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(*vinnytsia National Technical University, Ukraine; 2Beibu Gulf University,
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Predrag Pravdié¢, Violeta Dordevi¢ (Academy of professional studies Krusevac,
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BIOMATERIALS IN MODERN MECHANICAL ENGINEERING
INDUSTRY

Predrag Pravdié¢, Violeta Dordevi¢ (Academy of professional studies KruSevac,
Department of technical and technological studies in KruSevac, Serbia) ECO-
MATERIALS AND ECO-TECHNOLOGIES IN MODERN MECHANICAL
ENGINEERING
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RADIAL EXTRUSION USING THE FINITE ELEMENT METHOD

ba6enko M.O., Jlwootun B.C. ([epowcasnuii euwuil HABYATbHULL 3AKIAO
«/[oneybKull HayioHanbHUll MexHiYHUl yHigepcumem, M. [Ipocobuy, Ykpaina)
IMPOEKTYBAHHSI TEXHOJIOITYHUX ONEPAIIA OBPOBJISTHHSA
OTBOPIB Y IPOTPAMHOMY CEPEJOBMUIII FUSION360
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TA SMIINHEHHA POBOYHX IHOBEPXOHb JIETAJIEM
METAJIYPITTHHOT'O OBJIAJTHAHHS
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Mmawunobyoisna axademis, mm. Kpamamopcok — Teproninw, Ykpaina) METOAHN
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JPYKY IIJISIXOM ABTOMATU3ALII YIIPABJIHHS AJIMTUBHUMU
TEXHOJIOI'ISIMH

Kingenko M. 1., Boopuk O.C., llucrka 1.B., bagiokoBa M.I'. (/Jonbacvka
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Kopengaiii B.M., HHapamun O.41., Anis O.M., Kupuuyk B.B.,
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KpaBuenko M.B., naykoBuii kepiBuuk Koxan L.P. (Xapkiscoxuii asmomobinoho-
0opodcHiti haxosuil konedxc, m. Xapkie, Yrpaina) IA®POBI TEXHOJIOT'TI TA
ABTOMATU3ALIA B TEXHOJIOT TYHIN NIArOTOBLI
BUPOBHUIITBA ABTOMOBILJIIB

Kpusomesi B.P., Ky3snenoB M.M. (Hayionanvnuii mexnivnuii yuigepcumem
Vpainu «Kuiscoxui nonimexnivnui incmunmym imeni leops Cikopcbkozo», m. Kuis,
Vkpaina) PO3POBKA TI'IBPUJHOI MOBIJIBHOI POBOTHU30BAHOI
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IHVIAT®OPMHU 3 KOMBIHOBAHMMHU HA3ZEMHO-IIOBITPAHUMMU
METOJAMMU PYXY

Jlemenko K.II., KpaBuoBa .FO. (Vkpaina, m. Kpusuii Pie, Kpueopizvkuii
HayioHanbHull  YHigepcumem) HNIABUIIEHHSA 3HOCOCTIMKOCTI
JETAJIEM TEPTS IIJIIXOM A30TYBAHHS 3 IOIEPEJIHIM
JIABEPHUM OITPOMIHEHHSAM

JlutBunenko B. B., CokosioB M. /l., [Inaunuyk O. B., Miabko O. O., HaykoBi
KepiBHUKH: A.T.H., pod. JAparodeubkuii B. B., n1.1.H., npod. 3aripusak 1. M.
(Kpemenuyyvruii nayionanvnutl ynieepcumem imeni Muxaiina Ocmpocpadcbko2o,
m. Kpemenuyx, Vrpaina) PO3IPOBKA TEXHOJIOT'TI BUTOTOBJIEHHS
3AXUCHHUX CTPYKTYP 3 HAHOMATEPIAJIIB

MokieBensn J.O. (Binnuyvkuii HayionanvHul mexniunuil yHigepcumem, M. Binnuys,
Vipaina), Koanescbkuii C.B. (/[onbacvka Oepoicasna mawuunobyodiena akademis,
mm. Kpamamopcovk — Tepnonine, Ykpaina) PO3POBKA TNEPCIHEKTUBHHUX
TEXHOJIOT'TA HA BA3I IHHOBAIIMHWX ITPOIIECIB CTBOPEHHSI
®YHKIIOHAJBHUX MOBEPXOHbD JIETAJIEH MAIIIMH

Hapiu I1.B., Onumyk C.I'., TyaynoB B.1. (/Jonbacvka oepoicasna mawunobydisna
akaoemis, mm. Kpamamopcox — Tepuonino, Vrpaina) TEXHOJIOT'TYHE
3ABE3NEYEHHS EKCILUTYATAIIMHUX BJIACTUBOCTEM JETAJIEN
MNPOTATIOM KUTTEBOI'O HUKJTY

Hukonaenko O.}0., Oummyk C.I'., TyaymoB B.l. (Jonbacvka oeporcasua
MawunobyoisHa — akaodemisi, mm. Kpamamopcoxk — Tepnonine, Yxpaina)
TEXHOJIOI'TYHI METOAMU HAPI3ZAHHS KOHIYHUX 3YBYACTHX
KOJIIC

HoBikoB ®. B. (Xapxiecvxuii nayionanvHuil exoHoMiuHull yHigepcumem imeHi
Cemena Kysmeysn, m. Xapxis, Vxpaina) PO3POBJIEHHSI TEOPETUYHUX
OCHOB TA E®EKTUBHUX TEXHOJIOT'TYHUX IMPOLECIB OBPOBKH
BUCOKOTOYHUX MAIHIUMHOBY/IIBHUX BUPOKBIB

HoBoceabues M.M., Onumyk C.I'., TyaynoB B.l. (/Jonbacvka oeparcasna
MawunobyoisHa — akaodemisi, mm. Kpamamopcox — Tepnonine, Yxpaina)
BUKOPUCTAHHS OIOPSIXYBAJBHUX OIEPALIA PHU
BUT'OTOBJIEHI HUJITHAPUYHUX 3YBYACTUX KOJIIC

Onumaxk A., Creubko A.€. (Hayionanvnuu yuisepcumem «Jlvgigcora
nonimexuixay, m.JIvsis, Ykpaina) SMIHHEHHSA JAETAJIEM MALIIUH TA
IHCTPYMEHTIB

HMeaunuuko O.0., KoBanescokuii C.B. ([Jonbacvka depacasna mawunodyoiena
axkademis, mm. Kpamamopcox — Tepnonine, VYrpaina) OCOBJIUBOCTI
NIATOTOBKU YIIPABJISIIOUUX ITPOI'PAM VIS BEPCTATIB 3 UITY B
YMOBAX BOEHHOTI'O YACY

IMupoxkenko A.O., boupap O.B., Pa3zanueB A.O. (Kpusopizvkuii HayionanvHuu
yuieepcumem, M.  Kpusuii  Pie, Vkpaina) KOHCTPYKTOPCBKE
MOJAEJIOBAHHS METAJIOPI3AJIBHOI'O IHCTPYMEHTY B
ITPUKJIAJTHIA MEXAHIIII

MMucemenkoBa T.O., Porr H.O. (Hayionanvnuii mexuiunuil yHigepcumem
«quinpoecoka nonimexwixa», M. JHuinpo, VYxpaina) THTEPAKTHBHUHA
BIPTYAJIbHUM JJOCBIJ B COEPI MATEPIAJIO3BHABCTBA SIK OJIUH
I3 HIJISXIB NIJIBUIIEHHSA SIKOCTI IHHKEHEPHOI OCBITH
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IMo6ouiii O.A., KpaBuoBa [.}O. (Kpusopizvkuii nayionanvrutl yHieepcumem, M.
Kpueuu Pie, VYxpaina) BUBIP ITIPOI'PAMHOI'O 3ABE3INEYEHHSA J1JISA
CTBOPEHHA KAPT ECKI3IB 3I'ITHO 3 ICTY 3.1105-2014

Honymko M.M, IleBuenko B.B. (Hayionanvnuui mexuiynuii ynisepcumem
Ykpainu "Kuiecokuti nonimexuiynuu incmumym imeni leops Cikopcokozo".10 m.
Kuis, Yxpaina) ABTOMATHU30BAHA CUCTEMA KOHTPOJIKO AKOCTI
IOBEPXHI JETAJIEA

Pak A.O. (Hayionanvnuii aepoxocmiunuii ynigepcumem im. M.€. JKykoecvkoeo
«Xapxkiscokuii asiayivuHut iHCmumympy, M. Xapris, Yrpaina)
HAHOCTPYKTYPOBAHI IMOKPUTTA SK CHOCIb IIJIBUIIEHHSA
JOBI'OBIYHOCTI INIAIHUITHUKOBUX BY3JIIB TYPBOAT'PEI'ATIB

Cyxoii P.A., llyaika M.C. (Jounbacvka Oepacasna mauunody0ieHa akaoemis, MM.
Kpamamopcok — Teprnonine, Vxpaina) IHTEJIEKT-KAPTU SIK OCHOBA
3ABE3ITEYEHHS JOBPOYECHOCTI nPU AHAJII3I
IHOOPMAIIIMHOI'O MMPOCTOPY IPU BUKOHAHHI
THAUBIYAJBHUX 3ABJIAHb 3 JIJUCIIATIJITH OCBITHBOI ITPOI'PAMU

ToBkau A.O., Kozaos C.JIL. (Binnuubmiﬁ HAUIOHANbHUIL  MEXHIYHUIL
yHuisepcumem, Binnuya, Ykpaina) CTIUKICTb MEXATPOHHOI'O
INPUBOJA HA OCHOBI MYJBbTUPEXXUMHOI'O PEI'YJIATOPA

Tpersk B. B., Ksarkosckuii M. F)., JanaeB O. B. (Hayionanvuuu
aepoxocmiyHuil yHieepcumem im. M. €. JKykoscvkozo «XAl», m. Xapkis, Ykpaina)
BUKOPUCTAHHS CTPYKTYPHO-AHAJITUYHOI MOJAEJI JJIs
ABTOMATHYHOI'O ®OPMYBAHHS MAPIIPYTHO-ONEPAIIIMHOI' O
OIIUCY JETAJI TUITA «BAJI»

®ux C.B., (HayionanvHuil yHigepcumem «JIvgiscoka nonimexuika», m. Jlveis,
Vipaina) BIIPOBAJUKEHHS THHOBAIIIMHUX TEXHOJOI'TYHUX
MPOLECIB JJIsI PO3IIUPEHHSA TEXHOJIOITYHUX MOKJIUBOCTEN
OBJA/ITHAHHA

Yeprxamun M.O., Bounapenko A.O. (HTY «/[uinpoecvka nonimexwixa», M.
Awninpo, Vkpaina) HEPCIIEKTUBHA 3ACTOCYBAHHSI BEPTUKAJIBHUX
KJIACU®IKATOPIB ITPU IEPEPOBII TEXHOI'EHHOI CHPOBUHH

Myaika M.C. (Honbacvka Oepxcasna mawuHob6yOisHa axkademis, MM.
Kpamamopcvk — Tepnonine, Vkpaina), Ky3bmenko IL.A. (Binnuyvkui
HayioHanbHull mexHiuHuu yHigepcumem, M. Binnuys, Vkpaina) TEOPISA
MHNOAIBHOCTI AJSAA TEXHOJIOT'TYHUX CUCTEM MEXAHOOBPOBKHU —
PECYPCH I MOKJIUBOCTI

MAH 3 HIIII:

BamokoBa M. (33CO Ne 6, m. Cnog'ancek, Ykpaina), HayKOBUM KEepiBHUK: K.T.H.,
nor. Kinpenko MLI. ([oubacvka oepocasna mawunobyoiena axaoemis, MM.
Kpamamopcovk — Tepnonine, Ykpaina), nayxosuii crniBkepiBHuk: Bboopux O.C.
(33CO Ne 6, m. Cnog'sancvk, Yrkpaina) BUKOPUCTAHHS METOIIB
HITYYHOI'O [IHTEJEKTY [JiId VYIPABJIHHA PEXHWUMAMHU
OBPOBKH OCBhOBOI'O IHCTPYMEHTY I3 HIBUAKOPIKYYOI CTAJI
B IMITYJIbBCHOMY MATHITHOMY ITOJIT

Bopoaenko I1.M., MuponoBa A.QO., Coiinikoa C./I., UepemicoBa T.B. (3011]
Ne26, m. Kpamamopcok, Yxpaina) naykoBuil kepiBHuk: badam A.B. ([onbacvka
oepoicasna mauwunooyoisna axaoemis, mm. Kpamamopcox — Tepuonins, Yxpaina)
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BUKOPUCTAHHA MO?'K.HI/IBOCTEI‘/JI TEACHABLE MACHINE JJIA
CTBOPEHHA MOJAEJIEM MAIIIMHHOI'O HABYAHHA 3 IO JAJIBIIUM
BUKOPUCTAHHAM Y MOBIVIBHUX JOOATKAX

Hdymenko O.B. naykoswii kepiBauk: Cyaima B.B. (BCII «/[pyackiscokuti gpaxogutl
Koneddc Jlonbacvkoi Oepoicasnoi mawunobyodienoi axaodemii, m. JIpyoicKiexa,
Vipaina) CACTEMA TEXHOJIOI'TA IUVIABHOI'O ITPOBYI)KEHHSI HA
BA3I IVNIAT®OPMHU ARDUINO

Ma3syp €.B. naykoBuii kepiBauk Kpwoka C. B. (BCII «/{pyockiscokuii ¢haxosuil
Koneddc Jlonbacvkoi Oepoicasnoi mawunobydienoi axaodemii, m. JIpyoicKiexa,
Vikpaina) ABTOMATHU30BAHA CUCTEMA MOHITOPIHI'Y TA OLUIHKHA
AKOCTI HNOBITPA Y NMPOMHUCJOBUX MNPUMIINEHHAX HA BA3I
IVIAT®OPMMU ARDUINO

Mupomnunyenko O.B. nHaykoBuii kepiBHuK Tomop K.O. (BCII «/lpyoickiscokuii
Gaxosuti  koneddc Jlonbacvkoi Oepoicasnoi  mMawunoOyOieHOI  akademii, M.
Hpyackiexka, Ykpaina) CUCTEMA MOHITOPIHI'Y TA BIJJOBPAYKEHHS
IMPOTHO3Y NOI'OJN HA BA3I IIVIAT®OPMMU ARDUINO

Ynosuuenko J.A., naykoBuii kepiBHuKk ®enoroBa O.I1. (BCII «/Ipyoickiecokui
Gaxosuti  koneddc Jlonbacvkoi Oepoicasnoi  mawunoOyoisHol  akademii, M.
Hpyacxiexa, Yrpaina) CHUCTEMA ABTOMATHU30BAHOI'O ITOJIUBY
POCJIMH HA BA3I INTIAT®OPMU ARDUINO

Hlyapo E.A., Meabuuk T.B. HaykoBuii kepiBuuk Ckpumuuk C.B. (3aeanvho-
oceimnsa wkoara Ne3, m. Kpamamopcovk, Vrkpaina) PO3POBKA BEb-
3ACTOCYHKY JJiId HNOKPAHIEHHSA  ®I3UYHOI'O CTAHY
KOPUCTYBAYIB YEPE3 BIZIEOPEKOMEHJIAIIII PEABLIITAIIIMHAX
®IBUYHUX BITPAB

JlonoBHEHHA A0 OCHOBHOI YaCTUHU:

Toaynko M.O., Illepouna B.K., KpaBuenko P.A. ([[enmpanvroyxpainceruii
HayioHanbHuy  mexHiunuu  yHigepcumem  M.Kponusnuyvkuil, Ykpaina)
METOAUKA PO3PAXYHKY CHWJ 3ATUCKY BEPTUKAJIBHO
OPIEHTOBAHOI'O 3AXBATHOI'O TIPUCTPOIO POBOTA IIPH
BEPTUKAJIBHOMY MOI'O NEPEMIIIEHHI
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BCTYIHE CJOBO BIJ OPI' AHI3AI_[II/IHOFO KOMITETY

KOH®EPEHLII
[IlaHOBHI y4acHUKH Ta rocTi Mi>KHapOIHOI MOJIO/IIKHOT HAYKOBO-TEXHIYHO1
koH(pepennii «Monoga Hayka — poOoTH3allisi 1 HAHOTEXHOJOTIl Cy4acHOTO
MalMHOOy 1yBaHHS !

Bin imeni opraHi3auiI?1Hor0 KOMITETY PO BITAEMO Bac Ha HAIIOMY
HayKOBOMY (bopyMl akuil BinmOyBaeTbcst 16—18 kBiTHa 2025 poky 3a MiATPUMKH
IPOBITHUX YKpaiHChKHX  Ta 3apyODKHHX OCBITHIX 1 HAyKOBHX yCTaHOB.
Kondeperuis TpaguuiiiHo o0'eHye MONOINX IOCIIAHHKIB, HAyKOBIIB, IEXKCHEPIB 1
3100yBayiB OCBITH, CTBOPIOIOYH MPOCTIP AJIs1 OOMiHY EPETIOBUMHU 1/1€IMHU, TOCBIIIOM
1 pe3yJbTaTaMd JOCIIKEHb Yy Taly3siX poOoTH3alli Ta HAHOTEXHOJIOTIM —
KJIFOUOBUX HAMPSAMKAX PO3BUTKY CY4aCHOIO MaIIMHOOYyBaHHS.

Mu rnmboko mepekoHaHi, IO Ballla aKTUBHA Yy4acTh CIPUATHME HE JIMILE
Hpoq)eciﬁHOMy 3POCTaHHIO KOXHOTO yYaCHMKa, a W PO3BUTKY Mi)chapozLHO'i
HAYKOBOI CIIBIIPaLll, YKPIIICHHIO 3B’S3KIB MK HAYKOBHMH LIKOJIAMH Ta peaizari
HOBHX MI)KI[I/ICI_II/IHJIIHapHI/IX HpOGKTlB Temaruka KoH(epeHIIiT OXOIITI0E aKTyallbH1
MUTaHHS, IIOB’SI3aHI 3 IHTCTpaIi€io lHTeJ'IeKTyaJ'IBHI/IX TEXHOJIOTIA y BUPOOHUYI
IIPOLIECH, p03p061<0}0 HOBITHIX MaTepiaiiB 1 TEXHOJIOT1H, a TAKOX BIPOBAIKCHHIM
HAHOTEXHOJIOTTYHUX PIIICHb Y MAIIMHOOY TyBaHHS.

Opranisatopamu KOHQEpEHILii BHCTYHAKOTh: MiHiCTEpCTBO OCBITH 1 HAYKH
Ykpainn, JHY «Iuctutyr MoOJIepHi3allii 3MicTy ocBiTH», HarlionanbHa aKaILeMvI
HAyK BHIIOI OCBITH pralHI/I I[0H6ac5Ka JepKaBHA MalIMHOOY/iBHA aKaaeMis,
BiHHUIIBKHMI HaIliOHAIBHUI TEXHIYHUWIA yHIBepcHTeT, Apeiron UnlverSIty in Banja
Luka (bocuis 1 'epuerosuna), Mechanical Engineering Faculty in Slavonski Brod
(Xopgaris), University of Montenegro Faculty of Mechanical Engineering, Zhejiang
Normal University (KuTaif) Ta iHIii 11aHOBaHi YCTaHOBH.

Oco0mBICTIO IFOrOPIYHOT KOH(EPEHLIIT € PO3LIMPEHHST MKHAPOHOI y4acTi,
aKTUBHE 3aJIy4CHHsI MOJIOJL Ta IHTEIPallis OCBITHIX IHIIATHB, TAKUX sK AKaJeMisd
JOCITITHUKIB IITYYHOTO 1HTENEKTy, CTYJIEHTChKEe HayKOBE TOBAPUCTBO TEXHOJOTIH
MalmHOOyIyBaHHs Ta Mana akajemisi HayK 3 HAyKOBO-TIPOMHUCIIOBOTO MPOQ1IIO.

30IpHHK HAYKOBHX Ipallb KOHpepeHLi, 1m0 Oy/e BUIaHUH 3a il miAcyMKaMy,
CTaHE BarOMHMM BHECKOM Yy CBITOBY HAyKOBY CHUIBHOTY i 3a0€3ICUHTh IIMPOKE
PO3MOBCIOIKEHHS BaIlIUX TOCIIIKEeHb cepell (paxiBIliB y pi3HUX KpaiHax.

Binx iMeH1 opraHi3aniifHOro KOMITETY BUCIOBIIOEMO MOASIKY BCIM IMapTHEPaM,
yYaCHHMKaAM Ta OpraHi3ailisiM, K1 CIIPUSIIU MATOTOBIII Ta MPOBEAECHHIO KOH(EpEHITii.
be3 Bamoi miaTpuMKu 1 3yCHiib 11ed 3axiJ He MaB OM TaKOTO BMCOKOTO HAyKOBOTO
pIBHSL.

Baxaemo BCIM y4acHHKaM ILTIAHOT POOOTH, iKaBHX JII/ICKYCH/I HAaTXHEHHS
JUIs HOBHX HAYKOBUX 3BEpIICHB 1 YCIIXIB y peamizauii Bamux ifeil Ta HpOGKTlB'
Hexait 151 KOH(epeHIlis CTaHe BaXKIMBOIO IMOMI€I0 y Balliii HAYKOBIA Kap’epi i
BiJIKpU€ HOB1 TOPU3OHTH JIJIsl TIOJIAJIBIIINX JOCSATHEHBD!

3 nmoBarozo,
Cepriii KoBasieBcbknii, ['0110Ba oprasizaiiifHOro KOMiTery,
Jleonin Ko3nos, CniiBrosioBa opraHizaiiifHOro KOMITeTy.
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OPENING SPEECH FROM THE ORGANIZING COMMITTEE

Dear participants and guests of the International Youth Scientific and
Technical Conference «Young Science — Robotics and Nanotechnologies of
Modern Mechanical Engineering"!

On behalf of the Organizing Committee, we sincerely welcome you to our
scientific forum, held from April 16 to 18, 2025, with the support of leading
Ukrainian and international educational and scientific institutions. This
conference traditionally brings together young researchers, scientists, engineers,
and students, creating a platform for exchanging advanced ideas, experiences, and
research results in the fields of robotics and nanotechnologies — the key
directions in the development of modern mechanical engineering.

We are deeply convinced that your active participation will contribute not
only to the professional growth of each participant but also to the development of
international scientific cooperation, the strengthening of ties between research
schools, and the implementation of new interdisciplinary projects. The conference
topics cover pressing issues related to the integration of intelligent technologies
into production processes, the development of advanced materials and
technologies, and the implementation of nanotechnological solutions in
mechanical engineering.

The organizers of the conference include: the Ministry of Education and
Science of Ukraine, the Institute of Education Content Modernization, the
National Academy of Higher Education of Ukraine, Donbas State Engineering
Academy, Vinnytsia National Technical University, Apeiron University in Banja
Luka (Bosnia and Herzegovina), the Mechanical Engineering Faculty in
Slavonski Brod (Croatia), the University of Montenegro Faculty of Mechanical
Engineering, Zhejiang Normal University (China), and other esteemed
institutions.

A distinctive feature of this year's conference is the expanded international
participation, the active involvement of young researchers, and the integration of
educational initiatives such as the Academy of Artificial Intelligence Researchers,
the Student Scientific Society of Manufacturing Technologies, and the Small
Academy of Sciences for Scientific and Industrial Profile.

The conference proceedings, which will be published after the event, will
make a significant contribution to the global scientific community and will ensure
wide dissemination of your research among specialists from different countries.

On behalf of the Organizing Committee, we express our sincere gratitude
to all partners, participants, and institutions who contributed to the preparation
and successful conduct of the conference. Without your support and efforts, this
event would not have achieved such a high scientific level.

We wish all participants fruitful work, engaging discussions, inspiration for
new scientific achievements, and success in the implementation of your ideas and
projects! May this conference become an important milestone in your scientific
career and open new horizons for future accomplishments!

Sincerely,

Sergiy Kovalevskyy, Head of the Organizing Committee,
Leonid Kozlov, Co-Chairman of the Organizing Committee.
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UDC 007.52

Isak Karabegovi¢!, Ermin Husak?, Predrag Dasi¢® ('Academy of Sciences and
Arts of Bosnia and Herzegovina, Sarajevo, Bosnia and Herzegovina; *University
of Biha¢é, Technical Faculty Bihaé, Biha¢, Bosnia and Herzegovina; >Engineering
Academy of Serbia (1AS), Belgrade, Serbia)

THE USE OF BIOMATERIALS AND BIODEVICES IN ROBOTS WITH
THE GOAL OF INCREASING THEIR FUNCTIONALITY

Abstract: We have witnessed in recent years that many institutes and development
centers in the world that deal with the development and research of robotic technologies are
working on the development and implementation of advanced biomaterials and biodevices that
enable greater interaction with biological systems and provide better functionality for medical,
rehabilitation and other applications. Biomaterials are increasingly used in robotics to improve
the flexibility, functionality and sustainability of robotic systems. Their ability to imitate
biological structures and properties enables the development of advanced robots that can better
interact with the environment, adapt to different conditions and even regenerate. Their
application includes medical robotics, soft robotics, biodegradable robots, humanoid robots
and robots for environmental protection and industrial applications. Biomaterials play a key
role in the development of advanced robotic systems, enabling greater adaptability, biological
integration and sustainability. The future of biomaterials in robotics depends on further
research and innovation that will enable the development of stronger, more durable and more
economical materials. Despite the current challenges, biomaterials have the potential to
significantly improve robotic systems and their application in medicine, industry and
environmental protection. Their application in robotics not only improves the functionality of
robots, but also opens up new opportunities in medicine, industry and environmental
protection. With the further development of materials and technologies, an even greater role of
biomaterials in the future of robotics is expected.

Keywords: innovation, robot, biomaterial, biodevices, flexibility.

Anomauyia: B ocmanni poku mu cmanu ceiokamu mozo, wo 06azamo iHCMumymie i
YeHmpie po3pooKU y ceimi, AKI 3aUMArOMvCsi PO3POOKOI0 Ma O0CHIOHCEHHAM POOOMUZ0BAHUX
MEexXHON02IU, NPaAyms HAO PO3POOKOI0 MA 6NPOBAONCEHHAM Nnepedosux Oiomamepianie i
Oionpucmpois, AKi 3abe3neuyioms OLILUWY 63AEMOOI0 3 OIlON02IYHUMU CcUuCmeMaMu mda
3abe3neyyroms Kpawyy @OYHKYIOHANbHICMb 0N MEeOUYHUX, peabilimayitiHux ma [HuuxX
3acmocyeanv. Biomamepianu 6ce uacmiuie SUKOPUCMOBYIOMbCA 6 pOOOMOmMexXHiyi 0
niOGUWeHHs HyUKOCi, YHKYioHanbHOCmI ma cmitikocmi pobomomexHiunux cucmenm. Ixus
30amuicmy  iMimysamu 0I0102IYHI CMPYKMYpU ma 61aCmueocmi 003808€ po3pooasmu
nepeoosux pobomis, AKi MONCYMb Kpauje 63AEMOOIAMU 3 HABKOTUWHIM Cepedosulyem,
adanmysamucs 00 pisHUX YMOE i Hagimb pezenepyeéamu. Ixue sacmocysanns 6xnouae MeOuyHy
poOOMOmMexHiKy, M’aKy poOOmMoOmexHiKy, 6iopo3KIadaHux pooomis, 2yMaHoiOHux pobomis i
pobomis Ona 3aXUCMy HABKOJIUWHBO20 CepedosUUa Ma NPOMUCTIOB020 3ACHOCYBAHHSL.
biomamepianu sidieparoms Knouo8y poib y po3podyi nepeoosux podOmMu308anux cucmem,
3abe3neuyrouu OLIbULY A0ANMUEHICMb, Oion02iuHy iHmezpayilo ma cmanicms. Maiibymue
biomamepianis y pobomomexHiyi 3anexdcums 6i0 NOOANbUUX OOCIIONHCEHb MA THHOBAYIL, 5K
00380.151Mb PO3POOUMU MIYHIWL, 008206IUHIWI Ma eKOHOMIUHIwI mamepianu. Hessadcarouu na
NOMOYHI  GUKIUKY, Oiomamepianu Maiomes Nnomenyian Onsg 3HAYHO20 BOOCKOHANIEHHS
poOOMU308AHUX CcUCmeM ma iX 3aCMOCY8AHHA 8 MeOUYUHI, NPOMUCTIO80CMI MA OXOPOHI
HABKOMUWNB020 cepedosuwyd. Ix sacmocysanms 6 pobomomexuiyi e MinoKu NOKpaufye

14



@ynxyionanvricmes pobomis, ane i 8i0KPUBAE HOBL MONCIUBOCTE 8 MEOUYUHT, NPOMUCTIOBOCTE
Ma 0OXOPOHI HABKOIUWHBO2O Cepedosud. 3 NOOATLUUUM PO3BUMKOM MAMEPIAiE | MexHOI02il
OUIKyemMbCs wje Oinbuia poib biomamepianie y MatOymubomy pooomomexHixu.

Knrouoei cnosa: innosayii, pooom, biomamepian, 6ionpucmpoi, cHyuKicme.

1. INTRODUCTION

The development of robotics has seen significant progress in recent
decades, and the integration of biomaterials and biodevices represents a new step
forward in enhancing the functionality of robots. Traditional robots, typically
made of metal, plastic and other synthetic materials, have certain limitations in
terms of flexibility, adaptability and interaction with people and the environment
[1-3]. By incorporating biomaterials and biodevices into the design of robotic
systems, it is possible to improve their efficiency, reduce energy consumption and
enhance their ability to perform complex tasks. Biomaterials are substances that
can come into contact with biological systems without causing adverse reactions.
They have been used in medicine for decades for implants, prostheses and tissue
engineering, and are now increasingly being applied in robotics. Biodevices, on
the other hand, include components such as bio-inspired sensors, artificial
muscles, and neural interfaces, which provide robots with greater sensitivity,
adaptability, and autonomy. The integration of these elements enables the
development of humanoid robots, biologically inspired mechanisms and
advanced industrial automatons capable of performing tasks more accurately and
safely in dynamic environments. One of the key advantages of using biomaterials
in robotics is their increased flexibility and biocompatibility [4-6]. For example,
polymers such as hydrogels and elastomers can mimic the mechanical properties
of human skin and muscles, enabling the development of robotic arms and
prostheses that are more sensitive and better adapted to human touch.
Additionally, the use of bioactive materials can enhence the interaction between
robots and living tissues, opens up new possibilities in rehabilitation robotics and
medical prosthetics. In addition, biodevices play a key role in enhancing the
sensory capabilities of robots. Bio-inspired sensors, based on biological principles
such as the sight, touch and hearing, allow robots to perceive their environment
with greater precision. For instance, electronic skin with integrated pressure
sensors can allow robots to sense touch and adjust grip strength accordingly, while
neural interfaces enable direct communication between robotic systems and the
human brain.

The integration of biomaterials and biodevices into robotic systems is
widely used across various industries [7-9]. In medicine, robotic prostheses made
from biocompatible materials and neural interfaces can significantly improve the
quality of life for amputees. In industry, flexible robots with bio-inspired actuators
can perform tasks that require precision and adaptability more efficiently.
Additionally, in research and rescue operations, robots designed with biological
inspiration can navigate hard-to-reach terrains and operate in extreme conditions
with greater ease. Despite theses numerous advantages, challenges remain in
applying biomaterials and biodevices in robotics. Their durability, cost-
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effectiveness and sustainability are still the subject of ongoing research and
further improvements are necessary to ensure long-term operation of robotic
systems without compromising functionality. Moreover, ethical and safety
concerns regarding the use of bio-inspired technologies must be carefully
addressed, especially when robots interact with humans [10-12]. This paper will
analyze the role of biomaterials and biodevices in enhancing the functionality of
robots, with the focus on their technical, applied and ethical aspects. The goal is
to explore how innovations in this field can contribute to the development of
intelligent and adaptive robotic systems that will improve various areas of human
activity.

2. CHALLENGES IN THE DEVELOPMENT AND APPLICATION OF
BIOMATERIALS AND BIO DEVICES IN ROBOTICS

Biomaterials and biodevices used in robotics are often employed to enable
robots to perform tasks that require interaction with the human body, detection of
biological signals, or even the simulation of biological functions. Biomaterials are
natural or synthetic materials designed to mimic or complement the biological
properties of living organisms [13-15].

The application of biomaterials and biodevices in robotics is a very
interesting area from the perspective of publications. On Figure 1 shows the
number of publications (NoP) for the phrase ”biomaterials OR biodevices AND
robot OR robotics” in the Scopus citation database for the period from 1985 to
2024. The total number of publications (NoP) for the aforementioned phrase is
958 (as of 31-12-2024).
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Figure 1. Number of Publications (NoP) for the phrase ”biomaterials OR biodevices
AND robot OR robotics” in the Scopus for the period from 1985 to 2024
Biomaterials are used in various fields, including medicine, biotechnology

and robotics, where they facilitate the development of flexible, biocompatible and
intelligent systems. Here are just a few examples of the biomaterials used in
robotics (Figure 2):
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» Smart materials are those materials that can change their properties in response
to external stimuli, such as temperature, light or electricity. In robotics, they are
used to create actuator systems, such as mechanical arms that mimic human
movements or sensors that recognize biological signals. This includes piezo-
sensitive materials, which are used in sensors to detect pressure or vibrations,
and are applied in robotics for motion tracking or force detection. Additionally,
electroactive polymers, which can change shape when an electric voltage is
applied, are used in mechanical systems of robots (e.g., for the "muscles” of
robots).

= Gels and liquids with variable properties such as hydrogels, which can be
used in biomedical devices and robotics, enable robots to change shape or size
In response to environmental changes. These materials may be useful for robots
working in biomedical or microsurgical applications.

= Biopolymers, which include biodegradable materials, are used to make robot
parts that are environmentally friendly. For example, bioplastics or natural
polymers, such as chitin, can be used to make lightweight robot parts.

» Biocompatible materials are used in biomedical robots that come into direct
contact with the human body (e.g., robots for surgical interventions). These
materials include titanium, silicone, and special polymer materials that do not
cause rejection by the organism.

Figure 2. Examples of biomaterials used in robotics [16-20]

In robotics, biomaterials are used to enhance robots’ ability to interact with the
environment, provide greater flexibility and the possibility of regeneration, there
by expanding their potential applicatiosn in medicine, industry and ecological
systems. The use of biomaterials in robotics is based on their unique properties
that make them adaptable for various applications. Some of the most important
properties are [21-23]:
= Biocompatibility - biomaterials do not cause harmful reactions when in contact
with biological tissues, making them ideal for medical robotics and prosthetic
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devices. Examples of applications include robotic prostheses, implants and
mechanical exoskeletons.

= Flexibility and elasticity - in contrast to conventional rigid materials,
biomaterials enable robots to exhibit softer and more natural movements.
Examples of applications include soft robotics, robotic sensors and actuators.

= Self-regeneration - some biomaterials have the ability to self-repair after
damage, which extends the robot’s lifespan and reduces the need for repairs.
Examples of applications include robots designed for extreme conditions,
medical devices intended for long-term use.

» Biodegradability - ecologically acceptable biomaterials can decompose in
nature without causing harmful consequences for the environment. Examples
of applications include disposable robots for ecological missions, implantable
medical robots.

= Sensitivity to stimuli - some biomaterials can change their properties in
response to external factors such as temperature, light or electrical signals.
Examples of applications include robotic skin, adaptive robotic sensors.

= Light mass and energy efficiency - biomaterials are often lighter than metals
and plastics, enabling robots to have lower energy consumption and greater
mobility. Examples of applications include unmanned flying robots, medical
microrobots.

Below, we will list some of the key biodevices used in robotic technology

[24-26]:

= Biosensors - these devices can detect biological signals, such as changes in
glucose levels, pH values, or blood pressure. In robotics, biosensors are used to
monitor patients’ condition or to perform complex tasks, such as diagnostics.

= Neurorobotics - in robotic systems that use neural signals for control, such as
devices that allow people with spinal cord injuries to control prosthetic devices,
biodevices such as electroencephalographic (EEG) devices or devices that
measure electrical impulses from muscles can help control robot movements.

» Electromyography (EMG) devices - these devices detect electrical impulses
that occur when muscles contract. In robotics, EMG devices allow robotic
systems to respond to user intentions or to support prosthetic devices.

= Optogenetic devices - in biomedical robotics, optogenetics uses light pulses to
control cells in the body. This may enable the development of robots that use
light signals to stimulate nerve tissue or muscles.

On Figure 3 shows several examples of biosensors, neurorobotic devices,

electromyographic devices and optogenetic devices [27-30].
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Figure 3. Examples of biosensors, neurorobotic devices, electromyographic
devices and optogenetic devices [27-30]

Challenges in the development and application of biomaterials in robotics
involve technical, economic and research-related challenges. Let’s list some of
the challenges:
= Development of new biomaterials - many researchers are working on
improving the mechanical properties of biomaterials, because there is a need for
stronger and more resistant materials that will last longer. Additionally, hybrid
materials (i.e., a combination of biomaterials with conventional materials) can
improve the performance of the robot themselves.

= Technological limitations - the first technological limitation is the complexity
of production. Technologies like 3D printing and nanotechnology need to
achieve high precision in the production of robotic parts from biomaterials. The
second technological limitation is the lack of precise testing methods because,
as more accurate testing of biomaterials is necessary to ensure their long-term
effectiveness.

= Safety and ethical issues — for example, regulatory challenges arise because
medical robots made of biomaterials must pass strict safety tests before they can
be approved for clinical use. Additionally, the use of biological materials in
robotics raises questions about sustainability and the possible use of human or
animal tissues.

= Economics and market application - the industry is still adapting to new
biomaterials, which slows down their mass production and widespread use.
Significat investments in research and development are also needed to make
biomaterials more accessible and cost-effective.

Robotics utilize advanced biomaterials and biodevices that enable greater
interaction with biological systems, providing enhanced functionality for medical,
rehabilitation and other applications. The development of these technologies is
progressing rapidly, particularly in the fields of biomedical devices, neural
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interfaces, and mechanical systems that mimic human functions. The use of
biomaterials in robotics offers numerous advantages, including improved
interaction of robots with people and the environment, as well as reduced waste
and increased functionality. However, there are also certain disadvantages, such
as high cost, limited durability and technical challenges. The future of
biomaterials in robotics relies on further research and innovation, which will
enable the development of stronger, more durable and more cost-effective
materials. Despite current challenges, biomaterials have the potential to
significantly enhance robotic systems and their application in medicine, industry
and environmental protection.

3. FLEXIBILITY OF BIOMATERIALS AND BIODEVICES IN
ROBOTICS

The development of robotics is increasingly dependent on the use of
biomaterials and biodevices to enhance the functionality, interaction and
adaptability of robots in various environments. Biomaterials, such as electroactive
polymers and piezo-sensitive materials, enable robots to respond to environmental
changes or stimuli, such as electrical pulses or temperature variations. These
materials can change their properties, allowing robots to become more flexible
and adaptive. The use of biologically inspired materials and devices facilitates the
creation of robots with improved flexibility, sensitivity and efficiency in
performing complex tasks. This technology is widely used in medicine, industry,
agriculture and humanoid robotics. Biomaterials are used in robotics to enhance
the flexibility, durability and adaptability of robots in diverse scenarios. For
example, robots with ”muscles” made of electroactive polymers can imitate
human movements with a high degree of precision [31-33].

The primary characteristics of biomaterials in robotic technology include
biomechanical flexibility, which allows the material to bend and deform while
maintaining functionality; biocompatibility, which enables the material to adapt
to human or animal tissue, especially in medical robots; self-regeneration, which
allows the material to repair itself after damage; and sensitivity to external factors,
such as temperature, pressure, and humidity, enabling the material to adapt to
different environmental conditions.

Taking into account the main characteristics of biomaterials, some typical

examples of their application include [34,35]:

= Soft robots - where elastic polymers and hydrogels are used, allowing robots
to move similarly to biological organisms. This is useful in medical and
industrial applications;

= Prosthetics and exoskeletons - biomaterials are used to create advanced
prosthetic limbs that mimics the functionality of human limbs and

» Biodegradable robots — robots made of biocompatible materials can be used
in medicine without the need for surgical removal after completing their task.

Biodevices, similar to biomaterials, are essential in robotics for
incorporating biological or bio-inspired functions to improve a robot&#39;s
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performance. These devices enable robots to better interact with their
environment, increase their autonomy, and improve human interaction. Key
features of biodevices in robotics include neural connectivity for enhanced
learning, biosensors for detecting environmental changes, bioactuators for smooth
movements, and biological energy sources like bio-batteries to power the robot.
Taking into account the main characteristics of biodevices, they find applications
in robotics. Here are typical examples of their use [7,36]:
= Medical robots — the use of biosensors and neural interfaces allows for precise
surgical interventions and neurorehabilitation;
= Industrial robotics - biodevices enhance the adaptability of robots in
production processes through advanced sensor systems;
= Humanoid robots - neural networks and biologically inspired sensors enable
more realistic movements and improved interaction better with humans and
= Ecological robots — bio-driven and biodegradable sensors allow robots to
operate in natural environments without negatively impacting the ecosystem.
The flexibility and adaptability of biomaterials and biodevices enable
robots to exhibit advanced functionality and better interaction with their
environment. These materials and devices not only enhance robot performance of
but also facilitate their integration into various spheres of society, from medicine
and industry to ecology and humanoid robotics. Continued development of these
technologies holds the potential for even more sophisticated, efficient and
environmentally friendly robotic systems.

4. IMPLEMENTATION OF BIOMATERIALS AND BIODEVICES IN
ROBOTICS
As mentioned earlier, biomaterials and biodevices are increasingly used in
robotics in order to improve the flexibility, functionality and sustainability of
robotic systems. Their ability to mimic biological structures and properties
enables the development of advanced robots that can interact more effectively
with the environment, adapt to various conditions and even regenerate. Their
applications include medical robotics, soft robotics, biodegradable robots,
humanoid robots and robots for environmental protection and industrial
applications (Figure 4).
¢ Implementation in medical robotics and prosthetics
Biomaterials play a key role in medical robotics by enabling safe contact
between the robot and the human body. In this field, they are used for the
production of robotic prostheses, implants, surgical robots and rehabilitation
devices [7,12,23].
» Robotic prostheses and exoskeletons:
- Biocompatible materials such as titanium, silicone and biopolymers are
used to create robotic prostheses that mimic the function of human limbs.
- Advanced materials with sensory sensors enable tactile sensation,
improving control over the prostheses.
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- Exoskeletons made of lightweight and flexible biomaterials are used in the

rehabilitation of patients with neurological and orthopedic impairments.
» Surgical robots:

- Surgical robots (e.g., the da Vinci robotic system) use biocompatible
materials to create precision surgical instruments.

- Microsurgical robots made rom biomaterials enable minimally invasive
procedures inside the body.

» Biodegradable implantable robots:

- In development are biodegradable robots made of materials that naturally
decompose within the body after a certain period, eliminating the need for
additional surgical procedures.

s Implementation in Soft Robotics
Soft robotics uses flexible, elastic and biocompatible materials, allowing
robots to have more natural movements and safer interaction with people and the
environment.
= Robotic actuators and sensors:

- Hydrogels and elastomers enable the creation of flexible robots that can
change shape and adapt to different surfaces.

- Biomaterials with shape memory allow robots to respond to external
stimuli, such as heat or moisture.

= Robot skin:

- Biologically inspired materials are used to create robotic skin that can
detect touch, temperature and pressure.

- Robotic skin made from graphene and polymer biomaterials enables
tactile perception similar to humans.

= Soft medical robots:

- Made of biocompatible elastomers can be used to perform endoscopic and

laparoscopically assisted surgeries.

e

: ‘i\' —= 3 ( . Eﬁ‘m
Figure 4. Examples of implementation of biomaterials and biodevices in
robotics [38-44]
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s Implementation in biodegradable robots and ecological applications
Environmentally friendly robots made of biodegradable biomaterials and
biodevices are becoming increasingly popular in environmental protection and
ecosystem research.
» Biodegradable robots for cleaning the environment:
- Robots made of biodegradable polymers are used to collect waste from
the ocean or soil.
- After the task is completed, these robots decompose, thus eliminating
electronic waste.
* Robotic devices for ecosystem monitoring:
- Biomaterial sensors enable robots to collect data on water, air and soil
quality without endangering the environment.
s Implementation in humanoid robots
The development of humanoid robots increasingly relies on biomaterials and
biodevices to make their structure and functionality more human-like.
* Advanced biological mimicry:
- Silicone and hydrogel skin provide a realistic appearance and tactile
sensitivity.
- Biomimetic muscles and joints made of polymers that respond to electrical
impulses allow robots to move more realistically.
» Neural interfaces and artificial nervous systems:
- Biomaterials used to develop artificial neurons and synapses enable
humanoid robots to interact more effectively with humans.
+ Implementation in industrial robotics
Likewise, in recent years, industrial robots have increasingly been using
biomaterials and biodevices to improve safety and efficiency in production
processes.
= Safer robots in production lines:
- Soft robots made of elastic biomaterials reduce the risk of injury to
industrial workers.
» Biomaterials in automation:
- Self-adjusting graspers made from biomaterials are used for handling
sensitive objects, such as in the food industry.

Biomaterials and biodevices are increasingly being used in robotics,
enabling the development of flexible, environmentally friendly and intelligent
robotic systems. From medical devices and humanoid robots to environmental
solutions and industrial automation, their presence is changing the way robots
function and interact with people and the environment. The further development
of biomaterials will open new possibilities for even more sophisticated robotic
systems in the future.

5. CONCLUSION

The use of biomaterials and biodevices in the development of robots
represents a revolutionary step forward in modern robotics, opening up new
possibilities for improving functionality, adaptability and interaction with the
environment. These advanced materials and systems not only provide robots with
greater efficiency and durability, but enable them to adapt to various conditions,
much like living organisms. Biomaterials, used to construct robotic structures,
make it possible to create soft robots with flexibility and mobility inspired by
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natural organisms. These materials reduce the risk of damage, increase the robot’s
durability, and allow for safer interaction interaction with humans. Furthermore,
biomaterials can be used to create adaptive components that respond to
environmental changes to changes, thereby enhancing autonomy and efficiency
of robots. Biodevices, on the other hand, play a key role in integrating biological
and technological components within robotic systems.

The application of biosensors, artificial muscles and neural interfaces
significantly improves the performance of robots, enabling them to respond to
external stimuli and make complex decisions based on environmental data. Such
systems allow humanoid and medical robots to perform precise tasks such as
diagnostics, rehabilitation and assistance for people with disabilities. In addition,
biomaterials and biodevices contribute to the development of sustainable
solutions in robotics, reducing the ecological footprint of the production and use
of robots. Biodegradable materials and biohybrid systems help minimize negative
environmental impact and pave the way for more eco-friendly technologies. This
combination of natural and artificial systems contributes to the construction of
more efficient, intelligent and durable robotic platforms. The application of
biomaterials and biodevices in robotics is already present in various fields,
including medicine, industry, agriculture and space exploration. In medical
robotics, artificial muscles and biocompatible materials support the development
of prostheses and exoskeletons that enhance the quality of life for individuals with
disabilities. In industrial robotics, the use of flexible biomaterials can reduce
maintenance costs and increase worker safety. Additionally, in space exploration,
biologically inspired robotic systems can enhance survivability in extreme
conditions.

Despite all the advantages, there are challenges in the implementation of
biomaterials and biodevices in robotics. Research and development costs remain
high, and the long-term durability and reliability of these materials and systems
are still under investigation. Additionally, ethical and safety concerns related to
the integration of living cells or tissues into robotic systems require careful
regulation and oversight. In conclusion, we can conclude that biomaterials and
biodevices have the potential to transform robotics, by enabling the development
of more intelligent, flexible and environmentally friendly robotic systems.
Continued research and technological advancement are essential for the further
development of this interdisciplinary field, which brings together biology,
engineering and artificial intelligence. With proper management of the associated
challenges, these innovative materials and systems could significantly improve
various aspects of our life and work, contributing to the development of advanced
robotic solutions of the future.
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PIV-MEASUREMENTS IN THE NEAR-WAKE OF THE OSCILLATING
WING SECTION

Anomauia: /locnioxcyemvcsa ounamixa oomixanusa koaueanvHoi cexkyii kpuna NACA
0012 i3 eopbuxkamu Ha nepedHiu Kpomyi nio 4ac 0b6epmaibHO20 pyxXy 620py ma 6HU3 HA KYym
14.5°, Takuii pyx € akxmyanoHum y pi3HUX 3aCMOCYB8AHHAX 6 aglayii, MOPCubKill iHJCeHepii ma
BIOHOBNIOBAHIN  eHepeemuyi. Buxopucmogyiouu GuUMIpIOBAHHs WBUOKOCMI 300padiceHb
yacmunok (PIV), Oyno npoananizoéano noiasi weuUOKOCMi ma 6UXPOGL CMPYKMypu
mypOy1eHmHo20 NOMOKY 6 odaacmi O1udNCHL020 caidy. Pesynomamu PIV docridocens oaromp
3M02y ONMUMIZY8AMU KOHCMPYKYIIO, SAKA NOKPAWYE RNIOUOMHY CUTLY MA 3MEHULYE Onip,
3pewmoio niOSUWYIOUU eqheKMUBHICMb Y PIHOMAHIMHUX THICEHEPHUX 000AMKAX.

Knrouoei cnosa: ounamixka oomikanis, Koaueanivra cexyis kpuaa, npogine NACA 0012,
20pouKuU Ha nepeduitl kpomyi, obepmanvruil pyx, PIV-wemoo, mypoyrenmuuti nomik, euxposi
CMpYKmypu, Onmumizayis KOHCMPYKYii, NiOuoMHa cuid, aepoOuHamidHuti onip, asiayis,
MOpCbKA IHIHCEHepis, BIOHOBNI06AHA eHepeemUKa

Abstract: This article explores the fluid dynamics of oscillating NACA 0012 wing sections
with tubercles on its leading edge during rotational movement up and down at an angle of
14.5°. This kind of movement is relevant in various applications in the in aviation, marine
engineering, and renewable energy. Utilizing Particle Image Velocimetry (PIV), the velocity
fields and turbulent flow patterns in the near-wake region have been recognized and analyzed.
Insights from PIV studies inform design optimizations that enhance lift and reduce drag,
ultimately advancing efficiency in various engineering applications.

Keywords: flow dynamics, oscillating wing section, NACA 0012 airfoil, leading-edge
bumps, rotational motion, PIV method, turbulent flow, vortex structures, design optimization,
lift force, aerodynamic drag, aviation, marine engineering, renewable energy

1. INTRODUCTION

The study of fluid dynamics around oscillating wing sections is a critical
area of research in aerodynamics, with significant implications for various fields,
including aviation, marine engineering, and renewable energy technologies [1, 2].
Oscillating wings, whether in the form of flapping bird wings or the blades of
wind turbines, exhibit unique flow characteristics that can be harnessed to
enhance lift, reduce drag, and improve overall performance. Understanding the
intricate flow patterns that arise during oscillation is essential for optimizing these
designs and achieving better efficiency. Other study reveals no distinct boundary
layer separation in mean velocity fields [3], while some experimental
investigation of the turbulent structure of an oscillating airfoil's wake revealed
variations in turbulent velocity profiles, despite constant angles of attack. The
wake's turbulent structures vary in different parts, and a significant increase in
turbulence intensities after a high angle of attack is believed to be due to
separation or dynamic stall [4].
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Particle Image Velocimetry (PIV) has emerged as a revolutionary non-intrusive
optical technique that allows researchers to capture and analyze velocity fields in
fluid flows. By illuminating a flow field with a laser and capturing images of the
resulting particle motion, PIV provides a detailed visualization of the velocity
vectors and flow structures, particularly in the complex near-wake region of
oscillating wings. This region is characterized by turbulent flow patterns and
vortex shedding, which are critical to understanding the aerodynamic
performance of the wing. The dynamics of near-wake turbulent flow are complex
and influenced by various factors, including the frequency and amplitude of
oscillation, the angle of attack, and the Reynolds number.

1. EXPERIMENTAL SET-UP

The experiments were performed in a subsonic closed-loop wind tunnel
DHS-600x600/1050x1050-V, including two octagonal test sections, which were
produced and installed at the College of Engineering of Zhejiang Normal
University by Chongging Lantian Co. Ltd. in 2017. A small test section with a
cross-sectional area of 0.6 to 0.6 m? was chosen over a large one, as it allowed for
closer proximity to the laser scalpel plane and improved resolution. The PIV
which is capable of capturing high-speed images of the flow, which also includes
the laser setup, camera, image processing software and calibration was performed
to ensure accurate measurements.

Figure 1: Experimental models with different sizes of tubercles: model 0, model
5mm, model 15mm and model 25mm.

The camera was positioned above, with a mirror situated inside the small
testing section to facilitate transversal plane measurements. The mirror is oriented
at a 135° angle, allowing the projection of a 90° angle between the camera's
position and the measurement area, thereby enabling a clear reflection to the
camera (FIG. 2). The chord of the wing model was determined to be 100 mm, and
the span was set at 200 mm, taking into account the dimensions of the wind tunnel.
The NACA 0012 airfoil was selected for its widespread use among researchers
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and its favorable aerodynamic characteristics. The base width was established at
10 mm, with the configuration being either ellipsoidal or somewhat conical. The
wing models were fabricated using 3D printing with PLA filament, including a
wall thickness of 1 mm and two longitudinal spars for enhanced structural
integrity. Four variations were produced: model 0, model 5, model 15, and model
25mm (FIG. 1). The symmetry of NACA 0012 was essential for universality. The
model was fabricated as a single entity without segmentation into halves, then
undergoing mechanical removal of excess plastic and localized machining of
connection sites. The airfoil design at the tubercle's attachment zone was essential
for achieving a smooth interaction between the leading edge and the tubercle. The
specifications of the 3D printer software were used to designate the model's
surface quality, established at 0.05 mm. This led to around 13 hours of printing
for each model, although did not ensure complete consistency. A highly
qualitative moiré surface with longitudinal micro-grooves akin to riblets was
successfully produced.

Figure 2: Camera, Laser (right) and the testing rig with mirror (top and bottom
on the left) inside the wind tunnel small testing section

2. FLOW STRUCTURES IN THE NEAR-WAKE REGION

As the wing oscillates, it generates a series of vortices that shed from the
trailing edge (FIG. 3). These vortices can play a significant role in the lift
generation and influence the overall aerodynamic performance. The interaction
between the high-speed flow over the wing and the lower-speed flow in the wake
creates shear layers. These layers are prone to instability, leading to turbulence
and mixing. The near-wake region is inherently turbulent, characterized by
chaotic fluctuations in velocity and pressure. Turbulence enhances mixing and
energy dissipation, which can have both positive and negative effects on lift and
drag.
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Figure 3: Schematic of NACA 0012 with the largest angles and illustration of its
numerical simulation for:V= 20m/s, f=2.25Hz

At a velocity of 5 m/s, the flow remains laminar, which leads to a more
complex structure of flow separation (FIG. 5). The fluid layers move smoothly,
but the oscillation of the airfoil introduces periodic changes in angle of attack,
affecting the boundary layer dynamics. As the airfoil oscillates, the flow
experience delayed separation due to the smooth nature of laminar flow, yet the
interaction with the oscillating surface create intricate patterns of separation and
reattachment. Understanding these phenomena is crucial for optimizing
aerodynamic performance, particularly in applications where maintaining laminar
flow is desired.

"

Figure 5: Numerical simulation of unsteady flow development over airfoil
NACA 0012 for: V=5m/s, f=5.25Hz

3. OBSERVATIONS FROM PIV MEASUREMENTS
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PIV measurements of the near-wake turbulent flow for an oscillating wing
section reveal several critical insights; The measurements show distinct patterns
of vortex shedding correlating with the oscillation frequency and amplitude (FIG.
4). Higher frequencies tend to produce more regular vortex shedding, while lower
frequencies result in more chaotic patterns at high angle. The turbulence intensity
in the near-wake region varies significantly with the oscillation parameters.

Figure 5: Velocimetry results behind the non-stationary dynamics of a wing with
tubercles (left — angle of attack=0, right — angle of attack=14.5°)

4. DISCUSSION AND CONCLUSION

In this investigation, the averaged velocity and vorticity were meticulously
analyzed at three distinct positions up, normal, and down at a flow velocity of 20
m/s (FIG. 6). The results highlight the formation of paired vortices induced by the
presence of tubercles on the leading edge of the NACA 0012 airfail,
demonstrating a significant alteration in flow characteristics compared to a
smooth airfoil. The data indicate a marked uniformity in the undisturbed flow,
underscoring the effectiveness of the tubercles in enhancing aerodynamic
performance. This study not only validates the influence of leading-edge
modifications on flow dynamics but also contributes to the understanding of
vortex behavior in aerodynamic applications.

PIV measurements of near-wake turbulent flow for oscillating wing
sections provide valuable insights into the complex dynamics of fluid flows
around moving surfaces. The ability to visualize and quantify these flow
structures enhances our understanding of aerodynamic performance and opens
new avenues for engineering applications.
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Figure 6: Averaged velocity and vorticity at all 3 position (up, normal and
down) for V=20m/s

As research advances, the integration of PIV with computational fluid
dynamics (CFD) and machine learning techniques holds the potential to further
revolutionize our approach to aerodynamic design and optimization. By
continuing to explore the intricacies of oscillating wing dynamics, we can pave
the way for innovations that improve efficiency, safety, and sustainability in
various fields of technology.
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APPLICATION OF UML TECHNIQUES IN MODELING AN
INFORMATION SYSTEM FOR PAYROLL MANAGEMENT

Abstract: The payroll information system is essential for automating salary, bonus, tax,
and contribution calculations, enhancing accuracy, efficiency, and transparency while
reducing administrative costs and errors. It supports key activities, planning, and logistics for
users such as the Human Resources (HR) manager, accountant, administrator, and employees,
ensuring ease of use and low maintenance costs. The system is modeled using UML diagrams,
including use case, activity, sequence, and class diagrams, to reflect an object-oriented
approach. Additionally, the system architecture, consisting of five layers, is proposed.

Keywords: Payroll management, modeling, information system (1S), Unified Modeling
Language (UML).

Anomauisa: Ingopmayiiina cucmema obpobKu 3apobIMHOI naamu € 8aNCIUBOI 0
asmomamuzayii po3paxyuKky 3apooimuoi niamu, 6OHYCie, N00amKie ma 6HecKi8, nNi0GUUYIOUU
MOYHICMb, eheKMUBHICMb i NPO30PICMb, 0OHOYACHO 3HUICYIOYU AOMIHICMPAMUBHT GUMPAMU
ma nomunxku. Bona niompumye ocnoemui OisnbHoCmi, NIAHY8AHHA MA JOLICIMUKY Ol MAKUX
KOpucmyeauie, K meneoddcep 3 aoocbkux pecypcie (HR), oyxeanmep, aominicmpamop ma
npayieHuKy, 3abe3neyyrouu  NpPOCMOmy  BUKOPUCMAHHA MA  HU3LKI  SUMpPAmMu  Ha
oocnyeosysanus. Cucmema mooenoemscs 3a 0onomoeoio diacpam UML, exntouarouu diazpamu
eapianmis GUKOPUCMAHHA, OISIbHOCMI, NOCIIO08HOCMI Ma KIACI8, WO 8i000pajiCcams
00'ekmno-opiecumosanuil nioxio. Kpim mozo, 3anpononosano apximexkmypy cucmemu, uo
CKAA0AEMbCS 3 N AMU WApIs.

Knrwwuosi cnosa: Ynpasninua 3apodimnoro niamor, mMo0eno8ants, iHgpopmayitHa
cucmema (IC), Vuighiosana mosa moodenroganus (UML).

1. INTRODUCTION

Unified Modeling Language (UML) is a standardized modeling language
for object-oriented systems, developed from methods like Booch, object-oriented
software engineering, and object-modeling techniques. It uses graphical notation
to visualize, design, and document software, offering a consistent approach and
supporting multiple perspectives throughout development [1-4]. The objective of
UML is to offer a shared vocabulary of object-oriented terms and diagramming
techniques that can comprehensively model any systems' development project,
from analysis to design [5]. UML diagrams represent two views of a system: the
static view, which focuses on structure using objects, attributes, and relationships,
and the dynamic view, which emphasizes behavior through object collaborations
and state changes [6].

The payroll information system was designed using the waterfall method,
UML, Macromedia Dreamweaver CS 6 for interface design, and XAMPP (Cross-
Platform, Apache, MySQL, PHP, Perl) for database design [7]. Developing the
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information system using the UML method to effectively model the business
processes involved in calculating the payroll for a higher education institution and
its implementation was described in [8]. The Vendor and Employee Management
System was developed using models defined in UML across various levels of
abstraction [9]. Larman’s software development method, covering all life cycle
phases from requirements gathering to testing, uses the UML use case model for
requirements, analyzes business logic, and results in a three-layered architecture,
which has been applied to develop a salary calculation application [10].

The calculation of employee salaries, unlike other accounting tasks, is
subject to frequent legal changes and amendments, making this issue very
dynamic and demanding in terms of timeliness for the legal entity. During the
system development, functional and non-functional requirements were defined,
system actors were identified, their tasks described, and represented using use
case diagrams. The flow of activities within the payroll calculation process was
also illustrated, while the interactions between objects in the system were shown
using sequence diagrams. The system structure was described through system
classes.

2. FUNCTIONAL AND NON-FUNCTIONAL REQUIREMENTS

The functional requirements of the payroll information system define the
specific functions the system must provide to meet user needs. The key functional
requirements for such a system include:

e Employee data management, which involves the entry, modification, and
deletion of basic employee data, as well as job-related data.

e Payroll calculation, which covers the definition of base salary for each
employee, automatic calculation of allowances such as overtime, bonuses,
and incentives, and automatic calculation of deductions like loans, alimony,
and fines. It also includes the calculation of taxes and contributions in
accordance with current laws, and the generation of payslips with a detailed
breakdown of the calculation.

e Payslip generation and distribution, which includes generating electronic
payslips, printing them, and sending them to employees via email or other
communication channels.

e Reporting, which entails the generation of monthly, quarterly, and annual
salary reports, reports on total payroll costs, and reports on individual
payroll components such as overtime, bonuses, and deductions.

e Absence management, which tracks annual leave, sick leave, and unpaid
leave, and automatically adjusts salary calculations based on attendance
and absences.

e User interface, which allows users to access their own data and enables
them to view, edit, and update their data through a simple and intuitive
interface.
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Security and authentication, which includes a user authentication system
(username, password), different levels of data access (employee, HR,
management), and logging of user activities.

Integration with other systems, which involves integration with human
resource management systems, integration with banking systems for
automatic salary payments, and the ability to export data in various formats
such as CSV (Comma-Separated Values), Excel, and PDF (Portable
Document Format).

The system ensures compliance with legal regulations by automatically
updating in accordance with changes in laws related to payroll, taxes, and
contributions, and by generating reports for tax authorities and other
government bodies.

Non-functional requirements of the payroll information system define the

quality attributes and characteristics of the system that are not directly related to
specific functionalities but are essential for its successful implementation and use.
Here are the key non-functional requirements for such a system:

Performance: The system should calculate salaries for all employees within
a reasonable time frame, such as a few minutes for a large organization. It
should also offer a fast user interface response time, with minimal delays
in data entry and display.

Reliability: The system should be continuously available with minimal
downtime, such as 99.9% uptime. Data redundancy and replication should
be ensured to maintain system operation in case of hardware or software
failure.

Security: All employee and payroll data must be encrypted. Strict access
controls should be implemented, allowing only authorized users to access
sensitive information. Regular security patch updates and adherence to
established security protocols are also essential.

Maintainability: The system should be easy to maintain with well-
documented code and system architecture. It should also allow for quick
detection and fixing of errors.

Usability: The system should have an intuitive user interface that is easy to
use without extensive training. It should also be adaptable to different user
roles with appropriate views and functions.

Compatibility: The system should be compatible with various operating
systems and web browsers. It should also have the ability to integrate with
existing software and systems within the organization, such as Enterprise
Resource Planning (ERP) systems and banking systems.

Adaptability: The system should allow easy customization to meet specific
organizational needs without requiring significant changes to the code.
Resource Efficiency: The system should optimize the use of servers,
memory, and network resources to minimize operational costs.
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e Documentation: Detailed documentation should be provided for users and
administrators, including guides on installation, configuration, usage, and
troubleshooting.

Considering these non-functional requirements is crucial to ensure that the
system not only fulfills its core functionalities but also delivers optimal user
experience, security, and long-term sustainability.

3. OBJECT-ORIENTED SYSTEM MODELING

System actors have been identified, and their responsibilities have been
described. The HR Manager manages employee data and is responsible for
entering and updating information related to employment, bonuses, and benefits.
The Accountant calculates salaries, taxes, and contributions, and generates
payslips and reports. The Administrator is responsible for system maintenance
and user account management. The Employee has access to their own payslips
and salary information.

The HR Manager, within the payroll information system, has several key
responsibilities that ensure accurate and efficient payroll processing for
employees. These responsibilities include entering and updating basic data,
tracking work hours, managing absences, administering bonuses, managing
benefits, processing changes, preparing reports, analyzing data, and providing
user support. The HR Manager plays a crucial role in maintaining the accuracy
and efficiency of the payroll system, ensuring that all employee data is correctly
entered and updated, and that all payroll processes comply with applicable laws
and organizational policies.

The Accountant plays a vital role in ensuring that all aspects of payroll
processing are accurate, timely, and legally compliant, while maintaining the
integrity and confidentiality of financial data. Their responsibilities include
calculating salaries, taxes, and contributions; ensuring legal compliance;
preparing and processing payments; posting transactions; generating reports;
conducting cost analysis; administering deductions; implementing changes;
ensuring timely payments; maintaining data confidentiality; controlling access;
and responding to inquiries.

The System Administrator of the payroll information system plays a crucial
role in maintaining and managing the system. Their responsibilities include
creating, updating, and deactivating user accounts; managing access controls;
monitoring user activity; managing passwords; performing software updates;
backing up data; managing the database; providing technical support and user
training; configuring the system; integrating with other systems; testing and
verifying system functions; generating reports; and analyzing performance. The
Administrator ensures the payroll system operates smoothly, that users are
properly supported, and that all data remains secure and accurate.

The Employee, within the payroll information system, has several
responsibilities that help ensure accurate and efficient payroll processing. These
include entering and updating personal data; tracking attendance and entering
absences; reviewing payslips and reporting errors; entering bank details; verifying
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personal data; using the system properly; maintaining password security;
notifying HR of changes; collaborating with HR or other relevant staff; following
procedures; staying updated; registering for benefits; and utilizing available
benefits appropriately.

3.1. UML diagrams

A use case diagram describes a set of actions that a system should or can
perform in collaboration with one or more external users of the system (actors) to
provide a clear or useful result for the participants or other interested parties.
Based on the identified system actors and their described responsibilities, the
following use cases have been defined and are presented in Figure 1.

The use case diagram in Figure 1 includes all system actors. The
Administrator, as well as the Employee, have the following use cases: system
login and entering and updating employee data. The Accountant is associated with
the following use cases: system login, entering and updating employee data, time
and absences tracking, payroll calculation, taxes and contribution calculation,
payslip generation, and preparing financial reports. The use cases for the HR
Manager include: system login, entering and updating employee data, time and
absences tracking, taxes and contribution calculation, payslip generation, and
preparing financial reports.
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Figure 1. Use cases diagram of the payroll information system
The activity diagram illustrates the flow of activities within the payroll
processing system, from data entry to salary disbursement. The following
activities are identified: entering and updating employee data, time and absences
tracking, payroll calculation, managing taxes and contributions, generating
payslips, preparing financial reports, and salary payment. Figure 2 presents the
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activity diagram of the payroll information system. It is important to note that the
activities time tracking and absences tracking are performed simultaneously.
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[ Generating pay slips ]

:

Preparing financial
reports

I

[ Salary payment ]
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Figure 2. Activity diagram of the payroll information system

A sequence diagram is a commonly used type of interaction diagram that
focuses on the exchange of messages between lifelines (objects). In the sequence
diagram (Figure 3), the participation of objects in the interaction is shown through
their lifelines and the messages they exchange.

The diagram depicts the following objects with their respective lifelines:
Employee, HR Manager, Accountant, System, and Bank. The Employee sends a
message to initiate data entry, and the HR Manager responds with a confirmation
message indicating the data has been updated. The HR Manager then forwards a
message to the Accountant to enter work hours and benefits, after which the
Accountant inputs the data into the System.

The System responds with a confirmation message regarding the
calculation of taxes and contributions. The Accountant then sends a request to
initiate the payroll calculation. The System performs the calculation, forwards the
payment details to the Bank, and initiates the printing of payslips. The Bank
processes the salary payments to employees, who can then withdraw their funds
from an Automated Teller Machine (ATM) or directly at the bank.
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Figure 3. Sequence diagram of the payroll information system

A class diagram belongs to the group of static structural diagrams. It
illustrates the structure of a system, subsystem, or component in the form of
interconnected classes, along with their attributes, constraints, and relationships
such as associations, generalizations, and dependencies. The class diagram of the
system is presented in Figure 4 and highlights the following classes: Accountant,
Employee, HR Manager, Administrator, and Bank. Each class includes its
respective attributes and methods. As an example, we are considering the
Accountant class with the following attributes and their types: IdAccount,
NameA, SurnameA, AdressA, and ContactA. The separated methods are: Enter
work hours (), Enter leave, and Enter taxes and contributions ().

HR Manager
1 |1#1dHRManager: Int
1 +NameHR: String
+SurnameHR: String
+UsernameHR: String
Employee L +PasswordHR: Int
e +H#ldEmployee: Int - +DateEmploymentHR: Date
: +Namek: String 1 |+Data entry()
:::‘rﬁ‘::ms::?:gt Int +Surnamek: String +Data modification()
1 +AddressE: String 1.% +Leave management()

+SurnameA: String 1 1.*
+AddressA: String 1
+ContactA: int

+DateBirthE: Date
+EducationalQualificationE: String
+CoefficientE: Float

1.*
+Enter work hours () +Leave request() e
+Enter leave() - +View payslip()
+Enter taxes and contributions() 1 [+#ldBank: Int
1.% +N B: String
+AddressB: String
. +InterestRateB: Float
1 f\dmlnistrator +WorkingHoursB: String
st et g |- fsa s
i +Salary payment
+SurnameAdministrator: String | 4 L ym1 *0

+UsernameAdmin: String
+PasswordAdmin: Int

+System maintenance()
+Access management()

Figure 4. Class diagram of the payroll information system
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4. INFORMATION SYSTEM ARCHITECTURE DIAGRAM

The architecture of a payroll information system typically consists of
several key components that together enable the efficient collection, processing,
and distribution of payroll data. This architecture can be represented as a layered
diagram, which includes the User Interface, Application Layer, Business Logic
Layer, Database Layer, and Integration Layer (Figure 5).

At the top is the User Interface (Ul), which includes both a web and a
mobile application, allowing users to easily interact with the system from different
devices. The Application Layer consists of a web server and an API server,
handling communication between the user interface and the system's core
functionalities. The Business Logic Layer contains specialized modules
responsible for salary calculation, employee management, and the management
of taxes and contributions.

Beneath this is the Database Layer, which uses a relational database system
(such as MySQL or PostgreSQL) to store structured data, as well as files for
saving payslips and financial reports. Finally, the Integration Layer enables
communication with external systems, including banking institutions, tax
authorities, and document management systems, ensuring the system functions
smoothly within a broader organizational and regulatory environment.

e Business Logic Layer
User interface PP
Layer Salary calculation module
Web application Web server »| |Employee management module

Mobile application API server Module for management of taxes
and contributions
|

y

Database Layer Integration Layer

Integration with banks
Integration with tax authorities
Integration with document
management system

Relational database system
Files for saving payslips
Financial reports files

Figure 5. The architecture diagram of the payroll information system

5. CONCLUSION

This paper presents a model of an information system for employee payroll
calculation. The system, modeled based on the analysis of both functional and
non-functional requirements, has been designed to automate all activities
necessary for the successful organization of payroll processing. The presented
system can be used independently or successfully integrated into a broader system
that covers all activities leading up to employee payroll calculation.

The main actors such as HR manager, accountant, employee, and
administrator, are identified, and they also represent external entities, i.e., the
system's interface with the environment. An object-oriented approach was used
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for system modeling, and the diagrams were created using UML. Use case
diagrams, activity diagrams, sequence diagrams, and class diagrams are
presented, along with a proposed system architecture consisting of five layers.
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APPLICATION IN C# PROGRAMMING LANGUAGE FOR
AUTOMATED SELECTION OF GEOMETRIC PARAMETERS OF A
SNAP GAUGE

Abstract: An application in the C# programming language for automated selection of
geometric parameters of a snap gauge is proposed. The system of tolerances and fits of smooth
joints and the regulatory documentation are used to calculate the base geometric parameters
of the snap gauge. The computer support for technological preparation of production is
improved by automating the process of designing the snap gauge.

Keywords: C# application; gauge caliper; automated calculation; fits and tolerances;
smooth joints; geometric parameters; technological production preparation; design
automation.

Anomauin: 3anponoHosaHo  3aCMOCYHOK Mool  npocpamyeanus CH#H  Ona
aA8MOMAMU308aHO20 GUOOPY 2eOMempudHUX napamempie Kaaiiop-ckobu. Buxopucmano
cucmemy OORYCKI@ [ NOCAOOK 21A0KUX 3 €0OHAHb Ma HOPMAMUEH)Y OOKYMeHmayito O
PO3PAXYHKY — KIIOUOBUX — 2€OMEMpPUYHUX — napamempie  Kaniop-ckobu.  Yoockonaneno
KOMN tomepHe 3a0e3nedenHs MeXHON02IYHOI Ni020mosKy GUPOOHUYMBA 34  PAXYHOK
asmomamu3zayii npoyecy npoEKmMy8anHs Kaiiop-ckoou.

Knwuoei cnosa: C# 3acmocynox; kanibp-ckoda; aemomamu3zo8auuti po3paxyHoK,
0onycKu i nocaoku, 21a0Ki 3 €OHAHHA, 2eOMEeMPUYHI napamempu, mexHoai02iuHa nid20moeKa
BUPOOHUYMBA, ABMOMAMU3AYIS NPOEKMYBAHH.

Statement of the problem and its connection with scientific and practical

works.

In modern mechanical engineering, the accuracy of measuring the
dimensions of parts provides a check on the quality of products [1, 2]. High-
quality manufactured parts provide the appropriate characteristics of drives [3, 4].
In serial and mass production, snap gauges are widely used to control the
dimensions of parts. Traditional methods of designing snap gauges and selecting
their geometric parameters often require significant time and depend on the
human factor [5, 6], which can lead to errors in calculations.

The modern approach to ensuring technological preparation of production is
focused on digitalization and automation of processes [7, 8]. In this regard, the
development of software for automated selection of geometric parameters of snap
gauges is relevant. The use of the C# programming language [9, 10] allows you
to create an effective application with the ability to connect to a database, which
provides centralized storage of geometric parameters, their rapid analysis and
correction during the production process. The implementation of such
applications will contribute to increasing the competitiveness of manufactured
products by reducing the time and money spent on the computer support for
technological preparation of production.

Presentation of the main material of the research.
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The developed application for automated selection of geometric parameters
of the snap gauge is shown in Fig. 1.

The application is based on the selection of geometric parameters of the snap
gauge according to the initial data, regulatory documentation [11] and the
corresponding algorithm. Data from the regulatory documentation are taken into
the application in the form of Microsoft Excel tables, as shown in Fig. 2. After
performing all calculations, the operator can generate a report. The resulting
report is stored in the database for further work and possible improvement of the
measuring tool.

From entering the initial data to receiving the report, 5-10 seconds pass,
which significantly shortens the process of designing the snap gauge. The report
displays the following data: maximum deviations for shafts, calculated maximum
dimensions and tolerances for the size, maximum deviations and tolerances for
manufacturing the snap gauge, parameters of the through and non-through parts
of the snap gauge. The obtained data can be used for direct development of a
three-dimensional model and snap gauge drawing.
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PozpaxyBati 3reHepyBaTH 3BIT
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Fig. 1. Appearance of the application for calculating snap gauge
dimensions

An intuitive graphical interface has been developed that allows users to
easily enter the necessary parameters and receive calculation results in a
convenient format. This is achieved through text prompts for the user: labell,
label2, label3, label4; input fields: textBox1, textBox2, textBox3; drop-down list
comboBox1 for selecting quality; function buttons: buttonl, button2, button3,
which are responsible for the commands "Po3paxynok", "3renepyBatu 3Bit",
"Binkpurtu 3BiT", respectively.
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In the process of developing an application for automated selection of
geometric parameters of the snap gauge, in addition to the interface in the
integrated development environment Microsoft Visual Studio in the C#
programming language, a linear algorithm (a list of detailed instructions) for
solving this problem was also developed. This allowed to reduce the time required
for selection of geometric parameters and minimize the likelihood of human
errors.
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Fig. 2. Example of a tolerance table for the snap gauge dimensions

The results obtained confirm the effectiveness of the proposed approach and
the feasibility of implementing automated software for selecting the geometric
parameters of the snap gauge in production [12, 13].

It is proposed to improve the functionality of the application by using the
API functions of the CAD system [14, 15], which will allow creating three-
dimensional models and drawings of measuring instruments in automatic mode.
This will contribute to expanding the possibilities of automating the process of
designing and manufacturing the measuring instrument.

CONCLUSION.

The application developed in the C# programming language for automated
selection of geometric parameters of snap gauge allows to significantly increase
the efficiency and accuracy of the process of these calculations. Thanks to
integration with the database, centralized storage of the obtained parameters, their
quick analysis and use in production processes is ensured.

Thus, the use of the developed application is appropriate in production
conditions, where measurement accuracy and the efficiency of designing a
measuring tool such as the snap gauge are important. Further research can be
aimed at improving the application algorithm, expanding its functionality, and
integrating it with other production systems.
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BIOMATERIALS IN MODERN MECHANICAL ENGINEERING
INDUSTRY

Abstract: Biomaterials are materials designed to interact with biological systems, either
as substitutes for natural tissues, in medical devices, or in industrial applications. In the
mechanical engineering industry, biomaterials are used to manufacture implants,
biocompatible coatings, sensors, and other components that require interaction with the
biological environment. Their primary function is to replace or enhance the performance of
traditional materials in conditions where biocompatibility, wear resistance, and long-term
stability are required.

Keywords: biomaterials, mechanical engineering, environment

Anomauin: biomamepiaiu — ye mamepianu, cneyiaibHO CMeOpeHi 0 83AEMOO0Il 3
Oiono2iunumu cucmemamu, 30Kpema K 3aMIHHUKYU NPUPOOHUX MKAHUH, KOMINOHEHMU MEOUYHUX
8Up006i8 abo 0Jis1 NPOMUCTIOB020 3ACMOCY8aHHA. YV 2any3i mawuHobydyeanus diomamepianu
BUKOPUCMOBYIOMbCAL OISl BUCOMOBLEHHS IMIIAHMAMIE, OIOCYMICHUX NOKPUMMIB, CEHCOpI8 ma
HUWUX KOMNOHenmis, wo (QYHKYiOHyIomb y cepedosuuyax 3 bGionoziunoro ezaemodicio. Ix
OCHOBHA YHKYIA NonAeac y 3amiHi abo niosuwyeHHi egheKmusHOCmi mpaouyilitHux mamepianie
8 YMOBAX, Oe 8UMa2aromobcs 6i0CYMICHICMb, 3HOCOCMIUKICMb Ma 00820MPUBALA CMADIIbHICMb.

Knrouoei cnosa: viomamepianu, mawurnobyoysamnns, cepedosuuye

1. INTRODUCTION

Biomaterials are materials designed to come into contact with biological
systems, either as substitutes for natural tissues, in medical devices or in industrial
applications. In the engineering industry, biomaterials are used to manufacture
implants, biocompatible coatings, sensors and other components that require
interaction with the biological environment. Biomaterials are materials designed
to interact with biological systems, most often in medical and industrial
applications. In the mechanical industry, they are used to make implants,
prostheses, sensors and biocompatible coatings. We divide them into metals,
polymers, ceramics and composites, where each type has specific properties and
purpose. Metals such as titanium are used in orthopedics for strength and
corrosion resistance, while polymers allow for flexibility and adaptability.
Ceramic biomaterials have high hardness and biocompatibility, and composites
combine the advantages of different materials. Their application extends to 3D
printing, biomechanical sensors and self-healing materials. Although they have
numerous advantages, such as biocompatibility and wear resistance, challenges
include high costs and time-consuming testing. Further development of
biomaterials contributes to the progress of engineering and medical technologies.
Biomaterials are used in various fields of mechanical engineering, especially in
medical technology and biomechanics. Their main purpose is to replace or
improve the functions of biological tissues through biocompatible and long-
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lasting materials. Metals such as stainless steel, cobalt-chromium alloys, and
titanium are used for implants and surgical instruments because of their strength
and resistance to corrosion. Polymeric biomaterials, such as UHMWPE and
PMMA, are applied in orthopedics and dentistry due to their flexibility and
adaptability. Ceramics, especially hydroxyapatite and zirconium oxide, are used
for dental and bone implants due to their high biocompatibility and wear
resistance. Composite biomaterials combine different properties to improve
mechanical and chemical properties. Advances in technology enable the
development of biodegradable and smart biomaterials that respond to changes in
the environment. Their application in 3D printing enables personalized medical
devices and implants. Self-healing biomaterials have the potential to extend the
lifetime of components in industry. Challenges in the use of biomaterials include
high research costs, lengthy testing and regulations for biomedical products.
Despite this, the further development of biomaterials contributes to the
improvement of the quality of life and opens up new possibilities in industrial and
medical applications. Biomaterials are crucial in the modern engineering industry,
especially in the field of biomedical engineering. Their ability to replace or
improve the function of biological tissues makes them indispensable in the
production of implants, prostheses and medical devices. Metals such as titantum
and its alloys are used in orthopedics due to their biocompatibility and wear
resistance. Polymers are increasingly used due to their adaptability and
biodegradability, which makes them suitable for temporary medical applications.
Ceramics are used in dentistry and orthopedics because they offer high wear
resistance and chemical stability. Composite materials combine the best properties
of metals, polymers and ceramics, thus increasing their applicability. The
development of smart biomaterials enables sensors and actuator systems that
respond to changes in the body. Advanced technologies, such as 3D printing of
biomaterials, enable personalized medical implants and more precise adaptation
to patients. Industrial applications of biomaterials include protective coatings,
biocompatible bearings, and self-healing materials. The main challenges in the
development of biomaterials are the high cost of research, lengthy approval
processes and potential problems with the long-term stability of materials in the
body. In the future, an even greater application of biomaterials is expected, both
in the medical industry and in the mechanical production of components with
advanced properties.

2. APPLICATION OF BIOMATERIALS IN MECHANICAL INDUSTRY
Biomaterials are widely used in the engineering industry, especially in the
fields of biomechanics, medical technology and industrial production. Their main
function is to replace or improve the performance of traditional materials in
conditions where biocompatibility, wear resistance and long-term stability are
required. Metals such as titanium, stainless steel and cobalt-chromium alloys are
used to manufacture orthopedic implants, joint prostheses and surgical
instruments. Titanium is particularly popular due to its low density, corrosion
resistance and excellent biocompatibility. Polymeric biomaterials, such as high-
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density polyethylene (UHMWPE), PMMA, and PTFE, are used to make
prostheses, joint components, and medical sensors. Ceramic biomaterials, such as
hydroxyapatite and zirconium oxide, are used in dental implants and as coatings
to improve the integration of metal implants with bones. Composite biomaterials
are used to improve mechanical properties and combine the advantages of
different materials. In the engineering industry, biomaterials are also used in the
development of smart materials that can change their properties depending on
external conditions. For example, biomaterials with a memory effect are used to
make sensors and actuators in biomechanical systems. Industrial production uses
biocompatible coatings to improve the resistance of components that come into
contact with the human body. Advances in processing technologies enable precise
shaping of biomaterials using CNC machines and additive manufacturing. 3D
printing of biomaterials enables the production of customized implants and
prostheses that better fit the patient's anatomy. In industry, biomaterials are used
to make biodegradable packaging and self-healing materials that reduce
maintenance costs. Nanotechnology enables the development of biomaterial
surface coatings that improve resistance to bacterial infections and chemical
influences. In the field of biomechanical systems, biomaterials are used to produce
flexible and lightweight components that allow better patient mobility.
Biodegradable materials enable the development of temporary medical implants
that decompose in the body after a certain time, reducing the need for additional
surgical interventions. Biomechanical prostheses and exoskeletons use advanced
polymers and metal alloys to provide long-lasting and comfortable performance.
One of the significant challenges in the application of biomaterials is the
balancing between mechanical properties and biocompatibility. While metals are
extremely strong and durable, their interaction with biological tissues can lead to
problems such as oxidation and allergic reactions. On the other hand, polymer
materials are more flexible, but sometimes less resistant to wear and mechanical
loads. The integration of ceramic materials allows for improved wear resistance,
but their brittleness is still a challenge.

The development of new biomaterials involves the improvement of surface
properties using nanostructures and bioactive coatings. The use of biomaterials in
industry extends to biologically inspired designs, where principles from nature are
used to develop materials with optimized properties. In addition to the medical
industry, biomaterials are also used in robotics, where flexible and lightweight
materials are developed for artificial limbs and actuators. The future of
biomaterial applications in the engineering industry involves the development of
regenerative materials that can repair damage in real time. Advanced research in
the field of biocomposites allows combining organic and inorganic components
to create materials with superior properties. The industrial application of
biomaterials is expanding to areas such as biomedical sensor technology, wearable
electronics and energy-efficient materials. Although biomaterials are still in the
phase of intensive research and development, their application in the mechanical
industry is becoming increasingly important. Increasing the availability of new

49



biomaterials contributes to improving the quality of medical devices, reducing the
environmental impact and increasing the efficiency of production processes. With
further technological advances, biomaterials are expected to become even more
prevalent in industry, opening up new opportunities for innovation in various
engineering sectors.

Biomaterials can be divided into several main groups according to

composition and properties:

Metals and alloys:
Metals are used for their strength, wear resistance and biocompatibility. The

most commonly used metals are:

Titanium and its alloys (Ti-6Al1-4V) — used in implants and orthopedic
prostheses due to their corrosion resistance and low density.

Stainless steels (316L) — used in surgical instruments and implants.
Cobalt-chromium alloys - they are suitable for joint prostheses due to their
exceptional wear resistance.

Polymers:

Polymeric biomaterials are used for their flexibility, biocompatibility and

ease of processing. Some of the most commonly used polymers are:

Polyethylene (UHMWPE) — used in orthopedics, especially for joint
prostheses.

Poly(methyl methacrylate) (PMMA) — used for bone and denture fixation.
Polytetrafluoroethylene (PTFE) — known as Teflon, used for vascular grafts
and sliding surfaces.

Ceramic biomaterials:

Ceramics are biocompatible and wear-resistant, and are used in the dental

and orthopedic industry:

Hydroxyapatite (HA) — used as a coating on metal implants due to its
similarity to natural bone.

Aluminum-oxide and zirconium-oxide ceramics - they are used for dental
crowns and joint prostheses due to their high hardness and wear resistance.
Composite biomaterials:

Composites combine different materials to improve mechanical properties

and biocompatibility.

Polymer-ceramic composites - used for bone replacement and dental
applications.

Metal-ceramic composites — improve strength and corrosion resistance.
Their application:

Medical industry

Implants and prostheses — biomaterials are used to replace bones, joints and
dentures.

Surgical instruments — stainless steel and titanium are used to manufacture
precision instruments.

Orthopedic plates and screws - used to stabilize bone fractures.

Biomechanical sensors and actuators
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e Smart biomaterials — materials that respond to changes in temperature, pH
or electrical stimulation are used for sensors and motion control.

e Biodegradable sensors - made of polymers that break down in the body
after a certain use.

Industrial and technological application

e Self-healing materials — biomimetic polymers and gels are used to create
materials that can heal damage on their own.

e Biocompatible coatings - used to protect metal parts in aggressive
environments.

e 3D printing of biomaterials — enables the production of complex structures
for medical and industrial use.

Biomaterials have become a key element in the engineering industry,
especially in the development of biomedical devices, implants and components
with improved mechanical and chemical properties. Their application is growing
thanks to innovations in materials, engineering processing and biotechnology. The
industrial sector uses biomaterials in various fields, including medical technology,
automotive engineering, aeronautics and robotics. One of the most important
applications of biomaterials in the mechanical industry is the production of
medical implants and prostheses. Metallic biomaterials, such as titanium and its
alloys, are used to make orthopedic implants, joint prostheses and dental
restorations. These materials have excellent corrosion resistance and
biocompatibility, which enables their long-term use in the human body. Polymeric
biomaterials, such as polyether-ether-ketone (PEEK), offer flexibility and reduced
weight, making them suitable for a variety of medical applications. Ceramic
biomaterials, such as hydroxyapatite and zirconium oxide, are often used in the
dental industry and orthopedics due to their biocompatibility and strength. Their
application in medical devices and implants enables better integration with tissues
and reduces the risk of rejection. Composite biomaterials combine the
characteristics of different materials to improve performance and enable optimal
interaction with biological systems. In addition to medical applications,
biomaterials are also used in the development of biocompatible coatings and
protective layers for industrial machines and tools. For example, biomaterial-
based nano-coatings improve wear and corrosion resistance, thereby extending
the life of industrial components. Self-healing biomaterials enable the
regeneration of micro-damages, thus reducing maintenance and repair costs.
Biomaterials also find applications in robotics and the automotive industry, where
they are used to develop lightweight, flexible and durable materials. For example,
in robotics, biocompatible elastomers are used to make flexible actuators and
sensors that enable more natural movements of robotic limbs. In the automotive
industry, biomaterials are used to manufacture vehicle interior components,
reducing overall mass and improving environmental sustainability. The
development of biodegradable biomaterials enables the reduction of the
ecological footprint of industrial products. Biodegradable polymers are used for
the production of packaging, protective coatings and medical implants that
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decompose after a certain time in the body or natural environment. This
technology reduces the need for additional surgical procedures and contributes to
sustainable industrial production. 3D printing of biomaterials has revolutionized
the production of personalized medical devices and industrial components. This
technology enables quick and precise creation of implants that are adapted to the
individual needs of patients. In addition to medical applications, 3D printing is
used to make complex industrial components from biomaterials with improved
mechanical and chemical properties. The industrial application of biomaterials
also includes the development of biomechanical devices, such as exoskeletons
and smart prostheses. These devices use advanced materials that mimic the natural
functions of muscles and bones, allowing for improved mobility and quality of
life for the user. The integration of sensors and actuators into biomaterials enables
the development of interactive systems that react to changes in the environment
and adapt to the needs of users. The main challenges in the application of
biomaterials in the engineering industry include high research costs, complex
certification processes and time-consuming biocompatibility testing. In addition,
materials must have an optimal balance between strength, flexibility, wear
resistance and chemical stability to ensure their long-term use in industrial and
medical applications. With the progress of nanotechnology and biomimetic
research, future generations of biomaterials are expected to have even better
properties and wider applications in industry. For example, biomaterials inspired
by natural structures, such as spider silk and mother-of-pearl, can offer
revolutionary properties in terms of strength and elasticity. These innovations can
improve industrial production, reduce maintenance costs and improve the
efficiency of machine systems. The future of biomaterials in the mechanical
industry also brings the possibility of integration with electronic components,
enabling the development of smart materials that can change their properties
depending on the operating conditions. For example, biomaterials with variable
strength can be used in adaptive structures, while biodegradable sensors enable
environmentally friendly industrial processes. All these innovations show that
biomaterials are not limited to medical applications, but have a wide range of
possibilities in the mechanical industry, from protective coatings and mechanical
components to advanced robotic and biomechanical systems. Further research and
development of new technologies will continue to shape the future of
biomaterials, opening up new opportunities for sustainable and innovative
industrial production.

3. THE FUTURE AND CHALLENGES OF BIOMATERIALS

Biomaterials is a field experiencing rapid progress thanks to
multidisciplinary research in material sciences, biomedicine, engineering and
nanotechnology. Their future promises wide application in medicine, industry,
energy, environmental protection and other sectors. However, despite significant
progress, there are numerous challenges that need to be overcome in order for
biomaterials to reach their full potential. The future of biomaterials promises wide
application in medicine, industry, energy, environmental protection and other
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sectors. Smart biomaterials, which can change their properties in response to
changes in the environment, are becoming increasingly important. They react to
pH value, temperature, electric or magnetic fields, which enables their application
in medical implants, regenerative medicine and industry. Biodegradable
biomaterials are also being developed, which reduce the ecological footprint of
industrial production, and in medicine enable the creation of implants that
naturally decompose without the need for additional operations. Biomaterials
inspired by nature, such as those based on the structure of spider silk or mother-
of-pearl, enable the development of light, strong and flexible industrial
components. These materials are used in medicine, robotics, the aviation industry
and construction. On the other hand, nanobiomaterials enable the improvement of
mechanical, antibacterial and chemical properties, and are used in medicine for
the controlled release of drugs, the integration of implants and the treatment of
serious diseases. In industry, nanotechnology is applied in developing wear-
resistant coatings, reducing friction and increasing the durability of mechanical
parts. These technologies enable the production of complex tissue structures and
organs, while in industry they facilitate the personalized production of parts with
optimized properties. Self-repairing biomaterials are another innovative solution,
as they enable the repair of damage without external intervention. These materials
have the potential for applications in biomedicine, such as self-regenerating
prostheses and implants, but also in industry through the development of coatings
and mechanical parts with the ability to self-renew. Biomaterials are increasingly
integrated with electronic components, which opens up possibilities for the
development of bioelectronics, artificial organs and sensors for health monitoring.
Flexible electronic biomaterials are used in smart prostheses, bioengineered
devices, and wireless sensors for monitoring vital functions. However, although
biomaterials are on the rise, their development carries a number of challenges.
Biocompatibility and safety are one of the key issues, as many materials can cause
inflammatory reactions or rejection by the body. Also, the wear resistance and
mechanical properties of biomaterials are not always satisfactory, especially in the
case of polymer and biodegradable variants that often lack sufficient strength and
durability. High production costs represent an additional obstacle, as the
development of new biomaterials requires significant investments in research,
testing and production processes. In addition, regulatory and ethical issues play a
key role, as biomaterials must undergo strict procedures before being approved
for use, especially in medical applications. Biologically based materials, which
include genetic engineering and synthetic biology, also raise ethical questions
regarding their safety and environmental impact. Although biomaterials offer
environmental benefits, their production can be energy-intensive and
environmentally problematic. There is a need to develop sustainable methods of
extraction and processing of biomaterials in order to reduce the negative impact
on the environment. Long-term stability and degradation of biomaterials is also a
challenge, as some biodegradable materials degrade too quickly, while others
have too long a degradation period, which may be disadvantageous for certain

53



applications. In addition, the mass production of biomaterials and their scalability
are still not at a satisfactory level. Production of biomaterials in large quantities
and at competitive prices remains a challenge, and increasing production capacity
and optimizing technology are key to their wider industrial application. Despite
the challenges, the future of biomaterials promises revolutionary changes in
medicine, industry and science. Further development of biocompatible materials,
nanotechnology, 3D printing and regenerative medicine opens the door to new
possibilities. With further progress, biomaterials will become the standard in
many industries, contributing to sustainable and innovative production. The long-
term development of biomaterials will depend on an interdisciplinary approach
combining engineering, biology, chemistry and medicine. Research is
increasingly directed towards biomimetic materials that imitate natural structures
and processes in order to improve their efficiency and functionality. Advances in
artificial intelligence and computational simulation are expected to contribute to
the optimization of biomaterial design, reducing the need for lengthy experimental
trials. The development of self-sustaining biomaterials with the possibility of
recycling or regeneration is becoming crucial for environmentally friendly
industrial processes. Biomaterials based on renewable resources, such as plant
polymers, natural proteins and biodegradable composites, are particularly
interesting, as they reduce dependence on fossil fuels and chemically intensive
production processes. Industry is increasingly turning to a circular economy,
where biomaterials can play a significant role in reducing waste and increasing
resource utilization. The application of biomaterials in biomedical devices and
implants opens up new possibilities for regenerative medicine, especially in the
field of tissue engineering and personalized therapy. Organs on a chip, artificial
blood vessels and biosensors using biomaterials will enable more accurate
diagnostics and therapy, which will improve the quality of healthcare. In addition,
the development of bionanotechnology enables the creation of multifunctional
biomaterials that can simultaneously deliver drugs, detect diseases and participate
in the healing process. The industrial application of biomaterials in the automotive
and aviation industries has the potential to reduce the weight of vehicles and
improve their performance, thus contributing to the reduction of fuel consumption
and emissions of harmful gases. Using high-performance biomaterials, it is
possible to develop structural components with better mechanical properties and
greater resistance to material fatigue. The construction industry is also
increasingly using biomaterials in the development of environmentally
sustainable constructions, with the aim of improving energy efficiency and
durability of buildings. In the field of the textile industry, biomaterials play a key
role in the development of sustainable fabrics that are biodegradable,
antimicrobial and more wear-resistant. Advances in the development of biofibers
and nanostructured materials enable the production of smart clothing with sensors
for monitoring physiological parameters, which can be used for medical and
sports purposes. However, there is a need for further research to make
biomaterials even more efficient, affordable and scalable for mass production.
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Challenges involving controlled degradation, long-term biocompatibility, and
integration with existing technologies must be addressed through advanced
synthesis and processing methods. Future development will depend on the support
of scientific institutions, industry and government policies that encourage
innovation in the field of biomaterials. It is predicted that in the coming decades,
biomaterials will become irreplaceable in key industries, and their further
development will lead to new technological revolutions. The development of
sustainable and functional biomaterials enables the transition to more
environmentally friendly technologies that will reduce the negative impact on the
environment in the long term and improve the quality of life. With accelerated
progress in science and technology, biomaterials will become a ubiquitous part of
everyday life, opening new horizons for industry, medicine and society as a whole.

4. CONCLUSION

The future of biomaterials promises revolutionary changes in medicine,
industry and science, but there are significant challenges to overcome. Research
in the field of biocompatibility, nanotechnology, 3D printing and regenerative
medicine opens the door to new possibilities. With further development,
biomaterials will become a standard in many industries, contributing to
sustainable and innovative production. Biomaterials are becoming increasingly
important in the modern engineering industry as they offer ecological and
sustainable alternatives to traditional materials. The advantages of biomaterials
include biodegradability, lower toxicity, lower energy production costs and the
possibility of recycling. Their application is wide, from the automotive and
aerospace industries to the electrical industry, and they are used in composites,
plastics and packaging. However, biomaterials face challenges, such as lower
mechanical resistance and higher production costs, which is why additional
research is needed. However, it is expected that advanced biomaterials with better
properties will be developed in the future, indicating their crucial importance for
a sustainable industry. Biomaterials are key to reducing dependence on fossil
resources and reducing the negative impact on the environment. Although they
face performance and cost-effectiveness challenges, ongoing research and
development allow for improvements in their use. In the future, the development
of new biomaterials with improved mechanical properties and longer durability
will contribute to greater efficiency and sustainability in the engineering industry.
The use of biomaterials lays the foundations for more sustainable production and
reduction of the environmental footprint of the industry. Given the global need to
reduce CO2 emissions and conserve resources, biomaterials will play a key role
in shaping the future of the industrial sector. With continuous advances in
technology and materials, biomaterials will increasingly replace conventional
materials in many industries. This trend enables the development of lighter, more
environmentally friendly and energy efficient products. Although there are
currently limitations in their application due to cost and specific characteristics,
the rapid development of new technologies and production methods can
significantly reduce these obstacles. Given the growing pressure on industry to
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become more sustainable, biomaterials will play a key role in reshaping
production processes, creating synergy between technology and environmental
conservation. In this context, investments in the research of biomaterials and the
development of new applications are not only a trend, but also a necessity for the
future of the industry.
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ECO-MATERIALS AND ECO-TECHNOLOGIES IN MODERN
MECHANICAL ENGINEERING

Abstract: In modern engineering, increasing attention is being paid to environmentally
friendly materials and technologies that reduce the negative impact of industry on the
environment. Eco-materials have become a key factor in reducing this negative impact, as they
help minimize waste, energy consumption, and pollution. Eco-technologies also play a
significant role in mitigating the environmental consequences of industrial processes. By using
these technologies, industries can reduce their carbon footprint and improve sustainability. The
integration of eco-materials and technologies is essential for achieving long-term
environmental preservation and sustainable industrial practices. This contributes to the
protection of the planet and ensures responsible development.

Keywords: eco-materials, eco-technologies, engineering, environment

Anomauia: Y cyuacuii inoicenepii deoani Oinvuie ysazu NpUdilaembvcs eKoN02IUHO
be3neunum mamepianam i mexHoN02IsAM, W0 3HUINCYIOMb He2AMUSHULL BNIUE NPOMUCTIO80CMI HA
HasKonuwHe cepedosuuje. Exomamepianu cmanu KiOYO8UM YUHHUKOM 3MEHUWIEHHS UbO2O
BNUBY, OCKIIbKU CHPUSIOMb MIHIMI3ayii 8i0X00i8, eHEepeOCnONCUBAHHS MA 3a0pPYOHEHHS.
Exomexnonozii maxooic @idicparomv 8axiciugy poiv Y NOM'SKUIeHHI eKONO2IYHUX HACNIOKIG
BUPOOHUYUX NPOYECT8. 3a805KU BUKOPUCAHHIO MAKUX MEXHON02I NPOMUCLO8] NIONPUEMCMEA
MOJNCYMb  3MEeHWUmMu  gy2ieyesuti cii0 ma nioguuumu pieeHb cmanocmi. Inmezpayis
ekomamepianié i eKoOmexHono2ili € HeoOXIOHOW YMOBOW OOCACHEHHS 00820MPUBALOZO
30epesicerHs: 006KILISL MA 8NPOBAOINCEHHSA CINANUX NPOMUCTIO8UX npakmukK. Lle cnpusie 3axucmy
nianemu ma 3abe3neuye 8i0N08i0AIbHULL PO3BUMOK.

Knrouoei cnosa: exomamepianu, ekomexuonozii, indcenepis, 006K

1. INTRODUCTION

In modern mechanical engineering, increasing importance is being attached
to environmentally friendly materials and technologies that reduce the negative
impact of industry on the environment. The development of new materials and the
optimization of production processes have become key factors in achieving
sustainable development. Industry is facing the challenges of reducing resource
consumption, energy efficiency and reducing harmful gas emissions. The use of
eco-materials allows for greater durability and reduced consumption of raw
materials, while eco-technologies enable more efficient production and recycling.
Sustainable solutions in mechanical engineering contribute to reducing waste and
improving energy efficiency in various industrial sectors. The integration of
modern technologies into production processes allows for more precise
processing of materials with lower energy consumption. Recycling and reuse of
materials are becoming a standard in industry, reducing the ecological footprint
of production. Increased use of renewable energy sources contributes to reducing
dependence on fossil fuels. Innovations in the field of nanomaterials and
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composites enable the development of lighter and stronger structures. Industrial
processes are increasingly directed towards optimizing resource consumption and
minimizing harmful waste. The use of biodegradable materials reduces pollution
and contributes to the preservation of natural ecosystems. Digitalization and
automation of production processes further increase the efficiency and precision
of processing. The development of intelligent systems for controlling energy
consumption is becoming key in reducing industrial impact on the environment.
Modern approaches in mechanical engineering are aimed at creating a circular
economy in which resources are used sustainably. Preservation of natural
resources and environmental awareness are becoming priorities in all sectors of
the mechanical engineering industry. Ecological materials (eco-materials) and
ecological technologies (eco-technologies) in mechanical engineering are key
factors in the sustainable development of industry, reducing negative
environmental impact and improving energy efficiency. Their application covers
a wide range of areas, from design and production to recycling and reuse of
materials. Ecological aspects in mechanical engineering are becoming
increasingly important due to global environmental challenges and the need for
sustainable development. The industry is adapting to new standards that
encourage the reduction of greenhouse gas emissions and the introduction of
environmentally friendly technologies. Modern materials enable greater
efficiency and a longer product life, thus reducing the need for frequent
replacement and production of new components. Energy efficiency in production
processes is achieved by applying advanced management systems and optimizing
the use of resources. The integration of eco-technologies into production lines
contributes to reducing electricity and water consumption. The use of digital
simulations and modeling enables more precise planning and reduction of
industrial waste. Green production processes reduce the need for harmful
chemicals and hazardous waste materials. The development of electric and hybrid
machines contributes to reducing fossil fuel consumption and reducing carbon
dioxide emissions. Sustainability is becoming a key factor in the competitiveness
of industrial companies in the global market. The use of secondary raw materials
from waste materials reduces the need for the exploitation of natural resources.
Advanced processing methods, such as additive manufacturing, enable more
efficient use of materials without excess waste. Industrial robotization enables
more precise production while reducing the ecological footprint. The use of smart
materials achieves greater wear resistance and reduces the need for additional
protection treatments. Recycling of industrial components is becoming an
economically and environmentally viable strategy for reducing waste. The future
of mechanical engineering lies in the synergy of technological innovation and
environmental responsibility, thus ensuring the long-term sustainability of
industrial processes.

2. ECO-MATERIALS IN MODERN MECHANICAL INDUSTRY -
ADVANTAGES, DISADVANTAGES AND PROPERTIES
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Environmentally friendly materials in mechanical engineering are
becoming a key factor in reducing the negative impact of industry on the
environment. The development of new materials enables greater durability,
reduced energy consumption and more efficient use of resources. The use of
recycled and renewable materials contributes to reducing waste and preserving
natural raw materials. Industry is increasingly relying on materials that have a
smaller environmental footprint during production and exploitation.
Technological progress enables the improvement of the mechanical and thermal
properties of materials while reducing emissions of harmful gases. Engineers are
developing lightweight but strong materials that increase the energy efficiency of
transport and industrial systems. Advanced processing methods enable the
production of components with reduced use of raw materials and waste. Reducing
the use of conventional plastics and introducing biodegradable alternatives are
becoming key steps towards sustainable production. The application of innovative
composites increases the wear resistance of materials and extends the life of
products. Industrial recycling enables the reuse of metals and polymers, thereby
reducing costs and the need to exploit new resources. Materials with improved
properties enable the reduction of fuel consumption and increase the performance
of machines. Intelligent materials adapt to changes in operating conditions,
thereby improving efficiency and reducing maintenance costs. Ecological
materials in mechanical engineering represent the basis for the development of
new, sustainable technologies that meet environmental standards. Their
application contributes to environmental protection without compromising the
quality and functionality of industrial products. It is expected that further
development of eco-materials will enable even greater application of sustainable
solutions in all branches of mechanical engineering. The development of
ecological materials in mechanical engineering enables a reduction in energy and
resource consumption, thus achieving greater sustainability of production
processes. Industry is increasingly turning to alternative materials that have a less
negative impact on the environment. Reducing carbon dioxide emissions during
the production and processing of materials has become one of the main goals of
modern mechanical engineering. The use of advanced materials improves the
mechanical properties of products, thereby reducing the need for frequent
replacement of parts. Ecological materials enable better recycling and reuse, thus
reducing the amount of waste in industry. The use of renewable raw materials
helps reduce dependence on fossil fuels and the exploitation of natural resources.
Engineering approaches in the development of new materials are aimed at
improving resistance, durability and energy efficiency. The development of high-
performance composite materials enables weight reduction, which is particularly
important in the automotive and aerospace industries. Modern materials are
designed to be compatible with environmental standards and energy efficiency
requirements. The industrial sector is increasingly investing in research and
development of materials that can be recycled without losing their basic
properties. The application of nanotechnology allows for the improvement of
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material properties at the microscopic level, thus achieving greater resistance and
durability. The development of biodegradable polymers opens up new
possibilities for the production of components that do not pollute the environment
after use. Environmentally friendly metal alloys reduce the need for toxic
additives in the production process. The integration of smart materials into
industrial processes enables automatic adaptation to operating conditions, thus
improving the efficiency and reliability of the system. Further progress in the field
of eco-materials will enable the industry to maintain high production standards
with minimal environmental impact. Eco-materials are materials used in industry
that have minimal negative environmental impact throughout their life cycle.

These can be:

1. Biodegradable materials — materials that can naturally break down in the
environment, reducing waste and pollution.

e Examples: polylactic acid (PLA), biodegradable plastics, natural
fibers.

2. Recycled materials — materials that are reused or recycled to reduce raw
material and energy consumption.

e Examples: recycled steel, aluminum, plastics, composites based on
waste fibers.

3. Lightweight and highly efficient structural solutions — materials that enable
lower mass of structures, thereby reducing fuel consumption and emissions.

e Examples: aluminum alloys, titanium, magnesium, carbon fibers.

4. Nanomaterials — improve the mechanical, chemical and thermal properties

of traditional materials, making them more resistant and energy efficient.
e Examples: graphene, nanocomposites, ceramic nanomaterials.

5. Smart materials — materials that can change their properties under the
influence of external factors, reducing the need for additional processing or
replacement.

e Examples: thermochromic alloys, self-healing polymers,
piezoelectric materials.

The development of environmentally friendly materials in mechanical
engineering plays a key role in reducing the negative consequences of industrial
production. The use of sustainable materials allows for resource optimization and
more efficient management of industrial waste. Advanced materials with
improved properties allow for the reduction of the mass of structures without
losing strength and durability. Environmentally friendly raw materials reduce the
use of toxic chemicals and contribute to a safer working environment. The use of
recycled metals and polymers helps reduce the exploitation of natural resources
and the energy required for processing. The development of nanomaterials opens
up new opportunities in industry, as it enables the creation of products with
exceptional mechanical and thermal properties. Eco-composites, which combine
natural and synthetic fibers, are increasingly used in the automotive and
construction industries.

Advantages of eco-materials in mechanical engineering:
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. Reduced ecological footprint — Eco-materials reduce emissions of harmful

gases and the consumption of non-renewable resources, thus contributing
to environmental protection.

Energy efficiency — Their application allows for reduced energy
consumption in production and operation, thus improving the overall
efficiency of the industry.

. Durability and resilience — Many eco-materials have improved mechanical

properties, which extends the life of the product and reduces the need for
frequent replacement.

Recycling and reuse — Most eco-materials can be recycled, thus reducing
the amount of industrial waste and the need for new raw materials.

. Less pollution during processing — The production and processing of eco-

materials often require fewer toxic chemicals and generate less waste
compared to conventional materials.

Reduced weight of structures — Advanced composite and nanomaterials
enable the production of lighter components that improve performance in
the transportation industry.

Use of renewable resources — Biodegradable polymers and natural fibers
help reduce dependence on fossil fuels and non-renewable raw materials.
Increased occupational safety — Due to the reduction in the use of harmful
materials, the working environment becomes healthier and safer for
workers.

Disadvantages of eco-materials in mechanical engineering:

1.

2.

High production cost — Many eco-materials still have a higher cost
compared to traditional materials, which can be an economic challenge.
Limited mechanical properties — Some eco-materials, such as
biodegradable polymers, may have lower strength or wear resistance
compared to conventional alternatives.

. Technological limitations — Production processes for certain eco-materials

are not yet sufficiently developed for mass production in all branches of
mechanical engineering.

Limited shelf life — Some eco-materials, especially biodegradable ones,
have a shorter shelf life and may degrade more quickly under adverse
conditions.

. Recycling problems — Although many eco-materials are recyclable, their

processing can be expensive and require specialized methods.

Less availability of raw materials — Some renewable materials are not
widely available, which can make their application in large-scale industrial
processes difficult.

Need for new technologies — The introduction of eco-materials requires the
adaptation of existing production systems, which can be expensive and
time-consuming.
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8. Incompatibility with extreme conditions — Some eco-materials may have
reduced resistance to high temperatures, moisture or chemical influences,
which limits their use in demanding industrial conditions.

Although eco-materials represent the future of the mechanical engineering
industry, their widespread application depends on the further development of
technologies and economic factors. Using materials with a smaller ecological
footprint reduces production costs and increases the competitiveness of
companies. The introduction of biodegradable materials into production processes
reduces the long-term accumulation of waste in the environment. Intelligent
materials that can change their properties depending on external factors improve
product functionality and reduce the need for additional processing. The
development of eco-materials enables the optimization of the energy efficiency of
machines and devices in various industries. The industry is increasingly relying
on renewable sources of materials to reduce dependence on non-renewable
resources. The application of additive manufacturing, or 3D printing, achieves
maximum material utilization with minimal industrial waste. Improvements in the
formulation of lubricants and coatings enable a longer service life of machine
parts while reducing pollution. The future of the mechanical engineering industry
depends on innovations in the field of eco-materials, because they enable
sustainable development and environmental preservation.

3. ECO-TECHNOLOGIES IN MODERN MECHANICAL ENGINEERING
— ADVANTAGES, DISADVANTAGES AND FEATURES

Modern production processes are aimed at optimizing resource
consumption, thereby reducing industrial waste. The use of renewable energy
sources in mechanical production contributes to sustainable development and
reduced dependence on fossil fuels. Automation and digitalization enable more
precise process control, thereby reducing material and energy consumption. The
use of recyclable and biodegradable materials in industry contributes to reducing
the ecological footprint of products. The development of advanced processing
technologies enables more efficient processing of raw materials with minimal
energy consumption. The application of 3D printing reduces waste and enables
the production of complex components with less material consumption.
Intelligent systems for managing production processes enable automatic
adaptation to operating conditions, thereby increasing efficiency. Engineers are
increasingly developing technologies that use environmentally friendly
alternatives for lubricants, coolants and coatings. Optimization of aerodynamic
and thermal properties of industrial systems contributes to reduced energy
consumption and greater equipment reliability. Advanced filters and purification
systems reduce the emission of pollutants into the atmosphere and waterways.
The development of lighter and more durable materials enables a reduction in
product mass, which contributes to lower fuel consumption in the transport
industry. The integration of renewable energy sources into industrial systems is
becoming increasingly popular due to its long-term environmental and economic
benefits. Further progress in eco-technologies in mechanical engineering will
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enable sustainable production that reduces environmental impact while improving
the performance and efficiency of industrial systems. Eco-technologies in
mechanical engineering enable waste reduction through more efficient production
and material processing processes. The development of smart sensor systems
helps optimize energy and resource consumption in industry. The introduction of
eco-friendly cooling systems reduces emissions and improves working
conditions. Advanced processing methods, such as laser and ultrasonic cutting,
enable more precise and energy-efficient production. The industry is increasingly
using technologies that reduce the use of water and chemicals in processing and
cleaning processes. The development of hybrid and electric drive systems in
mechanical engineering contributes to reducing fossil fuel consumption.
Optimization of the design of machine parts through the application of bionics
reduces material consumption and increases efficiency. Advanced coating and
material protection methods extend the life of products and reduce the need for
frequent replacement. The integration of artificial intelligence into production
processes enables more precise planning and reduction of material losses. The
development of a circular economy in the mechanical engineering industry
enables the reuse of components and raw materials, thereby reducing the
environmental footprint. Modern filtration and wastewater treatment systems
contribute to the protection of natural resources. Digital simulations and virtual
testing enable the reduction of material consumption before serial production. The
use of biological materials in industrial processes opens up new opportunities for
reducing the use of synthetic and non-renewable resources. Ecological
innovations in mechanical engineering not only improve the sustainability of
production but also reduce the operating costs of the industry. Further
development of eco-technologies leads to fully integrated systems that combine
ecological materials, energy efficiency and automated processes for maximum
sustainability. Eco-technologies in mechanical engineering include various
processes and methods that reduce the ecological footprint of the production and
exploitation of mechanical systems.
Energy efficiency in production:
e Use of renewable energy sources in industry (solar and wind power
plants).
e Optimization of energy consumption through advanced management
systems.
e Use of energy-efficient machines and tools with reduced electricity
consumption.
Green production processes:
e Additive technologies (3D printing) — enable waste reduction because
material is added layer by layer, without excess.
e Cold processing of materials — reduces the need for heat treatment and
reduces carbon dioxide emissions.
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e Environmentally friendly processing methods — such as dry processing,
cryogenic processing and electrochemical processing, reduce the
consumption of lubricants and coolants.

Eco-machinery and transport:

e Development of electric and hybrid vehicles with reduced gas emissions.

e Application of lightweight materials in vehicle and aircraft construction to
improve energy efficiency.

e Intelligent transport systems to optimize fuel consumption.

Recycling and circular economy in mechanical engineering:

e Reuse of metal and plastic components in industry.

e Programs for the return and processing of waste industrial materials.

e Use of environmentally friendly lubricants and coolants that can be
recycled.

Advantages of eco-technologies in mechanical engineering:

1. Reducing the negative impact on the environment — The application of eco-
technologies enables the reduction of harmful gas emissions, pollution and
waste, which contributes to the preservation of natural resources.

2. Increasing energy efficiency — The use of energy-efficient technologies,
such as renewable energy sources and advanced energy management
systems, enables the reduction of energy consumption in industry.

3. Optimizing production processes — Automation and digitalization of
production enable more precise control, reducing waste and unnecessary
consumption of resources.

4. Reducing costs — In the long term, the introduction of eco-technologies can
reduce operating costs, such as energy, material and waste costs.

5. Sustainable production — Eco-technologies enable the use of renewable
materials and resources, reducing dependence on non-renewable sources
and making production more sustainable.

6. Increased competitiveness — Companies that implement eco-technologies
often gain competitive advantages, as consumers increasingly prefer
products with a smaller ecological footprint.

7. Innovation and the development of new markets — The development of eco-
technologies stimulates innovation in industry and opens up new markets
for products that are more environmentally friendly.

8. Worker health and safety — Technologies that reduce the use of toxic
materials and harmful chemicals improve working conditions and the
health of employees.

9. Increasing product lifespan — Using technologies that improve the
resistance of materials can increase the durability of products and reduce
the need for frequent replacement.

10.Encouraging recycling and reuse — Eco-technologies enable more efficient
recycling of materials, thereby reducing the need for new raw materials and
reducing waste.

Disadvantages of eco-technologies in mechanical engineering:
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1. High initial costs — The introduction of eco-technologies may require large
investments in research, development and adaptation of existing production
systems.

2. Technical limitations — Some eco-technologies are not yet sufficiently
developed for mass application or have technical limitations in terms of
performance.

3. Limited availability of resources — Renewable materials and technologies
may be more expensive and less available compared to traditional
materials, which may limit their application.

4. Need for new knowledge and training — The introduction of new
technologies requires professional training of the workforce and orientation
of companies towards new business practices.

5. Recycling problems — Although many technologies are aimed at recycling,
some materials and products may be difficult to effectively reuse.

6. Compatibility with existing systems — Integrating new eco-technologies
into existing production systems can be challenging and expensive.

7. Insufficient infrastructure development — The infrastructure for the
application of environmental technologies, such as recycling and the use of
renewable energy sources, is still not sufficiently developed in many
regions.

8. Performance degradation — Some environmental technologies may have
lower performance compared to conventional ones, which may limit their
application in more demanding industries.

9. Regulatory barriers — In many countries, legislative and regulatory barriers
may slow the application of environmental technologies in industry.

10.Possible long-term impacts — The introduction of new technologies may
lead to unpredictable long-term environmental or social consequences that
are difficult to predict at the development stage.

Environmental technologies in mechanical engineering play a key role in
modernizing the industry and aligning production with the principles of
sustainable development. Reducing carbon dioxide emissions through improved
combustion processes and energy optimization is becoming a priority in many
sectors. The development of environmentally friendly lubricants and coolants
allows for a longer service life of machine parts while reducing pollution. The
introduction of automated waste management systems contributes to more
efficient recycling and waste reduction in industrial plants. Intelligent
manufacturing systems use sensors and artificial intelligence to optimize resource
and energy consumption. The use of lightweight and durable materials allows for
a reduction in fuel consumption in the transport industry and an increase in energy
efficiency. The use of additive technologies, such as 3D printing, enables precise
production while minimizing excess material. The development of biodegradable
materials in mechanical engineering reduces the negative impact of waste on the
environment. Increasing the efficiency of renewable energy sources in industry
contributes to reducing dependence on fossil fuels. Advanced carbon capture and
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storage systems help reduce greenhouse gas emissions. Optimizing the shape and
structure of machine parts through digital simulations contributes to a more
efficient use of materials. The development of new surface treatment methods
allows for a reduction in friction and an increase in the energy efficiency of the
system. The introduction of environmental standards and certificates encourages
the industry to apply sustainable technologies and materials. The digitalization of
the production process enables precise monitoring of resource consumption and
reduction of losses. The future of mechanical engineering lies in the synergy of
environmental technologies, innovations in materials and energy efficiency, thus
achieving a balance between industrial development and environmental
protection.

4. CONCLUSION

Eco-materials in mechanical engineering represent a key step towards
sustainable industrial production, as they enable the reduction of negative
environmental impacts through the use of renewable, biodegradable and recycled
materials. These materials not only reduce emissions and waste, but also improve
the energy performance of products, extend their lifespan and reduce the need for
frequent replacement. The use of eco-materials allows the industry to comply with
increasingly stringent environmental regulations and increased market demands
for sustainable products. Although there are challenges such as higher initial costs,
insufficient availability and technical limitations, the long-term benefits, such as
reducing resource consumption and environmental protection, make these
materials very important for the future development of the industry. In the future,
as technology develops, eco-materials will become the standard in production,
allowing the industry to achieve a balance between innovation, efficiency and
preserving the ecological balance. These materials not only reduce the ecological
footprint, but also open the door to new innovations in the industry and improve
economic and environmental results in the long term. Eco-materials in mechanical
engineering represent the basis for the transformation of the industry towards
sustainability and environmental responsibility. Their application allows for the
reduction of the negative impact on natural resources, which is crucial in facing
global challenges such as climate change and the depletion of raw materials. The
use of renewable, recycled and biodegradable materials contributes to preserving
the ecological balance, reducing harmful gas emissions, pollution and waste. Also,
the introduction of these materials allows for the production of more durable and
efficient products, which reduces the need for their frequent replacement.
Although the initial costs may be higher, the long-term savings in terms of reduced
resource consumption, energy efficiency and reduced pollution make eco-
materials a cost-effective solution for the industry. Technical limitations and
barriers to availability still pose challenges, but as technology advances, the use
of these materials is expected to become increasingly common and affordable.
With increasing interest in sustainability and environmental protection, eco-
materials will continue to play a key role in the evolution of the mechanical
engineering industry, creating products that are more environmentally friendly,
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energy efficient and long-lasting. Given the advantages they bring, eco-materials
are an inevitable part of the future of production processes, thus contributing to
preserving the planet for future generations. Environmental technologies in
mechanical engineering represent a key component of sustainable industrial
development, as they enable the reduction of negative environmental impacts,
improvement of energy efficiency and optimization of resources. The application
of eco-technologies contributes to the reduction of harmful gas emissions,
reduction of energy and resource consumption, and in the long term reduces
operating costs and improves competitiveness. By introducing renewable
materials, energy-efficient systems and innovations in production processes, the
industry becomes more environmentally friendly and sustainable. However, the
introduction of these technologies also carries certain challenges, such as high
initial costs, technical limitations and the need for workforce training. Although
there are also disadvantages in application, the long-term benefits in terms of
environmental protection and economic savings make eco-technologies an
indispensable part of the future development of the mechanical engineering
industry. With further improvement of technologies, development of
infrastructure and increased awareness of environmental issues, it is expected that
eco-technologies will become a standard in industrial production, thereby
contributing to the global effort to protect the planet.
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TECHNOLOGICAL ADVANCEMENTS IN PROTECTIVE AND WORK
EQUIPMENT IN MODERN INDUSTRY

Abstract: Protective and work equipment in modern industry plays a crucial role in
ensuring the safety, efficiency, and comfort of workers across various sectors. High-tech
sensors and Internet of Things (IoT) devices continuously monitor air quality, temperature, and
structural integrity, ensuring that workplaces remain safe at all times. The role of protective
and work equipment in modern industry extends beyond just physical protection; it also
enhances worker confidence, efficiency, and overall job satisfaction.
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Anomauia: 3acobu iHOu8i0yanvbHo20 3axXucmy ma eupobHu4e oONaOHAHHA 8 CYUACHIl
NPOMUCTIO80CMI 8I0I2palomb SUPIWATbHY POlb V 3abe3neuenti Oe3neku, eghekmueHocmi ma
Komghopmy npayieHukie y pisHUx eanyssax. Bucokomexnonociuni cencopu ma npucmpoi
Iumepnemy peueti (IoT) be3nepepéno KoOHmMponOIOMb AKICMb NOGIMPS, mMemnepamypy ma
CMPYKMYPHY YinicHICMb, 2apanmyioyu nocmiuny 06esnexky pobouozo cepedosuwya. Ponb
3aXUCHO20 MA BUPOOHUYO20 OONAOHAHHA 6 CYYACHIU IHOYCMPIL 8UX00UMb 3a Medici nuule
@iz3uun020 3aXUCMY; BOHO MAKONC CNPUSE 3POCMAHHIO 8NEGHEHOCMI NPAYIGHUKIB, NIOBULYEHHIO
NPOOYKMUBHOCII MA 3A2ANIbHO20 3A0080JIeHHS 810 Npayi.

Kntouoei cnosa: 3axucne ma 6upobOHuYe O00ONAOHAHHA, CYYACHA NPOMUCTIOBICTD,
Iumepnem peueii (IoT)

1. INTRODUCTION

Protective and work equipment in modern industry plays a crucial role in ensuring
the safety, efficiency, and comfort of workers across various sectors. With the
advancement of technology, industrial workplaces have adopted sophisticated
protective gear that minimizes risks associated with hazardous environments.
Workers are exposed to numerous dangers, including mechanical injuries,
chemical exposure, extreme temperatures, and airborne contaminants, making
personal protective equipment (PPE) essential for their well-being. Modern
industry prioritizes the development of ergonomic and high-performance
protective gear to enhance productivity without compromising safety. Materials
used in protective clothing and equipment have evolved significantly,
incorporating lightweight, durable, and fire-resistant fabrics that provide superior
protection. Advanced helmets, gloves, goggles, and footwear are designed to
withstand harsh conditions while offering maximum comfort. Furthermore,
automated and smart safety systems have been integrated into industrial settings
to monitor hazards in real time and alert workers to potential dangers. The
implementation of strict safety regulations has driven industries to continuously
improve their protective equipment standards. Employers are required to provide
adequate training on the proper use of protective gear, ensuring that workers
understand its importance and functionality. In some industries, wearable
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technology has become an integral part of workplace safety, incorporating sensors
and communication devices to detect environmental hazards and track workers’
health conditions. Beyond personal protective equipment, work equipment in
modern industry has undergone significant innovation to enhance operational
efficiency and reduce workplace accidents. Machinery and tools are now designed
with advanced safety features, such as automatic shut-off mechanisms and
protective enclosures, to prevent injuries. Robotics and artificial intelligence have
also contributed to safer working conditions by automating high-risk tasks,
reducing human exposure to hazardous processes. The integration of smart
textiles and adaptive protective gear has further revolutionized workplace safety.
Some protective clothing is now equipped with temperature regulation, impact
absorption, and real-time monitoring systems that adjust to changing
environmental conditions. The use of exoskeletons in physically demanding
industries helps workers reduce strain and fatigue, improving both safety and
performance. Overall, protective and work equipment in modern industry
continues to evolve, driven by technological advancements and stringent safety
standards. The combination of innovative materials, smart systems, and
automated safety solutions contributes to a safer and more efficient work
environment, ensuring that workers remain protected while performing their
duties effectively. In addition to traditional protective gear, modern industry has
embraced the use of automation and artificial intelligence to enhance worker
safety. Smart helmets, for example, are now equipped with augmented reality
(AR) displays, communication systems, and sensors that detect harmful gases,
temperature changes, or excessive noise levels. These innovations allow workers
to stay informed about potential hazards in real time, reducing the risk of
accidents. Similarly, safety glasses with built-in heads-up displays provide
essential data without distracting workers from their tasks, improving both
efficiency and situational awareness. Another significant advancement in
protective equipment is the use of biometric monitoring systems. Wearable
devices integrated into protective clothing can track vital signs such as heart rate,
body temperature, and hydration levels. These systems help prevent health issues
caused by heat stress, overexertion, or exposure to toxic substances by alerting
workers and supervisors to potential problems before they become serious. Such
technology is particularly beneficial in industries like construction, mining, and
manufacturing, where extreme working conditions pose significant health risks.
Work equipment itself has also become more adaptive and user-friendly,
incorporating ergonomic designs that minimize strain and fatigue. Tools and
machinery are now designed with vibration-dampening systems, improved grips,
and adjustable settings to accommodate different users. The use of collaborative
robots, or cobots, has further improved workplace safety by assisting workers in
physically demanding tasks, reducing the risk of musculoskeletal injuries. These
robots are programmed to work alongside humans, recognizing their movements
and adjusting accordingly to prevent collisions or accidents.
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2. HIGH-TECH SENSORS AND IoT DEVICES AS PROTECTIVE AND
WORK EQUIPMENT

Beyond individual protective gear, industrial workplaces have implemented
comprehensive safety systems that include advanced ventilation, fire suppression,
and emergency response technologies. High-tech sensors and Internet of Things
(IoT) devices continuously monitor air quality, temperature, and structural
integrity, ensuring that workplaces remain safe at all times. Automated alert
systems can quickly notify workers and management of potential dangers,
allowing for rapid evacuation or corrective actions to prevent disasters. The
introduction of exoskeleton technology has been particularly transformative in
physically demanding industries such as construction, logistics, and
manufacturing. These wearable robotic suits assist workers by providing
mechanical support, reducing strain on muscles and joints, and preventing injuries
caused by repetitive motions or heavy lifting. Exoskeletons not only enhance
safety but also improve productivity by allowing workers to perform tasks more
efficiently and with less physical exhaustion. Sustainability has also become an
essential factor in the development of protective and work equipment. Many
companies are now focusing on eco-friendly materials and production methods to
reduce the environmental impact of protective gear. Recyclable, biodegradable,
and non-toxic materials are being used in the manufacturing of gloves, helmets,
and protective clothing, ensuring that workplace safety does not come at the cost
of environmental harm. Additionally, energy-efficient tools and machinery
contribute to sustainable industrial practices while maintaining high safety
standards. Training and education have also evolved alongside advancements in
protective equipment. Virtual reality (VR) and augmented reality (AR)
simulations are now being used for safety training, allowing workers to
experience hazardous situations in a controlled, risk-free environment. These
interactive training methods improve knowledge retention and ensure that
workers are well-prepared to handle emergencies and use protective equipment
correctly. Overall, the continuous innovation in protective and work equipment is
shaping a safer and more efficient industrial landscape. With the integration of
smart technology, automation, and ergonomic design, modern industry is not only
protecting its workforce but also enhancing productivity and sustainability. As
industries continue to evolve, the development of advanced safety solutions will
remain a top priority, ensuring that workers can operate in secure and comfortable
environments. Protective and work equipment plays a fundamental role in modern
industry by safeguarding workers from potential hazards and ensuring compliance
with safety regulations. As industrial processes become more complex and
technologically advanced, the need for specialized protective gear has increased
significantly. Workers are frequently exposed to risks such as extreme
temperatures, toxic chemicals, mechanical injuries, and high-noise environments,
making reliable protective equipment essential for maintaining health and safety.
Innovations in material science have led to the development of lightweight,
durable, and highly resistant protective gear that enhances both safety and
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comfort. Fire-resistant clothing, impact-resistant gloves, and anti-static footwear
are designed to mitigate workplace dangers while allowing for ease of movement
and prolonged use. Many industries now rely on smart helmets equipped with
integrated communication systems and sensors that detect environmental hazards,
providing workers with real-time safety alerts. Modern work environments
require adaptive protective equipment that can respond to dynamic conditions.
Some advanced protective suits feature temperature-regulating technology,
helping workers maintain optimal body temperature in extreme heat or cold.
High-tech respirators equipped with air-purifying filters ensure that workers in
hazardous chemical environments can breathe safely without exposure to toxic
substances. Similarly, noise-canceling earmuffs and visors with anti-glare
coatings improve both safety and efficiency in high-risk sectors. Automation and
robotics have influenced the evolution of protective gear, requiring the
development of specialized equipment for human-robot collaboration. Workers
operating alongside robotic systems need additional protection from mechanical
impacts, unintended movements, and operational malfunctions. Wearable
exoskeletons are increasingly being used in industries such as logistics and
manufacturing to reduce strain and prevent musculoskeletal disorders caused by
repetitive lifting or prolonged standing. The implementation of safety regulations
has made it mandatory for industries to provide appropriate protective equipment
to their employees. Governments and occupational health organizations establish
strict guidelines to ensure that protective gear meets specific safety standards.
Employers are responsible for not only supplying necessary equipment but also
training workers on its proper use and maintenance. Failure to adhere to safety
requirements can result in legal consequences, financial losses, and reputational
damage for companies. Environmental sustainability has become a priority in the
manufacturing of protective equipment, with many companies transitioning to
eco-friendly materials. Biodegradable fabrics, recyclable helmets, and non-toxic
coatings reduce industrial waste and lower the environmental impact of workplace
safety measures. Some manufacturers have adopted circular economy practices,
refurbishing used protective gear to extend its lifespan and reduce resource
consumption. The integration of digital technologies into protective equipment
has revolutionized workplace safety. Smart wearables embedded with biometric
sensors can monitor workers’ vital signs, alerting supervisors to signs of fatigue,
dehydration, or heat stress. Augmented reality (AR) safety glasses provide
workers with real-time instructions and hazard warnings, minimizing the risk of
human error. loT-enabled protective gear allows for remote monitoring, ensuring
that safety protocols are followed and that workers remain in secure conditions.
Ergonomic design has become a key consideration in the development of work
equipment, ensuring that protective gear does not hinder productivity or cause
discomfort. Modern industrial gloves offer flexibility and precision, allowing
workers to perform delicate tasks while maintaining a high level of protection.
Breathable fabrics and lightweight helmets improve comfort during extended use,
reducing fatigue and increasing compliance with safety regulations. Adjustable
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and customizable protective gear ensures a better fit, accommodating different
body types and work environments. Workplace culture plays a crucial role in the
effectiveness of protective equipment. When employees are encouraged to
prioritize safety and properly use protective gear, workplace accidents decrease
significantly. Regular safety drills, refresher courses, and incentive programs
promote a proactive approach to hazard prevention. Managers and supervisors
must set an example by adhering to safety standards, reinforcing a culture of
responsibility and awareness. The role of protective and work equipment extends
beyond individual safety, contributing to overall operational efficiency and
business continuity. A well-protected workforce experiences fewer injuries,
leading to reduced absenteeism, lower healthcare costs, and higher productivity
levels. Companies that invest in state-of-the-art protective gear gain a competitive
advantage by ensuring uninterrupted operations and fostering a reputation for
workplace safety. Future advancements in protective equipment will likely
include Al-powered predictive safety systems, self-repairing materials, and even
more sophisticated wearable technology. Innovations in nanotechnology may lead
to ultra-thin, high-strength protective fabrics that offer maximum resistance while
remaining virtually weightless. As industries continue to evolve, the development
of smarter and more efficient protective solutions will be essential in ensuring
worker safety in increasingly complex work environments.

3. THE ROLE OF PROTECTIVE AND WORK EQUIPMENT IN
MODERN INDUSTRY

The role of protective and work equipment in modern industry extends beyond
just physical protection; it also enhances worker confidence, efficiency, and
overall job satisfaction. When employees feel safe and well-equipped, they can
focus more on their tasks without fear of injury, leading to higher productivity and
better quality of work. Companies that prioritize workplace safety and invest in
high-quality protective gear also tend to experience lower turnover rates, as
workers feel valued and supported. Another critical aspect of modern protective
equipment is its adaptability to various industries and job roles. While
construction workers require helmets, gloves, and reinforced boots to protect
against falling objects and sharp materials, laboratory personnel rely on chemical-
resistant suits, goggles, and respirators to safeguard against hazardous substances.
In the food industry, protective clothing must meet strict hygiene standards,
ensuring that contamination risks are minimized while still providing comfort and
mobility for workers. Each industry has its own specific safety needs, and
manufacturers of protective gear are constantly developing customized solutions
to address these unique challenges. The digitalization of safety equipment has also
introduced significant improvements in workplace security. Many industrial sites
now use smart access control systems that require workers to wear RFID-enabled
protective gear to enter hazardous areas. These systems ensure that only personnel
with the proper training and equipment can access dangerous zones, reducing the
likelihood of accidents caused by unprepared individuals. Additionally, real-time
tracking of protective gear usage allows employers to monitor compliance and
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ensure that safety protocols are being followed consistently. One of the most
promising developments in protective equipment is the use of nanotechnology in
material engineering. Advanced nanomaterials are being integrated into protective
clothing and gear to provide enhanced resistance against heat, chemicals, and
mechanical stress. Some nanofiber-based fabrics are designed to be self-cleaning,
antimicrobial, and even capable of repairing minor damages on their own,
significantly extending the lifespan of protective equipment. These innovations
not only improve safety but also reduce long-term costs by minimizing the need
for frequent replacements. Communication is another area where protective
equipment has seen remarkable progress. Many industries now use helmets and
vests equipped with built-in communication systems, allowing workers to stay in
contact even in noisy or hazardous environments. Wireless headsets, noise-
canceling microphones, and bone-conduction technology enable clear
communication in settings such as construction sites, factories, and underground
mining operations, where traditional communication methods might be
ineffective. The psychological impact of modern protective equipment should not
be overlooked. Wearing uncomfortable or outdated safety gear can create
frustration and resistance among workers, leading to non-compliance and
increased risk of injury. To address this, manufacturers are designing protective
equipment with a focus on comfort, breathability, and lightweight materials that
allow for greater freedom of movement. Custom-fit protective gear, tailored to
individual body shapes and job requirements, is becoming more common,
ensuring that workers can perform their tasks without unnecessary discomfort or
restriction. Workplace culture also plays a significant role in the effectiveness of
protective and work equipment. A strong safety culture, where both employers
and employees recognize the importance of using protective gear correctly, leads
to better adherence to safety protocols. Regular training sessions, safety drills, and
incentive programs encourage workers to take safety seriously and foster a
proactive approach to accident prevention. In industries where high-risk tasks are
common, leadership involvement in promoting safety standards can make a
significant difference in overall workplace security. As industries continue to
evolve, so do the challenges associated with worker safety. The growing use of
automation and robotics 1s changing the nature of workplace hazards, requiring
new approaches to protective equipment design. While some traditional risks are
being reduced through automation, new risks, such as cyber threats to industrial
control systems and the need for human-machine collaboration, are emerging.
Future developments in protective equipment will likely incorporate Al-driven
predictive safety measures, wearable health monitors, and even exoskeletal
enhancements to further reduce workplace injuries. Ultimately, the advancements
in protective and work equipment are shaping a future where safety and efficiency
go hand in hand. By integrating cutting-edge technology, ergonomic design, and
sustainable materials, modern industry is creating safer working environments
that support both human well-being and industrial progress. As research and
development continue, protective equipment will become even more intelligent,
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adaptable, and effective, ensuring that workers remain protected in an ever-
changing industrial landscape. The future of protective and work equipment in
modern industry is closely tied to technological innovation, regulatory
advancements, and the growing emphasis on sustainability. As industries strive to
create safer work environments, the integration of artificial intelligence (Al),
machine learning, and the Internet of Things (I10T) is transforming how protective
equipment functions. Smart PPE, for example, is becoming more common, with
wearable sensors capable of detecting harmful environmental conditions,
monitoring worker fatigue, and even predicting potential hazards before they
occur. These intelligent systems provide real-time feedback to both workers and
management, significantly reducing the risk of accidents. One of the most
groundbreaking developments in safety technology is the use of augmented reality
(AR) and virtual reality (VR) for training and hazard recognition. Workers can
now undergo immersive training sessions that simulate real-life industrial
scenarios, allowing them to practice emergency procedures and proper use of
protective equipment in a risk-free environment. This type of training improves
knowledge retention, ensures better preparedness for hazardous situations, and
helps workers develop critical problem-solving skills in high-pressure
environments. Another emerging trend is the use of adaptive protective equipment
that responds dynamically to environmental changes. Advanced materials are
being developed to offer greater flexibility and protection based on external
conditions. For instance, some new-generation protective suits can regulate
temperature based on ambient heat, keeping workers comfortable while
maintaining high levels of safety. Similarly, impact-resistant clothing can harden
upon sudden force, providing enhanced protection without sacrificing mobility.
These innovations help workers stay safe while allowing them to perform tasks
with greater efficiency and ease. As industries become more globalized,
standardization of protective equipment is becoming increasingly important.
International safety organizations are working towards establishing unified
regulations to ensure that workers across different regions receive the same level
of protection. This effort helps create a more consistent approach to workplace
safety while encouraging manufacturers to develop high-quality protective gear
that meets global safety requirements. Environmental sustainability is also
playing a crucial role in the evolution of protective and work equipment. Many
manufacturers are shifting towards eco-friendly materials that reduce waste and
minimize the carbon footprint of production processes. Biodegradable fabrics,
recyclable protective gear, and energy-efficient manufacturing techniques are
gaining popularity, aligning workplace safety with environmental responsibility.
In addition, companies are implementing circular economy models where used
protective equipment is refurbished, repurposed, or recycled instead of being
discarded. Automation and robotics are further redefining the concept of
workplace safety by minimizing direct human exposure to hazardous conditions.
Industrial robots are increasingly taking over dangerous tasks such as handling
toxic chemicals, working in extreme temperatures, and performing high-precision
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operations in confined spaces. This shift not only enhances worker safety but also
improves efficiency and consistency in industrial processes. However, as
automation increases, the need for specialized protective equipment tailored to
human-robot collaboration is also growing. Workers who interact with robotic
systems require advanced protective gear that ensures safety without hindering
their ability to operate and maintain these machines. In high-risk industries such
as mining, oil and gas, and nuclear power, protective equipment is being
developed to withstand extreme conditions while providing optimal functionality.
Innovations such as fire-resistant suits with integrated cooling systems, advanced
respiratory protection against airborne toxins, and high-visibility materials that
enhance worker visibility in dark or complex environments are improving overall
safety standards. Additionally, remote monitoring systems allow supervisors to
track workers’ health and safety conditions from centralized control rooms,
enabling quick intervention in case of emergencies. The psychological impact of
safety measures is another aspect that cannot be overlooked. When workers feel
protected by state-of-the-art equipment, they are more likely to perform their tasks
with confidence and efficiency. A strong focus on workplace safety not only
reduces injuries but also fosters a culture of accountability and teamwork.
Companies that invest in high-quality protective gear demonstrate a commitment
to their employees' well-being, leading to higher job satisfaction, increased
morale, and improved productivity. Looking ahead, the next generation of
protective equipment will likely incorporate even more advanced features,
including self-repairing materials, Al-driven predictive safety measures, and fully
integrated communication systems. The development of ultra-lightweight yet
highly durable protective gear will further enhance mobility and comfort,
reducing fatigue and improving overall performance. The continuous evolution of
protective and work equipment in modern industry is shaping a safer, smarter, and
more sustainable work environment. As technology continues to advance,
industries must remain proactive in adopting innovative safety solutions to protect
workers while optimizing operational efficiency. The future of workplace safety
is not only about preventing accidents but also about creating environments where
workers can perform their duties with confidence, efficiency, and minimal risk.

CONCLUSION

Protective and work equipment plays a crucial role in ensuring worker safety,
improving productivity, and maintaining compliance with occupational health
standards in modern industry. As industrial environments become more complex
and hazardous, the need for high-quality protective gear continues to grow. The
integration of advanced materials, ergonomic designs, and smart technologies has
significantly enhanced the effectiveness of protective equipment, allowing
workers to perform their tasks with greater confidence and efficiency.
Technological advancements, such as IoT-enabled safety gear, Al-driven
monitoring systems, and augmented reality training, have revolutionized
workplace safety. These innovations not only reduce the risk of accidents but also
provide real-time insights that help prevent injuries before they occur.
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Additionally, the development of adaptive protective equipment, capable of
responding to environmental changes, further enhances worker protection in high-
risk industries. The importance of regulatory compliance and workplace safety
culture cannot be overstated. Employers must ensure that workers are properly
trained in the use of protective equipment and that all safety protocols are strictly
followed. A proactive approach to safety, supported by continuous education and
leadership involvement, significantly reduces workplace accidents and fosters a
culture of responsibility. Sustainability is becoming an essential consideration in
the manufacturing of protective equipment. The shift towards eco-friendly
materials, recyclable components, and circular economy models demonstrates the
industry's commitment to reducing environmental impact while maintaining high
safety standards. As industries strive for greener practices, sustainable protective
gear will become a key factor in responsible manufacturing and worker
protection. Looking ahead, the future of protective and work equipment will be
shaped by further innovations in nanotechnology, artificial intelligence, and
wearable safety solutions. As new challenges emerge in modern industries, the
development of smarter, more efficient, and more adaptable protective equipment
will be essential to maintaining safe and productive work environments.
Ultimately, continuous investment in safety technology and a strong commitment
to worker well-being will define the success of industrial operations in the years
to come.
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A THEORETICAL INVESTIGATION OF DIFFERENT FILLET
CONFIGURATIONS ON THE UPPER DIE IN RADIAL EXTRUSION
USING THE FINITE ELEMENT METHOD

Abstract: This paper examines the radial extrusion process at room temperature using
computer-aided simulations. A rigid-plastic finite element program, QForm 2D, was employed
to analyze the process. The study incorporated various parameters, including die schemes, die
geometry, axisymmetric billet dimensions, and power mode settings, to investigate key forming
characteristics. These characteristics include the distribution of effective stress throughout the
process and the comparison of load—stroke curves under different relationships.

Keywords: cold forging; computer modeling; QForm 2D; rigid-plastic analysis;
effective stress; load-stroke curves; die geometry; axisymmetric forming.

Anomauia: Y yiii pobomi 0ocnioxcyemvcs npoyec padidaibHo20 8UOABNI08AHHS NPU
KIMHAmMHIN memnepamypi 3 GUKOPUCMAHHAM KOMN'IOMEPHO20 MOOento8anHs. i auanizy
npoyecy 0y10 3aCMOCO8AHO HCOPCMKO-NIACMUYHY NPOSPAMY CKiHUeHHux eremenmie QForm
2D. 'V oOocniodcenni 6paxoeysanucs piHi napamempu, 6KIYAKYU CcXemMu Mampuyb,
2eoMempilo Mampuyb, 0CeCUMEMPUYHI PO3MIPU 3A20MOBKU MA HANAWIMYBAHHS DEHCUMY
HOMYXNCHOCMI, — Ol OOCNIONCeHHs — KIIOYOoBUX  Xapakmepucmux  ¢opmyeanus.  Lli
Xapakmepucmuxku 6KIOYaAms po3nodinl egheKmusHoi Hanpyeu npomseom npoyecy ma
NOpIi6HAHHS Kpusux "HasanmasicenHs-xio" 3a pisHUx cnie8iOHOULeHb.

Kniwwuosi cnoea: xonoone wmamnysanus, xKomn'tomepne mooenoeanus, QForm 2D;
HCOPCMKO-NIACMUYHUL AHANI3; epeKmusHa Hanpyaa, Kpugi HABAHMAICEHH-XIO; 2eomempis
mMampuys; ocecumempuyre )opmyeanHs.

1. INTRODUCTION

The extrusion process, which includes cold, warm, and hot forming, is a
variant of metal forming with significant industrial applications for producing
parts of various shapes. In extrusion, modeling is used to predict material flow, as
well as strain and stress distributions, to evaluate the forces exerted on tools, and
to identify potential sources of failure. For instance, extrusion performed at room
temperature is classified as a cold forging process. With increasing market
demand for reduced production costs, cold forging has become more widely
adopted in manufacturing industries due to its competitive advantages, such as
superior surface finish, enhanced mechanical properties, and improved
dimensional accuracy of the final products.

There are several principal types of extrusion processes, including forward,
backward, radial, and combined extrusion. In these processes, the billet is placed
within a die cavity and is then compressed by one or more rams. As the billet is
squeezed between punches and dies, the die cavity fills with the billet material,
forming the desired shape.

Numerical methods, particularly the finite element method (FEM), have
become essential tools in computer-aided engineering (CAE) for analyzing and
simulating various aspects of design and manufacturing challenges, especially in
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extrusion processes. Today, several commercial CAE software packages are
available that facilitate process verification, modification, and design
improvement, helping engineers optimize extrusion operations and ensure the
quality and reliability of the final products [1].

2. METHOD OF ANALYSIS

The rigid-plastic finite element method (FEM), implemented in the QForm
2D software, has been used to analyze the various forming characteristics and
parameters involved in radial extrusion. This approach allows for a detailed
examination of material flow, strain, stress distributions, and tool interaction
during the extrusion process, providing valuable insights for process optimization
and design improvements.

3. PURPOSE OF INVESTIGATION

In this study, finite element simulations were used to investigate key
forming characteristics during the radial extrusion process, including effective
stress distributions at various stages with different fillet configurations on the
upper die. Additionally, load-stroke curves were compared across the different
fillet designs using theoretical simulation methods, providing insights into their
effects on the process performance and tool interaction.

4. RADIAL EXTRUSION PROCESS

Figure 1 provides a comprehensive illustration of the single-ended radial
extrusion process. It displays the die scheme, key die geometry parameters, the
axisymmetric billet dimensions, and the final formed part. Detailed specifications
for the die geometry, billet dimensions, and power mode parameters are provided
below: Ry — the radius of billet (Ro=18mm), R — the flange radius (R=36mm), R;
— the wvariable flange radius, L — the billet height (L=70mm),
h — the relative flange height (h/Ro=0,65), r — the die fillet (r=2; 6; 10mm),
V — punch velocity (V=1mm/s), P — punch load, the friction factors between the
billet and tools are constant (Zibel's law, u=0.08).

“ |
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o | I
4 i I
[

2 I 5
R R

Fig. 1. Die scheme of single-ended radial extrusion process (a) and final
formed part (b); 1 — punch, 2 — billet, 3 — upper die, 4 — lower die 5 — final formed
part
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5. MATERIAL PROPERTY

In this simulation, AA 6060 aluminum alloy was used as the material. The
relationship between flow stress and effective strain for this alloy is approximated
by the following equation:

— —0.202
& =191.55 £°2 (MPa) o

6. ANALYSIS OF LATERAL EXTRUSION PROCESS

In the design of the radial extrusion process, an axisymmetric tubular billet
is used along with several tooling components, including the upper die, lower die,
and movable punches. Finite element simulations were performed using QForm
software, which employs direct iteration and Newton-Raphson methods to solve
the nonlinear equations associated with rigid-plastic behavior. In these
simulations, the billet is modeled as a rigid-plastic body, while the tooling parts
are treated as rigid bodies, with all components maintained at room temperature.

Figure 2 presents the variation of punch load with punch displacement
(stroke) and compares the load—stroke curves for the different fillet designs on the
upper die. The curves indicate a steep increase in forming loads as the punch
stroke progresses through various stages of deformation, highlighting the
influence of tool geometry on the process performance.

P KN 1300 ——7——
1200 -] ! .
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1000 -]
900 -]
800 -

0 I 5 . 10 . 15 . 20 . 25 . 30 . 35 . 40 S,mm
Fig. 2. The punch load vs. the punch stroke, 1 — r=2 mm; 2 — r=6 mm;
3—-r=10 mm

The study explores the material flow behavior and the influence of various
process parameters. During extrusion, the movable punch applies force to the
billet, causing the material to be extruded radially and form the final part within
the die cavity. Furthermore, Figure 3 illustrates the simulation results for a single-
ended radial extrusion process with an h/R, ratio of 0.65 and different fillet
configurations on the upper die. The results show that the effective stress is
symmetrically distributed throughout the billet, with a maximum effective stress
of approximately 200 MPa.

Ri/Ro=1,5 Ri/Ro=1,75 Ri/Ro=2
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Fig. 3. Stress distributions o;, MPa in radial extrusion prosses with relative
flange height (h/Ro=0,65) and different die fillets: a — r=2mm, b — r=6mm,
¢ — r=10mm; (u=0,08)
7. CONCLUSIONS

This study employed QForm 2D computer simulations to investigate the
power mode and stress distributions in the single-ended radial extrusion process
with various fillet configurations on the upper die. The simulation results
indicated that the forming load reaches its maximum when the radial position is
r=2mm, corresponding to a maximum effective stress of approximately
200 MPa.
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MMPOEKTYBAHHS TEXHOJIOTTYHUX ONEPAIIA OBPOBJISTHHS
OTBOPIB Y IPOTPAMHOMY CEPEJOBMHIII FUSIONS360

Anomauin: Egexmuenicmos SUKOPUCAHHA VHIGEPCANbHUX MA  CHeYianiz08aHux
CAD/CAE/CAM-cucmem npu po3pobieHHi MexHOI0SIYHUX NPOYeCi8 8U2OMOGIeH s Jemainell
niOBUWYE NPOOYKMUBHICMb [ AKICMb NPOeKmMHUX pobim. B oawiti pobomi npoauanizosano
mexnono2iuni moxcausocmi komanou Drilling mooynss MANUFACTURE npoepamu Fusion 360
0J15 NPOEKMYBAHHA NPOYecié 0OPOONAHHA PI3AHHAM OMBOPI6 KOPNYCHUX Oemaiel.

Kntouoei cnosa: mexnonoziune npoekmyesarnts, oopoonenns omeopie, CAD/CAM/CAE-
cucmemu, Fusion 360, Drilling, sepcmamu 3 UIIK, kepyroua npoepama, cumynayis o0opooKu

Abstract: The efficiency of using universal and specialized CAD/CAE/CAM systems in
the development of technological processes for part manufacturing significantly enhances the
productivity and quality of design tasks. This study analyzes the technological capabilities of
the Drilling operation within the MANUFACTURE module of Fusion 360 for designing hole
machining processes in housing-type parts.

Keywords: technological design, hole machining, CAD/CAM/CAE systems, Fusion 360,
Drilling, CNC machines, NC program, machining simulation.

[IpuitHATTS pallloHAJIbHUX TEXHOJOTIYHMX pIIIeHbh IIPH 3aCTOCYBaHHI
aBTOMAaTH3allli MPOCKTYBAHHS IPOIECIB OOpPOONSHHS pi3aHHIM € OJHIEI 3
aKTyalbHMX  TPOOJIeM CydYacHOTO  MAaIIMHOOYIyBaHHS. BuKopuUCTaHHS
CAD/CAM cucrtem [03BOJISiE OpraHi3yBaTH IIPOLIEC HAIMMCAHHA KEpPyHOUHX
porpam Jjisi BEpCTaTiB 13 uucaoBuM nporpamMaum kepyBaHHsM (UIIK) na Ginbim
BUCOKOMY  PIBHI, OCKUIBKH II030aBIsi€  KOPHCTyBada BIA TPOMIIKHX
MaTeMaTUYHUX PO3paxyHKiB, TIABUINYE IIBUIKICTh 1 SKICTh HAIMCAHHS
nporpawm [1].

AKTyaNnbHICTh IUTAHHS yJOCKOHAICHHs IPOCKTYBaHHS TCXHOJOTTYHHX
MPOLECiB  MEXaHIYHOTO  OOPOOJISHHS =~ 3arOTOBAHOK NIPH  BUKOPHUCTAaHHI
yHiBepcanbHuX Ta cnemianizopanux CAD/CAE/CAM-cucteM miaTBEPIKYETHCS
HAsBHICTIO BEJIMKOi KIJBKOCTI MyOMiKamiid 13 BiIOOpaXEHHSAM HamNpsSMKIB
JOCIIIKEHb TEOPETUYHOTO Ta TMpakTUuyHOro xapakrepy [2,3]. Crpimkuit
PO3BUTOK MaTepiaioOOPOOHUX TEXHOJIOTIM 3YMOBIIOE PO3LIMPEHHS TEMATUKH
po0JIeM BUKOPUCTaHHS aBTOMATHU30BAHUX CUCTEM ITPOCKTYBaHHS.

[Ipu po3pobneHHl Kepywouoi mnporpaMu OOpOOJSHHS pI3aHHIM IS
Bepcrara 3 UYIIK mnocrae nwuraHHs 06paHH51 3py4YHOro IPOLYKTUBHOI'O
mporpamMHoOro 3adesnedeHHs. OIHUM i3 JIAEPiB IIOAO PO3POOICHHS CY4acHHX
CAM-cuctem € xkommanis Autodesk, mporpamMHi TpPOAYKTH SKOI 31aTHI
3a0e3MeuyBaTH  BUPIIMICHHS BEJIMKOTO CIEKTPY 3aBlaHb, BKIIIOYAKYH
KOHCTPYIOBAaHHS, TEPEBIPKYy HA MIMHICTh 1 PO3pOOJEHHS TEXHOJIOTIYHUX
nporieciB. Hampukiiaa, MOXIMBOCTI MPOrpaMHOTO MPOAYKTY KoMmIaHii Autodesk
Fusion 360 Bkr04arOTh MPAKTHYHO YBECH JKUTTEBUH IIUKJI TEXHIYHOTO 00’ €KTa —
BIJI HHSaﬁHepCBKOFO Ta KOHCTPYKTHMBHOTO BIAMpAIfOBaHHSA A0 Bi3yasizarii
TEXHOJIOT11 BUTOTOBIICHHS [4].

IIpn mpoeKTyBaHHI TEXHOJOTIYHHX IIPOLECIB BUTOTOBICHHS KOPIyCHUX
BI/IpO61B ocoOnuMBa yBara MNPHAUIETBCA OOpPOOJISIHHIO OTBOpPIB, SKI €
BiJIMOBITaJIbHUMU €JIEMEHTAMH, 3a0€3MeUy0YN YTPUMAHHS JeTaICH B KOPITYCi Ta
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roro ¢ikcamito. Bukopuctanus wmoxauBoctedt ommii  Drilling MOJyIIs
MANUFACTURE nporpamu Fusion 360 crpusie 1miJBHILIEHHIO npozLyKTI/IBHOCTl
Ta SIKOCTI TIPOIIECy PO3POOJICHHS KEepyrodoi MporpamMu OOpOOJITHHS OTBOPIB
pi3aHHSM.

Meroto n1aHoi CTarTi € JOCHIKEHHS TEXHOJOTIYHUX MOXKIIMBOCTEN
o0poOssiHHA ~ OTBOpiB  mpu  BUKopucTanHi omuii  Drilling  momyns
MANUFACTURE Fusion 360 [5].

[Ipu mporpamyBaHHI MpoIECiB OOpOOJISIHHS OTBOpPIB  IMpOrpamMHe
3a0e3neuenns Fusion 360 TIPOTIOHYE BUKOPHCTAHHS KOMAH/IH1 Drilling, sKa Mae
MOXKIIMBOCTI O0OMPATH OILiT, IIOB’3aHi i3: 00paHHAM THUILy, TCOMETPii, MaTepiay
p13aJ'H>HOFO 1HCprMeHTa (ommist «Tooly); opienTariero pobOTH IHCTpyMEHTa
BiJTHOCHO OCHOBHUX OCEi Ta MOBEPXOHB 3aroToBaHku (oririst « Tool Orientationy);
oOpaHHsIM O00’€KTIB JUIsl TOJAJIbIIOI OOpOOKH 3a pi3HI/IMI/I reOMEeTPUIHUMU
napameTpamMH (ormis «Geometry») 3aJJaHHSAM BIJICTaHEW POOOYMX MOBEPXOHD
pi3ajbHOr0 IHCTPYMCHTA BIIHOCHO OOpaHHX 0a30BHX IOBEPXOHb (OILis
«Clearance Height»); oOupaHHSIM TEXHOJIOTIYHHX CHOCOOIB 00pOOKH OTBOPIB
(onum «Cycle»); xepyBaHHSM O€3MEUHOI0 BiJ yJapiB poOOTOIO Pi3aIbHOTO
iHcTpyMmeHTa (omirist «Linkingy).

Takoxx Tpeba 3ayBaXUTH IIOJAO  PI3HOMAHITTS  TEXHOJOTTUHHUX
MO>KJIMBOCTEH OOpOOJIIHHS OTBOpIB, 3amporoHoBaHoro B onuii «Cycley.
Hampuknaa, mpu cBepIUIiHHI OTBOPIB MOKHA OOpaTH HACTYIHI IUKIIU:
CBEp/UIIHHS 31 IIBUJAKUM BHXOAOM pi3ajbHOro iHcTpyMeHTa (uukia Drilling —
rapid out); cBep UTIHHS OTBOPY 3i 33JJaHOIO TAy3010, Ta IIBUIAKHM ITOBEPHEHHSM,
0 PEKOMCHJOBAHC [UIsl 3CHKCPYBAHHS, PO3BCPTaHHS abO pPO3TOYYBAHHS
CTYIIHYAaCTOr0 OTBOPY 3 METOK0 MOKpAIICHHS SKOCTI 0OpOOJISHOI MOBEPXHI
OTBOPY (HI/IKJI Counter borlng dwell and rapid out); cBepaTIIHHS HETJIMOOKUX
OTBOPIB i3 YACTKOBHUM BiJIBE/ICHHSAM IHCTPYMEHTA 3 METOIO MIOJAPIOHEHHS CTPYKKH
(umxn Chip breacking — partial retract); cBepJTiHHS IITMOOKUX OTBOPIB 13 MOBHUM
BiZIBEICHHAM pi3ajbHOro iHctpymenra (umkia Deep drilling — full retract);
yTBOpeHHs pi31 (uukia Tapping); MOXIMBICTH TEpPEpUBAHHS HACKPIZHOTO
ceepmitiHHs (uuki Break through); xepoBane rnmmOoke rapmaTHe cBepIJiHHSA
(umkt Guided deep drilling — gun drllllng)

JUnst yTBOpEHHs pi3i B OTBOpI 3alPONOHOBAHI IMKJIH: HApi3aHHS Pisi 3
pyiiHyBaHHsIM cTpyXku (nukin Tapping with chip breaking); ¢pesepyBanns pizi
(ki Thread milling).

TexHOOr1YH1 Nepexoan PO3CBEPUIIOBAHHA MOXHA MPOrpaMyBaTH IPHU
BUKOPUCTAHHI TaKWX IUKIIB, SK: PO3CBEP/JIIOBAHHS 13 MOBEPHEHHSM (IIMKI
Reaming Feed Out), po3rouyBaHHs 13 3aTPUMKOIO Ta MOBEpHEHHIM (1IUKJI Boring
— dwell and feed out ), po3TouyBaHHS 3 3yIUHKOIO Ta WIBUJKUM MOBEPHEHHIM
(muxn Stop borring — stop and rapid out), YCTOBE PO3TOUYBaHHS 13 3a30POM
(umkn Fine boring — shift), po3rouyBanns 380poTHROTO O0KY 0TBOpY (UmkiI Back
boring).

Takox y Fusion 360 npu Bukopucranui komanau Drilling moxiuBum €
nporpamMyBaHHsI OOpOOJISIHHS OTBOPIB KIHLIEBUMHU (pe3aMu MpHU BUKOPUCTAHHI
TaKUX IMKIIB: po3(dpe3epoByBaHHSA TIIYXHX OTBOPIB (KOJOBAa IHTEPITOJISIIIS)
(umxn Circular pocket milling), po3dpe3epoByBaHHs HACKPI3HUX OTBOPIB (LIUKII
Bore milling).

Ha pucynky 1 300paxxeHo npukian po3pobIeHoi TeXHOMOrTYHOI orepari
0o0poOneHHs1 rHOOKUX Pi3b0OBUX OTBOpIB AeTan «Kopmyc» y mporpamHomy
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cepenosui Fusion 360 . Texxouori4Ha oreparis CKIafaeThes I3 TEXHOIOTTIHUX
EPEXOAIB CBEP/ULIHHS, 3CHKEPYBaHHsI, Hapi3aHHs pi3i MiT4uKOM. [Tpu mpomy 3
ypaxyBaHHSM TJIUOUHU CBEepJiHHA Oynu BukopucTaHi 1ukian: Deep drilling —
full retract, Drilling — rapid out, Tapping with chip breaking.

© SIMULATE

@ Display | @ Info | 4 Statistics
v Statistics

Machining time 0:00:22
Machining distance  0.643m
Operations 1

Tool changes 0

Exit Simulation

Pucynok 1 — @parMeHT cuMyisiii oOpoOasHHS pi3b6oﬁﬁx OTBOPIB JeTai
y nporpamHoMy cepeaouii Fusion 360

OfHi€ro 13 nepeBar Npy NPOCKTyBaHHI mpornecy OOpOOJIHHS PI3aHHAM Yy
Fusion 360 € MOJIMBICT OTPUMAHHS CHMYJISLII IIPOLECY i3 Ha/JaHHSM 3MOTH HE
TITBKU npocanyBaTI/I TpaeKTopno MePEeMILICHHST PI3aIbHOTO IHCTPYMCHTA Ta
Oe3MeyHICTh HOoro poOOTH, aje ¥ OTpuMaTH JAaHl MIOAO MAIIMHHOIO Yacy
nepexoay Ta TMPOUJIEHOrO MUIAXY, SKI Yy TOJAJIbIIOMY MOXYTh OyTH
BUKOPUCTAaHHI NPH PO3PAXyHKAaX E€KOHOMIYHOI €(PEKTHBHOCTI TEXHOJOTTYHOTO
MpOIIECYy.

Takum ynHOM, BUKOpUCTaHHS KoMaHau Drilling mporpamMHOro KoMIuiekcy
Fusion 360 mpu npoeKkTyBaHHI TEXHOJIOTIYHUX MEPEXO0/IiB 0OOPOOISHHS OTBOPIB
JIO3BOJISIE BapilOBaTH MapamMeTpamMud OOpPOOKH 3 METOI0 JOCSITHEHHS HANO1IBII
€KOHOMIYHOTO pe3ysbrary. Lle cnpusTiMe MiABUIIEHHIO MPOJIYKTHBHOCTI Ta
SIKOCT1 TPOEKTHUX POOIT 13 pOo3p0OJICHHS TEXHOJIOT1 OOPOOJISIHHS P13aHHSIM.
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VJIK 621.791.75

besrin  O.A. (/oubacvka Oepocasna mawuHoOyOigHa axaoemis, MM.
Kpamamopcwvk — Tepnoninw, Ykpaina)

AHAJII3 CYYACHHX CIIOCOBIB BITHOBJIEHHSI TA 3SMIIIHEHH1
POBOYHUX ITOBEPXOHDb JETAJIEM METAJIYPI'TUHOTI'O
OBJIA/THAHHA

Anomauia: Ilposedeno KpumuuHull aHAai3 CYYACHUX ICHYIOYUX MemOoOi8 8IOHOBIEHH S
ma 3miyHeHHs Oemainel OJisk Memanypeiuno2o 001A0OHAHHS, MAKUX K 0y208e HANIAGNEeHHs 13
3aCmMOoCy8aHHAM NOPOUIKOBO20 OPOMY 6 SAKOCMI NIA8Ko20 elekmpody. Posenamymo maki
IHHOBaYli, AK GUKOPUCMAHHS KePOBAHUX MAZHIMHUX noaie 011 cmadinizayii Ooyeu ma
NOKPAWeHHS IKOCMI HANIABAEHHS, WO 00360JIAE 3MEHWUMU KITbKICMb Oehekmis i niosuwumu
3Hococmitikicmo. Iloxazana eadiciugicme npogedeHHs NOOANbUUUX OO0CHIOHNCEHb ) 2aly3i
onmumizayii napamempie MacHimHUx no.ie.

Knrwuoei cnosa: nannasnenus, 3miyHeHnHs NOBEPXOHb, MemAlypeitine 001A0HAHHS,
KepoB8aHi MAacHImMHI nojs, 36aplo8anbHa Oyed, 3HOCOCMIUKICMb, HANIABIEHHS NOPOUKOBUM
OpOMOM, NO3008IHCHE MACHIMHE NOJIe

Abstract: A critical analysis of modern existing methods for restoring and strengthening
components of metallurgical equipment has been conducted, including arc surfacing using flux-
cored wire as a consumable electrode. Innovations such as the use of controlled magnetic fields
for arc stabilization and improving surfacing quality have been considered, allowing for a
reduction in defects and an increase in wear resistance. The importance of further research in
the field of optimizing magnetic field parameters has been highlighted.

Keywords: surfacing, surface hardening, metallurgical equipment, controlled magnetic
fields, welding arc, wear resistance, flux-cored wire surfacing, longitudinal magnetic field.

BigHoBneHHs Ta 3MiIIHEHHS POOOYUX MOBEPXOHB JIETaJICH, 10 MPAIIOI0Th
B METAIypriiHOMy OOJIaJHAHHI, 3aJHIIAETHCA AKTYyaJbHOIO MpPOOJIEMOIO,
OCKIJIbKH, MPALIOYM y BAKKUX YMOBAxX €KCIUTyaTallli, BOHH 3a3HAl0Th 3HAYHUX
MEXaHIYHUX HAaBaHTaXE€Hb, a0pa3MBHOIO 3HOCY, TEMIIEPATypPHUX KOJIMBaHb Ta
IHIIMX BIUIMBIB. Taki JeTani BUKOPUCTOBYIOTHCS B PI3HUX BY3JaX, 30KpeMa y
MalllMHaX O€3MepepBHOIO JUTTS 3aroTOBOK (TUIMTH Ta POJUKH KpUCTaIi3aTopa),
MIPOKATHUX cTaHax (poOoul Ta ONOPHI BAJIKH, MAMKUITHUKOBI BY3JIH, IIIECTEPEHHI
KJIIT1), TI€4ax HarpiBy (TpaHCHOPTHI POJIMKH), By3JlaX pi3aHHs, TOWIO. TOYHICTb,
JIOBTOBIYHICTh 1 €KCIUTyaTaliiiHa HaJIIMHICTh TaKUX JeTajlled MaroTh BEJIHMKE
3HAUCHHS IS 3a0e3neueHHs Oe3nepediitHoi poboTr oOmaaHaHHS.

B xoni ekcryaraiiii, po6o4i MOBEpxHI JieTajeil 3a3HA0Th PI3HUX BUJIIB
HaBaHTa)XEHb, a CaMe€ BHUCOKOTEMIIEpaTypHHM BIUIMB, aOpa3uBHE Ta yJIapHe
3HOITYBaHHS, Kopo3isa. Hampukman, nerami, MO MOPamiOOTh MPU BUCOKUX
TeMIlepaTypax, MOBUHHI MaTH BUCOKY TEPMOCTIMKICTD 1 OMIp TEPMOIMKITIYHIM
HaBaHTAXXEHHSM, TOJIl SIK JIeTalll, 10 MiAJAI0ThCs TEPTIO, MOTPEeOyIOTh BUCOKOL
3HOCOCTIHKOCTI.

B yMoBax BenMKUX BUPOOHHUIITB 3aMiHA 3HOILIEHUX JI€TalIel € EKOHOMIYHO
HEBUT1JTHOIO, TOMY OCOOJMBY yBary MNPUAUISIOTH IXHbOMY BIJHOBJICHHIO Ta
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3Mil[HEHHI0. Lle 103BOJIsiE CYTTE€BO MPOAOBXKHUTH TEPMIH IXHBOI CIYKOM Ta
3HM3UTH BUTPATH HA BUTOTOBJICHHS HOBUX BUPOOIB.

OnauM 13 HaWOLIRIT €)EKTUBHUX METOJIIB BiTHOBJICHHS Ta 3MIIIHCHHS €
HaIlJIaBJICHHS, SIKEe Tiepen0adae HAaHECEHHS METAJICBUX CIUIaBIB a00 CHeIiaJbHUX
MOKPUTTIB Ha poOOYy MOBEepXHIO AeTaneil. Lle mae 3mMory He JuIne BiTHOBUTH
TeOMETPII0, ale i MOKPAIIUTH eKCIUTyaTalliiHl XapaKTepUCTUKH, MiIBUIIYIOUN
MIIIHICTh, 3HOCOCTIMKICTh Ta KOPO3iiHY CTIHKICTh JAeTalieid, M0 MPAIIOIOTh Y
CKJIQJHUX YMOBaX.

HamnaBneHHsT BHUKOPUCTOBYETHCS JJii HAHECEHHs IIapy MeTaly Ha
3HOIIICHY MOBEPXHIO, 110 JI03BOJISIE BIIHOBUTH OPUTIHAJIBLHY I€OMETPil0 BUPOOIB
a00 3MIIHUTHU 1X TMOBEPXHIO [1], 30UIBIIMTH TEPMIH EKCIUIyaTarlii JeTayieH,
CKOPOTUTH BUPOOHUYI MPOCTOI Ta 3MEHIIUTH BUTPATH HA PEMOHT. BigHOBIEHI
JeTanl IICNs HAaIUIaBIICHHS MOXYTh BUTPUMYBAaTH 3HA4YHI HaBaHTa)KCHHS,
MEXaHIYHHUI 3HOC 1 BIUIUB BUCOKHUX TEMIIEPATYp, IO € OCOOJIMBO BAKIMBHUM JJIS
BY3JIB, SIKI TpPAIlOIOTh NOpPH CKIAJHUX TEPMOLMKIIYHUX Ta YJIApHUX
HaBaHTA)KCHHSX.

Meroto naHoi poOOTHM € TPOBENEHHS KPUTHYHOIO aHaJi3y Cy4YaCHUX
METOJIB  BIJHOBJICHHSI Ta 3MIIHEHHS po0OYMX TMOBEPXOHb JIeTAJIeH
METAypritHOro oOJaJHaHHS; BUSBJICHHS TEXHOJOTIYHUX HEJOJIKIB iX
HAHECEHHSI, BU3HAUCHHS ONTUMAIBHUX METOJIIB HATUIABIICHHS JIJISl BITHOBJICHHS
Ta 3MILHEHHS pOOOYNX OBEPXOHb JeTajeil.

Meroau HaTUIaBJIeHHS, 10 3aCTOCOBYIOTHCS JUIsl BIIHOBJICHHS, BKIIOYAIOTh
pI3HI Cy4acHI TEXHOJIOTii, Taki fK JyrOBE HAIUIaBJICHHS 3 BUKOPUCTAHHSIM B
SKOCTI IUJIAaBKOTO €JEKTPOJy IOpPOLIKOBOTO JpOTYy (3 HHUX HalOUIbLI
MEPCIEKTUBHUM 1 CyYaCHHUM € TIJIa3MOBE-yTOBE HAIUIABJIICHHS 3 aKClaJIbHOIO
M0/1a4Y€I0 MOPOIITKOBOTO JAPOTY, MOPOITKOBOIT CTPIUKH Ta rutoieHku [1]). Jlyrose
HAIUTaBIIEHHS TOPOIIKOBUM JPOTOM, CTPIYKOI Ta IUTIOMIEHKOK MIMPOKO
BUKOPUCTOBYETHCS 3aBISKH MOr0 €KOHOMIYHOCTI Ta BUCOKIA MPOAYKTUBHOCTI.
Cepen mepeBar 1bOro METOJYy MOHA BUJUIATA MOTO €KOHOMIYHICTh; BUCOKY
IPOJYKTUBHICTh; THYYKICTh Y BUOOpP1 MaTepialiB. Aje € 1 Heponiku. Hanmpuknazn,
B MPOLECI HAIUIABJICHHS ICHY€E BIJICTABAHHS LIBUIKOCTI IUJIABJIEHHS OCEpAs BiA
00O0JIOHKU TMOPOIIKOBOTO JIPOTY, B PE3yJbTaTi YOTO MEPIOAUYHO BiAOYBAETHCS
pyWHYBaHHS oceplsi Ta 3a0pyIHEHHS 3BaprOBAIbHOI BAaHHM HEMETAJICBUMU
BKJItoueHHsIMU. Lle, y cBowo dyepry, MpU3BOAUTH 10 MOSIBIECHHS Ne(EKTIB Y
HaIJIaBJICHOMY METalli, CIpHsi€ HEPIBHOMIPHOCTI (DI3UKOXIMIYHUX BIACTHBOCTEH
HAIUIaBJIEHOTO METaly IIBa MO JOBXHUHI BajMKa, 3HIXKYE SIKICTh MOKPUTTS. Lli
HEJOJIIKM BUMAraloTh MOCTIHHOTO MOHITOPUHTY Ta KOPUTYBaHHS TEXHOJIOTTUHOTO
MPOILIECY JJIS TOCSTHEHHS] BUCOKOT SIKOCT1 TIOKPHUTTSI Ta YHUKHEHHS Te(PEKTIB.

[11a3MoBe HamjaBiCHHS 3 aKClaJIbHOI MOJAY€l0 MOPOIIKOBOTO JIPOTY -
TEXHOJIOTTYHUHN TIPOILIEC, € HKEPEJIOM HarpiBy € IUIa3MoOBa JIyTa, sSIka CTBOPIOE
BHUCOKOTEMIIEpaTypHE CEpPEOBHINE IS TUIABJICHHS MaTepialy MOPOIIKOBOTO
npoty. JpiT momaeThCcsl akcianbHO (B3JOBX OCI IMJIa3MOBOi JyTH) 1 TJIaBUTHCH,
YTBOPIOIOUM PO3IUJIABICHY Macy, sika OCiJja€ Ha TOBEpPXHI JeTalli, CTBOPIOIOYHU
3axucHe a00 3MilHIOWYE MOKpUTTs. [1ma3smoBa ayra J1ae MOKIUBICTh JAOCSTTH
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BHUCOKOI TOYHOCTI 1 KOHTPOJIIO MiJ Yac HAIJIABJIECHHS, a TAKOX /A€ MOKIIUBICTb
BUKOPHCTOBYBATH Pi3HI MaTepiaiu, 30KpeMa MOPOILIKOBI KOMITO3UIIIi, SIKi BaXKO
IUTABIIATHCA IHIIMMU MeTo1aMu. [lepeBaru nboro crnoco0y HariaBJIeHHs - BUCOKa
MIIHICTh TIOKPUTTS, MOXJIMBICTH POOOTH 3 PI3HMMH MarepiajlaMd 1 TOYHE
KepyBaHHs MapaMeTpaMy Ipolecy. TakoX MOXKHA BHIUINTA BHCOKY
KOHIIEHTPAI[II0 TETJIOBOI MOTY>KHOCTI Ta MOXJIHUBICTh OTPUMYBATH MiHIMAJIbHY
[MIMPUHY 30HU TEPMIYHOTO BILTUBY, TOBIIMHY HariaBjieHoro mapy Big 0,1 MM g0
JEKUTbKOX MUIIMETPIB; MOJKJIUBICTh HAIUIABJICHHS PI3HUX 3HOCOCTIMKUX
MaTrepiaigiB Ha CTaJieBy JeTalb Ta OJHOYACHOTO IUIa3MOBOTO 3arapTyBaHHS
noBepxHi Aetani; Bucokud KKJI myru; mane (HMOpIBHSHO 3 IHIIMMH BHJIaMHU
HaIJIaBJICHHS ) MEpEMIIIyBaHHS MaTepiaiy, IKUil HaIJIaBIs€ThCA, 3 OCHOBOIO, 1110
JTO3BOJISIE JIOCATTH HEOOXIJHI XapaKTePUCTUKH TOKPUTTS BXKE B MEPIIOMY-
npyromy mmapax [2]. [Ipote, 1ieit MeToa Mae 1 MeBHI HEJOJIKH - BUCOKY BapTiCTh
Ta KOHCTPYKTUBHY CKJIQHICTh 00JIaHaHHS (KpIM TOTO, TPOMHUCIIOBICTh CEPIAHO
HE BUITYCKa€ YCTAaTKyBaHHSI JJIA IIbOTO MPOIIECY); CKIIAJHICTh MPOIIECY; BUCOKA
€HEProCIOKUBAHICTh.

Haii0inpm1 nepcrnekTUBHUM, 3 TOYKHA 30pY €()EKTUBHOCTI HAHECEHHS
MOKPUTTIB, € HOBITHSI TEXHOJIOT15 3 BAKOPUCTAHHIM KEPOBAaHUX MAarHiTHUX MOJIIB,
sKa JI0NoMarae craduni3yBaTH 3BaplOBajIbHY YTy, MOKPALIUTH MNEPEMIIIyBaHHS
pPIAKOTO MeTally 1 3MEHIIWTU KUIbKICTh Ae(EKTIB y 30H1 HaruiaBieHHs. lle
J03BOJINTh 3a0€3MEeYUTH JOBLIMI TEpMIH €KCIUTyaTauii JAeTajedl Ta 3HU3UTU
BUTPATHU Ha I0JaTKOBY OOpPOOKY MOBEPXOHB MICIS BITHOBJICHHS.

B pesynbrari mpoBeneHOro - aHajizy  METOAY — HaIUIaBIE€HHA 3
BUKOPUCTAHHSAM KEPOBAaHUX MArHITHUX TMOJIIB BU3HAYEHO, 110 BiH € HAWOLIBII
MEPCIEKTUBHUM 3 TOYKHA 30pY OTPUMAHHS SKICHOTO TIOKPHUTTS Ha POOOUiif
MOBEPXHI1 JieTayiei. 30BHINTHE MarHiTHE 1MOJIe BIUIMBAE HA MPOISC HaIlJIaBJICHHS,
3a0e3Meuyound Kpalry CTPYKTypy MOKPUTTS 1 HOTO MeXaHIYHl BJIACTHUBOCTI.
KonTponp 3BapioBanbHOi Ayrd 3a JOMOMOTOK) MAarHITHHX IIOMIB JO3BOJISE
OTpUMATH BHUCOKY TOYHICTh 3BapHHUX BAJMKIB, MIHIMI3yIOUH Jedopmarlito
Matepiaiy. [le 0co0MBO BaXKIIMBO /1JIs TAKUX BIJIMOBIAAIBHUX JIETANICH, SIK BaJIKK
MPOKAaTHUX CTaHIB abo posinku MBJI3, ne HaBiTh He3HAYHI BIIXWJICHHS MOXYTh
CYTTE€BO BIUTMHYTH HA SKICTh TOTOBOI MPOAYKIIii. SIKICTh HaIJIaBICHHS BILIMBAE
Ha MEXaHI4YH1 XapaKTepUCTUKH JIeTajel, 30KpeMa Ha IX MIIHICTh Ta CTIMKICTh JI0
3HOIITYBaHHS, TOOTO BHUKOPUCTaHHS MArHITHUX TOMIB JJIS KEpyBaHHS
3BaprOBaJIbHUM TIPOLIECOM JIOTIOMAara€ 3HU3WTH BHYTPIIIHI HAIMpPY>KEHHS 1
MikposieeKTH B 30HI HAIUJIaBJICHHS, IO IiBUIIYE IOBTOBIYHICTH JeTajei i
JI03BOJIsI€ 30IBIINTH X eKCIUTyaTalliiiHui pecypc. MaruitHi noss crabiiai3yoTh
3BapIOBaJIbHY JAYTY, IO 3HIKYE HMOBIPHICTh YTBOPEHHS NEe(PEKTIB, TaKUX SK
IIOpH, TPIIIMHU YW MIJAKOB1 BKIIOUCHHS. lle Haa3BHYaiiHO Ba)KIMBO, OCKIIBKH
nedeKTH, siIKi BUHUKAIOTh B MPOLECI eKCIUTyaTallli, MOXYTh IPU3BECTU J10 OpaKy
MPOAYKIIiT 110 BHITYCKA€THCSI.

3acToCyBaHHsS KEpPOBAaHMX MArHITHUX TMOJIIB TIiJI Yac 3BaplOBaHHS
(HarUIaBJIEHHS ) MOXE 3HU3UTH NOTPeOy B JOJATKOBIM MeXaHIuHIA 00poOIIl IIBIB
(uwtidyBaHHs, TpaBKU Ta 1HI). [le mpuckoproe mpoliiec BITHOBICHHS AeTanei 1
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3HM)KY€ BUTPATH HA 1X BHUPOOHUIITBO, IO € BAXIMBUM JIsi TPOMHUCIOBUX
HIANPUEMCTB, MPAIOIOYUX B PI3HUX Taly3siX MPOMHUCIOBOCTI. AKTYaJbHICTb
BUPIIIEHHS TIOCTaBJICHOI 3a7adi 3yMOBJIEHa TMOTpebo0 y BHOOpI Ta
YIOCKOHAJIGHHI TEXHOJIOTIH, M0 3a0e3meyaTh BHUCOKY TOYHICTb, SKICTH 1
JIOBTOBIYHICTH JIJI1 MAaCOBOTO BUPOOHUIITBA.

MeTto HamaBiaeHHS 13 10JaBaHHIM KEPYIOUHX MAarHiTHUX TOJIB MOXHa
PO3AUTUTH Ha HAIJIABJICHHS 13 HAKJIQJEHHSM Ha E€JNEKTPUYHY YTy 30BHIIIHIX
Kepyrounx IMo3A0BxHIX wMar"itTHux nomB (ITJMII) Ta wHammaBieHHs 13
HaKJIaJJaHHSIM Ha CJICKTPUYHY YTy MONepeuHuXx MarHitTHux noiis (ITOMIT).

Haknanenns nHa enextpuuny ayry [IJIMII npusBoauts 10 3MmiH Gopmu
ayru 1 i1 BractuBocTed. 3BaproBanbHa jayra mig giero TIJMII nouunae
obepTaTucs HABKOJIO TIO3/IOBXXKHBOI OCI, BHAcCHiAOK 4dYoro ¢opma Ayru
NEPETBOPIOETHCS 3 JI3BIHOMOMIOHOT B KOHYCHY [3]. YcepeauHi bOro KOHyca €
NOpO’XKHUHA, BUIbHA BiJ ma3mu. llepeOyaoBa ayru 3 mpupogHoi ¢opmu B
KOHYCOIOI0HY 1 HABNAKU CHI/Iy€ 3a 3MIHAMHU 1HAYKI1i IPAKTUYHO O€31HEPIIIHO.
Takox Bigomo, 1o mij BmmBoM [1/IMII MoxiiBe miABUIIEHHS €()EKTUBHOCTI
JyTOBOTO HAIUIaBJEHHS MiJ (UIIOCOM 3a paxXyHOK 30UIbIIEHHS KoedilieHTa
PO3IUIaBIIEHHS APOTY Ta 3MEHIIEHHS PO3MIPIB 30HU MPOIUIABIEHHS OCHOBHOTO
Mmerany [4].

Bigomo [5], mo mns ayroBoro HamiaBieHHs 13 BBeaeHHsM [1/IMII
3a3BUuYail BUKOPHUCTOBYIOTH TpucTpiii BBeneHHsa (I[IB) y Burmsiai kpyrioro
(dhepoMarHiTHOrO Ocep/is, PO3MIIIIEHOTO CITIBBICHO 3 ellekTpojoM (puc. 1). Llei
NPUCTpii  3a0e3neuye 3HAYHY MOJOBXKHIO KOMIIOHEHTY 1HAYKIIT B 30HI JYTH,
Kparuil MiJi TOPLEM eJIeKTPOJia 1 3BaplOBAIIbHOI BaHHU MiJl Iyrol0. Y MOBEPXHI
(dbepoMarHiTHOI IJTACTUHU B 30H1 TyTH MONepeYHa KOMITOHEHTAa HE3HAYHA, a B 30H1
i1 TopieM (PEepOMarHiTHOrO €JIEKTPOJIa - MOXKE JOCATaTH IMOJOBUHU BEIMYMHU
MO3JJ0BXXHBOI KOMIIOHEHTH 1HAYKUI, Ky reHepye [1B ITJIMII.

Z

i X
LT TTAATT /A 5
Pucynok 1. Konctpykuis [1B [1IMII, Bukonanoro y Buriisi cojienoina: 1
— @JeKTpoAd; 2 — ocepns; 3 — oOMOTKa; 4 — MyHAINTYK; 5 — BUpiO (CTpiTkaMu
MOKa3aH1 CHJIOB1 JTiHIT mous) [5]
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3a paxXyHOK CTBOPEHHS B P1IKOMY METajll BAMYIIIEHHUX MOTOKIB BiJ] 00'€MHUX
eNIEKTPOMATHITHUX CUJI TIPU B3aEMOJIT CTPYMY, 1110 PO3TIKAETHCS B PLAKOMY MeTalll
BaHHM, 3 KEPYIOUMMU MAarHiTHUMH TMOJSIMH, MOJIMBO YNpaBIATH (HOPMOIO 1
po3MipamMH BaJluka B MorepevyHoMy mepepizi. @opma, po3Mipu I11Ba B mepepisi 1
SKICTh (DOpMYBaHHSI IIBIB BU3HAYAIOTHCS XapaKTepOM PYyXy PIAKOTO MeTaly B
3BapIOBaNIbHIN BaHHI miJ aiero kepyrounx [TIJIMIT.

Kputnunuit ananiz myOmikariii 3a JTaHOK TEMOIO IMOKa3aB, 0 HEIOCTATHS
KUIBKICTh PO3PaXyYHKOBUX METOJMK, SIK1 JJO3BOJIAIOTH TOYHO BUSHAYUTH YACTOTY 1
piBeHb 1HAYKI 3Hako3MmiHHOTO IIJIMII, 1o 3abesneuyioTh e(EKTUBHE
HepeMilllyBaHHS PIAKOr0 MeTaly BaHHHM IIPH JAYrOBOMY HaruiaBjieHHi [1-5].
Buuenns OymnoBu IIJIMII B 30H1 myru, Kparii 1 3BaproBajbHOI BaHHU Mae€ 1
TEOpEeTUYHE, 1 MPaKTUYHE 3HaueHHs. Ha npakTuiii npu 1yroBomMy 3BaploBaHHI Ta
HaIUIaBJI€HH] M7 (PIrocoM HaiyacTiie eaekTpon 1 BUPIO € (epoMarHiTHUMHU
TIJIaMHU, SIK1 CHOTBOPIOIOTH Oy/I0BY MarHiTHOro 1oJid B 30H1 iz ¢pepoocepasm [1B
[TIMII. ®i3nyH1 npoLecy B 3BaprOBATIbHIN y31 1 PIAKOMY METajll 3BaprOBajIbHOL
BaHHHU, 110 BiAOyBatoThes mpu aii [IJIMII cknaaHi, 1 HEAOCTaTHS X BUBYEHICTD
CTPUMYIOTh MPAKTUYHE BHUKOPUCTAHHS I[HOTO CIOCOOY HaIlIaBieHHA. B manwmii
4yac HEJJOCTATHBO JIOCHIIKEHB 1 PO 1HAYKLIT kepytoyoro [1/IMI], siki renepye [1B
[TJIMII, 1 meTo1B ii pO3paxyHKY.

BBeneHHs nonepeyHoro MarHiTHOTO MoJist PY HAIUIaBLll — 11€ METO/I, SIKUM
BUKOPHUCTOBYIOTh JUIs TIOJIMNIICHHS SIKOCTI 3BapHUX IIBIB Ta 3MEHIICHHS
nedekTiB y npoiieci HamaaBku. Lle poOuTbes NUIIXOM CTBOPEHHS J10JIaTKOBOTO
MAarHiTHOT'O NOJIsl, SIKE BIJIUBAE HA PO3IOJLI TEIJIa, PIIKOr0 METaly Ta JIOMIIIOK
y 30HI1 HaruaBku. Lleit MeTos n03BOJIsIE 3MEHUIUTH MOPUCTICTh HAIJIABICHOTO
MaTtepianay Ta MOKpaIIUTH HOTo CTPYKTYpy. [Ipu BUKOpHCTaHHI ILOTO CIOCO0Y,
BICh CTOBIIA JIyT'M, BIJXUJICHOTO 30BHIIIHIM MOMEPEUYHUM MArHITHUM TIOJIEM,
3aiiMae Takl TOYKHU MPOCTOPY B 30HI MK €IEKTPOJAMHU, B SIKUX CyMapHa BETUYHHA
1HAYKIIT gopiBHIOE HYJIO [6]. Ha 3mimenHs mismu 1yru Ha BUpOOi TOTaTKOBO
BITMBAIOTH cvuin JlopeHna sk B 1y31, TaK 1 B pIAKOMY MeTasll BaHHU. Bu3zHaueHo,
10 e()EeKT pO3IMMUPEHHS BaJMKa MPU HAILIABJICHHI OTPUMAHO 4Yepe3 B3a€MOJIII0
CTpyMY B 3BaploBajIbHIM Ay31 3 KEPYIOUMM Mar"iTHUM moJieM [5].

BaxxauBuM € poI0BXKEHHS MTPOBEIEHHS JOCTIKEHB IOA0 3a0e3MeYeHHS
MaKCUMaJIbHOTO PiBHS TmomnepedHoi kommoHeHTu 1HAYKIIT [IOMII B 30Hi
3BapIOBAJIbHOT BAHHU (CTOCOBHO J10 3BapIOBAaHHS-HAIUIaBJIEHHS ()epOMarHiTHUMU
1 HEMarHiTHUMH MaTepiaiamu), moo e(heKTUBHO yIPABIATH T1IPOIUHAMIYHIMHI
mpoilecaMr B BaHHI 1 po3MipaMu 30HU TPOIUIABICHHS OCHOBHOTO MeETaly,
3a0e3neunTH KiCHE (POpMyBaHHS MIBIB (BaJMKIB) Ta M1BUIIUTH MPaIE3TaTHICTh
BUPOOIB, K1 HATUIABIISIFOTHCA.

OcranHi nociipkeHHs (POKyCYrOThCsl Ha cTabiizallii 3BaproBajbHOI yTH
32 JOMOMOTOI0 MAar”iTHOrO MOJisi Ta MOro BIUIMBI Ha PyX PIJIKOro MeETaly y
3BaproBaibHIA BaHHI. Bimomo [7-8], mo IIAMII 3wmiHioe dopmy nayru,
BUKJIMKAlOUM i o00epTaHHS Ta TIEPETBOPEHHs 3 JA3BIHOMOAIOHOI Ha
KOHYCOMOIIOHY, 110 TTOKpaIly€e KOHTPOJIb HaJl 3BapPIOBAIBHUM MPOIECOM. Takox
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JOCIIITHAKAMU BCTAHOBJIEHO, 1[0 MAarHiTHE TOJieé JO03BOJSE MOKPAIIUTH
NEepeMIITyBaHHs PIAKOTO MeETally, M0 OCOOJIMBO Ba)JIMBO, HAMPHUKIAJ, IPH
3BaprOBaHHI i mapoM ¢rroca. OaHak, onTuMaibHl 4acToTH Ta iHAyKiii [IJIMII
11e MOTPEOYIOTh MOJATBIIIOTO YTOUHCHHS.

3apa3 nepej HAIUIaBJICHHSIM 13 BUKOPUCTAHHSM MOTIEPEYHUX Ta MOJT0BKHIX
MarHiTHUX TIOJIIB CTOITh HU3Ka BXKJIMBHX 3aBJaHb, K1 TOTPEOYIOTh TOAATBIITUX
JOCTIKEeHb 1 BIOCKOHaNEeHH. OHUM 13 OCHOBHUX HUIAXIB € yIOCKOHAJICHHS
METOJMK PO3PaXyHKY YacTOTH Ta IHAYKII MAarHiTHUX TMOJIIB, IO JO3BOJIUTH
e(heKTUBHO TepeMilllyBaTH PIIKUNA MeTall y 3BaproBajbHIM BaHHI. Hampukman,
HEMa€ JIOCTATHHO YITKUX METOAMK, sIKI O JO3BOJISIIM BU3HAYATH 111 TApaMETpH 3
BHUCOKOIO TOYHICTIO, IO CYTTEBO OOMEXKYy€ BUKOPUCTaHHS I[LOTO METOJy Ha
npaktuii. Takox IicHye mnoTrpeda y JOCKOHAJIbHOMY BHUBYEHHIO BILIUBY
MarHiTHOTO MOJsi Ha MPOIECH 3BAPIOBAaHHS Ta HAIUIaBJICHHS (pepoMarHiTHUX
MaTtepialiB, aJKe MOCHIIPKEHb y il cdepi MOKM 10 HeaocTaTHbO. [ToTpidHO
YTOUYHUTH MMapaMeTpU MarHiTHOTO TOJIs, Takl SIK HOro 4acToTa ¥ 1HTEHCUBHICTb,
JUIs. TIOKpAIleHHs $IKOCTI IIBIB Ta 3a0e3MedeHHs Kpaloro KOHTPOJIIO Haj
CTPYKTYpPOIO HAIJIaBJIEHOT'O METaIy.

He meHm BaxMBOIO 3ajayelo € ONTUMI3alllsi MarHiTHOTO BIUIMBY Ha
npotec HariaBieHHA. [1oTpiOHO MaTu ruOIIe pO3yMIHHS TOTO, SIK MONEPEYHI i
MOJOBKH1 KOMITOHEHTH MarHiTHOTO TOJISl B3aEMO/IIIOTH 3 P1IKUM METAJIOM 1 SIK 11€
BIUTMBAaE Ha (GOopMy Ta pO3MIp IIBIB, IO JO3BOJUTH 3MEHIIUTH JIe(PEeKTH Ta
MOKpAIIUTH SIKICTh HAIUIaBJIeHHS. BoaHo4ac, BaXJIMBUM € BHUBYCHHS
TAPOJMHAMIYHUX MPOLIECIB y 3BapIOBAJIbHIN BaHHI Mij JI€0 MarHiTHOTO IOJI,
aJpke Il BIUIMB JIOCI 3alMINAETHCS HEIOCTaTHBO IOCHIKeHHM [3,5,6].
[TornuGieHHs 3HaHb Y 1[bOMY HAMPSAMKY JOMOMOKE MiABUIIIUTH MPale31aTHICTh
HaIJIaBJICHUX BUPOOIB Ta 3a0€3MeunTH siKicHe (OpMyBaHHSI 3BapHUX IIIBIB.

OnHuM 13 TEPCIIEKTUBHUX HAMNpsIMiB  JIOCHIIKEHb €  cTadimizarlis
3BaprOBaJbHOI JOyrW MiJ BIUIMBOM MarHiTHOro mnojisi. IloTpiOHO yTO4YHHMTH
MeXaHi3MH 11 cTabumizalii Ta BIUIMB JIopeHIeBUX CUJI Ha MPOIEC, 10 JTO3BOJIUTH
HE TUIBKA TMONINIIUTH KOHTPOJIb HAaJ TPOLECOM HaIUIaBlCHHS, aie i
MIHIMI3yBaTl MOJIMBI Aedopmaltii Ta JeeKTH.

Takum YMHOM, MOJAIBII JOCHIIKEHHS Yy cdepl HaIJIaBICHHS 13
BUKOPUCTAHHSM MAarHITHUX TOJIIB € HEOOXITHUMH JJi TOKpAIIEHHS SKOCTI,
HaJIIMHOCTI Ta €()eKTUBHOCTI MPOIIECIB, @ TAKOXK JUISl PO3BUTKY HOBITHIX METO/IIB
YIPaBJIIHHS MpOIecaMy HaIlJIaBJICHHS.

BUCHOBKU

1. TlpoBeaeHuii KpPUTHUHUN aHaIi3 Cy4YaCHHUX BHUCOKOIPOTYKTUBHUX
croco01B HAIUTABJICHHS TIOKAa3aB, IO JIJIs 3MIITHEHHS Ta BiAHOBJICHHS BUPOOIB, SKI
MpaIol0Th B YMOBAaX TEPMOIUKIIYHUX Ta YAAPHUX HABAaHTAXKEHb, € METOJ
HAIUIaBJICHHS 3 BUKOPUCTAHHSIM KEPOBAHMX MArHITHUX IOJIB, SKUM HAIacTh
3MOTrYy 30UIBILIUTH TEPMIH CIIYKOH METATyprifiHOro 00JIaJHAHHS.

2. JloBeneHo, 110 croci0 HAIJIABJICHHS 3 BUKOPUCTAHHSAM MarHiTHUX IOJIIB
Ma€ psiJl HeJIOMIKIB, JIKBIJAIlS IKMX HAJIaCTh 3MOTY MOJIMNIIUTH HOTO TEXHIKO-
TEXHOJIOT1YHI MOKJIMBOCTI.
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3. BusgsiieHo, 110 s IOJIIMIIECHHS TEXHIKO-CKOHOMIYHUX ITOKA3HUKIB
HAIUIaBJIEHHS 3 BHUKOPUCTAHHSAM KEPOBAHMX MAarHITHHX TIOdIB, HEOOX1IHO
pO3B's3aTH JesKi 3a/1a4i: YTOYHUTH NTapaMeTpH MarHiTHOTO mouis (Taki, K HOTo
4acTOTa Ta IHTEHCUBHICTH); TJIMOIIE TOCTIIUTH K MONEPEYHi, TaK 1 MO30BKHI
KOMITOHEHTH MarHiTHOTO TOJIs, iX B3a€MOJIIO 13 PIIKUM METAJIOM; BUSHAYUTHCH
3 MexaHi3MaMu cTalimi3amii 3BapIOBabHOI JIyrd Ta YTOYHUTH BIUIUB il
JlopeHI1ieBUX CHJI Ha MPOIIEC HATUTABJICHHS.
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VJIK 621.91

Be3nagos €.B., k.1.H., 1ou. Onnmyk C.I'., k.1.H. Tyaynos B.1. (Vxpaina, m.
Kpamamopcwk - Teproninw, Jlonbacvka oepocasna mawunobyoiena akademis)

TEXHOJIOI'TYHI METOAU OHOPHIDKYBAJII)HOI OBPOBKH
OTBOPIB JETAJIEW TUITY TLJTI OGEPTAHHSI

B cmammi pozensnymi ocobausocmi onopsoicysanvhoi o0podoxku omeopie demaeti
muny min obepmanus. IIpoananizosano OOYiNbHICMb  BUKOPUCMAHHA — PO3STISIHYMUX
MEXHOI02ITUHUX Mem00i8 OJisl 30INbULEHHS HCUMIMEBO20 YUKTLY 8UPODIE.

Knwuoei cnosa: onopsaoocysanvha 00pobka, mina 06epmanHs, Omeopu, XOHIH2Y8aAHHS,
PO3KOUYBanHsl, wiihyeanis, Qiniwna obpobKa, mouHicms 0meopis, UOPCMKICb NOBEPXHI,
HCUMMEBUL YUK 8UPODIG

The article discusses the features of finishing holes in parts such as bodies of revolution.
The feasibility of using the considered technological methods to increase the life cycle of
products is analyzed.

Keywords: finishing treatment, bodies of revolution, holes, honing, burnishing,
grinding, final processing, hole accuracy, surface roughness, product life cycle

KrnacuuHa cTpyKTypa TEXHOJIOTTYHUX ONEpPaliid TEXHOJIOT1T BUTOTOBJICHHS
fieTaneil MalikH i3 pOOOYMME [OBEPXHSIMHU JETanci KIacy «Tiia 00epTaHHSD
(rime3u wameApiB JIB3, Tinb3H TiAPOLMITIHAPIB, TPYOH, Ta iHINI) MOBHHHA
3a0€3MCYNTH JBa OCHOBHUX 3aBJ@HHSN: 3aJaHi KOHCTPYKTOPOM TI'COMETPHYHI
napameTpu (hopMy Ta Po3MIpH) i3 HEOOX1IHOIO TOYHICTIO Ta HEOOX1HI (i3HKO-
MEXaHIYHl BJIACTUBOCTI MOBEpxXHI. ['eoMeTpuyHI MmapaMeTpu IOCITAIOThCH, B
OCHOBHOMY  OICPALlIAMM ~ MEXaHIYHOTO  00poOIeHHs.  PDi3UKO-MeXaHI4HI
BJIACTUBOCTI POOOYHX IMOBEPXOHb MOXHA c(hOpMyBaTH pi3HUMHU criocobamu [1].

MeTtoto pob0TH € TOCHTIIKEHHS TEXHOJIOTIYHUX METO/11B OTIOPS/KYBAIBHOT
00OpoOKH OTBOPIB AeTalIel TUITY T1JI 00EpTaHHS.

Jnst pinimHOT 00poOKH pobOOYHX MOBEPXOHb BUKOPHCTOBYIOTH ONeEparii
TOHKOTO  pO3TOUyBaHHs,  UUIIQYyBaHHS,  XOHIHTYBaHHS,  IOJIIPYBaHHA,
MPUTHPaHHs, 00POOKY METOAAMH MOBEPXHEBO-IIACTHYHOTO Je()OPMyBaHHS [2].

Ormepartii TOHKOTro po3TO4yBaHHs BHKOHYIOTH Ha 00JIaJHAHHI M1BHILCHOT
TOYHOCT] 3 BHKOPHCTAHHSM PO3TOYYBAIbHHMX TOJIOBOK Ta O/OKiB. OCHOBHOIO
BUMOIOI0 € BHCOKa JKOPCTKICTh METAJOpi3alibHOTO O0NanHaHHs. Pi3anbHi
IJJACTUHHU BUTOTOBISAIOTHCA 3 TBepAoro cruiaBy mapok T15K6, T30K4. Tonke
pPO3TOUyBaHHS BUKOHYETHCS MpH MBHUAKOCTI pizanHa 120-150 m/xB, mogaui 0,1-
0,15 Mmm/006. JlocsaraeTscst TOUHICTh 6-7 KBamiTeTiB Ta mopcTkicth Ra = 0,8-2,5
MKM.

HlmidyBaHHs OTBOpPIB BUKOHYETHCA Ha BHYTPIIIHBONILTI(YBATHHUX
BepcraTax. OCHOBHHMHM TepeBaraMy BHYTPILIHBOIO INUTIQYBAaHHSA € BHCOKA
TOYHICTh T€OMETPUYHHUX MTApPAMETPIB OTBOPY Ta BUCOKA AKICTh MOBEPXHI.

Henonikamu nuidyBaHHs € BUCOKA BapTICTh peaizallii Mpolecy; Hu3bKa
POYKTUBHICTh; HEMOXKJIMBICTh IUTI(DYBaHHS KaHABOK; BUCOKa TEMIIEpaTypa B
30HI LUTIQYBaHHS, IO MPH HEAOCTATHBOMY OXOJOKCHHI MOXKE BIUIMHYTH Ha
SIKICHI [TOKa3HUKH [IOBEPXHEBOTO WIAPY (HasBHICTH MPHIIKIB Ta MIKPOTPILIKH).

TounicTe micas yucToBOro IuLTiyBaHHS Jocsirae 6-7 KBaJITETIB,
mopcTtkicth Ra = 0,32-1,6 MxM.
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XOHIHTYBaHHS] BUKOPHCTOBYIOTb JUISl OLOPS/DKCHHS HACKPI3HUX TTIAJIKUX
OTBOplB maMeTpOM 25...500 mM. OcoOauBiICTIO XOHlHFyBaHH;[ € BHKOPHCTAHH
CIelia bHOTO 1HCTpyMeHTa — XOHa (puc. 1, a). XOH, ImapHipHO 3'€HAHUN 31
HIMUHJIEIEM BepCTaTa, BUKOHYE O6epTaJ'IBHI/II/I Ta 3BOPOTHO-TIOCTYMAJIBHUN pyX
BIJIHOCHO OC1 HEpYXOMOi 3aroToBKU. [Ipruuomy MIBUAKICTE 00EPTAIBLHOTO PYXY
Oinbiire. XOHIHIYBaHHSAM CTBOPIOETBCS CHELUGBIYHHH CITIACTHII MIKpOIPOhiih
06p06neH01 noBepxHi (puc. 1, 0), 1o crpusie KPaIoMy yTPUMaHHIO 3Ma3KU Ha
11i{f TOBEPXHI B eKCHJ'IyaTaHII/IHI/IX yMOBaX.

Pucynok I — Cxema xoninzysamnmsi

3a JOMOMOroI0 XOHIHIYBaHHsS OTPUMYIOTH TOYHICTB JiaMeTpanbHUX
PO3MIPIiB OTBODIB 33 6-M KBAITETOM, TOYHICTH 'COMETPHYHOI (POpMH OTBODIB
niametpoM g0 250 MM (OBaJIBHICTB 1 KOHYCOHO):[16HICTB) B MExax
0,003...0,004 mMm, mapametp mopcTkocTi nmoepxHi Ra=0,16...0,004 mxm. Ase
el Mpolec He J03BOJISIE BUMPABUTH MOJOKEHHS OCl OTBOPY BIJHOCHO Oasw.
XOHIHTYBaHHSI BUKOHYIOTh Ha  CIHELIaJIbHUX  OJHOIIMHUHACIBHUX  a0o
OaraToMMUHACTFHUX BEPCTaTaxX 3 BEPTUKAIBHOIO a00 TOPU30HTAIBHOIO
KOMITOHOBKO0. XOHIHIyBaHHS 0CO0JIMBO e)eKTHBHO IIPH HEOOXIAHOCTI 00pOOKH
BHCOKOTOYHHUX JOBIUX OTBOPIB MOPIBHSHO BEIMKOTO I1aMeTpy.

Po3kouyBaHHS OTBOpPIB — METOJ ONOPSKYBaHHS, IO TPYHTYETHCS Ha
macTuyHoMy  nedopMyBaHHI  00poOoBaHOi  TOBepxHi.  Po3kodyBaHHS
BUKOHYIOTh Ha CBEpJIMIBHUX, TOKapHUX abo CIellaJbHUX BepcTarax.
[HCTpyMEHTOM € pi3HI 3a KOHCTPYKII€I OaraTopojavMKOBI PO3KATKH, SKi
o0epTaroTbcsd BIAHOCHO OCI OTBOpPY. POJIMKM BHUTOTOBISIOTH 3  SIKICHUX
IHCTpYMEHTAJIbHUX CTajieu, ix TBepaicTh micis raptyBaHHs HRCs 62...64.
Po3ko4yyBaHHS BUKOHYIOTH MICIIsI YUCTOBOTO PO3TOUYBAHHSI, TOYHICTh OTBOPY Mif
poskouyBanHsa — 0,01...0,015 mm.

Po3kodyBaHHS HE BUIPABIE TOJOKEHHS OCI  OTBOPY, PO3KaTKa
CaMOYCTaHOBJIIOETHCA 110 OTBOPY, TOMY TOYHICTH MOJIOKEHHS OTBOPY BIJHOCHO
0a3m  3ale3meuyeTbcss HA  pO3TOUyBalbHIM  omepamii. PoskouyBanHS
BUKOPUCTOBYIOTH JIJIsl OTIOPSI/PKEHHS HACKPI3HKX 1 TIIyXUX OTBOPIB B KOPITyCax 3
PI3HUX MaTepiajiB, 0 MOXYTh INIACTUYHO Je(POPMYBATUCh B XOJIOJHOMY CTaHI.
TBepaicTh Takux matepianiB He nepeBuirye HRC»a 35...40.

PoskodyBanHs 3a0esmedye TOYHICT OTBOPY 3a 6...9-M KBaliTeTami,
napamerp mopcrkocti Ra=0,016...0,008 mkM, moxnOKa reoMeTpudHOL @opMH
JUTS OTBOplB JaMEeTpOM JI0 120 MM ctaHoBuTh 0,005...0,008 mm. IToBepxHeBuit
map micis pO3KOUyBaHHs Ma€e TBemeTB 1o 361JIBH_Iy€TBC$I Ha 20%.

KpiM aHanisy TOYHOCTI Ta SIKOCTi MOBEPXHi ICIs OMNOPSKYBAIbHAX
METOMIB CiI BpaxoByBaTH 1ix coOiBapTicte (puc. 2) [3]. Hampuxian,
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PO3KOUYBaHHS MPH THX XK€ MOKA3HUKAX SAKOCTI, K IPU XOHIHTyBaHH1, Ma€ MEHIITY
Cc001BapTICTh.
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Bucora MikpoHepiBHOCTEI, MKM

Pucynox 2 - Ilopisnsanena oOiacpama pisHux memooi8 yucmogoi o06pobKu i
00CACHYMOI  Npu  YboOMy  WOPCMKOCMI NOBepxHi (no  Oanux  Gipmu
«Hegenschiedey)

B CHOBOK
BukopucranHss TEXHOJOTIUHMX METOJIIB OMOPSIKYBaIbLHOI 0OpPOOKH
OTBOPIB J03BOJIAE€ 3a0€3MEUNTH MOKA3HUKH TOYHOCTI Ta SKOCTI MOBEPXHi, IO
crpusie 30UTbIIEHHIO KUTTEBOTO HUKITY BUPOOIB. BUOIp TOro 4M 1HIIOIO METOIY
MOBUHEH IPYHTYBATHUCSI HE TUIbKH HAa TEXHOJIOTTYHUX MOXJIUBOCTSAX METOJY, ajie
1l BpaXxOBYBaTUCh COOIBAPTICTH.
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bopucenko FO.FO. (/Jonbacvka Oepoicasna mawunodyoiena axademis, MM.
Kpamamopcwvk — Tepnoninw, Ykpaina)

AHAJII3 METOAIB 3BAPIOBAHHS 13 BUKOPUCTAHHAM
EK30TEPMIYHOI CYMILII

Anomauisa: Ilposedeno ananiz 6niugy ex30mepmidHux cymiueli Ha npoyecu 0y208020
ma enekKmpounaKo8o2o 36aproeants. Posenawymo moocaugocmi ix 3acmocy8anmsa  Onsl
nIOBUWEHHs CMAOINbHOCMI 368API0BANTLHO20 NpOYecy, 3MeHUIeHHs OepeKmHOCmI 38apHUX
3'eOnanv ma noxpawjenns mexamiunux xapakmepucmux wea. Ilpoananizoeano eniug
eK30MePMIYHUX KOMNOHEHMI8 HA MeNn10sull OANaHC y 36aplo6ailbHill 6aHHI ma iX poiv y
3HUdICEHHT eHepeemuyHux eumpam. Ilokazana HeoOXIOHiCMb NOOANLUUX OOCTIONCEHL UWOOO
onmumizayii ck1ady exK3omepMiuHux cymiuiel ma ix 6nausy Ha Xapaxkmepucmuku 36apHUX
3'eonanmy.

Knrwuoei cnoea: 3saprosanns 3 ex3omepmiuHow cymiuwiuio, 0y208e 36apHO6AHHS,
eIeKMPOULIaKo8e 36ApPIOBAHHS, eK30MepMIuHi ¢harocu, meniosuii 6anauc, egexmusHicms
38apHo20 npoyecy,

Abstract: An analysis of the influence of exothermic mixtures on arc and electroslag
welding processes has been conducted. The possibilities of their application to improve the
stability of the welding process, reduce weld defects, and enhance the mechanical properties of
the weld are considered. The impact of exothermic components on the heat balance within the
weld pool and their role in reducing energy consumption is analyzed. The necessity for further
research focused on optimizing the composition of exothermic mixtures and their effect on the
characteristics of welded joints is highlighted.

Keywords: welding with exothermic mixtures, arc welding, electroslag welding,
exothermic fluxes, heat balance, welding process efficiency.

PO3BUTOK CyyacHHX TEXHOJOTIA 3BaplOBaHHS Ta  HAIllJIaBJICHHA
COpPSIMOBaHUM Ha MiABUIIEHHS MPOJYKTUBHOCTI MPOLECIB, MOKPAILIEHHS SKOCTI
3BapHUX 3'€THAHb 1 3HWKEHHS €HEepPreTUUHuX BUTpat. [Iporecu 3BaproBaHHS Ta
HaIUIaBJICHHS € BaXJIMBUMU Ui  MamMHOOyAyBaHHsS, OyIIBHMIITBA,
CyIHOOYAYBaHHS Ta IHIIMX Traigy3ed MPOMHUCIOBOCTI. Tomy BIOCKOHAJIEHHS
TEXHOJIOT1i, 10 MiABUILYIOTh €PEKTUBHICTh 1 HAAIMHICTh 3BAPHUX 3'€THAHb, MAE
BEJIMKE 3HAUCHHS.

OmHuM 13 TEpPCHeKTUBHUX TMIAXOAIB € METOJ 3BaplOBaHHS 13
3aCTOCYBaHHSAM €K30TEPMIYHUX CYyMIIIEH, sIKi 3a0€3MeUyIOTh I0AaTKOBE IKEPEIIO
TeIja TijJ 4Yac 3BaplOBAJLHOTO TMporecy. BHUKOpuUCTaHHS Takux MaTepialiiB
JT03BOJISIE TIOKPAIITUTH CTAOUTBHICTD MPOIIECY, 3MEHIIUTH AE(PEKTH Ta M ABUIIUTH
MEXaHIYHl XapakTepUCTUKM 1iBa. JlIs BAOCKOHAJEHHS JYroBOro Ta
eJIEKTPOIILJIAKOBOTO 3BapPIOBAHHS 3aCTOCYBAaHHS €K30TEPMIUHUX CyMILIeH MOXKHa
pO3MIISIIATU SIK OJMH 13 MEPCHEKTUBHUX HAMPAMKIB MiABUIICHHS €(EKTUBHOCTI
polecy, aKe iX BUKOPUCTAHHS JO3BOJISIE KOMIIEHCYBATH TEIJIOBI BTPaTH, 110
BUHUKAIOTh TIPU TPATULIMHUX METOJax 3BapIOBAaHHS, Ta CIpUSE O1lIbII
PIBHOMIPHOMY pPO3MOALLY TEMIEPATYPH Y 3BaprOBaIbHINA BaHHI.
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Oxkpemi HayKoOBi Mpaili, 110 BUBYAKOTH 110 Temy [1, 2, 3], po3risgaoTh
BIUTUB €K30TEPMIYHHUX CYMIIIEH Ha MPOIECH JAYTOBOTO Ta €JIEKTPOIIAKOBOTO
3BaproBaHHs. Lli JgochikeHHS TOKa3aiW, O[O0 BBEICHHS EK30TEPMIYHUX
KOMITOHEHTIB y 3BapIOBAJIbHI MaTepiaja T03BOJISE 301IBIIATH TEIJIOBUIIICHHS,
MOKPAILIUTH AKICTh METaJy IIBa Ta IABUIUTH MPOLyKTUBHICTE. [HIII1 poboTH [4,
5] 3ocepemxeHi Ha BIUIMBI PI3HUX CKJIadiB €K30TepMIYyHHX (IrociB Ha
dbopMyBaHHS 3BapHOTO 3'€THAHHS, TOBOJASYN IXHIO €()EKTHBHICTh Y CKOPOUYEHHI
qacy Ipoliecy Ta MmokparieHHi oro cradbinpHOCTI. L1 mocimKeHHs BKa3yrOTh Ha
e()EeKTUBHICTh €K30TePMIUYHHUX (DJIFOCIB Y aBTOMATH30BaHUX Ta MEXaHI130BaHMX
METO/JaX 3BapIOBaHHS, 30KpeMa TpU HaIUIaBJICHHI 3 BHUKOPUCTAHHAM
MOPOIIKOBUX JIPOTIB Ta TMOKPUTHX EJEKTPOIiB. BaXiIuMBO BiA3HAYUTH, IO
JIETYBaHHS HAIUIABJICHOIO0 METally IiJi 4Yac 3acTOCYBaHHS €K30TEPMIUHUX
CyMillIe CHOpHs€ TMOKPAIIEHHI0O HOro MEXaHIYHUX BIACTUBOCTEH, 3HUKYE
MOPUCTICTH Ta MIJBUILYE CTIMKICTH JO KOPO3Ii.

Metoo JaHOrOo JOCHIDKEHHS € aHaji3 Cy4YacHUX MiAXOAIB 1O
BUKOPHUCTAHHS €K30TEPMIYHUX CYyMIIIEH y 3BaplOBaHHI, BU3HAUEHHS iXHbBOI
€(heKTUBHOCTI Ta MEPCIEKTUB MOAAIBIIIOTO PO3BUTKY.

TennoBUaIIEHHS Yy TPOIIEC] 3BapIOBAaHHS 3 €K30TEPMIYHUMHU CyMilIaMu
BU3HAYAETHCS PIBHIHHSAM MOMEHTAJIHLHOTO TETUIOBOTO OaIaHCY:

Q=q1+tq2+q3+qs+qs +qs +q7 +qg

ne: gl — rtemnora JayroBoro po3psay; (2 — TEIIoTa BUIPOMIHIOBaHHS Ta
KOHBEKIIIi; 3 — TEIJIOTA BiJl €JIEKTPUYHOTO CTPYMY B €JIEKTPOITHOMY CTEPKHi; (4
— TEII0Ta, 110 BUAUIAETHCS M1J] Yac €K30TEPMIYHOI peakIlii; (5 — TerIoTa HarpiBy
Ta TIUJIABJICHHA TOKPUTTS €leKTpoaa; (6 — TerioTa, mHepeaHa CTepXKHIO
eNieKTpoia; (7 — TEeIIoTa, 0 NePeJaEThCsl HABKOIUITHEOMY CepEeIOBHUILY; (8 —
TEIUIOTa, BTpayeHa 3 KPaIuIsIMHA PO3IUIABIEHOTO MeTally. Q — 3araipHa KiJIbKICTh
tera ([Ix); [ 2, c. 152 ]

Ile piBHSHHS JO3BOJISIE OLIHUTH PO3MOALT €HEprii MK €JIEeKTPOAOM,
3BapIOBAILHOI0 BAaHHOIO Ta HABKOJMIIHIM CEPEAOBUIIEM I dYac Mpolecy

(puc.1).

= 111ttt

Pucynox 1 Monens HarpiBaHHS 1 IJIABJICHHS €JIEKTPO/Ia 3 €K30TEPMIYHOIO
CYMIIIIIIO B MOKPUTTI: 1 — OCHOBHUI MeTai; 2 — Kparuisl eJ1eKTPOTHOTO METaly;
3 — 3BaproBajibHA BaHHA; 4 — MOKPUTTS; 5 — CTPIIKEHb. [ 2, ¢. 151 ]
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3acTocyBaHHS €K30TEPMIYHUX CyMIIIEeH Y IbOMY MPOILIEC T03BOJISE 3HAUHO
MOKPAILIUTH CTaOIIBHICTD AYTH, 3MEHIIUTH PO30OPU3KYBaHHS METaTy Ta 3HU3UTH
BUTpATU CJIEKTPOEHEPTTii. Ex3otepMmiuni KOMITOHEHTH CIPUSIOTH
IHTEHCUBHIIIIOMY HArpiBaHHIO €JIEKTPO/Ia 1 MOKPAIICHHIO IEPEHECEHHS METaly B
3BapIOBAJIbHY BaHHY.

[Ipu nyroBoMy 3BaproBaHHI BaKJIMBUMH MapaMEeTpaMu €: Halpyra JyTu
(U) — BrumMBae Ha JOBXKUHY Iyru Ta ¢opmy mBa; cuiaa ctpymy (I) — BusHauae
IHTEHCUBHICTh IUJIABJICHHS MeTally; KoedilieHT KOpUCHOI aii mporecy (1) —
BiloOpakae e(eKTUBHICTh BUKOPUCTAHHs €HEprii Ayry; 4ac 3BaproBaHHs (t) —
BIUIMBAE HA 3arajbHUM TETJIOBUI OalaHC MPOLIECY.

JIisi BU3HAYEHHSI KIUTBKOCTI TEIUIA, IO BUAUIIETBCS TIPH JTYTOBOMY
3BaprOBaHHI1, BUKOPUCTOBYIOTh TaKy GOpMyIy:

Q=UxI*nx*t

JlonaBaHHs €K30TEPMIYHUX KOMIIOHEHTIB Y TIOKPUTTS €JIEKTPOMIiB
J03BOJISIE  30UIBIIMTH 1), L0 3HW)XKYE EHEPreTUYHI BUTpaTH Ta CIpUSE
PIBHOMIPHOMY ILJIABJICHHIO METAIy.

Ex30TepMiuHI CyMillll y CKJIa/il HOKPUTTSI €IEKTPOIIB TAKOXK BITUBAIOTH HA
XIMIYHUH CKJIaJ] IIBA, MOKPALTYyOYH HOro MexaH14Hi BiactuBocTi[4]. Hanpukian,
BBEJICHHSI OKCH/IIB 3aJl13a Ta AJIFOMIHIIO MIJIBUIIYE 3HOCOCTIHKICTh Ta KOPO31HY
CTIMKICTh HaruiaBjaeHoro Merany. OaHak HEOOXiJHO BPaXxOBYBAaTU MOKIIUBICTD
HAJMIPHOTO HarpiBaHHs, U0 MOKE CIPUYMHUTH YTBOPEHHS Ne(EKTIB, TAKUX SIK
rapsdi TPIIMHA YM MOPUCTICTH 1IBA.

OgHuM 13 KJIIOYOBMX BHUKJIMKIB TpPU BUKOPUCTAaHHI E€K30TEPMIUYHUX
CyMIIlIel y TyrOBOMY 3BapiOBaHHI € HEOOXIAHICTh ONTUMI3AIlT CKIaay (IrOCiB.
JlocnmiKeHHsT TIOKa3yloTh, IO MPaBUJIbHE CIIBBIIHONIEHHS E€K30TEPMIUYHUX
KOMITIOHEHTIB MO>K€ CyTTEBO BIUIMBATU Ha CTAOLIBbHICTh MPOIIECY, AKICTh IIIBA Ta
3arajibHi €HEepreTHYHI BUTPATU. Y MPOMHUCIOBUX YMOBaX JAYTOBE 3BapIOBaHHS 3
EK30TePMIYHUMHU CyMIIIIaMU  BUKOPUCTOBYETHCS TP PEMOHTI  BEIUKHX
METaJOKOHCTPYKIIIM, y cyaHOOyAyBaHHI Ta B I1HIIMX cdepax, € BaKIWBI
HAJIHHICTh 1 BUCOKA SKICTh 3BapHMX 3'€IHaHb. [lomanplm TOCHIIKEHHS B IIiH
chepi MawThb OyTH CHpPSMOBaHI Ha pPO3POOKY ONTUMAIbHUX PELENTYp
€K30TEPMIYHUX CYMIIIEH, 0 JO3BOJUTH 1€ OLIbIIE MiJABUIIUTH €()DEKTUBHICTh
poLecy.

Enexrpomnakose 3BaproBanns (EIL3) € omHum 13 BHCOKOE()EKTHBHHUX
MIPOIIECiB, IO BUKOPUCTOBYETHCS AJISI OTPUMAHHS SKICHUX 3BapHUX 3'€THAHB Y
TOBCTOCTIHHUX JeTaisx. JaHuii Meroj mnependayae BUKOPUCTAHHS PIAKOTO
IIUTAKY SIK HArpiBaJIbHOTO CEPEOBUINA, IO CIPHUSE PIBHOMIPHOMY PO3MOJLTY
TeIjia Ta 3MEHIIEHHIO KUTBKOCTI 1e(DEeKTIB y MeTal.
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OCHOBHOIO OCOOJUBICTIO €JIEKTPOILIAKOBOIO IMPOILECY € BUKOPUCTAHHS
TEIUIOBOT €HEeprii, M0 BHUIUISETHCS BHACIIIOK MPOXOIKEHHS EJNEKTPUYHOTO
CTpyMy 4epe3 IIIakoBY BaHHy. lle 3abe3nedye cTaOuIbHICTD TEeMIEPaTypHOTO
pexXUMy Ta KOHTPOJbOBAaHUU mpolec GopmyBaHHs miBa. 3aBasku 1bomy EILI3
HIMPOKO 3aCTOCOBYETHCS B CyTHOOYTyBaHHI, BAXKKOMY MAaIllIMHOOYIyBaHHI Ta IIPH
BUPOOHUIITBI BEIMKOTaOAPUTHUX METAIIEBUX KOHCTPYKITH.

BuxopucTtanss ek30TepMidHUX (HIIOCIB Y IIbOMY MPOIEC] TO3BOJISE 3HAUHO
MOKPAIIUTH €HEPreTUYHy e(EeKTUBHICTh Ta MIJBUIMUTHU SIKICTh HAIUIABJICHOIO
MeTany. 30Kpema, JO0JaBaHHsS €K30TePMIYHUX KOMIIOHEHTIB y (irocu crpusie
30UIBIICHHIO TEIUIOBUIICHHS, IO MO3UTHUBHO TMO3HAYAETHCS Ha CTAOLIBHOCTI
nporiecy 3BaptoBaHHsi[6]. [Ipote a1 eeKTUBHOTO 3aCTOCYBAHHS TAKUX CyMIIIICH
HEOOX1/IHE peTeNbHE JOCIIDKEHHS IXHBOTO CKJIaay Ta BIUIMBY Ha (OPMYBaHHS
CTPYKTYpH METaIly IIBa.

[ToTyXHICTb  TEIUIOBUIUIEHHS B  €JIEKTPOILIAKOBOMY  IpOIECi
BU3HAYAETHCS (POPMYJIOIO:

P=1**R

ne: P — notyxHicts HarpiBy (BT); I — 3BaproBansHuii ctpym (A); R — omip
nakoBoi BaHHU (OMm).

JlocmipkeHHsT TOKa3yloTh, 10 ONTHMI3alisl CKIamay (Iirocy 103BOJsiE
3MIHIOBaTH €JIEKTPUYHUH OIIp LUIAKOBOI BaHHHU, 1110, Y CBOIO YEPry, A€ 3MOTy
KOHTPOJIIOBAaTH MPOLEC IUIABJICHHS €JIEKTpoAa Ta IMIBUIKICTb (POPMYBaHHA
3BapHOrO 3'€JHAaHHA. BUKOpUCTaHHS CHEiadbHO PO3POOJIEHHX €K30TEPMIUHUX
cymimie y (urocax copusie 3HIKEHHIO BUTpAaT €Heprii, 30UIbLIEHHIO
OJIHOP1THOCTI HAIJIABJIEHOTO METaJTy Ta MOKPAIIEHHIO MEXaHIYHUX BIACTUBOCTEN
1IBA.

Opnak, HE3BaXXKAIOYM HA BCl MEpeBard, €MEKTPOIIAKOBE 3BApPIOBAHHS 3
BUKOPUCTAaHHSAM €K30TEPMIYHUX CyMillell moTpedye MOoAaibIINX JOCTIIKEHb.
Heo0ximHo BUBYNTH JOBrOTPHUBAII 3MIHU B MIKPOCTPYKTYpP1 METaTy I1Ba, BILTUB
HOBUX KOMITO3UIIIM ()JIFOCIB HA BJIACTUBOCTI 3BapHUX 3'€THAHb Ta PO3POOUTH
METO/IH, 110 JO3BOJISAIOTH 3a0€3ME€YUTH MAKCUMAJIbHO €()eKTUBHE BUKOPUCTAHHS
€K30TEPMIYHOTO HarpiBaHHs y MPOMHCIOBUX YMOBaX.

3acTocyBaHHS €K30TEPMIYHHMX CyMIlIei y 3BaplOBaHHI € MEPCHEKTUBHUM
HAIPSMKOM, SIKUW JTO3BOJISIE TIBUIIIUTH MPOIYKTUBHICTH MPOIIECIB, TOKPAIIUTH
SKICTh IIBA Ta 3HU3UTH €HEPreTHUHI BUTpaTu. [lomanbi JociiKeHHsS TOBUHHI
OyTu 30cepemkKeHi Ha po3poOIll HOBHX CKJIAAIB CyMillIei, omnTuMi3alii
napameTpiB 3BapIOBAHHS Ta OILIHIIl JIOBFOCTPOKOBUX XapaKTEPUCTHK 3BAPHUX
3'€¢THAHD.

BUCHOBKU

1. Tlpoanani3oBaHO BIUIMB €K30TEPMIUYHUX CyMillled Ha JyroBe Ta
€JIEKTPOLIAKOBE 3BapIOBaHHS, BCTAHOBJIEHO iXHIO pOJdb Yy IIJBUILEHHI
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CTaOlIbHOCTI MpOLIeCy, 3MEHIIEeHHI Je(EeKTHOCTI 3BapHUX 3'€qHAHb Ta
MOKpAIIEHH] MEXaHIYHUX XapaKTEPUCTHUK IIBA.

2. HasiBHICTb €K30T€PMIYHUX KOMIIOHEHTIB y CKJIal (JIIOCIB Ta MOKPHUTTIB
€JIEKTPOJIIB CIpHsi€ 30UIBIICHHIO TETUIOBUIIJICHHS, 110 JO3BOJISIE KOMIIEHCYBATU
TEIJIOBl BTpaTH, 3HU3UTH CHEPreTHUYHI BUTPATU Ta MOKPAUIUTH SKICTh
dbopMyBaHHS I1IBA.

3. BBenmeHHS €K30TepMIYHMX KOMIIOHEHTIB Yy 3BaplOBaJIbHI MaTepiaju
MO3UTHBHO BIUIMBA€ Ha METAJIypriiHi TMpoOIeCH Yy 3BaploBabHIA BaHHI,
3MEHIIYIOYH TOPHUCTICTh, HMOBIPHICTh YyTBOPEHHS Tapsyux TPINUH 1
M1JIBUIIYIOYH KOPO31HHY CTIMKICTh 3BapHOTO 3'€ THAHHS.

4. 3actocyBaHHS €K30TepMIUHMX (IIOCIB Yy MEXaHI30BaHUX 1
aBTOMATH30BaHUX METOJaX 3BapIOBaHHS O3BOJIAE€ TMOKPAIIUTU CTAOLIBHICTH
IyTH, 3MEHIIUTH pO30pU3KYBaHHS MeETally Ta MIJABUILUTU MPOJTyKTUBHICThH
IPOLIECY.

5. OOrpyHTOBaHO HEOOXIJHICTh MOJAIBIIUX JOCHIPKEHb  II0JI0
ONTHUMI3alli CKIaay €K30TEPMIYHUX CyMIlIel, IXHbOrO BIUIMBY HA JIOBFOTPUBAIIL
XapaKTepUCTUKU 3BapHUX 3'€/lHAHb T4 MOKJIMBOCTI aJamTallii 70 pi3HUX BU/IIB
3BApIOBAHHS.
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TEXHOJIOI'TYHI MOKJIMBOCTI EHEPT'O3BEPITAIOYHUX
TEXHOJIOI'TM B MAIIIMHOBY/JTYBAHHI

Anomauin: cmammi  pO32NAHYMO  CYYACHI  MEXHOAO2IYHI  MOJICIUBOCHI
eHepeo3bepieaouux mexHono2it y Mauurooyoisuiu eanysi. Ilpoananizosano iHHOBAYIHI
nioxo0u 00 ONMuUMI3ayii eHepeOCNONCUBAHHA HA DIZHUX emanax 6uUpoOHUY020 npoyecy,
BKIIIOYAIOYU NPOEKMYBAHHS, BUSOMOBIIEHH MA eKCNIYamayito 001A0HAHHA. 3anponoHo8aHo
Kaacughikayiio enepeo3depiearoyux mexHoi02it 3a pigHeM ix niu8y Ha eHepoephekmusHicmy
supobnuymea. Ha ocHo6i awnanizy cmamucmuyHux OAHUX MmMa eKCNepUMEHMATbHUX
00CNIONCEHb  BUSHAYEHO NPIOPUMEMHI  HANPAMKU — 8NPOBAONCEHHS eHepe030epiearoyux
mexHono2iu y MauuHobyoysanti. OOTPYHMOBAHO €KOHOMIUHY OOYLIbHICMb MA eKON02IUHi
nepesazu 6NpOBAOINCEHH MAKUX MeXHON02iU. [ocniodcens 0eMOHCmPYE, W0 KOMNIEKCHE
3aCcmocy8aHHsa  eHepeo3bepiearouux — MexHoNo2i  Modce — 3abe3neyumu  CKOPOYEHHs
enepaocnodcueanus na 25-40% 3anescno 6i0 muny eupooHuymaea.

Knrwuoei cnosa: enepzosdepesicents, MauuHoOy0y8aHHs, eHep2oephexmueHicmo,
aoumueHi mexnoo2li, pexynepayis euepeii, yugposi OGIUHUKU, [HMENEeKMYAIbHI cucmemu
KepyBamHsi.

Abstract: The article examines modern technological capabilities of energy-saving
technologies in the machine-building industry. Innovative approaches to optimizing energy
consumption at various stages of the production process, including equipment design,
manufacturing, and operation, are analyzed. A classification of energy-saving technologies
based on their impact on production energy efficiency is proposed. Based on the analysis of
statistical data and experimental research, priority directions for the implementation of energy-
saving technologies in machine-building are identified. The economic feasibility and
environmental advantages of adopting such technologies are substantiated. The study
demonstrates that the comprehensive application of energy-saving technologies can reduce
energy consumption by 25-40% depending on the type of production.

Keywords: energy saving; machine building; energy efficiency; additive technologies;
energy recovery; digital twins; intelligent control systems.

CyyacHe MalMHOOYTyBaHHS € OJHUM 13 HAOUTbIIT €HEPrOEMHHUX CEKTOPIB
MIPOMHUCIIOBOCTI, [0 CIIOKUBAE 3HAYH1 OOCSATH €HEPrOpEeCypCiB Ta Ma€ CYTTEBUMA
BIUIMB HAa HABKOJIMILIHE cepefoBuilie. B ymMoBax 3pocTaHHs IIH Ha €HEProHOCI],
MNOCUJICHHSI €KOJIOTIYHUX BUMOT Ta 3aroCTPEHHS KOHKYpPEHILi Ha CBITOBOMY
PUHKY, BIPOBA)KCHHSI €HEpro30epiralouMx TEXHOJOrd CTae He JIUIIe
€KOJIOTIYHUM IMIIEpAaTUBOM, aj€ ¥ BaXJIUBUM YUHHUKOM E€KOHOMIYHOI
eeKTUBHOCTI BUpOOHMIITBA [1-3].

AKTyaJIbHICTh JOCIIKEHHS TEXHOJIOTTYHUX MO>KJIMBOCTEHN
eHepro30epiralounx  TEXHOJIOTM y  MalMHOOYIyBaHHI  OOyMOBIIEHA
HEOOXITHICTIO  CHUCTEMHOr0  MIAXOMy [0  BHUpINIEHHS  MOpoOsieMu
eHeproeeKTUBHOCTI ramy3i. He3Baxkaroum Ha 3HAYHUN TIporpec y po3poOiri
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OKpeMHUX €Heproe(eKTUBHUX TEXHOJIOTIM, iX BIOPOBAIKEHHA y BUPOOHUUY
NPaKTUKY 3IMIIAE€THCS (PparMeHTapHUM Ta HETOBHUM [2,3].

MeTor0 gaHOTO MOCHIIKEHHS € aHaji3 TEXHOJOTIYHHUX MOXKIJIMBOCTEH
eHepro30epiralounx  TEXHOJOTriH y  MamuHOOyAyBaHHI,  BU3HAUCHHS
NEPCIIEKTUBHUX HAMPSMKIB iX PO3BUTKY Ta (POPMYITIOBAHHS PEKOMEH AL 11010
iX e()eKTUBHOTO BIPOBAIKEHHS Y BUPOOHUYY MTPAKTHUKY.

AHami3 OCTaHHIX JOCHIKEHb TOKa3zye, IO B Cy4YacHI HayKOBIi
JiTepaTypl  MHepeBakaloTh  POOOTH, TPHUCBSIYEHI  OKPEMHUM  acleKTam
€HEPro30eperkeHHsI, TAKUM SIK BIPOBA/IKEHHSI eHEproe(peKTUBHOTO 001aIHaHHS,
ONTHUMI3allisl TEXHOJIOTIYHUX MPOLIECIB, BUKOPUCTAHHS AJIbTEPHATUBHUX JIKEPEI
eHeprii. OJHaK, KOMIUIEKCHI TOCHIIHDKEHHS, SKi O pO3MIsSgald TEXHOJOTIYHI
MOXJIMBOCTI €Hepro30epiratounx TeXHOJOTIH Yy MalMHOOY IyBaHHI SIK CUCTEMHE
SIBUIIIE, € HEOCTATHIMH.

B mporueci gociimkeHHsT BUKOPUCTAHO KOMILIEKC 3arallbHOHAYKOBHX Ta
creniagbHuX MEeToAIB. [HpopMaliitHOIO 023010 TOCHTIIKEHHS CIIYTyBaIl HAyKOBI
nyOuikailii, CTaTUCTUYHI JaHl, TEXHIYHA JOKyMEHTallisl MiJIpPUEMCTB
MalIMHOOYAIBHOT Tally3l, @ TaKOX pE3yJbTaTU BIACHUX EKCIIEPUMEHTAIbHUX
JOCJTII)KEHb aBTOPIB.

Ha ocHOBI aHami3y HayKOBOi JITEpaTypd Ta HPAKTUYHOTO JOCBIAY
BIIPOBA/DKEHHSI  €HEprosz0epirarounMx TEXHOJIOT y  MalMHOOYyAyBaHHI
3alpPONOHOBAHO X KJIAacHQiKaIlilo 3a pIBHEM BIUIMBY Ha €HEProe(eKTHUBHICTDH
BUPOOHHUIITBA (Tab.1).

Tabmuug 1. Knacudikariiis eneprozoepirarounx TEXHOJOrH y alllMHOOY1yBaHHI

PiBenn Tumnu TexHonorin [Ipuknanu
BIUIMBY
MikpopiBenb | TexHosorii onTuMizanii EneproedexTHBHI €1€KTPOBUTYHH,
OKpEMUX EJIEMEHTIB CHCTEMH 3MaIllyBaHHs 3 HU3bKUM TEPTSIM
o0afHaHHS
Me3sopiBens | TexHonorii onTumizarii AJIMTHUBHI TEXHOJOT1i, TEXHOJOT1{
TEXHOJIOTIYHUX MPOLECIB XOJIOAHOTO J1e(OpMYBaHHS
MaxkpopiBenb | TexHoorii ontumizanii [HTEneKTyanbH1 CUCTEMU KEpyBaHHS
BUPOOHUYMX CHCTEM BUPOOHHUIITBOM, peKyIepallis eHeprii
MertapiBenb | TexHosorii ontuMizanii Hudposi nBiiiHUKYN, METOIN
KHUTTEBOTO LUKITY MPOJYKII | MPOEKTYBaHHS 3 ypaxyBaHHIM
eHeproe(eKTUBHOCTI

Ha erami mpoekTyBaHHS 3aKJIalalOThbCsi OCHOBU €HEProe(EeKTUBHOCTI
MaiOyTHporo BupoOy. CyuacHi TEXHOJOTIT [HM(PPOBOTO MPOEKTYBAHHS
JO3BOJISIIOTh ~ ONTHUMI3YBaTh  KOHCTPYKI0O  BUpoOy 3  ypaxyBaHHSIM
eHeproeeKTUBHOCTI, SIK IIPU BUTOTOBJICHHI, TaK 1 MpU eKkcrutyaTaiii. Oco0auBoi
yBaru 3aciyTOBYIOTh TEXHOJIOTI] T€HEpaTUBHOTO AW3alHY, SIKI JI03BOJISIOTH
CTBOPIOBATH ONTUMAJIbHI KOHCTPYKIIi1 3 MIHIMAJIbHOIO Barol0 Ta MaKCUMAaJIbHOIO
MILIHICTIO, 110 3a0€e3Meuy€e 3HUKEHHSI EHEPrOCIOKUBAHHS IPU €KCIUTyaTalii .

TexHonoris udpoBuUx NBIHUKIB TIO3BOJIAE MOJIEJIIOBAaTH
CHEeproCIOXKUBAaHHA BUPOOY TPOTATOM  YChOTO JKUTTEBOIO IMKIY Ta

100



ONTUMI3yBaTH MOT0 KOHCTPYKIIIO 3 YypaXyBaHHSIM eHEpProe(peKTHUBHOCTI.
[TpoBeneHi mocmiKEHHS MOKa3yl0Th, IO 3aCTOCYBaHHS LU(PPOBUX IBIHHUKIB
3a0e3mnedye CKOPOUYSHHST EHEPrOCIIOKUBAHHS Ha eTari excruryaraiii Ha 15-20% .

1. Ha erarmi BUTOTOBJICHHSI KIIFOUOBUMHU €HEPro30epiratouiMH TEXHOJIOTISIMU
€:

2. AnmutuBHi TexHoJorii (3D-mpyk) — MO3BOJIAIOTH 3HAYHO CKOPOTUTH
KUTBKICTh BIJIXOJIB MaTepially Ta €HEpProClOXKUBAHHS TMOPIBHSIHO 3
TPAIUIIMHUMU  TEXHOJIOTIIMH.  EKCiepuMeHTanbHI  JTOCHTIKEHHS
MOKa3yl0Th, LI0 TMpPH BHUTOTOBJICHHI CKIAJHUX JeTajell aJuTUBHI
TEeXHOJIOT1i 3a0e3leuyloTh 3HIKEHHS eHeprocrnoxuBanHs Ha 30-50%
MOPIBHSHO 3 TPATUIIAHUMH METOJaMHU.

3. TexHomorii XoJOAHOTO JAePOPMYBaHHA — JIO3BOJISIIOTH YHUKHYTH
CHEPrOEMHMX TIPOIIECIB HarpiBaHHsS MeTaly mnpu (HOPMOYTBOPEHHI
netaneil. 3acTOCyBaHHS IIMX TEXHOJIOTIM 3a0e3leyye CKOPOYEHHS
eHeprocnoxuBaHHsi Ha 40-60% NOPIBHSAHO 3 TPagUUIMHUMH METOJAMH
rapsaoro aeopMyBaHHS.

4. T16punHI TeXHOJOT1i 0OPOOKH — TMOENHYIOTh MEPEBaru pi3HUX METOIB
o0poOKMU MaTepianiiB, 3a0e3MeUyloYd ONTHUMAJIbHE EHEProCIOKUBAHHS.
[Ipuknagom € riOpuaHa TEXHOJOTIS J1a3epHO-MEXaHIYHOI 0OpOOKH, sKa
JO3BOJISIE  3HU3UTH €HEProchokKMBaHHS Ha 25-35% TOpIBHSHO 3
TpaIuLIHHUMU METOJAMHU.

Ha erami ekcruryaramii MammuHOOYMIBHOI MPOAYKINT  KIFOYOBUMH
eHEepro30epiralouuMM TEXHOJIOTISIMU €:

1. IaTenexkTyanbHI CHCTEMH KEpyBaHHS — 3a0€3MedyloTh ONTHUMAaJIbHI
peXKUMH poOOTH 0O0nagHAHHA 3 MIHIMAJIBHUM €HEPrOCIOKUBAHHSM.
3acTOCyBaHHS TaKUX CUCTEM J03BOJISIE CKOPOTUTH €HEPTOCIIOKUBAHHS HA
15-25% .

2. Cucremn  pekymepamii  eHeprii —  JO3BOJIIIOTH  MOBTOPHO
BUKOPUCTOBYBAaTU €HEPTiIO, SIKa BUILISETHCS TpU PpoOOTI 0OJIaTHAHHS
(HampuKIal, TpU raJbMyBaHHI €JeKTponpuBoaiB). E(QEeKTUBHICTh TakuX
cucteM Moxe nocsaratu 40-60% .

3. TexHonorii MOHITOPUHTY Ta AIarHOCTHKH — 3a0€3MeUyIOTh CBO€YACHE
BUSIBJICHHSI HECIIPAaBHOCTEW Ta BIAXWICHb BIiJI ONTUMAJIBHHUX PEKUMIB
po0OTH, 1110 T03BOJISIE YHUKHYTH 3aBUX €HEPTOBUTPAT. 3aCTOCYBAHHS [IUX
TEXHOJIOT1# 3a0e31edye CKopoueHHs eHeprocmnoxuBanus Ha 10-15% .

Ha ocHOBI aHani3y TEXHOJOTTYHUX MOXJIMBOCTEH Ta €KCIIEPTHUX OILIIHOK
BU3HAYCHO TPIOPUTETHI HAMPSMKH  BIPOBAKCHHS  EHEPros30epirarodmx
TEXHOJIOT1H y MalnHOOyAyBaHHI:

1. BrnpoBa/pkeHHST TEXHOJIOTIH [HU(PPOBOTO MPOEKTYBaHHS Ta IUGPOBUX
NBIMHUKIB — JO3BOJISIE ONTUMI3YBaTH KOHCTPYKIIIO BHUpPOOIB 3
ypaxyBaHHSIM €HEProe(peKTUBHOCTI 1X BHUTOTOBJIEHHS Ta EKCILTyaTallii.
[Torenmian eneprozoepexxenns — 15-20%.
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2. PosmmpeHHs 3aCTOCyBaHHS aIMTUBHUX TEXHOJIOT1H — 3a0e3medye 3HauHe
CKOpPOYEHHS BIIXO0/11B MaTepialy Ta eHeprOCIOKUBAHHS ITPH BUTOTOBIICHHI
ckinagaux naetanei. [lorentian enepro3oepexxenns — 30-50%.

3. Po3BUTOK TIOpUAHMX TEXHOJIOTiH 0OpOOKH — TO€IHY€E MEpEeBaru pi3HUX
METO/IIB o0poOKM  Marepiais, 3a0e3Mevyyoun  ONTHUMAalIbHE
eHeprocnoxkuanus. [lotenuian eneprozoepeskents — 25-35%.

4. BrnpoBajkeHHS IHTEIEKTyaJIbHUX CHUCTEM KepyBaHHS BHUPOOHHUIITBOM —
3a0e3neuye ONTUMAJIbHI PEXUMU poOOTH OOJIaTHAHHS 3 MiIHIMAJIbHUM
eHeprocrnoxupanusaMm. [loreniian eneprozoepexxenas — 15-25%.

5. Po3BuTOK cucTeM pekymepamii eHeprii — I03BOJISIE  TTOBTOPHO
BUKOPHCTOBYBAaTU EHEPril0, SIKa BHIAULIETBCS MPU POOOTI 00JIaTHAHHS.
[Torenmian eneprozoepexenns — 40-60%.

s OLIIHKH €KOHOMIYHOT e(heKTUBHOCTI BIPOBAKECHHS
€eHEepro30epirarounx TEXHOJOT1H y MallMHOOYAyBaHH1 IPOBEICHO aHaJ13 BUTPAT
Ta BUTOJ] HA MPUKJIAJl TUIIOBOIO0 MAIIMHOOYIBHOTO MIAIPUEMCTBA CEPEIHHOTO
po3mipy (Tadr. 2).

Tabmuus 2. EkoHOMIuHA €(DEeKTUBHICTh BIPOBAKEHHSI HEPro30epiraroumnx
TEXHOJIOT1i

Twum TexHosIorin IuBecTmmii, Piuna Piuna ekoHOMIS Tepmin
THC. TPH. €KOHOMIs KOIIITIB, THC. OKYIIHOCTI,
eneprii, % I'pH. POKiB

TexHomorii 3500 15-20 1800-2400 1.8-2.0
nudpoBoro
MIPOSKTYBaHHS
AJIUTHUBHI TEXHOJIOTT 8000 30-50 3600-6000 2.2-25
I'iGpuaHi TexHOMOTIi 5000 25-35 3000-4200 1.7-1.9
00poOKHU
[aTenexryanbHi 2500 15-25 1800-3000 1.4-1.7
CUCTEMHU KepyBaHHS
Cucremu pekynepariii 4000 40-60 4800-7200 0.8-1.0
eHeprii

AHani3 mokazye, o0 HalOUIbII €KOHOMIYHO €()EKTUBHUMH € CUCTEMU
peKyrnepailii eHeprii, siki MalOTh HAUKOPOTIIMK TEPMIH OKYMHOCTI — MEHIIE
OTHOTO pOKy. TakoX BHCOKY €EKOHOMIYHY €(QEKTUBHICTh JAEMOHCTPYIOThH
IHTEJIEKTyaJIbHI CUCTEMH KEepYBaHHS Ta T1OpUIHI TEXHOJIOT1T 0OpOOKH.

[TpoBenene AOCTITKEHHS T03BOJISIE 3pOOUTH BUCHOBOK, 1[0 TEXHOJIOTIYH1
MOJKJIMBOCTI €HEpro30epirarouux TEXHOJOTH y MallMHOOYIyBaHHI € 3HAYHUMHU
Ta OXOIUIIOIOTH BCl €Taly )KUTTEBOTO LUKITY MPOIYKIIi — B MPOEKTYBaHHS 10
excrutyaTaiii. KoMruiekcHe 3acToCyBaHHS IIMX TEXHOJIOTIA MOXe 3a0e3MeyuTH
CKOPOYEHHS eHeprocnokuBaHHs Ha 25-40% 3aexHo BiJ TUITy BUPOOHUIITBA.

[TopiBHSIHHS OTpPUMaHUX pE3yJbTATIB 3 JAHUMHU IHIIUX JOCHIKEHb
MoKa3ye, 1110 3alporoHOBaHa Kiacudikallis eHepro3oepiraroumx TEXHOJOTIN 3a
pIBHEM BIUIMBY Ha €HEproeeKTHBHICTh BUPOOHMIITBA € OPHUTIHAIBHOIO Ta
J03BOJISIE CUCTEMAaTU3yBaTHW PI3HOMAHITHI TEXHOJIOT1YHI pilmeHHs. BuzHaueHi

NPIOPUTETHI HAMPSIMKU BIPOBA/KEHHSA €HEpPro30epiralouyux TEXHOJOTIH Y
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MAaIIMHOOYyBaHHI Y3TOJUKYIOTbCSI 3 IJI00QJIbHUMU TEHACHLISIMU PO3BUTKY
rajly3i Ta BIONOBIIAIOTh Cy4YaCHUM BHMOTaM JO €HEpProe(eKTUBHOCTI
BUPOOHUIITBA.

Pazom 3 TuM, HEOOXiZHO  BIA3HAYWUTH, IO  BIPOBAKCHHS
eHepro30epiralounx TEXHOJOTIM Yy MamMHOOYIyBaHHI CTHUKAETHCS 3 PAIOM
BUKJIMKIB, CEPEJT IKUX:

1. Bucoka BapTicTh OYATKOBUX 1HBECTHUIII — OaraTto eHepro3depirartodnx
TEXHOJIOT1H TOTPeOYyIOTh 3HAYHUX KaIiTaJlOBKJIAJIEHb, IO MOXe OyTh
poOJIEMaTUYHUM JUISI MAJIUX Ta CEPEHIX MIAIPUEMCTB.

2. Jlepinur kBamidikoBaHMX (DaxiBIIB — BIPOBAHKEHHSA Cy4aCHUX
CHepro30epirarouux TEXHOJIOTIM BHMAara€ HasSBHOCTI CHEIIAJICTIB 3
BIJNIOBIIHUMHU 3HAHHSAMHU Ta HABUYKaMH.

3. IHepTHICT, BUPOOHMYMX CHUCTEM — 3MiHA TEXHOJOTIYHMX MPOIECIB Ta
oOnamHaHHS MOXKe OyTH CKJIaJHUM Ta TPUBAIUM MPOIIECOM, OCOOJIMBO Ha
BEJIMKHX MIJIPUEMCTBAX 3 YCTaJ€HUMU BUPOOHUYUMU TPAJULIISIMU.

4. HenocraTH1ii piBeHb CTaHAAPTHU3ALlT — B1ICYTHICTh €IMHUX CTAaHJAPTIB Ta
METOJMK OLIHKH €HEepProe(EeKTUBHOCTI YCKIIAIHIOE BUOIp Ta MOPIBHSHHA
PI3HUX TEXHOJIOTIYHUX PIIIEHb.

[logonanHs LMX BHUKJIMKIB MOTpeOye KOMIUIEKCHOTO MiAXOMYy, SKUI
BKJIIOYA€ JIEP)KaBHY MIATPUMKY, PO3BUTOK CHUCTEMH MIATOTOBKH KaJpiB,
BJIOCKOHAJICHHSI HOPMAaTUBHO-TIPaBOBOi 0a3u Ta CTUMYJIOBAHHS 1HHOBaLIHHOI
JUSITBHOCT1 Y cepl eHepro30epeskeHHs.
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ByrtoBcbkuii /[.B., Heuaes B.I1., PazanneB A.O. (Kpusopizvkutl hayionanvhuil
yuieepcumem, m. Kpusuti Pie, Ykpaina)

YAOCKOHAJIEHHSA TEXHOJIOTTYHUX MO)KJII/IBOUCTEﬁ
IJIA3MOBO - MEXAHIYHOI OBPOBKU JETAJIEN 13
BAXKKOOBPOBJIIOBAHUX MATEPIAJIIB

Anomauia: byno nposedeno ananiz pe3yiomamis 6nIuU8y Nia3mMo80i 0yeu Ha mamepiai
APUNYCKY 3A20MOBOK 3 BANCKOOOPOONIOBAHUX Mamepianié i 0OIPYHMYEAHHS MONCIUBOCTI
niOBUWEHHS NPOOYKMUBHOCMI iX 0OPOOKU HA MeMANOPI3AIbHUX 8ePCMAMAX, ONUCAHUL CNOCIO
30iliCHeHHsI npoyecy NAA3MO80-MeXaHiuHOoi 00poOKu. Y peanbHux 6uUpOOHUYUX YMOBAX
HEOOXIOHO O0OMPUMYBAMUC 8UMO2 00 0Jicepela BUCOKOMEMNepamypHo20 Nid3mM0o8020
HA2PIBAHHSL. MONCIUBICINb Pe2YNII0BAHHS PO3MIDI6 30HU HAZPIBAHHS, IOCYMHICb ONJIAGNEHHSL
NOBepXHE8020 wiapy, 3abe3neyeHHs pPIBHOMIPHOI 2nUOUHU CMPYKMYPHUX Nepemeopetb;
00CACHEHHS PAYIOHANILHOI MIKPOCMPYKMYpU 3MiyHeHo2o wapy. Buxopucmanns mexuonocii
NIA3MOB0-MeXaHIYHOI 00poOKU 3abe3neuye nid8UeHHs NPOOYKMUBHOCIE 0OPOOKU 3a20MOBOK
3 BANCKOOOPOONIOBAHUX — Mamepianie, AKI — BUKOPUCHMOBYIOMbCA 8  CYOHOOYOYBAHHI,
eHep2emuyHOMY U 2IDHUYOMY MAUUHOOYOY8AHHI.

Kniwwuosi cnosa: nnazmoso-mwexamniuna o0pobKa, 8axcKO0OpoON0eani mamepianu,
BUCOKOMEMNEPamypHUll NIA3MOBUll HA2Pi, NPOOYKMUBHICMb 00POOKU, MepMIiuHUll 6NuUs,
MemanopizanvHi eepcmamu, CMIUKICMb IHCMPYMeHmy

Abstract: An analysis was carried out on the effects of plasma arc heating on the
machining allowance material of workpieces made from hard-to-machine materials, along with
a justification of the potential for increasing processing efficiency on metal-cutting machines.
The method for implementing plasma-mechanical processing is described. Under real
industrial conditions, it is necessary to meet the requirements for a high-temperature plasma
heat source: the ability to adjust the heating zone dimensions; the absence of surface layer
melting; the assurance of uniform structural transformation depth; and the achievement of an
optimal microstructure in the hardened layer. The application of plasma-mechanical
processing technology enhances the efficiency of machining hard-to-process workpieces used
in shipbuilding, power engineering, and mining machinery manufacturing.

Keywords: plasma-mechanical processing, hard-to-machine materials, high-
temperature plasma heating, machining efficiency, thermal impact, metal-cutting machines,
tool wear resistance.

IHocTanoBka npoOJiemMn Ta ii 3B'I30K 3 HAYKOBUMM i NPAKTUYHHUMHU
poboramu. Jlerani cy4acHOTO TEXHOJOTIYHOTO OOJIaTHAHHS IJisi TEePEepPOOKH
MIHEPAJIbHOI CHUPOBUHU BHUTOTOBJISIOTH 31 CTajed 1 CIUIaBIB 3 MiJABUIIICHUMHU
MEXaHIYHUMHU XapaKTEePUCTUKAMU, 1[0 MPUBOJIUTH 10 3HAYHUX YTPYAHECHb MPH
ixHii o0poOli Ha MeTajopizadbHUX Bepcratax. Ilpomec  00poOku
CYIIPOBODKYETHCS MIJBUILIEHUM OIOPOM PI3aHHIO, BACOKMMH TeMIIepaTypaMu B
30H1 00pOOI1Ii, IBUIKOIO BTPATOIO PIKYUOl 3aTHOCTI IHCTPYMEHTA.

3HIKEHHSI HETAaTUBHOTO BIUIMBY Ha3BaHUX (DaKTOPIB MOMKIMBO 3aBIISIKU
3aCTOCYBaHHIO BHCOKOTEMIIEPATypHOIO IUIa3MOBOTO HAarpiBaHHs Marepiainy
3p13aHOTO TPUMYCKY. BHBUEHHS TEXHOJOTIYHUX OCOOJMBOCTEH ILIa3MOBO-
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MexaHi14Hoi 00poOku (IIMO) 3aroToBoK eTajieil TEXHOJOTTYHOTO BCTATKyBaHHS
IpeCTaBIsI€ MPAKTUYHUN 1 HAYKOBHI 1HTEPEC, € aKTyaIbHUM 3aBJAAHHSM.

AHaJIi3 oCTaHHIX JociixxeHb 1 myOuaikaumiid. IlnaszmoBa nayra, sk
BHCOKOTEMIIEpAaTypHE JDKEpPEJo HarpiBaHHSA, Ma€  IMUPOKI TEXHOJIOTIYHI
MOXJIMBOCTI: BOHa JIO3BOJISIE pealli3yBaTH PI3HOMAHITHI CIOCOOHM OOpOOKH
METAJIiB, Y AKHX, 3aJICKHO BiJ 1iJIel 00poOKH, M1a3Ma MOKe BUKOHYBAaTH (PYHKIII1
IHCTpyMeHTa (CIUTaBKa TMPHUITYCKY), abo GyHKINT JpKepesia HarpiBaHHS, IO
nepeaye 3HATTI0O TPUITYCKY JI€30BUM IHCTPYMEHTOM a00 TOBEPXHEBOMY
3arapTyBaHHIO.

HarpiBanHsi 3aroToBKM IUIa3MOBOIO JIYTOK0 BHUKJIMKA€E PsJi  SBHIIL
301IBIIEHHST 3/IaTHOCTI OOpOOJIIOBAHOTO METany M0 IUIACTHYHOI aedopmariii;
3HMJKEHHSI MOTO MIIHOCTI; BUHUKHEHHSI CUCTEMHU CTPYKTYPHHUX IEPETBOPEHD 1
TEPMIUYHUX HANpyKeHb y TOBEPXHEBUX IIApax 3aroTOBKH; PO3ILIABIIOBAHHS
MOBEPXHEBOr0 IIapy TMPHUITYCKY; 3MiHA MapaMmeTpiB TepTd Ha KOHTAKTHUX
MOBEPXHAX 3arOTOBKH i IHCTPYMEHTA, TEMIIEPATypy KOHTAKTY; 3MiHA XIMIYHOIO
CKJIaJy B MOBEepXHEBUX mapax [ 1]. Xapakrep 1 00CAT MPOTIKaHHS MepepaxOBaHUX
SIBUIIL 3QJICKUTH Bl TEIUIO(MI3MYHUX BIACTUBOCTEH 0OPOOIIIOBAHOTO MaTepiaiy,
HIBUIKOCTI BIJHOCHOIO TMEPEMINIEHHS 3aroTOBKM M JKEepena HarpiBaHHS,
TEIUIOBOT MOTY>KHOCTI TIa3MOBOI Tyru. MiHsI0UM 3a3HaueH1 apaMeTpu, MOXKHa
JloMaratucs 30UIbIIEHHS CTYNEHs MPOsBY TI€El CTOPOHHU IJIa3MOBOTO BIUIMBY Ha
Martepiana 3aroTOBKH, JOMIHYBaHHSI SIKOi BBAXKA€THCS MOIUIBHUM JJisi JaHOTO
BUNAJKY [2].

@opMy/IIOBAHHSI HEBHUPIIIEHHMX YACTHH 3arajbHoOi MNpodJeMmu.
OckiIbku B CHEIlalbHINA JiTepaTypl MPAKTUYHO BIJICYTHS CTPYKTypOBaHA
iH(popMarlliss mpo OCOOIMBOCTI 3MIH MapameTpiB SKOCTI MOBEPXHEBHX IIAPIB
netani npu [IMO, npuiiHATO 32 IOIiIIbHE TOMOBHUTH B1ICYTHIO 1H(POPMAIIIIO TIO
JTaHOMY HAaIpsIMKY.

Iisi crarTi Ta mocraHoBKa 3agayi. MeToro JTOCIIKEHHS € TPOBEICHHS
aHai3y pe3yNbTaTiB BIUIMBY IUIA3MOBOI Ay Ha MaTepial NpUITYCKY 3arOTOBOK
3 B&XXKOOOPOOIIOBAHUX MaTepiajiB 1 OOTPYHTYBaHHS MOKJIMBOCTI ITiJIBUIICHHS
MPOYKTUBHOCTI iX OOPOOKH Ha METaJIopi3aIbHUX BepCTaTaxX.

BukJiax 0CHOBHOI0 MaTepiaJy J10CTiIKeHHS

B ocHoBy mporiecy po3poOKHM TEXHOJOTIYHHUX peKOMEHmarii Oyio
MOCTABJICHO 3aBJAHHS MiJABUIICHHS MPOIYKTUBHOCTI TMPOLECY pi3aHHA W
301JIbIIEHHS CTINKOCTI P13aJIbHOTO THCTPYMEHTY 32 PAaXyHOK 3aCTOCYBaHHS CXEMHU
HarpiBaHHS CKaHYIOUOIO IUIa3MOBOIO JIyTOIO, sIKa JO3BOJIAE peaji3yBaTh
makcumanbHuil KKJ[ HarpiBanus. TexHiuHWN pe3ynbTaT BiJ BHKOPUCTAHHS
MIPOTIOHOBAHOT MOJIET TIJIa3MOBO-MEXaHIYHOI 0OPOOKH TUTUX 1 KOBAHUX 3JTUTKIB
1 3ar0TOBOK 13 TBEP/IOIO JIMBAPHOIO KipKO10, 00 3 BAXKKOOOPOOIIOBAaHUX CIIABIB,
3a0e3nedye TMOMIMIICHHs X 00pOOIIOBAHOCTI HMIJISXOM CTBOPEHHS 1O BCHOMY
MEepPEeTUHY MPUIYCKY, 32 PaXyHOK TEPMIYHOIO BIUIMBY, ayCTEHITHOI a0O0 1HIIOI
CTPYKTYpPH, sIKa Ma€ 3Ha4YHO OUTbINT HU3BKI (HI3UKO-MEXaHIYHI BIACTHUBOCTI, HIXK
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BUXIJIHMM MaTrepiaj 3aroToOBKU. BHACHIAOK IIOTO TaKOX IIJIBUIILYETHCS MEPioa
CTIHKOCTI Pi3aJIbHOTO THCTPYMEHTY.

[ToctaBrneHe 3aBIaHHS BUPINIYETHCS 3a PAaxyHOK CIOCOOY IJIa3MOBOTO
HarpiBaHHS MPHUITYCKY, SIKE BKIIFOYAE ITOBEPXHEBE IJIA3MOBE HArpiBaHHS MTOBEPXHI
pizaHHa Oe3 OIUIaBJICHHS IPU 3aJlaHiil CUJII CTPyMy, MOro pO3MIITHEHHS
NPUITYCKY, TEPEMIIICHHS WOTO B 30HY OOpOOKHM 31 IIBHAKICTIO pi3aHHSA M
BUJIAJICHHS! 1HCTPYMEHTOM. 3HAUY€HHS MIBUAKOCTI pi3aHHs, sika OyJlie ITOPIBHIOE
IIBUKOCTI TIEPEMIIIICHHS JIa3MOBOI TyTH MIOAO 3arOTOBKH, YCTAHOBIIOIOTH 13
ypaxyBaHHSAM BEJIMYUHA MAaKCUMAJILHOT TEMITEpaTypHy HarpiBaHHS MPHUITYCKY, IS
3a0e3MeUYeHHs CTPYKTYPHHX MEPETBOPEHD HA 3aJlaHy TJIMOMHY, 0€3 OTUIaBICHHS

MOBEPXHI 3aTOTOBKH.
b= (9 I.-Z.r-’a -A)Z 'w:n’ (1)
max “n “%n

ne Vp — MBUAKICTH pi3anHs, M/XB; |, U — cuna ctpyMy 1 Hanpyra mia3mMoBoi
nyru; 1 — termoBui KK/ mna3MoBoi 1yrH; Omax — MakcUMaibHa TeMIlepaTypa
HarpiBaHHs OPHUIYCKY (Omax < Gnpasn); Dn, 8n — MIMpHHA W JIOBXHHA ILIIMHU
HarpiBaHHsS Ha MMOBEPXHI Pi13aHHs, MM; A — KO€(ILIEHT TEIUIONPOBIIHOCTI, BT/cMm
*°C; @ — xoe(iLlieHT TeMIIEpaTypOIPOBiTHOCTI cM%/C.

JlaHuii crioci6 0OpoOKH MOSICHIOETHCA CXEMOIO (puc. 1), Ha STKOMY MOKa3aHO
pO3TanryBaHHS JpKepeia HarpiBaHHs i 30HW HarpiBaHHS 11010 3aTOTOBKH.

VY sKOCTI JKepela m1a3MoBoi Jyru 3 oOpaHuil MIa3MOTPOH mpsiMoi i 1.
[11a3MOTpPOH OCHAIIIEHUI MarHiTHO-BIIXWISIOUOIO0 CUCTEMOIO 2, SIKa CKIIAa€ThCS
13 IBOX OXOJIO/DKYBAHMX MarHIiTOIPOBO/IIB, TOPIIl SIKAX pO3TAIllOBaH1 O1jsl coria
M1a3MOTPOHA ¥ EPIEHAUKYJIIPHI BEKTOPY IIBUJIKOCTI Pi3aHHS.

[Ilo6 yHUKHYTHM TeperpiB MPUITYCKY Ta PO3TAIIOBAHMX HW)XKYE IIapiB
3arOTOBKH, CHJIy CTPyMy IUTa3MOBOI IyTM BCTAHOBJIOIOTH 3 ypaxXyBaHHSM
HAKOIWYEHOTO TeIIa B 3aTOTOBII:

[~ Onb-A-L[k1 exp[0,01-kq-a?] )
B-Cy

ne Oy — cepenHs TeMreparypa HarpiBaHHS MPHUITYCKY IO MEPETUHY IIapy,
1110 3Pi3Y€ThCs, HA PIXKYUii KpoMmili iHCTpyMeHTa, °C; a, b — ToBImuHa Ta mmpuHa
MepeTUHy Iapy, 1o 3pi3yeTbcs, MM; A — KOE(]IIIEHT TErIOMPOBIIHOCTI,
Bt/cm-°C; L — BiAcTaHb MIX ONOPHOIO IUIIMOIO HArpiBaHHS Ta PILKYUYOIO
KpoMmKoto, MM; Cy — MaciiTabHa XapaKTepUCTUKA TIJIa3MOBO1 IyTH 3aJIEKHO BijT
BUJy IIa3MOYyTBOproBajibHOTO Ta3y (Cy = 60 — s aprony; Cy = 90 — mis
noBiTps); K1 — po3MipHHIT KOMIUIEKC, 1[0 BPaXOBY€ MapaMeTPU PEIKUMY pi3aHHS
Ta Temio(pI3U4Hl BIACTUBOCTI Marepiaqy 3aroToBKU; [ — KOe(ILIeHT, 110
BpPaxOBY€ HAKOMWYEHHs TEIjla B 3arOTOBIIl B MPOIEC] MEXaHIYHOI 0OpOOKHU 3
MJ1a3MOBUM HarpiBaHHSIM 30HU P13aHHS.

ky =100V /24 w L, (3)
ne V — mBUAKICTD pi3aHHs, M/XB; @ — KOE(IIIEHT TEMIIEPaTypOIPOBIAHOCTI
cm?/c.

B =1+ (0.1 6,), (4)
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ne 6, — nomaTtkoBa TeMmIepaTrypa HarpiBaHHs NPUITYCKY, BHKJIMKaHa
HAKOMHMYEHHSIM TEIUIOTH B 3arotoBill, °C; 6, — cepeans TemrepaTypa HarpiBaHHs
MPUITYCKY.

[Ipu mpbOMy B 3aroTOBKY BHOCHUTHCSI TE€BHA KUIBKICTH TETUIOTH, sSKa HE
MOBHICTIO BUJAISETHCS Pa30M 31 CTPYKKOIO. 32 €KCIIEPUMEHTAIbHUM JaHUMH,
IIPY YOPHOBIH 00poOITi Bunassitoth 70...80 % TermnoTw, mpu 4ucTOBii 00pOOIT —
20...30%, omke, 3HaYHA YacTWHA TEIUIOTH, BHECEHA ILJIa3MOTPOHOM, MOXKE
3aJMUINATACA B 3aroTOBII Ta MPUBOJUTH JI0 BUHHKHEHHS [edopmMamid Ta
CTPYKTYPHUX 3MiH 00p0OJIEHOT MOBEPXHI.

[Ipu mpoMy aMIuTITY/1a CKaHYBaHHS AYTH (@;) cTaHOBUTH 0,8-0,9 mupuHu
IJIOMIMHU pi3aHHSA. MeHIe 3Ha4eHHS aMIUTITyIM CKaHyBaHHS IJIa3MOBOI TyTH
BCTAHOBJIIOIOTH JIJISl MaTepialiB 3arOTOBKHU 3 OUIBIIIUM 3HAYCHHSM KoedilieHTa
TEIUIONPOBITHOCTI (JIeroBaHl CTali), a MEHIIE 3HAYECHHS — JUIsl 3arOTOBOK 3
MEHIIIUM 3HAUYEHHSIM KOe(illieHTa TeIUIONPOBIIHOCTI (TUTAHOBI CIUIaBH), 1100
YHUKHYTH J€(DEKTIB Ha 0OPOOJIEHIN MOBEPXHI.

Pucynok 1 — Cxema npoliecy mia3MoBO-MEXaHIYHOI 00pOOKHU

VY pesynbrari Ha 00pOOIOBaHIN MOBEPXHI 3arOTOBKM BUHUKAE 00JIACTh
TEPMIYHO 3HEMIIHEHOT0 METaly, IO J03BOJIA€ MOOUIBIIATH MPOIYKTHUBHICTD
MexaHI4YHOi OOpoOKHM pislieM TpHu 3a0e3MeUeHHI CTaOUIBPHOCTI MapaMeTpiB
MPOIIECY TJIA3MOBOTO HArpiBaHHS BHACIIIOK BIJICYTHOCTI OIJIABJICHHS MOBEPXHI
3arOTOBKM, 3MEHIICHHI CTYINEHS TMeperpiBy pi3msd ¥, BHACIIAOK IHOTO,
30UTBLIEHH] HOT0 MEePi0y CTIMKOCTI.

Buknukae iHTepec BIUIMB CHJIOBOTO 1 TEIJIOBOTO HABAHTAKEHHS Jie3a
IHCTPYMEHTY Ha MOTO CTIMKICTh HE TUIBKH MPU TOYIHHI, @ TAKOX MPH TJIa3MOBO-
MexaHiyHoMy (pesepyBanHi (IIMD).

VY pesynabTaTi TPOBEACHHX JOCTIKEHb OyiIM OTpUMaHi JaHi TIpo
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TeMIepaTypHi MOJIsl B MaTepiaii 3arOTOBKY MPHU HAarpiBaHHI MJIa3MOBOIO JIYTOIO,
IO CKaHy€ OJHOYACHO B JBOX HAaNpsMKaxX MIOJ0 BEKTOPY XBHJIMHHOI MOjAadi.
BusiBrieHe majiiHHs IHTEHCHBHOCT1 HABAaHTAKCHHS TIEPEIHBOI IIOBEPXHI P1KYdOT0
KJIMHY 10 BChOMY IIIJISIXOBI KOHTAKTy 3y0a (pes3u 13 3aroTOBKOIO, Y MOPIBHIHHI 3
00poOKor0 Oe3 HarpiBaHHs. BuBYeH1 0COOIMBOCTI 3HOILTYBAHHS PI’KYydOro jie3a Ta
YMOBU BHUHHUKHEHHS Ta PO3BUTKY OKPYIJICHHS PUKYy4oi KpalKu, BHUBEICHI
3QJICKHOCTI, 10 BHU3HAYAIOTh 3B'A30K CTIMKOCTI IHCTPYMEHTA 3 PEKUMaMH
HarpiBaHHs ¥ pi3aHHsS B KOHKpPETHUX yMoBax [IMO®.

Bcranomneno, mo momnepenHe Mia3MOBE HarpiBaHHs mpu (ppesepyBaHHi
IJIOIIMHM 3a0e3Meuy€e MPOTIKaHH CeU(IYHOr0 TEPMIYHOTO UKy B MaTepiai
NPUITYCKY, Y PE3yJIbTaTi dYOro 3MIHIOIOTBCA TBEPIICTh 1 IUTACTUYHICTD
o0poOoBaHOrO0 Marepiainy. 3MiHA MEXaHIYHMX BJIACTUBOCTEH MPUITYCKY
MPUBOJNUTH JO 3HWKCHHS NMHUTOMUX HABAHTAKCHb HA PDKYYHAd KJIUH, 0
3HMDKCHHS 1HTEHCHUBHOCTI MOro ajre3iMHOro 3HOIIYBaHHS MW TEHIITHOTO
pyWHYBaHHS, 10 HOTO OKPYTJICHHS, 110 MO3UTHBHO MO3HAYAETHCA B IIUIOMY Ha
CTIAKOCTI IHCTpPYMEHTA.

[IpoBeneHe, METOAOM MPUPOJHOI TEPMOIMAPH, EKCIIEPUMEHTAJIbHE
BHUBYEHHSI TEMIIEPATypHU Pi3aHHS MOKA3aJl0, [0 BOHA ICTOTHO 3MiHHA IO HIISAXY
KOHTakTy 3y0a ¢pe3u 13 3arotoBkoro. [Ipu npomy cepenHiii 3a 4ac KOHTaKTy
piBeHb Temmeparypu pi3zaHHi npu [IM® mnepniTHO-MapTEeHCUTHHX CTallel
MIHIMQJIBHUM TIPU OXOJIOPKEHHI TIPUITYCKY QXK /10 TOUKH [MOYATKy MaPTEHCUTHOTO
NepeTBOPEHHS (puc.2).
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PucyHnok 2 — 3miHa TemnepatrypH pizaHHs IO IIISXY KOHTaKTy 3y0a ¢pesu 13
3arotoBKoo mpu nonytHomy [IM® crani 38XH3M®A (V = 160 m/xB; t= 8 MMm;
S, =0,2 MmM/3y0; 1,2,3,4 - mpu munasmosomy Harpisansi: 0 = 450 °C; 2 - 0 = 300

°C;3-0=200°C; 4-0=20°C; 5 - npu 06po6ui 6e3 HarpiBy)

[Tpu TopueBomy [IM® pi3HI AUIIHKH PiKY4OT KPOMKH B MPOLECT pi3aHHS
3HAXOMATHCS B PI3HUX yYMOBax. Tak, BepiuHa 3y0a Ha BChOMY IUIAXY IO y3i
KOHTaKTy MOX€E MepeMilaTics B 1api, 0 He 3a3HANM OyAb-SIKUX CTPYKTYPHUX
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nepeTBOpeHb. Y TOH ke Yac, BiJajeHa BiJl BEPIIMHH AUISTHKA Pi3aIbHOT KPOMKH
Oyze pyXaTHCs B 3aCTUTIIOMY MICJIS PO3IUIABICHHS MIapi.

[Tpu TopuieBomy [IM®, TakoxK, sIK 1 MPpU MUTTHAPUIHOMY, PEKOMEHTYEThCS
nomyTHe (pe3epyBaHHS, OCKUIBKM Taka CXeMma MpakTUYHO 3arodirae
BUKPHUIIYBaHHS Pi3aIbHUX KPOMOK (ppe3u depe3 MpUBApIOBAHHS CTPY>KKH IO
nepenupoi moBepxHi. [lpum TopueBoMy (pesepyBaHHI MOXKHA BUKIIOYUTH
MPUBAPIOBAHHS CTPYKKU B pe3yJbTaTl MEHIIOrO0 HarpiBy 30HHM BUXOIY 3y0a
bpe3n 3 KOHTAaKTy 3 3aroTOBKOIO, IO JIETKO 3IHCHUTH BiIIMOBITHUM
po3TalryBaHHIM JKepesa HarpiBy [3-5].

3HIKEHHSI THTEHCUBHOCTI HaBaHTaKeHHs 3y0iB (¢pe3u B ymoBax [IMOD
N03BoJIsie €()EeKTUBHO 3aCTOCOBYBaTH O€3BOJb(pPAMOBI TBEp/i CIUIABH THUITY
KHT16 1 TH20, 3a3Buuaii HempujaaTHi IIpd YOPHOBOMY (Ppe3epyBaHHI
BPaXOBYIOUH iX MMIJIBUILEHY KPUXKICTh. 3HOCOCTIMKICTh TAKHX CILJIABIB B YMOBAax
[IM® yacTo He ripie, HiX y crutaBy T15K6.

BucHOBKH Ta mepcneKTHBH NOAAJBIIMX AOCTIIAKEHb. Y IaHii poOoTI
OyB NIpOBENECHUI aHali3 pe3yJbTaTiB BIUIMBY IUIa3MOBOI JYrM Ha MaTepial
MPUITYCKY 3aroTOBOK 3 BaXXKOOOPOOJIOBAaHMX MaTepialiiB 1 OOIPYHTYBaHHS
MO>KJIMBOCTI MIIBUIIEHHS NPOAYKTUBHOCTI iX OOpOOKM Ha MeTallopi3ajbHUX
BEpCTaTax, ONUCAaHUN croci0 3A1MCHEHHA Mpolecy IJIa3MOBO-MEXaHIYHOI
00pOoOKH.

VY peanbHUX BUPOOHMYMX YMOBaxX HEOOX1HO JOTPUMYBATHUCS BUMOT JI0
JKepena BHCOKOTEMIIEpATypHOTO IUIa3MOBOTO  HAarpiBaHHSA: MOXJIMBICTh
pEryJIIOBaHHS  PO3MIpPIB  30HU HarpiBaHHs; BIJICYTHICTh  OILUIABJICHHS
MOBEPXHEBOTO IMapy; 3a0€3MEUYEeHHs] PIBHOMIPHOI TIMOMHU CTPYKTYPHUX
NEPETBOPEHD; TOCATHEHHSI HEOOX1HOT MIKPOCTPYKTYPH 3MILTHEHOTO 1Ay .

TexniuHMiA pe3yabTaT BiJl BAKOPUCTAHHS IPOIIOHOBAHOT MOJIEJI1 MJIa3MOBO-
MEXaH14HO1 OOPOOKH JTUTUX 1 KOBAHUX 3JTUTKIB 1 3arOTOBOK 13 TBEPAO0IO JTUBAPHOIO
KIpKOI0, a00 3 Ba)xKOOOpOOJIOBaHMX CIUIABIB, 3a0e3leuye TMOJIMIIEHHS 1X
O0OpOOIOBAaHOCTI NHUIAXOM CTBOPEHHA IO BChOMY NEPETHHY MPHUIYCKY, 3a
paxyHOK TEpMIYHOTO BIUIMBY, ayCTEHITHOI a00 1HIIIOT CTPYKTYPH, SIKa Ma€ 3HAYHO
OutbIl HHU3BKI (DI3UKO-MEXaHIYHI BIACTUBOCTI, YOMY BUXIJIHHN Marepiai
3aroToBKHU. BHACIIIOK IbOTO TAKOX I1JIBUIIYETHCS MEP10]T CTIMKOCTI Pi3aJIbHOTO
IHCTPYMEHTY.

VY pesynbTaTi NpoOBEACHUX IOCHTIKEHb Oy OTpUMaHi JlaHi MPO CTaH
napameTpiB SKOCTI 00poOIeHOT MOBEPXHI 3arO0TOBKM MPU HATrPiBaHHI MJIa3MOBOIO
nyroro. BusiBiieHa 3a1ekHiCTh BULy MIKPOCTPYKTYPH BiJl TTIMOMHU MOBEPXHEBOTO
[1apy 3aroTOBKH, YCTAHOBJICHHH DPO3MOAUT 3aJUIIKOBUX HANpyr MO TIHOWHI
MOBEPXHEBOTO IMmIapy. BuBYEHI 0COOJMBOCTI CXEM pO3TalllyBaHHS 30H 3i
3MIHEHOIO MIKPOCTPYKTYPOIO 1 iX B3a€EMO3B'SI30K 3 PEKUMaMH HarpiBaHHS M
pi3aHHS B KOHKPETHUX YMOBaX IJIa3MOBO-MEXaHIYHOT OOPOOKH.

Po3po0biienunii mpornec nia3MoBO-MeXaHIYHOTO TOUIHHS U (hpe3epyBaHHS Ta
pexkoMeHaanii 3 BHOOpPY TmapamMeTpiB HarpiBaHHsS W pi3aHHS JI03BOJSIOTH
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MOO1IBIIIATH MPOAYKTUBHICTh OOPOOKHU 3ar0TOBOK 13 CEPEAHBO JIETOBAHUX CTAJICH
npu 3a0e3mneueHH1 3aJaHuX IapaMeTpiB sIKOCTI 00poOIeHOT MOBEPXHI.

BcraHoBieHo, mo momepeaHe IIa3MOBE HArpiBaHHS TpHU MEXaHIdHOI
00poOKu 3abe3mneuye MPOTIKaHHS CIeU(IYHOTO TEPMIYHOTO LUKITY B MaTepiai
NPUITYCKY, Y pe3yJbTaTi YOro 3MIHIOIOTHCS TBEPAICTh 1 IIJIACTUYHICTH
o0po0OoBaHOrO0 MaTepiany. 3MiHa MEXaHIYHUX BIACTHUBOCTEH MPHUITYCKY
NPUBOJIUTH JO 3HIDKEHHS MUTOMHX HaBaHTaXCHb HA PLKYYHH KIHMH, [0
3HIDKCHHSI 1HTEHCHBHOCTI MOTO aire3idHOTO 3HOIIYBaHHS ¥ TEHIITHOTO
pyWHyBaHHS, 0 cTa0LIi3alii HOro OKpYyTIeHHS, 110 MO3UTUBHO MO3HAYAETHCS B
[IJIOMY Ha BUCOTI MIKPOHEPIBHOCTEH 1 CTYIICHI HaKJIeIy 00po0IeHOT TOBEPXHI.

BukopuctanHs TEXHOJIOTIi TJIa3MOBO-MeXaHIYHOI 00poOku 3abe3nedye
MIJBUIICHHS TPOJYKTUBHOCTI OOpPOOKHM 3aroTOBOK 3 BaXKKOOOPOOIFOBAHMX
MartepiaiiB, sKI BHKOPUCTOBYIOTbCS B CYJHOOYAYyBaHHI, €HEPreTUYHOMY W
TIPHUYOMY MAIIUHOOY TyBaHHI.
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Bpyoaescokuii 1. B. (Hayionanvnuii ynieepcumem «JIvgiscbka nonimexuixkay,
m. Jlvsis, Yxpaina)

I''BPUJIHE BUPOBHUITBO: IOEAHAHHA A/IMTUBHUX TA
CYBTPAKTUBHUX (TPAJULIIHAHUX) METO/IIB

Anomauia: Y cmammi po3eisiHymo 2iopuone supoonuymeo, ujo 06’ conye aoumugHi (3D-0pyx)
ma cyompaxmusHi (mpaduyitni) memoou 00pobku 6 mauwunoOyoyeauwi. Iloxazano exoHOMIiuHy
egexmuenicms mMakux npoyecié 3aB0aKU CKOPOUEHHIO Hacy i eumpam mamepianie, a maKoiC
eKOJIo2IUHI nepesazu 3MeHWeHHs 6I0x00i6. Busnaueno Kmou06i GUKIUKU, 30KpemMd 6i0CYMHICHMb
CmMaMoapmie, CKIAOHICIb PO3POOKU NPOSPAMHOSO 3a0e3NeHUeHHs Ma GUCOKY 8APpMICMb 00JIAOHAHHS.
3anpononosano Hanpamu nOOAALUWUX OOCTIONCEHb, WO OXONMOIOMb PO3POOIEHHS CMAHOAPMIS,
VOOCKOHANEHHS YUPPOBUX NIAmMPOpM ma GUGHEHH ST HOBUX MAMepIais.

Knrouoei cnosa: ciopuone supobHUYmMBE0; AOUMUBHI MEeXHON02il; CYOMPAKMUBHI MEXHON02i1;
3D-0pyk,; mawurob6yOysants,; eKOHOMIUHA eheKmusHicmob,; Yudposi niamgpopmu,; cmaHoapmu3ayisi.

Abstract: This paper examines hybrid manufacturing that combines additive (3D printing) and
subtractive (traditional) methods in mechanical engineering. The economic benefits of such processes
are highlighted, including reduced production time and material costs, as well as ecological advantages
from minimizing waste. Key challenges are identified, such as the lack of standards, the complexity of
software development, and high equipment costs. Possible directions for future research include the
development of standards, the improvement of digital platforms, and the exploration of new materials.

Keywords: hybrid manufacturing; additive technologies; subtractive technologies; 3D printing;
mechanical engineering; economic efficiency; digital platforms; standardization.

1. MocraHoBKa Mpo0JieMH Ta ii 3B’ SI30K i3 HAYKOBUMH i MPAKTUYHUMH

po3podxamu
CyuacHe MamMHOOYIyBaHHS BHMara€ BUPOOIB 13 Jefaji CKJIaAHIIITUMU
r€OMETPUYHUMHU dbopmamu Ta M1BUIIICHUMU eKCIUTyaTalltHUMU

XapakTepucTUKaMu. Tpamuiiiiai (CyOTpakTuUBHiI) MeTonu OOpOOJEHHS, III0
IPYHTYIOThCSI Ha BUJIaJICHHI HAJIJIMIIIKOBOTO MaTepially, HE 3aBXKIU Jal0Th 3MOTY
IIBUJIKO Ta €KOHOMIYHO OTPUMYBATH JETalll CKIaJaHOI KOHGIryparlii. AAUTUBHE
BupooHunTBo (Additive Manufacturing, AM), 31 cBoro OOKy, Jd03BOJISIE
«HAAPYKyBaTU» BHUPIO TMOMIAPOBO Ta JOCITTHU HEAOMSKOI THYYKOCTI B
KOHCTPYIOBaHHI.

[IpoTe amuTUBHI METOJIM HEPIAKO NOTPEOYIOTH AOJATKOBOI MEXaHIYHOT 0OPOOKH
(Hanpuknan, @pe3epyBaHHs a00 TOUYIHHA) AJisl TOCATHEHHS! BUCOKOI TOYHOCTI Ta
YUCTOTH MOBEepxHi. TOMy B HayKOBHX 1 MPAKTUYHUX POOOTaxX 3’ SIBUBCS MiIXiJ,
10 TO€aHY€e oOuBa BUAM 00poOJcHHS — riopmane BupooHunTBo (Hybrid
Manufacturing, HM). 3aBasgku #oMy 3HUXKYETbCS MAaTepiaJlOMiCTKICTb,
CKOPOUYYIOThCS TEXHOJIOTIYHI omepartii Ta M1 JIBUIILY €THCS
KOHKYPEHTOCIPOMOKHICTh TOTOBUX BUPOOIB.

2. AHaJi3 0CTaHHIX J0CJiKeHb i myOsikaniii
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e V crarti «Hybrid additive and subtractive manufacturing processes and
systems: A review» [l] 3miliCHEHO neTalbHMI aHai3 TIOpUIHUX
BUPOOHMYMX TIPOIECIB, BU3HAYMBIIKM TIE€pEBard IMOAO 3MCHIICHHS
BUPOOHMUYNX BUTPAT Ta CKOPOUYCHHS Yacy BUTOTOBJICHHS BUPOOiIB. ABTOD
3alpOINOHYBaB MPaKTUYHI peKOMEHAamlii JIs peamizaiii 1HTerpoOBaHHX
aJIMTUBHO-CYOTPAKTUBHUX MPOIIECIB Y MPOMHUCIOBUX YMOBaX.

e V crarti «Additive manufacturing-integrated hybrid manufacturing and
subtractive processes: economic model and analysis»[2] mpencraBunu
EKOHOMIYHY MOJIeJIb T10pUAHOTO BUPOOHUIITBA, SIKa JEMOHCTPYE 3HAYHY
EKOHOMIIO MaTep1aJ11B 1 3MEHIICHHS 4Yacy BHUTOTOBJICHHS BI/Ip061B
MOPIBHSHO 3 TPAAMIIIHHUMH METOJAMH, aje TaKOXK BKa3ajdud Ha BUCOKI
MOYaTKOB1 KaIiTaJOBKIAICHHS, [0 CTPUMYIOTh IITUPOKE 3aCTOCYBAHHS IIi€]
TEXHOJIOTTII.

e V crarti «Sustainability Perspectives — A Review of Additive and
Subtractive Manufacturing» [3] 3ailicHUIN aHATI3 €KOJIOTIYHUX aCIICKTIB
aIUTUBHOTO 1 CyOTpaKTUBHOTO BUPOOHHUIITBA, JOBIBIIH, IO aIUTHBHI
TEXHOJIOT1i MalOTh MOTEHIIaJ 3MEHIIIMTH HETaTUBHUM BIUIUB Ha JOBKULISA
3aBASIKM  MiHIMI3alii  BUPOOHWYUX  BIAXOMIB 1  CKOPOUYEHHIO
eHeprocnoxxuBaHHs. [IpoTe HaromomyeThCs HA HEOOX1AHOCTI MOMATBIITNX
JTOCHIKEHDb I ONTUMI3allli TIOPUIAHUX TEXHOJOTIN 3 MO3UIINA CTaIoro
PO3BUTKY.

e V crarti «Review of Intelligence for Additive and Subtractive
Manufacturing: Current Status and Future Prospects» po3misiHyTO
MOTEHINaJ]l BOPOBA/DKCHHS 1HTEJIEKTYaJbHUX TEXHOJOTIH (IITYYHOTO
IHTEJIEKTy, MAIIMHHOTO HaBYaHHJI) B aJWTHBHE Ta CyOTpaKkTHBHE
BUPOOHUIITBO. ABTOPH MpPOAHANI3yBalld IMOTOYHUM CTaH I1HHOBAIM Y
KEepYBaHHI MpOIleCaMu, KOHTPOJIb SKOCTI Ta aBTOMATH3AIlIO, a TaKOX
OKPECJIMIIA TIEPCTIEKTUBU TOJIATIBIIIOT0 PO3BUTKY. BOHM HAroomyrooTh Ha
BXJIMBOCTI IHTETPOBAHMX IUIATHOPM, SIKI MOXYTh ONTHUMI3yBaTH
IUIaHYBaHHS W MOHITOPUHT BUPOOHHUIITBA, BOJHOYAC ITIAKPECITIOIOUH
norpedy B cTaHaapTu3auli ¥ MDKIMCUMIUTIHApHIA B3aeMonii Jis
YCHIIIHOTO BIPOBAKEHHSI IHTEJIEKTYaIbHUX PILIEHb.

3. ®opMyJIIOBaHHS HEBUPIIEHUX YACTHH 3arajibHOI MPodJieMu

He3Baxatouu Ha 3Ha4YH1 JOCATHEHHS, ICHYIOTh TaKl HEBUPIILIECHI aCTIEKTH:

* VY3roa:keHHsI TEXHOJIOTIYHHUX PpeXHUMIB JAPYKY Ta ¢pe3epyBaHHs.
AJMTUBHE BUTOTOBJICHHS MO)KEC CIPHYMHATH BHYTPIIIHI HAINPYXXEHHS 1
nedopmaiiii, sIKi yCKIaAHIOIOTh MOAAJIbIIE CYOTpaKTUBHE 0OpOOIEHHS.

o Cranaapru3auis i ceprudikanis riOpuaaux mnporeciB. [loTpioHI
yHi()IKOBaHI BHMOTH JO TMapaMeTpiB JpyKy, UYHUCTOTH TOBEPXHI Ta
MEXaHIYHUX BIJIACTUBOCTEH BUPOOIB, BUTOTOBJIEHUX KOMILIEKCHUM
METOIOM.
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e ExonHomiuHa Ta ekoJioriyHa aoumijibHicTh. Xoua TiOpUIHI TEXHOJIOTI
BIIKPUBAIOTh IIUPOKI KOHCTPYKTUBHI MOKJIMBOCTI, iX OKYIHICTb 1 BIIUB
Ha JOBKLJUIS MOTPEOYIOTh MOJAJIBIIOTO ASTATHPHOTO BUBUCHHS.

e Apromaru3amisi Ta uudpoBi TexHoJorii. BigcyTHil eauHUN migxia a0
inrerpamii CAD/CAM/CAE niis HMOBHOINIHHOTO YIIPaBIiHHS TiOPHIHUM
IIPOIIECOM y PEKUMI PeabHOTO Yacy.

4. Hixi craTTi Ta mocTaHOBKA 3a4a4i
Mertoro cTaTTi € aHa3 Cy4yacHUX MIIXO0JIB J0 TOPUAHOTO BUPOOHUIITBA

Ta BHW3HAYCHHS OCHOBHUX BUKIHWKIB, fKi CTOSTh TEeped JOCTIAHUKAMH W
1HYKEHEepaMH.

I[J'I}I JOCATHCHHA IIOCTaBJIEHOI METH BU3HAYEHO TaKi 3aBJaHHA:

o TMpOaHaI3yBaTH KOHUEMI1IO IOPUIHOIO BUPOOHUIITBA;
e BHU3HAYUTH NEPEBArd i HEJOJIKH IHTETPOBAHUX TEXHOJIOT1H;
e OIIIHUTU €KOHOMIYHI ¥ €KOJIOT1YHI aCTIEKTH TOPUIHUX TEXHOJIOT1H;
e OKPECJIUTH CKJIAJHOCTI CTBOPEHHS MPOrPaMHOI0 3a0€3MeYeHHS;
o chopMyIIIOBATH MEPCIICKTUBHI HAMIPSMH MOJATBIINX JOCIIIKEHb.
5. BukJiag 0CHOBHOIrO MaTepiajay A0cJizKeHHs

5.1 KoHuenrtyaJjbHi OCHOBH

['OpuaHe BuUpOOHMUTBO Tnependavyae MOEAHAHHS AIUTUBHUX METOMAIB
(manpuxnan, Directed Energy Deposition (DED) uu Laser Metal Deposition
(LMD)) 13 TpanuuiitHuMu cyOTpakTUBHUMU MeToAaMu ((ppe3epyBaHHs, TOUIHHS)
y Mexax ofgHoro oOmnanHaHHs. Lle 1o3Boisie oTpuMyBaTH BUPOOM 3 BUCOKOKO
TOYHICTIO 1 IKICTIO MOBepxHi [1].

IlepeBaru Takoro miaxomy:

o 3MEHUIEHHs KUIBKOCTI MepeHaIaro keHb Ta onepariu;
o OrtpuMaHHA CKJIAJHUX (GOPM 13 TOUHUMHU PO3MIPAMU;
o CKopoyeHHs Yacy Ta MaTepiany, 0COOJIMBO MPU BUTOTOBJICHHI JIeTalIeH 31
CKJIQJTHOIO T€OMETPIEI0.
HenoJiku:

« Bucoka BapTICTh ycTaTKyBaHHS Ta CKJIAAHICTh HOT0 0OCIYrOBYBaHHS;
« Ilotpeba y xkBasiikoBaHOMY MEPCOHAI;
o JlomaTtkoBi pu3MKH, MOB’s3aHI 31 CTAOUIBHICTIO MPOIECiB (0COOIUBO 3a
BEITMKOTabapUTHOTO APYKY).
5.2 ExoHoMiYHI acnieKTH ri0puIHOro BUPOOHMITBA

3r1IHO 3 TOCIIKEHHSIM [2 ], EKOHOMIYHA MO/IEIb IHTErPOBaHUX aIUTUBHO-
CyOTpaKkTUBHHMX MPOIIECIB MOKA3y€ CYTTEBE 3MEHIICHHS BUTPAT, TIOB’SI3aHUX 3
BUPOOHUIITBOM JIeTajiel TOPIBHSHO 3 TPAAUIIIHHUMH TeXHOJOT1IMU. OCHOBHUMH
YUHHUKAMH €KOHOMIYHOT BUTOJY BUCTYMAOTh 3MEHIIICHHS BTpPAT MaTepiaiy,
CKOPOYEHHSI 4acy Ha BUTOTOBJICHHS Ta 3MEHIICHHS KUIBKOCTI TEXHOJIOTTYHHX
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oneparliii. [Ipote aBTOpU MIIKPECIIOIOTH, 110 MOYATKOBI KamiTaabH1 1HBECTHIIIT,
NOB’si3aH1 3 MPHUIOAHHSAM JOPOTOro TIOPUAHOTO OONATHAHHS, 3aTUIIAIOTHCS
BaroMuM (akTopoM, SKUA MOXKEe OOMEXYyBaTH IIMPOKE BIPOBAKCHHS
TEXHOJIOT1] Y MaJIX Ta CepPEeIHIX MiANPHUEMCTBAX.

5.3 EKo0J10TI4Hi aCIEKTH Ta CTAJICTh FNOPUIHOr0 BUPOOHUIITBA

JlocmiKeHHS JO3BOJISIOTH CTBEPKYBaTH [3], 110 T10puIHEe BUPOOHHUIITBO
JEMOHCTPY€E 3HAUYHMI TOTEHIa JJisg 3a0€3MeUeHHs CTaJOCTI Ta €KOJOTTYHOI
epextuBHOCTI. OCHOBHHMMH IepeBaraMu 3 TOYKH 30py CTaJIOTO PO3BUTKY €
CYTTEBE 3MEHIIICHHS KITBKOCTI BIIXO/I1B MaTepialiB MOPIBHIHO 13 TPAAUIIIHHUMHU
TEXHOJOTISIMU MEXaHIYHOTo 00pobneHHs. Kpim TOro, aauTuBHI METOIU
CIPHUSIOTh CKOPOUYEHHIO CIOKMBAHHS €HEprii uepe3 MiHIMIZaIllio J0JaTKOBHX
TEXHOJIOTIYHUX TIEPEeXO/iB Ta JIOTICTUYHHUX omepauiid. BogHnodac, aBtopu
3a3HA4alOTh HEOOXIOHICTh MOJAJBIINX HOCHLDKEHb IMOAO0 BH3HAYCHHS
ONTUMAJIbHUX YMOB 1HTErpamii aJuTUBHUX 1 CyOTPaKTHMBHUX TEXHOJOTIMH,
30KpeMa, BpaXOBYIOUH PEIUKITIOBAHHS BIJIXO/11B Ta BIUIMB IOPUIHUX TEXHOJIOT1M
Ha KUTTEBUI ITUKII BUPOOY.

5.4 CkiagHOCTI CTBOPEHHS NPOrPaMHOr0 3a0e3lMe4YeHHS Ta MNUTAHHA
CTaHAApTH3ALIl

CTBOpeHHs1 1HTErpoBaHUX LHUPPOBUX IIATHOPM Uil  yOpPaBIIHHS
riOpyHUMUA  TpOIECAMM € HaJ3BMYAllHO CKJIQJHUM 3aBJaHHSIM 4epes
KapJuHaIbHI BIAMIHHOCTI MK TEXHOJOTISIMH APYKY Ta 0OpoOku. BiacyTHICTH
€IMHMX CTaHAAPTIB YCKIAAHIOE po3poOky yHiBepcaibHux CAD/CAM/CAE-
pillieHb, 110 CTBOPIOE JOAATKOBI TPYIHOII JJsi IIMPOKOTO 3aCTOCYBaHHS
riOpuIHUX BUPOOHUYMX TEXHOJOTIH [1].

5.5 OCHOBHI BUKJIMKH TA NMEPCNEeKTUBHU IOPUIHUX TEXHOJIOT il

3BakalouM Ha aHalli3 HayKOBHUX JoKepen [1], KIOUYOBMMU BUKIMKAMHU
riOpUIHUX TEXHOJIOTIH €:

« Bucoki mouatkoBi iHBECTHIIIT y crieriani3oBaHe o0JaJHaHHS.

o CxIagHICTh HANAIITYBaHHS TEXHOJIOTIYHUX IMapaMeTpiB aJUTUBHOTO Ta
CyOTpakTHBHOTO TPOIECIB JJIsi 3a0e3MEeUeHHS CTaOlIbHOT  SKOCTI
MPOAYKIIi.

o HepocratHiii piBeHb cTaHmapTu3alli W HOPMATUBHOI 0a3W MI0AO
BUKOPUCTAHHS FOPUTHUX TEXHOJOTIH.

o Ilotpeba y BuCOKOKBami(IKOBaHMX KajapaxX, 3JaTHUX KepyBaTu
IHTErPOBAaHUMHU TEXHOJOTTUYHUMHU KOMILICKCAMH.

[lepcriekTUBHUMU HampsiMaMu TOAQIBIIMX JOCIIIKEHb € Po3podKa
iHTerpoBaHux IMdpoBuX MmIarGopm, MO AAOTh 3MOTY MPOTHO3YBATU U
OMEpPAaTUBHO KepyBaTW IMapaMeTpaMu TIOpUIHUX TEXHOJOTIH, a TaKoX

JOCIIJKEHHST HOBUX  MaTepialiB 13 MiJBUIICHUMH €KCIUTyaTalliiHIMHU
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XapaKTepUCTUKAMHU, BKJIIOYHO 3 HAHOKOMIIO3UTAaMH U (PyHKIIOHATBbHUMHU
MaTepiaJamH.

Takum 4YMHOM, BHKJIAJEHI y CTaTTI pe3yibTaTd aHaNi3y CBiI4YaTh, IO
riopuHe BUPOOHUIITBO MA€ 3HAYHUH MTOTEHITIAM JJIsI ONTHMI3allii TEXHOJIOTIYHUX
MPOIIECIB MaIIMHOOYyBaHHS SK Yy BHUPOOHHYOMY, TaK 1 B E€KOJIOTTYHOMY
acniektax. lloganbpiii HayKoOB1 JOCHIKEHHS Y IIbOMY HANpsIMKY JO3BOJISITH
rMoIIe PO3KPUTH TOTEHINA 1HTETPOBAHMX aIUTHUBHUX 1 CYOTpaKTUBHMX
TEXHOJIOT1H Ta 3a0€3MeYNTH iX IMHUpILEe BIPOBAKEHHS Y IPOMHUCIOBICTb.

6. BHCHOBKH Ta mepcneKTUBH NMOAAJBIINX JOCTI/KEeHb
['6puaHe BUPOOHUIITBO JEMOHCTPYE 3HA4YHI MEpeBard y THYYKOCTI,
TOYHOCTI ¥ EKOHOMIYHOCTI BUTOTOBJICHHS CKJIAAHUX JeTaneil. BomHodac
3JIMIIAETHCS. HU3KAa HEPO3B’S3aHUX IHUTaHb, CEpPE] SKUX BHCOKA BapTICTh
oOnajHaHHs, BIJCYTHICTh CTAHAAPTIB, CKJIAJHICTh PO3POOKHA MPOrPaMHOro
3a0e3reueHHs Ta noTpeda y 10JJaTKOBUX JOCTIKEHHSIX €KOJIOTTYHUX aCIEKTIB.

[lepcriekTBaMu MOAAIBIINX JOCTIIKEHb €:

e PO3pOo0Ka MIKHAPOJAHHUX CTAHIAPTIB JJIsl TIOPUIHOTO BUPOOHHUIITBA;
e CTBOPEHHS IHTErPOBAHUX ITUGPOBUX MITATHOPM;
¢ JIOCJIIJPKEHHSI HOBUX MaTepiallis;
o JICTaJbHIIIE BUBYCHHS €KOJOTIYHUX ACIEKTIB 3 METOIO CTAJIOI0 PO3BUTKY
I1€1 TEXHOJIOTI].
3aranom, riOpuaHEe BUPOOHUUTBO BXKE CHOTOAHI MIATBEPIKYE CBOIO
3IaTHICTh 3MIHUTH MIAXOJM IO BUTOTOBJICHHS JeTajeh OyIb-sKO1 CKJIIaIHOCTI,
OJTHOYACHO TMIJABUILIYIOYM iXHIO (PYHKIIOHAJIBHICTH 1 TOYHICTh. [lomanbiri
JOCIIIJIKEHHSI Ta HOB1 1H)KEHEpHI PIIICHHS CIOPUATUMYTh OUIBLI IIMPOKOMY
BIIPOBAHKCHHIO IT1€1 IEPCTIEKTUBHOI TEXHOJIOT1i B MAIIMHOOY 1IBHY TaTy3b.
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OIITUMI3BALIA BUPOBHHUYUX HHPOLECIB Y
MAHNIMHOBYAYBAHHI 3A JAOIIOMOI'O1IO MAHIMHOI'O
HABYAHHA

Anomauia: Pozenanymo UKopucmauus MAawluHHO20 HABYAHHA HA OCHOGI OiOniomeKu
ML.Net ons onmumizayii 6upobHuuux npoyecis y mawunooyoysauti. OCHOGHY y8azy npuoiieHo
aHanizy Oauux, NPOSHO3YBAHHIO MEXHIUH020 00CNY208Y68aAHHA 00IAOHAHHS, ABMOMAMU3AYIL
KOHMpONI0  AKOCMI  ma  niOSUWeHHI0  egheKmusHocmi  pobomu  GUPOOHUYUX  JIHILL.
Ilpooemoncmpogano 3HauHUll NOMeHYianl 011 BOOCKOHANEHHS MEXHON02il y 2any3i
MaAuuHoOY0y8anHs 34 PAXYHOK NOEOHAHHSA MAUUHHO20 HABUAHHS MA IHHCEHEPHUX NIOX0OIE.

Knrwouosi cnoea: vmawunne Hnasuanusa, ML.Net, onmumizayis eupooHuymaa,
MaAwuHo0Oy0y8aHHs, NPOSHO3YEAHHS MEXHIYHO20 00CTY208)6AHHS, ABMOMAMU3AYISL KOHMPOIIO
AKOCMI, AHANI3 OAHUX, ePEeKMUBHICMb BUPOOHUYUX NPOYECIS.

Abstract: The use of machine learning based on the ML.Net library for optimizing
production processes in mechanical engineering is considered. The main attention is paid to
data analysis, equipment maintenance forecasting, quality control automation, and increasing
the efficiency of production lines. Significant potential for improving technologies in the field
of mechanical engineering is demonstrated by combining machine learning and engineering
approaches.

Keywords: machine learning, ML.Net, production optimization, mechanical engineering,
maintenance prediction, quality control automation, data analysis, production process
efficiency.

Ilocmanoexka npobnemu 6 3acanvHomy 6uensoi. MamumHOOyIyBaHHS €
OJIHIEIO 3 MTPOBIIHKUX raly3eil MPOMHUCIOBOCTI, KA BU3HAYA€E TEXHIYHUI TIpOrpec
[1, 2] 1 ekOHOMIYHY CTAaOIIBHICTD JEPKaBU. Y Cy4aCHUX YMOBax rjiodaiisalii ta
BUCOKOI KOHKYPEHIIi 3pocTae HEOOXIAHICTh MIABUINEHHS €(EeKTUBHOCTI
BUPOOHUYHX MPOIIECIB IUITXOM BIIPOBAKCHHS 1HHOBAIIMHUX TEXHOJIOTH [3, 4].
OnHi€0 3 TaKUX TEXHOJIOTIM € MalllMHHE HaBYaHHS, sSKE JO03BOJISIE€ aHAJI3yBaTH
BeNUKI 00CATH JTaHWX, aBTOMATHU3YyBAaTH MPOLIECH Ta MpUMMaTH OOTPYHTOBAHI
yIpaBIiHCHKI pimreHHs [5, 6].

Cepen pi3HOMaHITHHX 1HCTPYMEHTIB MalimHHOTO HaB4aHHs ML.Net 3aiimae
0co0JIMBE MICIIe 3aBASKH CBOTH iHTerpartii 3 miardopmoro C# [7, 8], mro mmpoko
BUKOPUCTOBYETHCS B 1HXKEHEPIl Ta MPOMUCIOBHX J0JaTKaX. BHUKOpUCTaHHS
ML.Net y mammHOOyayBaHHI BIJKPHUBAE€ HOBI MOKJIWBOCTI ISl ONTHUMI3allii
BUPOOHUUUX MPOLIECIB, BKJIFOYAIOUH MIPOTHO3YBaHHS TEXHIYHOTO
o0cITyroByBaHHs OOJIa{HAHHSI, TIJBUILIECHHS SKOCTI MPOAYKIli Ta ONTHUMAaJbHE
po3noauieHHs pecypceis [9-11].

Mertoro nochipkeHHs € aHalli3 3actocyBaHHs Oi0mioreku ML.Net mis
BUPILIEHHS TPAKTUYHUX 3aBAaHb Yy Tally3l MAaIIMHOOYIyBaHHS, a TaKOX
JIEMOHCTpAIllisl 11 TOTEHIIay Ui BAOCKOHAJICHHS BUPOOHUYUX MPOIIECIB.

OcHosHuti mamepian. Y X0 JOCHIIKEHHS MPOBEJCHO aHAII3 MOXKJIHBOCTEH
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6i0motexkn ML.Net mist BupilieHHsI 3aBJaHb MAIIMHHOI'O HaBYaHHS Yy cdepi
MamMHOOyyBaHHs. Ha OCHOBI 3ampomoOHOBaHMX METOJIB PEaTi30BaHO KUIbKa
MojieJieH, SIKi JeMOHCTPYIOTh €(pEKTUBHICTh TEXHOJIOTIi Yy BUPIIIEHHI THIIOBUX
3aBJIaHb.

Ha ocHOBI ganux mipo poOoTy oOnagHaHHS pO3pOOJIEHO MOCHb
MIPOTHO3YBAaHHS BIJMOB, SKa JO3BOJISLE€ 3a37ajerilb BU3HAYATH HEOOXITHICThH
TEXHIYHOTO 00cIyroByBaHH. Lle cripusie 3HIKEHHIO IPOCTOIB BUPOOHUIITBA HA
15-20% (nuB. puc. 1) Ta 3MEHIIIEHHIO BUTPAT HA PEMOHTH.

3aBIsAKY aHAII3Y JAaHUX PO PO3MOALT 3aBJAaHb MK BUPOOHUYUMU JIIHISIMU
BJIAJIOCSI CKOPOTUTH Yac BUKOHAHHS 3aMoByieHb Ha 10—12% (quB. puc. 1). Moaens
MalllMHHOTO  HaBYaHHS  pPEKOMEHAye  HalOuibm  epeKTUBHI  CIeHapii
BUKOPHUCTaHHA 00JIaTHAHHS.

Mopens, mnoOygoBaHa Ha ocHOBI Oi0mioteku ML.Net, 3a0e3neuye
aBTOMATUYHE BUBJICHHS 1€(EKTIB Ha eTari BAPOOHUITBA 3 TOUHICTIO 94% (AuB.
puc. 1), 1110 703BOJIsIE€ 3HU3UTH KIJTBKICTh HEKOHAMUIIHHOT TPOTYKITIi.

Pesynbpratu moCHipKeHHS MATBEPAWIN, 110 BUKOPUCTAHHA MAITMHHOTO
HaBYaHHsA Ha ocHOBI ML.Net € mepcrneKTHBHUM HampsiMOM JUJIsl ONTHMi3alli
BUPOOHMUYMX TMPOILECIiB Yy MamuHOOyayBaHHi. lle [103BoJisie MiABUIIMTH
POIYKTUBHICTh, 3HU3UTH BUTPATHU Ta MOKPAILIUTHU SKICTh KIHIIEBOI MPOIYKIIII.

3MeHWeHHA NPOCcTolE obnadHaHHa

CKopO4YeHHA Yacy BMKOHAHHA 3aMOBNEHE

ToOYHICTE BWABNEHHA LedekTis 94%

0 20 a0 60 80 100
BigcoTok nokpaweHHa (%)

Pucynox 1. Pesynprar omTumizaiii BUPOOHMYMX TMPOIIECIB 3a JOMOMOTOIO
ML.Net

BUCHOBKMU

VY pesynbTaTi AOCHIHPKEHHS BCTAHOBJIIEHO, 110 BUKOPUCTAaHHS Oi0JI10TEKH
ML.Net ayig BupillIEeHHs 3aBAaHb MAIIMHHOTO HABYAHHS B MAlIMHOOYIyBaHHI
Ma€e BHUCOKHMM MOTEHIIaN JJi1 ONTUMI3alii BUpoOHUYUX mpolneciB. Po3pobiieni
MO/IeJIi TPOJIEMOHCTPYBAJIM 3HAaYH1 MIepeBaru: 3MEHIIEHHs MPOCTOIB 001aIHAHHS
[UIIXOM MPOTHO3YBaHHS TEXHIYHOTO OOCITYTrOBYBaHHS; ONTUMI3AIlis PO3MNOALTY
pecypciB, IO CHPHUSE€ CKOPOYEHHIO Yacy BHUKOHAHHS BUPOOHUYHUX 3aBaHb;
MIJIBUIIICHHS SKOCTI IPOIYKIIT 3aBKH aBTOMATHU3allii KOHTPOJIIO 1€(EKTiB.

BukopucTtanHs MallMHHOTO HABYaHHS J03BOJIsiE 3a0€3MeUuTH e(eKTUBHUN
aHaI3 JaHUX, aJanTaIlii0 BAPOOHUYHX MPOIIECIB 10 3MIHHUX YMOB Ta 3HUKEHHS
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BuTpar. Lle migkpeciroe 3HAUYEHHS BIPOBAHKEHHS 1HCTPYMEHTIB MAaIIMHHOTO
HaBYaHHS y CyYacHE MAaIIMHOOYAYBaHHA SK I1HHOBAIITHOTO MIAXOAY [0
BUPIIICHHS aKTyaJIbHUX 3aBAaHb ramys3i.

OTpuMaHi pe3yJIbTaTH MOKYTh CTATH OCHOBOIO JIJIS TOAATIBIINX JOCTIIKEHb
1 po3pobOK y HampsMi aBTOMAaTW3alii Ta MIABUIICHHA MPOAYKTUBHOCTI
IIPOMUCIIOBOTO BUPOOHHIITBA.
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YK 681.5.011

I'opoauoB O.C., nayk. kep. Pymenxko B.M. (/Jonbacvka Oeporcasna
Mawunooyoiena axademis, mm. Kpamamopcok — Tepnonine, Ykpaina)

METO/IY NIIBUIIEHHS IIBUJIKO/JIi BBEJEHHS AHAJOI'OBOI
IH®OPMAIIL

Anomayia: Y cmammi po3eisinymo cmaH HAyKo80-NPAKMUYHUX NUMAHb 3011bUeHHs
wWeUuoOKocmi 00poOKU AHAN0208UX CUSHATLIB, NPUCKOPEHHS AHALO20-YUDPOBO20 NepemeopeHHs,
onmMuMizayito 0OPOOKU CUCHAIB | 3HUJICEHHS 3aMPUMOK 8 cucmemax 30opy oanux. Hasedeno
CMPYKMYPHI  cXemMu, wo 00380JA10Mb NIOBUWUMU  WBUOKOOII0 88€0eHH AHAN020801
iHhopmayii 6 yugposi cucmemu.

Knrwouoei cnosa: ananozoso-yughpose nepemeopents, weuokoois, 00pobKa aHaio208ux
cucHanis, 66edeHHs IHopmayii, cmpykmypHi cxemu, pyxoma xeuns, mikpoEOM, cucmemu
300py Oanux.

Abstract: The article examines the current state of scientific and practical issues related
to increasing the speed of analog signal processing, accelerating analog-to-digital conversion,
optimizing signal processing, and reducing delays in data acquisition systems. Structural
diagrams are presented that enable improved speed of analog information input into digital
systems.

Keywords: analog-to-digital conversion, processing speed, analog signal processing,
data input, structural diagrams, traveling wave, microcontroller unit (MCU), data acquisition
systems.

Ilocmanoeka npoéaemu. 1IBUIKOIS BBEICHHS aHAJIOTOBOI 1H(pOpMaIii
rpae KJIIOYOBY pOJb B TaKuUX O0JACTAX, SIK IPOMHUCIOBAa aBTOMaTH3aLlif,
TeJeMETpis, MeIUYHA J1arHOCTUKA 1 paaioTexHIyHl cucteMu. CydacHl TEXHIYHI
CUCTEMHU BUMAararoTh BUCOKOI IIBHUJIKOCTI 1 TOYHOCTI IEPETBOPEHHS aHATIOTOBUX
curHaniB B uudponi nani. [lutanHs migBUIICHHS e(beKTI/IBHOCTi aHaJIOTOBO-
un(prBoro nepetBopeHHs (AIIIl) axkTUBHO JOCHIKY€EThCS B HayKOBm
JiTepaTypl 1 MPaKTHIHUX po3po61<ax NPOTE 3AIUIIAETHCA PAJ HEBUPIIICHUX
3aBJlaHb, [TOB'SA3aHUX 3 ONITUMI3ALIEI0 MIBUAKOIT 1 3HUKEHHSIM BTpAT 1H(OopMallii.
HaykoBi pocmimkenHss B oOmacti ALl 3ocepemkeHi Ha MOJIIIIICHHI
XapaKTEPUCTHK TMEPETBOPIOBAaYIB, pPO3pPOOLIl HOBUX aJIrOPUTMIB IU(GPOBOL
0OpOOKM CUTHAJIIB 1 MIJIBUILIEHHI MPOMYCKHOI 31aTHOCTI 1HTEep(enciB nepenayl
JAHUX.

Ananiz ocmannix oocnioxcens i nyonikayin. Y cratti «A high speed counter
for analog-to-digital convertersy mnponoHyETbCS BUCOKOIIBUIKICHUM — Ta
eHeproe(HeKTUBHUM CHHXPOHHHWHA JYUIBHUK 13 BUKOPHCTAHHSAM TpUTEpa 3
nepemukanssM (TFF) na ocHoBi ciipaBxHBO1 0gHO(Da3H01 cuaxpoHizaltii (TSPC)
13 BOyJJOBaHOIO KOMOIHAIIMHOIO JIOTIKOIO HAa OCHOBI PO3LIMPEHOI CHPaBKHbOI
oaHodaznoi cuaxponizaiii (E-TSPC). OOroBoproeThcsl MPUHITUIT peamizalii Sk
CUHXPOHHOTO IMiJHOMHOTI0, TaK 1 3BOPOTHOIO JIIYMJIbHHUKA K HA TTO3UTUBHUX, TaK
1 Ha HETaTUBHUX (PPOHTAX 32 JIOMTOMOTOIO IIMX TPUTEPIB. 32 TAKUM K€ TPUHITUIIOM
Opamroe i Cipuil JTiYMIbHUK. Pe3ynbrath MOMAETIOBaHHS TMOKAa3ylOTh, IO
BOCBMUPO3PSAHUNA CHHXPOHHUM JYMIBHUK MOXKE MPAIFOBAaTH HAa TaKTOBUX
gactotax 10 4,54 I'Tm 3 poscitoBaHoro moryxHicTio 0,67 MBt, Tomi sk
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BOCBMUPO3PSAHUI ACUHXPOHHUM JIYWIBHUK MOXE MPAIIOBATH HAa TAKTOBUX
gactotax 10 5 I'Tu 3 poscitoBaHoro moTyxkHicTio 0,5 MBT. [ns ananoro-
mudpoBux nepersoproBadiB (ALIl) noTpiben cMHXPOHHUH TIUNIBHUK, 31aTHHUMI
e¢(eKTHBHO TPAIIOBATH B IMHUPOKOMY Jiama3oHi 9acToT. OKpiM HEOOX1THOCTI B
AIIIT, BiH € OCHOBHUM OJIOKOM JIJIs1 pI3HOMaHITHUX J0JIaTKIB y, CHCTeMax 3B’ 13Ky
Ta BUMIpIOBaHHS. [1]

VY crarTi «The architecture of delta sigma analog-to-digital converters using
a voltage-controlled oscillator as a multibit quantizer» mpormonyerscsi HOBa
apxiTeKTypa JJid aHajoro-udpoBoro IMepeTrBopioBada JeibTa-CUTMa 3
HAJUIMIIKOBOIO Juckperusaiiero (A-X AIlll), mo BUKOpUCTOBYE reHepatop,
kepoBanuii Hampyrow (VCO). VCO, noB's3aHuii 3 JIYUILHUKOM IMITYJIbCIB,
mpaioe K BUCOKOIIBUAKICHUNA KBaHTyBad. Lleil kBantyBau VCO Takox Mmae
dbyHKIIIO (GOpMyBaHHS IIyMy IIEPIIOr0 IOPSIKY, OCKUILKH (a3a BHX1THOTO
IMITyJIbCY € IHTETPaJbHOIO BEJIWYMHOI BXIJHOI Hampyru. [IpoayKTHUBHICTH
3alpOIOHOBAHOTO nepeTBoproBaya OIIHIOETHCS 3a JIOTIOMOT OO
dbynkuionaasHoro MoaentoBaHHs. SNR 59 nb npu cmy3i nponyckanus 5 Ml
orpumMano 3 f,s = 400 MIn, HaBiT, y BUImaAKy 1-0ITOBOro KBaHTyBada.
bararo0iTHuil KBaHTyBad, 110 BUKOPHUCTOBYE BUcOKo4yacTOTHUN VCO, 3Ha4YHO
nokpamrye SNR 1  mpomyckHy 37aTHICT curHainy. Bin  3a0e3neuye
mupokocmyroBuit ALl 13 HaATUIIKOBOIO JTUCKpPETU3AIl€l0 IS BiEO Ta
0€3/IpOTOBUX CUTHAJIB 1 HU3BKOBOJIbTHE PIIIEHHS CHUCTEMHU Ha KPUCTaIl IS
MYJIbTUMEIIMHUX Tporpam.[2]

Dopmynosanns pauiue He GUPIWEHUX YaCMUH 3a2albHOI npoobiemu.
HeoOxi1mHICTh MIABUINEHHS IIBUAKOMII ITIJICHCTEM aHAJIOIOBOI'O BBEICHHSA
BUKJINKaHa BEIWMKUM 4YacoM nepetBopeHHss B Allll. 3meHmenns wacy
neperBopeHHss B AIIIl MoxnauBo, aje npu LBOMY HEOOXIAHO 3HUKYBATH
pO3psAIHICT. Le MOXKIMBO TUIBKH /IO THX IIip, MOKK OXHOKa HE cTaHe OlIbIIe 3a
TaKy, 110 TPUITYCKAETHCS I BU3HAYEHOTO KJacy cuUcTeM. SIKIO TPUHHSATH
PIBHOMIPHUM KpPOK KBAaHTYBaHHSI MO aMIUIITY[l, TO JMCKPETH3AIlls 3a 4acoM
MaTHM€ HEPIBHOMIPHUMA KPOK, a 11€ TPU3BOAUTH O CEPHUO3HUX YCKIIAIHEHb TIPU
TeXHIYHIN peamizaiii. KpiM Toro, Bua CurHaily 3a3fajieriib HEBIJOMHI 1 KPOK
JTMCKpeTH3allii He Moxe OyTH OOpaHHil ONTUMAJIBHUM YUHOM, 32 BUHSITKOM THX
BUITAJIKIB KOJIM BHKOPHUCTOBYIOTHCS AQMalTHBHI TPHUCTPOi. BukopucTaHHS
aJIaNTUBHUX TIPUCTPOIB Ie OLIbINE YCKIAMHIOE, 1 0€3 TOrO CKIAJIHY, TEXHIYHY
peaizartio.

@opmyniosanna yineu cmammi. 3 YpPaxXyBaHHSAM BHILEBUKIIAJCHOTO,
METOIO0 JaHOi pOoOOTH € TIJABUINECHHS IIBUAKOAII IJCHCTEM aHaJIOrOBOIO
BBEJICHHSI, IUISIXOM BUKOPWCTAHHS CIICIIAIbHUX CXEMHHX PIIICHb.

Buxnao ocnoenoco mamepiany.

AnanioroBa iHdopmalliss Moxe OyTH BBeI€Ha JBOMa METOJAMU:
MIOCJTIIOBHUM a00 TapajeibHIM.

[TapanenbHuii METON TEPETBOPEHHS 3a0e3Medye BHUCOKY IIBHUIKOJIIO,
poTe BIAPI3HAETHCA CKIAAHICTIO B peanizauii cxemu. [Tapanensui AL myxe
IIBUJKI, ajieé 3a3BUYall MarlTh pO3pAdHICTE He Oupmie 8 OitiB (256
KOMITapaTopiB), OCKLILKH, MAIOTh BEIUKY 1 1OpOory cxemy.[3]
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AIIIT nroro THITy MalOTh JyXe BEJIUKUN PO3MIP KpucTaia MIKPOCXEMH,
BHCOKY BXIJHY €MHICTb, 1 MOXYThb BHJaBaTH KOPOTKOYACHI MOMHJIKHA Ha
BUXO0i.[3]

[TapanenbHa cxema BBOJY iH(poOpMaIlii IEPETBOPIOE BXiTHY HAMpyry B n-
PO3pAIHUM JBIMKOBHM Koja. BiamoBigHo, Ha BUXO1 GOPMYEThCS m = 27 pi3HUX
KOJIOBUX KOMOIHAIlI/, KOXKHA 3 SKHX BIAMOBIJA€ MEBHOMY m I Jlana3oHy
BXIJTHOTO cuTHaNYy. Hampukmanm, Ko BXiTHWANA CUTHAJ 3MIHIOETHCS B J1alla30Hi
Biz 0 1o 8 B mpu n = 3, TO KO’KHA 3 BOCBMH MOKJIMBHUX KO10BHX KoMmbinarii (000-
111) 6yne mpeacTaBiIATH OJIMH 3 BOCBMH i1 Jilana3oHiB 3 KpokoM 1 B.

Jlo cknagy cxeMu TmapajiebHOTO NEPETBOPEHHS BXOAUTH AUTHHUK OMTOPHOT
Hanpyru Uk (ogHOYacHO BUPOOISIIOUMA BCi m-1 piBHIB, sIKI 33Jal0Th KOPJAOHU
BIIMOBIAHUX MM Jlama3oHiB) 1 m-1 KommapaTopiB, IO BCTaHOBIIIOIOTH
CHIBBIIHOIIEHHSI MDK NEpeTBOpeHOI0 Hampyroto Uy 1 UMMM pIBHIMH. Y
posrisinyTomy nipukiani (Ug=0...8B, n=3, m=8) niIpHUK MOBHHEH MOJATU Ha
neplii BXoJu ceMu kommaparopis Hanpyry 0,5B; 1,5B; ...7,5B. Ha apyri Bxoau
IIUX KOMITapaToOpPiB MOJAETHCS Hanpyra Usx. SKmo B mporieci mepeTBOpeHHs 1Mo
CIIPAIbOBYBAHHAX KOMHapaTOplB 3'SICy€ThCA, HANPUKJIa, M0 0,5B< Usx <I,5B,
e 1 O3Hayae, 10 BUXIIHUWA KoJA NoBUHEH nopiBHIoBaTH 001. C(bopMOBaHI/H/I
nemudparopom curHan 3amyckae BignoBimHuid ALl 1 micnma 3akiHYEHHS
MIePETBOPEHHS OTPUMaH1 KOIH MiJICYyMOBYIOTHCS.

CrpykTypHa cxeMa, sKa peaiizye el MeTOo]] HaBeJIeHa Ha PUCYHKY 1.

Uon  Usex
r ]
[ Fortos
q] % DC Myck AD p))
|
e (e
|
l % AD Motoe
Myck _| focroe MPU

Pucynox 1 — CtpykTypHa cxema napajielbHOTO BBEJICHHS 1HpOopMaIlii

[Tapanensni ALIIT 70BOJI1 YacTO BUKOPUCTOBYIOTHCS JJIs BiIeO a00 1HIIHUX
BUCOKOYACTOTHUX curHamiB. [lpu mocmimoBHOoMy miepetBopenHi, ALl
NEPETBOPUTDH aHATIOTOBUI cUrHai B iudpoBuii 3a N KpokiB, 1e¢ N — po3psIIHICTb
ALII [3].

CrpykTypHa cxema, peajiidye Lel METO/, HaBeJeHa Ha PUCYHKY 2. AJie B
JaHOMYy BHMAJKy B CXEMy JIOJaTKOBO BBOJATHCA IU(PPO-aHAIOrOBUN
neperBoproBay (LIAII) 1 cymatop. Ilpoiiec moymHaeTbest 3 3amaM'siTOBYBaHHS
BXIJTHOTO CUTHAJIy, TICJS 4Oro 3A1HCHIOEThCS oro ouu@pysanHs. OTpuMaHuii
nupoBUi KOJ NMEPETBOPIOETHCS Ha3aJ B aHAJIOTOBUN CUTHAJT 32 JOMOMOTOIO
[TAIT 1 momaeTscs Ha BXiA CyMaropa, Je¢ OOUYMCTIOETHCA PIZHUI CUTHAIIB.
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OTpuMaHa pi3HUIIS TIEPETBOPIOETHCSA B IMUGPOBUM KO 32 JOIMOMOIOK JIPYTroro
AIII. OcranHporo0 omnepaiiieto € miacymoByBaHHs KoAiB 000x ALIII. Po3rnsaemo
npuHIUn podotu cxemu ALIL.

Bxig, ananorosoro [ Fotoal

CUrHany AD2
A1 . Z

[anHi

AD1

Foton2

3anam'AaToByBaHHA

Myck1
Myck2

MPU

Pucynok 2 — CTpyKkTypHa cxema NocIiJ0BHOT 0OpOOKH aHaIOTOBOTO CUTHAITY

Bxigauit ananorouii curnan yepe3 ¥YBX Hagxoauts Ha nmepmmid AL, 3
BUXOJIy SIKOTO B IIU(POBOMY €KBIBaJEHTI OTPUMYIOTh IIICTh CTAPIIUX PO3PSIIB
neperBopeHHs. KogoBa kombOiHalist HagxoauTh Ha BXija [IAIL yucno po3psais
saxoro He MeHie 10-12. Buxigauit curnan ALl nopiBHIOETHCS B TACHITIOBAY1
pPI3HMIII 3 BXIJIHUM AaHAJIOTOBUM CHUTHAQJIOM, a pE3yJbTaT MOPIBHIHHS
nepeTBoproeThes B iHIOMY ALl a1 oTpuMaHHS MOJOAIIUX PO3PSAIIB KOITY.
[Mudposa iHGopMaLig 3 MECTH CTAPIIUX 1 MOJOAUIMX PO3PSAAIB KOIy Hajai
o0'enHyeTbcst Ha 1HUpoBOMYy cymartopi abo Ha mwmHI ganux MIL  Jlns
3a0e3nedeHHs] MakcuManbHO1 mBHAKolT 10-po3psiaHoro mpuctporo ALl B
HboMy BuUkKopucToBYyeThCsl L[AIl 1 migcmmoBau Al, cyma 9aciB BCTaHOBJICHHS
akux He nepesuinye 100 He. IIpu cnomyudenni mikpocxem ALII 3 peanbHuMU
JUKEpeNlaMy CUTHATIB HEOOX1THO BUKOPUCTOBYBAaTH OydepH1 MiacHIoBaYl, s
3a0e3neYeHHs p060T1/1 BEJIUKUX iHTeraJIBHI/IX cxem (BIC) na Benuke emHICHE
HAaBaHTAKCHHS 1 MaJIMii TIOBHUH OITip, 1HBepTopI/1 i HpI/ICTpOI Y3TOJKEHHS PiBHIB
BX1JTHO1 HATIpyTH (mo3utuBHOI noJsipHOCTI abo B aiana3oHi £1 B). ALII uporo
THITY BOJIOJIIOTHh OJJHOYACHO BUCOKOIO IIBUIKICTIO 1 XOPOIIOIO PO3PSATHICTIO.[3]

[TinBUIIIEHHS MBUAKOII MOKHA JIOCSTTH, SIKIIIO BUKOPUCTOBYBATH CXEMY,
HaBeJleHy Ha pucyHKY 3. Po0OoTa cxemu 3BOAUTHCA OO KOMYTalli BXI1IHOTO
curHaiy no yep3i Ha Bci ALl sxi Bukopuctani B cxewmi. Lle nosBonsie, He
YeKaruu 3akindeHHs: pobotu nmonepeaaroro AL migkmountu HacTymHuA. Tum
CaMUM, OpraHi3OBYIOYM pEXKHUM pPYXOMOi XBWJII, MOKHAa B 3HA4HIM Mipi
NIJBUIIUTH YaCTOTY BXIJHOTO CUTHaNMYy. BXIJHUN CUTHAN 4epe3 aHaJIOrOBHA
KOMYyTaToOp HaJAXoAauTh Ha BXig obOpanoro AIIII i 3amaM'sTOBye B aHAJIOTOBOMY
3anam'aTOBYHOYOMY MPUCTPOL (A3H) [Tapamerpu A3II noBuHHI 3a0e3MeuyBaTH
yac 30epiraHHs CUTHAIIy Ha Meploj 4acy MepeTBOPEHHS CUTHAIly B ALIIL. ITotim
TIPOBOIUTHCS TIepPeMUKaHHS JIEMYJIbTUILIIEKCOpa 1 BIJI0YBa€ETHCS
3armam'siTOByBaHHSI HACTYITHOTO 3HAYECHHsI OIU(PPOBAHOTO CUTHAITY.

122



MUX My AD I RAM

for 4

Uex Mycx

YutaHHAa

Dl —%
S

E

L] L ]

[ ] L]

ﬁ
-

——t——t =1t
1&
=]
o

for2

Mycx

MU AD

T fo13

CcT

+1

MU AD

T lfotN

3anuc

Pucynok 3 — CtpykTypHa cxema BBeJIeHHs 1HQopMallii B pexumi "pyxoma
xBUIISA"

[Ipouiec TpuBae Oe3mepepBHO, A0 THUX TIp, NMOKU HE OyJe BUYEPIIAHO
IHTEepBAJI Yacy BIJIMOBIAHOTO BBEIECHHS HEOOXiqHOTO 00cary iHdopmarii, 1o
3a0e3neuye JOCTOBIPHY OIIIHKY JIlarHOCTUYHO1 IHpopMalii. BBenena ingpopmariis
3aHOCUTBCS B ONEPATHBHY MaM'siTh. AJpeca KOMIPKH MaM'siTi (pOPMYEThCS 3a
CUTHAJIOM TOTOBHOCTI BianmoBigHoro ALIIl 3 BUKOpUCTaHHSM CXEMU 1HKPEMEHTY
noOy/I0BaHOI Ha JIYWJIBHUKY. YmHpaBiaiHHA pobOororo AIIIl 3miicHioeThCs 3
BUKOPHUCTAHHSM PETICTPa, BMICTOM SIKOTO € KEPYIOUE CJI0BO, 1110 1HIIIIOE pOOOTY
HeobximHoro yucia AL 1 ix mocaigoBHicTh. KinbkicTs ALIIL, 110 6epyTh y4acThb
B IIEPETBOPEHHI, BUOMPAETHCS BUXOMASYM 3 YACTOTH BXIJHOTO CUTHAIY, 4acy
neperBopeHHss ALIII 1 ynucna auckpeT, HEOOXIIHUX JJis SIKICHOTO B1JHOBJICHHS
0o0poOIIOBaHOTO cHUrHaidy. B SKOCTI HEMOJIIKy MOXHA BKa3aTU MOPYIIEHHS
MOCTIJOBHOCTI 3aHECCHHS JIaHMX B TaM'sATh, IOB'S3aHOI 3 PI3HUIICIO B dYaci
nepeTBOpeHHsd, HaBiTh s oaHotunHux Allll. Tomy amapatHa uwacthHa
notpedye cxemax cuHxpoHizailii. [Ipu MikponpoiiecopHiii peanizaiii neit nredexr
JIETKO YCYBAEThCS MPOTPAMHHUM HUITXOM. BapiaHT peasnizaiiii 3 BUKOPUCTAHHIM
MIKpOMpoliecopa HaBEICHO Ha PUCYHKY 3 MyHKTUPHOIO JIHIEO.

Posmmpenns ¢yHKITIOHATPHUX MOXKJIMBOCTEH MOKHA JOCATTH, SKIIO Ha
BXOJIi BCTAHOBJIFOBATH HE TIJIBKU JIEMYJIBTHILICKCOP, aie 1 MyJbTuIiekcop. Lle
JO3BOJISIE TMIAKIIOYATH HE OJIMH KaHaJI OTPUMAaHHS JIarHOCTUYHUX JaHUX, a
nekiibpka. [Ipuuomy BCl MOKIIMBOCTI MOMEPEIHBbOI cxeMu 30epiraroTbest. OiHaK
BBEJICHHS OKPEMOTO MPUCTPOI0 mam'sati st kKoxkHoro ALIIl mo3Bonsie Oiibin
e(eKTHUBHO YTPABIIATH SK MPOIECOM 3aHECEHHs 1H(popMaIlii, Tak 1 ii BUITyUEHHS
JUTs oanbInoi oOpoOku. [Ipu Takiit koHDiryparii MOKHa OTpUMATH TOJBIHHY
«PyXOMYy XBHJIKO», TOOTO TEPEMHKATH CIOYATKy MYJIbTHIUICKCOP, a TOTIM
neMynbTuIiekcop. Take pimeHHs 703Boisie OUThIl e(eKTUBHO (OpMYBaTH
JIarHOCTUYHI  JlaHl, MIABUIIYIOYM pPiBeHb 1HGOPMATUBHOCTI TMPO CTaH
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niarHoctyeMoro 00'exkty. CTpyKTypHa cxema, IO peaidye el MpUHIMII,
HaBeJICHA HA PUCYHKY 4.
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Pucynok 4 — CtpykTypHa cxema BBEJIEHHS 1HPOpMallli B peXUMI «I10]IBliTHA
pyXxoMa XBUJIS»

VY HayKOBUX €KCIIEpUMEHTAax MiJCUCTEMHU BBEJICHHS 1HGOpMaIlii TOBUHHI
BIJINOBIJIATH (PYHKIIOHAJIBHIM MOBHOTI, THYYKOCTI, 3/1aTHOCTI 3a0e3nedyBaTH
OyIb-sSKHl pexuM, 3a OaxkaHHsAM aociiaHuka. [Ipyu Takomy migxomi HaHOLIbII
M1IXOJAII0I0 OyJie cXeMa, HaBe/IeHa Ha PUCYHKY 5.

Bona nmoOynoBaHa sk caMOCTIMHUNA MPUCTPId Ha 0a3l OAHOKPHUCTAIBHOI
MIKpoEOM. 3B'SI30k 3 TOJIOBHUM KOMM'IOTEPOM 3IIHCHIOETHCS MO 3arajibHii
[IMHI, IO J03BOJIIE OTPUMYBATH BHUCOKI IMIBUAKOCTI Tepeaadi JA1arHOCTUYHOI
iH(popmarrii. ['HyuKicTh cuCcTEMHU Haslae 610K MIKPOITPOTPAMHOTO YIIPABIIHHSA, 110
3abe3rneuye (OpMyBaHHS YIPaBISIOYMX CHUTHAJIB 1 TMPUMOM CUTHAJIB
cunxpoHizauii 1 HaOip AL, 3maTHUX peati3yBaTH MOCHIIOBHUN 1 TapaJiebHUN
criocobu 00poOKM cUrHaNIB. bJIOK MIKpOIIPOTpaMHOTO YITpaBIiHHS MO0y 1I0BaHUN
Ha camocTiitHi MIKpOEOM 3 MeHmuMu (yHKIIIOHATbHUMUA MOXJIMBOCTSIMHU 1
BOynoBaHow ¢uem - mam'strio. Lle mo3Bosisie mepemporpamyBaTH PEKUMHU
poOOTH 1 MOCIIOBHICTh BUKOHAJIBHUX AiM. Pi3HI pexuMu poOOTH 3a7al0ThCA
HaJIAIITYBaHHSIM PETICTpa PEKHUMIB, a BHYTPIIIHIN CTaH CXEMH BU3HAYAETHCS
cTaHOM perictpa crarycy. Llell perictp IMKIIYHO (IKCYye CUTHAIM BiJ
BHYTPIIIHIX NPUCTPOIB 1 Iepeiae 1o iHpopMallito B ypasiisaiouy MikpoEOM. Bes
iH(DopMarris, Mo HAaTXOIUTh BiJl 00'€KTa J1arHOCTUKHA 30MPAETHCS B MPHUCTPOI
nam'sti. [Hpopmariis, sika 30epiraeTbcst B 3amam'stoByrouomy mpuctpoi (3I1)
nepeslacThCs B TOJIOBHUM KoMm'toTep it 00poOku. IIpu HeoOXimHOCTI oOcsT
nam'aTi  pO3LIMPIOETHCA 32 PAXyHOK BHUKOPUCTAHHS BHYTPIIIHBOI MaM'sTi
MikpoEOM.
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311 mMo3xe mpalroBaTu Ik aBTOHOMHO, 3a curHaiamu roroBHocti AL, Tak
1 B curHaiiB MikpoEOM. Ile 3a06e3neuyeTbest 3aCTOCYBaHHSIM pericTpa aJpecH,
AKUU J103BOJIIE MOAM(PIKYBATH JaHl SK MpPU MOCIHIJOBHOMY, TaK 1 IIpH
napajeiIbHOMY BBE/ICHHI.

Bucnosxu ma nepcnexkmueu nooanvuiux oocniodrcens. B xoni pobotu 06yio
PO3MIISIHYTO MUTAaHHA M1ABUIICHHS IBUIKO11 IM1ICHCTEM aHAJIOTOBOT'O BBEJICHHS.
Jlns #floro BUpIIIEHHS 3alpONOHOBAHO CIELIAJIbHI CXEMHI pIMIEHHS, SK1
JI03BOJISIIOTH ONTUMI3YyBaTH MIPOLIEC IEPETBOPEHHS aHAJIIOTOBUX JAHUX B LIU(PPOBI.
3acTocyBaHHS MOMIOHUX pIlIEHb CIPHUSE 3HIKCHHIO 3aTPUMOK 1 301JIBIIICHHIO
e(EeKTUBHOCTI OOpPOOKHM CHUTHANIB, IO BIJAIFPAE BAXKIUBY pPOJb Y PO3BUTKY
CYy4YaCHHUX BHCOKOIIBUJIKICHUX CHUCTEM 300py 1 00poOku iHhopmartii. [Toganbiie
BJOCKOHAJICHHSI LIUX METOJIIB, BKJIIOYAIOYM BHUKOPUCTAHHS HEHPOMEpEKEBUX
aJITOPUTMIB 1 KBAHTOBUX TE€XHOJIOT1H, BIAKPHUE HOBI MOKJIMBOCTI B p13HUX cepax
HAyKU 1 TEXHIKH.
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BAPIAHTU BUT'OTOBJIEHHA CAMO3AXHUCHOI'O
HOPOHIKOBOI'O APOTY IJA 3BAPIOBAHHSA MIJAI TA MIAI 31
CTAJIJIIO

Anomauia: Ilpu 36aprosanui mioi i MiOi 30 cmanio AKICMb 36ApPHO20 3 €OHAHHA 8
3HAYHIL MIPI 3a71eCUMb 810 YUCHOMU OCHOBHO20 MeMAy i CKIAdy eleKmpoOHO20 MAmepiay.
Ha oanuii uac pospobnena 3nauma KilbKicmv enekmpoOHUX mamepianié i MmexHol02iu
38aproeanus Mioi [ MiOi 31 cmauno, are aKmyaibHUM 3AaIUUAEMbCS  PO3POOIeHHS
CAMO3AXUCHUX NOPOULKOBUX OPOMIE OJi MEXAHI308AH020 36APIOBAHHS PO32IAHYMUX 3' €OHAND.
B cmammi posenanymo pezynomamu 00CniodceHHs 800CKOHANEHHS CKAAOY CAMO3AXUCHO20
HOPOWK0B8020 OpOmMYy 3 MIOHOIO [ CMANegor 000JIOHKAMU, PAYIOHATLHUX MEXHOLO2IYHUX
DPeAHCUMIB BONIOUIHHS, BIIIUBY PEHCUMIB 36APIOBAHHS | HANAABGLEHHS HA XIMIYHUL CKIAO Memany
wea.

Knrouosi cnosa: camoszaxuchuii nopowKkosuti Opim, 36apro8anHs Mioi, 36apio8aHHs Mioi
31 cmanno, XIMIUHULL CKAA0 Memany wéd, MiOHa 0OO0NOHKA, Cmaneda 0OO0NOHKA, B0JIOUIHHSA
Opomy, ONMuMIi3ayis 36apro8ailbHO20 NPOYEC).

Abstract: When welding copper and copper to steel, the quality of the welded joint
largely depends on the purity of the base metal and the composition of the electrode material.
Currently, a significant number of electrode materials and technologies for welding copper and
copper to steel have been developed, but the development of self-shielding flux-cored wires for
mechanized welding of the considered joints remains relevant. The article reviews the results
of research into improving the composition of self-shielding flux-cored wires with copper and
steel coatings, rational technological modes of drawing, and the influence of welding and
surfacing modes on the chemical composition of the weld metal.

Keywords: self-shielded flux-cored wire, copper welding, copper-to-steel welding, weld
metal chemical composition, copper sheath, steel sheath, wire drawing, welding process
optimization.

Mini mpuTamMaHHI Takl BJIACTHUBOCTI, K TEIJIOMPOBIAHICTD, TJIACTUYHICTh
Ta KOpO3iliHa CTIHKICTh, IO JI03BOJISIE BUKOPUCTOBYBATH MiJb Ta ii CIJIaBH B
rayry3siX MPOMHCIIOBOCTI IPU BUTOTOBJICHHI TETNIOOOMIHHHUKIB, KPUCTAII3aTOPIB,
JTOMEHHUX (QypM, JeTayieid XIMIYHOT anapaTypI/I [Ipu BUTOTOBIEHHI METaJIEBUX
KOHCTPYKIIIH YacCTO BUHUKAE€ HEOOXIJHICTh 3’€IHAHHS MiAl Ta 1i CIJIaBiB 31
CTAISIMM 1 CIUITaBaMH PI3HUX cucTeM JieryBaHHs. OcHOBHa mpobiiemMa mpu
3BapIOBaHHI MiJi 31 CTAJUTI0O BUHUKAE BHACIIIOK ICTOTHOI Pi3HUIN Y (i3HKO-
XIMIYHUX  BJACTUBOCTSIX  MaTepialliB, [0  3BaplOIOTbCA,  BHUCOKOI
TEIUIONPOBITHOCTI MiAl Ta 1 37aTHOCTI TOTrIUHATH ra3u. OCTaHHE, MOpH
3BaprOBaHHI, BUKJIMKAE MOSBY B LIBI Mip, OKUCHUX BKIFOUEHb, TPILIUH, IO POOUTH
MIPAKTUIHO HEMOXKJIMBUM BUKOPHUCTAHHS TaKUX 3’ €HAHb JUIT POOOTH B yMOBaX
M1JBUIIICHOTO TUCKY, BOJIOTOCTI Ta Temnepartyp [1, 2].
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JlocmiKeHHS 11010 3BapIOBAHOCTI MiJIl Ta Mifl 31 CTAJUTIO TTOKA3YyIOTh, 110
Ha SIKICTh 3BapIOBAaHHS BIUIMBA€ YHWCTOTA OCHOBHOTO METAly Ta HAasBHICTh B
CKJIa/il €JIeKTPOAHOTO MaTepiaay JOMIIIOK, 3aTHUX PO3KUCITIOBATH Mifb.

[Ipu B3aemomii pigkoi Mimi 31 CTaumto, 30KpeMa IPH 3BapIOBaHHI Ta
HATUIABJICHHI, YTBOPIOIOTHCS TPIMIMHHU, 3amoBHEHI Mipmo. [lomiOHi sBuUIAa
MOB'SI3YIOTh 13 PO3KUCITIOBAILHOIO €0 PIAKOI Mifi, a TakoX 3 OCOOJIHBHUM
CHEePreTUYHUM CTAHOM CIUIaBYy Ha MEXax 3epeH Ta IMiBUILEHOI0, BHACTIIOK I[HOTO,
mudysie0 atoMiB piAkoi ¢Ga3d B KPUCTAIIYHI IpaTH TBEPJAOro Meraty. 3
ypaxyBaHHSIM JIOCUTh BEJIMKUX PO30OIKHOCTEH KOS(IIIEHTIB TETJIOMPOBIAHOCTI Mi/ll
1 cTayti, HEOOX1THO MIATPUMYBATH TEPMIYHMM CTaH JeTajliell Ipu 3BaprOBaHHI IS
3MEHIIICHHS TIEPEOX0JI0/KeHHS piJikoro po3miaBy Cu — Fe npu kpuctanmizanii [2].

KommiekcHa  oOIliHKa MEXaHIYHMX BJIACTHBOCTEH, TEPMOLMKIIYHOT
JIOBrOBIYHOCTI, XapakTep pyHHYBaHHS 3pa3KiB MMOKA3aIH, IO MPHU €KCILTyaTallii
3BapHHUX 3’€HaHb HU3HKOBYTJICIICBA CTANb — MiJh B YMOBax IMiJBUIICHUX Ta
3MIHHUX TEMIIEpaTyp ONTUMAIBHUM € BMICT 3...6 % 3aimiza y metani mBa [3]. 3a
naHuMu [12], mounHaro4yu 3 KOHIEHTpallli 3amiza 5 % MiABUILYETHCS MIIHICTD
3BapHHUX IIBIB, [0 OOYMOBJIEHO ABO(A3HOIO CTPYKTYpOK MIIl 3 ApiOHUMH
3epHaMU, MK SIKUMH PO3TalllOBaHl YaCTHHKM CIUIAaBY Ha 3alli3Hiil ocHOBI. [lpu
30UTbIIEHH] KOHUEHTpalil 3a113a moHaz 42 % MIUHICTb 1 IJIaCTUYHICTh 3BAPHOTO
IBa 3HWKYIOThCS, [0 00YMOBJIEHO HasIBHICTIO MIKPOTPIIIMH, SIKI BUHUKAIOTh M1
yac KpUCTali3allii MeTaity 1IBa.

HayxoBmi IE3 im.€.0. IlatroHa 3anpornoHyBaiu IUIaBIEHUN Quitoc is
3BapIOBAaHHS Ta HAIUIABJICHHSA MiJl Ta 1l CIUIaBIB, B SIKMM 3 METOIO MOMIMIICHHS
MEXaHIYHHUX BJIACTUBOCTEM METaly B 3BApHUX IIBIB BBEICHUN (PTOPUCTUI HATPINA y
KUTBKOCTI 5-15 %, a 1HII1l KOMIOHEHTH B3$TiI B HACTYITHOMY CITiBBiIHOIIEHHI (B %):
SiO; = 16-22; Al,05 = 25-35; MgO=5-10; Ca0=5-15; CaF, = 20-25; MnO<0,5 [4].

JIst pydHOro JAYTrOBOTO 3BaproBaHHS Mifl Ta il CIUIaBiB, a TAaKOX Miai 31
CTaJUTIO 3alPOINIOHOBAHO HHU3KY MapoK NOKpUTHX eniekTpoaiB ¢ipm ESAB,
BOHLER [5, 6, 7]. Haii0inpm mupoke 3acTOCYBaHHS OTPHUMAIHM EIEKTPOIH
mapok "Komcomomnenn 100" [8]. B pe3ynbrari 3BaproBaHHS JUCTOBOI CTaji CT.3
3aBTOBIIKK 3 MM Ta Mifi Mapku MO 3aBTOBIIKH 14 MM y TaBp €JIEKTpOJaMu
«Komcomonens 100», Ha mMOCTIHHOMY CTpPyMi 3BOPOTHOI TMOJSPHOCTI 3
nonepenHiM migirpiBom g0 650-700 °C, BcTaHOBIEHO, IO 3BapHUI IIIOB
dbopmyeTbes A00pe, TPIIMHU Ta TIOPW Y 3BApHUX IBaxX BiACYTHI. BukoHaHHS
3BapIOBaHHSA 3 MIJITPIBOM MeETajdy HHUX4Y€ BKa3aHOI TEMIEpATypH MOTIpIIye
dbopMyBaHHs 111Ba, YTBOPIOIOTHCS HAIUIMBU HA MiJll Ta MIAPI3U HA cTali. 3 OOKY
CTaJll BUHMKA€ HEBEJIMKA MOPHUCTICTh, IO CBIAYUTH MPO HEAOCTATHIM PIBEHb
po3kuciieHHs MeTary mBa [9].

VY po6oti [10] po3risiHyTO BAOCKOHAJEHHS TEXHOJOTi 3BaplOBaHHS Mij
dbmocom AH-60 wmimi 31 crammo  gporom  Mapku  MHIXKKTS-1-0,2-0,2.
BcranoBieHo, M0 OTpUMaHHS SIKICHUX IIBIB OJHUM €JIEKTPOJOM 3 TOBIIHHOIO
KPOMOK, IO 3BaproloThCs, BiA S5 A0 10 MM 3aJIeXuTh BiJl 0OpOOKH KPOMOK,
peXUMY 3BapIOBAHHS, IOBKUHU 3MIIICHHS €JIEKTPOIa Bl JIiHIT CTUKY Ha Mi/lb.

BusHaueHHI0O ONTHUMaNBHOTO CKJIAMy METally IIBa TPH 3BapIOBaHHI
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IUTABJICHHSAM MiJi 3 HHU3bKOBYIJICIIEBOIO CTaJUIIO0 MPHUCBsA4YeHI podotu [10, 12],
MOKa3aHo, 110 criBBIAHOMEHHS 52 % mifl Ta 42 % 3amiza 3a0e3neuye qBodazHy
CTPYKTYpY, 11O € TOAPIOHEHWMHU 3epHAMHU CIUIAaBY Ha OCHOBI Mil MK SKUMU
pO3TaIioBaHi 3epHa CIUIaBy Ha OCHOBI 3aii3a. Jljist 3BaproBaHHS Mifi 31 CTAJUTIO
BiJIOMi APOTH 3 000JOHKOIO 3 MiTHOT 1 cTaseBoi cmyTH [ 13].

Jlnst  otpumanHsS  Oe3A€EKTHOTO 3BapHOTO  IMBA, 3a0e3MeUYeHHS
HEOOXITHOTO PIBHS PO3KHUCICHHS MiJl Ta ONTHMAJIBLHOTO CITiBBITHOIICHHS
MIJb/32J1130 B MeETajl IBa, MEPCHEKTUBHUM € 3aCTOCYBaHHS CaMO3aXUCHUX
MOPOIIKOBHUX JAPOTIB TPYOUACTOI KOHCTPYKIITIi.

Buxoasuu 3 1poro, po3po0ka Ta 3aCTOCyBaHHS €JIEKTPOJHUX MaTepialis,
mo 3abe3reuyloTh HEOOXIJHI BJIACTUBOCTI METajay IIIBa, IO JO3BOJISIOTH
3aCTOCOBYBAaTHM MEXaHI30BaHI CIIOCOOU 3BaproBaHHs 0e€3 JI0AATKOBOTO 3aXUCTY
JyTHU € Iy’kKe aKTyallbHi.

YMOBH yTBOPEHHS IPOTYy TPH TMPOXOHKCHHI dYepe3 BOJOKH OYIyTh
PI3HUMU, BUXOJSIYU 3 MEXAHIYHUX BIACTUBOCTEU MeTary 000J0HKH [11].

Mera poOOTM — BHU3HAYEHHS PALIOHATBHUX TEXHOJOTIYHUX PEKUMIB
BosiouiHHst CII/] 3 MigHOIO 1 cTaneBOO 00OJIOHKAMU Ta BIOCKOHAJICHHS CKJIAAy
caMmo3axucHoro mnopomikoBoro napoty (CIII), mo 3a0e3nedye ONTUMAIIbHY
KUIBKICTB 3aj113a 1 M1/l B 3BapHOMY IIIBI.

Bubip ckiay muXTy MNOPOLIKOBOIO IPOTY ISl 3BAPIOBAHHS MiJil 31 CTAJUIIO
3MIACHUBCS 3 YpaxyBaHHSIM IE€pEpaxOBaHUX BHUIIE OCOOIMBOCTEH MpOIECy.
[TonepenniMu gociigaMu Oyji0 BCTaHOBJIEHO, 10 icToTHUM HepodikoM CIIJ 3
MIJIHOIO 000JIOHKOIO Ta BMICTOM B OCEP/I1 OKCH/IIB € ITiIBUIIICHE pO30PHU3KyBaHHS,
K€ OCOOJMBO TPOSBIAETHCS MPHU 3BaprOBaHHI Mijail. Tomy OyJo MpOBEIEHO
PO3pOOJICHHS JIPOTY 31 CTaJbHOI OOOJIOHKOIO, IO 3a0e3MeYMSIO YTBOPEHHS
SKICHUX IIBIB HA M1l P HU3bKOMY 3HAYEHH1 BTPAT HA pO30pHU3KyBaHHs. Takum
YHUHOM, BCTaHOBJIEHa HEOOXIJIHICTh 3acTocyBaHHs ABoX CIIJI st 3BaproBaHHs
MIJi1 31 CTa/UTIO 1 M1l 3 Miaaro. Ile gae MOXIMBICTE B 000X BUMAAKaX OTPUMATH
OJM3bKi 3a XIMIYHHUM CKJIQJIOM 3BapHi MIBU. J[Ji1 BUTOTOBJIEHHS JOCIIJIHHUX
MOPOIIKOBUX JIPOTIB BUKOPHUCTOBYBAJIACA MiJgHA cTpiuka Mapku M1 po3mipom
0,5x15 MM 1 xononmHokartaHa 13 ctaii 08mc, Takoro »x mneperuny. Ckian
MOPOIIKOBUX APOTIB HaBeAeHO B Tabiuii 1. Ckiaa ocepas MOPOIIKOBUX IPOTIB
CKIAJAEThCS 3 KOMITOHEHT, IO 3a0e3MeuyloTh JICTYBaHHS, PO3KHCIICHHS Ta
3aXUCT PIIKOrO METAITy BiJl B3a€EMOJIIT 3 MOBITPSIM, YOMY CHPHSIIO 3aCTOCYBAHHS
crionyk propy, a came riaBukoBoro mmary (CaF,) ta Hatpito kpeMHEDTOPUCTOTO
(Na;SiFs). SIk mouaTKoBHIA KpUTEPii MPU BHOOPI ra3olniakoBOT OCHOBH OCEPIst
npUiiMany  3BaprOBAIbHO-TEXHOJIOTIYHI BJIACTHUBOCTI TMOPOIIKOBOTO JPOTY.
TakoMy KpuTepiro HaiOUIbIIe BIAMOBIAAE MIIAKOYTBOPIOIOYA CHCTEMA:
TJTABUKOBHM IITIAT — HATPIA KPEeMHE(PTOPUCTHUH - IMPKOHOBUN KOHIICHTpPAT.

Tabauysa 1 - Cknao ekcnepumeHmanbHux noOpoulKosux Opomis

Ne HailimenyBaHHSI KOMITOHEHTIB Cxuag muxtu ocepas, %
HIT BpXKMii-35-3-1 BpKMu-3-1
1 [TnaBukoBuU# 1maT 12 30
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2 [TupkOHOBUI KOHIIEHTpPAT 3) )
3 depomaHran 1 5
4 depocuiiii 5 10
5 Harp xpemuedropuctuit 5 25
6 I'padit cepebpucTHii - 25
7 MiaHuii TOpOLIOK 30
8 deporutan 2 -
9 AJTOMiHI€BHIA TOPOIIOK 40 -
O6omnonka CIT/] 08¢ M1

ExcrniepuMeHTanpHe JOCHIPKEHHSI TMPOILIECY BOJIOYIHHS TOPOIIKOBUX
JPOTIB IIPOBOJIMIIM Ha CIICIIAIbHOMY BOJIOUMJIBHOMY OJHOOapabaHHOMY CTaHi
(puc. 1) HACTYNTHUM YMHOM: XOJIOJIHOKATaHy METaJIeBy CTpIUKy 1, momaBaiu B
npo(1I03THHATBHUM NPUCTPIN 2, 3 OTHOYACHUM J03YBaHHSAM LIMXTH 3 J103aTOpa
4 1 nopanpioro GOpMyBaHHS CTPIYKKA B KalliOpPOBAHMX POJUKAX S5 y BUXITHY
TpyOuacTy 3arotoBky 6 mgiamerpom Do. IloTiM y BonokoTpumay 8 HagXOIUTh
3aroTOBKA MOPOIIKOBOTO JPOTY, IO SBIISIE COOOI0 3TOPHYTY METAJIEBY CTPIUKY B
TpyOKY, MOPOKHHUHA SIKOI 3all0OBHEHA CYMILIIIIO HOPOIIKOMOAIOHNX MaTepiais,
neBHoro ckiaay. Hamam 3ailicHIOBaNIM TEPETSHKKY APOTY A0 HEOOXITHOIO
niametrpa Di. [lepen K0KHOIO MEPETSHKKOK MPOBOAWIN BUMIPIOBAHHS BUX1THUX
JiaMeTpiB MOpPOIMKOBOro Jpoty 9. Ilicis 3aKkiHYEHHSI €KCIIEPUMEHTY 3aMipsiiu
aOCOJIIOTHE TMOJIOBXKEHHSI IMOPOIIKOBOIO JpPOTY Ta aOCOIIOTHE YTOHYEHHS
000JIOHKHU. 3yCHJIJISI BOJIOUIHHSI MOPOIIKOBOTIO APOTY MpPH KOKHOMY IMEpEXojil
3HIMAJIM 3a JIONOMOTOK TEH30/JaTYMKIB 310paHMX 3a MOCTOBOIO CXEMOKO Ha
BOJIOYMJIBHIN TUIATI, TIOKA3aHHS PEECTPYBAJIM 3a JOMOMOTOI0 TEH30CTaHIIIi
niakmoueHoi uepe3 AL go BomoumnsHoro crany [11].

3 2 1

Pucynok 1 - EkcnepumeHTanbHa ycraHoBka: 1 — MeraneBa crpiuka; 2 -
npodiaeruOouHnii npucTpiii; 3 — chopmoBaHUl kK0100; 4 — ABTOMATHUYHHI
03aTop; S5 - KamiOpyr4u pOJMKH; 6 — 3aroTiBJsl MOPOIIKOBOTO JPOTY; 7 —
bimsepa; 8§ — BomokoTpuMay; 9 — mopomikoBuii aApit; 10 — cucTema TeH30/1aTYNKIB
JUTSI BOJIOWIHHS TIOPOIIIKOBOTO JIPOTY
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3 MeTOI0 SKICHOTO BUTOTOBJICHHS MOPOIIKOBUX JPOTIB uepe3 MepILy
GbiTbepy BOJIOUIHHS 31ACHIOBaIM mpu BUTsKII W= 1,2—-1,3. [lpu Takomy
Koe(]iIlieHT1 BUTSDKKU MOKPAIIY€EThCS YMOBA 3MAIllCHHS JPOTY B MEPIIii BOJIOKI,
1 3am00iraeTbcsl HaJMIpHA HAIpyra BOJOYIHHS, IO BU3HAYAETHCA JUIS MEPIIOT
MPOTSKKH CYMOIO CHJI OTIOPY MPOTSATYBAHHSI CTPIYKU Yepe3 X0I0CTi (hopMyBasbHi
ponuKH 1 fedopMaltii IpoTy B mepiiit Bojaoki. [Ipu BUTsSKKax MOKIMBUN PO3PHB
000JIOHKHU. BayKTMBOIO YMOBOIO HOPMAJILHOTO TIPOIIECY BOJIOUIHHS IIOPOIITKOBOTO
IpoTy 4epe3 mepiry (inbepy, mo 3ade3nedye 3aJaHuid i1 CKIad, € BUKOHAHHS

HACTYTHOTO CITiBBITHOIIICHHS:
S
0
5, =1 ®

ne: So - oA NOIEPEYHOro nepepizy MOPOMKOBOTo APoTy, Mm% S¢ - mioma
MONEPEYHOT 0 nepepizy PiIbepU KOHIYHOI (POPMU 3 KyTOM pOoOOUOro KoHyca 2a =
12 -18°.

CoiBBigHomieHHs: (1) € TEXHOJOTIYHUM TOKA3HUKOM  BOJIOYIHHS
MOPOIIKOBOTO APOTY, IO JI03BOJISIE€ OIIHUTH MOKIIMBICTH BUTOTOBJICHHS APOTY
3QJIAaHOTO CKJIaay. SKIo Iie CHiBBIIHOIICHHS Olablie 1, cTaHEThCSA KUIBIIEBUM
pO3puB 000JIOHKH. Y 1IbOMY BUTIAIKY CJIiJ1 30UTBIIUTH AlaMETp MepIIoi PuibepH.

VY npyromy Ta TpeTbOMy NEPEXO/I1, 1€ OCEPs L€ HEAOCTATHBO YIIUIBHEHE,
MpU3HAYaIM MaKCUMaJIbHY JedopMarlito, 10 MEPEeBUIYE BETUYHUHY Pa30BOIO
cepenHboro oOTHCHEHHs. BenmuumHa pa3oBoro OOTHCHEHHS IJIsi JAPOTY 3
o0osoHkor0 3 Miji M1 1 M'skum ocepasim nocsarana 30 - 35%. ¥V HacTynmHHX
nepexogax Aedopmailii HOCTynoBO 3MEHITYBaJIU. [Ipr BOJOUYIHHI MI1THOTO APOTY
10 aiaMeTpa 3,5MM 3yCHJUISL MPOTSKKU MPAKTUYHO HE 3MIHIOIOTHCS 1 TIIBKH 3
VIIUTBHEHHSIM OCEpAsl 3pOCTa€ CHiia TEPTs Ha MEXKI «OocepAs - BHYTPIITHS
MOBEPXHS 000JIOHKW», IO MPU3BOUTH JI0 IHTEHCUPIKaLlli MPOLECY BUTOHUYECHHS
0OO0JIOHKH.

VY npori 31 cTaneBoo 000JIOHKOI TEMIT HAPOCTaHHS JeopManiii BULHIA.
Takuif xapakTep IJACTUYHOCTI TPU BOJOYIHHI JPOTY BU3HAYAETHCS
BIJIMOBITHUMHU BJIACTUBOCTSAMHM TOPOIIKIB Ta MaTepiasly OOOJOHKH. 3arajibHa
KUIBKICTB MEPEeX0/1iB (N) 3a MOBHUMN ITUKJI BOJIOWIHHS JIPOTIB B1J JlaMeTpa Mepuioi
bimeepu (Do) mo 3amanoro kiHneBoro miamerpa (Di) Oynmo BU3Ha4YeHO B
3aJIeKHOCTI BiJ HEOOXIAHOTrO 3amacy MIIHOCTI, 110 3a0e3nedyye LUTICHICTb
000JIOHKH Tipu Aedopmariii.

Hagani 3a BigoMMMHM 3yCWUISIMH  BOJIOYIHHS  PO3PaxOBYBAIHCS
HampykeHHs Jedopmarlii, [0 BUHUKAIOTh B OCEPEAKY, MPHU BOJIOYIHHI
MOPOIIKOBUX JIPOTIB 32 HACTYIHOIO 3aJIeKHICTIO:

c=PI/F )
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ne: Py, - 3yCHILIA BOIOYIHHS IPH IPOTSHKILI MOPOLIKOBOro apory, KH; F, - mioma

TIONIEPEYHOro HePePi3y HOPOIIKOBOTO APOTY, MM2,

HIimpHICTH TOPOIIKOBOTO HATOBHIOBAaYa OCEP/Sl APOTY 3 OOOJOHKH 3 MiJii
0,7, nna craneBoi oOononku 0,8, cuma Hatsary npu BosouinHi CIIJ| He
nepesunmuia 3 kH. Ileit piBeHp HaTsATy 3a0e3medye MUTICHICTh OOOJIOHKU TIPH
nedopwmariii. Hanpyru, 1m0 BUHUKAIOTh MPU BOJIOYIHHI JIPOTY HE MEPEBUILUIN
MEXXY MIIIHOCTI MaTepiaay 000JIOHKH.

3BaproBaHHs 3JIHCHIOBAJIOCS Ha 3BaproBalibHOMY aBTomaTi A-874 Ha
MOCTIMHOMY CTPYMi 3BOPOTHOI MOJSPHOCTI. B sKOCTI JKepena >KUBJICHHS
3acTOCOBYBaBcs 3BaproBasibHuid Bunpsamiissy BC-1000.

JIJisi BCTaHOBJICHHSI BIUIMBY PEKHMMIB HAIlJIaBJICHHS HAa XIMIYHHM CKJIa]
MeTay ImBa 3AiicHIoBanocs 3BaproBaHHs apotoMm [III-BpKMu-3-1 wmimi 3i
CTaJUTIO 32 CXEMOIO (puc. 2, a) Ta HamaBiaeHHs Banuka ApotoM [II1-BpXKKMir-
35-3-1 Ha miaHy Tutactuny (puc. 2, 6).

1

T vy
ROty AR

Tzl
CcTalb MIIb
a) 0)

Pucynok 2 - Miciis y 3BapHUX IIBax, Y SIKHX BU3HAYABCS XIMIYHUH CKIIa[

JIis 1IbOTO  BUKOPHMCTOBYBAJIMCS TOPOIIKOBI JPOTH 13 BHYTPIIIHIM
3aXMCTOM JlIaMeTpOM 2,5 MM. 3BaprOBaHHs BUKOHYBAJIACs Ha MOCTIHHOMY CTpyMi
3BOPOTHOI TOJIAPHOCTI MPHU PI3HUX 3HAYCHHSIX CUJIM 3BApIOBAJILHOTO CTPYyMY 1
HE3MIHHIA Hampy3i Ha ay3i, o AopiBHIOE 24 B, a Takoxx mpu BapiroBaHHI
HaIpyTy Ha Ay3i 1 MOCTIMHOMY CTpyMi, 110 JopiBHIOE 250 A mpu 3BaproBaHHI
JPOTOM 31 cTaneBoro 000s10HKOI0 1 300 A - ipu 3BaproBanHi apotom ITTI-bpKMi-
3-1. Pexxumu 3BaproBaHHs: 3BaproBalibHUiA cTpyM cTaHoBUB 300-320 A, Hanpyra
Ha ay3i 24-25 B; mBuakicts nogadi npory 210 m/ron, aiamerp apoty -2,5 M,
IIBUJIKICTH 3BaproBaHHs 19 M/ro.

3BapHi IIBU PO3pi3ajMcCs HAa TEMIUIETH 1 B MONEPEUYHOMY iX mepepisi
(puc. 2) cneKkTpaJlbHUM METOJ0M BHM3HA4YaBCS BMICT y HUX Mijl Ta 3ami3a. JlaHi
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3BejieH1 10 Tabi. 2 1 Tabu. 3. [lIBuaKicTh 3BaproBaHHS 3aMIIaacs MOCTIMHOO 1
nopiBHIoBasa 20 M/ToI.

Tabmui 2 - BMICT XIMIYHUX €JIEMEHTIB MPU PI3HUX 3HAYEHHS CTPYMY

3BaproBaJIbHUN BwMicT XiMIYHHUX €TIeMEHTIB, %o
CTPYM L, A y 1IBi puc. 2, a y mBi puc. 2, 6
Cu Fe Cu Fe
200 58,7 36,4 52,4 42,1
225 60,2 34,8 54,4 40,3
250 61,4 33,8 57,0 37,8
275 62,6 32,6 60,3 34,6
300 61,9 30,2 63,9 32,1
325 66,4 28,6 65,9 30,2

Tabnuusg 3 - BMicT XIMIYHUX €IEMEHTIB MPU PI3HUX 3HAYEHHS HANIPYTU

Hanpyra na my3i BwMicT XiMIYHHUX €TIeMEHTIB, %o
Uz B y LIBi pHC. 2, a y 1mBi puc. 2, 6
Cu Fe Cu Fe
24 64,9 30,2 57,0 37,8
26 63,0 32,1 57,3 37,2
28 61,2 33,9 57,9 36,5
30 59,8 35,2 58,6 36,0
32 59,3 36,8 59,1 35,4
34 57,1 38,1 59,5 34,9

[lin wac 3BaproBaHHS (iKCyBaJid CTaOUIBHICTH MpOLECY, a Micias
3BapIOBaHHS — 3JaTHICTh IIAKy TIOKPUBAaTH 3BapHUK IIIOB, Ta MOTO
BIJIOKpeMJIEHHS, (OpMYBaHHS IIBIB, HAasABHICTh JAedekTiB. B pesynbrari
JOCITIKEHHSI BCTAHOBJICHO, 1110 MPH IMiABUIIIEHOMY BMICTI TJIAaBUKOBOTO IIMATy
(30 %) makoBa Kipka MOBHICTIO TIOKPUBA€E MMOBEPXHIO HAIUIABICHOTO BAJIMKA 1
MOPIBHSHO JIETKO BiJIOKPEMIIIOETHCSA BiJl METAJIy IIBa MPH HWOTO XOPOIIOMY
dbopmyBanHi. 30BHIITHI JePEKTH HA TTOBEPXHI I1Ba HE BUIBJICHO.

[linBuileHHS KUTBKOCTI ITMPKOHOBOTO KOHIEHTpary 1m0 10 % Takox
BUKJIMKAE JICSIKE TIOTIPIIIEHHS KPUIOUO1 37aTHOCTI 1itaKy. OJIHAaK BiJOKPEMIICHHS
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IIUTAKOBOI KIpKW Ta (popMyBaHHS BaJiUKiB rapHe. JledekTiB Ha MOBEPXHI IIBIB,
KpIM KpartepiB, HE CIIOCTEpIraeTbcs. Y Kparepax MpU HAIJIABJICHHI Ha CTaJIeBi
IJTACTUHYU MO>KJIMBE YTBOPEHHS TpimuH. Ha mouyaTky mIBiB MpH HaIJIaBJICHHI Ha
MIJTHI TUTACTUHH MaJIM MiCIIe TTOPH, K1 HaJaIi 1o BCii TOBXKWHI 1m1Ba BiacyTHI. [le
BUKJIMKAHO BEJMKOIO HMIBUAKICTIO OXOJIO/KEHHS Ta KpUCTaNi3allil 3BaproBaIbHOT
BaHHM Ha MTOYATKY I1Ba, BHACIIOK 1€ MaJIOTO PO3ITrpiBY 3pa3ka.

[Ipu ngyroBoMy 3BaproBaHHI Miai 31 CTaJIlO, Kpail CTaleBOi Jerani
NiJJa€ThCsl BIUTMBY Ayru. ['nOWHA MporuiaBieHHs CTaJIeBOi KPOMKU Ma€ OyTH
MIHIMAJBHOIO JIJI1 OOMEXKEHHS BMICTY 3ajiza B METall IIBa, IO JIO3BOJIUTH
3a0e3MeuYuT BHMCOKI MEXaHIYHI BJIACTUBOCTI 3'€HaHHS Ta 3MEHUIUTH
HMOBIPHICTh YTBOPEHHS KpHUcTali3aliiHuX TpimuH. Ctadinizalis Ayru rpadgitom
CIpHsijia OTHOYACHOMY 3HMKEHHIO TJIMOMHU MpoBapy Ha ctaii a0 1,4-1,6 Mm.

BUCHOBKMH

1. [Ipy HagBHOCTI 3HAYHOI KUIBKOCTI €JIIEKTPOJHUX MaTepialiB 1
TEXHOJIOT1i 3BaprOBaHHS MI/I1 1 MiJIi 31 CTAJLIIO, € aKTyaJIbHUM po3podieHHs CII/]
JUTSE MEXaH130BaHOTO 3BapIOBaHHS PO3TIIIHYTHX 3'€JHAHb.

2. BctanoBiieHo, 110 30UIbIIEHHS] BEJIMYMHU 3BaprOBAJILHOTO CTPYMY [0
320 A, mipu 3BaprOBaHHI €KCIIEPUMEHTAIBHUMHU APOTAMU, BIUTMBAE HA 3MEHILICHHS
BMICTY 3aJTi3a 1 301IBIIIEHHIO MiJll B METaJl IIBa, 10 OB’ A3aH0 31 301IbIIICHHSM
TEIJIOBOi TMOTY>KHOCTI JYTH, HACIIIKOM 4YOro € 30UIbllieHHS B 00’eMi
3BaprOBaJIbHOT BAaHHU METATy 3 MEHIIIOI TEMIIEPaTypOIO TIaBICHHS.

3. Ilpu 30inbplleHH] BeIMYMHM Hanpyru Ha ay3i 3 24 B nmo 34 B
30UTBIIY€EThCS BMICT 3aj1i3a B 3BapHOMY WIBI ITPH 3BapIOBaHH1 Mifl 31 CTAJUIIO, 1O
MOSICHIOETHCS 30UIBIIICHHSIM aHOAHOTO T’ SITHA 1 BIAXWJICHHSM JIyTH B CTOPOHY

CTaJIEBOI JEeTall.
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VIIK 681518

Kamincoknit /1., KisHoBcbkmit M.B., IHuBinga H.I., KiasnoBcbka H.M.
(Kpueopizvkuii nayionanvruil yuieepcumem, Kpusuti Pie, Ykpaina)

MMOEJHAHHSI MOTUBAIIMHUX 3ACA/ZL 31ObYBAYA OCBITH 3
INOTEHIIAJOM OCBITHBOI CUCTEMH

Anomauin: I'0106H010 Memoio npogedeno2o 00CIIONCEHHS € 3HAXOOICEHHS WIAXI8 aKMUsizayii
poni 3000ysaua oceimu Ha 6CiX emanax oceimHbo20 npoyecy Oisi eapanmii Cy4dcHO20 OC8IMHLO2O
pe3yivmamy ma CmeOpPeHHs MEMOOUYHUX 3Aca0 ANeOpUmMy ubopy HOUBIOYATbHUX MPAEKMOPIll
nasuanns (ITH) 3a ymosu MiHIMAAbHUX 8IACHUX 3HAHL MA 00CBIOY 3000Y6a4i8 uUOT 0CEIMU.

Knrouoei cnosa: inousioyansna mpaekmopia nHaeuanus (ITH); 3000ysau oceimu, momusayis,
oceimuill  npoyec, npoghecitina KOMHEMeHMHICMb, MAWUHOOYOYBAHHA;, OCBIMHIL  pe3yabmam,
aneopumm subopy, ghaxose cepedosuiye, aoanmayis 00 iHHOBAYII.

Abstract: The primary objective of the conducted research is to identify ways of enhancing the
role of the learner at all stages of the educational process in order to ensure modern educational
outcomes and to develop methodological foundations for an algorithm to select individual learning
trajectories (ILT) under conditions of minimal prior knowledge and experience of higher education
learners.

Keywords: individual learning trajectory (ILT); learner; motivation; educational process;
professional competence; mechanical engineering; educational outcome; selection algorithm;
professional environment; innovation adaptation.

Memoou oocniodcenns. Jliia BUPIIEHHS LBOTO 3aBJIaHHS BUKOPUCTAHO
METOJIU: TOCIIIKEHHSI YMOB 33JI0BOJICHHS COIIaIbHOTO Ta KOTHITUBHOTO TIOTIUTY
B CYYacCHId OCBITI; JTOCHIIPKEHHS HAsBHUX 3aKOHOMIPHOCTEW 3MiH Cy4acHOTO
MaIuHOOyAyBaHHS y BIATOBIIHOCTI /10 33724 IHHOBAI[IMHOTO PO3BUTKY JE€PKaBU
Ta CBITOBUX TPEH[IB; PO3BUTKY OpraHI3alliiHUX, 3MICTOBHUX, CTPYKTYpPHHUX
3aca]y MamMHOOYIyBaHHS B  yMOBaX  BHUKOPUCTaHHS  IPOTPECUBHUX
1H(}OpMaIIHHUX TEXHOJIOT1H, aBBTOMAaTU30BaHUX 3aC001B 1HXXKUHIPUHTY, PECYPCIB
HOBITHIX 1H(GOPMAIIITHUX CEPEIOBHIII.

Hayxosa Hosusna. BctanoBieHi e(QeKTHBHI (QOPMU BUKOPHUCTAHHS
HOPMAaTUBHUX Ta HOBITHIX 3aco0iB JUIsl CTBOPEHHS Ta PO3BUTKY (baXOBI/Ix
CepesloBHIL 3 PI3HUM CKJIaJ0OM npocbecmHHx KOMIIETEHIIIH, $KI  3MIHIOIOTh
JIOTIKY Ta alrOPUTM NMPUUHATTA pilieHHs o0 Budopy ITH.

Ilpaxmuuna 3navumicms. MeTa JTOCHIPKEHHS JOCATAETHCA IIISTXOM
JMHAMIYHOTO BIUIMBY 3700yBaya OCBITH JO PIBHS 1 3MICTY BHUIIOi OCBITH 3
BpaxyBaHHSIM OCOOJMBOCTEH HOBITHIX (bopM (haxoBUX CEPEIOBHUII CYy4aCHOTO
MaIHI/IHO6yI[yBaHH$I JUlsl MPALeBIAIITY BAHHS 1 mpuckopeHoi aganTarii ¢axisiiiB
cnemianbHOCTi «IIpukmagna MmexaHikay.

Pezynomamu. Po3pobiaeHo alropuT™ JOCATHEHHS HAMKPAIOTro OCBITHHOTO
pe3ynbTaTy 3 MO3uilii 3100yBada OCBITU. BukoHana kimacudikariiss BHIIB i
CTPYKTYpH (PaxoBUX CEepeAOBHII Cyd4acCHOTO MAalIMHOOYTyBaHHs. BcTaHOBIEHO
ckia TpodeciifHNX KOMITETEHIIIH, M0 3a0e3MeuyoTh MATOTOBKY (haxXiBINB IS
KOKHOI CTPYKTYPHOI 4aCTUHU (paXxOBOTO CEPEOBUINIA. 3ampONOHOBaHA JIOTiKa
Ta AJITOPUTM NPUUHATTS pimieHHd moao BubOopy ITH, ski monsrarote y
MO€EIHAHHS PETJIAMEHTHUX BUMOT JI0 PIBHS 1 3MICTY OCBITH 3 3aKOHOMIPHOCTAMHU
3MIHU OO’ €KTY HaBYaHHSI.

IIpobnema ma ii 36’130k 3 HAYKOBUMU MA NPAKMUYHUMU POOOMAMU.
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CrnemianbHicTh «lIpukiagna MexaHika» —€IUHUN 3aci0 301IbIIIEHHS PIBHS
texHochepu, K QyHIaMEHTY €KOHOMIYHOT'O PO3BHUTKY CBITY, JAep>KaBH, TOIIO.
Yemix IHIMMAX —CHEMianbHOCTEH € TMOXIAHUM BiJ CTaHy TeXHoc@epH Ta
EeKOHOMIYHOTO pO3BUTKY. CremianbHicTh «[IpukinagHa MexaHiKay  IHTETpye
dbaxoBl HampsMKH, SKI € HaWOLIbII AKTYaJlbHUMH Ul Cy4aCHOTO
MaHII/IHO6y,ZIYBaHHSI y (popmaTax cydyacHHX TEXHOJIOTIHM 1 MPOrpaMHHX 3ajadax
BUIIO1 OCBITH, IOCI1OBHO 3a6e3neqy}0q1/1 OTPUMAHHS MOTPIOHUX KOMITETEHITIH.
HopmaTtuBHI KOMIIOHEHTH MArOTh TICBHI HEAOJIKHA, TOMY III0 BOHU € CTATUYHUMH
JOKYMEHTOM, SIKMH He BigoOpa)kae IMHAMIKy 3MiH BHUMOT Y Cy4acHOMY
MaluHOOYAyBaHHI, HE BpaxOBYIOTh BUMOTU 3aKOHY IMIPO 1HHOBALIMHMIMA
PO3BUTOK YKpaiHH, 1110 € CYyTTEBUM I 3100yBaya.

Pecypcu y migBuIEHHI SKOCTI MIATOTOBKHM (PaxiBIsfg, SK KIHOUOBOIO
eJIeMEeHTa MaIMHOOYyBaHHSI, MOJSATal0Th Y pO3pOOIll aaropuT™MiB Aik 1 hopMm
aKTHUBI3AIli MO3UIIT 3100yBaya OCBITH JIJIsl JOCSTHEHHS OCBITHBHOTO PE3YJIbTATy 3
MOTEHII1AJIOM PIllIEHHS 1IHHOBAIIMHUX 3a7a4.

AHaniz ocmanuix 0ocnioxceHv i nyoaikayil.

CyuacHi myOJikariii, 110,10 piBHS 1 3MICTY OCBITHBOI 3aj1a4i Ju1s 3700yBava
BUILOI OCBITH (DIKCYIOTh 3MIHHM iX IOBHOBa)K€Hb, SIK AKTUBHOTO CYyO’ €KTa
OCBITHBOT'O MpOLECY, OCOOJIMBO MiJKpecHo4n npaBo BuzHadyatu ITH s
CTBOPEHHsI yMOB ycmimHoi mpodeciiiHoi nepcnektuBu. B po3pobienux
HOPMATHBHUX JOKyMEHTaX, 0 3a0€3MeUyIOTh 11l TOBHOBAYKEHHS, HE BPaXOBaHO,
10 BuOip ITH moBHMHEH BIANOBIAATH 3aKOHOMIPHOCTSIM  PO3BUTKY
MamuHOOYAyBaHHsS, 1[0 BHMMAara€ OCMHUCJICHHS HOBOi JIOTIKM 1 aJITOPUTMIB
MPUIHATTS PIllICHb.

[IpaBo 3100yBava Bum0i OCBITH, 1040 ITH, BU3HAaYeHHS 3MICTy, 00’ €KTY,
npodeciiiHuX KOMIIETEHIIM Ta pe3yJibTaTiB HAaBUYaHHA HE € JOBUIBHUM, a
peami3yeTbcsi TPU  YMOBI, 10 Oynab-iKka BHOpaHa OCBITHA TPAEKTOPISA
Y3rOKY€EThCS TIPH BUKOHAHH1 000B’13KOBO1 OCBITHHOT HOPMHU BUKOHAHHS BUMOT
CTaHJapTiB, BIAMOBITHOCTI BU3HAYEHDb HAIIIOHAIBLHOT paMKU KBaJipikarliii.

i HOpMaTI/IBHl BUMOTH MOXYTbh JaTH HaJCKHUI pe3yJIbTaT JHIe MpH iX
MOEIHAHI 31  BCTAHOBJIEHUMH  3aKOHOMIPDHOCTSIMU  3MIH  CyYacHOTO
MaluHOOY Ay BaHHS.

@opmyﬂioeaumz He8UPIULeHUX YACTMUH 3A2ATIbHOL npo6jzeMu

JIjist mAroTOBKM (baxmulB 3 MOTEHIIAJIOM leIeHHH IHHOBAIIMHUX 3a]1a4,
MOTPIOHO BCTAaHOBUTH 1 BUKOPHCTATH BaKOHOMlpHOCTl aKTHBHOIO TBOPYOTo
BITUBY 3/7100yBava Ha 3MICT 1 IHCTPYMEHTH OCBITHBOTO TPOIECY Ha BCIX HOTO
eTanax Ta iH(opmaniiine 3a0e3nedyeHHss MoxinBocTi Buobopy ITH.

3100yBa4 BUINOi OCBITH TMOBUHEH MATH TMEBHUH, JIOTIYHO OOTPYHTOBAHUIA
QITOPUTM TIPUHHATTS PIIIICHHS Ha €Tari MIHIMaJIbHOTO BIACHOTO JTOCBIY;

Llini cmammi ma nocmanoéxka 3aoaui. BupilieHHs 3a7a4 OTPUMAaHHS
SAKICHUX PE3YJIbTATIB JUIsl BCIX CYO’€KTIB OCBITHBOTO IMPOIIECY MOXKE JOCSITATHUCH
NUIIXOM TIOEHAHHS MOTHBAIlli 3700yBadiB OCBITH Ha BCIX eTamax: BHOIp
CHEIlaJbHOCTI, eTal OTPUMAHHS 3arajJbHOTEOPETHUYHOI Ta MPAKTUYHOI
NIATOTOBKM, HaJaHHS 1HCTpyMeHTiB Bubopy ITH  Ha migcraBi HasBHUX
3aKOHOMIPHOCTEH 3MiH Cy4acHOT'0 MalIMHOOY/TyBaHHS.

Buxnao ocnoenoeo mamepiany 0ocnioxncenHs.
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JlocmipKeHHsT OBEAIHKY 3/100yBaviB OCBITH, III0 CBIJOMO HpParHyTh 0
Cy4acCHHUX OCBITHIX Pe3yJbTaTiB, JI03BOJISIE PO3AUIMUTH TAaKTUKY MM Ha JCKUIbKa
eTariB.

Ilepwuti eman. Bubip cneyianbnocmi.

1.1 3 no3uyii 3006ysaua 3naneb. 3700yBay BUILOT OCBITU peali3y€ CBOE
IIpaBO ONHUPAIOYUCh HAa HasBHI 1HGOPMAIlIMHI Ta HOPMATUBHI JDKEpena s
CB1JJOMOTO MPUHAHSATTS PILICHHS 111010 BUOOPY CHEIIaIbHOCTI, 1€ Ma€ 3HAYCHHS:

v' cTaH 0coOucTOCTi (TOTOBHOCTI 10 CBIZIOMOTO BUOOPY CIEIiabHOCTI,
PO3YyMIHHSI 3HAUEHHSI BHUIIOI TEXHIYHOI OCBITH) 1 JOCHIKEHHS BILIUBY (PaKkTOpiB
Ha PIIIEHHS 111010 BUOOPY CIeIiaJbHOCTI,

v 3HaHHA 3aKOHY IPO BUIILY OCBITY, 3MICTY CIIEI1aJbHOCTI, CTAHIAPTY
ocBitH, Knacudikartopa mpodecii;

v BJIACHOTO JOCBITY, mopaj (axiBIiB, cUCTeMaTH3allii JIOCBiAy Ta
BUMOI' pOo0OTO/IaBILIB 31 chepyu MAaIMHOOYTYBAHHS 10 3MICTY, SIKOCTI, IEPENIKY
npodeciiHuX KoMIeTeHU1i A0 (axiBuiB cnemianbHocTl «[IpukiagHa MmexaHikay;

BIJIOMOCTEM Tepelniky npodeciiHuX CEepeoBUIll, JI€ peai3y€eThCs
MOTeHITIa (DaxiBIs;

v\ cTaHy Ta IPOTHO3Y PHHKY Mpaili (epKaBHOTO Ta Mi>KHAPOIHOTO);

v’ ysBieHHs MacmTaby BiacHoi ocobucrocti (y mpodeciiiHoMmy
BHUMIpI);

v\ aHATITHYHHIA OIS PUHKY TIPalli y CEKTOPI MaIInHOOYIyBaHHS;

v HassBHUX TPEHIB Cy4YaCHOTO MAaIIMHOOY/TyBaHHS;

v BILUIMBY KOOPAMHAI Ta CIIBIpAIll MI>K TpaHCHAIIOHAIBHUMU
xopriopamisimu (THK) Tta kpainamu, B AKuX 3M1HCHIOETCS 1XHS JISIBHICTD, HA
IPIOPUTETHICTh PUHKY TOBApiB Ta MOCHYT Y cpepl MaIMHOOYyBaHHS;

1.2. Jlocnioscenns ingpopmayii Haoaeaua o0Cc8imMHIxX Nociye:

v/ OCBITHIX TPONO3MINK BiJ HagaBauya OCBITHIX moCiyr (GIOIKET,
rpantu, petuHr 3BO — perioHanbHUM, 1epKaBHUN, MIXHAPOIHUI);

v' mpo3sopictk cxemu BigHocuH 3BO i 3100yBada OCBITHIX OCIYT;

SKOCTI OCBITHBOTO cepefioBuIna (e Oyae >XKUTh 1 QopMyBaTucCh
daxiBelb 3 BpaxyBaHHIM I'yMaHITApPHUX, COIIATbHUX Ta MPOQeCciiHUX IIIHHOCTEN
OCBITHBOTO CEPEIOBUIIA);

v\ TeXHOJOTii Ta 3ac00iB JOCATHEHHS OCBITHBROI METH (BHAM OCBITH
BIJIMOBITHO 3aKOHY TPO BHUIY OCBITY : (popmanbHa, HepopmaibHa, TyalibHA
ocCBiTa, (COPMH OCBITHHOTO MPOIIECY: OHJIANH, O(uIaiiH, 3MIlIaHa);

. rapaHTii MOXJIMBOCTEH TPaBOBOIO 3a0€3MEUYEHHS 3aruTy
3100yBaya OCBITH (BIAMOBIAHO 3aKOHY IMPO BHILY OCBITY, CTaHJAPTy OCBITH)
yepes mpoleaypy akpenuraiii ta jginensyBanns OI1IT;

ceimonTBa anmantaiii 3BO g0 auHamiyHUX 3MIiH y TexHocdepi,
CYCIUIbCTB1, IHHOBALIIHUX Mporpamax .

lpyauu eman. Eman ompumanns 3a2anvHomeopemudHol ma npakmudHoi
ni02omoeKu,).

Ha upomy erani mpaBo 3100yBaya OCBITM Ha OTpUMAaHHS MOTPIOHOTO
OCBITHBOT'O PE3YJIbTATy pPEATI3yEThCA Yepe3 MEeXaHI3MU BHOOPY KOMIIOHEHTIB
OCBITH, aKTUBHOTO BIUIMBY Ha MeEpeslik KOMIOHEHTIB ocBiTH y ckiaai OIII,
MOCWJICHHSI BJIACHOTO JIOCBIMy uepe3 BuOip Tematuku Ta ywacti B HJIPC,
HAyKOBUX KOH(MEpEeHIIAX, ydyacTli B OOrOBOPEHHSX HAYKOBUX pE3yJIbTAaTIB,
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BJIACHOI aHAIITHKHU 3 MUTaHb PO3YMIHHS 3aKOHOMIPHOCTI AUHAMIKH 3MIHH
MeX OCBITHBOTO 1oJjsi. CTyZA€HTOLETpOBaHA TAKTUKA 1 TEXHOJIOT1 BUIIOT IIKOJIN
JAI0Th MOJKJIMBICTh KOHTPOJIOBATH SIKICTh OCBITH, TOTYBAaTH IPOIIO3HUIIIi IIOJI0
KOPEKIIiT 3MICTy OCBITH.

Tpemiu eman. 3aeepuianvruii eman axoeoi nio2omosKu.

Ha mpoMy erami epeKkTHBHICTh Cy4acHUX TEXHOJIOTIA OCBITH, a came
OPUMHATTSA PIMIEHHS MIOJ0 BUOOPY ITH nmonAraioTe y po3yMiHHI
3aKOHOMIPHOCTEH 3MIHU 00’ €KTY HaBYaHHSI, 2 0COOIMBO 3aKOHOMIPHOCTEH 3MiHH
Ta pO3BUTKY (axoBux cepedoBuil crerianbHocTi «lIpuknanHa mexaHikay.
CyuvacHi dopmu (axoBuX cepelOBUI] YMOBHO MOXKHA MOAUIMTH Ha JAEKIJIbKa
Tpym, SKi 3MIHIOIOTH JIOTIKY Ta ajirOpUTM MPUNHATTS PIIIEHHS 00 BHOOpY
IHAUBIYyaJIbHOI TPAEKTOpIi HABYAHHS 3 BpaxyBaHHSIM MOTHBAILIMHUX 3acajl
3100yBaya OCBITH, a Came:

v' BupoOHMYA c(hepa MAIIMHOOYTyBaHHS Ta PEMOHTHOTO BiTHOBIICHHS
MaIliH;

v’ zakiaim iH}KI/IHipHHFOBo'l' JUSITBHOCTIL O(biCHoro abo0 OHJIAWH THUITY;

v' cdepa TEXHIYHOTO cepBlcy (B T.4.1i iHHOBAIliliHE pehOpMyBaHHS) TIO
3a0€3MEUCHHI0 EKCIUTyaTalliiHol HaJIWHOCTI 1 BiJHOBIIEHHS Mpare3aaTHOCTI
TEXHIYHUX CHUCTEM;

v\ HayKoBe 00CITyrOBYBaHHSI IHHOBAIIHHOTO PO3BUTKY
MaIlIMHOOY/TyBaHHS.

VYemimHa qisbHICTS  QaxiBiiB crieniaibHOCTI «lIpukiiagna MexaHika» B
Ha3BaHUX cdepax, AKi BIANOBIIAIOTh HOBITHIM TPEHAAM PO3BUTKY CY4acHOIO
MaIIMHOOYAyBaHHSI JOCSTAE€TbCSl TPH CHOPSIMYBaHHS OCBITHIX — 3yCHJIb Ha
OTpUMAaHHS BIAMOBITHUX KOMIIETEHIIIN B KOXKHIHU cdepi, K TO:

1.BupoOHuya cepa mMammHOOyAyBaHHS Ta PEMOHTHOIO BIJHOBJICHHS
MaIlIiH, sika MOTpeOye HACTYMHUX (axXiBIIIB:

V' Inowcenepis-koncmpykmopieé TiANOTOBJIEHUX Ha 0a3i HalOiIbII
nockoHanmux cBiToBux CAD, CAE, PLM iHCTpyMeHTIB, 1HTerpamii MOIyJIiB
KOMIT'IOTEpPHUX  TEXHOJOTid B  €IMHOMY 1H(oOpMaIiiHOMy  TIPOCTOpi
nignpueMcTBa. lIpoBeneHHSIM Ha eTari HaBYaHHS cepTUdiKallii Ta OTpUMaHHSA
IHAMBIAYyaJIbHUX ~ JIILIEH31H  KOpHCTyBaya MporpaMHoOro  3abe3neyeHHs
aBTOMAaTH3allli IHKCHEPHUX 3aJ1a4, SIK1 32 pIBHEM OCHAIIICHHS BIJMIOBIIa€ KpaluM
CBITOBUM 3pa3KaM;

v [HxeHepiB-TeXHOIOTIB Ha 0a31 HAMOUIBII JOCKOHAJIWX CBITOBHX
CAM, CALS, PLM iHCTpyMEHTIB;

v Inoicenepis-mexnono2ie-npozpamicmie Ha  0Oa3si HaOUTbII
JIOCKOHAJIMX CBITOBUX CHUCTEM MOJICNIIOBAHHS Ta MpOTpaMyBaHHS MPOIIECIB
MexaHigHoi 00poOku g0 cucteM UIIK Ta BepcTaTiB s OTpUMaHHS CTYJEHTOM
KIHIIEBOTO MaTEPiaJIbHOTO MPOIYKTY BCIX €TamiB MPOEKTY — AETalll;

v ]HofceHepze IHCIMPYMEHMANILHO20 ni020MmoGeHHs BUpoOHUYmMEa Ha
0a3l yroa 3 TPOBIIHMMH CBITOBUMH BUPOOHHMKAMHU 1 MOCTaYaIbHHUKAMU
IHCTPYMEHTAJILHUX CUCTEM;

v Inowcenepie nid2omoeku 3a20mieenbho2o eupobnuymea Ha 06asi
HaWOUIBII JOCKOHAIMX CBITOBUX MPOTPaAaMHUX TMPOAYKTIB MOJEIIOBAHHS
IPOLIECIB 3ar0TiBEIBHOT0 BUpOOHUIITBA Ta 3-D npyKy /U1st OTpUMaHHS CTYAEHTOM
KIHIIEBOTO MaTEPI1aJIbHOTO MPOJIYKTY BCIX €TamiB MIPOEKTY — 3arOTOBKHU;
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v Inocenepie npomucnooz2o ouzaiiny Ha 0a3i HAMOLIBII JOCKOHAIMX
cBiTOBUX ArtCAM TEXHOJIOT1H 3 MOMIIMBICTIO OTPUMAaHHS CTYJCHTOM KIHIIEBOT'O
MaTepiaTbHOTO MPOAYKTY BCIX €TamiB MpoekTy —3 D mpocTopoBUX MPOMHUCIOBUX
3pa3KiB, TOBAPHHUX 3HAKIB TOIIO;

v [HKxeHepiB-MeXaHIKiB J1JI1 BUKOHAHHS OOOB’SI3KIB IO opraHi3aui'1' 1
BukoHaHHS TO1P BUpOOHUYUX CHUCTEM 3 BUKOPHUCTAHHIM porpam yIPaBIIIHHS
BI/IpO6HI/ItII/IMI/I 3amacamu cucteM TOiIP ta BI/Ip06HI/I‘-II/IX MPOLIECIB PEMOHTHOTO
BIJTHOBJICHHS, PEIHXUHIPUHTY 00’ €KTIB eKCIUTyaTallii, MOCHICHHSIM BHUBYCHHS
PEMOHTHUX TEXHOJIOT1;

v Inocenepie opeanizamopie (kepiénukic) BUPOOHUYMX IIPOLECIB Ta
TISUTBHOCTI MAlIMHOOY/IBHUX Ta PEMOHTHO-BITHOBIIOBAJILHUX MIANPHEMCTB 3
BUKOPUCTAHHAM MPOTPaMHUX 3aC001B MOJIETIOBAaHHSI BUPOOHUYUX MPOIIECIB;

v Inoicenepis 3 peectpalrlii Ta MpaBoOBOro 3a0e3MeYEeHHsT aBTOPCHKOTO
mpaBa, MATEHTHUX JOCIIJKEHb, MATEHTHOI YUCTOTH MPOAYKIi BUPOOHUIITBA,
NATEHTHOI YUCTOTH AUIOBUX KOMYHIKallli, IPaB Ta KOMEPLIITHOTO BUKOPUCTAHHS
00’ €KTIB 1HTEJIEKTYaJIbHOI BJIACHOCTI;

v’ Excnepm  inHo6ayilino20 po36umky  CBITOBOTO, JE€PIKaBHOIO,
PEriOHaJbHOTO MAIIMHOOY/IyBaHHA i1 OOIPYHTYBaHHS TPEHAIB PO3BUTKY
BJIACHOTO BUPOOHUIITBA, PIllICHb M0 OpraHi3ailii, nepeodialHaHHI0 BUPOOHUYHX
CUCTEM, BHOOPY BUPOOHWYHUX MpPOrpaM, BU3HAYECHHS 3MICTY 1 MapTHEPIB s
JIJTOBUX KOMYHIKAIIIH;

v’ Meneoscep kadposoco 3abesneuenns 6upobHUymMeéd Ha yMOBax
dbyHKIIOHATBHOTO ayTcTaddinry abo ayTCOpPCHUHTY.

2.3akyai 1HXKUHIPUHTOBOI JISNIBHOCTI  0¢icHOro a0 OHJIaWH THUITY
(moBUIBHOT (pOpMH  BJIACHOCTI), B T.4. 3 BapilaHTaMu JAUCTAHIINHOI,
1H(pOpMaIITHO-KOMYHIKaTUBHOI CIIBIpPAIll 3 3aMOBHUKOM Ha Mi/ICTaBl1 BIACHUX,
abo orpuMaHux Ha kKadenpi TexHOoJOrii MamuHoOymayBaHHS KpuBOpi3bKOro
HAI[lIOHAJIBHOTO YHIBEPCHUTETY, JIIEH31M 1 cepTU(IKATIB HA MPABO BUKOPUCTAHHS
MPUKJIAAHOTO TPOrpaMHOro 3a0€3Me4eHHs] TPOBIAHUX PO3POOHUKIB JJIs PILLICHHS
HACTYTHUX 3a/1a4:

v’ NpoeKkTHa  JisNBHICTB, B T.4. iH(OPMAIiWHI  TEXHOJOTII,
1H(popMalliitHe 3a0e3MeYeHHs Yepe3 XMapH1 CEpBICH;

v\ omTuMi3ariss BHPOOHMYMX TMPOIECIB HAa OCHOBI  HAYKOBHX
JOCIIIKEHD;

v KOHCAJITUHT Ta €KCIIEPTHA JIISUTBHICTB;

v\ aHami3  IHHOBAI[IMHUX  TEXHOJOTiH, pO3po0OKa  TEXHIYHHX
PEIIaMEeHTIB;

v/ OLiHKa HAyKOBO-TEXHIYHOTO MOTEHIIAy IiIPHUEMCTB, CTApTAIlH Ta
IIPUEMHHIIBKA TISTTBHICTB;

v\ CTBOpEHHS IHHOBAIIWHKUX MiANPUEMCTB Y chepi MalmHOOYIy BaHHS;

v\ BOPOBaKEHHS MEPEIOBUX TEXHOJIOTIH Y BUPOOHHIITBO;

v’ nmporpamu Ta Oi3HEC-TIPOEKTH IHJKEHEPHOI (TEXHiYyHOI Ta
KOHCTPYKTOPCHKO-TEXHOJIOT1YHIO MIATOTOBJICHHS] BUPOOHUIITBA);

v OOTpyHTYBaHHS TlapaMETpIB IHCTPYMEHTAJIBHOTO 3a0e3MeUeHHs
BUPOOHUIITBA;

v' BuOip, BHIpOOyBaHHS, 0OIPYHTYBaHHS, BIPOBAIKEHHS (I1iAr0TOBKA
KOpUCTYBauiB) cHCTeM (MapaMeTpu, KOMIUIEKTHICTb) aBTOMAaTH30BaHOTO
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MPOCKTYBaHHsI, MOJCIIOBaHHS, TMpPOrpaMyBaHHS, I1HXXUHIPUHTY OO €KTIB 1
MPOIIECIB BIAMOBITHO 1O 3aJad MiANPUEMCTBA 3aMOBHUKA, KOMYHIKalii 3
JiIeH31aTaMu, TeXHIYHA M ATPUMKa MPOTPaMHHUX MPOAYKTIB;

v\ idTerpamisi MOMAYJTIB KOMITIOTEPHHX TEXHOJOTIH B €IHHOMY
iH(DOopMaliiftHOMY HpOCTopi HiI[l'IpI/I€MCTBa

3.B cdepi TeXHIYHOTO CepBicCy (B T.4. il 1HHOBaIIHE pedOpMyBaHHS) 11O
3a0e3MeyeHHI0 eKCHHyaTaI_III/IHOI HAJIAHOCTI 1 BIJHOBJCHHS Mpare31aTHOCTI
TexHiuHuX cucteM ITH moBuHHI OyTH Opi€eHTOBaHI HAa OTPUMAaHHS Ha/I3BUYAWHO
aKTyaJIbHUX KOMIIETEHIIIH, a came:

v (opMyBaHHsS aKTUBIB PEMOHTHOIO cepBicy (cTamioHapHi, MOOLILHI,
noBibHOI (Gopmu BmacHocTi). CtBopenns 1 moegHanHs EKB (emexkrpona
KOHCTPYKTOpChbKa 0a3a) KOHCTPYKTOpchbkux nokymMeHTiB 3 EKbBb pemonTHOI
JOKyMEHTaIlll Ta mpaBujia ix BukopuctanHsa y mpouecax KTIIB BupoOHHUMX
MPOIIECIB PEMOHTHOTO BIJTHOBJICHHS;

npuckopeHa miaroroBka EKbB pemMoHTHOI [nokymeHTauwii npu
BiicyTHOCTI KJI 00’€KTIB pPEMOHTHOTO BIJHOBJICHHS 3 BUKOPUCTAHHSIM
TEXHOJIOT1 Ta 3ac0o0iB (3-D ckaHepu, TpekepH) JJisi MPOTOTUITYBaHHS IOBEPXOHD,
npoctopoBux (opm ob6nagHaHHs. Bubip Ta MOIArOTOBKAa MPOTPAMHOTO
3a0e3neueHHs  JJId aBTOMATH3allli BCIX €TamiB 1HXUHIPUHTY BUPOOHUYMX
MPOIICCIB  PEMOHTHOTO BIJIHOBJICHHS, 3a0e3MeueHHS I1HTErpaiii MoyJiB
KOMIT' FOTEPHUX  TEXHOJIOTIM B  €IMHOMY 1H(OpMamiiHOMY  HIPOCTOPi
MIIIPUEMCTBA;

v’ cucTeMaru3alis PEMOHTHHX TEXHOJIOT1H, TEXHOJIOT1H
PEIHKUHIPUHTY MOBEPXOHB 3 OpIEHTAINIEI0 Ha eI (iKY KOHCTPYKTUBHUX QOpM,
pPO3MIpHO-TabApUTHUX MApaMETpiB, KOHCTPYKTUBHHUX MarepiajiB 00 €KTIB
PEMOHTHOTO BIJIHOBJICHHSI, 3BOPOTHIA IHXXHUHIPUHT SIK 3aci0 aBTOMaru3alii
MPOEKTYBAHHSI Ta KOHTPOJIIO CKJIATHOMPODUTEHUX BUPOOIB;

v’ BIPOBaKEHHS TaKTHKHU npuckoperoi KTTIB BUpoGHUYKX TPOIECIB
PEMOHTHOTO BIJTHOBJICHHS Ha OCHOBI BUKOPUCTAHHS JIOTICTUYHOTO JIAHI[I0’KKA Bijl
JepeBa MOJACNIOBaHHS TpoekTHOT 3-D momeni OymoBu 00’€KTIB TIPHUYO-
METaNypriiHOr0 Oo0JagHaHHs (MPOEKTHUW eTam) a0 (Ha eTami eKCIuTyararlii),
aBTOMATUYHOMY TE€HE3UCY PEMOHTHHMX CYNPOBOJIB OO0 ’€KTIB TIPHUYO-
METaTypriiiHOTO 00JIaTHaHHS K 00’ €KTIB pEMOHTHOTO BiIHOBJICHHS ( Ha MiACTaBi
nepeBa OylnoBH HasiBHO MPOEKTHOI 3-D momeni);

aBTOMATHU3all1sl )KUTTEBOTO IIMKITY BUPOOY 32 PaXyHOK BITPOBAIKEHHS
PLM/PDM-cuctem Ta MozentoBaHHs (y T.4. aBTOMATUYHE) BUPOOHUYUX
MPOIIECIB PEMOHTHOTO BITHOBJIEHH Ha npuHiunax PLM texHonorii;

MOETHAHHS 3aJa4 JOCTI/HKCHHsI EKCIUTyaTal[iiHuX BIIACTUBOCTEH
(HamifHOCT1) 00’€KTIB TIPHUYO-METATypridiHOTO OOJaJHAHHS 3 KOPUTYBaHHAM
TEXHOJIOT1H iX PEMOHTHOTO BIJTHOBJICHHS .

4. TIlpm HaykoBOMYy OOCIyroByBaHHI I1HHOBAIIMHOTO  PO3BUTKY
MaruHOOYyBaHHS BEJIMKE 3HAYCHHS MArOTh (axiBIll IJII HAYKOBO-OCIITHUX
IIEHTPIB, YCTAHOB, 1a0OPATOPIiH, 1110 ICHYIOTh 1 CTBOPIOIOTHCS PIILICHHS HAHOIBII
aKTyaJbHUX 3a/1a4 MalTMHOOYAyBaHHS, SIK Ha JCP’KaBHOMY TakK 1 Ha IPUBATHOMY
PIBHSX.
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Mogens mnpodeciiiHoi TpaekTopli HAyKOBIS B MAaIIMHOOYAYBaHHI
nepeadayae  poOOTYy B HaykoBid a00 HAayKOBO-TIPOEKTHIM  yCTaHOBI
MAaIIMHOOY/IIBHOTO CTIPSIMYBaHHS 31 3/{IHCHEHHSIM KIJIbKOX KIIOYOBHX €TAIliB:

v/ HaBYaHHSA B acmipaHTypi abo0 JOKTOpaHTYpi HAayKOBOI yCTaHOBH
MaIIMHOOY/IIBHOTO CIIPSIMYBaHHS 3 HACTYITHUM  PO3BUTKOM Kap’epu,
NPU3HAYCHHS Ha KepiBHI MOCaAu. YYacTh y HAYyKOBO-JOCHIHUX TMPOEKTAX,
Jep’)KaBHUX TPAHTAX;

v’ npoBeneHHs GpyHIaMEHTAILHUX a00 MPUKIAIHAX HAYKOBHMX JOCIIKEHb;

v’ po3po0Ka HOBHX MaTepialliB, TEXHOJIOIH, MAIIMH Ta MEXaHI3MiB;

v KOOpIHWHALiS HAyKOBO-IOCIIAHHMX pOOIT, B3a€MOis 3 BUPOOHHMYNUMHU
1 ITPUEMCTBAMU;

v/ KoMeplliaji3allis HayKOBUX PO3pO0OK;

v/ [aTeHTyBaHHJ, Iepeiada TEXHOIOTIH Y BUPOOHHIITBO;

v/ CIiBIparis 3 miInpHeEMCTBAMA MAITHHOOYIIBHOT raiys3i.

3akoH VYkpainu "IIpo HayKOBO-TEXHIYHY MAISUIBHICTBR" 3a0e3reuye
MIPaBOBUM CTATyC HAYKOBIIS, TAPAHTY€E COIIAIbHUM 3aXUCT, CTBOPIOE YMOBH JJIS
HayKOBOT'0 3pocTaHHs Ta MixkHapoaHoi crimparlil. ITH mmsa nmigroroBku daxiBIiis
uie€i cepu MNOBHHHI TmependayaTH OTPUMAHHS KOMIIETEHLIM MpaliBHUKA
HaykoBoi yctaHoBu (Crarrst 5, Crarra 31. Ilocagm HaykoBUX MpaliBHHKIB
3akoHy YKpaiHu Mpo HAYKOBO-TEXHIYHY JISUTBHICTB).

Bucnosexu ma nanpsamox nooanvuuux 00cnioxcens:

Hapenena indopmartiis mpo kiacudikamiro i 3aKOHOMiIpHOCTI PO3BUTOK
(haxoBUX CEpEOBUIL CTBOPIOE 1H(1)0pMau11/IH1 3acanu 31106yBat1y OCBITH IS
BUKOPUCTAHHS CYYaCHUX TEXHOJIOT1H 1 IHCTPYMEHTIB OCBITH.

JIns momanblivX JOCHIIKEHb MOTpiIOHO BpaxyBaTh (DAKTOP BIUIMBY
MO3HIIIM POOOTOIABIIIB HA 3MICT 1 TeXHOJIOT11 0CcBITH. CBITOBHII TOCBiJ ITOKa3yeE,
mo y 0OaraTh0X MPOBILAHMX Jep’kaBaxX 30UIBIIYIOTh POJb CHUIKK (Acoriairii)
poOOTOABIIIB, IKI OTPUMYIOTh y HalllOHATBHUX 3akoHOAaBcTBaxX (y CIIA HaBiTh
B OKPEMHUX IITaTax) MOBHOBAXXEHHSI BU3HAYEHHSI 3MICTY OCBITHBO-NIPO(dECiitHuX
mporpam, 3 paBoOM MPOBEACHHS MPOLEAYp aKpeauTaIlli 1 HaJaHHs JIIeH31i Ha
OCBITHIO IISJIBHICTH 3aKjaJaM BHIIOI OCBITH. TakK OOCATa€ThCS 3aKOHOABYE
noeqHaHHs po3ymiHHs 3BO  3akoHOMIpHOCTEW JAMHAMIYHMX 3MIH Yy
MaIlIMHOOYAyBaHHS 3 PUHKOBUMH BUMOTAaMU JI0 PEKPYTHUHTY, 110 BiIOOpaKeHO
y To3ullli crelikroiaepa (MammHOOYAIBHOTO Tpoduis) M0 MPOrHO30BAHOTO
KaJIpoBOTO 3a0e3reueHHs (haxoBUX CEPEOBUIIN Y MAITMHOOY TyBaHHI.
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TEOPETUYHI JOCAIJI)KEHHA ABTOMATU3AILLIL IUBAPHOI'O
BUPOBHULTBA ITPOMUC/IOBUMU POBOTAMMU TA
MAHIITYJIATOPAMHA

Anomayia: Y cmammi po3ensioaemvca agmomamuzayis ma pooomu3ayis 1ueapHoco
BUPOOHUYMBA SIK KNHOHOBI YUHHUKU NIOBUWEHHS eheKMUBHOCMI, NPOOYKMUBHOCMI ma be3neKu
supobnuuux npoyecis. Ilpoananizo8ano cyyacHi MexHON0I NPOMUCIOBUX poOOMIE i
Mauinynamopis, ix 6naue Ha AKICMb JUmMms ma eKOHOMIYHI NOKA3HUKU NiONpUEMCMS.
Ocobnusy ysacy npudineno inmezpayii yuhposux mexHono2ii, maxux sik Mooenosanis ma 3D-
OpYK, WO CRPUSIOMb ONMUMI3AYIT 6UPOOHUYUX NPOYECIE.

Knwuosi cnoea: asmomamuzayis, pobomusayis, 1ueapue upoOHUYMBEO, NPOMUCTOB]
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Abstract: The article examines the automation and robotization of foundry production
as key factors in improving the efficiency, productivity, and safety of manufacturing processes.
Modern technologies of industrial robots and manipulators, as well as their impact on casting
quality and the economic performance of enterprises, are analyzed. Special attention is given
to the integration of digital technologies, such as modeling and 3D printing, which contribute
to the optimization of production processes.

Keywords: automation, robotization, foundry production, industrial robots,
manipulators, production efficiency, productivity, occupational safety

JIuBapHe BUPOOHUIITBO € OJJHUM 13 IPUKJIIAI1B €EKTUBHOIO BUKOPUCTAHHS
pecypciB, aJ)Ke BUITMBKH Maiike MOBHICTIO IPHUIATHI JIJIsl TOBTOPHOT IEPEPOOKH.
[Ticnst  3aBepiieHHS CBOTO  <OKUTTEBOTO»  LHUKIY BOHM  MIATAIOThH
NEPETIaBICHHIO I CTBOPEHHS HOBUX BHUPOOIB, LIOPOKY BHUKOPHCTOBYIOUHU
MIJTBHOHU TOHH MeTanoOpyxTy. OKpiM IIbOTO, Cy4acH1 TEXHOJIOT1] Jal0Th 3MOTY
BITHOBIIOBATH 10 95% mimianoi cymimil Jyisi BUTOTOBJICHHS PI3HUX JIMBapHUX
dbopmM, 110 TO3UTHBHO BIUIMBAE Ha ekosorio [5]. ToMmy nuBapHE BHPOOHHUIITBO
BIJIIrpa€ BaXJIMBY poJib y cdepi nepepodku. barato auBapHUX MiANPUEMCTB
IHBECTYIOTh y HOBITHI TEXHOJIOTIi, aBTOMATH3alll0 Ta €HEProe(EeKTUBHICTD,
MOCTIHO 3MEHIIYIOYH CIIOKUBAHHS pecypciB. KiltouoBy poiib y ibOMy TpoOIIeci
BiJlirpae nupoBizallis MiJl 4ac MPOEKTYBAHHS, MOJIeNIOBaHHs Ta 3D-ApyKy, 110
JIa€ 3MOTY HeE JIMILIe CTBOPIOBATH CKJIAJIHI BUJIMBKH, a 1 YCYHYTH METOJ Mpoo i
MOMMJIOK, MIJIBUILYIOYHM KOHKYPEHTOCIIPOMOXKHICTh JIMBAPHUX MIANPUEMCTB 1
CIPHUSIOYM BIPOBAPKEHHIO cTamux crpaterid [11]. OmHuM 13 BaXJIMBHUX
HaIpsMIB aBTOMATH3AIIli Ta MMOKPAIEHHS! eHeProe(EKTUBHOCTI € BIIPOBAKCHHS
poboTtm3artii [19].

JIuBapHa MPOMUCIOBICTh 3a3HA€ 3HAYHUX TpaHChOpMAIliil 3aBISIKU TMOSB1
aBTomaTu3ailii Ta podotu3zairii. Lls peBoolist He uIe TiABUIITY€E e(heKTUBHICTD
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Ta MPOJAYKTUBHICTb, ajie ¥ MOKpallye Oe3meKy Ta SKICTh y cekTopi. IHTerpartis
aBTOMaTu3aimii Ta poOOTOTEXHIKM B JUBApHI MPOIECH KapAWHAIBHO 3MIHIOE
CUTYAIIIfO.

TpamumiitHo nuBapHi TporecH Oyiu € TPYAOMICTKUMH, BKIIOYAIOTh
BUCOKHUH pIBEHb Py4YHOi poO60TH. POOITHHKY MOBHHHI BUKOHYBAaTH Taki poOOTH,
K (opMyBaHHSI Ta JUTTS, 4acTO B CyBOpHX 1 HeOe3meuHux ymoBax. OmHak
3aMmpoBaHKEHHST aBTOMAaTH3allli Ta poOoTh3allii 3MiHIOE mei mporec. PodoTu
OepyTh Ha ceOe 3aBIaHHs, SIKI KOJUCh BUKOHYBAIM JIIOJU, 3MEHIIYIOUU PU3HK
HEeI[aCHUX BHMAJKIB Ta TPaBM, a TaKOX 3a0e3neuyioun Oe3neuHiime pobdouye
cepeloBuIle. ABTOMATHU3allls B JIMBAPHIM MPOMUCIOBOCTI — 1I€ HE JIMILIE 3aMiHa
py4HOI TIpalli, ajie ¥ MiJBHUINCHHS TOYHOCTI Ta Y3TOJKEHOCTI BHPOOHHUYOTO
npoiiecy. PoboTu 3anporpaMmoBaHi Ha BUKOHaHHS 3aB/IaHb 13 BUCOKHM CTYIIEHEM
TOYHOCTI, 3MEHIIYIOTh MOMWIKU Ta Biaxoau. Ll TOYHICTH NpU3BOAUTH [0
MOKPAIICHHS SKOCTI MPOAYKTY, IO, Y CBOIO YEPry, IiJIBHINYE 3aT0BOJICHICTH
KJIIEHTIB Ta MOKpailye eheKTUBHICTh O13Hecy. OHaK mepexij 10 aBToMaTh3alii
Ta pobOoTuzalli Mae CBOI TpyJIHOII. € 3aHEMOKOEHHS IIOJ0 MEPEeMIIECHHS
poOoYMX MiCllb, OCKUIBKM poOOTHM OepyTh Ha ceOe 3aBIaHHs, SKI paHilie
BUKOHYBAJIH JIFOJTH.

3anpoBa/pKeHHsT ~ aBTOMaTu3aiii Ta  poOoTu3amii B JIMBapHId
MPOMUCJIOBOCTI € YITKMM CBIIYEHHSIM NMPUXUIBHOCTI Tally3i JO 1HHOBAIll Ta
nporpecy. Lle € cBiTueHHSIM CTIMKOCTI Ta aJIalTUBHOCTI Taly31 Iepes 00 IMIUsM
MIHJIMBOT PMHKOBOI JTUHAMIKH Ta TEXHOJIOTIYHOTO mporpecy [9].

Mertoro  JOCHIIKEHHS €  JOCHDKEHHS  MOJIEpHi3allii  JUBAapHOIO
BUPOOHMIITBA MUISIXOM IHTETpallii MpOMHUCIOBUX POOOTIB 1 MaHIMyJISTOPIB IS
M1IBUIIEHHS €(hEKTUBHOCTI, MPOTYKTUBHOCTI Ta O€3MEeKH BUPOOHUYHX MTPOIIECIB.

J1Jist TOCSITHEHHS TIOCTABJICHOT METH TpeOa BUPIIITUTH HACTYTIHI 3aBJAHHS:

1. JlocniauTy nepeiyMOBY aBTOMAaTHU3Allli JINBAPHOTO BUPOOHHUIITBA.

2. [IpoananmizyBaTi CydacHI TEXHOJOTIi poOOTH3alii B JHMBapHHUX
nporuecax.

3. Bu3HaunTH OCHOBHI IEpEeBarv Ta BUKJIMKU aBTOMAaTH3allli TUBAPHUX
BUPOOHUIITB.

OO0'ekTOM JOCHIKEHHSI € TMpOIECH JMBApHOTO BHUPOOHHUIITBA Ta iX
MOJIEpHI3alisl 32 JOMOMOI'0OI0 MPOMUCIOBUX POOOTIB 1 MAHIITYJISITOPIB.

[IpenmeT mocmimKeHHS € METOAM Ta 3aCO0M aBTOMAaTH3allli Ta podoTH3arii
TEXHOJIOT1YHUX MPOIECIB Y JIUBAPHOMY BUPOOHUIITBI.

JluBapHi BUPOOHHWIITBA, ICTOPUYHO TPYJAOMICTKI Ta HeOe3MeuHi,
PO3BUBAIINCS MMAPAJICIBHO 3 TEXHOJOTIYHUM MPOTPEcoM. Y TepIii THI POOITHUKH
BPYUYHY 00pOOISUITM BUCOKOTEMITEPATYPHUN PO3IUIABIICHUN METaJI 1 BUKOHYBAJIH
bi3uuHO Baxkki 3aBiaHHA. lle mpu3Beno g0 3HAYHOI 3arpo3w Oe3meri Ta
MNOTEHIIITHOT HEBIAMOBIIHOCTI AKOCTI JHUTTS. OpHaK y MIpy pO3BUTKY
MIPOMUCIIOBOT PEBOJTIONIT MTovyaau (hOpMyBaTUCS MeXaHi3allis Ta aBTOMaTU3AaIlisl.

TexHOJOr1yH1 JOCSATHEHHS B aBTOMAaTHU3allli JMBApHOTO BHUPOOHMIITBA
BiOyBatoThest 3 1950-x pokiB [7]. Lli panHHI aBTOMAaTU30BaHI CHCTEMHU
31e01IbIIOr0 Tiepeadayai MexaHi30BaHe 0OpOOIICHHS, IEPEMIILIEHHS MaTepiary
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Ta omepaili (opMyBaHHS, IO 3MEHIIyBajo MOoTpedy B Py4HIA Mpaii Ta
oM SIKIITyBaio Jeski pusuku Oesmeku. OctanHimMu pokamu «IIpomMucioBicTh
4.0», sika TOJOBHMM YHHOM XapaKTEepPHU3ye€TbCsA I1HTErpamiero kidepdizsuaHux
CHUCTEM, IHTEPHETY pedeil Ta IITy4YHOTO IHTEJEeKTy, MpUBeJa J0 HOBOI €pHu
aBTOMaTu3amii JuBapHUX BHUPOOHUITB. CydacHi CHUCTEMH pO3pOOJIEHI IS
aBTOHOMHOTO BUKOHAHHS IOBTOPIOBAHMX 3aBJaHb, TAKUX SIK 3aJIMBKA, pi3aHHS Ta
noJIpiOHEHHs, 3 MIHIMaJIbHUM BTPYUYaHHSIM JIIOAUHU [7].

Cepen pi3HHX THUIIIB pOOOTIB HAHOIBIIIUK OMUT MalOTh aBTOMATH30BaH1
MIPOMUCIIOBI poOoTH. P0OOTH30BaHI CHUCTEeMH HAHOIMHXKYOro ManiOyTHHOTO
JIO3BOJIATh 3aMIHUTH JIIOJIMHY Ha OUIBIIOCTI OCHOBHUX 1 JIOMIOMIXKHHUX
BUPOOHUYHUX ONEpalliid, COpHUAIOUYM aBTOMAaTHU3allli TEXHOJIOTIYHUX IPOIECIB Y
pPI3HUX MPOMHUCIOBUX Tany3ax. (OcoOJMBO 1€ akTyaldbHO i JIMBApHO-
METaypTiiiHOT MPOMUCIIOBOCTI, Ji¢ ICHYIOTh HEOE3MeYH1 Ta IIKIIJIMBI YMOBHU
npaili, 30Kkpema B rapsuux nexax [20].

Cepen pi3HOBUIIB pOOOTIB HAWOUIBII 3aTpeOyBaHUMU € MaHINMYJIALIIHI
aBTOMATU30BaHI NIPOMHUCIOBI cucTeMd. Maninyniarop kommadii ABB
PO3TAIlIOBAHMI MOPYY 13 pOTOPHUM OapabaHOM 1 31MCHIOE HAHECEHHS CyXOro
KOMIIOHEHTa Ha MOJEJbHI KJIacTepH, O0epTaroydM MOJENbHI KYIl BCEpEeINH1
Oapabana. JliBopyd BiJi HOTO PO3TAIlIOBaHI JIBa KOHBEEPU-CYIIUIa (BEPXHI Ta
HWKHIN), Kyl poOOT MiABIIIY€ Kyl JIs1 HOAAJIBIIOr0 CymiHHsA [15].

Texnonoris nutts 3a ra3udikoBanumu  mozemsimu  (JITM) 13
3aCTOCYBAaHHSAM POOOTHU30BaHUX CUCTEM [21] BKIIOUa€E BUKOPUCTAHHS TEPMIUYHOL
neui 3 obeproBum mogom BupoOHmuTBa CAN-ENG Furnaces International
Limited (CIIIA). Po6oT 3aBaHTa)Xy€e 114 BUIMBKAMU B TPHU PSAM, IO ONTUMIZYE
TepMOOOPOOKY anroMiHi€EBUX BUpP0OiB mipu Temmepatypi 500-550 °C [18].

3a5e)KHO Bi METOMY JIUTTS JIMBApHI POOOTH KIACU(IKYIOTHCS Ha YOTUPHU
OCHOBHI KaTeropii: JUTTA B MilaHi (GOpMH, JUTTA MiJl TUCKOM, rpaBiTalliiHe
mutTs Ta JI'M-nipouiec. 3a raimy3eBUM 3aCTOCYBaHHSIM pOOOTH30BaHI CUCTEMH
MO>KHA TIOJIUTUTH Ha I1’ATh OCHOBHHUX CETMEHTIB: aBTOMOO1JIbHA IPOMHUCIIOBICTD,
MeTaxyprisi, BApOOHUUTBO HAMIBIPOBIAHMKIB, TEIEKOMYHIiKallli, apOKOCMIYHA
Ta 00OpOHHA MPOMUCIIOBICTH [12].

IcHye poOoTH30BaHa CUCTEMU TIEPEHECEHHS TJIACTUH, sIKa BITHOCUTHCS 10
1HHOBAIIHOTO O0JIaAHAHHS JJIsI TMBApHOTO BUPOOHMIITBA. L5 cucTema MiCTUTh
pobotuzoBany pyky 3 4 DOF mis nepemadi miacTuH MK KaceTOlO Ta KaMepaMH
o0poOku. Bona Mae IHTENEKTyaJdbHy aBTOMATH3AII0 [IJII BHUTOTOBJICHHS
IJIACTHH, Y AKid MOTpiOHO OOpOOSATH KUIbKA TJIACTHH Ta KaMep OJIHOYACHO.
BpaxoByeTbcs cTaH KOXKHOI IUIACTUHU Ta KaMEPH IS TUTAHYBAHHSI 3aBEPIIICHHS
BUTOTOBJICHHA €(QEKTUBHUM Ta THYYKHM crocoboM. PobotuzoBana cucrema
BUTpavyace 9 XBWIMH Ha BUKOHAHHS MOCTAaBJICHOI MiCii mepeMilieHHs 6 TiIacThH
MDK KUJIBKOMa Kamepamu Ta 2 kacetamu Ta jpocsirae 93,4% piBHS BUSBICHHS
nedexriB [16].

Cepen pi3HUX THUOIB POOOTIB HAWOLIBIIUM MOMUTOM KOPUCTYIOTHCS
aBTOMATU30BaHI MaHIMYJSLIIHHI CHUCTEMH, OCOOJIMBO MPOMUCIOBI POOOTH, SIKI
HUHI € TPaKTUYHO €JIUHUM 3aco00M aBTOMaTH3allii JApiOHOCEPIHHOrOo
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BUpPOOHUIITBA. BOHM MOEAHYIOTH Yy €IMHOMY LMKl TPAHCHOPTHI Ta OCHOBHI
TEXHOJOTIYHI oOmepallii, 110 CHpUA€ CTBOPEHHIO €(EKTUBHUX BUPOOHHUUX
MPOIIECIB HA OCHOBI POOOTHU30BAaHUX CUCTEM [22].

CyuacHi TuBapHI TiATPUEMCTBA MTOCTIHHO MTYKAIOTh CITOCOOH T ABUIIICHHS
e(eKTUBHOCTI, THYYKOCTI Ta 0€3MeK: poOOYOro CepeIOBHIIA, OPIEHTYIOUNCH Ha
CTBOpPEHHS eHeproe(eKTUBHUX MPOIECIB 13 MiHIMAIbHUM BIUTMBOM Ha JOBKLILIS.
Bukopuctanus poOOTH30BAHUX CHCTEM CYTTEBO CIIPOIIYE TOCSITHEHHS
HEO0OX1THOT MPOYKTUBHOCTI y rajy3i Ta MiATPUMY€ KOHKYPEHTHI niepeBaru [4].

30UTbIIEHHSI KOPUCHOTO HABAHTAXKEHHSI HAa POOOTHU30BaHI CHUCTEMH JIJIs
JUBApPHHUX OINEpalliid CIpusie ONTUMI3aIii BUPOOHWYUX ITUKIIB TOPIBHSHO 3
TpaJAULIITHUMU METOJAMH JIUTTA, 0 € OCHOBHUM (DAKTOPOM 3POCTAHHS PUHKY
JauBapHOi poOoTu3aiii. KpiM Toro, o4ikyerbcs, 10 aBTOMAaTH3aIlls OIMeEparlin,
NOB’SI3aHUX 13 BUCOKMMM TEMIIEpaTypaMH, Ta30BUAUICHHAM Ta 1HIIUMH
HIKIJJIMBUMA YMHHUKaMU (HapHKiIad, JAeras3alis po3IuiaBy, BUAAICHHS LUIAKY,
3aJIUBKA PO3IUIaBy y (popMu, BUOMBKA BUIIMBKIB), 3HAYHO MMiABUIIUTH MOTPEOY B
pOOOTU30BaHUX CUCTEMAX Y JIMBAPHUX LeXaxX y HauOmmxkyl poku [23].

3HayHe 3pOCTaHHS BUTPAT Ha BIPOBAKCHHS POOOTH30BAHUX CHCTEM Y
MeTadypriiHoMy BUPOOHMUTBI Takux KpaiH, sk Kwrail, Anonis Tta Ixmig,
CTUMYJIOE TOAAIBIINK  pO3BUTOK puHKY. Cepenl OCHOBHUX IepeBar
BUKOPUCTAaHHA pPOOOTIB MOKHA BIJ3HAYUTH 3OUIBLIEHHS TEPMIHY IXHBOL
eKCILUTyaTallii Ta BUCOKY AKICTh BUKOHYBaHUX orepallid. KpiMm Toro, iHTerparis
pOOOTH30BAaHUX TEXHOJIOTIA CHpUS€ CTBOPEHHIO €KOJIOTTYHO Oe3MeYHHuX
JIMBApHUX TPOIIECIB.

PosrasineMo mpukiiagyu HOBITHIX TEXHIYHMX PillleHb, 110 JEMOHCTPYIOTh
B3a€EMOJIII0 JIIOJIEH 1 KOOOTIB, SIK 1€ PEai30BaHO y BUITAJIKy POOOTU30BaAHUX
cuctem Kuka ta ABB [10]. Y nuBapHOMY BHPOOHUIITBI MTOAI0HE BIIPOBAKEHHS
HalOUIbII JOUIIBHE JUIsl OMNEpaliil TOYHOTO, BEIUMKOCEPIHHOTO Ta MacoBOIrO
JUTTSL.

JIUTTA B MICOK 3aCTOCOBYIOTH JJISi BUTOTOBJICHHSI TaKUX EJIEMEHTIB, SIK
OMOpH JIBUTYHA Ta Kopiycu nudepenuianib. [I0TIM 11i KOMIOHEHTH pO3pi3at0Th
Ta NOAPIOHIOTH 32 JIONOMOTOI0 MpoMuciioBoro podora tuny IRB 6660 ABB y
BUpOOHMUIA Kamepi BUpoOHUUTBa Automations Robotic GmbH. V upomy
npoIieci pOOITHUK 3aTHCKA€ CUPOBUHY J€Tajl B MO3UIIOHEP] 3arOTOBKH, SKUN
TpPaHCIOPTY€E JeTani B KOMIpKy poOota st oOpoOku. Ilicims pobGotuzoBaHOi
0oOpoOKM YacTHMHA TMEpPENAEThCs B HACTYNHY pobouy craniito. IRB 6660 €
HaWOUIBI KOPCTKUM 3 HUX € mapHipHi pobotn ABB. OOGpoOka amoMiHi€EBUX
JieTasiel BKJII0Ya€e BUCOKI pOOOYl CHUJIM Ta YTBOPIOE Oarato Opyay Ta CTPY>KKI».
JlaTuuk, poO3TalIOBaHWN MIK 3all’ACTSIM poOOTa Ta EJIEKTPOIHCTPYMEHTY, €
yacTuHol0 Tmaketa QyHkmiii Integrated Force Control, mo 3a6e3neuye
aganTUBHUM pyX y peanbHoMy 4aci. Force Control no3Bosisie poboTy pearyBatu
Ha HaBKOJIMIIIHE CEPEAOBHUILIE Ta 3MIHUTH 3aIIPOrpaMOBaHul HUISIX a00 MonepeHi
HaJalITyBaHHS IIBUJIKOCTI HA OCHOBI 3BOPOTHOTO 3B’SI3KY 3 TATYMKOM CHIIH [1].

3MEHIIUBIIH MIBUAKICTH pOOOTA MPU BUCOKHUX CHIIAX, KOHTPOIIOIOYH CHJIH
3MEHIIYIOTh PU3UK MOIIKOJKEHHS a00 HempaBWIbHO OOpoOJeHl aeTani Ta
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JM0alIMBO CTAaBUThCSA JO IHCTpyMEHTIB. lle mponoBxkye TepMmiH iX CIyxOwu.
TexHonoris KOHTPOJII HE TIIBKA TIO3UTUBHO BIUIMBAE HA JOBTOBIYHICTH
IHCTPYMEHTIB, a ¥ KUTTEBUM IIUKJ IIMUHIEIS Ta TOUHICTh oceil poboTa. Kpim
TOT0, 32 JIOTIOMOTOIO I11€1 TEXHOJIOT1i 3MEHIIY€ThCS yac UKy Ha 20 BiACOTKIB [1,
2].

[IpamiBHUKY, SKI 3aHMAIOTHCS JTUTTSIM Y MICOK, CTUKAIOTHCS 3 CYyBOPUMU
yMOBaMH, a Oe3mneka ix poOOTH € HU3BbKOI. ICHyIOYl 3aiMBHI pOOOTH MAarOTh
HEJIOCTAaTHIO CTallIBHICTh Ta HECY4Yy 3JIaTHICTh 1 HE MOXYTh BHKOHYBATH
IHTENEKTyalIbHy 3aJMBKY BIJAMOBIIHO 1O BUMOI TPOIECY 3alUBKU. IcHYe
riOpUIHUN PO3JIUMBHUM POOOT, SKUN BHUPINIYE I1I OOMEXKEHb, a TEXHOJIOTis
amapaTHOTO KepyBaHHs Ha ocHoBi OadeHHs (HIL) Bupimye npoGrnemu 3
KEpyBaHHSAM B PEXKHMI pEaJbHOTO 4acy MOJEIIOBAHHSAM PO3JIMBY Ta IMPOIECY
posnuBy. Ha OCHOB1 pO3JIMBHOTO MEXaHi3My Ta MOTPEOM B PyCl KOBIIA ICHYE
riOpuIHUNA PO3NUBHUN POOOT 13 mapanenbHuM MexaHisMom 2UPR-2RPU sk
OCHOBHUM KOpITycOoM [8].

JIuBapHi MiANpUEMCTBA MOCTIHHO IIYKAIOTh HOBI CIOCOOMW ITiABUIIECHHS
POJYKTUBHOCTI, CKOPOYEHHSI BUTpPAT MIABUIIEHHS SKOCTi. BHucokoedekTuBHi
TEeXHOJIOT1i poOoTiB ABb [03BOJSAIOTH 3MEHIIUTH BHPOOHWYI BUTpATH Ta
BIJICOTKU OpaKy, 301IbIIeHU yac 0e3BIAMOBHOI poOOTH Ta cTablIbHA HalBUIIA
AKICTh € nepeBarow poootis Abb [3].

[TpomuciioBuii poOOTU30BAaHUHN MPOIEC BUPOOHUIITBA JINTBA Iepeadadae
dbopMyBaHHs, I0JaTKOBY 00pOOKY Ta XOJIOAHY 00pOoOKYy. 3a T0ITOMOT'0r0 POOOTIB
CroyaTtky Ha cTaaii (opMyBaHHS 3AIMCHIOETHCS 1HTENIEKTyalbHAa 00poOKa
mimanoro cepaeynuka. IloriMm  Ha eram MmICIIOOpOOKH  peami3yeTbes
IHTEJIGKTyaJIbHE YOpHOBE JHUTTA. ETam xomogHoi 0oO0poOKu  peani3ye
IHTEJIEKTyaIbHE BUJIAJICHHS 3aJUPOK, 3HATTS (DaCKU, OUMILECHHS Ta BUIYBaHHS
poGotamu. baratuii [OOCBi ~ yCHIIIHE 3aCTOCYBaHHS  CBIOYaTh  MPO
0aratoo0ilgrye MaliOyTHE 1J1 TMBAPHOT MPOMHUCIOBOCTI 3 TOBHUM MOEAHAHHSIM
pOOOTOTEXHIKH, aBTOMAaTH3allii Ta 1H(OpMaLiiTHUX TexHoJoriil [17].

IcHye poboT, sikuii JoToMarae BUrOTOBJISTH HIBUAKI TPOTOTUIN GOpM Ta
3pa3kiB. IllectmochoBuii pobor KUKA RMC90 npomomorae mnpUCKOPUTH
BUPOOHUIITBO JIUTTS 3 OUIbII E€KOHOMIYHMMHM Ta TOYHHMHU pe3yJbTaTaMH.
PoGoTtuzoBana padbpuka s BizepyHkiB KUKA Bkitouae cucteMu o0poOKu 1181
Ta 300py Uy, SKI COPHUSAIOTH OC3MEeYHid Ta ekoJjoriuHiii oopooOi. Ille omna
€KOHOMIsl Yacy 3a JOMOMOTOI0 pobOoTa MoB'sa3aHa 3 (Ppe3epyBaHHIM OJIOKIB Y
dbopwmi micky. PoOOT Moke CTBOpIOBaTH OUIBIIICTH TeOMETPiN mpec-popmu, ski
3a3BUYail BKIIIOYAIOTh KIJbKAa CEPACYHUKIB a00 CTPYKTYpHUX JETalieh, 1 TOMY
poOOoTH30BaHI Mimani (GOPMH MOXYTh BUTOTOBJISATH ORI TOYHI 32 pO3Mipamu
BUIMBKU. OCKUTHKY HE TTOTPIOHO BHUTITYBATH BI3EPYHOK 3 MiMIaHOT POopMHU, HAM
HE MOTPIOHO PO3IISAaTH MOXJIMBICTH JOJAaBaHHS YEPHETKU A0 aeraii. Pobot
MOX€E PYXaTHUCS IO IIECTH OCSAX, TOMY TaKi €JIEMEHTH, SIK KHUIIIECHI Ta Mipi3H, SKi
3a3BUYall BUMAararmTh CEpPLIEBUH, MOKHAa BHpI3aTH O€3MOCEPEHbO B IICKY.
Pe3ynbTaTom € TouHe 3a po3MipaMu JUTTS 32 MEeHIIUM vac [14].
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Cepis nuBapuux po6otiB KUKA OGyna po3po0OiieHa aJisi KOHKPETHUX BUMOT
JUBAapHOTO BUPOOHUIITBA. 3aBASKU TEPMOCTIMKMM 3am’scTKam poOOTIB,
BUTOTOBJICHUM 31 CIEIiaTbHOI CTalll, BOHU (YHKI[IOHYIOTb IIPU €KCTPEMaIbHUX
temriepatypax. Kpim Toro, KUKA mae mogaTkoBi KOMIIOHEHTH 711 BUPOOHHYIOT
JIHIT: BiJ mpeca A MIBUAKOTO 0OPI3KH 10 OXOJIOKYBAJIBHOT Yallli Ta MOBHICTIO
po3pobieHoi KoHIeNIli. [HTeneKTyallbHe IMBapHE BUPOOHUIITBO MOJKIIUBE
3aBnaku oOMminy manumu yepe3 OPC UA. KUKA wmae xmapHy mporpamHy
mwiatdpopmy KUKA Connect asis 360py 1udpoBux gaHux y BUpoOHUITBI. Lk
poboTa Ta UMK HATUCKAHHS B KOMIPIl aBTOMAaTUYHO ONTUMI3YIOTHCS 32 4aCOM
K 3arajibHa onepailisi. TakuM 4uHOM, poOOT HE 3aB¥KIU PYXAE€THCS 3 OJTHAKOBOIO
IIBUJIKICTIO, a JII€ BIATMOBIHO JI0 BUPOOHWYOTro mporiecy. Lle mpusBoauts a0
CKOPOYEHHSI 4acy OYIKyBaHHs, a TaKOXX 3HOC MAIlIMHU 3MEHIIYEThCSA 3aBISKU
011 piBHOMIpHOMY TOTOKY. Kpim Toro, Ha 3aBojii MaiilOyTHBOTO MapaMeTpu
poboTra Ta mpeca OOpPOOJAIOTHCS OJHUM KOHTPOJIEPOM, IO JIO3BOJISIE
3M1ACHIOBATH MTOBHUM OIS JaHUX CHCTeMH [3].

Bubip po6otie TIE Industrial ans nuBapHOro BUPOOHULTBA BKIIOYAE
MOJI€JII, B1JIOMI CBO€IO JIOBFOBIYHICTIO Ta MpoayKTuBHICTIO: Fanuc M- 2000 1A
B1JIOMHI CBOEIO BUHSATKOBOIO BAaHTAXOMIAHOMHICTIO Ta PajJlyCoM [iii, 1110 POOUTH
HOTO0 i7canbHUM JJI1 pOOOTH 3 BEIMKUMHU BUJIMBKAMU Ta BUKOHAHHS CKIIQTHUX
3apnanb; ABB IRB 7600 3a0e3neuye HaJlliHy KOHCTPYKIIIO Ta yHIBEPCAIbHY
MPOAYKTUBHICTD, IMIIXOMWUTH JJI PI3HOMAHITHUX JMBAPHUX 3aCTOCYBaHb, BiJl
JUTTA 10 00poOKu [6].

BucHoBkH

[IpoBeneHo aHami3 nepeayMoB aBTOMATHU3AIT TUBAPHOTO BUPOOHUIITBA Ta
BUBYCHO CyYacHI TEHJEHIlI BIPOBA/KEHHS MPOMUCIOBUX POOOTIB 1
MaHIyJIATOpiB. J{ociimKkeHHs moka3ao, 0 aBTOMAaTH3AaIlls JUBAPHHUX MTPOIIECIB
€ He0OX1JHO YMOBOIO IMIJIBUILIEHHS TPOAYKTUBHOCTI, TOKPAIIEHHS IKOCT1 JIUTTS
Ta 3a0e3neyeHHs Oe3neku mpaii. Pa3oM 3 THM, pO3TIsSIHYTO BUKIIMKH, OB’ s3aHI
13 BOPOBAXKEHHSIM POOOTH30BAHMX TEXHOJOTIA, Taki SK BHUCOKA BapTICTh
oOJsiaiHaHHs, moTpeda y KBatiiKoBaHOMY NIEPCOHAI Ta HEOOXITHICTh ajanTallli
BUPOOHMYHUX MPOLECIB 1O HOBUX TEXHOJOTTYHUX PILLIEHb.
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VJIK 681.55

Karpiu C.I'., JdmurpieB H.0. (Xepconcvkuii HayionanvHuil mexHiuHuil
yHigepcumem, XepcoH, Ykpaina)

PO3SIIUPEHHA MO)ISJII/IBOCTEI‘/JI 3D IPYKY IIJIAAXOM
ABTOMATHU3AILII YIIPABJIHHA AIMTUBHUMHU
TEXHOJIOI'TAAMH

Anomauin. Y cmammi po3eisnymo wiisaxu nio8uujeHHs eq)eKmusHOCmi mexHoi02it
3D-0pyky winaxom asmomamuzayii ma 6npOBAOIHCEHHS CUCMEM KepYBAHHA AOUMUSHUMU
npoyecamu. Bioznaueno, wo Oinbuwiicms 8UpOOHUYME 3ATUUAIOMBCS 8 PEdHCUMI 8IOKPUMO20
Yuky 6e3 OHAAUH-KOHMPOLIO AKOCMI, WO CIMPUMYE X MACUmMaby8aHus, 0coOIUBO 8 YMOBAX
0OMedIceHOi 00CmMYNHOCMI BUCOKOSAKICHUX npurmepis i mamepianie 6 Yxpaiui. [lpoananizosano
CYYACHI pIWEeHHs: CEeHCOPHULL MOHIMOPUHe, al20pUMMU 380POMHO20 38 513KV, CUCMeMU
Kepy8aHHs napkom npunmepis, npukiaou asmomamusayii y FDM, SLA ma SLS mexnonocisx.
Haseoeno npuxnaou ycniwnozo b6esnepepsrnoco opyky ma asmomamusayii SLA-npunmepis.
Tokazano, wo asmomamuzayis ni0GUWLYE MOYHICIb, NOBMOPIOSAHICMb SUPOOI6 | 3HUJICYE
yuacms  onepamopa. OKpecieHO nepcneKmusu CcmeopeHHs 6  VKpaini  enacHux
ABMOMAMUZ0BAHUX PIiULEeHb [3 BUKOPUCAHHAM WMYYHO20 IHMeeKn).

Knwwuosi cnoea: aoumueni mexwonocii; 3D-Opyk, aemomamu3osane YNpaeiiHHsi,
Industry 4.0; FDM; SLA; SLS; oamuuxu, 360pomuuti 36 s130K,; KOHMPO/Ib AKOCHII.

Abstract. The article examines ways to improve the efficiency of 3D printing
technologies through automation and the implementation of control systems for additive
processes. It is noted that most production facilities still operate in open-loop mode without
online quality control, which limits their scalability, especially under the conditions of limited
access to high-quality printers and materials in Ukraine. Current solutions are analyzed,
including sensor monitoring, feedback algorithms, printer fleet management systems, and
examples of automation in FDM, SLA, and SLS technologies. Successful cases of continuous
printing and automated SLA printer operation are presented. It is shown that automation
improves product accuracy and repeatability while reducing operator involvement. The
prospects for developing domestic automated solutions in Ukraine using artificial intelligence
are outlined.

Keywords: additive manufacturing; 3D printing; automated control; Industry 4.0;
FDM; SLA; SLS; sensors; feedback; quality control.

3D-npyk (aguTBHE BUPOOHUIITBO) KApAUMHAIBHO PO3IIUPUB MOMKIUBOCTI
BUT'OTOBJIEHHS BUPOOIB CKJIaJHOI (POPMHU, MPOTE 3AIMILAETHCS HU3KA TPOOieM,
Kl OOMEXYIOTh HOro e(l)eKTI/IBHICTB y npomMucioBux macmradax. Ilo-nepiue,
OUTBLIICTh HACTUIPHUX 1 HaBITh MpOMHUCIOBUX 3D-mnpunTepin MPaLoTh Y
BIIKPUTOMY LIUKJIi 6€3 aBTOMaTHYHOTO KOHTPOJIIO MpoIeCy Ta SAKOCT1 B PEXHMI
peanbHOro 4yacy. BIJICYyTHICTh JaTYMKIB 3BOPOTHOTO 3B’SI3KYy Ta OHJIANH-
MOHITOPUHTY O3Ha4ae, 1o jaedektu (Hanpukiaaa, aedopmairii, BiaIIapyBaHHS
mapiB, Opak mMaTepiany) BUSBISIOTHCS 3aIMi3HO — YACTO JIUIIIE TTICTIS 3aBEPIICHHS
IpyKy, IO 3HWXKYE BHUXiA mpuaaTHux netaneid. [lo-apyre, MpoayKTUBHICTH
aIUTUBHUX TEXHOJOTIH TPaauIiiHO MOCTYNAEThCSI KOHBEEPHUM METOJaM: IPYK
BEJIMKOI NmapTii AeTaneit moTpedye 6arato roJuH 1 y4acTi oriepaTopa B IMiAITOTOBII
KOXHOro 3aBiaHHs. lLle crTpumye wmacoBe BrOpoBaukeHHs 3D-npyky vy
BUPOOHUILITBO cepiiiHux BUpoOiB. [lo-TpeTte, npoiec 3D-apyKy BKIIOYAE YUMAIIO
PYUYHHUX Orepanii — BiJ] MiAroTOBKU LIUPPOBUX MoJieieil 1 HanamTyBaHHa G-Komy
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JI0 TTIOCTOOPOOKM HAAPYKOBAHUX JeTajed (OYMIINEeHHS, BHIAAICHHS IiITPHUMOK,
nutidhyBaHHs ToIIO). JIronchkuil pakTop TYT MOKE MPU3BOAUTH 10 MOXUOOK 1
HEPIBHOMIPHOi SIKOCTi. ABTOMaTH3allii Ha KOXHOMY 3 ILHX €TamiB 37aTHa
MIHIMI3YBaTH MOMUJIKH 1 MiBULIUTH €(PEKTUBHICTh BUTOTOBJICHHS MPOIYKITi [2].

[IpoGnematuka apToMatuzamii 3D-IpyKy 3HAaXOIUThCA Ha MEPETHHI
KUTbKOX HAYKOBUX HAIPSAMIB — TEOPii KepyBaHHs, IHPOpMAIIHHUX TEXHOJIOT1H Ta
MaTepiano3HaBcTBa. OCTaHHI POKH XapaKTEPHU3YIOTHCS 3POCTAHHAM KIJTBKOCTI
JOCTIKEeHDb 1 MyOJiKaiiid, MPUCBIYCHUX 1HTErpalii aIfuTUBHUX TEXHOJIOTIH y
KOHIIETILIII0 «PO3YMHOTr0» BUpOOHHUIITBA. EXcriepTH BiJj3HaYat0Th, 10 HACTYITHUMA
eTan PO3BUTKY aJUTUBHOIO BUPOOHUIITBA MEHII 3aJIEKUTUME BiJ MOJIIMIIECHHS
oOnagHaHHS 1 OUIbIIE — BiJ] IPOrpaMHOTO 3a0€3MEUYCHHS Ta CUCTEM yNpaBIiHHS,
Kl JIO3BOJIITH ~OpraHi3yBaTh poOOTy IIuX mapkiB 3D-npuHTEpiB 1
pOOOTH30BaHUX KOMILJIEKCIB Y €ITMHOMY poOodomy mporieci. JlificHo, mapaneabHo
3 YIOCKOHAJIEHHAM CAMHUX MPUHTEPIB (TOYHICTh, MIBUAKICTb, HOBI MaTepiaju)
Ha0yBalOTh PO3BUTKY 3acO0M aBTOMAaTH3allii MIATOTOBYMX 1 3aBEepIIAIbHUX
cTajaiil. 3’ABIAIOTHCS MporpamMHi MmiIaThOpMH, 10 J03BOJISIOTH IIEHTPAII30BAHO
KepyBaTU JIECATKaMU TMPUHTEPIB, PO3MOAUIATH 3aBAaHHS MIK HHUMH Ta
BIJICTEKYBAaTU CTaTyC KOXHOTO MPHUCTPOK0 B PEXUMI peanbHOro yacy. Lle
0COOJIMBO aKTyaJbHO JJISI CEPBICHUX OIOPO, 1110 HaIal0Th nociayru 3D-ApyKy, ne
OJIHOYACHO BUKOHY€ThCS 0araTo pi3sHOPITHUX 3aMOBJIEHb — CaMe€ TyT IIPOrpaMHa
aBTOMAaTH3allls 3/1aTHA P13KO MIJBUIIUTH €(PEKTUBHICTH POOOTH [5].

Ha piBHI mpoMHCIIOBUX pO3pOOOK MpOBIAHI BUPOOHUKH 3D-mpuHTEpiB
TaKoX 30cepenuincs Ha aproMatuzailii. Komnanist Formlabs y 2022-2023 pokax
Mpe/ICTaBWIa TaK 3BaHy €KOCHUCTEMY aBTOMaTu3alli /st cBoix SLA-npuHTEpiB,
110 BKJIFOYA€ amapaTHU Moaynb Form Auto /i aBTOMaTUYHOTO 3HATTS TOTOBUX
BUPOOIB 3 TIATPOPMHU Ta 3aMyCKy HACTYIHOIO 3aBJAHHS, a TAKOXX MPOrpaMHE
3abe3neuennss Fleet Control mms 1EeHTpadi30BaHOTO KEPyBaHHS MapKOM
npuHTepiB. Take pillleHHs Ja€ 3MOTY OpraHi3yBaTH O€3MepepBHUM LUK TPYKY
0e3 yyacTi JIIOAWHU: 3a OIlIHKAMH, OJIUH MPUHTEP 3 ILIEI0 CHUCTEMOIO MOXKE
BUTOTOBIIATA 110 170 Mozeneir Ha A00y HpH MiHIMaNbHIA y4acTi MEpPCOHAIY,
3HAYHO 3HMWXKYIOYHM COO1BAPTICTh OJMHUII NpoaykKiii. [nma kommnanis — 3DQue —
3anpornonyBana pimeHHs s FDM-npuntepiB mia Ha3Bow Quinly, sike sBisie
c000¥0 MOETHAHHS CTICI1aIbHOTO TPOTrpaMHOTIo 3a0e3MeueHHs Ta MOAU(IKOBAaHOT
MOBEPXHI CTOJY, 110 aBTOMAaTUYHO BIJOKPEMIIIOE HAAPYKOBaHi jaetaini. Oriasau
IIbOI0 pIIMICHHS BiA3HA4arTh, M0 cucteMa Quinly ¢akTuaHO peanizye
KOHLIETLII0 Oe3MepepBHOrO APYKY: MICIS 3aBEpPIUEHHS BUIOTOBJICHHS JI€Tajlb
aBTOMATUYHO 3MINIY€EThCS, 3BUIBHSAIOUM IIATPOPMY ISl HACTYITHOTO BUPOOY, a
B1JI oTIepaTopa HEe BUMAraeThbCs KOIHUX I, OKPIM 3aBaHTa)KCHHS YEPI'y 3aB/IaHb
[1c. 1].

[Toripu 3HaA4HI MOCATHEHHS, PsI ACHEKTIB aBTOMATHU3allli aJUTHUBHOIO
BUPOOHMIITBA 3JIMINAIOTHCS BIAKPUTHMH JUISI  TOJAJIBIIUX  JOCIIIKECHb.
[lepemycimM, HEIOCTaTHRO BUPILICHOIO € 3a/aya MOBHICTIO 3aMKHYTOT'O LIHUKITY
KepyBaHHSI MPOILIECOM JPYKY MJIsi PI3HMX TEXHOJIOTiH. SIKIIO mepIini KPoKd B
IbOMY HampsiMi Bxke 3po0JeHl (AaTYMKM KOHTPOJIO HUTKU, Kamepu s
BUSIBJIICHHS JIe(DEKTIB MOBEPXHI, CHCTEMHU PETYJIIOBAHHS TEMIEPATYPH TOIIIO), TO
y3rojpkeHa poboTa BCiX IMX KOMIIOHEHTIB K €IMHOI CHUCTEMH IIe MOTpelye
BianpamoBanHs. Hanpuknan, y Bunagky FDM-apyky MOkKM 1o MOOJAMHOKI
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peanizaili MarOTh aJalnTUBHE KEpyBaHHS IMOAAYe0 Marepialy ad0 KOPEKIIIH0
TPa€eKTOPIi Ha JIHOTY; BIJICYTHI YHIBEpPCaAIbHI PIIICHHS, III0 JI03BOJISUTH O IPUHTEPY
CaMOCTIHHO BHIPABJATH LIIUPOKUN CHEKTP MOMIIIOK APYKY. AHAIOTIYHO, IS
SLA- 1 SLS-texHonorii A0ci akTyaJbHHUMH € TPOOJIEeMH KOHTPOJIO SKOCTI
KOXKHOTO IIapy: X04a ICHYIOTh Ja0OpaTOPHI YCTAHOBKH 3 ONTUYHUMU CUCTEMAMHU
CIIOCTEPEKEHHS 3a MpOoIecoM (J1a3epHi CKaHepH, 1HQpauyepBOHI KaMepu TOIIO),
1HTerparlisi Takux 3aco0iB y KOMEpIIiIHI MallMHU B1I0yBa€ThCS MOBUIBHO Yepes3
iXHIO BapTICTh Ta CKJIAJHICTh OOPOOKU JaHMX B peaqbHOMY 4aci [8].

B ykpaiHcbkOMy BHUMIpi J0JAaTKOBO TIOCTAalOTh MHTAHHS ajanTariii
CBITOBOT'O JIOCBIJIy aBTOMAaTH3aIlli 10 HasBHOI 0a3u 00JIalHAHHS 1 KOMITETCHITIH.
binpiricTh cy4acHUX pilleHb PO3POONSETHCA 32 KOPAOHOM 1 MOXke OyTH
(b1HAHCOBO Ta TEXHIYHO HEJAOCTYITHOIO JJI IIUPOKOTO BIPOBAKEHHS B YKpaiHi.
Hepo3sp’si3aHoo numiaerbest nmpodiemMa MiArOTOBKU KajpiB, 3aTHUX HE TLIBKH
eKCIUTyaTyBaTH, a W pPO3pOOJSITH CHUCTEMH aBTOMATH30BAaHOTO KEPYBAHHS
aJUTUBHUMU T€XHOJIOT1sIMU. L{e Bu3Hauae notpely y MOCUIICHIM HayKOBIHA poOOTI
BITUM3HSIHUX 3aKJIa/iB 1 TICHIIIINA CHIBMOpall 3 MPOMUCIOBICTIO JIJISi CHUIBHOTO
BUPIIIECHHS OKPECIECHUX 3aB/IaHb.

Metow naHOi CTaTTi € MAOCHIIKEHHS Ta y3araJlbHEHHS MiIXOJIB J0
PO3ILIUPEHHS MOKJIMBOCTEN 3D-npyky LUIAXOM BIIPOBAKCHHS
aBTOMATHU30BAHUX CHUCTEM YNpPABIIHHSA AAUTUBHMUMH TEXHOJOTiAMHU. [l
JOCSITHEHHS 1I1€1 METH CPOPMYJILOBAHO TaKl 3a7adyi:

— IPOaHaJI3yBaTH Cy4YacCHWI CTaH PO3BUTKY aBTOMartu3alii y cgepi
aIUTUBHOTO BUPOOHMIITBA, BHUSBUTH OCHOBHI JOCATHEHHS Ta OOMEXEHHS Ha
OCHOBI OTJISTy OCTaHHIX JAOCIIKEHb 1 MyOIiKaIii;

— PO3TISIHYTH TPUKJIAIU peati3allii aBToMaTu3allli Ha pi3HUX THUIaX
3D-apyky (FDM, SLA, SLS) Ta B pi3HHX KOMIIOHEHTax Mpolecy (mporpamHe
3a0e3MeYeHHsl, CCHCOPHI CUCTEMH, KOHTPOJIb SIKOCT1, 3BOPOTHUI 3B’ 130K TOLLO);

— MOKa3aTH, SK aBTOMAaTH3allisl BIUIMBAE HA KIIOYOBI IMOKAa3HUKU
nporiecy 3D-apyKy — TOYHICTh BUTOTOBJIEHHS, CTA0OUTbHICTh SIKOCTI1, IIBUJKICTh
BUITYCKY MIPOYKIIii, TPYJOMICTKICTh TOIIIO;

— OLIIHUTHU MEPCHEKTUBU 3aCTOCYBAaHHS aBTOMAaTU30BaHOro 3D-apyKy
B YKpaiHi, BpaXOBYIOUM HasiBHI BHUKJIHMKM Ta MOTEHUIMHI NEpeBarv, a TaKOX
OKPECIUTH HAMPSIMKUA MOAANBIINX TOCTIIKEHb ISl BUPIIMIEHHS HEBUPIMICHUX
po0em.

Takum 4YuHOM, CTaTTs NOKJIMKaHA CHCTEMAaTU3yBaTH 3HAaHHSA PO
aBTOMATHU3allII0 aIUTUBHUX TEXHOJIOT1H 1 JaTH NPAKTUYHUM (axiBUSM YSBICHHS
po Te€, SKI IHCTPYMEHTH BXKE€ JOCTYIIHI JJisi BOPOBAKEHHS, a HAYKOBLSM —
BKa3aTH HAIMPSMHU, 110 MOTPeOYyIOTh 101aTKOBOT YBaru.

Asromatuzaniss FDM-npyky. Texnomnoris FDM (Fused Deposition
Modeling) € HaliOLIBII MOMIUPEHOIO 3aBSKH BIAHOCHIN MPOCTOTI Ta JOCTYIMHOCTI
oonagHanas. Tumouit FDM-npunTep 37iiicHIOE TMOIMIApPOBE HAIIABJICHHS
pO3IJIaBJICHOTO  MOJIIMEPY Yepe3 eKCTPyAep, pyXawuuch MO 3aJaHUX
KoopJuHatax. TpaauuiiHO KepyBaHHS TaKUMH MPUHTEpAMH OYyJIO BIIKPUTUM
IIUKIIOM: KOHTPOJIEP MPOCTO cni)lye G-komy, HE MarO4YH 3BOPOTHOTO 3B’SI3KY PO
T€, 110 B1I[6YBa€TI>C$I HacnpaBm Ha poOouiit minardopmi. OCTaHHIMU pOKaMU
3’ ABUJTUCS le_IeHH}I K1 10AAI0Th HEOOX1TH1 CEHCOPH 1171 3aKpUTTA IuKiy. Tak,
Cy4yacHI MOJIENI OCHAIYIOThCS AaTYUKaMU KiHIA (ilaMeHTa, TaTYMKaMH PiBHS
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miaTopMu, 1HOAI — KaMepaMu JUIsl CIOCTEpPEXEHHS 3a XoA0M Jpyky. [Ipote
HaWOUIBII TPOCYHYTI TMPHUKIAAM JEMOHCTPYIOTh MOJKJIMBICTh aKTHBHOIO
BTPYYaHHs B MPOIIeC APYKY Ha OCHOBI MOKA3HUKIB JATYUKIB [6].

Astomatmzaniisi SLA-npyky. TexHomoris CTepeoniTorpa(bii (SLA) Ta
cnopigHeHi Meroau (oronosimepHoro 3D-npyky (DLP, LCD) BlI[plSHSI}OTI)CSI
BHUCOKOIO TOYHICTIO 1 IIMPOKO 3aCTOCOBYIOTHCS JJISI BUTOTOBJICHHS POTOTHITIB,
IOBCJ'IlpHI/IX BI/Ip061B meanuHux mozenei. Ocobmusictio SLA € Te, 110 mporec
MPOTIKAE y BaHHI 3 PIAKOIO (DOTOMONMIMEPHOIO CMOJIOI0, JIe MIap MaTeplaJIy
TBEpJHE IiJI Ji€l0 Ja3epa abo MPOEKTOBAHOTO 300pa’KEHHS, MICIS YOro
wiaTdopma nigiiMaeTses A1 GOpMyBaHHS HACTYITHOTO MIapy. ABTOMAaTH3Allis B
SLA-apy1i icropuuHo Oyira Bumoro, Hix y FDM, — 6arato yctaHOBOK OCHAIIIEHI
3aKPUTHUMH KaMepaMu, CUCTEMaMu 110J1ayi CMOJIA, aBTOMaTUYHOIO KaTUOPOBKOIO
torto. [IpoTe 1 TYyT € Kyi1 pO3MINPIOBATH MOXKIMBOCTI. HaliCBIXKIIINN TTPUKIIaT —
Automation Ecosystem Bix Formlabs, 1o cknagy sikoro BXOIWTh anmapaTHHA
Moayab Form Auto. Llei nmpuctpiii BCTaHOBIIOEThCS Ha npuHTepu Form 3/3+ 1
aBTOMAaTHYHO 3HIMAaE€ TOTOBY JI€TAlb Pa3oM 3 THY4YKOIO miatdopmoro Build
Platform 2 micns apyky, npubupae ii y KOHTEHHEep, MICIs YOro CTaBUTh 4HCTy
nnaTq)opMy 1 3amyckae HacTynmHu# npyk. [lapanensHo cucrema mojae cMoiy i3
30BHIIIHBOTO pe3epByapa (tak 3Banuii High Volume Resin System), a
nporpamunii moayib Fleet Control po3mopginse 3aBmaHHS MDK KUTbKOMa
IPUHTEpPAMH Ta KOHTPOJIOE iX cTaH. CyKymHO TakKi BIOCKOHAJICHHS JO3BOJIAIOThH
3HAYHO HAPOCTUTH MPOAYKTUBHICTh: 32 JAHUMHU BUPOOHUKA, 01UH SLA-1puHTEp
y aBTOMAaTM30BaHii KoH(Iirypaiii 31aTeH BUTOTOBJIATH ToHaa 170 TumoBux
Mojernel Ha 100y 0e3 BTpy4aHHs oneparopa. st mopiBHSHHS, B TpaAUIITHOMY
peXuMl TOW CcaMHil MPUHTEpP BHUMaraB OM PYYHOTO 3HATTS KOXKHOI JeTam i
3allyCKy HOBOTO 3aBAaHHSA, IO CYTTE€BO 30UIbIIy€ MPOCTOi. TakuM YUHOM,
aBromaTtu3ailisi neperBopioe SLA-mpuHTep Ha (GaKTHUYHO Oe3nepepBHY
BUPOOHUYY OJUHUIIO [7].

Aptromaruzaniss SLS-npyky. BuOipkoBe nazepue chikanHs (SLS) Ta
CIOpITHEHI METOJU TMOPOIIKOBOTO Jpyky (SLM — cenexkTuBHE Ja3epHe
riaBiaeHHs MeTaniB, EBM — enekTpoHHO-IpoMeHeBe TIIaBICHHS TOIIO) SBISIOThH
co00I0 HampsM aAUTUBHUX TEXHOJIOTIH, A€ aBTOMAaTH3allisl € HaJ3BUYAHO
aKTyaJbHOIO 3 OIUIAJly Ha CKIagHICTh mpoueciB. SLS-npyk BigOyBaeThbcsl B
3aMKHYTI Kamepi, 3amoBHEHIH JApIOHUM TOPOIIKOM (TIOJIMEpHUM abo
METajJeBMM) — Iap TOPOIIKY PO3MOAUISIETbCS MO IIATGOpMi 1 CHIKAETHCS
Ja3epoM 3rijiHo 3 npodinem mapy. TyT aBToMatu3allisi HeoOXigHa AJisl TOYHOTO
MiATPUMAHHS YMOB TIPOIECY: CHCTEMH KOHTPOJIIO TEMIIepaTypu KaMepH,
J03yBaHHS Ta PIBHOMIPHOTO PO3MOJLITY MOPOIIKY, T0/1a4ul 1HEPTHOTO Taszy (Iis
MeTaJIeBUX MOPOIIKIB) € IHTETPAIIbHOI YacTHHOI cydacHuX SLS/SLM maruH.
Komnawnis Festo, cBiToBui Jijep y raimy3i aBTroMaru3allii, Bi3HA4ae€, M0 IJIs
3a0e3MnedeHHs CTab1IbHO BHCOKOI SIKOCTI B aTUTUBHOMY BI/Ip06HI/II_ITBi KPUTHUYHO
BOKJIMBAMHU € TOYHI Ta MOBTOPIOBAHI PyXH BHKOHABUMX MEXaHI3MiB, a TaKOX
aBTOMATH3aIlisl TIPOIECIB 3aBaHTAKEHHS 1 PO3BAaHTAKCHHS MaTepialiB. Y
Bunaaxky SLS 11e o3Hauae, 1m0 mojaada CBIXXOTO MOPOIIKY JJISI KOKHOTO Iapy 1
BUJIAJICHHS HAQ/UIMIIKIB MICHS JIPYKYy MalOTh BUKOHYBAaTHUCS aBTOMATHYHO 1 3
BHUCOKOIO TOYHICTIO [4]. Bke iCHYIOTH TPOMHCIIOBI pimieHHs, Koiau g0 SLS-
NpPUHTEPA A0JAI0THCS MOAYJIl aBTOMAaTUYHOTO MOJaBaHHA MOPOIIKY 3 OYHKEpIB,
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CUCTEMHU IIPOCIIOBAHHS 1 PELUPKYJISALII HEBUKOPUCTAHOIO Marepianly, a TaKoxX
pOOOTH-MaHIMYIATOPU, 110 BUJIYYArOTh BUTOTOBJIEHI JeTali 3 KaMepu 1
IIEPEHOCATh Y Kamepy O4YMIIeHHsA. Bech 1en KomIuieke M0>I<e npaioBatu 0e3
BIPYHaHHS JIOXUHH, 3a0e3nevyyrun 663HepepBHI/II/I UK “IPYK — OYMILEHHS —
HOBTOPHUM JpyK”’, 0COOJINBO Y BHp06HHHTB1 cepiil IIacTMacoBuX Jetanen [3].

OTxe, aBTOMaTU3allisgd YNPABIIHHSA aJUTUBHUMHU TEXHOJOTISIMU € KIHOYEM
70 pO3KpUTTS MOBHOro moteHmiany 3D-apyky B mpommcnoBocTi. [IpoBenene
JOCTIPKEHHS 1O0Ka3ajio, 10 BIPOBAHKCHHS aBTOMAaTU30BaHUX pIIICHb Ha BCIX
eramax — BIJ MIATOTOBKM 3aBJaHHS J0 MHOCTOOPOOKH — JI03BOJISIE CYTTEBO
po3mmpuT MOXJiuBocTi 3D-mpuntepiB. Ilo-mepimie, 3aBasku naT4vkam 1
CHUCTEeMaM 3BOPOTHOTO 3B’A3KY BHA€THCSA JOCATTH CTaOLIBLHO BHUCOKOI SIKOCTI
JIPYKY: IPUHTEP caM BHUSBIISE Ta KOPUTYE BIIXWUJIEHHS, MiHIMI3ytoun Opak. I1o-
Jpyre, aBTOMaTH3allisi pyTUHHUX OIepalii (3aBaHTa)KEHHS Marepiaiy, 3HATTS
TFOTOBUX JETallel, OUYMUIEHHS IUIaTQOpMHU) MEPEBOIUTh APYK y Oe3nepepBHHUI
PEXUM, TABULLYIOYH IPOAYKTUBHICTb 1 3HHXKYIOUM OTpeOy B pyuHii npari. [To-
TpET€, IHTErpOBaHE MpPOTrpaMHe 3a0€3MEUYEHHs 1a€ 3MOTY €(PEeKTUBHO KEpyBaTu
MapKoM 00JIaIHaHHS, 110 0COOJIMBO BaKJIMBO JUISI MACIITAOHOTO BUPOOHHUIITBA 1
J03BOJISIE AJUTUBHUM TEXHOJOTISIM KOHKYPYBaTH 3 TpPaJMUIMHMMH Ha pIBHI
CEpIiHOro BUITYCKY Mpoaykuii. Bel mi ¢akTopu pa3oM 3HA4YHO PO3LIMPIOIOTH
chepu 3actocyBaHHs 3D-apyky — BIJ BHUIOTOBJIEHHS BEJIMKHX MapTiid
OJTHOTUIIHUX JI€Taleil 10 MacCOBOr0 KaCTOMI30BaHOTO BUPOOHHUIITBA, KON KOKEH
BUPIO MOKe OyTH yHIKaJIbHUM O€3 301IbIIEHHS BUTPAT.
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VJIK 621.9.02

Kiageaxko M. 1., boopux O.C., Illuctka [.B., bamtoxoBa M.I'. (Honbacvka
oeparcasHa Mauuno0yoigna axkademis, mm. Kpamamopcok — Teprnonine, Ykpaina)

3BLJIBIHNEHHS CTIMKOCTI IHCTPYMEHTY ILJISAXOM
CTBOPEHHS IHTEJIEKTYAJILHOI CUCTEMM YIIPABJIIHHS
PEXKUMAMM MATHITHO-IMITYJIbCHOI OBPOBKH

Anomauia: Haoana poboma npucesuena 00CHiONCEHHIO NUMAHb NOB'A3AHUX 3 NIOBUWEHHIM
EeKCNyamayiiHux 61acmueocmeti IHCMPYMeHmi8 3 WEUOKOPI3ANbHUX CMaell WAXoM onmumizayii
Dpedcumie  MAZHIMHO-IMNYIbCHOI  0OpOOKU — KOHKPEmHO20 8upody, BUKOPUCMOBYIOUU NOMOYHY
iHhopmayito 3a napamempamu, wo SUHAYAIOMb YMOSU | AKICMb NpPOYecy MASHIMHO-IMNYIbCHOL
00pobOKuy. Po3enanymo iHmenekmyanivHy cucmemy YApasnints, noKa3aHo OOYLIbHICHb 3ACMOCYBAHMHS
2EHEMUYHUX ANOPUMMIE Ma HewimKoi HeupomepedxCci 6 cucmemi YNpaseiiHHsa nio dac onmumizayii
PeANCUMIB MACHIMHO-IMNYIbCHOT 00POOKU.

Knrouosi crnosa: mazHimno-iMnyabcHa 00poOKa; IHCMPYMEHm 3 WSUOKOPI3ATIbHOL Cmali;
eKCNIyamayitiii 61aCmMu8oCmi, ONMUMI3AYisl PeNCUMi8,; IHMENeKMYalbHd cCucmema YnpaeiinHs.

Abstract: The presented work is dedicated to the investigation of issues related to improving the
performance properties of high-speed steel tools through the optimization of magnetic-impulse
treatment modes for a specific product. The optimization process is based on real-time information
about parameters that determine the conditions and quality of the magnetic-impulse treatment process.
An intelligent control system is considered, and the feasibility of using genetic algorithms and a fuzzy
neural network in the control system for optimizing the magnetic-impulse treatment modes is
demonstrated.

Keywords: magnetic-impulse treatment; high-speed steel tool; performance properties; mode
optimization; intelligent control system.

AKTYyaJIbHICTh MIBUILICHHS 3HOCOCTIMKOCTI 1 JIOBTOBIYHOCTI
METajgI000pOOHOT0 IHCTPYMEHTY B MAaIIMHOOYAYBaHHI 3pOCTa€ B Cy4acHUX
yMOBaX PUHKOBOI €KOHOMIKH, KOJM B MalIMHOOYyBaHHI OCOOJIUBY POJIb Mae
BIJIIPaBaTH SAKICTh IHCTPYMEHTIB, B MEPIILy YEpry pikKydux, 10 BU3HAYAIOTh
0arato B YoMy NpOAYKTHUBHICTh BEPCTATIB 1 COO1BAPTICTh OOPOOKH B ILIIOMY.

BiaMoBH 1HCTPYMEHTIB HalyacTille MOB'A3aHl HE 3 iX MOJOMKOIO, a 3
BTPATOI0 HUMH CBOE€i MEPBICHOI MOBEPXHEBOI KOH(Irypailii BHACIIAOK 3HOCY,
BIJIKOJIIB, 3MWUHAHHS, PO3TPICKyBaHHSA, TOOTO B 3B'SI3Ky 3 PYWHYBaHHSIM a0o
nedopmailiero TOHKMX MOBEPXHEBUX IIAPIB METAIY.

Came 1mMu OOCTaBUHAMU TIOSICHIOETHCS 1HTEHCUBHUW  PO3BUTOK
YUCEIbHUX METOMIB 1 pPO3p0oOOK B 001acTi ITOBEPXHEBOrO0 3MIITHEHHS
iHCcTpyMeHTiB. OHUM 3 OCHOBHHMX HaIpsMKIB (DI3WYHOI TEXHOJIOTII € MarHiTHA
o0OpoOka matepiaiiB. B 1iioMy pe3ynbTat MarHiTHOT 0OPOOKH pO3TISAAETHCS K
nposiB €(heKTIB MICISIIl B MaTepialiax, 10 3HAXOAAThCS Ha MeXax CTaOUIbHOCTI
iX BJIaCTUBOCTEH 1 MIJAI0THCS BIUIMBY 30BHIIIHHOTO CUJIOBOTO TOJIS.
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[ToninmenHst BaacTUBOCTEH y (epOMarHiTHUX AeTanei, SKi MpOUILIH
MarHiTHO-IMIYJIbCHY 00pOOKY JOCATAEThCA 38 PaXyHOK CIIPSIMOBAHO1 Opl€HTAIIl]
BUJTbHUX €JICKTPOHIB PEUOBHUHU 30BHIIIHIM ITOJEM, BHACIIIOK YOTO 30UIBIITYETHCS
TEIUIO- 1 eJIEKTPOIPOBIIHICTh MaTepiany. B3aeMosis IMIyJIbCHOTO MarHiTHOTO
mojisl 3 JIETAUII0 3 CTPYMOIIPOBIJHOIO Marepially BIIOYBa€TbCS THUM
IHTEHCHUBHIIIIE, YUM BHILE CTPYKTYpHA 1 eHEpreTUYHa HEOTHOPITHICTh PEUOBUHHU.

3acrocoBytoun MIO, MokHa 3HAYHO 3MEHIIUTH HAUIUIIKOBY EHEPTiI0
Marepiaiy, MOB'sI3aHy 3 KOHIICHTPAIl€l0 BHYTPIIITHIX 1 TOBEPXHEBUX HAIMPYKEHb
B KOHKPETHIM JIeTall, 1 3HU3UTH 10 MIHIMyMYy HMOBIPHICTB 11 TOJIOMKH [1].

MarsitHe 3MIIIHEHHS Ha OCHOBI METOJIy MarHiTHO-IMIYJIbCHOI 0OpoOKHu
(MIO) mae HH3KY TmiepeBar, 30KpeMa: HH3bKa COOIBapTICTh OOpPOOJICHHS,
30epekeHHST TeoMeTpii  00poOsieHWx  jgeTanedd, BIICYTHICTh BUTpPATHHUX
MaTepiajiB, IPOCTOTA TEXHOJOTTYHOTO OCHAILEHHS Ta €KOJIOTYHA YUCTOTA.

Boanowac cmijn 3a3HauMTH, 10 KIOYOBUM MOMEHTOM 3a0€3IMEUYEHHS
epexktuBHOCTI MIO € mpaBuibHMI BUOIp pexuMiB 00poOku. Bubip pexumis €
CKJIQJIHUM TE€XHIYHHMM 3aBJIaHHSM, 110 NMOTpeOye 1HAUBIAYaTbHOIO MIIXOAY JO
BUPILIEHHS JJI1 KO’KHOT KOHKPETHOI r'ajly31 3aCTOCYBaHHs. Y CIIIIHE PO3B'sI3aHHA
3amaui BuOOpy pexumiB MIO moxke OyTH AOCATHYTO INUISXOM CTBOPEHHS
IHTEJEKTYaIbHUX CUCTEM KEpyBaHHS LIUM IIPOLIECOM.

Mera poOoTH: 30UTBIIEHHS! CTIMKOCTI 1HCTPYMEHTY IUISIXOM CTBOPEHHS
IHTENEKTyaJIbHOI CHCTEMH YINPABIIHHS MAarHiTHO-IMITYJIbCHOI OOpOOKH IS
PO3B'A3aHHS 3a/1a4l ONITUMAIBHOIO KepyBaHHs pexxumamu MIO.

HuHi TpuBae iHTEHCUBHUN PO3BUTOK MeTOIB 1 3aco0iB MIO, y 3B's13Ky 3
YUM OCOOJIMBOTO 1HTEpecy HalyBae mpolOiieMa MaTeMaTHYHOTO MOJIETIOBAHHS
MIO 3 MeTo ONTHMalnbHOTO KEPYBAaHHS 1I OCHOBHUMH ITapaMETpPaMH.
Cknagnicte kepyBaHHs mnpouecoM MIO mnonsrae B ToMy, 1[0 HEOOX1IHO
OJIHOYACHO 3[IIMCHIOBATH KEPYBaHHS KiJIbKOMa MapaMeTpaMu (HampyKeHICTIO
MarHiTHOTO TOJIS, YUCIIOM IMITYJIbCIB y CEPii, 4aCTOTOIO MPOXOKEHHS IMITYJIbCIB,
4acoM IMITYJIbCY B cepii, IHTepBaJlaMUd MK IMIYJIbCOM Y CEpii, YUCIOM Cepiii
IMITYJIbCIB).

KepyBanus MIO noBoauThest 3M1MCHIOBATH Ha TIJCTaBl €MIIPUYHUX
3QJICKHOCTEH 1 JIOCIIIHUX JaHUX, Ha SK1 ICTOTHO BIUIMBAIOTh MaTepian 1 popma
BUPOOY.

Y cwuryamii, 1moO CcKjajgacs, BHUHHUKAE€ HEOOXITHICTH CTBOPEHHS
IHTENEeKTyallbHOI cucTeMu yrnpaBiiHHa MIO, mo aae 3Mory onTuMi3yBaTu
pexkumMu  00poOJIeHHST NIIT KOHKPETHHMX THIIB 1 MarepiaiiB 0O0poOIFOBaHUX
BUPOOIB.

HasBricTs ampiopHo 3amanmx pexkumiB MIO wacTto mpu3BOIUTH 110
3HMKEHHSI IKOCT1 0OpOOKH, OCKUIBKH IT1J1 4ac MporpaMyBaHHsI HE MOXKYTb OyTU
BpaxoBaHi oco0iuBocTi MIO KOHKpeTHOi AeTanl 1 po3paxyHOK BEIEThCS 3a
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yCepeAHEHUMH CEPEeIHbOCTATUCTUYHUMU AaHUMH. PazoM 3 Tum, y OaraTbox
BUMAAKax ontuMaibHi pexumu MIO € yHIKaJIbHUMU JUIsI KOHKPETHOTO 3pa3ka
BHUPOOY.

Ockinbku edektuBHICTh Tporecy MIO 0Ge3nocepenHbO 3aNexKUTh BiJ
TOYHOCTI BHOOpPY PEXKHUMIB, BHHUKAE HEOOXITHICTh PpO3B'AI3aHHSA 3aj]adi
ONTUMAIBHOTO YIPABIIHHS PEKUMAMHU - CYKYITHOCT] YUCIOBUX 3HAUYEHb KUTBKOX
napaMeTpiB, OCHOBHUMH 3 SIKUX €: HAMPY>KEHICTh MarHITHOTO MOJISI, 4ac IMITYJIbCY
B cepii, 4acToTa MPOXOKEHHS IMITYJIbCIB, KUIBKICTh IMITYJIBCIB Y Cepii, IHTepBa
MDK IMITyJIbCaMH B cepii, KIIbKICTh Cepiil IMITYJIbCIB.

Ha miacraBl BUIIEBUKIAACHOTO MOXHa 3pOOUTH BHCHOBOK, IO IS
MOJIOJIAaHHSL 3a3HAYEHUX HENOJNIKIB HEoOXiJHa HasBHICTh IHTEIEKTyalbHOI
CUCTEMH YIPAaBIIHHSA, IO Ja€ 3MOTY ONTUMI3yBaTH MPOIEC OOPOOIEHHS KOXKHOT
JieTall, 110 BU3HAYa€ YMOBU Ta sIKicTh npouecy MIO. YnpasiniHHS nmpouecaMu
MIO B inTenekryanbHilt cucteMi ynpasiiHHI MIO mMoxke OyTu 31iiiCHEHO 3a
JIOTIOMOT'OX0 METO/I1B aJallTUBHOIO YIPABIIIHHS.

BianoBigHo 10 NpUHLMIIB aJalITUBHOTO KEPYyBaHHS, BILUIMB HAa KEPOBAHUM
IpOLIEC BEIEThCA 3TIJHO 3 IUIBOBOIO (YHKIE - 3aKOHOM KEpyBaHHS,
CIPSIMOBAaHUM Ha JIOCATHEHHS 1 MIATPUMaHHS HaMePEKTUBHINIONO 3HAYEHHS
OyIp-sSIKOro TmapaMerpa. BUKOpUCTaHHS KIACUYHUX METOJIB aJIallTUBHOTO
KepyBaHHA Uil po3B'a3aHHs 3a1a4y MIO ManonpuaatHe, ockuibku nporec MIO
XapaKTEPU3yEThCS  MIHJIMBICTIO TapamMeTpiB  OOpoOIIOBaHMX BHUPOOIB 1
CKJIQ/IHICTIO TOOYIOBH TOYHHUX MaTE€MaTHYHUX MOJEJNEH, 10 ONUCYIOTh 3MIHY
GIBUYHUX XapaKTepUCTUK BUPOOY TiJ BINIMBOM MarHiTHOro moisa. Omwc
MPOIIECIB, IO BiAOYBaIOThCSA IMijag 4Yac oOpoOKH BUPOOY, OTPUMYIOTH abo
TEOPETUYHO 332 BUKOPHUCTAHHS BIAMOBIIHUX MPUITYUIEHb, a00 €MIIPUYHO Ha
MIJCTaBl CTAaTUCTUYHOIO OINpAIIOBaHHS pe3yJbTaTiB EKCIEPUMEHTIB IS
TUMIOBUX BUMankiB. [l 3amexHOCTI HE BpPAaXOBYIOTh 3HAYHOI KIJIBKOCTI
PI3HOMAHITTSI YUHHUKIB, IO JIIOTh Y pealbHUX YMOBaX y KOKEH MOMEHT 4acy.
3aBnaHHs TPOTHO3YBaHHA pe3ynbTaTiB MIO Hanexuts 10 Kiacy 3aBliaHb,
aJITOPUTM PO3B'sI3aHHS AKUX a00 HE € €IUHUM, a00 HE J1a€ 3MOTH OLIIHUTH SIKICTh
pO3B'aA3aHHA [2].

VY 3B'SI3Ky 3 IIUM TOCTA€ 3aBJIaHHS BUKOPUCTAHHS MiJ 4ac MPOEKTYBaHHS
cuctemu kepyBanHsi MIO Takux wmeToniB omnrTuMizaiii, ski Oymu O 3maTHI
BIJILIYKYBATH PIIIEHHS MPAaKTUYHO 3a IOBHOI BIJICYTHOCTI MPHUIYILEHb PO
XapakTep MOCHIKYBAHOT (QYHKIIII.

Jlns momonaHHS 3a3HAYCHHUX HEAOJIKIB HEOOXITHE CTBOPEHHS CHUCTEMH
yIPaBIIHHS, 1110 A€ 3MOTY:

- pO3B's3aTH 3aBAAHHS YIPaBJIIHHS, MOJCIIOBAHHS Ta MPOTHO3YBAHHS
pe3yabTatisa MIO.
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- ontumizyBatu pexxumu MIO koHKpeTHOro BHpOOYy, BUKOPHUCTOBYIOUU
NOTOYHY 1H(QOpPMAIIiIO 3a TapaMeTpaMHu, 10 BU3HAYAIOTh YMOBH 1 SIKICTh MPOLIECY
MIO.

Cboro/iHi BUKOPUCTaHHSI CYy4acCHUX 1HTEJIEKTYaJIbHUX TEXHOJIOT1H, TaKux
K HEUpOHHI Mepexi Ta MITYYHUH IHTENEKT, € MEPEeIyMOBOI MPOAKTHUBHOTO
PO3BUTKY BCiX cep MiSIbHOCTI JIOANHH.

Metoau Ta 3aco0M IITYYHOTO IHTEIEKTY AOXOISATh 10 CIHOXKMBaya y
BUTJISA/II IHTEJICKTYyaIbHUX TEXHOJIOT1M, SIKI MPAaKTUYHO 1HBApIaHTHI J0 Ti€l 4u
iHImo1 mpo6ieMHoi obnacTi. IX ycCHilIHO BMKOPUCTOBYIOTHCS Ul CTBOPEHHI
CKJIQHUX CUCTEM YyIpaBiiHHSA. TpaauiliifHO 10 IHTENEKTyaJbHUX TEXHOJIOT1i
BITHOCSITh HEUITKY JIOTIKY, TEHETHUHI alTOPUTMHU 1 HEHPOHH1 Mepexi. Bumoru 1o
IPUCTPOIB YIPaBIiHHA — 3a0e3MeuyBaTH HaJiiiHe yIpaBIliHHA 00'€KTOM B PI3HUX
pexumax oro podotu [2,3].

Po3BUTOK  TEXHONOri Ta  CTBOPEHHS  BHUCOKO  IPOJYKTUBHUX
MIKPOMPOIIECOPIB 3 BEIUKUM 00'€MOM TaM'siTl, MOXKJIMBICTh OpraHizaiii MyJIbTH
MEpexX I pealizalii napanelibHUX O0O4YMCIieHb, 3 OJHOro OOKy, Ta morpeda
00OpoOKM BETMKHUX MACHBIB 1H(pOpMaIlii, BAKOPUCTAHHA 0a3 3HaHb AJIs T€Hepallii
HAIpPaBJIEHOI AISUIBHOCTI — 3 1HIIOTO, IPU3BEIH A0 CTBOPEHHS 1HTEJIEKTYyaIbHUX
cucteM. [HTenekTyanpHl cuctemu [3,4] 31aTHI reHepyBaTH METy, NMpUHAMATH
pimieHHs 10 A1i, 3a0e3nevyyBaTd 10 Uil JOCSITHEHHS METH, MPOTHO3YBAaTH
3HAYEHHA NapaMeTpiB pe3yJbTaTy Ali 1 31CTABIATH iX 3 pEaIbHUMH, YTBOPIOIOYH
3BOPOTHHH 3B'S130K, KOPUTYBATH METY 200 ynpaBiliHHS. BiJIMIHHOIO OCOOJIMBICTIO
IHTEJIEKTyaIbHUX CUCTEM KepYyBaHHS € iX kiacuikaiiiine BiTHECEHHS IO Kiacy
JTUHAMIYHUX CUCTEM, SIKI TIPAIIOIOTH B PEKHUMI PEAIbHOTO Yacy 1 MalOTh B CBOEMY
CKJIaJl MIACUCTEMH B3a€MOJIi 3 3O0BHINIHIM CBITOM (JaTYMKH, BHUKOHABYI
IPUCTPOI).

JIOIiIBbHICTh 3aCTOCYBAaHHS TCHETUYHUX AJITOPUTMIB ITiJT YaCc ONMTHUMI3aIlii
pexumiB MIO oOrpyHTOBaHO THM, IO Ha TPAKTHUINl CKIATHO 3adiKCyBaTH
BJIACTUBOCTI (PyHKLIOHAJIBHOI 3aJI€KHOCTI BUXIAHUX MapameTpiB pexxumis MIO
Bil BXIJIHUX BEJIMYMH, € CKJIAJHIINIC 3pOOUTH AHATITUYHUN OIMHUC TaKOl
3aNeXHOCTI. ['€HeTWYHMII METON YTBOPIOE KJac ajrOpUTMIB MOIIYKOBOI
onTHUMi3allii, 3aCHOBAaHUX Ha MaTEMaTUYHOMY MOJICTIOBaHHI O10JOTTYHHUX
MEXaHI3MIB 1 TPOIECIB Yy JKHUBIA MPUPOJI 3a JOTOMOTOK MPHUHITUIIIB
MOMYJISIIIIAHOT TEHETUKH, 10 JIal0Th 3MOT'Y 3HaXOJUTHU ONTUMAaIbHI a00 OJU3bKi
110 HUX (CyOonTUMAaJbH1) pileHHs [2].

JIOIUIbHICTh 3aCTOCYBaHHS HEUITKOI HEHpOMEpEKi B CUCTEM1 YIIPABITIHHS
MIO 3ymoBieHa HEOOXiTHICTIO KiTacu(iKaIliil TaHUuX, 110 BUKOPUCTOBYIOTHCS i1
yac o0poOku. EdekTuBHO BUPIIIMTH 3a7auy MOJEIIOBAHHS Ta MPOTHO3YyBaHHS
pesynbtaTiB MIO. BuxopucroByBatu amnpiopHy iHdopmailito, 3100yBaTH HOBI
3HaHHS 1 OyTH JUIsi KOPUCTyBada JIOTIYHO MPO30pUMH. 3HAUHY pOJIb MpU
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ynpasiinHi npouecoM MIO mae TexHooris 00'€KTUBI3ALIIT TPOLIECY TPUHHATTS
pimens. [HpopmaiitHa HeBU3HAYEHICT 1 Henepea0auyBaHl YMOBH 3yMOBIIOIOTh
paIioHaJIBHICTh 3aCTOCYBaHHS METOIIB TeOopii HEHPO-HEUITKHX CHUCTEM s
yOpaBIiHHS CKIaAHUM nporecom MIO [2,4].

[Tepen mouatkom 0OpOOKH BBOASTHCS MapamMeTpu 0OpoOIOBaHO1 JIeTalll -
MaTepiaj 3aroTOBKH 1 T€OMETpUYHI mapamerpu aetaii. Ilicas orpumaHHs 1uX
JaHUX KOMIT'IOTE€p BHU3HAa4Ya€e MOTPiOHY KOMOIHAIiIO mapaMeTpiB 0OpoOIrOBaHO1
nerani 3 6a3u gaHux. Skio Taka iHdopMallis 3HalIeHa, 3 0a3H JaHUX BUTATAIOTh
Jl1alma30Hu MapaMeTpiB PEKUMIB 00pOOJICHHS (HAMPYKEHICTh MarHiTHOTO TOJIS
H, uuciaom iMImymnbsciB y cepii n, 4acoM IMIYJbCYy B cepii T, IHTEpBAJIOM MIX
IMIyJIbCOM Y cepii t, yucioM cepiit immynbciB ). Skmo iHpopmaris He
3HaWJeHa, TMPOBOJUTHCS TMOMIYK JeTall 3 MaKCUMaldbHO OJIM3BKUMU
napameTpamH.

[Ticnst Toro, SIK BU3HAYEHO J1alla3oH MapaMeTpiB PEKUMIB 0OpOOKHU, BiH
ONITUMI3YETHCS 32 TOTIOMOTOI0 TEHETUYHOTO ITOPUTMY. | €eHEeTUIHHIA alrTOPUTM
orepye CykymnHicTio mapametpis pexkumiB MIO (H, n, 1, t, ®), 3a sikux nicis MIO
JeTajeil MEeBHOro marepialy 1 TreoMeTrpii, OTPpUMYIOTh 3aJaHy TBEPHICTh
MTOBEPXHI.

[Ticnst TOrO, SIK BUBHAYEHO MapaMeTpH PEKUMIB 00pOOKH, BOHU MOJIAI0THCS
yepe3 HeuITKy HepoHHy Mepexy. [lapamerpu pexumi MIO npoxoasate 4oTupu
OJIOKH CUCTEMH HEYITKOTO JIOTIYHOI'O BUBEIEHHS:

- 610k (haz3uikariii, 1110 TEPETBOPIOE YHUCEIBbHI TapamMeTpiB pexumiB MIO
(H,n, 1, t, ®);

- 0aza maHuX, M0 MICTUTHh HaOIp HEUITKUX MPABUJI IIOJ0 3MIHU PEKUMIB
00po0JIeHHS;

- OJIOK YXBaJICHHS PIllIEHb, 1110 3/A1MCHIOE onepaillii BUBEICHHS Ha Mi/ICTaBl
HAsSIBHUX MPaBUJ;

- Onox gedas3udikailli, MO MNEPETBOPIOE pe3yJbTaTH BHUBEACHHS B
yucenbHI 3HaueHHs napametpiB pexkumi MIO (H, n, 1, t, ©®).

YTouHEeHI mapamMeTpu MOJAIOThCS HAa MOJYJIb KEPyBaHHS COJIEHOIIOM,
nicast yoro 3aiicHioeThest mpouec MIO. Ilicnst oOpoOku MPOBOIUTHCS OLIHKA
OPOAYKTUBHOCTI, 1 SIKIIO OTPUMAaHUMN pe3ysibTaT He 3a/I0BOJIbHSE 3asBJICHOMY,
pe3ynbTaTH OOPOOKH BiAMPABISIIOTHCS HA HABYAHHS HEWITKOT Herpomepexi. [1i
yac HABYaHHS HEUYITKOI HEHPOHHOI Mepexi BiAOyBaeTbCcA 3MiHA NapaMeTpiB
pexuMiB 00poOKH, 1 3MiHEHI pexuMu noaarThes Ha MIO. Llukn noBTOpro€eThCH,
JI0 OTPUMAaHHS HEOOXITHUX PE3yNbTATIB, MICIAS YOTO PEXUMU OOPOOKH
3aMHUCYIOThCS B 0a3y MaHuX 1 6a3y MaHUX HEYITKOT HEHpoMepexKi.

Po3pobiiena cucrema Mae Taki MOMKJIMBOCTI:
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1. Bubip mnapamerpiB pexumiB MIO min KOHKpeTHHH BupPIO 3
BUKOPHUCTAHHAM 1HoOpMAIli MO0 MOYATKOBUX PEXKHUMIB OOPOOJIEHHS, IO
MICTATHCSI B 0a31 JaHUX CHCTEMHU.

2. YTo4yHEeHHs OoNTUMaNbHUX pekuMiB MIO 3 BUKOpPUCTaHHSM HEYITKOT
HEUPOHHOT MEpexI.

3. 306epexeHHs pe3yJIbTaTiB 00pOOKH KOHKPETHUX BUPOOIB y 0a3i JaHUX i
peaitizailisi MEXaHi3My CaMOHaBYaHHSI.

[Iporpamuy peanizamito anroputmy ¢yskiionyBanus [ICY MIO moxHa
3MIMCHUTH 3a JIONOMOTOK I1HCTPYMEHTAIbHUX 3ac00iB MakeTa MPUKIATHUX
nporpam MATLAB 7 - Genetic Algorithm Tool (maketr reHeTuyH1 aarOpUTMH) i
Fuzzy Logic Toolbox (makeT HEUITKO1 JIOTIKH).

BUCHOBKHA

1. 3acTocyBaHHs 1HTENEKTyalnbHOI cucTeMu ynpasiiHHsi MIO gacts 3mory
3MIHIOBATH TapaMeTpHU PEKUMIB OOpPOOKM 3aJIe’KHO BiJI MaTepiayly 1 TeoMeTpii
oOpoOmtoBaHoro BupoOy. Lle macTe 3Mory MIBHAKO MEpeHaNalliTOBYBaTHUCA Ha
00poOKy BUpPOOIB PI3HUX THUIIIB 1 MaTEpialiB.

2. 3acTOCYBaHHS HEUITKMX HEHPOHHHX MEPEX B YIPABIiHHI JaCTh 3MOTY
TOYHO ONTHUMI3yBaTH mapaMmeTpu pexumiB MIO n11a8 KOHKPETHOro THITY
IHCTPYMEHTY a00 BUpOOY.

3 3actocyBaHHs 3alpONOHOBAHOrO MiaXxoAy Ao ynpaiiHHI MIO npacts
3MOTy CKOPOTHTH 4ac Ha 00poOKy BUpOOIB, MiABUIIUTHU AKICTE MIO 1 ckopoTHTH
BUTpATy €JIEKTPOEHEPrii, 0 BUTpavyaeThest Ha npouec MIO.
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CTBOPEHHA HACTIVIBHOI'O ®PE3EPHOI'O BEPCTATA

Anomauin: YV cmammi npedcmasieHo pe3yivmamu  po3spoOKU  HACMITLHO2O0
@peseproco eepcmama NOPMAILHO20 MUNY 3 YUCTOBUM NPOSPAMHUM KEPYBAHHAM, WO MOHCe
oymu mpaucgopmosanuti 0l 6UKOHAHHA yHKyiu 3D-0OpyKy ma nazepHozo epasito8auHsI.
IIpogedeno oenad cyuacnux piwensv y cgepi manozabapumnozo eepcmamo06y0y8anus ma
300ICHEHO  NOPIBHANbHUU — aHANi3  ICHYouux  KoHcmpykyiu.  OOIrpynmoeano  6uoip
KOMNOHYBANbHUX CXeM, CUCMeM Npugooie ma NpoSpamHo2o 3abe3neuenHs O0is nooyoosu
Kepytouux npozpam Ha ocHogi Autodesk Inventor i PowerMill. Busnaueno nepesacu
BUKOPUCMAHHS 080SIPYCHOI KOHCMPYKYIL cmonty 07is1 00pobKu demalell pizHoi ecabapumuocmi
ma peanizayii 4-koopounammuoi 06podxku. Poboma mae npukiaoHe 3uauenHs 01s opeanizayii
nabopamopHoi 6asu 6 ymMo8ax 00MedHceHo20 (QIHAHCYBaHHA Ma NONYAAPUIAYIT CYUACHUX
MEexXHON02IU Y HABYAILHOMY NPOYeCi.

Knrwouoei cnosa: nacminonuu gpezepuuii epcmam,; nopmanvra komnoroska, 4IIK;
Kepyloua npoepama, 4-ocvosa 0opooka, Autodesk Inventor; PowerMill; nasuanvni mexnonoaii.

Abstract: The article presents the results of the development of a desktop CNC milling
machine of portal design, which can be transformed to perform 3D printing and laser engraving
functions. A review of current solutions in the field of compact machine tool construction is
provided, with a comparative analysis of existing designs. The selection of layout schemes,
drive systems, and software tools is substantiated, particularly the use of Autodesk Inventor
and PowerMill for generating control programs. The benefits of a two-tier worktable structure
are highlighted, enabling the machining of parts with varying dimensions and the
implementation of 4-axis machining. The work has practical significance for establishing
laboratory infrastructure under budget constraints and for promoting modern technologies in
the educational process.

Keywords: desktop milling machine; portal design; CNC; control program; 4-axis
machining; Autodesk Inventor; PowerMill; educational technologies.

IlocranoBka mnpobGaemu. BepcraroOymyBaHHS, SK KIHOYOBA Tally3b
MaIIMHOOYyBaHHS, TPA€ BAXJIMBY pPOJb Y PO3BUTKY MPOMHCIOBOCTI Ta
HaIllOHAJIbBHUX €KOHOMIK. PO3BUTOK MPOMHUCIIOBOCTI Ta ii Tajly3eBa CTPYKTypa
BHU3HAYAIOTh CTaH 1HAYCTPIaJIbBHOTO Ta TEXHOJIOTTYHOIO PIBHA €KOHOMIKH KpaiHH,
e(eKTUBHICTD i BUPOOHHUIITBA, CTAOUTBbHICTD, CTANIICTh PO3BUTKY Ta EKOHOMIUHY
He3aIeXKHICTh AepkaBu [5]. CyyacHuUW mporpec TEXHOJIOTIH BUPOOHHUIITBA
HEBIIMHHO PO3BUBAETHCS, BUMAraloyu BiJl 1HXKEHEPIB 1 BUYEHUX TMOCTIMHOTO
MOIIYKY HOBUX PIIIEHb Ta TEXHOJIOTIN /I MiABUIICHHS €(EeKTHUBHOCTI Ta
aBTOMaTH3allii BUPOOHWYMX TmporieciB. s 1poro moTpiOHE CTBOPEHHS B
HaBYAJbHOMY TpoIleci cydacHoi jgabopaTopHoi mociigaHuipkoi 6asu [7,9]. B
yMOBax oOMexeHOro (iHaHCYBaHHS BHIINOi OCBITH JOIJIBHOTO BHUTOTOBJISITH
MajiorabapuTHI HACTIILHI BEPCTATH 3 KOMIT FOTEPHUM KEPYBaHHSM, K1 MOXYTh
BUKOPHUCTOBYBATHCS SIK JIJIsl HABYAILHOTO MPOIIECY, TaK 1 Ha MiMPHUEMCTBAX IS
BUT'OTOBJICHHS JIETalel HEBEJIMKUX PO3MIPIB.
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Jlns uporo HEOOXITHO BHPOBAIHKYBATH HACTYIHI pexkoMeHpamii [3]:
ONTHUMI3YBAaTH ICHYIOUl BUPOOHHWYI MOTY>KHOCTI, aBTOMAaTU3yBaTU Ta 3ajly4yaTH
nepeaoBi  mMUGPOBI  TEXHOJOTIT JUIsi HAJIATOPKEHHS pPOOOYMX MPOIIECIB;
MPUCKOPIOBATA BITPOBA/KCHHS TEXHOJOTIYHUX IHHOBAIIM Ta 1HHOBAIIMHUX
MIPOIIECIB; 1 ABUIIYBaTH KBauTi(piKaIiHHUII piBEHB MpaliBHUKIB
MaIMHOOyyBaHHs. BoHOYac HAYKOBISM 1 MIAMPUEMIIM BapTO MPOAOBKYBATH
JOCITIJKEHHST TIPOIECY PO3POOKH Ta BIPOBAKEHHS HOBUX TEXHOJOTIH Yy
MalmuHOOYAyBaHHI, aJPK€ BHKOPUCTAHHS Cy4aCHUX TEXHOJIOTIM  cTae
HEOOX1THICTIO, sIKa 3amo0irae pu3ukaM BTPATH aKTyaJIbHOCTI Ha PUHKY CY4YacHOI
MIPOMUCIIOBOCTI.

OcHoBHe 3aBJaHHS Ta OeP:KaHi pe3yJbTaTu podoTH. MeToro poboTH €
aHaJi3 BIJIOMHUX MajoradapuTHUX BEPCTATIB 1 CTBOPEHHS HOBOTO 3 PO3IIMPEHUMHU
(GYHKITIOHATBHUMH MOKJIUBOCTSIMU.

Ha cydacHOMy pHHKY IHCTPYMEHTIB 1 OOJIafHAaHHSA JUIsl MaJoro Ta
CEpEeHHOTO BUPOOHUIITBA ICHY€ OaraTto BUPOOHHMKIB, 10 CIELIATI3yIOThCS Ha
ManorabaputHux Bepcratax. lle oOnagHaHHA BiJA3HAYAETHCS  BHUCOKOIO
MOOUIBbHICTIO, KOMIIAKTHICTIO Ta 3pYYHICTIO B €KCIUTyaTawli.

Ha punky wmanorabaputHux BepctaTiB 3 UIIK MoxHa 3ycTpiTH Taki
kommnanii sk [T «AHIIC-TEXHO», CNC Machines, Raptor CNC, AST3D.
®pesepuuii rpaBipyBanbauii BeperaT 13 UIIK "SMART Light" Big SmartCNC
OCHalICHUH CEHCOPHUM €KpaHOM 1 aBTOHOMHHMM KOHTPOJEPOM (MOXe
npaifroBatu 6e3 miakimodeHHs qo [1K) ta BigMinHO migiiae asis po6oTu 3 yciMa
BUJIaMU JIEpeBa Ta M'SIKUX METalliB. B sSIKOCTI mpuBOy OC1 Z BUKOPUCTOBYETHCS
kysbkoBa reuaToBa napa (KI'IT) [10]. Kommnanis CNC MACHINES — BupoOHuk
3-x koopauHaTHOTO (pe3epHoro Bepcrara 3 UIIK «Cokin 3040y, npusnadeHoro
s onparroBanHs 2D 1 3D Mopeneit, a Takox Tia o0epTaHHs (31 BCTAHOBJICHUM
MoxayiaeMm 4-i oci). Ha Bepcrari MOkHa BUKOHYBATH Takl Oneparli, siK po3Kpiid
JUCTOBUX  MaTepianiB, BHUOIpka, (¢pe3epyBaHHsA Ma3iB, TpaBipyBaHHS,
bpesepyBanns 3d-penbediB, cBepTIHHSA, JIa3epHE T'PaBilOBaHHs, (Ppe3epyBaHHs
tin odepranns. Shenzhen Creality 3D Technology Co., Ltd. € migepom y
BUPOOHMIITBI cIOXUBUMX 3D-NipuHTEPIB HA CBITOBOMY PUHKY [ 11]. HaitHoBIimMiA
anapar Creality CP-01 31 3MiHHUMU rojoBKaMu npusHadeHuil 1 3D-npyky,
Ja3epHOro rpaBitoBaHHA Ta (pe3epyBanHHs. Ha chOTOAHINIHIA JI€HH MOXKHA
3yCTPITH HACTUIBbHI ()pe3epHi BEPCTATH 3 HACTYITHUMH CXEMaMU KOMITOHYBaHHS:

BeprukanbHa kommoHoBka (puc.l). Y miif cxemi BepcTtar Mae
BEPTHUKAJIbHY KOJIOHKY, Ha SIKIH PO3TAalIOBAaHMW HIMHUHJENb 31 CBEpIJIOM alo
dpe3oro. Taki Bepcratu obaaHaAH] PYXOMHM XPECTOBHM CTOJIOM 3 T-mmogioHIMHU
nmasamMy JUIsi YCTAHOBKM 1 3aKpIIJICHHS 3aroTOBKH, Jemar abo 1HIIOTro
MPUCTOCYBaHHSA. BepTuKalibHI BepcTaTd 100pe MIAXOAATh MJisi CBEPJIIHHS
OTBOPIB 200 (pe3epyBaHHs HA BEPTUKAIBHUX MOBEPXHSIX.
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C
Pucynox 1 — ®pesepnuii Bepcrat JET IMD-X1L

IMopranbHa KoMmOHOBKA (puc.2), J€ MMNHUHACTh PYXa€ThCS B3JIOBXK
noptaiy (pamu), IO MATPUMYE TOPU3OHTAIBLHUHN PyX B310BXK oceit X Ta Y. Ls
cXeMa JI03BOJISIE 3a0€3MEYUTH BEIMKHI POOOUYUI MPOCTIp i BUCOKY TOYHICTH
00poOKHM BENMKHUX JeTajeil. BepcTatu Takoro THIy MOXYTh OYTH 3 PyXOMHM
noptajoMm (puc.2) abo 3 pyXxoMuM cTosioM (puc.3).

Pucynok 2 — CNC Router of the High-Z T-Series

VY BepcTari 3 pyXOMUM OPTAJIOM poOOUnid IHCTPYMEHT (Hanpukiami, ppesa
ab0 1HmMWKA pi3adbHUNA I1HCTPYMEHT) pPYXa€TbCS B3JAOBXK TOPU3OHTAIBHHIX
HAIpPSMKIB Ha TOPTaIbHINA KOHCTPYKIIIi, sSiKa miaTpumye Woro pyx. [lopran mae
BEJIUKI PO3MIPH 1 J03BOJISIE 0OPOOIISATH BEIHKI eTali abo BeIuKi podoui 00IacTi.

VY Bepcrarax 3 pyXoMUM CTOJIOM poOOYHI IHCTPYMEHT PO3TAIIOBAHHUM Ha
YKOPCTKOMY TIOpTaji, a poOouMii CTijl, Ha SKOMY pO3TalioBaHi 0OpoOOIIOBaHI
JeTal, pyXaeTbcs B3J0BX FOPU30HTAIILHUX HANpsIMKIB. Pyxomuii cTin 103BOJIsIE
JIETKO TO3MUI[IOHYBAaTH Ta OOpOOJSATH AeTalli, a MopTayl 3ade3neuye CcTadlIbHYy
HIATPUMKY poOOYOro 1HCTPYMEHTA.
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Pucynox 3 — SainSmart Genmitsu 3018-PROVer

Hebararo BHpOOHUKIB pO3pOOIIOIOTh, HACTUIBHI (Ppe3epHi BepcTaTH, B
AKUX TmependadeHa OaraToQyHKIIIOHAIBHICTh, IO TOJSITAE Yy MOJKIIMBOCTI
MIBUJKO 1 MPOCTO 3aMIHUTH MOTOP-IINHUHIETb Ha JAPYKylo4dy rojioBky 3D-
npuHTepa al00 Ja3epHy TOJOBKY [Ji pPI3KM JIMCTOBOTO MaTeplaly Yu
rpaBllOBaHHS.

IIpoexryBanus Bepcrara. Ilicis peTenbHOro aHamizy 3HAYHOTO 0OCATY
JAaHUX, MTATEHTHOTO JTOCIIKEHHS NMOAI0HMX BEPCTATIB Ta JETAaILHOIO BUBUYCHHS
ix KoHCTpykuii [4,6,8], aBTOpaMH CKOHCTpYHOBaHMN B pI3HUX BapiaHTax
BUKOHAHHSI HACTIJILHUN BEpCTaT MOPTATLHOIO KOMITIOHYBaHHs (puc.4).

Pucynox 4 — Bapiantu cTBOpeHOT0 BepcTar: a) - ¢hpe3epHuit Bepcrar; 0) -
Ja3epHUl BepcTaT; B) - (Ppe3epHmii 4-X KOOPAUHATHUN BepCTaT
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BepcTat MicTuTh 1Ba pobounx ctoau. BepxHiit npu3HaueHuii 1151 00poOKH
JUCTOBOTO MaTepiainy 1 MaIorabapuTHUX JAeTaJIel, HIDKHIN — JJIT BCTAHOBJICHHS
HAa HHOMY BEpPCTATHOT'O OCHAIEHHS (IUIMJIbHA TOJIOBKa, Jelmara) i 0OpoOku
Oinpin rabaputHUX Aetaneit. Lle q103Bossie mpu ManoMy X0 IIMHHJIES B3I0BXK
oci Z o0poOiroBaTH AOCUTH MIMPOKUI crekTp aetaneld. Ilpu BukopucTaHHi
HIOKHBOTO CTOJY CJiJl JAEMOHTYBAaTH KUTbKa IEHTPAJbHUX CEKIIA BEPXHHOTO
CTOJY, @ OCKIIbKH CTUI CKJIaJaeTbcs 3 KUTbKOX mpodimiB V-slot 20x80, To
JEMOHTaX HE BHUKJIMKae 3HayHUX TmpodieM. KoopaunatHi mnepemilieHHs
3I1MCHIOIOTHCS 33 PAXyHOK KyJIbKOBO-TBUHTOBUX Tepeaad (KI'TI).

Hanaromkennss Bepcrara. [[i1 CTBOPEHHS KEPYyKUOl MOpOTrpamMu
BUKOPHUCTAHO IIporpamHe 3ade3neueHHs Bij komnaHnii Autodesk, a came Inventor
2024 ta PowerMill 2024. Cnouatky 3a nonomoroto Inventor 2024 cTBOproeThCs
3n-MoJenb JieTali, sSIKy HeoOX1THO MOTIM 3aBaHTaxuTu y PowerMill 2024 s
CTBOpPEHHS Kepyrouoi mporpamu. [l npuxiagy BUKOHaHA oOpoOka I1axoBOi

¢irypu — kopous (puc.5S).

O6pobka Ha BepcTaTi 3 4-Ma ocsimu Oyzie BIIOYBaTUCh B ACKIJIbKA €TaIIB.
CroyaTKy BUKOHYETHCS YOPHOBA 00pOOKa OJHIET TOJIOBUHU JIeTall (pO3IIJICHHS
BiIOYBA€EThCS  B3JOBXK YETBEPTOi TMOBOPOTHOI OCi), TMTOTIM 3aroToBKa
nepeBepTaeThes Ha 180° 1 00poOIIIOETHCS 1HIIIA TIOJIOBUHA.

Pucynok 5 — Jletans 151 oOpoOKM Ha po3po0OJICHOMY BepCTarTi

UucrtoBa o0pobOKa BiOyBa€eThest 0€3 po3aiieHHs AeTani. Jpyra nojsioBuHa
netani oOpoOJOeThCS aHANOTIYHUM YUMHOM. J[JI1 IbOTO CTBOPIOETHCS KOIIIS
paHillle yCTAHOBJICHOI JIOKaJbHOI CHCTEMH KOOpPJMHAT, 1 CTpaTeris oOpoOKH.
CucteMy KoopauHaT moBepTatoTh Ha 180° HaBkoso oci X, Bcl 1HII
HaJaIITyBaHHS 3ayuiato 6e3 3MiH. CTBOPEHI KEPYIOUi MPOrpamMu /i YOPHOBOT 1
gucTOBOi 00poOKH HeoOxiaHO 30epertn y NC-daitn, B sskoMy Oy/ie po3MilieHu
G-xox. UncroBa 06poOka Oyie BUKOHYBATUCH 3a CTPATETIEIO «4 OCLOBaY, MIPH SAKIH
BICh A MOCTIIHO 00epTaeThes, a poOOUMit OpraH pyxaeTbes B IIoumHi YZ. Takum
YUHOM BUKOHYEThCSI 00poOKa Hi0u 1o cripaii. JIJis boro MeTory 00poOKH TaKOoxkK
HAJIAIITOBYIOThCS TAPAMETPHU IHCTPYMEHTY, PEXKUMU P13aHHSA 1 T.JI.

Jlani Bci Aii BUKOHYIOTHCSI aHAQJIOTIYHO JI0 BHUIIEHABEIACHOTO MPUKJIIATY

CTBOPEHHSI KEPYIOUOi MporpaMu Juisi YOpHOBOI 00poOku. B pesynbTaTi Maemo
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MOBHICTIO TOTOBY KE€pPYyIOUy Mporpamy st 00poOku aerani. Pe3ynbrat cuMysiii
IporpamMu HaBeAEHO Ha puc.0.

Pucynox 6 — Jletanp miciis YuCTOBOTO (ppe3epyBaHHS
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CHEKTPAJILHUN AHAJII3 MATEPIAJIIB ITPU 3BY[’KEHHI
«BLJIUM IIYMOM»: OHIHKA ®I3UKO-MEXAHIYHUX
BJIACTUBOCTEN

Anomauia: Y yiti pobomi npedcmagneno pe3yiomamu 00CAIONCEHHS CNeKMPATbHUX
Xapakmepucmux pizHux mamepianie npu 30y03ceHHi «oinum wymomy. Ilposedeno ananiz
OCHOGHUX CMAMUCMUYHUX NAPAMEMPIB CUSHATIE, 8KII0UAIOYU CEPEOHE 3HAUEHHS, OUCNEPCIIo,
yacmomy ma amniimyoy niKy, a maxodc ewmponito cnekmpa. Ompumani pe3yrvmamu
BKA3YIOMb HA CYMMEBL BIOMIHHOCMI MIJIC MAmMepiaiamu, wo modice Oymu UKOPUCMAHO OISl
ixnboi  nodanvwioi  Knacugixayii. ma  OYiHKU  PIBUKO-MEXAHIYHUX — BL1ACTMUBOCTIELL.
3anpononosanuii nioxio 0036014€ epekmusHo aHanizyeamu OUHAMIYHI XAPAKMEPUCMUKU
mamepianie i Modce 3HAUMU 3aCMOCY8AHHL Y PO3POOYI HOBUX KOHCMPYKYIUHUX DILUEHb.

Kniouoei cnoea: cnekmpanvruti ananiz, Ol wym,; eHmponis Cnekmpa, OUHAMIUHI
Xapaxkmepucmuky, CMAmMUCMuyHi napamempu CusHaiy, @Qi3uKo-mMexaniuui 1acmueocmi
Mmamepiania.

Abstract: This paper presents the results of a study on the spectral characteristics of
various materials under excitation by white noise. The analysis covers key statistical
parameters of the signals, including mean value, variance, peak frequency and amplitude, as
well as spectral entropy. The obtained results reveal significant differences between the
materials, which can be utilized for their further classification and assessment of physical and
mechanical properties. The proposed approach enables effective analysis of the dynamic
characteristics of materials and can be applied in the development of new structural solutions.

Keywords: spectral analysis; white noise; spectral entropy; dynamic characteristics;
statistical signal parameters; physical and mechanical properties of materials.

llocmanoeéka  npobnemu 6  3azanbHOMy  6u2iadi. Y — CydacHHUX
EKCIIEPUMEHTAJIbHUX  JOCIHIKEHHSAX  (DI3UKO-MEXaHIYHUX  BJIACTHUBOCTEH
MaTepiaiB Ta CTPYKTYp A€l IIUPIIe 3aCTOCOBYETHCS METOAUKA 30y IKCHHS
«OlTUM ITyMOM» 3 TIOJANIBIIIUM aHaJII30M CHEKTpalbHUX BiAryKiB [1]. Takuii
NIAX14  Ja€ 3MOTYy OTPUMATh KOMIUIEKCHY XapaKTepUCTUKY JUHAMIYHUX
BJIACTUBOCTEN O0’€KTa MOCTIIHKCHHS, 30KpeMa OIlIHUTA HOr0 YacTOTHI Ta
aMIUTITY/THI TTapaMeTpH, JeMII(pyBaHHS Ta CTIMKICTh A0 30BHIIIHIX BILIMBIB.

Bax1uBUM acnekToM € KOPEKTHE BU3HAUCHHS CTATUCTUYHHUX MapameTpiB
OTPUMaHMUX CUTHAJIB, OCKIJIbKA BOHHU BIJITPalOTh KJIIOYOBY POJb Y MOOYIOBI
MOJieJiell  TIOBEIIHKKM  MaTepiaidiB 1 KOHCTPYKINM, OI[IHIOBAaHHI  IXHIX
XapaKTEPUCTHUK Ta MPOTHO3YBaHHI EKCIUTyaTalliiHUX BjacTUBOCcTEd [2].
BukopucTaHHs METOJIIB CTATUCTHUYHOI OOpOOKHM J03BOJIIE BU3HAYUTHU CEPEIHI
3HAUEHHS, JUCIEPCII0, aBTOKOPENSIiiHI (yHKIII Ta CIEKTpalbHY NIUIbHICTh
MOTYXKHOCTI, 1110, Y CBOIO 4YEpTy, Ja€ 3MOTY 3pOOUTH BHCHOBKHU TpO (i3HUHI
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MIPOIIECH, IO BiIOYBAOTHCS B TOCHIKYBaHUX 3pa3kax[3].

Y 1miii [0omoBiml  PO3TISHYTO METOJWKY OIIIHIOBAHHS CTAaTUCTUYHUX
rapaMeTpiB CIIEKTPiB BIATYKY 3pa3KiB Ha 30y/KEHHS «OUTUM IITyMOM)», OIUCAHO
OCHOBH1 aJIropuTMu OOpPOOKM CHTHAJIB, a TaKOX IMPOAHATI30BaHO OTPHMaHi
pe3yabTaTH Ui Pi3HUX THUIMIB MarepiaiiB Ta KOHCTpyKuii[4]. OcobnuBa yBara
OpUjIijieHa TOPIBHAHHIO PI3HUX METOAIB PO3pPaxyHKy, iXHIA TOYHOCTI Ta
OOTpyHTOBAHOCTI BUOOPY MiAXOIIB 10 CTATUCTUYHOTO aHAII3y CUTHATIB[S].

Ocnoenuti mamepian. Pe3ynbraTé JOCTIIKEHHS JEMOHCTPYIOTh CYTTEBI
BIIMIHHOCTI y CIEKTPaJbHUX XapaKTePUCTUKAX PI3HUX MaTepialiiB MpH
30yKEHHI «OUTHM IIyMOM». AHaJII3 OTPUMAaHUX MTapaMeTPiB JI03BOJISIE BUIAUIUTH
KJITIOYOB1 OCOOJHMBOCTI KOXKHOTO 3 JOCHIKYBaHHX 3pa3KiB Ta OLIHHUTU IXHIO
JWHAMIYHY TOBEMIHKY. B Tabmuii 1 mnpeactaBiieHO OIIHKM CTaTHCTHYHHUX
napaMeTpiB CUTHAIIB CIIEKTPIB.

Tabmuusg 1 — Po3paxoBaHi OIIHKM CTaTUCTHUYHUX IapaMeTPiB CUTHAIB
CIEKTPIB BIATYKY 3pa3KiB Ha 30yIKEHHS «OUIHM LIyMOM

Martepian Cepenne  ucnepcis Yactora AwmIutiTy1a EnTpomis
miky, ' Ky cniektpa (0it)
Cranp 0.0015  0.2063 27.4 644.2 8.91
Minp —0.00045 0.1000 75.3 238.1 10.51
Hropamrominiii  —0.00179  0.1000 153.4 191.4 10.94
Tekcroutit 0.00150  0.0500 215.5 65.7 11.66
Opraniune —0.00255 0.0500 318.8 80.1 11.60

CKJIO

CepenHe 3Ha4YeHHS CUTHATY JUJIS BCIX MarepiajiB 3HAXOJUTHCS B Mexkax
MaJIuX BEJIUYHH, 1110 CBITYMTH MPO CHUMETPUIHHI XapaKTep BUTIAIKOBUX 30yPECHb.
Haiibinp1i 3HaueHHS cepeIHbOIo MOoKa3HuKa crocTepirarotrbes y craii (0.0015)
ta TekcromTy (0.00150), Tomi gk Miab, MIOPaTIOMIHIA Ta OpraHiuHE CKIIO
JIEMOHCTPYIOTh BiJI’€MHI Cepe/IH1 3HAUCHHS.

Jucnepcis curHaiy, 1o XapakTepu3ye po3Ku1 3Ha4ueHb, € MAKCUMAJIBHOIO Y
ctami (0.2063), Tox1 sIK AJ pelITH MaTepiaiiB BOHAa 3HaYHO MEHIIIA 1 CTAHOBUTH
0.1000 a6o 0.0500. Ile cBITYUTH MPO BHIILY MIHJIMBICTh XapaKTEPUCTUK CTaJl y
BI/IMOBIAbL HA 30y KEHHS.

YacToTHI mapaMeTpH CIEKTpa TAKOXK CYTTEBO BIIPI3HSIOTHCS: BITHOCHO
HU3bKa IMKOBa yacTtoTa y crtaii (27.4 I') mocTymoBO 3pocTae Jyisl 1HIIUX
MmarepianiB, mocsratoun 318.8 ['m mns opramiunoro ckima. Ile Bkaszye Ha
BIJIMIHHOCTI B JKOPCTKOCTI Ta BHYTPIIIHIX KOJMBAJIBHUX XapaKTEPUCTHKAX
MaTepianis.

AHani3 aMIUIITyId MKy CHEKTpa MOoKa3aB, 110 HaiOlIbllle 3HAaYCHHS Mae
ctasb (644.2), Tol K AJi IHIIUX MaTepiaiiB BOHO 3HAYHO MEHIIIE, 10 BKa3ye Ha
Pi3HY 3/1aTHICTD JI0 MOTJIMHAHHS €HEprii 30y KeHHS.

Hapemuri, 3HaueHHs1 €HTPOMIi CrIeKTpa BapitoroThes Bia 8.91 OiTa mist crani
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no 11.66 6ita njsg TEKCTOMITY, IO CBIIYUTH MPO CKJIAAHICTH CHEKTPAIBHOTO
PO3MOTY CUTHAJIB JJI PI3HUX MaTepianiB. Bull 3HaueHHS €HTpOIi MOXYTh
BKa3yBaTH Ha O1IbII pIBHOMIPHUM PO3IOIII €HEPrii B 4aCTOTHOMY JIialla30Hi.

3aranom, pe3yabTaTH AOCTIIKEHHS MiATBEPIKYIOTh €()EeKTUBHICTh METOAY
30y/KEHHS «O1ITUM IIIyMOM» JUJIsl aHaizy (i3UKO-MEXaHIYHUX BJIACTUBOCTEH
MaTepiagiB  Ta  JEMOHCTPYIOTb  MOXJIMBICTH ~ OTPHUMaHHS  BaXJIMBUX
XapaKTEePUCTUK, HEOOXITHUX JJII MOJICTIOBAHHS iXHBOT MOBEAIHKA B PEaTbHUX
yMOBax €KCIUTyaTallii.

Bucnosxu. Otpumani pe3yabTaTH J03BOJSIIOTH 3pO3YyMITH, 1[0 METOAHMKA
aHaJI3y CHEKTPAJbHUX XapaKTEPUCTHUK NpH 30YHKEHHI «OLIUM IIYMOM» €
e(peKTUBHUM IHCTPYMEHTOM JIsI OI[IHIOBAHHS (PI3MKO-MEXaHIYHUX BIACTUBOCTEM
MartepiaiiB. BusBieH1 BIIMIHHOCTI Y CHEKTPaJbHUX IapaMeTpax BKa3yloTh Ha
cnenu@iuHl 0COOIMBOCTI KOKHOIO MaTepiaiy, o MOKe OyTH BUKOPUCTAHO IIPH
BUOOP1 KOHCTPYKUIMHUX MaTepiaiiB 3ajeKHO Bl yMOB ekcrutyararii. [loganbii
JOCIIKEHHSI MOXKYTh OyTH CIIPSMOBAH1 Ha BJAOCKOHAJICHHSI METOAIB aHaII3y Ta
PO3LIMPEHHS CIIEKTPA JOCIIKYBaHUX MaTepIalliB.
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THTEJEKTYAJIBHA CUCTEMATHU3AIIA TEXHOJIOT'TA _
®OPMYBAHHSA ®YHKINIOHAJIBHUX ITOBEPXOHDb AETAJIEN
MAIINH

Anomauia: Y oauiti pooomi 3anponoHO8aHO HOGIMHIU IHMENIeKMYATbHULl NIOXI0 00
Kaacughikayii mexnono2iuHux memooié opmyeanus QYHKYIOHATILHUX POOOYUX NOBEPXOHD
demaneu MAWUH HA OCHOBI NOEOHAHHS MEMOOI8 CUCMEMHO20 AHAI3Y MA HelUpOMEPeICe8020
mooenrosanns. Pospobneno bacamopisnegy kiacughikayiiiny mooenv, sSKA  IEPAPXIUHO
CMPYKMYPYE MEXHON02IUHI Memoou 3 Ypaxy8auHAM KOMNIEKCY MOp@onociunux, @Qizuxo-
MeXauiuHux, CMpPYKMypHUX ma eKCHAYamayitiHux XapakmepucmuKk HOBEpXHEe8UX wapis.
3anpononosano  apximexmypy — 2nUOUHHOI  HEUpOHHOI  Mepedici 3  a0anmMueHuM
CAMOHANAWMYBAHHAM  2inepnapamempis,  wo  peanizye  asmoMamus308aHuil  6uoOip
ONMUMATLHO20 MemOoOy (POPMYBAHHS 3 YPAXYBAHHAM GUMOZ 00 KIHUEB0i AKOCMI NOBEpPXHI.
IIposedeni excnepumenmanbHi OOCHIONHCEHHS 3ACBIOYUNU, WO 3ACMOCYBAHHSA 3aNPONOHOBAHOT
cucmemu 00360J1€ NIOGUUWUMU MOYHICINb NPUUHAMMS PilleHb Wo00 8UOOPY MeXHON02il Ha
27—-34% nopigusano 3 mpaouyiiHumu e8pucmudHumMu ma excnepmuumu nioxooamu. Cucmema
niompumye inmeepayiro 3 cyvyacumu CAD/CAM/CAE-niamgpopmamu ma 3abe3neyye
MOJACIUBICME NPOSHO3HO20 OYIHIOBAHHS EKCHIYamayitiHux enacmueocmell oemaneu uje Ha
emani KOHCMPYKMOPCbKO-MEXHOI02IUHO20 NPOEKMYBAHHSL.

Knwouoei cnosa: ¢ynxyionanvni  noeepxmi, iHmenekmyanibHa — Kiacugikayis,
HelpoMepedCcHi Mooell, CUCTIeMHULL AHAI3, MEeXHON02IUHI Memoou, MAUUHOOYOY8AHHS.

Abstract: This study presents a novel intelligent approach to the classification of
technological methods for forming functional working surfaces of machine parts, based on the
integration of systems analysis and neural network modeling. A multi-level classification model
has been developed, hierarchically structuring technological methods according to a
comprehensive set of morphological, physico-mechanical, structural, and operational
characteristics of surface layers. A deep neural network architecture with adaptive self-tuning
of hyperparameters is proposed to enable automated selection of optimal processing methods
in accordance with target surface quality requirements. Experimental validation demonstrates
that the proposed system improves decision-making accuracy in method selection by 27-34%
compared to conventional heuristic and expert-based approaches. The system supports
integration with modern CAD/CAM/CAE platforms and enables predictive assessment of the
performance properties of machine parts at the design and process planning stage.

Keywords: functional surfaces, intelligent classification, neural network models, system
analysis, technological methods, mechanical engineering.

Y cyyacHOMy  MAamMHOOYAyBaHHI  (DYHKIIOHaJbHI  BJIACTHUBOCTI
KOHCTPYKI1{ 3HAYHOIO MIpOIO0 BU3HAYAIOTHCS MTapaMeTpaMy MOBEPXHEBOTO HIapy
neTanei, skuil (popmMye KOHTaKT 13 poOOYMM CEpPEOBHINEM Ta 1HIIUMHU
enemMeHTamMu Mexanizmy. Came 1eii 1map Oe3mocepeHbO BIUIMBAE HA
3HOCOCTINKICTb, KOPO31HHY CTIHKICTb, KOHTAKTHY OPCTKICTb, & TaKOX 1HIII
KJIFOUOBI TPUOOTEXHIUHI XapaKTepUCTUKU BUPOOiIB [1,2]. ¥V 3B’43Ky 3 HIMPOKHUM
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CIIEKTPOM ICHYIOUYUX TEXHOJOTTYHUX METO/IB OOpOOKM IMOBEPXOHb IIOCTAE
HaraJibHa oTpeda B po3po0Ill IHTEIEKTYaTbHUX CUCTEM, 3[IJaTHUX 3/IIMCHIOBATH
allanTUBHY Kiacu(ikailito Ta epeKTUBHUNA BUOIp ONTUMAIBHOTO TEXHOJIOTTYHOTO
HiAXO0/AY 3 ypaxyBaHHSM HIJIbOBHUX €KCIUTyaTaIlliiHuX BUMOT [3].

Tpamumiitni MeTtonuku, 1m0 0a3yIOThCS MEPEBAXHO HAa EMIIPUYHUX
3aKOHOMIPHOCTSIX Ta €BPUCTUYHUX MPABUIIAX, YaCTO BUSABISIOTHCSA HEOCTATHHO
epeKTUBHUMU B YMOBax 3pOCTal040i CKJIAJAHOCTI BUPOOHMUYMX 3amay 1
BapIaTUBHOCTI TeXHIYHUX yMOB. CydyacHM pIBE€Hb PO3BUTKY IITYYHOIO
IHTEJIEKTY, 30KpeMa HEMpOMEPEKEeBUX TEXHOJOTIH, Yy MOEAHAHHI 3 METOJIaMU
CUCTEMHOTO aHalli3y BIJIKPUBAE MOXJIMBOCTI ISl CTBOPEHHS 1HTEIEKTyaIbHUX
KiIacu(ikamifHUX CHUCTEM HOBOTO TMOKOJIHHS, 3[JaTHUX CaMOHAaBYaTHCH,
aJanTyBaTHCS JO HOBUX TEXHOJOTIYHUX YMOB Ta BUSBISATH IPUXOBaHI
3QJIEKHOCTI y OaraToakTopHUX AaHuX [4].

Metow 111€i poOOTH € PO3POOJEHHS METOAOJIOTI] 1HTEIEKTyalbHOI
Kkjacudikanli  TEXHOJIOTITYHHUX HIpoueciB  (POpMyBaHHS  (PYHKIIOHATBHUX
MOBEPXOHb  JIeTaleld MallMH Ha OCHOBI KOMIUIEKCHOTO  BpaxyBaHHS
MOP(QOJIOTIYHUX, CTPYKTYpPHHX, (PI3UKO-MEXAHIYHUX Ta EKCIUIyaTaliiHUuX
xapakTtepucTuk. Cy4acHl  JOCHIKEHHS  JEMOHCTPYIOTh  €(EKTHUBHICTh
OaraTopiBHEBUX HEMPOMEPEKEBUX MIAXOAIB J0 BHUPIMICHHS KIacHU(iKaliiHUX
3a7ad 'y rany3i oO0poOku MarepianiB [5]. OcoOiMBOI akTyalbHOCTI HaOyBae
CTBOPEHHSI BUCOKO(DIIEKCHOETbHUX Ta aBTOMAaTU30BaHUX CHUCTEM Kiacuikaii,
3JaTHUX OIEPAaTUBHO pearyBaTW Ha JUHAMIKy BIPOBA/HKCHHS 1HHOBaLIWHUX
TEXHOJIOT1M Ta TpaHChOpMAIliI0 BUPOOHMYMX MPOLECIB Y KOHTEKCTI BHUMOT
Innyctpii 4.0 [6,7,8].

st moOynoBU HEHpoMepekHOT Mojeni Kiacugikaii TEeXHOJOTTYHHUX
MeTomiB  (GopMmyBaHHS (YHKIIOHAJIBHUX TIOBEPXOHb Oyino chopmMoBaHO
KOMILUIEKCHY 0aratoakTopHy 06a3y TaHHX, sika OXOIUTIOE 1H()OopMaIlito PO OLIBII
150 TexHonoriyHux miaxoniB. Jlo ckiamy Oa3u yBIMIUIM CTPYKTYpOBaHI JaHi
I0JI0 PEXHUMIB OOpPOOKH, THUMIB MaTepiamiB, MOPQOJOTIYHUX Ta (PI3UKO-
MEXaHIYHUX XapaKTePUCTUK OOpOOJIEHMX IOBEPXOHb, a TAaKOX pPE3yJbTaTH
7a00paTOPHUX EKCIEPUMEHTIB, IO B1IOOpaXKalTh 3MIHY (YHKLIOHATBHUX
BJIACTUBOCTEH MICJISI 3ACTOCYBAaHHS BIAMOBIIHUX METOIB.

3 Meror Bepudikaiii ePeKTUBHOCTI 3aIpPONOHOBAHOI 1HTEJIEKTYaJIbHOT
cuctemMu kiacu@ikaiii OyJl0 OpraHi3oBaHO CEpII0  EKCIEePUMEHTATbHUX
nociimxedb. OCHOBHUM 3aBIaHHSAM JOCIHIKEHb CTAJI0 BU3HAYEHHS 3[IaTHOCTI
CUCTEeMM 3[AiMCHIOBAaTH OOIPYHTOBaHMM BHOIp ONTHUMAJIBLHOTO  METOMIY
dbopMyBaHHS TTOBEPXHI BIAMOBIAHO 10 YMOB €KCILTyaTalIfHOTO HaBaHTAXEHHS
Ta (YHKI[IOHAJBHOTO MPHU3HAUYCHHA JeTajiedl. EkcrepuMeHTH MpoBOIMINCH Ha
0a31  maboparopii  i1H)KEHepili TMOBEpPXHi, OCHAIIEHOI  BHUCOKOTOYHUM
BUMIPIOBAJILHUM Ta aHAJIITUYHUM OOJaIHAHHSM, IO JIO3BOJISIE JOCIIKYBaTH
tTonorpadito, MIKPOTBEPAICTh, 3AJMIIKOBI HAMpPYy>KEHHS Ta IHINI KPUTHUYHI
napaMeTpH MOBEPXHEBOTO IIIapy.

AHani3 oTpuUMaHUX JaHUX MpeactaBieHo y Tabmuui 1, ska MICTUTH
NOPIBHSUIBHI ~ pe3yJIbTaTH  3aCTOCYBaHHS  PI3HUX MIJXOMIB 10 BHUOOPY
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TEXHOJIOTIYHUX METOAIB — TPAIULINHUX EBPUCTUYHUX CTPATETid, PYyUYHOTO
eKCIIEPTHOTO aHaji3y Ta 3alpoIllOHOBAHOI HeWpomepexHoi mojeni. HaBeaeni
pe3ynbTaTH IEMOHCTPYIOTh IIEPEBAry iIHTEIEKTYTBHOTO MIIX0Ty 3a KPUTEPISIMHU
TOYHOCTI, AANTUBHOCTI Ta Y3TOJKEHOCT] 3 €KCITyaTalliiHUMU BUMOTaMHU.

Tabmums 1. [lopiBHsuIbHA OLiHKA €(PEKTUBHOCTI BUOOPY TEXHOJOTTUHUX
METO/IIB

Tun nerami | @ynkmioHansH | [HTenekTyansH | ExcrieptH | Kputepianbn
a IOBEPXHS a cucrema a OIlIHKa a MOJENb

Bax Omopra wiKa | g4 go 82.3% 73.5%
peaykropa
3ybuate brina 93.2% 79.6% 68.7%
KOJIECO ITOBEPXHs 3y0a
HlIFIHHHHHKOB Jlopixka 95.6% 84.9% 75 1%
€ KUIbIIe KOUCHHSI
Koprycwa | [ocanoura 91.4% 76.8% 63.4%
JeTajb OBEPXHS
Maywiepua | Poboua 96.2% 83.7% 71.9%
napa OBEPXHS

EdexTuBHicTh  poOOTH  1HTEJIEKTyaJlbHOI ~ CHUCTEMH  OILlIHIOBajacs
KOMILJIEKCHO, BPAaxOBYIOUM CTYIIHb BIAMOBIAHOCTI OTPUMAaHOi MOBEPXHI ii
(yHKIL10HATBHOMY IIPU3HAYECHHIO, a TaKOX TE€XHIKO-€KOHOMIYHI
XapaKTePUCTUKU BUKOPUCTAHUX TEXHOJOTIYHUX METO/IB. OTpUMaHi pe3ybTaTu
CB1JIUaTh, 110 PO3pOOJICHA 1HTENEKTyallbHA cUcTeMma Kiacudikailii 3ade3neuye
CYTT€BO BHILYy €(QEKTUBHICTh BHOOpPY TEXHOJOTIYHUX METOIIB OO0poOKHU
MOPIBHSHO 3 TPAIAULIMHUMHU I1IXOIAMH.

Bukonano neranbHul MOPIBHSUIBHUI aHai3 TOTO, HACKIILKA €(PEKTUBHO
paIfoe po3pobIieHa IHTENeKTyalbHa CUcTeMA I Kiacu(ikaiii TEeXHOJIOTTYHUX
METO/I1B MOPIBHSIHO 3 ICHYIOUYUMU aHaioramu. J[is Toro, mo0 oTpuMaTH MOBHY
KapTUHY TIepeBar Ta HeJI01KIB HOBOT CHCTEMH, aHaJl13 TPOBOIUBCSA 32 IEKIIbKOMa
kputepisimu. [lepmmm 13  KpuTepiiB cTajga TOYHICTh Kiacudikarii, ska
BU3HAYalacd AK BIJHONIEHHS KUIBKOCTI MPaBWIBHO  KJiIacU(iKOBaHUX
TEXHOJIOTIYHUX METOJIIB JO 3arajbHOi KIJBKOCTI KJIacH(pIKOBAaHUX METO/IIB,
BUpaxeHe y BijcoTkax. Lle n03BoNMIIO 3p03yMiTH, HACKUIBKM CHUCTEMa TOYHO
BHU3HAYA€ MPABUIIbHY KaTEropilo s KOXKHOTro Mmeroay. Jpyruii kpurepii—
MOBHOTA KJacH(iKallii—xapakTepu3yBaB, HACKUIbKM J00pe cucrema 3AaTHa
BpaxyBaTH yCl MOXKJIMBI METOIH, sIKI MatOTh OyTH KiacudikoBani. Lleit moka3zHuk
TaKOXX BHUMIPIOBABCS y BIJICOTKaxX, JO3BOJSIOYM OI[IHUTH PIBEHb OXOIUICHHS
CUCTEMOIO BChOTO crekTpa MeronaiB. HacTtynmHum OyB oOpaHUil 1HTErpajbHUN
noka3HUKk—F 1, skuil moenHye B coOl TOYHICTH Ta IMOBHOTY KiacuQikarlii.
UeTBepTrM KpHUTEpIEM BUCTYNUB dYac Kiacudikamii, 1Mo BKIOYaB y cebe
3arajJlbHUM T1epioj, HEOOXITHHMM Il BUKOHAHHS KiacHQiKaIlli TEeXHOJOTTIHHX
METOJIB Ta BUOOPY ONTUMaTbHUX 3 HuUX. LleWl KpuTepiii T03BOJIMB OIIHUTH
€(EeKTUBHICTh CHUCTEMH 3 TOYKM 30py MIBUAKOCTI podotu. Hapemwti, n'atuii
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KpUTEPIi—aaliTUBHICTh—B1100pakaB MOXKJIMBICTh 1HTEJIEKTYaJIbHOI CUCTEMH
THYYKO IIPUCTOCOBYBATUCA 10 HOBUX HAOOPIB IaHUX, K1 HE BAKOPHUCTOBYBAJIUCS
mijJ 4ac MepBUHHOTO HaBuyaHHS. Came el KpUTepiit 0COOIMBO BaXKITUBUN IS
IPAKTUYHOTO 3aCTOCYBaHHS CHCTEMH Y JWHAMIYHHUX YMOBax peabHOTO
BUPOOHUIITBA. YCI OTpUMAaH1 pe3yNbTaTH, L0 JO03BOJSIOTH YITKO MOOAYUTH
nepeBaru HOBOi CUCTEMH MOPIBHSIHO 3 IHITUMH ICHYIOUHMMHU MiIX0aMH, HABEICHO
y Ta0nui 2.

Ta6muis 2. [lopiBHATBEHMM aHAMI3 cUCcTeM Kiacudikarii

Kpurepiit Po3pobnena | Cucrema Ha ocHOBi | CucTeMa Ha OCHOBI
cHcTEMA EKCTIEPTHUX CTAaTUCTHUYHHUX

MIpaBUII METO/I1B

TouHicTb 94.3% 82.7% 78.9%

Kiacudikari

IToBHOTA 91.8% 75.4% 83.2%

Kiacudikari

F1 93.0% 78.9% 81.0%

Yac 1.2 ¢ 45¢c 2.8¢

Kjacudikari

ATanITUBHICTH Bucoka Huzbka Cepenns

Ak BUIHO 3 TAONMIN 2, po3po0JIeHa IHTEIEKTyalbHa CUCTEMA IEMOHCTPYE
BHUIIIl TOKa3HUKHU TOYHOCTI, MOBHOTH Ta F1 MOpiBHIHO 3 ICHYIOYUMHU MiAXO0JaMHU.
Oco0MBO BaXJIMBOIO IEPEBATOI0 € BUCOKA aJJaITUBHICTh CUCTEMH, 110 JI03BOJISIE
IHTErpyBaTy HOBI TEXHOJOTTYHI METOIM 0€3 MepenporpamMmyBaHHs.

BUCHOBKHA

VY xon1i gocaimkeHHs 0yJ10 po3p0o0JIeHO Ta EKCIEPUMEHTAIBHO alpOOOBAHO
HOBY METOOJIOTII0 IHTENEKTYyaJbHOI KiIacu]ikaiii TEXHOJOTIYHHUX METOiB
dbopmyBaHHS (DYHKI[IOHAIBHUX pPOOOYMX TOBEPXOHBL JETajel MaliuH, 10
0a3yeThCsi Ha TOETHAHHI HEHMPOMEPEKEBOTO MOJICIIOBAHHS Ta CHCTEMHOTO
aHaii3zy. 3amporioHOBaHA OaraToOpiBHEBAa apXITEKTypa INTYYHOI HEWPOHHOI
MEpeXi, JIOIOBHEHa  MEXaHI3MaM{  JHHAMIYHOTO  CaMOHAaJaIlTyBaHHS
napameTpiB, 3a0e3neunsia CyTTEBE MOKPAIICHHS TOYHOCTI Ta €(QEeKTHBHOCTI
nporiecy Kiaacudikarii y mopiBHIHHI 3 TPAAUIIIHHUMHM T1X0/IaMH, 3aCHOBAaHUMH
Ha EMIIIPUYHUX Ta EBPUCTUIHHX MPOIICTypax.

ExcriepuMeHTanpHi  pe3yiabTaTH  3aCBIAYMIM, 10  BUKOPUCTaHHS
PO3p0O0JIEHOT IHTENEKTYaJIbHOI CUCTEMH JI03BOJISIE€ MIABUIIUTH TOYHICTH BUOOPY
BIJIMOBITHOTO TE€XHOJIOTIYHOTO MeToay Ha 27-34%, 110, B CBOIO Uepry, COpusie
3MEHILIEHHIO IHTEHCUBHOCTI 3HOIIIYBaHHS 00p00JIeHUX MoBepxoHb Ha 18—42% Ta
MIJBUIIICHHIO KOPO3iiHOi cTiikocTi Ha 15-35%. BaxiauBorw (yHKIIIOHATBHOO
MepeBaror0 CUCTEMU € i1 3[aTHICTh J0 1HTErparli 3 nu(GpoBUMU 1HXEHEPHUMH
miatpopmamu  kiacy CAD/CAM/CAE, mo cTBOpro€ MIAIPYHTS — JUIS
aBTOMATH30BaHOTO IMPOTHO3YBAHHS €KCILTyaTallliHUX BIACTUBOCTEH BUPOOIB 111e
Ha CTa/il IPOEKTYBaHHSI.
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[Iporpamua peanmizailis METOAOJOTIT  MPOAEMOHCTpYBajla  BUCOKY
aIaNTUBHICTh /10 3MIHHUX BHUPOOHHYUX YMOB, IO € KPUTUYHO BAKIUBUM IS
YMOB JUHAMIYHHUX a00 THYYKHX TEXHOJOTIYHUX cepenoBunl. [IpoBenenuit
NOpIBHAJIBHUM aHaji3 MIATBEPAMB IMepeBary po3pobiieHoi HeHpoMepekHOl
MOJIeNII 32 KPHUTEPISIMH TOYHOCTi, MMOBHOTH OXOIUICHHS KJIAaciB Ta IIBHIKOJI{
OPUMHATTS PIILICHb.

VY3aranbHEHO, IHTENEKTyalbHa CUCTEMa, CTBOPEHA B paMKax IIi€i poboTH,
3a0e3neuye KOMIUIEKCHUN MiAX1J J0 YIPaBIiHHS TEXHOJIOTIYHUMHM IPOIECaMU
dbopmyBaHHS (DYHKIIOHAJTLHUX TIOBEPXOHb, CYTTEBO CIPOIIYIOYH BHOIp
00OpOOHUX METOMIB 1 CHPHUSIOYM 3POCTAHHIO SKOCTI, HAIIMHOCTI Ta PeCypcHOi
e(deKTUBHOCTI KIHIEBOI Mpoaykuii. OTpuMaHi pe3yJNbTaTd BiIKPUBAIOTH
NEPCHEKTUBH IS MOJANBIIOT PO3POOKH 1HTENEKTYyaIbHUX CHUCTEM MiATPUMKH
NPUUHATTS PIlIEeHb Y MAaIIMHOOYAyBaHHI, MaTepiajlo3HABCTBI, a TaKOX Y
CYMDKHHX c(hepax BUCOKOTEXHOJIOTTYHOTO BUPOOHUIITBA.
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KoBaneBcbknii C.B., Cuaok .M. ([onbacvka Oepoicasna mauiuno6y0ieHa
akaodemis, mm. Kpamamopcwvk — Tepnoninw, Ykpaina)

AHAJII3 3MIH BJIACTUBOCTEHN MATEPIAJIIB IIET{‘JIEI‘/’I MAIINH
ITPU MATHITO-PE3OHAHCHHMX BIIVIMBAX HA IX POBOYI
IHOBEPXHI

Anomauia: Y oanii cmammi npeocmagnero pe3yibmamu KOMIIEKCHO20 00CTIONCEHHS GNAUBY
MaeHimHo-pe30HancHoi 0opooxku (MPO) na @isuxo-mexaniyni ma excniyamayiiuni 61acmueocmi
Memanesux Mamepianie, wo SUKOPUCIOBYIOMbCA V 8upoOHuymei demaneti mawut. Ilpoananizosano
MEXAHI3MU CIMPYKMYPHUX NEPemBOPeHb NpU DPIZHUX DeNCUMAX MASHIMHO-PE30HAHCHO20 8NAU8Y Md
B8CMAHOBIEHO ONMUMATLHI napamempu 00pobKu 045 NIOGUWEHHS 3HOCOCMIUKOCMI, KOPO3IitiHOL
cmitikocmi  ma  8moMHOI  MiyHocmi poboyux nogepxoHv. Excnepumenmanvno 0ogedeno, o
3acmocysannss MPO 003801s€ 3uauHo nOKpawumu mpubon0SiyHi Xapakmepucmuku noGepxXHesux
wapis 3a paxyHox (opmyeaHusi HAHOCMPYKMYPOBAHO2O CMAHY A 3MIHU 3ATUKOBUX HANPYICEHD.
IIpedcmasneno mamemamuuny mMooenb NPOSHO3YE8AHHS eKCHIYAmAayiuno2o pecypcy oemanei nicis
MAZHIMHO-PE30HAHCHOT  00pOOKU Ma  3aNPONOHOBAHO MEXHOA02IYHI pekomenoayii wodo it
NPAKIMUYHO20 3ACMOCYBAHHSL Y MAUUHOOYOYGHHI.

Knwwuogi cnoea: mazuimno-pe3oHancHa ooOpodxa, nosepxrese 3miyHeHHs, MIKPOCMPYKmMypa,
HAHOCMPYKIMYPYBAHHS, 3HOCOCMIUKICMb, 3ATUUKO8] HANPYICEHHS, OeMati MAWUH, eKCNIyamayitiHuil

pecypc.

Abstract: This article presents the results of a comprehensive study on the effect of magnetic
resonance treatment (MRT) on the physical, mechanical, and operational properties of metallic
materials used in machine part manufacturing. The mechanisms of structural transformations under
different magnetic resonance treatment modes are analyzed, and the optimal processing parameters for
improving wear resistance, corrosion resistance, and fatigue strength of working surfaces are
determined. Experimental results demonstrate that the application of MRT significantly enhances the
tribological characteristics of surface layers by forming a nanostructured state and altering residual
stresses. A mathematical model for predicting the operational life of parts after magnetic resonance
treatment is presented, and technological recommendations for its practical application in mechanical
engineering are proposed.

Keywords: magnetic resonance treatment; surface strengthening; microstructure;
nanostructuring; wear resistance; residual stresses; machine parts; operational life.

CyyacHl TeHIEHLIi PO3BUTKY MAaIIMHOOYAYBaHHS XapaKTEepPU3YIOThCS
MOCTIMHUM TIJBUILICHHSAM BHMOT JI0 CKCIUTyaTalllHHUX XapaKTEPUCTHK JICTaJICH
MamH Ta MexaHI3MiB. Oco0iMBOi aKTyalbHOCTI HaOyBalOTh TEXHOJOTI]
MOBEPXHEBOTO 3MIIHEHHS, $KI JO3BOJIAIOTH IIIECHIPIMOBAHO MOAM(IKYBATH
BJIACTUBOCTI pOOOUYNX MOBEPXOHB 0€3 3MIHM XIMIYHOTO CKJIaAy MaTepiaiy.

OnHuM 13 IEPCIEKTUBHUX HANPSIMKIB MOBEPXHEBOT OOPOOKU € MAarHiTHO-
pe3oHancHa o0poOka (MPO), mo rpyHTye€Tbcs Ha BHUKOPHUCTAHHI EHEpPTii
€JIEKTPOMArHiTHOTO TOJs TIEBHOI YacTOTH [UIsi BIUIMBY Ha KPUCTATIYHY
CTPYKTYpYy MeTalieBUX MatepianiB. Ha BiaMiHy BiJ TpaaMIiHHUX METOIIB
TEpMIYHOI Ta XIMIKO-TepMidHOi 00poOku, MPO Big3HAYa€THCS HUIBKUMHU
€HEPreTHYHUMHU BUTpPATaMH, BIJICYTHICTIO HEOE3MEUHUX XIMIYHUX PEareHTIB Ta
MOJKJIMBICTIO JIOKJTBHOTO BIUTUBY HA BU3HAUCHI NIISIHKY JeTanei [ 1-4].

He3Baxaroun Ha 3HAUYHUNA HAyKOBHM Ta mpakTUuHUi iHTepec 10 MPO,
MEXaHI3MH CTPYKTYPHUX 3MIH Ta 3aKOHOMIPHOCTI (opmyBaHHS (iI3HKO-
MEXaHIYHUX BJIACTUBOCTEH IMOBEPXHEBUX MIAPIB MPU MATrHITHO-PE30HAHCHUX
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BIUIMBAX BHUBYEHI HEJOCTaTHHO. BiacyTHI  KOMIUIEKCHI  JOCIIIKEHHS
B3a€MO3B's13Ky MK pexkumamu MPO Ta ekcrutyaTamifHUMHU XapaKTepUCTUKaMH
JeTaliell MalluH, M0 OOMEXYy€e HIMPOKE BIPOBAKEHHS IaHOI TEXHOJOTIl y
IPOMUCIIOBOCTI.

Metoro nmaHoi poOOTH € KOMIUIEKCHE OCIHIPKEHHS BIUTUBY MapaMeTpiB
MarHiTO-pe30HaHCHOT OOpOOKM Ha MIKPOCTPYKTYpY, Gi3MKO-MEXaHIYHI Ta
eKCIUTyaTalliiiHI BIAaCTUBOCTI METAJIEBUX MaTepiajliB, [0 BUKOPUCTOBYIOTHCS TS
BUTOTOBJICHHS J€TaJel MallliH, a TaKoXX pPO3poOKa HAYKOBO OOIPYHTOBAHUX
peKoMeHaaIli 1moa0 ontumizamii pexxumie MPO s migBUIEHHS iXHBOTO
pecypcy B pi3HUX YMOBAX eKCIUTyaTarii.

AaHani3 niTepaTypHUX JDKEpeNl I[I0Ka3aB HEJOCTaTHIO BHBYEHICTh
MexaHi3MiB BIiiuBy MPO Ha CTpyKTypy Ta BJIACTHBOCTI MarepiaiiB JeTajieid
MaIIIKH, 1110 00YMOBJIIOE HEOOX1THICTh MPOBEICHHS KOMIUIEKCHUX JOCIIKEHb Y
IIbOMY HAIPSMKY.

JIjist npoBeeHHS EKCIEPUMEHTAIIBHUX JAOCTIIKEHb OyJIr 00paHi MeTaseBl
Marepiaiv, IO [IHUPOKO BUKOPUCTOBYIOTHCS Yy MAIIMHOOYIYyBaHHI JUIs
BUTOTOBJICHHS JIE€Tajieil, SKI MPAIOIOTh B YMOBaX 1HTEHCUBHOTO 3HOIIYBaHHS:
KOHCTpyKI[iiHa ByrieneBa ctaib 45 (0,45% C) y HOpMmani3oBaHOMY CTaHi;
neroBaHa koHcTpykuiHa ctans 40X (0,4% C, 1% Cr) micns MOJINIIEHHS,
1HCTpyMeHTanbHa ctaib POMS (0,85% C, 6% W, 5% Mo) nicas craHgapTHOI
TepMiuHOi 00poOKku; TuTaHoBHH ciiaB BT6 (Ti-6Al-4V); amomiHieBuil cruiaB
J16T.

XIMIYHUNA CKJIaJl MaTepiaiB MEepeBIpsIBCS METOJOM ONTHYHO-E€MICIHHOT
cnexktpomeTpii Ha pminaii ARL 3460 OES. 3pazku juist fociipkeHs Maiau Gopmy
nvckiB miamerpoMm 50 MM 1 ToBmuHOW 10 Mm. Ilepen marHiTo-pe30HaHCHOIO
00poOKOI0 BCi 3pa3Ku MiJIaBaIMCs MEXaHI4HIM NUTiOBII Ta MOJIIPYBAHHIO JO
mopcetkocTi Ra = 0,32 Mkwm.

Jlnst mpoBenennss MPO Oyina po3po0iieHa ekcriepruMeHTallbHa YCTaHOBKA,
IO CKJIAJA€ThCS 3 TeHepaTopa €JEKTPOMArHITHUX KOJUBAHb 3 PETyJIbOBAHOIO
yactortoto (0,1-1000 xI'11), cucremMu iHAYKTOPIB, OJIOKY KOHTPOJIIO Ta KEPYBAHHS
napaMmeTpamu oOpoOKu

MPO 3pa3kiB mnpoBoAwiacs 3a HACTYIHUMHM pPEXKHUMAaMH: YacToTa
eqekTpoMarHiTHoro moissa: 35, 78, 143, 285 Tta 520 xl'm; HampykeHICTb
marHiTHoro noJist: 40, 80, 120 Ta 160 kA/Mm; TpuBamictb 06podku: 30, 60, 120 Ta
240 c; Temneparypa 3pa3KiB MijJ 4ac 0OpOOKH KOHTPOJIIOBAIACs 3a JOTOMOTOI0
Tepmomnap 1 He nepesutryBaia 80°C.

JUIs KOXKHOTO pexXuMy OO0poOKu OyJi0 BUTOTOBJIEHO MO 5 3paskiB, IO
3a0e3MeuyBajio CTATUCTUYHY JIOCTOBIPHICTH OTPUMAHUX PE3YJIbTATIB.

JInst mocnmiKeHHsT 3MIH CTPYKTYPH Ta BIACTUBOCTEH MartepiajiB MiCis
MPO 3actocoByBaBCs KOMIUIEKC B3a€EMOJIONTOBHIOIOUHUX METO/IIB:

1. Mertanorpadgiuyauii  aHami3  MIKPOCTPYKTYpH MPOBOJMBCS  Ha
ontuuyHoMy Mikpockomi Olympus GXS51 npu 36ubmennax x100-x1000 mics
XIMIYHOTO TPaBJICHHS 3pa3KiB Y BIAMOBIIHUX PEAKTUBAX.
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2. EnexTpoHHO-MIKPOCKOMIYHI ~ JTOCTI/DKEHHS  BUKOHYBAJIMCS  Ha
CKaHyIO4OMy  eleKTpoHHOMYy  Mikpockomi — JEOL — JSM-6390LV 3
MmikpoaHnamizaropom EX-23000BU mis BuBueHHs Tomorpadii MOBEpXHI Ta
PO3MOLTY XIMIYHHUX €JIEMCHTIB.

3. TpancMmiciiiHa ~ €IEKTpOHHAa  MIKPOCKOMISI ~ TOHKHX  (OJIBT
smiicHroBanacst Ha npwiaai JEOL JEM-2100 mpu npuckoprorodiii Hampy3si 200
kB s gocmimKeHHS — IUCTOKAIliHHOT — CTPYKTYpM  Ta  BUSBICHHSA
HAHOCTPYKTYPHHX CJIIEMEHTIB.

4, PeHTreHOCTpyKTYpHUN aHali3 MpPOBOJAMBCSA Ha AupakTOMETpi
JIPOH-4 nns Bu3HaueHHs (a30BOTO CKIIATY, TapaMeTPiB KPUCTATIYHOI I'PaTKH Ta
PiBHS 3aJIUIIIKOBUX HATIPYKCHb.

5. BumiproBanHs MIKpOTBEpAOCTI 3/aiiicHIOBaI0Cs Ha npuiamal [IMT-3
npu HaBaHTaxeHH1 0,98 H 3a metoaukoro 3rigHo 3 ICTY ISO 6507-1:2007.
6. BunpoOyBaHHs Ha 3HOCOCTIMKICTh MPOBOJMIIMCS Ha MAIIMHI TEPTA

CMII-2 3a cxemoro "MUCK-KOJIOAKA" B YMOBAaX CyXOro T€pTs Ta IpU 3MalllyBaHHI
mactusioM M-40A npu naBantaxkenHi 200 H 1 mBuakocTi koB3anHs 0,5 m/c.

7. Koposiiini BumnpoOyBaHHsa BukoHyBaimucs 3rigHo 3 JCTY ISO
9227:2015 y xamepi cOI0BOro TyMaHy Ipu po3nuiieHHl 5% po3uuny NaCl 3a
temneparypu 35+2°C.

8. BunpoOyBaHHs Ha BTOMHY MILHICTh HPOBOJWIKMCS Ha YCTaHOBIII
MVYMU-6000 npu muKIiYHOMY 3THHI 3 CHMETPUYHUM IIUKIOM HaBaHTaXXEHHS 10
Hakonuuenns 107 nqukitis a6o 10 pyHHyBaHHs 3pa3Ka.

Jljig MaTeMaTu4HO1 00pOOKH EKCIIEPUMEHTAIBHUX JAHUX 3aCTOCOBYBAJIHCS
METOJIM MaTeMAaTUYHOI CTATUCTUKHU Ta PETPECIMHOrO aHali3y 3 BUKOPUCTAHHSIM
nporpamHoro 3adesneuenHs Origin Pro 2023 ta Statistica 13.0.

Meranorpadgiuni gocnipkeHHsT mokazanu, mo MPO mpusBoguTh 10
CYTTE€BHX 3MIH MIKPOCTPYKTYpH JOCHIKYBaHMX MarepianiB. Haitoinbim
BHpaXEHI 3MIHH CITOCTEPITal0ThCs Y TOBEpXHEBOMY Imapi raubunoro g0 200-250
MKM.

V cransax 45 ta 40X nicias MPO 3 yactoToro 143 k'l 1 HanpyXeHICTIO MO
120 kA/m npotsirom 120 ¢ ciocTepiraerbes noaApiOHEHHS NEPIITHUX KOJIOHIN Ta
YaCTKOBE PO3YMHEHHS! EMEHTUTHUX IUIACTHH. MIKpPOCTPYKTYpa MOBEPXHEBOTO
miapy XapakTepU3yeTbCsl OUIbII BHUCOKOK JIMCHEPCHICTIO Yy TOPIBHSHHI 3
BUXIJIHUM CTaHOM. Y cTajgi P6MS5 BuUSBICHO NEpepo3moMail Ta YaCTKOBE
PO3YMHEHHS] BTOPUHHUX KapOidiB.

TpancwmiciiiHa enekTpoHHA MIKPOCKOIIiS TToKasaina, mo mig aiero MPO B
MOBEPXHEBUX IIapax BCIX JOCIIIKYBaHUX CTajel (popmMyeTbcsi pO3BUHEHA
JTUCIIOKAIliHA CTPYKTypa 3 MiABUIICHOI IMUIBHICTIO JHUCIIOKAIliid, a TaK0X
YTBOPIOIOTHCS NipioHOauciepcHi (50-100 Hm) BuaiieHHs kapOiqHuX ¢as.

V¥ turanoBomy crasi BT6 micist MPO crioctepiraetses nepepo3noaina ¢as
o Ta B 3 GopMyBaHHIM OLIBII JUCHIEPCHOI CTPYKTYPH. Y alIFOMIHIEBOMY CILIaBl
J16T BinOyBaeThcs 3MiHa MOPGOJIOTIT Ta pO3MOALTY 3MILIHIOIOUUX BKIIIOUEHb.

PentrenocTpyktypHuil anam3 3paskiB 0 Ta micisi MPO BusiBUB 3MiHU
napameTpiB KPUCTAIIYHOT IPATKU Ta IIUPUHU JU(PAKLIHHUX JiHIH, 1110 CBIAYUTH

176



PO 3pOCTaHHA PiBHS MikpoaehopMalliii KPUCTAIIYHOI IPATKH Ta 3MEHIIIECHHS
po3MipiB obsacteit koreperTHoro poscitoBanHs (OKP) (Tabm. 1).

Tabmus 1. 3mina mapaMeTpiB KpucTaiaiuHoi rpaTku Ta po3MipiB OKP marepianis
nicist MPO

Martepian ITapameTp rpaTku, HM Po3mip OKP, um Mikpoaedopmartii, %
Buxigawuii | ITicns Buxigauii | ITicns Buxiguauii | ITicis
MPO MPO MPO
Craib 45 0,28664 0,28678 95 48 0,12 0,27
Cramp 40X | 0,28671 0,28683 87 42 0,15 0,31
Cranp P6MS5 | 0,28725 0,28736 65 35 0,21 0,38
BT6 (a- 0,29235 0,29247 110 72 0,08 0,19
(haza)
J16T 0,40496 0,40503 125 98 0,06 0,13

Bcranosneno, mo ontumanbHUMH pexumamu MPO 3 Touku 30py
dbopMyBaHHS HAWOUIBII AUCTIEPCHOT MIKPOCTPYKTYPH €: JJIsi CTajel — 4acTtoTa
140-150 xI'n, manpyxenictp mons 110-130 xkA/m, tpuBamicts 100-120 c; nus
TUTAHOBOTO cruiaBy — yactora 280-300 k1, HanpysxeHicTh mosst 80-100 kA/Mm,
TpuBamicte 60-90 c¢; s amomiHieBoro cmiaBy — wyactora 70-80 kI,
Hanpy>keHicTb noist 50-70 kA/m, TpuBanicts 40-60 c.

JlocnipKeHHsT MIKpOTBEpOCTI Tokazanu, mo MPO mnpuszBoauts 110
3HAYHOTO MIJABUIIEHHS IILOTO TMOKAa3HWKA y BCIX JOCHIKYBAaHUX Marepiaiax
(puc. 4). HaiiGinpmmii eexT 3MIIHEHHSI CIIOCTEpIraEThesl y craii 45 Ta crani
40X, w1 SKUX OPHUPICT MIKPOTBEPAOCTI CTAHOBUTH 25-32% Yy NOpIBHSIHHI 3
BUX1JIHUM CTaHOM.

BceranosiieHo, 110 3alie)HICTh MIKpOTBEpAOCTI BiJ mapametpiB MPO mae
HeniHIWHUN xapakTep. [Ipu 3011bIIIeHH] YaCTOTH €IEKTPOMATrHITHOTO TI0JIs Bif 35
1o 143 k' MIKpOTBEpAICTh 3pOCTAE, a MOoAaNbIlIe MiABUIIEHHS YacTOTH A0 520
K11 TMPU3BOUTh JI0 3HIKCHHS edekTy 3MillHEeHHS. AHaJOri4yHa TEHJICHIIIS
CIIOCTEPITAETHCS 1 IJIs1 BIUIMBY HAIPYXKEHOCTI MarHiTHOTO TOJIA Ta TPUBAJIOCTI
00poOKH.

BumiptoBaHHs po3MOAUTYy MIKPOTBEPIOCTI MO TJMOWHI BIJ MOBEPXHI
M0Ka3ajo, M0 MaKCUMaJIbHUN €(eKT 3MIIIHEHHSI 10CSATA€ThCS Y TTOBEPXHEBOMY
mapi ToBIMHOK 150-200 MKM 3 MOCTYNOBUM 3HMKEHHSM JI0 PIBHSI BUX1JHOTO
Marepiany Ha rouni 400-500 MkMm.

PenTreHocTpykTypHUii aHami3 Mokasas, IO Y MOBEPXHEBHX IIapax BCiX
nociiKyBaHux matepiamiB miciast MPO $hopmyroThCcs 3aMHIIKOBI HaNpyKEHHS
CTUCHEHHS BeJuuuHOW Bia -200 mo -450 Mlla 3anexxHo Bijg Marepiaily Ta
pexuMiB 00poOku. HaliBuiuii piBeHb 3aJMIIKOBUX HANpPYyKEHb CTHCHEHHS
cnioctepiraeThes y craii P6MS (-430...-450 MIla), naitamwkuuii — y crutasi J[16T
(-180...-220 MITa).

PesynbpraTtu TpubOosOTiYHUX BUINIPOOYBaHb (pHUC. 6) mokazanu, mo MPO
MPU3BOAUTL JI0 3HAYHOTO MIJBUIIEHHS 3HOCOCTIMKOCTI BCIX JOCIHIIKYBaHUX
matepianiB. HaiiOinpmmii edexT croctepiraethes mns craneid 45 ta 40X, ne
IHTEHCUBHICTh 3HomIyBaHHA Ticias MPO mnpu onTtuManbHUX — pexuMax
3HIXKYEThCA B 1,8-2,3 pa3u y MOpIBHAHHI 3 BUXITHUM CTaHOM.

JlocnmiKeHHs MOBEPXOHb TEPTS METOJaMU EJIEKTPOHHOI MIKPOCKOMIi
MIOKAa3aja0, L0 HiABUINEHHS 3HOCOCTiiKocTi miciats MPO moB'sa3ane 31 3MIHOIO

177



MexaHi3MiB 3HomryBaHHs. [licas MPO oOpoOku criocTepiraeTbCs IMepeBa)KHO
OKHUCJTIOBAJIbHUNA MEXaHI3M 3HOILIYBaHHSA 3 (OPMYBaHHSM TOHKHX 3aXMCHHX
OKCHJIHUX ILJIIBOK Ha MOBEPXHI TEPTH.

BcranoBneHo, mo edeKT MmMABUINEHHS 3HOCOCTIMKOCTI micias MPO
0COOJIMBO BHUP@XEHUW TMpU MiABUIIEHUX HaBaHTaxeHHsX (300-400 H) rta
mBUJKOCTAX KoB3aHH:A (1,0-1,5 M/C), KOJIM IHTEHCUBHICTh 3HOIITYBAaHHS 3Pa3KiB y
BUXI1THOMY CTaHI1 Pi3K0 3pOCTa€, TOI1 SIK 00pOOICHI 3pa3Ku IEMOHCTPYIOTh OLTBIIT
CTaOlIbHY MOBEAIHKY.

Pesynbraty KOpo3iiHHMX BHUNpPOOyBaHb Mokazanu, mo MPO npu
ONTUMAJIbHUX PEeXHMaxX TMPU3BOJAUTH 10 MIABUIIECHHS KOPO31MHOI CTIHKOCTI
JOCTiKyBaHUX MaTepiaiiB Ha 15-30% 3anexHo Bi TUITY MaTepiay.

Haitbinpmmii eekT MmiaABUIEHHS KOPO31MHOI CTIMKOCTI CIIOCTEPIra€ThCs
s cranmerd 45 ta 40X, HaliMeHmmMM — I anmroMidieBoro cruiaBy J[16T.
[TinBumieHHs KOpo3iiHoi cTiiikocTi micist MPO nos'sizane 3 hopMyBaHHSIM OUIBII
HIUTBHUX Ta OJHOPIIHUX OKCHUJIHMX IUTIBOK HA MOBEPXHI MaTepialliB, a TAKOXK 31
3HIDKCHHSIM PIBHS MOBEPXHEBUX JE(HEKTIB, SKI MOXKYTh CIYTyBaTH IEHTPAMH
3apOJIKEHHS KOPO31MHUX OCEPEIKIB.

BunpoOyBaHHsi Ha BTOMHY MIIHICTh NoKa3anu, mo MPO npu3BoauTs 10

MIIBUAIIEHHS MEXI BHUTPHUBAJIOCTI BCIX MOCHKyBaHMX MatepiamiB Ha 18-40%
(Tabm. 2).

Tabmuuga 2. BB MPO Ha MeXy BHUTPUBAJIOCTI JIOCHIIKYBaHUX
MarepialiB

Marepian | Mexa ButpuBaiocti -1, MIla | IIpupict, %
Buxiguunii ctan | ITicos MPO
Cranb 45 270 378 40
Cranp 40X 360 486 35
Crane POMS5 580 731 26
BT6 450 540 20
J16T 130 153 18

[TinBuiienHs BTOMHOI MinHOCTI Ticiass MPO moB'szane 3 ¢hopMyBaHHIM
3aJIMIITKOBUX HAMpPY>XKEHb CTUCHEHHS y TOBEPXHEBHX Iapax, MOAPIOHEHHSIM
MIKPOCTPYKTYPH Ta CTBOPEHHSAM OLIbII BUCOKOI IIUIBHOCTI AMCIIOKAaLli, 110
YCKJIQTHIOE 3apPOJIKCHHSI Ta PO3MOBCIOIKCHHSI BTOMHUX TPIIIKH.

Ha ocHOBI ekcriepuMeHTaIbHUX JTaHUX PO3POOJIEHO PETpeciiiHy MOJEb,
10 OIHCYE 3AJICKHICTh OCHOBHUX E€KCIUTyaTallliHUX XapaKTePUCTUK MaTepialiiB
B1J1 napametpis MPO:

Y =ag+a,f +aH+ast+a,f?+asH? + agt? + a,fH + agft + agHT

ne: Y — mapamerp, IO XapaKTepU3y€e BIACTHBICTh Marepiairy
(MIKpOTBEpAiCTh, 3HOCOCTIMKICTH TOIIO); f — YaCTOTa €JIEKTPOMArHiTHOTO TOJIs,
kl'; H — HanpyXeHICTh MarHiTHOTO MoJsi, KA/M; t — TpuBaJIicTh 0OpOOKH, C;
ag, A1, -, Ag— KOEDILIIEHTH perpecii.

Koedimientu perpecii st KO)KHOTO MaTepiaqy Ta KOXKHOI BJIaCTHBOCTI
BU3HAYAIUCA  METOJIOM  HAaWMEHINUX  KBaJpaTiB 3  BHUKOPUCTAHHSIM
eKCIIepHUMEHTAIIbHUX JTaHuX. [lepeBipka aeKBaTHOCTI MOJIEI TT0Ka3aja, 110 BOHA
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JT03BOJISIE MPOTHO3YBATH 3MiHY BJIACTUBOCTEM MaTepiaiiB 3 TOUHICTIO 10 8-12% B
3JIKHOCTI BiJ] TUITy MaTepiaay Ta BIACTUBOCTI.

Ha ocHoOBI po3po0ieHoi Mojen CTBOPEHO KOMITIOTEpHY Iporpamy s
omrumizamii pexumiB MPO 3 MeTOI JOCSTHEHHS MaKCHUMAJIbHUX 3HAYCHD
HEOOX1THMX EKCIUTyaTalliiHUX XapaKTepUCTHK JaeTajed MamuH. Ha ocHOBi
MPOBEJEHUX JOCII/DKEHb PO3pPOOJEHO TEXHOJIOTIYHI peKOMEHAAIlli 11010
3actocyBaHHA MPO 11st iABUIIEHHS €KCIUTyaTalliHHUX XapaKTePUCTHK JeTaei
MaIluH: JJI9 JeTajei, 10 MpaIioTh B yMOBaX IHTEHCUBHOTO aOpa3WBHOTO
3HOIIIYBaHHs (3yOuacTi KoJjieca, Baju, OCl), pEKOMEHAYEThCS BUKOPHUCTOBYBATH
HacTynHi pexxumu MPO: s craneit 45 ta 40X: f= 140-145 xI'u, H = 120-130
kA/M, t = 110-120 c; ms cram POMS: £=130-135 xI'u, H = 140-150 kA/m, t =
90-100 c.; s geTanei, mo mpaioTh B yMoBaxX (PpeTHHT-KOpo3ii (1mocagouHi

MOBEPXHI MiAIIMITHUKIB, IUIIIHOBI 3'€THAHHS), ONTUMAJLHUMH € PESKUMH: JJIs
craneii: = 120-130 xI'm, H = 100-110 kA/m, t = 130-140 ¢; 11 TUTAaHOBOTO
crutaBy BT6: £=290-300 x['m, H = 85-95 kA/m, t = 70-80 c.
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TEXHOJIOI'TYHE 3ABE3INEYEHHSA )KUTTEBOI'O UKJTY
BUPOBIB MAHIMHOBYJ1YBAHHA

Anomauyia: Y pobomi pos3ensiHymo KOMRWJIEKCHUll nioxio 00 3abe3nevenHs
eekmusHOCmi  HCUMMEBO20 YUKTLY BUPODI6 MAUWUHOOYOVBAHHA HA 6CIX U020 emanax:
NPOEKMYBAHH s, BUCOMOGIEHH S, eKcniyamayii ma ymunizayii. Busnayeno xnowosi npobnemu,
nO8’A3aHi 3 pecypCHUMU 8MPAMAMU, GIOCYMHICMIO AOANMUBHUX CUCMEM YAPAGIiHHA ma
HeOOCMAamHIM piBHeM MEXHON02IYHOI CNA0KO8OCMI. 3anpoOnoHOBAHO CUCMEMY ONMUMI3AYil
HCUMMEBO2O — YUKTY — WIAXOM — GUKOPDUCMAHHA — MAMEMAMuyHo20  MOOeNI08aHH s,
IHMeNeKMyanbHux  CUcCmeM  Kepy8aHHs,  NPOSHO3YBAHHA — pecypcy  3d  OONOMO2010
HellpoMepedcesUx mexHoN02Il ma NPOBAONCEHHS IHHOBAYILIHUX MemOo0i6 3MiYyHeHH s, 30Kpema
MazHImMHO-pe30HaHCHOi  00pobku. OOrpynmosano eaxciugicms  iHmezpayii  yugpposux
mexHonociu y mexcax Kouyenyii I[noycmpii 4.0 ma cmeopenns yu@posux OGIUHUKIE O
NIIAHYBAHHA 00CTY208Y8aHHA | peMonmy mexanizmis. Ilpedcmasneno ananimuyni mooenui, wo
8paxo8yrome cobisapmicms, HAOIIHICMb, 0E36I0MOBHICMb MA NPOOYKMUBHICMb, K OCHOBU
NPUUHAMMS YAPAGIIHCOKUX piulenb 0nsa onmumizayii KL eupooy.

Knrouoegi cnosa: sccummesuti yuxn supoby, mexnonociune saboe3neuents, Onmumizayis,;
inoycmpis 4.0; macHimHO-pe30HaHCHA 00poOKa, YuMpPosull OBIIHUK, NPOSHO3YBAHHS PECYPCY;
IHMeNeKmMYabHI CUCTEMU.

Abstract: The paper presents a comprehensive approach to ensuring the efficiency of
the life cycle of machine-building products across all its stages: design, manufacturing,
operation, and disposal. Key issues such as resource losses, lack of adaptive control systems,
and insufficient technological continuity are identified. A system for life cycle optimization is
proposed through mathematical modeling, intelligent control systems, resource prediction
using deep neural networks, and implementation of innovative strengthening methods,
including magnetic resonance treatment. The importance of integrating digital technologies
within the framework of Industry 4.0 and the creation of digital twins for maintenance and
repair planning is substantiated. Analytical models are presented that take into account cost,
reliability, fault tolerance, and productivity as the basis for decision-making in life cycle
optimization.

Keywords: product life cycle; technological support; optimization; Industry 4.0;
magnetic resonance treatment; digital twin; resource prediction; intelligent systems.

CyuacHi yMOBHU eKcIUTyaTallli MaliMHOOYIIBHUX BUPOOIB BUMAararoThb He
JIUIIIE BUCOKO1 HAJIIMHOCTI, ajie ¥ aJaiTUBHOCTI JI0 3MIHHUX HaBaHTa)X€Hb, YMOB
poOOTH Ta TEXHOJIOTIYHUX BHUKIHKIB, IIOB’SI3aHUX 13 EKOJIOT1YHICTIO,
CHEeProe()eKTUBHICTIO Ta C€KOHOMIYHOIO JIOIUIbHICTIO. JKutreBuit mukn (OKII)
BUpOOY B MAIMHOOYIyBaHHI OXOIUIIOE TIOCIIIOBHI €Talu BiJ KOHUENTYaJIbHOIO
NPOEKTYBAHHS JO 3HATTA 3 €KCIUTyaTaiii, 1 Ha KOXHOMY 3 LMX €TaliB
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TEXHOJIOTiYHE 3a0€3MeYeHHS Bilirpae KIro4oBy posb [1-3]. Yemimae ynpapmiHHS
XKII motpebye CHCTEMHOTO MIAXOMy, KWW MOEAHYE IHCTPYMEHTH ITU(POBOTO
MOJICTIIOBAaHHS,  JIarHOCTUKH,  IHTEJEKTyaJlbHOIO  aHamizy JaHuX Ta
BHCOKOTEXHOJIOTTYHOT 0OPOOKH.

Metoro miei pobGotu € GopMyBaHHS KOHIIETITYaJIBHO-METOTUIHOTO
nigxony mo 3abesneueHHs edextuBHOCTI XKL BUpoOiB MammHOOYyyBaHHS Ha
OCHOBI 1HTerparii TeXHOJOTIYHUX 1HHOBAIIN 1 MUPPOBUX METOJIB YIpPABIIHHA
pecypcom, HaAIHHICTIO Ta BIIHOBJICHHSAM (DYHKIIIOHAJBHUX BJIACTUBOCTEH.

JlocmipkeHHs 0a3y€eThCsl HA KOMIUIEKCHOMY aHaUTi31 JIITEPAaTyPHUX JIKEpe,
MOJICTIOBaHHI TIPOIIECIB CTapiHHA Ta 3HOIIYBaHHS €JEMEHTIB MalluH Y
cepenoBumax MATLAB, Ansys Ta SolidWorks, a Takox 3acTocyBaHHI METO/IIB
CHEKTPAJILHOTO aHaJi3y, HEHPOMEPEKEBOI 1 TeHETUYHOT OTITUMI3AIli.

Jist  omiHKA €dEeKTUBHOCTI KUTTEBOTO IMKIY BHUKOPUCTOBYBAJIACh

y3araJibHCHa MOICJIb:

E _ P(O)R(®)
LEC ™ cror@)

ne: E;cc — eheKkTuBHICTh KUTTEBOTO LUKITY, P(t)— MpOAYKTUBHICTH y
bynkuii yacy, R(t) — QyHKuis HagiitHOCT1 (HANpUKIIad, eKCIOHEeHIHa R (t) =

e ™ | Cror(t) — cykymHa BapTicTh BOJIOZIHHS, BKIIOYHO 3 BUTPATAMH Ha
00CITyroByBaHHs, PEMOHT, EHEPTiIO Ta 3aMiHY.

[HTerparis iHHOBAIIMHUX TEXHOJIOT1H (HAPHUKIIaa, MarHiTHO-PE30HAHCHOT
o0pobku — MPQO) y mnporueci ekciutyaTallii aHaii3yBajach 3a JOIMOMOIOIO
MoJieJiel B3aeMO/IIT MIXK MapaMeTpamMy 30BHIIIHBOTO BIUIMBY Ta 3MIHOIO (P13HKO-
MEXaHIYHUX XapaKTEPUCTHK TTOBEPXHEBOTO IIapy.

Pe3yabTaTH 10CTiIZKEHHS.

[ToGynoBano nudpoBy Mouenb BHpoOy y cepenoBuili Autodesk Inventor
13 MOJAJIBIIIO TeHepallielo MUGPOBOTO JBIMHUKA, IO JO3BOJIMIO MPOBOIUTH
BIpTyaJIbHE TECTyBaHHS 3MIH KOHCTpyKuli. Pe3ynbratu mnokazanu, 1o
BKJIFOYCHHS €TalliB TUIAHOBO-TIONEPEIKYBAIBHOTO OOCITYrOByBaHHS Ha OCHOBI
MPEIUKTUBHOI J1arHOCTUKH 3MEHIITY€ CyKyTH1 BUTpaTu 110 18%.

MarniTHo-pe3oHaHCHa OOpoOKa MOBEPXOHb MiJ Yac OOCIyroBYBaHHS
J03BOJIMIIa 30UTBLIMTH OMIp 3HOLIYBAaHHIO 10 22% Yy KOHTPOJIBHUX 3pa3Kax.
Monenb BiZHOBIIEHHS BIAaCTUBOCTEHN onKCyBaslach TU(epeHIIaIbHUM PIBHAHHAM

BULY:

iad kiH + k,M(t)
dr . "« 2
ne: H — TtBepaicth abo iHIIA MEXaHIYHA XapaKTePUCTUKA TOBEPXHI,

M (t)— ¢]yHKIiIT MarHiTHOTO BILTUBY, K, kK,— KOHCTaHTH perpecii, BU3HAYCHI
€KCIEPUMEHTAIIBHO.
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HeiipomepexxeBi mozeni Ha 06a3i pekypeHTHoi apxitektypu LSTM
BUKOPHUCTOBYBAINCS JJIsl MPOTHO3YBaHHS 3aJIMIIIKOBOTO pecypcy. 3aCTOCYBaHHS
TeHEeTUYHUX aJTOPUTMIB JO3BOJMJIO MIHIMI3yBaTh BapTICTb TEXHIYHOTO
00CITyroByBaHHS MPHU 3aJaHOMY PiBHI HAJIIMHOCTI.

OTpumaHi pe3yiabTaTH MIATBEPJKYIOTh TINOTE3y TMPO JOIIBHICTh
IHTerpaIii I1HTENEeKTyaJbHUX TEXHOJIOTIM y CHCTEMY TEXHIYHOTO CYIpPOBOIY
MamMHOOyIiBHOTO BHPOOY. [loenHaHHS TpaguIiitHOTO 1HXEHEPHOTO MiIXO0Iy 3
IU(PPOBUMHU THCTPYMEHTAMHM JIO3BOJISE HE JIMIIE IMiABUIIUTH JOBTOBIUHICTD, a U
3a0€3MeUnTH aJJaTUBHICTh OOCITyTrOBYBaHHS Ha OCHOBI JJaHUX.

OkpeMoi yBaru 3aciyroBy€ BIPOBA/KEHHS MAarHiTHO-PE30HAHCHUX
TEXHOJOT1H, SKi JO3BOJSIOTH MPOBOJUTH OOpPOOKY MOBEPXOHBH 0€3 TEMOHTAXY
KOHCTPYKIIiH, 110 BIJIKPUBA€E HOBI TOPWU3OHTH I KOHIEMIi Zero-downtime
maintenance.

BHUCHOBKHWU.

1. XKutteBuil 1MKI BUPOOIB MAMIMHOOYAYBAaHHS MOXE OyTH CyTTEBO
MOJIOBKEHUW 3aBISKM LUU(POBUM IHCTPYMEHTAM KOHTPOJIIO Ta 1HHOBALIMHHUM
TEXHOJIOT1IM OOPOOKHU.

2. Iurerpamis umM¢poBUX JBIMHUKIB, TPEAUKTHUBHOI JIarHOCTUKH Ta
MarHiTHO-pE30HAaHCHOI OOpOOKH € KIIIOUOBUMH €JIEMEHTAMH TEXHOJIOITYHOTO
3a0€31eUeHHS.

3. 3acTocyBaHHS MoOjHeJeH omTHMI3amii Ta HEHPOMEpPEeX  JO3BOJIIE
3a0e3Meun T 3MEHIIICHHS! BUTPAT Ha 00CIIyroBYBaHHS 0€3 3HMKEHHS MMOKa3HUKIB
HAJIAHOCTI.

4. OtpuMaHi MO MOXYTh OyTH MOKJIAJE€HI B OCHOBY CUCTEM MHIATPUMKHU
NPUIHATTS PIlLIEHb Y CUCTEMAaX TEXHIYHOTO CEPBICY MPOMUCIOBUX MIANPHUEMCTB.
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V]IK 62-52

Kopengiii B.M., Kauyp O.1O., Iuaun M.B., Kapnuun P.b. (Hayionanrenuu
yHigepcumem «Jlveiecoka nonimexuikay, m. Jlvsis, Yrpaina)

KIHEMATUYHWI AHAJII3 TA KOHCTPYIOBAHHSI POBOTA-
MAHIITYJIATOPA JUIA KEPYBAHHA bBPAHACIHHOUTAMMU

Anomauia: 3anponoHos8ano KOHCMPYKYil0 pOOOMA-MAHINYAAMOpPA 3 AH2YIAPHOI0
KIHEMamu4Ho CXeMol Ol Kepy8aHHs OpAHOCNOUMAMU Y CUCEMAX HNOHCEHCOSACIHHSL.
Bukonano xinemamuunuii ananiz Maninyiamopa 3 n’smovma CMyneHAMU 8LIbHOCMI MemOOOM
MAmpuyHux nepemeopensb, 6UBEOEHO DIBHAHHA PYXY CXONII08aYd ma NpeocmasieHo
pe3yibmamu YUCeibHO20 MOOEN0BAHHI MPAEKMOpIi pyxy y npoepamuomy npooykmi MathCad.

Knwuoei cnoea: podbom-maninyiamop, — aueyiApHa  KiHeMamuka, — cucmemu
NOJICEINHCO2ACIHHA,  KIHeMAMUYHUL  AHANI3;, N ’SAMb  CMYNeHi8  GLIbHOCMI,  MAampuyHi
nepemeopeHHts;

Abstract: A design of a robot-manipulator with an angular kinematic scheme for
controlling fire monitors in firefighting systems is proposed. Kinematic analysis of the five-
degree-of-freedom manipulator was performed using the matrix transformation method, the
motion equations for the gripper were derived, and the results of numerical simulation of the
motion trajectory using the MathCad software package are presented.

Keywords: robotic manipulator; angular kinematics; fire extinguishing systems;
kinematic analysis; five degrees of freedom; matrix transformations.

IHocranoBka npodJieMu Ta ii 3B’A30K 3 HAYKOBMMH I NMPAKTUYHUMH
poboramu. IloxexxoraciHHs € OAHIE 3 HalHeOe3meuHIuX Ta ()I3UYHO
BUCHAKJIMBUX MPOQPECIHHUX ISITBHOCTEH, 10 BUMAarae BiJ 0COOOBOTO CKJIAILy
nepeOyBaHHS B EKCTPEMAJIbHUX YMOBaxX BUCOKHX TeMIlepaTyp, 3aJHMIICHHS,
TOKCUYHUX BHIIAPIB Ta PU3UKY OOBAJIEHHAd KOHCTPYKIiH. TpaauiiitHe
BUKOPUCTAHHS PyYHHX a00 CTaIlioHapHUX JadeTHUX CTBOIB (OpaH ICTIONTIB) IS
1o/1a4l BOJIM YU MTHU 0e3MocepeIHhO Ha OCEPEIOK MOKEkK1 HapaXKae MOKEKHHUKIB
Ha 3HAYHI PU3UKU JUJISL KUTTS Ta 3710poB’s. KpiM Toro, epeKTUBHICTh PYyYHOTO
KepyBaHHsI OpaHICIONTaMH MOXKEe OOMEXyBaTHCS (DI3MUHUMH MOKITHMBOCTSIMH
orepaTopa, BTOMOIO Ta CKJIQJHICTIO TOYHOTO HaBEACHHS 1 YTPUMAaHHS CTPyMEHS
B JTMHAMIYHUX YMOBAaX IMOXEXi, 0COOIUBO MPHU HEOOX1AHOCTI TpUBaAJIoi poboTH
a00 1mo/1aul BeMKUX 00’ €MIB BOTHETAaCHUX PEYOBHH.

3MEHILEHHS] PU3UKIB JJI1 0COOOBOTO CKIIANy, MiABUIICHHS €()EKTUBHOCTI
Ta TOYHOCTI TaCiHHS TOXKEX, OCOOJMBO Yy CKJIQJHUX Ta BEIUKOMACIITAOHHX
cleHapisix (Ha MPOMHCIOBUX 00’ €KTaX, CKIalax, y TyHENsIX, Ha HaTOXIMIYHUX
HiAMPUEMCTBAX ), € KPUTUIHO BKIMBUM 3aBAaHHAM. OJTHUM 13 EpCIEKTUBHUX
NUIAXIB BUPIMICHHS M€l MpoOJeMH € aBTOMAaTH3allis MpoIlecy KepyBaHHS
OpaHacroiTamMu 3a I0MOMOTO0 pOOOTHU30BAaHUX CUCTEM. 3aCTOCYBaHHS pOOOTIB-
MaHIIyJISTOPIB, 3JaTHUX JTUCTAHIIIITHO 400 aBTOHOMHO KE€PYBaTH MOJIOKEHHSIM Ta
OpIEHTAIlIE€I0 OpaHJICIIONTA, JTO3BOJISIE BUBECTU JIIOAMHY 3 HEOE3MeuHOl 30HH,
3a0e3neunTy CTablIbHE Ta TOYHE HABEJICHHS, a TAKOX MOTEHIIIHHO IHTETPYBATH
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CUCTEeMY KepyBaHHSA 3 JaBadyaMM (TEIUIOBI30paMu, KaMepaMH TOIIO) IS OUIbII
e(pEeKTUBHOTO pearyBaHHs Ha PO3BUTOK MOXKEXKI.

Po3po6ka poOGoTiB-MaHIMyISATOPIB € CKIIATHOIO 1HKEHEPHOIO 3a/1a4€l0, 1110
BUMarae TriHMOOKOTO aHami3y KIHEMaTHUKW [JIs 3a0e3MedYeHHs HeoOXiTHOTO
po0O0YOT0 TPOCTOPY, MAHEBPEHOCTI Ta TOYHOCTI MO3UITIOHYBAHHS OpaH/ICIIONTA.
HeoOximHO po3pobUTH Ta OOTpYyHTYBAaTH KiHEMATHUHY CXEMy MaHIMyJsATopa,
MIPOBECTH aHaJi3 HOTO PYyXJIMBOCTI, BUBHAYUTH POOOUY 30HY Ta BUPIIIUTHU MPAMY
Ta oOepHEHYy 3a7adi KIHEMAaTUKH, 10 € OCHOBOIO Jisi MOJAJBIIOT0 CHHTE3Y
CUCTEMU KEepyBaHHS Ta KOHCTPYIOBAaHHS MEXaHIYHOI YaCTUHHU.

AHai3 ocTraHHiX aocaimxenb i myOaikamiii. I[IpoGnema po3poOku
e(heKTUBHUX POOOTU30BAHUX CUCTEM, 30KpeMa MaHIMyJISATOPIB Il CIEIUDITHIX
3aBlaHb, TaKUX K KepyBaHHS OpaHICHOWTaMH, BHUMAara€ TJIMOOKOIrO
OMpalllOBaHHS NUTaHb KIHEMAaTHYHOIO aHali3y, CHUHTE3y Ta OINTHUMI3alii
KOHCTPYKTHUBHUX [apaMeTPiB MAIIMHOOYIIBHUX KOHCTPYKIINA. AHAJI3 OCTaHHIX
HAayKOBUX IyOJIKaIllid JO3BOJISIE BU3HAYUTH TMOTOYHUM CTaH JAOCHIIKEHb Y
CYMDKHUX TaTy3iX Ta OKPECIUTH BHECOK JIaHOT pOOOTH.

BaxxnuBi  acmekTH  CTPYKTYpPHOro Ta  KIHEMATHYHOIO  aHajizy
MaHIITyJISITOPIB PO3IIIAAI0THCS Y poOOTI [1]. ABTOpH MpOBEIM JeTaNbHUI aHAII3
MaHIMyJATOpa TNaHTOrpaHOro THUIY 3 TPbOMa CTYIEHSMHU BUIBHOCTI,
BKJIIOYAIOYM BU3HAYEHHS MOro poO0Y0i 30HU Ta aHATITUYHUN ONMUC KIHEMAaTUKHU.
Metonuku, mpeacTaBiieHi B i poOOTi, € hyHAaMEHTATBHUMU JJISI PO3YMIHHS
B3a€MO3B’A3Ky MDK KOHCTPYKTUBHUMH IapaMeTpaMu Ta KIHEMATUYHUMHU
MO>KJIMBOCTSMU MaHIMyJISTOPA, 0 € 0€3M0CePEIHBO PEIEBAHTHUM ISl IEPILIOTO
eTaly IpOoeKTyBaHHsS MaHIMyJsATOpa AJs KepyBaHHs OpaHACIIONTOM — BUOOpPY Ta
aHajizy KIHEeMaTH4YHOI CcXeMHu. Y JOoCHiikeHHI [2] aBTOpW aHaJI3YIOTh
KIHEMaTH4H1 XapakTepucTuku Maimyistopa Tuny SCARA, BcTaHOBIEHOTO Ha
MOOUIBbHIN TyceHnuHld tuaropmi. s pobora mokazye MiaXoau 10 aHAIZY
KIHEMATUKH 1HIIOTO MOUIMPEHOr0 TUIY MaHIMyJATOPIB Ta PO3IIISIAA€ ACIEKTH
1HTerpauii MaHImyJIsUIHHOT CUCTEMH 3 MOOUIbHOIO 0a30r0. Xo4ya MaHIMyJsAToOp
tunty SCARA Moxke Matu OOMEXEHHs [Jisi 3aCTOCYBaHHS y KepyBaHHI
OpanacnoToM 4depe3 crnenudiky pyxiB, METOAM aHai3y HOro KiHEMAaTHYHHUX
XapakTepucTuK (poOouoi 30HU, MIBUJIKOCTEH, TOYHOCTI) € KOPUCHUMHM ISt
NOPIBHSUIBHOTO aHAI3y Ta BUOOPY ONTHUMAJIbHOI CTPYKTYPH JIsi MOCTaBJIEHOI
3aj1a4l.

[lutanHg onTUMIi3alii KOHCTPYKTUBHHMX TMapaMeTpiB POOOTHU30BAHUX
CUCTEM 3 METOIO0 3a0e3nedeHHs €()eKTUBHOCTI Ta HAIMHOCTI POOOTH BUCBITICHO
y mpami [3]. ABTOpHM 30CepeKYIOTbCS Ha ONTHMI3alii TapameTpiB
MaHIITyJISITOPIB JUIsl BAPOOHUYOTO cepenoBuina. He3pakarounm Ha Te, 10 YMOBH
eKCIUTyaTarii MaHImyJsaTopa i OpaHJIICIIONTa CYTTEBO BIAPIZHSIIOTHCS Bij
TUIIOBOTO BUPOOHUYOrO cepeloBula (BUCOKI TeMIEpaTrypd, BOJIOTICTb,
JTVHAMIYH1 HaBaHTa)XEHHS BiJ peakilli CTpyMeHs), MIAXOAW JO ONTHUMI3allii
KOHCTPYKIIii 3 TOUKH 30py TOCATHEHHS HEOOX1AHUX MOKAa3HUKIB MPOAYKTUBHOCTI
Ta 0€3BIIMOBHOCTI € BaXJIMBUMHU 1 MOXKYTh OyTH aanToBaH1 IS crielu(piyHuX
BUMOTI' MOKEXOTaClHHs. 30Kpema, KpUTepli ONTHMIi3allii MalTh BpPaxOBYBaTH
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MaKCUMaJIbHUM  BWJIIT,  BaHTaXOIMIAWOMHICTh  (34aTHICTb  yTPUMYBATH
OpaHICTIONT 1] THCKOM) Ta TOYHICTh MO3uIlioHyBaHHsA. PoOoTa [4] nmpucBsueHa
PO3pOOIEHHIO Ta JOCTIKEHHIO Ccrielr(DIYHUX KIHIIEBUX BUKOHABUMX MPHUCTPOIB
— CXOIUTIOBAYiB I MAHIMYJTIOBAaHHS KUIBIETIOMIOHUMHU JeTAISIMU. Xo4a
Oe3nocepeIHbO 3ajaya KepyBaHHS OpaHJCIIONTOM He mependayvae 3axOIICHHS
00'€KTIB y KJIACMYHOMY pPO3YMiHHI, ILIsI TyOdiKalis IEMOHCTPYE METOAMKY
NPOEKTYBaHHS Ta JOCHIHKEHHS (PYHKIIIOHAJbHUX €IEMEHTIB MaHIMyJISITOPA, 110
BIJIMOBIAIOTH 32 B3a€MO/I1I0 3 00’ €KTOM (Y HAIIOMY BHUIIAJIKY — OpaHCIIONTOM).
[limrxoaum a0 KOHCTPYIOBAHHS Ta aHajidy By3ja KpIIUICHHS Ta oOpleHTaIlli
OpaHcTIoNTa MOXKYTh 0a3yBaTHCS Ha MOIOHUX 1H)KCHEPHUX MPUHIIUIIAX.

@®opMyJTIOBAHHSI HEBHPIlIEHUX YACTHH 3arajbHoOI MpoodjaeMu. AHai3
HaBeJeHUX myoOuikamii [1-4] CBIAYMTH MPO HASIBHICTH HaIlpallloBaHb y cdepi
CTPYKTYPHOI'O Ta KIHEMAaTHMYHOI'O aHalli3y PI3HUX THUINB MaHImyasaTopiB [1, 2],
3anmponoHOBaHl METOJIWKH aHalli3y KIHEMATHKH Ta MiAXOAU 0 ONTHUMI3ZAIli €
HIHHUM  MOIATPYHTAM s po3poOKM  MAaHIMyjdsiTopa sl  KepyBaHHS
Opanacnoiitamu. OIHAK, HE3BAYKAIOUM HA 3HAYHHUM OOCST JTOCHIIKEHb Y Tay3l
pPOOOTOTEXHIKH, KOMIUIEKCHE 3aBJIaHHs, 1110 MOENHYE AETATbHUN KiHEMaTHUHUN
aHai3 (BKJIIOYAI04YH pO3B’ I3aHHS MPsIMOi Ta 00€pHEHO1 3a/1a4 KIHEMAaTUKH, aHaJI13
po0ou0i 30HM Ta CHHTYJSPHOCTEH) Ta OOTPYHTYBaHHS KOHCTPYKTHBHHX
napaMeTpiB  MaHIMyJsATOpa, CIEUIaJbHO MPU3HAYEHOrO Ui KEepyBaHHS
OpaHACIIONTOM 3 ypaxyBaHHAM CHEHU(IKH HOoro poOOYoro ceperoBuUIla Ta
GyHKIIOHATBHUX BUMOT (BEJIMKHN pOOOYMU MPOCTip, HEOOXITHICTH TOYHOTO
HABEJICHHA Ta YTPUMaHHS TpPH 3HAYHUX PEAKTUBHUX CHJIAX), 3aJTHUIIAE€THCS
HEJIOCTaTHBO PO3KPUTHUM Y JOCTYIIHIN JITEpATypi.

Iixi craTTi Ta mocraHoBKka 3aaa4vi. OCHOBHOIO METOIO JaHOI CTaTTI €
MPOBEJCHHS]  MOTJIMOJEHOr0  KIHEMAaTMYHOrO0  aHajlizy Ta  pO3pOoOKH
KOHCTPYKTHUBHOTO PIlIEHHS JJ11 poO0Ta-MaHIMyJIsITOpa, aAalTOBAaHOIO JI0 3a7ayl
KepyBaHHA Opanacnoitamu. Cepen 3agad poOOTH ClliJi BUAUITUTA (POPMYBaHHS
KIHEMaTHUYHOI Ta pO3PaXyHKOBOI CXEM MaHINyJATOpa, BUBEJACHHS 3aKOHIB PYXY
JaHOK, MaTeMaTUYHE MOJICIIOBAHHS PyXy CXOIUIIOBAaya, a TAKOXK PO3pOOIeHHS i
aHai3 KOHCTPYKTUBHOTO BUKOHAHHS poOOTa-MaHIMyJIsITOPa.

Buxkiag oCHOBHOro Marepiaay AOCHIIKEHHsI. 3araJlbHUN BHUTJISAL
MIPOMHUCIIOBOTO POOOTa-MaHIMyJIATOpa, PO3POOJIEHOTO y MeXaxX BHUKOHAHHS
JTAHOTO JOCIIIJKEHHs, 300paxeHo Ha puc. 1. PoOoT Mae miapHipHO-BaXKiJIbHY
KOHCTPYKIIIO 3 aHTyJIIPHOIO KIHEMAaTH4YHOIO cxeMoro. Lle o3Hauae, 1o Bci Horo
pyxoMmi 3’€THaHHS € OOepTaJbHUMH, 3a0€3MeUylour BHCOKY MaHEBPEHICTh Ta
THYYKICTh y poOouiii 30HI. PoOOT Moxe OyTH SIK CTalllOHapHUM, 32 YMOBH
KpITJIEHHST OCHOBU 1 6e3mocepeHbo 10 PyHIaMEeHTY MPUMIIIIEHHST 200 OMOPHOI
KOJIOHH, TaK 1 MOOUIBHUM, KOJIM OCHOBAa | MOHTYEThCS HAa MOOUIbHIN (KOJIICHIM
yu ryceHuuyHi) tuiatdopmi. OCHOBHI €JIE€MEHTH KOHCTPYKIli poboTa €
HACTYITHUMH.

Ilnura (1) ciayrye OCHOBOKWO il KpIIJIEHHS BCI€l KOHCTPYKIIi
MaHinmyasTopa. Bona 3a0e3neuye CTIMKICTh Ta HEPYXOMICTh poOOTa MiJ 4ac
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BUKOHAHHS TEXHOJIOTTYHHUX omnepailiidi. [IpuBix ropm3oHTaIBLHOIO 00epTAHHA
MaHinyJsaTopa (2) MICTUTh eIeKTPOABHUIYH (8) 13 4epB’ssuHOI0 nepeaayeto (11),
1o 3a6e3medye 00epTaHHS MaHIMyJIATOpa HABKOJIO BEpTUKAIBHOI oci. [Tnede (3)
— TepIia JIaHKa MaHImyJasuTopa, MO0 3'€AHYEThCS 3 IUIMTOI0 TMPUBOAY
TOPU3OHTAILHOTO 00epTaHHs (2) yepe3 o0epTaabHy KiHEMAaTHYHY Tapy, KyTOBE
MOJIOKEHHSI SIKO1 BIJHOCHO TOPHU3OHTY PETYIIOETHCA  EIEKTPOIPHUBOIOM
niHiitHOTO Tepemimienns (15). Jlikote (4) — apyra JaHka MaHIMyJsTOpa, IO
3'emHyeThcsl 3 TuiedeM (3) uepe3 oOepTanbHy KiHemaTH4Hy Tmapy. KyTope
MoJIOKeHHS JIKTA (4) BigHOCHO 1wieda (3) KEpYEThCS EIEKTPONPHUBOIOM
JiHiiHOTO nepeMitneHHs (16). [lepearumiuus (5) — TpeTs JaHKa MaHIMYJIATOPA, 110
3'eMHY€ThCS 3 JIIKTEM (4) Ta Mae MOXIIMBICTH OOEpTATHCS HABKOJO HMOro
MO3/I0BXXHBOI OCI 33 PaXyHOK €JIEKTPOJIBUTYHA 9 Ta MOBOPOTHOTO MeXaHi3mMy 12.
3an'scts (6) 3’eaHyeThed 13 nepearmiyuam (5) yepe3 obepTaibHy KiHEMaTUYHY
napy (migmunauky (14)), a Horo KyToBe MOJIOKEHHSI BIIHOCHO NepeAruniaysim (5)
peryioeThes enekTpoaBurynoM (10) yepes 3ydouacto-macoBy nepenaqy (13). ¥V
3aMpONOHOBAHIN KOHCTPYKLII IPOMHCIOBOTO pOOOTa-MaHIMyJsATopa 3am'scTs (6)
Ma€ IICTh CTYINEHIB BUIBHOCTI, 3a0€3Me4yyloud JIOBUIbHY OpI€HTALIO
cxormnoBaya (7) B npocropi. CxommoBau (7) — NpUCTpIdA JJIsl 3aXOIUVICHHS Ta
yTpUMaHHs 00'€KTIB MaHIMYJIOBaHHA. Y MaricTepchKiil KBamQikamiitHii poOoTi
JUISL TIEPEMIILEHHS UWIIHAPUYHUX 3arOTOBOK Macoro 10 10 Kr 3amponoHOBAaHO
BUKOPUCTOBYBAaTH MEXaHIUHUN CXOIUToBad (7) XBAaTKOBOTO THITY 3 JIBOMA
MPUTUCKHUMHU MabISIMHU (TyOKamu).

by le e
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Pucynoxk 1. 3aransHuii BUTIIA1 po3po0JIeHOr0 poOoTa-MaHIMyJIsaTopa

OcHoBHUMHU pyxaMu poOoTa-maHinynaTropa € HactynHi: 1. OOGepraHHs
HABKOJIO BEPTUKAJIBHOI OCi: 3arajgbHe 00epTaHH MaHIMyJISTOpa 31HCHIOETHCS 3a
JIONIOMOT 00 €J1EKTpoABUTYHa (8) 3 uepB’siuHOMO nepenayeto (11), po3ramoBanoro
B IIPUBO/II TOPU3OHTAILHOTO oOepTanHs (2). Lle qo3Bomsie pobOTY OXOIUTIOBATH
HIMPOKY poOouy 30HY HaBKoJIO cebe. 2. Pyx mneva: ExextponpuBoj JiHIHHOTO
nepemitieHHs (15) peryntoe KyToBe MoJI0KeHHs Tuieda (3) BITHOCHO TOPU30HTY.
[le mo3Bosisie MiAHIMATH Ta OMyCKaTH TIJI€Ye, 3MIHIOIOYHM BUCOTY Ta YaCTKOBO
JTATBHICTD TOCSKHOCTI MaHimyJsitopa. 3. Pyx mikTs: EnekTponpuBo JiHIHHOTO
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nepeMiiieHHs (16) kepye KyTOBUM TOJOKEHHAM JIKTs (4) BigHOCHO 1uieda (3).
Ile m03BOJIsIE 3TUHATU Ta PO3TUHATH «PYKY» poOOTa, 3MIHIOIOUM HOTO BHIIT Ta
koH(pirypamito. 4. O6epranns nepeammgys: Enexrpoasurys (9) 3 moBOpOTHUM
MmexaHisMoM (12) 3abe3neduye oOepTaHHS mnepeamIigus (5) HABKOJIO MOro
no3710BXKHBOI oci. lle m03BoJsiE MaHIMyJATOPY «CKpydyBaTH» 3aml’siCTs Ta
CXOIUTIOBaY, 3a0e3Meuylodyr JOAATKOBY THYYKICTh MpPU MaHIMyJIALIsX 3
o0’extamu. 5. Pyx 3am’sictsa: EnextpoasBuryn (10) 13 3yOuacTo-macoBoro
nepenadero (13) perymoe KyToBe TIOJOXKEHHS 3am’scts (6) BIIHOCHO
nepeartiyys (5). 3aBISKU I'SITH CTYIEHSM BUIBHOCTI, pOOOT MOKE JOBUIHHO
OpIEHTYBATH CXOIUTIOBaY (7) B MIPOCTOPI, 1110 I03BOJIsIE HOMY BUKOHYBATH CKJIA THI
MaHIMyJISII1l 3 00’ €KTaMH.

Ha puc. 2 npencrasieHa KiHeMaTHYHA CXE€Ma MaHIMyJsTOpa 3 1’ SIThbMa
CTYNEHSMH BUIBHOCTI, SKa BIINOBIAA€  3alpOINOHOBAaHINM  KOHCTPYKIIi
MIPOMUCIIOBOTO po0OOTa, 300pakeHOro Ha puc. 1. AHamI3ylOuu CXEeMy, MOXHa
BUJIUIUTH HACTYIIHI KJIFOYOBI KOMIIOHEHTH Ta iX Xapakrtepuctuku: I. Jlanku.
Jlanka 1 (OA): moBopoTHa JaHKa, sika € 0a30r0 MaHinmyisTopa. Jlanka 2 (AB):
Iiedye MaHIMyJIsITopa, 3’€IHaHe 3 023010 00EpPTAIBHOI KIHEMAaTUYHOIO MApoI0 B
touri A. Jlanka 3 (BC): mepeammiuus, 3’e€qHaHe 3 IWiedeM 0OepTaIbHOIO
KiHeMaTH4HOIO TMaporo B Touri B. Jlamka 4 (CD): 3am’sicts, 3’emHane 3
nepeIuTudYsaM o0epTaabHO KiHeMaTHaHOIO naporo B touni C. Jlanka 5 (DE):
CXOIUTIOBaY, 3’ €AHAHUM 13 3aI’sCTsIM OOEpPTAIbHOI0 KIHEMAaTUYHOIO Mapolo B
toutli D. 2. Kinemamuuni napu. Bci xiHeMaTHuHI TIapy B JIaHii KIHEMaTUYHIN
cxeMmi € o0epTalbHIUMHU, IO 3a0e3euy€e MaHIMyJIATOPY BUCOKY MaHEBPEHICTh Ta
THYYKICTb. 3. ¥Y3azanvHeHi koopounamu: ¢y — KyT IOBOPOTY JIaHKU 1 (omopHOi
m1aThopMu) BiIHOCHO 0a30BOi CUCTEMH KOOPAMHAT; @1 — KyT IOBOPOTY JIAHKH 2
(ruteya) BiAHOCHO JaHKU 1 (OomopHO1 miaTgopMu); @2 — KyT MOBOPOTY JIAHKU 3
(mepenruivys) BiTHOCHO JIAHKH 2 (T1J1€4a); @3 — KyT MOBOPOTY JIAHKH 4 (3a11’sICTsI)
BIJIHOCHO JIaHKU 3 (TIepearuiiyyus); ¢s4 — KyT MOBOPOTY JIAHKU 5 (CXOIUTIOBaYa)
BIIHOCHO JlaHku 4 (3am’sicts). 4. Cucmemu koopounam. B Mexax MeTOqy
MaTPUYHUX TIEPETBOPEHb [JIsi KOXHOI JIAHKM BBOJAMTHCA JIOKajJbHA CHUCTEMa
koopauHat. Ha puc. 2 300pakeHO Taki CUCTEMHU KOOpPIWHAT: XoYoZo — Oa3oBa
crcTeMa KOOPJMHAT, HEPYXOMO 3B’si3aHa 3 OCHOBOIO JiaHKH | (miam’ sitaukom O);
X1Y1Z1 — JIOKaJbHa CUCTEMa KOOPJAMHAT, )KOPCTKO 3B’s3aHa 3 JJAHKOIO 2 (TIJIeueM)
y mapHipi A; X2Y2Z, — TOKajJbHA CUCTEMa KOOPIMHAT, >KOPCTKO 3B’ s13aHA 3 JIAHKOIO
3 (mepearmiiy4simM) y mapHipi B; XsY3Z3 — TOKajJbHA CUCTEMA KOOPJUHAT, )KOPCTKO
3B’si3aHa 3 JlaHKow 4 (3am’sctsMm) y mapHipi C; XaYaZs — JIOKaJlbHA CHCTEMa
KOOPJIMHAT, >KOPCTKO 3B’s3aHa 3 JIAHKOO 5 (CXOIUIroBaueM) y mapHipi D; Xsyszs —
JI0JIaTKOBa CHUCTEMa KOOPJWHAT, *KOPCTKO 3B’s3aHa 3 KIHIEM CXOIUTIOBaya
(troukoro E). 5. I'eomempuuni napamempu. Ha cxemi 1mo3HadeHi TeOMETPUYHI
napaMeTpu MaHinyasTopa: lop — ropu3oHTanbHA BiACTaHb Bix ocHOBH O [0
mrapHipy A; hoa — BepTUKalbHa BijcTaHb Bijl ocHOBU O 10 mapHipy A; lag —
JOBKHHA JIaHKH 2 (11e4a); lgc — noBkuHa JaHku 3 (nepeamniays); lcp — moBxkuHA
naHku 4 (3an’sct); Ipg — JOBXKUHA JJaHKH 5 (CXOIUTIOBaYa).
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Pucynok 2. Kinematnuna Ta po3paxyHKOBa CXEMH PO3pOOIEHOT0 MAHIMyJISITOPA

JIns  BUKOHAHHS KIHEMATUYHOIO aHaNi3y JaHOTO  MaHIMyJsTopa
BUKOPUCTAHO METO]I MAaTPUYHUX MEPETBOPEHb, B SIKOMY BHU3HAUAIUCS MATPHIIL
MEePETBOPEHHS KOOPJIMHAT MK CYCIIHIMU CUCTEMaMH KOOPJIMHAT. 3BaKalouu Ha
JIOBOJII TPOMI3AKI BUPA3U AJIA PO3PaXyHKY 3arajlbHOI MaTpHUIll NEpPexoay Mix
KOOpAMHATHUMH cucteMamu «0» 1 «5», 0OMEKUMOCS MPE/ICTABICHHSIM JIUIIIE
OCTaHHBOT'O CTOBIMIIS BIATOBIAHOI MAaTpPHIIl, KU BU3HAYAE KOOPJIUHATH KIHIIS
cxoruroBaya (Touku E) y 6a3zoBiit koopaunatHiit cuctemi «0» (x0y0z0):

IOA _IAB 'Sin(Dl—(IBC + ICD +|DE 'COS(D4)'Sin(@l+¢2)—
Xg = : : : -COS@p —
—IpE -sing, -sings -sin(¢, + ¢,)

—Ipg -sing, -cos(@y + ¢, )-cos(gp + ¢3);

Ve = IOA—IAB'Singﬂl—(IBC +|CD+IDE'COS¢4)'Sin((D_L+¢2)— ,Sin¢ B
: —IpE -sing, -sings -sin(¢ + ¢,) °

—IpE -sin@, -cos( @y + @y )-sin(@g + ¢3);

zg =hop +1ag - C0s@y +(lac +lcp + IpE - COS@4) - COS(@1 + 5 ) -
—lpg -sing, -cos gy - sin (@, + @5 ).

[TincraBnsroun reomerpruni napamerpu (I0A, hOA, 1AB, IBC, ICD, IDE)
CIIPOEKTOBAHOI'0 pOOOTA-MAHIMYJISTOPA Y BUBEJICHI BUIIIE PIBHSHHS Ta 3a/1al04u
napamMeTpu 3MIHU BIAMOBIAHMUX y3aranbHeHUX koopauHat (90, ol, 92, o3, ¢4)
MO’KEMO BCTAaHOBHUTH TPAEKTOPIIO PyXY CXOIUTIOBAayYa B IPOCTOPI Ta 3MOJIETIOBATH
HOro KIHEMaTW4yHl XapaKTepuCTUKH. [‘eomeTpuyHi mapameTpu JTaHOK
cxorumoBadya € Hactymaumu: 10A = 0,182 m, hOA =0,364 m, 1AB = 0,581 M,
IBC = 0,325 m, ICD = 0,273 m, IDE = 0,231 m.

J1J1st TpOBEICHHSI YUCETHHOTO MOJICITIOBAHHS Ta Bepu(iKaIlii MpaBUIBHOCTI
BUBEJICHUX PIBHSHB PyXy CXOIUIIOBa4a, PO3TIASHEMO HACTYIHI KiJbKa MPOCTUX
BaplaHTIB 3MIHHM Y3araJlbHCHHMX KOOPJAMHAT B dYacoBoMmy mpomixkky 0...3 c:
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1) MOBOPOT MaHIMyJIATOpPa HABKOJO BepTHKaIbHOI oci (puc. 3(a)): @0 = 1,04-t,
el =0, ¢2=90°, ¢3=0, ¢4=0; 2)Mm0OBOPOT MAaHIMyJIATOpa HABKOJIO
BEPTUKAIBHOI Oci Ta HaxuJ tieda (puc. 3(0)): o0 = 1,04-t, o1 = 0,36-t, 02 = 90°,
03 =0, ¢4 = 0; 3) Haxw1 TUIeya Ta BUIOBXKeHHs nepeamtigust (puc. 3(B)): ¢0 =0,
ol =0,36t, 2 = 1/2-0,36°t, 3 = 0, ¢4 = 0; 4) MOBOPOT MaHIIyJIATOPA HABKOJIO
BEPTHKAIbHOI  OCi, Haxmji IUleda Ta  BWAOBXKEHHS  MEpeaIunyys
(puc. 3(r)): 0 = 1,04-t, 1 =0,36°t, 2 = 1/2-0,36-t, 3 =0, 4 = 0.

BucHOBKH Ta mnepcneKTHBM MNOJAJBINUX AOCTIIAKEHb. Y CTarTi
3alpONOHOBAHO KOHCTPYKIIIO poOOTa-MaHIMyJISITOpa AaHTYJISIPHOTO THUITY 3
II’SIThMa  CTYNEHSMM BUIBHOCTI, MPU3HAYEHOTO [JIsi aBTOMAaTHM30BAHOIO
KepyBaHHA OpaHACIOWTaMH B CHCTeMax IMOXexkoraciHHd. BukonaHo
KIHEMaTUYHUIM aHalll3 MaHIMyJsATOpa METOJAOM MATPUYHHUX MEPETBOPEHb, IO
JIO3BOJIMJIO OTPUMATHU AHAITAYHI 3aJIEKHOCTI JJIsI BU3HAUEHHS TOJOKCHHS
BUKOHABYOTO oOpraHy (cxormmoBada). [IpoBemeHo dmcenbHE MOACTIOBAHHS
TpaekTopid oro pyxy y cepenonuinl MathCad, ske miaTBepaAnio KOPEKTHICTh
BUBEJCHUX PIBHSAHb Ta MPOJEMOHCTPYBAJIO KIHEMATHUYHI MOXJIHMBOCTI
PO3p00IIEHOT KOHCTPYKIII.

[Topanbuii poOOTH MOUIIBHO CHPSAMYBAaTH Ha pO3B’A3aHHSA OOEPHEHO1
3alayl  KIHEMaTUKH, HEOOXITHOI Uil pO3pOOKM CUCTEMH KEpyBaHHS
MaHIIyJISTOPOM. BaXJTMBUM € TPOBEACHHS TUHAMIYHOTO aHaJ13y 3 ypaxXyBaHHAM
Mac JJaHOK, MOMEHTIB 1HEPIIii Ta pEaKTUBHUX CUJI BIJ] CTpyMEHs OpaHACTIONTA.
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Pucynok 3. Pe3ynpTatu 4MCEIbHOr0 MOACIIOBAHHS PYXY CXOIUIIOBava
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Kopenaiit B.M., Hapammun O.41., Anis O.M., Kupuuyk B.B.,
Binvuunceknii T.P., (Hayionanvnuii ynisepcumem «Jlvgiecoka nonimexuikay,
M. Jlvsis, Yrpaina)

AHAJII3 MOKJIMBOCTEN BUKOPUCTAHHS IIJIOCKHAX
BAKUIbBHHUX 1 3YBYACTUX MEXAHI3MIB Y IIPUBOJAX
BIBPAIIIMHUX TEXHOJIOI'TYHUX MALINH

Anomayia: Ilpoananizosano nomeHyian BUKOPUCMAHHA NIOCKUX BANCITbHUX 1
3y0uacmux Mexauizmié y npueooax eiopayiinux mexuonoeiunux mawun. Ha npuxnadax
NIAGHeMapHux ma 3080€HUX KPUBOULUNHO-NOB3VHHUX MEXAHI3MI8  NPOOEMOHCMPOBAHO
MOJACIUBICM 2eHePYBaAHHS PISHOMAHIMHUX KEPOBAHUX MPAEKMOPIU pyXy poboyo2o opeauy
(bacamoxymHux, NPAMOAIHIUHUX, KOAOBUX MA eNINMUYHUX) WISAXOM 3MIHU Napamempie
8IONO0BIOHO20 MeXaHi3MY 8i0PO30YOHUKA MA KOJUBHOI cucmemu i0pOMaUtuHU.

Knrouosi cnosa: siopayitina mexmonociuna Mawuna, ni0OCKULl 8aXNCIIbHULL MEXAHIZM;
3y6uacmuil MeXanizm, NIAHeMapHull MeXanizm, 3080€HUL KPUBOULUNHO-NOB3YHHULU MEXAHIZM.

Abstract: The potential for using planar linkages and gear mechanisms in drives of
vibratory technological machines is analyzed. Based on examples of planetary and twin crank-
slider mechanisms, the capability to generate various controllable motion trajectories of the
working member (polygonal, rectilinear, circular, and elliptical) is demonstrated by adjusting
the parameters of the corresponding vibration excitation mechanism and the oscillatory system
of the vibratory machine.

Keywords: vibratory technological machine; planar linkage mechanism; gear
mechanism; planetary mechanism; double slider-crank mechanism.

IHocTanoBka npoOJiemMn Ta ii 3B'I30K 3 HAYKOBUMM i NMPAKTUYHHUMHU
poboramu. BibOpamiiini TexHonoriuni MamuuHu (BTM) 3Halinum mmmpoke
3aCTOCYBaHHS y PI3HHUX Tally3sX MPOMHUCIOBOCTI, TaKUX SIK TIPHUYOJ00YyBHA,
OyaiBelbHa, XIMIYHA, XapuyoBa, CUIbCBKOrocmojapchka Ta 1HII. BoHu
BUKOPUCTOBYIOTHCS ISl BUKOHAHHS PI3HOMAHITHUX TEXHOJOTIYHUX OIeparii:
TPAHCIIOPTYBaHHSI, cemnapaili, YIIIJbHEHHS, 3HEBOJAHEHHS, MOJPIOHEHHS,
3MilTyBaHHST TomlO. E(EeKTUBHICTh, HAIIMHICT, Ta SKICTh BUKOHAHHS IMX
omepauid 3HAYHOIO MIPOKO 3aliekaTh BiJ MapaMeTpiB BIOpALIITHOTO pyXxy
po0OOYOro OpraHy MallvHU, Ki, y CBOIO YEPTy, BU3HAYAOTHCS KOHCTPYKLIEIO Ta
xapakTepucTukaMu ii npuBoay. Tpamuuiiino y BTM BHKOpHUCTOBYIOTHCS
NPUBOAM PIZHUX THIMIB. E€KCIICHTPUKOBI (KPUBOIIUITHO-IIATYHH1), 1HEPIIHI
(BiOpatopu cropsiMoBaHOi [ii, ge0anaHCHI), €IEeKTPOMArHiTHI, TIApaBiivHI,
nHeBMaTnuHi. KoXeH 3 1UX THMIB MPHUBOJIB MAa€ CBOi MepeBaru Ta HEIOIIKU
IIOJ0 MOYKJIMBOCTI 3a0e3IeyeHHsT HEOOXIIMHMX KIHEMATHYHUX Ta IWMHAMIYHUX
XapaKTEePUCTHK, Jlala3oHy peryJioBaHHS TmapamMeTpiB BiOparii (4acTorw,
aMIUTITY A, GOPMHU TPAEKTOPIi), eHeProe(HeKTUBHOCTI, CKJIAIHOCTI KOHCTPYKIIIi,
BApTOCTI Ta HAIIAHOCTI. 30Kpema, sl 0araTbOX TEXHOJIOTIYHUX IIPOIIECIB
MOTPIOHI CKJIaJHI 3aKOHM pyxXy poOouyux opraHiB ab0 MOXIMBICTh 1X
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OINEPATUBHOIO PETYJIOBAHHS, 10 HE 3aBXKIM JIETKO peani3yBaTu 3a J0MOMOTr0I0
TpaJAMIIIITHUX PUBOJIIB.

Bomnouac, mmocki BaxinpHi # 3youacti mexanizmu (IIB3M), sxi € ogaum
13 HAWMOMIMPEHIIIMX KJIACIB MEXaHI3MIB y MallMHOOYIyBaHHI 3aBISKH CBOii
3IATHOCTI JI0 CKJIAJTHOTO MEPETBOPEHHS 00EPTOBOrO PyXy Y MOCTyHalbHUN a00
KOJIMBAJIBHUH 32 PI3HUMHU 3aKOHAMU, PO3TISAAI0ThCs K npuBoau BTM 3HauHO
pigme. [IB3M mOTEHIIMHO MOXYTh 3a0€3MEUNTH: peani3alliio CKIATHUX
TPAEKTOpIA pyXy TOUYOK poOOYoro opraHy; OTpPUMaHHS HEOOXIJTHHX
KIHEMaTUYHUX Ta JUHAMIYHUX XapaKTEPUCTHK (HAMPHUKIAJ, ACUMETPUUYHUX
3aKOHIB PyXY); BITHOCHY MPOCTOTY KOHCTPYKIIii Ta BUTOTOBJICHHS;, MOXJIUBICTh
iHTerpamii 3 pi3HUMHM TUNamMu ABUTYHIB. OJIHAK, HE3BaKalOuM Ha 3HAYHUN
TEOPETUUHUN JOPOOOK Yy Tady3l Teopii MEXaHI3MIB 1 MalldH Ta BiOpaliiHoi
TEXHIKM, TUTaHHS CHCTEMAaTHUYHOI'O aHali3y MOXJIMBOCTEM Ta JIOIIIBHOCTI
BuKopuctanHsa came [IB3M sk npuBoziB BiOpaliiHUX TEXHOJOTTYHUX MAIIMH,
OLIIHKM 1X MepeBar Ta HEJOJIIKIB y IbOMY KOHKPETHOMY 3aCTOCYBaHHI, a TAKOXK
pPO3pOOKM METOJMYHUX MIAXOMIB JO IX CHUHTE3Y JJis 3a0€3MEUCHHS 3aJaHuX
napaMeTpiB BiOpallli 3aIMIIat0ThCsl HEAOCTATHRO BUBUCHUMU.

Takum YmHOM, iCHY€ aKTyajdbHa HAyKOBO-TIpaKTH4YHA MpoOiieMa, sKa
noJisira€ 'y HEOOXITHOCTI JOCIIPKEHHS Ta aHalli3y MOTEHIlaly 3acTOCYBaHHS
IUIOCKMX BaXUIBHUX # 3yOuYacTUX MEXaHI3MIB y NPHBOJAX BIOpALiiTHUX
TEXHOJIOTIYHHUX MAIIMH 3 METOI0 PO3IIMPEHHS apCeHAly MPUBOAHUX CUCTEM,
MIBUIIEHHS €()EeKTUBHOCTI BiOpaIliiHUX MPOIECIB Ta CTBOPEHHS MAalIUH 3
nokpameHumMu  abo  crneuu@iuHUMU  GYHKIIOHATBHUMU — MOMJIMBOCTSIMH.
Bupimenns 1iei mpo6iemu notpedye KOMIUIEKCHOTO aHali3y KIHEMaTUYHUX Ta
nuHaMivyHuX Xapaktepuctuk [IB3M mipu ix poboTti y cknaai BTM, nopiBHSHHS iX
3 TpaauIiiHUMHU TPUBOJAMH Ta BH3HAYCHHS palliOHAJLHUX OO0JlacTel
3aCTOCYBaHHSI.

AHaNi3 ocTtaHHiX gocjimkeHb i myoaikaniii. [IpoGiema po3poOku Ta
BJIOCKOHAJICHHSI MPUBOIB BIOpAI[IHHUX TEXHOJIOTIYHUX MAIIUH € MPEIMETOM
NOCTIMHOTI yBarum AociHigHUKIB. OcCOONMBUN 1HTEpPEC BUKIMKAIOTH MEXaHIYHI
BIOpO30YyTHUKM, 30KpemMa Ti, [0 BHUKOPUCTOBYIOTh BaXIJbHI M 3yOdacTi
MEXaHi3MHU JJIsl IEPETBOPEHHS 00EPTAILHOTO PYXy Bajia MPUBIAHOTO JIBUTYHA Y
KOJMBAJbHUN pyX poOOYOro OpraHy MalIMHA a00 1HEPIIHHOrO eJIeMEeHTa
B10Op0o30yIHMKA. AHaJI3 OCTaHHIX MyOiKallii, 3okpema pooit Kopenzis B. M. Ta
CIIBAaBTOPIB, CBIMYUTh MPO AaKTUBHI JOCIKEHHS Yy 1bOMY HAMpsIMKY,
30CepEe/KEeHI Ha KOHKPETHUX THUTIaX MEXaHI3MiB.

3HauyHa yBara NpUIJIEHA JOCIIHKCHHIO IHEPIIHHUX BIOPO30YTHUKIB
MIaHeTapHoro TUMy. Y pobortax [1, 2] aHami3yeThCsl MMHAMIYHA TOBEIIHKA Ta
MOXJIMBOCTI TEHEPYBAHHS PI3HUX TPAEKTOPIA PyXy KOJMUBHOI CHCTEMH,
OCHAIIIEHOT AaCUMETPUYHUM caMoperyjiboBaHuM [1] Ta cumerpuunum [2]
IIaHeTapHUMHM B1Opo30yiHMKamMu. [IuTaHHS KIHEMATUYHOTO aHaJi3y ¥ CUHTE3Y
Ta OOTPYHTYBaHHSI TEOMETPUYHUX MapaMeTPIB TAKUX MEXaHI3MIB JJI MPUBOY
1HepUiiiHuX BIOpO30yAHUKIB po3risiHyTi y [3]. Ilomanpimumii po3BUTOK LMX
JOCIIKEHb MPEJCTaBICHO Yy [4], A€ MPOBEJAECHO CHJIOBHM aHasi3 IJIaHEeTapHUX
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MEXaHI3MIB yI0CKOHaNIeHUX B1Op030yaHuKIB. JlocmiKeHHs, IpeAcTaBiieHi B [1-
4], neMOHCTPYIOTh MOTEHITIA MJIAHETAPHUX CXEM JJI1 CTBOPEHHS PEryIbOBAHUX
Ta e(peKTUBHUX BIOpAIITHIX MPUBOIIB PI3HOTO TEXHOJIOTTYHOTO 00JIaTHAHHSI.

[HIIMM HaTPSIMKOM JTOCITIIKEHB € BAKOPUCTAHHS KPUBOIIUITHO-TIOB3YHHIX
Ta KPUBOUIMITHO-IIATyHHUX MEXaHI3MiB y BIOpamiifHUX mpuBojaax. Y poOorti [5]
BUKOHAHO JWHAMIYHUHN aHai3 TPUMAcOBOi BIOpaIliiHOI CUCTEMHU 31 3BOEHUM
KPUBOILUITHO-TIOB3YHHUM MeEXaHI3MOM 30y/KeHHS KonuBaHb. CHIIOBI Ta
CHEPreTUYHl  XapaKTEPUCTUKU  3JIBOEHOTO  KPUBOIIUIIHOTO  MEXaHI3My
BJIOCKOHAJICHOT'0 BIOpPO30yIHUKA MIPpOaHali3oBaHo y [6]. BaxxnuBuM acnekToMm €
3aJlaya CMHTE3Y TaKMX MEXaHi3MiB: y [7] 3ampOonoOHOBAaHO METOJIUKY CHUHTE3Y
KPUBOUIUITHO-TIOB3YHHOI'O MEXaHI13My Ha OCHOBI OakaHOi TpaeKTOpli pyXy Uis
3aCTOCYBaHHS B  IHEpIiMHMX  BiOpo3OymuHukax. Jlocmimkenus  [5-7]
OOIPYHTOBYIOTh MOKJIMBOCTI BUKOPUCTaHHS KJIACHMYHUX IUIOCKUX Ba)KUIbHHUX
MEXaHI3MIB I peaiizaiii crnenu@iuHuX AUHAMIYHUX Ta KIHEeMAaTUYHUX
XapaKTEPUCTHK pOOOYMX OpraHiB Pi3HOMaHITHOI BiOpawiitHOi TexHiku. OrasgoBa
poGoTa [8] y3aragpHIO€ HOBI KOHLEMIII Ta KOHCTPYKUII 1HEPIIAHUX
B10pO30yTHUKIB JUISL IIPOMUCIIOBOTO B1OpamiiHoro oOnagHaHHS,
CHUCTEMATHU3YIOUH PEe3yIbTaTH, OTPUMAaHI B [ 1-7] Ta HOCHIIMKEHHSIX 1HIITUX aBTOPIB
y Li# ramy3i.

@®opMYyJIIOBAHHSI HEBUPILIEHNUX YACTHH 3arajbHoi npoodsemu. Takum
YUHOM, aHaJli3 OCTaHHIX myOJjikarii [1-8] cBimuuTh TPO Te, IO HA JAHUKA 4Yac
AKTUBHO MPOBOASATHCS JTOCHIIKEHHS MOKIMBOCTEH 3aCTOCYBAHHS BAXKIIBHUX 1
3yOuacTux MexaHi3MmiB y mnpuBojax BTM, siki mepeBakHO 30cepepkeHl Ha
KOHKPETHUX THUIMAaX — IJIAHETAPHUX Ta KPUBOIIMITHO-TTOB3YHHUX (KPHUBOIIUITHO-
IIATYHHUX ) MEXaHi3Max Ta 4aCTO B KOHTEKCT1 caMme 1HepIIHHUX BIOPO30YTHUKIB.
Boanouac, 3anuiaeTbesi BIIKPUTHAM MMATAHHS 11010 CUCTEMAaTUYHOTO aHali3y Ta
NOPIBHSHHS IIMPIIOrO KOJIA TJIOCKMX BaXKUIBHMX MEXaHI3MIB (HANpUKIIA,
MIECTUIIAHKOBUX, CKJIQJHIIINX YOTUPHIAHKOBUX, KYJIA4KOBO-BaXKIJIHHUX TOIIO),
a TakoX 3yOuacTux AudepeHIlalbHUX MEXaHI3MIB 1 XBWJIBOBHUX Iepeaad
CTOCOBHO 1X MOTEHLIMHOTrO 3acTtocyBaHHs Yy mnpuBogax BTM pizHoro
npu3HadeHHs. HegocTaTHRO BUCBITIICHHM TaKOX 3alUINAETHCS MOPIBHSIIBHUN
anami3 pizHux tumiB [IB3M 3a kpuTepisiMu MOKIMBOCTI peaji3allii CKIaJHUX
3aKOHIB  pyXy, C€HEproe(eKTUBHOCTI, KOMIIAKTHOCTI, HAIIHHOCTI  Ta
TEXHOJIOTIYHOCTI caMe€ B KOHTEKCTI BiOpamiiinux MamuH. lle Bu3Havae
HEOOX1THICTh MPOBEJCHHS MOJATBIINX TOCIHIKEHb, 30KpeMa, MPE/ICTABICHUX Y
JMaHId  CTaTTi, CHOPSAMOBAHMX HA Yy3araJlbHCHWM aHali3  MOXJIMBOCTEH
BUKOPHUCTAHHS IUIOCKMX BaXUIBHUX 1 3y04acTMX MeEXaHI3MIB Yy MpHUBOJAX
BiOpaIifHUX TEXHOJOTIYHUX MAIIIHH.

Iini crarTi Ta nocTaHoBKa 3a1ayi. Y naHiil my6iikaiii CTaBUTbCS MeTa
y3arajibHeHHs1 M cUcTeMaru3allii MOMepeHIX AOCHiPKeHb aBTOpIB y cdepi
aHajizy W CHUHTE3y IUIOCKUX BaXUIbHUX 1 3yOUacTUX MeEXaHI3MIB I iX
e(EeKTUBHOTO BHUKOPUCTAHHA Yy MPUBOJAX BIOPO30YJHUKIB PI3HOMAHITHOTO
B10OpalliifHOTO TEXHOJIOT1YHOTO 00sagHaHHs. OCHOBHOIO JIOKAJBHOIO 331a4el0 €
OOTpyHTYBaHHS MOKJIUBOCTEHN T€HEPYBaHHS HEOOX1THUX 3 TEXHOJIOTTYHOT TOUKH
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30py TPAEKTOpid pyxy poOOYOro oprany, 30Kpema, MpSAMOJIHIHHUX, KOJIOBUX,
SNINTUYHUX, TPUKYTHUX, IPSIMOKYTHHUX Ta 1HIIUX TPAEKTOPIN AOBLIBHOI (pOpMH.

BukJiiax ocHOBHOro Matepiany aociifkeHHsi. Po3risiHeMo 0JHOMAacoBy
BiOpamiiiHy  cuctemy [2], 3maTHy KOJMBATHCS Yy  JBOX  B3a€MHO
neprneHaukysipaux HampsiMkax (Puc. 1). Cucrtema mnpuBOguTBCS B pyX
BHACIIJOK [Ii 1HEPIIMHUX CWJI Ha Tijga cucTteMd. [li CUIM BHHHMKAIOTH, KOJH
IUTAHETapHA IIECTIPHS PYXa€TbCA Yy 30BHIMIHBOMY 3a4eIUICHHI 13 COHSYHOIO
HIeCTIpHEI0 a00 Yy BHYTPINIHBROMY 3ayellyieHHI 13 KOPOHHOK IIECTIpHEIO
(emiukiioMm). Y pO3TISHYTHUX BHMAAKaxX BIAMOBIAHA COHsAYHA ab0 KOpPOHHA
IIECTIPHA HEPYXOMO 3aKpilljieHa Ha KOJMBHOMY TuIl (pobouoMy oprasi
BiOpariiitHoi MammHM). Ban npuBoaHOro ABUryHa po3TamioBaHuii y mapHipi O 1
obeprae Bommwio OD 3a roamumHHMKOBOW cTpiiakor. Biacrans AO mopiBHIOE
paniycy AUIMIBHOTO Kosia Ri BIAMOBIIHOT HEpyxXxoMoi IiecTipHi. SKiio pasiyc
JTUTHIILHOTO KOJIa TJIAaHETapHOI MIECTIPHI MMO3HAYCHO K Ry, mokuHy lop BoauIa
OD moxna Bu3HaunTtH 5K lop = R1 £ Ry, e 3HaK «IUTH0C» BUKOPHCTOBYETHCS Y
BUITAJIKY HEPYXOMOI COHSIYHOI IIECTIPHI, a 3HaK «MIHYC» 3aCTOCOBY€ETHCS, KOJIH
KOPOHHA LIECTIPHS 3aKpIIUIEHA Ha KOJMBHOMY TuTl. Maca KOJMBHOTO TuIa
JOPIBHIOE M, TOAI SIK My, M3 MO3HAYAIOTh MAacH IUIAHETApHOI MIECTIpHI Ta
JOJJATKOBOTO 30ypIOBAIILHOTO Tijla, XOPCTKO 3 €AHAHOTO 3 IIJIAaHETAPHOIO
niecTipHero Ha Bijgcrani Ipge = R3 Big mapsipa D.

Pucynok 1. Cxemu KOJMBHHMX CUCTEM 13 BIOp0O30yAHHKaMU, TOOYAOBAaHUMH Ha
0a3i MmIaHeTapHUX MEXaHI3MIB

KonuBHe Tino, mo 3M1HCHIOE TEPIOJUYHHUI TUIOCKO-TIAapaleIbHUi pyX,
YTPUMYETBCS CHCTEMOIO TOPH30HTAIBHMX Ta BEPTUKAIBHHUX MPY>KHO-
neMn@yBalbHUX  €JEMEHTIB,  SIKI  XapaKTepU3YIOThCS  BIAMNOBIAHUMHU
koedilieHTaMu KOPCTKOCTI Ta AemndyBaHHA kX, cx, Ky, cy [2]. k1o o6epTanHs
Boamia OD xapakTepusyeThCs KyTOM @, 1110 BIAPaXOBYETHCS 32 TOJUHHUKOBOIO
CTPUIKOIO, TO HAMpPsIMOK OOEpTaHHS TUIAHETapHOI IIECTIPHI Ta 30yprOBaJIbLHOIO
TiJIa HABKOJIO IIapHipa D 3anexuTh BiJ TUIY BIOpO30yAHUKA: 3 HEPYXOMOIO
COHSTYHOIO IIECTIPHEI0 a00 3 HEPYXOMOI KOPOHHOKO IecTipHero. BiamosinHi
HaIpPSAMKH BU3HAUCHI Ha Puc. 1 KyToM v, Ik MOXKHA PO3paxyBaTH 32 HACTYITHUM
Bupazom: y =y0 + ¢ - R1/R2.

PosrnsiHemMo BHMamok ycTaleHWX KOJWBaHb BIOpaIliiHOI CHUCTEMH,
OCHAIIIEHOT CUMETPUYHHUM IUIAaHETAPHUM BIOPO30YTHUKOM, B SIKOMY COHSIYHA
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mecTipas € Hepyxomorw (k=1) [2]. Bumymena wdyacTtoTa € crajiow:
® =157 pan/c. Tomy pyx Boauia 3IIMCHIOETHCS 3a HACTYMHUM 3aKOHOM:
¢ =0+ -t Jmg moganpmioro 4uceabHOTO MOJCIIOBAHHS 3aJaHO HACTYITHI
Bxiaai mapametpu: ¢0 =0, y0 =3,14, ml =30 kr, R1 = 0,088 m, R3 = 0,04 m,
kx =ky =3-106 H/™M, cx=cy =100 (H"-c)/m. Macu m2, m3 Tta pazgiyc R2
PO3TISAAIOTECS SIK KEPOBaHI MapaMmeTpH, IO BHU3HAYAIOTh TPAEKTOPIl pyXy
KOJIMBHOT'O TiJIa.

PesynbpraTn uncenbHoro mojaentoBanHs (Puc. 2) mpeacraBiieHi y BUTISAL
TPAEKTOPIA PyXy KOJMBHOTO Tijia (poOOYOro opraHy) 3a pi3HUX 1HEPIIMHUX Ta
TCOMETPUYHHUX IMapaMeTpiB IIaHeTapHOro BiOpo3OymHuka [2]. Hampuxnan,
TPUKYTHA TPAEKTOPIsA KOJUBaHb Ti1a oTpuMaHa npu: m2 = 0,8 kr, m3 = 0,03 kr,
R2=0,088 m (Puc.2(a)). IlpsMOKyTHa TpaeKTOpisl CIOCTEPIra€TbCs TIPH:
m2 = 1,1 xr, m3 = 0,08 kr, R2 = 0,044 m (Puc. 2(6)). lllecTukyTHa TpaekTopis
nobyaoBana nipu: m2 = 1,3 xr, m3 = 0,04 kr, R2 = 0,022 m (Puc. 2(8)).

1.0 1 15[ 1582
0.5 ( 7 1.0} 1.0
0.0 0.5 0.5
_05kE 0.0 0.0
10} -0.5 -0.5
-15 -1.0 1.0
ok x, Ml —1.5 vy —1.5 X, MM
-1.5-1.0-0.50.0 0.5 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 1.5
a) 6) B)

Pucynox 2. baratokyTHi TpaekTopii pyXy, 1110 3/JaTHI TeHEpyBaTUCA POOOUHNM
OopraHoM BiOpalliifHOi MaluHU 3 BIOP030yTHUKOM IJIAHETAPHOTO THUITY

PosrasHeMo iHITY KOJWBHY CHCTEMY, IO CKIIAAETHCSA 3 TPhOX PYXOMHX
T1J1, IHEPLIMHI NapaMeTpu SKUX XapaKTEPHU3yIOThCA BIAMOBIIHUMHA MacaMu ml,
m2 ta m3 (auB. Puc. 3) [5]. PoOouuii opran (TpaHCHOPTYIOUUNA JIOTOK, TPOXOT
ab0 CHTO) MPUBOJUTHCS B KOJUBAIBHUU PyX 3aBASKHA OOEPTaHHIO KPUBOIIMIIA
OA, 1o 3a6e3neuye IpsIMOJIIHIMHI KOJTMBaHHS Mac m2 Ta m3 B370BXk oceit Ox2
ta Ox3, BignoBigHo. i oOMeXeHHs KYyTOBHX KOJMBaHb Mack ml poOouwmii
OopraH TpPY>KHO BCTAHOBJIEHMHW Ha pyxoMid mmiargopmi 3a JTOMOMOTOIO
HE3AJICKHUX BEPTUKAJIBHUX Ta TOPU3OHTAIBHHUX MPYKHO-AEeMI(DyBaTbHUX
eneMmeHTiB. OcTaHHI XapaKTepu3yrThes Koedirientamu xopcetkocti k1x, kly ta
koedimieaTamu nemndysanus clx, cly, BIAMOBITHO.
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Pucynok 3. Cxema KOJIMBHOI CUCTEMH 31 3IBOEHUM KPUBOIIUITHO-IIATYHHUM
Bi0p030yIHUKOM

PosrnsnyTa xonuBHa cucrema (auB. Puc. 3) xapakrtepusyeTbcs I’ SITbMa
CTYNEHSIMHU BUIBHOCTI. [IpsiMONiHINHI pyXH KOJMBHHX Mac m2 Ta m3 BIJHOCHO
pob6ouoro oprana (Macu ml) OMUCYIOTHCS BIAMOBITHUMH KOOpAMHATaAMU X2 Ta
x3. BigHoCHUI pyX MexaHi3My BiOpO30yMKEHHSI XapaKTEPU3YEThCS KyTOBUM
MOJIOKEeHHM (¢ KpuBoiuna OA BiZHOCHO ropu3oHTalibHOI oci Ox1. KonuBanus
pobouoro opraHa ONHUCYIOTHCS  BIANOBIAHUMHM  TOPU3OHTAIBHUMH  Ta
BEPTUKAJIILHUMH TepeMileHHsMu x1 ta yl.

BukoHyr04M MOJANBIIE YUCEIbHE MOJIEIIOBAHHS PYXY KOJMBHOI CHCTEMH,
pUItMEMO HACTYIIHI 1HEpIiitHI Ta reomeTpuuHi napametpu (Puc. 1): m1 = 30 kr,
m2=1xkr, m3=1«kr, I0A=0,015m, 1AB=0,08 M, IAC =0,08 m. PoGoui
napameTpu cuctemu HactymnHi: @ = 104,7 pan/c (To6To Basi ABUTYHA 00EpTAETHCS
3  YacTOTOIO 1000 06/xB),  clx =100 (H - ¢)/m, cly =100 (H - ¢c)/m,
c2=50(H-c)/m, ¢3=50(H"-c)ym, klx=45400H/m, kly =45400 H/m,
k2 =10800 H/m, k3 =10800 H/M. Kyt o Ta [ poO3risimaroThCsl SK OCHOBHI
napaMeTpy, BIUIMB SIKUX Ha KIHEMaTWKy Ta JAWHAMIKy CHUCTEMHM Mijisirae
nociixeHHto. Ha Puc. 4 3monenboBaHO TpaeKTOpii KOJUBaHb poOOYOro opraHa
JUIsl pi3HUX 3Ha4YeHb o Ta B: o = 0°, 30°; = 0...180°.

0.0010
B =60°

B=90°
p=30°
p=0°
B =180°
p=150°
p=120°

0.0005F

0.0000f

y1 [m]

—-0.0005F

-0.0010F
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0.0015

-— o
0.0010 A=80

B=0°
0.0005

p=180°

0.0000

. B=150°

y1 [m]

=120°
-0.0005 F

p=60°
-0.0010

B=90°

-0.0015 I 1 | | 1 1
-0.002 -0.001 0.000 0.001 0.002

Pucynox 4. Komnosi, enintuyHi i npsIMOJIIHIMHI TPAEKTOPIT pyXYy, 110 3/1aTHI
reHepyBatucs poOOYrM OpraHoM BiOparifHOT MaIIMHU 31 3[BOEHUM
KPUBOIIUITHO-IIATYHHUM B1OPO30YTHUKOM

3MIHIOIOYH KYT [3, MOXKHA 3a0€3MEeUNTH MPAMOJIHINAHI, SIINTUYHI Ta KOJIOB1
KOJIMBaHHA poOouyoro oprana. lIpsiMostiHIMHI KOJMBaHHSA BIAOYBAalOThCA IPH
B =0°Ta = 180°; konoBi kosnuBaHHs — npu B = 90°. IIpu BCIX IHILIKUX 3HAYEHHSIX
KyTa 3 3a0e3MeuyroThCs SNINTHYHI KOJUBaHHSA pobdodoro oprana (nuB. Puc. 4).
3mina popmu enirca (pokycHa BiICTaHb, EKCIIEHTPUCUTET, BIAHOLIECHHS MaJIOi Ta
BEJIMKOI TBOCEH TOIIO) Ta BIAMOBIAHI TapameTpu BiOpaii 3anexarbh Bij
3HaueHHd KyTa . ¥ Bunaaky o = 0° (Puc. 4(a)), enintuyHi1 TpaekTopii pod0yoro
oprasa, 1110 3a0e31e4yl0Th TPAHCIIOPTYBAaHHS BAHTAX1B MPaBOPYyU, MAIOTh MICLIE
B miana3zoHi 0° <P <90° Tomi SK TpaHCHOPTYBaHHS JIBOPYY MOXKE OyTH
3abe3reueHe npu 90° < < 180°. Ilo6 3MIHMTH HANPSAMOK IPSAMOJIIHIMHUX
KOJIMBaHb, HEOOX1HO 301abuTH KyT o. Hampuxmnax, mpu o = 30° (Puc. 4(0)),
NPSIMOJTIHIMHI KOJIMBaHHS Ta BEJIUKI MIBOCI BIAMOBIAHUX €TINTUYHUX TPAEKTOPIM
HaxwieHi mig KytoM 30° mpoTH TOAMHHUKOBOI CTPUIKA BIJHOCHO IXHIX
MOTIePeTHIX TOJI0KEHb (Tipu o = 0°).

BucHoBKHM Ta mepcneKTHMBH NOAAJBIINX AocaigxeHb. Ha mpuxmani
MJIaHETapHOTO BIOPO30YIHUKA MMOKa3aHO MOKJIMBICTh OTPUMaHHS 0araToKyTHHX
TPAEKTOPIM pyXy NUIAXOM BIAMNOBIAHOTO MiAOOPY WOro I1HEPUIMHUX Ta
reOMETpUYHUX TapamerpiB. lle BIIKpUBa€ MOXKJIUBOCTI JJIsI CTBOPEHHS
BIOpaIiiHUX MaimrH 31 CHenu@IYHUMU PEKUMAMH PyXy poOOYOro opray.
AHani3 TpUMacoBOi KOJMBHOI CHCTEMHU 31 3JBOEHUM KPHBOIIUITHO-TIOB3YHHUM
MEXaHI3MOM 30Yy/PKeHHSI JOBIB MOXJIMBICTb TI'€HEPYBAHHS MPSAMOIIHINHUX,
KOJIOBUX Ta €NINTUYHUX TPAEKTOPIN KONMMBaHb poboyoro oprana. BecraHosieHo,
M0 IIUIIXOM 3MiHU KyTOBHUX MTapaMeTPiB MEXaHIi3My MOKHa €(DEKTUBHO KEpPYyBaTH
GbOpMOI0 eMNTUYHUX 1 TIPSIMOJIIHIMHUX TPAEKTOPIN, IX OPIEHTALIEI0 Y TMPOCTOPI
Ta HaMPSIMKOM PE3YyJIbTYIOUOT0 pyXy poO04oro oprany BiOpOMaIivHH.
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[lepcriekTHBY MOJANBIIUX JOCHIIKEHb JOLUIBHO 30CEPEIUTH Ha TaKUX
HanpsMKax: BUBEACHHS aHAJIITUYHMUX CIIBBIIHOIIEHb ISl CHHTE3y MapaMeTpiB
BIMOBITHUX BIOPO30OYAHMKIB 3 METOIO 3a0€3MeUeHHs 3a/JaHuX TPAEKTOPINA pyXy
pobouoro oprany; eKCIepuMEHTaJlbHa BepudiKallisd pe3yibTaTiB YUCEILHOIO
MOJICJIIOBAHHSL Ta JOCHI/PKEHHS MpPale3aTHOCTI PO3pOOJCHUX IMPUBOIHHUX
MEXaHi3MiB Ha JJaOOpaTOPHUX CTEH/IaX Ta MPOTOTUIIAX BIOpAIIHHUX MaIIHH.
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V]IK 621.777.4

Kocapes B.C., boukoBuii /I.0., CoasinoB /1.0. (/Jonbacvka Oepoicagna
Mawunooyoigna axademis, mm. Kpamamopcok-Tepuonine, Ykpaina)

TEOPETUYHUI AHAJII3 TPOLIECY CYMILIEHOI'O
BUJIABJIIOBAHHS NIOPOKHUCTUX JETAJEU METOJAOM
CKIHYEHMX EJIEMEHTIB

Anomauin: Memoio 0anoi pobomu € 00CIIONCEHH MEXHOLOSIUHUX PENCUMIB V npoyeci
XON0OH020 wWmamny8aunHs Ons Oemani «3youamuil cmaxany. OCHOBHUMU 3AB0AHHAMU
O00CNIONCEHHS € BUBHAYEHHS ONMUMALLHUX NAPAMEMPI8 WMAMNYB8AHHI, A MAKO}C pO3pOOKA
PpeKoMeHOayiti Woo0 NOKPAWeHHs Npoyecy GU2OMOGIeHHs Oemdali 3 Memoi NiO8ULUEeHHs
epexmuenocmi ma sikocmi npodykyii. [locniodcenns 6yoe nposedene y npoepami DEFORM
2D/3D. Ompumani 6 x00i Oocuiodxcenns pesyrbmamu 6y0ymo  GUKOPUCIAHI  OJisl
B00CKOHANIEHHSI  MEXHON02IYHO20 Npoyecy WMAMNY8aHHs mMa  NIOBUWEHHs  SKOCMI
8UPOOHUYMEA.

Knrouogi cnosa: xonoone wmamnysanms,; 3y04amuii CmakaH, MexHoN02IYHI PedCUMU,
onmumizayis npoyecy; axicme npooykyii;, DEFORM 2D/3D; edockouanenHs mexHonozii;
MOOen08an s Npoyecis.

Abstract: The aim of this work is to investigate the technological modes in the cold
stamping process for the "Gear Blank" part. The main objectives of the research are to
determine the optimal stamping parameters and to develop recommendations for improving the
manufacturing process of the part to enhance production efficiency and quality. The research
will be conducted using the DEFORM 2D/3D program. The results obtained during the study
will be utilized to enhance the technological stamping process and improve production quality.

Keywords: cold stamping; toothed cup; technological modes; process optimization;
product quality; DEFORM 2D/3D; technology improvement; process modeling.

BunaBnioBaHHS TMOPOXHUCTUX JETalel y XOJOJHOMY 00’ €MHOMY
MTAMIyBaHHI € BaXJIMBOK  TEXHOJIOTIED B  CyYacHI  BHpPOOHHYIM
npomuciioBocTi. Lleit mporiec 103BossiE OTpUMATH CKIIAH1 BUPOOHU 31 3HUIKEHOIO
Baroro Ta 30€peKeHHSIM BUCOKOI MIITHOCTI.

Hecraua warepianiB, 3poCTaHHs BHMOT JI0 JIETKOCTI Ta MIIHOCTI
KOHCTPYKIIIH, a TakoX morpeda B eHeproedeKTUBHUX BUPOOAX CTUMYIIOIOTH
PO3BUTOK HOBUX TEXHOJIOT1 BUIABIIIOBAHHS IOPOKHUCTUX JIETAJICH.

OcCKinTbKH BUKOPUCTAHHS TIOPOKHUCTOI CTPYKTYPH J1I03BOJISIE 3HU3UTU MaCy
BUpoOy, 30epirarounM #oro CTIAKICTh Ta (YHKIIOHABbHI XapaKTEPUCTUKH,
0COOJIMBOrO 3HA4YeHHS HaOyBalOTh NEPCIEKTUBHI CIOCOOM BHJIaBIIIOBAHHS
MOPOKHUCTHUX JIeTaJIel BIAMOBIAILHOTO MPU3HAYEHHS.

[Iportecu xomogHoro AeQOpPMYyBaHHS XapaKTEPU3YIOTHCS BUCOKHUMH
NUTOMUMH 1 TOBHUMHU 3YCHJUISIMU Ha IHCTPYMEHT, 1110 3HMKYIOTh HOTO CTIHKICTD
1 ctabunbHicTh Tiporiecy [1, 2]. Cnocobu nedopmyBaHHS, 1O CIPSIMOBaHI JJIs
3HIDKCHHSI IIUX 0OMEXKEeHb, Tepe10ayaroTh CTBOPEHHS OUTBIN CIIPUATIUBUX JIJIS
CHJIOBOTO PEXHUMY PI3HOWMEHHUH CXEM Hampy>XeHO-Ae(OpPMOBAHOTO CTaHy,
3MEHIIEHHS IUJIOLII KOHTaKTy AaKTHUBHOTO JAe(POpPMYIOUOrO 1HCTPYMEHTY 13
3aroTOBKOIO, 3HI)KEHHSI HABAHTAXXEHb HA IHCTPYMEHT 3a paXyHOK 3a0e3MeyeHHs
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OUIBIIOTO CTYyMEeHs] CBOOOAN BUTIKAHHS MeTally a00 pO3BUHEHOI pajiajdbHOi Teuli
(pozmaui  Meranmy). KomOiHyBaHHS CXeM TO3JOBXHBOTO 1 paaiaibHOTO
BUJIABITIOBAHHS MOXE OyTH METOJOM CTBOPEHHS OUIBIIT CKJIAJHUX CITIOCOOIB
nedhopMyBaHHS, SKi MOXYTh JIO3BOJUTh BUTOTOBHTH 3a OJIHY OTIEPAIIIO
MOPOKHUCTI 1 CyHIbHI AeTtani 3 ¢iaHisMu abo BifpocTkamu, abo OUIbII
CKIAIHUX TMPOCTOPOBUX KoH(irypami. I[lpum 1pOMy B 3al€KHOCTI Bif
TUTIOPO3MIpPY BHUPOOIB 1 METH CYMIHICHHS MPOCTHUX CXeM JedopMyBaHHS
MOXJIMBE 3aCTOCYBaHHS TOTO YW 1HIIOTO TOEJHAHHS TMPOCTHX CXEM
BU/JIaBIIIOBAHHSI.

OpnHuM 3 epCreKTUBHUX CITOCO0IB BUJIABIIIOBAHHS MOPOKHUCTUX JIeTalel
€ TexHosoria TiapodopmyBaHHs. llel mporec 0Ga3yeTbcsi Ha 3acTOCYBaHHI
BUCOKOIO THCKY TIAPaBIIYHOTO CcepeloBuIa Mg (opMyBaHHS JeTalli B
cnemiagbHux Matpuiix. [iapodopmyBaHHS [103BOJISIE OTPUMYBATH CKIIQJIHI
reoMeTpii Ta BHUCOKY TOYHICTh JeTajiei, 3a0e3leuyloud BHCOKY SKICTh Ta
IPOIYKTUBHICTh BUPOOHHUIITBA.

VY pesynbTari 3acTOCYBaHHS MEPCIEKTUBHUX CIOCOOIB BUAABIIOBAHHS
MOPOKHUCTUX JICTaJled JIOCSATAE€ThCSl 3HAYHE 3HWKEHHS Barm BUPOOIB,
MOKPAIICHHS] EHEeProeeKTUBHOCTI Ta 30epeKeHHsS BHUCOKOi MinHOCTI. L1
TEXHOJIOT1i BUKOPHCTOBYIOTHCSI B aBTOMOOLIBHIM, aBlaliifHii, MallnHOOY 11 BHI!
Ta 1HIIMX Traay3aX NPOMHUCIOBOCTI, 6 BUMAraloThCsl BUCOKI CTaHIApTH O€3MEKH,
SAKOCT1 Ta €(DEKTUBHOCTI.

VY miicyMKy, TEpCHEeKTHBHI CHOCOOM BHJIABIIIOBAHHS TMOPOKHUCTUX
JeTanei BiANMOBIAAIBHOIO MPU3HAYEHHS BIAITPAIOTh BAXKIUBY POJIb Y Cy4YacHIH
MPOMUCIIOBOCTI. BOHM [103BOJISIIOTH OTpUMATH BUPOOUM 3 ONTHUMAIBHUM
MOETHAHHSM JIETKOCTI, MIIIHOCTI Ta (DYHKI[IOHAJILHOCTI, IO CIPHUSE PO3BUTKY
eHeproeeKTUBHUX Ta CTIMKUX KOHCTpyKiik. [lomanpimmii po3BUTOK Ta
BJIOCKOHAJICHHS IIMX TEXHOJIOTIH Ma€ BEJIWKHH TOTEHIal IS Cy4YacHOTO
BUPOOHMIITBA Ta CIPHUATHME JOCATHCHHIO HOBHX BEpPIIMH y BHTOTOBJICHHI
MTOPOKHUCTUX JIETAJIEH.

Mertoro gaHoi poObOTH € JOCIIIKEHHS] TEXHOJIOTTYHUX PEXKUMIB Y MPOIEC]
XOJIOJHOTO IITaMIyBaHHS [ jAeTtanl «3yOuatuit crakaH». OCHOBHUMH
3aBIaHHSAMHU  JIOCH/DKCHHS € BHU3HAYEHHS ONTHUMAJIbHHX  IapaMeTpiB
MITAMITyBaHHS, @ TaKOX PO3pOoOKa PEKOMEHJAIlN MI0/I0 TMOKPAIIECHHS MPOIECy
BUTOTOBJICHHS JICTaNIl 3 METOIO MIABUIICHHS e(PEKTUBHOCTI Ta IKOCTI MPOTYKIIi.
Hocnimxenns Oyno nposeaeHe y nporpami DEFORM 2D/3D. Otpumani B xoi
JOCIIJKEHHSI ~ pe3yJbTaTh  OyJayTh BUKOPUCTaHI IS  BJOCKOHAJICHHS
TEXHOJIOTIYHOTO TIPOIIECY IITAMITYBaHHS Ta IMiIBUIICHHS SIKOCTI BUPOOHUIITBA.

Jlnst otpumanss getam «3yOodartuii ctakan» OyB BUKOPUCTAHUM Martepial
A2017 (ayromiHi€BUI CIIAB), IKUI BIJJ3HAYAETHCS CBOEIO BUCOKOIO MIITHICTIO Ta
3HOCcOCTIMKICTIO. [[s1 metani «3youatuii ctakan» Ha (puc.la) mpeacTaBieHo ecKi3
neraii, mo0 OTpUMaTH KIiHIEBI po3Mmipu naetai Tpeba 3arotoBka (puc.10) 3
posmipamu D = 60 mm Tta h = 120 mm, ne D — miamerp 3arotoBku, h — BucoTa
3arOTOBKH.

Po3paxyHku TreoMeTpUyHUX TMapameTpiB JeTanl OyJlud MNpoBeleHl 3
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BUKOpUCTaHHAM mporpamHoro 3adesneyeHHss DEFORM 2D/3D, sike 6a3yerbes
Ha METO]Il CKIHYCHHHUX EJICMEHTIB.

48

120
40 Jﬂ\ ERL
\10 1

260

a) 6)

Pucynox 1 — Ecki3 geraii (a), 3arotoBka (0) mi1st aerani «Crakad 3
braHEeM»
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Pucynox 2 - [TonoxenHs B po3pisi 1ehopMyrO4Oro iIHCTPYMEHTY MPU
BHJIaBIIIOBAHHI: a — Ha MOYATKy BUAABIIOBAHH, O — Ha MPOMDKHIN cTamii
BU/JIaBIIIOBAaHHS, B — B KIHIIl BUJIABJIIOBAHHS, T — IICJISl BUILITOBXYBAaHHS BUPOOY,
ne Vi=1 mm/c, Vo, =0.2 mm/c.

Ha (puc.2) 300paxxeHi B po3pi3i po3paxyHKOBI MOJI0KEHHA AePOPMYI0UOTO
IHCTpYMEHTY TpW BHIaBIOBaHHI. [lOJOXEHHS Ha MMOYATKY BHIABIIOBAHHS
nmoka3ane Ha (puc.2a). Buxigna 3arotoBka 1 posmimieHa B Marpuli 4, B sKid
BCTAHOBJICHWH HWXHIN TyaHcoH 3, a aepopMyBaHHS BUKOHYETHCS BEPXHIM
IIyaHCOHOM 2.

Heranp «3yOuatuii CcTakaH» MOXKJIMBO OTpPUMAaTH 3a JOMOMOIOIO
KIHEMAaTUYHOTO METOAY. JIBOCTOPOHHBOTO PYXOM BEPXHBOIO Ta HHMIKHBOTO
nmyadcoHa S = 13 mm (puc.20) oTpuMaeMo 3anIOBHEHHS (hJIaHIIIB.

[Ipu dopmyBanHi (QuaHIiB BUKOPUCTOBYETHCS JBOCTOPOHHINA pPyX
BEPXHBOTO IyaHCOHA 2 Ta HUKHBOTO MTyaHCOHA 3 3 OTHAKOBOIO MIBUAKICTIO V1 =
1 mm/c (puc.26). s TexHika copuse YHUKHEHHIO Ne(pEeKTIB Ta 3aTUCKIB Y
bnaHUsIX, OCKUIBKM OJHOPIAHUN pyX 000X I1HCTPYMEHTIB 3a0e3mnedye
PIBHOMIpHUN pO3MOJLT MaTepiaiy MiJ yac mpouecy ¢popmyBaHHs. Takuil miaxig
JIO3BOJIIE JIOCATTH BHUCOKOi SIKOCTI (piHAIBHOTO BHUPOOY 1 3a0e3meuuTn
BIJICYTHICTh HeOakaHUX AedEKTIB B CTPYKTYpl Ta popMi (piaHIIiB.
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Pucynok 3 — BukpuBneHHs AUTMIBHOI CITKHU (@), PO3MOALT IHTEHCUBHOCTI
nedopmaiiiii € (0), po3moaL IHTEHCUBHOCTI Harpy>keHb ci, MI1a (B)

st oTpuMaHHS CTPYKTYpH THIy CTakaH Ta OTPHMaHHS 3aJaHuX
napamMeTpiB pe3yIbTYIOUYMX B KIHIIEBHX pPO3Mipax JeTajli BUKOPHUCTOBYETHCS
OJTHOCTOPOHHIA pPyX 3 JBOMa IHCTPYMEHTAaMH IO PYyXarThCs, BEPXHBHOTO
MyaHCOHa 2 3 X0A0M S = 67 MM Ta HUXKHBOTO TTyaHcoHa 3 3 xoaoM S = 13 MM Ta
mBujkictio V1 =1 mm/c Ta V2 = 0,2 mm/c (puc.2B).

Ha (puc.3) anamizyeTbcsi BUKPUBJICHHS IUIMIBHOI CITKH (), PO3MOILT
IHTEHCUBHOCTI Aedopmariiii €1 (6), po3moauT iIHTEHCUBHOCTI Harpy>keHb 61, MI1a
(B).

B xomi mporiecy IBOCTOPOHHBOTO pPyXy BEpPXHBOTO ITyaHCOHa 2 Ta
HUKHBOTO TIyaHCOHa 3 3 OJHAKOBOIO MIBHUJIKICTIO, MOXXHAa CIIOCTEpIraTu
BUKPUBJICHHS JUIWIBHOI CITKM Ta oTpumaHHsa ¢uanmo (puc.3.1a). Ha
OCTAaHHBOMY €Talll JJAaHOTO MEePEeX0Aay MaKCUMaJlbHE THTEHCUBHOCTI Aedopmalliii
oyno & = 1,2 (puc.3.10) i MakcuMaIbHE IHTEHCUBHOCTI HaIpykeHb O0yi10 o; = 355
MTIla (puc.3.18).

B X011 0AHOCTOPOHHBOTO PYXy 3 JABOMAa 1HCTPYMEHTAMHU IO PYXarOThCs
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CIIOCTEPITraEMO BUKPUBJICHHS JIUIWIBHOI CITKH (puc.3.2a) Ta MaKCUMaJbHE
iHTeHCUBHOCTI nedopmarniii €1 = 3,0 (puc.3.20) 1 MakCUMaJIlbHE 1HTEHCUBHOCTI
HanpykeHb 0yno o1 = 355 MIla (puc.3.2B) Ha OCTAHHHOMY €TaIli.

Ili maHHi CcBigYaTh, MO PO3MOALT IHTEHCHBHOCTI aedopMariii € mpu
JIBOCTOPOHHBOMY PYyCl MEHIIE, YUM IPU OJHOCTOPOHHHOMY. TakoX, pO3IMOALIT
IHTEHCUBHOCTI HAampyXeHb Gl TMPOTPecye IIHIMHO 1 J0CATae OJHAKOBUX
MaKCUMAaJIbHUX 3HAYCHB SIK TPHU OJJHOCTOPOHHBOMY TakK 1 JBOCTOPOHHBOMY PYCi.
Takox 1el pesynbTaT, 3rigHO 3 pucyHkamu (3.10.B) Ta pucynkamu (3.20.B)
CBIJIYMTH MPO T€, IO B 00J1aCT1 OIS 3aKPYIJICHHS MAaTPHIIl PU JBOCTOPOHHHOMY
pycl BinOyBaeThcs 3HauHa Aedopmallis Matepialy Ta IpU OJHOCTOPOHHBOMY
01151 myaHCOHa.

Yac ¢QopmoyTBOpeHHs  BUpOOYy MNpU  PO3TISAHYTIM  IIBHUIKOCTI
nedopmyBanHs ckiiaB 80 cekyH/

BUCHOBKM!.

Y HochimKeHHI TEXHOJIOTIYHUX PEXKHUMIB  XOJIOAHOTO 00 €MHOrO
mTamMnoyBaHHs Jetam «3yoOuatuid crakaH» y mnporpami DEFORM 2D/3D
BHU3HAYEHO ONTUMAJIbHI TapaMeTpH mpoiecy. Ha oCHOBI OTpuMaHuX pe3yJbTaTiB
pO3p0O0IEHO peKOMEH Al ISl TOKPAIlleHHs] BUPOOHUIITBA. AHaJ3 MOKa3aB, 110
HalOUIbIIIa IHTEHCUBHICTD Aedopmartii (1 = 3,0) cocTepiraerbcs Oiis MyaHCOHa.
VY it ke 30H1 30CepeKeHe U MakCHMaJIbHE 3HAYEHHS HamnpyxkeHb (o1 = 355
MlIla). Ilponec mrammyBaHHs nependayae BUKOPUCTAHHS JBOX 1HCTPYMEHTIB:
BEPXHBOTO Ta HWIKHBOTO IyaHCOHA. BaXJIMBUM mapaMeTpoM € IIBUIKICTb
HIJKHBOTO IIyaHCOHa, sika Mae crtaHoButu 0,2 mMm/c. IlepeBuieHHS LBOTO
3HAUYEHHS MOXE MPU3BECTHU 10 Ne(DEKTIB AeTalll.
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KpaBuenko M.B., mnHaykoBuii kepiBauk Koxan LP., (Xapxiscoxuil
aBmMomo0iNbHO-00pOdICHIl haxosutl koneddic, m. Xapkis, Yrpaina)

HHAPPOBI TEXHOJIOT Il TA ABTOMATHU3AIIIA B
TEXHOJIOI'TYHIX HIAT'OTOBLI BUPOBHUIITBA ABTOMOBIJIIB

Anomauia: Y cmammi po3ensioaemocs SUKOPUCMAHHA YUDPOBUX MeXHONo2il ma
asmomamuzayii 6 MexHoN02IuHil ni02omosyi upobHuymea asmomooinis. Ilpoananizoeano
cyuacni menoenyii enposadcenuss CAD/CAM/CAE, MES ma PLM-cucmem y npogionux
aA8MoMoOIIbHUX KOMNAHIAX. Busnaueno ocHogHi nepegazu ma HeOONKU KOMN TOMEPUI08AHUX
cucmem, a maxoxc ixXHili eniué Ha egexmusHicmv upobHuymea. OKpecieHOo K408l
npobnemu, nog’sa3ami 3 inmezpayiclo Yu@dposux piutens, Kibepbeznekoio ma nid20moeKow
nepconany. 3anponoHOBAHO NEPCNeKMUBHI HANPAMU PO3GUMKY, GKII0UAIOYU THmMe2payiro
WMYYHO20 THMeNeKm).

Knrouosi cnoea: yugposi mexuonocii, asmomamuzayis, mexHoi02iyHa Ni020MO6Ka
supoonuymaa, asmomooinedoyoysanns, CAD/CAM/CAE, PLM, MES.

Abstract: The article examines the use of digital technologies and automation in the
technological preparation of automobile manufacturing. Current trends in the implementation
of CAD/CAM/CAE, MES, and PLM systems in leading automotive companies are analyzed.
The main advantages and disadvantages of computerized systems, as well as their impact on
production efficiency, are identified. Key challenges related to the integration of digital
solutions, cybersecurity, and personnel training are outlined. Promising development
directions are proposed, including the integration of artificial intelligence.

Keywords: digital technologies, automation, technological preparation of production,
automotive industry, CAD/CAM/CAE, PLM, MES.

IHocranoBka npo0JiemMu Ta ii 3B'I30K 3 HAYKOBUMM i MPAKTUYHUMHU
pob6oramu. CyyacHMM PO3BHTOK aBTOMOOUIBHOI TPOMHCIIOBOCTI BHMAarae
e(eKTUBHUX TEXHOJOTIYHUX PIIIEHb, SKI JO3BOJIAIOTH CKOPOTUTH TEPMIHU
po3poOKK Ta BUpOOHMITBA aBTOMOOUTIB. KoM’ rorepuszoBaHe 3abe3meueHHs
TexHOJIOT1uHO1 TiarotoBku BupoOHHUITBA (K3TIIB) € kimtouoBuM enemMeHTOM
onTuMizaiii BUPOOHMYMX TIPOLECIB, MPOTE MHOr0 BHPOBAKEHHS MOTpeOye
3HAYHUX (PIHAHCOBUX BHUTpAT Ta ajanTtarmii g0 crenu(iyHuX YMOB KOXKHOI'O
nignpueMcTBa. JlocmipkeHHss y i cdepl copsiMOBaHI Ha PO3pOOKYy HOBUX
METOJIB 1HTErpailii KOMII IOTEPHUX TEXHOJIOTIA Yy BUPOOHHUIITBO, IO CIPHUSE
NIJBUIIEHHIO €()EeKTUBHOCTI, 3HWKEHHIO BUTpaT 1 TMOJIMIIEHHIO SKOCTI
MPOAYKIIi.

AHaJi3 ocTaHHIX JochaiTxkeHb i myOJaikamii. Y HaykoBux poOoTax
OCTaHHIX POKIB 3HayHa yBara mnpujuisierbcsi Bukopucranuiro CAD/CAM/CAE
CUCTEM JUIsl MPOEKTYBAHHS Ta aHai3y BUpOOHUUYMX TpoueciB. Taki JOCIITHUKH,
ak JIx. I1. Cwmit 1 K. JI. Ixonc (2021), 3a3navarorh, mo 3actocyBanHs PLM-
CUCTEM y BHUPOOHMIITBI aBTOMOOUTIB JO3BOJISIE 3HAYHO 3MEHIIUTU KIJIBKICTH
KOHCTPYKTUBHUX TOMHIJIOK. KpiM TOTO, MOCHIIKEHHS B Traidy3l MPOMHUCIOBOL
aBTOMaTH3allli BKa3ylOTh Ha BaxiuBicTh MES-cucteM s ynpaBiiHHS
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BUPOOHUYMMH JIAHIFOTAaMU B peaqbHOMy 4Yaci. [Ipore, icHye HHM3Ka Mpoobiiem,
OB’ SI3aHUX 3 IHTETPAI€0 TAKUX TEXHOJIOT1H Ha PI3HUX PIBHSAX BUPOOHUIITBA, 1110
noTpedye MoAaNbIIOr0 BUBUCHHS.

dopMyTFOBaHHS HEBUPIIIEHUX YaCTHH 3arajabHOI TPOOIeMH HE3BAKAIOUN
Ha aKTUBHE BIIPOBAKEHHS KOMIT I0TEPU30BAHOTO 3a0€3MEeUEHHS TEXHOIOTTYHOT
HiATOTOBKM y aBTOMOOUTHbHOMY BHUPOOHUIITBI, 3aJUIIAIOTHCS BIAKPUTHUMHU
nuTaHHs eQEeKTUBHOI 1HTErpamii MDK pI3HUMH MPOrPaMHUMHU CHCTEMaMH,
IJIBUIIICHHS PiBHS KiOepOe3eKku Ta ajanTailii nepcoHaity 10 HOBHUX ITU(PpoBHUX
pimeHb. Takox MOTPEOYIOTh MOJATBIIOTO TOCTIIKEHHS METOAM MiHIMI3aIil
BUTpAT Ha BIPOBAHKCHHS Ta SKCIUTyaTaIlil0 TAKUX CUCTEM.

Iisti craTTi Ta mocTaHoBKa 3aaa4i. MeToro 11i€1 CTaTTI € aHAJI3 Cy4acHUX
KOMIT FOTEpU30BaHUX  CHUCTEM  TEXHOJOTIYHOI MiATOTOBKH BUPOOHUIITBA
aBTOMOO1JTIB, BU3HAUCHHS 1XHIX IMepeBar 1 HEJOJIKIB, a TAaKOXK OOIPYHTYBaHHS
MIEPCTIICKTUB PO3BHUTKY Ta BJOCKOHAJeHHS. 711 mocCsATHEHHS I1i€l MeTu Oyio
IIOCTaBJICHO TaKl 3aBJIaHHS:

1. Hocmigutn ocHoBH1 ckmanoBl K3TIIB Tta ix 3actocyBaHHs Yy
MPOBITHUX ABTOMOOLTLHUX KOMIAHIAX.

2. Bu3HauuTH OCHOBHI NEpeBaru Ta HEAOJIIKM BUKOPUCTAHHS TaKHX
CUCTEM.

3. Ouinutu cyvacHi npobnemu BrpoBamkeHHs K3TIIB ta moxiuBsi
NUISIXHY X BUPIIICHHS.

4, Bu3HaunTH nepcrnekTuBU MOJAIBIIOTO PO3BUTKY II€] TEXHOJOTI Yy
CBITOBII aBTOMOO1JIbHIM MPOMUCIOBOCTI.

Buxkaan OCHOBHOI'O Marepiaiy AOCJIi/I>KeHHS. Cyuache

aBTOMOOLIEOYTyBaHHS € OJIHIEI0 3 HAWJUHAMIYHIIINX Taidy3eil MpOMHUCIOBOCTI,
0 aKTUBHO BIIPOBAIKYE MEPEOB1 TEXHOJOTIT JUIsl MiABUIICHHS €()eKTUBHOCTI
BupoOHHITBA. Komm’toTepu3oBaHe 3a0e3MeUYeHHs] TEXHOJIOTIYHOI MIArOTOBKU
BUPOOHUIITBA CTaJ0 HEBIJ €MHOK YaCTUHOK IHOTO MPOIECY, JAO03BOJISIOUU
BUPOOHMKAM CTBOPIOBAaTHM aBTOMOOUII IIBHJIIE, TOYHINIE Ta 3 MEHIIUMH
BUTpaTaMu. 3aBIASKH BUKOPUCTAHHIO IU(POBHX  pIllIeHb, TaKUX fK
aBTOMATHU30BaHE TMPOEKTYBAHHS, YMPABIIHHS JKUTTEBUM LUKIOM TMPOIYKIli Ta
MOJICJIIOBAHHSI BUPOOHHWYUX TMPOLIECIB, ABTOMOOUIbHI KOMIAHII MOXYTb
e(EeKTHUBHO pearyBaTd Ha 3MiHY PUHKOBUX TEHJEHLINA Ta CIOXUBYUX MOTPEO.
OpHak, pa3oM 13 3HaYHUMH N€peBaraMu, BIIPOBAKEHHS KOMIT IOTEPU30BAHOTO
3a0€3MEeUYCHHS] TEXHOJOTIYHOT IMiJITOTOBKKM BHUPOOHUIITBA CYIPOBOKYETHCS
NEBHUMHU BHUKJIMKaMH, SIKI BapTO BPaxOBYBaTH ISl JOCATHEHHS MaKCHUMAaJbHOI
¢(heKTUBHOCTI.

OcHOBHUMU CKJIIOBUMH KOMIT’ FOTEPU30BAaHOTO 3a0e3MeUeHHS
TEXHOJIOT1YHO1 MiATOTOBKH BUPOOHUIITBA €:

1. Cucremu  aBToMatuzoBaHoro  mnpoektyBanHa  (CAIIP) —
BUKOPUCTOBYIOTHCS JUIsl CTBOPEHHS Ta aHaJ13y KOHCTPYKTOPCHKOI JOKYMEHTAIII1.
Hanpuknazn, nporpamui naketn AutoCAD, SolidWorks, CATIA n0o3BositoThH
CTBOPIOBATH TPUBUMIPHI MOJIENI JA€TaJIel 1 By3JliB aBTOMOOLIS.
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2. Cuctemu ympaBiaiHHS BUpoOHMYMMH Tmporiecamu (MES —
Manufacturing Execution Systems) — KOHTPOJIIOIOTh BUKOHAHHS TEXHOJOTTYHUX
omepariii, MOHITOPATh MPOAYKTUBHICTH Ta ONTHUMI3YIOTh BHUKOPHUCTAHHS
pecypciB.

3. CucremMn KOMIT IOTEPHOTO MOJICTIOBAHHS Ta 1H)KEHEPHOTO aHaJi3y
(CAE — Computer-Aided Engineering) — BKJIIOYalOTh PO3PAaxXyHOK MIIHOCTI
KOHCTPYKIIIH, aepoAMHAMIYHHUM aHaJi3 Ta TECTyBaHHS Ha BIPTyaJIbHUX MOJCIISX.

4, Cucremn aBTOMAaTH30BaHOTO NporpamyBaHHs BepctaTiB 3 UIIY
(CAM — Computer-Aided Manufacturing) — 3a0e3neuyroTh reHepallilo mporpam
JUTSl BEPCTATIB 3 YMCIIOBUM MIPOTPaAMHUM YTIPABIIIHHSM, IO TO3BOJISIE MABUIIUTH
TOYHICTb 1 3HU3UTHU Yac OOPOOKHU JeTaleH.

S. CucrtemMu ynpaBIiHHS XHTTEBUM HUKIOM BupoOy (PLM — Product
Lifecycle Management) — cpusioTh €(eKTHBHOMY KEPYBaHHIO BCiMa eTarmaMu
PO3pOOKH, BUPOOHUIITBA Ta €KCILTyaTallii aBTOMOO1IS.

PosrasaeMo Ha puKiIagax Ae caMme € 3aCTOCYBaHHS KOMIT FOTEPH30BAHOTO
3a0€3IeUeHHs TEXHOJIOTTYHOI MiATOTOBKY BUPOOHUIITBA:

. Kommanis Tesla — aktuBHO BukopuctoBye cuctemu CAIIP ta CAE
JUIsl CTBOPEHHS 1HHOBAIITHUX €JEKTPOMOOUTIB, 30KpeMa I PO3PaAXyHKY
MIIIHOCT1 Ky30Ba Ta ONTUMIi3allli aepoAMHAMIKH.

. Konuepn Volkswagen — 3actocoBye PLM-cuctemu a1 ynpaBiiiHHS
KUTTEBUM [HMKJIOM TPOAYKIIi, IO JO03BOJSE ONTUMI3yBaTh IMPOIECH
BUPOOHUIITBA Ta 3MEHIIIMTH KUJIbKICTh JIe(PEKTIB.

. BMW — BnpoBamkye MES-cuctemMu juisi KOHTPOJIO SIKOCTI Ta
YOpPaBIIHHSA BUPOOHUYMMH MPOIECAMU B pPEabHOMY 4Yaci, IO I1JBUIILYE
¢(hEeKTUBHICTh BUPOOHUIITBA.

. Toyota — BuxopucroBye CAM-cuctemMu s aBTOMaTH30BAHOTO
nporpamyBaHHsi BepctaTiB UIlY, mo crpuse BUCOKIM TOYHOCTI BUPOOHMIITBA
neTanei aBTOMOO1TIB.

. Ford — 3acTocoBye Texnomorii mudpoBux nBiiHUKIB (digital twins)
JUUIS MOJICTIOBaHHSI BUPOOHUYMX JIHIN 1 ONTUMI3AIlll BCIX MPOLECIB IIe A0 IXHBOT
peanizallii Ha (PI3UYHKUX 3aBOJAX.

IlepeBaramMmu  BUKOPHUCTaHHS  KOMII IOTEPU30BAHOTO  3a0€3IECUCHHS
TE€XHOJIOT1YHO1 MIATOTOBKH BUPOOHUIITBA €:

. 3MeHIIeHHsT 4Yacy MiATOTOBKM BHUPOOHMIITBA — aBTOMATHU30BaH1
CUCTEMHU CKOPOYYIOTh TEPMIHM PO3POOKM Ta BIPOBAKEHHS HOBUX MOJENEH
aBTOMOOLITIB.

. [TigBUIICHHS TOYHOCTI Ta SKOCTI — KOMITI'FOTEpHI CHCTEMH
3HIDKYIOTh HMOBIPHICTh TOMHJIOK, [0 BHHUKAIOTH IMiJI Yac PO3pPaxyHKIB Ta
BUTOTOBJICHHS JIETAJIEH.

. OnTuMizallisi pecypciB — 3HW)KEHHS BUTpaT Ha MaTepiaid Ta
€HEProHOCii 3aBJKH TOYHOMY IJIaHYBaHHIO BUPOOHUUYHUX MPOLECIB.
. ['HyukicTb Ta aJanTUBHICTh — IIBHJKE BHECEHHS 3MIiH Yy

KOHCTPYKI[I}0O aBTOMOOWISI Ta TEXHOJOT1UHI MPOIECH BIAMOBIAHO A0 PUHKOBHUX
BUMOT.
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HenonikamMu  BUKOPHUCTaHHS ~ KOMIT IOTEpPU30BAaHOTO  3a0e3eueHHs
TEXHOJOTTYHOT MATOTOBKY BUPOOHUIITBA €:

. Bucoka BapTicTh BHOPOBAKEHHS — 3aKyMIiBIS JHIEH31HHOTO
nporpaMHOro 3abe3nedeHHs Ta OOJaJHaHHA MOTpedye 3HAYHUX (PIHAHCOBUX
BKJIAJICHb.

. HeoOxiaHicTh BUCOKOT KBaJi(hiKallii mepcoHamy — st €peKTUBHOTO
BukopuctanHa K3TIIB moTpiOHI cmemiagicTd 3 BIAMOBITHOIO OCBITOIO Ta
JIOCB1JIOM POOOTH.

. 3aJIe’KHICTh BiJl TEXHOJOTIA — 3001 B mMporpaMHOMY 3a0e3MeueHH1
a00 amapaTHOMY OOJIafHAaHHI MOXYTb MTPU3BECTH JI0 3yIIMHKN BUPOOHHUIITBA.
. KiGepOe3meka — BUKOPHUCTAaHHS KOMII IOTEPU30BAHUX CHCTEM

MIJBUIIYE€ pU3UK KibepaTak, 10 MOXe CIPUYUHHUTH BHUTIK JaHUX a00 caboTax
BUPOOHUYHUX TIPOIIECIB.

. CKJIaiHICTh IHTErpallil — NOE€IHAHHA PI3HUX MPOrPAMHHUX IMPOIYKTIB
Ta CUCTEM MOKE BUKJIMKATH TPYIHOILI Yy iXHIH CyMICHOCTI Ta HAJIAIITyBaHHI.

BucHoBku Ta NnepcrneKTuBU NOJAJIbIINX AOCTi/I’KEeHb.
KoM’ torepusoBane 3a0€3MeUeHHs] TEXHOJOTTYHOI MIATOTOBKHM BUPOOHUIITBA €
BAKJIMBUM (DAKTOPOM MIABUIIECHHS KOHKYPEHTOCIPOMOYXHOCTI aBTOMOOUIBHUX
NIJIPUEMCTB Y Cy4aCHOMY CBITI, Jie IU(POBi3allis CTae KIOYOBOIO CKJIaJI0BOIO
ycnixy. BukopucTtanHs cy4acHMX HHU(PPOBHX TEXHOJIOTIN [103BOJISE 3HAYHO
CKOPOTUTH 4Yac pO3pOOKH, 3MEHIIUTH BUPOOHMYl BUTpATH Ta 3a0€3MEUUTH
BHUCOKY SIKICTh aBTOMOOUIbHOI TpOAyKIlli. BogHodac, migmpuemMcTBa MaroTh
BpPaxOBYBAaTH BHKJIHMKH, TOB’sI3aHI 3 BHUCOKMMH IIOYaTKOBUMHU BHUTpaTaMH,
HEOOXIJHICTIO  CIELIaI30BaHOl  MIJTOTOBKM IEPCOHATY Ta  pU3HKaAMU
kibepoOesmneku. [loganpmuii po3sutok K3TIIB cnpusitume rimmOmriii iHTETrparii
HITYYHOTO 1HTENEKTy, [HTepHeTy peuell Ta mepeoBUX aHAIITUYHUX CUCTEM Yy
BUPOOHWY1 TPOIECH, IO JIO3BOJIUTH CTBOPIOBATH Ill€¢ OUIbII 1HHOBAIIlMHI,
e(EeKTHBHI Ta €KOJIOTTYHO YUCTI aBTOMOOLII1 MallOyTHBOTO.
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Kpusomes B.P., Ky3nenoB V0.M. (Hayionanvnuii mexuiunuii yHisepcumem
Ykpainu «Kuiscokuii noasimexuivnuu incmumym imeni leopsa Cikopcbko2oy, M.
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PO3POBKA I'lbPUIHOI MOBLJIBHOI POBOTU30BAHOI
IJIAT®OPMHU 3 KOMBIHOBAHUMMU HASEMHO-IIOBITPSIHUMU
METOJAMMU PYXY

Anomauin: Y pooomi poszensioaemuvcs Konyenyis 2iopuono2o mobiibHo2o poboma, wo
HOEOHYE MONCIUBOCMI KPOKYIOUOI naamgopmu ma keaopokonmepa. 3anponoHo8ana cucmema
3abe3neyye eghekmugHy adanmayiro 00 CKIAOHO20 Perbe@Yy ma MONCIUBICIb nepexody 8
NOBGIMPAHUL PeHCUM OJi1 NOOOJIAHHS NepeuKoo. AHAni3yomscs KOHCMPYKYIUHI 0coOIu8oCmi,
aneopummu  YnpaeniHHs ma onmumizayis —enepeocnodcusanns. Ilomenyitni  cghepu
3ACMOCYB8AHHS  BKIIOUAIOMb PAMYBAbHI onepayii, 6iliCbKO8Y pO3BIOKY mMa O0CHIONCEHHS
8AAHCKOOOCMYNHUX MEPUMOPITI.

Knrouoei cnosa: 2iopuonuii mobinbHull pooom, KpoKyoua niamgopma, Keaopokonmep,
aoanmueHe  Nepecy8amHs,  eHepPROCNONCUBAHHSA,  PSAMYBANbHI  onepayii,  6ilicbKoga
POOOMOmexHiKa, 00CAI0NHCEHHA BANCKOOOCYNHUX MEPUMOPILL.

Abstract: The article considers the concept of a hybrid mobile robot that combines the
capabilities of a walking platform and a quadcopter. The proposed system provides effective
adaptation to complex terrain and the ability to switch to air mode to overcome obstacles. The
design features, control algorithms, and energy consumption optimization are analyzed.
Potential areas of application include rescue operations, military reconnaissance, and
exploration of hard-to-reach areas.

Key words: hybrid mobile robot, walking platform, quadcopter, adaptive locomotion,
energy consumption, rescue operations, military robotics, exploration of hard-to-reach areas.

AKTyanbHiCTh AochaigxenHs. CyuacHi 0oiloBl Aili Ta poO3BIAyBalbHI
omeparlii moTpedyTh BUCOKOI MOO1ILHOCTI Ta aBTOHOMHOCTI TEXHIYHHX 3aC001B.
Buxopuctrantas MoOUTbHUX POOOTIB 3HAYHO PO3IIUPIOE MOMKIMBOCTI BIHCHKOBUX
MIIPO3AUIIB Yy CKIAQAHUX YyMOBaxX, 3a0e3medyroun Oe3rneyHe MPOBEICHHS
omeparlii, MOHITOPUHI BOPOXHMX OO'€KTIB Ta TOJOJAHHS PI3HOMaHITHUX
nepenko. OHaK TpaauIliiiHI KOJIICHI, TYCEeHUYHI Ta HaBITh KPOKYIOUl MOOLIbHI
poboTH MarOTh OOMEXKEHHS y MepecyBaHHI O BEPTUKAIBHUX 1 CKIAJHHUX
penbedax, a TAKOXK y IIBUIKOMY TIEPETHHI BOJHUX 1 3aTOPOJKYBATBHUX Oap'epiB.

3anponoHOBaHe JOCHTIKEHHS CIPSMOBAaHE Ha CTBOPEHHS Ti1OPHIHOTO
MOOUIBHOTO PO00Ta, SKUH MOEJHYE MOKIMBOCTI KpPOKYIOUUX IUIaTGoOpM Ta
O€3MJIOTHUX JIITaJbHUX amapaTiB (kBaapokonrtepiB). Taka riGpuausamnis
JI03BOJIUTh 3HAYHO PO3IMMUPUTH (YHKIIIOHATBHI MOMXJIMBOCTI POOOTH30BAHO1
CUCTEMHU, MIIBUIIUTH €()EKTUBHICTh BUKOHAHHS PO3BIAYBAILHUX 3aBAaHb 1
3MCHIIIUTHA CHEPTeTHYHI BUTPATH.
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Meta pocaimkennsi. Po3poOka MoO11bHOTO poO0Ta TOBUIBHOI OpieHTAL]
B MPOCTOPI 3 PO3LUIMPEHUMHU (PYHKIIOHATHbHUMH MOKJIMBOCTSAMH, 3JaTHOTO
e(peKTUBHO BHKOHYBAaTH 3aBIaHHS PO3BIAKA Ta TMOJOJIAHHSA TEPEUIKOA Y
BIMCbKOBUX yMOBax. OCHOBHUMHU KpUTEpISIMA pPO3POOKM € MiHIMaJIbHI
CHEProBUTPATH (EJIEKTPUYHOI e€Heprii) Mpu 3M1MCHEHHI PYXiB Ta MaKCUMajbHa
aIalITUBHICTD JI0 PI3HUX TUIIB IOBEPXOHB 1 CEPEOBHILL.

Edexr ribpumizamii — cyTTeBe pO3MUpPEHHS  (YHKI[IOHATBHUX
MOXJIMBOCTE MOOUIbHOrO poboTa, a came, KpiM TMEpeMillleHHs II0
TOPU30HTANIBHIN, BEPTUKAIBHIN 1 HAXUJICHIM MOBEPXHSIM, 37T Ha 3a/1aHy BUCOTY,
MepeTHHAHHS PI3HUX MEPENIKO/I (CTIH, OTOPO’K, TapKaHiB, KaHAB, TPAHIIIEH, PIUOK
tomio). Hiwkue HaBeieH1 cxemu OfHi€T 3 BapiaHTIB iz1ei riopumizarii.

[TpuifHATTI MO3HAYEHHS HA CXEMaX:

Il — ninarpopma KpoKyr4oro MoOIILHOTO poOOTa;

K — xBasipokonrep (IpoH);

III — wiranra, mo 3’ €Hy€ KPOKYIOUYH MOOUIBHUI POOOT 1 KBaIpOKONTEP
(i1 MoxkeHe OyTH);

Anbda — KyT HaXWIy OCl KBaJpOKONTepa BITHOCHO MIaT(OpPMHU;

[Tmtoc (+) - mepeMillieHHs TPUCYTHE;

Minyc (-) — mepeMmileHHs BiJICyTHE.

TexHiuHa 3a7a4a — pO3BIYyBaHHS BOPOKUX 00’ €KTIB 3 BUKOPUCTAHHAM Ha
JpOHI 1 TIaTGopMi IITYYHOTO 30pY 3 MIKPO(OTOKaMeporo 1 po3MiHYBaHHS 3
BUKOPHUCTAHHSAM Ha M1aTdOpMi JIa3epHOTO MIPHIIATY .

Buxonyroui QyHKIIIT - TEpEeMIlIeHHs 110 TOPU30HTANBbHIN, BEPTUKAIBHIN 1
HaXWICHIN MOBEPXHSIM, 3JIIT Ha 3aJaHy BUCOTY, IEPETHHAHHS PI3HUX MEPEIIKO]T -
CTiH, OTOPOX, NAPKaHiB, KaHAB, TPAHIIICH, PidoK TOIIO (puc.1-4).

Umarza (L)
a=90°

+ [lepemMiyenHs naam@opmy 1o 2opU30HMmam
- Kbadpokommep Biok/moqeruy

Pucynox 1 — nepeminieHHs miat@opMu 1Mo ropu3oHTal
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Lpow (1)
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]

S
[lnamgapra (7] >I§,

Ulmarza ()
a=90°

— [liduor Hepyxomoi 17 no Bepmukam  (idkmoyeral
+ Mpaywe [

Pucynok 2 — migiiom mo BepTUKali HEPyXoMOTl miIaTGopmMu

Umarza (L)
a=0°

+ [ldom 17 no Gepmekanm
+ Mpauwe /1

Cxema 3 — nepeMillieHHs IaTGOpMHU MO BEPTUKAIIL

Wmarza (1) >
a<90°

+ [liduorm 17 mid kymorm
+ [lpauywe [

PucyHnok 4 — nepemiiieHHs miatGopMH il KyToM

211



ITocTanoBka npodemMu Ta ii 3B'AA30K 3 HAYKOBUMM i MPAKTUYHUMH
podorammu. Po3BUTOK pOOOTOTEXHIYHHX CHCTEM BHUMAara€ CTBOPEHHS
yHIBEepCcanbHUX TMIAaTGOpM, 3AaTHUX €(PEeKTUBHO IMEpPecyBaTUCS Y PI3ZHUX
CepeIOBHILAX.

CydacHi Ha3zeMHI pOOOTH JAEMOHCTPYIOTh BHCOKY MPOXIAHICTb, OJHAK
OoOMEXEeHI y MIBUIKOCTI Ta 3JaTHOCTI TMOJOJaHHS BEPTUKAIBHUX IMEPEIIKO/I.
KBanpokomnrepu, CBO€I0 4Yeproro, € MOOUIBHMUMH B TOBITpPl, MPOTE€ MAaIOTh
OOMEXEHUI Yac aBTOHOMHOI pOOOTHM uYepe3 BHUCOKE EHEProCIOKUBAHHS.
Kom6inaris mux ABOX MiAXO0IB y TIOpHUAHOMY MOOUIBHOMY pOOOTI JO3BOJUTH
OTPUMATH CUCTEMY 3 M1JBUIIEHOIO aJaNTUBHICTIO Ta aBTOHOMHICTIO.

Ilisi po6oT Ta mocTtaHoBKa 3aja4i. MeToro 1aHOi poOOTH € CTBOPEHHS
KOHIICMIli TOPUIHOTO MOOIILHOTO po0OTa, SIKUM MOEIHYE MepeBaru KPoKyr4doi
waTdopMu Ta kBajgpokonTepa. OCHOBHI 3a/1a4l JOCIIKEHHS BKIIIOUAIOTh:

1. AnHamni3 TEXHIYHUX BUMOT JI0 T1OpUIHOTO poOoTa.

2. Po3po0OKy KOHCTPYKIIHHOT MOJIEN] 3 ypaXyBaHHSAM OajaHCyBaHHS
Barv Ta MiIfHOCTI.

3. Onrumizauio CUCTEMU KEPYBAHHS IS IJITABHOTO MEPEXOAY MIX
pEKUMaMHU PYXY.

4. OuiHKy eHeproe()eKTUBHOCTI PI3HUX PEKUMIB POOOTH.

Buxkiag oCHOBHOro Marepiajay JAOCTIIKeHHs. 3arnponOHOBaHA
KOHIICTIlIA Tiepeadadyae BUKOPHCTaHHS JIETKOI, aje MIIHOI KOHCTPYKIIi, IO
MOEJIHYE MEXaHIYHI KIHIIIBKU JUIsl TEepEeCyBaHHS Ha HEpPIBHIA IMOBEpXHI Ta
npornenepu A nojaboTy. OCHOBHUMU €JIEMEHTaMH €:

Kapkac 13 1erkux KOMIO3UTHUX MaTepiaiB.

e [HTenekTyaJgpbHa CUCTEMa KEpyBaHHS, [0 BUKOPHCTOBYE MaITMHHE
HaBYaHHS JJI BUOOPY ONTHUMAIFHOTO CIIOCOOY TIepecyBaHHS.
e MonaynbsHa OarapeiiHa cucTema 3 po3MoAlIoM eHeprii MiXk MOJIOTOM
1 HA3EMHUM PYXOM.
e AjanTuBHA cMCTeMa CTadUII3allll MPU NEPEXOal MK peKUMaAMHU.
BHuCHOBKH Ta NepCcneKTHMBU NOJAJbIIMX AOCHiIKeHb. Pesynbratu
JOCIIIPKEHHSI TTOKa3ylOTh, 10 TIOPUAHUIA MOOUIBHHI POOOT 13 MOMIIMBICTIO
X0npOU Ta TONBOTY Ma€ 3HAYHUN TOTEHIAT y PATYBAIBHUX OTMEpalisx,
JNOCHIPKEHHI CKJIaJHUX TepUTOopid Ta BilicbkoBid cdepi. [lomampur
JOCIIIKEHHS Oy1yTh 30CE€PEIKEHI Ha BIIOCKOHAJICHH] aJITOPUTMIB KEPYBAHHS,
3MEHILIEHHI Baru KOHCTPYKIIi Ta MiJBUILEHHI aBTOHOMHOCTI POOOTH.
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VJIK 621.785

Jlemenko K.II., KpasuoBa I.}O. (Vkpaina, m. Kpusuu Pie, Kpusopizvkuti
HaYyioOHAIbHUL YHIGepcumem,)

NIJIBUIIIEHHSI 3HOCOCTIMKOCTI JETAJIEM TEPTA LILISAXOM
A30TYBAHHA 3 IIONNEPEJHIM JIASEPHUM OITPOMIHEHHAM

Anomauin: [Ipeocmagneno 02150 HAYKOBUX OOCHIOINHCEHb 3HOCOCMIUKOCMI Oemalell
mepms nicia PI3HUX NOGepXHesux 00pobok. B pobomi noxazano, wo HAAGHUU piGeHb
3HOCOCMINIKOCII pOOOUUX NOBEPXOHL MOJICe OYMU NIOBULEHUL WUIAXOM BUKOPUCTAHHS OilbLU
Ccy4acHoi Kom0OIHoBaHOI 0OpoOKU, HidIC 6A308a MepMiuHA 0OPOOKU, HANPUKILAOD, A30MYBAHHSA 3
NONEepeoHiM NA3ePHUM ONPOMIHEHHIM.

Knrouoei cnosa: snococmiukicms, demaini mepms, nogepxuesa oopooxa; KomoiHoeana
00pobKa; mepmiuna oo6pooKa; nazepHe ONPOMIHeHHS, A30MY68aHHs, POOOUL NOBEPXHI.

Abstract: A review of scientific studies on the wear resistance of friction parts after
various surface treatments is presented. The work shows that the existing level of wear
resistance of working surfaces can be increased by using a more modern combined treatment
than basic heat treatment, for example, nitriding with prior laser irradiation.

Keywords: wear resistance; friction components; surface treatment; combined
treatment; heat treatment; laser irradiation; nitriding; working surfaces.

ba3oBi TexHOJOTii BUTOTOBIEHHS JeTanel Tepta 31 craieit 45, 45J1
nepen6aqa}oTb 3aCTOCYBAHHS TEPMIYHOI OOPOOKH 13 METOIO 3MiI_IHeHH51 MOBEPXHI.
OpxHuM 13 BapiaHTIB TaKoi 0OpOOKH € rapTyBaHHs NPHU temmepatypi 860-880°C 3
MOJAJIBIIUM  OXOJIOJDKEHHSIM Yy oJuBl Ta Biamycky npu 630-650°C 13
OXOJIO/IP)KEHHSIM Ha MOBITPI.

[Ticns BuIie 3a3Ha4eHOT 0OPOOKK MIKpOCTpYKTypa ctam 45J1 ckiagaeTscs
3 TPOCTHTY Ta (epuTy, a TBEpAicT MaTepiamy cramosute 311-321 HB.
HasBrictb pasu q)epHTy Y CTPYKTYpi CcTani baxaHa yceperHi AeTaslel i3 MeTolo
HaJlaHHs [OMIPHOI IIACTHYHOCTL. OXHOYAaCHO 3 THM NPUCYTHICTH Q)epI/ITy y
MOBEPXHEBUX MIAPAX MPH3BOATE 10 MiBUIICHHS 3HOIIYBAHOCTI BHAC/IOK HOTO
IIACTHYHOCTI Ta B’s3KOCTi. Takum d4uHOM fAeTam OyayTh MaTH HU3BKHIA
MOKa3HUK HajiiHoCTL. ToMy M ROLLIBHO MHpPOBECTH iHIIY abo JI0/IATKOBY
TepMiyHy ab0 XIMIKO-TepMIYHY OOpOOKY 13 METOIO MiJIBUILIEHHS 3HOCOCTIMKOCTI
poOOYHX TTOBEPXOHb.

ABtopu [ 1] 3a3Ha4yaroTh, 110 TrapTyBaHHs MOBEPXHI BUCOKOCHEPTETUUHUMU
JUKepeIaMy, TOOTO, CTpyMaMi BHCOKOI YaCTOTH, NMPHU3BEJC 10 YTBOPCHHS Ha
HOBerHl mapy 6e3CprKTypH0ro MapTeHCUTy 13 TBepAicTio 524 HB, a
MIKPOCTPYKTypa y CepeHHi AeTaseil CKIaiaTuMeThes 13 copoiTy (277-293 HB)
YTBOpEHHS TaKUX MIKPOCTPYKTYpP OQHO3HAYHO BIUIMHE HA TBEPAICTh MOBEPXHI,
ajie HEOOOB’SI3KOBO BIUIMHE HA 3HWXKEHHS 3HomryBaHocTi. Jlani y [1] mpo
3HOLIYBAHICTh MOBEpXH1 BiAcyTHI. Kpim TOro, 3aragpbHO BIIOMO, IO Ha
3HOITYBAHICTh 3HAYHO BIUTMBAE JIETYBAaHHS CIUIABY JKEpEIaMHu KOHIIEHTPOBAHOL
eHeprii, To0To, yTBOPEHHS CreIliadbHuX KapOi/iB, HITPUIIB, OOPUAIB, TOIIO.

[3 MeTOI0 MOBEPXHEBOrO 3MIIHEHHS YacTO BUKOHYETHCS XIMIKO-TEpPMidyHa
00poOKa JOeBTEKTOIMHHUX HeJleroBaHuX ctainel [ 1-4]. Hanpuknan, y [1] mokazaHo
ONTUMAIbHUIT PSKUM a30TyBaHHS CTalll 45 MPU HACTYIHUX NApaMETPax: THCK Y
BaKyyMHiii kamepi 240-250 Ila i koHUeHTpais aprony 10 20-25%. Ipu takomy
peskumi A30TyBaHH JIOCATANIACA MAKCUMAIbHA 30Ha a30TOBAHOTO APy — 0,2 mm.
A MiHIMaJIbHUM 3HOC cTaji 45 oTpuMaHo miciist 0OpOOKM P TUCKY y BaKyyMHIN
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kamepi 200 ITa 1 06’ emHIN KOHIIEHTpAITI1 aprony 30-33%, Temneparypa 570°C,
yac 240 xB. OmHak, MM BBa)ka€eMo, IIO 3M1uHeHH51 Ha TmbuHy 0,2 MM €
HEJOCTaTHIM JUI €KCIUTyaTalliiHIX YMOB poOOTH BiAMOBIAANIbHUX JETaleH, a y
pobotax [2, 3] HOCSITHYTO Kpamioro pe3ysbTaTy MPOHWKHEHHS a30Ty BIIIHO
nertam — 10 0,45 MM.

ABTopH [2, 3] 3a3HavarOTh, MmO IS MABUIICHHS TBEPAOCTI Ta
3HOCOCTIHKOCTI Tepe]l a30TyBaHHAM MOKHA BUKOPUCTATH JICTYBAHH: JUKEPEIaMu
KOHIICHTPOBAHOI CHEPril TUIbKM B&XIMBHX [UITHOK JeTam. VY JaHHX
JOCII/DKCHHSX [DKEPeTaMi KOHICHTPOBAHOI CHEprii € JiasepHe OMpOMiHCHHI.
JociipKeHHs OKa3allo, IO SKIIO IPOBOJUTH JHIIE a30TyBaHHs, TO/I TOBIIHHA
oyne ckmamatu 0,17 MM, a orepeHe Ja3epHe OMPOMIHEHHS JIeTajl 301IbIINIIO0
aeroBanuil map no 0,45 mm, depe3 Te, IO HA MOBEPXHI YTBOpUJIACS OUIBII
MOPHUCTa MIKPOCTPYKTYpa, a caMe, 3€pHa CTajIy MPOTSHKHIIII, 301IbITHIACS TUIOIIA
MPOHUKHEHHS MK 3€pHAMHU, TOMY MiIBUIIMIACS MIBUAKICT AUQPY3ii a30Ty 1 HOTO
BIJICOTKOBUI BMICT. 3a JJaHUMHU JOCIIDKeHHS [3] 6e3 jmazepHoi oOpoOKH BMICT
azory csarayB 0,071%, a 3a HasBHOcTI ompomiHeHoi moBepxHi — 0,14-0,15%
Takoxx 3aBASKM IOMY 3HAYHO 3MEHINMBCS Yac a30TYBaHHA — HaWOLIbIIe
HACHYEHHS CTPYKTYPH a30TOM B1I0YBA€THCA Y MEPIITY TOAUHY.

3riIHO TPUOOTEXHIYHUX BHH}2:>06yBaHL 3HOIIYBAHHS a30TOBAHOI MPOTATOM
10 rox crani cranoBuio 0,8 Mr/cM“ KM, a 3HOIIYBAaHHS [TOBEPXOHb 0OPOOIEHUX
J1a3epoM Ta a30ToBaHUX HpoTsarom 1 rog — 0,33 mMr/cM? kM, 10 y 2,4 pasu MeHIIe
[3]. Lle MoxHA TIOSCHUTH OULTBIIOK TITHOMHOKO a30TOBAHOTO MIapy, OLTBIIOKO
KOHILICHTPAI[IEI0 30Ty y IMOBEPXHI, a TaKkOkK 3a JOMOMOrorn (asoBoro
PEHTIEeHOCTPYKTYPHOTO aHaNi3y BHM3HAYCHO, IO 0e3 JasepHOi 00pOOKH
a30TOBAHMI IIAP MICTHTH Y OLIBILII MIpl TeKcaroHalbHu#A HITpu 3amiza FesN, a
y O6pO6JIeHOMy Na3ePOM a30TOBAHOMY mapi — KyOluyHuil HiTpuy 3amsa FesN,
SIKMIL € CTaOLIBHIIMK 1 MinHimmid. TBepAiCTh MOBEPXHEBOrO IIApy TaKOXK
MIJBUILY€ETHCS Y 2-2,5 pa3u 3riAHO JOCHIKEHHS [2].

VY poGoTi [4] BusiBIEHO y XOJi BUNPOOYBaHb ToJimiieHoi ctam 45 1
KapOOHITPU30BaHOI cTai 45, 1110 3HOLITYBaHICTh MOKHA 3MeHIIUTH y 1,2-1,3 pa3u
JUISL yCiX ;:[iana30HiB HaBaHTaXXEHb.

OrKe, i3 ONIISIHYTHX HAYKOBHX JOCII/UKEHb BUILINBAE, IO IIISXOM XiMiKO-
TEPMIYHOI o6po61<1/1 MOXHa ICTOTHO ITIABUIIUTH HA/IAHICTH 1 IPOJOBKHUTH CTPOK
eKCIUTyaTarlii y HOplBHHHHl 13 HAsIBHUM plBHeM 3HOCOCTINKOCTI poO040i MOBEPXHI1
npu 0a30Biil TepMiuHii 00pOOIIl AeTaneit TepTs.
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PO3POBKA TEXHOJIOI'ITI BUATOTOBJIEHHS 3AXUCHUX
CTPYKTYP 3 HAHOMATEPIAJIIB

Anomauia: ocHo8HOWO Memow pobomu € po3podKa ma HayKoee OOIPYHMYBAHHS
KOHCMPYKYIi OPOHEe3aXUCHUX eleMeHmMI8 3 HAHOKPUCMANIYHUX Mamepianie. Bupiwena oona 3
KIIOY0B8UX NPOOIEeM CYYACHO20 1e2K020 OpOHe3axucmy, a came 3abe3nedeHus HeoOXIOH020
pieHs  3a0poHbOBOI mpasmu ma HeoOXIOHOI cmitkocmi ni0 Yac 3MeHWEeHHs MAacu.
OOrpyHmosana MoxiCIusicms OMpUMAHH HAHOMAamepianié npu 8uOYX080My HABAHMANCEHH]T
nio uac cnigyoapy nioCKux KymyJisimueHUx CmpymMeHie 3 peanizayieto Mexamizmy piokoghaznoco
CNIKAHHAL.

Knwuosi cnoea: neckuii Oponezaxucm, HAHOKPUCMANIYHI Mamepianu, 3a0poHb08d
mpasma, CmiuKicms OpoHe3axucmy, maca OpoHeeleMeHmis, 6uUOYX08e HABAHMANCEHHS,
NIOCKUUL KYMYASSMUBHULL CMPYMIHb, PIOKOGA3He CRIKAHHSL.

Abstract: The main objective of the work is to develop and scientifically substantiate the
design of armor protection elements made of nanocrystalline materials. One of the key
problems of modern light armor protection has been solved, namely, ensuring the required level
of behind-the-armor injury and the required resistance while reducing weight. The possibility
of obtaining nanomaterials under explosive loading during the collision of flat cumulative jets
with the implementation of the liquid-phase sintering mechanism has been substantiated.

Keywords: light armor protection; nanocrystalline materials; behind-armor trauma;
armor resistance; armor element mass; explosive loading; flat cumulative jet; liquid-phase
sintering.

IHocranoBka npodJieMu Ta ii 3B’A30K 3 HAYKOBMMH I NMPAKTUYHUMH
poboTamu. ['0JI0BHUM 3aBAaHHAM €KiNIpyBaHHS Ta OpPOHIOBAHHS € IT1IBUILECHHS
00110BO1 epeKTUBHOCTI O1if11s. BuMoru 110 exkinipyBaHHS pO3pI3HSIOTHCA 3aJIE€HKHO
BiJl 00il0BMX yMOB. 3acoOM 3aXHCTy € CKJIaJ0BOI0 YACTHHOK EKIMpyBaHHA 1
MIJBUIIYIOTh 00MOBY €(EKTHBHICTh 3a PaxXyHOK 3HWIKEHHS CaHITapHHUX 1
GE3MOBOPOTHUX BTPAT NMPH OATICTHYHOMY YPaKEHHi. IX pO3pOONAIOTH SK 3
ypaxyBaHHSM crenudikd OOMOBOI MIsUTBHOCTI BIHCHKOBOCTY>KOOBIIIB TIEBHOL
CHELIaIbHOCTI, TaK 1 3 ypaxyBaHHSM Iepe10auyBaHOro TeaTpy BIHCHKOBUX JIiH.

CporoiHi Ha BIOCKOHAJICHHS €KIMIPyBaHHS MIXOTUHIIS BUAUISIIOTh 3HAYHI
KOIITU. Y PI3HUX KpaiHaxX BeAEThCS aKTHBHA poOOTa MO BIOCKOHAJICHHIO
OKpPEMHUX MO0 €JIEMEHTIB, B TOMY YHUCJI1 3aC001B 1HAUBITyaTbHOTO OPOHE3aXUCTY.
be3 3HaHHS TaKTUKO-TEXHIYHUX BHUMOT, SIK1 MpeA’ sIBISUIMCS O TaKUX BHPOOIB,
€TamiB PO3BUTKY TEXHOJIOTIH 1 JOCBIAY 3aCTOCYBaHHS B PI3HUX BIMHAX CKJIAIHO
MPaBUJIBHO OLIHIOBATH, pO3po0JsiTH a00 BUOMpPATH BUPOOU 3aXUCTY.

VY cdepi HamioHanbHOI Oe3Mekr Ta OOOPOHM YKpaiHM BaXKIMBOIO Ta
aKTyalbHOIO € Mpobiema 3a0e3MedeHHs] HEOOX1IHOI CTIMKOCTI, aMOPTU3YIOYOi
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Jii, KyJEeCTIHKOCTI, YCYHEHHS KPHXKOCTI IMPH BHUCOKIM TBEPJOCTI CIIaBy Ta
3MEHIIICHHS] Macy OPOHE3aXUCTY.

Tematuka nocmigkeHHs] BXOAUTH 10 [lepeniky KpUTHYHUX TEXHOJIOTIH y
chepi BUPOOHMIITBA O30pOEHHS Ta BIMCHKOBOI TEXHIKM Ta BIAMOBIIAE
posnopskenHto  Kabinety MinictpiB Ykpaiau Bix 30.08.2017 p. Ne 600-p i3
3MiHaMH, 1110 BHECEeH1 3riHo 3 Po3nopsmkennamu KM Ne 1358-p Bin 24.12.2019
p., Ne 223-p Bix 23.02.2022 p.

AHaJi3 ocTaHHIX AocaiakeHb i myoJikanii. Halinepin Oponecucremu
3aCTOCOBYBAJIM ISl BAKOPUCTAHHSI MOHOJIITHUX 3arapTOBAHUX CTaJIeBUX IJIACTHH
[1-3]. [IporpecuBHa TeXHOJIOTisI OOPOOKH MPHU3BEIA 10 BUHAXOAY OpOHECHCTEM
noaBiiHOI TBepaocTi (DHA) 3 OiapIll TOBCTUMH Ta SKICHUMH IIJIACTHHAMM.
[TonanbIni HOBOBBEICHHSI BKJIIOUAIOTh MPOKATHY oAHOP1IHY OpoHto (RHA), muty
onHopiany 6ponio (CHA), ctaneBy 6ponto Bucokoi TBepaocti (HHA) ta 6ponto
13 3arapToBaHOro amoMiHieBoro cruiaBy (cepist MIL — DTL) [2].

Sk onucano y [3], OCHOBHI KOHCTPYKIIii OpOHI MOKHA KJIacu(iKyBaTH siK
nacuBHI a00 peakTuBHI. PeakTuBHI OpOHI BUKOPUCTOBYIOTh KIHETUUHY CHILY JJIS
npoTUli OamicTUYHIN 3arpo3i. 3 1HIIOro OOKY, TaCUBHI OPOHI BUKOPUCTOBYIOTh
MaTepiaibHl BJIACTUBOCTI CKJIAJOBHUX JUISl PO3CIIOBAHHSA KIHETUYHOI €HEeprii
yAapy.

binbmiicth  cy4acHMX ~— KOMEpPUIMHUX  OpOHBOBAaHMX  CHUCTEM €
OaraTomapoBUMU KOMIIO3UTHUMH CTPYKTYpaMmH, 10 MOEAHYIOTh IepeBaru 000x
NaCUBHUX cHUcTeM. B OpoHexuierax yCIHIIIHO BUKOPUCTOBYEThCS Kepamika. Lli
OpOHBOBI KOHCTPYKIIIi MarOTh KepaMIYyHUUM IIap, MiAKPIMUICHUA MeTajamMu Ta
KOMIIO3UTaMH.

Bunaxin Kesnapa B 1969 p. komnaniero «/IformoH» MpU3BIB J0 MEPIIOTO
3alaTeHTOBAHOIO BHUKOPUCTAHHS TKAaHUH Yy OpOHEXWIeTax sIK 3aXUCTy Bij
KyJboBHX 3arpo3 (kmiern K-15) [1].

TkanuHHi OpoHI JO0Ope (PYHKUIOHYIOTH MNPOTH A€POPMYIOUUX 3arpos,
PO3MOUISAIOUM KIHETUYHY €HEPril0 4epe3 BHUCOKOMIIIHI BOJOKHA 3 PEXKUMaMHU
JIMCUTIAIIIT, BKJTFOUAIO4YH 3CYB a00 pyHHYBaHHS BOJIOKHA, pO3pUB ab0 aedopmariito
BOJIOKHA TP PO3TATYBaHHI Ta MOB'sI3aHE 3 UM PO3IIApyBaHHs a00 BUTATYBaHHS.

MeraneBa OpoHA sSIK KJIac BKJIOYae B ce0e OPOHBOBI CTalll, BACOKOMII[HI
aIIOMIHI€EB] 1 TUTaHOBI ciuiaBu [4, 5]. HallOuibll MIMPOKO BUKOPUCTOBYETHCS
cTasieBa OpoHs. 3 11 JOMTOMOTOI0 MOMIJIMBO 3a0€3MEeUEHHS 3aXUCTY aX JO IM'STOr0
KJIacy MpHU TOBIIMHI OpoHeenemenTa 5,0...6,5 MM, 110 BIJINOBIIa€ MOBEPXHEBIN
rycuri  39..51 «kr/m®. Benuki TOBIIMHM CTaleBHX OpPOHEEIEMEHTIB
HEIMPUITYCTUMI Yepe3 iX HaAMIPHO BEJIUKY Bary.

OgHuM 3 MOXJIMBUX UUISIXIB MiJABUIIEHHS KYJECTIMKOCTI € CTBOPEHHS
OiMeTraniyHoi OpoH1 13 30BHIIIHIM BHCOKOTBepAuM Imapom 55...60 HRC 1
TWIBHAM B’SI3KMM ImapoM. Taky OpOHIO MOXHa OTpPUMAaTH, HaMpPHUKIA/I,
3BaprOBaHHSM BHOYXOM, MAKETHOIO MPOKATKO a00 1HIIUMHU CIIOCOOAMHU.

@®opMy/IIOBAHHSI HEBHPIIIEHUX YACTHMH 3arajbHoi MNpodjemMH.
TexHiuHy CKIAQQHICTh SBIIIE COOOI0 3a0e3MeueHHS HEOOXIMHOTO PIBHS
3aXUIIEHOCTI BiJl TBUHTIBKOBHX Ta aBTOMATHUX KYJib, a TAKOXK yJaMKiB. [Tomi0Hi
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oponeenemenTH (2 - 5-if Kiac 3axucty, mioma 45-55 1M?) npu cyyacHoMy piBHi
PO3BUTKY MarepiajiB BakaTh MOHaA 15 kr. A mosBa HOBHX OpOHEOIHHUX
MaTPOHIB BUKIWKAE OMATKOBI CKIATHOCTI Ta TMOCWJICHHS BHUMOT JO 3aco0iB
3axUCTy. Bucoky KynecTiiikicTb MaioTh OiMeTaneBi crTajii, aje y cepiiiHe
BUPOOHUIITBO LIUX CTaJeH BIICYTHE.

Bponecucremu, mo 0a3yioTbCsi Ha TKaHMHI MalOTh HEBEJIHKY Macy, aje
cami Mo cobi Hee(heKTHBHI AJISl TOI0JIaHHs OpOHEOIMHMX 3arpo3 1 MOTpeOyIOTh
PYHHIBHUKIB JUIS ACJIOKaTI3aIlii 30CepeKEHUX CHUII.

30UTBIIUTH KYJIECTIMKICTh OpPOHBOBOI CTalll MOKHa OyJjo O NUIAXOM
30uTbIIeHHST i1 TBepaocTi. OAHAaK, TpH TBEPIOCTI MEPENOHU 3 TOMOICHHOI
ByTJIeLIeBOi OpoHBOBOI cTaji Ouibiioo 3a 55 HRC, BoHa cTae KpUXKOIO 1 TIpH
0OCTp1Tl HABITh 3BUYATHUMU CTAJICBUMU KYJISIMU YPAKAETHCA 110 TUITY MTPOJIOMY
abo poskomy. Jlms Toro, mo0 YHUKHYTH IIbOro, HEOOXIJHO 30epertu
TUTACTUYHICTH cTaji Ha piBHI y = 30%.

Iisti crarri Ta mocranoBka 3agavi. HeoOXiHICTh 3HMXKEHHS Macu
3aXUCHUX CTPYKTYp OpOHE3axucTy Mpu 30€epekeHHs a00 HaBiTh 30UIbIICHHI
3aXMCHO1 3JaTHOCTI BUMArarTh pO3pOOKH HOBUX MaTepiajiB 3 HOBUMU XIMIYHUM
Ta (a3oBUM CKIAQJOBUMH 1 CTpykTypamu. KapawHampHe MOMIMIIEHHS
(yHKI10HAJIBHUX BIACTUBOCTEH KOHCTPYKIIMHUX MaTepiaiiB MOXIUBO ILISIXOM
(dbopMyBaHHS CyOMIKPOKPUCTAJIIYHOI CTPYKTYpH 3 po3MipoM 3epeH 1 Mxm...100
HM 1 HAHOKPHUCTAIIYHOI CTPYKTYpH, JJIA SIKO1 po3Mip 3epeH He nepeuiye 100
oM. Jlyis oTpumaHHS 00’€MHUX HaHOMAaTepiasiB, HANpPUKIAJ, OpOHEIJIACTHH,

MOXHa  BHKOPHUCTOBYBAaTH TIOPOIIKOBI  TEXHOJIOTIT —  KOMIIAKTYBaHHS
HAHOTMOPOIIIKIB, KPUCTAJI3AIlI0 3 aMOP(PHOTO CTaHy Ta 1HTEHCHUBHY IUIACTUYHY
nedopmarriro.

bararo mpoBiAHMX HAYKOBO-OCIITHUX JabopaTopiii CBITY MalOTh JIOCUTh
BEJUKI TUIaHM Ta J00pe (IHAHCOBaHI MporpaMd po3poOKHM  HOBUX
OpoHemaTtepiaiiB Ha OCHOBI BUKOPHUCTaHHS JOCSTHEHb HAHOTEXHOJOTIH. AJe
ChOTOJIHI HaHOMAaTepiaid Jy>K€ KOIITOBHI, XO4Ya IHTEHCHUBHI MOIIYKA HOBUX
MaTepiaiiB 1 TEXHOJOr1H BUPOOHHUIITBA IBUJIKO BEYTh /0 iX 3CIICBICHHS.

Meroto pobotu € po3poOka Ta HAyKOBE OOIPYHTYBaHHS KOHCTPYKIIi
OpOHE3aXMCHUX EJIEMEHTIB 3 HAHOKPHUCTAIIYHUX MarepiaiiB 13 3a0e3MeYeHHsIM
MIIIHOCTi, TBEPJOCTI, B’SA3KOCTI Ta IUIACTUYHOCTI Martepialy. 3aBIaHHAM
JTOCITIKEHHS € po3po0Ka pecypco30depirarodoi JenieBoi TeXHOIOT1l OTpUMaHHS
OpOHE3aXMCHUX €JIEMEHTIB 3 HAHOKPUCTATIYHMX MarepialiB 3 BUCOKHUMU
MOKa3HUKaMU OaTICTUYHOTO 3aXUCTY.

Bukiaan ocHoBHOro marepiaay jgociaimkeHHs. I[Ipouec orpumMaHHs
HAHOKPHUCTAIIYHOI CTPYKTYpH MPHU 3BapIOBaHHI BUOYXOM OiMeTany (30BHIIIHIMA
map — tutan BT1-0, BHyTpimHI map — amoMidiid AJ[1) MOXIMBO NIISTXOM
J0JIaBaHHsI MIKIIAPOBOI MOBEpxHI penbedy, MO 3a0e3neyye yTBOPEHHS
3YCTPIYHUX KYMYJSITUBHMX CTPYMEHIB 3 PO3IUIABICHOTO METaly M OKHCIIB.
Hanpuknan, penbed moxke OyTu TpuKyTHOro (puc. 1), TpameneigaabHOro iu
iHmmX npoduriB. Ilpyu 3ITKHEHHI CTPYMEHIB YTBOPIOETHCS APIOHOAMCIEPCHA
3aBica W pO3MWJI CTPYMEHIB Ha MACHUBHE TIJIO CIUIaBIB. Y TaKuX yMOBax
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IIBUJIKICTh OXOJIOJKEHHS KOMIIOHEHTIB KYMYJIATUBHUX CTpYMEHIB nocsrae 1
MJTH. TPaAYCIB 3a CEKYH/Y, 1 CTBOPIOIOTHCSI YMOBH JIJIsl IIBUKOT KpHUCTami3allii Ta
OTPUMAaHHS HAHOKPHUCTATIYHOI 400 aMOp(hHOT CTPYKTYpH.

1 — BuOyxoBa pe4oBHHA; 2 — 30BHILIHIN map GiMeTany; 3 — BHYTpIIIHI [Iap
O0imerany; 4 — CTpyMiHb
Puc. 1 — Cxema oTpuMaHHs HAHOKPUCTAJIIYHOI CTPYKTYPU MIXK IIapamMu
Oimerany

ExcnepumenTtanbHi nociimkenss [1] mokazanu, 30 (i3uKo-MeXaH1dH1
BJIACTUBOCTI 30BHIIIHBOIO IAPY 3 TUTAHY CYTTEBO BIAPI3HAIOTHCS BiJl
BJIACTUBOCTEN KPYIMHOKPUCTATIYHUX aHaJorB (Tadu. 1).

Tabmuus 1 — @13uKo-MexaHiuHi BIaCTUBOCTI ynuctoro turany BT1-0 3 pi3aumu
CTPYKTypamu

Hano- CyOmikpo- Kpynno-
@di3uKo-MexaHiyHl | KpucTamiuauii | kpuctamiyauit Ti | xkpuctamiunumii Ti
BJIACTUBOCTI Ti (0,25 Mxm) (15 Mkm)
(0,1 MKm)
HlinbHICTB, T/CM® 4,492 4,483 4,54
Meska MIITHOCTI, 820 760 460
MIla
Mesxa mpy»KHOCTI, - 360 238
MIla
['paruns 830 810 380
tekydocti, MIla
Bignocue 20 28 26
MMOJOBXKEHHS, %o
Bignocue 55 66 60
3BY’KEHHs, %
MikpoTBepAICTb, 2900 2800 1800
MIla

[Ipu ynapHOXBHIIbOBIM 0OPOOII CYTTEBO MIABUIIUIACST META MIITHOCTI

TpaHUIll TEKYUYOCTI Mij1 yac 30epekeHHs TUIACTUYHOCT] MaTepiany.
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[IpakTuHUl  iHTEpeC TMPEACTABIAE€ 3HAYHUN  pICT  MEXaHIYHHUX
BJIACTMBOCTEH Yy MaTepiajax 3 HAHOCTPYKTYpOI, TaKUX SIK MIIHICTb,
MIKpPOTBEPAICTh, MiJBUILCHA HeMIidipyrodya 37aTHICTh. Peakiiiss martepiany Ha
3MEHIIEHHS pO3MIpY 3€pHa HaJlaHa B Ta0I. 2.

Tabmuig 2 — Po3MmipHa 3aiexHICTh (DI3UYHUX BJIACTUBOCTEH HAHOCTPYKTYPHHX
MaTepiairiB

BiactuBocTi Peak1iist maTepiaay Ha 3MEHIIICHHS PO3MIpy 3epHA
Tepmiune 3HIKEHHS TeMIepatypu (pa3oBUX MepPexoiiB, Y TOMY YHCII
TEMIEPaTypH IUIABJICHHS
Kinetnuni IcToTHe 30inbIIeHHs 3HaYeHHs KoedimienTa qudys3ii; pizke

HaJiHHSA TEIUIONPOBIIHOCTI TPU TEBHOMY KPUTHUYHOMY
pO3MiIpi 3epHa

MexaH14H1 [TlinBumeHHs TBEpAOCTI ¥ MIIHOCTI  MeTajeBHX 1
KepaMigyHUX Marepialib; T ABUIICHHS B'I3KOCTI
pyHHYBaHHS; TIOJIIIIIIIEHHSA KOBKOCTI; MIPOSIB

HaJIMJIACTUYHOCTI B MAJOIUIACTUYHUX MaTrepiajiax; ICTOTHE
30UTbIIEHHSI 3HOCOCTIMKOCTI ¥  Mpaue3laTHOCTI  MpH
IUKIYHAX HAaBAHTAKCHHIX

Y BUXiAHOMY KPYMHOKpUCTaNiYHOMY TUTaHi (15 MKM) miKpoTBepaicTb
ctaHoBUTb 1800 Mna. Y HaHOCTPYKTYpHOMY TuTaHi (0,1 MKm) BenunuuHa
MiKpOTBEepAOCTi NniasuLLmMnaca 1 ctaHosuTb 2820 MMMa (puc. 2, 3).
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Pucynox 2 — 3anexHictb Pucynk 3 — 3anexHicTh Mexi
MIKPOTBEPAOCTI BiJ po3Mipy 3€pHa MILIHOCTI ¥ TpaHULl TEKY4YOCTi
TUTaHY TUTaHY B pO3MIpy 3epHa

[Ipu ynapHO-XBUJILOBOMY HaBaHTa)XEHH1 BIIOYBA€ThCS 1HTEHCUBHA
MIacTUYHA JedopMaltis, 1Mo J0CsIrae IeCATKIB BICOTKIB 3a Jy’Ke KOPOTKHUMA Yac
(10*6 —10*75) yac. YTBOPEHHS HAaHOCTPYKTYpP y TaKMX yMOBax HIATBEpKEHE
JOCIIIJIKEHHSIMA YaCTOK PO3MIPOM Yy KIJIbKa MIKPOMETPIB MpPH iX 3ITKHEHHI 3
MIIICHHIO Y TEXHOJIOTIYHUX TMpOoIlecaX «XOJOJHOr0» Ta30JuHaAMIYHOTO,
JIETOHAIIMHOTO ¥ KaBITAI[IMHOTO HAITUJIEHHS.
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IIponiec ¢gparmenTariii 3epeH npu 1HTEHCUBHIN IUIACTUYHIN Aedopmarltii
(IT1) moxHa po3paxyBaTH 3a JOMOMOTror0 piBHSHHS (1) mpu 3HAHHI €Heprii,
HEOOX1THOT 7151 TOAPIOHEHHS 3epPEH.

[[[pFVdW £ [[ o, I = [[ oy AW + %mo,Spvde , (1)

ne W — MaTepiaabHuil 0ocsr;
> — MOBEpXHS, 1110 OOMEKY€E MaTepialibHl 00CST;
pFdW — 30BHIIIHI MACOBI CHITH;
c"dX — 30BHIIIIHI TOBEPXHEBI CUIIH;
V — MepeMilleHHs] TOUYKU JOJaTKy MIOBEPXHEBUX CHIT;
Gy — HalpyTH.
[Ipornec mactuuHoi Aedopmallii HEOOXiTHO TMOB’SA3aTH 31 3MIHOIO
EHTPOIIIi T1JIa, a YMOBa PYWHYBAHHS MOKHA IIPEICTABUTH Y BUTJISII
S(t)=5(0)+AS =S, )
Jie t —Jac pyiiHyBaHHS;
S(0) — 1iIBHICTL EHTPOMIi B IOYATKOBUI MOMEHT Yacy;

AS — KpUTUYHE 3HAYEHHS IIiILHOCTI EHTPOIIi IPY 3a1aHOMY 3HAYCHHI (f)

IIpn npomy

—|=

s(f):ﬂ“_t); s(o):ﬂ“_o); AS=4n. g 3)

T T T

ne T — a0coyroTHA TeMIIEpaTypa;

n — IUIBHICTH BHYTPIIIHBOI €HEPTii.

MoxnauBo ofepkaTu JPiOHO3EPHUCTY CTPYKTYpy Oe3mocepeaHbO Micis
BUOYx0BO1 00poOKU. [ 1[bOro HEOOXIAHO OTPUMATH CHIBBIAHOIICHHS MIX
HalpyramMy, IO BHWHHUKAIOTh TNPH BUOYXOBOMY HABAaHTAKEHHI W YHCIOM
IUCIOKalii ycepenauni 3epHa. i 341MCHEHHS pyXy AMCIOKaLld HEOOXITHO
MPUKJIACTH HANPYTy G, pPiBHE

c, = 2.3705 -n(cs12 —er) (4)
7€ n — KUIbKICTh KpaOBHX JHUCIIOKAIIIH;
G, — Hampyra, TpHUKJIAaJCHEe B IUIOMMHI KOB3aHHA | y HampsMKy
KOB3aHHA 2;

T, — Hampyra TepTs, sSKy MOTPIOHO MOMOJNATH JUCIIOKAIIl JJIst

3I1ACHEHHS PyXY.
YMoBa BUHUKHEHHS TPIIIIMHKA YCEPEINHI 3€pHA MOJISTaE y BUMO31

G reop = 05- chl -G (5)
ne G — MOJyJIb IPYKHOCTI 3pYyILICHHS;
G reop — TEOPETUYHA MILIHICTh ( KPUTUYHE HATIPYKEHHS 3PYIIEHHS).

JIJisi BUHUKHEHHS TPIIIMHUA YCEpeIHHl 3epHa HEOOXIJHO Taka KUIbKICTh
JVCIIOKAIIH, SKa MPUOJIHU3HO JTOPIBHIOE BIIHOMIEHHIO TEOPETHYHOI MIITHOCTI J0
IMOTOYHOI MEXI IIIMHHOCTI, TOOTO

120, /0, 6)
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A€ 0, — IIOTOYHA MCXKa TJIMHHOCTI.

ABTOpaMU OCBO€HA TEXHOJIOTiS OTamMaHHs OiMmeTaneBoi OpoHI 3
HAHOKPHUCTAIIYHUM IIAapoM. 3pa3ku JaHOi OpOHI MpecTaBieH Ha puc. 4.

Pucynok 4 — MerasneBa koMIio3uTHa OpoHs: a) Tutad BT1-
O-+amrominiiit+tutan BT1-0; 6) Tutan BT 1-0+antominiii+tutan BT6; B) Ky,
110 3aCTpATIa MK IMapamMu OiMeTary

BucHOBKH Ta mnepcneKTHBHM MOAAJBIIMX AOCHiIKeHb. Po3pobieHo
HAayKOBOOOIPYHTYBaHy  KOHCTPYKI[i0  OpOHE3aXHMCHOTO  €JIEMEHTy 3
HAaHOKPHUCTATIYHOTO MaTepially 13 3a0€3MeUeHHSIM MIITHOCTI, TBEPAOCTI, B’ I3KOCTI
Ta IUIACTUYHOCTI  Marepiany. PospobimeHo  pecypcosbepirarodinenieBoi
TEXHOJNOTI] OTpUMaHHsS OpOHE3aXHCHUX €JEMEHTIB 3 HaHOKPUCTAJIIYHHX
MaTepianaiB 3 BHCOKMMH TOKa3HUKaMU OamiCTUYHOTO 3axucTy. KomTOBHICTH
oponesaxucuux enemeHTiB ESAPI BupoOHunra CIIIA omniel onuHuI ckiamae
400-600 momapiB, a KOIITOBHICTH €I€MEHTa PO3POOKH aBTOPIB CKJIAA€ HE OLIBIIT
1500 rp=.
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MokieBeusb 1.O. (Binnuyvkuii HAYiOHANbHULU MEXHIYHUL YHIBepCUmem, M.
Binnuysa,  Vxpaina), KoBaneBcbkuih C.B., (/Jonbacvka  Oepowcasna
Mawunooydiena axademis, mm. Kpamamopcok — Tepnonine, Ykpaina)

PO3POBKA IMNEPCHEKTUBHUX TEXHOJIOI'TI HA BA3I
THHOBAIIUHUX IMPOLUECIB CTBOPEHHA ®YHKIHIOHAJIBHUX
IHOBEPXOHbB JETAJIEM MAILINH

Anomauyin: Y oaniti cmammi 00CHIONCEHO CYYACHT MEXHOI02I] opMySaHHs (YHKYIOHATbHUX
noGepxoHvL Oemanell MAWUH ma X 6nIU8 HA eKCHAYAMAayilini XapaKxmepucmuku 6upoois.
Ilpoananizoeano iHHOBaYiUHI Memoou 0OpPOOKU NOBEPXOHb, GKIIOUANOYU NAA3MO6I, JNa3epHi ma
KOMOIHOBAHI MEXHON02ii, a MAKoMdC CHOCOOU HAHECeHHS KOMNOZUMHUX MAd HAHOCMPYKMYPOBAHUX
NOKpummie. 3anponoHOBaAHO KOMNJEKCHUU RnioXi0 00 pO3pOOKU MEXHONO2IUHUX NpoYecia, o
3a6e3neyyc OnMuUMAanbHe NOCOHAHHS PI3UKO-MEXAHIYHUX 61ACIMUBOCIEN NOBEPXHEE020 wapy oemanel
mMawiun. ExcnepumenmaibHo 008e0eHO Ni0GUUEHHS 3HOCOCMINIKOCMI, KOpO3iUHOI cmitikocmi ma
6momHoi miynocmi oemanei na 25-40% npu 3acmocysanmi po3pobrenux mexnonoziti. Pesynomamu
00CNONCEHHS. OeMOHCPYIOMb  NEePCHEKMUGHICING  3aNPONOHOBAHUX EXHONIOSIYHUX pilleHb Ol
BNPOBAOIHCENHSA Y BUPOOHUYMBO CYUACHUX MAWUH | MEXAHIZMIB.

Kntouoei  cnoea:  ¢ynxyionanvui  noeepxwi,  iHHOGayiliHi  mexHono2ii  0bOpoOKu,
HAHOCMPYKMYPOBAHI NOKPUMMS, NIA3MOSI MEXHON02Il, 1a3epHa 00pobKa, KOMNO3UMHI Mamepial,
3HOCOCHIIKICMb, HOBEPXHEeBe 3MIYHEHHS.

Abstract: This article investigates modern technologies for the formation of functional surfaces
of machine parts and their impact on the operational characteristics of products. Innovative surface
treatment methods are analyzed, including plasma, laser, and combined technologies, as well as
techniques for applying composite and nanostructured coatings. A comprehensive approach to the
development of technological processes is proposed, ensuring the optimal combination of the physical
and mechanical properties of the surface layer of machine parts. Experimental results demonstrate a
25-40% improvement in wear resistance, corrosion resistance, and fatigue strength of parts when
applying the developed technologies. The research findings highlight the promising nature of the
proposed technological solutions for implementation in the production of modern machines and
mechanisms.

Keywords: functional surfaces; innovative processing technologies; nanostructured coatings;
plasma technologies; laser processing; composite materials; wear resistance; surface strengthening.

CyyacHuil PO3BUTOK MAaIIMHOOYJIYBaHHSI XapaKTEPHU3YEThCS MOCTIMHUM
MIABHUILEHHSIM BUMOT 0 SIKOCTI, HaJIMHOCTI Ta JOBIrOBIYHOCTI A€TajaeH MAaIllvH.
BinoMo, mio ekcrulyaTalriiHi XapakTepUCTUKH JeTaled 3HAayHOK MIpOIo
BU3HAYAIOTHCSA CTAHOM iX MOBEpXHEBOro mapy [1, 2]. @yHKIIOHANIbHI TOBEPXHI
JeTajiel MammH |y Tpoleci eKCIulyaTallii MiAJalThCs PI3HOMaHITHUM
HAaBaHTAXXEHHIM: MEXaHIYHUM, TEIIOBHM, XIMIYHHUM Ta iX KOMOIHAI[IIM, IIIO
PU3BOJUTH J0 3HOIIYBaHHS, KOPO3ii, BTOMHOTO pyHHYBaHHS TOIIIO.

Tpanuuiiiai MeToau 00poOKH MOBEPXOHb (MEXaHIYHa, TEPMIYHA, XIMIKO-
TEpMIiYHA) HE 3aBXK 1 3a0€3MeUyI0Th HEOOXIJHUI KOMILJICKC BIacTUBOCTeMH [3-5].
ToMy akTyanbHUM 3aBJaHHSIM Cy4aCHOT'O MalTMHOOYTyBaHHS € po3poOKa HOBUX
TEXHOJIOT1 CTBOPEHHS (YHKI[IOHAIBHUX TOBEPXOHb, IO 0a3yrThbCs Ha
IHHOBAIIHUX TMpolecax 1 JO03BOJSIOTH CYTTEBO MIJBULIUTH EKCIUTyaTalliiiHi
XapaKTEPUCTHUKH JeTalIel MaIlTiH.

Mertorw naHoi poOOTH € po3poOKa Ta MOCTIIKEHHS MEePCICKTUBHUX
TEXHOJIOT1i CTBOpPEHHS (YHKI[IOHATBHUX MMOBEPXOHB JIETAJIEH MaIllMH Ha OCHOBI
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KOMOIHOBAHOTO 3aCTOCYBaHHS Cy4YaCHUX METO/IB OOpOOKM Ta HaHECEHHS
MOKPHUTTIB.

JIyist mpoBeieHHsT eKCIEPUMEHTAIBHUX JOCIIKEHbh BUKOPHUCTOBYBAJIHCH
3pa3ku 13 KoHCTpyKmiaMX craieit 40X, 45, 30XI'CA Ta TUTAaHOBOTO CIUIABY
BT6. Po3Mmipu 3pa3kiB [ij1s1 17a00paTOPHUX AOCIIKEHb CTAHOBUJIN: HIMJIIHAPUYHI
— ©30x8 MM, miocki — 50x30x8 mMm. 3pa3kud MONEPeIHbO IiIaBaIUCs
MexaHiuH1i 00pob1i 1o mopceTkocTi Ra = 0,8-1,25 mxm.

Y po60Ti BUKOPHCTOBYBAIMCH PI3HI METOAM OOPOOKH MOBEPXOHb IS
dbopmyBaHHs (GYHKIIOHATBHUX IIapiB. 30KpemMa, 3aCTOCOBYBaJIach Jia3epHa
0o0poOka Ha ycta”osii "YLS-2000" 13 BOJOKOHHUM JIa3epOM MOTYKHICTIO 70 2
kBt Ta nmoBxkwuuoro xBwm 1,07 MkMm. IS CTBOPEHHS TOKPHUTTIB TaKOX
BUKOPHCTOBYBaJM IUIa3MOBE HamuwieHHa Ha ycraHoBmi "YIIV-8M" 13
BUKOPUCTAHHAM IUIa3MOTpoHa MOTYykHIcTI0o A0 40 kBt. Enexrtpoickpose
JIETYBaHHS 3[IIHCHIOBAJIM 32 I0MOMOroro yctaHoBkH "EniTpoH-52A" npu eneprii
imoynbey  0,1-1,5 [Ix. 3aBepmiasibHa 00poOKa MOBEPXOHb IPOBOAMIIACA
yJIBTPA3ByKOBUM METOJOM 3 YaCcTOTOIO KoiuBaHb 22 kI 1 amrmiityaow0 15-25
MkM. OkpeMy yBary NpUIUISUIM 3aCTOCYBaHHIO KOMOIHOBaHMX METOIB, SIKi
MOEIHYBAJIM PI3HI TEXHOJIOTI] IJIsl JOCATHEHHS ONTHUMAJIbHUX BJIACTHBOCTEU
MOBEPXOHb.

Hnst  dbopmyBaHHS (PYHKIIOHAJIBHUX TOBEPXOHb BHUKOPHUCTOBYBAJIMCS
pPI3HOMaHITHI TUITH MOKPUTTIB. HaHOCKIM KepaMiuHi TOKPUTTS Ha OCHOB1 Al2O:s,
Zr0O: ta TiN 13 ToBumHoio Big 50 mo 200 mkm. OkpiM TOro, 3aCTOCOBYBAJIU
KOMITO3HUITIHHI TOKpUTTS cuctemMu "merai-kepamika" (Ni-Al.Os, Co-WC)
toBIMHOIO 100-300 MxM. @opmMyBanu OaraTomapoBi TPAAIEHTHI MOKPUTTA 3i
3MIHHUM XIMIYHUM CKJIaJI0M IO TOBIIMHI, @ TAKOK HAHOCTPYKTYPOBaH1 MOKPUTTS
3 po3MipoM 3epeH y aianazoni 30—100 M.

JIist OLHKK BJIACTUBOCTEW OTpUMaHUX (YHKIIOHATHLHUX TIOBEPXOHB
3aCTOCOBYBAJIM KOMIUIEKC aHAJITUYHUX MeToniB. MeranorpadiuyHuil aHami3
IPOBOJIMIM 3a JIONOMOror onTuyHoro wmikpockona "Olympus GXS51" Ta
pacTpoBoro enekTpoHHoro mikpockona "JSM-6510LV". CtpykTypy NOKPHUTTIB
JOCIIIKYBAJIM METOJIOM PEHTTEHOCTPYKTYPHOTO aHaiizy Ha AudpakToMeTpi
"JIPOH-4". MikpoTBepAICTh MOBEPXOHb BH3HAYAJIM 3a JONOMOTOI0 MpUiIaay
"TIMT-3M" npu HaBanTaxkeuHi Bia 0,49 no 1,96 H. 3HOCOCTINKICTh OIlIHIOBAIN
3a cxeMoro "muck-kononaka" Ha mammHi TepTs "CMII-2". Kopo3siiiHy CTIHKICTb
Bunpo6oByBaiu B 3% po3uuni NaCl. BromHy MiIlHICTh BU3HAYAJIU HA YCTAHOBIII
13 4acTOTOO HaBaHTaxkeHHs 50 I'm.

JlocmipkeHHsT MIKPOCTPYKTYpU 3pa3KiB MICIS PI3HUX BHIIB 00pOOKH
MOKa3aJi, 110 JlazepHa oopooka ctam 40X 3 oraBiIeHHIM TOBEPXHI IPU3BOAUTH
10 ¢GopMyBaHHS MapTEHCHTHOI CTPYKTypu 3 auchnepcHictio 0,5-2 MkM i1
MikpoTBepAicTio 8,5-9,2 I'Tla. 'mubuna 3MiniHeHoro mapy ctaHoBuTh 0,3-0,5 Mmm
B 3aJICKHOCTI Bix pexuMiB o0poOku. IlmasmoBa o0poOka 0Oe3 orIaBiICHHS
3a6e3neqye (bopMyBaHHﬂ TpiOHO3EPHUCTOT CTPYKTYpH 3 po3Mipom 3epna 5-10
MKM 1 MikpoTBepaicTio 6,5-7,5 I'Tla npu rmubuni 3minnensd 0,15-0,25 mwm.

EnexTtpoickpoBe neryBanHsa TuTaHoBoro cruiaBy BT6 enekrpogamu 13 WC-
Co mpusBeno 710 ¢GopMyBaHHS MOBEPXHEBOTO Mmapy TOBIMKHOK 30-50 MKM 3
BIJIFOUCHHSMHU  KapOifiB  BoibdpamMy, 1m0  3a0e3MeUnsio  IMiABUIICHHS
MiKpoTBepAocTi 1o 12-14 I'Tla.
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Kom0OiHoBana 00po0ka, 1110 BKJIIOYA€E TIa3MOBE HAIMUIIEHHS 3 MOAAJIBIIO0
Ja3epHOI0 00pOOKOI0, T03BOJIMIIA OTPUMATH TPAJIIEHTHY CTPYKTYPY 3 IJIABHOIO
3MiHOIO BiiacTuBOCTeH Mo rmmbuHi (Puc. 1). Taka cTpykTypa XapaKTepu3yeThCs
MIBUIIEHOIO aJAre3i€0 MOKPUTTS 10 OCHOBU Ta 3HIDKEHWMH 3QJIUIIKOBHUMH
HaIpPY>KEHHAMH.

Po3po6eni HaHOCTpYKTYpoBaHi MOKpUTTS Ha ocHOBI TiN-AIN 3 po3mipom
3epHa 40-80 HM TPOIEMOHCTPYBAJIH ITiIBUIIICHI TPHOOTEXHIYHI XapaKTEPUCTHUKH.
Ha Puc. 2 mpencraBneHo pe3ylbTaTH TOPIBHAJIBHUX BHUIPOOyBaHb Ha
3HOCOCTIMKICTh 3pa3KiB 13 pI3HUMHU BUaMHU TTOKPUTTIB.

AHami3 pe3yJbTaTiB MOKa3zy€e, 10 HAHOCTPYKTYpPOBAHI IMOKPUTTS
3a0e3Mevyl0Th 3HM)KCHHS IHTEHCUBHOCTI 3HOIIYBaHHS y 2,8-3,5 pa3u mopiBHIHO
3 TpaJuUIMHUMH TOKPUTTAMU. Lle moscHIoeThCs 0coOMuBOCTIMU Jedopmartii
HAHOCTPYKTYPOBAaHUX  MarepiajiB, fAKI XapaKTEpHU3yIOThCA  I1JIBUIIECHOIO
TBEPICTIO MPH 30€PEKEHHI IOCTATHHOI MIIACTUYHOCTI.

JUtss  MABMINEHHS  KOMIUIEKCY  CKCIUTyaTallifHUX  XapaKTEPHCTHK
3alpONOHOBAHO TEXHOJOTI0 KOMOIHOBaHOI OOpOOKH, sika 00'€elHye KildbKa
etamniB. Ha mouatkoBoMy eTarii mpoBOAUTHCS MEXaHIYHA 00pOOKa MOBEPXHI, IO
JIO3BOJIIE JOCSATTH HEOOXIJHOI TOYHOCTI PO3MIpPIB 1 3a0e3MeunuTH 3aJaHy
mopcTkicTh.  Ilicms  1mpOro Ha MIATOTOBJICHY TOBEPXHIO HAHOCUTHCS
OararomrapoBe KOMIO3UIIIMHE TOKPUTTS 32 JIOMIOMOTOIO0 TUIa3MOBOTO HAITMJICHHS,
IO CTBOPIOE JOJATKOBUI 3aXUCHUN MIap 3 BUCOKUMH (PI13MKO-MEXaHIYHHUMHU
BJIacTUBOCTSIMU. Jlami 3pailicHIOEThCA JlazepHa 00poOka, sika 3abesrneuye
OILIABJICHHS MTOKPUTTS Ta (POPMyBaHHS ONTHUMAIBHOI CTPYKTYpPH TOBEPXHEBOIO
mapy, COPUSIIOYM  MIABUIICHHIO HOTO  MIIHOCTI Ta  3HOCOCTIMKOCTI.
3aBeplialbHUM €TalmoM € YibTpa3BykoBa (iHilIHA 0O0poOKa, sika 3MEHIIYE
HIOPCTKICTh TMOBEPXHI Ta (QOpMye CHPUSTIMBI 3aJIMILIKOBI HAMPYXEHHS, IO
MMO3UTHBHO BIUIMBA€E HA JIOBTOBIYHICTH BUPOOY.

Pesynbratn BumpoOyBaHb AeTasield, 0OpOOJIEHHMX 3a 3ampPONOHOBAHOIO
TEXHOJIOT1€10, MpeACcTaBiIeH] B Ta0. 1.

Tadanusa 1. ExcrutyataniiiHi XapakTepucTHKH JeTajieil 3 pi3HMMH
BHJIaMH 00pOOKH

Bunx 06po6ku 3HOCOCTIHKICTB, Kopo3iiina BromHa
BIJH. OJI. CTIMKICTh, BIJH. | MIIIHICTb, BIJH.
on. On.
Tpanuiiina 1,0 1,0 1,0
TepMiyHa 00poOKa
JlazepHa oOpoOka 1,8 1,3 1,2
[I;ma3zmoBe 2,2 1,9 0,9
HaIUJICHHS
KomOinoBana 3,4 2,4 1,4
00poOKa
BUCHOBKHM

VY po6oTi po3pobIeHO Ta TEOPETUIHO OOTPYHTOBAHO KOMIUIEKCHHM TT1IX1]T
70 CTBOpEHHS (YHKIIOHATBHUX TIOBEPXOHb JCTaJie MalluH Ha OCHOBI
IHHOBAIMHUX MpOLECIB OOpOOKM Ta HaHECeHHS MOKpUTTIB. [IpoBeaeHo
JOCIIIJIKEHHST BIUTMBY PI3HUX METOJIB 0OpPOOKH, 30KpeMa JIa3epHOi, M1a3MOBOi,
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€JIEKTPOICKPOBOi  Ta  yJIbTPA3BYKOBOI, Ha CTPYKTypy Ta BIJIACTHUBOCTI
MOBEPXHEBOr0 MIApy JeTajeil, BUTOTOBJICHUX 13 PI3HUX KOHCTPYKIIIHHUX
matepianiB. Po3pobieHo TexHomoriio (opMyBaHHS HAHOCTPYKTYPOBAaHUX
MOKPUTTIB 13 po3mipom 3epHa 40-80 uM, 1m0 3abe3medyye IIiIBUIICHHS
3HOCOCTIMKOCTI y 2,8—3,5 pa3u MOPIBHSAHO 3 TPATUIIHHIUMHU TOKPUTTIAMHU.

3anponoHOBaHO TEXHOJIOTII0 KOMOIHOBAaHOT 0OpOOKH, 110 BKJIIOYAE €TaNU
IUTa3MOBOTO HANMJICHHS, JIa3epHOi Ta YJIbTpa3ByKoBoi oOpoOku. IlpoBeneHi
eKCIIEPUMEHTAIbHI JOCTI/DKEHHS TOKa3aldH, [0 Taka TEXHOJIOTiS JI03BOJISE
MIJBUIIMTH 3HOCOCTIMKICTh AeTaneil y 3,4 pa3u, KOpo3iiiHy CTIHKICTh Y 2,4 pa3u
Ta BTOMHY MIIHICTh y 1,4 pasu. KpiMm TOro, po3po0iieHO aaroput™M BHOOPY
ONTUMAIBHOI TEXHOJOT1] CTBOPEHHS (PYHKITIOHAJIHbHUX MOBEPXOHb 3aJIEKHO Bij
YMOB €KCIUTyaTarlii eTajaeii MaliyH.

[lepcrieKTUBHUMHU HaNpsiIMKaMd TOJAJBIINX JOCHIDKEHb € POo3poOKa
METO/11B KOMIT'FOTEPHOT0 MOJIEIIFOBAaHHS MPOIIECIB POPMYBaHHA PYyHKIIOHATBHUX
MOBEPXOHb JJIA ONTUMI3allll TEXHOJOTIYHUX NapameTpiB. Takox IIaHyeTbCs
JNOCTIPKEHHSI MOXJIMBOCTEH 3aCTOCYBAaHHSA AaJWTUBHUX TEXHOJIOTIA  JJs
CTBOpPEHHS JeTanedl 13 (yHKIIOHaJbHUMH MOBepxHsAMU. OkpeMy yBary Oyze
IPUAUIEHO BUBYEHHIO TPUOOJOTIYHUX BIIACTUBOCTEM HAHOCTPYKTYPOBAHUX
NOBEPXOHb B  EKCTPEMAJIbHUX  yMOBax eKCIUlyaTalii Ta  po3poOii
aBTOMATHU30BaHUX CUCTEM KOHTPOJIIO AKOCTI (PyHKIIOHAJIbHUX TOBEPXOHb.
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TEXHOJIOTTYHE 3ABE3NNEYEHHSA EKCILTYATAIIMHUX
BJIACTUBOCTEM JETAJIEXA MMTPOTSITOM )KUTTEBOI'O IIUKJTY

Anomauia: Y cmammi npoananizo8ano mexHon02iuHi Memoou OnopsaoICy8aibHoi 00poOKU
306HIWHIX NOBEPXOHb Oemanell muny mii 00epmanHs 3 Memor RIOBUWEHHS IX eKCNLyamayitHux
Xapaxmepucmux NpomAcOM JICUMMEBO20 YUKTY. Po32nanymo 3acmocy6anHs MOHKO20 MOYIHHA,
waighyeanns, Memooié NOGePXHEBO-NIACMUYHO20 0eQOPMYBAHHS, AIMAZHOZ0 BUSTAONCYBAHHS, a
MAKOAHC KOMOIHOBAHUX CNOCOOI8 3MIYHEHHS — DPUKYITIHO20 eNeKMPOIMIYIbCHO20 MOOUPDIKYEAHHS MA
anmomomepmii. Ilpoeedeno nopisHsIbHUL AHANI3 eheKMUBHOCMI MemOodiE 3a Kpumepismu moyHoCmi,
wopcmrxocmi, meepooCcmi  ma  3HOCOCMIKOCmI  00poOaeHux nogepxousb. Bcmanosneno, wo
BUKOPUCTNANHS KOMOIHOBAHUX Memo0die 00pOOKU CAPUAE 3HAYHOMY NIOBUWEHHIO 008208iYHOCH
BUP0OI6 MAUUHOOYOYBAHHSL.

Knwuoei cnosa: onopsoicysanvha o0podKa, nosepxmege 3MiYHeHHs, WOHKe MOUIHHA,
winighysanns;,  0OKAMYBAHHA,  AIMA3HE  BUSNAOJNCYBAHHSA,  eNeKMPOIMNYIbCHE  MOOUDIKYBAHHA,
ANOMOMEPMISL.

Abstract: The article analyzes technological methods of finishing the external surfaces of parts
such as bodies of revolution to enhance their operational characteristics throughout the product life
cycle. The application of fine turning, grinding, surface plastic deformation methods, diamond
burnishing, and combined strengthening techniques such as frictional electro-impulse modification and
aluminothermy is considered. A comparative analysis of the effectiveness of the methods is carried out
based on the criteria of accuracy, surface roughness, hardness, and wear resistance. It is established
that the use of combined processing methods significantly improves the durability of machine-building
products.

Keywords: finishing treatment; surface strengthening; fine turning; grinding; burnishing;
diamond burnishing; electro-impulse modification; aluminothermy.

TexHOJIOrIYHUI TpoLeC BUTOTOBJIEHHS JE€Taled THUMIY Tl OOepTaHHS
NMOBUHEH 3a0e3MeYnTH BHUKOHAHHA HACTYNMHHUX 3aBIaHb: 3a0e3MeyYeHHS
reOMETPUYHUX apameTpiB (Po3MipiB Ta GOpMH) 3 33JaHOI0 TOUHICTIO Ta (P13UKO-
MEXaHIYHMX BJIACTHBOCTEH IMOBEpPXHI JeTaii. BupimieHHS IUX 3aBIaHb MOXE
OyTH JOCSATHYTO BHUKOPUCTAHHSM OIepaliid MexaHiyHOi 0OpoOKu sK 3
BUKOPUCTAaHHAM JI€30BO1 a00 a0pa3uBHOI OOpOOKHM, TaK 3 BHUKOPUCTAHHAM
METO/IIB MMOBEPXHEBO-TIACTHYHOTO AeopmyBanHs [1].

MeTor0 po60TH € JOCTIAKEHHS TEXHOJIOTTYHUX METO/11B OTIOPSIIXKYBaIbHOT
0OpOOKM 30BHINTHIX MTOBEPXOHB JICTAJICH TUITY TiJT OOepTaHHS.

st dininmHOT 00poOKkM poOOUMX MOBEPXOHb BUKOPUCTOBYIOThH OmeEparlii
TOHKOTO TOYiHHS, HUTiI(QyBaHHA, 0OPOOKY METOJaMHU MOBEPXHEBO-TIACTUYHOTO
nedopmyBaHHs [2].

Omepariii TOHKOTO TOYIHHS BHUKOHYIOTh Ha OOJagHAHHI TiBUIIEHOI
TOYHOCTI 3 BUKOPUCTAHHSAM pPi31[iB. OCHOBHOIO BUMOTOIO € BHCOKa YKOPCTKICTh
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MeTajopi3aibHOTO 00IaHaHHs. Pi3aabHi MIIaCTHHN BUTOTOBIISIOTHCS 3 TBEPOTO
cruiapy Mapok T15K6, T30K4. Tonke TO4iHHS BUKOHYETHCA MPHU IMIBUIKOCTI
pizannas 150-200 m/xB, momaui 0,1-0,15 Mm/06. JlocsraeThcsi TOYHICTH 6-7
KBaJIITETIB Ta mopcTkicTh Ra = 0,8-2,5 MkM.

[IInipyBaHHS 30BHIIIHIX IIOBEPXOHb JIeTalled THUIy TII OOepTaHHS
BUKOHY€ETbCA Ha KpyrionuridyBanbHUX BepcTaTaXx. OCHOBHHUMH IepeBaramu
KPYTJOro 30BHIIIHBOTO TNUTI(QYBaHHS € BHCOKAa TOYHICTh T'C€OMETPUYHUX
nmapaMeTpiB Ta BHCOKa SIKICThb moBepxHi. Hemomikamu nutidyBaHHS € BHCOKa
BapTICTh peajizallii mpolecy; HU3bKa IMPOJAYKTUBHICTh, HEMOXKJIUBICTh
nutihpyBaHHS KaHABOK; BHCOKa TemIepaTypa B 30HI IuTdyBaHHS, IO MPH
HEJIOCTATHBOMY  OXOJIO/DKCHHI MO’K€ BIUIMHYTH Ha SKICHI IMOKa3HUKH
MOBEPXHEBOT0 MIapy (HAasBHICTh MPHUMIKIB Ta MIKPOTpimuH). TOYHICTH micis
YUCTOBOTO NUTIyBaHHS Aocsrae 6-7 KBaliTeTiB, mopcrkicth Ra = 0,32-1,6 Mxwm.

Meroau MOBEPXHEBO-TUIACTUYHOTO J1e(POPMYBaHHSI XapaKTEPU3YIOThCS
THM, 110 B MPOIECI BUKOHAHHSI TEXHOJIOTTYHOTO TIEPEXO/Ty 3 TOBEPXHI JIeTall He
BUJIAJIIETBCS CTPY’KKA, a BIJOYBAETHCS 3MIIHEHHS IOBEPXHEBOrO WIapy 3a
pPaxyHOK Jii IHCTpYMEHTA — HAKATHHUKA.

HakatHuku gx gedopmyrodi e1eMEeHTH MaloTh a00 MAapUKUA ab0 POJIHKH,
0 BUTOTOBJISIOTHCS 3 SIKICHUX IHCTpYMEHTaIbHHX cTajiel. (OOKaTyBaHHS
BUKOHYIOTh Ha TOKaPHO-TBUHTOPI3HUX BEPCTaTaX.

OOkaryBaHHs IapuKaMu a00 poIMKaMHU 3a0€3eYy€e TOUHICTh PO3MIPIB 32
6...9-M kBamiTeramu, napamerp mopctkocti Ra=0,16...0,8 mxm. [ToBepxHeBwHii
miap micasi oOKaTyBaHHS Ma€ TBEPIICTb, 0 30uTbITyeThest Ha 20%. ['mubuna
3MiIHEHHSA cTaHOBUTH (0,15-0,3 MM.

AnMa3He BWITIAJKyBaHHS BHUKOHYETHCS Ha TOKApHO-TBUHTOPI3ZHUX
BEpCTaTax 3 BUKOPHCTAHHSAM CIICIIaJbHOTO IHCTPYMEHTa — BUTJAKyBada 3
TBEPJOCIUIABHUM HAKOHEYHHUKOM abo 31 mTy4yHOro anmasy. llepeBarammu
aJIMa3HOTO BUTJIA/KYBAaHHS € BUCOKA SKICTh MOBEPXHI (IIIOPCTKICTh CTAHOBUTH
Ra=0,016...0,008 Mxm), miABUIIEHHS 3HOCOCTIMKOCTI oBepxHi B 1,2-1,5 pa3m.
Henonikamu anma3HOTrO BHIJIQJKyBaHHS € BHCOKa BapTICTh IHCTPYMEHTA,
HEOOXIJTHICTh JJOCTATHBO XKOPCTKOrO 00JIaIHaHHS, 0OMEXEHHS B 00pOOIIIOBaHUX
Matepianax (He oOpoOISIOTHCS HAITO TBEP/Il Ta HAJTO M’ SIKI MaTEpiain).

OctanniM yacoM HaOyBalOTh MOIIMPEHHS KOMOIHOBaHI CHOCOOM, IO
JO3BOJISIIOTh OTPUMATH 3HOCOCTIMKI MOKPUTTSA, IO CHPHUATUMYTh 301IbIIEHHIO
YKUTTEBOTO ITUKITY BUPOOIB.

OmgaumM 3 KOMOIHOBaHUX  METOAIB  oOpoOku €  (pukiiiine
CIIEKTPOIMIyIbCHEe MoOaudikyBanHs aucyiabdimom wmomidoaeny [3]. Cmocid
3MILIHEHHS TIOJISiTa€ B HAHECEHHI1 IIapy y BUTJIAII TBEPAOi 3Ma3KH 3 HACTYITHUM
BUTJIADKYBaHHSAM ¥ OJHOYACHMM TMPOMYCKaHHSIM Yepe3 30HYy 0OpoOKH
IMITYJIbCHOIO CTPYMYy HPSIMOKYTHOI (hopMH uepe3 30Hy KOHTakTy (puc. 1).
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PesynbTaTtoM QpUKIIITHOTO €1eKTPOIMIYJILCHOTO MOAU(DIKYBaHHS € HACUUEHHS
MOBEPXHI OKCHJIOM MOTIOEHY, 10 YTBOPIOETHCS B PE3YJIbTATl XIMIYHOT peaKiIii.

Pucynox 1 — Peanizayis cnocody hpuxyiiinozo eiexmpoimMnyibCHO20
MOOUPDIKYBAHHSL

Hpyrum crocoOoM € 3MIIHEHHS po004YOoi MOBEpXHI JETallli METOIOM
aTIOMOTEpPMIi Ha BIAKpUTOMY NOBITpl. CoCiO 3MIIIHEHHS TOJISITA€ B HACUYEHHI
XpOMOM TIOBEPXHEBOI'O WIapy CTAJEBOi JAETall 13 BUKOPHCTAHHSIM METOIY
AITIOMOTEPMIi, SKUH 31HILIIOETHCS E€JIEKTPUYHUM IMITyJIbCOM BIJI €JIEKTPOAY Ha
BiZKpHTOMY TOBITPI (puc. 2) [4].

\

Pucynox 2 — Peanizayis cnocody 3miyHenHs: Memooom aiioMomepmii

Pesynbratn wmeTanorpadiuHUX JOCHIKEHb CBIAY4aTh TPO Te€, IO
JOCITIJIKEH1 METOJU 3a0e3eUyroTh 301IbIICHHS MIKPOTBEPAOCTI MOBEPXHI y 3
paszu, rimbuHa 3minHeHoro mapy 0,25 mwm. IloBepxHeBuil 3MIIHEHUH IIap
HACHUYY€ETHCS XPOMOM 1 AJIOMIHIEM MiC/IA aTOMOTEpMIi Ta MOJIIOAEHOM MiCIIs

€JIEKTPOIMITYJILCHOTO BUTJIQ/I)KYBaHHS. 3HOCOCTINKICTh iCIIs
eJIEKTPOIMITYJIbCHOTO BUTJIAKyBaHHS 30uUIbIIyeThcst B 1,8 pasm, micnd
amoMoTepMii — B 2 pa3d. IHTCHCHUBHICT, 3HOIIEHHS IIOBEPXHI IIICISA

€JIEKTPOIMITYJIbCHOTO  BUTJIQJKYBaHHS 3MEHIIyeTbcss B 1,6 pasu, micins
anmomoTepmii — B 1,8 pasu.
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BUCHOBOK

BukopucTaHHs TEXHOJIOTIYHMX METOJIB OMOPSKYBaIbHOI OOPOOKH
30BHIIHIX MMOBEPXOHb JI03BOJISIE 3a0€3MEYNTH TMOKA3HUKU TOYHOCTI Ta SIKOCTI
MOBEPXHI, 110 CIpHsie 30UIBIICHHIO XUTTEBOTO ITUKIY BUPOOIB. Bubip Toro um
IHIIIOTO METOMy TIOBHHEH TIPYHTYBaTHUCS HE TUIBKM Ha TEXHOJIOTIYHUX
MOJKJIMBOCTSAX METOJY, ajie i BpaXOBYBAaTUCh COOIBAPTICTb.
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TEXHOJIOI'TYHHI METOAU HAPIBAHHA KOHIYHUX
3YBYACTUX KOJIIC

Anomauyin: Y cmammi po3eisiHymo mexHoN02iuHi MemooU HAPI3aHHs NPAMUX 3Y016 KOHIUHUX
3youacmux xoxic. Ilpoananizogano ocobnusocmi memooieé KONit08aHHA mMa OOKAMYBAHHSA, A MAKONHC
cyuacti mexnonoeii napizanns, soxkpema memoo Invomilling™ xomnanii Sandvik Coromant. Pozkpumo
BNIUB MEXHONO02II 8UCOMOBNIEHHA HA KIHEMAMUYHY MOYHICMb | 008208iYHICMb 3Y0UACMUX nepeday.
3pobreno sucHo60K PO OOYINLHICMb BUKOPUCTIAHHS CYUACHUX Memo0ie 00pobKu 0iist 3a0e3neyeHHs.
HAOIIHOI pobOMU MEXAHIZMIB NPOMALOM HCUMMEBO20 YUKILY UPODIE.

Knrouoei cnosa: xowiuni 3ybuacmi xoneca, HapizawHsa 3y0i6; MemoO KONitO8AHHS, Memoo
00KamMy8anHs; 3y00Ccmpy2anis, KiHeMamuiHa MOYHICMb,; JHCUMMESUT YUK GUPODIE.

Abstract: The article discusses technological methods for cutting straight teeth of bevel gears.
The features of copying and generating methods are analyzed, along with modern cutting technologies,
particularly the Invomilling™ method by Sandvik Coromant. The impact of manufacturing technology
on the kinematic accuracy and durability of gear transmissions is revealed. It is concluded that the
application of advanced processing methods ensures reliable operation of mechanisms throughout the
product life cycle.

Keywords: bevel gears; gear cutting; copying method; generating method; gear shaping;
kinematic accuracy; product life cycle.

OHUM 3 TOJIOBHUX 3aBJIaHb, 10 3a0€3MEYYIOTh )KUTTEBUM ITUKII 3y04acTHX
KOJIiC, Ta BUPOOIB, 10 CKJIaAy SKUX BOHHM BXOJSATh, € TEXHOJOTIUYHI METOIHU iX
BUTOTOBJICHHA Ta KOHTPOJO. OCOOJMBICTIO KOHIYHHUX 3yO04acTHX KOJIC €
po3TanryBaHHs 3y0iB Ha KOHIUHIN MOBEPXHI, sIKI BXOASAThH B 3a4ETVICHHS 3 1HIITUM
3yOuacTuM KosecoM i kyrom 90°.

TexHosoriyH1 crocobu o0poOku 3yduacTux kosic gociipkyBanuch H.C.
Pascekoro, O.0. Kiouko, O.A. OxpiMeHKO Ta iHIIMMHU gociigaukamu [1 - 3].
BuroToBieHHss KOHIYHHUX 3yO04acTHUX KOJIC BHMAara€ 4iTKOTO JOTPUMAHHS
TEXHOJIOTIYHOTO TPOIIECY, L0 JI03BOJISIE 30UIBIIMTH JIOBTOBIUYHICTh MOBEPXOHD
3y0iB 3y04acTUX KOJIC, 1 TUM CAaMUM 301IbIITUTH KUTTEBUMN ITUKIT BUPOOIB.

Metow poOOTH € IOCHIIKEHHS TEXHOJOTIYHUX METOJIB Hapi3aHHs Ta
KOHTPOJII0 KOHIYHUX 3y0UacThX KOJIIC.

dopMOyTBOpEHHS 3y0iB KOHIYHUX 3y04acTHUX KOJIC MOYKHA BUKOHATH 3a
JIBOMa METOJIaMH: KOIIIOBaHHS Ta 0OKaTyBaHHS.

CyTHICTh METOJy KOIIIOBAaHHS TOJISITa€ B TOMY, 110 (opMa pi3aabHOro
IHCTPYMEHTY MOBTOPIOE (hopMy 3amaauHu Mixk 3yoamu [4]. [Ipu HapizanHi 3y0iB
3y04aTHX KOJIC TOJIOBHUHU pyX pi3aHHS — OOEPTAIbHUNA — OTPUMYE Pi3aJIbHHIMA
IHCTPYMEHT, PyX MOJayl 4acTillle OTPUMY€E THCTPYMEHT.

Jlns  HapizaHHS TPSAMO3YOMX KOHIYHHUX KOJIIC METOJ[ KOTIFOBaHHS
peati3oByEThCS 3a JOTIOMOT0I0 MOAYJIbHOIT TUCKOBOT ab0 nanbiieBoi gppes. Crocid
Hapi3aHHd Ma€ TakKl HEJOJIKH, SK HHU3bKa MPOAYKTHBHICTh Ta HEBHUCOKA
KiHeMaTH4Ha TOYHICTh (9-10-a). Ilepmmii HEqOMIK BUKIMKAHUM HEOOX1IHICTIO
MepepuBaTH MpoLeC Hapi3aHHS KOXHOTO pasy IO 3aBEPILICHHIO IPOpi3aHHS
3arafvHy i BIIBOXMTH (pesy, APYTHid HEJONMIK IOB'S3aHUI 3 BUTOTOBJICHHIM
bpe3 KOMIUIEKTOM JIsl TIEBHOTO Jlana3oHy 3y0iB meBHOTO Moayis. Came Tomy
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UMM PI3aIbHUMU 1HCTPYMEHTAMHU Hapi3aroTh 3yOM KOHIYHUX KOJIC B YMOBax
OJIMHUYHOTO Ta APIOHOCEPIMHOTr0 BUPOOHUIITBA.

MeTton oOkaTyBaHHS — I1€ METO, TP SIKOMY pi3aJIbHAI IHCTPYMEHT Ta
A€Talb OTPUMAIOTH MOTO/KEH] PyXH, 1110 BiTBOPIOIOTH 3a4ETUICHHS 3y04acToro
KoJieca 3 4epB’ IKOM, 3y0UacToro Kojeca Ta 3y0uacToi peku, 3y04acToro kKojieca
3 IHIIUM 3y04acTUM KojiecoM. JJisT KOHIYHUX 3yO0UacTHX KOJIIC METO] BiTBOPIOE
ySIBHE 3a4CTUICHHS JBOX KOHIYHUX KOJIIC — OJHE 3 SKHX € 3arOTOBKOIO, a 1HIIE €
YSIBHUM  KOJIECOM, III0 pEali3yeThCs BIAMOBITHUMH pyXaMH pi3aJbHOTO
iHCTpyMeHTa [4].

Haiibinpimr BiJOMUM METOAOM, IO peaiizye MeTon OOKaTyBaHHS IS
Hapi3yBaHHS KOHIYHUX KOJIC 3 MIpSAMHUM 3yOoM, € 3yboctpyranHHs. CyTHICTh
METO/Iy TOJISITa€ B TOMY, ITIO JIeTajlh BCTAHOBIIOETHCS HA OMPABIll HA TTIOBOPOTHY
0abKy ¥ OoTpUMy€ KpYroBUW pyX mojadyi. ['0JOBHUN pyX pi3aHHS — 3BOPOTHO-
MOCTyNaJIbHUN — BUKOHYIOTH J1Ba p131li. I1icis HapizyBaHHS mepioro 3yoa 6abka
NEePEMIIIAETHCS B BUXIJIHE TIOJIOKEHHS ¥ TTIOBEPTAETHCS HA OJIMH KYTOBUU KPOK.
ITporec 00poOKH TOBTOPIOETHCS LS HACTYITHOTO 3y0a koJjeca [4].

Hapisanms KOHIYHHX 3y09acTHX KOJIiC IBOMA TMCKOBUMH ()pe3aMu 3HAYHO
POIyKTUBHIIIIE, YuM 3yOocTpyranHs. Hapizanus Moxke OyTH BUKOHAHE METOIOM
oOkaTyBaHHs, BpizaHHS Ta KoMOiHoBanmM [5]. Ilpum Mmetomi oOKaTyBaHHS
MPSMOTIHIMHI pi3ajbHI KPOMKH IHCTPYMEHTa KpiM OOepTaHHS 3I1MCHIOIOTH
CIIIBHO 3 00POOJIFOBAaHUM KOJIECOM Y3TOKEHHI PyX Y BEPTUKAIbHIM IIIOIIHHI,
B pe3yJIbTaTi SKOTO BOHHM BIITBOPIOIOTH O1YHI IMOBEPXHI 3y0OiB 0OpOOIIOBAHOTO
KoJieca i hopMyroTh oro npodink. I1ig yac 06poOku dhpes3u He MePEeMIITYIOThCS
B3JIOBXK 3y0a Kojieca, TOMY JHO 3allaJuHM 3y0a Ma€ TPOXHU YBITHYTY ITOBEPXHIO

(puc. 1).

Pucynok I — Cxema napizanmus deoma aucmewwu gbpesamu

Kommnanis Sandvik Coromant mpomonye texnomorito Invomilling™ [6].
OcoOuBICTIO TEXHOJIOTII € TE, 10 3 KIHEMAaTUYHOI TOYKHU 30py METO]I CXOXKUHN Ha
MeTOJ OOKaTyBaHHs, 3 TI€IO JIMINE PI3HULECI, 10 Ha S5-KOOPJIUHATHOMY
TOKapHOMY IICHTPI MOKJIMBa Oe3mepepBHa 0OpoOka, 1HCTpyMeHT '3aroprae'
KOKHY IIECTIPHIO Ha3al, HE IMITYIOUH 3a4eTUICHHS.

Sandvik Coromant mpornoHye yHiBepcaJlbHUI aCOPTUMEHT IHCTPYMCHTIB
JUTIsl 0OpOOKHM 30BHIIIHBOTO MPpOoduIto 3y0a 1 MOAYJIB, 1110 BKJIOYaE (pe3u cepiid
CoroMill 161 1 CoroMill 162 (pucynok 2). IlpocTtora HamamTyBaHHA Ta
porpamMyBaHHs, HEBEJUKI PO3MIpH IHCTPYMEHTY Ta MOXJIMBICTH 00pOOKH 3y0iB
Kojieca MoayiaeM M=12 103BOJIAIOTh BUKOPUCTOBYBAaTHM Il METOa B
npiOHOCEpIHOMY Ta OIMHUYHOMY BUPOOHUIITBI.
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Pucynok 2 — O6pobia duckosumu gpesamu cepii CoroMill

Bci po3riisiHyTi METOIM Hapi3aHHs KOHIYHUX 3y04acTHX KOJIIC JI03BOJIAIOTh
OTpUMATH 3yOUacTi Kojeca, Kl Mics TEPMIYHOI Ta OMOPSAIHKYBAJIbHOI 0OpOOKH
OyIyTh 3a0e31neuyBaTy HalliiHy poOOTY MEXaH13MIB POTATOM >KHUTTEBOTO [IUKITY.

BUCHOBOK

HapizanHs KOHIYHUX 3y04acTHX KOJIIC METOJIOM KOIIOBaHHS a00 METOJIOM
oOKaTyBaHHS, OCOOJIMBO 3 BHUKOPUCTAaHHSM CYYaCHUX TEXHOJOrA Ta
IHCTpYMEHTa,  JO3BOJISIE  3a0€3MEYUTH  JOCTaTHbO  BUCOKI  IOKA3HUKH
KIHEMaTU4HOI TOYHOCTI. TepmiuHa Ta ONOPSIKyBajlbHAa OOpPOOKH, BHUKOHAHI
micasi 3yOoHapizaHHS 3a0e3nedarh HaAliHy poOOTy MeEXaHi3MiIB MPOTATOM
AKHUTTEBOTO LIUKITY.
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HogikoB ®. B. (Xapkiscokuti nayionanbHuii eKOHOMIYHUL YHIgepcumem iMeHi
Cemena Kysneys, m. Xapkis, Ykpaina)

PO3POBJIEHHSA TEOPETUYHUX OCHOB TA EPEKTUBHUX
TEXHOJIOTI'TYHHUX TPOLHECIB OBPOBKU BUCOKOTOYHUX
MAHIIMHOBYAIBHUX BUPOBIB

Anomauia. O0TpyHmo6aHo ymosu CYmMmeBo20 NiOGUUIEHH MOYHOCMI, SAKOCmi ma
NPOOYKMUBHOCII MEXAHIYHOI 00OpOOKU WIAXOM 3MEHUIeHHS eHepeOEMHOCMI 00pOOKU —
3MeHULeHHs IHMEeHCUBHOCMI mepms IHCmpyMeHma iz oopooatosanum mamepianrom. Ilpu ypomy
HaUbiIbUWOo20 eghpekmy 00CACHYMO 6 YMOBAX BUCOKOUWBUOKICHO20 DI3AHHA 13 3ACMOCYBAHHAM
MemanopizanbHux 8epcmamia i3 Yuci08UM NPOSPAMHUM KePYBAHHAM MUNY «00POOHUL YeHmp »
ma meepOOCHIABHUX | KEPAMIYHUX DIXHCYUUX IHCMPYMEHMIB 3i 3HOCOCMIUKUMU HOKPUMMAMU.

Knrwuoei cnosa: sucokowsuokiche pi3anHs, eHepeoOEMHICMb 00poOKU; mepms
IHCmpyMeHma, moynicms 00poOKu, AKiCMb 00poOKU, NPOOYKMUBHICMb 0OPOOKU,; epcmamu 3
YIIK; meepoocniagnuii iHcmpymeHm, KepamivHull iHcmpymMerm, 3HOCOCMILKI NOKPUMMA.

Abstract. The conditions for a significant increase in the accuracy, quality and
productivity of machining by reducing the energy intensity of machining - reducing the intensity
of friction of the tool with the material being machined - are substantiated. The greatest effect
is achieved in conditions of high-speed cutting using metal-cutting machines with numerical
program control of the "machining center” type and carbide and ceramic cutting tools with
wear-resistant coatings.

Keywords: high-speed cutting; processing energy consumption; tool friction;
machining accuracy; machining quality; machining productivity; CNC machines; carbide
tools; ceramic tools; wear-resistant coatings.

IHocranoBka npo0JiemMu Ta ii 3B'I30K 3 HAYKOBUMM i MPAKTUYHUMHU
po6oramu. [ligBuiieHHsT €PEKTUBHOCTI MEXAHIYHOI OOpPOOKH JeTaNell MallliH €
OJTHUM 13 OCHOBHHMX HampsIMiB PO3BUTKY CY4YacCHOTO MAIIMHOOYyBaHHS 1
CTBOPEHHSI KOHKYPEHTOCIPOMOXKHOI Mpoaykuii. OcoOaMBO 1€ BIAHOCUTHCS 10
BCTAHOBJICHHSI ONTUMAJbHUX TEXHOJOTIYHUX PIIMIEHb MEXaHIYHOi 00poOKH
BUCOKOTOYHHMX MAIIMHOOYMIBHUX BHUPOOIB 13 3aCTOCYBaHHSIM CY4YacCHUX
MeTajopi3aJIbHUX BEPCTATIB 13 YMCIOBUM ITporpamMHuM kepyBaHHsaM (UIIK) tumy
«0OpOOHUY LEHTP» Ta BUCOKOMPOIYKTUBHHUX 301pHUX PIKYUHUX TBEPIOCIUIABHUX
1 KepamMiyHMX IHCTPYMEHTIB 31 3HOCOCTIMKMMHU TOKPHUTTSIMH, SKI HaOyIH
HIMPOKOTO 3aCTOCYBAaHHS.

B nanuii yac HakonmWueHO 3HAYHUN MPAKTUYHUN JOCBIJI MEXaHIYHOL
00poOku aeraneit MamuH. OgHaK, HayKa Mpo pi3aHHI MaTepiais, sk 1 100 pokis
TOMY, 3aCHOBaHa Ha EMIIIPUYHUX 3HAHHAX, AKI HE JAI0Th Yy3arajbHIOIUHX
TEXHOJIOTIUYHUX PIIIeHb. Y Pe3yNbTaTi IPaKTUKA BUTIEpeIKae Teopito. Lle 3Hauno
3BY)KY€E€ MOXJIMBOCTI PO3pOOJIeHHS €(PEeKTUBHUX HAYKOMICTKHUX TEXHOJIOTTUHHUX
npoiieciB 00poOku mMarepiainiB pizaHHsM. Kpim Toro, 3acToCyBaHHS 3aCTapijioro
TEXHOJIOTIYHOTO OOJIaHAaHHS HAa MAIUHOOYAIBHUX MiANPUEMCTBaX YKpaiHd i
3aCTapuIMX METOJIB MPOEKTYBaHHS TEXHOJIOTIYHUX MPOIECIB HE J103BOJISIIOTH
3a0€3Me4YUTH BUTOTOBJIEHHS! KOHKYPEHTO3JaTHOI MAaTMHOOYAIBHOT TPOYKIIT Ta
BUMAararoTh MOIIYKY HOBUX IIISXIB PO3BUTKY CY4YaCHOTO MAIIMHOOYIIBHOTO
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BUpOOHUIITBA. TOMY aKkTyaJbHUM € 3aBJAHHS CYTTEBOIO IMiJABUIIEHHS TEXHIKO-
E€KOHOMIYHUX MOKa3HUKIB MEXaHIYHO1 00poOKH BUCOKOTOYHHUX
MamuHOOYA1BHUX BUPOOIB.

AHAaJI3 OCTaHHIX J0CaiIxKeHb i myOaikaniii. Y pobotax [1, 2] HaBeneHO
OCHOBHI ~ TEOPETHYHI MAXOAM JI0 PO3POOJICHHS  BHUCOKOE(EKTUBHHUX
TEXHOJIOTIYHHUX IPOIIECIB MEXaHIYHO1 0OpOOKH JeTaeil MallliH 13 ypaxXyBaHHSIM
BUMOT JI0 SIKOCT1, TOYHOCTI, IPOAYKTUBHOCTI, COOIBApPTOCTI Ta TPYAOMICTKOCTI.
[Ipn 1bOMy 3HaYHy yBary NOpPHAUICHO BH3HAYCHHIO MapaMETPiB CHUJIOBOI Ta
TEIJIOBOi HaIPYKEHOCTI mporuecy pizaHHs [3, 4]. OnHak MOBHOIO MIPOIO II€
3aBJaHHS HE BHUPINIEHO 13-3a HOTO CKJIAIHOCTI. € JHIle YacTKOBI E€MITIpHYHI
pIlIeHHs, CIpaBeIJINBI AJI1 OKpEeMHUX yMOB 00poOku. Lle moB'sa3aHo 13 TUM, IO
B1JIOM1 METOJAMKM BHU3HAYEHHS MapaMeTpiB CHUIIOBOI Ta TEIJIOBOI HANPYXKEHOCTI
IpolLIeCy pi3aHHs Ta ONTUMAIbHUX PEXKHUMIB pi3aHHS 3aCHOBaHI Ha pe3yJbTaTax
EKCIIEPUMEHTAILHUX JIOCHIIKEHB, K1 HE JIO3BOJIIOThH B y3araJIbHCHOMY BHUTJIS
BU3HAYUTU MapaMeTpU CUJIOBOI Ta TEIJIOBOI HAIMpPY>KEHOCTI MPOIIECY pi3aHHS.
[TokazaHo TakoXk, IO MiJ Yac MPOEKTYBaHHS TEXHOJIOTIYHMX MPOIECIB
orepaliiHO-MapIIpyTHOI TEXHOJOTIi (BUOOpY HalOLIbII e(hEeKTUBHUX METO/IIB
OOpOOKHM)  TEXHOJOTHU-TIPOECKTYBAIBHUKM  TPAAUIIAHO YHCTO IHTYiTHMBHO
CIIUPAIOTHCS JIUIIIE Ha CBIM BJIACHUM TOCBiJ, a HE Ha TEOPIo, 1110, O€3MEePEUHO, HE
BIJINOBIJIa€ Cy4YaCHUM BHMOTaM pHUHKOBOI E€KOHOMIKM IIIOJI0 CTBOPEHHS
KOHKYPEHTOCIPOMOKHOI MalmHOOyA1BHOT mpoaykuii. Ile Bkazye Ha Te, mio 1
3apa3 BIACYTHI HAYKOBO o6rpyHTOBaHi peKoMeHAalli 100 BHOOPY
ONTUMAJIbHUX METO/IIB 1 TapaMeTPiB MEXaHIYHOT 00pOOKHU (BKIIIOUAIOYH MTPOLIECH
pi3aHHS JIe30BUMHU 1 aOpa3UBHUMHU I1HCTPYMEHTaMM) TiJ] 4Yac MPOCKTYBaHHS
orepauniiHoi Ta OUIbII CKIAJHOI MapIIPYTHOI TEXHOJIOTII [35, 6].

D®opMyJIIOBAHHS HEBUPIIIEHUX YACTHH 3arajbHoOl mpoodjemu. [lo
HEJIOCTATHBO BHUPIMIEHUX YAaCTHH 3arajibHOI MPOoOJeMH CJIiJ BIAHECTH MUTAHHS
AHATITUYHOTO BU3HAYCHHS 3 €IMHUX TEOPETUIHHX MO3UIIINA MapaMeTpiB CUIIOBO1
1 TEmIoBOi H&pr)KCHOCTI IPOLIECIB JIE30BOI 1 a6pa3HBH01 00poOoK (cumm 1
TEeMIIEpaTypy pi3aHHS, CHEPrOEMHOCTI 1 TOUYHOCTI 00poOku). Ile BaxkimuBO IS
BCTAHOBJICHHSI Ta OOTPYHTOBAaHOTO BUOOPY HAMOUIbII €()EeKTUBHUX METO/IIB
MEXaHIYHOi 0OpOOKH 1 BUBHAUYEHHS ONTUMAJIBLHUX YMOB OOpPOOKH 32 KpUTEPIsIMU
TOYHOCTI, AKOCTi, TPOJYKTUBHOCTI Ta pO3pOOJIEHHA Ha iX OCHOBI
KOHKYPEHTO3JaTHUX TEXHOJIOTIYHUX IIPOIECIB BHCOKOTOYHOI MEXaHIYHOI
00pOOKH.

i crarti Ta mocraHoBka 3aaadi. MeTolo poOOTH € BCTAaHOBJICHUX
HOBHX HayKOBO OOTPYHTOBAHHUX ONTUMAJILHUX y3arabHIOIYHX TEXHOJIOTIYHUX
leIeHI) K1 3a0€3MevyroTh BHOIp HaHefbeKTHBHlme METOJIIB BUCOKOTOYHOI
MeXaHI9YHOI 0OpOOKH y IIMPOKHX Jiara3oHax 3MIHU TEXHOJIOTIYHUX MTapaMeTpiB,
4Ooro HE MOXKHA JIOCSATHYTH 13 3aCTOCYBAHHSIM JIMIIE EKCIIEPUMEHTAIBHO
BCTAHOBJICHUX PE3YJIbTATIB JOCIIIKEHb.

3amadl JOCHIIHKEHHS:

1) po3poOsieHHsT MaTeMAaTUYHHX MOJIENIed MEXaHi4yHOi 0OpoOKM Ta
BU3HAYECHHS ONTHUMAJIbHUX METOJIB 1 MapaMeTpiB O0OpOOKH, OOIPYHTYBaHHS
TEXHOJIOTIYHUX MOXKIJIMBOCTEH TMPOIECIB pi3aHHS JIE30BUMH 1 aOpa3suBHUMH
IHCTpYMEHTaMH;
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2) CTBOpEHHS Ta BIPOBAHKCHHS Y BAPOOHUIITBO BUCOKOITPOAYKTUBHUX Ta
BHCOKOTOYHMX TEXHOJIOTIYHUX MPOIIECIB 00OpOOKH MaTepiaiB pi3aHHSIM.

Bukiaa ocHOBHOro marepiajay A0CHiKeHHs. AHATTHYHO 3 HOBHX
TEOPETHYHHX mOo3ulii [7, 8] Bu3HaueHO cmam i TeMIIepaTypy pi3aHHS.
O6rpyHTOBaH0 YMOBH iX 3MEHIIICHHS Yepe3 ynpaBmHH;I IHTEHCUBHICTIO TepTs B
30H1 plBaHHH Ta BUOOPY pallioHAJIbHUX napaMeTplB p1>1<ytmx 1HCprMeHTlB 1
PEXKUMIB p13aHH;1 [TokazaHo, 1m0 CKIAA0BI CHJIM Pi3aHHS 1 €HEPTOEMHICTH TUM
MEHIIIe, a TOYHICTh 1 MPOJYKTUBHICTH OOPOOJICHHA TUM OlIblIe, YUM OLIbIIe
Koe(illieHT pi3aHHSA, SKUH BHU3HAYAETHCS BIJHOIICHHSM TaHTCHIAIBHOI 1
pagianbHOl CKIIaIOBUX cwid pizaHHs. [Ipy 1boMy BHU3HAYaIbHUM y 3MEHIICHH]
CIJIM 1 TEMIEpaTypy pi3aHHS € CyTT€BE 3MEHIICHHS €HEPrOEMHOCTI 0OpOOKH
yepe3 3MEHIICHHS I1HTEHCHUBHOCTI TepTS IHCTPYMEHTa 13 OOpOOIIOBaHUM
MartepiaioM y 30HI pizaHHsa. HalOinbimmii e(beKT JOCSITAETBCA B yMOBax
BHCOKOIPOJyKTHBHOTO BHCOKOIIBUIKICHOTO pI3aHHSA 13 3aCTOCYBAaHHIM
CY4aCHHX METaJIOPi3aIbHUX BepCTaTlB i3 UIIK Ttumy «O6p06HI/II/I LCHTP)» T4
TBEPJOCIUIABHUX 1 KEpaMiYHUX PDKYYUX JIE30BHX IHCTPYMEHTIB  3i
3HOCOCTIMKMMH TOKPUTTSAMH 3aKOPJIOHHOTO BUpOOHHUIITBA. [loBeaeHO, IO
3aBJSIKA LIbOMY IPOJIYKTUBHICTH OOpOOKHM MOKHA 30U1bUTh 10 10 pasziB Ta y
CTUIBKM X pa3iB 3MEHIIUTH CO6iBapTiCTB 00poOKM 3a yMOB 3a0€3MeYeHHS
BHUCOKHX MOKA3HUKIB SIKOCTI 1 TOUHOCTI 00poOKku. Oco0IMBO 11€ BIAHOCUTHCS 0
onepaum BHCOKOIIBUIKICHOTO (Ppe3epyBaHHs BHUPOOIB, BHUTOTOBICHUX 13
MaTeplamB 13 TABUIIICHUMU Cl)lSI/IKO-MexaHIUIHI/IMI/I BJIACTUBOCTSIMU. Y
pe3yapTaTi  MamMHOOYAIBHA  MOPOAYKIsS, IO  BUTOTOBISETHCA,  CTa€
KOHKYPEHTOCTIPOMOKHOI0 1 BHXOJWTh HAa MIDKHAPOJHI HAyKOBO-TEXHIUHI Ta
IIPOMHUCIIOBl PHUHKH.

3aBASKA TEOPETUYHO BCTAHOBJIICHWM ONTHMAJIBHUM YMOBaM 0OpOOKH
BUCOKOTOYHHMX MAaITMHOOYIBHUX BUPOOIB M1 yac ¢iHImHOT 00poOKH BIATIOCS
BUKJIIOUNTH 13 JIFOYMX TEXHOJOTIYHHUX IIPOIECIB MaJOMPOAYKTHUBHI omepartii
nutihpyBaHHs — Ta a6pa3HBHo'1' o6p061<1/1 3aMIHUTH X (biHiI_HHI/IMI/I
BHUCOKOITPOTYKTUBHUMU onepaumMI/I TOYIHHSI, PO3TOYYBaHHSI, (bpesepyBaHHﬂ 13
3aCTOCYBaHHSIM  CY4YaCHHUX  PULKYYHUX  TBEpPAOCIUIABHUX 1  KepaMIYHUX
1HCTpYMEHTIB. Lle J03BONMIIO CYTTEBO 3MEHUIMTH €HEPrOEMHICTh OOpOOKHU Ta,
BIJIMOBIJTHO, CWJIM 1 TEeMIeparypy pi3aHHsi, y 2 — 3 pa3su 3MEHUIUTH
TPYJAOMICTKICTH OOpOOKH Ta OJJTHOYACHO MiABUIIUTH TOYHICTH 1 TPOYKTHUBHICTD,
3abe3rneuntu 0e3aedeKTHY JIe30By 00pOOKY.

OcobOmuBuM edekToM 00poOKHM cTalio 3a0e3MeYeHHsT BUCOKOI TOYHOCTI
0o0poOKH, 4YOro HE Jocsrajocs 3a JIIOYUMH TEXHOJOTisIMU. ToMmMy i 4ac
BUTOTOBJICHHSI CKJIAJIHUX KOPIYCHHMX JeTaliedd, siki padime Bumarainu jno 100
omepariii MexaHiyHOT 00poOku (0co0aMBO (hiHIMIHOT O0O0pOOKU), 3aBISKH
3aCTOCYBAaHHIO HOBHUX PO3pPOOJICHMX TEXHOJOTIM Ta Cy4yacHOro oOjaJHaHHS
KUIBKICTB OTIepalliii CKopoTuiacs a0 2 pasis.

[TpoBeneHO TeopeTuyHEe MOPIBHSAHHS MPY>KHUX TIEPEMIIICHb, BAHUKAIOUHX
M1]] YaC CBEPAJIIHHS Ta PO3TOUYBaHHS OTBOPIB, SIKI TOJJOBHUM YHMHOM BU3HAYAIOTh
TOYHICTb 00poOKu. IlokazaHo, 1O JOCATTH MIABUIIEHHS TOYHOCTI OOpPOOKH
OTBOPIB TI1J] YaC CBEPJIIHHS MOXHA MIJISTXOM 3/IIMCHEHHS] KO)KHOTO HACTYITHOTO
MPOXOJY CBEpANaMH OLTBIIIMX zuaMeTp1B a TiJ yac PO3TOUYBAHHS — LLIAXOM
3HIMaHHS TPUITYCKY 3a OAWMH abo0 KuUIbKa MPOXOAIB I1HCTpyMEeHTy (s
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3a0€3IeUeHHs] TOYHOCTI PO3MIpy O0OpOOIHOBAaHOTO OTBopy) Ta 301IbIIICHHS
KUIBKOCT1 TPOXO/IB I1HCTPYMEHTY (i1 3a0e3mneueHHs CIIBBICHOCTI OTBOPY).
JIOCTOBIpHICTH ~ OTPUMAHHX  TEOPETUYHUX  PIIEHb  EKCIEPUMEHTAIBHO
HiATBEPHKEHO PO3pOOICHHAM e(heKTUBHUX TEXHOIOTTUHUX MPOIIECiB MEXaHIYHOT
00poOKH P13bOOBOTO OTBOPY B TOPJIOBHHI OajloHa Ta BHCOKOIPOJTYKTHBHOTO
BHUCOKOIIBUJKICHOTO (pe3epyBaHHs OTBOPIB Ta JAYroBUX Ma3iB HIMPUHOIO
2,5...5,0 mm y nmertansx i3 3arapToBaHux ctaiei TBepaictio HRC 51...56 i3
3aCTOCYBaHHSM Cy4acHHX BHCOK00OOpoTHHX BepcraTiB 13 UIIK tumy «Picomax
60». YV pe3ynbTaTi 3a0e3MeueHO0 BHCOKY TOYHICTb OOpPOOKHM — BIIXWJICHHS BijJ
HUTIHAPUYHOCTI 3MiHIOETBCS Y Mexkax 0,01 MM, 4oro He Jocsranocs 3a AIF0YUMU
TEXHOJOTISIMHU, 30UIbIIEHO Y 2,5 pa3u MPOIyKTUBHICTH OOpOOKU Ta y 4 pasu
CTIHKICTb KiHIIeBUX ¢pe3 [9, 10].

Ha 11iif OCHOBI BCTAaHOBJIEHO ONTHUMaJIbHI TEXHOJOTIYHI PIIICHHS
MEXaHIYHOI OOpOOKM BHCOKOTOYHHMX MAIIMHOOYAIBHUX BHUPOOIB, BKIIIOYAKOYH
ONTUMAJIbHI TapamMeTpH peKIMY pi3aHHS Ta XapaKTEPUCTHUKU PIKYyUHX
IHCTPYMEHTIB, a TaKOXX HOBI TEXHOJOT14HI piIHeHHH OO  CTPYKTYPHO-
napamMeTpU4HOTO aHaJI13y 1 CHHTE3Y TEXHOJIOTTYHUX npouecus BH60py
ONTUMAJIBHOTO  BapiaHTy  TEXHOJOTIYHOTO  MapumpyTy 1  MmapamMeTpiB
TEXHOJIOTIYHUX onepauiil. [le m103Bosie 3 €IMHUX MO3UIIIA aHATITUYHO OMUCATH
OCHOBHI T€XHOJIOT14HI MPOIIECH MEXaHIYHOT OOPOOKH MaTepialiB pi3aHHSIM Ta Ha
SAKICHO HOBOMY (DYHJITaMEHTaJIbHOMY PIBH1 PO3KPUTH iX (P13UUHI 3aKOHOMIPHOCTI
1 OOTpyHTYBATH TEXHOJIOTTYH1 MOKJIUBOCTI. [le Takok 103BOJIsIE BU3HAYNUTH HOBI
HayKOBi HATPAMH B yIpaBIiHHI, oNTUMI3alii 1 HpoeKTyBaHHi TEXHOJIOTTUHUX
npouecua MEXaHIYHO1 06p061<1/1 MaTepiaiiB, U0 3HAYHO ntI/Imye HAYKOBO-
TEXHIYHUH pIBEHb TEXHOJOTIYHHUX TMPOIECiB 0O0poOKM MarepianmiB, sIKi
BIIPOBA/DKYIOTbCSI Y  BUPOOHUUTBO, OCOOJMBO BHCOKOTOYHMX BHpPOOIB,
BUTOTOBJICHUX 13 Ba)KKOOOPOOJIOBAaHMX MaTepiamiB, I aBiallifHOI Ta 1HIIHX
HAYKOMICTKHX T'aly3€il MPOMHCIOBOCTI.

Edexkty 0OpoOKM JOCATHYTO TaKOX 3aBISKH TOMYy, WIIO TiJ 4Yac
MPOCKTYBAHHS  OMEpaliiHO-MapIIPyTHOI ~ TEXHOJIOTii  (BHOOPY  HaWOiIbII
eheKTUBHUX METOAIB OOpPOOKH) TEXHOJOTHU-TIPOCKTYBAIBHUKU  TOYAJIH
3aCTOCOBYBAaTHM BCTAHOBJIEHI HOBI TEOPETUYHI TEXHOJIOTIYHI pilleHHS. Tomy
BUPILIEHHSI MUTaHb MPOEKTYBAaHHS TEXHOJIOTTYHUX MpOLEciB 00pOOKHU 3aBISKU
OTPUMAHUM TEXHOJIOTIYHUM pIIIEHHSM CTajl0 HAJA3BUYAWHO BAXJIMBUM CaMe
3apa3, KOJIM TPOMUCIOBI MIANPUEMCTBA OTPUMAIU Cy4YacHI 3aKOPIOHHI
BHUCOK00OepToBl BepcTaTu 13 UIIY Tumy «oOpoOHMII LIEHTp» Ta KOMM'IOTEPHY
TEXHIKY, 3a JOMOMOIOI SIKHX MOKHa aBTOMAaTWU3yBaTH MPOEKTHI POOOTH,
pO3pOOIATH ONTHMANBHI BapiaHTU  OMEPAIIHO-MAPIIPYTHOI  TEXHOJOTTII,
CIIUPAIOYKCh Ha HOB1 TEOPETUYHI PIIIICHHS, Ta BUKOHYBATH HA 1X OCHOBI KUJIbKICHI
pO3paxyHKH TEXHOJIOTIYHUX TapamMeTpiB 00poOku. Ille TakoX J0moMorio
BUPIIIUTH BaKJIMB1 MUTAHHS MOJCPHI3aIlli BUPOOHHUIITBA HA MAIIMHOOYTIBHUX
MIJPUEMCTBAX YKpaiHM Ta X OCHAIICHHS HOBUM TEXHOJIOTIYHUM OO0JIaJHAHHSIM
1 MexaHIYHUMH TexHoJoTisMU (puc. 1 [5 — 8]).
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MEXAHIYHOI ObPOBKU

Pucynok 1 — O6kinaauHK1 HOBUX MOHorpa(bu/I 3 MEXaH{1HOI o6p061<1/1

Pesynbrati po60TH BIPOBAKCHO B AIsUIbHICTH TOBapHCTBa 3 0OMEKEHOIO
BignoBiganeHicTIO «BAPITEK» (M. I[Hmpo) Ta OTPHMAaH 3aCTOCYBAaHHA Y
HaBYaJIbHOMY TIporeci XapKiBCHbKOrO HAIIOHAIBHOIO YHIBEPCHTETY IMEHI
Cemena Ky3Hnens mi yac BUBYEHHS JUCIUILIIH TEXHOJIOTTYHOTO CIPSMYBaHHSI.

BucHoBku Ta NePCeKTHBH  TOAATbIIHX AocJaiaKenb. Po3pobiieHo
BHCOKOC(EKTHBHI TEXHONIOTH MeXaHi4HOi 00poOky Ha Bepcrarax 13 YLK Tummy
«OOpOOHUN LEHTpP», IO JO03BOJWIO NPAKTUYHO BTUIMTH Y IPOMHCIOBI
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BHPOOHHIITBA BHCOKONMPOAYKTHBHUN METOJ OOPOOKHM — BHCOKOILIBHIKICHE
pizaHHs 36lpHI/IMI/I TBEPAOCIUIABHIMH 1 KEPAMIYHUMU PIKYIHMH IHCTPYMCHTAMH
31 3HOCOCTIHKUMU nokputtamu. Lle 3abesmeuye nigBumieHHs a0 10 pa31B
IPOAYKTHBHICTh OOPOOKH 13 3a0€3MEUCHHSIM BUCOKHX MOKa3HHKIB TOYHOCTI Ta
SKOCTI 06p06JI}OBaHI/IX MIOBEPXOHb JIeTalleii MaIlInH, 110 € OCHOBOIO IIPOBEICHHS
MOJIepHi3allii Cy4yacHUxX BI/IpO6HI/IHTB MamI/IHo6ymBHHx HiATPUEMCTB, CTBOPEHHS
KOHKYPEHTOCIIPOMOKHOI HPOAYKIIT Ta OTPUMAaHHS MiAMPUEMCTBAMH MPHOYTKY
BiJ 11 peanizarii.

IlepcriekTnBaMy MOAANBIIMX OCITIUKEHB CIIil posrisnaTh OUTBII TOYHE
AHAIITHYHC BU3HAYCHHS CHEPrOEMHOCTI MEXaHIYHOI OOPOOKH, BKIIFOYAIOYH
J€30By 1 abpa3uBHY OOpOOKy, IO BH3HAYA€ OCHOBHI (PI3MYHI 1 TEXHOJOTIYHI
napamMeTpu OOpOoOKM Ta HaWOUIbIIE BIUIMBAE HA BHUOIp ONTHMAIbHUX yMOB
00pOOKH.
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VJIK 621.91

Hogoceabues M.M., Onumyk C.I'., TyaynoB B.l. (/Jon6acvra Oepoicasna
Mawunooydiena axademis, mm. Kpamamopcok — Tepnonine, Ykpaina)

BUKOPUCTAHHS OMOPAI)KYBAJIbHUX ONEPAIIIA
IMPU BUI'OTOBJIEHI IUWJITHAPUYHUX 3YBYACTUX KOJIIC

Anomauia: Y cmammi 00CNiONCEHO BUKOPUCAHHA ONOPAONCYBANbHUX ONnepayii npu
BUCOMOGNICHH] YUNTHOPUYHUX 3YOYACUX KOJAIC 3 Memol RNIOGUWEHHS IX 3HOCOCmItiIKocmi ma
006208iyHOCmi. Posenanymo memoou 1e3080i, abpazusHoi obpoOKU ma NoeepxHe8o-niAdCMUUYHO20
Odepopmysanns, 30Kkpema uucmose ppezepyeanHns, wlnigh)yanHsa, XOHIHZYBaHHA mMa Gibpayiline
obkamysanus. lloxazamno, wo 3acmocysanus GiOPOOOPOOKU 00380J5E CMEOPUMU  PecyTAPHUL
MiKpopenvegh Ha pobouux nosepxHax 3y0i8, WO CNPUAE 3HUNCEHHIO KoeiyicHma mepmsl i Ni08ULEHHIO
3HOCOCmItiIKOCMI nap mepms 8 2 pasu, wo 3HAYHO 30LIbULYE HCUMMEBUL YUK 3YOYaACMUX nepeoad.

Kntouoei cnosa: yunindpuuni 3youacmi Koneca; OHOPAONCYBANbHI oOnepayii; ducmose
Ppesepysanns,; wnighysanns; XoHIHZY8aHHs, GiOpayitine 0OKAMY8aHHA, NOBEPXHEBO-NIACTIUYHE
Odepopmysanms; 3HOCOCMILUKICMb.

Abstract: The article investigates the use of finishing operations in the manufacturing of spur
gears to enhance their wear resistance and durability. Methods of cutting, abrasive processing, and
surface plastic deformation, including fine milling, grinding, honing, and vibratory burnishing, are
discussed. It is shown that the application of vibratory treatment enables the formation of a regular
microrelief on the working surfaces of the gear teeth, which reduces the friction coefficient and increases
the wear resistance of friction pairs by a factor of two, significantly extending the service life of gear
transmissions.

Keywords: spur gears; finishing operations; fine milling; grinding; honing; vibratory
burnishing; surface plastic deformation; wear resistance.

OpHiero 31 CKJIAJIOBUX, IO BIUIMBAIOTh HA TPUBAIICTH KUTTEBOTO ITUKITY
UUWIIHAPUYHUX 3y0UacTUX KOJIIC, € CTaH MOBEPXHI 3y0iB, 0 OTPUMAHHUN MICIA
BUKOHAHHS TEXHOJIOTIYHHMX OIepalliii Hapi3aHHS Ta OMOPsHKeHHs. BaxinBoro
CKJIQJIOBOIO TIPU IIbOMY € HAasIBHICTh, BEJIMYMHA Ta IITUOMHA 3MIITHEHOTO I11apy, a
TaKOX IMIOPCTKICTh MOBEPXHI 3y0iB 3y0UacTUX KOJIIC.

TexHoOTIYHI CHIOCOOM OMOPSIKYBaIbHOT 0O0pOOKH 3y04acTHX KOJIC
)IOCJ'Ii)I)KyBaJ'H/ICB O.d. Kimumenko, H.C. Pascekoro, JI.M. JlyGencokoro, O.O.
Kinouko Ta iHmmMu gocmigHukamu [1 - 3] BI/IKOpI/ICTaHHH OIIOPSIUKYBATBHIX
CIocOo0iB J103BOJISIE 30UTBIIUTH 3HOCOCTIMKICTh Ta JIOBTOBIYHICTH IMOBEPXOHB
3y0iB 3yO04acTuX KOJIC, TOOTO 3OUIBIIMTH KUTTEBUM UK BHUPOOIB
MaluHOOY Iy BaHHS.

Meroto poOOTH € JOCHIJDKEHHS BUKOPHUCTAHHS OMOPSKYBATHHUX
oriepalliid Mpu BUTOTOBJICHH] MUIITHAPUIHUX 3y0UaCcTHX KOJIIC.

OnopsypkyBaibHl  criocobu  00poOku  3y0iB  3yO4acTux  KOJIC
BUKOPHMCTOBYIOTBCA JUIsl CTBOPEHHS MOBEPXHEBOTO 1APy, IO Ma€ TBEPAICTH Ta
rMOWMHy, T1I0 MaloTh 3a0e3MEUYUTH 3HOCOCTIMKICT Ta  JIOBTOBIYHICTH
eKCIUTyaTarii 3y0uacToro Kojieca; MpH IbOMY BHYTPIIIHS CTPYKTypa MeETay
3aJIMIIAETHCS 0€3 3MiH.

TpaauiiiHo onopsHKyBajabHI METOAU MOIUISAIOTHECS HA CIIOCOOU JI€30BOi,
abpa3uBHOT 00pOOKK Ta criocoOu 0OpOOKM Oe3 3HATTSA CTPYKKH (MIOBEPXHEBO-
MJIACTUYHOTO Je(hOpPMYBaHHS).

Jlo cmocoGiB  71€30BOi  OOpOOKM BITHOCSTHCSA, 30KpPEMa, YHUCTOBE
bpesepyBaHHS 3arapToBaHMX 3y0iB 3yOuacToro KoJjeca IUCKOBOI (pe30io
JIBOCTOPOHHEOTO p13aHHsI [3]. Ocobmusictio panoro crocody € BUKOPHCTAHHS!
CHeIiagbHOI TUCKOBOI (Ppe3u TBOCTOPOHHBOTO Pi3aHHSI, OCHAIIEHOT ITACTUHAMU
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3 kepamiku Mapku BOK-71. Jlanwmii cioci6 go3Bodisie O6pO6J'I}ITI/I 3arapToBaHi
3y6uacTi koseca HRC 50-55. JluckoBa (ppe3a 1BOCTOPOHHBOTO Pi3aHHS JI03BOJISIE
o0pobmaTu komeca moxyiaemMm M = 20 mm. OOpoOka BHUKOHYETbCS Ha
3ybodpe3epHoMy Bepcrati. BigmiHHOIO 0COOMMBICTIO (Ppe3w ABOCTOPOHHBHOTO
pi3aHHS € HASIBHICTb APYTOro psay piKyduX IUIACTHUH, 3MIMIEHUX 00 MEPUIOTo
psily Ha TOJIOBHHY OKpPYXXHOTO KpoKy. B mporeci o6poOKku croyaTKy OJHUM
psIOM IIaCTUH O0OpOOIAIOTH OIHY 3 OIYHHX MOBEPXOHb 3yOiB Koieca,
HAIpPHUKIAL, IPaBy, a HOTIM, MICJIs PEBEPCY KoJIeca 1 HaIPSIMKH TaHT€HI{IaIbHOTO
MEPEMIICHHST KapeTKH 3 IHCTPYMCHTOM, O6pO6JI$I}OTB Ipyry — JiBy OiuHY
noBepxHi0. Taka KOHCTPYKIis AHMCKOBOI (pesu H03BOIE CKOPOTHTH
HOMCHKJIATypy 3yOOpI3HHX IHCTPYMCHTIB 1 €KOHOMHTH JONIOMDIKHUN 4ac Ha
NepeyCTAaHOBJICHHS IHCTPYMEHTY .

Jlo crocobiB OmopspKyBaIbHOI 00pPOOKH 3 BUKOPUCTAHHSAM aOpasHBHUX
MaTepiailiB HalexkaTh ULTI(yBaHHs Ta XOHIHIyBaHHs 3y04acTHX KOJiC.

HInidpyBanus 3y01B 3y0UacTUX KOJIIC MOXKE BUKOHYBAaTUCh a00 32 METOJIOM
KomitoBaHHs abo 3a MeromoMm oOkaryBanHs [4]. LllmidyBaHHs 3a MeToaOM
KOIIIIOBaHHSI TMOJSArae B TOMYy, L0 NUII(PYBaHHS BHKOHYETbCA NPO(UILHUM
KpyTroM, popMa SIKOro TOBTOPIOE dbopmy eBosibBeHTH (puc. 1, B). llnmidyBansuuit
KpYyT BHUKOHYE 0oOpoOKy OJHI€l 3amauHA MDK 3y0aMH 3HIMAlOud HPHUITYCK 3
KOKHOI CTOpPOHH 3y0iB OAHOYAacHO. B mopanbmiomy BigOyBa€ThCs MOBOPOT
KoJjieca ¥ mpolec HuTipyBaHHs TOBTOPIOETHCS.

niyBaHHs 3a METOAOM KOIMIIOBaHHS BHUKOHYEThCS abo JABOMa
TapinyactuM kpyramu (puc. 1, a) abo yepB’ssuHUM LTI YBaTLHUM KpyroM (puc.

1,6).
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a — 080Ma MAPLIHACMUMU Kpyeamu (Memooom oOKkamku); 6 — abpazueHum
ueps ’saKkom (Memooom 0OKamKu), 8 — NPOPINbHUM KPY2OM
(Memooom KonioeawHs)

Pucynox I — Cxemu 3ybouinighysarnmsi

[ImidyBanHs 32 METOIOM 0OKaTyBaHHS BIATBOPIOE 3aUCTICHHS KOJieca Ta
petiku (auB. puc. 1, a) abo kosieca Ta yepBsika (quB. puc. 1, 0) 3 HaKIaAECHHIM
JIOJIATKOBUX PYXIB — TOJOBHOTO (0OepTaHHs HUTiIhyBaIbHOTO Kpyra) Ta pyXiB
nojay (Koyieca Ta IHCTPYMEHTA).

Jlo cmoco0iB omopsKyBadbHOT 00poOKK 3yO0iB 3yOuacTux KoJjiic 0e3
SHATTSL  CTPYXKKM  (IIOBEPXHEBO-IUIACTUYHOTO  ACOPMYBAHHS) — HAICKHTH
BiOpariiitHe 06KaTyBaHH$I [5]. OcHoBoORO BiOpaIiiHOrO 3MIITHEHHS € )II/IHaMIIIHI/II/I
XapakKTep MPOTIKAHHS IMPOIIECY, MO CYMPOBOKYETHCS OE3MU4i0 MIKpOyAapiB
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pobGodoro iHCTpyMeHTa a00 YaCTUHOK pPoOOYOro CepeloBHINA IO TMOBEPXHI
oOpoOmoBaHuX Jneraieil. MeTtoro 00poOKkM 3yOuacTHX KOJIC 3a JaHUM
METOJIOM € yTBOPEHHs Ha poOOYMX  TIOBEPXHAX 3y0iB  CHCTEMH
CUHYCOiJaJTbHUX KaHABOK, TTOKa3aHUX Ha PHC. 2.

Pucynox 2 — Cucrema CHHYCOIJaJIbHMX KAHABOK Ha po0o4iii moBepxHi 3y0iB

OO0pobka MOBEPXHEBO-IJIACTUYHUM J1€(OPMYBaHHSAM 3 3aCTOCYBAHHIM
BIOpaliiHUX KOJMBaHb OOpPOOHOIO 1HCTPYMEHTY 3a0e3Iedye MOIMILIECHHS
(b13MKO-MEXaHIYHUX BIACTUBOCTEH 0OpPOOIIOBAHOI TOBEPXHI.

Ile BigOyBaeTbcs 3a paxyHOK ULMKIIYHOTO BIUIMBY Ha JeTallb, IO
o0poOnsieThest uepe3 pobouuii iHCTpyMeHT. Mikpopenwsed, cpopMoBaHUiA
BIOpOOOPOOKOIO, TMIJBUIINYE IUIABHICTH POOOTH PYXOMOTO CIIOJYYEHHS 3a
paxyHOK 3HWXEHHS Koepimienta Ttepts B 1,6 ... 2,2 pa3u. CTBOpeHHS
peryisipHoro Mikpopenbedy Ha 000X MOBEPXHSAX Mapu TEPTS MiJIBUILYE
3HOCOCTIMKICTh CIIOJIYYEHHS B CEPEAHBOMY B 2 pa3u.

BUCHOBOK

BuxopuctanHs onopsiKyBaIbHUX OIepaliii mpyu o0poOIll MUIIHIPUIHUX
3y04acTUX KOJIIC J03BOJIs€ 30LIBIIMTA 3HOCOCTIMKICTH Ta JOBIFOBIYHICTH
MOBEPXOHb 3y0iB 3yOuacTux Kojic. Bukopucrtanas BiOpooOpoOKH 103BOJISE
CTBOPUTHU PETYJSIPHUN MIKpOpPEIbed MOBEPXOHB, MIIBUIIUTH TUIABHICTH pOOOTH
3’€JHAHHS IBOX KOJIIC 32 PaXyHOK 3HMKEHHS KoedilieHTa Teptd B 1,6...2,2 pa3u.
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Onnmak A., Creubko A.€., (Hayionanonuu yuigepcumem «JIbsiecoka
nonimexuikay», m. JIveis, Yxpaina)

SMIIHEHHSA JETAJIEA MAIIIUH TA IHCTPYMEHTIB

Anomauia: Y cmammi nposedeno ananiz cyuacHux Memoois nosepxueso20 3miyHeHHs demaneti
Mawiun ma HCMpPYMEeHmi@ Ol NIOSUWjeHHs iXHboeo excnayamayitinozo pecypcy. Pozenanymo
MexXHOoN02li  el1eKMPOHHO-NPOMEHEBO20,  IOHHO-NPOMEHEB020,  BAKYYMHO20,  IOHHO-NAA3ZMOB0O20
SMIYHEHHS, A MAKONHC XIMIKO-MEPMIUHOT 00pOOKU Ma KOMOIHOBAHUX MemMO00i8 OUQY3iliIHO20 HACUYEHHSL.
IIpoananizoeano nepesazu i HeOOMIKU Pi3HUX MeMOOi8, GUSHAYEHO HANPAMKU IXHLO2O epheKmusHo2o
sacmocyganus. Oxkpemy yeazy NpuoileHo KOMIIEKCHUM MEXHONI02IAM, W0 NOEOHYIOMb KilbKd Memoois
0JIs1 CMBOPEHHS BUCOKOMIYHUX I 3HOCOCMIUKUX nosepxHesux uiapis. Haeedeno pexomenoayii uwo0o
8UOOPY ONMUMATLHUX MEXHOA02IH OJIsL BUSOMOBGLEHHS MA 8I0HOGAEHHS 0emanell MAuuH.

Kntouoei cnosa. nosepxnese 3miynenHs; OuqysiliHe HACUUEHHS, XIMIKO-MepMiuHa 00poOKa;
eeKMPOHHO-NPOMEHE8e  HANUNEHHs,  [OHHO-NIA3MO8e  HANUeHHA,  sibpayiline  0OKamy6aHHs,
eNeKMpOICKPOse 1e2y8aHHsL, KOMOIHOBAHI MEXHON02IL.

Abstract: The article presents an analysis of modern surface strengthening methods for machine
parts and tools aimed at enhancing their operational life. Technologies such as electron beam, ion beam,
vacuum, ion-plasma treatment, chemical-thermal processing, and combined diffusion saturation
methods are discussed. The advantages and disadvantages of various methods are analyzed, and
directions for their effective application are outlined. Particular attention is paid to complex
technologies that combine several methods to create high-strength and wear-resistant surface layers.
Recommendations are provided for selecting optimal technologies for the manufacturing and
restoration of machine parts.

Keywords: surface strengthening; diffusion saturation; chemical-thermal treatment; electron
beam deposition; ion-plasma deposition; vibratory burnishing; electro-spark alloying; combined
technologies.

IocranoBka mnpodaemu. CydacHe BHPOOHHMIITBO CTaBUTh OCOOJIHBI
BUMOTH JI0 MIJBUIIEHHS pecypcy 1 HaAIMHOCTI poOOTH MAalIMH Ta MEXaHI3MIB.
[TokpaiieHHsT BKa3aHMX XapaKTEPHUCTHUK YacTO TaIbMYEThCS Yepe3 BIJICYTHICTh
JOCTaTHbO HAIMHUX KOHCTPYKUIMHHUX MarepiaiiB, SKI MOBUHHI IMOEAHYBATH
BHUCOKY MIIHICTb, 3HOCOCTIHKICTB, KOPO31iHY CTIUKICTH TOIIIO.
3araJIbHOMPUMHATAM BHUXOJOM 3 IIi€i CHUTyallli € HaHECEeHHs BIiJIMOBIIHUX
nOKpUTTiB. OCTaHHI JOCTIKEHHS, MPUCBSIYEHI OJHO- 1 0araTOKOMIOHEHTHOMY
HACMYEHHI0O  METaliB 1  CIUIaBIB  CBiqYaTh  Npo  €(EKTUBHICTH
O0aratoPyHKIIOHAJIBHUX TOKPUTTIB, 10 CKJIAIy SIKUX BXOJSTH BYTJICIlb, TUTAaH,
xpoMm, Oop Ta gesaki iHmi enemeHtn (B.I. Xmwkask, A.S. Mosmosuy,
T.B. JlockyroBa, M.B. Kinapauyk, JI.®. I'onosko, B.C. KoBanenko, A.A. Y1IoB,
A. Bylica, David Pye, F. Cheng, Sivaprahasam D., S. Kocanda, L. PawlowskKi
T. Burakowski, C.T. Kwok, F.T. Cheng, H.C. Man, W.T. Tsai, R.N. Richman Ta
iH111). CydacHUMHU pO3pOOKaMU € eJIeKTPOHHO-TIPOMEHEBUM, I0HHO-TTPOMEHEBU,
BaKyyMHUM, 10HHO-IJITA3MOBHM Ta 1HII METOAY HAHECEHHS 3MIIHIOBALHUX
NOKpUTTiB. IIpoTe, BOHM TEXHOJOTIYHO CKJIaJHI, HaJI3BUYaHHO JOPOTI,
noTpeOyIOTh BUCOKOKBaTI(hIKOBAHOTO MEPCOHATY, a 3MIIIHEH] TTOBEPXHEBI MIAPH,
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OTpMMaHI BKa3aHUMHU METOJaMH, HE 3aBXJM TapaHTYIOTh JOCTaTHI pPiBEHb
(b13MKO-MeXaHIUHUX BIACTUBOCTEH.

Ane, Ha ChHOTOJHI HE pO3pOOJICHI (PI3MKO-XIMIUHI 3acaju 3HWKECHHS
IHTEHCUBHOCT] 3HOIIYBaHHS 3 YPaxXyBaHHIM 3aKOHOMIPHOCTEW 3MIHH CTPYKTYpPH
1 BJIACTHBOCTEM 3HOCOCTIMKMX IIIapiB 3a YMOB €KCIUTyaTalllii B pI3HUX 3a
aKTUBHICTIO CEpPEIOBUIIAX, OCKIIPKM HE BUBUEHI MEXaHI3MU iX pylHyBaHHS. Sk
MPaBUIIO HE PO3IIIAIAE€THCS TEXHOJIOTTYHUH MPOIIEC BUTOTOBJICHHS 1 BITHOBJICHHS
JeTaneH 13 iX 3aCTOCyBaHHIM Ta MEXaHI9YHO1 0OpOOKH 3MIIIHEHUX MIAPiB, X SIKICTh
3 TOYKH 30py MiHIMI3a1lii IPUITYCKIB Ta BiAMOBIAHOTO 3HIKEHHS BTPAT METally Ta
1HCTpYMEHTAJILHUX MaTepialliB.

Mera pocaifkeHHsi: cHCTEMaTH3yBaTH Ta CTPYKTYypU3yBaTH BigoMi
METOAM 3MIIHEHHS JUIsi ONTHUMaJIbHOIO 1 €()EKTUBHOrO 3aCTOCYBaHHS B
TEXHOJIOT1SIX 3MIITHEHHSI TOBEPXOHB JAeTalIeld MaIllMH Ta IHCTPYMEHTIB .

Orasx  Jgireparypu. Ha pmanuii MOMEHT po3poOJIeHO TEXHOJIOrI],
IpU3HAYEHI JJI1 HAHECEHHS 3aXUCHUX, 3HOCOCTIMKUX Ta 1HILOTO NMPU3HAYCHHS
Tu(y31MHUX TOKPUTTIB Ha JeTajil 1 BUPOOH, Kl BUKOPHUCTOBYIOTHCS B PI3HUX
rajgy3sx TEeXHIKA Ta HapojHoro rocmoaapctsa [1-5]. TexHomorii 0a3yroThcs Ha
crocobax XiMiKO-TepMI4HOI 0OpOOKH METaJIB 1 CIUIABIB B PO3ILIaBaX, HOPOIIKAX,
KOMITJIEKCHOMY  CIIOCO01  XIMIYHOTO OCaJ/DKEHHS 1 HacTymHoi Jaudy3iiHOi
Metanizanii. HaneceHHs MOKPUTTIB MOXHa 3I1MCHIOBATH B 130T€PMIYHOMY 1
HEI30TEPMIYHOMY PEXKUMaX 3aJIeKHO BIJ 3aJaHUX TapaMeTpiB 1 BIACTUBOCTEH
MOKPUTTIB, M0 HaHOCATHhCSA. JlaHl TEXHOJOTIi YHIBEpCaJbHI 1 JO3BOJISIIOTH:
HAHOCUTH OJHO- 1 0AaraTOKOMIIOHEHTHI MOKPHUTTSI Ha KOH(ITYpaTUBHO CKJIaJHI
PO3BUHYTI MOBEPXHI 3 OJIHIET BAHHU, HAHOCUTH NUPY31iHI MOKPUTTS HA A€TaM 1
BUpOOM CKJIAJHOT KOH(Irypaiii, BHYTPIIIHI TOBEPXHI MajuxX Mepepi3iB.
Judy31iHIM TOKPUTTSIM MpPUTAMaHHI PIBHOMIPHICTH 3a CKJIAJIOM 1 TOBIIMHOIO,
0€3MOPUCTICTh, BUCOKA aJIre31s1 JO OCHOBH.

[IpoTsirom ocTaHHIX POKIB HAYKOBI IHTEPECH BUECHUX OyJIH CIpsIMOBaHI Ha
BUBYCHHS MEXaHI3MIB pyHHYBaHHS TeTepoda3HHX METaJeBUX TOBEPXOHbD,
(dbopMyBaHHs MOBEPXOHb TEPTHA 1 iX Tomorpadii, GopMyBaHHIO 3HOCOCTIMKHX
nudy3iiHUX TOKpUBIB 3 TepexigauMu Imapamu Ha ocHoBi B, Cr, C, N;
TEPMOJIMHAMIYHOMY OOTPYHTYBAHHIO CTPYKTYPHOI CTa01IBHOCTI MOU(IKOBAHUX
MOBEPXOHBb B YMOBAX TEPTs, PO3POOKY BIAMOBIIHOTO O0JIaIHAHHS, SIKE O CIIPUSLIIO
(GbOopMyBaHHIO ONTUMAJIBHUX 32 TPUOOJOTITYHUMHU XapaAKTEPUCTUKAMU MTOBEPXOHb
TEPTs 1 HE MOTIPIIYBAJIO 1HIII CITY>KO00BI XapaKTEPUCTHKU MaTepiaiy.

Buxian ocHoBHoro marepiany. Cepeq METOAIB BIIHOBJICHHS JIeTaseH,
10 BUKOPUCTOBYIOTHCA B pPEaJlbHOMY BHUPOOHHUITBI, 3TIJIHO [6] €: mOBEpXHEBE
mwiacTuaHe JedopMyBaHHS, TepMidyHa oOpoOka (MMOBEpXHEBE TapTyBaHHS),
dbopMyBaHHS Ha MOBEPXHI MeTaTy OLIOro Mapy, TEPMOMEXaHIYHI 1 ra30TePMIUHI
METO/IM HAaHECEHHSI Ha MOBEPXHIO METAJIB 1 CIUIaBiB 3MIIHIOIOUUX TOKPHTTIB,
eNeKTpod13UYHI METOJIM HAHECEHHS 3MIIHIOIOYUM TMOKPUTTIB, XIMIYHI METOIU
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HAHECEHHSI TOKPHUTh, XIMIKO-TepMidHa 0OpOOKa, HAHECEHHsS Ha IOBEPXHIO
METAJIIB 1 CIIJIaBiB 3HOCOCTINKUX €BTEKTUYHUX MOKPUTTIB 1HIIIL.

Bueomoenenus i gionosnenns oemaneti niasmosumM HANUIEHHAM. 3T1THO
[6] meit crioci6 HaHeceHHs MeTaly HalOIIbIIe BiIMTOBIIa€ CYYaCHUM BUMOTaM,
00 BiH 3abe3neuye MiHIMaJIbHY TJIMOWHY MPOTUIABJICHHS OCHOBHOIO METamly,
BHUCOKY CTIWKICTh MPOTH CHpPALIOBAaHHSA, TBEPIICTh, 30epexeHHs (i3uKo-
MEXaHIYHUX BJIACTUBOCTEW HAIUIABICHOTO METajly, BUCOKY MPOIYKTHUBHICTb,
MOKJIMBICTh HAHECEHHS YOPHHUX Ta KOJHLOPOBHUX METAJIIB HA YaBYHHI Ta CTaJbHI
JeTatl.

JIns maa3MoOBOTO HAMWICHHS 3aCTOCOBYIOTH TPaHYJIbOBaHI MOPOIIKH
3epHUCTICTIO 50—150 MKM, JIeroBaHi XpoMOM, HIKeJIeM, KpeMHieM 1 60poM,
tunty [II'-XH80CP2 1 mpocti 3amizoByrieuesi tumy AIDKM. JleroBani
MOPOIIKHU HA HIKEJEB1 OCHOBI MalOTh HU3bKY TeMIIepaTypy 1iaBieHHs (980—
1080°), mobpe 3MOUYIOTh MOBEPXHIO JeTalli. TBEpPIICTh IIApy MOKPUTTH,
HanuieHoro nopomkoMm INI'-XH80CP2, nopisaioe HRC 35 — 40. Ileit map
3aBASKH HAasBHOCTI KPHUCTaJlB OOpHU[IB BIJI3HAYAETHCS BHUCOKOIO CTIMKICTIO
MPOTH CIIPAIIOBAHHS.

SIKk BHOHO 3 BHIIEHABEICHMX JaHHMX, CIOCIO BIJHOBJICHHS € JOCHUTH
3aTpaTHUM B Yaci 1 BUMarae BeJIMKUX (DiHAHCOBUX BUTpAT.

Jlemonayitino-eazoee mnanunenus. Ilpu 3MIIHEHHI YW BIJHOBJICHHI
MOBEPXOHb JIeTajJeil MalluH 3HAWILIO TOMMPEHHS JIETOHAIIHHO-Ta30Be
HarmwieHHs [6]. CyTh mpollecy MoJisira€ B HAHECEHHI MOPOIIKY Marepialy Ha
MOBEPXHIO 3a JIOMOMOrOI0 HAMNpPSIMIIEHOTO JI€TOHALIMHOTO BHOYXY TrOprOYOi
cywminri. JlaHui METOJ] CKOpOUy€e Yac HarpiBaHHs MPH MEPEHECEHH1 YaCTUHOK (31
mBuKicTio 800-1300 m/c) no0 TucsyHUX (1 MEHIe) J0Jie ceKyHau. TBepiCcTh
HamuIoBaHoro marepiany He nepesuinye 60 HRC, ToBmuHy BUOMpParOTH B
mexax 0,005—-1,5 mMm. TlepeBaramu geTOHAIIHHO-TA30BOT0 HAMWJICHHS € BUCOKA
AKICTh OTPUMAHUX MOKPUTTIB (G, > 10 MIla), MOKIIMBICTh HATTUJICHHS HA XOJIOIHI
nosepxHi aetanedl (Tuyp < 473K), noMmipHe HarpiBaHHs BIJHOBIIIOBAHOI JeTal
(Tewp < 573K), mocutp BHCOKa NpoAyKTHUBHICTH (6 = 1-10 kr/rox.), mmupoka
HOMEHKJIaTypa MaTepialliB, M0 PO3MIIIIOETHCS 1 HEBUCOKA YYTIUBICTH J0 CTaHy
BUX1/IHOI IOBEPXHI MaTepiaiy.

Henonikamu MeToly € yCKIaHEHE BIIHOBIICHHS JETaJICH 13 TOBEPXHEBOIO
tBepaicTio 60 > HRC Ta HanuiaeHHs NOPOIIKIB 3 HEBUCOKOK MUTOMOIO Macol0
(mampukman, KapOiu TUTaHy), HEMOXJIMBICTh HAMWJIEHHS BHYTPIIIHIX
NOBEPXOHb Ha TJIMOMHY, WIO0 TNEPEeBUIIYE JlaMeTp BHXIJHOTO OTBOPY,
HEOOX1/IHICTh 3aCTOCYBaHHs T€pMETUYHUX OOKCIB Ta JUCTAHLIWNHOTO KEpyBaHHS
nmpoiiecoM, BUCOKUU piBeHb mymy (140 ab 1 BuIe), HasBHICTH BiAMOBIAHOI
KkBasi(ikallii mpaiiBHUKIB, BUCOKA BapTICTh 00aHaHHs. BuiieBkazaHi HeI0I1KH
pOOJIATHE BUKOPUCTAHHS JCTOHAIIIMHO-Ta30BOT0 HAMNMJICHHS NPH BiJIHOBJICHHI
JeTaje MallliH JOCUTh OOMEKEHUM.
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Enexmpogizuuni memoou euecomosnents i 8i0HOGIEHHS 3MIYHIOBATLHUMU
nokpummsamu. IlepcrieKTUBHUMHU €JeKTPO(P13MUHUMHU METOJaMH BUTOTOBJICHHS 1
BIJIHOBJICHHSI 3MIIHIOBAILHUMH TIOKPUTTSIMHU Pi3aJbHUX 1HCTPYMEHTIB, IIO
BUTOTOBJICHI 13 MIBUAKOPI3AIBHUX CTajJed Ta TBEPAUX CIUIABIB, Ta MOBEPXOHD
JieTaneil MalliuH, 10 BUTOTOBJICHI 13 KOHCTPYKIIHHUX CTaJed € METOAN 10HHO-
IUTa3MOBOTO  PEAKTUBHOTO HAMWJICHHS Yy BaKyyMi: METOJ PEaKTUBHOTO
€JIEKTPOHHO-TIpOMeHeBoro a3MoBoro HanuieHHs (PEIT), meTo akTHBOBaHOTO
peaktuBHoro HamwieHHs (ARE — Aktivated Reaktive Evaporation), meton
KOH/ICHCallli pEYOBHH 3 TJ1a3MOBOI (pa3u B yMoBax ionHoro 6ombapayBanss (KIb,
Sputtering) ta iumi [6].

[TepeBaramMmu maHWX METOJIB BIAHOBIIGHHS €: MOJJIUBICTh OTPHMaHHS
MOKPUTTIB 3 XOPOILOI0 aJAre3i€r0 MPakTUYHO Mg OyAb-SKUX TMap «IOKPUTTS-
NIIKIAAKa», 3a0€3MeYeHHsT HU3bKOI MOPUCTOCTI 1 PIBHOBAXHOI CTPYKTypH
MOKPUTTIB 0€3 TMOMepeHbOr0 OYHUIICHHS 1 TMIAIrpiBaHHS, OTPUMAaHHS
pPI3HOMaHITHMX 32 TOBIIMHOK TOKPUTTIB Ha I1HCTPYMEHTax Oyab-sKO1
KOH(piryparii.

Henonikamu enexkTpodizMuHUX METOJIB BITHOBICHHS 3MIIHIOBAIBHUMU
MNOKPUTTSAMU € TOTpeda CHEeIialbHOrO0 BHCOKOBAPTICHOTO OONaAHAHHA Ta
MpaIliBHUKIB BUCOKOi KBasi(ikalii, 110 3HaYHO 3BYXKY€ BUKOPUCTAHHS JaHUX
METO/1B BIJTHOBJICHHS.

3miyHeHHs noBepXOHb  Oemajieli  eNeKMPOICKPOBUM 12V 8AHHIM.
EnexTpoickpoBe JeryBaHHs BIJHOCUTBHCA 10 E€JIEKTPOXIMIYHHMX CIOCOOIB 1 €
HaHOUTbII epeKTUBHUM cepel HUX [6]. EnekTpoickpoBuM  crocoOom
HapOUIYIOTh 1 3MIITHIOIOTH CIIPSKEHI MTOBEPXHI JeTajeH.

[Ipomiec Moxe BinOyBaTHCs Ha TOBITPI Ta B PIAKOMY CEPEIOBHIILI.
[Ipomiec  enekTpoiCkpoBOi  0OpOOKHM  CYyHmpOBOJIKYEThCA  Oe3mepepBHUM
IcKpiHHSIM. BiOpariiss enekTpoja chpus€e BHUHUKHEHHIO €JIEKTPOICKPOBUX
pO3psiAiB. 3aCTOCOBYIOTH €JIEKTPOH 13 4aByHY a00 TBepaux criasiB (T15K6,
BK3 to1o0). ToBumHa HapoI1I€eHOro Ta 3MIITHEHOT0 IIapy 3aJ€XKUTh B1Jl EMKOCTI
KOHJIEHCATOPIB, HAMpyru 1 cuiau crpymy. Ilig dac 3acTocyBaHHS JKOPCTKUX
PEXHUMIB TOBIIIMHA HAPOIIEHOTO 1 3MIIHEHOTO IIapy 301IbIIY€ETHCS, & YACTOTA
MOBEpPXHI Ta TBEPJAICTh IIapy 3MEHIIYIOThCA. TBEpIICTh HAPOILIEHOrO IIApY
JIeTane 3aJeXHO BIJI 3aCTOCYBaHHS €JICKTpoAa 1 PESKUMY OOpPOOKH MOXKe
3MiHIOBaTUCh Y Mexkax 6000 — 12000 MIla. [lanum MeTO/I0OM MOXHA 301IbIITUTH
niameTp nocanoyHoro mictig Ha 0,05 MM, X04a TOBEPXHSI B TAKOMY BUIIAIKY Oy/1e
MaTH MOpH, ApiOHI PAKOBUHM, a CYLLIBHICTb ii MICIAs 0OpOOKH CTAaHOBUTHUME HE
oubiie 35-90%, 110 po3riIAgaeThesl SIK HEAOIIK JAHOTO CIOCO0Y BiAHOBJICHHS
NOBEPXOHb JeTajeil mamuH. HemosmikoM naHOrO METOmy €, TaKkoX, BHUCOKa
HIOPCTKICTh OTPUMAHMX MOKPHUTTIB, BUCOKHI PIBEHb 3aJIMIIKOBUX HAINpPY>KEHb,
HASIBHICTH MOP Ta MIKPOTPIIIUH.

Kombinosane enexmpoickpoee ma nazepue Jaecysanua. Meton
BUKOPHUCTOBYETHCS 3 METOIO YCYHEHHS HEOJIIKIB €JIEKTPOICKPOBUX MMOKPUTTIB,
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TOMY OOpOOKY BEAYTh 3 BHKOPHCTAHHSIM JIa3€PHOrO OMpOMiHIOBaHHs [7].
EnextpoickpoBe JieryBaHHs MPOBOJSATH Ha yCTaHOBII TUIY «EmiTpony, nasepHy
00poOKy TPOBOJATH Ha IMIYJIbCHIM ycTaHoBHiI «KBaHT—15» mpu TpuBaiocTi
iMmynbciB 4x1073¢, rycruni notyxuocti 100-600 MBt1/M? i miaMeTpoM IuisiMu
0,8-1,0 MMm. Sk enexkTpoaHUN MaTepiall BUKOPHUCTOBYIOTHCS TBEP/l CIJIaBU THUITY
TK, TH-20 na ocHOBi KapOigy THTaHy 1 HIKE€JIb MOJIOIEHOBOIO 3B’S3KOIO,
BK20VY, TI15K6Y (enextponu Ha OCHOBI Bojibdpamy 1 THUTaHy 3 JOJaBaHHAM
BYTJICIIO), €BTEKTHUYHUMHU enekTpogamu cuctemu Fe-Mn-C-B. V BigHOBIEHHX
KOMOIHOBaHUM €JIEKTPOICKPOBHM Ta JIa3€pPHHUM JIETYBAaHHSM TIOBEPXOHBb
Jnerajed MamMH y 2 pa3d 3MEHINYEThCA Koe(iieHT TepTs 1 y 3 pasu
30UTBIITY€THCS 3HOCOCTIUKICTB.

Maenimoenexmpuune necyéanns. JlaHWii METOJ  BHUTOTOBJICHHS 1
BIIHOBJICHHS € €(DeKTUBHUM JIJI1 TOHKOCTIHHUX JieTayiei giamMmeTpoM 110 300mm 1
nosroMipuux (mo 1000MM), mpu sikoMy 3a0e3MeuyeThCsi BUCOKA IMOBEPXHEBA
TBEPJICTh, J100pa 3YEIUIIOBAHICTb 3 OCHOBOIO, BIJACYTHICTH aedopmarii Ta
KopoOsieHHs [6]. Sk Jeryroodl HalAOLUIbHINIE BUKOPUCTOBYBATH (DEPOCILIABH
Mapok ®BO, ®b—1 Tta iHmi. MiKpoTBEpAICTh MarHiTOCAEKTPUIHOTO TTOKPUTTS
Moxe csaratd 28 I'Tla. Ontumansaumu € ToBmKUHA 300—700 MKM 1 TBEPIICTIO
nokputTsi 14-22 I'Tla. OcobnuBO €PEeKTUBHUMU MOKPUTTS € IS JeTaleH, 1o
MPaIo0Th B YMOBaX riipoadpa3uBHOTO 3HOILITYBaHHS.

3miyHeHnHs CcnpaybO8aHUX NOBEPXOHbL Oemdanell MAuuH OuQy3itiHuM
cnocobom. 1lonpu BeJMKY KiJIbKICTh HOBUX TEXHOJIOT1H, HAUTIOIIUPEHIIITUMHU JIO
BOT0 Yacy CIocoOaMu 3MIHHM SIKICHOI XapaKTEpPHCTHKU IMOBEPXOHb JeTallel
MaliuH € XiMiko-TepMiuHa o0pobka (XTO). o ii mepeBar MOXHA BiJIHECTH:
IIMPOKE BIPOBAHKEHHS Y BUPOOHUIITBI, HASIBHICTh CHELIaNICTIB Ta 00JaJHaAHHS,
BITYYTHUM €(EKT BiJl BUKOPUCTAHHSI.

Meronu XTO, 1mo 3acTOCOBYIOTh Ha BHUPOOHUIITBI, IPYHTYIOThCS Ha
30arauyeHHI TOBEPXHEBUX IIIApIB METAJIIB Ta CIUIABIB TUM YU 1HIIUM €JIEMEHTOM
ab0 xomruiekcoMm eneMeHTiB [6]. [lpu 1pboMy 31HCHIOETHCS HACUYEHHS CTall
BIJIMOBITHUM €JIEMEHTOM (HAIIpUKIIaJ, ByTJICIIEM, a30TOM, aJIFOMiHIEM, OOpOM Ta
1H.) IIJISTXOM Moro audy3ii B aTOMapHOMY CTaHi 13 30BHIIITHBOTO CEPEIOBHIIA TIPH
BHUCOKI/ TeMIieparypi.

CyyacHi TeHJEHIIT B PO3BUTKY MaIlIMHOOYAYBaHHS MOTPEOYIOTh HOBUX
TEXHOJIOTIA JUIsi CTBOPEHHS Ha JETAAX MAallWH 3MIIHIOBAJLHUX TOKPHUTTIB
M1BUIIEHOT 3HOCOCTINKOCTI [8-9]. OcTaHHE 0COOIMBO aKTyaJIbHE JIJIS TAK 3BAHUX
IIBUJIKO3HOIITYBAaHUX JeTajieid. Taki TEXHOJOTii JaloTh 3MOTY Ha TOPIBHSHO
JIENIeBUX MaTepianax (HampuKIIaJ, BYTJICIIEBUX CTAJSIX) CTBOPIOBATH 3HOCOCTIHKI
3MIITHIOBAJIbHI IIAPH, HE 3MIHIOIOYH NP ITLOMY CTPYKTYPH CEPIIEBUHU JETAI.

HesBaxatoun Ha BenMKy pi3HOMaHITHICTE MeroniB XTO crameir Ta
CIUTaBiB, OUIBIIICTh ITUX TEXHOJIOTIM CHpsIMOBaHI Ha CTBOPEHHS TBEPAMX Ta
KpUXKUX JAUQPY31HHUX TOKPUTTIB Ha (I3U4YHIA MOBEepXHI BHUpPoOIB. s
MOBEPXHEBUX IapiB, MOKPUTUX TBepAuMHU (aszamu (Oopuv, HITPUIM 1 T.]1.),
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BAXKO 3a0€3MEYUTH BHCOKY IMpale3/laTHICTh 4Yepe3 NPHUCYTHICTh BEJIHUKOL
KUTBKOCT1 JIe(heKTiB, 10 BUKIWKAIOTh 3HAYHY KOHIICHTPAIlII0 HAMpYy>KeHb. Tak
caMo 3 TI€i X NPUYMHU BaXKKO 3a0€3MEUHTH KIHIIEBY OOpOOKY TakKuxX IIapiB,
0COOJIMBO BPaxoOBYIOUH iX TOBIIMHY (XpOMOBaH1 KapOiaHI TOKPUTTA TOBIIUHOIO
0,010-0,015 MM He HO03BOJSIOTH B3araji IMPOBOAUTH MEXaHIUHY OOpOOKY
MOBEPXOHb, 3MIIIHEHUX JJAHUM CIIOCOOOM).

Takum ynHOM, icHY€ mOoTpeda B CTBOPEHHI Ta PO3BUTKY HOBUX CIIOCOOIB
o0poOKM feraneit, sKi © 3aJOBOJNBHSUIM TEBHI (I3MKO-MEXaHIuHI Ta
eKCIUTyaTaliiiHi BUMOTH 1 OyJM BUIBHMMH BiJ HEOJIKIB, L0 NpUTaMaHHI
ICHYIOUHUM BHJAM XIMIKO-TEPMIYHOT OOPOOKH.

Komnnexcni  memoou euecomoenenus 1 8iOHOBNEHHA CNPAYbOBAHUX
nogepxonb Oemanei. I3 PpO3BUTKOM MAaIIMHOOYAYBaHHA 1, BIAMOBIIHO,
3pOCTaHHSIM BUMOT 10 (PI3MKO-MEXaHIYHUX Ta €KCIUTyaTallliHUX BJIACTUBOCTEH
JieTaneu, MoMMpPIOTHECS KOMOIHOBAaHI METOAM BIJHOBJICHHS MIOBEPXOHD JI€TaICH
MailiH. BOHM monsraroTh B OJIHOYACHOMY 3aCTOCYBaHHI JIBOX YW OLIbIIe
Croco0iB MOBEPXHEBOI OOPOOKH [JIsl JTOCATHEHHS ONTUMAJIBHUX PE3YJIbTaTIB.
O6poOKy, 10 3AIMCHIOETHCS OJHOYACHO 1 MOCIIJIOBHO JIEKIIbKOMa METOJaMHU
Ha3MBaIOTh KOMIUIEKCHOIO. Tako, KOMOIHOBAaHI METOJIU MOXKYTh MPEIACTABIATH
K CyMIIIeHHSI JBOX a00 OibIle BIJOMHX METOJIIB B OJHOMY TE€XHOJIOTTUHOMY
IpOoLIEC, TaK 1 OCIIIJOBHE 3aCTOCYBaHHS KOKHOTO 3 HUX okpeMo. Ha manwuii yac
PO3BUTOK KOMOIHOBaHMX 3MIIHIOBAIHLHUX METOJIB PO3BUBAETHCS B JCKLIBKOX
OCHOBHHX HaIlpsiMKax.

Psin nocnimkeHs MoB’si3aHl 3 OJHOYACHUM BUKOpucTaHHsIM XTO neraneit
3 THIIIUM BHJIOM OOPOOKH JIJIst OTPUMAaHHS MMOKPUTTS MEBHOI CTPYKTYPH Ta CKIIAy.

[TpoBoasiThest po3poOku [10] 31 cTBOpEHHS Ta JOCHIIKEHHS KOMOIHOBaHUX
TEXHOJIOTIYHUX MPOIIECIB OTPUMAHHS MAaTPUYHOHATIOBHEHUX MIJIi-, MiKpo- abo
HAaHOJMCIIEPCHUMHU BKJIIOUYEHHSAMH METaI0-opokoBux ¢popmoBok. ITiciss XTO
KEII Oynu oTpriMaHi KOMIO3UTHI MOKPUTTA ckiamy Ni-TiBy, Ni-B-C. [Tokputts
ckaanay Ni-Cr-B, mo maroTh OyI0BY HIKeIEeBOi MaTpHIIi, JISTOBAaHOI XpOMOM, 3
BKJIFOUCHHSIMU JPIOHOAUCTIEPCHUX OOpUJIIB HIKEI0, OTPUMYBAIU CYMICHUM
OCaJKEHHSIM HiKeJo Ta yacTUHOK B Ta Cr 3 HaCTyNMHUM BIANAJIOM y BaKyyMI.
Jpyruii TUIl €NeKTPOJITUYHOTO MOKPUTTS MICTUTh TBEPAl KPYHMHO3EPHHCTI
BriroueHHs TiC; TiB,.

HaiiBuia 3HOCOCTIMKICTH  cepell OTPUMAaHMX JIaHUM  CIIOCOOOM
KOMITO3UTHHUX TIOKPHUTTIB, HABAHTAXXCHUX CUJIAMHU TEPTS MAIOTh MOKPUTTSA, SKi
CKJIAJAl0ThCAd 3 HOPMAJIbHO OPIEHTOBAaHUX 10 IMOBEPXHI TepTs Oe3nmepepBHUX
BOJIOKHOTIOZIOHMX YTBOPEHHSI a00 HAMpaBlIEHO KPHUCTAII30BAHOT €BTEKTHKH.
Bonu MOXyTh mpaltoBaTi B HAMBaXKUYUX yMOBaxX TPUOOKOHTaKTY. [lyist nariiHux
PEXKHUMIB YCTAJICHOTO TPOIECY TEPTA PEKOMEHIOBAHO MAaTPHYHOHAIIOBHEHI
MOHO- 1 6araromrapoBi KEII, 1110 MicTATh KpyITHO3EpHUCTI MOHO- 1 TIOJI IUCTIEPCHI
BKJIFOYEHHS 3 TYTOIJIaBKUX METaliB y Audy3iiiHoieroBaHId HIKeNeB1i MaTpuIl.
JIsi HaWnermmx peXuMiB TEPTS MOIIILHO obupatu audy3idHOIETOBaHI Ta
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eBTekTHuHO orutaieHi KEII rpamieHTHOrO THIy, pO3Mip, KUIBKICTh 1 PO3MOLI
BKJIIOYEHb KOTPUX y MATPHUIll Ta JIETYIOUMX i1 €JIEMEHTIB 3a TOBIIMHOIO 1 IO
MOBEPXHI 3MIHIOETHCS 32 TIEBHUMHU 3aKOHAMU.

ABtopu [11] pexomMeHIyIOTH JUii pO3POOKH BHCOKOE(HEKTUBHUX
TEXHOJIOT1H, 110 MiBUIYIOTh HAIHHICTh Ta JOBIOBIYHICTh MAIIIMH 1 MEXaH13MiB
BUKOPHCTOBYBATH KOHIIEHTPOBaH1 Jkepena eneprii. OCHOBHUMU (paKTOpaMu TyT
€ CTaH MOBEPXHi, 10 BU3HAYAE BIACTUBOCTI IOBEPXOHD JIeTaJeH Ta BY3JIB, 110 €
BUpIIIATFHUM (AKTOPOM TIPH 3pPOCTAaHHI KOHKYpPEHLI Ta HapoIllyBaHHI
BUpoOHUIITBA. [Ipoliec 3MiHU cTaHy 1 BIaCTUBOCTEH MOBEPXHI aBTOpaMU Ha3BaHO
,»IH)KCHEPIEI0 TOBEPXHI”, CyTh SKOi IOJSATae y ,,po3poOIll Teopii HAyKOBO
OOIPYHTOBAHOTO BU3HAUYEHHS (POpMH pOOOUYNX MOBEPXOHB, IXHIX TEOMETPHUUHUX
napaMeTpiB 1 ()i3UKO-XIMIYHMX BJIACTUBOCTEH, IO 3a0€3MEUyI0Th €KOHOMIYHO
JIOLIUIbHY JIOBFOBIYHICTH Ta O€3B1JIMOBHICTh JI€Tajl€il MAIIMH Ta IHCTPYMEHTY, a
TAaKOX TEXHOJIOTITYHOTO CTBOPEHHS TaKUX MOBEpXOHb”. | mami BKa3yroTh, 110
,»,3MIIITHEHHSI pOOOYMX MOBEPXOHb JETAJIEH Ta IHCTPYMEHTY € OJTHUM 13 HAHO1JIbIII
e(peKTUBHUX Ta JI€BUX CIOCO0IB 30UIBLIEHHS pecypcy iXHbOi podoTH’.
HepnonikamMu Takoro BUAY 3MIIHEHHS € CKJIAIHICTb BU3HAYEHHS ONTHUMAJIbHUX
PEKHUMIB TOBEPXHEBOTO 3MIIIHEHHS KOHCTPYKTHBHUMHU T[apamMeTpamu, II0
noTpedye 3HAYHMX 3aTpaTr 4yacy Ta MarepiaiiB, a TaKOXX HASIBHICTIO BapTICHOTO
oOJlalHaHHS Ta BUCOKOKBaJi(PiKOBAHMX CIELIAIICTIB, 10 BOJOAIIOTH JaHOIO
TEXHOJIOT1€10 Ta MAIOTh JIOCTATHI MPAKTUYH1 HABUYKH Ta JOCBIJ.

BUCHOBKHA

Sk BUIHO 3 BHINEHABEJICHUX JOCTIIKEHb, PO3POOKU Ta JOCIIKCHHS
BIJIHOBJIFOBAHUX TIOKPUTTIB, KOMIIO3UTHUX AUDY3IHHUX MIapiB IiABUILCHOI
3HOCOCTIMKOCTI 3HAXOIAThCS Ha CTalisIX PO3pOOKU Ta BIAOCKOHAJIEHHA. Y
MepeBaXH1M OLIBIIOCTI KIHIIEBUM PE3YyJIbTATOM € YTBOPEHHS KOMIIO3UTHOTO
iapy 3 JIOCUTh TBEPJUMH BKIIFOUEHHSMH 3HAYHOT KPUXKOCTI (Ha 0a3i XIMIYHUX
CIIOJIYK) 1, B OCHOBHOMY, MaJIOi TOBIIMHH; TEXHOJOTIS BUTOTOBJICHHS JICTaJICH,
3MIITHEHUX TaHUM 3HOCOCTIMKUM KOMITO3UTHHM TIOKPHUTTSIM € JOCUTH CKJIQTHOIO
Ta JIOPOrol0 (HAMpHUKIIAJ, 3aCTOCYBAHHS JIA3EPHOTO OIUIABIIEHHS a00 CTBOPEHHS
KOMIO3UTHUX TTOKPHUTTIB 13 JNEe(PIIUTHUX CKJIATHUKIB Ta 1HIII), 10 BHMAarae

CHel1aIbHOro BapTICHOTO oOnagHaHHS, BHCOKOKBaI1(P1IKOBAHOTO
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[Meaunuako 0O.0., KoBaneBcokuii C.B., (Jonbacvka  Oepowcasna
Mawunooyoiena axademis, mm. Kpamamopcok — Tepnonine, Ykpaina)

OCOBJIMBOCTI IIIATOTOBKHA YIIPABJIAIOYUX ITPOTI'PAM JJIA
BEPCTATIB 3 4IIY B YMOBAX BOEHHOI'O YACY

Anomauia: Y cmammi po3ensanymo cneyugiky nio2omoeKu Ynpagiayux npozpam Ol
sepcmamis 3 4UciosuM npoepamuum ynpaeiinuam (4I1Y) e ymosax eocnnozo uacy. Ilpoananizosano
OCHOBHI NPoONeMU Ma SUKIUKU, 3 AKUMU CIUKAIOMbCSA NIONPUEMCIBA MAWUHOOY0i6HOT 2any3i nio uac
B0€HHUX OIll. 3anponoHOBaHO MemoOONO2iuHI NIOXO0U MA MEXHIUHI piuleHHs Ol 3a0e3neyeHHs
cmabinbHol pobomu UPOOHUYMEA 6 KPUMUUHUX YMOBAX, 6KIUYAIOUU adanmayilo npocpamHO20
3a6e3neyenns, OeyeHmpan3ayilo GUPOOHUYUX NPOYeCi6 Ma GNPOBAOINCEHHS De3ePEHUX CUCHEM.
Ilpeocmasneno pexomenoayii wodo onmumizayii npoyecié npoepamyeants eepcmamis 3 UIY 3
VPAXYBAHHAM 0OMeNCEeHb BOEHH020 Uacy. Pezyriemamu 0ocnioscents moxcyms 6ymu UKOPUCMAHT OISt
RIOBUWEHHS. CMITIKOCT  BUPOOHUYUX NIONPUEMCING 00 KPU308UX Ccumyayit. ma 3a0e3neyeHHs.
besnepepsHocmi GUPOOHUYMEA CIMPAESTYHO BANCTUBOT NPOOYKYIL.

Kniouoei cnoea: eepcmamu 3 YIIY, ynpaensioui npozpamu, B0E€HHUl Yac, CHMIUKICMb
BUPOOHUYMEA, ONMUMIBAYISL NPOSPAMYBAHHS, MAWUHOOYOVEAHHS, KPUMUYHA IHpacmpykmypa.

Abstract: The article examines the specifics of preparing control programs for computer
numerical control (CNC) machines under wartime conditions. The main problems and challenges faced
by enterprises in the machine-building sector during military operations are analyzed. Methodological
approaches and technical solutions are proposed to ensure the stable operation of production under
critical conditions, including software adaptation, decentralization of production processes, and the
implementation of backup systems. Recommendations are provided for optimizing CNC programming
processes, taking into account the constraints of wartime conditions. The research results can be utilized
to enhance the resilience of manufacturing enterprises to crisis situations and ensure the continuity of
production of strategically important products.

Keywords: CNC machines; control programs; wartime conditions; production resilience;
programming optimization; machine building; critical infrastructure.

CyuacHi TreomnojiTU4YHI peadii CBiAYATH MNPO HEOOXIAHICTH ajanTalli
BUPOOHUYHUX MPOLIECIB JO YMOB BOEHHOTO 4acy. OcoOIMBO TOCTPO 1€ MUTAHHS
MocTa€ JUig MIANPUEMCTB MAIIMHOOYAIBHOT Taiy3i, SKi 3a0e3MeuyroTh
BUPOOHMIITBO KPUTHYHO BKJIWUBOI MPOMYKINi, BKIIOYAIOUYA KOMIIOHCHTH
BIMCBKOBOI TEXHIKHM, MEJIMYHOTO OOJIaJHAHHS Ta 1HIIMX CTPATETIYHO BaXKJIMBHUX
BUpoOiB [1-5].

Bepcratn 3 uucnoBum mnporpamuuM ympasiinusMm (UITY) e ocHoBoro
Cy4aCHOI0 MaIuHOOYAyBaHHS, 3a0e3rneuyoun BHUCOKY TOYHICTb,
NPOAYKTHBHICTh Ta THYYKICTh BUpOOHHUITBA. O/HAK, B YMOBaX BOEHHOTO 4acy
MPOIIEC MiITOTOBKU YMPABIISAIOYUX MPOTPaM JJI TAKMX BEPCTATIB CTHKAETHCS 3
HU3KOIO CrelU(PIYHUX BUKIUKIB, SIKI MOTPEOYIOTh HECTAHJAPTHUX pILIEHb Ta
amanTarii iCHyrouux meromosorii [1,2].

MeTor0 [aHOro JIOCHIUKEHHS € a”all3 OCOOJHMBOCTENH IMIATOTOBKH
yOpaBisitounx mporpam s BepcratiB 3 UIIY B ymoBax BO€HHOro dacy Ta
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po3poOKa pEeKOMEHJAIllll MO0 TMIJABUIICHHS e(EKTUBHOCTI Ta CTIAKOCTI
BUPOOHUYHX MPOIIECIB Y KPU30BUX YMOBAX.

Jiist o1iHKM €(heKTUBHOCTI 3alpONOHOBAHUX PIllIEHb BUKOPUCTOBYBAJIHUCS
METO/IY MOPIBHSJIBHOTO aHANI3y Ta CTATUCTUYHOI OOPOOKU JaHMX.

Bukiuky miroToBKM yIpaBisitourX MporpaM B yMOBaxX BOEHHOIO Yacy

Anami3 ¢yHKIIOHYBaHHS MAIIMHOOYAIBHUX MIJIPUEMCTB B YMOBax
BOEHHOTO Yacy JI03BOJIMB BUSIBUTU HU3KY CIIEHU(PIUHUX BUKIUKIB, SIK1 BIUTUBAIOTh
Ha MPOIIeC MiATOTOBKHU YIPAaBISIIOYNX porpam ajs Bepcraris 3 UITY:

1. OOmexeHicTh a0 BIACYTHICTb JOCTYIY JO IHTEPHETY Ta XMapHUX
cepBiciB. barato cyuacuux CAD/CAM cucreM BHUKOPUCTOBYIOTH XMapHi
pilllecHHA Ta TMOTPeOYyIOTh TMOCTIHHOrO MIAKIIOYEHHS 10 IHTEPHETY s
MOBHOIIIHHOTO (DYHKIIIOHYBaHHA. B yMOBaxX BOEHHOIO 4acy TakUil 1OCTYN MOXKeE
OyTH 0OMeKeHUM a00 MOBHICTIO BIJICYTHIM.

2. HecraOunpHICTh  eneKTporocTadyanHs. [lomKOMKEHHS eHepreTUYHOl
1H(QPACTPYKTYpH MOKE MPU3BOJUTUA [0 BIIKIIOUEHb EJIEKTPOECHEprii, M0
YCKJIQJIHIOE TIPOLIeC MpOorpamMyBaHHs Ta eKcIuTyaTalii Bepcratis 3 UITY.

3. Kanpori npobiemu. Mob6inizaliis, eBakyalis ad0 BUMYIIIEHa Mirparis
KBaM(pIKOBAHMX CHELIaNICTIB 3 mporpamyBaHHs BepctariB 3 UIIY cTBOproe
nediuT kaapiB Ta HEOOXIIHICTh IIBUIKOTO HABYAHHS HOBUX CITIBPOOITHHUKIB.

4. TlpobmeMu 3 MOCTaBKaMU KOMIUIEKTYIOUMX Ta BUTPAaTHUX MaTepiaiB.
[TopymieHHsT JOTICTUYHUX JIAHIIOTIB  YCKJIAJHIOE CBOEYACHE OTPUMAaHHS
HEOOXITHUX IHCTPYMEHTIB Ta MaTepiajiB, 10 BUMArae ajantauii yupaBsilouuxX
Iporpam J10 HasiBHUX PECYPCIB.

5. HeoOxigHicTh IIBHUAKOrO IIepEHANAIITYBaHHS BHPOOHHUIITBA. 3MiHA
HOMEHKJIaTypu TMPOAYKII, IO BHUIIYCKA€ThCS, Ta HEOOXIJHICTh IIBUIKOIO
OCBOEHHS HOBHX BHUPOOIB MOTpeOYy€ OINMEpaTUBHOI MiJTOTOBKH YMPABISIOYHX
nporpam.

6. IligBumieHi BuMoru Ao Oe3meku gaHuX. Pu3mkm kibeparak Ta (Hi3UUHOIO
MOIIKO/KEHHsI O0JIalHaHHA BUMAraloTh IOCHJIEHHS 3aXOMdiB 13 3aXUCTY
1H(DopMaIrii Ta pe3epBHOTO KOMIOBaHHS YIPABISIOYUX TPOTPaAM.

TexniuHi pimeHHs IS MIATOTOBKH YIPABISIOUUX IMPOTrpamM B YMOBax
BOEHHOTO Yacy

JInst mojonaHHs 3a3HAYEHMX BHKJIHMKIB OyJ0 pO3pOOJEHO KOMIUIEKC
TEXHIYHUX pIlIE€Hb, K1 JIO3BOJSIOTH 3a0€3MeUuTh €(PEKTUBHY MiATOTOBKY
YIPaBJSIIOYUX Mporpam A BeperatiB 3 UITY B ymoBax BOEHHOTO 4acy:

1. BopoBamxkennss aBroHoMHuUX CAD/CAM cucrem. [lns 3a0e3neyeHHs
HE3aJIeKHOCTI1 BiJ JOCTYIY 0 IHTEPHETY Ta XMapHHUX CEPBICIB PEKOMEHIYETHCS
BukopuctanHs aBTOHOMHUX CAD/CAM cucrewm, siki MOXKYTh (DYHKITIOHYBaTH 0€3
30BHIIIHIX TIAKIIOYEHb. Lle 103Bosie miAnprueMCTBY IPOJOBXKYBATH MiATOTOBKY
YOPABJSIIOYMX TPOrpaM HaBiTh 32 YMOBH TOBHOTO BIJIKJIIFOUYEHHSI BiJI MEPExi
IHTEpHET.
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2. JleuenTtpaizallis MpoIecy MmiaAroToBKH yIpaBiIsaidux rnporpam. Pozmomin
poIIeCcy MpOrpaMyBaHHS MK KiIJTbKOMa CIEIiaTicTaMy Ta pOOOYUMU CTAHITIIMH
J03BOJISIE 3HU3UTU PU3UKH, TIOB'SI3aH1 3 BTPATO0 OOJaJHAHHS a00 MepcoHaly.
[Tpu 1bOMy JOIITBHO BUKOPUCTOBYBATH €IMHY 0a3zy NaHUX 3 YIPABISIOUUMHU
IporpaMamH, sika peryJIipHO CHHXPOHI3YEThCS MK BCIMa pOOOYUMH CTaHITISIMH.

3. BrmpoBamkeHHS CHCTEMH PE3EpBHOTO  eleKTpormocradanHs. s
3a0e3MneueHHs] Oe3MepepBHOCTI TMpoIleCy MNpPOrpaMyBaHHS Ta EKCIUTyaTalii
BepctariB 3 UYIIY pexkomMeHAyeTbCs BCTAaHOBJCHHS AaBTOHOMHHUX —JDKEpPET
eJIEKTPOCHEPTii (reHEepaTopiB, aKyMYJISITOPHUX CHUCTEM, COHSYHHX MaHENeH) 3
aBTOMATUYHHUM MEPEMUKAHHSIM P BIJKIIOYEHHI OCHOBHOTO JKUBJICHHS.

4. Po3poOka 6107110TeKH TUMOBUX yIpaBiisiiounx mnporpaMm. CTBOpeHHs 0aszu
JAHUX TUIOBHUX YMPABIAIOYMX MpOrpam Jisi HaWOUIbII MONIMPEHUX ONepallii
JI03BOJISIE€ 3HAYHO TMIPUCKOPUTH MPOIEC POrpaMyBaHHs 32 PaxyHOK MTOBTOPHOTO
BUKOPUCTaHHA Ta MOAM(IKAIlIT TOTOBUX PIIICHb.

5. BrpoBamxeHHs CHCTEMH MIBUAKOTO HaBYaHHS MPOTPaMyBaHHIO BEPCTaTIB
3 UIIY. Po3pobka copomieHMX METOJIMK Ta IHCTPYKLIA 3 MporpaMyBaHHS
BepctaTiB 3 YUIIY no03Bossie MIBUIKO MiITOTYBAaTH HOBUX CIIBPOOITHHKIB Ta
YaCTKOBO KOMIIEHCYBAaTH A€PIUUT KBaII(PIKOBAHUX KaJIPiB.

6. Onrtumizallis yrnpasistounx mporpam Jjig poooTu 3 00MekeHUM HabopoM
IHCTPYMEHTIB. AjanTamis NporpaM J0 HAasBHOTO IHCTPYMEHTY Ta MarepiajiB
JI03BOJISIE€ TIPOIOBKYBATH BUPOOHUIITBO HAaBITh 32 YMOBH IOPYIIEHHS TIOCTABOK.

7. BrnpoBamxeHHsT cuUCTeMH OaraTOpIBHEBOTO PE3EPBHOIO KOIIIOBAHHS.
PeryinspHe cTBOpeHHs pe3epBHUX KOMIK YIIPaBJISIOUUX [IPOrpam Ta ix 30epiraHss
Ha pi3HUX (I3UYHUX HOCIAX Y PI3HUX JIOKAIisIX J03BOJISIE 3a0€3MeUYuTH
30€peKEeHHS JaHUX HaBITh 32 YMOBHU (PI3UUHOIO MOIIKO/XKEHHS 00J1aITHAHHS.

Merononoriyai  miAXOAM 0  OpraHizailii  mpolecy  IMiJrOTOBKH
YHOPaBISIOUUX MIPOTpaM

Jlnst 3a6e3neyeHHs] €PEeKTUBHOI MIATOTOBKU YIPABJISIIOYMX MPOTpam st
BepcTaTiB 3 UIIY B yMoBax BOEHHOTO 4acy po3po0JI€HO HACTYITHI METOJI0JIOT14HI
1IXO/TH:

1. MoaynpHHI MiaXig 10 PO3pOOKH yHpaBisiO4YuX mporpam. Po30utrs
porpamM Ha OKpeMi MOJYJ, fKi MOXYTb OyTH NOBTOPHO BHUKOpPHUCTaH1 abo
MO (IKOBaHI, J03BOJIIE TMPUCKOPUTU TPOIEC MPOTPAMyBaHHS Ta CIPOCTUTH
aJlanTalliio 0 HOBUX BUPOOHUYUX 3aBIaHb.

2. BopoBamxeHHS CHOPOIIEHUX METOAMK Bepuikaiii yrnpaBiIstounx
nporpaMm. Po3poOka mporeayp TepeBipku Tmporpam 0€3 BHUKOPUCTAHHS
CIEIIaJII30BaHOI0 MPOrPAMHOTO 3a0€3IeUeHHs JI03BOJISIE 3a0€3IEYUTH SKICTh
porpam HaBiTh 32 YMOBU OOMEXEHOT0 JJOCTYMY A0 IHCTPYMEHTIB CUMYJISIII.

3. Po3poOka MeTOAMK MIBMAKOTO TMEpEeHANAIITyBaHHS BHPOOHMIITBA.
CTBOpEHHS aTOPUTMIB Ta 1HCTPYKITIH /JIsi OTIEPATUBHOTO TIEPEXOAY Ha BUITYCK
HOBOI MPOAYKIII J03BOJsiE 3a0€3MEYUTH THYYKICTh BHUPOOHMIITBA B YMOBax
MIHJIUBUX TTOTPEO BOEHHOTO Yacy.
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4. BripoBa/KE€HHSI CUCTEMH TIpilopHUTe3allii BUpOOHUYNX 3aBlaHb. Po3poOka
KpUTEpIiB Ta MNPOLEAYpP BHU3HAUEHHS MPIOPUTETHOCTI BUPOOHUYHMX 3aBIaHb
JI03BOJISIE  ONTUMAJIBHO PO3MOAUIMTA OOMEXEHI pecypcu Ta 3a0e3medyuTH
BUKOHAHHS HANOUIBIIT KPUTUIHUX 3aMOBJICHD.

5. Opranizaiis BijajgeHoi MATOTOBKY yNpaBIsiiouux mporpam. CTBOpEHHS
MO>KJIMBOCTI JIJISI pO3POOKH MPOTPaM CHEIiaTiCTaMt, K1 3HAXOAATHCS 32 MEKAMHU
MIPUEMCTBA, J03BOJISE 3ayYUTH KBaTi(hiKOBaHI KaJapH, K1 3 PI3HUX NMPUYHH
HE MOXYTb OyTH (H13MYHO MPUCYTHIMU HA BUPOOHUIITBI.

[IpakTiyuHi pekoMeHaalii 3 MiAroTOBKU YIPABIAIOUUX IPOrpaM B yMOBax
BOEHHOTO Yacy

Ha ocHOBI mpoBeaeHOro AOCTIKEHHS PO3pOOIEHO HACTYIHI MPaKTUYHI
peKoMeHaIli JjIs MIAPUEMCTB MalTHHOOY IIBHOT TaITy3i:

1. CtBOpeHHS pe3epBHUX KOIIM BCIX HAasABHUX YIPABISIOUMX MpOrpaMm Ha
¢b3uunnx Hocisx (USB-HakomuuyBawi, 30BHINIHI KOPCTKI JHUCKH) Ta iX
30epiraHHs y 3aXMIIEHUX MICIAX, OaKaHO B PI3HUX JIOKAIIISX.

2. BrnpoBamxkeHHS CHCTEMH JOKYMEHTYBaHHS TPOIECY TMPOrpaMyBaHHSI,
BKJIFOYAIOYM JIETAJbHUN OMKC BCIX €TalliB CTBOPEHHS YMPAaBIAIOYHUX MPOrpam,
BUKOPUCTOBYBAaHUX IHCTPYMEHTIB Ta MapaMeTpiB 00OpoOKH.

3. Opraxizaiiis peryJsipHUX TPEHIHTIB I CHIBPOOITHUKIB 3 IHUTaHb
nporpamyBaHHs BepcTaTiB 3 UITY, 1110 703BOIUTH PO3IIUPUTH KOJIO CTICIIAICTIB,
3JIaTHUX CTBOPIOBATH Ta MOJIU(DIKyBaTH yIPaBIIAIOYl MPOTPAMHU.

4. CtBOpeHHsI aBapiiiHux KoMmIUIeKTiB 3 aBToHOMHUMH CAD/CAM
CUCTEMaM{ Ha TIOPTATUBHHX KOMITHOTEpax, SIKi MOXYTh OyTH IIBHIKO
nepemilieHi B 6e3neyHe micie y pasi He0OX1THOCTI.

5. BropoBamkeHHsS CUCTEMHU MIBUAKOTO OOMIHY JOCBIAOM Ta 3HAHHSMH MIXK
CHeIagicTaMu PI3HUX MIAMPUEMCTB, IO TO3BOJUTH OMEPATUBHO BUPIINIYBATH
HECTaHJapTHI MPoOJeMH, IKI BAHUKAIOThH B IIPOLIEC] MPOTrpaMyBaHHS.

6. Po3pobOka cripoiieHux Bepciid yHpaBisIOYUX MpOrpaM MJisi KPUTHYHO
BAKJIMBUX BUPOOIB, Kl MOXKYTh OyTH LIBHJKO aJalTOBaHI JO PI3HUX MOJENeH
BepcraTtis 3 UITY.

7. Opranizaiis B3aeMOAIl 3 HaBYaJLHUMM 3aKjafaMd JUIsS  3aJlydeHHS
CTYJCHTIB Ta BUKJIaJaviB JI0 MPOIECY MIATOTOBKHU YHPABJISIOUUX MPOrpam, IIo
JT03BOJIUTH YaCTKOBO KOMITEHCYBATH JAe(DilUT KBaTi(hiKOBAaHUX KaJIPiB.

BUCHOBKHA

[TpoBeneHe MOCHIKEHHS TO3BOJWIO BUSIBUTH crienudiduHi 0COOIUBOCTI
NIATOTOBKH YIPaBISIOUMX Iporpam aiisg BeperariB 3 UIIY B ymoBax BOEHHOTO
4acy Ta PO3pOOUTH KOMIUIEKC TEXHIYHUX PIIICHbh Ta METOMOJIOTIYHUX ITIXO/IB
JUTst 3a0e3neueHHs cTabiIbHOT poOOTH BUPOOHUIITBA B KPU30BHX yMOBAX.

BcranoBneHo, 10 OCHOBHMMH  BUKIWKAMH U1l TATNPUEMCTB
MaIuHOOYAIBHOT Tainy3l € OOMEXEHICTh MOCTYIy J0 1HTEPHETY Ta XMapHUX
CEpBICIB, HECTAOLIBHICTh €JIEKTPONOCTAYaHHS, KaApOBl MpOoOIeMH, MOPYIIEHHS

JIOTICTUYHHUX JIAHIIOTIB Ta MiABUIIEHI BUMOTH 10 OE€3IIEKH JTaHUX.
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Jist  momonaHHS UMX  BUKJIMKIB — 3allpOTIOHOBAHO  BMIPOBAKEHHS
aBToHoMHUX CAD/CAM cucrem, J[eneHTpatizaliio OpoUeCy MHiATOTOBKH
YOPABJISIIOYMX MPOrpaM, CTBOPEHHS CHUCTEMH PE3EPBHOIO E€JIEKTPOINOCTAYaHHS,
po3poOKy O6107TI0TEKH THUMOBHX MPOTpam, BIPOBAKEHHS CHCTEMHU IIBUIKOTO
HAaBYAaHHS Ta OITHUMI3AIlll0 TporpaM i poOOTH 3 OOMEKEHUM HabOpOM
IHCTPYMEHTIB.

3anporoHoBaHl  METOAOJOTIYHI MIAXOAW JO OpraHizaiii mporecy
MiATOTOBKH YIPABJISIOYHMX MPOTPaM BKIIFOYAOTh MOAYJIBHUAN MIAXIJT 10 PO3POOKH
porpam, BIIPOBAKEHHsI CIPOILIEHUX METOAMK BepHudikallii, po3poOKy METOAUK
HIBUJKOTO  TEpPEHANAIITYBaHHA BHPOOHMIITBA, BIPOBAKEHHS CHCTEMHU
npiopuTe3arii BUpOOHWYMX 3aBAaHb Ta OPTraHi3amilo BIAIAIEHOI MiATOTOBKH
porpam.

[IpakTHyHEe BOPOBAIKEHHS PO3POOJICHUX PEKOMEHJAI J03BOJUTH
MIJBUIIUTH CTIMKICTh BUPOOHHYMX IMIINPHUEMCTB JI0 KPHU30BHX CHUTYyallll Ta
3a0e3neunT Oe3nepepBHICTh BUPOOHHUIITBA CTPATETTUHO BAXKJIMBOI MPOIYKIIi B
yMOBaX BOEHHOTO Yacy.
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Iupo:kenko A.O., bounap O.B., PsizanueB A.O. (Kpusopizvkuii HayionanbHui
yHieepcumem, m. Kpueuii Pie, Ykpaina)

KOHCTPYKTOPCBKE MOJAEJIOBAHHS METAJIOPI3AJIBHOI'O
THCTPYMEHTY B IIPUKJIATHIA MEXAHIIII

Anomauia: Poszensnymo euxopucmanns SolidWorks vy KoHcmpykmopcbkomy
mooenosarnti. Ilpoananizosano K408 MONCIUBOCMI NPOSPAMHO20 KOMNIEKCY, U020
3aCcmocy8aHts Y HAGYATLHOMY NPOYECt, A MAKO4C nepesazy ma SUKIUKY IHmezpayii 6 0ceimme
cepedosuuge. Ocobaugy yeazy npuodileH0 MOOeN08AHHIO PI3ANIbHO20 [THCMPYMeHmy 0/
00pobKku  3a0anoi Oemani ma uozo awnanizy 3a oOonomoeorw SolidWorks Simulation.
Obrpynmosano snauywiicms SolidWorks 0ns niocomosxku matlOymuix iHoceHepis, OKpecieHo
NEPCReKmusU 1020 NOOAIbULO20 BUKOPUCAHHS ) HABYATbHOMY NPOYECi Ma NPOMUCTIOBOCHII.

Kniwouosi cnoea: SolidWorks, koncmpykxmopcvke mMoOento8anus, Ha84aibHUll npoyec;
iHmezpayis 8 o0ceimy, MOO0enNt8anHs pizaibHo2o iHcmpymenmy, SolidWorks Simulation,;
ni020mo6Ka iHdICeHepis, THHCEHEPHA 0CBIma.

Abstract: The study examines the use of SolidWorks in design modeling. The key
capabilities of the software package, its application in the educational process, as well as the
advantages and challenges of its integration into the academic environment, are analyzed.
Special attention is given to the modeling of a cutting tool for machining a given part and its
analysis using SolidWorks Simulation. The significance of SolidWorks for training future
engineers is substantiated, and the prospects for its further application in education and
industry are outlined.

Keywords: SolidWorks; design modeling; educational process; integration into
education; cutting tool modeling; SolidWorks Simulation; engineer training; engineering
education.

IHocranoBka npo0JiemMu Ta ii 3B'I30K 3 HAYKOBUMM i MPAKTUYHUMHU
pobdoramu. CyyacHe MaIMHOOYJAyBaHHS BHUMAara€ BHCOKOi TOYHOCTI Ta
e(deKTUBHOCTI 00OpOOKH AeTalIei, 10 3HAYHOIO MiPOIO 3aJI€KUTh Bil KOHCTPYKITIT
METaJIOPi3aIbHOTO 1HCTPYMEHTY. BUKOpUCTaHHS cHUCTEM aBTOMAaTH30BaHOTO
npoekTyBaHHA, 30kpemMa SolidWorks, mo3Boisie 3HAYHO TOKPAIIUTH SKICTh
MOJICJIFOBAHHS, aHAJI3y Ta ONTHMI3alli TakKUX IHCTPYMEHTIB. MoJentoBaHHS
pixydoro iHcTpyMeHTY Y SolidWorks € BaxJiMBUM eTanoMm NpOEKTYBAaHHS, 1110
JI03BOJISIE BU3HAYUTH ONTHMAaJIbHI MapaMeTpHu 1HCTPYMEHTY Ta MPOBECTH HOro
BIpTyaJbHI BUIIPOOYBaHHS.

AHaJi3 OCTaHHIX AocC/igxkeHb i myOuikaumii. JlocmipkeHHs B ramysi
KOHCTPYKTOPCHKOTO MOJICIOBAHHS METAJOPi3abHOTO 1HCTPYMEHTY AaKTHUBHO
NPOBOMSTHCS  HAYKOBISIMH ~Ta  IHXKEHepaMd. Y  UYHCICHHHX poOoTax
PO3TISAAAIOTHCSI METOIU MOJETIOBAHHSA PLKYYUX IHCTPYMEHTIB, aHAJI3 IXHIX
XapaKTepUCTUK 3a JOIMOMOrOK0 KOMI'IOTEPHHUX TEXHOJOrii. 3okpema,
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BukopuctanHa SolidWorks y moemnanHi 3 momynem Simulation m03BoJIsIE
BUKOHATH PO3pPaxyHKH Ha MIIHICTh, aHaIi3 AedopMaliiii Ta TEPMOJUHAMIYHUX
BIUIMBIB, IO € HEOOXIAHMM Ui MiABUIICHHS e()EeKTUBHOCTI BUPOOHHYUX
MIPOIIECIB.

@opMYJIIOBAHHSI HEBHMPILIEHWX YACTHMH 3arajbHOI Npo0JieMH.
HesBakatoun Ha 3HAYHHUI Tporpec y cdepi MOJAETIOBAHHS METalopi3alibHUX
IHCTPYMEHTIB, 3aJMIIA€TBCA  aKTyaJbHOIO MpoOsieMa  aBTOMAaTH30BaHOI
onTuMizalli iXHIX KOHCTpyKIiH. KpiM Toro, HeOoOXigHO pO3IIUPIOBATH
JOCITIJIKEHHS 11010 BIUIMBY T€OMETPUYHHUX MapaMeTpiB IHCTPYMEHTY Ha SIKICTh
oOpoOKM  neTaii, BUKOPUCTOBYIOUM KOMII'IOTEPHE  MOJICIIOBAaHHS  Ta
EKCIIEPUMEHTAJIbHI JOCIIKCHHS.

Iixi crarTi Ta mocranoBka 3agavi. OCHOBHOIO METOIO CTATTi € aHAI3
IPOLECY KOHCTPYKTOPCHKOTO MOJENIIOBaHHS METAIOPI3aJIbHOTO 1HCTPYMEHTY Y
SolidWorks Ta #oro 3actocyBaHHsS Jisi ONTHMI3AIlli MPOIECIB MEXaHIYHOI
00poOKu. {51 JOCSTHEHHS 111€1 METH TOCTaBJIEHO HACTYITHI 3a7a4i:
~-Po3rnstHyt  0ocobimBOCTI  cTBOpeHHs  3D-Mozeni  MeTanopi3ajibHOro
iHcTpyMeHTy y SolidWorks.

-Buxonatu aHaii3 MIITHOCTI IHCTPYMEHTY 3a Jonomoroto moayisa SolidWorks
Simulation.

- JIoCHiAUTH BILUIMB F€OMETPUYHUX MapaMEeTPiB IHCTPYMEHTY Ha SIKICTb OOpPOOKH
JeTal.

~IIpoananizyBatu TepMOJAMHAMIYHI HABAHTAKEHHS HA PKYYHM IHCTPYMEHT.
-OO6rpyntyBatu mnepeBaru BukopucTaHHs SolidWorks mns mpoektyBaHHS
MeTajopi3aIbHUX 1HCTPYMEHTIB.

BukJiax 0CHOBHOI0 MaTepiaJy J10CTiIKeHHS

1. CrBopennss 3D-moxmeni gerasi, 1o O00poOJIIOETHLCA  Ta
MeTAaJIopi3ajJbHOro incrpymenry y SolidWorks (puc.1)

Ha nepmiomy erari MojentoBaHHSI CTBOPIOETHCS €CKi3 PIKY4dOi YaCTUHU
IHCTPYMEHTY, BU3HAUYAIOThCS OCHOBHI IMAapaMeTpu: AOBXKHHA, JlaMeTp, KyT
3aroCcTpeHHs pikydoi KpoMkH. [IOTiIM BUKOHYEThCS 00’€MHE MOJICTIOBAHHS,

JIOJAIOTHCS ITOCAAKOBI MICIISI TA TEXHOJIOTTYHI €JIEMEHTH.
P

0)
Pucynok 1 - 3D-mozemi perani, 1o oOpooroeThes (a) Ta
METaJIopi3aJIbHOTO IHCTPYMEHTY (0)
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2. BuxkonanHs a”aJuizy minHocti y SolidWorks Simulation (puc.2)

Jna ouiHku mpane3natHocti iHCTpyMmeHTY y SolidWorks Simulation
MPOBOJUTHCA aHANI3 HampyXkeHb 1 aedopmariii. BusHagaioTbcss OCHOBHI
HaBaHTAXXEHHS, 110 JIIOTh Ha PIKYYY YaCTHHY, a TAKOXK MEePEBIPSIETHCS CTIMKICTh
IHCTpYMEHTY 110 MEXaHIYHUX HaBaHTa)XeHb. Hampukiaa, mpu MoenroBaHHI
bpe3n OyJO BCTAaHOBIEHO, IO IMiJT BIUIMBOM OCHOBOTO HAaBaHTAKCHHS ii
MaKCUMaJbHE HANPYKCHHS HE TIEPEBUINYE JOMyCTUME 3HAYCHHS, IO
MITBEPKYE HATIHHICTh KOHCTPYKIIII.

a)
Pucynok 2 - Ananizy minHocti y SolidWorks Simulation: npukiananns
HAaBAHTAXKEHD (a) Ta KIHIIEBO-eJIeMEHTHA MoJieib (0)

3. BiiMB reoMeTpUYHUX IapaMeTpPiB iIHCTPYMEHTY HA SIKiCTH 00pPOOKH

[TapameTpu pixky4oro IHCTpYMEHTY (KYT 3arOCTPEHHS, [1aMeTp, TOBXKUHA
PIXKy40i KPOMKH) 3HaYHO BIUTMBAIOThH HA SIKICTh 00poOku. AHamiz y SolidWorks
JI03BOJISIE BU3HAYUTH ONTHMAaJIbHI 3HAYEHHSI LIUX MapaMeTpiB JUIsl JOCSATHEHHS
Hallkpamux pe3ynbTariB. Hampukian, npu 3MEHIIEHHI KyTa 3aroCTpPEeHHS
pIXKydoi YAaCTUHHU TMIJBUILYETHCS TOYHICTH OOPOOKH, MTPOTE 3MEHIIYETHCS
CTIMKICTh IHCTPYMEHTY J10 3HOCY (pHcC.3).
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Pucynoxk 3 — Anani3 koHcTpykili iHcTpyMeHTY B SolidWorks Simulation
4. AHaJji3 TepMOAMHAMIYHUX HABAHTAKEHbD
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VY mporieci pi3aHHSI YTBOPIOETHCS 3HAYHA KIJTBKICTh TEIUIA, IO BIUTMBAE HA
AKICTh OOpOOKHM Ta JOBTOBIYHICTH IHCTPYMEHTY. 3a momomoroio SolidWorks
Simulation Mo)XXHa MOJAETIOBATH TEIJIOBI TMPOLECH Ta MPOTHO3YBATU
TeMIlepaTypy HarpiBy pixydoi yacTuHU. Hampukian, mociipKeHHs MoKazal,
o npu oOpoOIll cTajl MBUAKOPI3AJIbHUM IHCTPYMEHTOM TeMIlepaTypa MOXKe
nocsarata 600°C, mo Bumarae BUOOPY BIAMOBIIHUX MaTepiaiiB JIsl TIOKPUTTSL.

5. llepeBaru Bukopucranus SolidWorks 11 npoexTyBaHHsA

Cepen xmouoBux nepepar Bukopuctanus SolidWorks MoxkHa BUALIATH:

- MOoXJIMBICTh MIBUAKOTO CTBOPEHHS Ta Moaudikallii 3D-monenei.
ABTOMaTH30BaHUN aHaJ3 MIIIHOCT1 IHCTPYMEHTY.

- Amnai3 TerI0BUX HAaBAaHTAKEHb Ta TEPMOCTIMKOCTI KOHCTPYKITIi.
OnTuMmi3zaliio KOHCTPYKIIN niepes Gi3MYHIM BUTOTOBIICHHSIM.
InTerparito 3 inmumMu CAD/CAM/CAE-cucremamu.

BucHOBKH Ta mNepCcHeKTUBM MNOJAJBINUX JAOCTIAKEeHb. Y CTarTi
po3risiHyTo BUkopuctanHsi SolidWorks nst MozentoBaHHST METalopi3aibHOTO
IHCTpYMEHTY Tpu 00pobui aetaneid. [lokazaHO MOMKIMBOCTI HPOrPaMHOIO
3a0€3MeUeHHs] I aHali3y Ta ONTUMI3Allli KOHCTPYKII 1HCTPYMEHTIB, IIO
JO3BOJISIE  MIBUINATHA €(EKTUBHICTh BUpOOHMYWX mporeciB. [lomampimi
JOCIIJKEHHSI MOXYTh OyTH CHOpAMOBaHI Ha aBTOMAaTHU3aIll0 BUOOPY
ONTUMAJIbHUX NTapaMeTPiB IHCTPYMEHTY, aHaJI13 BIUIMBY PI3HUX YMOB pi3aHHA Ha
Horo 3HococTiMKICTh Ta 1HTerpamito SolidWorks 3 iHmmMMH nporpamamu st
TEXHOJIOT1YHO1 MiATOTOBKA BUPOOHUIITBA.
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YK 378.4:620.1:004.9

IucbmenkoBa T.0., Porr H.O., (Hayionanonuii mexuiunuil yHnieepcumem
«/[Hinposcvka nonimexuixkay, m./[ninpo, Yrpaina)

THTEPAKTUBHMI BIPTYAJIBHUM JIOCBIJ] B COEPI
MATEPIAJIO3HABCTBA SAK OAMH I3 IJIAXIB HIIBUIIITEHHSA
SAKOCTI IHXJKEHEPHOI OCBITH

Anomauia. Ilpogedene excnepumenmanvhe OO0CNIONCEHH AKYEHMYE )8a2y Ha
BANCIUBOCINT  BHECEHHSI PIZHOMAHIMHOCMI OUOAKMUYHUX [HHOBAYI ma meopyocmi 8
aKademiuHux CniibHomax 080X ycmanos: Texniunoco yHieepcumemy Banencii (Icnamis) ma
Hayionanvnozco mexniunozo ynigeepcumemy «/[ninpoecoka nonimexuixay (Ykpaina). ¥V xo00i
cemu 2ibpuoHux ceciti 78 cmyoenmie ma 6 6uk1A0a4i6 CHIILHO NPAYIOBAIU HAO
1abOpamopHuMu  3a80aHHAMU, BI0MOUYIOuU C680i npogecitini 30ibHocmi ma ocobucmull
po3zsumok. IIpoexm Oocniddcye eupiwanvHy poiv yugposizayii vy eupiuenHi npobdiem
HABYAHHA MA CHPUSAHHA MIJCHAPOOHOMY Chigpobimuuymsy. Bin makxooxc oemoncmpye
nomeHyian ipmyanbHo20 0OMIHY 05l RIOMPUMKU AKMUBHUX MeMOO0N02Il  6A2amoMO8HOM)
cepedosuwyi. Bukopucmanns mexnono2iti ma CnpusHHs Yiliam cmano2o po3eumKy HaOIudxdcae
Mamepiano3Hascmeo 00 OilbuL IHKIH3UBHOT 0C8IMU, OPIEHMOBAHOI HA KOMNEMEHMHICb Yepe3
yughposizayiio 6 indicenepHiil cgepi.

Knrouosi cnoea: mamepianosnascmeo, imdcenepHa oceima, 1abopamopuuil 00csio,
8ipmyanvHull 0OMiH, Yyugdposizayis, KOMNemMeHmMHOCI, Yili CMAL020 PO3BUMKY

Annotation. The conducted experimental study emphasizes the importance of
incorporating a variety of didactic innovations and creativity within academic communities at
two institutions: the Technical University of Valencia (Spain) and the National Technical
University "Dnipro Polytechnic™ (Ukraine). During seven hybrid sessions, 78 students and 6
lecturers collaborated on laboratory tasks, refining their professional skills and personal
development. The project explores the crucial role of digitalization in addressing learning
challenges and fostering international cooperation. It also highlights the potential of virtual
exchange in supporting active methodologies within a multilingual environment. The use of
technology and the promotion of sustainable development goals bring materials science closer
to more inclusive, competence-oriented education through digitalization in the engineering
field.

Keywords: materials science, engineering education, laboratory experience, virtual
exchange, digitalization, competencies, sustainable development goals

VY €BpomnelicbkoMy TIPOCTOP1 BHUIIOI OCBITH 0COOJIMBa yBara MpUILISEThCS
KOMaHJIHIA po0OTI Ta AWHAMII CHIBIpAIl JiJIsi 3aCTOCYBAHHS METOJOJIOTIYHUX
PO3p00OK, HAOIMIKEHUX 0 peanbHoCTi [1].

VY 2005 porui AOCHITHUKK 3a3HAYaIM, 110 CIIBIpAllsi MK BHUILIAMH MOXKE
3HAYHO TOKPAIIUTHU SKICTh 1HXeHepHOT ocBith [2]. TexHiku OHJaiH B3aeMoii
MOXXYThb CTaTH KaTaji3aTOpoM CIHiBIpall. AHAJIOTITYHMUM YHHOM, HaBYaJIbHI
Marepiaiy 3 1HXEHEpHOI CIpaBU MOXYTh BHUKOPUCTOBYBAaTHUCh Yy pIZHUX
yCTaHOBAX, IO IIJBHUIIYE SIKICTh Ta 3HUXKYE BUTPATU. 3aBASKU ITUGPOBI
B3a€MO/IiT MOXKHA CTBOPIOBATH CIUJIBHUHN JOCBIJ, HABYAJIbHI MaTepiaJiv Ta HaBITh
CHUCTEMH KEpPYBaHHSI KypcaMH.
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Omnnaiin-ocBiTa OyJja BBeJIeHa B CUCTEMY BHUIIO1 OCBITH Yy nepiof 3 2002 mo
2005 pik Ta MPOAOBXKYE PO3BUBATHCS; 30KpeMa, LEH MpoIec 3HAYHO
aktuBizyBaBcs y 2019-2021 pokax gepe3 nangaemiro COVID-19 [3]. Y pe3ynbraTi
IFOTO JIOCBIAY BHUKJIagadl BUSIBMJIM JIBI OCHOBHI MPOOJEMH: CTYJACHTH HE MajH
MOTHBAIli 7O HaBYaHHA Yepe3 BIJACYTHICTh B3aeMOJIi 3 JaOOpPaTOPHUMHU
eKCIIEPUMEHTAJIbHIMH 3aCO0aMU Ta BIJCYTHICTh CIUJIKYBaHHS 3 BHKJIaJadyaMH
[4].

Omxe, 3MiHa NapagurMH y IpoLEeCl BUKJIAJaHHSA-HABYaHHsS Iependaydae
HOBY pOJb BHUKJAQJayiB SKI MaloTh aJanTyBaTUCA JO BHUMOI Cy4YacHOTO
cycriabcTBa. besnepepBHe HaBYaHHS Ta PO3BUTOK HAaBUYOK € OCHOBOIO, IO
JIO3BOJISIE CIIPSIMOBYBAaTH PO3BUTOK 3/100yBayiB PpO3CTaBISTH NPIOPUTETH Y
CTpaTerisiX CaMOpPEryJIbOBAHOTO HaBYaHHS Ta MOTUBYBATH JISJIbHICTh B YMOBax
CTYIICHTOIICHTPOBAHOTO HaBuaHHs [5].

OCHOBHOIO METOIO JOCHIJKEHHSI CTall0 CTBOPEHHS MYJIBTUKYJIHTYPHOTO
TIOpUTHOTO CEPEIOBHILA HABYAHHS, a TAKOX HOro CHUIbHE MPOEKTYBAHHS Ta
peanizallisi OCBITHbOI MISUTBHOCTI JiJis 3700yBadiB 3 MaTepialioO3HABCTBA 371
CHPHSIHHS T1ABUIIEHHIO SKOCT1 IH)KEHEPHOI OCBITH.

3aiadl K1 BUPILIyBaJIMCA 11 Yac MPaAKTHK:

— MPOCYBaTH BUKJIAJaHHA-HABYAHHS, OPIEHTOBaHE HA KOMaHAHY poOOTy Ta
e(eKTUBHE CHUIKYBaHHS IIiJ] 4Yac JIaDOpaTOpPHUX 3aHATh, BUKOPHCTOBYIOUM
ribpuaHuit hopmar;

— OLIHUTH  Mporpec y  PpO3BUTKY  (OpPMYBaHHS  pE3yJbTaTiB
HABYaHHS1/KOMITIETEHTHOCTEH;

— CIPUSATH MM CTAJIOTO PO3BUTKY;

— CTBOPUTH 3B'A3KU CHIBPOOITHUIITBA Ta MIATPUMKHU MK ICIAHCHKUMH Ta
YKpaiHCbKUMU 37100yBadyaMu 1 BUKJIaIa9aMH.

OuikyBaHHs MPo¢hecopChKO-BUKIAIAIBKOTO CKIIaTy OyJiM CIIPSMOBaHI Ha:

- JOTIOMOTY ~ YKpaiHCbKMM 37100yBayaM y HaOyTTI MpPaKTHYHUX
HAaBUYOK B paMKaxX BUKOHAHHA JA0OpPAaTOPHUX 3aBAaHb [UIsI MalOyTHBOI
npodeciiiHol AiSUIBHOCTI;

- 1JIBUIIICHHS PiBHS KOMYHIKATUBHOT KOMIIETEHTHOCTI 37100yBaviB,;

— PO3BUTOK HABHYOK KOMAHIHOI POOOTH MDK ICHAaHCBKUMH Ta
YKpaiHCbKUMU 37100yBaYamu;

- N1JBULLIEHHS PIBHS aHIIIMCHKOI MOBU Y TPO(ECIHHOMY CEpEeIOBHILIL;

— M1JBUILIEHHS MOTUBAIIIHOI CKJIa10BOT MPO(eCiitHO-KOMYHIKaTUBHOI
M1ArOTOBKH 37100yBayiB-y4aCHHKIB;

— COpPUSHHSA IUISIM CTajJoro PO3BUTKY 3aiJisi JOCATHEHHS Metu 4
(SIkicHa ocBita) s 3a0e3MeUeHHs] PIBHOTO JIOCTYMy JO BHINOi OCBITH,
NiABUIICHHS HaBUYOK I JOCTYNy [0 IMpaleBlallTyBaHHS Ta MPOCYBaHHS
17100a7IBHOT OCBITH VISl CTAJIOTO PpO3BUTKY; 16 (CBIT, cripaBeyIMBICTh Ta CUIIBHI
IHCTUTYTH), IIIO CKOPOUYE BC1 (POPMU HACHIIHCTBA Ta 320X0UY€E YIaCTh TPOMAJISH;
17 (IlapTHepcTBO 1Uisi AOCSTHEHHS I1JI€i) B acCMeKTl MOKpallleHHs Nepeadi
TEXHOJIOT1i Ta PO3BUTKY JCPKABHO-IPUBATHUX AJIbSHCIB.
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VY pesyabpTari IMHAMIYHOI Ta aKTUBHOI CHIBIpAIll JBOX 3aKJaiB BHIIOL
ocBitTh VYkpainm Ta Icmanii: HaiioHadbHOrO TEXHIYHOTO YHIBEPCUTETY
«/lninmpoBceka momiTexHikay (Ykpaina) Ta I[lomiTeXHIYHOTO YHIBEPCUTETY
Banencii (UPV) 6yna peanizoBana ExciepuMenTaibHa 1abopaTopis BipTyalbHOI
B3aemozii (EJIBB).

CrinpHU NPOEKT HA/aB MOMKIJIUBICTh pOOOTH B 3MIIIAHUX MIXKBY31BCHKUX
rpynax, moB's3aHUX NporpaMHUM IpoaykToM MS Teams, fist ciocTepekeHHs Ta
PO3YMiHHS J1a00OPATOPHUX EKCIIEPUMEHTIB Y PEXKUMI PeabHOTO Yacy.

OyHKI[I1 TEMATUYHOI TATPUMKH, BUKOHYBaJacs HalllOHAJIbHUMU MOBaMHU.
[limx yac mabopaTOpHUX CEeMiHApiB Ta II03aKJIACHOTO CITUIKYBaHHS MIXK
YKpaiHCHKUMH 1 ICIIAHCHKUMH yYaCHUKAMH B1J1I0YyBaJIOCs aHTJIIHCHKOI0 MOBOIO.

PoGoTta po3BuBanacst y Taki OCHOBHI eTaru: BUOIp BY31B-CIIBPOOITHHUKIB,
po3poOka ¢opmary, IIaHy HaBYAIbHO-TPEHYBAJIbHUX 3aXOJIB Ta MPOBEACHHS
OCBITHBOTO €KCHEpUMEHTY - EKcnepuMmeHTalbHa J1a0opaTopis BipTyalbHOI
B3a€MO/III.

BpaxoByroun MNOTOYHY CHUTyalil0 30poilHOro  KOHQIIKTY, SKYy
MEePEXKUBAIOTh YKPATHCHKI 31100yBaul Ta BUKJIAJadyi, MJaHyBaHHS, TUMYACOBUM
PO3MOIT Ta MIATOTOBKA MPAKTUUYHUX 3aXOJIB 3/1MCHIOBAIUCSA 4Yepe3 OHJaiH-
3yCTpid 1€ A0 MoYaTKy peanizaiii npoekty. Ha 6a31 meTonuunux po3poook YIIB
OyJio po3pobieHo riOpugHuil (opMar Ta0OPaTOPHUX MPAKTUK 13 OYHUMU
3aHATTSAMU  (BIICOKOH(EPEHINIIMU) JUIsl ICHAHCBKUX 3700yBaviB 1 OHJIAMH-
MPAKTHUK JIJIs1 YKPATHCHKHX.

[logo 6a3u mpUKIAAHUX KOMIIETEHIIM, HA TOMEepeIHhOMY eTari 0yIio
MIPOBEICHO JOCIHIHKEHHSI 3MICTY IMporpaM HaBYaHHS MDK CHEIIaJbHICTIO
«AepokocMmiuHa TexHika» B YIIB Ta cnenianpHicTio «IIpoMucioBa ecreTuka ta
ceprudikaiiss ~ MmarepiamiB  Ta  BUpoOIB»  3a  crmemiaibHicTIoO  G8
«Marepiano3naBctBo» B HTY «IT».

[TopiBHsIBHE JOCIIIKEHHS TTOKA3ajo, 110 1 B YKpaiHi [6], 1 B Icnanii [7] y
Ipolieci HaBYaHHS HEOOX1AHO PO3BUBATH €(PEKTUBHI KOMYHIKATHBHI, KOMaH/IHI
Ta JiAEepChbKi gKkocTi. Y Tabmuui | HuKYe MOKa3aHO [BI TpaHCBEpCalbHI
xoMmriereHuii YIIB, Hag sikumu BeAeThCcs poOOTa B JAHOMY JOCIHIJIKEHHI, Ta iX
€KBIBAJICHTH y 3arajlbHUX KOMIIETEHIISIX CIeliaibHOCTI Martepiano3HaBCTBO
HTY «/lninpoBcbka nomitexHikay. Po3mipuicte D3 VIIB ta K3 04, 06 Ta 11 Ta
po3mipHicTs D4 YIIB ta K3 07, 08, 09 MaroTh NpaKTUYHO OJTHAKOBHM 3MICT.

Tabnuus 1 CniBctaBnenss 3micty kommnereHTHOCTeW YIIB 1 HTY «/II1»

[ToniTexHiunuit yHiBepcuteT Banencii HTY «/IninpoBcbka
MOJIITEXHIKaY
D3. Komangna po6oTa Ta J1i1epcTBO K3.06 3natHicTh 10

- eekTUBHO (PYHKITIOHYBATH B KOMaH/I1, WICHHU SKOI pa3oM | ajamTarii Ta Jaii y HOBid
3a0e3MeuyroTh JiJePCTBO Ta CTBOPIOIOTH CEPEAOBHUIIE IS | CHTYyaIlii
CHIBIpalll Ta IHKJIFO3UBHOCTI B opraxi3aiii Ta koopausarii | K3.04 3natHicTh BUSBIATH,

poborty; CTaBUTHU Ta BUPIIIyBaTH

- BU3HAYATH POJI1 Ta HABUYKU pOOOTH B KOMaH/Ii 3 PI3HUMHU | TPoOIeMH

npodeciiHuMU TPOopiIIMHU; K3.11 3gaTHicTh mpairoBaTu
Yy KOMaH/il

261



- aKTUBHO CIIiBIIPALIIOBATH B PO3BUTKY pOoOOTH,
MOCTAHOBKHM I[iJIeH 1 BUKOHAHHI 3aBJaHb;

- CIIPUSATH TOIIYKY PillleHb AJIs 3aBJjaHb 200 MPOEKTIB,
JEMOHCTPYIOUH €MITaTi0 Ta HAIIOPUCTICTB 11T Yac OOMIHY
i1eMH, pO3yMaMHt Ta apryMEHTaMH B PaMKax CIUIbHOI
poboTu

D4. EdbexruBHA KOMYHIKAIis

- OyayBaTH MPOMOBY TaK, 100 MOJIETIIMTH PO3YMIHHS
1iJ7IeH, it Ta/abo pe3ynbTartiB BIAacHOI poOOTH;

- po3po0JIsATH TIpodeciiiii TeKCTH a00 HAYKOBO-TEXHIYHI
3BITH BiJIIOBIJTHO /10 YMOB JUCLUHUILTIHH;

- aJIanTyBaTH OPTaHi3allilo 3MICTy Ta BUKOPUCTAHHS MOBH,
BepOabHOI Ta HEBEPOATBHHOI, 00 CIIJIKYBATUCS B PI3HUX
CUTYyaIlisX Ta/abo mepea pisHUMHU ayIUTOPIsIMU;

- IGMOHCTPYBATH HaBUYKHU U (PPOBOT KOMYHIKAIIi] 3
BHKOPHCTAHHIM PI3HOMaHITHUX 3aC001B MIATPUMKH,
aIANTOBAaHUX JI0 CUTYAIlii Ta ayIUTOpPIii.

K3.07 3narHicTh
BUKOPHUCTAHHS
iHpopMaLiiHUX Ta
KOMYHIKAI[IHHAX TEXHOJIOT1H
K3.08 3narHicTh
CHJIKYBATHCS JICPIKAaBHOIO
MOBOIO SIK YCHO, TaK i
IMHCHBMOBO

K3.09 3narHicTh
CIUIKYBaTHCS IHO3E€MHOIO
MOBOIO

[Ipyun6anHs EBHOI MOBEAIHKH, BITHOCHH, MOTHBAIIl1, IIIHHOCTEH Ta 3HAHb
MiJl 4Yac HaBYaHHS JO03BOJII€ BUIIYCKHUKAM 1HXKEHEPHHX CHEHIAIbHOCTEH
YCHIIIHO (DYHKIIIOHYBATH B IMHAMIYHOMY NMPO(PECIHHOMY KOHTEKCTI.

Toxx BUSBJICHHS TMOPIBHIOBAHMX KOMIIETEHTHOCTEH JO3BOJISIE HaM
BCTAHOBUTH HE JIMIIE 3arajibHi I, a W JOMOBUTHUCS MPO JUJAKTUYHE
IUIaHYBaHHS, peani3aliio Ta OUIHKY HpoeKTy. Lli acrekTH € akTyallbHUMH IS
NIATOTOBKH CTYJIEHTIB KOXHOTO 31 3raJJaHuX BHILE YHIBEPCUTETIB y KOHTEKCTI
PI3HOMaHITHOCTI, CTIMKOCTI Ta ¢ poBi3aIlii.

3 METOI CTBOPEHHsI 3axO[IB Yy pamKax npoekty ExcnepumeHTanbHOi
nabopartopii BIpTYyaJIbHOI B3a€MO/I11, KPIM MOPIBHSHHSI KOMIIETEHTHOCTEN B 000X
BUINIAX, TOPIBHAJIM Ta aJanTyBaJid MPOTpaMU HABYaHHA, iX 3MICT, 0OCsT
MaTtepialy Ta KUIbKICTh KPEIUTIB, 110 BUAUISIIOTECA HA MPEIMETH y BHIIAX-
napTHepax.

[lopiBHIOIOYM Ta aHaAII3yIOYM NPOrpaMH HaB4aHHS, OyJI0 00paHo
TUCHMILTIHY «MatepiaJo3HaBCTBO», SKa BHKJIATAEThCI B  OOOB'SI3KOBOMY
MOPSIJIKY 1CTIAHCHKUM Ta YKPATHCHKUM 3700yBadyam.

BoaHouac BUKIaAadl yKpaiHCHKOTO YHIBEPCUTETY MPOAHAIIZYBAIHA 3MICT
TUCUUIUIIHU  «Marepiano3HaBCTBO», 100 3rpylyBaTh Ta JI€KOMIIO3YBaTH
TEMaTUYHUN MaTtepiai, ajantyroouu ioro no rpadika sukiaganas YIIB. Ilicus
BUOOpY TeM OyJlOo CKJIaJeHO IiaH poOoTH. ['iOpuaH1 3aHATTSA NPOBOJWIKCH 3a
poskinaaoMm cryaeHTiB YIIB, ockinbku 3aHATTSA mnependadyaroTh BUKOPHUCTAHHS
71a00paToOpPHOTO oOJyaHaHHS Kadenpu «MammHoOy 1y BaHHS Ta
Matepiano3HaBcTBo» (JIIMM). Byno npoBeaeHo 7 3aHATH TPUBATICTIO 2 TOAMHH,
HIICTh 13 HUX — JA0OpaTOpHI MPAKTHUKUA Ta OJIHE — CEMIHAPCBHKE Iij Yac SKOTro
3100yBaul 3BITyBaJIM 32 BUKOHAaHY poOOTY.

B 000x ycraHoBax KOXHIM Ja0OpaTOpHIM MPAKTHUINl TEpemyBaja
TeopeTuyHa miArotToBka. OKpiM TOT0, KOKEH YHIBEPCUTET CAMOCTIHHO MPOBOJINUB
TEOPETUYHI 3aHATTS JJIs1 CBOIX 3100yBayiB.

UYepe3 mOTOYHY BIMCHKOBY CHUTYyallll0 B YKpaiHi YKpaiHCBKI CTYJIEHTH
OPOBOJAATH 3aHATTSA JIMIIE OHJIAWH, 1[0 OOMEXye iX IOCTyNm IO pI3HUX
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IHCTpYMEHTIB Ta J1a0OpaTOPHUX MPAKTUK. JlJsg BHpIilIeHHS 1€l cUTyari
OpraHizaTopu MPOEKTY CTBOPUIIN €KCIIEPUMEHTAIIbHY J1Ja00OpaTOPIil0 BIpTyalbHOI
B3aemonii EJIBI, BukopuctoByroun sik 6a3oBuil iHcTpyMeHT Microsoft Teams.
3MilaHi Tpynud YYacHHWKIB YHIBEPCUTETY CIIBIPAIIOBAIA, B3AEMOJISAIN Ta
MPOTMOHYBAJIM HEralHWil 3BOPOTHUM 3B'SI30K, BIACOJ3BIHKH, YaTH, 300pakeHHS,
100 CTUMYJIFOBATH IPYNOBY pOOOTY Ta CIUJIKYBaHHS Y pealbHOMY Yaci.

VY miI0oTHOMY MOCHIPKEHHI B3SJIM y4acTh 24 CTYACHTH TEPIIOro Kypcy
cremianbHOCTI «Martepialo3HaBCTBO» 3 YKPAiHCHKOI CTOPOHU Ta 54 CTyIEHTH
TPEThOro Kypcy OakajgaBpaTy 3 ICMAHChKOi cTopoHH. Ha riOpumaHuX
Ja00paTOPHUX 3AHATTAX CTYJICHTIB CYNPOBOKYyBaau 2 npodecopu DIMM Tta 2
npodecopru JHTBICTMKM Ta menarorikd. JIBa mpodecopu yKpaiHCHKOTO
YHIBEpCUTETY OYyJIM MPUCYTHI Ha cecisix BijeokoHdepeHilii yepe3 Teams, 100
HaJaTh MIATPUMKY y IUIaHI TEOPETUYHUX 3HaHb Ta OLIHUTH 3po0JieH1
Ipe3eHTalli.

3riHO 3 HaBYaJIbHUM IUIAHOM Tnpenmera «MaTepiallo3HaBCTBOY,
7abopaToOpHI 3aHATTS MPOJOBXKYIOThCA JiBl ToauHu. Ha moyatky mabopatopHoi
npakTuku rpyna cryiaeHtiB YIIB Oyna moainena Ha 6 miarpyn. Y KOXHY
NIArpYyNy BXOAWIO 7-9 1CHAHCBKUX CTYAEHTIB Ta 3-4 yKpaiHChKI CTYJEHTH.
Cryaentu YIIB npantoBanu 04HO Ta riOpHUIHO Ha 00'ekTax Kadeapu, a CTyIeHTH
ATY  3B's3yBammcs 31  CBOIMM  BIJMOBIAHMMU  MIATPYNaMH  4epes
BiJiIeokoH(pepen1li uepe3 MS Teams. KoxkeH 13 ekcriepuMeHTalbHUX CEaHCIB MaB
TaKy IMOCJII0BHICTb POOIT:

1. [TocTanoBKa 3aBaHb Ta iHGoOpMaIlis 3 TeXHIKU Oe3neku — 10 XBUIIKH.

2. Ilpe3enTartist 1a00paTOpHUX MaTepiajaiB Ta oOJaaHaHHS — 15 XBUIIMH.

3. IlpoBeneHHs €KCHEPUMEHTAIbHOI POOOTH Ta OOMIH OTPUMAHUMHU
pe3ysbTaTamu 3 KojeramMu — 60 XBUJIHAH.

4. IlpoBeneHHs PO3paxyHKIB 3a MATPYMaMu — 15 XBUIUH.

5. [Ipe3eHTartiist Ta 0OTOBOPEHHSI pe3yJIbTATIB 3 BUKIAga4eM — 15 XBUIIUH.

6. [1i1CyMKOBI BUCHOBKH — 5 XBUJIVH.

[Tin yac 3aHATTS icmaHChKI 3100yBadl OyJiv MPHUCYTHI y JabopaTtopii Ta
MIPOBOIMIIN TIPAKTUYHI TeCTU. BiAMoBinanbHuii 32 KOKHY MIATPYIy KOMEHTYBaB
KOKEH KpOK Kojeram 3 Ykpainu. [Ipu npomy ykpaiHCbKi 3700yBadi yepes
TeJeKOH(EPEHIIII0 CIOCTepirain 3a MPOIEecOM TECTyBaHHS B Jabopartopii,
CTaBWJIM YTOYHIOIOU1 TUTAHHS Ta 3alMUCYBAIU PE3YyJIbTATU JOCIIKEHb.

Ha nactymnomy etami riOpuaHOi B3aeMojii 3JiHMCHIOBajacsi 0OpoOka
OTPUMAHUX y MIATPYNax €KCIEePUMEHTAIbHUX JaHUX, OOMIH pe3yjibTaTaMH Ta
dbopMmyIIIOBaHHST BHCHOBKIB 3a pe3yJibTaTaMu JOCIIKeHHS. 3100yBaul
YIPOJOBXK THOKHS TICIS KOXHOI Cecii TOTyBalli MMCbMOBHI 3BIT JJIsl Tiepeaadi
npogecopy Ha HACTYITHOMY.

3aBepmanpHuM etanoM npoekty EJIBI ctana cecist ycHOTO npeicTaBiIeHHS
Ta 3aXHUCTY PE3YJIbTATIB JAOOPATOPHUX MPAKTUK KOkHOI miarpymu. Lls pobota
OIIIHIOBAJIACS 32 KPUTEPISIMH YCHUX BUCTYTIB BUKJIA/Ia4yiB Ta 3/100yBaviB.

JIist icnaHchKUX 3100yBadiB y4acTh y LIbOMY MIKHApOAHOMY OHJIAMH-
MPOEKTI OyJia YaCTUHOIO HaBYaHHS 3 TUCHUILIIHU «MaTepiallo3HaBCTBO», TOOTO
nabopatopuoi mpaktuku. KinneBuit pesynsTaT mpoekty ELVI momnicTiO
npuB's3anuil 10 6ary (100% moxauBux 6aiiB) 1a00paTOPHOT MPAKTUKH.
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Ha piBHi ykpaiHChKOT0 BHIILY, OYJIO MPUMHATO PIIISHHS MICJIsI 3aBEPIIESHHS
MIPOEKTY Ta BUKOHAHHS BCIX YMOB 3apaxoOBYBaTH YKpaiHChbKUM 3100yBauam 30%
31 100% moxuBHX OaiiB 3 aHITIMCHKOT MOBH SIK Ha0yTi pe3ybTaTH HaBYaHHS 31
CHJIKyBaHHS aHTJTIHCHKOIO MOBOIO B MTPOQECIHHOMY CEPEIOBHIIII.

Takum yMHOM Hallla MOJIeNTb TPOEKTY BUPIIITYBaa TaKi OCHOBHI 3aB/IaHHS:
BCTAHOBJICHHSI KOHTaKTy MK YyYaCHUKaMM IIPOEKTY, TPYIOBE BUPIIICHHS
npo0seM, KpUTHYHE MUCJICHHS Ta TPUUHATTA PINICHb, a TaKOX 3aXHCT
pe3yNbTaTiB 1a00paTOPHUX MPAKTHUK.

PesyabTaTn

Sk MU 3a3HaYMIM y BCTYIIHIM YacTHHI, HABYAJBHHUI IPOIEC Y TEXHIUHIN
OCBITI I03BOJISIE SIK CTYACHTaM, TaK 1 BUKJIaJjauaM YJOCKOHATIOBATH PI3HOMAaHITHI
acCmeKkTu CBOro mpodecitHoro po3BUTKY. TakuM YHMHOM CTPYKTypa BUOIpKU
JI03BOJIMIIa HaM 310paTu BiAMOBIL Bl 000X rpyn B Icnanii Ta Ykpaini. 30kpema,
BCchoro 38 ocib (24 cryaentu YIIB Ta 8 crynentiB [TV, a Takox 4 npodecopu
VIIB Tta 2 Buknagaui JATY) noaimunucs CBO€ AYMKOIO IMPO MPOBEACHHIA
EKCIIEPUMEHT.

[lynkTu, BKIIOUEHI a0 pedTuHroBoi mmkanu Jlalikepra, BimoOpaxkamu
CTYIIHb 3rOAX 00 HE3r0/IU 3 CTBEPIHUMH NOBIJOMIICHHIMHU «5] BIEBHEHHH y...»,
«51 3maTHUI...» 1 TOB'A3aH1 3 HACTYTHUMH TEMaMHu:

(a) KOMIIETEHIIll: TMO3UTUBHI PE3yJbTaTH HAaBYAHHS IMI0A0 MpodeciitHoi
KOMIIETEHTHOCTI B Tally31 Marepiajio3HaBcTBa: 26% (MOBHICTIO 3rojH1) Ta 68%
(3roJiH1) PECTOHJICHTIB BUCIOBUIN 3aJ0BOJICHHS CHIJIBHUM MPOEKTOM; BMIHHS
MPOJYKTUBHO MPAIIOBATH Y MIDKBY3IBCBKHX KOJIGKTHBAX 3aCIy>KHJIO 3arajibHe
CXBaJICHHsI y4acHUKIB: 45% (moBHicTIO 3rojHi) Ta 32% (3roani); Lo cTocyeThes
HAaBUYOK €(EKTUBHOIO CHUIKYBAaHHS HA 1HXXEHEPHI TEMHU aHIIIICHKOIO MOBOIO,
oTpuUMaHi BiANMOBIAl Aocsriv 29% (noBHICTIO 3rojieH) Ta 42% (3roanHuil);

(d) cranmii po3BUTOK: CTYJEHTH Ta BHKJaJadi YHIBEPCUTETIB OI[IHUIH
CBOIO 371aTHICTh BU3HAYATH, IIIHYBATH Ta AUTMTHCS KiItrodoBuMu LY P inimiarusu:
[IYP 4 (27% nosHicTio 3rogui Ta 57% 3roaui), IIYP 16 (35% mnoBHiCTIO 3ro/1HI
Ta 49% 3roani) ) Ta LIYP 17 (moBHicTio 3roaHi 38);

(B) pI3HOMAHITHICTh: B3a€EMOJIII MIDK YYaCHHUKAaMU TMPOEKTY CIpHsiia
3JIaTHOCTI Kpallle PO3yMITH JtoJieH 3 HIMX KpaiH (49% noBHicTIO 3roaHi Ta 41%
3rojIHl) Ta BIJYYBAaTH CHIBYYTTS [0 KOJEr Ta CHIBPOOITHUKIB 3 1HIIOTO
yHiBepcuteTy (54% moBHICTIO 3roaH1 Ta 41% 3roHi).

OO0roBopeHHsi i BUACHOBKH

AHani3 pe3ynbTaTiB  ONWUTYBaHHS JEMOHCTPYE BHUCOKUH  pIBEHb
MO3UTHUBHUX OIIHOK, IO JO3BOJISIE CTBEPKYBATH, IIO OYIKyBAaHHS TPOEKTY
EJIBI cnpaBnunucs. Y4acHUKU CTBEP/KYIOTh, IO y CBOIX BIAMOBIIAX Y MPOIIECi
BUKOHAHHS JabopaTopHOi poOOTH iM Baamocs HaOyTH MPAKTHYHUX HABUYOK,
HEOOX1THUX sl MaiOyTHbOi mpodeciitHoi aAisibHOCTI. KpiM TOro, BOHHM
MO3UTUBHO pearyioTh Ha TBEP/HKCHHS TMPO T, IO MIJBUIIUIN PIBEHb
KOMYHIKAaTHBHOI KOMIIETEHTHOCTI, 3yMUIM TOKPAIIUTH HABUYKH KOMAaHIHOI
poboTH, a TakoX HaOyJIuM JOCBiAy CHUIKYBaHHS 1HO3EMHOI0 MOBOK Y
npodeciitHomy cepemoBuiii. 1o, cBo€ro 4eproro, MO3UTUBHO BIUIMBAE Ha iX
PIBEHb BOJIOJIIHHSI aHTJIIHCHKOI0 MOBOIO.

OcHoBHOIO MeTOIO 1Li€i poOoTu Oyno mnoOynoBa MyJIbTUKYJIBTYPHOI
riOpUIHOI cepeIoBUIlla HABYAHHS 31715 MIABUIIIEHHS SKOCTI 1HXKEHEPHOI OCBITH.
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CrinbHe NMPOEKTYBaHHS Ta peaiizallis 30araThiii OCBITHIO JiSUIBHICTH Y ray3i
MaTepiaio3HaBCTBA.

Po3poOka  OCBITHBOrO  MPOEKTYy  BIPTYaJbHOTO  CHIBPOOITHHUIITBA
IPOBOAMIIACS BIAMOBIIHO M0 KEPIBHUX MPUHIMMIB, BcTtaHoBiIeHnXx EHEA, mio
JTIO3BOJIUJIO BCTAHOBUTH CITUIbHI p00O0Yi 3B'SI3KM K MK BUKJIQJIalIbKUM CKJIQJIOM,
TaK 1 ICTIAaHCHKUMH Ta YKPAiHCHbKUMHM CTYJCHTAMHU 3 JIBOX PI3HUX YHIBEPCUTETIB.
Bapro 3a3HaunTy, 1110, CIMparOYnUCh HA TUJAKTHYHY MOJIEIb CTAJIOT0 aKTUBHOTO
BipTyanbHoro HaB4yaHHi (SAVL), Bmamocs mpoBecTH Kiibka aKTUBHUX
HaBYAJbHUX 3aXO/iB, KyJIbTHUBYIOUM TOCTIMHE MOKpAIIECHHS TaKUX AacleKTiB
KOMITETEHTHOCTI, SIK KOMaHJIHa po0oTa Ta e()EeKTUBHE CILIKYBaHHS.

3pemToro, TEXHIYHUH  JIOCBiA, OTPUMAHUl y paMKax MPOEKTYy
«ExcniepumenTanpHa J1adbopaTtopis BipTyanbHoi B3aemoxii (EJIBI)», mo3Boius
OCBOITH 3MICT TEXHIYHOi TeMH. 3 1HIIOro OOKy, OyJ0 HaJaHO MOXKJIUBICTb
MIJBUIIUTH  OOI3HAHICTh  CTYJICHTIB 3a JOMOMOTOI  MIPHUKIAIB, IO
3aCTOCOBYIOTBHCS JI0 ITiJIeH Ta 3aBJJaHb CTaJIOTO PO3BUTKY.

Takum yuHOM, BIAUYTHI pe3yJIbTaTH, AOCATHYTI MICIS 3aBEpIICHHS Il€T
poOOTH, TMPOJEMOHCTPYBAIU, IO MYJbTHKYJIBTYPHI BIpTyaidbHI OOMIHU
COPHUSIOTH SKOCTI IH)KEHEPHOI OCBITH Y€pe3 CTIMKICTh Ta HU(PPOBI3ALIIO.
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VJIK 621.7

IHo6ouiii O.A., KpaBuoa /I.YO. (Kpusopizvxuii HayionanoHuil yHigepcumem, M.
Kpusuii Pie, Ykpaina) BUBIP IPOC'PAMHOI'O 3ABE3INIEYEHHS JJI51
CTBOPEHHA KAPT ECKI3IB 3I'TIHO 3 ICTY 3.1105-2014

Anomauyia: B pobomi ocnamymo KilbKa MOJMCIUBUX —8APIAHMIE  NPOSPAMHO20
3a6e3neyenns 01 ogopmienusn kapm eckizig: Microsoft Office Word, WPS Office Writer,
Google /loxymenmu. I[Ipedcmasneno pe3ynomam ix mecmy6aHus 01 CMEOPeHHsl, pedasy8aHHs
i 30epicanHs OOKYMEHMI8 KOHCMPYKMOPCLKO20 [ MEXHON02IUH020 NpusHayeHHs. Jlano
PpeKomMeHOayii no 3aCmMoCy8antI0 NPoOcpam i3 Memor NpUcKoperHs pooomu 3 OOKYMeHmamu i3
3abe3neueHHAM GUCOKOI AKOCMI hOpMamy8anHs 32i0H0 CMaHoapmy.

Knrouoegi cnoea: kapma eckisis, npoepamue 3a6es3nevenns; Microsoft Word; WPS Olffice
Writer;, Google [okymenmu; mecmyeaHus npocpam; KOHCMPYKMOPCbKA OOKYMEHmMAayis,
MEeXHON02IYHA OOKYMenmayis,; opmamysants OOKyMeHmie.

Abstract: The paper considers several possible software for designing sketch maps:
Microsoft Office Word, WPS Office Writer, Google Docs. The results of their testing for the
creation, editing and storage of design and technological documents are presented.
Recommendations are given on the use of programs to speed up work with documents while
ensuring high-quality formatting according to the standard.

Keywords: sketch card; software; Microsoft Word; WPS Office Writer; Google Docs;
software testing; design documentation; technological documentation; document formatting.

Cranom Ha 2025 pik s 06araTboX MIANPUEMCTB 1 3aKJIaaiB Y KpaiHU
IPOJIOBXKY€E OyTH aKkTyallbHa TeMa BUOOpY nporpaMHoro 3ade3nedenss (113) pis
CKJIaJaHHs, peAaryBaHHs 1 30epiraHHs JOKYMEHTIB KOHCTPYKTOPCHKOTO 1
TEXHOJIOTIYHOTO TIPU3HAYCHHS, K1 MICTATH TEKCT, TaOywuIl, KpeciaeHHs, (oro,
tomo. O4eBUAHO, 1O 11 KOMIOHYBAaHHS PI3HOMAaHITHUX IU(PPOBUX AAHUX Y
€IMHUN JOKYMEHT, TOPEYHO CKOPHUCTATUCS TEKCTOBHM IPOILIECOPOM, 32 YMOBH,
110 MIANPUEMCTBO HE BUKOPUCTOBYE Oynb-sikux PDM/PLM cucrem, ae yxe 1e
BU3HAYEHO CaMOI0 CHCTEMOI0. Y JaHiii poOOTI OTJIIHYTO KiJdbKa MOMJIHBUX
BapianTiB [13 qyis opopmnenns kapt eckiziB: Microsoft Office Word, WPS Office
Writer, Google /lokymeHnTH.

Word — naiinonynsipHimmii [13, skuii Hagae po3mMpeHi MOKIUBOCTI JJIsI
HaJIAITyBaHHS JIOKYMEHTIB, I03BOJISIE CTBOPIOBATH KapTH €CKi31B BiMOBIIHO J0
CTaHAapTIB. 3aBASKHA 1HCTPYMEHTaM Uil POoOOTH 3 TabmuisiMu, (irypamu Tta
300pKEHHSIMH MOHA CTBOPIOBAaTH HEOOXIJIHI MaKeTH Ta BCTaBISTH €CKi3H.
[LnaTani.

Writer 0yB po3poOieHuil sk anbrepHatuBa Word 1 IpOMOHY€E CXOXKUH
HaOlp ¢yHukuiii. Bin mniarpumye poOGoTy 3 Tabmuusmu, Qirypamu Ta
300paKEHHSIMH, W10 JO3BOJISIE CTBOPIOBATU KApPTH €CKI3iB; 1HTEpdeic i
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pO3TallyBaHHs AESIKUX 1HCTPYMEHTIB Y HE3HAUHIN CTENeHl BIAPI3HSAETHCS Bif
Word. be3komtoBHmiA.

Google JlokyMeHTH € OE3KOIITOBHUM OHJIAMH-PEIAKTOPOM 13 6A30BUMHU
MOXJIMBOCTAMHM 111 (hopMaTyBaHHS JOKYMeHTIB. Xouya BIH MIATPUMYE
CTBOpPEHHS TaOJIMIlb 1 BCTaBKY 300pakeHb, HOTO (PYHKIIIOHAIBHICTh MEHIIA B
MOPIBHSAHHI 3 IECKTOMMHUMU TeKcToBUMH mporiecopamu Word 1 Writer. Ile moxe
YCKIIQIHUTH TIPOIIEC CTBOPEHHS KapT €CKi3iB, 0COOIMBO SIKITO HEOOX1THE TOYHE
PO3MIIIICHHST €JIEMEHTIB 1 JOTPUMAaHHS BHUMOT CTaHaapty. IHTepdeiic i
po3TallyBaHHS JESIKUX IHCTPYMEHTIB Y 3HaUHIN Mipi Biapi3HsaeTbes Bix Word.

I3 Meroro tectyBanns [13 y HUX OyJi0 CTBOpEHO MIA0JIOH TaOJIHUIl KapTH
eckidy (KE) sriguo 3 JICTY 3.1105-2014 [1], a came, JlogaTtok B.

Word HagaB mmpokuii Habip 1HCTPYMEHTIB, IO JO3BOJHIJIO CTBOPUTH
HeoOx1Hy Tabmuilo (puc. 1). byno Bukopuctano GpyHkIii: 00’ €qHaAHHS KOMIPOK,
HaJaIITyBaHHS BIMOOpaK€HHS iX MEX, 3MiHA BHCOTH 1 IIMPUHU KOMIPOK,
BUPIBHIOBAHHS TEKCTY BIJHOCHO CTOpIH TaOiuul (1O UEHTPY, MO LEHTPY
J1BOPYY). 3aBISKHU UM (PYHKIIAM TaOIUII0 BUKOHAHO 0€3 3yCUJIb 1 IBUAKO.

JIvoa.
Bsam. I I I I I
TTipn. I l l l l

Po3pob. [loGouiii 28.03.25

I XXXXX.XXXXX I 1 1

KHY XXXXX XXXXX = 20141.00141

H.xomp, Kpasuosa 28.03.25 Altroe | _ | - | _ |

KE [ 20141 00141xm1 [vio0]

Pucynox 1 — Kapra ecki3zy Bukonana y MS Word

Crpoba BHKOHAaHHA aHaNOTIyHOI Tabmuii y Writer Takox BHUsBUIAcS
YCHINTHOI, BUKOPUCTAHO MTOO11HMIA HaO1p GYHKIIIH 10 MOTIEPEAHBOTO.

Cnpo6a Bukonanusa KE y Google JlokymMeHTH BUsSBHIIacsT MEHII BAAJIOKO 3
TOYKM 30pYy CKJIQJHOIO HaJIAITyBaHHS BEJMKOI KIJIBKOCTI KOMIPOK, IO
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PO3TaIIOBYIOTHCS 31 3CYBOM BEPTUKAITBHHUX MEX BIJI PSIIKY 70 PSIAKY. BukoHaHHS
tabnumi y Google JlokymeHTH 3aitHs10 OUTbIIE Yacy, a AKICTh pe3yabTaTy Oyia
ripima.

Hactynmaum Ttectom Oynu crnpoOW BIAKpUBAHHS 1 peaaryBaHHS YCiX
3reHepoBaHux (QaitniB y Bcix I3 i3 MeToro mepeBipuTH CyMmicHICTh. Daitnu
CTBOpeHI Ta 30epexeni y Word 1 Writer BusiBiIIMcsS MOBHICTIO cymicHI. Daitnm
cTBOpeHi Ta 36epexeni Word 1 Writer Biakputi y Google JIokyMeHTH KOPEKTHO
BIJIOOpaXkaucs 1 peaaryBajiucs 13 MOJAIBIIMM MOBTOPHUM peIaryBaHHSIM Y
neckronuux [13. Ane daiin crBopenuit y Google Jlokymentu 1 Biakputuii y Word
1 Writer Mmaju Bi3yaJIbHO BUIUMI IMOXUOKH (pOopMaTyBaHHS.

OT1xe, TecTyBaHHs OKa3aJo, 110 JJIs BAKOHAHHS CKJIaJIaHHs, pelaryBaHHS
1 30epiranHsi JOKYMEHTIB KOHCTPYKTOPCBHKOTO 1 TEXHOJIOTTYHOTO MPU3HAYCHHS,
K1 MICTSITh TEKCT, TaOiuIll, KpecileHHs, (orto, 30kpema, odopmieHnHs KE,
pekoMeH1I0BaHO BHKopucToByBatn Word abo Writer, OCKUJIbKM BOHU HAJarOTh
JIOCTATHBO THCTPYMEHTIB JIJIsl TOYHOTO (popMaTyBaHHS TaOIUIb Ta 3a0€3MEUyI0Th
noTpuMaHHs cTaHaapTiB. Google JIoKyMEHTH MOXKHA BHUKOPHUCTOBYBATH IS
penaryBaHHs JOKYMEHTIB 13 pI3HOMAaHITHUM LHU(PpoBUMH JaHUMHU, 30kpema KE,
y 3a37aJIeT1Ib CTBOPEHUX a0oHax y AeckronHomy [13. Ocob6uBo Takuit crocio
Oylle akTyallbHHM, SKII0 € HEOOXIJHICTh OJHOYACHOI OHJIaiH pPOOOTH 3
JOKYMEHTOM KIJIbKOX pO3pOOHHUKIB.

VY nopampmmx Tecrtax 3amiaHoBaHo BuUKoHath KE 'y TabnuuHoMy
poliecopi Ta 3pOOUTH MOPIBHUIBHUM aHA13.
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ABTOMATH30BAHA CHCTEMA KOHTPOJIIO SIKOCTI IIOBEPXHI
JIETAJEN

Anomauin: B pobomi poszenswymo npunyun Oii ma CcmMpyKmypHy no6y0o8y
ABMOMAMU308AHOI CcUCmeMU KOHMPONIO AKOCMI NOBepXHi oOemanell 3 BUKOPUCMAHHAM
akycmuynozo memody. Ilpoananizoéano emanu o0OpoOKU cucHary, OCHOBHI napamempu
KOHmMpoio ma @QyHKyioHanvHi o1oxu cucmemu. Ocodaugy yeazy 30cepeoiceno Ha nepesazax
Memooy, 30KpeMa U020 GUCOKIl YYmMIUBOCMI, VHIBEPCAIbHOCMI mMad 30aMHOCMI MOYHO
susABIAMU Dehexmu pi3HO20 Muny.

Knrouogi cnosa: asmomamuszosana cucmema, axKyCmuyHuti mMemoo, sKICMb NOGEepXHi
Ooemasnetl, KOHMPOlb.

Abstract: The paper discusses the operating principle and structural design of an
automated surface quality control system for machine parts using the acoustic method. The
stages of signal processing, key control parameters, and functional blocks of the system are
analyzed. Special attention is given to the advantages of the method, particularly its high
sensitivity, versatility, and ability to accurately detect various types of defects.

Keywords: automated system; acoustic method; surface quality of parts; control.

B yMoBax IHTEHCHBHOIO PO3BHUTKY MPOMHUCIOBUX TEXHOJOTIH 3pocTae
noTpeba y BHCOKOTOYHOMY Ta CTaOLIbHOMY KOHTPOJII MapaMeTpiB SKOCTI
npoaykiii. CydacHi BUpPOOHHYl MPOIECH BUMAaraloThb CYBOPOTO JOTPUMAHHS
TEXHOJIOTIYHUX HOpMAaTuBIB 1 craHmgapTiB [1]. 31 301IbIICHHSM CKJIAIHOCTI
KOHCTPYKIiH 1 HOCUJIEHHSM BUMOT J0 TOTOBUX BUPOOIB BUHUKAE HEOOXIIHICTh Yy
BIPOBA/PKCHH1 1HHOBAIIMHUX TMIAXOMIB J0 KOHTPOJIO, 3JaTHUX CBOEYACHO
BUSIBJISITU BIAXWJICHHS BiJl HOPMU Ha PaHHIX €Tarax BUTOTOBJIEHHS.

OmHuM 13 N1€BUX METOAIB TEXHIYHOTO KOHTPOJIO € aKyCTUYHHH, SKUAN
0a3yeThCs Ha aHaTi31 MapaMeTpiB 3BYKOBUX XBUJIb, 1110 YTBOPIOIOTHCS MIPH BILTUBI
Ha JIOCHIIKYBaHy JieTanb [2]. 3MIHM y XapaKTepUCTHUKAaX CUTHATY — TaKUX SIK
4acToTa ad0 aMILTITy[a — MOKYTh BKa3yBaTH Ha HAasABHICTh SIK IIOBEPXHEBUX, TaK
1 BHYTpIIIHIX 1e(}eKTiB. 3aBASKA [IbOMY METOJ JI03BOJISIE€ T1IBULTUTH TOYHICTh
KOHTPOJIIO Ta PO3IIUPHUTH CIEKTP BUSABIIOBAaHUX IMOPYIICHb Y CTPYKTYpi
matepiany [3].

Cytp MmeTomy mojsirae y 30y/DKEHHI KOJIMBAaHb IUISAXOM MPUKIaJdaHHS
MEXaHIYHOTO BIUIMBY, HANPUKIA], y BUIJISAl BiOpamii 49d 1MITyJIBCHOTO
HaBaHTaXXEHHS. AKYCTHYHI XBUJI1, [0 BUHUKAIOTh IIPU LIOMY, MPOXOJIAThH KPi3b
Marepial JeTaigi, 3MIHIOYM CBOI BJIACTHUBOCTI 3aJ€XKHO BiJ HasSIBHUX
HeomHOpiAHOCcTelW. HaBiTh HaWAPiOHINII TOIIKOHKEHHS — MIKPOTPIIIUHH,
BKJIIOUEHHsI a00 TOPHUCTICTh — BHUKJIWKAIOTh BIIXWICHHS y CHEKTPl CHUTHAIY.

[TpoBeneHHs CIEKTPaIbHOIO aHali3y Ja€ 3MOTy He Juile (iKCyBaTH HASIBHICTb
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nedexTiB, a i BU3HAYaTH iX TOYHE pO3TalllyBaHHS Ta XapaKTePUCTUKHU. 3aBISKU
IOMY METO/I 03BOJIsIE €PEKTUBHO 3/11HCHIOBATH KOHTPOJIb SIKOCT1 MPOIYKIIIT SIK
Ha TOYaTKOBMX, TaK 1 Ha 3aBepIIANbHUX eTanax BUPOOHWYOro mpouecy [4].
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Puc. 1. brnok-cxema aBTOMaTU30BaHOi CUCTEMHU KOHTPOJTIO SIKOCTI TOBEPXHI
JneTane.

Ha puc. 1 mpeacraBieHO CTPYKTypHY CXEMy aBTOMAaTH30BaHOI CHCTEMHU
KOHTPOJIO SIKOCTI 00poOieHoi MoBepXHi jeraineil. Ii apxiTekTypa BKIIOYae
byHKI10HATBHI OJIOKH, SIKI pealli3yI0Th MPOIECH reHepaiiii, pikcarii, o00OpoOku Ta
aHaJli3y aKyCTMYHMX CUTHaJIB. Jl0 CKJaay CUCTEMH BXOIATh CEHCOPU, MOAYII
aHami3zy, OOYHMCIIOBaJIbHI 3aco0H, TEeHEepaTopu KOJIMBaHb, 1H(OpMAIliiHI
iHTepdeicu, Kepyrodi By3JIM Ta MPUCTPOT JIs 30epiraHHs pe3yIbTaTiB.

Po0Gounii IMKJI CHCTEMU OYMHAETHCS 3 (POPMYBaHHS 30BHIIIHBOTO BIUIUBY
(bnmox 1), 30kpema BiOpaliifHOro abo ymapHOro 30YJKEHHS, 10 BUKJIHKAE
BUHHUKHEHHS aKyCTUYHUX XBHWJIb y MaTepialll KOHTPOJIbOBAHOI AeTall. Y Ipoueci
iX pO3MOBCIO/KCHHS TMOBEPXHEI0 3MIHIOIOTHCS OCHOBHI TMapaMeTpu CHUTHAIY,
3aJIeKHO BiJ (I3MUHOTO cTaHy 00'exkTa. BiOUTI KOJIMBAHHSA PEECTPYIOTHCS
BIIMOBITHUMHU CEHCOpHUMHU ejiemeHTamu (biok 2).

[Ticns ¢ikcarii curaaty BiH epeaaeTbes yepe3 kaHanu 3B’ 13Ky (bioku 3 ta
4) no cucTeMH TornepeaHboi 00poOku. HacTymHuM eTanom € rauOMHHMAA aHai3
y MoxayJi obuucienb (brmok 5), e BU3HAYAIOTHCS KIIFOUOBI XapaKTEPUCTUKH —
aMILIITya, 9acTOTa Ta MBHAKICTh IMOIMIKMPEHHS XBWIb. Ha mijcTaBi oTpuMaHuX
JaHUX cucteMa BHKOHYe ineHTU(ikamiio aedektiB (bmok 6), 3icTaBisi4H
pe3ynbTaTH 3 HOPMATHUBHUMHU KpuTepisMu siKocTi. [licnms mporo indopmarris
BUBOJIUTHCA Ha €KpaH dYepe3 KopucryBaubkuii iHTepdeiic (bmox 7), mio
3a0e3reyye 3pyyHe CIPUHHATTS pe3yIbTaTiB KOHTPOJIIO.

3naromkeHa B3a€MOIS BCIX KOMIIOHEHTIB 3a0e3nedyerbcs OJIOKaMu
KEpyBaHHA, $IKI KOOPJAMHYIOTh MOCIHIJIOBHICTh ONEpALliil y peaJbHOMY Yaci.
ApxiBauigs Ta 30epexeHHs 1HQopMmalli 3AIMCHIOETBCS B OKPEMOMY
¢dbynkuionansHoMy By3i1 (biok 8), 1m0 103BOJII€ HAKOMMYYBATU CTATHCTHKY,
MPOBOJUTH MOPIBHSUIBHUI aHai3 1 JOPMYBATH 3BITHY TOKYMEHTAIIIIO.

Jlo OCHOBHUX MapameTpiB, sSIKI MIUISTal0OTh aHai3y MpH 3aCTOCYBaHHI
aKyCTUYHOTO METOJly, HaJIEeKaTh aMIUIITyJa 3BYKOBUX XBHJIb, CIIEKTpaJibHA
CKJIaJI0Ba Ta MIBUJKICTH IX PO3MOBCIO/LKEHHS B Marepiani. [leprmmii moka3Huk
JT03BOJISIE 3 BUCOKOIO Uy TIMBICTIO (DIKCYBaTH AP10HI MOMIKOKEHHS HA TTIOBEPXHI.
YacToTHHII CHEKTp CHUTHANY BigoOpakae CTPYKTYpHI OCOOJMBOCTI JeTalli,
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JIO3BOJIAKOYM aJanTyBaTU METOJ IMija pi3HlI Matepianu. [lapameTp mBHUIKOCTI
KOJIMBaHb, Y CBOIO UEPTy, € IHAUKATOPOM HasIBHOCT1 BHYTPILIHIX 1€(PEKTIB, TAKUX
SIK MIKPOTPIIIMHU YU TTOPUCTICTD.

3aBASKM BHCOKIM TOYHOCTI W 1HQOPMATHUBHOCTI, AaKyCTUYHHH METOJ
3HAIIIOB MIMPOKE 3aCTOCYBAHHSA B Taly3i MAamMHOOYTyBaHHS. Moro 3maTHicTh
BUSIBIIITY HAaBITh HE3HAYHI BIIXUJICHHS HA PaHHIX €Tarax BUPOOHUIITBA JO3BOJISE
3a0e3MeynTH CTaOUTbHY SKICTh NPOAYKIII. YHIBEPCATbHICTh METOIUKHU
3abe3reuye ii e)eKTUBHICTB MPU POOOTI 3 MaTepiajlaMH Pi3HOTO TUITY, HE3aJIEKHO
B1J1 iXHIX (PI3UKO-XIMIYHUX BIACTUBOCTECH.

['HyukicTh y HajamTyBaHHI CHCTEMH BIANOBITHO JO0 cHeruiKu
TEXHOJIOTTYHOTO TPOIECY JIa€ 3MOTY ONTUMI3yBaTH apaMeTpU KOHTPOJIIO, 10, Y
CBOIO 4UEpry, CIpHUA€ 3HWKEHHIO KUIBKOCTI Je(EKTHOI MPOIYKIlii, 3MEHIIEHHIO
BUTpPAT Ha TepepoOKy Ta IMIJABUIICHHIO 3arajibHOi €()eKTUBHOCTI BUPOOHUYUX
JIHIN.

[TpomMucioBe BIPOBAKEHHS aBTOMAaTU30BaHOT CUCTEMH KOHTPOJIO SIKOCTI
MOBEPXHI JieTaneil 3a0e3reuye BUCOKY JOCTOBIPHICTh KOHTPOJIIO, aJallTUBHICTh
JI0 YMOB BHUPOOHUIITBA Ta BIAMNOBIAHICTE CYYacHUM BHUMOIraM JIO SIKOCTI
MPOAYKIIi.
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HAHOCTPYKTYPOBAHI IIOKPUTTA AK CITIOCIb HIABUIIIEHHSA
JOBI'OBIYHOCTI HIAIIMITHUKOBUX BY3JIIB TYPBOAI'PEI'ATIB

Anomauin: Y Oauiti cmammi 30iUCHEHO aHANI3 OOYLIbHOCMI B8NPOBAOINCEHHS
HAHOCMPYKMYPOBAHUX MEEPOUX NOKPUMMIB OJisi NIOBUWEHHSL peCcypC)y NIOUUNHUKOBUX 8V31I8,
Wo npayrowms 3a CKIAOHUX YMO8, 30Kpema y ckiadi mypboacpezamie. Ocobiugy yeazy
npudineno oenady eracmusocmeti nokpummie muny DLC, AITiN ma TiN, a maxooic ixnbomy
8NIUBY HA 3HOCOCMIUKICMb, mMepMiuHy cmaditvhicme ma Koegiyienm mepms. Mamepian
b6azyemvcs AK HA ONPAYIOBAHHI CYYACHUX Odicepel, MAK [ HA Y3a2albHEeHUX OaHux npo
EeKCNIYyamayitini yMou UKOPUCMAHHA NIOWUNHUKOBUX 8Y3]1i8 Y NPOMUCTIOBOCHII.

Knwuoei cnosa: wnanocmpykmyposaui  nokpumms,  RIOWUNHUKOGL Y3,
3nococmitikicmb, DLC nokpumms,; AITiN nokpummsa, TiN noxpumms, mepmiyna
cmabinbHicmy, Koeiyicum mepmsi.

Abstract: The article analyzes the feasibility of implementing nanostructured hard
coatings to extend the service life of bearing units operating under demanding conditions,
particularly as part of turbomachinery. Special attention is paid to the review of properties of
coatings such as DLC, AITiN, and TiN, as well as their impact on wear resistance, thermal
stability, and the coefficient of friction. The material is based on an overview of current
scientific literature and generalized data on operational performance.

Keywords: nanostructured coatings; bearing assemblies; wear resistance; DLC
coatings; AITiN coatings; TiN coatings; thermal stability; friction coefficient.

Y mpomucCiOBIi eKcITyartaiii TypOoarperatd 3a3HAarOTh BHCOKHX
HABAHTAXKEHb, Kl MEPENAOThCsl OE3MOCePEeIHhO HA MiANTUIMTHUKOBI BY3/IH. K
MOKa3y€ MPaKTHKa, OCHOBHUM YHMHHUKOM 3HI)KCHHS PECYpCy TaKuUX BY3IIB €
MEXaHIYHUI 3HOC, 110 CYMPOBOKYETHCS MIJBUILEHHAM TEMIIEpaTypud B 30HI1
KOHTaKTy Ta TOTIPIICHHSIM YMOB 3MalllyBaHHSA. Y 3B’S3Ky 3 IIUM aKTyaJIbHUM
HalpsIMOM € BUKOPUCTaHHS CyYaCHHX TEXHOJIOTIM 3MIIHCHHS TOBEPXOHbD,
30KpeMa 3a paxXyHOK HAHECCHHS TBEPAWX TOHKHX  IOKPHUTTIB 3
HAHOCTPYKTYpoBaHOI0 Oy10B01O [ 1, 2]. Ciijg 3ayBakuTH, 110 BITYM3HSIHA HAYKOBA
CIJILHOTA TaKOK aKTUBHO PO3p00JIsi€ BIAMOBIIHI MiaAX0au [6].

Cepen HaiOUIBII €PEKTUBHUX METOJIB MIABUIICHHS 3HOCOCTIHKOCTI
JeTane BYy3JIB TEpPTS BUIUISIOTH 3aCTOCYBAaHHS TOKPHUTTIB, HAHECEHUX
meromamu PVD (dbizmune ocamxeHHss 3 mapoBoi ¢azu) ta CVD (ximiune
ocamkenHs). [lokpurts tumy DLC (anmazomnoxionmii Byriens), TiN, CrN Tta
AITiN xapakTtepu3yroThcsi BUcokoro TBepaicTio (Big 20 mo 80 I'Tla), Hu3bKkUM
koedimieatom tepts (0,05-0,15) 1 cTIHKICTIO 10 arpeCUBHUX cepeaoBuI [3, 5].

BaxxnuBo Big3HAUWTH, IO TPH HAHECEHHI NOMIOHMX ITOKPUTTIB Ha
KOHTaKTHI MOBEPXHI MiAIIMIIHUKIB 3MEHIIY€ThCS 1HTEHCUBHICTH 3HOIIYBAaHHS,
CTaO1TI3Y€EThCS TEPTS 1 3HUKYETHCS TOTpeda y 10JJaTKOBOMY MAacTHIII. Y poOoTax
JIutoBuenka [.B. Ta J{suenka C.A. [6] 0OIpyHTOBaHO IOIIIbHICTE BUKOPUCTAHHS
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TaKuX MOKPUTTIB y MaIIMHOOYyBaHHI, 30KpeMa IpU MOJIepHI3allli eJIeMEHTIB,
110 MPAITIOIOTh Y PEXKUMI CyX0T0 a00 TPaHUYHOTO TEPTS.

Takox y myOmikarii [7] migkpeciaeHo, mo monepeaHs o0podka moBepxHi
Ma€ HE MEHIIIE 3HAYEHHs, HIXK BUOIp THUITY MOKPUTTS, OCKUIBKH MIKPOT€OMETPist
OCHOBM BIUIMBa€ Ha ajire3it0 Ta e(PEeKTHUBHICTH POOOTH y IUHAMIYHOMY
HAaBaHTa)XCHHI. TakuM YHHOM, ONTHUMAaJbHE TMOEIHAHHS MaTepialy OCHOBH,
CTPYKTYpH MOKPHUTTS Ta TEXHOJIOTIi OT0 HAHECEHHS € BUPIIIAILHUM (PaKTOPOM
y 3a0e3MeueHH1 JOBrOBIYHOCTI ITiIIIMITHUKOBOT'O By3JIa.

VY nyOnikaiisx, TpuUCBIYEHUX TPUOOJIOT1i BUCOKOHABAHTAXKEHUX BY3JIiB,
YacTO 3a3HAYAETHCS BAXKIMBICTH MPABWILHOTO BUOOPY MOKPUTTS 3aJIEKHO Bij
XapaKkTepy HaBaHTaXEHb Ta TeMIlepaTypHOro pexumy. [ns TypOoarperatis
XapaKTepHI IUKJIIYHI TEIJIOBI HaBaHTa)KEHHs, BUCOKI IMIBHUAKOCTI OOepTaHHSA 1
3HaYHE JWHAMIYHE HABAaHTAXXEHHS Ha OMOpU. Y TaKUX YyMOBaxX OCOOJIMBO
e(EeKTUBHUMHU BUSBISIOTECA MOKpUTTA TUIy AITIN, Kl NOE€IHYIOTH BHCOKY
TBEPIICTh 3 TEPMIYHOIO CTAOUIBHICTIO [5].

[Toxka3sHukH 3HWKEHHS KOe(QILI€HTa TEpTs NPU BUKOPUCTAHHI TaKUX
MOKPUTTIB, 3a JITEPATYpHUMU JuKepesnaMu [3, 4], MoxkyThb nocsrati nmoHaza 50%
MOPIBHSHO 3 HEMOKPUTUMH JETAISIMU. 3H>KEHHS 3HOCY B1IOYBA€THCS TAKOX 32
paxyHOK 3MEHIICHHS KOHTAKTHOI TeMMepaTypH, IO MO3UTHUBHO BIUIMBAE Ha
30€peKEeHHS] MACTUIILHOTO I1apy.

KpiM TOro, Ba)K1MBO BpaxOBYBaTH HE JIMILE XIMIYHUNA CKJIaJ] MMOKPHUTTS,
ajjle ¥ #oro TOBHIMHY, CTPYKTYpY Ta CHOCI0O HaHECEHHA. SIK IOKa3yloTh
pe3yabTaT JociikeHb [ 8], 3actocyBanHs TiN y BUTIIsi TOHKOTO PIBHOMIPHOTO
H1apy 103BOJII€ 3HAYHO 3MEHILIUTH BTPAaTH HA TEPTd Ta MIABUIIMTU PECYpC y
By3Jax 3 MEePIOJUYHUM HABAHTAKECHHSIM.

AHaJ3 BIAKPUTUX MyOJiKamiid 1 TEXHIYHUX 3BITIB JIO3BOJISIE 3POOUTH
BHCHOBOK, III0 3aCTOCYBaHHS HAHOCTPYKTYPOBAaHHMX TOKPHUTTIB 3abe3medye
1CTOTHE MOKPAIEHHS MOKa3HUKIB JOBMOBIYHOCTI. 30KpeMa, JJis MiAIIUITHUKIB 13
nokputTsM DLC y niteparypi GpikCyeTbes 3HUKEHHS 3HOITYBaHHs 10 4—6 pa3is,
MOPIBHSIHO 31 3BUYANHOIO CTA/LTO [2, 5]. Y moeiHaHH1 3 TPaBUWIBLHO M110paHUMHU
yMOBaMH €KCIUTyaTallii I1e¢ J03BOJIsE€ 3HAYHO 3HU3UTH BUTPATH HA PEMOHT 1
00CITyroByBaHHS.

3HayHa KUIBKICTh POOIT TAKOXK MIATBEPUKYE TOLUIBHICTE MOAEpPHI3aLli
HAsSIBHUX BY3JIIB IIJISTXOM HAHECEHHs MOKPUTTIB 0e3 3MiHM iX reometpii. Takui
MIIX17 aKTyaJIbHUH ISl TPOMHCIOBUX TMIAIPHUEMCTB, JIe HEOOXITHO IIBHIKO
MOJIOBXKHUTH CTPOK CIy»KOU arperaTiB 0e3 3yNHHKH BUPOOHHUIITBA.

J10 OCHOBHUX TepeBar BUKOPUCTAHHS HAHOTIOKPUTTIB Y MiJIIMITHUKOBUX
By3J1aX MOKHA BIJTHECTH:

® CyTTE€BE 3MEHIICHHS TEPTS Ta 3HOCY;
M1BULLIEHHS TEMIIEPaTypHOi CTIMKOCTI;
3HMKEHHS YaCTOTH TEXHIYHOTO 00CITyTOBYBaHHS;
MOYKJIMBICTh POOOTH B yMOBaX HEJOCTATHLOTO 3MAICHHS;
NOKpAalleHHs] ~ CTabUIbHOCTI  poOOTM  OpU  JAMHAMIYHHUX
HaBaHTKEHHSX.
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3 ormsy Ha BKa3zaHe, BIPOBA/DKEHHS TaKUX TEXHOJIOTIN € JOIIIbHUM He
JIMILIE HA eTari MPOeKTyBaHHS, aje i npu MojaepHizalii oonagnanus. Hanpukmnan,
3a JaHUMH BHPOOHMYOI TMPAKTHUKW, PEMOHT MiJIIMITHUKOBUX  BY3JIB
TypOOTE€HEepaTOPIB 13 3aMIHOIO TUT KOYCHHS KOMITy€e y 3—5 pasiB Oiible, HikK
HAHECEHHsI TBEPAOTr0 MOKPUTTS Ha ICHYIOUYl KOMIIOHEHTH.

HeoOxiaHO TakoX 3BEpHYTH yBary Ha €KOJOTIYHHUU aCTeKT: 3HWKCHHS
00CSTiB MAaCTUIILHUX MaTepiaiiB 3MEHIIIY€E HABAHTAXKEHHS HA CUCTEMY yTHII13allii
Ta OYMIIECHHS, 110 BiJINOBI/Ia€ CYy4YaCHUM BHMOTaM €BPOIEHCHKOTO €KOCTaHIaPTY .

BHUCHOBKHA

HanocTpykTypoBaHi MOKPUTTSI TEMOHCTPYIOTh BUCOKY €(EKTHBHICTH Y
30UIBIICHH] PeCypCy MiAMMUITHUKOBUX BY3J1B, IO MPAIIOIOTh Y BAKKUX YMOBAX,
30KpeMa B TypOoarperatax. BpaxoByrouu y3arajibHEeHI JaHi JiTepaTypH, MOKHA
CTBEP/IKYBaTH, IO 3aCTOCyBaHHs TBepaux MOKpuTTiB Tumy AITIN a6o DLC
3a0e3mnedye CyTT€BE 3HWKEHHS 3HOILIYBaHHSA, CTa0UIBHICTE POOOTH MIpH
NIJBUILIEHUX TEMIIEpaTypax Ta 3HIKEHHA MOTpe0 Yy YacTOMy TEXHIYHOMY
00CITyroByBaHHI.

[Tonaneini 1ocaiKeHHs AOLUUIBHO CIPSIMYBAaTH HA BUBUCHHS MMOBEIIHKU
KOMOIHOBaHUX MOKPHTTIB, SIKI MOEAHYIOTh TBEPICTD 1 €1aCTHYHICTb, & TAKOXK HA
PO3pOOKY METO/IIB JIOKAJILHOTO B1IHOBJIEHHS TOBEPXOHB 0€3 JEMOHTAXy By3Ja.
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IHTEJIEKT-KAPTH AK OCHOBA 3ABE3IIEYEHHSI
JAOBPOYECHOCTI IPU AHAJII3I IHOOPMALINHOT O IPOCTOPY
TP BUKOHAHHI IHANUBIAYAJIBHUX 3ABJIAHD 3 INCIHUIIJITH

OCBITHBLOI TIPOI'PAMHU

Anomauyia: Y cmammi po3enioacmvcs  GUKOPUCMAHHA — IHMeENeKm-Kapm 5K
ehekmusroco iHcmpymenmy 3abe3nedeHHs axKademiuHoi 000pouecHoCmi Npu BUKOHAHHI
IHOUBIOYANbHUX 3a80aHb 3000ysauamu euwoi ocgimu. Ilpoananizoeano nomenyianr mexnonozii
iHmenekm-kapm Ol CMPYKMYpy8arHs IHGopmayitinoco npocmopy, eisyanizayii odiceper
iHhopmayii ma 8i0cmedCcenHsi 81ACHO20 BHECKY CMYOeHma Npu ONpaylo8aHHi Mamepiauis.
3anpononosano memoouuHi pekomeHoayii w000 6NPOBAOICEHHS IHMeNeKm-Kapm y
HABUANbHULL npoyec 3 Memolo (QOpMy6aHHs KyIbmypu axKaoemiuHoi 000poyecHOoCmi.
Pezynomamu oocnioscennss demoncmpyoms, wo cucmemamuyre 8UKOPUCMAHHSA IHmMeleKm-
Kapm cnpuse po3gumky KpUMmuyHo20 MUCIEHH, NIOBUWEHHIO AKOCMI cAMOCMItiHOI pobomu ma
BHUJICEHHIO BUNAOKIB AKAOEMIYHO20 niaziamy.

Knrwouoei cnoea: inmenexm-xapmu, axaoemiyna 000poyecHicmo, IHGOpmayiiHuil
npocmip, iHOUBIOYANbHI 3a80AHHS, KPUMUYUHE MUCIIEHHS, naaziam, 8i3yanizayis 3HaHb.

Abstract: The article examines the use of mind maps as an effective tool for ensuring
academic integrity during the completion of individual assignments by higher education
students. The potential of mind mapping technology for structuring the information space,
visualizing information sources, and tracking the student's own contribution during material
processing is analyzed. Methodological recommendations are proposed for integrating mind
maps into the educational process to foster a culture of academic integrity. The research results
demonstrate that systematic use of mind maps promotes the development of critical thinking,
improves the quality of independent work, and reduces instances of academic plagiarism.

Keywords: mind maps; academic integrity; information space; individual assignments;
critical thinking; plagiarism; knowledge visualization.

AkanemiuHa JOOPOYECHICTh € (PYHIaMEHTAJIBHOIO IIHHICTIO CYy4YacHO1
OCBITH Ta Hayku. B ymoBax iH(pOpMaIIfHOTO CYyCHUIbCTBA Ta 3POCTAOYOi
JIOCTYITHOCTI 1H(GOPMaIIMHUX PEeCypCiB MUTaHHS 3a0e3MeueHHs] J00pOYeCHOCTI
Ha0yBae 0coOJMBOI aKTyaJlbHOCTI. [HIMBIMyalbHI 3aBaHHS, IO € HEeB1A'€EMHOIO
CKJIaZIOBOIO OCBITHBOTO TPOIIECy, MOTPeOYIOTh Bij 37100yBayiB OCBITU BMIiHHS
aHai3yBaTU BEJUKI oOcAru 1H(opmalii, KpUTUYHO ii OCMHUCIIOBATH Ta TBOPYO
NEePEOCMHUCIIIOBATH 0€3 MOPYIICHHS MPUHLIUIIB aKaJeMIYHO1 €TUKH.

MeToro ociiIKeHHs € OOTpyHTYBaHHS €EeKTUBHOCTI BUKOPUCTAHHS 1HTEJIEKT-
KapT K 1HCTPYMEHTY 3a0€3MeUeHHs aKaJeMI4HOi T0OpOYECHOCTI MpHU aHadi3l
1H(pOpMaIlIITHOTO TPOCTOPY Ta BUKOHAHHI 1HAUBIAYaJbHUX 3aBJaHb 3100yBaYaMu
BUIIO1 OCBITH.
3aBaaHHs JOCIIHKEHH
1. TlpoananizyBaTu TEOPETUYHI 3acald BUKOPHCTAHHS I1HTEJIEKT-KapT B
OCBITHbOMY IPOIIECI.
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2. BuzHauutH  TWOTEHIa]l  IHTENEKT-KapT Il  CTPYKTypYyBaHHS
1H(pOpPMaLIIHHOTO MPOCTOPY Ta 3aMo0IraHHsA IIariaty.
3. Po3pobutn MeToanyH1 peKOMEHAIIIT 100 BIIPOBAKEHHSI 1HTEJIEKT-KapT

y cUCTeMy 3a0e3MedeHHS aKaJeMIgHOi T0OpOIECHOCTI.

4. ExcriepuMEeHTaNbHO  MEpeBIpUTH  €(EeKTHBHICTh  3alpONOHOBAHOI

METOIUKH.

[aTenekT-kaptu (mind maps) — 1€ Bi3yaJdbHUH METOA 3alucy Ta
opranizamii iH(opmMmarlii, po3poOJICHHI OpPUTAHCBKUM TICUXO0JIOTOM  TOHI
borozenoM y 1970-x pokax. KoHrienTyanbHo 1HTEIEKT-KapTa MPeICTaBIse€ COO0I0
Jiarpamy, B IEHTPl SKO1 PO3MIIIYEThCA KIIIOUOBE MOHATTS abo 1jesl, BiJ SKO1
pagiaibHO PO3XOJATHCS TUIKHU 3 MOB'I3aHUMU MOHATTAMHU, 17esiMU, (haKTaMu Ta
IHIIIMMU eleMeHTamu [1].

KitouoBuMH npuHIIUMIIAMU TTOOYTOBH 1HTEJIEKT-KapT €:
o pajlanbHa CTPYKTYpA 1 I€pApXIYHICTh 1H(POpMAIi;
¢ BHUKOPHCTAHHS KJIIOYOBHUX CJiB Ta 00pa3iB;
¢ 3aCTOCYBaHHS KOJHOPiB, CHMBOJIIB Ta BI3yaJIbHUX €JIEMEHTIB;
e BCTAHOBJICHHS 3B'A3KIB MK €JIEMEHTAMH KapTH.
B ocBiTHBOMY 1ipoleci IHTENEKT-KapTH BHUKOPUCTOBYIOTHCA  JJIA
PI3HOMaHITHHX L1JI€H, 30Kpema:
o KOHCHEKTYBaHHS JEKLIN Ta JITepaTypH;
o IUJIAaHYBaHHS Ta CTPYKTYpPYBaHHS HAyKOBUX POOIT;
e MIATOTOBKA JO ICTIUTIB Ta MPE3EHTAIIlM;
e BI3yauli3allis CKJIaIHUX KOHIICTIN Ta 17eH;
o TEHepallisi HOBUX 1JIel Ta MPOEKTIB.

JlocmiKeHHsT TMOKa3yloTh, 10 BUKOPUCTAHHS 1HTEJEKT-KapT CIpPHUsIE
KpalioMy 3amnam'siTOByBaHHIO Marepially, pO3BUTKY KPUTHUHOTO MHCIEHHS Ta
KpeatuBHOCTI [2]. 3a manumu [3], cTymeHTH, SKi pEryJsipHO BHKOPHCTOBYIOTH
IHTENEKT-KapTH, TEMOHCTPYIOTh Ha 30% BUIy 31aTHICTH 10 aHAJI3Y 1HQOpMaIli
Ta BCTAHOBJICHHS JIOTTYHUX 3B'I3KIB MK KOHIIEIIIISIMH.

AkaznemiuHa AOOPOYECHICTh — II€ CYKYIHICTh €TUYHHMX MNPUHIMIIB Ta
BHU3HAUEHUX 3aKOHOM MPABHII, SKUMHU MalOTh KEPYBATUCS YYACHUKHU OCBITHBOTO
npoliecy MijJ 4ac HaBYAHHS, BUKJIAJaHHS Ta MPOBAHKCHHS HAYKOBOI AisITHHOCTI
[4]. OcHOBHUMM CKJIAJIOBUMH aKaJeMiuyHOi TOOPOYECHOCTI € YECHICTh, JOBIpa,
CIpaBeJIMBICTh, [TOBara, BiANOBIIaIbHICTh Ta MYKHICTh/

B indopmamiitHOMy  CycmiibCTBI ~ 3a0€3ME€UeHHS  aKaJeMIYHOi
JTOOPOYECHOCTI CTUKAETHCS 3 HU3KOIO BUKIIHKIB:

e JIETKUU J0CTYyN A0 iH(OpMaIlii yepe3 IHTEPHET;

e CKJAIHICTH BIJCTEKEHHS MEPIIOHKEPEN iHhOpMaIlii;
 iH(OpMaIliifHe TepEeBaHTAKEHHS;

o TMOUIMPEHHS "KyJIbTYpHU KOIIIOBaHHA" cepell 37100yBayiB OCBITH.

VY JOCHIKeHHI B3sUIM y4acTh CTYJCHTD OakajiaBpary Ta MaricTpaTypH
PI3HUX CIELIATIbHOCTEH.

MeTtoau qOCHIIKEHHS:
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o TEOPETHYHI: aHajJi3 HAyKOBO-METOJUYHOI  JITepaTypH, CHUHTE3,
MOPIBHSHHS, y3araJIbHCHHS;

o EMIIpPUYHI: MEAAroriYHUNl eKCHEPUMEHT, CIOCTEPEKEHHS, aHKETYBAaHHS,
aHaJli3 CTy/IeHTCHKHUX POOIT;

e CTAaTUCTWYHI: KUTbKICHUH Ta SKICHUM aHAJ3 OTPUMAHUX JTaHUX.
ExcniepumenTtanbHa MeTOIMKA Iepei0avana BIPOBaKEHH IHTEIEKT-KapT

K 00OB'SI3KOBOTO KOMIIOHEHTY BUKOHAHHS 1HIUBITYalbHUX 3aBJaHb (KypPCOBUX
poOIT, IPOEKTIB, pedepaTiB) 3 pi3HUX AUCHUILIIH. CTyI€HTH €KCIIEPUMEHTAILHOT
Ipynu CUCTEMaTUYHO BUKOPUCTOBYBAIU IHTEJIEKT-KapTH Ha BCIX e€Tanax poOoTH:
BiJI TOIIYKYy iH(opMallii 10 HamucaHHS roToBoi pobotu. KoHTposnpHa rpyra
BUKOHYBAJIa 3aBJaHHS TPATUIIHHUMU METOJaMHU.

AHani3 nponecy BUKOPUCTAHHS IHTENEKT-KapT CTyJEHTaMH IOKa3aB, 110
BOHU J03BOJISIIOTh €(EKTUBHO CTPYKTypyBaTH 1HGOPMAIIMHUN MPOCTIp MHpH
BUKOHAHHI 1HAMBIAYaJbHUX 3aBJlaHb. [HTEIEKT-KapTH 1al0Th MOKJIUBICTD:

1. Bigyami3yBaTu JKepenbHy 0a3zy nocuipkeHHd. KokHe mKepeno
iH(opMallii Moxxke OyTH MPEJCTaBICHE OKPEMOIO TJIKOIO 3 3a3HAYEHHSIM
0i0morpadiuHuX AaHUX Ta KIIOYOBUX 1€l aBTtopa. Takuil miaxifg
JIO3BOJISIE  YITKO BIJCTEXKYBaTH BHUKOPHCTAaHI JKEpella Ta YHHUKaTH
HEHAaBMHUCHOTIO IJIariary.

2. PosmexoByBatu BiacHl imei Ta 3amo3udeHi. [lpu poOoTi 3 iHTENeKT-
KapTOIO CTYACHTU MOKYTh BUKOPUCTOBYBATH Pi3HI KOJOPU 200 CUMBOJIU
JUIsS. IO3HAUEHHS BJIACHUX AYMOK Ta 1/1€d, 3al03UYEHUX 3 JITEpaTypH, 110
CHpUsi€ YCBIIOMJIEHHIO CBOTO 1HTEJIEKTYaIbHOI'O BHECKY.

3. CtBoproBatu 1iricHe OaueHHs mpoOiemu. PagianbHa cTpyKTypa iHTEIeKT-
KapTu J03BOJIIE OaunTH MpoOiieMy sIK IITICHY CHCTEMY, a He K HaOip
dbparMeHTapHUX BIIOMOCTEH 3 pI3HUX JDKEped, M0 CIOHyKae 0
KPUTHUYHOT'O OCMHCJICHHS Ta CUHTE3Y 1H(hOpMaIlii.

4. BCTaHOBIIOBAaTH JIOTIYHI 3B'SI3KM MK KOHIIEHIISIMU. [HTEneKkT-KapTu
BI3yallI3yIOTh 3B'SI3KM MDK PI3HUMU TOHATTSMU Ta KOHLEMLISIMH, IIO
cupusie  (OPMYBaHHIO BJACHOTO PO3YMIHHS TEeMH Ta 3amodirae
MEXaHIYHOMY KOIIFOBaHHIO TEKCTY.

Ha ocHOBI mpoBeAeHOro AOCHIIDKEHHS  PO3POOJIEHO  METOIUKY
BUKOPUCTaHHS 1HTEJIEKT-KapT AJis 3a0e3MeUYeHHs] aKaJIeMiuHOi JOoOpOYECHOCT,
sKa BKJIIOYA€ HACTYTHI €Taru:

1. IligroroBuwnii erarm:

o O3HANOMJICHHS CTYAEHTIB 3 MPUHIUIAMH MOOYIOBH IHTEIEKT-KapT;

o PO3'ICHEHHS 3B'SI3KY MIK BHUKOPHCTAaHHSIM IHTEJIEKT-KapT Ta
JTOTPUMAHHSIM MPUHIIUIIB aKaJeMIgHOT T0OpOYECHOCTI;

o JEMOHCTpAIlisl MPUKIAIIB €PEKTUBHOTO BUKOPHUCTAHHS I1HTEJICKT-
KapT.

2. Ertan nomyky Ta aHanizy iHdopmarii:
o CTBOpEHHS IICHTPAIBHOTO By3Ja 3 HA3BOKO TEMHU JOCIIHKEHHS;
o (opMyBaHHS OCHOBHHUX T'lJIOK BIIMIOBIAHO J0 3aBJaHb JOCIIIXKCHHS;

277



o JIOJlaBaHHS TUIOK [UJIi KOXXHOTO BHUKOPUCTAHOTO JpKepena 3
3a3HaueHHAM 0107I10rpadiuHUX NaHUX;
o BUOKPEMJICHHS KJIIOYOBHX 17e 3 JDKepen 3 BUKOPUCTAHHIM
IIUTyBaHHS.
3. Etan cuHTe3y Ta KpUTUYHOTO OCMHCIICHHS:
o BCTAHOBJICHHS 3B'S3KIB MK PI3HUMH JDKEPETaMH Ta KOHIICTIIISIMU;
o BUIUICHHS CYyNEPEYHOCTEH Ta JUCKYCIMHUX MUTAHb;
o JI0JlaBaHHS BJIACHUX JYMOK Ta 17iell 3 BUKOPUCTaHHSIM BiJIMIHHOTO
KOJIbOPY a00 CHMBOJTIB.
4. Etamn cTBOPEHHS OPUTTHATBHOTO TEKCTY:
o PO3poOKa CTPYKTYpH pOOOTH Ha OCHOBI IHTEJICKT-KapTH;
o BHUKOPUCTAHHS KapTU SK JOKEpelia Ui HalHUCaHHS TEKCTy 3
KOPEKTHUM IMOCUJIaHHSIM Ha JKepena;
o TIE€pEeBIPKA HAa HAABHICTH IUIAriaTy Ta camoIuariary.
5. Eram pednexcii:
o aHaJji3 CTBOPEHOI IHTEJIEKT-KapTH Ta TOTOBOI pOOOTH;
o OIlIHKA BIIACHOTO BHECKY Y PO3POOKY TEMH;
o BU3HAYEHHS HAMPSMKIB JJIS1 TOJAIBIIOTO JOCIIIKEHHS.
BnpoBamxenHss 1i€i METOOUKHA JA03Bosii€ C(HOpMYBaTH y CTYACHTIB
HAaBUYKH KOPEKTHOTO OIpaloBaHHs 1H(opMallii Ta 3arno0irTi HEHaBMUCHOMY
IiariaTy, sSIKuii 4acTO BUHUKAE Yepe3 HECTPYKTYPOBAHE ONPALIOBAHHS BEJITUKUX
o0csriB iH(popMaIii.
[TopiBHsIbHUN  aHaMI3 POOIT CTYJEHTIB  EKCIIEPUMEHTaJbHOI  Ta
KOHTPOJIbHOT TPYM MOKa3aB CYTTEB1 BIAMIHHOCTI y SIKOCTI pOOIT Ta JOTPUMaHHI
NPUHIUITB aKaaeMidHol 1o0podecHocTi (Tadu. 1).

Tabimus 1. [lopiBHSUIbHI pe3yJIbTaTH €KCIIEPUMEHTAIBLHOI TA KOHTPOJIbHOI

prﬂ
IHoxka3zHuk ExcnepumenTajbHa KonTtposabna

rpyna rpyna

CepenHiii BiICOTOK OPUTiHAIBHOCTI 86,4% 67,8%

TEKCTY

HasiBHICTh KOPEKTHUX LIUTYBaHb Ta 94,2% 62,3%

MMOCHJIaHb

JIOr14HICTh CTPYKTYpHU pOOOTH 88,7% 71,2%

HagBHicTh BIacHUX BUCHOBKIB Ta 76,3% 48,9%

MIpKyBaHb

KinbkicTh po0iT 3 03HAKaMU IUIariaTy 7,8% 34.6%

Sk BUAHO 3 TaONHIIL, Y €eKCTIEPUMEHTANIBbHIN IPYIIi CIOCTEPITa€ThCs CYTTEBE
MIJBUIICHHST SKOCTI POOIT Ta 3HWKEHHS BUNAAKIB 1uiariaty. OcobiuBo
3HAUYIIMM € TOKa3HWK HAsSBHOCTI BJIACHUX BHCHOBKIB Ta MipKyBaHb, IO
CBITYUTH TPO PO3BUTOK KPUTUYHOTO MUCIICHHS Ta AHAIITUYHUX 310HOCTEH

CTYJICHTIB.
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AHKETyBaHHSI YYaCHUKIB €KCIIEPUMEHTAIBHOI I'PYyIU BUSBUIO MO3UTHUBHE
CTaBJICHHS 0 BUKOPUCTAHHS 1HTEJIEKT-KapT:

. 83,1% cTynmeHTiB BiA3HAYWIMA, IO 1HTEICKT-KapTH JOMOMOTIHN iM
Kpale CTpyKTypyBaTu iHpOpMaIlio;

. 76,8% BKa3zaiu Ha MiABUIICHHS YCBITOMJIEHOCTI MPU BUKOPHUCTAHHI
JOKeper,

. 68,3% MIaHyI0Th BUKOPUCTOBYBATH 1HTEJIEKT-KapTH B MOAAIBIIIIHI

HaBYAJIbHIN Ta HAyKOBIM M1S7IbHOCTI.

[IpoBeaene gociKEHHS JO3BOJISE JINTH BaXKIIMBUX BUCHOBKIB 1010 PO
IHTENIeKT-KapT y 3a0e3leueHHl akaJeMidHoi J00pOYECHOCTI B OCBITHBOMY
npotieci. BctaHoBNEHO, 0 1HTENEKT-KAPTH BUCTYMAIOTh 1€BUM 1HCTPYMEHTOM
Ipd  BUKOHAHHI  IHIMBIAyaJIbHUX  3aBAaHb, OCKUIBKM  JOMOMAararoTh
CTPYKTYpyBaTH 1H(POpPMAIIHHUN TPOCTIpP, HAOYHO BIJIOOpakaTH BHKOPHUCTaHI
mxepena indopmariii Ta pikcyBaTH 0COOUCTHI BHECOK 37100yBada ocBiTH. Takuii
NiaXiJ He Jme 3a0e3nedyye Mpo30picTh BUKOHAHHA 3aBAaHb, a ¥ (opmye
YCBIIOMJICHY  BIANOBIJAJBHICTh 3a akKaJeMIdyHy 4dYecHICTb. Kpim TOTrO,
JOCITIJKEHHST TI0Ka3ajo, IO 3aCTOCYBaHHS IHTENIEKT-KapT aKTHBHO CIIPHSE
PO3BUTKY KPUTHUYHOIO MHUCJIEHHS, aHATITUYHUX 3A10HOCTE 1 HaBUYOK
aKaJIeMIYHOTO MHUCHhMA, SKi € OCHOBHUMH KOMITETEHTHOCTSIMHU ISl JOTPUMAHHS
CTaHJAPTIB akKaJeMIuyHOi J00poYecHOCTI. BukopucTaHHs 3ampornOHOBAHOL
METOJIMKH IHTETpallii IHTEeJIEKT-KapT Y HaBYAJIbHUN MPOIEC MiJTBEPINIO CBOIO
BUCOKY €EKTHUBHICTh y (hOpMYBaHHI KyJIbTYpH TOOPOUYECHOCTI cepesl 3100yBayiB
OCBITH Ta y 3HWKEHHI KUIBKOCTI BHIAJKIB Iutariaty. Hapemiri, cuctemaTudyHe
BIIPOBA/KCHHS 1HTEJICKT-KapT y HaBYAIbHY JISUIBHICTH CIIPHUSE 3aKPIMICHHIO Y
CTYJICHTIB CTIHKMX HaBUYOK KOPEKTHOI poOOTH 3 1H()OpMAIIHHUMHU JIKEpETaMH,
0, Y CBOIO Yepry, Ma€ MO3UTHUBHUU JOBTOTPUBAIMNA BIUIMB HA aKaJeMIuHY
MOBEAIHKY SIK IM1J1 YaC HaBYaHHS, TaK 1 B MOAaNbLIN npodeciitHii AisIbHOCTI.
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Toekau A.O., KoznoB C.J. (BirHuyvkuii HAUIOHANbHUL  MEXHIYHUL
VHigepcumem, Binnuys, Ykpaina)

CTIMKICTh MEXATPOHHOI'O ITPUBOJIA HA OCHOBI
MVJIBTUPE KUMHOI'O PEI'YJIATOPA

Anomauia. Y cmammi Hasedeno cxemy MexampoHHO20 NpuBood, WO 6KI0UAE
Pe2yIbo8aHUL HACOC 3 MYIbIMUPEHCUMHUM Pe2yIamopom ma Koumponep. Pozenanymi pesxcumu
pobomu mexamponuo2o npugooa. Pozpooneno ueniniiiny mamemamuuny mooens. I[Iposedero
00CIOHCEHHA CMITIKOCMI pOOOMU MeXampPOHHO20 NPUBOOA NPU PIZHUX 6EIUYUHAX MUCKY Md
nooaui Hacoca. Iloxazano, wo cmitkicms pobomu mMexampoHHo20 npusoodad 8 0ianda3oni nooay
nacoca Q2 = (0,1...1,2)-10° m>/c ma mucky 0o 16 MIla mooce 6ymu 3a6e3neuena 3a paxyHox
subopy nesuux napamempig pezynamopa. lax eenuuuna opocens 6 pe2ynamopi Hacoca fo
nosunna eubupamucv 3 oianazony fo = (2,5...6,5)-10° m°, a xoegiyicnm niocunenus k:
pobouo20  GIKHA  30]I0MHUKA  pe2ylamopa  NoGuHeH  eudbupamucvt i3  0iana3oHy
k:=(3...10):107 m.

Knrouoei cnoea: mexampoHuuii npuoo; MyibMUperCuMHULL pe2yiamop, pe2yibo8anutl
HACOC; HENIHIUHA MAMEMAMUYHA MOOeb

Abstract. The article presents a scheme of a mechatronic drive that includes a controlled
pump with a multi-mode regulator and a controller. The operating modes of the mechatronic
drive are considered. A nonlinear mathematical model has been developed. Stability studies of
the mechatronic drive operation at different values of pump pressure and flow rate have been
carried out. It is shown that the stability of the mechatronic drive within the pump flow rate
range of Q> = (0,1...1,2)-10° m*/s and pressure up to 16 MPa can be ensured by selecting
specific regulator parameters. In particular, the orifice area foin the pump regulator should be
selected from the range fo = (2,5...6,5)-10° m°, and the gain coefficient k. of the spool valve
working window should be selected from the range k. = (3...10)-107 m.

Keywords: mechatronic drive; multi-mode regulator, controlled pump,; nonlinear
mathematical model.

[TocTanoBka nmpobaemu.

B npomucnoBocti, B OyIiBHMITBI Ta Ha TPAHCIOPTI MIUPOKO
3aCTOCOBYIOTHCSI MAHIMYJIATOPM 3 MEXAaTPOHHUM MPHUBOAOM. TeHAEHIII€0
PO3BUTKY MAaHIMYJSATOPIB € TepexiJi Ha MeXaTpoHHI mpuBoAu. B cyuacHux
MEXaTpOHHUX TMPHUBOJAX 3 EJIEKTPOTAPaBIIYHUM KEPYyBaHHSIM  IIHPOKO
BUKOPHCTOBYIOTBCSI ~ PETyJIbOBaHI  HACOCH, TMPOMOPIIMHI  KIamaHu  Ta
IIporpaMoBaHi KOHTpoJiepyu. MexaTpoHH1 MPUBOAYN HA OCHOBI TAKMX KOMITOHEHTIB
MaloTh XOpOIl CTAaTHUCTHYHI Ta AUHAMIYHI XapaKTEPUCTHUKH, & TAKOXK BUCOKY
eHeproedekTuBHICTs [1]. VYV BiHHUIIbKOMY HalllOHAJBHOMY TEXHIYHOMY
yHiBepcutTeTi (YkpaiHa) BemyThCs pPOOOTH 1O BIAOCKOHAJIEHHIO CXEM
MEXaTPOHHMX TIPUBOJIB. [X XapaKTepHCTUKU 6arato B 4OMY 3a/lexkKaTh BiJl cXeMu
Ta KOHCTPYKIIIi €JIEKTPOT1IPaBIIYHUX PETYISATOPIB, 1110 3a0€3MeUyI0Th KEPYBaHHS
[2, 3, 4].

AHani3 OCTaHHIX JOCTIIKEHb 1 MyOiKaIii.
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[Ipobmemi  BIOCKOHAJICHHS ~ MEXaTpOHHHUX  TIPUBOAIB HAa  OCHOBI
peryap0BaHUX HACOCIB MPUCBSIYEHA 3HAYHA KUIBKICTH poOiT [5-10 ].

VY crartTi [5] po3misaaeTbes TiipaBiiyHa CUCTEMA 3 PETyJIbOBAaHIUM HACOCOM
1 EJEKTPOTIAPaBIIYHUM PErynaTopoM. bymo mpoBeneHO MOPIBHAHHS MK
BukopuctanusaM [II/[-perymsatopa Tta perynsaropa FUZZY nna KepyBaHHS
TiApaBIiYHAM TPUBOAOM. Y POOOTI [6] HaBEACHO BIOCKOHAJICHY KOHCTPYKIIIIO
peryasitopa axkciaJIbHO-TIOPIIHEBOTO Hacoca. JloBeAeHO, 110  perynsarop
3abe3reuye HeoOX1AHY YYTIMBICTh 1 IIBUAKOIIIO B MOPIBHSAHHI 3 MPOMHUCIOBUMHU
JIBO30JIOTHUKOBUMU perynsitopamu st LS-kepoBanux rigpocucteM. ¥ crarti [7]
PO3IVISAAETHCS TIApaBiIiuHa CUCTEMAa HAa OCHOBI PEryjlbOBaHOTO Hacoca Ta
KoHTposiepa. Y 3acrocoBanomy [1I/[-perynsaropi mpoBeneHo mii0ip KoedilieHTiB,
o 3a0e3MmevyroTh MiHIMI3allll0 OIIHKK IHTETpalibHOI TOYHOCTI. Y po0OoTi [§]
MPE/ICTaBIIEHO TPUBOJ,, YYTJIMBHN J10 HABAaHTAXKEHHS 3 YIOCKOHAJICHUM
peryinsiTopoM Hacoca. MojepHizaiisi peryiasaropa 3a0e3nedye MOKpaIeHHS
XapaKTEepUCTUK 3HIKEHHS BTPAT MOTY)KHOCTI Ta KOJMMBaHb. Y cTarti [9]
HABE/ICHO MaTeMAaTUYHY MOJENh aBTOMAaTHYHOTO JBO30JOTHHUKOBOTO PETyJsTOpa
JUJIS1 "KUBJICHHSI aKC1aJIbHO-MTOPIIIHEBOTO Hacoca. Po3pobiieHo pekoMeHaallii o0
BUOOPY 3a30piB 1 MEPEKPUTTIB 30JI0THUKIB, BETUYUH JEMIIPYIOUUX OTBOPIB.

[ToctanoBka 3amaui.

[TpoBenenuii anai3 pooOIT J03BOJISIE 3pOOUTH BUCHOBOK, 1110 PO3POOICHHS
HOBUX PETYJSATOpPIB JUIsi HACOCIB 3 TMOKPAIEHUMU XapaKTePUCTUKAMU €
TEHJICHI[I€I0 PO3BUTKY MEXaTPOHHUX MPHUBOMIB. B maHiii poOOTI BUPIIIYETHCS
3amaya  3a0e3mleueHHsT CTIMKOCTI  poOOTH  MEXaTpOHHOTO  MpHUBOJAA 3
MYJIBTUPEKUMHUM PETYIISITOPOM.

Ha puc. 1 HaBemeHo cxeMy MEXaTpOHHOTO TIPHBOJAa HA OCHOBI
PETYIIbOBAHOTO HACOCA 3 MYJABTHPEIKUMHUM PETYIISITOPOM.

p (2 )

)2 1 dpl

Noos »—{ . [[gnf}oller : > ,LD []1 .

R

Pr

Pucynok 1 — Cxema MexaTpOHHOTO PHUBOAA

MexaTpoHHHI PUBOJI BKIIIOYAE PETYIbOBAHUI Hacoc 1, Ha BUXO/1 SKOTO
MOCJI1JTOBHO BCTAHOBIICHI peryiiboBaHi apoceni 2 ta 18. PerynsoBanumii Hacoc 1
OCHAIIEHUH  EJICKTPOTIAPABIIYHUM MYJIBTUPS)KUMHUM PETYIISITOPOM, SKUN
BKJIIOYA€E 30JIOTHUK 8 Ta cepBokiamad 7. JlaTuuk TUCKY 3 MIAKIIOYEHUN 0
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riApomiHii, Mo 3’€aHye perynboBaHi apoceni 2 Ta 18, a maruyuk Tucky 21
MIIKITI0OYEHU 10 T1APOIiHIi, Mo 3’€IHy€e Hacoc 1 1 peryapoBaHUU Apocens 2
yepe3 KoHTpoJep 4 Ta miacumoBad 5. [Ipairoe MexaTpoHHUI PUBOA B TPHOX
peKMMax:  XOJOCTOTO  XOAy, PEryJlOBaHHS  TIOAadi, 3axuUCTy  Bif
NepeHaBaHTAXECHHs. B peXuMi XOJ0CTOTO XOMy MPH BiICYyTHOCTI CUTHATY Bif
KOHTpoJiepa 4 poboda piguHa Bix Hacoca Oyae HOCTymard B TIAPOIIHIIO
HarHiTanHsA 10 1 gam g0 3010THUKA § Ta cepBokianaHa 7. Poboua piguHa Oyme
I1]] HEBEJIMKUM TUCKOM Dy ITOCTYNAaTH B 0ak, a Ha BUXO/1 Hacoca 1 Oyae CTBOpEHO
TUCK Pn, BEJTUYMHA SAKOTO Oyjie BU3HAUYATUCh THCKOM Py Ta BEJIMYMHOIO 3yCHILIS,
IO CTBOPIOETHCS MPYKUHOIO 9. TuCK pn B LIbOMY BHUMAJKy Oyne HEBETUKUM
(mopsinky 1,5 MIla). PoGoua pinuHa depe3 BIKHO 30JI0OTHHKA 8 Oyze MoCTyIaru
gyepes apocensb 14 B 6ak Ta yepes apocens 15 10 cepromwtiaapa 11, crBoproroun
TUCK Pe. [11/1 T1€F0 TUCKIB P, Pe TA TIPYKUHU 19 mmaHmaiita 1 Oyme 3HaXOIUTUCH
B TIOJIOXKEHHI, TIPH SIKOMY Tof1ada Hacoca | Oyzie MOKpHUBATH JIMIIE BUTPATY Yepes
30JIOTHUK 8 Ta cepBokianaH 7. B pexxumi peryntoBaHHs M0avi, PYU YaCTKOBOMY
NepeKpuBaHHl apocens 18 Ta BiakpuTromy apoceni 2 OyayTh CTBOPIOBATHCH
TUCKH Py Ta Pe. JlaTuuk 3 CTBOPIOE CUTHAI 11, TPONOPLIAHUN TUCKY P, 4 JATUUK
21 cTBOpPIOE CUTHAII 1y, MPOTIOPLIMHUNA TUCKY Pn. CHTHANH 1p1 Ta 1p; HOCTYNAKOTh
110 KOHTpouiepa 4, skui uepe3 miAcuiatoBad S popMye CUTHA 1, 1110 HAIXOAUTh JI0
enekTpoMardita 6. EnexTpomarHiT 6 CTBOpIOE Ha CepBOKJIANaHI 7 3yCHIUIA
npornopiiitHe curHany i. CepBokiamad 7 QopMye THCK Px. 30J0THUK 8 Oyne
3a0e3neuyBaTi BEJIMUMHY TUCKY Pn B TiApOIiHii HarHiTaHHs 10. BenuunHa THCKY
Pn OyJle IEpEBUILYBaTH BETUUYUHY THUCKY Pc HA IOCTIMHY Pi3HUIO Ap,, BETUYMHA
SKO1 BU3HAYA€ThCS KOHTpoJsiepoM 4. 1le 103Bosise€ 3MIHIOBAaTH ILIOILYy pOOOYOro
BiKHA JIpoceJs 2 1 TaKUM YMHOM 3MIHIOBATH BEJIMUMHY T0/1a4l Hacoca. Benmnunna
nosiadi Hacoca QQ, Oyae MmATPUMYBATUCh MOCTIMHOI, HE3AJIEKHO BiJl BETUYHHH
TUCKY P.. B pexumi 3axucTy BiJl NEpEHABAHTAXEHHsS, Yy BUMAAKY MOBHOTO
MEPEKPUTTSI PETYILOBAHOTO JApoces 18 TUCK p.Oy/ie pi3ko 3pOCTaTH 1 BIAMOBITHO
OyoyTh 3pOCTaTH CUTHAJIM Bix AaryukiB 3 Ta 21. B koHTposepi mporpamHo
peanizoBaHO OOMEXKEHHS CUTHalIy 1, IO IMOJA€TbCAd KOHTpojepoM 4 Ha
eJIeKTpoMarHiT 6. B 1ipomMy Bumnajky Oyae oOMeXeHO 3yCHilid, o (GOpMyeThCS
€JICKTpOMAarHiToM 6 Ha CepBOKJIaNaHi 7, a BIAMOBIAHO Oyje 0OMeKeHa BeJIMUUHA
TUCKY DPx. Lle B CBOIO uepry oOMEXUTb 3pOCTaHHSI THUCKY pPn B rigpomdinii 10.
PoGoua piguHa i1 THCKOM Py, OyJie TOCTYIaTH yepe3 podoue BIKHO 30JI0THHKA § 1
OyZie CTBOPIOBAaTH THUCKU Do Ta Pe. LI HIEIO0 TUCKIB Pe, Pn TA MpYKUHU 19
riaHmmaiida Hacoca 1 Oyzie mepeBeieHa B MOJIOKEHHS OJIM3BKE 10 HYJIbOBOTO KyTa
v. [lonaua Hacoca 1 3MeHIIUTHCS 1 Oy/e KOMIICHCYBATH JIMIIE HE3HAYHI BUTPATH
po60Y0i piHK Yepe3 poOoUl BiKHA cepBOKIIanaHa 7 Ta 30J10THHKA 8. THCK p, Ha
BUx0/1 Hacoca 1 Oyje BCTAaHOBJICHO HA BUCOKOMY PiBHI. 3HAUEHHS TUCKY P, Oy/e
BU3HAYATHUCh MAaKCUMAJIbHUM 3HAUE€HHSIM CUTHAIY 1, IO TIOAAE€THCS KOHTPOJIEPOM
Ha EJICKTPOMArHiT 6 Ta 3yCHIUIAM MpYXUHU 9 3050THUKA 8. Takum unHOM Oynie
3a0e3MeueHo 3aXUCT Hacoca Bij] MepEeHAaBAHTAXKEHHS.

MarematnuHa  MoOzAeTh ~ MEXaTpPOHHOTO  MPHUBOAY, IO  BKJIFOYAE
PETYIBLOBAHHUI HACOC 3 PETYIATOPOM CKIIAAETHCS 13 PIBHSHD, A0 SKUX BXOIATH
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PIBHSIHHST MOMEHTIB, IO JilOTh Ha IuiaHmiaioy 13 wacoca 1 (piBHsHHS 1),
PIBHSIHHSL CWJI, IO AIIOTh Ha 30JO0THUK 8 (pIBHSAHHS 2) Ta Ha CEpBOKJIAmaH 7/
(piBHAHHA 3), a TakOXX PIBHSHHS HEPO3PUBHOCTI MOTOKIB JUIS TIAPONIHINA MK
HacocoM 1, peryiboBaHUM JpocesieM 2, 30JOTHUKOM 8 Ta CEepBOKJIamaHoOM 7/
(piBHSHHSA 4), MDK 30JI0THUKOM 8 Ta npocemsiMu 14 1 15(piBHSHHS 5), MiX
npocernem 15 Ta cepBomwmiHapoMm 11 (piBHsSHHS 6), Mik ngpocernem 16 Tta
cepBOKJanaHoM 7 (piBHAHHA 7), MK pErylbOBaHMMHU JapoceinsMu 2 Ta 18
(piBHSAHHS §), PIBHSIHHS, 1110 OMUCYE POOOTY JIaTYMKIB Ta KOHTpoJepa (piBHIHHS
9), 3a1eXHICTH MOMEHTY OIOPY Ha IuTaHIIaioi 13 Hacoca 1 BiJl BEIMUUHHU TUCKY
Ha BHUXOAl Hacoca Ta monadi Hacoca (piBHsHHA 10). Maremarnuna Monelnb
po3po0iieHa TMpW TakUX JAOMYIICHHSX Ta CIHPOIIEHHAX. Po3misimaioThes
30CepeKeHl apaMeTpy Hacoca Ta peryisTopa; TeMrneparypa pooodoi piAuHH 3a
yac MPOTIKAHHS MEPEX1HOTO MPOLeCY HE 3MIHIOETHCS; XBUJILOBI MpOIleCi B
TpyOONpOBO/IaX HE BPAXOBYIOTHCA; KOE(DILIEHTH IMOTOKY 4Yepe3 JIPOCENbHI Ta
CEpBOKJIANAH € MOCTIMHUMHU; PEKUM pOOOTH Hacoca — Oe3KaBITALIMHUI; BTpaTH
TUCKY B T1IPOJIIHISIX HE BPaxOBYIOThCS; POOOTA JATYMKIB TUCKY Ta ITIJICUITIOBAYa
MOJICIOETHCS TPOTOPIIMHUMH JTAHKAMHU, CHIIM CyXOTO TEpTS B 30JOTHUKY Ta
CEpBOKJIANaHi HE BPaXOBYBaJIMCh.

d
d_tz = Pnfsl — pefsl — bYd_\t( — Mg, (1)
nd3 nd3
Pn—F z Px —£— c,(z+H,) — bp at = 0; (2)
a2 di |, d
(= (Led—L+IRe)-ke — by 3)

| n x| 2| n— c|
F7d8k1nntgy = fo / . p —+ Slgn(pn px) + p-fg % X

x sign(py — po) + wk,z [TPL P sign(p, — po) + BaWa o (4)
pkz_| APnPol sign(pn — po) + kdy x - sin 2 [P =
= uf, |22l ign(p, — po) + F FBWo s (5)
uf, [Pl sign(py — pe) = BpWe o — ful GF - cos v (6)
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| n Xl . < | X |
p‘fx / p . _p Slgn(pn pX) = uT[dXX . Sln% ’ p > —Po Slgn(px ~ o ) n

dp

HBp Wi — (7
f |pn Pcl ZPn7Pcl o n( )_ f ch+B dp (8)
pfg =P sign(pn — Po) = wf. W
] ] di ]
Pnk4Fyo (lpz)pck4Fk1 (lpl) = Led_,i + iR¢; )
M, = my + m;Q, + m;p, + m3Qf + mypj + msp,Qy; (10)

Pns Per Per Po, Px — THCKH Ha BUXO/I1 Hacoca 1, Bxoxi B Apocens 18 B cuctemi
KepyBaHHsI HacocoM 1, B rigpomwtigapi 11 Ta Ha BXoal B cepBokianaH 7; z,X —
KOOP/JMHATH TIOJIOKEHHS 30JI0THHKAa 8§, CEepBOKIANaHa; Y — KyT IOBOPOTY
wianmanbu nacocy 1; fo, fe, fg, fo — mmomti gpocenie 14 ta 15, miuonti po6o4nx
BIKOH perynboBaHux japoceniB 2 ta 18; dp,dg,dy — nmiamerpu 3070THHKA 8,
JllaMeTp KOJIa KOHTAKTY MOPIIHIB HacOca C IJIaHIIaii00k0 Hacoca, JlaMeTp OTBOPY
cimna 17; 1,1y, ip, — BEMMYMHU CTPYMY B OOMOTKAX €JIEKTPOMArHiTa Ta Ha BUXO/II
J@TYUKIB  THUCKY; ke, ki ki — KOCQILIEHTH  TPONOPLIAHOCTI  3yCHILIS
CHICKTPOMATrHiTa, JaT4nKa THCKY, KUIbKICTh TIOpiIHIB B Hacoci 1; Lg, Re
IHAYKTHBHICTb Ta aKTHBHHHA OIMIp OOMOTOK €JCKTPOMArHiTa; C, — )KOpCTKiCTB
NPY>KUHH 30JI0THHKA &; |1 — KOeilliEHT MOTOKY Yepe3 APOCEIbHi Ta 30I0THUKOBI
CIIEMEHTH; p — I'yCTHHA po0090i pianHy; [ — miede Aii CepBONMIIHAPIB Hacoca 1;
[ — MomeHT 1Hepu11 maHmanou Hacoca 1; W,, Wy, W, W,, W, — 00’emu
TIAPOJiHIA HAa BUXOJI Hacoca 1, MiX 30J0THHKOM 8 Ta apocenem 14, Ha BXoji
npocens 18, mixx npocenem 15 ta cepBommminapom 11 Hacoca 1, Mixk pocenem
16 ta cepBokiiamaHoM 7; n, — 4YucI0 o0epTiB Bady Hacoca 1; Fiy (ipl),
Fro (ipz) — nepenaBanbHa QyHKIA KoHTpoJepa 4; H, — monepenHe cTUCHEHHS
NPYXKUHU 30JI0THUKA §; Mg, My, My, M3, My, Mg — KOe)IIEHTH 3aJIekKHOCTI
MOMEHTY OMOpy Ha IUIaHIIai01 Hacoca |1 BiJl BEJIMUMHM MOJadl Ta TUCKY; M.
MOMEHT ONOpy Ha IUlaHmanbi nacoca 1, B, — npuseneHui koedimieHt
MOJIATJIMBOCTI Ta30pIAMHHOI CyMimii; [3,, — TMpuBeNeHUN KOedIli€EHT TyMO-
METaAJIEBUX TPYOONpPOBOMIB Ta Ta30piAMHHOI cymimi; by, b, — koediuientn
neMi(yBaHHs 30J0THUKA 8 Ta CEpBOKIIANaHa 7.

Po3pobnena maremaTtuyHa MOJENh MEXaTPOHHOTO MPHUBOJAA J03BOJISE
BHU3HAYATH HOTO XapakTePUCTHKU. [lepum eTarmoM mpu po3pooIiri MexaTpoOHHOTO
MpUBOJIa € 3a0e3MeYeHHsT YMOB MOTO CTiiKOi poOoTH. MareMaTH4HOTO MOJENb
MEXaTPOHHOTO IpuBoaa 00pooisiock B cepenouili MATLAB-Simulink. s
pO3B’sA3aHHSl PIBHAHb MATEMaTUYHOI MOZEIN BUKOPUCTAHO MeToia PoszeHOpoxa.
AGcomoTHa 1moXMOKa IpM PO3B’sA3aHHI piBHAHL He mnepesuinyBama 107, a
BimHocna 107, BusHauaBscs nepexiaHuii Ipolec B MEXaHOTPOHHOMY IPMBOJIi PH
CTYMIHYACTIA 3MIHI TIONI JApocenis 2. 3HaXoaujach 3aJeXHICTh 3MIHHUX, IO
BHU3HAYAIOTh POOOTY MEXaTPOHHOTO MPHBOMAA BiJl Yacy. 3a BUIAOM nepexiz[Horo
MpOLeCy BU3HAYANOCh, 9 € pOOOTa MPHBOJA CTiiKO0. B mporieci pospaxyHKiB
Ha OCLIJIOrpad) BUBOAMINCH 3aJIC)KHOCTI B/l 4aCy HACTYIHUX 3MIHHUX: Py — THCK
Ha BUXOJ1 Hacoca; 1 — CTPyM Ha BXOJll B €JIEKTPOMATHIT 6; Y — KyT TIOBOPOTY
MIaHIaiou Hacoca 1.
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Ha puc. 2 npencrasneno BimB nogayi Q,, Hacoca 1 Ta TUCKY p. Ha BXO1
B JApocenb 18 Ha cCTilikicTh po0OOTH MeXaTpOHHOTO TNpuBoma. Pesynwratu
JOCITIDKEHb TIOKAa3alik, 10 HEeCTiHKa po0oTa MEXaTpOHHOTO MPUBOAa BUHUKAE
IpH MaJIuX 3Ha4eHHsx nmogaui Q, < 0,310 m’/c, mpu BenMKKX 3HaUEHHAX MOxaqi
Q. > 1107 M*/c, Takox IIPH BENMKUX 3HAYEHHAX THCKY P, > 15 MITa.

B mporeci mociimkeHb 3HAWACHO MOXKIIMBICTH 3a0€3MEUEHHS CTIMKO1
pobOTH MEXaTpPOHHOIO MPHBOAA MPU 3MiHI 3Ha4YeHI momadi Q, B Jiama3oHi
Q. = (0,1...1,2)-107 m’/c, Ta TcKy pn B mianaszoni p, = (1...16) MIla. Crilika
po0oTa MEXaTpOHHOTO MPHBOAA 3a0E3MEYYEThCS 33 PAaXyHOK PalioOHAIBHOIO
BHOOpY mapamerpis perymitopa: fo — mromi apocems 14, k, — xoediuienra
MCUJICHHS pOOOYOTO BiKHA 30JI0THUKA PETYIIATOPA.

Ha puc. 3 mpeacraBieno 300pakeHHs 30H CTIMKOi 1 HECTIHKOI poOOTH
MEXaTPOHHOTO TIPUBOJA B 3aJCKHOCTI BIJl CHOJydeHHs mapamerpiB fy Ta k..
Busnaueno, 1o npu Budopi fy 3 gianasony fo = (3...6)-10° m? Ta k, 3 nianasony

= (8...10)-10° M 3a0e3meuyeThes cTilika poboTa B yChOMy Jiala3oHi 3MiHH Py

Z
Ta Qn.

1073 £;100
Q,107 L

m¥e —_ —
\
09 6
ctiiika poGora ) 5 crilika po6ora
06 — 4
HecTilka 3| mecriiika
pobora pobota T —
03— 2
1
8 12 p,, MIla 246 § 10 k107
PucyHok 2 — BB pexxumiB poOoTH Pucynok 3 — Briuius napamerpis
Ha CTIMKICTh MEXaTPOHHOTO MPUBOA perynsTopa Ha CTIMKICTh

MCXAaTpOHHOI'O IIpHUBOJA

Ha puc. 4 mnpeacraBineHi mepexifiHl TPOIECH PO3paxoBaHl s
i fo=2-10°m?rak, =410 4,
MEXaTPOHHOIO MPUBOJIA TPH crony4eHi fo M~ Ta M (puc. 4, a)
Ta nipu cnonyyeri o = 4-10° m* Ta k, = 8-:10° m (puc. 4, 6). npu OCTaHHBOMY
cnonyqum napaMeTpiB MEXaTPOHUN MPUBOJ] MPAIIOE CTIMKO 1 Ma€ 3aTyXaroduii
nepexiAHUN mpoLuec.

a) 0)
Pucynok 4 — IlepexigHi mpoliecu MeXaTpOHOTO MPUBOAA
BucHOBOK.
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1. 3abesnedeHHs CTIMKOI POOOTHM MEXaTPOHHOTO MPUBOJA MOXKJIMBE 32
pPaxyHOK palliOHaJIbHOTO BHOOPY KOHCTPYKTHBHHX IapaMeTpiB peryisropa
Hacoca.

2. Criiika poboTa MeXaTpOHHOTO MpHBOAA B Aiama3oHi momad Q, =
(0,1...1,2)-107 m*/c Ta mpu THCKy pn = (1...16) MIla 3a6e3nedyeThbes mpu BUOOPI
perynsaTopa Hacoca 3 fiana3onis fo = (3...6)-10° m> ta k, = (8...10)- 10 m
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YK 004.896

Tperak B. B., Ksarkosckuii M. 10., lanaes O. B. (Hayionanvnuu
aepoxocmiunuil yHigepcumem im. M. €. JKykoscorkozo «XAl», Xapkis, Ykpaina)

BUKOPUCTAHHSA CTPYKTYPHO-AHAJIITUYHOI MOJEJI AJI51
ABTOMATHYHOI'O ®OPMYBAHHA MAPHIPYTHO-
OIIEPAIINHOI'O OIIMCY AETAJII TUITIA «BAJI»

Anomauia:  Busnwaueni  ocobnueocmi - CMpPYKMYPHO-AHAIMUYHO20 — MEmOOy
PO3ni3zHasanHs nodionocmel 01 POPMYBAHHA MAPULPYMHO20 | MAPUWPYMHO-0NEPayiinoco
NIIAHY MEeXHON02IYH020 npoyecy O demanell asiayiunux osucynis. Hasedena 3D mooens
demani muna «Bany. [Ipedcmaenenuii nian epynoo2o mexnHonro2iuno2o npoyecy 0emani muna
«Bany i nian 0OUHUYHUUX MEXHONO2IYHUX NPOYECI8 8 3ANeHCHOCMI 8i0 KOHCMPYKMOPCbKO-
MEeXHONI02IUHUX O3HAK. Buseneni komnonenmu maoiuyi emMnipuyHux Oanux O0.s GopmysanHs
MapuipymHo2o i MapupymHo-onepayiino2o npoyecis.

Knrwouoei cnoea: cmpykmypHo-aHanimudHuiL Memoo, pO3NiZHABAHHS NOOIOHOCMeEl,
MapupymHutl n1aH;, MapupymHo-onepayitiHuil niau, agiayiini 0u2yru; demais muny « Bany;
3D mooentosanus; emnipuyHi Oami.

Abstract: The features of the structural-analytical method of similarity recognition for
the development of route and route-operational plans of the technological process for aircraft
engine parts are defined. A 3D model of a "shaft-type" part is presented. The group
technological process plan for the "shaft-type™ part and individual technological process plans
depending on design and technological features are provided. The components of the empirical
data table for the formation of route and route-operational processes are identified.

Keywords: structural-analytical method; similarity recognition; route plan; route-
operational plan; aircraft engines; shaft-type part; 3D modeling; empirical data.

B po6orax [1, 2] npeacraBieHi marepianu, B SKMX HaBEACHI MepeBaru i
JIOBEZICHAa MOXIJIMBICTE OTPUMAaHHS MapIIPyTHOTO OMHUCY JeTalei aBialliiiHuX
JIBUTYHIB 32 JIOTIOMOTOI0 CTPYKTYpHO-aHATITHYHUX MOJENIeH pPO3Mi3HaBaHHS
noJ1I0HOCTEH.

B cyuacnux CAIIP cucremax, siki BAKOPUCTOBYIOTHCS B JIE3BIHHOMY Ta
THIIUX TEXHOJIOTIYHUX MEeToAax He nmepeadadeHi Moy s gopmyBanus T11 3
aBTOMAaTHUYHMM KJIacU(IKaIIHUM aHaJI130M JaHUX, 00 1€ TJOCUTh CKJIaHa 3a/1aua
1 BIAMOBIJAJBHICTh 3a IIi PIMICHHS MOXE MpUUMATH Juiie crhemianict. Tomy
YaCTKOBO 200 MOBHICTIO TaKMi KJacu(iKalIiHUNA aHaji3 BUKOHYE TEXHOJIOT, a
MOTIM pO3paxoBaHi JJaH1 BIH MOXK€ BKIOYUTH OKpeMUM MoayJiieM poooty CAIIP.

B mpocTtux BapiaHTax i mpu Majaux BHOOpKAx I CIpaIbOBYeE. AJle KOJIU
JaHUUX OaraTo 1 MOTPIOHO BUKOPHUCTOBYBATH 0Oarato po3paxyBaHb 1 CXEM,
noTpiOEH MaTEeMaTUYHHWM ammapar, SKUid OW 3MIr BHKOHATH II0 poOOTy 3a
TEXHOJIOTA 3 HAMMEHIIIMMH MOMUIIKaMH. | 11e TUTBKH ISl MapIIpyTHOTO OIHCY.

OTpumaHHS MapIIPYTHO-OMEPAIIAHOTO OIUCY - OLIBII CKIIAHA, aJle TyKe
BOXJIMBA 3ajada Tpu (QOPMYBaHHI IJIaHYy TEXHOJIOTIYHOTO Tporeca i
TEXHOJIOT1YHO1 JOKyMEHTAIli NPy aBTOMaTH3allli OTPUMAHHS IPOEKTHUX PILIIEHb.
Tomy BoHa mOTpeOye BUKOPUCTAHHS JTOCUTH CKIIAQIHHUX aITOPUMUIB.
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Jlnis popMyBaHHSI TUTAHY OJIMHOYHOTO TEXHOJIOTIYHOTO MPOIIECy METOIOM
CTPYKTYpPHO-aHaJITUYHUX MOJIEJeH CroYaTKy He0OX1THO cpopMyBaTh TaOJIHIIIO
IMIIEPUYHUX JaHHMUX JJIs OILIHKM BUKOpucTaHHS eneMeHTIB TII Ha mepmiomy
piBHI (HampuKiaa mpu GopMyBaHHI IUTaHy OMEpalliif), @ BXKE MOTIM 32 TAKUM K€
QITOpUTMOM B Cc(hOpMOBaHUM IUIaH MOXYTh OyTH JOJaHI 1HIIN EJIEMEHTH —
NEPEeX0/I1, OCHAIICHHS, IHCTPYMEHTH Ta 1H.

HaBenemo mpukiaa A BHUKOPUCTAHHS — CTPYKTYpHO-aHATITUYHUX
MojeNed Uil OTPUMAHHS MapUIPyTHO-OIMEPAIifHOTO OMHCY 3 BaplaHTOM
dbopmyBaHHs TabJIMIII IMIEPUYHUX JAaHHUX 3a JornoMororo ¢popmysaua TEJ] nis
IpyIoOBOT0 TEXHOJIOTTYHOTO Mpolieca aetaii tuna «Bam» (puc. 1).

IInan omunoynoro TII B 3adekHOCTI BiA KOHCTPYKTHTOCHKO-
TEXHOJIOTIYHHUX O3HAK MOXEMO 3JIMCHUTH 3a JIOIIOMOTO PO3pOOJICHOTO Ha
kadeapi 204 «XAl» mporpamuoro moxnyis «®Dopmysau enementiB TII» mis
PI3HUX O3HAK JICTaJi.

Pucynoxk 1. 3D Bun nerani tuna «Bam»

Ha puc. 2 nokazano man rpynoBoro TII tuna «Bam» 3 BUKOpUCTaHHSIM
TIJIBKY MapIIPYTHOTO OMUCY, IKUW BKJIIOYae 35 omepariid.

Jlst hopMyBaHHS TUTaHY OJMHHYHOTO TEXHOJIOTIYHOTO Tpoiiecy (puc. 2)
BUKOPHUCTOBYIOThCS 35 BepmMH 1 5 3MiHHUX: (OopMa 3aroTOBKH, METOAM
Hapi3aHHs 3yOLiB 1 HUTKIIB, TUI TEPMOOOPOOIEHHS 1 CTEMiHb TOYHOCTI 3yOLIiB .

HepeBonoaiona crpykrypa TII BkinagaeTsest B TaOauyHy HopMy - TAOIUIIIO
imnepuunux Aanux (TEJ]), ssika B jgaHoOMy BHUIAIKy [JIsi MapHIpyTHO —
omnepaIifHoro ONucy CKJIAJAEThCsl 3 6 CTOBOIIB 1 86 PSI/IKIB.

Tabnui Moxe OyTu chopMoBaHa 3a JOMOMOT0I0 Oy IiBHUKA (OpMYBaHHS

TEJI (puc. 3).
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Ha puc. 4. nokasaro pe3yibTaT aBTOMaTUYHOTO (POPMYBAHHS MapLIPyTHO-
orepariiifHoro onucy aeraii tumna «Bamy.

B nmepmiomy croBmui (puc. 3) y BiKHI Heperyiaay JaHUX MPEICTABICHO
HOMEp BepUIMHH JepeBa. Homepa BepIMH MOXYTh CHIBINAAATH 3 HOMEpaMH
oTepartini st

RoRNe i .
4 3 6
© o O
Tepriuaa —{Tnxallﬂa }—{ TokapHa }—‘ Toxapaa

Tm\_]lm_] Cpepnmmaa DperepHa H ToxapHa 'f KonrpomeHa Telmnvm‘, ( }
\—1 O LLLmi e qoe GameHA
Bug nolmoml
']\'UL];IB 4

3yGodpezepra
| Ulninedpezepua

TMowarox

Cmocapaa [ KoutpomHa HM‘—QM_TO/ @ @ @
JaKATE0R AHEA TameeamHA H C‘Belnmmﬂa}—‘

- = - o
(0 G OIS &9
BHY TPilHEHE 0-ULTYE ATEHA Epyrmommpyeamna (.rnomlm-l <|I\I]HT11[IJ]]>H"| HI\OH!‘?PB‘IM Kiremn

Pucynok 2. Ilnan rpyHOBoro TEXHOJIOTTYHOTO IPOLIECY ETalll TUIa

«Bam»
i L [B]x]
Meper nAn gaHux
Harep sepuinni Homep BeptHK - 7 1 4 1 1 Zz 3 1 0 ~
2 a 0 a 5 5 2 1
3 4 1 2 4 5 3 0
Tun ozHakM TH 03HakK & ? 4 0 ] 0 1} 5 4 1
5 a 0 a G E 5 0
E a 0 a 7 7 g 0
Horep ozHakm |H°MED O3HAKH ﬂ 7 7 ] 0 ] 8 g 7 1
g 0 1] 0 9 9 8 2 v
Mopir 1
- JDogaguTu ‘ 36eperty Ak |
Mepexia # + ||-|'3':"3"‘Lcl He j ("
Knac 7
Mepesia 4 - ||-|'3':"3"‘.LCL>< ) j '
3anoBHEHD CTROK
Horep BunTEnA & TexcTi |HDMED EHWTENA B TEKCTI j v Bigkpumu qaiin ‘ 9
Tun wvTEna |THI‘I BUMTENA ﬂ ?

Pucynox 3. [TonyaBTomMatuune (opMyBaHHS JepeBa MapIIpyTHO-
omepariifHoro onucy rpymnooro TII mapuipyTHO-omepaIiifHOro ONMUCY JeTal
«Bam» B mogyni «®opmysau TE/]»

TEJ] Tinbku 3 MapmIpyTHUM onicoM [1] 1 He cmiBMagarTh 3 MapIIPyTHO-
onepauiiHuM OMUCOM, 00 B Takiil QopMi KpiMm omnepailiii B BeplIIMHAX MOXKYTb
OyTH BKa3aHI TAaKOX BaplaHTU MEPEXOJiB, OCHAILIEHHS, THCTPYMEHT Ta 1H.). Y
JAHHOMY BUNAAKY JJi1 (POPMYBaHHS 1 MAIIPyTHOTO 1 MapIIpyTHO-OIEPALIHHOTO
ONKUCY BUKOPUCTAHO 86 BEPIIIMH.
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Jlpyruii CTOBIIEIh BKa3y€e HA TUIT O3HAKHU 3a KO0 BUKOHYEThCS TIepexia Ha
iHOTy BepinHy. Bona moxe mpuitmatn 6 BuaiB: He3miHHa — 0, OiHapHa
— 1, mopsinka — 2, KinbKicHa — 3, cTpokoBa — 4 1 (pyHKIioHamBbHA — 5.

B nanomy Bumanaky miis S 03HaK BUKOPUCTOBYETHCS TUTBKU CTPOKOBHIA THUTT
o3HaKu - 4.

B ByaigHME enemeHTiE TeXHOA0KT

HacTporoBaHHA  IHAMKaTop  Dadn  Buxia
M apwpyr I appyrHo-onepay anuc

5 WTarnyeansHa Lrarnoska -

1 Wramnysati neTans ¥ SaKPUTOMY WTarni
10 TeprivHa

15 TokapHa m
2 Toudru noeepxHio 24 Ta Topeus 25
3 TounTH nosepsHo 28

20 TokapHa -
1 Migpizatu Topeue 11 _3950n0l5aHH9|

2 Tourru noeepxxio 10

3 Tourru nosepxHio 16 Ta Topeus 15

4 TouuTH NoeepsHIa 28 Ta Topeuk 21

25 TokapHa <=8
1 Migpizatu Topeue 27

2 Toudru nosepxHio 24 i Topeus 25

3 L e
4 UeHrpyearu oTeip

30 TokapHa|

1 Migpisaru Topeue 11

2 ToudTH nosepxHio 16 Ta Topeus 15 Stz T

3 ToudTH noeepsHia 28 Ta Topeuk 21

-
-

35 CeepanuneHa
io Toceep T oreip |
40 PpezepHa

1 Ppesepyeari nosepsHo 10

45 TokapHa

1 Posrowmu nosep=rio 1, 19, 30 nonepeanso
2 Pazrowmu nosepsria 1, 19, 30 octatouno
3 ToudTH dacky

LLITTITITT]

Biakpuri daiin onepauiii -

Pucynok 4. Pe3ynpTar aBTOMaTH4YHOTO (POPMYBaHHS MApIIPyTHO-
oreparliiiHoro onucy aeraii tTuna «Bam»

B TperroMy cTOBMII BKa3yeThCcsi HOMEP O3HAKH, KU BiIMPAIlbOBYETHCS
B BEpIIUHI iepeBa. B HamoMy BUMaAKy MO KOKHOHIHM o3HaIl ix Tinpku aBa (1 abo
2). B 4ueBepTOMy CTOBIILI BKa3y€ThCS MOPIT, 3a AKUM OLIHIOETHCS MEpexi Ha
IHIIy BEpUIMHY JepeBa (B HAIIOMY BUMNAAKY Ui CTPOKOBUX O3HAaK BIH MOXeE
TpUiiMaTH 3HaYEHHS 10 mo3uIlisM 1 abo 2.

IT'sTuit 1 mocTUi CTOBMEIb BKa3dye (B 3aJeKHOCTI B YMOB, BOHU
BKa3aHl B CTOBIISIX 2-4) Ha MOXIIMBICTh MEPEXOQy B JAEpEBl Ha HACTYIHY
BEpIIMHY. Y pa3l BUKOHAHHS YMOB Ipen0avaeThcsl MepexiJl Ha BEpUIMHY 10 5
CTOBII[IO, Y pa3l HEBUKOHAHHS — MO 6 CTOBMIO. Y pa3l  BUKOHAHHSI
knacudiiniiaux poOit [1] mepenbaueHO TakoXX BKa3yBaTH pPe3yJbTaT
knacudikamii (kHomka «Kiac»). B Takomy Bumagky 10 uu@pu BEpUIMHH
JOJTAETHCS TIO3HAUKA «+», sIKa BKa3y€ Ha HAJEKHICTh BEPIIMHU J0 KIACy, SIKUN
3amu@poBaHuil UGPPOO MICIS MO3HAYKU «+».

Cpomuil croBoelb INependadyae MOCUIAHHA Ha HOMEP B CIIMCKY JIaHUX
BUMTENsA (A MapLIpyTHOrO IIJJaHA — HOMEp B CIMCKY ONepauid, i
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MapIIPyTHO-ONEPALIHOTO — HOMEP B 3araJIbHOMY C()OPMOBAHOMY CIMCKY IJIaHA
rpynosoro TII 3 onepauisimu, mepexogamu Ta iH. Bocbmuii croBnens nepeadadae
MOCUJIAaHHS Ha TUIT BUKUTENS B 3araibHOMY criucky (0 - onepartis, 1..9 —nepexoau
1 T.1L).

Jlis BUKOHaHHSI PO3paxyHKIB B BEpXHIH 4YacTWHI BiKHa mepeadadeHi
KHOTIKU «Mapipyt», MapuipyTHuit onucy 1 «OnepaiiiiHuil Omuc.

Hami Ha puc. 5 1 6 mpeacTaBieHl pPO3PaxXyHKH  MapUIPyTHOTO 1
MapHIpyTHO-ONEPALIIHOTO OMUCY U1 JBOX IMI3HUX BaplaHTIB KOHCTPYKTHBHO-
TEXHOJIOT'TYHUX O3HAaK JIETaJIl.

5 WramnyeaneHa
1 raMnyeaT 48Tk Y SaKPHTOMY WTaNi

5 lWrammeansHa 10 Tepriyna

ramnosk.a -

10 TeprivHa 15 TokapHa
15 TokapHa 1 NMiapizati Topeus 27

20 TokapHa 2 TouuTH NOEEpXHID 24 Ta Topeue 25
25 TokapHa 3 TouwTi nosepxHo 28
30 TokapHa 20 TokapHa

35 CeepaavieHa 1 NMigpizati Topeus 11
40 PpesepHa 2 TouuTH noespsHo 10
45 TokapHa 3 Touwru noeepxHo 16 Ta Topeus 15
B0 KoHrponeHa 4 TouuTu noeepxHo 28 Ta Topelk 21
55 TepriuHa 25 TokapHa

1 Migpizatu Topeue 27
2 Toudtu noeepxHin 24 i Topeus 25
3 ToudTH noBepsH 28

EQ 3ydogoedancHa
B5 W niueaostantHa
70 CrmocapHa

75 KoHTponkHa

80 TancEaHiuHa

25 UemeHTyEaHHA

Pucynox 5. Pe3ynbrar hopmyBaHHS MapmIpyTHOTO 1 MApUIPYTHO-
OTIepaliifHOr0 OMUCY 3a BapiaHTOM 1: a — BUMOTH Jyisi (JOpMYBaHHS
TEXHOJIOT1YHOTO onucy; 0 — MapmpyTtHuit onuc TII; B — mapiipyTHO-
onepaniitauii onuc TII 3a BapianTom 1.

Bigmueka

5 MNueapHa
1 BlanMEaT WeHTPOSHHMM NUTEOM
10 TeprdidHa

5 NueapHa
10 TeprivHa
15 TokapHa

Uiarysas 20 TorapHa 15 TorapHa

25 TorapHa 1 Nigpizati Topeue 27

30 TokapHa 2 Towiru noeepxHo 24 1a Topeuk 25
JySodpesepyEaHHa 35 CeepanuneHa 3 ToquTH noBepsHD 28

40 PpesepHa 20 TokapHa

45 TokapHa 1 Miapizary Topeus 11

50 KoHrpaneHa 2 Touuru noeepsHo 10

55 TeprivHa

3 ToquTH nosepsHn 16 Ta Topeuk 15
4 TouuTu NoEepxHD 28 Ta Topeuk 21
28 TorapHa

1 Migpizati Topeue 27

2 Towru nosepxHmn 24 i Topeuk 25
3 TouuTH NoBepsHD 28

B0 3yfoppesepHa
E5 W niuepesepHa
W niyeppesepysaHHa 70 CnwocapHa

75 KoHTponeHa
80 aneEaHivHa
85 UiaHusaHHA

0

B

Pucynox 6. PesynbTaT hopMyBaHHS MapHIpyTHOTO 1 MapIIPyTHO-
omnepaliifHoro OMucy 3a BapiaHTOM 2: a — BUMOTH JJ1s1 JOpMYyBaHHS
TEXHOJIOTIYHOTO onucy; O - mapuipyTHuit onuc TII; B - MapiipyTHO-
onepaniitanii onuc TI1 3a BapianTom 2.
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Ha puc. 7 npencraBnena dopma it oQOpMIICHHS KapTH €Ki3iB 3
pPO3paxoBaHUM MPUKIAIOM €CKi3a JUIsl IMITaMITyBaJbHOT Orepartii.

S HE

il | [ 1

ISI/IC}’HOK 7. ®opMma juist opOpMIIEHHST KapTH €CKI3iB.
BUCHOBKHA

B crarti npexacraBieHi MareMmMaTH4HI MOJENi, IO JO ajanTaii
CTPYKTYpHO-aHAJIITUUHUX Mojeled 1 (QopMyBaHHS MapHIPYyTHOTO 1
MapLIpyTHO-ONEPALIiHOTO OMUCY JeTalll aBlaliiHOro JBUryHa Tuna «Bam» B
BapiaHTax rpynoBoro i oguHuyHoro TII. ABTOMaTH4HMI 1 MOIyaBTOMaTHYHUN
METOJI PUIHATTS PIIIEHb JOCATAETHCSA 32 PAXYHOK BUKOPUCTAHHS MPOTPAMHUX
MoayJel, po3pobieHux Ha kadenpi» «TexHosoridi BUPOOHHUIITBA aBialliiHUX
nBUTYHIB» «XAl». Jlanuii MeTo1 Mo)ke OyTH 3aCHOBAHUH 1 JIETKO aJanTOBAHUM
B cyuacHux CAIIP cucremax [jsi aBTOMAaTW30BaHOTO MPUUHATTSA pILIEHb B
TEXHOJIOTIYHOMY MpPO€EKTyBaHHI. Po3pobiieHe mporpamMHe 3a0e3MeUeHHsT MOXKe
OyTH TakoX BUKOPHCTAHO B HAaBUYAJILHOMY IPOIIEC] MPH MIATOTOBLI (PaxiBIliB.
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YK: 621.9.04:658.5

®ux C.B., (Hayionanvnuu ynisepcumem «Jlovgiecoka nonimexuikay, m. JIveis,
Ykpaina)

BITPOBAKEHHS IHHOBAIIMHUX TEXHOJOTTYHUX
ITPOLECIB AJI51 PO3IIWPEHHS TEXHOJIOI'TYHUX
MOXJ/INBOCTEU OBJIAJTHAHHASA

Anomauin: YV me3ax PO32NAHYMO  AKMYAIbHICMb  NIOBUWEHHS eqheKMUBHOCMI
BUCOMOGNICHHS MAWUH MA MeXAHI3MI8 NepepoOHO20 BUPOOHUYMEA ULIAXOM BNPOBAOINCEHHS.
IHHOBAYIIHUX MexHONI02IyHUX npoyecis. Iliokpecnieno 36’130k MexXHON0IYHOCMI CKAIAOANbHUX
KOMNOHEHMIB 13 POZUUPEHHIM MONCIUBOCMEN 0ONAOHAHHS, WO CHPUSE NIOBULEHHIO AKOCT
Ma KOHKYPEHMOCHPOMONCHOCIE npodyKyii. [Ipoananizoeano cyuacHi Hanpsamu 6npoB8add’ceHHs
IHHOBAYIl, 30KpemMa BGUKOPUCMAHH POOOMUZ0BAHUX MEXHONOIYHUX KOMNIEKCIS8, 1a3epHOT
00pOOKU  NOBEpPXOHb, VOOCKOHANEHHA Npoyecié  2nubokoco  ceeponinusa.  OkpecieHo
nepCnekmusy  NoOAIbUUX OO0CTIOINHCEHb WO0O00 ONMUMI3AYIT MEXHON0IUHUX NpoYecié ma
3a0e3neyeHtss MeXHON02IUHOCME CKAAOAIbHUX KOMHOHEHMI8 MAWluH [ MexaHizmie O
nepepooHuUx GUPOOHUYMS.

Kniwowuosi cnoea: innosayitini mexnonociuni npoyecu, mMexHoI02IYHICMb CKIAOATIbHUX
KOMNOHEHMIB, PO3UUPEHHS MONCAUBOCMEN  00IAOHAHHS, POOOMU30BAHI  MEXHOJO2IUHI
KOMNIIeKCU, Ja3epHa 00poOKa; 2nuboke C8epoONiHHA, — ABMOMAmMu3ayis eupoOHuYmea,
nepepoone supoOHUYMEO.

Abstract: The paper addresses the relevance of improving the manufacturing efficiency
of machines and mechanisms for processing industries through the implementation of
innovative technological processes. The relationship between the manufacturability of
assembly components and the expansion of equipment capabilities, which enhances product
quality and competitiveness, is emphasized. Modern trends in innovation implementation are
analyzed, including the use of robotic technological complexes, surface laser treatment, and
the improvement of deep drilling processes. Prospects for further research on optimizing
technological processes and ensuring the manufacturability of assembly components of
machines and mechanisms for processing industries are outlined.

Keywords: innovative technological processes; manufacturability of assembly
components; expansion of equipment capabilities; robotic technological complexes; laser
processing; deep drilling; production automation; processing industry.

B ymMoBax cTpiMKOTO pO3BUTKY Cy4aCHOTO MAIIMHOOYTyBaHHs, 30KpeMa B
KOHTEKCTI 1HTerpaiii poOoTu3allii Ta HaHOTEXHOJIOT1HA, MUTAHHS MMiABUIIECHHS
€(EeKTUBHOCTI BUTOTOBJICHHS MAILIMH 1 MEXAaH13MIB JIJIsl IEpepOOHUX BUPOOHUIITB
HaOyBae 0coOJMBOi akTyandbHOCTI. JlucepTamiiiHe IOCHIIKEHHS, TMPUCBSYECHE
NIJBUIIEHHIO €(QEKTUBHOCTI BUTOTOBJEHHS 3a3HAYEHOI MNPOIYKLIl ILUIIXOM
3a0€3IeUeHHs] TEXHOJIOTIYHOCTI iX CKJIaJalbHUX KOMIIOHEHTIB, 0€3I0CePeIHbBO
KOpEJIIOE 3 HEOOXINHICTIO BIPOBAKEHHS I1HHOBALIMHUX TEXHOJIOTIYHUX
IIPOIICCIB, IO PO3IIMPIOIOTH TEXHOJOTTYHI MOKIMBOCTI HassBHOTO 00JIaTHAHHS.

CyyacHe BUPOOHHUIITBO XapaKTEPHU3YETHCS 3POCTAIOYMMH BUMOTAMH JI0
SKOCT1 Ta KOHKYPEHTOCTIPOMOXKHOCTI MPOAYKITii. OHUM 13 KIIFOUOBHX (PaKTOPiB
3a0€e3IeUeHHsI ITUX BUMOT € OITHMI3aIlis TeXHOJIOTTYHUX TporeciB. [TiaBuieHHs
SKOCTI TPOJYKIIT € OJHUM 13 3aBJaHb CUCTEMM CTaHAapTH3alii YKpaiHu. Y
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KOHTEKCT1 MepepoOHUX BUPOOHHUIITB, JI€ YaCTO BHKOPHUCTOBYIOTHCS CKJIaJHI
MaIllMHA Ta MEXaHI3MH, €(EeKTUBHICTb iX BUTOTOBJIEHHS 3HAYHOIO MIPOIO
3QJIEKUTH BIJ TEXHOJOTIYHOCTI CKJIAJAIBHUX KOMITOHEHTIB. IliBUIllEHHS
TEXHOJOTIYHOCTI JIO3BOJISIE MIHIMI3YBaTH BUTPATH PECYypCiB, CKOPOTHUTHU
TPHUBAIICTh BUPOOHMYOTO IIUKITY Ta MOKPAIIUTHU SKICTh TOTOBOI MPOYKITii.

AHai3 HayKOBHX MyOMiKaIliii CBIJYUTH MPO 3HAYHUM 1HTEpeC J0 MUTaHb
ontuMizaiii BUPOOHUYUX MPOLIECIB Ta BIPOBAIKEHHS HOBITHIX TEXHOJOTIH Y
MamuHOOyAyBaHHI. 30Kpema, JOCHIDKEHHS B Taly3l poOOTU30BaHUX
TEXHOJIOTIYHUX  KOMIUIEKCIB Ta 3aCTOCYBaHHS IPOMHCIOBUX  pOOOTIB
JEMOHCTPYIOTh TOTEHIIAJl aBTOMATHU3aIlli IS MIJBUILEHHS MNPOAYKTUBHOCTI.
PosrnsparoTecss NUTaHHS BUKOPUCTaHHS  JABO3aXBAaTHUX IMPUCTPOIB  JUIS
301ubmIeHHs ehekTuBHOCTI PTK.

Takoxk,  ICHYIOTb  JOCHIDKEHHS,  MPHUCBSUYEHI  BJOCKOHAJICHHIO
TEXHOJIOTIYHUX MpoleciB  oOpoOKM  MmaTepiaiiB, HaMpUKIAA, METOJAO0M
MOBEPXHEBOI JIa3epHOi OOPOOKH JIJIs MiIBUIIICHHS 3HOCOCTIHKOCTI IHCTPYMEHTIB.
Po3po0ssitoThCSl HETpaAMIIiitHI METOAM BUPIMICHHS TEXHOJOTIYHUX MpOoOseM,
TaKHUX SIK IITMOOKE CBEPAJIIHHS, IIUIIXOM NEPEPO3NOALTY MOTOKIB MOTYKHOCTI Ta
HaBaHTa)KCHHS.

VY cdepi nepepoOKH BIIXOJIB CHOCTEPITAETHCS TEHACHIIS MEPEXOay A0
ONTUMI30BAHOTO CHATIOBaHHA TOprOYMX Gpakiiii 3 METO OJIHOYaCHOIO
3HEIIKOJ/KEHHS Ta reHeparlii eneprii. Lle BimoOpaxae 3aranbHUN HaPsIMOK Ha
edeKTUBHE BUKOPUCTAHHS PECYPCIB Y MepepOoOHUX BUPOOHUIITBAX.

HesBaxatoun Ha 3HAYHY KUIBKICTh JOCTIDKEHBb Yy cdepi onTumizarlii
BUPOOHMYHUX MPOIIECIB, MTUTAHHS KOMIUIEKCHOTO 3a0€3MeUYeHHs TEXHOJIOTTYHOCTI
CKJIaJaIbHIUX KOMIIOHEHTIB MAaIllMH Ta MEXaHI13MIB IEPEPOOHOT0 BUPOOHUIITBA 3
ypaxyBaHHAM crieruiku 00J1aHaHHS Ta MOKJIMBOCTEN BIIPOBA/KEHHS HOBITHIX
TEXHOJIOTIM MOoTpedy€e MOAaNbIIOro MOIJIMOJIEHOr0 BUBUYEHHSA. 30KpeEMa,
HEJIOCTATHbO JOCTIKEHUMH 3aJIMIIAIOTHCS AaCMEeKTH CHUCTEMHOI 1HTerparli
IHHOBAIIMHUX TEXHOJIOTYHUX MPOLECIB HA €Tari BUTOTOBJICHHS CKJIQJalbHUX
KOMIIOHEHTIB JIJIs1 JOCSITHEHHSI MAaKCUMaJIbHO1 €(DeKTUBHOCT1 BUPOOHMIITBA.

Meroro nmaHOi cTaTTi € OOIPYHTYBaHHS Ba)XJIMBOCTI BIPOBAJKEHHS
IHHOBALIMHUX TEXHOJOTIYHUX MPOIECIB K KIOYOBOTO (hakTOpa pO3ILIMPEHHS
TEXHOJIOTIYHUX MOXJIMBOCTEU OOJagHaHHSA Ta 3a0€3MeUYeHHS] TEXHOJOTTYHOCTI
CKJIaJaIbHIX KOMIIOHEHTIB MAaIlIMH 1 MEXaH13MiB IEpepOOHOT0 BUPOOHUIITBA.

JIist  MOCSATHEHHST TIOCTABJICHOI METH TIepeAdadaeThCs BHUPIIMICHHS
HACTYTHUX 3a/1a4:

- IlpoanamizyBaTu 3B'S30K MK TEXHOJIOTIUHICTIO  CKJIAIaIbHUX
KOMITIOHEHTIB Ta ©€(EKTUBHICTIO BUTOTOBJCHHS MAIIMH 1 MEXaHi3MiB
nepepoOHOro BUPOOHUIITBA.

- PosrmsiHyTH npuKIand 1HHOBALIMHUX TEXHOJIOTIYHHUX MPOLECIB, IO
MOXYTbh OyTH 3aCTOCOBaH1 ISl PO3IIMPEHHS TEXHOJIOTTYHMX MOXJIHBOCTEH
oO0J1aTHAHHS.

- Bu3HaUMTH TEPCIEKTUBU TOMAIBIIMX JOCTIDKEHb Y HAMNPSIMKY
3a0e3IeueHHsT TEXHOJIOITYHOCTI CKIIAAAJILHUX KOMIIOHEHTIB.
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BropoBamkeHHsT 1HHOBAIIMHUX TEXHOJOTTYHUX IIPOIECIB € KIHOUOBUM
HaOpsSIMKOM PO3IIMPEHHS TEXHOJOTIYHUX MOXJIMBocTed oOmagnanas. Lli
MPOIIECH MOXYTh BKJIIOYATH BHUKOPUCTAHHS HOBUX MarepiajiB, MPOTrPECHUBHUX
METO/IIB 0OpOOKHM MOBEPXOHb, a TAKOXK ONTHUMI3AIIO ICHYIOUUX TEXHOJIOTIH 3a
paxyHOK  3aCTOCYBaHHS  Cy4aCHOTO  IPOTPaMHOTO  3a0e3NedeHHs Ta
aBTOMATHU30BaHUX CHCTEM KEpyBaHHS. 3aCTOCYBAHHS MPOMUCIOBHUX POOOTIB Y
ckiaai PTK € mepcrekTHBHMM HampsMKOM aBTOMAaTH3alii MeTanoo0poOHOTo
oOjagHaHHs, 10  3a0e3nedyye  HEOOXiAHY  THyYKicTh.  IlinBuIeHHS
npoayktuBHocti PTK  Moke OyTu AocarHyTo, 30KpeMa, 3a paxyHOK
BUKOPUCTAHHSA JIBO3aXBATHUX MPUCTPOIB.

VY pycii TeMu aumcepTanii, BOPOBAIKEHHS 1HHOBAIIMHUX TEXHOJIOTTYHHUX
MIPOIIECIB CHiA PO3MIIIAATH K 3aci0 MABUIIIEHHS TEXHOJIOTTYHOCTI CKIadaIbHUX
KOMIIOHCHTIB MAIllMH Ta MEXaHi3MiB TiepepoOHoro BHpoOHHUIITBA. lle Moxke
BKJIFOYATH PO3pOOKY HOBHX METOIB BHTOTOBJICHHS JETalel 3 MOKPAICHUMH
eKCIUTyaTallliHUMU XapaKTEPUCTUKAMHU, ONTUMI3AIlI0 MPOLECIB CKIAJaHHS 3a
paxyHOK 3aCTOCYBaHHS THYYKHX BHPOOHMYHMX CHCTEM Ta pPOOOTH30BAHUX
TEXHOJIOTTYHUX KOMILICKCIB.

BaxxiMBUM acmeKTOM € TaKOoK IparHeHHs 10 MIHIMAaJbHOI KIJIBKOCTI
TEXHOJIOTIYHUX CTaJld Ta 3acTOCyBaHHA O€3MEpepBHUX MPOLECIB IS
€()EKTUBHOIO BUKOPUCTAHHS CUPOBUHM Ta €HEPTii.

VY KOHTEKCTI MaIMHOOYIyBaHHS, IMIJIBUIIEHHS TOYHOCTI OOpOOKM Ha
MeTaJopi3aJIbHUX BEPCTaTaxX 3a PaXyHOK 3aCTOCYBaHHS MPUBOJIIB 3 MOXKJIUBICTIO
nepepo3noiTy abo yIpaBIiHHSI HABaHTAXKEHHSIM pOOOUYHX OPTaHiB € MPUKIIAIOM
IHHOBAIIIMHOTO ~ TEXHOJIOTIYHOTO TPOLECy, M0 PO3IIUPIOE  MOMKIUBOCTI
oOnagHanHs.  Takox, BupilmieHHS  TpoOJeM  TIUOOKOTO  CBEPIJIIHHSA
HETPAIUIIIMHUMU METOJAaMH, IO IPYHTYIOTBCS Ha TMEpepo3MOJUIl IMOTOKIB
MOTY)KHOCTI Ta HABAaHTXKCHHSI MIXK PUBOJAMH BepCTaTa, IEMOHCTPYE TMTOTCHITIAT
1HHOBAIIH JUIS OJ0JIAHHS TEXHOJIOTTYHUX OOMEKEHb.

BnpoBamxeHHs! 1HHOBALIMHUX TEXHOJOTIYHUX TMPOIIECIB € BU3ZHAYATBHUM
dbakTopoM 1T PO3UIMPEHHS TEXHOJOTIYHUX MOXJIMBOCTEH O0OJaHaHHS
nepepoOHNX BUPOOHUIITB Ta 3a0€3MEUEHHS] TEXHOJIOTIYHOCTI 1X CKJIaJdaJIbHUX
koMroHeHTiB. Ile, B cBowo depry, chpuse MIJBUILIEHHIO €(QEKTUBHOCTI
BUTOTOBJICHHS MAILIMH 1 MEXaH13MIB, MOKPALIEHHIO iX SIKICHUX XapaKTEPUCTHUK Ta
3pOCTaHHIO KOHKYPEHTO3AaTHOCTI MPOAYKIIIi Ha PUHKY.

[Tomasnplin 1OCHIKEHHS B JAHOMY HAIPSIMKY MarOTh OyTH CIPSIMOBaHI Ha
pPO3pOOKY Ta ONTHUMI3aIliF0 KOHKPETHUX 1HHOBAI[IMHUX TEXHOJIOTTYHHUX MPOIIECIB,
[0 BPaxoOBYIOTHh cHenu(piKy TepepoOHNX BUPOOHUIITB Ta 3a0€3MeUyIOTh
MaKCHUMaJIbHY TEXHOJIOT14YHICTh CKJIaJaIbHUX KOMIIOHEHTIB. BaXkMBUM € Takoxk
JTOCTIDKCHHSI TNHTaHb CKOHOMIYHOI JOIIIBHOCTI Ta BIPOBAKEHHS ITUX
TEXHOJIOT1i Ha MPOMUCIIOBUX MIANPUEMCTBAX.
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Yepramun M.O., bounapenko A.O. (HTY «/{uinposcoka nonimexuixay,
m.uinpo, Ykpaina)

INEPCIIEKTUBHU 3ACTOCYBAHHS BEPTUKAJIBHUX
KJACHU®IKATOPIB I1PU NEPEPOBII TEXHOT'EHHOI CUPOBUHU

Anomauin: Y cmammi po3ensiHymo NepcneKmueu SUKOPUCMAHHA BePMUKATbHUX
2iopasniuHux Kiacugikamopis O0nsi nepepooKu MmexHo2eHHOi 0)y0i8eNbHOI CUPOBUHU, WO
YMBOPIOEMbCSL BHACTIOOK MACOBUX PYUHY8AHb. Busnaueno ocnosni munu Kiacugikamopis 3a
NpUHYUnom Oii, KOHCMPYKMUBHUMU ocobausocmamu ma eghexmusnicmio. Ilpogedeno
NOPIGHAIbHUL AHAI3 NPAMOCMPYMUHHUX, BUXPOBUX [ pecyibosanux modenet. Ocobausy yeazy
NPUOiEeHO 8NAUBY 2IOPOOUHAMIYHUX NaApamMempié HA SAKICMb COpPMY8AHHS. 3anponoHO8aAHO
pekomenoayii oo eubopy Kiacugixamopa 0 KOHKpemuux ymos excniayamayii. 3podneno
BUCHOBKU NPO OOYINbHICMb  6NPOBAONCEHHS MAKUX CUCmeM Y NPAKmuxy nepepooxu
0yoisenbHUX 6i0X00i8. AKYenmosaHo yeazy Ha nepesazax nepepoOKU mMaxoi MmexHOo2eHHOI
CUPOBUHU Ul 3MEHULEHHSL eKOJIO2IYHO20 HABAHMAMCEHH.

Kniouosi cnosa: mexnocenui 6i0xoou; 2iopasiiunuil Kiacughikamop, 6epmuKaibHi
Kaacughixamopu, nepepooka 6y0ieenbHux 8i0xX00i8, 2i0pOOUHAMIYHI napamempu,

Abstract: The article discusses the prospects of using vertical hydraulic classifiers for
the processing of technogenic construction raw materials generated by mass destruction. The
main types of classifiers are identified based on their operating principles, design features, and
efficiency. A comparative analysis of straight-flow, vortex, and adjustable models is conducted.
Special attention is given to the influence of hydrodynamic parameters on sorting quality.
Recommendations are proposed for selecting a classifier according to specific operating
conditions. Conclusions are drawn regarding the feasibility of implementing such systems in
the practice of construction waste recycling. The advantages of processing technogenic raw
materials and reducing environmental impact are emphasized.

Keywords: technogenic waste; hydraulic classifier; vertical classifiers; construction
waste recycling; hydrodynamic parameters;

Ilocmanoeka npoonemu ma it 36’430K 3 HAYKOGUMU | NRPAKMUYHUMU
pobomamu:

PylinyBaHHsa 1HQpacTpykTypu VYKpaiHM BHACIIJOK BOEHHOI arpecii
pociiicbkoi deneparllii Mpu3BeIo 0 HAKOMUYEHHS 3HAYHUX 00CSTIB Oy 1IBEIBHUX
Bi1xo1B. [IpnOnM3H1 migpaxyHKy CBIIYATh NPO YTBOPEHHS noHa 120 MiIH TOHH
TEXHOTCHHOI CHPOBHUHHU JIUIIE BHACHIAOK pyHHYBaHHA OaraTOKBapTUPHHUX
OynuukiB. Tpamuiiiini MeToaW yTWii3amii BIAXOAIB — 3aXOpPOHEHHsS Ha
HOJIITOHAX — CTBOPIOIOTH JIOJIATKOBE €KOJIOTIYHE HABAaHTAXEHHA. Y IbOMY
KOHTEKCTI TOCTpPO mocTae mpobiieMa ePeKTUBHOI MepepoOKH OyiBEIBHOTO
CMITTS, B TOMY YHCII, ApiOHOAUCTIEpCHUX (Ppakiliid. 3Ba)kaloun Ha BaKIUBICTH
MOBTOPHOI'O BHUKOPUCTAHHS PECYpCiB, 3HAUHY yBary HAyKOBI[IB 1 NPAaKTUKIB
MPUBEPTAIOTH T1APaBIivuHI Kiacu(}iKaTOpu, 0COOIMBO BEPTUKAIBHOTO THITY, SIKi
J03BOJISIIOTH BUIUIATH KOPUCHI (hpakiiii Marepiaiy 3 BUCOKOIO TOUHICTIO [1].
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Ananiz ocmannix 00cnioxcens i nyoaikayii:

[lutaHHS  TOBTOPHOTO  BUKOPUCTAHHS  TEXHOTCHHOI  CHPOBHHHU
BUCBITIIIOBANIUCS Y MpalsX YKpaiHChKuX 1 3apyOikaux yueHux: B.1. Tlomskosa,
[.B. Cnecapenka, J. Miiller, T. Schmidt, sxi gocmimpKyBaiv MUIAXHA OMTHMI3aIlii
kinacudikamii apiOHomMCIIepcHUX MatepianiB. B poborax 3a3HaueHO, IO
BEPTHUKAJIbHI TIAPaBIivHI KiIacu(piKaToOpu 3/1aTHI 3a0€3MEYUTH BUCOKY SAKICTh
OYMIIICHHS YaCTUHOK Ji1laMeTpoM 0 5 MM [2-5]. [Tompu 11e, 611bIIiCTh MyOTiKaIii
30cepe/KeHa Ha 3aCTOCYBaHHI Kiacu(iKaToOpiB y TIpHUYIA chpaBi abo
METalyprii, ToAl fAK iX TOTEHIal y mepepoOlil OyiBeIbHUX BI1AXOIIB
3aJIMIIAETHCS. HEAOCTATHBO PO3KPUTHUM.

Dopmyntoeanua HegUPIUIEHUX YACMUH 3A2a1bHOT nPOdIeMuU:

[Toripu Bu3HaHY €(EKTHUBHICTH T1IPaBIIUYHUX KjacH(]ikaTopiB, BIACYTHIN
CUCTEMHHUM aHali3 KOHCTPYKTUBHUX PIIIEHb BEPTUKAIBHHUX KJIAcU(]iKaTOpIB, iX
MOPIBHSUTBHUX XapaKTEPUCTHUK, a TAKOK HE PO3KPHUTO BIUIUB OKPEMHX MTapaMeTpPiB
Ha 3arajibHy NPOAYKTUBHICTb Ta SIKICTh Kjacu(ikalli npu poOOTi 3 3a0pyAHEHOIO
TEXHOT'€HHOIO CUpOBUHOIO. HasiBHI nociimkeHHss (parMEHTapHO BHUCBITIIIOIOTH
KOHCTPYKTHBHI aCIIEKTH Ta HE IPOIMOHYIOTh YHIBEPCATbHUX PEKOMEH 1AL/ 100
BUOOpY TUNY KJIacu(iKkaTopa i KOHKPETHI YMOBHU €KCILTyaTarlii.

Lini cmammi ma nocmanoeka 3aoaui:

Meroto cTaTTi € BCEOIYHMM aHali3 BEPTUKAJIbHUX TIIpaBIIYHUX
Kiacu(ikaTopiB K  TEXHOJIOTIYHOrO 3aco0y  mepepoOku  OyaiBeabHOL
TEXHOTeHHO1 cUpoBUHU. OCHOBHI 3aBJaHHS JOCIIHKCHHS:

. nepeBaru Ta HeJIOJIIKU OCHOBHHMX THUITIB BEPTUKAIBHHUX
KJ1acu(ikaTopis;
. MIPOBECTH MOPIBHIIBHUNA aHaJ13 KOHCTPYKIII;

Buknao ocnoenozo mamepiany 00cnioxyncenns:

30poiiHa arpecis poCIMCBKOi (eaepauii NpoTH YKpaiHU CIpUYUHUIA
MacmTabHl pyilHYBaHHS $IK IHQPACTPYKTYpHHUX OO'€KTIB, TaK 1 JKUTIOBUX
OyniBenb. 3a odimiiiHuMU AaHumu, y nepion 3 2022 mo 2024 pik Oyno
MONIKO/KEHO a00 3pyHHOBaHO NoHaA 143 TucsYl npUBaTHUX 1 MOHAA 24 TUCSYI
OaratokBapTUpHUX OyJIMHKIB. BpaxoByr0UM TaKOX MOUIKOMKEHHSI Y TUMYACOBO
OKYNOBAaHUX HACEJEHUX IyHKTaX, JJI SKUX BiACYTHSA OQILiiHA CTAaTHUCTHKA,
MO’KHa MPUIYCTUTH, LI0 peajbHa KUIbKICTh 3pYMHOBAHUX YM MOIIKOKEHUX
Oy/iBeNb 3HAYHO MEPEBUIIYE HASIBHI TOKa3HUKHU.

JUis  3BeA€HHS OIHOTO JIeB’SITUIIOBEPXOBOr0 OYIMHKY 3 YOTHpMa
i1’ 131aMy 3a3BUYail BAKOPUCTOBYIOTH Bifl 5 10 12 THCsSY TOHH O0€TOHY, a y pasi
MOHOJIITHOTO OyJiBHUIITBA — J10 17 TUCSY TOHH. 3TiTHO 3 HAUCKPOMHINIMMHU
MiapaxyHKaMH, 3arajlbHU OOCST TEXHOTCHHHX MarepiajiB, SKi BUHHKAIOThH
BHACIIJIOK pyHHYBaHHS 3a3HAY€HOI KUIBKOCTI OaraTOKBapTHpPHUX Oy/iBeb,
Moke csrati 120 MiUTBbHOHIB TOHH. SIKIIO K BpaxOBYBaTH BCl MOIIKOJKEHI Ta
3pyHHOBaH1 00’ €KTH, 111 00CATH MOXKYTh OyTH Habarato OiasIuMH [ 1].
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Hapasi Ttaki Bigxoau, 3a YMOBH MOKJIHMBOCTI iX TpaHCIOPTYBaHHS,
MEPEBAXHO 30€pIraloThCsl Ha CIEIIai30BaHUX IMOJIrOHaX sl OYIiBEIBHOTO
CMITTs 200 Ha BIINOBIIHMX 3BalMIIax (puc. 1).

Pucynox 1 — Ilomiron O6yaiBensHUX BiaxodiB B M. KuiB

36epiranHs OyaiBeTbHUX BIAXOMIB HA TOJNIrOHaX, OKPIM IOCTIHHOTO
pPO3IIMPEHHST iXHBOI IO, CTBOPIOE CEPHO3HY EKOJOTIYHY 3arposy Hjs
noBiia [2, 3]. Oco0nMBO MIKIVIMBUMH BBAXKArOTHCS JPIOHOAMCIICPCHI Ta
MUTyBaTl YaCTUHKH, SIK1 YUHATh HU3KY HETATUBHUX BILTUBIB:

. 3a0pyJHEHHS TOBITpA: HAMMEHIII YacTUHKMA MMy  JIETKO
MIHIMAIOTBCS B TOBITPS 1 MOXYTh MEPEHOCUTUCh HAa 3HAYHI BIJCTaHi, IO
H1JBUILYE PU3UK BUHUKHEHHS PECIIPATOPHUX 3aXBOPIOBAHb y HACEICHHS.

. 3a0pyIHEHHS] BOAHUX PECypCiB: HEMEHTHUM NWII, MOTPAIUISIOUN y
BOJY, HiABHINY€E piBeHb pH, 10 MOXe HEraTMBHO BIUIMBATH Ha CTaH BOJHOI
dbropu 1 dpayHu.

. MOTIPIIEHHS SIKOCT1 IPYHTIB Ta POCJIMHHOCTI: TTUJIOB1 OMaJH Ta COJi
CIPUYUHSIOTH JIETPajallifo IPYHTIB, 3HWKYIOTh O10PI3HOMAHITTS Ta MPU3BOISTH
710 3aru6eni MiKpOOpraHi3MiB, sIKi 3a0€3MeYyI0Th POIIOYICTh 3EMITL.

. 3arpo3a JUisl 3I0pOB’s JIFOJICH 1 TBapWH: HAWAPIOHIIINI MU JETKO
NPOHUKAE B JMXaIbHI NUISAXH, CHPUYMHIIOYM 3alajbHl MPOLECH, aJleprivHi
peaKIii, maBUIICHHS PU3UKY OHKOJIOTIYHUX 3aXBOPIOBaHb, a TAKOXK MPOOJIEMH 3
TPaBJICHHSIM.

[TepepoOka Takoi TEXHOT€HHOI CHPOBHUHHU JIO3BOJIAE€ HE JIMIIE 3MEHIITUTH
eKOJIOTIYHE HABaHTA)XECHHA, a W OTPUMATHU KOPHUCHI OyZiBeibHI MaTepiaiu Ta
HaroBHIOBaui [5]. BukopucranHs mepepoOieHOT CUPOBUHU JIONUIbHE Y TaKHX
HaNpsIMKax:

. JOpOKHE OYyMIBHUIITBO: SIK OCHOBa IiJ acdaiabT abo OeToHHE
HOKPUTTSL.
. BUPOOHUIITBO HOBOTO OETOHY: BTOPWHHI KOMIIOHEHTH MOXYTb

YaCTKOBO 3aMIHIOBaTH MPHUPOJIHI HAMOBHIOBaYl B KOHCTPYKIIHHUX OETOHHHUX
BUpOOax.
. BUTOTOBJICHHS OYyIIBEIBHUX CYMIIICH: IJi1 PO3YMHIB, IITYKATypOK

Ta KJIag0K.
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. BUPOOHUIITBO OYJIIBEILHUX BUPOOIB: TPOTyapHa IUIUTKA, OOPAIOPH,
ra300eTOHHI 0JI0KH, TaHEeI JIsl TAMYACOBUX CIIOPY/ TOIIIO.

. OyAIBHUIITBO IIYMO3aXHCHUX 1 TMPOTHYyAapHUX Oap’epiB: IS
TPAHCTIOPTHOT IHPPACTPYKTYPH Ta IPOMHUCIOBUX 30H.

OOpoOKy TexHOTeHHOi OyJiBENbHOI CHPOBMHU 3 JOBEIEHHSIM PO3MIPY
YaCTUHOK JI0 5 MM 3IIMCHIOIOTH 13 3aCTOCYBaHHSM J0Ope BIJOMOTO Ta
NEPEeBIPEHOT0 JIPOOMIBHO-COPTYBalibHOTO obOnagHanus [6]. Cepexn HBOTO
BUKOPUCTOBYIOTHCA ~ IIOKOBI, KOHYCHI,
BIJILICHTPOB1, POTOPHI JIPpOOAPKH, a TAKOXK
pPI3HOMAHITHI ~ TUMH  TPOXOTIB  —
KOJIOCHUKOBI, 1HEpIIiiHI, caMo0aJaHCHI Ta
1HIIII.

Haitbinpmr  ckilaiHUM — eTarnoM  y
Ipoleci MepepoOKH Takoi CHPOBUHU €
BIJIOKpEMJIEHHS ApIOHUX (Dpakiiii, po3mip
SIKUX MEHIIMK 3a 2—5 MM, Ta OYHUIICHHS iX
Bl HAAMIPHOI  KUIBKOCTI  IHUJIOBUX
YaCTHUHOK [7].

Cepen IIUPOKOTO CIIEKTpa
oOJaHaHHS, MPU3HAYEHOTO TUTST
kiacudikarii 3a0pyIHEHHUX MTAJIOM

MaTepiaiiB, 3aCTOCOBYIOThCS MeEXaHIYHi,
BIILICHTPOBI,  TpaBiTaliiiHl Ta  1HII
TiapaBIiyHl CUCTeMH Kiacudikarrii.

VY OyniBenbHiM ramy3i HaOiIbIIe
MOIIUPEHHSI OTPUMAIM TiJpaBiiuHi a0o
rigpoauHamiyHl  kjacugikaTopu,  SKi
3a0€31e4yIoTh IPOMUBKY TBEPIUX
YaCTMHOK 32 JOIMOMOIOK CTPYMHUHHUX
notokiB Bogu [4, 5]. ILli npuctpoi
BUPIZHAIOTECS BUCOKOKO €(QEKTHUBHICTIO PO3AUICHHS MaTepialiB, MPOCTOTOIO
KOHCTPYKIIIi, JIETKICTIO €KCIUTyartailii, 0OCIyroByBaHHsI Ta PEMOHTY, a TaKOX
HU3BKUMH €KCIUTyaTalliiHUMU BUTPAaTaMH, 0 POOUTH iX MEPCICKTUBHUMHU IS
IITUPOKOTO BUKOPUCTAHHS (pHC. 2).

Y 1bOMy KOHTEKCTI B@XJIUBO PO3IJSHYTH THUIM BEPTUKAIBHUX
TIApaBIIvYHAX KIacU(IKaTOPIB, iX KOHCTPYKTHBHI OCOOIMBOCTI, (PYHKITIOHAIBHI
nepeBard, HEAONIKA Ta BIUIMB TEOMETPUYHUX MapaMeTpiB Ha KIHIIEBY
e(eKTHBHICTH TIpoliecy Kiacuikarri.

3aj1eXHO Bl OCOOJNMBOCTEH  TiIpOAMHAMIKH, I0Ja4l BOAU  Ta
FEOMETPUYHUX XapaKTEPUCTHUK poOOUYOi KaMepHu, BEPTHUKAIbHI TiIpaBiivHi
KJacudikaTopu MOJUISAIOTh HA KUIbKa KOHCTPYKTHMBHO-(YHKI[IOHAIBHUX THIIIB,
KOKEH 3 SIKHX Ma€ CBOT MepeBaru, HEJAOMIKHU Ta chepy AOIITHHOTO 3aCTOCYBaHHS.
OcHoBHa kiacudikaiis 6azyeTbcsi Ha QopMyBaHHI TOTOKY BCEpEIUHI KaMepu —
NPSIMOJIIHIMHOTO 200 BUXPOBOTO — a TaKOX HAa HAsABHOCTI a00 BIJICYTHOCTI

Pucynok 2 — Beprukanpawuii
KkiacudikaTop
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CUCTEeM YyIpaBiiHHSA T1OTOKOM [4, 5]. Tunm koHCTpyKiii KiacudikaTopa
0e3nocepeIHbO BIUIMBAE HE JHIE Ha €(eKTUBHICTh MOAUTY (Ppakiiiii, aje il Ha
HAIMHICTh, E€HEPrOEMHICTb, CTAOLIBHICTH MPOLECY, UYYTJIUBICTH [0 3MIHH
BJIACTUBOCTEN CHPOBHMHHU Ta MOTpeOy B oOCIyroByBaHHI. Po3rissHeMO OCHOBHIi
TUTU BEPTUKAIBHUX KJIacH(}iKaTOPiB OUIBII IETANIbHO.

[IpstmocTpyMuHH1 Ki1acu(IiKaTOpH € HANUMPOCTIIIMMHU 32 KOHCTPYKIUETO.
Bonu ckitagaioThes 3 BEPTUKAIBHOTO HUJITHAPUIHOTO 00 KOHIYHOTO KOPIYCY, B
AKOMY 3HH3Y Bropy IIOJA€ThCA BOJa uepe3 IEHTpalibHI abo mepudepiiini
dbopcynku. TToTik Boau CTBOPIOE BUCXITHY CHITY, IO MPOTHIlE TpasiTarii. Ile
JIO3BOJISIE JIETHIIUM YAacCTUHKAM TIJHIMATUCA 1 BHUBOJUTHUCS YEpe3 BEPXHIO
YaCTUHY, TOJAl SIK BaXKul — o0cCi/1al0Th. OCHOBHOIO NEPEBArol0 TaKOTO THUIY €
KOHCTPYKTHUBHA MPOCTOTA, HU3bKA BAPTICTh BUPOOHUIITBA, CHEPTrOOIATHICTh Ta
HaJliHICTh. OJHAK Yy CEPeNOBHINI 3 BEJIUKOI KUIBKICTIO Ty abo
TOHKOJIUCTIEPCHUX  JIOMIIMIOK  €(QEKTUBHICTh TMOAUTY 3HUXKYEThCA uepes
BIJICYTHICTh AKTHBHOTO 3aBUXPEHHS, IO YCKJIAQJHIOE BUHECCHHS JIETKUX
YaCTHHOK.

Buxposi abo TypOyJsieHTH1 Ki1acu(pikaTopu (PyHKIIOHYIOTh 32 MIPUHIIUIIOM
CTBOPEHHSI UIUKIOHIYHOro abo cmipanenoaiOHoro moToky. PopcyHKu
PO3TAIIOBYIOTHCS M1 KyTOM JI0 OCl, 3aBJSIKM YOMY BOJIa 00EPTAEThCS BCEPEINHI
pobouoi 30HM KiacudikaTopa, (popMmyroun BuxpoBe mnoje. lle migcumtoe
TApOJMHAMIYHUN BIUTMB HA YaCTUHKH, 3a0e3medye OUTbIN TOYHE PO3IJICHHS
¢dpakiiii 3a TyCTHHOIO 1 Kpalle Buaaise mwi. Taka cuctema J03BOJIAE€ JOCATTH
BHUCOKOi  CEJIEKTUBHOCTI  Kjacudikaiii, oco0JMBO y pa3l  CKIaJHOTO
IpaHyJIOMETPUYHOIO CKJIaay CUpOBHMHM. HenoaikoMm € ckiajiHila KOHCTPYKIS,
M1JBUIIEH]I BUMOTH IO TOYHOCTI BUTOTOBJICHHS Ta PEryJisipHE 00CIyTrOBYBaHHS
JUTs1 3a11001raHHs] HEPIBHOMIPHOMY 3HOCY BHYTPIIIIHIX €JIEMEHTIB.

Knacudikatopu 3 peryiboBaHUM MOTOKOM — I1I€ CyYacHUM BapiaHT, B
SKOMY peajli30BaHO MOXJIMBICTh 3MIHU IIBUJIKOCTI, HAMPSMKY a00 IHTEHCUBHOCTI
nojayi BoJiu. 31€0UIBIIOTO 11€ JOCITAETHCS UIIXOM BUKOPUCTAHHS €JIEKTPOHHO-
KEpOBaHUX KJIANaHIB, 3MIHHUX (POPCYHOK a00 YACTOTHOI'O PETYJIFOBAHHS HACOCIB.
Taki cucreMu MarOTh BUCOKY MPOIYKTHUBHICTB, JO3BOJSAIOTH aAANTyBaTUCS [0
pPI3HOTO THUIy CHUPOBHMHHM, 3a0€3ME€Uyl0Thb TOYHUU KOHTPOJIb HAJ MPOIECOM
knacugikauii [4, 8]. Ane BoAHOYAC BOHU € EHEPrOEMHUMH, JAOPOTUMH Y
BUTOTOBJICHHI, BHMAaramTh BHCOKOi KBami(ikailii MepcoHally Ta 4YacTo —
1HTerpamii 3 CcuUcTeMaMd aBTOMaTH3alii Ta MOHITOpUHTY. [lopiBHAIBHY
XapaKTEPUCTUKY BEPTUKATBHUX TIAPABIIYHUX KIacU(IKaTOPIiB MPUBEICHO B
Tabn.l.

Tabmuus 1 — TlopiBHsUIbHA XapakTEPUCTHKA THUIIB BEPTUKAIBHUX
TiApaBIivyHUX KIacu(piKaTOPiB 3a KOHCTPYKIII€IO, TIEpeBaraMu Ta HeJAOIIKaMH
Tun KOHCTPYKIi [IepeBaru Henoniku
[IpsmocTpyMrUHHMI [Ipocrota koHCTpykuii, | Hu3pka  edekTUBHICTH
HEBEJIMKA BapTICTh, | MPU BEJUKINA KUIBKOCTI
HAJIHHICTh y po0OOTI Uiy, oOMekeHa
TOYHICTb MOJILITY
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Buxposuit
(TypOyneHTHU)

Bucoka TOYHICTH
PO3MICHHS, IHTCHCUBHE
OYHIICHHS BIJT ITHITY

CkiagHa KOHCTPYKLIS,
[MIBUIIEH] BUMOTH 10
00CITyroByBaHHS

3 peryiboBaHUM

['Hy4KiCTh, MOJIMBICTh

Bucoka eHeproemHicTsb,

MTOTOKOM HaJallTyBaHHS IiJ | CKJIQHICTh yTpPaBIiHHS,
KOHKPETHI yYMOBH, | TOTpeda B

BHCOKA MTPOJIYKTUBHICTh | aBTOMAaTH3aIlli

Amnai3 KOHCTPYKTHBHHX HapaMeTpiB BEPTUKATBHUX I‘iI[paBJ'Ii‘{HI/IX
KJIaCH(blKaToplB CBITYUTH TPO Tchy 3aNIeKHICTh €(EKTUBHOCTI iX p06OTI/I BIJT
reoMeTpii TPHUCTPOIO Ta JWHAMIKM BOJHOTO TIOTOKYy. Tak, JiamMeTp
KJacudikaiiHoi KaMepHu BU3HAYA€E KUTBKICTh MaTepiaiy, 0 MOXKe 00pOOIsSTHCS
OJIHOYACHO. 31 301IbIIEHHSIM JlaMeTpa IiJBHUIIYEThCS MPOIYKTHBHICTH, alie
3pOCTalOTh BUMOTH JI0 MOTYXKHOCTI HacocHoro oOnamgHaHHs. Bucora poGouoi
30HU BILUIMBA€E HA TPUBAIICTH J1i BUCXITHOTO MOTOKY HAa YACTUHKU — YUM BUIIA
KaMmepa, TUM OLIbIIIe Yacy MalOTh YaCTUHKH JJIS TIAPOAUHAMIYHOTO COPTYBAHHS,
10 MIABUIILYE CENEKTUBHICTh. OCOOIMBO BaXIMBUMU € KUTbKICTh, PO3TAITyBaHHS
1 popma (opcyHOK, sIKIi MarOTh 3a0€3MEYUTH PIBHOMIPHUN PO3MOALI MOTOKY,
YHUKHEHHSI 3aCTIMHUX 30H 1 cTaOUIbHY TypOyJieHTHICTh. He MeHI 3Hauymmm €
pEeXUM MOJadl BOJHU, 30KpeMa MIBUAKICTh MOTOKY. ONTHUMAaIbHUM BBAXKAETHCS
niama3zon 0,6—-1,2 m/c, skuil 3a0e3nedye OallaHC MK BHUHECEHHSIM JIETKUX
YaCTHUHOK Ta OCiAaHHSIM Bax4dux [4, 8].

MopentoBanHsT TMOTOKIB Ta pe3yJbTaTH MPAKTUUYHUX BUIPOOYBaHb
Kiacu(ikaTopiB MOKa3ylOTh, IO TMPAaBUIBHO CIPOEKTOBaHa CHUCTEMa 3
aJalTUBHUM PETYJIIOBAaHHSAM I[apaMeTpiB 3JaTHA J0cCAraTH €QEeKTHUBHOCTI
ountienHs nmoHaa 85-90 %, 1o iCTOTHO MEePEBUIILY€e TPATUIIIHI METOIU CYyXOTO
coptyBanHsA. OcoOMMBO YCHINIHUMU BUSBWINCS BHUXPOBI  BEPTUKAIBHI
KJacudikaTopu 3 aBTOMaTHYHUM KOHTPOJIEM KyTa Mojiaqi BOJIU, SIK1 JI03BOJISIOTh
TOYHO PO3AUIATA  (pakiii HaBITh 3a CKJIAJAHOIO 1 HECTaOLIBHOTO
IPaHyJIOMETPUYHOTO CKJIaay. 3 OrJIsiAy Ha 1€, BIPOBA/DKEHHS BEPTHUKAIHLHUX
ripaBIIyHUX KIACU(IKATOPIB JO CUCTEM MEPEPOOKU TEXHOTEHHUX Oya1BEIHbHUX
BIIXO/IIB € He Jule e()eKTUBHUM, a 1 EKOHOMIYHO OOTPYHTOBAHUM KPOKOM.

Bucnoeéku ma nepcnekmugu nooanbuiux 00CaAi0HCeHb:

Beptukanbhi TimpaBmiyHi  KJIacu(ikaTopu JAEMOHCTPYIOTh BHCOKHI
MOTEHIIA)I K e(QEeKTUBHA TEXHOJOTIS [JI1 OYMINCHHS Ta IepepoOKH
IpiOHOUCTIEPCHOI OYIIBENbHOT CHPOBUHU, IO YTBOPIOETHCS BHACTIAOK MaCOBUX
pyiiHyBaHb 1HQPACTPYKTYpH, a HaWpe3yJIbTaTUBHIIIUMU CEPEll HUX € BUXPOBI
MOJIeNII 3 MOMKJIMBICTIO PETYJTIOBaHHS TIAPOAMHAMIYHUX IMapaMeTpiB IMOTOKY.
Came KOHCTPYKTHBHI XapaKTePUCTHKH Kiacu(ikaTopiB — Taki SIK JdiaMeTp
KaMepH, BUCOTa po6oqo1 30HU, IBHIKICTh TMOTOKY Ta reoMeTpis q)opcyHOK —
BU3HAYAIOThH SIKICTh TOJLITY (I)paKuu/I Ta aJaNnTarilo CUCTEMH JI0 PI3HUX BHUJIB
BiaxomiB. IlepcnekTHBU MOAANbIIMX HAYKOBUX JOCHIIKEHb MOJATAlOTh Yy
pO3poOIll YUCTOBUX MOJEIEH pyXy IIOTOKY BCepeauHl KiacugikaTopis,
BJIOCKOHAJICHHI aBTOMATHU30BaHUX CUCTEM YIIPaBJIIHHS MpOLEecoM Kiacudikaiiii,
a TaKoXX CTBOPEHHI MOOUIBHMX MOMYJIB Il OMEPAaTUBHOTO BUKOPHUCTAHHS
0e3nocepeIHbO Ha MICISIX pyHHYBaHb, 10 JO3BOJUTH MAaKCUMaJIbHO €(PEKTUBHO
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IHTErpyBaTH TaKi YCTAHOBKHM B 3arajlbHy CHCTEMY €KOJIOT14HO Oe3MeYyHOro
BIIHOBJICHHS Y KpaiHH.
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TEOPIA IOAIBHOCTI JJIA TEXHOJIOI'TYHHUX CUCTEM
MEXAHOOBPOBKH - PECYPCHU I MOXKJIMBOCTI

Anomauisn. Teopisi nodibHoCmi € 8adNCIUBUM THCMPYMEHMOM AHANIZY MA ONMUMIZ3aAyil
MEeXHONO2IYHUX CUCeM Mexanoobpooku. Bona 0o3s6oas€ y3azanbHiosamu ekcnepumeHmanbHi
O0ani ma cmeopiosamu 6e3po3MipHi MoOei, wo 3a0e3neuyioms RPOSHO3VE8AHHS eheKMUBHOCMI
npoyecié 06pooku. Y pobomi po3ensiHymo OCHOBHI NOOIOHICHI Kpumepii, maki K Yucio
Petinonvoca, uucno @Dpyoa ma Kpumepiti  eHepeemuyHOi  eheKmusHocmi,  ujo
BUKOPUCMOBYIOMbCAL OJisL ONUCY MEeXAHO0OPOOHUX npoyecis. Bnposadicenns yux kpumepiia y
BUPOOHUYT  cucmemMu 003608€ NIOGUWUMU  NPOOYKMUBHICTb, 3MEHUUMU eHepeemuyHi
sumpamu ma NOKpawjumu sAKicms 00pOOIeHUX NOBEPXOHb. 3aNPONOHOBAHO MemOoOOa02iI0
aoanmayii noodiOHiCHUX Mooenell 00 MeXampOoHHUX cucmem mexanooopooku. Ilposederi
00CNI0JCEeHHs NIOMBEPOIAHCYIOMb edeKmuHicmsd 3aCmMoCy8anHs. NOOIOHICHO20 aHanizy Ois
ONMUMI3aYii percuMie pi3aHHs, NPOSHO3V8AHHS 3HOWLYBAHHS [HCMPYMEHmMY ma Yyu@poseozo
MOOeN0BAHHIL MEXAHOOOPOOHUX NPOYECIS.

Kniwwuosi cnoea: Teopia nooibnocmi, mexanoobpobdka, 0e3po3mipHi Kpumepii,
MeXampouHi cucmemu, onmumizayis, yugppose MoOOeN8anHs, NPOSHO3YEAHHSA 3HOCY
IHCMpPYMEHM).

Abstract. The theory of similarity is an important tool for analyzing and optimizing
technological systems of machining. It allows for the generalization of experimental data and
the development of dimensionless models that enable the prediction of processing efficiency.
This paper examines key similarity criteria such as the Reynolds number, the Froude number,
and the energy efficiency criterion, which are used to describe machining processes. The
implementation of these criteria in production systems enhances productivity, reduces energy
consumption, and improves the quality of machined surfaces. A methodology for adapting
similarity models to mechatronic machining systems is proposed. The conducted research
confirms the effectiveness of similarity analysis for optimizing cutting regimes, predicting tool
wear, and digitally modeling machining processes.

Keywords: Similarity theory, machining, dimensionless criteria, Reynolds number,
Froude number, energy efficiency, mechatronic systems, optimization, digital modeling, tool
wear prediction.

MexaHooOpoOKka € HEBIJ €EMHOI YacTUHOK BUPOOHHWYHUX MPOILIECIB
MamuHOOyAyBaHHs, 3abe3nedyroun (HOpMyBaHHS TOYHUX TE€OMETPUUHHUX
XapaKTEPUCTHK JIeTale 13 3aJlaHUMH MEXaHIYHHUMH Ta eKCIUTyaTallliHUMH
BJIACTUBOCTSAMU. TE€XHOJIOTIYHI CUCTEMU MEXAHOOOPOOKH BKIIIOUYAIOTH HIUPOKHIA
CIIEKTpP TMPOIIECiB, TAKUX K TOKapHA, (Ppe3epHa, nutipyBanbHa, CBEpATUIbHA TA
enekTpodizuyHi  Meroaw oOpoOku. BoHM XapaKTepu3yrOThCS CKIIAIHOIO
B3a€EMOJIIEI0 MK PDKYYMMH 1HCTPYMEHTaMH, 3arOoTOBKaMH Ta JOMOMIKHUMH
TEXHOJIOTTYHUMHU (paKTOpaMu, BKIIFOYAIOUU MAaCTHIIBHO-0X0JIOHKYBaIbHI PIAVHH,
pPEXKUMHI TapaMeTPy Ta KOHCTPYKIIIIHI 0COOMBOCTI 00JIaTHAHHS.
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CyuacHi TEXHOJIOTIYHI CHCTEeMH MEXaHOOOpOOKM CTUKAIOThCS 3
BUKJIMKAMU TIJBUIIEHHS TOYHOCTI Ta 3HWKEHHS UIOPCTKOCTI TOBEPXOHbD,
3a0e3neyeHHs] eHeproeeKTUBHOCTI MPOILECiB  pi3aHHA, NUTiQyBaHHSI 1
CBEPJUTIHHS, a TAKOXK HpO6JIeMaMI/I IIBUJIKOTO 3HOLICHHSI PIKYYUX IHCTPYMEHTIB
yepe3 BUCOKI HaBaHTaXEHHS 1 TeMnepaTypm edextr. OTHOYACHO BUPOOHHUIITBO
BHUMAarae 1HTerpau11 uppoBUX JBIMHUKIB 1 lHTeJIGKTyaJIBHHX CUCTEM y MEXKax
koHuemnii [HaycTpii 4.0 111 MOHITOPHUHTY Ta ONTHUMI3AIlli CTaHy TEXHOJIOTIYHUX
MIPOIIECIB.

Teopm 1o110HOCTI € MOTYKHUM METOIO0JIOTIYHUM MIAXOAOM JUIsl aHAITI3Y
(1)13HqHHx 1 TEXHOJIOTIYHUX TPOLECIB, OCKUIBKK JO3BOJISIE YIMOPSIAKOBYBATH
EMIIIPUYHI JaHl y BUTIISLAI O€3pO3MipHUX KpUTEpPiiB, BH3HAYATH MacCIITaOHI
CIIBBITHOIIICHHS, TPOTHO3YBaTH €(PEKTUBHICTh MPOIECIB 1 3HAXOJIUTH
ONTUMAJIbHI PEXKUMHU OOpPOOKH. Y TEXHOJOTIYHUX CHCTEMaX MEXaHOOOpOOKU
3aCTOCYBaHHs MOAIOHICHUX KpUTEPIiB, TaKuX K yncio [Ipannrns, uucno @pyna
Ta KpUTEpIM eHepreTuyHoi e(EeKTUBHOCTI, 3abe3leuye TIUOOKE pPO3yMIHHS
B3a€EMO3B’SI3KIB MK pI3QJIbHUMH CHJIaMH, TeMIIepaTypaMHd Ta JUHAMIKOIO
YTBOPEHHSI CTPYXKH. TakuM dYMHOM, 3aCTOCYBaHHA TeOpii MOJIOHOCTI B
MEXaHOOOpOOIll € MEePCHEKTUBHUM HAMpsIMKOM, IO 3a0e3nedyye HayKOBO
OOTpyHTOBaHE MOJCIIOBAHHS Ta ONTHUMI3aIll0 TEXHOJOTIYHUX IMPOIIECIB.
[Tomanpimuii po3BUTOK ILOTO MIAXOMY JO3BOJIUTH MIABUIIUTH €()EKTUBHICTDH
MEXaHOOOPOOKH HUISXOM aJanTalli MaTeMaTHYHUX MOJIENIEH IO peajJbHUX YMOB
BUPOOHUIITBA.

Teopig moaiOHOCTI 3HANIILIA IIUPOKE 3aCTOCYBaHHS y (13UIll, MEXaHIIl Ta
1HKEHEPHUX HayKax JUIsl aHalli3y MacIITaOHUX eeKTiB, ONTUMI3aIli] MPOIIECIB Ta
noOyJ0BM 0€3pO3MIPHUX KpPUTEPIiB OLIHKKA PI3HUX SBHIL. Y KOHTEKCTI
MeXaHOOOpOoOKH BOHA 3a0e3neuye PyHaaMeHTaaIbHUM MiAX1]T JO MaTEMAaTUYHOTO
MOJICITIOBAHHSI TEXHOJIOTTYHHUX MPOIIECIB, 10 3HAYHO 3HUKYE HEOOXIAHICTH y
BEJTMKOMACIITAOHUX €KCTIEPUMEHTAX.

Po6otn  Buenux [Ilommiaka!  [[’kepejio mNOCWJIAHHSA  He 3
HaiigeHo. Ilomnaka! [:kepeno mocuinanHsas He 3HaiaeHo. Ilomuika!l
J’kepesi0 TOCWJIAHHST He 3HAalIeHO.] JEMOHCTPYIOTh, LIO 3aCTOCYBaHHS
0e3pO3MIpHUX 4YucCel, Takux sK Kpurepiil Teisiopa, 103BOJsSE OLIHIOBATU
B32€MO3B’I3KM MIXK IIBUAKICTIO P13aHHS, MOAAYEI0 Ta TEMIIEPATYPHUM PEKUMOM
y 30H1 pizaHHA. JloCHmiKeHHST TIOKa3yloTh, IO ICHYIOTh TMO/IOHICHI
CHIBBIIHOIIEHHSI MK TEOMETPUYHUMU MMapaMeTpaMu CTPYKKH Ta MEXaHIYHUMU
XapakTepUcTUKaMu OOpOOJIFOBAHOTO MaTepiaidy. 30Kpema, aHali3 HayKoBOl
JiTepaTypy MiATBEPAKY€E BUCOKY €PEKTUBHICTh 3aCTOCYBaHHS T€OPii MOAI0HOCTI
s MexaHooOpoOku. Iloganbini HOCHIKEHHST MOXKYTh OyTH CHOpSIMOBaHI Ha
pO3pOOKYy HOBHX y3arajJbHEHUX TMOMIOHICHMX KpUTEPIiB, IO BPaxOBYIOThH
crenudigyHi 0COOIMBOCTI CyYaCHMX BHCOKOABTOMATHM30BAaHUX TEXHOJOTTUHHMX
CHCTEM.

HesBaxaroun Ha 3HAYHHMI MPOTPEC y 3aCTOCYyBaHHI Teopii MOAIOHOCTI,
ICHYIOTh HEpPO3B’sI3aH1 MUTAHHS MO0 ii aganTallii 40 CKJIaJHUX TEXHOJOTTUHHUX
CUCTEM MEXaHOOOPOOKH. OcHOBHUMHU TmpoOJieMaMy, LI0 MOTPEOYIOThH
MOMAJIBIIOTO JOCHIKEHHSI, € HEMHINHICT, TPOIECIB pi3aHHS Ta 3MIHHICTH
Gb13MKO-MeXaHIYHUX BIIAaCTUBOCTEN MaTepianiB. [Iporiecu MexaHOOOpOOKH MaIOTh
JUHAMIYHUH 1 HENMMHIMHUNA XapaKkTep yepe3 3MIHHY RKOPCTKICTh MaTepialy B 30HI
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pi3aHHs, H€OIIHOp1}1HI/II/I po3noi HAIpPYXeHb  Ta baykTyaiii  CHIOBUX
XapaKTePUCTHK YHaCJ1I0K 3HOLIYBAHHS iHCTpyMeHTy. IcHyroui moniOHICHI
KpHTepn TMEPEBAXKHO IPYHTYIOTHCA Ha JTHIAHAX MOJENIX, IO He BPAXOBYIOTh
3MiHy TapaMmeTpiB Yy peanbHOMy Jaci, TOMY BHHHKa€ noTpeda y CTBOpPEHHI
aJalTUBHUX KPUTEPIiB 3 YpaxyBaHHAM HEJITHIHHOCTI MPOIECY.

Honarkosy CKJIQJIHICTh CTBOPIOE 3MIHHICTb BIACTUBOCTEH 00pOOIIOBAaHOTO
MaTtepialy Mg i€l TeMIIepaTypHUX TPaJie€HTIB, (a30BUX MEPETBOPCHBD,
nedopMaIifiHoro 3MIIHEHHS Ta MIKPOCTPYKTYpHUX HeoaHopinHocten. Lli
YUHHUKU MPU3BOJATH 10 KOJMBAaHb CUJI P13aHHSI, 3MIHU IIBUJIKOCTI 3HOITYBaHHS
IHCTPYMEHTY Ta BIUTMBAIOTh Ha CTaOUIBHICTH Mpoliecy (OpMYyBaHHS CTPYXKKH 1
AKICTh 00pOOJICHOI MoBepxHi. Tomy, Teopis MOAIOHOCTI Mae OyTH PO3IIMPEHa,
1100 BpaxoByBaTH 3MiHY (h13MKO-MEXaHIYHUX BIACTUBOCTEH MaTepialiB Ta iXHIiM
BILJIMB Ha PEXKUMHU pi3aHHS Ta npouecu (GopMyBaHHS CTPYKKH.

Bibpariiini eeKTH iICTOTHO BIUIMBAIOTh HA CTA0LIBHICTH MEXaHOOOPOOHUX
nporieciB. Camo30y/>KyBaHl KOJIUBAaHHA B CHUCTEMI «IHCTPYMEHT-3aroTOBKa-
BEpPCTaT» MOXYTh 3HMKYBATH TOYHICTH OOpOOKH, TOJI SIK PE30HAHCHI SBUIIA
MPU3BOJSATH IO 1HTEHCUBHOIO 3HOCY IHCTPYMEHTY. OCOONHMBO KPUTUYHUM €
BIUIMB BiOpaniid y peXuMax BHCOKOIIBHIKICHOTO pi3aHHS 4Yepe3 3HAuyHe
30UTbIIEHHS! JUHAMIYHUX HaBaHTaxeHb. OCKUIbKY ICHYIOUI KpUTEpIi MOA10HOCTI
HE BpPaxOBYIOTh BiOpalliii y MOBHOMY 00cCs31, MOCTa€E HEOOXITHICTH PO3POOKH
HOBUX O€3pO3MIPHUX MapaMeTpiB IS aeKBaTHOTO MPOTHO3YBaHHS MOBEIIHKH
TEXHOJIOTIYHUX ITPOIIECIB.

TemnnoBi edeKkTH TakoX MalOTh BU3HAYAIBHUIN BILJIMB HA MEXaHOOOPOOKY.
[linBuilleHHS TeMMepaTypu 3MIHIOE MEXaHIYHI BJIACTUBOCTI Marepially B 30HI
pi3aHHs, CHIPUSAOUYNA (HOPMYBAHHIO CTPYKKH 4epe3 MIacTHIHe nedopMyBaHHS.
Bucoxki TEMIEPATypU HPUCKOPIOIOTH 3HOLIYBAHHI IHCTPYMEHTY 4uepe3 nn(pysmm
Ta OKHCIIIOBAJIbHI MPOIIECH, a Telequ HAIPYXKCHHS B 00poOIOBaHI# MOBEPXHI
MOXXYTh CHPUYMHATA TIOSIBY MIKPOTPIIIMH 1 3aJUIIKOBUX Jedopmarlii,
MOTIPUIYIOYH SIKICTh BUPOOY.

['onoBHOIO METOIO AAaHOI CTATTI € PO3POOKAa KOMILIEKCHOTO MiIXOy J10
BUKOPUCTAaHHS TeOpli MOAI0HOCTI Y TEXHOJIOTTYHUX CUCTEMaX MEXaHOOOPOOKH
JUISL ONTUMI3Allli MapaMeTpiB Mpolecy, MIABUUIEHHS HOro e(eKTUBHOCTI Ta
3HIDKCHHSI CHEPreTUYHUX BUTpPAT. 30KpeMa, JOCHIKYETHCSI MOKIUBICTh
y3arajibHEHHSI MEXaHOOOPOOHUX TIPOLIECIB 3a JIOMOMOIOI0 Oe3p03MIPHUX
KpUTEPIiB, 110 JO3BOIHUTH (hOpMaTi3yBaTH iX MAaTeMaTUYHUM OIMKC Ta 3A1IMCHUTH
MacmTaOyBaHHS CKCIIEPUMEHTAIBHUX 1 MPOMHUCIOBHX yMOB. B cBorwo uepry,
TEOopis MOJIOHOCTI BIAKPUBAE MIMPOKI MOXKIMBOCTI ISl OMTUMI3allli MPOLECiB
MexaHoo6po6I<H Bona no3Bossie SHUKYBATH eHepreanﬂl BUTPATH 33 PaXyHOK
parioHaJIbHOTO BH6opy pEXKUMIB p13aHH$1 HII[BI/IIHyBaTI/I MPOTyKTUBHICTh
3aBJISIKM OTITHMI3allii CHJIOBUX B3a€EMOJIIH Y 30HI pi3aHHS, a TAKOXK IMPOTHO3YBaTH
3HOC PIKY4YOTO IHCTPYMEHTY Ha OCHOBI CICHIIbHUX TMOMIOHICHUX KPHUTEpIiB.
Kpim Toro, BoHa crnpusie BAOCKOHAJICHHIO SKOCTI 00pOOJICHOI MOBEPXHI Uepes
KOHTPOJIb ~ JIMHAMIYHUX  HaBaHT&XKEHb Ta  3a0e3leyye  MOXJIMBICTh
MaciITa0yBaHHS PE3yJIbTaTiB JIAOOPATOPHUX JOCTIHKEHb 10 MPOMMCIOBHUX
YMOB.

Jlng peamizamii IUX MOXJIMBOCTEH HEOOXIJTHO BHU3HAYMTH KJIIOUYOBI
0e3pO3MIpHI  KOMIUIEKCH, [0 OIHUCYIOTh OCHOBHI  (i3U4HI  TIpoLecU
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MEXaHOOOpOOKH, Taki sK Teronepeaaya, Tedis OXOJOMKYHUYUX PIiJIUH,
YTBOPEHHSI CTPYXKH, CHUJIOBE HABAHTAXKEHHS Ta 3HOIIYBAHHS 1HCTPYMEHTY.
Bukopuctanns xpurepiiB noaiobHocTi, 30kpema uncen llpanarns, Pelinonbnca,
@pyna, a TaKoX CIEHiali30BaHUX KPUTEPIiB CHIOBOTO HABAHTAXKEHHS 1
3HOLIYBaHHS, JO3BOJIIE CTBOPUTH YHIBEpCAJIbHY METOJOJIOTIIO ONTUMIi3allii
PI3HUX BHJIIB 0OpPOOKH — TOKapHOi, ppe3epHoi, nuTidyBalbHOI, CBEPTHIIBHOT Ta
KOMOIHOBaHOI. 3acTOCyBaHHS MOMIOHOTO  MiJXOMy TaKOX  BiJIKpUBAE
NEPCIIEKTUBH JJIS1 IPOTHO3YBAHHS IKOCTI 00POOKH, OILIHKH IIOPCTKOCTI MOBEPXHI
gyepes 3aieykHOCTI mapameTpa Ra Bij 6e3po3MIpHUX YKCell, aHAI3y BIUIMBY TEPTS
1 TeTUIOBUX €(PEKTIB y 30HI Pi3aHHS, a TAKOK BUBUYCHHS TEMIIEPATyPHUX IOJIB 1
MOB'SI3aHUX 3 HUMU MIKPOCTPYKTYPHHUX 3MIH y MaTepiai.

Ha ocHOBI BuU3HaueHUX KpUTEPIiB MOAIOHOCTI MOXKJIUBO c(opMyBaTH
CUCTEMY pIBHSHb IS MOJICIIOBAHHS JMHAMIYHMX, CHJIOBUX Ta TEIJIOBUX
IIPOLIECIB MEXAHOOOPOOKHU NUIAXOM NOOYI0BU Ju(epeHIaIbHUX PIBHIHB PyXY
CTPYXKH, €HEPreTHYHHUX MOJeNIe €(PEKTUBHOCTI pI3aHHS Ta y3arajlbHEHUX
3aJIeKHOCTEHN Mk apaMmeTpamMu 0OpoOKH, 110 JO3BOJUTH CTBOPUTHU y3arajlbHEHY
MaTeMaTUYHy MOJENb IpOLECy, ONTUMI3YBaTU pPEXKUMU pI3aHHA 3a
0€3pO3MIPDHUMHU  KPHUTEpIAMH, MIJBULIUTH €(QEKTUBHICTH 1 JOBrOBIYHICTH
IHCTPYMEHTY Ta PO3POOUTH CHUCTEMY LH(PPOBOrO MOHITOPUHTY AJIsI KOHTPOIIIO
mpoiiecy B peainbHOMY 4aci. ToMy, 3actocyBaHHsA Teopii MOAIOHOCTI Yy
MEXaHOooOpoOIIl 103BOJIsIE CPOpMYyBaTH HAYKOBO-OOIPYHTOBAHI PEKOMEH/allll
11010 T1ABUIICHHS €(DEKTUBHOCTI MEXaHOOOPOOHUX MPOIECIB Ta IX ajanTarlii 10
BHUMOT Cy4aCHOTO BUPOOHHUIITBA.

BUCHOBKMH

Buxopuctransas teopii moa10HOCTI sl onTUMIi3alii MeXaHOOOpOOKH Aae
3MOTY CYTTEBO MIABUUIUTH AKICTh 1 MPOJYKTUBHICTh TEXHOJIOTTYHHUX MPOLECIB
IIUISIXOM 3MEHIIICHHS €HEPTOCIIOKUBAHHS, 301IbIIIEHHS JOBIOBIYHOCTI P1’KYy4OT0
IHCTPYMEHTY Ta MOJIMIIEHHS SKOCTI 0OpOOIOBaHMX IMOBEPXOHb 3a PaXyHOK
aHamizy kpurepianbHux uuceln (Re, Fr ta enepretuunux xkputepiiB). [Ipaktuuna
peaizallig 1bOT0 MiAX0AY Nependadae BU3HAYSHHS BIAMOBIAHUX KPUTEPIiB IS
KOHKPETHOI'O MpOLECy, iX aHali3, eKCIIEpUMEHTAJIbHY MEPEeBIPKY ONTHUMAJIbHUX
peXKUMIB Ta KOPUTYBAHHS TEXHOJOTIYHUX MapaMeTpiB, WO B MIACYMKY
3a0e3nedye NiABUIICHHS €()eKTUBHOCTI BUPOOHUITBA 1 BIIMOBIIHICTh CYy4aCHUM
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BUKOPUCTAHHA METOIIB LITYYHOTI'O IHTEJIEKTY UJIA
YIIPABJIIHHA PEXKUMAMMU OBPOBKH OCBOBOI'O
IHCTPYMEHTY I3 IBUJAKOPIXKYYOI CTAJII B IMIIYJIbCHOMY
MATHITHOMY I10OJII

Anomauia: Y poobomi 00cniodiceHo 8UKOPUCTNAHHA MemOo0Oie WmMy4H020 iHmelekmy 0
VIPABNIHHA — DeHCUMAMU  MACHIMHO-IMIYILbCHOI  0OPOOKU — 0Cb0B0O2O  IHCMPYMeHm) i3
weuoxopizanvHoi cmani. Busnaueno ¢hizuuni ocHosu npoyecy MacHimHOi 00poOKu,
0coOIUBOCMI 3MIHU OUCTOKAYIUHOL CIMPYKMYPU CIati nicis 00pooKu, Kiacupixosano memoou
MazHimHOi 00poOKU ma 0Xapakmepu3o8aHo MexHOoN02iuHe YycmamiKyeanusa. Pospobneno
KOHYenyilo IHMeNeKmyaibHoi CUcCmemu YNPAGIiHHA —PeHCUMAMU  MACHIMHO-IMNYIbCHOL
00pOOKU HA OCHOBI 2eHeMUYHUX ANI2OPUMMIB [ Helipomepedtceaux Mooenell 3 HeuimKom 102iKoi0.
Ilposedenuii ananiz 00800umv, WO 3ANPONOHOBAHA CUCMEMA O00380J1A€ ONMUMIZYEAMU
pedcumu 00pooOKuy, NiOBUWUMU CMIUKICMb IHCIMPYMEHMY ma CKOPOMUmMuU 8UmMpamu eHepeii.
Ompumani pe3yromamu Maoms NpaKmuiHe 3Ha4eHHs 015 NIOBUWEeHHs AKOCMI ma HAJIHOCMI
MawuHoOyoisHux eupobie.

Knwuoei cnosa: macnimno-imnynscna oopoobxa, weuoKopizanbha Cmaib, 0CbOGULL

IHCMPYMeHm, WMY4YHUL IHMeeKm, 2eHeMUu4Hi al20pUmmu, He4imKa 102iKa, HetupOoHHI MepedcCi,
ONMUMIZAYIA PEAHCUMIE.

Abstract: The study investigates the use of artificial intelligence methods for controlling
the processing modes of axial tools made from high-speed steel under magnetic pulse treatment.
The physical fundamentals of magnetic processing, the changes in the dislocation structure of
steel after treatment, the classification of magnetic processing methods, and the technological
equipment used are outlined. An intelligent control system for magnetic pulse treatment modes
based on genetic algorithms and fuzzy logic neural networks is developed. The conducted
analysis proves that the proposed system allows for the optimization of processing modes,
increases tool durability, and reduces energy consumption. The obtained results are practically
significant for enhancing the quality and reliability of manufacturing products.

Keywords: magnetic pulse treatment, high-speed steel, axial tool, artificial intelligence,
genetic algorithms, fuzzy logic, neural networks, mode optimization.

[IpoGiiema 3HOCOCTIMKOCTI 1 JOBTOBIYHOCTI METaI00OpOOHOTO
IHCTPYMEHTY Tmpujadana B MaIIMHOOYIyBaHHI HAJ3BUYAaiHO BEJIHMKE
3HAYEHHA. AKTYaJIbHICTb 11 3pOCTA€E B CYYaCHUX YMOBaX PUHKOBOI EKOHOMIKH,
KOJM B MAaIIMHOOYJIyBaHHI OCOOJMBY pOJb Ma€ BiAIrpaBaTU SKICTh
IHCTPYMEHTIB, B IMEpUIy YEpry PLKYYHMX, IO BU3HAYAIOTh OaraTo B 4OMY
MPOYKTUBHICTH BEPCTATIB 1 COOIBAPTICTh OOPOOKHU B LILJIOMY.
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[TonimmieHHsT SKOCTI 1HCTPYMEHTIB MPHUHIIMIIOBO MOXKHA JOCSTTH
JIETYBaHHIM MaTepialy, a TaKOX 3aCTOCYBaHHSM YCIX BIIOMHUX MEXaHI3MiB
00'eMHOr0 3MIIIHEHHSI TIpU TepMiuHii 00poodui. Jlopori meroau o0'eMHOTO
3MIIIHEHHS HE MOXYTh OyTH BHIIpaBAaHi IIE 1 3 TUX MO3MIIH, [0 TPUUUHU
BIIMOB 1HCTPYMEHTIB HaifuacTiIlIe MOB'A3aH1 HE 3 X MOJIOMKOIO, a 3 BTPATOIO
HUMH CBO€ET IEPBICHOIT MOBEPXHEBOT KOH(DIryparii BHaCHiOK 3HOCY, BIIKOJIB,
3MHUHAHHS, PpO3TPICKYBaHHA, TOOTO B 3B'SI3KY 3 pyHHyBaHHSAM a0o
nedopMalliero TOHKMX IMOBEPXHEBUX IIapiB METaIy.

Came nMMH OOCTaBUHAMHU TOSICHIOETHCS IHTEHCUBHUN PO3BUTOK
OCTaHHIM YacOM YHCEJIBHUX METOJIB 1 pO3p0O0OK B 00JIacTi MOBEPXHEBOTO
3MIITHCHHS IHCTPYMEHTIB.

OnHuM 3 OCHOBHHUX HampsMKIB (DI3UYHOI TEXHOJOTii € MarHiTHa
o0poOka marepianiB. OcoOnuBe Miclie B MarHiTHiIM 0OpoOIll BiJBOJUTHCS
crocobam MOJIIMILIEHHS (13UMKO-MEXaHIYHUX BJIACTUBOCTEMN
MIBUAKOpi3ambHUX cTajeil. [los MokanpHUX mepeHanpyr B TaKWX CTallax
3'SIBJSIIOTHCS B PE3YJIbTATI MATHITOCTPUKIT. Y UX YMOBAax YaCTKH KapO1qHOT
¢da3u BUABIAIOTHCS KOHIIEHTPATOPAMU HAINPYXKEHb, SKi 3MEHIIYIOTHCS 3a
paxyHOK JTOJIaTKOBUX JIKEPEJ TUCIOKAIIIMN.

B minomMy pe3ynbraT MarHiTHOI OOpOOKH pO3IIISIAAETHCS SIK MPOSIB
e(eKTIB mCIsIAil B MaTepianax, 1o 3HaXOASIThCSI Ha MEXKaX CTa0lIBLHOCTI iX
BJIACTUBOCTEH 1 MIJAIOTHCS BIUIMBY 30BHIIIHBOTO CUJIOBOIO MOJIS.

MaruiTHe 3MIITHEHHS Ha OCHOBI METOJY MAarHiTHO-IMITYJIbCHOI
o0pooku (MIO) mae HU3KY IIepeBar, 30KpeMa: HH3bKa COO0IBapTICTh
o0poOJeHHs, 30€peKeHHS TeoMeTpii 00poOJIeHHUX JieTajei, BiJCYTHICTb
BUTPATHUX MaTepiaiiB, MPOCTOTA TEXHOJIOTTYHOTO OCHAIIICHHS Ta €KOJIOT14HA
YHUCTOTA.

BonmHouac ciiji 3a3HaYMTH, IO KJIOYOBHM MOMEHTOM 3a0e3NeUeHHS
edexktuBHOCTI MIO € npaBuiibHUN BUOIp pexxuMiB 00poOKku. Bulip pexxumin
€ CKJIQJITHUM TEXHIYHUM 3aBJIaHHSM, 110 TOTPeOye 1HAMBIAYATBHOTO TIX01Y
70 BHUPIIIEHHS JJI1 KOXXHOI KOHKPETHOI Tally31 3aCTOCYyBaHHA. Y CHIIIHE
po3B's3aHHs 3a7a4l BuOopy pexxumiB MIO moke OyTH JOCSITHYTO IUISIXOM
CTBOPEHHS 1HTENEKTyaIbHUX CUCTEM KEPYBAHHS LIUM TIPOIECOM.

OO0'eXT IOCHIIKEHHA: OCBOBUM IHCTPYMEHT - CBEpJIA Ta MITUYHMKH 13
IIBUJIKOPI3aJbHUX CTajield, METOAd Ta 3aco0M IITYYHOTO 1HTEJEKTY,
IHTEJIEKTyaJIbHI CUCTEMH KEepyBaHHSI.

Meta po6oTH: 301JIbIIIEHHSI CTIHKOCT1 IHCTPYMEHTY LIUISIXOM CTBOPEHHS
IHTEJIEKTYaIbHOI CUCTEMH YMPABIiHHS MarHiTHO-IMITYJIbCHOI OOpOOKH AJis
pO3B'sI3aHHS 33/1a4l ONTHUMAIBHOTO KepyBaHHs pexxumamu MIO.

Mertoau JOCHiKEHHS: MaTeMaThdyHe ©W (I3UYHE MOJICIIOBAHHS,
CTaTUCTUYHMIA aHami3. BuKopucTOByBanucs CTaHIApPTHI BHUMIPIOBaIbHI
npudOpu Ta NpUiaAM JJIs OLIHKU €PEKTUBHOCTI 3MIIHEHHS MMOBEPXHEBUX
11apiB.

BianoBinHO 10 MEeTH y HayKOBii poOOTI MOCTaBiE€HI ¥ BHUpILIEHI
HACTYIIHI 3aBJIaHHS:
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[IpoananizoBatu (pi3M4HY CYTHICTh MPOIIECY MarHiTHOI OOPOOKH.
[lokazaT TEXHOJOTIYHE YCTaTKyBaHHS MAarHITHO-IMITYJIbCHOI
00pOOKH.
Po3mistHyTH MeTOIM aanTUMHOTO yIPaBIiHHS.
4. TlpoaHamizoBaTH Cy4YacHI 1HTEJEKTyajbHI TEXHOJIOT1i B CHCTEMax
YOpaBIiHHS.
5. 3acrocyBaTd  METOMAIB INTYYHOTO IHTEJEKTY [UIsl YIpaBIIiHHA
MarHiTHO-IMITYJIbCHOIO 0OpOOKOIO 3a JIOIIOMOTOIO 1HTEJICKTYaJIbHO1
CUCTEMU yMPABIIIHHS.

VY pizHux cdepax NPaKTUYHOI MISUTBHOCTI, MOB’SI3aHUX 3 BUPIIICHHIM
3aBJlaHb YIPABIIHHS Ta KOHTPOJIIO, ONTUMI3AIll Ta MOJEIIOBAHHS, MOIIYKY Ta
BUOOpYy, poO3Mi3HaBaHHA Ta Kiacudikaili, TocTpo IocTajga HEOOXITHICTh
1HTENIEKTYaJIbHOI MIITPUMKH JIJIS ITOI0JIAaHHS TPY/IHOIIIB B CKJIQJIHUX CUTYaIlIsIX 1
pu 0OMEKEHUX pecypcax.

CbOrosiHi BUKOPUCTaHHSI CYy4acCHUX IHTEJNEKTYyaJIbHUX TEXHOJIOT1H, TaKux
K HEHPOHHI MEpeXi, IMMOOKE HAaBYaHHS Ta IITYYHUH 1HTENEKT, € MePeyMOBOIO
MPOAKTUBHOTO PO3BUTKY BCIX c(ep AISUIBHOCTI JIOJUHU.

Meroan Ta 3acoO0M IITYYHOTO IHTENEKTY IOXOASATh JI0 CIOXKHBaya y
BUTJISIAL 1HTEJIEKTYaJbHUX TEXHOJIOTIH, SIKI MPAaKTUYHO 1HBapiaHTHI 0 TIEl 4u
1HII0i npo6siemHoi oonacti. Tpaguuiiino o IT BigHOCSTH HewiTKy jgoriky (HJI),
redetnuni anroputMu  (I'A) 1 Heiponni wmepexi (HM). IT ycnoimmHo
BUKOPHUCTOBYIOTHCS JUIsl CTBOPEHHI CKJIAJAHMX CHUCTEM ympasiiHHA. Bumoru no
MIPUCTPOIB YIPABIIHHS — 3a0€3MeuyBaTH HaJ[iHE YIPaBIIiHHS 00'€KTOM B PI3HUX
pexumax foro podotu [1].

Ho excneptaux cucteM (EC) BigHOCSATH cucTtemu, 1m0 0a3yrOThCs Ha
3HAHHIX, TOOTO CHCTEMH, OOYMCIIOBAJIbHA MOJKJIUBICTH SIKMX € HACIIIKOM IX
HapolyBaHOi 0a3u 3HaHb. bazoBuMM KoMIoHeHTaMu Oy ab-skoi EC €: BupinryBay
(inTepnpeTaTop), poboua maM'siTh, sika MOKe MaTH Ha3BY 0a3a 1aHux, 6a3a 3HaHb,
eJIeMEHTH HaOyTTS 3HaHb, J1aJOTOBUH 1 HOSICHIOBAJIbHUN OJIOKH.

PosrasiHeMo cuctemMy HEUITKOTO BUBOAY. [ '0JI0BHE MicCIl€ B HEUITKIH JIOT1K1
Ta BIJMOBIIHUX CUCTEMaxX KEpyBaHHS IMOCiJIa€ HEYITKUM BHCHOBOK. I[Iporec
HEYITKOTO BUBEJEHHS SABJISIE COOOIO MOCIII0BHICTh 3J00YTTSl HEUITKMX BUCHOBKIB
3 ypaxyBaHHSIM HEYITKMX yMOB a00 MEpeayMOB 3a JOMOMOTOK) BUKOPUCTAHHS
MOHSATH 1 MPUHIUIIIB HEUiTKO1 JoTiku. Lleit mpouec o0'eqHye B co01 BCl OCHOBHI
KOHIIETIIi Teopli HEUITKMX MHOXUH: (YHKIII MPUHATIEKHOCTI, JIIHTBICTHYHI
3MiHHI, HEYITKI JIOTIYHI Omeparlii, METOJM HEYITKOi IMIUTIKaIii Ta HEYITKI
koMmrio3uirii. CHCTeMH HEUYITKOTO BUBOJAY BHKOPHCTOBYIOTHCS IS peaiizaiii
IPOLECY HEUITKOTO BUBEJCHHS 1 CITy>KaTh CBITOTJISIAHUM 0a31COM YCI€l ICHYI0UO1
HEYITKO1 JIOT1KH. JIOCSTHYTI YCIIXH B 3aCTOCYBaHHI IIMX CUCTEM JJIsI BUPILIICHHS
3HAYHOTO KJIacy 3a7a4 KEPyBaHHs CTaJId OCHOBOIO CTAHOBJICHHS HEUITKOT JIOTIKH.
CucTeMy HEYITKOrO BHBOJY JIO3BOJISIIOTH BUPINIYBATHU 3a]auyl aBTOMATUYHOIO
YOPABIIHHS, TPYIMYyBaHHS JaHUX, PO3PI3HEHHS OOpa3iB, MPUUHATTA PILICHb,
pOOOTH30BaHOIO HAaBYAHHS Ta 0araTo 1HIIUX.

N —

e
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Heiiponna Mepexxa — 1€ pO3MOJIIEHUM TMapajebHUi TMPOIEeC, 10
CKJIQIa€ThCS 3 €JIEMEHTApPHUX OJIMHUIL 00pOOKH 1H(pOpMaLlii, [0 HAKOTTUYYIOTh
eKCIIEpUMEHTAJIbHI 3HaHHS Ta HAJAIOTh iX JJIs Toaaibiinoi o0pooku. Heliponna
Mepeka oTpuMye 1H(POpMaITito 3 HaBKOJUIITHHOTO CEPEIOBUINA | BUKOPUCTOBYE 1X
B TIporieci HaB4aHHsA [1,2].

Po3BUTOK  TeXHOJOTIH Ta  CTBOPEHHS  BHCOKO  MPOJYKTHBHUX
MIKpPOIIPOIIECOPIB 3 BEIIMKUM 00'€MOM TIaM'sATi, MOKJIUBICTh OpraHi3aiii MyJIbTH
Mepex I peamizalii mapajieiabHUX OOYMCIICHb, 3 OJHOr0 0OKy, Ta moTpeda
00poOKHM BETUKUX MacHBiB 1H(OpMaIlii, BAKOPUCTAaHHS 0a3 3HaHb A5 reHepalii
HaIpaBJIeHOl AISUTbHOCTI — 3 THIIOT0, IPU3BEIU 10 CTBOPEHHS IHTEIEKTYyalIbHUX
cucreM. Ilim  IHTENEKTyaJlbHOKO  CHUCTEMOIO  PO3YMIIOTh  00'€IHaHY
iHQOpMaIITHUM TIPOLIECOM CTPYKTYPY TEXHIYHHMX 3aCO0IB 1 MPOrpaMHOIo
3a0e3MeUeHHsl, KOTP1 MPALIOI0Th Y B3a€EMO3B'SI3KY 3 OIEpaTopoM ad0 HE3aJIeKHO
B/l HBOTO; 3/IaTHY Ha OCHOBI BIJIOMOCTEW 1 3HAaHb MPU HASBHOCTI MOTHBAIIli
CUHTE3yBaTH, F€HEPYBATH PILICHHS NPO 10 Ta 3HAXOAUTH €(PEKTHBHI LHUISIXU
BUpIIICHHS 3aBaaHb. [HTEenekTyanbHi cucremu [3,1] 371aTHI TeHepyBaTH MeETy,
npuidMaTv pillieHHs A0 [1i, 3a0e3nedyBaTdl Mdil0 Uil JOCSTHEHHS METH,
IIPOTHO3YBAaTH 3HAUYECHHSI TAPAMETPIB PE3yJIbTATy Ali 1 31CTABIIATH iX 3 PEAIbHUMU,
YTBOPIOIOYM 3BOPOTHUH 3B'I30K, KOPUTYBaTU METy a00 yrpaBiiHHA. BiaMiHHOIO
OCOOJIMBICTIO 1HTEJIEKTYaJIbHUX CHUCTEM KepyBaHHS € iX Kiacudikaiiine
BIJIHECEHHS JI0 KJIacy AMHAMIYHUX CUCTEM, SIKl MPAIIOI0Th B PEKUMI PEaTIbHOTO
yacy 1 MalTh B CBOEMY CKJIAJl MiACUCTEMH B3a€MOJIl 3 30BHIIIHIM CBITOM
(1aTyuKu, BUKOHABY1 MPUCTPOT).

JIOIIIBHICTh 3aCTOCYBAaHHS TCHETUYHHUX AJITOPUTMIB IMiJI YaC ONMTHUMI3allii
pexumiB MIO oOrpyHTOBaHO THM, IO Ha TPAKTHUINl CKIATHO 3adiKCyBaTH
BJIACTUBOCTI ()yHKILIOHAJIBHOI 3aJI€KHOCTI BUXIAHUX MapameTpiB pexxumis MIO
Bil BXIJIHUX BEJIWYMH, € CKJIAJHINIC 3pOOUTH AHATITUYHUN OIMHUC TaKOl
3aNMeXHOCTI. ['€HeTWYHMII MeToN YTBOPIOE KJac ajrOpUTMIB MOIIYKOBOI
ONTHUMi3alli, 3aCHOBAHUX Ha MaTEMaTUYHOMY MOJICTIOBaHHI Ol0JIOTTYHHUX
MEXaHI3MIB 1 MPOLECIB Yy JKHUBIM MPUPOJlI 32 JONOMOIOK MPUHIUIIB
MOMYJISIIIIAHOT TEHETUKH, 10 JJal0Th 3MOT'Y 3HaXOJUTHU ONTUMAaJIbHI a00 OJM3bKi
710 HUX (CyOomTHMAaIbHI) piteHHs [4].

JIOIJIbHICTh 3aCTOCYBaHHS HEUITKOI HEHpOMEpEKi B CUCTEM1 YIIPaBIiHHS
MIO 3ymoBiieHa HEOOXITHICTIO KiTacu(iKaIlliil TaHUuX, 1110 BAKOPUCTOBYIOTHCS i1
qac 00poOku [4,5]. EdexTBHO BHUPIMIUTH 3aJa4y MOJCIIOBAHHS Ta
nporHo3yBanHs pe3yibTaTiB MIO. BukopuctoByBatn ampiopHy iH(opmariito,
3100yBaTH HOB1 3HAHHS 1 OyTH JJIi KOPUCTyBaya JIOTIYHO MPO30PUMH. 3HAYHY
poJb Tipu yrpaBiiHHI nporiecoM MIO Mae TexHoJorisl 00'eKTHUBI3AIllT MpoIecy
NpUIHATTA pimeHb. [Hpopmaliiina HEBU3HAUEHICTh 1 HemepeadadyBaHi YMOBH
3YMOBJIIOIOTh PAIllOHAJIBHICTh 3aCTOCYBaHHS METO[IB TEOpli HEHUpO-HEUITKUX
CUCTEM JUIsl ynpaBiiHHS ckiaagHuMm mnporiecom MIO. Ha puc.l npencrasieHo
y3arajlbHeHy CTPYKTYpHY cxemy ympaBiiHHg MIO, mo Mictuth y co0i: 0JI0K
ontumizauii napamerpiB MIO; 610k HaBYaHHS 1 MPOTHO3YBaHHS pE3yJIbTaTIB
MIO.
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ITepen mouatkom 0OpOOKHM BBOASTHCS MapamMeTpu 0OpoOJrOBaHO1 JIeTall -
MaTepiaj 3aroTOBKH 1 T€OMETpUYHI mapamerpu aetaii. Ilicas orpumaHHs 1uX
JaHUX KOMIT'IOTE€p BHU3Ha4Ya€e MOTPiOHY KOMOIHAIiO mapaMeTpiB 0OpoOIrOBaHO1
netani 3 6asu ganux (BJI). Skxmo Taka indopmaiis 3HaiiaeHa, 3 0a3u JaHUX
BUTATAIOTh JIlalla30HM TapaMeTpiB pPEeKUMIB 0OpOOJCHHS (HAMPYXEHICTH
Mar”iTHOTO mojs H, gucioM iMIynbCiB y cepii n, 9acoM iMIyJibCcy B cepii T,
IHTEpBAJIOM MDK IMIYJIBCOM Yy cepii t, yuciaoM cepiil immymsciB ®). ko
iHQopMalliss He 3HaljieHa, TMPOBOJIUTHCS IMOMIYK JAeTall 3 MaKCHUMAaJIbHO
OJM3BKUMU ITapaMeTPaMHU.

Jliana3oH 3MiHM MapaMeTpiB

brox HaB4aHHA Ta NPOTHO3yBaHHS pe3yibTarie MIO

pexumiB MIO

basa 3HaKE ) ['eneTnuHmn
1010 PEKUMIB AITOPUTM
MIO

biok ontumizauii napamerpis MIO

PexomennoBani [TonepenHi
pexumu MIO napametpu MIO

Y TouHIOI0U1 TTapaMeTpH

pexxumiB MIO

MIO < HeuiTka HeliponHa
: MeDexa
Pesynsrar MIO

——————— P—HGy—HOl\— 1~ = -7 DA AFDTIOIT U FPYIC T Y P OAVIVITE Y11 PODA AT AVEECs — -~~~ - - -~ === -=

[Ticnst Toro, SIK BU3HAYEHO [1alla30H MapameTpiB PEXUMIB 0OpOOKH, BiH
ONTHUMI3YETHCS 3a IOMOMOT0I0 T€HETUYHOTO ANrOpuTMy. ' eHeTUUHUI aJIrOPUTM
orepye CykymnHicTio mapametpis pexkumiB MIO (H, n, 1, t, ®), 3a sikux niciss MIO
JeTaneil MeBHOro marepialy 1 TreoMeTpii, OTPUMYIOTh 3a/laHy TBEPIICTh
MOBEPXHI.
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[Ticnist Toro, sIK BU3HAYEHO MapaMeTpu PEXKUMIB 00pOOKH, BOHU MOIAI0THCS
4yepe3 HeUiTKy HelipoHHy Mepexy. [lapamerpu pexumiB MIO npoxonats yotupi
OJIOKM CUCTEMHU HEYITKOTO JIOTTYHOTO BUBEICHHS .

- 610k (haz3udikariii, IO MEPETBOPIOE YHUCENTBHI TapaMeTpiB pexkumiB MIO
(H,n, 1, t, ®);

- 6a3a JaHuX, 10 MICTUTHh HaOlp HEYITKUX MPABWII MIOAO 3MIHU PEKUMIB
00poOIeHHS;

- OJIOK yXBaJICHHS PIIlIeHb, 1110 3/1MCHIOE oreparlii BUBEICHHS Ha IT1/ICTaBl
HasIBHUX MPaBUJ;

- Onok nedas3udikarii, 10 TMEPETBOPIOE PE3yJIbTAaTH BUBCICHHSI B
yucesbHI 3HaueHHs napameTpis pexumis MIO (H, n, 1, t, ©).

YTouHEeHI mapamMeTpu TMOJAI0ThCS HAa MOJYJIb KEPYBaHHS COJICHOINOM,
nicis yoro 3aiMcHioeThes mporec MIO. Ilicns oOpoOku MpoBOAUTHCS OIIHKA
IPOAYKTHBHOCTI, 1 SKIIO OTPUMAaHUN pe3ynbTaT HE 3a/I0BOJIbHSE 3asSBICHOMY,
pe3yabTaTh 0OOpPOOKH BIANPABISIIOTHECA HA HABYAHHS HEUITKO1 Hepomepexi. [1i
yac HABYaHHA HEYITKOI HEHPOHHOI Mepexl BiAOYyBaeTbCA 3MIHA NapaMeTpiB
pexXuMIB 00pOOKH, 1 3MIHEHI pexuMu noaaThes Ha MIO. Llukn noBToproeThes,
0 OTPUMAaHHS HEOOXIJTHUX PE3yJbTATIB, MICIAS YOr0 PpPEXUMU OOpPOOKH
3aMHMCYIOThCS B 0a3y IaHUX 1 0a3y TaHUX HEYITKOT HEHpOMEepexi.

YcraHOBKa 3 IHTENEKTYaJIbHOIO  CUCTEMOIO  yOpaBiiHHSA  (puc.2)
GyHKIIOHYE HACTYIMIHUM YHWHOM: Yy po0oYy TOpOXKHUHY cojeHoina (6)
po3Mimytote jaetanb (7), mo migisrae MIO. OmnepaTop BBOAUTH JaHl MPO
00poOIoBaHy JeTanb y 0a3y JaHUX IHTENEKTyalbHOI cucTeMu yrpaiinug MIO
(2). Otpumana iudopmarlisi oTpumana iHbopmailisi 0OpOOIAETECA CUCTEMOIO
ynpaBimiHHS (2), sSika 3a OTPUMAHMMU JIAHUMH 33/1a€ TapaMeTpu PEKUMIB
o0poOku. Ilicmss 1mpOro curHayl MOMAETHCA Ha MiKpoKoHTposiep (3), uepes
nepeTBoproBay (4) 1 MOAyJb yIpaBiIiHHI cojeHOIAoM (5). Y CoNeHOill BUHUKAE
MarHiTHUM NOTIK, IKU KOHLIEHTPYETHCS Ha BUPOOI.

6
. ) . 7
Buxigni gaxi 2 3 Mikpo-
TSI 0OpOOKH 5 ICY MIO g
1 JIxepeno 5 Moaynb ynpaBiiHHS

| 4 IleperBoproBay
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Pucynok 2 - @yHKIiOHaJIbHA CXeMa YCTaHOBKH 3 IHTEIEKTYaIbHOIO
cucTemoro ynpasiinas MIO

Po3pob6iena cuctema Mae Taki MOKIMBOCTI:

1. Bubip mnapamerpiB pexumiB MIO mig KOHKpeTHHH BUPIO 3
BUKOPHUCTAaHHAM 1HGOpMAIli 100 TMOYATKOBUX PEXKHUMIB OOpOOJICHHS, IO
MICTATHCA B 0a31 JaHUX CUCTEMH.

2. YTOo4YHEeHHS ONTUMaNbHUX pekuMiB MIO 3 BUKOpPUCTaHHSIM HEYITKOT
HEUPOHHOT MEpexI.

3. 306epekeHHs pe3yJbTaTiB 00pOOKH KOHKPETHUX BUPOOIB y 0a3i AJaHUX 1
peaitizailisi MEXaHI3My CaMOHABYaHHS.

[Iporpamuy peanizamito anroputmy ¢yskiionyBanus ICY MIO moxhna
3MIACHUTH 3a JIOTIOMOTOI0 I1HCTPYMEHTAJIbHHUX 3ac00iB MakeTa MNPUKIaJHUX
nporpam MATLAB 7 - Genetic Algorithm Tool (maketr reHeTHyH1 aarOpUTMH) i
Fuzzy Logic Toolbox (makeT He4iTKO1 JIOTIKH).

BucnoBku

1. 3actocyBaHHs 1HTENEKTyanbHOI cuctemu ynpasiaiHHs MIO nacte 3mory
3MIHIOBATH MapaMeTpH PEXHUMIB OOpPOOKH 3aJIeKHO BiJl MaTepialy 1 TeoMeTpli
oOpoOmtoBaHoro BupoOy. Lle macTe 3Mory MIBHAKO MEpeHaNalllTOBYBaTHUCA Ha
00poOKy BUpPOOIB PI3HUX THUIIIB 1 MaTEpialiB.

2. 3acTOCYBaHHS HEUITKMX HEHPOHHHX MEPEX B YIPABIiHHI AACTh 3MOTY
TOYHO ONTHUMI3yBaTH mapaMmeTpu pexumiB MIO 118 KOHKPETHOro THITY
IHCTPYMEHTY a00 BHPOOY.

3 3acTocyBaHHs 3alpONOHOBAHOrO MiAXOAy A0 ynpaBiaiHHI MIO pactsb
3MOTy CKOPOTHTH 4ac Ha 00poOKy BUpoOiB, MiABUIIKTH KICTH MIO 1 ckopoTut
BUTpPATY €JEKTPOCHEPTii, 0 BUTpadaeThcs Ha mporec MIO.
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BUKOPUCTAHHSA MOXJIUBOCTENA TEACHABLE MACHINE J1J151
CTBOPEHHS MOJEJIEM MAILIMHHOI'O HABYAHHA 3
INOJAJBIINUM BUKOPUCTAHHAM Y MOBIJIBHUX JTOJATKAX

Anomauia. Haseoerno onuc mosciusocmeti cepsicy Teachable Machine ons cmeopenus
MooOenell MAWUHHO20 HABYAHHS, KI 00360/1810Mb PO3NI3HASAmMuU 00 €kmu Ha omo abo Ha
300padicenHi 3 Kamepu MoOiIbHO20 npucmporo. Tlokazano npuxiad po3nizHABAHHS HCeCmié
(naneyv e62opy ma 6HU3) ma YcMiwKu Ha 300padxceHHi 3 6e6, abo Kamepu MOOITbHO2O
npucmpoio. Haseoeno ocobausocmi cmeopenns oamacemy O0as kiacughikayii scecmie ma
nocmiwiku. Hasedeno nocniooenicmov Oill 05 eKCnopmy OmpumMaHoi mooeni MAuuHHO2O0
Hasuanusa y ¢gopmam TensorFlow Lite Ons il nooanvuio2o GUKOPUCMAHHA Y MOOLIbHOMY
0ooamky. Onucano npoyedypy inmezpayii moxcaueocmeti CameraX y npoekm 3a 00nomozoro
gradle. Hagedeno npoyedypy inmezpayii mooeni MawunHo20 HAGUAHHA OJisl PO3NI3HABAHHS
00€KmMi6 3 300padicendb y npoekm mooiibHo20 0ooamky. [lokasano pezyromamu pobomu mooeiui
MAUUHHO20 HABYUAHHA Y NpoeKmi MobinvHo20 (Android) dooamky.

Knrouoei cnosa: Teachable Machine, knac CameraX, Gradle, mooens mawunnozo
HABUAHHA, MOOLIbHUL 000amoK, 0ozeonu, TensorFlow Lite

Abstract. A description of the capabilities of the Teachable Machine service for creating
machine learning models that allow you to recognise objects in a photo or image from a mobile
device's camera is provided. An example of gesture recognition (finger up and down) and smile
recognition in an image from the web or a mobile device camera is shown. The features of
creating a dataset for the classification of gestures and smiles are given. The sequence of
actions for exporting the resulting machine learning model to the TensorFlow Lite format for
its further use in the mobile application is given. The procedure for integrating CameraX
capabilities into a project using gradle is described. The procedure for integrating a machine
learning model for recognising objects from images into a mobile application project is
presented. The results of the machine learning model in the mobile (Android) application
project are shown.

Keywords: Teachable Machine, CameraX Classroom, Gradle, Machine Learning
Model, Mobile App, Permissions, TensorFlow Lite

BCTYII

Buxopucranss 3aco0iB MITy4YHOTO 1HTEJIEKTY JI03BOJISIE BUPIIIUTA Oarato
pi3HMX 3amad. Hampukian, MokHa po3mi3HaBaTH 00’ €KTH 31 CTaTHYHUX
doTorpadiii abo Bimeo MOTOKy. MoxHa pO3Mi3HABATH HACTPIM JIOAWHHU Ta ii
KECTH Ta MIMIKY.

Takox 3a 10MOMOror0 HeHpoMepek MO)KHA MEPETBOPIOBATH YOPHO-O1Ie
300paxkeHHs y KojibopoBe. CydacHi OXOpPOHHI CHUCTEMU BHUKOPHUCTOBYIOTH
IITYYHUH THTENIEKT AJI PO3Mi3HABAaHHS 0OIUYYs.

VY cyyacHux cmapT@oHax 3aco0U IITYYHOTO IHTEJIEKTY BUKOPUCTOBYIOTHCS
JUTSL TIOKPALIEHHS SIKOCT1 300pakeHb, OTPUMAHKUX 3 (oTOKamepax (3MEHIICHHS
IIyMy Ta 1H.).
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Jlns  posmizHaBaHHS ~ O0’€KTIB, JKECTIB Ta  MIMIKM  JIFOJWHHU
BUKOPHCTOBYIOTHCSI MOJIENTI MAIIIMHHOTO HABYAHHSI.

Taky Momenb MOXKHa CTBOPHTH 3 BHKOPHCTaHHSIM cepBicy Teachable
Machine [1]. Hami orpumana MoJaedb MAITUHHOTO HABYaHHS MOXKE OYTH
neperBopena y popmar TensorFlow Lite [2]. Taka Moaenb jgerko iHTETpy€eThCs B
npoekT Android mogartky.

Meta podoTu — aHai3, 10CHIIKEHHS Ta BUKOPUCTAHHS 3aCO01B IITYYHOTO
iHTenekTy y Android mojmaTkax JUisi BU3HAUCHHS JKECTIB Ta MIMIKH JIIOJIUHH,
3aXOIUICHUX KaMepO MOOUIBHOTO MPUCTPOIO.

3agaul JOCHIIKEHHS:

-BHBYCHHS MOXJIHMBOCTeH cepBicy Teachable Machine mms crBopenHs
MOJIejIel MAIllIMHHOTO HaBYaHHS ISl PO3ITi3HABaHHS 00’ €KTIB, JKECTIB Ta MIMIKH
JIFOWHM Ta 1H,

-BUBYEHHS MOyBocTer CameraX s 3aXOIuIeHHs 300pakeHb 3 KaMepHu
MOOUILHOTO MPUCTPOIO;

-IIIIKJTFOYEHHST Ta BUKOPUCTaHHA oTpuMaHoi Bix Teachable Machine
MOJIEJ I MAITMHHOTO HAaBYaHHS JJIsl pO3Mi3HABAHHS KECTIB Ta MIMIKHU JIIOJIMHU 3
300paxeHb, 3aX0IJICHUX KaMepOr MOOIILHOTO MPUCTPOIO;

-po3poOka Android momatky i JaeMOHCTparii  poOOTH MO
MAaIllMHHOTO HAaBYaHHSI /I PO3Mi3HABaHHS JKECTIB Ta MIMIKU JIFOAUHHU.

O0'exT mocigkeHHss — MoJieas MamuHHOTO HaBuaHHsg TensorFlow Lite,
siKka OTpPUMaHa 3 BUKOpUCTaHHsM cepBicy Teachable Machine.

IIpeamer gocaigzkeHHs — aHAJI3, JOCIIPKCHHS Ta BUKOPHUCTAHHS MO
y nipoekTi Android qonaTky /st po3Mi3HaBaHHS KECTIB Ta MIMIKH 3 300paeHb,
3aXOIJICHUX KaMEPOI MOO1TLHOTO MTPUCTPOIO.

1. OMUC MOXKJUBOCTEN CEPBICY TEACHABLE MACHINE
JIJI1 CTBOPEHHSI MOJEJENA MAIIMHHOIO HABYAHHS 3
PO3II3HABAHHSA KECTIB TA MIMIKHA JIIOIMHAU

JInst CTBOpEHHSI MOJIEeIl MAIIMHHOTO HAaBYAaHHS MOTPIOHO CKOPHCTATHUCS
cepBicoM Teachable Machine 3a MOCHJIAHHSIM
https://teachablemachine.withgoogle.com/ (puc. 1).

<« O C teachablemachine.withgoogle.com ' m w - D

¥ Mastering Sensing i IHwi Broao! Ganma

- sou 50 ﬂ

Teachable Machine

Train a computer to recognize your
own Images, sounds, & poses.

A fast, easy way to create machine learning models for
your sites, apps, and more - no expertise or coding
required.

Pucynkl — CepBic [ CTBOPEHHS MOJI€JIE MAIlIMHHOTO HaBYaHHS
Teachable Machine
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Jaii HeoOxigHO obparu “Get Started” mis mouaTky poOOTH 3 cepBicOM
(puc. 2)

& G £ hitps//teachablemachine withgoogle.com a m g - D

% Mastering Sensing | Inwi 8noac6awsa

Teachable Machine

Train a computer to recognize your
own Images, sounds, & poses.
A fast, easy way to create machine learning models for

your sites, apps, and more - no expertise or coding
required.

4 ¥ Coral ¥ nede B 9O

Pucynok2 — ITouatok po6otu 3 Teachable Machine

Jlist 3ama9 po3Mi3HaBaHHS JKECTIB Ta MIMIKH JIOJWHU a00 00’€KTIB Ta ix
craHiB Tpeba oOparu “Image Project”. Jlaimi tpeba obparm “Standard image
model” (puc. 3)

New Project
' New Image Project

Standard image model Embedded image model

Best for most uses Best for microcontroliers

Imaga Pro]ec( Audio Pro]e:t Pose Pro]ect

Imaye rivjece O Auu rivjest T rusE et

Pucynok 3 — IIpoekT st po6otu 3 300paxkeHHsAIMU 3 (ailiniB abo BeO kaMepu Ta
CTBOPEHHS CTaHIAPTHOI MOJIET1

Teachable Machine Bim Google y cBoili OCHOBI Ma€ HEIOBUCHY
HelpoMmepexy. KopructyBau Moske i1 TOBUMTH JJ1s CBOIX 3a1a4. [ mogansmoro
HABYaHHS B SIKOCTI BXIJTHUX JTaHUX (JJaTaCeTy) MOKHA MepeaBaTH 300paeHHS Y
BUTIISAL (pailiniB 300pakeHn, a0 3aXOIUToBaTH 300pakeHHs 3 BeO kamepu. s
3a/a4 pOo3Ii3HABaHHS JKEeCTiB Ta MiMiku a00 00’extiB 3amicth Class 1, Class 2
BKa3yIOThCS HA3BU HEOOXITHMX IS pO3Mi3HaBaHHS 00’€KTiB. Jlns momaBaHHS
Kiacy Tpeda ooparu “Add a class” (puc. 4)

Training

[ ]

Pucyok 4 — CTBopeHHs Ta J0JJaBaHHS HOBOT'O KJIacy eCTiB a00 MIMIKU

B koHkpeTHOMY mpuKIaal MoJedb MAIIMHHOTO HaBYaHHS Oyge
pO3Mi3HaBaTH KeCTH (Masiellb Bropy Ta BHU3). Takox OyJie po3ni3HaBaTH MIMIKY
(un € mocmimka 4yu Hemae). bynyTe cTBopeHi HactynHi kiacu: “Hivoro”,
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“ITaneup Bropy”, “Ilanens BHU3”, “Ilocmimka”, “be3 mocmimmku”. BxigHi naHi
(matacet) y Burisial goro Oyne 3i0paHuil 3 BUKOPUCTaHHAM BeOkamepu. [ms
3axoruieHHs ¢oto 3 BeOkamepu TpeOa HatucHyTH “Hold to Record”. Ilicis
J0JIaBaHHs JaTaceTy (300paxeHb i KOKHOTO Kiacy) Tpeba HatucHyTH “Train
Model” nns 3a1iCHeHHS POTIECY HaBYaHHS MOJENi (puc. S)

> ANEEEEE
» &
e :
- BABE |

153 Image Samples
= < !“‘!‘j — " T

Bea nocmiwxm

(6)

Pucynok 5 — I[linrotoBka naracety (a) Ta HaB4aHHs Mozeni (0)

3anycTuThesl mpouec HaByaHHA Mozem. Ilicig 3akiHYE€HHA Mpolecy
HAaBYaHHS MOXXHA MEPEBIPUTU poOOTYy oTpumaHoi mozem. Ilicins TecTyBaHHS
pobOTH MOJEIl MAalIMHHOTO HaBYaHHS, JUIs 11 MOJAJIBIIOIO0 BUKOPUCTAHHS Yy
MOOUIBHOMY J0JIaTKy, Tpeba 3poOutu ekcnopT. s 1mporo tpeda HATUCHYTH
“Export Model”./I;iis moaanbIioro BUKOPUCTAHHS y MOOITBHOMY 3aCTOCYHKY
Tpeba obparu “Tensorflow Lite” (takox oopatu Quantized). dani “Download my
model” (puc. 6).

mmmmmmmmmm mpke. the Ouantized tfite model Is being used. It is using the TFLile Android
the example only supports models with 3 of more Classes. even though the classifier itsedt in

2 Copy conversed,_tfie, questiend ks 0 the exampte sasst fokder |
o I
i [
S. Modity ana © T— -
7 conn S

Pucynok 6 — I[linroroBka naracery (a) Ta HaB4aHHS Mojeli (0)

3amycTuThCs Mpolec KOHBEpTallli MoJiesll Ta BOHA Oyje 3aBaHTa)kKeHa y
BUMIISIAL apxiBy. JlJis BUKOpPUCTaHHS y MPOEKTI MOOUIBHOTO I0AAaTKy Tpebda
po3makyBatH apxiB (puc. 7)
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labels — bnoxHor
. JapanTaxeHHa B - P
model.tflite X

b Hivoro |E converted_tfite_quantized.zip | " |
1 Naneys Bropy epr oo

2 Naneub BHM3

3 Mocmiwka
4 Bes nocmiwkn

PucyHnok 7 — 3aBaHTa)keHHS Ta PO3MaKOBKA MOJIENI
MammHHOTO HaB4aHHs TensorFlow Lite

2. OIIUC MOKJIUBOCTEM KJIACY CAMERAX

Knac CameraX [3] mae 6GaraTto MOKIMBOCTEH JIJIS 3aXOIUICHHS Ta 00pOOKH
300pakeHb 3 KaMepH. BiH 3HAYHO CIIpoIIye Mporiec po3poOKu Ta € e(heKTUBHUM
pIIICHHSAM JIJIs1 OTpUMaHHS Ta 00poOKH 300pakeHb 3 KaMEpU Y pealbHOMY Yaci.
CameraX miaTpumye ASKiTbKa MOXKIMBOCTEH 711 poOOTH 3 300paxeHHsIMHA. J1J1st
po3mi3HaBaHHsA 00’€KTiB OyJI0 BHKOpHUCTaHO pekuM pobotm lmage Analysis
(oTpumaHHsI Ta 00poOKa 300pakeHHsS y peaibHOMY uaci). J{is BUKOpUCTaHHS
MoxksmBocter CameraX y mpoekTi MOOUIBHOTO JOJAaTKy 3 BHUKOPHUCTAHHSAM
cepenoBuia Intellijldea [4] neoOximHo y 30upaui Gradle momatm HacTtymHi
3aJIEKHOCTI CHUHXPOHI3yBaTH MpoekT (puc. 8 a). [Iporpamuiit kox Ha Java mist
3aXOIUICHHS 300pa)kKeHHs Ta Horo oOpoOKM HaBeJIEHO Ha puC. 8 0.

(a) (6)
Puynok 8 — ITigknrouenns CameraX (a) Ta 3axorieHHs1 300pakeHHS 3
MOJAIBIIOK 00poOKOIO (0)

3. IHTEI'PALIA MOJAEJI Y HIPOEKT MOBIJIBHOT'O JOAATKY

JI1st po3mi3HaBaHHS JKECTIB Ta MIMIKH, 3aXOIJICHUX 3 KaMepy MOOLIBHOTO
NpUCTpOIO, OyJia BHKOpHCTaHAa MOJeNb MarmmHHoro HapuaHas Model.tflite,
CTBOpeHa 3a jonomororo ceppicy Teachable Machine. HeoOxinHo nomatu (haiin
Mo/l B TeKy Ml nmpoekTy MoOiIbHOTO 10aaTKy. Takok HEOOXIAHO 10IaTH OIHC
KJIaciB MiIMIKH Ta JKECTIB B TeKy assets (puc. 9).

Pucynox 9 — ITigkimtoueHHs MOJIENl MAIIMHHOTO HABYaHHSA JI0 MPOEKTY
Android nogatky
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4. BUKOPUCTAHHA MOJIEJII Y MOBIVIBHOMY JTOJATKY

J11 po3Mi3HaBaHHS )KECTIB Ha 300paXKeHHSIX Ta YCMIIIKHU Ta B1IOOpaKeHHS
BiJITIOBITHOTO OITMCY BUKOPUCTOBYETHCs predict.

HonatkoBo us ¢(yukuis Bukiankae DrawText mias BigoOpakeHHS omucy
PO3MI3HAHOTO KECTY UM MIMIKH (YU € MMOCMIIIIKA YU HEMAE).

Taxox A1 OTpUMaHHS ONMKCY HaWOUIBII BIPOTIAHOTO PO3MI3HAHOTO KIIACy
(>kecT Bropy abo BHM3, MOCMIIIKa a00 03 IMOCMIIIKH) BHKOPHUCTOBYBAJACS
byukiis getMax (puc. 10).

sredict

Pucynok 10 — ®yHKIi1 A1 po3Mi3HABaHHS JKE€CTIB UM MIMIKHU JIIOJIUHU Ta
BHBeneHHs onucy (predict, getMax, DrawText)

Takox 11 KOPEeKToi poOOTH MOOUIBHOIO JOJATKy HEOOXIAHO 0JaTh
J03B1J1 Ha BUKOpHcTaHHs kamepu B AndroidManifest.xml (puc. 11)

AndroidManifest.xml build.gradle (:app) labels.txt
?xml version encoding 2>
<manifest xmlns:
xmlns:

<uses-permission :name

Pucynok 11 — 3anuT 103B01y Ha BUKOPUCTAaHHS KaMepH

HeoOximHO TakoX 3amuTaTH [03BUI HAa BUKOPUCTAaHHS KaMepu Y
KOpHUCTyBava y runtime pexumi (puc. 12).

android.Manifest.permission. )

string[] {android.Manifest.permission.

)

PucyHnok 12 — 3anut 103B0JTy Ha BUKOPUCTAHHS KaMepH

Pesynbrat po3mi3HaBaHHS JKECTIB Ta MIMIKM 3 KaMepud MOOUIBHOTO
MPUCTPOIO y peaTbHOMY 4Yacl HaBeJleHl Ha puc. 13.
319



P

MyCamereXExample
MyCameraXExample

MyCameraXExample

Pucynox 13 — Pe3ynbpTaT po3mi3HaBaHHS KECTIB Ta MIMIKH 3 KaMepHU
(naneup Bropy, BHU3, IOCMIIIKA, O0€3 MOCMIIIKY 1 B3araji, KOJIH 3aTyJIUIu
Kamepy MOOUTBHOTO MPUCTPOIO)

BUCHOBKU

B pe3ynbrati BUKOHaHOT poOoTH Oyio po3podieHo MoouThHMI (Android)
nonatok. llelt momarok 3paTeH 3axOIUTIOBATH Ta OOPOOJSATH 300pa)KeHHS 3
KaMepH y pearbHOMy 4aci. [[ist 3axoruieHHst 300pakeHb OYB BUKOPUCTAHHN KJTac
CameraX. [l  ogHOYACHOTO  pO3MI3HABAHHS ~ JKECTIB Ta  MIMIKH
BUKOPHCTOBYBAIAacs MOJEIh MAIIMHHOTO HaBYaHHS, ska Oylla CTBOpeHa 3a
nornoMororo cepicy Teachable Machine.

Taxosx HaBeJIEHO Pe3yJIbTATH PO3Ii3HABAaHHS Ha 300pakeHHSX 3 KaMEpH Yy
peanbHOMY Yaci.

CIIMCOK ITOCUJIAHb
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HNymenko O.B., naykoBuii kepiBauk Cyaima B.B. (BCII «/Ipyoickisecokuii
Gaxosuil konedanc [Jonbacvkoi deparcasnoi mauunodydienoi akademii, M.
pyoickiska, Yrpaina)

CHUCTEMA TEXHOJIOTI'TH IIJIABHOI'O ITIPOBYI)KEHHSI HA BA3I
INIIAT®OPMMU ARDUINO

Anomauin: Y cmammi 00cniodiceno npoyec po3apooKu cucmemu mexHoi02ii NiaeHO20
npo6yoxcents Ha 6azi mikpokonmponepa Arduino. Po3ensiHymo akxmyanbHicmb CMEOpeHHs
ABMOMAMU308aAH020 OYOUTbHUKA-CEIMAHKY OJIs1 NOKPAWEHHS AKOCMI CHY 1§ NPOOYOICEHHS.
Onucano 6ubip KOMNOHEHMIB, NPOEKMYBAHHA CXeMU CUCEMU, NPOSPAMYBAHHS MaA
ocobnusocmi eHepeosabesneuents npucmpor. Po3pobnena cucmema no€oHye 0ocmynuicms,
nPOCMOmMY BUKOPUCHAHHA MA BUCOKY eheKMUBHICIb, W0 00360J5€ 3ACMOCO8Y8AMU T AK Y
nobymosux, maxk i 6 meouunux ymosax. Haeedeno ocnosni emanu peanizayii npoekmy ma
obrpynmosano eubip niamgpopmu Arduino Nano 0na 3abe3neuenHs: KOMNAKMHOCMI ma
eHepzoepexmueHocmi npucmporo.

Kniwwuosi cnosa:  mixpokonmponep Arduino, OyOUnbHUK-C8IMAHOK, MeEXHON02I]
NIIABHO20 NPOOYONHCEHHS, ABMOMAMUZAYIA, CUCEMU KEPYBAHHSL, eHepeoedeKmueHicms

Abstract: The article explores the development of a smooth awakening technology
system based on the Arduino microcontroller. The relevance of creating an automated sunrise
alarm clock to improve sleep quality and awakening processes is discussed. The study covers
the selection of components, system circuit design, programming, and specific features of the
device's power supply. The developed system combines affordability, ease of use, and high
efficiency, making it applicable both for domestic and medical purposes. The main
implementation stages are presented, and the choice of the Arduino Nano platform for ensuring
device compactness and energy efficiency is substantiated.

Keywords: Arduino microcontroller, sunrise alarm clock, smooth awakening
technologies, automation, control systems, energy efficiency

VY cywacHOMy CBITI, JI¢ CTpec 1 HecTaya CHY CTaloTh BC€ OLUIbII
MOIIUPEHUMHU TIPOOJIEMaMH, MOMIYK €(PEKTUBHUX METOMIB TOJIIMIIEHHS SKOCTI
CHY Ta MpoOyI>KeHHS Ha0yBae 0co0aMBOI akTyanbHOCTI. OTHUM 13 TAKUX METO/IIB
€ BUKOPUCTAHHS OyJIWUILHUKIB-CBITAHKIB, SIK1 IMITYIOTh IPUPOTHUN CX1Jl COHIIS,
CIPUSIOYH TUIABHOMY Ta IPUPOTHOMY TIPOOYI>KEHHIO.

AKTyaJbHICTH A0CTiIKeHHs. BUKOHAHUI TPOEKT CHUCTEMH YNpPaBIIiHHS
TEXHOJIOTISIMU TUJIaBHOTO MPOOYIKEHHS Ha CydacHId Ta HEKOIITOBHIH
€JIEMEHTHIH 0a3l.

Merta: Po3poOuT cuctemMy TEXHOJIOTIH MJIaBHOTO MpoOyIKeHHs Ha 0asi
MIKpOKOHTpoJiepa Arduino.

3aBaannsi: Po3poOUTH TIPOEKT CHUCTEMU TEXHOJIOTIA TUIABHOTO
npoOymkeHHd Ha 6a3i mnatdopmu Arduino.

[IpoekTyBaHHS Ta CTBOPEHHS TAaKOTO OYIWIBHHKA HE TIJIBKH CIIPHUSE
MOKPAIICHHIO SKOCT1 CHY, ajie¢ i HaJa€ MOXKJIUBICTh BUBUHTH Ta 3aCTOCYBaTH Ha
MIPAKTHUIll CyYacHI TEXHOJIOTII Ta METOJM MPOrpaMyBaHHs MiKPOKOHTpoJiepiB. B

pe3ynbTaTi BUKOHAHHS IIbOTO TPOEKTY Oy/ie CTBOPEHO MPUCTPIH, SIKUHA MOKE
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OyTM BUKOPHUCTAHMM SIK y JOMAIIIHIX yMOBaX, TaK 1 y PI3HMX MEIMYHHX Ta
0310poBUMX 3akiaagax. OYiKyeTbcs, IO PO3pOOJeHUI OyIUIbHUK-CBITAHOK
CHPUATHME MOKPAIICHHIO KOCTI CHY Ta 3araJiIbHOr0 CaMOIMOYyTTS KOPUCTYBaYiB.
[Io6 Ha BIIacCHOMY JOCBIii 3pO3YMITH, K ITPAIIO€ aBTOMATHU30BaHU Oy AMIIbHHK-
pPO3CBIT, MOXXHA CTBOPUTH MOr0 CaMOCTIHHO Ta BUIpoOyBaTH. OCKUIbKH
CHpaB>KHI aBTOMAaTU30BaH1 OyAMIFHUKHA-PO3CBITH KOIITYIOTh JOCUThH JOPOTO K
JUIS  CepeIHBOCTATUCTHUHOTO CTyJeHTa, MU OyaemMo 30upaThd MOJENIb 3
JIOCTYITHUX Ta BIJHOCHO JEIIEBUMX KOMIIOHEHTIB. MU MoOyIyeMO MOJEIb,
BUKOpUCTOBYIOUM KOHTposiep Arduino Uno, OCKUIbKM BIH € HEIOPOTMM Ta
IPOCTUM Yy BHUKOPUCTaHHI. 3 HOro JOMOMOrOl0 MOXHa KOMOIHYBaTH pi3HI
CJICKTPOHHI KOMIIOHEHTH Ta KOHCTPYIOBATH MPUCTPIM MiJ HEOOX1IHI 3aBIaHHS.
Jlo Toro %k, icHye 6arato HaBYaJIbHUX MatepiaiiB st podboTu 3 Arduino Uno.

[I{o B3aramni Take "bynunbHuk cBiTanky'"? HaBiTh caMa Ha3Ba rOBOPUTH IIPO
(GyHKIIOHAJ, 1I€ CBITWJIBHHUK KM IMITY€ TPUPOAHUI CXIJl COHIIS, MOCTYIOBO
30UJIBIIIYIOUH SICKPaBICTh CBITJIA y KiMHaTI. [{ell MmeToa qomomarae mpoKuaaTrcs
OUIBII MPUPOJHO Ta MJIABHO, 3MEHUIYE CTPEC Ta MOKpAUly€ HACTPIA MPOTATOM
nHs. ToOTO M1 yac CHY 30pOB1 PELIENTOPH PEAryloTh Ha PIBEHb OCBITIEHOCTI Ta
BIJICUJIAIOTh CUTHAJIM B MO30K, SIKHUI Kepye BUPOOJIEHHSAM FOPMOHIB, HEOOX1JHUX
JUIsl CHY Ta TipoOykeHHs. [1in paHOK, pa3oM 13 CBITAHKOM, OpPraHi3M MEpPEeCcTae
BUPOOJISITU TOPMOH CHY, a pIBEHb TOPMOHY OaapOpOCTI MiJBHILYEThCA. B
pe3ysbTaTi TaKOr0 HACTPOIOBAHHS OpPraHi3My BHM IOCTYIOBO NpPOKUJA€TECs 1
MOYMHAETE PAHOK 0€3 COHJIMBOCTI Ta MOraHOI'0 HACTPOIO, @ PAHOK 3aJ]a€ TEMII K
MIHIMYM TEpIIii MOJIOBUHI JHS. B3MMKy Ta BOCEHU KUIBKICTh CBITJIa BPaHIl
3HAYHO 3HWXKYETHCS 1 O10PUTMHU OpraHi3My He BIJINOBIJIAI0OTH HAIIOMY pOO0OYOMY
rpadiky. Buxomauts, mob 3abe3neunTH co01 0agpopiCTh 3paHKYy, MOTPIOHO
OlsbIIe cBiTMA. AJIe MPOCTO BKIFOYUTH SICKPABE CBITIIO MICHSI MPOOYKEHHS — HE
Hallkpauuii Buxig. Bam oprasizMm mie He MiAroTyBaBcs A0 MPOOYIKEHHS, BU
niggaid Moro crpecy BiJl 3ByKYy OyAMJIBHHMKA, a TIOTIM L€ W PI3KO YBIMKHYJIH
CBITJIO MICJSl MOBHOI TEMpPSBU. Buxig oAMH - CBITIO NOTPIOHO BMUKATH TUIABHO
me 0 TOro, SIK MoyaTtd mnpokupatuca. € Kommadii, fKlI BXe KUIbKa POKIB
pOJAI0Th OYJMIBHUKHU-CBITAHKY, KOHKPETHI NpHKiIaau 1e Strome Sunrise
Wake-up Light ta Dekala Arches Smart Alarm Clock. Jlani Oyne Hangana
3araibHa cxema Dekala Arches Smart Alarm Clock.

BesqpoTosa 3apafka

KHonKa Hivsmka

KHOMK GYAMNBHUKIE
Kionka 6moTysy j §l-|w
@)

A [aeall

BXiAHWI NOPT XWBNEHHA AuHamik

Craryc noroau BuxigHuit nopt USB-C

Pucynoxk 1
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Ha BigmiHy Big 3arajibHOi KapTHHH, SIKI caMmMe ICHYIOTh (yHKIII Yy
OynunpHUKIB cBiTaHKIB, y Dekala Arches Smart Alarm Clock € ogHa BiIMiHHICT®b,
1e € 6e3apoToBa 3apsiaka 1is TenedoniB. Haituacrime 1mieo QyHKIi€ro HEXTYIOTh
1 OLTBIIIE BKJIATAIOTHCS B HEOOX1THUI cpyHKmOHan K 11 Oy TUIbHUKA CBlTaHKy
I sxmi0 He BpaxOByBaTH IO OCOOJIMBICTB, TO iHIIN (YHKII JOCHTH 3BUYHI 1
npocti. TyT € cTaTyc Moroayd Ha MUCIUICI, BXITHUN MOPT >KUBIICHHS, BUX1THHUMA
nopt USD-C, xHomKa OFOTy3a IJIs MAKITIOYeHHS TelaedoHy A0 MPHUCTPOIO Ta
KHOTIKa Bardast o0 miIKII0YUTH caM Oy AMIBHUK 0 IHTEpHETY, KHOTIKA HIYHHKA
JUTSI BUKOPHUCTaHHS HOTO, BJIaCHE, SIK IPOCTHI HIYHHUK, TAK CAMO TIPUCY THI KHOITKA
OYJIMJIbHUKIB SIK1 HAJIAIITOBYIOTHCS 3a JIOMOMOTOIO TejaedOHY Ta CHEIlaJbHOIO
J0JIaTKa BCTAHOBIIEHOTO Ha HHOMY, 3 X TOTIOMOTOI0 MOYKHA IIIBUIKO BCTAHOBUTHU
gac mpoOyKEeHHS.

/ (Powered by batteries
/ no light function)

PucyHnok 2

Y Moxeni nmokasanoi Ha puc.2 (Strome Sunrise Wake-up Light) nmpucyrhi
Maitke Ti k ¢GyHkiii, mo 1 B Dekala Arches Smart Alarm Clock, onnak y 1rie€i
MOJZIeJIl BIJICYTHIM cTaTyc HOroau 1 Oe3apoToBa 3apsaka, ane € (QyHKLis
SCKpAaBOCT1 CBiTJIa AMCIUIes. AJe B OCHOBHOMY OCOOJMBOI BIAMIHHOCTI ¥y
MOJIeJIeH, sIK1 5 TIOKa3aB, a TaK CaMO Hi - HECYTTEB] 1 OCHOBHUM MPUHITUI Y HUX
OJIHAKOBUU.

Brnache anasnor 1ux OyIMJIbHUKIB MU CHOTOAHI 1 pOOUTUMEMO 3 JEIIEBUX
KUTAChbKUX KOMMOHEHTIB. Ham 3HamoOuThcs: muiardopma apayiHo, sika
KepyBaTUME€ IHIIMMU KOMIIOHEHTaMH, a caMme: JUCIUIed Ha 7 CEerMEeHTHUX
iHaukaropax Mikpocxemi TM1637. KepyBaTtu HamamTyBaHHSMU OylneMo 3a
JOMIOMOT 010 eHKoiepa. OOOB'SI3KOBO MOTPIOHHI TOJUHHUK PEATILHOTO Yacy, IKU
BBAXKA€ CEKYHIM HaBITh MiC]d OOPHUBY >KHMBJICHHS, TOMY LIO Y HHX € CBOA
Oatapeiika, Hampukiana mu BizbMeMo RTC DS3231. [1]. Xoua cTBOpeHHs
OyIuIbHUKA CBITAHKY CBOIMHU PYKaMHU JOCHTh €KOHOMIYHO BUTITHUN MPOEKT,
POTE HEAOIIKH CUCTEMU SIKY MU pOOMTUMEMO Tak caMo cyTTeBl. OJIMH 13 HUX 11€
nv3aiiH: Mara3uHHi Oy TMJIBHUKY 3a3BUYail MaloTh Cy4aCHUM JU3aliH, 110 100pe
BIIMCY€ETHCA B 1HTEp'ep cHaibHi. Aje Tak camMO BapTo 3rajiaTd, 110 Mara3uHHi
MOJIeJIi €EKAHOMIYHO HEPO3yMHI B TOPIBHSIHHI 3 MOJIEIUIIO, IKY MH 30HpaeMocs
3pOOHUTH.
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CBoiMu pykamMu 310paHuil Oy TUILHUK MOKE BUTJISIATH IPy0O 1 HE 3aBXKIU
BIJIMOBIIaTH eCTeTUYHUM ynogaobannsm. Ille B Hamiii Mozem BiACYTHS
MO>KJIMBICTh HAJIAIITyBaHHS MO TenedoHy i, 3BUYaiHO X, He Oyne 0e31poToBoi
3apsAAKM Ta TOKa3zy moroAu. Takok y KOMEpIIMHMX Mojeneld NpHUCyTHiH
BOYTOBaHMI! SIKICHUH CBITJIOPO3CiIOBaY, IO CIpHUs€ HIXKHOCTI CBITJIA.

O6upaemo miatdpopmy Arduino, sika Oyae KepyBaTd BCiMa 1HIIAMH
KOMIOHEHTaMHu. JIIsi 1BOr0 MU JIOCHIIKYEMO XapaKTEPUCTHKU CY4YaCHUX
Arduino 1 BUOHpaEMO BIAMOBIIHY ISl HOTPEO HAIIOTO KYPCOBOT'O MPOEKTY

JI1st Hamoro mpoeKTy oOMpaeMo JKepeno >KuBJeHHA. Bubuparoun, mu
OylieMO BpaxoOBYIOYHM CaM  CBITJIOBUIIPOMIHIOBAY SIKMM MU  OyJeMo
BUKOPUCTOBYBATH, B HAIIOMYy BHUIAJKy Iie 0ok xuBleHHs 12V. OOupaemo
CBITJIOBUIIPOMIHIOBAY, BUOMpPAIOYM BpPAXOBYBAaTUMEMO XapyyBaHHS, SKe
BUOpaH, a TaKOX Oa’KaHWU €CTETUYHUIN BUTIIAL.

J{nst peryJiroBaHHS SICKPaBOCTI CBITJIOBUIIPOMIHIOBaUa 00€peMO MOILOBUI
TPaH3UCTOP, Uil MPOCTOTH BI3bMEMO TOTOBMI KUTaWChKHII MOcC(hET MOAYJb.
BuOupaeMo ceMHCErMEHTHUN 1HAMKATOp 3a PO3MIpOM Oa)xkaHOro OyIWIIbHUKA,
BpaxOBYIOUM I[IHY Ta HAWUMPOCTINI Ta MIBUIAKO JOCTYIHI Taki €JIMEHTH SIK
MUIIAJKY Ta CBITIOAION I OyawibHuKa. JlJis migpaxyHKy 4dacy HaBiTh 3a
BIJICYTHOCTI Xap4yBaHHS, BUOEPEMO TOJUHHUK pPEATBHOIO 4acy, BHUOHMPAEMO
HalJemeBnii 1 mepeBipeHUH BapiaHT. EHKonep BHOMpaeMo 3a THUM K€
OPUHLIAIIOM, IO 1 4Yach peaJibHOI TOAMHM TaK camMoO OepeMo HaJelieBy 1
HalHaiHHIIy Monens.O0upaemo koHTposiepu Arduino dyepe3 iX BiJTHOCHY
JIENIEBU3HY, POCTOTY BUKOPUCTAHHS, YHIBEPCAIBHICTD I PI3HUX MPOEKTIB Ta
3MAaTHICTh J0 MIAKIIOUCHHS 3 PI3HUMH KOMIIOHEHTaMH. € 0e3114 Mojene
Arduino: Uno, Mega, Nano, Leonardo, Due, YUN, Micro, Esplora, LilyPad ta
11111, BoHM BiZIp13HAIOTECS hOpMaMU, CXeMaMu, MiIKPOKOHTPOJIEpaMH, KUTbKICTIO
NOPTIB, MPU3HAYEHHSM TOPTIB Ta JOAATKOBUMHU MOKJIMBOCTAMU. Mogeni
Arduino noaist0THCS 3a Mpu3HadyeHHIM: YHiBepcaibHi Uno, Mega ta Nano, ajis
TeKcTHIIbHUX MpoekTiB LilyPad, nns Bukopucranns sk USB-nipuctpoiB Leonardo
ta Esplora, Ta Due nisi ckjlafHUX MPOEKTIB.

Arduino Uno, Mega 1 Nano maroTh pi3Hi nepeBaru. OCHOBHA PI3HHIISI MK
Arduino Uno ta Arduino Nano nossirae y gopmi: Nano (puc.3,a) € MEHIIOO 3a
Uno (puc.3,0), ogHak o0uBa KOHTPOJIEPU MIAXOIATH JJIs MPOEKTIB OJHAKOBOI
cknagHocTi. [lopiBHSHHS XapaKTepUCTUK 000X MoOJieNiel HaBelneHo B Tali. 1,
1100 BU3HAYUTH, SIKUM KOHTPOJIEP Kpallle MiAX0UTh JJIs HAIoro npoekty. Jlani
B3ATi 3a IOCHJIAHHAM [2].
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o homv’nm—c:
C ORI
DIGIVAL (PWM~) F §

a) Arduino Uno, 6) Arduino Nano

Pucynox 3 — Burmnsig rurat KoHTpoJiepiB ApAayiHO

Tabmuus 1 —Xapakrepuctuku MikpokoHTposepiB Uno ta Nano

Arduino UNO Arduino Nano
R3

1 2 3
Hanpyra >xuBnenns, B 5 5
[TocTiinuii cTpyM yepe3 BXij Ta BUXI/I, 40 40
MA
TakToBa yacrora, MI'g 16 16
MikpokoHTpoJIEp ATmega328P |ATmegal68/ATmega328
dnemr-mam’sTh, KO 32 16/32
Cratnuna O3V, k0 2 1/2
ECTIII3Y, k6 1 0.5/1
IaTepdeiic USB TaK TaK
Hudposi noptu, mT. 14 14
AHanorosi MopTH, MIT. 6 8
IaTepdeiic UART TaK TaK
HTMM-noptu, mr 6 6
Iarepdeiic FCC Approved TaK TaK
SPI/12C TakK TaK

Bubupaemo monens Nano, TOMy M0 3aBISKH MEHIINM pO3MipaM BOHA
171€aTbHO TIXOIUTH JIJISl MPOEKTIB, J€ MPOCTip OOMEKEHHUH. 11 JIETKO IHTETPYBaTH
B MaJli KOPITyCH, 110 Y HalIOMYy BHIIaJKy BeJIW4e3HUil ruioc. Tak camo BapTo
Bi3HaunTH Nano vacto aemeBiiie UNO, mo poOouTs HOro OiIbII €KOHOMIYHO
BHT1JIHMM BapiaHToM. | ocTaHHe, 1 HAMBaXXIJIHMBIIIE, HE3BAXKAIOYH HA CBIH pO3MIp,
Nano mae yci HeoOX11H1 TeXHIYHI (PYHKITIT U1 peastizailii Hamoro MpoeKTY.

Hama 3aruraHoBaHa cucTeéMa BHMAarae IAKIIOYCHHS TPhOX JDKEpEN
JKUBJICHHS, 1€ CBITJIOAI0HA CTpiuka, Auciuied ™ 163 Ta cama Arduino Nano .
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JIns1 CBITIIOM10/THOT CTPIYKK HEOOX1/THE )KUBJICHHS JKepesaoM 6-12B. ta 500-1000
MA. JaHl 3HA4YeHHs 3aJIeKHO BiJl KIJTBKOCTI CBITJIONIOAIB Ha METpP, B HAIIOMY
Bumnaaky Oyae 120 cBiTIOmioAiB HA METp MPHU OMY BpPaxOBYEMO BHOUpaTH
MPIIIAJT 13 3a1acoM MoTyKHOCTI mpuban3Ho 30-35% 1106 3a6e3neunT HATIiHy
pOOOTY CHCTEMH Ta YHUKHYTH ITEPEBAHTAXKCHHS B KPUTUIHI MOMCHTH. [4]

VY nac € crpiuka Tumy SMD 2835 nosxunoro 3 meTpu. Bigomo, 1o KoxxeH
METp Takoi CTpiuKu crokuBae 7,5 BT. OCKUIbKH TOBKWHA CTAaHOBUTH 3 METPH,
3arajbHa CIOKMBaHA MOTYKHICTh Oy/ie:

7.5B1/Mx5mM=22.5BT

OnTtumanbHa Hampyra i CBITJIOJIONHOI CTpiuku, sika wmae 120
CBITJIOZI0/IIB HA METP CTaHOBUTH 12 B.

J171st po3paxyHKy CTpYMY BUKOPUCTOBYEMO (popmyity:
P=VxI, (1)
[lincraBisitoun BiOM1 3HAUEHHS, OTPUMY€EMO:
22.5Bt = 12BxI
[=22.5B1/12B =1875 MA

Tak camo He 3a0yBaemo npo TM 1637 y sikoi ctpyM crioxkuBaHHsS 80 MA [5]
ta Arduino Nano 20 MA [6]. Temep Koiu MM Oi3HAJIUCS CIOKUBAHHS BCIX
KOMITOHEHTIB, 3aJIMIITMIIOCS JIUIIIE CKJIACTH iX pa3oM 1 miiiopaT OJOK >KUBJICHHS.
Bce pazom Buxomuth 1975 MA, tpoxu menie 2 AmmnepiB. To6To 6epemo 0610k
»uBJlieHHs Ha 12 BonbT Ta 2 a60 2.5 Ammepa

ATmega328P 3a nocunanHsM [3] Ma€e HACTYTHI XapaKTEPUCTUKH TTaM’SITi:

o €wmmuictb duen-mam’sTi - 32 Kb - npusnadyena ams 30epiranas
IPOrPAMHOTO KOy

o €mHICTh cTaTUYHOI onepaTuBHOI mam'siTi - 2 Kb - BUKOPUCTOBYEThCS
JUTst 30epiranHs Ta 00poOKU 3MIHHHUX.

o €Ewmuicte EEPROM - 1 Kb - BUKkopucTOBY€ETHCS 17151 30€piraHHs
MOCTIMHUX 3HAYEHb.

Ha puc.4 306paxeni noptu MK.
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Pucynox 1.4- noptu Arduino Nano
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30BHINIHI MPUCTPOI MIAKIIOYAIOTHCS IO MIKPOKOHTpoJiepa depe3
BIJIMIOBI/IHI MOPTH. AHANIOTOB1 Ta U(POB1 HOPTH KEPYIOTHCSI MIKPOKOHTPOJIEPOM.
Sxuro mpuctpiit HOTpeGye LHIM-CHrHaJIy, HOT0 CIif MiIKJII0YaTH 10 MOPTIB, 110
HlI[TpI/IMyIOTB BHBIJl TaKMX CHUTHATIB. 3a3BUYail, MPUCTPOi 3 JIBOMA CTaHAMHU
MIIKITI0YAl0ThCS 10 MUGPOBUX TMOPTIB, XO0Ya MOMJIMBO 1 JO aHAJOTOBHUX.
[IpucTpoi, sKi 3MIHIOIOTH 3HAYCHHS HAMPYTH B Jlana3oHi, MiAKIIOYAIOTHECS 10
aHayioroBux noptis. Jlam indopmariro y3saTo 3a mocwianuasm [4] Arduino Nano
HAJa€ PsJl MOXKIMBOCTEH ISl 3A1MCHEHHS 3B'SI3KY 3 KOMIT'IOTEPOM, III€ OJHHUM
ApnyiHoM abo iHImUMHU MikpokoHTposiepamu. B ATmegal68 1 ATmega328 €
npuiiMau UART, mo no3Bossie 3ailicHIOBaTH 3B'SI30K 3a IOCHIJOBHUMH
iHTepdeiicamu 3a gomomororo mudpoBux BucHOBKIB 0 (RX) 1 1 (TX).
Mikpocxema FTDI FT232RL 3abe3neuye 3B'si30k mpuitmada 3 USB-nmoprom
KoMIT'IoTepa, 1 npu miakaoyeHHl 1o [MK mo3Boinisie ApayiHo Bu3HauaTucs SIK
BipryansHuit COM-niopT (mpaiiBepa FTDI BkitodeHi B makeT MpPOrpaMHOrO
3a0e3nedueHHs ApayiHo). Y makeT mporpaMHOro 3ade3nedeHHs ApIyiHO TaKoX
BXOJIUTH CIHEIiajbHa MporpamMa, Mo T03BOJISIE 3UWTYBAaTH Ta BIANPaBIATH HA
ApnayiHo npocti TekcToB1 AaHl. [1ig yac nepenayi qaHux komm'rorepy uepe3 USB
Ha iati onumatumyTh cBitiogioan RX 1 TX. (Ilpu nociniioBHiM nepeaayl 1aHux
y BursiAl BUCHOBKIB 0 1 1 ;maHi cBITIIONioAW HE 3aidisiHi). s 3aBaHTaKeHHS Ta
NEPE3aBAHTAKEHHS HAIIOr0 MIKPOKOHTpOJepa HEOOXIAHO MIJKIIOUUTUCA O
KoMIT'IoTepa. i [boro Ha KOMI'IOTEP1 CIiJ] BCTAHOBUTH HACTYITHE MPOrpaMHE
3abe3neuyeHHs: Arduino IDE Bepcii 2.3.3, ske npoctynHe B IHTepHeri
oe3komToBHO. Lle 13 mo3Bonse mucaTu Ko Ta MAKI0YaTH 010J110TEKH HAa MOBI
nporpamyBanHss C/C++ 3 BukopuctanHsam 0i0mioreku AVR Libe. V cucremi
po3po0Ka CHCTEMH aBTOMATH30BAHOTO OyJMJIBHUKA-CBITAHKY 3aCTOCOBYIOTHCS
Hactynai  moxymi: Komm'torep, bnox xuBnenns 12B, Enxonep,
MikpokonTponep, Jucrneit TM1637, I'oguanuk peansHoro yacy RTC DS3231,
Mocdet monynb, CBITIONI0HA CTPIUKA.

Komn'iotep  |ee=s=sesesssescaenaaan \ BnoK suBneHns 128

Tponep
Rucnnen TM1837 Arduino Mano Enxoaep

Pucynok 5 - CtpykTypa cucremu
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MiKkpOKOHTpOJIEP MiAKIIOYAEMO 10 KOMITFOTEepa TITbKU JIJIs 3aBAaHTAKECHHS
ab0 Tmepe3aBaHTAKEHHS NporpaMu. ToMy Ha CTPYKTYpHIM cXemi 3B'S30K 3
MIKPOKOHTPOJIEPOM 300paX€HO ITyHKTHPHOIO JIIHI€I0, OCKUIBKHM B IIPOIIECi
pobotu cucrtema He Oyzae 3'eqHaHa 3 KOMI'IOTEpPOM. MiKpOKOHTpOJIEp Iepeaae
CUTHAJIN JIO AWCIUICS, SIK1 3'IBJISTFOTHCS MICTST YUTAHHS KapTKU. MiKpOKOHTpPOJIEp
OB’ SI3aHUM 3 €HKOJIEPOM 4Yepe3 iHTepdeiic, ToMy mepeada TaHuxX BiIOyeThCS B
o0uaBl cTOpoHU. MIKpOKOHTpOJIEp Kepy€e MOJIOKEHHAM Moc]eT Moxyns. SKio
Moc(eT Moaynb BKIIOUEHO, TOAl >KuBieHHs Bin BXK ijme Ha cBiTIOHIOAHY
CTpIUKy. BJIOK >XKHMBJIEHHS 110 CBITJIOMIOAHOM CTPIUKI MiAKIIOYAETHCS dYepes
Moc(eT Momyib, 1 1ed 3B’S30K IMOKa3aHO TOHKOIO JIiHI€H. MIKpOKOHTpOJEP
YKUBUTHCSA BiJ] OJIOKY YKUBJICHHS.

CIIUCOK MOCUJIAHb

1.0cnoena PpisHUYs Midnc Arduino Uno ma Arduino Nano
(https://www.quora.com/What-is-the-difference-between-the-Arduino-Nano-and- the-Arduino-
Uno)

2 Kuenenns ona  ceimnodioonoi  cmpiuku  (https.://svetum.com.ua/blog/sovety-
pokupatelyam/kak-vybrat-blok-pitaniya-dlya-svetodiodnoy-lenty/)

3.Cnoorcusanns T™M1637 (https.//arduino.ua/ru/prod1629-posledovatelnii-4-
razryadnii-semisegmentnii-led-indikator-s-i2c-draiverom-tm1637)

4.Cnooicusannst Arduino Nano (https://alexgyver.ru/lessons/arduino-power/)

S.1lopmu MIKpOKOHmMpoOaepa ma ix xapaxmepucmuxka(https://all-
arduino.ru/product/arduino-nano/)

6.36's30k Arduino Nano 3 komn'tomepom (https://doc.arduino.ua/ru/hardware/Nano)
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YK: 681.586:504.064:004.415.53

Ma3yp €.B. naykoBuit kepiBauk Kpbsoka C. B. (BCII «/Ipyorckiscokuil ¢haxoeutl
Koneoxc Jlonbacvkoi Oepoicasnoi mauwunooyoienoi axademii, m. Jpyckiexa,
Vkpaina)

ABTOMATU30BAHA CUCTEMA MOHITOPIHI'Y TA OHIHKHA
AKOCTI HOBITPA Y NTIPOMUCJIIOBUX TPUMIIIEHHAX HA BA3I
MVIAT®OPMU ARDUINO

Anomauin: Y cmammi npedcmasieHO po3poOKy a8MOMAMU308AHOI cucmemu
MOHIMOPUHSY MA OYIHKU AKOCMI NOBIMPS Y NPOMUCTIO8UX NPUMILYEHHIX HA OCHOBI niamgopmu
Arduino. Ilpoekm opienmosanuii Ha CMEOPEHHS OOCMYNHO20 | MOYHO20 NPUCMPOIO OISl
BUAGNEHHA 3a0PYOHEHHs NOBIMPsl, BKIIOUAIOYU KOHMPOIb 6MICMY mMEepoux 4acmuHoK ma
eazoeux cnoayk. Onucano euxopucmannsi cencopie SDS0I11, MQ-5, DHTII ma inwux
KOMNOHEHMI8 051 300py OaHux, a markodic Mooy 0si eidoopaxcenns ingopmayii na LCD-
oucnnei ma nepedaui oanux uepes Bluetooth. 3anpononosana cucmema 30amua He minbKu
MOHImopumu sIKiCme noGimpsi, ajie i asmoMamuyHo Kepyeamu eHMUIAYIHOW CUCTEMOIO OJis
NOKpAWeHHs: YMO8 nepedysanHs y 3akpumux npocmopax. Peanizayis npoexmy cnpusmume
NIOBUWEHHIO eKOJIO2IUHOI Oe3neKU npayieHUKI6 ma OnmuMizayii NPOMUCIO8UX NPOYECIS.

Kniwouosi cnoea: monimopune sikocmi nosimps, Arduino, cencop SDS01 1, cencop MQ-
5, asmomamuzayis, 6eHMUNIAYISL, NPOMUCTOB] NPUMIUJCHHS

Abstract: The article presents the development of an automated system for air quality
monitoring and assessment in industrial premises based on the Arduino platform. The project
focuses on creating an affordable and accurate device for detecting air pollution, including
monitoring particulate matter and gas concentrations. The use of SDS011, MQ-5, DHT11
sensors, and other components for data acquisition is described, along with modules for
displaying information on an LCD screen and transmitting data via Bluetooth. The proposed
system not only monitors air quality but also automatically controls the ventilation system to
improve conditions in enclosed spaces. The implementation of the project will enhance the
environmental safety of workers and optimize industrial processes.

Keywords: air quality monitoring, Arduino, SDS011 sensor, MQ-5 sensor, automation,
ventilation, industrial premises

3a0pyHEeHHST aTMOC(EpPHOTO TOBITPS € OJHICK 3 HaWaKTyaJbHIIINX
EKOJIOTIYHUX MPOOJIEM CY4acHOCTI, III0 Ma€ 3HAYHUH BILTMB HA 3/I0POB'S JIFOCH,
GYHKIIOHYBaHHS €KOCHUCTEM 1 3MIHM KJIiMaTy. 3pOCTaHHS YHCEIBHOCTI
HAaCeJICHHS, 1HAyCTpiami3allis, pO3BUTOK TPAaHCIIOPTY Ta ypOaHi3allis MPU3BOIITh
70 30UTBIIIEHHST BUKWJIIB IIKIJJIMBUX PEYOBUH B aTMocdepy, IO IMiIBUIIYE
PU3MKA BUHHUKHCHHS CEpPHO3HMX CKOJIOTIYHHX Ta MEIWYHHX MPOOIeM.
BignoBigHo no manux BcecBiTHROT opraHizailii OXOpOHH 3J0pOB'S, IIOPIYHO
MIJTEHOHM JTIOJIEH y BCbOMY CBITI CTPaKJAIOTh BIJ HACIIIKIB MOTAHOI SKOCTI
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HOBITPSA, L0 € INPUYUMHOKIO PO3BUTKY pECHIPATOPHUX, CEPLEBO-CYAMHHUX Ta
OHKOJIOTIYHHX 3aXBOPIOBAHb.

OcHOBHMMHM JiKepernaMH 3a0pyJHEHHS TIOBITPS € aBTOMOOUIHHHIA
TPAHCTIOPT, IPOMUCIIOBI MIANPUEMCTBA, BAPOOHUIITBO €HEPTii, a TAKOXK CLIIBChKE
rocriogapctBo. Lli mkepena BUAUIIIOTE B atMocdepy UIMPOKUN CIEKTP
3a0pyHIOIOYMX PEYOBHH, CEpea SKUX OKCHIW a30Ty, MJIOKCHJ CIpKH,
BYTJICKUCIIUM Ta3, TBEP/l YaCTUHKU Ta JIETKI OpraHiuHi cronyku. HeratuBHwuii
BIUIMB IIMX PEYOBUMH Ha HABKOJMIIHE CEPEIOBUIIE BKIIOYAE pPYyHHYBaHHS
O30HOBOIO IIapy, MiABUILEHHS TEMIIEpaTypu Yepe3 MapHUKOBUM e(]eKT,
M1JKUCIICHHS IPYHTIB 1 BOJIOMM, a TaKOX MOPYLIECHHS 010pi3HOMAHITTA. Y CBITII
UX BUKJIMKIB MOHITOPUHI SIKOCTI TMOBITPS CTa€ KPUTHUYHO BaKIMBUM
IHCTPYMEHTOM JIJIsI OLIHKM €KOJIOTIYHOI CHUTYyallli Ta pO3pOOKH 3axO0JiB IIOA0
3MEHIIECHHS 3a0py IHEHHS.

3 PO3BUTKOM TEXHOJIOT1i 3'SIBISETHCS MOKIMBICTh CTBOPIOBATU €()EKTUBHI
Ta JOCTYIHI pIMIEHHS JUIsi MOHITOPUHIY CTaHy MOBITPS, SIKI MOXHa
BUKOPUCTOBYBATH SIK Y MAacIITa01 HUTUX MICT, TaK 1 JIJIs1 OKPEMHX JIOKAJIbHUX 30H.
CyvacHl npunagu s BUMIPIOBaHHS SIKOCTI MOBITPS JO3BOJISIIOTH B PEKHUMI
peaJbHOro 4Yacy BIJICHIKOBYBAaTH KOHIIEHTpaIlli HEOE3MEYHUX PEUOBHH Ta
OI[IHIOBATH CTYIiHb 3a0pyJaHEHHs. lle € BaXJIMBUM acHEKTOM HE TUIbKU s
KOHTPOJIF0O TOTOYHOI €KOJIOTIYHOI CUTYyallll, ajue W JJid NPUAHSITTS CBOE€YaCHUX
3aXO0/I1B MO0 11 MOKpaICHHS.

Hocnimkeno 0ymoBy miatdopmu Arduino, Ha 6a3i SKOTO po3poOsieHa cucTeMa
YOPaBJIIHHS MOHITOPUHTY Ta OIIHKM $IKOCTI TOBITPS Yy TPOMHUCIOBHUX
MIPUMIILICHHSX.

AKTyaJbHICTH A0CTiIKeHHs. BUKOHAHUI TPOEKT CHUCTEMH YNpPaBIIiHHS
MOHITOPUHTY Ta OIIHKH SIKOCTI TOBITPS Y TPOMUCIOBUX MPUMIIMIEHHSAX Ha
Cy4YacHil Ta HEKOILITOBHIM eJeMEeHTHIM 0a3l..

Merta: Po3poOutu cucteMy ymnpaBiliHHS MOHITOPUHTY Ta OLIHKH SKOCTI
MOBITPS Y MPOMUCIIOBUX PUMIIIEHHSIX Ha 0a31 MikKpokoHTposiepa Arduino.

3aBnannsi: Po3poOUTH MPOEKT CUCTEMHU yIpPaBIIHHS MOHITOPUHTY Ta
OLIIHKM SIKOCTI TOBITPSl Yy MPOMHUCIOBUX MPUMILIEHHAX Ha 0a3l  minaTdopmu
Arduino.

VY nmaniii  poOOTI po3riiAnaeTbcs po3poOKa MpHiIaLy IJsi MOHITOPUHTY
SIKOCTI1 TIOBITPSI, IKUI JTO3BOJIUTH €(hEKTUBHO BIJICTEKYBATH PiBHI 3a0pyAHIOIOUNX
pedoBuH B atMocdepi. OCHOBHOIO METOIO € CTBOPEHHS JOCTYITHOTO, HAIHHOTO
Ta TOYHOI'O MPHUCTPOIO, IO MOKE BUKOPUCTOBYBATHUCS SIK JJI1 HAYKOBHX IIUIEH,
TaK 1 JJI1 TPOMaJCHKOTO MOHITOPUHTY CTaHy MOBITPS y MICHEBUX CIUIBHOTAX.
Bupimenns npo6iemu 3a0pyAHEHHS MOBITPS 4epe3 MOHITOPHHT € KPOKOM JO
OUTBII €KOJIOTIYHO CBIJIOMOIO CYCIIJIbCTBA, SIKE 37aTHE IIBHJKO pearyBaTd Ha
3MIHM B HaBKOJIUIIHBOMY CEPEAOBHINI Ta MPUUMATU PIlICHHS, COPSIMOBaHI Ha
3aXMCT 37I0POB'S JTIO/IEH Ta MPUPOIH.

[Ipu3HavyeHHA TPOEKTOBAHOI CHCTEMH MOJIATAE y TOMY, 1100 BUKOHATH
MOHITOPUHI aHaI3y SKOCTI MOBITPS, Ta aBTOMATU3AIlli BEHTWISALIIMHOI CUCTEMHU
Ha 0a3i MikpokoHTposaepa Arduino.
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["onoBHE npU3HAUYEHHS LIBOTO MPOEKTY MOJIATAE B TOMY, 11100 3a0€3MeUUTH
0e3neKy 3HaXO/HKEHHS MPAalliBHUKIB MIJMPUEMCTB Y 3aMKHYTOMY HPUMIIIEHHI,
TaK SK [MUPKYJSIIT MOBITPSIHUX Mac TaM MOKe He OyTH 30BCIM, 11€ TPU3BENE 110
HAKOMMYEHHS IIKIATUBUX CIOJYK Y MOBITP1, MPH [bOMY 3BHYAHY BEHTUIISLIIO
JIIOJTA MOXYTh 3a0yTH YBIMKHYTH, 200 HE BMUKATH yCBIJJOMJICHO, HE 3HAIOYH SIK
Il CIIOJYKH BIUTMBAIOTH HA X CAMOTIOYYTTS, Ta 3I0POB’Sl.

[IpoexToBaHa cucteMa Oyae SBISATH COOOI0 KOMIUIKC MATYHUKIB IS
aHaji3y sSKocTi nmoBiTps. L{sg Moaens Oyzae MOBHICTIO Ipale3/1aTHa, po3paxoBaHa
Ha mpenu3iliHne BuMiproBanHs. [Iporpama mist cuctemu Oyne HamucaHa Ha MOBI
C++.

VY mpomy mpoekTi kKpiMm camoro koHTpoijepa Arduino Uno R3, Takox
OynyTh 3a1iaH1 Taki MmoyJii: NPS(Nova Pm Sensor) SDS011, DHT11, MQ-5, 12C
LCD1602, HC-5. 3a 1ormomMororo BCiX IMX MOJTYJIIB, HAIll MOHITOP SKOCTI1 IMTOBITPS
OyJie TIepeBIpATH TOBITPsSI Y HABKOJHUIIHBOMY CEPEHOBHIII, OOpOOJIATH JaHHI
OTpUMaHI 3 JIaTYMKIB, 1IHPOPMYBATHU JIFOJICH TIPO MOTIPIIECHHS SKOCTI MOBITPS JJIs
OPUIHATTS HaMIpiB JJIA MOKpAIIEHHS, Ta aBTOMAaTUYHO KEPYBAaTH CHUCTEMOIO
BEHTWJIALIIT 32 JIOMOMOTO0 JOJIJATKOBOT'O MOAYJIIO PEIEHHOr0 KEPyBaHHS.

TakoX B MOHITOp MOE€ IOJAaBaTH 3arajbHl CHUTHAJIU TPHUBOTH, IPHU
NEepPEeBUIICHH]I O€3[1eYHOro piBHA MUY B MOBITPi, a0 YaJHOIO raszy, 10 € YK€
HeOe3neyHuMH (hakTopaMu, SIK1 1y>Ke MOraHo BIUIMBAIOTh HA 3JI0POB A, Ta SIKICTh
KUTTS JIFOACH.

[Ipy nboMy aBTOMAaTHYHE BBIMKHEHHS CHCTEMH BEHTHIALII TaKOX
npucyTHe. [Iporpama nponucana TakuM YMHOM, 110 CUTHAJI 3arajibHOi TPUBOTH
HE MOKJIUBO TPUOPpATH, BOHA BUMKHETBHCSI CaMa, KOJIU PiBEHb 3a0py/THEHHSI BaJie
no Oe3medHoro, e 3poO0JIeHO I TOro, W00 KOPHUCTyBadl HE 3MOTJHU
MPOITHOPYBATU HEOE3IEKY.

JlanHi Tpo  AKICTH TOBITPS MOXKHA Oyzne  TPOJIUBIATHUCS  Ha
PIIKOKpHUCTAIIYHOMY AUCILIei, 00 yepe3 MoO1LIbHMM qoaaTok 1Mo Bluetooth. Taki
MOHITOpY TOBHHHI OyTH HE TUIBKM Ha MIJNPUEMCTBAX, aje ¥ B KOXKHOMY
Oynuuky. Po3nmuBuMOCh CXeMHM MIKIIOYEHHS MOJYJIB J0 MIKPOKOHTpoOJepa

(puc.1):

Pucynox 1- cxema migkmtouenas NPS(Nova Pm Sensor) SDSO11[1]
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Bucokorounuit nazepHuit naruuk skocTi noiTpss Nova PM SDSO011.
BusiBisie qy»e KpUXITHI YACTUHKU MUY y MOBITPI1, TA Paxye iX KOHLIEHTPALIO.

€PM25s
NPOAYKTHI CrOPaHus,
OpraHuW4eckue YacTuubl
<2.5um B guamerpe

yenoseyeckuii Bonoc
50-70um
B AnameTpe

© PM1g
NbiNb, NbiNbUa, NNeceHb

<10um e guamerpe

l<-—'>
90 um NNAXHBIA NECOK

PucyHok 2 - moka3HUK po3Mipy 4aCTUHOK [2]

Ha pwuc.2 300pakeHi po3MIpH YACTUHOK, BOHU SIBIISIOTHCS JIyXKe
HEOE3MEeYHUMHU JJIA 3JI0pPOB’S JIIOJUHU, TOMY 3a iX pPIBHEM OyXKE€ Ba)JIMBO
CJI1IKYBaTH.

[li wactunku (PM — particulate matter) € nmomupeHuM 3a0pyIHIOBauYEM
aTMOC(EpHOro MOBITPS, IO BKIKOYAE CyMIII TBEPAUX 1 PIAKUX YACTUHOK, SKI
3HAXOAATHCA B TMOBITPI B 3BaKeHOMY cTaHl. [loka3HukH, sKI 3a3BUYAid
BUKOPUCTOBYIOTBCS JUIsl XapakTepucTUKU PM 1 MaioTh 3Ha4Y€HHS 1151 3[I0pOB A,
BKJIFOYAIOTh MACOBY KOHIIEHTPAILIII0 YACTUHOK AlameTpoM MeHIe 10 mxm (PM10)
1 YaCTUHOK JiameTpoM MeHie 2,5 MM (PM2,5). PM2,5, abo npiGHOoAMCTIEpCHI
YACTUHKH, BKIJIIOYAIOTh TaKOX YJIbTPaApiOHI YyacTUHKU AlameTpoMm MmeHie 0,1
MKM. Y OubIocti perioniB €sporu PM2,5 cranosnsars 50-70% Big PM10.

PM niamerpom Big 0,1 MkM g0 1 MKM MOXYTh mepeOyBaTH B
atMoc(epHOMY TIOBITPl KUJIbKa JHIB a00 HaBiTh THXKHIB, 1 TIEPEHOCUTUCS Ha
3HauH1 Biactanl. Cxiazn 1 BmactuBOCTI PM 3MIHIOIOTBHCS 3aJ1€KHO Bl MICIIEBOCTI.
Cepen HalOUIbII MOWMPEHUX KOMIOHEHTIB PM — cynbdaru, HiTpaTH, aMiak,
1HIIIl HEOpraHiyH1 WOHU (HATPIM, KaIii, KalbI[ii, MarHii, XJIOPUAH), OpraHIYHUN
Ta eJIeMEHTapHUM BYIJIElb, MIHEpAIU, METAIM (BaHAliM, KaaMii, MiJb, HIKEb,
[IMHK) 1 moJinukiiyHail apoMmatuydi ByraeBoAHi (ITAY). Jlo cknamy PM takox
BXOJISITH 010JI0T1YH1 KOMIIOHEHTH, TaK1 SIK aJIEpreHU Ta MIKpOOpraHi3mH. [2]

Ha puc.3 nokazano sik npaittoe cencop SDSO11. [Toitps 3a momoMororo
BEHTWJISITOPA 3aTATYETHCS B KaMmepy dYepe3 BXiAHUU OTBip, MPOXOIUTH Yepes
Jla3epHUM MPOMiHb, IKUI CBITUTH Ha (DOTOIIOAHY MATPHUIIIO, siKa (PIKCY€E KIJTBKICTh
nepepuBaHb Ja3epHOro MPOMEHS, Ta MepeIae JaHHI Ha MIKPOCXEMY, sIKa aHAJII3ye
pO3MipH, Ta TPUBAIICTh MEPEPUBAHD, MICIS YOro (hOpMy€E CUTHAI, 1 Mepe/lae Ha
MIKPOKOHTPOJIEP.
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Particle Outflow

Pucynox 4 - cxema nigkitoueHHs cencopy razy, CO,

Ieit cencop Oyne ananizyBaTu Ta nepeaaBaru Ha MK naHHi po HasiBHICTb,
Ta piBeHb CO, y MoBITp1, LI Oy>KE BaUIMBUI MOKAXKYHUK, TOMY 32 UM PiBHEM
ayxe BakiauBo cTexutd. [4] Pisensr CO2 (ByIVIEKHCIIOro Tasy) B yMOBax
BUPOOHHUIITBA MOXXE 3HAYHO BIUIMBAaTH Ha 3JIOPOB'S TMpAIiBHUKIB Ta CTaH
obnagHaHHsA. Y OUIBIIOCTI BUIMAJKIB MPOOJIEMH BUHUKAIOTH Yepe3 IiBUIICHY
koHueHntpamito CO2, 0co0IMBO B 3aMKHYTHX a00 TOTaHO BEHTUJIHLOBAHUX
npuminieHHsx. [lpunmun poGotu razoBoro pgatunka MQ-5 monsirae B
HAaCTYMHOMY: IaTYUK Ma€ YyTJIMBY HUTKY, BUTOTOBIEHY 13 SnO2. [Tpu nonaxanHi
NajJbHOrO Ta3y, HalpUKIaJ 3pIIKEHOr0o Ha(pTOBOro rasy, MPOBIAHICTb HUTKH
30UTBIIY€THCS, 1 BEIMYMHY 3MIHH 1i POBIHOCTI/OMOPY MOKHA BUKOPUCTOBYBATH
JUTS BKa31BKU CKBIBAJICHTHOI KOHIICHTpaIlii ra3y. [5]

-DI6ITAL——
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- Wuu.arduino.c
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Pucynok 5 - cxema migkmtouenns DHT11

TemmepaTypa mNOBITpS Ha BUPOOHMIITBI BIJITpa€ BaXJIWBY pPOJb IS
3JIOPOB's MPAITIBHUKIB 1 CTaHy 00Ja HAHHS.

PucyHOK 6 - K BIamToBaHUM 1aTuuK [6]

DHT11 - ue 6a3oBwuii, 1iudpoBuUil JaTYUK TEMIIEpaTypu Ta BOJIOTrocTi. Bin
BUKOPHUCTOBYE €MHICHUI JaTYMK BOJIOIOCTI Ta TEPMICTOP ISl BUMIPIOBAHHS
HABKOJIMITHBOTO TOBITPS Ta BUAA€ IUGPOBUN CHUTHAT HA KOHTAKT JIAHUX
(aHaNOTOBI BXiJTHI KOHTAKTH HE MOTPiOH1). BiH mOCUTH IPOCTHII y BUKOPUCTaHHI,
ayie moTpedye peTeaILHOTO PO3paxyHKyY dacy 300py JaHuX. [6]

|
>
=
a
5
£
a,

fritzing
Pucynok 7 - cxema migkitoueHHst Mmoaydisi Bluetooth

3aBAsIKU IbOMY MOJYJIIO, HAIll IPUCTPIN Mae 3MOTY TepeaaBaTh IaHHI 110
MOOUIBHOTO 3aCTOCYHKY, UM 3aCTOCYHKY Ha IEPCOHAJIBLHUN KOMIT I0TEP.

Last Minute
7 ENGINEERS .com

Pucynok 8 - cxema miakmtoueHHst LCD piIkOKpUCTaIiyHOTO JUCILICHO 3
12C monynem. 3aBasiku TUCIUICHO, MOYKHA IIIBUIKO MTOJUBUTHCS aHAJI13 MOBITPA,
0€e3 J0JaTKOBHUX MPUCTPOIB.
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PucyHok 9 - cxema miiKIr0ueHHs MOJIYJIIO pejie

Monynb perne 103BOJIsI€ HALLIOMY ITPUCTPOIO KEPYBATH CUCTEMOIO
BEHTUJIAMIT, 0€3 JOJaTKOBUX, CMapT MPHUCTPOIB.

CTpyKTypHa cxeMa Ma€ HACTYITHUMA BUTJIISIL;

= —  Power
on
gz
o 3
MO-S 3 }‘ SDS11
’:k Arduino UNO :—T
‘,
L2 |
DHT-11 BUZ |LED
LCDI2C1602] Lyl  pc |

Pucynok 10 — CtpykTrypHa cxema
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CUCTEMA MOHITOPIHI'Y TA BIIOBPAKEHHS ITPOT'HO3Y
HOoroanu HA BA3I IVIAT®OPMMU ARDUINO

Anomauin: YV pobomi npedcmasieHo po3poOKy cucmemu MOHIMOpUHZY ma
8I000padicen st NPOSHO3y No2oou Ha 0azi mikpoxowmponepa Arduino. Onucano cmpykmypy
cucmemu, wo exnovae Wi-Fi mooyns onss ompumanus oanux 3 Inmepnemy ma OLED-oucnaeii
onsa ix eizyanizayii. Ocobaugy yeacy HNpuoileHo NUMAHHIO RNIOBUWEHHS O00I3HAHOCMI
KOpUCmy6a4ié npo NOMeHYIlHO WKIOAUBL KIIMAMUYHi BIOXUNEHHS, 30KpeMd pieeHb
yaempaghionemosoco eunpominiosanns. Ilpoekm peanizosano 3 6uUKOpUCMAHHAM OOCMYNHOL
ma eHepzoepexmuenoi elemeHmuoi bazu. 3anponoHo8ana cucmema Mae nPaKmudty YiHHicmo
015l IHQpOpMYBAHHA HACENEeHHA NPO NO200HI PUBUKU 6 PeanrbHOMY Haci ma Mmoxce Oymu
BUKOPUCMAHA 8 OCOOUCUX MA 2POMAOCLKUX YLLSX.

Knwuosi cnosa: monimopune nozoou, Arduino, Wi-Fi mooyas, OLED-oucnel,
yaempaghionemosuii iH0eKc, MIKpOKOHmMpPOJiep, NPO2HO3 NO20OMU.

Abstract: The paper presents the development of a weather monitoring and forecasting
display system based on the Arduino microcontroller. The structure of the system is described,
including a Wi-Fi module for retrieving data from the Internet and an OLED display for
visualization. Special attention is given to raising user awareness about potentially harmful
climatic deviations, particularly the ultraviolet radiation index. The project is implemented
using affordable and energy-efficient components. The proposed system has practical value for
informing the population about weather risks in real time and can be used for personal and
public purposes.

Keywords: weather monitoring, Arduino, Wi-Fi module, OLED display, ultraviolet
index, microcontroller, weather forecast.

VY cydacHOMy CBITI 3 BJISIETHCS BCE OUIbIIE KIIIMATHYHUX TIPOOJIEM uepes
110 CTPaXKAA€ K HABKOJIHUIITHE CEPEIOBUIIEC TaK 1 TBAPUHU, POCIHHHU 1 1r0u. [1[06
BUTIPABUTU 1€ Tpeba MOKIacTH Oarato 3yCWwib 1 4Hacy, ajie TaK sIK MU BXKe
BIIUYBAEMO HACTIIKHM TaKl SK IMMABUIICHHS CEPEIHbOI TEMIIEpATypH, 1HICKCY
yibTpadioneTy Ta IHAEKCY SIKOCTI MOBITPS HaM Tpeba OisbIlie 3BepTaTH yBary Ha
MOTIEPE/IKEHHST PI3HUX TMOTOJHUX pecypciB. ToMy s MPOMOHYIO MpUiaa SIKUN
OyJie mornepeaKyBaTy Ipo pi3Hi KIIMATUYHI BIAXUIIEHHS SIKI MOXKYTh HAIIKOJIUTH
310POB’I0 JIIO/IMHHU.

Bueni momnepemkarTh, M0 SIKIIO MU HE BHECEMO ICTOTHHMX 3MiH, 1100
yTpUMaTH MTiABULIEHHS Ti00anbHOI TemrepaTypu Hikue 1,5 °C, pesynbTaTe
OynyTh KaTacTpodiuaumMu. Panime BBaxkaiocs, 1o 60poTh0a 31 3MIHOKO KIIIMaTy
noTpeOyBaTUME BEJIMYE3HUX (PIHAHCOBUX BUTPAT, IIO0 MOXKE MOSCHUTH, YOMY
Oarato kpaiH 1 Jroaei He Oakanu Hidoro pooutu. Ile Oinple He Tak, OCKUIBKU
eKOHOMIYHHMI BIIUB 3MIHU KJIMaTy OyJe BEeNU4e3HUM. 3MiHA KJiMaTy — Ie
Oes3mporpaliiHa cuTyarlis 1 Bcix. B Hammx iHTepecax He JOMyCTUTH Mboro.[ 1]
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[Ipu3HayeHHs] MPOEKTOBAHOI CHUCTEMH TOJIATAE Y TOMY, 1100 BHBOJUTH
JaHHI TIOTOM Ta TOMEPEKYBaTH MPO IMIKIJIUBI KIIMATHYHI BiIXUJICHHS.
Cucrema 31po€eKTOBaHA JIJIs TONIEPEKEHHS PO IIKIITHBI a00 HaBITh HEOE3MEUHi
KJIIMAaTUYHI BIIXWJICHHSI, 1110 3MEHIIUTh PU3HKH SKI MOXKYTh HAITKOIWUTH JIFOIUHI
y 3BHUAHHOMY HUTT1 OCOOIMBO SIKILO Yy JIIOAUHH MiABUILEHA Yy TIUBICTh A0 TUX
a0o 1HIIKX moxpa3HuKiB. Hanmpukiiaz: moaei 3 MiBUIIEHOI0 Yy TJIMBICTIO HIKIPH,
Taki K anbOiHOCH, KM Tpeba MOCTIHHO OyTH 3aXUIICHUMH Bl YpaKeHHS
yapTpadioseToM, 1 OCOONMBO MIABUILEHUM 1HJAEKCOM yibTpadionery (YD-
iHaekc). YnerpadioneroBui iHaekc, Y®-ingekc, YOI (anri. UV Index) —
MOKA3HHUK, 110 XapaKTepu3ye piBEHb yAbTpadioaeToBOro BUNpomiHoBaHHs (Y-
BUIPOMIHIOBAHHS) B CIEKTP1 COHSYHOTO CBITNIA. YD-1HJIEKC J03BOJISE OIIHUTH
HeOe3neky yinbTpadi10eToBOro BUNPOMiHIOBaHHS COHIS 7Sl IIKIpU JIFOJUHHU.
[ToBimomiienHs Y®-iHaekcy € 3aco00M TMOMEPEKEHHST HaCeJeHHS Ipo
HeOe3neKky Bil Y®-BUNPOMIHIOBAHHS 1 MPO HEOOXITHICTh BHKOPUCTOBYBAaTH
COHIIE3aXMCHI1 3acobu [2].

AKTyaJdbHICTh JOCHiAKeHH. BUKOHAHUI POEKT CHUCTEMH YNPAaBIIIHHS
MOHITOPUHTY Ta BIIOOPaKEHHSI MPOTHO3Y MOTOJM Ha CYYacHiil Ta HEKOIITOBHIM
€JIEMEHTHII 0a3l.

Merta: Po3poOutu cuctemMy ynpaBiliHHS MOHITOPUHTY Ta B1IOOpa)KeHHS
MPOTHO3Y MOroau Ha 6a31 MikpokKoHTpoJiepa Arduino.

3aBaanHsi: Po3poOUTH MPOEKT CUCTEMH YMOPABIIHHSI MOHITOPUHTY Ta
B1JIOOpa)KE€HHS MPOTHO3Y Moroau Ha 6a3i miatdopmu Arduino.

[IpoexToBana cuctema Oyzne OoTpuMyBaTH JaHHI moroau depe3 Wi-Fi —
Monyab (puc.l), Bignpasisata Ha MmikpokonTposep (MK) (puc.2), micins yoro Oyze
BuBoauTu JanHi Ha OLED (I2C) aucnneit (pus.3, 4).

ESP-01
PINOUT

— P& voTxD sex_cst

UoRXD [FFTE E1
sex_cs2 (IR E

I POVER M 5P. FUNCTION(S)

. 1/0 COMM. INTERFACE

I Aoc I PIN NUMBER ut
CONTROL - ;

Cw/e

Pucynok 1 — Po3ninoBka Wi-Fi — Momyiib.[3]
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Pucynok. 3- OLED displeja modulis 0.96" 128x64 12C balts NFP1315-61AY 3
inTepdetricom 12C [5]

Pucynox 4- OLED displeja modulis 0.96" 128x64 12C balts NFP1315-61AY ta

roro minu [5]

OcHOBHa PI3HUIIS ICHYIOUHX CUCTEM Ta MOTO MPOEKTY MOJISITae y HasBHOCTI
Wi-Fi — Moaysst sKuii BUKOPUCTOBYETHCS HE JIJIS TIAKIIOYCHHIO 1HIITHMX MOYJIIB
takux gk Sencor SWS 9898 WiFi ta WS2910 WiF1 Ecowitt USA, Ta iHmmx, a
JUTSL B3STTS 1H(OpMAIIii 3 CailTy, 10 JO3BOJIMUTh CUCTEMI 3HATH PO TJIIAHOBaH1 Ha

JCHB ITIOKa3HUKU.
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Bubupaemo (mikpokontposiep) MK. ns Bubopy MK mnopiBHsIEMO
XapaKTEPUCTHUKH Ta TOCTYMHICTh. Bubupaemo mxeperno xusieHHs. B 3amexHocCTi
BiJ MOTpeO MoxeMo oOpaTu abo cTalioHapHe a00 MOPTOTUBHE JKUBJICHHS B 000X
BUMAAKaX /sl BUOOpPY OyIeMO poO3INAgaTH XapaKTepPUCTUKH €JIEMEHTIB. 3
xapaktepuctuk MK gizHaemocs tum Ta 06’eM nam’sTi. 3a cnocodom 30epiranHs
iH(popmarii po3pizusatoTh cratuudi 1 auHamivHi O3Il. Cratmuni O3II, sk i
perictpu, OyIQylOThbcsi Ha 0a3l 3BUYAMHMX TPUTEPHUX CTPYKTYp 13 JBOMA
cTiikumu ctanamu. Y nuHamiuaux O3I1 enemeHTaMu mam'sTi € KOHIEHCATOPH
HEBEJIMKOi €MHOCTI: KOHJIGHCATOp 3apsJDKEHUH - 30epiraHHs curHany |1,
pospsikennit — 0.

VY mpoueci ¢pynkuionyBanus anapatypu [13I1 npaitorors nuiie y 1BOX
pexumMax: 30epiranHs 1 3unTyBaHHs 1Hpopmarlii. [1i1 yac BUMKHEHHSI KUBJICHHS
iHdopmarrisi, mo 30epiraetbess B I3[, 30epiraerbcsi 30epiraeTbCs, TOMY
Mmikpocxemu [1311 € enepronesaiexHUMHU.

Bubupaemo mikpokontposnep Arduino UNO (puc.5):

MikpokonTtposiep ATmega328

Po6oua nanpyra 5B

Hanpyra sxuBnennst (pekomenjonana) 7-12B

Hampyra xuBnenus (rpannyna) 6-20B

Hudposi Bxoaw/Buxonu 14 (3 HUX 6 MOXYTh BHKOPHUCTOBYBATUCA SIK
[IIM-Buxoan)

AmHaJjorosi Bxoau 6

MakcuMalibHU# CTpyM OJHOTO BUBOAY 40 MA

MakcumanbHui BuXiiauii ctpym BuBoay 3.3V 50 MA

Flash-nam'ste 32 Kb (ATmega328) 3 skux 0.5 Kb BHKOPHCTOBYIOTHCS
3aBaHTaXKyBaueM

SRAM 2 Kb (ATmega328)

EEPROM 1 Kb (ATmega328)

TaktoBa yactora 16 MI'y [6]

\
LR S s+

DIGITAL (Pwh~) & & |

T OO U0__ 3

" ARDUINO

Pucynok 5 - Arduino UNO Bup 3 BepXy Ta 3 HU3y

Hama npoexToBana cucrema noTpelye IHKepeno KUBJICHHS Il poOOTH
MK.
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Hns xuBnenHs MK nam HeoOximHe mxepeno 5B, abo 7-12B. Inmm
€JIEMEHTHU CXEMHU MU OyAeMO KUBUTH BiA ApayiHO uepe3 i1 miHu KuBiaeHHs. [ns
nporpamyBaHHs Ta sxuBiieHHs Arduino UNO 5B BUKOpHUCTOBY€ETHCS KOMIT IOTEP
KWW Tiepenae iHpopMalliro Ta XuBjiIeHHS HeoOXimuuii apit USB type B (puc.6-
10). Hagami mmu moxemo xuButH MK Big Oarapei tumy «Kpona» s
3a0e3neyeHHss a00 MOPTATUBHOCTI cXeMH 0e3 MepediitHOro >KUBJICHHS CXEMHU y
pasi BiACYTHOCTI CBiT/Ia a00 1HIIMX MPUYHH.

Po3'em AnA NiAKAOYEHHA

BiJ 30BHiWHbOrO
AXepena MUBNeHHA

USB pos'em ana
3aBaHTaXXeHHA Nporpam Ta
nojiavi YXMBNEHHA Ha naary.

KHOMKa ckuaaHHa
(RESET)

ICSP pos'em ana
npowwusku ATmegal6éU2

LLinHa KuBNEHHS MikpokoHTponep

ATmegal6U2 ana 38'Asky 3
MK yepes nopt USB
Ceitnogiop nigknoueHnit
A0 KOHTaKTy 13 nnatun

ABi wWuHK yudposmx

LLinHa aHanorosu sxogis-suxopais

Bxoais

MikpokoHTponep
ATmega328P ak Csitnogiog Csitnogioawn nepepgaui
FONOBHWIA Npouecop WUBNEHHA Aanux no UART (RX, TX)

ICSP pos'em ana
npowuekn ATmega328P

Pucynok 6 — EnemenTu Ha minati Arduino UNO [7]

ON-BOARD

VOLTAGE

REGULATOR
TYPE B USB
CONNECTOR.

[PCINTO | 1CP1
PCINT23

[ pwM | PCINT22 | OCoA
PWM | PCINT21
PCINT20

XCK

M | PCINTI9 | OC2B |

-PCINTI8
revT. [
reooo el | (D

ProjectloT123.co

Pucynox 7 — Ilinu Arduino UNO [8]

4

~

g\r i

USB cable used
N to connect
Type B USB Arduino to the
Port PC

ProjectloT123.com

Pucynok 8 — Ilopt Ta npit USB type B ans Arduino UNO [8]
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[ 1295
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Pucynox 10 — [pitT ans 6atapei tumy «Kponay» [9]
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YnoBuuenko JI.A., naykosuii kepiBHuk ®@emoroBa O.I1. (BCII
«/Ipyarckiscoruti paxosuii konedic JJoHbacbKoi depicasroi MauunooyoieHoT
akaoemii, m. [pyackiexa, Ykpaina) CUCTEMA ABTOMATHU30BAHOI'O
IMOJIUBY POCJIMH HA BA3I IVIAT®OPMH ARDUINO

Anomauia: Y cmammi 0ocniodxceno npoyec po3pooKu cucmemu agmomamu308ano2o
noausy pociun Ha 6asi mikpokonmpoaepa Arduino Nano. Onucano cmpykmypy cucmemu, saKa
BKIIIOYAE O0AMYUK B0]1020CMI IPYHMY, eleKMpoMexaHiuHe peje ma GO0OAHUU HACOC OJis
peanizayii YyHKYIi KpanIuHHO20 NOIUBY 3ANEIHCHO 8I0 PiHS 801020Cmi. Busnaueno ocnoseHi
KOMNOHeHmu, ix (OYHKYIOHANbHI 0coOIuBOCmi ma nepeéacu GUKOPUCMAHHA — OAHOL
A8MOMAMU308AHOI CUCTEMU 8 NOOYMOBUX YMO8AX. 3A3HAUEHO EKOHOMIUHI ma eKOA02iuHi
nepesazu 3anpPONOHOBAHO20 PIUEHHS, A MAKOJIC U020 30amHicmb niosuwysamu CmiuKicms
pocaun 00 x60pob i wkiOHukie. Cucmema € NPUKIAOOM OOCMYNHO20 [ NPAKMUYHO2O
3acmocyeants mexuonociu Arduino 0ns po38'a3amHA NPUKIAOHUX 3A80AHL 6 YMOBAX
0OMedHCeHUX pecypCis.

Knirwuosi cnosa: asmomamuszosanuti noaus, Arduino Nano, mMikpokonmponep, 0amyux
801020CMi, B00AHULL HACOC, KPANJIUHHUL NOUG, CUCTEeMA YRPABIIHHL.

Abstract: The article explores the development of an automated plant watering system
based on the Arduino Nano microcontroller. The structure of the system is described, including
a soil moisture sensor, an electromechanical relay, and a water pump, which enable drip
irrigation depending on soil moisture levels. The main components, their functional features,
and the advantages of using this automated system in domestic environments are outlined. The
economic and ecological benefits of the proposed solution are highlighted, along with its ability
to enhance plant resilience against diseases and pests. The system serves as an example of
affordable and practical application of Arduino technologies for solving real-world problems
under resource constraints.

Keywords: automated watering, Arduino Nano, microcontroller, soil moisture sensor,
water pump, drip irrigation, control system.

JlomamiHi poCIMHM € HEe JIMUIe MPUKPAcol Yy KBapTupl. Bonu
BU/JIIJISIFOTH Y 30BHIIIIHE CEPEIOBUIIE KUCEHb, YCYBAIOTh 3aMMICHICTh TPUMIIICHB,
a TaKOK 3HEIIKOKYIOTh TOKCHYHI JOMIIIKH, 110 Iepe0yBaroTh y MoBiTpi. Tomy
TaK BaXIWBO, 100 POCIMHA 3aBXKIW 3ajUIlaliacia 30POBOIO, a I I[bOTO
MOTPiOHO MPaBUIILHO i1 mosmBaTh. YacTo rocrnogapi He 3HAIOTh, SIK PABHIIBHO I1€
pobutH, abo mpocTo 3a0yBaroTh. Taka 0e3 BIAMOBIIAIBHICTh MPHU3BOIUTH JI0
pI3HOMaHITHUX XBOpoO pociuH. Ile KOHCTPYKTOpPChKE TMPOEKTYBAHHS
MPUCBAYECHO BUBYEHHIO MMUTaHb, TMOB’S3aHUX 13 PO3POOKOI0 POOOTH3OBAHUX
npuctpoiB Ha mnatdopmi Arduino Uno, 30KkpeMa NpPHUCTPOIO, 3AATHOTO
3a0e31euyBaTi POCIMHU BOJIOIO 3aJIEKHO Bij 11 BUy Ta yMOB cepeaoBuiia. [1].

AKTYaJIbHICTb J0CTiIKeHHsl. BUKOHaHMI TPOEKT CUCTEMH yIpaBIiHHS
aBTOMATH30BAHOIO MOJUBY POCIUH Ha Cy4YacCHIM Ta HEKOIITOBHIN €JIeMEHTHIM
0asi.

Merta: Po3pobutu cucteMy aBTOMaTHU30BAaHOI'O MOJIUBY POCIMH Ha 0asi
MiKpoKoHTpoJiepa Arduino.
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3aBnannsi: Po3poOUTH TPOEKT CUCTEMU  aBTOMATU30BAHOIO TMOJUBY
pociauH Ha 0a3i miaardgopmu Arduino.

Ham aBTOMonMB caMOCTIHO MepeBipsATUME BOJOTICTh IPYHTY 1 B pasi
noTpebu BKIIOYATUME KPAIUTMHHUN MONUB pociauHu. Lle myxe 3pydHO Ans THX,
XTO JIOOUTH KBITH, ajie IEPIOAMYHO HAJOBTO i1e a00 MPOCTO HE X0ue 3aiMaTUCs
MIOJIUBOM POCIIUH Y "pydHomy" pexumi. [2].

SIK110 paHiiie CTBOPEHHS CKIATHUX €IEKTPOHHUX MPUCTPOIB OYyIJI0 TOCTYITHE
JIMIIIE HEBEINKIHN KIJIBKOCTI JIOJIEH 31 ClleliadbHUMU 3HAHHSIMHU Ta HABUYKaMH, TO
3 osiBOI0 Arduino 11e cTaio JOCTYIHIIIKUM JJisl IUPOKOTro 3arany. Ls mnatdopma
JUIsl CTBOPEHHS €JIEKTPOHHUX IMPHUCTPOIB 3'sSBUIIACS BXKE OUIbIIE JECATH POKIB
TOMY 1 cTajla MOMYJISPHOIO cepell pO3pOOHMKIB 1 €HTY31acTiB 3 yChOTO CBITY.
[Ipu3HaueHHs NPOEKTOBAHOT CUCTEMH IOJISITa€ B TOMY, III00 pO3pOOUTH MPUHIIMIT
poOOTH Ta PO3IMOBICTH BCIO I'JIHICTh Ta 3pYYHOCTI aBTOMAaTUYHOTO TIOJIMBY Ha 0asi
MIKpOKOHTpoJiepa Arduino . ABTOMaTUYHHUI KpamJIMHHUNA NOJKUB Ha Arduino
pUCyHOK 1.1 € aBTOMaTH30BaHOIO CHCTEMOIO MOHITOPUHTY NTapaMeTPiB IPYHTY Ta
HABKOJIMIIHBROTO CEPEJIOBUINA. 3aJIe)KHO BiJl OTPUMAHUX JaHUX 3IHCHIOETHCS
KEepyBaHHSI BAKOHABUMMH MalllMHAMH.

Pucynok 1 — ABTomaTu4HMii MOJIMB KBITIB HA OCHOBI Arduino nano.

Taka cuctema BiIMIHHO MIIXOJUTb J1JI aBTOHOMHOTO MOJIUBY KBITIB Oy AMHKY
1 B cafy, KOJIM rocrojiapi y BIAMYCTIN, a00 AJIs TUX XTO MPOCTO X0Ue MEPEKIACTH
YaCTUHY CBOIX 3aBJIaHb Ha POOOTIB. BJIbIII TOCKOHAI CUCTEMU KJIIMAT-KOHTPOJIIO
MICTATh y €00l JaTYMKU BHUMIPIOBAHHS KOHIIEHTpAIlli BYTJIEKUCIOTO Ta3y B
MOBITPI1, TATYNKU TEMIIEPATypH Ta BOJIOTOCTI OBITPS, a JUIsl MIATPUMKH ITE€BHOTO
pIBHsI TMEepepaxoOBaHUX BHIIE MOKA3HUKIB y HUX MOXYTh BHUKOPHCTOBYBATHUCS
PI3H1 BEHTWISATOPH Ta 00IrpiBayi.

[lepeBarn aBTOMONWBY TOJIATAIOTH B €KOHOMII HAIIoOi eHeprii Ta dyacy,
ckopoueHH1 BuTpatu Boau (Ha 20-50%) Ta 3a0e3medyeHH] ONTUMAIBHOTO ii
BUKOPDHCTAHHSA POCIMHAMH — 3a PaxyHOK IiX CHCTEMaTHYHOTO TIOJHMBY Ta
peryJiroBaHHs KUJIBKOCTI BOAM BIAMOBIAHO J0 MOTped KOHKPETHUX BHUIIB. B
pe3yabpTaTi BOHU MIIHIIII 1 MEHII Ypa3JiuBi 1Jisi XBOpoO (0coOIMBO IpUOKOBHX) 1
aTak mKigHUKIB. Ko cuctemMoro kepye aBTOMaTHYHUN KOHTPOJIEP, PO MOJIHB
MOJKHA HE 3raJlyBaTH - BiH 3allyCTUTHCS aBTOMaTHYHO. Bapro mam'stath, 1o
MOJIMBAJIbHI MPUCTPOI MOBUHHI OYTH BCTAHOBJICHI TAKUM YHHOM, 1100 BiACTaHi
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MDK HUMH OYyJIM TPOXU MEHIIUMH, HDK J1ara30Hu iX MOJUBY (MTOBEPXHI MOJIUBY
MOBHHHI TPOXH MEPEKPUBATH OJUH OAHOTO0).[3].

MikpoxonTtposniep Arduino B CUCTEMI MOJUBY MpEACTaBisie "MO30K" BChOTO
IPUCTPOIO, IO 3A1MCHIOE 301p TaHUX PO HABKOJIMIITHE CEPEOBHILIE, TX aHAJ3 Ta
TeHepaliio EJeKTPUYHUX IMIYJbCIB Ha CBOIX BHCHOBKax [UIsl yHpPaBIiHHS
BUKOHABYMMH TPHUCTPOSIMU (BOASHUN Hacoc). Bu3Haummocs 3 HEOOXiTHUMH
KOMIIOHEHTaMU JJ1s1 30MpaHHs aBTOMATH30BAHOTO TIOJIUBY.

Arduino Nano — e Hajiaro/pKyBalibHa IUTaTa HEBEJIMKOTO PO3MIPY, sKa
BXOAUTh IO TpPIAKK JTiAEpiB 3a TMONYJSIPHICTIO CEepea  pajiioaMaTopiB-
nporpamicTiB. He3Baxkatroun Ha CBifi CKPOMHHUH pO3Mip, BOHA MPAKTUYHO HIYUM
He TmocTynaerbes rydHid Arduino Uno 3a @yHKIiOHamoM 1 MOXe
BUKOPUCTOBYBATHUCS B MIPOEKTAX, JIe Ta0ApUTH BIIITPAIOTH ICTOTHY POJIb.

Panni Bepcii Arduino Nano 0a3yBajucs Ha OCHOBI MIKPOKOHTpoOJIepa
ATmegal 68. ITounnatoun 3 Bepcii 3.0, y HUX BCTAaHOBJIEHI OUIbLI IPOCYHYTI
ATmega328, 31 30u1bmenuM odcsirom FLASH ta EEPROM-nam'siTi, a Takox 3
OUIBIIOI0 TaKTOBOIO yacToTor. Ha Pucynky 1.2 moka3zaHO 30BHILIHIA BHUIJISA
miati Arduino Nano V3.0.

VY cucremi aBTOMaTUYHOTO MOJIMBY BaXXJIMBI TPU CKJIAJ0BI1: KOHTPOJIEP, 110
yHOpaBisie, TPUCTPOi 3YUTYBaHHS JAaHUX IIPO HABKOJUWIIHE CEPEAOBUIIE 1
BUKOHABY1 NPHUCTPOI. 3 MEPIIUM IyHKTOM MH BXK€E p0O310paiucs - y HbOMy IUIaHI
OyJie BUKOPUCTOBYBATHCS Miata ApayiHo (y HACTYIMHUX YacTHHAX IUKIY MOBa
BKe Tije mpo podoty 3 Wi-Fi kontposepamu tuny ESP8266 1 ESP32).

4 |

Pucynokx 2 — Arduino Nano.

Jlns 3unTyBaHHS JAaHUX HaM TOTPIOCH aHAJOTOBHM JaTYMK BOJIOTOCTI
IPYHTY (TITpOMETp), a JIsl TOTO, 00 3/11MCHIOBATH KPATUIMHHUM TIOJIUB, TOTPIOCH
HEBEJIMKHI BOJSHUN HAcoC (TToMIa Ha pUCYHKY 1.3), 1110 mpailroe Bijg 5 BOJIbT (Ha
pucynky 1.4). [Jlo koHTposiepa ApayiHO MOXKHA MIIKIIOYATH BEIUYE3HY
KUIBKICTh €JIEKTPOHHHUX TMPHUCTPOIB, ajie HE BCl 3 HUX OE3MEYHO IiIKIIFOYATH:
SKIIO TAaKUW MOJYJIb MOXE CIOKMBaTHU CUIy CTpymy Ounbiie 40 MA, Bapto
yTpUMATHCS BIJ MIAKIIOYEHHS Oe3mocepenupo. JlaTuuk BOJIOTOCTI TPYHTY
CIIO’)KMBA€ HEBEIIMKUH CTPyM, a BOJSJHWUN HACOC Kpaiie MiTKIIOYATH 4Yepes3
MOYJIb peJie - MPUCTPIH AT YIIPaBIIiHHS BUCOKOMIOTYKHUM HaBaHTAXCHHSM, 1110
Ma€ ONTOPAa3B'sI3KY JIs 3aXUCTy KOHTpOJIepa BiJl MEPENaiiB CTPyMy.
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Pucynok 3 — BojsHol Hacoc (rmomria). Pucynok 4 — bnok xuBiieHas 5B

Takox BaXJIUB1 NESIKI HIOAHCH:

1. Peme (ma pucynaky 1.5) wMoxe OyTH TBEpAOTUIMMH YU
enekTpoMexaHiyHUMU. OCTaHHI € HaWOUIbII MOMYJSIPHUMH, MAlOTh HU3BKY
BapTICTh 1 BUJIAIOTh XapaKTepHE KJIallaHHs P 3aMUKaHHI/PO3MUKaHHI JIAHIIOTa
(cama 3MiHA B €IEKTPUYHOMY JIAHIIIOTY BiIOYyBA€ETHCS 32 JOTIOMOTOIO TIOJJAHOTO 3
KoHTposiepa Arduino mudpoBoro curuany Hanpyroro 0 ado 5 BOJBT 3aJI€KHO Bij
TOTO, IKUM CTaH POOOTH peie MOTPIOHO BCTAHOBUTH). TBEPAOTINbHI BBAXKAIOTHCS
0e31TyMHUMHU, OUTBII HAAIMHUMU Ta TOPOTUMU. 3yTUHUMOCS Y IIbOMY ITPOEKTI Ha
eJIeKTpoMexaH1uyHuX pesie. [Ipu HeoOX1THOCTI BH JIETKO 3MOXKETE 3aMIHUTH OJIHE
Ha IHIIIe: Ha TPOrPAaMHOMY KO/I1 11€ B110Opa3uThCs He3HaUYHO. BosiHuii Hacoc mae
Ha yBa3i, 110 10 HbOT0 Oy/Ie MiJIBe/IeHa TpyOKa Jj1s 3a00py BOJIM 3 IEBHOT EMHOCTI
1 17151 TOTO, 1100 1110 BOJY CIPSMOBYBATH y 01K HAIIOi pociauHu. JJOCUTh MpocTo
1€ peasi3yBaTH 3a JOIOMOTOI0 KpareJlbHUX TPyOOUOK (KparneabHuIll);

Pucynok 5 - OgHoKkaHagbHE EIEKTPOMEXaHIYHE perie.

2. JlaTuuk BOJIOTOCTI TPYHTY (Ha pUCyHKY 1.6) mocTiiiHo nepebyBaTume y
I'PYHTI Ta B3Aa€EMOJISATH 3 AYy’KE€ arpeCMBHUM JUIsl MOTO METaJeBHX OOKIIaJOK
cepenoBuieM. [1[00 3HU3UTH HMOBIPHICTH KOPO3ii (sKa, 0€3CYMHIBHO, IPU3BE/IE
710 3HMKEHHS €(heKTUBHOCTI MOAYJISA, a HaJajl 10 KOro BUXOAY 3 JIaay), MOXKHA
BUKOPHCTOBYBaTH KiJbKa METOJIB: 3aCTOCYBaHHS JaTyhKa 3 J10JaTKOBUM
3aXMCHUM ILIaPOM Ta MOTO KUBJIEHHS IMITyJIbCaMU 3 nepioguyHicTio 1 pa3 Ha 30
XBWIMH abo 1 pa3 Ha 6 roauH (i€ 3HAYEHHS BH MOXKETE MOTIM 3MIHUTU B
MporpaMHOMY KOJi1): YUM Dijlle, TUM Kpaile, aJpKe MpoIec KOoposii HacTae
TUTBKM B TPOIECI aKTUBHOI POOOTHM daTyuka Mmija Hampyroro. Jlatuuk, mio
BUKOPUCTOBYETHCS B TPOEKTI, Ma€ €EMHICHUH METOJI BUMIPIOBAHb, SIKAN
3a0e3neyye HOMYy LIJIKOM BHCOKY TOYHICTh. Ha camoMy Kopryci KOHTakTHOTO
IIyna BiA3HAYEHO OUTy JiHII0, 0 AKOI PEKOMEHIYEThCS 3aHYPIOBATH JATYHUK Y
3eMIIIO;
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Pucynox 6 — J[aTunk BOJIOTOCTI TPYHTY.

3. Ta xa6enp nns Arduino Nano miniUSB-USB (na pucynky 1.7). A mis
MIKIF0OYEHHS 10 Hel MOJTyJIiB HEOOX1/1H1 3'€ IHYBaJIbHI IPOTU (IEPEMHUYUKH ).

Pucynok 7 — Kabens USB
1106 3i10patu cxeMy JJIsl aBTOIIOJIMBY HaM MOTPiOHO:

1. [Tmara Arduino Nano Ta kabenpb 10 Hel I MIKIF0YSHHS 10 KOMITIOTepa;
2. besnaiikoBa MakeTHA I1j1aTa JIs MIBUIKOTO CKJIAJAaHHSI CXEM;

3. brok »xuBnenns 5B abo Bijacik ayisg 4-x 6atapeiiok AA (+ cami GaTaperkn);
4. JlaTunk BOJIOTOCTI IPYHTY 13 3aXUCHUM TOKPHUTTSIM;

5. OHOKaHaJbHE eJIEKTPOMEXaHIYHE pelie, IO MPAIFOE BiJl 5 BONBT;

6. BoastHuit Hacoc 1u1s moymBy, SB;

7. CnonyuHi JpoTu (Mama-TaTo, TaTO-TATo).

[Ticnst Toro, K BCi KOMIIOHEHTH OYy/1yTh, MOKHA IPUCTYIATH 10 30UpaHHs
CHUCTEMHU aBTOINOJNMBY. [ LOrO CKOpUCTAWTECS MAKETHOIO IUIATOH. 3aBISKH
1/ MJIaTI JIETKO MOXKHA 30MpaTH poOoUy €IeKTPUUHY cXeMy 0e3 BUKOPHUCTaHHS
nasjbHUKA Ta IHIIMX IHCTPYMEHTIB, MOXKHa BCE MPOTECTYBATH 1 3a3JaJeriib
YCYHYTH MOMWIKHY TP MAKIIOUYEHHI, TIEPII HIXK BCE 1€ cnasTu. | Koiu Bce BIpHO
3poOKMMO, TO BUiJE aBTO MoJUB (Ha pucyHKy 1.8) Ha ocHoBi Arduino Nano B
JIOMAIITHIX yMOBaX, L %e TIPALfOBaTH Ha OJ1aro JIFOACTBA.

P Y A RSy Wie o s, Vet -

e
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Pucynok 8 — Asromonus Ha ocHoBi Arduino Nano.

PI/ICYHOK .9 — Cxema aBTOITOJIMBA Ha I[BOpi ra30Ha.

Cxema:

1-naTyuk momry,

2-€MHICTh HaKOTIMYyBaJIbHa,

3-MyJIbT KEPYBaHHS,

4-TpyOoTpoBi;

S5-pOTOpHHI CIPUHKIIED;

6-MarHiTHUI KJanaH;

7-bitTuHTY 3'€eMHAHHS TPYOOTIPOBOY;

8 - momryBad BisTIOBHIA.

CIIMCOK IMOCHUJIAHb
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YJIK: 004.738.5:613.72:616-083

Myapo E.A., Meabnuk T.B. naykosuii kepiBHuk Cxkpunauk C.B. (3aeansro-
ocsimus wikona Ne3, m. Kpamamopcwk, Ykpaina)

PO3POBKA BEB-3ACTOCYHKY JUIS1 HOKPALLEHHSA ®I3UYHOI'O
CTAHY KOPUCTYBAUIB UEPE3 BIZIEOPEKOMEHJJAILIT
PEABLIITAIIIMHUX ®I3UYHUX BITPAB

Anomauin: Y pobomi npedcmaenieno pe3yibmamiu po3pooOKU 6eh6-3aCMOCYHKY
"Healthy" o noxpawenns gizuunoco cmamny kopucmysauie 3a 00NOM02010 NePCOHANIZ08AHUX
si0eopexomenoayit peabinimayitinux gizuunux enpas. Mema pobomu nonseana y cmeopeuHi
3PYUHO20 IHCMPYMeHmY 0/ ni0OOpY 6npas, CNPAMOBAHUX HA peabinimayiio pisHux epyn m'a3ie.
Ilposedeno amaniz peabinimayitinux Memooux, pO32IAHYMO MEeXHON02li CMEOpeHHs 6e0-
3acmoCyHKi8, po3pobaeno inmepghetic 1 Qyukyionan caumy, 30MUCHEHO [HMe2payiio
gioeokonmenmy uepes niamgopmy YouTube. 3acmocynok 3abes3neyye npocmuti 00Cmyn 00
8i0€0ypOKi6 ma OpIEHMOBAHUL HA WUPOKULL CNeKMP KOPUCMY8ayis. ¥ 6UcHOB8KAX 8I03HAYEHO
epexmuenicms 3aNPONOHOBAHO20 PIUleHHs MA OKPeCleHO NepCHeKmusu 1020 Nooaibuio2o
PO3BUMKY ULTIAXOM POSUWUPEHHS (DYHKYIOHATY T BNPOBAONCEHHSA CUCEMU 360POMHO20 36 S3KY.

Knrwuoei cnosa: se6-3acmocynok, peabinimayitini ¢izuuni énpasu, izuunuil cma,
gioeopexomenoayii, inmepghetic kopucmysaua, Healthy, YouTube-inmezpayis.

Abstract: The article presents the results of developing the "Healthy" web application
aimed at improving users' physical condition through personalized video recommendations of
rehabilitation exercises. The goal of the study was to create a convenient tool for selecting
exercises targeting the rehabilitation of various muscle groups. The analysis of rehabilitation
methods was conducted, web application development technologies were studied, the site’s
interface and functionality were designed, and video content integration via the YouTube
platform was implemented. The application provides easy access to video tutorials and is
targeted at a wide range of users. The conclusions highlight the effectiveness of the proposed
solution and outline future development prospects, including the expansion of exercise
categories and the introduction of a feedback system.

Keywords: web application, rehabilitation exercises, physical condition, video
recommendations, user interface, Healthy, YouTube integration.

Meta HOCHIKEHHS: CTBOPUTH Be0O-3aCTOCYHOK, SIKMU JI0MOMaratume
KOpPHCTyBauaM TIOKpallyBaTh CBIA  (I3MUHUNA CTaH 3a  JONOMOTOIO
MEPCOHATI30BAHUX BiJICOPEKOMEH 1Al peadimiTalliiiHuX BIpPaB.

3aBiaHHs JOCIIIKEHHS:

1. [IpoBectn anaimi3 Gi3UYHUX BIIpaB IS peablmiTarnii, ki MaxXoasaTh
JUTSL pI3HUX TPYI M'A31B.

2. BuBuMTH TEXHOJIOT1T CTBOPEHHS BE0-3aCTOCYHKIB.

3. Po3pobutu 1HTepdeiic 1 GyHKIIOHAT CalTy ISl MPOCTOrO JOCTYMY
JI0 PEKOMEH/Ialiil.

4, [HTerpyBaTH BiJICOKOHTEHT 13 BIpaBaMH Y 3aCTOCYHOK.

S. [lepeBipuTH 3pyUHICTh BUKOPUCTAHHS i €(DEKTUBHICTH 3aCTOCYHKY.

biorpadiyna noBijka mpo TEXHOJIOTIIO.
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AHnanmi3z OyJio mpoBeAeHO Ha 0a3l CydaCHUX HAYKOBUX 1 MNPAKTUYHUX
oKepen, 30kpema MoHorpadii  A. ['epumka, mDpHUCBSUEHOI TEOPETUKO-
METOJUYHUM OCHOBaM (Pi3MuHOI pealuriTaiii MpU MOPYIICHHSX isSJIBHOCTI
OTIOPHO-PYXOBOTO amapary, marepiaiiB [ BceykpaiHChkoi HayKOBO-TIPaKTUYHOT
koH(pepenuii (2023), a Takoxk enekTpoHHUX pecypciB JotForm 1 YouTube, sxi
3a0€3IeuyIoTh 1HTErpallif0 CydyacHHX TEXHOJOTIM y Mpolec po3poOKu BeO-
3acTocyHKiB. JlomaTkoBo BUKOprcTaHO HaBdaibHMA mocioHuk 1. I1. Yekmaprosa,
SIKMI BHCBITIIIOE OCHOBH JTIKYBaJIbHOT (hi3U4YHOT KYJIbTYpH Ta peadimiTarmii [1-5].

JI71st CTBOpEHHS MTPOEKTY BUKOPHUCTOBYBAIIUCS TaKi TEXHOJIOT1:

° HTML, CSS, JavaScript misi CTBOpEHHSI CTPYKTYpU Ta JH3ailHY

cairy.

° InTerpariss BimeokoHTeHTY uyepe3 IMargopmy YouTube s
3pY4HOTO JIOCTYITy JIO BIIPaB.

° CepBic Figma BHUKOpPUCTOBYBaBCS I PO3POOKH  JTU3ANHY
iHTEepdeicy.

CytHicTh mpoekTy:3 actocyHok "Healthy" peanizye dynkiiio migdoopy
peaduTTalitHUX BIIPaB, CIPSIMOBAHUX HA KOHKPETHI TPYMIH M'SI31B:

° ['onoBHA CTOpiHKAa MICTUTH OMUC METH 3aCTOCYHKY Ta KHOIIKH
nepexoay 0 pI3HUX PO3ALIIB.

° PekomeHnaliii HaalOThCs y BUTIISA/1 B1IEOYPOKIB 13 BIIpaBamH, SIK1
MO’KHA BUKOHYBATH BJIOMA.

° [aTepdeiic po3poOnaeHuil 13 BUKOPUCTAHHSIM SICKPABUX KOJBOPIB 1
JiTKOI HaBirarii, oo KOPUCTyBayl MOTJIM JIETKO 3HANTH MOTPIOHUI KOHTEHT.

BUCHOBKMH

Po3pobnenuii  BebG-3actocyHok "Healthy" momomarae kopucTtyBauam
OTpUMYBATH €(PEKTHUBHI BiJICOPEKOMEHAIIIT /TSl TOKPAIICHHS (DI3UYHOTO CTaHy.
VYHIKaIBHICTh MPOEKTY MOJIATAE B IEPCOHAIII30BAHOMY MIAXO/I1 10 BUOOPY BIIPAB.
[Tomanpmuii po3BUTOK Tiependavyae J0JaBaHHS HOBUX KaTeropiil BIpaB Ta
IHTETrpaIlil0 CUCTEMHU 3BOPOTHOTO 3B’ SI3KY JIJISl OLIIHKK MIPOTPECY KOPUCTYBAUIB.

CIIUCOK ITOCUJIAHBb

1. I'epyux A. Teopemuxo-memoouuni ocnosu Qisuunoi peabinimayii / @isuunoi
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T'epyux. - Jlveie : JIJ[V®DK, 2018. - 388 c.

2. 36ipnux me3 I Bceykpaincvkoi Haykoso-npakmuyHoi KoHpepenyii (enekmpornme
sudanns), 14 keimus 2023 poxy. Xapxis : HayionaneHutl aepoxocmivHuil yHigepcumenm imeHi
M. €. JKykoscorkozo «Xapkiscokuii agiayiunuu incmumympy, 2023. 220 c.

3. JotForm: Online Form Builder & Form Creator. [Enexmponnuii pecypc]. —
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NonoBHEeHHA A0 OCHOBHOI YaCTUHMU:

YK 007.52

Tonynko M.O., lllepouna B.K., KpaBuenko P.A. ({[enmparvrnoykpaincoxuii
HayioHanbHuti mexuiynut yHieepcumem m.Kponuenuyvkuti, Yxpaina)

METO/IUKA PO3PAXYHKY CHJI BATUCKY BEPTUKAJIBHO
OPIEHTOBAHOI'O 3AXBATHOI'O ITPUCTPOIO POBOTA IIPU
BEPTUKAJIBHOMY HOI'O NEPEMIIIEHHI

Anomauin: [Iposedero ananiz cun08020 po3PAxXYHKY GANCIILHUX 3AX6AMHUX NPUCMPOIB
pobomig 3 Yypaxy8awHHaAM iX KOHCMPYKMUBHUX Xapakmepucmux i ymog pobomu. Ompumaro
PIBHSHHSA OJ11 6UBHAYEHHSL CUTL 3AMUCK) 8 3AXE8AMHOMY NPUCMPOIL, HA OCHOBL AKUX NOOYO0BAHO
3ANEIHCHOCMI CUN 3aMUCKY 8I0 3a0anux ymos. Ha niocmasi yux sanedcnocmetl 3pooaeHo
BUCHOBKU MA PO3POONIEHO PEKOMEHOAYIl 000 KOHCMPYIOBAHHS | (DYHKYIOHYBAHHS 3AX6AMHUX
npucmpois pobomis.

Knrouoei cnosa: 3axeammui npucmpoi, cuiu 3amucky, npOMUCio8i pobomu, cuid iHepyii.

Abstract: An analysis of the force calculation for lever-type gripper devices of robots
has been carried out, taking into account their structural characteristics and operating
conditions. Equations have been derived to determine the clamping forces in the gripper device,
on the basis of which the relationships between clamping forces and the specified conditions
were constructed. Based on these relationships, conclusions were drawn and recommendations
were developed concerning the design and functioning of robotic gripper devices.

Keywords: gripper devices; clamping forces; industrial robots; inertial force.

IHocranoBka mnpodsemMu. BpaxoBylouMm  OCHOBHE  NPU3HAYCHHS
MIPOMUCIIOBUX POOOTIB, X 3aXBaTHI MPUCTPOI MOBUHHI 3a0e3MeuyBaT HaJlIHHE
yTpUMaHHS JAeTajlied il Yac BUKOHAHHS pI3HUX omnepauiid (Takux SK
BCTAHOBJICHHS, 3'€IHaHHS, 3allPECOBYBAHHS) Ta NPH PI3HUX HAOpsIMKax 1
pexxumax pyxy. [Ipoiiec TpaHCcOpTYBaHHS Ta MO3UI[IOHYBaHHS JieTallel TOBUHEH
BIJIOBIJIATM HACTYITHUM BHUMOTAaM: ONTHUMajlbHAa IBUIKICTH 00 MPHUCKOPEHHS;
HE0OX1THA TOYHICTh; MIHIMAJIbHI CHJIOBI HABAaHTAXEHHS HA 3aXBaTHUHN MPUCTPIit
Ta KOHCTPYKIIiI0 poOOTa; BHCOKA SIKICTh BHKOHAHHS OIEpalliid; MiHIMi3alis
CHEepProCIOKUBAHHS, TOTPUMaHHS BUMOT O€3MEeKH Ta IHIINX YMOB.

Kpim Toro, 3axBaTHi MeXaHI3MH TIOBHHHI OyTH  JOCTaTHBO
yHIBEpCaIbHUMHU, 11100 MPaLIOBATH 3 ACTAIAMH PI3HUX (POPM 1 pO3MIpIB, & TAKOK
00CIyroByBaTu pi3HE 00JIaHAHHS 1 B3a€MOJMISATH 3 IHIIUMHU HpucTposiMu. Lle
M1KPECTIOE BOKIUBICTh MPOBEACHHS (YHKIIOHATBLHUX JTOCTIPKEHb 3aXBAaTHUX
npucTpoiB. OAHUM 13 KIIIOYOBUX HAINpsIMIB TAKUX JOCIIJKEHb € PO3poOKa
METOJIMKHU CUJIOBUX PO3PAXYHKIB 13 BpaxyBaHHSAM 3a3HAYEHUX YMOB, III0 POOUTH
IO 3a]1a9y HaA3BUYAIHO aKTyalbHOKO ChOTO/THI.
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AHaJi3 ocTaHHiX gociikens i myoJikanii. [Ipotsarom ycporo nepioay
PO3BUTKY MPOMHCIIOBOI POOOTOTEXHIKM THUTAHHS CHJIOBOTO PO3PaXyHKY
3aXBATHUX MPUCTPOIB 3aJIMIIATIOCS aKTyaJdbHUM. lle mMosicHIO€TbCS TUM, MO
3aXBaTHI MEXaHI3MH € POOOYMMH OpraHaMu, siKI TMOCTIHHO B3a€MOJIIIOTH 3
00’ekTaMu BUPOOHUIITBA Pi3HOT (hOpPMHU, MaTepiajiiB Ta BIACTUBOCTEN. Y mpolieci
MaHIMyJIAII1 Taki 00’ €KTH HE MOBUHHI MOIIKOKYBATHUCA, a 3a]1a4i poO0Ta MalOTh
BUKOHYBAaTHCS 3 JOTPUMAaHHSAM 3aJaHOTO TaKTy BHPOOHHUIITBA B MeEXax
BCTAHOBJICHOTO Yacy.

i muTaHHS OTPUMAaIH HAMOLTBI AETATLHAN PO3TIIA y HociipKkeHHsx L1
[TaBnenka [1, 4], Shimon Y. Nof, G.J. Monkman [3], .I. IIpous [2] Ta iHIIHX.
OcobnuBa yBara 110 pO3paxyHKIB CHJI 3aXBaTHUX MEXaHI3MIB TPHUAUICHA B
po6orax I.I. [TaBnenka. Ha ocHOBI Horo AociikeHb 0yJIo po3po0JIeHO MiAX0au
70 OOTpYHTYBaHHS YMOB (DYHKIIIOHYBAaHHS 3aXBaTHUX HPHUCTPOIB, CTBOPCHHS
METOJWKH CHJIOBOTO PO3PaxyHKy, a TaKO)X BH3HAYCHO TIPHUHIMIHA IX
3aCTOCYBaHHs IiJ] 4YaC KOHCTPYIOBAHHSI BUKOHABYMX MOJIYJIB 1 HaJallITyBaHHS
Mporpam yIpaBJliHHS TPOMHUCIOBUMHU POOOTAMH.

@opmy/I0BaHHSI HEBHPIIEHMX YACTHH 3arajbHOi MPOOJeMH.
BpaxoByrour mOBHOTY Ta O34 MiAXOAIB /10 BUPIIICHHS 3a]ay MOKpaIIEHHS
GyHKIIOHATBHUX XapaKTEPUCTUK 3aXBAaTHUX MPUCTPOIB POOOTIB, BUABICHO PSiJT
HEJIOJIIKIB, SIKI MOJISITa0Th Y COPOLIEHHI CUIIOBOTO iX pO3paxyHKY. AJKe Cy4acHi
IIPOMHUCIIOBI pOOOTH, MPALIOIOYM B KYTOBIA CHUCTEMI KOOPJAMHAT, CTBOPIOIOTH
OararodakTOpHUN BIUIMB HA CHJIM 3aTUCKYy Ta HABAHTAKEHHS 3aTUCKHHUX
€JIEMEHTIB 3aXBAaTHOTO NpHUCTporo. ToMmy 3ajaya BU3HAUEHHS CUJI 3aTUCKY B
3aXBaTHOMY TMPUCTPOi MPU PIi3HIA WOro Opi€HTAIlli B MPOCTOPi, MPHU Pi3HIM
TpPaEeKTOPii pyXy pykd poOoTa Ta MpU PIZHUX OCOOTUBOCTSIX KOHCTPYKTHBHOTO
BUKOHAHHS CaMOT'0 3aXBaTHOT'O MPUCTPOIO, 3aJTUIIAETHCS AKTyaIbHOIO.

IMocranoBka 3aBaanus. OTxe, METOIO JTaHOI HAYKOBOT POOOTH € aHali3
CHJIOBUX XapaKTEPUCTHK 3aXBATHOTO MPHUCTPOIO MPOMHCIOBOTO POOOTa B PI3HUX
yMOBaxX MOro eKcruryaTailii, po3pooka (opmyi ajisi BU3HAYCHHS MiIHIMAJIbHO
HEOOXITHUX CHJI 3aTHCKY JeTallel, a TaKokK MoO0yA0Ba 3a1€KHOCTEN WX CUII Bij
KOHCTPYKTHUBHHUX MapaMETPiB 3aXBATHOTO MEXAHI3MY.

Buxian ocHoBHoro marepiany. Ciiji 3ayBaXUTH, [0 aKTYaJIbHICTh IILOTO
MUTAaHHS 3HAYHO 3pociia y CyYacHHX yMoBax. lle mosicHIoeTbes TUM, IO
pOOOTOTEXHIKA 3HAXOAUTH 3aCTOCYBAHHS HE JIUIIE Y BUPOOHUYHX TIpOIlecax, aje
iy BIlChKOBINA cdepi. Y MammHOOyAyBaHHI NIUPOKO BUKOPUCTOBYIOTHCS
OPOMHUCIIOBI  pOoOOTH  (MaHIMyJSATOPH), SIKI BHUKOHYIOTH OOCIyrOBYBaHHS
OCHOBHOTO TE€XHOJIOTT1YHOTO oOsiagHanHs [1, ¢.58], Toal sIK y BINCHKOBHUX LILIAX
3aCTOCOBYIOTHCS MOOUIBHI pOOOTH 3 BOYIOBAHUMHU MaHIMYJISITOPAMU JJ1S POOOTH
3 HeOe3MeyHUMH O00’€KTaMH. 3ampolOHOBaHA HAMH METOAHMKA CHIJIOBOTO
pO3paxyHKy OpIEHTOBaHA Ha BU3HAYEHHS MIHIMaJIbHO HEOOXiITHUX CHUJI 3aTHCKY
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Ui 3a0e3meueHHsT HalaidHOCTI 3axBaTy. Ha pucyHkKy | HaBeneHO TpPHKIA
PO3PaxXyHKOBOI CXeMH, a TAKOK OTPUMaHI1 PIBHSIHHS JJIT OOUNCIIEHHS ITUX CHIL.

Ny

Pucynok 1 — Cxema a1 po3paxyHKy CUJI 3aTHCKY AeTall
icepeno: pospobneno asmopom

Po3paxyHkoBa cxeMa CKIaIa€ThCs 3 ypaxyBaHHSIM OCOOJIMBOCTEN 3aTUCKY
3aXBaTOM JIETali, /Ie BKa3yeMo Taki rmo3HadeHHs: G — cuna Baru getani; | — cuma
1HEPIIii; o — MOJOBHHA KyTa MPU3MU; 3 — KyT HaNpsIMKy cuid iHepii; P1, P2, Ps,
P, — MiHIMaJIbHO HEOOXIAHI CUJIM 3aTUCKY aertani, Fi, F, — cumu tepts, ski
BUHUKAIOTh BHACIIAOK J1i CHUJIM 1HEPIIIi MK JACTaJUIIO 1 IPU3MaMu 3aXBaTa.

PosrasiHeMo cxeMy 3axBara poOoTa mpu il CUIIM 1HEPLIi CTPOro BHU3.

CnoyaTky BH3HA4Ya€MO MiHIMaJbHI CHJIM 3aTHCKY, IO JIIOTh HA JETallb.
JIJ1st IbOTO CTIPOEKTYEMO BC1 CHIIH, SIK1 JIIFOTh B CUCTEMI.

Bics OX:
P -sinag—P) -sina =0 (1)

[Tpoekinii JaHUX CHJT HA BiCh OX KOMIICHCYIOTh OJIHA OJIHY, TaK SIK CHIIA
PiBHI MK CO0OOI0.

P*=P3* (2)
Bics oy:
P’ -cosa+P) -cosa+Fsina+F,sina—1-G=0 (3)

Bupinrytoun npuBeieHi piBHSHHS, BU3HAYa€MO 3HaueHHA cuil P11 Po.
I +G

~ 2(cosa + f -sina)

(4)
JlocnmipKyrour BIUTMB KOHCTPYKTUBHUX MapaMeTpiB 0auuMo, 1110 Ha CUITU
3aTHCKY MarOTh BIUIMB TaKl KyTH: KyT IPU3MU 20; KyT HAIPSIMKY CHJIM 1Hepuii [3.
JInst mojermieHHs po3paxyHKIB mnpuiiMaemo, 1mo | = 1 Ta cuma Barm Takox
nopiBHioe G = 1, a koedirmient tepra f= 0,12. Po3rnsaeMo BIIMB KyTa NMPU3MH
Ha CHJIM 3aTUCKY 3aXBAaTHOTO MPUCTPOIO Ta MOOYyeEMO BiNmoBiHI rpadiku. s
BOTO PO3PAXOBYEMO CHJIM 3aTUCKY MPU TaKUX 3HAUYEHHSAX KYyTIB MPU3MH 20U
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60°,90°,120°,150°. KyT HanpsaMKy cuiau iHepii f = 0°.

Pesynbratu po3paxyHKy CHII 3aTUCKY IPHUBOJIMMO B Tabmii 1.
Tabmuns 1 — PesynpTaTl po3paxyHKy CHJI 3aTHCKY 32 BU3HAUYEHUX YMOB

3HaueHHS KYTiB 3HAYEHHSI CHJI 3aTHCKY
B 20 P1 P2 P3 P4
0° 60° 1,1 0 1,1 0
90° 1,25 0 1,25 0
120° 1,7 0 1,7 0
150° 2,7 0 2,7 0
0° 60° 1,04 0 1,04 0
90° 1,2 0 1,2 0
120° 1,5 0 1,5 0
150° 2,2 0 2,2 0
90° 60° 0,53 0 1,53 1
90° 0,63 0 1,34 0,71
120° 0,83 0 1,41 0,58
150° 1,33 0 1,85 0,52
90° 60° 0,52 0 1,5 1,04
90° 0,59 0 1,23 0,77
120° 0,77 0 1,26 0,66
150° 1,1 0 1,45 0,68
Bbynyemo rpadiku 3anexnocTi cun 3atucky P1, P2, P3, P4 Big kyta npusmu
20 (puc.2).
Y
g
/
252 7
/5 /07 ~ 3//
b | ™
& /02: 4
60 0 10 B0 2o zpad

Pucynox 2 — I'padiku BIIMBY KyTa 3aTUCKHHMX MTPU3M 20, HA CHJIM 3aTUCKY P1,
P2, P3, P4
Loicepeno: po3pobaeno agmopom

BucnoBku. Komnu kyT HanpsiMky cui iHepuii 3 = 0° To cuim 3aTucKy 31
30UTbIIEHHSM KyTa npusmu 20 B 60° 1o 150° P;= P3 OynyTh 30u1bLIyBaTHUCH,
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a cuu P,=P,= 0 (puc. 2), a ToMy KyT OIpU3MH 20 HEOOX1THO BUOMPATH B MEXKax
Big 60°- 90°. Takuii BapiaHT pO3paxyHKOBOI CXEMH BIAMOBIIA€ PYXy pyKu poboTa
BrOpy 1 sIBJsiE COOOI0 CaMHii HABAaHTAXKEHUI BapiaHT, KOJM € MMOBIPHICTB, IO
JIeTallb BUCIIU3HE 13 3aTUCKHHUX €JIEMEHTIB. A 3MEHIICHHS KyTa 3aTUCKHUX MTPU3M
nae eQeKT MATPUMKHU JIeTali 3HU3Yy, TOMY 3HAUE€HHS CUJI 3aTUCKY 3MEHIITY€EThCS,
a BIATMOBIAHO 1 CWJIa Ha MPUBOJI TEXK 3MEHIIYEThCA. B CBOIO depry e mae
MO>KJIMBICTh 3MEHIITUTH MacO-Ta0apHUTHI MOKA3HWKH 3aXBAaTHOTO MPUCTPOIO Ta
MOKPAIUTH MPOTyKTUBHICTH IPOMHUCIOBOTO poOOTa.
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