoxx Ha PO3BUTOK 1 BIIPOBAHKEHHS €IEKTPOMOOLTIB YK€ CUIBHO BIUIMBAE MPOTPEC HO-
BUX BHJIIB aKyMYJISITOPHUX NIaHENEH Ta cucteM pekynepauii einekrpoeneprii [4]. EdexTuBHICTH
MIPOLIECY pEeKyIepalii eNeKTPOCHEPrii 3aJIeXKUTh Bl 0araTb0X YMHHHKIB: THITY TPAHCIIOPTHOTO
3aco0y, €IEeKTPUYHOrO JABUTYHA, AKYMYJSITOPHUX IaHENeH, aje 3arajoM Lieil MOKa3HUK CTaHo-
BUTH 60-70 %. CuctemMu pekynepaTUBHOTO rajbMyBaHHs BTpaudaroTh 10-20 % Bin 3axorieHoi
€Heprii, MICJI OT0 BTPAYaOTh 11I€ CTUIBKH K y MPOIIeci il HepEeTBOPEHHS B 3apsij Uil aKyMy-
nsATOpHUX naHenel. Lli moka3HMKM cTaHJapTHI A1 OUIBILIOCTI TPAHCHOPTHUX 3aC00IB, BKIIO-
qarouM enekTpoMoOuti. OTKe, BUKOPUCTAHHS CUCTEMH PEKYEepaTUBHOIO rajlbMyBaHHs JI03BO-
ns110Th MoBepHYTH 70 % KIHETM4HOi eHeprii, BTpayeHoi MiJ yac raJibMyBaHHs, 100 MOTIM
3HOBY BUKOPHCTOBYBATH ii 151 MPUCKOPEHHS TPAHCIOPTHOTO 3aco0y. 3araiom caM (akT Toro,
110 MU HaBumucs 36epiratu xou 1 He 100 %, a nuiie HeBeNMMKy 4yacTKy KIHETMYHOI eHeprii 3a
JIONIOMOTOI0 PEKYIEPaTUBHOIO TaJbMyBaHHS Ta CTaJld BUKOPUCTOBYBATH 11 JUIA MiA3apsAIKU
aKyMYJISITOpPHUX OaTapei, € BayKIMBUM (PaKTOPOM Juis 30UIbIIEHHS 3anacy Xoay [S].

Bukopucranus y BiiicbKOBiH cdepi 6ari Ha eIeKTPONPUBO/IL 13 CUCTEMOIO PEKyIepaTuB-
HOTO TaJbMyBaHHS 3 MiA3apsAIKOI0 BiJl COHSYHHUX MaHeNeH, a caMe NaTpy/oBaHHs B TPChKIl
MICIIEBOCTI, € JOCTaTHBO €(DEKTUBHUM 3aBJSIKH 3a1acy X0y, sIKuil Oy/ie JOCUTh BETUKUM MPU
3aCTOCYBaHHI 1I€T cucTeMu. TakoX MepeBaror € BelIMKa MAaHEBPEHICTh, HEBENMKa Maca 1
IIPOCTOTa KOHCTPYKIiL. ABTOMOOUIb MOXE 3aCTOCOBYBATHUCS SIK JI030PHO-PO3BIAYBaIbHUN
aBTOMOOLUIb, MaIlIMHA BOTHEBOT MIATPUMKH MIAPO3ILTIB, AJIsl JOCTaBKU OOEMPUIIACIB, IS MaT-
PY/IIOBaHHS, €BaKyallii HOpaHeHUX ab0 K KOMaHHO-IITaOHUi TpaHcnopt [3].

Jlyxe BayKJIMBO Ha LIbOMY €Talll 3MEHILIUTH Bary akyMyJsTOpiB 6€3 BTpaTH iXHbOT EMHOC-
Ti. J{ns 30uiblIeHHs 3amacy XOoAy Ta MOKpallleHHs MOOUIBHOCTI €JIeKTpOMOOLIIB Tpeda 3Bep-
HYTHU yBary Ha po3MILEHHS Ha CAMUX TPAHCIIOPTHHUX 3ac00ax J0AaTKOBUX KEpeT BUPOOITKY
eJIeKTpOEHEeprii, TakuX sK coHsuHi naneni [1]. Lle miaBumuTe ixHid koedilieHT KOPUCHOT Aii 1
B MEPCIIEKTUBI JaCTh MOKJIMBOCTI €IEKTPOMOOLISAM OUIbII CYTTEBO KOHKYPYBATH 3 1HIIMMH
aBTOMOOUISMH, SIKI BUKOPUCTOBYIOTh CUCTEMH JIBUTYHIB BHYTPIIIHBOTO 3ropsHHsA [2]. 3011b-
IIEHHS YaCTKU €JIEKTPOMOOUTIB BIUIMHE HE TUIbKM Ha MOJEPHI3alll0 aBTOMOOLIeOy1yBaHHs,
aJie 1 Ha pPecTPyKTYpU3allil0 HAI[IOHATBHOT €KOHOMIKH 3arajioM, OCKUIbKM 3MEHIIUTHCS MOT-
peba B rasi Ta HaTOBIM CUPOBUHI, III0 B CBOIO YEPTy TAKOXK CYTTEBO 3MEHILUMUTDH 3a0pyIHEHHS
HaBKOJIMIIIHBOTO CepeoBHILa [3].

lopisuanns 3 inwumu moodensmu. Iepur Oari 3’sBunucs B CIHA B 1950-1 poku. [lns ix
BUTOTOBJICHHS 3a3BMYaii BUKOPUCTOBYBAJIM CTapi, SIKI HE BUKOPUCTOBYIOTHCS, aBTOMOOLUII
®onbkcBareH XKyk. Big 3menmryBanbHoi popmu Ha3Bu PonbkeBareHa «Kyk» - Volkswagen
Bug 1 yrBopuiocs ciioBo «buggy» — «GKydok». Y mpolleci nepepoOK 3 MallliH 3HIMAIH K-
30B, KpHJia, JIBEpl, a y poJIi HECYy40i KOHCTPYKIIii BCTAHOBIIIOBAJIM IMOJIETIEHY pamMy a0o Ky30B
31 CKJIOBOJIOKHA, TaKOX y AESKHX BHIIaJKaxX 3aJMINANacs ypi3aHa Bepcis IITaTHOTO Ky30Ba
donbKkcBareHa. 3aBAsSKH MIIHOCTI IIaci 1 mpoxigHocTi «OKyka», BIACYTHOCTI pajaiaTopa, BH-
COKOMY JTIOPO’KHBOMY IMPOCBITY, a TaK0X 33JHbOMY PO3TalIyBaHHIO JBUT'YHA LEH MOMyJsip-
HUH 1 3HAHUI JOHMHI JIETKOBUI aBTOMOOLIb 1€aIbHO MIAXOAUB JIsi CTBOPEHHS Ha Horo 0asi
oOari. [lomynsipHocTi 6ari cpusiia 1 BCEIOCTYIHICTH JierkoBoro apromo0uist Volkswagen Bug.

Ha nouatky 1980-x pokiB kanipopHiiicbkka komnanis Chenowth Burpana apmiicbkuii Ko-
HTPaKT Ha CTBOPEHHSI IBUJKOIO BIMCHKOBOTO Oari, 34aTHOTO JIETKO MEPeCcyBATUCS IO Mila-
HUX JIFOHaX, NePeBO3AYM MPH BOMY ICTOTHY Macy 30poi 1 pi3HOro OOHOBOTO CIOPSKEHHS.
Voxe B 1982 poli Ha CBIT 3’BUBCS NEpIIMNA apMiiCbKH Oari, sIKMil MIIIOB y cepiiiHe BUPOO-
HuuTBO, FAV - Fast Attack Vehicle.
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Fast Attack Vehicle ocnamyBanucst JBOJITPOBUMHU JABUTYHAMH HMOBITPSIHOIO OXOJIOKEH-
Ha komnanii Volkswagen, 1mo po3BUBaIOTh MakCHUMajbHy HOTYXHICTH 200 1.c,
4-cTyniHYaCTO0 KOPOOKOIO MEepEeMHUKaHHS Mepesiayd, a TaKOK He3aJeKHO MiJIBICKO0. ABTO-
MOOLTb BaxkuB 960 Kr 1 MIr mpoixaTtu Ha oJHii 3anpasui 320 kitoMeTpiB. MakcuManbHa HIBU-
JKICTh Oari craHoBmia 61au3bko 130 km/4. XapakTepHOr 0coOaMBicTIO O6ari OyB JIETKUN Ky-
30B, SIKUI BUTOTOBJISIBCS 3 BUCOKOMILHUX CTaJ€BUX TPyOUacTUX KOHCTPYKIIHM (pama i apka
0e31eKn), a TAKOXK PO3TalllyBaHHS TPAHCMICIi 1 IBUTYHA B KOpMI Kopiycy. SIk 030po€eHHs Mo-
71 BUKOpUCTOBYBaTHCs 7,62-MM 1 12,7-mMm kynemetu, rpanatromety, IITPK a6o I13PK, no-
JATKOBO MOIJIa OyTH BCTaHOBJIEHA paaiocTaHilis [6]. 3rogom Oari oTpuMaB HOBE MO3HAYECHHS
DPV — Desert Patrol Vehicle (6ykBanbHO — TpaHCHOPT U1l HATPYINIOBAHHS ITyCTEI1).

bari DPV 0yB noGynoBanuii Ha 0a3i aTomoOu1s VW Beetle. Ha tpyOuacriii pami BcTa-
HOBJIIOBAJIacs MepeiHs TOPCIOHHA MIJBICKA, a 3331y pO3TalllOBYBaBCs ONO3UTHUI ABUTYH IO-
BITPSIHOTO 0XOJO/DKeHHs. Pama oOmmBanace nucroBoi crawmo. Exinax Oarri FAV / DPV
CKJIagaBcs 3 3 4oJIoBIK. JIBO€ 3 HMX pO3TAILIOBYBAJIUCS TPAJULIINHO, SIK Y 3BUYallHOMY aBTO-
MOOLTI (OMH — BOJIM, APYrHil — CTpLIL0a 3 KyJeMeTa, YUTaHHS KapT), 111€ OJJH WIEH eKINaxy
PO3TaIIOBYBABCS Y BEpXHii HAaIOYIOBI, 10 3HAXOAUTHCS HAJl CUJIOBUM arperarom. Bin mir
BECTH BOTOHb 13 KyJleMeTa abo rpaHaTOMETa.

[Moganemmum po3ButkoM Oari DPV craB HoBuii aBTomoOuts LSV — Light Strike Vehicle
(OykBasIbHO TIEpEKIATAEThCS K JIETKUI ynapHuil Tpancnopt). Mosxinee 030poeHHs Oyio ic-
TOTHO PO3IIMPEHE 1 MOTJIO CKiaaatucs 3: 12,7-mm kynemera M2, 5,56-mm kynemeru M249
SAW LMQ, 7,62-mm kynemera M60 abo M240 cepii GPMG. Tako>x MOIiM BUKOPHUCTOBYBa-
THUCS J1Ba NpOTUTAaHKOBUX rpaHatoMeTd AT4 a6o ogun [ITPK BGM-71 TOW.

HaiiOinbr po3BunyTi apmiiiceki 0ari Advanced LSV, nmoGynoBani Ha 6a31 aBTOMOOLUIsA
Humvee, orpumanu BnacHy Ha3By Flyer («IiTyH»), 10 JIUILE TiIKPECTIOE XOPOIIl HIBUAKICH1
XapaKTepUCTUKH MalllMH. 3riHO 3 iH(OopMaliero BUpOOHUKA KYTH B’13y 13’131y JaHuX Oari
ctaHoBiATh 59 1 50 rpagyciB BianosinHo. HoBa Mosienb Oari Bjke BCTUTIIA JOBECTH CBOIO MO-
OUIBHICTH 1 BOTHEBY Millb. 3aBJSIKM HAIBHOCTI KPYTOBO1 Typelll CTPUIOK MOKE BECTU BOIOHb
Ha 360 rpagyciB, He po3ropTaryM A LbOro Oari. Sk 1oJaTkoBe 030POEHHS MOXKYTh BHUKO-
PHUCTOBYBATHUCS JIETKI KyJI€METH ¥ MEepPEeHOCHI MPOTUTAHKOBI 1 MPOTUIOBITPSIHI KOMIUIEKCH.
KoxHna 3 nBepeit 6ari Moke OyTH OCHaIlleHa TypeJuTio sl YCTaHOBKH 7,62-MM 1 5,56-MM Ky-
nemeTiB. IcHytoTh BapianTu 6ari ALSV, npusHadeHi uig TpaHCIIOPTYBAaHHS MOPAHEHUX 1 Ie-
PEBE3EHHSI BaHTAXIB, a TAKOX MAIMHU, K1 OCHALleHUH OpOHEro 1 MpU3HaveH1 Juist 6e3noce-
penHboi ydacTi B 6oiioBux onepanisx. Ilpu nupomy Oari ALSV, sk 1 paHile, 3a1MIIatOThCs
KOMIAKTHUMH, MOJIMBA 1X NIEpEeBE3E€HHS MO MOBITPIO TPaHCIIOPTHUMHU BepToiaboTamu CH-47
Chinook a6o CH-53 Sea Stallion [6].

B Vkpaini po3poOkoro Oari jyisi BIMCBKOBHX IUIeH 3aliMalOThCs Ha 0Oa3l HaBYAILHO-
HayKoBOro LIeHTpy 3 pO3BUTKY 1 MIATPHUMKH TEXHIYHOTO 3a0e3eueHHs 30pOHHUX CHil YKpai-
HU, SIKUH Ji€ py BiHHUIIbKOMY HalllOHATHLHOMY TEXHIYHOMY yHiBepcuTeTi [4]. Haykosii Ta
CTYIAEHTH PO3pOOMIIM JIETKMM TAaKTUYHHM aBTOMOOUIb, @ MOro BUTOTOBJIEHHSM 3alHSIIUCH
CHEIIaTiCTH MMPUBATHOI KOMIIaHIi, siKa po3po0Jisie€ Ta PeMOHTYE BIMCHKOBY TexHIKY [2]. Ma-
1IMHA O0JIaJiHaHa MOTYKHUM 2-JITPOBUM TYpOOJU3€NeM 1 3/1aTHa PO3BUBATH IIBHUJIKICTH IO-
Haj 130 kM/roz Mo 1moce Ta MBUIKO JOJIATH HEPIBHY MIcHeBICTh [3]. MammHa Mae BiqMiHHI
MOKa3HUKH TOJIOJIAHHS JUISTHOK 13 MEepPEeCid4eHOI0 MICIEBICTIO 3aBASKU HE3aJICkKHIN MIABICIIL,
MIOBHOMY IIPUBOJTY 1 BUCOKOMY KilipeHcy. [Ipu 1iboMy caM aBTOMOOUIb Ma€ BIIHOCHO HEBEJH-
Ky BHUCOTY, 10 POOMTH HOro MEHII MOMITHUM. TakoX BiH IMpalto€ ICTOTHO THXIIIE 3a 1HII1
HasiBH1 Ha 030pO€HH1 aBTOMOOLTI.

OCHOBHOIO EpeBaroro nepes MpeaCTaBIeHUMU aBTOMOOUISIMH € Te, 1110 Oari Hamoi po3-
poOKHU 00sIaAHY€eThCS IBOMA O€3LITKOBUMH €JIEKTPOIBUTYHAMHU 3MIHHOTO CTPYMY.

[lepeBaroro e1eKTpUYHOIO ABUTYHA MEepel ABUT'YHOM BHYTPIIIHBOTO 3TOPSHHS € :

- BEJIMKUM KPYTHUHA MOMEHT;

- BEJIMKA MOTYKHICTh MPU MAJIMX pO3Mipax;
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- TUHAMIYHICTB;

- 0e3UIyMHICTh pOOOTH;

- JIETKUM 1 IIBUAKUH «3aIyCK», SKUN HE 3aJIeKUTh BiJl IOTOJHUX YMOB;

- €KOJIOTTYHICTb.

EnexktpoaBuryH € HaJiiiHOIO CUCTEMOIO B poOOTI aBTOMOOWIA, Y ToM yac sik /IBC mae Be-
JIMKY KUIBKICTb JIETaJel Ta JaTUYMKIB, IPU BUXO/I 3 Jaly SKUX JIBUT'YH BTPAya€ MOTYKHICTb.

[1ix yac excruryarariii mpu BiAMOB1 OJTHOTO 3 €JIEKTPUYHUX JABUTYHIB, aBTOMOOLIb 3MOXeE
MPaLOBATH Ha JAPyromy, y Toi yac sk 6ari 3 JIBC cranyTh HEpyxoMum.

BaxiuBUM BHECKOM y KOHCTPYKLIIO €JIEKTPUYHOTO Oari € BCTAHOBJICHHS albTEPHATHB-
HUX JDKEpeN eHeprii, a caMe THYYKHX COHSYHUX MaHeNeH, Kl 3MOXyTb BUPOOJIATH €HEPTito
JUISL A3aPSAIKA CUIIOBUX aKyMYJISITOPIB aBTOMOOUIS, @ TAKOXK aKyMYJISATOPU PI3HUX €JIEKTPH-
YHUX OpuiaaiB (paii, JixTapi, eneKTpoiHcTpyMeHT). Takuil BHECOK 30UIblIye aBTOHOMHICTh
TPAHCIOPTHOTO 3ac00y 1 (pakTUYHO He 301UIblIYye Bary aBToMo0us [6].

VY CBIT1 OCTaHHIX MO/Iii1 aBTOMOOLTH MOK€e 00JIaJHYBaTUCh OE3JpOTOBOIO 3apsiaKor0. Too-
TO IIPU BUKOPUCTaHHI 0€3/IpOTOBOI 3apsiAKK aBTOMOOLIb, HAXOITYHUCh HA CTOSIHIIL, 3MOXKeE 3a-
psKaTH aKyMyJIsiTOpu 0e3 BUKOpHUCTaHHS ApoTiB. Lle 1ae 3Mory 3MEHIINUTH Yac pearyBaHHs
eKINaXxy, aJLKe BOJII0 UM KOMaH/l MPH IIBUJKOMY pearyBaHH1 He MOTPIOHO Bi’ € JHYBATH 30-
BHIIIHI IPUCTPOT 3apAAKH aKyMYJISITOPIB.

VY pasi BincyTHOCTI 6€3IpOTOBOI 3apsIHOT CUCTEMU aBTOMOOUTL MOKHA 3apsiipKaTh Bif
Hanpyru 380B a6o 220B.

BucHoBKM BiANOBiAHO 10 cTaTTi. 3 HABEIEHOTO BUIIE MOYKHA 3pOOMTH BHCHOBOK, 1110 B
VYkpaiHi icHye HarajgbHa oTpeda B pO3BUTKY Oari Ha €J1eKTPONPHUBO/II sl BIHCHKOBOTO MpH-
3HA4YeHHs, SIKI MalOTh 3HaYHY KUIBKICTh ME€pEBAr y MOPIBHAHHI 3 0ari 3 JBUT'YHaMU BHYTPIIII-
HBOTO 3TOPSIHHSL.
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UDC 621
Oleksandr Lytvyn, Vasyl Sklyar, Viadyslav Sikaliuk, Dmytro Sahno
IMPROVING THE ELECTRICAL COMPONENT OF DUAL-USE ELECTROBUG

Urgency of the research. It is development of the bugs with electric drive for military usage with the ability to recharge
from solar panels which have a significant number of advantages over bugs with internal combustion engines.

Target setting. In the conditions of energy scarcity, intense pollution of the environment and the global economic crisis,
innovative vehicles, such as electric cars and electric vehicles, are in general one of the most promising types of vehicles.

Actual scientific researches and issues analysis. Recent open source publications have been reviewed, including solar
panel recharge technology.

Uninvestigated parts of general matters defining. The issues of constructive development of the power supply system
for the accessory electrical buggy equipment from alternative energy sources are not sufficiently investigated.

The research objective. The purpose of the article is to draw the attention of scientists, specialists and consumers to
solving the issues of rapid development of mass production of the electrobugs, in particular bugs for use in the military
sphere in Ukraine; identify important priority measures that are needed to ensure the rapid and effective implementation of
the electrobugs for military usage.

The statement of basic materials. The use of bugs in the military field on electric propulsion with a solar-powered rechargea-
ble braking system, namely patrolling in the mountainous terrain, is quite effective due to the power reserve, which will be quite
large when using this system. The advantage of the electrobug is its high maneuverability, low weight and simplicity of construction.

Conclusions. The bugs on electric drive for military purposes have been considered as one of the types of electric transport
in Ukraine. The advantages of bugs in comparison with cars with internal combustion engines have been determined.
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METO/J BUBHAYEHHSA NIOTEHIIAJTY PO3OCEPE/ZKEHUX JUKEPEJI
EHEPT'Ti B YMOBAX 3AJII30PYJHUX NIJIIPUEMCTB

Axmyanvuicms memu 0ocnioicentan. Ananiz 00cieHeHb Cy4acHOi eHepeemuKku NOKA3VE, Wo OeyeHmpAanizoeaHi eHepeocu-
cmemu 3 BUKOPUCIAHHAM 0JicepeNl PO30CePeOdNCeHOl 2enepayii Modicyms Oymu Had36uHaiino nPUbYmKoeoio cghepoto 01 Kanima-
JI0BKNAOEHb, SIKUO € MOACTUBICIb POIMIULYBAMU Odicepena ceHepayii enepeii nobau3y cnodcusais. 3azeuuaii 6umpamu Ha nepeoa-
uy enepeii caeaiomov 30 % 6i0 eapmocmi ii eupobnenns. Haseni memoouxu ons npoekmyBanHs cUucmemu eleKmponocmayanisl
8I00aNEHUX CROJICUBAUIB NEPEBAIICHO PO32TAOAIOMY K ANLIMEPHAMUBY YEHMPATI308AHOMY €leKMPONOCMAYAHHIO, eleKmpOnocma-
YAHHSA 30 PAXYHOK 2enepayii enekmpoenepeii Ha 06azi 8i0H06I06aNbHUX 0Jicepen eHnepeil, abo 3a PaxyHOK 6UKOPUCIAHHS KOMEeHD,
ouzenv-cenepamopis. Misc mum, 0c60€HHA nomeHyiany GIOHOGNIOBATLHUX 0Jicepen eHepeii — ye MEeXHIYHO BaJICKOpeanizoeane HuHi
3A60aHHS, sIKe N0 A3AHE 3 HUZLKOIO WITLHICTIO NOMOKY eHepeii 610 8IOHOBTIOBANILHUX OXCEPE eHepaii I 3aedHCHICMIO IX IO npu-
POOHUX yMO8. Bapmicmb ompumanns enepeii, xoua 60HA § WOPIUHO 3HUICYEMBCS, 3ATUMACIbCA 3HAYHO BULYeE, HIDIC Y MPAOUYILTHUX
enepeopecypcis, a HeoOXIOHUX KapOUHATLHUX MEXHIYHUX Pielb NOKU HEMAE.

Ilocmanogxa npoonemu. Ilpodnemamuroro yici pobomu € cunmes mMemooy U3HaA4enHs: NOMEHYIATY PO30CEPEONCEHUX
odicepen enepeii 8 yMogax 3anizopyOHuX niONpUEMCme, 8paxogyiouu ocoonugocmi ma cneyuiky ix excniyamayii.

Ananiz ocmannix docniocens i nyonixauii. O6’conanns Ha napanenvhy pobomy posocepeddicenoi eenepayii ma me-
pedici 0acmb cunepeemuyHUll eghekm — noagy HOBUX lacmuUsocmell, AKUX He 0Y10 y CKIA008UX YACMUHAX, WO NPOABTAEMbCA,
30Kpema, y 3HUIICEHHI HepeyApHOCII CYMAapHO20 2pagika Ha8aHmMadicenHs 00 €OHaHUX CUCMEM, 3HUJICeHHI 1i020 Hepis-
HOMIpHOCII 8 006080MY, MUIICHEBOMY U CE30HHOMY PO3PI3aX, 3MEHWENH] 3ANeICHOCMI YacmOomu eneKmpuiHo20 CImpymy 6io
KOUBAaHb banancy nomydicHocmi. Y nonepeoHix 0ocniodiceHHax Hamu oOTpYHMOo8ano NO3UMusHUL egpexm 8i0 6NpoBaONCEHH
odicepen po3ocepeodiceHol eenepayii 8 YMo8ax NPOMUCIOBUX NIONPUEMCMS, a came MOOYIbHICMb, HAOdilHICMb, Micyege Ke-
PY6anHs, 3MeHueH s He2AMUBHO20 GNIUGY HA eKOL02II0 Ma MANUll Ny CKO8ULl nepioo.

Buoinenns nedocnioycenux uacmun 3azansnoi npoonemu. Bpaxogyiouu cxnaounicms mexnonoeiuHoz2o npoyecy ma cheyu-
Qixy ynxyionyeans ipnunux nionpuUEMCmS, aKmyatbHUM HAYKOBO-NPAKMUYHUM 3A80AHHAM € PO3POOKA Memooy GU3HAUEHHS
nOMeHYiany po30cepeodtceHux 0dicepell eHepeii 8 YMoBax 3anizopyoOHux NiONpuUEMCma, 8paxoyion cneyuixy ix oyHkyionyeanHs.

Ilocmanogka 3asdanns. Omoice, aKmMyanbHUM HAYKOBO-NPAKMUYHUM 3ABOAHHAM € CUHIME3 MemOoOy 8U3HAYEHHS NOMeH-
yiany pozocepeoddicenux odcepen enepeii 6 ymogax 3anizopyoHux niOnpuUEMcms, wo 003801UMb egheKmusHo 6npo8add’cyeamu
odicepena po3ocepeodicenoi 2enepayii' y cmpykmypu el1eKkmponoCmayanHs 3anizopyoOHux nionpuemcms.

Buknao ocnosenozo mamepiany. /[na gusnaients nomenyiany 6iOHOGII08ANLHUX Odicepen eHepeil, Wo 6x005mb 00 CKIa-
0y 0dicepen po3ocepeddiceHoi 2enepayii 8 yMosax 3anizopyoHux niOnpuemcms, HeobXioHo Mamu K MOJICHA NOGHIW Ul YimKi
0aHi npo en1eKkmponoCmaianHs i eneKmpocnoNCUBANH HAGAHMAIICEHHS e1eKMPOOOIAOHAHHAM 3ANTI30PYOHO20 NIONPUEMCINGA
npoms2om 006U, a MAKOIC HAABHICMb OAHUX NPO BUMPAMU eNeKMPUYHOL eHep2ii 8 enekmpomepedici enekmponocmaianis i
eN1eKMpOCHOANCUBAHHS HABAHMAINCCHHSL.

Bucnogxu 6ionogiono oo cmammi. Ha 3anizopyonux nionpuemMcmeax axmyaibHum ma MOACTUBUM € 8NPOBAOICEHHS 8
3a2anbHy CIMPYKmMypy cucmem eiekmpodiCusieHHs po3ocepeddicenoi 2enepayii Ha 0azi 8ioHoen08anux odcepen enepeii. 3a-
NPONOHOBAHUL MEMOO GU3HAUEHHS NOMEHYIATY PO30CePeOdCceHUX 0dicepen eHepeii 8 yMosax 3anizopyOHUx niONpUEMcms 003-
801UMb eheKMUBHO BNPOBADICYBAMU PO30CEPEOIICEHY ceHepayilo 00 CMPYKMypu ix enekmponocmaianusi.

Kniouosi cnosa: posocepeddicena cenepayis, enekmponocmaianis nionpuemMcme; nOmeHyian po3ocepeodceHux oice-
pen enepeii; 3ani30pyoHi nionpuemcmaa.

Puc.: 1. Bién.: 11.

IMocTanoBKka mpodaeMu. AHaJlI3 TOCATHEHb CYy4aCHOI €HEPreTHKH MOKa3ye, 10 JCLEeH-
TpaJi30BaHl €HEProCUCTEMHU 3 BUKOPHCTAHHIM JDKEPEN PO30CepePKeHOi reHepariii MOXyTh
OyTH Ha/J3BUUYAtHO MPUOYTKOBOIO c(heporo s KaliTaloBKIIAIEHb, SKIIO € MOKJIMBICTh PO3-
MIIIYBaTH JKepena reHepanii eHeprii noOiam3y cro)kuBadviB. 3a3BHuail BUTpATH Ha nepeaavy
eHeprii csratotb 30 % Bix BapTOCTI il BupoOienHs [1].

HasBHI MeTOMKM Uil NPOEKTYBAHHSI CUCTEMH €JIEKTPONOCTaYaHHS BUIIAJICHUX CIIOMKH-
BayiB B OCHOBHOMY DO3IJISAAIOTh SIK aJbTEPHATUBY LIEHTPATI30BAHOMY €JIEKTPOINOCTAYAHHIO,
€JIEKTPOIIOCTAuYaHHs 33 PaXyHOK IeHepallii eJIeKTpoeHeprii Ha 06a3i BIAHOBIIOBATBHUX JKEpell
eneprii (BJIE), abo 3a paxyHOK BUKOPUCTaHHS KOTEJIEHb, TU3€/Ib-T€HEPATOPIB.

Mk tuM, ocBoeHHs noteHiiany BJIE — 11e TexHiuHO Bakkopealli3oBaHE HUH1 3aBJaHHS,
sIKe TIOB’s13aHE 3 HU3BKOIO LIUIBHICTIO MOTOKY eHeprii Bix BJIE 1 3anexHicTio iX BiJ npUpoI-
HUX YMOB. BapTicTh OTpHMaHHSI €Heprii, Xo4a BOHA 1 IOPIYHO 3HHMKYETHCS, 3aJIUILAETHCS
3HA4YHO BMILE, HUK Y TPAJULIIHUX €HEepropecypciB, a HEOOXIAHUX KapAMHAIBHUX TEXHIYHUX
pillIEHb TIOKH HEMAE.

© Cinuyk O. M., boiiko C. M., I'opoxsiit O. M., Hekpacos A. B., ®exp M. M., Hoxxaoa M. O., 2019
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Texnonoriune o0’eqHanns eHeprii BJIE 1 eHeprii ByrieBoiHeBOro najuBa B OJHIN CH-
CTeM1 Ma€ CYTTEB1 TEXHIKO-€KOHOMIUHI nepeBaru. Lls mepeBara mosisirae y BUCOKIH eHepre-
TUYHIA €(EKTUBHOCTI, HEJOCSKHIA B ICHYIOUMX CHCTEMaX €HEepPronocTadyaHHs, Y MpPOCTOTI
IHTerpauii 3 J0AaTKOBUMHU I'€HEPYIOUMMH MOTYKHOCTSIMU Ha ocHOB1 BJIE 3 Oynb-sikuM cTy-
MIEHEM 3aMilIeHHS.

AHaJi3 ocTaHHiX gociaigxenb i myOJikauniii. O0’eaHaHHs Ha mapanensHy podoty [IPT
Ta MEpPEeX1 1aCTh CHHEPreTUUHUI eEeKT — NOsIBY HOBHMX BJIACTUBOCTEH, SIKUX HE OyJIO y CKJa-
JIOBHUX YaCTHUHAX, 1110 MPOSBISETHCSA 30KpeMa B 3HIKEHHI HEPET'YIIPHOCTI CyMapHOTo rpadika
HaBaHTaXEHHS 00’€IHAHUX CUCTEM, 3HIDKEHHI HOTO HEPIBHOMIPHOCTI B 1I0OOBOMY, THKHE-
BOMY i C€30HHOMY pO3pi3axX, 3MEHIIEHH] 3aJI€KHOCTI YaCTOTH E€JIEKTPUUYHOIO CTPYyMY Bif KO-
JTUBaHb OallaHCy MOTYKHOCTI [3].

VY nonepeaHix AOCHIIPKEHHSIX HaMH OOTPYHTOBAHO MO3UTUBHUM €(eKT BiJ BIPOBAKEHHS
mxepen PI° B yMoBax MpoMHCIOBUX MIANPUEMCTB, a caM€ MOJIYJIbHICTh, HAAIMHICTh, MIiCLIEBE
KepYBaHH:I, 3MEHILEHHS HEraTUBHOT'O BIUIMBY Ha €KOJIOTII0 Ta Majiuil myckoBuii epiof [1; §].

Bu3HaueHHs1 HeOCTIIXKEHUX YACTHH 3arajibHoi npoodjaemMu. OTxe, aKTyaTbHUM HayKOBO-
NPaKTUYHUM 3aBJIaHHSM € pOo3poOKa METOy BU3HAUEHHS MOTEHIIATY PO30CEPEDKEHUX JHKEPE
€Heprii B yMOBaXx 3aJ1i30pyIHUX MIPUEMCTB, BPAXOBYIOUM cIEUU)IKY 1X (PYHKIIOHYBAHHSL.

Merta crarTi. ['010BHOIO MeTOIO 11i€T pOOOTH € CUHTE3 METOJy BU3HAUEHHS MOTEHIAIy
PO30Cepe/PKEHUX JDKEpeNl €Heprii B yMOBaX 3ali30pyJHHUX MiANPUEMCTB, IO J03BOJIUTh
e(eKTUBHO BIIPOBADKYBATU JDKEpETa pO30CEPEKEHOT TeHepallii 10 CTPYKTYpH €JIEeKTPOIIOo-
CTaYaHHS 3aJ130pyIHUX MIIPUEMCTB.

Bukaan ocHoBHoro marepiaiy. s BusHauenHs noteHuiany BJIE, mo Bxomsate 10
cknany JPI" B ymoBax 3PII, HeoOXinHO MaTH SIK MO’KHA MOBHIIII H YITK1 JJaH1 PO €JIEKTPO-
nocrayanHs (EII) 1 enextpocnoxuBanHsi (EC) HaBanTakeHHs enekrpooOnagHaHHsM (EO)
3anizopyaHoro mignpueMctsa (3PII) nmpotsrom 1o0u, a TakoX HasIBHICTh JaHUX IPO BUTPATH
enextpuuHoi eneprii (EE) B enexrpomepexi (EM) EIl 1 EC (puc. 1).

Hactrynaum kpokom € ananiz EC Hacocamu npu BiikauyBaHH1 BOJM IPOTSTOM 100U B pi-
3HUX TapU(PHUX 30HAX Ta IHTEpPBAJIaX yacy, BPAXOBYIOUM PEKUMHU BUKOPUCTAHHS HACOCIB Pi3-
HUX TUNIB (P13HOT NOTY)KHOCTI), B yMOBax He BUKopucTaHHs BJIE, 1m0 BXOI8Th 10 CKIaxy
JPT", no ontumizauii rpagika poOOTH HacoCiB, OOUMCIMBILN CYMapHY CIIOXKHUTY €IEKTPUUHY
€Heprito HacocaMu 3a (PopMyIIoL0:

Z Wi ae, =(C -6 )Z W uac. bs *

po3p pos3p
. . C _ 5r . . . . .o i S .
AC TYT 1 Jajl ps J— KUIbKICTb HACOCI1B, fKl1 IIpalfOBAJIN B TapI/I(i)HH/I 30H1 >, B IHTCPBaA-

nax 4gacy T, C — 3araibHa KinbKicTb HacociB, O, — HacocH, P Tury, siki Oy:1u B pe3epBi B Ta-

T

puQHI 30H1 S, B IHTEpBaIl yacy T., Z achS > ZVVC;.Hach — cymapae EC HacociB 3a pi3-
po3p OIITUM

HUMH TapU(PHUMHU 30HAMH BIAIOBITHO PO3PaXyHKOBE Ta ONTUMAJIbHE.
[TotiM HeoOXiaHO BUKOHATH HeoOXinH1 po3paxyHku EC nacocamu 3PII npu ontumizanii
rpagika poOOTH HACOCIB POTITroM J00H, 3a (OPMYIIOLO:
_ T T
Z ch .mac. (C - 5?5 )Z ch . Hac. bS

OIITUM ONTUM
Sxmio micast ontumizanii rpagika po6otu HacociB EC mMeHe Hbk 1o ontuMizanii (Tak):
(C - 57)2 W* > (C - 57)2 W* , TO TIEPEXO/IATh JI0 IHIIOTO eTaly — aHali3y
PS PS

cm . Hac. bS co . Hac. bS
po3p ONTHM

BUTPAT €JIEKTPUYHOI €HEeprii, a AKIO HEPIBHICTh HE BUKOHYEThCS (H1), TO MOBEPTAIOTHCS 10
a"anizy EC nacocamu 3PII o ontumizanii rpadika poOOTH HACOCIB.

162



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019
TECHNICAL SCIENCES AND TECHNOLOGIES

[MovaTok

y
36ip gaHuX, Woao nroLi TepuTopil nignpuemcTea,
ana posmiweHHs EY BOE Sr

A
36ip gaHuXx, Wwoao HeobxigHol nrnowi, Ans
BnpoBagxeHHs BAE Sp

BnpoeagyeHHs BOE B ymosax 3Pl
He € MOXIMBUM

TakK

BusHaueHHs npiopiTeTHUX HanpsAmkiB possuTky BOE
B ymosax 3Pl

36ip gaHuWX, WoAO NIOLWi HaseMHoT TepuTopil
nignpvemcTea, Ansa posmiweHHs EY BOE

\

BusHaueHHSA po3paxyHKOBOro noTeHLjany okpemoro . AHani3 pospaxyHKOBOro NoTeHLiany KOXHOro
BOE B ymoBax HaseMHol TepuTtopil nignpnemcrea "] okpemoro BAE B ymoBax HasemHoi Teputopii 3MP
Y

36ip gaHuWX, WoAo0 Nrowi NigseMHoT Teputopil
nignpvemcTea, Ans posmiweHHs EY BOE

A
BuraHaueHHs po3paxyHKOBOro NoTeHLiany okpemoro AHanis poapaxyHKOBOro NoTeHUiany KOXHOro
BJE B yMoBax nigsemHoi TepuTopii nignpuemcTea okpemoro BIE B ymoBax nigsemHoi Teputopii 3PI1

Y

BusHaueHHA npiopiTeTHUX HanpsAMKiB
BnpoBaaxeHHA BOE B ymosax 3PI

Y

Puc. 1. Ancopumm memody eusHauenHs NOMeHYiany po30CepeoNceHUX Oxcepel eHepaii
8 YMOBAX 3A1i30PYOHUX NIONPUEMCING

OOuncnuBIIM BUTpaTh enekTpuuHoi eHeprii B EM 1o Bukopucranus BJIE, mo Bxoaars
no cknany JAPI' B ymoBax 3PII ZW;ZMS Ta BUTPATH €JIEKTPUYHOI eHeprii B EM micis BIpo-
posp
BaukeHHs BJIE, mo Bxomars no cknany [IPI' B ymosax 3PII ZWQNS Ta MOPIBHABIIK IX
BJAE
. . . . .
Z s < Z wqs » TO TIPH BUKOHAHHI HEPIBHOCTI (TaK) MEPEXOSTE O HACTYITHOTO eTalty,
BJAE po3p
a SIKILI0 HE BUKOHYETHCS (H1), TO MOBEPTAIOTHCS HA MOYATOK aHami3y BUTpaT EM.
[ToTiM 0OUHMCITIOIOTH BapTICTh MOKJIMBOI 3aKyMyJaboBaHOI enekrpuuHoi eHeprii 'TAEC

pOTAroM TapudHoi 30HU «HI1U» (S3) 3a hopmyInoro:

B;AEC:( IfleCQ' 773) ko T
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1e TyT 1 gani B — BapTicTh MOKJIMBOI 3aKyMYyiiboBaHO1 enekTpudHoi eHeprii 'AEC npoTsrom

tapuHOi 30HU S, 77; — Koe(illieHT BU3HAYeHHs THITY pekumy pobotu TAEC i akymymsitop-
Hux Garapeii (Ab), k — xinbkicts obnanuanns, T — vac poboru, W7 pc,, ~ CTOXKHTA (3aKymy-
npoBaHa abo nepenana B EM) enexrpuuna enepris TAEC B tapumiii 3011 S, B iHTepBai ya-
Cy T, IPOTATOM J00U.

Bapricts nepenanoi B8 EM EC 3PII Big 'AEC mpotsrom tapuduux 30H «mik» (Si) 1
«/mix» (S2) BU3HAYAIOTE 32 (HOPMYIIOIO:

B+ By=Y (Wiwe, ") ko T+ D (Wi, - %) -k, - T
SIKIIO0 BUKOHYETHCS HEPIBHICTH (TaK) ( B AEC) < ( Bf AEC) + ( B AEC) , TO TIEPEXOJISATH JIO
HACTYIHOI'O eTally, a SIKII0 He BUKOHYEThCS (H1), TO MEPEXOJATh /10 MOMEpPEeIHIX eTamiB 00-

YHCJIEHHS BapTOCTI 3aKyMYJIbOBaHOi Ta nepenanoi enexkrpuyHoi eneprii B EM EC 3PIL

Ha npoMy erani oGUMCIIIOIOTH BapTICTh 3aKyMYJIbOBAHOI €JIEKTPUYHOI €HEeprii aKkyMyJis-
TopHuMH OGatapesmu (Ab) npoTsrom tapudHoi 30HM «HIU» (S3) 32 hopMyInoro:

B ) kT

ABgy
ne W*° — cnoxura (akymynboBaHa) abo nepenana B EM Ab B Tapudnux 30Hax S, B iHTEpBa-
Abg

Jlax 4acy T, IpoTsIroM J00H.
Bapricts enexrpuunoi eneprii nepeaanoi 8 EM EC 3PII Bin akymynstopHux Oatapeit

IPOTArOM TapuDHUX 30H «Irik» (S1) 1 « /mik» (S2) BU3HAYAIOTH 32 (GOPMYIIOLO:
BIAE n B;E:Z(WATJ%. ,7171) . kl T + Z(WA?SM . ,7272) . k2 - T
SIKIO BUKOHYETBCS HEPIBHICTH (TaK) ( B )< ( B* ) + ( B;® ), TO MEPEXOIATH JIO

HACTYIHOI'O eTally, a SIKII0 He BUKOHYEThCS (HI), TO MEPEXOJATh /10 MOMEpPEeHIX eTamiB 00-
YHCJIEHHS BapTOCTI 3aKyMYJIbOBaHOi Ta nepenanoi enexkrpuyHoi eneprii B EM EC 3PIL

Oo6uncnenns ta ananiz EC 1 EII 3renepoBanoro cymapuoro norenuiany /IPI' 3aiiicHto-
€ThCs 32 GOPMYIIOL0:

ZVV;T = ZW:Tnom pS + chrnom bS + ZWKTrpAqS + O-sr : ZWIZAECYS, T: +7: : ZW/:BdS 77: _ZVV;EMS )

o0ma, Hacx

Ie Z W gonps — CYMAPHA CIIOXKHTA ENIEKTPUIHA eneprist EC 3PII tuny p npotsirom TapuHux 30H

obnan.

S, B IHTEpBaJIax yacy T, POTAroM JI00H, Z W s — CyMapHa CIIOXKUTa EIEKTPUYHA €HEPTis Ipa-

Hacx.

LIOFOYMMHU HacocaMu B TapH(Hii 30H1 S, iHTEpBas yacy T (IpOTAroM J1001), > W, s — CyMapHa

BTpara enexktpuyuHoi eneprii B EM 3PII npotsarom TapugHoi 30Hu S, B iHTEpBai 4acy T NPOTITroM
NO0H, &7 Wiiie,s - 7Ti — CyMapHa Criokura (3aKymyiboBaHa abo mepenana) B EM enekrpuuna

enepris 'AEC B TapuHiii 30Hi S, B iHTepBai 4acy T, MPOTAroM 100w, o ; — KoedillieHT mepemadi
abo akymymoBaHHs enekTpuyHoi eHeprii I'AEC B Tapu¢Hniii 30HI S, B iHTepBaJl 4Yacy T,
7iD Wisas 7L — CyMapHa crioxuta (akymynboBana) abo nepenasa 8 EM Ab B Tapudnnx sonax

S, B iHTEepBaIax yacy 7, IpoTSroM J100H, ¥¢— KoedillieHT repenadi abo aKyMyITFOBaHHS €ICKTPUY-
Hoi eHeprii Ab B Tapudniii 3011 S, B IHTepBal Yacy T Wy, — CYMapHa CIIOKHTa eJIeKTPHIHA

eneprist EC 3PII B Tapunux 30Hax S, B iHTEpBasIaX 4acy T, IPOTATOM JOOH.
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[Totim obGuucmiorote piBeHb EIl enexkTpuyHOi eHeprii 13 30BHIINIHBOI E€JIEKTPOMEPEKi
(B3EM) y pizHux tapuduux 30Hax (S) 3a popmynoro:

T _ Tl Tz T3
D Wi = 2 Wik, + 2 Wit + 2 Wiy,
. o . o . . . . ]
e ZWEMSI , ZWEMSZ , ZW3EMS3 piBHi EIl enekTpu4HOi eHeprii i3 30BHIIHBOT eleK

Tpomepexiy 1, 2 Ta 3 TapupHUX 30HAX BiIIOBIIHO.
OOuHCIIOIOTH BapTICTh CIIOXKUTOI €1eKTpuuHOi eneprii oonagHanuam 3PII i3 3EM npots-
roM 06w 1o pizHuX TapudHux 30Hax (S) 3a popmynoro:

BTZ&EMY :Bimxzq +B5 3EM;, + B 3EM;, :ZVV;EMs = ZMJIEMYI kT + Z“/;%Mrz T+ Z 31391%3 k-

Ta CyMapHOi BapTOCTI MOKJIMBOI 3reHepoBaHoi enekTpuuHoi eneprii JIPI" y ymoax 3PII

(Bam)

Slk1o BUKOHYEThCS (TaK) PIBHICTh: B B +B +B

BIE 37 cnooe. 3" cnoo. Semp. BZ3EM - BZAy

061a0. Hacoc.

, (ne BZBﬂE — CyMapHa BapTiCTh MOKJIMBOI 3reHepoBaHoi enekTpuuHoi eneprii B/IE y ymoBax

3PII, B — CyMapHa BapTICTh CIIOXXUTOI €JIEKTPUYHOI eHeprii oOsiaHaHHAM Ta

cnooic ® cnooic
001a0. Hacoc.

HacocamH BIINOBITHO, B — 3arajibHa BapTICTh BTPAT €JIEKTPUYHOI €Heprii, g

> emp ET BZAV
— 3arajibHa BapTICTh €JIEKTPOEHEPIii CIIOXKUTA 3 3arajbHOi MEPEXi Ta BiJl aKyMyJIATOpPHUX Oa-
Tapei BIIMOBIAHO), TO NEPEXOAUMO JI0 HACTYITHOTO CTaHy, SIKIIO HE BUKOHYEThCS (Hi), TO Ie-
pexonaTh J10 nonepenHboro eramy (oouncnenss EIl 13 3EM).

IToTiM HEOOXITHO 3’SCYBaTH MOMIIMBOCTI KOPOTKOYACHOTO MIHIMAJIBHOIO 3a0e3NedeHHs
EC enextpooOnamnannsm 3PII sxkmo EII 13 3EM  HenocratHe (W;EM - 0) , TOOTO

_ min 1 1 _
WZBLZE =) 'mn ., Ta pe3epBHO HEOOXixHOrO piBHs enexrposadesnedertst EC 3PII y kpuria

Hux ymoBax, kou EIl i3 3EM , ¥, =0 10010 w, < W e Sximo oOuIB1 YMOBH BUKO-

e3.ne0tx 3
HYIOThCS (TaK), TO/1 NEPEXOAATh 0 po3paxyHKy napameTpiB JIPT" Ta aHami3yr0Th MOXIIMBOCTI
ix Bukopuctanus B ymoBax 3PII, a sikiio BuienepenidyeHi yMOBH HE BUKOHYIOTbCA (H1), TOJ1
MEePEeXOIATh J0 MOMEPEIHIX eTamiB 00YHCICHHS MOXIIUBOTO 3a0e3MeueHHs] HeOOXIqHUX PIBHIB
enepronocradanss JIPI" npu nenocratabomy EIN 13 3EM Tta B kputnunux ymonax EIT 13 3EM.
JleranbHO aHanizyroTh napameTpu pizHux Tumis B/IEE, iX pexuMiB reHepanii enekTpud-
HOIT €Heprii, BapTiCTh 00J1alHaHHs eKCIUTyaTallil, MOXJIMBOI BApTOCTI PO3MILIEHHS, BUOPAHUX
tunis JIPT', B ymoBax 3PII, a Takox MOXIJIKBI TepMiHU OKynHOCTI, B ymoBax 3PII, To6to 00-

YUCIIOOTh TEPMIH OKYIHOCTI ONTHUMAJIbHUHN ( ];’;ZZ’) 1 TEpMIH OKYITHOCTI PO3paxyHKOBUH
(Tnifzp) SIKII0 BUKOHY€ETHCSI HEPIBHICTh (TaK) Iy > T2, TOJIl MEePEXOJATh /10 aHaNI3y
piBHs BIuMBY BuOpanux tumiB JIPI" ans BnpoBamkenns B ymoBax 3PII, Ha ekoJorito HaBKO-
JIMILHBOTO CEpeOBUIIA i BUPOOHUYMIA mpoLiec.

Sxmo piBens BBy JIPI' Ha ekosorito Ta BUpOOHMYMI MPOLEC B MEXaX JOMYCTUMHUX
HOPM (TaK), TO/1 NEPEXOATh 10 aHal3y piBHs BIUIMBY BIpoBapkeHux /IPI" Ha cobiBapTicTh
3anizopyaHoi cupoBunH (3PC), B ymoBax 3PII, To6To po3paxoBytoth cobiBapricts 3PC 0e3
BrpoBapkeHHsA B/IE, mo Bxoaares no cxknany JPT (CB3PC ) 1 co6iBapricts 3PC micns Bopo-

6e3 B/[E

BapkeHHs B/IE, mo Bxomate no cxiany [IPI° (CB:;; ¢ ME). SIK1110 BUKOHYETbCS HEPIBHICTh

3rPC 3PC : _ . . _
(TaK) CBﬁe3 g > CBMWR- BIE TO ICPEXOOATh A0 IMIATOTOBKU IMPOEKTHO-TECXHIYHO1 JOKYMCHTA

i 47151 0JIepKaHHs 103BOJTy Ha BIpoBapkeHHs BUOpanux tuniB JPT', B ymoBax 3PI, a skuio
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HE BUKOHYeThC (H1), To nepexoath 1o neperasay EC 1 EII B ymoBax 3PI1, To6T0 cymapHOro
notexHuiany B/IE, mo Bxoasts o ckiany JIPT.

OpeprxaBi HEOOX1H1 TO3BUIbHI JOKYMEHTH Ta BIpoBakeHHs BuOpanux tumiB BJIEE B
ymoBax 3PII nepexoaTh 10 MATOTOBKU TEXHIYHOI Ta MPOEKTHO-KOIITOPUCHOT TOKYMEHTAII 11
U1l pO3MIILIEHHS Y BUOpaHux Micusax 00’ektiB JIPI" Ta iX BUKOpUCTaHHS.

BucHoBku BinmoBigHo a0 crarri. Ha 3amizopyqHux MignpUeMCTBax aKTyalbHUM Ta
MOXJIMBUM € BIPOBADKCHHS B 3arajibHy CTPYKTYPY CHUCTEM EJIEKTPOXKHUBIEHHS PO30cepe-
JDKEHO1 reHepailii Ha 6a31 BIJHOBIIIOBAaHUX JPKEpEIT EHeprii.

3anponoHOBAaHUN METOJ] BU3HAYEHHS MOTEHINAly PO30CEPE/HKEHHUX JKEpeNl eHeprii B
yMOBax 3aJi30pYAHUX MIANPUEMCTB J03BOJIUTH €PEKTUBHO BIPOBAIKYBATH PO30CEPEIIKEHY
TeHepalio 10 CTPYKTYpPH €IEKTPOTIOCTaYaHHs 3a1I30PYIHUX MIANPUEMCTB.
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UDC 621.311.4.031

Oleg Sinchuk, Serhii Boyko, Oleksiy Gorodny,
Andrey Nekrasov, Maksim Fed, Maryna Nozhnova

METHOD OF DETERMINING THE POTENTIAL OF DISTRIBUTED ENERGY
SOURCES IN THE CONDITIONS OF STEEL ENTERPRISES

Urgency of the research. An analysis of the achievements of modern energy shows that decentralized grid systems using
distributed generation sources can be an extremely profitable area for investment, if it is possible to place energy sources
near consumers. Generally, energy transmission costs reach 30 % of the cost of generating energy. Existing techniques for
designing the power supply system for remote consumers are generally considered as an alternative to centralized electricity
supply, electricity supply through the generation of electricity based on renewable energy sources, or through the use of boil-
ers, diesel generators. Meanwhile, harnessing the potential of renewable energy sources is a technically difficult task nowa-
days, which is associated with low energy flow density from renewable energy sources and their dependence on natural con-
ditions. Although energy costs are reduced annually, the cost of obtaining energy remains much higher than traditional
energy resources, and the necessary fundamental technical solutions do not yet exist.

Target setting. The problem of this work is the synthesis of the method of determining the potential of dispersed energy
sources in the conditions of iron ore enterprises, taking into account the peculiarities and specifics of their operation

Actual scientific researches and issues analysis. Combining the distributed generation and the network in parallel will give a
synergistic effect - the emergence of new properties that were not in the components, which is manifested, in particular, in reducing
the irregularity of the total load schedule of the combined systems, reducing its irregularity in the daily, weekly and seasonal cuts,
reducing the dependence of the frequency of electric current on fluctuations in the power balance. In previous studies, the authors
substantiate the positive effect of the introduction of distributed generation sources in the conditions of industrial enterprises, namely
modularity, reliability, local control, reduction of negative impact on the environment and small start-up period.
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Uninvestigated parts of general matters defining. Given the complexity of the technological process and the specifics of the
operation of the mining enterprises, an urgent scientific and practical task is to develop a method for determining the potential of
dispersed energy sources in the conditions of iron ore enterprises, taking into account the specifics of their operation.

The research objective. Thus, an urgent scientific and practical task is to synthesize the method of determining the po-
tential of dispersed energy sources in the conditions of iron ore enterprises, which will allow to effectively introduce the
sources of dispersed generation into the power supply structures of iron ore enterprises.

The statement of basic materials. To determine the potential of renewable energy sources that are part of the sources of
distributed generation in the conditions of iron ore enterprises, it is necessary to have as complete and clear data on the
power supply and power consumption of the electrical equipment load of the iron ore enterprise during the day, as well as
the availability of data on electricity consumption in the power grid and power grid power consumption of the load.

Conclusions. At the iron ore enterprises it is relevant and possible to introduce into the general structure of power sys-
tems of the distributed generation on the basis of renewable energy sources.

The proposed method of determining the potential of dispersed energy sources in the conditions of iron ore enterprises
will allow to effectively introduce dispersed generation in the power supply structures of iron ore enterprises.

Keywords: distributed generation; power supply of enterprises; potential of dispersed energy sources; iron ore enterprises.

Fig.: 1. References: 11.
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CHUHTE3 PEI'VIATOPA KOHTYPY KYTA KPEHY
CUCTEMMU YIIPABJIIHHSA KBAJIPOKOIITEPA 3 KOMIIEHCYIOUUM
PEI'YJIATOPOM KOHTYPY CTPYMY

Axmyansnicme memu oocnioxcenns. Illocmanosxa memu 00CIiONCEHHS GUKTUKAHA HEOOXIOHICIIO NIOBUWYEHHS AKOC
eHepeemuKy ma OUHAMIKU 8 CUCmeMax YNpasiinHa notbomom Oesninomuux aimanehux anapamie (BII/IA), epaxogyiouu ix
3pocmarouy ponb y RPOMUCIo6ill, HoOymositi ma 8iticbkosiii cghepax.

Ilocmanogxa npoonemu. YV cucmemax xepysantsa nonvomom BIIJIA 3 vomupma necywumu egunmamu (keadpoxonmep)
npoyecu Kepy8anis GNIUBAIOMb HA NPOYeCU CHONCUBAHHSA elleKmpoeHep2ii 8i0 6opmogozo akymynamopa. Bmpamu nomyoic-
HOCMI 8 CUNOBUX KOMHOHEHMAx cucmem Kepy8aHHs K8AOPOKONMEPOM MOJICHA 3HUSUMU, SAKWO YCYHYMU GNAUS NYIbCayill
npomu-e.p.c. eleKmpoosu2yHa Ha popmy CImpymy, o CROACUBAEMbCA 810 akymynamopa. Jlocsenenis yiei memu modicauge 3a
PpaxyHox peanizayii HeoOXIOHUX 3aKOHI8 Kepy8ants 8 KOHMYpPAx CUCmemu.

Amnaniz ocmannix oocnioycens i nyonikayiii. Ananiz gioomux nyonikayiu 3a memor 00Ci0NHCEHHs NOKA3A8, WO 8 HUX He
npuoineno ysazu NUMAHHAM eKOHOMHO20 BUKOPUCMAHHA eHepeemuiHozo pecypcy akymyaamopa. Ocnoena ysaza npuoins-
€MbCsi YOOCKOHANEHHIO NPoyecis ynpasiinia ma nagieayii 6e3 ypaxyeamnHs ix 368 °A3Ki6 3 eHepeemuyHuMU npoyecamu.

Buoinenns nedocnioxcenux wacmun 3a2ansnoi npoonemu. Icuysanns nocmagnenoi npobnemu € HacniokoM He8paxy8anHsl
6NIUBY NPOYeECi8 YNPAGIiHHA HA AKICIMb npoyecis enepeocnodicuganis. Le npoagisicmocs 8 momy, wo 8 HasI8HUX OOHOKOHMYPHUX
cucmemax Kepy8amHs K8AOpOKONMepom pezyisimop HACMpOIOEMbCsl HA HeOOXIOHY WeUOKoOiio ma nepepe2yniiosants 0e3 ypaxy-
6AHMHS BNUBY 3AKOHY KEPYBANH HA AKICIb eHepeemUtHUX NPoyecie, moomo He3 KOHMponio Gopmu CMpPYMy, Wo CHOACUBAEHILCA.

Ilocmanogxa 3aéd0anns. Bioovi cucmemu KepysanHs K6a0poKonmepom Maroms 0OUH KOHMyp pe2ynioeans. [{iia KoHmpono
CmMpymy, W0 CNOJACUBAEMbCA BI0 AKYMYIIAMOPA, HEOOXIOHO Mamu KOHMYP CIMpyMYy md KOHMYP WEUOKOCI, W0 NiOKOPIOEMbCs
2onosnomy konmypy kyma xpery. Cucmema xepyeanus nonvomom bIIJIA nogunna mamu mpu KOHmypu pe2yno8aHHs.

Buknao ocnoenozo mamepiany. /[ns mpuxoumypHoi cucmemu Kepy8anHs HOTbOMOM K8AOPOKONMePa GUKOHAHO CUHME3
Yugpposoeo pe2yniimopa 201081020 KOHMYPY, KOmputl pe2ymioe Kym Kpeny. Ilpoyedypa cunmesy @kouac 6 cebe 8paxy8amus
8NAUBY NPONOPYITIHO-IHIMESPATLHO20 PEYIAMOPA 3 ACMAMUSMOM OPY2020 HOPAOKY, AKULL BKIIOUEHU Y KOHMYD CIpyMy 015
Komnencayii nyivcayiti npomu-e.p.c. be3konekmopHoz2o osuzyna nocmitinoco cmpymy (BAIIC). 'V pesynemami cunmesy
ompumana Cmpykmypa i napamempu 1aHoK pe2yiamopa KOHmypy Kyma KpeHy y euensioi yugposozo pekypcugHozo ginbmpa.

Bucnoexu gionocno cmammi. Cunme3oeano yughposuti pe2yiamop KOHmypy Kyma Kpeny oia mpukoHmypHoi cucmemu
YRpagninHa keaopokonmepom. Pezynamop Ooszsonae cmabinizysamu npoyec noibomy 3 eKOHOMIEI eHepeemuiHo20 pecypcy
60pmo6o2o aKymynamopa.

Knrouoei cnosa: keaopoxonmep; Moougixosare z-nepemeoperts, onmumizayis,; yugposuti Ginbmp, enepeoegpekmusHicmo.

Puc.: 2. bion.: 4.

AKTyaJabHicTh TeMH J0CHileHHsl. BpaxoByroun 3pocraroyy notpedy B O€3MUIOTHUX
JITaJbHUX amapaTtax Julsi HapOJHOTO TOCHOJApCTBa, BIMCHKOBOI cepu Ta HayKOBHX JOCHI-
JDKE€Hb, BUMOTH JI0 1X €eHeproe(eKTUBHOCTI Ta JMHAMIKU MOCTIMHO MiIBULIYIOTHCS. 3a10BO-
JICHHS 1IUX MOTPeO J03BOJIUTH MOJIOBKUTH Yac MOJIOTY 32 PaXyHOK €KOHOMHOIO CIIO>KMBAH-
HSl €Heprii akymynsTopa, MHUIBUIIMTUA IIBUAKOAIIO 3 MIHIMAJIBHUM MEPEperyIrOBaHHIM.
BupileHHs 1uX NUTaHb € aKTYaJIbHOI HEOOX1JHICTIO.

ITocTanoBka mpoOJjemu. HeoOxiHO MiIBUIIMTHA TPUBAIICTh HOJBOTY KBaJPOKONTEPA
3aBJIIKM ONTUMI3aLIl IPOLECY €HEPrOCIOXKUBAHHS Bl OOPTOBOTO aKyMYJsTOpa Ta ONTUMI3Y-
BaTH MepeXiiHI MPOIECH B CUCTEMI KEPYBAHHS HOTO MOJIBOTOM.

AHaJi3 ocTaHHiX gocjaigkeHns i myOaikanii. Pesynabrar aHanizy cydyacHOro crady moc-
TaBJieHOT MPOOJIEMU TOKa3aB, IO Y BIIOMUX MyOmikailisax [2; 3] oCHOBHA yBara npuIiis€ThCs
MUTAHHIO YIPaBIIIHHA Ta HaBIirauii 0e3 OI[IHKM SIKOCTI MPOLECIB €HeProCnoXUBaHHs OOPTO-
BHUM HaBaHTAXECHHSIM.

Buainennss HexocaiIKeHHX YACTHH 3arajibHOI mMpodJemMu. Y BIJOMHX Mpalsix, L0
IIPUCBSYEHI CUCTEMaM KEpyBaHHS IOJIbOTOM KBaJPOKONTEPa, HE JTOCIIKEH]1 TUTaHHS 3011b-
LIEHHS TPUBAJIOCTI MOJILOTY 332 PaXyHOK ONTUMI3allil yIpaBJIIHHS MPOLIECOM E€HEProcroXu-
BaHHS, HE BPaxOBaHO BIUIMB IyJbcalliil ctpymy Ha BxoJi komyratopa B/IIIT, a takox mymb-
calliif Horo mpoTH-e.p.C. Ha EeHePreTUYH1 XapaKTePUCTUKU 3aMKHYTOI CUCTEMU KEpyBaHHS.

ITocTanoBka 3aBaanHsA. HeoOXi1HO MOJOBXKUTU Yac MOJbOTY KBaJpPOKOITEpa 3a paxy-
HOK €KOHOMHOI'O CIIO’KMBaHHs eHeprii Bii akymyisitopa. IloctaBneny 3amauy Mo>kHa BHpI-
LIMTHU 32 PaxyHOK KOMIIeHcalil (pakTopiB, K1 CHOTBOPIOIOTH (GOPMY CTPYMY.
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Buknang ocHoBHOro marepianay. Y po6orti [1] 3ampornoHoBaHa TPUKOHTYpPHa CHCTEMa
HIANOPSAKOBAHOTO PETYIIOBAHHS s YIIPABIIHHS NMPUBOAOM KOXKHOI 0cl 00epTaHHs KBajpa-
KomnTepa. Y Hil BHYTpIIHI KOHTYpU CTPyMY Ta 4acTOTU O0OepTaHHS MIANOPSAKOBAHI rOJIOB-
HOMY KOHTYpPY KyTa KpeHy. KoHtyp crpymy mictuts Ill-perynsatop s KoMIeHcanii eaexT-
puunoi cranoi BAIIC. Ane Tinbku Taka (yHKIIS peryasTopa HE JO3BOJISE YCYHYTH BILIUB
npotu-e.p.c. BAIIC Ha dopMy cTpymy, 110 CHOKUBAETHCSA Bi akyMmynsitopa. CIOTBOpEHHS
dbopMu CTPyMy CHOKUBAHHS MPU3BOAUTH A0 30UTBIICHHS BTPAT MOTY)KHOCTI B €JIEKTPOIBU-
ryHi. Bxitouenns B koHTyp Ill-perynsropa 3 actatusmMoM Apyroro Hopsaky, nepenaBajibHa
(GYHKIIIS IKOTO BU3HAUYAETHCS SIK:
R(p?Ty Tg+pTy+1)
p?Tm TcKey K

Kyep (D)= , (1)

JI03BOJISIE KOMIIEHCYBATH BILIMB IIPOTH-€.p.C. EJIEKTPOJBUIYHA Ha (JOPMY CTPyMY, 110 CIIOKUBaA-
erbcst. B(1): R — aktuBHuii onip ¢da3Hoi oOMoTku; Ty, Tk, T — eneKTpoMexaHiuHa, eleKTpuuHa
cTail Ta craja iHTerpyBaHHs, Kcy, K — KoedilieHT nepenadi CHCTEMHU YIIPABIIIHHSA aBTOHOMHOI'O
iHBepTopa Hanpyru (AIH) ta narumka ctpymy. Kpim nmynscaniit npotu-e.p.c. BAIIT Ha dopmy
CTPYMY, L0 CIIO’KUBAETHCS, HA KOE(IIEHT MIJACWICHHS CUCTEMU YIPABJIIHHS BIIMBAIOTH IYJIb-
cauii BxigHoro ctpymy AIH. Jlns iX ycyHeHHS Ha BUXOJI JaT4MKa CTpyMY Ta Ha BXOJ1 CUCTEMU
YIIpaBJIiHHA HEOOXITHO BKIIOUUTH (PUIBTP L0 MPU3BEE 10 MOSBU B KOHTYP1 CTpPyMY HEKOMIICH-

COBaHOTO eJIeMeHTa 3 nepeaaBabHo (yHKIiE Kyc(p) = , 1€ Tyc — HE KOMIIEHCOBaHa

PTHc+1
crana yacy. BoHa Bu3HauaeTbcst napamerpamu (UIbTPIB. 3 ypaxXyBaHHAM INepeJaBaIbHUX (YHK-
LI KOMIIEHCYIOUOT0 PEryssiTopa Ta HEKOMIIEHCOBAHOTO €JIEMEHTa TPUKOHTYpHAa CTPYKTYpHa

cXeMa peryJroBaHHs [ 1] micis nepeTBOpeHHs Mae BUIJISL, K Ha puc. 1.
IE

Apt a
- /F - -

v

Kpe(Q) Kyr(q)

Kye(@) Kyr(a)

Puc. 1. Tpuxoumypna cmpykmypna cxema pe2yniosanns [ 1] nicisa nepemeopenisi

Y mepeTBOpeHiil CTPYKTYpHili CXeMi KepyBaHHs IIONEOTOM KBajpokomnrepa, e K. (q) =
1—e_q KO
22 Ki() =

> AT = gy
MIEPEpBHOT YaCTUHU KOHTYpY, AaTdyMka Kyra KpeHy; q = pT, T — mepioa BuXigHOI Hampyru
T2 T N ..
AIH; Kq = P— B= P Ty — mocriiiHa iHTErpyBaHHs JaTyuka Kyta Kpeny, K,, — koediui-
T YHC HC
€HT MIJCUJIEHHS MIPOMOPLIHHOTO PeryasTopa KOHTYPY 4acTOTH 0OEpTaHHS.
JlcKkpeTHYy nepeaaBajibHy (YHKIIIIO KOJIa 3BOPOTHOTO 3B’ 3Ky KOHTYPY CTPYMY 3HalJeMO

B pe3ynbTaTi MOAU(PIKOBAHOTO Z-NIEPETBOPEHHS:

T :
K (q) = qr, ~ TepenasabHi ¢GyHKIIT HOPMYIOUOTO €IeMeHTa, He-
04

* 1 ( -1 ~he 1 -1
WOT (Z: e) =Zy [kqa(Q) ' kHT(q)] = Ky [_ ﬁ + BZZ (ziee—ﬁ) ;iz(il)) (2)

0<e<1. Ii 3HadeHHs B MOMEHT CHpAlIOBaHHA IMIyIbCHOTO enementa Wyr(z,1) =

. _ " " _ zZK{+ K. __ B-1+e"(—-p)

£I_I>T}[Z 1WOT(Z, 6)] 3 YpaxyBaHHAM (2) - WOT(ZI 1) = KO m, Pl (& k1 = T,
_1-e B@+p)

k, = —

JluckpeTHa nepenaBaibHa (PYHKIS 3aMKHYTOTO KOHTYPY CTPYMY B MOMEHT CIPALIOBaHHS
IMIIYJIbCHOTO €JIEMEHTA!

170



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019
TECHNICAL SCIENCES AND TECHNOLOGIES

* _ 1 _ (z—1)(z—e_ﬁ)
War(z,1) = 14+ Wor (21)  (z-1)(z—e~B)+Ko(zK1+K3)"
[lepenaBanbHa (QyHKLIS PO3IMKHYTOTO KOHTYPY YaCTOTH OOE€pPTaHHS:

V'/;;:/v (z,1) = W3r(z,1) - Ky 4)
JluckpeTHa nepenaBanbHa QYHKIIS 3aMKHYTOTO KOHTYPY YaCTOTH 0OepTaHHS:

. _ Wij(z'l)
Way (2,1) = L+Wpw (2. D) *Woy (2,1)

3BOPOTHOTO 3B’A3KY KOHTYpPY 4acToTu oOepTaHHs. 3 ypaxyBaHHsM (3), (4) Maemo:
. _ (z-1)(z—e~F)eKyy
Waw(z,1) = (z—=1)(z—e=B)+(1+Ky)Ko(zK1+K3) ®)
VY KOHTYp1 HIBHJIKOCTI MOXKHA peaizyBaTH MPOLEC KIHIEBOI TPUBAJIOCTI, SIKIIO BUKOHATH
HACTYIHY YMOBY — (1 + e‘B) + (1 + K,)K.K,=0; e P + (1 + K,,)KoK; = 0, mo mo3Bonse

3aKIHYMTH MPOLEC B KOHTYP1 LIBUAKOCTI 3a JiBa nepioau BuxinHoi Hanpyru AIH. 3 apyroi ymo-
-b

)

, ne Wg, (z2,1) = Wy (2,1) nepenaBanbHa (GyHKILS

e

(1+Kw)K>
. . . . . T

usans: e?f — ef — e = 0. Horo pimenns Binnosinae 3uauenns f — 0,1. Ockinbku f = ~—» TO

HC

BenuuuHa T,,.=0.025¢, axmio yacrora BuxinHoi Hanpyrd AIH e 400 I'ny, mo no3Bossie Bubparu
nepuMeTpu (PUIBTPIB HA BUXO/1 JaTUMKIB CTPYMY Ta Ha BXOJll cucTeMHU kepyBaHHs. Craia iHTe-
TPyBaHHSl PETYAsTOpa KOHTYPY CTPYMY NMOBHHHA MEpPEBAKATU HE KOMIIEHCOBaHY CTally. 3BH-
yaitno Ty = 2T,.. 3 ypaxyBaHHSM LbOrO KOe(illieHT MiJCHIIEHHs MPOHOPLIHHOIrO peryasTopa

e Bp e P(1+p)-1
Trle=B(1+5-1)] B2 ’
JMICKpeTHa TiepefaBaibHa (QYHKIIS PO3IMKHEHOTO KOHTYPY KyTa KpeHY KBaJpOKOITepa

BU K, = . 3 floro BpaxyBaHHsIM IepIlla yMOBa MIPU3BOJUTH JI0 TPAHCLIEHIEHTHOTO PiB-

KOHTYpY HMIBUIAKOCTI K, = — 1, ne BpaxoBano, o K, = BT, K, =

* _ * * * _: (1_e_b)K a _
Woo (2,1) = W3, (2,1) - Wy, (z,1), ne Wi(z1) = 181_132 [ZM [Tﬂ?)o]l , ne Ky, =

KoT,, T, = ;—a Crana iHTerpyBaHus naruuka kyra kpeHy T,= 0,005 ¢, ToMy 1110 OTpUMaHHs

iH(opMmarii mpo MBUIKICT 00epTaHH BUKOHYEThCS 3 yacTtoToro 200 .
V pe3ynbTari HepeTBOPEHHS MAaEMO:

X z%b,+zby+b
Wia(2,1) = Koa (2 ovy (6)
- -B_ -B_ — _ _,-b 3

e by = %’ b, = (e 1)[;3 B(B 1)]’ by = %:Bﬂ?), IO BiIIOBiXac 3HaMeH-

HIO € = 1.
3 ypaxyBanHsM (5), (6) Mmaemo:
X _ z%b,+zb1+bg
Woa(2,1) = Kpo [(z—1)(z—e=B)+(1+Ky)Ko (zK1 +K2)|(z—1) (7)

e Kpo = KO(ZKW .

BignoBigHo 10 [4] BUKOHAEMO CHHTE3 PErysTOpa KyTa KpeHy KBaJpOKOITepa 3a KpuTe-
pieM mBuaKoIl. YucenbHUK nepenaBaibHOT PyHKIIT (7) PO3IMKHYTOTO KOHTYPY KyTa KPEHY:

P*(Z, 1) = Kpo[zzbz + Zb1 + bo].
3naMeHHUK (7) 6e3 iHTerparopa Ta 3 IHTErpaTopoM:
Q:1(2) = (z— 1(z—e™P) + (1 + Ky Ko (zKy + K2),
Q:(2) = [(z— 1(z—eF) + (1 + K, )Ko (zK; + K)|(z — 1).

MiHimManbHa KUTBKICTh NEpIoiB BUXiqHOT Hanpyru AITH, 3a siki MOKIJIMBO 3aKIHUUTH MIPOLIEC
y KOHTYp1 KyTa KpeHy KBaJpoKonrepa Sy, = lo + 19 — 1, ne [(=3 — nopsnok noninoma Q(z),
7o = 1 — BIacHWil acTaru3M CHCTEMM PEryltOBaHHs, KOTPUH BU3BAaHMH HASBHICTIO B KOHTYp1
KyTa JaTduKa, 110 IHTEerpye MBUAKICTh oOepTanHsa. O4eBUIHO, IO Mpolec cTadimizaiii KyTa
KpEeHY KBaJpOKONTepa MOJKHA 3aKIHYMTH 3a TpH nepioau BuxiaHoi Hanpyru AlH, s .= 3. dns
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LIOr0 HEOOXiZHO BMKOHATH HacTynHy yMoBy P*(z,1) - M*(z,1) + (z—1)?- N*(z,1) = 23,
ne nopsanok nominoma M*(z,1) [y, =r — 1 =0, a nopsanok nominoma N*(z,1) Iy = lp = 2,
ne lp — TopAIoK YnceNbHUKA TTepeaBaIbHOT (DYHKIIIT pO3IMKHYTOT CHCTEMH.
VY pesynbrari Maemo:
M*(z,1) = ay, N*(z,1) = Cy + C,Z + C,Z%.
3 ypaxyBaHHAM (8) MaeMo:
Kpolz2b, + zby + bolag + (Co + C1Z + C,Z2%)(z — 1) = z°. 9)
[TpupiBHIOIOUM MDX C0000 KOE(DILIEHTH OJHAKOBUX CTENEHIB Z JIIBOi Ta MpaBOi YaCTHUH
(9) maemo:
by + b, by 1
T 30" Y T ko 23bic
IlepenaBanbHa QyHKIIISI TOCITIIOBHOT KOPUT'YIOUO1 JIAHKH KOHTYPY KyTa KpeHY KBaJpOKOITepa:

" Qi (@)M*(z1)
Kpa(z,1) = o) o M) (10)

C2:1,C0:

VY pesynbrari nepeTBOPEHb OTPUMYEMO:

. 2taiz+ AUZx[2,1
Kp(Z, 1) S Z7tazZtrag — [z,1] (ll)

z2+c¢qz+¢g AU [z1]’°

nea; =k (1+ky,), ap=eP +k,(1+k,), o =1 — BuacHmii actatu3m cuctemu, r = 1 —
acTaTH3M peryisropa.
Posninumo uncenbuuk i 3Hamennunk (11) Ha z2. V pesynsrari Maemo:
AU (2, 1](c127t + cgz72) = AUz 1](ag + agaz™ + agayz™2),
3BIIKU
AUz, 1] = AUz, 1](ay + agaz™t + agayz™2) — AUL[2z, 11(1 + ¢1z71 + coz72).
OpuriHan pi3HULEBOTO PIBHSAHHS, 1110 OTPUMAHO:
. AU];kHX[nI 1] = i:o AU];kX[n - k' 1] ‘U — i:l AU];kHX[n - k: 1] — Nk -
Horo pilieHHsI BUKOHY€E peKypCUBHUN UGPOBUN QUIBTP, CTPYKTYpHA CXeMa SKOro Ipen-
CTaBJICHA Ha puC. 2.

Ho

AUg(n, 1]
J251 \r-l-\

AU[n, 1] AU [, 1] AULn —1,1] AUZ[n — 2] |
i% r r

Uz

M N2

Puc. 2. Cmpyxmypua cxema pexypcuenozo yugpogozo ¢inompa

ne AU [n, 1] = AU [n, 1] — {AU%[n — 1,1] - + AU%[n — 2,1] - n,} — BinxuieHHs nommi-
K KOHTYpy Kkyra kpeny; AU [n,1] — BigxwieHHs cuTHaTYy Ha BXOJAi PETYISATOPA;
AU}« [n, 1] — BinxuieHHs BXigHOTO CHrHama peryistopa Kyra KpeHa. BiH € curHaiom 3a-
BIIAHHA JJI1 KOHTypa 4acTOTHU OOepTaHHS; T~ 1- nanka 3aTpUMKH Ha OJIMH TEpPioa BUXIAHOT

_ ky(1+ky) e Pry(1+ky) _ by+by _ by
K053 b M T Kpoxib 2 T Tigoxibe C T TEbe 2T TR
paMeTpU HalalITyBaHHS PErYISTOpa KyTa KpeHy.

Hanpyru AlH; puy, = — ma-
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OueBuIHO, 1O MapaMeTpU JAHOK 3BOPOTHOTO 3B’SI3KYy PEKYPCHBHOIO QuIbTpa 711, 1, 3a-
JIeKaTh JIMILE Bijl BIIHOCHOI HECKOMIIEHCOBAHOI MOCTIHHOI . [lapameTpu J1aHOK MpsIMOro 1e-
penaBaHHs Uy, [y, {; OKPIM IILOTO 3aJeKaTh 1 BiJ BIIHOCHOI CTajoi IHTETpyBaHHS KOHTYPY
crpymy T¢ Ta Bl KoedilieHTa MiCUICHHS PErYIATOpa KOHTYPY MIBUIKOCTI K\, .

3aMKHEHa JUCKPETHA NepeAaBaibHa (PyHKIISI CHCTEMH YIPABIIIHHS [TOJOTOM KBaJPOKOI-
Tepa, 1110 ONTHUMI30BaHa 3a HIBHUJIKICTIO:

M/3*OHT(Z’ 1) = P*(Zl 1)
ne P*(z,1) = Kyolz2b, + zb; + by,
* _ _ 1

M*(z,1) =a, = Koo X2b%"

KoediuieHT by, Bu3zHaueHo Bulle 11 € = 1, TOMy 1110 MOMEHT CIIPALIOBAHHS IMITYJIbCHOTO
€JIEMEHTa BINOBIJA€ JIIBOMY 3HAUEHHIO CUTHATy Ha HOTO BXO/II.

Z-300paxXeHHs NepexiIHOT XapaKTepUCTUKH ONTHUMI30BaHOI 3aMKHYTOT CUCTEMHU:

] _ =z . __ 7b z%(ba+by) %3 bk
Hiom(2,1) = 723 Wom(@ 1) = Gyt T #m3nen ¥ Aoy
Opurinan i nepexiHo1 XapaKTepUCTUKHU:
* _ by b+ by
H3 OHT(nI 1) - Z% bk [nr 1] + Z:(Z)—bk
ne n = 0.1.2.3.. — HoMep nepioay rpardactoi GyHkuii. I3 (12) BUIHO, M0 XapakTep Hepexija-
HOTO IMPOLECY MO KyTy KpeHY KBaJpOKOIITEpa 3aJeKUTh BiJl HECKOMIIEHCOBaHO1 cTajoi. Buiie
MOKa3aHo 1110 onTUMajbHe 3HaueHHs [=0,1. ¥V pe3ynsrari po3paxyHky no (12) orpumano Taki
JMCKPETH1 3HaUE€HHS MePeXiIHOT XapaKTepUCTUKH 3aMKHEHO1 cuctemu Juis f = 0,1:
0478, n=0;e=1
H} i (2,1) =4{0,956; n=1; e = 1.
1, n=2;e=1

OueBuIHO, 11O MPOLIEC B CUCTEMI 3aKIHUYETbCA 0€3 MepeperyintoBaHHs 3a TPU MEpiou
komytanii AIH, 110 »UBUTH €1eKTPOABUTYH.

BucnoBku BignoBinHo mo crarti. i1 TPUKOHTYpHOI cucTeMH ctabutizallli mojJb0TOM
KBaJJpOKONITEpa CUHTE30BaHO LU(PPOBUIl PErysiTop rojJ0BHOIO KOHTYPY (KyTa KpeHy) 3a KpH-
TepissMU MIBUAKOAI Oe3 mepeperyiatoBaHHs. BeraHoBIeHO 3B’S30K Horo mapamerpiB i3 mapa-
MeTpaMu MiIHOPSAAKOBAHUX HOMY KOHTYPIB CTpyMy Ta ImBHAKOCTI. [loka3aHo, 1110 BIJIMB Ha
napaMeTpu PeryasTopa KOHTYpY KyTa KpeHy Ta Ha CTajly IHTEeIpyBaHHS KOMIIEHCYIOUOTO pe-
I'YJSTOPa KOHTYPY CTpyMa BILIMBA€ HECKOMIIEHCOBaHA CTalsla yacy. 3alpONOHOBAHO PEKOMEH-
Jarlii, sKi 103BOJISIOTh BUOpPATH 1i 3HAUEHHS.

M*(z,1)
z3

n—1,11+1[n—21], (12)
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Yurii Denisov, Oleksiy Gorodny, Oleg Sereda

SYNTHESIS OF THE SYSTEM ROLL ANGLE CONTROL SYSTEM
CONTROL OF A QUADCOPTER WITH A COMPENSATING
CURRENT CONTROL CURRENT

Relevance of the research topic. The theme of the study is due to the need to improve the quality of energy and dynamics in the
flight control systems of unmanned aerial vehicles (UAVs), given their growing role in the industrial, domestic and military sectors.

Formulation of the problem. In UAV flight control systems with four rotors (quadcopter), control processes influence
the processes of electric power consumption from an onboard battery. The loss of power in the power components of the
systems and quadcopter control can be reduced if the influence of ripple anti-emf is eliminated. electric motor on the form of
current consumed from the battery. Achieving this goal is possible through the implementation of the most appropriate laws
of control in the contours of the system.

Analysis of research and publications. An analysis of well-known publications on the research topic showed that they
did not pay attention to the issues of economical use of the battery’s energy resource. The main focus is on improving
management and navigation processes without taking into account their links to energy processes.

Highlighting unexplored parts of common problems. An insufficient study of the problem is a consequence of not
taking into account the influence of management processes on the quality of energy consumption processes. This is
manifested in the fact that the regulator, as a rule a two-circuit, quadcopter control system is tuned for the necessary speed
and overshoot without taking into account the influence of the control law on the quality of energy processes, there is no
control over the rate of rise of the current shape consumed.

Formulation of the problem. Known quadcopter control systems have one control loop. To control the battery
consumption, in the quadcopter control system, a current loop is needed, which, together with the speed loop, which obeys
the main roll angle loop. Thus, the UAV flight control system must have three control loops [1].

Main material. For a three-loop quadcopter flight control system, a digital controller of the main loop has been
synthesized, which controls the angle of heel. The synthesis procedure includes taking into account the influence of a
proportional-integral controller with second-order astatism, which is included in the current loop to compensate for ripple
against the emf. brushless DC motor (BDTT). As a result of the synthesis, the structure and parameters of the links of the roll
angle contour controller are obtained in the form of a digital recursive filter.

Conclusions regarding the article. Synthesized digital roll angle contour controller for three-loop quadcopter control
system. The regulator allows you to stabilize the flight process while saving the energy resource of the on-board battery.

Keywords: quadcopter; modified z-transform; optimization; digital filter, energy efficiency.
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BUKOPUCTAHHSA COPBEHTIB HA OCHOBI MATHETUTY
JJIs1 OYMIIEHHSA BOJIM BIJ IOHIB BAXKKUX METAJIIB

Axmyanvnicme memu oocnioxcenns. Ilpodonema 3aconenns 8oou € 0yice NOWUPEHOIO Yepe3 NPUPOOHi ma aumpono-
2enui paxmopu, a Halbinbue cmpadicoaroms npomuciosi pecionu. Tomy npiopumemuum HanPAMom € po3pooKa Manogioxo-
OHUX MEXHON02IU OYULEHHS 800U 8I0 [OHI8 BANCKUX MEMATIB.

Ilocmanogxa npobnemu. Buacniook pizHOMAHImMHUX NPOMUCTIOBUX NPOYecis 8i00YBAECMbC HAOXOOICEHHS BAICKUX Me-
manig 00 600nuUx exocucmem. Haoxooocenns yux nonlomanmie 0o nogepxnesux ma nio3emMHux 600 cmaio npobremoro Ykpa-
iHU NPOMA2OM OCMANHIX KITbKOX 0eCAMUNImb.

Ananiz ocmannix oocnioxcens i nyonikayin. bynu posensnymi ocmanni nyoaikayii'y 6iokpumomy 0oCmyni, 6Kiouaoyu
Jnimepamypy npo 0CHOGHI MEmMOOU OYUWeHHsL 800U B0 T0HIE BAJICKUX MEeMAlig.

Buoinenns nedocnioycenux uwacmun 3azansnoi npoonemu. Ingopmayia npo egpexkmusnicmes copoyitinozo ouuuyeHHs
Ma 000YULEeHHS NPUPOOHUX 800.

Ilocmanogka 3a80anua. Y pobomi npeocmagieni pe3ynbmamu 00CaioNiceHHs npoyecie copoyitinoco ouuweHHs 800U
810 ioni6 sadickux memanie. Ax copboenm suKOpUCmoB8y8anu 3pasku MazHemumy, ompumMaHi npu cni6iOHOuIeHHi KOHYeHmMpa-
yiti ionie 3aniza (1) i 3aniza (II1) 1:2; 1:11 2:1, ma 3pazxku moougpikogani cynvpioom nampiio.

Buknao ocnosnozo mamepiany. Iloxazano, wo copbyiiina emMHicms Maznemumy no iOHax 8adCKUX Memanig 3pocmac
npu 36inbuenni cnissionowenns [Fe*'] / [Fe’'] 6io 1:2 o 2:1. Jocniooceno ennue pH cepedosuya na epexmusnicmsy cop-
byii ionie eadckux memanie na machemumi. Iloxaszano, wo copbyiiina emuicmes maznemumy 3pocmae npu 36invuenti pH
cepedosuya, ujo 3yMOGIEHO YACTNKOBUM 2i0pONI30M I0HI8 8AICKUX MEMAIE.

Bucnoeku sionogiono oo cmammi, Copoyitini mexnonozii Maroms 8UCOKy epeKmusHicmy i MOICYMb BUKOPUCHIOBYBAMUCH HA
pisnux emanax ouuwenHa 6oou. lliosuwjenns copoyitinoi emnocmi mazHemumy 6i06ysacmocs npu MoOUGIKyeanHi oo 2yami-
Ounom, mioceMiap6asioom i cyrb@ioom HamMpiro, wjo 036ONAE IMEHUMMI 3ATULKOST KOHYSHMPAYIT 6aANCKUX MEMATiE 00 MK2/OM.

Kniouosi cnosa: maznemum; 8axicki memanu; copoyitina eMHicms, MOOUDIKYBAHHSL.
Puc.: 5. Tabn.: 1. bién.: 15.

AKTYyaJIbHiCTh TeMH JOCTiKeHHsl. BHACTIIOK TpUBaNoro 3poCcTaHHs aHTPOIIOI€HHOIO Ha-
BaHTa)KEHHs! BIIOYBAEThCS 3HAYHE 3a0pY/AHEHHs HABKOJMILIHBOTO cepenoBuiia. Ha ceoromni He-
MO>KJIMBO YSBUTH JIFOJIChKE ICHYBaHHSI 0€3 MOCTIHHOrO BOJI03a0e3IeueHHs, a mpodiemMa 3a0pya-
HEHHS JDKepen BOJIOINOCTauyaHHs HalOyBae Jefani OUIbILIOi aKTyalbHOCTI, OCOOJIMBO MpPOTITOM
OCTaHHBOTO JIeCATUPIYYSA. JIesKi perioHu HaIloi IJTAHETH CTPAXKAA0Th Bl KaTacTpo(iuHOi HecTa-
4i BOJM, KPIM TOT'0, IIOCTAE 1HIIIA MPoOIeMa — HU3bKa SIKICTh BOJHUX pecypciB [1].

ITocTanoBka npodaemu. BMicT opraniuHuxX peuoBUH, HAQTONPOIYKTIB Ta BAXKKUX METa-
JIB MEPEeBUILye BCTAHOBJIEHI HOpMaTUBH [2]. Baxkki MeTanu HaaAXOoIATh 0 NPUPOJHUX JDKe-
pen 31 CTOKaMM TajibBaHIYHMX, NPUIAJOOYIIBHUX Ta XIMIYHMX BHUPOOHUITB, TIPHUYO-
30arauyBaJIbHUX KOMOIHATIB Ta TerwioenekTpocTaHiiii [3]. barato minnpueMcTB MarOTh rajib-
BaHIYHI 1IeX1 a00 K JUISTHKY HAaHECEHHS ralbBaHIYHOTO MOKPUTTS. ['anbpBaHiuH1 BUPOOHUIITBA
€ OJHHMMH 3 HaHOUIBIIKX CIIOKUBAYIB BOIH, 1 BIAMOBIIHO CKUAAIOTH BEIUYE3H1 00’ €MH B1IXO-
JIB — SIK pIAKUX (TaJbBaHIYHI CTOKHM), TaK 1 TBepAUX (rajgbBaHiuHi mamu). [Ipu ckuaanHi He-
OUMILEeHUX a00 HEJOCTATHBO OYMILIEHUX I'aJbBAHOCTOKIB y PIYKH, 03€pa Ta IHII NOBEPXHEBI
BOJIOMMH, K1 MICTATh 3HaYHY KUIbKICTh BaXKKHUX METANIB y CBOEMY CKJIaJll, 3aBJJAETHCS BEJIH-
Ye3Ha IIKOJa HaBKOJIMIIIHBOMY CEPEOBHUIIY: MOPYIIYETHCS (PYHKIIOHYBaHHS aKTUBHOTO MY-
Jy Ha CTaHI[ISIX OYMILIEHHS MICBKUX CTIYHUX BOJI, 3aBJA€ThCS ICTOTHA IIKOJA T1IPOOIOHTaM,
BTPAYa€ThCs MPUPOIHA 3JATHICTh BOJONM JI0 CAMOOYHIIIEHHS [4].

Bucoxka 3a0pynHeHICTh BOAHUX 00’€KTIB MiIHEPaIi30BaHUMU BOJIAMHU Ta TOKCUYHUMU pe-
YOBHHAMHU NOTPeOye pO3pOOKH ePEKTUBHUX 3aX0/IB JUIsl 3SMEHLIEHHS LbOTO BIUIUBY [5].

AHaJI3 0CTaHHIX J0CTiTKeHb i myOaikaniii. AHamni3 niTepaTypHUX JaHUX II0JI0 METOIB
OUMILEHHS CTIYHUX BOJ| B/l I0HIB BaXKUX METANIB MOKAa3ye, 110 iCHye 6araTo METOJIB OYH-
IIEHHS BOJM B1J] 10HIB BOKKUX METANIIB IPU BUKOPHUCTAHHI PEAareHTHOTO OCaKEHHS [6], 3BO-

© Tpyc 1. M., 'omens M. /1., Kpucenko T. B., Censkosa K. C., 2019
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poTHOTrO ocMmocy [7; 8], enexrpokoarynsiii [9], enextpomianizy [10], ionHoro oominy [11; 12]
1 copouii [13; 14].

Buainenns HexocaiIKeHNX YACTHH 3arajbHoi NpodaemMu. bulblIicTh IUX METOIB J0-
CUTh €(EKTUBHI, IPOTE HE BUPILIYIOTh IPOOIEMH ITMOOKOr0 OUMIIIEHHS BOAM BiJ] 10HIB BaXK-
KUX MeTaiB. binbil epekTuBHI COPOEHTH Ha OCHOBI MAarHETUTY, SIK1 JIO3BOJISIOTh BHIIydaTH
10HU BaXKKUX METANIB 3 BOJM 3 BUCOKUM CTyNEeHEeM OuMIleHHs. EdeKkTuBHICTb OUMILeHHS /10-
CHUTb BHUCOKA 1 B IPUCYTHOCTI 10HIB )KOPCTKOCTI [ 14].

ITocTanoBka 3aBaaHHs. MeTo10 11i€1 poOOTH € CTBOPEHHS BUCOKOE(EKTUBHUX COPOEHTIB
Ha OCHOB1 MarHeTUTY Ui INIMOOKOTO OUYMIIEHHS BOJIM BiJl I0HIB BaKKHUX METAIIB.

Excnepumentanbia yactuna. [Ipu 06po6ii 10 %-M po3unHoM JIyry cymiiei coneit 3aniza
(ID) 1 3am3a (1B mexax 1:2; 1:1, 2:1 oTpumyBanu COpOEHTH 3 MArHITHUMU BJIACTUBOCTSAMH [ 14].
Jlnst MouQiKyBaHHS MarHeTUTy BUKOPUCTOBYBAIM T'yaHIIMH, TioceMikapOa3il B KOHLEHTpallii
1 % Tta cynbdin Hatpito B KoHueHTpauii 1 12 %. Sk po6oui po34MHN BUKOPHCTOBYBAJIM PO3UMHU
iOHIB MiJTi, IMHKY, Ka/Mil0, HIKEJIIO i CBHHIIO 3 KOHIeHTpauiero Bix 1-10 mr/mv® 1o 1000 mr/mv’.
CopO1Liro IPOBOIMIM B CTATMYHMX YMOBaX, 10 IpoOH po3urHy 06’ eMoM 100-200 cM?, nomaBamm
1300 mr/mm® MarseTuty. V mpo6ax BOIM BU3HAYAIN 3AIMIIKOBI KOHIIEHTpALIii OHIB BaXKKUX Me-
TaJliB METOJIOM XpoHonoTeHLioMeTpii [15] 1 3ammmkosi 3HaueHHs pH cepenosuia. CopOuiiiny
€MHICTb (@) Ta CTYINIHb OUMILIEHHS (Z) po3paxoByBallu 3a (OpMyJIaMH:

v ,Mr/T;
Cp
7= ( —C—)-1oo,%

e Vp — 00’eM po3uuny, am°;

Cn 1 Cp — noyaTkoBa i piBHOBaKHA KOHIIEHTpALIis METaTy, MI/aIM’;

M. — maca copOeHTy, T.

Buxkiax ocHOBHOro marepiaiy.

J1jis ouMIlieHHs BOJM B 10HIB MiJli BUKOPUCTOBYBAJIM COPOSHTH HAa OCHOBI MarHeTury. Sk
BUJHO 3 pHcC. 1, copOuiiina emuicts Maretuty (K = 1:1) mo mini npaktuuno Ha 10 % Oinbia,
HDK IIPYU BUKOPUCTaHHI MarHeTuTy, orpuManoro npu K = 1:2. [Ipu BuB4enHi BBy pH Ha co-
pOLIiiHY €MHICTH OYyJIO BCTAHOBIIEHO, 110 Y pa3l niasuiieHHs pH po3uuny Bix 5,7 mo 6,5 1 6i-
neire A0 7,9 1 8,52 BinOyBaeThesl ICTOTHE 30UTBIIEHHS! €MHOCTI cOpOeHTy. OY4eBUIHO, 110 MIPH
naHuX 3HayeHHsAX pH BiOyBaeTbcss YaCTKOBUH TiIpOJIi3 10HIB MiJll 3 BKIFOUEHHSM TIPOKCHILY
M1/l B KpUCTAIIYHYy Irpatky Maretuty [14]. Tomy B 11bOMy BUIIQJIKy peai3yeTbCs MEXaHi3M
aKTMBOBAHOT aJICOPOLLii, IKa € HE3BOPOTHOIO 1 XapaKTEPU3YEThCS BEIMKUMHU 3HAUEHHSIMHU COpO-
LII{HOT €MHOCTI NMPH HE3HAYHUX 3HAUEHHSAX PIBHOBAXXHOI KOHILIEHTpalii merany. PiBHOBakHa
KOHIeHTpawis Migi mpu pH = 7,9 ne nepesuuysana 3,04 mr/av>, a ipu 8,52 ii 3Havenns Oyan
nwkde 0,2 mr/av’. TIpu 1pOMy rpanuuHa copOLis gocsrana 3HadenHs 1135 mr/r. OueBuHo,
110 KPUCTAIM MAarHeTUTy B 1IbOMY BHUMAIKy OyiaM LIEHTpaMu KpucTajiizauii riipokcuay, ado
CKOpiLLIE OKCHUJTY MiJll, IO YTBOPIOETHCSA BHACTIIOK T'IpOIi3y 10HIB Mifl.

Ha puc. 2 HaBeneni qani copOrrii 10HIB CBUHIIIO, IMHKY Ta KaJMil0 Ha MAarHeTHT1, SIKUi OyI10
CHHTE30BaHO IpH CHiBBiIHOIIEHHT KoHIeHTparii 3aniza (I1): 3amiza (1) (k) 1:2. Leit copbeHT
Ma€ JIOCUTh BEJIMKY CEJIEKTHBHICTh 110 10HaX CBUHLIO, Ipu pH = 6,9 copOuiiina eMHICTh MarHe-
TUTY cTaHOBHIA 550 Mr/r. VIMoBipHO mpy 1poMy 3HauenHi pH BiH HaGyBae 31aTHOCTI YACTKOBO
rigponizyBarucs. L{uHk 1 kaamiit npu Takux 3HayeHHsX pH 3HaxosThes B 10HHIN opmi, ToMy iX
BUITYYEHHSI IEPEBAXKHO BIIOYBAEThCA 3a paXyHOK (hi3nuHoi ajncopbuii. [Ipu oMy rpaHnyHa em-
HICTh TI0 10HaX IUHKY Jocsaria 92 mr/r, a mo ioHax kaamiro — 205 Mr/r. Skiio nopaxyBatu B MO-
JIPHOMY CITIBBiTHOIIEHH], TO EMHICTh 0 IMHKY CTaHOBWIA 2,82 MI-€KB/IM’, a 110 KaJIMil0 —
3,66 Mr-exs/mv’. OnHak pPIBHOBaKHI KOHLEHTpAIlii IMHKY W KaJIMiK0 IEPEBHIIYBAIN 7 MI-
eKB/IIM, 1110 € He Jy’Ke XOPOIIUM pe3y/bTaroM. Ta i piBHOBaXHA KOHIEHTPALLsl CBHHIIIO B IIEp-
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wiii po6i Gyiia Ha pisHi 0,8 Mr/mv®. 1100 JOOUHMIEHHS YK TIMOOKOTO OUMIIEHHS BOIM Bil i0-
HIB BXKHMX METANIIB, TO II€ € IOCUTh BUCOKI 3IMIIKOBI KoHIeHTpallii. [Ipu minsumensi pH no
8,69 eMHICTh MarHeTUTy MO I0HaX LUHKY 3pocTae 10 550 Mr/r, mpoTe piBHOBAXHI KOHLIEHTpALlii
Oy GinbIIe Hixk 4 MI/IM?, 0 TAKOXK € HE3aJ0BUILHAM PE3YIIETATOM.

a, Mr/r

400

300

200

100

100 150 200
——1 —A=2 —e=3 ——4  —8=5 Cp, mr/am’®

Puc. 1. 3omepmu aocopoyii mioi na macnemumi (K =1/2) (1;2), (K=1) (3; 4, 5)
npu pH: 5,7 (1, 3); 6,5 (4); 7,9 (5); 8,52 (2) (0o3a maznemumy - 1300 m2/om°)

a, Mr/r

<
>

500
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50 100 150 3
——1 —=2 ——3 —a—4 Cp, mr/am
Puc. 2. 3omepmu aocopoyii na macnemumi (K = 1/2) ionie ceunyro (1), yunxy (2, 3)
i kaomiro (4) npu pH: 6,9 (1, 2, 4); 8,69 (3) (003a macnemumy - 1300 m2/0m>)

Jlnis migBuieHHs €(peKTUBHOCTI OYMIIIEHHS BOJM BiJl 10HIB Ba)KKUX METaliB BUKOPHUCTO-
BYBaJIM MOJU(IKOBAHUN MarHETHUT.

Ha puc. 3 npezncraieHi pe3yibTaTH, OTpUMaHl P BUKOPUCTaHHI 3pa3KiB MAarHETUTY,
orpumanux npu K = 1:2 1 2:1 1 moaudikoBanux tioceMikap6asizom i cynabdigom Hatpito. Ha
MPUKIIAAL cOpOLii 10HIB MiJ[i, MAarHETUT, OTPUMaHU npu criBBiaHOIIEHH] K = 2, Mae emMHicTh
1o Mifii B 4,4 pa3u Bullle B HOPIBHSIHHI 3 MarHeTuToM, otpumatHomy nipu K = 1:2 (puc. 3). Ilpu
IbOMY MOAM(IKaLlisl MarHeTUTY TiIOCEMIKapOa3110M MPU3BOAUTH /10 30UIBIIEHHS HOTo copO-
1iitHoi emHocTi 1o mini B 1,5-2,0 pa3za, a npu Moaudikaiii MarHeTUTy Cyiab(ioM HaTpio
Horo copbuiiina emuicte npu K= 1:2 3pocrae 3 85 no 332 mr/r, a npu K=2 — 3 375 no
550 mr/r. Copbuito npoBoauiu npu pH 6,0-6,7. 3pocTanHs cOpOIIITHOT EMHOCT1 MarHETUTY
npu K = 2 B nopiBHsAHHI 3 Bunajakom, ko K = 1:2 3yMOBiI€HO TUM, 1110 B MIEPLIOMY BUMAAKY
B OTPUMAHOMY COPOEHTI 3HauHa YacTHHA Horo macu nepedyBae B aMophHOMY (IIyXKOMY)
CTaHl, 0 30UIbIIyE IJIONLy COpOLIHHOI MOBepXHI ¥ ancopOuiiiHuii 06’em. Marnetut 3
K = 1:2 cxnagaerbes 31e0u1b1110T0 3 KprcTamiiB. [Ipy BHeCEHH1 B peakiliiiHy Macy Mpu CUHTE31
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MarHeTuTy TIyaHiliHy, TiocemikapOa3igy abo cCynb(iny HATpil0 B CTPYKTYPY MAarHeTuTy
BKJIFOYAIOTHCS MOJIEKYJIM LIUX CHOJYK a00 cyabdia aHioHu. O4eBUIHO, 0 (PparMeHTH ryaHi-
JIIHY, 1110 MICTSTh yrpynoBaHHs Tuimy >C=N abo Tiocemikap0Oa3ija, 1o MicTuTh rpynu >C=S
3/IaTH1 YTBOPIOBaTH KOMIUIEKCHI 3B’SI3KU 3 d-MeTajlaMu 1 BIIMOBIIHO MiJBHUILYBATH iX cOpO-
uito Ha marHeTuTi. Cynb@ia aHioH 3AaTHU 3 6araTbMa d-MeTalaMu YTBOPIOBATH HEPO3UMHHI
cnoiyku. Tomy BiH € HaiOUTbII €pEeKTUBHUM MOU(DIKYIOUMM PEareHTOM.

a, Mr/r

500 -

400

300

200

100

L 4
L 4
L 4

0 T T T 1
0 100 200 300 400 500

Cp, mr/am?
——1 -2 —e—3 4 = ] o—06

Puc. 3. 3omepmu aocopoyii ionie mioi na macnemumi K = 1/2 (1; 2; 3)
iK=2(4;5; 6) npu suxopucmanni macnemumy nemoougpixosanozo (1, 4)
ma mooughixosarnozo miocemikapbazioom (2; 5) i cyrvghioom nampiio (3; 6)
(003a maznemumy - 1300 me/om’)
Sk BunHO 3 puc. 4, moaudikoBanuii cynbdinom Hatpito marnetut (K = 2) mae gyxe Bu-
COKY COpOLIIHY €MHICTbh IO 10HaX HIKENIO Ta Kaamito. Ta i mo i0Hax IUHKY rpaHU4HaA cOpO-
mifiHa eMHicTh gocsrac 300 mMr/r.
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Puc. 4. I3omepmu aocopoyii ionis yunxy (1), kaomiro (2) i nikenro (3)
Ha maehemumi (K = 2) mooughikosarnomy 2%-num po3zuurom cynvioy Hampiro
(003a maznemumy — 1300 m2/om>)
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Binbi HU3bKA €MHICTh MarHETUTY IO 10HAX HUHKY 3yMOBJIEHA THM, L0 B MPOLIEC] MPOBE-
neHHs cop6uii pH po3unny 3HMKYBaBcs Big 6,8 10 4,95, Toal K y BUNaaKy ioHiB Hikento pH
3MIHIOEThCS B Mexkax 7,15-5,39, a s ioHiB kaamito pH — B mexax 6,70-6,34 (puc. 5).

pH Z, %

100
a) *\
6.8 - 99,8
6,3 - 99,6
5.8 - 99,4
53 - 99,2
4’8 - T T T T 99
0 0,5 1 1,5 2
——1 =2 —e3 4 -85 o—6 Cp, mr/nw?

Puc. 5. 3anesxcnicmo pH posuuny (1; 2; 3) i cmynens eunyuenus ionis (4, 5; 6)
yunky (1, 4), kaomiro (2; 5) i nixenio (3; 6) npu copoyii na macnemumi (K = 2:1),
Mmooughixosaromy 2%-num pozuurom cyrbgioy nampito (0oza maznemumy - 1300 me/om’)

Cnig 3a3HaYUTH, 110 B YCIX BUIAJKAX CTYIIHb OYMIIEHHS BOJM BiJl I0HIB BaXKKHUX METAJIIB
nepeBuuryBaB 99 %. PiBHOBa)kH1 KOHUEHTpallii (puc. 4) B pa3i 10HIB UHKY TaKOX 3MIHIOBa-
mmcs Bix 0,06 no 2,05 mr/oM’, s i0HIB KaaMito 3poctanu Bin 0,016 no 0,950 mr/oM’, a s
ioniB nikemnto Bix 0,008 mo 1,010 mr/mv’.

3 orJisiy Ha BUCOKI BUMOTH JIO SIKOCT1 OYMILIEHHS BOJM BiJl 10HIB BaXKKHUX METaIIB, 0CO0-
JIMBO TPH CKUJAHHI iX y BOJOMMHU pHOO-rocrogapchbKoro mpu3HaueHHs ado MpU MiIroTOBII
MUTHOT BOJM, OYyJI0 I[IKABUM BHU3HAYUTH MIHIMAJIbHI KOHIIEHTpAIlll, SKUX MOXHA JOCATTH TIPU
BUKOPUCTaHHI COPOEHTIB HA OCHOBI MAarHeTUTy. SIKk BUJHO 3 TaOIUIli, IPY BUKOPUCTAHHI Mar-
HeTuTy, cunTezoBaHoro npu K = 1:2, moaudikoBaHoro cynb}iioMm HaTpiro, KOHIEHTPALiO
Mizi BAAnocs 3HU3UTHU 10 5,44 MKr/am?. [Tpu BukopucranHi MoAU(IKOBAHOTO CYIb(HIAOM Ha-
TPIt0 MarHeTury, orpumanoro npu K =2, Bojy BAangocs MOBHICTIO OYUCTUTH Bi 10HIB Kaj-
Mil0, a KOHLIEHTPAIII0 Mijl BAAJIOCS 3HU3UTU 10 1,2 Mmir/mv?. Le MIATBEPIKYE JAOLLUIBHICTD
BUKOPUCTaHHS JaHUX COPOEHTIB PU JOOUYMILEHHI BOJM Bijl I0HIB BaKKUX METAIIIB.

Tabmums
3anexcnicmo eghpexmuenocmi sunyuenns ionie mioi (1) i kaomiro (I1) 3 600onposioHoi 600U
6i0 cnisgionowenns [Fe’/Fe’t] 6 macnemumi i cnocoby tio2o moougixayii

Monudikyo- | Konnentpanis ionis merais, mr/am’ . Cryninp
Fe’"/Fe*"| unii p?alcmHT 104aTKOBA piBHOBaKHA Ancopbuist, mr/r BHJIT)}:quHﬂ
(KOHUEHTPAT) 1 I 1 I 1 11 1 11
1:2 — 10,00 | 10,0 | 0,75000 0,320 6,300 8,080 | 92,50 | 96,80
1:2 Na,S (1%) 1,63 — 0,00544 — 1,0292 — 99,67 —
1:2 NayS (2%) 1,63 — 0,04688 — 0,9960 — 97,12 —
1:2 I'yaninin 1,63 - 0,13255 - 0,9462 - 91,87 -
1:1 — 10,00 | 10,0 | 0,15000 0,080 7,3875 7,440 | 98,50 | 99,20
1:1 NayS (2%) 10,0 10,0 | 0,05600 0,012 7,4580 | 7,491 99,44 | 99,88
2:1 — 2,00 7,5 0,01664 0,0010 1,4875 5,624 | 99,17 | 99,99
2:1 NaxS (2%) 2,00 7,5 0,0012 0,0000 1,4991 5,625 | 99,94 | 100,0

BucnoBku BinmoBigno a0 crarti. [lokazano, 1o copOiriiiHa €eMHICTh COPOSHTIB Ha OCHO-
Bl MAarHETUTY MO 10HAX BAXKKUX METAJIB 3aJ€KUTh BiJ] CIIBBIAHOIIECHHS KOHIIGHTpAIllid 10HIB
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Fe?'iFe*"(K) B peakuiiiniii cyminti. ¥ pasi 36insmenns K Big '/2 10 2 copbuiiina emuicts cop-
OeHTY 30UIbLIYEThCA MO 10HAX M1, IIMHKY, HIKEJIIO Ta KaMIkO.

BcranoBneHo, 1o copOiriiiHa éeMHICTh COPOSHTIB HA OCHOBI MAarHETUTY MO 10HAX Mifl, IU-
HKY, HIKeII0 Ta KaJMmio 3aiexuth Bin pH cepenosuia. EQeKTUBHICTh BUIYUYEHHS BAXKKUX
MeTalliB 30UIbIIyeThes ipu ninBuiieHH1 pH Bix 6,0 1o 8,6.

BuBueHO e(peKTUBHICTh BUIIYYEHHSI 10HIB BaKKUX METaJlIB HA MAarHETUTI, MOJU(IKOBAHO-
My I'yaH111HOM, TioceMikapOa3uaoM 1 cynb(igoM Hatpito. BusHaueHo, 110 HaUBUILKHI CTYIIHb
BUJIYYEHHS BaXKKMX METaIIB Ha MarHeTHT1, 10 MOIU(pIKOBAHUM CylIb(110M HATPIO.

BcranoBneHo, 110 npu BUKOPUCTaHHI MOAM(]IKOBaHUX COPOEHTIB HA OCHOBI MarHeTUTY
MOYKHA 3MEHIIUTH KOHIIEHTPALIF0 BAKKUX METAIB 10 1,2 MKI/Iv’.
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UDC 504.5:628.33
Inna Trus, Nikolai Gomelya, Tamara Krysenko, Katerina Senkova

APPLICATION OF SORBENTS BASED ON MAGNETITE FOR WATER
PURIFICATION FROM HEAVY METAL IONS

Urgency of the research. The problem of salinization of water is very common due to natural and anthropogenic fac-
tors, and industrial regions suffer the most. Thus, the priority direction is the development of low-waste technology of water
purification from heavy metal ions.

Target setting. Heavy metals are introduced into the aquatic systems significantly as a result of various industrial operations.
The discharge of these pollutants into surface and groundwater has become a matter of concern in Ukraine over the last few decades.

Actual scientific researches and issues analysis. Recent publications in open access were taken into consideration, in-
cluding literature on the main methods of purification of water from heavy metal ions.

Uninvestigated parts of general matters defining. Information on the sorption purification and after-treatment effec-
tiveness of natural water.

The research objective. In this work, the results of the study of the processes of sorption purification of water from
heavy metal ions are presented. Samples of magnetite obtained at a ratio of concentrations of iron ions (II) and iron (I1l) 1:2;
1:1 and 2:1, and the samples modified with sodium sulfide were used as the sorbents.

The statement of basic materials. It was shown that the sorption capacity of magnetite towards heavy metal ions in-
creases with the increasing in ratio of [Fe*']/[Fe’"] from 1:2 to 2:1. The influence of the pH of the medium on the sorption
efficiency of heavy metal ions on magnetite was investigated. It was shown that the sorption capacity of magnetite increases
with the increasing of pH of the medium, due to the partial hydrolysis of heavy metal ions.
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Conclusions. Sorption technologies have high efficiency and can be used at different stages of water treatment. Im-
provement of the sorption capacity of magnetite occurs when modified it with guanidine, thiosemicarbazide and sodium sul-
fide, which allows to reduce the residual concentrations of heavy metals ions to ug/dm.

Keywords: magnetite; heavy metals; sorption capacity; modified.
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Onecs Casuenxo, IOnia Kaniniuenko

TEXHOJIOI'TA BUT'OTOBJIEHHSA ) KUTHBO-IIITEHUYHOI'O XJITBA
HA 3AKBACKAX I3 BUKOPUCTAHHSAM BA3WIIKY

Axmyanvnicme memu oocnioxncennsn. Xnibonekapcoki nionpuUEMCmMEa akmugHo po36UBAIOMbCs 8 HANPAMKY 3ACMOC)-
8GHHS NPUCKOPEHUX MEXHON02Tl BUPOOHUYMBA JHCUMHBLO-NULEHUYHO20 XT1i0A HA 3AK8ACKAX.

Ilocmanogxa npoonemu. Iowupenns pecypco3bepieaiouux npuckOpeHux mexHono2itl 3yMoioI0ms 3HUICEHHS AKOCMI
Xi606y10uHUX 8UPOOIE, NPUBOOSMb 00 HEOOXIOHOCTI UKOPUCTNAHHS NOAINULYBAYI6 | KOHCEPBAHMIB, YACTNO CUHIMEMUYHO20
noxoodicents. AKmyanoHUM € nowyKk cnocobis niosuenHs aKocmi xaibo6ynouHux aupobie WasAXoM YOOCKOHANEHH MeXHO-
J02itl BUPOOHUYMEA 30 PAXYHOK UKOPUCIANHS NPUPOOHOT CUPOBUHU.

Ananiz ocmannix 0ocnioscens i nyonikayiii. Y naykogux nyoaikayisax nokasana nepcneKmuHicms UKOPUCMAHHA 00-
6a80K NPUPOOHO20 NOXOONHCEHHS, OOIPYHMOBAHO OOYITbHICMb GUKOPUCMAHHA IX 07151 NIO8UWEHHs XApu080i YIHHOCMI ma no-
JNWeHHsI MeXHONIOSTUHUX NOKAZHUKIG XNi0a.

Buoinenns nedocnioycenux yacmun 3azanshoi npoonemu. Ocobnusoi ysazu ona supiuients 3a3Haqenoi npobnemu npuc-
KOPEHHs. MEXHONIOSTYHO20 npoyecy ma Ni0BUUEeHHsL XApy080i YiHHOCMI XAi000YI0UHUX 8UPODI6 CI0 HA0aMU POCIUHHILL CUPOBU-
Hi 3 guUCOKUM 8micmom 6iono2iuno axmughux pewogut. OOHUM 13 NepCNeKMUSHUX HANPAMIG HAYKOBUX 00CTIOICEHb € 000ABAHHS
NPAHO-APOMAMUYHOT CUPOBUHU, 30KpeMa Da3unixy. Ananiz nokasas, wo HuHi 6a3uniK 3acmMocogyioms Giibuie K NPSAHOCHI, d He
NONiNWY8aua mexHoN02IUHO20 NPoyecy NPULOMYBANHS AHCUMHBLO-NUUEHUUHO20 X1I0a HA 3aK8ACKAX CHOHMAHHO20 OPOOIHHSL.

Ilocmanogka 3ae0anns. Pospobxa mexronoeii 6upoOHUYMEa JHCUMHLO-NUIEHUYHO20 XNi6A HA 3AK8ACKAX CHOHMAHHO20
6pOoOinHA 3 BUKOPUCMAHHAM OA3UNIKY AK NOTINUWLYBAYA NPUPOOHO20 NOXOOINCEHHSL.

Buknao ocnoenozo mamepiany. Pospobnena peyenmypa npuecomy@aHHs JcUmHb0-nUeHUYHo20 X1iba na 3aKeacyi cno-
HManHo20 OpoOdinHa 3 dooasanuaAM ba3uniky 6 kinekocmi 6io 0,5 do 1,5 % oo macu 6opowna. JJocniodicennamu 6cmanosneHo,
wo basunix NOKpawye cmpyKmypHo-mexaniuni enacmugocmi micma 3i caabxoio Knelikosunoro. Bucoxuii emicm Oionoeiuno
AKMUBHUX peyosuH OA3UNIKY aKmugye OpOOUTbHY AKMUBHICMb MOLOYHOKUCIUX Gakmepill i NOKpawye opeanoienmuyti ma
@isuxo-ximiuni énacmusocmi xnioa.

Bucnogxu 6ionosiono 0o cmammi. Ilokazano 0oyineHicms GUKOPUCMANHA OA3UNIKY Ol CKOPOUEHHs MPUBAIOCmi mex-
HONI02IYHO20 npoyecy NPueomy8aHs ICUMHbO-NUUEHUYH020 Xniba. Ompumani 3pasKu HCUMHbO-NULEHUUHO20 X1iba 3 000a-
BAHHAM QOCTIONCYBAHOT 006ABKU MAIOMb NPUEMHI OP2AHONENMUYHI 8IACMUBOCI, NOPUCHTY M AKYUIKY, NPUBAOIUBULL KOID 3
3010mucmoio ckopunxoio. [lobaska 30azauye supobu eimaminamu, MaKpo- i MiKpoeiemeHmamu, He SUKIUKAE 3HUICeHHS
CROJICUBHUX MA MEXHONOTHHUX 8lacmusocmelt X1ioa.

Knruoei cnosa: 6asunixk; 3axKeacka cnoHmanHo2o OpooiHHsA, 80102iCMb, KUCIOMHICMb, MICO,; AKICMb XAi0a.

Puc.: 4. Tabn.: 5. bién.: 19.

AKTyaJbHiCTh TeMHM D0CJTiIxKeHHs. XJ100onekapchKi MIANPHUEMCTBA aKTUBHO PO3BHBA-
IOTBCS B HANpsIMKY 3aCTOCYBaHHsS MPUCKOPEHUX TEXHOJIOT BHUPOOHMIITBA KUTHHO-
MIIEHUYHOr0 XJ1i0a Ha 3aKBAaCKaX, OCKUIbKM TPaJMLIIHA TEXHOJIOTiI BUPOOHMULITBA € TOCUTh
TPYAOMICTKOIO, 0araTOCTYIEHEBOIO Ta JOBroTpuBaior0. CbOro/HI IOCUTh aKTyaJlbHUM € 3a-
Oe3neyeHHs Oe3MeKH Ta HaJJaHHs BUCOKOI XapyOBOi LIIHHOCTI BUupoOam [1].

IMocTanoBka mpoOJemu. IlommpenHs pecypcozOepirarounx NPUCKOPEHUX TEXHOJIOT1H
3YMOBITIOIOTh 3HMKEHHS SIKOCTI XJ11000YI0YHUX BUPOOIB, IPU3BOATH O HEOOXIHOCTI BUKO-
pUCTaHHS NOJINIIYBaviB 1 KOHCEPBAHTIB, YACTO CUHTETHYHOTO MOX0 LKeHHsA. Oco0nBoi yBa-
I'M JUIS BUPILIEHHS 3a3Hau€HOi MpoOJeMH MPUCKOPEHHS TEXHOJOTIYHOTO MPOLECy Ta MifBH-
IIEHHS XapyoBOi LIHHOCTI XJ1000YIOYHHUX BHUPOOIB CHiJl HAJATH POCIMHHIM CHPOBHHI 3
BHUCOKUM BMICTOM 010JIOI'TYHO aKTUBHUX PEUOBHUH.

AHaJI3 OCTaHHIX JOCHiT:KeHb Ta myOaikaunii. [Hyukuid 1 oJHOYACHO CTAOLIHHUI TeX-
HOJIOTIYHUI mpoliec BUPOOJIEHHS BUCOKOSKICHUX XJ1000YIOYHUX BHPOOIB HEMOXKIMBUHN 0e3
LUIECHPSIMOBAHOIO 3aCTOCYBAaHHS MIKPO-IHIPEIIEHTIB — XapuoOBUX J00aBOK, XJi0omeKapch-
KHX MOKpAallyBayiB, pI3HUX BHJIIB CUPOBUHHU. BOHM MarOTh HIMPOKUNA CHEKTP (YHKIIOHATb-
HUX BJIACTUBOCTEH, MAIOTh MOXIMBICTb BIUIMBATH HA KOMIIOHEHTH CUPOBUHHU, MOJIU(IKYBaTH
BJIACTUBOCTI HamiB(paOpuKaTiB, HaJaBaTH MEBHY SKICTh TOTOBUX BUPOOIB, YCyBaTH HEraTUB-
HUH BIUTUB 100aBOK, 10 MiIBULIYE Xap4yOBY LIIHHICTh TOTOBUX BUPOOIB [2].

OcCKUIbKM 3HaYHA YAaCTHHA IOJIIIYBAYIB € CAHTETUYHUMHU JJOOABKaMH, TO (aKT IIUPOKO-
ro X BUKOPUCTAHHS B XJII0OMEUYEHHI HACTOPOXKY€E 3HAUHY YaCTUHY CHOXUBadiB. barato xiii-
OoneKapChKUX MOJINIIyBauiB (HoxaTH, nepcyinb@aru, OpoMaTH KaJliko 1 KaJbLil0, a30AuKap-
OoHami, AMKpaxMalriilepid) 3a00pOHEHO O BUKOPUCTAHHS, OJIHAK JO3BOJIEHI MpernapaTu
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TaKOX 37[aTHI YAHUTU HETaTUBHUU BIUIMB HA OpPraHidMm JoauHH [3; 4]. AlbTepHaTUBHUM 3a-
MIHHUKOM BBaXKA€THCSI CaM€ POCIMHHA CUPOBHHA.

Ha neit yac HakOmMYEHO JOCUTH BEJIMKHUI JOCBiJ BUKOPHUCTAHHS POCIMHHOI CUPOBUHH
pu BUpOOHUITBI X11000ynouHuX BUpoOiB. BBeneHHs B perentypy xi1i000y1o4HuX BUPOOIB
POCIMHHUX KOMIIOHEHTIB, 3 BACOKMM BMICTOM 010JI0IYHO aKTUBHUX PEUOBHH MIJABUILYE Xap-
YOBY LIHHICTh T'OTOBOI MPOAYKIIii Ta MOJIMNIIYE TEXHOJOTTYH1 MOKA3HUKHU XJ110a.

Bueni 3anpononyBainy BUKOPUCTaHHS OOIIMUXU Ta i MEKTUHOBUX €KCTPAKTIB sIK 01011071~
YHO aKTUBHOI J00OABKHM MpU BUPOOHUUTBI (PYHKIIOHAIbHUX, BITAMIHI30BaHUX XJ1000YI0UHUX
BUpOOIB [5]. 30araueHHs peuentyp xiai000ylI04HHUX BUPOOIB MOJIMIITYBaYaMH Ha OCHOBI JIi-
KapCbKHX POCIIMH — IJIONY, IIaBJIii, MeNIiCH, KpOIIMBY il BajiepiaHu 30arauye iXHii XIMIYHUN
CKJIaJ| 1 30UIbIIYE EHEPreTUYHY Ta XapuyoBY LIHHICTH Xi110a. P1310JI0TTYHI BIACTUBOCTI BUPO-
01B 3 €KCTPAKTOM IJIO/ly TOCIIXKEH1 Ha OCHOBI B3a€MO/IiT IEKTMHOBUX PEYOBUH 3 10HAMH Ba-
xKux MetaniB. I1in yac ekcriepuMeHTIB 3p00JIEHO BUCHOBKH MPO MOKPALIEHHS B SI3KICHUX Xa-
PaKTEpPUCTHUK TICTA Ta PEOJIOTTYHUX BIACTUBOCTEH [6].

[TinBuIEHHS Xap4yOBOT LIIHHOCTI XJ110a MOKJIMBE 32 PaXyHOK BHECEHHS COEBOTO OOpOIIIHA,
HAaCiHHS COYEBUII, K1 MalOTh BUCOKHI BMICT OLIKIB, MIHEpAJIbHUX PEUOBHH Ta HE3aMIHHUX
aMIHOKHCIIOT [7; 8].

ExcTpakT creBii npu A0JaBaHH1 10 pelenTypu OyJlIO4HHUX BUPOOIB HAJa€ iM BUCOKUX Op-
raHOJIENITUYHUX BJIACTUBOCTEH y MOPIBHSAHHI 3 KOHTPOJILHUMHU 3pa3KaMH, 30UIbIIYE IXHIO Xa-
PUOBY LIHHICTH Ta MOKpALIYye CIOXKHUBYI BIacTUBOCTI [9]. JloCmipKeHO MOKIIMBOCTI BUKOPHUC-
TaHHS BOJHHUX Ta CHHMPTOBUX EKCTPAKTIB JKEHBIIEHIO, PATIONM POKEBOI, Ui CTBOPEHHS
XJ11001eKapChKUX BUPOOIB 3 a1alTOreHHUMU BiiacTUBOCTsIMH [ 10].

TexHonoru po3poOmiIM TEXHOJIOTIIO XJIIOONeKapCchKUX BUpPOOIB 3 nonaBaHHsIM BAJI Ha
ocHOBI1 Oypoi Bojiopocti Fucus evanescens. YHacmiok 1[bOro MOKPALTYIOThCSI OPraHOJeNTHY-
HI BJIACTUBOCTI BUPOOIB, X MUTOMUI 00°€M, GOPMOCTIMKICTh Ta mopUcTicTh [11].

Bukopucranas COz-1poTiB 3Bipo0010, MaTepUHKH, KOpiaHAPY, 4eOpeLto, POMAIIKH J10-
3BOJISIE YIIOBUIBHUTH OKHCHEHHS, a OT)Ke, IICyBaHHS XapyOBHX MPOAYKTIB 32 PaXyHOK MOJIi-
(EHOJIBHUX CIIOJIYK, 110 BXOASATH A0 CKJIaAy WpoTiB [12].

Bukopucranus edipHUX 01l aHiCy Ta OperaHo, 10 MarTh OAKTEPHULIMHI BIACTUBOCTI
3aro0irae po3BUTKY B XapyOBHMX MPOJYKTax IUTiceHeBUX rpubiB poay Mucor, Rhizopus,
Cladosporium, Alternaria, Aspergillus 1 Penicillium Ta yrBopeHHIO HUMHU MIKOTOKCHHIB [13-
15]. ExciepMeHTH MPOBEEHI 3 BUKOPUCTAHHIM €KCTPAKTIB KapJAaMOHY, O€TelNt0, KypKyMH,
KOpHLIL, Kpeyaro TOILO, MOKa3adH iX e(EeKTUBHICTb y NMPUTHIYEHHI PO3BUTKY IJIICEHEBUX TPH-
618 poxy Aspergillus 1 Penicillium [16].

OnHuM 13 HAUNOMIMPEHIIKUX BUAIB € MPSHO-apOMaTU4Ha CUPOBHHA. Y XJ1I00TEUYEHH] BIZIOMO
BUKOPHUCTAaHHS TaKUX BUJIB J00ABOK, SIK JIYIIUIIS, TUM SH, KMUH, JIbOH, aHIC, KaplaMOH TOLLO.
Bazuik — 11e 0JJTHOpIUHA POCIIHHA, 110 3aCTOCOBYETHCS B KYJIIHAPIi K MPsHOLII. ba3uiik mH1poko
3aCTOCOBY€ETHCSI B KyJiHapii, HOro BUKOPUCTOBYIOTh B COYCaX, KeTUymax, MUIMBAxX, PI3HUX 3a-
npaBkax. Cyxe JucTs Oa3uiiika MOKPALIYIOTh CMAKOBI SIKOCTI KOBOACHMX BUPOOIB Ta MAILTETIB.
BiH cnyxuTh npumnpaBoro sl canaTiB, OMJIETIB, CTpaB 3 MOPENPOAYKTiB. basuiik y KyniHapii
JI0/IAt0Th TIPU KOITYEHH1, KOHCepBallli, MPUroTyBaHH1 Macen juis Oyrepopoais [17-19].

Bukopucranss #oro y xj1i00neueHHi € MepCcreKTUBHUM 3 MOTJISAY MOKPAILEHHS CIIOKUB-
YMX BJIACTUBOCTEH 1 KOHKYPEHTOCIPOMOXKHOCTI MPOIYKIIi1, TPOTE BIPOBAKEHHIO 3aBakae Oa-
raro (akTopiB: HEAOCTATHHO BUBUEHI XIMIYHMNA CKJIaJ] Ta BMICT JIIOYMX PEYOBUH, (POpMYBaHHS
HEOOX1THUX (PYHKIIIOHATBHO-TEXHOJIOTTYHUX BJIACTUBOCTEH, BIICYTHICTh NTapaMeTPiB BUKOPUC-
TaHHA Ta J03yBaHb. BupilmeHHs nux npoOsieM cTaHe MIATPYHTSIM JI0 pO3pOOKH 3aXO[IB KOM-
IJIEKCHOTO TMOKPAILIEHHS SIKOCTI XJ1100NeKapChbKUX BUPOOIB 13 BUKOPUCTAHHAM Oa3MIIIKYy.

Meta po6otu. Po3poOka TexHOOTT BUPOOHHUIITBA KUTHBO-TIIIEHUYHOTO XJ110a Ha KUT-
HIX 3aKBaCKax CMOHTAHHOTO OpOMIIHHS 3 BUKOPUCTAHHSAM Oa3WIiKy JJisl MiJBUIIEHHS SKOCTI
BUPOOIB Ta PO3LUIMPEHHS iX ACOPTUMEHTY.
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Bukaan ocHOBHOro Marepiany aociaifzkeHHsi. Biiomo, 1110 CTpyKTypHO-MEXaHI4HI Bia-
CTHBOCTI TiCTa 3ajieXaTh B/l BIACTUBOCTEH HOr0 OCHOBHUX KOMITIOHEHTIB. TeXHOIOrYH1 Bia-
CTHBOCT1 OOPOIIHA SIK OCHOBHOTO KOMIIOHEHTY, Y CBOIO Uepry, BU3HAYAKOThCsS CTAHOM ii Oul-
KOBO-IIPOTEIHA3HOTO I BYIJIEBOJIHO-aMUIa3HOTO KOMIUIEKCIB. JlOCHiIKEHO, 110 BBEICHHS B
TICTO €KCTpakTy Oa3miiKy 3MEHILYe BUXIJ CUPOi KIEHKOBUHM, PO3TSDKHICTb, ajie CIpuse ii
3MilHeHHIO. [IpudyoMy 31 30UTBIIEHHSIM KUTBKOCT1 J00aBKU CTYIIHb 3MIITHEHHS KJICHKOBUHU
3pocTae. 3MILHEHHS CTPYKTYPH KIEWKOBUHU 1 TICTa B1A0YBA€ThCSl BHACIIOK YTBOPEHHS OL1-
KOBO-TIOJIICAXapUIHUX KOMIUIEKCIB MDK OUIKamMu OOpOIIHA i KOMIIOHEHTaMHU EKCTpPakTy Oa-
3uiIiKy. MiHepajibHI pe4OBHHHU Pa3oM 3 OPraHIYHHUMM KHUCIOTaMM, PEYOBUHAMH KIITHHHUX
CTIHOK YKPIIUIIOIOTh KJIEHMKOBHHY. MOXIIHBO, 10 1 ()eHOJIbHI PEYOBUHU HAJAIOTh 3MILHIOK-
4oi 11T Ha KJICHKOBUHHUN KOMIUIEKC OopoliHa. XapakTepHO 0COOIMBICTIO (PEHOIBHUX CIIO-
JYK € B3aEMOJIIS iX 3 OUIKaMH.

TexHomoris NpuUroTyBaHHs XUTHBOTO 1 KUTHBO-MIIEHUYHOTO XJ110a mependayae mpuro-
TyBaHHS TicTa Ha 3akBackax. Mikpoduiopa >KMTHIX 3aKBAaCOK Ipe/CcTaBlieHa Me30(UIbHUMHU
rOMO- 1 TeTepoPepPMEHTATUBHUMHU MOJIOYHOKUCITHUMH OAaKTEPIIMU 1 KUCIOTOCTIMKUMU JPiXK-
mxamu. [1eBHI TEXHOIOTTYHI 0COOIMBOCTI 3aCTOCYBaHHS TPAAULIITHUX 3aKBACOK HE JIO3BOJISIE
BUKOPHUCTOBYBATH iX B YMOBax IMIJNPUEMCTB MaJIOl MOTYXHOCTL. Bupimenusm miei npooie-
MU MO’K€ CTaTH BUKOPUCTAHHS JTUCKPETHOI TEXHOJIOTi MPUTOTYBaHHS KUTHBOIO TICTA Ha Oi-
OJIOTIYH1M 3aKBacCIll CIIOHTAHHOTO OpPOJIHHA. Y LbOMY BUMAJKY palioHaJIbHO BUOpPATH PiIKY
010JIOTTYHY 3aKBACKY, OCKUIbKM B HIA MICTUTbCS OUIble KUCIOTOYTBOPIOIOUMX OakTepid 1
BHUIIA KMCJIOTHICTh B OPIBHAHHI 3 PIIKUMH 3aKBACKaMH.

l'otyBanu pinky 3akBacky BoJjorictio 71 % 3 OoporiHa 1 Bojau, 3aJIMIIaiy ii 3aKBalyBa-
tuch npu temmeparypi 30-32 °C. Ilicnsg 1poro 3akBacky MOHOBIIIOBAIH IUISIXOM B1IOOpPY IO-
JIOBUHM 1i MacH 1 I0JaBaHHs TAKOi K KUIBKOCTI CBDKENPUTOTOBAHOI JUIS KUBJICHHS CyMIllIi 3
OopolIHa 1 BOAM, 1 3HOBY 3aKkBallyBajd. [ HaKONMMUYEHHsS MIKpOQIOpHU, ONTUMAIIBHOI JUIs
OTpUMaHHs XJ110a BUCOKOI SIKOCTI, MPOBOAMIM OaraTopa3oBe OHOBIJIEHHS 3aKBACKH JUIS TOTO,
00 y Hiil BcTaHOBMIJIAacs akTUBHA Mikpoduiopa. Ilpu nmpoBeaeHH! OpraHoJenTUYHOI OLIHKU
OyJI0 BCTaHOBIIEHO, 110 3aKBacka BoJIOTICTIO 71 % 1o kucnoTtHOCcT! 8,0-9,0 rpax, mana npura-
MaHHHH [bOMY HaniBpadpHKary 3amnax.

JlaH1 eKCIepUMEeHTIB MOKa3yloTh, 10 MIJIBULICHHS BMICTY Oa3miIiKy B 3aKBacli NPUBO-
JUTH J0 TOJINIICHHS] MOKa3HUWKA MIHOMHOI CUJIM B MOPIBHAHHI 3 KoHTpoJieM. Lle BigOyBa-
€THCSI 32 PAXyHOK aKTHBAIlll MiKpodmopu 3akBacku. 30Kpema, pu BHeceHH1 1,5 % Oazuiiky
(puc. 1) mipitomua cuna 30u1b1IyeThCs Ha 34,5 %.
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Puc. 1. llopisnanvHa xapakmepucmurxa 6i0mexHoI02ITYHUX 81ACMUBOCHENU 3AKBACOK:
spazox Ne [ — 3axeacka + 0,5 % baszunixy, spazox Ne 2 — 3axeacka + 1,5 % 6aszuniky
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ExcTpakTt 0a3miniky MICTUTh BEJIMKY KUIbKICTh BITaMIHIB, MIKPO- Ta MaKpOEJIEMEHTIB, SIKi
CHPUSIOTH IHTEHCU(IKALli MOJOYHOKHCIOrO OpOAIHHS, IO 3/A1CHIOETECS reTepodepMeHTa-
TUBHUMH MOJIOYHO-KUCIUMU OakTepiiMu. Yac CrMBaHHs KyJbKU MaiKe BJBIYl MEHILUH 3a
4ac CIUIMBAaHHS KYJIbKU-KOHTPOJIIO.

OnHuM 13 HAUTPUBAJIIIIKMX €TaliB TEXHOJOIIYHOTO MPOLECY NPUroTyBaHHs Xiida € mpo-
uec OpoJiHHs Ticta. ToMy Ha MIANPUEMCTBAX MaIOi HOTY>KHOCTI TOCTPO CTOITh MUTaHHS CKO-
pOUeHHs yacy OpoAIHHSA TicTa.

3anponoHOBaHO J104aTH 0a3WIliK B SIKOCTI mosinuryBaya B Ticto. Ilpu 3amimryBanHi Ticta
3aMICTh YaCTUHHU OOpoIIHa Oyno BHeceHO Oa3wmiik y kuibkocti 0,5 Ta 1,5 %. Ilapanensho
IPOBEJICHO 3aMIlIYBaHHS TIiCTa 3a TIEIO X CaMOIO PELENTYyporo, 03 101aBaHHs 100aBKU (KOH-
TPOJIBLHUM 3pa30K).

Po3pobiniena penentypa npuroTyBaHHs >KUTHBO-IIIIIEHUYHOTO XJ1i0a Ha 3aKBACI{l CIIOHTaH-
HOT0 OpOJIIHHS 3 JoJaBaHHAM 0a3miiky (Tadm. 1).

Tabmuns 1
Peyenmypa srcumnvo-nuwenuuno2o xniba Ha 3axeacyi CnOHMAaHHO20 OPOOiHHS
3pa3ku xai6a 3 1o7aBaHHAM 0a3UITiKy
Cuposuna KonTponbunii 3pa3ok 10 MacH 0OpoIIHA

0,5 % 1,5%

Bopomno muennune Ic, r 260 259 257
BopomHo xwuTHE 00MpHE, T 260 260 260

Cinp, T 7 7 7

Hyxop, r 10 10 10
3akBacka, r 200 200 200
Basuiik, r - 1,0 3,0

Ticto rotyBanu aBodazHUM criocoOoM. YCi TpH 3pa3Ku TiCTa FOTYBaJld OJTHOYACHO B OJIHA-
KOBUX YMOBax. OILIHIOBAIU SIKICTh TICTa 32 HOTr0 (Pi3MKO-XIMIYHUMHU BJIIACTUBOCTSMH — BOJIOTIC-
TIO, KACJIOTHICTIO, 3MiHOIO 00’ €My TICTa Ta OPraHOJIENTUYHUMU BIACTUBOCTIMH (pucC. 2).

- _" E
P

Puc. 2. 3pazku micma 3 piznoro konyenmpayiero 6a3uniKy

BosnoricTh TicTa npu aofaBaHHI 0a3uiIiKy 30UIbLIYEThCS HE3HAuHO. BosoricTh TicTa 3a
JICTY ne Oinbmre Hik 48 %. OTke, BHECEHHS 3aKBACKH IIOT'aHO BIUIMBA€E HA BOJIOTICTH TICTA.
KucnoTHicTh TicTa 3aj€KHO Bil KOHLIEHTpalii Jo0aBKu 30u1blyeThesl. KiHneBa KUCIOTHICTh
TICTa CTAHOBUTH 32 HOpMaMu 8-9 rpaj. HaiiOuibia BoJIOTICTh Ta KUCIOTHICTh TiCTa CIIOCTEPI-
raeThes y 3pasKy 3 100aBKor0 6a3umilika B KiibkocTi 1,5 % 10 macu 6oporiHa.

PesynpTaTu 1ocaipkeHb HaBeAEHO B Ta0. 2.
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Tabmaug 2
Di3uK0-XIMIUHI NOKAZHUKU OOCTIIOHNCY8AHUX 3DA3KIE
3HavyeHHsI MOKA3HUKIB SIKOCTI TOCTiXKyBaHOT0 TicTa
Ha3ea nokazHnka o . o .
KonTtpoab 0,5 % 6a3miiky 1,5 % 6a3miiky
Bomoricts, % 47,0 48,2 48,5
[MoyaTKOBa KHCIOTHICTH, TPaJ 7,2 7,6 7,8
KiHIeBa KUCIOTHICTB, Tpa 8,2 8,5 8,8

ITuromuii 06’eM TicTa 31 30UTBILEHHSIM KOHIIEHTpALlIl MOoJiniyBaya 3poctae. HaloOub akTus-
HO MiAIIMaeThCs TICTO 3pa3Ka, M0 MICTUTH 3 T 0a3uiiky. TicTo yrpumye cBiii 00’ €M MPOTATOM BH-

CTOIOBAHHSI JI0 TIOCA/IKH B MMi4. /IuHaMiKy 3MiHU TUTOMOTO 00’ €My TiCTa HaBEIEHO B TaoI. 3.

Taomuus 3

Jlunamixa 3minu numomozo 06 ’emy micma 6i0 KonyeHmpayii 006aexu

ac. xB ITutomuii 06'eM TicTa, cM/T

i Kontpoas 0,5 % Gazmiiky 1,5 % 6a3uiiky
0 0,86 0,92 0,98

30 0,88 0,96 1,1

60 0,96 1,04 1,2

90 1,08 1,2 1,36

120 1,28 13 1,52

150 1,34 1,42 1,68

SIkicTh xJ1106a OLIHIOBAJIM LUIAXOM HPOBEJEHHS MPOOHUX Ja00pPATOPHUX BUIIYOK TICTA, 10
IIPUTOTOBAHI 3 JKUTHHOT'O Ta MIIEHUYHOTO OOPOIIHA Ha >KUTHIN 3aKBACL CIIOHTAHHOTO OpOJIiH-
Hs 3 JI0ZJaBaHHSM CBDKOTO 3€JICHOro 0a3uiIiKy B PI3HOMY BiICOTKOBOMY CITIBBITHOIIEHHI Ta KO-
HTpoJto 0e3 100aBKU. 3a OPraHOJIENTUYHUMH MMOKa3HUKaMHU BU3Havaiu (GopMmy xJiida, Kojip 1
30BHILIHINA BUIJISI/T CKOPUHKH, cMaK 1 3anax (puc. 3). OuiHioBanu SKiCTh XJI10HOT IpoIyKIii 3a ii
(b13UKO-XIMIYHUMH BIACTUBOCTSMH — BOJIOTICTIO, KUCJIOTHICTIO, HOPHUCTICTIO.

KoHTpOJIb

Puc. 3. 3o6niwmniti 6uensd nposedenoi npobHoi euniuku

Pesynbpratu mocnimpkeHb BUMEUEHUX 3pa3KiB 32 OPraHOJENTUYHUMU MOKAa3HUKAMHU HaBe-
nedi B Taou. 4.

Tabnuus 4
Opeanonenmuuni 61acmugocmi 20mosux eupooie
Ioka3zuuk KonTtpoJb 0,5 % 6a3naiky 1,5 % 06a3uiiky
1 2 3 4
3oBHimHIA | Bigmosigniit xmibHil ¢opmi, B|Bigmosiguiii xmibHii ¢opmi, B|BiamosigHiii xmibHiN ¢dopmi, B
BHIJIS SIKIH TIPOBOJIWJIOCH BHITIKAHHS. | SIKI NPOBOIMIOCH BHINKAHHS. | IKIH IIPOBOAWIOCH BHITIKAHHSL.
Jlemo ormykna BepxHs ckopuHKa | Jlerio onykiia BepxHsl ckopuHka | Jlenno orykiia BepXHsl CKOPHHKA
Komip i TemHuo-xopnuuneBa, 6e3 miaro- | Temno-kopuuHeBa, 0e3 miaro-| TemHo-KOpH4HEBa, Oe3 MmiAropi-
CTaH pinocti. Bimnosimae Bumy Bu- |pinocti. Biamosinae Buay Bu-|iocti. Binmosinae Bumy BupoOy,
MTOBEPXHI poOy, 0e3 3abpymnenHs, Oe3|poOy, Oe3 3a0pymaHEHHS, HasB-|0e3 3a0pyIdHCHHS, HASBHI IIiJI-
I APYBIB 1 TPIIIHH. Hi HEBEJIUKI IiJPUBIB i TPIMIMH. | pUBIB 1 TPilMH.
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3akiguenHus tadi. 4

1 2 3 4

Kouip i cras | [IpornieueHa, He JuIKa Ha J0THK, | [Iponiedena, He ynunka Ha 1o- | [IporieveHa, He JWIKa Ha JOTHK,
M sxkymkn | enacridna. Ilicist serkoro Hatu- | THK, enacrudHa. [licist nerko-| enacridna. Ilicist jierkoro Hatuc-
CKaHHS TAIbIEIMH  M'SKYIIKH | TO HATHCKAHHS HANBLSIMH M's- | KaHHS MAJbISAMU M SKYIIKH [TOBH-
MOBUHEH MNpPUHAMATH IIOYATKOBY |KYLIKH IIOBUHEH NPHHAMATH|HEH NPUIMATH MOYaTKOBY (HOpMY
¢dopMmy 0Oe3 TpymO4YOK 1 CIifiB|IOYaTKOBY (opMy Oe3 rpymo- | 6e3 rpymaodoK i ciiiiB Hempomicy,
HETpoMicy, 0€3 ITyCTOT 1 YIITb- | 90K 1 CHiJiB Herpomicy, 0e3|0e3 MmycToT i yuijapHeHb. M sSKyI

HEHb. IIYCTOT 1 yIIITbHEHb. Mae rapy MOpHCTIiCTb.

CMmaxk Bupakenuii, xapakTepHHI, X1i0HMH, 3 emo BUpaXeHUM | XuIiOHNH, 3 SPKO BHPaKCHUM
XJTIOHUH. MIPUCMAKOM Oa3WIIKY. MIPUCMAKOM Oa3MIIKY.

3amax BractuBuii manomy Buny Bupo- | [IpsHuii apomar, 3anax Oasu- | [IpsHuii apomart, 3amax 0a3wiiKy.

0Oy, 6€3 CTOPOHHBOT0 apoMary. | JIKy.

OTpumaHni 3pa3Ku KUTHBO-MIIIEHUYHOTO XJTi0a 3 J0oAaBaHHSAM 0a3UIIiKy XapaKTepU3ylTh-
sl OUTBIII BUPAKEHUM CMAKOM Ta apoOMaToM, MalOTh Kpally CTPYKTYPy MOPUCTOCTI Ta Pi3UKO-
XIMI4H1 BIACTUBOCT1 M SIKYILIKH.

Bonoricts Bumnedenoro xmiba 30UIbIIyeThCS 31 30UIBIIEHHAM KOHIEHTpALli JOOaBKH.
Haii6inbira BOJIOTiCTs y 3pa3Ky, mo Mictuthb 1,5 % Gasuniky. MiMoBipHO BinGyBaeThcs mocu-
JIEHHS BOJIOTOYTPUMYIOYOI 3JaTHOCT1 OUIKIB, SIKE TaKOX IOB’s3aHE 3 BMICTOM Yy POCIHHHIN
CHUPOBHUHI €JIE€KTPOJIITIB, SIKI 30UIbIIYIOTh TipaTalil0 OUIKOBUX MOJIEKYJ 1 OCMOTHYHUN THCK
y CHCTEMI, [0 MiABHUIIYE MIHICTh KAMUIAPHOT BOJOTH. 30UIBIIEHHS KUTBKOCTI BOAH Y BUPO-
0ax 3HMXKYE X KAJTOPIHHICTh IPOMOPLINHHO MIABUILIEHHIO BOJOTOCTI.

[IpoTe KUCIOTHICTh AOCIKYBAaHUX 3pa3KiB 30UIbIIYEThCS HE3HAYHOIO MIPOIO IPU A0Ja-
BaHHI MMOJIMNIIyBaya.

[TopucticTh BUIlEYEHUX 3pa3KiB 31 30UIbIIEHHS A0oJaBaHHsS Oa3miiky 30uIblIyeThes. Ilo-
PHUCTICTh TOCIIPKYBAHUX 3pa3KiB 3HaXOUTHCS B MEXaxX HOPMH. 3HAUEHHsI BOJIOTOCTI, KUCIIO-
THOCTI Ta HOPUCTOCTI BCIX 3pa3KiB 3aHECEH1 B TabJ. 5 Ta BifoOpaXkeHo Ha pucC. 4.

KuciaoTHicTs, rpa.u BogoricTs, %

8,5 49,3

48,9
s =
7,5 48,2
75 '
7 ‘Kontpoas 3pazok Nel 3pazox Ne2 47,5 Koutpoas 3pazox Nel 3pazox Ne2

ITopHCTicTh,%:
69,84
68,35
70

68
66

64 60,78
62
60
58
Konatpons  3pasoxk Nel  3pa3ok Ne2

Puc. 4. I'paghixu 6onoecocmi, kucromnocmi ma nopucmocmi 20moeux supooig:
KOHmMpoab — be3 0obasku, 3pazok Ne 1 — 0,5 % bazunixy, spazox Ne 2 — 1,5 % 6aszuniky
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Hageneni pe3yibraTu oKa3yloTh 3HaUHY MepeBary 3a A0CHIDKEHUMH MMOKa3HUKaMH Xap-
YOBOT ILIIHHOCTI )KUTHBO-MIIEHUYHOTO XJ110a 3 100aBKOIO 03Ky MOPIBHAHO 3 KOHTPOJIbHUM
3pa3koM. BBeieHHS B TICTO €KCTpakTy 0a3uiIiKy crpusie 30UIbIIEHHIO BUXO1Y BUPOOIB, BOJIO-
rocTi M’SIKYIIKH, TOPUCTOCTI, KUCIOTHOCTI i (POPMOYTPUMYIOHOi 3JaTHOCTI, 3HIKEHHIO YITi-
KaHHS i1 ycuXaHHs BUPOOIB.

Ne 4 (18), 2019

Tabmus 5
Di3uK0-XiMIUHI NOKAZHUKU 20MOBUX 8UPODIE

IMoka3zHukM sAKOCTI 3pazku xnida
KontpoJs 0,5 % 6a3niaiky 1,5 % 06a3uiiky
Bormoricts M’ sikytku, % 48,2 48,9 49,25
KucnorHicTs M’SIKYIIKH, TPaj 7,5 8,3 8,5
IMopucTticts M’ sKyIIKH, % 60,78 68,35 69,84

BucHoBku BinmoBiaHo a0 crarti. BecranoBneHo BB 6a3miiiky Ha OpOJUIIbHY aKTHB-
HICTh 3aKBAaCKM Ta XUTHBO-MIIEHUYHOTO TICTa, OOYMOBJIEHHI BITMBOM HOro XIMIYHOTO
CKJIaJly Ha MIKpoOioTy. Bucokuii BMIiCT BiTaMiHIB, MIKpPO- Ta MaKpOEJIEMEHTIB JI03BOJISIE PO3T-
ns1aT 0a3uJIiK K MEepPCIEeKTUBHUN 30aradyBad cepeioBUINA Ul PO3BUTKY MIKpodiaopu Ta
ctaburizaiii 610TeXHOJOTTYHHUX BIACTUBOCTEN 3aKBACOK CIIOHTAHHOTO OpPOJIIHHS.

BripoBapkeHHs TEXHOJOTIT JKUTHBOTO XJ1i0a Ha 3aKBacKax CIIOHTAHHOTO OpOJIHHS 3 JI0-
JaBaHHSAM 0a3WiIiKy J1acTh 3MOTY PO3LIMPUTH ACOPTUMEHT >KMTHBOTO XJi0a Ta BUTOTOBJISITH
HOro Ha MIAMPUEMCTBAX MaJlol MOTY)KHOCTI U nekapHsx. Lle 30UIbIINUTh CerMeHT KUTHBOTO
xJ1106a B 3araJbHOMY aCOPTUMEHTI XJ11000y104HMX BHpOOiB. BriltoueHHs Horo B paiioH xap-
YyBaHHS CIPUATUME TMOMIMIIEHHIO CTPYKTYPU XapuyBaHHS, 3/I0POB’S 1 MIBUILIEHHIO IMYHHOT
OMIPHOCT1 OPraHi3MY.
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UDC 664.64.022.39
Olesya Savchenko, Yulia Kalinichenko

TECHNOLOGY OF MANUFACTURING RYE AND WHEAT SOURDOUGH
BREAD WITH THE USE OF BASIL

Urgency of the research. Bakery enterprises are actively developing towards the application of accelerated technolo-
gies for the production of rye and wheat sourdough bread.

Target setting. The spread of resource-saving accelerated technologies has led to a decline in the quality of bakery
products, leading to the need for the use of enhancers and preservatives, often of synthetic origin. It is important to find ways
to improve the quality of bakery products by improving production technologies through the use of natural raw materials.

Actual scientific researches and issues analysis. Scientific publications have shown the prospects of using natural supple-
ments, substantiated the expediency of using them to increase nutritional value and improve technological performance of bread.

Uninvestigated parts of general matters defining. Particular attention should be given to planting raw materials with a
high content of biologically active substances to address this problem of accelerating the technological process and increas-
ing the nutritional value of bakery products. One of the promising areas of research is the addition of spicy-aromatic raw
materials, including basil. The analysis showed that at present basil is used more as a spice rather than an enhancer of the
technological process of making rye and wheat sourdough bread on the leaven of spontaneous fermentation.

The research objective. Development of technology for the production of rye and wheat bread on the leaven of sponta-
neous fermentation using basil as an enhancer of natural origin.

The statement of basic materials. The recipe for the preparation of rye and wheat bread on the leaven of spontaneous
fermentation with the addition of basil in the amount of 0.5% to 1.5% by weight of flour was developed. Studies have shown
that basil improves the structural and mechanical properties of the dough with low gluten. The high content of biologically
active substances in the basil activates the fermentation activity of lactic acid bacteria and improves the organoleptic and
physico-chemical properties of the bread.

Conclusions. The expediency of using basil for reducing the duration of the technological process of making rye and
wheat bread is shown. The obtained samples of rye and wheat bread with the addition of the test additive have good organo-
leptic properties, porous crumb, attractive color with a golden crust. The additive enriches the products with vitamins, macro
and microelements, does not cause a decrease in the consumer and technological properties of bread.

Keywords: basil; leaven of spontaneous fermentation; humidity; acidity; dough; bread quality.
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3BEPII'AHHA IIVIOAIB ABPUKOCA 3 BUKOPUCTAHHSAM
JIKAPCBKO-POCJIMHHUX EKCTPAKTIB

Axmyanvnicme memu 00cniodicenna. A6puKoc Xxapakmepusyemucs UCOKOIO0 IHMEHCUBHICTIO OUXAHHA MA Memaoboniz-
My, Ul HAUDINLWOIO YYMAUBICIIO 00 emULeHy cepeo YCix KICMOUKo8UX Ni00i8 — ye 3yMOBII0E HA038UHAIIHO KOPOMKUL MepMiH
30epieanns nnody. Paniuwe nedocmammuvo yeazu npuoinanu noo008ICeHHI0 mepMiny 30epicantsa adpukoca Kk okpemozo niooy,
momy Hauyacmiwie 015 1020 30epieanHs GUKOPUCTOBYBANU GIOOMI MEXHON02IL: WEUOKe 3AMOPOIICYBAHHS, Pe2YIbO8aHy am-
Mocepy ma 30epicanns y cneyianvhii mapi.

Ilocmanogxa npoonemu. Oonax maxi mexnonozii ne neped6auaioms 3anobieanHs YmeopeHuio abo po3noecio0HCeHHIO
OCHOBHUX 2pubK0o8ux iHghexyill abpuxoca.

Ananiz ocmannix docnioxncens ma nyonikayiii. baecamopazose 3acmocysanus deskux cucmemHux gyneiyuodis y aspap-
HUX 20CnO0apcmeax npu3eeno 00 noagu @yneiyuo-cmiikux namoeenis. Jlesaxi ¢yneiyuou, ocobauso pmanimioni, cnpudums-
fomo Ximiuni mpasmu enioepmicy abpuxocie. Ockinbku uxopucmanua @yHeiyudie nio yac 3acomieni abpuxocié € Heob-
XiOHUM, ane nomeHyitiHo wWKiOnusuM, y Kkpainax €sponu 6xice 0agHo Oynu iHiyiliosani 0ocniodcents 3 po3pooKU NPUpOOHUX,
ehexmugnux i HeMOKCUUHUX 07151 N10OI8 abpuKoca i Cnodcusaia GyHeiyuonux 3acodis. Yoice 6aecamo poxie npiopumemnumu
mexHono2iaMu 30epicants n1ooie abpukoca € weuoKe 3amMopoUCY8aAHHs, pe2yibo8ana ammocgepa, 36epicants y cneyianvHiil
mapi. Oonax cyuacni mexnonozii 36epieants He nepeddayarome 3HUWeHHs a60 npueHiveHHs 2pubKogux ingexyitl nioois.

Ilocmanogka 3asdannsa. Memoio cmammi € ananiz aimepamypHux odxcepein wooo ICHyIOUUX mexHonozii 30epicanns ab-
puKoca ma GUKOPUCMANHSA NIKAPCHKO-MEXHIYHOT CUPOBUHU K KOMNOHEHMA, W0 NpUsHiuye 0CHOBHI 2pubkoei ingexyii, ona
no0osIceHts 30epicantsa hpykma y caiscomy euesioi.

Buknao ocnosnozo mamepiany. /[na nooogaicenns mepminy 30epicants HAMU 3aNpoNOHOBAHO BUKOPUCMOBYBAMU 3a-
XucHuu 3acio 3 aHmubaKxmepianbHUMU G1ACMUBOCMAMU NPOMU OCHOBHUX 2PUOKOBUX [H@eKkyili abpukoca — spubKia poody
Monilinia (Monilinia laxa, Monilinia fructicola) ma Rhizopus stolonifer. Ockinbku 8adcaugo0 xapakmepucmuxoio desney-
HOCMI pe4oB8UH, W0 KOHMAaKmyloms 6e3nocepeorHbo 3 NPOOYKMami Xapyuy8anHs, € MiHiManbHa MOKCUYHICMY | 8UCOKI anmu-
baxmepuyuoni 1acmugocmi, Osl 3aCMOCy8aHHa 8 po3podyi HOBOI MexHONoz2ii peKOMeHO08aHi 8OOHI MA B0OHO-CRUPMO-
2niYepuHosi excmpaxkmu pocIuHHOL CUPOBUHY — TUCMA MeicU A waeii, mpasa eepoenu.

Bucnogxu 6ionogiono oo cmammi. Ha ocnosi ananizy cyvacnoi simuusuanoi ma 3apyoiscnoi nimepamypu pooumo
BUCHOBOK, WO 3ACi6 i3 GUKOPUCMAHHAM MAKUX eKCIMPAKMIE MOdice Camu HO8UM eqheKmusHUM aHmubaKkmepuyuoHum npe-
napamom ona 30epizanis n100i6 abpuxoca y cincomy uiAoi.

Kniouosi cnosa: abpuxoc; baxmepii; epubku; 36epicanns; cheyudiuna mikpoguopa; yueiyuona Ois; anmubax-
mepianvHi 61aCMUEOCMI.

Tabn.: 1. bi6n.: 82.

AKTyaabHicTh TeMH JocaifxenHs. [lnoau abpukoca qyxe LIHYIOTbCS SIK XapyoBa CH-
POBHHA 3aBJIIKM CBOEMY XIMIYHOMY CKJIaay (1IyKpo3a, s0JydyHa, TUMOHHA Ta BUHHA KUCIIOTH,
IyOUIbHI peYOBUHH, MEKTHUH, KPOXMaJjlb, MiHEpalbHi coJil, Bitaminu C ta P, kapotun). A6pu-
KOC LIMPOKO PO3MOBCIOJDKEHUH B yChOMY CBITI: A3ii, €Bpori, Amepuni. I1ig yac no3piBanHs
aOpHKOCH MOM’SKILYIOTBCS Ta HAOMParOTh BUCOKOr0 BMICTY IYKpY (110 30 %), 1m0 pobuts wi
IUTOJIM CXWJIBHUMH JI0 BPa)K€HHS MIKPOOPraHIYHUMH MaTOT€HaMH, 3/1e0UIbIIOro IpuOKOBUMHU
iHpexisMU. [{1s1 yHUKHEHHS BEJIMKUX BTPAT YPOKak0 Yepe3 THUTTS OJ(pa3y Micis 30upaHHs,
MIEPBUHHOTO KOHTPOJIIO Ta COPTYBaHHS (DPYKTH BIANPABIISIFOTHCS HA XapuoBl MIIIPUEMCTBA,
AK1 IepepoOIISI0Th CBLKI a0PUKOCH B KOHCEPBHY Ta 1HIIY MpoayKuio. OJHAK HENMPUAATHICTb
napTii 10 MOAAIbIIOT0 BUKOPUCTAHHS MOXE BUSBUTHUCS 1€ Ha €Tarl NEepPBUHHOIO OTJISY.
Kpim Toro, 6arato olMHUIb YpOXKarO TPAHCHOPTYETHCA 10 PO3JPIOHUX TOPrOBEIBHUX TOUOK
13 METOIO MPOJIAXY Y CBDKOMY BUIJIsiAL. Takum unHOM, po3poOKa i BIIPOBAPKEHHS! HOBUX 3a-
co01B 30UIbIIEHHS TEPMiHY 30epiraHHs M10/11B a0pUKOCa € aKTyaIbHUM.

IMocTanoBka mpodaemu. Cepesy yciX KICTOUKOBUX IUIONIB aOPUKOC XapaKTEpU3YETbCS
HaBUILMM CTyNEHEeM JMXaHHA Ta MeTaboai3my. i 0co0aMBOCTI 3yMOBIIOIOTh HAA3BUYAHO
KOPOTKHUI TepMiH 30epirants mioay. CydacHi TEXHOJIOTIT 30epiraHHs € JOPOruMH abo He me-
pendayaroTh 3ano0iraHHsl YTBOPEHHIO OCHOBHUX IPUOKOBUX 1H(EKIIH abpuKoca.

AHaJIi3 oCTaHHIX JoCailKeHb Ta myOJikanii. baratopa3zoBe 3acTOCyBaHHS ESKUX CH-
CTEeMHUX (YHTIIMIIB Y arpapHUX TOCHOJAPCTBAX MPHU3BEJIO JI0 NOSBU QYHTIIUA-CTIMKUX Ma-
ToreHiB. Jleski pyHriuuam, ocoOnuBo (GTanimMifHi, CIPUUUHAIOTH XIMIYHI TPABMH €MIEpPMICY
abpukociB [1; 2]. Ockuibky BUKOpHUCTaHHs (DYHTIUIB M1 Yac 3aroTiBii a0pUKOCIB € HEOO-
X1IHUM, aJie MOTEHIHO MIKIUIUBUM, y KpaiHax €Bpomu BxkKe JaBHO Oyld iHiIiiOBaH1 J0-
© [Hyo6inina A. A., Jleryra T. M., HoBikoBa B. B., 2019
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CIIJPKEHHS 3 pO3pOOKH MPHUPOJHUX, €(PEKTUBHUX 1 HETOKCHYHHUX Ui IUIOAIB abpuKoca Ta
criokuBaya GyHriquaHux 3aco0is [3].

[IpoTsirom Garateb0X poKiB MPIOPUTETHUMU TEXHOJIOTIIMU 30epiraHHs IJI0iB aOpUKoca €:

1) mBHUAKE 3aMOPOKYBAaHHS;

2) peryaboBaHa aTMOcdepa;

3) 30epiranHs y cneuianbHii Tapi.

AOpHUKOC XapaKTepU3yeThCsl BHUCOKOKO IHTEHCUBHICTIO JMXaHHS Ta MeTabonidmy i
HaOUIBIIO YYTIUBICTIO J0 €TWIIEHY cepell YciX KicTroukoBux ¢pykriB. L{i ocoOmuBocCTi
3YMOBIIIOIOTh HA/I3BUUAHO KOPOTKMH TEpMiH 30epiraHHsi IUIOAY, L0 CTAHOBUTH Juule 1—
2 TiwxkHi ipu 0 °C ta BimHOCHIM Bojorocti 6au3bko 90 %, ympoIoBxK SIKOTO BIH IIBUIKO II€-
PEXOUTH BiJ] 3pUIOCTI O Nepe3piBaHHs Ta NOM'SKIIYEThCS. 3 I1€] IPUYMHU JJIs1 OTPUMAHHS
IUTOJIB HAJIEXKHOI SKOCTI Ta 3armoOiraHHs BTpaTaM Iicisi 300py BpOKaro MOTPIOHO OTpH-
MYyBaTHCsI BCIX HEOOX1THUX BUMOT IIOJI0 METO1iB 30epiranHs abpukocis [4].

[Ticnst 3MiHM KOJILOPY a0pUKOCIB HA JiepeBax 13 3€JIEHOTO Ha >KOBTHM HACTYyINae eTar 3a-
TOTIBJII IJIONIB. AOPUKOCH 3aBXJU 30MparoTh Bpy4HY (y 30HUpajibHI CyMKH a00 IUIaCTHKOBI
6okcu). [HKONIM 71011 T1IOUPAIOTH 13 3eMII1, SKILO HA HUX HEMa€ BI3yalbHUX O3HAK PO3Maiy.
Ha npomy erani 6arato ¢pyKkTiB pO3/1aBIIOE€THCS Ta IH(PIKYETHCS MATOT€HAMHU, 10 MEIIKAIOTh
y IpyHTI i Ha niepeBax [5].

AGpUKOCH COPTYIOTHCS BpYUHY Ta 30€piratoThCsl B CHEIaIbHUX TITMOOKUX TUIACTUKOBUX a00
JIepeB’IHUX SIIUKaX, JIe BOHU PO3TAlOBYIOTHCS B OJIMH a00 /1Ba IAPY 3aBBHUILIKH ISl YHUKHEHHS
NPOJIABJICHHs Ta PO3M sIKIIEeHHs (PpyKTiB. ONTUMaNbHI yMOBHU 30epiraHHs aOpUKOCIB B1INOBI/IA-
101h Temreparypi Bix —0,5 no 0 °C 3a BigHocHii Bosorocti 90-95%. B ymoBax XosnoaHoro
36epiranHs (Omm3bko 0 °C) mpuUrHidyeTbcs PO3BUTOK LIKUUIMBHX JUIsl IUIOJA MATOTEHIB, aje
HU3bKa TEMIIEpaTypa MOKE 3aBJAaTH LIKOJM IUIOJIaM, TOMY aOpUKOCH HE PEKOMEH/IOBAHO OXO-
nomkyBatd Hwkdye HDK 710 —1 °C. TakoX peKOMEHIOBaHO YHHUKATU PI3KOTO OXOJIO/DKEHHS
(GpyKTIB, yepe3 sIKe MOCHIIIOIOTHCS JIECTPYKTUBHI MPOLIECH B M SIKOTI INOJIB. I3 3axoziB atmo-
cepHOr0 KOHTPOJIIO BUKOPUCTOBYIOTh JI0/IaTKOBE BBEIEHHS B MOBITPs kKamep 30epiranus CO>
AK (yHricTary. 3a3HaulMMoO, 110 HEOOXiHI aTMOC(EPHI YMOBH CJ1J] BATPUMYBATU HE TUIbKU MiJ
yac 30epiraHHsi, ajie i MiJ 4ac TpaHCIOPTYBaHHS, 1110, Ha *ajlb, HE 3aBXKI BUKOHYETHCSI Ta IPU3-
BOJIUTB JIO TICYBaHHS IUIO/IIB aOpUKOCa 1€ 0 HAJIXO/PKEHHS B TOPrOBEIbHY TOUKY [6—8].

[Ticns HagXxoMKeHHsS A0 po3JpiOHUX TOPriBEILHUX MEpEX aOpUKOCH 3a3BUuail 30epira-
I0ThCS 3a Temreparypu 2,2...7,6 °C, a ans He3puUIuX IUIOAIB 3aCTOCOBYIOTh TeMIEpaTypHUN
pexxuMm 18...24 °C, 1m0 BUKIMKAa€E IIBUIKE JO3pPIBaHHS aOpUKOCIB. YPaxOBYHOUM MOKJIMBI
MOIIKO/KEHHs a0OpUKOCIB Ha IMOMEpe/HIX eTanax: MIKpOTPIIIMHY, MOpi3U, TEIIOBl i X0J0-
JIOB1 TPaBMH, PO3JIaBJICHHS, BUTIKAHHS COKY, pO3M SKILIEHHS M SIKOTI i ypa)keHHs MaToreHa-
MU (L0 IHKOJIM 11eHTU(]IKYEThCA 32 3MIHOIO KOJILOPY), 3@ TAKOTO pexXUMY 30epiranHs GpyKTH
MaroTh HEBEITUKUN TepMiH 30epiranHs [8].

Pe3ynpTraTi aHanizy cy4acHoOi BITUM3HSHOI Ta 3apyODKHOT HAYKOBOI M MATEHTHOI JiiTeparypu
CBIYATh NPO HEAOCTATHIN PIBEHb JOCIIPKEHOCT] 30epiraHHs KICTOYKOBUX IUIOAIB. 30epiraHHs
abpukoca sik okpemoro mioay npotsrom 10 pokiB nocmimkysana B. M. beamennikosa. B ii po6oti
[9] HaBezeHO TeopeTHUYHE OOIPYHTYBAHHS HAyKOBOI MPOOJIEMH MOJOBKEHHS TPUBAJIOCTI i edek-
TUBHOCTI 30epiranHs mioaiB abpukoca coptiB KpacHomokuii Ta MeniTonoisChbkuil Mi3HIM MuIs-
XOM OOMPHUCKYBaHHS JepeB aOpUKOCA BOJSIHUMU PO3YMHAMH aHTHOKCHUIAHTHOT KOMITO3ULIT Iepe /]
30MpaHHsM IJIOAIB. ABTOPOM JOBEIEHO, ITI0 cepel JOCIIHKEHUX CII0cO0IB 0OpOOKH TUIOIB abpu-
KOCa HaifOUIb1I ePEeKTUBHUM € OOMPHUCKYBAHHS 1X PO3UMHOM aHTHOKCHAAHTHOT KoMrio3uilii AOK-
M nepen 30upaHHsM, sike 3a0e3redye YTBOPEHHs Ha MOBEpPXHI aOpPUKOCIB IUTIBKM PIBHOMIPHOT
toBUMHM (7,5+0,4) MKM, 1110 3MEHIIye IHTEHCHBHICTh JuxaHHS mwioaiB y 1,4-1,5 pa3za. Taka
00po0OKa miITpuMye OanaHc BOJIOTH, YAM 3MEHIIye TPUPOHI BTpati MacH B 1,7-1,8 pasa, Hy-
KY€ IIPUPOTHUI IMYHITET, TIBUIILY€E BUXI MPOIYKIIii IEPIIOro TOBAPHOIo raTyHky B 1,1-1,2 pa3a
Ta NOJOBXKYE TEPMIH 30epiranHs o8 Ha 30 /110 MOPIBHAHO 3 HEOOPOOIEHUMH TUIOJAMH.
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A. M. Menkonsi [10] Bu3HauMB KpUTEpii, IO J03BOJIAIOTH HAYKOBO IPOrHO3YBAaTH IpU-
JATHICTb COPTY a0OpUKOCa JI0 HU3bKOTEMIIEPATYPHOI'0 3aMOPOXKYBAHHSI 1 TPUBAJIOTO 30€piraHHs:
HEBeJIMKa COKOBIIaua M yac Aedpocrarii mioaiB Biipasy micis 3amopoxyBanHs (9-10 %),
BHCOKHUH 3arajbHUIl MOKAa3HUK CMaKy CBDKMX IUIOJIB (HE MEHIE HDK 2 0aiu), HU3bKUH piBEHb
noJi)eHONMBHUX CIIOJIYK Yy CBDKUX TUIoAax (KaTexiHiB 2—6 mMr%, XJIOpOreHOBOi kucinotu 31—
57 mMr%), BUCOKMI piBeHb LKpiB, BitamiHiB C 1 rpynu B. Kopucryrounch 3a3HaueHUMHU KpU-
TepisiMH, aBTOP B1IIOpaB Kpallli COPTH, IPUAATHI IO HU3bKOTEMIIEPATYPHOTO 3aMOPOKYBaHHS 1
TpuBajioro 30epiranHs: An6aH, Aparari ta €peani. [Ticns po3MopoxyBaHHS BOHH 30€piraroTh
CMak, apoMart, IpUPOJIHE 3a0apBIICHHS, TBEP/y KOHCHCTEHIIIIO M SKOTI Ha PIBHI CBIKHX.

Jlnst 30U1bLIEHHS TEpMiHY 30epiraHHs KICTOUKOBUX IUIO/IB HailuacTilie BUKOPUCTOBYIOTh
TEXHOJIOTII0 PEryjabOBAHOTO CepeloBHILa (KOHTpoJIt0 atMochepu BcepeauHi kamepu) [11—
19]. s TexHosoris nependayae 30epiraHHsi NPOIyKLii B FepMETHUHUX XOJIOAUIBHUX Kame-
pax 3a 3HmxeHoi konueHrpauii Oz (1,0-2,5 %) 1 nigsuienoi CO; (1,0-3,5 %) Ta 3anexuth
BIJ] TEXHIYHOTO DPIBHS I paLIOHATBHUX PEXKUMIB poOOTH 0OnanHaHHS 11 (GOpMyBaHHS 1
NIATPUMAHHS 33J]aHUX Ta30BUX PEXHUMIB Y KaMepax XOJOJWIbHHKA. 3TAHO 3 pe3yJbTaTaMu
JOCIIJDKEHHS, Take 30epiraHHs MPU3BOJUTh JIO 3HWKEHHS IHTEHCUBHOCTI METa0OJIIYHUX MPO-
1eciB y 2—3 pa3u, 3MEHIIYEThCSl PO3BUTOK (P1310JI0TTYHUX 1 TPUOKOBUX 3aXBOpIOBaHb (Ha 20—
25 %), mnoau 30epiratoTh NEPBUHHY SKICTh KOMIIOHEHTIB (KUCIIOTA, IyKOP, CMaKOB1 i apoma-
TUYHI CyOCTaHII11), @ TAKOX Habarato Kpaiie 30epiratoTb TEKCTYpY 1 TBEPIICTb.

YV mnarentax O. . KBacenkoBa, I. I. KBacenkoBa, C. A.Epmonenko, O. A. FOmuHna,
B. 1. Hamukra [20—54] 3anpornoHOBaHO TEXHOJIOTIIO T'IPOOXO0JIOKEHHS PO3UMHOM, 1€ aHTH-
CEeNTUK BHUKOPHCTOBYBAJIM Mpenapar, OTPUMAaHUI NUISIXOM €KCTparyBaHHs pI3HHUX Oiomac
MiKpoMineTiB, Takux sk Mortierella elongata, Mortierella gracilis, Mortierella jenkinii,
Mortierella sclerotiella, Mortierella zychae, Mortierelia marburgensis, Mortierella hygrophila
abo Mortierella parvispora.

Sk onHy 3 TexHOJIOTIM 30epiraHHs IUIOJIB y CeliaNbHINA Tapl Cii BIAZHAYMTH [UIACTUYHUNA
naker, skuid po3poouB O.M. Tomuyk [55]. BiH ckiianaeThes 13 KPUIIKKA Ta KOPOOKH 3 MOIBIMHUMH
CTIHKaMH. ¥ 3a30pi MDK 30BHIIIHBOIO 1 BHYTPIIIHBOK CTIHKAMHU IO EPUMETPY MaKeTa MICTATHCS
KanuspHi TPyOKH 3 BOJIOIO, TEMIIEpaTypa SIKOi JOPIBHIOE 3aJaH1id TeMIIepaTypi B Kamepi.

Ha cyuyacHomy eTani po3BUTKY TEXHOJIOT1H 30epiraHHs IUI0/IB YCe YacTillle NPUIUISIOTh yBa-
ry 30epiraHtio 3a J0IOMOIo0 Ol0JIOTTYHUX IUTIBOK. Taki TEXHOJIOTI €KOJIOTIYHO YMCTI Ta HEeJo-
pori. 3okpema, D. Shi [56] 3anpononyBaB crociO OTpUMaHHs KOHCEPBYBAIBHOI IUTIBKU VISl KO-
POTKOYAcHOTO 30epiraHHs 1mioAiB. [lniBka yrnoBUIbHIOE BTpaTy BOAM U acOpOyBaHHS €TUIIEHY,
IpU IIbOMY HIUTBHICTh TUIIBKU cTaHOBUTH 0,5-0,9 r/cv’. TImiBKa Mae JOCTATHIO aIcopOIiiiHy
€MHICTb ISl €TUIIEHY, TOMY HIBUJKICTb JO3PIBaHHS IUIO/IIB, 3arOPHYTHX Y Hel, 3MEHIYEThCSL.

Z. Yanwen, W. Shijun, Z. Ping, Li Jiazheng [57] 3a3Hauanu BUCOKY A1€BICTh (PI3UUHOT aH-
TUOAKTEpI1aIbHOI IIIIBKU NOJi0Je(iHy Ui 30epiraHHsi €KOJIOTIYHO YMCTUX (PYKTIB. YdeHi
JIOBEJIH, 1110 TUTIBKA MOX€E MOCUIIMTU (I3UYHUN aHTUOAKTEpiaIbHUM eeKT.

[Ipote cydacHi TexHoJorii 30epiraHHsi He NependavyaroTh 3HUILEHHS a00 MPUTHIYEHHS
rpuOKOBUX 1H(DEKLIH TUIOAIB.

ITocTanoBKka 3aBAaHHA. METOI CTaTTI € aHaJi3 JITEPAaTYPHUX JKEpeN I10J0 HasBHUX
TEXHOJIOT1i 30epiraHHsi abpuKoca Ta BUKOPUCTAHHS JIIKAPCHKO-TEXHIYHOT CUPOBUHU SK KOM-
MOHEHTA, 110 MPUTHIYy€e OCHOBHI I'pMOKOBI 1H(EKIIII, A MOJA0BXKEHH 30epiranHs ppykra y
CBIKOMY BUTJISAII.

Bukaaa ocHOBHOro marepianay. 3 oriisiy Ha XiMIYHMM CKJaJ III0/iB abpuKoca ix mep-
BuHHUMH canpoTpodamu € rpudbu (Trichothecium roseum, Alternaria alternata, Rhizopus
arrhizus, Rhizopus circinans, Rhizopus nigricans, Rhizopus stolonifer, Penicillium
frequentans, Penicillium expansum, Botrytis cinerea, Monilinia laxa, Monilinia fructicola,
Gilbertella persicaria, Aspergillus spp., Mucor spp., Cladosporium spp. Ta iH.). [esxi Buau
MOBHICTIO 3HULIYIOTHCS (DYHTIIIMIaMH Ha eTani oOpoOKU CUPOBUHHM Mepest 30epiraHHsM, HII1

194



TEXHIYHI HAVKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

3YCTPIYaAIOThCS 1YK€ PIIKO ¥ HE MOXKYTh PO3TISAATUCS SIK TUIIOBI MATOT€HH TUIOIB aOpUKO-
ca. BruiB okpemHX MaTOreHiB Ha PO3BUTOK KOHKPETHHMX 1H(EKLIHd II0AIB adpukoca Iue
OCTaTOYHO HE AoBeaeHui [ 1, 8].

Hanpuxknaz, Botrytis cinerea it Penicillium expansum ypaxkaroTs Juiie Ti oAy abpukoca,
1o Oyny mepeoxosio/pkeHi ado TpUBaHii yac 30epirajiucs 3a HU3bKUX TeMIieparyp (HIKYe 3a
pexomennioBany). [latorenu pony Gilbertella, Cladosporium, Mucor it Aspergillus nuie iHKO-
JM CTaroTh 30yJHUKaMHM XBOPOO THUTTA B IepecTUrIMX Iwiofax. Ponb matoreHiB Alternaria
alternate, Rhizopus arrhizus it Rhizopus circinans y rHUTTI IJ10/iB a0puUKOCa CbOT0JIHI BUBUEHA
HelocTaTHbo. € MIATBEP/XKEeH1 JaHl 10JI0 3JaTHOCTI LIMX MATOrEHIB CIIPUYMHATH IICYyBaHHS
KOHCEPBOBaHUX a0pUKOCIB, aje CTOCOBHO CBDKHMX ()PYKTIB OCTATOUHMX JAHUX HE OTPUMAHO.
OTxe, BpaxOBYIOUYH Cy4acHI METOJIUKH 1 XapaKTEPUCTUKU PEeXXUMY 30epiraHHs I10/1iB aOpUKo-
ca, 0COOIMBOCTI (PYHTIMIIB, 110 3aCTOCOBYIOTHCS JJISl 3aXUCTY IUIOIB, 1 MIKPOOIOJIOTIUHY Xa-
PaAKTEPUCTHKY KYIbTYpH, MOXKHA 3pOOUTH BUCHOBOK, 1110 OCHOBHHMH MOTEHIIMHUMU 30yIHU-
Kamu rHUJI1 abpukociB € Monilinia laxa i Rhizopus stolonifer. 3 orsiay Ha Te, 1110 OUIBIIICTD
CUIbCHKOT'OCMO/IAPChKUX MIANPUEMCTB BUKOPUCTOBYE (DYHTIMIM HA OCHOBI OEH3MMIIA30ITy,
SIK1 aKTUBHO KOHTPOJIIOIOTH Momysisiito Monilinia laxa, cTae oueBUIHNM 1110 Ha MEPIIUH IJIaH
BUXOJTh 1H(eKii Bukiankani Monilia fructicola [1].

HaiineGe3neunimmmMu i HalMOMKMPEHIIIMMHU 3aXBOPIOBAHHAMH a0OpUKOCIB, 1110 1H()IKYIOTh
oM micis 300py Bpoxkato, € rpudu poais Monilinia (Monilinia laxa, Monilinia fructicola)
ta Rhizopus stolonifer (Tabm. 1).

Ne 4 (18), 2019

Ta0mums 1
OcHogHi 3ax80pH08aHHs AOPUKOCI8

XBopoba Bypa moninio3Ha rHUIb l'onoBuaTta LBiNb (MOKpa pi3omycHa
THWJIB)
30y THUK Monilinia laxa, Rhizopus stolonifer
Monilinia fructicola
O3Haku KopruneBi rannpHi simu 3 KoHigismu | [lyxkuit  minenii rpuba i3 cipo-

abo cniopamu [4; 8] YOpPHUMH CIIOPAHTIsIMH, TKAHWHA TUIO-
Ny CTa€ HaJA3BHYaliHO M’AKOIO Ta BO-
JSTHUCTORO [58]

Yepes TpaBMH, OTpUMaHi mig yac 30u-

paHHs Ta 00poOKu 1oxiB [58]

[otparuisiHas iH-
(exii Ha TUTOIN

Yepe3 NOMIKOLKEHHST 3HAXOIUTHCS B
JaTeHTHIH (a3l i1 aKTHBHO PO3MOBCIOA-
KYETbCSl Ofipasy Iicas 300py BpoXKaro
i1 yac 30epiranus [4, 8]

Pimennst st mpu-
THiYeHHS iH}eKmil
Mij] yac 30epiranas

CreuiaysHAN TEMIEPaTyPHUH PEKUM i
(GyHTIOUIN J03BOJSIOTH MiHIMI3yBaTH
pict 1 posmMHOXeHHs Tpuba. [loBHiCTIO
3HUIIUTH Maike HEMOXKIIMBO: MATOreH
JIETKO aJIaNlTY€EThCs 10 HU3BKOI TeMIle-
patypu i 3 4acoMm BHPOOJS€E CTilKiCTh

CreuiayibHAN TEMIEPaTyPHUI PEXHUM i
(yHTIIUIM  TO3BOJISIOTH  320€3MeUnTH
30epiranHsl aOpHKOCIB MPOTATOM TO-
Haj tpu nHi. OnuH iH}ikKoBaHMA abpu-
KOC y KOHTEeHHEepi MOXKe 3apa3uTH
Maiibke BCIO MapTiko 3a KiUThbKa JHIB [58]

10 O6arathox QyHriwais [4, 8]

CunTeTnyHi QyHIIUAM € OCHOBHUM 3ac000M OOPOTHOU 3 BUIIE3a3HAUEHUMH XBOPOOAMHU.
Haityacrime 3acTocoByIOTh IUXJIOpaH, IMPOAIOH, (QIFOAUOKCOHLI, (TaliMigHI i OeH3uMiaa-
30J1bHI QyHriuuau. BoHH BHUKOPUCTOBYIOTHCS OKpeMO abo 00’eHYOThCS B cyminil. IIporte
JeKUIbKa BUIB PYHT1UMAIB OyIM BHIIYYEH1 3 PUHKY Yepe3 MOXKIIMBI TOKCUYHI PU3HKH.

VYpaxoByrouu Te, 10 THUTTS IJIOJIB a0pHKOca B Cy4aCHHX YMOBaX BUKJIMKAIOTh KOH-
KpETH1 rpuOKOBI AaTOT€HH, Uil pO3pOOKH 3aXMCHOTO 3ac00y €1l BAKOPUCTATU KOMIO3HIIIIO
eKCTPaKTIB, 0 OyAyTh €(EKTHUBHO KOHTPOJIIOBATH IX PICT 1 PO3BUTOK. TAKOX CIIiJi BUKOPH-
CTaTU KOMIIOHEHT 13 CUJIbHUMHM 3arajibHUMU (YHTILUIHUMHU Ta (QYHTICTATUYHUMH BJIaCTHUBO-
CTSIMU 3 YpaxXyBaHHSIM yCIX JTAHUX CTOCOBHO MIKPOOIOJIOTIYHOT XapaKTEPUCTUKH KYJIbTYpH.
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Menica nikapceka (Melissa officinalis), Takox BijoMa sik TMMOHHA M’siTa, — 6araTropiuHa
TpaB’sSIHUCTA POCIIMHA, 1110 3/1aBHA 3aCTOCOBYETHCS B TPAAMLINHIN 1 HAPOIHIN MEAULIMHI 3aB-
JSIKM CBOIM ILIHPOKO BIIOMHMM HPOTHUMIKPOOHUM 1 HPOTHUTPUOKOBUM BIACTUBOCTSM. SIK
Jikapchko pociauHHa cupoBuHa (JIPC) y menicu 3a3Buyail BUKOPUCTOBYIOTH JIUCTS, 1HOAL
crebiia, 3 SKUX y (papMaleBTUYHIA MPOMMCIOBOCTI BUTOTOBIISIFOTh BOJHO-CIIUPTOBI Ta CyXl1
eKCTpaKTH, eipHi 0Jiii 200 BUCYILYIOTh 1 HOJPIOHIOIOTH JUIsl OTPUMAaHHS JIKapChKUX 300piB.

AmnanituuHl ¥ QITOXIMIYHI JAOCHIPKEeHHS sikicHoro cknany JIPC menicu (3a 10momMororo
CIMPTOBOT €KCTPaKIlii) BKAa3yIOTh Ha HASBHICTh TAKUX I'PYN XIMIYHUX PEYOBHH, SIK (iaBo-
HOIIM, KOHJICHCOBaH1 TaHIHU, TeprieHO1H, PeHonu, XiHOHU U canoHiHu [59]. 3a nanumu €B-
porneiicekoi papmakonei, y JIPC menicu mictutbes npubauzno 0,06-0,8 % edipnoi onii, oc-
HOBHMMHU KOMIIOHEHTaMM sIKOi OyJlM BHM3HAYEHI MOHOTEPIICHOBI albAETid, IEPEBAKHO
LUTpalb, Hepajb 1 HUTpoHenaib (10 14,5 %), MOHOTEpIIEHOB1 CIIUPTH: T€PaHIol, 130T€paHiol
i HepoJI, a TAKOXK cacKBiTeprneHu: B-kapiodineH, iloro okcuau i repmakpes-D. Kpim Toro, 1o
(bITOXIMIYHOTO CKJIay JUCTSI M cTe0esl MeICH BXOSITh MOHOTEPIICHOBI TIIKO3UIU, TPUTEP-
MI€HH, TAHIHK ¥ OIOJIOTIYHO aKTUBHI ()JIABOHOIAM: JFOTEOJIH, KBEPLETHH, allireHIH i KamIep-
¢oi. BaxxnuBoro rpynoro pedoBuH y xiMmiuHoMy ckiaii JIPC menicu € rigpokCUKOpUYHI KUC-
JOTH, 30Kpema po3MapuHoBa (10 6 %), 3a BMICTOM SIKOi NMPOBOJUTHCA CTaHIAPTU3ALS
BHCYILIEHO1 cUpOoBUHU [60—63].

AnTHOAKTEpiaNbHI BIACTUBOCTI €KCTPAKTIB 1 eipHUX OJII Meicu OylIu HEOoJHOPa30BO
JIOBEJIEH1 B 0aratboX JOCHIIPKEHHSX, 1110 MOKE JONOMOTTH 3MEHIIUTH KUIbKICTh BTOPUHHUX
1H(EKI1i MOIIKOPKEHUX TUIO/IIB 1 YIOBUIBHUTHU NICyBaHH [59; 62; 64].

3arajibH1 IPOTUTPUOKOBI BIACTUBOCTI MEJIICH TAKOX OYJIM MiITBEP/PKEHHI OaraTbma Tec-
TaMu ¥ pocnipkeHHsamu. Y mpaimi Abdellatif 1 cniBaBTOpiB mocnimkeHo BIIIKMB edipHOT 0Iii,
€KCTparoBaHoi 3 JIMCTS MEJIICH, Ha IPUTHIYEHHS POCTY MILEINI0 MaToreHHUX rpudiB Fusarium
oxysporum albedinis, Fusarium oxysporum lini, Mucor ramannianus, Candida albicans i
Saccharomyces cerevisiae. 3a 35 MKr e(ipHOT 0J1ii Ha AUCK 30HA IHI1OYBaHHS POCTY CTAaHOBH-
ma 34-39 MM 3aeKHO BiJ HATOreHy 3 MIHIMQJIbHOI IHTIOYIOYOI0 KOHILIEHTpalieo 1—
3 MKJI/MJL, 110 € HAJ3BUYAITHO BUCOKUM pe3ylibTaToM [64].

Oxpemi TOCIKEHHs] TPOTUTPUOKOBHX BJIACTUBOCTEHM €KCTparoBaHUX e(pipHUX Ol Merticu
BKa3yIOTh Ha 3Ha4UHY akTUBHICTh 1poTu Cladosporium carrionii (y KoHueHTparii 512 Mxr/mi Bin-
3HayaJoCs MOBHE IHTIOYBaHHS POCTY MILENI0 i mpopocTtaHHs cnop), Botrytis cinerea (y 1031
2 MKJI/MJT €KCTPaKT MPHUrHIYyBaB picT naroreny Maibke Ha 80 %, a B 1031 160 MK Ha AUCK TIOB-
HICTIO MIPUTHIYYBaB PICT Miuenito) i Penicillium expansum (y no3ax 2 mxi/mi 1 160 MK Ha TUCK
MIOBHICTIO MPUTHIYYBAJIO PIiCT Milemito) [65; 66]. KpiM Toro, icHyrOTh aHi 110JI0 TIOMIPHOTO aH-
TUTPUOKOBOTO ePEKTy eKCTpakTy Mesicu mpotu Monilia spp. [67].

Vike 1aBHO JIOBEJEHA 3JaTHICTb EKCTPAKTIB Ha OCHOBI POCIMH poauHu Lamiaceae, 30-
kpema Melissa officinalis epexTuBHO KOHTpoirOBaTH picT 1 po3BUTOK Ipuba Rhizopus
stolonifer [68]. Tak, Bucoxonpodeciiine 3 Touku 30py MeTotoJiorii gocuimkeHHs El Ouadi ta
CMIBaBTOPIB OCTATOYHO MIATBEpAWIO HasBHICTH Y Melissa officinalis ¢yHricraTuuHux Bia-
cruBocTer BiqHOCHO 10 Rhizopus stolonifer. 3 ornsany Ha 3a3HaueHe 3alPONIOHOBAHO BUKOPH-
CTaHHs eQIpHUX 0JI1i1 Ta EeKCTPAKTIB MEJICH B CUIbCHKOMY T'OCIOJAPCTBI U1 3aXUCTY BPOKAIO
Ha erari 30epiraHHs IJI0JIB, 30KpeMa sI0JyK. ABTOpU MOB’A3YyI0OTh (QPYHriuuaH1 i QyHricra-
TiyHi BiactuBocTi Melissa officinalis y mepury yepry 31 cnojiykamu, MOXITHUMU MEHTOILY
(menra-1,2,3-Tpion, MeHT-3-eH-8-011, 2-MINEePUTOH), Ta MPOIYKTaMH HOro HuKiIi3awii (OKCUan
NINEPUTHHOHY) Y ckJiazl edipHOT ol [66].

[Hasnis nikapebka (Salvia officinalis) — TpaB’stHucta pocnuna poauau Lamiaceae, 1o 3a-
TOTOBJISIETBCA 1 MepepoOsieThest Ui NoTped papMalieBTUUHOI rally3i, OCKUIBKA Ma€ BUPAKEHY
AHTUMIKPOOHY ¥ aHTUrpUOKOBY JiF0 Ta 1HII BUIAM AaKTMBHOCTI. OCHOBHMMH KOMIIOHEHTaMH
eQipHOi 0J11i € MOHOTEpPIEHU 3 BUPAKEHOIO AHTUTPHUOKOBOIO AKTUBHICTIO: O- M B-TyHoH (JI0
60 %), kamdopa (10 20 %), 1,8-1iHE0n (10 15 %); MiCTATHCS CHONYKHU 0- i B-miHeH. Takox 10
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ckiagy eipHoi oIl BXOAATh CaCKBITEPIIEHH: O-T'yMYyIeH, B-kapiodineH, Bupuaigiopoa. Kpim
edipnoi omii, JIPC masnii 6arara Ha TipOKCUKOpUYH1 KUcioTu (10 3,5 %), oco0nuBo Ha po3-
MapuHOBY, BMICT sikoi Moxe csirati 3,3 %. denonbHi qurepneHosi cnionyku JIPC masnii npen-
CTaBJICHI MOXIHUMU KapHO3WHOBOI KUCJIOTH, a TPUTEPIIEHOBI CIIOJIYKHA — YPCOJIOBOIO ¥ oJiea-
HOJIOBOIO KUCJIOTOIO, O- i B-amipHOM. 3arajibHUiA BMICT ()JIaBOHOINIB Y JIUCTI LIABIIII JOCATAE
1,1 %, 13 HalOUIBIIOK YACTKOKO MOXIAHMX JIFOTEONIHY, alireHiHy, BIEHIHY i CaJlbBIreHIHY.
Kpim Toro, JIPC maBmii MICTUTh HEBEIMKY KUIBKICTh (DEHOJBHUX TJIIKO3MIIB, MOJIiCaXapu/IiB,
JiepuBariB O€H30MHOT KUCTIOTH i (itocTepodis [69; 70].

3arajibHi1 MPOTUTPUOKOBI BJIACTUBOCTI MPOJIYKTIB HA OCHOBI IIaBIIi 100pe BUBYEHI, 0COO-
JIMBO HA MOJEIbHOMY MIKpoopraHi3mi Alternaria alternata. YHaciinok BuB4eHHs eipHOi oii
3aKOPJIOHHUMH aBTOpaMH OyJI0 BCTAHOBJIEHO, 1110 B 71031 500 ppm BOHa MOBHICTIO IHI1OY€E picT
MIIIEINiF0 TaTOreny 1 3HUIIye 10 96 % wmiienito, 1o Bxke po3BuHyBcs [70]. Y xomi AoCHIKEHHS
OLTOBOKHUCIOTrO 29,4%-ro0 €KCTpakTy JIMCTS LIaBiii Oy/l0 BHU3HAYEHO MIHIMAJIbHY IHTIOyrOUy
KOHLIEHTpawiro — 1,25 MKr/mi1 il MiHIMalbHY (QYHIIIUAHY KOHIEHTPALio 2,5 MKI/MJ BIIHOCHO
1o Alternaria spp., 10 € BUCOKUM MTOKa3HUKOM MPOTUTPUOKOBOT akTUBHOCTI [71].

3arajibHa MPOTUTPHUOKOBA AaKTUBHICTh €KCTPakKTIB Ta edipHux ofii Salvia officinalis BuB-
yajacs TaKOXX Ha IHIIMX BUAAX MMAaTOT€HHUX TpuOIB, NPUYOMY aBTOpaMH LUX Ipailb Oyna
MIPOJIEMOHCTPOBaHA BUCOKA €(PEKTHBHICTH 00 €KTIB JOCHIKCHHSA. BuUsBIIEHO, 110 BOJHUMN
€KCTPAKT y KOHIIeHTpalii 25 mr/mi 31ateH moBHICTIO iHTiOyBaTH pict Candida albicans, a
CIMPTOBUN €KCTPaKT y KoHUeHTpalii 100 MKjI/Mi1 Maifke MOBHICTIO 1HI1OyBaB piCT MaTOreHy
Saccharomyces cerevisiae [72-75].

ExcTpakT maBiii NponoOHyBajdM BUKOPUCTOBYBATH B CUIBCBKOMY Trocnojapctsi Silvia
Dagostin 1 cniBaBTOpH Ui 3aXUCTy BUHOTPAAy BiJl TUTIOBUX 3aXBOPIOBaHb. ABTOPH MPHUITYC-
KaloTh, 110 MPO(UIAKTUYHE 3aCTOCYBAHHS €KCTPAKTy LIaBJii JO3BOJMTH 3MEHIIMTH 3aXBO-
proBaHicTh Ha 94 %, a npu JiKyBaHHI Bxke 1H(]IKOBaHOro BUHOrpay Onm3bko 63 % ypoxaro
MoO’KHa OyJie BpsATyBatu [76].

BaxmBoro BnactuBicTio e¢ipHOi oJiii maBmii € i BUCOKa NPOTUTPUOKOBA AKTUBHICTD
BitHOCHO 110 Rhizopus stolonifer. locnimkenns Alizadeh-Salteh 1 ciBaBTopiB nposeMoHcTpyBa-
JIM, 1110 B pa3i MPSMOro KOHTAKTY 3 MaTOreHoM egipHa oJIisl B KUIbKOCT1 24 MKJI OBHICTIO 1HT'10Y-
Basia pict Miuenito Rhizopus stolonifer HaBiTh yepes ciM aHIB micis HKYOari [77].

VY BenMKOMY IMOIIYKOBOMY aHaji3l pyMYHCbKMX YYEHHUX, CIPSIMOBAHOMY Ha BUSIBJICHHS
INPUPOJHUX AJTbTEPHATUB CYYaCHUM TOKCHMYHHMM IMECTHLMIAM JUii OOpOTHOM 3 maToreHaMu
Monilinia, ycTaHOBJIEHO, IO BOAHO-CIUPTOBHM ekcTpakT nucts Salvia officinalis mae
Ha/I3BUYAHO BUCOKI (DyHTICTaTUUHI BIACTUBOCTI M y Xoai TecTy «poisoned food technique»
MOBHICTIO 1Hr10yBaB pict Mmirenito Monilinia fructigena [78].

BepOena nikapcbka (Verbena officinalis) — Oararopiuna TpaB’sHUCTA pOCIIUHA, sIKa BUKO-
PHUCTOBYETbCS Y (papMalleBTUYHIM ranys3i sik KOMIOHEHT Oaratbox (iToTepaneBTHYHHX 3a-
co0iB, Y TOMY YHMCIIi 3 aHTHOAKTEPIaIbHOIO i aHTUTPUOKOBOIO AKTUBHICTIO.

ditoxiMiuHi JochipkeHHs TpaBu Verbena officinalis Bka3yroTh Ha HasBHICTb y CKJIaJi
pociuHu ToJiEHOIB, COTIOHIHIB, (DJIaBOHOIAIB, TaHIHIB, TEPIEHOINIB, IPUIOIAIB, AEPUBATIB
(EeHOIBHUX KUCIIOT 1 MTIKO3UIB, 30KpeMa, BepOeHaMiny. Kpim Toro, y MeHIIii KUIbKOCTI J10
CKJIaJly POCIMHHU BXOJSATh CHJIBHOJIIOYI OIOJIOT1YHO AKTUBHI PEUOBHMHHU: KAPHIOTIIIKO3UIU I
¢iTocTepoiny, 10 CIiJl ypaxoBYBaTH Il 4ac PO3pOOKHU CKIIaIy 3aXUCHOTO 3ac0o0y JUls IJI0/IB
abpukoca. B edipniit onii Verbena officinalis micTuThCs Outbliie BChOr0 LHUTPAIO, TPaBa BEP-
OeHU € JDKepesloM Ui IPOMUCIOBOTO OJIep>KaHHs I[bOTO0 MOHOTEPIIEHY Ha (hapMaleBTHUHUX
nianpueMcTBax. Takox B edipHiil onii HasBHI B-penanapeH, B-miHeH, kam@eH, KapBakpoJ,
LUTpaJ, O-IUMEH, Y-TepIiHeH 1 TuMo [ 79-81].

ExcrniepyMeHT 3 BUBUEHHSI IPOTUTPHOKOBOI aKTUBHOCTI KOMITOHEHTIB e(ipHO1 ouii Verbena
officinalis # 1HIIKMX MOHOTeprneHiB npotu Botrytis cinerea, Penicillium italicum, Penicillium
expansum, Phytophthora citrophthora it Rhizopus stolonifer mokaszas, mo B 1031 250 ppm ko-
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KEH 13 KOMIIOHEHTIB e(ipHOi oJii e(eKTUBHO NPUTHIYYE PICT 1 PO3BUTOK maToreHis. IIpo-
aHaJII3yBaBIIM OTPUMAaHI €KCIEPUMEHTAJIbHI JaH1 H (ITOXIMIUHY XapaKTepUCTHKY edipooJriii-
HUX POCIIMH, aBTOPU 3pOOMII BUCHOBOK, 1110 Verbena officinalis Moxke craru nepcrneKkTUBHOO
CHPOBHHOIO 7151 BUTOTOBJIEHHSI €()eKTUBHUX, HEILIKIIJIUBUX MPOTUIPUOKOBUX 3ac001B [81].

B inmomy nocnimkenHi Casanova il CiBaBTOpHU pO3IIISIAlIM MOXKIIMBICTE BUKOPUCTAHHS
excTpakTiB Verbena officinalis mpotu matorennux rpu6iB Alternaria alternata, Botrytis cinerea,
Penicillium expansum i1 Rhizopus stolonifer. /lonaBanHs mMeTaHOIBHOTO €KCTpakTy Verbena
officinalis y 1031 250 ppm nmomiTHO MPUTHIYYBAJIO PICT 1 po3BUTOK naTtoreHiB. Ha apyromy era-
Il eKCIEPUMEHTY €KCTpaKTH Oysiu po3iOpaHi Ha (pakuii i moBTOpHO nociipkeHi. [lpu npomy
3’sicyBaniocs, 110 Ha Penicillium expansum 1 Rhizopus stolonifer nailedextuBHimie BrMBamu
JIEpUBaTH KOPUYHKUX KUCIIOT 13 IPUTHIYEHHSIM POCTY Mitenito Ha 87 179 % BianoBiaHo [82].

BucHoBKkM BiInoBiIHo 10 cTaTTi. AHANI3 Cy4acHOI BITYM3HSHOI Ta 3apyOKHOT HAYKOBOT
JTepaTypu CBIIUUTH IO Te€, 1O HEJOCTAaTHO YBAaru MPUALISLETHCS 30€piraHHIO0 KICTOUKOBUX
IUTOJIB, 30KpeMa IOJIOBXKEHHIO TEepMIHY 30epiranHs aOpukoca sk okpemoro miony. Haii-
yacriie A7 30epiraHHs aOpuKOCiB BUKOPUCTOBYIOTh B1IOM1 T€XHOJIOT1i, 3aCTOCOBYBaHI1 JJsi
BCIX BHUJIB IUIOJIB Ta OBOUYIB: IIBHUJKE 3aMOPOXKYBaHHS, peryiaboBaHy aTmocdepy Ta
30epiraHHs B cremiajgbHii Tapl. OAHaK Taki TEXHOJOTii € JoporuMu abo HeeheKTUBHUMHU
NPOTH IPpHUOKOBUX IHQEKIIIH, 1110 ypaxaroTh IJIOIU BXKE Mij yac 30upaHHs. Tomy Juist po3po0-
KM HOBO1 TE€XHOJIOT1i 30epiraHHsi MM MPONOHYEMO BUKOPUCTOBYBATU 3aXUCHHI 3aci0 3 aHTH-
0akTepiaJIbHUMH BJIACTHUBOCTSIMM MPOTH OCHOBHUX IpUOKOBUX IH(EKII adpukoca — rpudiB
poxy Monilinia (Monilinia laxa, Monilinia fructicola) ra Rhizopus stolonifer.

VYpaxoByroun MIKpoOIOJOTriYHY XapakTepUCTUKY IUIOJIB aOpuKoca, 3aXMCHUM 3aci0, 10
CKJIaJly SIKOTO BXOJSITh €KCTPAKTHU JIUCTSI MEJICH Ta IIaBIii, TpaBU BEepOEHU, MOXKE CTaTH HO-
BUM e(QEeKTUBHUM (QYHTIUMIOM Ui BUKOPUCTAHHS B CUILCHKOTOCIOJAPCHKOMY CEKTOPI.
OCKUIbKH BaXXJIMBOIO XapaKTEPUCTUKOIO OE3MEKH PEUOBUH, 1110 KOHTAKTYIOTh O€3M0CEepEeIHbO
3 IPOJYKTaMU XapuyBaHHs, € MiHIMaJIbHAa TOKCUYHICTh 1 BUCOKI aHTHMOAKTepiaibH1 BIACTH-
BOCTI, Ul 3aCTOCYBaHHS B pO3pOOIl TEXHOJIOTi 3ac00y pEeKOMEHJI0BaHI BOJAHI Ta BOJHO-
CIHUPTO-TIILEPHUHOBI €KCTPAKTH 3a3HAUYEHOI POCIMHHOI CUPOBUHH.
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22. Iar. 2002 117 469 A Poccuiickas ®enepanus, MIIK AOIF 25/00, A23B 7/154, C12P 1/00,
C12P 1/02, A23L 3/3463. Cnoco6 moaroToBKy II0J0B MK oBoleil K xpanenuto / FOmmna E. A., Ksa-
cenkoB O. W.; 3asBuTens 1 nareHroobnagarens Beepoceniickuii HaydHO-HCCIE0BATENbCKUN HHCTUTYT
Oouonornveckoi 3ammThl pacreHuit. Ne 2002117469/13; 3assn. 02.07.2002; omy6m. 27.12.2003.

23. Iat. 2002 117 470 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02.
Poccus, Crioco6 moaroToBKH TUIONOB WK oBoliel k xpaHnenuto / KBacenkos O. U., Keacenkos U. U.;
3asgBHUTENb U MaTeHTooOmagarens Beepoccuiickuii HayqHO-UCCIEIOBATENbCKUN HHCTUTYT OHOMornye-
ckoif 3amuTel pacternii. Ne 2002117470/13; 3assi. 02.07.2002; omy6m. 27.12.2003.

24. Tlat. 2002 117 485 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, C12P 1/02, A23L
3/3463. Cniocob moAroTOBKY TIOIOB WK OBoIIlel k xpaneHnto / Epmonenko C. A., Ksacenkor O. U., Ha-
npikta B. J1.; 3asButens m mateHTooONamaTens Beepoccuiickuii HayqHO-MCCIEAOBATENECKUNA HHCTHTYT
Ouonorudeckoit 3anmThl pactenuit. Ne 2002117485/13; 3assn. 02.07.2002; omy6m. 10.01.2004.

25. Tlat. 2002 117 486 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, C12P 1/02, A23L
3/3463. Cnoco6 moAroToBKY IJI0A0B WK oBolIeH k xpanenuto / Kacenkos O. U., Hagpixra B. /1., Epmo-

199



Ne 4 (18), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
neako C. A.; 3asBUTENb W TMaTeHTOOONamaTenb Bceepoccuiickuii HaydHO-HUCCISOBATENBCKU WHCTUTYT
Ouonorudeckoit 3anmmThl pactenuit. Ne 2002117486/13; 3assn. 02.07.2002; omy6m. 27.12.2003.

26. Ilat. 2002 117 488 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Poccus, Crioco0 moaroToBKH IIIO0B MM oBowler K xpaneHuto / Haneikra B. 1., KBa-
ceukoB O. W., Epmonenko C. A.; 3asBuUTeNb M MaTeHTOOOdamaTenb Bcepoccuiickuii HaydHO-
WCCIIEIOBATEIbCKUIT MHCTUTYT Ouonormyeckoil 3ammtel pacteHuit. Ne 2002117488/13; 3a-
sBit. 02.07.2002; omy6a. 10.01.2004.

27. at. 2002 117 656 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/155, C12P 1/02.
Crioco0 moATOTOBKY ILIONOB MITK OBOIIEeH K xpaneHuto / Kacernkos O. U.; 3asiBUTEeNs U MATEHTOO0-
nagarens BecepoccHiicKuii HayqyHO-MCCIEN0BATEIbCKAN HHCTUTYT OMOTOTHYECKOM 3aIUThl PACTCHUN.
Ne 2002117656/13; 3assin. 03.07.2002; omy6u. 27.12.2003.

28. Ilat. 2002 117 657 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12N 1/14,
C12N 1/14, C12R 1/645. Cnoco0 moAroToBKY TUIOAOB WK OBoIei k xpaneHuto / Keacenkos O. U.;
3asiBUTENb U MaTeHTooOManaTellb Beepoccuiickuii HayYHO-HCCIIeI0BATEILCKUI NHCTUTYT OHONIOrnYe-
ckoif 3amuTel pacternii. Ne 2002117657/13; 3assi. 03.07.2002; omy6m. 27.12.2003.

29. Iat. 2002 117 659 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Criocob moAroToBKH IUIO0B WK OBoIIeH K xpanenuto / Ksacenkos O. 1.; 3asButens u
naTeHToo0IanaTenh Beepoccnuiickuii HayqYHO-MCCIENOBATENECKAN HHCTUTYT OMOIOTHYCSCKON 3aIUThI
pactenuii. Ne 2002117659/13; 3assn. 03.07.2002; orry6:n. 27.12.2003.

30. ITart. 2002 117 661 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12N 1/14,
C12N 1/14, C12R 1/645. Cnoco0 moAroToBKY TUIONOB WK OBoIei k xpaHenuto / Keacenkor O. U.;
3asiBUTENb U MaTeHTooOmanaTeNs Beepoccuiickuii HayYHO-HCCIIeI0BATEILCKUI HHCTUTYT OHONIOrnye-
ckoif 3amuTel pacternii. Ne 2002117661/13; 3assi. 03.07.2002; omy6a. 27.12.2003.

31. ITar. 2002 117 663 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12N 1/14,
C12N 1/14, C12R 1/645. Cnoco0 moAroToBKY TUIONOB WK OBoIei k xpaHeHuto / Keacenkor O. U.;
3asiBUTENb U MaTeHTooOManaTeNb Beepoccuiickuii HayYHO-HCCIIeI0BATEICKUI NHCTUTYT OMONIOrnye-
ckoif 3amuTel pacternii. Ne 2002117663/13; 3assi. 03.07.2002; omy6a. 27.12.2003.

32. ITat. 2002 117 896 A Poccuiickas ®enepanus, MIIK AO1F 25/00, C12P 1/00, C12P 1/02,
A23B 7/154, A23L 3/3463. Criocob xpaHeHus miojoB wiu ooieil / KBacenkos O. I.; 3asButens u
naTeHToo0IanaTenh Beepoccuiickuii HayqYHO-MCCIENOBATENLCKAN HHCTUTYT OMOIOTHYSCKON 3aIUThI
pactenuii. Ne 2002117896/13; 3assn. 04.07.2002; orry6:. 20.12.2003.

33. ITat. 2002 117 897 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Criocob xpaHeHus 1uio0B wiu oBoineli / Kacenko O. I.; 3asBuTens u naTeHTO00a-
naTtenb Bceepoccuiickuii HayqHO-HCCISNOBATENLCKUH HHCTUTYT OMOJIOTMYECKOW 3alllUThl PaCTCHUM.
Ne 2002117897/13; 3assin. 04.07.2002; omy6u. 27.12.2003.

34. Iat. 2002 117 898 A Poccutickas @enepanus, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
C12P 1/02. Croco6 xpaneHus 1uionoB wiu opoiieli / Kpacenkor O. U.; 3asBuTens W MaTeHTOO0a1a-
Tenb Bceepoccuiickuil HayYHO-MCCIENOBATEIbCKUNM WHCTUTYT OWOJOTHYECKON 3allWThl PACTCHUMU.
Ne 2002117898/13; 3asBin. 04.07.2002; omy6u. 27.12.2003.

35. Iar. 2002 117 903 A Poccuiickass @eneparus, MITIK AO1F 25/00, A23L 3/3463, C12P 1/02.
Crioco0 xpanenwus tuionoB uim oporelt / KBacenkoB O. W.; 3asBuTens u mateHToo0MaaTens Beepoc-
CHICKHMI HaY4YHO-HCCIEA0BATENbCKUI HHCTUTYT OMOJIOrnYecKkoi 3ammtsl pacteHuid. Ne 2002117903/13;
3aseit. 04.07.2002; omy6m. 27.12.2003.

36. Ilat. 2002 117 904 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Criocob xpaHeHus 1u1o10B miau oBoineli / Kacenkos O. I.; 3asBuTens U naTeHTO00a-
natenb Bceepoccuiickuii HayqHO-HCCISNOBATENLCKUH HHCTUTYT OMOJIOTMYECKOW 3alllUThl PaCTCHUM.
Ne 2002117904/13; 3assn. 04.07.2002; omy6um. 27.12.2003.

37. Iar. 2002 117 906 A Poccutickas @enepanus, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
C12P 1/02. Crioco0® moaroToBKH IJIOA0B MM OBoIeH k xpaHenuto / Ksacenkos O. W.; 3asBuTens u
naTeHToo0IaaTenh Beepoccnuiickuii HayqYHO-MCCIENOBATENECKAN HHCTUTYT OMOIOTHYSCKON 3aIUThI
pactenuii. Ne 2002117906/13; 3assn. 04.07.2002; orry6:n. 27.12.2003.

38. Ilat. 2002 117 909 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/00,
C12P 1/02. Crioco® moAroToBKH IJIOA0B WM OBoIeH k xpaHenuto / KBacenkos O. W.; 3asBuTens u
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naTeHToo0NIaaTeh Beepoccuiickuii HayqYHO-MCCIENOBATENLCKAN HHCTUTYT OMOIOTHYCSCKON 3aIUThI
pactenuii. Ne 2002117909/13; 3assn. 04.07.2002; orry6:. 27.12.2003.

39. ITat. 2002 117 910 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Cnocob moAroTOBKH IUIOJO0B MIIH OBoLIeH K XpaHeHuto: / KBacenkos O. U.; 3asBuTens
1 mateHToo0nanaTens Beepoccuiickuii HayqYHO-HCCIEI0BATENLCKAN HHCTUTYT OMOTOTMYECKOM 3a1u-
ThI pactenuid. Ne 2002117910/13; 3assin. 04.07.2002; omy6um. 27.12.2003.

40. ITaT. 2002 117 915 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/02,
A23L 3/3463. Criocob moAroToBKH IUIOI0B WK OBoIIeH K xpanenuto / Ksacenkos O. 1.; 3asBuTens u
naTeHToo0NIagaTenh Beepoccuiickuii HayqYHO-MCCIENOBATENILCKAN HHCTUTYT OMOIOTHYSCKON 3aIUThI
pactenuii. Ne 2002117915/13; 3assn. 04.07.2002; orry6:n. 27.12.2003.

41. Iat. 2002 117 916 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12P 1/00,
C12P 1/02. Crioco® moAroToBKH IJIOA0B WM OBoIeH k xpaHenuto / KBacenkos O. W.; 3asBuTens u
naTeHToo0NIaaTeh Beepoccuiickuii HayqYHO-MCCIENOBATENLCKAN HHCTUTYT OMOIOTHYCCKON 3aIUThI
pactenuii. Ne 2002117916/13; 3assn. 04.07.2002; orry6:n. 27.12.2003.

42. Iat. 2002 117 918 A Poccuiickas ®enepanus, MIIK AO1F 25/00, A23B 7/154, C12N 1/14,
C12N 1/14, C12R 1/645. Cnoco0 moAroToBKY TUIOAOB WK OBoIei k xpaneHnuto / Keacenkor O. U.;
3asiBUTENb U MaTeHTooOManaTeNb Beepoccuiickuii HayYHO-HCCIIeI0BATEILCKUI HHCTUTYT OMONIOrnye-
cKoif 3amuTel pactermii. Ne 2002117918/13; 3assi. 04.07.2002; omy6m. 27.12.2003.

43. IlaT. 2002 118 167 A Poccuiickas ®enepanus, MIIK AOTF 25/00, A23B 7/154, A23L 3/3463,
C12P 1/02. Crioco6 xpaneHus 1uiogoB wiu opoiieli / Kpacenkor O. U.; 3asBuTens W MaTeHTOO00a1a-
Tenb Bceepoccuiickuii HayYHO-MCCIIENOBATEIbCKUNM WHCTUTYT OWOJOTMYECKON 3allUThl PACTCHUMU.
Ne 2002118167/13; 3assan. 08.07.2002; ory6u. 10.01.2004.

44, Tlat. 2002 117 893 A Poccuiickas ®eneparms, MIIK AOLF 25/00, A23B 7/154, C12N 1/14,
CI12N 1/14, C12R 1/645. Criocod moAroToBKY ILIONOB WM OBOIICH K xpaneHuto / Keacenkos U. 1.,
Ksacenkos O. U.; 3asiBuTeNb U maTeHTOOOMamaTeNh Beepoccuiickuil HayYHO-HCCIIEAOBATEIBCKIIA HH-
CTUTYT Ononorndeckoi 3ammthl pactennit. Ne 2002117893/13; 3assn. 04.07.2002; onmy6. 27.12.2003.

45. Tlar. 2002 118 145 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
CI12P 1/02. Crioco6 xpanenus oo win osoieli / KBacenkos O. U., Epmonenko C. A., Hagpikra B. [1;
3asBUTEIh U MATEHTOOOMaaaTeh Beepoccniickuii HayqHO-HCCIeIOBATENbCKUM HHCTUTYT OMOIOTHYECKOM
3armThl pacteruid. Ne 2002118145/13; 3assn. 08.07.2002; orry6m. 10.01.2004.

46. Ilar. 2002 118 147 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
CI12P 1/02. Crioco6 xpanenwus 1utooB win oBomieli / Hagpikra B. J1., Epmonenko C. A., Kpacernkos O. 1.;
3asBUTEIh U MATEHTOOOMaAaTeh Beepoccuiickuii HayqHO-HCCIeIOBATENbCKIUM HHCTUTYT OMOIOTHYECKOM
3anmThl pacteruid. Ne 2002118147/13; 3assn. 08.07.2002; orry6m. 10.01.2004.

47. Ilat. 2002 118 148 A Poccuiickas ®eneparus, MIIK AO1F 25/00, A23B 7/14, C12P 1/02.
Poccus, Criocod xpanenus miuonoB wim oBomeii / Kacenkop O. U., Hageikra B. JI., Epmornen-
ko C. A.; 3asBuTENb W MaTeHTOOONamaTenh Bcepoccuiickull HaydHO-HUCCIIECOBATEINBCKHI WHCTUTYT
Oouonornueckoi 3amuThl pacternii. Ne 2002118148/13; 3assin. 08.07.2002; omy6:a. 20.01.2005.

48. Ilar. 2002 118 149 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
C12P 1/02. Crioco6 xpanenus 1utooB win oBoiieli / Epmonenko C. A., Keacenkos O. U., Hagpikra B. J1;
3asBUTEIh U MATEHTOO0OMaaaTeh Beepoccuiickuii HayqHO-HCCIeIOBATENbCKUM HHCTUTYT OMOIOTHYECKOM
3anmThl pactenuid. Ne 2002118149/13; 3assn. 08.07.2002; orry6mn. 10.01.2004.

49. Iar. 2002 118 153 A Poccuiickas @eneparms, MIIK AO1F 25/00, A23B 7/154, A23L 3/3463,
CI12P 1/02. Cniocob xpanenus 1wiofoB wiu oporieii / Keaceakor O. U., FOmmna E. A., Epmonenko C. A.;
3asBUTEIh U MATEHTOOOMaaaTeh Beepoccuiickuii HayqHO-HCCIeIOBATENbCKU HHCTUTYT OMOIOTHYECKOM
3armThl pactenuid. Ne 2002118153/1; 3assi. 08.07.2002; ormy6m. 10.01.2004.

50. ITar. 2002 118 155 A Poccwuiickas ®@eneparms, MITIK AO1F 25/00, A23B 7/154, A23L 3/3463,
CI12P 1/02. Cniocob xpanenus wiofoB win oporei / FOmmHa E. A., KBacenkos O. U., Epmonenko C. A.;
3asBUTEIh U MATEHTO00MaaaTeh Beepoccuiickuii HayqHO-HCCIeIOBATENbCKU HHCTUTYT OMOIOTHYECKOM
3anmThl pactenuid. Ne 2002118155/13; 3assn. 08.07.2002; orry6m. 10.01.2004.

51. Iar. 2002 118 158 A Poccutiickas ®@eneparus, MITIK AO1F 25/00, A23L 3/3463, A23B 7/154,
AO1IN 63/00, C12P 1/02. Cnocob xpanenus miofoB win ooineii / Epmonenko C. A., FOmmna E. A,
Ksacenkos O. U.; 3asiBuTeNs U maTteHTO00MamaTeNh Beepoccuiickuil HayYHO-HCCIEAOBATEIBCKIIA HH-
CTUTYT Ononorndeckoi 3anmthl pactennit. Ne 2002118158/13; 3aasn. 08.07.2002; onmy6a. 10.01.2004.
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52. ITat. 2002 118 159 A Poccwuiickas ®@enepanmss, MIIK AO1F 25/00, C12P 1/00, C12P 1/02.
Crioco6 xpanenus minofoB uin osoieii / KBacenkoB O. U., FOmmna E. A.; 3asBuTens u naTeHTO00-
nazarenb BecepoccHiicKuii HayqyHO-MCCIEN0BATEIbCKAN HHCTUTYT OMOTOTHYECKOM 3alUThl PACTCHUN.
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Antonina Dubinina, Tatiana Letuta, Vira Novikova
STORAGE OF APRICOTS USING OF MEDICINAL PLANT EXTRACTS

Relevance of the research topic. Apricot is characterized by a high rate of respiration and metabolism, and the highest
sensitivity to ethylene among all the stone fruits - this causes an extremely short shelf life of the fruit. Previously, insufficient
attention was paid to extending the shelf life of apricot as a separate fruit, so the best-known technologies were most com-
monly used for its storage: rapid freezing, controlled atmosphere and storage in special containers.

Formulation of the problem. However, such technologies do not imply prevention or spread of major fungal infections
of apricots.

Analysis of recent research and publications. The repeated use of some systemic fungicides in agricultural farms has led to
the emergence of fungicide-resistant pathogens. Some fungicides, especially phthalimides, cause chemical injury to the apricot
epidermis. As the use of fungicides in apricot harvesting is necessary but potentially harmful, the research concerning the deve-
lopment of natural, effective and non-toxic apricot and consumer fungicides were initiated in European countries. For many
years, apricot fruit storage has been a priority technology for freezing, adjustable atmosphere, storage in special containers.
However, modern storage technologies do not involve the destruction or inhibition of fungal infections of the fruit.

Setting objectives. The purpose of the article is to analyze the literature on the existing apricot storage technologies and
the use of medical raw materials as a component that inhibits major fungal infections to prolong fresh fruit storage.

Presention of main material. To prolong the shelf life, we suggested to use protective agent with antibacterial proper-
ties against the main fungal infections of apricot - fungi of Monilinia genus (Monilinia laxa, Monilinia fructicola) and Rhizo-
pus stolonifer. As an important feature of the safety of substances that come into contact with food is minimal toxicity and
high antibacterial properties. Water and water-alcohol-glycerol extracts of vegetable raw materials - lemon balm and sage
leaves, verbena grass are recommended to be used in the development of new technology.

Conclusions. Based on the analysis of modern domestic and foreign literature, we conclude that use of such extracts
can be a new effective antibacterial preparation for the storage of apricots in a fresh form.

Keywords: apricot; bacteria; fungi, storage; specific microflora; fungicidal action; antibacterial properties.
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MODIFIED POLYSACCHARIDES APPLICATION
FOR ANTISEPTIC LEATHER PROCESSING

Urgency of the research. The leather is very sensitive to microbial degradation during processing, storage, transporta-
tion and use. Therefore, it is important to search for preparations and methods of leather treatment, providing specific fungi-
cidal properties, depending on the purpose.

Target setting. To establish the possibility of using a composition based on modified polysaccharides with the addition
of PVA and Quaternary ammonium salts for leather treatment to give fungicidal properties.

Actual scientific researches and issues analysis. Recent open access publications have been reviewed regarding poly-
meric materials, antiseptic and fungicidal preparations used to obtain of insole leather with special properties.

Uninvestigated parts of general matters defining. The principle of action of many fungicidal or bactericidal products
when used together has not been established. In particular, in the case of the simultaneous use of modified polysaccharides
and quaternary ammonium salts for antiseptic treatment of the leather.

The research objective. The purpose of the work is to research antiseptic properties of the coating based on modified
polysaccharides with the addition of quaternary ammonium salts (QASc) for insole leather.

The statement of basic materials. It is established that the polymer composition based on modified starch and pobyvinyl alco-
hol with the addition of a quarter of ammonium salts gives the leather antiseptic properties, this is proved by the delay of growth of
microorganisms by 3-4 mm from the edge of the sample. The relative air permeability of the leather is reduced by almost half (from
1.18 - 10P t0 0.54 - 10° cm’® / eni® « h), the leather porosity is also reduced by 5-10 % and the stiffness is increased by 40 %.

Conclusions. As a result of the conducted researches it is established that although treatment of leather surface by a
solution CMS: PVA and QASc reduction of the tensile strength of leather but in its physical and mechanical properties the trea-
ted leather meets the requirements for the lining, has antiseptic properties and can be used for the manufacture of insoles.

Keywords: modified polysaccharides; antiseptic treatment; leather; quaternary ammonium salt.

Table: 2. References: 18.

Introduction. During the operation of leather shoes, its internal parts (insole and lining) are
subject to a complex of mechanical loads with simultaneous action of sweat, heat, moisture and
microorganisms [1]. One of the effective methods of increasing the resistance of the leather to
microbiological damage is the treatment of fungicidal and bactericidal preparations. There is a
method of obtaining leather for shoes [2], which involves the processing of semi-finished wet-
blue such a composition containing bactericidal and fungicidal agent. Triclosan, biguanidine,
isothiazolinone, Quaternary ammonium compounds can be used as the bactericidal preparation.
As a fungicide, propiconazole, thiabendazole, tebuconazole, zinc compounds can be used. Due
to this treatment, the antimicrobial properties of the leather are preserved after at least 5 wa-
shing cycles. The use of 2- (thiocyanomethyl-thio) benzothiazole (TCMTB) as a fungicidal
drug is proposed for the treatment of leather intended for the manufacture of army shoes [3].

The essential oils of thyme can be used as a preservative in a mixture with a synthetic bio-
cide. In this case the amount of the necessary synthetic biocide can be reduced from 0.2 % to
0.05% of the wet-blue mass. The use of such mixture could solve two problems at once: first-
ly, by decreasing the amount of synthetic preservative needed for leather treatment and thus
reducing the irritant effect on consumers, and secondly, by decreasing the amount of essential
oil, which is fairly expensive [4].

Target setting. Microbiological destruction of the leather is accompanied by the occurrence
of cracks, folds, grooves, shrinkage of the leather area and increase it thickness, reducing the
strength of whole leather and its surface, increasing the stiffness and brittleness, darkening the
color and may cause mycoses for some people. In order to prevent the appearance and devel-
opment of various types of microorganisms, to improve leather resistance to biological attack
and to prevent thedeteriorationof the physical-mechanical and chemical properties of leather, it
is treated with certain biocides. Antimicrobial agents (biocides), currently used in the leather
industry, are generally harmful to human health and the environment, and their use has been or
shall be restricted or even banned [5].Therefore, it is relevant to search for preparations and

methods of leather treatment to give it specific fungicidal properties, depending on the purpose.

© IInasasn B. I1., Imenko O. B., Pecanupkuii 1. B., JIsmiok 1. O., Kyuanrceka 1. A., 2019
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Actual scientific researches and issues analysis. Polymers with antimicrobial properties are
a valuable alternative to conventional antibiotics and are actively used for coatings, food packa-
ging, personal care products and biomedical applications.A natural polymer — casein and ZnO
nanoparticles are known to be used for the production of antimicrobial films that improve me-
chanical properties, water resistance and antibacterial activity against S. Aureus and E. Coli [6].

Antibacterial [7], antifungal [8] and antiviral properties [9] of chitin and its derivatives
make them attractive for wide application, from nutrition and cosmetics to biomedicine and
environmental protection. Chitin and its derivative - chitosan belong to the class of polysac-
charides, the typical representative of which is cellulose. Chitin ranks second after cellulose in
nature. Although its use is limited due to the specificity of obtaining chitin. The antibacterial
properties of chitosan can be useful in the production of durable paper intended for the resto-
ration of historical and cultural heritage [10]. There is a method of treatment with chitosan to
impart antibacterial properties to cotton fabrics [11]. However, it should be noted that the an-
timicrobial properties of chitosan appear only in high enough concentrations, which when ap-
plied to the surface of the tissues may impair their breathability.

The interest in starch as an antimicrobial agent carrier is accrued from its film-forming
properties and high molecular weight. Although, the poor solubility of starch in cold water
limits its potential applications. Thus, starch modification is desirable not only to mitigate
these challenges but also to bring about other functional properties [12; 13].

Durable antimicrobial wool fabrics were prepared by using a simple chemical finishing
process. Carboxylate groups in wool protein were employed to form ionic interactions with
cationic antimicrobial agents, such as cetylpyridinium chloride (CPC) and other quaternary
ammonium salts, under the isoelectric point of wool protein, and such interactions were prov-
en effective. The uptakes of the agents were dependent on their chemical structures, pH val-
ues of treatment solutions, concentration of the agents, and treatment temperature. The ionic
interactions between the agents and the protein could survive repeated washing, with CPC
showing the best durability among three tested quaternary ammonium salts [14; 15].

Quaternary ammonium compounds (QACs) are widely used in disinfection of water, sur-
faces and instruments as well as in textile, leather and food industries because of their relatively
low toxicity, broad antimicrobial spectrum, non-volatility and chemical stability [16; 17].

Uninvestigated parts of general issues defining. The mechanism of the simultaneous ac-
tion of sweat and microorganisms on the leather is not clear. So is the principle of action of
many fungicidal or bactericidal preparations when used jointly. In particular, in the case of the
simultaneous use of modified polysaccharides and quaternary ammonium salts for antiseptic
treatment of the leather.

In particular, according to the authors [18], the antifungal and antimicrobial properties of
chitosan are due to its polycationic nature, whereby it can bind to negatively charged macro-
molecule residues on the surface of bacterial cells and thus slow their growth. Moreover, the
antimicrobial properties of chitosan depend on many factors, in particular the type of chi-
tosan, its molecular weight, pH and solution concentration.

The research objective. The purpose of the work is to research antiseptic properties of
the coating based on modified polysaccharides with the addition of quaternary ammonium
salts (QASc) for insole leather. The influence of coating composition content based on poly-
vinyl alcohol (PVA), modified starch (CMS) and QASc as antimicrobial additives on antisep-
tic properties of insole leather was investigated. To optimize parameters for obtaining of anti-
septic coating composition and its application, its rheological properties, permeability, density
and porosity of the treated leather were determined and mechanical tests were performed.

The statement of basic materials. The study was conducted on samples of semi-finished
leather, obtained from pig leathers. The thickness of the test samples was 1.5-1.6 mm. Beam-
house and tanning processes and operations were performed by conventional methodic for
production of chromium leathers at JSC "Chinbar" (Kyiv).
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Carboxymethylated starch (CMS) (TU U 6- 04872 671.061-96) was used as a polymeric
matrix for biocide finished leather:

[C6H702(OH)3]n+ xNaOH — [C6H702(OH)3 : xNaOH]n i

— [CsH702(OH); - xNaOH],, + nxCICH.COONa —

— [CsH702(OH)3.«(OCH2COONa), ], + nxNaCl + nxH>O

PVA — Polyvinyl alcohol (grade 16/1, Mass portion of acetate groups not more than 0.9-
1.7 %).

Quaternary ammonium salt(QASc) —biocide [R(CH3)>NCH>CsHs]"Cl" (CAS Ne: 21954-
74-5). A quaternary ammonium salt is an ionic compound that has the following general
structural formula.

R2

R1—IL+—R3 ( A~ )
L
n
n = positive whole number R!, R?, R®, and R* could be hydrogen atoms, alkyl groups, aryl
groups, or any combination thereof. A"could be any anion present in salt.

The coating composition was a 3 % solution of CMS:PVA in a ratio of 1:1 with the addi-
tion of 2-10 % of QASc. The density of the resulting solution is 1.04 - 1.12 g/cm’. The com-
position was applied to the surface of the insole leather made from pig raw material by a
method of sawing in two passes with a consumption of coating material of 125 g/m?. After
that, the treated leather was dried at a temperature of 30-35 °C for 40 minutes.

Strength indexes of leather (tensile strength, relative elongation) were determined using
conventional methods (A2. Standard ISO 3376:2011. Leather — Physical and mechanical tests —
Determination of tensile strength and percentage extension).

For evaluation of the obtained materials activity, were used reference strains of microor-
ganisms regulated by the WHO for determination of the preparations antimicrobial activity:
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Bacillus subtilis ATTC
6633. Results were processed in 2-6 days for bacteria and in 5-7 days for fungal (Table 1).

Table 1
Results antimicrobial treatment of leather samples by CMS:PVA and QASc

B0 S = S =

o g . 3 S 2 S s

—_— @] Py 1) RS

o . = ﬁ 2] '% E % Q

g Preparation < N = = 3 2 2

2 5 3 3 Y | 3

Qo > 2 S S

BC* BS BC | BS | BC | BS BC
e - 0 0 0 0 0 0 0
1° [CMSc:PVA 30 0 1 0 0 1 0 1
1° |QASc 2 0 1 1 0 1 0 1
2 |CMS:PVA/QASc 30/2 0 4 0 0 0 0 0
3 |CMS:PVA/QASc 30/5 0 4 0 0 3 0 1
4 |CMS:PVA/QASc 30/7 0 4 2 0 1 0 1
5 |CMS:PVA/ QASc 30/10 0 4 3 0 1 0 1

' Antimicrobial leather surface treatment was not performed.

2 Leather surface treatment was performed without the addition of a bactericidal agent.

3 Leather surface treatment was performed with an aqueous solution of the bactericidal preparation without
PVA and starch.

BC is a bactericidal activity; BS is a bakteriostatic activity; "0" — the activity is absent.
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Qualitative indexes of leather (tensile strength, relative elongation) were established using

conventional methods (Table 2). Samples of leather are almost indistinguishable for the con-
tent of QASc.

Table 2
Physical-mechanical properties of leather
% 3 . Tensile Stra.in when Relatiye Air. . Stiffness, | Porosity,
g < strength, grain layer elongation, | permeability, N o
A o N/mm? breaks, N/mm?’ % cm’/cm?-hrs °
1! 0 13,8 9,7 74,0 1180 2,2 61,2
2 2 12,4 9,6 114,0 790 2,9 56,8
3 5 12,6 9,3 102,0 688 3,0 58,2
4 7 12,7 9,6 100,0 680 3,0 57,4
5 10 12,5 9,6 94,0 540 3,1 55,3

! Antimicrobial leather surface treatment was not performed.

2 According to GOST 940-81. Leather for shoe lining. TU, the tensile strength of the tensile specimens
shall be not less than 12 MPa.

As can be seen from the above data, treating the surface of the leather with a solution of
CMS: PVA and QAS causes a decrease in the tensile strength of the leather, although within
the requirements of the regulatory technical documentation for the lining. The leather's
breathability is also diminished due to a decrease in its porosity, which increases the trend in
QAS consumption by increasing this trend.

The bactericidal and bacteriostatic action of the substances that have treated the leather
surface has been considered.

A small number of small colonies of white and yellow bacteria of homogeneous structure
of regular and irregular shape were observed on and around the untreated samples. When
using QASc, a small amount of bacteria was observed at a distance of 3-4 mm from the edges
of the specimens. Samples of leather treated with QASc 7 g/l already have antimicrobial
activity. No specimen had a sterile (bactericidal action) zone for Esheriehia coli. In this type
of bacteria, QASc treatment acted bacteriostatically, ie, delayed the growth of the culture.

Conclusions. It is found that leather treatment with a composition based on modified
polysaccharides with the addition of quaternary ammonium salt has antiseptic properties,
indicating that the growth of microorganisms is delayed 3-4 mm from the edge of the sample;
the relative permeability decreases from 1.18 - 10° to 0.54 - 10° ¢cm® / cm? - h, the porosity
decreases from 61.2 % to 55.3 %, the stiffness increases from 2.2 N to 3.1 N.

As a result of the conducted researches it is established that although the treatment of the
surface of the leather with CMS: PV A and QASc solution and causes a decrease in the tensile
strength of the leather, however, in terms of its physical and mechanical properties, the treated
leather meets the requirements of the normative-technical documentation for the lining and
can be used for the manufacture of soles.
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VIIK 66.014
Bixmopis [lnaean, Onena lwyenxo, Inns Pechuybvkuu, Ipuna Jlawoxk, /lap s Kyuuncoka

3ACTOCYBAHHA MOJU®PIKOBAHUX ITOJICAXAPUIIB
JJISI AHTUCENITUYHOI OBPOBKH IIIKIPA

Axkmyanonicme memu oocnioxyncennsn. lllkipa oyoce wymauea 0o deepadayii Mikpoopeauizmamu nio wac oopooku, 30e-
pieants, mpancnopmysanus ma uxopucmarts. Tomy axmyanvHuM 3a1umaemscs NOULYK Npenapamie ma memooie 0opooKu
WKIpU, HA0aHHs cheyudiuHux QYHIIYUOHUX 8IACMUBOCMET 3ATIEHCHO 810 NPUSHAUEHHSL.

Ilocmanoska npoonemu. Bcmarnogumiu MOoA#CIUEOCMI GUKOPUCAHHS KOMNO3UYIL HA OCHOBI MOOUDIKOBAHUX NOTICAXapuoig i3
oooasannsm [IBC ma wemeepmunno amomnicgux conetl 0Jist 00pOOKU WKIPU 3 MEMOI0 HAOAHHSL (DYHIIYUOHUX GILACTIUBOCHIEIL.

Ananiz ocmannix oocnioxcens i nyonikauiii. bynu posensnymi ocmanmi nyonikayii' y 6iOKpumomy 0oCmyni cmocoHo
noniMepHUX Mamepianie, aHmMUCenmuiHux ma QyHIYyuoHux npenapamis, SKi 6UKOPUCIOBYIOMb O 00EPIAUCANHS CREeYiANbHUX
sracmugocmell.

Buoinenns nedocniorncenux uwacmun 3azanvhoi npoonemu. Ipunyun 0ii bacamvox pyneiyuonux uu 6GakmepuyuoHux
npenapamis y pasi ix cnilbHO20 3ACMOCY8AHH He 3 ico8aHull. 30kpema, y pasi 00HOUACHO20 UKOPUCTNAHHS MOOUDIKOBAHUX
nonicaxapuois [ YemeepmMuUHHUX AMOHICEUX COoNlell OISl AHMUCENMUYHOL 0OPOOKU WKIDU.

Ilocmanogka 3ae0anns. JJocrioumu enaus o6poOKU WKipu KOMRO3UYIEIO HA OCHOGI MOOUDIKOBAHO20 nonicaxapudy Ha
@isuxo-mexaniuni ma yneiyuoni enacmugocmi mamepiany.
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Buknao ocnoenozo mamepiany. Bcmanosneno, wjo nonimepna KOMRO3uyis Ha 0CHOBI MOOUGIKOBAHO20 KPOXMANIO MA
NOMIBIHINI08020 CRUPMY 3 O00ABAHHAM HeMBEPIMUHO AMOHIEBUX COJell HAOAE WIKIPI AHMUCENMUYHUX 8l1acmusocmell, ye 00-
8€0eH0 3ampUMKOI0 pOCMY MIKpoopeanizmie nHa 3-4 mm 6i0 Kpaio 3pasxa. Bionocna nosimponponuxuicme wkipu 3meHuy-
emves maiidice deiui (3 1,18 - 10° 00 0,54 - 10° cad’/en® - 200), maxooic smenwyemocs nopucmicmy wiipu na 5-10 % ma
30inbuyemucs dcopcmxicmo Ha 40 %.

Bucnoexu 6ionosiono 0o cmammi. B pezynomami nposedenux 00Caiodicenb 6CMan08AeHo, U0 3aCmocy8anis MoOui-
KOBAHUX NOAICAxapudie HA0Ae WKIPi CReYianbHUX 61ACTMUBOCTEN XOUA BUKTIUKAE SHUINCEHHS. MECT MIYHOCE WKIpU npu po3-
MASYBAHHI, OOHAK 3a CGOIMU (DI3UKO-MEXAHIUHUMU 8L1ACMUBOCMAMU 00POOIeHa WKIpa 8i0N0BI0AE BUMOAM HOPMAMUBHO-
mexHiunoi 0okymenmayii 00 niOKIAOKOBUX WIKIp i MOdIce BUKOPUCTNOBYBAMUCY OJIA BUSOMOBNIEHHS YCMIIOK.

Kniouosi cnosa: moougixosani nonicaxapuou; wKipa;, aHmucenmu4ri 61acmugocmi, 4emeepmurHo aMOHIES COL.
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Plavan Viktoriia — Doctor of Technical Science, Professor, Head of Department of Applied Ecology, Technology of
Polymers and Chemical Fibers, Kyiv National University of Technologies and Design (2 Nemyrovycha-Danchenko
Str., 01011 Kyiv, Ukraine).

IInaBan BikTtopis IleTpiBHa — mokTOp TexHIYHMX HaykK, mpodecop, 3aBimyBau kadeapu IIETIIXB, KwuiBchkuii
HalliOHAJIFHUH yHIBEpCUTET TEXHOOTiH Ta mu3aiiny (Byn. Hemuposuua-/landenka, 2, m. Kuis, 01011, Ykpaina).
E-mail: plavan. vp@knutd.edu.ua

Ishchenko Olena — PhD, Associate professor, Associate professor, Department of AETPCF, Kyiv National
University of Technologies and Design (2 Nemyrovycha-Danchenko Str., 01011 Kyiv, Ukraine).

Imenxo Ojena BosoaumupiBHA — KaHAWAAT TEXHIYHMX Hayk, HomeHT, noreHT kadenpu ITETIIXB KwuiBchkmit
HaIliOHAJIFHUH yHIBEpPCUTET Texnouoriii Ta An3ainy (Byn. Hemuposmyua-/lanuenka, 2, m. Kuis, 01011, Ykpaina).
E-mail: e.ishchenko5@gmail.com

Resnytskyi Ilya — PhD student, assistant of Department of IP, Kyiv National University of Technologies and Design
(2 Nemyrovycha-Danchenko Str., 01011 Kyiv, Ukraine).

Pechunbkuii Lnas BsueciaaBoBuu — acmipant, acuctenTt kadenpu 110, KuiBcpkuii HamioHadbHUHE yHIBEpPCHUTET
TEXHOJOri# Ta au3aiiny (Bya. Hemuposnua-/lanuenka, 2, M. Kuis, 01011, Ykpaina).

E-mail: ilya9res@gmail.com

Liashok Iryna — PhD, Associate professor, Associate professor, Department of AETPCF, Kyiv National University
of Technologies and Design (2 Nemyrovycha-Danchenko Str., 01011 Kyiv, Ukraine).

JIsmok Ipuna OuekcaHapiBHA — KaHIUIAT TEXHIYHHX Hayk, AomeHT, noueHT kadenpu ITETIIXB, KuiBchkmit
HalliOHAJIFHUH yHIBEpCUTET TEXHOOTiH Ta mi3aiiny (Byn. Hemuposuua-Jlandenka, 2, M. Kuis, 01011, Ykpaina).
E-mail: liashok77@gmail.com

Kuchynska Daria — Master's student, Kyiv National University of Technologies and Design (2 Nemyrovycha-
Danchenko Str., 01011 Kyiv, Ukraine).

Kyunncoka Jlap’s AwngpiiBHa — wmarictp, KuiBcekuii HaIliOHanbHHH YHIBEPCHTET TEXHOJIOTIH Ta mu3aiiHy
(Byn. HemnpoBuaa-/lanuenka, 2, M. Kuis, 01011, Ykpaina).

E-mail: dkuchinska@gmail.com

Plavan, V., Ishchenko, O., Resnytskyi, 1., Liashok, I., Kuchynska, D. (2019). Modified polysaccharides application for antiseptic leather
processing. Technical sciences and technologies, 4 (18), 209-214.

214



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
VIK 628.16
DOI: 10.25140/2411-5363-2019-4(18)-215-222

Onexcandp Keapmenko

3ACTOCYBAHHA KOMBIHOBAHUX METO/AIB Y TEXHOJIOT'IAX
OYMINEHHA BATATOKOMIIOHEHTHUX III3EMHUX BO/JI

Axmyanvnicmy memu 0ocniodyncenua. Icnyioui mexnonoeii € excmeHCUSHUMU Ma He nepedbaiaomv KOMHIEKCHO20
ouuwenHs nio3eMHUX 800 8i0 3a0pyOHeHb NPUPOOHO20 MA AHMPONO2EHHO20 NOXOONCEHHSL.

Ilocmanogxa npobnemu. Hayxose obrpynmysanns, 00CniodiceHHs ma 6npoBaOdICeHHsl MEeXHON0IUHO20 DilleHHs, sKe
nepeobayaec KOMNIeKcHe O4UeHHs 8 pe3yibmami KOMOIHYB8aAHHS GI0OMUX MA YOOCKOHANEHUX MEMOOis.

Ananiz ocmannix oocnioxcens ma nyonikayiii. Haiibinow nowupenoio € mexmonozisi 04uueHHs 3a Memooom cnpouye-
Hot aepayii-hinbmpysanus, Axa Mae obmedIceHe 3acmocy8ants 3a padom noxasnukie (Fe’* <10 me/om’, pH >6,8, zidpoxap-
bonammoi ayscnocmi > 2,0 smonw/on’, HaS<2,0 me/on’ ).

Buoinenns nedocnioxncenux wacmun 3azanvnoi npoonemu. Pospobka ma 6npogaodicenuss mexnHono2ii, 8 0CHOBI AKOI
3aKNA0eHO NPUHYUN CUHEP2IZMY KOMILEKCHO20 BUKOPUCTNAHHS KOMOIHOBAHUX MEMOOi8.

Mema cmammi. Po36umox HAYKOBO-MEXHIUHUX 3aca0 y 2any3i KOMNIEKCHO20 OYUUjeHHs NPUPOOHUX NIO3EMHUX 800 i3
BUKOPUCTNAHHAM KOMOIHOBAHUX MemOoOig.

Buknao ocnosnozo mamepiany. Becmanosneno, wo npu 6i0nogiouiti Komoinamopuyi i0omMux ma yOOCKOHANEHUX me-
Mooig i3 BUKOPUCIIAHHAM CUHEP2EMUYHO20 edheKmy WBUOKICHb NPOXOOJICeHHs NPOYecia ouuujeHHs 6a2amoKoMNOHEeHMHUX
cucmem € He Ha 6a2amo HUKCHoI0, HidC O oOHokoMnonenmuux (Fe*). Pospofineno meopemuuni 3acadu KoMRIEKCHO20
ouUen s niO3eMHUX 800 8i0 CNONYK (epymy, amonilinoeo Himpozeny, genonis, xpomy(IV) 3 suxopucmanmnam memoois 2io-
poouHamiunoi Kagimayii — niOnYIHceHHs — Koazynayii — GioXimMiuHo20 oyuwenHs — PinbmpysaHHs.

Bucnoeku sionogiono oo cmammi. Jlis ouuwenns craboxuciux (pH oo 6,5) niozemuux 600 3 HU3bKUM JYIHCHUM pe3ep8oM (00
1,5 mmonv/ons) i micmamo gepym-zyminosi komnaexcu (0o 10 me/on’), amowitinuti vimpozen (00 2,0 me/on’), genonu (0,08-
0,5 me/on’), neexo-oxucriosanvhi opeaniumi cnonyku (0o 8 me O/on’), kamionu Cr®* (Do 0,5 me/on’) pospobeno ma enposadaice-
HO MEeXHONOCII0, 8 OCHOBI IKOT 3aKNA0EHO NPUHYUN CUHEP2I3MY BUKOPUCMAHHS 8I00MUX MA YOOCKOHATEHUX KOMOTHOBAHUX MEmOOis.

Kniouogi cnosa: xomniexche ouuyerHs, MAMPUKCHi CMpYKmypu, 2I0poOUHamMiuna Kagimayisi; gheHonu,; amoHitiHuil HimpozeH.

Puc.: 3. bion.: 16.

AKTyaJIbHiCTh TeMH J0cTigkeHHsi. HasBHI TeXHOJIOTIi OYMILEHHS MIA3€MHUX BOJ HE
nependavaoTh KOMILJIEKCHOTO OYMILEHHS BiA 3a0pyqHEHb SIK MPUPOTHOTO, TaK 1 aHTPOTO-
TE€HHOTO TMOXO/KEHHS Ta IPYHTYIOThCS 3J€OUTHIIONO HA MPUHIUII MMOETATHOTO BUITYYEHHS
JIUIIE OKPEMHUX 3a0pyIHIOIOUUX IHTpeAieHTIB. Takui MiIXia € eKCTEHCUBHUM Ta MPU3BOAUTD
710 30UTBIIEHHS KUTBKOCTI Ta 00’ €My TEXHOJIOTTYHUX CIIOPY/I.

ITocTanoBka mpoOJemu. [IpoBeneHi MOHITOPUHIOBI JOCIKEHHS MapameTpiB SKOCTI
ni3eMHUX BoA [1] BKa3aiu Ha HAasABHICTh Y HUX 3a0pyAHEHb K MPUPOTHOTO (3aBUCII peyo-
BHHU, KOJILOPOBICTb, arpecuBHUMA kKapOoH(I'V) okcu, 1IerkoOKMCHIOBaH1 OpraHiyH1 peuOBUHH,
KOMILIEKCHI OpraHiuHi pe4OBUHM, I'yMiHOBi KMCIOTH, crionyku Fe*', Mn*"), tak i anTpomno-
rennoro xapakrepy (ionu Cr®, Cu®*, NHs*, NO,", NOs", dpenomnu, cnonayku pocdopy, nHosep-
XHEBO aKTHUBHI PeuOBUHH). BimbmIicTh icHyrouMx B YKpaiHi CTaHIIM OYMINEHHS MiI3eMHHUX
BOJ OyJI0 BBEJICHO B €KCIUTyaTalio B cepeuni 70-x pokiB XX CTOJITTA 3a TEXHOJIOTiE0 (i-
JTBTPYBAHHS 31 CIPOIICHOIO aepalli€lo, sika He mependaydana KOMIUIEKCHE BUJAJICHHS HaBee-
HUX BULIE 3a0pyaHeHb. KpiM TOro, iCHYr041 TEXHOJIOTI] € eKCTEHCUBHUMHU, €HEPrOEMHUMH, 31
3HAYHUMU KaliTaJbHUMU Ta €KCIUTyaTalliiHUMU BUTpaTaMu. ToMy HayKoBe OOIPYHTYBaHHS,
JOCTIDKEHHSI Ta BIPOBAPKEHHS TEXHOJIOTIYHOTO PINICHHS, SKe Mependadyae KOMILIEKCHE
OUMILIEHHS MI3EMHUX BOJ| Y Pe3yJIbTaTi KOMOIHYBaHHS K BIIOMMX TaK 1 yIOCKOHaNEeHUX (i-
3UYHHX, O10JIOTIYHUX Ta (PI3UKO-XIMIYHUX METO/IB, € AKTyaIbHUM.

AHaJi3 ocTaHHIX JT0CTiKeHb Ta myOuikamiif. OqHIME 3 HAMOUTBII TIOMIMPEHUX 3a0py/IHIO-
BayviB MPUPOJIHUX BOJ| € CIOMYKH (epymy, AJIsl OUUIIICHHS Bif] SIKOTO BUKOPHCTOBYIOTH (hI3UKO-
XIMIYHI METOJ TJIMOOKOT Ta CHpOIIEHOI aepauii 3 HacTymHuUM (QuibTpyBaHHsM [2; 3]. Mertog
CIIPOILEHO] aepallii — (PUILTPYBaHHS Mac OOMEKEHHs 33 BUKOPHCTAHHSAM ILOJI0 BMicTy ioHiB Fe?"
10 10 mr/mm’, TiAPOKapOOHATHOI TY>KHOCTI OLbiiie HiK 2,0 MMOJIB/IM>, BEJTMYHHA pH > 6,8, BMmic-
Ty cipkoBoHIo 110 2,0 Mr/mv>. Kpim Toro, 3a HasBHOCTI y Boai po3umnHeHoro kapoon(IV) okcuy,
MIOCTA€ HEOOXITHICTh Y HOro BUITUEHH] 13 3aCTOCYBaHHSM KOMIIPECOPIB 200 MOBITPOYBOK.

VY BiIOMUX peareHTHHX CXeMaX 3aCTOCOBYETHCSI METOJ TNIMOOKOi aeparlii 3 MOAaIbIINM
BUKOPUCTAHHSIM TaKUX PEAreHTiB, K XJIOp, O30H, Kallid MepMaHraHar, pO3uMHIB BalHa, KOa-

© Ksaprenko O. M., 2019
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T'YJISHTIB, (UIOKYJSHTIB 13 HACTYIIHUM OYHILEHHSIM BOJM HAa TOHKOIIAPOBUX BIJICTIMHUKAX,
cbun,Tpax 3 IHEPTHUM 3aBaHTAXEHHAM a0o COp6I.IlI/IHI/IX ¢bubTpax. BI/IKOpI/ICTaHHH BKa3aHMUX
peareHTiB MPU3BOAMUTH JIO 30UIbIIEHHS BapTOCTI OYMIIEHOI BOJAM, MOKJIMBOCTI YTBOPEHHS
XJIOPOPIraHIYHUX CIIOJIYK, MPOJIYKTIB 030HOJI3Y, @ TAKOXK HEOOX1IHOCTI BUKOPUCTAHHS J10/1aT-
KOBOT'O TEXHOJIOT'TYHOIO O0JIaJiHaHHS, TAKOTO, K T'PaIupHi, KOHTaKTHI pe3epByapu, 030HaTO-
pu. Sk anpTepHATMBHUN OKUCHMK JJISl JECTPYKLII BaXKKOOKHCHIOBAJIbHUX OPraHIYHUX KOM-
IUIEKCIB, TNEpPCHEeKTUBHUM € BHUKOPUCTaHHS BUCOKOakTuBHUX OH®-panukaniB, ski
YTBOPIOIOTbCS Y BOJI IPU BUKOPUCTAaHHI MetoAdy riapoauHamiynoi kasitauii (I'/IK) [4]. 3a
JIeK1JIbKa OCTaHHIX JIECATUPIYb y OaraThoX KpaiHax CBITY BEJHMKY Bary NpUAUISIOTH 010J10T14-
HOMY METOJly BUJQJIEHHS 3 MiA3eMHUX BOJ po3uuHeHux crnoiyk Fe(Il) Ta Mn(Il) [5; 6]. Ane
MeX1 e(peKTUBHOIO 1 palliOHAIbHOTO BUKOPUCTAHHS 1IbOTO METOY Ul OUYMILEHHS OaraToko-
MIIOHEHTHHX MIA3€MHUX BOJ y MO€AHAaHHI 3 (PI3UKO-XIMIYHUMH METOAAaMH, T4 MOKJIMBICTh
BWJIy4eHHs HoHiB Baxkkux Metanis (Cr®’, Ni?', Zn?", Cu?"), dopy, IIAP He Gy0 moCIimKeHO.

Bunanennsi aMOHiHMX CHONYK HiTporeHy. Y miI3eMHUX BOJaX BMICT aMOHIMHOTO HIT-
poreny cynpoBoKyeThest pucyTHIicTio HaS; CO2; Mn; Fe. IIpu pH 6-8 y Bofi roioBHUM 4u-
HOM 3HaxoauThest o NHs". Ananis snireparypuux nanux [3; 7-9] 103BOJIMB 3p0OHTH BHCHO-
BOK I110JI0 IBOX HampsIMIB PO3BUTKY BOJIOOUYMCHUX METOMIB: (DI3UKO-XIMIYHUX — XJIOPYBaHHS,
aepailisi B JIy>)KHOMY CEPEJOBHIIl, 3BOPOTHUH OCMOC, COpOIis, I0HHUH OOMIH Ha KJIIHOMTHIII-
TOBHX (UIbTpax, eJIEKTPOII3; 1 6iooriuHuX — OlosoriyHa Hitpudikauis. [lpu 3acrocyBanHi Me-
Toy xyopyBanns (nmpu pH 6,5-7,5; nutoma Butpara xyopy 6—15 mr/nm®) onHodacHo BinOysa-
€TbCS OKMCHEHHS 3aJli3a Ta MaHraHy, 3 NOAAJbLIMM BUJAJIECHHSIM 3aBHCI Ha OCBITJIIIOBAJIBHUX
¢inprpax. Y BUNAAKy 3HAYHOTO BMICTY OpraHIYHUX PEUOBHH, (DEHOIIB — yTBOPIOIOTHCS XJIOPOP-
TaHIYH1 CIOJYKH, IO MPU3BOJIUTH 0 HEOOXIIHOCTI MPOBEICHHS NEXJIOPYBaHHS BOJH, SKa
npoiinuia ouninenss. [Ipu ozonysanni (O3/NH4=14/1) B npucyrrocri ioniB Fe(I) Ta Mn(II),
a TaKOX PO3UMHEHUX OPraHIuHUX CHONYK, BIOyBaeThcs ix mepuoueproBe okucHeHHs Os. [pu
BUKOpUCTaHHI Metony Oiodinsrpauii (pH 7,5 — 8,5; Burpara kucHio 4,6 MmrO»/mr) BuaaneHH1
amiaky B1IOyBa€eThbCs 13 JOOpe aepoBaHMX BOJ Ha MIAaHUX (QuIbTpax. BukopucranHs TexXHONO-
riil BUAaJeHHS aMiaky Ha IeoliTax OOMEXEHO THM, IO IMICis BUYEPHaHHS OOMIHHOI €MKOCTI
Horo HeoOX11HO pereHepyBaru. Perenepaiiisi ckiajHa Ta eHeproemua. Jlo ckiaay pereHepariiii-
HOro OJIOKa BXOAATH: MPaMpHI JJs BIUTYBKH Ta HEMTpasi3allii amiaky, 6aku peareHTiB, HaCOCH.

Metoau BugajsieHHsi (peHOJIIB 3aCHOBaHI HA OKUCHIM 3JJaTHOCTI 030HY (B JIY?)KHOMY cepezio-
Bumi 1,02 r Oz : Ha It C¢HsOH); rizporén nepokciay (B kucinomy cepenoBuiii pH 4 B mpucyTHo-
cri Fe(I) Ta nmpu monbHOMY criBBiiHOLIEHH! 1:3); Kajiii nepMaHraHaty (MOJIbHE CITIBIHOILIEHHS
1:9,3); xnopy (yTBOpIOE TOKCHYHI IIPOJIYKTH B X011 XIMIYHOT peakiii IeCTPYKLi ()eHOJIIB); T1IPOK-
CWJIbHI paIuKaiIy (peakxiiii JeCTPYKIi MOXKyTh HTH rpu 3HaueHHsx pH BuxigHoi Boam) [3, 7, 10].

Buainenns Hexocail:KeHUX YAaCTUH 3arajbHoi npoodJemu. [IpoBenenuii ananiz cydac-
HOTO CTaHy TEXHOJIOT1 OYMILEHHS 0araTOKOMIIOHEHTHUX CIa0OKHUCIMX MiI3€MHUX BOJ 13
HU3bKUM JIY’)KHUM PE3€pPBOM CBIAYUTH MPO BIACYTHICTh JAHUX ILIOJO IX KOMIUIEKCHOIO OYH-
IIEHHS B MEXaX OJIHIET TEXHOJIOTIYHOT CXEMU BiJl 10HIB BaKKMX METaJiB, aMOHIHHOTO HITPO-
reHy, PO3UMHEHO1 OpPraHiki, KOMIUIEKCHO-OPraHIdYHUX CIONYK, GeHounis, ¢propy, IIAP i3 Bu-
KOPHUCTaHHSIM KOMOIHATOPUKH (PI3UYHMX, OI0XIMIUHUX Ta (PI3UKO-XIMIUHUX METO/IIB.

Merta cratTi. ['0J10BHOIO METOIO 11i€T pOOOTH € PO3BUTOK HAYKOBO-TEXHIYHMX 3acaj y ra-
Jy31 KOMITJIEKCHOT'O OYMIIEHHS TPUPOTHUX MII3EMHUX BOJI 3 BAKOPUCTAHHSAM KOMILIEKCY ¢i-
3UYHUX, 010XIMIYHUX Ta (PI3UKO-XIMIYHUX METO/IIB.

Buxiaa ocHoBHOro Matepiany. Y pe3yabrari IPOBEJEHUX TEOPETHYHUX Ta eKCIIEpUMEHTa-
JBHUX JIOCTI/PKEHb BCTAHOBJICHO, 110 MPH BIIMOBIIHINA KOMOIHATOPHIII SIK BIIOMHX TaK 1 YIOCKO-
HaJICHUX METOJIIB 13 BUKOPUCTAHHAM CHHEPIeTHYHOTO €(PEeKTy IIBUAKICTb MPOXOHKEHHS Mpolie-
CIB KOMIUIEKCHOI'O OYMILEHHSI 0araTOKOMIOHEHTHUX CHUCTEM OyJe He Ha 0araro HM)KYOIO, HDK
s ogHokoMrioHeHTHUX crcteM (Fe?"). Y cnaboxucmux (pH 5,8-6,5) migseMHuX Bojax i3 HU3b-
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KHM JIYXKHUM pe3epBoM (10 1,5 MMOJIB/IM®) B HPUCYTHOCTI CHOJIYK aMOHIHHOTO HITpOreHy (J10
2,0 mr/mm?), deronis (0,08-0,5 mr/mv®), kommnekchux croiyk Fe(I) — 'K (zo 10,0 mr/ov?), ka-
Tionis Cr®" (mo 0,5 mr/mv*), ¢propy (10 1,0 Mr/mm’) pekoMeHIOBaHO 3aCTOCOBYBATH TEXHOJOTIY-
HY CXEMY 3 BUKOPUCTaHHSM T'1IPOAMHAMIYHOTO KaBITaTOpy — KOHTAKTHOT KaMepH — MiJUTy KEHHSI
BOJIU 3 HACTYITHOXO OOPOOKOIO PO3UMHOM KOATYJISIHTY — (DUIBTPYBAHHSIM.

Ha nepiiomy erani BinOyBa€eThes MpoLec ASCTPYKLIi Ta OKUCHEHHSI aMOHIHHOTO HITpore-
HY Ta ()EHOJIIB 32 HACTYITHUMHU MEXaHI3MaMHU:

NH3 + H,O «» NH4OH, (1)

NH4OH < NH;" + OH". (2)

[Tpu mpoxomKeHH1 Takol BOJIU 4Yepe3 TiIpOJMHAMIYHMI KaBITAlllifHUI anapar BinOyBa-

IOTHCS peakKllii, y pe3y/nbTaTi IKUX 3T1IHO 3 JaHUMHU, HaBeieHUMH B [4; 11-12], yrBoproroThes
IHTEepMelIaTH, SIK1 € TOCUTh CUJIbHUMHU OKUCHUKAMMU:

OH - 1§ — |OH, 3)

NH;* + 18 — NH;s + |H']. (4)
13 IOJJAJIBLIONO iX PEKOMOIHAIIIEIO 3 YTBOPEHHIM MOJIEKYISIpHUX croyk [12; 13]:

20H" — H,0,, %)

2|H| — Ho, (6)

|H'| +|OH’| - H:0. (7)

Sk Oyno 3a3HayeHO BUILE, IPU CXONMYBAaHHI KaBITALIMHUX MyXIpLiB BUHUKAE BUCOKUI
tuck (1013,25 MlIla =10000 at.) Ta Temneparypa (o 10000 K) [13]. 3a nux ymoB BigOyBa-
€TbCS IIPOLIEC AUCOLNALT IIPOTeH NEPOKCUTY 33 PATUKAIbHUM MEXaHI3MOM:

H,0, < 2| OH'|, (8)
H,0; & H0 +| O ©)
13 moAansIM okucHeHHsIM NH3 Ta yrBopeHHsIM razomno 1ionoro No:
2NH, +30"| >N, T43H,0 (10)
OpHoyacHO y BOJI BiIOYBarOThCS peakilii aucorrialii peHoiB:
CgHsOH <> C4qHs0™ +H™. (11)

[Ipu mpoxo/pKkeHH1 Takoi BOJAM Yepe3 TiIpOoAMHAMIYHUN KaBiTaTOp BiAOYBA€THCS YTBO-
penns paaukanis CsHsO® ta H* [10]. [lig giero JOKaJIbHUX BUCOKUX TEMIIEPATyp Ta THUCKY
BIIOYBa€ThCS PEKOMOIHALLIS paJMKAJIIB 3 YTBOPEHHSIM PSIY CIIOJIYK:

2C¢H50° +2H® - C4H5 -0 -CcHs +H,0, (12)
2H® —» Hyp (13)
2CgH3 - CgHs5 —CgHs. (14)

VY KOHTaKTHIN KOJIOHI MPOBOJUTHCS MOYATKOBE OKMCHEHHS (DEHOJIB 3 iX PO3KIAICHHAM
10 MpOoMDKHUX ckiafoBux [10]. BBeneHHs y Bojy po3uMHYy KaJbLIUHOBAHOI COAM JIO3BOJISE
MPU3YIHHATH MPOLEC OKHCHEHHs Ha CTajll YTBOPEHHs IHTEpPMEAIaTiB 13 HACTYIHOI Koary-
JSILIEI0 YTBOPEHUX CHOJYK AIMIOMIHIN T1JPOKCOXIOPUIOM.

CeHs

2CsHs+CsHsQ === O’

/ N\

CsHs CsHs |
]

Koazynauis cnomyk (15)
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VY npucytHOCTI y BOJI 3ali30r'yMIHOBHUX KOMILJIEKCIB BIAOYBA€ThCs iX pyHHYBaHHS Ta
OKMCHEHHs 3B’13aHOr0 3 HUMH Fe?' :

(RCOO)2Fe?+| 0°*|[+H+RCOOH— (RCOO)3Fe**+H,0. (16)

VY pe3yinbTari yTBOproBanacs KoJIOiHa CUCTEMA, siKa JIETKO BUAAJIAcs IIPU 3aCTOCYBAaHH1
KOaryJjisiHTiB Ha (puIbTpax.

BBeneHHs 101aTKOBOTO JKepeia HEOPraHIuHOTO BYTJICIIO Ta MiABUILEHHS BEJIMYUHH Tif-
pokxapOOHATHOT JIY>)KHOCTI BIJIUBA€E Ha IHTEHCU(IKALIIO Mpolecy 010JIOrYHOTO OYHIIECHHS BO-
IM BiJ] CHIOJIYK (pepyMy Ta HaCTyHUM YTBOPEHHSIM MaTPUKCHHUX CTPYKTYD, SIK1 Y CBOil CTpy-
KTypi MaroTh Trpynu asioHiB PO, COO”, OH™ [14] Ta € mpupoJHUMH COpOEHTaMHU I
karionis Cr%", AP* (puc. 1) [15]. BBenenHs po3unHy KaJdbIIMHOBAHOI COIM JO3BOJMIIO M-
BUIIUTH €(EKTUBHICTh BUJIATICHHS CIIOJYK (epyMy Ta pOZUYMHEHUX OPraHIYHUX PEUOBUH Bi-
noBigHO 10 94 Ta 44-50 % (puc. 2).

2Na* +CO3™ +Fe?* +2HCO3 +H,0 - Fe(OH), +3C0, T+2Na* +20H™.  (17)

€:\EDAX32\GENESIS\GENMAPS.SPC
kv:20.0 Tile:0.00 Tkof£:34.57 Det:SDD Apollo XSDD Apollo XReso0:127.4 Amp.T:6.40
FS : 7348 LSec : 25.7 Prst:None 9-Apr-2015 20:33:15

o

si

Al
Fo

Puc. 1. Enexmponne 306padxcenus (a) ma penmeeHocnekmpanivhuil ananiz (6)
NO8epXHi OLNAHKU SPAHYIU PiIbMPYIOU020 3A6AHMANCEHHS

V pesynbrari peakuii y Bogy Buauisiest COz, sskuii BUKOPHCTOBYBABCSI MIKpPOOpraHizMaMu
pony Gallionella ax nOMAaTKOBE HKEPEIO HEOPTaHIYHOTO BYTJICLIO JJIS TOOYJOBU KIITUHHOL
6iomacu [16].

E%

Fesar, Mr/am?

7 100,0

&17107 T T 98

S S ——

2105 i 9 pH

o} o P <<

Z 103 8,7 =TT 94 7,6
n \ %

0,1 92 F 7.2
0,65 A\l - " 2126 e
0,551\ N o 2122 =
045¢/\ = 5655118 |

0,08 A - -

30071 035Thy =5 z 711282 14
I5;0:05 0,25 \L = A (1_- Y j‘_- 2,6 §

goos S I3 Ay P i =

6 0,|5 N = //7 2,4 o'
0,001 4= = =
o.oowT 0,05 = Y 422

1 2 3 4 5 6 8 9 10 11 12 13 14

t,ron

Puc. 2. 3mina xonyenmpayii pepymy (1), éenuuun ciopokapbonamnoi nysxcnocmi (3), pH (4),
nepmaneanamuoi okucnocmi (3), amonitinoeo nHimpoeeny (6), ghenonie (7); eghexkmusnocmi
suoanenus gepymy (2) npomszom ginempoyukiy (tx, 200)
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Oumnmenns Boau Bix katiouis Cr®" 3acmoBano Ha XIMIYHOMY BiITHOBJIEHHI OiXpomaT Ta
XpoMar-ioHiB kaTionamu Fe?’, ki 3HaX019ThCs y BOJi, a Takoxk Fe(OH),, skuii yTBOpIOEThCS
y BoJii B pe3yibTari rigponizy Fe:COs y cnabokuciaomy abo HEMTpanbHOMY cepelOBHUIILIL:

Fe(HCO3 ), +2H,0 = FgOH), +2C0, +H,0, (18)

6Fe(OH ), + Cry03~ +7H,0 — 6Fe(OH ); + Cr(OH ); +20H . (19)

Ha Bignosnenns 1 r xpomy(VI) Heooxinno 3,22 r pepym(1l). BuBenenns npoaykris peak-
uii y Burssiai Cr(OH)s 3a Mexi 30HU peakilii BiI0yBa€eThCs B pe3yibTaTl MTY>KEHHS Ta KOa-
T'YJIIOBAaHHS 3 HACTYITHUMHU PO3AUIOM (pa3 y TOBIII (QUIBTPYIOUOIO 3aBaHTAKEHHS.

Kpim Toro, y mexax pH 5,0-6,5 Ha noBepxH1 MaTPUKCHUX CTPYKTYP MO’KE BUAAISATHCS
¢Top 13 po3paxyHky: 1 mr F na 1 mr y-FeOOH.

BunanenHs aMOHIHHOTO HITPOr€HY B KOHTaKTHOMY (UIBTPYIOUOMY 3aBaHTAXKEHHI MOX-
JUBO TPEACTABUTH JCKUIbKOMA MEXaHI3MaMH 3aJeKHO BiJl mapameTpiB SKOCT1 BOJU Ta SIKiC-
HOTO CKJIaJly MIKPOOPTaHI3MIB y Mi3€MHHUX BOJaxX. Y HEUTpaJbHUX Ta OUII HEUTpambHUX
MIA3€MHUX BOJIaX, Y IPUCYTHOCTI XEMOJITOAaBTOTpodHUX OakTepii pony Gallionella, moxnu-
BO po3rusgatd mporec cop6buii Howis NH4' Ha moBepxHi MAaTpUKCHHX CTPYKTyp bio-
MIHEpaJliB, a TAKOX Ha KJIITMHAaX caMuX OakTepii, 3aBISKM NMPUCYTHOCTI Ha IXHINA NMOBEPXHI
dyskunionansaux rpym: POs*, COO", OH". 1llo HalllIO HiATBEpIKEHHS B Pe3y/bTaTax IIpo-
BEJICHOTO HAMU PEHTI'€HOCIEKTPAIILHOTO aHallI3y MaTPUKCHUX CTPYKTYD.

bnoyHo-MoybHA CTaHIIIA OYMILEHHS MII3EMHUX BOJ HaBeJeHa Ha puc. 3. PesynbraTu nocii-
JKEHb OUMIIEHHS MI3eMHHUX BOJ Ha Jilouiil cTaHwLii (puc. 3) IPOLyKTHBHICTIO 5 M>/T0o]] HABEIEHO
Ha puc. 2. 3a pe3ybTaTaMy MPOBEICHUX TEOPETUYHUX Ta EKCIIEPUMEHTAIBHUX JOCTIIKEHb BCTa-
HOBJICHO, 1110 BKJIFOUEHHS B TEXHOJOTYHI cxemu HeBenukux OmokiB (I'IK, migmyxenns) y Biamo-
BIIHIM MOCIIIOBHOCTI 3 HASSBHUMM TEXHOJIOTTYHUMU CIIOPYAaMU (KOHTAKTHOT KOJIOHU — (QUILTPIB)
JI03BOJIMJIO OTPUMATH IIBUJKOCTI OKHMCHEHHS HE HM)KYE HDK JUI1 OJHOKOMIIOHEHTHHX CHCTEM
(puc. 2). 3a HasIBHOCTI Y BOJ1 BaKKO OKHCHIOBAHMX OPTraHIYHUX CIIOJYK (AMOHIMHOTO HITPOTEHY,
(beHomiB, pepyM-OpraHiyHIX KOMIUIEKCIB) Ha TIEPIIOMY CTYIMEH1 BOJIOOYHIIEHHS CIIi 3aCTOCOBY-
Batu Meton ['JIK, sikuil m03BoJIsIE pyiHYBAaTH MOJIEKYJISIPHI 3B SI3KM B CKJIQJHUX OPraHIYHUX MO-
JIEKyJIaX 14acTKOBO iX OKHMCHIOBATH, MIEPEBOISIUM 13 PO3UMHEHOI'0 JI0 KOJIOITHOIO CTaHy.

Puc. 3. Bnoyno-mooynvHa cmanyia ouuujenHs ni03eMHUX 800:
1 — mpybonpoeio nodaui euxionoi 6oou; 2 — kapmaw inempy 05 300py ma 8i0sedenHs Qirompamy;

3 — mpyoKa 3pugy saxyymy, 4 — Kpy2o08uii nepe2opoodacmuil smiuysay, 5 — nepe2opooku, 6 — nampyook
nooaui po3uury KoazyaiHumy, 7 — kagimamop, 8 — 8i06i0 600U 00 HUICHbOI YACMUHU KOHMAKMHOI KOJOHU,
9 — nampybox nodaui po3uury KarbyuHosaroi coou; 10, 12 — ziopopobomu; 11 — nampybok nooaui 600u
Ha ginompu; 13 — mpybonpoeio idsedenns ghinompamy, 14 — kanan 300py ma 6i06e0eHHs GIONPAYbOBAHUX
npomusHux 600, 15 — mpybonposio nooaui 600u cnosxcusauam; 16, 17, 18 — nacocu dozamopu;

19, 20, 21 — 6axu po3uurie Koa2yisiHmy, AoKYIAHMY, KATbYUHOBAHOI cOOU
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ITijuTy>keHHs. BOJM PO3YMHOM KaIbLHMHOBAHOI COMH 03010 35-45 Mr/mM° i3 HacTymHOO
00pOOKOI0 PO3YMHAMH KOArylsHTY 103010 15-20 Mr/mM® Ta HeioHOreHOro (UIOKYJISHTY JIO-
3010 8-10 mMr/aM’® 103BOJIANO JecTabilizyBaTh CTBOPEHY KOJOIIHY CHCTEMY 3 HACTYIHHM
posnoaiioM (a3 B KOHTAKTHOMY 3aBaHTaxeHHI. Ha HacTynmHoMy etami BigOyBaBcCsl MpoLec
JIOOKUCHEHHS Ta afcopOLii 3a3HaYeHUX PEYOBUH HA MAaTPUKCHUX CTPYKTypax po3TalllOBaHUX
y MDKIIOPOBOMY MTPOCTOPI.

Cepeni KoHueHTpaii karionis Fe** Ta NHs" y Mexkax (iibTpoLMKIIa CTAHOBHIIM BiOBI/I-
1o 0,2-0,3 mr/mm® Ta 0,25-0,4 mr/av?, wo Bignosinano 96-99 ta 76-85 % edekram OUMILEHHS
BiAMOBITHO. BennunHua nepmaHraHaTHOT OKMCHOCTI 3MeHImiacs 1o 2,3-2,65 mrO,/mv’. Hasis-
HOCTI CIpKOBOJIHIO Ta (peHomiB y ¢inbTpaTi HEe Oya0 BHU3HAuUe€HO. BCTaHOBIEHO onTMMAalbHI
HIBUJKOCTI (GubTpyBaHHA 3—5 M/roa. OnTumalibHa TPUBAICTh GUIBTPOLUKITY IIPY 3a3HAUEHUX
KOHILIEHTpALIsX 3a0pyJHIOIOUMX PEUOBHH CKJIaJaia B CEPEJHbOMY 12 roJIuH.

BucnoBku BinmoBiano 1o crarri. s ountenns cnabokuciux (pH no 6,5) migzemuux
BOJI 3 HU3BKUM JIY’KHMM pe3epBoM (10 1,5 MMonbs/mv?®) ki MicTATE GepyM ryMiHOBI KOMIUIEKCH
(mo 10 mr/nm*), amoniiirmii mitporen (mo 2,0 mr/am®), deromu (0,08-0,5 mr/mm?), nerko-
OKHCHIOBAJIbHI oprafiuni crosyku (10 8,0 mr Oo/nm?), kationn Cr®" (no 0,5 mr/am®) pospo6ite-
Ha Ta BIPOBA/PKEHA TEXHOJIOTIS B OCHOBI SIKOT 3aKJIa/IEHO MIPUHIIMIT CUHEPTI3MY KOMILIEKCHOTO
BUKOPUCTaHHA (PI3BUYHMX, PI3UKO-XIMIYHMX Ta OIOXIMIYHMX MeToAiB. BukopucranHus Ha nep-
I craaii MeTody TiApOJUHAMIYHOT KaBiTallii Ao3Bojsie: 1 — mpoBoauTH OKMCHEeHHs NHi 3
YTBOPEHHSIM ra30noioHoro No; 2 — pyiiHyBaTH MOJIEKYJISIPHI 3B’ 3K B CKJIQJHUX OPraHIqHUX
MOJIEKYJIaX 1 YaCTKOBO X OKMCHIOBATH, IEPEBOJITUM 13 POZUYMHEHOI'O J0 KOJIOiHOTO CTaHy; 3 —
YTBOPEHHsI aKTUBHUX MoJieKy 13 rpynamu COO', siki B HOJaIbIIOMY JIETKO BCTYMAIOTh B PeakK-
L0 3 MPOJYKTaMH TiIpoJIi3y OKCUXJIOPUIY aJIFOMIHII0; 4 — MIUTY’KEHHS BOJM PO3YMHOM Kallb-
[IMHOBAHOT COJM JIO3BOJISIE 3yMUHATH OKMCHEHHS (DEHOJIIB Ha CTaJlii yTBOPEHHS IHTEpPMEIIaTiB 3
HACTYITHUM iX BUBEJEHHSIM 32 MEXI1 30HM PEakLii B MMPOLeCi KOAryatOBaHHsA; 5 — 0JTHOYACHO 13
LIUM BBEJICHHS PO3YMHY KaJIbLIMHOBAHOI COJM JI03BOJIsIE KOperyBatu BeanunHu pH ta rigpoka-
POOHATHOT JIY’KHOCTI1 BOJIH, @ TAKOK BBOJMTH JIOJJATKOBE JUKEPEIO HEOPTaHIYHOTO BYTJIELIO IS
aKTUBALIl KUTTEABUIBHOCTI (pepoOaKTepii, 110 MPU3BOAUTE A0 MPUCKOPEHHS IMpOLEciB 010Xi-
MIYHOT'O OKMCHEHHS CIIONYK (hepyMy Ta YTBOPEHHSI MAaTPUKCHUX CTPYKTYp depolakTepiii; 6 — B
CBOIO Yepry MaTpUKCHI CTPYKTYpPH J03BOJISIIOTH IPOBOJUTH MPOLIECH aAcopOliii Ha 1X MOBEpXHI
xationis NHs*, Cr®*, a Takox karionis AP*, ski yrBopuics npu rigposisi amroMiHii rigpox-
COXJIOPH]y Ta HE BCTYIHWIIM Y B3a€EMOJIIO 13 KOJIOITHUMHU YaCTUHKAMU; 7 — XIMIYHOMY BIJIHOB-
JnenHi 6ixpomar Ta Xxpomar-ionis karionamu Fe?' 3 nogansmmm suganennsm Cr(OH)s 3a mexi
30HM PEaKLii B pe3yabTari MiJUTyKEHHS Ta KOAryJIFOBaHHSI.
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Alexander Kvartenko

USE OF COMBINED METHODS IN TECHNOLOGICAL TREATMENT
OF MULTI-COMPONENT UNDERGROUND WATERS

Urgency of the research. Existing technologies are extensive ones and they do not envisage the comprehensive treat-
ment of underground waters from pollutions of natural and androgenic origin.

Target setting. Scientific substantiation, research and introduction into practice of the technological solution which en-
visages the comprehensive treatment as a result of combining known and improved methods.

Actual scientific researches and issues analysis. The most widespread is the technology of treatment by the method of
simplified aeration-filtration which is of limited application through a series of indices (F&’" < 10 mg/dm’, pH >6,8, hydro-
carbonate alkalinity > 2,0 mmole/dm®, H28<2,0 mmole/dn’ ).

Uninvesigated parts of general defining. The development and introduction into practice of the technology based on the
principle of the synergy of the comprehensive use of combined methods.

The research objective. The development of scientific-technical principles in the branch of the comprehensive treatment
of natural underground waters using combined methods.

The statement of basic materials. It is established that under the combination of known and improved methods in using
the synergic effect the undergoing processes of the treatment of multi-component systems is not by far less than for one-
component ones (F&’*). The theoretical principles have been developed. of the comprehensive treatment of underground
waters from compounds of ferrum, ammonia nitrogen, phenols, chromium (IV), fluorine using methods of hydrodynamic
cavitation - alkalization - coagulation - biochemical treatment - filtration.

Conclusions. To treat weak acidic (pH up to 6,5) underground waters with low alkali reserve (up to 1,5 mmole/dm’)
which contain ferrum-humin complexes (up to 10 mg/dm’), ammonia nitrogen (up to 2,0 mg/dm’), phenols (0,08-
0,5 mg/dm®), easily oxidized organic compounds (up to 8 mg Oxydm’), cations Cr** (up to 0,5 mg/dm’) the technology has
been developed and put into practice based on the principle; of the synergic use of known and improved combined methods.

Keywords: comprehensive treatment; matrix structures; hydrodynamic cavitation; phenols; ammonia nitrogen.
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Braoucnas Cminka

OHTOJIOI'TYHA MOJIEJIb MICTOBY JIBHOI'O MOHITOPUHT'Y
3EMEJIb HACEJIEHUX ITYHKTIB

Axmyansnicme memu 0ocnioxncenns. Ilonodcenns 3emenvHo2o ma micmo6y0igHo20 3aKOHOO0ABCMEA BU3HAYAIOMb He0O-
XiOHiCIMb CMBOPEHHS OKPEMUX 2aTTy3e8UX MOHIMOpuHe08ux cucmem. Poszgumox cyuacnux mexnonozii 3abe3neuye MojICiusicmy
06 ’cOHanms pisHonpoghineHux ingopmayitinux nomoxia 8 COUHOMy cepedo8uLyi Ol CRPUAHHS AKOCMI YIPAGTIHCOKUX Pilletb.

Ilocmanogxa npoonemu. Onmonozciuna mooensb NOOAHHA 3HAHL NPeOMemHoi 2any3i 8idicpac 6adciuge 3HAUeHHs 8 po3-
pobnenni ingopmayitinux cucmem.

Ananiz ocmannix docnioxcens i nyonixayiii. Oxpemi nybnixayii posenaoanu memamuuni ma cneyu@iuni onmonoeii, a
MAaKoJIC y3a2anbHery OHMON02TI0 MOHIMOPUHSOBUX CUCTEM, SIKI CNPAMOBAHT HA 3ACMOCYBAHHS 2e0iHPOPMAYITIHUX MEXHONORTI.

Buoinenns neoocnioycenux uwacmun 3azanvhoi npoonemu. OHMONO2IYHA CKIAO08A cucmemu MicmobyodigHo2o
MOHIMOPUHSY 3eMeNb HACeNeHUX NYHKMI8, wo inmezpye ingopmayiini pecypcu MOHImMOpUH2y 3emenb ma Micmo6yoieno2o
MOHIMOPUHEY He 00CTI0IHCYBANACh.

Ilocmanogka 3ag0anus. Busnauumu cxnad o6’ckmie ma cyd ’€Kmi@ KOMHAEKCHO20 MOHIMOPUHIY, GUOLTUMU OKpemi
memMamuyHi 8UOU cnocmepedicents, NoCIi006HT npoyecu MOHIMOpUH2y ma nooyoyeamu OHMON0IUHY MOOeNb MicmoOYOi6HO-
20 MOHIMOPUHZY 3eMeNb HACENEHUX NYHKIMIE.

Buknao ocnognozo mamepiany. Onmonozis Micmo6yo0igHo20 MOHIMOPUH2SY 3eMeNb HACeNeHUX NYHKMIE npeocmasiena
CYKYnHICIO MHOJICUH 06 '€KmMig, npoyecis, 8UJi6 MeMamuiHux HanpasieHb MOHIMOPUH2Y 8 CKAadi 3a2anbHoi cucmemu cno-
CcCmepesiCeHb ma MHOMNCUHU cymHocmeﬁ 06 ,€Kml'6, BU3HAYEHb NOHAMDb, BIOHOULEHD.

Bucnosku 6ionogiono 0o cmammi. Onmonociuna mMooens MOHIMOPUHEY OXONTIOE CYMMICHb CHOCMEPENCENHs. 3a 3eMIAMU
HACeNeHux NYHKMI@ ma 6KA3VE HANpAMU NOWYKY HOBUX MemoOi@ 30IliCHEHHs CnOCMEpedceHb ma OYIHIOBAHHS CMpPYKMYPHO-
NIAHY6AIbHUX elleMeHmiB HACeleH020 NYHKMY. OI-lmQTZOZillHH MO()ejlb € 6&3L{COM 0151 NOOANBULO20 MO()&WO@HHHE ma onucy cucmemu.

Kﬂm‘loﬂi cuosa: Monimopunz; Hacenenuu HnYHKmM, 0Hm0.7102iﬂ,' OHMONI02TUHA MO()&TZb,' cucmema.

Puc.: 2. bion.: 12.

AKTyaJdbHiCTh TeMHU AOCTiKeHHA. 3rifHO 13 3akoHOM Ykpainu «lIpo perymroBaHHS
MICTOOYAIBHOI JIISUIBHOCT1» CTBOPIOETHCS CUCTEMa MICTOOYIIBHOTO MOHITOPHHIY SIK OJIHA 3
¢yHkuiii MictoOyayBaHHs Ta MIiCTOOYIIBHOrO KaaacTpy. Pazom 3 TUM, 3eMeIbHUM 3aKOHO-
JTABCTBOM IEpe10aueHO CTBOPEHHS MOHITOPUHIY 3€Mellb, 10 € B CKJIaJli 3€MENIbHOTO Ka-
nactpy. O0’eqHanHs iHQOpPMAIIIfHUX MOTOKIB 36MENBLHOTO Ta MICTOOYIBHOTO CHPSIMYBaHHS
B €/IMHOMY CEPEJIOBHILI CIIPUSATUME OOIPYHTOBAHOCT1 IPUUHATTS YIPABIIHCHKUX PIILIEHb.

IlocranoBka mpodiemu. MOHITOPUHT — II€ CHUCTeMa NEPIOMYHUX CIIOCTEPEKEHb 3a
00’€exTaMu, SIKi 3AIMCHIOIOTHCS 3 IEBHUMHU LIUTSIMH BIIMOBITHO J0 3aTBepIKeHO1 nporpamu [ 1-4].
OO0’eHaHHs MOTOKIB 1H(pOpMAIi B KOMIUIEKCHI CUCTEM1 MOHITOPUHIY TpeOa po3IisiaaTH sK
TEXHOJIOTIYHE TEPEOCHAIIEHHsI TPAIULIAHOI TISUTbHOCTI B MEBHIA cdepl. 3MiHA MIAXOIIB JI0
JISUTBHOCT1 HEPIZKO CYIIPOBOKYETHCS 3MIHOIO METO/IIB 13aC001B CIIOCTEPEKEHHS Ta 0OPOOIECHHS
JIAHUX, 10 BIUIMBAE Ha 00 €KTHUM CKIIaJ, PO3LIUPIOE 3MICT CIIOCTEPEKEHb Ta OUIKYBaHI PE3yib-
tatu. BusiBuTH Ta 3adikcyBaTy TaKi 3MiHM MOXIIMBO HA OCHOBI OHTOJIOTTYHOTO migxoay [1].

MicToOy1IBHUIT MOHITOPUHT 3€MeJlb HACEJICHUX ITYHKTIB € KOMIJIEKCHOIO CHCTEMOIO CIIOCTe-
pexenb, (ikcarlii 3MiH, MOJEIIIOBaHHS, OIIIHKH 1 IPOrHO3YBaHHS [NOKA3HUKIB CTaHY BUKOPHCTAH-
HS 3eMeNb Ta OO’€KTIB MICTOOYIyBaHHS Uil PO3POOJIEHHS PEKOMEHIAIN 100 NPUHHATTS
YIIPABIIHCHKUX PIllIEHb, CIIPSIMOBAHUX Ha 3a0€3MEUYEHHS CTAIOr0 PO3BUTKY TEPUTOPIT Ta 3370BO-
JIEHHSI TOTPeO JIFOIMHU 3 YPAXyBaHHIM COLIIIbHUX, €KOJIOTTYHUX Ta EKOHOMIYHUX (PAKTOPIB.

OHnTOJIOTIYHA MOJIENb TOJIAaHHS 3HaHb MPEIMETHOI rany3i Biirpae Ba)JIMBE 3HAYCHHS B
po3poliieHH1 HPOPMAIIIHHUX CUCTEM.

AHaJIi3 ocTaHHIX AocTiT:KeHb i myOaikaniit. OHTONOTrYHUI MIXi] 3aCTOCYBABCSI B HaY-
KOBUX NYOJIKALifAX JUIsl CTBOPEHHS TEMaTHYHUX, crienu@iuHuxX oHTosorid [5-7]. Oxpemi
nyOmiKkaiii po3risgaid y3arajlbHEHY OHTOJIOTIF0 MOHITOPHHTOBUX CHCTEM, CIPSIMOBAHHUX Ha

3acTOCyBaHHA reoiH(opmariiHux TexHoyorid [1]. OCKUIbKH KOMIUIEKCHUI MICTOOYIIBHUI
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MOHITOPHUHT 3€MeJlb HAaCEJIEHUX ITyHKTIB Ma€ 0COOIMBOCTI 3MICTOBHOIO Ta 00’€KTHOTO CKJIa-
1y, 3aCTOCYBaHHS pO3pOOJIEHUX OHTOJIOTIH HE MOKJIMBO i MOTpedye AeTaIbHOTO BUBYEHHS.

Buainenns Hexocail:KeHUX YACTHH 3arajbHoi npodaemu. [Ipodiema cTBOpEHHS KOM-
IUIEKCHOT CUCTEMU MOHITOPUHTY Yy HAaCEJIEHUX MyHKTaX PO3rJIsiaiachk B aClEeKT1 METOJUYHOTO
Ta OpraHizaliifHoro 3a0e3MeyeHHs, a TAKOK BIUIMBY Ha MPUHHATTS YIPaBIIHCHKUX PILIEHb [8§;
9]. OHronoriuHa CcKJIaJ0Ba CHCTEMH MICTOOYIIBHOTO MOHITOPUHTY 3€M€jb HaceleHHX
IYHKTIB, W10 IHTErpye iH(GOpMaliiiHI pecypcM MOHITOPUHIY 3€Mellb Ta MICTOOYHAIBHOIO
MOHITOPUHTY HE JIOCIIKYBaJIach.

Meta crarrti. Po3poOutu CTpyKTYpy MICTOOYIIBHOIO MOHITOPUHIY 3€MENb HACEeIeHUX
MYHKTIB. Bu3HaunTH ckiiag 00’ eKTiB Ta cy0’€KTIB MOHITOPUHIOBOI CUCTEMH, a TAKOXK OOy 1yBa-
TH y3araJlbHEeHY OHTOJIOTIYHY MOJIE b MICTOOYIIBHOI'O MOHITOPUHTY 3€M€Jb HACEIEHUX ITyHKTIB.

Bukaan ocuoBHoro matepiany. CrioctepekeHHsI B HaCeJIeHUX MMYHKTaX 3/1IHCHIOEThCS 32
o0’ekTaMH B MeEXax IUIICHOTO MPOCTOPOBOro 0a3ucCy, YacTKOBO 3a THUMH X CaMHUMH
00’ektamu. TeXHOJOTIUHI MPOLIECH TATy3€BUX MOHITOPHUHIIB MOAI0HI. Y 3B 3Ky 3 LIUM HPO-
MIOHYETHCSI HA MICLIEBOMY PIBHI JIEp’KaBHUX CHUCTEM 00’€HaTH 1H(opMalliiiHi pecypcu raiy-
3€BUX MOHITOPHUHIIB, 5Kl 3/{IHCHIOIOTH CIIOCTEPEKEHHSI 3a T'€OIPOCTOPOBUMH 00’ €KTaMH, 30-
KpeMa MOHITOPUHI JIOBKULIA, MICTOOYIIBHUM MOHITOPUHI Ta MOHITOPUHI 3€MEJb.
O06’enHanHs HpOPMALIHHUX PECypCIB I03BOJIMTh YHUKHYTU MpoOieMy 1yOiitoBaHHS 1HOP-
Mallii, NIABUILUTH SKICTh NPUHHATUX YIPABIIHCHKUX PILIEHb, @ TAKOXK CIPUITUME €KOHOMIi
(biHAaHCOBUX, TPYAOBUX Ta MaTepialbHUX PECYPCIB Y 3B’S3KYy 3 MIATPUMKOIO TUIBKU €JUHOI
MOHITOPUHI'OBO{ CIIy>KOM B HacesleHOMY IyHKTi [10].

BHyTpilHI MpoLecd MOHITOPUHTOBUX CHUCTEM MOXKHA BUOYAyBaTH B TEXHOJIOTTUYHUN
JIAHLIIOT — CIIOCTEPEXKEHHS, BUMIPIOBaHHS, aHaJl13, KOHTPOJIb, OLIIHKA, TPOTHO3 [9].

CrnocrepexkeHHs — LUJIeCIIPSIMOBAHE 1 OPraHi30BaHe CHPUNHATTS 30BHIIIHBOTO CBITY, 1110
JIOCTaBJII€ MaTepiai Ui HAyKOBOTO JTOCIKEHHS.

BumMiproBanHs — mi3HaBajibHA MpoLeypa, 3iiCHIOBaHAa Ha eMIIIPUYHOMY PIBHI HAYKOBO-
r'o JJOCHI/DKEHHS, BKIIOUHO 3 BU3HAUEHHSIM XapaKTEPUCTHK MaTepiaabHUX 00’ €KTIB (SKICHUX 1
KUIbKICHHX).

AHaiiz — npouec ysaBHOTo a00 (paKTUUHOro pO3KJIaJaHHs LJIOTO0 HA CKIIAJ0Bl YACTUHH.
Amnai3 (K 1 CHHTE3) BUCTYIIAE SIK JIOTIYHUI NPUHOM MUCIIECHHS, OB’ sI3aHUM 13 TEBHUMH PO3-
YMOBUMH OTepalissMu: abCTpakii€ro, y3aralbHeHHsIM. Po3ujeHOByBaHHS LIIOro Ha Horo ya-
CTHHH J03BOJISI€ BUSBUTH OYIOBY JOCTIKYBAHOTO 00’ €KTa, HOr0 CTPYKTYpY.

KonTposib — o/1Ha 3 0CHOBHUX (DyHKILIIH cucteMu ynpapiiHHs. KOHTpoub 311 CHIOETHCS Ha
OCHOBI CIIOCTEPEKEHHsI 3a MOBEIIHKOI0 KEPOBAHOI CUCTEMHU 3 METO0 3a0€3IEeUeHHs] ONTH-
MaJIbHOTO 11 (YHKIIOHYBaHHSI (BUMIPIOBAHHSI IOCSTHYTUX PE3YyJIbTATIB 1 CIIBBIIHECEHHS iX 13
OUIKYBaHUMU pe3ynbTaTtamu). Ha OCHOBI JaHUX KOHTpPOJIIO 3AIMCHIOETHCS ajanTalisi chcTe-
MU, TOOTO MPUHHATTS ONTUMAIBHUX YIPABIIHCHKUX PILLIEHb.

OmiHka — npuiHATE HAYKOBO OOIPYHTOBAHMMHM MpaBUJIAaMHU 1 HOPMAaMHU CXBaJIeHHs a0o 3a-
CY/UKEHHSI PI3HUX 00'€KTIB 1 SBUII AIMCHOCTI, TOJIN 1 BUMHKIB JIFOJCH 3aJIeKHO BiJ IXHBOT
3HAYYIOCTI B OL[IHIOBaHIH CUTYaIlii.

[Iporuo3 — cneuiagbHe HAyKOBE JOCIKEHHS KOHKPETHUX MEPCIIEKTUB PO3BUTKY SIKOTO-
HEOY/Ib SIBUIIIA.

3 METOIO BUSIBJICHHS (DYHKI[IHf KOMIUIEKCHOI'O MOHITOPUHI'Y B HACEJIEHUX ITyHKTax Ta MoOya0-
BU MOr0 CTPYKTYPH IIPOBEJCHO MOHATIHHUIN aHai3 3aKOHOAAaBUYMX i HOPMaTUBHUX JIOKYMEHTIB Ta
HayKOBO-METO/IMYHO] JIITepaTypu y chepi MiCTOOYLyBaHHS, 3eMJIEBIOPSAIKYBAHHS Ta €KOJIOT i

[Insxom 00’ €qHaHHS TIOJIOHKX 32 3MICTOM Ta BHYTPIIIHBOIO CYTHICTIO MOHSTH MPOMOHYETHCS
copMyBaTH TaKy CTPYKTYpY CUCTEMH MICTOOYIBHOTO MOHITOPHHI'Y 3€MEJIb HACEJICHUX ITyHKTIB:

1. MoniTopuHr peaini3anii MicTOOyAIBHOT JOKYMEHTalli. MOHITOpUHT peaii3alii MiCTO-
OyaiIBHOT JOKYMEHTallli — Lie miacucTremMa 00Ky, aHali3y Ta OLIHKY (PAKTUYHMX 3MIH MOKa3-
HUKIB 00’€KTIB MICTOOYAYBaHHS Ta XapaKTEPUCTUK CTaHy TEPUTOPIi B MOPIBHIHI 3 MPOEKT-
HUMH MOKa3HUKaMU, sIKi 3aTBEpKEH1 B CKJIJl T'€HEPaJbHOIO IUIAaHY HACEJIEHOI'O IYHKTY,
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IUTaHy 30HYBaHHS a00 JETaJbHOrO IUIaHY TEPUTOPIi 1 CIIPSIMOBAaHI Ha 3a0€3I€UEHHS CTaJIOro
PO3BUTKY HACEJIEHOI0 NIYHKTY 3 YpaXyBaHHSM HalllOHAIbHHUX 1 I'POMaJCHKHX IHTEpECIB.
O0’exTaMu LOIO BHAY MOHITOPHHIY € CTPYKTYpHO-IJIAHYBaJbHI €JIEMEHTH HAaceJIeHOTO
IYHKTY, B M€XaX SKUX po3po0JIeHO MICTOOYIBHY TOKYMEHTALLIIO.

2. Monitopusr 3a0ynoBu. MOoOHITOpUHT 3a0ynoBH Iependayae BUKOHAHHS 3aXOJiB 3
aHaJI3y Ta OLIHIOBAHHS 3MIH MapaMeTpiB 00’€KTiB OyAIBHULTBA B MOPIBHSAHHI 3 IPOEKTHOIO
JOKYMEHTAI[I€}0, CYMapHUX MMOKAa3HUKIB CTPYKTYPHO-IIJIaHYBaJIbHUX €JIEMEHTIB B MOPIBHSAHHI
3 HOPMAaTUBHUMM IMOKa3HUKaMU. MOHITOPUHT 3a0yA0BH MOX€E MPOBOAUTUCH HA OyAb-sKid
TEPUTOPI], y TOMY YHCII1 Ha TEPUTOPIi, s AKOI MICTOOYyIIBHA TOKYMEHTallisl HE po3poliieHa
abo HeakTyaibHa. TepMiH «3a0y10Ba» BKUBAETHCA K Y 3HAUECHHI1 IIPEIMETY, TaK 1y 3HAUCHH1
npouecy. B nanomy nocnimkenHi «3a0ynoBa» po3yMieMo, SIK IIPEIMET, 110 O3HAYa€ LUTICHE
HepyxoMe MaiiHo, OyaiBiio (rpymy OyZiBenb) ciopyaxkeHy, abo Taky, 110 OyqyeThCs Ha 3e-
MenbHIN AUIsTHIL. O0’€KTaMu 1IHOTO BUIy MOHITOPUHTY € OYIiBJI1 Ta CIOPYAH.

3. MoHITOpUHT H(PACTPYKTYpH HACEIEHOIO ITyHKTY. 3aKOHOAAaBYO TaKUi BUJ] MOHITOPHHTY
HE BU3HAYEHUIL, aje, Ha HaIlly AyMKY, HOro HEOOXiJTHO BUJUIMTU B OKpeMy Ipyny. IlIoHATTS «iH-
(bpacTpykTypa» B IbOMY JOCIIIKEHHI PO3YMIEMO, SIK CYKYITHICTb Taly3€BUX MEPEX OCHOBHHX Ta
JONOMDKHUX 00’€KTIB, 1110 3a0€3MeUyI0Th KOMYHIKAL[IH1 3B SI3KH LIUIIXOM IIOCTa4aHHsI PeCypciB,
oOMiH iH(popMalriero, cBoOoay mepecyBaHHs A1 KOMGOPTHOI Ta O€3MevHOl KUTTENISUIBHOCT]
HaceneHHsA. O0’€KTH HOTO BUy MOHITOPHHTY € 1HKEHEPHO-TPAHCIIOPTHA 1H(pACTPYKTypa.

4. MOHITOPHHT 3eMeJlb HACEJIEHOTO IIYHKTY € CUCTEMOIO CIIOCTEPEKEHb 32 CTAHOM 3€MEJIbHO-
ro (oHIYy AJsl CBOEYACHOTO BUSBJIEHHS 3MIH, iX OI[IHKHU, NTOTNEPEPKEHHS Ta YCYHEHHS HACIIIKIB
HeraTuBHUX IpoueciB. O0’€KTOM MOHITOPHHIY 3€MeJlb HacelIeHOro IYHKTY € BCl 3eMIll, He3a-
JIEXKHO Bl (JOPMHU BJIACHOCTI, IIUILOBOTO IIPU3HAYEHHS Ta XapaKTepy BUKOpUCTaHHA [§].

5. MOHITOpUHT OBKULIS HACEIEHOI'0 MYHKTY — 1€ CUCTEMa CIOCTEPEKEHHS 1 KOHTPOJIIO
3a MPUPOAHO-AaHTPOIIOT€HHUMH KOMIUIEKCAMM Ta IpolecaMH, 110 BiJOyBalOTbCA B HUX, HaB-
KOJIMIIHIM CEpEJOBHILEM 3arajioM 3 METOI0 pallilOHAJbHOTO BUKOPUCTAHHS NMPUPOIHHUX pe-
CypCiB 1 OXOPOHHU JTOBKULISA, IPOTHO3YBaHHS MOXJIMBUX 3MIH. O0’€KTaMU MOHITOPUHTY JIOB-
KUUISL HACEJIEHOTO IYHKTY € €JIE€MEHTH HaBKOJIMIIHBOTO CEPEelOBHILA, 30KpeMa aTMoc(epHe
MOBITPS, MOBEPXHEBI U M1A3€MHI BOAU, IPYHTOBUHN 1 POCIMHHUMN NOKPUBHU, €EKOCUCTEMH, POC-
JUHHICTB 1 JKepesia BIUTUBY Ha TOBKULIA [4].

O0’eKTH MOHITOPUHTY TMOJUIAIOTHCS HA TEPBHUHHI, CIHOCTEPEXKEHHS 3a SKUMHU
3MIACHIOETHCS 0€3M10CepeIHhO0 Ha MICLEBOCTI, Ta y3arajJbHIOIOUl, CIIOCTEPEKEHHS 3a SKUMU
3MIHCHIOETHCS B KaMEpaJIbHUX YMOBAX, BIICTEXKYIOTbCSI CyMapHI MOKa3HUKU IEPBUHHUX €lle-
MeHTIB. CXeMaTUyHO CTPYKTypa 00’ €KTIB MICTOOYIIBHOTO MOHITOPHHIY 3€MEJIb HACEIEHOTO
IIYHKTY HaBeJeHa Ha puc. 1.

OB’EKTU |

CTPYKTYPHO- 3eMenbHi oyaieni Ta o6’ekTn poBKinnsa
nnaHyBanbHi eNeMeHTH pecypcu cnopyau
- NnaHyBanbHa 30Ha; -3eMni B Mexax - byodierni; - ammocghepHe nosimpsi;
- NNaHyBanbHWA PanoH; HaceneHoro - cnopyou; - 1108epPXHesI, rpyHMosi
- XMTMNOBWIA, NPOMWUCIIOBUIA NYHKTY; - iHXeHepHo- 800U;

panoH, naHawacdTHi Ta -3eMni, CyMiXHI 3 mpaHcnopmHa - rpyRmu;

pekpeauiiHi TepuTopii; HaceneHum iHgbpacmpykmypa - POCIUHHICMb
- MiXMarictpanbHa NYHKTOM;

TEepUTOPIS; -30HU 3 OBMEXEHUM s;“;g;‘fep“e
- kBapTan (rpyna BUKOPUCTaHHAM .

. 3emMenbHa AginsaHka
KBapTanis); 3eMerb; o
s . 6yaieni, cnopyav

- BYNUYHO-A0POXKHS -3emeribHi QinaHKu

Mepexa B MeXax B ToyHTH

IHXXEHEePHO-TPaHCNOPTHE
MeKax HaceneHoro o6 iHbpacTpyKTypa
NYHKTY Ta NOro OKONULsIX ftepeurHi oo ekmu NOBEPXHEB, IPYHTOBI
MOHImMopuHay soam
POCNUHHICTD

Puc. 1. 06’ exkmu micmo6y0ieno20 MOHIMOPUH2Y 3eMellb HACeNeH020 NYHKMY
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OCHOBHMM JpKepenoM 1HdopMalii Ui aHaTITUYHUX JIOCTIPKEHb MOHITOPUHTY € 0a31 JaHUX
Jep’KaBHOT'O 3€MEIBHOTO Ta MICTOOYIIBHOTO KaaacTpiB. Pa3oM 3 TUM cy0’eKTaMy MOHITOPUHTY €
OpraHy MICIIEBOI'O CaMOBPSIIyBaHHs, MICLIEBI OpIaHHM BUKOHABUO BJIaJ Ta IXHI M1IPO3IUIH, Op-
TaHU JepXKaBHOI BJIaJH, JIILEH30BaH1 POEKTHI OpraHizallii, cepTHU(IKOBaHi CIeIiaaiCTH, KOHTPO-
JIFOIOY1 OpraHy, (pi3UYHI Ta IOPUIMYHI 0COOU BIACHUKHU (KOPUCTYBAul) 3eMENIbHUX IUITHOK Ta/abo
HEpYXOMOT'0 MaiiHa, PO3TalIOBAaHOTO HA HUX, a TAKO>K NOTEHII{H1 IHBECTOPH.

OHTOJIOTIS BUKOPUCTOBYE JaH1 Ta 3HAHHS, AK1 30MpalOThCs LUISIXOM JOCHIKEHHS Mpea-
MeTHOi obOsacti. @opManbHO OHTOJOrI0 MICTOOYIIBHOIO MOHITOPUHTY 3€M€Jb HAacCEEHUX
MYHKTIB MOKHA MPEJCTAaBUTH y BUTJIAII CIIBBIIHOIICHHS:

OM =<X,R,V,F>, (1)
ne X — MHOXXMHA 00’€KTIB MOHITOPUHTY;

R — MHOXMHa ITPOLIECIB MOHITOPHUHTY;

V' — MHOHMHa BUJIB TEMATUYHUX HalpaBjIe€Hb MOHITOPUHTY B CKJIJl 3arajibHOT CUCTEMU
CIIOCTEPEIKEHD;

F — MHOXMHa cyTHOCTEH 00’€KTiB, BU3HAUYEHD ITOHATH Ta BIJHOLIEHB.

OHTOJIOTIYHA MOJENH — 11€ KOMIUIEKC MOHATh Bl 3arajIbHUX 10 KOHKPETHUX, K1 OIHUCY-
I0Th MHOKMHH 00’€KTIB Ta iX BIIHOIIEHB, MO/ Ta MPOLECIB, a TAKOXK 3HAUYCHb (CEMAHTUKHU
Ta 3B’SI3KIB), K1 BU3HAYAIOTHCS B Yaci il mpocTopi [5].

MicToOyaiBHHI MOHITOPUHT 3€MeJlb HACEJICHUX MTYHKTIB € OJJHUM 13 BUJIIB MOHITOPUHIOBUX
CHCTEM, a TOMY YCIIaJIKOBY€ BiJl HUX YC1 OCHOBHI BJIaCTUBOCTI, 3arajibHI I{iJ11, IPU3HAYEHHS, Me-
ToAMYHE 3a0e3nedeHHs. MeToquuHuil 0a3uc MOHITOPHHIY CIMPAEThCA Ha reoiH(popMariiiHuii
Ta KBaJIIMETPUYHUI HAayKOB1 MIIXOJH, B YaCTUHI CTPYKTYPHOI Oprasizaiii, 00poOIeHHs 1aHuX
Ta METOJIB OLIHIOBAaHHS CTAIOCTI PO3BUTKY HACEIEHUX MYHKTIB. Y3arajJbHEHa OHTOJIOTIYHA
MO/I€Nb MICTOOYAIBHOI'O MOHITOPHHIY 3€MEJIb HACEJIEHUX ITyHKTIB HaBeJIeHa Ha pucC. 2.

I I . 3emMni HaceneHoro ﬂyHKT}: l

¢ 8U3HAYaE MHOXUHH.
06 €K 4 / snsugaoms
MOHITOPUHIY T
3emnesnopagHa MicTobyaisHa PisnyHi
AiAnNbHICTb AisnbHICT npouecu
Cuctema 360py T
LaHnX 3abesreqye crocmepexerHs, 30ip 0aHux
I 3abesrievye
Basa reonpocTOpoBUX AaHNX | 8apiaHmHicms
cmpykmypye 0ns eHeceHHs 8o 7 pitgHb
3abesnpuye Ha0gHHs iHgbopmauil
|
J .
Metoan MOOBHIOE CucrtemMa ouiHkM Cuctema aHanisy Cuctema npuitHaTTS
reonpocTopoBoro W AKOCTI iHchopMmaLii Ta —1{  ynpaBniHCbKuX
aHanisy NPOrHO3yBaHHA pileHb
2enépye  330€3MeYye  zenepye 3abesnedye
iHghopiauiero iHebopmauieo
Peaynetatu Peaynbtati
OLiHIOBaHHSA aHanisy, |

moaeni cTaHi Ta
NPOrHo3yBaHHs

nepedae ichJopmauifo do

[

Cuctema aepxaBHoro Cucrema micTobynisHOrO
3eMenbHOro KagacTpy Kagactpy

Puc. 2. V3acanonena onmonociuna mooenv micmo6yoigHo2o
MOHIMOPUH2Y 3eMellb HACELEeHO20 NYHKMY

3a3HaueHa MOJIeNIb MOXe OyTH JeTalni30BaHa O KOHKPETHUX 00’ €KTIB MOHITOPUHTY Ta MPO-
1IECIB, K1 B11I0YBaIOThCA B MPOLIEC] CIIOCTEPEKEHHS, 00pOOIEHHS Ta aHAII3Y JaHUX IIPO HUX.

3acTocyBaHHS OHTOJIOTTYHOTO MIAXOIY J0 MOJETIOBAHHS CHCTEMH MOHITOPHHTY TpH (op-
Mati3anlii 6a30BUX KaTeropiil mpeaMeTHoi cepu 103BoJIsIE oiep>kaTh Taki nepesaru [11; 12]:

— MOJIENb JIETKO JOTIOBHIOETHCS, a TITMOMHA OTPAIFOBAaHHS OKPEMHX aCTIEKTIB MOJET MICTO-
OyIlIBHOI'O MOHITOPHHTY 3€M€Jb HACEIEHOTO MYHKTY BU3HAYAETHCS IPAKTUYHOIO HEOOXIIHICTIO;
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— (opMyeTbcst OCHOBA JUIs ONTUCY NPEAMETHOI cepu IHIIMMU MOBaMH (3aco0aMu) MoJie-
JIIOBaHHS;

— OHTOJIOT'TYHA MOJIEJIb MICTOOY/IBHOI'O MOHITOPUHTY 3€MEeJlb HACEJIEHOTO MYHKTY JI03BO-
Jsi€ 0Oy IyBaTH B3a€MO3B’I3KH MDK KaTE€ropisiIMU Ha PI3HUX PIBHIX CTPYKTYPH.

BucHoBkH BinmoBiaHo A0 crarTi. Po3risiHyra OHTONOrTYHA MOJIENb MOHITOPUHIY OXOILIIOE
CYTHICTb CIIOCTEPEKEHHSI 32 3eMJISIMU HACeJICHUX ITyHKTIB Ta BKa3ye HAIPSIMU MOLIYKY HOBUX Me-
TOJIB 3/1IIICHEHHSI CIIOCTEPEXKEHb Ta OLIHIOBAHHS CTPYKTYPHO-IUIaHYBaJIbHUX €IEMEHTIB Hacele-
HOTO MyHKTY. 3aCTOCYBaHHSI OHTOJIOITYHOTO MOXOAY HPH PO3pOOJIEHHI HOBOi CUCTEMU MICTO-
OyIIBHOTO MOHITOPHHTY 3€MeJb HACEJIEHOIO MyHKTY € OJJHAM 3 BXJIMBUX €TaIliB MOJICITFOBAHHS
cucteMu. OHTOJIOTYHA MOJIEITb € Ga3UCOM IS MOATBIIOTO MOJIENTFOBAHHS Ta OIUCY CUCTEMH.
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UDC 528.001+681.581
Viadislav Smilka

ONTOLOGICAL MODEL OF URBAN PLANNING
MONITORING OF POPULATED AREAS

Urgency of the research. The provisions of the land and urban planning legislation determine the need for separate
monitoring systems. The development of modern technologies enables the integration of diverse information flows in a single
environment to promote the quality of management decisions.

Target setting. The ontological model of knowledge representation of the subject area is important in the development
of information systems.

Actual scientific researches and issues analysis. Separate publications have considered thematic and specific ontolo-
gies, as well as a generalized ontology of monitoring systems that focus on the use of geoinformation technologies.

Uninvestigated parts of general matters defining. The ontological component of urban land monitoring system of set-
tlements integrating information resources of land monitoring and town planning monitoring has not been investigated.

The research objective. Determine the composition of objects and subjects of integrated monitoring, identify individual thema-
tic types of observation, consistent monitoring processes and build an ontological model of urban land monitoring of settlements.

The statement of basic materials. The ontology of town-planning monitoring of the settlements' lands is represented by
a set of many objects, processes, types of thematic areas of monitoring as part of the general system of observations and a set
of the essence of objects, definitions of concepts, relations.

Conclusions. The ontological model of monitoring covers the essence of observation over the lands of settlements and
indicates the directions of finding new methods of making observations and evaluating the structural and planning elements
of the settlement. The ontological model is the basis for further modeling and description of the system.

Keywords: monitoring; settlement; ontology, ontological model; system.
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TEXHOJIOT'IA BUKOPUCTAHHSA T'TEOTH®OPMAIIMHUX CUCTEM
TP OBPOBLI I'EOJE3NYHUX JAHUX

Axmyanvnicmes memu docnioncennsn. Ocmanninu pokamu 8 Yxpaini y cgpepi 2eo0esii ma iHuux cyMidfcHUX 2any3ax Ha-
VKU GKMUBHO pPO3POONIOIOMbC Ma 8Npo8aodICYIOmMbCs iHpopMayilini mexHonozii, wo 00360110Mb NPUCKOPUMU NpoYecu
BUPIULEHHS HAYKOBO-MEXHIYHUX [ 20CNOOAPCHKUX 3A80aHb.

Ilocmanogxa npoénemu. O6podxa 3HauHux 06°’emMie 2e00e3UtHUX OAHUX € MPYOOMICIIKUM NPOYECOM, MOMY Ol agmo-
Mamu3zayii kamepanvHoi 06pobKu pe3ynbmamie monozpagho-eeode3uynux podim OoYinbHO BUKOPUCTNOBYBAMU 2e0inghopma-
YIUHI MEeXHONO2IL.

Amnaniz ocmannix oocnioxycens i nyonikauin. Ocmanni nyoaikayii guenux iz yiei memu npucesyeni pospooyi memooo-
n02ii i Memooux GUKOPUCMANHA 2e0iHpOPMaYIiHUX MEeXHON02Il NPU BUKOHANHHI 2e00e3udHUX podim, o6podyi i cmeopenHi
2e0npocmoposux mooeneti OaHux.

Buoinenns neoocnioscenux uacmun 3azanvhoi npoénemu. Heoocmammnvo 0ocniodcenum € numanHs 6UKOPUCTNAHHSL
npu KamepanvHit oOpodyi ceode3uyHux GUMIpIO8aHb NONYIAPHUX NpOSpaAMHUX npooykmie, maxux sk Digitals, AutoCad i
ArcGIS ma moosicnusocmi ixHb020 3acMocy8anHs @ 3a3HaveHux poobomax.

Ilocmanogka 3asoanms. Memoio 0ocniodcentss € mexHono2is 06podKU pe3yIbmamis 2e00e3uyHUX UMIPIOBAHD i3 BUKO-
pucmanHam 2eoinghopmayitinux cucmem, 3okpema npoepamnux komnaexcie Digitals, AutoCad i ArcGIS.

Buknao ocnoenozo mamepiany. Hasedeno mexnonoeito GUKOPUCMANHA MOJICIUBOCHEN 2e0iHhopMmayitinux cucmem
AutoCad Civil 3D i ArcGIS npu agmomamusayii npoyecieé na 6cix emanax npogeoenHs: Monocpagpo-2e00e3utnux poobim.
Hosedeno doyinvricms uxopucmants 6e3xoumosHux inmeptem-pecypcie — Ilyoniuna kadacmposa kapma Yxpainu i kap-
moepagiunuii cepsep «llyoniuna kapma GISFiley — na emani 360py ma ananisy 6uxionux oanux na pation pobim. Haseoeno
npaeuna i npuHyuny no6y0osu 6asu 2e00aHUxX HA NPUKIAdi Monoepagho-eeode3udHux Oanux Oinauku 3anisnuyi. Iloxazaua
Modlcnugicmy epaghiunoeo npedcmagnents npoghinie ax mpugumipnux 06’ckmis. Bupiweni indceneprno-eeode3uyni 3a60anms 3
BUKOPUCTNAHHAM PO3POOIEHOI 2e0iHpopmayilinoi mexHono2ii — 8uU3HAUeHO 00 €M 3eMAAHUX pobim OinanKu 3anizHuyi i po3pa-
X06aHi MEXHIKO-EKOHOMIYHI NOKA3HUKU NPOEKIM).

Bucnogxu 6ionosiono oo cmammi. Po3pooneno mexuonoeiio cunme3sy @ynxyiti pisnux eeoingpopmayitinux cucmem, saxa
0036018€ asmomamuzysamu: npoyecu 300py U aHanizy GUXIOHUX OAHUX, KAMEPANbHY 0OpOOKY pe3yibmamis 2e00e3utyHux
BUMIPIOBAHD 13 HACMYNHOIO N0OYO080I0 Monozpagiunux kapm (naanis) i npoinie; cmeopenHs MpusuMipHoi mooeni micye-
60Cmi; piuleHHsl CKIAOHUX [HIICEHEPHO-2e00e3UUHUX 3a0at; PO3PAXYHKU MEXHIKO-eKOHOMIUHUX NOKA3HUKIE NPOEKMIE.

Knrouosi cnoea: 2eoingpopmayitina cucmema; monozpagho-eeode3uuni 0aui, kamepanvhi pobomu; daza 2eo0aHux, as-
momamu3ayis.

Puc.: 5. Bion.: 13.

AKTyaJIbHiCTH TeMH JocaikeHHs1. OIHUM 13 HAWBAXIIMBIIINX HAMPSMIB JIEP>KaBHOT MO-
JITUKUA OUIBLIOCTI KpaiH CBITY, SIK 1 YKpaiHu, y cdepl CTalnoro po3BUTKY TEPUTOPIN 3 METOIO
€(EeKTUBHOIO Ta PalllOHATBHOIO BUKOPUCTAHHS MPUPOJHUX PECYPCIB, 30KpemMa 1 MPUPOIHUX
KOTIAJIMH, € po3po0Ka Ta BIPOBAPKEHHS 1H(POPMALIMHUX TEXHOJIOTH, 10 JO3BOJISIOTH MPUCKO-
PUTHU MPOLIECH BUPIILIEHHS HAYKOBO-TEXHIUHHUX 1 FOCIIOAAPCHKUX 3aB/aHb.

[Toni6H1 TEXHOJIOTIT 3aCTOCOBYIOThCS B T€0ie31i Ta IHIIMX CYMDKHHUX rajly3siX HayKd, Ta-
KHX K 3eMJIEyCTpiil Ta KaJlacTp, IPyHTO3HABCTBO, F€0JIOTisl, €KOJIOT1s, OyIIBHUITBO TowIO. Lle
CTOCYETbCSI aKTUBHOT'O BIPOBA/HKEHHS aBTOMATH30BAHMX BUMIPIOBAJIbHUX CHCTEM 1 Iporpa-
MHO-TEXHIYHUX KOMIUIEKCIB Ha BCIX €Tanax BUKOHAHHS I'€0/1e3UYHHUX POOIT.

ITocTanoBka npodaemu. Haifuyacriie yis 0OpoOKH 3HAUHOT CYKYIHOCTI OTPUMAaHUX J1a-
HUX, OCOOJIMBO LIO MOJAKOTHCS B PEXKHUMI PEaIbHOTO 4Yacy, BUKOPUCTOBYIOTHCS MOKIMBOCTI1
reoiHpopmaniiinux cucreM (I'IC). Ocranni JO3BOJAIOTH NPUIAMATH ONTUMAJIBHI PIICHHS 32
MOPIBHSHO KOPOTKHM MPOMDKOK 4acy, 110, Y KIHIIEBOMY MiICYMKY, MIJBUIILYE SKICTh POOIT 1
MIHIMi3y€e BUTpaTH Ha ixHe BUKOHaHHS. Edext Biax Bukopucranus npukiaanux ['IC ictotHo
MIIBUIYETbCS B TOMY BHUIIAJIKY, SKIIO 3 HUIMU CUHXPOHI30BaHa poOOTa IHIIMX iH(OopMarii-
HUX CUCTEM, HAIIPUKJIAJ, PESALIHHUX CUCTEM YIpaBIliHHS 0a3aMu 1aHUX.

[Ipu Tomorpado-reoie3udHUX poOOTaX CHOIOJHI 3aCTOCOBYIOTHCS LIM(PPOBI BUCOKOTOUHI
BUMIpPIOBAJIbHI NIPUJIA/IH, SIK1 JI03BOJIIIOTh BUKOHATH 3HOMKY BEJIMKHUX TEPUTOPIH 32 OJUH BU-
31 1 HAKOMMUYUTH BC1 JaH1 B ogHOMY 1H(popMaliiiHOMy MacuBi. OqHak 0O0poOKa 1HMX JaHUX
BPYYHY JOCUThH TPYAOMICTKA, TOMY JJIsi aBTOMaTH3allii MOJIOHUX poOIT, a TAKOK BUKOHAHHS
CKJIaJJHUX MaTEeMAaTUYHUX PO3PaxyHKIB, SIKI MpUTaAMaHHI KaMmepajbHIi 0OpoOIl pe3yibTaTiB
3MOMKH, TOLLIBHO BUKOPUCTOBYBATH Ire0iH(OopMaIiifHi TEXHOJIOTI.

© TTomopruesa O. €., ITimgeBa M. O., Anonpienko T. B., 2019
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AHaJIi3 OCTaHHIX AoCai:KeHb i myOaikaniil. MeTom0I0TI0 1 METOIMKY BUKOPUCTaHHS
reoiHpopMalifHUX TEXHOJIOTH MPU BUKOHAHHI I'€0JIE3UYHUX poOIT, 00poO1ll 1 CTBOPEHHI Ie-
ONPOCTOPOBUX MoOJIeNel JaHUX TPEACTaBICHO B HAyKOBUX poOOTax SK 3apyODKHHX
(M. Effati, M. A. Rajabi [1], C. Liquete, S. Kleeschulte, J. Maes, B. Grizzetti [2]), Tak 1 Bit-
yn3HsaHUX ydeHux (B. b. banakipcekuit, C. B. 3axapos, 0. O. JlurBunenko, P. B. Kypumiko
[3], IL. I. biga [4], H. I'. Pycina, B. O. JIronpuuk [5] Ta iHIINX).

Buainenns HeqocailxKeHUX YaCTHH 3arajibHoi mpoduemu. [Ipu ibomy OUIBIIICT TOC-
JKEHb BUILE3raJaHMX HayKOBIIB CIIPSIMOBAHO HA BUKOPUCTAHHSA NIPU KaMepaibHiid 00poOIii
reoJIe3NYHUX BUMIpIoBaHb nporpamHoro komiiekcy CREDO 1 He BpaxoByIOTh HasiBHI Y BH-
KOHaBIB T€0JIC3UYHUX pOOIT TAaKUX MOMYJAPHUX MPOTPAMHUX HPOAYKTIB, sk Digitals,
AutoCad 1 ArcGIS Ta MOKIMBOCTI IXHBOT'O 3aCTOCYBaHHS B 3a3HaU€HUX pOOOTAX.

IlocTanoBka 3aBaaHHsl. MeTOIO TOCTIKEHHS € TEXHOJIOrIsT 0OpOOKU pe3ynbTaTiB reo-
JIE3UYHUX BUMIPIOBAHb 3 BUKOPUCTaHHAM T'e0iH(OpMAaLITHUX CUCTEM, 30KpeMa IpOTrpaMHUX
komiuiekciB Digitals, AutoCad 1 ArcGIS.

Bukaaa ocHOBHOro marepiany. Y 3arporoHOBaHii TEXHOJIOTI MPOBEICHHS I'€0/1e3UY-
HUX poOIT 1 00POOKM OTPUMAHMX JAHUX 3 BUKOPUCTAHHAM IeOiH(POpMalLiiHUX CUCTEM BUKO-
HYIOTBCS TaKl OCHOBHI €TaIu:

1. IlepeanpoekTHi poOOTH.

2. TlonboBi poboTH.

3. KamepanbHi po6oTH.

4. BupileHHsl 1HXKEHEPHO-T€0/Ie3UYHUX 3aB/IaHb.

Ha erani nepeanpoekTHUX poOIT BUKOHYETHCS 301p 1 aHaJIi3 HAsIBHUX JAHUX Ha paiiloH po-
OIT, 10 IKUX BIIHOCSTHCS:

- IPOEKTH 3eMJICYCTPOIO, MaTepialid IHBEHTApHU3allil 3eMelb;

- KaJIaCTPOB1 KapTH (IUIaHU) ICHYIOUHMX 3€MEJIbHUX AUISHOK;

- TororpadiyHi KapTH 1 MJIAHU BIAMOBITHUX MaciITa0iB, BUOIP SKUX 3aJI€KUTH BiJ MO
3eMeNbHOT JUISHKU Ta LUI1 IPOBEJICHHS TONorpapiyHuX pooiT;

- KPOKH 1 CIIMCKHM KOOPJIMHAT ICHYIOUMX MYHKTIB JlepxaBHOi reoneznynoi mepexi (JII'M);

- KPOKH 1 CIIMCKHM KOOPJIMHAT ITYHKTIB MEPEK 3TYIIECHHS;

- KOOPAMHATH MOBOPOTHUX TOYOK MEX1 3€MEJIbHOT IUISHKHU;

- BIZIOMOCTI ITpO 0OMEXEHHS Ta 0OTSKEHHS.

OnHuM 13 JuKepell OTpUMaHHs KaaacTpoBoi iH(opMalii Ipo paiioH pooOIT Ha NEepeANnpPOeK-
THOMY etani € [1yOniuHa kagacTpoBa kapta YKpainu [6], 32 JONOMOIroro sIK0i MOKHA OTpUMa-
TH TaKl 3araJbHOJOCTYIHI BIIOMOCTI PO 3€MeNbHI AUITHKU: KaJacTpOBUH HoMep, dopma
BJIACHOCTI, IUIOIA, LIUTbOBE MPU3HAYECHHS.

Taxox Ha Oe3komToBHOMY KapTorpadiunomy cepsepi «Ilyoniuna kapra GISFile» [7] no-
CTyNHa Taka iH(opmallis npo paiioH poOir:

1. ba3ogi kaptu (nopoxHi kapti (Road, StreetMap), kapra cynmyTHUKOBHUX 3HIMKIB BHUCO-
KOro ImpocTtopoBoro po3pizHeHHs (Satellite, Aerial), 06’eqHaHHs 3BUYaifHOT 1 CYIMYTHUKOBOI
kaptu (Hybrid). Ilpu npomy nocrynHi Taki 6a3oBi mapu, sik OpenStreetMap, Google Road,
Google Satellite, Google Hybrid, Yandex Map, Yandex Satellite, Yandex Hybrid, Yandex
Public, Bing Road, Bing Aerial.

2. Kagactposa iHdopmaliist — npoctopoBa iHpopMallis, sika BKIOYae B ce0e JaHi mpo 3e-
MeJbHI AUISHKY (KaJacTpoBUM HOMeEp, (hopMa BIACHOCTI, IUIbOBE MPU3HAYEHHS, IJIoLIa 3e-
MEJbHOT AUISHKH).

3. a1 npo penbed MiCLEBOCT1 — MPOCTOpPOBa 1HPOpMAILlis, 10 MICTUTh AaH1 PO pesbed
MICIIEBOCTI 3 BUCOTOIO MEPETUHY 5 M, a TAKOX ICHY€E MOKJIMBICTh OTPUMAaHHS 3HAUE€HHS BUCO-
TH 7151 OyIb-sIKOT TOUKU MO KoopauHaTax Ha ocHoBl ganux SRTM (Shuttle radar topographic
mission) (JJOBrota, IIMPOTa 1 BUCOTA TOYKU B cucTeMi koopauHat WGSE84).
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4. lani mpo IPyHTH — HpOCTOpoBa iH(opmalis, sKa BKIOYAE JaHl MPO TUI I'PYHTIB
(wmgp 1 TUI IPYHTY).

5. 'eonmyHKTH — IpOCTOpPOBA 1H(OPMAaLlis PO JaHI pO3TallyBaHHS I'€0I€3UYHHUX ITYHKTIB
Jlep>kaBHOT reoIe3UUHOT Mepexi YKpaiHu.

PesynbraToM 1poro eramy € nonepeans iHgopmalis npo ctadH 00’ekTa JOCIDKEeHHs, Ho-
IO OCHOBHUX (DI3UYHUX XapaKTepUCTUKAX 1 Micue3HaxokeHHs [8]. Ilpu npomy Takox MOX-
Ha MaKCHMAaJIbHO IIBHJKO, 0€3 BHUI31y Ha MICIEBICTh, OLIHUTH SKICHUN 1 KUTbKICHUN CKJIaJ
yTib TEPUTOPIi pOOIT, penbed 1 IPYHTH.

O06’exTOM poOIT, HA MPUKIIAAL IKOTO PO3IIISIAETHCS 3aPONIOHOBAaHA TEXHOJIOTIS, € TepH-
TOPIS IAXTH, ISl IKO1 BUKOHYETHCS POSKTYBAHHS HOBOI AUISHKHU 3aI13HUYHOT KOJII.

[Ticnst BUOOPY MOYATKOBOI 1 KIHIIEBOI TOYOK 3aTI3HUYHOT KOJIii MPOBOJAUTHCS T'€0Ie3NIHA
JHIA, sIKa CTaHe HanpsIMOM MaiOyTHBOI Tpacu. 3 METOI0 OUIbII JI€TaTbHOIO BUBYEHHS pellb-
e}y nepeciyHOT MICIEBOCTI 1 BUSBICHHS MOXJIMBHUX MEPEIIKOJI MK MOYaTKOBUM 1 KIHIIEBUM
IYHKTaMU BUKOHYIOTbCS MOJIbOBI I€0/Ie3U4YH1 poOOTH, 3a pe3yiabTaTaMu sSIKUX OyayTh moOy-
JIOBaHI MO3/I0BXKHI Ta MornepeyuHi npogui 3aJ1i3HUYHOTIO MOJI0THA, a TaKOX MoOyI0BaHUH TO-
norpadiyHUi IIaH CMYTH BiIBEJICHHS 3aJII3HUYHOT KOJIIi.

[lepen moyaTkoM MOJILOBUX POOIT MPOBOIUTHCS PEKOTHOCTYBAHHS MICLIEBOCTI, SIKE BUKO-
HYETBCS 3 METOIO MEPEBIPKU 30epeKeHHs ICHYIOUMX MYHKTIB JlepaaBHOT reo1e3uYHOT Mepexi
Ta HasBHUX MEXOBMX 3HAKIB MOBOPOTHUX TOYOK 3€MENBbHOI AUISTHKH, BUOOPY ONTUMAIIbHOT
TEXHOJIOT1i MPOBEAECHHS POOIT 1 PO3MIIIEHHS TYHKTIB I'€0€3UUHOT MEpEeXi 3TyIIEHHS.

[Ticnst mpoBeieHOro 0OCTEKEHHS MPOBOUTHCS TororpadiyHa 3oMKa IUISIHKH poOiT, sika
BHUKOHAHA 3 ypaxXyBaHHSAM HOPMAaTHBHO-NPABOBUX aKTIB YKpaiHU 3 MPOBEICHHS I€0Ie3UIHUX
po6it [9; 10] Ta mcrpykuii [11] B cuctemi koopaunatr YCK-2000 (cucrtema KoOpauHAT BU-
cot— banriiicbka). Bona Bkimouana B cebe moOynoBy Mepexi sryuienns JI'M, nanpukian,
MPOKJIAIaHHAM TEOI0JIITHUX XO/I1B 3 MOJAJIBIIMM POBEACHHAM TaXeOMETPUYHOT 3HOMKH JUIS
ckiananHs wiany B Macira6i 1 : 500 (1 : 1 000) He3abymoBaHUX TEPUTOPIA.

3pIBHIOBAaHHS TEOAOJITHUX XOMAIB 1 00pOOKa TaxeoMEeTpUYHOI 3MOMKHM BHUKOHYBAJIUCS B
nporpamHomy npojykri Digitals, y pe3ynbraTi yoro 0yno oTpuMaHO TEKCTOBUH (aiii 13 Ko-
opauHatamu X, Y, Z To4oK 3MoMku. Takox 1el ¢aili Mo>kHa OTpUMATH IpPU MEPEHECEeHH1
JAHUX 3MOMKH 3 TaXeOMeTpa Ha KOMII 10Tep.

Cknananss TonorpagiyHoOro IjiaHy BHUKOHYBaJOCS B IporpamHoMy npoaykTi AutoCAD
Civil 3D. IlepeBaroro BUKOpHCTaHHS 11i€T MPOrpamMH € Te, 110 JaHl MOKHA BBOJMTH sIK Oe3roce-
PEIHBO 13 CyYaCHMX Ie€0Je3MYHMX MpHIaaiB (IMIOPTYIOUM 30BHIIIHI JIaH1), TaK 1 CTBOPIOBATH
BpPY4HY, BAKOPUCTOBYIOUH JIaH1 NIOJIbOBUX YKYPHaIIB, IPOMIPIB, TIHIHHUX 1 KyTOBUX 3aCIHOK:

- 32 HENPSMHUMHU JIJaHUMHU (HAMPSIMOK, BIICTaHb BiJl 00 €KTIB, KyTH, YXWIH, 3MIIICHHS);

- po30uBarOUYM Ta po3Mivarodu 00 €KTH (BIIPI3KH, MOJUIIHIIL, Tpacu, TOPU30HTANI, Xapak-
TEpHI JIH1i KOPUIOPY).

Takox neit nporpaMHUN MPOJIYKT MIATPUMYE CTHII1 TOYOK Ta CTHJI MITOK TOYOK, IO JI0-
3BOJISIE B1IOOpa3sUTH B KPECJIEHHI iX yMOBHI MO3HauyeHHS. TOYKH, y CBOIO 4Yepry, MOXHa
00’€IHYBaTH B TPYIH 3a MapaMeTpaMu (OIUC, HOMEp, BIAMITKH). 3MiHa CTUIIB TOUOK 1 CTUJIIB
MITOK TpYyIH JI03BOJISIE€ 3MIHIOBATH BUJ Ha KPECJEHHI BCIX TOYOK OJHOYACHO, CKOPOUYHOUU
yac npu opopmiieHHI Tororpadigaoro miany [12].

Jlns monaneIioi poOOTH OTpUMaHa rpyna To4ok Oyjia IMIIOpTOBaHa 3 TEKCTOBOro (haiina B
KpecieHHs, cTBopeHuid Ha 0cHOBI madnony «AutoCADCivil3DRussian(Metric).dwt» (puc. 1).

[Ticnst 1boro HEOOXIAHO PO3OUTH MIKETH, a JiAMETPHU OTPUMAHUX 3 MIKETIB K1 3MIHUTH Y
BIKH1 BJIACTUBOCTEU. Y 3B’S3KY 3 TUM, III0 HEOOXITHOI YMOBOIO I'e0iH(OPMAIIIHHOT TEXHOJIO-
rii € 3B 130K IPOCTOPOBOi iH(OopMaIlii 1 aTpUOYTUBHUX JaHUX, TO U1l BUPILIEHHS JaHOTO 3aB-
JIAHHS BUKOPUCTOBYIOTHCSl €JIEKTPOHHI TaONIMLI, SKI CTBOPIOIOTHCS Yy Jojatky Microsoft
Office Excel. IIpu nupomy HeoOXiHO BpaxOBYBaTH, L0 Ha3By aKTUBHOIO apKylla B KHH31
€JIEKTPOHHUX TaOJIULb HEOOX1IHO MOYMHATH 3 HUPPH.
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Puc. 1. Buo kpecnenns, ompumanuii nicis iMnopmy epynu moyox

IToTim 3a nomomororo yruiitu «MalicTpa ounieHHs: kpeciaeHHs» B AutoCAD Civil 3D
yC1 KoJia Oynu MepeTBOpeHi B MoJUTiHIl. TakuM YMHOM CTBOPIOIOTHCS 3B’ SI3KH MK KOJAMH i
JAaHUMH €JIeKTPOHHUX TaOIHIlb, TOOTO CTBOPIOETHCA 3B’SI30K 13 0a3010 JaHUX. Y pe3yabTaTi
qyoro Oyau OTpHUMaH1 K0JIa, IEHTPH SKUX BIANOBIIAIOTH [IJJAHOBOMY IOJIOKEHHIO IIKETIB, a K
aTpuOYTUBHI JJaH1 BUKOPUCTOBYETHCS BUCOTA.

Jamni, BUKOpUCTOBYIoun cTangapTtHuil HaOip xomana AutoCAD Civil 3D, npoBoautbcs
1100y/10Ba rOpU30HTaNIEN 1 OTPUMaHHS HEOOX1IHOr0 Habopy TOYOK, sIKi OyAyTh BUKOPUCTOBY-
BaTUCSA 1)1 MOOYI0BU OBEPXOHb.

ITpu BOOP1I KOHKPETHOI'O IPOIPaMHOr0 MPOIYKTY, 1o peanizye I'IC-texHonorito, HEOO-
X1IHO BpaxOBYBAaTH, L0 NMPOEKTYBAaHHS 3aJi3HUIb BUCYBA€ CHEIU(IUHI BUMOTH, 110 HOJATra-
I0Th y HaCTYITHOMY:

- HasIBHICTh €()eKTUBHUX 3acO0IB CTBOPEHHS 1 MIATPUMKHU 3pYYHOIO AJIsi KOpPUCTyBaya iH-
Tepdericy;

- HasIBHICTb 3ac001B IPOrpaMyBaHHsl, 1110 J03BOJISIFOTH CTBOPIOBATH MOJYJI JUIsl BUPIIIEH-
HA crienn(iYHUX 3aBJaHb, 10 BUHUKAIOTH M1 Yac MPOEKTYBaHHS;

- HasIBHICTb 3ac001B BIIPOBAXKEHHS HOBOT 00 PO3IMIMPEHHS ICHYIOUOT MOJIeN1 IPeAMETHOT
o0acTi;

- HasIBHICTb MOYJIUBOCTI MEpPEKEBOi poOOTH.

3 ypaxyBaHHSM BCIX LIUX BUMOT Oyno oOpaHO mporpaMHe 3a0e3leyeHHs Bl KOMIaHIi
ESRI — ArcGis.

Jlnst monaneInoi aBToMatu3aili poOiT HeoOXiHE CTBOPEHHS 0a3u T'e0JJaHUX, 10 MICTUTh
HepesiiK mapiB 3 aTpuOYTUBHUMU AaHUMU. [ nporo B mporpamMHomy npoaykri ArcCatalog
¢aitnu *.dwg, nonepennbo orpumani B AutoCAD Civil 3D, 6ynau konBeproBani B *.shp. ¥V
pe3yapTaTi 4oro Oy/nM OTpUMaHi BIAMOBIAHI IIAPH, KOKHOMY 3 SIKMX IpPUTaMaHHUH CBill HaOip
aTpuOyTUBHUX AaHUX. OTpUMaH1 TAKMM YHHOM aTpUOYTHUBHI JaH1 B OJAJIbIIOMY MOXHA BHU-
KOPHUCTOBYBATH JUIsl NPOEKTYBAHHS JUISHKH 3aJI13HUYHOT KOJIII.

basza reomanux (BI'/l) BUKOpHUCTOBYE MOJENb JaHUX HAa OCHOBI TOMOJIOTIYHUX 3B’S3KIB
KJIaCiB IPOCTOPOBUX 00’€KTIB, sIKa BU3HAUAE y3arajibHEHY MOJEIb AAHUX AJS reorpadiuHoi
iHpopMartii. Ll Mogens Moxke OyTH BUKOpPHCTaHa JAJsl CTBOPEHHS PI3HUX MPOOIEMHO OpI€H-
TOBAHUX MOJENeH AaHMUX, COPSIMOBAaHMX Ha BUPIMIEHHS KOHKPETHUX 3aBJaHb KOPHUCTyBaya.
Ha erani koHLenTyanbHOIT po3poOKH CUCTEMH, HEOOX1AHO PO3IJISHYTH BUMOTHU IO CTBOPIOBA-
HOT 0a3M reoJJaHuX, 1 BUXOASUH 3 LbOTO, PO3POOUTH CTPYKTYpy 0a3u JaHuX. 3 OrJsay Ha Ha-
SIBHI BUX1JH1 JaH1, OyJIM BU3SHAUCHI TaKl Ki1acH 00’ €KTiB:

- TOYKOBI (IepeBa);

- JIHIMHI (IUISTHKY BEPXHBO1 Ta HUKHBOT MEX1 HACHITY, 3aJII3HUYH1 KOJi1);

- oJliroHanbHi (OyaiBIIi, 3€1€H1 HacaPKEHHS).

Cxema 06a3u nmaHux - 1e HaOip TabIWIb, MOB’A3aHUX MK COOOIO 3a JIOTIOMOTOIO TOJIB
3B’A3KaMM OJMH 10 Oarathox. Hanami 0aza nanux Oyia HopManizoBaHa 0 4E€TBEPTOI HOpMab-
HO1 popmu. To6TO nani Oynu opranizoBaHi B 6a31 TAKUM YMHOM, IO BC1 TaOJHIII OB 3aH1 MIX
co0010 BIIMOBIIHO 10 MpaBuJI, 1110 3a0€3MeUyI0Th 3aXUCT AaHuX. Lle poOuTh 0a3zy naHux OUIbII
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THY4YKOIO, YCYBalOUM HAJMIPHICTb 1 HEY3roJUKeH1 3aiexHocTi [13]. HanmipHICTh TaHUX IpH3-
BOJUTH /10 HEMPOAYKTUBHOI'O BUTPauaHHs BUIBHOTO MICL Ha )KOPCTKOMY JIUCKY 1 YCKJIaJHIOE
oOciyroByBaHHs 0a3u ganux. Ha puc. 2 HaBezeHa cxeMa 6a3u reoJaHuX MPOEKTY.

. _____Laﬂd . Object
'? OBIECTID
— ¥ OBIECTID
& SHAPE
T!’pe f_coati pe
S}:_Ipe‘o I:coat:qng Type_of_coating
SpE e i 3emna_|D
Shape_Area
Highway
¥ oBIECTD
SHAPE Buildings

Type
Type_of_coating
Shape_Length
3emna_|D

? oBECTID
SHAPE
Building_feature_type
Shape_Length
Shape_Area

Semna_|D

Puc. 2. Cxema 6azu ceooarnux

[Ticns cTBOpeHHs 6a3u reoJaHuX 1 BIAMOBIIHUX KJIACiB MTPOCTOPOBUX 00’ €KTIB MOYKHA BHU-
KOHYBAaTH BEKTOPHU3ALII0 NMPOCTOPOBUX 00’€KTIB y mporpamHomy cepenoBuili ArcMap. Ilpu
LIbOMY HEOOX1IHO JOTPUMYBATUCS TUX LIApiB 1 IPOCTOPOBUX 00 €KTIB, K1 BXKe OyJIH momnepe-
JTHBO CTBOpEHI (puc. 3).

Puc. 3. Buo 06’cxmig OinsinKu 3ani3Huyi y 6eKMopHoMY 8UIA0L

OTpuMaHuii TUIaH MOKe OYTH BHKOPUCTAaHUH y mpoieci GopMyBaHHS AUISHKH 3aJli3HUY-
HOT KoJIii. 3aBIsIKU MOXJIMBOCTSM NPOrPaMHOTo MpoaykTy ArcGis, 3al0BHEHHs 0a3H JaHUX 1
¢dopmyBaHHs 00’ €KTHOT MOie1 BiIOYBaIOCs IPAKTUYHO MapaIeIbHO.

ITig yac BexTOpHU3allii 10 KOXKHOMY 00’ €KTY BHOCUTHCS BIANOBIAHA aTpuOyTHBHA 1H()OP-
Manisa. [Ipu GopMmyBaHHI Mozemni 3ali3HUII 3A1MCHIOETbCA MepeBipka TomoJsorii. OTpumani
MaTepiajal BUKOPUCTOBYIOTHCSI B MOAAIBIIOMY JJIsl BUPIIIEHHS 1HKEHEPHO-T€0AE3NYHUX 3a-
nau 13 BukopuctanHaM ['IC, 30kpema — BU3HauUeHHs 00csriB 3eMisiHUX poOir. [lepiue, 1o He-
00X11HO 3pOoOUTH Ul BU3HAUEHHS 00CATIB 3eMJISTHUX POOIT, — CTBOPUTH IHTEPIIOJIBbOBAHY I10-
BepxHI0. [loBepxHs Moke OyTH pacTpoM, TpIaHTYJISALIIHOI0 Mepexero abo 000J0HKOo0. SKII0
MOBEPXHS — TPIlaHTyJsALIHHA Mepexka abo 000JI0HKa, aHAI3YETHCSI PO3MIP KOXKHOTO TPUKYT-
HUKA, 3 KO0 CKJIQJA€ThCS MOBEPXHS, 10 3arajibHOI 1ol i 06’emy. Pesynbrarom O6yzne cyma
YaCTHH. SIKIO MOBEPXHS — PACTpP, LIEHTPH IMIKCEIIB pacTpa 3 €HYIOThCS B TPUKYTHUKH. | Taki
TPUKYTHUKH 00pOOJIAIOTHCA 3a AHAJIOTIE0 3 TPIAHTYIISLIMHOI0 Mepexkero.

Bucora miomunu B MoB1 mporpamyBaHHs Python, sika BukopuctoByerbes B ArcGIS, sB-
J5i€ 0000 BUCOTY FOPU30HTANIBHOI MIJIOIMHU, BUKOPUCTOBYIOUH SIKY BUKOHYIOTh OOUMCIIEH-
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Hsl, 3a3Ha4Yal0uyd BIANOBIIHI OJAMHULI BUMIpY. 3a mapamerpoMm «Bucorta miommuun» (Plane
Height) Busnauaetbcs mapamerp «bazoBa mmommHay (Reference Plane). fxuio 3nauenHs
«ba3oBa mnommHa» — Above, HEOOX1JHO BCTAHOBUTHU 3HaY€HHS BUCOTH IUIOIIKHY, 1110 JOPi-
BHIOE MIHIMaJIbHIM BUCOTI IJIOLIMHHU. SIKIIO %X BiH JopiBHIOE Below, 3a 3aMoBUyBaHHSM BCTa-
HOBJIIOETHCS 3HAYEHHS, 1110 JIOPIBHIOE MAaKCUMAaJIbHIM BUCOTI IJIOUIMHU. TakuM 4YMHOM, MOYKHA
CTBOPHTHU MOBEPXHIO B MPOrpaMHOMY IIpoAyKTi ArcMap.
3a nonomoroto iHcTpyMeHTy TIN to Raster Oynu orpumani aBa pactpa — 10 CTBOPEHHS
HACUIy Ha 3aJi3HUYHOMY IOJIOTHI ¥ micisl. 3a I0MOMOrow HCTpyMeHTy Minus HEoOXiaHO
BIJJHSTU BUCOTHU 3 PacTpoBOro ¢ailiry 3 Hacurom i 6e3 Hboro. ¥ pesyiabTari 0ylo OTpUMaHO
1H(pOpMaLlil0 IPO PI3HULI BUCOT MK MOYATKOBUM 1 ICHYIOUUM penbedoM. 3 JOMOMOTO0 1H-
crpymenTy Surface Volume B nporpamMHoMy npoJiykti ArcScene MOKHa OOUUCIUTH Ha OCHO-
Bl CTBOPEHOI MOBEPXHI IJIOMLY 1 00’€M, 0OMEXEHHUI 0a30BOI0 TUIOIIMHOO 1 TOBEPXHEIO PEilb-
edy. Apryment bazoBa miommna (Reference Plane) BusHauae, Oyne po3paxoBanuii 00’em
«BULIE» a00 «HIKYE» MOBepxHI. TakuM uyMHOM, OYyJ0 BU3HAUYEHO 00’€M 3eMJISTHMX POOIT 1
OTPUMAaHO TEKCTOBUH (ailn 3 moTpiOHO iH(DOopMarieto (puc. 4).

[ obben _sem_pab.txt - BnokHoT

daiin Mpaeka dopmar Bua  Crpaeka
lpataset, plane_Height, reference, Z_Factor, Area_2D, Area_3D, volume

[ERY AaHHble 1\D,EHHbIB‘tHECbII'Ih‘tMHHyC, -0,01, apowve, 1,000000, 33480, 35587,320521888, 53671, 360077173

Puc. 4. Buo mexcmosozo ¢haiina 3 pezynomamamu 004UCIeHb

Buxiauumii TekcToBuil (aiin ckinaneHuit 3a pezynbraramu poOit (puc. 4) — e ASCII tekc-
TOBUH (aiin 13 po3auibHUKaMu — komamHu. [lepimii psiiok daiina mictuTh Ha3Bu noJiiB: Halip
nanux (Dataset), Bucota mnomunu (Plane Height), ba3zosa mnommna (Reference), koediui-
eHt Z (Z_Factor), Ilnoma 2D (Area 2D), ITnoma 3D (Area 3D), O6’em (Volume). Pemra
PAIKIB MICTSITh 3HAYSHHSI [IUX MapaMeTpiB.

[1in yac mpoekTyBaHHs 3aJi3HUYHOI KOJIi 32 0OpaHUM MapLIPyTOM HEOOX1JHO BPaxoBY-
BATHU MEPEIIKOIH, SKi 3HAXOAAThCS Ha IIPOEKTHOMY IIUIAXY. 1X Bisyanizalis 3ificHIOETbCS 32
nornomoroto npoduris. g no6ynosu rpadigHoro npeacraBieHHs npodiuiiB OyB BUKOpUCTa-
HUH IHCTPYMEHT TpUBHMIpHOro aHanizy — I'padik npodinto (Profile Graph) y nporpamHomy
npoaykti ArcMap. IIpodini MoxHa MOJIeNOBaTH Ha OCHOBI Oy/b-SKUX JIHIMHUX TPUBUMIp-
HUX O0’€KTIB, HAHECEHHX Ha MOBEPXHIO, 3 BUKOPUCTaHHAM HaOOpIB pacTpoBHX JaHHUX abo
HaOOpIB JaHUX MOBEpXOHb. ['padiku Mpo@iiB CTBOPIOIOTHCS 3a JONOMOTOK TPHUBUMIPHOI
JH11, MPOBEJEHOI 0 Ha0Opy TOUYOK (puc. 5).

Profile Graph Title

1733

17352

1731

1730

T T T T T T
u} 100 200 300 400 S0a GO0 Fan
Prafile Graph Subtitle - - (=]

Puc. 5. @opma npogpinio dinsanxu 3ani3nuunoi Koaii
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Crniuparourich Ha EBHUM 00°€M 3eMIIIHUX pOOIT 1 ICHYIOY1 Tapu(y Ha BUKOHAHHS BIJIO-
BIJTHMX BUJIB pOOIT, MO’KHA aBTOMAaTU3yBATU PO3PAaXyHKH TEXHIKO-€KOHOMIYHHUX MMOKA3HUKIB
3eMJISTHUX pOOIT 1 BapTOCT1 OYAIBHUIITBA 3aTI3HUUHUX KOJIH.

BucHOBKH BiINnoBiHO /10 cTaTTi. Y pe3yibTaTi MPOBEIeHUX JOCTLKEHb Oyia po3polieHa
TEXHOJIOTIsl CUHTE3Y (PYHKITIH PI3HKX Te0iH(OpMAaLIIiHUX CUCTEM, SIKa JIO3BOJISIE aBTOMATH3YBATH:

1) mporiecu 300py 1 aHANTI3Y BUXITHUX JIAHUX;

2) xamepaibHy OOpOOKYy pe3ysibTaTiB I€0Je3UYHUX BUMIPIOBAHb 3 HACTYIIHOIO MOOYIO-
BOIO TONOrpauHuX KapT (IU1aHIB) 1 mpodinis;

3) CTBOpEHHS TPUBUMIPHOI MOJI€JT1 MICLIEBOCTI,;

4) BUpILIEHHS CKJIaJHUX IH)KEHEPHO-T€0Ie3UYHUX 3aB/IaHb;

5) po3paxyHKH TEXHIKO-EKOHOMIYHUX MMOKAa3HUKIB MIPOEKTIB.

Taxo 3acTocyBaHHs 3alPOIIOHOBAHOI TEXHOJIOTIT J03BOJISIE ONTUMI3YBaTH CTPOKH IPO-
BEJICHHS BCIX €TaliB Tonorpado-reofe3nyHuX 1 MPOEKTHUX POOIT, IPU LBOMY MIJBUILYIOUU
AKICTh 300py, 0OpOOKH Ta cUcTeMaTU3aLll TaHUX.
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THE TECHNOLOGY OF GEOGRAPHIC INFORMATION SYSTEMS
USING IN THE SURVEYING DATA PROCESSING

Urgency of the research. In recent years in Ukraine in the field of geodesy and other related fields of science infor-
mation technologies have been actively developed and implemented, which allow to accelerate the processes of solving scien-
tific, technical and economic problems.

Target setting. Processing a significant amount of geodetic data is a labour-intensive process; therefore it is advisable
to use geographic information technologies to automate desk processing of the results of topographic and geodetic surveys.

Actual scientific researches and issues analysis. Recent publications of scientists on this topic are devoted to the deve-
lopment of methodology and techniques for the use of geoformation technologies in the implementation of surveying, pro-
cessing and creation of geospatial models of data.

Uninvestigated parts of general matters defining. The problem of using of popular software products such as Digitals,
AutoCad and ArcGIS for desk processing of the geodetic measurements and the possibility of their application in these works
is not well researched.

The research objective. The purpose of the research is the technology of processing the results of geodetic measure-
ments using geoformation systems, in particular the software complexes Digitals, AutoCad and ArcGIS.
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The statement of basic materials. The technology of using the capabilities of the AutoCad Civil 3D and ArcGIS geoformation
systems in the automation of processes at all stages of topographic and geodetic works is presented. The expediency of using free
Internet resources — Public cadastral map of Ukraine and map server "Public map GISFile" — at the stage of gathering and analy-
zing the output data for the area of work is proved. The rules and principles of building a geodatabase on the example of topogra-
phic and geodetic data of a railway section are given. The possibility of graphical representation of profiles as three-dimensional
objects is shown. Engineering and geodetic tasks were solved using the developed geoformation technology — the volume of earth-
works of the railway section was determined and the technical and economic indicators of the project were calculated.

Conclusions. The technology of synthesis of functions of various geoinformation systems has been developed, which al-
lows to automate: processes of gathering and analysis of initial data; cameral processing of geodetic measurements with
subsequent construction of topographic maps (plans) and profiles; creation of a three-dimensional terrain model; solving
complex geodetic engineering problems, calculations of technical and economic indicators of projects.

Keywords: geographic information system; topographic and geodetic data; desk works; geodatabase; automation.
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KOHIENITYAJBbHI 3ACAIM BIM/GIS IHTEI'PAIIII TEOITPOCTOPOBHX
JAHUX AEPOITIOPTIB, OTPUMAHUX JIASEPHUM CKAHYBAHHAM

Axmyansnicmes memu docniodycenna. Ilpoyec npoekmysanns, 6y0igHuymsea ma eKCHayamayii cynacHux 0o exmie mpamuc-
nopmuoi’ inghpacmpykmypu aKmuHo 800CKOHATIOEMbCA, 38AACAIOYU HA AKMUBHULL PO3GUMOK YUDPOBUX MEXHONO02IN: cucmem
CYNYMHUKO0BO20 BU3HAYEHHS MICYENON0dICeHHs, Yudposoi homospammempii, nioapuux ma nazeprux 3Himanv. [ia obpobnenns
Macusie 2eonpocmoposux 0aHUX HUHI BUKOpUCMO8YIombCa ceoinghopmayiiini cucmemu (GIS) ma cucmemu asmomamu3zo8ano2o
npoekmyeanns (CAIIP). IlInsxu inmespayii yux mexuonoeiti HuHi nepe6ysaroms Ha emani CMaHOBIEHHS.

Ilocmanogxka npoonemu. Badicnugoro naykosoro npobnemoio € ROWlyK wisAxie inmeepayii npocmoposux OaHux ois
cmeopenns Oyodisenvhux ingopmayitinux mooenei (BIM) ma ceoinghopmayitinux mooeneti GIS. Hxuwjo BIM suxopucmosy-
10MbCA HUHI NEpesanicHo 0N NPOEKMY8ants ma peKoHcmpykyii 06’exmig 6yodisnuymea, mo GIS eupiwyrome nabacamo wiu-
puie Koo 3a80aHb NPOCMOPOBO20 NAAHYBAHHS | YNPAGHTHHSL.

Ananiz ocmannix 00cniodcens i nydnikayii. Y pooomi 6ynu npoananizosani ma y3azanvheni nyonikayii' 3 yici memu. gugueHull
00¢8i0 8nposaddicents OyodigenvHux ingopmayivinux moodeneii (BIM) ma ceoinghopmayitinux mooeneii GIS 6 disnvrocmi aponopmis.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoonemu. Ilicisa emany 30upants 2eonpocmoposux 0aHux i3 pisHux
cencopie (’HCC, BIIJIA, nasepuux cxkanepisg), oami imnopmyiomucsa 0o CAIIP abo GIS. [na pobomu 3 oboma yumu mooens-
MU BUKOPUCIOBYIOMbCSA pi3Hi npoepamui npodykmu. Ilpoyecu opeanizayii danux y npoyeci cmgopenus 0yoigenvHux ingop-
mayitinux mooeneu (BIM) ma ceoingpopmayitinux moodeneti (GIS) 0o nesnoi mipu siopizuaiomucs. Humanns inmezpayii ma-
Kux mooeneii HuHi Heno8HOI MIpol0 ONPayboBaHi, wjo NOMpPedyIoms BUPIULEHHS.

Ilocmanosxa 3ae0anns. Y npoyeci inmespayii npocmoposux OaHUx nompebye piuienHs nUmaHHs iHmepayii cemManmuxi,
mononoeii, popmamis i cmanoapmie 2eonpocmoposux Oanux. Badicnusum 3a80aHHAM € po3pobieHHs ma usUenHts 00C8idy CMBo-
PEHHS POSPAMHUX MOOYIB, o 003601510Mmb iHmeepysamu BIM-mooeni 0o cepedosuwya ceoingpopmayitinux cucmem (GIS).

Buknao ocnoenozo mamepiany. Jlioepamu 3 npogedenns 06’ €onanns oanux 0yoieenvHux inghopmayitinux mooenei ma
eeoinopmayiiinux cucmem ¢ xomnauii Autodesk ma Esri. Y pobomi eusmnaueno axmyanvbHicmv 3acmocy8anHs MO0y
Feature Manipulation Engine (FME), axuii inmeepye modeni BIM y ¢popmami IFC (Industry Foundation Classes) ¢ ArcGIS.
Baoicausum nanpsmom nooansuiozo po3eumxy mexuonoaii € npogaddicents y eupoonuymeo cmanoapmy CityGML 6iokpu-
moeo ceonpocmoposozo koucopyiymy (OGC). Leii cmanoapm € nepchexmusnum ona 36epicanms gipmyanvhuux 3D-mooenei,
ki modrcymsv Oymu 3azanvrumu 0nss CAIIP ma GIS.

Bucnogxu ¢ionogiono 0o cmammi. Ha ocnogi uxonanux 0ocniodcenb 6CMaHOBIEHO, Wo aKmMyanbHUM HARPAMOM 0OC-
Ni0dICeNHs € pO3PODIEHHSI MEXHON02IH, ujo 003601aI0mb 2enepysamu ingopmayito i3 BIM ma GIS ona cmeopenns Oinvwu 83a-
emonos ‘azanoi ingppacmpyxmypu. Ilepcnexmugnum € inmezpayis ingpopmayii BIM ma GIS ons cmeopenns ingppacmpyxmypu
npocmoposux oanux (I11/]).

Knrouosi cnosa: 2eonpocmopogi Ooaui; 2eoingpopmayiiini cucmemu (GIS); 6ydigenvui ingpopmayitini mooeni (BIM);
BIM/GIS inmeepayis; nazepne ma aioapne cKauy8amms, ob €kmu mpanchopmHoi ingppacmpykmypu, aeponopmu; 6yoieHu-
Ymeo, peKOHCMpYKYis,; ingpacmpykmypu ceonpocmoposux oanux (II1/]).

Puc.: 2. Bion.: 19.

AKTyaabHicTh TeMH JociaifxenHs. Huni Ykpaina Ha nuisaxy BOpoBaKeHHs iH(opMma-
LIMHUX TEXHOJIOTIH, 1 L1 MPOLECH BiI0YBalOThCS Ay>K€ IHTEHCUBHO B 0araThox cepax: mpoe-
KTyBaHHI, OYAIBHMILITBI, YIpPaBJIiHHI TEPUTOPIaJbHUM PO3BUTKOM, OHOBJIEHHI ILJIAHOBO-
KapTrorpagiuHUX MarepiajiiB, CTBOPEHHI 1H(YPACTPYKTypu Ie€ONpOCTOPOBUX JAHUX, BEIACHHS
KaJacTpiB, CTBOPEHHI re0iH(POpMAILIHUX CUCTEM PI3HOTO IMPU3HAYEHHS, T€ONOPTAJIIB TOLIO.

Hudposa tpanchopmaris 6araTbox raigysei, nepexij Ha HOB1 TEXHOJOrI 300py reomnpo-
CTOPOBUX JaHUX, 1H(OpMaliiiHe MOJIENIOBaHHS, BIPOBAKEHHS re0iH(OpMAIIHUX CUCTEM,
reonOpPTAIbHUX PIllIEHb, XMAPHUX TE€XHOJIOTIH MPHU3BOJATH 1O HEOOX1IHOCT1 KOHBEpTallii Be-
JIMKUX MacHUBIB JaHUX B pI3HE MPOTrpaMHE CepeIOBUILE.

Posrnsnaroun npo6nemy Bukopuctands BIM/GIS texnosoriit npu npoBeeHH1 KOMILIEK-
Cy poOIT 111010 PEKOHCTPYKIIii aeponopTiB YKpaiHH, Bpax0oBYIOUH HEOOX1AHICTE 0OpOOKHU Ja-
HUX B 00’€lHaHUX poOOUUX IMpoLecax s 3a0e31eueHHs BUPILIEHHS KOMIUIEKCY MPOEKTHHUX,
Oy/iBETbHUX, EKCIUTyaTallIiHUX Ta YIPaBIIHCHKUX 3aBJaHb, Mpo0JaeMa HTerpariii Ta IHTepo-
nepabeabHOCTI JaHUX € aKTyaJIbHOIO.

IMocTanoBKka npodiaemMu. Y 1bOMY JOCTIKEHH] PO3IJIsAAI0THCS KOHLIENTYallbHI 3acaiu
IHTerpauii 1aHuX, OTPUMAHUX LUISIXOM JIa3€pHOrO CKaHYBaHHS [yl MOJAJIBIIOIO BUKOPHUC-
TaHHs B porpamax iHdopmauiiiHoro MoientoBanHs OyiBens Ta cnopya (BIM) ta ans Buko-
pHUCTaHHS NpH CTBOPEHHI reoiHpopmartiiinux cucreM (GIS) MaifHOBOro KOMILIEKCY.

© Boiiko O. JI., JIsmmenko /1. O., ITpycos [I. E., 2019
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AHaJIi3 ocTaHHIX A0CJTKeHb Ta myOaikaunii. Lle nocniyvkeHHs € KOMIUIEKCHUM, B SIKOMY
aHATI3YETHCS IHTErpallisi MAaCUBY T'€0JIJaHMX, OTPUMAHUX IUIIXOM JIa3epHOTO (JIIAPHOTO) CKaHY-
BaHHS B pI3HI po0OYl MPOLECH, SKI MOB’s3aHI MK co00r0: 1) MPOEKTHO-BUILYKYBAJIbHUM, Ha
SIKOMY B1I0YBa€ThCs 301p reOnpoCTOPOBUX JaHUX; 2) IHTErpallis JaHUX JIa3epPHOTO CKaHYBaHHS B
cucteMH iH(pOpMaIIHOTO MoieNtoBaHHs OyaiBels Ta ciopy (BIM) ta B reoindopmartiiiii cuc-
temu (GIS) nmpuitHATTS yripaBhiHChKUX pitieHs; 3) BIM/GIS inTerparrist reonpocTopoBUX TaHUX.

AHati3 OCTaHHIX JOCHIKEHb 1 myOiiKaliil nokasas, 10 MpoOieMi BUKOPUCTAHHS Ja3ep-
HOT'O CKaHYBaHHS Ta HOBUX MIAXOJIB JIO0 MMPOBEJCHHS I€0/Ie3NYHUX BUILYKYBaHb y Oy/IBHUII-
TB1 mpucBsueHi npani P. ymsma [1], A. Maniuskoro, B. Jloduncekoro [2], M. Koua6,
. Buum, U. Jlexnep, K. Paneit, A. Ip6an [3] Ta Hmmx. [Ipo6nemi BIM/GIS inTerparii re-
OTPOCTOPOBHUX JIaHUX MpUCBsdeHi npaili Shimonti Pau [4], Arup Dasgupta [5], Chris Andrews
[6], Don Kuehne [7] ma inwux.

Buainenns HemocJiqeHHX YACTHH 3arajbHOi mpodiaemu. AHai3 OCTaHHIX JOCHI-
JUKEHb 1 myOumikarii mokasas, mo nutanHs BIM/GIS inTerpariii reonanux, oTpuMaHux ILIs-
XOM JIa3epHOr0 Ta JIJAPHOTO CKaHYBaHHS, MOTPeOye JOJATKOBOTO AOCIIIKEHHSI, OCKUIBKH 111
MUTaHHS YK€ BaXIIMBI P BUKOHAHHI KOMILJIEKCY POOIT 11010 PEKOHCTPYKIlii Ta MOJEPHI-
3allii TAKUX BEJIMKUX 1H(PACTPYKTYPHHUX 00’ €KTIB, K a€POMNOPTH.

IMocTanoBka 3aBaaHHA (Uijieil crarTi). MeTOIO 1IHOT0 JOCTIKEHHS € BU3HAYEHHS KOH-
LEeNTyaJlbHUX 3acajl IHTerpaiii reonpocTOpoBUX JAAHUX, OTPUMAHUX ILISXOM JIA3€pHOrO Ta
JIAPHOTO CKaHyBaHHS MDK IPOrPaMHUMM MPOAYKTAMH, SIKI TEXHOJIOITYHO PI3HATHCS, MPU3-
HaYeHl1 71l BUPIICHHs PI3HUX IUIeH 1 3aBJlaHb, ajie CKIaJIal0Th €IMHUNA TEXHOJOTTYHUM JIaH-
LIOT BiJ 300pY IaHUX /10 iX IPAaKTUYHOTO BUKOPUCTAHHS.

3aBAaHHAM JIOCIIKEHHS € BU3HAYEHHS METO/IIB IHTErpallil 1aHuX J1a3epHOro (JI11apHOT0)
ckanyBaHHs 4151 BIM/T'IC monentoBaHHs Ha OCHOBI BUPOOHHUKIB IPOTrPaMHOT0O 3a0e3MeYeHHs
s iH@opmauiiiHoro moaentoBanHs (Autodesk, Revit) 1 ctBopeHHs reoingopmaliiifHux cuc-
teM (Esri, ArcGIS).

Bukaan ocHoBHOro marepiaiy. [HpopmariiiHi TeXHOJIOT1i OCTaHHIMU POKaMHU HIMPOKO
3aCTOCOBYIOTBCS MPHU BUPILIEHH] IIUPOKOTO CIIEKTPa MUTAaHb NMPOEKTYBAaHHS, OYAIBHUIITBA Ta
eKcIutyaranii Oy/iBenb, Copyl Ta IHPpacTpyKTypHUX 00’€KTiB. byiBenbHa iHIyCTpis CTpi-
MKO pyXaeTbcs 70 iHpopMaTH3alii, ToMy iHpopmauiiiHne moaentoBanHs (BIM) crae Baxim-
BUM IHCTPYMEHTOM, SIKUI JTO3BOJISIE PALIOHATILHO BUKOPUCTOBYBATH PECYPCH, ONTUMI3yBaTH
poOoui mpoliecu, Ja€ MOXKIUBICTh BCIM 3aI[IKaBJIEHUM CTOPOHAM OJHOYACHO OI[IHIOBATU TY
caMmy 1H(OpMAaLIiI0 Yepe3 B3aEMOJIII0 MK PI3HUMHU TEXHOJIOTTYHUMU Tu1aTdopmamu [4].

Kpainun €Bpocoro3y mouanu BrpoBapkyBatu BIM-texnomnorii me B 2013 porri, a B aumH1
2018 poky Poboua rpyma €spocoro3y o BIM puryctuna KepiBHUIITBO 3 BIPOBAIKEHHS TEXHO-
JIOT1H IS €BPOMEUCHKHX JIep>KaBHUX 3aMOBHUKIB. B Ykpaini 2019 pik cTaB pokom odilliitHOTo
BrpoBapkeHHss BIM-texnonoriii 1 30.11.2019 p. OyB mignucanuit Memopanaym «JlopoxxHs kapta
BITPOBA/DKEHHS 1H(opMarliiiHoro MoentoBanHs OymiBenb (BIM) mpu crBopeHH1 00’e€kTiB OyiB-
HUILITBA, 00’ €KTIB apXiTeKTypu». Lle € BaXXJIMBUM KPOKOM Ha JIEp>KaBHOMY PIBHI IO BIPOBA/KEHHS
1H(OpMAIIIITHOTO MOJIENTIOBAHHS ITPH MIPOEKTYBAHHI, CIIOPYPKEHHI 00 €KTIB Ta 1X eKCILTyaTaIllii.

BIM-mozentoBanns (Building Information Model) — indopmariiiine moaentoBanus Oyui-
BEJILHOTO 00’€KTa, SIKUI BKJIFOYA€ CTBOPEHHS Ta YIPABIIHHS LU(PPOBUMHU YSABICHHAMU (Pi3U-
YHUX 1 (QYHKUIOHAJIBHUX XapaKTepUCTHK 00’ekra. OTpuMaHni iHPOpMaLiiiHI MOJENl CTalTh
3araJlLHUMH JDKepellaMH 3HaHb Ul HIATPUMKM MPUHHSATTA pPIlIEHb OpOo O0’€KT BiA caMUX
paHHIX KOHLIENTYaJIbHUX €TaliB /0 NPOEKTYBaHHs, OYAIBHULITBA, IPOTITOM TEPMIHY HOTro
eKCIUTyaTalii 1 MOXJIUBOro 3HeceHHs. OCHOBHUM NporpaMHuM 3abe3neueHHsM a1 BIM-
MOJIETIOBaHHS Ha ChOTOJIHI € MpoaykTu komnadiid Bentley Systems, Autodesk (Revit, Civil
3D, Subassembly Composer, Tekla, Infraworks), Nemetschek ta Graphisoft.

GIS-cucrema (Geoinformation system) — reoiHgopmariiiHa cuctema, NMpu3HaueHa s
300py, 30epiranHs, oOpoOKH, aHaJi3y, YIPABIIHHS Ta NOJaHHS BCIX TUIIIB reorpadiyHux na-
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HuX. OCHOBHUM IPOrpaMHUM 3a0€3MeUeHHAM i1l cTBOpeHHst GIS-cucreM € mpoayKTH KoM-
naniit Esri (ArcGis).

GIS muMpoko BUKOPUCTOBYETHCS Ul Bi3yallizallii Ta aHali3y reornpoCTOPOBUX JAHUX, K1
MOJKYTh BKJIFOYAaTH B ce0e 3eMelIbHO-Ka/laCTPOBY, €KOJIOTTYHY, €KOHOMIUHY, AeMorpadiuny,
CTPYKTYpPHY, HayKOBY Ta 1HIY 1H(QOpPMAaLit0, a IHTErpaLlis YaCOBUX JAaHHUX JA€ 3MOT'Y yYacHHU-
KaM IPOEKTY Kpallle 3pO3yMITH HACHIJKU MPOEKTHUX PILIEHb 10, MiJ yac Ta micis OyaiB-
HUILTBa 200 PEKOHCTPYKIIi 00’ €KTa.

CrninpHe BukopucTanHs moxuiuBocTedt BIM Tta GIS TexHomnoriit gae nmepeBaru npu mpoc-
TOPOBOMY IUIaHYBAaHHI Ta MPOEKTYBAaHHI, OCKUIBKM peajbHI 00’€KTU PO3TAIIOBaHI B I'€OIH-
¢dopmariiiinomy npocropi. 3actocyBaHHsa GIS-TexHOJIOT 03BOJIsIE BUKOPUCTOBYBATH J1aH1
IH)KEHEPHO-T€0Ie3UYHUX BUIIYKYBaHb Ta IUIAHOBO-KAapTOrpadiuHi Marepiaju IPOEKTIB
CHeIialicTaM 13 PI3HUX CErMEHTIB JKUTTEBOTO IIUKITY Oy 1IBHUIITBA.

GIS posumproe miHHICTE BIM 3a paxyHOK MOXIJIMBOCTEH aHAJITUYHOIO arapary Ta
BI3yasii3allii Ta IHTETPYyIOUH B MPOLIEC POEKTYBAHHS I€ONPOCTOPOBI AaHi, reorpadiuna iHpopmariis
CTa€ BXIMBUM KOMIIOHEHTOM YChOIO IPOLIECY MPUIHATTS pillieHb y OYIIBHHUIITBI Ta PEKOH-
CTPYKLII 1 J03BOJISIE KO)KHOMY YYAaCHHUKY 3/IHCHIOBATH HAUOUTBII €(heKTUBHUIA BHECOK [7].

Beenenns B BIM-monentoBanHsl reonpuB’sI3KH J03BOJISIE€ PO3TISAATA POOOTH 3 MPOCTO-
POBOTrO IUJIaHYBAaHHS Ta OYJIBHUIITBA B F€ONPOCTOPOBOMY KOHTEKCTI. Lle He TUIbKU 1a€ MOX-
JIMBICTh MPABUIBLHO PO3TAIIOBYBAaTH O0’€KTH Ha TonorpadiuHii MOBEpXHI, a i Jomomarae y
CTBOPEHHI PO3YMHUX OYAMHKIB, SIKI MAKCUMaJIbHO BUKOPUCTOBYIOTh IIPUPOJIHE OCBITIEHHS 1
KOHTPOJIb TEMIIEPaTypd, TUM CaMUM 3HWKYIOUM HAaBAaHTa)KEHHS Ha CIIOXKMBAHHS €Heprii 1
crpusitoun 30epexeHHto pecypciB. Takox GIS Moxe 1aTi npoeKTaHTaM YSBJICHHS PO paiio-
HU, HalpUKJIaJl, CXWIbHI IO TIOBEHEH, 1110 TaKOX BIUIMBATUME Ha PO3TalllyBaHHS, OPIEHTALIIO
1 HaBiTh OyAiBeNIbHI MaTepianu 00’€KTiB Ta copyxa [5].

VY mipy popmyBanns BIM takox noBunHa ¢opmysatucs I'lC, mo6 kpaie agantyBatu i
o6pobsitu 3D-koutentT BIM-moneni, Bizyanizaitito 1 anani3. [arerparist BIM 1 GIS nigpumye
e(EeKTUBHICTh BCHOTO XHUTTEBOIO LUKIY MPOEKTY OyIIBHULTBA Ta peKOHCTpyKUii. [lepeBaru
i€l 1HTerpalii HaCTUIbKU BEJHUKI, 1110 KOMIIaHii, K1 po3po0JIsiioTh reoiHpopmalliiine nporpa-
MHe 3a0e3nedyeHHs, Taki sk Esri 1 Autodesk, mpairoroTe Haj MOMIMIIIEHOI CYMICHICTIO TIPO-
rpamHoro 3abe3neuenns st BIM 1 GIS [7].

Hanpuxkinni 2019 poky B YkpaiHi, 3a ganumu Jlep:kaBHoi aBialliiiHOT ci1yk0u, Halll4y€eThb-
cs 20 girounx aeponopris, 17 3 sKUX BKIIIOYEH1 10 [lepkaBHOT HUIbOBOT MpOrpaMu pO3BUTKY
aeponoptiB 10 2023 poky, npuitHary Ypsaom B 2016 poui. MeToro nporpamu € peKkoHCTpYK-
1isl, MOJEpHI3allisl 1 MPUBEACHHS aepoNoOPTIB JO MIKHAPOJHUX CTaHIAPTIB 0OCIYrOBYBAaHHS
nacakupis Ta BUMOr MikHapoaHo1 opraHizauii uuBuibHOI aBiauii (ICAO).

AeponopToBi KOMILJIEKCH 0araTboX KpaiH aKTUBHO BUKOPUCTOBYIOTH BIM-MopentoBaHHs
ta GIS-cucremu a7 ruIaHyBaHHs, MPOEKTYBAHHS 1 BUKOHAHHS OY/IIBEIBHUX MPOEKTIB; YTPH-
MaHHs Ta eKcIuTyaTallii 00’ €KTiB; yHpaBiIiHHS Ta 3a0e3neueHHs O0e3MeKH; aBTOMaTU30BaHOTO
300py Ta MOJaHHS JaHUX MPO BHYTPILIHIN 1 30BHILIHIN npocTip OyiBenb Ta CHOPY/, LIbOBE
BHKOPHCTAHHS Ta ONTUMI3AIII0 POCTOPY TOMIO [8].

HaBenemo nekinbka yCHiIIHUX NPUKIIA/IIB BUKOPUCTAHHS JAHUX Ja3€pPHOTO CKaHYBaHHS,
BIM ta GIS TexHosorii A NpoCTOPOBOrO IUIAHYBAHHS, OYIIBHUITBA, PEKOHCTPYKIII Ta
yIIpaBJIiHHSA 00’ €KTaMH aepONOPTOBUX KOMILIEKCIB:

- aeponopt Xitpoy (BenukoOpuranis) — e y 1986 pori BIM-texHomnoris Oyna BUKOpH-
CTaHa Jyisi NMpOeKTyBaHHI TepmiHana 3, ne 1 OyB Bmepuie 3acrocoBaHuii TepMiH Building
Modeling y iforo HUHIIIHEOMY pO3yMiHHI [9];

- aeponopTt AOy-/1a6i (OAE), tepminansuuii kommuieke Midfield — mpoektryBanHs Ta Bci
PO3pOo0KH, 30KpeMa i po3paxyHKH KOHCTPYKIIiH, Belucs TUlbKU Ha ocHOBI BIM-moneni, [10];
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- aeponopt Kopons Xanin (Ep-Pisa, CayniBcbka ApaBis) — OyJo BUKOPUCTAHO JIa3epHE
CKaHyBaHHs TEPUTODIi U1l CTBOpEHHs TonorpadiuHoro miany Ta BIM-mMozaentoBaHHs criopy
npu MaciuTabHii pekoHCcTpyKuii [11];

- aepomnopt Xaprchina-/lxekcon B Atnanti (CIIIA) — po3pobnena komrutekcHa GIS, sika 00-
CIIYTOBYE BCI MIIPO3/UTH: €KCIUTyaTallIfHUKIB Oy/iBENb Ta CHOpPY/, IHKEHEPHUX KOMYHIKALIA Ta
3JTHO-TIOCAJIKOBHX CMYT'; IUTaHYBAJILHUKIB Ta Oy/1IBEIbHUKIB; KEPIBHUKIB; MacaXupiB Tomio [12];

- aeponopt Jloc-Anpkeneca (CILIA) — 6ynu Bukopuctani GIS-texnomnorii 1 BIM-mozento-
BaHHSI JUIs1 PEKOHCTPYKI[IT TEPMIHAJIBHOTO KOMILJIEKCY Ta OHOBJIEHHS! KOMYHAJIbHUX Mepex [13];

- aeponopt KemryB fcenka (Ilonpima) — 6ynu Bukopucrani GIS ta BIM texnomnorii amns
MIPOEKTYBAHHS HOBOI MEpeXi PYIDKHUX MPOI3JIB 13 HaBIralifHUM OCBITJICHHSAM, MEPEXKEI0
3B’SI3KY, KaHaII3al[IiHUMU Ta JPEHAXKHUMH CUCTEMaMH, siKi OyJid BIKCaHI B iCHYIOUY iH(pa-
CTPYKTYPY a€pOIOPTOBOTO KOMIUIEKCY Ta 3JITHO-IIOCAAKOBOI cMyTH [ 14].

Sk mokazye mpakTU4YHHM JOCBiA, cniuibHe BukopuctaHHs BIM/GIS texnonorii mis
MIPOEKTYBaHHsI, OyIIBHULITBA Ta PEKOHCTPYKILIi TEPUTOPIl aepomopTiB — L€ UUIAX A0 MoOy10-
BU KOMIUIEKCHO1 1H(OpPMAIIfHOT CUCTEMH, KA €(EeKTHUBHO MPALFOE MPOTSITOM BCHOI'O JKUT-
TEBOTO IUKITY 00’€KTIB Ta criopy (puc. 1).

MPOEKTYBAHHA 6yaiBHULTBO eKcnayartauis PEKOHCTPYKL,A BMBEZ. 3 eKCh.

Puc. 1. Cxema srcummesozo yuxny 06 ’ekmis i cnopyo

s 360py reonpocropoBux aanux aias BIM/GIS MonentoBaHHsS oCTaHHIMH pOKaMu Ha-
OyBa€ MOMyJSIPHOCTI TEXHOJIOTIS JTA3EPHOTO CKaHYBaHHS, sIKa MOAUISIETHCS HA HA3€MHY Ta I10-
BITPSAHY (JIIAapHY) Ta € e(EeKTUBHUM IHCTPYMEHTOM, IO JI03BOJII€ CTBOPIOBATU TOYHI KOIii
00’€KTIB Ta TEPUTOPIN HUIIXOM MEPEBOYy reoMeTpUIHUX GopM y MaTemaTuuHi mozeni. Lle
Jla€ MOXJIMBICTh BUKOPHCTOBYBATHU iX Y MOJAJBIIINA poOOTI MiJl YaC MPOEKTYBAaHHS, EKCILTya-
Tallil, ypaBJiHHS, CTBOPEHHS reoiHdopMaliiifHux cuctem toio [15].

Po3poOkoro obnasHaHHS Ul JTa3€pHOTO Ta JIJApHOrO CKaHYBAaHHS 3aliMaeTbcs OaraTo
¢ipMm. HaitBinomimumu € Trimble (CIA), Leica Geosystems (ILIseiinapis), Riegl (ABctpis),
Zoller + Frohlich (Himeuunna), Topcon (Snonis), Faro (CILIA), Hi-Target (Kurait) Ta iHmi.
Yepes BenMKY pi3HOMaHITHICTh IPUJIAIIB Ta iXHIX crenudikailii, Ja3epHi CKaHEpU PI3HATHCS
3a IEBHUMH TEXHIYHUMH XapaKTEepUCTHKaMU, TAKUMH SIK CKaHyto4a 1miaTgopma, MEeTo] BUMI-
PIOBaHHS BIICTaHI, MapaMeTpH Jia3epa, TOUHICTh BUMIPIOBAHHS BIACTaH1 Ta KyTa, KyT OTJISAY,
JATbHICTh BUMIPIOBAHHS, IIBUJIKICTh Ta IIUIbHICTh CKaHyBaHH ToILo [ 1; 2].

Jlnist mpoBeieHHs] KOMIUIEKCY 1H)KEHEPHO-Ie€0JIe3UUHUX BUIIYKYBAHb JJISI PEKOHCTPYKIIT
aepornopry Ta 300py reoJlaHuX, JOLUUILHO BUKOPUCTOBYBATH TaKi BUIM JIa3€PHOIO CKaHyBaH-
Hs: Ha3eMHe (cTarioHapHe 1 MoOuTbHE) Ta JigapHe (3 BILJIA 1 6opToge) [15].

Posrnsaaroun KOHUENTyaabH1 3aca iy IHTErpallii reornpocTOPOBUX JAHUX, OTPUMAHUX Me-
TOJIOM Jla3epHOro ckanyBanHs, y BIM Ta GIS cucremu, MOXIMBO BUALIEHHS HANPSMIB 1HTe-
rpauii JaHuX: JaH1 Ja3epHoro ckanyBaHHs B GIS-cuctemu, naHi 1a3epHOro CKaHyBaHHS B
BIM-moneni, BIM/GIS interpariis (puc. 2).

V naHux 5a3zepHOi Ta JiIapHOT 3HOMKH, KPIM F€ONO3ULIIIHNX 3HAYEHb X, Y, Z, CACTEMOIO 30e-
piraeTbcs 10AaTKOBa 1H(OpMAaLis 1 I KOXKHOTO JIa3epHOTO IMITYJILCY 3aIUCYIOThCS Ta 30epira-
I0ThCS TaKl aTprOyTH: IHTEHCUBHICTh, HOMEP BIIOUTTS, KUIbKICTh BIIOUTUX CUTHATIB, 3HAYCHHS
Ki1acupikallii TOuky, KpaiHi TOUKH JIiHiT H0Ib0TY, KobopoBi RGB-3nauenHs, yac no GPS, iHdo-
pmartis po BHyTpimHe no3uiionyBass (INS), Ky Ta HarpaBieHHs1 ckaHyBaHHs [16].
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6ynisencHi
iHbopMmauiriHi mogeni
(BIM)

® HazeMHe (cTauioHapHe, * MaiHOBOIO KOMMIEKCY

MoBinbHe) TepuTopii aeponopTy 4N
* nosiTpaHe (bopTose, « Gyaiani Ta cnopyau NPUAHATTA pilleHb
BMNA) y P,

* NiHii KOMyHIKaUirA
® 3/liTHO-MOC3AKOBI CMYTH reoiHpopmaLLinHi
* TOLWO cuctemu (GIS)

OaHi nasepHoro

CKaHyBaHHA

Puc. 2. Konyenmyanvna cxema inmezpayii 2eonpocmoposux 0anux
mepumopii aeponopmy ¢ BIM ma GIS cucmemu

J1n1st nepBUHHOT 0OPOOKH, FE€ONPHUB’A3KH Ta «3LIMBKM» OTPUMAHHUX XMap TOYOK BUKOPUCTO-
Byt0Tbcsl porpamui komiuiekcu tuny Cyclone-REGISTER ot Leica Geosystems. JlonaTkoBo
Ha IIbOMY €Tari po0iT € MOXKIIMBICTh CPOPMYBATH KapTy chepruuHUX MaHopaM 00’ €KTa, sKa J0-
3BOJISIE MPOTJISIATH MTAHOPaMHU 3 Oy/b-sIKO1 CTAHLIT CKaHYBaHHs, @ TaKOK IMPOBOAUTH BUMIpH,
3ajMIIaTy aHoTauli Tomo. OTpuMaHa XxmMapa TOYOK €KCIIOPTYEThCS JJIsl OJalbiloi 0OpoOKHU B
nporpaMHuid mpoaykr, Tuny Autodesk ReCap, sikuil MICTUTH BEJIMKY KUIbKICTh HajalUTyBaHb
JUIsl KEpYBaHHS XMapolo (BUIAJIEHHS TOYOK, peJaryBaHHs IHTEHCUBHOCTI KOJILOPY TOIIO) 1 J10-
3BOJIsIE BUUTH HA HEOOXITHUH piBeHb JeTamizalii ;s nooynosu BIM-moneni.

Jlani xmapa TO4OK eKcropTyeTbest a00 B rporpamu BIM-mozentoBanns, abo B GIS-niporpamu
U1 IOJTAJIBLIOTO ONPALIFOBAHHS 3aJIEXKHO B1Jl TEXHOJIOTTYHMX 3aBJaHb. Ha 11boMy eTani He BUHU-
Kae MmpoOJieM 3 IHTerpali€lo JaHuX Ja3epHoro ckanyBaHHs, ockiibku ArcGIS, Revit, Civil 3D,
Credo, Bentley, Allplan Ta 6arato iHIMX nporpaM HampsMy 34dTYIOTH (hailiu, o 3ade3neuye
LIBUKUM JOCTYII JIO IAHUX Y€pe3 BIICYTHICTh HEOOXITHOCTI KOHBEpTALli Ta IMITOPTY.

BIM Ta GIS npoctip MaroTh 0arato CHiibHOro, ajie 1 PI3HATHCSA B LUIAX 300py AaHUX,
crioco0ax reOMETPUYHOTO MOJIETIOBAHHS 1IEHTMYHUX 00’€KTIB, PIBHI JAeTallizallii, Iporpam-
HUM 3a0€3MeYeHHsAM Ta iX BUIKPUTUX CTaHAApTiB. Bunuiserscs Tpu npoliemMu, siki HeoOXiTHO
BUPILIUTH IpH iHTErpauii imkeHepHux ta GIS pimens [17]:

- CeMaHTHKa — PI3HMMM TepMiHAMHU Ta Habopamu aTpuOyTHUBHOI 1H(OpMaLii BU3HAYaA-
FOThCS T1 2K caMi 00’ extu B BIM ta GIS;

- TONOJIOTTYH1 BIIHOCHHU — Pi3HI MiJXoau A0 Tonojorii, GIS BUKOpHCTOBYE TOUKH, JiHII 1
noJiironu; CAD/BIM BUKOpUCTOBYE CILIaiiHU, TapaMeTPUUH1 KpUBI, TOLIO;

- ¢opmaru manux i crangaptd — GIS BukopuctoBye mein-gaitnu, GML 1 CityCML;
CAD/BIM BukopucroBye DWG, DGN, RVT ¢aitnu 1 IFC.

Komnanii Autodesk Ta Esri mpoBoasTh poOoTu 1070 00’ €fHaHHA 1aHUX 1H()OpMaLIHHIX
Mozenel ta reoiHpopMmaniinux cucreMm. lle mosBomnsie reHepyBatu iHdopmario i3 BIM Ta
GIS nmns cTBOpeHHs1 OUIBII B3a€MOIIOB’A3aHOT IHPPACTPYKTYPU, BUKOPUCTOBYBATH JIaH1 JJIs
MIPOEKTYBaHHsI, OY/[IBHUIITBA Ta PEKOHCTPYKIii B KOHTEKCTI pealibHO1 TepuTopii. Pimenns ans
IHTerpalii CKOHLIEHTPOBaHI EPEBAKHO Ha BITOOPAKEHHI CEMAHTUUHUX JJAHUX, OMUC SKUX HE
NOBHICTIO cTanAapTu3oBanuil B BIM/GIS; Ha neperBopeHHI reoMeTpUYHUX 00’ €KTIB.

Amnanizyroun cyyacHi cxemu BIM/GIS inrterparii Ha 0CHOBI IPOrpaMHOTroO 3a0€3MeUeHHS
s iHpopmaniinoro moaentoBaHHs Autodesk (Revit) 1 ctBopeHHs reoiHpopMaLiiHUX CHC-
teM Esri (ArcGIS), MoxHa BuauuTH /B1 KOHUenii inTerpauii moaeneir BIM B GIS, siki B oc-
HOBHOMY 3aCTOCOBYIOThCS.

OpHi€r0 3 HUX € IEPETBOPEHHS AaHuX 1H(GOpMAIIITHUX MOJIesiel 3a JOMOMOTO0 IPOrpaMm-
Horo 3a0e3rnedyenHst Feature Manipulation Engine (FME), sike inTerpye moneni BIM y dop-
Mmati IFC (Industry Foundation Classes) B ArcGIS 3 po3mupennsam B3aemonii nanux ArcGIS.
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[Hmmit croci6 inTerpaunii — npsme 3unryBanHs BIM-mozneneit Autodesk nporpamuum 3a6e3-
neuyeHHsM ArcGIS Pro. Lle nepa po3po6ka, sika 06’ eanye mnatgopmu GIS 1 BIM 3a normo-
MOTO10 KOPEKTHOT iHTerpauii [17].

FME Desktop po3po0iaenuii i iHTerparii IpocTOpOBUX 1 CEMAaHTUYHUX JAHUX 1 € i7ealb-
HUM JIOTIOBHEHHSM OY/Ib-KOi reoindopMariitHoi cuctemu Ta 3abe3nedye KOHBEPTAIlI0 JaHUX
outbin Hik 200 popmatis CAIIP, GIS, CYB/] i pactpoBux nanux. [louarkoso IFC ¢gopmar Oy
3anpOBa;[>KeHI/n71 s komiuiekciB Autodesk Revit Ta Tekla, ane moctynoBo ctaB 6ydepom 06-
MIHY NOBHUX JIJaHUX O€3 BTpaTu u{cbopMauu/IHoro HanoBHeHHs. Takoxx FME Desktop Bukonye
NIEPETBOPEHHSI CUCTEM KOOPJIMHAT 1 HpOCKI_IH/I NEPETBOPEHHS TaHUX 13 BUKOPUCTAHHAM 010:110-
Teku 3 Outhi HDK 300 nmeperBoproBauiB AaHuX (transformers), CTBOPEHHS BIIACHUX €JIEMEHTIB 1
ixHix aTpuOyTiB 6e3 HeoOX1THOCTI KOYBaHHS JUIsl peopraHizallii, epeTBOpeHHs 1 MoAupIKaIlii;
31ICHIOE 00’ €THAHHS 1 HOLIMPEHHS JaHuX 10 Mepexax [nTpaner / Iurepner [18].

VY Mmexax peanizanii B ['omnannii 3D-kagacTpoBoro cranaapry, 1mo pospooiserscs Hari-
OHAJIBHUM KOMITETOM M0 IH(QPACTPYKTYpi re0/laHuX, 3alpOBAHKEHO MPOEKT 3 OHOBJICHHS
OGC CityGML crannapry, skuii 3acHoBaHo Ha GeoBIM Ta IFC cranmaprax. ¥ 2015 poui
komnais Esri BUIycTuiIa HOB1 IHCTPYMEHTH, 5Kl 3a0€3Me4yI0Th IHTerpalito 6e3 BTpaT i 21
CityGML knacy npoctopoBux 06’ekriB B iH(popMmaniiinii mozem 3D City.

Crangapt CityGML Bigkpuroro reomnpoctopoBoro korcopiiymy (OGC) mmumpoko BHKO-
PHUCTOBYETbCS B YyCbOMY CBITI Juid 30epiraHHs BipTyalbHUX 3D-Mozeneid, ki MOXYyTb OyTH
3araJlLHUMM JIJIs1 PI3HUX Iporpam, MOYMHAIOYM BiJl IJIAaHYBAHHS, apXITEKTypHO-O0YyAIBEIBLHOTO
MIPOEKTYBAHHS IO MOJIEIIOBAaHHS YMOB HaBKOJIMIIHBOTO CEPEAOBHUINA 1 YIPABIIHHS Oy/iBIIs-
MH Ta 00’ extamu [17].

3araoM, 3arporoHOBaHI KOHIENTYaJIbHI 3acajid HTEerpallii reopoCTOPOBUX JIAHUX aeporop-
TIB CIPSIMOBAHO HA BUPOOJIEHHS MPUHLIMIIB YIIPABIIHHS TEPUTOPISIMU 3 YpaXyBaHHSIM Cy4aCHHX
MICTOOY/IIBHUX, apXITEKTYPHHUX, €KOJIOTTYHUX 1 KOHCTPYKTHMBHHX BHUMOT, LIOJI0 30€peXEHHS Ta
PO3BUTKY Cy4acCHUX OO’€KTIB TPAHCIIOPTHOI IH(PACTPYKTypH 1 3a0e3MeUeHHs iX HOPMAJIbHOT Ta
0e31ne4Hoi eKcIuTyarallii. 3 ypaxyBaHHSIM HOBHX YMOB 3€MJIEKOPUCTYBAHHS Ta PO3BUTKY TEPUTO-
piii, 13 TpaHc(opMalli€r0 MPOLECIB MPOEKTYBaHHs, OYyIIBHHMLITBA Ta EKCIUTyaTallli Cy4acHHX
00’€KTIB TPAaHCHOPTHOI IH(PPACTPYKTYpH HA OCHOBI BJJOCKOHAIIEHHSI HOBITHIX IIU()POBUX TEXHOJIO-
I'iif, BUHATKOBOI'O 3HAUY€HHs 3/100yBa€ HAYKOBO-TEXHIYHE OOIPYHTYBaHHS OCHOBHMX €TaIliB Ipo-
LIECY CYYaCHOI'O TEPUTOPIAIBHOTO PO3BUTKY, AIEBICTH 1 CTYIIHb peali3allii MICTOOY/IIBHHUX PIilIEHb
Ha OCHOBI CTBOPEHHSI Ta PO3BUTKY €(DEeKTUBHUX METOJIIB SIK OCHOBU MPOEKTHO-IUIAHYBAIBHHUX PO-
O1IT 3 METOIO MIIBUILEHHS SIKOCTI IX po3pOOKHU i 0OIPYHTOBAHOCTI MPUHHATHX pilieHs [ 19].

BucHoBkM BianoBiaHo 10 crarti. BucHOBKaMM LbOTO JOCIIHKEHHS €:

1. JIazepHe Ta siiapHe CKaHyBaHHS aKTUBHO BUKOPHUCTOBYEThCS Y CBITI Iijl 4ac MPOBEICHHS
IHXEHEPHO-T€0/IE3MYHMX BUILYKYaBaHb JJIs 300py M€ONpPOCTOPOBUX JIaHUX IIPH BUKOHAHHI pOOIT
13 pEKOHCTPYKLIi, MOJepHi3allii a00 Oy/iBHULITBA 3TITHO-II0CAIKOBUX CMYT, OYy/iBEIb Ta CIIOPYI.
Jlnst Teputopiit aeponopTiB JOLUIBHO BUKOPHCTOBYBAaTH METOM HA3€MHOro (CTallilOHApHOIO Ta
MOOUIBHOTO) Ta JiiiapHoro 3HiMaHHs. Ilicis monepeaHpoi 06poOKM y BIAMOBIAHUX MPOTPAMHUX
NPOJIyKTax OTpUMaHi JjaHi 6e3 BTpar sikocTi inTerpyrothes B BIM ta GIS cepenosuite.

2. CyuacHi reoingopmartiiiti Texnomnorii, BIM-monentoBanus ta GIS-cucremu nepani ya-
CTillIE BUKOPHUCTOBYIOTbCS JIJIsl MIPOBEJCHS KOMILUIEKCY POOIT 13 MPOCTOPOBOIO IJIAaHYBaHHS,
MIPOEKTYBaHHs, OyJIBHUIITBA Ta PEKOHCTPYKLIi aeponopTiB. Ili yac BUKOHAHHS KOMILIEKCY
poOit y BIM ta GIS iHTerpytoThcst pi3Hi TEXHOJIOTTYHI HAIIPSIMKH, Taki Ak 3D-monentoBanHs,
MO/IEIb-OPIEHTOBHE MPOEKTYBAHHS, NOOYA0BA i aHalli3 PI3HOTO POy MOBEPXOHb, JIaHi J1a3e-
PHOTO Ta JiIapHOTO CKaHyBaHHS, peanizauis 3D-cepenoBuina jyuig Bizyanizauii Touo. [Ipo-
6nemoro BIM/GIS inrterpariii 3aiimatorbcst pOBiHI BAPOOHUKHU MTPOrPaAMHOTO 3a0€3MEeUeHHS,
taki Ak Autodesk, 1 Esri. [IpoGnemu, siki Bupimyrorbes npu BIM/GIS inTerpauii nanux — ce-
MaHTHYHAa Ta TONOJIOTYHA PO30OLKHICTE, pi3H1 (OpMATH JaHUX.

3.Y nocaimkeHHl po3po0ieHa KOHIENTYyadbHa CXeMa IHTerparii reornpoCcTOPOBUX JIAHUX
TEpPUTOPIi aepONOPTY, OTPUMAHUX LUISIXOM JIa3€pPHOr0 Ta JIAapHOro ckanyBaHHs B BIM Ta
GIS cucremu. Kom6inoBanuii BIM/GIS niaxia € Ki1r0u0BOIO CBITOBOIO TEHJICHIIIEIO Ta BUMO-
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rOl0 yacy IpHu BUKOHAHHI pOOIT 3 MPOCTOPOBOTO IUIAHYBaHHS, IPOEKTYBaHHsI, Oy/AIBHUIITBA Ta
PEKOHCTPYKIIil, TOOTO MPOTArOM BCHOI'O KUTTEBOTO HUKITY 00’ €KTA.

4.3anponoHOBaHI KOHUENTYaJIbH1 3acaid MOXYTh OyTH BUKOPUCTAHI Y BUPOOJICHHI FeHe-
paJIbHUX IUIAHIB Ta MPOEKTIB JETAIBHOTO IUIAHYBAaHHS SIK OCHOBHUX JOKYMEHTIB, 1110 BHU3HA-
YalTh 1 BUPILIYIOTh MPOOJIEMH KOMIUIEKCHOTO TEPUTOPIAJIbHOTO IUIAHYBAHHS, a TAKOX SK
OCHOBHM HayKOBO-TE€XHIYHOTO OOIPYHTYBaHHsI PillIeHb 13 NPOEKTYBaHHs, Oy/IIBHULITBA TA €KC-
IUTyaTtalii CydacCHUX 00’ €KTIB TPaHCHOPTHOI IHPPACTPYKTYpU HA OCHOBI CTBOPEHHS Ta pPO3BU-
TKY €(peKTUBHUX reoiH(POopMaIIHHUX TEXHOJIOT 1.
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UDC 528.48:69
Olena Boiko, Dmytro Lyashenko, Dmytro Prusov

CONCEPTUAL FUNDAMENTALS OF AIRPORT BIM /GIS SPATIAL
DATA INTEGRATION RECEIVED BY LASER SCAN

The urgency of the research. Nowadays the transport infrastructure design, construction, and operation are improved.
1t depends on the active development of digital technologies: Global navigation satellite systems, digital photogrammetry,
lidar, and laser imaging. Geospatial data are used in geoinformation systems (GIS) and computer-aided design (CAD) sys-
tems. The approaches to these technologies integration are in need of research.

Target settings. This important scientific problem consists of spatial data integrating ways. The goal is to establish buil-
ding information models (BIMs) and GIS geoinformation models connections. Nowadays, when BIM is used mainly for the de-
sign and reconstruction of construction sites, GIS addresses a much wider range of spatial planning and management tasks.

Actual scientific researches and issues analysis. The paper analyzed and summarized publications on the subject: the ex-
perience of construction information models (BIM) and geoinformation models of GIS implementation in the airport's studies.

Uninvestigated parts of general matters defining. After the stage of geospatial data capture with the help of different sensors
(GNSS, UAV, laser scanners), the data is imported into CAD or GIS. Different sofiware products are used to work with both models.
Also, the process of data organizing in the process of Building Information Models (BIM) and Geoinformation Models (GIS) crea-
ting is different. The integration of such models has not been researched yet. That is why this question could be investigated.

The research objective. The question of integration of semantics, topology, formats, and standards of geospatial data in
the process of spatial data integration, is required. An important task is to develop and study the experience of software
modules that allow integrating (BIM) models into the environment of geoinformation systems (GIS).

The statement of basic materials. Autodesk and Esri are leaders in data-model integration and geoinformation systems
building. The paper determines the relevance of the Feature Manipulation Engine (FME) module, which integrates BIM
models in the Industry Foundation Classes IFC format in ArcGIS. An important area of further technology development is
the introduction of the Open Space Consortium (OGC) standards in the production of the CityGML standard. This standard
is promising for storing virtual 3D models that may be common to CAD and GIS.

Conclusions. In the article the development of technologies that enable more interconnected infrastructure creation is
proposed. The question consists of the BIM and GIS model integration for spatial data infrastructure (SDI) creation.

Keywords: geospatial data; geoinformation systems (GIS); building information models (BIM); BIM/GIS integration; laser
and lidar scanning, transport infrastructure; airports, construction; reconstruction, geospatial data infrastructures (SDI).
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IIJISIXY MIJIBUIIEHHA KOPO3IMHOI CTIMKOCTI 3AJIIBOBETOHY

Axmyanvnicme memu 0ocnioncenun. Ha cboeooui numauus KoposiiHoi cmiiikocmi 6emoHHux ma 3ani300emoHHUx
xoncmpykyii (3bK) € akmyanonumu 8 ycoomy c8imi, OCKinbKU cMyniHb KOpO3itiHO20 3aXucmy makux KOHCMpYKyill 6U3HAYA€E
mepminu ix excnayamayiiHoi npudamuocmi ma pisenb cmitiko2o po3gumky 6y0ieenbHux npoyecia 3a2anoMm.

Ilocmanogxa npoonemu. Ilpupoono-knivamuuni 30y YKpainu xapakmepusyiomucs neHOI HeOOHOPIOHICMIO K 34
memnepamypoio, max i 3a KiioKicmio piuHux onaodie, wo 4acmo cmaioms npuduHoIo NPOMIKAHHA NeBHUX 0ecmpyKYIiHUX
npoyecig y 3a1i300emoHi, 30e0inbulo2o no8 A3aHux i3 KOpoOyBaHHAM Memanegoi apmamypu i, K HAcIi0oK, CYmme8o20 3HuU-
JiCEHHS MePMIHI6 ii excnayamayii.

Ananiz ocmannix docnioxycens i nyonikauyiii. Ilpobnemi xopo3sii apmamypu 3anizobemony npukyma yeaza 0azamvox
BIMYUHAHUX MA 3aKOPOOHHUX YYeHuX. 30Kpema, 3HauHa y8aza npuoiiicmvcs cnocobam niogUUeHHs WinbHOCHI YyeMeHMHO-
20 KameHio 6emony, K aKmugHo20 copbeHmy 80102U i3 HABKOIUUHBLO2O Cepedosuwya ma mpancnopmepa ii 0o memanesoi
apmamypu. Taxoodic 6Kazyemovcs HA 3HAYHUL GNAUE MEMNEPaAmypPU HABKONUUHBO2O cepedosuyd (n08imps) Ha WEUOKICb
NPOMIKAHHA XIMIYHUX MA eNeKMPOXIMIYHUX NPOYECI8, WO CHPUHUHAIOMb KOPO3II0 apMamypu ma 3aKiaoHux eiemMeHmis.

Buoinenna nedocnioscenux uacmun 3azansnoi npoonemu. Hezsadicarouu na eenuxy Kinbkicmo nyonikayil, npucesieHux Ko-
positinum npoyecam 6emoHy ma 3ani300emony, Ha Cb0LOOHIWIHIL OeHb He 80AEMbCA 8 NOGHIL MIpi 8UOTTUMY TOU YU iHWUIL cnOCIO
3anobieants Koposii, K Haubinbw oicsuil. Ha nauty oymky, ye nos si3ano Hacamnepeo i3 iocymHicmio 0y0b-sKux CUCmeMamu306a-
HUX OGHUX CIOCOBHO CYHACHUX 3acobie bopombbu npomu koposii 3K, wjo 0o3eorame 3Hauno 30insuwiumu cmpoku ix excniyamayii.

Mema pooomu. Y 38°3Ky 3 yum, memoro yici pobomu € ananiz cnocobie nioguujeHHs mepminy eKCuryamayiiHoi npu-
dammuocmi 3ani300emonHUX KOHCIPYKYIL, WO NPayioloms 8 YMOBAX AspecUsHUX ammoc@eprux anaiusie.

Buxnao ocnoenozo mamepiany. [Ipoananizosano 0CHOBHI cnOCOOU 3HUICEHHSA PIGHS NOPYBAIMOCMI YeMEHMHO20 KameHio Oe-
MOHY HA emani o020 GU20MOBNEHHS 3 GUKOPUCIMANHAM PIZHO20 POOY MOOUDIKyIOUUX 000a60K, Ma HA emani exchayamayii 3anizo-
6emonHol KOHCMPYKYTT wiiaxom tioeo 2iopogibizayii ma xanemamayii. Hasedeno nacnioku mpusanux KopositiHux 8niueie Ha me-
manesy apmamypy 3aii300emoHy ma cnocoou ix 3anobieanHs, NEPesadicho NoB A3AHUX 13 NPOCOUEHHAM apMamypu Miepylouumu
inzibimopamu xoposii. Hasedeno nepedymosu UKOpUCmManHs KOMRO3UMHOL apMamypu 8 AKOCMi anbmepHaAmusUu Memanegii.

Bucnogxu 6ionogiono oo cmammi. Bcmanoeneno, wo oCHOBHUM Odicepenom Kopo3ii 6emoHHUX ma 3ani306emoHHux
KOHCMPYKYIll € KaNiApHO-nopucma CmpyKkmypa YyemMeHmHo20 KameHio 6emomy, wo CrLydicums aKmusHUM CIOKOM 801102U md
Pi3H020 poOy Ximiunux domiuiox. Bcmanosneno, wo naubinout dicsum cnocobom 3anodizanis Koposii memanesoi apmamypu
HUHI € BUKOPUCMAHHA MAK 36AHUX MicpYlouux iH2iOimopie Koposii, wo Ha 6ioMiHy 6i0 iHwux cnocobie (2iopogibizayii ma
Kanomamayii) 3abe3neqye HAOIIHUL MPUBATUTL 3AXUCT MEMANEBUX CINEPIICHIE 8i0 83aEMOOIi i3 HABKONUWHIM cepe0osuuleM.

Kniouosi cnosa: 6emon; 3anizobemon; Kopo3sisi, eKxcniyamayiina 008208iuHicmy, apmamypa.

Puc.: 7. Bién.: 22.

AKTYyaJIbHicTh TeMH Aociigxenns. Huni OeToHH1 Ta 3a11300€TOHHI KOHCTPYKIIIi € He-
3aMIHHOIO CKJIaJIOBOIO OY/ib-SIKOTO OYIIBHUITBA, IO OOYMOBJIEHO MEPEAYCIM HOro BUCOKMMHU
eKCIUTyaTal[lfHUMHU SIKOCTSIMH, HaJIMHICTIO, IIBUAKICTIO 3BeAeHHs Tolo. OnHak GaraTopiy-
HUHI JTOCBIJ BUKOPUCTAHHS OETOHHUX CHUCTEM MOpSJ 13 NepeBaraMd BU3HAYMB 1 HEJOJIKH,
OB ’s13aH1 HacamIiepe]l 31 CTPIMKUM MOTIPIIEHHSM TE€XHIYHOTO Ta €KCIUTyaTalllfHOro CTaHiB
3a1300eToHHUX KOHCTpyKLiK (3BK) BHacmiOKk 3HaUHUX KOPO31MHUX BIUIMBIB 31 CTOPOHH aT-
MocdepH Ta IpyHTY (IpyHTOBa KOpO3isl) B pe3yJibTaTi IPOCOUYEHHS OETOHY I'PYHTOBUMH BOJIa-
mu [1]. TIpu upomy BinOyBaeTbcs LUIa HU3KA JECTPYKUIMHUX MPOLECIB, 3A€0UIBLIOrO
MOB’sI3aHUX 13 BUJIYTOBYBaHHSIM Ta KapOOHI3aIli€}0 KOMIIOHEHTIB OETOHY 3 YTBOPEHHSIM y HO-
ro CTPYKTYp1 KOMIUIEKCY JIETKOPO3UMHHUX COJIEH, 110 3HAUYHO 3HMXKYIOTh TPUBAIICTh O€3Bil-
MOBHOI eKCIUTyaTalii 3a1i300eTOHHUX KOHCTpYKLiHd. OTke, MUTaHHS KOpO3iiHOI CTIHKOCT1
0eTOHY Ta 3a1i300€TOHY € aKTyaJIbHUMHU 10 BCbOMY CBITI.

ITocTanoBka mpoOJemu. [IpupoaHo-KiIiMaTUYHI YMOBU €KCIUTyaTallii 3ai1i300€TOHHUX
KOHCTPYKLIH YMHATH CYTTEBUH BIUIMB Ha iX JOBFOBIUHICTb, OCKUIBKH B PI3HUX KIIMAaTHUHUX
YMOBax MPOTIKAIOTh NEBH1 (P13UYH1 MPOLIECH, 1110 HOCATh PYHHYIOUMH BIUIMB Ha OETOHH1 KOH-
CTPYKIii, Cepe]] HUX LIUKJIM 3BOJIOKYBAHHS Ta BUCYIIYBaHHS, 3aMOPOXKYBAaHHS Ta BlITaBaHHS,
a TakoXX 3HaYH1 TeMIepaTypHi KOJuBaHHS [2].

30Kkpema, IpUPOIHI 30HM YKpaiHM XapaKTepU3YIOThCS 3HAUHUMH KOJMBAHHSAMU 32 Kilb-
KICTIO pIYHMX OMaJiB y pi3HUX ii perioHax. HailOuiblua KUIBKICTh OMAiB CIIOCTEPIraeThes B
3axinHux perioHax Ykpainu nonaza 1000 Mm/pik, y TOH 4ac SIK CyXOCTENOBa 30Ha 13 cepel-
HBOIO KUIbKicTIO onaaiB 10 400 Mm/pik cioctepiraeTbes Bia nonusss IliBnennoro byry (Mu-
KoJaiBchKka 00:1.) 10 KpumMcbkoro miBocTpoBa (puc. 1).

© Bbonoro M. I'., bornotos I'. I1., [Tpubutsko 1. O., Kop3auenko M. M., 2019
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Puc. 1. Kapma onaoie ¢ Ykpaini

Hxepeno: [3].

Pa3oM 13 MM 3MIHIOETBCS 1 IPYHTOBMM map Ykpainu, skuil Ha 40 % ckiagaeTses 13 aepe-
BO-TII30JIMCTOrO IPYHTY Ta CIpUX JICOBUX I'PYHTIB, 10 KOHILEHTPYIOTHCS, 3/€0UIBIIOT0 Ha
[Tomicei #1 xapakTepu3yIOThCsl HEBEIUKUM BMICTOM Tymycy (1,5...3,0 %), Ta 60 % dopHO3eM-
HUX Ta KalITAHOBUX 1 TEMHO-KAIITAHOBUX I'PYHTIB, 1[0 B KOMIUIEKCI 13 COJIOHIIMUA KOHIIEHT-
pPYIOTbCS B CTENOBIN YaCTHHI HAILIOT JAepKaBU W XapaKTepU3YIOThCA 3HAYHUM BMICTOM JIETKO-
PO3YMHHUX cojiel (BepTicosei, snirocosieit). [1oTy)XKHICTh T'yMyCOBOro IIapy TaKMX IPYHTIB
3a3BHYal Ty)Ke BeluKa 1 konuBaeThes Big 40 cM 1o 1 metpa.

TemneparypHi BINIUBU TaKOXK € BU3HAYAJIBHUMU 3 MOTJIAAY €KCILTyaTaliiiHOT 1OBrOBIUHO-
cti 3bK. lna Ykpainu 3arajgom xapakTepHa I€BHA HEOJHOPIAHICTh TEMIIEparTyp, 10 0Co0In-
BO MPOSIBJISETHCA B JITHIN nepioa. Tak, y NIBHIYHUX 11 perioHax CIOCTEPIraeTbCsl KOJIMBAHHS
teMmieparyp B Mexax Bif 25 no 30 °C, y To#t yac sk Ha IliBani Ykpaiau ta AP Kpum temmne-
paTypa BapitoeTbes B Mexkax Bif 35 no 45 °C. Taki cyTTeBI TeMIepaTypHI epenajayd HeraTus-
HO BIUIMBAIOTh HA MPOTSDKHI KOHCTPYKILii, HAIPUKIAL NiA3€MHI TpyOOIIPOBOAM.

AHaJi3 oCcTaHHIX J0cailKeHb I myOaikamiid. Y po6orax [4; 5], NpuUCBSYEHUX TOCIHI-
JDKEHHIO 0COOJIMBOCTEH eKcIlTyaTalii 0eTOHHUX Ta 3113006 TOHHUX KOHCTPYKIIII B arpecus-
HUX CEpEelOBUIIAX HABEJCHO BUPIMIAJbHUMN BIIMB TEMIEpPaTypH HABKOJMIIHBOIO CEPEIOBU-
ma (MoBITpsl) Ha HIBUJKICTh MPOTIKaHHS KOpos3iiHuX mpoueciB (puc. 2). Ilokaszano, mo
ICTOTHA PI3HULA TEMIEPATYp Y PI3HUX pErioHax MO)Ke MPHU3BECTH JI0 YTBOPEHHS TEPMOTallb-
BaHIYHUX KOPO3IMHUX Hap y TpyOOnpoBojax, 110, Y CBOIO Yepry, MOCUIIOIOTh MICLIEBY I'PYH-
TOBY KOpo3ito. Takok Moka3zaHO BIUIMB TEMIEpAaTypu Ha XiJ €IEeKTPOXIMIYHOI KOpO3ii, OCKi-
JbKA BOHA 3MIHIOE PO3YMHHICTH BTOPMHHUX HPOJYKTIB KOpO3ii, BIUIMBA€ Ha IIBUIKICTh
audy3iiHuX npouecis, Touo [6]. [lokazaHo BIIIMB TeMIlepaTypy Ha XiJ| €IEKTPOXIMIUHOT KO-
pO3ii, OCKUIbKM BOHA 3MIHIOE€ PO3YMHHICTh BTOPUHHUX MPOJIYKTIB KOPO3ii, BIUIMBAE HA IIBUJ-
KiCTh AU(Y31MHUX mpoLeciB TOwo [7].

VYce 11e CTBOPIOE AOCUTH HECHPUSTINBI YMOBH Ui TOBFOBIYHOCTI OETOHHUX KOHCTPYK-
uid. Ciaig 3a3HAYUTH, 0 KAMITAIBHUN PEMOHT TaKUX KOHCTPYKIIIH IMicis TpUBaioi Al KOpo-
311 moTpedye 3HaYHUX (PIHAHCOBUX BUTPAT.
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Puc. 2. 3anescnicmo weuoxocmi koposii 6emony 6i0 memnepamypu nogimps

Buainenns HeqocaizKeHNX YACTHH 3arajbHol npoduaemu. He3paxkaroun Ha BENUKY Ki-
JBKICTh MyOJiKaIii, MPUCBIYEHUX KOPO3IMHUM IpoliecaM OeTOHY Ta 3ai300€TOHY, Ha ChO-
TOJIHI HE BJA€THCS MOBHOIO MIPOI0 BUAUIMTU TOW YM IHIIMHA croci0 3amoOiraHHs KOpo3ii sk
Hailoutbl AieBuid. Ha Hamy aymKy, Lie noB’s3aHO Hacammepes 13 BIACYTHICTIO Oy/b-IKMX CH-
CTEeMaTU30BaHUX JaHUX, CTOCOBHO CydacHHX 3ac00iB 60poThOu mpotu kopo3ii 3bK, mo ao-
3BOJISITH 3HAYHO 30UIBIIUTH CTPOKHU IX EKCILTyaTallii.

Merta po6oTu. Y 3B’53KYy 3 LIUM METOIO L€l poOOTH € aHaii3 coco0OiB MiIBULLIEHHS Tep-
MIHY eKCIUTyaTaliiiHOi MPUAATHOCTI 3aj11300€TOHHUX KOHCTPYKIIHM, 10 MPALIOI0Th B YMOBax
arpecuBHUX aTMOC(EpHUX BILIUBIB.

Buknan ocHoBHoro marepiany. Ilpakruka npomucinoBoro Bukopucrtands 3bK nokasye,
10 HAUOUTBII CXMJIBHUMU JI0 XIMIYHOT aTMOC(EpHOi KOpo3ii € LIEMEHTHUI KaMiHb, 110 € OC-
HOBOIO OETOHY Ta 3yMOBIIIOE YTBOPEHHS MOro KanuIIpHO-NOPHUCTOI CTpYKTypu. OCTaHHE, y
CBOIO YEpry, CIYrye CBOEPIAHUM CTOKOM BOJIOTH Ta arpecHBHHX KOMIIOHEHTIB 1 aKTMBHUM
TPAHCTOPTEPOM iX JI0 MeTaneBoi apmMarypH. 30kpema, HIBUJIKICTh K0p0311 LIEMEHTHOTO KaMme-
HIO BU3HAYAETHCS CTYIIEHEM HOro r1)1paTau11 10 3yMOBJICHUI HAsIBHICTIO HAa HOTO MOBEPXHI
cuctemu Makpo- (dy > 0,05 mxm) Ta mikpomnop (d, < 0,001...0,002 Mxm).

Opnnak y po6oTi [8] mokazano, 1o B npoueci ekcruryatauii 36K, HaBiTh 32 yMOBH BiACYT-
HOCTI LIKIJUIMBUX BIUIMBIB, y MaTepiaii 0eToHy OyayTh mepeBakaTu came makponopu. Lle, y
CBOIO Yepry, iICTOTHO MIJBUILYE PU3HKH PO3BUTKY XIMIYHOI Ta €JIEKTPOXIMIYHOT KOPO3ii.

Orxe, OCHOBHI 3aX0/, CIIPSIMOBaHI HA 3HMKEHHS BIPOT1THOCTI YTBOPEHHS KOPO3i1i LIEMEHT-
HOT'O KaMEHI0, TaK YM 1HAKILE, 3BOJIATHCS 10 3HWKEHHS MOro BOJOMOIIMHAHHS. SIK MOKa3aHOo B
[9] ocTaHHE nOCATAETHCA NUISIXOM CTBOPEHHS KpUcTalli3aliiiHoro Oap’epa rinpodiodizarieto, T00-
TO HaJIAHHSIM MOBEPXH1 OETOHY BOAOBIIUTOBXYIOUHX BJIACTUBOCTEN IIIAXOM aJcopOLii Ha 1i rmo-
BEpXHI CIeIaIbHUX peareHTiB — riApodidizaTopis, noniopraHocpmaKcaHH (erMHiﬁopraHquoi'
eMyJbceii), a00 KaJlbMaTali€o, TOOTO 3alI0OBHEHHSAM ICHYIOUMX HA IOBEPXHI MaTepialy BIIKPUTUX
NOp CHELiaIbHUMU KalbMaTyHOUUMHU u{rpemeHTaMH 10 HOCATH HA3BY «Herigpom» [10].

Leit cnoci6 3amobiranHsa Kopo3ii He € e(PeKTUBHUM 32 YMOBH ICHYBAaHHS JE€(PEKTIB LILIb-
HOCTI O€TOHY, TaKMX K TPILIMHH, PO3BUTOK SKHX IlI€ TPUBAE, TAKOXK BIH HOCUTH CKOpIIIE
TUMYACOBHH XapakTep, OCKUIbKH 3 YaCOM LI KOMIIO3HULIIT BUMUBAIOTHCS BOJIOIO, 1110 MOTPeOye
Nepi0AMYHOrO0 (pa3 B 2-3 poKM) MOHOBJIEHHS IIpo(POOHUX BIACTUBOCTEH OETOHY.

binbi HagiiHUM 3 OISy JOBFOBIYHOCTI OTPUMAHOIO pe3yNbTaTy € 3arno0iraHHs HaMi-
PHOrO MOPOYTBOPEHHS 11I€ Ha €Tarll BUTOTOBJICHHS 3aJ11300€TOHHOT KOHCTPYKIIT LIUIIXOM BBe-
JIeHHS1 B OETOHHY CyMIIII CIIELiajIbHUX J0OABOK, TaKk 3BaHUX MOAM(]IKATOPIB Ta MiacTugikaro-
piB [11]. Lli noGaBku MoknMKaHi 3a0€3ME€UYUTH CTIMKICTh OETOHY 1O BOJOHACHYEHHS LUIIXOM
3MEHIIIEHHS KUTbKOCTI BIIKPUTHUX TIOP, &, TAKOXK, MIBUIIUTH MOTO MII[HICHI BIIACTUBOCTI.
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Huni 3nauHa yBara BUeHUX Pi3HUX KpaiH NpUKYyTa J10 MpoOiIeMu KOpo3ii MeTajaeBoi apMa-
TYpH Ta MOUIYKY IUIXIB ii BUpimeHHs. Kopo3ist apMaTypu 3a11300€TOHY € OJTHUM 13 BUpilIa-
JBHUX (AKTOPIB, 1110 3yMOBJIIOE TEXHIYHUIN CTaH OyJIBENb 1 CHOPY/ 3arajioM 1 TArHe 3a o000
0araTo HEraTMBHUX HACIHIJKIB: 3HI)KEHHS aare3ii apMarypu i GETOHY; YTBOPEHHs TPIIIMH Ta
pYHHYBaHHS 3aXMCHOTO LIapy OETOHY; 3HM)KEHHS poO0YOro nepepizy apMarypH, 1o Ipu3Bo-
JIUTh 10 YaCTKOBOi a00 MOBHOT BTPATH HECYYOI 31aTHOCTI eJIeMeHTIB KOHCTpYKIIii (puc. 3). Lli
Je(eKTH 3 YacOM CTalOTh MPUUYMHOIO BIIMOBH POOOTH KOHCTPYKIIi Ta 1i pyiiHyBaHHs (puc. 4).

-
- - (]

Puc. 3. Cxemamuune 300pasicennss mpiyuHoymeopeHHs 8 3a1i300emoni
BHACIIOOK KOPO3TUHUX GNIUBIE HA MEeMAle8y apMamyp)y:
D, - pospaxynxosuii nepepiz apmamypu, d,— 3MeHweHull nepepis apmamypu 6HACAIO0K mpuganol Oii Kopo3ii

Puc. 4. Pyiinysanus 3aniz00emoHHux KOHCMPYKYitl BHACTIOOK MPUBANUX KOPOZIUHUX BNIUBIE
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Tak, y po6otax [12; 13] po3risiHyTo criocoOu 3aXUCTy apMaTypu 3aii300€TOHY HUITXOM
CTBOpEHHs J1ako(apOOBHUX 3aXMCHUX IMOKPUTTIB HAa MOBEPXHI apMmarypu ab0 HaHECEHHSM
CHOJIY4HOT eMOKCUAHOT cMOJU. Taki MOKPUTTA € JOCUTh KUCIOTOTPUBKHMHU T MOXKYTh BU-
TPUMYBATH TPUBAJIUI KOHTAKT 13 arpeCHBHUM HABKOJIMILIHIM cepeioBuileM. OHaK CyTTEBUM
HEJI0JIIKOM J1ako(hapOOBHX MOKPUTTIB € iX HEIOBrOBIYHICTh. 3 4aCOM BOHM MOXYTh BIALIApO-
BYBATUCh 1, BJIACHE, CTATH MPUYMHOIO NOPYIIEHHS 34EIUIEHHS OETOHY 13 OBEPXHEIO apMary-
pu. BukopucraHHsi eHOKCUIHUX CMOJI, TAKOK HE 3HAMUIILIO IIUPOKOTO MPOMHUCIOBOIO MOIIHU-

VY pobotax [14; 15] HaBegeHO AOCBIA 3aCTOCYBAaHHS MITPYIOUMX IHT10ITOPIB KOPO3ii
(MIK) s 3axucty apMaTypH BiJ HIKUUIMBHX aTMOC(EpPHHMX BIUIMBIB. MexaHI3M Jii Takux
PEUOBHUH CYTTEBO BIAPI3HAETHCA BiJl 3alIpONOHOBAHMX paHiie. [IpoHukaroun Kpi3b CTPYKTYp-
HI MIKPOHEIIUIBHOCTI O€TOHY, BOHM MPOCOYYIOTh IMOBEPXHIO apMaTypH, YTBOPIOIOYM HA HiH
3aXMCHUN MOHOMOJIEKYJIIPHUIA LIap, TUM CaMHUM YIOBUIBHIOIOUH [0 KOpPO3ii 32 yMOBH IMOIIe-
PenHBOI MOSIBU KOPO3IHHUX OCEPEKIB 00 MEePEIIKOKAIOUHU iX OsIBI B MAHOYTHBOMY.

VY 3B’s3KY 3 UM €(EeKTUBHICTb Jlii TAKUX PEYOBHMH PO3IJISIAETHCS 3 MOy CTYIEHS 3a-
XUCTY apMaTypH Bill Kopo3ii (Z, %), 1110 BU3Ha4yaeThes sk [16]:
(Kl KZ)]IOO:[(ZI . 12)].100’ (1)

1 ll

ne Kj, K> — mBHUIKICTh KOpo3ii (PO3UMHEHHS) METally B cepelloBHILi Oe3 1Hriditopa 1 3 HUM
[r/(M* ‘Ton)]; is, i> — IUIBHICTH KOPO3IHHOTO CTPYMY B CEPENOBHMILI O€3 iHriGITOPIB Ta 3 iHri-
O1Topamu, BiIOBIIHO [Alem?];

Ta Koe]ilieHTa rajJbMyBaHHS KOPO31MHUX BIUIUBIB (y):

Z=[

yE—=", (2)

Leit xoedirieHT BKa3ye Ha CTYMiHb raJIbMyBaHHs KOPO3ii MiJ] €0 IHT101TOpA.

VY po0ori [17] HaBeeHO pe3yabTaTH €KCIEPUMEHTAIbHOIO 3aCTOCYBaHHS 1HI10iTOpa KO-
po3ii Ha OCHOBI aMiHIB Ta coJiel OCH30MHUX KUCJIOT 3 METOI BM3HAYEHHS HOrO BIUIMBIB Ha
LIBUJIKICTh KOPO3IMHUX MPOLECIB B apMaTypi Ta 3aKJIQAHUX €JIEMEHTIB 3ani300eTony. Binpiz-
KHA apMaTypHOTo JpoTy BUKOHaHMX 31 ctaii Ct3cn aiamerpom 5 MM 3aBnoBxku 100 MM 3a-
YUILAINCS 0 METaJIeBOro OJMCKY Ta 3HEKUPIOBAINCS €TUIIOBUM CIIUPTOM. 3pa3KH pO3MILLy-
BaJMCAd B MeTajleBid onanyOIli TakMM YMHOM, 1100 OroJieHi KiHIi apMaTypu Ha 10 Mm
BUCTYNaNMU 3a MexXi onanyOku. [TotimM onanyOky 3amoBHIOBaIM OETOHHOIO CYMIIY 3 LIEMEHT-
HO-IIIAHO-BOASHUM cHiBBiIHOIIEHHAM 1:2:0,4. 3pazku BuTpumyBasiucs npotsarom 10 1id
MOTIM 3J1MCHIOBAIM PO3NaTyOJIeHHs] KOHCTPYKIII Ta OMIIIEHHS i B KOPO3iiiHE cepelOBUILE.

Ha puc. 5 HaBeieHO pe3ysibTaTu CKOJIIB 3113006 TOHHUX 3pa3KiB 0€3 MPOCOYEHHs HI101TO-
pamu Ta 3 MPOCOYEeHHM. Sk 30yIHUK KOpO31i BUCTYIIAaB PO3UMH XJIOPHIIB COJITHOT KUCIIOTH.

Puc. 5. JJocniosicennn anmuxopo3itinux enacmusocmeti iH2i0imMopHoi cymiwi:
a — 6e3 npocouenns; 6 — 3 npocoyennam MIK
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Sk BUIHO 3 pucC. 5, Ha 3pa3Ky 0e3 MPOCOYEHHS CIOCTEPIraeThCs CYTTEBUI 11ap MPOIYKTIB
KOPO3ii, B TOM yac sK MOBEPXHs MPOCOYEHOTO 3pa3ka 30epiraeTbCs B IEPBUHHOMY CTaHI.

Takum 4MHOM, 3aCTOCYBAaHHS IHTIOITOPHUX CyMillell € HaWOUIbII JIEBUM Ha ChOTOJHI
crocoOOM 3axXHCTy METaJIeBOT apMaTypH BiJl IIKIIJIMBUX BIUIMBIB arPECUBHUX CEPEIOBMUILL, 110
JI03BOJISIE 3HAYHO MOJOBXHUTHU CTPOKH ii eKCILTyaTallii.

Pazom 13 TMM cepenHili TEpMIH NPUAATHOCTI METAIEBOi apMaTypH 10 il KOpO3iiHOro pyii-
HYBaHHs B 3aJIEKHOCTI BiJl €KCIUTyaTallliHUX YMOB KOJMBA€ThCA B Mexkax Bl 5 10 20 pokiB.
[IparHeHHs MABUIMTH TEPMIHU €KCIUTyaTallifHOT IPUIATHOCTI OETOHHUX KOHCTPYKIIN B yMO-
Bax BIUIMBY arpeCUBHUX CEPEIOBUIL IPU3BEIH JI0 MOLIYKY ajJbTEPHATUB METAJIEBI apMaTypi.

Tak, B cepenuni 70-x pokiB XX crouirtss Kananceki HayKoBILII BIIEpIIe 3BEPHYJIN yBary
Ha BJIACTMBOCTI KOMIIO3UTHUX MaTepialiiB B SIKOCTI apMYIOUUX €JIEMEHTIB. YK€ TOJll y CBOiX
pobotax [18; 19] BoHM Bi3HAYa/IM 3HAYHY [E€pPEBAry KOMIIO3UTHUX CTEP)KHIB HaJl METAJICBU-
MH, 110 3yMOBJIEHO HacamIepes iX eKCIUTyaTaliiHO0 HAJIHHICTIO Ta JOBIOBIYHICTIO; €KOHO-
MIYHOIO BUTOJI0I0 (1110 cTaHOBUTH ToHA 50 % y pasi 3aMiHU METalIeBOi HA CKJIOTIACTUKOBY);
MIPOCTOTOI0 TPAHCIOPTYBAHHS; BIMIHHUMHU MIIHICHUMHU XapaKTEPUCTUKAMHU (IO HA PO3TAT
HE MOCTYMAaIThCA, & HaBITh MEePEBAKAIOTH MeTajeBl 3pa3ku [20]); CTIMKICTIO 7O PI3KUX TEM-
nepaTypHUX MepenajiiB Ta FOJIOBHE, BOHU HE CXUJIbHI IO KOPO3ii B YMOBaxX arpeCUBHUX BILIHU-
BIB HaBKOJIMIIHBOTO CEPEIOBUILA, 110 BUKIIOYAE HEOOXIHICTh MPOBEIEHHS JI0JJaTKOBUX 3a-
XOAIB WIOJA0 3a0e3MeyeHHs KOpO31MHOI CTiMKOCTL. VYce 1€ BKadye Ha MOTEHLIHHY
e(EeKTUBHICTH ii 3aCTOCYBaHHS IIPU BUTOTOBJIEHHI Oy/IIBEIbHUX KOHCTPYKLIN PI3HOTO MpHU3-
HAUEHHS B PI3HUX KYTOUKaX HAIIOI [UIAHETH.

VYrepiie koMno3uTHa apmartypa OyJia 3aCTOCOBaHa B KaHAJIChbKiH MpoBiHLii MaHiTo6a npu Oy-
JIBHULTBI 3ai1i3HUYHOTO MocTta «Headingley» (puc. 6, a) [21]. Y nopanbioMy KOMHOO3UTHI IPYT-
KU HaOyBarOTh LIMPOKOI'O 3aCTOCYBaHHs Takox y Kanani, mpu OyQiBHULITBI JOPOXKHIX OKPUTTIB,
110 MPALFOIOTh 3€OUIBIION0 B yMOBaX 3HAYHUX arpECUBHUX BIUIMBIB, OCKUIbKU KaHAJChK1 IOPOTH
Bi/1 6 10 8 MICAIIIB Y PIK PACHO MOCUITAIOTHCS CULTIO BHACIIOK 3HAYHUX OMa/IiB Ta TPHUBAIUX 3HM.

Ha renepimHiii 1eHb apMaTypH1 KOMIO3UTHI NPYTKH niepioanyHoro npoduio (AKII) Ha-
OyJii 3HAYHOIO MPAKTUYHOIO 3aCTOCYBAHHS 110 BCbOMY CBITOBI IPH BUKOHAHHI TYHEJIbHHX
poOit (3ani3HUYHMNA TyHENb 1iA p. Temza, BenukoOpuranis) (puc. 6, 6), OyIIBHULITBI NOPTO-
Bux crnopya (M. Ilorrep Kaynti, CIIIA), aBTOJOpOXKHIX Ta MIIIOXIAHUX MOCTIB 13 3aCTOCY-
BaHHSM IOTEPEIHBO HANPYXKEHOI BYIJIeIIacTUKOBOI apmatypu (M. Hrocensaopd, I'epmanis,
M. lep6pyxk, nposinuis Ksebdek, Kanana tomo) (puc. 6, 6, 2 BIInoBiqHO) Ta 6araTo iHIIUX.

Puc. 6. IIpaxmuune 3acmocysants KOMRNO3UMHOI apmamypu
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VYHacniI0K TaKMX BIACTUBOCTEH, K MarHiTOIHEPTHICTh Ta PadIONPOHUKHICTh KOMIIO3UTHA
apMaTypa noyajia BAKOPUCTOBYBATUCH IIPU OyAIBHULITBI MEIUYHUX AIAarHOCTUYHUX LIEHTPIB, B
SAKUX TepeadadyeHo BUKOPUCTAHHS pajiaiiiiHoro obnagHanus. Tak, y M. berecna mrar Mepi-
nena (CIHIA) i3 BUKOpPHCTaHHSIM HeMeTaleBOoi apMaTypu Oysio MoOyloBaHO LIEHT MarHiro-
pe3zonaHcHoi ToMorpadii, a B Oputancbkomy Pouectepi — OyniBiit0 MeIMYHOT KITHIKK «Maifoy.

Humni Bimomi ckiortactukoBa (ACII), 6azamprommactukoBa (ABII) ta ByrnemnactukoBa
(ABII), mo Bigpi3HAIOTHCS OJIHA BiJ OJHOI MaTepialioM OCHOBH (MaTPHUILICIO) Ta TEXHOJIOTIEIO BU-
roToBiIeHHs [22]. 30KpeMa, CKIIOILIACTUKOBA apMaTypa BUTOTOBIIIETHCS 3 BUKOPUCTaHHAM CKJISI-
HUX BOJIOKOH IPOCOYEHHUX TEPMOPEAKTUBHUM a00 TEpPMOIUIACTUYHMM IOJIIMEPOM. 3a CBOIMHU
BJIACTUBOCTSAMH BOHA JICIIO TOCTYMAETHCS JBOM IHIIIMM, aJie MIIHICHI XapaKTEePUCTUKH TPUOIH3-
HO Y JIBa pa3M BHILE HDK y METaJeBOro aHajory (puc. 7, a). bazanbToBi BoJIOKHa pa3oM 13 BUCO-
KUMHU MEXaHIYHUMHU BJIACTUBOCTSAMHU BOJIOIIOTH IMiJBUIIEHOIO CTIHKICTIO IO arpECUBHUX CEPeo-
BUIIl, TOOTO 3a0e3MeuyloTh 0€3BIIMOBHY POOOTY B yMOBax OUIBILIOCTI KHMCIOT COJIEW Ta JIyriB
(puc. 7, 6). HaitOuibIn MiITHOIO € BYIJICTIACTUKOBA apMarypa. Taki CTprkHI 3a0€3MeuyroTh Mill-
HICTh Ha PO3TST, 1110 BTPHUI IEpPEBEPLIYE CKIOMIACTUKOBY. BogHouac BoHa noegHye B c001 KHC-
JIOTOTPUBKI BIaCTUBOCTI 0a3abTOINIACTUKOBOI apMatypH (puc. 7, 6). ['0JI0BHUM HETOTIKOM BYT-
JIETIACTUKOBOT apMaTypH, 1110 0OMEeXYe il IMPOKE MPOMUCIIOBE 3aCTOCYBAaHHS, € ii LlIHA.

Takox cepes] HEOMIKIB KOMIIO3UTHUX MPYTKIB CIiJ] BUAUIUTH HU3BKUN MOJYNb IPYKHOC-
11 (50 I'Tla qnst mosiMep-koMno3uTHO1 apMarypu, Ta 210 I'Tla qst metaneBoi), mo podbUTs ix
HENPUJATHUMU JUIsl BUKOPUCTaHHs 0€3 MONepeHbOr0 HaIllpY)KEHHsI IPU BUTOTOBJIEHHI KOHC-
TPYKIIH, 0 CIPUUMAIOTh 3TMHAIOY] Ta CTUCKAIO4l HaBaHTa)XCHHS, a TOTraHa aare3is Takux
IPYTKIB 13 0ETOHOM 3HAYHO YNOBUIBHIOE il IIUPOKE MPOMUCIOBE BIIPOBAPKECHHS.
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Puc. 7. Buou komnosumnoi apmamypu.
a — CKjlioniacmukoed, 60— 6a3aﬂbm0nﬂacmukoea; 6 — gy2lleniacmuKkoea

B Vkpaini 3acrocyBaHHs KOMIIO3UTHOI apMaTypu y OyAiBeNbHUX Ipoliecax Modajocs
muie 3 2013-ro poky 13 po3podkoro Jepxxkcrangapry (JACTY H b B.2.6- 185), mo pernamen-
TY€ 3aCTOCYBaHHS HEMETAJIEBUX apMaTyp JJIsl CTBOPEHHS KOMIIO3UTO-O0ETOHHUX KOHCTPYKLIIH.
AJie )OJHUX BIIOMOCTEH Mpo OYAIBHULITBO peaJbHUX 00 €KTIB 13 BUKOPHUCTAHHSAM IOJIMEp-
KOMITO3UTHUX CTPUKHIB Ha TEpUTOpIi YKpaiHu, HaXkaib, HEMAE, 1110 CBITYUTH IIPO HENOCTAT-
HIO PO3BHUHEHICTH IIbOTO pUHKY. OUEBUHO 11€ OB’ S13aHO 3 BIJICYTHICTIO TOBHOI YSIBH NPO MO-
BEJIHKY LbOI'O MaTepialy B PI3HUX €KCIUlyaTallliHUX yMoBax. Takox BIACYTHI OyAb-gKi HO-
pPMaTHBHI JOKYMEHTH, Kl O perjaMeHTyBaJli pO3paxyHKOBI NEPEIyMOBHU Ta MPOEKTYBAHHS
KOHCTPYKI[I 13 BUKOPUCTAaHHSAM KOMIIO3UTHUX apMYIOUUX CTPHIKHIB.

BucHoBku BianmoBigHo 10 crarri. OTxe, MOKHA 3pOOUTH BUCHOBKH, 1110 OCHOBHHM JIKE-
pesioM Kopo3ii OETOHHUX Ta 3a11300€TOHHUX KOHCTPYKIIN € KalUIipHO-IIOPUCTa CTPYKTypa
LIEMEHTHOTO KaMEHI0 OETOHY, 110 CIYTye aKTUBHUM CTOKOM BOJIOTH Ta PI3HOTO POIY XiMiu-
HUX JIOMIIIOK 1 aKTUBHUM TPaHCHOPTEPOM IX N0 MeTalleBOi apMarypu. BcraHoBieHo, 110
HaWOLIBII JIIEBUM CIOCOOOM 3amoOiraHHs Kopo3ii MeTaneBoi apMaTypu Ha ChOTOJHI € BUKO-
PUCTaHHS TaK 3BaHUX MITPYIOUMX IHTIOITOpIB KOpO3ii, 0 Ha BIAMIHY BiJ IHIIUX CHOCOOIB
npocoueHHs (rigpodidizarii Ta xKanpMmaTalii) 3ade3neuye HaAAIMHUN TPUBAIUN 3aXHCT MeETa-
JIEBUX CTPHIKHIB B1Jl B3a€EMOJII1 3 HABKOJIMILIHIM CEPEJOBHILEM.

Hapeneno oco06mmBocCTI Ta c(hepu 3aCTOCYBaHHS KOMIIO3UTHUX apMYIOUUX MPYTKIB SIK ajlbTe-
pHaTHBY MeTaneBuM. [loka3aHO OCHOBHI NepeBaru Takoi apMaTypH, FOJIOBHUM YMHOM IOB’s3aH1
13 iX KOPO3IHHOIO CTIMKICTIO Ta BUCOKMMH MEXaHIYHUMH BIACTUBOCTSIMH. OHAK HEOOXITHO Bpa-
XOBYBATH 1 iXH1 OCHOBH1 HEI0JIIKH, CIIPUYMHEH]1 HU3bKUM MOJYJIEM IPYKHOCTI Ta IIOI'aHOO ajre-
31€10 3 OETOHOM, I1I0 Pa3oM I3 BIICYTHICTIO HOPMATUBHOI 0a3u po3paxyHKY KOHCTPYKIIIH 13 BUKO-
PHUCTaHHAM TaKOi apMaTypH 3HaYHO OOMEXYe Ti IHPOKE IPOMUCIIOBE BIPOBAIKEHHS.
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UDC 691.237:620.193
Maksym Bolotov, Gennady Bolotov, Iryna Prybytko, Korzachenko Mykola

WAYS OF INCREASING OF REINFORCED CONCRETE'S
CORROSION STRENGTH

Urgency of the research. Nowadays, the issue of corrosion resistance of concrete and reinforced concrete structures is
relevant worldwide, since the degree of corrosion protection of such structures determines the timing of their operational
suitability and the level of sustainable development of construction processes as a whole.

Target setting. The natural and climatic zones of Ukraine are characterized by a certain heterogeneity both in tempera-
ture and in the amount of annual rainfall, and often cause certain destructive processes in reinforced concrete, mainly relat-
ed to corrosion of metal reinforcement and, as a consequence, a significant reduction in its service life.

Actual scientific researches and issues analysis. The problem of corrosion of reinforced concrete reinforcement has at-
tracted the attention of many domestic and foreign scientists. In particular, considerable attention is paid to methods of in-
creasing the density of cement stone of concrete, as an active sorbent of moisture from the environment and its conveyor to
metal reinforcement. Also, significant influence of ambient temperature (air) on the rate of chemical and electrochemical
processes causing corrosion of reinforcement and mortgages is indicated.

Identification of unexplored parts of the general problem. Despite the large number of publications devoted to the cor-
rosion processes of concrete and reinforced concrete, to date, it is not possible to fully identify one or another way of pre-
venting corrosion as the most effective. In our opinion, this is due, first of all, to the lack of any systematic data on relatively
modern means of combating concrete corrosion, which will significantly increase their service life.

The purpose of the work. In this regard, the purpose of this work is to analyze ways of increasing the service life of re-
inforced concrete structures operating under conditions of aggressive atmospheric influences.

The statement of basic materials. The basic methods of reducing the level of porosity of cement stone of concrete at the
stage of its production with the use of various kinds of modifying additives, and at the stage of exploitation of reinforced concrete
structure by its hydrophysisation and calmatization are analyzed. The consequences of prolonged corrosion effects on reinforced
concrete metal reinforcement and methods for their prevention, mainly related to impregnation of reinforcement by migrating
corrosion inhibitors, are presented. The prerequisites for using composite reinforcement as an alternative to metallic are given.

Conclusions. It is established that the main source of corrosion of concrete and reinforced concrete structures is the
capillary-porous structure of cement stone concrete, serves as an active drainage of water and various chemical impurities.
1t is established that the most effective way of preventing corrosion of metal reinforcement, today, is the use of so-called mi-
grating corrosion inhibitors, unlike other methods (hydrophobization and clogging) provides reliable long-term protection of
metal rods from interaction with the environment.

Keywords: concrete; reinforced concrete; corrosion; service life; reinforcement.
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TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
OCHOBHI BUMOI' 1O O®OPMJIEHHA TA ITIOJAYI PYKOIIUCIB
HAYKOBUX CTATEH IO HAYKOBOI'O )KYPHAJLY
«TEXHIYHI HAYKH TA TEXHOJIOI'1i»

IIlanoBHi fonucyBayi!

Jns  mopaHHs CTaTTI HEOOXIAHO CHOYaTKy HaJICIaTH Ha €JIEKTPOHHY ajpecy
tst.technical.sj@gmail.com Bamry crarTio, perien3ito Ta 10BiIKy mpo aBTopa (iB) AJs momnepe-
JHBOT'O PO3IJISAY PENAKLIHHOI0 KOJIETIE )KypHaly « TeXHIYH1 HayKH Ta TEXHOJIOTID.

[Ticnst oTpUMaHHS NO3UTHUBHOTO BIATYKY MPOXaHHS CIUIATUTH BapTICTh MyOJiKaLii 1 BiAM-
PaBUTH BECh MAKET JOKYMEHTIB.

Jns nyOmikauii cratti y skypHam «TexHIUHI HayKd Ta TEXHOJIOriD» HEeoOXiIHO B
000B’13KOBOMY MOPSIKY MOJATH:

— eJICKTPOHHUI BapiaHT CTaTTi, 0POPMIICHOT 3a 3pa3KOM;

— peLeH3iio Ha CTATTIO 3a MIMUCOM JOKTOpa HayK;

— JIOBIJIKY PO aBTOPIB;

— KBUTAaHIIIO (CKaHOBaHy) MpO CIUIaTy BapTOCTI MyOuiKalii HayKOBO1 CTaTTI.

OnyOnikyBaHHS HayKOBUX cTaTed y >kypHall «TexHI4H1 HayKd Ta TE€XHOJIOTiD» € Iuiar-
HuM. Bapricte my6nikaunii 1 CTOpIHKM HayKOBO1 CTaTTi CTaHOBUTH S5 rpH (IpoXaHHS
000B’3KOBO YTOUHIOBATH BapTICTh MmyOikailii). OmiaTa miaTBepaKy€eThCsl KBUTAHLIELO.

YMOBH ITYBJIIKALTI, BAHMOI'H II[OJ10 O®OPMJIEHHA CTATEH, PEKBI3SUTH
OIlVIATH TA OCTAHHI HOMEPH HAYKOBOI' O /KYPHAJ1Y «TEXHIYHI HAYKH
TA TEXHOJIOI'Il» POSMIIIIEHO HA CAHTI YEPHITIBCHKOI' O
HAIIIOHAJIBHOI'O TEXHOJIOI'TYHOI' O YHIBEPCUTETY:

http://tst.stu.cn.ua/

KonTakTHa indopmauis.

Marepianu HeoOxiqHO Hajacunatu Ha azapecy: 14035, m. Yepniris, Byn. LlleBuenka, 95,
Kopi. 1, k. 242 (HayKOBO-JIOCJi/THA YACTHUHA).

KonTakthHa oco6a: Kopmuiio Ipuna MukonaiBHa.

Ten. po6.: (0462) 66-51-15

Ten. m006.: (093) 592-78-12

E-mail: tst.technical. sj@gmail.com

BinnoBiganbHicTh 3a MaTepiajan, HaBe/leHi y CTATTi, Hece aBTOP.
HenpaBniibHO 0(popMIIeHI ABTOPOM CTATTSHA TA CYNPOBi/IHI JOKYMEHTH,
110 He BilNOBIAI0Th 3a3HAYEHUM BUMOI'aM, PO3IJIAJATHCA He OYYyTh.

Peoaxyis pozensdae naoxooicennsn nyonikayii ma cynpogionux 0oKymenmis (peyensii,

008i0KU NPO a8mMopie Mmowjo) K 3200y 0onucysaua (ig) ujo0o nepedadi asmopcbko20 npasd
Ha BUKOPUCTNANHS MBOPY (MUPACYB8AHHS, PO3NOBCIOONCEHHS MOUYO).
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