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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyasbHicTh npodjemu. Ha cydacHomy erami po3BUTKY €KOHOMIKH YKpaiHU
BOXKJIMBE MICIIe TPUIIISETHCS MAIMMHOOYMYBaHHIO. MamuHOOYyBaHHSI PO3BUBAETHCS
NUSIXOM IMIJBUIIEHHS THYYKOCTI BHPOOHMIITBA Ta SKOCTI MNpoAykKuii. PesynbpraTn
TiSUTBHOCTI  OaraTbOX MIANPUEMCTB Yy 3HAYHIM Mipl 3anexaTh Big e(EeKTUBHOCTI
BUKOPUCTAaHHS BaXXKUX TOKApHUX BepcrtaTiB. BapticTe mux BepcrariB y 20...50 pasis, a
BapTICTh BEPCTATOTOIMHU iXHBOI poOOTH B 3...7 pa3iB Oiiblile B MOPIBHSAHHI 13 CEpEAHIMU
BEPCTaTaMHU.

[IpoGiiema TeOpeTHYHOTO aHaAII3y MPOIECy pi3aHHS sl OUIBIIOCTI BUIIB 0OpOOKH
BUBYCHA JOCHUTHh JOCKOHAIbHO. OMHAK ICHYIOTH BUAM OOPOOKH, OCOOJMBO TIPH 3HATTI
BEJIMKUX Tepepi3iB 3pI3yBaHOTO IMapy, MJId SKUX ICHYIOYl METOJM aHaldi3y BHMararmTh
yIIOCKOHAJICHHSI.

BpaxoByroun Bakki yMOBH pi3aHHS, MIABUIICHHS €()eKTUBHOCTI YOPHOBOT'O TOUIHHSI
CTaJbHUX JETajleil MPOTAroM 0araTb0X POKiB BITHOCUTHCS 10 HAOUIBII aKTyaIbHUX 3a]1a4
METaI000p0oOKH Ta MAITMHOOY 1yBaHHS.

OpHuM 13 HaNpsIMKiB PIIICHHS ITi€1 3a7]a4l € BAOCKOHAJIECHHSI KOHCTPYKIIN 301pHUX
pI3LIB 31 CTYMIHYATOIO CXEMOIO pi3aHHS Ta ONTUMI3AIli PEXKUMIB pi3aHHsA. B BupimeHH1
NepIioi YacTUHHU Ili€l mpoOJeMu ojiepKaHl CYTTEBI MO3WUTUBHI pe3yibTaTu. JloOpe
3apEKOMEH/IyBalu ceOe 1HCTPYMEHTHM 3 MEXAHIYHUM KPIMJICHHSM pi3ajibHUX IUIACTUH
crieniagbHO1 POPMU 3 YCTYIIOM ITiJI MPUXOIUTIOBAY Ta Pi3alibHI IJIACTUHU 3 TAHTCHIIAIbHUM
po3MileHHAM. [l miiBUIEHHS €(EKTUBHOCTI TOKApHOi OOPOOKM CTaJIbHMX 3arOTOBOK
po3po0sieHa cUCTEMa pALIOHAIBHOI eKCIUTyaTalli pi3ajJbHUX 1HCTPYMEHTIB, BHUIAaHI
3araJpHOMAIIMHOOYMIBHI HOPMATUBH PEXKHMIB pi3aHHA. AHAJOTIYHI peKOMEeHaIli
OPUCYTHI y KaTaJorax pi3ajbHUX 1HCTPYMEHTIB 3aKOpAOHHUX (pipM. OpgHak, HE3BaKa0UU
Ha TIOCTIMHY yBary A0 npoojieMu MiaBUIIEHHS e(EKTUBHOCTI YOPHOBOI TOKApHOI 0OPOOKH,
3aJIMIIAIOTHCS 1€ 3HAYH1 Pe3epBU AJIsl OLIBII YCIIIIHOTO 11 pillIeHHS.

EdexTuBHICT IHCTPYMEHTY HE MO€E OyTH 1ICTOTHO IMiJIBUIIICHA 32 PAXYHOK TITbKH
TpaauuiitHux wmetoniB. CKIAaIHICTh OPUUHATTA pilIeHb B yMOBaxX OJMHUYHOTO Ta
npiOHOCEpIHOTO BUPOOHHUIITBA YHIKAIBHUX JIeTajell Ha BaXKKUX TOKApPHHUX BepcTaTax Ta
HEOOXITHICTh KOMIUIEKCHOTO pO3TJIsiAy 0araTb0X e€JIeMEHTIB TEXHOJOTIYHOI CHUCTEMU
BHMAarae CTBOPEHHSI METO/IIB OaraToKpuTepiaabHOI ONTUMI3allli PeKUMIB €KCIUTyaTalli Ha
OCHOBI y3arajJbHCHHX MOJISTICH.

3B's30k po0OTM 3 HAYKOBHMH MNporpamMaMu, IUIaHamMH, Temamu. Pobota
BUKOHYBAJacs BIJAMOBIIHO JI0 TIEPCIEKTUBHOIO IUIaHYy HAYKOBO—IOCTIAHUX POOIT
Honbacekoi nepxkaBHOi MammHOOyAiBHOI akaaemii: [J(k—01-2014  «[ligBuieHHs
HAJIHOCTI Ta MIPOTyKTUBHOCTI KOMII’ FOT€PU30BaHUX MEXaTPOHHUX
BEPCTATOIHCTPYMEHTAIBHUX CHCTEM Bakkoro MarmuHoOyayBanas» (0114U002757), -
01-2015 «IlinBuiieHHs eHepProepeKTUBHOCTI MPOIECIB MEXaHOOOPOOKHM Ha OCHOBI
OaraToKpuTepiaIbHOI ~ OMTHUMI3AINI MapaMeTpPiB  TEXHOJOTIYHHUX CHCTEM  BaXKKOTO
MamHoOyayBaHHs» (Ne0115U003122), Axk—01-2018 «IligBuiiieHHs: eHeproepeKTUBHOCTI
MEXaTPOHHUX BEPCTATOIHCTPYMEHTATHHUX CHCTEM MEXaHIYHO1 OOPOOKH B yMOBaX BaKKOTO
MalIMHOOYAyBaHHS.
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Tema nucepramiiiHoi poOOTHM  BIAMOBIZA€ HAyKOBIM  TeMatuill  Kadeapu
«Komm’rorepr3oBaHi MexaTpOHHI CUCTEMH, IHCTpyMEHTH Ta TexHouorii» JJ/IMA B obnacTi
MPOEKTYBaHHS 301pHOTO Pi3aJIbHOTO IHCTPYMEHTY.

Merta i 3aBaanus gociaigxenHs. [linBumerds epeKTUBHOCTI YOPHOBOI 00pOOKH
JeTane Ha BaKKUX TOKAPHUX BepcTaTaxX HUISIXOM BJIOCKOHAJICHHS KOHCTPYKIIHM 301pHHUX
cTymiHyacTux pi3miB. [lin migBUIIEHHSM €QEKTUBHOCTI PO3YMIETHCS IMiABUILIEHHS
MPOJAYKTUBHOCTI, HAAIHHOCTI KOHCTPYKIIM Ta €KCIUTyaTalliiHUX XapaKTEPUCTUK 301pHUX
CTYMHYACTHX PIi3IiB JUIsI YOPHOBOI OOPOOKH 3 BEIIMKHUMHU TIEPEPi30M 3pi3yBaHOTO APy
JieTaJel Ha Ba)KKUX BEPCTATAX.

Jlns1 3711MCHEHHS TTOCTaBJICHOI METH Tpeba BUPIIIIUTH TaKi 3aBJIaHHS:

— TpoaHali3yBaTH XapakTep Ta CTPYKTYpy BiAMOB 30IpHUX PI3LiB Ui YOPHOBOI
00poOKH JieTaseil 3 BeJIMKUM MEepepi30M 3pi3yBaHOIO IIapy Ha BAXKKUX BEpCTAaTax B yMOBaX
CKJIQTHUX TMHAMIYHUX HAaBAaHTAKEHb;

— po3poOUTH e(PEeKTUBHY KOHCTPYKTHUBHY CXE€Ma pO3MOJIIY TMPHUITYCKY MIXK
pI3JIbBHUMH IUTACTUHAMU CTYMIHYACTHX 301pHUX PI3IIIB;

—  BUSBUTH BIUIUB €JIEMEHTIB PEKUMY P13aHHS 3 BEJTUKUMU MEpepi3aMu 3p13yBaHOTO
miapy Mpu YOpHOBIM 0OpoOIIl JieTanel Ha HanpyXKeHO—1e(OpPMOBaHHUI CTaH CTYMIHYACTUX
301pHUX pI3LIB;

— pO3poOUTH MaTeMaTHU4HI MOJEJI JJisi ONMUCY JAWHAMIYHOI CHUCTEMHU BepCTaT—
IHCTPYMEHT—IEeTalb AJI JOCIIKEHHS KOJMBaHb 301pHUX CTYNIHYACTUX P13L1B, IEPEBIPUTH
aJICKBaTHICTh MATEMATHYHOI MOJIEJIl IIUISIXOM TIPOBEJICHHS €KCIIEPUMEHTY;

— pO3pOOUTH CHCTEMY LUIbOBHX (PYHKIIA OaraTOKpUTEpialbHOI ONTHUMI3ALIi s
pO3pOOKU pEeKOMEHJAlIM 3 eKCIulyaTalli CTYMIHYacTHX 30i1pHUX PI3IIB [ BaXKHUX
TOKapHUX BEPCTATIB, 5IK1 I03BOJISIOTh 3M1IMCHUTH ONTUMAIbHUN BUOIp PEXKHUMIB pi3aHHS 3
ypaxyBaHHSAM MIIIHOCTI Ta JUHAMIYHUX HABAaHTAXKEHb CTYMIHYACTUX 301pHUX PI3LIiB.

06'exm OocniddcenHs — TPOLIEC YOPHOBOT 0OPOOKH JeTaliell Ha BaXKKUX TOKapHHUX
BepcTaTax MpH 3HATTI BEJIMKUX MEPEPI3iB 3p13yBaHOIO LIapy.

Ilpeomem Oocnioxcennss — TapaMeTpH MpPOIECY YOPHOBOI 0OOpOoOKU 30IpHUMU
CTYMIHYACTUMHM PI3LSAMHU MPH 3HATTI BEIUMKHUX MEPETUHIB 3pi3y, BIUIMB KOHCTPYKTUBHHX 1
Tr€OMETPUYHUX MapaMeTpiB Ha €EeKTUBHICTh €KCILTyaTallil IHCTPYMEHTA.

MeToau gocaigkeHHss. MeTo0JI0TYHOI0 OCHOBOIO POOOTH € KOMITJIEKCHUH ITiIX1]T
JI0 BHUBYCHHS IMPOLIECY YOPHOBOI OOPOOKHM AeTaneil 3 BEJIMKUMHU MepepizaMu 3pi3yBaHOTO
Iapy Ha BaXKKHMX BepCTaTax CTYMHYACTHUMH 30IpHUMHU PI3ISIMU 3 ypaxXyBaHHSM yMOB,
0COOJIMBOCTEH Ta 3aKOHOMIPHOCTEH iX €KCILTyaTarii.

CratucTuyHl Ta TEOPETHYHI JOCTIPKEHHS TMPOBOAMIMCA Ha 0a31 OCHOBHHUX
MOJIOKEHb 1 METOMIB Teopli pi3aHHS MeTalliB, TEOpii MILHOCTI 1 AMHAMIKU 301pHUX
KOHCTPYKIIiH Pi3IiB, TEOPii MaTEeMaTUIHOTO 1 (hI3MYHOTO MOJIEITIOBAHHS 3 BUKOPUCTAHHSIM
METO/IIB MPUKJIATHOT MATEMATHKH 3a JOTIOMOT'00 OOYHMCITIOBAIBHOT TEXHIKH.

JlocnipkeHHs: 00’ €KTIB MPOBOAUIOCH €KCIIEPUMEHTATLHUMHU METOJIaMU Ha OCHOBI
TEOpi BU3HAYCHHSI MIITHOCTI Ta YXOPCTKOCTI €JIEMEHTIB 30IpHUX KOHCTPYKIIH PI3MIB 3
BUKOPHUCTAHHSM METOJWK HATypHHX BWIMPOOYBaHb y JaOOpaTOPHUX Ta BUPOOHHYHMX
yMOBaXx.
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JUist  po3paxyHKy HamnpyKeHO—Ae(OpMOBAHOTO CTaHy 30IpHOr0 1HCTPYMEHTY
BUKOPHCTOBYBABCS METOJ CKIHYCHHHX €JIEMEHTIB. EKcrepuMeHTanbHI TOCIHIHKEHHS
IPOBE/ICHI 3 BUKOPUCTAHHSAM METOJUK, PO3POOJICHHX Ha OCHOBI TEOpli €KCIEPUMEHTY Ta
MaTeMaTHUYHOI CTATUCTUKH, Cy4acHOI BUMIPIOBAIBHOI anapaTypH, po3po0JIeHHX allapaTHUX
3aco0iB. B po3paxyHkax 1 mjig oOpoOKH pe3yNbTaTiB JOCHTIHKEHb BUKOPHCTOBYBAJIach
cyyacHa KOMIT I0TepHa TeXHIKa Ta MporpamHe 3a0e3neueHHsl.

HaykoBa HOBHM3Ha OTpUMAaHMX pe3yabTaTiB. B pe3ynbrari TEOpeTHUYHHX 1
eKCMIEPUMEHTAIBHUX TOCIIHKCHb Ml MiABUIICHHS €(EKTUBHOCTI MPOIECY YOPHOBOTO
TOUIHHS JeTalieil po3po0siieHa HOBAa KOHCTPYKTHMBHA CXE€Ma PO3MOIULY MPUITYCKY MIXK
pI3aIbHUMHU TUIACTUHAMM CTYMIHYACTOIO 301pHOTO PI3I 3 OJHIEI0 pOOOYOI0 BEPIIMHOIO
pi3aIbHOTO  CTYIMHYACTOrO Jie3a, sKa 3a0e3ledye BHCOKY MPOAYKTHBHICTH Ta
eKCIUTyaTallliiHl XapaKTEPUCTUKH IHCTPYMEHTY IpH 00poOlll 3 BEIUKHMU TEepeTHHAMU
3pi3y Ha BaKKHX TOKAPHUX BepcTaTax.

1. Po3pobsieHi Mojeni HampyX)eHO—/1e(OpMOBAaHOTO CTaHy pi3ajdbHUX IUIACTUH
30IpHMX CTYMIHYaCTUX PI3IIB 3 HOBOIO CXEMOIO PO3MOALITY NPUIYCKY, SIKI BIEpIle
BPaxOBYIOTb OCOOJIMBOCTI KOHTAKTHOI B3a€MOIi Ppi3ajbHUX IUJJACTUH 3 €JIIEMEHTAMH
3p13yBaHOIO 11apy, MEXaHIYHOTO 3aKPIIMJIEHHS Ta KOPIIYCOM 1HCTPYMEHTY.

2. YTOYHEHO pO3MO/IiJ peakiliii 3 00Ky YIIOpPHHUX MOBEPXOHb IIACTUHU 3 €JIEMEHTaMHU
0a3yBaHHs 301pHUX PI3LIB MPU PI3HUX CMOCOOAX 3aKPIIUICHHS Ta HABAHTAXEHHS CUJIAMU
pi3aHHs, WO JO3BOJISIE BUSBUTU HAMOUIbII €(EKTUBHY cXeMy Oa3yBaHHS pi3ajbHOI
TJIACTUHMU.

3. Brepire po3po6iieHa po3paxyHKoBa cxemMa Ta MaTeMaTHYHa MOJEIb JUHAMITHOT
CUCTEMH BEpCTaT—IHCTPyMEHT—IeTallb, s5Ka BPaxOBY€ KOHCTPYKIII0O Ta XapakTep
HABAHTAXKEHHS CTYIMIHYACTOTO P13 3 OJHIEI0 POOOYOI0 BEPIIMHOIO PI3AIBHUX JIe3 SK
H1JCUCTEMY, 1110 CKJIA/IA€ThCA 3 OKPEMHUX eJIeMeHTIB. OTprMaH1 JUHAMIYH1 XapaKTepUCTUKU
mpoiecy YOpHOBOI OOpOOKH 30IpHUMH CTYMIHYACTHUMH PI3ISAMUA  JJIT  YTOUHEHHS
KOHCTPYKTHUBHHUX Ta FT€OMETPUYHUX MapaMeTpIB CTYNIHYACTUX 30IpHUX Pi3LIB.

4. BnockoHasieHO cuctemMy (DyHKITiH i1 6araTrokpuTepiaibHii ONTUMI3aIli mpolecy
BUOOpY €(hEeKTUBHUX MApaMETPIB €KCIUTyaTallli CTYIMIHYaCTUX 301pHUX PI3LIB.

IIpakTUYHe 3HAYEHHS O/1ePKAHUX Pe3yJabTATIB JIJIs1 BAXXKOTO MAITMHOOY/TyBaHHS:

— po3po0JieHO MaTeMaTHYHE Ta IMporpaMHe 3a0e3NeueHHs A PO3paxyHKy
JUHAMIYHUX XapaKTePUCTUK MPU OLIHIOBAHHI KOHCTPYKUII 30IpHUX PI3LIB 3 METOIO
30UIBIIIEHHS TIEPIOAY CTIMKOCTI IHCTPYMEHTY Ha Omeparlisix TOKapHOi oOpoOku aeranen
BaXKOTO MaIIMHOOYAyBaHHS Ta BEpCTATOOY TyBaHHS;

— Ha 0a3l MpoBEeJCHUX JOCIIIKEHb Ta PO3PAXYHKIB MIIHICHUX Ta KOPCTKICHHUX
napamMeTpiB BY3JIB KpPIIUIGHHS pI3aJIbHUX IUIACTUH Oyja po3po0sieHa KOHCTPYKIIiS
CTYMHYACTOTO 301pHOTO I3 3 MEXaHIYHUM KPITJICHHSIM IUIACTUH 13 OJIHIEI0 POOOUOIO
BEPIIMHOIO PI3IBHOTO CTYMIHYACTOTO Jie3a JUIsl YOPHOBOTO TOYIHHSI MPHU 3HATTI BETUKHUX
nepepisiB 3pi3yBaHOrO 1Iapy;

— po3p0o06JIeHI KOHCTPYKIIi1 BY3J11B KPITIJICHHS P13JIbHUX TUIACTUH 301pHUX PI3IiB JIJIs
YOPHOBOTO TOYIHHA JO3BOJISIIOTH MIJBUIIUTH NPOAYKTUBHICTh OOPOOKM B CEpEeHbOMY Ha
35 %, a TakoXX 3HU3WTU BUTpPATU 1HCTpyMeHTy Ha 21...26 %, a TakoX MOXYTb OyTH
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BUKOPHUCTAHI JJI1 MPOCKTYBAaHHS KOHCTPYKI[IHA 30i1pHUX IHCTPYMEHTIB IJii MeXaHIYyHO1
00pOoOKH B IHIIMX 00IACTAX MAIIMHOOYAyBaHHS;

— Ha OCHOBI CTBOPEHOI Ha 0a3zl HEHPOMEpPEKeBOI Mojell OaraToKpuTepiaabHOT
ONTHMI3aIii TPoIecy YOPHOBOI OOpOOKM neranedl po3poOseHi peKoMeHmamii s
MPU3HAYCHHS PaIliOHATBHUX PEKUMIB PI3aHHS MPH eKCIUTyaTarlii CTymiHYacTUX 301pHUX
PI31IB, SIKi JO3BOJISIOTH CYTTEBO MABUIIUTH MPOIYKTUBHICTH YOPHOBOI 00pOOKH AeTaneil 3
BEJIMKUMU TIepepi3aMHu 3pi3yBaHOTO IMapy 1 3a0e3MeunuTH ONTUMAIbHY CTIHKICTh
THCTPYMEHTY.

Pesynbratu poOOTH BIIPOBAKEHI:

— TIpAT «HoBokpamMaTopchkuil MaliMHOOYIIBHUM 3aBOJ» 3 PIYHUM €KOHOMIYHUM
edexrom 42500 rpH.;

— TIpAT «Kpamatopcbkuii 3aBojJ Ba)KKOTO BEPCTATOOYAYBaHHS» 3 OYIKYBAaHUM
ekoHOMIuHUM edextom 32700 rpH.;

— Yy HaBYaJIbHOMY Iporieci JJoHOachKoi AepKaBHOT MAIIMHOOY/IIBHOI akajaeMii (M.
Kpamaropcbk)

OcoOucTuii BHecoK 3100yBada. YCi HayKOBI pPe3yJlbTaTH OTPUMaHl1 37100yBadyem
caMOCTitHO. 3/100yBau 371MCHUB HAyKOBE OOIPYHTYBaHHS pO3pOOOK B cdepi CTBOPEHHS
30IpHUX CTYNIHYaCTUX PI3LIB i YOPHOBOIO TOYIHHA MpPHU 3HATTI BEJIMKHX NEpepi3iB
3p13yBaHOIrO IIapy, 110 3a0e3neuye BUPIIICHHS BaXKIMBOI IPUKIIAIHOT 3a4a41 — M1 IBUIIICHHS
edeKTUBHOCTI OOpOOKM Ha BaXKKMX TOKApHUX BepcTartax. [locTaHoBKa 3amay 1 aHami3
HAayKOBUX pE3yJIbTaTIB BUKOHAHI pa30oM 3 HAayKOBUM KEpPIBHUKOM 1 YacTKOBO 31
CIIBaBTOpaMH IyOJTiKaIlii.

Anpobania pesyiabrartiB aucepranii. OCHOBHI MOJIOXKEHHS 1 Pe3yJlbTaTH PoOOTH
JIOTIOB1IANIMCSA Ta 0OTOBOPIOBAJIMCS HAa 6 HAYKOBHX MIDKHAPOJHUX KOH(DEPEHIIX, Y TOMY
yucial Ha MbKHapogHux: XV MDKHapoJHIH HAayKOBO—TEXHIUHIN KoH(pepeHuli «Baxke
MamHoOyayBaHHs. [Ipobnemu Ta nepcnekTuBu po3BUTKY». (M. Kpamaropcrk, 2017 p.),
XVI MixHaponHiii HayKOBO—TeXHIUHIM KoH(epeHIii «Baxke wmammHOOymyBaHHS.
[Ipobnemu Ta mepcriekTuBU po3BUTKY» (M. Kpamatopcek, 2018 p.), XVII MixHapoaHii
HAyKOBO—TEXHIYHIN KOHepeHIT «Baxke mammuoOynyBanus. [Ipo6iemu ta nepcrnekTuBu
po3BuTky» (M. Kpamatopcbk, 2019 p.),XVIII BceykpaiHChKiii MOJOADKHIA HAyKOBO—
TexXHIYHIN KoHpepeHIli «MamuHoOynyBaHHs YKpaiHUu O4MMa MOJIOJIUX: MTPOTPECUBHI 111
— Hayka — BUpoOHUITBO» (M. KpamaTtopcbk, 2018 p.)

IMy6aikanii. OcHOBHI TOJIOXKEHHS 1 pe3ylnbTaTu aucepTamii omybmikoBani y 20
HAyKOBUX po0OOTax, 3 HUX: | CTaTTs y BUIAHHSX, BKIIOYEHUX Y MIKHAPOJHI HAYKOBO—
MeTpHU4HI 0a3u; 4 CTaTTl y HAyKOBUX (paxoBux BUAaHHSX, 11 —y 30ipHUKAX T€3 JOMOBIIEH;
4 maTeHTax.

Crpykrypa i o0car gucepraiii. Jlucepraiiiina podora BukiajaeHa Ha 184 cropinkax
JTPYKOBAHOTO TEKCTY, CKIAMA€ThCA 3 aHOTaIlli JBOMAa MOBaMH, BCTYMy, 5 PO3MILIIB,
3arajJbHUX BUCHOBKIB, CIUCKY BUKOPUCTaHUX JKepen Ta 3 noaaTkis. PoboTa i1tocTpoBaHa
22 Ttabmuisamu Ta 67 pucynkamu. CHIHCOK BHKOPUCTAHHUX JDKEpen MICTUTh 134
HalMEHYBaHHs.



5
OCHOBHMUM 3MICT POBOTH

¥ BeTyni 0OOrpyHTOBAHO aKTyalbHICTh TEMH JUCEPTAIIHHOT pOOOTH, BUSHAYAETHCS
HAyKOBa HOBM3HA, TECOPETHYHA 1 MPAKTUYHA I[IHHICTh OTPUMAHUX PE3YIbTATIB TOCHTIKECHb
1 IPUBOJIUTHCH 11 aHOTAITIs.

Y mnepumioMy po3aini HAaBOAWTHCS JETANBHUN aHa3 MPOBEICHUX JOCIIHKCHb
KOHCTPYKIII Ba)XKOHAaBAaHTAXKCHUX 301pHUX pI3IIB I BAXKUX TOKAPHUX BEPCTATIB,
OI[IHKKM TOKAa3HUKIB IXHBOI HAJIHHOCTI, ONTHUMI3AIIHHUX METOMIB BHU3HAYCHHS
palioHaJbHUX PEKUMIB pizaHH. OKpeMUMHU pobiieMaMu MPOIECiB MEXaHIuHOT 00pOOKH,
KOHCTPYKIIISIMA Pi3aJIbHUX 1HCTPYMEHTIB 3aWMaJIMCs JTOCTITHUKH, IO BHECIH BEIUKUN
BHECOK Yy PO3BUTOK TEOpii pi3aHHS MarepiaiiB, IPOEKTyBaHHS pi3aJbHUX 1HCTPYMEHTIB,
bopMOYTBOpEHHSI ~ TeXHOJOriYHUX cucteM. Jlo HuX BigHocathes: Agnam S.1.,
Antontok B.C., bo6pos B.®., Bacunbsuenko f.B., I'paduenko A.l., I'panoBcbkuii I'.1.,
3anora B.O., 3opeB M.M., Ka6anain FO.I'., Kapnycs B.E., Kaprok I'.'M., Knumenxo I'.I1.,
KoBanwsoB B.J[., Kosanescekuii C.B., Ky3nenos FO.M., Jle6igs B.T., Jlonanze T.M.,
Mazyp M.II., Makapos B./I., Muponenko E.B., Ocrad’es B.O., Ilepmsakos O.A.,
[Terpakos FO.B., [Tonypaes B.M., Pascska H.C., Puxos 2.B. Ponin I1.P.,
Pozen6epr O.0., Crpyrtuncbkuii B.b., Temuun I'.I., Tumodeen 10.B., Illenxosoit A.H.
V3ynsa M., Xaer I'.JI., SIkumos O.B. Ta iH.

IIpu 4yopHOBIi 00pOOII BUHUKAIOTh BEIMKI cuiv pizanHs Big 2 ao 150 kH., mo
CYTTE€BO BIUIMBA€E HAa MIIHICTh Ta JUHAMIYHI TMOKAa3HUKHU PI3AIBHOTO 1HCTPYMEHTY.
[ToTyXHICTb, sIKa BUTPAYAETHCS MPU YOPHOB1 00pOO1Il HAa BAKKUX BEpCTaTax, 3HAXOJUThHCS
B Mexax Big 10 go 100 kBt. Ha yopHOBY 00poOKy BUTpadaeTbcs 3HayHA KUIBKICTh
TBEPAOIo CIulaBy, npuuomy, A0 90% pi3aJibHUX I1HCTPYMEHTIB BUXOAWTH 3 Jaay B
pe3yJibTaTi pyHHYBaHHS Ta HEPIBHOMIPHOTO 3HOIIIYBaHHS (puc. 1).

BuBueHHI0O KOJMBaHb CHCTEMH BEpPCTaT—IHCTPYMEHT—JETallb, iX BIUIUB Ha
TEXHOJIOTIYHI XapaKTEPUCTUKHU MPOLECY MEXAHIYHOI OOpOOKM TMPHUCBSIYEHO 3HAYHA
KUIBKICTh TEOPETUYHHX Ta EKCHepUMEHTAIbHUX poOiT BueHumu Kamincbkoro B.B.,
Kammpinum A.l., KosansoBum B.Jl., KyninoBum B.A., Kyumoro JL.LK., Mankiaum A 4.,
Muponenko €.B., [Tonypaesum B.H. Ta in.

3actocyBaHHA 301pHUX 1HCTPYMEHTIB MOTPeOye pO3pOOKH HOBUX KOHCTPYKTHUBHHUX
pllIeHb, MAaTEMAaTUYHUX MOJENIEH 3 ypaXyBaHHAM KOMIUIEKCHUX MOKA3HUKIB HAIIHHOCTI.
CraTtucTUYH1 TOCHTIIPKEHHS TTapaMeTpiB YOPHOBOT 0OpOOKH JeTanell Ha BaKKUX TOKaApPHHUX
BepcTaTax J03BOJIMIIO BCTAHOBUTH HAHO1IbIL MOMIKMPEH] YMOBHU €KCILTyaTallil IHCTPYMEHTY.
Hoseneno, mo 70% omepamiii CcKjIajgae TOB3JOBXKHE OOTOYYBaHHS  JeTalied
TBEPIOCIUIABHUM 1HCTpyMEHTOM. Bci mapaMerpu ekcrutyaTallii IHCTpyMEHTY Ha YOPHOBHX
omeparlisix MalTh BEJIUKE pPO3CIIOBaHHS, L0 MIATBEPIKYE HEOOXITHICTh BpPaXyBaHHS
CTOXaCTHUYHOTO XapaKTepy Mpollecy Ha eKCIUTyaTalliifHi MOKa3HUKH 301pHUX PI31iB.

Bci 111 yuHHUKY BU3HAYMIIN OCHOBHI 33141 HAYKOBOT'O JTOCIIIKCHHS.



Pucynok 1 — YopHoBa o0po0OKa aeTasi Ha BAXKKOMY TOKapHOMY BepCTaTi

Y apyromy po3aiji y BiITOBIHOCTI 10 TOCTAaBJICHUX 3aBJaHHSIMH JOCHIHKEHb BCS
poOoTa Oyra po30uTa Ha eTanu, sIKi MPeCTaBIICHI Ha PHC. 2 Y BUTIISII CTPYKTYPHOJIOTIYHOT
CXeMHU pOOOTH.

BHEYeHHA YMOB eKCIUTyaTail pi3Iie
oA 4opHOBO1 0GpodKH netaneit
Ha BAKKHX BepcTarax

v

Po3polka KOHCTPYKIIl

CTYIIHYACTHX 20ipHUX pizLiB
v

AmHarniz BIUIMBY elleMeHTIE PEeXXHMY PizaHHA

Ha MIIHICTE CTYMHYACTHX 30IpHIX pi3lie

{

Po3po0ka Mozeni Ta TOCHiKeHHA
MMHAMIYHOTO CTaHy CTYIIHYacTHX
pi3iB

{E

Pozpo0ka pekoMeHaLiil 110 ed)eKTHEHII
eKCIUTyaTamil CTYMHIaCTHX 30ipHHX PI3IiB

Pucynok 2 — CTpykTypa METOAMKY JTOCIHIIKEHb

OnHuM 3 HAUOLIBII MOMTMPEHUX METO/IIB YpaxXyBaHHs HaNpy>KeHO—1e(popMOBaHOTO
CTaHy pi3ajbHUX TUTACTHH 30IpHUX PI3lliB € MeToa cKinueHHuX enemeHTiB (MKE), skuii
OyJo TPUUHATO SK OCHOBHHM ISl MaTeMaTUYHOTO MOJICIIOBAHHS W OOYMCICHHS TpH
PO3paxyHKY TOYHOCTI JieopMaliiii KOHCTPYKTUBHUX €JEMEHTIB PI3LiB.
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36ip cTaTucTUYHOI 1HGOpMAILIi TTPO AeTasl, TEXHOJIOTIYHI ONeparlii 1 peKuMH pi3aHHs
3MIACHIOBABCSI METOJAaMU MUTTEBUX Ta TPUBAIUX CIIOCTEpeXeHb. B  meromwuii
CTaTUCTHUYHUX JOCTI/UKEeHb YMOB €KCIUTyaTalii pi3ajJbHOTO iHCTPYMEHTY Ha Ba)KKHX
BepcTarax mepeadayeHo Ha OCHOBI CTBOPEHOI 0a3u 3HAaHb BUKOPUCTAHHS METO/IB
MaTeMaTUYHOI CTaTHCTUKU 3AIMCHIOBATH TPYMYBaHHS JaHUX 32 33/JaHOI0 O3HAKOIO,
BCTAHOBIIIOBATH MapaMeTPH 3aKOHIB PO3MOJLIY MapameTpiB, 3MIHCHIOBATH PErpeCciitHmiA 1
KOpEJSIIMHUN aHaji3 JTaHWX, BUSABIATH CTPYKTYPY BIIMOB 1HCTPYMEHTY, ONTHMIi3yBaTH
pPeXKMMHU pi3aHHS Ta BHU3HAYaTH KpHUTEpli €(EeKTUBHOCTI MPOIECY HYOPHOBOI 0OPOOKHU
301pHUMH PI3LSAMHU.

Y TpeTrboMy PO3AiJi pO3TISIHYTO CTPYKTYPY BiJIMOBJIEHb TEXHOJIOTIYHOI CUCTEMH i
BUSIBJICH] NUISIXW MiJBUINEHHS i1 HaAIMHOCTI. Y pe3ynbTaTi aHamidy CTaHy MEXaHIYHOl
00pOOKM Ha Ba)XXKHUX TOKAPHHUX BepcTarax OyJIO BHUSBJICHO, IO OJHIET 3 HAMBaXIUBIIMINX
0C00JIMBOCTEH 0OPOOKHM 3aTOTOBOK € IMIMPOKUH Jiania30H MPUITYCKY 3 KIPKOIO, IKUI ToCsTrae
(40...70) MM 3 3HaYyHHM #Oro KoNHMBaHHSAM. Ha mepiromy mpoxoii MIMpHHA IIapy, IO
3pi3yerhes, gocsrae (40...45) MM, 1 SK TpaBHIO, YOPHOBA OOpOOKA BUKOHYETHCS THM
CaMUM pi3IeM 3 TOBXHHOIO Pi3ajbHOI Kpalku, sika JopiBHIOE 50 MM.

[Tonaya, 1110 3aCTOCOBYETHCS TPU HOPHOBI1M 0OPOOIIl TBEPAUM CILIIABOM, 3HAXOUTHCS

B OCHOBHOMY y Mexax 0,6 ... 1,2 mm/00. Yactime BChOTO mojayl HE MEPEBULIYIOTh
1,5mMm/06. Cepennst BemuuwMHa Iogadi ckiagae Ha Bepcratax Dp=(1250...1600)mm —
1,1mm/06, Ha Bepctatax De=(2000...3200)mm — 1,2 mm/00. 1 Ha BepcTaTax 3

Do=(4000...5000)mm — 1,0MM/00. Taka pi3HUIS Y BETUUKHI TTOAA4] MOSCHIOETHCS THM, IO
Ha BepcTaTax Dp=2000...3200 MM 06poOnst0TECS OLIBII MAaCHBHI 1 )KOPCTKI JIETAaI.
Po3rasiHyTi nUTaHHS MiABUILIEHHS MIMHOCTI IHCTPYMEHTY Il YOPHOBOI 0OpOOKH 3
BEJIMKUMU Tepepi3aMu 3pi3yBaHOro UIapy JeTajled Ha BaXKUX BepCcTaTax IUIIXOM
PO3pOOKH HOBO1 CTYITIHYACTOT CXEMHU P13aHHA 301pHUMU Pi3LUAMH Ta BIJOCKOHAJIECHHS BY3JIIB
KPIMJICHHS CIIEIaTbHUX PI3AIbHUX TJIACTHH 13 YCTYTIOM 3a IOMIOMOTOI0 TIPUXOTUTIOBAyYa.
Oco0MBICTh KOHCTPYKTUBHOI CXEMH TOJIATA€ B TOMY, IO pi3aJibHI IMJIACTUHU 3
PI3HUMH KyTaMU B TUTaH1 PO3MIMIYIOTHCS CTYMIHYACTO B IBOX MEPETUHAX: B TOPU3OHTAIBHIN
(puc. 3a) Ta TaHreHuiabHIN (puc.30) MIOMMHAX TaKUM YMHOM, IO HAIMpPSMKU Kpailok

pI3aJIbHUX JIe3 € MUMOODKHUMHU B mpocTtopl. KyT B miiaHi @0 pi3aibHOi MJIACTUHU IS

00pOOKHM 30BHIIIHBOTO IIapy MPHUIYCKY BUKOHAHMN MEHLIMM KyTa B IUIaHI @ pi3aibHOI

IUIACTUHU [T OOpOOKM  BHYTPIMIHBOTO  IMapy mpumnycky. KOHCTpYKTHBHUMU
0COOJIMBOCTSIMU PO3MIILIEHHS B TAHT€HUIAJbHIN TUIONIMHI MEPEAHIX TOBEPXOHb PI3AIbHUX
IUTACTHH CTYMIHYACTOI CXEMHU pI3aHHS € Te, 0 pi3ajbHe JIe30 MIacTUHU 1, sika 00polItoe
30BHIIITHIO MOBEPXHIO MPHUITYCKY, 3HAXOIUTHCS HaJ Pi3aIbHUM JIE30M ITUTACTHHU 2, sKa
00po0I0€ BHYTpIIIHIN 1map npumycky (puc.30). [lpu nupomy BepiimHa 3 pi3ajabHOTO Jie3a
IJIACTUHM, SIKa 0OpOOIIIOE 30BHIIIHIA 1Iap MPUIYCKY B HAMPSMKY MOJa4i, po3MillleHa 3a
Kpailkolo 4 pi3aJIbHOTO Jie3a IUIACTHHM, sIKa O0OpOOJII0E BHYTPILIHIO TMOBEPXHIO
npunycky(puc. 3).

HoBe KOHCTpYKTHBHE PO3MIIICHHS Pi3aIbHUX JIe3 T03BOJISIE 00OPOOIIIOBATH MPUITYCK
M0 CTYIIHYACTIA CXeMi 3 3aCTOCYBaHHSM B TIPOIIECI pi3aHHS TUIBKK OJIHIET Pi3alibHOT
BEPIIMHY IUIACTUHU P31, sika 00p00JII0€ BHYTPIIIHIO MOBEPXHIO MPUITYCKY 3arOTOBKU 0€3
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nepepuBiB npoiiecy 00pooku. [Iporec pizaHHs TIaCTUHU, siKa 0OPOOITIOE 30BHINIHIN IIap
IPUITYCKY, BUKOHYETHCS 32 CXEMOIO BUIHHOTO Pi3aHHS, 10 3HAYHO IMiJIBUIIYE Ti CTIHKICTD
3a paxyHOK BIJCYTHOCTI pOOOTHM BEpIIMHHM IUIACTUHU MPHU Pi3aHHI 3 TEPEpUBYATOIO
00pOOKOTO 3arOTOBKH 3 KipKOIO.

)

Pucynok 3 — KoHcTpyKIlis cTymiHYACcTOro 301pHOTO Pi3Is
a) — BUJI Pi3Ls B IUIaHi, 0) — BUJ 3 3aHBOI IIOBEPXHI

3 MeTor0 BHUOOpY 0a30BOro By3ida KpIIUICHHS Pi3ajbHOI IUIACTUHU 3 YCTYIIOM
MPOBEICHUI aHali3 CTAaTUCTUYHUX JaHUX BUPOOHUYMX JIOCTI/KEHb IO TOKa3HUKaM
0€3BiIMOBHOCTI 30ipHUX pi3MiB 3 BUcOTO0 H=50 MM 3 pisHMMH cXxemamu 0a3yBaHHS I10
yrnopHiid moBepxHi (puc. 4). BupoOuuui gocnimkenas Oynu npoBeaeHi B ymoBax [TAO
HKM3 nipu 9opHOBIi# 00poOI1i 3ar0TOBOK 13 cTanei 45, 9Xd, 38X2H2MA (kipka, oKaJInHa,
HEPIBHOMIpHUI npunyck). Pexxumu pizanns: rimmbuna pizanss t = (10...18) mm, mogaya S
=(0,8...1,5) Mm/00; mBUAKICTH pizaHHsg L = (50...70) M/XB.

a) 0)

Pucynok 4 — Cxemu 0a3yBaHHS pi3ajbHHUX IUIACTUH 1O YIIOPHIM MOBEPXHI:
a) — 0a3yBaHHs P13aJIbHOT TUIACTUHHU 10 HYOKHIN YIIOPHI MOBEPXHI NPUXOIUIIOBAYa;
0) — 6a3yBaHHs pi3aJIbHOI INIACTHUHU IO BEPXHIN YIOPHIM MOBEPXHI MPUXOILITIOBaYA

Ha pucynky 5 npuBeeHi XapakTepruCTUKH HAAIHHOCTI CTYMHYACTUX 301pHUX Pi31IiB,
OTpPHMaHI €KCIepUMEHTaNbHO, a came f(7) — IIiIBHICTE IMOBIPHOCTI PO3MOALIY MEpioay
criikocti (puc. 5a), A(7) — iHTEHCHBHICTH BimMOB (puc. 50) Ta P(7) — iMOBIpHICTB
0e3BiAMOBHOI pobotu (puc. 5B). IlepeBipka BIANOBIAHOCTI CTATUCTUYHOTO PO3MOJILITY
CTIMKOCTI TeOopeTUYHOMY, TIpoBejieHa 3a kputepieM Ilipcona ta Konmoropona, mokaszana
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BUCOKHU CTYIIHb BIJMOBIJTHOCTI IUX PO3MOALIIB — PO3PaXyHKOBI 3HAYEHHS KPHUTEPIIO
[Tipcona menme tabmmuanx (1,42...3,29 < 9,21...11,34 npu piBHI 3HAYUMOCTI OLTBIIIE
0,01); 3a kputepiem KoamoropoBa CTaTUCTUYHI Ta TEOPETUYHI PO3IMOIIIN 3HAXOAATHCS B
30H1 BiporiguaocTi 0,97...1,0.

fr) At/
0.04 0.04
0.02 0.02
0 10 20 30 40 T, xe 0
Pr)
0,04
0.02
0 10 20 30 40 T, xe

Pucynok 5 — Xapakrepuctuku 6€3B1IMOBHOCTI 301pHUX Pi311iB (JJOMaHa JIHIS —
CTAaTUCTUYHA OLIHKA, CYL1JIbHA — TEOPETUYHE 3HAYCHHS)
a) — 0a3zyBaHHs Pi3aJIbHOT TUIACTUHHU 110 HIDKHIHN YITOPHIM MOBEPXHI MPUXOIUTIOBAYA;
0) — 6a3yBaHHS pi3aJbHOI MJIACTUHU 10 BEPXHIN YIOPHINA MOBEPXHI MPUXOILTIOBAYA

JUist  mOCHiJDKEHHST Hampy»XeHO—/1e(OpMOBAaHOTO CTaHy pi3ajbHUX I[LJIACTHH
CTYMIHYACTOTO Pi31s 32CTOCOBAHUI METOJ] CKIHUEHUX €JIEMEHTIB, pO3paXyHKH BUKOHYBAJIU
B IiporpaMHuX cepenopuiax Cosmos Works, Ansys.

Ha pucynky 6 mnpuBeneHi pO3MOJLIM HANpYXEHb y PI3aJbHUX IJIACTUHAX IS
KOHCTPYKTHUBHHUX CXEM BY3JI1B KPITJICHHS 3 YCTYIIOM 32 JIOITOMOTO0 MPUXOTUTIOBAYiB PI3HUX
CTYTIEHIB 301pHOTO Pi3IIs.

3a pe3yapTaTaMu  JOCHIJKEHb  HANpPYyKEHO—AE(POPMOBAHOIO CTaHy PI3LIB
BCTAHOBJICHO, 1110 HOPMAaJIbHI HAMPYKEHHS Yy IUIACTHHI, sKa 00poOIt0€ 30BHIMIHIN Tap
OPUIYCKY B HANpsIMKY Mojadi, 3MEHIIYIThcs Ha 20 % y NOpIBHSHHI 3 TPaguliiHOIO
CTYMIHYACTOI0 CXEMOIO pi3aHHS 3 JBOMA BEpIIMHAMH. Take KOHCTPYKTHUBHE PIIICHHS
PO3MIIIEHHS IJIACTUH JIO3BOJISIE 3MEHIIIUTU KIJIBKICTh BIZIMOB y BUTJISIAL 1X pyiHAIII].



a) 0)
Pucynok 6 — Po3noain HanpyKeHb y pi3adbHUX MJIACTHHAX:
a) — IJIACTHHI, sIka 00pOO0II0€ BHYTPIIIHIN IIap MPHUITYCKY;

0) — macTHHi, sika 00poOII0E 30BHIMIHIN HIAp MPUITYCKY

Ha pucyHky 7 mokazaHa KOHCTPYKIIi pi3ajIbHOT YACTHHH CTYIIHYACTOTO PI3IIs.

Pucynoxk 7 — Pi3anpHa yacTuHa CTyImiHYATOTO 301pHOTO Pi3LIs

Y derBepTOoMy po3aidi Mg AOCHIHKEHHS, PO3pPaxXyHKY Ta aHajidy JUHAMIYHHUX
SBUII MpPHU pi3aHHI 30IpHUMHU CTYMIHYACTHUMH PI3LSIMU 3alpONOHOBaHA BJIOCKOHAJEHA
CTPYKTypHa MOJieJb JMHAMIYHOI CHCTEMHU BepcTarta, 110 BKIIOYae B ceOe JBa IpPOLECH
pi3aHHS JABOMa pi3albHUMHU IIacTUHaMU. CTPyKTypHa MOJENb AWHAMIYHOI CHCTEMU
IpE/ICTaBIICHAa HAa PUCYHKY 8.

VY mpencraBieHiii Ha pUCYHKY 8 CTPYKTYpHIH Mojeni MNPUHHATI HACTyIHI
MO3HAYCHHS:

— ao, Dp — MOYATKOBI TOBIMHA Ta IIMPHHA IIIAPY, IO 3PI3YETHCS;

— Kab — KoeiItieHT, 1110 BU3HaYa€ 3MEHIIICHHS TOBIIUMHY Ta IUPUHU IIaPY, 3p13YETHCS
JPYTOI0 TUTACTUHOIO IHCTPYMEHTA,;

—W1,,(s), W2,,(S) — mpouiecu pi3anHs;
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W,ep(S) — mepenaBanbHa (yHKIis ekBiBajeHTHOI mnpyxHoi cuctemu (EIIC)
BEpCTAaTa;

— exp (-S7) — da3oBa xapaKTEpPUCTUKA MPOIIECY Pi3aHHS;

— v1(7),y2(7) — npyxHi nepemimieHHs, o BuHUKawTh B EIIC Bepcrara Ta mpyxHi
NIEpEeMIIlIeHHS, III0 BUHUKAIOTh B HACTIIOK PyXy iHCTPYMEHTY IO CJiIy BiJl MONEPEIHHOTO
IPOXO.Y;

— Xieuy X26x — 3OBHIIIHI BIUTMBM HA TEXHOJOTIYHY CHCTEMY, IOB'Si3aH1 3 HASBHICTIO
BUITAJIKOBUX 1 CHCTEMaTUYHUX MTOXUOOK.

> Wgep(s) S *
yi(z) v
PP exp(- sTo)
lXZGH
P1(z) ya(t) .
Wlnp(S) <

W2,,,(s) <—®<' Kab bo, ao

Pucynox 8 — CTpykTypHa MOACIb TUHAMIYHOT CUCTEMH 31 30ipHUM
THCTPYMEHTOM JIJI1 BAXKKUX BEPCTATIB

Oco0MBICTIO 3aMPONOHOBAHOI CTPYKTYPHOI MOJIENIl € HasiBHICTh JBOX MPOIECIB
pi3aHHS 3 PI3HUMHU CXEMaMM HABAaHTAKEHHS Jie3a TUIacTUH. Taka CTpyKTypa T03BOJISIE
pO3IMJISIIaTH KOJMBAHHA €JIEMEHTIB TEXHOJOTTYHOI CHUCTEMH IPHU Pi3aHHI CTYMIHYACTUMHU
pI3IsIMU.

Po3paxyHkoBa cxeMa mpe/cTaBlieHa Ha pUCYHKY 9 onucye BUNAAOK CTYINIHYACTOTO
PI31Is 3 OTHOBEPIITMHHOIO CXEMOIO P13aHHS.

JUiss  po3poOKKM  pO3paxyHKOBOi ~ CXEMH  BHUKOPUCTOBYBAJIHMCS  PE3YJIbTATH
EKCIEPUMEHTALHUX JOCHIIPKEHb Ta JIOMYIICHHS:

— TEXHOJIOTIYHA CHCTEMa pO3TISJAEThCS SK 3aMKHYTa MPOIECOM Ppi3aHHSA
CYKYITHICTh €JIEMEHTIB 13 30CEpPE/PKEHUMH MacamH, 3'€IHAHUMHU MK COOO0 JIHIHHUMU
MPY>KHUMH 1 TUCUTIATUBHUMH 3B'SI3KAMU;

— BC1 MpYyXH1 JedopMmariii 1 mepeMilleHHs] eIEMEHTIB TEXHOJIOTYHOT CUCTEMH,
[0 BUHUKAIOTh TIPU Jii CKJIaN0BUX CUIM pizanHs PX, Py, Pz, BinOyBaloThcs B MpyKHUX
eJIEeMEHTaX CUCTEMU;

— 3 ypaxyBaHHSIM MacH 1 rabapuTiB 00poOJIFOBAHOI I€TaTl, SIK1 PO3IIISIIAIOTHCS K
a0COJIOTHO YKOPCTKI €JIEMEHTH TEXHOJIOTIYHOI CUCTEMH;
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— CTYHIHYACTHI 30ipHUH pi3elb PO3IIIAAAETHCS SIK CUCTEMA, 10 CKIIAZIA€THCS 3
KOPITyCY, SIKMi MICTUTh JIB1 pi3aJibH1 TUIACTUHU, KOKHA 3 IKUX BUKOHYE MPOIEC PI3aHHS 31
CBOE€I0 TJIMOMHOIO Pi3aHHS.

B Df\ ﬂelrua;m..
; obpomnseThCA
i MIN_ L
o Plv(t)
L e Dv
' P2vi1)

CTYIHHYaCTHI
301prngi
pizelk

——> (1)

CVMOpT 3 C, ? K. ¥(7)
HABEICHOIO

i
MACOK M Y

Pucynox 9 — Po3paxyHkoBa cxema TEXHOJIOTIYHOI CHCTEMH Ba)KKOTO TOKapHOTO
BepcTara rnpu 00poOIli 3a OTHOBEPIIMHHOKO CTYMIHYACTOIO CXEMOIO Pi3aHHS.

ITepeBipka ageKkBaTHOCTI 3aIIPONIOHOBAHOT MO/IEJ1 TEXHOJIOTIYHOI CUCTEMH Ba)KKOTO
TOKapHOTO BepcTaTa MpHU pi3aHHI CTYMIHYACTHUMH PI3IIMU TMPOBOAWIACA IUISTXOM
MOPIBHSHHS PO3PaXyHKOBUX 3HA4Y€Hb aMIUTITYZ KOJMBAHHS IHCTPYMEHTY, OTPUMaHUX 32
JIOTIOMOT'OI0 MOJIEJIl Ta PE3YJbTATIB €KCIEPUMEHTAIBHUX JOCIIKEHb KOJUBAaHb 301pHUX
BIJIPI3HUX PI3IIiB.

ExcniepuMeHTanbH1 JOCHIKEHHSI TUHAMIYHUX XAPAKTEPUCTUK 301pHUX BIAPIZHUX
pi3liB MPOBOAWIM Ha BepcTari Moa. 164 mpu momepedyHoMy TOYiHHI, 30KpeMa, IMpu
NpOpi3aHHI KaHABOK Bipi3HUM pisiieM b = 12 mwm. [Ipeamerom nociimkeHb Oyiu 4acTora i
aMIUTITY/la KOJIUBaHb PI3IiB B 3aJIKHOCTI BiJl €JIEMEHTIB PEXKUMY pi3aHHA. BuMiproBaHHS
napaMeTpiB KoJIMBaHb 30ipHOTO pi3lsg 2 mpu oOpoOili 3arotroBKkd | BUKOHYBaJIM B
TaHTEHIIIAJTLHOMY Ta paJiaibHOMY HAMNpsSMKax 3a JIOMOMOTOI0 aTYMKIB MPUCKOPEHHS 4
tuty I1-5C-100, 5 AI13, ycTtanoBneHux Ha pi3ii 2 1 3’€IHaHUX 3 BiIOpOoBUMIpIOBaueM 3
(puc. 10). YMoBM npoBeieHHS JOCIIKEHb TPUBEACH] y Tabsui 1.



Pucynox 10 — Komruieke 1uist eKCiepuMEHTATBHIX JOCIIKCHB

Tabmums 1 — YMoBH poBeACHHS TOCTIKCHb TUHAMIYHUX XapaKTEPUCTHK 301pHOTO

pi3is
Ne | 3aroroBka OOmagnaHus t,MM | S, MM/00 | V, M/XB
1 | Cranms 40XHMA, Bepcrar Tokapao— | 12 0,10 14
2 | kpyr D250 mwm, IBUHTOPI3HUH, 12 0,14 22
3 | 6 =980 MIla, HB285 |Mox. 164 12 0,19 34

Ha pucynky 11 naBefeH1 pe3ysibTaT po3paxyHKy aMILUTITYIU KOJMBAaHb IHCTPYMEHTY
IIPY IPOPI3aHHI KAHABOK 301pHUM BIJPI3HUM Pi31EM Y 3aJICKHOCTI B/ T10/1a41 IHCTPYMEHTY,
K1 OTPUMaHI 3a JOMOMOTOI0 3alpPONOHOBAHOI MOJIEIN TEXHOJIOTIYHOI CUCTEMU Ba)KKOTO
TOKapHOTO BepcTaTa.

MakcumanbHa moxuoka Moeni He nepesutrye 12 %.

YMOBHU aHaMITUYHUX JOCHIKEHb TUHAMIYHUX XapaKTEPUCTUK 301pHHUX PI3LIB MpH
00poOIIl AeTanel Ha BaXKKMX BepcTarax: BepcraT Moa. 1A665; miamerp aeram, M0
00pobseTses D = 650 mm; gopxkuaa 00poOku L = 650 mm; matepian aetam 90XD, G, =
850 MlIla, HB = 240; 3aroroBka — mokoBka. [l BpaxyBaHHS BIUIMBY HA BEIUYUHY
CKJIAJIOBUX CUJIM DPi3aHHA (PI3MKO—MEXaHIYHUX BJIACTUBOCTEH Marepiany, T€OMETPUYHHUX
napaMeTpiB IHCTPYMEHTY Ta IIBHJKOCTI p13aHHs, pO3paxoBaHl MUTOMI CHIIM pi3aHHA Ky,
Koy, Kpx 1011 yMOB 00p0OKH, sIK1 HaBeleH1 y TadyuLl 2.
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0,075 01 0,125 015 0,175 5.mm/ob
Pucynox 11 — 3anexHicTh aMIUTITY/IM KOJMBaHb BiJI 10ja4i B 00J1aCTi HU3bKUX YacTOT
301pHUM BIJIPI3HUM PI3IEM: CYIIJIbHI — EKCIIEPUMEHT, IITPUXOBI — PO3PaXyHOK

(1- V=34 m/xB, 2— V=22 m/xB, 3— V=14 M/XB)

Tabnuusg 2 — Pesxxumu pizands 0OpoOKH JIeTail Ta po3paxyHKOBI CHIIA Pi3aHHS

t,mm | S, MM/00 | V, M/XB Ii\]]; Pz, H Py, H Px, H
30 0,9 54 55 56358 19725 25361

PesynbTaTn MopentOBaHHS Tpollecy OOPOOKH pi3LsSMU 3 OJHIEI Pi3aIbHOIO
IUTACTUHOIO 1 CTYMIHYACTUM PI31IEeM, IO MPAIIO€ 32 OJJHOBEPIIMHHOIO CXEMOIO Y BUTIISII
pPO3paxyHKOBHUX BIOporpaM Ta aMIUIITyJHO—YAaCTOTHUX XapaKTEPUCTUK TEXHOJOTI4YHOI
CHUCTEMH BaXKKOTO TOKapHOTO BepcTaTa, OTpUMMaHUX 3a gornomororo «Linear Analysis Tooly,
Ipe/CcTaBlIeHl B Ta0IuII 3.

Tabmuus 3 — AGCONIOTHI 3HaYEHHS aMILTITY 1 KOJUBaHb MpU 00poO1i aeTati
3BUYANMHHUM Ta CTYINIHYACTUM Pi3LEM

AMIIIITY1a KOJIMBaHb (AMIT), MM
t,Mm | S, Mmm/00 | V, M/XB Pi3ens 3 onHIEIO CryniH4yacTui
IUTACTUHOIO pizenb
30 0,9 o4 0,108 0,027

Kpim Toro, npotiec pizaHHs CTyHiHYACTUM pi3LIEM BiJ MOYaTKy OOpOOKH 1 Jani y 4aci
XapaKTepU3yeThCsl CTAaOUIbHUMHU 3HAYEHHSMHM aMIUTITyAd KOJIWBaHb, IO CBITYUTH IIPO
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CTallIBHICTh TpOIEeCYy 3 JWHaMI4HOI TOYkW 30py. I[lomiOHa kapTuHA mpU pi3aHHI
CTYIMHYATUM PI3IEM 32 OJHOBEPIIUHHOI CXEMOIO Pi3aHHS MOSICHIOETHCS THM, IO TPHU
Takii cxemi 0OpOoOKHM KOXKHa pi3ajbHa IJIACTHHA MPAIIO€ OKPEMO Ta CKJIAJ0B1 CHIIHM Pl3aHHs
PO3MOAUIAIOTECS MK HUMH. KpiM TOro ojmHa pi3ajbHa IDIacTHHA OOpOOIIOE TIap, IO
XapaKTEPU3y€eEThCsl HEPIBHOMIPHICTIO BIJIACTUBOCTEW 1 MPUITYCKY, a Jpyra IUlacTHHA
00po0ITI0€ OLITBII PIBHOMIPHUHN MPUITYCK Ta HE «HAE» MO CIiAY MONEPEeTHBOTO IPOXOY, 110
3MEHIIIY€ piBEHb aBTOKOJIMBAHb.

Y m’aromy po3aiii po3rsimacTbes 3adada  0araTOKpUTEpiaibHOI CTOXACTHYHOL
ONTUMI3AI] PEXHUMIB pi3aHHS AN YOPHOBOI OOpPOOKM JAeTaneil Ha BaKKUX TOKApHUX
BepCTaTax 3 BEJIUKUMU MEepepizaMu 3pi3yBaHOIO IIapy CTYMIHYACTUMHU 301pHUMHU PI3ISIMHU
Ha OCHOBI BHMKOPUCTAHHS TIOPUAHOTO alTOPUTMY B3a€MOII HEUPOHHUX MEPEeK 1
T€HETUYHOTO aJTOPUTMY.

Jlna BupimeHHs 3aAadl 0araToKpUTepialbHOI ONMTHUMI3AIlll YOPHOBOTO pi3aHHS Ha
BaXXKMX TOKapHUX BepcTaTrax chopMOBaHa cxema IpeIMeTHOI 00JacTi, sika MpeacTaBieHa
Ha pucyHky 13. Llg cxema Bkitoyae B ceOe mapamMeTpu €JIEMEHTIB, sIKI HEOOXiaHI s
BUPILIEHHS ONTUMI3aLIMHOI 3a/1a4l.

Jist BuOopy e(heKTUBHUX PEXKUMIB pi3aHHS HEOOX1JIHI BIJOMOCTI TPO JI€Tajb, sSKa
nijuisirae 0opoO1i, oONaHaHHS Ta IHCTPYMEHT, IO BUKOPUCTOBYETHCS B BIAMOBIIHIN
orepartii TeXHOJIOTIYHOTO MPOIIECY.

OCHOBHUM KpuUTEpieEM €(EKTUBHOCTI Mpolecy OOpOOKH Ha BaXXKUX TOKApHUX
BEpCTaTax 3a3BHuYail € MPOJYKTUBHICTh YOPHOBOI OOpPOOKM KOHCTPYKLIMHUX CTaneu 3
BEJIMKUMU TiepepizaMu 3pizyBaHoro mapy (puc. 12). dopmyBaHHS LITBOBOI (QYHKIIIT
IPOJYKTUBHOCTI YOPHOBOI OOPOOKH BUKOHYBAJIM 3 YPaXyBaHHIM BUTPAT IHCTPYMEHTY, IO
3aJIe’KaTh BiJl PEKUMIB Pi3aHHS.

OOmexeHHsIMU  3a7a4l ONTHMI3alli €: MIMHICTh 1 >KOPCTKICTh TEXHOJIOTTYHOL
cucteMu; e(eKTUBHA MOTYKHICTh PI3aHHS.

[IponyETHEHICTE

f
f b I+EJ[1+{ﬂ

Cl/m (0.10891“1)3”—:;;1]

I

’-\.]
-3

]

60 Iy ol < y % . Sj,l r-\‘l
Burtparmn mcTpymenTy ‘
= fo = Iln'jr‘(l_( +108 0,15 0,68
R_ET.b ol LT, fj‘p Ip D, t}p |
T t, = 1000/5V

Pucynoxk 12 — Cxema maTeMaTUyHOI MOJIEN1 MPU BU3HAYEHH] MPOJYKTUBHOCTI YHOPHOBOL
00poOKM Ha BaXKKUX BEpCTaTax
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Pucynok 13 — Cxema npenMeTHO1 00JacTi AJ11 BUKOHAHHS OaraTroKpuTepiaibHO1
ornrTuMizarii

Pesynbratu MojenioBaHHS Mpolecy OOpOOKH pI3USAMU 3 OJHIEID PI3aJIbHOIO
MJIACTUHOIO 1 CTYMIHYACTUM PI3IEM, IO MPAIIOE 32 OJJHOBEPIIMNHHOIO CXEMOI0 Y BUTJISIL
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PO3paxyHKOBHX BiOpOrpaM Ta aMIUNITyJIHO—YaCTOTHHMX XapaKTEPUCTUK TEXHOJIOTIYHOI
CHUCTEMH Ba)KKOT'0 TOKApHOT'O BepcTaTa, OTpUMaHuX 3a gonomororo «Linear Analysis Tooly,
npejcTaBiieHl B Tabui 3.

OpepxaHi B BUPOOHUYUX BUIPOOOBYBAHHSX 3aJICKHOCTI MPH YOPHOBIH 00poOIIi
30ipuumMu  pi3isiMu TSKI10  koHcTpykmiiHux cranmedt tuny 40X, 40XH, 60XIT'C
(HB 210...240) ¢ rmubunamu pizanus t = (20...30) mm, mogagamu S = (1,2...1,6) MM/00.

B meBHiii o6macTi mojad 1 MIBUAKOCTEH pi3aHHA (i1 KOHCTPYKIIMHUX CTajei
V =40...80 wm/xB) 3anexHicte 7-V B TOHBIHHIA JOorapudMiyHiil CITII Maixe
IPSIMOJIIHIIHI, aJie MOKa3HUK My, € CYTTEBO OUTBIINM, HiXK IIPU MMPOBEICHHI €KCTIEPUMEHTIB,

Ta gocsrae 3HadeHb My = 0,5...0,6, TOoMy BUKOPHUCTOBYBATH 3arajibHOMPUHHSATI (HOpMYIIH,

TUM Ounbire npu My=0,25 He MPUITYCTUMO.
Bigznaummo, 1m0 B 30HI MalMX IIBUAKOCTEH HE TIIBKH 30UIBIIYETHCS YaCTKa
3pyHHOBaHUX PI3IIB, a i1 3pocTae KoedilieHT Bapiallii nepioy CTiikocTi (puc. 14).

Wr,
d

0.3

\
0.7 |

2
0.6 T~
: i~ :3{
“\ﬁ y 1 \k
s 3\;“-“1“
i o
0.4
03 |
20 40 60 V.MXE

Pucynox 14 — 3anexHicTb KoeilieHTy Bapiallii CTIHKOCTI BiJl IIBUJIKOCTI Pi3aHHS:
1 — 3riAHO HOPMATHBIB PEXKUMIB Pi3aHHA; 2 — Y BUPOOHHUMX YMOBAX

TakuM 4MHOM, BCTAHOBJIEHO, IO MPHU 3HATTI BEJIMKHUX MEPEPi3iB 3pi3yBAHOIO LIAPY
Ha BAXKHMX TOKapHHUX BepcTaTax MpoIlec pi3aHHS 3 BIJHOCHO MaJIMMHU IIBUIKOCTSIMH HE
TIIBKM HE Ja€ mepeBar y 30UIbIICHH] Nepioly CTIMKOCTI, ajie 1 BUKIIMKAE 3HAYHI BTPATU
yepe3 pylHyBaHHS IHCTPYMEHTY 1 3HM)KEHHS CTaO1JIbHOCT1 pOOOTH.
Benukuii BmiIMB Ha 3ajexHicTh [-V Hajgae BeJIMYMHA TMojadi. 3 POCTOM Mojadi
30UIBIIYETHCS] YaCTKA 3pYHHOBAHUX 1HCTPYMEHTIB 1 3HUXKYETHCS MEPIOJI CTIMKOCTI PIi3IiB
(puc. 15).
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Pucynok 15 — 3anexHicTh yacTku pyiiHyBaHHS ¢ — (1) Ta rpaHm4HOrO TEpiony

crifikocti T 5, — (2) Bix mogaui S

Takum yMHOM BaHG)KHiCTB, 1o 3aaA0BOJIBHAEC TUM YMOBAM, OIIUCYETHCA SK:

a(InT) —K—a
dv v oo

(1)

ne o — KoeimieHT, mo BioOpakae MBUAKICTh MAIIHHS TEPIOLy CTIMKOCTI 1 JIHIAHUN

XapakTep 1bOT0 MaiHHA B 30HI BIIHOCHO BEJIMKHX IIBHIKOCTEH pi3aHHs; K — KOediIlieHT,

10 MOKa3ye CTYMiHb MaJAIHHS MEePIOAYy CTIMKOCTI B 00JaCTI MAJIMX IIBUJIKOCTEHN pi3aHHS.
Opneprxkane piBHSAHHS MEPIOy CTIMKOCTI 3 ypaxyBaHHSIM BIUTMBY O/1ayi:

. kls) —alshv
T=c(S)Hsleals 2

[IInsxom BUOOPY TEOPETUYHOI KPUBOi 3 ypaxyBaHHSM YMOB, B SKHUX 3HAWICHO
3aNIeKHICTh -V, OTpUMAEMO 3HAYEHHS KOE(ILIE€HTIB 1 MOKa3HUKIB CTYIEHIB, SIK1 3BEJICH] B

Tabmu 4.

Ta6muis 4. 3HaueHHs TOCTIHHUX 1 MTOKA3HUKIB CTYIICHIB JI BU3HAYEHHS CTIMKOCTI

S, MM/00 C K (04
2,0 7,85 4,6 -0,39
1,6 7,2 1,67 -0,13
1,2 112,52 0,52 0,072
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[Tpu3HayeHHs 3aBUILIEHOI BEJIMYMHU 10/1a41 PY 3HIKEHHI IBUKOCTI pi3aHHS MpH
YOPHOBOMY TOYIHHI MpPH 3HATTI BENUKUX MEpepi3iB 3pI3yBaHOrO IMIapy Ha MPaKTUIl
NPU3BOAWTL 10 pPYHHYBaHHS IUIACTHUHM, IO TEPEIIKO/KAe 30UIBIICHHIO CyMapHOi
CTIAKOCTI IHCTPYMEHTY.

3AT'AJIBHI BUCHOBKH

Y nuceprauiiiHii poOOTI BHPINIEHO aKTyajdbHy HAyKOBO—TEXHIYHY 3ajady
MIBUIICHHS €()eKTUBHOCTI IIPOIIECY YOPHOBOI OOPOOKHU JeTajielt 3 BEIMKUMHU TMepepizaMu
3pi3yBaHOTO IIapy CTYMIHYACTUMH 301pHUMH PI3LsAMU Ha BaXXKUX TOKApHUX BEpCTaTax 3a
pPaxyHOK BIIepIIE€ CTBOPEHOI HOBOI CXEMHU PO3MNOJLIY MPUIYCKY MK pi3aIbHUMH
IUTACTUHAMU THCTPYMEHTY 3 OJIHIEI0 POOOYOI0 BEPUIMHOIO Pi3aJIbHOTO CTYMIHYACTOTO Jie3a,
sKa 3a0e3reyye BUCOKY MPOYKTHBHICTH Ta EKCILTyaTalliiH1 XapaKTePUCTHKU IHCTPYMEHTY.

1. Po3pobneni wojeni HamnpyXeHO—Ae(hOpPMOBAHOTO CTaHy KOHCTPYKTHBHHX
BaplaHTIB BY3JIIB MEXaHIYHOrO KPIIJIEHHS pI3aJbHUX IUIACTHH CTYMIHYACTHX 301pHUX
pI3IIB, AK1 BIEpIIE BPaXOBYIOTh OCOOJMBOCTI HaBAaHTAXEHHS Ta KOHTAKTHOI B3a€MOJIi
MJIACTUH 3 €JIEMEHTaMH 30BHIIIHHOTO 1 BHYTPILNIHBOIO 3pi3y MPHUITYCKY, IO J03BOJISE
M1BUIIUTH O€3BIAMOBHICTh IHCTPYMEHTY IIPH eKCIUTyaTallii 3a paxyHOK 3HIKEHHS Ha 1,2
pa3u BEJIMYMHU BIJICOTKA MOJIOMOK 1 BUKPHUIITYBaHHS.

2. YTOYHEHO DPO3MOMALIT CXEMHU peakiliii 3 00Ky 0a30BHX MOBEPXOHb IUIACTUHU 3
eJIeMEeHTaMH 0a3yBaHHS BY3J1iB KPIIMUICHHS Ha HaMpy>KeHO—1e(POPMOBaHUN CTaH Pi3ILd, 110
JO3BOJISIE CYTTEBO IMIJBUIYBAaTH MIIHICTHI XapaKTEPUCTUKH 30IpHOrO IHCTPYMEHTY Ha
cTajli Horo NpOeKTyBaHHS.

3. Jlnsg omwmcy ¥ AOCTiKEHb JUHAMIYHHUX SIBHII, [0 BUHUKAIOTH TIPU 0OpoOIli Ha
BaXKHUX TOKAPHUX BepcTaTax CTYMIHYACTUMH PI3ISIMH, 3aIpONOHOBaHA yIOCKOHaJIEHA
CTPYKTYpHa, MaTeMaTH4Ha ¥ iMiTaliliHa MOJENb TEXHOJIOTIYHOI CHUCTEMH BepcTaTa, sKa
BpaxOBY€ OCOOJIMBOCTI HOBOI CXEMH pO3MOIiTYy HaBaHTAXEHHS CUJIaMHM pi3aHHS Ha
TJIACTUHH 1HCTPYMEHTA.

4. 3anpormoHOBaHAa MaTeMaTH4YHA ¥ IMITallliiHA MOJENIb aJeKBaTHO BigoOpaxae
KOJIMBaHHS, SKI BHHUKAIOTH MPU MEXaHIYHINA 00poOIll, 10 MiATBEPKEHO MOPIBHIHHAM
pe3yJbTaTiB MOJCIIOBAHHS 3 JAHUMH €KCIIEpUMEHTIB. MakcuMalibHa TOXHOKa MOJEINI HE
nepesuinye 12%.

5. Po3po0sieH1 KOHCTPYKIIIi By3/IiB KPIMJIEHHS PI3aJIbHUX IJIACTUH 301pHUX PI3LIB
JUTSl YOPHOBOTO TOYIHHS JI03BOJISIFOTh 3HU3UTU BUTPATH IHCTPYMEHTY Ha 21...26 %, a Takox
MOXXYTh OyTH BHUKOPHUCTaHI I MPOEKTYBaHHS KOHCTPYKIIM 301pHUX 1HCTPYMEHTIB HJIsi
MeXaHIYHOI 0OpOOKH B IHIIMX 00JACTSIX MAITUHOOYTyBaHHS.

6. OOpoOka CTymiHYaCTMM Pi3lleM 3 HOBOK CXEMOK  HaBaHTaXXEHHS
XapaKTEPHU3YETHCS BIAPIZHAETHCS OLTBIT CTAOUTPHIMH 3HAYCHHSIMHU aMILTITYIA KOJIMBaHb 32
pPaxyHOK TOTr0, LIO B MpOILIECi pi3aHHs MpHUIIMAaE y4yacTh TUIBKH OJHA pi3ajibHa BEpIIMHA
IUTACTUHM P13, 1Ka 00p00III0€ BHYTPILIHIO MOBEPXHIO MPUITYCKY 3arOTOBKH O€3 epepuBiB
npoiiecy oOpoOKH, a MPOIEC pi3aHHs IJIACTUHH, sTKa 00pOOIIIOE 30BHIIITHIN TIap MPHUITYCKY,
3MIMCHIOETBCS TIO CXEMI BUIBHOTO pi3aHHS, IO CYTTEBO 3HUXKYE PIBEHb KOJUBaHb
IHCTPYMEHTY.
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/. Ha mijcTaBi aHaIITUYHKUX JOCHTIKEHb BCTAHOBJICHO, 110 MPH 00pOoOIIi JeTanei
CTYIIHYaCTHM PI3IEM 3 OJHOBEPIIMHHOIO CXEMOIO Pi3aHHS y MOPIBHAHHI 3 IHCTPYMEHTOM
3 OJIHOIO TUIACTUHOIO, a TaKOX 3 BpaxyBaHHSAM BIJCYTHOCTI BIUIMBY pi3aHHS MO CIITY
MOTIEPEHBOTO MPOXOY, aMIUTITYAa KOJIMBAHb B TEXHOJOTIYHIN CUCTEMI 3MEHIIYEThCS 10
2,5 pasu.

8. PesynbraTé aHamizy MOXJIMBUX CTaHIB 1HCTPYMEHTY MOKa3aid, IO BiMOBH
30ipHMX PI3LIB PI3HOMAHITHI, y TaKUX BHMAJKaX JOLUUIBHO BHUKOPUCTAHHS TaKOIO
MOKa3HMWKA HAJIMHOCTI IHCTPYMEHTY SIK IHTEHCHBHICTH BIJMOB, SIKHH BigoOpakae 3MiHU
HOTO BIACTHBOCTEH Yy Yaci Ta BU3HAYATH 3aKOH PO3IMOJLTY CTIMKOCTI 1 iOro mapaMeTpu.

9. Po3po0ieHo anroput™ NpUUHSTTS PillIeHb, MPOrPaMHE 3a0€3MeUEHHS Ta CUCTEMY
byHKIIH OGaraTokpuTepialbHOI ONTUMI3allli NMpU BU3HAYCHHI €()EKTHMBHHX MapaMeTpiB
PEXKUMIB pi3aHHS CTYMIHYACTUMH 301pHUMHU PI3ISIMH TPH YOPHOBINA 0OpOOIll JeTanei 3
BEJIMKUMU TIepepi3aMu 3pi3yBaHOrO IIapy Ha Ba)KKUX TOKAPHHUX BEpCTaTax, L0 J03BOJISE
M1JBUILIUTH TPOJYKTUBHICTh 00pOOKHU B cepeHromy Ha 35 %.

10. PesynbTaTu po0OoTu BIIPOBAXKEHI I[IpAT HoBokpamaropcrkuit
MammHoOyAiBHUMN 3aBof, [IpAT KpamaTopchkuil 3aBoji BaXKOTr0 BEpPCTAaTOOYIyBaHHS, Y
HaBuajgbHOMY Tipouieci JloHOacbkoi JepkaBHOI ~ MAalIMHOOYIIBHOI — akaaemii (M.
Kpamaropchbk).
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AHOTAIII

I'yzenko JI.€. IlinBumeHnHs eeKTUBHOCTI NMpoiecy YOPHOBOI 00POOKHU eTaJieil
CTYNIHYACTUMH Pi3lAMM HA BAa:KKHUX TOKAPHUX Bepcrarax. — Ha npaBax pykomnucy.

Hucepraiisi Ha 3400yTTS HAayKOBOTO CTYIEHS KaHAHMIAaTa TEXHIYHUX HAyK 3a
criemianpHicTIO 05.03.01 — mporecu MexaHI4HOI 0OpOOKH, BEpCTaTH Ta 1HCTPYMEHTH. —
JlonGacwka aepxaBHa MammHOOyAiBHa akaaemis, KpamaTtopcrk, 2019.

Jluceprariisi mpHCBSYE€HA MIIBUIICHHS €(QEKTUBHOCTI MPOILECY YOPHOBOI 0OpPOOKHU
JeTane CTYyMiHYaCTHUMH PI3ISIMU HAa BaXXKMX TOKapHMX Bepcrarax. [IpoBeneHo aHami3
JITEpaTYypHUX JHKEpEN B 00JaCTi YOPHOBOI MEXaHIYHOI 0OpOOKHM 3 BEIMKUMU TIepepizaMu
3pi3yBaHOrO 11apy B YMOBAX Ba)KKOI'0 MAIIMHOOY/TyBaHHS.

[IpoananizoBaHO CTPYKTypy BiAMOB 30ipHHX pI3LIB NMPH YOPHOBOMY TOYIHHI 3
BEJIMKUMU MPUIYCKaMHM Ta KIPKOIO JeTalell Ha TOKapHUX BepcTaTax. BcTaHoBieHO, 110
TOJIOBHOIO IPUYHUHOIO BUXOAUTH 3 JIaJly PI3IIB € MOJOMKHU Ta HEPIBHOMIPHE 3HOIIYBAaHHS
pl3ayIbHUX TUTACTUH. HegomKoM KOHCTPYKI[H 301pHHMX pi3LIB IPU YOPHOBI 00poO1i € iX
HU3bKa Mpane3aTHICTh BHACIIIOK HEAOCTaTHHOI MILIHOCTI Pi3aJIbHUX IUIACTHH 33 PaXyHOK
HEJOCTaTHbO €(EKTUBHOTO 3aKPIIMUICHHS PI3aJIbHOI IJIACTUHU B KOPIYCl IHCTPYMEHTY.
Po3pobiiena HOBa cxeMa CTymiH4YacToi OOpOOKM pi3aHHSAM 30IpHUMHU PI3ISIMH  Ta
BJIOCKOHAJIEH] BY3JiB KpIIJIEHHS CHEUIAIbHUX pI3ajJbHUX IUIACTUH 3 YCTYIOM 3a
JI0TIOMOT010 IIpUXoIlTIoBaya. Po3pobiieHa MeTo/InKa aHaji3y HanpyKeHO—1e(pOpMOBAHOTO
CcTaHy 30IpHMX CTYMIHYaCTUX PI3IIB JJII YOPHOBOIO TOUIHHS METOJOM CKIHYEHHUX
€JIEMEHTIB.

Po3pobiena MeTonuka JOCHIPKEHb IUHAMIYHHUX XapaKTEPUCTUK TEXHOJOTIYHOI
CHUCTEMH, sIKa JI03BOJISIE PO3IIISIHYTH CTYyIIHYACTUM 301pHUI pi3elh K 301pHy OaraToMacoBy
KOHCTPYKITIO 1 IIIJIIXOM MOJIEIOBAHHS MPOIIECY KOJMBAHb MPOTHO3YBATH BHXIJ 13 CTPOIO
IHCTpPYMEHTa B 3aJIeKHOCTI BiJ TMOEIHAHHS AMIUNITYAl Ta 4acTOTH. ExcriepuMeHTan bH1
JOCIIJKEHHSI  KOJMBaHb 30IpHUX PI3IIB  JO3BOJIMIM BCTAHOBUTH  aJICKBATHICTh
3aMpONOHOBAHOI METOIUKHU Ta MOJEI.

Ha 6a3i TeopeTH4HMX 1 eKCIEPUMEHTAIBHUX JTOCTIKEHb PO3pO0JICHA yI0CKOHATIEHA
KOHCTPYKIIiSl CTYIIHYacTOro 30ipHOTO PI3IS IS YOPHOBOI OOpPOOKHM 3 BEIMKHMU
nepepizaMu 3pi3yBaHOIo IIapy JeTajell Ha BaKKMX TOKapHHX BepcTtaTtax. Po3poOieHo
QITOPUTM Ta MPOTPAMHO—METOJUYHHI KOMILIEKC OaraToKpuTepiaabHOI OMTUMI3allii, 1110
JTI03BOJIMB BUPILINTH 337a4y BUOOPY €(PEKTUBHUX PEKUMIB PI3aHHS JUIsl HOBOI CTYMIHYACTO1
CXEMH pi3aHHS MpU YOPHOBIH 00poOIIl 30IpHUMH PI3LAMH Ha BaKKHX TOKAPHUX BepCTaTax.

KurouoBi caoBa: cepenosuiie (GyHKIIOHYBAaHHSA, CTyHiHYacTUH 301pHUN  pi3elb,
MaTeMaTH4Ha MOJIelb, HAIMpPYXEHO—Ie(POPMOBAHUM CTaH, AMHAMIYHUX XapaKTEPUCTHK,
OaratokpuTepiaibHa ONTUMI3AIlisl.
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ABSTRACT

D.E. Guzenko Improvement of the efficiency of rough machining with stepped
cutters on heavy lathes. — Manuscript.

Thesis for Candidate of Science Degree in Specialty 05.03.01 — Machining Processes,
Lathes and Tools. — Donbass State Engineering Academy, Kramatorsk, 2019.

The thesis is dedicated to the improvement of the efficiency of rough machining
process with stepped cutters on heavy lathes. The analysis of literary sources in the field of
rough machining with large cutting areas under conditions of heavy engineering has been
done.

The failures structure of sectional cutters during rough turning with large allowances
and crust was analyzed on lathes. It is established that the main failure reason of the cutters
Is breakage and uneven wearout of the cutting plates. The disadvantage of sectional cutter
design is their poor performance due to insufficient strength of the cutting plates because of
ineffective attachment of the cutting plate to the tool body. A new scheme of step—by—step
cutting with sectional cutters and advanced nodes for mounting special cutting plates with a
ledge with the help of an adhesive has been developed. A technique for the analysis of the
stress—strain state of the sectional stepped cutters for rough machining by the finite element
method was developed.

A technique for investigating dynamic characteristics of a technological system has
been developed. It allows to consider a stepped sectional cutter as a sectional multi—-mass
structure and, by simulating the oscillation process, to predict the failure of a tool depending
on the combination of amplitude and frequency. Experimental studies of the variations of
combined cutters allowed to establish the trueness of the proposed methodology and of the
model.

On the basis of theoretical and experimental researches an advanced design of a
stepped sectional cutter for rough machining with large cutting areas on heavy lathes has
been developed. An algorithm and a program—methodological complex of multicriteria
optimization were developed, that allows to solve the problem of choosing effective cutting
modes for a new step—by—step cutting scheme during rough machining with sectional cutters
on heavy lathes.

Keywords: operating environment, sectional stepped cutter, mathematical model,
stress—strain state, dynamic characteristics, multicriteria optimization



AHHOTAIIUAS

I'yzenko /I.E. IloBbimienue 3¢¢eKTHBHOCTH mpouecca YepHOBOil 00padoTKu
AeTajiell CTYNeHYATBIMHM pe3llaMH Ha THKeJbIX TOKApPHBIX cTaHKax. - Ha mpasax
PYKOIIUCH.

Juccepranysi Ha COMCKaHUE YYEHOW CTENEHW KaHAWAATa TEXHHUYECKHMX HAayK I10
cnenuansbHocT  05.03.01 - mpomeccel MeXaHMYECKOM OOpabOOTKH, CTaHKU H
UHCTPYMEHTHI. - JIoHOacckass  rocyJapCTBEHHAass  MAallMHOCTPOMUTENbHAS  aKaJeMUs,
Kpamaropck, 2019.

Jluccepranysi TOCBSIIEHA MOBBIMICHUIO 3((EKTUBHOCTH TMpoIecca YepHOBOU
00paboTKH eTajeil CTyneHYaThIMUA Pe3LaMH Ha TSKEJBIX TOKAPHBIX CTAaHKaX.

HenocraTkoM KOHCTPYKIIMI COOPHBIX PE3LOB IIPU YEPHOBOM 00paOOTKE SIBIISIETCS UX
HU3Kas pabOTOCIIOCOOHOCTH BCIEICTBUE HEOCTATOYHOM TPOYHOCTH PEXYLIUX MIJIACTHH 3a
CYET HENOCTATOYHO >S(PQPEKTUBHOTO 3aKPEIUICHUS PEXYUIEHd IUIACTHHBI B KOpIycCe
UHCTPYMEHTA.

Ha 06a3ze Tteopernyeckux M HKCIEPUMEHTAJIbHBIX HCCIEIOBaHUM pa3paboTaHa
YCOBEPILIEHCTBOBAHHASI KOHCTPYKILIMS CTYIEHYaTOro cOOpPHOro pe3la s YepHOBOM
00pa0OTKH ¢ OOJBIIMMHU CEUECHUSIMU CPE3aEMOTr0 CJIOS JIeTalled Ha TSKENBIX TOKapHBIX
cTaHkax. Pa3paboTraH  anroput™M U OPOrPaMMHO-METOJAMYECKUN  KOMILUIEKC
MHOTOKPUTEPUAIBHON ONTUMU3ALIMN, TO3BOJWI PELIUTh 334a4yy BbIOOpa 3PPEKTUBHBIX
PEXKUMOB pe3aHus Il HOBOM CTYIEHYaTOM CXEeMbl pPe3aHus MpU YEPHOBOM 00pabOTKe
COOpPHBIMH pe3L[aMU Ha TSKEJIBIX TOKAPHBIX CTaHKaX.

KuaroueBble cioBa: cpeaa (yHKIMOHMPOBAHMS, CTYNEHYAThIM COOpHBIN pesel,
MaTeMaTHuecKass MOJIEJb, HaIpsHKEHHO-1e(pOPMHUPOBAHHOE COCTOSTHUE, JUHAMHUYECKHE
XapaKTEPUCTUKU, MHOTOKPUTEPHUAIIbHASI ONITUMU3ALIHS.
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