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BJAOCKOHAJIEHHA METOAMKH KOHTPOJIIO AKOCTI
PO3POBKU YIIPABJISAIOUOI IPOT'PAMMU I3
3ACTOCYBAHHSAM CUMYJIATOPA POBOTHU
TOKAPHOI'O BEPCTATA 3 4IlyY

Anomayis. Y Oyap SKiM raigy3l Cy4acHOro MalIMHOOYIyBaHHS I€peBa’kHA
YacTUHA CKJIAJIOBUX JETalieil BYy3JiB Ta arperartiB sIBJIs€ COOOI0 JeTalli IMIIHIPHIHOI
dbopmu, sKi, K MPaBHIIO, OOPOOJISIOTECS Ha TOKApHHUX BepcTaTax. B 3amexHOCTI Bif
CKJIaTHOCTI TaKMX BUPOOIB JUIs IXHBOI'O BUTOTOBJICHHS BUKOPUCTOBYIOTHCS SIK 3BUYAlHI
(py4Hi) TOKapHI BepcTaTh. TaK 1 TOKapHI BEpPCTAaTH 3 YHUCIOBUM TIPOTPAMHHUM
ynpaBmiasaM (UITY). B 1mpomy Bumagky BepcTaTM 3 YHCIOBMM IPOrPaMHUM
yopasninHaM (UIIY) nouimbHO BHKOPUCTOBYBAaTHM Yy CHCTEMaX aBTOMATH30BAHOIO
npoekTyBaHHs (CAIIP) B AKOCTI OCHOBHOTO BEpPCTATHOTO OOJIAAHAHHS ISl BUKOHAHHS
TOKapHUX omneparliii Oyap Kol ckiagHoCcTi. JJisT BUKOPUCTAHHS TOKApHOTO 001 IHAHHS
3 UIIY npu oO6poOui OGaraTocTymiHYacTUX BajliB BKpall HEOOXiJHE 3acTOCYBaHHS
CAD/CAM-cucteM TEXHOJOTIYHOT MMIArOTOBKM BHPOOHHMIITBA. 3a  JIOMIOMOTOIO
BUKOPUCTAHHS TaKHUX CHCTEM CTa€ MOXXJIMBHM aBTOMATHU3yBaTH IPOLIEC CTBOPEHHS
TpaekTopii (POpMOYyTBOPEHHS MOTPIOHOI MOBEPXHI 3 MOTPIOHOIO SIKICTIO OOpOOKH 3a
paxyHOK Mi00pYy ONTHUMAJbHHUX PEXHUMIB pi3aHHS Ta OOEpTIB TOKAPHOIO BepcTara.
Opnak, Bce X Taku, ToKapHui Bepctar 3 UIIY He Moke peani3oByBaTH SIKICHO
peanizyBaTH aBTOMAaTH30BaHE YIPaBIIHHSA BCIMA €JIEMEHTaMHM PEXHMIB MeXaHI4HOI
00poOKkM OaratocTyIiH4YacToro Baja. B 1poMy BHIagKy HEOOXiJHE BTpy4YaHHS
TexHosiora. BiH (TexHoyor), B LbOMY BHIAJKy, BJIACHOpYdY IpHU3HAYa€ HEOOXiTHI
PEXXUMU 00pOOKM ONMUPAIOYUCh HA BIACHUN JTOCBIA IPU BUOOPI PLKYHYOro IHCTPYMEHTY
KOPUCTYIOUHCh PEKOMEHAALIIMU BUPOOHMKA iHCTpyMeHTy. Takuii miaxin 1o BuOOpy
IHCTpyMEHTa  BUKIWKAE 3HIKCHHS €QEKTHBHOCTI TMPOIECY TOKapHOi 0OpoOKH
OaratocTymiHuacTuX BajiB. [l YHUKHEHHS MOMMJIOK, SIKI JIOIYCKa€ TEXHOJOT IpH
MPOEKTYBaHHI TEXHOJOTIYHOIO MPOIIECY Ta po3po0Ill yIpaBIsiiouoi MporpaMu B poOoTi
3alpONOHOBaHAa METOAMKA KOHTPOJIIO SKOCTI PO3pOOKM YIPABISAIOYOi MPOrpaMu i3
3aCTOCYBAHHSM BipTyaJIbHOTO CUMYJISATOPA.

Knouoei cnosa: nHynbp cuctemu koopauHar Bepcrara (HC), Hynb cucremu
koopaunat aetam (HJI), ympaBnstoda mporpama, JiHIAHA I1HTEPHOJAIISL, KPyroa
IHTepIOJIALis, MBUAKICTh CYNOPTa, MIBUAKICTh IIMHHJCIHSA, MapaMeTpu IHCTPYMEHTA,
IMiTaIlisl TOKapHOi 0OPOOKH, IMITATOP (CUMYIISTOD).

© Mamyesuu O.€., Bepmkos 0.0., 2024
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Ilocmanoexa npoonemu. InrerpoBani CAD/CAM/CAPP — cucremnu
ABIIAIOTH COOOI0 CyYacHEe MporpaMHe 3a0e3nedeHHs I HACKPI3HOTO
aBTOMATHU30BAaHOTO TMPOEKTyBaHHA. B pamMkax oOJHOTO MPOrpamMHOrO
OPOAYKTY MOXKHA peami3yBaTd BECh TMPOIEC MPOCKTyBaHHSI Ta
BUTOTOBJICHHS BUPOOY BiJ PO3pOOKH pOOOUYOTO KPECIECHHS J0 CTBOPCHHS
ynpasisitodoi nporpamu (YII) mist BepcTata 3 YHCIOBUM MPOTPaMHUM
ynpasiiaasaM (UITY) 3 mocnigyrounm 3aBanTaxkeHHsM Y11 Ha BepcrTar.

AHaniz nonepedHix 00caioxicenb ma Gopmyno8anHsa yiiet cmammi.

Jlns  ycmimHOT  peamizamii  3aBAaHb  3a0€3MEUeHHS MOOUITBHOCTI
TEXHIYHOI MiJTOTOBKM BHUPOOHUIITBA HOBOI, KOHKYPEHTHOCIPOMOXKHOI,
MPOYKIIiI Ha MIAIPUEMCTBAX CUIBCHKOTOCIIOAAPCHKOTO MATMHOOYyBaHHS
(1 He TUIBKH) BaXXJIMBOK CKJIQJ0BOIO € mpodeciiiHa MmiAroToBka (axiBIliB,
CIPOMOKHUX BHUPIIIYBAaTH MOCTABJICHI 3aBJaHHS B HAWKOPOTILI TEPMIHHU 3
MaKCHMaJIbHOIO KOPHUCTIO.

Haxanb, Ha TenepimHid Yac, HE ICHY€ CTPYKTYpPOBAaHOI CUCTEMHU
npodeciitHoi miaroToBku (haxiBliB — ONEPATOPIB BEPCTATIB 3 YUCIOBUM
nporpaMHuM yrnpasiinaaM (YITY).

[IpodeciiiHo-TexHIYHA OCBITa B YOMY HaNpsIMKy HOTpedye, s
3a0€e3MeUeHHsl SIKOCTI MIATOTOBKH (PaxiBI[iB, HABHOCTI B CBOEMY apceHall
cydacuux BepctatiB 3 UIIY jgna 3abesnedeHHs:  Oe3nocepenHboi
MPAKTUYHOI MIITOTOBKU MalOyTHIX (haxiBIIiB.

3apa3, mpollec OHOBJICHHSI MaTeplalbHO-TEXHIYHOI 0a3u HaBYAJIbHUX
3aKJIaIB Ui MPAKTUYHOI MIATOTOBKU (PaxiBIIB 3HAYHO YMOBUIbHUBCS Yy
NOPIBHSHHI 13 OHOBJIEHHSIM MaTeplaJIbHO-TEXHIYHOI ©0a3u MPOBITHUX
mianpueMCcTB. Buxoasian 3 mporo BUHHUKAE TpoOiemMa TMOETHAHHS BUMOT
AKICHOT MATOTOBI (axiBI[iB 3 HEJOCTATHhHBOIO KITBKICTIO CYYacHOTO
MaTepiaTbHO-TE3HIYHOTO OCHAIICHHS Y BUINIMXHABYAIBHUX 3aKJIaaX.

Jlyist BUpIIeHHS] 3a3HAYEHOI MPOOJIEMH MPOMOHYETHCS BUKOPUCTAHHS
CHEIiaTi30BaHUX MPOTPaMHUX MPOAYKTIB (CUMYJISATOPIB), SKI CIPOMOXKHI
3a0e3meunTy Bidyami3alliio poooTr Ha ab0 3yCTaTKyBaHHSM, AUl 3pa3Ku
SKUX, HEMOJIMBO BUKOPUCTOBYBATH Y BUPOOHUIITBI.

OcHosna yacmuna. B poOOTI IPOMOHYETHCSI METOIMKA 3aCTOCYBAHHS
BIPTYyaJIbHOTO CHUMYJISITOpa poOOTH BepcTaTy 3 YHCIOBUM IMPOTrPaMHUM
VOPaBIIHHAM IS TEPEBIPKM KOPEKTHOCTI Ta MPaBHIBHOCTI poOOTH
MPOMOHOBAHOT PO3POOHUKOM YIPABISIIOYOI MpOTrpaMu I  TOKApHOI
00poOku BupoOy. KopuctyBau B cripoMo3i ckitactu Oy/ib SIKy YIpaBisSouy
mporpaMy Ta T100QuuTH HA €KpaHl MOHITOpa TIpOLeC BUKOHAHHS
BcTaHOBIIEHOT omeparrii. [licisi OCBOEHHS, 32 TOTIOMOTOI0 MPOTIOHOBAHOTO
CUMYJIATOpPA, HAaBHUYOK pOOOTHM HA BEPCTATI 3 YHUCIOBUM MPOrPAMHHUM
yOpaBIiHHAM, (axiBellb, SKAA MPOXOAUTh HABYAHHS, 3aBXKAU 3MOXKE
JIOCUTh IIBUJKO aJaNnTyBaTUCS O BUMOT BHUPOOHHUIITBA, TEXHOJOTIH Ta
HAsSIBHOT'O HA MIIMIPUEMCTBI yCTaTKyBaHHS.

Po3rnssHeMo OCHOBHI MpPHHOMH HACTPOIOBaHHS Ta POOOTH IMiTaTOpa
TOKapHOi 00poOku Ha Bepcrari 3 UYIIY Ha mnpukmaai CTBOPEHHS
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yopaBisitodoi mporpamu 0o0poOku maxoBoi ¢irypu «Typa». Ha puc. 1
mpeacTaBieHo poOounii KpeciaeHuK mpornoHoBaHoi aerami (Puc. la) Ta
cxeMma HajamrtyBaHHs cumydistopa (Puc. 16) e ocHoBHUMU mapameTpaMu
HaJIAINTYBaHHA BUCTyIawTh mapamerpu: «Homb Bepcraran (0s); «Houb
netaini» (0s); «Houb iHCTpyMeHTY (B JaHOMY BHITAIKY pisis)» (0p).

0

#i5

@fﬂ

a)

3aroToBKOIO I

0)
Puc. 1. PoGounii kpecieHUK a — IPONIOHOBAaHOI ieTalli Ta O — cxema
HaJIAIITyBaHHS CUMYJISITOpa

AeTami €  NOPYTOK  KPYIJIoro

nepeTuHyaiamMeTpom 45 Mm i qosxkuHO0 80 MM (puc. 1a).

3ajaeMO TIapaMeTpu 3aroTOBKH, ISl IILOTO BXOJWMO B MEHIO

Toxapuuii éepcmam 1 BUOUpaeMo MyHKT Posmip 3acomosku (puc. 2a), a 'y
MOJIAX PO3MIPIB 3arOTOBKM BCTAHOBIIIOEMO JiaMeTp 45 MM 1 JTOBXKUHY
80 mm (puc. 20):

Torapsesi cramox  Hyctporxs 7
BOCCTANOBMTE 3rOTODKY
Pamep saroToesn
Hone cramca

ﬂ Ml TDYMENT
Brina Tol HCTRYMAHTS
Jor sanpeTa

MNorasaTe Jomd JaNpeTa
MoKasaTe $HMCHpOBIITIe TONKH
v Cemxa
v Tpasxropna

a)

(= = B = R = R = B = Y = R =~ ]

Q
b

|

=)}
~

Puc. 2. ITapameTrpu 3arotoBku
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[Ticns Hatuckaemo 36epeemu, 1, MICHS TOTO, SIK Ha €KpaHi 3arOTOBKA
npuiimMe rabaputHi po3mipu,HaTuckaemo OK.

HactymHuMm etamoM HACTPOIOBAaHHS CHUMYJISATOpPA € BCTAHOBJICHHS
HyJsi Bepctata. /s 1pOoro BXOOMMO B MEHIO ToxapHuil eepcmam,
BUOUpaeMo NyHKT Hynv eepcmama (puc. 3a) 1 B momsix X NULL iZ
NULL BucrtaBisieMo NOTpiOHI AJi1 HAC 3HAYEHHS, HATUCKaeMo 3bOepecmu

(puc. 36)
o . Pacoa 7 F
BOCCTaM081TE 3AroToesy
£ a30D S OToBKN XNULL [40000
Hons crasoca
!{ VHC TRy MemT ZNULL FSE_—

BoaneTol CTRYMENTS
30w sanpeTa

MoK ASATE S0HS! 3aNPDeTa
Nox a3 Te PHEOPoBsHIs TOWN
v Cetra

v TpasTopss

a)

Puc. 3. BcranoBneHHs HyJis BepcTaTa

JIisi  TomanbpIoro  HaNAIITyBaHHS CHMYJISITOpPAa  BCTAHOBIFOEMO
cucTeMy KoopauHar naetami. J[ns mporo BuOWpaemo komaHay G92 Ta
BHCTaBJISIEMO HEOOX1IHI 3HAYCHHS TPHOX KoopauHat aetaii (puc. 4). dami
cii BUOpaTH pI3aIbHUM 1HCTPYMEHT. [l 1bOro BXOAMMO B MEHIO
Tokapnuii sepcmam 1 HATUCKAEMO HA BKIIAIKY [Hcmpymenm (puc. 5)..

| T ol ?
i CHCcTema KoOpAHHaT AeTant (m) y '“‘9“"!"‘57"“"‘ o "_“;".'m . SET—

BOCCTAHOSHMTE 3AMNOTOoRKY
Passep SaroTOSKH
Hone cTaeacs
EraneTe! recTRYMENTA
Soset 3anpeTa

X: |40 ¥: [0.000 Z: |10

[ _ Horawomms J

CYPYetaeT

MoK ASATE 30HL! SaNPaTa

3axpeme l NMoxasaTe GroPosaraesss ToWwN
|w Cerxa

[« Tpaexvopea

Puc. 4. Puc. 5.

VY BiKHI, MO BIAKPUIOCS, BUOUPAEMO BKIAAKY Bubip incmpymenma,
BUOMpPAEMO THUIl Pi3Lsd, BCTAHOBIIOEMO HOro B MNOTPIOHY MO3HUIIIIO
PEBOJILBEPHOI T'OJIOBKM BIpTyallbHOrO BepcTaTy (puc. 6a ta 60). [loTim
NEPEeX0IMMO Y BKIAIKy Bcmanosumu incmpymenm 1 HATUCKAEMO KHOTIKY
36epiemu (puc.6B).

Crig 3a3Ha4YMTH, 110 CUMYJIATOPU TOKApHOi OOpOOKM Ha BepcTarax 3
UITY, sk Oyno 3a3Ha4y€HO BUIIE, MOKHA BUKOPUCTOBYBATH JUIsl HAaBUAHHS
po0OTI Ha BepcTarax 3 YUCIOBUM IMPOTPAMHUM YHPABIIHHIM MPAKTUIHO
BCUX MOMYJISipHUX THMiB. OHAK, HAaXKajlb, IPU BUCBITICHHI I[OTO MUTAHHS
y CydYaCHUX JIOBIJIKOBHMX IHTEPHET-TIOCIOHHMKAX, JyXe Maja yBara
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OPUALUIAETECA 3aCTOCYBaHHIO MiHirabaputHux BepcrtaTiB 3 UIIY. Agne
Cy4acHHM CTaH POOBHUTKY TaK 3BAaHOTO «Majoro Oi3HEeCy», HE MOTpedye
MaTH «IOBHOPO3MIpHHI» BepcTaTHUW mnapk. [ BUpilIEHHS L€l
npoOiemMu, KOJau rabaputi po3Mipd HPOAYKUIi € JOCUTh HEBEIUKHUMH, a
00’eMU BUPOOHUITBA MPOAYKIIIT — OAMHUYHI 200 IpiOHOCEpPIiiHI, AOLIILHO
BUKOPUCTOBYBATH MiHIrabapuTHi BepcTatu. Tomy, pu HaBYaHH1 poOOTI Ha
BepctaTax 3 UIIY, ciia 30cepemkyBaT yBary 1 Ha I[iX MUTAaHHS.

eus6op acropecra = X X A

[P - Vasosamempmes O e | Vemomawerspns | oo werporce |

Pesamsepnsa roners

i
i
i

{1 || 01 - Kowrgpunsh pesen aemesd, ycromosnen no ocu X

‘il 06 - Kanosowash, ycranonsen no ocuX

2
3
‘
5
6
7
8
9
i
1

3| 09 Pocrowo npanws. ycrawonsen 0o ocuZ
Coepno D-3
Conpro D)0

Ju—
4 || 01 Kowrypmad peses aceus, ycramonnen no ocu X

Jwgems. Sy —IM
a) 0) B)

Puc. 6. Bubip incrpymenTa

SIKIIO TUIaHYETHCSI BUKOPUCTAHHS MaslorabapUTHUX BEpPCTaTIB 3
YIlY, To mpu HajmamTyBaHHI CHUMYJSATOpa OUIBII AOUUIBHIIIUM Oyae
BUKOpUcTaHHA (yHKIT cuctemHoi may3u (G500). 3a ii gomomoror Ha
MOHITOpI ~ Oyne  BimoOpakaTtucs  BIANOBIAHE  MOBIAOMJIEHHS  JUIs
KOpHCTYyBava.

[Ticnst y3ropkeHHS TUTaHHS BHOOpPY BepcTaTy TMEpexoauMo
0e3mocepeIHbO 10 PO3POOKH YIPaBISIOY0i TPOTPaMHu.

VY Tabnuii 1 HaBeneHI OCHOBHI €Tamu UTIOCTpallii Ta BUKOHAHHS
PO3p00IICHOT yIIPaBIIAIOYOi IPOTPaMHU.

Tabnuys 1
HpOFpaMHI/I.If Onuc nii Lrocrapuisn
KOJ1 onepaiii
N10 M04 51500 |Pexxumu oOepTaHHS IITIHICIS:
Hampsim obepTaHHs — NpPOTH TOJUHHUKOBOI]
CTpLIKH;
Yactora obepranns - 1500 06/xB
N20 G500 P1 [Ipono3uLis oneparopy I o
BrmomTL BPAULCHHS WvIMACRA
N30 MO T1 BcTaHOBIIGHHST TEpHIOTO  iHCTPYMEHTY |
[PEBOJIbBEPHY TOJIOBKY
N40 G00 X215 ([lizBeneHHS TEpIIOTO IHCTPYMEHTA 10 HYJIs
F300 meTalti i3 BCTAHOBJICHOIO MIBUAKICTIO.
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IIporpamumii
KO/ onepauii
N50 GO1 Z66.F60 |[lepmmii (4OpHOBHIA) MPOXiX pi3lsg HA BCIO
IMOBXKUHYAETAaN! 31 IBUAKICTIO 60MM/XB

Onmuc aii Lnrocrapuis

NeD GOO X225 Bukonanus oneparii «IligpizaHHATOPIISN»

W90 GO0 Z0 CxiguacTe 3HATTS MPHITYCKY AJI MiHiMi3all]
MPUITYCKY T HACTYIHIA 00poOIi pajiycHOI]
MOBEPXHI

IN560 GO0 X40.  [PosramyBaHHA PIKY4YOoro IHCTpyMEHTa B
210 nonoxeHHi «Hynb BepcraTa»

N570 M06 T2 [lepeycTaHOBIIEHHS 1HIIOTO IHCTPYMEHTA

N580 G00 X11 Po3ranryBaHHs 1HCTpyMEHTa Yy IIOYaTKOBIH
Toulli 00poOKu

N600 GO1 Z — 42 Onepaltlist 3HATTS TPHITYCKY

N770 GO0 X40 BinBix iHCTpyMEHTa B MOJIOKEHHS
«Hyb BepcTaTta»
N790 M06 T1 Omnepartiist 3MiHH IHCTPYMEHTA

NS00 GO0 dopMyBaHHS BHOpaHUM IHCTPYMEHTOM
Z —31.5 paiiycHOi MOBEpXHi

WN330 GO0 X40. Binsig iHCTpyMEHTa B MOJIOKEHHS
Z10 «Hyuib BepcTaTa»

N840 M06 T2 Omnepaltist 3MiHH IHCTPYMEHTA
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IIporpamumii

KO/ onepauii
N850 00 X21. BuxonanHs omeparii «Biapi3zaHHs TOTOBO]
Z — 64 meTani»

Onmuc aii Lnrocrapuis

N870 GO0 X40 BinBix iHCTpyMEeHTa B MOJOKEHHS
«Hynb BepcTaTay

N20 G500 P1 [ndopmartist st onepaTopa [10KAPHb : COM-STEPPERNEIE™|

BoiroMnTE EPALLEHNS LIMHASN

Bucnosku. JIn yHUKHEHHS NOMWIOK, $IKl JIOITyCKa€ TEXHOJOIr MpHU
MPOEKTYBaHHI TEXHOJIOTIYHOTO TPOLECy Ta po3poOIl yHopaBistoyoi
nporpamMu B poOOTi 3alpolOHOBaHA METOIMKA KOHTPOJIIO SIKOCTI pO3pOOKH
yIPaBISAIOY0i MPOTPAMH 13 3aCTOCYBAHHSAM BipTyalbHOTO CTUMYJIATOPA.

[Ipn 3acrocyBaHHI MPOMOHOBAHOI METOAMKM KOHTPOJIO SIKOCTI
PO3pOoOKHM yNpaBisAOYoi NMporpaMu KOPUCTYBad B CIPOMO31 CKIACTH Oyab
Ky YIpaBIsilOuy MporpamMy Ta MOOAYUTH Ha €KpaHli MOHITOpa MPOIIEC
BUKOHAHHS BCTaHOBJEHOi omepariiii. [licist OCBOEHHS, 3a JOMOMOTOIO
IPOMOHOBAHOTO CHUMYJIATOPA, HAaBUYOK pOOOTH Ha BEpPCTaTi 3 UYMCIOBUM
IPOTPAaMHUM YIPABIiHHAM, (DaxiBemb 3aBXKIU 3MOXKE JOCUTH IIBUIKO
ananTyBaTHCS [0 BUMOT BHpPOOHHWIITBA, TEXHOJIOTIM Ta HAsBHOTO Ha
H1JIPUEMCTBI YCTAaTKyBaHHS.
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O.Matsulevych?, O. Vershkov?,
! Dmytro Motornyi Tavria State Agrotechnological University

IMPROVEMENT OF THE QUALITY CONTROL METHODOLOGY
OF CONTROL PROGRAM DEVELOPMENT USING
A WORK SIMULATOR CNC LATHE

Summary

In any field of modern mechanical engineering, the majority of component parts
of assemblies and units are cylindrical parts, which are usually machined on lathes.
Depending on the complexity of such products, ordinary (manual) lathes are used for
their manufacture. and numerically controlled lathes. In this case, it is advisable to use
numerically controlled (CPU) machines in automated design (CAD) systems as the
main machine tool for performing turning operations of any complexity.For the use of
CNC turning equipment in the processing of multi-stage shafts, the use of CAD/CAM
systems for technological preparation of production is extremely necessary. With the
help of such systems, it becomes possible to automate the process of creating the
trajectory of forming the desired surface with the desired quality of processing due to
the selection of optimal cutting modes and revolutions of the lathe.However, all the
same, a CNC lathe cannot implement high-quality automated control of all elements of
the multi-stage shaft machining modes. In this case, the intervention of a technologist is
necessary. In this case, he (technologist) personally assigns the necessary processing
modes based on his own experience when choosing a cutting tool using the
recommendations of the tool manufacturer. This approach to tool selection causes a
decrease in the efficiency of the turning process of multi-stage shafts. In order to avoid
mistakes made by the technologist when designing the technological process and
developing the control program, the method of quality control of the development of the
control program with the use of a virtual simulator is proposed in the work.

Keywords: zero of the machine coordinate system (NC), zero of the part
coordinate system (ND), control program, linear interpolation, circular interpolation,
caliper speed, spindle speed, tool parameters, simulation of turning processing,
simulator (simulator).
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