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BU3HAYEHHS TEXHIYHOT'O CTAHY ®PE3EPHOI'O BEPCTATY 3 YIIK
3 I'OPU3OHTAJBHUM POSMIIINEHHAM IIITUHAEJIIO

Pozensioaromscs ocobnusocmi excniyamayii (hpezeprux memanopizanvuux eepcmamis 3 YIIK
npU GUKOPUCMAHHI CMOJI6 CYRYMHUKIB O/ 3aKPINIeHHs 3a20MO0BOK. Biomiueno easiciugicme KOHmMpo-
JI0 MEXHIYHO20 CMAHY eleMeHMi6 MEeXHON02IUHOT cucmemMu 8epcmamis 0 HeOONYUWeH s GIOXULEHb
PpOo3mipie npu 06podyi demarnet 6i0 Oii 3ycuib pisanHs. 3anponoOHOBAHO 8APIAHM QOCHIONCEHHS MEXHi-
4yH020 cmaHy pezeproeo eepcmamy 3 YIIK 3 copuzonmanrbHum po3smauly8anHamM WNUHOES ULTAXOM
iMimayii poboYUX HABAHMANCEHb | BUBHAYEHHS OUIKYBAHUX NOXUOOK 00pobKu. Pospobneno diacroc-
MUYHUL RPUCMPiil 0Jist NPOBeOeHH s O0CAIONCEHHS CMany Memanopizanvrux eepcmamie 3 YK gpese-
PHOI' 2pynu 3 20pU3OHMANBHUM DOZMAULYBAHHAM WNUHOENST 8 YMO8ax eupobHuymea. Hasoodsmuvcs
8apianmu GUKOPUCTNAHHA OIAZHOCIMUYHO2O NPUCMPOIO OJisl BUSHAYEHHS NOXUOOK 8UX00Y pi3anbHO20
iHCmpyMenmy 6 3a0any KOOPOUHAmy npu iMimayii poOOYUX HABAHMANCEHD.

Knrouoei cnoea: sepcmam 3 IIK; imimayis poboyux HagaHmMaxicens; OiaeHOCMUYHUL NPUCMpIi.

The paper examines the features of operation of milling metal cutting machines with CNC
when using satellite tables for fixing workpieces. The importance of monitoring the technical condition
of the elements of the technological system of machine tools to prevent dimensional deviations during
the processing of parts due to the action of cutting forces is noted. The proposed version of the study
of the technical condition of a CNC milling machine with a horizontal spindle arrangement by
simulating workloads and determining expected processing errors. A diagnostic device has been
developed for conducting an examination of the condition of metal-cutting machines from the CNC
milling group with a horizontal position of the spindle in production conditions. Considered options
for using a diagnostic device to determine errors in the output of a cutting tool in a given coordinate
when simulating working loads.

Keywords: CNC machine tool; simulation of workloads; diagnostic device.

IHocTanoBka mpo0JjemMn

MeranopizanbHi ¢ppesepri Bepcratu 3 UIIK, siki MatoTh ropu30HTaIbHE PO3TALIYBAHHS IITHH-
Jienisl, IUPOKO PO3IOBCIODKEHI Ha BUPOOHHMIITBI Ta MarOTh CBOIO CIEHH(]IKY MIOJ0 TEXHOJOTTYHHUX
MOXIIMBOCTEH. 3a3BHYail 3aroToBKa Ha TaKMX BEpCTAaTaxX 3aKPIIUTIOETHCS Ha MOBOPOTHOMY CTOJI 3
BHUKOPHUCTAHHSM BiIOBIAHUX 3aTHUCKHUX MPHUCTPOIB 1 OPIEHTYETHCS Y MPOCTOPi 3 MOKIMBICTIO IOCTY-
My 70 IOBEPXOHb OOPOOKM TOPU3OHTAIBHO PO3MIIIEHUM OCHOBHM Pi3aJIbHUM iHCTpyMeHTOM. Yacto
JUTS KpIiIJICHHS 3ar0TOBOK BUKOPHCTOBYIOThH 3MiHHI CTOJM CYIIYTHHKH, LI0 CIIPOLIYE MPOLEC TEXHOJO-
T1YHOT MArOTOBKM BUPOOHHIITBA 1 CTBOPIOE MOXKIIUBICTh €PEKTUBHOI peanizamii THyYKUX TEXHONOTIH.

[Ipouec MmeTanooObpoOKu BUPOOIB CYyMPOBOIKYETHCS BUHUKHEHHSIM 3yCHIIb Pi3aHHSA, SIKi IiIOTh
Ha BEPCTaT, IPUCTOCYBaHHS, IHCTPYMeEHT 1 neranb (enementu cuctemu BITLJT). PesynmbraTom nii Takux
3YCHIIb € TIPYXKHI JiepopMallil eIeMeHTIB, M0 X CIPUHAMAIOTh i MPU3BOAATH 10 BUHUKHEHHS ITOXUOOK
00poOku. HasiBHICTE AaHUX MPO OUiKYBaHi 3yCHUIIIS Pi3aHHs, SIKi MOXKIMBO OTPUMATH PO3PaXyHKOBUM
LUISIXOM, @ TaKOXK JaHi IIOA0 BEIWYMHM Ta HANPAMKY AedopManid TEXHOJOT1YHOrO OCHAIICHHS,
CTBOPIOE YMOBHM MOKJIMBOT'O CBOEYACHOT'O BBEIECHHS KOPEKLii TpaekTopii pyxy (opMOyTBOPIOBATIBHO-
ro iHcTpymenTy. Tomy 3amaua BU3HAUYEHHS BEIMYMHU MOAATIMBOCTI eneMeHTiB cuctemu BIIIJ mpu
poOOUMX HABAHTAXKEHHS € aKTYaJIbHOIO.
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AHaJIi3 0CTaHHIX JOCTITKEeHb Ta MyOJriKkanii

BusHayeHHS MOXIIMBOI MOAATIMBOCTI OKPEMHUX JeTajied 1 BY3JiB TEXHOJIOTTYHOI CHCTEMH
BIPOTiIHICTIO J1a€ MPOTHO3 Ha iX HaAIWHICTh MO0 3a0e3MeueHHs] Heo0X1THOT )KOPCTKOCTI TIpH il po-
0oumx HaBaHTaxeHs [1, 2, 3].

Ha ¢popmyBanns moxubok oOpoOKu BIUIMBAIOTH 0arato GpaxTopiBs, sIKi BigoOpaxaroTh 0co0u-
BOCTI KOHCTPYKLIi BepcTaTy, 0COOIMBOCTI TEXHOJOril 00poOKU AeTali 3 ypaXyBaHHSIM BIIACTUBOCTEH
00p0o0IIIOBaHOr0 MaTepiary, MaTepiaiy pi3ajJbHOI YaCTUHH iHCTPYMEHTY, TEXHIYHOTO CTaHy BEpCTaTy
i T. iH. B ymoBax BUpOOHHMITBA, HANIPUKJIAJ, BIAXWICHHA TexHiuHoro crany Bepcraty 3 UIIK wacro
BH3HAYAIOTH 3a MOTIPIIEHHSAM SKOCTi 00pOOIIOBaHUX ITOBEPXOHD 1 (HOPMYBaHHSIM MOXHOOK B T€OMET-
pu4yHUX po3mipax [4, 5, 6].

Jnst BU3HAUCHHS TEXHIYHOTO CTAaHy BEPCTATy i 3MEHILIEHHS BipOTiJHOCTI BUHUKHEHHS MOXH-
00K 00pOOKM MOXKYTh BHKOPHUCTOBYBATUCH Pi3HI MeToau niarHocTyBaHHs [/, 8]. OmHuM 3 HaiOLIBII
e(EKTUBHUM BBAXKAETHCSA METOJI IMiTaIlii poOOYNX HaBaHTAXKEHb i JIOCTI/DKCHHS PeakIilii BepcTraTty Ha
IiT IMITAI[IfHAX 3yCHITh, 10 MOJIEITIOIOTH CHITH Pi3aHHS.

DopMyTIOBAHHS METH J0CTITKEHHS

Cepen cyyacHux MmeranopizanbHux BepctartiB 3 UIIK mommupeni ¢pesepni Bepcratu 3 UIIK 3
TOPU30HTAJIBHUM PO3MIILIEHHSM IIMUHEIIO 1 TOBOPOTHUM CTOJIOM, Ha SIKOMY BCTaHOBIIIOETHCS 3MiH-
He BepcTaTHE MPHUCTOCYBAHHS 3 3aKPIIUIEHOIO 3aroTOBKOIO. [Ipy 1ipoMy 4acTo 3ajisHi €l1eMeHTH YHi-
BEpCAIILHUX BEPCTATHUX MPUCTOCYBAHb, SAKi CTBOPIOIOTH CKJIaJalbHy KOHCTPYKLIIO 3 TIEBHUMH Xapak-
TEPUCTHUKAaMU 32 )KOPCTKicTio. [lepen0aunTy BIUIMB HA TOUHICTH OOPOOKH TaKoi KOHCTPYKIIi CKIIaIHO.
Tomy BUHUKa€e HEOOXiTHICTH MOJIETIOBAaHHS B TAKMX BHUIIaJKaX pOOOUYNX HaBAHTAXKEHD ISl OTPUMAaHHS
JaHMX II0J0 MOAATIMBOCTI KOHCTPYKIIT i MOXKJIMBOTO ypaxyBaHHSI OTPUMaHMX JaHUX HA CTafil miaro-
TOBKH KepYBaJIbHOI IporpaMu 0OpoOKu.

[IpoBeneHHs: TAKOTrO AOCTIIKEHHS Tiepes 00pOoOKO0 Jae 3MOTy OTPUMATH JAOJATKOBI AaHi II0-
JI0 TEXHIYHOTO CTaHy LIMHWHIETBHOrO By3Jia BepcTaTa Ta HOro MpHUBOXIB mofgad. Bakiauso 3abe3nedn-
TH TaKi JOCIiPKEHHS NPU MiHIMANIbHUX BUTpaTax i 0e3 3MiH KOHCTPYKLiM BY3JiB METaJopi3ajJbHOro
BEPCTATy T4 BAKOPUCTOBYBAHOTO OCHAILICHHS.

BukJiiax ocHoBHOrO MaTepianay

OmHUM 3 MOXKJIMBHX HUISXIB BUPIIICHHS MUTAaHb MPOBEACHHS AIAarHOCTUKU TEXHIYHOTO CTAHY
Bepcraty 3 UIIK € imiTariis pobodoro HaBaHTaKeHHS i aHali3 peakilii TexHonorianoi cucremu BITIJ]
moao GpopMyBaHHs MOXHOOK 00poOKkH. J[71s1 BepcTaTiB, sIKi BAKOPUCTOBYIOTH 3MiHHI CTOIH-CYITyTHUKA
JUI KPIMJICHHS 3arOoTOBOK, NOLLIBHO YpaxyBaHHS iX KOHCTPYKTUBHUX OCOOJIMBOCTEH 1 BUKOHAHHS
JIiarHOCTHYHOT O MPUCTPOIO 3 AHAIOTIYHUMH BY3JaMU AJIsl TOYHOI YCTAaHOBKHU Ta 3aKpIIlJIEHHS Ha Bepc-
taTi. Takuil MiIXig CTBOPIOE MEpeAyMOBU €(EeKTHBHOrO BUKOPHCTaHHS MiarHOCTHYHUX MPUCTPOIB 3
cepiifHMMHU BepcTaTaMu 0e3 X KOHCTPYKTUBHHUX JIOPOOOK.

Jlyis BU3HAUEHHSI TEXHIYHOTO CTaHy (pe3epHOro BepCcTaTy 3 TOPU30HTAIBHUM PO3MILICHHSIM
HIMUHIEIBHOTO By3ia Ta 3 cucremoro UIIK po3pobieHo miarnHocTuynuil npuctpii [9], cxema sikoro
npeacrasieHa Ha puc. 1. OcHoBa 1 npuctporo BukoHaHa 3 T-mogiOHMMH HAIPSIMHUMH TOBEPXHIMU 2
1 6a30BMM OTBOpOM 3 JJIsl Opi€HTAlLil MPUCTPOIO HA BepcTaTi 3a JOMOMOror (iKCYIOUYMX IITHPIB Y
BianoBigHOCTI 10 cranaapty [10]. Ha ocHOBI ycTaHOBIIeHI J1BI BEpTHKaJIbHI HAPaBISIOUi CTOWKHU 4 3
MepEeKIIaIMHOI0 5, B cepeAnHi Kol po3milieHa pyxoma B mionmHi XY BUMiploBajbHA IIUTA 6 3 KOH-
TaKTHUMU BTYJIKAMHU 7 3 KOHyCHUM OTBOPOM B IIEHTpPAJIbHIN YacTHHI.

MOXIUBICTE 0OMEKEHOTO MEepeMillleHHS BUMIPIOBAIBHOI TUIMTH 32 KOOpAMHATOI0 X 3a0e3me-
9yeThCsl HAPSIMHUMU 8, a 3a KOOPIMHATOI Y — KOB3HMMH OMOpaMHu 3 Haiblsamu 9. Y TpuMaHHS BU-
MIpIOBaJIbHOI TUIMTH 6 B HEHTpajbHIA YaCTUHI MPUCTPOIO 3a0E3MEUYEThCs MAaKeTaMU TapiTdacTUX
npyxuH 10 cymapHUM 3yCHIUTAM an. [Tpy HEOOXiAHOCTI KiNBKICTh MPYKUH, iX PO3MIPH Ta CyMapHe

3yCUJIISL MOXKYTD MiIOMPaTHCh B 3aJISKHOCTI BiJ THIIB 1 pO3MIpiB BEpCTaTiB, a TAKOK OCOOIMBOCTEH
MOCTABJICHUX AIarHOCTUYHUX 3a7ad.
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Puc. 1. Cxema IiarHOCTHYHOTO MPUCTPOIO (a — BUJ criepeny; 6 — B 300KY)
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VY cepenuHi BUMIpIOBAIBHOL MITUTH 6 PO3MIILIEHO BU-
MipIoBaJbHUN cTakaH 11 3 MOXIJIMBICTIO OOMEKEHOTO Iepe-
MIIIEHHS 32 KOOPIMHATOI Z , Y HEHTpalbHil 4aCTHHI SKOTO
BCTaHOBJICHA KOHTakTHa BTynaka 12. [laker TapimuacTux
npyxuH 13 mpuTHCcKae BHUMIPIOBaJbHUKA CTAaKaH N0 TUIAHKU
14 i 3abe3nedye HOro TOUHE MMO3UIIFOBAHHS.

Hns imitanii poOoYMx HaBaHTa)XEHb BHUKOPUCTOBY-
€THCSl BUMIpIOBAIbHA onpaBka 15, sika Mae, 3 ofHiel CTOPOHH,
KOHYCHHH XBOCTOBHMK 16, mpu3HaueHHWH I/l YCTaHOBKH B
LWINAHAETb BepcTary, a 3 iHmoi — chepuyHuil HAKOHEYHHK

Puc. 2. BumiproBasibHa onpasKa 17, npusHaueHuii 111 BBEIECHHS B KOHYCHHI OTBip KOHTaKT-
HUX BTYJIOK (puc. 2).

s 3amipy BeNMMYMHHM NepeMillieHb B IUIoMMHI XY BHMIPIOBaIbHOI INTUTH 6 1 BUMIPIOBaJIbHO-
ro crakany 11 3a koopauHato Z y mpuCTpoi BCTAHOBJIECHI MpUJIaly BUMIpIOBaHHS JIIHIMHUX TepeMi-
meHb 18 (4oTupy 3 KOXKHOI CTOPOHH BUMIPIOBAJIBHOI IUTUTH 6 i OIMH 3 BHYTPIMIHBOI CTOPOHH BUMI-
proBajbHOTO cTakaHy 11).

[lepen mpoBeneHHSM IIarHOCTUKU MPHUCTPId MPOXOAUTH BUIPOOYBaHHS K aTecTalilo 3 BHUMi-
PIOBaHHAM MDKIEHTPOBHX PO3MIpiB KOHTAaKTHHX BTYJIOK, IOJIOKEHHS Yy MPOCTOPI BHMIpIOBaIbHOI
TUTUTH Ta BUMIPIOBAILHOTO CTaKaHy, BU3HAYCHHSI 3yCHJIb MTAKETIB MPYXKHH (32 HE0OX1THOCTI minoupa-
I0ThCS TIPY’KUHH JJIsI CTBOPEHHS HEOOX1THUX 3YCHIIb).

s BU3HAUEHHS TEXHIYHOTO CTaHy BEPCTAaTy MPHUCTPId YCTaHOBIIOETHCSA Ta (PIKCYETHCS Ha
CTOJII ()pe3epHOro BEpCcTaTy aHaJOTTyHO CTONY-CYIIYTHHKY, a B IIIUHAETH YCTAHOBIIOETHCS BUMIpPIO-
BaJIbHA ONPaBKa.

Jyis BU3HAUEHHS TOYHOCTI MO3UIIIIOBAHHA PYXOMHUX YaCTHH BEPCTAaTy B PYYHOMY PEXHMI 4n
3a KepyBaJbHOIO MPOrpaMoro ChepruuHUil HAaKOHEYHUK 17 BHUMIpIOBaJIbHOI OMPABKU BBOOUTHCS B KO-
HYCHHUH OTBIp KOHTAKTHOI BTYJIKH, MICJsl YOTO BUMIPIOBaJbHI MPHUCTPOi (BUMIpIOBaJbHA CHCTEMA)
YCTAHOBJIIOIOTHCS B MOYATKOBE IMOJIOKEHHA. HacTynmHi pyXu BUMIpIOBaNbHOI ONPaBKH Ta BBEACHHS
HAKOHEYHWKA B KOHYCHUH OTBip 0OpaHOi KOHTAKTHOI BTYJIKM BUKOHYIOTHCS y BiIIOBIAHOCTI 10 TOC-
TaBJICHUX 33/1a4 AIarHOCTUKH. [10Ka3HUKH BUMIPIOBaJIbHUX MPUCTPOIB BUKOPUCTOBYIOTHCS AJISl 004N~
CIIGHHS TOYHOCTI BUXOIY BUMIpPIOBAIBHOI ONPaBKH B 3a3[aJIeriib BiIOMYy KOOPIMHATY LIEHTPa KOHYC-
Hoi BTynku B mtonuHi XY, abo 3a koopAuHATO Z.

Jlist BU3HAYEHHST TOYHOCTI MO3UIIIIOBAHHS MIPH iMiTaIlil HaBaHTaxeHHs B ruronmai XY Ta 3a
KOOPJIMHATOI0 Z HaKOHEYHHK ONPABKU BBOJMUTHCS Y KOHYCHUH OTBip 00paHOi KOHTAKTHOI BTYJKH, a
MOTIM, MICNIsS YCTaHOBKH BUMIPIOBAIBHUX MPHUCTPOIB B MOYATKOBE CTAHOBHILE, IEPEMILIYeThCS Ha
3a3Janeriib BiioMy OOMeXeHy TOUHY BEIWYMHY Y BUOPAHOMY HampsIMKY, JOJIAI0YH 3yCHJUIA Tapiada-
CTHX MpPYXUH. Y BHUMNAAKy BH3HAYCHHS TOYHOCTI MO3HUIIIOBaHHS 32 KOOPAMHATOW Z HAaKOHEYHHK
OIPaBKH BBOAUTHCS Y KOHYCHHUH OTBIp KOHTaKTHOI BTYJIKH, sIKa PO3MillleHa B LIEHTPi BUMIPIOBAJIEHOTO
crakany 11. [Toka3sHUKH BUMIpIOBaJIbHUX MPUCTPOIB y JaHOMY BUIIaAKY OyayTh BigoOpaxkatu iHQop-
MaIiro 1o (pakTHYHOMY BHXOJY OIPAaBKH Y 3alaHy KOOPIMHATY MPH iMiTallii poO0Yoro HaBaHTaKEHHS
BiIMIOBiAHUMU MAKETaMU NPYKHH.

BucuoBkn
BukopucraHHs MPUCTPOIO B yMOBaX BUPOOHUIITBA 3 CEPIMHUME METajJopi3aIbHUMHU BEpCTa-
tamu 3 UIIK, 3 ropu3oHTaIbHUM PO3TANTYBAHHSM IITHHJCIS A€ 3MOTY CBOEYACHO BUSBUTH BiJXU-
JICHHSI TIapaMeTPiB BEpCTaTy BijJ MACIOPTHUX JNAHUX i BUKOHATH POOOTH 3 YCYHEHHS BUSBICHUX BiJI-
XWIeHb. TakuM YUHOM, 3MEHIIIYETHCS BIPOTITHICTh MOSIBM T€OMETPHUYHUX TOXHMOOK 00pOOKHM Ha Bepc-
tati 3 UIK, sika BUKOHYETHCS 32 KEPYBAIBLHOK MPOrPaMor0, i MOSBH OpaKy MPOAYKILii.
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DETERMINATION OF THE TECHNICAL CONDITION OF A CNC MILLING
MACHINE WITH HORIZONTAL SPINDLE ARRANGEMENT

Abstract

Metal cutting milling machines with CNC, which have a horizontal arrangement of the spin-
dle, are widely distributed in production and have their own specifics in terms of technological capa-
bilities. Interchangeable satellite tables are often used to fix workpieces, which simplifies the process
of technological preparation of production and creates the possibility of effective implementation of
flexible technologies.

The process of metalworking of products is accompanied by the occurrence of cutting forces
that act on the machine, device, tool and part. The result of such efforts are elastic deformations of the
elements that perceive them and lead to processing errors. Therefore, the task of determining the
amount of compliance of the elements of the technological system of the machine tool and taking into
account such data in the control program is relevant.

CNC milling machines with a horizontal spindle and a rotary table often use interchangeable
machine tools-satellite tables, on which the workpieces are fixed. When processing from the action of
cutting forces, it provides elastic deformations of the elements of the technological system, which
should be taken into account when preparing control programs. One of the options for obtaining such
information is the study of the functionality of the machine elements and their application by simulat-
ing workloads.

To determine the technical condition of the milling machine and data on the compliance of its
elements with the machine tool, a diagnostic device was developed, which is installed on the machine
table similarly to the satellite table. By simulating working loads on the moving measuring plate of the
device with a measuring mandrel, the accuracy of the output of the cutting tool in the given coordinate
is determined. Imitation forces are created by springs along the X, Y and Z coordinates when the mea-
suring mandrel is moved by the machine tool drives.
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The use of a diagnostic device in production conditions creates an opportunity to timely detect

deviations of the parameters of the CNC machine from the passport data, as well as data on the com-
pliance of the elements of the technological system. The use of the obtained data in the control pro-
gram creates conditions for reducing the probability of processing errors.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]

References
Kyrychenko, A.M. (2009) Pokaznyky zhorstkosti verstatnogo obladnannja z paralelnoju
kinematykoju [Rigidity indicators of machine tool equipment with parallel kinematics]. Zbirnyk
naukovyh praz KNTU - Collection of scientific works of KNTU , 22, 272-282 [in Ukrainian].
Strunynskyi, V.B. & Kyrychenko, A.M.(2009). Teoretychnyi analiz zhorstkosti shestykoordy-
natnogo mehanizmu paralelnoi struktury [Theoretical analysis of the stiffness of the six-
coordinate mechanism of the parallel structure]. Visnyk nazionalnogo tehnichnogo universytetu
Ukrainy ,,Kyivskyi politehnichnyi instytut” - Bulletin of the National Technical University of
Ukraine "Kyiv Polytechnic Institute”, 57, 198-207 [in Ukrainian].
Kyrychenko, A.M. (2011). Pryvedennja do zony obrobky zhorstkosti ta podatlyvosti obladnann-
ja z mehanizmamy paralelnoi struktury [Bringing equipment with mechanisms of parallel struc-
ture to the processing area of rigidity and compliance]. Visnyk nazionalnogo tehnichnogo un-
iversytetu Ukrainy ,,Kyivskyi politehnichnyi instytut” - Bulletin of the National Technical Uni-
versity of Ukraine "Kyiv Polytechnic Institute”, 59, 205-210 [in Ukrainian].
Morskov A.S. (2019). Tochnist obrobky na verstatah z CHPU [Precision processing on CNC
machines]. X1l Vseukrainska naukovo-praktychna konferentsia «Pogljad u maibutne prylado-
buduvannja» - 12th All-Ukrainian Scientific and Practical Conference of Students,
Postgraduates and Young Scientists "Looking into the Future of Instrumentation”. (pp.179-182).
Kyiv [in Ukrainian].
Luziv, 1.V., Voloshyn, V.N., Byza, R.O. (2017). Ozinka vplyvu tehnologichnyh faktorsv na
formuvannja dynamichnoi pohybky pry tochinni detalei zatysnutyh u tokarnomu patroni z za-
tysknymy elementamy [Assessment of the influence of technological factors on the formation of
dynamic error during turning of parts clamped in a lathe chuck with adaptive clamping ele-
ments] . XX naukova konferensija TNTU im. S. Pujula. (pp. 30-31). Ternopil [in Ukrainian].
Deribo, O,V., Lozinskyi, D.O., Serdjuk, O.V. (2023). Tehnologii dlja verstativ z chyslovym
programnym keruvannjam: elektronnyi navchalnyi possibnyk [Technologies for numerically
controlled machines: an electronic training manual]. Vinnythja: VNTU [in Ukrainian].
Korotkov, V.S. (2017) Modelirovanie rabochey nagruzki na tehnologicheskuju sistemu stanka s
CHPU [Modeling the workload on the technological system of a CNC machine] . Matema-
tychne modeljuvannja, 2, 53-55 [in Ukrainian].
Prystry dlja imitacii navantazhen v mettallorizalnyh verstatah [Device for simulating loads in
metal cutting machines ] pat. 126657 (Ukraina). Opubl. 25.06.2018, Bjul. Ne 12 [in Ukrainian].
Diagnostychny prystry dlja metalorizalnyh verstativ z chyslovym programnym keruvannjam
[Diagnostic device for metal cutting machines with numerical software control] . Patent
Ne155914 (Ukraina). Opubl. 17.04.2024, Bjul. Ne 14 [in Ukainian].
Iskovych-Lotothky, R.D. & Manzhilevsky, O.D. (2022) Jbladnannja avtomatyzovanyh vyrob-
nyctv. Chastyna 2. Avtomatychni linii. Gnuchki vyrobnychi systemy. Transportno-
zavantazhuvalni prystroi:eletktronnyi navchalnyi posibnyk kombinovanogo vykorystannja.
[Automated production equipment. Part 2. Automatic lines. Flexible production systems.
Transport and loading devices: an electronic training manual for combined use]. Vinnytsja:
VNTU [in Ukrainian].

Haoiwiwna oo peoxoneeii 30.10.2024



