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HNIABUIMEHHA TOYHOCTI TA TIPOAYKTUBHOCTI OBPOBKHU
TOPIIB POJIMKIB HIJIHIUITHUKIB KOYEHHSA

Axkmyanvnicme memu 0ocniddcenns. Bucokomouna ma npodykmusHa 06pobka mopyie ponuxie niouunHuKie KouenHs
€ AKMYANbHUM | 8AACTUBUM HAYKOBO-NPAKMUYUHUM 3A80AHHAM, BUPIULEHHS K020 003801UMb AK NIOSUWUMU MEPMIH CIyICOU
NIOWUNHUKIE, MAK T 30ewesumu ix 8UpOOHUYMEO, a omaice, NIOBUWUINU PiGeHb KOHKYPEHMOCHPOMONICHOCH NPOOYKY.

Ilocmanogxa npoonemu. OCHOBHUMU GUMO2AMU, WO CMAGIAMbCA 00 POAUKIE NIOWUNHUKIE KOYeHHs, € 3a0e3neyeHHs]
8UCOKOI MOYHOCMI PO3MIPIB, opMu Ma AKOCMI MOPYesUX NOBEPXOHb NPU BUCOKIT NPOOYKMUBHOCTI npoyecy 0OpoOKuU.

Ananiz ocmannix docnioxcens i nyonikayiii. OCHOBHUMU HANPAMAMU NIOBUWEHHS MOYHOCMI MA NPOOYKMUBHOCTI
080CMOponHbOi  mopyeunipysanvHoi 06pobKu € 30UIbWUeHHs JHCOPCIMKOCMI CUcCmeMy 8epcmam — HPUCMOCY8AHHA —
iHCmpyMenm — 0emans, 3MeHUIeH sl Men108020 6NIUBY, YOOCKOHANEHHA KIHeMAMUYHUX XAPAKMEPUCIMUK PYX) 3A20MO8KU 8
3011 06pOOKU, ONMUMI3AYIS KOHCIPYKYIT MA Xapakmepucmux wiigpyeantbHux Kpy2ie.

Buoinenns ne oocnioxncenux paniwe wacmun 3azanvhoi npoonemu. Oonum i3 HaubinbW NEPCNEKMUBHUX HANPAMIG
nioBULeHHSI MOYHOCME MAa NPOOYKMUBHOCII npoyecy 080CMOPOHHbOL MopyeunighysansHoi 06pobku € uKopucmants eghe-
KMy cxpeujeHHs ocell winighysanvHux Kpyaie ma 3a20moeox npu cneyianbHomy npo@into8anii iHCmpymeHmy.

Ilocmanogka 3aédanna. [Iposecmu ananiz pakmopis, wo 6NIUEAIOMb HA MOYHICMb MA NPOOYKMUGHICMb 06POOKU MO-
Ppyesux nosepxousb demanell Ha 080CMOPOHHIX MOPYEUTIPYBATLHUX 6ePCMAmMAx, ma po3pooumuy Ho8Uil 8UCOKONPOOYKMUG-
Hull cnocib6 o6poOKU Mopyeaux NOBepPXoHL PONUKIE NIOWUNHUKIE KOUeHHs, AKUll Ou 3a6e3neuy8as ModCIUBiCcb CKIA0AHHS
MiNl KOYeHHs 3 KilbysAMU He CeleKMUBHUM MeMOoO0OM, a MemOOOM NOBHOI 83AEMO3AMIHHOCTI.

Buknao ocnognozo mamepiany. Kombinosana npaska opichmoganux y 080X NiOWUHAX WAIQyBanbHUX KpY2ié HA 080CMO-
POHHIX moyewnighysanvHux epcmamax 0ac 3mMo2y ompumamu Ha oinvwomy diamempi kaniopysanviy Oinanky. Ipu yvomy eecw
NPUNYCcK 3pi3yemvcst Ha OLianyYil, npuieaiitl 00 Kaniopysanvroi. Kanibpyseanvra Oinsauka Ha 6xo0i Oemarell y 30Hy 00poOKu He
bepe yyacmi @ 3pi3y8anHi NPUNyCcKy, Mac UCOKY CIIIKICMb i Ha 8UX00i popMye OCmamouHy MmoyHiCMb MOPYEGUX NOBEPXOHD.

Bucnoeku 6ionogiono 0o cmammi. Y pobomi 3anponoHo8ano Ho8uUll GUCOKONPOOYKMUBHULL CHOCIO 0OHONPOXIOHOT 00pOOKU
Mopyegux noBepxoHb POIUKIE NIOWIUNHUKIE KOUeHHS HA 080CMOPOHHIX MOPYEUTIGHYBATLHUX 8EPCMAMAX OPIEHMOBAHUMU WLTiDY-
BANLHUMU KDY2AMU, WO MAIOMb KaniopyeanvHy OLIAHKY, AKa 3abe3nedye 8Ucoky moynicmos obpobku. Leii cnocibd dosgonac smen-
wiumu Oianasom po3ciio8ants po3mipie ma nepetimu 00 Memooy NOGHOI 83AEMO3AMIHHOCTE NPU CKAAOANHT NIOWUNHUKOBUX GY3Ti6.

Kniouosi cnosa: osocmoponna mopyewinighyeanvua o6podka; winigpysanvii kpyeu 3 Kaniopysanbhoio OiIHKOIO;, POIUKU
NIOUUNHUKIG KOYEHHS, MOYHICIb 00POOKU MOpYesUx NoBEPXOHb POIUKIE RIOWUNHUKIE, NPOOYKIMUBHICTb 00POOKU.

Puc.: 5. bion.:17.

AKTyaJIbHiCTh TeMH AocTiI:keHHs [liTIIMMHUKYA KOUYEHHS € HaWOUIbII MOIIMPEHUMU
CTaHJAPTHUMHU CKJIAJAIbHUMH OJMHHIISIMHU, SIKI BUTOTOBJISIIOTH HA CIIELIai30BaHUX 3aBO/IaX.
Ix mmpoko 3acTOCOBYIOTH ISt PyXOMHEX 3 €/JHAHb, OCOONHBO B MEXaHI3MaX i3 BUCOKHMH Bill-
HOCHUMH MIBHJKOCTSAMU OOEpTaHHS, MEXaHi3MaX 31 3HAYHHUMH CHJIOBUMHU HaBaHTaKEHHIMHU
Ta BUCOKMMHU BUMOTaMHU J0 TOYHOCTI iX IIEHTPYBaHHS.

BoHu MaioTh MOBHY 30BHILIHIO B3a€MO3aMIHHICTh 33 30BHIIIHIMH, BHYTPIIIHIMH J[laMeT-
paMM Ta IIMPUHOIO KiTelb. MK KUIBLSAMHU Ta TUIAMH KOYECHHS iCHYy€ HETOBHA B3a€EMO3aMiH-
HICTh, OCKUIBKM KUIBLSA Ta TUTa KOYEHHS CKJIAJalOTh CEIEKTUBHUM METOJIOM, IO IOJIATA€E B
TOYHOMY BUMIPIOBaHHI JIMCHUX PO3MIpiB MOBEPXOHb, COPTYBAHHI iX Ha PO3MipHI IpynH B
MOPSAIKY 3POCTaHHS PO3MIpIB BiJ HAWMEHILIOTO IO HAMOUIBIIOrO 3 HEBEIUKOIO iX Ipajali€eio
Ta MapKyBaHHI PO3COPTOBaHUX BUPOOIB JUIS IX MOJATIBIIOTO CKiIagaHHs. Tomy nyxke BaXXIUBO
320e3MeUUTH TOYHICTH OOPOOKH KieIh Ta TLJ1 KOUEHHS 3 MIHIMAJIbHUM PO3CIIOBAaHHSIM PO3Mi-
piB 00pOOICHUX MOBEPXOHB JJIsl 3SMEHIIICHHS TPYIOMICTKOCT1 CKJIaJaHHS.

MocranoBka nmpodaemu. ['OCT 25255-82 «[loamunuuku kaueHus. Ponuku uumuHapu-
YeCcKHe JIMHHbIC. TeXHUYECKUE YCIOBHUS» BCTAHOBIIOE BUMOTHU JI0 POJIHMKIB IiIIIMITHUKIB.
Ponvku moBHHHI BUTOTOBIIATHCS TPhOX cTyneHiB ToyHocTi I, 11, Ta Il amst sskux HOpMyrOThCS
OCHOBHI napameTpu. Tak, HanpuKiIa, Uit CTyneHi ToYHoCTi | mpu nossxuHi ponuka 10 30 MM
BEpXHE T'PaHUYHE BIIXWIeHHS es = +1,5 MKM, HHXKHE ei=-7,5 MKM, BUIYKIICTb TOPIS IO

© Kanpuenko B. B., Kanpuenko /]. B., Bemxkera B. 1., Ps6os C. 1., 2019
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2 MKM. YBITHYTICTh TOPIIB POJUKIB HE JOMYCKAeThbCsA. PONMMKM MOBUHHI OyTH TEpMiuHO 00-
po0ueni o TBepaocti 60...65 HRC, He matu TpimuH, pakoBUH, KOPO3ii, CITi/1IB IPUIIATIB.

OTxe, 3a0e3Me4eHHs] TOYHOCTI Ta MPOJYKTUBHOCTI OOpOOKM TOPIIB POJIMKIB MIALIUITHU-
KiB € aKTyaJIbHUM 1 BaXJIMBUM 3aBIAHHSIM.

AHaJIi3 0OCTaHHIX J0CJiI:KeHb | myOJikaniid. HallOurbmuii BB Ha SKICTh 1 TOYHICTH
BUPOOY MarOTh OIepallii Ha 3aKII0YHUX eTarnax oOpoOku. Takoro omepartieto € nutipyBanHs,
SIKE 3a3BUYall BUKOHYETHCS 33 JJOTIOMOTOIO TPAAULIIHHUX crtoco0iB: mumidyBaHHs nepudepiero
YM TOpIeM aOpa3uBHOTO Kpyra, ajieé 4acTo Il COCOOM He JI03BOJISIOTH OTPUMATH 3arOTOBKH
3aJ]aHO1 SIKOCTI ¥ 3a0e3Me4nTH NOTPIOHY MPOTYKTUBHICTD.

OpnHuM 13 HalOUTBII e(heKTUBHUX CIIOCOOIB MEXaHIYHOT 0OpOOKH JeTanel, 10 MalTh Ma-
pasieNibHI TOPIIEBI NOBEPXHI, Y TEMEPIlIHii yac € ABOCTOPOHHS TopuelnntipyBanbHa 00podka
(ATHIO). Huni cepell OCHOBHUX HANPSMKIB 1 pe3yabTaTiB MiABUILIECHHS €(EKTUBHOCTI MPO-
necy ATHIO aBTopwu [1] BUALISAIOTE TaKi.

1. YmpaBiiHHsS KOPCTKICTIO BepcTaTa 3 METOI0 MiHIMI3alii JIMITYIOUUX 3CYBIB y 30HI
00poOKH.

VY poborti [2] BupimieHa 3ajaya 3a0e3MeueHHs MiJBUIIECHHS 0ChOBOT )KOPCTKOCTI BepcTara
3a paxyHOK 3MEHILIEHHS 1 B3a€MHOI KoMIleHcalii fedopmariiii cucteMu KOPIYCHUX JeTajei,
iX CTHKIB 1 OTIOp; pO3BaNly KPYIiB y BEPTUKAJIbHIM IJIOLIMHI Bil CUJIH, MPHUKIAACHOT B3IOBXK
oci kpyra. TakuM YHHOM, palioHaTbHa KOMIIOHOBKA i OajmaHC MOJATIMBOCTEH €IEMEHTIB
MPY)KHOT CUCTEMH BEpCTaTa MOXYTh 3a0€3MEUUTH BIACYTHICTh KYTOBHX 3CYBIB ILTi(yBajb-
Hux kpyriB (IUK) mpu npuknanenni ockoBoi cun. Kytosi 3mimenns LK npu BigneHTpoBo-
MYy MPUKIIAJICHHI HABAHTAKEHHS HE KOMIICHCYIOThCS.

VY po6ori [3] BU3HAUEHI TEOPETUYHI YMOBH, 32 SIKHX MMOXHOKa (GopMu netaneil Habmmxa-
€Tbcs 10 Hylns. L{i yMOBH 3BOJSTHCS 10 TIEBHOTO MICLS pO3TAIllyBaHHS TaK 3BAaHOTO «IIOJIFOCA
nmoBopoTy» kpyra Il (TO4ku, BITHOCHO $KOi KPyr MOBEPTAETHCS MiA MI€I0 CHI Pi3aHHs)
(puc. 1). Ilomoc MOBOPOTY MOBUHEH 3HAXOJIUTHCS B 30HI KaniOpyBaHHs. Lle Hakmanae oome-
’KCHHS Ha CITIBBIHOIIEHHS HABEICHMX JI0 Kpyra XapakTepUCTHUK >KOPCTKOCTI BepCTaTiB, L0
MPALIOIOTH 3 M0JIauei0 BUPOOIB «HA MPOXiIy.

J():ka' ] K/RK ‘R s
7€ jo 1jx — OCbOBA 1 KyTOBa >KOPCTKICTh Kpyra Ha IIMUHAEN; R, — pajlyc NpuKIaJaHHs pIBHO-
nito4oi cuin pizanus; Dy, — niaMeTp Kpyra.

PY

Puc. 1. Posmawysanns nonocy nosopomy LK y mouyi kaniopysanns I1
Ha padiyci R, nio diero cunu P, nam nieyi R,
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2. 3HIKEHHS HETaTUBHOT'O BILUIMBY TEIUIOBUX (hakTOpiB 1 Aedopmaltiii BepcTaris.

HeraTtuBHuii BIJIMB TEIUIOBUX MPOIIECIB PO3IIIAIAETHCS B IBOX aCIIEKTaX:

1) BIuMB BUCOKOTeMIIepaTypHuX npoueciB y koHtakTi [IIK i 3aroroBok Ha cTaH moBepx-
HEBOTO HIapy ¥ MOsABY MpUIIAIIIB;

2) BIUIMB TEIUIOBUAUICHHS Yy BYy3JlaXx TEPTs 1 HAUIMIIKOBOI TEMIIEPATypH OXOJIOIKYIOUO1
pinuan (OP) Ha TemmepaTypHi 3MIlIEHHS €IEMEHTIB HECy4oi CHCTEMH, L0 MPU3BOAATH JIO
3MIHH BIIHOCHOTO TOJIOXKEHHS 3aroToBky 1 LK.

[TpakTHYHUM pe3ynbTaToOM pillleHHsS Nepiioi Ternodi3n4Hoi mpodiemu B podotax [4] i
[5] € BmockoHaneHHs1 KOHCTPYKIIii 1 podouoro npodirro K. YV [4] 3amponoBano 11K 3 oTBo-
pamu uig migBosa OP B 30HY KOHTAKTY, 1[0 pO3TALIOBaHI IO KOHIEHTPUYHUX KOJIaX; BOHU XK
BUKOHYIOTh (DYHKIIIIO JOJJATKOBUX TEIJIOBIABOMAIB. Y [5] Ui YHUKHEHHS MPUIAJiB IPOMOHY-
€THCS BUKOPUCTOBYBATH MEPEPUBUACTI KPYTH 3 MazaMu pi3HOi KoH(pirypanii. [y mporo pos-
poOIieHi BiAMOBIAHI MPUCTPOT MPABKH ILTiQyBAIbHUX KPYTiB.

Ockinbku 3mimeHHs 1K 3ae6u1b1oro mos’s3aHi 3 TEIUIOBUMH JedopMallisiMi CTAaHUHU
yepe3 ii HarpiBaHHA BianpanpoBaHoo OP y neHTpanbHii BepXHiil YaCTUHI, OJHUM 13 pajuKa-
JTBHUX 1 TEXHIYHO MPOCTUX 3aXOMIB 3 1X MiHIMI3allii € BAOCKOHAJICHHS CUCTEMH BiIBEICHHS
OP B moemHaHHI 3 palioHATEHUM PO3MOAUIOM TEIUIOBUX MOTOKIB Y BepcTaTi. Y poboti [6]
PO3pO0IICHO 3aX0IM MO0 3HAYHOTO 3MEHIIEHHS (B 2-3 pasu) i cTabimizamii TemmoBux aedo-
pMariit msixom crabinizanii remnepatypu OP 1306amaHcoBaHOCTI TEIUIOBUX MOTOKIB.

3. 3abe3neueHHs! palliOHATBHUX KIHEMATUYHUX XapaKTePUCTUK PyXy 3arOTOBKH IPHU MPO-
XO/KEHH1 30HU 00pOOKH.

Jlnst peanizanii CHpUSTIMBOTO 3 TOUKH 30pY (POpPMyBaHHS TOUHOCTI pyXy 3arOTOBKH B 30HI1
nutipyBaHHs po3po0IieHi pi3Hi CXeMH PUMYCOBOTO ii 06epTanus [7-9].

Jlnst 3a0e3neueH st 3a/1aHOT0 3aKOHY 3MIHM KYTOBOI HIBUAKOCTI BUIbHOT 3aTOTOBKH B THI3-
i IMCKa-cernaparopa aBTOpaMH IPOBeJIeH] CreniajibHi po3paxyHKOBO-EKCIIEPUMEHTAJIbHI J10-
CI/DKEHHsI. 3alpONOHOBAHO METOJMKY BH3HAUEHHS CYKYITHOCTI TEXHOJIOTTYHHMX TapameTpiB
(xyrn Haxwty LK, mBuakicTe mogayi Ta mpuiyck Ha oOpoOKy), 110 3abe3neuye peanizaliio
ONTUMAJILHOI XapaKTePUCTUKU OOEepTaHHS 3arOTOBKH, NpHU sKii 3a0e3neuyeThcsi HeoOXinHa
TOYHICTH 00poOKu [10].

4. OnTuMizallis KOHCTPYKIii Ta reoMeTpuuHuX xapaktepuctuk LK 3 Mmeroro mifBuIeHHS
iX pOpPMOCTIHKOCTI 1 3HHKEHHS MOXHUOOK 0OPOOICHUX MOBEPXOHb.

VY pe3ynbTaTi MOJICNIOBAHHS MPOIecy (hOPMOYTBOPEHHSI 0OPOOICHUX TOPIIIB i BUPOOHUYUX
BUNPOOYBaHb BCTAHOBJICHO MO3MTUBHHI BIUIMB HAa TOYHICTh T'€OMETPUYHOI Moaubikalii Top-
neBux moBepxons LK y Burnsai mapabomnoigis obepranus [11]. dus GopmyBanHs mpodimaro
1K 3 mapaGomiuyHo0 MoAM(DIKaIlieo 3apoIIOHOBaHI BiAMOBIIHI pucTpoi npasku [12-13].

Hocnimkenuss ¢popmu K mokaszamu, mo HaWOUIBII IHTEHCUBHOMY 3HOCY MiJIA€ThCA
neHTpaibHa KitbleBa obnacts LK [14]. 3anpornoHoBaHo i mpUitHATA 10 BIPOBAHKEHHS OpH-
riHanbHa KOHCTPYKIis aByx3oHHOTO LK i3 rereporennumu BinactuBoctsMu [15]. 3acrocy-
BaHHS T'€OMETPUYHO MOJU(IKOBAHOTO 1 JBYX30HHOTO IHCTPYMEHTY NPHUBOJIUTH 10 MiIBH-
IIIEHHSI TOYHOCT1 00pOoOKH Ta mepiony Mk npaskamu LK.

5. 3acrocyBaHHA €()EKTUBHOTO CIIOCO0Y BIOPOAKYCTHYHOT IIarHOCTUKH MpoLiecy 00poOKu
WIIHAPUYHUX JeTajei 1 po3poOIeHoro Ha WOro OCHOBI METOY OINEPAaTUBHOI CHPSIMOBAHOL
KOPEKIii mapaMeTpiB HajlaroKeHHs BepcTara.

Cnoci6 BUOpOAaKyCTUYHOI A1arHOCTUKHU MPOIlecy 3aCHOBAaHUH Ha e(eKkTi 30yPKEHHS BUCO-
KOYaCTOTHUX KOJINBAaHb TUHAMIYHOI CHCTEMH TUCKa-CernapaTopa pOJMKOM, II0 00epTa€EThCs.
BcranoBnenuii B3a€MO3B 30K MOKAa3HHUKIB BIOPOXapaKTEPUCTUKU 1 XapaKTEPUCTUK OOepTaH-
HSl, 110 BU3HAYAIOTh TOYHICTh OOPOOKH 32 MapaMeTpoM TOPLEBOTO OUTTS, 3p0OOUB MOKIMBUM
e(eKTUBHE BUKOPUCTaHHS BIOPOXapaKTEpUCTHKH Ui ONEPATUBHOTO BUPOOHMYOIO Hajaro-
JDKEHHS TOpLENLTiQyBaIbHUX BEpCTATIB 1 Hioro kopekuii [16].

6. MopemoBanus nporecy JATIIO i mporHosyBanHs Gpopmu i moxuOok oOpoOIIOBaHMX
MOBEPXOHb, MOYKJIMBICTh IHTEPAKTUBHOTO BHOOPY KEPYIOUHUX TEXHOJIOTTYHUX ITapaMeTpiB.
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BujisieHHs HeTOCTII:KEHNX YACTHH 3arajbHol mpodJjeMu. BuMoru 10 TOUHOCTI TOPIIEBUX
MIOBEPXOHb, 1110 € OCHOBHUMH KOHCTPYKTOPCHKMMH M TEXHOJIOTTYHHMH 0a3aMy NPU HACTYITHOMY
KPYIJIOMY 30BHIIIHBOMY, BHYTPIIIHBOMY 1 O€3IIEHTPOBOMY IUTi(pyBaHHI, TOCTIHO 3pOCTalOTh,
OCKUTbKHM 3HAYHO BIUIMBAIOTh HA SIKICHI MOKa3HUKH MAIIMHOOYMIBHUX BUPOOIB 3arasioM. TexHo-
noriune 3abe3nedeHns TouHocTi npu JTILO crnpusie BupileHHIO npodieMu IMIOPTO3aMillIeHHS
BUPOOIB MaTMHOOYTyBaHHS 1 CIIPSIMOBAHO Ha 3MIITHEHHs] EKOHOMIYHOT HE3aJISKHOCT KpaiHu. Sk
MIOKa3ye JIOCBil MPOEKTYBAHH:, BUTOTOBJICHHS 1 €KCILTyarallii JBOCTOPOHHIX TOPLENUTi(hyBaIb-
HHUX BEPCTAaTIB, MIJBUIIECHHS iX I€OMETPUYHOI TOUHOCTI, dKOPCTKOCTI W IHIIMX MOKA3HHKIB He
3aBXM Jla€ e(eKT 3HKEHHS MOXUOKH 00pob6aeHnX TopiiB. ToMy OUTbII eheKTUBHUM HanpsM-
KOM € IIIBUILIEHHS TEXHOJIOTTYHIX MOmBocTel nporecy ATIIO, HpaBI/IJILHI/II/I BH61p partioHa-
JBHUX PEXUMIB mm(byBaHH;I OINITHMI3aLlisl XapaKTEePUCTHK IHCTPYMEHTIB 1 MapaMeTpiB HaJIaJIKH.

Merta ctatTi. MeTor0 1i€1 cTaTTi € po3poOKa BUCOKOMPOIYKTUBHOTO CIIOCO0Y 0OpOOKH TO-
PIIB POJMKIB MIANIMITHUKIB Ha JBOCTOPOHHIX TOLENLTiQyBalbHUX BepcTaTax, Skuii ou 3ade3-
nedyBaB OUTBII BUCOKY TOYHICTH PO3MIpiB 0OpOOIEHUX MOBEPXOHb 1, SK HACIIIOK, JI03BOJIUB
OU TIepelTH Bifl CEJIEKTUBHOTO METOAY CKJIaJaHHs MiAIUITHUKIB 0 MOBHOT B32€MO3aMIHHOCTI.

Bukaan ocHoBHoro marepiamy. OTpuMaHHS BHCOKOI TOYHOCTI Ta HPOIYKTHBHOCTI
JATIIO 3a0e3neuyeThes 32 paXyHOK 3HATTS IPUITYCKY 32 OJJMH MPOXij, 0AHOYACHOI 00poOKH
BiJ[pa3y JABOX TOPIIB KUTbKOX JeTalleH, 10 3HAXOAThCSA B 30HI 0OPOOKH, MPOCTOTH 3aBaHTa-
KCHHSA-BUBAHTAXCHHS 3 MOJIMBICTIO aBTOMATU3YBaTH L€l mpoliec, MiHiMi3alii mnoxuoku Oa-
3yBaHHSI, CyMIILIEHHsI B Yaci MPOIIECiB 3aBaHTAXKEHHS, 00POOKH Ta BUBAHTAXCHHS, CTBOPEHHS
HETEepPEPBHOCTI OTOKY 3arOTOBOK.

Jlnst migBuIineHHs eheKTUBHOCTI HuTipyBaHHs, 3MEHILIEHHS TEIUIOBOTO BIUIMBY HEOOXiIHA
npo¢iipHa npaBka kpyra. HailOouipm parioHaabHUM € KOMOIHOBaHUHM CrOCIO MpaBKH, Mpen-
CTaBJICHU HA pUC. 2 Ta NOCHIIKeHUN y poooTi [17].
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Puc. 2. Kombinosanuii cnocio npasku
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Kpyru / opieHTYIOTh B TOPU30HTAJIbHIN MJIOLIMHI HAa KYT ¥ 1 y BEpTUKAIBHINA — Ha KyT V 3
METOIO 3HATTS NPUIYCKY 3a OJHH Mpoxin. CroyaTky BCsl TOpIEBa MOBEPXHS Kpyra MpaBUTHCS
B IUIOIIMHI, NMEPIEeHIUKYISIpHi oci oOepTaHHs Kpyra 3a JOIOMOTOIO CTAaI[iOHAPHOTO TpH-
cTpoto Bepcrara. Ilicns 1poro, amMa3HUMU OJIBIIMU 4, 3aKpIIJICHUMHU HA JUCKY MOJAavi 3a-
TOTOBOK 2, TMPABJIAThH IUISHKH, SIKI MPWIATAIOTh A0 30BHILIHIX JiameTpiB KpyriB. Ilpu npomy
BEJIMYUHA pajiilyca MpaBKH, MO SKOMY IEpEMIIyeThCsl BEPIIMHA aIMa3HOTO OJIBLS, BUOMpa-
€THCS B 3aJIEKHOCTI Bl pOpMH Ta po3MipiB 00pOOIIOBaHOT 3arOTOBKH.

VY poboyomy 1Mkl nutihpyBaHHS KOMOIHOBaHa TpaBKa Ja€ MOXIIMBICTb PO3IMOJUTUTH BECh
NPUITYCK MDK YOPHOBOIO 1 YUCTOBOIO JIUISTHKAMHM, 30UIBLIMTH POO0UYy JAOBKUHY JIyTd KOHTAKTY
AeTanel 13 Kpyrom, 1o MiIBHIILYe MPOAYKTUBHICTh 0OPOOKH, 3HIKYE TEMIIEpaTypy B 30Hi 00po-
Oku. Bucoka TouHicTh (hopMu TOPII JeTalli 3a0e3MmedyeThesl Ha KaniOpyBaIbHINA AUTSHIN, TpHUIIe-
I 710 30BHIIIHBOTO JlIaMETPy Kpyra, Ipu BUX0/1 13 30HH 00poOku. [Tpu mpomy kamiOpyBansHa
JUISHKA TIPU BXOJIi B 30HY LTI yBaHHs He Oepe yyacTi B 3HIMaHHI PUITYCKY i Ma€e BUCOKY CTiii-
KICTh, OCKUIbKU HANpPSIMHI €IEMEHTH 5 YHEMOXKITUBIIIOIOTh 1l KOHTAKT 13 3arOTOBKAMH.

[TpoBenemMo mociimKeHHsI TOYHOCTI (POPMOYTBOPEHHS JeTajeld MPH 3alpOIIOHOBAHOMY CIIO-
co01 nutipyBaHHS 3 KATIOPYBaJIbHOIO AUISTHKOIO.

Paniyc-BexkTop R TOUYOK KanmiOpyBajbHOT JUISIHKH TOPIIEBOI IIOBEPXHI ILTI(YBaIBHOTO Kpyra
BU3HAYAETHCSI TPAEKTOPIEIO PYXY aJIMAa3HOTO OJIIBIIS:

R,(05,0)=A4°(0)-A'(-X,)- £ (v)- 4 () 4*(Y,)- 0
~4
AYX,) - A(Z,) - A°(—0,)- A (R,) e ,

ne A’,..., A% — MaTpuIi IepeTBOPEHHS CHCTEM KOOPMHAT, SIKi MOJIEIIOIOTh PYXH i TOBOPOTH
B3JIOBXX 1 HABKOJIO KOOPAWHATHHUX OCEH;

0, 05— mapameTpu MOBEPXHI Pi3aIbHOTO IHCTPYMEHTY, SIKi BIINOBIIAIOTh 32 KyTOBE i pa-
JiajbHe MOJIOKEHHS TOUKU PoO04O0T MOBEPXHI KPYTa;

Xe, Ye, Zc — po3mipH, 10 BU3HAYAIOTH MOJIOKEHHS HEHTpa CHEPUUHOTO MAJbIS BITHOCHO
6apabana nmojayi i po604O0T MIOLIMHU KPYTa,

Y, V— KyTHU OpieHTalil nutipyBanbHO1 6a0KU B TOPU3OHTANIBHIN 1 BEPTUKAJIBHIN IJIOMIKMHAX;

Rp— panianbHUN po3Mip pO3TaIIyBaHHS OCeH 3aroTOBOK y 6apabaHi mogaui;

e4 = (0,0,0,1)" — paniyc-BeKTOp BEpIIMHU aJIMA3HOTO OJIBLS, 11O 306ira€Thcs 3 HOYATKOM
KOOp/AMHAT.

PiBusinus (1) onucye kanmiOpyBajbHY AUISHKY TOPIS IHCTpyMEHTa MpH Horo mpodinto-
BaHHI Ha BEpCTaTi, fKka HaBeJeHa Ha puc. 3.

Puc. 3. Kaniopysanvha oinanka kpyea npu 30iieuienti po3mipie 63006axc gici Z 6 1000 pasis
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®opMOYyTBOPIOIOYAa MOJIENb BEpCTaTa OMUCYE CIMEHCTBO IHCTPYMEHTAIBHHMX ITOBEPXOHb Y
CHUCTEMi KOOPJMHAT JIeTalli

R,(0,,0,,0)= A'(—Ry)- A°(8,)- A (=Z,)- A'(=X,)- A* (<Y, )- A* (=)~
A3 (—v)- 4'(X,)-R.(8,,0),

1e Op — KyToBa KOOp/MHATa MOJI0KEHHS LIEHTPa 3arOTOBKH BITHOCHO CHCTEMH KOOPHMHAT Kpyra.
[Tpu xomMOGiHOBaHOMY cTIOCO01 MpaBKH Y (HOPMOYTBOPEHHI TOPLS 3arOTOBKH Oepe y4yacTh

BCSl TMOBEPXHs KaniOpyBalbHOI AUISHKH, ajle OCTATOYHA TOYHICTH MOXKe (OpPMYyBaTHUCS KO-

JIOM HaMEHIIOTro pajiyca Rmin, HAHOLIBIIOTO pajiyca Rmax UM JiHIEIO KOHTAKTY 3arOTOBKH

3 Kpyrom (puc. 4).

)

[ToBepxHsi, yTBOpeHa KOJIOM
KaJiOpyBaJbHOI AUISTHKH
HaHOUTBIIIOrO TiaMeTpa

[pumyck, 1m0 3HIMaeThCs

[ToBepxHsi, yTBOpEHa MPOMIKHIM
KOJIOM KaJiOpyBaJIbHOI AUTSIHKH

- 10
[ToBepxHs1, yTBOpeHa KOJIOM 5
KaJiOpyBaJbHOI IUISTHKH L g =
HallMeHIIoro AiamMerpa =
-
--100 o
0 — g
epudepiiiHa MoBEpXHS &
3arOTOBKU =
L 20 8
=

10 0 -10
Puc. 4. Dopmoymeopens mopys 3a20moseku

Paniyc-BeKTOp XapakTepUCTUKH Ha (POPMOTBIPHIN IUISHII TOPLIEBOI MOBEPXHI KPyra BU3HA-
YaeThCA 13 PIBHAHHSA (2), BpaXOBYIOUH PIBHSHHS 3B SI3KY JUISl OJHOTIAPAMETPHYHOTO OTMHAHHS
OR,(8,,0;,0) OR,(6,,6,,0) 0R,(6,,6;,0)
06 00, 06

o

0

PiBHSIHHS TOBEPXHI, SIKa YTBOPIOETHCS MPH PyCi MAaKCUMAJIbHOTO KOJIa, MOXe OyTH OTpH-
MaHO 13 piBHSHHA (2) MpU MiICTaHOBL B HBOTO 3aMICTh pajilyc-BEKTOpa MOBEPXHI KOOPIUHAT
TOYOK KOJIa.

R,(0,.0)=A°(k-0,)- A'(-R;)- A°(8,)- A*(-Z,)- 4'(-X,)- A (-Y,)-

~4
A=) A (-v)- 4(X,)-4°0)- A R,,,.) A (Z,,,) e

[IpoBezneHi TeopeTUUHI JOCTIDKEHHS BIUIMBY JOBKUHH KaliOpyBabHOT IUISTHKH, 00epTaHHS
3ar0TOBOK, KyTiB Opi€eHTallii KpyriB Ha TOUHICTh 0OpPOOKH MOKA3aJIi TaKi pe3yJIbTaTH.

1. lopxxuHa KaniOpyBaJIbHOT IUITHKHM MMOBUHHA OYTH HE MEHIIOIO JliaMeTpy 0OpoOIroBaHOT
3arOTOBKH, ajieé pOOUTH Tl HAJATO BEMMKOIO HEAOIUIbHO, OCKUIBKH TOYHICTh MPH LHOMY (PaKTUYHO
He 30UIbLIYEThCS, a IOBXKHHA JiHIT KOHTAKTY JIeTali 3 KpYrOM 3MEHIIIY€EThCSI.

2. JIns migBUILEHHS TOYHOCTI 00pOOKK HEOOXITHO, 00 3aroTOBKa, 110 00po0IseThest, 00ep-
HYJIach Ha KaJiOpyBalIbHINA AUISHII HE MEHILIE OJTHOTO pasy.

3. Haiikpaiiii o TOYHOCTI pe3yJbTaTh OTpUMaHi PH CIIBBIIHOIIEHHI KyTIB Opi€HTAIlii y Be-
PTUKAIBHIN v 1TOPU30HTANbHIA y mommHax y = 1,57-v . UuM Oulblile BiAPI3HSETHCA L€ CIIiB-
BIIHOIIEHHS, TUM HIKYa TOYHICTb.
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ExcniepumenTanbHi 3HaUeHHS BiaxuieHb, BuMipsHi npuiagom « TALYROUND» npu 06-
poOIi UIIHAPUYHUX POIHKIB P20 MM Ha JJBOCTOPOHHBOMY TOPLENLTiI(QYBaTbHOMY BepcTaTi
3342AZ10 xpyramu [-450%x305%63-25A40CT1b8 3 noBXMHOIO KaniOpyBalbHOI IUISTHKU
20 MM, CHIBBIAHOIICHHSM KYTIiB opieHTauii y = 1,57 v, 00epTaHHsAM 3arOTOBOK, 3HIMAEMHUM

npumyckoMm 0,5 MM CTaHOBWIIU:

- BIOXWJIEHHS BiJ IUTOIMHHOCTI — 1,5 MKM;

- BIIXWJICHHS BiJl TapajebHOCTI TOPIEBUX MOBEPXOHb — 2 MKM.

BucHoBkM BignoBiaHo 10 crarTi. Y poOOTi 3aIpONOHOBAHO BUCOKOMPOIYKTUBHUHN CIIO-
ci6 0O6poOKM TOPLIEBUX MOBEPXOHb POJMKIB BCIX BHUIIB JJIs MIIIIMITHUKIB, IKUN 3a0e3meuye
OLTBII BUCOKI BUMOTH IO TOYHOCTI Ta JTO3BOJISIE€ MPOBOJUTH KOMIUICKTYBAHHS MiAIIUITHUKIB
0e3 copTyBaHHS Ha PO3MIpHI TPYIH — METOJIOM MOBHOI B3aeMo3aMiHHOCTI. Lle Takox crpusie
30UTBIIEHHIO TEPMIHY JOBrOBIYHOCTI MiJIIUIHUKIB, OCKUTBKA OChOBE HABAHTAXEHHS PO3IIO-
TUISETCS MO TOPIIX PIBHOMIPHO.
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UDC 621.923.42
Volodymyr Kalchenko, Dmytro Kalchenko, Volodymyr Venzhega, Sergiy Ryabov

INCREASING THE ACCURACY AND PRODUCTIVITY OF THE MOVING
OF THE ROLLING BEARINGS OF THE ROLLING BEARINGS

Urgency of the research. High-precision and productive machining of the ends of the rollers of the roller bearings is an
urgent and important scientific and practical task, the solution of which will allow both to prolong the life of the bearings
and to reduce their production, and therefore to increase the level of competitiveness of production.

Target setting. The main requirements relating to the rollers of the rolling bearings are to ensure the high accuracy of
size, shape, quality of end surfaces with high productivity of the machining process.

Actual scientific researches and issues analysis. The main directions of improving the accuracy and productivity of two-sided
grinding are to increase the rigidity of the machine-tool-tool-part system, to reduce the thermal impact, to improve the kinematic
characteristics of the workpiece movement in the treatment area, to optimize the design and characteristics of grinding wheels.

Uninvestigated parts of general matters defining. One of the most promising areas for improving the accuracy and productivity
of the double-sided grinding process is to use the effect of crossing axes of grinding wheels and billets with special tool profiling.

The purpose of the article. To analyze the factors that affect the accuracy and productivity of machining the end surfac-
es of parts on two-sided grinding machines and to develop a new high-performance method of processing the end surfaces of
the rollers of the roller bearings, which would provide the possibility of assembly between the rolling bodies and the rings,
not by a selective method.

The presentation of the main material. The combined editing of the two planes of grinding wheels on two-sided grind-
ing machines enables to obtain a larger diameter of the calibration section. In this case, the entire allowance is cut off in the
area adjacent to the gauge. The calibration section at the inlet of the parts in the treatment area does not participate in cut-
ting off the seam allowance, has high stability and at the outlet forms the final accuracy of the end surfaces.

Conclusions and suggestions. The paper proposes a new high-performance method of single-pass machining of the end
surfaces of the rollers of the roller bearings on two-sided grinding machines with oriented grinding wheels, which have a
calibration section, which ensures high accuracy of processing. This method allows to reduce the scattering range of sizes
and to go to the method of complete interchangeability when assembling the bearing units.

Keywords: double-sided grinding; grinding wheels with calibration section, roller bearings; precision machining of the
end surfaces of the roller bearings; processing performance.

Fig.: 5. References: 17.
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TOYHICTH ®OPMOYTBOPEHHA IIOBEPXOHbB TIJI OBEPTAHHSA
ITPHU IIJIIPYBAHHI 3 BUKOPUCTAHHAM MACTUJIBHO-
OXOJIOKYIOYOTI'O TEXHOJIOI'TYHOI'O CEPEJIOBHUIIIA

Axmyanvnicme memu 0ocnioycenns. JJocniodcents CnpaMoO8aHi Ha GUABTIEHHS MA 6CIAHOGIEHH YUHHUKIB, o Hauli-
JIbUe BNAUBAIOMb HA MOYHICIb YOPMOYMBOPEHHS NOBEPXOHb MiNl 06ePMANHA NPU WNIPYBAHHT, € AKMYATbHUM 3A8OAHHAM )
MawuHoOyOy8anni.

Ilocmanogxa npoénemu. Tounicms ghopmoymseopenHs no8epxoHs min 0Oepmants 3a1eAcums 6i0 MOYHOCHI JIHIIHUX
po3mipis, axocmi 06poOII06aHOI NOBEPXHI, MOUYHOCMI POpMU Ma 83AEMHO20 PO3MAULYBAHHA NOGepxoHb. Li napamempu 3a-
JIedICcHi 8i0 bazamvox 3MIHHUX ¢hakmopie, wo enausarome Ha npoyec obpodku. Ilpu kpyeromy winigpyeanni ucoxoi mounocmi
MOACIUBO 0OCAMU TUULe NPU BENUKIL 6MPami NPoOOYKMUEHOCMI.

Ananiz ocmannix docniocensy i nyonikayiii. Y 8ioomux 00CHiONCEHHAX MOYHOCHE POPMOYMBOPeHHs NOBEPXOHL MIN 0bep-
TNAHHA NPU WTEQYBAHHT (hakmopu, wjo 8NIUBAIOMYb HA AKICHb 00POOTIOBAHOT NOBEPXHI, PO32TAOAIOMbCS HE3ANEHCHO OOUH 8I0 OOHORO.

Buoinenns neoocniocenux uacmun 3azanvuoi npoonemu. /Jocniodcenns npoyecy Kpyauo2o wnighy8ants 3 Memoro eu-
A6NeHHA HAUOIbW BNAUBOBUX (PAKMOPIE MA BCMAHOBIEHHS IX ONMUMATLHUX 3HAYEHD.

Ilocmanogka 3aedanns. Busgnenns ocHOBHUX MA OPY2OPAOHUX YUHHUKIG, WO 6NAUBAIOMb HA NpoYec OPMOYMBOPeHHs
Nn08epPXOHbL MIiN 0O0epMAanHsa npu Kpyeromy winigpysanni. Bemanosnennsa epanuunux 3navens oopanux ¢akmopis. Ilposedenns
eKCnepuMeHmanbHux 00CiodiceHb OJid OMPUMAHHS YUCTOBUX 3HAYEHb napamempie mournocmi. IIposedenns cmamucmuiuno2o
amanizy OmpuManux OaHux ma CMEOPeHHs. Mamemamudnoi mooeni npoyecy. Ilpogedents nogHo2o paxmopHnozo excnepume-
HMY 3 Memoio onmumizayii npoyecy winigpyeanHs.

Buknao ocnoenozo mamepiany. Excnepumenmanbho 00cniodiceHo moyHicmb hopmMoymeopeHnis nogepxons min odep-
MAaHHs npU KPy2nomy wiigpy8anHi Ha OCHO8I UAGIeHH HAUDIIbUL BNIUBOBUX IMIHHUX (DAKMOPIE y Kame2opisax: eepcmam ma
ocnawenns, 3a2omoeka. 30iticneno cmamucmuyne oyinioganus gaxmopie 3a nianom Plackett-Burman (7/8). Ilposedeno
oducnepcitinuii ananiz excnepumenmy. Buagneni sanescrnocmi misic pakmopamu (nobyoosani epaghixu mapzinanbhux cepeouix
ma zpagiku e3acmodiii pakmopis). Buaeneno naiibinvw ennugosuti pakmop. Ilposedeno nosnuti pakmopHuii exchepumenm,
onmumizayilo npoyecy 3 MEmor 6CIMAaHOGIeHHs ONMUMATLHUX NOKA3ZHUKIE HAUOITbW GNAUBOBUX (haKmMOpIE.

Bucnogxu ¢ionogiono 0o cmammi. Y pezynvmami nposedeHux 00Cniodicenb GUABLEHO HAUOIbW 8NAUBOBUL hakmop
npoyecy Kpyano2o winigpyeanus nogepxonv min obepmanns. Po3e’sizana 3a0ava onmumizayii, no6y0oeano onmumansHuil
npogine basxcanocmi.

Knrouoéi cnosa: winighysanms, popmoymeopenns; yuniHOpudHul 8ain; wopcmiicms, onmumisayis, npogine basxcanocmi.

Puc.: 11. Bion.: 10.

AKTyaJIbHICTh TeMH J0CTiAKeHHA. [I0CIiPKEeHHs CIIPSMOBaH1 Ha BUSBJICHHS Ta BCTAaHOB-
JICHHS YMHHMKIB, 110 HAaHOUIbLIEC BIIMBAIOTH HA TOYHICTH (POPMOYTBOPEHHS MOBEPXOHB TLI
oOepTaHHs MpH ILTIQYBaHHI, € aKTyaIbHUM 3aBJJaHHSAM Y MAIIMHOOY/AYBaHHI.

IMocTanoBka npodaemu. [nipyBanHs — OCHOBHUI METOJ] ONOPSAIKYBaJIbHOI 00pOOKH, €
HaOUIbII €KOHOMHHUM, a B OKPEMHX BMIIAJKaX €IMHUM MOXIUBUM. TOMy NOCHIIKEHHS,
CHpsIMOBaHI Ha BUSBJICHHS Ta BCTAHOBJCHHS YMHHUKIB, 10 HailOUIbIE BIUIMBAIOTH HA TOY-
HICTb (JOPMOYTBOPEHHS MOBEPXOHb Ti1 00epTaHHS NpU HUTIQYBaHHI, € aKTyaJbHUM HAaYKO-
BUM 3aBJIaHHSIM, BUPIIIEHHS SKOTO JJO3BOJIHUTH MIABUILUTH TOYHICTH T€OMETPUYHOI GOpPMH Ta
AKICTh TIOBEPXHEBOTO I1apy 0OpOOIIFOBAHUX JieTalel Ta TOCITTH OUTbII MPOyKTUBHOT 00p00-
KU HUIIXOM MPaBHJIBHOTO BUKOPUCTAHHS MOKJIMBOCTEHN ILTipyBaIbHUX BEPCTaTIB.

AHaJIi3 ocTaHHIX JocTiIKeHb i my0Jikanii. Y cyyacHOMy MalIMHOOYIyBaHHI € J]Ba OCHOB-
HUX BUIM IUTIQYBaHHS: aMa3He Ta abpa3uBHe. Y poOoTi [1] BcTaHOBIIEHO, 1110 Ha MapaMeTp KO-
CTi MOBEPXHI CYTTEBO BIUIMBAIOTH MaTepiai 3epHa abpa3uBy, HOT0O 3epHUCTICTh, MaTepiaj 3aB’I3KU
Ta peXXUMH HUTIQYBaHHS. Y pe3ysbTari MPOBEJEHUX JIOCTDKeHb [2] moOyaoBaHO MaTeMaTUuHy
MOJIeNb BIUIMBY IMTMOMHU Pi3aHHS, IIBUIKOCTI 0OepTaHHs JieTalli Ta MOB3JIOBXHBOI M0/adl CToja
BepcTata Mpu KpyriaoMy ajaMaszHomy nutipyBanHi. Y poOoTi [3] HaBeleHO pe3ysbTaTH eKCIepH-
MEHTAJILHOTO JIOCII/PKEHHS! BIUIUBY CKJIA/ly IHCTPYMEHTY Ta PEKUMIB Pi3aHHS TOHKOTO aJIMa3HOTO
nutipyBaHHs. BUSIBIEHO OCHOBHI 3aKOHOMIPHOCTI (hOpMYBaHHS IIOPCTKOCTI OBEPXOHb Ta X 3a-
JIOKHICTh BII PSKUMIB pi3aHHA. Y TPOIEC] eKCIEPUMEHTAIBHUX JIOCIDKEHb [4; 5] BU3HAYEHO
BEJIMUMHY TEMIIEpaTypy B 30HaX KOHTAKTY HLTi(hyBaIbHOTO Kpyra Ta Jietali (Ha BXO/1, y 30Hi1 KOH-
TaKTy Ta Ha BUXOJ). Y NOCIIHKEHHAX TaKOXK HABEICHO €KCIEPUMEHTAILHO OTPUMaHE 3HAUCHHS
00’€eMHOr0 3HOCY a0pa3MBHOTO KpyTa.

BunijieHHs HeOCTi/IUKeHHX YACTHH 3arajbHoi npodJjeMu. BiJcyTHI KOMITJIEKCHI €Kc-
NEpUMEHTAIbHI JOCTIUKEHHS. TOYHOCTI (POPMOYTBOPEHHS 3 YpaxyBaHHSIM MaKCUMAaJIbHOI Ki-
© €pomenko A. M., lopomrernko O. O., 2019
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JbKOCTI (pakTopiB. He yrouneHui BIUIMB JOCTIPKYBaHUX (DaKTOPIB y MOPIBHAHHI MiX c00010
Ha npouec GOpMOYTBOPEHHS.

Merta crarTi. ['0710BHOIO MeTOIO pOOOTH € AOCIIHKEHHS! TOYHOCTI (POPMOYTBOPEHHS T10-
BEPXOHb OOEpTaHHS MPHU KPyriioMy HuTiQyBaHHI HA OCHOBI BUSABJICHHS HAHOUIbII BIJTMBOBUX
(axkTOpiB Ta BCTAHOBJIECHHS iX ONTUMAIbHUX MOKA3HUKIB.

Bukiaa ocHoBHOro marepiany. Jlns peanizauii Meru po6oTu Oylio 3arjlaHOBAHO MPOBeE-
JICHHS pASy eKcliepuMeHTIB. [lmaHyBaHHS MepLIOro eKCIepuMEHTY MPOBOJMIOCS Ha OCHOBI
ceMu (PaKTOpiB: JiaMETp 3arOTOBKH, Marepiall 3arOTOBKU, HAsBHICTH MONEPEIHBOI TEPMIUHOT
00poOKHM 3ar0TOBKH, YacTOTa 00EepTaHHS 3arOTOBKH, BEJIMYMHA 0/1adi, TTIMOMHA pi3aHHs, HasB-
HICTh TIONEpEeIHBOI MPaBKU Kpyra. [HTepBanu BapitoBaHHs (akTopiB HaBeneHO Ha puc. 1. O6-
JajHaHHA: KpyrionutidpyBansHuit Beperat Mozeni 3M 151, mikpomerp MK 100-1 'OCT 6570-
90, 3pa3ku mopctkocTi noBepxHi (mopiBHsHHA) [[OCT 9378-93, iHaUKAaTOpP TOAMHHUKOBOTO
tuny. [HcTtpymenTt — abpasuBHuii nutigpyBansuuiit kpyr 25AF46 TOCT 2424-83. MactuiibHO-
oxosopkytoue TexHosoriyne cepenonuine — «CIMTECH» D18-02. IInanyBaHHs ekcriepuMeH-
Ty npoBoamIoch 13 BUKopucTanHsaM nporpamu STATISTICA. ExcriepumMeHT npoBOAMBCS 3Tif-
HO 3 wiaHoMm Plackett-Burman (7/8). Marpuns mianyBaHHs 3 JOJaTKOBUM CTOBITYMKOM pe-
3yJbTaTiB BUMIPIOBAHOT IOPCTKOCTI 0OpOOIIOBaHUX MOBEPXOHb HaBE/IeHa Ha pUC. 2.

Summary for Variables (Factors) 7 >

Summarny for Variables {Factors) cll% @ K7
To change lsbels, waluss, ato., type in the
desired changes, then click OK.

Factor Factor Low Low High High C/Q Cont
MName WValue Label WValue Label | or Qual.

A (1) |Liametp aaroToBkK 30 Low 90 High c

B (2) |Marepian 3arotoekn cTane 45 Low ctane 45X High c

C (3) [TO aarotoBkK cupa Low raproeaHa | High C

D {4) Yactota obepraHHA 100 Low 160 High C

E (5) [Mogaua 0,04 Low 0.12 High C

F (6) |InubuHa 0,01 Low 0,02 High C

G (7} [|[Npaeka kpyra bea Low 3 High IC _l

Cancel

Puc. 1. Inmepsanu sapitosarnts 0ocrioxncysanux paxmopis

1 2 3 4 5 5 T 8

HiameTp Marepian TO YactoTa n Frbiin MNpaeka | WopcTricTe

3aroToBKM 38r0TOBKW | 33roToBRW | obepraHHA bl KpyTa a3a Ra
N 30.00000  -1.00000, -1,000000 160.0000 0120000 0,020000  -1.00000 245
2 30,00000) -1,00000 1.00000, 160,0000 0,040000 0,010000 1,00000 0.63
&3 30,00000 1.00000, -1,00000 100,0000  0.120000 0,010000 1,00000 0,63
4 30.00000 1,00000 1,00000 100.0000  0.040000 0020000  -1.00000 2.5
5 S0,00000,  -1,00000 -1,00000 10000000 0,040000 0.020000 1,00000 25
B 5000000, -1.00000 1,00000; 1000000 0120000 0,010000  -1,00000 0,63
| 90,00000 1,000000 -1,00000 160.0000 0,040000 0,010000  -1,00000 1,25
8 50,00000 1,00000 1.00000, 160,0000 0,120000 0,020000 1.[][]00[]' 2;5.

Puc. 2. Mampuys naanyeanns ma pesyibmam npogeoeHHs. eKCHepuMeHmise
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Pe3ynbTar mpoBeneHOro OIiHIOBaHHS (DaKTOpIB HABEAECHO B TAOJMIl CYyMapHOTO BILUIUBY

(puc. 3) Ta Ha giarpami [Tapeto (puc. 4). Ilepimii cTOBITYMK 3Ha4e€Hb BU3HAYAE €(EeKT, a00 BILIUB

KOKHOTO (hakTOpa Ha JOCTKyBaHUi napameTp. HailOubi BIMBOBUM € 6-i pakTop — rimbuHa
pizanHs. [lpyruii CTOBIUMK BUpa)kae KOeillieHTH JIIHIHHOT MOIeNi ipoLiecy HuTi(yBaHHS.

Effect Estimates; Var -llopcTricte 3a Ra; R-sgr=1

T Factor Screening Design

DV: WopcTricTe 3a Ra
Factor Effect Coeff.
Mean/Interc. | 1.5425[][]_ 1.642500
(1)diameTp 3aroToekN 0.155000 0.077500
(2)Marepian aaroToBKW 0,155000 0.077500
{3)TQ aaroToBKM -0.155000,  -0.077500
(4)HacToTa obepraHHA 0,155000 0,077500
(5)Mogaua -0,155000  -0,077500
(6] mmbuHa 1,715000 0,857500
(TWpaska kpyra -0.155000  -0.077500

Puc. 3. Pezynomam cymapnozo énaugy ¢pakmopis

Pareto Chart of Effects: Variable: lWopcTricTs 32 Ra
7 Factor Screening Design
DV: WopcTkicTe 3a Ra

(B nu1buHa ;1,?15
(T)Npagka kpyra =155
(3)TO zaroToBRM | - 165
(5)Mogava -455
(4)HacToTa obepTaHHa 155
(1)0iameTp 33roToBKEM 155
(2)Matepian s3aroToBkM o i

02 00 02 04 06 08 10 12 14 16 18 20
Effect Estimate (Absolute Value)

Puc. 4. liacpama eghexmie [lapemo

Omineni MaprinanbHi (TpyHoOBi) cepeliHi Jal0Th OLIHKH Mepe0adeHnX CepeHIX 3HauUeHb
11t KoMipok mogeni. I'padiku npodinis (rpadiku B3aeMoil) A HUX CEPEAHIX J03BOJSIOTH
JIETKO Bi3yalli3yBaTH JOCIi/KyBaHi B3aeMo3B’si3ku. Ha puc. 5 300paxeno rpadiku maprina-
JBHHUX CepellHiX Ta rpadiku B3aeMOIN Pi3HUX JOCTIHKYBaHUX (HaKTOPIB.

AHanizyouu HaBeeH1 rpadiki, MOXKeMO 3pOOUTH TaKi BACHOBKHU:

1. Yum Ginprumii giameTp oOpoOIIOBaHOT 3ar0OTOBKH, TUM MEHIIY YacTOTy OOepTaHHS He-
00XxiHO iif 3a1aBaTH 3 METOI0 OTPUMAHHS MEHILIOT HIOPCTKOCTI (puUc. 5, a).

2. YuMm MeHIIa rMMOMHA pi3aHHs, TUM MEHIIA IOPCTKICTh 00po0II0OBaHOT TOBEPXHI He3a-
JISKHO BiJ Marepiany (puc. 5, 6).
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3. HYum MeHma rmOUHA pi3aHHs, TUM MEHIIIA MOPCTKICTh 00po0III0OBaHOT OBEPXHI HE3a-
JIEKHO Bif 1l yactotu obeptanHns (puc. 5, 8).

4. HezanexHo Bix JiaMeTpa 3arOTOBKH Ul OTPUMAaHHS MEHIIOI MIOPCTKOCTI HEOOXiTHO
3aJaBaTy MEHINY INIMOMHY pi3aHHA (puc. 5, 2).

Plot of Marginal Means Plot of Marginal Means
DV: WopcTkicts 3a Ra DV: WopcTkicts 3a Ra
Design: 7 Factor Screening Design Design: 7 Factor Screening Design
2,0 3,0
25 L —

20

WLopcTkicTs 3a Ra
LLopcTkicTs 3a Ra

16 . | /

05

15 —e— YacTora obepraHHs —e— [MubuHa
B 0,0
30 90 100, B 1 01
7y L —e—- Yacrora obepraHHa L L —e— [nubuna
[iameTp 3aroToBku 160, Marepian 3arotoBku ,02
a o
Fitted Surface; Variable: LLlopcTricts 32 Ra Fitted Surface: Variable: LlopcTkicts 3a Ra
T Factor Scregnmg Design T Factor Screening Design
DV: WopeTkicTb 32 Ra DV: WopcTkicTs 33 Ra

0,022

0,020

0,018

0,016

Fubura

0,014

0,012

-3

M-29
0,010 <25 25
<21 <22
- =17 B <17
0,008 <13 <12
90 100 110 120 130 140 150 160 1TU-<09 . <OI7
UacToTa obepTanHa Bl <05 B <02

8 2

Puc. 5. I'paghiku mapeinanvnux cepednix (a, 6) ma epaghiku 63acmodiii (8, 2)

JIpyruii eKCriepuMeHT MPOBOIUBCS HA OCHOBI JBOX (PakTOpiB: INIMOMHHU pi3aHHS (SK Haii-
OUIBII BIUTMBOBUH (DaKTOp MOMEPEAHBOTO EKCIIEPUMEHTY) Ta 4acTOTH OOEpTaHHs 3arOTOBKU
(sIx HaWOUTBII KepOBaHUM (aKTOp cepea AOCTIDKYBaHUX). [HTepBanu BapiloBaHHS HABEICHO
Ha puc. 6. O0nagHaHHS, IHCTPYMEHT Ta MAaCTHJIBHO-0XOJIOKYIOUE CePEIOBHIIE HE 3MIHIOBA-
muck. [InanyBaHHS eKCIEpUMEHTY NMPOBOAMIOCH 13 BUKoprcTaHHIM nporpamu STATISTICA.
ExcniepuMeHT npOBOAMBCSA 3TiAHO 3 LIEHTPATbHUM KOMIO3HULIHHNM 1iaHoM (2/1/10). Matpu-
1151 TUTAHYBAHHS 3 JIOJJATKOBUM CTOBITYMKOM pE3yJIbTaTiB BUMIPIOBAHOI IOPCTKOCTI 00po0IIIo-
BAHMX [IOBEPXOHb HABEJCHA HA pUC. 7.

Factor
Factor Low | Low | Center |Center| High Hig
MName Value | Label | Value | Label | Walue Lab
A (1) YacToTa obepTaHHA 3araToBKK 120 Low 130 Centerl 140 High
B (2) [TnuBuHa piaaHHA 0,02 Low 0,05 Centerl 0,07 High

Puc. 6. [nmepsanu sapitogarnts 0ocrioxncysanux paxmopis
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2**(2) central composite, nc=4 ns=4 n0=2 Runs=10 (Spreadshee
Standard Yacrora obepraHHa mubuna pizanna, | lopcrkicTb3a
Run 3arotoBku, 06/xse MM Ra, Mkm
1 110,0000 0,020000 1,25
2 110,0000 0,070000 25
3 150,0000 0,020000 1,25
4 150,0000 0,070000 2
5 101,7157 0,050000 1
6 158,2843 0,050000 2
7 130,0000 0,014645 0,63
8 130,0000 0,085355 1
9(C) 130,0000 0,050000 0.63
10 (C) 130,0000 0,050000] 0.631

Puc. 7. Mampuys nnanyeanus ma pesyibmam npogeoeHHs eKCnepumMeHmis

VY mpoteci MpoOBEAEHHS CTATUCTHYHOI 0OpOOKH pe3ynbTaTiB MPOBEIECHUX €KCIIEPUMEHTIB
JOCTIKYBAaHUH TTapaMeTp IMOPCTKOCTI OOUPAETHCS K 3aJCKHHUN IMapamMeTp, a BEIMYUHU Jac-
TOTH 00EpTaHHS 3arOTOBKH Ta ITMOMHU pi3aHHS K HezanexHi. [iarpamy I[lapeto npu Bpaxy-
BaHHI JIHIHHUX, KBaJpaTUYHUX e(EeKTiB Ta iX B3aeMoii HaBeJeHO Ha puc. 8. HalOinpmunit
BIUJIMB Ma€ KBAJAPATUYHHUH €(EeKT 4aCTOTH 00epTaHHS 3aTOTOBKH.

YacTora obepTtaHHa 3arotoBku, 06/xe(Q) -

(1)4acrtoTa obepraHHa 3arotosku, o6/xs(L) |

Pareto Chart of Standardized Effects; Variable: LLlopctkicTb 3a Ra, Mkm
2 factors, 1 Blocks, 10 Runs; MS Residual=,4407589
DV: LWopcTkicTb 32 Ra, MkM

1,826622

(2)Imubuxa pizanHa, mm(L)

1,02603

Muduna pizanHa, Mm(Q) +

;56913286

;5140642

1Lby2L |

-,23011

p=,05
Standardized Effect Estimate (Absolute Value)

Puc. 8. liaepama Ilapemo ninitini ma xeadpamuuti egpekmu 3 83a€MOOI€I0

3MIHMBIIM HANAIITYBaHHS MMapaMeTpiB MOJIEN Ha BpaxyBaHHA JIMIIE JIHIMHUX e(eKTiB,
OTPUMYEMO Pe3yJbTaT OUIBIIOrO BIUIMBY YaCTOTH OOEpTaHHS 3aroTOBKH (pHC. 9).
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Pareto Chart of Standardized Effects; Variable: LLlopcTkicTb 3a Ra, MkM
2 factors, 1 Blocks, 10 Runs; MS Residual=,4675264
DV: WopcTkicTb 3a Ra, MkM

(2)Imubunxa pizanna, Mm(L) 1,107388

(1)4actota obepraHHa 3arotosku, 06/xs(L) , 4727152

p=,05
Standardized Effect Estimate (Absolute Value)

Puc. 9. Jliaepama [lapemo ninitinux egpexmie

OnrtuMizaniiina 3a1a4a noJsirae B TOMy, 100 3HAWTH piBHI 4acTOTH 00epTaHHs 3arOTOBKU
Ta TTMOMHU Pi3aHHsA, K1 JaJyTh HalKpaluil pe3ynbTaT IKOCTI OBEPXHI HA OCHOBI BUKOPHUC-
TaHHs QyHKIT 0a)KaHOCTI.

B ocnoBi moOynoBu ¢yHKIIIT 6aXKaHOCTI JIeKaTh MONEPEAHBO OTPUMAaHI Pe3yNbTaTH J0C-
JKEeHb, MPOBEJCHI 3a IEHTPAJbHUM KOMIO3ULIHHUM IutaHoM. [lapameTpu HamamryBaHb
MIHIMAJTbHUX Ta MaKCUMaJIbHUX 3HAYeHb (AKTOpIB Ta KUIBKICTh KpPOKIB IX PO3MOALTY
(puc. 10, a) 3a7ar0THCS BIAMOBIAHO IO JaHUX €KCIEPUMEHTAIBHUX JTOCHTIIKEeHb. Mexi nocii-
JDKYBaHOTO MapaMeTpy (mopcetkocti 3a Ra) (puc. 10, 6) 3agai0Thesi Y TphOX KaTEropisx: BH-
coka — 1; cepenns — 0,5; Huzbka — 0.

35" GLM Results 1: 2**(2) central composite, nc=4 ns=4 n0=2 Runs=10 (...

Residuals1 |  Residuals2 | Matix | Repot | | 2 Less
Summary |  Assumptions Profiler I Customtests |
Close
B ves: | 3 i @ Mods
3‘! Specifications ... ? X g Specifications ... ? X Set factors at value: Q S
OMean O User def.values @ Optimum 18 Options ~
3| Contour
<< Prev. Next >> OK << Prev. Next >> OK G| [Gecroracbepn v = @E By Growp
Factor: |Yactora obe v Factor: | TnubuHa pisz v %! Options
Desirability function specffications
Miimum: [100__ Minimum: 001 2] Show desirabilty function
Maximum: [160] @ Maximum: (0,09 \E Vagable>> | | WopcTxictbsa Ra. mkm v
Curvature: = ==
. . specs to all vars
No. of gteps: |5 1‘ Apply to all No. of steps: |5 E Applyto all ) Value pesnrabdrty s fow):
Low: [ 63 E 1.00 ]E .50 E Reset specs | | all vars

Me—d@‘ S@ L) Er' Open specs
wr [ B g 2
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a 9]

Puc. 10. Ilapamempu nanawmysanv ¢hakmopis (a)
ma medici docniodicysarno2o napamempa (0)

Ha puc. 11 300paxkeHo ontumanbHuil mpo¢uts 6akaHocTi. PucyHox ckiagaersest 3 1BOX
niHil rpadikiB. ['padik y nmpaBoMy BepxHbOMY KyTi BimoOpaxae ¢yHkiito 6axanocti [10].
IHmi rpadiku BepxXHbOi JiHIT BiZ0OpakatoTh 3pi3u MiAirHaHoi QyHKILIT 3a7€KHOCTI (IIOPCTKO-
cti 3a Ra) Bix BiAMOBiAHOT 3a1ekHOT 3MIHHOT ITpH ikcallii BCIX IHIIMX 3MIHHUX HA ONTHMa-
JTpHUX piBHAX. ONTUMAaNIBbHI PiBHI HE3aJeKHUX 3MIHHHUX BioOpaxkeHi Ha rpadikax y HUKHIN
YacTUHI YepBOHUMH JIIHIAMH. Y WLiH ke cepii rpadikiB 300paxeni 3MiHu QyHKIIT OakaHOCT1
IIpU BapilOBaHHI BIJMOBIAHUX HE3AJIESKHUX 3MIHHUX.

23



Ne 3 (17), 2019 TEXHIYHI HAYKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
Profiles for Predicted Values and Desirability
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Puc. 11. Onmumansnuii npogine b6axcanocmi

VY pe3ynbTari aHaNi3y OTPUMAHOTO MPODLII0 OTPUMYEMO 3HAUSHHS OPCTKOCTI 0,57 MKM,
npu 6axanocti 1. Take 3HauUeHHS AKOCTI 0OPOOIIOBAHOT MOBEPXHI AOCATAETHCS MPH YaCTOT1
00epTaHHs 3aroToBKH 7 = 124 xB™' Ta rambuni pizanns ¢ = 0,026 mym. Ha npakTuii nokasHu-
KM PEXMMIB pi3aHHs Tpeba OKPYIJIMTH [0 KX 3HaueHb: n = 125 x71, 1 = 0,03 Mm.

BucHoBku BinnosiaHo 1o crari. [IpoBeneHi ekcriepuMeHTaNbHI TOCTIKEHHS TOYHOCTI
(OopMOYTBOPEHHS MOBEPXOHb OOEpTaHHS MPHU KPpYrioMy HUTipyBaHHI Ha 6a3i ceMu (hakTopis.
3a pe3ynbTaTaMy eKCIIEPUMEHTAIBHUX JOCHIIPKEHb 3/11IHCHEHO OIIHIOBaHHS (paKTOpiB — Haii-
OLIBII BIUTMBOBUM CepeJl OLIHIOBAaHUX € INIMOMHA pi3aHHs. [IpoBeneHo ctatucTuuny oOpoOKy,
noOynoBaHo rpadiku MapriHaTbHUX CEepeaHiX Ta rpadiku B3aeMOIii TOCTiIKyBaHUX (aKToO-
piB. IlpoBeseHi ekcriepuMEeHTaIbHI TOCHIKEHHS Ta 0a3i ABOX (aKTOPIB i3 BUKOPUCTAHHSAM
HEHTPAIILHOTO KOMIIO3HLIIHOTO TUIaHy. 3a pe3yJbTaTaMH OI[IHIOBaHHS (PaKTOPIB HAMOUTBIIHIA
BIUTMB Ma€ KBAJAPAaTUYHHHA ePeKT 4acToTH oOepTaHHsS 3aroToBkH. [loOymoBaHMN onTHMaib-
HUH podine 6akaHOCTI, y pe3yNabTaTi OLIHIOBAaHHS SKOT'0 MAaEMO 3HAYCHHS IapaMeTpa Mop-
ctkocTi 0,57 mxm mipu 1 = 125 x87, £ = 0,03 M.

Cnncoxk BUKOPHCTAHUX JIZKepet

1. BrutnB abpa3uBHOTO IHCTPYMEHTY Ha MIOPCTKICTh MOBEPXOHb KOMIIO3UTHUX IiIIIMITHUKIB I10-
nirpadiynoi TexHiku npu ToHKoMy nutipysansi / A. I1. TaBpumn ta in. Hayxosi gicmi Hayionanwnozeo
mexniuno2o yHigepcumemy Yxpainu «Kuiecokuti nonimexuiunuu incmumymy. 2013. Ne 5. C. 119-127.

2. Por’sx JI. S., OcranoBuy B. B. JlocmimkeHHs! BIUIMBY PEXHMMIB aJiMa3HOrO LUTiyBaHHS Ha
HIOPCTKICTh XPOMOBOT'O MOKPUTTS METOAOM MaTEMaTHYHOIO IUIAaHYBAaHHs €KCHEPUMEHTY. Midcay3ie-
cokutl 30ipuux «Hayxosi nomamxuy. 2016. Ne 53. C. 130-138.

3. FaBpum A. I1., Kupuuok I1. O., Poik T. A., Bimtok [O. 0. Brums cknany iHCTpyMeHTa 1 pexu-
MiB TOHKOT'O aJIMAa3HOTO NUTiI(yBaHHS HA MIOPCTKICTh MOBEPXOHb KOMITO3UTHUX ITiIIIUITHAKIB KOB3aH-
Hs noJtirpadivanx MarmH. Haykoei éicmi Hayionanvrnoeo mexuiunoeo yHieepcumemy Yrpainu « Kuis-
cokuti nonimexuiynuti incmumymy. 2013. No 5. C. 80-86.
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UDC 621.923
Andriy Yeroshenko, Oleksandra Doroshenko

FORMING ACCURACY OF THE SURFACE OF ROTATION
AT GRINDING USING THE CUTTING FLUID

Urgency of the research. The research is aimed at identifying and identifying the factors that most affect the accuracy
of forming the surfaces of the bodies of rotation when grinding is an urgent task in mechanical engineering.

Target setting. The accuracy of shaping surfaces of the bodies of rotation depends on the accuracy of linear dimensions,
the quality of the surface to be treated, the accuracy of the shape and the relative arrangement of the surfaces. These para-
meters depend on many variables affecting the processing process. With round grinding, high precision can only be achieved
with high loss of performance.

Actual scientific researches and issues analysis. In known studies of the accuracy of the formation of surfaces of bodies
of rotation when grinding, factors affecting the quality of the treated surface are considered independently of each other.

Uninvestigated parts of general matters defining. Research of the round grinding process in order to identify the most
influential factors and establish their optimal values.

The research objective. Identification of the main and secondary factors influencing the formation of surfaces of bodies
of rotation during round grinding. Setting the boundary values of the selected factors. Conduct experimental studies to obtain
numerical values of accuracy parameters. Conduct statistical analysis of the obtained data and create a mathematical model
of the process. Conduct a complete factor experiment to optimize the grinding process.

The statement of basic materials. The experimental researches of the accuracy of forming of surfaces of bodies of rotation
at round grinding on the basis of revealing of the most influential variable factors in the categories: a machine tool and an
equipment, a workpiece are made. The statistical estimation of factors according to Plackett-Burman (7/8) is carried out. A dis-
persion analysis of the experiment was conducted. The dependencies between the factors are revealed (graphs of marginal ave-
rages and graphs of interactions of factors are constructed). The most influential factor was found. A complete factor experi-
ment, optimization of the process was conducted, with the aim of establishing optimal indexes of the most influential factors.

Conclusions. As a result of the conducted studies, the most influential factor in the process of round grinding of surfaces of
bodies of rotation was revealed. The optimization problem is solved, the optimal profile of desirability is constructed.

Keywords: grinding; shaping; cylindrical shaft; roughness, optimization; profile of desirability.

Fig.: 11. References: 10.

€pomenko Anapiii MuxaiiJIoBUY — KaHIUIAT TEXHIYHUX HAYK, JAOLEHT, 3aBiIyBad Ka)eApH TEXHOIOTiH MaIINHO-
OymyBaHHS Ta AepeBOOOpOOKH, UepHITiBChKMI HaliOHAJBHUI TEXHONOTiYHMH yHiBepcuteT (Byi. llleBuenka, 95,
M. Yepniris, 14035, Ykpaina).

Yeroshenko Andriy — PhD in Technical Sciences, Associate Professor, Head of the Department of Mechanical Enginee-
ring and Wood technology, Chernihiv National University of Technology (95 Shevchenka Str., 14035 Chernihiv, Ukraine).
E-mail: yeroshenkoam@gmail.com

ORCID: https://orcid.org/0000-0002-1629-9516

ResearcherID: G-6757-2014

Scopus Author ID: 57193700687

Jopomenko Ouexcanapa OJiekcaHApiBHA — MariCTpaHT KadeIpy TeXHONOTIH MAIIMHOOY/yBaHHS Ta JepPeBOOOPOO-
kH, YepHIriBChKUI HAIllOHATIBEHUI TEXHOIOriuHM yHiBepcuteT (Byi. IlleBuenka, 95, m. Uepniris, 14035, Ykpaina).
Doroshenko Oleksandra — master of mechanical engineering and wood technology department, Chernihiv National
University of Technology (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

E-mail: doroshenko.cntu@gmail.com

€pormenko A., lopomrerko O. TounicTs (HOpPMOYTBOPEHHS ITOBEPXOHb Till 00epTaHHs npH nuridysanHi 3 Bukopucranusam MOTC. Texuiuni
nayku ma mexnonozii. 2019. Ne 3 (17). C. 18-26.

26



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
VIIK621.791
DOI: 10.25140/2411-5363-2019-3(17)-27-36

IOpiu anvuenxo, Jlidis [lempywuneys, Onec Hosomnuneys

JA®Y3IMHE 3BAPIOBAHHS IHTEPMETAJIIAY TiAl 3 KOHCTPYKIIIHHUMHA
CINTABAMMU YEPE3 HAHOIIIAPYBATI ®OJIbI'H

Axmyanvnicme memu 00cnioxncenna. 3 po36UMKOM AEPOKOCMIYHUX MEXHON0R2IU I NOABOI0 HOBUX JCAPOMIYHUX CHIABIE
BUHUKAE HeoOXiOHICMb 8 X 36aplOaHHI 8 O0OHOPIOHOMY MA PI3HOPIOHOMY HOEOHamMi. JJo maxkux nap modicna 8ionecmu
3’eonanns inmepmemanionux cnnagig TiAl 3 KoncmpyKyiliHuMu cnia8amu Ha OCHO8I MUMAHy i HIKeio.

Ilocmanogxka npobnemu. [Jugysitine 36apiogants € nepcneKmMueHUM Memooom 3'cOnannsa cnnagieé Ha ochosi TiAl 3
HCAPOMIYHUMU CHILABAMU. YMBOPEHHS 3 €OHAHHS MOICE CYNPOBOONCYBAMUCS POPMYBAHHAM KPUXKUX a3.

Ananiz ocmanuix docnioxncensy i nyonikauiii. /{na ymeopenna Oezoepexmnux 3’€OHanb HeoOXiOHO 3acmocosysamu
NPOMIDICHI NPOUAPKU.

Buoinenns neoocniodcenux uacmun 3a2anvHoi npoonemu. /[ns 3smenuients XiMiuHoi HeoOHopioHocmi y cmuky nepc-
NeKMUBHO € 3ACMOCYBAHHS HAHOWAPYBAMUX PoTbe.

Ilocmanogka 3ae0anns. Memoto pobomu € 0ocniodcenuss ocoonugocmetl YopmysanHs 3’ €OHaAHb ATIOMIHIOY mumany 3i
cnaasamu na HiKenesill i mumanogill 0CHO8I NP 3aCMOCY8aHHI HAHOWAPYBAMUX obe.

Buknao ocnognozo mamepiany. /locniodceno eniug HaHOWApy8amux @onve Ha CMpyKmypy i Mikpomeepoicms 36apHUux
3'eonans, Axi popmyiomucs y npoyeci OuQysilinoeo 36apioganHsi.

Bucnosxku 6ionogiono oo cmammi. Ilpu ougpysitinomy 3eapiosanni cnaagie TiAl 3 BT8 30na 3’conanns xapakmepusyemucs
3HAUHUM KOHYenmpayitinum epadienmom y posnooini Ti i Al mioc TiAl i BTS. Ilpu 3acmocysanni nanowiapyeamux gonve Al/Ti
XIMIYHUIL CKNAO Y 30Hi 3 €OHAHMA BUPIBHIOEMbCS A YMBOPIOIOMbCA 3A2ANbHI 36PHA HA KOTUWHIL 2DAHUYI KOHMAKMY.

TIpu ougpysiinomy 3eapiosanni cnnagie TiAl 3 EI4375 6e3 npowapkie y 30Hi 3’cOnannsa 3 OOKY HiKene8o20 cniasy cno-
cmepieacmbcsi icmomue nioguujenna mikpomsepoocmi 0o 14,01 I'Tla, wjo modice 6ymu pe3ynibmamom Qopmy8anHs KPUXKux
inmepmemanionux ¢as na ocnosi cucmemu Ni-Al-Ti. 3acmocyeanna nanowapysamoi gonveu Ni-Al/Ni-Ni 3abe3neuye ymeo-
penns 6e30epekmuux 3’ €OHanb, CHPUAE POPMYBAHHIO OUGY3IUHOI 30HU 3 MOHOMOHHUM XAPAKMEPOM PO3NOOITY N1e2yIouux
enleMeHmi6 i SHUMNCEHUMU 3HAUEHHAMU MIKDOMEEPOOCHi.

Kniouosi cnosa: ougysiiine 36apiosanma y saxyymi; mikpocmpykmypa, TiAl; BTS; EI4375; nanowapysami ghonveu.

Puc.: 5. Tabn.: 1. bién.: 22.

AKTyaJdbHiCTh TEMH T0CTiTKeHHs. AJIOMIHIIN TUTaHYy € MEPCIEKTUBHUMHU Martepiaia-
MU ISl BUTOTOBJICHHS IeTaJIel aBiallifHUX JBUTYHIB, CTUIBHUKOBUX KOHCTPYKIII Ta OOIINB-
KN HAaA3BYKOBUX JHTaIBHUX ar[apaTiB, ,Z[eTaJ'Ii COIlIa, JIOMMAaTKXU KOMIIpECopa, CJICMCHTHU KOHCT-
PYKLIi KaMepy 3rOpsiHHS, TOPILHI ABTOMOOUTBHUX ABUTYHIB Towlo [1; 2].

I3 pO3BI/ITKOM aepOKOCMl‘IHI/IX TEXHOJIOTIH 1 TOSIBOIO HOBUX KOHCTPYKHII/IHI/IX )KapOMH_[HI/IX
CILIaBiB BUHHUKAE HeO6Xl,Z[HICTL B iX 3BapIOBaHH1 K B O,Z[HOpl,Z[HOMy, Tak 1 B p13HOp1,Z[HOMy I10-
C,Z[HaHHl. I[O TAKHUX Iap MOXXHa BI,Z[HGCTI/I 3 GHHaHHH lHTepMeTaJ'Il,Z[HI/IX cmwiaBiB TiAl 3 xoHcT-
PYKUIHHUMHU CIIJIaBaMU Ha OCHOBI TUTAHY YU HIKEIO.

ITocTanoBka npodaemu. HasiBHI TeXHOJIOT1i 3BapiOBaHHS IUIABJICHHAIM JaHUX MaTepiaiiB
HE JI03BOJIAIOTH OTPUMATH BUCOKOSIKICHI 3BapHi 3’ €IHAHHS Yepe3 CTPYKTYPHI IEPETBOPEHHS Y
30Hi1 TEPMIYHOTO BIUIMBY, SIKi IPU3BOJATH A0 30UTbIICHHS KOHIEHTpAIlii HalpY>KeHb 1, IK Ha-
CIIIOK, 0 po3TpicKyBaHHs MaTepiany [3; 4]. Audysiiine 3BaproBanns (/[[3) € HailOUIbII TIEp-
CIIEKTUBHUM METOJIOM 3’€IHaHHs CIUIaBiB HAa OCHOBI TiAl 3 skapoMIITHUMU CIUTaBaMH# SIK Ha
ocHoOBi TuTany [5-10], Tak 1 Hikento [11-14]. OaHak mpu LBOMY METOl 3BapIOBAaHHS YTBO-
PEHHA 3’€IHAHHS CYNPOBOJDKYEThCS (OpMyBaHHAM AU(DY31HHOT 30HU 31 CKJIAAHUM (Ha30BUM
CKJIaJIOM, IIIO BKJIKOYAE KpI/IXKi CIIOJIYKH, SIK1 MOXYTb HCTATUBHO BIUIMHYTHU Ha MeXaHiuH1 Bla-
ctuBOCTi. Jl0JaTKOBI TPYAHOILI CTBOPIOIOTH crienugiuni sk uid crutaBiB TiAl Tak 1 ams Ni
KApOMIITHUX CIIJIaBIB BJIIACTUBOCTI, a caMe iX MMiIBHIIEHA MIITHICTh MPU TeMIIepaTypax 3Bapio-
BaHHS 1 HU3bKA MJIACTUYHICTb.

AHaJi3 ocTaHHix gocaimkens i myosikamiid. [Ipu 3’ennanni y-TiAl 31 cmaBoM TUTaHy
JUIS aKTHBAIlll KOHTAKTHUX TOBEPXOHb OUIBII TBEPIOTO IHTEPMETANITHOTO CIIaBY 3a3BUYAil
3aCTOCOBYIOTHCSI BUCOKI 3HAUEHHS 3BapIOBAIBHUX THUCKIB (ax 10 200 MIla) nmopsin 3 BUTpUM-
KOIO MpOoTsroM 1-2 rogus [5—7], m0 3HAYHOIO MIpOIO MEPEBUIYE TepMO-aedopMarlliiiti na-
paMeTpH 3BaplOBaHHS, PEKOMEHI0BaHi Juid ciuiaBiB TuTany. [Ipu JI3 pizHOpiqHUX MaTepialiB
JUIs aKTUBAIlll MOBEPXOHb METANIB, 110 3BAPIOIOTHCSA, Ta iHTeHCUbIKaIil Tudy3idiHUX MpoIie-
CiB 37€0LIBIIIOrO 3aCTOCOBYIOTh IPOMDbKHI IpoIapku [15]. OxHak, 3acToCcyBaHHS MPOMDKHUX

© danpuenko 0. B., [Terpymmnens JI. B., HoBomiunuens O. O., 2019
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MPOIIAPKIB HA OCHOBI MOHOJITHUX MaTepiajiB, OTPUMAHUX MPOKATKOIO, [0 MAIOTh TOBIIMHY
~ 50-300 MKM, He 30BCIM JOLLIBHO, OCKUIBKM CTBOPIOIOTHCS AU(PY3iiiHI 30HU 3 XIMIYHUM
CKJIaJIOM 1 MEXaHIYHUMU BJIACTUBOCTSAMH, SIKI PI3KO BIAPI3HAIOTHCS Bijl BIACTUBOCTEH Marepi-
aJliB, 110 3BaprotoThes [16]. Tlpu BUKOpHCTaHHI LHOTO MiAXoay iHTeHcHdikamii 1udy3iitHuX
MPOIECIB Yy 30H1 3 €THAHHA MOKE CIPHUSATH IMOMNEpeHE HABOAHEHHS MPOMDKHHUX MPOIIAPKIB.
Jl5i 3amo0iranHs BUIUICHHIO BOJIHIO Ha CTa/Iii HarpiBaHHsI, 3BapIOBaHHs HEOOXiTHO MPOBOU-
TH 13 3aCTOCYBAHHSIM BUCOKOIHTEHCUBHUX JDKEpEN HarpiBaHHs, sKi 6 3a0e3meuniiy MBUAKICTD
3pocTanHs Temneparypu ~ 1200 °C/xs [11].

Jlnst akTUBI3allil MpoOIleCy YTBOPEHHS 3’ €IHaHHS NEPCIEKTUBHUM € 3aCTOCYBAaHHS IOKPHUT-
TiB a00 (hoJIbr 3 APIOHO3EPHUCTOIO CTPYKTYPOIO, SIKi JO3BOJISIIOTH JIOKAII3YBaTH TUIACTHYHY
nedopmariiro 6e3nocepeHpo y cTuky. Hampukian, y po6orti [12] ans uporo mepes 3Bapro-
BaHHAM TiAl 3 HIKEJIeBUM CIUIABOM MPOBOAMIIM JIa3epHY MoOIudikaiiio, sfka Mojsraia B
OILJIaBJICHHI MOBEPXHEBOIO IIapy AIIOMIHITY TUTaHy, @ TAKOXK HAHECEHHI Ha MOBEPXHIO CIUIA-
By Ni nokpurts Ti-46,5Al. Meranorpadiuauii ananiz 3’eaHanb Ae(eKTiB HE BUSIBUB, OJHAK
HasBHICTh KPUXKUX (a3 y 30HI CIJIABJIEHHS HIKEJIEBOTO CIUIaBYy 3 MOKPUTTSAM HE JJO3BOJIMIIA
OTPUMATH BUCOKOMILIHI 3’ €JHaHHA. 3acTocyBaHHs (oibru 3i cmaBy Ti B amopdHOMY cTaHi
npu 3’enHanHi TiAl 3 Ti-6Al-4V posrisnyro aBropamu [9]. Bynu otpumani 3’ €1HaHHS 3 Mill-
HICTIO Ha piBHI 88 % BiJ 3HaYeHb OCHOBHOTO MaTepiaiy, MPOTe IHTEHCUBHUHN MOTIK TUTaHY B
TiAl, sxuii He CKOMIIEHCOBAHUHN TUQY3I€I0 ATIOMIHIIO B 3BOPOTHOMY HaNpsMKY, PU3BOUTH
710 YTBOPEHHS 3HAYHOI MOPUCTOCTI.

BunisieHHs1 HegoCIi/I’KeHNX YACTHH 3arajbHoi mpodaemMu. BukopuctanHus npu 3Bapro-
BaHHI MPOIIAPKIB Ha OCHOBI MOHOJIITHUX MaTepiajiB Xoua 1 crpusie (GOpMyBaHHIO 3BapHOTO
3’€IHaHHS, ajie CTBOPIOE B 30HI 3’ €IHAHHSA JUISTHKH 13 CYTTEBOIO XIMIYHOIO HEOTHOPIAHICTIO.

JUst 3MEHIIeHHS XIMIYHOT HEOTHOPITHOCT1 Y CTHKY NEPCIEKTHBHUM € 3aCTOCYBAHHS TOHKOT
HaHoIIapyBaToi (poJIbrH, OTPUMAHOT METOZOM €JIEKTPOHHO-IIPOMEHEBOI'0 BUITAPOBYBAaHHS 1 KOH-
neHcanii y BakyyMi [17]. BukopuctanHs rpaJieHTHUX MpPOIIAPKIB HEOJHOPITHUX 32 XIMIYHUM
CKJIQJIOM, JIO3BOJIsIE 3MIHIOBATH YMOBH OTPHMAaHHS 3BApPHOTO 3’€IHAHHS Ta OUIbII e(heKTUBHO
BIUIMBATH Ha AU(Y3i0 eIeMEHTIB 1 (popMyBaHHs 30HU 3’€THAHHS, a caMe il TOBIIMHY 1 CKJIa/I.

Merta crartTi. MeToto 11i€1 poO0TH € JOCTIKEHHs 0cO0IMBOCTEH (hOpMyBaHHS 3’€HAHB
iHTepMeTanigHoro crutaBy TiAl 31 criaBaMu Ha HiKeJeBiil 1 THTAHOBIN OCHOBI IPHU 3aCTOCY-
BaHHI HaHOIIAPYBATHUX MPOMIAPKIB y BUTIAAL (osbru ToBmKHOKO 20...30 MKM, OTpUMaHOI
METOJIOM €JIEKTPOHHO-IIPOMEHEBOTO BUIIAPOBYBAHHS 1 0Ca/LKEHHS y BaKyyMi 3 TapoBoi ¢a3u.

Bukaan ocHoBHoro marepiaiy. Jludysiiine 3BaproBaHHs y BaKyyMi 3pa3KkiB IPOBOANIH
B ycTaHoBIl Y-394M. fIk HarpiBau BUKOPHCTOBYBAJIH €JICKTPOHHO-IIPOMEHEBY rapMaTy Kilb-
neBoi ¢opmu. TemmepaTypy 3BapioBaHHS KOHTPOJIOBAIM 32 JOTOMOIOI0 XpPOMEIb-
almoMeneBoi TepMonapu. Bakyym B po0oudiil kamepi migrpumyBanu Ha pisHi 1,33-107 Ila.
[TinroToBKa 3pa3KiB O 3BapIOBaHH IMOJIATaja B po3pi3aHHI MaTepiady Ha eIeKTpOoepo3iitHo-
My BepcTaTi, HuliyBaHHI KOHTAKTHUX MTOBEPXOHB 1 3HS)KUPEHHI.

06’extom nmocnimkensb Oynu craBu: TiAl, BT8 1 EI437b, xiMiuHU CKJIa SKUX HaBeze-
HO B Tabmmui 1.

Tabmurs 1
Ximiunutl cknao cniagis
CmnaB : . Enemenr %, Bar. .
Al Si Ti Cr Fe Ni Nb Mo
TiAl |28,57-30,91 - 61,27-62,64 | 2,16-3,35 - - 3,56-7,87 —
El437b| 0,60-0,85 |0,70-0,58| 2,57-2,53 (21,10-20,57| 0,72-0,77 | 74,31-74,71 - _
BTS 5,95-7,76 0,1 87,69-89,73 - _ — — 427471

CrutaB anmoMiHiLy TUTaHy OyB OTpUMaHUN METOZOM €JIeKTPOHHO-IPOMEHEBOr0 Meperuia-
BY 3 HACTYITHUM 130CTaTUYHUM INPECYBAHHSAM 1 MPOKATYBAHHSM, ITIiCJISI YOO BUKOHYBAJIHU I'O-
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MoreHizytoue BiamamoBanHus. Ctpykrypa TiAl mamenbHa Ta siBiisse coOO¥0 TUIACTUHH Y-(a3w,
M0 MeXax SIKUX pO3TallloBaHi TOHKI MPOIIAPKHU 02-(Pa3H.

s cnimaBy BT8 xapaktepHa 3MillaHa CTPYKTYpa, SIKa CKJIQAA€ThC 3 TBEPIUX PO3UHMHIB
Ha OCHOBI 0~ 1 B-mMoaudikamiit Tutany. Jleryroui enement cruiapy BT8 migBuiyrors mill-
HICTh TUTaHY 1 3HWXKYIOTh HOro racTuuHicTh [18].

CrmuaB EI437b HanexuTh 70 TPynu MarepiaiB 3 0COOJMBO HU3BKHUMHU TEXHOJIOTTUHUMHU
BJIACTUBOCTSAMHU 332 0OPOOIIIOBAHICTIO, SIKI BU3HAUAIOTHCS BUCOKOIO YKAPOMILHICTIO, HU3BKOIO
TETUIONPOBITHICTIO, BUCOKOIO CXMIIBHICTIO JO MEXAaHIYHOTO 3MIIIHEHHs (HaKJemy) B Mmpoleci
MexaHiyHO1 00poOku [19]. CrnaB € Ba)XKO3BapIOBAHUM JIMCIEPCHO3MIIHEHUM CYIIEepCILIa-
BOM, I1I0 MICTUTh 3HAUHY KUIBKICTh XpOMY ¥ THTaHY, CXHJIbHUI 10 YTBOPEHHS TPIIIMH Y 30H1
TEepMIYHOTO BILIUBY [20].

SIK mpOMDKHI NMPOIIApKU 3aCTOCOBYBAIM HaHoOIIapyBaTi Goiabsru Ha ocHOBI cucteMm Al-Ti
(Ti-38AL% Bar.) 1 Al-Ni (Ni-31,6AL% Bar.) ToBumHoto 20...30 Mxm. [[1s1 3MEHIICHHS AU-
¢y31iHOT pyXJIMBOCTI XpOMY 1 3aii3a 3 00Ky HIKeJIeBOro cIulaBy B HanpsamKky 1o TiAl mpomra-
pku cuctemMu Al-Ni Many HOKPUTTS 3 HIKETIO TOBLIMHOIO 2,5 MkM. Hanomapysati ¢onbru
OTPUMYBAJIM METOJOM €JIEKTPOHHO-IIPOMEHEBOI0 BUMAPOBYBAHHS 1 KOHIGHCAIlll y BaKyyMI.

AHaiz MIKpOCTPYKTYPHU 3BapHUX 3’ €JHAHb MPOBOAMIIM 32 JOTIOMOTOIO €JIeKTPOHHOTO Mi-
kpockoria CAMSCAN 4, sxuii ocHalleHU cucTeMOr0 eHeproaucnepciinoro ananizy EDX
INCA 200 anst BU3HAYEHHS XIMIYHOTO CKJIany. [list IIbOTO 3a CTAaHAAPTHOIO METOJAMKOIO 3 BH-
KOPUCTaHHSM 1T yBaIbHO-TIONIPYBAIBHOTO YCTaTKyBaHHS (ipMu Struers Oynu BUTOTOBJIE-
HI IUTiIQU MOTIEpEeUHOro Mepepizy 3BapHUX 3’ €HAHb.

O1iHKy MIKpPOTBEPAOCTI 3BapHUX 3’€JHAHb MPOBOIWIM HA YCTaHOBI «MiKpOH-raMmay
METOJIOM aBTOMATUYHOTO IHJEHTYBAaHHS 3 BUKOPHUCTaHHAM anMmazHoi mipaminku bepkoBuua
(o= 65°) mpu HaBantaxxenHi 0,4 H [21].

3BaproBanHs iHTepmertajignoro ciiasy TiAl 3 TutanoBum criiapom BTS.

3BaproBaHHs MPOBOAMIM TpH Temrieparypi T = 1200 °C, Tucky Ps = 20 MIla, TpuBanocri
tz = 20 XB. SIK MpOMDKHUI poIIapOK BUKOPHCTOBYBAIM HaHoMmapyBati ¢oisru Al/Ti.

[Ipu 3BaproBanHi 6e3 mpoiapky 0yno orpuMano 6e3nedexTHe 3’e€qHaHHs 3 AUDY31HHOI0
30HOI0 3aBTOBIIKH 7...10 MkM (puc. 1).

a0pm ! Electron Image 1

Homep EnemeHnrt %, Bar.

BHUMIPIOBAHHS Al Ti Cr Nb Mo
Spectrum 1 28,57 61,27 2,16 7,87 0,13
Spectrum 2 31,88 65,90 0,85 0,98 0,39
Spectrum 3 15,00 82,93 0,17 — 1,90
Spectrum 4 6,00 89,73 - - 4,27

Puc. 1. Mikpocmpyxmypa ii 1oxaneruti XimiyHutl ananiz 30nu 3’ eonants TiAI-BTS8
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MiKpOTBepIICTb 30HU 3’€IHAHHS 3HAXOJIUTHCS HA PIBHI IHTEPMETANIITHOTO CIUIaBY 1 CTa-
HOBUTH 4,2 I'Tla. XapakTep po3noiuty eleMeHTiB MOOIU3y rpaHuIli po3ILTy BKa3zye Ha Audy-
3it0 atoMiB Al 3 TiAl B criaB TuTany i aromiB Ti y IpOTHIIEKHOMY HapsAMKY. Sk mokasye
XapakTep po3MOJUTy €JIEMEHTIB, 30Ha 3 €THAHHS XapaKTePU3Y€EThCS 3HAYHUM KOHIICHTpALliii-
HUM rpaaientom y posnoziti Tii1 Al mik TiAl 1 BTS.

Jlnst ycyHeHHS XIMIYHOI HEOJHOPiTHOCTI npH 3BaproBaHHi TiAl 31 crmaBom tutany BT8
3aCTOCOBYBaJIM HaHoIapyBari npomapku cuctemu Al-Ti. Sk mokazanu metanorpadivyni goc-
JDKeHHS, y Tpolieci 3BaproBaHHs (GopmyeTbes Audys3iiiHa 30Ha 3aBTOBIIKU 45...50 MKM, y
CTUKY JedexTH BifacyTHi (puc. 2). Ha xonumniil rpanuii kourakry ¢onsru 3 TiAl cnocrepi-
raeThCsl YTBOPEHHS APIOHUX peKpucTanizoBaHuX 3epeH. 3 Ooky cmaBy BT8 B Hampsamky
MPOIIAPKY BiIOYBAETHCS MPOPOCTAHHS 3€PEH 3 YTBOPEHHSM XapakTepHUX Juid criaBy BT8
CTPYKTYpP KOIIMKOBOTO IJIETIHHSA, 0 CKIaAaThes 3 o i B ¢a3. Posnoain Ti i1 Al mae maBHuMi
XapakTep 0e3 pi3KuX meperuHiB KoHueHrpaiii. 3 6oky cmaBy TiAl y mpormrapok BiiOyBa€eTh-
cst tudy3ist Xxpomy 1 Hi06110, A€ ix BMicT pocsrae BinnosigHo 0,80 1 1,58 % Bar.

s

BT8
Cr Nh
1
Howmep Enement %, mac.

BHUMIPIOBAHHS Al Ti Cr Nb Mo
Spectrum 1 5,95 89,34 - - 4,71
Spectrum 2 20,81 76,82 0,80 1,58 —
Spectrum 3 29,90 60,87 2,38 6,84 —
Spectrum 4 29,35 61,50 2,74 6,40 —

Puc. 2. Mikpocmpyxmypa ii noxanoruti Ximiunuti ananiz 30uu 3’ eonanns TiAl-Al/Ti-BT8

Takuil po3noALT eIeMeHTIB CBIIYUTH PO Te, 10 B 30HI 3’ €HAHHA BIJICYTHI HeOe3MmeuHi
JUISHKY 3 BHCOKMM DIBHEM 3aJMIIKOBUX HAIPYKEHb, 5Kl 3’SBIAIOTHCA MPU OXOJIOKEHHI
3BapHUX 3 €HaHb. Y MPUKOHTAKTHIN 30H1 MPOIIAPOK/ANIOMIHIA TUTaHY (~7 MKM Bij mpoiia-
PKy) croctepiraerbesi (GopMyBaHHS JPIOHMX PEKPHUCTANII30BaHHUX 3epeH. MIKpOTBepIicTh
30HM 3’€IHAHHs ONM3bKa /10 3HaYeHb ciutaBy TiAl 1 cranosuts 3,8 ['Tla.

3 aHanmizy KpUBHUX PO3MOJUTY €JIEMEHTIB y 3 €JIHaHHSAX OTPUMAaHUX Oe3 3acCTOCyBaHHS
NPOMDKHUX MPOIIAPKIB 1 3 3aCTOCYBAaHHAM HaHomapyBatux Qoisr (puc. 1, 2) BUaHO, MO y
BUIIAJIKYy 3BaproBaHHs iHTepMeTaiinHoro cmiaBy TiAl 6e3mocepennbo 3i crmaBom BTS mo
TiHI{ 3’€JHAHHS CIOCTEPIraeThCs PI3KUIA Nepenaj y BMICT1 alIOMiHIIO i TUTaHy, 1[0 MOXe He-
raTUBHO BIUTMHYTH Ha Tpale3/laTHICTb 3BapHUX 3’€HaHb. 3aCTOCYBaHHA HAHOLIApyBaTOTO
npomapky cuctemu Al-Ti 3a0e3nedye ruiaBHUN XapakTep 3MIHM KOHIIGHTpaLii aJlOMIHIIO 1
TUTaHY B 30H1 3’ €THAHHS.

3BaproBaHHs iHTepMeTadigHoro cmiasy TiAl 3 skapoMinHUX HiKeJeBHM CILIABOM.

3BaproBanHs iHTepMeTaniaHoro ciuiaBy TiAl 31 crutaom EI4376 npoBoauiu npu temie-
parypi T = 1050 °C, Tcky P = 20 Mlla, TpuBanocTi t:; = 20 xB. SIK IpoMDKHHIA poIapox
BUKOPUCTOBYBaJIM HaHomapyBati (onbru Ni-Al/Ni-Ni.
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[Ipu nudy3iiHoMY 3BaprOBaHHI alIOMIHIY TUTaHy 3 *apoMiuHuM cruiaBoM EI437b 6e3
MPOMDKHUX TPOIIAPKIB YTBOPIOETHCS 30HA 3’€HAHHS TOBIIMHOIO ~35 MKM, B SIKi MOXHa
BUJITUTH 4 mapu. Y 30H1 3’ €IHAHHS CIIOCTEPIratoThCs IUITHKUA PO3TpiCKyBaHHS (pHcC. 3).

+
Spectrum 1

EI437b
100um
Homep Enement %, mac.

BHUMIPIOBAHHS Al Si Ti Cr Fe Ni Nb
Spectrum 1 30,91 — 62,19 3,19 — — 3,71
Spectrum 2 23,11 - 65,11 4,27 - 3,81 3,69
Spectrum 3 24,57 — 39,97 4,54 0,55 27,23 3,13
Spectrum 4 12,10 — 18,06 4,87 — 64,97 —
Spectrum 5 9,17 - 9,37 22,85 - 58,61 -
Spectrum 6 0,68 0,39 2,63 20,61 0,75 74,95 —

Puc. 3. Mikpocmpyxmypa ii 1oxaneruti XimiyHutl ananiz 30nu 3’ eonanns TiAl-EI4376

Ha ocHOBI pe3ysbTaTiB MIKPOPEHTI€H-CIEKTPAIBHOTO aHANII3y OTPUMAaHUX 3’ €THAHb MOX-
Ha 3poOMTH BUCHOBOK, IO 33 XIMIYHUM CKJIQJIOM, HEpIIMN IIap CKIAJAEThCS MEPEBAKHO 3
TizAl, a gpyruii — 13 cymimi TiAl 3 TBepauM po3uuHOM XpoMmy B Hikemdi. TperTii map Binmo-
BiHO 710 [22] mepeBakHO ckinamaeThes 3 NixAlTi, yeTBepTuii — i3 TBEPAOTO PO3UMHY XPOMY B
HIKeJIl 3 JOMIITKaMU aTIOMIHII0 i TUTaHy (puc. 3).

IIpu ubomy B 30HI1 3’€THaHHA 3 OOKY HIKEJIEBOIO CIUIABY CIOCTEPIraeThCsl ICTOTHE MiIBU-
mieHHs MikpotBepaocti 3 4,10 I'Tla (ocnoBHuit meran) go 14,01 I'Tla, mo Moxe OyTu pe3yib-
TaTOM (DOpMYyBaHHS KPUXKHX 1HTepMeTanimHux (a3 Ha ocHoBi cucreMu Ni-Al-Ti i migsu-
IICHHSIM BMICTY XpOMY B IIPUIIOBEPXHEBUX IIapaXx Y3J0BXK CTHKY.

Hapnani npu 3BaproBanHi 3acTocoByBanu Hanomapysati Goiasru Ni-Al/Ni-Ni. BigmosigHo
10 naHux poOotu [14] Hikenb Mae XOpolly PO3YMHHICTh y THUTaHI, @ HOro 3aCTOCYBaHHS SIK
esleMeHTa (DOJIbIu Ma€ CIPUATH, 3 OJHOTO OOKY, 3HMXKEHHIO CXMIJIBHOCTI (DOJIBIU 10 OKUCIICH-
HS, @ 3 IHIIOTO — IIAp HIKEJI0 BUCTYIAE B potii 6ap’epa i 1udys3ii XxpoMy, TUTaHY 1 3aji3a 3
HIKEJIEBOTO CIJIaBY B HANPSAMKY JI0 IHTEPMETAIITHOTO CIUIABY.

Bbynu otpumani 6e3nedexTHi 3’€JHaHHS, TOPH 1 TPILMHU Y CTUKY BiACYTHI (puc. 4). Bu-
KOPHUCTaHHs MPH 3BapIOBaHHI HaHOIIAPyBaToi (oibru 3abde3neuye GopMyBaHHS 3’€THAHHS 1
CHpUsi€ aKTUBHOMY MPOTIKAHHIO JU(PY31HHUX MPOLECIB MK IHTEPMETATIIHUM CIUIaBOM 1 Ka-
POMIITHMM CIUTAaBOM Ha HikeJneBill ocHoBIi. Tak, B3aeMHa qu]y3is KOMIIOHEHTIB CIUIaBY 1 ¢o-
JITU TMPU3BOJUTH 10 (GOpMyBaHHS y CTUKY TU(Y31iHOT 30HU MIMPHUHOIO ~45 MKM, B sIKiii MO-
’KHA BUIUTUTH 4 mapu.

VY cruky chopmyBanucs 6araTodasHi mapy 3 pi3HUM CIIBBITHOUICHHAM (Da30BUX CKIIaJ10-
BUX, II0 YTBOPIOIOTHCS 32 PaxXyHOK peakuiiHOl Judy3ii KOMIOHEHTIB. AHali3 XIMIYHOTO
CKJIaJly 30HHU 3’€IHAHHS J03BOJISIE 3pOOUTH BUCHOBOK, 1110 3 OOKY aJIOMIHIY TUTaHY (opMy-
fotees mapu TizAl 1 TiAl. Benuka nentpanbHa 30Ha siBisie coboro cymim NizAl 3 TBepaum
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po3unHOM Xpomy B Hikeni. bing crnaBy EI4376 dopmyerbes mpoiapok TBEpAOro po3UUHY
XpOMY B HIKeJN1 3 JOMIIIKaMH aliOMiHil0 i TuTaHy. HasBHICT mapiB HIKeNI0 3 000X CTOPIH
¢donweru cuctemu Al-Ni cripusie 3HIDKEHHIO HeOaxaHo1 Mu(y3ii JIErylounX eIeMeHTIB 31 cIuia-
BiB, 1[0 3BapIOIOTHCS, MOMEPEHKAIOYN YTBOPEHHS IHTEpMETaNIIHUX (a3 i3 BUCOKOIO MIKPOT-
BEPJICTIO, 10 J03BOJIUJIO 3HU3UTH MIKPOTBEpAICTh Oinblie HDK yaBiui (6,81 I'Tla) B mopis-
HSIHHI 31 3’ €IHaHHAMH, OTPUMAHUMU 0€3 TPOMDKHUX MPOIIAPKIB.

+ =
Spectrum 3

50pm 1 f Simm

Howmep Enement %, mac.

BHUMIPIOBAHHS Al Ti Cr Fe Ni Nb
Spectrum?2 30,46 62,64 3,35 — — 3,56
Spectrum3 24,94 40,39 3,52 — 28,05 3,11
Spectrum4 13,77 24,07 0,40 — 60,67 1,10
Spectrum5 21,78 0,75 1,06 - 76,41 -
Spectrum 6 6,20 3,01 24,56 — 66,23 —
Spectrum 7 0,76 2,59 20,83 0,74 75,07 -

Puc. 4. Mikpocmpyxmypa i 10KanbHutl XiMiYHUll AHANi3 30HU 3 €OHAHHS
TiAI-Ni-Al/Ni-Ni—-EI437b
Ha puc. 5 nHaBeneHi 3HaueHHs MIKpPOTBEpPAOCTI B 30HI 3’€IHAHHS MPH 3BapIOBaHHI 4yepe3
MPOMDKHI Tipornapky i 6e3 Hux. [Ipu 3BaproBanHi TiAl 3 kapoMillHUM CIIJITaBOM Ha OCHOBI Hi-
KeJro 06e3 MPOMDKHUX MPOILIAPKIB y CTUKY (GOPMYIOTHCS IHTEepMETalliAHE 3’ €JHAHHS 3 MaKCH-
MaJbHUMH 3HaYeHHSIMU MikpoTBepaocTi Ha piBHiI 14,01 I'Tla. 3actocyBanns npu audys3iiHo-

My 3BaproBaHH1 HaHomapyBaToi ¢onbru Ni-Ni/Al-Ni g03BoJisie 3HU3UTH MIKPOTBEPIICTH
OinpIe HK yaBivi (10 6,49...6,81 I'Tla).

L 16
= 14
=12
10
.38
5 6
34
(2 B m

< = L2 *-Z'Lm

. 5 =5 24t

e} e} —

223

Puc. 5. 3nauennsa mikpomeepoocmi 0CHO8HO20 MeMAny i 30HU 3’ EOHAHHS
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BucHoBku BinmoBiano 1o crarri. [Ipu nudysiinomMy 3BapioBaHHI y BaKkyyMi iHTepMeTa-
ninHoro cruiaBy TiAl 31 cimaBom TuTany BTS8 30Ha 3’€HaHHS XapaKTepU3YeEThCs 3HAYHUM
KOHIIEHTpauiiHuM rpagienToM y posnoaiti Ti1 Al mix TiAl 1 BTS.

3acTocyBaHHs HaHOLIapyBaTUX MpomrapkiB cucreMu Al-Ti mpu 3BaproBaHHI y BakyyMi
TiAl 3 BT8 cnpusie BUpiBHIOBaHHIO XIMIYHOTO CKJIaJly B 30HI 3’€IHAHHA M YTBOPEHHIO 3ara-
JILHUX 3€peH Ha KOJIMIIHINA T'paHHIll KOHTAKTY.

[Tpu mudysiitnomy 3BaproBanHi TiAl 3 xapominaum crutaBom EI437B Ge3 mpomiKHUX
MPOIIAPKIB y 30H1 3’€JHAHHS 3 OOKY HIKEJIEBOTO CIIaBY CIIOCTEPIra€Thecsl ICTOTHE MiIBUILECH-
Hs MikpoTBepaocTi 3 4,10 I'Tla no 14,01 I'Tla, mo moxxe Oyt pe3ynbraToM (HPOpPMYyBaHHS
KPUXKUX 1HTepMeTaligHuX (a3 Ha ocHOBI cucteMu Ni-Al-Ti 1 MiIBUIIEHHS BMICTY XpOMY Y
MIPUITOBEPXHEBUX IIapaxX y3/10BXK CTUKY.

3acrocyBanHs npu nudysiitHomy 3BaproBanHi TiAl 3 EI437b nanomapysaroi ¢oneru Ni-
Al/Ni-Ni 3a6e3neuye yTBopeHHs O6e3/1e(peKTHUX 3’ €IHaHb, CIpUsie (OPMYBAHHIO B CTUKY JH-
¢y31iHOT 30HH 3 MOHOTOHHHUM XapaKT€pPOM pPO3MOJIUTY JETYIOUUX €JIEMEHTIB 1 3HKECHUMHU
3HAYEHHSIMU MIKPOTBEPAOCTI.
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UDC 621.791
Yurii Falchenko, Lidiia Petrushynets, Oleh Novomlynets

DIFFUSION WELDING OF TiAl INTERMETALLIC WITH STRUCTURAL
ALLOYS THROUGH NANOLAYERED FOILS

Relevance of the research topic. With the development of aerospace technologies and the emergence of new heat-
resistant alloys, there is a need for their welding in a homogeneous and heterogeneous combination. These pairs include the
coupling of intermetallic TiAl alloys with titanium or nickel structural alloys.

Formulation of the problem. Diffusion welding is a promising method of joining TiAl-based alloys with heat-resistant
alloys. The formation of a joint may be accompanied by the formation of fragile phases.

Analysis of recent research and publications. For formation of defect-firee joints it is necessary to use intermediate layers.

Highlighting unexplored parts of a common problem. To reduce chemical heterogeneity in the joint it is necessary to
use nanolayer foils.

Setting objectives. The aim of this work is to investigate the peculiarities of forming joints of titanium aluminide with
nickel and titanium alloys when using nanolayered foils.

The main material. The effect of nanolayered foils on the structure and microhardness of welded joints formed during
diffusion welding is investigated.

Conclusions of the article. In the diffusion welding of TiAl alloys with VT8, the joint zone is characterized by a signifi-
cant concentration gradient in the distribution of Ti and Al between TiAl and VTS. When applying Al/Ti nanolayered foils,
the chemical composition in the joint area is aligned and the total grains are formed at the former contact boundary.

During the diffusion welding of TiAl alloys with EI437B without layers in the joint zone from the side of the Nickel alloy
there is a significant increase in microhardness up to 14.01 GPa, which can be the result of the formation of fragile interme-
tallic phases on the basis of Ni-Al-Ti. The application of Ni-Al/Ni-Ni nanolayered foil provides the formation of defect-fiee
joints, contributes to the formation of a diffusion zone with a monotonous nature of the distribution of alloying elements and
reduced values of microhardness.

Keywords: vacuum diffusion welding; microstructure; TiAl; VIS8; EI437B; nanolayered foils.
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3ACTOCOBYBAHICTb I 3AJIEXKHICTb TAPAMETPIB 3YBUYACTHUX NNEPEJIAY
ABIAIIIMHUX PEJAYKTOPIB BIJI TEXHOJIOTTYHUX ITPOIIECIB
IX BUTOTOBJIEHHS

Axmyanshicme memu docnioncennsa. Ilpoonema naoitinocmi pobomu 3y6uacmux nepeoay nos s13aHa 3 MexHoNo2Ielo ix 8uzo-
moenenna. Bupiwenns nog’azanux 3 yicto npobiemoro 3a60aHb 3aCHOBaHe HA PEMETbHOMY 8UBHEHHI 1 BUKOPUCANHI 83AEMO38 3K
KOHCMPYKMOPCLKUX | MEXHONOTUHUX YUHHUKIG 3 eKCHIYamAyiliHUMU NOKAZHUKAMU HAOIiHOCHI 3y6uacmux nepeday. Ocobnusa yea-
2a npu Ybomy npuoiAEmMuCs YAPAGIiHHIO MEXHONOTUHUMU HPOYECAMU BULOMOBIEHHSL 3yOUACMUX KOTIC, HAOAHHIO POOOUUM NOBEPX-
HAM 3Y0Yi6 HeOOXIOHUX (i3UKO-MexaHiuHuX enacmugocmell i 3a0e3neueHHI0 3a0aHUX NOKA3HUKIG MOYHOCI CHPAICEHH.

Ilocmanogxa npobnemu. Busgnenns modcnugocmi 30inbuieHHs pecypcie 3youacmux nepeoad, 30Kpema 207108HO20,
NPOMIICHO20 MA X80CMOB020 pedykmopie epmonvomis Mi-8 ma ix moougixayiil.

Ananiz ocmannix oocnioxncens i nyonixkauii. 3 ananizy rimepamypHux odcepein MOXACHA 3p0OUMU 8UCHOBOK, U0 OCHOG-
HUMU HANPAMAMU Y 8UPOOHUYMEI 3y64acmux nepeday € niO8UWeHHs CUTNOBOI HANPYIICEHOCMT MA WEUOKOXIOHOCHE npu 3Me-
Huwenni 2abapumis i macu, 36invuwienni mepminie cnyacou i KKJ[. [foomy cnpusiioms cyuachi docsienenns y cgepi memanos-
Hagcmea i mepmiuHoi 06pobKu, AKI 3a0e3neyyioms icmomHe NiOBUWEHHSA 32UHANLHOT | KOHMAKMHOI Miynocmi 3y6yig i,
omoice, NIOBUWEHHS IX NUMOMUX HABAHMAICEHD.

Buoinenns nedocniocenux uacmun 3az2anshoi npodbnemu. 38’130k napamempis 3acmocogys8aHux 3youacmux nepeoay
asiayitinux pedykmopig i3 mexHon02i4HUMU RPOYeCamu ix U20MoGIeHHsI.

Mema cmammi. Posensnymu 3acmocogyganicme 3youacmux nepeoay agiayitinux pedykmopia i sanedjcnicmo ix napa-
Mempig 8i0 MexHON02IUHUX NPOYECi8 BUSOMOBIEHHSL.

Buknao ocnoenozo mamepiany. Posznsanymi 3acmocogysanicmy 3y6uacmux nepeoay asiayitinux peoykmopie, 6niue
TMEXHON0STYHUX NPOYeCi8 HA 00ONPAYlO8anHs 3youacmux nepeday Ha OLIbWULL pecypc, NIOGUWEHHS SUMPUBALocmi 3y0yie
npu 32UHi, 6NIUE NOBEPXHEBOI Oepopmayii, enekmpononipysants, iopowiniyyeants, degpopmayilinoeo cmapinus Ha KOHMA-
KMHY 8UMPUBANICMb | 008208TYHICHb.

Bucnogok 6ionogiono oo cmammi. Hasenuii nozumusnuil 00ceio excniayamayii yuniHOpuuHux i KOHIYHUX 3y0uacmux
KoJiC c8I04UMb NPO eheKMUBHICIb 3ACMOCYBAHHS PO3TAHYMUX MEXHOIOIUHUX NPOYeci8 NiOBULeHHS BUMPUBaLocmi 3yoyie
npu 32UHi, 6NUE NOBEPXHEBOI Oepopmayii, enekmpononipysants, iopowinigyyeanus, degpopmayilinoeo cmapinus Ha KOHMA-
KIMHY UMPUBANICMb | 008208IUHICMY I, Y KiHYe8OMY NIOCYMKY, HA NiOGUWEHHs pecypCy asiayitinux peoyKmopie.

Kniouosi cnosa: 3y6uacmi nepedaui agiayitinux peOykmopia, 3acmoco8y8anicms; mexHoN02i4Hi npoyecu U20moe1eHH sl
07151 NiOBUUYEHHSL PecypC).

Puc.: 5. Tabn.: 4. bién.: 13.

AKTyaabHicTh TeMu aocaizkenHs. [Ipobrema HagiliHOCTI poOoTH 3yO4acTHX nepenayd
MOB’sI3aHa 3 TEXHOJIOTIEI0 X BUTOTOBJICHHS [1]. BupimeHHs moB’s3aHuX 3 II€I0 TPOOIEMOIO
3aBJlaHb 3aCHOBAHE HA PETEJIbHOMY BHBUEHHI i BUKOPHUCTaHHI B3a€MO3B’SI3KY KOHCTPYKTOD-
CHKUX 1 TEXHOJIOTTYHUX YMHHUKIB 3 €KCIUTyaTallliHUMHU NMOKa3HUKAaMHU HaJIHHOCTI 3y0uacTux
nepenady. OcobnuBa yBara mpu bOMY MPHUIUISIETHCS YIIPABIIHHIO TEXHOJIOTTYHUMH TpoLieca-
MU BUTOTOBJICHHS 3y04acTHUX KOJIIC, HaJaHHIO POOOYUM MOBEPXHAM 3yOIiB HEOOXITHUX (]i-
3MKO-MEXaHIYHUX BJIACTUBOCTEH 1 3a0€3MEeUEeHHIO 3aJJaHUX MOKAa3HUKIB TOYHOCTI CHPSIKEHHS
[2]. 3yOuacTi KoJieca OCTaHHIX CTYIEHIB PeAyKTOPIB BEPTONBOTY [3] MatOTh MOPIBHSHO HEBE-
UKl KoyioBi mBHAKOCTI (15-20 m/c) 1 iX HampalltoBaHHS 3a YBECh PECypC HE MEpEBHUIIYE
10° nuxiiB HapaHTaxkeHb. Jlume 20 % LUIHAPHMYHMX 3y0UaCTHX KOJIC MPAlOTh i3 KOJO-
BuMH BUAKOCTAMHU Big 20 1o 100 m/c 1 O6inbie Ta OGIU3BKO MOJIOBUHU 3aCTOCOBYBAHUX KO-
HIYHUX 3y0UacTuX nepenad — 31 mBuAKocTAMH Bix 35 1o 100 m/c 1 Gunbmie [1].

OcHOBHOIO 0COONMBICTIO aBiaI[IfHUX 3y04acTUX KOJIC € iXHA Maja BIIHOCHA Maca i axy-
PHICTh KOHCTPYKIIN. Po3mo1i1 Macu Mo JaeTassax i By3jaxX FOJOBHUX PEIyKTOPIB BEPTOJILOTIB
HaBeaeHui B Tabmuii 1 [1].

Sk 6aunumo, HaiiGiIbIy Macy (Bix /4 10 /3 Macu Bchoro peaykTopa) MaroTh 3y04acTi Ko-
Jileca OCHOBHOT'O KIHEMAaTHYHOTO JIAHITIOTa 1 IECTEPH1 MPUBOJIIB.

B aBianiitHux penykropax nepeaxHa ouibmicTs (61au3bk0 97 %) mMIiHAPUYHHUX 3yOUac-
TUX NIepeJiad BUTOTOBIISETHCS MPSIMO3YOUMH 1 OJIM3BKO MOJIOBUHU KOHIYHUX KOJIIC — 13 KPyTo-
BUMH (CIIpaTbHUMU) 3yOLISIMU.

© Ianosaio O. JI., Konecuuk 1. M., ITumunenko O. 1., 2019
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Taomums 1
Po3nodin macu no oemansx i y3nax 2on08HUX pedykmopie
HaiimenyBanns aeraii Maca neraJi a6o By3ia, Kr (%)
abo By3J1a BP-2b P-5 BP-8A P-7 P-26
[TectepHi OCHOBHOT'O KiHEMATHIHOTO
JIaHIFoTra 80,7(28,3) | 154,0(33,0) | 215,0(28,7) | 810,2(25,3) | 45,8(22,8)
[ecrepHi MpuBOIB 5,4(1,9) 10,0(2,0) 14,4(1,9) 32,5(1,0) 5,0(2,5)
ITiAUITHAKYA OCHOBHOTO
KiHEMaTHYHOT'O JIAHITFOTa 43,8(15,4) 43,2(9,2) | 101,0(13,4) | 450,4(14,1) | 21,0(10,5)
[Ti mIMHUKY TPUBOIIB 2,1(0,7) — 9,2(1,2) 25,0(0,9) 1,0(0,5)
Koprryc mepebopy i caTemniTiB (BOAMIO) — 45,3(9,5) 63,2(8,4) 205,0(6,5) 7,2(3,6)
Ban Hecyunx rBUHTIB 31,3(11,0) | 75,0(16,0) | 108,0(14,4) | 532,0(16,6) | 42,9(21,4)
BaJt 0CHOBHOTO KiHEMaTHYHOI'O
JIAHITIOTa 10,2(3,6) - 16,8(2,2) 74,9(2,3) 2,5(1,3)
KpinunbeHi Bupobu 21,4(7,5) - 31,5(4,2) - 5,412,7)
Kopnycue nmutBo 61,2(21,4) | 70,0(15,0) | 133,0(17,7) | 580,0(18,1) | 42,2(21,0)
Mydrta BisbHOTO X01Y 7,8(2,3) - 11,1(1,5) 95,0(3,0) -
Macnocucrema i arperatu 11,5(4,0) — 23,3(3,1) 96,0(3,0) 1,9(0,9)
CymapHuii % mectepeHb 30,2 35,0 30,6 26,3 25,3

AGcomoTHa OUTBLIICTh BUCOKOHAIPYXEHUX 3y04acTUX mepead Mae KyT 3ayerlIeHHS
o, >20° gxuii € cTaHJapPTHUM KYTOM 3a4€IUICHHS B 3araJbHOMY MalIMHOOYyHyBaHHi. 3a-

3BMYail B OJIHIN CTyIEeHI peaykTopa abo MpHBOJa MepeaaBajibHe Yuciao u < 4, a KUIbKICTh
3youiB z < 20 3aCTOCOBYIOThCS JULIe Y 5 % BCIX TUIIOPO3MIpiB 3yO0UacTHX KOJiC aBiamiitHO1
TexHiku. 3ae6inpmoro 50 % 3y64acTux KOJIIC 30BHIIIHBOTO 3a4eryieHHs MaioTh 25 < z <
45, a BHyTpimHBOro 3aueruieHHs — 81 < z < 127. o cTocyeTbcs MOIYJiB 3a4erJICHHS,
TO BOHH PO3NOAUIAIOTECA B Mexax m = 2,25...8 MM, npuyomy 0nu3bko 40 % Ttunopo3mipis
3y04acTuX KoJic MarTh 3 < m< 5 mwm [1].

KoHCTpYKTUBHUMU MapaMeTpaMu 3y04acToro Kojeca, 10 BIUIMBAIOTh Oe3MOCepeHbO Ha

b, b, .
w = ¥u pey =22 ne a,,b,— mixocsoBa
mz z m

w

o . b
MIIHICTb, € KoedilieHTn Y, =—*
v

BIJICTaHb 1 IIUPHUHA KOJIC BIAMOBIIHO.

Ly, =

Koeditient ¥, BimoOpaxkae BILTUB TEOMETPUYHUX MTapaMETPIB HA KOHTAKTHY MIIHICTb, a
koedilieHT ¥, — Ha nedopmMalliro KpyueHHs Tina 3yodacroro koneca. Lg nedhopmarris Brium-
Ba€ Ha HEPIBHOMIPHICTbh PO3IMOALTY HaBAaHTAKEHHs MO JOBXHMHI KOHTAaKTHHX JIHIA. 3 TOUHIC-
TIO 0 COS(SECA,, MOKHA PHUIIMATH, 110 ¥/ =0,5(1+u) v,

Pesynpratu craTMcTHUHOT OOpOOKM NaHUX IMPO 3aCTOCOBYBAHICTh BHUCOKOHAMPYKEHUX

WIIHAPUYHUX KOJIIC 3a MapameTpoM Y/, CBiUaTh, 10 PO3MOJUI I[LOTO MapaMeTpa BilNOBi-

lae HopManbHOMY 3akony i nexuts y mexax 0,08<y <0,45, npuuomy meniana posnoainy

nopisutoe 0,25 [1].
Jly>xe OJIM3bKH 10 HOPMAJIBHOTO 3aKOHY PO3IOALTY THIIOPO3MIPIB 3y0UacTHX KOJiC 1 ma-

pametp ¥/, , mo nexutsb y Mmexxax Bin 0,08 o 0,88 3 mexianoto 0,3.
3aCcTOCOBYBaHICTh 3y0UacTUX KOJIIC 3a IapaMeTpoM I/, Texk OJu3bKa 0 HOPMAIbHOTO 3a-
KoHy posnozity, npudomy 0,555y <145, meniana 10 [1]. Omxe, apianiiini numingpuani

3y0OudacTi KoJieca Tpeba BITHECTH JI0 KaTeropii KOJIic i3 By3bKHM 3y0UacTUM BiHIIEM. Y 3yOuac-
TUX Tlepesiay, CKJIAJACHUX 13 TaKUX KOJIC, HEPIBHOMIPHICTb PO3MOJIUTY HABaHTAKEHHS IO JIOB-
’KMHI KOHTAaKTHUX JIiHIH, IepeBa)KHO, HE 0OMEXYe HeCcydy 3/1aTHICTh Takux nepenad. [Ipote min

38



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

Yac po3paxyHKiB Ha MILHICTh 3aBXK/IM BPaxOBYIOTh JAe(hopMallio Tijla KoJjieca 3aJIeXHO Bijl Mic-
115 IPUKJIAJIAHHS 1 HAPSAMKY J1IF0Y0T0 CHJIOBOTO MOTOKY. Kpim TOro, y KOHCTPYKLISIX aBiarliii-
HUX PEAYKTOPIB 1 MPUBO/IIB MPArHyTh YHUKATH KOHCOJILHOTO PO3TaIlyBaHHs 3y04acTHX KOJIC.

: L .
V 70 % 3y6uactux xofic v, =——<1, ne L — 1oBxuHa MaTouuHu; d,, — JiaMeTp I1o-

ean

. b
CaJIKOBOI'0O OTBOPY 3Y6‘laCTOFO KoOJIeCa. IHTepBaJ'I po3noaury napamerpa vy, = fCTaHOBI/ITL

01<y, <23, ne meniana — 0,7 [1]. Mix koediiearamu ¥, i ¥/, icHye cTaTucTHUHMIA

3B 530K, 110 3aMUCYEThCS y BUMMISAAL piBHAHHS perpecii: ¥/, =1,614-1113y, .

[upuna 3y0vacToro BIHLSA y KOHIYHUX KoJecax 31 CHipalbHUMHU 3yOLsIMHU 3a3BUYail Jie-
xuth y mianaszoni 0,37/>b2>0,25/, ne | — noBxuHa TBIPHOI AUTMIBHOTO KOHYCa. Y TaKMX
nepeaay HampsMOK CIipalti MOBUHEH 3a0e3MeuyBaTd BUHUKHEHHSI CHJIH, 110 OyJ€ BUIITOBXY-
BaTH CIIPSDKEHI KoJleca 13 3a4eryIeHHS.

3a nanumu xxypHaiy Gear Technology [2; 4], sxuit y 2011 p. npoBiB onuTyBaHHS BUPOO-
HUKIB 3y04acTuX KOJIIC I[0/I0 CTaHy TEXHOJIOT1H BUTOTOBJIEHHS 3y0UacTHX mepenad, METOIU
BUPOOHUIITBA TIOIUTAIIUCS TaKUM YUHOM (puc. 1).

MeToau BUpOOHHUIITBA 3y09aCTHX KOJIIC
|

v v
31 3HATTAM CTPYKKU — 92% bes 3uatTa cTpyxku — 8%
3ybodpesepyBanns > ["apsiue HaKaTyBaHHA
_»| UYepB’TYHUMH 1 JUCKOBUMHU
MOZIYJIBHUMU d)pegaMH —> XOHOI[He HaKaTyBaHHA
3ybomosOaHHA 3y0OPI3SHUMH —> Jlureo nix TckoM
_,| 1oBOauamu 1 pacoHHUMU —
pistuaME L »| Enektpoeposiiina 00poOka

L’ 3yGomidyBanms —»{ BinmienTpoBe BakyyMHE JIUTBO

[IpecyBanHnsa 3 MeTaneBUx

MOPOTIKIB

Puc. 1. Knacugixayis memooie supoornuymea 3y64acmux KoJic

JlocnipkeHHsT TEXHOJIOTIYHOTO 3a0e3MeyYeHHs] HaJIHHOCT1 3y04acTUX KOJIC JI03BOJISIE
BCTAHOBUTH TaKl KpUTEPii OI[IHKH €(heKTUBHOCTI BUTOTOBJICHHS, PE/ICTaBIEH1 B Ta0. 2 [2].

Y Tabm. 2: fpb — Binxunenns 3y6uacroro koneca; f , — noxubka npodimro 3yda; £, — Ha-
KOIMYeHa TIOXHOKa KpoKy 3y6uacToro koneca; F,, — pajianbhe 6utts 3yduacroro sinms; Fy,, —
KOJIMBaHHS JIOBKHHH 3arajibHOi Hopmaii; F,; — MoxuOKa HampsMKy 3y0a; F,, — Binxunenns
BIIHOCHUX PO3MIPIB CyMapHOi 30HU JOTHKY; — rapaHToBaHui Oiunmii 3a30p; £, , Ty —

]n,min

HalMEHIIIe BIIXUJICHHS PO3MIPY 10 POJIMKAX 1 JIOMYCK [5].
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Tabmums 2
Kpumepii oyinku egpexmusnocmi 8ucomosieHHs 3y04acmux Koiic

KoncTpykTusHi (hakTopn Texnomnoriuni pakropn
CryniHp TOYHOCTI IIBuakicTs pizanns (V)
Yucro 3y61iB (z1, 22) INonaya (s), rambuna pizanus (t)
Monyns (m) Critikicts iHCTpyMeHTY (T)
[upuna 3ybuacroro Binng (b) 30P
SIxicTh poOOUNX OBEPXOHB 3yOLiB
mopcTkicts (Ra), 1Bepaicts (H)
ITnaBHicTb pobOTH (frb, f1i)
Kinemaruuna tounicts (Fur, Frr, Fuw)
Konrakr 3youis (Fg., Fon)
Hopmu GiYHOTO 3a30DY (jumin, Enss, Tay)

[IpoaykTuBHICTH

SIxicTb

VYci cnocobu noBepxHeBOi 0OpOOKU CTaNbHUX JETaJe MalllKH, 32 JOIOMOIOI0 SKUX MO-
’KHA KepyBaTH MIIHICTIO, MOKHA NOJIUTUTH Ha Taki rpynu [2]: TeXHOJIOT4H1 (pi3aHHs, YUCTO-
Ba 00poOKka), MexaH1yH1 (0OKOUyBaHHS POJIMKAMH, OOyBaHHS IpoOOM), TepMiuH1 (1HAYKII1H-
HE HarpiBaHHS CTPyMaMH BHCOKOi YaCTOTH), XIMIKO-TEpMIUH1 (LIEMEHTYBaHHS, a30TyBaHHS).

OCHOBHUMU HanpsIMKaMH y BUPOOHUITBI 3y0UacTUX nepeaay € MiJBUIIEHHS CUIIOBOI Ha-
MPY)KEHOCTI Ta MIBUAKOXITHOCTI MpPU 3MEHILICHHI rabapuTiB 1 Macu, 30UIbIIEHH] TEPMIHIB
ciyx6u Ta KK/I. [lpoMy cnpusitoTh cydacHi JOCATHEHHS Y c(epi MeTajI03HaBCTBA il TepMiu-
HO1 00poOKH, sIKi 3a0€3MeUyl0Th CYTT€BE MiJABUILIEHHS 3rUHAIBHOT Ta KOHTAKTHOI MIITHOCTI
3yOlIB 1, OTXe, MIBULIEHHA MUTOMUX HaBaHTaXeHb Ha 3yOui [6]. Hanmpuknan, npsmo3yda
aBialiiiHa 3yO4acrta nepenaya 3i cram tuny 12X2H4A-I1 npaitoe npu JOMycTUMOMY piBHI
KOHTAKTHUX HANpPYXeHb o 4 = 1500 MITa mpu N = 5-107 1uKIiB, IpaHuId 3TUHAIBHOI BH-
TpuBanocti ¢ r= 950 MIla npu 6a3oBoMy uucii mukiIiB Nry = 4-10° [7].

[IpoBoasThCs poOOTH, CKEPOBaHi Ha Te, 11100 AUPY31HHI TOKPUTTS 3yOUacTUX KOJIC HOBOTO
MOKOJIIHHS BIATIOBIIAJIM TAKUM 3HAYEHHSIM EKCIUTyaTallliHUX BJIACTUBOCTEH: IPAHULISI KOHTaK-
THO{ BUTPUBAJIOCTI B 30HI1 3aueruieHHs — 1500-2000 MIIa; rpaHuist BUTpUBAiIOCTI NP 3THHI,
10 KOHTPOJTIOEThCS B OCHOBI 3y0a, — 900-1200 MI1a; poGoua Temmneparypa moBepXoHb 3y0dac-
Tux Kojic — nonaa 350-450 °C; remneparypa mutteBux cnanaxis — 500-800 °C 1 Oublie.

[Ipu BUpOOHMIITBI peyKTOPIB aBlalllifHOT TEXHIKM BUKOPUCTOBYIOTh €BOJIbBEHTHI LIMJIIH/-
pHUUHI NPsIMO3Yy01 3yO0UacTi KoJieca 13 30BHILIHIM 3a4YEIJICHHSAM CEpPEeIHbOro MOIyist (Bia 2 110
6 mm) 3 nemenroBanux (12X2H4A, 20X3MB® Ta iH.) 1 a3otoBanux (18X2H4MA 40XHMA,
38XMIOA Ta 1H.) craneil 13 HacTymHUM 3y0Oo(dpe3epyBaHHAM, XIMIKO-TEPMIYHOIO 0OPOOKOIO
(uemeHTartis), 3yoouutidyBanHsam abo 3yoodpesepyBaHHAM, 3yOoLUTI(pYBaHHIM, a30TYBaHHSM.

ABialliifHi 3y0yacTi KoJieca BUTOTOBIISIIOTH 3 LEMEHTOBAaHMX BHMCOKOJETOBaHUX CTajei
€JIEKTPOLIJIAKOBOro ab0 BaKyyMHOIo IneperuiaBy. BoHM mijyaioTbesi CKIAQHIA XIMIKO-
TepMiuHii 00poOIll (3arapTyBaHHs, 00poOKa XOJOJOM, BIIMYCK, IIEMEHTallis, a30TyBaHHS
TOILO), Y pPe3yJIbTaTi sIKOT MatOTh TBEPAICTh MOBepxH1 He Hikye HRC 60 npu TBEpAOCTI cep-
uesuHu HRC 30...42 [2]. [Ipu 1boMy CyBOPO pErIaMEHTYEThCS BIICOTKOBUN BMICT BYIJIELIIO
B IIOBEPXHEBOMY IIapi, OJHOPIIHICT 1 APIOHOZEPHUCTUCTb CTPYKTYPH, TJIMOMHA XIMIKO-
TEPMIYHOIO LIapy, MEXaHIYH1 BIACTHUBOCTI Ta iX 130TPOnHicTh. OcoOIMBO OLIHIOIOTHCS BEJIH-
YMHA ¥ XapakTep po3NoALTY 3JIMIIKOBUX CTUCKAIOUMX HAMPYKEHb.

Sk nemenroBani crani 3actocoByroThes 12X2H4A-I11, 14XT'CH2MA-I1I, 30X2H2BOMA-
1, 20X3MB®A Ta 1amii. 1i ctam MiCTITh MEHIIIE HIKEITI0 a00 € Oe3HIKEIIEBUMH, OLIBII CTIMKI
NPOTH 3ailaHb, MEHIII YYTJIMBI O MPHITATIB. 3 IIUX CTaseil BUTOTOBIIAKOTH HE MEHIIIE SIK 74 BCIiX
aBiaIifHUX 3y0UacTHX KOJIC 1, 30KpeMa, 3y0uacTi Kojieca roJIOBHUX PEAYKTOPIB BEPTOIHOTIB.

A30TYBaHHIO MIIATalOTh 3A€0UIBIIOrO 3y04acTi Kojeca IUIAHETapHUX PEAyKTOpiB, Ta-
KHX, HAPUKJIIA/, K MUK, 715 Y0TO 3aCTOCOBYIOTH cTaibh 38 XMIOA.
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Cnin 3a3HauMTH, 1O MPUITYCK Ha IUTiIQYBaHHS MOBEPXOHb 3YOLIIB TOBUHEH T'apaHTyBaTH
OTPUMAHHS HEOOX1AHOT TOBILMHY 3MILIHEHOTO I1apy 3 ypaxyBaHHAM jaedopMarliif mij yac ue-
MEHTYBaHHs. B igeanbHOMy BuUNaKy Lied 1Iap He € pIBHOMIPHUM, OCKUIBKM HDKKA 3y0a Je-
(dhopmMyeThes OuTbIIe, HIK TOJIBKA.

Hecyua 31aTHICTh XIMIKO-TEPMIYHO OOpOOIEHUX 3y04acTHX KOJIIC BEJIMKOIO MIPOIO BH-
3HAYa€ThCsl BEJIMYMHOIO HABEJCHHUX 3AIMIIKOBUX CTUCKaIOUMX HamnpyxeHb. L1 HanpyxeHHS,
SK1 BUHUKAIOTh Y ITOBEPXHEBOMY 11api, BPIBHOBAXKYIOTHCS BIAHOCHO HEBEJTMKUMH PO3TATYIO-
YYMU HaIpYyXEHHSAMHU B CEpLIEBUHI 3y0a, IX HallOUIbIIa BEJIMYHMHA HE NepeBullye o <1150 .

VY nporeci 3ybonutiyBaHHsS BUBOJSATHCS HETOUHOCTI 3y00o(pe3epyBaHHsl i OCHOBHI Jie-
(dopmariii 3y04acTux KoJIic, MOB’s3aH1 3 TEPMIUHOIO OOPOOKOI0, a TAKOXK 3HIMAETHCS MOBEPX-
HeBUH 1map 13 nepexramu TepmMooOpoOku. [1ia 1i€r0 BUCOKHUX TeMIiepatyp Bii0yBalOTbCs BTO-
PUHHI CTPYKTYpHI 3MIHM B MarTepiaji, 110 BIUIMBAIOTh HA BHUHUKHEHHS 3aJIMIIKOBUX
PO3TATYIOUMX HanpyXeHb. MIKpOCTPYKTYPHI 3MIHH Y CTali, 10 B1I0OYBAIOTHCS MPH MiIBUIIE-
HUX peXUMax NUTQyBaHHs, MPU3BOJIATH 10 TaK 3BaHUX MPUIIAIIIB.

Jlnst 30UIbIIeHHS. HAAIMHOCT1 Ta HECYYOi 3aTHOCTI 3y04acTHX KOJIIC iXH1 3yOlll BUTOTOB-
JSI0TH 3 MIJHYTPEHOI0 HEelUTi(hOBaHOIO OCHOBOIO, NUTI(PYBaHHIO MIIJAI0Th TUIBKU €BOJIBBEHT-
HUll npodutb 3yOLiB.

3HayHa YyacTUHA aBlallIfHUX 3y04acTUX KOJIIC Ma€ €BOJIbBEHTHY MOBEPXHIO 1O 7...8 Kiacy
mopcerkocTi 3a TOCT 2789-73, pucku ko1 MarOTh BUIJIS CITKH. Taka (popMa MiKpOHEpPIBHO-
cTeil Mae Micle npu nutdyBaHHI 3y0yacTUX KoJjic Ha BepcTarax (ipmu «Maar» 3 KyroMm
BCTaHOBJIEHHs nuTihyBansHOTO Kpyra «,, = 15° a6o 20°. Tlpu 1poMy IpHUITYCKaIOTh, IO 3y0-

YacTi KoJjieca MpaliolTh B YMOBAaX I'PaHUYHOTO 3MAllyBaHHS I OpIEHTOBaHA TaKUM YMHOM
HIOPCTKICTh CIPUsi€ YTPUMAHHIO MACIIIHOTO LIapy.

VY 3B’43Ky 3 AOONPANIOBAHHAM (I0BOJAKOI0) 3y04acTHX mepeaay Ha Olibmmid pecypc
cTajia IOMITHA TeHJIEHIIIS Iepexoay Ha «Oe3nepepBHe» HUTIPyBaHHI, 110 Ma€ MICLIe MPU HY-
JHOBIM — MapaneabHii — yCTaHOBII poOOYMX rpaHel nuliyBaIbHOrO Kpyra. B ocHOBY 11bOTO
MeTOy LUTIpYBaHHS, L0 JO3BOJISIE MIIBULIMTU IIOPCTKICTh MOBEPXHI A0 9-ro kimacy 3a
I'OCT 2789-73, nokyaieHo MPUITYLIEHHS PO ICHYBaHHS TAPOJMHAMIYHOT MACIISIHOT TUTIBKH.

JlocBin noonpamoBaHHs aBianiliHMX IBUIYHIB Ha OinbIIMid pecypc NIATBEPIKYE BU-
COKY Ipalle3/1aTHICTh 3y0YacTUX KOJIC 13 HIOPCTKICTIO, 10 Bixnosinae 9...10 kiacy, npuuomy
noBepxHIo 3 10 KI1acoM IMIOPCTKOCTI OTPUMYIOTh 3yOOXOHIHryBaHHAM. [1in yac 3y0OXOHIHTY-
BaHHS 3MEHIIYIOTh MOXMOKM OCHOBHOTO KPOKY IpH 3HIMaHH1 metany B 5...6 MkMm. Llopcr-
KICTh MEpeX1AHOIT MOBEPXHI 3BUUYaiiHO Ha 1...2 KJIacH HMXKYE, HDK HIOPCTKICTh €BOJIBBEHTHOL
MOBEPXHI, MPOTE MPH TOHKUX 000/Jax YUCTOTa mepexinHoi noepxHi gocsrae 10...11 kmacy
HIOPCTKOCTI. Y LbOMY BHUIAJIKy, BPaXOBYIOUM BILJIUB YUCTOTH MOBEPXHI Ha OMIp 3rUHAIBHOL
BTOMH, 3aCTOCOBYIOTh PETEJIbHE MOJIPYBaHHS MepexiiHOT moBepxHi [1].

[HOA1 siIK ocTaTouHy omeparlito 3 JOOIPALIOBAHHS €BOJIBBEHTHOI MOBEPXHI 3y0a 3acToco-
BYIOTH €JIEKTPOIIOJIIPYBaHHS, 110 JI03BOJIsIE OTpUMatu 9-i kiac mopcerkocti. Hegomiku enek-
TPOIOJIIPYBAHHS KOMIIEHCYIOTBCSI JPOOOCTPYMEHEBUM HAKJIETIOM MOBEPXHI. 3aMiICTh €JIEKT-
porolipyBaHHS AK (IHIIIHY ONEpalil0 3aCTOCOBYIOTh HNPUTUPAHHS 3yO4acTUX KOJIC
rpadITU30BaHUM MEPIITHUM YaBYHHMM NPUTHPOM 13 mactamu. [l yac mpuTupaHHs 3HIMa-
erbes wap 20...30 MKM 1 IepeBaKHO BUIPABIISIOTHCS MOXMOKM OCHOBHOI'O KPOKY M HampsiM-
Ky 3y0a. XOHIHI'YBaHHSM 200 MPUTHUPAHHSAM 3HIMAIOTh TOHKUHN Ae(eKTHU 1ap, 1o 3aJuliu-
BCS MICHIA TePpMOOOPOOKH, NUTIPYBaHHS, TPAaBICHHS 3yOUacTUX KOJIC 3 METOI0 BUHAMJICHHS
npunaiiB. Pi3HI METOAM MIACTUYHOrO NE(POPMYBAaHHS TAKOXK € 3aBEPLIATILHOIO OIEpalliero
JUIS TIBUIICHHS SIKOCT1 3yOUacTHX KOJIIC.

Kinemarorpamu Ha puc. 2, @ 1 6 IeMOHCTPYIOTh 3MiHY CHPSKEHOCTI TI€T )k caMoi mapu 3youa-
CTUX KOJIiC, BUTOTOBJIEHUX Ha pi3HMX BepcraTax [1]. Ilepma nmapa BurotoneHa Ha Bepcrari KS-
42 dpipmu «Maary, 1110 TPaLIOE 32 CXEMOIO IJIOCKOTO BUPOOJISAIOUOro KoJeca, a pyra — Ha Bepc-
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tari 5870M koHctpykuii DHUMC, nobynoBaHOro 3a CXeMOr MIOCKOBEPILIMHHOTO BHUPOOIISIO-
qoro kosieca. Lle mpukiaa BUTOTOBIEHHS 3a OJHUM KpecleHHsIM pi3HuX Kodjic. Kinemartorpama
puC. 2, ¢ y IOPIBHSIHHI 3 2, 6 TTOKa3y€, HACKUIbKU CUJIBHO BIUIMBAE KUIBKICTb 3yOLIIB Y 3aUeIlIeHH1
Ha CTYITIHb HECHPSKEHOCTI pU 00poOIIi 32 CXEMOIO IIIOCKOBEPILIMHHOTO BUPOOJISIOUOTO KOJleca.

-M-WM
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Puc. 2. Kinemamuuni noxubxu KOHIYHUX NPAMO3YOUX nap:
a—napa npum = 6 mm, z; = 32, z; = 47, & =20°, wnighoeana na eepcmami hipmu «Maazy KS-42;
6 — ma oic cama napa, winigposana Ha eepcmami 5870M; 6 —napa npu m =5 mm, z; = 15,
22 =18, a0 =20", 0bpobnena 3a cxemoio NIOCKOBEPUUIIO20 KONECA

CrpsbkeHl KOHIYHI 3a4elJIeHHs B HaBaHTAXEHUX Iepeadax Hempare3aaTHl uepe3 aedo-
pMaitlii BJacHe KOJIIC, iX IepeMillleHb 3a PaxyHOK Jedopmallii TiAUMITHUKIB 1 KOPIYCIB, MO-
XUOOK BUTOTOBJIEHHS Ta TeMIEpaTypHUX Aeopmaiiil. ¥ TakuX 3aueIuIeHHSX KOHTAKT Iij
HaBaHTAKEHHSIM BUXOJUTH 32 KPOMKY, 1 IIepeiada CTa€ HEMOKIIMBOIO. Y KOHCTPYKIIISIX HaBa-
HTa)KEHUX Mepeaay 3aCTOCOBYETbCS BUKIIOYHO HECHPSHKEHI, MOIU(IKOBaHI MO MpOQuIto 1
JHIAM 3YyOL1iB 3aUeryieHHs (3 JIOKAJII30BaHOO MO0 KOHTAKTY).

[1ix yac BUrOTOBJIEHHS] BUCOKOHAIPYKEHUX 3yOUacCTUX KOJIC BU3HAHO JIOLLIBHUM 3aCTOCO-
BYBATH TEIJIOMILIHI, MEHIII CXWUJIbHI 10 yTBOpeHHs npunaiis, ctani 12X2HBDA, 20X3MB®A,
16X3HBM®FI] i1 ocobmuBo 13X3HBM2®-III. Bonu nomyckatoTh OUIbII MPOIYKTUBHUN pe-
AKHUM LUTIPYBaHHS, IO 3HMXKYE yac Ha 00poOKy oaHoro 3yba Ha 30...50 %, y mopiBHSAHHI 31
craiumo 12X2H4A [1].

3MillHEeHHST 3YOLIB KOJIC 3A1MCHIOEThCS OOKOUYyBaHHAM pojukamu [8] abo BajikaMu-
mectepasaMu [9] 1 o6ayBkoto podom [10; 11]. OOkouyBaHHS BalKaMU-IIECTEPHIMU JO3BOJISIE
3MILHUTH 3YOLl1 110 BCbOMY MPOQLII0 i BOHO OUTBII MPOJTYKTUBHE, HDK OOKOUYBAHHSI POJIMKA-
MU, ajJ€ BUMAara€e 3acTOCYBaHHs CIELIalbHOro 00NagHaHHs Ta NPO(LILOBAHOTO IHCTPYMEHTY.
30UTbIIEHHS TPaHULIl BUTPUBAJIOCTI MICJIs 3MIITHEHHS ApOOOM JUIsl CTall MICIs BiANAIIOBAHHS
CTaHOBUTH 9 %, micis nokpaiieHHs — 18 %, micis 3araptyBaHHA 1 Biamycky — 48 %.

VY LeMeHTOBaHUX cTallel 3aJIMIIKOBI HANPYXEHHs CTUCKY IMICHs MOBEPXHEBOTO IJIaCTUY-
Horo aedopmyBaHHA MOXyTh nepesuiryBatd 1000 MIla, 3miHIOrOUMCH OUTBII CYTTEBO (Ha
COTHI BiJICOTKIB), HDK 1HIII BIACTUBOCTI (HAIPUKIIAJ, TBEPIICTh), III0 BU3HAYAE ISl HUX BU-
COKY e(eKTUBHICTh aedopMalliifHOro 3MilfHEeHHS. BHUCOKMIT TpafieHT 3aMINIKOBUX HaMpy-
KEHb CTUCKY, 3MEHIIIYIOUH BEIMYHHY PE3yJIbTYIOUOT0 HalpPYKEHHS PO3TATY B IIOBEPXHI B He-
0e3MeyHoMy Iepepi3l OCHOBU 3y0a, 3Millye MIClle pyWHYBaHHS B MPUIIOBEPXHEBUH Iiap. Y
pe3ybTaTi HOBEPXHEBUH HAKIIEN 3HMXKYE UYTIUBICTh EMEHTOBAHOI CTajl 0 KOHLEHTPaTo-
pIB HaIllpy»XeHb, JTO3BOJIAIOYM TUM CaMHUM HAHOUIbII MOBHO BUKOPUCTATU 1i BUCOKOMIITHHM
CTaH, MIABUIIMTU HA/IIHICTh POOOTH Ta HECYyUy 3JIaTHICTh 3y04acTUX KOJIIC.
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IlinBuIIEeHHA BUTPHUBAJOCTI 3yOUiB NMpPHM 3TrHHI 3aJ€XUTHh BiJl METOJY MOBEPXHEBOIO
IUTACTUYHOTO 1e(hOpPMYyBaHHS, PEKUMIB HAKIIEIy, TOYaTKOBOTO CTaHy rnoBepxHi. OOKouyBaH-
Hs ponukamMu MetonoM Kysemina [12] miaBHIye TpaHUIIO0 BUTPUBAIOCTI 3yOLIB MPH 3THHI
remenToBanux koutic Ha 30...50 % i cyTTeBO 30UIBINYE X JOBroBiuHICTh (puc. 3) [1].
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0CHO80I0 3y0Yyis, 2 — i3 Heullih08aHOI0 OCHOB0IO 3 YCIYNOM, 3 — 3i WIhOBAHOI0 OCHOBOI 3Y0Yi6

Ha puc. 4 npezncraBneni rpaHulis BUTPUBAIOCTI i JOBroBiuHicTh cTaii 12X2H4A 3anexHo
Bil yacy oOpoOKH 1 KIHETHYHOI eHeprii ApoOy MpHu MHEBMOIPOOOCTPYMEHEBOMY 3MIITHEHHI.
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Puc. 4. I panuya konmaxmmnoi eumpusanrocmi o (1) i doszoeiunicmo Ny (2...4)

npu Hanpysicenti 8 konmaxkmi O, = 1820 MIla cmani 12X2H4A 3anescHo 8i0 wacy

00po6KU ts, § KiHemuyHoi eHepeii 0pody E npu nneemoopobocmpymenesomy 3MiyHeHH L.
1...3 — naxnen i namypanvie cmapinns; naxnen i cmapinns npu t = 130°C na npomasi 2 200;
1, 2, 4 — moewuna yemenmoganozo wapy 1,0 mm; 3 — moswuna yemenmosano2co wiapy 1,3 mm
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['panuus BuTpUBasIOCTI U 3rvHI LieMeHToBaHoi ctani 20X2H4A 3pocrae 3 838 Mlla no
970 Mlla mixg yac 0OKOYYBaHHS POJMKAMU MO Mipl 3pOCTaHHS HAIIPY)KEHHS B KOHTAaKTI J0
5000 MIla. IIpu OuThIIMX KOHTAKTHUX HANpYXEHHSIX BOHA 3HMXKYeThCs [12].

Bucoxka epekTHBHICTb TAPOIPOOOCTPYMEHEBOTO 3MIITHEHHS 3y0OUacTUX KOJIIC (m = 3 MM,
z=50, a =25, b=8mMM) 3 HemurihoBaHOIO IIIHYTPEHOK OCHOBOI 3yOLIB 3i cTawi
20X3MBO®-1II (HRC > 58 ) BcranoBneHa B [13]. Ilicist o6kouyBaHHS KOKHOTO 3y0a mpoTs-
roM 3 XB KyJbKamMu AiamMeTpoM 1,6 MM mig TuckoM TpaHcopmaropHoro macna 0,8 MIla rpa-
HUI BUTPUBAJIOCTI 3yOIiB MPH 3THHI B MOPIBHAHHI 3 HE3MILIHEHUM CTaHOM 30UIBIIYETHCA 3
480 mo 680 MIla, To6To Ha =43%. O6pobka IPOOOM HITPOIIEMEHTOBAHKUX KOJIC 301LIbIIy€e
BUTPUBAJIICTh 3YOLIB IIpH 3TUH1 Y 3...5 pa3iB.

BB moBepxHeBOro Ae)OpMyBaHHSI HA KOHTAKTHY BUTPHBATICTH MEHII CYTTEBUA,
OCKUTbKH 3aJIILIKOBI HAIIPY>KEHHS CTUCKY HE CIIPUYMHSIOTH Ha HEl TAKOTO BUPIIATBHOTO BILIU-
BY, SIK HA BUTPUBAIICTH 3yOL[IB NPH 3rUHI. [HIIIT BIACTUBOCTI 3MIHIOKOTHCSI MEHII CYTTEBO 1 JI0 TO-
ro K 1HOJI B HeOaKaHOMY HaNpsMKY (HANPUKIAJ, MIIBHIIEHHS IIOPCTKOCTI MiJ Yac HaKJemy
npooom). IllopcTkicTh MOBEPXHI 3aJI€KUTH Bifl CIOCO0Y 3MIITHEHHS], Yacy HaKJIEMy Ta OYaTKOBO1
mopcrkocti. JloaaTkoBi onepatiii — el1eKTpornoipyBaHHs a0o BiOpolutipyBaHHS — MOKPALTYIOTh
HIOPCTKICTh MOBEPXHI: 3HWKYIOTh BUCOTY MIKPOHEPIBHOCTEH, 3MIHIOIOTh XapaKTep MIKpOpesbe-
¢y, 3r71aJLKYI0UYM TOCTP1 BUCTYIM 1 3anaAuHU. BIumB crioco0y 3MIIIHEHHS CTa€ HEMOMITHHUM.

Jlnst craneil 3 BUCOKOIO TIOBEPXHEBOIO TBEPICTIO BBAXKAETHCS OUIbIL MEPEBAXKHUM 3aCTO-
CYBaHHS aJIMA3HOTO BUIJIAJUKYBaHHs 3aMICTh OOKOUYYBaHHS poJMKaMu. BurnamxyBaHHs ain-
Ma3HUM IHCTPYMEHTOM pafiycoM 1,5 MM 103BoJIsie ipu HeBucokoMmy 3ycuiuii B 100...300 H
CTBOpIOBATH BUCOKHUI TUCK y KOHTAKT1 B 7000...10 040 MIIa i TuM camMuM 3HauHy MJIACTUYHY
nedopmalliro, 0 pO3MOBCIOIKYETHCS Ha OUIBILY INIMOMHY BiJ MOBEPXHI, HUK ITiJ] 4ac HaKJe-
iy apobom (puc. 5). YV pesynbrari 3MmilHeHU# map mae Outbiny ToBmmHY (0,3...0,4 Mm), a
MaKCUMYM 3aJMIIKOBUX HANpPYyKEHb 3MIIIEHUH B INIMOMHY 1Iapy ¥ BeJIMYMHA HANPYXEHb Y
noBepxHi MeHIue. [Tpu 3ycmmisx BurnamkyBanas 300 H 1 Ounbline 3aMIIKOB]1 HallpyKEHHS
NEPEXOAiTh B PO3TATYIOUl. TBEPAICTh MOBEPXHI MIIBULITYETHCS 31 30UIBLIEHHAM 3yCUILIS BU-
rnamkyBannsa A0 200 H 1 nomitHO 3HmxyeThes ipu P > 300 H.
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Puc. 5. 3anexcnicmoe konmaxkmmuoi ooseosiunocmi Ny cmani 20X3MB®D-111

810 3ycunisa guenaoxcysanus P (S = 0,04 mm/06; v = 0,8 m/c):
1 — euenaoacysanns i cmapinns npu 160°C, 2 200; 2 — euanadocyeanms
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Jedopmaniiine crapinHs (HU3bKOTEMIEpaTypHUN BIANYCK) MICIs MOBEPXHEBOTO ILIAC-
TUYHOTO Jie(popMyBaHHS J10JIaTKOBO MOKpAILye TOHKY CTPYKTYpY /1e(hOpMOBAHOTO MaTepiany
1 MBUIIYE KOHTAaKTHY BUTPUBAIICTh IleMeHTOBaHUX cTtayied [1]. Jedopmauiiine crapiHHs
3HWKYE MIKPOBUKPHUBJICHHS KPUCTAJIIYHOT PEIIITKH 1 TPU3BOIUTH A0 OUTBII BUCOKOTO CTyIE-
Hsl 3aKpIIJIEHHS JUCIIOKALllM, HDK HaTypaJlbHE CTapiHHA.

Haiimeniy pyxiuBicTh Je(eKTiB BUKIMKAE CTApIHHA MPOTATOM 2 TOJ. MpH TeMiepaTypi
130°C mus crami 12X2H4A i 160 °C mis craneii 12X2HB®A i 20X3MBOA. [Tpu 6inbIn BU-
COKHX TeMIlepaTypax 1 BUTPUMKaX PO3BUBAETHCS MEPECTAPIOBAHHS, 10 MPU3BOIUTH /10 YTBO-
PEHHS MEHII CTa0UIbHOI AUCIOKALIIHOI CTPYKTYpU. TBEpAICTh MOBEPXHI Ta 3aJMILKOBI MiK-
POHAIIPY)KEHHs MiJ] Yac CTapiHHS 3MIHIOIOTbCS He3HayHO. CTapiHHS MICHS palliOHAIbHUX
PEKUMIB Hakieny ApoOOM MiBUIIYIOTh AOBroBiuHicTh cram 12X2H4A B 2,0...3,5 pa3a, a
IICJIS AJIMA3HOTO BUTTIA/UKYBaHHS — B 3...5 pa3iB. Y Taln. 3 npencTaBiieHa KOHTaKTHA BUTPU-
BayicTh ctani 12X2HB®A micns 3MilHeHHs pi3HUMEU criocobamu [1].

Tabmuus 3
Konmaxmna eumpusanicme cmani 12X2HB®A nicasa 3miynenns
npu E = 40 xloic/W’ pisnumu cnocobamu

Cepeusi IOBroOBiYHICTb, MIIH WAKIIB (O zax = 21001 1a)

Cuoci6 00podku
HaTypaJIbHE CTapiHHS wtyyHe crapinns npu ¢ = 160°C, 2 200
nidyBansas 2,04 -
nidysanns +
+ THEBMOAPOOOCTpYMEHEBE
3MiIHEHHS +
+ BiOponutiQyBaHHS 6,54 10,00

nidysanns +
+ rigpoapobocTpyMeHEBe
3MiIHEHHS +
+ BiOponutiQyBaHHS 5,68 9,94
midyBanHs + 3MiLIHEHHS MiKpO-
KyJIbKaMu +
+ BiOponutiQyBaHHS 3,40 6,51

BnumB enexTponosipyBaHHsl i BiOpounuIi)yBaHHSI HAa KOHTAKTHY BHTPHBAJICTb.
Haxnen npo6GoM BU3HAHO JOLUIBHUM CYMILIATH 3 €IEKTPONOJIIpyBaHHSAM abo BiOpouutidy-
BaHHSM poOOYMX MOBEPXOHb 3YOLIB, MPUUOMY €JIEKTPOIOJIPYBaHHS MOKHA MPOBOAUTH a0
70, 200 micis Hakieny apoooM. EnexTpononipyBaHHs K HuTipOBAHUX, TaK 1 3MILIHEHUX JpO-
O0M POJIMKOBHUX 3pa3KiB MIJBHUILYE KOHTAKTHY BUTpUBAJICTh Yy 2,0...2,5 paza, a BiOponutidy-
BaHHS MPH KOPCTKOMY 3a4eIuieHH1 Aetaneit —y = 1,5 paza (tabm. 4).

Tabmuns 4

Bnnue mexnonozii 06pobxu nosepxui Ha konmaxmuy sumpueanicms cmaii 12X2HB®A

JloBroBiuHicTh, MUIH IIUKJIIB
Bapiant TexnoJioris ¢ginimmoi 00podxn (o, maxzzl 60MITa)
| nidyBanns 3,3
II nidyBanusa + enexTporomipyBaHHs + Hakjen ApoOoM (ITHEBMOA-
poOOCTpYMEHEBE 3MILHEHHS, £, = 3 X6) 3,6
III nidyBanusa + enexTporomipyBaHHs + Hakjen ApoOoM (ITHEBMOA-
pobocTpyMeHeBe 3MIIHEeHHS, £, = 3 X6) + IOAATKOBE CTapiHHS IIpH ¢
=160°C, 2 200 13,1
IV | nidyBanns + Hakiemn ApoOoM (ITHEBMOAPOOOCTPYMEHEBE 3Mill-
HEHHS, 1, = 3 X6) + eIeKTPOINOoIipyBaHHS 8,7
\Y midyBanus + Hakien ApoOoM (THEBMOAPOOOCTPYMEHEBE 3Mill-
HEHHS, 1, = 3 X8.) + EIEKTPONOoIipyBaHHS + T0AATKOBE CTAPiHHS
npu ¢t = 160°C, 2 200 16,8
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30UIBLIECHHIO JOBITOBIYHOCTI CHpUsE MIABUILEHHS Kacy HIOPCTKOCTI, MOKPAIIEHHS OHO-
pinHOCTI 11 CTpYKTYpH Ta BiactuBocTeil. Kpim Toro, enekrpomnosipyBanHs 1e(pOpMOBaHO] 10-
BEpXH1 B pe3yJbTari ii po3irpiBy BUKIMKAE PO3BUTOK MOYATKOBHX CTalill aeopmaiiiiHoro
CTapiHHA. 3 1€l NPUYMHU HOro e(eKTUBHO 3aCTOCOBYBATH IiCisl Hakjemy. Enextponosipy-
BaHHS Micis 3MIHEHHs [poboM (BapianT [V) y nopiBHsHHI 3 BapianTamu | 1 I migBumiye no-
BrOBIYHICTh y 2,4 pa3a. CrapiHHs NIICIs Hakieny i enekrpononipyBanHs (Bapiantu Il 1 V)
J0JJaTKOBO 30UTbIIYIOTH JOBFOBIYHICTb.

3MiHa KOHTAKTHOI BUTPUBAIOCTI BiJ PEKUMIB HaKJIEMy BiI0OyBA€ThCS MO-1HILIOMY, HIK JUIS
BUTPUBAJIOCT] NIPU 3TUHI, TPAHULIS SIKOT 3MIHIOETBCS 32 KPUBOIO 3 «HacHueHHAM». [1ig yac mo-
BEPXHEBOIO JPOOOCTPYMEHEBOTO 3MIIIHEHHSI KOHTAKTHA BUTPHUBATICTb MIJIBUIILYETHCS JIMIIE
IIpU OJTHOMY (palliOHAJIbHOMY) PEXUMI: Yac eNeKTPOIOIPYBAHHS f.; = 2 XB, €HEpris 1edopMy-
Bauna E = 40 kJ[x/M>. 3MmiHa t., Ha 1 xB (E Ha 20 kJ/M?) ClIpUuuHse BUpilIaabsHuii BIums [1].

TBepaicTe MOBEPXHI Ta 3AJIMIIKOB] HAIIPYKEHHS CTHUCKY HaOyBatOTh HaWOUIBIINX 3HAUYECHb
pH te, = 4 xB (E = 80 kJI/M?), IpOTe€ KOHTAKTHA BUTPMBAIICTh IIPH IILOMY PEXHMMI 3HUKY-
erbes y 1,5...2,0 pa3u. AHanoriyHa 3aKOHOMIPHICTb XapaKTepHa JIsl aIMa3HOTO BUIJIAJDKY-
BaHHS 1 € 3arajJbHOIO JJIs1 BCIX METO/IIB TOBEPXHEBOTO MIACTUYHOTO Je(POPMYBaHHS.

KoHTakTHa BUTPUBANIICTh IPU aIMA3HOMY BUIJIQJKYBAHHI M1JIBUIIYETHCS JIUILE MPHU 3Mi-
uHeHHl 3ycuuisiM 50 H (po = 5540 MIla). 30inblieHHs 3yCWIUIsl BUIVIAJUKYBaHHs OLUIbIle
100 H npu3BoauTh 10 3HUKEHHS JJOBTOBIUHOCTI.

BucHoBku BignoBiaHo 10 cratri. HasBHMI MO3UTUBHMIA TOCBI €KCILTyaTAallli ITIHAPUYHUX
1 KOHIYHHUX 3y04acTHX KOJIIC CBITYUTH MPO €(EeKTUBHICTh 3aCTOCYBAHHS PO3IVITHYTHX TE€XHOJOTI-
YHUX MPOLECIB MIBUILEHHS BUTPUBAIOCTI 3yOLIIB IPH 3THHI, TOBEPXHEBOTO JIe(pOpMyBaHHs, eje-
KTpOTIOJIipyBaHHs, BiOpouutipyBaHHs, 1eopMaliifHOro crapiHHs Ha KOHTAKTHY BUTPUBAJICTb Ta
JIOBMOBIUHICTH 1, B KIHLIEBOMY IIJICYMKY, U1 MIABUIIEHHS PECYPCY aBIaLlIIHUX PETyKTOPIB.
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APPLIED AND DEPENDENCE OF PARAMETERS OF GEARING
OF AVIATION REDUCING GEARS FROM TECHNOLOGICAL
PROCESSES THEIR MAKING

Urgency of the research. The problem of reliability of work of gearing is closely related to technology of their making.
Decision of the tasks related to this problem is based on a careful study and use of intercommunication of designer and tech-
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nological factors with operating reliability of gearing indexes. The special attention is here spared to the management by the
technological processes of making of gear-wheels, to giving to the working surface of teeth necessary physical and mechani-
cal properties and providing of the set indexes of exactness of interface.

Target setting. Exposure of possibility of increase of resource of gearing main, intermediate and tail reducing gears of
helicopters of Mu-8 and their modifications.

Actual scientific researches and issues analysis. It is possible to conclude from the analysis of literary sources, that
basic directions in the production of gearing is an increase of power tension and high-speed at reduction of sizes and mass,
increase of tenures of employment and efficiency. It is assisted by modern achievements in the areas of physical metallurgy
and heat treatment, that provide the substantial increase of bending and contact resistance of teeth and, consequently, in-
crease of their specific loading.

Uninvestigated parts of general matters defining. Association of parameters of the applied gearing of aviation reduc-
ing gears with the technological processes of their making.

The research objective. To consider applied of gearing of aviation reducing gears and dependence of their parameters
from the technological processes of making.

The statement of basic materials. The applied of gearing of aviation reducing gears, influence of technological pro-
cesses of revision of gearing is considered on a greater resource, increase of endurance of teeth at a bend, influence of su-
perficial deformation, electro-polishing, vibration grinding, deformation aging on contact endurance and longevity.

Conclusion in accordance with the article. Existent positive experience of exploitation of cylindrical and conical gear-
wheels testifies to efficiency of application of the considered technological processes of increase of endurance of teeth at a
bend, influence of superficial deformation, electro-polishing, vibration grinding, deformation aging on contact endurance
and longevity and, in final analysis, - on the increases of resource of aviation reducing gears.

Keywords: gearing of aviation reducing gears; applied, technological processes of making for the increase of resource.
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SOFTWARE-HARDWARE COMPLEX OF QUALIFICATION EVALUATION
OF MI-171 HELICOPTER SIMULATOR

Urgency of the research. Flight safety is an actual practical issue which solving influences the future of Ukraine as a transport
state. As a consequence of technical progress aviation technology is becoming more and more sophisticated and reliable. However,
the intensity of the impact on a person caused by various adverse factors, including information overloads, is constantly increasing.
Statistics show that up to 80% of accidents and disasters occur due to pilot errors. The reason for about 35 % of these errors is lack
of professional training, and about 40% of the errors are caused by inexperience of the crew.

Target setting. The cost of aircraft, crew training and the "price"” of error increase simultaneously. Cost of professional
training of helicopter crews on complex flight simulators is an order of magnitude lower than on real helicopters. Therefore,
today the focus of increasing the safety of flights is to improve the level of flight training and flight experience via the use of
flight simulators with a high level of information adequacy to a real helicopter.

Actual scientific researches and issues analysis. In order to ensure the possibility of the trained crew to obtain the appropriate
official documents stating their professional training level, the simulator must be certified according to national and international
requirements, i.e. the adequacy of its handling qualities to the appropriate qualities of a simulated helicopter must be guaranteed.

Uninvestigated parts of general matters defining. The equipment allows simulating the conduct of the helicopter in all
flight modes, including critical ones: control failure, landing in the mode of main lift rotor autorotation, etc., developing
practical recommendations for the flight crew, as well as to train the flight crew to find ways out of emergencies. Receiving
information about the flight mode, the parameters of the onboard systems, the external environment, etc., the crew envision
the information flight model. The information model of the simulator should be as similar as possible to the information mod-
el of the real helicopter. Consequently, the basic components of the simulator are the imitation systems providing the influ-
ence of the information creating the adequate picture of the flight on sense organs of the crew, including eyesight — a visuali-
zation system, flight control equipment, etc.; hearing — a system of aviation noise simulation; vestibular apparatus — a motion
generation system, tactile channel — a system for loading control levers.

The research objective. The listed systems form the informational model of the simulator, which should be coordinated with the
movement of the helicopter. A mathematical model of the helicopter movement dynamics and the models of the mentioned systems
provide this coordination. To provide the operation of the complex flight simulator, nonlinear mathematical models of helicopter
dynamics based on the modified discrete vortex method have been developed. The models describe the flow of the volumetric design
of the propeller apparatus and allow simulating a real-time flight in different modes, including "post-stall” condition.

The statement of basic materials. The principles and approaches to the qualification evaluation of complex flight helicop-
ter simulators in accordance with the requirements of the EU (CS-FSTD (H)) and IKAO (Doc 9625) are analyzed. The perfor-
mance capabilities of a complex full-flight Mi-171 helicopter simulator created by SPA "AVIA" are described. The necessity of
certification of flight simulators in compliance with international standards is substantiated. The analysis of the validation pro-
cedure is performed. The structure and functioning of the software complex designed to automate validation tests are described.

Conclusions. An algorithm for obtaining a conclusion on the test result for one of the tests is presented.

Keywords: flight safety; pilot error; flight simulator; information model; validation tests.

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

Urgency of the research. Flight safety is an actual practical issue which solving influen-
ces the future of Ukraine as a transport state. As a consequence of technical progress aviation
technology is becoming more and more sophisticated and reliable. However, the intensity of
the impact on a person caused by various adverse factors, including information overloads, is
constantly increasing. Statistics show that up to 80 % of accidents and disasters occur due to
pilot errors. The reason for about 35 % of these errors is lack of professional training, and
about 40 % of the errors are caused by inexperience of the crew [1].

Target setting. The cost of aircraft, crew training and the "price" of error increase simul-
taneously. Cost of professional training of helicopter crews on complex flight simulators is an
order of magnitude lower than on real helicopters. Therefore, today the focus of increasing the
safety of flights is to improve the level of flight training and flight experience via the use of
flight simulators with a high level of information adequacy to a real helicopter.

Actual scientific researches and issues analysis. In order to ensure the possibility of the
trained crew to obtain the appropriate official documents stating their professional training
level, the simulator must be certified according to national and international requirements, i.e.
the adequacy of its handling qualities to the appropriate qualities of a simulated helicopter
must be guaranteed. Consequently, a complex scientific and practical task is the development
of an adequate model of flight dynamics of a helicopter.
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The research objective. In order to enable helicopter training crews to receive high-level
professional training, SPA “AVIA”, Kremenchuh developed and produced a complex full-
flight simulator (FSTD) of the Mi-171 helicopter type V (by classification [2]), or level
FFS(D) (by classification [3]). The equipment allows simulating the conduct of the helicopter
in all flight modes, including critical ones: control failure, landing in the mode of main lift
rotor autorotation, etc., developing practical recommendations for the flight crew, as well as
to train the flight crew to find ways out of emergencies.

Receiving information about the flight mode, the parameters of the onboard systems, the
external environment, etc., the crew envision the information flight model. The information
model of the simulator should be as similar as possible to the information model of the real
helicopter. Consequently, the basic components of the simulator are the imitation systems
providing the influence of the information creating the adequate picture of the flight on sense
organs of the crew, including eyesight — a visualization system, flight control equipment, etc.;
hearing — a system of aviation noise simulation; vestibular apparatus — a motion generation
system; tactile channel — a system for loading control levers.

The listed systems form the informational model of the simulator, which should be coor-
dinated with the movement of the helicopter. A mathematical model of the helicopter move-
ment dynamics and the models of the mentioned systems provide this coordination. To pro-
vide the operation of the complex flight simulator, nonlinear mathematical models of
helicopter dynamics based on the modified discrete vortex method have been developed. The
models describe the flow of the volumetric design of the propeller apparatus and allow simu-
lating a real-time flight in different modes, including "post-stall" condition.

The statement of basic materials. The guidance on the criteria for qualifying flight simu-
lators [2] designates the following levels of adequacy: "N (None or Not Applicable)" — not
required; "G (Generic)" — basic; "R (Representative)" — typical; "S (Specific)" — high. For in-
stance, the high level of adequacy S means that a helicopter of the specific type is being simu-
lated, and initial and periodic validation tests should be made on the basis of objective com-
parison of the data of the simulator with the approved data of the helicopter.

FSTD characteristics important for training, testing and checking flight crewmembers
need evaluating. They include the reactions of FSTD in the longitudinal and lateral motion
directions; flight technical characteristics while taking-off, hovering and moving, climbing,
cruising flight, downgrading, landing approach, power-on landing and landing in autorotation;
while performing all-weather flights, as well as checking control systems; and, if necessary,
checking the functions performed at the pilots and the instructor’s workplaces. To guarantee
the correct functioning, the performance of the systems simulating acceleration, vibrational,
visual and sound effects is also evaluated.

The performance data, flying qualities, and other necessary parameters recorded on a heli-
copter by means of calibration system of data accumulation with sufficient resolution and ex-
perimentally proved accuracy that allow forming a set of corresponding parameters, which
can be compared with similar FSTD parameters are considered validation data of flight tests.

The approved data is the performance data of the helicopter, collected through the applica-
tion of the appropriate engineering practice and accepted by the National Aviation Admi-
nistration, which is responsible for the qualification for use. The best sources of such data are
helicopter producers, although the data from other competent sources may also be considered.
For instance, the validation tests of the simulator by SPA "AVIA" rest on the data obtained in
the flight tests [4, 5], agreed with the National Aviation Administration and [6] which states,
that “The Mi-171, Mi-8AMT, Mi-172 and Mi-8MTV helicopters have the same flight per-
formance and operational characteristics”.

50



TEXHIYHI HAVKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

In order to compare the performance data of the helicopter with one of the helicopter sim-
ulator in [2, 3], a system of tests in the form of the table of validation tests is given. The re-
quirements of one of the tests for comparing the balancing curves of the helicopter and the
simulator in the horizontal flight are given in Table 1.

Ne 3 (17), 2019

Table 1
The requirements of one of the tests for comparing the balancing curves
of the helicopter and the simulator in the horizontal flight
FLIGHT FSTD LEVEL
TESTS TOLERANCE CONDITIONS FFS FTD FNPT COMMENTS
A/B|C|D|1|2|3|1|II|/Il| MCC
f. Level Torque £ 3% Cruise stability |C |/ |V |V |C |VIVIVIVIV | ¢ |Twocombina-
Flight Per- | Pitch angle + 1.5° T T tions of gross
formance |Sideslip angle +2° | Stability & & weight /kg and
and Longitudinal con- |augmentation M M at least two
Trimmed |trol position + 5% |on or off speeds (inclu-
Flight Lateral control posi- ding Vy and
Control tion + 5% maximum
Position Directional control cruise speed)
position + 5% within the flight
Collective control envelope.
position + 5% May be snap-
shot tests.
For FNPT level
1 changes in kg
are not re-
quired.
For FNPT (any
level), only one
stability aug-

mentation case
is required.

The resulting balancing curves should be within the limits of the tolerances with the re-
sults of flight tests.

To automate the validation tests, the software package TSFlightChart (Fig. 1) has been
developed. It allows making the following processes operational:

- receiving real time flight parameters of the simulator and displaying their diagrams on
the flight control officer’s monitor;

- managing recording of flight parameters (recording, stopping, pausing, putting custom
labels, etc.);

- saving flight information records;

- graphing flight parameters changes in time;

- editing diagrams (changing the set of displayed parameters, cutting out the desired areas,
changing the scale, etc.);

- saving the edited records in digital and graphic formats;

- processing flight information in accordance with the tasks of a particular test;

- generating a formal report on the results of the test.

The examples below demonstrate a fragment of the content of the flight task and a general
algorithm for forming the conclusion about the result of the test 1.f. Level flight Performance
and Trimmed Flight Control Positions.
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Tests evaluating piloting techniques
Analysis of instrument landing approach

Fig. 1. Functional structure of the TSFlightChart complex

For a comparison test of balancing curves on the simulator, flights with the minimum and
maximum flight mass and with the extreme front and the extreme rear centering are per-
formed. In the horizontal flight phase without sideslip with the autopilot turned off and on,
several speeds within the permitted range for 10 ... 15 seconds are recorded. The following
algorithm processes the obtained records.

1. Generating a values array of the parameters to be evaluated.

2. Preparing the zones where the constant test speed was maintained during the test. De-
termining the beginning and end reference numbers of the zones (according to the labels
placed during the test), their quantity and length.

3. Calculating medium speed on each of the zones. Generating an array of speeds, which
were kept constant during the test.
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4. Calculating the average parameter value for each of the zones. Generating an array of
average parameter values for each zone.

5. Approximating the discrete dependencies of mean values of the parameters of the re-
sults obtained on stage 4 from average speed by power polynomials with increasing degree till
obtaining a sufficiently large coefficient of approximation reliability.

6. Obtaining continuous balancing curves by spline-interpolation of discrete dependences
obtained on stage 5.

7. Comparing the results of the balancing curves obtained on stage 6 with those obtained
in the flight tests. Identifying the maximum deviation of the simulator. Making conclusion
about the test result.

Adjusting the actual performance data of the simulator in accordance with the tolerance
limits determined by the requirements of validation tests CS-FSTD(H) is used as a method for
refining the parameters of the mathematical model of the complex helicopter simulator.

Determining the list of available (obtained as a result of flight tests) characteristics of sta-
bility and control, performance data and field performance for refining the parameters of the
mathematical model of the complex helicopter simulator is performed by comparing the list
of required characteristics and parameters contained in CS-FSTD(H) with corresponding
characteristics and parameters contained in the Helicopter Test Acts.

Conclusions. Thus, the developed training complex is certified according to the rules of
CS-FSTD, implemented in batch production of SPA "AVIA" and accepted for supply by the
Armed Forces of Ukraine, in accordance with the Order of the Minister of Defense of Ukraine.
To make validation tests automatic, the software package TSFlightChart has been developed.
The next stage of the software and hardware complex development should be the development
and implementation of an automatic flight control system, enabling automatic validation tests.
This, in turn, will significantly accelerate validation tests and reduce their cost.
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IMMPOTPAMHO-ATIAPATHUI KOMILJIEKC KBAJII®IKAIIMHOT' O
OIIHIOBAHHS TPEHAKEPA BEPTOJIBOTA Mi-171

Axmyanvnicmy memu oocnioxycenna. besnexa nonvomie € akmyanibHo0 npakmuiHo0 npobaemMoio, 8i0 8upiuleHHs AKOT
3anedicums Maubymue Yxpainu, ax mpancnopmuoi oepacasu. B pesynomami mexniunoeo npozpecy asgiayitina mexmika cmae
6ce binvui dockonanow i naditinoro. OOHax, nocmitno 36i1bUYEMbCA THMEHCUBHICMb 6NAUBY HA JIOOUHY DIZHOMAHIMHUX
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HecnpusAmaugUX axmopis, 3okpema ingopmayitinux nepesanmadicensb. Cmamucmuxa cgiouums, wo oo 80 % asapiii ma
Kamacmpo@ cmacmocs uepes nomuaku ninoma. Ipusomy, npuuunoio 6insa 35 % 3 yux nomunok € neoocmamms npoghecivina
niozomoska, i uwje onuzvko 40 % nomunox mMarome npuULUHOIO0 HeAoC8IOYeHiCmb eKinaicy.

Ilocmanogxa npobnemu. /[ 3a6e3neuenHs MOACIUBOCI OMPUMAHHSA NIO20MOBNIEHUM eKinadcem 6i0nosioHux ogiyii-
HUX OOKyMeHmi8 npo pisensb npogheciiinoi niocomosxu mpenasjicep mac 6ymu cepmudikosanuii 3a HayioHATbHUMU MA C8IMo-
BUMU BUMOAMU, MODMO Ma€E OYMU 2apanmosana adeKeamHicmy 1020 NIIOMAdICHUX AKOCMell 8I0N0BIOHUM AKOCMAM MOOe-
JIbOBAHO20 BEPIONLOM.

Ananiz ocmannix oocnioscens i nyonixayii. bynu posenanymi ocmanni docniodicens, RpuHYUnu i nioxoou 0o Keanigikayii-
HO20 OYIHIOBAHHS KOMNTIEKCHUX TbOMHUX MpeHadicepis eepmonbomis 32iono 3 sumocamu €C (CS-FSTD(H)) ma IKAO (Doc 9625).

Buoinenns nedocnioxcenux paniwie wacmun 3a2anvnoi npodnemu. Ingopmayiiina mooens mpenadicepa noguUHHA AKO-
Moea MeHute @iopisHamuca 8i0 inghopmayitinoi mooeni peanvrHozo eepmonvoma. Bionogiono, basucnumu KOMnoHenmamu
mpenadicepa € cucmemu iMimayii, wo 3abe3neuyloms 6NIUE HA Opeanu GiOuymmia exinaicy ingopmayii 0na cmeopenns ade-
K68AMHOI KAPMUHU NOTLOMY, Yy MOMY HUCi: 3ip — cucmema gi3yanizayii, nilomaddcHo-nagieayiini npunaou, mowjo; ciyx —
cucmema imimayii agiayitinux wiymie, @ecmuOyiApHull anapam — cucmema pyxXiugocmi, MAKMUlbHUll KaHanl — cucmema
3a6aHmMadicents gaicenis kepysans. [{na 3abe3neuenns pooomu KOMHIEKCHO20 TbOMHO20 mpeHadicepa po3pobneHo Henitill-
Hi MamemMamuyHi Mooeni OUHAMIKU 8ePMONbOMA, HA OCHOGI MOOUPDIKOBAHO20 MemMOOY OUCKPEMHUX 8UXOPI6, AKI ONUCYIOMb
06miKanHsa 06’€MHO20 KOMNOHYBAHHA 28UHMOKPULO20 Anapama i 00360410Mb MOOeN08amuy HOAIM Y PeanrbHoMy Macumaobi
4acy Ha Pi3HUX PEACUMAX, BKTIOUAIOUU «3AKPUMUYHIY.

Ilocmanogka 3aédanna. [lepepaxosani cucmemu gopmyroms ingpopmayitiny modens mpenadicepa, AKa nOGUHHA Oymu
CKOOpOUHOBANA 3 pyXom eepmonvoma. Lo koopounayito 3abe3neuye MamemamuiHa Mooenb OUHAMIKU PYX)y 6epMOIbOMA Ul
MoOeni PYHKYIOHY8AHHA BKAZAHUX CUCTEM.

Mema pobomu. Ananiz npoyedypu eanioayilinux unpodysans mpenagicepa.

Buknao ocnoenozo mamepiany. Kepignuymeom 3 kpumepiig keanighikayitinoco oyiHIo8aHHs MpeHadicepHux npucmpois
imimayii nonvomy [2] eusnaueni nacmynui pieni adexgeamnocmi: "N (None abo Not Applicable)" - ne sumacacmuvcs; "G
(Generic)" - 6azosuii; "R (Representative)” - munosuii; "S (Specific)" - sucoxuil. 3oxkpema, sucoxuii pigenv adexgammocmi S
03HAYAE, WO IMIMYEMbCA BEPMONIM KOHKPEMHO20 MUY, a NOYAMKOGi i nepioouuni eanioayiiini oyiHIOBaAHHs Ci0 NPOBOOU-
MU Ha OCHOBI 00'€KMUBHO20 NOPIGHAHHA OAHUX MPeEHadicepa 3 3ameepodcenuMU Oanumu eepmonvoma. Heobxiono oyinosa-
mu xapaxmepucmuxu FSTD, axi matoms eadicnuge 3uavenus 0ns nio20moeKu, mecmy8anis ma nepesipku 4ieHie 1bOmHux
exinasicie. Bonu exnouaroms peaxyiio FSTD 6 n0300821cHbomy i 60KOBOMY HANPAMKAX PYXY; TbOMHO-MEXHIYHI XapaKmepuc-
MUKU Npu BUKOHAHHI 316bOMY, 8 PEICUMAX BUCIHHA [ nepemilyenHs, Ha emanax Habopy 8UCOMU, KPelcepcbKo2o HONbOmY,
SHUDICEHHS, 3aX00Y HA NOCAOKY i NOCAOKU 3 NPAYIOIOUUMU O8USYHAMU § HA pedcuMi asmopomayii; npu GUKOHAHHI 8CEN0200-
HUX NONbOMIB, A MAKOJIC NePegipKU cucmem YRpaeuints, i, y paszi HeoOXionocmi, nepesipku QyHKyill, AKi GUKOHYIOMbCA HA
pobouux micysax ninomis i incmpykmopa. /s eapanmii npasunbHocmi QyHKYIOHYBAHHA OYIHIOEMbCA MAKOIC poboma cuc-
mem imimayii akcenepayitinux, giOpayitiHux, 8i3yanbHux i 36yKOGUX GNIUBIE.

Banioayitinumu oanumu n1bomuux 6unpoOy8ans 88adlCAIOMbCA TbOMHO-MEXHIUHI XAPAKMePUCTUKY, XapaKmepucmuxu
cmitikocmi i keposanocmi ma iHwi HeoOXiOHI napamempu, 3apeccmposani Ha 8epMOIbLOMI 34 OONOMO2010 MAPOBAHOT CUC-
memu HaKONUYeHHs: OAHUX, WO MAE QOCMAMHIO PO30LNbHY 30AMHICMb | eKCNePUMEHMATbHO 008e0eHy MOYHICMb, W0 00360-
a5€ chpopmyeamu Habip 8i0N0BIOHUX nAPAMEMPIB, 3 AKUMU MOJICHA nopieHamu ananoziymi napamempu FSTD.

Bucnogxu 6ionogiono oo cmammi. Hagooumocs aneopumm ompumMaHHs UCHOBKY NPO pe3yIbmam npoxo0diCceHHs Ol
00H020 3 mecmis.

Knrwouogi cnosa: 6e3nexa nonvomis; nomMunKu niioma; 160muuti mpenasicep, ingopmayiiina modens,; eanioayiini eu-
npooy8amnHs.

Puc.: 1. Tabn.: 1. bién.: 12.
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Michal Kelemen, Lukas Bobal
TRACKED ROBOT FOR CLEANING OF PIPE

Urgency of the research. Service robot is as device which is currently used for standard works as cutting the grass or
vacuum cleaning and also teleoperation robot which is remote controlled by human for special tasks as exploring, bomb
removing, rescue action etc. Tendency is substitute human in dangerous or monotonous works via using of robots.

Target setting. Tracked robot is designed for cleaning of pipe, which has inner pipe wall covered by sediments. The ty-
pical example is chimney, where carbon particles cover the pipe wall. Carbon particles can start burning process with result
of total damaging of chimney and also building. Pipe robot can be used as practical aid for cleaning and inspection of pipes.

Actual scientific researches and issues analysis. Other similar task is repairing of damaged inner pipe wall. Robot
which repair pipe from inside pipe saves the costs for site excavation works.

Uninvestigated parts of general matters defining. The questions of the design of pipe repairing robots are uninvestiga-
ted, because the next research will be focused to this.

The research objective. In-pipe robot is as device for locomotion inside pipe with aim to make inspection or cleaning of
inner surface of pipe wall. Tracked robot is designed because of better properties as overcoming of problematic places inside
pipe and also lower normal force between the tracks and inner pipe wall.

The statement of basic materials. Tracked segments are pressed to inner pipe wall and normal force is controlled by controller
on the base of measurement of normal force. Cleaning brush module is connected to robot for dirties removing. CCD camera for
inspection can be also connected to robot.

Conclusions. The cleaning robot is important device for service of pipe systems as prevention of pipe damage of other
negative phenomena. Contribution of this robot is significant, because it saves money and time.

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

Fig.: 10. References: 17.

Introduction. Service robotics are often used for various activities as cutting the grass, vacu-
um cleaning, swimming pool cleaning, mine exploring, mars exploring, bomb destroying etc. It is
activities which are very monotonous, tiring, very difficult or dangerous for human. The main
idea is to help us with hard work. Special case is when robots work in highly dangerous applica-
tion as munition destroying, nuclear power plant, defensive mine countermeasures [1-10].

There are many various application, where is a need of any cleaning and inspection of
pipe wall as prevention of accident with great impacts. The pipe is used for transporting of
any medium inside pipe. The problem is when a sediments occur on inner pipe wall. Also if
pipe is made from a corrosive material, it is necessary to inspect state of inner pipe wall.
Chimney is also as pipe, which has to be cleaned and checked for cracks. Steam generators in
nuclear power plants consist of many pipes, which have to be periodically inspected for micro
cracks as prevention of radioactivity leaks. Heat exchanger also includes bended pipes, which
have tendency to be covered by sediments.

Exploring of these pipes can be executed via using of in-pipe robots (fig. 1). In-pipe robot
is able to locomote inside pipe with any aim.

Fig. 1. In-pipe robots

1. Design of robot concept. Pipe systems also has technological changes of inner pipe diame-

ter and also construction barriers as diameter reduction, elbow, T-joint etc. All these mentioned
factors are as problem for design of in-pipe robots.

© Mixan Kenemen, Jlykam bo6air, 2019
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Situation is also complicated when pipe is underground. Using of in-pipe robot decreases
the need of site excavation works, which cause the problems for our streets, for traffic, for
people, for environment etc. So using of in-pipe robots reduces costs for earth works.

The main subject of this paper is pipe cleaning robot for inner pipe diameter in range from
130mm up to 200mm. The main concept of robot is shown on (fig. 2). The concept proposes
the adjustable in-pipe robot, which is able to adapt to inner pipe diameter for optimal locomo-
tion inside pipe. Robot is loaded with own weight. Normal force between the wheels and in-
ner pipe wall should be controlled for achieving of optimal tracking velocity and force. If
normal force is low, then friction force is low and wheels slipping occur and also completely
falling down of robot can occurs. When normal force is too large, then friction force is very
large and robot is blocked and it cannot locomote inside pipe.

Fn
Fr
—) Fn
Fr

Fig. 2. Concept of wheeled in-pipe robot:
1 —robot body; 2 — adjusting mechanism, 3 — wheels
Increasing of normal force can damage inner pipe wall, because contact area is too small. This
problem can be solved via using of tracked in-pipe robot (fig. 3). Tracked segments have bigger
contact area and local stress on inner pipe wall will be less and it reduces risk of pipe damage.

1 = S
2 - -1 ~—
FMe V : do
\$74
x Fr ¢ Fr
Fe

Fig. 3. Concept of tracked in-pipe robot:
1 - robot body, 2 — adjusting mechanism; 3 — tracks

Tracked concept (fig. 3) has been selected, because of mentioned reasons. Figure 3 shows
concept only with two arms pressed against the wall. For higher stability is better to design
three arms (fig. 4). If angle between arms is 120°, then forces between pipe wall and arms are
the same. It is result from static force analysis.

—R, - c0s30° + R3 - cos30° =0
—R, +2-R,-5s5in30°=0 (D
Result from this set of equation is:
Ry =R; =Rs (2)
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It means that in every case these forces are in balance and this concept is self-centered in-
side pipe defined with contact points on inner pipe wall.

Fig. 4. Arrangement of tracked arms on robot body

2. Kinematic of robot arms. The main requirement is that normal force on pipe wall
should be adequate. Second point is need of adjustability to inner pipe diameter. Parallelo-
gram mechanism has been selected for design of arms on robot body. The proposed mecha-
nism is able to adapt to inner pipe diameter in range from 120 mm up to 200 mm.

6 5 8

\ /

L

A A
WJI}/VL«%

1 9 2 7 3

Fig. 5. Kinematic of arms on robot body:
1-robot body; 2, 3 — sliding body; 4, 5, 6 — parallelogram arms;
7 —spring; 8 — tracked segment; 9 — sliding guide
The proposed kinematic (fig. 5) works as follow. Sliding guide (9) is fixed to robot body
(1) and sliding bodies (2) and (3) are able to move on this guide. Moving of sliding bodies (2)
and (3) cause the movement of arms (4), (5) and (6). Sliding bodies are connected with spring
(7), which can compensate the irregularities on inner pipe wall.
Basic dimensions of mechanism is shown on figure 6.

Fig. 6. Basic dimensions of mechanism
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Functionality of proposed mechanism is based on fact that arms (4) and (5) on figure 5 are
equal. For obtaining of right position of centre of gravity is proposed that members a = b = ¢
(fig. 6).
If robot locomotes to the up, then the requirement is that friction force between tracks and
pipe wall should be higher than gravity. In other case robot will fall down.
F,>G 3)
3. Design of parallelogram arms. Parallelogram mechanism (fig.7) consists of several
parts. It is used for change of displacement of track segments and also change of normal force
between the track segments and inner pipe wall. Short arm (1) is connected by joint to basic
frame (3). Guiding slide rods (4) are also connected to basic frame (3). Sliding members (6)
and (8) can move on sliding rods (4). Sliding members (6) and (8) are placed on thin pipe (7)
which can move on screw rod (2). Member (6) has inner thread which interacts with screw
rod (2). Rotating of screw rod (2) causes the moving of the member (6) together with member
(8). End of slide rods (4) are fixed on flange (9). Arms (5) are connected via joint to the
members (6) and (8). Consequently, rotating of screw rod (2) causes the moving of the arms
(5) and desired displacement of track segment.

Fig. 7. Parallelogram mechanism

Track segment (fig. 8) is contact system between robot body and inner pipe wall. Plates
(1) and (3) together with adjusting screw (2) compose the setting up mechanism for adjusting
of distance between axes of track wheels (4).

Fig. 8. Track segment
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Servomotors are used as drive unit for adjusting of parallelogram and also as drive for
tracked segments. The robot also can carry the cleaning brush (fig. 9) for cleaning of inner
pipe wall. It is connected on the end of flange. This brush also helps to improve the stability
inside pipe. This cleaning module can be dismounted and camera module can be placed on the
flange. The robot also includes sensors for detection of inner pipe wall and also collision sen-
sors and sensors for detection of normal force between the pipe wall and track segments.

Fig. 9. Cleaning brush and camera module

4. Overall composition of pipe robot. Completed robot can consist of two or more seg-
ments with adjustable track segment as it shown on fig. 10. Connecting of more modules en-
sures the better overcoming of T-joint and other obstacles inside pipe.

Fig. 10. Composition of robot
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5. Final robet realization. Robot is controlled as teleoperation system but it has also au-
tomatic function as overcoming of T-joint, self-protection against the falling down, automatic
adjusting of normal force on inner pipe wall, etc.

Conclusion. Proposed robot has important role for chimney sweeper as assistive device
for cleaning and also inspection. The main contribution is lied on fact that it is applicable
from service door entry on chimney and human doesn’t need to go on house-top. This is a
typical example where robot helps to make dangerous work instead of human. Human became
as application technician [11-16].

Acknowledgement. The authors would like to thank to Slovak Grant Agency — project KEGA
018TUKE-4/2018, and VEGA 1/0872/16 supported by Ministry of Education of Slovak Republic.
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VIIK 004.4
Mixan Kenemen, Jlykaw Boban
I'YCEHUYHHUH POBOT JJIsI OYUILIIEHHS TPYD

Axmyanvuicms memu oocnioxncennsn. Cnysc6o8uii pooom — ye makuii RPUCMPpIti, AKUL 8 OGHULL 4ac 3aCMOCO8YEMbC AK OA
CMAaHOapmMHUXx poobim, Maxux K niOCmpueaHHs mpasu abo 8aKyyMHe OYULEHHS, MAK | 8 AKOCH MeNeonepayiiino2o poboma, o
OUCMAHYIUHO KepyEMbCS TIOOUHOIO OIS BUKOHAHHS CReYIAbHUX 3a80aHb, 30KPeMA, OOCTIONCEHHS, SHEUKOOIICEHHS OOMO, pAmY6a-
JbHI i mowjo. 3adyMom € 3amina oOUHU Y Hebe3neyHUx abo MOHOMOHHUX poDomax Yepe3 GUKopucmanHs poboma.

Ilocmanogxa npoonemu. I'ycenuunuii pobom npusnauenuli Ona ovuweHHs mpyou, aKa Mae NOKpUmy ocadamu GHympi-
wiHio cminky. Tunosuil npuknad — oumoxio, 0e 4acmuHKu 8y2ieylo NOKpueaioms Cminky mpyou. Yacmunku yeneyio mo-
JAUCYMb CNPULUHUMU NPOYeC 20PIHHA PA30M i3 HOBHUM NOWKOOINCEHHAM OUMOX00Y, a makodic 6ydieni 3azanom. Tpyonuil po-
60m modice bymu 8uKOpUCmanuil AK RPAKMudHuil 3acib 01 o4uwenHs ma o2isady mpyo.

Ananiz ocmannix 0ocnioxycens i nyonikayii. Inuum nooibHuM 3a80aHHAM € PEMOHM NOWKOOHCEHOT 6HYMPIUHBLOT CIIHKU
mpy6u. Pobom, sixuii pemonniye mpy6y 3cepeduni, eKOHOMUMb GUIMPAMU Ha NPOBEOeHH s pOOIM NO GUKONYBAHHIO MALOAHYUKA.

Buoinenns nedocnioycenux uacmun 3a2anonoi npoonemu. Ilumanns npoekmysaniss pooomia 3 peMoHmy 3aIUuacmo-
€51 HeBUBYEHUM, MOMY HACHYNHe 00CTi0dIcen s 6y0e 30CepeOdIceHo came Ha YbOoMY.

Ilocmanoska 3ae0anns. Pobom-ouuchux mpyo € npucmpoem 0ns nepemiuyenHs cepeouti mpyou 3 Memoro 02nsa0y abo ouu-
WeHHs1 GHYMPIWIHLOI noBepxHi cminku mpyou. I ycenuunuti pobom po3pobaeHuil 3a805KU Kpawum 1acmusoCcmam, OCKiIbKU 00Nae
npobnemui micys 6cepeduni mpyou, a MmaKoC 3HUIHCYE HOPMATLHY CUTY MIidIC OOPIdICKamMu ma GHYMPIUHbOIO CIHKOIO mpyou.

Buknao ocnoenozo mamepiany. I'ycenuuni ceemenmu Rpumuckaromscs 00 6HympiuiHboi Cminku mpyou, a cuia Konm-
POTIOEMBCS KOHMPONEPOM HA OCHOBI BUMIPIOBAHL HOPMANLHOL cunu. Modynb wimku Ons yuwenHs niokuodeHull 0o poboma
ona euoanenns 6pyoy. ns o2nady 0o poboma mooucua maxodic niokmowamu CCD-xamepy.

Bucnogxu 6ionosiono 0o cmammi. Ouucnuii pobom € 8adcIusUM NPUCMPOEM Ol 0OCTY208Y8AHHS MPYOHUX cucmem
014 3ano0ieants NOWKOOJICEHHIO mpyo HuWUMU Hecamugnumu Aguujamu. Buecox yvboco poboma € 6azomum, ocKinbku 6iH
exoHoMumy inancu ma uac.

Kntouosi cnosa: mobinbruii pobom,; nepemiwyenus; mpyoa, ouuyeHHs,; napaneiospam, OUMoxio.
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Rudolf Janos
ANALYSIS OF RESCUE ROBOTS

Urgency of the research. The analysis shows that besides keeping pace in “classic” applications of robots (industrial
robots) for manufacturing (engineering) industrial processes, at the same time the applications tend to concentrate mainly in
the so-called non-engineering industrial and non-manufacturing (service) industries.

Target setting. Trends bring functional and constructional new requirements for robots and their applications, especial-
ly those related to the efficient usability of robots in new segments of the non-manufacturing and service sector.

Actual scientific researches and issues analysis. Actual research is nowadays focused at such problematics, because return of
investments based on robotic devices seems to be reliable and people at workplace can realize and focus to another type of tasks.

Uninvestigated parts of general matters defining. Within this sector, it is primarily the area of rescue, where service
robots have to overcome various obstacles in the performance of their activities, get into hard-to-reach and dangerous plac-
es, etc. depend mainly on its conceptual solution.

The research objective. Given that the company's priority is to continually improve its products, this group of robots is
also looking for new innovative approaches that would improve the conceptual solutions of service robots and their opera-
tion in the application space. On this basis, it can be assumed that this aspect of continuous innovation opens up a large
number of possibilities for new improvements to this group of robots.

The statement of basic materials. The emergence of this group of robots was conditioned by the requirements of practice,
which required the concept of robots to be incorporated into non-industrial and non-production areas where robots would only
perform activities that would be useful to humans or to technical and operational systems. For these reasons, the first designs of
these robots began to emerge, which have been continuously improved over time and adapted to the needs of practice to such an
extent that today they are an integral part of the service industry.

Conclusions. Mobile robotic systems are currently under intensive development. Variety brings service activities in service
robotics need to use different principles for dealing with their mobility. The most prevalent application of the principle of a
wheeled chassis. In terms of theory as well as technical solutions are the most sophisticated wheeled chassis and most widely
used in service robotics. This work is developed in the direction of the current service robotics and the essential characteristics
and problems associated with the solution that we applied in the educational process.

Keywords: Service robot; mobility subsystem; undercarriage; rescue robots.

Fig.: 4. References: 12.

Introduction. Until recently the use of service robots for protection and human health (police
and emergency services, fire departments, protecting against terrorism ...) were seen as cost-
consuming experiment. The current global security situation in the world, as well as the reality of
geographical and operational disasters (terrorist attacks, trade in hazardous materials, natural dis-
asters, natural disasters, traffic accidents, ...) and in particular their adverse developments radically
changed their minds and activities to use the service robots in the execution of the corresponding
safety and rescue actions, as well as the performance of preventive and responsive exploration
activities. Despite their wide use, rescue service robots are considered a costly experiment.
Nevertheless, they have found their application mainly in hazardous environments and situations
such as fires, floods, earthquakes, rescue, ie in various types of geographical and operational
disasters. The rescue work in these disasters is considered to be a race against the clock, where the
rescuer - robot must move fast enough to save as many living people as possible, but on the other
hand, move without causing further damage or threats to human life.

Analysis of current IED and EOD service robots. Conceptual evaluation of solutions of
individual modules was done by references leading manufacturers and service robots with their
custom applications. The basic objective of the SR application in this area is to save human
lives as well as to investigate life-threatening environments. Another reason is the ability of the
Slovak Republic to get into spaces and places where one could not get and would be dangerous
for him. The deployment of the Slovak Republic at the level of rescue services can be explained
mainly by the nature of the risks related to the performance of the corresponding activity and
the relation to human beings. These risks are:

* Risk from poor knowledge of the terrain and space of the event;

* Risk of not recognizing the rescue facility;

* The risk of an unknown state of danger of the intervention environment;

 As well as the risk of an unrecognized actual rescue situation and conditions for carrying

out rescue activities.

© Snom Pynoned, 2019
62



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

In addition to the advantages of using these robots in this area, their application also brings
disadvantages and unpleasant consequences, which can be characterized from two points of view:

* Failures to perform tasks that result from a person being excluded from decision making;

* In terms of the morality of the performance associated with the risks of above-average au-
tonomy of the MSR in its performance and performance of the desired task.

The application possibilities of these robots can be explained on the model, which gives
space for the classification of SR, which are suitable for application in the safety sector, but also
for the compilation of the type series of robots for service tasks.

The robots can be deployed in the rescue area by deploying robots in locations that require
direct performance of activities. These places respectively areas are:

Inspection and monitoring of the area and objects - the application is similar to that of the
same segment of the security sector, but the difference is in the effects and technologies of the
performance of monitoring and control as well as in the area and object of control. These ap-
plications are characterized by streamlining control performance as well as eliminating the
mentally and physically strenuous control activities performed by man.

Rescue actions - the application is characterized by a high degree of operational risk and a
high degree of readiness, with the aim of reducing the risks of performing rescue activities,
eliminating demanding procedures of human intervention as well as trying to increase the in-
dependence and safety of performing intervention procedures.

Handling of hazardous material - the application is oriented to the performance of han-
dling activities with designated hazardous material such as explosives, chemicals, unknown
objects, etc., but it is also possible to monitor the degree of material risk or disposal of this
material. The main objective of the application is to increase the safety of the implementation
of procedures for handling and disposal of hazardous materials. Performance of given tasks is
bound to confined space, inaccessible and dangerous space.

The conducted survey shows:

1. The basic principle of generating movement is where the movement of non-standard in-
door and outdoor environments are the most commonly used tracked undercarriages, a 2, 4 and
6 band versions. Wheeled trucks are used rather to move on urbanized terrain. What is interest-
ing is the combination of wheel and belt (f. REMOTEC) and can take advantage of the belt and
the wheel to the terrain in the area of deployment, fig. 1 [3].

2-track
58%

4-track
21%

track-wheel
5% 6-track

6%

4-wheel
5%

Fig. 1. Representation of service robots according to the principle of movement

For the design of the SR for deployment in the security services are the most typical of the
following: As a source of energy Fig. 2, the most commonly used batteries, but mostly with ro-
bots for firefighting often use an external power source. To improve battery performance using
the hybrid system, where the combustion engine recharges the batterycells.
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Bateries
79%

Combustion-

External power-/ :
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Hybrid 0
1% (combustion- S
engine + bateries)
5%

Fig. 2. Representation of service robots according to the source of energy

In Figure 3 the evaluation of climbing ability, we found that the greatest percentage of hill-
starting ability of robots to 45 degrees and 47%. Robots from the hill-starting ability 40 ° up
24%, the rest are hill-starting ability of robots to 30 °.

30°
29%

40°
24% 45°

47%

Fig. 3. Maximum gradeability of service robots

In the evaluation of velocities, we found that the largest share of the robots at 5 to 10 km / h.
The type used are represented in virtually all known concepts of 1 ° to 6 ° of freedom. Prevail
arms with 2 ° and 4 ° degrees of freedom. In terms of the kinematic pairs, the most common
rotation axis.

4° ¥
S 5%

Fig. 4. Number of degrees of freedom of action of the superstructure

The abundance of arms to the base of the overriding concept of action with one arm (79%
rated agents), especially in the category Fire and prieskumnickych robots. Contrast, double-arm
approach prevails in the category of heavy vyslobodzovacich robots.
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Note: The arm was treated for fire-fighting robot machine with a nozzle for extinguishing
medium with at least 1 degrees of freedom.

Evaluation of the presence of effector and technical execution points to the fact that the ef-
fector is used most gripping in the 2-finger concept. Even if the equipment arm device for the
automatic exchange of effector in most cases were listed as primary footed tentacles.

3. The vast majority of SR is controlled by the operator if necessary. teleoperator, which
controls the movement and application hit the robot from a safe distance.

4. The development and production of service robots is required close cooperation with
manufacturers of robots - mostly producers of service robots in the field of terrorism. Thus
many companies unifies its new mobile chassis for use in different applications. The process of
unification is often initiated by manufacturers and service robots. The most comprehensive ap-
proach in this area, attesting to the company QinetiQ.

By researching the conceptual solutions of the Slovak Republic in this area, where we fo-
cused mainly on the mobility subsystem, we obtained conclusions that can be written into the
following points:

* Service robots are approximately equally represented in all rescue applications (inspection
and monitoring, rescue operations, hazardous materials handling).

* The most used concepts are built on a crawler chassis in 2, 4 and 6 crawler versions.

* Applications on wheeled chassis in 4 and 6 wheel versions are also used, as well as appli-
cations based on a 6-foot walking chassis.

* Possibility to use a conceptual solution based on a hybrid system, such as a walking-
wheel system.

* The most commonly used power source is a battery or battery. external power source -
cable (fire extinguishing).

* Some applications are also based on a hybrid system (improving battery life).

* The maximum speed of the SR is in most cases from 5 - 10 km/h

* Service robots with the 45% climb rate are the most represented in the rescue sector.

* Arms with 4 © - 6 ° freedom are predominantly used.

* Single arm concepts are applied in inspection and reconnaissance and firefighting

* Two-arm concepts are mainly applied in the field of rescue and hazardous materials handling.

* Service robots control is based on operator or teleoperator control.

* The most common way of communication is based on WiFi technology.

Recommendations for designing EOD and IED robots. Analysis of the current imple-
mentation of SR in this field allows formulating the framework conditions for SR, but also
specifically bound by the requirements to perform specific tasks. Requirements can be sum-
marized for each sub-SR as follows:

» mobility subsystem solved by belt-type locomotion system because the benefits provided
by this solution (specific surface pressure, permeability, maneuverability, Wading depth ...).
Motion control is recommended to solve the differential form of governance that meets the de-
sired range of speed of movement (3, respectively. 5 ms™) and the minimum turning radius. The
proposed solution is recommended to structurally solve a manner that the degree of resistance
(degree of protection, resistance to environmental factors ...).

* action extension (as is clear from the submission) as a single-deal - the kinematics of the
action mechanism is recommended to deal with 6 degrees of freedom with angular workspace.
Since our body is assumed as a modular solution, are permitted other kinematic arrangement
pairs. It is recommended to resolve system stability of the subsystem mobility in relation to the
maximum reach and capacity of each of the planned arms. The end effector is recommended to
deal with the needs of a particular application of determining the arm. Consider the possibility
of'a need for an automatic exchange of the end effector, respectively tools.

« intelligent control subsystem teleoperator deal with the possibility of autonomous man-
agement tasks. Communication with the robot operator dealt with in accordance with the
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compatibility interface bus systems with open architecture. Sensor Used to guarantee the re-
quired communication with the working and operating environment.

* sensor subsystem in relation to a report by the internal sensors to solve application us-
age on the monitored parameters and mechanism function (accuracy, range of measured val-
ues, for the principle of scanning parameters, performance measurement, performance moni-
toring, ...); in relation to the compatibility of the control-control system according to the
interface (mechanical, electrical, programming, data transfer); prepare outputs from the sen-
sors for management purposes;

* set of external sensors addressed by technology and the role of controlling environmen-
tal factors, respectively. Role of service performance parameters (sensitivity, sensing principle
for variables, functions, monitoring, alarm function, night vision, thermography, virtual 3D
gloves, 3D cameras, etc.).

* in relation to the performance features to address the operating range for diluted version
of the cable operators across a range max. 150 m, a wireless version with a max. deal range to
1000 meters (outdoors). For wireless version to consider the duration of the mission about
3 hours possible forms of sleep waiting for the mission until 24 hours. Operational readiness
and resolve to intervene when necessary could be implemented immediately. The same condi-
tion applies for transportability (own transfer activity, transfer to another means of stability
for transport and so on.).

The current development of service robots is associated with two approaches to their de-
sign and their construction.

« classical concept design by the chosen system structure, based on its own (original) de-
sign, in which the use of appropriate components,

» modular design and modular structure according to the chosen system, and the best use
of available modular units and components.

Sets of modular units (translational and rotational) with staggered parameters, strokes, and
performance sections, to create more complex system, allow considering the compatibility
Interface compilation of different robot configurations as required by the shape and size di-
mensions, useful load, throughput, and the like.

Conclusions. Mobile robotic systems are currently under intensive development. Variety
brings service activities in service robotics need to use different principles for dealing with
their mobility. The most prevalent application of the principle of a wheeled chassis. In terms
of theory as well as technical solutions are the most sophisticated wheeled chassis and most
widely used in service robotics. This work is developed in the direction of the current service
robotics and the essential characteristics and problems associated with the solution that we
applied in the educational process.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0872/16 -
Research and design of algorithms and systems for the fusion of heterogeneous data in multi-
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VIIK 004.4
Pyoonvgh Anow
AHAJII3 POBOTIB-PATYBAJIbBHUKIB

Axmyanvnicme memu 0ocnioycenns. Ananiz noxasye, wo, oKpim 30epedcenHs «KIACUYHUXY 3aCmOCy8alb pobomis
(npomucnosux pobomis) Ona 8UPOOHUYUX (THIICEHEPHUX) NPOMUCTIOBUX NPOYeCis, OCMAHHIM YACOM iX 3aCMOCY8aHHS nepe-
8ADICHO, CKOHYEHMPOBAHO 8 MAK 36AHUX HEIHIICEHEPHUX NPOMUCTIOBUX | HEBUPOOHUHUX (CEpBICHUX) 2aNy3sX.

Ilocmanogxa npobnemu. Tendenyii ucysaioms HO8I PYHKYIOHANLHI MA KOHCMPYKMUBHI 8uMo2Uu 00 pobomie ma ix 3a-
CMOCY8AaHHA, 0COOIUBO MUX, WO CIMOCYIOMbCS eheKMUBHO20 BUKOPUCIAHNA PODOMIE ) HOBUX CeeMeHmMax HesUpoOHUY020
ma cepeicHo20 ceKmopie.

Ananiz ocmannix oocniocens i nyonikayii. AkmyanvHi Ha cb0200HT 0OCTIONCEHH OPIEHMOBAHI HA CHOPMYTLOBAHY
npobiemy nogepHenHs ingecmuyili y po6omMu308ani NPUCMPOT, WO € 2apaHmo8anum 3a80AKU MOMY, WO 00U HA POOOHOMY
Micyi MOJICYMb PO36UBAMUCH A 30CEPEOUMUCH HA THUUX BUOAX 3A80AHD.

Buoinenns nedocnioscenux uwacmun 3a2anvHoi npodnemu y ybomy cekmopi, a ye nepedycim cgepa nopsamymky, oe
pobomam 00800umbcs doramu pizHi nepeukoou npu 30itiCHenHi c8o€i OiANbHOCMI, NOMPANIAMU Y 8AACKOOOCMYNHI ma He-
be3neuni Micys mowjo, 3aaedxHCums 20J108HUM YUHOM 810 KOHYENmyanbHO20 pilents poooma.

ITocmanoeka 3aedanns. Bpaxosyrouu, wo npiopumemom xomnauii € nocmitine 800CKOHANEHHS CBOEL NPOOYKYIL, Ys
2pyna pobomis maxoc UyKae Hosi iIHHOBAYIIHI NIOX00U, SKI 6 NOKPAUWUIU KOHYENMYAIbHI PIleH s CepeiCHUX pobomie ma
ix gUKOpUCMAaHHs 8 NPUKAAOHUX 2any3ax. 36adicaioyu HA ye, MOJICHA NPUNYCMUMU, WO yell AcneKm NOCMIHUX iHHO8ayill
8IOKpUBAE BENUKY KINbKICIb MOJNCTUBOCEL OTIsL HOBUX YOOCKOHANEHb Yi€i epynu podomis.

Buknao ocnosnozo mamepiany. Ilossa yiei epynu pobomis 6yna 3ymosnena uMo2amu NPaKmuku, Ka UMazana Gkuio-
uenHs KOHYenyii pobomie y HenpoMucnositl ma Hegupobnuuiti cghepax, oe pobomu uxonyganu 6 nuuie Oii, AKi oynu 6 Kopuc-
Hi I0OUHI abo mexHiuHo-exchayamayiunum cucmemam. 3 yiei npudunu nouanu 3'961AMUC neputi KOHCMPYKYii maxux po-
bomis, AKi 3 HacoOM NOCMIUHO YOOCKOHANIOBAUCA MA A0ANMYBANUCL 00 NPAKMUYHUX HOMPed HACMINbKU, WO CbO2OOHT 80HU
€ He8i0 'EMHOI0 HacmuHoIO chepu nociye.

Bucnogxu 6ionogiono 0o cmammi. Mobinoni pobomuzosani cucmemu cb0200Hi hepebysaroms 8 cmaoii iHmeHcusHo2o
possumky. Pisnomanimuicms cepsicnoi disnbnocmi y cghepi 00cny208y8ants aumazac 3any4ents pooomomexHiKu 3 pisHumu
KOHYEeNnMyanbHUMU pileHHAMU wo0o ix mobinvrocmi. Haiibinew nowupene 3acmocy8anHs npunyuny koaichozo waci. 3
noznady meopii, a maxkodic MexHiYHUX piieHb HAUCKIAOHTWMUM € KOLiCHe waci i came 0HO HAUOITbUWL WUPOKO 3ACOCO8Y-
emuvcs 8 cghepi pobomomexnixu. L cmamms 6UKOHAHA 8 HANPAMKY CYHACHO20 0OCTY208Y8aHHS POOOMOMEXHIKU MA OCHO8-
HUX XapaKxmepucmux i npodnem, no8 a3anux i3 piuleHHsAM, sKe MU 3aCMOCO8Y8anll Y HAGUANLHOMY NPOYECI.

Kniouosi cnosa: cepgicnuii pobom; niocucmema mMobinbHOCMI; X0008a YACMUHA; PAMYBAILHI pobOmMU.
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IDENTIFICATION OF MAXIMUM INACCURACY
OF TOOLMAKERS MICROSCOPE

Urgency of the research. There are several types of measurement devices. Industrial practice needs simple, fast and
cheap measurement system for inspection of produced parts. There is a need for system like toolmakers microscope.

Target setting. Toolmakers microscope is very popular because of its simplicity, but producer often do not provide in-
formation about the errors during the measurements.

Actual scientific researches and issues analysis. Toolmakers microscope uses two methods of measurements — micro-
meter head slides in two axes XY and CCD camera for measurements of very small dimensions.

Uninvestigated parts of general matters defining. The main problem is with expressing of uncertainty of measurements
for both methods of measurements. There is no regulations and recommendation for using of both methods. The question of
the probability distribution of measured values and number of minimum required measurements are uninvestigated, because
the next research will be focused to this are.

The research objective. The aim is to obtain maximum permissible error of explored toolmakers microscope. On the base of
this the uncertainty of measurement could be expressed. Uncertainty measurement is non-separable parts of measurement results.

The statement of basic materials. Gauge length blocks have been used for calibration of both measurement systems. Maxi-
mum permissible error has been estimated as math model for next using.

Conclusions. The toolmakers microscope is suitable device for fast and cheap measurement right in industry condition.
The producer did not provide information about the accuracy of measurement on this device. Calibration process can be
used for estimation of this maximum error achieved during the measurement via using this device. Also this approach can be
used for estimation of actual condition of measuring device.

Keywords: optical microscope; distance;, measurement; uncertainty; gauges.

Fig.: 10. References: 10.

Introduction. This work will be focused on examination of Toolmaker microscope. A de-
scribed device is optical measuring microscope for quick measuring of produced parts [1-3].
The microscope is mainly used for miniature parts or completed products. It enables fast
measurement of dimensions, angles, deviations of shape and position etc. There are two basic
groups of measuring microscopes used in engineering metrology — laboratory measuring mi-
croscope and toolmakers microscope (fig. 1). Laboratory microscope is more accurately but
also more expensive than toolmakers microscope. The overall price of measurement depends
also on price of measurement equipment. Toolmakers microscope is simpler and also cheaper
solution. This type of microscope is good alternative in the comparison with the expensive
coordinate measurement machines.

Fig. 1. Example of Laboratory measuring microscope (left)
and example of Toolmakers microscope (right)

Toolmakers microscope is simple and easy to use. Standard toolmakers microscope
(fig. 2) consists of vertical column with optical system with eyepiece and also CCD camera
can be included. There are two lights. One is placed on the bottom and one is placed above
the measured object. Measured object is placed on XY axis positioning table. The principle of
measuring is lied on the precise positioning with table and optical system. Coordinate of posi-
tion is sensed with micrometer head slide or CCD camera. If object is rotary, then rotary table

© Tersna Kenemenosa, Mupocnas Jlogima, 2019
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can be placed on the XY table for this purpose. Both coordinate X and Y is measured and
evaluated for identification of measured dimension.

The main aim of this paper is to identify maximum inaccuracy of the toolmakers micro-
scope. The type and producer of the microscope is not specified because of GDPR and protec-
tion of good reputation.

Expressing of all measurement should be coupled with expressing of uncertainty of meas-
urement. Uncertainty is non-separable part of measurement result. The problem is in case,
when producer does not express inaccuracy of microscope or it is necessary to verify. Calibra-
tion process is needed for this purpose and also it is necessary periodically to inspect if micro-
scope fulfils the inaccuracy declared by producer.

Fig. 2. Basic parts of Toolmakers microscope:
A — Base; B —vertical column; C — XY position table; D — optical system; E — focusing screw;
F — micrometer head slide position in X-axis; G — micrometer head slide position in Y-axis;
H — CCD measuring camera, I — upper light; J — measured object

1. Description of examined toolmakers microscope. Tested microscope is mainly as-
signed for measurement in production hall environment. Temperature is non-stable and also
moisture can affects the properties of measurement equipment’s. Also there is a risk of noise
which can influence electrical systems. Signal from digital micrometer slide can be affected.

The tested microscope can be used for dimension measurement and also checking of gears
and threaded parts. For these purposes a cross-hair or reticle should be implemented into optical
systems, mainly into eyepiece of microscope. Reticles are used for fast checking. The checked
thread or gear is compared with pattern on glass shown in eyepiece. This fast checking can be
used for fast diagnosis of production processes and reduction of losses. For example, it shows
that production device is damaged and it needs the maintenance or adjustment.

Fig. 3. Microscope cross-hair and microscope reticle for eyepiece
The microscope also enables to measure or inspect the electrical parts or their parts, de-
fects of parts surface, which are not possible to measure with contacts methods. Printed cir-
cuits boards (PCB) are frequently checked for defects or mistakes from assembly process and
soldered completed boards. Connectors are mechanically stressed and wear can be detected
with microscope inspection.
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Maximum optical enlargement of microscope can be achieved with combination of optical

parts of microscope up to 200 times. Measured on inspected object is placed on XY position

table coupled with micrometer slides for obtaining of position of the object in measuring

plane. Micrometer slides have range 25mm and resolution 1pm. The inaccuracy of microme-
ter slides is declared with value of £0.002 mm.

1. L1
Fig. 4. Printed circuits boards’ inspection via using of microscope

Micrometer slides have also digital output for another data processing and evaluation with
external data units. Microscope also can be arranged with rotary table with swivel centre for
measuring of shafts and threads.

Microscope includes bottom and up LED lights with adjustable intensity of light. In ac-
cordance with used light, measurement methods can be divided into these types:

- Measurement via using of transmitted illumination also called as “shadow method”,
where only bottom light is used. If part is non-transparent, shadow of part is visible in eye-
piece and all measurements can be realised only on this shadow.

- Measurement via using of reflected illumination also called as “surface projection
method”, where up light is used for lighten of measured part.

In some special cases also combination of both these lights is necessary for obtaining of
best measurement results.

Mechanical adapter enables to mount the CCD measuring camera with digital output. The
provided software enables to measure dimensions, angles, radiuses, diameters etc. The camera
provides images or video, where can be saved also moving processes. This system can be
used for detection of failure in inspected system. The microscope optical system consists of
lenses, optical prisms, mirrors and final visualization is made with CCD camera with any re-
solution defined in pixels. From the viewpoint of data reading, the microscope enables mea-
suring via using of these methods:

- Measuring with CCD camera, where measurement result is number of image pixels and af-
ter calibration it is possible to assign concrete length unit to concrete number of pixels. Measure-
ment can be realized with PC mouse by clicking to desired points on image of part. Range of
measurement is limited with maximum dimension, which can be displayed on monitor.

]

o e —

Fig. 5. Measurement by using the CCD camera
- Measurement with micrometric head slides and rotation table, where microscope cross-
hair is used for localization of required points on part image shown on display screen. The

actual position is obtained from both micrometer heads mounted on slide of XY table. Angle
value can be obtained from grade on rotation table placed on XY table.
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Calibration is needful for both measurement methods. Calibration results give recommenda-
tion for using of both measurement systems. Which method is better for which range of lengths.

Fig. 6. Example of XY table with micrometer heads

2. Calibration of optical toolmakers microscope. The calibration process needs any
suitable etalons. Microscope micrometer calibration ruler and calibration slide are frequently
used in practice, because of simple using and manipulation with them. These etalons consist
of length grades, lines with defined width, raster with defined spacing, circles with specified
diameter, angles with specified value etc.

~N
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Fig. 7. Calibration ruler and MultiScale Micrometer Glass Slide for Microscope

However engineering metrology is based on calibration where standard is as Set of length
gauge blocks. It consist of several blocks made with specified length with defined inaccuracy.
Blocks are made from steel or ceramic. These etalons are following up with other superior
etalons and there is available certificate about inaccuracy and uncertainty. In accordance with
international standards (EALR-R2, ISO 3650), it is possible to use them for calibration of
other measurement length devices.

Set of ceramic length gauge blocks have been used for calibration of optical toolmaker
microscope. The calibration has been executed with gauges with nominal length in range from
Imm to 25mm with step 1mm.

o

Fig. 8. Length gauge blocks

Normally, calibration ruler is used for calibration of microscope, but in this work the set of
gauge blocks has been used for this purpose as traditional etalon for engineering metrology.

CCD camera method has been calibrated in range from 1 mm to 6 mm and the maximum
error was 29um. Graph of measured values (fig. 9 left) shows growing tendency of measured
error from gauge blocks. Reason of these results is probably low resolution of CCD camera
system, which was only 0.01 mm. In this moment it is not possible to improve it.
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Analogically, the micrometer head slide method has been calibrated with the same set of
gauge blocks in range from 1 mm to 25 mm with step 1 mm. Obtained errors (fig. 9 right)
have also growing character. The maximum error was 11um. Mentioned calibrations have
been executed only for X-axis and it is assumed that Y-axis will be similar. Resolution of mi-
crometer head is 0.001 mm and it causes the better results than previous method. These re-
sults show that CCD camera is useful for dimension range up to 3 mm and for larger distances
is better to use micrometer heads system.
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Fig. 9. Calibration of CCD camera measurement method (left)
and Calibration of micrometer head measurement method (right)

Error in measurements was also affected by the focusing and identification of searched edge
or point on inspected part. This phenomenon is very influenced by the experience of operator. The
edge or point detection is the basic principle of the measurement on microscope. The operator has
to know detailed information about the dimensional and shape topology of inspected part.
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Fig. 10. Maximum permissible error MPE for micrometer head measurement method

The micrometer heads measurements can be assumed for better results obtaining. In ac-
cordance with standard ISO 10360 it is possible to use approach for evaluation of maximum
permissible error — MPE. MPE describes maximum error which can occurs during the meas-
urement using the equipment. For our microscope MPE is two line, which are borders of our
obtained errors from calibration process. Normally it is described with linear model MPE =
A + L/B, where 4 and B are constants of line equations (from fig. 10) and L is measured dis-
tance (in mm). After approximation and math correction it is possible to obtain math model of
maximum permissible error MPE=5+L/2.5.

Conclusion. In practice the frequently used devices are coordinate measuring machines
CMM and computer tomography scanners, but measurement on these devices are very precise
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and also very expensive. These expensive devices need large place and need the air-
conditioned room with special computer and software. Operating costs cannot be neglected.

Production practice frequently needs less precision but cheaper and fast measurements.
The toolmakers microscope is suitable device for fast and cheap measurement right in
industry condition. The producer did not provide information about the accuracy of
measurement on this device. Calibration process can be used for estimation of this maximum
error achieved during the measurement via using this device. This information is necessary
for uncertainty balance, because every measurement results also include information about
uncertainty of measurement.

The inspected part is produced on the base of technical drawing with specified tolerances
which are as input requirements for measurements. This information is necessary for selection
of measurement device. Operator for checking of the part often select CMM machine without
adequate reasons and measurements is very expensive. All these aspects about the
measurements and uncertainties have to be taken into consideration with inspection tasks
during the production process [4-16].
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Temsana Kenemenosa, Mupocnas /losiya

BU3HAYEHHS MAKCUMAJIbHOI HOXUBKH
IHCTPYMEHTAJIBHOI'O MIKPOCKOIIA

Axmyanvnicmes memu oocnioxncenus. Icnye xinoka muni sumiprosanvhux npunadis. [lpomucnosa npaxmuxa nompeodye
npocmoi, weuokoi ma dewiegoi cucmemu GUMIpIOBAHHS Ol KOHMPOTIO 8UeOMOGIeHUx Oemanei. Icnye nompeba é cucmemi,
nooibHill iHCMPYMeHMAaNbHOMY MIKPOCKONY.

Ilocmanogxa npoonemu. IncmpymenmanvHull MikpOCKON KOPUCHYEMbCA 8EIUKOIO0 NONYIAPHICMIO Yepe3 1020 NPOCmo-
my, ane 8UPOOHUK HACMO He HAOAE THhopMmayito npo NOXUOKU, AKI GUHUKAIOMb NPU GUMIDIOGAHHI.

Ananiz ocmannix oocnioscens i nybnikayiil. IncmpymenmansHuii MiKpOCKOn GUKOPUCMOBYE 08 CHOCODU BUMIPIOBANL — MiK-
pomempuuny 20106KY, KA hepemiufyemuvcs 8006oic oceti XY ma CCD-kamepy 0 6uMIprosans 0yoice Manux po3mipHUX 6eutuH.

Buoinenns nedocniocenux uacmun 3azanvhoi npoonemu. Ocrogna npobnema nonseac y UpadiCeHHi HegU3HaAUeHoCmi
BUMIPIOBAHD 07151 060X Memo0ig aumipiogans. Hemae dicoonux npasun ma pexomenoayiti w000 8UKOPUCManis 060X Memoois.
Tlumanns timosipnocmi po3noodiny GUMIpPIOGAHUX 3HAYEHbL MA KITbKOCMI MIHIMAIbHO HeOOXIOHUX 8UMIPIOBAHb He 00CniOice-
HO, MOMYy HacmynHi 00CHiodcen s 6y0ymb 30cepeddiceti came Ha YbOMY.

Ilocmanogxa 3asdanns. Memoio € gusHauenHs MaKCUMAaIbHO OONYCMUMOL ROXUOKU 00CTIOAHCYBAHO20 IHCMPYMEHMANb-
Ho2o Mmikpockona. Ha ocnosi yvoco modwce 6ymu npedcmasnena HegusHaueHicmv umipioganms. Heesusnauenicmo
BUMIPIOBAHNA — Ye HeBI0 €EMHA YacmuHa pe3yn1bmamis GUMIpIo8ans.

Buknao ocnosenozo mamepiany. Kanibposani mipu 0oescunu Oynu guxopucmani 0 KaniopyeanHs 060X UMIPIOBATbHUX
cucmem. Maxcumansho donycmuma noxuoka 6yna 6UsHa4eHa K MamemMamuya Mooens Oiis ROOANbUL020 BUKOPUCTAHHSL.

Bucnogxu 6ionogiono oo cmammi. Incmpymenmanvruii Mikpockon — ye nioxooswuli npucmpiil 015 WeUoKo20 ma oe-
uiego2o UMIpIogantsa be3nocepeonsbo 8 ymosax eupodbruymesa. Bupoonux ne naoas ingpopmayito npo mounicme umipiogans
Ha yvomy npucmpoi. Ilpoyec kanibpyganHs ModCHA BUKOPUCTOBYBAMU Ol OYIHKU MAKCUMATLHOI NOXUOKU, IKA 00CA2aEmb-
€51 N0 Yac UMIPIOBAHHS 34 OONOMO20I0 3anpPononogano2o npucmporo. Taxkooic yeil nioxio moodice 6ymu gukopucmaHnuii 01
OYiHKU Oil0U020 CIAHY BUMIPIOBATLHO20 HPUNADY.

Knrouoei cnosa: onmuunuii Mikpockon, 6i0Cmans, UMIPIOBAHHS, HEGU3HAUEHICMb, KATIOpU.
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THE REVIEW FOR IMPLEMENTATION OF SIMPLE 3D PRINTERS
TO EDUCATIONAL PROCESS

Urgency of the research. Interest in this topic is aroused, because students are using 3D modelling programs and they can
then print and assemble their models during the lessons and verifying some parameters during printing or compare models after.

Target setting. The main goal is to implement 3D printing with a learning process and to acquaint students with 3D
printing technology and materials used in this sector. These printers should be used by students on lessons to create 3D ob-
jects. Then students create functional assemblies of these objects.

Actual scientific researches and issues analysis. In the past few years there has been rapid use of 3D printing. Many
3D printers have gone through various modifications. This is a modification of the construction site. Various types of printers
started to be used, such as Cartesian 3D printers, but also printers that use parallel kinematic structure. Many changes have
also been made to the electronic site. Whether they are 8 or 32 bit controllers.

Uninvestigated parts of general matters defining. This article focuses on analysis of 3D printers, technology and mate-
rials in 3D printing, features and use in the educational process.

The research objective. The aim of the research is to design and assembly workplace with 3D printers for educational process.
Students at this workplace can experimentally use these printers. In the future, these printers could be upgraded and using the Ar-
duino or Raspberry Pi system, could measure some of the printer's features directly in the printing process. These electronic compo-
nents should be used, for example, to measure moisture, which significantly affects the quality of the print and the filament.

The statement of basic materials. The analysis consists of basic information about 3D printer technologies. The definition of
this problem is described below. Based on this knowledge and next information about some 3D printers, was chosen one of these.

Conclusions. Our vision is to implement knowledge about 3D printing into the learning process so that students can not
only create objects using 3D modelling programs, but also realize this knowledge. This way they will prove 3D technology,
which is fast moving nowadays. By further research in this area we would like to set up a 3D centre for these technologies,
where other systems would verify the properties of the printing itself.

Keywords: printers; materials; technology, educational process, parameters.

Fig.: 7. References: 12.

Problem definition. In the mid-1990s, the world economy became a revolutionary situa-
tion. Companies began to fight for consumer goods. Monotonous production has ceased to
win millions of orders. This opened up the era of small-scale production. During this period,
equipment became increasingly popular, capable of producing various types of models at
minimal cost. However, many of them remained in the manufacturing sector, but the rapid
development of individual departments resulted in the emergence of volume printing office
printers - so the history of 3D printing began.

The first 3D prototype machine was a machine that utilized stereolithography (SLA) tech-
nology, developed and patented by Charles Hull in 1986 in the United States. This machine
has not yet resembled modern 3D printers, but it is this invention that defined how a 3D prin-
ter works: it builds objects in layers. Hull created the company 3D Systems, which produced
the first bulky printing device called Stereolithography Apparatus. The first model of this ma-
chine, which had a wide spread, developed in 1988, SLA-250.

In 1990 a new method of model production was used - the fixation method. This method
was developed by Scott Crump, the founder of Stratasys, and his wife, who continued to de-
velop 3D printing together. The modern historical phase of 3D printing began in 1993 with
the creation of Solidscape. In 1995, two students from the Massachusetts Institute of Tech-
nology modified the inkjet printer, but in special containers, these images were already cubic,
and at the same time the concept of 3D printing and the first 3D printer appeared.

The history of creating a 3D printer continues with the advent of a technology called
PolyJet, which is based on the use of photopolymer liquid plastic. With this method, the print
head ,,draws* a photopolymer layer that is immediately irradiated with a lamp. The method has
proven to be advantageous in many respects: its cost is significantly lower, and the high preci-
sion of production provides the opportunity not only for models but also for ready-to-use parts.

Over time, the development of 3D printing has greatly accelerated: the use of new materi-

als and foundations, the dimensions and cost of the devices have decreased. The first 3D
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printers were huge, but now they are also suitable for the desk (except industrial 3D printers).
A modern three-dimensional printer is increasingly similar to an ordinary printer that prints
images on paper. At the beginning of the development, the price of a single printer was only
available to very large companies, but now anyone can buy a 3D printer. On average, the
price of one model is more than 200 euros. The history of the 3D printer is not yet over and
the most interesting is waiting for us in the near future [1].

3D printing technology. The basic principle is additive manufacturing, which in practice
means that we do not have a large block of material at the beginning, but printing begins on a clean
surface by gradually applying the material in individual layers as precisely as possible. In this way,
the printer prints the material in portions in 2D space. Subsequently, it is moved horizontally by
another layer until a complete 3D model is created. Although the individual printing methods differ
from one another, the application of the material layer by layer all have in common.

Therefore, the 3D model (most often in STL format) needs to be ,,cut in the software
(slicer) before printing, which will be divided by several thin layers forming the whole object.
The layer thickness corresponds best to the model quality. The thinner the layers, the more
precise the print quality. Printing in the very least layers therefore seems to be the best quali-
ty, but has its limitations. The hardware itself has limits on how thin it can create. Even if the
hardware allows extremely thin layers, we waste a lot of time in software that has the model
cut into many layers. The printing time itself is also considerably extended, since it takes
longer to create one layer and at the same time to create multiple layers [2].

Fig. 1. Calibration cube in layers

Types of 3D technology. FDM/FFF printers are the most commonly Cartesian type of
printers. Cartesian refers to the coordinate system used by the printer to move the print head and
the build plate. In these printers, there are three rails corresponding to each axis (X, Y, & Z).

Firstly, the raw material, filament, is fed into the extruder. FDM/FFF printer filaments are
available in two different diameters, 1.75 mm which is the most common type and 2.85 mm.
A particular printer uses only one type of filament. The gear mechanism in the extruder pulls
the filament and pushes it down to the heater, where the filament gets melted. The melting
temperature depends on the type of filament used and generally ranges from 190 °C for PLA
to 300 °C for polycarbonate. This melted filament then flows to the nozzle.

The nozzle is generally available in multiple diameters (0.2 to 1 mm). The nozzle diame-
ter can affect the layer thickness and the print quality. The nozzle deposits the material onto
the build platform in the appropriate geometry as per the model to be printed. The nozzle
moves in X & Y direction and deposits the first layer of the print. Once the first layer is com-
pletely deposited, the build platform drops down by a small amount equal to the layer thick-
ness and the printing again starts for the second layer. This time the first layer and the second
layer are still hot and as a result, they fuse together for a strong bond. This process continues
till the complete object is printed.

After printing, the object can be easily removed by hand or with a simple scrapper. The
FDM/FFF printed parts have visible layer lines and are generally very coarse. It can be further

76



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
post-processed by sanding, polishing, priming & painting, acetone vapour smoothing, electro-
plating, etc.

The accuracy of FDM/FFF printers is least in comparison with the other technologies. It is
dependent on the minimum distance vertical distance the bed (nozzle in some cases) can travel.
Minimum the distance better will be the accuracy. The accuracy also depends on various other
factors like the filament, layer thickness, speed, and other parameters set while slicing the object.

FDM/FFF printed parts are mostly recommended to be used for Form and fitment testing,
jigs & fixture, and most industrial usage for prototyping. The parts have good dimensional
accuracy but are aesthetically very coarse [3].

SLA - Stereolithography is an additive manufacturing technique that works by targeting a UV
laser to a bath filled with a photosensitive resin. Points that are generated from 3D data are used to
focus the laser. The photosensitive polymers cure under the influence of ultraviolet light, forming
layer-by-layer the desired part. Stereolithography requires the use of support structures that are
anchored to the lifting platform to prevent deformation. It makes it possible to build large parts
with very high precision, attention to detail and excellent surface finish. A wide range of materials
allows to build parts with specific properties [4]. Often use materials: Protogen 18420, NeXt,
NanoTool etc. The disadvantages is higher price of the printer and materials.

Scanning
Source mirror
laser

Fig. 2. Sterolitography printer (SLA)

Other methods include: SLS, DMLS, EBM or SLM. These methods are different from
FDM and SLA in that the material used is powder. SLS applies a thin layer of the powder on
platform. The powder is thermoplastic [5]. All layers are irradiated with a laser. This method
can work with various materials which are in the form of a powder, e.g. ceramics, plastics,
etc. Other methods are DMLS and EBM. DMLS also has the same principle as SLS, but it is
dedicated to metals and their alloys. EBM uses an electron beam to melt the material. It is
used for dense objects made of titanium, cobalt and chrome. SLM is an energy process be-
cause the laser produces heat for each layer that exceeds the melting point of the material. Ob-
jects are extremely rigid. SLM uses only some materials, e.g. steel, titanium, cobalt, alumini-
um, copper, tungsten and chrome [6].

Materials for 3D printing. Polylactide (PLA) - one of the most widely used thermoplas-
tics. This material is a lactic acid polymer, causing PLA to be a fully degradable material. The
raw material for the production of polylactide is corn and cane. We can say that the environ-
mentally friendly material of the material has been reflected in its longevity. Plastic easily ab-
sorbs water and is relatively softer.

Usually PLA models are not intended for functional use, but serve as design models, souve-
nirs and toys. Among some practical industrial applications, we can mention the production of
packaging for food products, medicament containers and surgical fibers, as well as applications in
bearings that do not have a high mechanical load (for example in modeling), which is possible due
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to the excellent material slip coefficient. for use in 3D printing, the low melting temperature is
only 170-180 °© C, which contributes to low energy consumption and the use of cheaper brass and
aluminum nozzles. Typically, the extrusion is carried out at a temperature of 160-170 °C.

At the same time, the PLA solidifies slowly (the solidification temperature is about
50 °C), which should be taken into account when selecting a 3D printer. The best option is a
device with an open cover, heated work platform (to avoid distortions of large models) and
with optional fans to cool the fresh layers of the model. PLA has a low shrinkage, ie a loss of
volume during cooling, helping to prevent deformation. Nevertheless, shrinking has a cumula-
tive effect as the size of printed models increases. In the latter case, it may be necessary to
heat the work platform to cool the printed objects evenly [7].

Akrylonitril Butadien Styren (ABS) plastic is characterized by extraordinary strength and
toughness, has high impact and shock resistance (even at low temperatures), resistance to
crack propagation and abrasion. It also withstands adverse weather conditions and UV radia-
tion. ABS has a very low thermal conductivity, so there is no need for additional insulation.
Due to its chemical resistance, plastic does not mind salts, while concentrated acids, strong
alkalis, organic solvents and aromatic hydrocarbons can harm it. ABS is non-absorbent and
harmless to health. Styrene gives the plastic a glossy and impermeable surface. Polybutadiene
is a rubbery substance and provides ABS elasticity even at low temperatures [8].

Another material for 3D printing is High Impact Polystyrene (HIPS), used as a backing ma-
terial for ABS. For this printing, it is necessary to have 2 extruders. first for construction materi-
al and second for support material. Polyvinyl alcohol (PVA) is also used as a support material,
but it can be easily dissolved in water and the HIPS material using only a solvent. We also
know materials like Nylon, Polycarbonate (PC), wood-like material and many others [9].

Fig. 3. Filaments for 3D printing and some models

Proposed 3D printers. Of the many types of printers, three were considered. The first
printer was Anet A8. Anet A8 is a complete printer that lets you turn ideas from paper into
reality. Its great feature is that it can provide printing accuracy of much more expensive de-
vices and is also suitable for home and educational use. Other advantages of this printer in-
clude the ability to print from a variety of materials, although it works best with PLA and
ABS materials. The price of this printer is around 130 €. Fig. 4 shown this 3D printer [10].

Fig. 4. Anet A8
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The second printer is the 3D printer Tevo Tarantula. Inspired by the Prusa I3 printer, whose
popular, proven design has fallen in love with thousands of people around the world. Tarantula is
part of the RepRap project and all parts are open source. This means that the printer is designed
from readily available parts and parts. The construction of the printer is made of extruded alumi-
nium frame with a black finish. This is complemented by acrylic connecting parts. Quiet and
smooth operation of the printer is ensured by laser-cut metal parts of moving parts, bearings and
wheels. The Tarantula comes with a heated aluminium print pad of 200 mm x 200 mm for better
filament attachment. The price of this printer is around 250 € [11].

Fig. 5. Tevo Tarantula

The last printer to be selected is Ender 3. This printer also supports FDM technology. It also
supports printing with PLA, ABS, etc. The size of the object can be up to 220%220%250 mm. It
has a relatively compact and very robust shape. The price is around 220 €.

Fig. 6. Ender 3

Among these printers, Ender 3 was chosen. The other two are also come into considera-
tion in the future. It was chosen for its compact solution. It should serve as a teaching equip-
ment students learn the basics of modelling in multiple programs, e.g. Creo, SolidWorks, and
Autodesk Inventor. Based on their knowledge of these programs, they would like to show
them how to work with this type of 3D printer technology. They also want to be able to not
only design their final thesis, but also print them out and then assemble them.
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Fig. 7. Box with 3D printers

In the next period, the lessons will focus more on 3d printers. 3D printers have made great
progress in recent years and many people buy them home as a hobby. Countless objects can
be printed on these devices. Therefore, there should not be only one printer, and therefore in
the future it would be necessary to buy several printers, which the students folded and subse-
quently could use. In addition to modeling in 3D environments, the lessons could also focus
on the programs that use these printers. These are so-called slicer programs, e.g. Cura, Idea-
Maker, Repetier, OctoPrint, Slic3r, Simplify3D and many more [12]. So after creating a 3D
model, whether it is a single part or the whole assembly, these objects could then be imple-
mented in the program slicer. In these programs, students would try different parameters to
adjust the quality of the printed object. It would be mainly to choose the right layer from
which the object will be printed and also to set the right print speed.

Conclusions. This article describes the basic technologies used in 3D printing. It intro-
duces the materials used in printing. The aim is to acquaint students with the possibilities of
3D printing. In the future, it would be necessary to purchase several printers that use different
types of technology to experience the development process practically. From the design of the
part in the modeling program to its production - printing. This printer is sufficient, but it needs
some improvements that will have to be done to make it better.

Acknowledgements

This research was funded by Slovak Grant Agency VEGA 1/0389/18 “Research on kine-
matically redundant mechanisms”.

References

1. Historia vyvoja 3D tlace. Retrieved from https://xyzprint.eu/aktuality/historia-3d-tlace.html.

2. Uvod do 3D tlace. Retrieved from https://portal.fmed.uniba.sk/download.php?fid=575.

3. How FDM/FFF 3D Printing Technology Works? Retrieved from https://manufactur3dmag.com/
working-fdm-fff-3d-printing-technology.

4. Stereolitografia. Retrieved from http://www.sethal.sk/technologia/sla.

5. Laser sintering, melting and others —SLS, SLM, DMLS, DMP, EBM, SHS. Retrieved from
https://www.additive.blog/knowledge-base/3d-printers/laser-sintering-melting-sls-slm-dmls-dmp-ebm-shs.

6. FAQ — vysvetleni DMLS, SLS, SLM, EBM, Laser Cusing. Retrieved from http://www.innomia.
cz/fag-vysvetleni-dmls-sls-slm-ebm-laser-cusing.

80



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

7. Materaly pre tla¢ na 3D tlaciarni metodou vrstvoveho natavenia (FDM/FFF). Retrived from
https://xyzprint.eu/aktuality/co-je-potrebne-vediet-o-plaste-typu-ABS-PLA. html.

8. Rozdiel medzi PLA a ABS. Retrived from https://tvaroch.sk/blog/rozdiel-medzi-abs-pla.

9. 3D Printer Materials Guide: 3D Printing Plastics. Retrieved from https://www.3dnatives.com/
en/plastics-used-3d-printing110420174.

10. 3D tlaciaren Anet A8 nebola nikdy takto lacna! Retrieved from https://vosveteit.sk/3d-
tlaciaren-anet-a8.

11. 3D tlaciarenn Tevo Tarantula. Retrieved from https://www.roboking.sk/products/3d-tlaciaren-
tevo-tarantula?variant=12973115277354.

12. Top 10 Best Slicer Software For All Levels. Retrieved from https://www.3dnatives.com/en/top-
10-slicer-software-200520194.

UDC 624.01
Ilemep Mapyunxo, Mapmun Kouan

orJs1l 3 METOIO BITPOBA/KEHHS ITPOCTUX
3D IPUHTEPIB Y HABYAJIbHUM ITPOIIEC

Axmyanvnicme memu 0ocnioxcenHa. 3pocmarouuil inmepec 00 yici memu GUKTUKAHUT MUM, WO CMYOEHMU BUKOPUC-
mosgyiomu npozpamu 3D mooenioganus i Modicyms OpyKysamu ma 36upamu c6oi Mooeni nio uac 3aHamv, a MakodlIc KOHMpPo-
J08amu 0esKi napamempu npooosic OpyKy abo nopieH08amu Mooei nicis OpyKy.

Ilocmanogxa npoonemu. I'onosuoro memoro 6yno enposaddicenns 3D OpyKy 6 naguanvHuil npoyec i O3HAUOMUMU CMY-
O0enmig i3 mexnonoeieio 3D OpyKy ma mamepianamu, wo 3acmocogyomucs 8 ybomy npoyeci. Taxi npunmepu mMaiomos 8UKo-
pucmogyeamucs cmyoeHmamu Ha 3aHAmmsax 01 cmeopents 3D 06 ’ckmie. [lani cmyOdenmu Modcyms Cmeoposamu 3 Hux
¢yHkyionanvHi 36ipKu.

Ananiz ocmannix docnioxcens i nyonikayii. [lpomsecom ocmanuix 0eKinbKkox pokie cnocmepieacmocs 6ypxauge 8UKo-
pucmanna 3D opyxy. baeamo 3D npunmepis euiiuinu 3 ukopucmanis uepes pizui moougpixayii. Le sminu, wjo cmocyromocs
KoHcmpykmueHoi 6yoosu. Ilouanu euxopucmogysamucs pizHoManimHi munu npunmepis, 30kpema kapmesiancexi 3D npun-
mepu, a maxodic NpuHmMepy, Wo Maroms NApaLeIbty KineMamuyHy KoHcmpykyito. baecamo 3min makooic 6i0dynocs 6 enexm-
PponHiti 6yoosi. Iloku wo 6onu guxopucmogyroms 8- abo 16-oimui konmponepu.

Buoinenns neoocniocenux uacmun 3azanvrnoi npoonemu. Lls cmammsa npucsesuena ananisy 3D npunmepis, mexuono-
2ii ma mamepianie y 3D Opyyi, ocobausocmam ma 6UKOPUCMANHIO iX Y HAGUATLHOMY NPOYeci.

Ilocmanosxa 3asdanns. Memoio docniodxcenns 6yna pospobka ma ckiaoanhs pobouozo micysa 3 3D npunmepamu ons
HaguanvHo2o npoyecy. CmyoeHmu Ha YoMy POOOHOMY MiCYi MOUCYMb eKCREPUMEHMATLHO BUKOPUCIOBY8AMU Yi NPUHMEPU.
Haoani yi npunmepu modicna 6yoe onosniogamu ma 3 sukopucmanusam cucmem Arduino abo Raspberry Pi 3’asumbcs mooic-
Augicmov suUMIplosamu 0esKi napamempu npunmepa 6e3nocepeorbo 6 npoyeci OpyKy.

Buknao ocnosenozo mamepiany. Ananiz cxiadaemocs 3 ocnogHoi inghopmayii npo mexnonozii 3D opyky. @opmynosanns
yiei 3a0aui onucano Hudicue. Ha ocnosi yux 3nans ma nacmynnoi ingpopmayii npo oesxi 3D npunmepu 6y10 06paHo 00u i3 Hux.

Bucnogxu 6ionosiono oo cmammi. Ha naw noznso, enposadsicenms snans npo 3D Opyk y Haguanvhuii npoyec noguHeH
8iobysamucsa max, w06 cmyoeHmu Moy He quuie cmeopiogamu 00 €kmu 3 gukopucmauuam npozpam 3D modenosanns, a
makodic peanizysamu yi 3uanus. Takum yuHoM 80HU 3MOJICYMb yOocKoHamogamu 3D mexnonoeii, wo cmpimko po3eugaiomo-
€51 6 Hawt 4ac. Y nooansuuux 00ciONCeHHAX Y YbOMY HANPAMKY HAaHYEmbes cmeopumu 3D yenmp mexnonozii, 8 AKomy iHuti
cucmemu 6y0yms cCamMoCmitiHO nepesipamu 61acmusocni OpyKy.

Kniouosi cnosa: npunmepu, mamepianu; mexHonozii; HaguanbHuti npoyec; napamempu.
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Patrik Sarga, Adrian Kolldr
DESIGN AND REALIZATION OF MYRIO CONTROLLED ROBOTIC CAR

Urgency of the research. Human safety comes first. Therefore, human activity in many areas is being replaced by ma-
chines. In many cases, this replacement comes in the form of robotic cars that are sent to places inaccessible or dangerous to
humans. The use of robotic cars starts from the smallest models for inspection of pipelines, confined spaces, sewers, etc., to
larger and more perfect cars that are able to carry more weight and thus more electronics and robotic parts, to overcome
difficult terrain, unevenness, obstacles and replace the work of a humans, which can be life-threatening. Robotic cars for the
exploration, search and destruction of explosives are a great example.

Target setting. The goal of the research was to create inspection robotic car controlled by MyRIO device.

Actual scientific researches and issues analysis. When designing the model and preparing this paper, we took into ac-
count both current sources — publications and papers dealing with the current state of development of the inspection robotic
cars as well as existing robotic car solutions, which are widely available on the market.

Uninvestigated parts of general matters defining. Autonomous driving has not been addressed at this stage, but can be
carried out in further research.

The research objective. The purpose of this article is to explain how a robotic car can be built using MyRIO hardware
and LabVIEW software.

The statement of basic materials. In our work were used components from National Instruments. Specifically, MyRIO device
and LabVIEW software.

Conclusions. The robotic car’s construction was designed in Solidworks. The control system for computer was pro-
grammed in the LabVIEW environment, and its specific variables enabled sharing with other devices. In the end, the robotic
car was controlled with a tablet in the Data Dashboard application. The functionality has been tested in the field and ap-
proved, that the inspection robotic car was ready for use in practice.

Keywords: robotic car, inspection robot; MyRIO; LabVIEW.

Fig.: 15. References: 12.

Introduction. Our goal was to create a functional inspection robotic car capable of ope-
rating in the field under various conditions. The operation is programmed in LabVIEW using
the MyRIO control unit located in the car. A remote control is done using the Data Dashboard
application on the tablet. Being an inspection robot, a very important part of its equipment is a
webcam placed on the car, capable of transmitting images directly to a computer (tablet) and
enabling the user to view the ongoing survey. If the robotic car operates at night, the connec-
ted LED lights will provide enough illumination to continue the survey. The research activity
also includes two optical sensors for measuring the distance to the objects of inspection.

The robotic car operation is programmed in LabVIEW and all data is transferred directly
to the computer via Wi-Fi, allowing the user to control the car and all its components in real-
time. The user interface works through the Data Dashboard application installed on a tablet.

Design of the robotic car controlled by MyRio. The realisation was divided into two
parts, construction and programming. First, we created the design of the inspection robotic car
in Solidworks software (Fig. 1, 2, 3, 4, 5, 6) [1]. According to the design we made individual
components and together with the purchased parts we assembled them into a physical solution.

Fig. 1. Design of the robotic car in Solidworks
© INarpux Capra, Anpuan Komnap, 2019
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Fig. 4. Front view of modeled robotic car

o S 1

Fig. 5. Design covers for the sides of the car

Fig. 6. Final model of the car with covers
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The centre of the car is the National Instruments MyRIO control unit (Fig. 7). It is a portable

reconfigurable stand-alone unit that is primarily used to design control systems in robotics and

mechatronics. The basic model NI MyRIO-1900 offers the possibility to connect several ana-

logue inputs (Al) and outputs (AO), digital inputs and outputs (DIO), connection to audio de-

vices, USB port and connection to the power supply. The device also includes an 802.11b, g, n
wireless connection. Fig. 7 shows the MyRIO control unit with accessories [2] [3].

Fig. 7. NI myRIO 1900 [3]:
1 — NI myRIO-1900, 2 — myRIO Expansion Port (MXP) Breakouts, 3 — Power Input Cable,
4 — USB Device Cable, 5 — USB Host Cable, 6 — LEDs, 7 — Mini System Port (MSP)
Screw-Terminal Connector, 8 — Audio In/Out Cables, 9 — Button0

The programming part deals mainly with the design and implementation of a program for
driving the car forward, backward and modifying these movements such as moving forward
and right, forward and left or fast turning - all wheel rotation (4WD). The main program is
complemented by subprograms for the robot's optical sensors, LEDs and webcam. The soft-
ware solution was designed and implemented in LabVIEW environment.

LabVIEW is a graphical programmable language that uses icons instead of structured text
to simplify application programming. LabVIEW uses a programming data flow, which deter-
mines the execution of commands. LabVIEW program consists of the user interface in which
the application is controlled and the block diagram in the background that manages the appli-
cation. [4], [5].

Realisation of the inspection robotic car. The inside of the car consists of the following
components: two H-bridges (Fig. 8), contact field, two optical sensors, MyRIO control unit,
LED lights and more. [6], [7].

Fig. 8. H-bridge connection
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After connecting H-bridges, motors [8] and encoders, we added sensors and LED lights.
We used optical distance sensors from Sharp and the lights were made of USB LED lights
connected to 5V.

We installed all these components together with the control unit and the webcam [9] in the
car. In the last step we connected all components to the batteries. Motors require optimal 12V
DC voltage. We connected four motors with battery to the H-bridge and the 5V bridge control
and power is provided by the MyRio device. The wiring diagram is shown in Figure 9.

PIAM | Brigital Pin &
N ¢ Digral Fin 10 - S}

MyRio

Fig. 9. H-bridge connection to four motors
The final realization of the car is shown in the following figures (Fig. 10).

Fig. 10. Final robotic car without cover, front and top view

Design of the robotic car control software. The control software was created in the Lab
VIEW environment, complemented by Real-Time, Vision & Acquisition module and MyRio
toolkit [4], which allow us to use pallets and functions directly associated with MyRIO.

After creating the project, we started to insert functions and commands into the block dia-
gram (Fig. 11). In the beginning, we programmed the drives, and it was necessary to deal with
the motion logic using PWM signals and the H-bridge [10]. A chassis of the car has four DC
motors with encoders, which are connected to two H-bridges. Each bridge thus controls two
engines on one side of the car. These motors may, in certain cases, operate as a whole, but
each one of these motors is individually controlled based on the input values from the respec-
tive encoder. Each motor has its own PID controller to achieve the desired behavior and in
case of external influences, each wheel can autonomously regulate. Such operation has the
greatest advantage when moving the car on an inclined plane (the left side will be placed
higher than the right side or vice versa). The H-bridge has two mputs for motor activation. We
can activate these inputs by interconnecting them to achieve permanent operation of the mo-
tors, or to supply signals from the MyRIO device and control the motors manually.
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Fig. 11. Example of the block diagram

The next step in the programming was to design and customize the user interface, which
will make control complex and intuitive.
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Fig. 12. User interface

In Fig. 12 we can see the final user interface for controlling the robotic car on a computer.
This environment includes:

1) four sliding panels to control the speed and wheel rotation;

2) six buttons: forward/reverse button, 4WD drive activation, forward/side drive activa-
tion, LED lights on/off, PID controller restart, tablet control sharing function, and stop button,
which stops all ongoing operations;

3) transferring images from a webcam to a computer;

4) a graph showing the behavior of the motors after PID control;

5) two indicators to show the distance of objects from the car;

6) four engine speed indicators.

In the final step, we created a remote control environment for iOS using a tablet (iPad).
This control was implemented using the Data Dashboard application [11], which allows us to
manage shared values from a computer in real time in a tablet. These values are created as
variables on the computer and placed in a diagram. It is then linked using a tablet library that
is connected to the same network (in this case MyRio).

The resulting tablet control application is shown in Fig. 13. The aim was to create a sim-
plified version of the control environment (Fig. 14).

86



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019
TECHNICAL SCIENCES AND TECHNOLOGIES

{ Dashboards  Q Myrio

®

Vzdialenost' Ipad ovladanie Vyska

80 ‘éU 120, \Bﬂ 1;0 120’
o " Reset motorov - "
40 160 EF [ 40 160 -
20 , \M‘w 5 Rychlosti motorov 0 . m”m b’
: > M1 M2 M3 M4 % >
129 130 52 47
Zapnutie svetiel —————————————————] Aktivacia 4WD
—H 50 100 0 100 150
49.8 127
1 D 1 [ 1 1 1 D 1 1
0 100 200 250 0 100 200 250
Ovladanie lavej strany Creates by Adin Kot Ovladanie pravej strany vl ¥ e : oAl
Fig. 13. Simplified user interface for tablet Fig. 14. The completed robotic

car controlled by a tablet

Testing. After the robotic car was completed, it was necessary to test the functionality of
the whole device under various conditions. One of the tests was the inspection of the chassis
on the automobile, which can be seen in Figure 15. When testing the functionality of the in-
spection robotic car, undesirable conditions were not detected and the full functionality of the

proposed solution was confirmed.

Fig. 15. Final robotic car during chassis inspection

Conclusions. The aim was to create an inspection robotic car, controlled by MyRio. The
car was constructed according to the design created in Solidworks. In the next step, we creat-
ed a control in the LabVIEW environment, which allows us to control the car using a comput-
er. After programming the control via the computer, some variables were set to share with
other devices. This allowed the remote control of the robotic car with the tablet in the Data
Dashboard app. The car was field-tested and is therefore ready for inspection of car chassis,
but also for field research [12].

Acknowledgement. This work was supported by grant project VEGA 1/0330/19.
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ITPOEKTYBAHHA TA PEAJIIBAIISA POBOTU30BAHUX ABTOMOBLJIIB,
AKUMMU KEPYE€ MYRIO

Axmyanvnicme memu docnioycenns. besnexa nmoounu na nepwiomy micyi. Tomy disnvhicme amoounu 8 6azamvox cge-
Pax 3amiHIoEMbCa Mawunamy. Y daeamoox aunaoxkax ysa 3amina 30iUCHIOEMbC pOOOMU308AHUMU ABMOMOOINAMY, AKI GiON-
pasnAomecs 8 micys, neoocmynti abo nebesneuni oA moounu. Bukopucmanns pobomuzoganux agmomoobinie nouunacmocs
8i0 HatlmeHwux Mooenell ol 02aa0y mpybonpoeoois, obmediceHux npocmopis, Kanarizayii mowo, 0o Ginbwux i 00CKOHANI-
wWux Mawun, SKi 30amui nepego3umu OLivle 8azu, a omoice, Oinbule eleKMPOHIKU Ma poOOMOmMexHIuHUX demainel, 01 no-
odonanHsa ckiadHoi micyegocmi, HepigHocmell , nepewKoou ma 3aminams 1I00UHy Ha pobomax, Hebe3neuHux O HCUMMA.
Pobomusosani mawunu ons po3eioxu, NOWLYKy ma 3Hulyen s BUOYX08UX Pe4OBUH — NPEKPACHUL NPUKIAO.

Ilocmanogxa npoénemu. Memoio docniodxcents 6y10 cmgopumu 0211008ull pobomu308anuil agMomoobinb, KeposaHull
npucmpoem MyRIO.

Ananiz ocmannix docnioxcens i nyonikauii. Pospobnaouu modens ma 2omyrouu yio pobony, Mu 8paxyeani K Cy4acHi
Odcepena - nyonikayii ma cmammi, Wo Cmocylomvcs CyHacHO20 CMAHRY PO3GUNIKY 02IAA08UX PODOMUZ0OBAHUX MAUWUH, TAK §
icHytoui piutenis w000 pooomMuU308aHUX agMOMOOINI8, AKI WUPOKO OOCIYNHI HA PUHKY.

Buoinenns nedocnioxncenux wacmun 3azanvnoi npoénemu. Ha yvomy emani asmonomme xepysannsa ne po3enaoanocs,
ane modice 6ymu 30ilicHene 8 NOOANbUUX OOCTIOICEHHX.

Ilocmanosxa 3asdanns. Mema yici cmammi — nosacnumu, sk ModcHa no6ydysamu pobomu308anuli asmomoobins 3a 0o-
nomozoro anapamuux 3aco6ie MyRIO ma npoepamnozo 3abe3neuents LabVIEW.

Buknao ocnoenozo mamepiany. Y nawiii pooomi 6ynu suxopucmani komnonenmu 6io National Instruments. 3oxpema,
npucmpiii MyRIO ma npozpamue 3abesnevennss LabVIEW.

Bucnogxu 6ionogiono oo cmammi. Koncmpyxyis pobomuzosano2o asmomob6ina 6yna pospoobnena 6 Solidworks. Kom-
n'tomepepna cucmema ynpasninusa 6yna 3anpoepamosana 8 cepedosuwyi LabVIEW, a it konkpemui 3minni 0o3gonsiioms Oinu-
MUcs 3 iHwuMu npucmposamMu. 3pewimoro, pobomu3osanuti agmomodine kepysascs nianuwemom y oooamxy Data Dashboard.
Dyuxyionanvricms 6yna nepegipena Ha Micyax i niomeepodicena, wo o2ns008ul pooomuzo8anuil asmomoobins 6ye 2omosuil
00 BUKOPUCMAHHS HA NPAKINMUYI.

Kniouosi cnosa: pobomusosanuti asmomo6ins,; oensioosuti pooom; MyRIO; LabVIEW.
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PROPOSAL OF HANDLING PROCESS ON ROBOTIZED
WORKPLACE WITH DUAL ARM ROBOT

Urgency of the research. Deployment of two-arm robots in different plants increases production or assembly efficiency.
By designing a robotized workstation for assembly we will improve students' competences in the field of robot programming.
By preparing students at robotic workplaces using two-arm robots, we increase their employment in the labor market.

Target setting. The aim of the solution is to design an educational workplace for assembly, equipped with a two-arm ro-
bot. The object gripper uses Schunk electric grippers to adjust the range of movement and clamping force. This will allow
students to create an optimal program according to individual requirements.

Actual scientific researches and issues analysis. The question of the use of collaborative robotics in industry is highly
relevant. If two-arm industrial robots are equipped with safety sensors, we can increase the safety of working in collabora-
tive workplaces without using a collaborative robot.

Uninvestigated parts of general matters defining. Increasing the skills of students in the programming of industrial ro-
bots, improves their possibilities of employment in practice. At the same time, it creates conditions for maintaining the
growth of the national economy in the near future.

The research objective. The aim of the research was to design a robotic workplace so that students could use a creative
approach to solve a given problem. At the same time, the use of the Faculty logo as a model for the proposed assembly prep-
aration will increase the social awareness of the whole university.

The statement of basic materials. The deployment of two-arm robots and the preparation of workers for their pro-
gramming, maintenance and operation will ensure the development of robotics and facilitate manual work. This also leads to
an increase in the share of production and deployment of products with higher added value.

Conclusions. The article describes the design, production, programming and commissioning of a robotized workplace
for educational purposes. The workplace is equipped with a two-arm Yaskawa robot and a pair of Schunk electric grippers.
The aim of the work was to design an assembly and dismantling process that would demonstrate the possibilities of working
on a two-arm robot. The robotized workstation, when completed, allows the rotary cylinder to be inserted and then removed
in a closed loop. Manipulated parts are found in the proposed fixtures, whose shape is based on the university's initial fonts,
which make up its logo. Students participating in the learning process will be able to modify the program based on the teach-
er's assignment and thus improve their robot programming skills.

Keywords: robot; programming; education; logo.

Fig.: 7. Table: 1. References: 11.

Urgency of the research. Deployment of two-arm robots in different plants increases
production or assembly efficiency. By designing a robotized workstation for assembly we will
improve students' competences in the field of robot programming.

Target setting. The aim of the solution is to design an educational workplace for assem-
bly, equipped with a two-arm robot. The object gripper uses Schunk electric grippers to adjust
the range of movement and clamping force. This will allow students to create an optimal pro-
gram according to individual requirements.

Actual scientific researches and issues analysis. An industrial robot is part of a robotic
system used to make various components. Such a robot is autonomous, programmable and
capable of moving in three or more axis. The industrial robot is used for stereotypical and re-
petitive work in which man would not be fully utilized. Typical applications of these robots
include welding, spraying, handling, assembly, etc. Industrial robots and production automa-
tion have brought many benefits to industrial production. The most important benefit of ro-
bots is their efficiency, and they can work at a higher speed than a manual working man. If
the robot is properly programmed, it can work without interruption and thus massively in-
crease production and reduce the number of failed products [1]. Although the initial invest-
ment is high, they can turn this investment into profit in a relatively short time. Thanks to
their efficiency, consistency and price reduction, they are gaining popularity with parts manu-
facturers for various industries. The market for industrial robots is large and growing, espe-
cially in less developed countries. Technology is constantly changing, so it is difficult to keep
up with the rapidly changing changes in this area [2; 3]. The largest share of the robot market
is in: China, Japan, South Korea, US and Germany.

© Cewmiion A, lemko Pacricnas, 2019
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The robot we use for assembly activities is the robot of the company Motoman Yaskawa,
with the designation SDA 10F. It is a two-arm robot that has 15 rotary joints - 7 rotary joints
for each hand and 1 axis base rotation. It has high agility and freedom of movement on a
small ground plan. Due to its dexterity and its large number of joints, it is most often used for
assembly, handling and operator of machines, packaging operations or other work that is
mostly performed by people [4].
Base parameters robot SDA 10F are shown in Table 1.

Table 1
Yaskawa robot parameters [5]
Weight 220 kg
Payload 2x10 kg
Horizontal /Vertical Reach 720/1440 mm
Speed 130 - 400°/s
Repeatability +/- 0.1 mm

Current status in workplace. At present, the SDA 10F was mainly used for demonstra-
tions for visits and the teaching process (Fig. 1). Students learned to create a program in
which it was necessary to simultaneously use two arms fitted with electric grippers in the
handling process. Used grippers are from company Schunk, the first gripper is the PG 70,
which is equipped with two fingers moving parallel [6]. The second gripper is labelled EZN
64 and uses three fingers that are 120° rotated relative to each other [7]. The two-finger grip-
per is suitable for gripping non-rotating or rotating objects beyond the outer surface. The
three-finger gripper is designed to hold objects behind the inner circular hole, where the abi-
lity to centre the object of manipulation can be used. Figure 1shows the present workstation
with the SDA 10F robot, a pair of grippers and an angled stack of parts that uses gravity to
position the pipes of dimension 50x100 mm [8§].

PG 70 EZN 64 Robot SDA 10F Parts magazine

Fig. 1. Ground plan of the workplace

Most high school students, as well as domestic and foreign visits to the Institute of Automation,
Mechatronics, Robotics and Production Technology at the Technical University in Kosice
(TUKE), do not know the logo of our university. That is why we used this logo as a basis for creat-
ing two mounting fixtures for storing manipulated parts. It is about integrating the TUKE logo into
the working environment of the robot and at the same time getting the logo into the students' sub-
conscious. It will also help with excursions or demonstrations to students interested in robotics.

Proposal of robotized workplace. Since the robot has already been programmed to perform
an action where it moves the rollers on an inclined plane in an infinite loop, (Fig. 2) we will not
interfere in this program. We try to keep the created program in order to keep it working if it
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needs to be used to illustrate the work of the robot. For this reason, we have defined a new wor-
king area where the proposed manipulated process will be implemented. The new 400 x 700 mm
work surface is located on the right side of the anchored robot. This means that if we want to im-
plement programming and demonstration of the robot work it is necessary to move the robot to
the new starting position, according to fig. 2 by rotating the robot's torso 90 ° clockwise.

Old
workplace
750

1? New
o
L'] = workplace m 510

700

Fig. 2. Robot in new working position

For the new work area it was necessary to design and produce a workbench whose height
from the ground was 560 mm and the table size was 390x690 mm. The table is made with
Bosch system aluminum profiles 50x50 mm. On the top of the table there is a white 16 mm
thick laminated board in which holes are made to hold the fixtures.

The preparations are made of stainless steel sheets 1.5 mm thick and 208x253 mm in size.
When designing the preparations we used the university logos, which consist of two letters
"TU" and the following shape (Fig. 3).

ElElS

Fig. 3. Logo Technical University of Kosice/Faculty of Mechanical Engineering

Holes are provided at the edges of the plates to attach the M5 threaded rods. The first sheet
has a "T" shaped hole and the second sheet a shape "U". On individual metal sheets are subse-
quently glued two letters, made of blue self-adhesive film which also forms the letters "TU".
The blue color was chosen deliberately, as the logo of the Faculty of Mechanical Engineering of
the Technical University of Kosice, where our workplace also belongs, is also blue [9].

The resulting shape of the proposed fixture consisting of two draw-off points located on
the work table and it’s shown in (Fig. 4). To the left side mounting fixtures (T-shaped cut
out), it is possible to place a maximum of 5 cylindrical parts. Into the right side the mounting
fixture (U-shaped cut out), it is possible to place until 7 cylindrical parts. In the case of tea-
ching with the use of these fixtures, it is possible for the teacher to determine how many pie-
ces cylindrical parts will be needed to create the program. In addition to the number of parts,
the teacher can determine their location as well as the direction of collection and storage. This
leads to multiple combinations, allowing each student to enter an individual assignment.

91



Ne 3 (17), 2019 TEXHIYHI HAYKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

> S
Fig. 4. The resulting face of the product being made

Creating a sample program on the robot. After switching on the control unit and the proper
involvement of the pendant, after a while, the main menu on the pendant will start. In the menu,
we are particularly interested in the "Job" section, where we can see existing programs, delete
programs or create your own, new programs. When selecting "Create new job" we will open a
window where we can create and name our own, new program. The display is touch-sensitive, so
it's easier to move around. This is most useful especially when writing and then pressing the
ENTER button. If we have created a program it is necessary to change the control of the robot
arms in the "Control Group" item so that we can move both arms at the same time. In our program
we have to see the designation "R1 + R2: R1". In (Fig. 5) is a sample of the program, where a red
box indicates a label that indicates that we can use both robot arms in the program [10].

| |

) 0B CONTENT: MASTER
‘HORNY DP
w CONTROL GROUP: R1+R2:R1

0001 0001 M

+MOVL V=11.0
004 0004 MOVJ YJ=0.78 PL=(

+MOVL V=11.0
1005 0005 MOVJ) VJ=0.78

+HMOVL V=11.0
0006 0006 MOVJ VJ=0.78 PL=0

FL=0

MOVJ VJ=0.78 PL=0
+HHOVL V=11.0

Fig. 5. Demonstration of the program on pendant by robot

The row with the numeric labels at the top represents the robot's status bar. First (1) the
currently used robot arm is shown. Switching between robot arms, using the "ROBOT" but-
ton. The second (2) is the currently used coordinate system, which is the axis coordinate sys-
tem. To switch between coordinate systems, press the "COORD" button. Next (3) we can see
the speed of the robot, currently set to "High". Another icon (4) symbolizes the user level.
Whether it is an operator, programmer or service worker. At each level we can adjust some-
thing else, we have other privileges.

The number 5 icon is the play mode: step cycle or continuous mode. We use them to see
how the program works.

The penultimate icon shows what the manipulator is doing. It also shows an alarm or an
emergency stop. The last icon tells us which mode we use [11]. Either it is manual or automatic.
In manual mode, we can control the robot with a pendant. In automatic mode, the program
works separately. One line of the program is shown in green. This line contains code for both
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arms marked orange and yellow. “MOVJ” represents the rotational movement of the individual
joints, “MOVL” is a linear motion along a line, “VJ” is a motion speed that ranges from 0-
100%. Currently, the speed is set to 0.78% for one arm and 11% for the other arm. The basic
position at the beginning of the program as well as the overall view of the workplace can be
seen in (Fig. 6). It is the position that the robot always takes when starting the program.

Fig. 6. The starting position of the robot

Then the robot turns 90 degrees and begins to take the rollers out of the cut-out "U" with a
3-point grip. Subsequently, he folds the roller into the second gripper and places it in the logo
with the letter "T" cut out, (Fig. 7).

B

— ’! s

A

Fig. 7. Removing and inserting parts

Conclusions. The design and implementation of a new part of the robotized workplace
was intended to improve and optimize the learning process with the SDA 10F double-arm ro-
bot. The proposed solution created the prerequisite for assigning individual tasks to students
during the semester. The role of the teacher has turned into a consultant who leads students to
create a program on the robot. The result is increased student competence and self-esteem,
which can be used in practice. The financial intensity of the solution was around € 50, as most
of components were from by the Department of Robotics, which is also a teaching workplace.
The secondary benefit is the possibility of using the proposed workplace for presentation
tasks. Over the course of the academic year, over 200 students and school staff attend various
field trips at the Industrial Robotics Laboratory, leading to faculty and university visibility.

Acknowledgement. This article was created thanks to the VEGA project support:
1/0389/18 Research and development of cinematically redundant mechanisms.
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VIIK621.8
An Cemiion, Pacmicnas lemko

IMPOEKTYBAHHS POBOTU30BAHOI POBOUYOI CTAHIIII HA BA3I POBOTA
3 IBOMA MEXAHIYHUMHU PYKAMHU

Axmyanvnicme memu docniodcenns. Bukopucmannus pobomie 3 080Ma MeXaHi308aHUMU PYKAMU HA PI3HUX 3A800aX
niosuwye eghekmusnicme upobnuymea abo ckradanns. Po3pobka pobomuzosanoi poboyoi cmanyii nioguugye komnemenm-
Hicmb cmyoenmig y eanysi npoepamyearnts pobomis. [Iposedents 3aHamo 0N CMYOEHMI8 HA POOOUUX MICYSX, OCHAUWJEHUX
0gopyKumu pobomamu, 36inbuLye ix 3auUHAMICMb HA PUHKY NPAYI.

Ilocmanogxa npoonemu. Heobxiono pospobumu naguanvhe poboye micye 01 cKi1aoanis, oonaonane pobomom 3 08o-
Ma mexanizoeanumu pykamu. 3axonnennsa 06'ckma 30iticHioembes enekmpuyHumu 3axeamamu Schunk, mooicnuse pezyniogan-
HA CUTU 3amuckants. Lle 003601ume HAGUUMUCL CMYOEHMAM CIMEOPIEAmY ONMUMATLHY NPOSPaMy pobomu poboma 8iono-
8i0HO 00 THOUBIOYANLHUX BUMOR.

Ananiz ocmannix oocnioxcens i nyonikayiii. [Tumanns npo euxopucmanis pobOMOmMexHiKy y RPOMUCIOBOCHI € Oydice
axmyanvhum. OcnawenHs RPOMUCIOBUX pOOOMIE 3 080MA MEXAHI308AHUMU PYKAMU CReYianbHUMU 0amyuKamuy, nioguiyye
be3nexy pobomu Ha poboUUX Micysax, 0e 00HOUACHO NPAYIOE OeKintbKka pobomia.

Buoinenns neoocnioycenux uacmun 3azansnoi npoonemu. Iliosuwenns xeanighixayii cmyOoenmie 3 npocpamysanHsl
NPOMUCTIO8UX pOOOMIB, NOKPAWYE IX MOACTUBOCII Npayesiaumysants. Boonouac ye cmeopioc ymosu 0 niOmpumKu 3poc-
MAaHHs HAYIOHANLHOT eKOHOMIKU Y HAUOUINCHOMY MAUOYMHLOMY.

Ilocmanogka 3asdannsa. Memoio docniodicenns € po3pobka poboma, wod cmyOeHmu Maau MOACIUBICMb BUKOPUCMOBY-
6amu meopuull nioxio OA eupiuwenHs 3a0anoi npobnemu. Y moii dice yac 6UKOPUCMAHHA 1020MUny (axyibmenty y aKoCmi
MoOeni 01151 CKIaodanHs 30i16luUms coyianbhy o0i3HaAHICMb YCb020 YHIBEpcUmeny.

Buknao ocnosenozo mamepiany. Po3noscioddicentss 060pyKux pobomie ma nio2omoeka npayienuxie 00 ix npozpamy-
6aHHs, 0OCNY208Y8AHHA MA eKCAIyamayii 3a0e3neuams po3eumox pobomoOmexHiKu ma noie2uiums pyuny pooomy. Lle ma-
KOJiC cnpusmume 30i1buieHHI0 YacmKu 6UpOOHUYMEa ma po3miugeHHIo npooyKyii 3 6inbut BUCOKOI0 000AHOI0 8apmicmio.

Bucnoeku 6ionosiono oo cmammi, Y cmammi onucano npoexmyeaHHs, 6UpOOHUYMEO, NPOSPAMYBAHHS MA 86e0EH s 8 eKCHITY-
amayito pobomu308ano20 pobouozo micys 0ns ocsimuix yineii. Poboue micye ocnawere ogopykum pobomom Yaskawa ma napoio
enekmpuyHux 3axeamig Schunk. Memoto pobomu € po3podka npoyecy ckiadants ma OeMOHMAdACY, AKUL OU OeMOHCIPYBA8 MOICTU-
6ocmi pobomu 0sopykux pobomis. Pobomuzoseana poboua cmanyia 0o3601s¢€ 30iiCHIOBamMU RPOSPAMYBAHHS. POOOMIE HA GUKOHANHS
nOCi008HUX Oitl, HANPUKIAO, 6CIMABUMU NOBOPOMHULL YWITHOP § NOMIM GUIHAMU 1020 8 3aKPUMOMY Yukii. Y axocmi po6ouozo npo-
CMopy 080pyK020 pobomy 6UKOPUCHIOBYIOMbCSL CREYiaNbHI WAOTOHY, (YOPMA AKUX 3ACHOBAHA HA NOYAMKOBUX WPUGmMax yHieepcu-
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memy, AKi cknaoaromp tioeo aocomun. Cmyoenmu, AKi 6epymy y4achb y HA8UANLHOMY NPOYEC, 3MOUCYMb MOOUDIKY8amU npoepamy
HA 0CHOBI 380AHHS 84UMeIIs A MAKUM YUHOM 800CKOHAIUMU C80I HABUYKU POOOMU 3 POOOMUZ08AHUMU CHIAHYIAMU.

Kniouosi cnosa: pobom,; npocpamysanis; oceima, 1020mun.
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Marek Sukop, Peter Ferencik
DESIGN OF INTELLIGENT ROBOTIC CELL WITH CAMERA SYSTEM

Urgency of the research. More complex robotic systems are characterized by a certain degree of intelligent behavior
where, based on input, the system is able to adapt its behavior. The implementation of elements that support intelligent be-
havior in robotic systems, especially those based on the image of devices, is becoming common practice. The reason is sim-
ple, such a system is faster and more accurate.

Target setting. Creating machine vision, however, is a complex problem, especially when it comes to applications with
non-standard requirements. For each task, the vision system needs to be adapted to the conditions and requirements of the
monitored objects. Other image adjustments and algorithms need to be applied to static objects rather than moving objects.
Two-dimensional image information is sufficient for some manufacturing process, while others require a third dimension to
remove a given piece from a disordered pile. Creating an intelligent robotic cell with a camera system therefore requires the
creation of a vision system that meets the specified requirements. This is where space is open, because there are many differ-
ent procedures and principles to deal with, but not all are equally effective and reliable.

Actual scientific researches and issues analysis. Many of the image processing methods can be combined with each other, or a
new, better way to solve the problem can be developed using the approaches already known. Adding to this fact non-standard re-
quirements profiled in practice, there is an undeniable reason why it is appropriate to deal with image processing for industrial use.

Uninvestigated parts of general matters defining are designing and create a robotic cell, whose activity will be con-
trolled on the basis of image perception obtained by digital camera.

The research objective of this article is to design and create a robotic cell, whose activity will be controlled on the basis
of image perception obtained by digital camera. The obtained image will be subjected to suitable image processing algo-
rithms which will result in the generation of control instructions for controlling the manipulator movement.

The statement of basic materials. The work deals with the design of a robotic cell whose task is to manipulate sample
objects placed on the conveyor belt by means of a parallel manipulation robot based on image perception. The main part of
the design is the creation of control software, which in the first level ensures the proper functioning of the individual compo-
nents and in the second level their mutual cooperation, which ensures the performance of the required functionality of the
robotic system as a whole. Created software runs on Windows 7 operating system, where it offers a simple tool to control the
movement of the arms of a parallel robot without using other control means. This means that the robot's movements can be
controlled directly from the control program, allowing the robot and object to be manipulated even in manual mode. The
image obtained by the camera can be adjusted by software using the implemented tools before the automatic manipulation
begins, allowing the user to set the correct input parameters to ensure reliable object identification.

Conclusions. In order to design a robotic system whose operation is controlled on the basis of visual perception, it was
necessary to acquire theoretical knowledge for the correct selection of individual components of the system as well as their
correct placement within the robotic cell. Great emphasis was placed on suitable and economical selection of the sensing
device and the way of illuminating the scanned objects.

In order to obtain the camera image it was also necessary to study and understand the principle of working with the im-
age captured by the camera via SDK issued directly by the camera manufacturer. However, obtaining an image was only the
first step to start the image processing process. In order to extract the necessary data from the obtained image and then to
create control instructions from the data for controlling the robot, it was necessary to study and learn in detail the individual
steps and procedures of image processing.

In the part of the work dealing with image processing the acquired knowledge was applied to the processing process itself,
but not only known approaches were used. Owing to the reduction of CPU load and consequently shortening of the calculation
process, own procedures were also introduced into the image processing process. The actual "economical” approach was ap-
plied and tested in the thresholding process where a "shortened thresholding algorithm" was created. The approach was also
applied to the object-in-picture search process, creating a "network-based object-in-picture method" that uses the fact that we
search and identify known objects in industrial applications as opposed to identifying objects in an unknown environment.

The combination of image acquisition, image processing and robot control with one comprehensive application is also a major
benefit. Of course, to ensure this functionality, it was first necessary to create a theoretical base on which to build. The main prob-
lem was to create a control part of the robot control in C # and to link it to the basic control program created in C ++.

Keywords: robotic cell; machine vision; camera system, intelligent system.

Fig.: 9. References: 15.

Urgency of the research. More complex robotic systems are characterized by a certain
degree of intelligent behavior where, based on input, the system is able to adapt its behavior.
The implementation of elements that support intelligent behavior in robotic systems, especial-
ly those based on the image of devices, is becoming common practice. The reason is simple,
such a system is faster and more accurate.

Target setting. Creating machine vision, however, is a complex problem, especially when
it comes to applications with non-standard requirements. For each task, the vision system
needs to be adapted to the conditions and requirements of the monitored objects. Other image
adjustments and algorithms need to be applied to static objects rather than moving objects.
Two-dimensional image information is sufficient for some manufacturing process, while oth-
ers require a third dimension to remove a given piece from a disordered pile. Creating an in-
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telligent robotic cell with a camera system therefore requires the creation of a vision system
that meets the specified requirements. This is where space is open, because there are many
different procedures and principles to deal with, but not all are equally effective and reliable.

Actual scientific researches and issues analysis. Many of the image processing methods can
be combined with each other, or a new, better way to solve the problem can be developed using the
approaches already known. Adding to this fact non-standard requirements profiled in practice,
there is an undeniable reason why it is appropriate to deal with image processing for industrial use.

Design of intelligent robotic cell. The paper deals with the design of a robotic cell whose
task is to manipulate the sample objects placed on the conveyor belt by means of a parallel
manipulation robot based on image perception. The main part of the design is the creation of
control software, which in the first level ensures the proper functioning of the individual
components and in the second level their mutual cooperation, which ensures the performance
of the required functionality of the robotic system as a whole. The control program is created
in the Visual Studio C ++ development environment, while the software components for de-
velopers (SDK) are used to control individual components for easier and reliable implementa-
tion of the device into the control program. Image processing is provided by a combination of
OpenCV library and our algorithms. The program consists of three basic threads. The first
thread provides image acquisition and processing in the parameter setting mode - the so-
called FreeRun mode. The second thread provides control of the robot in manual mode by
means of sliders - graphical elements for control. The third thread provides automatic mode of
operation based on preset parameters.

Used components. The chosen camera for the application was the “Basler Scout
scA1390-17gc” camera, whose specific parameters (Fig. 1) best suited the chosen purpose.
However, this is a compromise in the selection, given that the selection was made from the
facilities at the disposal of the TUKE Robotics Department.

Basler Scout scA1390-17gm
Sensor Sony ICX267 Interface GigE
Shutter Global Pixel Bit Depth 12 bits
Image Circle 1/2" g Synchro SW/HW trigger
5 | Sensor Type CCD A | Exposure control via Camera API
g | Sensor Size 6,5 x 4,8mm £ | Digital Input 2
@« | Resolution 1.4Mpx (1390x1038px) § Digital Output 4
Pixel Size 4.65 x 4.65 pm O | Power Supply 12-24V
Frame Rate 17 fps Consuption 3.5W
Mono/Color Monochromatic Lens Mount C-mount

Fig. 1. Characteristics of the Basler Scout camera

Most camera manufacturers also offer lenses for their equipment in their portfolio. This is also
the case with Basler, where it is possible to select the required lens directly on their website in the
lens section. After entering the parameters, two relevant results were displayed. It was a Basler
C125-218-5M F1.8f12mm and Edmund Optics CFFL F1.8f12mm 2/3 ”lens that fully fit the pur-
pose, but the purchase price was too high. € 400 for the Basler lens and € 300 for the Edmund Op-
tics. Therefore, the cheaper variant of the Tamron 23FM12-L 2/3 {F12 F / 1.8 lens (Fig. 2),
Whose purchase price was 140 €, was more than half that of the Edmun lens, defined parameters.

—
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Fig. 2. Selected lens Tamron
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ABB IRB 360 FlexiPicker is a modern device designed for fast handling and / or fast re-
moval of products from conveyor belts and their subsequent storage or packaging. The main
advantage of these devices is the high handling speed, which means that the handling cycles are
very short and the high accuracy and load capacity, whose maximum value is 8 kg. The Flexi-
Picker product line is available in a range of 800, 1130 and 1600mm range ranges and a range
of 1.3, 6, and 8kg load capacities, making these devices ideal for wide range of applications.
The basic design of the Flexipicker consists of a base where the drive units for the individual
arms and three parallel arms are located. The robot is placed on the suspension structure, with
the handling space being created directly below the robot. Due to different Flexipicker variants,
the workspace is not the same for all variants. The ABB IRB 360-6 / 1600, located at the De-
partment of Robotics, has the largest workspace (Fig. 3) in this product line.
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Fig. 3. Workspace of IRB 360-6 / 1600

As this project belongs to the small group, the hardware requirements for it were not ex-
tremely extreme. The image provided by the selected camera achieves a resolution of only
1.4MPx and the images will be processed sequentially with a period of 140ms, representing
approximately 7 frames per second. The computing power of the control PC is ensured by the
AMD FX-6300 processor, which contains 6 physical cores with a clock speed of 3.5GHz
(boost up to 4.1 GHz) and a 12MB Chash pmiite. Despite its high performance, this processor
is "only" the equivalent of the Intel i5 series processors, but this is enough for this project.
The memory is created by two 4GB modules reaching the frequency of 2100Mhz connected
in DualChanel mode for faster communication with the CPU. The set is complemented by a
graphics card with nVidia GT630 chip supporting DirectX 11, whose clock frequency reaches
810MHz. For storage of data was chosen SSD size of 120GB, which allows writing and read-
ing data at 450MB / s.

Main program and its structure. The control program ensures the cooperation and func-
tionning of individual parts of the robotic cell with the camera system in order to ensure the
desired result. Since the basic components of the robotic cell are the camera and the robot it-
self, the control program is divided into three basic parts - the part providing communication
with the camera and acquiring the captured image, the part providing connection to the robot
control system and its control and the part performing image processing and generation data
for robot movement control.
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Fig. 4. Basic program blocks

The first block of the program, as already indicated, provides a communication channel be-
tween the Basler camera and the control PC. This program block provides software interconnec-
tion of the camera and the PC, thereby obtaining the acquired image into the operating memory.
Physically, however, the Basler Scout sca 1390 is connected to the control PC via the GigE in-
terface, which means it uses an Ethernet link. Since the primary task is not to create software for
camera management and communication between the camera and PC, we will use the official
SDK for this purpose, which reliably provides this functionality. The implementation of the Py-
lon 5 SDK should be performed according to the instructions published by the publisher.

By installing the Pylon SDK, we get an API (Aplication Programming Interface) in C ++
for Basler cameras that use the IEEE1394, GigE, USB and Camera Link interfaces. Thus, the
Pylon API offers a broad-spectrum programming interface that frees the programmer from the
many differences that exist between individual interfaces, speeding up work and eliminating
errors in establishing a communication channel. The new generation of Pylon API version 5
even reduces the hardware components of the control PC. Compared to older version 4, the
memory usage is half the load and communication takes three times less time. These two sig-
nificant benefits are advantageous for older systems, where the introduction of new Basler
products does not need to change the hardware configuration of the control PC.

Custom Windows application
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Fig. 5. Pylon 5 API structure
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The code being created is almost ready to get the first image from the connected camera, but
you still need to set up an image acquisition strategy. By default, the “One-By-One” acquisition
strategy is set, which means that the acquired images are processed in the order they arrived. In
our case, this method is exactly right, because the image acquisition will be controlled by a
software trigger. However, it is possible to set up continuous loop image acquisition and pro-
cess the image from any buffer found in the "Grab Engine". The maximum number of these
buffers is 10, but for our One-By-One acquisition needs, we will limit the number of these buf-
fers to 1. This means that we will still process only the image we capture at the moment.

Application O

1 e
Instant Camera Grab Engine

Empty Buffer Queue O Output Queue

- m

Lows Level API
{pylon Davice Strezm Grabber)

pylon Driver

Camera Device ' "'\

Fig. 6. Picture acquire by strategy One-By-One

The basis of communication and control of the robot is therefore a separate part of the
program written in C #, whose functions are called from the main program. However, the call
itself does not perform direct management actions in the main program. The call only deter-
mines what action to take and provides input parameters. Some calls may result in a return
value that is important to the main program, such as querying the current position on the X
axis. However, the actual processing of the request ensures part of the managed code.

However, the motion control of the robot is not controlled directly. Because the robot has
its own control system on which the Windows application actually being created "parasitizes"
it is not possible to control movements by direct command. For the simple but reliable control
of the robot's movements it was necessary to "fool" the control system. In the robot control
system, I created a simple program that contained a repeating loop whose execution was con-
trolled based on reaching the end position.

MODULE MainModule
VAR robtarget RobotTarget:=[[-0.00,0.00,-870.00],[0,1,0,0],[0,0,0,0]];
PROC main()
WaitDI Start, 1;
Reset InPosition;

IF (Linear)
{
MoveL RobotTarget, v1000, z50, tool0;

)
ELSE

{
}

WaitRob\InPos;
Set InPosition;

Move] RobotTarget, v1000, z50, tool0;

ENDPROC
ENDMODULE
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The user interface of the application besides the mentioned sliders for controlling the
movement of the arm also contains the possibility to change the movement speed in the range of
0 - 100%, which can be adjusted also during automatic operation. There is no such option when
controlling a robot by a pendant. Manual motion control is useful, for example, to adjust the po-
sition from which the image will be obtained, since the camera can be positioned on the grip-
ping effector. You can also set the location where objects should be uploaded. The UI also dis-
plays the name of the currently used robot, its current location and the currently set target.

RobotControl
Set Grab Position
a0 0,161, -870]

- - Set Place Position

[0, -275, -1034]

) ) ) STOP
%0 Y:-275 Z:-1034

e AUTO
Pylon Camera: It's Grabbing! ABB Robot: IRB_360_3kg 113m
Position: [0, 0, -870] Target: [0, 161, -870]

Fig. 7. User interface for robot controlling

A separate part of the application consists of a part that links a part of the code created in
the C # programming language, which provides communication with the IRC5 robot control
system and its actual control. This part of the program creates an essentially standalone con-
trol program that can be used to create another application to control ABB robots whose con-
trol system is an ABB IRCS.

] Basler Pylon Cam =|[=2]=®
Start ‘ | Succeed! 649 P1 - zaciatok
Histogram Filter Simple Object Detection
I~ Show Histogram None - add | Detete | clear |
Original =

I~ Equalize Histogram Kernel sColor sSpace Circle ]' Blue ]v Set Size E
r 3] [oF [0z

Gradient Threshold ‘Fhagiun |

Global | ¥ B-Y Image

Object: Circle -> Color: Blue -> Size: 112

pean = T b 8
I

RobotControl

Set Grab Position

o 40 [0. 161, -870]

‘ - ‘ - SetPlace Position

[0. -275, -1034]

X0 Y:-275 Z:-1034

Go To Target AUTO | STOP ‘

Pylon Camera: It's Grabbing! ‘ABB Robot: IRB_360_3kg_1.13m  |Positicn: [0, 0, -870] Target: [0, 161, -870]

Fig. 8. The main application control and information window
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Fig. 9. Simulating robot control using ABB RobotStudio software

Conclusions. In order to design a robotic system whose operation is controlled on the ba-
sis of visual perception, it was necessary to acquire theoretical knowledge for the correct se-
lection of individual components of the system as well as their correct placement within the
robotic cell. Great emphasis was placed on suitable and economical selection of the sensing
device and the way of illuminating the scanned objects.

In order to obtain the camera image it was also necessary to study and understand the
principle of working with the image captured by the camera via SDK issued directly by the
camera manufacturer. However, obtaining an image was only the first step to start the image
processing process. In order to extract the necessary data from the obtained image and then to
create control instructions from the data for controlling the robot, it was necessary to study
and learn in detail the individual steps and procedures of image processing.

In the part of the work dealing with image processing the acquired knowledge was applied
to the processing process itself, but not only known approaches were used. Owing to the reduc-
tion of CPU load and consequently shortening of the calculation process, own procedures were
also introduced into the image processing process. The actual "economical" approach was ap-
plied and tested in the thresholding process where a "shortened thresholding algorithm" was
created. The approach was also applied to the object-in-picture search process, creating a "net-
work-based object-in-picture method" that uses the fact that we search and identify known ob-
jects in industrial applications as opposed to identifying objects in an unknown environment.

The combination of image acquisition, image processing and robot control with one com-
prehensive application is also a major benefit. Of course, to ensure this functionality, it was first
necessary to create a theoretical base on which to build. The main problem was to create a con-
trol part of the robot control in C # and to link it to the basic control program created in C ++.
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PO3POBKA IHTEJIEKTYAJIBHOI'O POBOTU30BAHOTI'O MOAYJIsA
3 KAMEPHOIO CUCTEMOIO

Axmyanvnicme memu oocnioxycenusa. binvwi ckiaoni pobomuzogani cucmemu XxapaKxmepuyromocs NeGHUM pigHeM iH-
menekmyanbHoi no8ediHKu, 0e HA OCHOBI 8X00Y cucmeMa 30amHa aoanmyeamu ceolo nosedinky. Peanizayin enemenmis, ujo
niIOMpUMyIOms iHMeNeKmyanbty no8eoiHKy 8 poOOMOMEXHIUHUX CUCTNEMAX, 0COOIUBO MUX, Wo 6a3yI0MbCs HA 300padlceHti
npucmpoig, cmae 3a2anvHoio npakmukoro. Ipuyuna npocma — maxa cucmema weuowia ma 6invu mouniua.

Ilocmanogxa npoonemu. O0Hax cmeopents MAUUHHO20 30pY € CKAAOHOI0 npobaemolo, 0coOIUBO AKWO ti0embCs npo
000amku 3 HeCIMAHOAPMHUMU BUMOLAMU. []1A KOJICHO20 3a80aHHs CUCmeM) 30py HeoOXiOHo adanmyeamu 00 YMO8 Ma GUMO2
06'exmis, wjo Konmponoromecs. [nwi narawmysansa 300padicenns ma anzopummuy NOBUHHI 3aCMOCO8YBAMUC 00 CIMAMUY-
Hux 06'ckmis, a He 0o pyxomux 06'ckmis. Inghopmayia npo 0s8osumipte 306pasicentss € 0OCMAMHBLOIO OJisl NEBHO20 NPOYECy
8U2OMOBIIEHHA, A 05 THWUX NOMpiben mpemill 8uUMip 05l 8UOANEHHS 3A0AHOI YaACMUHU 3 HeBNOPAOKOBAHO20 00 €OHAHHA.
Cmeopenns inmenekmyanbHo20 po6omMuU308aH020 MOOYIs i3 KAMEPHOIO CUCEMOIO BUMALAE CIMBOPEHHs CUCmeMU 30Dy, AKA
8ionogioac cneyugiunum eumoeam. Tym Giokpumuii npocmip, OcKkinvbku icnye 6aeamo pisnux npoyedyp ma npuHyunis, 3
AKUMU ROMPIOHO Y32002iCY8AMUCS, anle He 8Ci € 0OHAKOBO epeKmusHUMU Ma HAOIUHUMU.

Ananiz ocmannix oocnioycens i nyonikayiii. binvwicme memodie obpodku 300pasicenb MONUCYMb NOEOHYBAMUCT OOUH
3 00HUM, abo Modice b6ymu po3pobnenutl Hogul, Oinviu eghekmusHull cnocib eupiulents npodremu 3 UKOPUCHANHAM 8Iice
gidomux nioxodis. Jlooasanus 00 ybo2o haxmy HecmanoapmHux 8UMoe, W0 GUHUKAIOMb HA npakmuyi, € be3zanepeyroio
NPUYUHOIO, HOMY OOYINbHO 3aumamucs 06pobKoio 306padicelsb Ol NPOMUCLIOB020 BUKOPUCTIAHHSL.

Buoinenns nedocnioscenux yacmun 3a2anbnoi npoonemu ¢ pospobiens i cmeopents pobomu308aHo20 Mooy, Ois-
JIbHICMb K020 6y0e KOHMPONIO8AMUCS HA OCHOBI CHPUTIHAMMS 300PadICeN s, OMPUMAHO20 3 YUPPo8oi kamepu.

ITocmanoexa 3aé0annsn. OcHosHe 3a80anHs yici cmammi noasieae y po3pooyi ma cmeopeHui pobomu308aHo020 Mooy,
OisIbHICMb K020 OY0e KOHMPONIOBAMUCA HA OCHO8I CHPULHAMMS 300padICents], OmpuUMano2o yu@posoio kamepoio. Ompu-
Mane 300padicenist 6yoe obpodaeHo y3200CeHUMU ANOPUMMAMU 0OPOOKU 300padicelb, Wo npusede 00 CIBOPEeNHs KepiGHUX
Oill 01 Yynpasninus pyxom MaHinyiamopa.

Buknao ocnoenozo mamepiany. Y pobomi po3enadacmucsa KOHCMPYKyYis pobomu3o6ano20 Mooyis, 3a60aHHs AKO20 —
MAaHinyno8amu 3paskamu npeomemis, po3smiujeHux Ha KOHBeEpi, 34 00NOMO20l0 NapanenbHo20 poboma-MaHinyismopa Ha
ocnogi cnputinamms 300padicenns. OCHO8HA HACUHA KOHCIMPYKYIT - e CIMBOPeHHs NPOZPAMHO20 3aDe3neyers ynpagiinis,
sKe Ha nepuiomy pieHi 3abes3neuye nanedcHe PYHKYIOHY8AHHA OKPeMUX KOMHOHEHMIB, a Ha OpyeoMY pIigHi iX 63acMHY cnig-
npayio, wjo 3abe3neuye GUKOHAHHs HeoOXiOHoi Qynkyionanvhocmi pobomuzoeanoi cucmemu 3azanom. Cmeopene npozpamme
3abe3neuents npayroc 8 onepayitinit cucmemi Windows 7, oe npononyemucsa npocmuii incmpymenm OJisl ynpasiints pyxom
napanenvhoeo poboma 6e3 gukopucmanns inwux 3acobie ynpaeninma. Lle osnavae, wo pyxom poboma modicna Kepysamu
6e3nocepednbo 3 npoepamiu YnpagiiHHa, wo 00360JA€ GNIUBAMU HA poboma i 00'ckm nagimv 8 pyunomy pedcumi. 306pa-
JiCeHHs, OmpumMane Kameporo, Modice KOpu2ygamucs npoepamHum 3a6e3neueHHam 3a 00noMOo2010 peanizo8anux iHcmpymeH-
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mig 00 NOYAMKY A8MOMAMUYHOI MAHINYAAYIT, WO 0036801€ KOPUCMYBAHedi GCMAHOBUMU NPAGUTbHI 6XIOHI napamempu Os
3abe3neuents HaoditiHoi idenmudgbikayii 06'ekma.

Bucnogxu 6ionosiono 0o cmammi. /{ia po3podku pobomuzosanoi cucmemu, QyHKYiony8anHs AKoi KOHMpPONIOEMbCs HA
OCHOGI 8i3YaNbHO20 CHPULIHAMMA, HeoOXiOHo OYNo npuobamu meopemuyni 3HaHHA Ol NPABUILHOO NIOOOPY OKPeMUX KOM-
NOHeHmi8 cucmemu, a MAKoJIC iX NPABUILHO20 PO3MilenHsl cepeOuHi pOGOMU308aH020 MOOYIA. SHAUHY Y8a2y NPUodileHo
8UOOPY NIOX00AWO20 MA EKOHOMHO20 YYMAUBO2O eNleMEeHIy NPUCHPOIo Ma CHOCOOY 0C8imaenHs CKAHOBAHUX 00 'cKmig.

Jna ompumanna 306padicenns 3 kamepu HeoOXiOHO OYI0 MAKOJIC GUSHUMU MA 3PO3YMImU npuHyun pobomu iz 306pa-
JiceHHAM, ompumanum kameporo yepes SDK, eucomoenenum Oesnocepeonvo gupobuukom xamepu. OOnax ompumaHnus 30-
bpadicennss OYno nuule nepuiuM Kpoxkom Ons noYyamxy npoyecy o0podku 300padicens. /s mozo, wob eumsaemu neoOXioHi
0aHi 3 OMPUMAHO20 300padICeHts, a NOMIM CIMBOPUMU Kepyloyi IHCMPYKYIi 3 0aHUX 015l YNPagiHHa pO6OmMoM, HeoOXiOHO
6y710 0emanvHO BUEHUMU OKpeMi KpOKU ma npoyedypu 06podKu 306padicets.

Y wacmuni pobomu, wo cmocyemovca obpobku 306padicensb, OmpumMani 3HauHA 6YIU 3ACMOCO8AHi 00 camozo npoyecy
006po6KU, ane BUKOPUCMOBYBANUCH He Tuute 8i00Mi NioxXoo0u. 3a80aKU 3MEeHUIEeHHIO 3A8aHMAdICEHHs Npoyecopa i, omaice, CKOo-
PpouenHio npoyecy obuucienns, 8 npoyec obpodKu 300padicent makodic Oynu esedeni enacui npoyedypu. Paxmuunuil «exo-
HOMHULLY NIOXIO 3ACMOCO8YBABC MA NEPesipABC 8 Npoyeci NOPo208020 BU3HAUEHH:, 0e 0Y8 CINBOPeNUll «CKOPOYeHUll an2o-
pumm nopocogoi oyinkuy. Ilioxio makxodic 3acmocosano 0na npoyecy NOWYKYy 006°€kma 6 300padiceHi, CMBOpIoIoHU
«mepedicesuti Memoo 00'ekma 8 300padceHtiy, AKUL GUKOPUCOBYE MOU (arm, wo wyKaroms ma ioeHmuikyloms 8i0omi
006'exmu 8 NPOMUCTOBUX 000AMKAX HA 8IOMIHY 8i0 idenmugbixayii 06'ekmis y HegiooMOMY cepedosuyi.

Tloconanna 3o06padsicennss, 00poOKu 300padicerv. ma ynpasnintsa poooOmom 3 0OHUM KOMNIAEKCHUM GUKOPUCMAHHAM Ma-
KOJIC € 201I06HOI0 Nepesazolo. 38uyaiino, wob 3abesneuumu yio QyHKYIOHATbHICMb, CNOYAmMKy nompioHo 6yn0 cmeopumu
meopemuuny 6a3y, na kil npogoounacs pospooka. Ocnosna npobiema noaseana @ momy, woo cmeopumu KOHMpPOIbHY 4a-
cmuHy xepyeanns pobomom 6 C #i nog’sizamu it 3 6azosoto npozpamoro ynpaeninus, cmeopenoio 8 C ++.

Knrouosi cnosa: pobomuzosanuti MoOynsb, Mawiutne 6a4ents; KaMepHa cucmema, iHmeneKkmyanbha cucmema.

Fig.: 9. References: 15.
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Peter Tuleja
DESIGN AND REALIZATION OF GRIPPERS WITH PERMANENT MAGNETS

Urgency of the research. Modern production requires simple and inexpensive component solutions for gripping large
parts. The design of gripping elements using a permanent magnet in this aspect is a promising direction.

Target setting. The aim of the project was to realize a gripping component from a commercially available pneumatic
drive supplemented with a neodymium permanent magnet and to revive the resulting assembly with a pneumatic portal ma-
nipulation device designed for educational activities at the department.

Actual scientific researches and issues analysis. Implementation of the project required a detailed market research fo-
cused on the tentacles of a similar concept and the study of the principles and properties of permanent magnets. By analyzing
the information the project objective was optimized - design of cheap and reliable gripping element.

Uninvestigated parts of general matters defining. Available components were used for the resulting solution, with an
emphasis on low acquisition costs. This was due to the fact that the output was intended for laboratory use.

The research objective. The aim of the research was to build a real functioning and reliably working gripping device usable as
an object for educational activities in the education of our students.

The statement of basic materials. Design and practical implementation of the grippers with permanent magnets for gripping
parts represented in the work. Activation and control of the grips is implemented by compressed air. The implementation of the out-
put confirmed the correctness of considerations as well as the feasibility of the repeatability of this output while meeting the basic
requirement for low costs. The project was based on the principles offered by leading companies, but the implementation out-
put gives a higher gripping force at lower input costs. In addition, it provides the possibility of extension to the size range
according to customer requirements.

Conclusions. The project was successful and its implementation also contributed to the improvement of the educational
process at the department, which was one of the monitored benefits. It provides an illustrative demonstration of the possibili-
ties of performing manipulation tasks with non-standard objects.

Keywords: manipulation task; automation; one-sided gripping; permanent magnet, pneumatic components.

Fig.: 9. References: 7.

Introduction. When designing automated workplaces that require the handling of some
specific types of objects of manipulation (Owm), such as sheet metal or flat products (large di-
mensions in the X and Y axes of the basic coordinate system, but small dimensions in the Z
axis), classical forms of gripping these objects cannot be used.

The technical solution is the principle of one-sided gripping. Perhaps the most common
way of doing this is undoubtedly the manipulation with active vacuum suction effectors [5, 6].
However, some applications do not allow the use of vacuum, so they must be replaced by
more appropriate methods.

This is how our solution was created as the output of the diploma thesis [1]. It is based on
commercially produced effectors using a combination of compressed air and a permanent
magnet to fixing the object of manipulation.

One-sided gripping. For automated Om manipulating, it is necessary to clearly define the
handling task. This consists in executing a chain of operations related to changing the position
of the Owm in space, or changing its orientation in space, respectively both at the same time as
a sequence of operations related to its grasp in the starting point, its fixation during the ma-
nipulation period and its release at the target site.

For this purpose, devices commonly called gripping effectors are used. Depending on the
nature of action the gripping elements on the Ow, there are effectors with two-sided grip (or
more-sided grip), one-sided grip and a specific type of grip where there is no mechanical con-
tact at all, Fig. 1.
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Fig. 1. Gripping effectors according to the nature of contact with Oy
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Unlike double-sided (multi-sided) grasping, it is specific for unilateral grasping that the

grasping effector's contact with the Owm is often at only one point (unless the stability of the

Ow during the handling task is thereby impaired). If the force analysis for gripping by a single

element does not suit, it is necessary to use a larger number (2 or more) of gripping elements
and their arrangement should be solved by a suitable frame structure, Fig. 2.

adjustable frame clip of suction cup ~ flexible mount
of suction cup

board

for connection

to robot

R : u /

object of manipulation O,, flat suction cup

Fig. 2. Frame construction for one-sided gripping elements [6]

The physical principles used for one-sided gripping are varied [6, 7], Fig. 3.

The most commonly used are active vacuum suction cups, but also magnetic grippers with
electromagnets and permanent magnets.

The decisive factor for their choice is application suitability and of course price.

The suitability of the application relates to the suitability of the selected physical principle for
gripping a particular Om (material and Ow surface quality, surface integrity, surface division, etc.).
GRIPPING FORCE PHYSICAL NATURE

£
&l s e |

-
dl suction cyclone electro- permanent | adhesive
R9SC0 cup cup magnet magnet strip

GRIPPING FORCE TECHNICAL REALISATION
Fig. 3. Physical principles used in unilateral grip

General effector model. To describe any effector (not just a gripper) it is possible to use
the general theory (theory of systems) about the system view of functional units and machinery.

The effector, as a technical system (assembly), is made up of elements (modules, func-
tional nodes). It can be defined and described by a generalized system model, Fig. 4. It con-
sists of functionally separate elements and modules and links [5]:

IF; flange connection to the robot IF>; connection with the effector device
My complementary motion micromechanism G gripping effector
C position and orientation compensator T tool (technological effector)

S special effector (combined)
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Fig. 4. System model of the eﬁ‘ectgr [4], edited by the author
Constructional designs of magnetic effectors [5] may have one of the system structures
IFiMMCIF; - G
IFiMmIF: - G

IF:CIF; - G
IFIF; - G

The function of grasp - constriction - fixation of the passive gripper is accomplished by
applying permanent magnets Mp in the gripper assembly G.

In the specific arrangement of our solution it is then possible to select the arrangement
from the given classification

IFIMMCIF: - G
The starting point of the solution was the gripping effectors by GOUDSMIT [2], Fig. 5.

O

Compressed air

Compressed air

magnet down (grasp)

a b
Fig. 5. Passive magnetic gripper with pneumatic control by GOUDSMIT [2]

Similar solutions in their offer have eg. SMC, SCHMALZ and others. To compare our ac-
ceptance, we present selected parameters of these effectors, tab. 1.

Table 1
Comparison of selected parameters of magnetic effectors of world producers

. Diameter Pressure Price

Manufacturer Type Gripping force [N] [mm] [MPa] [EUR]
GOUDSMIT HGR 35...3500 20...160 -0,07...0,55 151...960

SGM-HD 35...290 30...70 0,3...0,6

SCHMALZ SGM-HT/-HP 28...560 20...50 0,25...0,6 300...900
SMC MHM-X6400 30...80 30...80 0,25...0,6 150...200

Source of information: [2], [3], [4].

Project realisation. For the purpose of our solution, the concept of using the existing pneuma-
tic compact drive CQ2B25-15D (SMC Corporation, Japan) [4] was used, on which a neodymium
magnetic lens with a diameter of 20 mm and a height of 8 mm terminated with an M6 thread was
mounted. This lens in a perpendicular direction provides a holding force of up to 140 N.

To eliminate the gripping force (release) between the Om and the magnet at the Owm release
location, the principle of detaching the lens from the Owm by the force of the pneumatic drive
was used. To add the Owm in the place of its storage is used a separating body, which was pro-
duced by 3D printing. The assembly and the illustration of the effector are shown in Fig. 6.
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distance
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SCrews

compact
magnetic pneumatic
lens actuator
2 b

Fig. 6. Pneumatically operated magnetic gripper

The total cost of building our concept did not exceed EUR 50. The supply pressure for the
pneumatic drive required to detach the magnet from the Om was 0.5...0.6 MPa.

It should be emphasized that the effector was developed for demonstration purposes with-
in the educational process at the department. therefore the figures given are for guidance only.
A detailed analysis of effector characteristics (dynamic tests, etc.) is under preparation.

The gripping effector was used as an end effector on the laboratory pneumatic portal
structure manipulation mechanism, Fig. 7.

Fig. 7. Pneumatic portal mechanism (a, b) and its control unit (c)
Perforated sheet blanks with dimensions of 100x60x2 mm were determined as Owm's in-
tended for manipulation with the effector.

The mechanism is controlled by the logic controller SIEMENS LOGO! (0BA6 ...). FBD
handling cycle program built in LOGO! Soft Comfort v. 8.0 shows Fig. 8.
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Fig. 8. Handling cycle program
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Since the withdrawal point of the handling mechanism is realized as an input with a hu-
man operator, one blank per one handling cycle is counted.

In order not to have to deal with special approach vectors of the manipulation device to
establish sufficient contact of the effector with the Owm, the compensator was applied as a sep-
arate mechanical structure defining the removal height during handling (compensation in the
Z + direction), Fig. 9.

Fig. 9. 3D model of gripping effector assembly
with compensator (a) and its real form (b)

Conclusions. The realization of the project from the assignment of the diploma thesis to
the realization output in the form of an educational model (stend) took several years and went
through several changes. Today, he is able to demonstrate in the process of teaching at the
Department of Robotics in explaining the individual principles of gripping effectors working
on the basis of one-sided gripping. There are other alternatives to unconventional one-sided
gripping solutions (e.g. Bernoulli suction cup).

Acknowledgement. This contribution is the result of the project implementation: Re-
search modules for intelligent robotic systems (ITMS: 26220220141) supported by the Re-
search & Development operational Program funded by the ERDF.
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ITPOEKTYBAHHA TA PEAJII3AIIA 3AXBATIB
3 HIOCTIMHUMHU MATHITAMHA

Axmyanvnicme memu docnioyncenns. Cyuache gupoOHUYMBO 8UMA2AE NPOCMUX | HEOOPOUX KOMNOHEHMHUX piuieHb
0714 3axonienns genukux oemaneil. 1IpoekmysanHs 3axX6amHux eiemenmis 3 UKOPUCMAHHAM NOCMIUHO20 MACHIMY 8 YbOMY
acnekmi € nepcneKmueHUM HanPAMKOM.

Ilocmanogxa npoénemu. Memoto npoexmy Oyno peanizyeamu 3axona004Ull KOMNOHEHM 3 HASAGHO20 Y NPOOAdICy NHes-
MAMU4HO020 NPUBOOy, OONOBHEHO20 HEOOUMOBUM NOCMIUHUM MASHIMOM, i 3acmocysamu Onia NPU8oOy 3axeamHo20 8y3nd
NHeBMAMUYHULL RPUCIPILE 0151 MAHINYIAYIT NOPMATOM, NPU3HAYEHUll Ol HABYANbLHOI disnbHoCmi Ha Kageopi.

Ananiz ocmannix docnioxcens i nyonikayiin. Peanizayis npoexmy eumazana 0emanbHo20 00CHIONHCEHHS PUHKY, OPIEHMO-
6aHO20 HA 3aX8AMU AHANOIYHOI KOHYenyii ma 8UGYeHHs NPUHYUNIE ma e1acmueocmell NOCMIUHUX MacHimie. B pe3ynemami
auanizy ingpopmayii 6yna onmumizosana mema npoekmy — HpOeKmy8ants Oeuiego20 ma HaoditlHo2o 3aX8AMHO20 elleMeHma.

Buoinenns nedocnioxcenux wacmun 3azansnoi npoonemu. /s 00epoicy8ano2o piuienHs 0yiu GUKOPUCMAaHi 00CmynHi
KOMNOHeNmMu, 3 aKyeHmoMm Ha HU3bKi gumpamu Ha ix npuobauns. Lle 6yno nos'azano 3 mum, wjo npoekm 6y8 npusHaveHuil
07151 1A6OPAMOPHO20 BUKOPUCHAHHSL.

Ilocmanosxa 3asdanns. Memoio docniodicenns 6yn0 cmeopents peanrbHo QYHKYIOHYIOU020 ma HAOIUHO Npayionio2o
3aX6AMHO20 NPUCMPOID, NPUOAMHO20 AK 00 €KM 0I5l HABYANLHOT OIAILHOCHI ) HAGYAHHT HAUUX CIMYOEHMIS.

Buknao ocnognozo mamepiany. Y pobomi npedcmagneno npoeKmy8anHs i Npakmuuua peanizayis 3axeamis 3 noc-
MIUHHUMU MA2HIMamu 05l 3ax6a4y8ants demanel. Akmugayis i ynpaeninusa 3axeamamu peanizyemocs CMUCHeHUM NO8im-
pam. Peanizayis pesynomamis niomeepouna npaguivHicms MipKy8ahb, d MAKoJIC NOBMOPIOBAHICMb Pe3VIbIMamie npu 0o-
MPUMANHI OCHOBHOT BUMO2U OO0 HU3LKUX GUMPAM.

Tlpoexm tpynmyeascs na npuHyunax, 3anponoHOBAHUX NPOGIOHUMU KOMRAHIAMY, alle Pe3yibmamu 8npoeaodlcerts Oe-
MOHCMpYlomb Oinbil BUCOKY CUTY 3aXONAeHHS npu MeHwux sumpamax. Kpiv mozo, 3abe3newyemucs Modiciugicms posuiu-
pents 0ianazony posmipie 8i0nogioHo 00 BUMO2 3aMOBHUKA.

Bucnogexu 6ionogiono oo cmammi. [Ipoexm 6y ycniwnum, 1020 peanizayis maxodic cCnpusna 600CKOHANIEHHIO HAGYA-
JILHO20 npoyecy Ha Kageopi, wo Oyno ooHiclo i3 3a3nauenux nepesae. Bin 3a6e3neuye naouny demoncmpayito modiciugocmei
BUKOHAHHS 3A80AHb MAHINYIIO8AHHS HECMAHOAPMHUMU 00 ‘€EKmamu.

Knrwuosi cnosa: 3aedanns maninyiayii; asmomamuzayis; 0OHOOIMHEe 3AMUCKAHHA, NOCMIUHULL MACHIM, NHEBMAMUYHI
KOMNOHeHmu.
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AUTOMATION OF ASSEMBLY OPERATION BASED ON DUAL-ARM ROBOT

Urgency of the research. Automation as a whole, together with increasing of demands from customer push companies
at all levels to the implementation of new and innovative solutions of robotic devices. This reason we consider as sufficient
for realization of special customized solution for deployment at assembly operations.

Target setting. Purpose of article is to give an example how to increase a level of automation based on specific re-
quirements that consists from assembly area.

Actual scientific researches and issues analysis. Actual research is nowadays focused at such problematics, because return of
investments based on robotic devices seems to be reliable and people at workplace can realize and focus to another type of tasks.

Uninvestigated parts of general matters defining. Specific automated solution based on dual arm robot implementation
into the assembly process brings us a new possibility for assembly flow realization together with required assembly sequence
for whole operation.

The research objective. The aim of article is to provide an idea how to automate such manual assembly tasks with focus
to robotic devices implementation.

The statement of basic materials. For realization of automated solutions is good to have a suitable material how to
solve assembly sequence and assembly process.

Conclusions. Published article presents an innovative idea for dual arm robot implementation into the assembly pro-
cess. Proposed assembly sequence based on human — robot cooperation at this specific workplace gives an example and view
how automation of assembly processes can be solved.

Keywords: automation; assembly operation; dual arm robot.

Fig.: 4. References: 8.

Introduction. The emerging needs for automation in the increasingly wider range of appli-
cations in conjunction with planning in term of both: short and medium future points out to the
investing and developing of dual arm collaborative robot technology as a means for top level of
robotic technology. Dual arm collaborative robots are implemented into operation mainly due to
increasing requirements for process automation, services or ergonomically unsuitable work-
place conditions [1]. In workspace of an ergonomically improper workplace, there is a high risk
of damage at assembled parts of the finished component as a whole by operators themselves.
So, collaborative robots appear to be suitable innovative equipment, which has met with great
acclaim especially in automotive companies. In order to ensure safe operation of this robotic
equipment, it is not necessary to enclose a complete collaborative arm into a work cage. It can
work safely right next to a human without causing any injury [2]. This is one of the first solu-
tions presented regarding to the concept “Industry 4.0”.

sl
t
5
i

~ i N ‘
Fig. 1. Assembly operation using dual arm robot

Kinematics structure of this type of robot is ideally suited for assembly, setting or inspec-
tion operations depending on customer needs. They have an almost unlimited working space
and thanks to their construction they occupy a small, space-saving area. Integration of drives
and sensing technology directly into the interior of robotic arm prevents the risk of collision,

© Mapek Baram, Jyman [Hummmk, 2019
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capturing of objects and humans. Reasons for deploying two-arm collaborative robots are
summarized in the following points:

e Decreasing company operating costs thanks to the benefit in form of advanced robotic
automation without usual additional costs associated with standard programming and adjust-
ing work zones.

e Average payback period is within one year (typically about 195 days).

e Replacement of human operators in environments not suitable for them or dangerous
(explosive, contaminated, etc.)

¢ Removing of monotonous operations and reducing accidents, this on exertion and re-
petitive movement threatens to the operator.

e Increasing of production capacity, quality, accuracy and production speed. Using of a
robotic arm in a new assembly process automates every small-lot production operation with
sufficient flexibility.

e C(Collaborative robotic arm is space-saving and can be quickly reprogrammed for coop-
eration with various machines. Extension of robots with additional peripherals can be individ-
ually adapted to installation requirements.

The assembly activities often require a collaborative robotic arm to accurately locate and
grip of individual parts. Often is necessary to handle small parts of different shapes and sizes.
In case that these devices taking on repetitive simple and monotonous repetitive tasks, they
release operator for more creation of demanding and creative tasks.

Automated assembly of selected equipment. As a suitable example for realization of
two-handed automation by a collaborative robot we choose a specific gearbox that is assem-
bled into motorcycles, which is sold in several types. Gearbox is produced in series by com-
pany LIFAN, Fig. 2. Automation of such assembly activity requires determination of a stable
components position and design of a suitable worktable for the both robotic arms [3].

Fig. 2. LIFAN 110CC gearbox

Systematic approach for achieving of optimum assembly activity range starting from initial
planning of collaborative assembly as a whole, through determination of individual sequential
handling operations, selection of peripheral devices, spatial layout, process decomposition into
programmable sections, installation of collaborative workplace equipment for operation up to
maintenance is presented in Table 1.

Table 1
Methodology for proposing of assembly sequence

Determination of goals to be achieved with aim of collaborative robots.

Strategic decisions about transformations in assembly - handling process.

Analysis of assembly process and conditions for assembly - transport procedures.

Selection of equipment into the collaborative workplace with regard to compatibility with working environment.
Design of structure and spatial layout for individual parts of assembled object.

Determination of input requirements for assembly process.

Ensuring of links with working environment.

A Al el
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The responsible selection of optimal weighted decision matrix is based on design of as-
sembly structure for assembly object, including known knowledge and methodologies for de-
signing of such assembly activities or systematic approaches, as well as design and operation
knowledge of similar collaborative applications [4]. Method should be used as a strong deci-
sion-making tool in cases where solution requires emphasis on each of considered criteria,
usually of unequal weighted significance. Principle of method consists of evaluating weight
(importance) for each criterion to be scored on a scale from 1 up to 10, so that grade 1 is as-
signed as lowest weight and grade 10 as largest. Same scale is used also as evaluation the fact
that three variants of proposed solution by us meet selected criteria (mentioned above), i.e.
level "1" - does not meet up to "10" - suits ideally. Table 2 shows resulting decision matrix
for choosing optimal assembly process for assembled object.
Table 2
Weight decision matrix for choose of optimal assembly process for assembled object

Criteria Weight Evaluation of individual variant
Variant 1 Variant 2 Variant 3

Number of changes in position and ] 9 75 6
orientation of assembled object )
Assembly time 9 9 8 8.5
Number of tools and implements 6 7 6.5 7
Complexity of assembly process 4 9.5 5.5 8
Weighted sum 233 193 198.5
Rank 1 3 2

Individual variants of assembly process for assembled object were assessed on the basis of
results of decision matrix, which shows that variant A is considered as best, it has highest score.
The following criteria were considered:

Number of changes in position and orientation of assembled object.
Assembly time.

Number of tools and implements.

Complexity of assembly process.

In initial phase of creation and selection of suitable criteria to assess, it was necessary to de-
velop a philosophy that optimizes conditions of this assembly process with respect to changes in
position and orientation of individual parts for assembled object during time of process. Next
phase involved selection of criteria for assessing the assembly process feasibility as proof that
realisation exists. Suitable criteria that support this idea are e.g. experimental tests, measure-
ment of assembly time and more [5]. The last stage during selection of assessed criteria was
possibilities and ways for using simulation of automated projection systems in the form of CAD
/ CAM technology, enabling creation of an assembly scenario, so as to approximate as closely
as possible to the structure of assembly workplace, Fig. 3.

5. 3. 1.
Gear Wheel 6 52 Gear Wheel 6 43 Gearbox Shaft

| a Ps

Gear Wheel 6 55 Gear Wheel 0 49
Fig. 3. Optimal composition of LIFAN 110 CC assembling
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Assembly sequence for dual arm robet. It should be considered that creation of assembly
scenario is a complex and important process of a wider problem - planning of collaborative as-
sembly as a whole, which is mostly solved by partial tasks methods. Therefore, creation of as-
sembly scenario is often carried out by IT software packages capable of generating, simulating
and analysing of individual sequences for proposed assembly scenario according to the prede-
fined conditions (assembly time, product quality, etc.). Assembly scenario of selected object is
divided into 6 successive elementary steps, see Table 3.

Table 3
Assembly sequence for chosen equipment
4 Human o=t . .
Step ‘ activity L Robot activity Position
Operator gives a command for Robqt is going fo the .1n1t1a1151ng
1. . position for configuration before
starting of assembly sequence. |* . . .
gripping of objects.
Robotic arm R2 takes a shaft 1. and
Operator prepares white gear inserts them into specific position at
2. P prep & working table for next assembly
wheel 2. .
process. Robotic arm R1 moves for
white gear wheel 2.
Robotic arm R1 inserting white
Operator prepares red gear | gear wheel 2.0 into position. Robot-
3. : .
wheel 3. ic arm R2 moves to position for
taking of red gear wheel 3.
Operator prepares ereen oear Robotic arm RI inserts red gear
4. P Prep green £ wheel 3. Robotic arm R2 moves to
wheel 4. L
position for green gear wheel 4.
Robotic arm R1 inserting green gear
5. Operator prepares blue gear wheel 4. Robotic arm R2 moves to
wheel 5. i
position for blue gear wheel 5.
Operator completing of as- Robotic arm R1 inserts blue gear 7
6. P pieting wheel 5. Robotic arm R2 moves to
sembly process. N ..
initial position.

Sequence of assembly for collaborative application is divided between human and robot.
Operator activities are focused on implementation of preparatory activities, resp. on inserting of
individual parts selected assembled object, i.e. gearbox LIFAN 110 CC. Activity of dual-arm
robot is directed mainly towards to the main activities, thus facilitating work for operator and
accelerating overall assembly cycle time. For safety reasons, robot stops during operator storing
of individual parts gearbox near robot's workspace as well as waiting for operator confirmation
commands to continue mounting via control panel [6].

Used equipment for automated assembly. Assembly automation should be a substitute for
single-purpose applications where greater flexibility is required. Wide possibilities for automa-
tion of assembly processes assume mastering of design solution based on modular principle,
which enables realization of several variant dispositions, where basis of this entire concept is
advanced intelligent control system [7].
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Dual-arm robot

Main element for automation that is involved into the assembly process is dual-arm robot
from company MOTOMAN SDAI10F. Its main application area is assembly processes, pa-
ckaging and handling [8]. The characteristic of its properties can be seen in Table 4. Robot
workplace and dimensions see at Fig. 4.

Table 4
Main properties of dual arm robot
Number of robot axes 15 (7 per arm and 1 for base rotation)
Payload 10 kg (per arm)
e Horizontal direction: 720 mm
Max. reachability Vertical direction: 1400 mm
Repeatability + 0.1 mm
rotation of waist +170°
stroke + 180°
forearm +110°
Maximal range of movements upe;:ro Z;m i };(5)0
rotation upper arm + 180°
stroke of forearm +110°
rotation of forearm + 180°
rotation of waist 130 °/s
stroke 170 °/s
forearm 170 °/s
. elbow 170 °/s
Maximal speed upper arm 170 °/s
rotation upper arm 200 °/s
stroke of forearm 200 °/s
rotation of forearm 400 °/s
weight 220 kg

rotation of forearm 1 kg. m?
Max. permissible inertial moments stroke of forearm 1 kg. m?

rotation of elbow 0.4 kg. m?

1970 -

_— _9% | ~rm o - i
T %85 t 5
RB R26 L
A '
360 = Ty L

Fig. 4. Working envelope and dimensions of dual arm robot

Conclusions. Deployment of a dual-arm robot in order to automate assembly process and its
suitable application into suitable solutions requires perfect preparation in design and also in the
field of software equipment. His postulate for cooperative and synchronized movement among the
arms and torso with full support of open control architecture will increase level of automation as
a whole. In our case, task for dual-arm robot is primarily storing and positioning operations, thus
they facilitating work of operator and thus is possible acceleration of overall assembly cycle time.
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VIK 621.8
Mapex Bacaw, /[ywan Llumwux
ABTOMATMUM3ALIA 35IPHUX POBIT HA OCHOBI IBOPYKOI'O POBOTA

Axmyanvhicmo memu 00cnioyceHHsa. Asmomamuzayii 63aeaii, a MaAKodC NIOBULYEHHS BUMO2 KOMNAHIN-3AMOBHUKIE HA
8CIX PIBHAX CHpUAEC 8NPOBAOIICEHHIO HOBUX MA THHOBAYIUHUX piuieHb pobomusosaHux npucmpois. Lja npuuuna € docmam-
HbOI0 OJ18 3ACOCY8AHHS HA UPOOHUYMBE CNeYIATbHO20 THOUBIOYATbHO20 PIULEHHS HA ONEPAaYIAX CKIAOAHHS.

Ilocmanogka npoonemu. Mema — nagecmu npukiad mozo, K NIOBUWUMU PiGeHb agmomMamu3ayii Ha 0cHOGI KOHKpem-
HUX BUMO2, WO BUCYBAIOMBCS HA CKIAOANbHUX ONEPAYIsX.

Ananiz ocmannix docnioxycens i nyénikayiit. Ha cvo0200mi pakmuyni docniodcenms opicnmosawi na npobnemy agmo-
Mamu3zayii npoyecy ckiadanHa. Y pesynvmami 6npogaodicenis pobOMu308aHUX NPUCPOi8 NPAYIBHUKU MOJICYMb 30cepeou-
TMUCH HA THWUX 8UOAX pOOOMU.

Buoinenns neoocnioscenux uacmun 3azansnoi npoonemu. Konkpemmne asmomamuszogane piuieHHs, 3aCHO8AHe HA
8NP0BAIICEHHT 0BOPYKO20 poboma 8 npoyec CKIA0aHHs, Oa€E MONUCTUBICIb peanizayii npoyecy ckiadauHs 8 HeoOXioHill noc-
1i00gHoOCmiI 0715 8Cix onepayiil.

Mema pobomu. Mema cmammi — oamu yaeients npo me, AK AMOMAMU3Y8aAMU pyuHe CKIA0AHHS 3 GNPOBAONCCHHAM
POOOMU30BAHUX NPUCIPOTB.

Buknao ocnosnozo mamepiany. /[ns peanizayii agmomamu3oeanux piuienb nompiono mamu ingopmayiio npo nocnioo-
8HiCMb Ma cam npoyec CKIAOAHHS.

Bucnogxu 6ionogiono 0o cmammi. OnybOnixogana cmamms npedcmasiae inHosayitiny ioero bazamo3zaoaunocmi pobo-
ma @ npoyeci ckradauHa. 3anponoHo8ana NOCIi006HICMb CKAAOanHs, Wo OA3VeMbcs Ha chignpayi 1oounu ma poboma na
KOHKPEmHOMY poboUoMy Micyi, Hageoeno NPUKIAo, K MOJICHA 30IUCHUMU ABMOMAMU3AYIIo Npoyecy CKAA0aHH.
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SIMULATION AND ANALYZES OF INVERSE-KINEMATIC MODEL
OF HUMANOID ROBOT HAND

Urgency of the research. Nowadays robotics and mechatronics come to be mainstream. With development in these are-
as also grow computing fastidiousness. Since there is significant focus on numerical modeling and algorithmization in kine-
matic and dynamic modeling.

Target setting. Suitable approach for numerical modeling is important from the view of time consumption as well as
stability of computing.

Actual scientific researches and issues analysis. Designing and modeling of humanoid robots have high interest in the
field of robotics. The hardware and mechanical design of robots is on significantly higher level in comparison with sofiware
of robots. So, modeling and control of robots is in the interest of researchers.

Uninvestigated parts of general matters defining. Comparison of methods for numerical modeling of inverse kinematics.

The research objective. Comparing four methods from the view of performance and stability.

The statement of basic materials. This paper investigates the area of kinematic modeling of humanoid robot hand and sim-
ulation in MATLAB.

Conclusions. The paper investigated inverse kinematic model approaches. There were analyzed pseudoinverse method,
transpose of Jacobian method, damped least squares method as an optimization method. The results of the simulations show the
advantages of optimization method. During the simulations it never fail in comparison with other tested methods.

Keywords: humanoid robot hand; inverse kinematics, Jacobian; simulation.

Fig.: 4. Table: 2. References: 15.

Introduction. Nowadays, people are in the contact with the robotic systems almost on
daily base. The development in this area significantly arises. Service robots have their utiliza-
tion in industrial companies, health services, military or like household robots [1]. They can
be also used in medicine as prosthesis for people who lose their limbs.

This study focuses on kinematic modeling of robot hand. One of the first works in this re-
search are [2] and [3]. Several researches are focused on modeling of human robot locomotion
[4] and [5], some of them deal with modeling of robot hand [1][6][7]. This paper studies inverse
kinematic models, simulate them and compare from the view of simulation speed and stability.

The paper is divided as follows. The second chapter deals with biomechanics of human
hand describing the joints and bones. Based on biological human hand, the concept of robot
hand is designed with corresponding DOF. Next chapter presents iteration methods for inverse
kinematic modeling. The inverse kinematic model of robot hand is established and simulated in
MATLAB. In the conclusion the methods are compared and the results are discussed.

Biomechanics. This section discusses about human hand. Fig. 1 shows particular bones
and joints of a human finger. As can be seen in the Fig. 1, human hand consists of 14 phalan-
ges, 5 splint bones as well as 8 wrist bones, see also Fig. 2.

FINGER (sagittal section)

epidermis

nail

distal phalanx

dermis

middle phalanx

pad
auricular tendon of tendon of proximal tendon of head of
cartilage flexor extensor phalanx flexor metacarpal
profondus sublimis
digitorum digitorum

Fig. 1. Finger of human hand
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os lunatum
os scaphoideum
0s capitatum
os trapezoideum

os pisiforme
0s triquetrum
0s hamatum
0s trapezium

0s metacaprale

phalanx proximalis

phalanx media

phalanx distalis

Fig. 2. Bones and joints of human hand

Hand is connected to forearm through carpal bones. For the purposes of kinematic model
design it can be neglected. Metacarpal bones form a palm of hand by their arcuate shape and
their motion is limited. Carpometalcarpal, proximal interphalangeal and distal interphalangeal
joints can be considered as revolute joints and metacarpophalangeal joint as ball-joint. A thumb
is different from other fingers because it does not have second phalangeal bone and its metacar-
pophalangeal joint gives it significant opportunity of motion [14]. When the carpal bones are
neglected the human hand has 24 + 6 DOF, 24 for hand and 6 for placement in 3D space.

The range of motion of particular joints in the Tab. 1 are shown.

Table 1
Human hand joints description
Joint position Kind of joint Motion Range

Wrist Elliptical Flexion, Duction 120°, 20°
Carpal — thumb Cylindrical Flexion 90°

Metacarpal — thumb Saddle Duction, Opposition 50°, 60°

Metacarpal — fingers Spherical Flexion, Duction 90°, 30°
Middle — thumb Cylindrical Flextion 20°
Middle — fingers Cylindrical Flexion 100°
Terminal — thumb Cylindrical Flexion 90°
Terminal — fingers Cylindrical Flexion 80°

Mathematical model of humanoid robot hand. The aim of inverse kinematic model is
to find generalized variables q = [qy,q3, -, qn]” € R™, where n is number of DOF. The
end-effector coordinates is X € R™, where m represents number of task. Considering inverse
kinematic model, finding the solution is significantly more difficult task in comparison with
direct kinematic model. Numerical solution arises from basic term

X, = f(q)
By iteration of following term can be solved inverse kinematic model
dQi+1 = Qi + ]_1(Xp - Xk)
Where x,, is vector of desired position and X is vector of actual position. Considering n

number of DOF is higher than number of performed task m we can speak about kinematically
redundant mechanism. In this case we can you for example pseudoinverse arising from

Aq = JpAx
Since Jacobian is no symmetric matrix we can use following equation
Jp=170J)
Considering the case when n < m, Jacobian is expressed as

Jp=Q0™D7"
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Next frequently used method for inverse kinematic is method based on transposed of Ja-
cobian. This method was firstly used in the works [12] and [13]. The method is based on idea
of replacing Jacobian inversion by transpose of Jacobian. It can be expressed as

Aq = §]TAx
where 0 is scalar value defined by user.
Next considered method is damped least squares (DLS). DLS assume with finding such
Aq that minimizes following equation
1Aq — Ax|1? + AllAq][?

where A is damping constant. By mathematical operations can be last mentioned term adjust as
Aq =JT(J)T + 22D 1Ax

where I is unit matrix.

With three mentioned methods will be also considered method which lies in optimization
process. For optimization method the function fmincon is used in software MATLAB. This
function tries to find minimum of scalar function of variables. For simulation has to be set the
set of initial guess of variables.

( c(x)<0
I ceq(x)=0
min f(x) for 4 Ax < b
| Aeqx = beq
Ib<x<ub
where x is vector of independent variables, Ib is vector of lower boundary values, ub is vector
upper boundary values, c(x) and ceq(x) are functions of x for conditions of equality and ine-
quality, A and Aeq are matrices of parameters for conditions of linear equality and inequality,
b and beq are vectors of parameters of right sides of conditions of linear equality and inequali-
ty, f(x) is objective function of independent variables x, from which the extreme is searched
[15]. Function fmincon is gradient-based method.

Numerical simulations. All mentioned methods in the previous chapter will be now sim-
ulated in order to find the best approach. The simulations in the software MATLAB are done.
The parameters for simulations arise from biomechanics of human hand. So particular part of
the simulated finger has following length: /,=79,16 mm; /;=67,5 mm; /3=30,43 mm; /, = 15,81
mm. Tolerance of inverse kinematic solution is set to be 0,01 mm. The simulation are evalu-
ated from the two aspects. The first is the time of simulation and the second is number of iter-
ation necessary for finding of solution.

Table 2
Results of the simulations
Method Point [mm] Solution Time [s] Number of iterations
1 2 3 4 5
[80 150 45] found 1,858877 543
[40 220 20] not found >10 —
Damped least squares [80 140 80] found 1,795458 538
[50 90 80] found 1,735288 509
[30 200 -5] not found >10 —
Method Point [mm] Solution Time [s] Number of iterations
[80 150 45] found 1,816513 542
Pseudoinversion of [40 220 20] not found ~10 —
Tacobian [80 140 80] found 1,763199 538
[50 90 80] found 1,665617 509
[30 200 -5] not found >10 —
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End Table 2
1 2 3 4 5
Method Point [mm] Solution Time [s] Number of iterations
[80 150 45] found 1,058998 295
[40 220 20] not found >10 —
Transpose of Jacobian [80 140 80] found 1,20205 361
[50 90 80] found 0,24794 75
[30 200 -5] not found >10 —
Method Point [mm] Solution Time [s] Number of iterations
[80 150 45] found 0,138819 77
[40 220 20] found 0,186186 111
Optimization method [80 140 80] found 0,131314 93
[50 90 80] found 0,191943 133
[30 200 -5] found 0,17053 89

As can be seen from the Tab. 2, there are some cases when the simulations fail. However,
using optimization method the solution were found always. The advantage of this method is
in non Jacobian based approach. In the following figures are some examples of optimization
method for particular humanoid robot hand tasks.

v

Fig. 3. Pushing of the button by finger

v

Fig. 4. Grasping task

Conclusions. The paper investigated inverse kinematic model approaches. There were ana-
lyzed pseudoinverse method, transpose of Jacobian method, damped least squares method as
well as optimization method. The results of the simulations show the advantages of optimiza-
tion method. During the simulations it never fail in comparison with other tested methods.
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Martin Varga, Filip Filakovsky, Ivan Virgala

SIMULATION AND ANALYZES OF INVERSE-KINEMATIC MODEL
OF HUMANOID ROBOT HAND

Axmyanvnicmy memu oocnioxycenna. Hacvoeooni pobomomexmika ma mexampoHika cmanu OCHOGHUMU HANPAMKAMU.
3 poseumkom yux eanyszei maxodic 3pocmaioms 004UCHI08aNbHI Modcniugocmi. Tomy 6 KinemMamuuHomy ma OUHAMIYHOMY
MOOENOBAHHI NPUOLTAEMBCS 3HAYHA Y8A2A YUCETILHOMY MOOETO8AHHIO MA AN20PUMMI3AYil.

Ilocmanogxa npoonemu. Bionogionuii nioxio 0nsa wucenrbHo2o MOOen08aH s BANCIUBUL 3 02150y HA BUMPAMY Hacy, d
makodic cmabinbHicmb 064UCTIeHb.

Ananiz ocmannix docnioycens i nyonixkayiii. Ilpoexmysanis ma Mooeno8anHs 10OUHO-no0iOHUX pobomie npedcmasg-
JISI€ 3HAYHULL ITHMepec y 2any3i pobomomexHiku. Anapamua ma MexaHiyna 4acmuna KOHCmMpYKyii pobomie 3Haxo0umvcs Ha
3HAYHO BUWOMY DIBHI NOPIGHAHO 3 NpoepamHum 3ade3nedenuam pobomis. Omoice, MOOENIOBAHH MA YNPAGIiHHA poboOmamu
Jledicums y noJii iHmepecie 00CIiOHUKIS.

Buoinenns neoocniosncenux wacmun 3azansnoi npoonemu. IlopieHanns Memooie HuceibHo20 MOOen08anHs 360pOm-
HOI KiHeMamuKu.

Ilocmanosxa 3aedanns. I1opisHanmsa 1omupbox Memooié 3 mouKu 30py HPOOYKMUSHOCMI ma cmadiibHOCHII.

Buknao ocnosnozo mamepiany. Y yiii pobomi docniodiceno obracms KiHeMamuiHo2o MOOeN08AHHS PYKU 110O0UHONOOi-
61020 poboma ma mooenioganns 6 MATLAB.

Bucnogxu 6ionosiono 0o cmammi.. Y pobomi docniodiceno 360pomui Kinemamuuni nioxoou 0o mooeni. bynu npoanani-
306aHi NCeBOOINEEPCHULI MEMOO, MPAHCNOHYBAHHA MemoO0om Kobi, Memoo HalmeHwux K8aopamie 8 AKoCmi Memooy on-

121



Ne 3 (17), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

mumizayii. Pezyniemamu mooeniosantsa noxkasyioms nepesazu memooy onmumizayii. 11io uac mooentoganns yeti memoo Hiko-
JIU He BIOMOBIIAE NOPIGHAHO 3 THUUMU NEPEeBiPEHUMU MEMOOAMU.

Knruoei cnosa: pyka n1o0unonodionux pooomie, 360pomna Kinemamuka, AKOOian, MoOe106AHHA
Puc.: 4. Tabn.: 2. bion.: 15.
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MIZKPIBHEBUH BAJIAHC: IIOKA3HUKHU CTPYKTYPU, IHTEHCUBHOCTI
TA KOOPAUHAILII PYXY OJUHULB OB’€EKTA — ATPETATHA ®OPMA

Axmyansnicmes memu 0ocnioxncennn. [lokasnuxy cmpykmypu, iHmeHCUsHOCHI ma KOOpOUHayii MidiCpieHe802o pyxy oou-
HUYyb 06°ckma, K 0OHA 3 BUOOBUX Kame2opill NOKAHUKIE MidicpieHe8o2o banancy, 3abe3neuyioms 8CceOiuHy KilbKicHy OYiHKY
CIDYKIMYPHUX 3DYULCHb KEPOBAHO20 00 '€KMA, a MAKONC HACTIOKIE KEPYIOH020 GNIUEY HA 00 €KM w000 O3HAKU, BUMIPIOBAHOL 6
11020 OOUHUYb Y WIKAT BIOHOULEHD.

Ilocmanogxa npobnemu. Bionogioni nokaznuxu miskcpisnegoeo banauncy, npedcmasgieni 00 yboeo yepes oo He3eaice-
Hi (Heazpe2068aMi) CKNAO0GI, He YMOACTUBNIOIOMb NOOIOHY OYIHK).

Ananiz ocmannix oocnioycens i nyonikayin. Obuucienns Heazpe208anux NOKA3HUKI6 CMPYKMypu, THmMeHCUgHoCmi ma
KOOPOUHAYIT MiJICDIEHEB020 PYXY 8I00Y8ACMbCS HEPE3 SHAUCHHS YUCCTIOHOCHE PYXOMUX | HEPYXOMUX 00UHUYb 06 ckma.

Buoinenns nedocnioxncenux wacmun 3a2anvioi npoonemu. Oyinka HACTioKi8 Kepylowo2o naugy Ha CMpyKmypo8aHuil
00°€Km, BUKOHYBAHA Y 3HAYEHHAX SUMIPIOBANOT O3HAKU U NOSCHIOBANA MIJICDIGHEGUM NEPECYBAHHAM OOUHUYb Ybo20 06 ckma.

Hocmanosxa 3agdanns. Chopmyniosamu nOKA3HUKU CIPYKIYDU, THMEHCUBHOCTNE MA KOOPOUHAYIT MIdICPI6HE8020 pyxy
6 cucmemi NOKA3HUKIB MidICpigHe8020 banancy wasxom opmynoeants Npasuil ix 00UUCIeHHs 8 azpecamuiti hopmi.

Buknao ocnosnozo mamepiany. IIpedcmasienns ckiadosux Mooeni MidcpigHego2o 6anamcy 6 azpeo8anomy eu2iaoi
0ac MOACTUBICMb OYIHIOBAMU HACTIOKU KePYI0U020 6NAUBY HA 00 €km Ha Pi3HUX pieHAx ix cucmemamusayii 8 mooerni. IIJooo
6Ce0iunOl XapaKmepucmuKy pe3yimanmie mako20 eniugy ma GiOn0GiONUX CMPYKMYpPHUX 3pyulers 06 '€kma, é cucmemi azpe-
208aHUX NOKA3HUKIE OANAHCY 8azoMe Micye nocioaioms NOKA3ZHUKU CIPYKMYPU, IHMEHCUBHOCHI ma KoopouHayii midicpiste-
6020 pyxy oounuys 06 ’ckma. Bonu cpopmynvosani ax abconomui, 8i0HOCHI ma cepeoHi 8enudUHU Yepe3 CYKYNHI 3HAYeHHS
03HAKU, BUMIPIOBAHOI HA TMOMY YU IHUOMY DIBHI 8 PYXOMUX T HEPYXOMUX 0OUHUYL 00 €Kma.

Bucnogxu 6ionogiono 0o cmammi. 3anpononogani NOKA3HUKU MIJICPIBHEE020 DANAHCY MAIOMb 8AJICTUGE 3HAYEHHSL OIS
OYIHKU HACTIOKI8 A eeKmuUsHOCMi Kepyrouo2o 6NIU8y Ha CIpPYKMypPO8anuil 06 €km.

Kniouosi cnosa: azpezoeani nokasnuKu, inmeHCUSHicmby, Kepoeanuti 06 €km, KOOPOUHAYIsl, MIDICDIGHeSUIL PYX, CIPYKMYpaA.

Tabn.: 1. bi6n.: 10.

AKTyaJabHicTh TeMH A0caizkeHHs1. DOpMYITIOBaHHS B CUCTEMI OKAa3HUKIB MIXXPIBHEBO-
ro OajJlaHCy MOKA3HUKIB CTPYKTYPH, IHTEHCUBHOCTI Ta KOOpAMHAILI, SKMMH B LUKl B1IHO-
IIEHb OLIHIOETHCS MDKPIBHEBUH PyX OJJMHUIb CTPYKTYPOBAHOTO 00’ €KTa, € aKTYyaIbHOIO HAY-
KOBOIO 33/1a4€I0 KOMIUIEKCHOI OIIIHKM HACIiAKIB KEPYIOUOTo BIUIMBY HAa TaKUH 00 €KT
€(eKTUBHOCTI IILOTO BIUIHBY. SIKIIIO TaKUM 00’ €KTOM € CTPYKTYpPOBaHE CEPEIOBHILE, BUKOPH-
CTOBYBaHe Juis 30epiraHHs, oOpoOKH Ta mepejadi JaHUX, TO 3a3HA4Y€HI MOKA3HUKU MOXKYTh
OyTH KOPUCHUMM JJIsi BUMIPIOBaHHS €(peKTUBHOCTI 1H(OPMAIIMHUX CUCTEM, OCOOIMBO SKIIO
HAeThCs Mpo Taki iXHI XapaKTepUCTUKH, SIK LIBHIKOJISA, PECYpCHI BUTpATH (€Heprii, Tpyaa,
(1HAHCIB TOLIO), MPOIYKTUBHICTH TOILO.

IMocranoBka npodaemu. [loka3HUKH CTPYKTYpH, IHTEHCHBHOCTI Ta KOOPIUHALIl pyXy
OJIMHMILIb 00’€KTa, MPEJCTABJIEHI A0 LIbOT0O Yepe3 He3BaKEH1 (HearperoBaHi) CKJIaloBl MIKpI-
BHEBOT'O OallaHCy, HE YMOJKJIMBIIIOIOTh NOAIOHY OIIHKY. BupimeHHs 1iei mpobaeMu MOXIUBO
3aBJSAKU MOJIeJIl MDKpPIBHEBOTO OanaHCy, sSika CHHTe30BaHa B arperartHiit ¢opmi. Ckiamosi Oa-
JIAHCY B TaKii MO[[CJ'Ii HpeZ[CTaBHeHi 3BA’KCHHUMH, TaK, 11O POJIb Baru piBHeBI/IX 3HAa4YCHb O3Ha-
KU BIIIrPa€ YUCENbHICTh MIKPIBHEBUX MEPECYBAHb OJMHUIL 00 €KTA.

AHaJi3 ocTaHHiX gocjaigxedb i myOaikauiii. [lokasHUKU CTPYKTYpH, IHTEHCUBHOCTI Ta
KOOpJIMHAIIIT pyXYy, MPEACTaBlIeH] B CUCTEM1 OKA3HUKIB MIKPIBHEBOTO OallaHCy 3a KPUTEPIEM
«IPU3HAYCHHA», 0 ObOTI'0 6y.]'II/I C(i)OpMy.]'ILOBaHi JIMIIC B HCAIrpe€roBaHOMY BI/IFJ'IH[[i — gepes3
CKJIaJIOB1 IPOCTOI MOAEN1 MDKpiBHEBOro OanaHcy. B arperatniii ¢opmi OanaHcOoBa MOJEINb
po3rnsagaeTbes B po6oti [10], a ckiamoBi Takoi MojeNl MIAXOASTh HA POJIb MOPIBHIOBAHUX
MDK COOOI0 BEJIMYMH y KOHCTPYKIIT IUX MOKA3HUKIB. AHAIOrOM MOJIeNi MDKpPIBHEBOTO Oana-
HCY € MOJIeIb MDKTaTy3eBOTo OanaHcy, 3anponoHoBana B. B. JleontseBum [1, c. 8-18]. oo
XapaKTEePUCTUKU CTPYKTYPHHUX 3pYIIEHb 00’€KTa CIIOCTEPEKEHHS, Y CTATUCTHUII TPAAUIIIHO
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3aCTOCOBYIOTHCSI a0COJIIOTHI, BITHOCHI Ta CepeiHl BEIMYMHM, a Cepell BIAHOCHHUX BEJIMYMH
MOLIUPEHUMH € MIOKA3HUKU CTPYKTYpPH, IHTEHCUBHOCTI Ta KoopauHarii [2-9].

Buainenns Hemoc/iaKeHUX YACTHH 3arajbHoOi mpoduaemu. Lle — olinka HacHiAKIB Ke-
PYIOYOI0O BIUIMBY Ha CTPYKTYPOBAaHUH 00’ €KT, BAKOHYBAaHA y 3HAYEHHSAX BUMIPIOBAHOI O3HAKU
1 TIOSICHIOBaHA MDKPIBHEBUM MEPECYBAHHSIM OJIMHUIIb LIbOTO 00’ €KTA.

ITocTanoBka 3aBaanHsa (Mera crarTi). ChopMyIOBaTH MOKA3HUKU CTPYKTYpPH, IHTEH-
CHUBHOCTI Ta KOOpAMHALII pPyXy OJAMHUIL 00’ €KTa B CUCTEMI MOKAa3HUKIB MDKpIBHEBOTO Oasa-
HCY IIISIXOM (pOPMYJTIOBaHHS MPaBUII iX OOUMCIICHHS B arperarHiii popmi.

Buknan ocHoBHoro marepiajiy. Haragaemo, 1o BignoBiiHO A0 Kiacudikallii moka3Hu-
KIB Mi)KpiBHeBOFO OanmaHCy MOCHIKYyBaH1 y CTAaTTi MOKA3HUKU MOJAUISIFOTHCS Ha TakKi BUIIOBI
KaTeropii: 3a cnocobom o04YMCIEHHSI — Ha a0COJIIOTHI, BIJTHOCHI Ta CEpe/iHi; 3a MEXaMu pyxy
OJIMHMILIb 00’€KTa — Ha PIBHEBI, IPYIOBI Ta 3arajibHi; 3a CTYIIEHEM arperyBaHHs — Ha MapHi,
YaCTKOBI Ta YAaCTHHHI; 32 O3HaKaMU PYyXY OJIMHUIIb 00 €KTa — HA MOKa3HUKU MDKPIBHEBOTO
nepecyBanHs, BUOYTTs («B») 1 mpubyrts («I1»), y Tomy umcni nporpecuBHoro («B.» 1
«I11.») Ta perpecuBHoro («BH.» 1 «IIB.»), 1 pIBHEBOi HEPYXOMOCTi, HE MEPEXOy 3 PIBHSA
(«H») Ta 3anmuiieHHs Ha piBHI («3»), 110 MPEACTaBIIsE€ CTPYKTYPOBAaHUN 00 €KT B OJTHOMY 3
JBOX CTaHiB, A0 («0») 1 micas («1») kepyrodoro BILIMBY. B ix oGuucnenHi 6epyTh yyactb abo
BU3HAYAIOTh iX Oe3mocepeHbo (y APYroMy BUIAJKY Yy BUA1 aOCOMIOTHUX arperoBaHUX BeEJH-
YUH CTPYKTYPH pyXy) IPOCTI (HearperoBasi) Ta 3BaKeH1 (arperoBasi) ckiiagoBi 6anaHcy. Ile-
PpIiIi 3 HUX: BUXIJHI IaH1 PO YUCEIbHICTh MIKPIBHEBUX NIEpeCyBaHb OJMHMIIb 00’ €KTa 3 PIBHS
[ Ha PIBEHb j — M;;; PIBHEBA YMCENIBHICTh OMMHUIB 00°€kTa — Njo, Nji; PIBHEBA YMCETBHICTD
PYXOMHX OJUHULB 00’ €KTa — NBi, NBis., NBin. 1 N11j, Niinj, Ni1s,j; pIBHEBA YHCENBHICTh HEPYXO-
MUX OJMHHULL 00’€kTa — Np; 1 NV3j; 3aranbHa YUCEIbHICTh PYXOMHUX OJMHUIL 00’€KTa — N,
NBs., NBu. 1 N, Nmu., Niis.; 3arajibHa YHCENBbHICTh HEPYXOMUX OJUHUIIL 00°€kTa — Nu 1 NV3; 3a-
rajibHa YUCEJbHICTh OJUHMIL 00’€kTa — N, - MPENCTaBISAIOTh PIBHEBY CTPYKTYpYy 00’€KTa
(Nio, Nj;) Ta CTpyKTYpy MDKPIBHEBOTO PyXy MOr0 OJMHMIb (pElITa MOKa3HUKIB, KpiM N) B
npocTiid popmi GanmancoBoi Mozeni. Jpyri — 1e BIAMOBIAHI CYKYIIHI 3HAYEHHs O3HAKH, BUMI-
PIOBaHOI B OJMHHUIIL O0’€KTA: B PYXOMHX 1 B HEPYXOMHUX pa3oM (PiBHEBI — Lig, Lo 1 Ljs,
Ly;y1; 3araneui — Lo 1 Lq), y pyxomux (piBHeB1 (mapHi — Ly 1 L, 9acTuiH1 — Lp;, Le<> 1 L,
Lri<;>; 94acTKOB1 — LBis., LBs<j>, LBin., LBu<p> 1 Lituj, Lii<i>u., L1, Lii<i>s.) 1 TPYNOBI1 (YaCTUHHI —
Lp 1 Ln; yacTKOB1 — LBs., LBu. 1 Liin., L11s.)) 1 B HepyXoMux (piBHEB1 — Lui., Luj 1 L3;, L3i; rpynosi
— Lu 1 L3), mo npeacrasisie arperatHy Gopmy 6anancoBoi Mozedni [10]. Skiio o3Haka BUMI-
PIOETHCS 11032 ONOPHUM piBHEM (i abo j), TOOTO Ha Oy/Ab-SKOMY IHIIOMY PiBHI, B IO3HAYEHHI1
MOKa3HMKa 11eH ONOPHUI PIBEHb B3STUH y KyTOBI 1y’KKH.

oo anami3y HaCHiAKIB KEPYIOUOTO BIUIUBY Ha 00’ €KT, iX BU3HAUAIOTh arperoBaHi MoKa-
3HUKH, @ TOMY JIaJli PO3TJISIIAI0THCS TOKJIAHO CaMe BOHHU.

Yepes arperatu Lg;; = ny;l; 1 Ly;; = ny;l; MokHa BUpa3utH Oyab-AKy CKIaI0BY OanaHCy
(AKWo i = j, 1l CKJIaJ0Bi HAOYBAIOTh 3MICT CKIAJOBHX PIBHEBOi HEPYXOMOCTI Ly; = Ly; 1
Lgj = L)

- Ha piBH1 [ y cTaH1 «10» (piBHsAHHS (1(1)) Ta Ha OyIb-sIKOMY IHIIIOMY PiBH1 HIX PIBEHb i, Y
cTaH1 «micish» (piBHAHHA (2(2)) B N; OIMHMLIb, @ TAKOXK HA PIBHI j Y CTaH1 «I1icis» (pIBHAHHSA
(2(1)) Ta Ha Oyab-sIKOMY 1HIIOMY PIBHI HIK pIBEHb j, y cTaHl «1o» (piBHsAHHA (1(2)) B Ny
OJIMHUIIb:

Lp; = Npglil;—1 = XjZingl; |l 7% +Zk—1+1nijli|i=1k o D .
Lagy = Zizamiglil o + Blojeanyll ey (2) M
Lp; = Nnjlj|j_ﬁ =¥y Jlj oz + 2y 1|, e (D @)
L = Zizingl] T + Tl = (2)

3 HUAX BIAITOBIAHO:
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- Ha piBHI i y cTaHi «10» (piBHAHHA (3(1)) Ta Ha Oyab-SIKOMY BUILIOMY PiBHI HUK PiBEHb I,
y ctaHi «micasy (piBHAHHSA (4(2)) B Nis. OAMHUIIb, @ TAKOXXK HA PIBHI j y CTaHI «Iicis» (piB-
HsHHA (4(1)) Ta Ha Oy/b-IKOMY HIKYOMY PIBHI HIK PIBEHb j, y CTaH1 «10» (piBHsAHHSA (3(2)) B
Nriu,j OTMHULIB:

Lpis. = Npi L = X_iamiili, 1= 1,2,k - 1, ¢y
{LBB-U) =¥/ ngli, ] = 2,3,...k; (2) ®
{LHH, Nl = 00l j = 2,3, .k, 0 "
LH(i)H.:Z] l+1nul], i = 1,2,...,k—1; (2)

- Ha piBH1 i y cTaHi «10» (piBHAHHA (5(1)) Ta Ha OyIb-IKOMY HH)KUYOMY pPIBHI HIK PIBEHb i,
y ctaHi «micasy (piBHAHHSA (6(2)) B Npin. OIMHUILIb, @ TAKOK HA PIBHI j y CTaHI «Iicis» (piB-
HsAHHA (6(1)) Ta Ha OyIb-IKOMY BHUILIOMY PIBHI HIXK pIBEHb j, Y CTaH1 «10» (piBHsAHHA (5(2)) B
N j OAVHUL:

{LBiH Nogli = Xiingl, i = 2,3,k (1) “
Lgyjy = Zi=j+1nijli, j=12,...k—1; (2)
{LHB.j = Npgjl; =2 janijly, j = 1,2,.,k-1, (1) ©)
L. = Sihnyily, i = 2,3, ., k; (2)

- Ha piBHIi I y cTaH1 «10» (piBHsAHHSA (7(1)) Ta HBOMY X y cTaHi «micas» (piBHIHHA (8(2)) B
Nui 1B N3; OIMHMIB BIANOBIIHO, @ TAKOXK Ha PiBHI j y cTaHl «micis» (piBHsSHHA (8(1)) Ta Ha
HBOMY X Yy CTaH1 «10» (piBHSAHHA (7(2)) B N3 1 B Nyj OJMHULG BIAMOBIIHO:

(Lm = Nyl =nyli| _, i = 1,2,...k, 1)

ngll_. J = L2k ) (7)
U = Ly, '=1; (3)
(Lsj = N3jl; = ny; J| 2,..,k, €Y
Ly =mnyli|_, 1 = 1, 2, ..k, 2) (®)
ksz =Lz, J=1; 3)

- y craHax «q1o» (piBHsHHA (9(1)) 1 «micas» (piBHsAHHSA (10(2)) B N 0iMHUIIb, @ TAKOXK Y
cranax «micist» (piBHAHHA (10(1)) 1 «mo» (piBHHHHH (9(2)) B Nt oguHu1Ib:

Ly = {Zi’cﬂLBi = XK Npil; = X5, Zi' nli + XE X, (D ©
Z?:lLB(j) :Z] 22 nul +Zk 1 i{]+1nulu (2)

Ly = {Z;{ 1Lnj = Zj 1 Nnjl; = 2 Z nul] +Zk { i{ ]+1nul]' €y (10)
Zl 1LH(1) k fu 1nlJlJ +Zk ! ;c l+1nl]l]' (2)

3 HUX:
- y cranax «10o» (piBHsHHSA (11(1)) Ta «micns» (piBHsAHHS (12(2)) B NBe. OAMHULB, a TAKOXK
y CTaHax «IiCIIs» (piBHHHHH (12(1)) 1 «;[0» (piBHsiHHA (11(2)) B Nitw. OIMHUIIB:

Ly, = {Z 1 Lpis, = 245, NBlBl _Zk LYl (1) (n
Z}:ZLBB.(j) :Zj 22 ) (2)

L = {27 2 Ly = 2 ZNHH,, Xl (@) 12)
YT Ly, = 251 Zhcin ul;» (2)

- y cranax «10» (piBHsAHHA (13(1)) Ta «micas» (piBHAHHSA (14(2)) B NBu. OAMHULB, a TAKOXK
y craHax «aicis» (piBHsAHHS (14(1)) 1 «10» (piBHAHHA (13(2)) B Ni1s. OIMHUILI:
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Ly, = Z?:z Lpiy. = "c— 2 N li = i{ 2 l_ lu €y (13)
" Z?;%LBH.(]') Zk L f;+ njli; (2)

Ly = Z?;%LHB.]' = Z' NHB] j 27 N —j+1 il (1) (14)
Y B Lngys, = i, X gl (2)

- y cTaHl «10» (pIBHSIHHS (15(1)) a60 y ctaHi «iicias» (piBHAHHSA (16(2)) B Ny 0AMHUIb, a
TaKOX y cTaHi «micis» (piBHsAHHA (16(1)) abo y crani «ao» (piBHsAHHA (15(2)) B N3 0AUHULIB:

YLy = Xy Nyl = Xy nyily, (1)

Ly = 3%, Lyj = X¥_ nyl;, (2) (15)
Ly = Ls. 3)
Z:5§=1L3J = Z?=1 N3jl; = Z 115l €y

Ly =33k Ly = 2oy nyly (2) (16)
Ly = Ly. 3)

[lopiBHSHHS 1aHUX CKJIaJOBHX OalaHCy, BAKOHYBAaHE Tak, K L€ 3alPOTIOHOBAHO HIXKYE B
TaOJUII, 1a€ Takl BUJOB1 KaTeropii MOKa3HUKIB MDKPIBHEBOrO pyxy (OajaHCy): BIAHOCHI —
koeiuientu crpykrypu (KC), inTencuBHocti (KI) 1 koopaunauii (KK); cepeani Bennunnu
crpykrypu (CBC) (rp. 2).

VYci nokasHuku cpopMOBaHi B OKPEMHX BUIOBHUX KAaTEropisix pyxy, nepecyBanns (1) Ta Hepy-
xomocrti (II), a nesiki 3 HUX npencTaBisAOTh 00KBI1 11 Kareropii pazom (I1). V koxxHil 13 HUX Mo-
Ka3HMKHU 3rPYNOBaHI 32 KPUTEPIIMHU «CTYMIHb arperyBaHHs» (rp. 1), «mexi pyxy» (rp. 3), a Ta-
KO 32 KPUTEPIEM «O3HAKH PyXy» BIIIOBIIHO JIO TOrO, B SIKOMY CTaHI 00’€KTa BUMIPIOETHCS
O3HaKa: y JIIBOMY CTOBIILII I'P. 3 —y CTaHi «0»: y IpaBomy CTOBIILI I'P. 3 — Y CTaHI1 «ITICIs».

KoxeH koe]ilieHT CTpYKTypH a00 IHTEHCUBHOCTI XapaKTepU3y€e MUTOMY Bary MoOpiBHIO-
BaHOI CKJIa/I0BO1 OanaHCy (YMcenbHUK Koe(ilieHTa) B po3Mipi CKIIa0BOi OanaHcy-0a3u nopi-
BHSIHHS (3HAMEHHMK KOoe(ili€eHTa), B AKMIA BXOJHUTh BEIWYMHA YHUCEIbHUKA Pa30M 3 IHUIIMMHU
OJIHOTUIMHHUMHU CKJIaoBUMH. Ha BiAMIHY BiJ KOEQIIIEHTIB CTPYKTYpPH, YACEIbHHUK 1 3HAMEH-
HUK SIKOT'O HaJlexKaTb JI0 OJHI€T KaTeropii nepecyBaHHs (HEPyXOMOCTI), 3HAMEHHUK Koedirlie-
HTa IHTEHCUBHOCTI MOEIHYE y CBOEMY CKJIaJl BEJIMYMHH, 110 HAJIEKATh JI0 aJIbTEPHATUBHUX
CKJIaJIOBHX PYXY, BUMIPIOBaHHMX y CTaH1 00’e€kTa «70» abo «micisy». Koediuientn koopauHa-
1ii XapaKTepU3yIOTh CHIBBIAHOIIEHHS a00 OJHOMMEHHUX PI3HOPIBHEBUX CKJIAJI0OBUX OaslaHCy
3 TOT YM 1HIIOI KaTeropii pyxy, abo CKJIaJOBHX, 30KpeMa BUMIPIOBAaHUX Ha TOMY X CAMOMY
PIBH1 O3HAKHU, NPEJCTABICHUX aTbTEPHATUBHUMHU CKIAJJOBUMHU PYyXy Y CTaH1 00’ €KTa «J10» abo
«aicns». KoegiieHTn cTpykTypu 1 IHTEHCUBHOCTI € 3aBKau OutbluuMH HDK 0 1 He mepeBu-
urytoth 1. Cyma BCiX 3Hau€Hb TOTO YM IHIIOTO Koe(illeHTa CTPYKTYpU IHepecyBaHHs (HEpY-
XOMOCTI) BIATIOBIIHO 10 YMOBU HOPMYBaHH 3aBxau JopiBHIOE 1. [Io10 koediwieHTIB KOOp-
JMHAII], BOHU HaOyBalOTh Oy/b-SKUX HEBIJ €MHUX 3HAYEHb, SIKI HE MEPEBUIIYIOTH 1, SKIIO
3Ha4YeHHs MOPIBHIOBAHOI CKJIaJI0BO1 OajaHCy HE MEpeBUILYe 3HAUEHHs CKJIaJ0BOi OanaHCy-
0a3u NMOPIBHSAHHS, i € HE MEHIIMMHU HIK | B IHIIOMY BUIAJIKY.

Cepenni apuMeTHYHI TOKA3HUKU CTPYKTYPH PYXY XapaKTepU3ylOTh HOTO SIK pO3MIp O3Ha-
KU, SIKMA PIBHOIO MIPOIO NpHUMATa€ HAa KOXKHY BIUAMOBIIHY pyXoMy (HEpyXoMy) OIMHHIIIO
00’€eKkTa, sIKa € HOCIEM Ii€] O3HAKH, BUMIPIOBAHOI B LIUX OJMHUIIL a00 y cTaHl 00’€KTa «10»
(MOKa3HMKH, PO3MIIIIEH] B JIIBOMY CTOBIILI I'p. 3), a00 y HOro craHi «Iicis» (MOKa3HUKH, pPO3-
MIILIEH] B TPaBOMY CTOBIILI I'p. 3). [y piBHEBHUX cepeHIX TOKA3HUKIB PYXY, K1 BU3HAYAIOThCS
yepe3 3HaUeHHs 03HAKH, BUMIPIOBAHO1 B OJIMHUIL 00’ €KTa Ha ONIOPHOMY DiBHI, BIACTHBA iX pi-
BHICTh BIINIOBITHOMY PIBHEBOMY 3HAYE€HHIO O3HAKH, YOTO HE MOKHA CKa3aTHU MO BUMAJIOK iX
BHU3HAUEHHS Yepe3 M03apiBHEB] 3HAUEHHsI 03HAKU (11032 OIIOPHOTO PIBHA) B KaTeropii pyxy «ie-
pecyBaHHs», 1 TOJI IIyKaHa Cepe/IHs BEIUYMHA MOKE€ BU3HAUYATHCS B MEXaxX Bl MIHIMAJIbHOTO
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710 MaKCHMAJIbHOTO PIBHEBOTO 3HAYEHHS O3HAKH, BUMIPIOBAHOI Y BIAMOBIIHUX PYXOMHUX OJIU-
HUIb 00’ ekTa. OCTaHHS 0COOIMBICTD BIACTUBA 1 /IS BCIX 3aralibHUX CEPEIHIX MOKA3HUKIB.

Ne 3 (17), 2019

Taomums
Aepe2o6aHi NOKA3HUKU MINCPIBHEB020 PYXY 00UHUYb 00 ckma
= . .
& [Moka3Huk Kareropist pyxy, sika npeicTaBisie OpiBHIOBaHY CKJIaJIoBy OanaHCy
2 3
IHlepecysanna (i=1,2, ...,k j=1,2, ...k, i #))
X | BUOYTTS 1;; OX1. 3 PIBHS i HA PIBEHB j TpuOYTTS 7;; OZI. HA PIBEHB j 3 PIBHA i
Pisnesuii: y piBHEBHX 1 B <1103apiBHEBUX>> 3HAUCHHIX O3HAKH
KI 'QlBij = LBij:LiO = nij:NiO -szj = Lni]-:le = ni]-:le
D1pigj) = Laijt Lijyo Din; = Loy Lan
{;pij = Lpij: Lg; = ny;: Np; Qonij = Lygji Ly = nyj: Ny
Damj) = Lpij Ligjy onw; = Loy Lnw
3a HaNpsiIMOM (ITPOTPECHBHOTO 1 PETPECHBHOI0)
KC O = {LBij:LBiB. _ {nij:NBiB. O = {Ll'[ij:Ll'[H.j _ {nij:Nl'[H.j
= 3BLJ Lg;j: Ly, ny;: Nigy, 3L Lpij: Ly, nj: Ny j
z O = {LBL’]‘:LBB.(]‘) - {Ll'lij:Ll'l(i)H.
E’ 3Bij) LBij:LBH.(j) Sid)) Ll'[ij:Ll'[(i)B.
KK CB% = Lgpm: LBii'iip:j::m CH% = Lapm: Lmj'l'*p:]'*m
I'pynosuti
Dypij = upijy = Lpiji L Qunij = Dangy; = Lugji L
3a HanpsiMOM (ITPOTPECHBHOTO i PETPECHBHOI0)
KC - -
Oeri: = Oenirs _{LBL'J"LBB- 0. =0 .._{Lﬂij'Ll'[H.
5Bij = “45Bi(j) LBij:LBH. 5Mij = <45I(i)j Ll'[ij:Ll'[B.
3azanvHuil
KI Degij = Qepy; = Lpiji Lo Denij = Doy = Lt Lq
BUOYTTS Np; 011. 3 PiBHS i Ha OyIb-AKuH iHIIKH | TpUOYTTS Nij; 0. Ha PiBEHB j 3 OyIb-SIKOr0
X piBeHb ab0 Nrjj of1. Ha piBeHb j 3 OyAb-sIKOro | iHIOro piBHs ado Np; OA. 3 piBH i Ha Oy/Ib-
1HIIOTO PiBHA SIKMH 1HIIMH piBEHb
Pisnesuii: y piBHEBHX 1 B <1103apiBHEBUX>> 3HAUCHHIX O3HAKH
KI Oyp; = Lp;: Lig = Np;: Nyg Dinj = Lyj:Ljy = Nyj: Ny
D) = Lagy: Lijo Qne = L Lay
. CB% = Lyy: Lpilizp CH§ = Lyy: Ly; |j$p
CB(% = LB(p)ILB(j)|]-¢p CH(%) = LH(p):LH(i)Lip
= Lg; = Lg;: Ng; = [; Lpj = Lpj: Ny =
= CBC E = N = N T — . — .
T BG) ™ &B{) - TTBG)Y T ZB() TS G — ~mg) - YnG) — ~nd)- 1VBi
= G Gy VB(ji) G L L N Lngy: N
é I'pynosuii
K KC 0yp; = Lt Lg; yp(5y = Lygjy: Ly Donj = Luj: Ly Qongy = Loyt Lo
3azanvHuil
KI 03p; = Lg;: Lo; 35y = Ly(jyi Lo O3nj = Lij: Ly Qangy = Lngy: Ly
X BUOYTTS! Np 011. 3 OyIb-IKOT0 PiBHS npuOyTTS Nij 0. Ha Oy/ib-SIKMIA piBEHb
KI N =Ly L, Op =Ly L,y
CBC EB :LB:NB :LB:NH EH :LH:NH :LH:NB
_ MIPOrPECUBHOTO (PErPECUBHOTO) MPHOYTTS
[IPOrPECUBHOr O (perpeanHoro) BI/IV6yTT$I ZYB““ Nitny (Nitsj) OFL. Ha IBEHD / 3 Gy/To-AKOr0
(NBix.) OX1. 3 piBHS { Ha OyIb-IKNI BUIIHN .
X e . HIDKYOTO (BHUIOTO) PiBHSA 200 Npis. (NVBin)
(amxumit) piBeHb a00 Nrjju. (Nrjs.) O HA piBEHb . . .
: . OJI. 3 PiBHA I Ha OYIb-SIKUI
J 3 OyIb-IKOr0 HIKYOTO (BHIIOT0) PiBHS . 2
BUIIMH (HIKYMIA) piBEHB
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[TponoBxeHHs TaOII.

1 2 3
Pignesuii: y piBHEBUX i B <IT03apiBHEBUX>> 3HAYCHHIX O3HAKH
{9131'3. = Lpis: Lio = Npiw: Nio {‘anﬂ-f = LnujtLjs = Nuwjt Njy
KI Qipiy = LBii: Lo :_NBiH.:Nio iy = Lngji Ljz = Nng j: Njy
{QlBs.m = Lps)t Lijro {'Qll'[(i)ﬂ. = Lngyu: Ly
Digugj) = Leugi)* Lo Qingiys. = Lingiye. Liya
{QZBiB. = Lpip.: Lp; = Npgp.: Np; {‘QZHH-] = Lt Lnj = N ji Nuj
KC Qopiy = LBii: Lg; :_NBL’H.:NBL' Q215 = Lng.j: Lnj = Npy j: Nnj
{sts.m = Lpsyj)* Laj) {an(im. = Lngyu.: Lng)
Daugj) = Louy Ly Qanys. = Lgiys.: Ly
CAB%B, = LBpB.:LBiB.liip CHH.? = LHH-P: LHH-]'|]-¢p
CB%H. = LBpH.:LBiH.liip Cm;% = LHB.p: Ll'[B.j|]-$p
CBpE = LBpB.:LBpH.; CBpE = LBpH.: LBpB. éngp = LHH.p:LHB.p; CAH%p = LHB.p:LHH.p
KK CBB.(% = LBB-(w: LBB-(}'>|]-¢Z, Cn(%ﬂ, = Ln(p>H.:Ln(i>H.|i¢p
CBH.(% = LBH-(p>:LBH-(j>|]-¢p Cn(%s. = LH(p)B.:LH(i>B.|i¢p
CBE(p) = Lgs.(p)* Lpu.p)> CH(p)E = Lnn.: Lugpys s
CB%(p) = Lpu.p): Lps.go) CH(p)% = Lngs.: Lngyn.
{EBiB.|i=m = Lg;s: Npip. = 1; {Lﬂﬂ.j |j=ﬁ =Ly j: Ny =
cBe| (1| LBL’H.'_L':? = .LI?;H.:NB:.L: l; N ) Lps |]-=1'k_1 = Ly Ny =
{ Bo.() ;5 = LBoi)? Mooty = Leo gy Niwj Lion)i—e=r = Lo Naom. = Lngom: Nin
LBH'(j>|j=:L,IC——1 = LBH,(]‘)I NBH.(]) = LBH.(f):NHB.f { EH(i)B"i:ﬁ = LH(i)B.:Nl'[(i)B. = Ll'[(i)B.: NBL’H.
I'pynosuti
- {.(2331-3. = Lgip: Ly (23Bs.(j) = Liaj): L {QSHH.j = Ly j: L (3. = Lugyu: Lo
Ds3pi. = Lyt Ly Q3BH.(j) = LBH.(j):LB 'Q3l'ls.j = Ll'[B.j:Ll'[ D3niys. = Lngye.t L
KC {'Q4Bi3. = Lpis: Lgs. Q4BB.(j> = LBB.(]'): Lg,, {Q4HH.j = LHH.j:LHH. 'Q4l'[(i)H. = Ll'[(i)H.: Ly
'Q4BiH. = LBiH.: LBH. 'Q4BH.(j) = LBH.(j): LBH. 'Q4l'[B.j = LHB.j: Ll'[B. 'Q4l'[(i)B. = Ll'[(i)B.: Ll'[B
3acanvruil
- {.QSBL-B. = Lpip: Lo (25Bs.(j) = Lasjy: Lo {-erm.j = Ly j: Ly (Qsngyn. = Lugyu: Le
Dspi. = Ly Lo Qsm(j) = LBH.(j>:L0 'QSHB.j = Ll'lB.j:Ll Osiiys. = Lngye. Ly
X MIPOrPECUBHOTO (PErpECHBHOTIO) I%I/I6yTTH Nps, | TIpOrpecuBHOrO (perpecUBHOT0) NPUOYTTS Ny,
(NBw.) 0f1. 3 OyIB-SIKOTO PiBHSA (Nms.) onn. Ha Oy#b-sSKHil piBEHB
I'pynosuii
KC gy = Lpg:Lp; gy = LpyiLg Qiny = Lyt Ly Qyng = Lpg i Ly
= KK CAB% = LBB.:LBH.; CAg% = LBH.: LBB. CA[[% = LHH.: LHB.; CAH% = LHB.:LHH.
% 3acanvruil
E KI QZEB. = LBB.:LO; 'QZBH. = LBH.: LO 'Qzllﬂ. = LHH.: Ll; 'QZHB. = LHB.:LI
53 CBC {EBB. = LBB.: NBB. = LBB.: Nl'[H. {l_‘l_[H. = LHH.: Nl'[H. = LHH.: NBB.
LBH =LBH:NBH ELBH:NHB Ll'[B =LHB:NHB ELHB:NBH
11 Hepyxomocmi (i=1,2, ..., k;j=1,2,...,k i=])
X He niepexony 7;; (Nui ado N3j) ox. 3anunieHHs #;; (N3; abo Ny;) ox.
3 piBH# (i 260 /) Ha piBHi (j a00 §)
Pigresuii: y piBHEBUX i B <IT03apiBHEBUX>> 3HAYCHHIX O3HAKH
El Dy = Lyiz Lig = Nyiz Ny ;= LgjiLyjy = N3jiNjy
= D1ngy = LujiLijyo D3y = Lait Ly
= KK CA]—[% = LHp: LHiliip CA3§ = L3p: L3]'|]-¢p
CBC B Ly; = Ly;: Ny = 1 Lyj = Lyj: N3j = Ij;

LHj = LHj:NHj = LH]':N3]' = l]

Lai = L3t Ng; = Lyt Ny = |
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1] 2 | 3
I'pynosuti
KC | Doy = Lyt Ly = Oyyqjy = Lyji Ly =035 = Lzji Lz = (y34) = Lyt Ly
3azanvHuil
KI D3y = Lyt Ly = Q) = Ly Lo N335 = LyjiLy = Ns34y = Lyt Ly
Bl x He 1riepexoy Ny ol. 3 Oyab-sIKOro piBHS 3ajunieHHs N3 ofl. Ha Oyab-sIKOMY pPiBHI
E 3azanvHuil
5| KI Dy =Ly L, 0 =1Lz,
& | CBC Ly = Ly: Ny = Ly: Ny Ly = Ly: Ny = Lz Ny
I11. Ilepecysanns i Hepyxomocmi (MidcpiHe8020 pyxy)

BHUOYTTS Np, Of1. Ta HE mepexony Nyp Oll. 3 piBHA | mpuOYTTS Nij, 0. Ha PiBEHb Ta 3aJMIICHHS N3,

= p 0]1. Ha piBHi p
é Pisnesuii: y piBHEBHX 1 B <1103apiBHEBUX> 3HAUCHHSIX O3HAKH
5 Ce =Lg,:Lyy: Cu =Ly, L Cn =Lp,:Ls,;Cs =Lgy:L
§ KK ) P Bp-: ~Hp Aﬁp Hp* “Bp ) 3P Mp- ~3p Aﬁp 3p* ~p

Cipy = Lo L) Ciey = L) Loy Cpy = Iy Lags €2y = Loy L)
A BUOYTTS Np 011. Ta He nepexoxy Ny of. npuOyTTS Nij 0f1. Ha Oy/Ib-SIKMIA PiBEHb Ta 3aJIH-
= 3 Oy/Ib-SIKOTO PiBHS 1IeHHs1 N3 oJ1. Ha Oyab-sIKOMY PiBHI
= I'pynosuii
Q A Py A A
& | KK Ce = Lp:Ly; Cu = Ly: Ly Cn = Lp:L3; C3 = Lyt Ly

H B 3 1

BucHoBKH BiInoBiIHO 10 cTaTTi. 3aBISKM MOJIEN1 MDKPIBHEBOTO OanaHCy, ska Oysa CHHTe-
30BaHa paHille B arperatHii ¢popmi, BAanocs copMyBaTu KaTeropito arperoBaHUX MOKA3HHKIB
CTPYKTYpH, IHTEHCUBHOCTI Ta KOOpPAMHALIIl MDKPIBHEBOTO PyXY OAMHMIIL KEPOBAHOTO CTPYKTY-
poBaHoro 06’exta. BoHu, pa3oM 3 Moka3HUKaMu PIBHEBOT CTPYKTYpU 00’€KTa, i 3MIHM Ta KOOp-
JMHALl, a TakoK OalaHCOBUMM IOKa3HUKaMHU IEPECYBaHHSA, AKI € MPEeIMETOM MOJAIbIIOrOo
PO3B’sI3aHHA 1aHOT NpoOIeMu, 3a0e3MeUyr0Th BCeOIYHY OLIHKY HACHiAKIB 1 €(eKTUBHOCTI Kepy-
F04OTr0 BIUIMBY Ha CTPYKTYpOBaHUM 00’€kT. B iHpoOpMaliiiHuX cucremMax OIHIOBaHHS €()eKTUB-
HOCTI Oprasizallii IpoleciB 3 TaHUMH, 3/1HCHIOBAHE 3 BUKOPUCTAHHSAM PO3IITHYTUX MOKa3HUKIB,
nependayae BUMIPIOBAHHS BEIMYMH PECYPCHUX BHUTpAT 111010 30epiraHHs, 0OpoOKu Ta nepenadi
iH(opMaLlii 3 TOAABIIUM BU3HAYEHHSAM BIIOBIIHUX KOEPILIEHTIB €PEKTUBHOCTI.
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UDC 311+512
Alexander Dubyagin, Volodymyr Guryev, Irina Firsova

INTER-LEVEL BALANCE: INDICATORS OF STRUCTURE, INTENSITY
AND COORDINATION OF OBJECT UNITS MOVEMENT — AGGREGATE FORM

Urgency of the research. The indicators of the structure, intensity and coordination of the inter-level movement of ob-
ject units, as one of the species categories of inter-level balance indicators, provide a comprehensive quantitative assessment
of the structural shifts of a controlled object, as well as the effects of a controlling influence on an object according to a fea-
ture measured by its units in the relationship scale.

Target setting. The existing indicators of inter-level balance presented before this through its unweighted (non-
aggregated) components do not allow such an assessment.

Actual scientific researches and issues analysis. The calculation of non-aggregated indicators of the structure, intensity and
coordination of inter-level movement is carried out through the values of the number of movable and immovable units of the object.

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

The research objective. Formulate indicators of the structure, intensity and coordination of inter-level movement in the
system of indicators of inter-level balance by formulating the rules for calculating them in aggregate form.

The statement of basic materials. The representation of the components of the inter-level balance model in an aggregated
form makes it possible to evaluate the consequences of the controlling influence on an object at different levels of their systema-
tization in the model. As for the comprehensive description of the results of such an impact and the corresponding structural
shifts of the object, in the system of aggregated balance indicators a significant place is occupied by the indicators of structure,
intensity and coordination of the inter-level movement of the object units. They are formulated as absolute, relative and average
values in terms of aggregate values of a feature, measured at a particular level in movable and immovable units of an object.

Conclusions. The proposed indicators of inter-level balance are important for assessing the effectiveness of the control
effect on a structured object.

Keywords: aggregates, intensity; managed object, coordination, inter-level movement, structure.
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leop Iloexan

HNUTAHHA THYYKOCTI JIOTTYHUX JTEPEB KJTACU®IKAIIIL
B 3ATAYAX PO3IIIBHABAHHSA OBPA3IB

Axmyanvnicme memu oocnioncenns. Cyuacni menoenyii po36umky meopii wmy4Hoeo inmenexmy eumazaioms egex-
MUBHUX Ni0Xo0ie ma memoois y 3aoauax po3niznaganus (kiacugixayii) obpasie, are npuHYUNOBoIo npobremolo nobyoosu
Jociunux depes Knacugikayii € giocymuicme aneopummie ma memoois, ki 6 00360aUNU OOHOMAHIMHO onuUcysamu pisHi an-
eopummu po3nisHasannsa y euenadi depeg xknacughixayii. Poboma npucesauena npobnemi nociunux Ooepeg kiacugixayii. 3a-
NPONOHOBAHO eheKMUBHUL MeXAHI3M OOHAGUANHS MA YCYHEHHA NOMUNIOK Kaacugikayii y cmpykmypi 102iunoeo depeaa.

Ilocmanogxa npodnemu. Huni gidomi pisui memoou ma aneopummu no6yoosu noeiunux oepeg kiacugikayii, npome 6ci
60HU 30€0iTbLUU020 3600AMbCsE 00 NOOYO08U 00HO20 Oepesa Klacugikayii 3a 0aHUMU NOYAMKOB0I HABYANLHOI GUOIPKU, A 8
aimepamypi Oysice Mano ancopummis no6y0osu no2iunux oepeg 0is 8UbIpok enuxkoco 06’emy. 3pozymino, wo ye mac nio
c06010 06 ‘ekmusHi ghaxmopu, AKi N8 A3aHi 3 0COOTUBOCMAMU 2eHePaAYii MAKUX CKAAOHUX CIMPYKMYD, MemoouKamu pobomu
3 HUMu ma 3bepicanns. s poboma mae namip xoua 6 vacmKoeo nooonamu yi 0OMedceHHs ma npuceaieHa pospooyi egex-
MUBHO20 MeXanizMy OOHABUAHHSA MA YCYHEHHs ROMUNOK Kiacugikayii y cmpykmypi 102iuno2o oepesa.

Amnaniz ocmannix oocnioxcens i nyonikayiii. bynu poszenanymi ocmanni nyonikayii' y 6iokpumomy 0ocmyni, sKi npuc-
8s1ueHi npobremi Memooie ma aneopummis 102iuHux oepes Kiacughixayii' 6 3aoavax po3nisHasants oopasie.

Buoinenns nedocniosycenux uacmun 3azansnoi npoonemu. Mooicnugicmo eghekmusHoi ma ekoHomMHoi pobomu 3anpo-
NOHOBAHO20 MEeMOOY 3MIHU CPYKMYPU N02I4HO20 0epeda 3 MACUBAMU HABUATILHUX 8UOIPOK 8EIUKO20 00 €MY.

Ilocmanogka 3ae0annn. Po3pobka npocmozo ma aKicHo2o Memoody pobomu 3 euKUMU MACUBAMU NOYAMKOBUX BUDI-
POK WNAXOM CUHME3Y MIHIMANbHUX hopm Oeped kaacugikayii ma po3nisnasanhs, aKi 3abe3newyioms eghekmusHy anpoxcu-
Mayiio Ha8uanbHoL iHhopmayii.

Buxnao ocnoenozo mamepiany. Buagnenns mexamizmy, 3a 00NOMO20I0 K020 MOdIcHa 6y10 6 6ydysamu foiune 0epeso Kia-
cugpixayii 3a HenogHoro novamrosoio ingopmayicio (i 3a Kinvkicmio o6 ‘exmis, i 3a xinvkicmio o3nax). Taxe noeiune depego 6yoe
6e3n0MUTKOBO PO3NIZHABAMU YACIUHY HABYATLHOI BUOIDKY, 3a KOO No6YOosane 0epeso, a Ha IHuUX Habopax 0asamu NOMUIKU
(VHUKHEHHS MAaKoi cumyayii nponouyemucs 3a paxyHoK 3acmocy8aHHs cxemil aleOpUmmy YCyHeHHs NOMUIOK Y CpYKmypi Oepesa).

Bucnoexu ionogiono 0o cmammi. 3anpononosaruti memoo 0OHABHAHHS MA YCYHEHHSL NOMUWILOK Y CIPYKMYPI J102IYHO-
20 Oepesa Kaacugbikayii dae 3mozy npayroeamu 3 HaAGYAIbHUMU BUOIPKAMU 8eIUKO20 00 €My ma 3abe3neuye UCOKY WEUO-
KICMb ma eKOHOMHICIb AnapamHux pecypcie y npoyeci 2enepayii Kinyesoi cxemu Kiacugixayii.

Kniouosi cnoea: 3adaui posniznaganns, no2iuni oepega kiacu@ixkayii; ycyneHHs nOMUNOK Kiacugixayii; cxema posni-
3HABAHHS, OUCKPEMHUL 00 ‘€Km.

Tabn.: 1. bi6n.: 10.

AKTyaJdbHiCTh TeMH AOCTiTKeHHA. BaxiuBoro npoOieMoro, sika 4acTo MOCTa€e Mepes
IH)KEHEpOM, € 3aJjaya aBTOMaTHYHOI MOOYA0BU CUCTEM OOpPOOKHM BEIMKUX MACUBIB 1H(pOpMa-
1ii Ta CUCTEM MPUUHATTS pitieHb. EdexkTuBHUI po3B’sI30K IIMX 33Ja4 JacTh 3MOTY IepeKyac-
TH BaXKYy pOOOTY 3 MPOEKTYBAaHHS CKJIAJHOI CHCTEMH pO3Ii3HABaHHsS Ha KOMIT IOTEp Ta 3Bi-
JBHUTH TBOPYMHA MOTEHLIA IHXXEHEepa Ui pO3B’sI3aHHs IHIIUX OUTBII BaXKIMBUX 3a7a4. Kpim
TOr0, aBTOMATH3Aallii AITOPUTMIYHOIO Ta MPOIPAMHOTO KOHCTPYIOBAHHS KOHKPETHUX CHCTEM
PO3MI3HABAaHHS € 3aMOPYKOIO iX BUCOKOI €()eKTUBHOCTI [yl KOKHOI pealibHO1 3aa4i, a OTXKE,
3a0e3MeunTh MBUAKUA PO3BUTOK PI3HUX rally3eid Hayku U TexHikH [1].

OcHOBHI HasiBH1 MeTOAM 0OpPOOKM HaBYAOUMX BUOIPOK MpH MOOYI0B1 QYHKIIIT pO3ITi3HABAH-
HS1 HE JIO3BOJISIFOTh JIOCSATHYTH MOTPIOHOTO PIBHS TOYHOCTI CUCTEMH PO3II3HABAHHS Ta PETYIIOBa-
TH iXHIO CKJIQJIHICTh y MPOLIECT KOHCTPYIOBAHHA LIUX cucTteM. Llel Hemoik BIICYTHIN y MeToIaX
NOOY/IOBU CHUCTEM pO3MI3HABaHHS, SIKI IPYHTYIOTbCS Ha METOJax JIOTIYHUX JiepeB Kiacu(ikarii
(JIAK) [2]. IIpu poMy 0COOMMBICTIO METOAY JIOTIYHOTO JIEpEBa € MOXKJIMBICT KOMIUIEKCHOTO
BUKOPHUCTAHHS ISl pO3B’sI3aHHS KOXKHOI KOHKPETHOI 331a41 MOOY/I0BH CXEMH PO3ITi3HaBaHH: Oa-
raThOX BIIOMHUX aJTOPUTMIB (METO/IB) po3Mi3HaBaHHS. B OCHOBI NEXUTh €IMHA METOAOJIOTIS —
ONTHMAaJIbHA aNpOKCHMAIlisl HaB4yaro4yoi BUOIPKM HAOOpPOM y3arajJbHEHMX O3HaK (aBTOHOMHHX
aNITOPUTMIB), SIKI BXOJIAITh Yy JIESIKY cXeMy (oreparop), moOyA0BaHy y mpolieci HaB4aHHs [3].

Mo>KIMBICTb MpeAcTaBlIeHHs (PYHKIIT po3Mi3HaBaHHS (IIpaBuiia KiIacuQikallii) y BUIIIAII
JIOTIYHOTO JIepeBa Ma€ BEJUKI MepeBard B MOPIBHIHHI 3 1HIIMM IPEJICTABICHHIM CXEM Kiia-
cudikaii [4]. 3ayBaKuMO 110 3alpONOHOBAHUI AITOPUTM T'eHepallii AepeB Kiacudikaiii 3a
nannmu HB nomoBHioe metononorito migxony JIJIK ta go3Bosise OymyBaTi mpocTi Ta edek-
THBHI MpaBuia Kiacudikailii TUCKpeTHUX 00’€KTiB [5]. YV 1bOMYy AOCTIIKEHHI 3yITHHUMOCH
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caMme Ha OIUCI Ta 0COOIMBOCTAX alropuTMy noodynosu, kopekuii JIJIK mi1s macuBy novarko-
BUX JaHUX HaB4yalibHOI BUOipku (HB).

ITocranoBka npodaemu. Huni Bigomi pi3Hi anropurmu noOynosu JIJIK [6]. Ilpore Bci
BOHU 37€O0UIBIIOrO 3BOJATHCA 10 MOOYIOBH OJHOTO JepeBa Kiacudikauii 3a gaHumu HB.
3a3HaYMMO TaKOX, L0 B JiTepaTypi Ayxe Maio anroputMmiB nooynosu JIJIK s HB Benukoro
00’eMy. 3po3yMiNo, 110 11€ Ma€ Mia co000 00’ €KTUBHI (PaKTOPH, MOB’sA3aHI 3 0COOTUBOCTIMU
reHepauii Takux CKIaJHUX CTPYKTYp, METOJUKaMHU poOOTH 3 HUMHM Ta 30epiranHs [7]. OxHak
OCHOBHHUM HeI0JiKoM Yy nuTanHi1 noOynosu JIJIK € BiACYTHICTh alnropuTMiB Ta METO/IB, Ki O
JI03BOJIMIIM OJJHOMAHITHO ONKCYBATH P13HI anroput™u y Burisiai JIJIK.

Hexaiil Ha nepioMy Kpo1ii moOyI0BH JIOTIYHOTO JIepeBa po3Ii3HaBaHHS BUKOPHUCTOBYEThCS
JIOBUIbHUM aJlTOPUTM PO3MI3HABAHHSA, y PEe3yJbTaTl 3aCTOCYBAHHS SIKOTO OTPHUMYEMO JESKY
dopmyny (y3araabHeHy o3Haky). Lls ¢opmyna peanizye Bu3HaueHHMH piBE€Hb PO3MI3HABAHHS.
OyHKIiS NOpuidMae JeKUTbKa 3HA4eHb 3alIeXKHO Bl 3Ha4eHb oO3Hak. LI 3HadeHHs
XapaKTEPHU3YIOTh co0010 HUIAXU (KIIacu), TMPUYOMY € ULIAXH, MO AKHX dopmyna «TIparioe
no0pe», a € 1 Taki, M0 SKUX — «IOTaHO» 1 MOKPAILEHHS PIBHSA p03H13HaBaHHH Tl HeMae.
3po3yMiio, 0 caMe Ha LUX 3HAYEHHSX O3HAaK (LUIAXax) HEOOXITHO B3STH IHIIUM aaropuUTM,
KU CTBOPUTH IHIY (opMyny (y3arajbHEHy O3HaKy) 1 T.1H. Takum 4MHOM, y METOAaxX Ta
JITOPUTMAX PO3Mi3HABAHHS HA OCHOBI JIOTTYHHX JiepeB HEOOXIIHO MOBTOPIOBATHU TaKUM BHOIpP
JITOPUTMIB JIOTH, JIOKH MU HE OTPUMYEMO HEOOXITHUI PIBEHB SKOCT1 pO3Mi3HABaHHS [2].

AHaJi3 ocTaHHIX gocaigxkeHb i nydaikaniii. JlociimkeHHs MpoJOBKYye LUK POOIT, K1
NPUCBAYEHI MpoOiIeMi JepeBONOIOHMX CXeM po3Mi3HaBaHHs (Kiacu@ikallii) JAUCKPETHUX
00’ekTiB [2—7]. Y HHX HOPYIIYIOTbCSI MHUTAaHHS MOOYIOBH, BUKOPUCTAHHS Ta ONTUMI3allli
noriyHux xaepes. Tak, 3 [8] BiIOMO, IO pe3yibTyrode MpaBuiio Kiacuikauii (cxema), ske
noOy0BaHe JOBUIBHUM METOJOM a00 alrOpUTMOM pPO3TATYyKEHOr0 BUOOpPY O3HAK, Mae
JIepEeBOMNOAIOHY JIOTIUHY CTPYKTYpy. JIoridHe NepeBO CKIalaeTbes 3 BepIIMH (03HAK), SK1
IpYNyIOTbCA MO sipycax 1 fKI OTpUMaHI Ha IEBHOMY Kpoui (erami) moOyaoBU JAepeBa
po3mizHaBaHHs [6]. BaxnuBoro 3amauero, sika BUHUKAE 3 [5], € 3agaua CHUHTE3Yy JEpeB
pO3Mi3HaBaHHs, K1 OyAyTh NPEACTAaBIATHCA (aKTHUHO AepeBoM (rpadom) anroputmis. Ha
BIIMIHY BiJl HasBHUX METOJIB, TOJIOBHOIO OCOOJHMBICTIO JE€PEBOMOJIOHUX CHCTEM
pO3Mi3HAaBaHHS € Te, II0 BAXJIMBICTh OKPEMHMX O3HAaK (TpynmH O3HAK YW aJTOPUTMIB)
BHU3HAYA€ETHCS BITHOCHO (PYHKIIIT, fIKa 3aa€ po30UTTs 00’ €KTIB Ha Kiacu [9].

BuaineHHss HelOCHIIKEHMX YACTHH 3arajibHOI MpodjeMu. MOXIMBICTh €(PEKTUBHOI Ta
€KOHOMHO1 pOOOTH 3aIIpOMIOHOBAHOI'O METOJy 3MIHM CTPYKTYPH JIOTTYHOTO JiepeBa 3 MaCUBaMH
HaBYAIbHUX BHOIPOK BEJMKOTO 00’ €My.

Mera poGoru. Metoro 1i€i poOOTH € BHBYEHHS OCOOJMBOCTEM TeHepallii MpaBuiI
pO3ITi3HaBaHHS B 3a/ia4ax po3Mi3HaBaHHs Ha OCHOBI JoriuHux jaepes (JI/1K), po3poOka 3aranpHoi
CXEMH JIOHABUaHHS Ta BUIPABJICHHS MOMUWIOK y cTpyKTypi JI/IK HaByanbHMX BUOIPOK BEIHUKOTO
00’eMy. Pe3zynbrarom poOOTH € MPOCTUI METOT YCYHEHHs MOMIWIIOK Kiacudikarii B JIJIK.

Bukaan ocHoBHoro marepiany. Hexait Hy, Hy, ..., H,_; cucrema kiaciB (00pa3iB) sika
3aJjaHa Ha MHOXHHI G, IO CKJIagaeTbesi 3 00°ekTiB x;, (I = 1,...,m). Xapakrep po30OUTTS
MHO>KMHM G Ha BIAMOBIIHI KJIacu 3a7aeThes 3a Jonomoroto HB Takoro Burnsay:

(Gew foGe0)), (2 fa (), (s f Ca))), (1)
ne x, € G, fr(x) €{0,1,..,k—1},(h =1,2,...,m), k — kimbkicts K1acis HB, m — 3aranpHa
KiUIBKiCTh 00’ekTiB HB, a fr (x) — nesika ckiHueHO 3HaYHa (DYHKIIIS, 10 3a/1a€ PO3OHMTTS MHOKHHH
G Ha BimmnoBinHi 06pasu. CriBBimHomenns fz (x,) =, (1 = 0,1, ..., k — 1) o3navae mio x;, € H,.

Otxe, JIAK — 11e 38’1311 rpad 6e3 UKIIIB, y HEKIHLIEBUX BEPIIMHAX SKOTO 3HAXOIAThCS
O3HAKH (TYT O3HAKH — BIJNOBIHI KOMIIOHEHTH 00 €KTIB X1, ..., X;p, ), TOOTO:
x, = (lxd, o, xl), = (™ x, ., x);
P(x)—x (L—l n),(j=1,...,m).
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3ayBa)kuMo, 110 TYT N — KUIbKICTh 03HaK 00’ekTiB HB Burnsany (1), a pebpa HymepyroTbcs
3HAYEHHSMH IMX 03HaK. Y KiHneBux BepumHax JIJIK 3Haxoastees 3HaueHHs QyHKIii fr ().
[Ipuyomy Ha noButbHOMY HULAXY JIJIK Ta % cama o3HaKa TparuisieThCs TUIBKM OJIUH pas.

3ayBaxkuMo, 1o koxHy HB Burnany (1) MokHa OCTaBUTH y BIAMOBIAAIBHICTD (32 JOTIO-
MOTOI0 JESKOIO ajJroputMy abo MeTojay NpeAcTaBieHHs) uuikoM BusHaueHe JI/IK, sike
o6’ektam xp, (h = 1,...,m) HB (1) craButh y BiLnoBinHicTh 3HaYeHHs QyHKIII fr(x}), MO
3as1a€ po30uTTS R Ha MHOXMHI G [5].

Hexait maemo JIJIK, noGynoBane 3a nanumu HB (1) Ta HaGopu Takoro BUTIISAY:

((xm+1' fr (xm+1))' (xm+2' fr (xm+2)): ey (xm+5' fr (xm+6)))- (2)

Y dopmyni (2) Habip 00’€KTIB TECTOBOI BUOIPKH, HA SIKUX 3HAWICH1 MOMUIKUA PO3Mi3HA-
BaHHA, A 2 < m < K; * K, * ... * K,;, § — KuIbKicTh 00’€kTiB TB, Ha SKkuX 3HAHICHI TOMUJIKH
posmisHaBaHHs, K; — KiabkicTh 3HaueHb o3Haku P;(x), (i = 1,..,Mn), n — KUIBKICTh O3HaK
00’extiB HB.

Hexait maemo curyartito, konmu x, € H;, 0 < | < k — 1 y nporieci po3ni3HaBaHHS 3 PI3HUM
[, To 6ynemo roBopuTH, 0 BiAOyJIacs MOMUIIKA po3Mi3HaBaHHA Xp € H;. SIkimo 00’ekT 3y-
cTpivaetbes y TB nekinpka pa3, To OyaeMO BBaXKaTH, IO 1€ Ta caMa MOMMIIKA (TIOMHIIKA
TIEPILIOTO POAY).

3acanvua cxema aneopummy ycyneHHs nomunok posnizhauus. IloOymyemo Ttake JIJIK,
11100 BOHO 0e3rmoMUiIKoBO po3mizHaBaio o0’exktu 3 HB (1) ta 06’ektu 3 (2), ToOTO onumiemo
HACTYITHUN aNTrOpPUTM YCYHEHHs MOMWIOK po3mizHaBanHs (YIIP). ¥V mapi (xm+1, Ir (xm+1))
00’ €KTY X1 = (xm+1, ., XY pinnosinae cBiit mUAX aq, Ay, ..., 4 (r € {1, ...,n}), Axuii
3aKIHYYETHCS 3HAYEHHSIM [ (Xpm41).

Py, =q(ay),a; = (a1)xihl'Pi2 =q(az),a; = (az)xihz,

-'Pir_l = Q(ar—l)r ar = (ar—l)xih ’

r—1

ne fr(xp) =qa,),(h=12,..,m),1 <r <n, BITNOBITHO iy, i3, ..., i,_; HOMEpPA O3HAK, 1[0

3HAXOATBCS Y BEPIIUHAX Ay, Ay, ..., Ar_q T fr(Xme1) = q(a,) (Takuii 3amic o3Havae, 1Mo

3HaueHHS GYHKINT fz (X;,41) HE 30iraerbes 31 3HaueHHAM fg(X},), O 3HAXOIUTHCS B HEKIH-

1eBilf BEpIIUHI @, TOOTO BUHHUKIIA IOMUJIKA PO3MTi3HABAHHS). 3amaM’aToByeMo, mo fr(x,) =

q(a,) Ta micna uporo 3pilicHIoemMo Taky npouenypy: P = q(a,),a,.1 = (a,) X (e o3Ha-
T

Yae, 10 3 BEPUIMHU A, BUXOJIUTH CTPLIKA xm+1 BIIMOBIHA 3HAYEHHIO O3HAKU P; (00’€KTy

Xm+1) T BXOJIUTh Y HACTYITHY 3@ HEIO BEPIIMHY ;4 1.
Jani oTpuMaemo:

P, = q(ars1), iz = (ar+1)x{;l:11' e Py, = qlae), apyq = (at)xglﬂ'
P, = q(acs1), Apir = (at+1)x{?:11' o, Py, = q(a), ani1 = (an)xmﬂ-

ne fr(x) = q(ans1), U1, brg1y woor Ly Lpg1s ey Iy — HOMEPH O3HAK, IO 3HAXOIATHCS Y BEPIIMHAX
JAK ay, aryq, s Qpy Qpgqy ooy A, T <t < — 1.
Ha nactynnomy erarri 6y):[eMo BB&KaTH, I110:

r+1 = (a,)k, T2 fr(xp) = Q(ar+1) vk,

kry1

k
a, iy = (Ari1)iy,, 1@ frlxR) = ( Tr;l) Vk,iq,

= (a1, 1a fr(xp) = Q(akt_l) Vi1,
t+1 (at)kt Ta fr(xp) = Q(at+1) vk,

afln—1 = (an 1)kn ; T fR(xh) = q(akn_l) an—l'
n+1 = (an)k, 1a fr(xy) = Q(an+1) Vi,
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ne r<t<n-1, kykry1, - ke kiy1, - kn_1,ky,— MHOXKMHA 3HAYeHb  O3HAK
Pir' Pir+1' 'Pit'Pit+1' ey Pin—l' Pin BiI[HOBiI[HO.
VYei HII1 3HalJIeH1 ITOMUJIKH PO3Mi3HABAHHS y BUOIpII1

((xm+2, faemiz)), o (Xmes, fr (xm+5))) YCYBAIOTHCS aHAJIOTTYHO.

JIIK*, mobynoBane 3a gomnomoroto anroputmy YIIP, Oyne 0e3noMuikoBo posmi3HaBaTH
He TUbKU 00’exTi ocHOBHOI HB (1), ane i 00’extu 3 (2). Lle BunnuBae i3 BUIIEONHCAHOT 3a-
rajipHOI nporenypu nodynosu anroputmy YIIP.

Skmo onucany Buie cxemy YIIP BkIOUMTH B JOBUIBHMM @JITOPUTM pO3Mi3HABAHHS,
saxuil noB’si3anuit 13 koHueniero JIJK, nanpuknan [10], To ne 3abe3nednTh BEIUKY THYY-
KICTh JJAHUX QJITOPUTMIB.

Otxe, anmroput™m YIIP ycyBae 3Halineni nomuiaku posmnizHaBanHs a JIJIK, BukopuctoBy-
I0YM MPH [IbOMY TUIBKHM MpaBmiIo kiacudikaii, nodynosane 3a nanumu HB ta 00’extu 3 TB,
JUISL SIKUX B110yJ1acsl MOMMIIKA po3nizHaBaHHs. [Ipy oMy npaBuiio kinacugikaiii 3MIHIOETbCS
TaKUM YMHOM, IO MPaBHIBHO po3mi3Hae sk 00’extu HB, Tak 1 06’extn TB, Ha gkux paniuie
BUHUKaIM MOMWIKH po3Mi3HaBaHHA. Huxde mpuBeneMo Iie KinbKa NPUKIIAAIB MPaKTHUYHUX
3acrocyBaHb anropurmy YIIP.

Jl1st 1IbOTO CIIOYATKy BU3HAYMMO KUIBKICTh MOXIIMBUX NOMUJIOK PO3Mi3HABAHHS Ha KOX-
Homy nuiaxy B JIJIK. IIpu po3nizHaBaHH1 JuckpeTHUX HabopiB 3a ponomororo JIJIK inkonun
JOLUIBHO 3HAWTH Ha JIEPeB1 LUIAXH, HA SIKUX HAHOUIbII MOKJIMBE BUHUKHEHHS IOMUJIOK PO3-
Mi3HAaBaHH:. 3aJI€KHO Bijl CUTYallll MO>KHA MOCTYIHUTH MO-PI3HOMY — BIIMOBUTHCS pO3Ii3HA-
BaTu 00’€KTH, po3mi3HaBaTu 00’ekTu To1io. Hexait HB mpuBeneHa 1o A0mMycTUMOTO BUTIISILY
(BUKOHYETBCS TIOTE3a aJIeKBAaTHOCTI Ta HecynepewnuBocti). Binomo, mo JIJIK 06’extu 3 mo-
yatkoBoi HB po3nizHae Oe3nomMmiikoBo. 3arajibHa KUTBKICTh BCIX MOKJIMBHX OO0’€KTIB, IO
MICTSITh N O3HaK, He mepeBuiye K; * K, * ..x K,, ne K; — MHOXWHa 3Ha4eHb O3HAKU
Pi(x),(i=12,..,n).

3Biacu BurmBae, mo JIJIK y nporeci po3ni3HaBaHHS MOKE JOIYCTUTH He OUIblIe HIK
K; * K, * ...* K, — m noMumok, Jie m — KuIbKiCTh 00’ektiB HB.

Hexaii M,;i

poig KUTBKICTh Tap (xl,fR(xl)), (i=12,..,m), mo Bxoaars g0 HB, ski

3a/I0BOJIBHAIOTH TAKUM YMOBAM:
x; € Gml---mf’ A<é<sn)rafryx)=j,(G=01,..,k—1),

ae Gml---mf ={x€eG/P,(x) =1, ...,Pif(x) = i}

Teepoocenna 1. SIkmo max M,;. ;
0<j<k-1 tyiitg

IPOLECT PO3IMI3HABAHHA MOXKIIMBE HE OUlbile HDK Kp_; — S MOMWIOK, e K,_; = K; * K *
ok Ky [KG %k Ki;-

Jlogedenns. Posrisuemo perynspue JIJIK (Tob6to aepeBo, y sIKOTO B BepIIMHAX -TO SPyCy
3HAXOIAThCS TUIbKU O3HAKH Pif (x), (i = 1,2, ...n) Ha3uBaeThCs perynsapauM). KinbkicTs Be-

=S5,(1 <§ <n) 1o Ha muwIXY 7y, ... M, JIAK'y

pumH Ha &-My sapyci perynsproro JIJIK nopisuroe K; * ... * Ki;- A KiTBKICTh KIHILIEBUX Bep-
e perymsapHoro JIJIK mopiBHioe Kj * K * ...* K,,, 1€ Ki; — KUIBKICTh 3HAU€Hb O3HAKHU
Pif (x), (i =1,2,..n), n — kimekicth 03Hak HB. 3BifcH, SKIIO0 KOKHY BepiiuHy ¢ — spycy
perynsproro JIJIK BBakaTn 1m04aTtkoBor, 1o Take peryisapre JIJIK posib’erves Ha K; * ... *
Ki; perynspuux JIJIK, koxue 3 sxux Oyne matv 1o K,_z = Ky * Kp * .. x K, [K; * ... % Ki;

KIHIEBUX BepUIMH. TakuM YMHOM, SIKIIO KiHIeBa BepinHa aeskoro JIJIK BusBnserscs Ha &-
My spyCl, TO BOHa sBIIs€ c00010 K;_; KiHIEeBHMX BepiuH peryisproro JIJAK. fkmio 3anano
WIAX 7y e i (1 £ & < n), saxuil npUBOAUTH B KIHLEBY BEPILMHY, TO ISl BEPIIUHA SBJISE
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c00010 K;,_¢ 00’€KTiB. A€ SKILO B L0 BEPUIMHY BXkKe momnanae S 06’ekris 3 HB 10 KibKicTh
TIOMMJIOK, SIKi MOKYTh BUHMKHYTH Ha JaHOMy HLIAXY He nepeumye K, _ — S.

I3 1bOTO TBEp/UKEHHS BUIUIMBAE, IO AKIMO max M. = K; * ..*K; , To Ha IUIAXy
OSjSk—l 7711---7715 1 f

Miy - MNig B JIAK Bci 0o0’exktu OynyTh po3mi3HaBaTtucs npaBuibHO. Skmo K; = K, =« =

K, = 2, To TBepKeHHs Oyle 3BydaTH TaKUM YHHOM: S O max M]
n b pl[ yl[ yLI KH_I OSjSk—l 77i1---77i§

Miy = Mig B JIJIK B mporeci po3Ii3HABaHHS MOXKIMBE He Gilbine Hik 2™~ ¢ — S IOMMUIIOK.

= S Ha nuXy

3aodaua nodovoosu JI/IK 3a nenosnoro HB. [HKONMM NOLUIBHO MaTH aJTOPUTMH, 3a AOTOMO-
rO10 SIKUX MOkHa Oyno Ou nmooynysatu JIJIK 3a HenoBHoto HB, 3a m o3nakamu (m < n), n —
KUIBKICTh 03HaK 00’ekTiB y HB a6o mo [; 06’exram 3 [, 3amanux 06’extiB HB (I; < 1). B apy-
romy Bunajky, komu JIJIK O6ynyerscs 3a [y 06’exktamu 3 HB, MoxHa ckopucraTucs JtoOUM 3
Bifomux anroputMis [7]. [loOynoBane takum ynHoM JIJIK Oyzne 6e3moMuIKoBO po3mi3HaBATH
00’extu [; 3 HB, a Ha iHmux 06’extax HB MoxuBi moMuiiku posmnizHaBaHHs. B mbomy Bumnan-
Ky BUKOpUcTOBYeMO airoput™ YIIP, onucanuii Buie. [lo6ynoBane Takum cnocobom JIJIK Oy-
ne 6e3moMIITKOBO posmizHaBaty 00’ektu HB. YV psinil BunaakiB onucanuii BUIE METOJT ICTOTHO
npuckopioe npouec nodynaosu JIJIK 3a nannmu HB, o nyxe BasximuBo juis 3anau PO.

Jns noOynosu JIZIK 3a m o3Hakamu 3 n, SKUMU 3a7ai0Tbes 00°‘ext HB Bropsiakyemo
O3HAKH I10 BAXIMBOCTI (Mip1 iHpopmaTuBHOCTI a00 1iH1). /1 1€l 3a1a41 MOYKHA BUKOPHCTO-
BYBaTU METOAM Ta MIAXOAM omucadi B poOoTi [9]. Ilicas uboro Geperbcst m BIOPSIKOBAHUX
10 BXKJIMBOCTI 03HaK Ta OynyeThes JIJIK 3a qormomororo 1100010 BiIoMOro aaroputMmy Aepe-
Ba Ta anroputmy YIIP. Lle cyrreBo npuckoproe npouec noOynosu JIJIK, mo ayxe BaxianBo
JUIsL IPAKTUYHOTO 3aCTOCYBAHHS.

3adaua 6ioHosnenHA 3HAUEHb 03HAK 3a donomozoro JIIK ma ancopumm YIIP. CriodaTky
nooyayemo JIJIK mis o6’exriB HB, mist sikux Bci 3HadeHHs o3HaK Bu3HauveHi. [licis mporo 3a
JIONIOMOT'010 MOOYIOBAHOI0 JiepeBa po3mnizHaeMo 00’ektu HB, ans skux 3HaueHHs 03HAK BH-
3Ha4YeH1 He MOBHICTIO.

Kpoxk 1. Ha nepmomy kporii 3aikcyeMo 01H 3 TaKUX 00 €KTIB TECTOBOI BUOIPKH.

Kpok 2. JTonaTkoBo BU3HAYAEMO HEBIIOMI 3HAUEHHA O3HaK, P; , ..., Pif, (1 <& <n) Bes-

KUMU 3HaueHHsAMU. [IpoBeneMo po3nizHaBaHHs 1MX 00’€kTiB 3a noOynoBanuM JI/IK. Hexait
00’€KT, ISl IKOTO 3HAYEHHS O3HaK P; , ..., Pif He Bu3HaueHi Ha HB, nanexuts xnacy Hy, (1 <

[ < k—1), k — xinekicts knacie HB. Sxmo JIJIK Bimnece 1eit 06’ekt 1o kiacy H;, To BBa-
KaKOTh, IO O3HAKH P; , ..., P, BH3HAYEHI 3HAYEHHAMH X, ..., Xi;> MOXKYTb npuiiMaTH 11l 3Ha-
YEHHs, @ B IPOTUBHOMY BUIIAJIKy — Hi.

Kpok 3. Ha nactynmHomy kportii 6epemo (pikcyeMo) HACTYMHUM 3 00’ €KTIB TeCTOBOT BUOI-
PKHU Ta IepexouMo J10 Kpoky 1. Skiro Takux 00’ €KTiB OUIbIlIe HEMa, TO MPOLIEC BITHOBJICHHS
3Ha4YeHb O3HAK 3aKIHYYEMO.

Busnauenns 1. Tndopmariis, 10 BKa3zye TUIBKK Ha MOPSAOK PO3MIIIEHHSI O3HAK B JIOTTY-
HOMY JiepeBi, Oynemo HazuBatu cxemoro JIJIK, a KiTbKiCTh O3HAK, 110 BXOSAThH Yy II0 CXEMY
Ha3BeMO i OPSAKOM (TIOTYKHICTIO).

Teopema 1. Kinbkicte cxem JIJIK BU3HauaeThcsi peKypCHUBHUM BigHOIIEHHAM: N, ; =
N2 *(n+ 1), ne N, = 2, n — KinbKicTh 03HaK (03HaK 06’exta y HB) 3a1aui posnizHaBaHHs.

Jlogedennsa. Jlns n = 2 tTeopeMa oueBuAHA. [l JOBUIBHOTO M 3a/1a4a po30MBAETHCS HA
MIPOCTI BUMAJKU, IPU N = 3 MA€EMO 1B CXeMH NOPsiAKY 2. OCKUIbKH 11 CXeMU HE3aJIeKHI, TO
maemMo N3 = NZ = 3, mpu n = 4 cxema JIJIK po30uBacThes Ha JBi HE3QIEKHI CXEMH HOPSIKY
3, Tomy N, = N# * 4 i Tak naii.
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3adaua nobydosu minimanvrozo JI/IK ionocHo Kinbkocmi gepuiun. 3apONOHYEMO alro-
PHUTM 3HAXO/KEHHS MiHIMaJIbHUX TECTIB Ta BUKOPUCTaHHA iX i mooymosu JIJIK. Beexemo
JesIK1 TO3HAYEHHS, K1 He0OX1IH1 TSl pOOOTH.
Gry gy = {x € ﬁ =1, ..,B ()= rn}, 3)
ne P;(x),..., P,(x) — mesxa cuctema osHak, 1; € {0,1,...,k -1}, (i=1,..,n), M, , — Ki-
aeKicTh THX ap HB (x4, fr (x;)), (1 < i < m), sKi 3210BOJBHSIOTL YMOBY: X; € Gy, .

Mfl_"rn — KUIBKICTB 3 (4) Takux HaOOpIB, K1 330BOJIbHSIOTH TAKUM YMOBAM:
xX; € Grl...rn Ta fR(x) =] 4)
J — )
trl...rn - Mrl...rn/Mrl...rn (5)

Ar, vy = 151}155}3(_1 tfl_urn, ner.m, €{0,..,k—1}, G=01,..,k—1), (i=1,..,n) T0-

i
Teopema 1.3 Habip 03HaK 13 HOMEPAMH iy, ..., iz, (§ € 1,...,m) € TECTOM TOJI 1 TLUILKHU TO-
JTi, KOJIM JJ1S1 HUX BUKOHY€ETHCS:

MT'il...T'i
¢ —
Zril...rif (T) * aril...rif - 1 (6)

®opmyna (6) 1a€ MOXKIUBICTh 3HAXOUTH TECTU 33JaHO1 JOBXKUHHU (I1if] JOBXKHUHOIO TECTY
OyzeMO PO3yMITH KUIBKICTh O3HAK, 10 BXOJATh y Hboro). Ilpu & = 1 dopmyna (6) nae Mox-
JIMBICTh 3HAXOJUTHU TECTH JOBXKHUHOIO «1», mpu & = 2 — TeCTH JOBXKUHU «2», a IpU & =1 —
TeCTH AOBXHHOIO “N” (1 < n < n). Gopmyna (6) 1a€ MOKIMUBICTh 3HAXOAUTU TECTH Y BUIIA-
aky ko B HB mipucyTHst 1oBiTbHA KiTbKicTh KiaciB fz (x) € {0,1, ...,k — 1} a o3naku P;(x)
NpUMaroTh J10BUTEHI 3Hauenns P;(x) € {0,1, ...,k — 1}.

3ayeadicenns. SIkio xoda 6u oJMH 4iieH BUpa3y (6) He JOPIBHIOE OJUHUIN, TO HAOIp 03-
HAK 3 HOMEPAMH T, ... T;, HE € TECTOM.

Le 3ayBaxkeHHsI 103BOJIsIE €(DEKTUBHO 3HAXOJUTH TECTU 3a 10ONOMOTror Gopmynu (6). Mi-
HIMaJIbHI TeCTH 3a (HopMysor0 (6) 3HAXOIATHCS, 3BayKAOUM HA BU3HAYEHHS MOHATTS MIHIMa-
JIBHOTO TECTY.

Bunukae nutanns, sk noOynaysatu JIJIK 3a MiHIManbHUM TecTOM Ta uu Oyze Take moOy-
noBaHe nepeBo MiHiManbHUM (JIIK moOymoBane 3a nanumu HB, HazuBaeTbcs MIHIMAIbHUM,
akiio Hemae iHmoro JIJIK*, moOymnoBanoro 3a 1iero ) HB, y sikoi KUIbKICTh BEPILIMH MEHIIIA
3a TIOYaTKOBE JIepeBO). BidmoBigs Ha mepiny 4acTUHY NMUTAHHS JOCUTh TpHBIajdbHA. SIKIIO
rpyna (Habip) O3HaK i3 HOMEPAMH T, ... Tig € MIHIMaJIbHUM TecToM, To nodyzaosa JI/IK 3a uu-

MU O03HaKaMH He € Bakkolo. Lle MoxxHa 3pobutu 3a nonomororo anroputmis noOynosu JIJAK,
ONMCAHUX, HAIlpUKIazL, y [7].

Bianosiap Ha Apyry yacTuHY NUTaHHS HE € MpocToro. BusBnserscs, mo JIJAK, noOynoBane
3a MIHIMQJIbHUM TECTOM, HE 3aBX/I1 € MIHIMAJTbHO MOXJIMBHM. |le MokHa moGauntyu 3 Tabmuiii 1.

Ta0mums 1
3anexcnicms ckiaoHicms depesa 8i0 KilbKOCMI 03HAK
KI\D 1 2 3 4 5 6 7 8 n
Max 3 7 15 31 63 127 255 511 2ntl g
Min 3 5 7 9 11 13 15 17 2Zn+1

3ayBaxxuMo, 110 TYT D — JOBXKHHA TYMHUKOBOro TecTy, KL — KUIbKICTh MOXKJIMBHX BEp-
MH, Max — BKa3ye Ha MakCUMallbHY KulbKicTh BepiiuH JIJIK (cknanHicTs), npu 3a1aHiit 10B-
KHUHI TYIHMKOBOTO TecTy, Min — BKa3ye Ha MiHIMaJbHY KUIbKICTh BepiiuH JIJIK, moxmuBy
IIPU 3aJaHii JOBXKUHI TYTUKOBOTO TECTY.
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3 Tabnuii 6a4nmo, o MOXIIMBHUYM BUnaaok, komu JIJIK, noOynoBane 3a MiHIMaTbHUM Te-
CTOM, MoOke MaTH Outble BepiinH, HbK JIJIK, moGynoBane 3a TymMKOBMM TeCTOM OLIbIIOL
nosxunu. Hanmpuxnan, JIJIK, moGynoBane 3a MiHIMaaIbHUM TECTOM 3aBJOBKKU 4, MOXKE MaTH
31 Bepuuny, a JI/IK, mobynoBaHe 3a TyUKOBUM TECTOM 3aBJOBXKKU 14, Moxxe matu 29 Bep-
nH, JIJIK, noGynoBaHe 3a MiHIMaTbHUM TeCTOM 3aBI0BKKU 10, Moxke matu 2047 BepIvH, a
JIIK, moGynoBane 3a TymukoBUM TecToM 3aBIoBxkKH 100, moxke matu 201 BepuHy (3a Ty-
MUKOBUM TecToM 3aBoBxkku 1000 — 2001 Bepmivny).

31 CcKa3aHOTO BHIIE BUILIMBAE AY)KE€ BaXIMBE MUTAHHS: K 3a 3amaHor0 HB moOymyBaTu
JIIK, sike Mano 6 MiHIMalIbHY KUIbKICTh BeplIuH. OCOOIMBY BaXIIMBICTh Li€ MUTaHHs HaOyBae
B TUX BUIAJKaX, KoM Tpeba noOyayBaTu JeIKy TEXHIUHY CXeMY, MOJIENb, CUCTEMY, sika O mpa-
BWJIBbHO KJ1acu(]ikyBasia (hIKCOBaHY KUIbKICTh HAOOpIB. BupilieHHs TaKOro mMUTaHHs JT03BOJIUTh
y LUX BUMaJKax OyayBaTH HAUIPOCTINLy MPOLEaypy (CXeMy, CUCTEMY) pO3Ii3HABaHHSI.

Cxnagnicts JIJIK 3a1exuth Biff KUTbKOCT1 KIHIIEBUX BEPIIHMH Y IEPEBI.

Slxuro KUTbKICTh KiHeBux BepiiuH y JIJIK no3naunTtu yepes K, To 3arainbHa KUIbKICTh Be-
pure N B JIZIK MokHa po3paxyBatu 3a GOpMYIIOL0:

N =2K — 1. (7)

Lle cnpaBemmBo s Bunanky, komu (P;(x) € {0,1}), 2 < K < 2", ne n — KiUIbKICTh 03-
Hak 00’exTiB HB.

Kinbkicts kiHueBux BepiuH JIJIK 3anexuts Bij Toro, ckiibku Habopis HB BinnosinaroThk
OJIHIN KIHIIEBI BepiuHi. BusBnseTscs, 10 MOXKHA 3HaiTH 3a 3aanoro HB take K, sxe Bif-
MOBIJa€ MIHIMAIBHIA KUIBKOCTI BepIIMH Jaesikoro MosxkiuBoro JIJK. 3posymino, mo Take
JIIK Oyzne MiHIManbHUM 3a CKIaIHICTIO (KUIbKICTIO BepiuH). Lle BuruuBae 3 popmynu (7).

Hexaii Bxxe € Habip TYNMUKOBHUX TECTIB, SIKi 3HaeH1 3a popmynoro (6). 3adikcyemo ne-
SKUA TYyNMUKOBUHA TecT Py V P, V ...V P; c JI1st KOKHOT O3HAKH, 1110 BXOJUTH y TAHUW TYIHUKO-

BHM TECT, 3Ha171;[eM0:1 max Mﬂi ,ae (¢ =0,1,...,¢),(§ =1,...,n), Wi KOXKHOT O3HAKH.
<j<k-— €

1
Posrmstaemo JBa MOJKJIHB1 BHUITAAKU:

1. Icnye Take 3Ha4eHHs O3HaKMU P;_, 1o s Hei Oyne . <I}1<a}cx_ L Mﬂig < Mrig-
2. Hemae Takoro 3HaueHHst 03HaKu P;_, 110 JUIst HHOTO max Mﬂi <M, .
1<jsk-1 £ €

V nepumomMy Bunaaky OyaeMO T'OBOPHMTH, IO JUIA L[bOIO 3HAYEHHS O3HAKH P € Jnesakuii
nuix y JIAK (JIIK noGynoBaHe 3a TaKMM TYHUKOBHM TECTOM) JIOBXKMHOIO OJIMH KPOK 1 LieH
LUIAX MPUBOJUTD Y KIHIEBY BEPIIUHY.

VY npyromy Bunanky B JIJIK Hemae nuisixy JOBXKHUHOIO B OJIMH KPOK JUIs IIbOTO 3HAYCHHS
O3HaKHW P;_ TaKoro, sKuii OM IPUBOJIMB Y KIHIIEBY BEPIIMHY JEPEBA.

V mepiiomy BUINajKy — 1€ KUIbKiCTh Habopis HB, Ha sxux o3naka P;_(x) HaOyBae QikcoBa-
He 3HayeHHs 3 MHOXHHH {0, ..., k — 1}, a dynkuis fr (x) HaOyBae Ha BCix nux Habopax (ikco-

BaHe 3HaueHHs i3 MHOKUHU {0, ...,k — 1}. Vci 1i Habopu BXOJATH B OJHY KIHIIEBY BEPIIHHY
Jj

JIAK. Sxmo y BepmmnHax JIJIK cToite o3Haka P;_, T0 Tl 3HaXOIMMO BCl L <I}1<a}cx_ L Mrilriz IS
I[HOTO TYMHKOBOT'O TECTY 1 TaK Jaji AOTH, MIOKU PIBHICTh max Mﬂi ri. = My, Tig HE BHUKO-
1<jsk—-1  Tia-Tig 1

HAETLCA VI BCIX HAOOPIB 17, ... 7; ¢ 3 HB. Ilicns uporo miapaxoByeMO KUIbKICTh CUTYaIlll, KOJIX
J

piHicTe  max Mg, .

1<j<k-1
Ty T ¢ 3 HB. Ilo3Haunmo ne 4mcio gepes n, n — ue KUIBKICTh MOKJIMBUX KIHIIEBHUX BEPpLIINH

=Mrl.1__rl.£, (e=1,..,¢) BuUKOHyBaJlach i JeSKUX HAOOPIB

JIIK, sixe Moxe OyTu moOyI0BaHO 3a IIMM TYIIHUKOBHM TECTOM.
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BukoHaemo Taky * caMmy MpoueAypy UIsl KOXKHOTO TYMHMKOBOIO TECTy, 3HailleHOro 3a
¢dopmynoro (6) Ta MOPIBHAEMO 3HANACHE 7) sl KOKHOTO TYIIUKOBOTO TecTy. TecT, Ui sIKOro
1 Oyzne MIHIMaJIbHUM, 1 103BOJIsI€ TOOyayBaTu MiHiManbHe JIJIK.

BucHoBku BignmoBigHo a0 crarri. OTxe, 3BaXal0yl Ha BCE BUILE3a3HAYEHE, Y POOOTI
MO’KHA 3a(iKCYBaTH TaKi MOJIOKEHHS:

1.HaBitp y cutyanii BuHukHeHHsa nomuiiok y JIJIK Ha erami po6otu 3 TectoBoro BHOIp-
KOIO € MOXJIMBICTh BHUITpaBJIeHHS MOMUIOK (anmroput™m YIIP) muisixom Kopekiii CTpyKTypu
JiepeBa, TaKUM YMHOM IPaBUIIBHO Kinacugikyethes sk HB, tak 1 TB.

2.V nosinbHOMY JI/IK nmoOynoBanomy 3a nanumu nodatkoBoi HB Ha neskomy QikcoBa-
HOMY IUIAXY 7y, - 7i, (mwsixy B JIZIK) y mpoueci po3mni3HaBaHHS MOXJIMBE He OUIbLIE HIK

Ky_¢ — S mOMHUIIOK.

3.IHKOM JOIUTBHO MATH aJTOPUTM, 3a JOMOMOTOIO SIKOTO MOkHa Oyno 6 mooymysatu JIJIK
3a HermoBHOIO HB (i 3a KibKicTIO 00’ €KTIB, 1 3a KUIBbKICTIO 03HAK). [loOynoBaHe TakuM CHOCO-
oom JIJIK O6yne 6e3nmommiikoBo posmizHaBati yactuHy HB, 3a sikoro moOynoBaHe iepeBo, a Ha
HIIIUX HabOpax — IaBaTH MOMUIIKY (YHUKHYTH 1IbOTO MO>KHA, 3aCTOCYBaBIIH aroput™ YIIP).

4. osinsHe JIIK, mobynoBane 3a nanumu HB 3a MiHIManbHUM TECTOM, HE 3aBXK]IHU € Mi-
HIMaJIbHO MOKJIUBUM.

5.3aranbHy KibKicTh BepiiuH y JIJIK, sike moOynoBane 3a nanumu HB, MoxHa po3paxy-
BatH 3a popmynoro N = 2K — 1.

Cnncoxk BUKOPHCTAHUX JIZKepeJt

1. Srikant R., Agrawal R. Mining generalized association rules. Future Generation Computer
Systems. 1997. Vol. 13, Ne 2. P. 161-180.

2. Bacunenko 1O. A., Bacunenko E. 1O., Ilopxan [. @., Bamyk ®. I'. Konuenrtyansua ocHOBa
CHCTeM PO3Ii3HaBaHHS 00pa3iB Ha OCHOBI METO/Ia PO3TaTyKEHOr0 BHOOPY O3HAK. Haykoso mexHiyHull
arcypran « Cxiono-€sponeticokutl dicypran nepedosux mexuonoziuy. 2004, T. 1., Ne 7. C. 13-15.

3. Bacwmenko 1O. A., IToexan I. @., Bangyk @. I'. [IpoGnema OmiHKY CKIIaTHOCTI JIOTIYHUX JEPEB
po3Mi3HABaHHS Ta 3arajbHUN Meron ix onrtumizauii. Haykoso mexuivnuii ocypuan « CxioHo-
Esponeticoruii sicypran nepedosux mexronoeiuy. 2011. T. 6, Ne 4(54). C. 24-28.

4. Bacunenko 10.A., Iloxan [.®., Bamyk @.I". 3aramsHa olliHka MiHiIMI3aIlii JepeBONOIIOHNX
JIOTIYHUX CTPYKTYp. Haykoso mexniunuu scypuan «Cxiono-€8poneicokKull JdCypHAL Nepedosux
mexnonoeitiy. 2012, T. 1, Ne 4(55). C. 29-33.

5. Povhan L. General scheme for constructing the most complex logical tree of classification in pattern
recognition discrete objects. Enexmponixa ma inghopmayitini mexronoeii. 2019, Bun. 11. C. 112-117.

6. Bacwuienko IO. A., Bacunerko E. 10., TTosxan I. ®., Koau M. I, Hixaposua O. JI. MiHimi3aris
JIOTIYHMX JIEPEBONONIOHUX CTPYKTYp B 3afauax po3Mi3HaBaHHS oOpasiB. Haykogo mexwiunuii JHcypHan
«Cxiono-Esponeticokuti scypran nepedosux mexronoeity. 2004, T. 3, Ne. 9. C. 12-16.

7. JlaBep B. O., IloBxan 1. ®. Anroputmu moOyJI0BHU JIOTTYHUX JepeB Kiacuikalii B 3aadax
posmizHaBaHHS 00pasiB. Byeni 3anucku Taspilicbkozo Hayionanvroeo yHigepcumemy. Cepis: mexHiuti
nayku. 2019. T. 30(69), Ne 4. C.100-106.

8. Vtogoff P. E. Incremental Induction of Decision Trees. Machine Learning. 2009. Ne 4. P. 161-186.

9. IloBxan I. ®. Ilpobmema QyHKIIOHAIBHOI OLIHKM HAaBYAJIBLHOI BHOIPDKM B 3aJadax
pO3Mi3HABaHHS JUCKPETHUX 00 €KTIB. Bueni sanucku Taspilicbko2o HAYIOHAILHO2O YHIGEpCUMENI).
Cepis: mexniuni Hayxu. 2018. T. 29(68), Ne 6. C. 217-222.

10. Whitley D. An overview of evolutionary algorithms: practical issues and common pitfalls.
Information and Software Technology. 2001. Vol. 43, Ne14. P. 817-831.

References
1. Srikant, R., Agrawal, R. (1997). Mining generalized association rules. Future Generation
Computer Systems, 13 (2), 61-180.
2. Vasilenko, Yu. A., Vasilenko, E. Yu., Povkhan, I. F, Vashchuk, F. G. (2004). Conceptual
basis of pattern recognition systems based on the method of branched feature selection. Scientific and
technical journal “Eastern-European Journal of Enterprise Technologies, 1/7, 13-15 [in Ukrainian].

138



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

3. Vasilenko, Yu. A., Vashchuk, F. G., Povkhan, 1. F. (2011). The problem of estimating the
complexity of the logic trees, recognition, and a general method of optimization. Scientific and technical
Jjournal “Eastern-European Journal of Enterprise Technologies”, 6/4(54), 24-28 [in Ukrainian].

4. Vasilenko, Yu. A., Povkhan, L. F., Vashchuk, F. G. (2012). General estimation of tree logical
structures minimization. Scientific and technical journal “Eastern-European Journal of Enterprise
Technologies”, 1/4 (55), 29-33 [in Ukrainian].

5. Povkhan, I. (2019). General scheme for constructing the most complex logical tree of classifi-
cation in pattern recognition of discrete objects. Collection of scientific papers «Electronics and in-
formation technology», 11, 112-117.

6. Vasilenko, Yu. A., Vasilenko, E. Yu., Povkhan, I. F., Kovach, M. 1., Nikarovych, O. D.
(2004). Minimization of logic tree structures in pattern recognition problems. Scientific and technical
Jjournal “Eastern-European Journal of Enterprise Technologies”, 3/9, 12-16 [in Ukrainian].

7. Laver, V. O., Povkhan, L. F. (2019). Algorithms for constructing logical classification trees in
pattern recognition problems. Scientific notes of Tauride national University. Series: technical Scien-
ces, 30(69), 4, 100-106 [in Ukrainian].

8. Vtogoff, P. E. (2009). Incremental Induction of Decision Trees. Machine Learning, 4, 61—186.

9. Povkhan, 1. F. (2018). The problem of functional evaluation of the training sample in the
problems of recognition of discrete objects. Scientific notes of Taurida national University. Series:
technical Sciences, 29(68), 6, 217-222 [in Ukrainian].

10. Whitley, D. (2001). An overview of evolutionary algorithms: practical issues and common
pitfalls. Information and Software Technology, 43 (14), 817-831.

UDC 004.8:004.89:519.7
Igor Povkhan

FLEXIBILITY OF LOGICAL CLASSIFICATION TREES
IN PATTERN RECOGNITION PROBLEMS

Urgency of the research. Modern trends in the development of the theory of artificial intelligence require effective ap-
proaches and methods in the problems of recognition (classification) of images, but the fundamental problem of constructing
logical classification trees is the lack of algorithms and methods that would allow uniformly describe different recognition
algorithms in the form of classification trees. The work is devoted to the problems of logical classification trees, offers an
effective mechanism of learning and elimination of classification errors in the structure of the logical tree.

Target setting. At present, various methods and algorithms for constructing logical classification trees are known, but
all of them, as a rule, are reduced to the construction of a single classification tree according to the initial training sample,
and in the literature there are very few algorithms for constructing logical trees for large samples. It is clear that this is
based on objective factors related to the peculiarities of the generation of such complex structures, methods of working with
them and storage. This paper intends to at least partially overcome these limitations and is devoted to the development of an
effective mechanism for the completion and elimination of classification errors in the structure of the logical tree.

Actual scientific researches and issues analysis. The recent publications in the open access, which are devoted to the
problems of methods and algorithms of logical classification trees in the problems of pattern recognition, were considered.

The research objective. The possibility of efficient and economical operation of the proposed method of changing the
structure of the logical tree with arrays of training samples of large volume.

The statement of basic materials. Identification of the mechanism by which it would be possible to build a logical clas-
sification tree by incomplete initial information (both by the number of objects and by the number of features). This logical
tree will accurately recognize the part of the training sample on which the tree is built, and give errors on other sets (to avoid
this situation is proposed by applying the algorithm scheme to eliminate errors in the tree structure).

Conclusions. The proposed method of completion and elimination of errors in the structure of the logical classification
tree allows you to work with training samples of large volume and provides high speed and efficiency of hardware resources
in the process of generating the final classification scheme.

Keywords: recognition tasks; logical classification trees; elimination of classification errors; recognition scheme, dis-
crete object.
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Cepeiti I pinenxo
THOOPMAIIMHA TEXHOJIOTISI BABE3ITIEYEHHSI
CTAJIOT'O PO3BUTKY IT-IIIAIIPUEMCTB

Axmyanvnicme memu 0ocniodcenns. OcKinoKu 20108HUM 3a80aHHAM OdisinbHocmi 0yOb-akoeo 1T-nionpuemecmsa € po3-
pobra ma enpogadicenis iHPOPMAYIUHUX cucmemM ma MexHonoil, mo 6ci npoyecu, AKi N0G A3AHI 3 peanizayielo Ybo2o
Saet)aHHﬂ, NOBUHHI MAKOIHC suUKopucmosysamu npURyUnu cmajioco po3eumcKy.

Ilocmanogxa npoonemu. Ha cvboeo0ui 3anuuiacmocs HegupiueHum numanis cmano2o posgumky 1T-nionpuemcma, iio2o
CKAA008UX, NPUHYUNIE MA OCHOBHUX CKAAO0BUX CINAN020 PO36UNIKY.

Ananiz ocmannix oocnioycens i nyonikayiit. bynu posenanymi ocmanui naykosi nyonikayii 3 npeomemmnoi obracmi 3a
ocmani 11 poxis y giokpumomy 0ocmyni.

Buoinenns neoocnioscenux uacmun 3azanvnoi npoonemu. Heszeadicaiowu na me, wjo HUHI iCHye neéHa KiIbKICHb Q0C-
J0dICeNb, WO NPUCBAYEHT CINALOMY PO3BUMKY, HeMAE pobim, 8 aKux 6)10 O po3KpUMo nPeocmagients cmanozo po3eumxy 17-
nIONPUEMCMBA, 8paxosyiodl Cheyudixy ybo2o 0OMeHy.

Ilocmanogka 3a60aunsn. Memoio yb020 docniodicents € po3podka ingopmayilinoi mexnonozii 0 npedcmasieHts ma
3abe3neuents cmanozo po3sumxy IT-nionpuemcmea, wo 6KII0YAE XAPAKMEPUCIUKY Yb02O OOMEHY, d MAKONC POPMYBAHHS
CKNA008UX iHGPOPpMAYitiOI MmexHON02ii cmano2o po3eumky 8ionogiono 0o npedmemnoi obracmi ma Hageo0eHo OCHOBHI peKo-
Menoayii wooo peanizayii cmano2o po3eumky 6 konmexcmi IT-nionpuemcms.

Buknao ocnoenozo mamepiany. Y cmammi po3ensinymo numanms cmano2o po3sumky IT-nionpuemcms, wjo 6Kouac 6
cebe 00CniONCeH sl eBOMIOYIL NOHAMMS CMAN020 PO3GUMKY, NOOAHO ABMOPCbKE PO3YMIHHA MEPMIHY «CMAIUL PO3GUMOK
IT-nionpuemcmey, HagedeHO XapaKxmepucmuKy, NPUHYUNU Ma OCHOBHI CKIA008i CMao20 po3gumky. Busnauerno incmpymen-
mu 3abe3nedenHs ma peanizayii cmanozo po3gumxy @ konmexcmi IT-nionpuemcms.

Bucnoexu 6ionogiono 0o cmammi. /o 20106HUX pe3yIbmMamis 0OCHIONCEHHs. NPEOMEemHOL 001acmi MOJICHA 8iOHeCmU
asmopcvke po3yMinHs mepmina «cmanoz2o pozeumxy IT-nionpuemcmey, ma eusHaueHHs IHCMpyMeHmie 3a0e3neuenHs ma
peanizayii cmanozo po3eumxy 6 konmexcmi 1T-nionpucmcms 8ionogiono 0o 3anpononosanoi inghopmayitinoi mexnonoeii.

Kniouoei cnosa: ingopmayiiina mexronoeis, cmanuii possumox IT-nionpuemcms, npunyunu cmano2o po3gumxy; «3eneti» IT.

Puc.: 1. bion.: 21.

AKTyaJIbHiCTh TeMH J0cTiT:keHHsA. KOHIIEMIIIS «CTanoro po3BUTKY» € OJHUM 13 MIPIOpH-
TETHUX BEKTOPIB HAIIOI JEpaBH B yYMOBaxX ChOTOACHHS. Y IIbOMY KOHTEKCTI MPUHIUIH
CTaJIOr0 PO3BUTKY IMOBMHHI OyTH BIPOBAPKEHI B yci cepu AISIBHOCTI €KOHOMIKM KpaiHH.
3BaXkarouM Ha Te, 110 1HPOpMaIliiiHI CUCTEMH Ta TEXHOJOT1 € 000B’SI3KOBOIO CKIIAZIOBOIO OY/Ib-
SKO1 JISUTBHOCTL, TO X MOXHa BBAKATH BAXKIMBUM aKTHUBOM CTIMKOTO PO3BUTKY. OCKUTbKH
TOJIOBHUM 3aBJaHHSAM JISUTBHOCTI Oynb-sikoro [T-minmpueMcTBa € po3poOka Ta BIPOBAHKEHHS
TaKUX CHCTEM Ta TEXHOJOTIH, TO BCl MPOILIECH, K MOB’S3aHl 3 peai3alli€lo IIbOro 3aBJaHHS,
MOBHHHI TAKOK BUKOPUCTOBYBATH MPUHIIUITU CTAJIOTO PO3BUTKY.

AHali3 ocTaHHIX JociaigxeHb Ta nyoaikaniii. JlocnmimkeHHs mnpenMeTHol 0061acTi
«ctanoro po3BUTKy I[T-miampueMcTB» mpeacTaBlieHi poOOTaMH SK 3aKOPAOHHUX, TakK 1
BITUM3HSHUX BYEHUX, cepel skux S. Murugesan, S.Naumann, A.Konys, M. Lungu,
B. C. Xapuenko. Jlo pe3ynbpTariB J0CIKEHb MOKHA BigHecTH [6-9; 11; 13-14].

IMocTanoBka npodiemu. He3pakaroun Ha Te, 110 Ha CHOTOJHI ICHY€ TNEBHA KUIBKICTh
JOCIIJDKEHb, 10 MPHUCBSIYEHI CTAIOMY PO3BUTKY, HEMae poOIT, B SKUX OM OYyl0 PO3KPUTO
MIPEJICTaBJICHHS CTaJoro po3BUTKY I T-niAnpuemMcTBa, BpaXoBYyIOUH CEHU(PIKY IILOTO JOMEHY.
Omxe, TOCTae MUTAHHS MPO PO3KPUTTS MUTAHHS cTajgoro po3BUTKy IT-mimmpuemMcTs, HOro
CKJIQJIOBUX, MIPUHIIUIIB Ta OCHOBHUX CKJIAJJOBUX CTAJIOTO PO3BUTKY.

Buxkiax ocHOBHOro marepiasy.

EBoJironist TeOpeTHYHUX NOTVISANIB HA KATErOPil0 «CTAJHI PO3BUTOK.

[leprmiM etarom B iCTOpii CTaHOBJICHHS KOHIIEMINl CTAaJOro PO3BUTKY MOXHA BBaKATH
Kondepenmiro OOH 3 npobieM HaBKOJIMIIHBOTO CEPEIOBUINA, IO BiaOynacs B CTOKroyibMi B
yepBH1 1972 poky. Kondepenuis y CTOKroysmi Mokjaina No4aTok po3BUTKY MPUPOJI00XOPOHHOT
MOJIITUKY Ha JIEP>KaBHOMY PIBHI, @ TaK0X MPHUPOJOOXOPOHHOTO PyXy B CBITOBOMY MAacCIITaOi.
Lleit TepMiH He BUKOPUCTOBYBABCS IMPSIMO, ajle BCE-TaKM MDKHApPOJHA CILUIBHOTA MOTOAMIACS 3
TIPUHITUIIOM, SIKHI TETIep € OCHOBOTIOJIOKHUM JUIS CTAIIOTO PO3BUTKY — 1 PO3BUTKOM, 1 JOBKULISIM,
SIK1 PO3TIISIAIUCS JI0 TOTO Yacy SIK OKpeMi MUTaHHS, MOKHA B3a€MOBUTITHO YIIPABIISITH.

© I'pirenko C. A., 2019
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Jlume uepe3 15 pokiB TEpMIH «CTaaMil PO3BUTOK» OYB MOMYJISPU30BAHUHN 3aBASKH
nonoBiai BeecBiTHROT KOMICIT 3 HABKOJIMIIHBOTO cepenosuila «Hare criyibHe MailOyTHeE» Ta
OyB BXXKUTUH Yy TOMY K CMHCHI, 10 BBAXAETHCS «KJIACHUHUM» BU3HAUEHHSM CTaJOr0 po3-
BUTKY: «PO3BUTOK, SKMH BIINOBIJa€ MOTpedaM ChOrOACHHS 0€3 LIKOAW A MOXKIUBOCTEH
MalOyTHIX MMOKOJIIHB JUIsI 3a/I0BOJICHHS BIIACHUX OTPEOY.

AKTyaJbHICTh CTAJIOTO PO3BUTKY MigKpeciaeHo B Mexax pobotu Kondepeniii OOH y Pio-
ne-Xauneiipo B 2012 p. (Pio+20), pimenp 195 kpain-yuacuukiB koHdpepenuii OOH mono
3minu kiimary (Ilapwxk, 2015) ta Vka3y Ilpesunenra Ykpainu «lIpo Crparerito cranoro
po3BUTKY “YKpaina — 20207».

Ha cporonni icHye nekuibka BU3HAYE€Hb MOHSTTSA «CTAJOTO PO3BUTKY» B PI3HHUX KOH-
Tekcrax [1-2; 16-19].

3araJbHONPUIHATUMHU 1 HAOLTBII MOIIMPEHUM € TaKl BUZHAYEHHS.

Cranmii po3BUTOK — 1€ TaKM PO3BUTOK KpaiH 1 perioHiB, KOJIM €KOHOMIUHE 3POCTaHHS, Ma-
TepiajJbHe BUPOOHMIITBO 1 CIIOKUBAHHS, a TAKOX 1HII BUJU AISUIBHOCTI CYCIUIbCTBA BiiOyBa-
IOTHCSl B MeXaX, SIKI BA3HAUAIOThCS 3[aTHICTIO €KOCUCTEM BITHOBIIIOBATHUCS, MOTJIMHATH 3a0py-
JHEHHS ¥ MATPUMYBATH KUTTEAISUIBHICTD TEMEPIIIHIX Ta MAalOyTHIX MOKOMIHB [1].

Cranuii po3BUTOK — II€ TaKHI PO3BUTOK CYCIIUIbCTBA, 32 SIKOTO 3a7[0BOJIEHHS MOTPeO HU-
HIIIHBOT'O MMOKOJIIHHS MOBUHHO BpPaXOBYBaTH IHTEpeCcH MailOyTHIX MOKOJIHG [2].

BignosimHo 10 pesomrouii, npuitHaToi ['enepanbHOl0 AcambOneero OOH 25 BepecHs
2015 poky y cepi cranoro po3Butky 10 2030 poky [3], 30kpema 1t Ne 9 «CTBOpeHHs CTiHKOT
1H(PaCTPYKTYpH, CIIPUSHHS BCEOCSHKHIN 1 CTIMKIN 1HAyCTpiali3alii Ta IHHOBALISIM», MO>KHA BU-
JUIMTH TaKl ITyHKTH BUKOPUCTaHHS MPUHIMITIB CTAJIOr0 po3BUTKY 11 ynpasiiHas B IT chepi:

— pO3BMBATH SIKICHY, HaJlliHY, CTaIly IHPPACTPYKTYPY, BKIIOYAOUH PEriOHANIBHY 1 TPAHCKOP-
JIOHHY 1H(PaCTpyKTYpy, Ui MIATPUMKH EKOHOMIYHOTO PO3BUTKY 1 400po0yTY Jtoziei;

— 110 2030 poky MOJepHI3yBaTu 1H(QPACTPYKTYpy Ta nepeodiajHaTH MPOMUCIOBI M-
MIPUEMCTBA, 3pOOMBILIM X CTIMKMMH 332 PaxyHOK HIJIBULICHHS €(EKTUBHOCTI BUKOPUCTAHHS
peCypCiB 1 OUIBII MIMPOKOTO 3aCTOCYBAHHS YUCTHX Ta €KOJOTIYHO OE3MEeYHMX TEXHOJOTIH 1
IIPOMUCIIOBHX IPOLECIB 32 YYaCTIO BCIX KpaiH BIAMOBIIHO A0 iXHIX IHAMBIIYaJIbHUX MOXKIIHU-
BOCTEII;

— aKTHMBI3yBaTU HAYKOBI JIOCIIKEHHsI, HAPOILyBaTH TEXHOJIOITYHUM MOTEHLIal IPOMUC-
JIOBHUX CEKTOpIB Y BCIX KpaiHaX, 0COOIMBO TAaKUX, 10 PO3BUBAIOTHCS, Y TOMY YHUCII IIISIXOM
ctumyitoBaHHs 10 2030 poky 1HHOBAIIMHOT JISJIBHOCTI Ta 3HAYHOTO 30UIBLICHHS YHCEb-
HOCTI NPAIIBHUKIB y cepi IHHOBALIIH;

— CIPUATH PO3BUTKY €KOJIOTIUHO CTaNoi IHPPACTPYKTYpU B KpaiHax, 110 PO3BUBAKOTHCH,
yepes 30UIbIIeHHs] (PIHAHCOBO1, TEXHOJIOTIYHOI Ta TEXHIYHOT MATPUMKH;

— MIITPUMYBATH PO3POOKH, JOCTIDKEHHS Ta IHHOBALI y cepi BITUYM3HIHUX TEXHOJIOTIH;

— ICTOTHO PO3IIMPHUTU AOCTYII O 1H(HOPMAIIHHO-KOMYHIKALIHHIX TEXHOJIOTIH.

BignosigHo no onepariiinoi i 1.2. «CTBOpEHHS KUTTECTIMKOT IHPpacTpyKTypH, CIIpU-
SIHHS 1HKJIIO3MBHOMY €HEproe(eKTMBHOMY Ta IHHOBALIITHOMY MPOMMCIOBOMY PO3BUTKY»
Crpareriynoi uini Ne 1 [4], MOXHa BUAUIMTU Taki KPOKH ISl TOCSTHEHHS CTAJIOr0 PO3BUTKY
BITYM3HSHOI IPOMUCIIOBOCTI:

— chopmyBaTH oprasizaliiHy HPPACTPYKTYpy HIATPUMKU MIANPUEMHHULITBA Y BUIIISAL €KO-
CHCTEM, TEXHOIAapKIB, O13HEC-IHKYOATOPIB, MEPEK HAJAHHS MOCIYT MiIIPUEMCTBAM, 30KpeMa Ha
3acajiax AepXKaBHO-IPUBATHOIO MApPTHEPCTBA; CHPUSITH PO3BUTKY KIIACTEPHUX MEPEIK;

— 110 2030 poky MojepHi3yBaTH 1H(}pacTpyKTypy 1 NiANPHEMCTBA 0a30BUX Taiy3ei mpo-
MUCIIOBOCTI, 3pOOMBILIM iX 30alaHCOBAaHMMHU 3a PaxXyHOK IMIJBUILEHHS e(i)eKTI/IBHOCTi BU-
KOPHCTAHHS NPUPOJIHAX pecypcua Ta MHKPIIOTO 3aCTOCYBAHH: eHeproeeKTUBHUX 1 €KOJIO-
rYHO OE3MEeYHUX TEXHOJIOTIM YMCTOro BUPOOHUIITBA Ta IHTEIPOBAHUX CUCTEM YIPABIIHHSA
3TiHO 3 MDKHAPOJIHUMHU CTaHIapTaMUu;

— 110 2030 poKy HapOCTUTH YaCTKy peai30BaHOi IHHOBALIMHOT MPOAYKIil B 00cCs31 Mpo-
MUCJIOBOT poAyKIii 10 15 %;
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— aKTHBI3yBaTH HAYKOBI JIOCHI/DKEHHS, HAPOIIyBaTH TEXHOJOTTYHHUHA MOTEHLIAT IPOMUC-
JIOBHUX CEKTOPIB, 30KpeMa IUISIXOM CTUMYJIIOBAHHS IHHOBAIIMHOT TISUTBHOCTI,

— CTBOPUTH HAIlIOHAIbHY IHPPACTPYKTYPY T'EONPOCTOPOBUX AAHUX MPOMHCIOBHX Iij-
MPUEMCTB Ta IXHHOTO BIUTUBY Ha NOBKULIS (PEECTPH BHKHUIB, CKUIIB 1 IEpeHOCY 3a0pyIHIO-
I0OYUX PEUYOBHUH).

IHonsaTTs «cTajoro po3sutky IT-nminpuemcrBar.

Jlnst JoCHipKeHHs TpeIMETHOT 001acTi OyiM MmpoaHaizoBaHi Taki JKepena:

— Ilopsimok meHHU y ramysi crajgoro po3BUTKYy Ha mepiog mo 2030 poky. Pesomroris,
npuiinsta ['enepansHoo Acambneero OOH 25 Bepecus 2015 poky [3];

— Crparteris cranoro po3BuTKy Ykpainu 10 2030 poky [4];

— HAYKOBI1 JOCIIIPKEHHS 3aKOPJIOHHUX Ta BITYM3HSIHUX BUEHUX [5-14];

— HOpMAaTUBHO-3aKOHOJaB4a 0a3a (cTaHmapTH, 3aKOHU TOI0) [20-22];

— OINUTYBaHHS JOMEHHUX EKCIEPTiB.

ITin «cranmii PO3BHUTKOM IT» Oynemo po3ymiTu KepoBaHMW PO3BUTOK, OCHOBOIO SIKOTO €
eKOJIOTTUHUH MiaXia (EKOMiAXiT), a TAKOXK SAKUHA XapaKTepH3yEThCS HAIPAMAaMH, NPHHIUIIAMH,
CKJIaJIOBUMH, IHCTPYMEHTAaMH 3a0€31eYEeHHs CTaJIOro possutky IT- -MIPUEMCTB Ta MOJCTISIMHU
IT-mignpuemcTB. OCKUTBKM OCHOBHOKO AisbHICTIO IT-mignmpuemMcTB € po3poOka, BIpoBa-
JDKEHHS Ta CynpoOBOKEHHS rporpamuoro 3abesneuenns (I13), to I13 posraspaerbes sik oc-
HOBHMI akTuB AisuibHOCTI IT-xommaniif. Tomy B il crarTi «ctamuii po3Burok IT-mix-
MPUEMCTBY JIOCIIIKYETHCS caMe 3 OISy po3poOku mporpamMHux npoaykris (I111).

BpaxoBytoun BHIIeHaBeIEHI TBEPKEHHS, MOKHA HABECTH 3aBJAaHHS 3aCTOCYBAaHHS €KO-
MIAXOAY B AOCTIDKEHHIX MisutbHICTI [ T-mianpueMcTs:

1.3acrocyBanHsaM 110 po3poOku 113 3araabHUX MPUHLMUIIB 1 BUMOT €KOJIOTIYHOTO BUPOO-
HUIITBA 1 BUKOPUCTAHHS TeXHIYHUX 00 ekTiB [6; 9; 10; 12].

2.Peanizaiiero «3eJ€HOTO», pecypco3depirarouoro ta Oe3BimxomHoro BupoOHuirrBa I13
(8, 13, 14].

3.BnpoBamxenns B ympasiinHsa [T migmpueMcTBaMu HOBUX MOJEIEH 3 ypaxyBaHHSIM
MPUHIIMIIB CTAJIOTO PO3BUTKY [5; 7; 9; 11].

Bupimenss nuux 3aBnaHb BUMarae po3po0OienHs iHdopmaniiiHoi TexHosorii 3a0e3nedeHHs
crajoro po3BuTKy IT-minnpuemcts. Ha puc. 1 HaBeneHO OCHOBHI CKJIaa0Bi iH(popMamiitHOT
TEXHOJIOTIi.

IIporpamue
3a0emneyeHHs
Indopmaniiine Anapathe \
3a0e3neyeHHs 3a0e3neYeHHs
Irdopmamiiina
TEXHOJOT1s \
3a0e3MmeueHHS
CTaJIOro
PO3BUTKY
: HopmatuBHO- |
TexHomnoriuae \
/ IIpaBOBE
3a0e3neyeHHs
3a0e3neyeHHs
Marematrune
3a0e3neyeHHs

Puc. 1. Ckraoosi inghopmayiiinoi mexnonoeii cmaioeo po3eumxy
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[lin iHCTpymMeHTaMu 3a0e3MeueHHsT Ta peali3alii CTaloro pO3BUTKY B KOHTEKCT1
IT-mianpuemctB OyznemMo po3yMiTH:

— CTBOPEHHS Ta MIATPUMKY poOOTH iH(OpMaIIfHO-aHATITUYHUX LIEHTPIB, OCBITHIX Ta Ha-
YKOBO-ZIOCHIIIHUX YCTaHOB 13 NMUTaHb CTAJIOr0 PO3BUTKY Ta AHAIOTTYHMX LEHTPIB Kpalux
MIPAKTHK CTAJIOTO PO3BUTKY;

— NPIOPUTETHICTh PO3POOKH Ta BIPOBAKEHHS E€KOJIOTIUHUX TEXHOJIOTIH, 30KpeMa eHep-
TOOIAJHUX 1 HU3bKOBYTJICLIEBUX;

— 3a0€3MeYNTH HAyKOBY OOI'PYHTOBAHICTh pillIeHb Yy c(epi BpaxyBaHHsS HNPUHLUIIB CTa-
JIOTO PO3BUTKY,

— CIPUATH PO3BUTKY JOCIIDKEHB, 110 3a0€3MeUyIOTh OLIIHKY PeCcypcCiB Ta iX €()eKTUBHOIO
BUKOPHUCTaHHS;

— BOPOBA/KEHHSI HOBUX Mojened B ynpaniiHHsA [T-mianpuemcTs (ekocucremu, Oi3Hec-
IHKYO0aTOPH, TEXHOLIEHTPH TOILIO);

— BUKOPUCTaHHA y AisuibHOCTI [ T-mianpueMcTB pecypcosbepiratrouoro I13;

— BUKOPHUCTOBYBATH Ha BCIX eTanax >kutTeBoro nukia 111 mpuHIuniB «3eneHocTi;

— BUKOPUCTOBYBATH IHHOBALIIT Ta KpaLll MPaKTUKH 3 po3poOku 113.

BucnoBku BianoBigHo a0 cratri. Lt cranoro po3surky IT-mignpreMcTs, BpaxoByroUH
cneuu@iky iXHbOI JISUIBHOCTI, MAIOTh CTAHOBUTU CHUCTEMY B3a€MOY3IO/DKEHUX 3aX0/iB. Y Mpo-
1eCl BU3HAUEHHs LUIEH CTAJoro po3BUTKY, BIANOBIAHUX 3aBJaHb Ta MOKA3HUKIB HEOOXITHO
BpPaxoBYBATH INI00AIbHI OPIEHTHUPH PO3BUTKY TIOMEHY. Y CTaTTl PO3MJIAHYTO MUTAHHS CTAJIOro
po3BuTKy IT-miampuemMcTB, Mo BKIIOYAE B ceOe JOCTIHKEHHS €BOJIIOLT MOHATTS CTAJIOTO PO3-
BUTKY, MIOJ]aHO aBTOPChKE PO3YMIHHS TEPMIHY «cTanoro po3Butky IT-mianpuemMcTsy, HaBeAEHO
XapaKTEPUCTUKU, TPUHIMIIN Ta OCHOBHI CKJIJI0B1 CTAJIOTO PO3BUTKY. BH3HAUeHO IHCTPYMEHTH
3a0e3neyeHHs Ta peasizallii cTajioro po3BUTKy B KoHTeKcT! I T-nminnpuemcts.
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INFORMATION TECHNOLOGY TO PROVIDE SUSTAINABLE
DEVELOPMENT OF IT-ENTERPRISES

Urgency of the research. From the point of view that the main task of any IT enterprise is to develop and implement in-
formation systems and technologies, all processes related to the implementation of this task should also apply the principles
of sustainable development.

Target setting. Nowadays the issue of sustainable development of IT enterprises, its components, principles and main
components of sustainable development are unresolved.

Actual scientific researches and issues analysis. The latest scientific publications in the domain for the last 11 years
were considered and were publicly available.

Uninvestigated parts of general matters defining. Despite the fact that today there is a certain amount of research on
sustainable development, today there are no works in which the representation of sustainable development of an IT enter-
prise would be disclosed, given the specifics of this domain.

The research objective. The aim of the research is to develop information technology to represent and ensure the sus-
tainable development of the IT enterprise, including the characteristics of the domain, as well as the formation of components
of sustainable development information technology in the subject area, and provides basic recommendations for the imple-
mentation of sustainable development in the context of IT enterprises.

The statement of basic materials. The article deals with the issues of sustainable development of IT enterprises, which in-
cludes the study of the evolution of the concept of sustainable development, presents the author's understanding of the term "sus-
tainable development of IT enterprises”, describes the characteristics, principles and main components of sustainable develop-
ment. The tools for providing and implementing sustainable development in the context of IT enterprises are identified.

Conclusions. The main results of the domain research include the author's understanding of the term "sustainable de-
velopment of IT enterprises” and the definition of tools for providing and implementing sustainable development in the con-
text of IT enterprises in accordance with the proposed information technology.
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COMPARISON OF COMMUNICATION PROTOCOLS FOR SMART DEVICES

The urgency of the research. Modern trends in the automation focus on the implementation of new communication pro-
tocols, wireless data transfer and reduced costs. The communication part of every automation system is crucial, whether it is
in the home or industry.

Target setting. During the design of the automated systems and the connection of different devices solution, developers
have to address different requirements as addressing, data rates, data security, etc. The newest communication protocols and
data transfer technologies provide significant data rate and MCU load reduction.

Actual scientific researches and issues analysis. To prepare this paper, different free available datasheets and experi-
mental solutions were analyzed as well as conclusions of our previous and other ongoing experiments were used to create the
knowledge base about this research topic.

Uninvestigated parts of general matters defining. There are many different communication solutions and every manu-
facturer of communication device provides its best solution. Not all of them can be described in this article.

The research objective. The different communication technologies were analyzed for future implementation to a smart
devices for home automation, in this article.

The statement of basic materials. To propose a future model of home automation system, it is necessary to implement
the newest communication technologies. Using the latest communication protocols, such as MOQTT, CoAP or Websocket pro-
vides a good basis to solve this issue.

Conclusions. The proposed paper provides possibilities of the communication for a smart devices of the home automa-
tion system. Compared communication protocols have different advantages and disadvantages. The tested protocols meet the
communication requirements for home automation devices.

Keywords: communication protocols; smart devices;, home automation.
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Introduction. Internet of Things is the term which is used to describe any form of appli-
cations that connect and make things — devices to interact through the internet. These devices
and “their” network can be divided into Consumer Internet of Things (CloT) and Industrial
Internet of Things (IIoT). These classes of [oT share the same architecture composed of:

Data collection

Data storing
Analysis of data
Share of information

The IoT for customers or simply 10T represents the consumer oriented applications where
all the devices are working to fulfil the needs of the consumer. Typical representatives of this
class are smart devices of home automation systems, for example: refrigerator, washer, dryer,
personal gadgets such as fitness sensors, smartwatches, etc.

The typical data volumes and rates are relatively low for these systems. The gathered data
represent temperature, air pressure, number of steps and other information. The majority of
applications are not mission or safety critical and the failure of the devices won't cause any
harm, maximally financial or comfort [1].

The Industrial Internet of Things IIoT (Fig.1) represents the industrial applications of in-
terconnected devices which work together [2].

Typically devices operate in industrial grade transport systems, energy production or dis-
tribution and also medical environment, etc. The data volumes and transmission rates are rela-
tively higher than in standard IoT. The majority of applications are critical in meanings of
goals, aims and safety. Failure or bigger delay can cause great damage, both financial and en-
vironmental, e.g. failure of smart grid has a severe impact on the life of people and economy,
the errors of intelligent traffic system can threaten drivers and walkers too. The majority of
ITIoT applications are system centric [3].
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Fig. 1. Typical lloT system

INDUSTRY 4.0 is the term describing the increased integration of information and communi-
cation technologies into production systems. According to the three leading German associations
of mechanical engineering, information, communication and electrical industry, Industry 4.0 aims
for optimization of value chains by implementing an autonomously controlled and dynamic pro-
duction. With this integration better customization and individualization is carried out [4, 5].

The minimal requirements to determine the suitability of protocols are based on the shown
automated monitoring system. (Fig. 2) The main goal of the system is to collect the tempera-
ture and humidity in three different room, and in case of emergency alarm the people are
warned in the room through a signaling device, smartphone, tablet or notebook.

SENSORS MCU DEVICES

» Room 1 ~
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6\_ P ‘
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Fig. 2. Automated monitoring system

The collected data is processed from digital values to temperature and humidity in the mi-
crocontrollers and after that is sent to the cloud platform. The message body will consist of ad-
dress and measured value. The values should be collected every 1 hour. The data is represented
as numbers with two decimal places. Because of the experimental nature of the monitoring sys-
tem the data collection is not time critical and the data rates are based on the available wireless
connection to a local Wi-Fi router. For this system the measured values are not sensitive or pri-
vate data therefore the security is not a critical aspect. The data collection will be carried out on
one floor of an administrative building where all three rooms are adjacent. The aim of the ex-
periments is not to test the technical characteristics of the standardized communication proto-
cols but to find a suitable, easily applicable protocol for the proposed automation system.
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Data processing. The data is collected from the cyber-physical world (CPS). CPS is the
instrument to reach the increased automation. The main parts of CPS are microcontroller
(MCU), actuators, sensor and communication interface. CPS can work autonomously and co-
operate with the production environment.

By integrating CPS to the industrial system a “smart factory” is created. Depending on the
type of applications data is being created from sensors or sensor networks for market analysis,
web pages statistics, etc. The collected data is stored for on-line and off-line processing.

The stored data is analyzed, statistics are created and short/long term trends are updated.
The processed data is shared to the relevant services or applications and subscribers. These
systems are supposed to react, display, publish, and store the data. The key requirement in IoT
is the efficient and scalable data sharing. The degree of performance depends on the applica-
tion and sharing platform. Several standards to fulfil the requirements have been proposed to
address this key need of the 10T [6].

There are two key aspects in the [oT: the devices and the server side that supports them. In
some applications there is a third category, the gateway that supports data aggregation, event
processing, bridging. The gateway connects the device to the wider Internet. The connections
are based on GPRS connectivity, battery discharging, radio interference, etc, for both types of
connections. Typical representatives of devices are embedded controllers of lower and higher
classes, such as Arduino, Arduino Yn, and Raspberry Pi.

Some of these devices integrate sensor, some include communication interfaces. The
communication between devices, Internet or the gateway is usually carried out by different
models (Fig. 2):

e Direct Ethernet or Wi-Fi connectivity, TCP or UDP
Bluetooth
Bluetooth Low Energy (BLE)

Near Field Communication (NFC)
Zigbee

SRF and point-to-point radio links
UART or serial lines

SPI or 12C wired buses

ESPNow etc. [7]

There are many protocols to regulate the communication. For example HTTP protocol is
very important for many devices, and a simple controller can create request such as GET and
POST to read or write data to other device.

Although the HTTP is supported by many devices and is well known protocol, it has some
disadvantages such as the size of the overhead, big requirement on memory size and power re-
quirements. In order to fulfil needs of IoT we need simpler, smaller communication protocols.

Other requirements for IoT devices are:

e The ability to disconnect a rogue or stolen device.

The ability to update the software on a device.

Updating security credentials.

Remotely enabling or disabling certain hardware capabilities.
Locating a lost device.

Wiping secure data from a stolen device.

Remotely configuring Wi-Fi, GPRS or network parameters [8].

Testing of communication protocols. For the testing of basic communication properties
we used the MCU ESP 32 and ESP 8266 connected to sensors and LEDs.

The main goal was to find the most suitable easily configurable communication protocol
for embedded devices of smart homes and consumer IoT applications. The detailed parame-
ters of MCU are described in the next section.
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The ESP32 microcontroller. It supports different applications of different complexity,
from simple sensing with one MCU to sensor networks. The MCU integrates two microchips
with different operation cycles from 80-240 MHz. The main board includes various peripher-
ies such as: capacitive sensors, hall sensor, communication interfaces SDIO, SPI, UART, 128,
and 12C. Bluetooth, Bluetooth Low Energy and Wi-Fi are available to support wireless com-
munication. Technical details of MCU are described in the Table 1 [9, 10].

Table 1
Technical details of ESP8266 and ESP32
Characteristics ESP8266 ESP32
MCU Xtensa Single-Core Xtensa Dual-Core
32-bit L106 32-bit LX6 600 DMIPS
Frequency 80 MHz 80-240 MHz
Wi-Fi 802.11 b/g/n 802.11 b/g/n
Bluetooth No BL v4.2, BLE
SRAM 160 kB 512 kB
Flash SPI Flash, up to 16 MB SPI Flash, up to 16 MB
GPIO 17 36
HW/ SW PWM No/8 channels 1/ 16 channels
SPI/I2C/12S/UART 2/1/2/2 4/2/2/2
ADC 10 bit 12 bit
CAN No 1
Ethernet Mac interface No 1
Touch sensor No Yes
Temperature sensor No Yes

Programming of devices was conducted in Arduino IDE programming environment. The
described MCUs created the base of experiments. With their communication interfaces they
have many connectivity options. The EP32 was used as a basis for the MQTT Experiment.

The ESP8266 microcontroller has been used with the Wi-Fi, WebSocket, CoAP protocols.
Both development boards are part of the monitoring system, where ESP8266 board is used
with HTTP and ESP32 is programmed as a MQTT signaling device.

Communication protocols.

CoAP - Constrained Application Protocol. This is an alternative to HTTP. It is currently
applied in various IoT solutions, where the client-server structure is preferred and not the bro-
ker as with MQTT. It uses a binary representation of data that is more efficient than HTML or
XML format. The formatting protocol uses, among other things, message header compres-
sion, resource search, automatic configuration, and other additional features. It supports 4
types of messages: No Confirmation, With Confirmation, Reset, and Only Confirmation [10].

MQTT is a communication protocol for M2M (machine-machine) connection. It is de-
signed as a "very light" communication protocol for sending messages between the publisher
and the subscriber with the aim to minimize bandwidth and minimize equipment resource re-
quirements, but with reliability and a certain amount of messaging (Fig.3). These goals have
made MQTT an ideal case for internet and M2M protocols, and for mobile applications where
bandwidth and battery capacity are limited.

The current implementations are in experimental workplaces that are focused on: location-
based messaging, home automation, automation in a laboratory environment, as this protocol is
still being developed, In addition to experimental solutions, deployment options are explored in
everyday applications like Facebook Messenger, Amazon Web Services, and more [11, 12].

The MQTT protocol works on TCP / IP and provides lossless, two-way communication.
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Fig. 3. MOTT communication principle

WebSocket is a protocol that allows communication between the client and the server (end-
point) using the TCP protocol. The advantage of WebSocket communication is a full duplex
connection, which allows simultaneous two-way communication over HTTP protocol. Header
is smaller than HTTP. The communication cycle is as follows:

1. The client sends the handshake request to the server.

2.The server responds to the request with the next HTTP header, the last in this communi-
cation, if the request is received, the server sends an HTTP client message that switches to
WebSocket protocol.

3.From now on, communication between the client and the server is open, and they can
exchange an unlimited number of messages until the end of the connection [13].

Experiments. The experiments were focused on creating functioning wireless connection
with the MCU. Each experiment use a different protocol described in the previous section
with aim to find a most suitable, sustainable one for embedded devices in industrial field and
home automation systems.

Protocol CoAP. One of the newest protocol for IoT is CoAP- Constrained Application
Protocol. CoAP is similar to HTTP (Fig. 4). To test this protocol the ESP8266 board was used
with combination of a web tool Cupper. This protocol uses methods PUT, GET, POST, and
DELETE to exchange data.
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°
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Fig. 4. Preview of Cupper interface during CoAP communication
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The communication addressing is based on IP addresses of devices. If the control algorithm
process the received data and the callback function includes relevant messages the MCU exe-
cute the received orders. In our case acknowledge message and LED light were executed.

The experiment with this protocol showed that “constrained communication” or smaller mes-
sages with binary format are suitable for MCU and embedded devices. This protocol is currently
under development and not all platforms are supported, which is currently a big disadvantage. The
latency during the test was up to 800 ms, which is sufficient for non-time critical applications.

Protocol Websocket. To test this protocol the combination of ESP8266 and RGB LED was
used. ESP board creates webserver, an internal web page with 3 sliders to control the colors of
LED. Individual sliders represent values for each color of RGB, carried as 3 hexadecimal numbers.
This type of communication is suitable for wireless controllers of remotely controlled devices.

Through this continuous connection we are able to control the color of RGB without wai-
ting or interrupting the connection. Preview of control program and received messages are
shown on the Figure 5.

L5 broak: @ CoM5
46 case WStype IEXT: |
USE_SERIAL.printf("[%u] get Iext: ¥s\n", num, paylcad): [0) get Text: #FfdaSh
= [0] got Toxt: #ffdcSa
9 if (payload[0] == '§') { (0] get Text: #ff4eSy
/1 wo got RGB data [0] get Text: prtest
- [0] gel Text: $LI4eST
52 /1 decede xgb data [0) gt Text: $FFdeSE
53 ulntd2_t rgd = (uintdZ_t) strtcl((const char *) &payload[l], NULL, 1€); [0] get Text: #ff4cSd
f“ (0] get Text: #ff4eS3
55 analogArite (LED _RED, (trgk >> 16) & OxER)): {0] get Text: prt4esl
17 ana te(LED_GREZN, ((rcb »> ) & OXFE)): [0] get Text: JCftedf
SY analecirite (LED_BLUE, ({xek >> 0} & OXFE)): (0] get Text: #fféede
_; ! [0] got Text: #ffécdd
X (0] get Text: #fféedc
@0 break
= ) [Z] Autematicxs reienania
-

Fig. 5. Preview of WebSocket communication
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Fig. 8. Preview of monitoring systems interface

The Ubidots cloud provides MQTT broker to control the communication, which exchange
messages between the publisher and the subscriber with the relevant topics. Messages repre-
sent the last value of variable, to which is subscribed at least one subscriber. Publisher send
data with method PUBLISH, and adds values to TOPIC, basically the name of a variable or
information of a sensor. The Figure 9 shows the received messages in the EPS board. Mes-
sages control a connected outputs, in this case LEDs on/off states.

@ CoM3 = m] X
[ | [CPostar_]

~

Message arrived in topic: /vl.6/devices/esp32/relay2/1lv
Message:0
relay 2 == 0

Message arrived in topic: /vl.6/devices/esp32/relayl/lv
Message:1
relay 1 == 1

Fig. 9. Preview of messages from the monitoring system

These tests showed that with an integrated MQTT broker, it is well prepared for integra-
tion in to IoT systems of nowadays. For more advanced devices like Raspberry Pi, which
have advanced technical features, it is easy to use HTTP protocol but for embedded devices
with limited computing capacity MQTT is more suitable.

Finally, a comparison of the tested communication protocol is shown in the Table 2.

Table 2
Comparison of tested communication protocol
HTTP MQTT CoAP WebSocket
Transfer TCP TCP UDP TCP
Mechanism Request/Response| Publish/Subscribe Request/Response Publish/Subscribe
Designation Smart Energy, Remote access Local networks and Smart Energy,
home automation communication home automation
Quality QoS 0-1-2 With acknowledgement/
Without
Architecture Client/ Server Publisher/Subscriber Publisher/Subscriber WebSocket Serv-
with restrictions er/Client
Message size big small small Hinfinite®
Format ASCII Binary Binary
Data distribution 1tol 1 to 0/1/N 1tol 1tol
Security No, HTTPS for SSL/TLS Less safe as HTTP SSL/TLS
safe comm. (UDP)
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It summarizes the main characteristics of protocols. Even all protocols are different in
some meaning, they are suitable to be used in the [oT area.

Conclusion. In this paper, a comparison of selected IoT communication protocols is de-
scribed. The communication protocol CoAP is unique in the size of the transferred messages but
has its limitations in the currently supported platforms. CoAP will find its enforcement in the
embedded devices of future automation system in commercial applications. The alternative pro-
tocol WebSocket creates a two-way continuous connection within its special solution. Currently
there is no exact field for this protocol, but in systems with continuous control there are many
applications which could be controlled with this type of communication. In the last experiment,
we tested HTTP and MQTT protocols. The HTTP protocol burdens the hardware and for this
reason it’s not suitable for embedded devices of [oT. The MQTT with publish/subscribe and
Broker/topic system offers a very suitable communication form for IoT systems. For its latency
(time delay) this protocol is currently intended for solutions where time is not critical.

Finally the carried out experiments showed that for integrating MCU to home automation
system the most suitable protocol is the MQTT. With its message size and transfer rate provides
enough to transfer information like temperature, pressure, presence or other information.
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Pobepm Pakaii, Anena I'anaiioosa
TMOPIBHSIHHSA ITPOTOKOJIIB 3B’SI3KY JIJISI SMART ITPUCTPOIB

Axmyanvnicme memu docnioncennn. Cyyacui menoenyii agmomamu3sayii 30cepeodiceni Ha 6NPOBAOICEHHI HOBUX NPO-
MoKoNig 38 3Ky, 6e30pomogiti nepedai danux ma 3menwenni eumpam. Komynikayitina vacmuna KodlcHoi cucmemu agmo-
mamu3zayii € supiuansroro, 6y0b Mo 8 OOMAUHIX YMOBAX YU 8 NPOMUCTOBOCIII.

Ilocmanogxa npoonemu. 11i0 ywac npoekmysants agMOMAMU308AHUX CUCTNEM MA Ni0 €OHAHHA PI3HUX NPUCMPOI8 PO3-
PO6HUKAM 00800UMbCA 3A0080IbHAMU PI3HI BUMO2U, MAKI, AK adpecayis, weuoKicms nepedadi Oanux, besnexa OaHux moujo.
Haiinosiwi npomoxonu 36’s3Ky ma mexnonoeii nepedadi 0anux 3a6e3neyyroms 3HaUHe CKOPOUEHHs K WeUOKoCcmi nepedayi
Ooanux, max i 3aeanmasxcents mikpoxoumponepa (MCU).

Ananiz ocmannix oocnioncens i nyonikayii. 11io yvac niocomosxu oanoi pobomu b6yna npoaHanizoeana pisHoMaHimua
O00KyMeHmayisi y GLIbHOMY OOCMYNI Ma eKCHePUMEHMANbHI PilleHHs, a MAKOIC 3p0OaeHi GUCHOBKU 3 HAUWUX NONEPeOHIX ma
IHWUX NPOBEOEHUX eKCNepUMEHMIE Ollsl CMBOPeHHs Oa3uU 3HAHb 3a MEMOI0 00CTIONCEHHS.

Buoinenns nedocnioscenux uacmun 3a2anvnoi npoonemu. Icnye 6a2amo pizHux KOMYHIKAYIUHUX piluerdb, i KOJICeH 8U-
pobHUK npucmpoio 383Ky nponoHye Hatikpawe piwenns. He éci gonu modicyms Oymu onucaui 6 yiv cmammi.

Ilocmanogka 3asdanns. Y oaniti cmammi npoaHanizo8ami pizHi KOMyHIKayitini mexnonoeii 01 nodanvwioi peanizayii' y
CMApmM-npucmposx O 0OMauiHbOI a8moMamu3ayii.

Buknao ocnoenozo mamepiany. LLJo6 3anpononysamu maibymuio mooens cucmemu 0OMAuiHbL0i asmomamusayii, He-
00XiOHO 8npogadumu HOGIMHI KOMYHiKayitini mexnonoeii. Bukopucmanna ocmannix npomokonia 36 asxy, maxux ax MQTT,
CoAP abo Websocket, oae xopouty ocnosy 015 gupiuienns yici npobnemu.

Bucnogxu 6ionosiono oo cmammi. Lls cmamms npononye Modciu8ocmi KOMYHiKayii 015 po3yMHUX NPUCMPOI8 cucme-
Mu domawnboi agmomamusayii. Ilopienani npomoxonu 36's3Ky maroms pismi nepesazu ma neooniku. Ilepegipeni npomoxonu
8i0n08i0AIOMb BUMO2AM 36 A3KY 0151 NPUCMPOI8 OOMAUIHBOT ABMOMATNU3AYI].
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Darina Hroncova
BOND GRAPH METHODOLOGY IN THE RLC CIRCUIT ANALYSIS

Urgency of the research. The bond graphs theory aim for to formulate general class physical systems over power inte-
ractions. The factors of power are effort and flow. They have different interpretations in different physical domains. Yet,
power can always be used as a generalized resource to model coupled systems residing in several energy domains.

Target setting. Formalism of power graphs enables to describe different physical systems and their interactions in a uniform,
algorithmizable way and transform them into state space description. This is useful when analyzing mechatronic systems transfor-
ming various forms of energy (electrical, fluid, mechanical) by means of information signals to the resulting mechanical energy.

Actual scientific researches and issues analysis. Over the past two decades the theory of Bond Graphs has been paying atten-
tion to universities around the world, and bond graphs have been part of study programs at an ever-increasing number of universi-
ties. In the last decade, their industrial use is becoming increasingly important. The Bond Graphs method was introduced by Henry
M. Paynter (1923-2002), a professor at MIT & UT Austin, who started publishing his works since 1959 and gradually worked out
the terminology and formalism known today as Bond Graphs translated as binding graphs or performance graphs.

Uninvestigated parts of general matters defining. The electrical system model is solved with the help of the above men-
tioned bond graphs formalism. Gradually, the theory of power graphs in the above example is explained up to the construc-
tion of state equations of the electrical system. The state equations are then solved in Matlab / Simulink.

The statement of basic materials. Using bond graphs theory to simulate electrical system and verify its suitability for simu-
lating electrical models. In various versions of the parameters of model we can monitor its behavior under different operating
conditions. The language of bond graphs aspires to express general class physical systems through power interactions. The fac-
tors of power i.e., effort and flow, have different interpretations in different physical domains. Yet, power can always be used as
a generalized coordinate to model coupled systems residing in several energy domains.

Conclusions. We introduced a method of systematically constructing a bond graph of an electrical system model using Bond
graphs. A practical example of an electrical model is given as an application of this methodology. Causal analysis also provides
information about the correctness of the model. Differential equations describing the dynamics of the system in terms of system
states were derived from a simple electrical system coupling graph. The results correspond to the equations obtained by the classical
manual method, where first the equations for individual components are created and then a simulation scheme is derived based on
them. The presented methodology uses the reverse procedure. However, manually deriving equations for more complex systems is
not so simple. Bond charts prove to be a suitable means of analysis, among other systems and electrical systems.

Keywords: mechatronics; energy modeling;, Bond Graphs; modeling of dynamic system; source of an effort; source of
an flow; capacitor, inductor; resistor.

Fig.: 4. References: 18.

Introduction. The aim of this paper is the interest of the use of bond graphs as modeling
tool. Bond graph is an explicit graphical tool for capturing the common energy structure of
systems. The work shows the use of Bond Graph formalism for modeling dynamic systems.
In contrast with the classical method, where the equations for individual components are cre-
ated first and then the simulation scheme is derived on their basis, the described method uses
the reverse procedure. As an example an electrical RLC circuit system is solved by this ap-
proach at the level of its physical behavior. In this paper the method of generation of system
equations is discussed. From a bond graph diagram of the system, using a step-by-step proce-
dure, system equations may be generated. The differential equations describing the dynamics
of the system are obtained in terms of the states of the system.

The concept of bond graphs was originated by Paynter (1961). The idea was further de-
veloped by Karnopp and Rosenberg in their textbooks (1968, 1975, 1983, 1990), such that it
could be used in practice (Thoma, 1975; Van Dixhoorn, 1982). By means of the formulation
by Breedveld (1984, 1985) of a framework based on thermodynamics, bond-graph model de-
scription evolved to a systems theory. The language of bond graphs aspires to express general
class physical systems through power interactions. The factors of power i.e., effort and flow,
have different interpretations in different physical domains. Yet, power can always be used as
a generalized co-ordinate to model coupled systems residing in several energy domains [1-4].

Bond graphs theory. A subsystem is represented by a closed line with a name. This line
represents the frontiers of the subsystem. For each energy interchange of the system with its
environment we associate to it an energetic port of a defined type (mechanical energy, electri-
cal energy, etc.). A unidirectional semi headed arrow shows the energy interchange throw this
port and carries the data relative to the power transported (e: effort and f: flow). These two
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variables are necessary and sufficient to describe the energetic transfers inside the system.
They correspond to a couple of variables in each energetic domain. The elementary compo-
nents/subsystems are classified by their energetic behaviour (energy dissipation, energy stor-
age, etc.), by their function inside the system (flows sensor, etc.).

Bond Graph Standard Elements. In bond graphs, one needs to recognize only four
groups of basic symbols, i.e., three basic one port passive elements, two basic active elements,
two basic two port elements and two basic junctions. The basic variables are effort (e), flow
(f), time integral of effort (h) and time integral of flow (q). Examples of mechanical and elec-
trical systems in bond graphs methodology are shown in Fig. 1.

i R L X f’
O—P—EI—’T”)‘j_ A F
ul Uy Lucl-l—c mf—g -
I I

Fig. 1. Physical system:

a —electrical system RLC circuit; b — mechanical system mass-spring-damper
Source: [6; 7].

Effort and flow sources. The active ports are those, which give reaction to the source.
For, example if we step on a rigid body, our feet reacts with a force or source. For this reason,
sources are called active ports. Force is considered as an effort source and the surface of a rig-
id body gives a velocity source. They are represented as a half arrow pointing away from the
source symbol. In electrical domain, an ideal shell would be represented as an effort source.
Similarities can be drawn for source representations in other domains [5-7].

Description of the model. To demonstrate the bond graph methodology as an example an
electrical model of RLC system is analyzed Fig. 2. An RLC circuit (or LCR circuit) is an
electrical circuit consisting of a resistor, an inductor, and a capacitor. The RLC part of the
name is due to those letters being the usual electrical symbols for resistance, inductance and
capacitance respectively [8-12].

1

— Uper =0

Fig. 2. Electrical system RLC circuit with reference voltage uyer,
voltages ui, uz, us of the element ports
Source: [6; 7].
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Systematic procedure to derive a bond graph. We have discussed the basic bond-graph
elements and the bond, so we can transform a domain-dependent ideal-physical model, writ-
ten in domain-dependent symbols, into a bond graph. For this transformation, there is a sys-
tematic procedure, which is presented here [6, 7, 12]. First we determine which physical do-
mains exist in the system and identify all basic elements like C (capacitor), I (inductor), R
(rezistor), SE (source of the effort), SF (source of the flow), TF (transformer) and GY (gyra-
tor). This system contains a electrical domain part with the inductance L of the inductor (I:L),
the resistance R of the resistor (R:R) and a capacity of the condensator C (C:C). Voltage u;, is
considered as an effort source (SE: u;). Indicate in the ideal-physical model per domain a re-
ference source — effort voltage urr (reference voltage with positive direction), Fig. 2. The re-
ferences are indicated in the ideal physical model: the ideal velocity urer = 0. Identify all other
efforts (voltages) and give them unique names ui, uz, us, Fig. 2. Draw these efforts (electrical:
voltages), graphically by 0-junctions in Fig. 3.

Uy 23

ulzfi u23Fi

ul 1.12 1.12 u3
Ouli"]-i"ouzi"]-i"ou3

Fig. 3. Voltages as O-junctions and connecting 0-junctions with I-junctions
Source: [6; 7].

R:R I:L
y

up,li U, i
u, Ou23 C:C
\ y

u,|1 Uyl 1 ug i

u

u,=u u u
Z 1 1 ] 2

SE'uZ A O s s O
i u, i i

u.
10,

Fig. 4. Connecting elements R, I, C, SE with O-junctions

u, i

Source: [6; 7].

Identify all effort differences (electrical: voltage = effort) needed to connect the ports of
all elements enumerated in Fig. 3 to the junction structure. When checking all ports of the ele-
ments found the linear voltage differences, ui2 and uz;s are identified. Construct the voltages
differences using a 1-junction and draw them as such in the graph Fig. 3. The junction struc-
ture is now ready and the elements can be connected. Connect the port of all elements found
at step 1 with the 1-junction of the corresponding efforts or efforts differences Fig. 4. Simpli-
fy the resulting graph by applying the simplification rules in Fig. 5 and Fig. 6 [7].

R:R LI:.L
Uso Fi Uy Fi c:C
u,=u,
- =
! ug F]

u u u
SE:uzl i2,, Ou2i2,, 1 i3|/ Oug

Fig. 5. Simplify the resulting graph by applying the simplification rules
Source: [6; 7].
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R:R :

I:L
C:C
u,=u, u,

Fig. 6. Simplify the resulting graph by applying the simplification rules,
the 0-junctions with voltages u> and us

SE:u,

pd

Source: [6; 7].

A junction between two bonds can be left out, if the bonds have a through power direction
(one bond incoming, the other outgoing). A bond between two the same junctions can be left out
and the junctions can join into one junction. Two separately constructed identical effort or flow
differences can join into one effort or flow difference. Determine the signal direction and causality
in Fig. 7. Causality establishes the cause and effect relationships between the factors of power.

R:R I:L C:.C

u,=u, u, u, u
s, =1 1 571057115+ 0,

Fig. 7. Determine the causality
Source: [6; 7].
R:R I:L

u 12fl u23-F1

u,=u u
SE, =411 =11 |_ui3,70:c
1 1
Fig. 8. Simplify the resulting graph, the O-junctions reduction and causality

Source: [6; 7].
I:L

Uyg Fi

u,=u, u3
SE:u, ——1 1 —1 C:C
1 1

u12Li

R:R
Fig. 9. The final bond graph with signal direction and causality
Source: [6; 7].
In bond graphs, the inputs and the outputs are characterized by the causal stroke. The
causal stroke indicates the direction in which the effort signal is directed (by implication, the
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end of the bond that does not have a causal stroke is the end towards which the flow signal is
directed). There are two ways of describing an element's behavior (e.g. effort in, flow out vs.
flow in, effort out) as different causal forms. Note that the two alternative causal forms may,
in general, require quite different mathematical operations. The causal form we use, i.e. which
variable we select as input and which we select as output, can make a lot of difference. For
example, the required mathematical operations may be well defined in one causal form, but
not defined at all in the other. The causal bond graph of this system can be derived, in which
the inputs and the outputs are characterized by the causal stroke. This is the starting point,
from which we continue toward the differential equations describing the dynamics of the sys-
tem. A causal bond graph (Fig. 9) can be expanded into a block diagram (Fig. 10).

D(t)

Fig. 10. Bond graph expanded to a block diagram with source effort voltage u.
Source: [6; 7].
The equations derived from a bond graph diagram (Fig. 10) are:

dzl;t(t) s )
doft) _.
dr @
Upz =—uz—upp tuy (3)

where state variables @(t) and Q(t) are magnetic flux and electric charge respectively and next
equations:

1
u3=- 0(¢) 4
Ui = R.i (5)
1
j=—.D 6
i=- (¢) (6)
State equation in matrix form are:
d%(f) 2l UreE M
&(t) l 0 Q(t) 0
dt L

After substitution;
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di R 1

= L 1

at 1| L L8 B I R (8)
duy 1 0 0

dt C "3

The state equation can be solved in Matlab/Simulink [13-18].

Conclusions. The differential equations describing the dynamics of the system in terms of
the states of the system were derived from a bond graph diagram of a RLC circuit of electrical
system. Model of a simple electrical RLC circuit consisting of a resistor, an inductor, and a
capacitor is taken. The results correspond with equations obtained using traditional method,
where the equations for individual components are created first and then the simulation
scheme is derived on their basis, although the described method uses the reverse procedure.
However, manual derivation of equations for larger systems is not all that simple. For in-
stance, in some cases the derivation may lead to formation of so called algebraic loops. Simi-
larly, complexities and errors of various types, like causal loops, power loops and differential
causalities may exist in the model of a system.
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Hapuna I ponyosa
METOAOJIOI'TA MOB’A3AHUX I'PA®IB Y JIAHIIOI'OBOMY AHAJII3I «RLC»

Axmyanvnicms memu oocnioxcennn. Teopis 36 ’a3nux zpaghie cnpamoeana Ha GUPAdICEHH QI3ULHUX CUCTIEM 3a2aNbHO-
20 Kacy uepes emepzemuuni @3acmooii. Paxmopamu nomyscnocmi € 3ycunis i nomix. Bonu marome pisni maymavenus 6
piznux gisuunux obnacmax. Tum ne MeHw, NOMYIUCHICMb 3A8AHCOU MODICE BUKOPUCTNOBYBAMUCA K Y3aA2albHeHUll pecypc Ons
MOOeNI08AHHS 38 ISHUX CUCEM, WO 3HAXOOAMBCA 8 OEKINLKOX eHepeemuUyUHUX 00nacmsx.

Ilocmanogxa npoonemu. @opmanizm cunogux epaghie 0oszeonse onucamu pizui Qizuyni cucmemu ma ix 83aemooii 00-
HAaKOBUM, AN2OPUMMI308AHUM CROCOOOM MA nepemsopumu ix y onuc npocmopy cmauis. Lle kopucno ons ananizy mexampoH-
HUX cucmeM, Wo nepemsopioioms pisHi opmu enepeii (enexmpuuny, mexkyuy, Mexauiuny) 3a 0onomozcow inghopmayitinux
CUCHANIE Y MEXAHIYHY eHep2il0, W0 OMPUMYEMbCAL.

Ananiz ocmannix docnioxcens i nyonikauii. [Ipomsazcom 060x ocmanuix decamunimos meopii epaghie npudinanacs ysaza
VHIgepcumemis i3 ycvo2o c8imy, a 38 A3Hi epagu 6yau YaCMUHOIO0 HABYATILHUX NPoSpam y 8ce Oinviuill KinbKkocmi yHigepcu-
memig. B ocmanne decamunimms ix npomucnose guxopucmantsa nadysac ce dinbuio2o snavenns. Memoo bonozpagis 6ys
ssedenuil I'enpi M. Ileiinmepom (1923-2002), npogpecopom MIT & UT Austin, sixuii nouag nyoaikysamu ceoi pobomu 3 1959
POKY | noCcmynogo Hanpaybo8y8as MepmiHonoeito ma hopmansbii memoou, 8i0oMi cbo20OHI AK 36 A3HI epagu, wo nepexna-
daromuvcs K cnoayueri epaghu abo epaghu epekmusHocmi.

Buoinenns neoocniosycenux uacmun 3a2anvioi npoonemu. Mooenv enekmpuunoi cucmemu hopmyemucs 3a 00NOMO-
2010 BUIE3A3HAYEHUX OpManbHUX MemoOdig 36 a3nux epagis. Ilocmynogo meopis cunogux epagis y nHagedenomy uuje npu-
KAA0I NOSACHIOEMbCA adic 00 noOY008U PiGHAHL CaHy enekmpuyHoi cucmemu. Tlomim pigHAHNA CMAHY pO36 A3VI0MbCA 34
donomozoio Matlab / Simulink.

Buknao ocnoenozo mamepiany. Buxopucmanns meopii 38 A3Hux padie 015 MoOeNo8aHHA eleKMPUIHOT cucmemu ma
nepegipku ii npudamuocmi 0151 IMIMayitiHo20 MOOeNI08ANHS eleKMpudHUX Mooenell. Y pisnux eapiayisx napamempis mooeini
MU ModicemMo giocmedicysamu it n08ediHKy 3a pisnux ymos excnayamayii. Mosa 38 sa3nux epaghie npacne eupazumu Qizuuni
cucmemu 3a2anbHO20 KIAcy uepes cunosi 3aemooii. @axmopu cunu, moo6mo 3ycumis i NROMoKy, Maioms pizui inmepnpemayii
6 pisnux izuunux obnacmax. OOHAK NOMYICHICIb 3ABICOU MOJICHA BUKOPUCTNOBYBAMU 5K Y3A2AlbHeHy KOOpOuHamy Ons
MOOeNI0BAHHS 368 A3AHUX CUCTHEM, WO 3HAXOOSAMbCA 8 OCKINLKOX eHepeemudHUX 00nacmsx.

Bucnosxku 6ionogiono oo cmammi. Mu npedcmagunu memoo cucmemamuinoi nodyoosu paghy 36 a3kie mooeni enekmpu-
unoi’ cucmemu 3a donomozoio bonoepaghis. Ilpaxmuunuti npuknad enekmpuynoi Mooeni HageoeHo AK NPUKIA0 3acmoCyBaHHsl
yiei memooonoeii. Ipuuunnuil ananiz maxodic Haoae ingopmayio npo npagunsvhicms moodeni. JJughepenyianvii pigHanms, wjo
onucyloms OUHAMIKY cucmemu y mepminax cmawie cucmemu, 6yiu ompumani iz npocmozo 36 ’a31020 pagha enekmpuiHoi cuc-
memu. Pe3ynemamu 6ionogioaioms pigHAHHAM, OMPUMAHUM KIACUYHUM DYHHUM MEMOOOM, 0e CHOYAMKY CMEOPIOIOMbCs Pig-
HAHHA OISl OKpeMUX KOMNOHEHMI8, a NOMiM HA iIX OCHOBI CKIA0AEMbCA cXxema IMImayitino2o MoOoemo8ants. 3anponoHosana
Memooono2is BUKOpucmogye 360pomuy npoyedypy. Oonax eusecmu pigHaHHA Ol Ol CKIAOHUX CUCTEM 8DYYH) He MAK Npo-
cmo. 38 ’a3Hi spagu 8UAGTAIOMbCA NPUOATMHUM 3ACOO0M OlIsL MAKO20 AHANIZY, Cepeo eleKMPULHUX ab0 THUUX CUCTEM.

Knrouosi cnosa: mexampouixa, enepeemuune mooenioganus, bBonoepaghu,; modeniosanmna ounamiunoi cucmemu, odicepe-
J10 3yCUb; 0dicepeno NOMOKY,; KOHOEHCAmop, iHOYKMOop, pe3ucmop.
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DESIGN AND STRESS ANALYSIS OF WHEEL MOBILE ROBOT

Urgency of the research. In the context of design of new, improved devices or technical systems containing electronic
elements, we are increasingly encountering the concepts like mechatronics, mechatronic systems, mechatronics system sol-
ving approach or just simply mechatronics. The impact of mechatronics is most noticeable in mobile mechatronic products,
especially in the automotive industry, where mechatronic systems are increasingly being used.

Target setting. The design a wheeled chassis with improved ability to cross rugged terrain. Its indivitual parts are sub-
ject of simualtions and stress ananlysis, which confirmed the advantage of the chosen design and mobility of the chassis.

Actual scientific researches and issues analysis. Designing a robot for a specific purpose always involves several steps.
Before considering the design of a robot, it is necessary to determine the environment in which it should operate. The prob-
lem of four or more wheeled chassis arises when the wheels are unsprung and the unevenness of the terrain surface causes
loss of wheel contact with the terrain surface and thus loss of traction.

Uninvestigated parts of general matters defining. The question of the physical design of a mobile robot is uninvestigat-
ed, because it will be solved in future.

The research objective. The main aim was design and stress analysis of individual parts of the mobile wheeled robot
with improved ability to pass through rugged terrain.

The statement of basic materials. The chassis is based on five modules which are connected between each other. Its
steering ability against each other is determined by the upper connection cover. Two modules integrated between wheels are
for storage, which can be used for battery sources or auxiliary control.

Conclusions. All construction parts of this mobile robot were designed in Solidworks software, taking into account the
simplicity of the structure and its ease of manufacture. The mobile chassis was tested in various terains simulations, where
all his movements and terrain adaptation were monitored. The mobile chassis structure was recalculated from the point of
view of the mechanics theory.

Keywords: wheeled mobile robot; simulation model.

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

Introduction. Designing a robot for a specific purpose always involves several steps. Be-
fore considering the design of a robot, it is necessary to determine the environment in which it
should operate, be it the type of surface or the obstacles it may encounter when moving in that
environment. Four or more wheeled chassis with differential steering are simple at first sight,
but the problem arises when the wheels are unsprung and the unevenness of the terrain sur-
face causes loss of wheel contact with the terrain surface and thus loss of traction. This prob-
lem is not the case with two- and three-wheel chassis, which are naturally stable even in rug-
ged terrain in terms of keeping the wheels in contact with the terrain. It is important to use a
system to keep the wheels on the terrain surface so that locomotion can be realized [1-9]. The
aim of this article is to design a wheeled chassis with improved ability to cross rugged terrain.
Its indivitual parts are subject of simualtions and stress ananlysis, which confirmed the ad-
vantage of the chosen design and mobility of the chassis.

Mobile wheeled robot with increased ability to cross a rugged terrain. The chassis is
based on five modules which are connected between each other. Its steering ability against
each other is determined by the upper connection cover. Two modules integrated between
wheels are for storage, which can be used for battery sources or auxiliary control. These mod-
ules are also used as a strut, formed by spacers for already mentioned upper connection cover,
on which the control unit and possible superstructure can by mounted. The design of individ-
ual modules and system of tilting bushings of motors connected to the wheels, was the main
issue, when designing the construction of mobile robot.

Fig. 1. Model of mobile robot

© JIroburia Muxosa, 2019
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As you can see on the Fig. 1, we proceed to design of the suspension of the individual mod-
ules on which the bushings are attached to the motors on the wheels by dashpots. They are at-
tached to the top of the frame of the robot. The dashpots reduce rotation of the modules and ab-
sorb impacts caused by the wheel passing through the rugged terrain. Those vibrations may
affect the electronic parts located on the upper body of the robot or any active superstructure
sensitive to these vibrations. Rotation of individual modules is ensured by self-weight. When
the wheel passes over and obstacle, the chassis is able to follow the terrain and thus increase the
traction of the entire robot. Overall rotation of the modules is limited by mechanical stops,
which limits this movement up to approximately 20 degrees. This range can be variable because
it depends on the length of the holders of these stops. The rotation of the module is limited by
the mechanical contact between the module and the connecting upper part itself.

Fig. 2. Detail of mechanical limitation of the rotation for the bushings with motors

Upper body construction is from bent steel plate with 3 mm thicknes and chassis modules
are from 2 mm steel plate. This should be sufficient for the stresses that occur when robot
passes over an obstacle.

Fig. 3. Upper part of body construction and chassis module

Stress analysis of the supporting frame and individual parts of the chassis. Strength
check of the supporting frame was done in SolidWorks software. The frame was loaded with
a load capacity of 2 kg and three times its own weight, taking into account the dynamic stress.
For allowed stress a;, following applies:

Op =
n

o, =322 _175,4MPa
2
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Fig. 4. Maximum stress and benning of the support frame

As can be seen on Fig. 4, the maximum stress reached approximately 80 MPa. Under this
load the benning reached level of 0,74 mm in the center of the structure. This deformation
does not affect functionality of the robot.

Individual chassis modules check when crossing obstacles. The designed mobile wheeled
robot should be characterized by his improved ability to cross a rugged terrain, simulating the be-
havior of the designed construction solution in different environments and different situations.

Table
Parameters of simulation
Estimated weight 6 kg
Estimated load capacity 2 kg
Engine speed 40 rpm

Static coefficient of friction fS
(coarse-grained asphalt)
Dynamic coefficient of friction fS

1

(coarse-grained asphalt) 1,25
Static coefficient of friction fS (concrete) 0,97
Dynamic coefficient of friction fS (concrete) 1,05

For the purposes of the simulation, an obstacle track was created to simulate the rugged
terrain with obstacles this chassis may encounter when moving in it. The track consisted of
various protrusions, holes and at the end also obstacles for one row of wheels. Chassis behav-
ior, suspension and tilting the bushes with motors was analyzed. During the simulation vari-
ous strength analyses were evaluated for selected components, which were most heavily load-
ed during this test. During the movement, it was possible to observe the advantages of the
proposed structure when crossing obstacles such as holes and surface irregularities. The rota-
tion motor mounts followed the terrain, confirming the assumption of excellent robot traction.
Also the advantage of tilting modules with dashpots was also confirmed, where the modules
adjusted their position when passing one row of wheels over an obstacle and after returning
from it they reestablished their starting position.

Fig. 5. Movement of mobile robot in terain
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Three critical points were selected where the stress reached maximum values. In Fig.6 it’s
possible to see the stress field during the crossing through uneven surface and obstacle at the
end. Maximum value was reached when passing through uneven surface, aproximately 108
MPa at the point of the attachment the connecting screw. Possible solution of this problem
was to apply a washer to the joint, to reduce this stress concentration.

Son ke o

o s xsooreoan

Fig. 6. Stress in upper body construction during the crossing the hole,
uneven surface and last obstacle

The same case of loading occured on the chassis of the modules. The stress during the terain
crossing reached 170 MPa at the point where the module was connected to the body of the robot
with screw. At this point the stress concentration had to be also limited. Therefore, a washer was
mounted in the connection, which reduced the tension at this point to approximately 80 MPa.
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Fig. 7. Stress on the chassis module without the washer and with the washer

Another simulation was the movement of the mobile chassis down the stairs. One of the
conditions of the design was the ability to move down the stairs without stuck in or tipping
over. The stairs were constructed on the basis of building standards STN 73 4130 [7]. This
standard discusses that the minimum width of a step shall be 250 mm.

i

7,
/ /
&/

Fig. 8. Dimensions and staircase model
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As in previous simulations, the stresses and deformations of the construction were evaluated.
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Fig. 9. Stress and deformation in upper chassis

In Fig. 9 the stress can be observed one the chassis module. When moving down the stairs,
the maximum stress at the mounting point of the connecting screws was 150 MPa. Already in
the previous case, washers had to be applied, which reduced the tension up to 60 MPa.
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Fig. 10. Stress on the chassis module without the washer and with the washer

Conclusion. The aim of this article was design and stress analysis of individual parts of the
mobile wheeled robot with improved ability to pass through rugged terrain. All construction
parts of this mobile robot were designed in Solidworks software, taking into account the sim-
plicity of the structure and its ease of manufacture. The mobile chassis was tested in various
terains simulations, where all his movements and terrain adaptation were monitored. After eval-
uating the simulations and confirming his usefulness when passing through rugged terrain, the
mobile chassis structure was recalculated from the point of view of the mechanics theory, so
that the allowable stresses with respect to the yield point of the material were not exceeded.
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VIIK 681.2
Jhobuya Muxosa
KOHCTPYKIIA TA CIJIOBUM AHAJII3 KOJICHOI'O MOBLJIBHOI'O POBOTA

Axmyanvnicms memu 00cniodycenns. Y Konmexcmi npoekmy8anis HO8UX, 600CKOHANEHUX NPUCIPOI8 a0 MexXHiYHUX
cucmem, Wo Micmams eieKmpOoHHI eleMenmu, My 6ce yacmiuie CIMUKAEMOCS 3 MAKUMU NOHAMMAMU, K MeXampoHiKa, me-
XampouHi cucmemu, nioxio 00 UPIEHHS CUCTEM MeXampoHIiKU abo npocmo mexampounixa. Bnaue mexampouiku naubinviu
NOMIMHUIL Y MOOIIbHUX MeXamPOHHUX 8UpoOax, 0coOIUBO 8 ABMOMOOINbHINI NPOMUCTOBOCTI, Oe Gce yacmiuie 3aCmocos)-
10MbCS MEXAMPOHHI CUCTEMU.

Ilocmanogxa npobnemu. Koncmpyiosanus xonicno2o waci 3 HOKpawjeHoio 30amuicmio 001amu Hepigny Micyegicme.
Hozo okpemi wacmunuy nionseaioms iMimayii Cuioeum HA6AHMANICEHHAM, 1o NIOMEEPOWIO nepesazy obpanoi KoHCmpyKyii
ma MobinLHOCMI WACi.

Ananiz ocmannix docnioycens i nyonikayii. IIpoexmysanns poboma 015 KOHKPEmHOI Memu 3a624c0U KIIOUAE KilbKa
emanis. Ilepwi Hidic po3enanymu KOHCMPYKYilo poboma, HeoOXiOHO GUHAYUMU, 8 AKOMY Cepedo8UWi 6iH NOBUHEH NPayl08a-
mu. [Ipobrema womupbox i Ginviie KONICHUX WACT GUHUKAE KONU KOJleca He niopecopeti, a HepigHicmb no8epXHi micyegocmi
3YMOBIOE 8Mpamy KOHMAKmy KoJieca 3 HepigHOI0 NOBEPXHEI0 Ma 8IONOGIOHO GMpPanty 34enieHHsL.

Buoinenns nedocnioyncenux uacmun 3a2anvioi npoonemu. [lumannsn npo Qizuuny KoHcmpykyito MobineHo2o poboma
He 00CiodceHo, OCKINbKU Ye OyOe 8upiuieHo 8 MatloymHboMmy.

Ilocmanosxa 3asdanns. OcHosHO0O Memolo OYI0 NPOEKMy8anHs Ma AHANI3 HANPYICEHb OKPEMUX YACTUH MOOLIbHO20
KOiCHO20 poboma 3 NOKpaweHoo 30amHicmio npoxooumu yepe3 HepieHy Micyegicms.

Buxnao ocnosnozo mamepiany. Illaci 6azyempcs na n'amu Mooysx, Axi 3'€onari misxc coboro. Hozo keposanicms sarescums
8I0 MOOYNI6 pO3MAWIOBANUX OOUH NPOMU OOHO20 | 0OMEJICYEMBbCA BEPXHBOIO KPUWUKOIO 3'€Onants. [lea Mooy, 60y0osani midic
Kosecamu, npusHaieni ons 30epicanisl, SKi MOICHA BUKOPUCMOBYBANIU 0TI 0JICEPEN HCUBTEHHS ADO OONOMINCHO20 YHPAGTIHHSL.

Bucnogxu 6ionogiono 0o cmammi. Bci koncmpyKkmugHi vacmunu yb020 MobibHo20 poboma Oyu po3pobieni 8 npoe-
pamnomy 3abesneuenni Solidworks 3 ypaxysannusam npocmomu Koncmpykyii ma npocmomu uzomosnenns. Ilepecysne waci
Mecmy8anocs 8 pisHux MoOeuax Micyesocmi, oe 8i0CiioKo8y8anucs 6ci tio2o pyxu ma aoanmayis na micyegocmi. Ilepecyena
cmpyKkmypa waci 6yna nepepaxosana 3 moyKku 30py meopemuitoi Mexanixu.

Kniouosi cnosa: xonicnuii mobinenutl pobom, imimayitina mooeins.

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

Mikova Lubica — associate professor, Ph.D. of technical sciences Faculty of Mechanical Engineering, Technical
University of Kosice (Letna 9, 04200 Kosice, Slovak Republic).

JIrobuma MukoBa — MOLEHT, KaHAWIAT TEXHWYCCKUX HayK, TexHiunmii yHiBepcuter Kommme (Letna 9, 04200
Kosice, Slovak Republic).

E-mail: lubica.mikova@tuke.sk

Scopus Author ID: 55259674100

Mikova, L. (2019). Design and stress analysis of wheel mobile robot. Technical sciences and technologies, 3 (17), 162-167.

167



Ne 3 (17), 2019 TEXHIUHI HAYKH TA TEXHOJIOTTi
TECHNICAL SCIENCES AND TECHNOLOGIES

PO3ALJ III. EHEPI'ETUKA, EJIEKTPOTEXHIKA
TA EJIEKTPOMEXAHIKA

UDC 621.314.1
DOI: 10.25140/2411-5363-2019-3(17)-168-174

Dmitriy Alekseevskiy, Olena Mikhailutsa, Andriy Pozhuyev
AVERAGED MODEL OF A BOOST-TYPE PULSE DC CONVERTER

Urgency of the research. In the present paper, the questions of synthesis and application of the mathematical model of a
boost-type DC converter, which has found widespread application in modern electrical devices and complexes, are considered.

Target setting. Modeling of electrical complexes, which include semiconductor converters together with electromechan-
ical, thermodynamic and other relatively slow processes, is faces the problem of a significant increase in simulation time.
One way to solve this problem is to use the mathematical description of the semiconductor converter in the values averaged
over the period of operation of the semiconductor switch.

Actual scientific researches and issues analysis. In publications on this topic over the past few years, averaged models
of DC converters of all basic types have been proposed. Both continuous and intermittent current modes are considered.

Uninvestigated parts of general matters defining. In the models described in the publications, the continuous and in-
termittent current modes are considered as separate models in which ideal semiconductor switches are used. In addition, the
adequacy of the models used is not given enough attention.

The research objective. The objective of this work is to synthesize an averaged mathematical model of a boost-type DC
converter, which would take into account the effect of direct voltage drops on the circuit elements in continuous and intermit-
tent current modes, as well as assess the adequacy of applying the averaged approach.

The statement of basic materials. In the article a description of an averaged mathematical model of a boost-type DC
converter, which takes into account direct drops on the circuit elements and provides simulation both in continuous and in-
termittent current mode, is given. To confirm the performance and assess the adequacy of the proposed model, a joint simula-
tion was performed using the proposed and reference (circuit) model, and its comparative analysis is given.

Conclusions. The results of the comparative analysis confirmed the adequacy of the proposed model and revealed the
occurrence of an error in the intermittent current mode, and also determined its cause.

Keywords: Boost-type pulse DC converter; visual modeling; mathematical model adequacy.

Fig.: 4. References: 10.

Urgency of the research. The creation of complicated modern technical objects, such as
electrotechnical complexes with semiconductor converters, is impossible without a qualitatively
conducted modelling period. The need for efficient control algorithms synthesis for electrical
systems, including a boost-type pulse DC converter, results from optimization of device opera-
tion. The creation of a mathematical model can significantly simplify the process of developing
electronic systems in modelling period. The enhancing of electrical systems modelling process
is achieved by visual modelling of a boost-type pulse DC converter. In addition, the form of the
visual-structural representation of mathematical dependencies describing such devices is not
only a way of describing the computation algorithm, but also contributes to the understanding of
electromagnetic processes in it, which is important when training the technology specialists.

Target setting. Nowadays, there is a common problem of creating system models that in-
clude subprocesses with different rates of modelling optimization time. A particular interest is
paid to electrical system structures, that include semiconductor converters along with elec-
tromechanical, thermodynamic and other relatively slow processes. The creation of an ade-
quate model by means of circuit simulation is quite a challenge. It is much simpler and more
efficient to syntheses for controlling electrical systems, which include a boost-type pulse DC
converter, to carry out the structural modelling. Thus, the article solves an actual scientific
problem regarding the creation of an algorithm that simulates the direct voltage drop process
in semiconductor device switches. The developed algorithm is a constituent part of general
simulation model of the boost-type pulse DC converter.

Actual scientific researches and issues analysis. Widespread use of pulsed semiconduc-
tor converters in various modern electrical systems requires further improvements in the mo-
deling processes. In recent decades, to increase the accuracy, a variety of tools (models, tech-
niques and algorithms) have been developed, as well as software to enhance the modelling
process for pulse semiconductor converters of three main types.

© AnexcieBcpkuit 1. I'., Mixatimyma O. M., [Toxyes A. B., 2019
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Notably, that many works of domestic and foreign scientists are devoted to the research of
such issues. For example, in [1], a mathematical model of a boost-type pulse DC converter
with pulse-width modulation is considered, which allows investigating the dynamics of the
converter operation to ensure a scientifically based choice of the controller parameters. Ho-
wever, in the considered model, ideal switches are used, and the parameters of CVC (current-
voltage characteristic) switches are taken into account only implicitly in equivalent resistance.
This makes it difficult to parameterize the model using passport semiconductor switch data.

Works [2] and [3] consider averaged models of pulse semiconductor converters of three
main types, based on their structural pulse models. But they don’t pay respect to voltage drops
in power diode and in transistor of the model. It is noted that a common practice today is the
creation of computer models using standard modelling tools, for example, MATLAB Si-
mulink, and the subsequent conduct of a model experiment to select device parameters, resul-
ting in a performance decrease.

To overcome this problem, the work [4] substantiates averaged structural models of an in-
verting DC pulse converter. The described structural averaged models are not intended for
simulation of a semiconductor converter modelling and cannot be used as an integral part of
the model of an electrical engineering complex.

In [5], a description of the averaged mathematical model of a boost-type pulse DC con-
verter is considered. Unfortunately, this model does not take into account the parameters of
semiconductor switches and uses their ideal models. In addition, the paper presents only a
mathematical description of an averaged model of converter and does not pay attention to or-
ganization of computational process.

Further, in [6], a mathematical model of a pulse converter with nonlinear external charac-
teristics is considered. The model is presented in state variables on different parts of smooth-
ness and makes it possible to regard the nonlinear properties of the transducer of the first kind
in the modelling period. In the converter equivalent circuit, losses in switches are considered
implicitly - as the equivalent loss resistance in the converter.

In [7], an averaged model of a DC pulse converter is also proposed. The reliability of the pre-
sented model is correlated with a model built by the author on the Kirchhoff's laws basis, and not
with a circuit model. In this regard, the results of comparative modelling raise doubts, in particular,
the presence of negative values of the inductance current during an oscillatory transient process.

In [8], the given approach clarifies the averaged mathematical models of main types of
DC converters, which were described by the author earlier in [2]. This description, as a clari-
fication, includes consideration of direct voltage drop on only one power switch — the power
diode, and the voltage drop across the power transistor is not taken into consideration.

Uninvestigated parts of general matters defining. Nowadays, there are no domestic
software systems conducting semiconductor converters modelling as part of electrical engi-
neering complex. The mathematical basis of such a software should be an object simulation
model itself and the pulse DC converter as a single whole. To reveal the above general issue,
it 1s necessary to solve the problem of constructing an algorithm for modelling of just such
systems being developed. It should be noted, in the authors’ works considered in the review
devoted to the problem of pulse voltage converters modelling, insufficient attention is paid to
the analysis of the adequacy and accuracy of simulation results. Meanwhile, the developer of
control systems with pulse voltage converters, would be interested in having an idea of the
accuracy assessment of results reproduced by the model.

The research objective. To analyze the problem of growing modelling time caused by a
large number of integrating system iteration of differential equations during each period of
semiconductor switch operation, the use of an averaged mathematical model (with the exam-
ple of a mathematical synthesis model of boost-type pulse DC converter) is considered.
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The statement of basic materials. In the classical pulse DC converter scheme of boost

type (Fig. 1), the averaged values of electrical quantities for the switching period of power
switches are taken as state parameters of the model.

L [1 VD 2 In
N—> p—o>———
E A VT C Rn
Ul U2 —— Un []
Ic
IL Y
. y

Fig. 1. Diagram of boost-type pulse DC converter

Voltage of the converter (U, ) output is determined by the charge on the output capacitor,
the integral value of which 1s described by the following expression:

t
1
Un(t):EJIC(T)dT"'Un(O)’ (1)
0
where C is the capacitance of the output capacitor, U, (0) is the initial voltage at the pulse DC
converter output.
Herewith, the load current with a known resistance R,, is found according to Ohm’s well-
known law, which is written in the following form:
1
In(t):R_'Un(t)- (2)
n

The value of the current via the diode (/,) is proportional to the current inductance (/,)

taking into account the fill factor of the diode open state vy p :
L(t)=vyplt) 1 (0). 3)

The inductance current is determined by the magnetic field energy of the inductor, the in-
tegral form of which is given by the following expression:

t
1
1= Ju, e+ 1,0), @
0
where L — is the value of input inductance, 7,(0) is the initial value of current inductance.

Voltage on the transistor switch is proportional to the voltage on the output capacitor, tak-
ing into account the fill factor of the diode open state:

Un(t)=vyple)-Uyle). (5)
The fill factor of the diode open state depends on the current mode and is determined (in
continuous or intermittent current mode) by the following expression:

Ul(t)'7VT(t) when 11(t)< Ul(t)'yVT(t)'T(t)
v t) = U,(t)-U,() 2-L ©6)
Ul(t)'7VT(t)'T(t) <7 (t)
2-L o
where T — is the switching period of the transistor, and the fill factor must satisfy the follow-
ing condition:

1-y,,(¢)  when
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0<ypplt) < yprlt).

Using Kirchhoff's law, we determine the current of the output capacitor and the voltage across
the inductance, the latter taking into account the losses in the switch elements and the inductance:

Ie(t)=D(e)= 1, ¢) ()

U(t)=01(6)=Ua(t)- vyp(t)=Uonyp - 1vp(t)=Ronyp - 12(t) - ®)

~Uonpr Yyr(t)=Ronyr - 11(t)-vyr ()= Ry - 1y(¢) ’

where U,,yp, U,y — are direct voltage of the diode and the switch transistor, R,,yp,

R, yT — are their direct resistance, R; — resistance, that considers losses in the inductance

coil. The mathematical model with the above expressions (1) - (8) can be easy represented by
the visual block diagram of a boost-type pulse DC converter (Fig. 2), where the blocks indi-
cated by dotted lines are numbered in accordance to expressions (1) — (8).

Fig. 2. Visual block diagram of a boost-type pulse DC converter

Researches. Adequate converter modelling, as an element of the system, needs a suffi-
ciently large number of integration system iterations of differential equations during each pe-
riod of semiconductor switch operation. Knowing that modern devices of converter equip-
ment operate at tens and hundreds of kilohertz frequencies, the complex modelling throughout
the entire transition process, with time constants from several seconds to several minutes, is
associated with a huge total number of calculation iterations, and this, in its turn, leads to a
significant increase of modelling time.

For example, the modelling of a high pressure lamp ignition controlled by a start-up device
based on a boost-type pulse DC converter takes several hours, due to the fact that computational
process also requires the numerical solution of transcendental equations. As it was mentioned
above, the use of averaged models is a way to reduce the modelling time significantly.

A modelling of a boost-type pulse DC converter has been made in order to determine the
coil current and capacitor voltage. For clarity and understanding of the essence of the pro-
posed methodology, the results are compared at the circuit designed and structural levels,
considering the participation of DC converter [9], [10].

According to the modelling results, dependencies of the coil current and the capacitor
voltage on the operating time of the pulse converter were built (Fig. 3). The sawtooth curve
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corresponds to the circuit model, and the smooth curve corresponds to the average model.
Comparison of the modelling results (Fig. 3) at the circuit designed and at the structural level
shows a high degree of adequacy of the proposed model. The implementation of the model
presented in the work allows significantly (more than three orders of magnitude) to reduce the
modelling time. Means of modelling verify the adequacy of the resulting mathematical model.
A comparative analysis was carried out by comparing the results of applying the circuit and
average models at the output using identical low-pass filters.
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Fig. 3. The modelling results for two alternative models:
a — dependence of the output voltage; b — current dependence

According to the modelling results, dependencies of the coil current and the capacitor
voltage on the operating time of the pulse converter were built (Fig. 3). The sawtooth curve
corresponds to the circuit model, and the smooth curve corresponds to the average model.
Comparison of the modelling results (Fig. 3) at the circuit designed and at the structural level
shows a high degree of adequacy of the proposed model. The implementation of the model
presented in the work allows significantly (more than three orders of magnitude) to reduce the
modelling time. Means of modelling verify the adequacy of the resulting mathematical model.
A comparative analysis was carried out by comparing the results of applying the circuit and
average models at the output using identical low-pass filters.

For the model proposed in the paper, Figure 4a), we present the results of a model exper-
iment to determine the values of the relative modelling error. As in the previous review, a cir-
cuit model of a boost-type pulse DC converter was taken as a reference model. To compare
the moments of transition process in Figure 4b), the smoothed temporal characteristics of the
inductance current in discontinuous current section is given.
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t, c t,c
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Fig. 4. The research results of the modelling relative error values
a — the relative modelling error; b — characteristics of the inductance current in discontinuous current section
The analysis of the graphs shows that the greatest modelling error falls on the disconti-
nuous current mode, with peak values corresponding to moments of transition from the con-
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tinuous current mode to the discontinuous mode and vice versa. The analysis of cause-and-
effect relations structure conducted in this work reveals the presence of a rather rigid negative
feedback on inductance current. It occurs in a natural way when applying the procedure for
determining the regime of "intermittent-continuous current" in the formula (6). This proce-
dure adequately reproduces transition moments; however, after the model reaches the discon-
tinuous current mode, the computational algorithm begins to stabilize the value of choke cur-
rent at the threshold value (Fig. 4). At the same time, in the reference model, inductance
current varies with time due to a change in the voltage on capacitance. The voltage on capaci-
tance thus determines magnitude of the error in the discontinuous current mode.

It should be noted that this problem seems to be present in implementation of models in
works of other authors. For example, in [5], latent negative feedback on inductance current
can be detected in the resulting system of model equations, although, as mentioned above, the
accuracy of the averaged inductance current is not considered. This problem manifests itself
only when the model is implemented on a PC and while organizing the computational flow,
and its identification became possible only when applying a visual representation of the
cause-and-effect relationships using a visual model.

Maximum error values and the nature of its change over time in sections of intermittent
current depend on the parameters of the converter circuit. It should be noted that although it is
quite large in relative values, in absolute value it does not exceed 1-2% of the nominal, which,
in most cases, 1s acceptable for practical tasks. In the continuous current mode, the relative
error averages only 0.6%. In connection with the above, the proposed model can be regarded
as a sufficiently adequate one in relation to the main tasks of designing control systems for
electrical systems, which include a boost-type pulse DC converter.

Conclusions. In present work, an actual scientific problem has been solved regarding the
development of a boost-type pulse DC converter modelling algorithm. The scientific novelty
of the work consists in improvement of boost-type pulse DC converter simulation model,
which, unlike the existing ones, takes into account direct voltage drops on the device's semi-
conductor switches and in assessing the adequacy of the proposed model.

The presentation of an averaged mathematical model of boost-type pulse DC converter is
a computational algorithm in a convenient, ready for use in practical form, since it is a com-
plete description of computational process. The proposed modelling approach can be applied
to other DC / DC converter circuits.
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VIIK621.314.1
JImumpo Anexciescokuti, Onena Mixaiinyya, Anopiii Iloscyee

YCEPEJHEHA MOJEJIb IMITYJIbCHOI'O HIEPETBOPIOBAYA
INOCTIMHOI HAITPYTHU NIIBUIITYIOYOT' O THUITY

Axkmyanvnicme memu 0ocnioxycenna. Y cmammi po3ensioaiomscs RUMantsa CUHMe3y ma 3aCmocy8aHHs Mamemamuy-
HOI MOOeni iMnYIbCHO20 Nepemeoploeaia NOCMItiHOI Hanpyau NIOBUWYIOU020 MUNY, AKUL 3HALWO8 00CMAMHbLO WUPOKe 3a-
CMOCYBAHHS 8 CYHACHUX eNeKMPOMEXHIUHUX NPUCMPOSX | KOMNIEKCAX.

Ilocmanosxa npoénemu. Mooeniogans enekmpomexHiuHux KOMIIEKCI8, Wo MAromp y C60EMY CKIA0i HANIBNPOBIOHUKOBI ne-
pemsopiosati CRiNbHO 3 eNeKMPOMEXAHIUHUMY, MEPMOOUHAMIYHUMY 1] THUUMU 8IOHOCHO NOGITLHUMU NPOYecamu, NOCMae nepeo
npobnemoro 3HauHoeo 30inbuents yacy mooentosants. OOHUM i3 WIAXIE GUPILUEHHS YiET npobiemu € 3aCMOCY8aHHS MAMeMaAmuy-
HO20 ONUCY HANIBNPOBIOHUKOBO20 NEPEMBOPIOBAUA 8 YCEPEOHEHUX, 3d Nepio0 pobomu HaniBNpoSIOHUKOBO2O K0, BEIUUUHAX.

Ananiz ocmannix oocnioxncens i nyonikayii. Y nyonikayisx na yio memy 3a OCMAHHI KiibKa poKie 3anpononHoeani yce-
peoHeni Mooeni nepemeopiosayie Nocmitinoi Hanpyau 6cix ocnoenux munie. Pozensoaiomucs, ax pexcumu b6e3nepepsrozo,
Max i nepepusuacmozo cmpymy.

Buoinenns nedocniocenux uacmun 3a2anvnoi npoonemu. B onucanux y nyonikayiax mMooensix pexcumu besnepepero-
20 1l nepepusuacmoz0 Cmpymy po3ensioaiomscs K oKpemi Mooeii, 8 AKUX 8UKOPUCIOBYIOMbCA i0eanbHi Hani@npogioHUKO8I
Katoui. Kpim moeo, numannam adekeamuocmi 3acmoco8y8anux mooenell He npuodinleHo 00cmamHso yeazi.

Ilocmanogxa 3aedanns. 3ag0anuam yici pobomu € cunmes ycepeoHeHoi MamemMamuiHoi Mooeni iMnyIbCHO20 nepemeo-
prosaya nocmiliHoi Hanpyau niOBUYBATbHO20 MUNY, KA 6PAX08Y8and 6 6NIUE NPAMUX NAOIHbL HANPY2U HA eleMeHmax cxemu 8
pedicumax beanepeparozo Ui Nepepusuacmozo CMpymy, a MaKolc OYiHKa a0eK8amHOCMi 3aCMoCcYBaAH s YCePeOHeH020 NiOX00Y.

Buknao ocnosnozo mamepiany. Y pobomi nagedeno onuc ycepeonenoi MmamemMamuiHoi Mooeii iMnyibCHO20 nepemaso-
prosaua nocmitinoi Hanpyau nioguUWYIOH020 MUNY, WO 8PAX08YE NPAMI NAOIHHA HA eleMeHmax cxemu i 3abe3neuye mooento-
8anHs AK Y pedicumi be3nepepsroeo, max i nepepusuacmozo cmpymy. i niomeepodiceHHs npaye3oamHocmi ma oyinKu 1020
3anpononoganoi mooeni 8 pobomi 6y10 npogedeHo chinvbhe iMmimayiline MOOen08aHHA 3a OONOMO20I0 3aNPONOHOBAHOT MA
emanonHoi (cxemHoi) mooeni il Ha8edeHo 1020 NOPIGHANbHUL AHANI3.

Bucnogxu 6ionogiono 0o cmammi. Pe3ynemamu nopisHanbHo20 ananizy niomeepounu aoeKxgamuicms 3anponoHo8aHoi
MoOeni i GUABUNU NPUHUHY BUHUKHEHHS NOXUOKU 8 PedICUMI Nepepusuacmozo CImpymy, a maKodlc UHAYUIU il nPUYUHY.

Knrwouogi cnoea: imnynivcuull nepemeoprogay nocmitinoi Hanpyau; Gi3yaibHe MOOeNo8ants, a0eK8amHicms mame-
MamuyHoi mooerni.
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Bonooumup Botimenko, Poman €Epuios

MOJEJII EJJEMEHTIB CUCTEMMU EJIEKTPOIIPUBO/IIB
KBAJIPOKOIITEPIB TA ABTOHOMHUX POBOTIB

Axmyanvnicme memu 0ocnioxncennn. Minivizayis enepeocnodcusants enexmponpusooamu 0e3ninomno2o 1imanbHo2o
anapamy (BIIJIA) abo poboma 0o36015€ nioguwyumu cnyninb agmMoHomMHocmi (Oanvricms, weuokicms, abo uac 0ii).

Ilocmanogxa npobnemu. Y cepedosuwyi 0ns 6a2amoO0oMeHH020 MOOeNI08aHHs Ha pieHi cmpykmypHux cxem Simulink®,
ske inmezposate 3 MATLAB®, npedcmagneno dexinvka mooeneli eneKmpuinux 08U2yHia, agMoHOMHUX 0JiCeperl JICUBNEHHS, d
makodic eneMenmie cucmem xKepysamus. Aoexeammuuii niobip 610Ki8, AKi 6 003601UNU YCRIWHO GIOMBOPUMU NPOTMOMUN pea-
JIbHOT Pi3uuHOT cucmemu KepysanHs, Nompetye OKpemo2o GUPIUUEHHS.

Ananiz ocmannix oocnioxcens i nyonikayiii. binowicme nybnikayiil i3 MoOeno8anHs 6 yiil npedmemuiil 2anysi coxy-
cosano abo na ooxknaonomy onuci pobomu 3 MATLAB® ma Simulink®, abo na moodentosanni OuHaAMiKu agmoHOMHUX ana-
pamie ma KepyeauHi Humu 01 3a0e3neveHts No3UYioHy8anHs Y NPOCMOpI.

Buoinenns nedocniosycenux uacmun 3azansnoi npoonemu. [lumanna onmumizayii enepeocnodcugants asmoHOMHO20
006°€KmMa 3 KiIbKOMA eleKmponpugooamil 3a1Umaemvcs no3d y8azoio.

Ilocmanogka 3agdannsa. /locniodcenns 30cepeddiceno na aumanizi naasuux Simulink-mooeneil enekmpoosueymis, eneme-
HMIB JCUBTEHHA MA KePYBAHHS, AKI MOdCHA 6y10 b6 sukopucmamu o1 nooansuioi pospodxu cucmemu kepysanns bBII/IA abo
POOOMA 3 ABMOHOMHUM HCUBTIEHHSM.

Buknao ocnoenozo mamepiany. Posenanymi ocobaugocmi MoOeniogaHHs asmoHOMHUX anapamis, 8U3HaveHa OUHamiKa
OKPeMO020 08USYHA, CPHOPMYTLOBAHO BUMOSU WOOO MOYHOCMI CMABINI3ayil WeUOKOCmi 06epmMaHHs pomopa, npoaHali306aHi
6noxu Simulink ons agmonomnux anapamis, Ha OCHOBI AKUX 3aNPONOHOBAHA KOMNIEKCHA MOOeNb eleKmponpueood 0 as-
MOHOMHO20 anapama.

Bucnogxu ¢ionogiono oo cmammi. MooenioganHsa cucmem eneKmponpugooie asmoHOMHUX ANAPAmMie KOPUCHO K HA
noyamkogitl cmaodii nPoeKmyeanHs, MakK i 3a HAsSBHOCHI QPI3UUHOLO0 MAKema, OCKIIbKU CYMMEBO CKOPOUYE Ydac ma mamepia-
JIbHI pecypcu, hompioni 0151 po3poOKU eHep2o3aoadiugoi cucmemu KepyeamHsi.

Kniouosi cnoea: modenv enexmponpusooa;, MATLAB; Simulink; 6e3ninomnuii aimanenuti anapam (bIIJI4); agmonom-
HUll pobom,; eHepeocnodicU8anHs; besxkonekmopHuil 0sueyH nocmitinozo cmpymy (BAIIC).

Puc.: 3. Tabn.:1. bién.: 20.

AKTyaabHicTh TeMH AocaizkeHns. be3ninortHi nitansHi anapat (BIIJIA) ta aBToHOMHI
pobotu (AP) HaOyBaroTh Aenani OUIBIIOTO MOUIMPEHHS B reoe3ii, reosorii, CUIbChbKOMY Troc-
MOJIapCTBI, @ TAaKOX y crenianbHux cdepax [1]. Lli BUCOKOTEXHOJIOTYHI BUPOOU MICTSThH Je-
KUIbKa KEpOBAHUX eHeKTpOHpI/IBOZ[iB, SIK1 JKUBJIATBCA Bi[[ €INHOTO AaBTOHOMHOT'O JIKEpCia
(mepeBakHO akymynsTopa). MiHIMI3allis CHOKHMBAHOI €IEKTPONPUBOJAMH MOTYKHOCTI J10-
3BOJISIE MIIBULLIUTH CTYIIHb @BTOHOMHOCTI MPUCTPOIO (AJIbHICTD, IIBUKICTh, 200 Yac ii).

IHocTanoBka mpodaemu. [lociaipkeHHsT METOMIB €HEproe(eKTUBHOIO KEpYBAaHHS IpH-
CTPOEM 3 AaBTOHOMHUM KUBJICHHAM [[OI_Ii.]'IBHO PO3MOYMHATH 3 €Tally MOJACIIIOBAHHA abu 3ao-
LIaIUTH Yac Ta MaTepianbHi pecypcu. KoM toTepHe MOJIENIOBaHHS JI03BOJISIE JOCIIAUTH T10-
BEJIHKY 00’€KTa 3a YMOB PI3HMX 3aB/iaHb Ha KepyBaHHs, 3MIH MapamMeTpiB 00 €KTa, a TAKOXK
30BHIIIHIX BIUIMBIB Ta YTOUYHHUTHU CTPYKTYPY Ta aIrOPUTM POOOTH CUCTEMH KEpYyBaHHs Iepes
BUTOTOBJIEHHSIM BapTICHOT (P 13UYHOT MOJIEII.

Haii6inpm MNOUIMPCHOIO IMPOrpaMoOro KOMH,IOTepHOFO MOJCIIIOBAHHA MEXATPOHHUX CHC-
teM € MATLAB® [2], 1110 3yMOBJIEHO HasBHICTIO BIAMOBITHOTO IHCTPYMEHTAPIil0, TOKYMEH-
Tallii Ta YUCICHHUX MPUKIIAIIB, a TAKOK MOKJIMBICTIO TeHEpaIlii MpOrpaMHOTo KOy Jis -
POBUX CUCTEM KCPYBAHHS. Cepeztomxlme JJIA 6araTO[[OMeHHOFO MOACIIOBAHHA Ha plBHl CTpYy-
kTypHHX cxeM Simulink® iHrerpoBane 3 MATLAB® i Mictuth rpadidyauii penakrop, a Ta-
KO’ HaJIalITOBYBaH1 010,110TeKH OJIOKIB JUHAMIYHHUX CUCTEM.

VY Simulink® mnpezacraBieHo AeKUIbKa MOJENEH €NeKTPUYHUX JBUTYHIB, aBTOHOMHHUX
JEKCPEIT JKUBJICHHA, a TAKOX YUCIIEHH] €IEMEHTH CHUCTEM KCpYBaHHA. AI[CKBaTHI/Iﬁ HLZ[61p
0JI0KIB, K1 O TO3BOJWJIM YCIIIIHO BIATBOPUTU MPOTOTHUII peaslbHOI (PI3UYHOT CUCTEMH Kepy-
BaHHs, SABJIsI€ cO00I0 IpolIieMy, 0 NOTPeOy€e OKPEMOTO BUPIILICHHS.

AHali3 ocTaHHIX gociailkeHb i myOaikamiii. YucnenHi nmyOmikailii mpucBsUEHI OMHUCY
NpUHUMIIB (YHKLUIOHYBaHHS Ta no4yarky poootu 3 MATLAB® ta Simulink®, nanpuxniaz,
[3; 4]. Poznounnarouu 3 Bepcii MATLAB® 2018 noctynHuii npuknan [5], B IKOMY OKa3aHO
BUKOpucTaHHs Simulink® 117151 MoAeIOBaHHs KBaJpOKONTEpPAa HA OCHOBI MIHIJPOHIB. Y 11bO-

MYy MPUKIIaJ1l BUKOPUCTOBYETHCS MIAX1J, BU3HaYeHUH y [6] Ta aganToBaHU 0 BaXKKOMIHOM-

© Boiitenko B. I1., €pmos P. /1., 2019
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Horo kBajpokontepa y [7]. ¥V [8] po3pobiena TouHa iMiTal{iifHa MOJETb KBaJpOKONTEPA, sIKa
Oyna peanizoBaHa y Simulink Ta BUKopucTaHa Aj1s1 ONTUMI3allli KOHCTPYKIIT Ta HaJAIITyBaH-
Hsl TapaMeTpiB KepyBaHHSI.

Jlns aHanizy HaBirauii Ta HaBKOJHIIHBOTO CEPEIOBHINA AEPOKOCMIYHUX TPAHCIOPTHUX
xepa nonboTy B MATLAB® nepenbauenuii Habip iHcTpymeHTIB Aerospace Toolbox. Aero-
space Blockset™ 3abe3neuye 6moku Simulink® jy1st MoieTIIOBaHHS Ta aHANI3y AUHAMIKH ae-
POKOCMIUHUX anapaTiB, sKi Jajii MoxkHa Bi3yanizyBaru y FlightGear Flight Simulator.

Habip inctpymentiB Robotics System Toolbox™ 3aGe3neuye aaroputMu Ta amapaTHe
MIKITFOYEHHS JUIs1 pO3pOOKM aBTOHOMHHMX JOJATKIB POOOTOTEXHIKU JUIs MOBITPSHUX 1 Ha3eM-
HUX TPAHCHOPTHUX 3aC001B, MAHINYJATOPIB Ta TyMaHOITHUX poOoTiB. HasBH1 anropurmu no-
3BOJISIFOTH IJIAHYBATH TPAEKTOPIIO Ta HUISAX PyXy poOOTIB, YHUKATH MEPEIIKOAN Ta OLIHIOBATH
noJioxkeHHs. J[is poOOTIB-MaHIMYISATOPIB € alrOPUTMH 3BOPOTHOT KIHEMATHKH, KIHEMaTHY-
HUX OOMEXEHb Ta JUHAMIKU 3 BUKOPUCTAHHSM JIEPEBA AKOPCTKOTO TLIA.

s manens iHCTpyMeHTIB 3a0e3neuye iHTepderic Mk MATLAB® 1 Simulink® Ta onepa-
niitHo cuctemoro pobota (Robot Operating System — ROS), 110 103B0JIsI€ TECTyBaTH Ta me-
PEBIPATH JOJATKU Ha poboTax 3 miagrpumkoro ROS 1 Ha cumynstopax po0oTiB, Takux sk Ga-
zebo. HasiBHI npuKiIaay noka3yooTh, K MpalioBaTy 3 BIpTyaJlbHUMH poboTamu B Gazebo Ta 3
pearbHUMH poboTamu 3 miaTpuMkKoro ROS.

Robotics System Toolbox miarpumye renepaiio kogy C++, mo A03BoJisie 3 Mojeni Si-
mulink aBToMaTHuHO po3ropraru By30s1 ROS B Mepexi, 3a JONOMOT00 30BHIIIHBOTO PEKUMY
Simulink, nepernsaaoun cUrHaay Ta 3MIHIOIOYY apaMeTpH MiJ yac poOOTH MOJIEII.

HaiiOu1b1 noBHa Ta akTyaibHa iH(OpMallis cTocoBHO naHenei iHcTpymMeHTiB MATLAB®
MICTUThCA B [2], a Tako>X BOyI0OBaHa B JOBIIKOBY CUCTEMY LIMX IIPOTPaM.

Buainenns Hemaoc/iaKeHUX YACTHH 3arajbHoi mMpodjemMu. Y 3a3HAUYCHUX BUIIE Ta iH-
mMx Jpkepenax [9-14] inerbes, Hacamnepes, Mpo BUPILIEHHS TOJIOBHOTO 3aBJaHHS CHCTEMHU
kepyBaHHs BIIJIA aGo po6oTta, a came, — peanizallis pyxy 3a 3a7aHuM 3akoHOM. IIpore nu-
TaHHS ONTHMI3allli €HeproCHOKMBAHHSI aBBTOHOMHOTO 00 €KTa 3 KUIbKOMA €JIEKTPOIPUBOIaMHU
3aJIMILAETHCS 11032 YBArO0.

ITocTanoBka 3aBaaHHsA. MeTOIO CTaTTI € aHaJi3 HasiBHUX O0KiB Simulink Ta BUsBIEHHS
TUX, SIKI MOXHA OyJ0 O BUKOPUCTATH AJIS MOAAIBIIOTO MOJIEIIIOBAHHS Ta PO3POOKH CHCTEMHU
kepyBaHHs BIIJIA abo po6oTa 3 aBBTOHOMHHM >KUBJIEHHSAM. /{0 Takux OJ0KIB MOYKHA BITHECTH
€JIEKTPOJBUTYHH, €JIEMEHTH >KUBJICHHS Ta KEpYBaHHS.

Oco06,1MBOCTi MOJIeJIIOBAHHSI aBTOHOMHHX anapaTtiB. Y [15] Bepiiie BUCIOBICHO 1€I0
100 MIZABHUILEHHS TpuBajocTi nojboTy BIIJIA 3a paxyHOK 3HMXKEHHS MepeperyatoBaHHS 1
TPUBAJIOCTI MEPEXiTHUX MPOLECIB Y CUCTEMAaX eJEKTPOIPUBO/IIB arapara, 1o € 0CoOIMBO aK-
TyaJbHUM, BPaxOBYIOUM OOMEXEHY €MHICTh aKyMyJsTOpHOi Oatapei. Lo imero MoxkHa mo-
LIMPUTH 1 HAa aBTOHOMH1 pOOOTH 3 AEKUIbKOMA €1eKTPONpUBOJaMHU. J{OIIbHO 3a3HAYMUTH, 1110
BIUUTA Ha3uBaroTh «MIHIATIOPHUMHM JITaIOUUMHU poboTaMm» [7; 8; 16], 1m0 migKpecitoe cxo-
KICTh MIIXO/IB 10 aHATI3y Ta MPOEKTYBAaHHS TAKMX aBTOHOMHUX arapariB.

Sk 6azoBy cxemy BIIJIA 3 kiTlbKOMa €IEKTPONPUBOIaMU OYIEMO PO3TJIsIATH KBAJAPOKOII-
tep. Cneuudika ioro poGOTH MOJATaE B TOMY, IO BCl YOTHUPH EJIEKTPOIPUBOJIM TATHYUUX
I'BUHTIB MOCTIHHO NepedyBaroTh y NEPEXiTHOMY PEKUMI, HaBITh SKILIO arnapar rnepedyBae B
HEpPYXOMOMY CTaHi (BUCIHHI). AJDKe CYKYIHICTh JecTabuIi3yrounx (akropiB (MOTOKU MOBIT-
ps, 3miHa Macu BIUJIA min yac ckuJaHHS HaBaHTaKEHHs, poOOTa IHIIMX OOPTOBUX CHCTEM)
3MYILY€E PETYIATOPH, K1 BUPAXOBYIOTh MOTOYHI MOXUOKU KYTIB KPEHY, TAHTa)XXy Ta PUCKAHHS
NEePEePO3NOAUISATH TATOBI 3yCHUILIS MK OKPEMUMH €1EKTPOJIBUTYHAMHU.

VY [10] 3anpornoHoBaHWi CTE€HA JUIsl BUMIPIOBAHHS TATH, OOKOBOTO 3yCHIJUIS M KPYTHOTO
MOMEHTY 3a JIOTIOMOTOI0 TE€H30JlaTuuKa. Takox neperdauyeHo cxeMy KOHTPOJIo OaTtapei, sika
BHUMIPIOE HANIPYTy 1 CTpyM JIBUT'YHA. [{aH1 3anMCYIOTHCS HA KOMIT'FOTEP 3a IOTIOMOTOI0 MIKpO-

176



TEXHIYHI HAYKH TA TEXHOJIOTTi Ne 3 (17),2019

TECHNICAL SCIENCES AND TECHNOLOGIES

KOHTpOJiepa JJisi BUMIPIOBAaHHSI aHAJIOTOBOTO CUTHAY 3 yacToToro auckperusanii 400 /y. i
KOPHCHI 1/1€1 MO’KHA BUKOPUCTATH 1] 4ac po3pOOKH HOBOT eHEProe(heKTUBHOT CUCTEMH EJIeK-
TPOIPUBOAIB ABTOHOMHOTO arapary, a OT CXeMU KOHTPOJIKO Halpyry 1 CTpyMiB ABUTYHIB J10-
LUIBHO 3p0OUTH BOYIOBaHUMH, TOOTO HEBII’EMHUMHM CKJIAJIOBUMH IIPUCTPOIO.

VY BIUIA pekoMeHAyeTbCsl 3aCTOCOBYBAaTH OE3KOJEKTOPHI ABUT'YHU MOCTIMHOTO CTpyMy
(BAIIC), siki nonmyckaroTh Oe3nmocepeiHe YIpaBiIiHHSI pOTOPOM 0e3 iCTOTHOT BTpaTH €(peKTUB-
HOCTI, THM CaMHUM YCYBalOUHl HEOOXIHICTh y PEIYKTOPI, SKUi OyB OJHIEIO 3 MPUUYUH BiOpalii
B Outbll paHHIX KOHCTpYKUisAX [10]. IlpoBoasun ananorii 3 po6oTaMu 3 aBTOHOMHUM KHB-
JICHHSIM, MOHA JIIATH 10 aHAJIOTTYHOT PeKOMEH/IaIli.

Tsira cTBOpIOETBCA KOXKHUM POTOPOM 32 JONOMOIOI0 KPYTHOIO MOMEHTY, L0 BHpOOIIse
BAIIC, npuyomy nuHaMiKa KOXKHOTO ABUT'YHA BU3HAUAETHCS

T. = Kii(?), (1)

E = Ldi(t)/dt + Rai(t) + Ko (?), (2)

ne Te — KpyTHUH MOMEHT, CTBOPIOBAHUM JBUT'YHOM; £ — Hanpyra Ha ABUTYHI; i(1) — CTpyM, 11O

MIPOXOJMUTH Yepe3 ABUTYH; (?) — KyTOBa MIBUAKICTb o0epTaHHs poTopa. K;, R, u K. — 11e KOH-

CTAaHTH, XapaKTEepH1 Ui ABUTyHA, IpUYOMY K; — KOE(]ILIEHT KPYyTHOTO MOMEHTY; L — IHAYK-
TUBHICTb, a R, — 3aranbHuii omnip sAkops 1BuryHa; K. — nocriiina npotu-EPC.

VY nigcymky B [10] BUBOIUTBCS, 11O TATa, CTBOPIOBAHA POTOPOM, MPOMOPIIIHHA KBAApaTy
Hanpyru Ha ABUryHi. KyTu kpeHy, TaHraxy Ta pUCKaHHS PEryiioloThes AU(epeHIianbHO0
TAror0. PI3HULA TATH MK MPOTUIIEKHUMHU JIBUTYHAMHU 3a0e3redye KpYTHUH MOMEHT KpeHy i
taHraxy. /ludepenuianbpHa Tsra MK BOMa napamu JBUTYHIB, 1110 00€pTalOThCS Y MPOTHIIE-
KHHUX HalpsIMKax, 3a0e3rnedye KpyTHUH MOMEHT PUCKaHHS.

VY [14] oTpumaHO Mosienb TUHAMIKHA KBaJIPOKOIITEPA 3 BUKOPUCTAHHAM piBHsAHb HploTOHA
ta Eiinepa, 3anponoHoBaH1 cTparerii KepyBaHHsI, a MOBEIIHKA KBAaJAPOKOINTEPA CIOCTEPIraeTh-
csl y BIpTyasibHiil peanbHOCTI 32 gonomoror Simulink 3D Animation.

VY [11] po3pobneno imitatop Ha ocHOBI Matlab-Simulink. 3a momomorow 1mpOro BaanOCs
MEePEeBIPUTH TOUHICTh MOJAENI M HalIiHICTh anropuTmiB kepyBaHHs. KpiMm Toro, 3D-rpadiunuii
iHTepdelc 1 BX1 JPKOMCTUKA MOJETTLMIN TECTYBaHHS CUCTEMU. TaKoX OMMCAHO MPOLEC 1/1eH-
TU(IKalii KOHCTaHT, 30KpeMa, HOPIBHAHHS CTaJIMX, OTPUMAHMUX PI3HUMHU METOJAMHU.

VY ninpydHuKy 3 MOJIENIIOBaHHSI MEXaTPOHHUX cUCTeM y cepenoBuii Matlab-Simulink [17]
ornucani 6i0mioTekn Simulink 1 Sim Power System i nociipkeHHs IMX CUCTEM. 3a3HaueHo,
o BATIC — e npucTpoi, B IKMX MarHiroeJIeKTpuyHa CHHXPOHHA MAallMHA 3 TpaneleiialbHuM
PO3IOIIOM MAarHiTHOTO MOJIsl B 32301 BKJIKOUEHA JI0 3aMKHYTOI CUCTEMU 3 BUKOPHCTaHHSAM J1a-
TYMKA MOJI0KEHHSI pOTOpa Ta HamiBIpoBiiHUKoBOro komyraropa (HIIK). ¥V usomy npuctpoi Ha
Buxoai HIIK i, BinnmoBigHO, HA 0OMOTKAaX CUHXPOHHOI MalllMHU, (POPMY€ETHCSI IPSIMOKYTHA Ha-
npyra. [l orpumanns nonokeHHs potopa B bIIIC BUKOpUCTOBYIOThCS IMITYJIBCHI JATYUKH, a
pEryIIOBaHHs IBUIKOCTI 31MCHIOETHCS 32 paXyHOK 3MiHM Hanpyru xusieHHs HITK.

VY [12] chopmynboBaHO npobiieMy AMHAMIKA YOTUPbOX JBUTYHIB, SIKI BAKOPUCTOBYIOTHCS
y KBaJIPOKOIITEPI JUIsl YIIPaBIiHHA 6 CTyneHsAMHU cB0Ooau anapaTta. CTBEpIKYeThCs, 110 Mepe-
JaBajibHa (DYHKI[IS MEPIIOTO MOPSAJKY € JOCTaTHBOIO JUIS MPEJCTABICHHS AUHAMIKUA POTOpa,
10 BUKOPUCTOBYEThCS B OE3MUIOTHIN CHCTEM1 YOTUPHOXPOTOPHOTO THITY.

G(s) = 3)

s +1
VY [9] npeacTaBieHO KOHCTPYKIIIIO TEIEYNPaBIIHHS sl MIHIATIOPHOTO O€3MUIOTHOTO JIiTa-
JBHOTO amapary. Ik ocHOBa st TMPOEKTYBAHHS KEPYBAHHS BUBEJIEHA NIPOCTA JMHaMIYHa Hei-
HiitHa Mogens BITJIA, o nie /i KBa3icTallOHapHUX YMOB MOJILOTY. PO3p0o06IIEeHO KOHTPOIIb 3a
MOJIOKEHHSM, SIKUM 0a3zyeTbcs Ha 1H(opMallii, 3HATIH 3 1HEPIiaTbHOT CUCTEMH BHUMIPIOBAHHSI.
Jst Toro mo06 koHTpostoBaTH BUcOTy BITJIA, po3pobieHo aganTUBHUM KOHTPOJIED, 1110 YHUKAE
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Ha3€MHUX BIUIMBIB 1 IPYHTYETbCS Ha BUMIPIOBAHHSX, OTPUMAHMX Bl YJIBTPAa3BYKOBOI'O JaT4H-
Ka HU3bKO1 BapTOCTI. J{71s1 OOUMCIIEHHS BEPTUKAJILHOT IIBUAKOCTI BUKOPUCTOBYETHCS OLIIHKA Ha
OCHOBI 3aMPONIOHOBAHOT MOJieNl. Tako)k HaBeJIeH1 eKCIIepUMEHTANIbHI Pe3Y/IbTaTH.

Crarra [13] € ornanom, SIKUi TPUCBIYEHUH MAaTEMaTUYHOMY MOJIETIOBAaHHIO KBaJPOKOII-
Tepa Ta 11eHTH]IKalil mapaMeTpiB, SKi BUKOPUCTOBYIOThCS B IpeACTaBIeHUX Mozensax. [la-
pameTpu Mozenl (IOBXKMHA IUIeYa, 3arajibHa Maca KBaJpoKoNTepa, MaTpulls 1Heplii, Koediri-
€HTU TEPTsl, TATU Ta ONOPY) MOXKHA OTPUMATH 3a JIOIIOMOTOI0 E€KCHEPUMEHTY, PO3PaXyHKY
abo moenHaHHA 000X crnocoOiB. ExcepuMeHTanbHa 11€HTH(IKALIS] BAKOHABYOIO MEXaHI3MY
3a3BUYall BUMarae BUKOPUCTaHHS BUIPOOYBAJILHOI'O CTEHIA.

JIuHaMI4H1 MMOKa3HUKU Ta POOACTHICTb CHCTEMH €JIEKTPOIPUBOJIB MAlOTh BHpIILIAIbHE
3HA4YeHHs 1151 IPOTYKTUBHOCTI Ta HAAIMHOCTI KBaIpoOKoNTepa. Y HEBEIMKUX KBAJPOKOITEPax
3/1e0LIBIION0 BUKOPUCTOBYIOTh OJMHOYHI CHiI0BI NoJboB1 Tpan3uctopu (FET), moaymoroun
Hanpyry MpuBoJia Ha KO)KHOMY JIBUTYHI 3 MOCTINHUMU MarHitamu [7]. Y OUIbII BETUKUX ana-
parax BukopuctoBytoTh b/IIIC 3 enekTpoHHUMHM perynsaropamu mBUAKOCTI (electronic speed
controllers — ESC). [l oTpuManHs MakcuMmainbHOi npoayktuBHocTi ESC marote OyTu Hane-
KHUM YMHOM CKOHCTpyHoBani. Halyacrime BukopuctoBytoTh ESC nitanbHUX anmapariB Asis
X001, OCKUTbKM BOHM JOCTYIIHI Ta MatoTh Maiy Bary. O/IHaK y HUX € KUIbKa HE/IOJIKIB.

Po3zpobisitoun npodeciiinuii kBagpoKonTep, Tpebda MaTu Ha yBasi, M0 XO0I-KOHTPOJIEpPH
4acTo MaroTh BOyAOBaHUI 0OMeXyBau MIKOBOTO CTPyMY, SIKMM MPOTIKA€E MiJ 4ac KPOKOBOI
3miHu mwBuAKocTI (0 100 A B mpuBoai X-4 [7]). BincyTHicTs 0OMeXeHHs MIKOBOIO CTPyMy
MO’K€ MPU3BECTH 0 MPOCIIaHHSI HAPYTH IIUHU KUBJICHHS BHACIIOK BHYTPIIIHBOIO ONOPY
aKyMYyJIITOPIB, 1110 NMPU3BEAE 0 CKUAAaHHS aBioHIKA. CHIIbHI CIUIECKHM MOXYTh HaBITh MpPU3-
BEeCTH 10 nouko pkeHHs JaHiorie komyrauii ESC. 11lo6 yHukHyTH mmx npoOneM, MIBUI-
kicTb po6oTu ESC 3MiHIOETBCS MOBUIBLHO, 30UTBIIYIOUM Yac peaKilii Ta 0OMEXYIOUH MPOMYCK-
Hy 3JaTHICTh npuBoja. Y Bunaiaky 3 Flyer X-4 xo00i-KOHTpoJiepy IIBHIKOCTI 3 0OMEXEHUM
MIKOBUM CTPYMOM HE BCTUTAJIM pearyBaTH, o0 craditizyBatu BITJIA.

[lepeBaxHo k0oA MiKpoKOHTpoJiepa it X001 ESC Ta BHYTpIlIHI cUCTEMU HEAOCTYIHI; y
takoMy ESC He icHye npsIMOro BUMIpIOBAHHS IIBUAKOCTI 00€pTaHHS POTOpa, 110 MOXKE HOT-
peOyBaTu 10JAaTKOBHX JAT4MKIB. Y [7] 3a3Ha4YeHO, 1110 KepyBaHHS IIBUIKICTIO 32 JJOIOMOTOI0
X001-001aJHaHHS 3 BUCOKMM KOE(IIIEHTOM MiJICUICHHS 3aMKHEHOTO KOHTYPY 13 4acTOTOIO
oHoByieHHs1 Bcporo ymie 50 ' qa Flyer X-4 nemosxnuBo. JlocTynHi 3apa3 mporpaMoBaHi
x001 ESC MoxyTh OyTH NIAKIIOYEH1 IO KOMIT FOTepa JUIsl TOHKOT HACTPOMKH Ta MPUCTOCOBAH1
JUIsl KEpYBAHHS IIBUAKICTIO BEIMKOTO KBaJpokonTepa. OJHAK y BUCOKOIPOTYKTUBHOMY KBa-
JPOKOIITEpPl Mailke HaeBHO Tpeba BUKOPUCTOBYBATH €IEKTPOIIPUBOIM BIACHOT pO3POOKH, K
y Bunazky 3 Ascending Technologies [1].

[[{o6 3a0e3meunTy aBTOMATUYHY CTAOUTI3a1liI0 MTOJI0KEHHS KBaIpOKONTepa, MOTpiOHA BU-
COKa JMHAMIKa TATH, A YOTO MOTOPU MarOTh OyTH B 3MO31 IIBUJKO pO3raHsATH poTopu. Ha
OUIBILIOCT] BIIOMHMX KBAJPOKOINTEPIB BCTAHOBIIOKOTH JIETKI POTOPH, IO JI03BOJIIE MHUTTEBO
3MIHIOBAaTH IIBUJAKICTh 0€3 J0JaTKOBOTO KOHTPOJIIO. Benuki KBagpokonTepu MaroTh OLIbII
BaXKKi, BUCOKOIHEPIII{HI pOTOPH, @ TOMY NMOTPIOHO JIOKaJIbHE KEPYBaHHSI JJIsl LITYYHOTO MOK-
pallleHHs] TUHaMIKK ABUryHa. Ha mpakTuill npoayKTUBHICTh POOOTH 3aMKHYTOI CUCTEMH Ke-
pyBaHHSI HAlOUIBII CHIIBHO OOMEKeHa MaKCUMallbHUM MUTTEBUM CTpYMOM Oartapeid, 1 e J0-
MIHY€ B po3po0lii CHCTEMH KepyBaHHSI aBTOHOMHOTO arapara.

Junamiky mBuakocti B/IIIC Mo)xHa mpeacTaBUTH OJTHOIOIOCHOIO JTMHAMIYHOIO CHUCTE-
MOI0, JUIsl SIKOT MIAXOUTh MPOTOpLIiiHE KepyBaHHS 31 3BOPOTHUM 3B’ s13k0M [7]. Koedirient
MIJICUJICHHS! CUCTEMH KepyBaHHS, SIKUM MOKHA peai3yBaTH, OOMEKEHUI MaKCUMaJIbHUM ITi-
KOBUM 3HAU€HH:M, K€ MOTpiOHE s mapupyBaHHs 30ypeHb 1 3aBJaHb, 1, BOJHOYAC, HE BH-
KJIMKa€ HECIPAaBHOCTI B KOHTpoJepl. MeTo ] po3paxyHKy ONTHUMI30BaHOT CUCTEMHU YIIPABIIIH-
HS JUI IPUBOJIA 3 HACMYEHUM TIKOBUM 3HAYEHHSIM ornucaHuil y [18].
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Skmo 3abe3neyeHa JOCTATHS MPOIYCKHA 3JIaTHICTh, PETYISTOPY JABUI'YHA HE MOTPIOHO
NIATPUMYBATH TOYHY IIBHJKICTE OOEpPTaHHS pPOTOpa — CHCTEMa YIPABIIHHS MOJIOKEHHSIM
Bcboro BITJIA koMmneHcye 3aBiaHHs MOTOPIB Ul CTaOUILHOIO MONBOTY anapara. [Ipu upomy
CHJIM TATH SIK y BEPTUKAIBHOMY HampsiMi, TaK 1 MapajenbHO 3eMJi, MPOMOpLiiHI KBaapaTy
HIBUAKOCT1 00epTanHs poropiB [11; 16].

VY [16] nunamika poTopa 3arajoM Oyna iIeHTU(IKOBaHA Ta MIATBEPXKEHA 3a JOMOMOI0I0
iHcTpyMmeHTy ineHTudikanii MATLAB. 3a3HaueHo, 1o QyHKIIT neperadi Nepioro nopsaKy
JOCTaTHBO /ISl BIATBOPEHHS JMHAMIKU MK 33JJaHOIO Ta PeajbHOIO MIBUJIKICTIO MpOIIEiepa.

Po3pobka cumynsropa OS4 [8] cynpoBopKyBangach MOCIIIOBHUMH BJIOCKOHAJIEHHSAMU
JMHAMIYHOT MOJIENI, CXEMH YIIPaBIJIIHHS Ta anapaTHoro 3abesneueHHs podoTta. OcTaHHS Bep-
Cisl BKJIIOYA€ 1JEHTU(IKOBAHY NMHAMIKY BMKOHAaBUYOI'O MEXAaHI3MY, aepoJUHAMIYHHMHA OJOK,
KOHTPOJIEp YHUKHEHHSI MEPELIKO]] Ta MIaHYBAIIbHUK BUCOKOTO PIBHS JJIsl BU3HAUEHHS TOUOK
Mapupyty. Koxen 650k onucyeTscsi 0JHUM a00 JekiibkoMa gaitnamu Matlab 1 moxxe Oytu
JIETKO BKJIFOUYEHUH B IHIII CUMYIISITOPH.

Hapemri, B [8; 16] HaBoaUTHCS BUpa3 Ui BXOIB MOJIENI KBaJpOKONTEepa Y MPOCTOPI CTa-
HIB U1, Uz, Us, Us, 5iKi, aKTUYHO, € BUXOJAMU KOHTPOJIepa KEpyBaHHS MOJI0KEHHSM:

(U =b(af + 0F +0F +0D);

4 U, = b(—QF + Q3);

| Us = b(Qi - Q%);

\U, = d(—02 + Q2 — 02 + 03),
ne Qi, Qo, Q3, Q4 — mBUAKOCTI 00EpTaHHS POTOPIB; b — KOE(DIIEHT BEPTUKAIBHOT (thrust), a
d — xoedilieHT rOpu30HTAIBHOI (drag) Tsaru. 3MinHa U) onMcye JIHIHHUE pyX anapara, y Tou
yac sk 3MiHH1 Us, U, Us XapakTepu3ytoTh TOBOPOTH KBaJIPAKOIITEPA.

Taxum unHOM, nepiodepropumu 6oxkamu Simulink, siki noTpeOyrOTh aHaNI3y, BUXOAIYU
3 METH JIOCIIJDKEHHS, €:

— 0€e3K0JIeKTOpH1 ABUT'YHHU nocTiiiHoro ctpymy (B/IIC);

— aBTOHOMHI JKEpea KUBJICHHS;

CXEMH KOHTPOJIIO HAIIPYTH 1 CTPYMIB JIBUT'YHIB;
eneMmeHTu kepyBanHs bJIIIC.

Baoku Simulink ans apronomuux amapariB. [li1 yac cTBopeHHS CKJIaqHOI MOJENi B
cepenoBuili MATLAB 3a3Buuaii BukopucroByerbes Simulink Library Browser, mo € aepe-
BOIOJIIOHOIO 1EPAPXIYHOI0 CTPYKTYPOIO, JIe PO3MIIICHO MOJEINI OKpeMux elneMeHTiB. Tak, B
Simulink® (Ver. 9.0 2017b) npexacraBieHo IeKiIbKa MOJENEH eIeKTPUYHUX JIBUT'YHIB 13 TIOC-
TIHHUMM MarditaMi, a TaKoX BIIIOBIJTHUX PETYJIATOPIB Ta IHIIMX KOMIIOHEHTIB.

[lepemycim posrisHemo Ti po3aumu Simulink®, ge 3ragyroThCs MOJENi OE3KOIEKTOPHUX
nsuryHiB noctiiiHoro ctpymy (B/IIIC, Brushless DC Motor, BDCM), a TakoX CHUHXpPOHHHX
IBUTYHIB 13 nocTiiiHumMu Maraitamu (C/AIIM, Permanent magnet synchronous motor, PMSM).

I'pyna Simscape / Power Systems / Specialized Technology /
Fundamental Blocks / Machines MICTUTh MOJCIb Permanent Magnet Syn-
chronous Machine, sky Oyno Bnepiie npezacrasieHo y Bepcii MATLAB R2006a. Kowm-
MOHEHT MPU3HAYEHUH JJIsl MOJENIOBAHHS JMHAMIKU TpU(a3HOT CUHXPOHHOT MALIMHU 3 MOC-
TIHHUM MAarHITOM 13 CHHYCO1IaJbHOIO 200 Tpamnemienogi0H00 3BOPOTHOIO €IEKTPOPYIIIIHOO
CHJIO0 a00 AMHAMIKY I’ATHU(}a3HOT CHHXPOHHOI MAIllMHU 3 MOCTIHHUM MAarHiTOM 13 CUHYCOI-
JAJIbHOIO 3BOPOTHOIO €NEKTpopyLIiiiHO0 cuioro. Lleit 010k MO)XKHa BUKOPUCTOBYBAaTH B pe-
AKHUMI1 reHeparopa abo JABHIYHA, 1110 BU3HAYAETHCS 3HAKOM MEXAHIYHOT'O KPYTHOIO MOMEHTY
Tm (mo3uTUBHUE U1 MOTOPHOTO PEXUMY, HETAaTUBHUMI JUIs T€HEepaTOpHOro). Enexrpuyni Ta
MeXaHI4H1 YaCTUHHU MalllMHU NPEACTaBICHI MOJIEIUIIO IPYTOTo MOPSIKY B IPOCTOP1 CTaHIB.

VY cuHycoiganpHiil MosieNi CTBOPIOBAHMHN NOCTIMHUMM MarHiraMy y cTaTopi MOTIK Ta eje-
KTPOPYILiMHI CHJIM CUHYycOifanbHi. TpanenienogioHa Moaenb MPUIYCKaE, 110 PO3MOAUT 00-

(4)
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MOTOK 1 MOTIK, I10 CTBOPIOIOTHCSI MOCTIMHUMHU MarHiramu, BUpoOJsitoTh Tpu npoTu-EPC tpa-
neneinanpHo1 popmu.

Tpudazna tpaneuienogiOHa MOJETb €NEKTPUYHOI CUCTEMH IPYHTYEThCS Ha PIBHSHHIX,
AK1 BUpaXkaloThes y (Pa3oBiil cucremMi koopauHat (cucrema abe). IHAyKTHBHICTH (a3u mpuii-
Ma€ThCS TIOCTIMHOIO 1 He 3MIHIOETHCS 3aJIS)KHO BiJ] TIOJIOKEHHS POTOpA.

MexaHiuHa cUCTEMa OMHUCYETHCS TAKUMHU PIBHAHHSAMU:

d 1

Wy = 7(Te —Tf — Fwy — Tp);
a0 (5)
a = Om

1€ @, — KyToBa MBUAKICTh poTOpa (MEXaHIYHA MIBUJIKICTH);

J — xoMOiHOBaHa iHepIis pOoTopa 1 HAaBAaHTAKCHHS;

T, — €JIEKTPUYHUN MOMEHT, 1110 IIPOJYKY€E IBUTYH;

Ty— MOMEHT CTaTUYHOTO TEPTS Baly;

F — koeiieHT B'SI3KOTO TEPTS pOTOpa Ta HABAHTAKEHHS;

T» — MeXaHIYHUI MOMEHT Ha Baly;

6 — xyTOoBE TIOJIOKEHHS POTOpa.

['HyuKicTh BUKOPUCTAHHS OMUCAHOT MOJIEN1 3a0€3Meuy€eThCsl BEIMKOIO KUTBKICTIO Hasall-
TYBaHb 32 JJOMIOMOTOI0 TPHOX BKJIAIOK:

— Configuration Tab;

— Parameters Tab;

— Advanced Tab.

Briagka Advanced Tab, 30kpema, MICTHTh KHONKY Compute from standard
specifications. a il JOmMOMOrol MOXHa VYBINTH Ha  CTOPIHKY pPOwW-
er PMSynchronousMachineParams (puc. 1). Ha 1iit ctopinii Tpe6a 06paty BUJ IPOTH-
EPC (Sinusoidal / Trapezoidal), mixda3oBuii omip Ta iHIYKTUBHICTB, SIKi JIETKO BU-
MIpsATH Oe3MocepeIHbO Ha JBUTYHI. 3aJIeKHO BiJ HAasBHUX BIIOMOCTEH Mpo ABUTYH ab0 BHUMI-
proBaHb MO)XHa BHOpaTu 0a30By koHCTaHTy: Hampyru (Voltage) abo momenty (Torque), sxi
IpsIMO TOB’s13aH1 OJHA 3 oHO0. /Iy IUX Ta IHIIMX MapaMeTpiB, siKi Tpeda 3agaTh (MOMEHT
iHep1ii, KoeilieHT B’SI3KOr0 TePTA), IHAUBIAYaTIHLHO OOUPAIOTHCS OTMHUIII BUMIPIOBAHHSL.

z power_PMSynchronousMachineParams = m] X

w

Specifications Block Parameters

Back EMF waveform Trapezoidal v

Rotor Round Stator phase resistance Rs (ohm):

l |

Stator phase inductance Ls(H):
Inductance (ph-ph) Lab |Lpp mH | ]

Resistance (ph-ph) R Ohm

D-axis inductance (ph) Ld mH

mH Flux linkage established by magnets (V.s):

Specify:  [Torque constant e Voltage Constant (Vpeak L-L / krpm):

1l

Q-axis inductance (ph) Lg

Voltage constant ke

‘ [Vrms / ]krpm N l | ‘

[N.m v! / IApeak v’ |T0|'que Constant (N.m / Apeak): ‘

o

Torque constant kt

Kt

Inertia J Jr l [kg,mﬂz v]

Inertia, friction factor, pole pairs [ J(kg.m*2) F(N.m.s) p(Q)l:

Viscous damping F l [N.m.s v] |

<
a

Pole pairs P

’ Compute Block Parameters ’ Apply to Selected Block

Puc. 1. Cmopinka « Compute from standard specifications»
onoxa Permanent Magnet Synchronous Machine
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BxinHuM curHaiaoM Mojieni € KpyTHUH MOMEHT, 3aCTOCOBaHMi /1o Basia (Torque, Tm B
H'M). A OT BUXIITHUN CUTHAJI MOJIEN] — MIBUAKICTh MAlllMHU — BU3HAYAETHCS 1HEPIIEI0 Malllu-
HU J 1 PI3HULEI0 MDK 3aCTOCOBAaHMM MEXaHIYHUM MOMEHTOM Tm 1 €JIeKTPOMAarHiTHUM MO-
MEHTOM, SIKMI BUpPOOJIsie MaIlIMHA, 1 SKUN NpeACTaBICHNI BUXIIHUM TapaMeTpoM Te.

Sk mpuknaa B Tabmuui HaBegeHo napamerpu B/IIIC DB59C024035-A. V rpadi «Im’s»
MoJiaHe iM’s 3MIHHO1 Y CKpUIITOBOMY (ailii, sIKHii cripoIntye poOoTy 3 MOJEILIIO.

Tabmuis
Tapamempu mooeni 5/{I1IC DB59C024035-A
Im’s 3naveHns Omunuus Bumipio- Onuc
BaHHSA
Rpp 0.135 Om Omip Mix (pazamu craTopa JBUTYHA
Rs 0.0675 Om Omnip craTtopa IBUTyHa
Lpp 0.2 ml [HayKTHBHICTE MiX (pa3aMu craTopa
Ls 0.1 ml [HIyKTHBHICTH CTaTOpa JBUT'YHA
Kt 0.044 Hm/A [locTiliHa MOMEHTY ABHUTYHA
EMF 3.7 B-1000/xs! Tocriiina nporu-EPC neuryna
Jr 17.3e-6 K2 M Tuepiiist poropa
vd 0.6e-3 Hwmc B’s13ke TepTs
Pp 6 - KinpkicTs map nomocis
St 0 H-m MOMEHT cyXoro TepTs
IVPF | [Jr, Vd, Pp, Sf] |[kewm?, Hwmc,— Hwm] |Bekrop 3HadeHb: iHepuis, B’S3Ke TepTs, Kilb-
KiCTb TOJIOCIB, CYX€e TepTs

Hatuckanns Ha kHonku Compute Block Parameters Ta Apply to model no3Bosnsie aBroma-
TUYHO mepepaxyBatu pemty napamerpiB mojeni BJIIIC Ta po3nouaru nponec cumyssnii. Ta-
KUM YMHOM BUPAXOBYETHCS OIIpP Ta IHAYKTUBHICTH ctaTopa. Ciii MPUHATIIHO 3a3HAYUTH, 110
MATLAB aBTOMaTH4HO IepepaxoBye MiKOBE 3HaYeHHs NocTiiHOI npotu-EPC nBuryna, y
TO# yac gk y nokymentauii Ha BJIIIC yacto narTh 3HaYeHHS IBOrO KOoeillieHTa 3a cepel-
HBOKBA/IPATUYHOIO HAMPYTOIO.

[Ipuxnax power brushlessDCmotor imtocTpye BUKOpUCTaHHS Ojioka Permanent Mag-
net Synchronous Machine block.

VY rpymi Simscape / Power Systems / Simscape Components / Ma-
chines / Permanent Magnet Rotor € Jekuibka MOjENel IBUTYHIB 3 MOCTIHHUMHU
MarHitamu. Brushless DC Motor (06e3K0JIEKTOPHHI ABUTYH MOCTIMHOTO CTPyMY), MPE-
crapneHnii y MATLAB, po3nounnatoun 3 Bepcii R2013b, Monentoe CHHXpOHHY MalluHy 3
MOCTIHHUM MarHiToMm, Tpu(pa3zHUM CTaTOPOM Ta 0OMOTKaMH 3ipkor0. MoJiens Mae 4oTUPH Ba-
plaHTH 3aBJaHHS PO3MOJALTY MOTOKY HMOCTIHOIO MarHity sik pyHkuUii kyra poropa. s asox
BapianTiB npocrtoi napamerpu3zauii BJIIIC 13 tpaneunenoaionoro nporu-EPC tpeba BkazaTu
abo0 moroko3ueruieHHs, abo npotu-EPC. IHmn aBa BapiaHTH Aat0Th OUIbII TOYHI Pe3yJIbTaTH,
BUKOPHUCTOBYIOUHM J[aHi, HaBE/IEH1 B JIOKYMEHTAIlli HA KOHKPETHUI JBUTYH. Y IIMX BUMAJKax
Tpeba BKazaTu ab0 4aCTKOBY MOXIAHY BiJl HOTOKO3UYEIIEHHs, 00 BUMIPSIHY NOCTIHHY MPOTH-
EPC nnst 3aaaH01 IBUIKOCTI pOTOpA.

s Monens OuIbII JeTani30BaHa MOPIBHSIHO 3 MOMEPEIHbOIO Ta Mependayae 3aJaHHs Be-
JIMKOI KUIBKOCTI MapaMeTpiB, a TOMY € HallOuIblll THY4KO0. OCOOIMBICTIO € MOXKJIMBICTD 3a-
JAHHS HU3KM TapaMeTpiB 3a JOMOMOrow Tabnuilb. JleranizoBaHi AaHi MOKHA OTpUMATH Ha
3aBepIlaiIbHINA CTail pO3pOOKM HOBOI CUCTEMH, KOJIM 32 HAsBHOCTI (PI3MYHOrO MakeTa, Bla-
CTbCS IPOBECTH BUMIPIOBAHHS Ta YTOUHUTH MapaMeTpH JBUT'YHA. MoJeIOBaHHs, K 1 paHi-
111e, MaTUMETE CEHC, OCKUIbKHU JIOIIOMOKE CIIPOCTUTH HACTPOIOBAHHS CHCTEMU KEpyBaHHS.

Jlekinbka MoJiesiel eNeKTPUYHUX JBUTYHIB IpencTaBiieHl B po3autnl Simulink®, skuit
MPUCBSYEHUN CHJIOBUM arperatam eynekrpoMoOuniB. Tak, y Powertrain Blockset /
Propulsion / Electric Motors MoXHa3HalTH Flux-Based PMSM (CAIIM nHa
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OCHOBI MOTOKY), Interior PMSM (BHytpimHii CHAIIM), Mapped Motor (BinoOpaxeHuit
nBUryH), Surface Mount PMSM (CAIIM s moBEpXHEBOIO MOHTaXYy). 3Ba)Kalo4uM Ha
cnenudiKy 3aCTOCYBaHHS IIMX JIBUTYHIB, JOCUTh BIIMIHHY BiJl TaKOi /Ui aBTOHOMHHUX amapa-
TIB, PO3IJIAJATH IX TYT HE OyneMo.

Takox y rpyni Simscape / Electronics / Actuators & Drivers / Ro-
tational Actuators € me oauH BapianT mozeni CHAIIM — FEM-Parameterized
PMSM 13 3a/IlaHHSIM IIapaMeTpiB 3a TOTIOMOTr00 TAOIMYHUX JAHUX MArHITHOTO MOTOKY JIBUTY-
Ha AK (yHKLII cTpyMy 1 KyTa poropa. Llum crocoOom CTOPOHHI NakeTH KIHIEBUX €JIEMEHTIB
(Finite Element Magnetic, FEM) 3a3Buy4aii ekcriopTytoth iH(popmaiiro npo notik. Yepes tad-
JUYHY (GopMy HOTIK MOKE 3MIHIOBATUCS HENIHIMHUM YMHOM SIK BiJ] KyTa pOTOpa, Tak 1 Bif
ctpyMy. ToMy 1eid 610k MOXHa BUKOpUCTOBYBATH sk [yt MozemtoBanHs C/IIC 13 Tpanene-
noaiouuM npodinem npotu-EPC (tobro BAIIC), Tax 1 31 38uyaitnum CHIIC. Ls monens mo-
ryia 6 OyTu B HaroJi mij yac po3poOKH CaMoro JABUTYHA, OT)KE, 3BayKal04uu Ha METY I[bOTO JI0-
CIIIZPKEHHSI, BAKOPUCTOBYBATH ii HE OyeMo.

Inmni 610xm Simulink 1u1s1 cuerem entekTponpuBoniB. Y rpyni Simscape / Power
Systems / Specialized Technology / Electric Drives / AC Driveseg,
30Kpema, Mojielb Brushless DC Motor Drive (mpuBOJ O€3KOHTAKTHOIO JBHMIYHA MOC-
TiiiHOTO cTpyMmy). Llei npuBoa Mae 3aMKHYTUH KOHTYpP PEry/IIOBaHHS IIBUAKOCTI 32 JOMOMO-
rOI0 CTpyMy CTaropa, BUKOPUCTOBYIOUM HaT4MKU Xossia. KOoHTyp perysatroBaHHS IIBHIKOCTI
3aJia€ OTMOPHUNA €IeKTPOMArHiTHUM MOMEHT MaiHu. OnopHi (a3oBi CTpyMU cTaTopa, sKi Bil-
MOBIJAI0Th 33JJAHOMY MOMEHTY, BUBOJIITHCS HA OCHOB1 KOHCTAHTH KPYTHOI'O MOMEHTY MallliHU
1 curHaimiB garyrka Xoswia. [oTiv onopHi ¢a3oBi CTpyMH BUKOPUCTOBYIOTHCS JUISl OTPUMAHHS
HEOOXiTHUX CUTHAJIIB 3aTBOpA ISl IHBEPTOPA Uepe3 PEryIsTOp CTPYMY 3 TICTEPE3UCOM.

['onoBHOW0O mepeBaror IbOr0 MPHUBOJA B MOPIBHAHHI 3 KepoBaHMMM Hampyroro LHIM-
iHBepTopamu BJIIIC € iioro minaBHa nuHamiyHa peakuis. Lleit mpuBoxa 3abe3neuye BiIacTu-
BICTh OOMEXEHHs CTpyMY / KPYTHOI'O MOMEHTY MiJl 4ac 3alyCKy Ta NMPUCKOPEHHsS JBUTYHA.
OpHak Ui HaleKHOTo (PYHKIIOHYBaHHS NMPUBOJ NOTPeOy€e 3aMKHEHOTO KEpYBaHHS KPYTHUM
MOMEHTOM Ha OCHOBI CUTHAJIIB CTPYMIB MaIlIMHH.

bnok Brushless DC Motor Drive BHKOPUCTOBYE Taki €JIEMEHTH O0107i0TeKH
Electric Drives / Fundamental Drive Blocks (Enexkrpuuni npusoau / bio-
KU (PyHIAMEHTAJIbHUX IPUBOJIIB):

- Speed Controller AC (KOHTpOJEp IIBHIKOCTI);

- Current Controller (Brushless DC) (koutponep crpymy BAIIC);

- DC Bus (1MHa NOCTIHHOTO CTPyMY);

- Three-Phase Inverter (Tpuda3Huil IHBEPTOP).

Mogens Current Controller (Brushless DC) sBisie coOOr0 TiCTepe3UCHUN
KoHTpoJep ctpymy s BukopuctanHs 3 BJIIIC. Moaens mae nBa pexxuimMu poOOTH, Y SKHX
IHBEpTOp MOXke OyTH MPEJICTABIEHUM JIETaIbHO a00 CIPOIIEHO, 33 CEPEeIHIM 3HAUCHHSIM.

bnox PWM Generator (2-Level) (unBopiBHeBuil IIIIM-renepatop) renepye immy-
JBCH JJIS TIepeTBOproBauiB Ha ocHOBI1 [1IIM, BUKOpHCTOBYIOUM ABOPIBHEBY TOMOJOTri0. biok
Moxe kepyBatu komytauiiiHumu npuctposimu (FET, GTO a6o IGBT) Tphox pi3HUX THIIIB
NepEeTBOPIOBAYIB: 0/HO(a3HUIA HaniBMOcToBUi (1 mieue), oqHodazHuil NoBHUN MICT (2 mie-
ya) abo tpudazauii MicT (3 reya). Onopuuii curnan (Bxig Uref), sskuii TakoX Ha3UBarOTh
MOy IFOIOYHMM, TTOPIBHIOETHCS 13 CUMETPUYHUM HECYYUM CHUTHAJIOM TPUKYTHOI popmu. Konm
OMOPHUH CUTHAI OUIBIIMHI 32 HECYUH, JUIsI BEPXHBOIO BEHTUJISI BUPOOISETHCS IMITYIIBC 3 Pi-
BHEM «1», a Ju1d HIKHBOTO — «O».

s ynpaBiiHHS 0HO(pAa3HUM MOBHOMOCTOBUM IPUCTPOEM MOXKHA BUOpPATH OJIHOTIOJISP-
Hy abo OinossipHy LIIM-moaynsnito. 3a JOMOMOT00 OIHOTIOJIIPHOT MOTYJISILIIT KOKHE TUIiede

182



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

KOHTPOJIIOETbCA He3aJIe)KHO. Jlpyruii OMOpHUH CUTHAJI BHYTPILIHBO T€HEPYETHCS MUIIXOM
3cyBy (azu omopHoro curHainy Ha 180 rpagyciB. Bukopucranus OinoispHOi MOAysLii me-
pendayae cuHdpaszHy poOOTy (CTaH) HIKHBOTO KOMYTAIIHHOTO MPUCTPOIO JIPYroro Ijieda Ta
BEPXHBOTO MEepeMHKaya MEepIIoro Mieya, a TaK0K BEPXHbOTO BEHTHJIS IPYroro Iviedya Ta HU-
KHBOTO BEHTHJIS TIEPIIOTO IJIeYa. YHIMOISIpHA MOAYJISIIISI CTBOPIOE SIKiCHIITY (hopMy 3MIHHO-
ro CTpyMYy, aJie Jiana3oH peryatoBaHHs HAPYTU MaJIui.

brnok Battery 3 rpynm Electric Drives / Extra Sources peanizye 3a-
rajpHy JMHAMIYHy MOJENb, MapaMeTPU30BaHy Ul MPEICTABICHHS HAaHOUIBII MOIMYISIPHUX
TUMIB aKyMyJsSTOpHHUX OaTtapeil. [lapameTpu ekBiBaJICHTHOI CXeMHU MOXYTh OyTH Moau(iKo-
BaHi JUI MPEACTaBICHHS KOHKPETHOTO TUITy O6aTapei, BUXOAI4U 3 1i PO3PSAAHUX XapaKTepHUC-
TuK. Tumnosa kpuBa po3psaLy CKIAIA€THCS 3 TPHOX AUISHOK.

[Nepma minstHKa siBIIsiE COOOI0 €KCTIOHEHIIATBHE T JiHHS HAMPYTH ITICIIS 3apsIKH aKyMyJIsi-
TOpa Bif] MOBHICTIO 3aps/PKEHOT0 CTaHy JI0 HOMIHAJILHOTO 3Ha4eHHs. Jpyra IUIsSHKa XapakTepu-
3ye€ 3apsij, IKMA MOXKHA B3SITU 3 OaTapei, MOKK Harpyra He BIaje HIbK4e HoMiHaiubpHOI. Haperri,
TpPeTs AUITHKA IPE/ICTABIISE TOTATBHUNA O3PS aKyMYJIATOPa, KOJIM HAIpyTa MIBUAKO CHAJaE.

Mogens 103BOJIsIE TOCTIHKYBATH BIUIMB TEMIIEPATypy Ta CTapiHHS (BHACTIIOK IUKIIYHO-
CT1) Ha €MHICTb JIITii-IOHHOTO aKyMYJSTOpa, JUIsl YOTO BUKOPUCTOBYIOTHCS BIIMOBINHI piB-
HsHHA. Jly’ke BaXKJIMBOIO BJIACTHBICTIO MOJENI 3 MOTJISIAY IILOTO JOCIIIKEHHS € TAaKOXK MOXK-
JUBICTh BIZOOpaXEHHS IWHAMIKM 3MIHM Hampyrd (4acy BIATYKY aKyMyJsTopa) IpH
CTYNEHEBIN 3MiHI CTpyMy HaBaHTaxeHHs. KpiM TOro, Mozenb 103BOJIsSiE CIUPATHUCS Ha JieTa-
JbHI MapaMeTpiB Oatapei, B3ATI 3 TexHIUHO1 HokyMeHTalii (Data Sheets), a Takox oTpumaHi B
pe3yibTaTi MPOCTUX EKCIIEPUMEHTIB.

I'pyna Electric Drives/Fundamental Drive Blocks, 30KpemMa, MICTUTh
ook Inverter (Three-Phase 3 Bepcii MATLAB R2015b), npuzHadenuii ans MOAEIO-
BaHHS CTaHJAPTHOTO TPHOXIUIEYEBOIO, TBOPIBHEBOTO IHBEPTOpPA (IETaNbHUI pexxuM) abo iH-
BEPTOpA 32 CEpPEeIHIM 3HAUYCHHSAM Hanpyru (ycepeaHeHuil pexxum). CepeHiid pexum Mae fe-
KUIbKa BapiaHTIB 3aJIe)KHO BiJ THIy ABHTYHAa 3MIHHOTO CTPyMY M JI03BOJISIE 3MEHIIUTH
BHUMOTH JI0 MPOJIYKTUBHOCTI KOMIT'IOTepa, KU 3aCTOCOBYETHCS MiJ Yac MOJENIOBaHHA. Y
JeTalnbHOMY pekuMi 670k Inverter (Three-Phase) € ek3eMIUIIpoM OJOKY yHIBEpCaib-
Horo Mocty (Universal Bridge), CKOHIrypOBaHOTO y BHUIJISII TPUIAHKOBOTO (TpUda3-
HOT0) IPUMYCOBO-KOMYTOBAHOTO TIEpETBOPIOBaYa. Y IIbOMY BapiaHT1 MOJIeNl MOKHA 00paTH
THUII CHIIOBOTO BeHTHIISA (GTO, MOSFET abo IGBT).

KomnuiekcHa MoJenb e1eKTPONpPHBOAA 115 aBTOHOMHOI0 anapara. HaBenena Ha puc. 2
MoJienb 0a3zyeThCs Ha JIOOMpalboBaHOMY Mpukiaai Brushless DC Motor Fed by
Six-Step Inverter (Examples > Simscape Power Systems > Special-
ized Technology > Machine Models power brushless DCmotor.slx).

BLDC Nanotec DB59C024035-A with 6-step inverter Logic

i
Speed

controller

Hall

+ .__. Gatest  Pwm IPWM] is_ae_a
- _8€_
Torque m
— <Stator current is_a (A)>
Tm
R
i

=l

+

>

<Stator back EMF e_a (V)> N(rpm)
In_10ut_1fF—

alA
N m ~—
Ble alB B
: 5 <Rotor speed wm (rad/s)>
© rad2rpm
Discrete de BLDG ! )
1e-06's. Open loop SVI D [<Electromagnetic torque Te (N*m)>
L—al+
ot L ¥ Info
[l

O

[A]

Vpid No« —

Vpwm »Z [PWM] T(N.m)
ﬁ ﬁef Pulses

PWM Generator

Puc. 2. Mooenv enexmponpusooa agsmoHomMHo20 anapama
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[una noctiitHOTO CTpyMy 1HBepTOpa (SVI) mifKiIoueHa 6e3MocepeHbo 10 aKyMyJIsToO-
pHoi 6arapei. Mozenb 103BosIsI€ MpaLtoBaty B pexumi npsimoro LIIM-perymntoBanHs oaHoYa-
cHo BciMa 6 BeHTwissmMu AIH. J[ns kepyBaHHs TppoMa Hanmpyramu ¢a3zHux oomortok A, B, C
craropa JBUryHa (BLDC) BHUKOPUCTOBYETHCS ~ PETYISITOp  MIBHIAKOCTI  (Speed
controller), BUXIAHUN CUTHAJ SKOTO BIUIMBAE Ha KOE(ILIEHT 3alIOBHEHHS IMIYJIbCIB, 110
redepye nuckperHuil IIIM-renepatop (PWM Generator). Curnamnu 3arBopiB. MOSFET
IHBEpTOpa BUPOOJSAIOTHCS NUIIXOM JEKOJYBAaHHS CUTHAJIB JAaTYMKIB XOJUla HAa JBUTYHI Ta
JOMilTyBaHHs 0 HuX curHainy PWM 3a nonomororo Onoka Logic.

Monens 103BOJIsE TOCTKYBATH BUIBHUN X1/1 IBUTYHA. J{Jis IHOTO MOTPIOHO MEPEMKHYTH
TymOJIep y HoJIO)KeHHs «Open 1oop» 1 BCTAaHOBUTH 33/1aHy IIBUJKICTh y 3HAUEHHS XOJIOC-
Toro xoxy (SPEED = NO_LOAD SPEED = 4500 x¢”' BiamoBimHo 10 TexHi4HMX mapamer-
piB nBuryHa). 3a pomnomororo Onokf Torque MOkHa CTyNEeHEBO 3MIHUTH MOMEHT HaBaHTa-
KEHHS 3 HYJIbOBOIO 3HAa4YeHHs (KOJM pyX JABUTYHAa 3yMOBJIGHUHM IHEpIIEI0 pOTOpa Ta
3aJaHMMHU 3HaYEHHSMH B’ SI3KOTO Ta CyXOTO TEPTS) 10 HOMIHAJIBHOIO. SIKIIO0 BUKOHYIOThCS BC1
3a3HaYeH1 YMOBH, HIBUJIKICT 00EPTaHHS pOTOPA JABUI'YHA 3HHMIKYETHCS IO MACIOPTHOTO 3HAa-
ueHHss SPEED RATED = 3500 x6'. Bubip qBUryHa Ta 3aBIaHHS MApAMETPIB MOJIEII 31ilc-
HIOETHCS Y BIAMIOBITHOMY CKPUIITOBOMY (haidi.

ExcnepumenTanbHi gociaiikenHs cucremu. Ha puc. 3 nokasanuii pe3yapTaT MOJENIIO-
BaHHS MEPEX1HOro MpOIleCcy IIBUIKOCTI pOTOpa €JIEKTPONPHBOIa aBTOHOMHOI'O amapara 13
3aMKHYTOIO CUCTEMOIO KepyBaHHA. [lapamerpu ABUryHa BIANOBiZAlOTh TaOnuil. Y MOMEHT
yacy t = 0 3 0noka Speed NOJAEThesa CHrHanN 3aBaaHHs mBuakocti 2000 xe™!. Tlicnsa nepe-
X1THOTO TMPOLIECY TPUBAIICTIO OJU3BKO 7 MC CUCTEMA BIANPALbOBYE 3aBJAHHS XOJIOCTOTO XO-
Iy 3 HEBEJIUKOIO MOXUOKOI0. Y MOMEHT 4yacy Torque Step time = 40.mc 610k Torque
3MIHIOE 3HAYCHHS MOMCHT HaBaHTAKCHHS 3 Torque Initial value = 0 Ha
Torque Final value = 0,6 H.m. CTpuOKononiOHe 3011bIIEHHS] HABAHTAKEHHS 3MYIIY€E
peryasTop ¢opMyBaTH BIANOBIIHUEN Kepyrounid BiuB s LIIIM-reneparopa, 1o cynpoBo-
JDKY€ETBCS MIJIBUIICHHAM (pa3HUX CTPYMIB €JIEKTPOBUTYHA.

VYci iHIIl CUTHAKU CUCTEMHU MOXHA CIOCTEpIraT 3a JIOMOMOTOI0 BIAMOBIAHUX OJIOKIB
Bi3yastizanii.
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Puc. 3. Ilepexionuii npoyec wieuoxocmi pomopa enekmponpusood asmoHOMHO20 anapama

BucHoBku BignoBigHo 1o crarri. [Ipoenenuii ananiz po3poodok BIIJIA Ta aBToHOMHUX
poOOTIB MiATBEPMIKYE aKTyanbHICTh 3actocyBaHHI MATLAB® Ta Simulink® pans mocmi-
JDKEHb IIMX aBTOHOMHUX anaparis. [Ipu npomy:
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— CX€MH KOHTPOJIIO HAMpYTH 1 CTPYMIB ABUTYHIB JOLLIBHO 3poOUTH BOYJOBAaHUMH, TOOTO
HEB11’€MHUMH CKJIaJJOBUMH CaMOTO aBTOHOMHOTO arapara;

— JJIs1 BUCOKOTIPOYKTUBHHUX anapaTiB Tpeda BUKOPUCTOBYBATH €JIEKTPONPUBOIU BIACHOT
PO3pOOKH 3 SKICHOIO JUHAMIKOIO Ta MOKJIMBICTIO JOCTYITY /IO BCIX €JIEMEHTIB;

— Yy po3po01l cUCTeMH KepyBaHHS aBTOHOMHHM arapaToM JOMIHYE HasBHE OOMEKEHHS
MUTTEBOTO CTpyMYy OaTapei, sike KpUTHYHO BIUIMBAE HA JUHAMIKY 3aMKHYTOT'O KOHTYpPY;

— SKUIO 3a0e3neueHa JOCTaTHs MPOMYCKHA 3aTHICTh, PETYIATOPY JBUI'YHA HE MOTPIOHO
NIATPUMYBATH TOYHY IIBHJKICTE OOEpPTaHHS pPOTOpa — CHCTEMa YIPABIIHHS MOJIOKEHHSIM
Bcboro BIIJIA koMIieHCye 3aBlaHHSI OKPEMHUX MOTOPIB Ul CTAOUIBHOTO MOJILOTY arapara;

— Tsra, CTBOPIOBaHa pOTOPOM, MPOIOPIIHA KBapaTy HAIIPYTH HA IBUTYHI, 1 B CUCTEMax
KepyBaHHs MyibTUpoTopHUMH BIIJIA TpeGa BpaxoByBaTH 1iei (akT miJ 4ac BiANPALFOBAHHS
3aBJIaHHsI Ta JIIHeapu3alii TPAEKTOPil pyXy;

— Ha cTali (I3UYHOTO MAKETYBAHHS CUCTEMH €JIEKTPONPHUBOJIIB aBTOHOMHOI'O arapary 3
METOI0 CIPOIIEHHS HACTPOIOBAHHS CUCTEMHU KEepyBaHHS JOLLIBHO BUKOPHUCTOBYBATHU OLIBIL
TouHl Mozen Simulink, 1Mo cnuparThCs Ha TAOJWMYHE 3aBJAaHHS NapaMeTpiB, K1 MOXHa
OTPUMATH 32 pe3ybTaTaMu BUIPOOYBaHb.

[onmanbiri ocniKeHHs TOLUIBHO 30CEPEAUTH B HAMPSIMKY aHaNi3y MOJIeNIel CHIIOBOT Ya-
CTMHHU €JIEMEHTIB, a TakoXX po3poOku anroput™miB [19; 20] cuctem kepyBanHHs. OcoOmuBy
yBary Tpeda MpHUIUIMTH AOCIIPKEHHIO KOHTYPY CTpyMy, 0a30BUIl BapiaHT SIKOTO MpeACTaB-
neHuii 6mokoM Current Controller (Brushless DC) (koHtpodep ctpymy B/IIIC).
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Volodymyr Voytenko, Roman Yershov

MODELS OF ELEMENTS OF THE ELECTRIC DRIVE SYSTEM
OF THE QUADROCOPTERS AND AUTONOMOUS ROBOTS

Urgency of the research. Minimizing the power consumption of unmanned aerial vehicles (UAVs) or robots can in-
crease the degree of autonomy (range, speed, or operation time).

Target setting. In the circuit level multi-domain simulation framework Simulink®, which is integrated with MATLAB®,
several models of electric motors, standalone power supplies and control elements are presented. Adequate selection of
blocks to successfully reproduce a prototype of a real physical control system requires a separate solution.

Actual scientific researches and issues analysis. Most publications on modeling in this subject area are either focused
on a detailed description of working with MATLAB® and Simulink®, or on modeling and controlling the dynamics of auto-
nomous vehicles to provide positioning in space.

Uninvestigated parts of general matters defining. The issue of optimizing the power consumption of a standalone multi-
drive object remains unaddressed.

The research objective. The study focuses on the analysis of existing Simulink models of motors, batteries and controls
that could be used to further develop a control system for UAV or robot with standalone power.

The statement of basic materials. Features of modeling of autonomous devices are considered, dynamics of a separate
motor is determined, requirements for accuracy of stabilization of rotor speed are formulated, Simulink blocks for autono-
mous devices are analyzed, on the basis of which a complex model of electric drive for autonomous apparatus is proposed.

Conclusions. Modeling the drive systems of autonomous vehicles is useful both at the initial design stage and in the
presence of a physical layout, since it significantly reduces the time and material resources required to develop an energy-
efficient control system.

Keywords: model of electric drive; MATLAB,; Simulink; Unmanned Aerial Vehicle (UAV); autonomous robot; power
consumption, brushless DC-motor (BLDC).
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OLIHKA TOYHOCTI MOJEJII I[BOHIAPOBQi KOTYHWKHU IHAYKTUBHOCTI
JJIA BE3IPOTOBOI IIEPEJAYI EHEPI'II 3A TOITIOMOI'OIO METOY
CKIHYEHUX EJIEMEHTIB

Axkmyanvhicmbs memu 00caioycenns. Ll mema € akmyanbHow0 y 38 513Ky 3i 3pOCMAOYUM NONUMOM M IHMeEPecom 00
6e30pomosux 3apsa0HUX NPUCMPOI8 3 OOKY OOCTIOHUKIE MA KOPUCHYBAUIS.

Ilocmanogxa npobnemu. Y npoyeci po3pobku cucmem 6e30pomosoi nepedayi enepeii docnionuxam nompiobHo npoex-
myeamu KOMywKy iHOyKmueHOCMi 3 pi3HOI0 MOUHICMIO napamempie 8i0n08ioHo 0o nocmasienux 3ag0ans. Tomy HeobXioHo
3HAMU, HACKINbKU MOYHO MOJCHA PO3POOUMU MO0 KOMYULKU IHOVKMUBHOCHIE 8 0OHOMY 3 NONVIIAPHUX NAKEMIS.

Ananiz ocmannix oocnioxcens i nyoaikayiu. bynu posensanymi ocmanui nyonikayii npo pisHi npocpamu, uio 6UKOpuc-
MoBYIOMbCA 0151 MOOETIOBAHHS eNeKMpPOMAazHImHuX npoyecis. 3 Odicepen npo 6y008y KOMyWoK iHOYKmusHocmi 3i0pano He-
00XiOHY THGhopMmayito Onst GHANI3Y U NOPIGHAHHSL.

Buoinenns nedocnioncenux wacmun 3a2anvnoi npoonemu. Joci ne O6yno 3i0pano ma y3a2aibHeHO V 3pYYHOMY OIs
NopieHANHA 6U2NIA0I iHhopMayito npo pisHi cmpykmypu, 6y008Y i CKIA008l KOMYUIOK IHOYKIMUSHOCMI 011 6€30pomosoi nepe-
Oaui enepeii. Ilumannio mounocmi mooeneii KOMyWoK iHOYKMUeHOCMI y NPOSpamax, wo IpyHmyomscs Ha Memooi CKiHUeHUX
eNleMeHmi8, MAKOIC He NPUOLTIALOCH OOCAMHBO YEA2U.

Ilocmanoeka 3aedannsn. OcHosHe 3a80aHHS NOAALAE 8 OYIHYI MOYHOCHI MOOENBAHHS 080X OOHAKOBUX 08OULAPOBUX
KOmyuwok 0nsa 6e30pomosoi nepeoaui enekmpoenepeii y 8ionogionil npozpami 3a MemoooM CKiHUeHUX eleMeHmis.

Buxnao ocnognozo mamepiany. Ilposedeno ananiz cmpykmypu iHOyKmugHocmell, a came 2eomempii obmomku, gopmu
i1 mamepiany hepumogoco ocepos ma oo poii eKPAHYBaAHHs eLeKMPOMASHIMHO20 NOJISL MA HANPAGLEHHS NOMOKY MASHIM-
HOI THOYKYIT Ha 3HauenHs inOykmueHocmi. Po3pobneno ma 3anpononogano cnpoweny mooeins iHOyKmugHoCmi i U3HA4EHO it
eNeKmpOMASHIMHKI napamempu.

Bucnogxu 6ionogiono 0o cmammi. 11iomeeposiceno pe3ynbmamu Mooento8ants 08OUAPOSUX KOMYUOK, YUM 008€0eHO,
wo ANSYS EM Suite € mounum ma naoitinum incmpymeHmom i Hagims cnpoweni mooeni iHOyKmugHocmell Yinkom 3a0080/1b-
HAIOMb GUMORU THIICEHEPI8 Ma O0CIOHUKIB.

Kniouosi cnoea: 6e3opomosa nepedaua enepeii; indykmugHa nepeoaya enepeii; 2eoMempis KOMYWKY, MazHimuui no-
mix; popma oceposi; eKpPaHy8aHHs, MOOETIOBAHHS MEMOOOM CKIHUEHUX eleMEHMIE, 080UAPO8a KOMYWKA.

Puc.: 4. Tabn.: 2. bién.: 19.

AKTyaJIbHicTh TeMu Aociigxenns. [Ipu 3poctarouomy iHTEpeci 10 0e31poToBOI mepe-
):[aqi eHepri'l' Ta TEXHIYHUX BUMOT a0 6@3[[pOTOBI/IX 3apAIHUX HpI/ICTpO.l'B AKTYaJIbHOKO € TCMa
IIpO BUKOPUCTAHHA IMPOTrpaMHUX 3aco0iB JJI1 MOACIIFOBAHHA CHCKTpOMaFHiTHOI YaCTHUHHU CHC-
TeMu 0e37pOTOBOI Mepeaayl eHeprii.

IMocTanoBka npo6aemu. [lpu npoekTyBaHH1 KOTYIIKM 1HAYKTUBHOCTI BU3HAUEHHS T€B-
HHUX FCOMCTpI/ILIHI/IX Ta CHCKTpOMaFHiTHI/IX r[apaMeTpiB aHAIITUYHUMU MCTOAaMH MOXKE 6YTI/I
00’€MHHM 1 CKJIaJHUM 3aBJaHHSIM. I[HH KaHOHIYHHUX (bOpM KOTYIJ_IOK BHUKOPHUCTOBYHKOTHCS CM-
HlpPI‘lHl ta npubnu3Hi popmynu. CkiaaHi Gopmu KOTYIIIOK IHOJ1 MOJAI0Th K KOMOIHAIIIIO
KaHOHIYHUX (bOpM, 110 HC 3aBXKIU IIPUBOJUTH IO [[OCTOBlpHOl"O PE3YJIbTATy. TOMy JJIAA OIITHU-
Mi3alii Ta AOCHIDKEHHS PI3HUX MapaMeTpiB KOTYIIOK IHIAYKTUBHOCTI JAOLUIBHO 3BEPHYTHUCH
JI0 YMCENIbHUX METOJIB PO3PAaXYHKY €JIEeKTPOMArHiTHoro mnoJiis. HaiiOunblmoro mommpeHHs
HUH1 HaOyB MetoA ckiHueHux eneMeHTiB (MCE), sikuii peaizoBaHO y BIJOMHUX MPUKIATHUX
KOMEPIIIMHUX 1 aKaJeMIYHUX MakeTax. Taki MakeTu MPUKIAJAHUX MPOrpaM MPUCTOCOBAHI IS
PO3B 3Ky pi3HOMaHiTHHX 3ajay, sIKi OMUCYIOThCS TU(epeHIiaTbHUMH PIBHAHHSAMU 3 TPaHU-
YHUMHU YMOBaMI/I p13HOFO CTYIICHA (bopManBauu 1o, 6e3nepeIJH0 Hepe;[6aqa€ NEBHY TOY-
HICTh pE3YJbTATIB PO3PAXYHKY napaMeTplB lHl[yKTI/IBHOCTl KOTymkH. OTxe, BaXKJIMBUM Ta
AKTYaJIbHUM 3aBJAdHHSAM € HOTpe6a 3 HCYBaTI/I, sIKa TOYHICTb BU3HAYECHHS napaMeTplB MOKCE
OyTH B MOJieT1 KOTYIIOK IHAYKTUBHOCTI 3 OUTBII CKJIAJHOIO T€OMETPIELO.

AHaJi3 ocTaHHIX qocaiaxedb i myoaikaniii. {locniiHukYN Ta iHXEHEpU NMEPEBAKHO BU-
KOPHUCTOBYIOTh Takl KOMEpLiHHI Ta akajaeMiuHi Bepcii makeriB Ha ocHoBlI MCE: ANSYS
Maxwell [1-5], FEMM [2], [6-8], COMSOL [9; 10], 3D JMAG [11], [12], ANSOFT [13],
Infolytica Magnet [14] Ta 6arato iHmmx. Takox A7 TOBHOTO MPOTHO3YBaHHS pOOOTH PO3PO-
OJIEHMX KOTYILIOK BUKOHYETbCS X TepMiuHE MOJeNtoBaHHs [6]. Maibke B ycixX mepeniuyeHux

poboTax He MPUILISETHCS BEIUKOTO 3HAUEHHS OLIIHIII TOYHOCT1 MOJIEIEeH.

© IlleBuenko B. O., Kongparenko 1. I1., I'yces O. O., Xomenko O. b., Turensmaep K. O., 2019
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VY crarti [2] mpoBeneHO MOPIBHAHHSA MOJENI KOTYIIOK IHAYKTMBHOCTI y Mporpamax
FEMM Ta ANSYS. 3a3HaueHo, 0 A IPOCTUX OJAHOIIAPOBUX KPYIIIUX KOTYIIOK 1HTYKTHB-
HOCTI mpu MOTYKHOCTI 5 KBA B ANSYS MoxHa A0CATTH BABIYi Kpalioi TOYHOCTI BU3HAYCH-
Hs 3Ha4eHb IHAYKTUBHOCTI. [loka3aHo, o noxuOka oO0YMCICHHS A1l MarHiTHOTO T0JIS OPiB-
HSTHO 3 €KCHEPUMEHTAIbHUM BUMIPIOBAHHIM 3a JIOTMIOMOTOIO IPOMHUCIIOBOTO MPUIIaTy CTaHO-
BHUTH O01u3bK0 10 % mist 000X makeTiB [2].

B ANSYS € M0oxuBICTh TOOYIOBH Ta JOCTIHDKEHHS €JIEKTPUYHOI CXEeMH 13 3aCTOCYBaH-
HSIM TIOTIEPEHBO 3MOJIETbOBAHUX KOTYIIOK. AJle HE BPaxOBaHO MEBHI BaXIIMBI MapaMmeTpH
eJIEKTPOHHUX KOMIIOHEHTIB, TEPII 32 BCE 1€ CTOCY€EThCSl HAMIBIPOBIIHUKIB. ToMy BU3HauUCH-
HSl BTpaT TMOTY)KHOCT1 BCI€] CXEMH, €IEKTPUYHUX MapaMeTpiB Moxe OyTH 3 MOXMOKOIO, IO
OiTbIa 3a IHXKEHEPHY TOYHICTh. Y poOoTi [2] 3a3Ha4YeHO, 110 MOXUOKa IJIs 3aralIbHUX BTPAT
MOTY>KHOCTI CTaHOBMJIA O1M3BKO 15 % Mpu MakCHMaJIbHO TOUYHUX HaJaIlITyBaHHSX.

AxanemiuHi HaBuaibHi Bepcii FEMM maroTh mpoctuii Ta HTYITUBHHMA iHTepdelc 1 1o-
3BOJISIFOTH IMITYBAaTH MPOCTI MOJENi Ta 6a4UTH OOMEXKEHY KUIbKICTh €JIeKTPOMArHiTHUX Ia-
pametpiB nuie y aBoBuMipHii nocranosui. [Taketn ANSYS, COMSOL — e noTyxHi yHi-
BEpCaJbHI IHCTPYMEHTH 3 KOMEpPLIHHOIO JIIIEH3I€I0 Ta BITHOCHO CKJIAJHUM PO3BHHYTUM
iHTepdeiicom. OCKUTbKHA 00’ €KTOM JOCHIKEHHS € ABOLIAPOBI KOTYIIKU 1HIYKTUBHOCTI 3 TO-
IBIMHUM HAaMOTYBaHHSIM, OTPIOCH MOTYKHUH 1 TOCKOHAIMNA IHCTPYMEHT AJIsl TOOYIOBH MO-
7ieT1i Ta BU3HAYEHHSI OCHOBHUX €JICKTPOMAarHiTHUX MapaMeTpiB.

IMocranoBka 3aBaanusa. OCHOBHE 3aBIaHHS IIOJAArac B OL{HIII TOYHOCTI MOJIEIIOBAHHS
JIBOX OJTHAKOBUX JBOIIAPOBHUX KOTYIIOK JUIs OE3APOTOBOI Mepeaadi eeKTpOeHeprii y BIAMO-
BIJIHIN IIporpami 3a METOJIOM CKIHUEHUX EJIEMEHTIB.

Buknan ocHoBHOro marepiaiy. I'eomerpis koTymku, Marepiaj ocepAsi Ta eKpaHy-
BaHHS.

V 1iii crarTi nix 6e3aporoBoto nepenayeto eneprii (BIIE) maeTbest Ha yBa3i iHIYKTUBHUN
crnoci6 mepenaui eneprii (ICIIE).

Crpykrypa KOTymku s 6e3npotoBoi mepemadi enekrpoeneprii (BIIE) 3mebimbiioro
CKJIAJIA€ThCS 3 OOMOTKH 3 MIIHOTO ApOTY, (EpUTOBOTO OCEpAs, EKpaHyIo4oi IJIaCTHHU
(puc. 1) [15]. JoOpe BimoMo, 110 BUKOPUCTAHHS JITHEHIPATY 3aMiCTh 3BUYAfHOTO MiJHOTO
JPOTY 3 OJHAKOBUM IIOTNIEPEUYHUM IEPEPi30M 3HAYHO 30UIBIIUTH IUIONLY TMOBEPXHI i, OTXKE,
3MEHIINTh CKIH-€()eKT Ha CepeAHIX 1 BUCOKMX uacToTax [16]. BuxopucranHs NiTHEeHIpATy
TaKOX JI03BOJISIE€ 3MEHIIUTH MAacorabapuTHI MapaMeTpu KOTYIIOK IHAYKTUBHOCTI, TTOKpAIIy-
109 TOOPOTHICTh Ta 3MEHIIYIOUM aKTUBHUM omip [15].

Miona

obmomka
KOmMYUKU

Expanysanus 3
ANIOMIHII0

Depumose ocepos
a) E-muny 6)

Puc. 1. Cmpyxmypa xomywxu inoykmusrocmi 013 BIIE:
a— munoga 6y006a Kpy2anoi Komywiku 015 eNeKmpudHUx aemomooinie;
0 — kpyani komywku 3 pepumosum ocepoam E-muny

Hoxepemo: [15].

Haifvacrime BUKOPUCTOBYIOTHCS KPYTJIi, KBaApaTHi Ta IPsAMOKYTHI (hopmu KOTYHIOK [6]. T'e-
OMETpisl KPYIJIOi KOTYIIKK 3a0e3neuye OUTbIIMN KOe(illieHT MarHiTHOTO 3B’SI3KY Ha OJMHHIIIO
rwromi moBepxHi [3]. Kpim Toro, BifomMo, 110 Ha BUCOKHUX YaCTOTAX OITIp MPOBITHHUKA, 3ITHYTOTO
MiT IPSMUM 200 TOCTPUM KyToM, Oyze OutbimM. OCTaHHE MOSICHIOE TIEPEBAry KPYriioi KOTYIITKH
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nepes] NpsSIMOKYTHOIO, OCKUTBKH €()EKTUBHICTb Mepeiadl eHeprii 311e0UIbIIOoro BU3HAYa€Thes 10~
OyTKOM JOOPOTHOCTI IHAYKTUBHOCTI (Q) 1 KoedilieHTa MarHiTHOTro 3B’s13Ky 4 [10]. Lle 1 mpuzBo-
JUTH JI0 TIIBUILIEHHS €)EeKTUBHOCTI NIepeiadi eHeprii Kpyriow KoTyuikoro [4; 5; 10].

[o crocyerbes HIIUX, OUIBII CKIAJHUX 1 MOIU(IKOBAaHUX (OPM KOTYIIOK, BOHU MpPE-
crasiieHi B [3; 17]. Byno npoBeaeHo iX MOPIBHSIHHSA, NEpPEeBAard Ta HEAOMNIKU 1 peKOMEHALlii
II0JI0 3aCTOCYBaHHS OyJiM BIAMIUEHI1 Ta mokaszaHi B Tabn. 1. 3a manumu gocmimkess [3; 17],
Halikpammu ¢opMaMH KOTYIIKU € Kpyrjia Ta nojsiiiHa kBajapatHa (Double-D Quadrature
(DDQ)). Haiikpamwmii pe3yabTar i UIUTBHOCTI MAarHITHOTO MOTOKY OTPUMAHO Ul FeOMeTpii
DDQ, He HabaraTo ripimuii pe3yapTat — Kpyrioi reomerpii [17].

Ocepast HeoOXiqHE ISl MIIBUILEHHS KoeilieHTa 3B’SI3KY, 1HIYKTUBHOCTI, B3a€EMHOT 1HIYK-
TUBHOCTI Ta JOOPOTHOCTI MK KOTYIIKaMH. TakoX ocep/st 3MEHIIIye pO3MOBCIOPKEHHS] MarHir-
HOTO TOJIA 32 MEKaMU B3a€MO/I1T KOTYIIOK. J[1 KpyriMx KOTYIIOK HAWNOIIMPEHIMME (opMa-
MH OCep/ib MOXKYTh OyTH IUIOCKA IacThHa, ocepas E-tumy ta U-tumy [15]. [Tnocka miactuna
Mae Halnpocriiry ¢opmy i 100pe BiIOBiIa€ KOHCTPYKTUBHO-(DYHKIIOHATBHUM BUMoram [4]. YV
MPOMUCIIOBOCT] YacTillle BUKOPUCTOBYIOTH (DEPUTOBE OcepAs MPSMOKYTHOT (OpMH, SK OLIbII
YHIBEpCAIbHE Ta MPOCTE Y BUPOOHUILITBI.

Marepian i eKpaHyBaHHS Ta CIPSMYBAHHS MAarHiTHOTO MOTOKY IMOBHUHEH 3a0e3IedyBa-
TH XOPOILUI KOEe(DIIEHT 3B 3Ky, YTPUMYBATH 1 HANpPABIIATH MarHiTHUM MOTIK, 3aXUIIATH BiJ
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBaHHS [3]. DepuT € HaWOUIbII MIAXOAAUIMM MaTepiajioM ye-
pe3 BUCOKY BIIHOCHY MPOHUKHICTB Ta Ml BTPaTH Ha BUCOKUX yacToTax [3]. OgHuM 13 Heso-
JIKIB (pepUTOBOI CTPYKTYPH BEJIMKUX PO3MIPIB € KPUXKICTh MaTepially Ta 3Ha4He 301IbIIEeHHS
Baru BCI€l €JEKTPOMAarHiTHoOi yactuuu cucremu BIIE.

EnexkrpoMarsiTHe 1moJie TakoX 3MIHIOE€THCS 31 30UIBIIEHHAM poOOUYOi YACTOTH Ta MOTYX-
HOCTI nepenavl. MarHiTHe nojie 1HIyKye BUXPOBI CTPYMH B METaJIEBOMY OO0’ €KTI, SIKHMM po3-
TAIIOBAaHUM Ha KOTYyWIIi IpuiiMadya a0o MoOau3y HBbOTrO, IO MPU3BOJAUTH J0 JIOJATKOBHX
BTpAT Ta MOXKJIMBOTO HarpiBaHHs 00’ekTa. ExpaHyBaHHS MIHIMI3y€ pO3MOBCIOIKEHHS MarHiT-
HOTO I0JIS1 Ta 3MEHIIIY€ HOro BIUIMB HA HABKOJIMILHIM MaTepiall 1 TKAHUHU JIFOIUHH.

ExpanyBanHa Moxxe OyTH 3 Mar”iTHUX MatepianiB ((peputy) abo MeTaneBUX MarepiaiiB
(Haliyacrilie 3 aldOMiHIIO), MacUBHUM Ta akTUBHUM [18]. Hanpuknan, mis enextpomoOuIiB
NaCBHE €KpaHyBaHHS AIIOMIHIEBOIO MJIACTUHOIO € HAMMOIIMPEHIIIUM METOAOM 3HMKEHHS
IHTEHCUBHOCTI €JIEKTPOMArHiTHOTO MOJs 10332 poOOYO0i 30HU 3aBJASKHU MPOCTOTI, HAAIHHOCTI
Ta BITHOCHO HEBUCOKIHM BaprocTi [19]. IlpoTe y BUmaaKy nepenadi MOTYKHOCTI 10 JEKUTBKOX
COTEHb BaT €KpaHyBaHHs 3 (heputy Oyzae OUTbII JOPEUHUM, 1 Horo Oyzie A0CTaTHBO.

Pesynpratn mpoananizoBaHuX jKepen Jiteparypu [1-19] y3aranbHeHi B MOPIBHSUIbHIN
Tabm. 1.

Ta0mums 1
TlopisHanHA OCHOBHUX CKIAO0BUX CIPYKMYDU KOMYUIKU
ITapamerp HOP]::;:I)Ha IlepeBaru Henonixu
1 2 3 4
OcobmmBocTi:
K 1) HaiinpocTima cTpykTypa 11l BATOTOBJICHHS;
pyrra 2) BcenanpasneHi xapakrepuctaku [17];
®opma 00- 3) MiHimMaJbHI BTpaTH MpOBIAHOCTI y ApoTax ooMoTkH [10].
MOTKH KO- Oco06nuBocTi:
TYIIKA . 1) MakcumanbHa mioma nepenadi [10];
IIpsimokyTHa 1 . i
KBapaTHA 2) CI/IMeTpI/'I‘IHl XapaKTepUCTUKH ["17], )
3) Jobpe miaxomuTs Iuisl IPUCTPOIB MPSIMOKYTHOI (POPMH, HATIPUKIIAI CMap-
T¢oHiB [18].
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3akigueHud Taom. 1

1 2 3 4
Ipocra 1) CranmaptHa (opma, mpocTa y BUpOOHHIITBI;
(Kp S 2) OIHOCTOPOHHIH XapaKTep CXeMH MOTOKY | By3bkuil e)eKTUBHUI pOOOUHiA
M (I))zr HE’I p CHpHsie 3MEHIIEHHIO BUTOKY IOTOKY [5; 4]; Jiarna3oH Mpu 0COBOMY 3CYBI
. yria, 3) HaiiBummit koegimieHT 3B's3Ky npu 3MiHl | [17].
Kongiry- KBaJpaTHA) . .. g
Aist Ko- BiJicTaHi Mix Korymkamu [10; 17].
IT) —— 1) Brcoka e(eKTHBHICT P BEITUKOMY Jia-
Ma30HI 0CHOBOTO 3MimeHHs [17]; .
Crnamna 2) Buibin piBHOMIPHUI PO3MO/LT MATHITHOTO e ) ST T
(DD,DDQ) p p p 00’eMHa 0OMOTKaA.
o [3];
3) Kpamia rycriuHa MarHitHOro moroky [17].
. . . 1) Kpuxkuii Matepia, 1o I0AaE
Depur, 1) Bucoka BitHOCHA MaraiTHa MPOHUKHICTS [3]; ) Kp .. I
. . . 3Ha4HOI Bary Korymmi [10];
Marepian |mopiBHsHO 3 | 2) Hu3bki BTpaT Ha Bucokmux gacrorax [10]; .
. . ; 2) Jlopoxdi 3a METaIN Ta CIUIa-
ocepas meraramu Ta | 3) Korymika mae OUTBIIY 1HIYKTHBHICTD, B3a- .
CIUTaBaMH €MOIHAYKTUBHICTB Ta KOC(Ili€HT 3B 53Ky [3] 0 CR ST LG
e Y121 ya samosnenns [3].
Mocka HeontrmizoBane BUKOpPUCTaHHS
(bepuToBa 1) [IpocTa y BUTOTOBJICHHI 1 BCTAHOBIICHHI; | IUIOMII MOBEPXHI Oceps (HanpH-
2) ToHKa TOBIIMHA. KJIaJ], IPSIMOKYTHE OCepAs IIPH
IJTACTHUHA ) = - .Up v oY
KPYTJiH KOTymImi).
Crpykrypa e 1) binbmra ToBIMHA;
PYKIYP 1) OnTuManbHE BUKOPUCTaHHS BCIET MOBEPX- ) . a—
ocepas - P— 2) 30UIbIICHAI BUTIK €IEKTPO-
Ocepast DA, . MAarHITHOTO TTOJIS 38 MEXIi OCepIs
- 2) Ipocrota y BurorosieHHi [18]; [18];
Y 3) HemarHiTHII IPOMIXOK MK OCEPISIMH ; . . .
. . 3) CxmagHIiCTh PIBHOMIPHOTO
MOKpAIIYE TOBITPSIHY BEHTWIALIIO. .
PO3MIIICHHS.
1) Bucokuii koedimieHt 38's3ky [18];
2) Hu3bkuil BUTIK MarHiTHOTO ITOTOKY;
I3 ocepsm 3) 3MeHIIeHnH po3Mip OOMOTKH Ta KUTBKICTh | 1) 30ibIIeHa Maca ocepas;
p Mii; 2) Brparu B ocepai Ta mixi [18.]
3acrocy- 4) IMomimueHHs 1HIYKTHBHOCTI, TOOPOTHOCTI
BaHHSI Ta B3a€MOIHIYKTHBHOCTI KOTYmKH [18].
oce; . .| 1) binpmi po3Mipa KOTYIIKY;
Pt 1) Bucoka noOpOTHICTE Yepe3 He3HAUHY 3Mi- ) pO3MIp I,
. . 2) Benvke eneKkTpoMarHiTHe mose
HY IHIYKTUBHOCTI; . . :
be3 ocepas . . . 4epe3 BUTIK MarHITHOTO MOTOKY;
2) Benmkwii ctpyM 4epe3 BiJICYTHICTH BTpat B . .
A 3) BB Ha oTo4yrodi MeTaneBi
I mpeameru [18].
1) 3MeHIITY€eThCSI BUTIK €IEKTPOMArHITHOTO
o [18]; 1) Mosxe 3HMKYBaTUCh €()eKTHB-
Exoa 2) 3meHIIyeThcsl HeraTuBHUK BB EMI Ha | HICTh KOTYIIKH Ta 3011bLIYIOTHCS
Dat 3 ekpaHOM 3II0pOB's JIFOJMHK Ta HABKOJMIIHINA MaTepian |Brpatu [18];
ynii ehexT
[18]; 2) Moxe 3HU3UTUCH e()EKTUB-
2) IIpocra, HaAiiiHa Ta HeJOpOra peatizamiss | HicTh cucteMu Ha 1-3 % [18; 19].
[19].
Expany- 1) Binbma maca;
BaHHS SAnpo moxe edexTrBHO hoKycyBaTH MarHiT- |2) Brpatn moty:xHOCTI B ocepai
(depuTOBOIO | HMH MOTIK Ta ekpaHyBaTH woro[ 10]. (Ha ricrepe3uc Ta BTPaTH Bij
. IUTACTHHOIO BUXPOBOI'O C 18].
Marepian p Tpymy) [18]
kDA 1) He Tak eekTHBHO 3MEHITYe
Bai Hﬂy Expany- TMOTIK, OCOOJIMBO MPH BUCOKIH
BaHHA 3 Jlerkuii i gemeBuit MaTepiai Uil eKpaHyBaH- | 9acTOTi;
MeTany Hi [18]. 2) BrpaTs mOTY>XHOCTI B MeTai
(armroMmiHi#t) (Bix BUXPOBOTO CTPYMY Ta eek-

Ty 6mm3bKocTi) [18].

3 oAy Ha mepepaxoBaHi BUILE [€peBark, HAWYacTile BUKOPUCTOBYIOTh KPYTJIl KOTYIII-
KU 3 MPSIMOKYTHUMH 200 KBaJIpaTHUMH (DEpUTOBUMHU OCEPIISIMHU.
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Pe3yabTaTi npoexkTyBaHHs i MoJea0BaHHs. SIK 3a3HayanoCs BHIIE, 3aJIEKHO BiJ pi3-
HOT (pOpMM KOTYIIOK Ta IHIIMX T€OMETPUYHHUX MapaMeTpiB CHIBHO 3asiekaTh €()EeKTUBHICTD
nepeaayi Ta npuiiomMy eHeprii ta 3aranbHa edektuBHicTh cucteMu BIIE. EdextuBHicts Oyne
PI3HOIO TPHU OJTHAKOBIN reOMeTpii KOTYIIKHU 3aJI€KHO Bil 3HAUYSHHS 1HyKTUBHOCTI Ta KUTBKO-
CTi 11apiB OOMOTKH KOTYILKH.

Komriemnitiss BUKOPUCTaHHS KOTYIIOK i3 HU3bKUM 3HAYEHHSM IHAYKTHBHOCTI Iependadae
BUKOPHUCTAHHSA X MPH HU3bKUX BXIHUX HANpyrax Ta BEIMKOMY CTpyMi. JJIsl IbOTO 4acTo BUT-
KU pOOJISATH 13 MOJABIHHOTO JIPOTY JOCUTH BEJIMKOTO JiaMeTpa 3 BIJHOCHO HEBEIMKUM 3HAYCH-
HSIM 1HTYKTHBHOCTI.

VY reoMetpii IBOIIAPOBOI KOTYIIKK TaKOX € MeBHiI ocobmuBocTi. JIBomaposa Ta Gararo-
mapoBa 0OMOTKa — I1€ CIOCi0 3MEHIITUTH 30BHIMIHIN giameTp Kotymku. 1106 30BHIMIHIN mia-
METp KOTYILIKM HE MEPEeBHILYyBaB rabapuTHI po3Mipu (epuTOBOT IUIACTHHM, Y MOJEI1 Ha pHC.
2 0OMOTKY YKJIAJICHO Yy JIBa IIApH, OJIUH HAJ| IHIIMM. Y CBOIO Yepry, KO>KHy OOMOTKY HaMOTa-
HO TapajeibHO JBOMa MpOBiAHMKaMU. lle 3HAUYHO 3HMKYE MOCTIIOBHHUM OMip KOTYIIOK. Y
[[bOMY BUIIAJIKy MEPEBAro0 TaKOX € Te, IO KiHIIl i MOYaTKH 0OMOTOK Mepe0yBatoTh HE B 30H1
aKTHBHOI mepeaayi eHeprii i KOTYIIKM MOKHa PO3MICTUTH AyXe Onmu3bko MK coboro. Ilpu
TaKOMY Iepepi3i ApOTy MOKIMBHMA BXiITHHUH 1 BUXITHUN cTpyM Outbiie 10 A Ta MOTYXHICTb,
mo nepesuirye 100 BT, mo B 3aaHUX reOMETPUYHUX PO3MIpax € YyJOBUM pe3yiabTaToM. 3a-
0€3MEeYEeHHIO JIOCSATHEHHS TAaKoi MOTYKHOCTI CIIPUs€ TaKOX (epUTOBA IUIACTHHA, L0 MA€ JI0-
CHUTb 3HAUHY TOBIIMHY 2.5 MM. Ocep/s YCIIIIHO 3aMUKa€ MOTIK MarHiTHOT IHAYKIIi1, @ TAKOX
CIIY’KUTh €KPAHOM 1 pajliaTOPOM.

MonemtoBanns 3aiiicHioBaniocst B mporpami ANSYS Electromagnetics Suite. Ha puc. 2, g
MoKa3aHa CIIpOIleHa MOJeNb y pexumi npoekryBanHs Eddy current. 3Bepxy po3mimieHi ko-
TYLIKU NepeaaBaya. Y KOpIyci HWIIHApPa 3 HEOOXITHUMHU pO3MipaMH pO3MIIYeEThCS 0OMOTKA
3 MOTPIOHOIO KUTBKICTIO BHUTKIB. Mojenb KOTYIIKM HOKPUTAa LWIIHAPUYHUM MOBITPSIHUM
00’emoM, pamiycom 80 mm 13aBBumIku 160 Mm.

VY pexumi Eddy current KoTymku MoKkHa MOJICTIOBATH 3 HEOOX1IHOO YaCcTOTOK, OAYUTH
3HA4YEeHHS 1HJYKTUBHOCTI, B3a€EMOIHIYKTHBHOCTI, KOe(]illi€eHTa 3B’SI3Ky, OMOPY KOTYIIOK, a
TaKkoX Jeski iHmi mapamerpu [15]. TouHicTh po3paxyHKy iHIYKTHBHOCTI BCTAQHOBJICHO Ha
piBHi 1 %. BigcoTok 3araibHOi eHepreTH4yHOi MOXMOKM MOMEpPEeTHHOTO MPOXOy s IMOJIIB
BCTaHOBJIEHO MeHIe HiX 1 %. Byno 3po6neno 10 irepamiit oGuncieHHs 3 0OMEXEHHIM pPO3-
MIpY CITKH IOBEPXOHb KOTYILIOK Ta OCEP/b, ISl MOBITPSHOTO LMITIHApPA BCTAHOBJICHA a/1alTH-
BHA CiTKa. 3arajbHa KUIbKICTh CKIHUCHHX €JIeMEHTIB cTaHoBmIa 85 174. KoTymku MicTath 25
327 enemeHTiB, B 000X ()€pPUTOBUX OCEPIASX MICTHThCS 4684 enemMeHTH. YCi IHII eeMEHTH
pO3TaIIoBaHi B 00’ €Mi HEMarHiTHOTO MIPOMDKKY.

a) 0) 8)

Puc. 2. Komywxku inoykmugnocmi:
a — npoMUCI08Ull 3pa3oK; 6 —modens y pexcumi Magnetostatic; 8 —modenw y pedscumi Eddy current
Marnirocrarnuna ‘“Magnetostatic” moaens (puc. 2, 6) e 6unbin Touna 3D Moxaens, pos-
poOJieHa B MarHiTOCTaTUYHOMY peXHUMi nmporpamu. Ll Mozens mokasye, skuii KOTymika oyzae
MaTH BUTJISIZT Y PEATBHOCTI. € MOXJIMBICTh BCTAHOBIIOBATH BiZICTAaHb MK BUTKAMU, KUTBKICTh
BUTKIB, BUBOJIM Ta OaraTo IHIIUX napameTpiB. Ilpu 1ipoMy 3HaYCHHS IHAYKTHUBHOCTI Ta PO3-
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MOJIUT MarHiTHOI 1HYKIIi 30iratoTbcs 31 CIPOIIEHOI0 MOJIEIUIIO MPU THX CAMUX F€OMETpUY-
HUX MapaMeTpax. Y Mpoueci MOJIENIOBAHHS BUHUKIIM MTPOOJIeMH 3 OOMEKEHHIM 00UHCITIOBa-
JIBHOT MOTYXHOCTI KOMIT FOT€pa Ta 4acOM MOJEIIOBAHHS 4Yepe3 BEJIMKY KUIbKICTh CKIHUEHUX
eneMeHTiB Mojeni. Tomy mepeBara Oyia HajgaHa CHPOIIEHINA MOJENI, 10 3MOrJja MoKa3aTu
HEeOoOX1/JH1 MapaMeTpH, SIK1 1ajli HOPIBHIOKOTHCS 3 pe3yJbTaTaMu BUMIPIOBaHb.

3MiHy KoeQilieHTa 3B'3KY JOCIIHKEHO 3aJIe)KHO BiJl BIICTAHI MK KOTYILKaMHU Ta OChO-
BOMY 3CyBi1. Takum UMHOM niepeBipseTbes (HAKTOP, 110 BIIMBAE HA €(DEKTUBHICTD KOTYIIIOK.

Ha puc. 3 nokaszaHo 3aieKHOCTI Koe]ilieHTa 3B’513Ky BiJ] 3MIHU HEMAarHiTHOTO MIPOMBKKY
MDK KOTYILKaMH (0) Ta 0CbOBOTO 3CyBY (4) npu 0 = 1 MM. KoTymiku MaroTh NpUHHIATHUN KO-
edIIIieHT 3B 3Ky Ha HEBEIIMKIN BIJCTaHI, SKHI MOBUILHO 3MEHIITYETHCS 31 30UTBIIEHHSIM BiJC-
TaHl. /I MOPIBHSAHHS, MaKCUMAJIbHUN KOE(ILI€HT 3B’SI3Ky B paHillie po3poOJeHUX OJHOIIA-
poBux kotymkax OyB Ounbiie HDK 0,95 [15]. Ha puc. 3, a mosiBa BiI’€éMHHMX 3HAuY€Hb
KoeilieHTa 3B’ 513Ky O3Ha4ya€ 3MiHy HanpsMKY MarHiTHOro notoky. Lle siBuie BUHUKaE, KOJIH
KOTYIIKH 3MILIYIOTHCS BIJHOCHO OJ1Ha 0HO1 Ha 50 % 30BHIMIHBOTrO JliaMeTpa 1 OuIbILe.

1
i s T
=08 g 08 =<
< 4 2 ?x
2 g 06 <
v 06 £ \,
g 04 502 |
IS <
é: 0,2 e 0 ;
g 9 N X 05 1 3 4 5 7 11 13 16 18 25 28
~ 02 0053 5 10 13 15 18 20 23 25 28 3h?15 Biocmanv mioc komywrau d, (mm)
Ocbosuil 3cy8 midic Komywkamu 4, (Mm) Moders 6) © GuMIpIoGanis
a)

Puc. 3. 3anescnocmi koeghiyienma 36 ’°s13xy
npu 3MIHI BIOCMAHT MIdHC KOMYUKAMU U OCbOBOMY 3CY8I:
a — k=f{4) npu 6=1 mm (moodenosanns); 6 — k=f(5) (modemnosanns ma sumiprosans)
Jlnst mepeBipKU pe3yibTaTiB MOJIENIOBAHHS KOEQIIIEHT 3B’ 13Ky OyJI0 aHAJIITUYHO BU3HA-
YEeHO IpU PI3HOMY HEMArHITHOMY MPOMDKKY MDK KOTYIIKaMH. J[s 1boro KoTymku 3agikco-
BaHO Ha MOTPiOHIN BiacTaHi. I1oTiM OkpemMO BUMIPSHO 1HAYKTUBHOCTI 000X KOTYIIOK (L; Ta

L), Ta IHAYKTUBHICTh MOCTIIOBHO 3’€IHAaHUX KOTYHIOK (L;2). [lani o0unciaeHo B3aEMOIHyK-
TUBHICTH M 3a dopmynoro (1):

M:(LIZ_LI_LZ). (1)
2
BignosigHo 10 Binomoi popMynu (2) BU3HAYEHO KOE(Illi€HT 3B’ SI3KY:
M

Pe3ynbTaT MOJIETTIOBaHHS Ta €KCIIEPUMEHTY Ha puc. 3, 6 Maibke OJHAKOBI, 1110 BKa3ye Ha
MIPABUJIBHICT Ta TOYHICTh MOJIEN1 KOTYILKH.

HanpsiMok Ta IHTEHCUBHICTh MarHiTHOTO MOTOKY IPU 3MiH1 MOJIOKEHHSI MDK KOTYIIKAMHU
TaKOX BXJIMBI. SIK BUTHO 3 PO3MOALTY MarHitHoi iHIyKUii (puc. 4, a), ii BeTu4rHa HEPIBHO-
MIPHO PO3MOJUIAETHCS B3J0BXK pajlyca KOTYILIKH, JOCATAI0UYM HAMBUILOIO 3HAYEHHS HA BHYT-
PILHIX BUTKAX (Bmax = 24,7 MTi). CHocTepiraerbest TakoK HEBEITUKE PO3CIFOBAHHS MArHITHO-
ro MOTOKY 3a MEXKaMH MarHitHoi cuctemu. [[yig Horo 3MeHIIeHHs MOTPIOHO 3MEHIIUTH
JlaMeTp KOTYHIOK a00 30UIbIIUTH MIonly ¢epuTy. MarHiTHUl MOTIK TaKoX J00pe yTpUMYy-
€THCS Ta CIIPSIMOBYETHCS IIPU OCOBOMY 3MIILIEHH1 KOTYLIOK (pHC. 4, 0).
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Puc. 4. lNlowupenns nomoxy macHimuoi iHOyKyii:
a —npu siocmani misic komywxamu 4,5 mm; 6 — npu ocvogomy 3cyei 10mm
ma npu 8i0cmani mMixc Komywrkamu 4,5 um

OTxe, 1Bl KOTYIIKK MalOTh HOMIHAJIbHY 1HAYKTUBHICTh 5,8 MKI H. BumipsiHi 3HaueHHS Ha
100 k' memto MeHIi, ane 3HaXoIAThCsl B MeXax 3aJJaH0i BUPOOHUKOM TOYHOCTI. Pe3ynbTaTtn
MO/ICTIOBaHHS MOKa3aJld BEJIHKY CXOXICTh MapaMeTpiB 1HAYKTUBHOCTI 3 HABHUMH IPOMUC-
JIOBUMHU 3pa3Kkami (Tadm. 2).

Tabmurs 2
TopigHuanvna madauys OmpumManux pe3yibmamie
IMapameTpn
IHo3nauenns Onuc Buwmiposanus
MopneJb Ta indopmanin | Binxunenns, %
3 IOKyMeHTauii
L; Korymka 1 (nepenaBasibHa) 5,81 mxI'H 5,66 MxI'H -2,58
L, Korynika 2 (npuiiMansHa) 5,86 MxI'H 5,81 mxI'H -0,86
D 30BHINIHIN AiaMeTp KOTYIIKA 50 Mmm 0
d BuyTpinmiii fiamerp KOTYIIKH 20 mm 0
dw Hiametp npory 1,4 mm 0
L& W e I[OB)KI/IHa,IHI{pI/IHa 1 BUCOTa 53%53%2.5 Mn 0
’ (epHuTOBOI IIIACTHHH ’
6u. O Enexrpuuna nposiguicts apory | 5,8:-107 1/ O mm; ) _
o e i pepury 0,01/ 0 um
i BiIlHOCH.a MarHiTHa 650
MIPOHUKHICTH peputy
N KuIbpKiCTh ITOABIMHUX BUTKIB 10
R Omnip KOTYIIKH 3,94 MOMm | bauzbko 4 MOM -

3a Takol JBOIIAPOBOI CTPYKTYPU MOTYKHICTh Mepeaadi Moke OyTu 30UTbIIEeHa, a aKTUB-
HUH omip KOTYIIKM 3MeHInyeThes. Lle mocsraeTbes 3a paxyHOK HapajielbHUX BUTKIB JPOTY
ABOIIapoBOi 0OMOTKH. OJHOYACHO 3MEHUIYETHCS KOEQIIiEHT 3B 53Ky Ta JTOOPOTHICTH 4Yepes
3MEHIICHHS KUIbKOCTI BUTKIB. Lle mpu3BOAUTH 10 3HMKEHHS €(PEeKTHBHOCTI KOTYILIOK MOPIB-
HSTHO 31 3BHYAfHUMU OJJHOIIAPOBUMH KOTYIIKAMH.

3a pesynapTaTaMu JOCIHIKEHHS OCHOBHI T€OMETPUYHI Ta €EKTPOMArHiTHI MapaMmeTpu Mo-
77Tl KOTYILIOK Maiike 30iratoThCsi 3 KOMEPIIHHIMYU 3pa3KaMH 13 TOYHICTIO HE MeHIIe K 3 %.

BucHoBku BianmoBiaHo g0 crarti. L{g craTTs npucBsdeHa MOPIBHSIHHIO OCHOBHUX KOM-
MOHEHTIB eleKTpoMarHiTHoi yactuHu cucreMu Ais ICIIE Ta omiHIli TOYHOCTI MOAETI 1HIyK-
TUBHUX KOTYIIOK y mporpami ANSYS EM Suite 3a MeTo10M CKIHYEHUX eJeMEHTIB. BuzHa-
YEHO MEepeBaru KOTYMIKK Kpyrioi ¢opmu, ocepas MpSAMOKYTHOI (GopMH Ta BHKOPHCTAHHS
depuroBoro ocepas st cucremu BIIE.

BukonaHHs Takoi JOCHITHUIIBKOT pOOOTH, a caMe TOE€HAHHS MOJICTIOBAHHS Ta €KCIIePH-
MEHTAJIBHOTO BUMIPIOBAHHS, JO3BOJMJIO BHU3HAYMTH OCHOBHI €JIEKTPOMArHiTHI MapaMeTpu
JBOIIAPOBHX KOTYIIOK. J[BOIIapOBi KOTYIIKH MalOTh TaKi epeBart, sik OUIbIINN MaKCUMallb-
HUH BXIIHUN CTPYM 1 MOTYXKHICTb Nepeayi, MEHIINH 30BHILIHIA JiaMeTp Ipu 3aJaHOMY 3Ha-
YyeHHI 1HAYKTUBHOCTI. CrpolieHa Mojens ABomapoBux Kotymok B ANSYS nokazana myxe
BHUCOKY HAOJIKEHICTh 10 PealbHOi IHAYKTUBHOCTI. TOYHICTh pO3paxyHKy 3HAYCHHS 1HIyK-
TUBHOCTI JIOCSTAEThCs HE MeHIIe Hik 3 %.
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Viktor Shevchenko, Thor Kondratenko, Oleksandr Husev,
Oleg Khomenko, Kostiantyn Tytelmaier

ESTIMATION OF THE DOUBLE-LAYER COILS MODEL ACCURACY FOR
WIRELESS POWER TRANSFER USING FINITE ELEMENT MODELLING

Urgency of the research. This topic is actual with increasing demand and interest to the wireless chargers from researchers and users.

Target setting. In the development of wireless energy transfer systems it is needed to design inductors with different precision
parameters in accordance with the tasks. Therefore, need to know how accurately design an inductor model in one of the popular packages.

Actual scientific researches and issues analysis. Recent works on the various programs used to model electromagnetic processes have
been reviewed. From the references about the inductors structure, the necessary information was collected for analysis and comparison.

Uninvestigated parts of general matters defining. Until recently, information on the various structures and inductors
components for wireless energy transmission has not been collected and summarized in a comparably convenient in form. The
question of the inductor models accuracy in finite element programs has also not enough attention was paid.

The research objective. In order to understand the design object, it is necessary to analyze and compare the structure of the
inductors. Then need to evaluate the accuracy of modeling two identical double-layer coils for wireless energy transfer by finite
element method in a popular finite element tool.

The statement of basic materials. The structure of inductances, namely coil geometry, shape and material of ferrite core, was
analyzed. Their role in the shielding of electromagnetic radiation and the direction of the magnetic induction flux and influence on the value
of self-inductance are determined. A simplified model of inductance is developed and its electromagnetic parameters are determined.

Conclusions. The results of double-layer coils modeling are confirmed. Proven that the ANSYS EM Suite is an accurate and
reliable tool, and even the simplified inductance models fully meet the requirements of engineers and researchers.

Keywords: wireless power transfer; inductive power transfer, coil geometry, magnetic flux; core shape; shielding; finite
element modeling; double-layer coil.
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IMPOI'HO3YBAHHSA EJIEKTPOCIIO’KUBAHHS 3AJII3OPY THUX
_ - nrannPAEMCTB IIPU BIIPOBA/UKEHHI 10 CUCTEMH
IX EJIEKTPOIIOCTAYAHHSA PO3OCEPE/I’KEHOI TEHEPAIIII

Axmyanvnicmy memu o0ocnioycenna. 3anizopyoui nionpuemMcmea € OOHUMU 3 HAUOILUUX CRONCUBAYIE NANUBHO-
enepeemuunux pecypcie Ykpainu. Boonouac aunaniz po3nooiny nomokie cnodicugants elekmpoeHepeii ceiouums, wo eenuxa
uacmka enekmpudHoi enepeii npunaoac came Ha JOKANbHI eHepeemuyHi 00 €Kmu, wo 3yMOBIIOE 3a2aN0M AKMYAIbHICIb GUE-
YeHHs NUMAHHA 0CODIUBOCIEN NPOCHO3YE8AHHS €IeKMPOCNOICUBAHHS 3 MEPedCi 8 YMOBax NiONPUEMCMSE ma aKmyanbHOCMi
3ACMOCYBAHHA NPU YbOMY KOMOIHOBAHO20 NIOXOOY, 0COOIUBO NPU BNPOBAOICEHHI Y CMPYKMYPY €leKMPONOCHAYAHHS YUX
nionpuemcme posocepeodiceHoi cenepayii.

Ilocmanogxa npobnemu. Ilpobnemoro, gucgimnenoro 8 yiti pobomi, € cunmes ocoonUE0Cmell NPOSHO3YBANHS eleKMpPO-
CROJICUBAHHS NIONPUEMCING NPU BNPOBAOIICEH] 00 CUCTNEMU iX eIeKMPONOCMAYAHHS PO30CePe0ICeHOl 2eHepayii.

Ananiz ocmannix 0ocniosicens i nyonikayiii. Y nonepeorix 00CiioxHceHHAX asmopu 0OIPYHMYSanu NOUMUSHUIL epexm
8i0 6np0BAVIICeHHs Odicepen PO30CepeOdtceHol 2eHepayii 8 yM08ax NPOMUCIOBUX NIONPUEMCMS, a4 CaAMe MOOYIbHICMb,
Haoilinicmbv, Micyese Kepy8anHs, 3MEHUIEeHHS He2AMUBHO20 BNIUEY HA eKONI0RTI0 ma Manull nyckosui nepioo. Lfi 06 'exmu, a
ye 6 macwmabax Yxpainu comui eexmapis, 3a 6cima c80iMu NApamMempamu MOJICYmy i NOGUHHI cmamu NoaicOHOM OISl PO3-
MiWenHs: KOMNIeKCi8 ddicepen po30cepeddicenoi eenepayii, ki, no cymi, NOGUHHI CIamu Miti- abo MikpoenreKmpocmanyiamu
Y cmpykmypi cucmem eneKmponocmayanHsa niOnpueMcms Yxkpainu, y momy wuciui 3anizopyouux nionpuemcms.

Buoinenns nedocnioxncenux uacmun 3azansnoi npoénemu. B ymosax 3anizopyonoco nionpuemcmea, sike mae oyice
CKIIAOHY MA PO32ANLYHCEHY CIPYKMYPY, A MEXHONO02IYHI npoyecu 0yace CKIAOHL Ul 3aiexcams 8i0 6a2amvox pakxmopis, npo-
2HO3VBAHHS € BANCKUM [ CKIAOHUM 3A80AHHAM, 34 YMOBU 00EPIAHCAHHS NOXUOKU NPOSHO3Y, AKa 6 He nepesuwysana 4 %. Tomy
8 YMO08aX 3ani30pYOHO20 NIONPUEMCINGA OOYINbHO BUKOPUCIAHHSA Ol 00EPICANHS NPOSHO3Y eNeKMPOCNONCUBANHS UMY UHUX
HeUPOHHUX Mepedic, K nepeddayaoms HAA8HICIb CYMMEBUX 368 SI3KI8 MIdHC OKpeMumu pakmopamil.

Ilocmanogka 3ae0anns. Takum uunom, aKkmyanbHUM HAYKOBO-NPAKMUYHUM 3A80AHHAM € OOCTIOJHCeHHs 0cobnusocmell
ma mexamizmy npocHO3Y8aHHs eIeKMPOCNONCUBAHHS 3ANI30PYOHUX NIONPUEMCING NPU BUKOPUCTNAHHT Odicepen po3ocepeodice-
HOI 2eHepayii' y cknadi KOMNAEKCY ix eneKmponocmaiants.

Buknao ocnoenozo mamepiany. Y pesynomami ananizy MOACIUBOCTI 8NPOBAOICEHHS PO30CEPeOdCceHoi 2eHepayii y
CKNa0i eHepeemuiHUX cucmem 3ani3opyoHux nionpuemMcme 6y1o UAGIEHO, WO 0Xcepena po30cepeodceHol 2enepayii 6niuea-
10Mb HA PO3NOOINbHI Mepedici Yux nionpuemMcme ma nepemsopioroms ix Ha axmusHi enemenmu. Lle npuzgooums 0o Heob-
XiOHOCMi 8HeCeHHs 3MiH Y NPpUulHAMmMI cmpamezii Ynpasuinua po3noOiIbHUMU Mepedcamu NiIONPUEMCMEA Ma NaaHy8aHHs.
CMPYKMypu i pedtcumi J10KaTbHUX eHepeemuyHuUx cucmem. Y cmammi 3anponoHo8ano GUKOPUCMAHHA WMYYHUX HEUPOHHUX
Mepedic 0N NPOSHO3Y8ANHS eNeKMPOCNOJICUBANHS eleKMPUUHOL eHepeii, 0coOIU80 Npu 8nNpoBaddceHHi ddcepen po3ocepe-
0rcenol eenepayii no KOMNAEKCy erekmponocmavanus. 3a 0onomozoro npoepamu «Statistica» 6yio no6yoosano epaghixu
enexkmpochodicusanns i3 3acanvhoi mepedci [IAT Ilonmascokuii I'OK 3 euxopucmannam uetiponnux mepedic. Pesynomam
NPOCHO3Y8AHMHA ) NOPIGHANHI 3 PEANbHUMU OAHUMU MAE He3HAUHE GIOXUNEHHS, WO € OONYCINUMUM.

Bucnogxu ¢ionogiono 0o cmammi. /[ns npoenosyeanus, 3 00CMAMHIM pigHeM UMOBIPHOCTI, eleKMPOeHepeOCnONCU-
8aHHA 3aNI30pYOHUMU NIONPUEMCMBAMU HEOOXIOHO Gupiwumuy 6azamokpumepianvhy 3a0auy 3 0008'3K08UM NOnepeoHim
BUBHAYEHHAM YCIX (YaKmopis, wjo BNIUBAIOMb MA SUSHAYAIONb DIBHI eHEPSOCNONCUBAHHS KOHKDEMHO20 NIONPUEMCNGA.

3acmocysannsn HeupoHHUX MepedIC Y CUCTNeMAX NPO2HO3Y8AHHS eleKmpoeHep2emuyHUx napamwempie odicepen po3ocepe-
Odcenoi eenepayii 0o3eonums 3abesneuumu 6a2amopaKmopre nPOSHO3YEAHHSA, WO OACMb 3MO2Y NOKPAWUMU NPOSHO30-
8aHICMb 32eHEPOBAHOI eneKmpPOoeHepeii po30cepeddiceHol0 2eHepayicio 8 4aci, 8 YMo8ax 3anizopyOHuUx nionpuemMcms.

Kniouosi cnoea: posocepeddicena cenepayis, enekmponocmaiats niOnpUEMCmes; nPoSHO3Y8aAHHs e1eKMPOCNONCUBAH-
HA; WMYYHI HetPOHHI MepediCi.

Puc.: 3. Bion.: 12.

IlocTanoBka mpodJjemu. YkpaiHa Mae MOTYXHI pecypcu po3ocepemkeHoi renepariii (PI).
ExcnmyaTanis pi3aux tuni PI' € eektBHOIO NpakTH4HO Ha Beiil TepuTopii Ykpainu [1].

3anizopyIHi MANPUEMCTBA, € OJHUMH 3 HAHOUIBIINX CHOXKUBAYIB MAIMBHO-EHEPT€TUYHUX
pecypciB Ykpainu. Mk TUM, II0 HE MEHII BaKJIMBO, JOCBIJ MOKa3ye, 110 HE3BAXKAIOUM Ha
HE/IOBAaHTAKEHHS €JIEKTPUYHUX MOTYXHOCTEH, 30UTKH BiJ aBapiiHUX MepepB eHeprozabdesrie-
YEHHS 3 KO)KHUM POKOM 3POCTaIOTh.

JIpyrum He3anexHUM JKEPEIoM JKUBJIEHHS €J1eKTPOCIIOKMBAYIB MOXKYTh OyTH, 30Kpema,
BUKOPHUCTaHI CHeIialbHI arperatu 0e3nepeOifHoro KUBIEHHS Ta akymynsTopHi O6atapei. To-
MY OJIHUM 3 aJIbTEpHATUBHUX PILIEHb € BUKOPUCTAHHS PO30CEPEIPKEHOI reHeparlii, po3ralio-
BaHOI HAa TEPUTOPIi MIANPUEMCTBA, 3 METOIO E€JIEKTPONOCTAauYaHHs BIANOBIIAIBHUX €IEKTPO-
npuiiMaviB y aBapiifHUX CUTYyallisiX Ta B IHIIKX ICEBA0ABapIiHUX pekuMax poOOTH, a TAKOXK
3 METOIO 3MEHILIEHHS BUTPAT 3a CHOXKHTY €JIEKTPOSHEPrito Ta MiJBUILEHHS PIBHSA HAAIMHOCT1
€JIEKTPOIIOCTaYaHHS.

© boiiko C. M., HekpacoB A. B., I'opogniii O. M., Xe6ma A. C., imurperko A. 1O., Hoxnaosa M. O., 2019
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Bopanouac ananiz po3nojily MOTOKIB CIOKMBAHHS €JIEKTPOEHEPTii CBIMYHTH, IO BEIUKA
YacTKa eJIEeKTPUYHOI eHEeprii Mpumaae came Ha JOKaJlbHI €HepreTudHi 00 €KTH, 1110 00YMOBIIIOE
3arajloM akTyaJIbHICTh BUBUCHHS MUTAHHS OCOOIMBOCTEN MPOrHO3YBAaHHS €JIEKTPOCIIOKUBAHHS 3
MepeXxi B yMOBAaxX MIPUEMCTB Ta aKTyaJIbHOCT1 3aCTOCYBaHHS NPHU L[bOMY KOMOIHOBAHOTO MiJI-
XO0J1y, 0COOJIMBO NP BIPOBA/KEHHI Y CTPYKTYPY €IEeKTpOoIocTayaHHs 1ux mignpuemcts PIN [2].

AHani3 ocTaHHIX AocaiKeHb i myOuikamiii. Y nonepeqHix AOCHIDKEHHSAX aBTOPH
OOIPYHTYBaJIM MO3UTUBHUM e(eKT BiJ BHpoBakeHHs jxepen PI° B ymoBax MmpoMHCIOBUX
MIAMPUEMCTB, @ caMe MOJYJIbHICTb, HaJIIHICTh, MICIIEBE KEPYBaHHs, 3MEHILIEHHSI HETaTUBHO-
ro BIUIMBY Ha €KOJIOTIIO Ta Mauii myckoBuii nepion [1; 8].

Tomy ui 00’ektH, a 11e B MacmTabax YKpaiHM COTHI 'eKTapiB, 3a BCIMa CBOIMU Iapamer-
paMM MOKYTh 1 HOBMHHI CTaTH MOJIFOHOM Juid po3mimieHHs PI', siki, o cyTi, HOBHHHI CTaTH
MiHI- 200 MIKPOENEKTPOCTAHLIIMU Y CTPYKTYpl CUCTEM €NEeKTPONOCTauyaHHs MiIIpPUEMCTB
VYkpainu, y ToMy uncii 3ami3opyaHux [3].

BusHaueHHs1 HeIOCTIIKeHMX YACTHH 3arajbHoi npodjemMu. TakuM YMHOM, aKTyallb-
HUM HayKOBO-TIPAKTMYHHUM 3aBJAHHSAM € JOCIIIKEHHSI 0COOIUBOCTEH Ta MEXaHI3My MPOTHO-
3yBaHHsI €JIEKTPOCIOKHUBAHHS 3a1130pyIHUX MIIPUEMCTB NPU BUKOPUCTaHHI Jpkepen PI' y
CKJIaJ 1X pO3MOJIUIBYMX MEPEK.

Mera cratTi. ['010BHOIO MeTOIO 11€1 pOOOTH € CHHTE3 0COOIMBOCTEM MPOrHO3YBAaHHS
€JIEKTPOCHOKUBAHHS MIANPUEMCTB 32 YMOBH BIPOBA/DKEHHS IO CHCTEMH iX €JIEKTpOIOCTa-
YaHHS PO30CepeKEHO1 reHepartii.

BukJiaa ocHOBHOro Matepiaiy. Y pe3ynbpTari aHali3y MOXIJIMBOCTI BlipoBa/ukeHHs PI™ y
CKJIaJ{l eHEPTeTUUYHUX CHUCTEM 3AII30PYAHUX MIIIPUEMCTB OyN0 BUSBIEHO, IO JuKepena PI°
BIUIMBAIOTh HAa PO3MOJAUIbHI MEpeX1 HUX MIANPUEMCTB Ta MEPETBOPIOIOTH iX HA aKTUBHI eJie-
MeHTH. Lle mpu3BoAUTH 10 HEOOXITHOCTI BHECEHHS 3MIH y NPUNHSATI cTparerii yrnpaBiiHHSA
PO3NOAUIBHUMH MEpeXKaMH MIANPUEMCTBA Ta IUIAHYBAHHS CTPYKTYPU 1 PEXKUMIB JIOKAIBHUX
eHepreTuyHux cucreM. llpu npomy iXHiM BIJIMB MOXKE MaTW K NO3UTUBHUM, TaK 1 HEraTUB-
HUH XapakTep, TOMY JOLUILHO 3a3JaJleriib IPYHTOBHO JOCIKYBAaTH Ta aHaJIi3yBaTu MMUTaH-
Hs npuenHands PIT 1o po3nonunbHUX Mepex 3ali30pyAHUX MIANPUEMCTB 3a€KHO BiJl YMOB
eKCIUTyaTallii Ta 0CoOIMBOCTEN TEXHOJIOTTYHOTO MPOIIECY eIEKTpoIpHuiiMauis [4].

Jlo ckiiagy 3amporoHOBaHOI CUCTEMHU elleKTporioctayanHs PI” BXouTh Take ycTaTKyBaH-
Hs: BirpoenepretnuHa ctaHuis (BEC), consuna enexrpoctanuis (CEC), rizpoenepreTuyHa
cranuis (I'EC), rigpoakymymoroua cranuiss (ICAEC); Gatapes akyMyJsTOpiB, IO CIYKUTh
JUIs. HAKOTIMYEHHS eNleKTpoeHeprii npu poooti mxepen PI' s sxuBneHHs cucteMu i yrpas-
niHHA (200, 32 HEOOXIAHOCTI, SIK Pe3epBHE JLKEPEIIO KUBJICHHS ); IEPETBOPIOBAIbHA arapary-
pa, y BUIAJKy BUKOPUCTAHHS FeHepaTopa 3MIHHOI HANPYTH, 1O CIYXHUTb ISl IEPETBOPEHHS
3reHepoBaHoi PI' enexkTpoeHeprii B MOCTIMHUN CTpyM JUIs KUBJICHHS IHBEpTOpa U 3apsiy
aKyMyJIsITOpHUX Oatapeit (puc. 1).

B ymoBax 3anizopyaHoro ninnpuemctsa (3PII), sixke Mae nyxe CKIQAHy Ta po3rajly’KeHy
CTPYKTYPY, @ TEXHOJIOTTYHI IPOLIECH TyXe CKIIaIHI i 3aiexaTh Bl 0aratbox (pakropis, mpor-
HO3YBaHHS € BAKKUM 1 CKJIaJJHUM 3aBJaHHSAM, 32 YMOBHU OJEP>KaHHS MOXUOKU MPOTHO3Y, KA
0 He nepeBuinyBana 4 %. Tomy B ymoBax 3PII no1yibHO BUKOPUCTAHHS ISl OJEpP>KaHHS TPo-
rHO3Y WITYy4YHUX HelpoHHux mepex (LIHM), siki nepeadavaroTh HasBHICTb CYTTEBUX 3B’ SI3KIB
MDK OKpEMUMH (PaKTOPAMHU.

Heilponu cnabko3B’s3anux [IIHM po3MimnyroTsest y BepIIMHax NpsIMOKYTHOT ab0o rekca-
TOHAJIBHOI I'PaTKH, a KOKHUM HEeWpoH Oyzae 3B’sI3aHHMM 13 4OTUpMa CYCIAHIMU HEHpOHAMH
(okin gon Heiimona) abo 13 mricteMa cyciiHiMu Heilponamu (okin ['onest), abo 13 BicbMOMa
CyciIHIMU HelpoHamu (okin Mypa) [4].

[ITHM 3anexHo Bia Tuny GYHKIIIH aKTUBAILi1, iK1 BXOISTh JI0 iX CTPYKTYPH, MOJUISIOTh Ha:

1) romorenni [IIHM, siki cknafaroThCs 13 HEHPOHIB OJHOTO TUITY 3 €IMHOIO (PYHKIIIEIO
aKTHBAIlil;

2) rereporenHi LIHIHM, siki ckiiagaroTbes 3 HEHPOHIB 13 PI3HUMH (PYHKI[ISIMA aKTHUBAIlIi.
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Puc. 1. Cmpyxmypna cxema eusHauenHs npoSHOZHUX NOKAZHUKIE eHepP2OCNONCUBAHHS
3 Mepedici nNiONPUEMCmea, npu BNPOBAONCEHHT y CIPYKMYPY eeKmpOnoCmaianHsl
Yux NiIONPUEMCIE PO30CEPEOHCEHOI ceHepayii

[ITHM 3anexxHo BiA CTaHy, B SIKOMY IepeOyBarOTh HEWPOHU, MOAUIAIOTh HA aHAJOTOB1 U
O1HapHI1, a 3aJIeXKHO BiJ] KUIBKOCTI HEUPOHIB, SIK1 3MIHIOIOTh CBIi CTaH y JIEIKUH MOMEHT 4acy,
noAUIIOTh Ha: cuHXpoHHI [ITHM, xonu nuiie o HEHpOH 3MIHIOE CBill CTaH; aCHHXPOHHI,
KOJIM CBIi CTaH 3MIHIOE JEKUIbKa HEUPOHIB (Tpyra HEHPOHIB).

OynkuionyBanHa IIHM rpyHTyeThcst Ha mopayi QyHKIINH 0araTboX 3MIHHUX SK CYMHU
(GyHKLIH O/IHIET 3MIHHOT.

Haiinpocrima IIIHM cknanaerscs 3 neBHoi kuibkocti HTHM, ski 00’€qHyIOTh y TpynH,
SK1 YTBOPIOIOTH IIApH, HEMPOHU SIKUX BarOBUMHM 3B’SI3KaMU 3’€IHYIOTbCS 3 BXITHUMH CUTHAa-
JIaMM BiJ] IHIIMX HEWPOHIB, MONEPEAHIX 1IapiB.

VY pe3ynbTari NepeTBOPEHb BXIHUX CUTHAJIB Yy HEWpOHAaX MEBHUX IIAPIB HAa BUXOJI 13
[ITHM onep:xytoTh ucioBe 3Ha4eHHs BuxinHoro curuamy (OVT).

Barogi koedilieHTH MOXHA 3aIicaTy Y BUTIIA MaTPULL, sIKa MA€ m PSIIKIB Ta /2 CTOBITYMKIB:

W, O, ...0,
Wy Oy ...,

W= : (D
a)ml a)mZ a)mn

1ie M — KUIbKICTh BXOJIIB; # — KUTbKICTh HelponiB ITHM.

Toni BUXigHUI BEKTOP f?, elrleMeHTaMu sikoro € Buxoau curHamB OVT 13 BUXIZHUX
HEHPOHIB, OGUHCIIOTh K MATPUUHUH T00YTOK MaTpUI-piaka X -BXiIHHX eJIeMEHTIB Ha
MaTpUIO ¥ BaroBuX KoedilieHTis:

B=XW, ()
e B — BEKTOP-PSIOK.

Skio notpiOHMI BUXi[ 13 1-T0 HEMpOHA MO3HAYUTH V;, a peallbHUI BUXIA 13 1-TO HEHpoHa

TIO3HAYMTH J;, TOJi MOXMOKY ISt K-ro 3pa3zka MoykHa 00UMCIHTH 3a GOPMYIIOK:
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1< R .
AEﬁgZ(yi—yi)z, i=Ln. (3)
i=1
TOJI 3arajabHa MoXuOKa JJisi BCi€i BUOIPKH:
AE, =Y E,, k=1m. 4)

k=1
Komb6inoBanumii (cymapHuit) BXiJ 10 IIbOTO HEWpOHA BU3HAYa€ HOTO 30y/KEHICTh (aKTUB-
HICTb), TOOTO CyMapHe 3HaYeHHs BaroBHX 3B S3KIB, SIKl BIUIMBAIOTh Ha 1€l HEWPOH, BU3HAUAE
peaslbHUN cTaH HeWpoHa [5].
Jlnst ogHOTO 3pa3Ka MpH JHIMHIA QyHKIIT akTUBaLlli CUTHATY B HEUPOHI MOXUOKY MOYKHA
BU3HAYUTHU 32 (HOPMYIIOIO:

E= (=9 =2 (.~ NET)*, 5)
[lepeTBOpuBLIM LieH BUpa3 OJIEPKUMO:
E=0,5(y" —2y,5+ ") =0.5]y% —2y,(NET) +(NET) .
Ockinbku y = (NET) = (x,@, + X,,) Ul JBOX BarOBUX 3B SI3KIB, TO
E= O,S[yzi -2y, (x,0, + x,0,) + (x,0, + X,0,)’ ] =
= O,S[yzi —2y.x,0, = 2y.%,0, + (x,0,)" +2x,0,x,0, + (x,0,) J =
= O,Slyzi =2y.x,0,—2y,x,0, + x12w12 + 2x,0%,0, + x22w22 J
3HaiieMo 3asexHICTh NoxuoOku E Bin @), .
E(w)= 0,5[x12a)12 +(2x,x,0, —2y.x) @, +(y, = 2y.x,0, + a)zzxzz)J =
=0,5% @, + (x,x,0, — y.x)o, + (0,5, — y,x,0, +0,507x7).
Mosnaumsmm 0,5x°1 =a, x,x,®, —y.x, =b, 0,5y, — y.x,m, + 0,502x = ¢, OTpUMyeMO:
E(w)=aw’ +bw +c. (6)
Tobto 3anexuicts noxudku E Bin @, € mapabonuHo00. AHAJIOITYHO 3aJIEKHICTh MOXUOKH E

Bl @, Takoxk Oyae mapaOomniuHoro. OCKUIbKU @ = 0,5x*1 >0, To BUTKM MapaGoNH HampaBIIeHi
Bropy (B JomatHOMy HanpsMKy oci E). A 1e o3Hauae, mo rpadik 3a1exHOCTI E(@,) Mae IoKalb-

HMI MIHIMYM, SIKUH 301ra€Thes 3 BEPHIMHOIO Tapabony, sika € rpadikoM 3anexHoctl E(w,) [6].

OckuibkH BaroBi KoeQilieHTH Ha novatkoBomy etami HaBuaHHs [IIHM wnaOuparots ne-
SKMX BUIAJKOBUX 3Ha4€Hb, TOMY TOUKA, II0 XapakTepusye rnovatkone nonoxenHs HIHM y
wionyHl E, @, Moxe OyTu y NOBUIBHOMY Micli i MaloOMMOBIPHO, 11O OyJe 3HAXOJUTHUCH B
TOYII1 JJOKAJILHOTO MIHIMYMY.

Otxe, y npoueci HapuaHHs [IITHM noBuHHA NpOBOJIUTH KOPEKIIIO (3MIHY 3Ha4€Hb) Baro-
BUX KOE(]ILIEHTIB TaK, 00 MIHIMI3yBaTH YUCIIOBE 3HAYeHHA 3arajibHoi noxudku (E), mob
E — E_. , IpUyoMy L€l MpoLec NOBUHEH MPOXOAUTH SKOMOIa IIBUALIE, TOOTO 32 MEHIIY

KUIBKICTB iTepanii Ta enox. Sxmo E Oyne 3anexaru Bix 1BOX 3MIHHUX (@, 1 ®,), TO y IIpO-

min

CTOpOBIH JIeKapTOBii cucreMi koopauHar ( E, o, ®,) onepxuMo 00’eMHy (Qirypy oOepTaHHs
(mapaGosoin). To6TO OnEepKMMO MOBEPXHIO, sIKA BU3HAYAE BEIMUYUHY MOXUOKU Ul PI3HUX
KOMOIHAaIIi BaroBuXx Koe(iieHTiB (@, 1 @, ), a BATOBUI BEKTOP, I0YATOK SKOTO 3HAXOAUTHCS
B MOYATKy KOOPJAMHAT, a KIHELb Yy TOYLl, SIKa € MPOEKUIEI0 JOKAIbHOTO MIHIMyMY napalo-
J0i/1a Ha IUIOIMHY @), @, , BKa3y€ HAIIPAMOK MIHIMi3alli moxuoku [7].
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Jlnst KoperyBaHHsI BaroBux KoeillieHTIB MOXHa 3acTocyBaTu npasmiio Binpoy—Xodda
a0o nenbTa — MpaBUIlo, SIKE B 3arajibHOMY BUIJIA/I MAa€ HACTYITHUN MaTeMaTHYHHUNA 3aITuC:

Aw, =nd x,, (7)
ne 0, =y,—J, — noTpiOHMi BUXi i3 Helipona j, a J; — GakTuunumii (peanbuuii) BUXin i3 j —
HEWpoHa, X, — CUrHAJ], KU NPUHIIOB BiA I-HEHPOHA, 77 — KOE(DIIEHT 3MIHM BaroBHX
koedilieHTiB (HOpMa HABYAHHs), A®; — BEIUYMHA 3MIHU BArOBOTO KOE(Illi€HTa 3B’ 3Ky MK

i Ta j HEUPOHOM.
V 3arainbHOMY BUTJISAL A€IbTA IPABUIIO MOKHA 3aIIUCATH Y BUTIISAIL:

Aw; =n8,x; = 1(y; = 3,)% = 1(y; = ixi% )X, . (8)
J=
[IBuakicTs 3MIHM IOXUOKHA Z—F BITHOCHO 3MIHU PEalbHOTO BUXOMY 13 j-HEHpOHa 4YH-
CeNIbHO JIOPIBHIOE: g
2;:::);_/_)/_/:_5]", 9)

a MBHUJIKICTh 3MIHU BUXOMY J; i3 j-HelipoHa Bii 3MiHM Baroux koedilieHTiB Aw; MoxHa

3aMucaTy y BUTIISIIL:

oy,
Yoy (10)
aa)l.j
Toni mBUAKICTE 3MiHM MOXUOKHU BiJl 3MIHU BaroBUX KOEQIIIEHTIB MOYKHA 3aMUCATH:
oy,
D (1)
ow, 0y, Ow,
OF
__:_5/xia (12)
0w, '
OF
Py 5/‘xi > (13)
ow;
Ie 8_ — TOXi/IHA TIO0 TIOBEPXH1 MOXUOOK 3aJIEXKHO BiJ] 3MIHU BaroBUX KOE(IIIIEHTIB.
Q..
y

Toxai moxHa 3poOUTH BUCHOBOK, III0 3MIHM BaroBUX KOoeQilliEHTIB MOBUHHI BiIOYBaTHCS B
HaNpsMKY, TPOTHICKHOMY MOXIiTHIN 10 MOBEPXHiI MOXUOKH, TOOTO B HANPSMKY, IMPOTHIIEHK-
HOMY JI0 HAPSIMKY I'paJlieHTa — y HANpsAMKY 3MEHIICHHS, @ HE 30UIbIICHHS.

KinpkicTh BXiTHUX HEUPOHIB BIAMOBiIa€ NMEBHIN KUTLKOCTI O3HAK, SIKi BU3HAYAIOThH 13 MPO-
CTODPY, 3 sIKOro OynyTh BuOpaHi Bci 3pa3ku Ha Bxig [IIHM [§].

BxinHi 3HaueHHs 3pa3KiB EPETBOPIOIOTHCS i JI€I0 BaroBUX KoedilieHTiB MaTpuui W,

Ta 3MileHs O, Ta O, y niacymoytodomy 6ioui (Ch) HelipoHIB MPUXOBAHOIO HIApPY, a MiCIsA

akTuBalii moporoBoto ¢yHkiiero B Onomi aktubaiii (BA) HelipoHIB MpHXOBAaHOTO MIApY,
OJIEPXKYEMO YHCIIOBI 3HAYCHHs BUXOJIB i3 HeWpoHiB mpuxoBaHoro mapy NET; ta NETm.
[ToTiM y HEHpOHI BUXIZHOTO 1IApy MiJ Ii€10 BaroBUX KoedilieHTiB MaTpuui W, Ta 3MIlLIEHHS

O, Ta akTuBallii TOporoBorw QyHKIiEKw y BA BUXiqHOTO HEMPOHA, OJEPKYEMO BUXIIHE YHC-

noBe 3HaueHHs OVT [uig KO)KHOTo 3pa3Kka BXIAHUX CUTHAIIB X, X,.
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CrpyxtypHy cxemy IIHM, po3risHyToi paHilie, MOXKHa IPOUTIOCTPYBATH TaKUM YHHOM
(puc. 2): BXigH1 HEHPOHHU HYJIBOBOTO LIapy MO3HAYMMO lo, 20, MPUXOBaHI HEUPOHU MEPILIOTO
mapy no3Hauumo 1, 2(1), @ BUXIIHUN HEUPOH — CUMBOJIOM 1(2), BaroBi KOe(ilieHTH 3MIIIEHb

JUIs IpEXOBaHoro mapy — ©,, ta ©,,, a BuxigHoro mapy — ©,,, BXigHi curaamm g0 lo
Helipona yepe3 x, =(1,1,0,0), a BXiqHi curnamu 10 2o HelipoHa — vepe3 x, = (1,0,1,0), 3arans-
HUA BHUXIJHMH CHTHaJl O HYJIbOBOTO INApy 3alHIIeMO Yy BUIJBIII  KOPTEXKY:
{(xl,xz)}:{(1,0;1,0),(1,0;0),(0;1,0),(0;0)}, a BUXIOHUH CUTHAII — 0VT={0;1;1;0}, a Barosi

.. . . . 6 . Wy Wy i
KOE(DIliEHTH BINOBIIHO @), Ta ¥ ;; , MATPHIL IKUX OYyTh: W, = Ta W, = .
Wy Wy Ves
0,,=12
%, = (1;1;0;0)
{(1:0),(50), (01, 0:0)} 1o OVT, = {0:1:1:0)
% = (10:10) o, bA (T70.4)
-0,2
2, Q NETy)
0,4, =038
Puc. 2. CmpykmypHna cxema wimyynoi HelupOHHOI Mepexci
i=n;j=m i=n;j=m . o
3, = X, +0,; i=lumj=Lm; %,=Yxo+0,; i=Lnj=1m;
=1

i=l;j=1

=l;j
k=s;j=m
zH]: ZK}/k]—}—@k;k:l,S,]:l,m_
k=1;j=1
VY posrisiHyToMy BUNaaky n=2, m=2, s =1, e n — KUIbKICTh HEHPOHIB HYJIHOBOI'O IIa-
Py, M — KUIBKICTh BXOJIIB JI0 HEHPOHIB MPUXOBAHOTO APy BiJ HEWPOHIB HYIHOBOIO ILIAPY
(HelipoHiB (TepIIOro) MPUXOBAHOIO 1IAPY), S — KUIbKICTh HEUPOHIB BUXIAHOTO LIapy (Ipyro-

ro 1apy); @, — BaroBUii KOEIIEHT Bif i-ro mwapy (BXiAHOro) 10 j-ro HEHpOHA IPUXOBAHOTO

mapy. Toni @,, — BaroBuii KoeQiUieHT 3B’A3Ky BiJ NEPIIOrO HEHPOHA HYyIHOBOTO IIApy
(BXIJHOTO) /10 APYroro HeWpoHa MPUXOBAHOIO Mapy (MEpLIOro mapy), aHAJOTIYHO JUIs 1H-
IIMX BArOBUX KOCQILIEHTIB. ¥, — BaroBUii KOCPILIEHT 3B’A3Ky BiJl J-TO HEUPOHA IPUXOBAHO-
ro mapy (meporo mapy) 10 k-ro HeilipoHa BUXITHOTO 1apy (Apyroro mapy).

¥, — cyma BaroBHX 3B’3KIB, SIKl BXOAATH JI0 IIEPUIOr0 HEMPOHA MPUXOBAHOIO Wapy, X,
— CyMa BaroBHX 3B’f3KiB, IK1 BXOAATH JI0 JAPYroro HEMpOHa MPUXOBAHOIO 1Wapy, ¥, — cyma

BaroBHX 3B’sI3KiB, K1 BXOJATH 10 HelpoHa Buxoy (apyroro mapy). NETi= Y1 — curnan Bu-
XOAy 13 MEpIIOr0 HEeHpoHa MPHUXOBAHOTO INAPy, IMICHS aKTUBAIil MOPOroBOI0 (YHKIIEO
(T=0,4 — yncnoBe 3HaueHHs nopory), NET — curnan BUxoay i3 Jpyroro HelpoHa nmpuxoBa-
Horo mapy (map 2), OVT — uyucnoBe 3HaYeHHS BUXIJHOTO CUTHANY 13 MEPIIOTO HEHpoHa
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BUXI1JTHOTO 1Iapy (Apyroro mapy), micis aktusaiii noporosoto ¢pyukuiero (T = 0,4 — yucnose
3HAa4YeHHs MOopory (yHKIIi akTUBaIlii). {(1,0;1,0),(1,0;0),(0;1,0),(0;0)} — KOPTEX BXITHHX CHT-
HaJIIB JI0 HYJABOBOT'O APy (BXIAHOTO ILIAPY), {1,1,0,0} —KOPTEX BUXITHUX CUTHAJIIB 13 IPYTrOro
mapy (BUXIJHOTO 1Iapy).

0,4y, Oy, O, — BaroBi KOEDIliEHTH 3MILIEHb MEPLIOTO Ta APYroro HEHPOHIB MPUXO-
BaHOro mIapy (Meplioro mapy) Ta MEpIIOro HEeHWpoHa BUXIIHOTO MIapy (Ipyroro mapy).
X, = (1,0;1,0;0;0) — BekTOp BXIOHUX 3HA4YEHb [0 IepuIoro HeipoHa (lo) BXimHOro mapy (Hy-
apoBoro mapy), x, =(1,0;0;1,0;0) — BekTOp BXITHMX 3Ha4Y€Hb JI0 JPYroro HeipoHa (2o) BXia-
HOTO MIapy (HyJIbOBOTO IIapy).

Cxemartuuno 300pakena [IIHM na puc. 2 mi1st pi3HHX BXIIHUX BEKTOpPIB Oyzae oJepxkyBa-
TH Ha BUXOJI1 BIAMOBIAHI KOKHOMY 3 HUX 3Ha4eHHs [9]:

1. (1,0;1,0) na Bxomi, a Ha Buxoai OVT=0;

2. Ha Bxoni (1,0;0), a na Buxoni OVT=1;

3. Ha Bxoni (0;1,0), a Ha Buxoai OVT=1;

4. Ha Bxoni (0;0), a Ha Buxoai OVT=0.

Otxe, KO)KHOMY BXITHOMY BEKTOpY ( X,, X,) Ha Buxoxi IIIHM Binnosinae neBHe 4UCIOBE
3HaueHHs OVT.

[Toporosa ¢yHkis
0, saxwo NET<T
1, sxwyo NET>T’
€ MPUKJIAZOM HEHIHHOT PyHKIIIT aKkTUBaLlii.

[Ipuknagom niHIMHOT GYyHKILIT €

F(NET)= B(NET), (15)

oOmnacth 3Ha4YeHb K01 F(NET) € (—o0;+00), 3a HassBHOCTI siko1 y BA, Buxin i3 HelipoHna Oyjie

F(NET) = { (14)

JOPIBHIOBATH 3HAYCHHIO BXO/Y B Iiel HelipoH, skmo S =1. Toxai MoxkHa 3p0OHTH BUCHOBOK,
o OaraTonrapoBa HEHpOHHA MepeXka 3 JHIHHOI0 (YHKIIE€I0 aKTUBAIlll MOXKE PO3B’sA3yBaTh
JMILE T1 3aja4l, sIKI MOXKYTh pO3B’SI3yBaTH OJIHOLIAPOBI HEHPOHHI MEpeXi, SKi MalOTh JIMIIIE
BX1IH1 1 BUXimHI HelipoHu. Toai MokHa 3pOOUTH TaKUil BUCHOBOK, IO JJIsi OaraToIapoBUX
HM tpeba BuKOpUCTOBYBAaTH HEMIHINMHI (YHKIIIT aKTHUBALI1T, 11€ JIOTICTHYHA (YHKI[LS

F(NET) =1+exp-a- NET"|, (16)
a0o 1HII HemiHiNHI ¢yHKuil. Halikpamum BapiaHTOM € JIOTICTUYHA, OCKUTBKHM BOHA € HETepe-
PBHOIO Ha BCiii 00J1acTi BU3HAUCHHS (—00;+00), MU(EpEHIIHOBAHO i MOHOTOHHO 3pPOCTal0-
vo10 it B¢ix NET Big (—oo;+o0) (Ha inTepBaii 3Hadens (0;1)).

Taxkum YMHOM, KOKHUHM €JIEMEHT i MHOKMHU BXITHUX 3HaYEeHb X 3’€JJHAHUN BaroBUM 3Ha-
yeHHsM X, @, 13 koxuuM IIIH, a B Cb HelipoHa 3HaXO[ATh BaroBy Cymy BXOJIB [0 LOTO
HelpoHa, sika moctynae Ha BA, micis akTuBauii B SKOMY, Ha BUX1JT 0 BUXIJHOTO IIapy BUiizne
curdan NET. Buxinuuii Bextop L HM, xommoHeHTamMi sikoro € Buxoan OVT i3 HEeHpoHIB
BMXiJJHOTO IIapy, YMCENBHO JIOPIiBHIOE NOOYTKY MaTpuii X — BEKTOP-PANOK BXIIHHX CHI-
HaJIIB HA MAaTpHLIO W — MaTpulsd BaroBux KoediuieHTiB, T00TO [10]:

L=XWwW, (17)
ne L — MaTpHIs-psIoK.

bararomaposi HM maroTh 3Ha4HO OUIbIe MOXIMBOCTEH MPHU PO3B’sI3yBaHHI MPAKTUYHHUX

1 IPUKJIaHUX 3a/1a4, BOHHU SBJISIOTH 00010 HalIp IapiB, TakKuX, IO BHUXII 3 OJHOTO LIapy
OyJie BXOJIOM JI0 HACTYITHOTO IIapy, a 30UTbIICHHS] OOUMCITIOBAHUX MOMKIMBOCTEH (MTOTYKHO-
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cTel) y MOpiBHSAHHI 3 oaHOIIapoBoro HM, MoxiMBe Jnine 3a HassBHOCTI HENIHIMHOT QyHKIIT
aKTUBAIlll MDK IIapaMH.

Slkmo B OararomapoBux HM BifcyTHS HeniHiHa (DyHKIiS aKTHUBaLlii, TO OOYMCICHHS
YHCJIOBOT0 3HAYEHHS BUXIIHOTO LIapy 3HAXOJATh SIK JOOYTOK BUXITHOTO BeKTOpa X Ha Iep-
Illy BaroBy MaTpuIo J¥,, OTIM Ha HACTYNIHY BaroBy Marpuiio W,. Tooto

OVT = (XW)W,, (18)
a B pe3ysbTari TOTO, 10 JOOYTOK MaTPHIlh ACOI[IaTUBHUM, TOi
OVT = (XW)W, = X(W, ;). (19)

To6to, o cyri, 3ailicHenuit nepexin Big 6aratomapoBoi HM 1o oxxomaposoi HM, To6to
nsomapoBa HM ekBiBanieHTHa 0JJHOMY ITPUXOBAHOMY IIapy 3 BaroBOIO MaTPUIEIO, 110 JOPIB-

HIO€ JOOYTKY JBOX BaroBux matpuus (W, . = WW,).
Toni
OVT=(XW)W, = XWW,)=XW,,.). (20)

Otxe, Oynp-sixka OararomapoBa HM 13 niHiliHOIO (yHKII€IO akTUBAILil Moxe OyTH
3aMiHEHa Ha eKBIBaJIEHTHY ojHoapoBy HM i3 BaroBoro marpuuero:

W, =W,. @)

3az

HM, siki po3risianuck paHilie, Ha3UBalOTh MPSMOTO MOMIMPEHHS BX1THOTO CHUTHAIY abo
Mepexi 3 MPIMUMHU 3B’3KaMH, TOOTO BiJl BXIHOTO LIapy A0 IIapy BUXoay curHaiy i3 HM,
TOOTO BiJl MOMEPEIHBOTO IIAPy 10 HACTYIHOTO 1 MO MOpsAAKy. Asie MoxiauBocTi Takux HM
oOMEXeH1, Y HUX BIJICYTHS IaM’siThb, TOOTO IX BHUXIJ MOBHICTIO BU3HAYAETHCS 3HAYCHHSIMU
BX1/IHUX BEKTOPIB 1 3HaYEHHSAMU BaroBux koedimieHTiB. Taki mepexi mie HazuBatoTh HM 0e3
3BOPOTHHX 3B SI3KIB.

HM, sixi MaroTh 3B’S3KM BiJl BUXITHUX IIapiB 10 BXIAHUX, HA3UBAIOTh MEpEkKaMH 3 oOMe-
XKEeHUM 3B’s13koM. Y nedkux HM 13 oOMexeHrMHU 3B’s13KkaMu 3HaUSHHsI BUXOY 3 Mepexi Mo-
BEPTAEThCA Ha BXIIHI m1apH, To0TO BUXiA Oyne sk Bxia. Tomy HM 3 ob6epHeHHMH 3B’s3KaMu
MAalOTh BJIACTHBICTh, CXOKY Ha KOPOTKOTEPMIHOBY JIFOICBKY ITaM SITh.

ANTopuTM 3BOPOTHOTO MOMUpPEHHs curHany y HM ckinanaerbes 3 HanpsMKIB MOUIMPEHHS
curnany [11]:

1) npsMuii HaMPsIMOK NOLIMPEHHS CUTHATY Bl HYJIBOBOTO 1Ay 70 BUXITHOTO IIapy;

2) 3BOPOTHHUI HampsMOK MOUIMPEHHsS CUTHATY BiJ BUXIJAHOTO IIAapy 10 BXIAHOTO, Mepe-
JIat0YM 3HAUEHHS MOXUOKH BiJl BUX1THOTO 1Iapy A0 BXiTHOTO (IEpIIOro) mapy, 1o i BU3Ha4Yae
Ha SIKYy BEJIMYMHY NOTPIOHO KOperyBaTu Baroi koegimieHTu y npoieci HaByanHs [IIHM, sike
3aCTOCOBYEThCA Ui TOTO, 11100 [ITHM 3Morina BUKOHYBaTH MOCTaBJIEHY NIEpe HElO 3a/1auy 3a
JAHUMH, SIK1 1O HEl HaJXOISTh.

3a ngomomororo mporpamu «Statistica» 0yno moOyaoBaHO rpadiku €lIEeKTPOCHOKUBAHHS
JUIsl IPOTHO3YBaHHS eleKTpocnokuBanHs 13 3aranbHoi Mepexi [TAT Ilonrasebkuii 'OK Ha 1
ciuas 2017 poxy 3 BUKOpPHCTaHHSIM HEHpOHHMX Mepex [12]. PesynbTar mporsosyBaHHs B
MOPIBHSHHI 3 pealbHUMH JaHUMHU Ma€ He3HauHe BiIXuieHHs (puc. 3).
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Time series projection for 1 ansapa
12 steps used as inputs, 1 steps predicted ahead
All samples
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1,94E5
15 20 25 30 35 40 45 50 S5 60 65 70 75 80 __, AnBapA

Steps —[3.MLP 12:5-1)

1 sxsapa (Output)

Puc. 3. Kopomxocmpoxosuii (00608uti) npoerHo3 e1ekmpoCcnoiCU8aHHs i3 3a2aibHoi Mepeici
AT Ionmascvkuii I OK na I ciuns 2017 poxy 3 BUKOPUCMAHHAM HEUPOHHUX MEPEAHC

BucHoBku BiamoBinHo 10 crarri. /{719 mporHO3yBaHHS, 3 JIOCTaTHIM piBHEM HMOBIp-
HOCTI, €JIEKTPOCHEPTOCIOKMBAHHS 3aJi30PYAHUMHU MIJIPUEMCTBAMU HEOOXITHO BUPIIIMTH
OaraTokpuTepialbHy 3a7ady 3 000B’SI3KOBUM IOIEpPEAHIM BU3HAYEHHSM BCiX (DaKTOPIB, II0
BIUIMBAIOTh Ta BU3HAYAIOTh PiBHI €HEPrOCIIOKUBAHHS KOHKPETHOTO MIANIPUEMCTBA.

3acTocyBaHHS HEHPOHHUX MEPEXK y CHCTEMaXx NMPOrHO3YBaHHS €NEKTPOCHEPTeTUYHUX T1a-
paMeTpiB JDKepen po30cepeKeHO01 reHeparlii J03BOJUTh 3a0e3neunT OaraToakropHe mpo-
THO3YBaHHS, IO J03BOJIUTH MOKPAIIUTH MMPOTHO30BAHICTh 3r€HEPOBAHOI €JIEKTPOEHEprii po-
30CepeKEHOI0 TeHEPALli€l0 B Yaci, B yMOBaX 3ali30pyIHUX ITIIIPUEMCTB.
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FORECASTING ELECTRICITY PROCESSING OF SIDE-BASED EQUIPMENT
IN THE IMPLEMENTATION OF THEIR DISPOSABLE GENERATION
ELECTRICAL SUPPLY SYSTEM

Urgency of the research. Iron ore are one of the largest consumers of fuel and energy resources in Ukraine. At the
same time, the analysis of the distribution of electricity consumption flows shows that a large share of electric energy belongs
to local energy objects, which, in general, determines the relevance of the study of the issue of the features of prediction of
electricity consumption from the network in the conditions of enterprises and the relevance of the use of this combined ap-
proach, especially when implementing the electricity supply structure of these dispersed generation enterprises.

Target setting. The problematic robots € synthesis of peculiarities of the prediction of the electrical supply of house-
holds when they are supplied to the system of electrical distribution of the redundant generation.

Actual scientific researches and issues analysis. 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. These facilities, which are hundreds of
hectares in the scale of Ukraine, can and should, in all their parameters, become a landfill for the dissemination of complex
sources of dispersed generation, which in essence should become mini- or micro-power plants in the structure of power sup-
ply systems of Ukrainian enterprises, including iron ore enterprises.

Uninvestigated parts of general matters defining. In the conditions of iron ore enterprise, which has a very complex
and branched structure, and technological processes are very complex and depend on many factors, forecasting is a difficult
and difficult task, provided that a forecast error not exceeding 4% is obtained. Therefore, in the conditions of the iron ore
enterprise it is advisable to use artificial neural networks to predict the power consumption, which imply the presence of
significant connections between individual factors.

The research objective. Thus, an urgent scientific and practical task is to study the features and mechanism of forecasting
power consumption of iron ore enterprises when using sources of dispersed generation in the composition of their power supply.

The statement of basic materials. As a result of the analysis of the possibility of introducing dispersed generation in the
energy systems of iron ore enterprises, it was found that the sources of dispersed generation affect the distribution networks
of these enterprises and turn them into active elements. This leads to the necessity of changes in the strategy of management
of the distribution networks of the enterprise and planning of the structure and regimes of local energy systems. The article
proposes the use of artificial neural networks for the prediction of electric power consumption, especially when introducing
sources of dispersed generation in the complex of power supply. Statistica program has been used to construct power con-
sumption graphs from the general network of PJSC Poltava GOK using neural networks. The prediction result compared to
the actual data has a slight deviation, which is acceptable.

Conclusions. To predict, with a sufficient degree of probability, the electricity consumption of the iron ore enterprises it
is necessary to solve a multicriteria task with the obligatory preliminary determination of all factors influencing and deter-
mining the levels of energy consumption of a particular enterprise.

The application of neural networks in prediction systems of power parameters of distributed generation sources will al-
low for multifactor prognostication, which will improve the predictability of generated electricity by a rotational generation
in time, in the conditions of iron ore enterprises.

Keywords: dispersed generation; electrical supply of enterprises; forecastiong of electro-consumption; artificial
neurons networks.
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CHARACTERISTIC LAYOUTS OF DISTRIBUTION NETWORKS
WITH THE ANALYSIS OF VOLTAGE DEVIATIONS
AND EXPEDIENCY OF ITS CONTROL

Urgency of the research. It is well-known that electric energy characteristics are the levels of electromagnetic compa-
tibility of electric grid providing adequate performance of any electrical means connected to the grid if the electric energy
characteristics do not exceed permitted values. In the context of general idea of electromagnetic compatibility of consumers
within power supply grids, power quality is the topical problem of modern electric-power supply industry.

Target setting. The issue of assessing the possibility of ensuring the quality of electricity in terms of voltage deviation by
consumers is very important. The problem of voltage fluctuations is relevant, so that voltage deviation have a negative im-
pact on functioning electrical equipment

Actual scientific researches and issues analysis. Papers [2-11] are devouted the effective management methods of electri-
cal energy consumption. The articles [6-8] shows that under present conditions only system approach ensures accurate identifi-
cation and prediction of electric power losses in distribution networks that are characterized by considerable ambiguity.

Uninvestigated parts of general matters defining. Generalized diagram of the voltage modes characterizes the state for
the entire distribution network connected to the main substation; it consists of the branched 10 kV network, all the distribu-
tion transformers, and all the 0.4 kV networks connected to those transformers. Along with the generalized diagram, values
of the available voltage losses have been obtained; those values occur within 10 kV and 0.4 kV networks in terms of the fa-
vourable conditions of voltage control and the initial values of the admissible voltage deviations of electrical receivers.
Moreover, that is the basis to determine operating position of control tappings of distribution transformers.

The research objective. Since one of the important characteristics of electrical energy is the deviation of the voltage in
the network, it is advisable to carry out its analysis in the urban distribution networks in terms of Levanevska substation,
town of Zaporizhzhia. To simplify practical representation of possible voltage modes on the main substation buses and with-
in the whole distribution networks, it is expedient to use graphic representation — so-called generalized diagram of voltage
modes. That diagram helps make the analysis of voltage modes more demonstrative than analytical calculation, besides, the
diagram gives great possibilities for further study.

The statement of basic materials. While analyzing voltage mode in the distribution networks and determining the re-
quired law of voltage control in the main substation (MS), one should take into consideration great amount of factors effect-
ing and complicating that study. Those factors include the following: changes in the operating mode of the network, differ-
ences in the points of connections of electrical receivers (ER) to the distribution network, differences in possible operating
positions of the control tappings in the distribution transformers (DT), differences in the points of DT connections to 10 kV
network, available dead zones of automatic voltage controller etc. Owing to that fact, it is required to perform generalized
analysis of the voltage mode and conditions of its control within 10 kV and 0.4 kV distribution networks and on main substa-
tion buses. To do that, one should apply probabilistic calculation methods. At the same time, it is expedient to use graphic
depiction (so-called generalized diagram (GD) of the voltage modes) to simplify representation of possible voltage modes on
MS buses and within the whole distribution network. That diagram will help make the analysis of the voltage modes more
clearly arranged than analytic calculations; moreover, it gives great opportunities for further study.

Conclusions. Voltage deviation in the distribution networks has been performed and expediency of the voltage deviation
control for electrically closest and farthest consumers have been analyzed in terms of Levanevska substation, town of Za-
porizhzhia. Expediency of practical application of generalized diagrams for that purpose has been demonstrated. It has been
defined that in the modes of maximum and minimum loads, voltage exceeds the admissible deviation norms of £ 5 %. Conclu-
sion has been made on the expediency of more careful voltage control. Generalized diagram for 0-1 and 9-10 hours with the
maximum voltage deviations has been constructed. Graph of dependences has been developed; formula of voltage deviations
in the main substation, due to the voltage passing along that line, has been defined. According to the voltage data before and
after the implementation of control, graphs of voltage deviations on the distribution transformer and in terms of the farthest
consumer have been constructed.

Keywords: distribution networks; main substation; voltage deviation; transformer load; transformer voltage control
(TVC), generalized diagram.

Table: 4. Fig.: 7. References: 11.

Urgency of the research. It is common knowledge that electric energy characteristics are the
levels of electromagnetic compatibility of electric grid providing adequate performance of any
electrical means connected to the grid if the electric energy characteristics do not exceed permitted
values. In the context of general idea of electromagnetic compatibility of consumers within power
supply grids, power quality is the topical problem of modern electric-power supply industry.

Target setting. The issue of assessing the possibility of ensuring the quality of electricity in
terms of voltage deviation by consumers is very important. The problem of voltage fluctuations is
relevant, so that voltage deviation have a negative impact on functioning electrical equipment.
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Actual scientific researches and issues analysis. Papers [2-11] are devouted the effective
management methods of electrical energy consumption. The articles [6-8] shows that under pre-
sent conditions only system approach ensures accurate identification and prediction of electric
power losses in distribution networks that are characterized by considerable ambiguity.

Uninvestigated parts of general matters defining. Generalized diagram of the voltage
modes characterizes the state for the entire distribution network connected to the main substa-
tion; it consists of the branched 10 kV network, all the distribution transformers, and all the
0.4 kV networks connected to those transformers. Along with the generalized diagram, values
of the available voltage losses have been obtained; those values occur within 10 kV and
0.4 kV networks in terms of the favourable conditions of voltage control and the initial values
of the admissible voltage deviations of electrical receivers. Moreover, that is the basis to de-
termine operating position of control tappings of distribution transformers.

The research objective. Since one of the important characteristics of electrical energy is the
deviation of the voltage in the network, it is advisable to carry out its analysis in the urban distri-
bution networks in terms of Levanevska substation, town of Zaporizhzhia. To simplify practical
representation of possible voltage modes on the main substation buses and within the whole dis-
tribution networks, it is expedient to use graphic representation — so-called generalized diagram of
voltage modes. That diagram helps make the analysis of voltage modes more demonstrative than
analytical calculation; besides, the diagram gives great possibilities for further study.

The statement of basic materials. While analyzing voltage mode in the distribution net-
works and determining the required law of voltage control in the main substation (MS), one
should take into consideration great amount of factors effecting and complicating that study.
Those factors include the following: changes in the operating mode of the network, differ-
ences in the points of connections of electrical receivers (ER) to the distribution network, dif-
ferences in possible operating positions of the control tappings in the distribution transformers
(DT), differences in the points of DT connections to 10 kV network, available dead zones of
automatic voltage controller etc. Owing to that fact, it is required to perform generalized anal-
ysis of the voltage mode and conditions of its control within 10 kV and 0.4 kV distribution
networks and on main substation buses.

To do that, one should apply probabilistic calculation methods. At the same time, it is ex-
pedient to use graphic depiction (so-called generalized diagram (GD) of the voltage modes) to
simplify representation of possible voltage modes on MS buses and within the whole distribu-
tion network. That diagram will help make the analysis of the voltage modes more clearly ar-
ranged than analytic calculations; moreover, it gives great opportunities for further study.

Generalized diagram of the voltage modes characterizes the situation for the entire distribution
network connected to MS; the diagram consists of the branched 10 kV network, all the DTs, and
all the 0.4 kV networks connected to those transformers. Fig. 1 demonstrates principal diagram of
the mentioned distribution network. In this context, it means that DT may be switched on at any
point of 0.4 kV network, and ER may be connected at any point of 0.4 kV distribution network.

a A A3
T T é T T é
2

A, B

Fig. 1. Principle diagram of 10 kV and 0.4 kV distribution network:
a — 10 kV network; b — distribution transformers (DT); ¢ — 0.4 kV network; d — electrical receivers (ER)
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GD is the basis to determine conditions of voltage control on MS buses in terms of which de-
viations from nominal voltage on ER clamps connected to the mentioned distribution networks
are within the admissible limits. Along with GD, values of the available voltage losses may be
obtained; those losses may be observed within 10 kV and 0.4 kV networks in terms of the adopted
conditions of voltage control in MS and the initial values of the admissible voltage deviations in
ER. Moreover, that is the basis to define operating position of DT control tappings.

While constructing generalized diagram of voltage modes, assumption is made on the fact
that all the values of voltage losses from MS to each network point and from each network
point to any ER are changing in a mutually proportional way. That assumption simplifies to
certain extent graphic representation of the aforementioned values and construction of the
generalized diagram on the whole. However, it meets the condition of homogeneity of all the
connected power consumers in terms of the convergence (with practically adopted degree of
accuracy) of their load diagrams.

In terms of urban networks, that condition is true to some extent only for public utility
loads. Other consumers (educational institutions, trade organizations, industrial and tractive
facilities) may differ considerably in their load diagrams.

Following condition is taken as the validation criterion to solve the problem of voltage
control in MS: voltage deviation from the nominal value for all ERs connected to the network
should not be beyond the limits of the admissible values [1]. In this context, all the network
sites and all the loads are considered to be three-phase and symmetric. As it has been already
mentioned, that condition is somehow idealized. Available three-phase loads, tappings, and
differences in the phase properties within certain sections of a three-phase network result in
asymmetric voltages and increased actual voltage deviations in ER comparing to the calculat-
ed values obtained for the mentioned idealized conditions. In practice, voltage loss on zero
wire may be up to 25 % (sometimes, up to 50 %) of the voltage loss in phase wires. Thus, cal-
culation values of the admissible voltage losses should be reduced by not less than 0.5-1 %,
i.e. they should be taken within the range of + 4.5-4 % instead of = 5 % of the nominal vol-
tage. Nevertheless, that will result practically in the unjustified cost rising of 10 kV network
since the actual situation cannot be determined by the simplified calculation.

In terms of simplified analysis of voltage modes, two boundary operating modes are con-
sidered: maximum and minimum loads. In the context of the favourable initial conditions, all
other possible operating modes of the network are intermediate. Voltage deviations from the

nominal value in the maximum-load mode at the network point are marked as V'; in terms of
minimum-load mode, they are identified as A (Fig. 2).

v, 4

; y, 20y,
E/s Levanivska ®7 l AU’ l AU2 1
T O

Vo 4

10kV 04kV
Fig. 2. Diagram of substitution of the distribution network

Tables 1 and 2 represent parameters of electrically closest and farthest points of 0.4 kV
and 10 kV feeder @-7 of Levanevska electric substation, town of Zaporizhzhia.

While constructing diagrams, relative (in percentage form) values V' are laid along the ab-
scissa axis, and values V' are laid along the ordinates axis. According to the condition taken be-
fore, ER voltage should not go beyond the admissible limits of + 5 % of the nominal one; thus,
it is possible to imagine corresponding range of admissible conditions of ER operation in the
form of a square with the side of 10 % and the center at the origin of coordinates. In terms of the
adopted coordinate axes, voltage modes at each point of the network are characterized by cer-
tain point on the diagram, which coordinates define maximum and minimum voltage deviations.
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Parameters of 0.4 kV network

Table 1

Time, Voltage of the Deviations from Voltage of the Deviations from
hour closest point, V the nominal value, % farthest point, V | the nominal value, %
1 2 3 4 5
0 418 10.1 411 8.1
1 418 10.1 411 8.1
2 415 9.1 407 7.2
3 415 9.1 407 7.2
4 411 8.1 403 6.1
5 405 6.7 397 4.4
6 400 5.2 389 23
7 389 24 374 -1.5
8 370 -2.7 345 -9.2
9 377 -0.9 354 -6.8
10 374 -1.6 350 -8.0
11 386 1.5 369 -3.0
12 383 0.7 364 -4.2
13 377 -0.9 354 -6.8
14 379 -0.2 357 -6.1
15 392 3.3 371 -2.3
16 393 3.3 380 -0.1
17 395 4.0 383 0.8
18 391 3.0 378 -0.5
19 402 5.9 392 3.1
20 404 6.4 394 3.8
21 408 7.4 398 4.7
22 412 8.5 406 7.0
23 418 10.0 410 7.8
Table 2
Parameters of 10 kV network

Time, Voltage of the Deviations from Voltage of Deviations from

hour closest point, V the nominal value, % | the farthest point, V | the nominal value, %
0 10.7 7 10.2 2
1 10.7 7 10.2 2
2 10.6 6 10.1 1
3 10.6 6 10.1 1
4 10.6 6 10 0
5 10.6 6 9.9 -1
6 10.6 6 9.8 -2
7 10.6 6 9.6 -4
8 10.3 3 9.25 -7.5
9 10.4 4 9.4 -6
10 10.3 3 9.35 -6.5
11 10.3 3 9.55 -4.5
12 10.4 4 9.5 -5
13 10.4 4 9.4 -6
14 10.4 4 9.45 -5.5
15 10.5 5 9.65 -3.5
16 10.5 5 9.65 -3.5
17 10.6 6 9.7 -3
18 10.6 6 9.62 -3.8
19 10.6 6 9.85 -1.5
20 10.6 6 9.9 -1
21 10.6 6 10 0
22 10.6 6 10.1 1
23 10.6 6 10.2 2
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Difference in ordinates of any two points along the straight line determines voltage loss
between the corresponding line points in the mode of maximum loads; difference in abscissas
defines the same but in terms of the mode of minimum loads.

Voltage deviations from the nominal values have been analyzed. It has been identified that
in terms of the modes of maximum and minimum loads, voltage exceeds the admissible devi-
ation norms of + 5 %. Conclusion has been made on the expediency of better voltage control.
Generalized diagram for 0-1 and 9-10 hours, having the greatest voltage deviations, has been
constructed (Fig. 3, 4). .
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Fig. 3. Generalized didgrams for 0-1 hours  Fig. 4. Generalized diagrams for 9-10 hours

Possible variants of control highlighted in black dots are at the distance of 1.5 % from each
other according to the control step of the transformer voltage control in the main substation, i.e.
at Levanevska substation. Blue colour shows operating modes of 10 kV and 0.4 kV networks
for that system. Normal operating mode requires displacement of the system so that the center
of 0.4 kV network will coincide with the center of squares (it is represented in the red line)
which shows tappings of distribution transformers. Since TVC allows controlling only in a step-
like mode, then we use the closest control point for the main substation (black line).

Values of voltage deviation in the main substation with the closest TVC steps have been
determined for each hour and represented in Table 3.

Table 3
Controle mode
Time, hour Voltage deviation in MS, % TVC position Power, kV-A
1 2 3 4
0 -3.05 -3 37
1 -3.05 -3 37
2 -3.08 -3 37
3 -3.08 -3 37
4 -2.07 -1.5 37
5 -0.68 0 44
6 0.87 1.5 54
7 2.70 3 69
8 6.35 6 100
9 5.39 6 94
10 5.25 6 99
11 2.40 3 77
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End Table 3

1 2 3 4
12 3.61 3 83
13 5.39 6 94
14 4.63 4.5 90
15 1.64 1.5 63
16 1.80 1.5 62
17 1.70 1.5 58
18 2.35 3 63
19 0.18 0 51
20 -0.39 0 50
21 -1.37 0 50
22 -2.30 -3 48
23 -3.12 -3 40

substation upon the power flowing through that line has been constructed (Fig. 5).

According to the table data, diagram of dependences of voltage deviations in the main

Voltage deviation from thenom in MS, %
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Fig. 5. Control mode for the network

With the help of approximation, maximally accurate dependence has been determined, i.e.
polynomial one being represented in formula:

V,(S)=—-0.00115> +0.28735 —12.07 .

(M

According to the data before and after the implementation of control, graphs of voltage
deviations within the distribution transformer in terms of the farthest consumer has been con-
structed (Fig. 6, 7). Red lines display deviation norms being equal to £5 %.

Knowing the line parameters (r = 0.64 Ohm/km, 1 = 0.95 km), voltage losses before and af-
ter the implementation of energy-saving measures have been calculated and added to Table 4.

Thus, apart from the improved voltage quality, one can observe decreased losses in the
network as well. According to the electricity tariff, daily effect from the voltage control is
9.17 kW-h that is UAH 18.1 per day or UAH 6.501 thous. per year.
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Fig. 7. Voltage deviations after the implementation of control

Table 4
Effect from the implementation of control mode
. Before the implementation After the implementation of control mode
ime, of control mode Effect. KW
hour | Voltage U, | Current I, | Voltage losses Voltage U, B | Current I, A Voltage loss- ’
V A P, kW ’ ’ es P, kW

1 2 3 4 5 6 7 8

0 411 91.2 5.06 376 99.5 6.02 -0.96

1 411 90.5 4.98 376 98.8 5.93 -0.95

2 407 90.7 5 377 98.0 5.84 -0.84

3 407 90.1 4.94 377 97.5 5.78 -0.84

4 403 91.7 5.11 378 97.7 5.81 -0.7

5 397 111.8 7.6 378 117.3 8.36 -0.76

6 389 139.7 11.86 377 144.0 12.61 -0.75
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End Table 4

1 2 3 4 5 6 7 8
7 374 184.5 20.7 375 184.0 20.58 0.12
8 345 291.1 51.52 366 274.2 45.71 5.81
90 354 265.1 42.73 371 253.1 38.94 3.78
10 350 283.2 48.75 371 267.0 43.35 5.4
11 369 208.9 26.53 370 207.8 26.27 0.27
12 364 226.9 31.29 368 224.2 30.57 0.73
13 354 265.4 42.84 371 2534 39.04 3.8
14 357 252.9 38.88 369 244.6 36.39 2.49
15 371 168.6 17.29 372 168.2 17.21 0.08
16 380 162.3 16.02 372 165.5 16.65 -0.63
17 383 151.8 14.01 372 156.4 14.88 -0.87
18 378 165.8 16.71 373 168.1 17.18 -0.47
19 392 129.8 10.25 374 136.0 11.25 -1
20 394 125.8 9.62 374 132.6 10.68 -1.06
21 398 126.6 9.75 376 133.9 10.9 -1.15
22 406 117.6 8.41 377 126.8 9.78 -1.37
23 410 96.7 5.69 380 104.4 6.63 -0.94

Y455.54 Y446.37 39.17

Conclusions. Voltage deviation in the distribution networks has been performed and ex-
pediency of the voltage deviation control for electrically closest and farthest consumers have
been analyzed in terms of Levanevska substation, town of Zaporizhzhia. Expediency of prac-
tical application of generalized diagrams for that purpose has been demonstrated.

It has been defined that in the modes of maximum and minimum loads, voltage exceeds the
admissible deviation norms of + 5 %. Conclusion has been made on the expediency of more
careful voltage control. Generalized diagram for 0-1 and 9-10 hours with the maximum voltage
deviations has been constructed. Graph of dependences has been developed; formula of voltage
deviations in the main substation, due to the voltage passing along that line, has been defined.

According to the voltage data before and after the implementation of control, graphs of
voltage deviations on the distribution transformer and in terms of the farthest consumer have
been constructed.
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Bixmop Kosanenxo, Cepeiti Jleguenxo, Muxona Tpunymens, Bimaniu Ky3neyos,
Maxcum Tpunymenw, Onexciti I opooniu, Anica Kysneyosa, €seenisa Kyzueyosa

PO3PAXYHOK PEXKUMIB POBOTHU XAPAKTEPHUX CXEM
PO3MNOAVIBHUX MEPEK 3 AHAJII3OM BIAXWUJIEHHS
HAIIPYTHU U JOOIVIBHOCTTI II PET'YJIIOBAHHA

Axkmyanvnicme memu 00cnioxncenns. 3a2anbhogiooMo, Wo XapaKkmepucmuky eneKmpuiHoi enepeii — ye pieHi enexm-
POMACHIMHOT CyMicCHOCMI elleKmpUu4HOi Mepedici, wo 3abe3newyioms adeKeamuy npooyKmueHicmy 6yO0b-AKUX eNeKmPUdHUX
3aco0i6, NiOKIIOYEHUX 00 Mepedci, AKUWO XapaKmepucmuKu eieKmpuiHoi enepeii ne nepeguuyyioms 00360JIEHUX 3HAUEHb.
Hxicmo enexkmpoenep2ii 6 KoHmekcmi 3a2anvHoi i0ei eneKmpomMazHimHoi CyMICHOCII CNOJICUBAYIE8 8 eleKmpomepedtcax €
aKmyanbHolo NPOOIEeMOI0 CYHACHOT 2ay3i eN1eKmponoCmaiaHHs.

Ilocmanogxa npobnemu. Iumanna oyinku modciusocmi 3abe3neuents AKocmi eneKmpoenepeii 8 ymoeax ioXuneHHs
Hanpyau cnodcusavamu € oyce gadxciusum. Ilpobnema xonusanv Hanpyeu € aKmyaibHol0, OCKIIbKU OCIMAHHS He2amueHo
BNIUBAE HA PYHKYIOHYBAHHS €EKMPUUHO20 OONAOHAHHS.

Ananiz ocmannix 0ocnioxncens i nyonikauiii. Pobomu asmopie [2-11] npucesueni ecpexmugnum memooam ynpasiinHs
CROJICUBAHHAM elleKmpuuHoi enepeii. 3okpema cmammi [6-8] 0osodsamb, wo 8 HUMiWHIX YMOBAX Tuuie cucmemMHull nioxio
3abesneuye mouny i0eHmugikayito ma nPoSHO3YBAHHS MPAN eNeKMPOEHeP2ii 8 PONOOLIbHUX MePeNCax, K XapaKmepusy-
10MbCA 3HAUHOIO HEOOHOZHAYHICTIO.

Buoinenns nedocnioscenux yacmun 3azansnoi npoonemu. Y3azanvnena oiaspama (V) pesicumy nanpye xapaxmepu-
3y€ cman 0OHOYACHO 015 8Ci€l pO3NOOINbHOI Mepedici, npucoHanoi 0o yeumpy dcusnenns (LPK) i cknadacmocs 3 poszanyoice-
Hoi mepedici 10 kB, ycix posnodineuux mpancopmamopis i ecix mepesic 0,4 kB, npucoHanux 00 yux mpaumc@opmamopie.
Oonouacho 3 y3azanbHeHoio 0iazpamoio OMpUMAaHO 3HAYEHH HAAGHUX 8eIUYUH 6MPAM HANPY2U, AKI NPU NPUIHAMUX YMO8AX
pecymosannsa nanpyau 8 LK i auxionux suauenHax 0Onycmumux 8iOXuieHb Hanpyeu y eleKmponpuiimaiio Moxicyms mamu
micye 8 po3nodinbhux mepedcax 10 kB i 0,4 kB. Kpim moeo, 36iocu sic gusnaueno poboue noiodiceHHs pe2ynioganvHux 8ioea-
JYJHCEHB PO3NOOIILHO2O MPAHCHOPMAMOPA.

Ilocmanosxa 3ae0anns. OcKinbKu OOHIEIO 3 BANCTUBUX XAPAKMEPUCHIUK eeKMPUYHOT eHepeii € GiOXuneHHs Hanpyau 8 mepe-
21Cl, OOYINBLHO NPoBecmU it AHANI3 Y MICLKUX PONOOLILHUX Mepedcax Ha mepumopii niocmanyii Jlesanescwvra, m. 3anopiococa. [l
CHPOWEHO20 NPAKMUYHO2O YABIEHHS NPO MOJICIUGE PedCUMU Hanpyeu Ha wuHax yenmpy dcuenenns LPK iy eciii po3nodinshiii me-
pedxci 3a2an0m OOYIbHO BUKOPUCMOBY8ANIU 2paghiuHy noGY008y — MAK 36aHY Y3A2ANbHEHY Jlazpamy pexcumy Hanpye. Ananiz pe-
JiCUMY Hanpye 3a 00NOMoz2ot0 yici diazpamu € Oinbul HAOUHUM, HIIC AHATIMUYHUL PO3PAXYHOK, | HAOGE BETUKT MOICIUBOCII.

Buknao ocnoenozo mamepiany. I1io uac ananizy pexcumy nanpyeu 8 po3noodinbHux mepedxicax i y npoyeci GU3HAUEHHS,
30Kpema, HeobXiOH020 3aKOHY pe2ynto8anHs Hanpyeu 8 yenmpi scusnents LPK dosooumuca epaxosysamu 6enuxy Kitbkicmo
Gaxmopis, Wo enIUBAIOMb | BEIUKOI MIPOK YCKIAOHIWONb Q0CHioxHceHH:. [lo uucia yux Gaxmopie 8i0HOCAMbCA: 3MiHA
pedrcumy pobomu mepedici, 8iOMiHHicmb Micyb npuconanta enexmponpuiivayie EII 0o po3nodinvhoi mepedici, 8iominnicmy
MOXHCIUBUX POBOYUX NONONCEHD Pe2YIIOBANbHUX BI02ANYHCEHb Y PO3NOOLTbHUX mpancgopmamopax PT, iominnicms micys
npueonanns PT 0o mepedci 10 kB, nasgnicms 30Hu Hewymausocmi y agmomMamuiHo2o peeyiamopa nanpyau i m. in. Y 36 ’a3xy
3 Yum 00800UMbC NPOBOOUMU Y3A2ANbHEHUL AHANT3 PENCUMY HANpYy2Uu U YMO8 il pe2yniogants 8 po3nooilbHUxX Mepedtcax
10 kB i 0,4 kB ma na wwunax LPK cninvho.

Hns yiei memu cnio 3acmocogysamu iMOGIpHICHI Memoou po3paxynkie. Y mou dice uac 01 cnpoujeno2o npaKmuiHo2o
VABNIEHHA NPO MOAUCIUBI pedicumu Hanpyeu Ha wunax LPK iy 6ciii po3nodineniil Mepesici 8 yinomy 0oyinbHO 8UKOPUCHOB)8a-
mu epagiuny nobyoosy - mak 36any ysazanvheHy oiaecpamy Y/ pescumy nanpye. Ananiz pexcumy nanpye 3a 00nomo2oi yiei
diazpamu € 6inbU HAOYHUM, HIdIC AHANIMUYHUL PO3PAXYHOK, | HAOAE 8ENUKI MOICIUBOCII.

Bucnogxu ¢ionogiono 0o cmammi. IIposedeno ananiz 8ioXunenHs Hanpyau 8 po3nooilbHUX mepexncax i 0oyinbHocmi
11020 pe2ynioganHs OISl eNeKMpPUYHO HAUOIUICHO20 MA HABIOOANEHIWO20 CROdICUBaya Ha npuknadi niocmanyii' «J/lesanesco-
Kay, m. 3anopisxcoica. Ilokazano 0oyinbHicmb NPAKMU4HO20 3ACMOCYBAHHA ONIA YbO2O Y3A2ANbHEHUX OIAcPaM.
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Bussneno, wo 6 pexcumax maxcumymy ma MiHiMyMy HABAHMAICEHbL HANPY2a NepesuUye OONYCMUMI HOPMU GiOXUTIEHb
+ 5 %. 3pobneno sucnosox npo ooyineHicme 6inbu pemenvhoco pezyniogantsa nanpyau. Ilobyoosano ysazanvueny diazpamy
ona 0-1 ma 9-10 200un, saxi maroms HaubinbLW GiOXUIEHHA HANPY2U.

Tobyoosaro epaix 3anexcrnocmi ma 3HAUOEHO POPMYILY BIOXUNEHHS HANPY2U 8 YEHMPI HCUBTLEHHS 810 NOMYHCHOCHI,
o npoxooums no yiti Ainii.

3a oanumu Hanpyau 00 i nicis 6NPOBAVIHCEHHS Pe2YTIOBAHHS, NOOYOOBAHO ePAPIKU BIOXUNLEHHA HANPY2U HA PO3NOOiTb-
YoMy MPAHCHOPMAMOPpI Ul y HAUBIOOATEHIUO20 CROHCUBAYA.

Knrouosi cnosa: po3nodinbui mepedxci; YeHmp HCUBNeHHs, GIOXUNEHHA HANPYeU; HABAHMANCEHH MpPaHchopmamopa;
peaynoearns Hanpyau mpancghopmamopa PITH, y3azanvhena diaepama.

Tabn.: 4. Puc.: 7. bion.: 11.
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BUKOPUCTAHHA EKCTPAKTY JIUCTSA BOJTIOCBKOT' O I'OPIXA
B TEXHOJIOT'Ti INIABJIEHUX CHUPIB

Axmyanvnicme memu odocnioncenns. Cyyacna xapuosa NpoMUCTOGICMb MAE Gupiuysamu He Juule 3a80aHHSA
6e3neunocmi npooykmy, a i RUMAHHS Poli NPpoOYyKmie xapuyeanns y npoginaxmuyi degpiyumy tiody. [lonynspuszayis poni
XapuyBanHs y NpoDIIaKmuyi 3axe0plo8aHb ANIMEHMAPHOLO XAPAKMeEPYy MAE CBO€ GI00OPAdCeHHs y CMIlKIU meHOeHyil
30i1bUeHHs 006 €MIB MA POZWUPEHHI ACOPMUMEHIY XAPYo8UX NPOOYKMIG, 30azayenux 6i0N02iuHO aKkmueHUMU 000asKamu,
30Kpema tiooom. Ocobauguii inmepec i y GUPOOHUKIG, T CROJICUBAUIE BUKTUKAIOMb POCTUHHI 000ABKL.

Ilocmanogxka npoonemu. Heszsadicarouu na wupomy acopmumenmy niaeieHux cupis, 8iodyeacmvcs nocmiine 1020
oHognenns. Lle 3ymoeneno neoOXionicmio 3a00801bHUMU BUMORU HAYKU, 3MIHOIO CHOHCUBHO20 NONUMY, HAAGHICIIO CUPOBUHU,
peHmabenvHicmio Mmoo uu iHuwozo udy cupy. Iliosuwena 3ayikasnenicmo 00 yici npodykyii ukiukana ii 30ammicmio 0oope
30epicamu c60i aKkocmi ni0 wac Mpueano2o 30epicanis, MOUCIUBICINIO NOEOHYBAMU PI3HI KOMNOHEHMU, 30Kpemd
HEeMON0UHO20 NOXOOJICEeHHs, A 8 Pe3yabmami OMpUMamu nPooyKm 8UcoKoi xap4oeoi i bionoziunoi yinnocmi. Bpaxogyouu
HagedeHi suuje akmu 3ay8ancumo, wo po3pobKa NIAGLEHUX CUPI6 i3 JUCHAM BONIOCbKO20 20piXa HAOYBAE BANCIUBOZO
3HAYEHHs | € AKMYAIbHOI HAYKOBO-NPAKMUUHOI TEMOIO.

Ananiz ocmannix oocnioycenv i nyonikauiii. bynu poszenamymi cyyacwi nyonikayii YKpaiHCbKux ma 3aKOpOOHHUX
HAYKOBYIB 000 ULIIAXI8 BUPILUEHHS npoOiemu dediyumy 100y WIAXOM 86€0eHH s 8 Peyenmypy HpoOYKmy POCIUHHOL 00OABKU.

Buoinenns nedocnioxcenux uacmun 3azanvHoi npoonemu. Omoice, Onsi Opeanizayii NPOPiIaKmuKi 3ax60pI08aHs HeoOXioHe
nooanvuie 6uGHeHHss ma Ointblu 2nUOOKe OO0CHIONCEHHS MEXHONO2IL XAPHOBUX NPOOYKMIE (DYHKYIOHWILHOSO HANPAGIEHHSL.
Bpaxosyiouu moui paxm, wo niagneni cupu € 00cuns QOCMYRHUM HPOOYKMOM O OLIbUOCHE HACeneHHs. YKpaiHu, 86axicaemo 3a
OoyinbHe po3UUPUMU iX acopmumMeHm came 3d paxyHOK 6HeCeHH s 8 peyenmypy eKCmpaxmy IUCHisi B010CbKO20 20pixd.

Ilocmanogka 3agdannsn. Memotwo pobomu byna pospobka peyenmypu ma oOIPYHMYBAHHA MEXHONO2I 8UPOOHUYMEA
DYHKYIOHATBHO20 NIABNEHO20 CUPY 3 O0OABAHHAM eKCMpakmy aucms onocvkozo eopixa TOB «HBK Binapycy, a makodc
0OIPYHMYBAHHS POUUPEHHS ACOPIMUMEHINY NILAGTIEHUX CUPIE PYHKYIOHATILHOLO HANPABTIEHHSL.

Buknao ocnoenozo mamepiany. Po3pobneno peyenmypy ma o0TpyHmMo8aHo mexHon02iio upoOHUYmaa niasieHux cupie
3 pociuHHuM Komnonenmom. Excnepumenmanvno Oocniodcena AKicmb ma  OpeAHONENMUYHI  XAPAKMEPUCUKU.
Po3spaxynxosum memooom ecmanosneno Kinvkicms o0y, wo oyoe micmumu po3poodaeHuii npooyKm.

Bucnosku 6i0noeiono 00 cmammi. Ompumani pe3yiomamu Op2AHONENMUYHUX, QISUKO-XIMIYHUX MA CMPYKMYPHO-
Mexauiynux O00CniodiceHb 00360MAI0Mb KOHCIMAMY8Amu, wo niaeleHull cup i3 oodaganuam 5 % excmpaxmy aucms
sonocvkoco eopixa TOB «HBK Binapycy € npooykmom i3 6axcanumu cnodlcugyumu Xapakmepucmukamu ma nioguyenum
emicmom 1iody. Lle dozeonums He nuuie posuwupumu acopmumerm QYHKYIOHATbHUX NPOOYKMIE XAPYY8aHHs, a U 0Achib
3M02y Npo8OOUMU NPOPINAKMUKY Oehiyumy 1o0y.

Knrouosi cnosa: nnagienuti cup;, 600, npodirakmuka mododediyumy, eKcmpakm JuUcms B0J10CbKO20 20pixd;

OpP2aHONIeNMUKA, CMPYKMYPHO-MEXAHIYHI 81ACTUBOCIII.
Puc.: 1. Tabn.: 2. bion.: 15.

AKTYaJIbHiCTh TeMH JOCTiTKeHHs1. 3710POB’s Hallii 0e3MOCcCepeIHHO 3AIEKUTH Bifl IKOCT1
Ta 0e3MeYHOCTI XapyoBHX MPOJYKTiB. HepalioHanbHe Ta HEMOBHOLIHHE XapuyBaHHS Hera-
TUBHO BIUIMBAE HA SKICTh HAILIOTO KUTTS. JlocHTh rocTpo mocraio nutaHHs aAeiuury Hoay B
paiioHi HaceneHHs. Takuil cTaH pedyeld MPOBOKYe 30UIBLICHHS HIMTOBUIHOI 3a703H, MOSBY
€HJIEMIYHOTO 300a, 3HW)KCHHS IHTEJIEKTyaJbHHUX 3A10HOCTEH Ta (Pi3MUHOI aKTHUBHOCTI, 3a-
TPUMKY PO3BUTKY HiTeil Ta iH. [1]. [lomynspusanis poni XapuyBaHHS y Ipo(LIAKTULI 3aXBO-
pIOBaHb AIMEHTAPHOIO XapaKTepy Ma€ CBOE BIAOOpPaKEHHs y CTIMKIM TeHIEeHLIi 301IbIIeHHS
00’eMIB Ta PO3MIMPEHHI ACOPTUMEHTY XapuOBUX MPOJAYKTIB 30araueHuxX OI10JIOrTYHO aKTHB-
HUMH J100aBKaMH, 30KpeMa HojgoM. OcoOnuBui iHTEpec 1 Yy BUPOOHMKIB, 1 Y CHOKMBadiB
BUKITUKAIOTh POCIMHHI J00ABKH.

IMocTanoBka npodjaemu. Haiiboiibi epeKTUBHUM METOJOM JIKBiJaIii Ta NpoQUIaKTUKN
nediuuty Moay € po3poOka HOBHX MPOAYKTIB (PYHKI[IOHANBbHOTO HampaBieHHs. [lopsn 31
3100yTUMHU BJIACTUBOCTSMH BOHM MaloTh OyTH Oe3meuHi Ta 3abe3nedyBaTH OpraHizM
HEOOXITHUMHU MOKMBHUMH pe4OBMHAMH. BUpilIEHHS 1IbOTO 3aJlaHHs 3HAMIIUIN Yepe3 HIMpPOKe
BUKOPUCTaHHsS MOJOBMICHOI POCIMHHOI CHPOBHMHH, B fIKid HoJ mepeOyBae B 010JI0TTYHO
JOCTYIHOMY cTaHi [2].

© bonrosa H. B., Kpescyn K. B., 2019
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He3Bakaroun Ha HIMPOTY aCOPTUMEHTY IUJIABJICHUX CHUPIB, BIIOYBa€ThCs MOCTIHE HOro
oHOBJIEHHS. Lle 3yMOBIIEHO HEOOXITHICTIO 33I0BOJBHUTH BUMOTH HAyKH, 3MIHOIO CIIO’KUBUOTO
MIOTUTY, HASBHICTIO CHUPOBMHH, PEHTAOENBHICTIO TOrO 4YM I1HIIOro BUAy cupy. IlinBuiiena
3aIKaBJIEHICTH JI0 1i€] MpoAyKIii BUKIMKaHA 1i 34aTHICTIO JoOpe 30epiraTi cBOi SKOCTI MiJ] yac
TPUBAJIOro 30epiraHHs, MOKJIMBICTIO MOEAHYBATH PI3HI KOMIIOHEHTH, 30KpeMa HEMOJIOUYHOTO
IIOXOJ/DKEHHS, a B pesynLTaTi OTpUMAaTH IPOJIYKT BUCOKOT XapyoBoi 1 010JI0TYHOT LIHHOCTI [3].

BpaxoByroun HaBezneHi BHILE (AKTH 3ayBaKMMO, IO PO3pOOKa IJIABIEHUX CHUPIB 3
EKCTPAaKTOM JIUCTS BOJIOCBKOIO ropixa HaOyBae Ba)JIMBOTO 3HAYEHHS 1 € aKTyalbHOIO
HAyKOBO-TIPAKTUYHOIO TEMOIO.

AHaJi3 ocTaHHIX Aoc/igxkens i mybJaikaniii. B Ykpaini npobnema nedinuty oay Bce
1€ 3aIMLIAE€THCS JOCUTh TOCTPOIO, SIK 1 B IHIIMX KpaiHax cBiTy. BOO3 pekomeHnaye Bectu
npoUIakTUKY HoJ0epIIUTHUX CTaHIB Yepe3 HoayBaHHs codli, Xiiba, macna, BAJI Ta iH., o
3HANILIO BIIOOpaXXEHHS B HAYKOBUX pOOOTaxX YKpalHCHKUX Ta 3aKOPJOHHUX HAYKOBLIB [4-7].

€IMHOI0 YMOBOK €(EKTUBHOCTI TaKMX 3aXOMIB 3aJIUIIAE€ThCA O1070TiUHA JTOCTYIMHICTH
BBEJICHOTO €JIEMEHTY. Takol MPUPOJHOI0 OCHOBOIO XapaKTEPU3YETbCA EKCTPAKT JIHMCTS
BOJIOCBKOT'O TOPIXa.

Crnuparourich Ha nocmimkenns, nposeaeHi O. FO. Opnosoto, JI. A. OranecsHIl Ta HIITUMH,
BCTaHOBJICHO, W0 JIUCTSI BOJIOCHKOTO ropixa, 310paHi Ha MOYaTKy Bereralii y TpaBHI, MalOTh
BUCOKHI BMICT Hoay — 11,2 mr, 1110 nepeBHIILye KUIbKICTh HOTO B JIMCTI, 310paHOMY B UepBHI i
munHi: 8,76 1 7,14 mr BimnmoBigHO. JIMCTS cymath y TeMHOMY, J0Ope TpPOBITPIOBAHOMY
NPUMIIIEHH] IpU TemnepaTypi nositps 22-25 °C Tta BigHocHii Bosorocti 50-60 %. [Topomiok
13 BUCYIIEHOTO ¥ MOJPIOHEHOTO JIUCTS BOJIOCHKOTO ropixa CUIy4uid, KOpUYHEBOTO KOJIBODY.
Bin micTuTh OUIOK, KIIITKOBHUHY, MIHEpallbHI pEYOBHHM (Kajiil, KaubIlii, MarHii, 3amizo,
IMHK) y KimekocTi 7,8; 28,63; 8,54 % simnmoBigHo. KpiM Toro, y HhOMY HasiBHI BOJO- 1
*kupoposunHHi Bitaminu P, B1, B6, A, C; nyounsHi pedoBun# i edipue macno (3-4 1 0,03 %
BIJMOBITHO); €JaroBa, TajdycoBa 1 KaBOBAa KHUCIIOTH; OapBHHUK IOTJIOH, WIO TPOSIBISE
OakTepULUIHI Ta (QyHTICTaTHYHI BJIACTUBOCTI; ()JIABOHOIAM - KBEpUETHH 1 kKemmndepos. Y
JMCTI, 310paHOMY B TpaBHI, BII3BHAYMIIM BUCOKHM BMICT acKOpOIHOBOT KHUCIIOTH, KApOTHUHY 1
docdopy: 1300 mr%, nonan 30 mr% i 564 mr BiamosinHo [6; 8].

HeoOxinHO 3ayBakuTH, IO MUTAHHS TEXHOJIOTI IUIABJIEHUX CHUPIB (DYHKIIOHAJIBHOTO
HalpaBJIeHHS JIOCIKYBalIM 0araTo HaAyKOBLIB SIK B YKpaiHi, Tak 1y cBiti [3; 9], y ToMy unci
MPUICHO yBary i MATaHHSIM BUKOPHCTAHHS B peLIENTYpl pOCIMHHUX KOMIOHEHTIB [10-12].

BunisieHHsT HeIOC/HIIZKeHMX YACTHH 3arajibHoi mpodjemMu. BpaxoByrouM MpoOBENCHUIN
aHaJli3 JITEpaTypHUX JDKEpET MOXKHA 3ayBaKUTH, 110 IpobieMa aediuuTy HoLy Ha TepuTopii
VYkpaiiu He BupimeHa. Omxke, s opraHi3amii NpoQUIAKTUKK 3aXBOPIOBaHb HEOOXiTHE
NoJaiblle BUBYEHHS Ta OUIbII TIJMOOKE JOCHIPKEHHS TEXHOJOTIM XapyoBUX MPOAYKTIB
(YHKIIOHAIBHOTO HanpaBieHHA. BpaxoByroun TOH (akT, IO TIUIaBIE€HI CHPH € JIOCUTh
JOCTYITHUM MPOJYKTOM JJIsl OUTBIIOCTI HaceJeHHsT YKpaiHu, BBAXKAEMO 32 JOIUIbHE PO3LIMPUTH
X aCOPTUMEHT caMe 3a pPaXyHOK BHECEHHS B PELIENTYPY €KCTPAKTY JIMCTS BOJIOCHKOTO ropixa.

Merta crarTti. Metoto po6oTu Oyna po3poOka peuentypu Ta oOIpyHTYBaHHS TE€XHOJIOT1i
BUPOOHMIITBA IUIABJICHOTO CHPY 3 JOJIaBaHHSIM EKCTPAKTy JIUCTS BoJiochbkoro ropixa TOB
«HBK Binapyc», a TakoX OOIpyHTYBaHHsS PpO3IMIMPEHHS ACOPTUMEHTY IUIAaBJIEHUX CHUPIB
(YHKILIOHATILHOTO HapaBJICHHS.

Bukiaa ocHoBHOro Martepiany. [l BUpillIeHHs OCTaBJICHUX 3aB/IaHb Y TEXHOJIOTIT 0yio
o0paHo croci0 BUpOOHHUIITBA MMACTOMOAIOHOTO TUIaBIeHoro cupy. Jlo peuentypu yBIILIM Taki
IHTPEJIEHTH: cHUp KUcIoMoJo4yHui 9,5 %, macno conoakoBepuikoBe 72,5 %, cilb KyXOHHa,
coja, UL Kypsdl, eKCTPaKT JIMCTSA BOJIOChKOro ropixa BupoOHuiTBa TOB «HBK Binapycy.
Jnst miIBUIIEHHSI €KOHOMIUHOT €()eKTUBHOCTI BUPOOHHILITBA B PELENTYPY AJIS TUIaBICHHS Oyi0
o0paHO cHp KHCIOMOJIOYHHH, IO 3YMOBJIEHO HOrO HIKYOIO COOIBapTICTIO Ha PHHKY,
MOPIBHSHO 3 TBEPAMMH CHpaMH. SIK (QYHKIIOHAIbHUN POCIMHHUN IHTPENIEHT BHOCHIM
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eKCTpakKT cyxoro JucTs Bojockkoro ropixa TOB «HBK Binapycy». CHpoBHHHI KOMIIOHEHTH
TOTYIOTb JIO TIABJICHHS 1 BHOCATH y KoTel, a npu TeMnepaTyp1 (40 £2) °C momarwTth cyxy
CyMIIll CTPYKTYpOYTBOpIOBaua i3 cCuLIO-IIaBuTenieM 1 BoAy. CupHy Macy IUIaBJISATH HpU
temmneparypi (85 £ 2) °C 3 BurpuMkoro 15 xBunmH. 3a 1-2 XBUIMHM /10 3aKIHYCHHS [UIaBJICHHS
BHOCSTh CYXHMI Xap4oBuUil eKcTpakT JucTs Bosocbkoro ropixa TOB «HBK Binapycy. [Tpoaykr
0X0JI0KYIOTH 110 (70 + 2) °C 1 HanpaBIIsAIOTh Ha acyBaHHS.

Jns gociipkeHHss Oyno oOpaHO TpH 3pa3Kd IUIABJICHOTO CHPY 3 PI3HUM BIICOTKOM
pociauHHOI o0aBku: 1-i 3pazok — 3 %, 2-it — 5%, 3-it — 7 % Bin Macu cupoBHHHU. J[s
BU3HAYEHHS ONTUMAJIbHOI KUIBKOCTI BHECEHHSI €KCTPAKTY JIUCTSI BOJIOCHKOIO ropixa, Mmopis-
HIOBAJIM JOCTIKYBaH1 3pa3Ky 3 aHAJIOTOM Ta M c000T0.

BpaxoByroun, 1110 /151 CIIOXKHMBaviB BayKJIMBE 3HAYEHHS Ma€ 30BHILIHINA BUIJIAL Ta 3amax Mpo-
JYKTY, TPYIOIO 13 IT’SITH 0ci0 Oyra mpoBe/ieHa AerycTaliifHa OliHKa MpeIcTaBIeHuX 3pa3kiB. Kox-
HUH 13 MOKA3HUKIB OIIHIOBAIIH 32 5-0aIbHOIO cUcTeMO0. Pe3ynbraTu mpencraBieHo Ha puc. 1.

5
4
3
2
1
0
Amnaior Ne Ne2 Ne3
3pazok
B Cmak B 3amax Koucucrenmist Komip B 30BHIIIHIA BUNIA

Puc. 1. Opeanonenmuuna oyinka 0ocniodxcysanux 3paskis, oan

BpaxoByroun otpumani naHi, Tpeba 3a3HAUMTH, IO aHAIOT Ta 3pa30K MiJ HOMEpPOM 2
oTpuManM HaibOube OanmiB: 22,4 Tta 22,6 BignosigHo. llepmmii 3pa3ok mocTymnuBcs
BIAMOBIAHO Ha 2 1 2,2 Gamu. CepelHl NMOKAa3HUKHU OPraHOJIENTHUYHOI OI[IHKHM 3pa3Ka Iij
HOMepoM 3 cTaHoBWIM 3,8 Ganu. Yci po3paxyHkH Oyiau JOCTOBIpHI 3 BiporigHicTo p > 0,99.

3Bakalo4YM Ha OTPUMaHIi pe3ysIbTaTH, 3ayBaKUMO, 1110 BBEJICHHS B PELENTYpPY IUIaBIECHOTO
CHpY eKCTpakTy JucTs Bosockkoro ropixa TOB «HBK Binapyc» y kinbkocti 5 % 103BOAMIIO0
OTPUMATH, 32 PE3yJIbTaTaMU OPraHOJENTUYHOI OLIHKHM, OUTbII BUCOKI pe3ynbTaTH. BHeceHa
no6aBKa pPIBHOMIPHO PO3MOJUISETHCS MO BCid Maci, HE YMHUTHh HEraTUBHOTO BIUIMBY Ha
CMAaKOBI SIKOCT1 Ta KOHCUCTEHIIIIO.

3 METOI0 KOMIUIEKCHOI OLIIHKU pO3pO0JIEHOr0 MPOIYKTY Oy MPOBENECHI JAOCTIHKEHHS
(b 13UKO-XIMIYHUX TOKa3HUKIB (Tabm. 1).

Tabmums 1
Di3uK0-XIMIYHI NOKA3HUKU OOCIOHUX 3pasKie (M=+m)
HaijimenyBanus 3pasox

Amnanor Ne 1l No 2 Ne 3
MacoBa uactka Bosors, % 60,10+1,18 57,43+1,12 52,73+0,86 50,10+0,65
Hony, mr/100 r - 0,07 0,11 0,19
AKTHBHA KUCJIOTHICTH, pH 5,61+0,16 5,71+0,06 5,75+0,17 5,78+0,04
Kucmorne uncio, Mr/r:
1-a noba 2,40+0,11 2,65+0,11 2,65+0,04 3,15+0,04
6-a noba 2,85+0,35 2,69+0,31 2,79+0,14 3,29+0,42
15-a moba 4,48+0,24 4,23+0,53 4,59+0,55 4,82+0,46

Sk 6aunmo 3 gaHux Tabd. 1, yci (i3UKO-XIMIYHI NMOKA3HUKM IUIABJICHOTO CUpy OyiH B
MeKax HopMaTuBHOI JokyMmeHTaii [13]. 3HaueHHs: MacoBOi YaCTKH BOJIOTH, 30KpeMa, KOJIUBa-
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nocs Big 60,1 no 50,1 %, 3HWKYIOUYHCH 31 30UTBIIIEHHSM BIICOTKA BHECEHOT T0OABKH €KCTPAKTy
JIMCTS BOJIOCBKOTO ropixa. AHaJIOT4Ha CUTYallisl CIIOCTepiraeTbes 13 nokazHukom pH. Bin Oys
y Mexax HopMH — Bix 5,61 1o 5,78. 3HaueHHs1 akTMBHOT KMCJIOTHOCTI HIXK4e abo Buie 5,6-5,8
MOXYTh MPU3BECTH JI0 OSBU BaJI: MyXKa, KielKa, unka koncucreHuis [3; 14]. KucnoTtne unc-
JI0 € OJTHUM 3 SIKICHUX MOKA3HHKIB, 3aJISKUTh Bijl IKOCT1 CHPOBHHH, CIIOCOOY OTPUMAaHHS, yMOB
36epiranHs Ta iHmmX Qaktopis. Moro 3HaueHHs XapaKTepusye SKiCTh TOTOBOTO MPOIYKTY. Y
pa3i HeZJOTPUMAaHHs YMOB 1 TEPMIHIB 30€piraHHsl KUCJIOTHE YHMCIIO 30UIbIIYETHCS, 10 OB SI3aHO
31eOUTBLIOTO 3 TiApoJi3oM TpUrinepudiB [15]. AHani3yroun OTpuMaHi pe3yabTaTH OaurMmo,
10 BCl 3pa3Kd Ha IT’STHAAUATY 100y BIANOBIAIM HOPMAaTUBHOMY IOKa3HUKY 1 HE IMEpEBU-
uryBanu 5 mr/r. Uepes 6 qHIB HalOUIbIIE MIBUIIMBCS MOKa3HUK aHanora Ha 0,45, a iHii 3paz-
ki — Ha 0,1 mr/r. Jlemo BuILl 3HAYEeHHS AOCIHKYBAHOTO TMOKa3HUKA y TPETHOMY 3pasKy.
HaiiBiporigHimie 11e noB’s13aHo0 3 100aBKOIO €KCTPAKTY JIMCTS BOJIOCHKOTO ropixa. Bmict ioay B
JOCIIKYBaHUX 3pa3Kax BU3HAYAIN PO3PaXyHKOBHM METOJIOM 1 HOTo MOKa3HUK Mepe0yBatoTh y
IpsMIil 3aJ1€KHOCTI Bifl KUTBKOCTI €KCTPaKTy JIMCTS Bojockkoro ropixa TOB «HBK Binapycy.
BpaxoByrouu npeacraBieHy BHIIE iHPOPMAII0, BBAKAEMO, 1110 JPYTH 3pa30K po3poOIeHOro
IUTaBJIEHOTO CUPY Ma€ HalOUIbII GaXkaHi 3HAUEHHS TOCTKYBaHUX IMOKa3HUKIB.

Tpeba 3ayBakuTH, L0 OIIHKAa pPO3pOOJIEHOr0 MPOAYKTy Oyna 6 He MNOBHOIO 0e3
JOCII/DKEHHS CTPYKTYPHO-MEXaHIYHUX MMOKa3HUKIB (Talm. 2).

Ne 3 (17), 2019

TabGmums 2
CmpyxmypHo-mexaniuni nokasnuxu (M=+m)
3pa3ok
Tokasuuk N 1 Ne 2 N3
3ycuwuis nenrpauii, kH/m? 8,78+1,004 8,70+1,054 15,06+1,046
IpyxuicTs, kKH/M? 7,06+0,148 11,99+2,588 14,54+1,725
Poborta pizanns, Jx 55,01+£7,071 50,01+0,017 55,01+£7,071
3ycuuis 3pizy, kH/m? 3,53+0,551 3,15+0,015 3,96+1,202

AHaNi3yl0uM OTPUMaHI pe3yapTaTd 0auuMo, 10 31 30UIBIICHHSM Yy 3pa3Kax IJIaBIEHUX
CHpIB BIICOTKa EKCTPAKTy JMCTS BOJIOCBKOIO ropixa BCl MOKAa3HUKHM MIABHILYIOTHCS 3a
BUHATKOM Jpyroro 3pa3ka. HeoOxinmHO 3BEpHYTHM yBary, L0 IMOKa3HUK IMEHEeTpalii, SKun
XapaKkTepu3ye IUIbHICTh KOHCUCTEHLIT y 3pa3ky Ne 2, OyB HMKYMM HOPIBHSHO 3 MEPLIUM Ta
TpeTiM 3paskamu BiamoBimHO Ha 0,08 1 6,36. IlokasHUK TPYKHOCTI, IO XapaKTEepHU3YyeE
€JIACTUYHICTb, 30UIBIIYBABCS MPOMOPLIMHO BIICOTKY POCIMHHOTO KOMIOHEHTY. 3HAa4eHHs
MOKAa3HUKIB pOOOTH pi3aHHIM Ta 3yCHUJUIA 3pi3y APYroro 3paska Jemo NOCTyHalucs Mepiomy
Ta TperboMy. Tak, poOoTa pi3aHHSAM y MEPIIOMY Ta TPEThOMY 3pa3kax Maja OJIMHAKOB1
3HAa4YeHHs, 10 MepeBullye Ha 5 JK 3HaueHHs APYroro 3paska. 3HAYCHHS MOKa3HUKA 3pi3y
3paska Ne 2 nocrynanucs nepmomy Ha 0,38, a TpeTbomy — Ha 0,81 kH/M?.

BpaxoByroun oTpuMaHi pe3yabTaTd CTPYKTYPHO-MEXaHIYHMX JOCHIIPKEHb MOXKEMO
3poOUTH BUCHOBOK, 1110 ONITUMAaJIbHI 3HAYEHHS Mae 3pa30k Ne 2 110 perientypu sikoro BHECEH1
5% exkcrpakty aucts Bosocbkoro ropixa TOB «HBK Binapyc».

BucHoBku BigmoBigHo a0 crarti. OTpuMaHi pe3ynbTaTH OPraHOJIENTHYHUX, (Pi3UKO-
XIMIYHUX Ta CTPYKTYpPHO-MEXaHIYHUX JOCHI/DKEHb JI03BOJIAIOTH KOHCTaTyBaTH, IO
IUTaBJICHUH cHp 13 JoJaBaHHAM 5 % eKCTpakTy JucTsS Bojockkoro ropixa TOB «HBK
Binapyc» € mpoaykToM 3 OaXKaHMMHU CIOKMBUMMH XapaKTEPUCTUKAMU Ta MiABUIECHUM
BMICTOM Hojy. Lle 703BOMUTh HE JHIIe PO3UIMPUTH ACOPTUMEHT (PYHKIIIOHAIBHUX MPOIYKTIB
XapuyBaHHS, a i T03BOJIMUTH MPOBOIUTH NPOLUIAKTUKY AeiuuTy Houy.
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Natalia Bolgova, Katerina Krevsun

USE OF HAWBERRY LEAST EXTRACT IN MOLDED CHEESE TECHNOLOGY

Urgency of the research. The modern food industry must address not only the safety of the product, but also the role of
food in the prevention of iodine deficiency. The promotion of the role of nutrition in the prevention of alimentary diseases is
reflected in the steady trend of increasing volumes and expanding the range of foods enriched with dietary supplements, in-
cluding iodine. Of particular interest to manufacturers and consumers are herbal supplements.

Target setting. Despite the breadth of the range of processed cheeses, it is constantly updated. This is due to the need to
meet the requirements of science, changing consumer demand, availability of raw materials, the profitability of a particular
type of cheese. Increased interest in these products is caused by its ability to retain its qualities well during long-term sto-
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rage, the ability to combine various components, including non-dairy origin, and as a result to obtain a product of high nu-
tritional and biological value. Considering the above facts, it should be noted that the development of processed cheeses with
walnut leaves is of great importance and is a relevant scientific and practical topic.

Actual scientific researches and issues analysis. Contemporary publications of Ukrainian and foreign scientists have been
considered on ways to solve the problem of iodine deficiency by introducing a herbal supplement product into the recipe.

Uninvestigated parts of general matters defining. Therefore, the organization of disease prevention requires further
study and a deeper study of functional food technology. Considering the fact that processed cheeses are a fairly affordable
product for the majority of the population of Ukraine, we consider it expedient to expand their range precisely through the
introduction of walnut leaves in the recipe.

The research objective. The purpose of the work was to develop a recipe and substantiation of the technology of pro-
duction of functional melted cheese with the addition of walnut leaf extract of NVK Vilarus LLC, as well as to substantiate
the expansion of the range of melted cheese in the functional direction.

The statement of basic materials. The recipe is developed and the technology of production of processed cheeses with
vegetable component is substantiated. Quality and organoleptic characteristics were experimentally investigated. The calcu-
lation method determines the amount of iodine that will contain the developed product.

Conclusions. The obtained results of organoleptic, physicochemical and structural-mechanical studies allow to state that
melted cheese with the addition of 5 % walnut leaf extract of NVK Vilarus LLC is a product with desirable consumer character-
istics and high iodine content. This will not only expand the range of functional foods, but also prevent iodine deficiency.

Keywords: cream cheese; iodine; prevention of iodine deficiency; walnut leaf extract; organoleptic, structural and me-
chanical properties.
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BUKOPUCTAHHA ITPOAYKTIB IEPEPOBKU AMAPAHTY
Y BUPOBHUITBI XJIIBOBYJIOYHUX BUPOBIB

Axmyanvnicme memu oocnioxcenns. Pozpobka xnibobynounux eupobis iz 0006askor0 npooykmie nepepobKu amapam-
my, 3 027140y Ha 1020 XiMIYHULL CKIAO, € NEPCREKMUBHUM HANPAMOM OJisl POSUUPEHHS ACOPMUMENMY NPOOYKMIE niosuyenoi
Xap4oeoi yinnocmi, y momy wucii 8 Yxpaii.

Ilocmanogxa npoonemu. Heszsadicaiouu na pesynvmamu nonepeoHix 0ocniodxcens, xnibooynouni eupobu 3 0obaskamu
npooykmie nepepooKu amapanmy nompebyioms nooansuoi po3pooKu.

Ananiz ocmannix oocnioycens i nyonixauyiii. 1Ipobnemi eukopucmanus npooyKmie nepepooxu amapanmy y eupooHuY-
mM@i NPOOYKMig Xapuy8aHHs npucesateHi pobomu 6a2amvox iMyUsHAHUX Ma 3aKOPOOHHUX YUEHUX.

Buoinenns nedocnioscenux uacmun 3azanvHoi npoonemu. Huni nHedocmamubo usHeHUM 3aTUWLACIBCA NUMAHMH
8NAUBY NPOOYKMIE nepepobKU amapanmy Ha OCHOBHI NOKA3HUKU AKOCMI Pi3HuX X1i600y104HUX 8UpOoOis.

Ilocmanogka 3aeoannsa. Memoio cmammi € docaiodicenHs 6naugy 006aéKu WpPomy HACIHHA amapanmy ma noopioHeHo-
20 JUCS AMAPAHMY HA OP2AHONeNMUYHI Ma Pi3UKO-XIMIUHI NOKASHUKU AKOCE XTIO06YI0YHUX 8UPOOIS.

Buknao ocnosnozo mamepiany. Haykoso o0rpynmosano ma ekCnepumeHmanbHo 006e0eH0 O0YinbHICMb 3aCMOCY8aHHs
npooykmie nepepobKu amapanmy 8 mexHoa02ii X1i600y10uHux 6upo6ie Onsa NiOGUIeHHs IXHbOI AKOCI Ma PO3UUPEHHs ACo-
pmuMermy npooykmie nioguujeHoi xapuosoi yinnocmi. 06 ekmom 00cuiodxncents Oynu obpari poeanuku Gpykmosi. lobasku
(noopibuene nucms amapanmy ma wpom Haciuua amapanmy) enocunu 8 kinekocmsax 0,5; 1,0 ma 2,0 % 0o macu 6opowna.
Ilpoananizosanuii 6nnue npooykmia nepepooKu amapanny Ha XaibonekapcuKi 61acmugocmi 60powHa nueHu4Ho20 ma opi-
JHCOCIB, A MAKOIHC HA AKICG MICMA Ma 20MoBUX X1i600Y10UHUX 8UPODIE.

Bucnogxu gionogiono 0o cmammi. Ha ocrnosi npogsedenux oocaiodicenv 6CMano6ieri Onmumanbii 003y8ants 006a8oxk
00 macu 6opowna: noopionene nucmsa amapanmy — 2,0 %, wpom nacinua amapanmy — 2,0 %. Ompumani oani modcyme
6ymu GUKOpUCManHi ois po3pooOKU i BNPOBAVIICEHHSL HOBUX 8UPODIE NiOBUEeHOT Xapu0Boi YiHHOCMI 8 MAco8e UPOOHUYMEBO.

Knrouosi cnosa: amapanm, xni6o0yniouni upobu; po2anuxiu GpyKmosi, OpeaHoNenmuyHi NOKASHUKU, Qi3uKo-XiMiuHi
NOKA3HUKU.

Tabn.: 8. bion.: 16.

AKTyaJdbHicTh TeMH J0cailzkeHHsl. HUH1 HallBaXUIMBIIIO MPOOIEMOIO € PO3MIMPEHHS
ACOPTUMEHTY XJ11000yI0UHUX BUPOOIB MIJBUILEHOI XapuOBOi IHHOCTI 3 BAKOPUCTAHHSAM Mic-
LIEBUX, & TAKOXX HETPaIUIIMHUX BUIIB CUPOBHMHH; BHPOOIB, 1[0 MaIOTh IMYHOMOJIENIOIOUY,
AHTUOKCUJIAHTHY ¥ paJioNpOTEKTOPHY J1I0 HAa OpraHi3M JIIOJUHH, 30arauyioTh HOro ecceHili-
JIbHUMH PEUOBHHAMH.

[lepcriekTHBHOIO € po3poOKa XTi600YI0UHUX BUPOOIB 13 JOOABKOIO MPOIYKTIB MEpepoOKH
amapaHTy (3arajbHa Ha3Ba JJIS POCIIUH, IO BIAHOCATHCS 10 pony Amaranthus), siIKuil € of-
HUM 3 HalKpalux pKepes pOCIMHHUX OUIKIB. 3aCBOIOBAHICTh OUIKIB aMapaHTy HAOIMKAETh-
Csl 10 3aCBOIOBAHOCTI OUIKIB TBAPUHHOTO MOXO/KEHHS. 32 BMICTOM TaKMX HE3aMIHHUX KHC-
JIOT, SIK JII3UH Ta METIOHIH, OUIOK aMapaHTy MEpeBUIYe TPaaulliiiH1 3epHOBI KyabTypH [1].
Tako 11 pociHHa € JHKEepPeoM KIITKOBHHH, OJIHEHACUYEHUX KUCIOT, GiTocTepodiB, goc-
¢donininis, ckaneny, Biraminis C, E, PP, By, Bi, A, donaty, Makpo- Ta MiKpoeJIeMeHTIB (HaT-
pito, MarHito, Kaiito, pocdopy, Kaiblio, pepyMmy, Kynpymy), ki HeOOXiHI I ONTUMAIIb-
HOTO (PYHKIIIOHYBaHHS OpPTraHiB TPaBJICHHS, IMyHHOI Ta €HIOKPUHHOI CUCTEM TOLIO.

3aBSKA CBOEMY CKIJIaJy, €KOJIOTTYHMM OCOOJIMBOCTSIM, BHUCOKIA BpOKAaHHOCTI aMapaHT
PO3IISIAETHCA SIK OJIHA 3 KYJBTYp, 110 B MallOyTHhOMY Oyne 3a0e3nedyBaT MpPOJI0OBOJIbUY
0e3neKy, 0coOMMBO y KpaiHax 13 HAUMCICHHIITUM HacelleHHsM [2].

Jlnst Ykpainy amapaHT — HOBa KyJbTYypa, ajle B OCTaHH1 POKH 1l BUIOBUH CKJIaJl yPI3HOMAaHIT-
HIOETBCSI BHACIJIOK PO3IIUPEHHS TOPrOBUX 1 EKOHOMIYHUX 3B’S3KIB 3 PI3HUMH KpaiHaMH CBITY.
VYHIKaJIbHICTh POCIMHU MOJIATAE e i y TOMY, 10 HA BIIMIHY BiJl IHIIKX CLIbCHKOTOCIIOIAPCHKUX
KyJbTYp BOHA BUTpaya€e HailMEHILIE BOM HA YTBOPEHHA | T' CyX01 peyoBUHH, 1110 POOUTS ii mepc-
NEKTUBHOIO JUIsl BUPOLIYBaHHS B 30H1 HEAOCTATHHOT'O Ta HECTIMKOTO 3BOJIOKEHHS, 0 SIKOT HaJle-
xuTh 1 JIiBoOepexoxs Ykpainu [3]. ¥V 3B’A3Ky 3 LM BUKOPHCTaHHS aMapaHTy y BUPOOHMIITBI
XJ11000yI0YHMX BUPOOIB HA TEPUTOPIi YKpaiHU € aKTyaJIbHUM Ta CBOEYACHHUM.

ITocTanoBKka npodsieMu. BuBueHHs aMapaHTy 3 METOI0 HOTr0 MakCUMaJIbHO €(heKTUBHOTO
BUKOPHUCTaHHS Ha ChOTOJIHI HE 3aBepIleHo. /[0 TenepinHbporo yacy npoBOJISTHCS AOCIIIKEH-

© Bbysneceka H. I1., JIutBunernxko O. O., [leancosa H. M., 2019
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Hs 31 BCTAHOBJICHHSI XIMIYHOTO CKJIaJy PI3HUX BHJIIB aMapaHTy 1 BIUIMBY HOro KOMIIOHEHTIB
Ha 3/10pOB’s Jtoaunu [4-7].

3arajioM MepcrneKkTUBU 30araueHHs XJiba 3a paxyHOK J100aBOK 3 aMapaHTy BiJI3HAYEH1 J0-
cuTh JaBHO [8]. BoHM moB’si3aHi 3 HEOOXIHICTIO YCYHEHHS e(IUTy B OpraHi3Mi OKpeMHUX
MIKpOEJIEMEHTIB, Hanpukiag pepymy [9]. bopouHo 3 amapanTy npuaatHe Ui BUPOOHUIITBA
6e3rmoreHoBUX NpoAyKTiB [10]. BukopucrtanHs amapaHTy € NMEpPCIEKTUBHUM Ul NPUTOTY-
BaHHS CleliaIbHUX (QYHKIIOHATBHUX MPOAYKTIB XapuyBaHHS criopTcMeHiB [11].

OpnHak 10 TenepiliHbOro yacy 6araTo 3aBAaHb, HEOOXIAHUX ISl IIUPOKOTO BUPOOHUIITBA
XJ711600yn0YHHUX BUPOOIB, 30araueHUX POCIMHHOI CHPOBHUHOIO, Y TOMY YHCII MPOJYKTaMHU
nepepoOKy aMapaHTy, BUMAarae MpoOBEACHHS MOAANBIINX AOCHiIKeHb. OJHUM 13 TakUX 3a-
BJIaHb € OTPUMaHHS TOTOBOI MPOJYKIII 3 ONTHUMAJbHUMU OPraHOJENTUYHUMHU Ta (i3UKO-
XIMIYHUMH MTOKa3HUKAMH.

AHaJi3 ocTaHHIX Aoc/aizKeHb i my6Jikaniii. BupimenHio npoGieMu cTBOPEHHS MPOIyK-
TIB XapuyBaHHS MIJIBUIIEHOI Xap4yoOBOi I[IHHOCTi, @ caMe TOBapiB MacoOBOTO CIIOKUBAHHS —
XJ11600yIOYHUX Ta KOHAUTEPCHKUX BUPOOIB 13 BUKOPUCTAHHAM MPOIYKTIB EpepoOKH amapa-
HTY, IPUCBSIYEHI POOOTH BITUM3HSIHUX Ta 3aKOPJOHHUX yYEHUX. BiIMOBITHO 10 MPOBEICHUX
JOCHTIDKEeHb AofaBaHHs MeHIe Hix 10 % GopoliHa 3 amapaHTy iCTOTHO HE BIUTMBAE HA SIKICH1
MOKa3HUKH TicTa Ta TOTOBUX BUPOOIB [12; 13]. BuB4ueHo peomnoriuHi BIaCcTUBOCTI TICTa 13 CY-
MIII MIIEHUYHOTO Ta aMapaHTOBOTO OOpOILHA, OTPUMAHOTO 3 MPOPOIIEHOro HaciHHSA [14].
BcranoBneHo, 1110 BHECEHHSI B MIIEHUYHE OOPOIHO MOJAPIOHEHOT0 HACIHHS aMapaHTy, MoIe-
PEeIHBO 3aMOYEHOTO Y BOJI, B KUIbKOCTI 5—15 % mokpariiye sKicTh xJ11000yI104HUX BUPOOIB
[15]. JloBeneHa MOJIMBICTH 3aCTOCYBAaHHS aMapaHTOBOTO OOpOIIHA SIK MOKpallyBaya IMpH
nepepoO1li NIIEHHYHOro OOpOLTHA 31 3HHKEHUMH XJ1100TIeKapChbKUMHU BIACTUBOCTSIMU [16].

BunijieHHs1 HeOCTI/KEHUX YACTHH 3arajibHOI NpodJeMu. Y POMHUCIOBOCTI BUKOPHUC-
TOBYIOTh LIPOT HACIHHS aMapaHTy, aMapaHT Y BUTJISAI MOJPIOHEHOTO JIMCTS aMapaHTy, OJIii 3
HACiHHS amMapaHTy, O0poIIHO 3 amapaHTy. [IpoTe BUKOpHCTaHHS IIUX 100aBOK Uil BUPOOHU-
1TBa OOPOIIHSHUX BUPOOIB BUBYEHO HEJOCTATHHO.

HesBaxaroun Ha YMCIEHHI JOCHDKEHHS, y JITEpaTypHUX JDKEpenaX HEeJOCTaTHBO JaHUX
111010 3aCTOCYBaHHS MIPOJIYKTIB MEPEPOOKH aMapaHTy B TEXHOJIOTT BAPOOHUIITBA XJT1I000YIOUHHX
BupoOiB. HepocTaTHhO JOCHIHKEHO BIUIMB 100aBOK 3 aMapaHTy Ha OpraHOJENTHYHI Ta (i3HKO-
XIMIYH1 MOKa3HUKH SIKOCT1 PI3HUX BUJIIB XJ11000YIOYHMX BUPOOIB, 10 TAKOK MEPEIIKOKAE 11U~
POKOMY 3aCTOCYBaHHIO POCIUH POy Amaranthus y BAPOOHUIITBI X11000yI0YHHUX BUPOOIB.

MeTo10 cTaTTi € JOCTIPKEHHS BIUIMBY J00AaBKH LIPOTY HACIHHS aMapaHTy Ta MOJpiOHe-
HOTO JIUCTSI aMapaHTy Ha OPraHOJENTHUYHI Ta (PI3UKO-XIMIYHI MOKA3HUKH SKOCTI XJ11600y104-
HUX BUPOOIB.

Bukaan ocHoBHOro martepiajy. Ik 00’eKkT 10CHipKeHHS 0yn0 00paHO porajuku Gppyk-
ToBi. JloCHiPKEHHsI BUKOHYBAJIU IIIJISIXOM MPOBEJEHHS MPOoOHOT 1abopaTopHOi BUMIUKU. J[s
BUTOTOBJICHHSI POTaJIUKIB (PYKTOBHX BHUKOPUCTOBYBAJaCh HACTYIIHA CHUPOBHHA: OOPOILHO
MIIEHUYHE TEepIIOTO raTyHKY, APLKIKI XJ1100MeKapchKi MPecoBaHi, Culb KyXOHHA, I[yKOp Oi-
JIM, MaprapuH BEepILKOBUH, MOBUAIO0 (PYKTOBE, BOJA. YCsl CHPOBHHA 3a MOKa3HUKaMH Oe3-
MEYHOCTI Ta IKOCTI BiAMOBiIa’a YUHHUM HOpMaM.

VYHidikoBaHa peuenTypa poranukis gppykroBux: OopomHo muenuyHe I ratrynky 100 kr,
JOpDKIUK] mpecoBadi 5,0 kr, cutb KyxoHHa 1,0 kxr, mykop Outuit 4,0 Kr, Mapraput CTOJIOBUI
7,0 kr, oBuw1o 5,0 KT.

BuBuanu BIIIMB NMPOIYKTIB epepoOKH aMapaHTy (IIPOT HACIHHS aMapaHTy Ta MoJpiOHe-
HE JIUCTS aMapaHTy) Ha SIKICTh porajukiB ¢ppykToBux. /lo0aBKku momnepeaHbo Mo apioHIOBaIN
JI0 TIOPOIIKOMOAIOHOTO CTaHy Ta BHOCWIHM B KitbKocTax 0,5; 1,0 ta 2,0 % no macu 6oporirHa.

Bin6ip npo6 i miAroToBKY X 10 AOCTIIKEHb MPOBOIAWIN 3arajibHOTPUHHATUMHU METOa-
Mu. BusHaumnu ¢i3uko-xiMiyHI MOKa3HUKA CHUPOBHHM (OOpOIIHA MIIEHUYHOTO, LIPOTY Ha-
CIHHS aMapaHTy Ta MOAPIOHEHOT o JIUCTS aMapaHTy). Pe3ynbraT HaBeeH1 B Ta0m. 1.

227



TEXHIYHI HAYKH TA TEXHOJIOTII
TECHNICAL SCIENCES AND TECHNOLOGIES

Ne 3 (17), 2019

Ta0mums 1
Di3uKo-xXiMiuHi NOKA3ZHUKU 3PA3KIE
. . IMmennyne IonpidHene nucTs IIpor HaciHHA
HaiimenyBaHHS NOKA3HUKIB
OopouHo aMapaHTy aMapaHTy
Bomoricts, % 14,2 10,0 11,9
MacoBa gyacTka METAJIOAOMIMIOK, %o Bincyrni Bincyrni Bincyrni
CropoHi momimmku, % Bincyrni Bincyrni Bincyrni

BaxuinBo Oyno mocniauTy BIUIMB 100aBKU Ha XJiOOMEKapchKi BIACTUBOCTI OOpOIIHA Ta
JPIKIKIB.

OcHOBHUM (pakTOpOM, SIKUI XapakTepu3ye Xi1i00meKapchki BIACTUBOCTI OOPOIIHA, € Oul-
KOBO-IIPOTEIHA3HUI CKJIaJl, HacaMmIiepe]| KUIbKICTh Ta BIaCTUBOCTI KJIEHKOBUHU. BruuB noGa-
BOK Ha BUXI1Jl CUPOi KJICHKOBUHU HaBeJACHUN B Tab. 2.

TabGmums 2
Buxio cupoi knetixosunu
BwmicTt 106aBku, % 10 Macu GopoiuiHa
Bua no6aBkn 1.0 15 2.0
[ToxpiOHene mucTs amapaHTy 26,9 27,5 27,8
[Ipot HaciHHA amMapaHTy 26,8 27,4 27,7
KonTpons 26,5

[Ipu noxaBaHH1 IPOAYKTIB MEPepoOKHU aMapaHTy BMICT CHUPOi KJICHKOBHUHU 30UIbIIYETHCS
B TOPIBHSAHHI 3 OOPOIITHOM MIIEHUYHUM 0e3 noOaBok. Halikpammii edekT crocrepiracrbes
IIpU BHECEHHI JJOOABKU MOJIPIOHEHOTO JIUCTS Ta LIPOTY HACIHHS aMapaHTy B KUIbKOCTI 2 % 10
Macu O0opoITHa.

[Toka3HUKU PO3TSHKHOCTI KICHKOBHMHM TMPH BHECEHHI J100ABOK 3HAXOATHCA B MeEXKax
14,0-15,1 cm. TakuM 4yMHOM, 3a PO3TSKHICTIO KJIEHKOBHMHA XapaKTEPU3YEThCS K CEpelHs
(10-20 cm). [Ipu nogaBaHHI OLIBIIOT KUTBKOCTI J00aBKM KJICWKOBHHA CTaBalla MEHII PO3TSIK-
HOI0, TOMY 32 IIUM TOKa3HMKOM HE PEKOMEHIYEThCSI BHOCUTH OUIbII BMCOKI KOHIEHTpalii
MIPOJIYKTiB MEPEepOOKU aMapaHTy.

Takox HaMu OyJIM IPOBEICHI JOCTIIHKCHHS 3 BU3HAYCHHS aKTUBHOCTI JIMOJITHYHUX (e-
PMEHTIB y MPOJIyKTax MepepoOKHu aMapanTy. BuzHaunam akTUBHICTh (PEpPMEHTY JIINMOKCUT€HAa-
34 Ta Jina3u. Pe3ynpratu npeacrasieHi B Ta0m. 3.

Tabmums 3
Axmuenicms ninonimuunux ghepmenmis

AKTHBHICTD JIiNOKCUT eHA3H,

AKTHUBHICTB Jinasm,

Jlodaska MKMOJIb/MT-XB em’/r
[ToxpiOHene mucTs amapaHTy 0,22 0,27
[Ipot HAaciHHA amMapaHTy 0,56 0,28

Jlimokcurenasa uepe3 yrBOpEHHs HEIO MEPOKCHIIB HACHUYEHUX COJIEH KUPHUX KUCIOT Oe-
pe ydacTb B OKUCHeHHI SH-rpyn Oinka, 10 NPU3BOAMUTH JIO YTBOPEHHS AUCYIAb(PITHUX
3B’S3KIB, @ YUM OUIBIIIE IIMX 3B’SA3KIB, THM BHIIE SKICTh OOpPOIIHA.

AKTHUBHICTB JIil1a3u B T0OABKaX 13 MPOAYKTIB IepepoOKH aMapaHTy BUIIA, HDK Y OOPOIIIHI,
a 0T)Ke, IPU BHECEHH1 100aBOK KJIEWKOBUHA Oy/€ YKPIIUIIOBATUCH, CTABaTU OLIBLI MPYKHOIO
Ta eJIACTUYHOIO.

[TiniioMHy cuiTy BU3HAYaIM €KCIIpec-MeTO0M, pe3y/IbTaTH HaBeeH1 B Ta0. 4.

Tabmuns 4
Liotiomua cuna OpidcoHicis, akmueo8anux 00baskamu npooyKmie nepepooKu amaparmy, X
B 106asKu Bwmict no6aBku, % 10 macu GopomHa
1,0 1,5 2,0
[TonpiOHene MUCTs amapaHTy 53,65 50,56 49,53
[Ipot HAaciHHSA amMapaHTy 52,93 49,96 48,65
KonTpons 57,72
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[IpoaykT nepepoOku amapaHTy HE3HAUHO 3MEHILYIOTh 4ac MiAKOMY KYJIbKH, a OTXKeE, M0-
KpallyloTh MiIHoMHY cuily TicTa. Halikpaia miiiioMHa cujia CoCTepiraeThCsi MpU KOHIIEHT-
partii 106aBOK MPOIYKTIB MepepoOku amapanTy 2 %.

JI7is OIIHKH 31aTHOCTI APLKIKIB 30pOHKYBATH BYTJICBOU TiCTa BU3HAYAIHU IXHIO 3UMa3-
HYy i MajbTa3Hy aKTUBHICTh y pa3i BHECEHHs JJOOABOK MPOJYKTIB nepepoOku amapaHty. dep-
MEHTaTUBHA 3/IaTHICTh XJII0OTIEKAPCHKUX APIKIKIB € OJHUM 13 OCHOBHUX MOKA3HUKIB IXHBOT
gaKocTi. Pe3ynpTaTi 1OCHiDkeHb pecTaBieHi B Tabnuusx S, 6.

Tabmusg 5
Pezynomamu euznauenns 3umaznoi akmueHocmi Opiscoxicie
Jluers amapan IlIpor Hacinus amapan

Yac, xB Kontpoab 1.0 15 P Tyz’o 1.0 P 15 Tyz’o

5 0,2 0,3 0,5 0,5 0,4 0,4 0,5

10 0,6 1,4 1,6 1,8 1,5 1,9 1,9

15 1,0 4,6 5,2 6,8 2,5 3,6 5,4

20 1,3 6,2 7,4 10,0 3,9 5,8 6,7

25 2,9 8,1 8,9 4,5 7,1 10,0

30 3,7 9,8 10,0 6,8 9,1

35 6,1 10,0 7,2 10,0

40 8,1 10,0

45 10,0

Jlo6GaBKH MPOIYKTIB NEPEPOOKH aMapaHTy MO3UTUBHO BIIMBAIOTH HA 3UMAa3Hy aKTHUBHICTh
ApbKIKiB: yac BunuieHHss CO2 3MeHIIyeTbes Maibke B 2 pasu. Hailikpaiui pe3ynbraTi BUSB-
JIeH1 B 3pa3Kax 13 KOHILIEHTpali€o JucTs amapanty 2,0 % (3uma3Ha akTuBHICTH 20 XB, Y TOH
qac sIK KOHTPOJIb — 45 XB).

[Ipu BupoOHUITBI XJT1I000YIOYHMX BUPOOIB AyXKE BaXKIMBUM ITOKA3HUKOM € TaKOX MajibTas-
Ha aKTUBHICTh, TOMY 110 3UMa3Ha aKTUBHICTb 00YMOBIIIOE MITHOMOM TicTa rmpoTarom 50-85 xB, a
Ha TaKui TepMiH OPOAIHHS JOCTATHRO BIACHUX BYTJIEBOJIIB OOPOIIHA. Y BUPOOHUIITBI TICTO CHO-
YaTKy OpoauTh 100pe, a MOTIM, KOJIM BUTPAYAIOThCsl MOHOITYKpH i caxapo3a 00poliHa, OpoiHHS
YIOBUIbHIOEThCS. Pe3ynbTaTti BU3HaYeHHs MajlbTa3HO1 aKTUBHOCT1 HaBeIeH1 B Ta0J1. 6.

Tabnuus 6
Manvmazna akmugHicms OpiKcOHCi8, AKMUBOBAHUX 00DABKAMU AMAPAHMY

JlucTa amapanry, % IIpot Hacinust amapanry, %

Hac | Kowrpoas 1,0 5 a0 0 5T a0
5 0,2 0,1 0,2 0,2 0,1 0,2 0,2
10 0,2 0,2 0,3 0,4 0,4 0,3 0,4
15 0,3 0,4 0,5 0,7 0,5 0,6 0,9
20 0,6 0,6 0,6 33 0,8 1,3 1,9
25 1,2 1,1 2,0 6,1 1,2 2,4 2,6
30 2,8 2,0 2,9 9,1 2,2 3,4 3,9
35 5,2 4,2 4,0 10,0 3,5 5,6 5,6
40 7,6 6,9 7,5 5,3 7,8 7,2
45 8,9 8,6 10,0 8,1 10,0 10,0
50 10,0 10,0 10,0

Takum ynHOM, HaliKpallla MajabTa3Ha aKTUBHICTB (35 XB) crocTepiraeTbesi MpU BHECEHH1
100aBOK MPOAYKTIB MepepoOKU aMapaHTy (JUCTA) B KUTbKOCTI 2,0 %.

[Ipu 3acTocyBaHHI MPECOBAHUX APLKKIB 13 BUCOKOIO MaJIbTa3HOIO AKTUBHICTIO CKOPOUY-
€TbCS TPUBAJTICTh OPOAIHHS OMAapH, MOKPALTYEThCS AKICTh XJ110a. ToMy npu BUCOKIH MabTa3-
Hill aKTUBHOCTI IPK/PKIB MOXKIIMBO, 30epirarouu 3BMUaiiHy TPUBAIICTh OPOJIIHHS, CKOPOTUTH
BUTpATy ApixIKiB. [Ipu mpurotyBanHi Ticra 6e30mapHUM criocoOOM BUTPATH JAPLKIKIB 3 BU-
COKOIO MaJIbTa3HOIO aKTUBHICTIO MOXKYTh cTaHOBUTH 1,2—1,4 % 3amicTs 2 %.
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Jlyis miATBEepKEHHS MIABUILEHHS Xap4oBOi I[IHHOCTI BUPOOIB MPHU BHECEHHI1 MPOIYKTIB

nepepoOKy aMapaHTy BU3HAYaIM BMICT OUIKIB O1ypeTOBMM METOJOM Y OOpOIIHI MIIIEHUYHO-

My, n00aBKax JHCTS MOAPIOHEHOTO aMapaHTy Ta IIPOTYy HACiHHSA amapaHty. PesymbTaTu
Mpe/ICTaBJIeH] B Ta0M. 7.

Tabmurs 7
Buicm binkie
Ha3ga cupoBunn Bwmicr 6liikiB, Ha 100 r mpoaykTy
BopomHo mmennyHe I ratyHky 11,9
[ToxpiOHene mucTs amapaHTy 14,3
IIpot HAaciHHA amMapaHTy 20,0

VY mpoTi HaCIHHS aMapaHTy BMICT OUIKa Maike B 2 pa3u OUTbIIMNA, HDK y OOpOIIIHI Mie-
HUYHOMY.

BuBuanu BIjiMB npoayKTiB nepepoOKy aMapaHTy Ha BJIACTMBOCTI HamiBdadbpukaty. TicTo
JUIsL pOTaJIMKIB (PPYKTOBUX TOTyBajocs O6e30mapHUM criocoOoM. BeTaHOBNIEHO, 10 BHECEHHS
N006aBOK MPOAYKTIB MepepoOKH aMapaHTy Ha BOJIOTICTh TICTa MPAKTHYHO HE BIUIUBAE.

Jlo6GaBKa o JpiOHEHOTO JMCTS aMapaHTy Ta HIPOTY HACIHHS aMapaHTy MiJBUILYE KUCIIOT-
HICTb TiCTa B MOPIBHSAHHI 3 KOHTPOJBHUM 3pa3koM 0e3 100aBok. Lle Moxke mpucKopuTH Hpo-
1ecu OpoAiHHS TicTa, a OTXe, Horo J03piBaHHs Oyze BiOyBaTUCs IIBHIIIIE.

Ha opranonentuyHi BIacTUBOCTI TOTOBOrO BUPOOY J0JaBaHHS JOOABKH 3 MPOIYKTIB Ie-
pepoOKU amapaHTy B JOCTKEHUX KOHLEHTPALSIX TaKOXK HE MAlOTh 3HA4YHOro BIUIMBY. He-
3HaYHUUA TEMHHMH BIATIHOK Ta JIeJb BIMUYTHUNA MPUEMHUM TpaB’ssHUM MPUCMaK MaJld BUPOOH 3
J0JJaBaHHSAM TOJPIOHEHOTO JIUCTS aMapaHTy.

®Di3UKO0-XIMIYHI TTOKa3HUKH BUPOOIB 13 J0OABKOIO MPOIYKTIB MEPEepoOKH aMapaHTy 3Ha-
xoauuch B Mexax Hopmu (3a TYVY 15.8-05415042-002:2011). Bonoricts roToBUX BUPOOIB
JIEI0 3HUXKYETHCS TPU JI0/1aBaHH1 MPOYKTIB MEPEepOOKH aMapaHTy, HOPIBHAHO 3 KOHTPOJIb-
HUM 3pa3koM. KHCHIOTHICTE TOTOBUX BUPOOIB 13 J0OaBKaMH MOPIBHSHO 3 KOHTPOJIEM 3011b-
mryetbest. Lle 1ae 3Mory Mo3UTHUBHO BIUIMHYTH Ha (DI3UKO-XIMIUHI BIACTUBOCTI Ta CMaK XJioa,
MPOJIOBKHUTU TEPMiH 30epiraHHs i 3yMUHUTH PO3BUTOK MATOT€HHOT MIKPO(DIOPH.

VY roroBux BUpoOax 3a 3araJiHONPUHHATUMHU METOAUKAMU OyB BU3HAUEHHUM BMICT LIYKPY
Ta )kupy. BHeceHHs 100aBOK 13 MPOIYKTIB MepepoOKU aMapaHTy HE BIUIMHYJO Ha LIeH MoKa3-
HUK, MacoBa 4acTKa I[yKpY B KOHTPOJBHOMY 3pa3Ky Ta 30araueHuX BUpPOOax CTaHOBUIIA
7,24 %, a macoBa "actka xupy — 5,01 %. 3BenieHi qaH1 MPOBEACHUX JOCTIHKEHb SIKOCT1 TOTO-
BUX BUPOOIB 13 10/1aBaHHAM MPOIYKTIB IEPEepOOKH aMapaHTy IpeAcTaBieHl B Ta0I. 8.

Tabnuus 8

Toka3snuxu skocmi 20mosux eupodie iz 000a8aHHAM NPOOYKMIE nepepodoKU amMapanmy

| T — Koutpoan Ioapionene gucta IIpor HaciHHA
aMapaHTy aMapaHTy
KonmnenTpariist mobaBku, % — 2,0 2,0
Maca Bupo0Oy, T 103,59 103,5 103,82
Maca BupoOy depe3 rofuHy BHITIKaHHS, T 99,96 99,7 100,2
Ymikaaas, % 10,7 10,8 10,5
Vcuxanng, % 3,5 3,6 3,5
Bomoricte M’ skymku, % 35,0 34,1 33,5
KucnorHicTs M’ IKyIIKH, Tpaj 2,2 2,4 2,5
OpraHoJenTHYHI NOKa3HHUKH: — — —
KOJIip CBITJIO-)KOBTHH CBITJIO-KOPUYIHEBHH CBITJIO-)KOBTHH
CMaK BJIACTHBHH IbOMY | BIACTHBHUI BUpOOY, 3 | BIIACTHBHUI ILOMY
BHUPOOY JIeqb BITIyTHAM BHUPOOY
TpaB’ STHACTUM TIPH-
CMaKoOM
3amax BIIACTUBUH LIbOMY BIIACTUBUI LIbOMY BIIACTUBUH LIbOMY
BHPOOY BHPOOY BHPOOY
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BucHoBkM BianmoBinHo 10 crarTi. 3a pe3ynbTaTaMM MPOBEACHUX JOCTIKEHb BILTUBY
100aBOK MPOJIYKTIB NEPEpOOKH aMapaHTy Ha AKICTh XJ11000YyI0OYHHUX BUPOOIB, a caMe poraiu-
KiB (PpYKTOBUX BCTAHOBJICHO, 110!

— 31 30UIBIIEHHSAM KUTBKOCT1 100aBOK 70 2 % BHXiA CHUpPOT KICHKOBUHM 30LIBLIYETHCS,
IIPU LIbOMY BOHA CTA€ MEHII PO3TSKHOIO;

—3a paXyHOK BHCOKOi aKTMBHOCTI JIIMA31 Ta JIMOKCUTeHa3u 100aBOK amMapaHTy KieiKo-
BHHA OOpOIIHA YKPIIUTIOETHCS;

— BHECEHHS J00aBOK MIIBUIIYE 3UMa3Hy Ta MajlbTa3Hy aKTUBHICTb JPDXKIXKIB, 110 HpHUC-
KOPIO€E IpOIIeC J03piBaHHA TICTa;

— TIOKpAaITy€eThCS MiIHOMHA CHIIa APDKIKIB;

— BHECEHHS J100aBOK HE BIUIMBAE HA BOJIOTICTH TiCTA; BOJIOTICTh FOTOBUX BUPOOIB 3MEH-
HIYETHCS;

— KUCJOTHICTh TOTOBUX BUPOOIB 13 BUKOPUCTAHHSIM 10OABOK MIABUIIYETHCS;

— Ha OpraHOJIENTHYHI BJIACTUBOCTI J100AaBKM MPOJYKTIB MEPEepOOKH aMapaHTy HE MaroTh
3HAYHOTO BIUIMBY, MOPUCTICTH BUPOOIB OyNia OJJHAKOBOIO, HE3HAYHUI TEMHMI BIATIHOK Ta Jiedb
BIIYYTHHUH TpaB’sHUM MPUCMAK MaJId BUPOOH 3 I0JITaBaHHAM MOJPIOHEHOT0 JIUCTS aMapaHTy.

Ha ocHOBI npoBeieHUX AOCHIIKEHb BCTAHOBJICHI ONTUMAIIbHI 03yBaHHS J00aBOK J0 Ma-
cu OopolrHa: nojpioHeHe IucTs amapanty — 2,0 %; mwpoT HaciHHA amapaHTy — 2,0 %.

Otpumani JaHi MOXKYyTh OyTH BUKOPUCTaHHI [l pO3pOOKH 1 BOPOBAKEHHS HOBUX BUPO-
01B MiABUILIEHOT Xap4YOBOI LIIHHOCTI B MaCOBE BUPOOHUIITBO.
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UDC 664.66.022.39
Nataliia Buialska, Olena Lytvynenko, Natalya Denysova
THE USE OF AMARANTH PROCESSED PRODUCTS IN BAKERY PRODUCTION

Urgency of the research. The development of bakery products with the addition of amaranth processed products, con-
sidering its chemical composition, is a promising direction for expanding the range of products of a high nutritional value,
including in Ukraine.

Target setting. Despite the results of previous studies, bakery products with the addition of amaranth processed pro-
ducts need further development.

Actual scientific researches and issues analysis. Works of many domestic and foreign scientists are devoted to the
problems of using amaranth processed products in the food production.

Uninvestigated parts of general matters defining. To date, the influence of amaranth processed products on the main
quality indicators for various bakery products remains poorly studied.

The research objective. The aim of the work was to investigate the influence of the additives of amaranth seed meal and
crushed amaranth leaves on organoleptic and physico-chemical quality indicators of bakery products.

The statement of basic materials. The advisability of using the amaranth processed products in the technology of bakery pro-
ducts in order to improve their quality and expanding the range of food with a high nutritional value was proved on the basis of
scientific and experimental data. Fruit bagels were chosen as the object of study. Additives (crushed amaranth leaves and amaranth
seed meal) were added in amounts of 0.5; 1.0 and 2.0 % by weight of flour. The influence of amaranth processed products on the
baking properties of wheat flour and yeast, as well as on the quality of dough and finished bakery products, was analyzed.

Conclusions. On the basis of the conducted studies, the optimal dosages of additives to the flour (crushed amaranth
leaves — 2,0 %, amaranth seed meal — 2.0 %) were established. The obtained data can be used for the development and in-
troduction of new food products with high nutritional value, which are suitable for mass production.

Keywords: amaranth; bakery products, fruit bagels; organoleptic indicators; physical and chemical indicators.
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BUKOPUCTAHHA JOBABOK BE3I'JIIOTEHOBOI'O BOPOIIHA
B TEXHOJIOT'TI BAPOBHUIITBA XJIIEOBYJIOYHUX BUPOFBIB

Axkmyanvnicmes memu 00CiOHCEHHA 3YMOBNEHA HEOOXIOHICMIO pO3POOKU MEXHONOIUHUX peyenmyp Xai600y10uHUX 8U-
PODIB i3 BUKOPUCIIAHHAM HAMYPATLHUX 000AB0K 300715 NONINUUEHHS SAKICHUX XaPAKMEPUCTUK 20 080T NPOOYKYi.

Ilocmanogxa npobnemu. Xni6obynouHi 6upobu € 0CHOBHUM NPOOYKMOM CHOICUBAHHS AOCONIOMHOI Oinblocmi Hace-
JIeHHS HAWOI Kpainu ma ceimy 3a2anom, momy GUHUKAE HeoOXiOHICMb pO3pOoOKU ma 6NPOBAOICEHHS 3aX00i8 w000 Niosu-
WeHHSL AKICHUX MA NONCUBHUX XAPAKMEPUCTIUK NPOOYKYIT 8 KOHKYPEHMHUX YMOBAX.

Ananiz ocmannix docnioxncens i nyonikayiii. Y naykogux nyonixayisx nokazana nepcnekmugHics 686e0enHs 8 peyenmypy
X1i606yn0uHUX 8UPODIE AK 30a2auy8ayie ma NONINULYEAYI8 HATYPATLHUX 000A80K POCIUHHO20 MA MEBAPUHHOLO NOXOOHCEHHS.

Buoinenns nedocniodcenux uacmun 3a2anvhoi npoonemu. He docniodceno suKopucmants @ mexuonozii niueHusHux
xXnibobynounux 6upobie 006a8oK i3 6e3210MeH08020 OOPOUIHA 3MIHHUX KOHYeHmpayil, wo 3abe3newyiomv NONinueHHs
AKICHUX NOKA3HUKIG 8UPODI8.

Ilocmanogka 3aedanna. Po3pobka mexnonoeii 6u20moeienHs nueHuiHo2o X0y 3 GUKOpUCMAaHHAM AK 0obasku Oes-
2NIIOMEH08020 OOPOUWHA (PUCOBO2O, SPEUAH020 MA KYKYPYO3AHO20), o 003801UMb NOMIMMUMY DI3UKO-XIMIUHI, CIPYKMYp-
HO-MexXaniyHi ma opeanonenmudti NOKA3HUKU 20MOBUX GUPODIS.

Buknao ocnoenozo mamepiany. IIposedeno OyiHIOBAHHA (I3UKO-XIMIUHUX, CIMPYKMYPHO-MEXAHIYHUX MA OpeaHONen-
MUYHUX NOKA3HUKIE MICMOBUX Hanigghabpukamie ma 2omosux eupodis. Po3pobnena peyenmypa npucomyeanHs NUEHUYHO20
Ha036pyHancbKo20 XNy 3 GUKOPUCMAHHAM K HAMYPAIbHOL 0obasku cymiui 6e32niomenoso2o bopowna (pucosozo, epeda-
HO20 ma KyKypyO3aHO20 8 PigHUX KOHyenmpayisax) 3 0o3ysannam 5 ma 10 % 6i0 eazu eHeceno2o nueHuuHo20 6OpowHa.

Bucnogxu 6ionogiono 0o cmammi. Bcmanoeneno nozumusnuti éniug 5 % 0obasku cymiuii 6e3entomenogoco 60pouina
(pucosozco, epeuanozo ma KyKypyo3sHo20 6 PiGHUX KOHYEHMPAYisax) Ha Qi3uko-XiMiuHi, CMpYKmMypHO-MeXaHiuHi ma opeao-
JNeNMUYHI NOKAZHUKY NUUEHUYHUX XTI000Y10YHUX 8UpODIi8 HA NPUKIAD] MEXHO02I] 6U20MOBNIeHHA X0y HA030PYUAHCHKORO.

Knruoei cnosa: nuenuunuil x1i6; Oesenomenoge OOPOUIHO, MEXHONO02Is BULOMO8IeHHS.

Tabn.: 4. bion.: 10.

AKTyaJabHicTh TeMu aocaimkenHs. [1{onenHo HaceneHHs 6araTboX KpaiH CBITY CHOXKHU-
Ba€ y CBOEMY parioHi xii0 Ta xi1i000ynouHi Bupodu (XbB), a ix acopTUMEHT MOCTIHO po3-
IIMPIOEThCA. BUMOTM CHOXMBaydiB MOCTYMOBO 3pPOCTalOTh, 3pOCTA€ TAKOXK 1 KOHKYPEHLs y
XJ1100neKapChKii ramy3i, 0 1 CTUMYIIOE BIIPOBAPKEHHS IHHOBAIIMHUX PILIEHb Y rajlys3i.

ITocTanoBKa nmpodaemMu. B ocTaHH1 KilbKa AECATUIITH CIIOCTEPIraeThCsl MOCTYIOBE 3HU-
JKEHHS SIKOCTI Ta Xap40BUX BJIACTUBOCTEH CHUPOBHUHHU, IO CIPHUYNHAEC YCKIIAIHCHHA B pO6OTi
XapuoOBHUX MIJNPUEMCTB Ta CIIPHsIE€ 3HIKEHHIO SKOCT1 X11000y104HuX BUpoOIB. TomMy BUPOO-
HUKU TPOAYKIIT Jeali 4acTille BUKOPUCTOBYIOTh Y BUPOOHUIITBI MOJIINIIYBayi Ta KOHCEp-
BAaHTH, 4aCTO CHHTCTHYHOI'O ITOXOMIXKXCHHA, IO MOXEC BUKIIMKATH HeraTUBHUM BILUIMB Ha 310-
poB’s crioxkuBadiB. OTxe, sl 3aN00IraHHs BUKOPUCTAHHIO IIKIUTUBUX JOOABOK Y TEXHOJOT1{
BI/IpO6HI/H_[TBa AdKTHUBHO ,Z[OCHiI[)KYIOTLCH crocoou YAOCKOHAJICHHSA TEXHOJIOTIH BI/IpO6HI/H_[TBa
xJ711600ynoyHux BUpoOIB. Lle 3/11HCHIOETbCS 3aBISKM BUKOPUCTAHHIO MPHPOJIHOI CUPOBUHU
POCIMHHOTO IMMOXOIKCHHS 3 BUCOKHUM BMICTOM O10JI0OTIYHO aKTUBHHUX PCYOBHH.

AHaJi3 ocTaHHIX Aoc/iakeHb Ta myOJikamiii. [Llopiuno Ha CBITOBHII pUHOK BBOJIUTHCS
6mu3pk0 2000 HOBUX XJ11000YI0YHUX BUPOOIB, 30arayeHux pi3HOMaHITHUMH KOPUCHUMH J10-
OaBkamu [1]: rimoaneprenHi, 6e3 ra0TeHy, 6€3 100aBOK 1 KOHCEPBAHTIB, IIITLHO3EPHOBI, Op-
raHivHi, BereTapiaHchKi, 0€3 TpaHCKUPIB Ta 1H.

B Vkpaini Ha puHKy ranysi nepepaxae xjib 13 nmeHnyHoro dopoursa (35-40 %), ;KUTHBO-
o 1 )KUTHBO-MIIEHn4YHOTro OopotHa (30-35 %), Oynouni Bupoou (15-20 %), 3100H1, OyOaMyHi,
cyxapHi Ta iHmi Bupobu (5-10 %). HaiiGinpm cnoxwuBaHowo npoaykuiero € 6aronu (90 %),
TICIIs YOT0 — MieHnuHui xmib (66 %), sxutHiit xmib (54 %) ta mietnuni XbB (19 %) [2].

P03BUTOK MOXJIMBOCTI AOCTYNy A0 iH(OpMalii Ja€ MOXKIUBICTb OOMpPATH CIIOKHBaYaM
OLTBIN SKICHI, O€3MeYH1 Ta KOPUCHI BUPOOH, HE3BAXKAIOUM HA iX BHUINY cOOiBapTicTh. Tomy
npu BuOopi XbB i crokrBaya BU3HAYAIbHUM (DAaKTOPOM € SKICTh. SIKICHUMHU BBaXKarOTh
NPOIYKTH, sKi € cBbKUMU (70-80 %), cmaunumu (35-40 %), rapHUMH 3a 30BHILIHIM BUTJISIOM

(30-35 %) Ta xopucHumu A 310poB’s (15-20 %) [2].

© [Henncosa H. M., 3iarox M. O., bysmsepka H. 11, 2019
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VY Hamr yac XiMIYHUHM ckiaj xii0a ayxe 0inHui, 1o 3ymMoBiieHo 6aratbma akropamu [3]:
HecTablIbHa AKICTh OOPOIIHA, PI3HOMAHITTS BUIIB 1 BIaCTUBOCTEH BUKOPHCTOBYBAHOI CHPO-
BUHU (y TOMY YMCJ1 HETPaJULIHHOT); PO3IIUPEHHS aCOPTUMEHTY X11000yI0UYHMX BUPOOIB 13
TpPUBAJIUM TEPMIHOM 30€piraHHs CBDKOCTI TOILO; BJIOCKOHAJIIEHHS TEXHOJIOTIi BUPOOHUIITBA
MPUCKOPEHUMH 1 «XOJOJHUMU» CHOCOOAMHU TICTONPUTOTYBAHHS; 3aCTOCYBaHHSIM HOBOTO
oOaJHaHHS 3 IHTEHCUBHUM MEXaHIYHUM BIJIMBOM Ha TICTO.

Tomy nopaBanHsi 30arauyrouux J100aBOK € TOBCAKICHHHM Ta MOLIMPEHUM SBUIIEM.
binbuicTs 706aBOK 1 MOJIMIIYBayiB HE MarOTh 3/1€OUIBIIOI0 XapuoBOrO 3HAYEHHS 1 B Kpa-
[IOMY BHUMAJKYy € 010JOTTYHO 1HEPTHUMHU, a B TIPILIOMY — BUSBISIOTHCS 01070TTYHO aKTUBHU-
MU 1 IIK{JTUBUMU JJIs1 OpraHi3my.

OMIHKOI0 KOPUCHOCTI TPOIYKIIi 3 BHUKOPUCTAHHSIM pI3HHX BHUJIB J00ABOK 3aiMaliCh
B. L. Ipo6ot, O. B. CamoxsanoBa, B. ®. [lonienko, C.I'. Omifnuk Ta iH. BcranoBnena edek-
TUBHICT BUKOPUCTAHHS BITAMIHHO-MIHEPAJIbHUX MPEMIKCIB, PI3HUX OI0JOrTYHO aKTUBHUX J00a-
BOK 1 noninmrysayiB [4]. B iHmumx po6oTax nokasaHa e(peKTHBHICTh BUKOPHCTAHHS y CKJIaJi 3a-
KBAaCOYHMX KYJIBTYP MIKPOOPraHi3MiB, sIKi IPOAYKYIOTh BiTaMiHM [5]. Pe3ynbTatu HoCHipKeHsp 13
BUKOPHCTaHHS OE3III0TEHOBOr0 OopoIHa [6] mokazaiy, Mo Take O0pOIIHO CIpusi€ 30UTbIIEHHIO
MILIHOCT1 CTPYKTYPH 1 MOCIA0IEHHIO IPYXKHO €IaCTUYHHX BIACTUBOCTEN BUPOOIB.

Jlo Ge3riaroTeHOBOro OOPOIIHA BITHOCATh KOKOCOBE, I'peuaHe, pUCOBE, TOPIXOBE (MUTIallb-
HE), HyTOBE, aMapaHToBe, rapOy30Be, KyKypyA3sHe OopouiHo Ta GopomrHo Tamioku [7]. s
MIPOBEJICHHS MOJANBIINX JOCIIKEHb 00paHO BUM OOPOIIHA, IO JOCTYIHI Ha pUHKY YKpaiHH
y IpoMHCI0BUX MaciiTabax. ['peuane 6oporurHo mictuth Bitaminu B1, B2, B6, B9, E, PP, a ta-
KO MIKpO- T2 MaKpOEJIEMEHTH — Kalii, KaJIbIiid, HaTpiil, CipKy, Pocop, MarHiii, 3aii30, Mib,
¢bTOp, LMHK, MapraHelb, KoOanbT Ta (oiieBy Kucioty. Pucose 60porrHo Oarate BiraMiHaMu —
B1 y meBenukiii kinbkocti, B2, B4, BS, B6, B9, PP, E, a Takox Mikpo- Ta MakpoeleMeHTaMu
(3ami30, Mapraselp, Kajii, IIMHK, MarHid, ceneH). KykypynassHe GOpoIHO — Kaibliiil, MarHii,
Kaiii, pocdop, 3amizo, Biraminu rpynu B (B1, B2), Biraminu PP 1 E, kpoxmainsb 1 OeTa-KkapoTHH.

ODBUKO-XIMIYHI TMOKAa3HUKKA OE3TIIOTEHOBOTO Ta MIIEHWYHOro OOpOIHA CYTTEBO
Bimpi3HseThCcs (Tabmn. 1). besrmoreHoBe OOpOIIHO XapaKTEpPU3Ye€ThCS HHU3BKUMH XJi0OTe-
KapCbKHMHM BJIACTUBOCTSAMH Y 3B’S3KY 3 BIACYTHICTIO OUIKOBOTO Kapkaca [7], a CKi1aaoBi pi3-
HUX BUJIB OOPOIIIHA CYTTEBO BIUIMBAIOTH Ha (I3UKO-XIMIUH1, KOJIOITHI Ta G10XIMIUHI IPOLIECH
TicTa. YuM Ouible IX BHOCUTHCS JI0 TICTA, TUM BUpa3HIille MOMITHI 3MIHU MOKa3HUKIB TEXHO-
JIOTIYHOTO MPOLECy Ta SKOCTI xJ1i6a [8].

Ne 3 (17), 2019

Ta0mums 1
Ximiunuii cknao cuposumu
1 (T — BopoumHo nimeHu4He Pucose I'peuane Kykypynzsine
BHIIIOT0 IATYHKY 00pouHO 00pouHo 00poIHO
Macosa uactka Bosoru, %o,
He OlIbIIe 15 8,0 8,6 12,5
Kucnornicts THTpOBaHa, TPaj. 3,5 1,2 4,1 5,4
binku, % 10,3 6,8 13,0 7,6
Kupun, % 1,1 0,8 2,2 1,1
Byrnesomn, % 70,0 80,8 69,8 71,8
KitkoBuna, % 24,0 0,4 1,0 0,71
3oma, % 0,55 0,60 1,25 0,8

besrmoreHoBa cpOBUHA BIIPI3HIAETHCS 32 HU3KOIO MOKa3HUKIB: KUCIOTHICTh KyKYpPY/I3sHOTO
6opourHa B 4,5 pa3za Ouiblia, HK pucoBoro, B 1,3 pa3za — HDK rpeyaHoro. I'peyane GopoIiHo,
MOPIBHSIHO 3 PUCOBHMM 1 KYKYPYI3SHUM, MICTUTh OuIbIle kupiB. JlocaimpKyBaHi BUIU Oe3riIroTe-
HOBO{ CUPOBMHHM OY/1yTh MATH Pi3H1 TEXHOJIOTIUHI BIACTUBOCTI KOKHE Ta MO-PI3HOMY BIUIMBATH-
MYTbh y CYMIllli 3 MIIEHUYHUM OOPOIITHOM Ha MOKa3HUKH SKOCT1 XJ11000yI0YHMX BUPOOIB.
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Takum 4nMHOM, 3aMiHa MIIEHUYHOTO OOpOIHA Ha Oe3rioTeHoBe ab0 HOro BHECEHHS SIK
N00aBKU € aKTyaJbHUM IHUTAHHSAM [yl TEXHOJIOTIB XapyOBUX BUPOOHUITB JJsl 30aradeHHs
TOTOBOT MPOJIYKILii BiTaMiHHO-MIHEpaIbLHUMHU KOMIUIEKCaMHU.

BunijieHHs1 HeqoCiAKeHUX YACTHH 3arajbHoi mpodJjemu. He nocnikeHO BUKOpHC-
TaHHS B TEXHOJIOTIl MIIEHWYHUX XJI1600YIOYHHUX BHPOOIB 100AaBOK 13 OE3rIOTEHOBOTO 0O0-
pOLIHA 3MIHHUX KOHIIEHTpALiH, 110 3a0e31euyt0Th NOJIMIIEHHS AKICHUX TOKa3HUKIB BUPOOIB.

Meta po6otu. Po3po6ka TeXHOIOTr1i BUTOTOBIICHHS MIIIEHUYHOTO XJ1i0Yy 3 BUKOPUCTaHHIM
SK J00aBKM TOJIMIIyBaya OE3rII0TEHOBOrO OOpoITHa (PUCOBOTO, TPEYAHOTO Ta KYKYPYI3s-
HOTO) Y 3MIHHIM KOHIIEHTpaIlii.

MeTtoaun npoBeaeHHs 10CaiIKeHb. Y poOOTI OyJI0 BUKOPUCTAHO CTaHJIAPTHI METOJIUKU
1010 BU3HAUEHHS (i3UKO-XIMIYHUX, CTPYKTYPHO-MEXaHIYHUX Ta OPraHOJENTUYHUX MOKa3-
HUKIB HaniBpaOpukaTiB Ta roroBux BUpoOiB [9; 10]: HaniBpaOpukaTi — KUCAOTHICTH (TUTPO-
METPUYHUM METOJIOM), BOJIOTICTh, MiTHOMHA CHa, TUTOMUK 00’eM (3a MIBUIKICTIO 3MIHU
00’eMy TICTa B LWIIHJPI); SKICTh T'OTOBHUX BHUPOOIB -TUTPOBAHA KHUCIOTHICTh M’SIKyIIa
(apOiTpaXHUM METOJIOM), MOPHUCTICTH (3a gomomororo mpuiany JKypaBiiboBa), KpHIIKY-
BaTiCTh, HAMOKAEMICTh, BOJOTICTh M sKymku (3a gomomoroio CEIL-3M); opranojsenTuyHi
nokasHuku — 3rigHo Ao COY 15.8.37-00389676-559:2007. Cratuctuune oOpoOiIeHHS pe-
3yJIbTaTIB JOCTIIKEHb, MOOYIOBY TpadikiB 1 AiarpaM BUKOHYBAJIM 3 BUKOPUCTAHHSAM IIpPO-
rpamHoro 3abe3neuenns MS Office Excel.

[lin yac mpoBeneHHs 1a00paTOPHUX AOCHIPKEHb 1 BUPOOHUYMX BHUIIPOOYBaHb BHUKOPH-
ctoByBaiu OoportHo rpedane (TY15.6-00952737-006-2002), 6opourto kykypymsHe (IOCT
14176 — 69), 6opouHo pucose (TY15.6-00952737-006-2002),60pOIIHO MIIIEHUYHE BUIIIOTO
copty (ACTVY 46.004-99), npixmxki xmibonekapebki npecosani (JJCTY 4812:2007 ta TYY
15.8-00383320-001), ykop 6inuit kpucraniuauit (ACTY 4623-2006), cinb kyxonHa (JCTY
3583-97) Bona mutHa (ACTY 4808:2007).

BuknageHHs 0CHOBHOIO MaTepianxy NOCTiIKeHHS.

JlocnmigHa yacThHa poOOTH BUKOHAHA B JIAOOPAaTOPHUX yMOBax Kadeapu XapyoBUX TEXHO-
norid YepHIriBChbKOTO HALlIOHATBHOTO TEXHOJIOTTYHOTO YHIBEPCHUTETY.

3 MeTOI0 3’SICyBaHHS BIUIUBY OE3TJIIOTEHOBOrO OOPOIIHA Ha TEXHOJOTIYHUHM Mpolec Ta
AKICTh XJ1I000YJIOYHMX BUPOOIB TOTYBAIM CYMII 13 OE3TIIIOTEHOBOTO OOpOIIHA (CyMilll pHCO-
BOT'0, FPEYAHOr0 Ta KyKypya3stHoro y mpomopiii 1:1:1) Ta gogaBanu sixk 100aBKy B KOHLIEH-
Tpauii 5 Ta 10 % Bij 3arajapHOi Baru MIIEHUYHOTO OOPOIIHA 32 peuenTyporo. Konrpoiaem OyB
3pa30kK 3 MIIEHUYHOro 6opoirHa 0e3 10AaBaHHs 100aBOK.

Jns pocmipkeHb oOpaHo peuenTypy xiiba «HanzOpyuaHcbkoro (opMOBOro» Macoro
0,8 xkr, COY 15.8.37-00389676-559:2007. [lns mpoBeAeHHSs TOCTIKEHb PO3POOJIEHO peLen-
Typy IpOOHHUX 3pa3KiB Ha OCHOBI YHI(IKOBaHOI, pe3yabTaTu PO3paxyHKy HaBEJCHO B TaOI. 2.

TabGmums 2
Peyenmypa oocnionux 3pasxis 3 gukopucmauHsam 006aexu
Bwmict 100aBku 0€3r,110TeHOBOr0 0OpOIIHA .
o, | KoHTpONBHMIA
Cuposuna (PHCOBOr0, rPEYaHOro Ta KYKypyA3siHoro), %
5 10 3pa3ok
BopomrHo miieHnYHE BUIIOTO COPTY 380,0 360,0 400,0
Jlo6aBka 6e3rII0TEHOBOr0 OOpoIIHa 20,0 40,0 -
(prCcOBOTO, TPEYAHOTO Ta KYKYPYA3SIHOTO)
JpixDKi ipecoBaHi 10,0 10,0 10,0
Cisb 6,0 6,0 6,0
Iyxop 15,0 15,0 15,0
Bcroro 431,0 431,0 431,0

Ticro rotyBasiocst GezomapHuM crnoco6oM. Jlo6aBKy 10 OOpoOIIHA JOJaBald i Yac
3aminryBaHHs TicTa. Jlo ckiamy no0aBKH 3MINIyBalIM PHCOBE, TpeuaHe Ta KyKypya3sHe 00-
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POLIHO y cHiBBigHOLIEHHI 1:1:1, cyMil peTenbHO MepeMillyBaid Ta B CyXi KOMIIOHEHTH 3a
HaBE/ICHOIO PELENITYPOIO J0AaBAIM PO3UYMHH I[YKPY, COJII Ta JAPLKDKOBY cycneHsito. TicTo
3aMilllyBald BpyuHy. BucroroBaiu TicTOBI 3aroTOBKU HpOTAroM 60 XBUIMH IO KUCIOTHOCTI
8,0-9,0 rpan, Bonorocri ticta 45 %. Jlo BUCTIHHOI madu mogaBaBcs map JUIsS 3BOJIOKCHHS I10-
BiTps y madi 10 75-80 % 1 miarpumku HeoOXigHoi Temnepatypu 35-45°C. Ilicns Bu-
CTOIOBAHHS TICTOBI 3arOTOBKM MOMIIIaiK y ¢opMu IJis BUMIKaHHSA. TpuBamicTh BUITIKAHHS
crtaHoBuia 40 XBWIMH 3 TapO3BOJIOKEHHAM 3a Temneparypu 210-220°C.

Pe3ynbraT mpoBeAeHUX AOCIIIKEHb HI0JI0 SKICHUX XapaKTEPUCTHK TICTOBHX HamiBgad-
pHKaTiB HaBEJICHO B 3Be/ICHIH Tald. 3.

Tabmums 3
36e0deri OaHi noKazHUuKie 00CIONCeHHs AKOCmI micma
Bwmict 106aBku 0e3r.110TeHOBOr0 0OpoOIIHA
okazunku Kontpoab (PUCOBOro, TPEYAHOr0 Ta KyKypy/a3sHoro), %
5 | 10
Toxasznuxu axocmi micma
BOJIOTICTE TicTa, % 438 453 46,38
TeMIepaTypa moJaTrkoa, °C 27,3 25,8 25,8
TemIepaTypa KiHnesna, °C 39,6 36,1 37,9
KHUCJIOTHICTh TIOYAaTKOBA, TPAT 1,7 2,1 2,5
KHCJIOTHICTh KiHIICBA, TPaj 2,7 2,9 3,1
NIMTOMMI 06’€M TicTa, M>/KT 100 96 92
Opeanonenmuuna Xapakmepucmuxa micma:
KOJIip CBITIINH 3 KOPUYHIOBATUM BiJTIHKOM CBITJIO-KOPUYIHEBHH
oMK BJIACTHBHH IEOMY | JIeb TIOMITHHUI IPHCMaK 01BN BUPAKECHUH
BHPOOY MIPUCMAK
samax 6€3 CTOPOHHBOTO JIe/Tb TIOMITHHH 3armax O1TBII BUPAYKEHUH 3a11ax
3anaxy T00aBKH T0O0aBKH
KOHCHCTEHIIS ONTHOpiHA ONTHOpIHA ONTHOpiHA
Tlapamempu 6podinns micma:
TPHUBAICTh, XB 170 170 170
temneparypa, °C 32 32 32
Maca TiCTOBHX 3arOTOBOK, T 628 676 631
Tlapamempu 8UCmMOo0BaHH MICMOBUX 3A20MOBOK
TPHUBAICTh, XB 40 40 40
temmneparypa, °C 42 42 42
Ilapamempu eunixamnns:
TPHUBAICTh, XB 40 40 40
temmneparypa, °C 220 220 220

Taxkum unHOM, SIK BUJHO 3 TaOI. 3, BOJIOTICTh TICTa 3pOCTAE MU 30UIbIIEHH] KOHIIEHTpa-
1ii J00aBKH, IO MOSICHIOETHCS OUTBIIOI0 TIMPOCKOMIYHICTIO JOOABKH CyMIIIl PUCOBOTO, Tpe-
YaHOTO U KyKypya3siHoro 6opoinHa. CTOCOBHO KHCIOTHOCTI BU3HAYEHO, IIO 1 MMOYATKOBA, 1
KIHIIEBAa KUCJIOTHICTh MAIOTh TY K TEHJCHIIIIO J0 3pOCTaHHs 31 30UIBIICHHSIM KOHIICHTpAIlii
N00aBKU MOPIBHAHO 3 KOHTPOJBHUM 3pa3KoM. BMICT MpoAyKTIB, 110 MalOTh KUCITY PEaKIiio
(11e mepeBa)kHO OpraHiuHI KMCJIOTH) y A00aBIll Ha/I3BHYAtHO HU3bKHUM Ta MPAKTUYHO HE CTH-
MYJIIO€ 1 HE BIUIMBAE HA YTBOPEHHSI 1 HAKOMMYEHHS KUCIIOT, SIKI MIO3UTUBHO JIIOTh Ha 1HTEH-
CHBHICTh PO3MHOKEHHS JPDK/DKOBHUX KIITHH. ToMy J06aBKa He MOK€ 3HAUHO BIUIMHYTH Ha
CKOpPOUYEHHSI TepMiHY OpoaiHHSA TicTa. [IuTomMuil 00’€M TicTa 3HMXKYETHCS MIPU JA0AABAHHI JI0-
0aBKH, TOMY BUPOOU MOXKYTh OYTH MEHII TyXKUMH, MATUMYTh MEHIINNA 00’€M Ta MOPUCTICTb.

Pe3ynpTat opraHoyienTMYHOI OLIHKM TOTOBUX BUPOOIB HaBeleHO B Tabiu. 4. Otpumani
3pa3ku xJ1i0a MarTh NPUEMHI OPraHOJIENTHYHI BIACTUBOCTI, JOCTATHBO MOPHUCTY M’SKYIIKY,
pUBAOIMBUN KOJIIp.
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Tabmuns 4
36e0eri 0aHi NoKa3HUKI8 O0CIONCEHHSL AKOCMI 20MO8UX XAi000Y10UHUX UPODIE

Bwmict 1006aBKku 0€3r110TeHOBOr0 0OpOIIHA

Iloxa3nuku

KonTp. 3pasok

(PHCOBOr0, rPEYaAHOro Ta KYKypPYyA3siHOro), %

5

10

Opeanonenmuuni NOKA3HUKU

30BHIIIHIA BATTIS

BimoBigae GopMi, B sKiid
TIPOBOJTUIIOCH BHITIKAHHS,
0e3 OOKOBHX BHILIHBIB

BimoBigae GopMi, B sKiid
MIPOBOJTUIIOCH BHITIKAHHS,
0e3 OOKOBHX BHILIHBIB

BimoBigae Gopmi, B sKiid
MIPOBOJTUIIOCH BHITIKAHHS,
0e3 OOKOBHX BHIUIHBIB

Komip i cran noBepxHi

TIIaJicHbKa, 0e3 I IpHuBIB,
CBITJIOTO KOJBOPY

TIIaJicHbKa, 0e3 I IpuBIB,
3 KOPUIHEBATUM
BIATIHKOM

TIIaJicHbKa, 0e3 IiIpHuBIB,
CBITJIO-KOPUYIHEBA

Komip 1 cran M’ IKymku

CBITJIMI KOJIip, TIOpHCTa

3 KOPUIHEBATUM
BiITIHKOM, TIOPHCTA

CBITJIO-KOPUYIHEBA, MA€E
IIUTBHINTY TOPHUCTICTh

CMmak

BJIACTUBUH JAHOMY

JIe/Tb TIOMITHHH MTPUCMAaK

01BN BUPAKECHUH

BHPOOY TPEYKH TIPUCMaK I'PEYKH
JIenb IOMITHHH 3amax OLITBIIT BUPa)KEHUH 3a1max
3amax 6€3 CTOPOHHBOTO 3aIaxy
J00aBKU J00aBKH
Tokaznuxu sikocmi 20moeux 8upo6ie
Maca rapsaoro BUpoOy, T 588 534 597
Maca B?Ipo6y epe3 1 ro- 582 530 591
JIMHY TTCIIS BUITIKaHHS, T
Vcuxanng, % 1,02 0,75 1,00
Bomoricts M’ skymku, % 43,24 42,42 41,83
Kucnornicts M’ sxymkn, % 0,9 1,9 2,3
[opucTticts M’ sKyIIKH, %o 74,03 72,35 69,5
KpuxkysaTticts, % 34,96 32,22 29,45
Bogmomnorianaanbaa 3/1aT- 39428 380,07 359.86

HIiCTb, %

BcranoBneHo, 1m0 fo1aBaHHs 0€3rII0TEHOBOTO OOPOIIHA (PHCOBOTO, TPEYAHOTO Ta KYKY-
PYI3SHOTO) K T00AaBKH, MPU3BEJIO JO MOTIPIICHHS MUTOMOTO 00’€My Ta MOPUCTOCTI, i TUM
OimpIe, yuM OiTBIIIAa YacTKa OOpOIIHA 3aMiHEHA, 110 MOXKHA TOSICHUTH crenupikoro Haby-
xaHHs1 no0aBku. [lopucticte M skymiku 3paszka 3 10 % KoHILIEHTpali€lo H100aBKM MeEHIla 3a
HOpMy B 72,0%. 30utblieHHsT 103yBaHHS 100aBku 10 10 % mpu3BOAUTE 0 3HAYHOTO 3HU-
XKEeHHs sfKocTi xiiba. KucinoTHiCTs M’SKYIIKM JOCHIIPKYBaHUX BUPOOIB BHILA 32 KOHTPOJIb,
10 MOSICHIOETHCS OUTBII BHUCOKOIO KHMCJOTHICTIO OOABKU Ta /A€ MOXJIMBICTH MOJOBXKUTH
TepMiH 30epiraHHs 1 3yIMHUTU PO3BUTOK LIKIITUBOT Mikpodaopu. KUcIoTHICTH ycixX 3pa3KiB
BIJINIOBiJJa€ HOPMAaTHUBHOMY 3HaueHHIO — He Oumbiie 3a 3,0 rpan., 3rigao 13 COY 15.8.37-
00389676-559:2007. Bouorictb M’SIKYyLIKH 3HUXKYETHCSI NP 30UIbIIEHH] KOHLEHTpAIii J0-
0aBKM MOPIBHSHO 3 KOHTPOJIBHUM 3pa3KoM, IO MOB’S3aHO, HA HaI MOTJIS, 3 MiABUILIEHUMHU
FIPOCKOMIYHUMM BJIACTUBOCTAMHU O€3rII0TeHOBOTO OopomHa. Bosoricte ycix 3paskiB
M’SIKYIIKH BIAMOB1Ia€ HOPMATUBHOMY 3HaYE€HHIO — He Ounblie Hix 44,0 %.

BucHoBku BinmoBigHo 10 crarTti. BcTaHOBNEHO, 1110 KOPUCHICTH XJI1000YIOUHUX BHPO-
01B 13 BUKOPUCTaHHAM O€3TII0TEHOBOIO OOPOIIHA K JOOaBKU 3HAYHO 3pOCTA€, OCKUIbKH 30a-
rayye TpPOAYKT POCIMHHUMM OiTkaMu (TIOBHOIIHHI 32 aMIHOKHCJIOTHUM CKJIaJOM),
Bitaminamu B1, B2, PP, 6i0THHOM Ta IHIIMMU KOPUCHUMHU MaKpO- Ta MIKPOHYTPIEHTaMH.

BcraHoBneHO MO3UTHMBHUI BIUIUB OE3IIIIOTEHOBOIO OOpOIIHA (PUCOBOrO, IPEYaHOTO Ta
KYKYPYI3SHOTO) SIK TOOaBKH HAa OPraHOJIENTUYHI XapaKTePUCTUKH XJ11000YITOYHUX BUPOOIB.

VY pe3ynbTaTi NpoBeAEeHOT MOPIBHAIBHOI XapaKTEPUCTHKN €KCIIEPUMEHTAIBHUX 3Pa3KiB 32
(G13UKO-XIMIYHUMH Ta XIMIYHUMH ITOKa3HUKAMU CIIOCTEPIraeThCsl MOTIPUICHHS 32 3HAYSHHAMU
BOJIOTOCTI, KUCJIIOTHOCTI Ta MOPUCTOCTI TOTOBUX BHPOOIB, ajie 3pa3Ku 3 KOHIIEHTPALUEO J10-
06aBkM B 5 % MaioTh XapakTepUCTUKH OJM3bKI /0 HOPMAaTHUBHMX 3HadeHb. Tomy Juis
TMIOJIIMILIEHHS MOKA3HUKIB HEOOXIIHE BBEJICHHS JJOJJATKOBUX JDKEpel OuIKa.
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USE OF ADDITIVES OF GLASS-FREE FLOUR IN TECHNOLOGY
OF BAKERY PRODUCTION

Urgency of the research is due to the need to develop technological recipes for bakery products using natural additives
to improve the quality characteristics of finished products.

Target setting. Bakery products are the main product of consumption of the vast majority of the population of our coun-
try and the world as a whole, so there is a need to develop and implement measures to improve the quality and nutritional
characteristics of products in a competitive environment.

Actual scientific researches and issues analysis. Scientific publications have shown the prospect of introducing into the
recipe bakery products as enrichers and enhancers of natural additives of vegetable and animal origin.

Uninvestigated parts of general matters defining. The use of gluten-free flour additives in variable concentrations to
improve the quality of the products have not been investigated in the technology of wheat bakery products.

The research objective. Development of technology for making wheat bread using gluten-fiee flour (rice, buckwheat
and corn) as an additive, which will improve the physico-chemical, structural-mechanical and organoleptic characteristics of
the finished products.

The statement of basic materials. Assessment of physico-chemical, structural-mechanical and organoleptic parameters
of yeast, test semi-finished products and finished products. The recipe for the preparation of wheat bread with the use of a
mixture of gluten-firee flour (vice, buckwheat and corn in equal concentrations) with a dosage of 5 and 10 % by weight of the
introduced wheat flour was developed.

Conclusions. The positive effect of 5 % additive of gluten-free flour mixture (rice, buckwheat and corn in equal concen-
trations) on the physicochemical, structural-mechanical and organoleptic parameters of wheat bakery products on the exam-
ple of the technology of bread making of the super-baked.
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AHAJII3 BIUIUBY JIKAPCBKO-POCJIMHHUX EKCTPAKTIB
HA MIKPO®JIOPY BAKJIA’KAHIB

Axmyanvnicms memu 00cnioncennn. 3 Memoio noO0BI’CEHH MePMIHi@ 30epieants, 36epedCceHHs: CNONCUBHUX GLACTU-
gocmell CEINCUX 080i8 3ACMOCO8YIOMb Pi3Hi NiCAA30UPAnbHI 3aco0bu 00pOOKU, ane KOdiceH i3 Yux 3acobig Mae He2amugHi
eracmusocmi pizHo2o xapakmepy. AKMyanbHUM € NOWLYK HOBUX Odicepes aHMUOAKMePIanbHux ma npomuMiKpooHux 3acodie
06po6KU NI0O00BOUEBOT CUPOBUHU, OOHUM 3 AKUX MOJICYMb OYMU eKCIMPAKmu 3 NiKapCbKo-POCIUHHOL CUPOGUHU.

Ilocmanogxa npoénemu. Busnaueno, wo mikpobianvhe ncy8anus niooié 6aKiaxicauié € 0CHOGHOIO NPUHUHOIO 8Mpam
POCTUHHOT CUPOBUHU NpU 30epicaHnHi, AKe GUKTUKAMb bakmepii ma epudKu.

Ananiz ocmannix oocnioxcens i nyonikayiii. IIposedeno ananimuunuii 0enso iMYU3HAHOI ma 3apyOidicHOT HAYKOBO-
MexHIYHOl Timepamypu 1 nameHmHoi iHgopmayii 6i0HOCHO MiKpobiomu nnodie baxnasxcanie ma Oii Ha Hei eKCmpaxkmie
JNIKAPCbKO-POCIUHHOI CUPOBUHU.

Buoinenns nedocnioxncenux uacmun 3azansnoi npooénemu. Iowyx Hogux anmubaxmepianbHux 3acobié npupooHo2o
NOX0O0JICEHHS 3 GNACMUBOCAMU €KONOSIUHO 6e3neuH020 Ol Op2anizmy AI0OUHU Ma WUPOKo2o cnekmpa Oii Ha Mikpobiomy
n100i8 OAKNANCAHIB 3 MEMOI0 NOOOBIICEHHS MPUBANOCMI 36epicants N100080U€80i CUPOBUHIL.

Ilocmanogka 3agdauma. Ilposecmu ananiz cyvacuux memooie 36epicanHa Ni000600804e8oi cuposunu. Haoamu
aHanimuyHuil 021510 GIMYUSHAHOT Ma 3apyOIKNcHOI HAYKOBO-MEXHIYHOI nimepamypu U namenmuol iH@opmayii 6i0HOCHO
MiKpobiomu nnodie 6axiaxcanie ma Oir0 HA Hel eKcmpakmis NiKapCbKo-pocIunHoi cuposuru. Ilpoananizysamu @yueiyuoHi
61aCMUBOCMi eKCMpAaKkmi6 NiKapCbKo-poOCIUHHOI CUPOBUHU OO0 OCHOBHUX NPUPOOHUX 3AXBOPI0BAHL OAKNAICAHIE DIZHUX
hopm eHuni ma aHmpaxro3y. BusHauumu nepcnekmusHicms HOOAIbUIO20 BUBHEHHS A UKOPUCMAHHS eKCMPAKMIE AiKapCb-
KO-POCIUHHOL CUpO8uHU 0151 00POOKU N00i6 OAKNANCAHIE NpuU 30epieaHHi.

Buxnao ocnoenozo mamepiany. /ocniodxcenns mikpobianshoeo ncysants niodig baxnadicanie nio uac 30epieanHs ma a-

20 YHIBEPCAIbHO20 3aC00) 018 3AXUCMY NIO Yac 30EPeXCEHHs, 10 NOKPUBAE YBECh CREKIMP NOWUPEHUX XBOPOO NA00I8 OAKIANCAHIB.

Bucnogxu 6ionogiono 0o cmammi. 3anponoHosana KOMRO3UYiss 015l NICIA3OUPANLHO20 0OPOONEHH 3 eKCMPaKmis Ji-
KAPCbKO-POCIUHHOT CUPOBUHU O0380SE 3MEHWUMU 8MPAMU 8I0 MIKPOOIAIbHO20 NCYBAHHSA MA NOOOBIHCEHHS MPUBALOCHI
30epicants niodi6 6AKIANHCAHA.

Knrouosi cnosa: daxnascanu,; baxmepii; epubku,; 30epieanns,; cneyudiuna mikpogaopa, yreiyuoua dis; anmubakme-
PlanvHi 61aCMUBOCI.

bio6n.: 53.

AKTYaJIbHICTh TEeMHU JOCTiTKeHHs. 3 METOIO MOJOBXKEHHS TePMIHIB 30epiranHs, 30epe-
KEHHS CTIOKUBYHMX BJIACTUBOCTEN CBIKMX OBOYIB 3aCTOCOBYIOTH Pi3HI MicHs30upalibHi 3ac001
00poOku. B ocTanHH1 AECATHIITTS TEXHOJOTT 30epiranHs MpOMIIUIM PO3BUTOK BiJl 30epeKeHHs
B yYMOBaX XOJIOAMJIBHOTO OXOJIOJKYBAaHHS Ta PErylbOBAaHOIO Ta30BOTO CEpEIOBMIIA [0
00poOkH 010JI0TTYHO aKTUBHUMHU PEYOBHMHAMHM. 3A€0UTbIIOrO sl 0OpOOKH OBOYIB BHUKOPH-
CTOBYIOTb CHHTETHYHI NpernapaTH, SKAM MpUTaMaHHI HETaTHBHI BJIACTUBOCTI: TOKCUYHUH
BIUIMB HA OPraHi3M JIIOAWHU Ta BY3bKHI CIEKTp Aii Ha MIKpOOIOTY O0BOUIB. Y 3B’A3KY 3 IIUM
aKTyaJIbHUM € TOLIYK HOBHMX METOJIB, sIK1 3a0€3MeuyloTh CTaOUIi3alii0 MPOAYKIIi pOCIUH-
HUITBA Yy mpolieci 30epiraHHs Ta BIANOBIAAIOTH CaHITAPHO-TIFIEHIYHUM BHMOIaM, €KO-
JoriyHiil 6e3meri, rocnoapchKii €(eKTUBHOCTI Ta CIIPHUSIOTH 30€PEKEHHIO TTOKUBHUX, JIIKY-
BaJbHUX T4 CMAKOBUX SKOCTEH IUIOAIB Ta OBOYIB.

OTxe, aKkTyaJllbHUM € TOILIYK HOBUX JKepesl MPOTUMIKPOOHUX 3aco0iB 0OpOOKHM II0J0-
OBOYEBOi CHPOBUHHU, OJTHUM 3 SKHX MOXYTh OYTH €KCTPAKTH 3 JIKapChKO-POCIUHHOT CHPOBH-
HU. Pe4oBUHM PI3HOT XIMIYHOI MPUPOAH, SKI CUHTE3YIOTbCS POCIMHAMHU, BOJIOJAIIOTH LIUPO-
KUM CHEKTPOM OakTepUIMAHUX 1 (DYHTIUIHUX BIACTUBOCTEH. 3 OIJIsily Ha BUIlE3a3HAUCHE
MOIIYK HOBUX AaHTHUMIKPOOHHMX 3ac00IB MPHUPOJIHOTO MOXOJKEHHS € aKTyaJlbHUM IepCreK-
TUBHUM HAIPSIMKOM 30€pEKEHHS SIKOCTI CBKUX OBOYIB MpH 30epiraHHi.

IMocTanoBka mnpodaemu. Y BHpilIeHH] NpoOiIeMU MpoAOBOJBYOT Oe3neku YKpaiHu
BU3HAYallbHE 3HAYEHHS Ma€ He TUIbKU 30UIbIICHHS BUPOOHUITBA CUIBCHKOTOCHOIAPCHKOL
NPOAYKI[ii, a 1 MAaKCUMaJIbHO MOJJIMBE 30€pEKEHHS SIKOCTI, Xap4yoBOoi Ta 010J0TIUHOI I[iH-
HOCTI IJIOJIOOBOYEBOI CHPOBUHHM 3 MIHIMAJIbHUMHU BTpaTaMM Ha PI3HUX eTanax «BUPOLIYBaH-
HS-TPaHCTIOPTYBaHH-30epiraHHs-peaizarisa.

© [yb6inina A. A., Jleryra T. M., ®ponosa T. B., 2019
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Bukonanuii orngn mnareHTHO-iH(GOpMaIiifHOT JiiTepaTypu 3 HOpoOJeMH TPUBAJIOrO
30epiraHHs OBOYEBOi CUPOBHMHM MIATBEPAMB MPSAMUI 3B’S130K BTpAT OBOYEBOI CUPOBHMHU Iijl
gac mpoiiecy TpUBajoro 30epiranHs 3 pOCTOM KUTTEIISIIBHOCTI OaKkTepiit Ta TpUOKIB.

OOcsru BTpar npu 30epiraHHi 0BOYIB 1 IUIOJIB cTaHOBIATH 10 40 %. Bucoky sKicTh peanizo-
BaHOT IJIOJJOOBOYEBOI MPOIYKIT OLUIBLIO MIpOI0 3a0e3neuye TexHouoris 30epiranus. [lpu Bu-
00p1 HaHOLIBII MPUHHATHUX CIIOCOOIB 30epiraHHs II0100BOYEBOI POIYKIIii BpaXoBYIOThCs Oa-
rato (akTopiB — EKOHOMIYHA €(PEKTUBHICTh, TEPMIHH, HAIBHICTb MaTepiabHO-TEXHIUYHOT Oa3u.

Tpaauuiitai cioco6u, Taki K X0JOAUIbHE 30epiraHHs, BUKOPUCTAHHS PEeryibOBaHUX Ta-
30BUX cepenoBul (peryaboBaHa atmocgepa (PA), perynboBane razose cepenonuie (PI'C),
MoaupikoBane razose cepenosuiie (MI'C)) € nocuTe pecypcOBUTPATHUMHM, IOB’s3aHI 31
3HaYHMMHU KaliTaJIbHUMHU BUTpAaTaMH, BUMAaraloThb XOpPOIIOi SKOCTI pobodoro Marepiany,
CHELIAIBbHOTO JIOPOroro OOJIaHAHHSA 1 BIAPI3HAIOTHCS J10JIATKOBOIO TPYAOMICTKICTIO, BUCO-
KOIO €HEPrOEMHICTIO Ta TEXHIYHO CKIIAJHUM NpolecoM. 30epiraHHs Mpu HU3bKUX TeMIlepa-
Typax YHOBUIBHIOE PO3BUTOK Oaratbox OakTepiil 1 rpuliB, ajne HE BUKIIOYAE YPAXKEHHS IpPO-
OyKUIi ICUXpO(UIBHUMHU MIKpPOOpPTraHi3MaMHU Ta MOK€ BUKJIMKATH MOIIKO/DKEHHS MOBEPXHI
IUTOJIIB TA OBOYIB Yepe3 BIUIMB HU3BKUX TEMIIEpaTyp.

3acTocyBaHHS arpeCUBHUX JIe31H(]IKYyIOUMX pedoBHH (cipurctid anriapuy (SOz), copoiHOBa
KUCJIOTa, XJIOp (XJIOpHa BoJa), TiaOeHaa30Jl, 6EHOM Ta TOIIO), IO IHriOYIOTh MIKpOOIOJIOTIYH1
NpOLIECH TICYBaHHS IUIO/IB T OBOYIB MpH 30€piraHHi, ajge MOXYTh MPOSBUTH TOKCHYHY [II0 Ha
oprauidm nouHu. OJHAK HUHI HEMOKJIMBO TIOBHICTIO BIIMOBUTHCS Bijl XIMIYHHUX 3ac00iB 00-
POTHOM 3 XBOpOOaMH TLI0I00BOYEBOT MPOIYKIIIi y Ipotieci 30epiranHs. BimMiHHMMEU prcamu X
METO/JIIB € MPOCTOTA 3aCTOCYBAHHSI, IIBUJIKICTh, BUCOKA €PEKTHUBHICTb, IOCTATHS BUBYEHICTb.

AHaJi3 ocTaHHIX A0caixKeHb i nmy0Jikaniii. MeHI nommpeHi Mmetoau 30epiraHHs Iio-
JI00BOYEBOI CUPOBUHHU — 00poOKa OakTepiaJbHUMM i OI0JIOTIYHO aKTUBHHMU IIperapaTamu,
IHr10ITOpaMu €TUJIEHY, 030HOM, BUKOPUCTAHHS CHELIaIbHUX YIAaKOBOK 1 copOeHTiB. bararo 3
UX METOJIB BIAPI3HAIOTHCS HE3HAYHUMH BUTpaTaMH 1 MOXYTh OyTH BUKOPHCTaHi B rOCIO-
JApCTBaX HEBEJIMKUX PO3MIpIB.

Birum3ustai  Bueni  O. C. MuponnueBa,  H. A. lNanpingamsini,  B. ®. J)Kykosa,
B. M. beamennikoBa, O. 1. I'epacumuyk, C. B. [lemuenko [1-6] y cBOiX AOCHiIKEHHSAX HO-
BOJATDH JIOLUIBHICTh BUKOPUCTAHHS AHTUOKCHJAHTHUX KOMIIO3HUIIH Ha OCHOBI BOJHHX PO3-
YMHIB CAaHTOXIHY, aMiHO(EHOIy, 10HOJIY, COPOIHOBOI Ta OEH30MHOT KHCIOT Ui 30epeKeHHs
IUIO/IB Ta OBOYIB.

Hayxosui B. B. Jlstnos, 1. I. Measenkosa, I'. M. Haymoga, JI. b. KopoTumesa [7-10] Ta
1HILII TPOMIOHYIOTh BUKOPUCTAHHS ITIBKOYTBOPIOIOUMX KOMIO3HIIIH, 10 CKIaay SKUX BXOAAThH
MOJIIBUHWIIOBUM crnupT, mporekcaH, Na-KML (HaTpiii kapOOKCHMETHIIENI0I03a), MOJIBH-
HWIMAPIrOME/IOH, TOJIIaKpUIaMH[l, TOJIETUICHOKCUH, CeJIeHH, TBIHM Ui OOpOOKM Ta
30epiraHHs MI0J00BOYEBOi CHPOBHUHHU.

BukopucTaHHs aHTMOKCHUIAHTHHUX Ta IUIIBKOYTBOPIOIOUMX KOMIIO3HMIIIM, 30KpeMa 3 Xap-
YOBUMHU MOBEPXHEBO-aKTUBHUMH PEUOBMHAMM (HATypaJbHUM BOCK, KaHAENIH, HOAUCTHIA Kasii
1 JTIKOTO/Ii B MO€HAHHI 3 TJILIEPUHOM, KaCTOPOBOIO OJIi€l0, MapadpiHOBUM MacjiaoM, MIIeHUY-
HOTO 3B’SI3KOT0), HE TUIBKH €KOJIOTTYHO HEeOe3MeuHi, aje 1 MIK{IUB1 U1t 310poB s troauHu [ 11].

VY BCbOMY CBIT1 BUKOPHCTaHHSI POCIMHHOT CUPOBUHHM K aJbTEPHATUBU CUHTETMYHHMM IIe-
CTHLIMJAM WIOPIYHO 3OUTBIIYETHCA. 30KpeMa, 3pOCTalouMii MOMUT Ha OOTaHIYHI MECTHIIMIN
Habarato BUILE B IPOMUCIOBO PO3BHMHEHUX KpaiHax depe3 30UIbLICHHS BHUPOOHMULITBA Op-
TaHIYHUX MPOJIYKTIB XapuyBaHHs. PociuHHI penapaTi MatoTh Oarato nepesar y NOpiBHSHHI 13
CHUHTETUYHUMH XIMIYHMMHU PEUOBHHAMM: MEHIIA KUIBKICTh a00 BIICYTHICTh 3aJHILKIB Yepes3
HIBUJIKY JErpajallio, He3HayHUH ab0 HYIbOBUM IIKUUIMBUM BIUIMB Ha JIIOJUHY a00 HaBKO-
JIUIIHE CepeIOBUILE M eKOHOMIYHA eeKTUBHICTh. OHAaK OOTaHIYHI MECTUIMIN MAIOTh JEsKi
0OMEKEeHHS1, OCKUIbKH CIIOCTEPIraeThCsl MOBUIbHA W OUTBII HU3bKa €(PEKTUBHICTH y MOPIBHSIHHI
3 XIMIYHUMH NECTHLUIAMH 1 MeHIIa e(pEeKTUBHICTh MPH 3aCTOCYBaHHI. TakuM 4nHOM, MOTpiOHA
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po3poOKa HOBUX CKJIQJIB 13 MIIBUIIEHOIO E€(QEKTUBHICTIO 1 OUIBLI TPUBAIUM TEPMIHOM
30epiranHs. CbOro/H1 JUIsl CKJIQJaHHs PELEnTyp 3aCTOCOBYIOThCS HAHOTEXHOJIOTI], TOMY TaKi
YAaCTHUHU POCIHH, K €KCTPaKTH (HPYKTIB, JIUCTS, KOPH, HACIHHA 1 cTeOe], BAKOPUCTOBYIOTHCS K
e(eKTHUBHI CKJIaIHUKH U1l 00poThOU 3 (pitonaToreHamu [18].

OcTtaHHIM YacoM JIIKapChKi POCIIMHU Ta iXH1 €KCTPaKTH HAOyIU BEIMKOTO 3HAYEHHS SIK I0-
TEHIIIHI aHTUMIKPOOHI areHTH, OCKUIbKM 3a3BHYail BBXKAETHCS, 1110 BOHU € OUTBII MPUNAHAT-
HUMH 1 MEHIII HeOE3MEeUHUMHU, HK CUHTETUYH1 CIIOJIyKU. BUKOpHCTaHHS €KCTPaKTIB JTIKapChKO-
POCIIMHHOTO TIOXO/DKEHHS U1l 00pOOKH IUIO/IB T OBOYIB, IiCIs 30MpaHHs, MOXe OyTH peaib-
HOIO JIETEPHATUBOIO TPAAUIIIMHUM Ta XIMIYHUM METOJIaM 3aXUCTY BiJ XBopoO [12].

3aKOp/OHHI BYEHI NPUIUIAIOTh BEJIUKY YBary JOCHDKEHHSIM BIUIMBY €KCTPAKTiB
JKapChKO-TEXHIYHOT CUPOBUHHM B 3aCTOCYBaHH1 0OpOOKH IJIO/IB Ta OBOYIB IPU 30€piraHHi.

V nocnimxennsax Ozturk 1. et al. [13] ekcTpaktu yeOperto 1 yabpy nokazanu HaHOUIbIINI aH-
TUMIKpOOHMH Ta aHTHOAKTepianbHUNA epeKTH Ha BCl BUIM ATOTeHIB XBOPOO caaty «Aicoepry.

Pesynbratu nocnimkens Catello Pane, Florinda Fratianni, Mario Parisi, Filomena Nazzaro
[14] moka3zanu mpoTUTrpUOKOBY aKTUBHICTh MPOTU Alternaria alternata ekCTpakTy JUCTS -
koro Capsicum annuum, siKUid 6araTii IPUPOTHUMH (PEHOJIILHUMH CIIOJIyKaMHU Ta MOXe OyTu
NEPCIEKTUBHUM JUIs 3aCTOCYBAaHHS B 3aXUCTI1 IJIOJIIB T4 OBOYIB MpH 30epiraHHi.

Hayxosui M. boxuk, I1. Knoyyek, I1. HoBuit [15] y cBOiX MOCHiPKEHHSX HA CIIPUHHST-
JUBICTh OaKTepialbHUX MICAA30MpaNbHUX MAaTOTEHHUX MiKpooprauismiB (Pectobacterium
carotovorum subsp. carotovorum (CCM 1008), Pseudomonas syringae (CCM 7018),
Xanthomonas campestris (CCM 22) no edipHUX OJIili AOBENH, 110 HANOUIBII ePEeKTUBHUMU
eipHUMH OiIMU OyJIM BUSBJIEHI OJIiT OpEraHo Ta KOPHIIL.

Takam, G.H.F. et al. [16] y cBoiifi poOOTI MOCHIIMIM ANbTEPHATUBY CUHTETUYHUM
¢byHrinuaam s IpoIOBKEHHS TEPMIHY 30epiraHHs IUI0AIB TOMaTa — BIACTUBOCTI €KCTPAKTY
Thymus vulgaris (4eOpenp), kv MOke HOTEHLIHHO 3amo0iraTi BUHUKHEHHIO 1H(peKin
TJI0IIB TiCIIs 30UpaHHs BPOXKAro.

Exctpakt H. Perforatum (3BipoOiii 3Buuaiinmii) y nocnimpkenHsx JAunegysa Srambepaue-
Ba, Credana Bipra, Yuainu bepenar, Ilapsaiz Axmana, ['abpienu bepr [17] noka3aB notes-
LiI{HY TPOTUTPUOKOBY aKTUBHICTh €HI0]ITIB IPOTH F. oxysporum Ta A. Alternata.

Hocmigauku Vu T. T. et al. [18] y momykax HOBUX aHTHOAKTepialbHUX 3acO0IB 3 MpH-
POJHUX JKEpen BUSBWIIM aKTUBHICTh €KCTpakTy Sapium baccatum mpotu Ralstonia sola-
nacearum, 3aBJIIKA BMICTY TaJlJIOBOi KMCJIOTH, METUIraJIaTy, KOpilariny, TepkaTainy, xeOy-
JIariHOBOi1 KUCIIOTH, Xe0yNiHOBOI KUCIOTH 1 KBepleTuny 3-O-a-L-apaGiHonipaHo3ifgy.

VY cBoix pocnimkeHHsax ydeHi [oparim @.A.A. ta E6ani H.A. [19] npotecTyBanu Ta noBe-
M aHTHOAKTepialibHI Ta MPOTUIPUOKOBI BJIACTHBOCTI €TAHOJBHOTO EKCTPAKTy PO3MapHUHY
(Rosemarinus officinalis L) Ta macna operano (Origanum vulgare L.) mono takux rpu6iB, sik
A. niger, A. flavus, Penicillium. spp., Rhizopus spp. i Fusarium Spp., y XiMiYHOMY CKJaai
SKHX € KapBaKoJ Ta OOPHEOJ.

Yuenumu Kwon S.-J. et al. [20] po3poOneHa 1uiiBka 3 MOMIBIHUJIOBOIO CHUPTY, SKa
MICTUTh MIKPOKAICYJIM €(pipHOro Maciia OperaHo, y poji ylmakoBKM TOMAaTiB 4epi /Ui 3HH-
KEHHs 3pPOCTaHHS MIKpOOPraHi3MIB Ta BUCOKY €(EeKTUBHICTb NpPOTH Salmonella enterica,
LBLTI, IPLKIKIB 1 Me30(UTBHUX aepOOHUX OaKTepii.

BunijieHHs1 HeZOCJTiIKEeHNX YACTHH 3arajbHoi mpodJemu. [lomyk HOBHX aHTHOAK-
TepialbHUX 3ac00IB 0OpPOOKM IUIOAIB OakiakaHa MPUPOJHOTO MOXOJPKEHHS Ul TPUBAJIOTO
30epiraHHs J103BOJII€E YHUKHYTH BEJIMKUX BTPAT Ta 3HMKEHHS CIIO)KMBHUX BJIACTHUBOCTEH, a
TAaKO’X 3HAYHO 30UIBIIMTH TEpPMIHM 30epiraHHs Ta CKOPOTUTH MaTepiajbHI BUTpaTH Ha
30epiraHHs MI0J00BOYEBOi CHPOBHUHHU.

IMocTanoBka 3agavi. MeTo0 poOOTH € aHATITUYHUNA OTJISIT BITYM3HSHOI Ta 3apyODKHOT
HAyKOBO-TEXHIYHOT JIiTepaTypu 1 mareHTHOI iH(opMallii BITHOCHO MIKpOOI1OTH IUIOAIB Oakia-
KaHIB Ta Jii Ha Hei eKCTPAKTIB JIIKAPCHKO-TEXHIYHOT CHPOBHHHU.
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Bukaan ocHoBHoro matepiany. baknaxan (Solanum melongena) — Tpas’siHUCTa pociu-
Ha, pOJAMHU NacaboHOBHX (Solanaceae), € 1y’ke BayKIMBOIO XapuOBOIO KYIbTYPOIO IO BCHOMY
3eMHOMY Ilapy, 30kpeMa i B Ykpaini. Taka cBiToBa momyssipHICTh OakjakaHa IOB’s3aHa 3
Xap4OBOIO IIIHHICTIO IILOTO OBOYY, JI0 CKJIaay SKOTO BXOJATH 3Ha4HA KUIBKICTH BYTJIEBOJIIB,
OUIKIB, BITaMiHIB M OpraHiuHUX KHUCIOT. He3Bakaioun Ha MOIIMPEHE BUKOPUCTAHHS IIi€i
KYJIBTYpPH B CUILCHBKOMY T'OCHOJIAPCTBI, KyJbTHBALliS IJI0/1IB OakjIakaHa € JJOCUTh pecypco3a-
TPATHUM 3aXO0I0M, 1110 3AJIEKUTh BiJ] perioHy i c€30HYy BUPOILYBaHHS, IPOPOIILYBaHHS HACIH-
HS y BOJI, HIITOTOBKU pO3Caj, INMOMHM BUCIBAaHHS Yy IPYHTI ¥ 1HIIMX yMOB. BposkaiiHicTh
OaknakaHa Oe3MocepeHbO 3aJEKUTh BiJl BUIIE3a3HAUY€HUX (DAKTOPIB 1 JOTPUMAHHS YMOB
BHUPOUIYBaHHs. YTIM OJHAKOBO, K y Oy/b-sIKiil 1HIIIH CUIbCBKOTOCHOIAPCHKIM KyIbTYypi, OC-
HOBHI BTpaTH Bpakaro OakjakaHa MPUXOIATHCS Ha MIKpOO10JIOTTYHE TICYBaHHS IJIOIB [22].

[Tnoau GaknakaHa 30MparOTh MOJIOJUMH, TOKH BOHU 1€ HE O3PUIM — Y CTaJil TEXHIYHOT
CTUIJIOCTI, 3aJIeKHO BiJ COPTY il yMOB BHpOILIyBaHH:, uepe3 25-40 nHiB micis UBITiHHA. Y
el yac HaCiHHA y HUX ApiOHIi, M SIKOTh HDKHA [25].

[Ipu no3piBanHi 10 61070TTYHOT 3pLIOCTI HA POCIHMHI MJIOAM PO3M’SIKIIYIOThCS 1 CTAIOTh
TPKUMU Ta HENPUBAOIMBUMU JJIs1 BUKOPUCTAHHS B DKY, a HACIHHS 3HAYHO 3MILHIOETHCS Ta
30UIBLIYETHCS B pO3Mipil. Y M0/1ax Oakiia)kaHiB MICTUTBHCSI pe4OBHMHA coJlaHiH M (MeJIOHTeH),
sKe HaJa€ TipKyBaTUi MPUCMaK IioaM. Y Mipy J03piBaHHs HACiHHS BMICT COJIaHIHY B ILIO-
Jax 30UTBIIYEThCS, BIIMOBIAHO MOCHITIOETHCS TipkoTa. KoHlleHTpoBaHuil conaniH M € cuiib-
HOJIIFOY0I0 OTPYyTO0. JI0 MOMEHTY 010JIOTTYHOI 3pUIOCTi IUIOAIB (JO3piBaHHS HACIHHS) CO-
JaHiHy M HaKONHMYYyeThCsl B IUIOJAAX Taka KUIbKICTh, 110 BOHU CTAalOTh HENPUIATHUMH JIO
BXKHMBaHHsA [23].

KynpTypa Moe KyIbTUBYBATHUCS SIK Ha MOJI, TaK 1 B TEIUIMI, 3aJ€KHO BiJ KIIMaTHYHHX
YMOB PETIOHY BUPOIIYBaHHS, 1 11€ MOTPIOHO BpaxoByBaTH Ul 30epiranHs mioaiB. Ilicis 36u-
paHHA IJIOJIB BOHM MAalOTh IJaJIKy, IISTHCOBY MOBEPXHIO IIKIPKU 0€3 HIMPOKUX MOpP Ta BU-
CTYMIB, 110 pOOUTH IUIOAM CTIHKUMU JI0 BTpaTH Bosord. I[IpoTe HEoOXigAHO BpaxoBYBaTH, 10
HaBITh HEBEJIMKUHN CTYIIHb 3HEBOJHEHHSI MOX€E MPU3BECTU JI0 MOMITHOTO MOM’SKIIEHHS Ta
3HIDKEHHS SIKOCT1 0BOUY [26; 27].

[Ipu 30upanHi OaknakaHIB HEOOXITHO BiACIKATH cTeONa BiA TMIIOAY, 3aTUIIAIOYM Ha
OCTaHHbOMY 3€JICHY 4alleuky, 0e3 Hei NCyBaHHS IUIOJY CHIBHO NMpHUCKoproeTbes. [loTpibHO
o0epexHO CKIIaJaTu 310paHi 0BOY 10 KOHTEHHEPIB AJIs 30epiraHHs 3 YHUKHEHHSM YTBOPEHHS
MEXaHIUYHUX TpaBM [22; 24].

Takoxx mou GaknakaHa XapaKTEPH3YIOThCSl BUCOKOIO YYTJIHMBICTIO JIO MEPEOXOIOMKEHHS,
OTXe, MIHIMaJIbHA TemIieparypa 30epiranHs mpu BimHOCHIM Bosorocti 90-95 % cranoButh 8-
12 °C. Y Takux ymMoBax OakiiaxaHd MO>KHa 30epiraty BOpOAOBX 14 JHIB, 1 MICIS LIOTO TEPMIHY
OpraHoJIENITUYHI SKOCTI IOy HIBUIKO moripurytoTees. [Ipu HedikcoBaHMX yMOBax 30epiraHHs
MOTIPUIEHHSI CTaHy OBOYIB BiIOYBaeThcs paHille, OCOOMMBO B THUIOBHX YMOBAaX pPO3ApiOHOT
toprieii. [Ipy TpaHCIOPTYBaHHI 3aCTOCOBYETHCSI KOPOTKOTEPMIHOBI MEPEOXOIOKEHHs OaKIia-
’KaHIB, 1110 JIO3BOJISIE 3aM00IraTH BTPAUYaHHIO PIAMHHU TUIOJIAMU M IPUTHIYEHHIO PO3BUTKY XBOPOO,
aJie IpU3BOUTH 0 MOTIPILIEHHS CTaHy MU0y Yepe3 Kibka aHiB. [Ipu Temnepatypi Omusbko 5 °C
MOUIKO/KEHHS U0y BinOyBaeThes uepe3 6-8 aHiB. Hacmigku x051010B0i TpaBMU MPOSBIISIOTHCS
B BUIVISII IUIIMUCTOCT1, OPOH30BIHHS, 3aTBEpPAIHHS HACIHHS U pO3IyLIEHHS TKaHUH TU1oy. [Ticns
MIEPEOX0IO/KEHHS B OLIBLIOCTI OBOYIB CHOCTEPIraeThCs MPUCKOPEHUM pO3Maj Mif BILUIMBOM
rpubiB poay Alternaria. BorHuiamy po3BUTKY XBOpPOO Yy IMEPEOXOJIOKEHUX IUIOIB IiCHs
BIIHOBJIEHHSI TEMIIEPATypPHOTO PEXHUMY BUCTYIAIOTh MEXaHIUH1 TPaBMHU, SIKI MOXKYTh OYTH OTpH-
MaHi I11e mij yac 30upaHHs Bpoxkaro Oaknaxkanis [23; 28].

KoHTposb noBiTpst y npuMillieHH] A7 30epiranHs OakiakaHiB CIPSIMOBAaHUNA HA 3HMKEH-
HSl TOPIIMHOTO BMICTY KHCHIO 1 MIJIBUIIEHHS BYIJIEKHCIIOTO ra3y, 110 Ja€ 3MOTY 3MEHIIUTH
MPOLECH THUTTA. Y JESKUX BUMAJIKax JJIs KOHTPOJIO J03pIBaHHS OBOYIB BUKOPUCTOBYIOTH
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eTunes. Moro 3acToCOBYIOTh 3a3BHYail KOPOTKOCTPOKOBO, Yepe3 IPHCKOPEHHS BTPAT BOJIOTH
moaoM [28].

3MEHUINTU BTPATy BOAM IJIOJAMU MOKHA uepe3 30epiraHHs OakyaxkaHiB IiJ] MOJieTUIe-
HOBOIO ITIBKOIO a00 B CHHTETMYHMX MIIIKaX, aje yepe3 Takui crocild 30epiraHHs oBOYi Mo-
YUHAIOTH TICYBATHUC il BILTMBOM MATOTEHIB pony Botrytis [25; 28].

V pa3i HeoTpUMaHHsS HEOOXITHUX YMOB 30epiraHHs Ha Oakia)xkaHax 3 SIBISIFOTbCS CHMII-
TOMHM YpaXX€HH$, 1110 BKJIIOYAIOTh MOSBY CBITJIO-KOPUYHEBUX IJISIM HA LIKIPILi, PO3M SKIICHHS
IUIO/TY, YTBOPEHHSI OTBOPIB Ha LIKIPL, THUTTS, MOTEMHIHHS M SIKOTI1 i HaciHH: [27].

OCHOBHUMH IPUPOJHUMHU 3aXBOPIOBAHHSAMU Oakia)xxaHiB € pi3Hi popMH THUII i aHTpak-
Ho3y. [Inonu GaknakaHa CXWIbHI 0 BPaK€HHS PI3HUMHU THIIOBUMH i HETHIIOBUMH I1aTOre-
HaMU, cepell SKUX TpamisitoTbes Oakrepii pony Bacillus, Pseudomonas, Xanthomonas,
Erwinia Ta rpubu pony Botrytis, Alternaria, Cladosporium, Fusarium, Rhizopus, Sclerotium
it Phomopsis. 'HUTTS Ta B’iHEHHS TUIOJIIB, BUKITUKaH1 Alternaria Ta Phomopsis i aHTpaKHO3U
PI3HOTO MOXOJHKEHHS € HAlOUTbII MOMIMPEHUMHU XBOPOOaMu Bposkaro OakiaxxkaHis [29].

371e01IbII0T0 TPUOKOBE THUTTSI OBOYY CHPUYMHSE 1HBa3is maToreHy Phomopsis vexans.
L5 iH}ekuis Bpaxxkae Maixe BCl HAA3€MHI1 YaCTUHU POCIMHU. XBOpoOa MOYMHAETHCS 3 MPO-
SIBJICHHS TJIIMUCTOCTI M OYTOPKIB CBITJIO-KOPUYHEBOTO KOJBOPY, IO MOCTYMOBO MEPETBO-
PIOETHCS Ha Cyxi a0 M’Ki BOTHUILA THUJII, IO OXOIUTIOIOTH YBECH LTI, ONTUMYM PO3BUTKY
rpudy crocrepiraetbes npu 30 °C, ane TemmnepaTypHi peKUMH, 110 BUKOPUCTOBYIOThCS TpU
30epiraHHi Oakia)kaHIB HE HECYTh 3arpO3U JUISl )KUTTEASUIIBHOCTI MATOTEHY, a JIMIIE CIOBLIb-
HIOIOTh TeMNH Horo pocty. Ha BpaxeHux TkaHuHax rpu0 ¢gopmye KoHimil pi3HOT Gopmu i
XapakTepHuil miuenii. [laToreH Moxe 3 JErKiCTIO 3aIUIIaTUCS B HACIHHI 1H(]IKOBaHOT poCiu-
HU BIPOJIOBXK TPUBAJIOI0 4acy, TOMY Uil 0OMEXEHHS MOMIKUPEHOCTI XBOPOOH PEKOMEHI0BAHO
HE MPOBOJUTH BUCIBAHHS HACIHHS, II0 OTPUMAaHO 3 1H(IKOBAHMX PETiOHIB. ['HUTTS, BUKIIM-
Kane Verticillium, 1110 Bi1OyBa€eTbCcs 3HAYHO PIIIE, MA€ CXOKI CUMIITOMH, ajie TOUNHAETHCS 3
MOKOBTIHHS YallleykH i JucTs mioay. Takox 1 XxBopoOa cxoka Ha cyXy (opmy THHIIL, 110
Bukiukae Diaporthe vaxans [30].

[Ipu rpybomy HeOTpUMaHH1 BCTAHOBJICHUX YMOB 30epiraHHs a0o mpu MOBHIM iX BIACYT-
HOCTI, 101 OaklakaHIB Bpakae cyMmicHa iHpekuis Alternaria tenuis, Erwinia carotovora,
Phomopsis vexans. Ilpu nomupenHi nux iHGEKIIHHUX areHTiB OakiakaHa (He Ma€ 3HaYCHHS,
SIKMI MaToreH 1H()IKyBaB MEPIINM) BIIMIYAEThCS 1y)KE€ IIBUIKE THUTTS W PO3M SIKIIIEHHS TKa-
HUH IOy 3 BUBUIBHEHHSM COKY, 1110 MOXe 1H(IKyBaTH iHII 310poBi oBoui [29; 30].

Kopuunesi ¢popmu rauii OakinakaHiB HaituacTime cupuauHedi Phytophthora parasitica i
XapaKTepU3yIOTbCS BUHUKHEHHSM KPYTOBUX, TEMHHX, MPOCOYEHUX BOJIOTOI0 ypaxkeHb. Ha
1H}IKOBaHMX IUIOAAX BI3yalli3yIOThCSI TOBEPXHEBI MPOPOCTaHHSA Milelnilo rpuly cipo-
KOPUYHEBOTO BIATIHKY [31].

AHTpakHO3 Oakja)XaHIB MEPEeBaXHO BUKIMKAIOTh NaTroreHHi rpudu Gloeosporium
melongense, Colletotrichum gloeosporioides % Fusarium melongenae. 1ls xBOopo06a Tpar-
JSIETHCS cepell Bpakaro OakiaXkaHa, 1[0 BUPOILYBABCS Ha BIAKPUTOMY IPYHTI YacTille, HDK y
BUIAJIKY KYJbTHBAIl B TEINIMYHUX YMOBaxX. XBOpoOa aKTMBHO MPOTpecye B yMOBax JOIIIB,
Ha/JIMIPHO BHCOKOT BOJIOTOCTI Ta MPU HABKOJIMIIHIN Temmeparypi 15-25 °C, npu upomy rpud-
KOBI ITATOT€HU MOKYTh PO3BHUBATHUCS y IIMPOKOMY TeMiepaTypHoMy aianazoHi 3-30 °C. An-
TPaKHO3, HE3AJIEKHO BiJl 30yJHHMKA, Bpakae Maie BCl Ha/J3€MHI YaCTUHHM POCIMHU M Tie-
penyciM MpOsIBISETbCS BUHUKHEHHSIM OBAIBHUX CIPUX IUIIM 3 YITKO OKPECICHHM KpaeM Ha
muctax. Ilnig GaknakaHa, Bpa)KeHUH aHTPAKHO30M, PO3TPICKYETHCS W MOKPUBAETHCS CIpO-
KOPUYHEBMMHU BOTKMMH HOTJIMOIICHHSIMHU 3 TEMHO-CIpUM MyXKuUM HaiitoM. Ilin BrumBoMm 1iei
iH}ekil 3a3Buuail BTpavatroTh Maibke 20 % Bpaxaro, 0COOIMBO 4acTO XBOpoOa CIIpUUYUHSIE
MacoBY 3aru0esnb 0BOUIB IpU TpaHCHopTyBaHHi [29; 30; 31].

Tpeba 3a3HaunTH, 1m0 GaknaxaH, K JesKi 1HIII TacIbOHOBI Xap4yoBi KyJIbTYpH, CXHIIbHI
710 TICYBaHHS KOJIOPAJACHKUM 1 OJOIIMHUM XyKaMu. KoMaxu 3amofiror0Th HIKOIM JIMIIE MPH
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BUPOILIYBaHHI, a MicJisi 300py IJIOJIB CIIPUYMHEH] HUMU MEXaHIuHI TpaBMH LIKIpKU Oakia-
’KaHIB CIY)XaTh OTBOpPaMH JJIsl MPOHUKHEHHS 1HQeKIil. Takoxx GakyiaaHu, 1110 BUPOILYIOTHCS
Ha BIJIKPUTOMY IPYHT1 Maii>ke 3aBXKI1 BPaXKEHI HEMATOJaMH, KUTTEASIBHICTD SIKMX MPU3BO-
JWTh 10 MEXaHIYHOTO pyiHyBaHHs mioay [30].

Jlnst 3amo6iraHHs OCHOBHMX 3aXBOPIOBaHb IUIOMIB Oakia)kaHa, TAKUX SK aHTPAKHO3M Ta
THUTTS, BUKIUKaHe Alternaria Ta Phomopsis, IpURHATO 3aCTOCOBYBAaTH (DYHTIUIU TOXIiTHI
JIUTIOKapOaMIHOBOT KMCJIOTH U MPOMIHENy, K1 3a JOTPUMaHHS HEOOX1THMUX YMOB 30epiraHHs,
JI03BOJISIIOTH 30€perTH 3HAUYHY YacTHHY BpaXkaro, ajie MOXKYTh BUKJIMKATH TOKCHYHI M anep-
riuHi peakuii y crmoxxuBayiB. BpakeHi oBoui 00pOOMSIOTH OKCIXJIOPHAOM KYIPyMy, IO €
e(peKTUBHUM, ajie HEOE3MEUHUM JUTsl JIOAMHU QyHTiuaAHuM 3acoboM [29]. Kpim Toro vacto
3aCTOCOBYIOTh PO3YMHHM HEMATHIMIHHUX Ta IHCEKTUIMIHUX PEUOBHMH, TAaKUX SIK ajbaiKapo,
kapOodypaH, ¢opar Ta iHII1, II0 TAKOK HE MAOTh 3aJ0BUILHOTO Ipodiito 6e3mexu [32].

OcCKUTbKM TICYBaHHS IJIOMIB OakiakaHa TEOPETUYHO MOXKYTh BUKIUKATH IIMPOKUHA DS
PI3HUX TMATOTEHIB, TO JJIsi PO3POOKH 3aXHCHOTO 3ac00y HEOOXiTHO BUKOPHCTOBYBATHU POC-
JUHHI EeKCTPAKTH, IO BOJIOAIIOTH BHUPAXKEHOI 3arajibHOI0 aHTHOAKTepialbHOIO, Ipo-
TUMIKPOOHOIO i MPOTUTPHOKOBOIO AKTHUBHICTIO.

Jy6 3Buvaiinuit (Quercus robur) — 1ie 6aratopiuHa JiepeB’sTHUCTa POCIMHA POJUHU OYyKO-
BUX, IO MOBCIOJHO pOCTe Ha Teputopii €Bpomnu, y ToMy umcii i B Ykpaini. Lls pociuna €
JDKEpESIOM CUPOBHMHU Ui 1€pEBOOOPOOHOI, CUTBCHKOTOCIONAPCHKOT i (hapMalieBTUYHOT Mpo-
MUCIIOBOCTI. /[ BUTOTOBJIEHHSI 010JIOTTYHO AKTUBHUX EKCTPAKTIB BUKOPHUCTOBYIOTH KOpY,
raynu abo JaucTs ayoa.

VY MeauuuHi ¥ Qapmarii J1iIKapchKO-pOCIMHHA CUPOBUHA y0a € JHKEpenoM MPHPOTHUX
OyounbHUX (eHoNbHUX peuoBUH (8-20 %): TaHIHIB, eNaroTaHiHiB, KaTeXiHIB 1 TaJOBHUX KHC-
JOT, @ MpU KOMIUIEKCHOMY aHalli3l B JIKapChKO-POCIMHHOT CUPOBUHM Jy0a BUSBISIOTHCS
Maibke Bci Kiacu moJieHOIbHUX CHOMyK. J{o XIMIYHOTO CKIaay KOpU i JHCTS AyOy TaKOX y
BEJIMKIM KUTBKOCTI BXOJSTh (PeHONIbHI KUCIOTH, (praBaHOM Ta (pIaBOHOIIM, IEHTO3aHH, MEK-
THUHU, TEPIICHOINU, CAMOHIHU, KyMAapWUHU, CTHJILOCHM, JITHIHU ¥ JEAKi CTEpPOilHI CIOTYKH.
Becpk koMIuiekc momi)eHOIBHUX CIOJIYK JIIKAPCHKO-POCIMHHOI CUPOBUHU TyO0y YMHMTH I1O-
TY)KHY OPOTUMIKPOOHY 1 MPOTUTPUOKOBY Jit0 HacamIepes 3aBIsSKU TyOUJIbHUM BJIACTHBOC-
TSIM, 110 BIUIMBAIOTh Ha KJIITUHU MIKPOOPIaHI3MIB: MOPYIIYIOTh LILTICHICTE MeMOpaHu i (yH-
KiIii BOyJOBaHUX Yy Hel OUIKIB, a TAKOXK MOIMEPeKAIOTh CUTHAIIbHI B3a€MOIil MK KITITUHAMU
naroreny [33; 34; 35].

BuBueHHs 3arajibHUX MPOTUMIKPOOHMX BIIACTUBOCTEH EKCTPAKTIB JIIKAPChKO-POCIMHHOL
CHUPOBHHHU Jy0a 3 HEMOJSPHUMH PO3UMHHUKAMHU MOKa3aJId, 1110 HEPO3BEIACHUN eTUIalleTaTHUN
EKCTPAKT JIMIIE TPOXU MOCTYIABCS 38 aKTUBHICTIO 1HIOYBAaHHS 30HHU POCTY CTPENTOMILUHY (Y
CTaHJApPTHIA U1 JOCHI[DKEHb KOHIEHTpalii 2 MI/MJl) y TecTaxX 13 MIKpOOpraHisMaMu
Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia, Staphylococcus epidermidis,
a B Tectl 3 Bacillus subtilis B 6arato pa3iB NepeBHILYyBaB aKTUBHICTh aHTUOI0THKA, A0 SIKOTO
naToreH OyB HeuyTMBHiA [35].

VY mikpobionoriunux nocnimkeHHsx Ernest R. Mbega 1 ciiBaBTOpIB 3 MOIIYKY MEpCIek-
TUBHUX POCIMHHHUX 3aCO0IB JJIs1 KOHTPOJIIO IJIIMUCTOCTI TOMATIB OYyJ0 MPOJEMOHCTPOBAHO
BHUCOKY aKTHBHICTh €KCTPAKTY JIUCTS 1y0a MpoTH natorena Xanthomonas perforans, inpexuis
SKOTO BpaXkae IUIOAM, 30KpeMa iX HaciHHS. Y mpoleci AOCHPKeHHS Oyl0 BCTaHOBIIEHO, IO
npu JiikyBaHHi 20 oIMHUIIL HACIHHS BpaskeHOro Xanthomonas 3a nonomoror 1 mia 10 % Bo-
JTHOTO €KCTPAKTy JIUCTS AyOy 3HAUHO 3HMXKYBaJlacs KUIBKICTh MIKpOOHOro MaTepially B Ha-
cinni — 3 1-107 go 7-10' KYO (KOJIOHi€yTBOPIOKOYMX OAMHHUIb)/MIT), @ MIC/Is IPOPOLIYBAHHS
KUIBKICTh BP@XXEHHUX POCIUH 3MeHIyBajacs Ha 64,5 % y nopiBHsIHHI 3 KoHTpoJeM. [Ipu 1po-
MY €KCTPAKT JIIKAPCHbKO-POCIMHHOI CUPOBUHU AyOy HE BILUIMBAB Ha OPraHOJIENTHYHI MOKa3-
HUKH HACIHHS 1 HE CIPUYMHSAB TOKCUYHOI i1 [36].
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VY naHux 1m0/10 4yTIMBOCTI OakTepii pory Erwinia 10 pOCIMHHUX €KCTPAKTIB € OB1IOM-
JICHHS NPO 3HAlJIeHy aKTUBHICTh BOJHUX 1 CIUPTOBUX CKCTpaKTlB JKapChKO-POCIMHHOI CH-
POBHMHHU TyOy IPOTH IIMX MATOTEHIB 32 YMOB JJaOOpAaTOPHUX TECTIB, ajie MOKH 1110 He OyJ0 oc-
TATOYHUX MIATBEPAXKEHb IbOTO BUIy aKTUBHOCTI B €KCIIEpUMEHTax in vivo [36].

Kolodziej ta cniBaBropamu [37] Oyna onucaHa NOTyXHa aHTUMIKpOOHA aKTUBHICTh YCiX
TaHIHIB 3HANIEHUX B €KCTPAKTaX JIIKAPCHKO-POCIMHHOI CHPOBUHHU JTy0a 11010 MIKpOOpraHi3-
MiB Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae,
Psedomonas aeruginosa, Proteus mirabilis, Candida albicans W Cryptococcus neoformans.
Oco65mBO perenbHO Oyna JOCHIHKEHa rajloBa KUCIOTa, 10 € OJJHUM 3 OCHOBHMX KOMIIOHEH-
TiB (ppakiii TaHIHIB €KCTPAKTIB 1y0a, a7 Hel Oysia BCTAaHOBJIEHA MIHIMAJIBbHO 1HriOyr0o4a KOH-
uentpais (MIK) 125-250 mxr/mi. Takox HuMu Oy0 BUBUEHO 3arajibHi MPOTUIPUOKOBI Bila-
CTMBOCTI TajJloBOi KHCIOTH # IHIIMX TaHIHIB Jy0a. byna BcTaHOBJEHa TMOTY)KHA
NPOTUTpHOKOBA AKTUBHICTh LIMX CHOJYK NpoTH Epidermophyton floccosum, Microsporum
canis, Microsporum gypseum, Trichophyton mentagrophytes, Trichophyton rubrum,
Trichophyton tonsurans, Trichophyton terrestre, Penicillium italicum, Aspergillus fumigatus,
Mucor racemosus W Rhizopus nigricans, a 3Haiinena Juis pizHux Mikpoopranizmis MIK (mi-
HIMaJIbHO 1HT10yroua KOHIIeHTpalis) BapitoBana Big 1,1 1o 5,9 mx/mons [38].

Ha npyromy €BponeiicbkoMy CUMIO31yMi 3 ajeomnartii MOoBiZOMIISUIOCS MPO BUBYCHHS
BIUIMBY PI3HUX POCIMHHHMX €KCTPAKTIB Ha PICT 1 PO3BUTOK TpUOIB Fusarium oxysporum,
Fusarium culmorum, Fusarium solani, Rhizoctonia solani, Bitrytis cinerea W Alternaria
alternata, Mo POBOAMIIOCS B MEXax MOIIYKY MEPCIEKTUBHUX POCIMHHUX 3aCO0IB JJIS 3aXH-
CTY IUIOJIOBUX KYJBTYp B arpapHiil MPOMHUCIIOBOCTI. 3a JaHUMHM, MPEACTaBICHUMHU Stompor-
Chrzan, BU3Hayanocs, 10 BOJHI Ta CIUPTOBI EKCTPAKTU KOPH ¥ JIUCTS Ay0a B MaKCUMalbHIN
1031 200 Mkr/mi iHridyBanu pict nmaroreHiB Ha 80-100 %, npoTUrpuOKOBa aKTUBHICTh BiMI-
yajnocs i uepes 4 Ta 8 AHIB iHKyOariitHoro nepioxy [40].

SniBenp 3BUYaiiHuil (Juniperus communis) — BIYHO3€J1€HA XBOMHA pociauHa poauHu Ku-
napucoBux (Cupressaceae). Pocte siBenb 3a3BHuail y mijurickax XBOMHMX JICIB y KpaiHax
€Bpornu, Aszii, [liBHIYHOT AMEpHKH, TaKOX TparisieTbess Ha Teputopii IliBHIUHOT Adpuku. B
VYkpaini pocnuHa nommupeHa B perionax Kapmar ta Ilomicei. Y ¢dapmaneBTHUHIM TpoMuUcIio-
BOCTI MEPEBAXXHO BUKOPUCTOBYIOTh LIMILIKO-STOJM SUTIBLIIO, aJleé TAKOXK MOXYTh OTPUMYBAaTH
JesIKi PEYOBHHH 13 XBOT pociuHU. JIIKapChbKO-pOCIMHHA CUPOBHHA SITIBLIIO € JKepesnoM edip-
HUX OJIif, 1110 BOJIOJIIOTH MOMITHUM HPOTUTPUOKOBUM 1 MPOTUMIKpOOHUM edexToM. B odi-
IAHIA METUIMHI 3 IIUIITKO-STi BUPOOISIOTH BOJAHO-CIIUPTOBI €KCTPAKTH, HACTOSIHKU U CyXi
exkcTpaktu [41].

['onoBHOM0O (pakii€ro, MO0 MICTUTH OUIBLIICTH 010JIOTTYHO AKTUBHUX PEYOBHH POCIUHH, €
edipHa ouisl, SIKOT B AroJax suliBII0 Moxe Oyny a0 3 %. bnuseko 58 % edipHoi ouii cTaHOB-
JSTh MOHOTEPIEHOBI CHOJYKHU, 3 SKUX MEpeBaXKHA KUIbKICTh Npumanae Ha o-miHeH (20 %),
nimMoHeH (8,7 %) i mioueH (8,5 %). Kpim Toro, y nocraTHiil Ui aHaii3y KUIbKOCTI IPUCYTHI
B-mineH, cabineH, 1,4-muHeon, kamdeH, 4-TepmiHeon Ta iH. Takoxk B Arojaax sUTBIIO Oynu
3HalifIeH1 ceckBiTeprieHu (130OpMH KajiHEHY), AITEPIeHOB] KUCIOTH, TaHIHHU (IIPOAHTOLIa-
HIIIHU, TaJIOKAaTeXiHH, eMirajJoKaTexinu), (paaBoHOIM (aMeHTO(]IaBOH, KBEPLETHH, 130KBEp-
LIETUH, allireHiH), JIrHaHU, TTIKO3UI i opraHiuHi kucinotu [41; 42].

Edipna onis sumiBiio 6arato pasiB A0CHiIKyBajlacs Ha HasABHICTh IPOTUMIKPOOHUX 1 MPO-
TUTPUOKOBUX BJIACTUBOCTEH MPOTH PI3HUX BHUJIIB MiKpoopraHizmis. Tak, Belnuke Mikpo6ioJo-
riune jgociipkeHHs Pepeljnjak it criBaBTOpIB 3 BUBYEHHS BIUIMBY €(ipHOI OJIii SITIBIIO HA
pICT BEIMKOTrO Mepeniky MikpooprauiamiB (Bacillus cereus, Bacillus subtilis, Micrococcus
flavus, Micrococcus luteus, Staphylococcus aureus, Staphylococcus aureus, Staphylococcus
epidermidis, Enterococcus faecalis, Serratia spp., Citrobacter freundii, Salmonella
enteritidis, Proteus mirabilis, Shigella sonnei, Klebsiella oxytoca, Escherichia coli, Yersinia
enterocolitica, Candida albicans, Candida krusei, Candida tropicalis, Candida parapsilosis,
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Candida glabrata, Candida kefyr, Candida lusitaniae, Cryptococcus neoformans, Geotrichum
candidum, Hansenula anomala, Microsporum gypseum, Microsporum canis, Trichophyton
mentagrophytes, Trichophyton rubrum) moka3ajlio BUCOKY aKTUBHICTh 00’€KTa JOCIIKEHHS
npoTH OuTbIIOCTI naToreHiB. byna Bcranosnena MIK (MiHIMalIbHO 1HTIOYI0Ya KOHIIEHTpALis)
eQipHOT 01l SITIBIIO 11010 IPAaMIO3UTUBHUX 1 TpPaMHETaTUBHUX OakTepiil y KOHUEeHTpallii 8-
70 % (v/v), no apbkmxoBux rpubiB y xoHmentpaii 0,78-2 % (v/v) ta go aepmaTodiriB B
koHuenTparii 0,39-10 % (v/v) [42].

ExcrniepyMeHTH 3 BUBUEHHS 3arajbHUX MPOTHUMIKPOOHUX BIACTHBOCTEH e(IpHUX AUCTUIIS-
TIB SUIBLIO TpoBoawiucs Rossi Ta cHiBaBTOpaMHM Ha MOJEIbHUX MIKpOOpraHizmax
Staphylococcus aureus, Escherichia coli, Enterobacter aerogenes it Pseudomonas aeruginosa 'y
NOPIBHSAHHI 3 aHTHOIOTUKaMU. Pe3ynmbTatu poOOTH eMOHCTpYBaM, 110 B KOHILEHTpauii 2 %
(v/v) edipHa onist sSUTIBLIO JIMIIE TPOXH MOCTyNaiacs HUNpodruokcanuyy i neHinuminy [44].

bararoeranne nocnikeHHs CEpOCHKUX YYEHMX, 1[0 CTOCYBAaJOCS BUBUEHHS 3arajlbHUX
IPOTUMIKPOOHUX 1 MPOTUTPUOKOBUX BIACTUBOCTEH e(ipHOT Ol SUTIBLIO Ta il pI3HUX KOMIIO-
HEHTIB, MOKa3aJl0 BHUCOKY YYTJIMBICTh NOIIMPEHHX MATOT€HIB 10 EKCIIEPUMEHTAIbHUX
00’exTiB. JlocaimkeHHs] aHTHOAKTEepIaIbHOT aKTUBHOCTI TTPOBOIMIIOCS HA MOJICIBHUX MIKPOO-
pranismax Bacillus cereus, Escherichia coli, Listeria monocytogenes, Corynebacterium sp.,
Pseudomonas aeruginosa w Staphylococcus aureus. 30Ha 1Hri0yBaHHS pOCTY MATOTEHIB Y BU-
my4deHoi 3 edipHOT omil ¢pakilii o-miHeHY B KUIBKOCTI 8,75 MKT Ha UCK MepeBakalia aHAJIOTi-
YHI TIOKAa3HMKM aKTUBHOCTI aHTHOIOTHKIB TeHTaMiluHy (30 MKr/ouck), KIiHAaMIIUHY
(10 Mxr/auck), crpentoMinuuy (30 MKr/amck), TeTpauukiainy (30 MKI/OMCK), epiTpOMIIUHY
(15 wmxr/muck), BankoMminuHy (30 Mkr/muck), amminuwrtiny (10 Mkr/muck), neHimwiiny G
(6 Mxr/nuck). B pamkax 1i€i poO0TH, TOJTOBHUM PE3YJIbTATOM JIOCTIHKEHHS OyJI0 BUSBICHHS
B cyMiuli ¢pakiii edipHOi OJIil sUTIBLIO MOTYKHUX MPOTUTPUOKOBUX BIIACTUBOCTEN 10 HEOE3-
MEYHUX POCITUHHUX MAaTOTeHIB Alternaria sp., Aspergillus nidulans u Aspergillus niger.
HailaktuBHima koMOiHallisg TepreHiB — 5,52 MKT o-miHeHy i 3,23 MKr cabiHeHy Ha AMCK MpH-
3BOJIMJIA JI0 MPOSIBJICHHS 3HAUYIO1 30HHU 1HT1OyBaHHs pocTy natoreHis B 14-20 mm [45].

["'0710BHUM JOCTIDKEHHSM, SIKE OCTATOYHO MIATBEPKYE MOLLIBHICTE BUKOPUCTAHHS €KC-
TPAKTIB 13 JIIKAPCHKO-POCIMHHOI CUPOBUHH SITIBIIO B CUILCHKOMY I'OCIOJapCTBI, OYB BETMKHIA
EKCIEPUMEHT MOJbChKUX YYEHUX 13 BUBUEHHS BIUIMBY e(ipHoi ouii Juniperus communis Ha
OCHOBHI XBOpOOU arpapHuX KyJAbTYyp 1 po3riisif MMOBIPHOCTI ii MPAaKTUYHOTO BUKOPUCTAHHS
JUIs JIIKyBaHHS HACIHHS Ta Horo mpoQuIakTHKU Mix yac 30epiraHHs. SIK MikpoOioJoriuHi
o6’extn  Oymu Bukopucraui Cylindrocarpon destructans, Epicoccum purpurascens,
Rhizoctonia solani, Trichoderma hamatum, Verticillium dahliae, Acremonium sp., Alternaria
spp., Aspergillus spp., Botryos phaeria spp., Botrytis cinerea, Chaetomium sp., Cladosporium
sp., Fusarium avenaceum, Fusarium culmorum, Fusarium equiseti, Fusarium oxysporum,
Fusarium solani, Fusarium spp., Mucor spp., Penicillium spp., Phoma sp., Pythium spp.,
Rhizopus spp., Sclerotinia sclerotiorum, Trichoderma sp. # Trichothecium sp. Pe3ynbratu
JOCIIJDKEHHS TIOKa3yIOTh, 10 e(ipHa 0Jlis SUTIBLIO B KUIBKOCTI 1 MJI/J Ipu TecTyBaHHI Ha 130-
JLOBAHUX 3 XBOPOI0 HACIHHS MAaTOreHaX MaKCUMaJbHO 3MEHIIYBalla KUIbKICTh KOJIOHIN MaTo-
reHiB Ha 93,1 % 1 MakCUMabHO 3HIKYBaJa ciopoyTBopeHHs Ha 90,4 % [46].

3Bipo6iit 3Bnuaitamii (Hypericum perforatum) — GararopiuHa Tpas’sHUCTa POCIMHA POJIH-
Hu 3BipoOiiiHi (Hypericaceae). Lls nmyrosa pocinHa nomupeHa Ha Teputopii €Bpasii, B Ykpai-
HI — 1€ OJ{Ha 3 HaWOUTbIII BUKOPUCTOBYBAHUX JIIKAPCHKUX POCIUH. [HOI 3Bip00iii BUKOPHCTO-
BYIOTh Yy Xap4OBiii MPOMMCIIOBOCTI, 1[0 BKa3ye Ha YMOBHY HELIKI/UIMBICTh 11i€1 pOCIUHH. SIK
JKapChKO-POCIUHHY CUPOBUHY BUKOPHCTOBYIOTh BHCYILEHY i MOJIPIOHEHY TpaBy 3Bipo0oI0,
y TAaKOMY K BUTJISIZII BUKOPUCTOBYIOTH Y CKJIaJi KOMIUIEKCHUX POCIMHHUX 300piB [47].

Jlo XIMIYHOTO CKJIaAy TpaBU 3Bipo0OOIO BXOJATH pi3HI 0I0JOTIYHO aKTHBHI CIIOJIYKH, SIK1
YUHATH MPOTUMIKPOOHY 1 MPOTUTPUOKOBY Ait0, cepen akux: 0,2-4% nepuBaTiB (IOpOTIIOLU-
Houy (azerinepdopin, ¢pypanorinepdopin), 0,06%-04% nadromiaHTpoHiB (TiNEpHULIMH, MPO-
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TOrinepuirH), 2-4% ¢aBoHOINIB Ta iX TIIKO3UAIB (KBEPLMUTHUH, PYTHH), a TaKOX MPHUCYTHI
NPOLMAHIIHA, KCAaHTOHU U (eHonbHI kucinotu [47]. Kpim toro, i3 JIPC 3Bipo6or0 MoxHa
orpumaru edipny odito (0,1-0,25 %), sika nepeBakHO ckiafaeThes 3 o-miHeny (10,6-67 %) i
2-metunokTany (16 %) [48].

Cryninp 3aranbHOI MPOTUMIKPOOHOI AaKTUBHOCTI €KCTPAKTIB 3BIPOOOI0 JOCIIIKYBAIU
Gibbons Ta cniBaBTOpH U OI[IHIOBAJIM HA MYJIBTUPE3UCTEHTHOMY JIO0 OUIBIIOCTI AaHTUOIOTHKIB
mraMmi Staphylococcus aureus. EKCTpaKT 1MokazaB BpaXatouuil pe3ylbTaT NPUTHIYEHHS POCTY
NaToreHy i MaB MiHIMaJIbHY 1HTIOYIOUY KOHIIEHTpAIifo Ha piBHI 64 MKr/mi [49].

Jly>xe Ba)JIMBOIO BJIACTUBICTIO €KCTPAKTIB 3BIPOOOIO € T€, 1110 BOHU MPUTHIYYIOTh (hOpMY-
BaHHA OIOTUTIBOK 1 HIUTPHUX BEIHKUX KOJIOHIA MikpoopranidmiB. Tak, y AochimKeHHi
Simonetti 6yno mokazaHo, o cnupTtoBuil ekcTpakt Hypericum perforatum B nmo3i 32 i1
16 MKIr/Ma1 akTUBHO pyHHYBaB O10IUIIBKM Streptococcus mutans, Streptococcus sobrinus,
Lactobacillus plantarum, W Enterococcus faecalis, ipu MIK (MiHiManbHO 1HT10YyIOYa KOHIIEH-
Tpawis) 8 MKI/MIT 1715 3BUMAafHUX KOJIOHIN MikpoopraHizmis [50].

Jlo TOro  eKCTpakTH 3BipoOOIO 3/1aTHI pyHHYBaTH BHCOKOOPraHi3oBaHi (hOpMYyBaHHS
rpu6iB, sIKi IpUTaMaHH1 OUTBIIOCTI 30yIHUKIB XBOPOO OakakaHiB. Y JOCIIHKEHHSAX In Vitro
Ha npukiani Malassezia furfur Oyno BcTaHOBIIEHO, IO METaHOJBHUN ekcTpakT Hypericum
perforatum y koHueHTpauii 16 MKI/MJ1 3MEHIIIyBaB ITIBKOYTBOPEHHs MaToreHHy Ha 39 %, i y
BHUCHOBKaX €KCIIEPUMEHTY aBTOPH PEKOMEH]IyBaJIM 3aCTOCYBAHHS €KCTPAKTIB 3BIpOOOIO Mpo-
TH arpecuBHuX opM rpudis [51].

[ToTyxHi 3arajnbHi IPOTUTPHOKOBI BIACTUBOCTI €KCTPAKTIB 3BIp00OIO 1 Horo ¢iroximiu-
HUX KOMIIOHEHTIB OyNM JeTajJlbHO BHMBUYEHHI B JEKUIBKOX JOCHKEHHSIX Ha MHaTOreHax
Microsporum canis, Trichophyton rubrum, Fusarium oxysporum, Exophiala dermatitidis,
Candida albicans, Kluyveromyces marxianus, Pichia fermentans, Saccharomyces cerevisiae,
Aspergillus flavus, Aspergillus glaucus W Phialophora fastigiata. Yci aBTOpU CTBEPIKYIOTh
PO BUCOKY 3arajibHy MPOTUTPUOKOBY aKTHBHICTh €KCTPAKTIB Yy Jiarna3oHi KOHLEHTpALii 10
750 mxr/mn [52, 53].

[pyHTyIO4MCh Ha TOMy (akTi, 10 XBOpoba i MCyBaHHS IUIONIB GakjiakaHa MOXe OyTH
BUKJIMKaHa OE3JIIY4YI0 PI3HUX MEPBUHHUX 1 BTOPUHHUX MIKPOOPraHi3MiB, TO po3poOka Ta
BIIPOBA/KEHHS B CUILCHKOTOCIOAPCHKY MPAKTUKY HOBOTO POCIMHHOTO 3ac00y Ha OCHOBI
eKCTpaKTy Kopu M/abo mucta nayba, sATiI sUTIBIIO 1 TpaBU 3BIpOOOIO JUIS KOHTPOJIO 32
MIKpOOIOJIOTIUHUM TMpo(diIeM OBOYIB Mij Yac 30epiraHHs MOKE CTAaTH MEPCHEKTUBHOIO PO-
3p00KOIO ISl arpapHOro ceKTopy. OCKUIBKY BaXKIMBOIO XapaKTEPUCTUKOIO OE3MEKH PEUOBUH,
0 KOHTAaKTYIOTh 0€3MOCepeHbO 3 MPOAYKTaMU XapuyBaHHS, € BUCOKA BOJOPO3UMHHICTH 1
MiHIMaJIbHa TOKCUYHICTB, JJISl 3aCTOCYBAaHHS B pO3poOI1ll TEXHOJIOTIi 3ac00y peKOMEeHI0BaH1
BOJHI Ta BOJHO-CIIUPTO-TJIILEPUHOBI €KCTPAKTH JaHUX BUIIB POCIMHHOI cupoBHHHU. Crin
BKa3aTH, 1110 X04a OUIBIIICTh aBTOPIB PEKOMEHAYIOTh BUKOPUCTAHHS e(ipHOT 0J1ii SUTIBIIO, MU
HaMoJsraeEMoO Ha TOMY, IO 3aCTOCYBaHHS e(]ipHOI OJiii B XapyoBiil MPOMHUCIOBOCTI HE €
oOrpyHTroBanuM. HepozunHeHi edipHi 0Jii € BUCOKOAJIEPreHHUMH PEYOBMHAMU U MOXKYTh
cnieur(ivHO BIUIMBATU HAa OPraHU Ta CUCTEMHM CIIOKMBayYa, y JAEIKUX BUIAAKaX HABITh BUMHH-
TU 1WKOAY 310poB’10. KpiM Toro, edipHi 01ii MOXYTh CTBOPUTH PI3KHM CTiMiKuil apoMmaTt i
cneuniYHUN TpUCMaK Ha HIKIpIi OakIakaHIB.

[IpoananizyBaBii MiHIMaJbHI Ta €(EKTUBHI IHT10YI0U1 KOHLIEHTpaLlii eKCTPaKTIB Ta edip-
HUX OJIiif 3aIPONIOHOBAHOI POCIMHHOT CUPOBHUHH, a TAaKOXK PO30Ir BMICTY 010JIOTTYHO aKTHBHUX
PEUOBHH B CUPOBHHI, MOKHA 3pOOMTH BHCHOBOK, 110 ONTUMAaJIbHUN BMICT €KCTPAKTIB SUTIBIIO
Moe OyTH TPOXM MEHILIUM, HDK IHIIMX KOMIIOHEHTIB, a JJIsl BU3HAUYEHHS KUIbKICHOTO BMICTY
EKCTPaKTiB 1y0a 13Bipo0Ooro Tpeba BpaxoBYBAaTH BEJIMKY KUIbKICTh MapaMeTpiB CTaHAapTU3ALlil
TXHBOT JIKAPCHKO-POCITMHHOT CHPOBUHH, LII0 MOXKE BIUTMHYTH Ha 010JIOT1YHY aKTUBHICTb.

BucHoBKkM BiAnmoOBiAHO 10 cTaTTi. AHANII3 JITEpaTypH MOKAa3aB, 110 KOMIIO3UIIS 3 €KC-
TpakTiB ny0a 3BuyaitHoro (Quercus robur), suTiBIO 3BHUYaiiHOrO (Juniperus communis) Ta
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3BipoOoto 3BuuaitHoro (Hypericum perforatum) moxke cratu e(peKTUBHUM YHIBEpCaIbHUM
3ac000M JJIsl 3aXUCTY MiJ] yac 30epeKeHHs], 1[0 OKPUBAE YBECH CIEKTP MOIIUPEHUX XBOPOO
wioaiB O6aknaxaHiB. OCKUIBKH BaXKJIMBOIO XapaKTEPUCTUKOIO OE3MEeKH PEYOBUH, 110 KOHTAK-
TYIOTh 0€3MOCEepPEHbO 3 MPOAYKTAMH XapuyBaHHS € BUCOKA BOJOPO3UMHHICTH 1 MiHIMAalbHA
TOKCUYHICTb, U 3aCTOCYBaHHS PEKOMEHJIOBaHI BOJHI Ta BOJHO-CIIHPTO-TIIIIEPUHOBI €KC-
TPaKTU POCIMHHOI cupoBUHU. [lomanbir MikpoOiONOTiYHI Ta TOKCHKOJOTTYHI JOCTIIKEHHS
TECT 3pa3KiB HAAATyTh MOXKJIMBICTh BCTAHOBIICHHS POOOYUX KOHIICHTpaIlii e(EeKTHBHUX KOM-
MO3UIIN A1 00poOKHM III0AIB OakiaxaHiB MPH 30€pexKeHHI.
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Antonina Dubinina, Tetiana Letuta, Tetiana Frolova

EFFECT ANALYSIS OF MEDICINAL VEGETABLE EXTRACTS
ON EGGPLANT MICROFLORA

Urgency of the research. Different post-harvest processing means are used for shelf life prolonging, consumption pro-
perties of fresh vegetables preserving, but each of these means has different negative properties. It is topical to search for
new sources of antibacterial and antimicrobial agents for fruit and vegetable raw material processing; medicinal vegetable
raw material extracts are among such means.

Target setting. It is determined that microbial spoilage of eggplant fruits is the main factor of vegetable raw material
losses during storage which is caused by bacteria and fungi.

Actual scientific researches and issues analysis. The analytical review of domestic and foreign scientific and technical
literature and patent information regarding the eggplant fruits microbiota and medicinal and technical raw material extracts
effect on it were carried out.
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Uninvestigated parts of general matters defining. Searching for new antibacterial agents of natural origin with envi-
ronmental safety for the human body properties and wide range of action on the eggplant fruits microbiota with the aim of
fruit and vegetable raw material shelf life prolonging.

The research objective. The analysis of modern methods of fruit and vegetable raw material storage should be carried
out. Analytical review of domestic and foreign scientific and technical literature and patent information regarding the micro-
biota of eggplant fruits and the effect on it of medicinal and technical raw material extracts should be presented.

The statement of basic materials. Study of microbial spoilage of eggplant fruits during storage and antimicrobial action
of medicinal vegetable raw material extracts on it.

Conclusions. The proposed composition for post-harvest processing of medicinal and technical raw material extracts
allows reducing losses from microbial spoilage and prolonging the duration of eggplant fruits storage.

Keywords: eggplants; bacteria; fungi, storage; specific microflora; fungicidal action; antibacterial properties.
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BILIUB IHOPAUEPBOHOI'O CYIIIIHHS HA SAKICTH
CBI)KOI 1 3BAMOPOKEHOI YEPEILIHI

Axkmyanvnicmes memu oocnioxncenus. JJocniodicents npoyecy cyulinta uepeuiti, poCIuHHOI npooyKyii 3 6UCOKUM AHMU-
OKCUOGHMHUM CIMAMYCOM i WBUOKOI 8MPAMOI0 CRONCUBUUX GIACMUBOCTEL, € AKMYATbHUM 01 3HUNCEHHS 8mMpam npooo-
60ILYOI CUPOBUHU A OMPUMAHHSL (DYHKYIOHAILHUX XAPHOBUX NPOOYKMIS.

Ilocmanogxa npoonemu. Odomedicenuti cmpox 36epieants yepeuini ma KOpomKull ce30H 30Upants 8pOICal0 3a yMo8U
niosuUEHHA 00CA216 BUPOOHUYMBA Y CEIMI CIMEOPIOIOMb NOMPEDY 6 OOIPYHMYBAHHI e(heKMUGHUX MEeXHONI02il NepepobKU YepeulHti.

Ananiz ocmannix oocnioxycens i nyonikauiii. byno npoananizo8ano 3akopOOHHI 1l 8IMHUHAHI HAYKOBL npayi, Ki c8i0-
uame Npo YCKIAOHEHHs. NepepodKU YepeuleHb NOPIGHSHO 3 GUIMHAMU 4epe3 GUCOKUL 6MICI NeKMUHY, NepesadicHe KOH-
Cep8YBaHHSL CEINCUX NI00I6 3AMOPONCYBAHHAM, WO HE2AMUBHO NO3HAYAEMbCA HA OP2AHOLENMUYHUX GIACMUBOCMAX Yepe-
uierb, ma nio8UUeHHs: AHMUOKCUOAHMHOT AKMUBHOCMIE NL00I8 8HACIOOK 3HEB0OHECHHSL.

Buoinenns neoocniorycenux wacmun 3az2anabHoi npoonemu. Biocymui epekmusHi mexnonoeiti Cywints Yepeuni, 30-
Kpema, wiisixom iHppauepsonoi 06pobKu 3 ypaxysaHHsm copmosux ocobnueocmelt niodie Prunus avium L. ma ymog none-
PeOHbO20 30epicatts CUPOBUHU.

Ilocmanosxa 3aedanns. Busnauenns eniugy in@hpauepgoHoi o6poOKuU HA KIHEMUKY CYWIHHSA, (DI3UKO-XIMIYHI, OpeaHo-
JeNMUYHL NOKA3HUKU SIKOCI Yepeutti Pi3HUX COpmie ma ymMos nonepeoHbo20 30epieants, 30Kkpemda, 3aMOpOICY8AHHSL.

Buknao ocnosenozo mamepiany. I1100u uepsonoi i scoemoi uepewtri iOPIBHAIOMbCS 30AMHICII0 NO2IUHAHHSL NiOBEOeHOT
eHepeil, Wo enIusac Ha WEUOKICMb nepebiey npoyecy 801020NepeHecertsl. 3aneicHo 6I0 copmosux ocobrusocmeil niooie Prunus
avium L. 0oyinbHO 3MIHIOBAMU MPUBATICTb CYUIEHHSL OISl OMPUMAHHSL OLIbUL SKICHOT NPOOYKYIL 3 Uepelterb COPMIi6 HcoB8Mo2o Ko-
JIbOPY NOMPIOHO 30L16ULYEAMU MPUBATICIb MEPMIYHOL Oii T 3acmocosysamu Hudicui memnepamypu cywinus. Ilonepeoue samopo-
JHCYBAHMSL UEPEUIHT NOZUMUBHO NO3HAYAEMbCS HA OPeAHONENMUYHUX NOKAZHUKAX CYWEH020 npooykmy. Bucyuyeanns uepeutetv
iHbpauepsoHUM BURPOMIHIOBAHHAM PayioHWIbHE 0 6on0eocmi 10—18 %, wio 0o360151€ OMpuMamu nPOOYKM HAUGUUOL SIKOCHIL.

Bucnoexu 6ionogiono 0o cmammi. Ingpauepsona o6pobra uepewni 0038015 OMpPUMAMU CYULEHUL NPOOYKM i3 nputi-
HAMHUMU CRONCUBYUMU BTLACIMUBOCIAMU, 30KPEMA, 13 CUPOBUHU 3HUNCEHOL AKOCMI, CRPUAIOYU CKOPOYEHHIO 8MPA CUPOGUHU
npocmA2oM NPOO0BOILUO20 TAHYI02A.

Knrouosi cnosa: uepewni; 3aMopoACy8aHHs; iHpauepsore CYUliHHA, KPUGI CYWIHHA, NOKA3HUKU SAKOCII.
Puc.: 3. Tabn.: 2. bién.: 18.

AKTyaabHicTh TeMHu aociaifxeHHs. [lnoan vepewmni (Prunus avium L.) Hanexarb 10
XapuoBOi MPOJYKLIi 3 BUCOKUM AaHTHOKCHAAHTHUM CTaTycoM, sika Oarara Ha ()eHOJH, aH-
TOIlIaHU, @ TAaKOXX HAa MIHEpaJbHI PEYOBHHM, BITaMiHU. UepelIHi 34aTHI MPOSBIATH (QYHKIIO-
HaJIbHI BJIACTHBOCTI 32 PaXyHOK aHTUOKCHJAHTHOI, aHTUKAHIIEPOTE€HHOT, MPOTU3aNaJIbHOI /il
Ha oprasizM jroaunu [1; 2]. 3a nanumu BcecBiTHBOT MPOI0BOIBYOT 1 CUTBCHKOTOCHIOAAPCHKOT
opranizaiii FAO y 2017 p. cBiToBHif 00csT BUPOOHULITBA YEPELIHI CATHYB 2,4 MJIH T Ha piK
[3]. Brpatu mino100BOY€BOi CUPOBUHHU CTAHOBIATH 45 %, 110 CYTTEBO MipUBAE OCHOBU IPO-
JI0BOJIbYOT O€3MEeKH 32 YMOB MOCTIIHO 3pOCTarodoro HaceiaeHHs rianety [4]. B Ykpaini Brpa-
TH XapyoBOi CHPOBMHM BHACIIOK HEJIOCKOHAJOCTI peaii3allii TeXHOJOTIYHHX MpOIeciB
B3JIOBX IPOJOBOJILYOTO JIAHIIIOTA, HA *aJlb, IEPEBUILYIOTh 3arajJbHOCBITOBI. Lle poOuth ak-
TyaJbHUM YJOCKOHAJEHHS TEXHOJIOTI 30epeKeHHS XapuoBOi CHUPOBUHH, 30KpeMa, KOH-
CEpBYBAHHS IIJIIXOM 3HEBOJHEHHSI.

IMocTanoBKka mpo0JeMu. YepeliHi MatloTh OOMEXEHUI TepMiH 30epiraHHs: B 0XOJIOKe-
HOMY CTaHI yepelHi 30epiratotbes nume 7—14 nuiB. [Ipu npomy ce3oH 30MpaHHS BPOXKaIO
Prunus avium L. TpuBae nuiie Tpu TxkHI [5]. B ymMoBax rino0anbHOTO MOTEIUTIHHS 1 MiABH-
IICHHS CepeIHbOI000BHUX TEMIIEpaTyp MPUCKOPIOETHCS MPOLEC A03PIBAHHS IJIOJIB YEPEIIHi.
Tomy B Garatbox BHIIaJKaxX YepellHi peai3yloTh 32 HU3bKY IiHY, 100 3amoOirTu BTpaTtam
YHACTIZIOK HE3aJ0BUIbHUX CIOXKUBYMX sikocTed. [lmogu Prunus avium L. MIBUAKO CTalOTh
HECTIMKMMHU 10 BIUIMBY 30yJIHHMKIB PI3HOMAHITHUX XBOpOO Ta MIKiAHUKIB. CBO€EIO uUeproro,
3aCTOCYBAaHHS JI0JIATKOBUX XIMIYHUX 3aCO0IB 3aXUCTY YepelIHl MPU3BOJUTH 10 HeOaKaHUX
HACJIIKIB, TIOB’I3aHUX 31 3HI)KEHHAM pIBHS 0€3M€YHOCTI XapyOBOi CHPOBUHM IS JIFOAUHU Ta
IIPOBOKYBAaHHSM IMYHOCYIIPECIi.

B Vkpaini BupoOHuLTBO uepernHi 3a nepiox 3 2013 mo 2017 pp. komuBanock Bia 67,33 1o
70,86 tuc. T [3]. 3a ocTanHi poku BiOyBa€ThCs MIIBUIIICHHS 00CATIB BUPOOHUIITBA YEPEIIIHi, 1110
MOB’SI3aHO 31 30UTBILIEHHSM TMOMUTY Ta 3POCTaHHAM CBITOBHMX LiH. OHaK mpoOJieMOI0 3au-
© Muxonenko C. FO., Kysaos 1O. 1O., bapanik I1. B., 2019
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IIA€ThCS 30€pEeKEHHs] CIIOKHMBUYMX SIKOCTEHM 4epelIHi MmiJ Jac 30epiraHHs 1 po3poOka anbTepHa-
TUBHHUX TEXHOJIOTIH, sIKi 6 3armo0irany BTpataM MpoIyKIii B3JOBX MPOOBOILYOTO JIAHLFOra [6)].

[nom KICTOUKOBHUX KyJbTYp JIOCHTH ILIBHJIKO BTpayaroTh CBOI TOBapHI SKOCTI Mif 4ac
30epiraHHs. 3acTOCYBaHHs PI3HMX METOJIB KOHCEPBYBAaHHs MO PI3HOMY BIUIUBAE Ha 3MIHY KUTb-
KOCTI aHTOI[IaHIB Ta 3arajibHO1 AaHTUOKCHUIAHTHOI aKTUBHOCTI YEPEIHi, 10 BiAPI3HIETbCS IS
CBDKO1, 3aMOPO’KEHOT 1 CYIIIEHOT 11010B01 cpoBuHH [7]. IIpu 1iboMy sk CBDXa, TaK 1 cyleHa ye-
PELIHsI MOKE BUKOPUCTOBYBATHCH SIK JPKEPENIO MPUPOJHUX OapBHUKIB, aHTMOKCUIAHTIB Ta HYT-
PIEHTIB 3aBISIKM HAsIBHOCT1 (DEHOJIB, aHTOIIIaHIB Ta BUCOKIN aHTHOKCUIAHTHIM 3/JaTHOCTI.

AHaJi3 ocTaHHIX Aocaikens i mybJikaniii. Binomo, mo 60 % mnoxnis Prunus avium L.
MIOCTAYA€THCSI B TOPTOBENbHI MEPEXK1 Y CBKOMY BUIJISIL Ta 32 YMOBH OXOJIOPKEHHS YepelHi
30epiratoTh CBOi CIIOKMBYI BIIACTHBOCTI 10 ABOX THXKHIB. JloBeeHO, 0 MaKyBaHHS YepeIIHi
B MOJU(IKOBAHOMY Tra30BOMY CEpEIOBHIII JO03BOJISE MPOJIOHTYBATH 30€peXEHHS SKOCT1
wioAis 10 40-50 mui [5]. Ilpm mboMy 3a paxyHOK BHCOKOi aKTMBHOCTI BOJM YEpelIHi
HECTiHKi 10 MikpoOioioriyHoro ncyBaHHs [8; 9]. Tomy, BpaxoByrouM 3HauHI 00CATH BUPO-
IIyBaHHS YepelIHi B YKpaiHi 1 CBITi, 3a3HaY€Ha TPUBAJIICTb € HEJOCTATHHOIO 1 MPU3BOIUTH J10
CYTTEBUX BTpAT IJIOJOOBOYEBOI CHPOBHUHH.

OO6csaru nmepepoOKK uepellHi MOPIBHAHO 13 BUIIHAMHU Ha0araTto HUXK4i, 10 OB’ SI3aHO 3
0coOIMBOCTAMH i XiMiuHOTO ckiany [10]. ¥V KIITMHHMX CTIHKaX YepelIHi MICTUTHCS 3HAYHO
OUIbllIe MEKTHHIB, SKi MEPelIKoIKalTh e(PEeKTUBHIN mepepoOii MpOAYKTY Ha CiK, a BMICT
apOMaTUYHUX CHOJYK MeHIIUH. BinCyTHICTh e(eKTUBHUX TEXHOJIOTiH mepepoOKH depelHi
MPU3BOJUTH JIO OUTHIIUX BTPAT TAKUX IJIO/IB Y MOPIBHSAHHI 3 BULLIHSAMH.

3aMOpOXKYBaHHS 1 CYIIIHHS BIZHOCSATH JIO HAHOLIBLI 3aCTOCOBYBAaHMX METOJIB KOH-
CepBYBaHHS IJI0JJOOBOYEBOI CUPOBUHH. BCTaHOBIIEHO, 1110 CYLIIHHS 1 3aMOPOKYBaHHS IUI0JI0-
OBOYEBOi CUPOBUHU MOCUJIIOE BUBUILHEHHSI aHTOLIaHIB, TICHO MOB’A3aHUX 13 MeMOpaHaMH, y
pe3ynbTaTi 4oro micis o0poOku ix BMicT 3poctae [5]. Ilix uac 3amoposxyBaHHS BiTOYBa€ThCs
(a3oBe nepeTBOPEHHS IJIOIB 13 PIAKOTO CTaHy B KPUCTAIIYHUM, 1110 NEpeIIKOoKae nepediry
MIKpOOIOJIOTIUHUX, 010XIMIYHMX, (i310J0TTUHUX MpoleciB y cupoBuHi [11]. PekomennoBana
TemmepaTypa 30epiraHHs 4epellHl B 3aMOpOXKeHOMY cTaHi craHoBuTh -18 °C. IlpoTte BHa-
CIIIZIOK 3aMOPOXYBaHHs BiIOYBaeThCsl 3HauHa BTpaTa BOJIOTM M apoMaTy, MOTEMHIHHS 4Ye-
pelliHi, 10 CYTTE€BO 3HMKYE Ii CIOKMBYI BIACTUBOCTI. JIuiie mBHIKE 3aMOPOXKYBaHHS 1
30epiranHs 3a Temneparypu -35 °C mo3Bojsie 3amobirtu TakuM mnpoiecaM [12]. OgHak Taki
TEXHOJIOT4H1 3aX0/1 MOTPEOYIOTh 3HAUHUX €HEPrOBUTPAT 13 3aCTOCYBAHHIM CKJIAJHOI X0J0-
JUIIBHOT TEXHIKU ¥ T0TaTKOBUX BUPOOHUYHMX IUIOILL.

CyuriHHS yepelrHi MoXKe 3J1MCHIOBaTHCS paliallifHUM, KOHBEKTUBHHMM, IH(pauepBOHUM
croco0amu, sIKi XapaKTepU3yIOThCsl PI3HUMU PEKUMaMHU TEIUIOBiJIadi, TEIJIOBOT KOHBEKLIT 1
BunpoMiHioBaHHs [13]. 3actocyBanus iH(pauepBoHoro (1Y) BUIIPOMIHIOBAHHS JUIS CYLIIHHS
XapyuoBOi CUPOBMHM Mae€ IEBHI MEpeBary, 10 SKUX BIAHOCITHCS 3MEHIICHHS TPUBAJIOCTI MPO-
1IECY, BHCOKAa €HEproeeKTUBHICTh, PIBHOMIPHICTh HarpiBaHHs MPOIYKTY 1 MIABUILIEHHS HOro
sxocTi [ 14-16]. Bcranosneno, mo cyminas yeperHi npu 70—80 °C npu3BoAUTh 10 MiABUIIECH-
Hs 11 aHTHOKCHJIAHTHO1 aKTUBHOCTL. Y po0oTi [7] moka3aHo, 1o iHdpadyepBOHE CYIITIHHS TPU3-
BOJUTH JI0 3HAYHOT'O MIJBHUILEHHS 3arajibHOi KUIBKOCTI aHTOLIaHIB Y MPOAYKTIi, @ TPUBAIICTb
00pOOKM MPOIYKTY MOPIBHSHO 13 KOHBEKTHBHHUM CYIIIIHHAM CKOPOUYYETHCS BJBIYI — 3 8 TOJUH
10 4 ronuH. ToMy iH(ppayepBOHE CYIIIHHS € JTOCUTh MEPCIEKTUBHUM METOJIOM OOpOOKH ue-
pemsi. Moro eekTHBHICTE Gy/Ie CYTTEBO 3aJIEXKATH SK Bill BUXiTHEX XapaKTEPUCTUK CHPOBHHH
(copTOBUX OCOOIMBOCTEN, YMOB MOIEPEAHBOr0 30epiraHHs mnepes 00poOKoro, SKi 3MIHIOIOThH
(i131KO-XIMI4HI BIIACTUBOCTI CUPOBHHH), TaK 1 BiJl 32CTOCOBYBAaHUX PEXUMIB 0OPOOKH.

BujisieHHs HeTOCTiIKEHNX YACTHH 3arajbHoi mpooduemu. HuHi BifcyTHI po3poOku edek-
TUBHUX TEXHOJIOTIH CYIIIHHS YepelIHi, 30KpeMa, IULIXOM iH(pauepBOHOT 0OpOOKH 3 ypaxyBaH-
HSIM COPTOBHX OCOOMUBOCTEN TIOAIB Prunus avium L. Ta yMOB MONIEPETHHOTO 30epiraHHs CHPO-
BuHU. CyllleHa 4YepellHs € TapHOI0 aJlbTePHATHUBOIO MOJIIKOMIIOHEHTHIN CHEKOBIM MpOIYKIIT 3
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JI0/IaBaHHSIM KOMIUIEKCY IITYYHHUX TOJIMIITYBayiB cMaky i apomary. Tomy 1oCHiKeHHs! BIUIUBY
iH(ppauepBOHOT 0OPOOKM HA CHIOMKHBYI SIKOCTI YepelIH] HaJacTh MOKJIMBICT OTPUMYBATH HATy-
paibHy (YHKLIOHAIBHY CHEKOBY MPOIYKLIIIO 3 BUCOKUM aHTHOKCUIAHTHUM CTaTyCOM.

ITocranoBka 3aBaaHHsA. AHaJ3 JTITEPAaTYpPHUX JUKEPEN BKa3ye Ha BIACYTHICTh JOCHIIKEHb
1H(pauepBOHOTO CYIIIHHS YEpEllIHI 3 YpaXyBaHHSAM (aKTOpy COPTOBHX OCOOIMBOCTEH ILIOIIB
Ta MOTMEPEHIX YMOB iX 30epiraHHs, 3aTHUX MPU3BOJUTHU J0 3HMXKEHHS CHOXKUBUYMX XapakTe-
PUCTHK IPOIyKTy. ToMy B 11iii poOOTI MOCTaBJIeHE 3aBAaHHs BU3HAYCHHS BIUIMBY iH(payepBo-
HO1 0OpOOKM Ha KIHETHUKY CYIIIHHS, (DI3UKO-XIMIYHI, OPraHOJENTHYHI MOKAa3HUKU SKOCTI ye-
PELIHI PI3HUX COPTIB Ta yMOB MOIEPEAHBOT0 30€piraHHs, 30KpeMa, 3aMOPOKYBaHHS.

Buxkjax ocHOBHOro marepialiy.

Jlnst mpoBesieHHsT TOCHDKEHb K CUPOBHUHY BHUKOPHUCTOBYBAJIM YEpEIIHI YEPBOHI COPTY
Banepiit Ukanos 1 uepemHi »k0BTi copTy Jlporana »oBta, 1o 30epirajgach micis 30UpaHHs
npotsirom 2-3 ni6 npu temnepatypi (+3+1) °C. XapakTepuCTUKU JOCHIKYBAHOT YepelIHi
HaBezieHo Yy Tabi. 1. Takox y po6oTi Oys10 BUKOPHCTAHO YepelllHi YePBOHI MOMEPETHBO 3aMO-
poxxeHi pu Temnepatypi (—17+1) °C, sixa 36epiranach 3a Takux yMoB mpoTsirom 20—24 no0wu.
Lls cupoBHMHa, Ha BiAMIHY Bil CBDKOI, XapakTepu3yBajlach MOTIPIIEHHSM apomary, MpuTa-
MaHHOT'O YepellHi, 3MIHOIO KOJIbOPY Ta MOsIBOO MoOypiHHs mioaiB. Ilepen cymriHHsIM ueper-
HI YepPBOHI 3aMOPOXKEH1 MONEepeTHbO po3MoposxyBanu npu 24—26 °C npotarom 30 xB. Cro-
KHUBYI XapaKTEPUCTUKUA CUPOBUHU 10 OOpOOKU OYyiIH CYTTEBO 3HMKEHI MOPIBHIHO 31 CBLKUMU
3pa3kaMu 1 TaKUi MPOJIYKT OyB HENPHIATHUM IO MOJATBLUIOI0 BUKOPUCTAHHS B HAaTUBHOMY
Burisail. [lepesn cymiHHsIM y TUI01aX BUJANISIN KICTOYKH 1 TPOMUBAIH BOJIOTO.

Ne 3 (17), 2019

Ta6mums 1
Xapaxmepucmuka niodie uepeuini
IMoxa3zuuku Hepeums

YepBOHA YKOBTa
Cepenniii giamerp, MM 32,9+4,1 33,7+4,0
Bara mioxy, r 1,77+0,2 1,87+0,2
Bwmicr Bonoru, % 79,2 68,9
BMicT cyXxux po3uMHHHX PE4OBHH, % 16,44 21,26
T'yctuna, r/cm’ 1,04 1,02
pH 3,55 3,45
OBII, mV 300 389

CymiiHHS 4epelHi NpoBOAWIIoCch y JaboparopHiii [Y-ycTaHOBII 3 KBapLEBHUMHU BHU-
NPOMIHIOBaYaMH Yy CTallIOHAPHOMY MIapi 3 PEryJsIi€l0 IHTEHCUBHOCTI CYIIIHHA LUIIXOM
3MiHU TIOTY:XHOCTI [Y-BumpowmintoBauiB. Binctans Binm kBapreBux [U-BumpomiHioBa4iB 10
niapy npoaykry craHoBmia 19 mm. UepemrHi BucyllyBanach y mapi, TOBLIIMHA SIKOTO OyIia
piBHOWO paniycy uepemHi (16—17 mm). Bara 3pa3ky uepemiHi, sIKMil BHCYIyBaJld y CTa-
nioHapHomy mapi, cranoBuwia 200 r. Temneparypy mia yac cyuriHHg (ikcyBaiu 3a J0IOMO-
roo TepMonapu. 3arajibHa TpuBaiicTh [Y-CylIiHHS yepeliHi Ui BCiX JTOCIIAHUX 3pa3KiB Oy-
na piBHoto 220 xB. Ilepen 3aBaHTaXEHHSIM HMPOAYKTY MPOBOIWIOCH HOMEPETHE PO3IrpiBaHHS
madu npotsarom 1,5 xB. Jlocniau NpoBOAUIN Y TPhOX MOBTOPEHHSIX. Y HepIiil cepii JociiniB
SK CUPOBHMHY BMKOPHCTOBYBAJIM YepeIllHI YEPBOHI CBIXKI, Y APYriil cepii — depeliHi YepBOHi
3aMOpPOXKEHI, Y TPETIil cepii — yepenrHi ;KOBTi CBIXKI.

Bosnoricte npoAyKTy BH3HAYald TEPMOTpPaBIMETPUYHUM EKCIPEC-METOJIOM Ha MpHiIaji
«KBap1y, BMICT CyXuX pO3UYMHHUX PEYOBHH — pePpaKTOMETPUYHUM METOJOM, aKTUBHY KHUC-
JIOTHICTb, OKUCIIIOBAJIbHO-BIIHOBHHM MOTEHIIa]l — MOTEHIIOMETPUYHUM METOJ0M Ha MpHIIaal
EZODO MP-103, cTyninb ycaaku — 3a METOJMKOIO, HaBeIeHOIO y poOoTi [16], opranonen-
TUYHI MOKA3HUKU OI[IHIOBaIM OaJOBUM METOJIOM i3 BpaxyBaHHSM KoOe(illi€EHTIB BaroMocTi
KPUTEPIIB SIKOCTI MPOJIYKTY.
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IndpauepBony oOpoOKy mpoBOIWIM B 5 eramiB, IO BIIPI3HSUIUCS MOTYXHicTio [Y-
BUIIPOMIHIOBAUIB, TEMIEPATYPOIO LIapy MPOAYKTY MiJ Yyac 0OpOOKHM 1 TPUBAIICTIO CYIIIHHS
(tabmn. 2). IloTyxHicTh BUNPOMiHIOBaYiB OCTYNOBO 3HMKYyBau 3 300 1o 100 Bt BpaxoByto-
YM, 110 31 3MEHIICHHSIM BOJIOTOBMICTY pAalliOHAJIbHOIO € 3MiHA TEMIEPATypHOIO PEXKUMY.
Temneparyproro makcumymy (77—-82 °C) map mpoaykTy jgocsiraB Ha 2—4 erami CYIIIHHS.
Haii0inp TpuBanuMu Oynu 3aKiIOUHI €Tany CYIIiHHSA, 1o 3aiHs10 150 XB.

TabGmums 2
Hapamempu cywinua uepewni I4-eunpominiogannam
Eran 1 I[OEJIIH 3
MIOTYKHICTh, BT 300 300 300
1 Temrepatypa, °C 75 74 75
TPHUBAICTh, XB 30 30 30
TIOTYXHICTh, BT 250 250 250
2 Temrepatypa, °C 82 78 82
TPHUBAICTh, XB 40 40 40
TIOTYXKHICTh, BT 200 200 200
3 Temnepatypa, °C 82 80 82
TPHUBAICTh, XB 20 20 20
MIOTYXHICTh, BT 150 150 150
4 Temrepatypa, °C 77 82 82
TPHUBAICTh, XB 60 60 60
MIOTYXKHICTh, BT 100 100 100
5 Temrepatypa, °C 77 78 78
TPHUBAICTh, XB 90 90 90

3aranbHa XapakTepucTHka KpuBuX [YU-cylniHHS cxo’ka 3a CBOIM HPOSIBOM 1 BIIPI3HSETHCS
JMIIEe 3MIHOIO BMICTY BOJIOTH B KiHIIEBiM (ha3i mpouecy (puc. 1). HexapakrepHi BIacTUBOCTI
MPOSIBIIIIOTHCS Y YACTUHI KPUBHX, JI€ BMICT BOJIOTH cTaHOBUTH MeH1e 30 %. Bunanenns Boso-
T 32 BKa3aHUX 3HAY€Hb OYEBUIHO OB’ SI3aHO 31 3MIHOIO XIMIYHOTO CKJaay, 30kpema, pH cepe-
JIOBUILA, HASBHICTIO MEKTUHOBUX PEYOBHMH Ta 3[aTHICTIO MPOHUKHEHHS BOJOIU Kpi3b MOBEPX-
HeBU map rioAiB. KpuBi CymIiHHS 3pa3KiB YepeliHi YepBOHOI CBLKOI 1 3amopoxkeHoi (1, 2,
puc. 1) mokaszyroTh, 10 ISl OCTaHHBOI BiIOYBaeTheCsl cTaOUTI3allisl Mpolecy, MpUTaMaHHA
BUPIBHIOBAHHIO MPOLIECY MEPETBOPEHHS NMPOTONEKTUHIB Y NEKTUHU PO3UYMHHOI popMU. Takum
YMHOM, 3JaTHICTh YTPUMYBATHU BUIbHY BOJIOTY 3MIHIOETHCS, 110 MPHCKOPIOE IIBUAKICTH BOJIO-
roBiaui MpOAyKTy. Y TMOPIBHSHHI 13 3aMOPOXKEHHMH IIOJAMH YEPBOHOI YEpElIHi, CBIKHUIMA
MPOAYKT Ma€ CHOBUIbHEHY BTPATy BOJOTHU. 3pa3KH YE€PBOHOI 1 )KOBTOT UEpEIIHI BIPI3HAIOTHCS
3JIaTHICTIO JI0 TIOTJIMHAHHSI MiJBEICHOI €Heprii, 10 BIUTMBA€E Ha MIBUAKICTh MEpediry mporecy
BoJioronepeneceHHs. [Ipotsrom nepmmx 2 rogaus [Y-o6po6ku it kpuBux 1 13 cnocrepiraerh-
Csl OJTHAKOBA 33 3HAYEHHSM IIBUJKICTH CYILIIHHS Ta 3HAYHE 3HIKEHHS BTPATH BOJIOTH B 1HTEp-
BaJli 2—4 roAuHM AJS 3pa3KiB JKOBTOI YepeliHi. TakuM YMHOM, 3aJIeKHO Bifl COPTOBUX OCOOIH-
BocTell mnoaiB Prunus avium L. TOUUIBHO 3MIHIOBAaTH TPUBAJICTH CYIIHHS. [ OTpUMaHHS
OUTBII SKICHOT MPOJYKIII 13 YepelleHb COPTIB KOBTOIO KOJbOPY MOTPIOHO 30UIBIIYBaTH TpH-
BAIICTh TEPMIUHOT Aii 1 3aCTOCOBYBATH HIKU1 TEMIIEPATypH CYLIIHHS.

261



Ne 3 (17), 2019 TEXHIYHI HAYKH TA TEXHOJIOTTi
TECHNICAL SCIENCES AND TECHNOLOGIES

100 -
X 80
'Eﬁ
[

2 60
=2
e
£ 40
=}
=
o
[=2]
5 20
=
m
0 T T T 1

0 1 ] 2 3 4
TpuBanicts cyLIiHHS, TOOUH

Puc. 1. Kpusi cywinns uepewiri:
1 —uepsona csidxca; 2 — uepgona 3amopodcena, 3 — xcosma ceigca

Bosoricte KiHIIEBOTO MPOAYKTY € BU3HAYaJIbHUM KpPHUTEpIEM SIKOCTi. BMiCT Bosioru y BHUCY-
meHux nuisxom [Y-o6poOku mioaax ueperniHi craHoBus: 7,6; 14,5; 17,2 % mis 4epBoHOT CBIKOT,
YepBOHOT 3aMOPOKEHOT 1 KOBTOI uepelHi BiamoBinHO. Lle 6e3nocepetHbO BIUIMBAE HA YCAJKy
KIHILIEBOTO MPOAYKTY (puc. 2). BpaxoByioun opraHoieNTUYHI MOKa3HUKU CYIIEHUX IUIOJIB ue-
petHi (puc. 3), TpeGa BiA3HAUMTH, 10 HAWBHILA SKICTh OTPUMaHA sl 3pa3KiB YEPBOHOI 3aMO-
POKEHOT 1 XKOBTOI CBDKOT UepellHi, sIK1 BIMOBIIAI0Th 3HAYEHHAM YCaJIKU MPOAYKTY BHACIIIOK
[4-06po6ku. Tak, ycaaka 1t 4epBOHOI 3aMOPOKEHOT 1 AKOBTO1 CBDKOT UepeIliHi BUINA Y JIBa pasH,
HDK /U1 4epBOHMX CBDKMX IUofiB. Ha mokasHuk pH ruioniB yeperiHi BUCYIIYBaHHS ILUIOZIB
BIUIMHYJIO B OIK 3MEHIIIEHHS: JuIsl yepelnHi yepBoHoi pH cranoBuio 3,43, a mis xxoBToi — 3,39;
TMIOTIEPETHE 3aMOPOXKYBAHHS MTPOIYKTY HE MO3HAYATIOCh HA 3MiH1 BKa3aHOTO MOKa3HUKA.

0,3 A

0,2 1

VYcanka

YCpBOHA CBIXKa YEPpBOHA 3aMOPOKEHA JKOBTA CBIXKa

Puc. 2. Ycaoka cywenoi uepewni, ompumanoi winsaxom [9-o6pooxu

S0BHiUMHifi 3OBHIIHIf S0BHiUMHifi
SBHI"JI‘;IH BHIIIAI BHITIAL
4
PosxoBysa - PozxoBVEa- PozxoBvEa
Py Komip . Komip . Komip
-HICTE HICTB -HICTB
Cmax Apomart L
P Cmak Apomar Cmak Apomar

Puc. 3. Opeanonrenmuuni npoghini cywenoi uepewini:
1 —uepsona csidxca; 2 — uepgona 3amopodicena, 3 —xcoema cgidxca
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SIK BUITHO 3 HaBeJIEeHUX MPO(dUIIB AKOCTI, HAMBUILI OPraHOJENTUYHI BIACTUBOCTI MA€ Cy-
IIIeHa YepBOHA YEpellHs, MOIepeHbO 3aMOPOKEHA: 3arajibHa OpraHoJeNTHYHA OLIHKA Mpo-
IOYKTy BUlla Ha 12 % MOpiBHSAHO 3 IHIIUMHU AOCIITHUMU 3pa3kamHu. [loripiieHHs 30BHIITHBOTO
BUIIIALY 1 PO3KOBYBAHOCTI YEPELIHI YEpPBOHOI CBDKOI MOPIBHAHO 3 IHIIMMHU 3pa3KkaMu
MIOB’S13aHO 31 3HWKEHOIO BOJIOTICTIO MPOIYKTY, IO cTaHOBUTH 7,6 % mpotu 14,5 ta 17,2 %
JUIsL YEPBOHOT 3aMOPOKEHOT 1 AKOBTOT CBIKOT BIIMOBIIHO. ApOMAaT CYIIEHOI YEPBOHOT YepEIIH1
€ OUTbII BHpPAXCHUM Yy TIOPIBHSHHI 3 >KOBTOIO, IO, OYEBHUIHO, TMOB’S3aHO 3 MiIBUIICHUM
BMICTOM JIETKMX apOMAaTUYHUX CIIONYK, SIKI CKJIaJIAal0ThCS 13 CyMIII TAKUX JIETKUX CIIONYK, SIK
CIMPTH, KapOOHLIN, OpPraHiuH1 KUCIOTH, CKIaH1 edipu, TeprneHu 1 HopizonpeHoimu [17; 18].
3a CMaKOBUMHM XapaKTEpUCTHKAMHU 1 PO3’KOBYBAHICTIO 3pa3KH CYIIEHOI YepellHi, OTpPUMaHO1
13 YEpPBOHOT 3aMOPOKEHOT 1 KOBTOI CBIKO1, BIPI3HAIOTHCS BUCOKUMH CIIOKHUBYUMHU SKOCTS-
Mu. BpaxoByroun opranosientudsi npodiiai CymeHoi yepeiHi HeJJOUUIbHUM € 1i BUCYIIIYBaH-
Hs 10 BoJorocti Hrxue 10-12 %.

BucHoBku BiamoBiaHo 10 cratTi. [[n0au yepemieHb BITHOCITBCA 10 XapuyoBOi MPOIYKIIii
(YHKIIOHAIBHOTO NMPU3HAYEHHS 3aBSIKM aHTHOKCHUAAHTHIM, aHTUKaHIEPOTeHHIN, MpOTH3anallb-
HI Jii Ha OpraHi3M JIFOJMHHU, ajie BIIPI3HSAIOTHCS KOPOTKMM TEPMIHOM 30MpaHHsS BpOXKaro 1
IIBUKOIO BTPATOIO CHOXKHMBYMX XapaKTEPUCTUK 32 YMOBH 3HAYHOTO BMICTY MEKTUHY, SKUH Iie-
peLIKOKAE MepepoOlll YepellieHb Ha CIK Ta IHIY Xap4yoBY MPOAYKLi0. BigcyTHICTh eheKTUBHUX
TEXHOJIOTIH NepepoOKU YepellieHb BUKIMKAe 3HauH1 0OCSTH BTpaT Takoi IJIOJ0BOI CUPOBUHHU B
VYkpaini Ta cBiti. [lonmynspHe 1S IHIIMX II0A0BUX KYJIBTYP 3aMOPOXKYBAHHSI Y YepelleHb TIP3~
BOJIUTH JIO TOTIPIIEHHS apoMaTy, MoOYpiHHS, 3MIHM KOHCHCTEHIIIT TUI0/1iB, BHACIIIOK YOIO BOHU
CTAlOTh HENPUJATHUMH JIO CIIOKUBAHHS Y HAaTUBHOMY BHUIIIsiAl. CyIIHHS 4YepelieHb J03BOJISE
OTPUMATH CHEKOBUH MPOJIYKT, 3HWKYIOUM HOTO BTPATH B3/I0BK IIPOIOBOIBYOrO JIAHIIIOTA.

3a KpUBHUMHU CYIIIHHSA 1H(pauepBOHUM BUIPOMIHIOBAHHSM y PBAaHOMY PEXHMMI1 BCTaHOB-
1IEHO, 1O NOMEPE/IHE 3aMOPOXKYBAHHA YepelliHi BIUTMBA€E Ha CTa0UTI3alIlii0 IPOLECY BOJIOTOBH-
JaJIeHHs, 110, OUYEBUIHO, TIOB’SI3aHO 13 IEPETBOPEHHSAM MPOTONEKTUHIB Y NEKTHHH pOS‘-II/IHHOl
¢dopMu, 10 MPUCKOPIOE Tpollec BojoroBuaaieHHsd. [1noau uyepBOHOI 1 KOBTOI YepelHi
BIJIPI3HAIOTBCS 3JATHICTIO /10 TMOTJIMHAHHS MIJIBEJCHOT €Heprii, 10 BIUIMBAE€ Ha IIBUAKICTH
nepediry mpouecy BoJOroNnepeHeceHHs. 3al1eKHO Bl COPTOBUX OCOOIMBOCTEN OB Prunus
avium L. NOUUIbHO 3MIHIOBAaTH TPUBAIICTh CYIIIHHA: JUIS OTPUMAaHHS OUIbII SKICHOI Mpo-
IYKLIi 3 YepeleHb COPTIB KOBTOIO KOJIbOPY MOTPIOHO 30UIBLIYBATH TPUBATICTH TEPMIYHOL
i1 1 3aCTOCOBYBATH HIKY1 TEMIIEPATypH CYIIIHHS.

Bucymena nusixom IY-o0poOku uepeniHs BiIPI3HAETbCS 3a BMICTOM BOJIOTH, IO
BapitoBanacs Bix 7,6 1o 17,2 %, a ycaaka 4epBOHOI 3aMOPOIKEHOT 1 AKOBTOT CBIKOT UepelIHi
B/IBI4l IEpEeBUIIlyBaJla yCaJKy YEpPBOHOI CBDKOI uepelrHi. BHacnigok 3HEBOJHEHHs CyIIEHa
YepelrHs BiIpi3HsIach BiJl CBLKOT 3HIKEHHSIM aKTUBHO1 KUCJIOTHOCTI Ha 2—3 % 3a1eXHO Bif
copty mioniB Prunus avium L. TlomepenHe 3aMOpoKyBaHHS 4YepelIHI MO3UTHBHO IO3Ha-
Ya€eThCsl HA OPraHOJIENTUYHUX MMOKA3HUKAX CYHICHOrO MPOAYKTY: 3arajibHa OpraHoJieNTHYHA
oliHKa 3poctae Ha 12 % mopiBHAHO 31 CBLKUM HpOoAyKTOM. COpPTOBI OCOOIMBOCTI YepelHi
HailOUTbIlIe BIUIMBAIOTh HA apOMAaT CYIIEHOTO MPOAYKTY, IO 3YMOBJIEHO XIMIUHUM CKJIaJIOM
’KOBTHUX 1 YEPBOHHUX YEpEIIEHb, ISl OCTAHHIX 3 IKUX XapaKTepHUH MiIBUILIEHUH BMICT apoMa-
TUYHUX CHOJYK. BucyiyBanHs depenienb iH(pauepBOHUM BUIIPOMIHIOBAaHHIM pallioHaJIbHE
10 BoJyiorocti He MeHIe 10-18 %, 1m0 103BoJIsi€ OTpUMATH MPOAYKT HallBUIIOT SIKOCTI.
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UDC 664.8.047
Svitlana Mykolenko, Yuriy Kuianov, Pavio Baranik

EFFECT OF INFRARED DRYING ON THE QUALITY
OF FRESH AND FROZEN SWEET CHERRIES

Urgency of the research. Study of the process of drying sweet cherries, food product with high antioxidant status and
quick loss of consumer properties, is actual for reducing food loss and waste, obtaining functional food.

Target setting. The limited shelf-life of sweet cherries and the short harvesting season, with increasing their production
in the world, urge to develop effective sweet cherries processing technologies.

Actual scientific researches and issues analysis. Foreign and domestic scientific papers were analyzed, which confirm
difficulties for processing sweet cherries in comparison with sour cherries due to their high content of pectin; predominant
preservation of the fresh fruits by freezing, which negatively affects on the organoleptic characteristics; increasing of antiox-
idant activity of the fruits due to dehydration.

Uninvestigated parts of general matters defining. There are no effective sweet cherries drying technologies, in particu-
lar, by infrared processing, taking into account the varietal features of Prunus avium L. fruits and the conditions of previous
storage of raw materials.

The research objective. Study of effect of infrared radiation heating on drying process and quality of sweet cherries of
different varieties and pre-storage conditions, in particular, freezing.
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The statement of basic materials. The fruits of red and yellow sweet cherries are distinguished by the absorption capacity to
infrared energy that impacts on the velocity of moisture migration. Depending on the varietal features of Prunus avium L. fruits, it is
feasible to vary the drying time: yellow varieties of cherries for better quality should be undergoing drying longer at lower tempera-
tures. Pre-freezing of sweet cherries has a positive effect on the organoleptic characteristics of the dried products. Drying sweet
cherries by infrared radiation is acceptable to the moisture content of 10-18%, which allows to get a high-quality product.

Conclusions. Infrared radiation heating of sweet cherries allows to obtain dried product with good consumer proper-
ties, in particular from raw materials of lower quality, helping to reduce food loss and waste along the food chain.

Keywords: sweet cherries; freezing; infrared drying; drying curves; quality indicators.
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XAPAKTEPUCTHUKA MIKPOCTPYKTYPH TA BJACTUBOCTEMN
HAIEPY PI3HOI IIIJIBHOCTI

Axkmyanonicms memu 0ocniodcenns. Bracmusocmi nanepy obymoesneni bacamvma YUHHUKAMU, 30KPEMA KOMNOZUYIEIO
BONOKHUCMUX HANIBHAGPUKAMIE, XAPAKIMEPOM NOMELY GOJOKHUCIUX MAMEPIANie, 86e0CHHAM 6 NANEPosy MACy HANO6-
HI08AUI6 Ma MOOUPIKYIOUUX 00OABOK, pexcumom eionugy ma cyutinus mowo. Ceped mexHono2iuHux (haxmopie, wo mawoms
HAtOIbWULL 8NIUE HA 61ACMUBOCI NAnepy, YilbHe Micye nocioaoms onepayii KalauopyeanHsa ma ocmamoyHoi 0opooKu,
ni0 Yac AKUX Y 3HAYHUX THMEPEANAX MONCHA 3MIHIOBAMU WIIbHICMb NANEP08020 NOJIOMHA.

Ilocmanoeka npoonemu. /s ompumanms nanepy i3 3a0aHUMU GLACMUBOCMAMU NPOBOOSIMb U020 VUINIbHEHHS HA CY-
nepkanranopi. Ilpu yvomy 0ooamxoge YWinvHeHHs KOMNO3UYIL nanepy makodic Cnpuse ni08UUeHHIO HeNPOHUKHOCTI 3a paxy-
HOK 3MIHU Xapaxmepy po3nooiny U YUlIIbHEHHs YELI0IO3HUX 60JIOKOH Md 3d2A/IbHOL KIIbKOCMI NOp Y 1020 CMPYKMYPL.

Amnaniz ocmannix 0ocnioxcensy i nyonixauii. bynu posenanymi ocmanui nyonikayii Wooo MOACIUBOCME OMPUMAHHS
nanepy i3 3a0aHUMU 8IACMUBOCAMU ULIAXOM KEPOBAHOI 3MIHU MIKDOCMPYKIYPU NANEPOBO20 NOJIOMHA ) NPOYeci KalaHo-
DPVBAHHSL.

Buoinennsn neoocnioncenux wacmun 3azanvhoi npoonemu. Jocniodxcenns enacmueocmeti nanepy, wo niooacmvcs
VWINbHEHHIO 00 PI3HO20 CIMYNEHs Y NPOYEC 8ULOMOBNEHH, 30 THUUX PIBHUX YMO8, MAE AKMYAIbHULL HAYKOBUL mMa NPaKmuy-
HULl iHmepec, 30Kpema, Ol BU20MOBIEHHS MAMEPIANLE i3 3A0AHUM KOMIIEKCOM CRONCUBHUX GILACMUBOCTELL.

Ilocmanoska 3asoanns. Mema 00CniodNceHHs: NOAA2AE V BUABIEHHI 0COOIUBOCHEN MIKPOCMPYKMYpU nanepy pisHoi
WINLHOCMI, 6U20MOBIICHO20 30 THUWUX DIGHUX YMOB, Ma 6CMAHOBIEHHI 6NUCY CMYNEHs YWIIbHEHH nanepy 6 npoyeci 6u2o-
MOGIeHHS HA 1020 61ACTUBOCIMI.

Buxknao ocnoenozo mamepiany. [lposederno nopigHAIbHI 00CTIONHCEHHA CIMPYKMYPHUX XAPAKMEPUCTIUK nanepy 015 60-
JO20MIYHO20 8000~ MA HCUPOHENPOHUKHO20 NAKYBAILHO20 MAMEPIALY, BU20MOBNEHO20 13 CYIbHAMHOL Yentono3u PO3MeNeHoOl
0o cmynenst 75 °LIIP i3 piznum cmynenem ywinibhenus. JJocaiodiceno womupu 3pasku nanepy pisHoi Macu Keaopamuo2o mem-
pa niowi ma wineHocmi. OXapakmepu3o8ano ixHw MiKpOCmpyKmypy ma abcopouitini, 6ap 'epri ma MiyHiCHI 81ACMUBOCTI.

Bucnoexu eionosiono 0o cmammi. ExcnepumenmanoHum wiisixom 8CMAHOBIEHO ONMUMANbHULL PIBeHb WIIbHOCII —
0,75-0,85 e/c’’. Binena ma nebinena cynsghamna yenonosa i3 X6oiHux nopio 0epesunu GUSHAYEHA K HATOIbIU NPUOAMHA
OJ1s1 OMPUMAHHS NANEPY-OCHOBU, WO MOHCE BUKOPUCIOBY8AMUCH 0151 BUPOOHUYMBA NANEPOBUX NAKYBANbHUX MAMEPIANE i3
3A0aHUMU BIACMUBOCMAMU OISl 80020~ | HCUPOBMICHOT NPOOYKYi.

Knrwuoei cnosa: winvricme nanepy; Mikpocmpykmypa nanepy, HOpO8uil npocmip; e1acmugocmi nanepy, Kaniiapue

BCMOKIYB8AHHSL, HCUPONPOHUKHICTNG, PYUHIGHE 3YCUMLIA.
Tabn.: 1. Puc.: 5. bion.: 17.

AKTyaJIbHICTh TeMH AoCTizkeHHsl. BractuBocTi manepy oOymMoBiieHiI O0aratbMa YMHHH-
KaMH, 30KpeMa KOMITO3HIII€I0 BOJIOKHUCTHX HamiB()haOpHKaTiB, XapaKTepoM MOMeINy BOJIOKHHC-
TUX MarepialliB, BBEJCHHIM Y MarepoBy Macy HaroOBHIOBaudiB Ta MOJU(IKYIOUHUX 100aBOK, pe-
KUMOM BIINIUBY ¥ cymniHHA Ta Oararo iHIMX. Cepea TEXHONOTYHUX (DAKTOPIB, IO MArOTh
HaOUTBIINI BIUIMB HA BJIACTUBOCTI Marepy, YibHe MICIIe MOCIIal0Th Oneparlii KalaHpyBaHHs
Ta OCTaTOYHO1 0OPOOKH, M Yac SAKUX y 3HAYHUX 1IHTEpBAIaX MOXHA 3MIHIOBAaTH IIUIbHICTb I1a-
nepoBoro nosiotHa [1; 2]. Jlns orpuManHs namnepy i3 3aJjaHUMU BIACTUBOCTSIMU IPOBOATH HO-
ro YIIUIbHEHHS Ha cynepkananapi. [Ipy 1poMy 107aTKOBE YIIUIBHEHHS KOMIIO3MLI Mamnepy
TAKOX CIPHSIE MJIBUILIEHHIO HEITPOHUKHOCTI 32 PaXyHOK 3MIHHM XapakTepy pO3MoJiTy i yIIiib-
HEHHS 1IeJIF0JIO3HUX BOJIOKOH Ta 3arajibHO1 KUIBKOCTI IOp Y Horo cTpyktypi [3].

ITocTanoBka mpo6aemu. BuMiproBaHHS aKTHBHOCTI W pO3MIpIB 30BHIIIHBOT MOBEPXHI
BOJIOKHA, BHU3HAUEHHS iXHBOI IUIACTUYHOCTI, BHYTPIIHHOrO (iOpUITIOBAaHHS Ta IHIIUX
HaOUIbII XapaKTepHUX BJIACTUBOCTEH MOB’A3aH1 3 MEBHUMU TPYAHOIIAMU. BUKOHAHHS Takux
BHUMIPIOBaHb MOXJIMBO JIMIIE y MPOQUIbHUX Jlaboparopisix. Y BHPOOHUYMX K€ YMOBax OC-
HOBHI BJIACTUBOCTI MarepoBOi MAacH OIIHIOIOThH 3 OIIIAAY Ha HEempsMi BU3HAYEHHS il SKOCTI.
31e01UIbIIoTo ISl BUPOOHUYUX ITIeH OOMEXYIOThCS BH3HAYCHHSIM 3JaTHOCTI IIEJIFOJI03HOTO
BOJIOKHA BOMpaTu BOAY Ta HaOyxaTH, BUMIPIOIOYM MOKa3HMK creneHs nomeny (°LLIP), a Ta-
KO’ BU3HAYEHHSM CEpeIHbOT JOBKUHHU BOJIOKOH.

AHaJi3 ocTaHHix aocaizkens i myoaikanii. Han npoGnemoro 3a0e3nedeHHst piBHOMIp-
HOCTI BJAaCTUBOCTEW mamepy mnpamoBand Bigomi BueHi: [[. M. ®usre [2], . Tsene,
C. E. Cenke, [I. I1. Kamaem, [I. Cxipec [3] Ta iH. BoHM BCTaHOBWIIM, IO BaXKIUBUM (PaKTO-
poM, sikuii 3a0e3neuye KOMIUIEKC BJIaCTUBOCTEH mamnepy sk MaTtepiaiy, € Horo mulbHICTb.

© Ocwuxa B. A., Kontrox JI. A., Komaxa B. O., Hlymera O. C., 2019
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TexHONOrYHYy CTOPOHY BIUIUBY PI3HOMAHITHUX (DaKTOPIB, y TOMY YHCII CTPYKTYpH Hare-
POBOTrO IMOJIOTHA, HA BIACTUBOCTI Marnepy JOCIAKyBaiau 6arato aBTopiB. Tak, y pobortax [4-
9] nokazaHo, 110 /Ui OTPUMaHHs Nanepy i3 3aJJaHUMH MEXaHIYHUMH BIACTUBOCTSIMU MOXHA
PEryJoBaTH CTYIIHb OMENY LIETI0JI03HOTO BOJIOKHA.

Pesynbratamu nomnepenHix gociipkens [10] BcTaHOBIEHO, 10 3 MIABUILEHHSAM CTYIIEHS I10-
MeTy LIEJTIONI03HOTO BOJIOKHA 3HWKYIOTHCS TIOKa3HUKU HOro mopuctocTi. OHAK pO3METIOBaHHS
LIEJTFOJIO3HOTO BOJIOKHA BHLIE 3a 75 °ILIP He cnpuse 3HaYHOMY 3pOCTaHHIO MEXAaHIYHOT MILTHOCT1
Ta O6ap’epHUX BiIacTUBOCTel manepy. Lle BinOyBaeThes 3a paxyHOK 3MEHIIEHHS MITHOCTI LIeJTIo-
JIO3HOTO BOJIOKHA BHACIIIIOK PO3IYIIYBaHHS CTPYKTYpH BOJIOKHA Ta Horo ykopoueHHs. Kpim To-
ro, MpoIec TaKoro IMOMENy € JOBrOTPUBAIMM Ta €HEPro3arpaTHUM. Y TaKUX YMOBaxX OLIbII
paLioHaIbHUM (PaKTOPOM PETYIIIOBAaHHS BJIACTUBOCTEN Marepy € 3MiHa HOro MIUTbHOCTI.

BuaineHHs HeaoC/Ii/lKeHHX YACTHH 3arajibHOI nMpoodjeMu. J[1s1 IpOrHO3yBaHHS BIAacTH-
BOCTEH! Mamnepy BUTOTOBJIEHOTO 3 MiArOTOBIIEHOT MAaNepoBOi MacH, 10 Y MPOLECi TEXHOIOTTYHOT
nepepoOKy MOKe MiJIaBaTUCh YIIUTBHEHHIO IO PI3HOTO CTYIEHS, 3HAYHUN HAyKOBHMH Ta Ipakx-
TUYHUI IHTEpeC CTaHOBUTH BCTAHOBJIEHHS 3aJIKHOCTEH CIOXKMBHUX BJIACTUBOCTEH BiJ] yMOB
BUTOTOBJICHHSL.

Merta foc/1il2keHHs TOJISTae y BUSBICHH] 0COOIMBOCTENH MIKPOCTPYKTYPH TMarepy pizHOi
IIJIBHOCT1, BATOTOBJICHOTO 32 IHIIUX PIBHUX YMOB, Ta BCTAHOBIJIEHH] BIUIMBY CTYIIEHS YILLIb-
HEHHsI Marepy B MPOLEeCi BUTOTOBJIEHHS HA OT0 BIACTHBOCTI.

Martepianun Tta Meroau. JlociiaHi 3pa3ku mamnepy BUTOTOBISUIM 13 cylb(daTHOI Ou1eHOT
(B-1) Ta ne6inenoi (HC-2) nemronosu xsoinux nopin nepesunn (AT «BanTiiicbka 11emr010-
3a», PO). BonokuucTi HaniB(aOpuKkaTu MmifaBaid po3NycKy Ta pO3MENIIOBAHHIO JI0 CTYIEHS
nomeny 75 °IIIP B mpucyrHocTi Boau B aboparopHomy poiii VALLEY 3a mBunakocti 6apa-
6ana 500 xp™'. CTyninp nomeny KoHTposoBatu Ha npuiafi lllonnep-Pirnepa 3a cranmapt-
Hoto Metoaukoro [11]. JlocminHi 3pa3ku mamepy roTyBajid 3a JOTIOMOIOIO JIMCTOBUJIMBHOTO
n1a0opaTOpPHOTO MpHUJIaAy 3 KOMOIHOBAHOIO cylIMIIbHOIO kKamepoto RapidKothen. Jlocnimken-
Hs TIOKa3HMKIB SKOCTI Marnepy 341HCHIOBAIH 3aralbHONPUHHATUMU METOIaMU: Macy Marepy —
3a JICTY 2297 [12]; xaninspae BcMokTyBaHHS — ['OCT 12602-93 [13]; >KupONpOHUKHICT —
JCTY ISO 5634 [14] Ta I'OCT 13525.13 [15]; moka3uuku mimHOoCcTi 32 JICTY 2334-94 [16]
ta JICTY ISO 3781:2005 [17].

Bukaaa ocHoBHOro marepiajy. [IpoBeseHO MOPIBHSUIBHI JOCHIIKEHHS CTPYKTYPHHX
XapaKTePUCTHUK Marepy A BOJIOTOMILHOTO BOJIO- Ta JKUPOHENPOHUKHOIO MaKyBaJIbHOTO Ma-
Tepianxy, BUTOTOBJIEHOTO 13 Cysb(aTHOI OLIEHOT LIETI0I03U PO3MENIEHOT IO CTYHEHs 3 PI3HUM
CTyIEHEM YIIiTbHeHHs. JIoCIiKeHo YOTUpY 3pas3ky manepy: 1 — mamip macoro miomti 1 m* —
45 r ta mineHicTIo 0,75 r/cM?; 2 — manip macoro miomti 1 M? — 50 r Ta minsHicTIO 0,80 T/CM;
3 — mamip macoro miomi 1 M? — 60 r Ta mineHicTio 0,85 r/cM?, 4 — mamip mMacoro o 1 m? —
65 T Ta mineHicTo 0,9 r/eMm’.

PesynpraTi [OCHIKEHHS 3a3HaYeHUX 3pa3KiB Marnepy 3a pajiycoMm Ta 00’eMOM IOp 13 BU-
KOPHUCTaHHSIM METOJIIB PEHTI€HOCTPYKTYPHOIO aHaNi3y ¥ pacTpoBOi €IEeKTPOHHOI MIKpO-
CKoIIii HaBe/IeHO Ha puc. 1.

268



TEXHIYHI HAVKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
25

Ne 3 (17), 2019

acg 20 1
b
3 .
S 154 2/
- .
-~
W
to / / l
o) 10 - /' / /
§ /
S ] / / _ﬁ/l
< ./ ./I
/
7 54 ./l/ !
0 —T v T T 1 T T T 7T 1 7
10 30 50 70 90 110 130 150

Paniyc nop, uM

Puc. 1. Po3nooin uacmxu 06 ’emy nop 3a padiycom 01 3pasKie nanepy:

1 — macorw naowi 1 m? — 45 2 ma winenicmro 0,75 2/cm?; 2 — macoro nnowsi 1 M2 — 50 2 ma winvricmio 0,8 2/cm’;
3 — macor nnowi 1 mM> — 60 2 ma winonicmio 0,85 o/cm’, 4 — macoro nowi 1 M — 65 2 ma winenicmio 0,9 o/cm’
MexaHiuHe po3po0JIeHHs! IIETI0JI0O3HOTO BOJIOKHA TPU PO3MENIOBAHHI B KOMIUIEKCI 3 TO-
JabIIUM YIIUTBHEHHSM CTPYKTYPH BUT'OTOBJIEHOT'O 3 HHOTO MAriepoOBOTO MOJIOTHA JIA€ 3MOTY
OTPUMATH MaTepiay i3 MHUPOKUM Jialla30HOM PO3MIpIB Ta XapaKTepy pO3MOILTYy MIKpPOIIOP.
JlocmipKeHHST MIKPOIIOPUCTOT CTPYKTYpPHU TMOKa3ye, 110 HAHOUIBIIUM 00’€MOM MIKpOIIOp Xa-
paKTepH3yeThes 3pa3ok manepy 1 Macoro 45 r/M%, o miajaHuii MiHIMaIbHOMY YIIUTBHEHHIO

1o minbHocTi 0,75 r/cm®. MiKponopHcTicTs 3paskiB 2, 3, 4 € 3HaUHO HUKUOIO (Tabauis).

Taomums
Xapakmepucmuxa nopogoeo npocmopy 3pasKie nanepy i3 6ineHoi
Ccynb@amuoi X80UHOT Yento103u 3a pisHoi wWintbHoCmi
Maca 1 m* IiabHicTh Hacrka o6’cvy niop x1t?
Ne 3paska nanepy, r namepy r/ew® 3a pi3Horo paaiycy nop (Hm)
’ 10 30 60 90 120 150
1 45 0,75 &1 10,5 12,8 15,2 18,5 23,0
2 50 0,80 6,4 7,3 8,7 10,6 12,8 15,5
3 60 0,85 5,1 5,9 6,9 7,9 9,2 10,9
4 65 0,90 4,2 4,3 5,0 5,8 6,4 7,1

Jlnst mOoCHipKeHHs BIUIMBY HIUIBHOCTI Harnepy Ha Horo MikKpoCTpyKTypy Oynu mpoBeaeHi
TaKOX €JIEKTPOHHO-MIKPOCKOMIYHI JOCIIIPKEHHS TOBEPXHI 3pa3KiB Marepy Ha OCHOBI1 Oi1eHOT
Cynb(}aTHOT LETI0I03U 3 XBOMHHUX NOPia AepeBUHU. EIeKTPOHHO-MIKPOCKOIIUHI 300pakeHHs
MOBEPXHi 3pa3kiB nanepy (puc. 2) 3a 30iunbmeHHs y 250 pa3iB Jal0Th 3MOTY Bi3yallbHO OIIIHU-
TH XapakTep pO3MOALTY LENIOJ03HUX BOJIOKOH Y MaTepiali, iXHi MONepedHi po3MipH, po3ris-
HYTH MaKpOCTPYKTYpY MOBEPXHi AOCTI/PKYBAHUX 3pa3KiB Pi3HOT IIUIBHOCTI.

VYci 3pa3ku nanepy CKIaJaloThCs 3 MEPEIUIeTeHNX MDK CO00I0 LIEI0I03HUX BOJIOKOH. Bo-
JIOKHA Tanepy moAiOHiI M co00¥0 SK 32 30BHIIIHIM BUTIISIOM, TaK i3a CBOIMU MOTICPEYHIMHU
po3mipamu. OJHAK, CNiJ BiI3HAYMTH 3MEHIICHHS BUIBHOTO MDKBOJOKOHHOTO IPOCTOPY B
OUIBII YIIUIPHEHUX 3pa3Kax Mamepy. bumbln miuibHa CTPYKTYpa Mamepy CHpHUsi€ YTBOPEHHIO
OUIBIIOT KITBKOCT1 MDKBOJIOKOHHUX 3B SI3KIB.

Llento03H1 BOJIOKHA Y 3pa3Kax Ha pHC. 2, g Ta 2, 0 MiJJlaBaIucs HAHOUIBIIIOMY YIILTb-
HEHHIO Ha cynepkananpi go 0,85-0,9 r/cm?®, mopisusno i3 0,45-0,48 r/cm® 11 HeymIiTbHEHHX
3pa3KiB, MalOTh HAHMEHII 00’ €MHY KapTHHY MDKIIOPOBOTO IIPOCTOPY.
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Puc. 2. Enexmpouno-mikpockoniuni 300pasicents
(30invwenns y 250 pazie) nosepxwi 3pasxie nanepy:
a —macorw 1 M — 45 2 ma winvnicmio 0,75 2/cm?; 6 — macoro 1 m° — 50 2 ma wjinvricmio 0,8 2/ca’;
6 —macorw 1 m?> — 60 2 ma winvuicmio 0,85 2/cm’; 2 — macoro 1 > — 65 2 ma winvnicmio 0,9 o/cv?
Tpeba 3a3HaUNTH, 110 XapaKTep PO3MOALTY 00’ €My MOp 3a po3MipaMu TMarepy pizHOT MILThb-
HOCTI Y3TOJDKYEThCS 3 PE3YJIbTaTaMH JIOCTIHKEHb KallUIIPHOTO BCMOKTYBaHHsI 3pa3kiB (puc. 3).
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Puc. 3. 3anescnicmo kaninaprnoeo acmokmysanis 8io wjitbHocmi nanepy iz Hebdinenoi (1)
i binenoi (2) cynvbhammnoi yeniono3u X80UHUX NOPio Oepesut
3MEHIICHHS KUTbKOCT1 MaKpOTIOp Y CTPYKTYpi OUIBII IUIBHOTO Marnepy Ta Horo po3BUHe-
Ha MIKPOTIOPUCTICTh 0OYMOBIIIOE 3HIKEHHS KAUIIPHOTO BCMOKTYBAHHS IO BITHOIICHHIO J0
BoAM. Bonoiroun O1i1bI BUCOKOUIUTFHOIO CTPYKTYPOIO, TAMIP MPOSIBIISLE€ MEHITY 3AaTHICTD JI0
HaOyxaHHA 1 Aeopmallii i BITTMBOM BOJIM 32 PI3HUX arperaTHUX CTaHIB.
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3a 0JHaKOBOT IUIHHOCTI KaliiipHe BCMOKTYBAaHHS Iamnepy 3 OU1eHOT LEeI0I031 € BUIIUM
HDK y mamnepy 3 HeOuIeHoi cynb(aTHOT XBOMHOI Ie0I03H, OJTHAK JaHa pO30DKHICTh y 3Ha-
YCHHSIX MTOKAa3HHWKA € He3HAUHOI0, a IMHAMIKa 3MEHIICHHS 3 POCTOM HIUTLHOCTI € MOAI0HOI0
i1 000X KPUBHX.

MiHiMabHI 3HaYEHHS KaliIsipHOTO BCMOKTYBaHHS nanepy (17,3 mm 1 11,8 mm) Binmive-
HO 3a miteHocTi 0,9 r/em® s 3paskiB 3 OUIeHOT Ta HEOUIEHOT Ee0I03H BIAMOBITHO.

BpaxoBytoun Te, 1m0 U1 HaJaHHS NaKyBaJbHUM MarepiajlaM Ha OCHOBI Mamepy
0ap’epHUX BJIACTUBOCTEW mependadaeTbcss Horo oOpOoOJEHHS pO3YMHAMH, SIKI MAaloTh
B’SI3KICTh OUTBINY Bil BOJU, BUCOKMI MOKA3HUK MIUTBHOCTI HE 3a0€3MEYUTh PIBHOMIPHHHA PO3-
MOJIUT PEUOBUH Y CTPYKTYp1 Marnepy Ta 3MEHIIUTh e(EeKTUBHICTD iX 3acTOCyBaHHA. Buxoasun
3 LOTO ONTHMAIBHUM PiBHEM ILUILHOCTI manepy € 0,75-0,85 r/cm?>.

[1inbHICTB, SK BIJOMO, € OJHUM i3 HaHCYTTEBIMX (haKTOPIB, 110 BU3HAYAE OMIp Manepy
710 TIPOXOJDKECHHS JKUPY Ta HOTO MEXaHIUYHY MIIHICTh. 3 METOI0 BCTAHOBIICHHS BILIUBY IIiTb-
HOCTI Iarepy BUTOTOBJICHOTO 13 CyNb(aTHOI XBOMHOT LIETIOJIO3U HA )KUPOIIPOHUKHICTH Ta Me-
XaHIYHY MIIHICTb OyJIM BUTOTOBJICHI 3pa3KH Manepy 3 HeOUIeHOT Ta OUICHOT LeTI0I03! MILThb-
Hictio Big 0,5 mo 0,9 r/cm® Ta mimmaHO BUNPOOYBAHHSM 32 MPUUHATUMHU METOJUKAMH.
PesynbpTati 1OCTiKEHHS )KUPOIIPOHUKHOCTI HAaBEIEHO Ha pHC. 4, pyHHIBHOTO 3yCHUJUIS Tare-
Py Y CyXOMy Ta BOJIOTOMY CTaHax — puc. 5.
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Puc. 4. 3anescnicmo srcuponporuknocmi 8i0 winbHocmi nanepy iz Hebinenoi (1)
i binenoi (2) cynvbhammnoi yeniono3u X80UHUX NOPIO Oepesut

HagezeHi 3ae)HOCTI AEMOHCTPYIOTh 3HAYHE 3HIDKEHHS )KUPOTPOHUKHOCTI Marepy 3 MiIBH-
IIEHHAM HIUIBHOCTI B JOCIDKYBaHOMY iHTepBati. [Ipu 1iboMy HailOUTbII IHTEHCUBHE 3HM)KEHHS
aOCOJIIOTHUX TOKA3HUKIB JKUPOIIPOHUKHOCTI B 000X 3paskiB 3adikcoBaHo B iHTepBaii 0,6-
0,75 /M, O MOB’SI3aHO 3 NEPEPO3NOJILIOM OPOBOi CTPYKTYPH 3pa3KiB Ha MaKpOPIBHi Ta 3MeH-
IIEHHSM 3arajbHoi KiTbKOCT1 Makpornop. [TofanbIie 3HMKEeHHS BiTOYBAa€THCSI MEHIII IHTEHCHBHO.

31 301IBIIEHHSIM HIUTHHOCTI Marnepy BiOyBaeThCsA MiBUILIEHHS PYHHIBHOTO 3YCHIUISA B CY-
XOoMy cTaHi. Tpeba 3a3Ha4uTH, 110 HAHOUIBIIMKA MPUPICT MEXaHIYHOT MIITHOCTI Manepy B CyXo-
My CTaHi Mae Micle B AianasoHi mineHocTi 0,7-0,85 r/cm?. 3a minsHOCTI 0,85 r/cM® pyitHiBHE
3YCHJUIS TSl TTanepy i3 HeOuteHo1 1nemtono3u cranoButh 67,9 H, 3 6inenoi 61,8 H. TlinsumienHs
mineHOCTi 710 0,9 T/cM® 103BOIISIE 30UTBIIUTH HOTO MILTHICTD y cyxomy ctani Ha 3 Ta 1 % Biarmo-
BinHo. [TpoTe 3pocTaHHs MILHOCTI manepy B Aiana3oHi 0,5-0,9 r/cM® HE3HAYHOKO MIpOIO BILIH-
Ba€ Ha MOTO MIIHICTH Y BoJOroMy cTaHi. Lle cBiquuTh mpo Te, 1mo 3 MiABUIIEHHIM HIUTHHOCTI
YIIOBUIBHIOIOTHCS MTPOIIECH MPOHUKHEHHS BOJM B MKBOJIOKOHHHIA MPOCTIp, OJTHAK 3B’ A3KH MDK
BOJIOKHAMH LIEJTIOJI03H 3aJTUIIAIOTHCS HECTIHKUMHU JI0 BIUTUBY BOJIOTH.
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Puc. 5. 3anescnicmo pyiinisHozo 3ycunns 8io wjitbHocmi nanepy
i3 cynbhamuoi yenrono3u X8OUHUX NOPIO OepeGUHU:
1 — nebinenoi 6 cyxomy cmani; 2 — 0inenoi 6 cyxomy cmami;
3 — nebinenoi'y sonocomy cmani; 4 — 0inenoi' y 6oiocomy cmami

TakuM YMHOM, EKCHEPUMEHTAJIbHUM IUISIXOM BCTAHOBJICEHO pIBEHb IIUIBHOCTI, MIO0
BIJIMOBIa€ ONTUMAIBHOMY, BHXOIS4M 13 3a3HaueHux Bumor — 0,75-0,85 r/cm’. Binena Tta
HeOlneHa cyab(arHa LeN003a 13 XBOWHHUX MMOPi AEePEBUHU BU3HAYEHA K HAMOUTBII mpuaaTHA
IUIS OTPUMAHHS Manepy-oCHOBH, 110 MOKE€ BUKOPUCTOBYBATHCH JUIsl BUPOOHUIITBA MTAlIEPOBUX
NaKyBaJbHUX MaTepialliB i3 3alaHMMH BIACTUBOCTSIMHU JIIsl BOJIOTO- 1 )KUPOBMICHOT PO TYKITii.
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CHARACTERISTICS OF MICROSTRUCTURE AND PROPERTIES
OF VARIOUS DENSITY PAPER

Relevance of the research topic. Many factors affect the properties of paper, in particular the composition of fibrous
semi-finished products, the nature of the grinding of fibrous materials, the introduction of fillers and modifying additives into
the pulp, the regime of ebb and drying and many others. Among the technological factors that have the greatest influence on
paper properties, calendaring and finishing operations have a special place, in which the density of the paper web can be
changed at significant intervals.

Formulation of the problem. To obtain paper with desired properties, it is sealed on a supercalender. At the same time,
additional compaction of the paper composition enhances impermeability by changing the nature of the distribution and
compaction of cellulose fibers and the total number of pores in its structure.

Analysis of recent research and publications. Recent publications on the possibility of obtaining paper with desired
properties by controlled changes in the microstructure of the paper web during the calendaring process were considered.

Isolation of previously unexplored parts of a common problem. The study of the properties of paper subjected to com-
paction to varying degrees during the manufacturing process, ceteris paribus, is of urgent scientific and practical interest, in
particular, for the manufacture of materials with a given set of consumer properties.

Formulation of the problem. The purpose of the study is to identify the features of the microstructure of paper of differ-
ent densities, manufactured ceteris paribus, and to establish the effect of the degree of compaction of paper in the manufac-
turing process on its properties.

The presentation of the main material. Comparative studies of the structural characteristics of paper for water-resistant
water and grease-proof packaging material made of sulphate pulp, milled to a degree of 75 ° SR with varying degrees of com-
paction were carried out. Four paper samples of different mass per square meter of area and density were studied. Their micro-
structure and a number of consumer properties characterizing absorption, barrier and strength properties are characterized.

Conclusions according to the article. Experimentally established the optimal level of density - 0.75-0.85 g/cm®. Sofi-
wood sulphate pulp is defined as the most suitable for base paper, can be used for the production of paper packaging materi-
als with desired properties for moisture and fat-containing products.

Keywords: paper density; paper microstructure; pore space; paper properties; capillary absorption; grease permeabi-
lity; destructive force.
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PO3POBKA IHTIBITOPIB KOPO3Ii METAJIIB Y BOJHUX CEPEJIOBUIIIAX
I3 PI3HUM PIBHEM MIHEPAJII3AIIIL

Axmyanvnicms memu oocniodycenna. Axmyanvricms memu 00CIONCEHHS 3YMOBNIEHA 2OCMPOMOI0 NPOOIEMU 3AXUCTY
mpybonpoeodie ma 061a0HanHA 6I0 KOPO3ii Npu KOHMAKMi 3 NPUPOOHUMU MA CIIYHUMU 800AMU, BKIIOYAIOYU BUCOKOMIHE-
PANi308aHT WAXMHI ma naacmogi 8600U.

ITocmanoexa npoonemu. Huni 3acmocysants 8ucokoeghekmusHux ineioimopie ons saxucmy mpyoonpoeodie ma oonao-
HaHHA 8I0 KOpO3ii ma 8i0K1a0eHb 8 enepeemuyi, NPOMUCI080CHI, BUOOOYEHIU 2any3i € eKOHOMIUHO GUSIOHUM MA OOYLTLHUM )
naani 3axucmy 008KiIA 8i0 WKIONUBUX 8NAUBIE NPU BUNUET aDO CKUOT 3aOPYOHEHUX 800 13 BUCOKOIO Miepanizayicio.

Amnaniz ocmannix docnioxcens i nyonikauii. /Jociiodiceno 3acmocy8anta Nacu8ayiiHux iH2ibimopie, maxkux K OKCu-
emunenoepocghonosa kucroma. Llei peazenm 3abe3neuysas UCoKy cmabiibHiCMb 800U W00 0CAOKO BiOKIAdeHb. Bucoky
ehexmugnicmv npu 60pomvoi 3 KOposier 3abesneuyeanu i iHuWE KOMNO3uYyii Ha ocHo8i goconosux kucrom. Egpexmueni
ineibimopu € docums 0OPo2UMU, A CUPOBUHA ONiAl IX BUCOMOBIEHHS € BAANCKOOOCTNYNHOIO HA YKPAiHi.

Buoinenns neoocnioycenux wacmun 3a2anvHoi npodnemu. Cmeopenns eghekmueHux iH2ibimopie Koposii Ha 0CHO8I
noxioHux gocghopucmoi ma oumemunonghochinosoi Kuciom, nepcneKmueHUX cmadinizamopie HaKUNeymeopPeHHsL.

Buxnao ocrnoenozo mamepiany. Byno po3pobieno HOBUli Memoo cunmesy OUMEmucyibhoHame@ocinamy Hampiio i3
einogochimy Hampiro, napa popmy ma cynv@iny HAmMpIlo, a MAKOKHC CMBOPEHO HOBUIL IHIIOIMOP — HIMPUWILOKCUemULeOUMe-
munghocghonogy Kuciomy waaxom KonoeHcayii pocghopucmoi Kuciomu 3 emanon amiHOM 8 NPUCYmHoOCmi Gopmanboezioy.
Ompumani peazenmu 8UKOPUCIOBYBANU AK TH2IOIMOpU KOpo3ii Memanié y 800Hux cepedosuwax. Ilokasano, wo 8onu He
HOCMYnAmMbCs 34 eeKmugHicmio THWiM H2IGIMopam nacusayiiino20 muny y npicHUX 800ax. Y MiHepanizo8anux 600ax
epexmusnumuy Oynu ineibimopu aocopoyiiuHo2o muny.

Bucnoeku 6i0nogiono 0o cmammi. Cmeopeno HO8i Memoou CuHmesy OUMemuicyib@onam@oc@inamy Hampiro ma Hi-
MPULOKCUEMUTEOUMEMUNDOCHOHOBOT KUCIOMU 3 OOCTYNHUX PedazeHmis.

Hocnioxcero ineibimopu Koposii Memanié Ha OCHOBI OUMemuICyIbhoHampochinamy Hampio ma HIMPULOKCUemunLou-
memungpoconosoi kucromu. Ilokazano, wjo 60HU, HAPAJY 3 iHWUMU ochoHamamu € ehekmusHUMU THIOTMOpamu Kopo3sii
Memanie y npicuux eodax. Ix eghexmuenicmo 3pocmae 6 npucymHocmi ioHie Yunxy.

Tokasano, wo in2ibimopu nacusayitino2o muny HeegekmueHi npu 3axucmi 6i0 Koposii Memanié y 6UCOKO MiHepariz0-
8anUx 800ax. 3axucm memania 8i0 Kopo3ii 3abe3neuyoms in2ibimopu adcopbyitinozo muny.

Knrouosi cnosa: koposis,; koeghiyicHm anoMyBanHs, CIYNiHb 3aXUCmYy i0 Kopo3ii; Gocorosi kuciomu, iHeibimopu Koposi.

Tabn.: 5. Puc.: 1. bién.: 9.

AKTyaJabHicTh TeMH docaigxeHHs. [IpoGneMa cTBopeHHs Ta 3a0e3neueHHs] HaaliHOCT1
poOOTH CHUCTEM BOJONOCTAYaHHS Ta BOJOBIABEACHHS Y MPOMUCIOBOCTI € JOCUTh TOCTPOIO.
BoHna € akTyalibHOIO He JIMIIE Yy IJIaH1 paliOHaTbHOTO BUKOPUCTaHHS BOJHHUX PECYPCIB, aye 1
IIpU BUPILICHH] IPOOJIEeMH 3aXMCTy HaBKOJIMIIHBOTO MPUPOJHOTO CEPEOBHUIIA Bl TEXHOJIO-
riyHuX BUIUBIB. OcoONMBO HEOE3NMEYHHM Ha ChOTOMHI € 3a0pyAHEHHS JOBKULIS BHACIIIOK
BEJIMKOI KUJIBKOCTI aBapiil Ta MOIIKOPKEHb Ha HAa(TO- Ta ra3onpoBojax, IHIIUX MPOIYKTOM-
poBoaax [1], mMpUUMHOIO SKUX € KOPO3iiH1 MOIIKO/PKEHHS Ta pyiHyBaHHsS. ['ocTpo CTOITH
npobiiemMa 3axucTy TpyOONnpoBOAiB Ta 00 JHAHHS Bl KOPO3il Ta 0CAaJKO BIAKIAJEHb y MPO-
MUCJIOBUX BOJOLMPKYIALIRHUX cucTemax [2]. BupimenHs 1iei mpo6iieMu Ba)KJIMBE 3 MOTJIs-
Iy 3aXHMCTY JOBKULIA BiJ IIKI[UTMBUX BIUIMBIB Ta 3a0€3MEUYCHHS PaI[iOHaTbHOTO BUKOPUCTAH-
HSl BOJM y TIPOMUCIIOBOCTI, sIka Ha YKpaiHi croxxkuBae moHax 60 % Bonu, mo 3a0upaerbes 13
npupoJHUX BoJOWM [3]. ['070BHUM 3aBIaHHSAM y NMPOMHUCIOBOMY BOJOCIIOKMBAHHI € 3HH-
KEHHs 00’€MIB CIOKHMBAHHS BOJAM 32 PAXYHOK IIMPOKOTO BIPOBAKEHHS Ta 3a0e3MedYeHHs
Ha/11HOT pOOOTH BOJOOOOPOTHUX Ta 3aMKHEHUX (OE3CTIYHMX) CUCTEM BOJONOCTayaHHs [4].

ITocTanoBka npodaemu. ExoHOMIuH1 30MTKH Bij pyWHYBaHHs OOJIaHaHHS Ta TPyOOII-
POBOJIIB CIIPUUMHEH] KOPO31€10 METaNIB € BEIMKUMU. OCOOIMBO 3HAYHUMHU BOHHU € Y BUI00Y-
BHIIl MPOMMCIIOBOCTI BHACTIIOK BTPAT I[IHHUX KOMIIOHEHTIB. KpiM TOro, BOHU € MPUUMHOIO
3HaYHUX €KOHOMIYHMX 30UTKIB IIPU MOMAJaHHI B JOBKULIA HApTH Ta Ha()TOMPOIYKTIB, TOK-
CHUYHUX XIMIYHMX PEYOBHH, BUCOKOMIHEpATI30BaHUX Ta 3a0pynHeHuX Boja. OueBUAHO, 110
BHU3HAYEHHS €()EeKTUBHOCTI SIK IHT10ITOPIB KOPO3ii BIIOMUX PEYOBHH y BUCOKOATPECUBHUX BO-
JHUX CEepPeOBHILAX, pO3pO0Ka JOCTYIMHUX ACIIEBUX HOBHX peareHTIB, 10 HAAIHO 3axuIa-
IOTh METAJM BiJl KOPO3ii € TUMH HaNpsIMKaMH JIOCTIKEHb, K1 I03BOJIIIOTH BUPILIUTU OaraTo
npo0iiem, MoB’A3aHUX 13 KOPO3IETO.

© TI'omensa M. /1., Ctenoa O. B., Kamaes B. C., 2019
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AHaJi3 ocTaHHix aocaizkens i myOJikaniii. [lepeBaru Bij 3acToCyBaHHSI BUCOKOE(EK-
TUBHUX PEAreHTIB y BOAOLMPKYISALIMHUX cucTeMax AOCUTh 3HayHi. Ilpu iX BHKOpHCTaHHI
MO’KHA CTBOPIOBATH 0O€3CTIUHI BOJOLMPKYISLINAHI cucTeMH [5]. 3acTocyBaHHS MacHBallIiHUX
IHr10ITOPIB Y BOJAOIPOBIIHUX MEpEkKax, TAKUX K OKCHETHIEHAeK(POoc(hOHOBA KUCIIOTA B MPH-
CYTHOCTI 10HIB LIMHKY JI03BOJIMJIO 3HaYHO 3HU3UTH KOPO31MHY aKTMBHICTH BOAM LIOJO CTali
[6]. Kpim Toro, Lieit peareHT 3a0e3neuyBaB BUCOKY CTaOUIBHICTh BOJM IOJI0 OCAIKO BiIKJIa-
neHb. BUCOKy eeKTUBHICTh MPH O0pOTHO1 3 KOPO3i€ro 3abe3nedyBaiu il iHII1 KOMIIO3UIIT Ha
ocHOBI (hochoHOBUX KUCIOT [7]. BoHu Takox Oynu epeKTUBHUMU IHT10ITOpaMU OCaIKOBiI-
KIaaeHb. [Hribiropu-6akrepunuau [8], KpiM XiIMI4HOT KOPO3ii, JO3BOJISAIOTH BUPIIIYBATH MIPO-
61emu 60poTHOM 3 610KOPO3i€r0 Ta 61000POCTAHHSAM Y BOJIOTIPOBIIHUX MEpEKax.

[IpoTte edexTHBHICTH IHTIOITOPIB 3aJIEXKUTh Bil YMOB BUKOPUCTaHHS, XIMIYHOTO CKJIaTy
BoAM, ii aepauii [9]. EdexTuBH1 HI10ITOPH € JOCUTH TOPOTUMH, @ CHPOBHHA JUIS IX BUTOTOB-
JICHHS € BaKKOJOCTYITHOIO Ha YKpaiHi.

Buainenns HeaociIyKeHUX YaCTHH 3arajbHoi npoodsjemu. Huni iHriGiTopu kopo3ii me-
TaJiB MacCHBAIITHOTO THITy, 3HA4YHA YacTUHA AKUX ((HochOHOBI KHCIOTH) T00pe 3apeKOMEH-
ayBanu cebe 1 K cTabu1i3aTopu HAKUIIOYTBOPEHHS, MPAKTUYHO HE JTOCIIKEH] B KOPO3IHHUX
npolecax y BUCOKOMIHEpali3oBaHUX Bojax. [IpakTuyHO He BUBYEHI 1HTIOITOPU Cylb(OoHAT-
Horo tuny. He pocnimpkeni nporecu ix cuHte3y. Te came CTOCyeThCsl 1HTIOITOPIB HA OCHOBI
€TaHOJI aMiHYy, 110 MICTATh (hOCPOHATHI TPYIIH.

ITocTanoBka 3aBaanHs. MeToro 1i€i poOoTu Oyn0 BU3HAYEHHS BIUIMBY PIiBHSI MiHepai-
3awii BOJM Ha il KOpPO31iHY aKTUBHICTh, HA €PEKTUBHICTH 1HT1OITOPIB KOPO3ii, CTBOPEHHS HO-
BUX BUCOKOE(EKTUBHUX IHT10ITOPIB KOPO3ii Ta OLIIHKA BIIOMHUX peareHTiB SIK 1Hr10ITOPIB KO-
po3ii y BOJHHUX CepeIOBHILAX 13 PI3HUM PIBHEM MiHepai3allii.

Jlnst jocsirHeHHst MeTH OyJio MOCTaBJICHO TaKi 3aBAAHHS:

- OLIHKa KOPO31i{HOT aKTUBHOCTI BOJAHUX CEPEIOBUIL IO PI3HUX METaJliB 3aJIe)KHO BiJl TH-
Iy MeTajly Ta piBHS MiHepaji3alii BoJy;

- po3poOKa HOBOTO METOAY CHHTE3Y CyNIb(poHATHO-(ocPiHATHOrO iHTiOITOpa HA OCHOBI
HaTpieBOI couli TUMETUI0J(OChHIHOBOI KUCIOTH Ta HITpHI(OCPOHATHOT KUCIOTH Ha OCHOBI1
€TaHoJI aMiHy Ta pochOpPUCTOT KUCIIOTH;

- OI[IHKa HT10ITOPIB KOPO3ii MacHBaIiHOTO TUITY Y BOAAX 13 PI3HHUMH PIBHAMHU MIHEpai3aLlii,

- TIOLIYK IHTI0ITOPIB KOPO3ii CTajl y MiHEpali30BaHUX BOJIHUX CEpEIOBHUILAX.

Bukaan ocHoBHOro Mmatepiany. Y poOoTi Oy/in BUKOpPHUCTaH1 BiIOMi Ta CHHTE30BaHi1 pea-
reHtu. Cepea CHUHTE30BAaHUX peareHTiB Oynu JuMeTwicyiabpoHardocdiHaTy HaTpiro
(AMC®H) Tta nitpunokcueruineHaumeruiapochonoBa kuciora. Sk Bigomi peareHTH Oynu
BUKOpHUCTaH1 okcueTmuaeHaudochonosoi kuciaoru (OEJADK), nirpuntpumerundochoHoBa
kucnota (HTM®K) Ta ixHi HaTpieBi coi, a TaKoX Tiokapbamin, 1, 2, 3 6eHzoTpuason, 6eH3i-
Mia30.J1, N-TUMETHIIaMiHOOEH30HA KUCI0Ta Ta TIOCEeMIHapOa3u .

SIk cepenoBuIlle BUKOPUCTOBYBAJIM MOJEIbHI PO3UMHH, BOAOIMPOBIIHY Ta apTe3iaHChKY
BOJIM, XapaKTEPUCTUKHU SIKUX HaBe/eH1 B Ta0. 1.

PeareHT 3acTOCOBYBAlM B KOHIEHTpALX Bif 2 10 50 Mr/mm>.

Jlnist BUMIpIOBaHHS KOPO31iHOT aKTUBHOCTI BOJIM sSIK 03 1HTi0ITOpIB, TaK 1 MPH IX BUKOPHUC-
TaHH1 3aCTOCOBAHO METOJ] MaCOMETIi.

KoediuienT ranbmyBaHHs KOpo3ii BU3HAYAIH 32 (OPMYIIOL0:

%
Vi
ne V — BUAKICTH KOPO3ii y BOJI Y KOHTPOIBHOMY JTOCIIII;

Vi — IBUAKICTH KOPO3ii Y AOCIIAL 3 IHTI0ITOPOM.
Cryninb 3aXUCTy Bil KOPO3ii po3paxoByBaiu 3a (HOpMYII0L0:

J = (1
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Po3po6nennii Hamu MeTo OTpUMaHHs TuMeTuicynbdonardocdinary Harpio (JMCDH)
3aCHOBaHUI Ha TaKMX HECKJIAIHUX PEAKI[ISX, sIKI TPOXOATh 13 KUTbKICHUM BUXOJIOM:

H,P(O)ONa +2CH ,0 —* 5 (HOCH ,), P(O)ONa 3)
(HOCH ,),P(0)ONa + 2Na,SO, — (NaSO ,CH ,), P(O)ONa + 2NaOH )
2NaOH + IIC (0O)OH — IIC(O)ONa™* + H,0O 5)

ne I1 — ¢parMeHT MaTpuIll KaTIOHITY.
Ta0mums 1

Xapaxmepucmuxu 600HUX cepedosully GUKOPUCTNAHUX OISl BUSHAYEHHS eeKmMUBHOCI
iH2I6IMopie 0cadkoBiOKIadeHb ma Kopo3ii memania

MoxasHug MonenbHuiil po34unH Bomonposimaa | AprtesiaHchka
1 2 3 BOJIA BOIA
KamamytHicTh 0,5 0,6 0,7 0,7 0,1
pH 8,3 6,5 7,3 7,6 7,5
“Koperxicts saranvia, 39,1 241,2 318,0 4,1 527
MI-€KB/IM
Konuenrpanis Ca**, mr/mm? 21,0 180,351 180,2 3,0 4,1
IyxHicTs, ) 5.6 43 4,0 5,6
MI-€KB/IM
Konuenrpauis CI, mr/nm’ 14875,0 44310,0 6396,0 75,0 103,0
Konuentpanis SO%4, mr/am’ 316,0 841,0 7969,0 37,0 6,4
Konuenrpanis Na™+K* mr/nm’ 8984,0 29809,0 28950,0 54,0 75,0
Konuenrpanis Fe 3aran., mr/mm’ 0,15 0,1 0,15 0,26 0,2
Miuepanizawis, Mr/am? 25059,0 735330 94585,0 410,0 4350

Ha nepuiit cranii HacuyeHui po3uuH rinodocdiTy HATpito y BOII MIJKUCIIOBAIN COJIs-
HOI0 KHc0To0 10 pH=4,0. ITicns uporo npu Temnepatypi posunny 80-90 °C mix yac mepe-
MIIIYBaHHs J10JIaBaId HEBEIMKMMM yacTuHamu napadopm. HactymHy mopiiro mapadgopmy
J0JJaBalid Micsl PO3YMHEHHs nonepenHboi KimbkocTl. [licns 3aBepuieHHs mpouecy (peakiis
1) npu temneparypi 70-80 °C min uyac mepemilryBaHHS PO3YMH HATPi€BOI COIi JMMETH-
71071poc(hOHOBOT KUCIIOTH AOAABAIHN IO PO3UMHY Cynb(]iTy HaTpito y Boji (peakuis 2). [licns
3aBEpILEHHS peaKllii 2 PO3YUH MICTUTh 3HAYHY KUIBKICTh PO3YMHEHOTO JIyry. ToMy 10 LbOTO
PO3UMHY IiJ] Yac MepeMilllyBaHHs J10/1aBAIM CIA0OKUCIOTHUM KaTIOHIT y KUCHii ¢opmi 10
nocsraenHst pH = 7,5-8,5. [licnsg uporo 10HIT BinAUSIIM HA GUTBTPi, MPOMHUBAIN BOJAOIO.

[IpoMuBHI BOM BUKOPHCTOBYBAJIM JUIS PO3BEIACHHS CYlb(diTy HaTpito abo rinodocdity
HaTpito. OTpuMaHuil GUIBTPAT 13 KOHIEHTPALIEID OCHOBHOTO MPOoayKTy 20 % BUKOPHUCTOBY-
BaJIM JUIsd cTabiunizaniiiHoi 06poOku Boau. loHIT perenepyBanu S5 %-10 COISIHOIO KUCIOTOIO 1 B
M0JIAJIBIIIOMY BUKOPUCTOBYBAJIM JUTSl HEUTpasi3allil po34rHY HATPi€BOT COJII JUMETUIICYIb(O-
HaTtydocdinaty Harpito (JJMCDH).

Jnst cuHTe3y ankiaaMiHo(poc(hOHOBUX KMCIOT BUKOPUCTOBYBAIIM METUI0APOCHOHOBY KU-
CIIOTY, OTpUMaHy IpH B3aeMoii pochopucToi KUCIOTH, OTPUMAHOT IPH T1IPOITI31 TPUXIOPH-
croro ¢ocdopy ta napagopmy abo dopmaininy. [nsg nporo g0 10 %-ro po3uuny Gopmaininy
IIPU OXOJIOKEHHI HOTO CYyMIIIIIIO JIbOY Ta XJIOPUAY HATPIO MPH MepeMilllyBaHH1 J101aBaIN
M0 KpaIuIsIX pO3paxoBaHy KUIBKICTh TpU xJlopuctoro ¢ocdopy. Ha neprriii craaii BindyBaBcs
rinponi3 Tpu xynopucroro dochopy

PCl;+3H,0 - H,PO,+3HCI. 6)
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[Ticns mporo TemmepaTypy CyMIllli NP MepeMilllyBaHHI MOCTYMOBO MigHIMamu 10 20—

30 °C. Ilpu wiit TemnepaTypi cyMim BUTpuMyBanu 4-5 rOJUH, a MOTIM J0JaBalu 10 Hei Mo

Kpamisix MoHoeTaHonamiH. Ilicist 3MilIyBaHHsS peareHTIB TeMmIeparypy MiIBUILYBAJIUA [0

100-110 °C i kum’saTiiu npoTaroM Tphox roaus. IIpu mpoMy Oymu peanizoBaHi aBi cramii

npolecy oTpuMaHHs HiTpuiiookcuetuineHaumeTwigpocpononoi kucnoru (HOEIM®K). Han-

JUIIOK COJISTHOT KUCIOTH BiAroHsuH, a po3unH HOEJIM®K konnentparieto 40 % BUKOpHUC-
TOBYBAJIU SIK PEareHT Jisl cTabui3aiiHoT 0OpOOKH BOIH.

H,PO,+ CH ,0 - HOCH ,P(O)OH ), ;
2 HOCH,P(O)(OH), + HOCH,CH,NH, — HOCH,CH, N[CH, P(O)(OH), |, +2H,0.

(7
(8)

Hapnani Bu3Haumim Kopo3iiHy aKTUBHICTh PI3HUX BOJHHUX CEPEIOBHILL.

MinepanizoBaHi cepeoBHUIIla MAlOTh BUIY KOPO31HHY aKTUBHICTh LI0JI0 METAJIIB, Y MOPi-
BHSIHHI 3 MPICHOIO BoJIo0 (Tab:m. 2). IIpu nupoMy B MiHepani3oBaHiil BOJI MIBUIKICTh KOPO3ii
crani Cr3 npubnuzno y 1,5-2,0 paza Buia, NOPIBHAHO 13 MPICHOIO BOAOO. 11 KOIBOPOBUX
MeTaliB (MiJb, JaTyHb) IIPH MEPEXO/I1 Bl MPICHOI IO MIHEPaJIi30BaHOT BOAM HIBUAKICTH KOPO-
31 3Ha4HO 3poctae. [loB’s3aH0 e 3 THM, 110 NMacuBaliiiHa Au@y3iiiHa TUTIBKa TPOAYKTIB KO-
po3ii Ha MOBEPXHI KOJLOPOBUX METAIIIB y MPICHIM BOJI 3HAYHO MIIHIIIA i HAIIHHO 3aXHUIIae
MeTall Bil KOHTAKTY 3 BOJIOI0. Y PO34YHMHAX 13 BUCOKOIO €JIEKTPOIPOBIIHICTIO aHOIHA M KaTo-
JIHa 30HM Ha MOBEPXHI METaJdy MOXYTb OyTH JOCHUTH BiJJIaJIeHI Yepe3 BUCOKY €JIEKTPOIpO-
BIJIHICTh pO34MHYy. TOMY aHOJIHE PO3UMHEHHS METalTy MOKJIMBE 3 NEPEX0JIOM 10HIB Y PO3YHH
0e3 yrBOpeHHs Au(y3HOro Oap’epHOro mapy. 3a3HaueHi MpoLecH KOpo3ii 3AeOUIbIIOTO 3Y-
MOBJIEH1 KHUCHEBOIO JICTIONSpHU3aIli€0. AJle B OKpEMHUX BHUMAKaX, 0COOIMBO JUIsl METAJIB, K1
B psily aKTUBHOCTI CTOSITh JI0 BOJAHIO, JACTIONSPU3ATOPOM MOXKYTh OYTH 10HH BOJIHIO.

TabOmums 2
3anesxcnicmov weuOKocmi KOpo3ii Memanié y 600HUX POZUUHAX
610 pieus ix minepanizayii ma muny memany npu memnepamypi 15°C

Ne MinepaJiizanis, IIBuaKicTbL KOPO3ii
3/m Cepenosume mr/am’ Meran r/mM*roa MM/piK
Crans C13 0,0390 0,0435

. Mings M-2 0,0053 0,0052

I | Bononposinsa sona 410 Tty J162 0,0066 | 00068
Hepoxagitoua crams 12XISHI0T 0,0008 0,0009

Crans C13 0,0324 0,0360

. Migs M-2 0,0092 0,0090

2 | AptesiaHcbka Boma 435 Taryns 7162 0.0112 0.0122
Hepoxagitoua cranb 0,0016 0,0017

Crans C13 0,0480 0,05328

. Migs M-2 0,0374 0,0364

3 Monensamii po3unH Ne 1 25029 Taryms 7162 0.0386 0.0420
Hepoxagitoua crams 12XISHI0T 0,0007 0,0008

Crans C13 0,0628 0,0760

. Mings M-2 0,0241 0,0235

4 | Monenbuuii pozunH Ne 2 73533 Taryms 7162 0.0339 0.0369
Hepoxagitoua crams 12XISHI0T 0,0008 0,0009

Crans C13 0,0675 0,0817

. Mings M-2 0,0301 0,0294

5 | MogensHuii po3unH Ne 3 94585 Taryms J162 0.0389 0.0423
Hepoxagitoua crams 12XISHI0T 0,0006 0,0007

Mo>k/MBe TaK0XX OKHUCJICHHSI METally IPH B3a€MOJIiT 3 BOJIOO. 3arajioM, SIKILO BPaxyBaTH,
10 MPUCYTHI B MiHEpaJIi30BaHiid BOJI XJIOPUI-aHIOHH (MOXJIMBO i cynbdaru) pyiHYIOTh 3a-
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XUCHY IUTIBKY 3 IPOAYKTIB KOpO3ii a00 macuBaliiiHy KHCHEBY IUTIBKY, TO BUOpaTH HaJiiH1
IHr1061TOpPH KOPO3ii METANIIB € CKJIaJHOIO MTPOOIEMOIO.

Binomo, 110 po3risiHyTi BUIIE 1HT10ITOpU 0CAIKOBIAKIAIEHHS Ha OCHOBI ochoHOBUX Ta
¢bochiHOBUX KUCIIOT, Tak caMo K 1 nomidocdaru Ta opro-hocdaru, € ePpeKTUBHUMU HT101-
TOpaMH Kopo3ii cTaii nacupauiitHoro tumy [7]. Taki pedoBUHU CHpUSIOTH CTaOLII3aIlll KUC-
HEBOT IUTIBKM Ha MOBepxH1 MeTany. Oco0aMBO MiliBKa cTablibHA, a €(PeKTUBHICTh 1HT10ITOPIB
BHCOKA y MPHUCYTHOCTI 10HIB LIMHKY MPH 1HTEHCUBHIN aepallii po3unHy. PO3UMHHICTh KHUCHIO
TUM BHUIIla, YUM MEHIIMNA piBEeHb MiHepaiizalii Boau. ToMy 1el (hakTop MoXXe CyTTEBO BIUIU-
BaTH Ha €(DEeKTUBHICTH IHIIOITOPIB MacUBaLifHOTO THIy. SIK IHTIOITOpPU MAcUBALIITHOTO TUITY
B IIiif poOOTi Oyl BUKOpPHUCTaHI Bilomi Ta po3pobiieHi Hamu iHribiropu, taki sk OEADK,
HTM®K, IMC®H ta HOE/IM®K.

Pesynpratu ouiHtoBanHs BBy OEJI®OK y mprcyTHOCTI 10HIB IIMHKY Ha KOPO3il0 MeTa-
JIB y pI3HUX BOJHHUX CEpelOBHILAX HaBe/leH1 B Ta0. 3.

Tabmuus 3
Oyinxa eppexmuenocmi OEJDK ([[=10 m2/om’) 6 npucymnocmi ionie yunxy (4=5 10 me/om’)
AK in2ibimopa kopo3ii cmani 6 piznux 600HUX cepedosuwax npu memnepamypi 25 °C

Meran Boxue cepenonmme HIBpEucicsz Kko0- | KoedinienT SHHACHHS C.Tyr[im, 3axXHCTY
posii, r/m"roa IIBUAKOCTI KOPO3ii Bix koposii, Z, %
BomonposigHa Boma 0,0031 12,5 92,0
ApTesiancbka Bozia 0,0028 11,57 91,4
Crans C13 Monensanii po3urH Ne 1 0,0489 0,98 -
Monensanii pozunH Ne 2 0,0632 1,00 -
Monensanii pozunH Ne 3 0,681 0,98 -
BomonposigHa Boma 0,0028 14,0 92,9
ApTesiancbka Bozia 0,0025 14,5 93,1
Crans C120 Monensanii po3urH Ne 1 0,0462 0,99 -
Monensanii pozunH Ne 2 0,0627 1,00 -
Monensanii pozunH Ne 3 0,0674 0,98 -
BomonposigHa Boma 0,0015 3,53 71,7
Aptesiancbka Bozia 0,0017 4,41 77,3
Migps M-2 Monensamii po3urH Ne 1 0,0375 1,00 -
Monensanii pozunH Ne 2 0,0272 0,89 -
Monensanii pozunH Ne 3 0,0307 0,98 -
BomonposigHa Boma 0,0015 4,40 77,2
ApTesiancbka Bozia 0,0075 1,49 32,9
Jlatyns JI-62 | Monensauii po3unH Ne | 0,0390 0,99 -
Monensanii pozunH Ne 2 0,0350 0,97 -
Monensanii pozunH Ne 3 0,0392 0,99 -

Sk BuaHO 13 Ta0n. 3, iHri6iTOp HaAiHO 3axuiiae ctaab C120 Ta Ct3 y BOJOMPOBIAHIN Ta
apresianchbkiit Bozi mpu 25 °C. 3yMoBII€HO Lie THM, 1O B IUX CepeJOBHILNAX Y IPICHUX BOJAAX
KOHIIEHTpaIlis KUCHIO csrae 8—10 Mr/nM° mpu HU3BKIH KOHIEHTpALii XIOpUIiB Ta Cy/Ib)aTiB.

Cryninp 3aXUCTy B KOpo3ii B 000X BuMaakax nepesuurye 90 %. MeHin BUpaxeHU# iH-
riOyrounii epext OyB /1 Mifi Ta JaTyHi. OueBUIHO, 1€ OB SI3aHO 3 TUM, IO HIBHJIKICTH KO-
po3ii X MeTaJiB HaBiTh 0€3 1HT10iTOPIB KOpo3ii Oylla HEBUCOKO. B ycixX HIINX cepenoBu-
1ax, MiHepasi3allis skux 6ysa Gibiue 3a 25 r/aM’ eekTy 3HMKEHHS IIBMAKOCTI KOpO3ii He
crnioctepirainock. ['oj0BHA MpUYMHA B TOMY, IO XJOPUAU Ta Cyab(aTH PYHHYIOTh 3aXHCHY
nacHuBalliiHy IUTIBKY.

[Ipo edekTuBHICTH BiTOMUX 1 po3po0IeHHX HTI0ITOPIB KOpO3ii y MPiCHUX BOAaX (Ha MPHK-
JaJli apTe31aHChKO1 BOAM) MOKHA POOUTH BUCHOBKH 3a pe3yJbTaTaMH, 1110 HaBeJeH1 Ha puc. 1.
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Puc. 1. 3anesxcnicmo cmynento saxucmy 6io koposii cmani Cm3 6 apme3siancoKiti 8001
npu euxopucmanni sx inzioimopie OEA®K (1); OEJ®K+Zn*"; HTM®K (3);
JIMC®H (4); IMCDH+ Zn** (5); HOEJJM®K (6); HOEJIM®K + Zn’* (7)
npu xonyenmpayii yunxy (2, 4; 6) 6 konyenmpayii 2 me/om’

SIK BUIHO 3 PUCYHKY, YC1 BUIIPOOyBaHi IHI0ITOPH MACHBALIIHOTO TUITY B YMOBaX €(heKTHB-
Ho1 aepairii Boau 3abe3neuyBanu HaaiHuiA 3axucT cram Ct3 Bix koposii. Edext nocumroBascst y
MPUCYTHOCTI 10HIB IIUHKY, L0 I0Ope MOT0/DKYETHCS 3 MEXaHI3MaMH, OITUCAaHUMU Y poOoTi [9].

EdextuBHicTs iHIMX pochoHaTHUX Ta pocdiHaTHUX 1HTIOITOPIB Oyia olliHEHa Ha MPUK-
nani kopo3sii crani Ct20 (tabin. 4).

Tabmums 4
3anexcnicmo wieuoxocmi koposii ma cmynens 3axucmy cmani Cm20 8i0 kopo3ii
6 MOOeIbHOMY po3uuni Ne 3 6i0 0o3u iHeibimopa nacusayitino2o muny

TuriGiTop Tosa, mr/a’ ].HBI/IIIKiC';“b Kkoposii,| Koedinienr rajibmy- CT?fniHb 3axucTy
r/mrog BAaHHA KOpPO3ii Bi Kopo3ii, %

2 0,0589 0,866 -
ocJPK 5 0,0654 0,962 -
10 0,0636 0,935 -
5 0,0602 0,885 -
HTM®K 10 0,0678 1,0 -
15 0,00618 0,91 -
5 0,00635 0,94 -
JIAMCOH 10 0,00639 0,54 -
15 0,00677 1,0 -
5 0,00649 0,95 -
HOEIMOK 10 0,00651 0,96 -
15 0,00680 1,0 -

Sk BuIHO 13 Tabxa. 4, y MiHepani30BaHOMY pO3uuHi (MoJenbHUi po3unH Ne 3), sxoaHuil
13 1HT10iTOPIB HEe 3a0e3MeUuB 3HIKEHHS KOopo3ii cTani. O4eBUAHO, 10 32 BUCOKUX KOHIICHT-
paiii xJopuiB Ta cynb(}ariB GopMyBaHHs MacHBaLlIfHOT KUCHEBOT MITIIBKM HeMoxxJuBe. [lpu
LIOMY 31 3pOCTaHHSM MiHepaii3allii pO3UUHY 3HUKYEThCS PO3UMHHICTh KUCHIO Y BO/JIL.

Binomo, 110 B MiHepaIi30BaHUX BOJIaX KpaIlMMU € HT10ITOpU aACcOpOLIIfHOTO THILY, SK1
3/IaTH1 TOHKOIO ILTIBKOIO cOpOYBaTHCh Ha MOBEPXHI METay, CYTTEBO 3HMKYIOUM HIBUAKICTH
OKHCIICHHSI METaJly MpH B3aeMoii 13 Bo00. [Ipo epeKkTUBHICTh BUKOPUCTAHUX HaMU 1HT101-
TOPIB MOKHA CYJIUTH IO pe3yibTaTax, HaBeJleHUX y Tao. 5.
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Tabmums 5
Egexmusnicmo ineibimopis koposii cmani Cm20 aocopbyiiinoco muny
8 mooenvHomy posuuni Ne 2 (I) ma Ne 3 (I1)
By Ho3a, IBuakicTs koposii, | Koedinient ranemy- | Ctynminb 3axucry
InridiTop 3 2 ;
Mr/am r/mroa BAaHHS KOPO3ii Bix Kopo3ii, %
10 0,00649 0,0651 1,047 1,037 4,50 3,85
Tiokxapbamin 25 0,0347 0,0322 1,960 2,096 48,98 52,38
50 0,0188 0,0211 3,598 3,199 72,22 68,75
10 0,0490 0,0520 1,389 2,298 78,57 56,52
1,2,3-6en30Tpiazon 25 0,0361 0,0370 1,884 1,824 47,37 55,56
50 0,0148 0,0162 4,595 4,167 78,26 76,19
n-auMeTHIaMIHOOEH30MHA 10 0,0337 - 2,018 - - -
HCIOTA 25 0,0225 - 3,022 - - -
50 0,0210 - 3,238 - - -
10 0,0540 0,0570 1,259 1,184 20,63 15,54
Benziminazon 25 0,0330 0,0425 2,061 1,588 52,38 37,48
50 0,0162 0,0193 4,198 3,497 76,20 71,43
10 0,0427 - 1,607 - 37,50 -
Tioceminap6a3un 25 0,0423 - 1,608 - 37,52 -
50 0,0331 - 2,054 - 52,38 -

Hacamniepen tpe0a 3a3HaunTH, 1110 Oyab SKUN 13 BUKOPUCTAHUX IHT10ITOPIB OYyB e(heKTHB-
HUM JIUIIE OPY 3HAYHMX KOHIEHTpalliax 25-50 mr/mm’. I3 mepexo oM Bill MOJIENEHOTO PO3UMHY
Ne 1 o po3unny Ne 3 akTHBHICTH BOJM 3pOCTaja, a €PEKTUBHICTD IHTIOITOPIB 3HUKYBAJIACh.

I3 BukopucTaHux kpamumu Oynu GeH30TpHa3zon Ta OeH3iMifga3oi. CTymiHb 3aXUCTY MpHU
1031 50 mMr/mm® csaras 71-78 %.

OueBuaHO, 110 1 1HTIOITOPH MEPCIIEKTUBHI MPH 3aXMUCTI CTajl Bl KOpo3ii B MiHepai30-
BaHUX BOJIaX.

BucHoBku BinnoBigHo 10 crarti. CTBOPEHO HOBI METOJM CUHTE3Y TUMETHICYIb(oHaThOC-
(iHaTy HATPIIO Ta HITPUIIOKCHETHIICH IMMETHII(HOCGHIHOBOT KUCIIOTH 13 IOCTYITHUX PEarcHTIB.

JlocmipkeHo 1Hri0ITOpU KOpo3ii MeTalliB Ha OCHOBI ,I[I/IMeTI/IﬂcyHL(bOHaT(I)OC(biHaTy Ha-
TPIO Ta HITPHIOKCHETUIAUMETIIPOCHOHOBOT KucnoTy. [lokasaHo, mo BOHH, pa3oM 3 iHIIN-
MU (I)OC(I)OHaTaMI/I € e(beKTI/IBHI/IMI/I 1Hr161TopaMI/I KOpo3ii MeTaniB y mpicHUX Bojax. Ix edek-
TUBHICTb 3pOCTa€ Y MPUCYTHOCT] 10HIB IIUHKY.

[Toxa3zaHo, 1110 iHri06ITOPY MAaCHBALIIHHOTO TUITY Hee(EKTUBHI [yl 3aXUCTY BiJl KOpO3ii Me-
TaJiB y BUCOKO MIHEPATI30BaHUX BOJAX. 3aXUCT METAIIB BiJ KOpo3ii 3a0e3MeuyoTh 1Hri0iTo-
pH aacopOLIifHOTO THITY.
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UDC 628.164
Mykola Gomelia, Olena Stepova, Viktor Kamaev

DEVELOPMENT OF METAL CORROSION INHIBITORS IN WATER
ENVIRONMENTS WITH DIFFERENT MINERALIZATION LEVEL

Urgency of the research. The relevance of the topic of the study is due to the severity of the problem of protection of pipelines
and equipment from corrosion in contact with natural and waste water, including highly mineralized mine and formation water.

Target setting. Today, the use of highly effective inhibitors for the protection of pipelines and equipment from corrosion
and sediment in the energy, industry, extractive industries is economically viable and appropriate in terms of protecting the
environment from the harmful effects of the discharge or discharge of contaminated waters with high mineralization.

Actual scientific researches and issues analysis. The use of passive inhibitors such as oxyethylene dephosphonic acid
has been investigated. This reagent provided high stability of water against sediment. Other phosphonic acid-based composi-
tions have also been highly effective in combating corrosion. Effective inhibitors are quite expensive and raw materials for
their production are difficult to access in Ukraine.

Uninvestigated parts of general matters defining. Creation of effective corrosion inhibitors based on derivatives of
phosphorous and dimethylolphosphinic acids, perspective stabilizers of scale formation.

The research objective. Determining efficacy as a corrosion inhibitor of known substances in highly corrosive aqueous
media, developing affordable, inexpensive new reagents that reliably protect metals from corrosion are areas of research
that address many of the problems associated with corrosion.

The statement of basic materials. A new method for the synthesis of sodium dimethyl sulfonate phosphonate from so-
dium hypophosphite, steam form and sodium sulfite was developed, and a new inhibitor, nitriloxyethyldimethylphosphonic
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acid, was created by condensation of phosphorous acid with ethanol amine in the presence of formaldehyde. The obtained
reagents were used as inhibitors of metal corrosion in aqueous media. They have been shown not to be inferior to the efficacy
of other passivation type inhibitors in freshwater. In mineralized waters, adsorption-type inhibitors were effective.

Conclusions. New methods for the synthesis of dimethylsulfonate phosphinate of sodium and nitryloxyethyldime-
thylphosphonic acid from available reagents have been developed.

Metal corrosion inhibitors based on sodium dimethylsulfonate phosphinate and nitryloxyethyl dimethylphosphonic acid
have been investigated. They, along with other phosphonates, have been shown to be effective inhibitors of metal corrosion in
freshwater. Their efficiency increases in the presence of zinc ions.

Passivation type inhibitors have been shown to be ineffective in protecting against corrosion of metals in highly mine-
ralized waters. Corrosion protection is provided by adsorption-type inhibitors.

Keywords: corrosion; braking factor; the degree of protection against corrosion,; phosphonic acids; corrosion inhibitors.

Table: 5. Fig.: 1. References: 9.
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IMPOBJIEMMU 3ABE3IIEYEHHSA BOJOKOPUCTYBAHHSA CAJIBHUYUX
TOBAPUCTB YEPHIT'IBIIIMHA B CYHACHHUX YMOBAX

Axkmyanshicmes memu oocnioyncenuan. Y 38’a3Ky 3 6gedennam y oito 3axony Ypainu Ne 1830 6io 07.02.2017 poxy «lIpo
8HeCen sl 3MiH 00 0esKUX 3aKOH00AagUUx aKkmie Yxpainu, wo pe2ynioioms 6IOHOCUHY, NO8 A3AHI 3 00EPIUCAHHA OOKYMEHMIE 003-
BLILHO2O XAPAKMepy Wooo CneyianbHo20 8000KOPUCHYBAHHSY 3MIHUBCS NOPAOOK HAOAHHS 00360/1i8 HA CheyiaibHe 6000KOPUC-
MYBanHs, wo nompebye 00CIi0NHCeHb MA PO3PAXYHKIE B000KOPUCHIYBAHHS A 80008I08e0eHHS 8i0N0GIOHUX B000KOPUCTYBAYISE.

Ilocmanogxa npoonemu. /s ompumanus 0036i1bHUX OOKYMEHMIB U000 CHeYianrbHO20 B00OKOPUCHTY8AHHS 8000KOPUC-
My6aui NOBUHHI GUKOHAMU OOCTIONCEHHS Ul PO3PAXYHKU NOmMpebu y 8600i Ma OYiHKY 00cA2i8 6000KOPUCHYBAHHS 8iONOGIOHUX
CaoiGHUNUX MOBAPUCIE A HA0AMU MEXHIUHY OOKYMEHMAYilo @ 0036iNbHUL YeHmP.

Ananiz ocmannix 0ocnioscens i nybnikauyiii. bynu posananymi ocmannui nyonikayii y 8i0kpumomy 0ocmyni, npucesueti
npobiemam 8000KOPUCTTYBANHS MA 80008I08EOEHHS 8 CYHACHUX YMOBAX.

Buoinenns nedocnioncenux uacmun 3azansnoi npoonemu. Ilompebu y 600i ma oyinka 06csa2ié 6000KOPUCHYBAHHSL
CadigHUNUX MOBAPUCTE, BIONOBIOHO 00 CYUACHUX HOPMAMUBHUX OOKYMEHMIB, He OOCTIONCEHT Ui He BU3HAYEHI.

Ilocmanogka 3aedanns. Posznanymi oocniodicenns i po3paxyHku nompeb y 600i ma oyinka 00csei6 6000KOPUCIYBAHHSL
BIONOBIOHUX CAOIBHUYUX MOBAPUCIE MA PEKOMEHOAUT] 000 NPUPOOOOXOPOHHUX 3AX00IE.

Buxnao ocnoenozo mamepiany. ¥ cmammi po32isiHymo numarHs GUpiuieHHs npooiem cneyianbHo2o 6000KOPUCYBAH-
HS Cadi8HUYUX MOBAPUCING, OOCTIONCEHHS Ul PO3PAXYHKU IXHIX nomped y 800i ma oyiHKa 00cA2i8 6000KOPUCTYBAHHS, 3aNpPO-
NOHOBAHI HeOOXIOHI NPUPOOOOXOPOHHI 3AXOOU.

Bucnogxu 6ionosiono 0o cmammi. Ilpogedeni docniodicents cadignuuux mosapucme 00380IUNU GUSHAUUMU NOTUBHY
niowy, nompebu y 600i Ha NOIUBAHHS CAOIBHUUUX OLITHOK Ma 006csAeU iX B00OKOPUCIYBAHHSL.

Kniouosi cnosa: cneyianvie 6000Kopucmygants, nompedu y 800i; 06cseu 6000KOPUCMYBAHH.

Tabn.: 4. Puc.: 1. bién.: 15.

AKTYyaJIbHICTh T€MH TOCTiKeHHS. Y 3B’S3KYy 3 BBEJCHHAM Yy JAil0 3aKOHY YKpaiHu Bif
07.02.2017 poxy Ne 830 «IIpo BHeceHHS 3MiH JI0 AESKUX 3aKOHOJABYMX aKTIB YKpaiHu, 110
PEryIror0Tb Bi,Z[HOCI/IHI/I, IIOB’sI3aHl 3 OZICPKAaHHAM ,Z[OKYMCHTiB ,Z[OSBiHLHOFO XapakKTepy moao
CHELIaJIbHOTO BOJOKOPHCTYBAHHS», BIAMOBIIHI J03BUIbHI JOKYMEHTH BUAaIOThCS CEKTOpoM
JlepxBoiareHcTBa YKpaiHu B UepHIriBCbKii 0051aCT1 MICIIs HOTOKEHHS IEPKABHOIO CITYK0010
Hepxreonanpa. OCKUTbKM MOTpeOU Y BOJI Ta OI[IHKA 0OCSTIB BOJOKOPUCTYBAHHS CaIBHUUUX
TOBApUCTB, BIAMOBIAHO JI0 Cy4aCHUX HOPMATUBHHUX JOKYMEHTIB, HE JOCIIKEHI i HEBimOMi,
HEOOX1THO MPOBEJCHHS HAYKOBO-IOCTITHUX POOIT Ui iX BU3HAYEHHs, 10 1 Oyna0 3pobieHo
3rimHo 3 ykinaaeHumu gorosopamu Mk YHTY Ta capiBHmummu ToBapuctBamu [1; 2].

IMocTanoBka mpodJemu. /[ oTpuMaHHs JO3BUIBHUX JOKYMEHTIB IOJO CIEHiaTbHOTO
BOJOKOPUCTYBAHHA BO,Z[OKOpI/ICTYBaLIi IMOBHHHI BUKOHATHU ,Z[OCHi[[)KCHHH 174 PO3pPaXyHKHU IMOTPEC-
Ou y BOJIi Ta OLIIHIOBaHHS 00CSTIB BOJOKOPUCTYBAHHS BIAMOBIHUX CaJIBHUYUX TOBAPHUCTB, a
came 0OCTeXHUTH CTaH B0J103a00py, BU3HAUUTH NOTpedu y BoAi 3rinHo 3 JIbH b.2.5-64:2012,
MMPOBECTU PO3PAXYHKH o0cAris BOJOKOPHUCTYBAHHA, HalaTH pCKOMCHHaHﬁ o0 Ipupoaoo-
XOPOHHUX SaXO,Z[iB, p03p06I/ITI/I TeXHi‘-IHy ,Z[OKYMCHTaHiIO ,Z[OSBiJ'H:HOFO XapakTepy moao CIic-
IATBHOTO BOJOKOPHUCTYBaHHS [3].

AHaJIi3 OCTaHHIX JOCTiIKeHb Ta nyOaikauiii. bynu po3risHyTi foCTiKEeHHS Ta myO0i-
Kallii y BiIKpuToMy Joctymi [4; 5; 6; 7], npucssiueH1 npoOieMaM BOJOKOPUCTYBAaHHS Ta BO-
JIOBIZIBE/ICHHS B Cy4aCHHX yMOBaxX. Matepianu po3risiHyTUX JTOCIKEHb Ta MyOuikaiii 0ynu
BUKOPHUCTAaHI MiJ] 4ac MPOBEJICHHsS] HAYKOBUX JOCIIKEHb Ta MIArOTOBKH 3BITIB PO HAyKOBO-
nociiaHl po6oTH «JlocipkeHHs 1 po3paxyHKH NOTpeOH y BOJI Ta OLIHKA 00CATIB BOJIOKOPH-
CTYBaHHsI CaJIBHUYMX TOBAPHUCTB «3A0pOB’s1», «InHamo», «bypeBicHUK», «Bipax».

Buainenns Heaoc/iIKeHNX YACTHH 3arajbHol npodJjemu. [lotpedbu y BoAl Ta oliHKa

00csTIB BOJOKOPHUCTYBAHHSA Cal[iBHI/I‘-II/IX TOBApUCTB, Bi,Z[HOBi,Z[HO A0 CYyJaCHHUX HOPMATHUBHUX

© Tepemyx O. 1., Mosenxo B. 1., 2019
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JOKYMEHTIB, HE JJOCTIDKEHa 1 HeB1IoMa Ta MoTpedye TepMIHOBOTO BUPIIIEHHS Ui OTPUMAaH-
HS IOKYMEHTIB JI03BUIBHOTO XapaKTepy 1010 CIEliaJbHOr0 BOJJOKOPHCTYBAHHS.

Bukniag ocHoBHoro marepiany. Y 2018-2019 pp. cniBpoOiTHUKaMH — HaBYaJlbHO-
HayKoBOro iHcTUTYTYy OyaiBHULTBAa UHTY B Mexax BUKOHAHHS HayKOBO-AOCIIIHUX POOIT, 3Ti-
nHo 3 goroBopamu Ne 480/155 Bim 04.09.2018 p., Ne 486/18 Bix 02.10.2018 p., Ne 489/18 Bin
31.10.2018 p. «/locnipkeHHs 1 po3paxyHKH HNOTped y BOJI Ta OLIHKAa OOCSATIB BOJOKOPUCTY-
BaHHs CaJlIBHUYUX TOBapUCTB ‘“310poB’s”, “/Iunamo”, “bypeBicHuk”, “Bipax’», Oyau mnpose-
JIeH1 AOCHIKEHHS TPOoOJIeM BOJOKOPUCTYBAHHS HA3BaHUX CAIBHUYMX TOBAPUCTB T4 BUKOHAH1
pO3paxyHKu noTped y BOi i BU3HAUeH1 ixH1 00csiri BojjokopucTyBanHs [8; 9; 10; 11].

OO0’ €eKTH TOCTIPKEHHS — Ca/lIBHUY1 TOBAPUCTBA «3110pOB’s», «JnHamo», «Bipax» po3ra-
III0BaH1 B JauHOMY MacuBi «bepe3zanka» Ta 3apeecTpoBaHi 3a ajipecoro YepHiriBcbka 001acTh,
YepHiriBcekuil paiioH, c. bepe3anka i1 po3ramoBani Ha Bijnctadi 0,6-1,5 kM Big Tpacu YepHi-
ris—Hosropon-CiBepcbkuid, JiBopyd Bin foporu Ha CenHiB, a cajiBHUYE TOBApUCTBO «bype-
BICHUK» 3a ajpecoro UepHiriBcbka 061acts, YepHiriscbkuii paiion, ¢. Hosuit binoyc, niBopyu
noporu Ha ['omenb, HanpoTu MOBOpOTY Ha c. [lony6GoTKH.

3araJipHi IJIOIII HA3BaHUX CaJIBHUYMX TOBAPUCTB, BU3HAYEHI MiCJsl BUBUEHHS KaJIacTpo-
BUX IUIAHIB Ta JOCIIKEHHS TEPUTOPIH, MAlOTh TaKi 3HAYCHHS: CaJ[IBHUYE TOBAPUCTBO «3]10-
poB’si» — 20,0 ra; caniBHuue ToBapuctBo «JluHamo» — 19,0 ra; caniBuuye ToBapuctBo «bype-
BicHUK» — 16,0 ra; cagiBHMYe ToBapuCTBO «Bipax» — 22,3 ra.

CaniBHHY1 ToBapucTBa «310poB’s», «IuHamoy, «bypeBicHuk» Ta «Bipax» s 3abe3rme-
YEeHHs BJIACHUX MOTPeO y BO1 HA MOJMBAHHS MPUCAAUOHUX AUISTHOK €KCIUTyaTyIOTh apTe3iaH-
CBbK1 CBEpJIOBHHH, SIKI pO3TAILIOBaHI B MEXaxX TEPUTOPIi TOBApUCTB (Tabdi. 1).

Tabmums 1
XapaKmepucmuKu apme3iaHCbKux CGQpOﬂOGuH
Ne Hassa ToBapucrsa Ne cBepIOBHHM Aleoir cBSe PATOBIHH Foubuna
/i m’/ron M
1 CT «3mopoB’s» é }2 23
1 10 50
2 CT «dunramo» 2 10 50
. 1 10 75
3 CT «bypeBicHUK» 2 10 75
. 1 10 100
4 CT «Bipax» 2 10 100

Binnmosigno nmo 3akony Ykpaiau Ne 1830 Big 07.02.2017 poky «IIpo BHeceHHs 3MiH 10
JIeSIKUX 3aKOHOJIaBYMX aKTIB YKpaiHH, [0 PETYIIOIOTh BIIHOCHHH, MOB’SA3aH1 3 OJIep>KaHHIM
JOKYMEHTIB JI03BUILHOTO XapaKTepy MO0 CIEeiaTbHOTO BOJOKOPUCTYBAHHS» IS OJIepKaH-
Hs JI03BOJIy Ha CHeIlialibHe BOJAOKOPHUCTYBaHHS OyJiv JOCTIDKEH] MOTpeOH y BOII 3 MOMICSY-
HUM HOPMAaTHBHUM PO3PAaXyHKOM BOJOKOPHUCTYBAHHS i BOJOBIABEACHHS CaJIBHUYUX TOBa-
PHUCTB, HaJaHl OMKMCU Ta CXEMHU MICIb 3a00py Boau. [yt oOrpyHTYBaHHS MOTped y BOJI Ta
PO3paxyHKy BOJOCIIOKMBAHHS CaIBHUYMX TOBAPUCTB «3H0pOB’s», «JluHamo», «bypesic-
HUK», «Bipax» BUKOpHUCTaHI HOPMH BOJOCIOKMBaHHS, MpuiiHATI BianosigHo Ao JIbH b.2.5-
64:2012, m.22, nomatok A2, ct. 74 (Tabn. 2) [3].

HopmatuBHuii po3paxyHOK BOJOBIIBEICHHS B CAJIBHUYUX TOBAPUCTBAX «3I0POB’s»,
«dunamoy, «bypeBicHuk», «Bipaxk» He MPOBOAUBCS y 3B 3Ky 3 BICYTHICTIO CKUJIaHHS 3BO-
POTHUX (CTIYHUX) BOJI.

HopmatuBHuii po3paxyHOK BOJOKOPHUCTYBAHHS y CaJlIBHUYMX TOBAPUCTBAX «3I0POB’s»,
«lunamo», «bypeBicHuK» Ta «Bipax» HaBeaeHu# y Tabnuusx 2 ta 3 [12].
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TabGmums 2
Pospaxynox 600ocnosicusanns cadignuuux mosapucme
Ne 5 Hopmu PoGounx Kimskicts Kinbkicrs BonocnoxxuBaHHS
HaiimenyBanHs OpuH. | BomormocTa- . BOJIOCTIOK. MIPOCKTHE
3/ . . JIHIB Ha BOJIOCIIOX. 3 3
I BOJIOCTIO)KHBAYiB BUMID YaHHSI piK Hp()zeK'THa (axiHa M/ ™He.M /
11/ KB.M / 100y M~/ [T 00y piK
1 |IlonuBaHHS mpUcagnO- | KB. M 3 150 200000 /400 | 200000 /400| 600,0 90,0
Hux gimsaok CT “3mo-
poB’st”
2 |llonuBaHHS IpUCaIO- | KB. M 3 150 190000 190000 570,0 85,5
Hux gimstHOK CT “Jlu- /380 /380
Hamo”’
3 |IlonmuBaHHs nprcagnd- | KB. M 3 150 160000 160000 480,0 72,0
Hux gistHoK CT “by- /400 /400
peBicHUK”
4 TTonuBanus prlca[[p[6- KB. M 3 120 223000 223000 669,0 80,28
Hux ainsHoK CT “Bi- /446 /446
pax”
Tabmums 3
Hopmamuesnuii po3paxyHok 6o0oxkopucmyeanHs
e~ &3
-] B
% 2ESE:  |3g.| EE | ig
= = 2 25 ZE¢| g2 E ZEa
IMokasHuk = B2 gE 0 S = Eg=
= EREE SEE| %5 EZg
= SzEZE |8E7| 3§ | SEE
FgEgl = &
Bukopucranas Boau Ha BJIacHi 0,003/[IbH b.2.5-
norpedu, ycnoro, 64:2012
CT «3mopoB’s” 200000 Pospaxynox dodaemoca | 600,0 150 90,0
CT «dunamo” 190000 (mabauys 2) 600,0 150 85,5
CT «bypeicHuk” 160000 570,0 150 72,0
CT «Bipax» 223000 480,0 120 80,28
y TOMY 4HCJIi: 669,0
TIOJIMBAHHS MPUCAANOHUX AITSTHOK
ca/liBHUYOT 0 TOBAPHCTBA!
CT «3mopoB’s» 200000 600,0 150 90,0
CT «/Iuaamoy» 190000 570,0 150 85,5
CT «bypeicHux» 160000 480,0 150 72,0
CT «Bipax» 223000 669,0 120 80,28

[TomicsyHMi HOPMATUBHUM PO3PaXyHOK 3arajibHUX MMOKAa3HUKIB BOJOKOPUCTYBAHHS 1 BO-
JIOBIZIBE/ICHHS B CaJlIBHUYMX TOBApUCTBaX «310poB’s», «uHamo», «bypeBicHUKY, «Bipax»

HaBeneHU y Tabm. 4 [12].

Tabmuns 4
THomicaunuii HopMamueHULl pO3PAXyHOK 3A2AlbHUX NOKA3HUKIE 8000KOPUCHY8AHHS
Micsui
IMoxa3zuuk TpaBeHb Yepeens | Jlunenn | Cepnenn | Bepecenb | Ycnoro 3a
THC. M® tae. m® | twe.m® | twe.m® | tme.m® | pik, THe. M

Bukopucrtanss Boau Ha
TIOMBAHHS PUCAANOHUX 1IISI-
HOK CaJiBHUYOTO TOBAPHCTBA!
CT “3nmopos’s” 18,0 18,0 18,0 18,0 18,0 90,0
CT “Aunamo” 17,1 17,1 17,1 17,1 17,1 85,5
CT “BbypeBicHUK” 14,4 14,4 14,4 14,4 14,4 72,0
CT “Bipax” 20,07 20,07 20,07 20,07 - 80,28
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ExcrutyaraniifHi XxapakTepUCTUKH apTe31aHChbKUX CBEPJUIOBUH JO3BOJISIOTH 3a0€3MEUUTH
PO3paxyHKOBHH 00CAT BOJONOCTauYaHHS 0€3 BUCHAKEHHSI BOJIOHOCHOTO TOPH30HTY i MOBHIC-
TIO 33/I0BOJIbHUTH MOTPEOU Y BOAI caJiBHUYI TOBApUCTBA «310pOB’si», «/uHamo», «bypesic-
HUK» Ta «Bipax».

OCKUTBbKM CaJiBHUY1 TOBAPUCTBA «310poB’s», «/lunamo», «bypeBicHUK» Ta «Bipax» mis
3a0e3neueHHs! BIaCHUX MOTpeO y BOJAL Ha MOJMBAHHS MPUCAIUOHUX AUITHOK €KCILTyaTylOTh
apTe31aHChKi CBEPJUIOBUHM, SIKI pO3TAIllOBaHI B MeKax TEPUTOPii TOBAPUCTB, BOHM MOBHHHI
BUKOHYBaTH HOPMHU 3aKOHOJABCTBA I110/I0 OXOPOHU HaBKOJIMIIHBOTO MPHPOTHOIO CEpPelOBU-
ma. Came ToMy IpH po3poOIli HOPMATUBHOI JOKYMEHTAIlil Oynu nependaydeHi Taki MpUpoJIo-
OXOPOHHI 3aX0/IH:

1) yTrpuMmyBaTu 30HHM CaHITApPHOT OXOPOHM apTE31AHCHKUX CBEPIOBHH BIIMOBITHO 10
Bumor JIbH B.2.5-74:2013;

2) 3nifCHIOBAaTH MIATPUMKY MOBHOI TEXHIYHOI TOTOBHOCTI OOJIaJHAHHS 1 T€PMETHYHOCTI
TpYOOIIPOBO/IIB;

3) noTpuMyBaTHCS MPUPOJOOXOPOHHUX 3acO0iB, TepeadadeHNX BiIMOBIAHUMH MaTtepia-
JIaMU OLIIHKY BIUTMBIB Ha HaBkojuiHe cepenosuiie (OBHC);

4) MpOBOJUTH CHUCTEMAaTHMYHUM KOHTPOJIb 3a TEPMETHYHICTIO KJIalaHiB, apMaTypH Ta
3’€THaHb TPYOOIIPOBOIIB;

5) 3nilicHioBaTH 00K 3a0paHOi BOJM 3 apTCBEPATIOBHH 32 TOTIOMOTOIO JIYMIbHUKIB;

6) 3a0e3neyuTH BEeJICHHS KypHAILy 00Ky BOJIH;

7) AOTpUMYBATHUCS BCTAHOBJICHUX JIMITIB 3200pY Ta BUKOPUCTAHHS BOJIH;

8) mopnasatu 3BiT popmu 2TII 10 opraniB rep»aBHOrO0 KOHTPOJIO — YEpHIrIBCHKOTO Mi-
CBKOTO YIPaBIIIHHS BOJIHOTO TOCIOJApCTBA;

9) 3naiiicHIOBAaTH 3aX0/M, IO 3a0€3MeUyOTh MOJIMIIEHHS €KOJOTTYHOTO CTaHy BOJHOIO
00’eKTa.

[Ipupo100XOpOHHI 3aX0H CHPSIMOBYIOTHCS Ha OXOPOHY BOJI, 3MEHILIEHHS piBHS 3a0pya-
HEHHs Ta 3a0e3MeueHHs paliOHaTIbHOIO BUKOPUCTaHHS BOJHUX Ta IHIIMX MPUPOJIHUX pECYp-
CiB 1 MOBUHHI MaTH BUMIpPIOBaH1 KpUTepii (IOKa3HUKM) TOCSTHEHHS PE3yJbTaTUBHOCTI Ta Te-
pMminu BukoHaHHs [13; 14; 15].

Hopma BojgocnoxuBaHHA /s TMOJMBAHHSA NPUCAIUOHUX  JUISHOK  NpUIHATA
3 n/xB. M/100y, 3rigHo 3 JIbH b.2.5-64:2012, n. 22 nomatok A2, ct. 74, 10 JO3BOJUIO BU-
3HAYUTU 0OCATH MOJMBHOI BOAM /ISl CaJlIBHUYMX TOBApUCTB «310poB’s», «/lunamoy, «bype-
BICHUK» Ta «Bipaxxy». Iy MOpIBHAHHS ONajiB y NOJUBHUMA MEpPIoJl HA TEPUTOPISIX HA3BAHUX
CaJlIBHUYMX TOBAPHCTB 3 HOPMOIO IMOJMBA BUKOPUCTAEMO JIaH1 CIIOCTEPEKEHb T'JPOMETE0C-
taHlii YepHiriB 3a 1944-2018 poku Ta mobyayemo rpadiku OmaaiB y MOJMBHUN Mepiof

(puc. 1).
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BucHoBkM BiinoBiaHo 10 crarTi. BUkoHaH1 1OCTIKEHHS CaliBHUYUX TOBAPUCTB «3]10-
poB’s», «Iunamo», «bypeBicHUK» Ta «Bipax» H03BOJIMIN BUSHAYUTU KUIBKICTh CaIIBHUUUX
JUISTHOK Ta MOJIMBHI IUIOIII TOBAPUCTB, SKI MOTPEOYIOTh NojauBaHHs npoTsroM 120-150 nil.

Pospaxynku motped y BoAl it BU3HA4YECH1 00CATH BOJOKOPUCTYBaHHS BinmoBigHo a0 JIBH
B.2.5-64:2012 «BuytpimHiit BojgonpoBia Ta kananizauis. Yacrtuna 1. [IpoexryBanns. Yactu-
Ha [I. ByiBHUIITBOY», OTPUMAIH TaKi 3HAYCHHS:

— cajliBHAYE TOBAPUCTBO «310poB’a» — 600,0 M>/106y, 90,0 THC. M>/pik;
cafiiBHIYe ToBapucTBO «J{uHamo» — 570,0 m>/n00y, 85,5 Tuc. M*/pik;
cafiBHMYe ToBapucTBO «BypeBicHuk» — 480,0 M>/1006y, 72,0 THC. M*/piK;
caiBHHYE TOBApUCTBO «Bipax» — 669,0 M>/n06y, 80,28 Tuc. M*/pik.

I'padix onmaniB y nonusHuii nepioa (puc. 1) 3a 1944-2018 pp. nokasas, 110 3abe3nedeHHs
3BOJIOKEHHS 3€Mellb 32 PaxyHOK ONajiB OiuIbllle MPUNHHATOI MOJIMBHOT HOPMHU BiOyBajocs
JIMIIIE YaCTKOBO TaKUM YMHOM: TpaBeHb — y 4 %, uepBeHb — y 23 %, nmunens — y 21 %, cep-
neHb — y 15 %, Bepecenb — y 9 % mnepiofy cnocrepexxeHb. Takum 4uHOM, Ipadik MiATBEp-
JDKYE HEOOXITHICTh MOJIMBAHHS MPUCAAUOHUX NUISHOK CaTIBHUYUX TOBAPUCTB Ta MPUHHATY
NOJIMBHY HOpMY 3 J1/kB. M/100y. BpaxoBytoun naHi onajiB y NOJUBHUM Mepiof, SK BUIHO 3
rpagika, MO’KHA PEKOMEH/IYyBaTH CaAIBHUUYUM TOBAPHCTBAM 30UTbIINTH MOJIMBAHHS MPUCATIH-
OHUX JUISHOK y TPaBHI, CEpIIHI 32 paXyHOK 3MEHIICHHS NOJIMBAHHS B YEPBHI-JIUIHI, OCKUIbKU
3arajibHUM 0OCST BOJOCHOKMBAHHS PO3PAXOBaHUM 3riHO 13 CydaCHUMM HOpMaMu Ta JeliTa-
MU HasiBHUX CBEpPAJIOBHH. Y BHIAJKy HecTadi BOJU JUISl MOJIMBAHHS HEOOX1IHO BCTAaHOBJICHHS
OLTBII MOTY>KHUX HACOCIB Y apTe31aHCHKUX CBEPAJTOBUHAX (SKIIO 1€ TO3BOJISE 1€0IT CKBAXKU-
HU) 200 OyIIBHUITBO JOJATKOBUX apTE31aHCHKUX CBEPJUIOBUH.

ExcrutyaraniifHi XxapakTepUCTUKH apTe31aHCHKUX CBEPJUIOBUH JO3BOJISIOTH 3a0€3MEUUTH
PO3paxyHKOBHH 00csAT BOAONOCTauaHHs 0e3 BUCHA)KEHHS BOJOHOCHHUX TOPU30HTIB 1 MOBHIC-
TIO 33JIOBUIBHUTH NOTPEOH Y BO1 JOCTIKYBaH1 Ca{iIBHUY1 TOBAPHCTBA.

Cnupatourich Ha cT. 1, cT. 24, ct. 25 3akony Ykpainu Ne 1268-XII Bix 26.06.1991 «IIpo
OXOPOHY HAaBKOJHILIHBOTO MPUPOHOTO CEPEIOBHIIA» CaJIBHUYMM TOBAPUCTBaM «3I0POB’ S,
«lunamo», «bypeBicHUK» Ta «Bipaxx» pekoMeHI0BaHO BUKOHATHU 3alIPOTIOHOBAHI BUIIIE MPH-
pomooxoponHi 3axou [13].

[IpoBeneHi nocnimpkeHHs W po3paxyHKU opOpMIIEH] Ta HaJaHi caJiBHUYMM TOBapUCTBAM
SK T€XHIYHA JOKYMEHTAIllsl I03BUIBHOTO XapaKTepy MI0/0 CIELiabHOTO BOJAOKOPUCTYBAHHS
JUIs OTPUMAHHS JI03BOJTY Ha CIeliajIbHE BOJIOKOPUCTYBAaHHS.
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PROBLEMS OF WATER USE OF GARDENING SOCIETIES
OF CHERNIHIVSHCHYNA IN MODERN CONDITIONS

Urgency of the research. Due to the enforcement of the law of Ukraine No. 1830 of 07.02.2017 "About introduction of
amendments to some acts of Ukraine which govern the relations connected with obtaining documents of allowing character
on special water use", the order of obtaining permissions to special water use changed that demands researches and calcula-
tions of water use and water disposal of the corresponding water users.

Target setting. For obtaining allowing documents for special water use water users have to execute researches and cal-
culations of requirement of water and assessment of volumes of water use of the studied garden associations and to submit
technical documentation to the allowing center.

Actual scientific researches and issues analysis. The last publications in open access devoted to problems of water use
and water disposal in modern conditions were considered.

Uninvestigated parts of general matters defining. Requirements in water and estimation of volumes of water
consumption of societies of gardener in obedience to modern normative documents not investigational.

The research objective. Researches and calculations of requirement of water, assessment of volumes of water use of the
relevant garden associations and the recommendation about questions of conservation are considered.

The statement of basic materials. In article questions of the solution of problems of water use of garden associations, re-
searches and calculations of requirement of water and assessment of volumes of water use are considered, necessary recommenda-
tions about questions of conservation are offered.

Conclusions. The conducted researches of territories of garden associations allowed to determine the irrigation area,
requirements of water for watering of garden sites and volumes of their water use.

Keywords: special water use; requirements of water; water use volumes.
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TEOPETUYHE OBIPYHTYBAHHS TOYHOCTI BUSHAUYEHHSI
1ol 3EMEJIbHUX JIVIAHOK ITOJIIOCHUM METOJI0OM

Axmyanvhicmo memu 0ocnioxcenna. Busnauenns niowy mepumopiii € 0OHUM i3 20106HUX 3A80AHb 2€00€3UUHO20 CY-
npogoody semaeycmporo. JJocmosipHicms ingopmayii npo 3emenvui pecypcu 6e3n0cepedHbo nog si3aHa 3 MOYHICMIO 6U3HA-
YeHHs NIoW 3eMelbHUXx yeiob. Heobxionicms y 6usHaueHHi niouii GUHUKAE [ Ni0 4ac SupiueHHs: MicmoOyOi8HUX 3a60aHDb,
nposedents pexpeayiinux pobim, GepmuKanrbHo20 NIAHY8AHHA 0)0iGeNbHUX MAUOAHYUKIE, NPOSHO3YE8AHHA MepUmopil
niOMOnIeHH s MA AiCOBUX NOICEC.

ITocmanoexka npoonemu. € maxi mMemoou GUSHAYEHHS NIAOW: 2pa@iuHull, IHCMPYMEHMATbHUL, AHATIMUYHUIL
I'pagiunuii memoo nepedbayac 3acmoCy8aHHs CReYianbHO Po3epaeHux naiemokx i3 npo3opo2o mamepiany, SKi HaKIAdd-
H0mMbCs Ha Kapmozpapiune 300padxcenns Oinanku. Thowy niopaxosyroms 3a KitbKicmio eneMeHmapHux Qieyp y eueiaoi nps-
MOKYymMHUKi@ 3 8idomolo nnowjero. IHcmpymenmanvuuii memoo nompebdye SUKOPUCMAHHA MEXAHIYHUX YU eNeKMPOHHUX
naanimempis. Ilowa OinsaHku Ha iT KAPMOSPADIUHOMY 300PANCEHHI BUSHAUAEMBCA NICTA 008€0EHHS KOHMYPY CREYIaTbHUM
sasicenem 3 MapKoio 3a pizHuyeio 8ionikie 3a wkanoto naarimempa. Haiibinow mounum € ananimuunuii memoo. Bin nepeoba-
uae GU3HAYEHHA NAOWI OLIAHKU 30 KOOPOUHAMAMU MOYOK, PO3MAUOBAHUX HA KOHMYPI OLIANKY, 3 BUKOPUCTNAHHAM 8iON0BIO-
HO20 MamemMamuyHo20 anapamy.

Ananiz ocmannix oocniocens i nyénixayiii. bynu posenanymi ocmanni nyonixayii y 6iokpumomy 0ocmyni, aKi npu-
CBAUeHT MOYHOCII GUIHAYEHHS N0 AHANIMUYHUM MEMOOOM.

Buoinenns nedocnioyncenux uacmun 3azansnoi npoonemu. Heoocnioocenoio € mounicme gusnauents niowy 3emMenbHux
OiNAHOK NOTIOCHUM MEMOOOM 3 YPAXYBAHHAM KOPENAYIUHUX 3ANEeHCHOCMEL MIdC CYMIJNCHUMU 2OPUZOHMATLHUMU KYMAMU,
BUMIPAHUMU HA MEICOBUX 3HAKAX.

Mema cmammi. I'onognolo memoio cmammi € meopemuyne OOIPYHMYBAHHA MOYHOCMI BU3HAYUEHHS NIOW| 3eMETbHUX
OiNAHOK NOMOCHUM MEMOOOM 3 YPAXy8aAHHAM KOPEeNAYItHOI 3aNelICHOCI MidC CYMIJICHUMU 20PUBOHMATLHUMU KYMAMU,
BUMIPAHUMU HA MEICOBUX 3HAKAX.

Buknao ocnosnozo mamepiany. Buxonano meopemuyne oOIpYHmMY8aHHA GUHAUEHHS NAOW 3eMENbHUX OLIAHOK V 8U-
2na0i 6a2amoKymHUKi6 NOIIOCHUM MeMOOOM 3 YPAXYBAHHAM BUMIPAHUX COPUBOHMANLHUX KYmie ma 0o08dcunu 6asucy. Ha
OCHOBI OMPUMAHUX HOPMYIL BUSHAYEHO 8UPA3U OJisl YACIKOBUX NOXIOHUX. 3 YPaXy8aHHAM KOPENAYIUHOI 3ANeHCHOCHIE MIdC
2OPUBOHMATLHUMU KYMAMU BUBEOEHT (hopMyIU Osl BUSHAUEHHS CEPEOHbOI K8AOPAMUYHOI NOXUOKU SUSHAUEHHS NIOW| 3e-
MeNbHUX OLIAHOK 13 KOHQIi2ypayieto medxc y euensadi bazamokymuuxa. Bukonano cnpowenns 3a2anvHux popmyn 0ns 6usHa-
YeHHs MOYHOCMI NAOW OUIAHOK Y 8U2NA0I NPABUILHO20 MPUKYIMHUKA MA N AMUKYMHUKA, RPAMOKYMHUKA, kéadpama. Hage-
0€HO PO3PAXVHKU MOYHOCMI NILOW) 3eMENbHUX OLIAHOK Ol 6KA3AHUX hieyp 3a CHPOWeHUMU (OopMyLamu.

Bucnoeku ionosiono 0o cmammi, Buxonarno meopemuune 00TpyHmy8ans Mo4HOCMI GU3HAYEHHS NIOW 3eMENbHUX OLIHOK
NONOCHUM MEMOOOM 3 YPAXYBAHHAM KOPEAYIIHOI 3A1eAHCHOCIE MIDIC 20PU3OHMANTLHUMU KYIMAMU, GUMIPIHUMU HA MEXCOBUX 3HA-
Kax. 3aeanvHi popmynu cnpoweri dns unaokie KoH@iypayii medxc y 6u2iadl npaguibHO20 MPUKYIHUKA MA N SMUKYIMHUKA, Nps-
MOKymHuKa ma keaopama. Haseoeno npuxnaou obuucienHs mouyHocmi 6UsHaueH s naowy Ol 6KA3aHuX Qizyp.

Kniouosi cnosa: nonochuii Memoo, niowa 3emenvhol OLsiHKU, KoepiyicHm Kopensyii.

Puc.: 3. bion.: 14.

AKTyaJdbHicTh TeMHU A0CaiAxkeHHs. BU3HaUeHHS MII0I TEPUTOPIH € OJJHUM i3 TOJIOBHUX
3aB/JIaHb T€0JE3UYHOTO CYMPOBOAY 3emiieycTporo. JlocToBipHICTh iH(OpMAIil PO 3eMeNbHi
pecypcu 6e3mocepeiHbO OB si3aHa 3 TOYHICTIO BU3HAYEHHS IJION] 3eMeNbHUX yrine. Heoo-
X1IHICTh Y BU3HAYCHHI IUTOII BUHUKAE 1 MiJ] Yac BUPIMICHHS MICTOOYIIBHUX 3aBlIaHb, IPOBE-
JICHHSl peKpealiiHux poOir, OyAIBHUITBA JIOPIT, BEPTUKAJIBHOIO IUIAaHYBaHHsS OyIIBEIbHUX
Mal/IaH4YMKIB, TPOrHO3YBAHHS TEPUTOPIN MIATOTICHHS Ta JICOBUX MOXKEX.

ITocTanoBKka npodaemu. € Taki METOIM BU3HAYECHHS ILJIONIL: TpadiuyHuii, IHCTPYMEHTAIb-
HUH, aHamiTHUHuk [1; 2].

I'padiunmii Meroa nependayvae 3acTOCYBaHHs CIELIaTbHO pO3rpadIeHuX MaJeToK 13 Mpo-
30poro Marepiaiy, sKi HaKJIaJaloThcs Ha Kaprorpadiune 300paxkeHHs aussHku. [lnomry minpa-
XOBYIOTh 32 KUIBKICTIO €JeMEeHTapHUX (Iryp y BHUIVIAI NPSMOKYTHHKIB 3 BIOMOIO IUIOILEHO.
SIKI110 KOHTYpU AUISTHKM YTBOPEH1 BIpi3KaMu NpsAMUX JIIHINA, TO AUISTHKY MO>KHA PO34JICHYBATH
Ha OKpeMi TPUKYTHHUKH, TUIOILI SIKUX OOYHMCIIOIOTHCS 32 BIIOMUMHU (OPMYIaMHU.

[HCTpyMeHTanbHUN MeTOJ] MOTpedye BHUKOPHCTAaHHS MEXAHIYHUX UM EJIEKTPOHHHUX
rwaniMeTpiB. [Tnoma ainsgHky Ha 11 kapTorpadiuHoMy 300pa’keHH]1 BU3HAYAETHCS MICHs 00Be-
JICHHS 11 KOHTYPY CHEliaJbHUM BaXkelleM 13 MapKOIO 3a PI3HULEIO BULTIKIB 3a HOro LIKaJIOH,
MIOMHO>KEHOIO Ha I[IHY MMOAUIKH IIKaIH [UIaHIMETpa.

© Kpsaok C. 1., MamonTosa JI. C., Illep6ax 1O. B., 2019
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Haii0inb1 TouHMM € aHamiTUYHUIA MeTol. BiH nependavyae BU3HaYeHHs ITUIOIII AUISHKY 32
KOOpAMHATaMM TOYOK, PO3TAIIOBAHUX HAa KOHTYP1 AUISHKU 3 BUKOPUCTAHHSM BiIIOBITHOTO
MaTeMaTUYHOTO arapary.

AHaJi3 ocTaHHIX AocaizKkeHb i myOaikanii. Y myomikarii [3] mpoBeneHo anamiz Gopmyin i3
po3paxyHKy cepeaHix kBaapathyHux nmoxubok (CKII) Bu3HaueHHs Mo 3eMeNbHUX JUISHOK 3a
KOOpJMHATaMHU MEXOBHX 3HAKIB. BCTaHOBIEHO, 1110 HaBeNEHI B IIbOMY JpKepesi GopMyiu, Mo
CYTI, € MOAIOHIMHU, ajie BIAPI3HAIOTHCS PI3HUMH apryMeHTaMH (IUIOLIA JUTSHKH, TOBKUHA MEXI,
JIOBKMHA JllaroHaii). 3alpornoHOBAaHO HOBY (pOpMyITy sl BUSHAUEHHS IUIOIII 3eMEIbHOT JAUISH-
KU, KOOPAMHATH MEKOBHX 3HAKIB KO BU3HAUaIOThCs 3a gornomororo GPS, a came

(1

ne m, — CKII Bu3Hauenns miomi autsHku, m — CKII BU3HaueHHsS] KOOpPIMHAT MEXKOBUX

3HAaKIB, / — TOPU3OHTAJIbHI BIICTaH1 MK MEKOBUMH 3HAKAMHU.
V cratti [4] HaBeneHo dopmyny it oouncnenHs CKII momri:

m, :%\/de ->d, d, cosp, ()

e d, — ToBXMHA MEXi 3eMeJIbHOT IUISHKH, 8 — KYT MiK CyMDKHMMH MEXKaMH.

Ha namy nymky, popmyna (2) mo3sosnsie Tounime BuzHauntu CKII miorri, ockinbku Bpa-
XOBYE 3HAUEHHS KYTIB Ha MOBOPOTaX MEX.
VY nybnikarii [5] BuUKOHaHa MpUB’s3Ka TOYHOCTI TJIAHOBOTO TMOJIOKEHHSI MEKOBOTO 3HAKY

M, 10 BapTOCTI 3eMeNbHOI AUTTHKY NPSAMOKYTHOT ()OpMU Ta BUBEAEHA GopMmya:

my 2Pk

_ Mu, |2Pk 3
VYT e ©)

ne my; — CKII Bu3HauCHHs wiau 1 M? 3eMenbHOT AinsaHKY; []p — miHa 1 M? 3eMenbHOT AUTSHKY;

k — xoeillieHT BUOBKEHHS (BIIHOIICHHS TOBXKUHU 3€MENbHOT AUISTHKY JI0 1i IUPUHN).

[Ipams [6] mpucBsiYeHa BU3HAUEHHIO TUIOINI 1 TOYHOCTI BU3HAUEHHS TUIOINI 00 €KTIB HEPY-
XOMOCTI: 0araTokyTHOi (OpMH 3a KOOpAMHATAMU BEpIIMH; 3a KYTOBHUMH, JIIHIMHUMU
BHUMIpaMU Ta 32 BU3HAUYEHHSM PI3HHIb KOOPAMHAT, 110 MalOTh (GOPMY €lIeMEHTapHUX Qiryp.
Po3rnsinyTo nmuTaHHS peayKUil MOl Ha MOBEPXHIO 3€MHOTO €JNcoina, 00YMCAeHHs IO
TOPU30HTAIBHOT IPOEKIIT AUISHKY Ta 1011 (P13UYHOT OBEPXHI AUITHKU. 3BEPHYTO yBary Ha
BHU3HAYEHHS IUIOI AUISHOK Ha IJIaHaX 1 KapTax.

Y monorpadii [ 7] BUCBITIIEHO cTaH Ta NMpoOJIeMU BU3HAUYEHHS IUION TEPUTOPIN. 3arporio-
HOBAHO MPOBECTH KJIAacU(IKAIliI0 3eMeJb 32 BEIMUMHOIO iX TepuTopiil. Takok HaBeEHO Kiia-
cu(ikaliro METO/IB BU3HAYEHHS IJIOU] 32 IHCTPYMEHTAJbHUMH 3aco0amMH BUMIPIOBaHb Ta
cocoOOM peayKyBaHHSI TEpUTOPIM Ha MOBEPXHIO BIAHOCHOCTI. BUKOHaHO OOrpyHTYBaHHs
CTPOTMX MaTeMaTHYHUX METOJIIB BU3HAUEHHS Ta OLIIHKA TOYHOCTI BU3HAYEHHS ILJIOII 3€MeIb
3a KOOpJAMHAaTaMH BEpIIMH KOHTYpiB. BpaxoBaHO penykiiiio TepUTOpid Ha TOPU30HTAIBHY
IUTOIIMHY METOJIOM OPTOTOHAJILHOTO MPOEKTYBAHHS, Ha IJIOLIMHUA KapTorpadiuHuX MPOEKIin
Ta Ha MOBEPXHIO 36MHOTO EJINcoiaa.

VY mxepeni [8] BUKOHAHO TEOPETUYHE OOIPYHTYBAHHS MOJIOCHOTO METOJY BHU3HAYEHHS
IUTOI 3€METbHUX AUITHOK. MeTo | IPyHTY€eThCsSl Ha BUMIPIOBaHHI TOPU30HTAIBHUX KYTIB Ha
KOKHOMY MEXKOBOMY 3HaKy B HalpsIMKy Ha JIBa CYMDKHI MEXOBI 3HAaKd Ta Ha BUCOTHHUHI
OpieHTHp y cepeauHi AinsHku — nomroc. [1lo6 3amatu macmtab mosmtocHii (irypi, BU3Ha4a-
I0Th SIK MIHIMYM OJIHY BIICTaHb MDK JBOMa MEKOBUMHU 3HaKaMHu. /[y nmpuB’s3KU 10 CUCTEM
KOOpAMHAT BU3HAYAIOTh KOOPJMHATH OJHOTO UM KUTBKOX MEKOBUX 3HAKIB.
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[Ipuknan peanizauii MOAOCHOTO METOY Ul BU3HAYEHHS KOOPAMHAT MEXOBUX 3HAKIB Ta
TUTOIIII 3€MENIbHOT JUISHKY 32 UMM KOOpAMHATaMU HaBeJleHo Yy jkepeni [9].

[lonanpmii po3BUTOK MOJIOCHOTO METOAY 3 METOIO BU3HAUYEHHS BIIMITKM BUCOTHOI CIIO-
pyaM — MOJIIOCY Ha MPHAEpPOJPOMHIN Tepuropii, HaBeneHo y ctarti [10]. [Ing mporo Ha
CTaHLIi, KpIM BIJUTIKIB 32 TOPU3OHTAJIBHUM KPYrOM TE€OO0JIITa UM €JIEKTPOHHOIO TaxeoMeTpa,
OepyTh BITIKM 32 BEPTUKAIBHUM KPYTOM Ta OOUMCIIOIOTH KyTH HAXWIIy B HAaNpsIMKY Ha BU-
COTHY criopyny. BusHaueHHs BIIMITOK (BUCOT) BUCOTHHUX IMEPELIKOJI HA MPUAEPOAPOMHIN Te-
PUTOPIi € aKTyaJIbHUM JUIs O€3MEeKH MOJIbOTIB MOBITPSHUX cyaeH [11].

OnHak y myOmiKaiisx, IPUCBIYEHUX TEOPETUIHOMY OOIPYHTYBAHHIO Ta peajti3aLlii MOJKCHO-
TO METOY, BIICYTHsI iH(pOpMAIlis PO BU3HAUCHHS TOYHOCTI IJIOIN] 3eMENbHUX AUITHOK. MoxHa
Oys0 6 06UMCITIOBAaTH TOYHICTh BU3HAYEHHS IUIOLII 3@ BIIOMUMH (popMyniaMu, Harpukiaz (2), axi
BIINOBIIAIOTh BU3HAUEHHIO KOOPIMHAT MEKOBUX 3HAKIB 4epe3 MpPOKIIaJaHHs TEOJOIITHOTO YU
MOJIrOHOMETPUYHOI'0 X0y IO 3HaKax. Y 1IbOMY BHIQJIKy FTOPU30HTaIbHI KyTH BUMIPIOIOTH CIO-
coO0M MPUHOMIB 1 HA KOXKHOMY MEXKOBOMY 3HAKOB1 OTPUMYIOTh OJMH KYT. Y LIbOMY BHUIAJKy
KOKEH KYT BUMIPIOETBCS OKPEMO Ta € HE3AIEKHOIO BEIMUMHOIO. AJie B MOJIFOCHOMY METO/II Ha
KO’KHOMY MEKOBOMY 3HaKy MAaEMO TpH HANpsIMKU: JBa — Ha CYMDKHI 3HaKH Ta OJIMH B HANPSAMKY
Ha nomoc. ToMy KyTH BUMIPIOIOTH CHOCOOOM KPYrOBHX NMPUHOMIB, OTPUMYIOTh 3HAUEHHS JJBOX
KYTIB, SIK1 Yepe3 CIUIbHUI HapsIMOK — Ha MOJIIOC, KOPETIOI0Th MK co0oto [12].

Buainenns HeaociyKeHNX YACTUH 3arajbHOI npodaemu. HenocmiKeHOO € TOYHICTD
BU3HAYEHHS IUIOL] 3€MENbHUX TUISHOK IMOJIIOCHUM METOJIOM 3 YpaxyBaHHSIM KOPEISLIHHUX
3aJIeKHOCTEH MDK CYMDKHUMHU TOPU3OHTAJIBHUMHU KyTaMH, BUMIPSHUMH CIIOCOOOM KPYTOBUX
NPUHOMIB HAa MEKOBHX 3HAKaX.

Mera crarri. ['0JI0BHOIO METOIO 1Ii€i CTaTTi € TeopeTHUyHe OOIPYHTYBaHHS TOYHOCTI
BU3HAYEHHS IUIOLI 3€MENbHUX TUISHOK MOJIOCHUM METOJIOM 3 ypaxyBaHHSM KOpeNsLifHOI
3aJIeKHOCTI MK CYMDKHUMHU TOPU30HTAIbHUMU KyTaMH, BUMIPSIHUMU Ha MEXKOBUX 3HAKAX.

Bukaan ocHoBHoro marepiaay. Hexail momocHa mepexka Mae (GopMy TPUKYTHUKA
(puc. 1). 3emenpHi ASHKY Takoi Gpopmu, 6€3yMOBHO, PIIKICTh, HAPUKIIAA, Y LEHTP1 JUISH-
KU pO3TaIlloBaHa BUCOKA IIOTJIA, a B Toukax 4, B, C 3HaxoaaThcs i po3Tsukku. [Ipote 1e oqna
3 HalnpocTimux ¢iryp, 3 SKoi BapTO PO3MOYaTH JOCIIHKEHHS TOYHOCTI BU3HAYECHHS TLIOI]
3eMeNbHUX TUITHOK TOJIIOCHUM METOAOM.

Puc. 1. Ilontocna mepedxca y popmi mpuxymuuxa
[Tnoma nepiioro TpukyTHUKY ABP (puc. 1) nopiBHIo€e

S_b-h1_b-APsinﬁ’l_bzsinﬁlsinﬁ2 0
b2 2 2sin(B +B,)

294



TEXHIYHI HAYKH TA TEXHOJIOTTi Ne 3 (17),2019

TECHNICAL SCIENCES AND TECHNOLOGIES
BukopucToByr0YM Takuii k€ allfOPUTM OOYHCIIEHb, IUIOIIl APYroro Ta TPEThOTO TPUKYT-
HUKIB JIOPIBHIOIOTH

b*sin® B sin B, sin(B, + f3,)

P 2sin’(B+ B,)sin 3, (2)
_ b*sin® B, sin” B, sin S, sin(B; + 3,) ' 3)
2sin’*(B, + B,)sin” B, sin S,
[Tnoma Bciei dirypu
P, =S +S,+8S,. 4

Ha puc. 2 nokazano nostocHi Mepexi y opMi HOTUPUKYTHHKA Ta I’ ATUKyTHUKA. [1noma
‘-IOTI/IpI/IKyTHI/IKa BHU3HAYA€ETHCS 32 POPMYIIOI0

[sm B, sin ,82 sin ,Bl sin S sin(f; + ,84) sin ,Bl sin® 3, sin S, sin(f; + ,86)
4 2 sin(f + ,82) sin’( B, + f3,)sin f3, sin’(B, + f3,)sin” B, sin f3,
N sin® 3, sin” 3, sin’ B, sin f3, sin( 3, + ,88)]
sin’(B, + B,)sin” f,sin” B, sinf,
[Tnoma H’HTI/IKyTHI/IKa JOPIBHIOE
sin £, sin ,82 sin ,Bl sin S, sin(f; + ,84) sin ,Bl sin® 3, sin S, sin(f; + ,86)
T 2 sin(f, + ,Bz) sin (181 + f,)sin S, sin (181 + ﬂz)sm Bysin S
N sin ,B1 sin® 3;sin’ 3, sin ,87 sin(f3, + ,88)
sin’(B, + ,)sin’ B, sin” 3, sin 3,

N sin ,B1 sin ,83 sin ,85 sin ,87 sin f3, sm(ﬂg + ,810)]

)

(6)

sin (181 + ﬂz)sm By sin 186 sin 188 sin 5

Puc. 2. Ilontocni mepesici y popmi:

a — HOMUPUKYMHUKA, 6 — N IMUKymHuKa
3 oy Ha Gopmymu (3), (5), (6) MOXKHA MOMITUTH 3aKOHOMIPHICTB JUT HAITUCAaHHS (GOpMY-
JIM TUIOLII MOJTFOCHOT (irypu. Ko Hymeparlito KyTiB y TPUKYTHUKY BUKOHYBATH 3T1IHO 3 pHC. 3,
TO KOXXHa HacTymHa (irypa Oyae nmpuOaBisITH JOAAHOK, IO MICTUTh y YMCEIBHHUKY JOOYTKU:
KBA/IpaTiB CHUHYCIB HEMApHUX KYTIB, MOYMHAIOUM 3 MEPIIOro 0 MEepelOCTAHHBOTO Ta CHHYCa
OCTaHHBOT'O HEMAPHOTO KyTa Ha CUHYC CYMH JIBOX OCTAHHIX KYTiB. Y 3HAMEHHUKY 3HAXOAATHCS
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N0OYTKH: KBaj[paTa CHHyca CyMH IEpIIOTo Ta JIPYroro KyTiB Ha KBaJpaTH CUHYCIB IAPHUX KYTIB,
MOYMHAIOYH 3 JIPYrOTo JI0 NEepeIOCTAHHBOTO Ta CHHYCa OCTAHHBOT'O MAPHOTO KYTa.

Jnst oO6uKcneHHs cepelHbOi KBaJpaTUYHOT MOXMOKM BU3HAUYEHHS IUIOINII JUISHKH 3a pe-
3yJIbTaTaMU BUMIPIB IMOJIOCHUM METOJIOM HEOOX1HO 3HAaWTH YacTKOBI MOXIIHI IJIOLII 32
OKPEMHUMH apryMEeHTaMH, KOpUCTyrouuch Gpopmynamu (3), (5) Ta (6). Toxai g nomocHoi Me-
pex1 y BUIIIAA1 OaraTOKyTHUKA 3 7 -CTOPOHAMH MOJKHA 3aIHCaTH

dP 1
L=2P —, 7
db "b 2
dP
= (8, +25, +...+ 2§, )cigh, —c1g(f+ 5], (8)
1
dP
p ﬂ =Sctgh, — (S, +28, +..+ 25, )cig(f + ) » )
2
ZZ =S,ctg(B, + B,)+ (S, +28;, +...+ 28 )ctgp;, (10)
3
dP
ﬁ =S,ctg(f; + ) — (S, +28,+...+ 28 ))ctgf, , (11)
4
dP 4
—=Sctg(fo + Bo) + (S, +2 ZSk)Ctgﬂ(Zifl) ) (12)
dﬂ(zlpn k=i+1
dP L
dﬂn =Sctg(Sy + Po) — (S, +2 ZSk)CtgﬂZi 5 (13)
i k=i+1

Jie | — HOMEp TPUKYTHHKA.

Heo0xinHO BpaxyBaTH MOMapHi KOPENALIHI 3B I3KH MDK MAapHUMU Ta HEMApHUMHU HOMe-
paMy TOPU3OHTAIBHUX KYTIB, PO3TAIIOBAHMX NMpU KOKHIM BepiuHi (puc. 1 ta 2). Taki kytH
BHUMIPIOIOTHCS HE OKPEMO (HE3aJIeKHO OJIMH BiJl OJHOTO), @ CHOCOOOM KPYrOBHX MPUHOMIB. Y
LIOMY BUIAJIKY iX 3B 530K BU3HAUAETHCS KOSPILIEHTOM Kopessiii, sikuit qopisHioe — 0,5 [13].

3aranbHa ¢popmyna 3 BuzHaueHHs: CKII mtonti 3a motoCHUM METOJIOM MA€ BUTJIS;

2 2 2 2

n( dP ( dP dP

mZ — 4})}3&_*_&[ [ n J _ [ n J[ n J], (14)
En bz ,02 ; dﬂm ;“1 dﬁZm dﬁ2m+1

ne P — mionna nosmocHoi Mepeki, ika CKIIagaeThes 3 71 TPUKYTHUKIB, 71, — CKII Bu3HaYeHHs

noBxuuu Gasucy b, m, — CKII BUMIpIOBaHHS TOPU3OHTANBHUX KyTiB, 0 =206265", m —
MOTOYHUI HOMEp KyTa.

Copoctutu dpopmyny (14) moxxkHa i (iryp 3 piIBHUMH CTOPOHAMHU Ta BBaXKaTH, IO MO-
moc P 3HaxoauThes B HeHTp1 Girypu. Toai BHYTpIlIHI TPUKYTHUKU OyIyTh PIBHOOEIPEHUMH,
a KyTH f; — piBHUMHU. OCKUIbKM CyMa BHYTPIIIHIX KYTIB Y 3aMKHEHOi Qirypu 3 n KyTaMu
nopiBHIoe /80(n — 2), a 4UCIIO BUMIPSHUX KYTIB Y MOJIIOCHIH Mepexi 27, TO B IIbOMY BUIAAKY
BEJIMYUHA KyTa CTAHOBUTUME

ﬂ:%_ (15)
n

Jlns  pisroctoponnsoro Tpukythuka S=30, B+ =24=60, a ctg30° = V3,
ctg60’ = NE) / 3. Inowi Buyrpimuix Tpukyraukis S =95, =8, =S Toai ¢popmyna (14) nnsa
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PIBHOCTOPOHHBOT TPUKYTHOI OJIFOCHOT MEPEXKi 3 MOJIFOCOM, PO3TAIIOBAHUM Y LIEHTP1 MEpexi,

Habyne Burysamy as S =B, / 3

2 2 2 2
my, = [4p2 My 320 2 Mo _op M | 80 My (16)
: b 3 Vo b= 27 p

3eMenbHI IUISIHKM B 0ararbOX BHUMAJKaX MaiOTh (OpMY MPSIMOKYTHHKAa a00 KOH)Iry-
pauito, O1M3bKYy 1O HbOro. TOoMy BapTO 3yNMHHMTHUCH Ha MPSAMOKYTHIA MOJIOCHIA Mepexi
(puc. 3) 3 po3Mipamu CTOpiH a Ta b. JInd momanbIIMX po3paxyHKIB HEOOXITHO BBECTH
KoeIIiEHT BUOBXKEHHS k, SKUH XapaKTepHu3ye BIACTYI NPSIMOKYTHHUKA Bi KBajpara (h>a):

k=t (17)

3 puc. 3 3po3ymiio, o

(18)
(19)
C
B
Puc. 3. [lontocna mepesrca y chopmi npamoxkymuuxa
3 eneMeHTapHOT MaTeMaTUKU BiZJOMO, 1110
tg’ B -1
ctg2f = % (20)

2ctgff

Toui, 3 ypaxysanusam dopmyn (18) - (20) cymu xytis ctg(fB,; , + ;) y bopmynax yact-
KOBUX MoxinHuX (8) — (13) OynyTh AOpiBHIOBATH:

k-1
ctg2f =———, 21
223 % (21)
1-k%
o2, =—— | 22
clg ﬁz o (22)

[Tnomii BHYTPIMIHIX TPUKYTHUKIB (IUB. pHC. 3), YTBOPEHI CTOPOHAMH MPSMOKYTHHKA Ta
HanpsMKaMU Ha IOJIIOC Ta 3 BpaxXyBaHHAM Koe(illieHTa BUIOBXKEHHS k, TOPIBHIOIOTh:
2
b-h _a-h ak
2 2 4

3 ypaxyBanHsaM ¢opmyn (7) — (13) ta (18) — (23) 3HaueHHS YACTKOBUX MOXIJHHUX IO
BUMIPSHUX KyTaX MPSAMOKYTHOI MOJIFOCHOT MEpEX1 MPUIUMYTh BUTJISA;

S=S§,=

(23)
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dp, 71a*(k*+1)

g, 8 ’ @4
dP, _ az(—5k2+7), 25)
dap, 8

dp, _ a’*(—k* +11), 26)
dp, 8

dp, _-da’(k’ +9), o)
dp, 8

dp, _a’(7k° —1), 28)
dp; 8

dp, _ —a*(5k* +1) , 29)
dp, 8

dp, _a’(=k’+3) , (30)
g, 8

dp, _ —a’*(k* +1) ' 1)
dp, 8

Toni, 3 ypaxyBanusm c¢opmyn (14), (24)—(31) Ta 3HaYeHHS MJIOLI NPSIMOKYTHHKA

|P . . .
P, = a’k (a= 7” ), CKII Bu3Ha4YeHHs IJIOII MOJIIOCHOT Mepexi y popMi MPSIMOKYTHHKA Ta

IMOJIFOCOM Y I.[eHTpi Mepe>1<i BU3HAYAETHCA 3a (bOpMyJ'IOIOZ

m:  my ) 236 -
mH:PH 4b—2+64—p2(156k +168 + e ) ( )

Ockinbku icnye ooMexenns Ha Bemuuuny KyTiB <30, To 3nauenns xoediienta BUIOB-
’KEHHsI HE TOBMHHO IIEPEBHIIyBaTH 3HaueHHs k =ctg30" = \/5 , 00umncneHoro 3a ¢popmynoro (18).

Jlnst mosmocHoi Mepexi y gopwmi keaapary (k =b/a=a/a =1) 3 hopmynu (32) BurHMBaE
snaueHHs1 CKII Bu3HayeHHs miomri

2 m2 2 m2
my =a2\/4’"—;+8,75—§ =PK\/4E+8,75—§. (33)
a p % p

JInst momrocHOi Mepexi 3 I’SAThMa PIBHUMU CTOPOHAMU Ta MOJIOCOM Yy IIEHTPl MEpexi
(puc. 2, 6) BenuuMHa KyTa 3riiHO 3 (popmynoro (15) craHoButuMe [=54, a ctgh4 =0,7265,
ctg(2-54) =-0,3246. Jlnsg 1poro BUIAJAKY Ta JUIS OJHAKOBHUX 32 BETMYMHOIO TUIOI BHYTPIIIHIX

tpukytHEKiB S, =S , CKII BU3Ha4YeHHs IWIONI BiMoBimHO 10 Gopmynu (14) craHOBUTUME:

2 2

m m
:\/41§2b—§+211,252—§ =, (34)

Yo,
3 po3paxyHKiB YMCIOBHX 3HadeHb (hopMmyaH (34) BCTAHOBJIEHO, II0 BHECOK KOPEILOBAHUX
yieHiB y koedimient 211,2 cranoButh Bchoro 18,8. Toni 3anuimkoBuid KOeiLIEHT TOPIBHIOE

my,
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192,4. BincoTok BIIKMHYTOI 4YacTUHM KoedillieHTa BIZHOCHO 30€peXeHOT CTaHOBUTH
(18,8/192,4)-100% = 9,8 %. 3po3ymisio, IO 3 ypaxyBaHHSAM Iii€i OOCTABMHM Ta HASBHOCTI TIEP-

IIOT0 JIOJIAHKY ITiJ] 3HAKOM pajrkany y hopmyii (34), MOXHa CTBEpKYBaTH, 110 11t S = P / 5

2 2 2 2
m, ~ \/41@2m—;+192,4~52m—f =P5J ™ 47,6964
’ b Vo b Vo

Jlnist moJitocHOT Mepexi y BUIVISINI TPUKYTHUKA 3 PIBHUMHU CTOPOHAMHU Ta IOJIOCOM Y
IIEHTP1 MepPeki BHECOK KOPEThOBAHUX WICHIB y 3HAYEHHsI HA3BAHOTO Koe(illieHTa CTAaHOBUTH
43 %. Omxe, 30UIbIIEHHS KUJIBKOCT1 CTOPIH MOJIOCHOT MEPEeXi BeJle 1O 3MEHIIEHHS BiICOTKA
BHECKY KOPEJIbOBAHUX WIEHIB y n0AaHOK (opmynu ans po3paxyHky CKII miomr, skuit
BIJIMOBIAa€ 32 TOYHICTh BUMIPIOBAHHS TOPU30HTAIBHUX KYTIB MOJTIOCHOI Mepexi. Tomy dop-
myny (14) mMokHA MojaTH y CKOPOUYEHOMY BHIVIAML, LIO BIAMOBIJa€ TOYHOCTI BU3HAYEHHS

IUTOIIII TIOJIFOCHOT MOOYA0BHU, MOYMHAIOYH 3 I’ ITUKYTHHUKA

A
2 2
my ~4P L4 LI = (36)
P, n b2 2 d
p | =\ dp,
Mo>xHa nokazaTu 3acTocyBaHHsI oTpuMaHux Gopmyn it BuzHauenHss CKII miori Ha npu-
KJ1a]11 3eMeNbHOT JUISTHKY ISl BEIEHHSI 0COOMCTOTO CENITHCHKOTO rocnoAapcTna mioreto 2,0 rek-

(35)

tapa [14]. Y Bunazaky, Koiu AUIIHKa Mae GpopMy KBaapaty, To ioro ctopoHa a=+20000=141m.
SIKio 71 BU3HAUEHHS JIOBKUHU 0a3ucy 3acTocyBatu Tomnorpadiunuii cimiosiguanemip CT-5
«bneck» 1 Teonomnit 3TSKII, 10 me =10 Mm + 5 mm - 0,141 = 10,7 mm, a m, =5". 3a popmynoro
(33) m, =3,4 M2 3rigno 3 [4] 061iKOBO OMHHIIEIO TLIONT y cenax € 100 Mm% Toi, ays oBip-
4oi mMoBipHOCTI P=0,95 moxubka BU3HAYEHHS BKA3aHOI IUIOINII MOJIFOCHUM METOJIOM CTAaHOBUTH
AP=2m, =2-3,4=6,8 M, 110 3HaUHO MEHIIIE HaBEICHOi OOJIIKOBOI OUHMIIL. SIKIIO AUITHKA

Mac (opMy NPSAMOKYTHHKAa, TO [yl TPAHMYHOTO 3HAYEHHA K =\/§ , BeIMYMHH Oasucy

b=ka=k-\[P,/k = \JkP, =~/3-20000 =186,1 M, m,=10Mm + 5 mm - 0,186 = 10,93 mm i 3a
dopmysoro (32) snauenns CKII mionti AiIsHKK cTaHOBUTHME 71, = 2,8 M%. JIIsl I’ ITUKyTHHKA
3 pIBHUMHU CTOPOHAMH Ta TIOJIFOCOM Y IIEHTPI MEPEXi IUIOIa OKPEMOTO TPUKYTHHKA JIOPIBHIOE
S=P, / 5. 3 inmoro GoKy, MIOLmAa OKPEMOTO TPUKYTHHKA MOJIFOCHOT MEPEX] 3 PIBHUMH CTOPOHA-
MU b Ta MOJIFOCOM Y LIEHTP1 MEPEXi, TOPIBHIOE:

b, b

S="h="—tgf3, 37
5 4gﬂ (37)

S
b=2. |—. 38
\ 12 %)

Juis n=5 3 (15) p=54°, a 3 (38) nomkuna 6Gasucy b=1078m. Toui,
mp=10Mm + 5 MM - 0,108 = 10,54 MM i ans P = 20000 m* 3a dopmymoro (35) m, =41 M.

3BIJIKHA

Jlnst monmrocHOT Mepexi y (hopMi TPUKYTHHKA 3 MOJIIOCOM Y LEHTp1 Mepexi: a1t n =3 3 (15)
Kyt =30°; cropona b mis S=PB/3 ta P =20000 M> 3a popmynoto (38) b=2149 m?;
mp=10MM + 5 Mm - 0,2149 = 11,07 mm; 3 (16) m, =2,7 .

BucHoBku BigmoBigHo g0 crarTi. BukoHaHO TeopeTHuHE OOIPYHTYBaHHS TOYHOCTI
BU3HAYEHHS IUIOLI 3€MENbHUX TUISHOK MOJIOCHUM METOJIOM 3 YpaxyBaHHSM KOpeNsALifHOI
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3aJIeKHOCTI MK TOPU30OHTAJIBHUMHU KyTaMM, BUMIPSHUMH Ha MEXKOBHMX 3HaKax CIOCOO0M
KPYroBUX HpUHOMIB. 3arajbHi (OpMyaH CHOpOIIEHI /Ui BUMAJKIB KOH(Irypauii Mex y BH-
Il MPaBUJIBHOTO TPUKYTHHKA Ta I SITUKYTHUKA, MPAMOKYTHHMKA Ta KBajpaTa. HaBeneHo
NPUKIIAAM 00YMCICHHS TOYHOCTI BUSHAYEHHS IUIOIL ISl BKa3aHUX Qiryp.
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UDC 528.3
Sergiy Kryachok, Liudmyla Mamontova, Yuliya Shcherbak

THEORETICAL RATIONALE OF THE ACCURACY OF DETERMINATION
OF LAND PLOTS BY POLAR METHOD

Urgency of the research. Determining the area of territories is one of the main tasks of geodetic support for land ma-
nagement. The reliability of information on resources is directly related to the accuracy of determining the area of land. The
need to determine the area arises when solving urban problems, conducting recreational work, vertical planning of construc-
tion sites, forecasting areas of flooding and forest fires.

Target setting. There are the following methods for determining the area: graphic, instrumental, analytical. The graphical
method involves the use of specially laid out palettes made of transparent material, which are superimposed on the cartographic
image of the area. The area is calculated by the number of elementary figures in the form of rectangles with a known area. The
instrumental method needs the use of mechanical or electronic planimeters. The area of the plot on its cartographic image is
determined afier the contour has been circled by a special lever with a mark according to the difference in readings on the pla-
nimeters scale. The most accurate is the analytical method. It provides for determining the area of the plot by the coordinates of
points located on the contour of the site, using the appropriate mathematical apparatus.

Actual scientific researches and issues analysis. Recent publicly available publications were reviewed on the accuracy
of area determination by analytical method.

Unexplored parts of a common problem. Unexplored is the accuracy of determining the area of land plots by the polar
method, taking into account the correlation dependencies between adjacent horizontal angles, measured at the boundary mark.

The research objective. The main goal of the article is a theoretical justification for the accuracy of determining the ar-
ea of land plots by the polar method, taking into account the correlation between adjacent horizontal angles measured at
each boundary mark.

The statement of basic materials. The theoretical substantiation of determining the area of land plots by the polar
method in the form of polygons is carried out taking into account the measured horizontal angles and the length of the basis
was made. Based on the formulas obtained, partial differential expressions are defined. Taking into account the correlation
dependence between horizontal angles, formulas was derived for determining the mean square error of determining the area
of land plots with the configuration of the boundaries in the form of a polygon. Simplifications of general formulas for deter-
mining the accuracy of areas in the form of a regular triangle and pentagon, rectangle and square are made. Calculations of
the accuracy of land areas for these figures using simplified formulas are presented.

Conclusions. The theoretical substantiation of the accuracy of determining the area of land plots by the polar method is
carried out, taking into account the correlation between adjacent horizontal angles measured at the boundary marks. The
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general form of the formulas is simplified for cases of boundary configuration in the form of a regular triangle and pentagon,
rectangle and square. Examples of calculating the accuracy of determining the area for these figures are given.

Keywords: polar method, land area; correlation coefficient.
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Onexcanop Menetinox, Onexciti Hixighopos
NIABUIIEHHA JOCTOBIPHOCTI HOPMYBAHHA BY AIBEJIBHUX POBIT

Axmyanvnicme memu docnioycenns. € gucoxka nHeoOXioHicmsb HAAGHOCII PUHKOBO 0OTPYHMOBAHUX NOKA3ZHUKIG 8aAPMO-
cmi ma mpusanocmi guxoHanus Oyodigenvnux pobim. Bugueni nopmamueHi 0oKyMenmu mMaroms cymmesi He0oniKu, 30kpema
BUCOKY MPYOOMICIKICIb MEMoOi8, o PeKOMEHOVIOMbCS, MA GIOCYMHICMb CIMAMUCIIUYHO20 OOIDYHMYEAHHSL MOYHOCHI
Oocnidscenv 3 Hopmyeanns. Pospobka memody 3 yCyHeHHAM 3a3HaUeHUX HeOONIKI6 € eheKmUBHOIO i3 COYIANbHO0, CKOHOMIY-
HO20 Ma MEeXHIuH020 No2s0y.

Iocmanoexa npoonemu. B ymosax punko6oi ekoHOMIKU CMAE HEOOYLNIbHUM YEHMPANi308aHe HOPMYSAHHS SUMPAM
npayi 0eparcasHuMU YyCmanogamil, momy 6yov-saxe nionpuemcmeo 8 Ykpaini € 3ayikagnenum y Memooi HopMy8anHs1, AKuLl ou
Mag8 HU3LKY mpyOOMICIMKICIb GUKOPUCMAHHSA, BUCOKY A0aNMUBHICMb 00 Op2aHi3ayiiHux ymog Oy0ignuymea ma 0oCmamHio
0715 IHOICEHEPHUX MA eKOHOMIYHUX PO3PAXYHKIE MOUHICMb.

Ananiz ocmannix oocnioycens i nyonikayiii. bynu posenanymi uunni HOpMamueHi OOKyMenmu 3i 6CMAHOBIEHH HOPM
npayi, npoananizo8ami 8i0omi Memoou HopMy8aHHsL.

Buoinenns nedocniocenux yacmun 3a2anbnoi npoonemu. Axmyanvhum € po3pooxa memooy HoOpMy8anus, ujo 6ys ou
MeHu mpyOOMICMKUM, GUlbW MOYHUM MA CIAMUCIUYHO 0OIpYHMOoSanum. L]bo2o Moocaugo docsaemu 3a paxyHox KoMOiHy-
6AHHA CYMAPHUX MA OOCTIOHUYLKUX MEMOOI6 HOPMYGAHHS i3 GUKOPUCIIAHHAM MEMO0i8 MAMEMAMUYHOL CIAMUCMUKU.

Ilocmanogka 3ag0annsn. Po3pobxa memoouxu nopmysanna eumpam npayi 6yoigenvHux pobim Ha 0CHO8i HaubLIbWL
ehekmuHUx Memoois, MOUHICHb Ma KibKICMb HAMYPHUX 00CHIOI6 AKOT 00IPYHMOBAHA CIMATMUCIIUYHUMU MEMOOAMU.

Buxnao ocnoenozo mamepiany. bacamoxkpumepianvhuil aHaniz memooie HOPMYBAHH OAE 3MO2Y HA OCHOGI iHghopma-
YitiHux Odrcepen eubpamu Hatlbinbul eheKmMuGHUL Memoo, y MOMY HUCTi 3a OONOMO20I0 PAHICYBAHHS BANCIUBOCHI] NHOKA3HU-
Ki6. 3anpononosana memoouxa, wo A6uA€E cooor KOMOIHAYio cymMapHux i 00CTiOHUYbKUX MeMOOI8 3i CIMamucmuiHuM oo-
IPYHMYBAHHAM KIIbKOCMI HAMYPHUX OOCTIOHCEHb MPYOOMICMKOCHI.

Bucnogxu 6ionosiono 0o cmammi. 3anpononogana memoouxa 00380J5€ 0OIPYHMYSAMU MOYHICMb, 3HUSUMU MPYOO-
eumpamu po3pooKu HOpM nPayi.

Knrouosi cnosa: nopma npayi; Oyoigenvii podomu,; yOOCKOHANEHHS; SHUNICEHHA sumpam npayi, indycmpianizayis 0yoi-
eHUYMEA.

Puc.: 5. Tabn.: 2. bién.: 13.

AKTYaJIbHICTh TeMH J0CJTizKeHHs. 3BaXAI0UM Ha BENHKI 00caru OyIiBHUILITBA B YKpai-
Hi, € BUCOKA HEOOXIHICTh HasIBHOCTI PUHKOBO OOI'PYHTOBAaHHMX IMOKA3HUKIB BapTOCTI Ta TPH-
BaJIOCTI BUKOHAHHS OyliBEIbHUX pOOIT, a BIAMOBIAHO, 1 HOPM Ipali. BuB4eHi nepxaBHi HOp-
MAaTHUBHI AOKYMCHTHU pra.l'HI/I 3 ObOTO NMHUTAHHSA MAOThb CYT TEB1 HC,Z[OJ'IiKI/I, 30KpEeMa BUCOKY
TPYAOMICTKICTh METO/IB, 1[0 PEKOMEHIYIOTbCS, Ta BIICYTHICTb CTaTUCTHUYHOIO OOIPYHTY-
BaHHS TOYHOCTI JIOCITI/PKEHb 3 HOPMYBaHHS. MOXIIMBO YCYHYTH Ili HEJOJIKH TAKMM YHHOM:
KOM6iHyBaHH$I CyMapHuXx Ta ,Z[OCJ'Ii,I[HI/H_[LKI/IX MeTO,Z[iB HOPMYBAHHA 3 BUKOPHUCTAHHAM MeTO,Z[iB
MaTEeMaTUYHO1 CTAaTUCTUKU Ui OOTPYHTYBAHHS HEOOXiTHOT KUIBKOCT1 HAaTypHUX AOCTIIIB 13
3aJ]aHUM pIBHEM JJOCTOBIPHOCTI pe3yibTaTiB. Po3poOka MeToy 3 YCYHEHHSIM 3a3HAaueHHUX He-
JOJIKIB MOXe OyTH e(peKTUBHOIO i3 COLIaIbHOTO, EKOHOMIYHOTO Ta TEXHIYHOTO MOTJISY.

ITocranoBka npodaemu. HopmyBaHHst BUTpaT npaili B OyIIBHULITBI 3aBXAU 3aJHIIAE€THCS
OJTHUM 3 OCHOBHMX 3aBJIaHb IPH BU3HAUEHHI Ta MiJBUILEHHI BUPOOHUYOI €(h)eKTUBHOCTI MifM-
pueEMCTBA. HpI/IqI/IHOIO ObOro € aBsa OCHOBHI (baKTOpI/I: HeO6Xi,Z[HiCTL 3aIpOBA/PKCHHA CIIPpABC/I-
JIMBUX COLIATBHO-TPYJOBUX BITHOCHH ISl PI3HUX OpraHizauifHux ¢popm OyaiBenbHOT JIsUIbHO-
CTi; BEJIMKA CKJIQJHICTh TEXHOJIOTTYHUX MPOLECIB y OYAIBHULTBI, iXHS B3a€EMOIIOB’S3aHICTh Ta
HeCHpI/IﬂTHI/IBiCTL MNpUpOAHHX, OpFaHi3aHiﬁHHX Ta EKOHOMIYHHX YMOB, B IKUX BOHHU IIPOXOIAThH.
B yMoBax pHHKOBOT €EKOHOMIKH CTa€ HEAOLUIBHUM IIEHTPalli30BaHe HOPMYBAaHHSI BUTpAT Mpaili
JIep’)KaBHUMHU YCTaHOBAaMH, TOMY Oy/b-siKe MIANPHUEMCTBO B YKpAiHi € 3aI[iKaBICHUM Y METOI1
HOPMYBaHHS, KM OM MaB HHU3bKY TPYAOMICTKICTh BUKOPUCTAHHS, BHCOKY aJalTHBHICTH IO
opraizalifHuX yMOB Oy[IBHHUIITBA Ta JOCTATHIO JJIs IH)KEHEPHUX Ta €KOHOMIUHUX PO3paxyH-
KIB TOYHICTD. y[[OCKOHaHeHHH HOPMATHUBHOI'0O MCTOY HOPMYBAHHA € aKTyaJIbHUM 4YCPEC3 Ha-
CTYIIHI OCHOBHI NPUYMHH: BIICYTHICTh CTaTUCTUYHOIO OOIPYHTYBAHHS JIOCTOBIPHOCTI MOJIBO-
BUX JIOCTDKEHBb 31 BCTAHOBJEHHS HOPM TPYAOBHUTPAT; HEOOXIIHICTh BCTAHOBJIEHHS PI3HUX
HOPM TpyAOBUTpPAT IJIA pi?)HI/IX COL[iaHLHO-pr,Z[OBI/IX Bi,Z[HOCI/IH JJI1 BU3HAQYCHHA aJCKBATHUX
MOKA3HUKIB CTPOKIB Ta BAPTOCT1 POOIT; YTOUHEHHS OKPEMUX TEXHIYHUX JIeTaeH.

© Mesreittok O. 1., Hikxigopos O. JI., 2019
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AHaJi3 ocTaHHIX A0CTiKeHb Ta MyOJikaniil. AKTyanbHUMH B YKpaiHi HOPMAaTUBHUMHU
JOKYMEHTaMH 3 IUTaHb HOPMYBaHHS Tpalli €:

1. PexoMeHnanii 111010 HOPMYBaHHS Ipalli B Taly3sX HapoAHOTo rocrojaapersa [11].

2. MeroauuHi pekoMeHallii 3 (hopMyBaHHs cOOIBApTOCTI OYy/AIBEIIbHO-MOHTaKHUX poOiT [9].

3. ACTY-H b 11.1.1-6:2013 «HacraHoBa 111010 po3po0JIEHHSI pECYPCHUX €EeMEHTHHUX KO-
IITOPUCHUX HOPM Ha OyJiBenbHI poboTu» [4].

[epnii TOKyMEHT MICTUTh 3arajibHi peKOMEHALli I10JJ0 HOpMYBaHHs mpaii. Y 3a3Ha-
yeHux PexomeHnauisx nependaueHO BUKOPUCTAHHS aHATITHUHUX JOCIIAHULBKUAX Ta aHali-
TUYHUX PO3PAXYHKOBHX METOJIB 0€3 YTOUHEHHS! KOHKPETHHUX CIOCO0IB, JIMIIE 3a3HAYECHO, 1110
BUKOPHUCTAHHSI 3HIKYIOUMX Ta MiJBUIIYIOUUX KOE(IIIEHTIB PEKOMEHAOBAHO JIUIIE ISl TUM-
4acOBOTO BHUKOPUCTaHHS. PernaMeHTOBAaHO BUKOPHCTAHHS ONEpAIMHUX, KOMIUIEKCHUX Ta
YKPYIIHEHUX HOPM 13 BU3HAUEHHSM LIUX MTOHSTb.

Jlpyruil JOKYMEHT JeTajJbHO OIUCYE MEepetiK Ta KiIacudikaiio BUTpaT OyIiBEIbHOIO
MIAMPUEMCTBA 1 3a3Havae, 1110 BUTPATH Ha OIUIATy mpaui GOpMYyOThCS 3TiHO 3 HOPMaMH Ya-
CY, BU3HAYEHOTO Il KOHKPEeTHOI poOoTH. TpeTiii JOKYMEHT € HallOUIbI MOBHUM Ta JTOKIAJ-
HUM KEPIBHUIITBOM 3 PO3POOJICHHS PECYPCHUX €IEMEHTHUX KOIITOPUCHUX HOPM.

AHai3 MeTO/iB HOPMYBaHHSI BUKOHYBABCSI 32 JIOTIOMOTOI0 BUBYEHHS HACTYITHUX JIKepe
[2,3,5,7,10, 12, 13].

Busueni iHdopmariiiini Jukepena MICTSITh BKpaid Majio JOBIIOK 31 CTATUCTHYHOTO OOIPYHTY-
BaHHsI HEOOXIIHOT IOCTOBIPHOCTI HOPMYBaHHS Mpaili. 3aTBEp/PKEHI HOPMATUBHI IOKYMEHTH He
PErJIaMeHTYIOTh KUTBKICTh HEOOXITHUX HAaTypHHUX CIOCTEpEeKeHb. 3HalJIeHl JKepena abo per-
JAMEHTYIOTh KUIBKICTb CIIOCTEPEXEHb 0e3 MPUB’SI3KU 10 crieldiku OyaiBeIbHOr0 BUPOOHHMII-
TBa [8, Tabnuis 2], a00 KOPUCTYIOTHCS CTAHJIAPTHUMH IMIAX0JaMU MAaTEMaTH4YHOI CTAaTUCTUKU
[6]. CraTucTHYHA TOCTOBIPHICTH HATYPHHUX CHOCTEPEXKEHb 32 HOPMaMHU Ipalll 3arajoM OINHUCY-
€ThCS CTAaHIAPTHUMU PEKOMEHJIALIIMU JIOBITHUKIB 13 MaTeMaTU4HOI CTaTUCTHKH [1].

Buainenns HeqoCTiIKeHNX YACTHH 3arajbHOI NPo0aeMH. AHATI3 YUHHUX JEePKaBHUX
JOKYMEHTIB 13 HOpMYBaHHS Ipailli M0Ka3as, 1110 PEKOMEHJAOBAaHUMHU € TOCITIIHUIbKI METO/IN:
XpoHOMeTpax Ta ¢ororpadis pododoro aus. [Ipu 11boMy BIICYTHIH pO3paxyHOK CTaTUCTUY-
HOT JOCTOBIPHOCTI HOPM, IO PO3POOIIIOIOTHCSA. AKTYaJIbHUM € po3poOKa METOy HOPMYBaH-
H#, 1110 OyB OM MEHII TPYJOMICTKUM, OUTHII TOUHUM Ta CTATUCTUYHO OOIpyHTOBaHMM. L{poro
MOJKJIMBO JIOCATTH 33 PaXyHOK KOMOIHYBAaHHSI CYMapHHUX Ta JOCIITHUIBKUX METOJIB HOPMY-
BaHHS 3 BUKOPUCTAHHSIM METOJIIB MATEeMaTHYHOI CTATUCTHUKH.

ITocranoBka 3aBaaHHsl. MeTOIO CTaTTi € po3poOKka METOIMKM HOPMYBAHHS BUTpAT Mparli
OyaiBeIbHUX POOIT HA OCHOBI HAalOUTBII €(hEeKTUBHUX METOMIB, TOUHICTh Ta KUIBKICTh HATYPHUX
JOCITI/IIB SIKOT OOTPYHTOBaHA CTATUCTUYHUMHU MeToamMu. [locTaBieH1 BiMOBIIH1 3aBIaHHS:

1. Amnani3 iHpopMaIiifHUX JDKEepes 3 TeMHU BU3HAYCHHS Ta 3HaU€Hb BIMOBITHUX KpUTEPi-
B JUIS BIZIOMUX METO/IB HOPMYBaHHS.

2. baratokpurepiagbHHi aHaAN3 METOIB HOPMYBaHHS, BUOIp HAHOUIbII e(hEeKTUBHUX.

3. Po3poOka MeTOAMKH HOPMYBAHHS 31 CTATUCTUYHUM OOIPYHTYBaHHSIM MIHIMAJIbHO HE-
00X1THOT KITPKOCT1 HATYPHUX JIOCITI/IB.

Bukaan ocHoBHoro marepiauy. J[nsg pi3HUX opraHizauifHux (Gopm OyniBHUITBA BUII-
JIMMO Taki BUJIU HOPM IpaLli:

- OrmepauiiiHa HOpMa — BCTAHOBJIIOETHCSL B MEXaX OKpeMoi omepallii Ta He BKIIIOYA€ B ce-
0e BUTpATH HA yIPABIIHHS.

- YKpynmHeHa HOpMa — BCTAHOBIIIOETHCS Ha JEKUIbKa Omepalliif, MoB’si3aHUX OJHIEI0 TO-
TOBOIO Oy/IBENIbHOIO MpOJyKIi€ro. Bkitoyae B cebe BUTpAaTH Ha YNPABIIHHA KOMIUIEKCOM
omepaitiii (po6oToro).

- KomrmuiekcHa HOpMa — BCTAaHOBJIIOETHCS Ha JIEKUIbKa KOMIUIEKCIB omepalliit (po0it), pe-
3YyJIbTaTOM SIKHX € TOTOBHUH 00’e€KT OymiBHMLTBA a00 MOro 3HauHa BHOKpEMJIEHA YacTHHA.
Bkitouae B ceOe BUTpaTH Ha YIPABIiHHA KOMIUIEKCOM POOIT.
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Knacudikanis BigoMux MeTO/AiB HOpMYBaHHs Ipalli pejacTaBieHa Ha puc. 1. Hopmu Bu-
Tpat npari MOXKYTh OyTH BCTaHOBJICHI JIBOMA rpynamu METO/IIB: Ha OCHOBI JIETAJILHOTO aHa-
73y, 10 3AIMCHIOETbCA Ha OyiBEIbHOMY IMIIIPHUEMCTBI, 1 MPOEKTYBAaHHS ONTHMAIbHOTO
TPYAOBOIO MpOLECy (aHATITUYHI METO/IM); a00 Ha OCHOBI CTATMCTUYHHUX 3BITIB MPO BUPOOI-
TOK, BUTPaTH 4acy Ha BUKOHAaHHS pOOOTH 3a MOMEpeHid mepiog abo eKCHepTHUX OLIHOK
(cymapHi MeToiu).

Metoau HOpMyBaHHSL:

AmnanitayHi: CymapHi:
1
1 1

Po3paxyHKkoBi: JlocTi THHITBKI: — JIOCBITHUM;
— 32 TUIIOBUMU HOpMaMHU; pororpadpis —  3a aHaJoroM;

B (xponorpadis)

pobodoro HS;

= 3a (opMyJIaMu; —  CTaTUCTHUYHUM.

— XPOHOMETPAK;
—  MIKpPOEJIEMEHTHUH;

—  BiZCOCHOIISTaHHS.

—  BiJ €HEprOBHUTpAT.

Puc. 1. Knacugixayis memoodieé nopmyearts 6)0i8e1bHO-MOHMANCHUX POOIM

[Ipu BUKOPUCTAHHI AHANIMUYHUX PO3PAXYHKOBUX MemOodié BUTPATH poOOUOro 4acy Ha HO-
PMOBaHy oIepariro/po0oTy BU3HAYaIOTh 32 HOPMAaTHUBAMH, pO3pOOJIEHUMH paHilie, ado 3a po3-
paxyHKOM, 3Ba)KarOud Ha MPUHHATI PSKUMH ONTUMAILHOI pOOOTH TEXHOJIOTIYHOTO 0013 IHaH-
Hs. [lpu BUKOpUCTaHHI aHanimuunux OOCHTIOHUYbKUX MemoOié HEOOX1THI BUTpATH PoOOYOro
qacy 1o KO’)KHOMY €JeMEHTY HOPMOBAHOT onepallii/po6oTH BU3HAa4al0Th Ha OCHOBI aHAJI3y Ja-
HUX, OTPUMAHUX Y pe3ysbTaTi 0e3MocepeJHbOr0 CIOCTEPEKEHHS 32 BUKOHAHHSM LIi€T onepartii
Ha poOOUYOMY MiCIl, Ha SIKOMY OpraHi3allis mpaili BiInoBiiae npudHATUM ymoBaM. Cymapua
2pyna memooi6 CIIMPAETHCS Ha aHaI3 (PaKTUYHUX JaHUX OyIIBEbHOTO MiANPHEMCTBA.

AHaliTH4Ha Tpyna METOMIB J03BOJIsIE BU3HAYATH OOIPYHTOBAaHI HOPMHM, BIPOBAIKEHHS
SKHUX CIIPUs€E MIABUILEHHIO MPOJYKTUBHOCTI Mpalli i 3arajoM e(eKTUBHOCTI BUPOOHUITBA —
TOOTO CIIpsIMOBaHA Ha 1HIYCTpiajJbHO e(heKTUBHE TUIaHyBaHHS BUpOOHHLITBAa. CyMapHa rpymna
MeTOJiB (hikcye (paKTHUHI BUTPATH Mpalli — TOOTO COpsMOBaHa Ha aHalli3 (paKTUYHOTO I0JIO-
KEHHS CIIPaB.

SIk KpuTepii OLIIHKKA METO/IB HOPMYBaHHS OYAIBETbHO-MOHTXXHUX POOIT MPUHMEMO TaKi:

- CcTyniHb AudepeHuiaii HopM — SKICHUA KpUTEpiH, MosIrae B TOMY, Ul CKJIaJaHHS
K01 HOpMH (orepariiiHa/yKpyHeHa/KOMIUIEKCHA) MOKe OYTH BUKOPUCTaHUI METOL;

- IHAYCTpIAIbHICTh HOPM — SIKICHUH KpHUTEpid, IEMOHCTPYe CTYIIHb YypaxyBaHHS
NPUHLMIIB HAYKOBOT OpraHizailii mpaiii Ta ynpaBJiHHS;

- Macmrtad BUOIPKU — KUIBKICHUM KpUTeEpiil;

- TPYAOMICTKICTb — KUIbKICHUI KpUTEPIii;

- TOYHICTb — KUTbKICHUI KpUTEpiii;

- 3aJeXHICTH BiJ mpodecioHanizMy HOpMYyBaJIbHUKA — KUIbKICHUN KPUTEPIH.

O1iHKM 3a BKa3aHUMH KpUTEpiIMH 3BeieH1 B Ta0u. 1. YV Hill A5 KUIBKICHUX KpUTEpiiB Ha-
TYpH1 3HAYEHHsI BUHECEH1 B YMCETbHUK, BIIMOBIIHI OanbHi — y 3HaMeHHUK. [ padiuna Bizyari-
3allisl OLIHOK 32 KUTbKICHUMH KPUTEPIIMH ITOKa3aHa Ha pHcC. 2.
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Tabmurs 1
Tabnuys bacamoxpumepianbHo20 aHANI3Y Memooi6 HOPMYBAHHS
0y0i8e1bHO-MOHMANCHUX POOIM
Crynins 1u- . .
Kpurepiii (pepenuianii Tunycrpianpuicts MacfnTaﬁ Tpynomictkicts | TounicTy IIpodecionanizm
HOPM BUOIpKH
HOPM
HopmyBanust | VYkpymnHeHa, Bucokuii Cepenns Cepemusi| [yxe 3HauHMINA
3a THIIOBUMH | KOMILIEKCHA, Ilocepenns
< PeR 10 6,67 5 1
HOpMaMH orepariiina
HopmyBanus | KommurekcHa, Bucokuii Cepenns Cepenns 3HavHMHA
. ITocepenns
3a opMysIaMu | omnepamiiiHa 10 6,67 5 6,67
Mikpo- Manmii Jyxe 3nauna | 3HauHa Huspkwmii
enemenTHuidl | Onepariiina Hapiiina
patt A 1 1 10 10
METOJ
HopmyBanns Masnit Jyxe 3nauna | 3HauHa Huspxuit
1 - ariiiHa II
BiJl €HEPTOBU: Omneparriits ocepeaHs 1 1 10 10
Tpar
i Tar. .
CDOTorpaq)lg KommekcHa, . C N 3HavHa 3HavHa Cepenniit
(xponorpadis) omepaiiina Hapiiina 3HAYYIIUH
POGOYOro Hst P 5 3,33 10 3,33
Crar. .
KommnekcHa, .y . 3HayHa 3HayHa Cepemniit
XpoHoMeTpaxk omepariiina Hamiitna 3HAYYIIUU
P 5 333 10 333
. . HEHa Bucoxwuit Huzwka Huzbka HAYHA
Tlocsi gt VYkpynHeHa, co 3 3 Jyxe 3
KOMIIICKCHA, He 3a6e3neuena
METOH oo 10 10 1 1
orepariiina
H a a Bucokuii Cepenus Husbka € 3HAUHUUI
OPMYBAHHA | YKpYIHEHa, He 3a0e3neuena per Ayx
3a QHAJIOrOM KOMILIEKCHA 10 6,67 1 1
. HEHA. Bucoxwuit HSl HS HauyHUN
P — VYkpynHeHa, co Ceper Cepen Jlyxe 3
KOMIIICKCHA, He 3a6e3neuena
METOT o 10 6,67 5 1
orepariiina

HopmyBaHHS 32 THIOBUMH HOpMaMH

HopmyBanHs 3a Gpopmynamu

MiKkpoeseMeHTHHI METOJ

HopmyBaHHS Bij eHeproButpar

®dororpadis (xpoHorpadis) pobouoro mHs

AHamiTruHi
TOCITi THUIIBKI| AHATITHYHI pO3PaxXyHKOBI

XpoHoMeTpax

JlocBimHuii MeTOA,

CymapHi

HopmyBanHs 3a aHanorom

CTaTUCTHYHUI METO

0 1

B 3anexHicTh Bix npodecionanisMmy HopMyBaibHEKa M TouHICTH

2 3 4

5

TpynomicTkicTs

6

7 8 9 10

B Macmrab Bubipku

11

Puc. 2. Knacugixayis memoodieé nopmyearHs 6)0i6eibHO-MOHMANCHUX POOIM
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3rifiHO 3 TaHWMU, MPEACTABICHUMHU Ha PHC. 2, MOKHA 3pOOUTH BHCHOBOK, III0 HAMOUTBII
e(peKTUBHUMH METOJIaMH HOPMYBAHHS € aHAJITHYHI JOCTIIHUIBKI (PoTorpadis (XxpoHorpa-
¢is1) pobouoro JHS, XPOHOMETPAX) Ta JEAKI aHAJIITHYHI PO3PaxXyHKOB1 (HOPMYBaHHS 3a TH-
MOBUMHU HOpMaMmH, 3a ¢opmynamn). [IpoTe Mae ceHC MOAIUTH aHai3 HA KaTeropii 3a cryrme-
HeM nudepeHIiialii HopM Ta J0AaTH OLIHKH 3 IXHbOI IHAYCTpiaNbHOCTI (puc. 3-5).

®dororpadis (xpoHorpadis) pobouoro aHs

<
=
o
5 XpoHoMeTpax
as
MikpoeseMeHTHHI METOJ
HopmyBaHHS 3a TUTIOBUMU HOPMaMH
=¢
Q
@ HopmyBanHs 3a popmynamu
s}
=

HopmyBaHHS Bix eHeproButpar

JlocBimHMii METOA,

CTaTUCTHYHUI METO

He
3a0e3meuena

B 3anexHicTb BiJ npodecioHanisMmy HopmyBaibHuka B Tounicts © Tpynomictkicts B Maciitab BHOipKy

Puc. 3. Oyinka memooie eusHauenHs onepayitiHux Hopm,
32PYNOBAHUX 3a CMYNeHeM [HOYCMPIaTbHOCMI HOPM

)E ®dororpadis (xpoHorpadis) pobouoro aHs

S

s XpoHoMeTpax

% HopwmyBaHHS 32 THTIOBUMHU HOpMaMHU

3

é HopmysanHs 3a popmynamu

% JlocBimamit MeTon

=

=

o HopmyBanHs 3a aHanorom

‘2

(<o)

Q o

an) CTaTUCTHYHUI METO

0 1 2 3 4 5 6 7 8 9 10 11
B 3aneKHICTh Bi npodecioHanizmy HopMmyBanbHuka ® Tounicts © TpynomicTkicts B Maciitab BHOipKy

Puc. 4. Oyinka memooie eusHauenHss KOMIJIEKCHUX HOPM,
32PYNOBAHUX 3a CMYNeHeM THOYCMPIaTbHOCME HOPM
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Amnanizyroun puc. 3, MOXKHA CKa3aT, [0 METOJOM 13 HAMOLIBIIMMH KUTbKICHUMH OIliIHKAa-
MU € HOpMYBaHH: 3a popmynamu. [Ipore neit MeTos He 3abe3neuye BUCOKOTO CTYIEHS 1HTy-
CTpIaJIbHOCTI, 1II0 € KPUTUYHUM Ha PiBHI onepaiiiiHoro HopmyBanHs. [Ipu oMy Mikpoerne-
MEHTHUHA METOJl € AY)X€ TPYIOMICTKMM 1 3a CBO€IO CYTTIO HE 3/7[aT€H OIL[IHUTU peabHHM
piBeHb €(PEKTUBHOCTI BUPOOITKY HAassBHUX poOouMx. TakuM YMHOM, MOXHA PEKOMEHIYBaTH
BHUOIp OJTHOTO 3 AHATMITUYHUX JOCTITHUIILKUX MeToAIB (poTorpadis (xpororpadis) pododoro
JIHSI, XPOHOMETPa’K) 3aJIEKHO BiJl TPUBAIOCTI TEXHOJIOTTYHOTO IIUKITY 3 BUTOTOBJIEHHS TOTOBOT
OyaiBeNbHOT PO TYKIII.

Posrnsinemo puc. 4, Ha sIKOMY IOKa3aHi METOJM BU3HAUEHHsS KOMIUIEKCHUX HOPM, 3rpy-
MOBAHUX 3a CTYNEHEM IHAYCTpiaibHOCTI HOpM. BpaxoByrouu, 1o A po3pOOKH KOMILJIEKC-
HUX HOPM CTYHiHb IHIYCTPIaJbHOCTI HE € KPUTUYHO BAXKIUBHUM, BIIKUAAEMO TPYIy CyMap-
HUX METOJIB, JJIsl SKUX IHIAYCTpiaJibHICTh He 3abe3meueHa. [[nst METOMIB, IO 3aTUIITMINCA,
po3paxyemo (Tabi. 2) iHTEerpalbHYy OIIHKY €()EeKTHBHOCTI, 110 € CyMOIO OIIIHOK 3a KpUTEpisi-
MU, TIOMHOXXEHHUX Ha KOEQIIIEHT 3HAYYIIOCTI KPUTEPito (KOeIlieHT JUIs KPUTEPI0 «TOY-
HICTB» — 4; «TPYAOMICTKICTb» — 3; «maciuTad BUOIpKH» — 2; «3alIeXKHICTh BiJ Mpodecionati-
3My HOpPMYBaJbHUKa» — 1; BU3HAYEHI1 LUIAXOM DPAaHXYBaHHS KPUTEPIiB 3a 3HAUYIIICTIO).
Po3paxyHok moka3zye, 0 HalOUIbII €(EeKTUBHUM METOJOM € HOPMYBaHHS 3a (popMynamu,
OJIHAaK 3BaYKar0uu Ha OJNM3BKICTh IHTETPAJIbHUX OLIHOK, I METO palioHaJIbHO KOMOIHYBaTH
3 XpoHOMeTpaxkeM abo (oTorpadicro podo4oro AHsS TAKMM YHHOM: PO3PAXOBYIOThCS BHYTPI-
ITHI JJ1s MATPUEMCTBA OTIepalliiiHi HOPMH I HAMOUTBIII TUIIOBUX OTEpalliil/po0iT, Ha iXHii
OCHOBI IIISXOM pPO3PaxyHKy BHBOJSATBHCS OIEpaliiiHI HOPMHU [UIi OJHOTHUIHHUX OIepa-
1[1i1/po6iT Ta KOMIUIEKCHI HOPMHU 151 pOOIT.

Tab6mums 2
Inmezpanvui oyiHKu Memooi6 GUSHAYEHH KOMNIEKCHUX HOPM, WO 3a6e3neuyoms
docmammitl cmyninb iHOYCmpianbHOCMI HOPM

% =Eg5 | g5 | 2
= EE%| EE| z::
= ® S o s = = =
. 2 2 2= a2z ==
Metoan Tun oninkn z 535 z z 2 2 =
: | 58| 22| £E¢
= | ®ZE| =2z | £
Tousicrs BHUX1IHA 10 10 5 5
3 Koe(iI[iEHTa 3HAYYIIOCTI 40 40 20 20
TpvioMicTKICTS BHUXiJHA 3,33 3,33 6,67 6,67
PR 3 KoedimienTa snadymocti | 9,99 9,99 20,01 | 20,01
. BHXiHA 5 5 10 10
Macuira® subipiu 3 koeilienTa snadymocti | 10 10 20 20
3aJexHICTh BiJ IpodecioHaNi3My BHXiJHA 3,33 3,33 6,67 1
HOPMYBaJIbHUKA 3 Koe(iI[iEHTa 3HAYYIIIOCTI 3,33 3,33 6,67 1
IaTerpanpHa orinka 63,32 63,32 66,68 61,01

Amnani3 puc. 5 nmokasye, 10 €AUHAM METOJOM, II0 3a0e3neuye HAYCTPIalbHICTh YKPYII-
HEHHX HOPM, € HOPMYBaHHS 3a THUIIOBUMHU HOpMamu. KpiMm 1HIIOTrO, OLIHKK IIbOTO METOMY €
BUIIMMH 32 OLIIHKU METOJIB cyMapHOi rpynu. [TiaBUIIeHHS 00’ €KTUBHOCTI YKPYITHEHUX HOPM
JOLUIBHO MPOBOJUTH TAaKUM YMHOM: PO3POOIISIOTHCS OlNepalliifHi Ta KOMIUIEKCHI HOPMU LIS~
XOM XpoHOMeTpaxy abo ¢ororpadii poboyoro mHs, HOTIM 3a 00’ €KTOM-aHAJIOTOM PO3paxo-
BYETBHCS YKpYyIHEHa HOopMa Ha OyniBenbHUM 00’ekT. Taka HOpMa Hasalli BUKOPUCTOBYETHCS
SIK KOHCTPYKTUBHO-TEXHOJIOTTYHUN 1a0JIOH.
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=
(]

§ HopMmyBanHs 32 THIOBUMH HOpMaMK
s
=

JlocBimHMii METOA,
<
&
[}
oy
2

é HopmyBanHs 3a aHanorom
3
(<o)
Q
T

CraTUCTHYHUHA METON

0 1 2 3 4 5 6 7 8 9 10 11
B 3anexHicTh Bix npodecionanizmy HopMyBaisHrka B Tounicts ¥ TpygomicTkicts B Macmrab BHOipKH

Puc. 5. Oyinka memooie eusHayenHs YKpynHeHux HopMm,
32PYNOBAHUX 3a CMYNeHeM THOYCMPIaTbHOCME HOPM

Ockinbku OyaiBenbHE BUPOOHUIITBO MOXKHA OXapaKTEPU3yBaTH SIK MajocepiliHe, a HOMe-
HKJIaTypa olepalliii 3a3BHuail Beluka, BAHUKA€ HEOOXIHICTh MIHIMI3yBaTH BUTPATH Mparlli Ha
3MIIIICHEHHS HATYPHUX CIIOCTEPEXKEHb, TOOTO BUMIPSTH 1H)XEHEPHO JOCTOBIPHY HOPMY TPYJIO-
BUTPAT MPU HAUMEHIIIH KUIBKOCT1 CIIOCTEPEIKEHb.

3anponoHyeMo NOPsI0K BCTAHOBJIEHHS! HOPM TPYAOBUTPAT 332 MiHIMAJIbHO HEOOX1THOT Ki-
JIBKOCTI criocTepeskeHb. Horo MoXHa OIMICATH TAKUM aJITOPHTMOM:

1. IIpoBectu momepeaHi BUMIpM HOPM Mpalli 32 JONOMOI0K CTATUCTUYHOTO METOIY HO-
pMmyBaHHS (y KOMOiHaIii 3 METOJaMU «PO3pPaxXyHKOBUH 32 TUIIOBUMU HOPMaMM», «PO3paxyH-
KOBUH 3a popMynamu»).

2. PozpaxyBatu nucrnepcito IpOHOPMOBAHOT BUOIPKH:

2
g2 Zli=5) (1)
n—1
Jie X; — BUMIpU HOPMH TIpalli Ha OJUHUITIO OTeparlii/podoTu; X — cepeaHe apudpmMeTnyHe BuOi-
PKU; N — KUIBKICTh BUMIPIB HOPMH IpalLli y BUOIPIIL.
3. Po3paxyBaTu cTaHAapTHY MOMMJIKY IPOHOPMOBAHOI BUOIPKU:

S. = S%. )

4. 3naiitu 3HadyeHHs Kputepito CTbIOJIEHTA ¢ 3a CTAaHAAPTHUMHU JOBIIHUKaMHU (HarpH-
knazn, 3a [1, nopatok 1]). JIns iHKeHEepHUX PO3PaXyHKIB PEKOMEHAYEThCsSl MPUMATH PIBEHb
3HauymocTi o = 0,05.

5. Po3paxyBaTu T0BipuMid IHTEpPBAJI MaJIOT BUOIPKHU:

Ax=1S_. 3)
6. Po3paxyBaTH MIHIMaJIbHO HEOOXIJHY UYHCENBHICTh BUOIPKH, Ui SKOI HMPOBOAUTH-
METhCSI HATypHE HOPMYBAHHSI 32 JIOTIOMOT'0I0 JOCHIAHULBKAX METOIIB!
22
S @)
n =
x 2
Ax
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7. IlpoBecT HEOOXiHY KUIBKICTh HATYPHUX JOCIIIHKEHb Ta 0OpOOUTH pe3ynbTaTH 3Tij-
HO 3 PEKOMEHALIIMI HOPMAaTUBHUX JTOKYMEHTIB.

Haii0inp11 nommpeHoo NpuYMHOI0 BEIMKOI pO3paxyHKOBOT KUTBKOCT1 HEOOXIHUX CIIOC-
TepexeHb OyIiBeNbHUX POOIT € HEJOCTOBIPHICTh pe3yNbTaTiB MmomnepeaHix Bumipis. Lle Big-
OyBaeTbCsl Uyepe3 pi3Hi HEMPOIYKTUBHI MPOCTOT MPH BUKOHAHHI POOIT, 110 CIIOCTEPIraroThCs.
VY upoMy BHUIAJKY CIIIJ] IPOBECTH CEPi0 3 3-5 HATYPHUX CHOCTEPEKEHb Ta 3aTBEPIUTH HOP-
MY, BUXOJSIYU 3 OTPUMAHUX PE3yJbTaTiB.

BucHOBKHM BiINOBIZHO 10 cTATTI.

3a 10nmoMororo 0araToKpuTepialibHOTO aHallizy Oyio Kiacu(ikoBaHO, OXapaKTEpU30BAHO
Ta BUOpaHO METOJM HOPMYBAHHS Ul KOXKHOTO CTyHeHs audepeniiianii — onepaiiinoi (¢o-
Torpadis poOoUyoro JHS, XpOHOMETPaXk), KOMILIEKCHOI (HOPMYBaHHs 32 (OpMYJIaMu pa3oM 13
JOCTITHUIBKUMH METOJIaMH), YKPYITHEHOT HOpMH (HOPMYBaHHs 32 TUIIOBUMH HOpMaMmu pa-
30M 13 JOCTITHULILKUMHU METOJaMH).

3anponoHOBaHO MiAXiA 10 pO3pOOKH HOPM, IO MOEAHYE PI3HI METOIU: AOCHITHUIIBKI Me-
TOJIM € OCHOBHUMH JUTSL pO3POOKH HOPM; aHAIITUYHI METO/IM 13 BUKOPUCTAHHSIM PO3PAXyHKO-
BUX (OPMYJ Ta TUIIOBUX HOPM € JIOTIOMDKHUMH; CTAaTUCTHYHI METOAU BUKOPUCTOBYIOTHCS
U1l TPYOOT OLIIHKHU Ta MiATBEPAKEHHS HOPM.

Po3pobnena metoauka 3abe3neuye CTaTUCTUYHY JOCTOBIPHICTh HATYPHUX CIIOCTEPEKEHB
13 HOPMYBaHHS BUTpAT Mpalli Ta JO3BOJSE OOIPYHTYBATH MIHIMAJIbHO HEOOXIAHY KUIBKICTh
HATYPHUX CIOCTEPEkEHb, a BIIMOBIIHO, — HAHMEHIIIl BUTPATH Ipalli HA HOPMYBaHHS.
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UDC 69.003:69.05
Aleksandr Menejljuk, Aleksey Nikiforov

IMPROVEMENT OF RELIABILITY OF CONSTRUCTION
WORKS NORMALIZATION

Urgency of the research. There is a high need for market-based indicators of the cost and duration of construction
work. The studied normative documents have significant drawbacks, in particular the high complexity of the recommended
methods and the lack of statistical justification for the accuracy of the labor standardization studies. Developing a method to
address these shortcomings is effective from a social, economic and technical point of view.

Target setting. It becomes inappropriate to centralize labor cost regulation by government agencies in a market econo-
my, so any enterprise in Ukraine is interested in a method of labor standardization that would have low complexity of use,
high adaptability to organizational construction conditions, and precision for engineering and economic calculations.

Actual scientific researches and issues analysis. The existing normative documents for setting labor standards were
considered, known methods of norming were analyzed.

Uninvestigated parts of general matters defining. It is important to develop a labor standardization method that would
be less time consuming, more accurate and statistically valid. This can be achieved by combining summary and research
methods of labor standardization using mathematical statistics.

The research objective. Development of labor standardization method of the construction work cost on the basis of the
most effective methods, the accuracy and number of field experiments of which is substantiated by statistical methods.
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The statement of basic materials. Multicriteria analysis of labor standardization methods allows choosing the most effective
method, based on information sources, including importance ranking of indicators. A technique is proposed that represents a com-
bination of summary and research methods with a statistical justification for the full-scale studies number.

Conclusions. The proposed method allows justifying the accuracy, reducing the complexity of labor standards developing.

Keywords: labor standard; construction work; improvement; reduction of labor costs, industrialization of construction.
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Ony6nikyBaHHS HayKOBUX cTaTed y kypHaill «TexHI4HI HayKd Ta TE€XHOJIOTiD» € Iuiar-
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