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Pedepar:

1. Inceprauiiina po60Ta NpUCBSYEHA BUPIII€HHIO IPO6eMU BUHUMKHEHHS Bibpaliil npu ¢ppe3epyBaHHi KiHIIEBUMU
¢dpesamu Ha Bepcrartax 3 YIIK. IcHYyIOTh MacuBHi Ta akTUBHI METOAM 3MEHIIEHHs Bibpalliil B npoueci ppesepyBaHHS,
ajie BOHU NOTPeOYIOTh BTPy4YaHHs B KOHCTPYKILIO BEPCTATy Ta,/abo iHCTPYMEHTY, 110 € BAPTiCHUM i
HeyHiBepcanbHUM. TakoX e(peKT 3MEeHIIEHHs BiOpalliil MO>XKHA OCATTU 32 PaxyHOK BUOOPY «6e3Bi6paliiHuX»
PEeKMMIB Pi3aHH4, SIKi MOJKHA 300pa3uTH Ha I1eJII0CTKOBIl Aiarpami crasocti. Lle cTasno MOKIMBUM 3aBISIKU
IIXPOKOMY BUKOPUCTaHHIO BepcTaris 3 UIIK Ta cydacHUX iHCTpyMEHTaIbHUX MaTepiasliB, 10 N03BOJIsIE CIIONIiBaTUCS
Ha 3HAYHY €(EKTVBHICTD Bifl BIPOBAIKEHHS TAKOTO MifAXoAy 1715 6ibIIOCTI IpoLeciB pisaHHs. Ha BUpOOHULTBI
TaKUI PEKMM HalyacTille 3HaX0[sTh €KCIIEPUMEHTAIbHUM METOO0M NPO6 i NOMUIIOK. BusHauuTu

«6e3BibpaliHUI» PEXXUM pi3aHHS IIoNlepeHbO, Ha eTalli IIiATOTOBKY YIIPaBJIsIiovyoi IPOorpaMu, MOXKIIMBO 32



niarpamoro cranocTi. [IpoTe, A1 BUPilIeHHsI TaKoi MPo6JyieMH i OCi He CTBOPEHO MPOCTUX Ji€BUX CIIOCOOIB i
KOMITIOTEPHHUX 3aCO0iB, SIKi MOXKYTb OyTY BUKOPUCTaHi 6e3rocepeiHb0 Ha BUPOOHUITBI. ICHYIOTh eKisbka METOiB
CTBOPEHH4 JliarpamMu CTaJIOCTi, OJJHAK 3 [IPUYMHU BiZICYTHOCTI 3arajibHOI MOJI€JIi PO MPOLEC pi3aHHS 3 ypaxXyBaHHS
3BOPOTHUX 3aB's13KiB B Ipy>kHiil TOC BTpavyaeThbCs afleKBaTHICTb IIPECTABJIEHHS IIpoLecy. ExcriepumeHTanbHu
MeTO/, € 6i/bIl TOYHUM, aJle BiH HeyHiBepCaibHUI, 60 BUKOPUCTOBYETHCS J151 KOHKPETHOTO BEPCTATY, 3arOTOBKY Ta
iHcTpymenTy. [y ineHTHdiKalii Takux pesKrMMIB pi3aHHS OyB CTBOPEHUI IPOrpaMHUI 3aCTOCYHOK, SIKU B
aBTOMAaTUYHOMY PEXUMi Oyzlye niarpamy CTajIoCTi pouecy (ppe3epyBaHHs. B mporpaMHuii 3aCTOCYHOK IOKJIafleHa
po3po6JieHa MaTeEMATUYHA MOJIeJIb IIPOLIECY KiHILIEBOTO pe3epyBaHHS 4-TO MOPSAKY, 10 BPAXOBY€e 3aMKHEHICTb
IIPY>KHOi AMHAMIYHOI CUCTEeMU Y BUIJISIZI OZHOMAaCOBOI 3 IBOMA CTENeHsIMU CBOOOIY i 10AAaTKOBO 3aMKHEHOI yepe3
IIO3UTHUBHUI 3BOPOTHHUI 3B'S130K 32 IBOMa KOOpAMHATaMU yepe3 QYyHKIIio 3ari3HeHHs. BusHnaueHHs rpaHuni
CTaJIOCTi BifiOyBaeTbCs 32 HOBUM KpUTEpPieM cTanocTi HaiiksicTa. Moziet0BaHHS NPOLIECY BilOYBAETHCA SIK B
9aCOBOMY, TaK i B YaCTOTHOMY IIPOCTOPi. 3aIIpOrIOHOBaHa METOMKA Ta arnlapaTHi 3acobu s ineHTudikanii
IUHAMIYHUX XapaKTEePUCTUK TEXHOJIOTIYHOI 06pOOIISIIOU0i CUCTEMU, @ CAMe: YaCTOTHU BJIACHUX KOJIMBaHb,
SKOPCTKOCTI Ta Koe(illieHTy 3aTyXaHHs KOJIMBaHb. [I71s1 anpoballii oTpuMaHuX pe3yJibTaTiB 6yB IPOBEAEHUN
€KCIIEPMMEHT, SIKAY CKJIAJAe€ThCs 3 IBOX eTariB. Ha nepmomy etamni 6ysn ineHTH()iKOBaHi AMHAMIYHI TapaMeTpu
CHCTEMU BepCTaT-3ar0TOBKa-iHCTPYMEHT, Ta aBTOMATUYHO MOOYJ0OBaHa Aiarpama crayocti. Ha gpyromy erari 6ysu
00po06JIEH] 3arOTOBKY Ha PeXKMMax pisaHHS, sKi BiJI0BiIal0Th OTPUMaHI fiarpami cranocti. PesysbTaTul 1oKasanu

IieBiCTb HOBOT'O KpUTEPIlO cTasocTi HalikBicTa, Ta OTpUMAaHOI AiarpamMu CTajaoCTi.

2. This dissertation is devoted to solving the problem of vibration during milling with end mills on CNC machines.
There are passive and active methods for reducing vibrations during milling, but they require intervention in the
design of the machine and /or tool, which is costly and non-universal. The effect of reducing vibrations can also be
achieved by selecting "vibration-free" cutting modes, which can be depicted on a petal diagram of stability. This
has become possible due to the widespread use of CNC machines and modern tool materials, which allows us to
expect significant efficiency from the implementation of this approach for most cutting processes. In production,
this mode is most often found by experimental trial and error. It is possible to determine the "vibration-free"
cutting mode beforehand, at the stage of preparing the control program, using a stability diagram. However, to
solve this problem, there are still no simple, effective methods and computer tools that can be used directly in
production. There are several methods for creating a stability diagram, but due to the lack of a general model of
the cutting process with regard to the backlash in elastic TOC, the adequacy of the process representation is lost.
The experimental method is more accurate, but it is not universal because it is used for a specific machine,
workpiece, and tool. To identify such cutting modes, a software application was created that automatically builds a
diagram of the stability of the milling process. The software application is based on the developed mathematical
model of the 4th order final milling process, which takes into account the closedness of the elastic dynamic system
in the form of a single-mass system with two degrees of freedom and additionally closed due to positive feedback
in two coordinates through the delay function. The stability limit is determined by the new Nyquist stability
criterion. The process is modeled in both time and frequency space. A methodology and hardware are proposed to
identify the dynamic characteristics of the technological processing system, namely, the frequency of natural
oscillations, stiffness, and the oscillation damping coefficient. To test the results obtained, an experiment
consisting of two stages was conducted. At the first stage, the dynamic parameters of the machine-workpiece-tool
system were identified and a stability diagram was automatically generated. At the second stage, the workpieces
were processed at cutting modes that correspond to the obtained stability diagram. The results showed the
effectiveness of the new Nyquist stability criterion and the resulting stability diagram. The work consists of five
chapters in which the main results of the thesis are presented and substantiated.

Jep>kaBHHHM peecTpaniiiHuii Homep [JiP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEXHIKH: QyHmaMeHTaIbHi HAYKOBI OCTI/PKEHHS 3 HAMGibII
BRXJIMBUX IPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr 0, CyCIiIbHO-MIOJIiTUYHOTO,

JIIOJICBKOTO NOTEHLiaNy 1715 3a0€e311€4€HHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU Y CBiTi Ta CTaJIOTO PO3BUTKY



CyCIIiJIbCTBA i Aep>kaBu

CrpareriyHuii NpiopUTETHUH HaNPSIM iIHHOBALiMHOI AisIJIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIIA

BMPOOHMLITBA MaTepiaJiB, ix 0OpobJieHHs! i 3'efHaHHS, CTBOPEHHSI iHyCTpii HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN
ITizcyMKu BOCIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPilleHHS BAKIMBOI HAYKOBOI IPO6GIeMn

ITy6ostikamii:

¢ Petrakov, Y., Ohrimenko, A., Sikailo, M. Ensuring the stability of machining when using end mills 2023
Eastern-European Journal of Enterprise Technologies, 5 (1 (125)), 73-80.

¢ Petrakov Y. V., Ohrimenko O. A., Sikailo M. O., Myhovych A. V. (2023). Cutting forces simulation for end
milling. Journal of Engineering Sciences (Ukraine), Vol. 10(2), pp. A27-A33.

e Petrakov, Y., Sikailo, M. (2021). Simulation of an Absorber of Vibration in Turning. In: Tonkonogyi, V., Ivanov,
V., Trojanowska, J., Oborskyi, G., Pavlenko, 1. (eds) Advanced Manufacturing Processes III. InterPartner 2021.
Lecture Notes in Mechanical Engineering. Springer, Cham.

¢ Petrakov, Y., Danylchenko, Y., Sapon, S., Sikailo, M. (2023). Surface Relief Formation in Peripheral End Milling.
In: Ivanov, V., Trojanowska, J., Pavlenko, 1., Rauch, E., Pitel, J. (eds) Advances in Design, Simulation and
Manufacturing VI. DSMIE 2023. Lecture Notes in Mechanical Engineering. Springer, Cham.

e Tletpakos, 10. ., & Cikaitno , M. . (2022). IMITALIITHE MOJIEJTIOBAHHS IMHAMIKU 2.5D GPE3EPYBAHH S
KIHIEBVIMU OPE3AMM. BicHuk HanjionanbHoro TexHiyHoro yHiBepcutety «XI1I». Cepist: HoBi pilieHHs y
Cy4aCHHUX TEXHOJIOTisIX, (2(12), 17-24.

e Tlerpaxos lO.B., Oxpimenko O.A., Cikaitno M.O. InenTudikauis AMHaAMIYHUX XapaKT€PUCTUK TEXHOJIOTIYHOI
06po6HOi cuctemu. [IporpecuBHa TexHiKa, TEXHOJIOTiS Ta iHXKeHepHa OcCBiTa: MaTepianu 13 MixkxaapoaHoi
HAyKOBO-TeXHiYHOi KoHpepeHLii (M. Kuis, 2023). - Kuis: HTYY "KIII", 2023

o [Ierpakos [0.B., Cikaino M.O. [IpyunHM BUHUKHEHHS KOJIMBaHb IIpu (pe3epyBaHHi. IHHOBalii Mosoi B
mamuHo6ynyBaHHi (M.Kuis,2021) . - Kuis: HTYY "KIII", 2021.

e [Tetpakos 0.B., Cikaisio M.O. [IlunamiuHa MOJiesib KOHTYPHOTO (ppe3epyBaHHs. IHHOBalii Mooz B
MamuHoO6ynyBaHHi (M.KuiB,2021) . - Kuis: HTYY "KIII", 2021.

e ITlerpaxos l0.B., Cikaitnio M.O. Lin¢ppoBe MOA€NI0BAaHHS NIPOLeCy UUIiHIPUYHOTO (Ppe3epyBaHHs KiHLIEBUMU
dpezamu. [IporpecuBHa TexHika, TEXHOJIOTIS Ta iHXXeHepHa OcBiTa: MaTepianu MiXKHapoIHOI HAyKOBO-
TexHiuyHoi KoHpepeHuii (M. Kuis, 2021). - Kuis: HTYVY "KIII", 2021. - C. 126-128.

e Tletpaxos, 0. B. CranicTs npouecy ¢ppesepyBanHs KiHuesumu Pppesamu / 10. B. ITerpakos, M. O. Cikaiino //
KommniekcHe 3a6e3neyeHHs SKOCTi TeXHOJIOTUHUX poeciB Ta cucteM (K3STIIC - 2022) : Te3u momnosigeit XII
MixHaponHoi HayKOBO-ITpakTU4YHOi KOHPepeHLii (M. YepHiris, 26-27 TpaBus 2022 p.): y 2 1. T. 1. - UepHiris :
HY «YepHiriBcbka nositexHikay, 2022, — C. 21-22.

e Tlerpaxos l0.B., Cikaitnio M.O. Lin¢ppoBe MoA€II0BaHHS NIPOLECy UUIiHIPUYHOTO (Ppe3epyBaHHs KiHLIEBUMU
dpezamu. IIporpecuBHa TexHika, TEXHOJIOTIS Ta iHXXeHepHa OcBiTa: MaTepianu MiXHapOIHOI HAyKOBO-
TexHiuyHoi KoHpepeHuii (M. Kuis, 2021). - Kuis: HTYVY "KIII", 2021. - C. 126-128.

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOOri]
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxoponHi gokymeHTH Ha OIIIB:

BripoBajskeHHsI pe3yJIbTaTiB JUCEPTALLii: [1naHyeTbCs 40 BIPOBAIKEHHS

3B'A130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Ilerpakos [Opii1 BosogumupoBuy
2. Yurii V. Petrakov

KBasigikanis: 1. 1. u., npodecop, 05.02.08
ImenTudikarop ORCID ID: 0000-0002-0525-476

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. IlepmskoB OsiekcaHzp AHATOINOBAY

2. Alexander A. Permjakov

KBasigikanis: 1. 1. u., npodecop, 05.02.08

InenTudgikarop ORCID ID: 0000-0002-9589-0194

JoparkoBa indpopmamnist:

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUNA IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: [lepxasna
Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IlpizBue Im'sa ITo-6aTbKOBI:
1. CrenuuH SIpocaB AHATOJINOBUY

2. Yaroslav A. Stepchyn

KBasigikamis: . . 1., gou., 05.03.01

Imentudikarop ORCID ID: 0000-0001-8912-8446



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [lepkaBHuil yHiBepcuTeT "JKUTOMUPCHKA MOJITEXHIKA"
Kopg 3a €IPIIOY: 05407870

Micue3HaxoaKeHHS: ByJ1. UynHiBceka, 6yz. 103, JKutomup, Kutomupcekuii p-H., 10005, Ykpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. IleTpummn Angpin IropoBuy

2. Andrii I. Petryshyn

KBasigikamis: . . 1., 05.03.01
ImenTudikarop ORCID ID: 0000-0002-5993-8779
JonaTkoBa iHdopmanisi:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpisBuie Im'sa I1o-6aThKOBI:
1. Crpyruncekui Cepriii BacuibosBud

2. Serhii V. Strutynskyi

KBasidikanis: 1. 1. ., nouenr, 05.02.02
Inentudikarop ORCID ID: 0000-0001-9739-0399
JonaTkoBa iHdopmarist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

ByiacHe IlpizBumie Im's ITo-6aThKOBI fnuescbkui Irop Braguciaosn
TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI Anvescbkuit Irop BraguciaBosn
rOJIOBYIOYOTO Ha 3acCifiaHHi

BiznoeigansHHU 3a MiATOTOBKY Cikanno Makcum OJieKcaHIpOBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




