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AHAJII3 CIIOCOBIB OBPOBKH HEITOBHUX 30BHIITHIX COEPUYHUX
IHOBEPXOHb JIE3OBUM IHCTPYMEHTOM

Axmyansuicme memu docnioxncenns. Bumozu 00 mounocmi 06poOKu HENOBHUX CHePUUHUX NOBEPXOHD JLe306UM THCMPY-
MeHmoMm nocmitino 3pocmaioms. Tomy ROwLyK wiisixie nioguiyeHHss mouyHOCmi 06pOOKU HeNOBHUX 306HIWHIX CPhepuyHUX noge-
PXOHb € AKMYanbHOI HAYKOBOIO Md NPAKMUUHOIO 3A0aYel0.

Ilocmanoexa npoonemu. Bubip mexnonoziynux memooig 3a6e3neuenns mouHocmi Qopmu, po3mipie ma saKocmi nogepx-
Hego2o wapy demaell 3i ChepuUHUMY NOBEPXHAMU € OOHUM i3 HAUBANCIUSIUUX AKMOPIE, WO 6NIUBAIOMb HA IXHIO cobisap-
micmo. Bupiwenns 3adaui 3abe3neuenns 8ucokoi akocmi oemaineti npu iXHit MiHIMATbHIN codisapmocmi 00360aUMb GimMuu3-
HAHUM NIONPUEMCIMEAM BUNYCKATU KOHKYPEHMO 30amH)y NPOOYKYilo HA CEIMOBOMY PUHKY.

Amnaniz ocmannix 00cnioxncens i nyonikayii. Humni 6i00mi pisHOMAHIimHI cnocobu 06pooKu chepuyHux n08epXoHb 1e30-
BUM THCMPYMEHMOM, AKI WUPOKO ORUCAHI MA NPOAHATIZ08AHI 8 HAYKOBO-MeXHiunil nimepamypi. [lpome cyuachuii po3gumox
6epcmamoby0yeanHs, UPOOHUYMEA MEMAI00OPOOHO20 THCMPYMEHNY ma Cnocobi8 1e306801 0OPOOKU NOBEPXOHb BKA3VIONb HA
HEOOXIOHICIb NOOANLUIO20 AHANIZY YUX CROCOOI8 , BUSHAUEHHS Nepeas Ma HeOONIKI8 KOHCHO20 CHOCOOD).

Buoinenna nedocnioxycenux uacmun 3azanvHoi npoonemu. [lle 0o neoasno esascanocs, wo o6pobKra npeyusiunux cge-
PUYHUX NOBEPXOHb NOMPEDYE 3ACMOCYBANHA CNEYiaIbHO20 00NAOHAHHA, THCmpymenmy abo npucmocysanus. OOHAK CbO20OHI
cumyayiss KapOUHATbHO 3MIHUNACA, | MOMY HA CYYACHUX MAWUHOOYOIGHUX NIONPUEMCMEAX MAKI NOBEPXHI 0OPOONIAIOMbCA HA
moxapuux gepcmamax 3 YI1Y. Bionogiono € axmyanvHum KOMNIeKCHe NOPIGHAHHA cnoco6ié 00poOKU ciheputnux no8epxots
3a IXHbOIO AKICMIO, NPOOYKIMUSHICIIO MA YHIEEPCANbHICIIO.

Memoro cmammi € nOpieHANbHUL AHANI3 CYYACHUX CROCODIB 1€30801 06POOKU HENOBHUX 306HIUHIX CHEPUUHUX NOBEPXOHD
Odemaneu Mawiun 3 no3uyii ixHvboi AKOCMI, MOYHOCME hOpMU, NPOOYKMUSHOCHT MA YHIEEPCATbHOCHI 0I5l POPMYBAHHS KpUme-
piis eghexmuernocmi npu po3pobyi mexnonozii 0opodxu na éepcmamax 3 4I1Y.

Buxknao ocnoenozo mamepiany. YV pobomi npoananizoeano cnocobu 06pooku chpepuuHux nogepxonsb (haconHumu pis-
yAMuU, KONiro8anHam npo@into, na eepcmamax 3 YI1Y, ocunanuam ma ookamuum gpesepysanuam. /lna kodxcHoz2o cnocoby Ha-
6edeHa cxema 0OpoOKU 3 ONUCOM npoyecy ma eudileHi nepeazu i HeOoNiKU. Bcmanosieno epanuyty wopcmKicms no8epXHi,
00pobIeHOT KodCHUM 31 CnOC00i8 Ma NPo8edeHo NOPIBHAHHSA NPOOYKIMUBHOCI HA NPUKAAOT HENO8HOI cghepuyHoi demani 2ipo-
ckony. Cucmemamu308ano cnocobu oOpodKuU 3a ix yHisepcanbHicmio.

Bucnosku 6ionogiono 0o cmammi. [Iposedeno Komniekche nopieHAHHA cnoco6ié 00POOKU ChHepUUHUX NOBEPXOHL 3 NO-
3uyii ixHboi ssKOCMI, MOYHOCMI POPMU, NPOOYKMUBHOCII, YHIGepcalbHOCmi. Busnaueni kpumepii subopy onmumanibHo2o cno-
coby 06pobKu daioms 3M02y HAOA iX BUKOPUCMOBY8AMU NPU PO3POOYI IHHOBAYILIHUX MEXHOLO02IUHUX npoyecie 06poOKu Oe-
marneii ma npu NIAHYEAHHI 8UPOOHUYMEA.

Knrwuoei cnosa: cihpepuuna nosepxus,; cnocobu 06pobku, 1e306a 06pooKa, Mawuno0y0y8anHs.

Puc.: 8. Tabn.: 3. bion.: 22.

AKTYaJIbHICTh T€MH JOCTIIZKeHHA. Y CydacHOMY MammMHOOYIyBaHHI Ta MPHUIaI00yIy-
BaHHI JIeTaJli 3 HEIOBHUMHU C(HepUYHUMHU MMOBEPXHAMHU TPAIUIIOThCA Aeani yacrime (puc. 1),
a BUMOTH JI0 HUX 3pocTaroTh [19]. BogHouac mosiBa Ha pUHKY KOMEPIIMHO TOCTYITHUX BUCO-
Komnpenu3iiHux TokapHUX BepcraTiB 13 UIIY Ta yHiBepcanbHOro iHCTpYMEHTY 31 3MiHHUMHU
NpeUU3IHHUMH pallyCHUMH IUIACTUHAMU JUIsl 0OpOOKH CKIaJAHONPO(IIbHUX MOBEPXOHB TiJ
o0epTaHHsI CTBOpUJIA MEPEelyMOBH i 3a0e3MeueHHs] HeoOX1IHO1 SIKOCTi AeTaneit 31 chepud-
HUMU ITOBEPXHAMHU 0€3 3aCTOCYBAaHHS CHEI[laIbHUX c11oco01B 00poOku. [IpoTe komIuiekcHa 3a-
Jlaya MiJBUIIEHHS TOYHOCTI (OpPMHU Ta MPOTYKTUBHOCTI 0OPOOKH HEMOBHUX 30BHILIHIX cepu-
YHHUX TIOBEPXOHB € aKTYAIbHOIO HAYKOBUM Ta MPAKTUYHUM 3aBJAHHSM i 3aJIUIIUTHCS TAKAM y
MaiiOyTHBOMY.

8 2

Puc. 1. Jlemani mawun 3i chepuiuHuMU NOBEPXHAMU:
a — demans pomopa NONAA6KOB020 2iPOCKONA; O — waposa onopa asmomooius;
8 — KIIanaH chepuuno2o Kpaua,; e — HympiuiHe Kiivye cpeputnoeo niOuunHuKa Ko83amHs
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IMocTanoBka npodaemu. Bubip TeXHOJIOTIYHUX METOIB 3a0€31eYeHHST TOYHOCTI (POPMH,
PO3MIpiB Ta SKOCTI MOBEPXHEBOTO LIAPY JeTaeH 31 CHEpUIHUMU MOBEPXHIMHU € OJHUM 13 Hail-
BOKIUBIMKX (PaKTOpiB, IO BIUIMBAIOTH HA iXHIO cOoOiBapTicTh. BupimeHnHs 3amaui 3ade3rie-
YCHHSI BUCOKOT SIKOCTI JIeTael pH X MiHIManbHIi cO0IBapTOCTI TO3BOJIUTH BITYU3HSIHUM ITiJI-
MIPUEMCTBAM BUITYCKaTH KOHKYPEHTO3/1aTHY MPOIYKIIiIO0 HA CBITOBOMY PUHKY.

AHaJIi3 oCTaHHIX J0ciTKeHb i myOaikaniii. [Ipo6iaema 3a0e3mnedeHHs SKOCT1, MPOTYKTH-
BHOCTI Ta MiHIMaJIbHOI cOOIBapTOCTI TP 0OpOOIl HEMMOBHUX CHEPUYHHX TMOBEPXOHBH CBOTO
gacy OyJa yCHilmHO BUpIMIEHa, PO M0 CBia4aTh podotu [2-4; 6]. 3HauHA KITBKICTh MATCHTIB
3a cxemMaMH OOpOOKHM Ta METOJaM BUTOTOBJIEHHS B IIbOMY MHTaHHI, JOJATKOBO IiJKPECIIOE
BXJIUBICTH i€l 3aaaui [8-14]. IIpoTe cyyacHuit po3BUTOK BepcTaToOyIyBaHHS Ta BUPOOHUII-
TBa pPi3aJIbHUX IHCTPYMEHTIB Ja€ MOMIIMBICTh TTOJUBUTHUCS Ha MpoOsIeMy 3a0e31edeHHs TKOCTI
cepUIHUX TTOBEPXOHB 3 IHIIOTO OOKY.

BunisieHHs1 He0CTiIZKEHUX YACTHH 3arajibHol npoodJemMu. 3a1a4a IOPiBHAHHS CIIOCO0IB
00pOOKH € TOCUTH HE TIPOCTOIO, OCKITIBKH 3a0€3MEYNTH OHAKOBI YMOBH OPIBHSAHHS (DaKTUIHO
HEeMOXJIMBO. CaMe TOMY OUIbIIICTh TOCIITHUKIB TPOBOASTH HOTO, HE BPAXOBYIOUHU BEIIUKOI Ki-
napKOCTi (hakTopiB [3; 6] abo B3arani rinoretnyHo [2]. [TopiBHsUIBHMIA aHATI3 CITOCO0IB 0OPOOKH
chepruHUX MOBEPXOHb, SIKUH BPAaXxOBYE OCHOBHI CKJIa/J0BI €()EKTUBHOCTI JIE30BOi 0OPOOKH,
JaCTh MOJKJIMBICTH TEXHOJOraM OIEPYBAaTH KOHKPETHHMH INOKAa3HMKAMHU y TpOIeci IJIaHy-
BaHHS BUPOOHUIITBA.

MeTo10 cTATTI € aHAJI3 TEXHOJIOTIYHUX MOKIIMBOCTEH Ta CUCTEMATH3AIliS BIZIOMUX CIIOCO-
CTi, TOYHOCTI (POPMH, TPOAYKTHBHOCTI Ta YHIBEpCAIBHOCTI 11l (POPMYBaHHS KPUTEPiiB edek-
THBHOCTI IPH PO3PpOOIIi TeXHOI0TIi 00p0oOKHK Ha BepcTaTax 3 UITY.

Buxnan ocHoBHOro marepiaiy. 3a ciocoooM popMOyTBOpEHHS clIOCOOM 0OPOOKH 30BHI-
IIHIX c()epUUHUX MOBEPXOHb MOXHA MOAUIUTH Ha TP TPYIIU:

1) dopmoyTBOpEHHS IIISIXOM KOIiFOBaHHS MPOQiI0 (aCOHHOTO iHCTPYMEHTY (0OpoOKa
(dbacoHHUMH PI3ISAMHU Ha TOKAPHUX BepcTarax);

2) dbopMOyTBOpEHHS 3a PaxyHOK KPHBOJIHIHHOTO pyXy IHCTPYMEHTY (CyMilIEHHSM
JIBOX T0J]a4 Ha TOKAPHUX BEPCTaTax, OTMHAHHSM 3aTrOTOBKH IHCTPYMEHTOM Ha c(hpepoToKapHUX
BepCTarax);

3) popMOyTBOpEHHS NUIIXOM OOKAaTKH MOBEPXHI 3arOTOBKU 1HCTPYMEHTOM, pi3ajibHa Kpo-
MKa SIKOTO PYXA€ThCS MO KOy 3 BICCIO, 110 IPOXOAUTH Yepe3 Bich 00epTaHHs 3ar0TOBKHU (00-
poOka oOKaTHUM (pe3epyBaHHIM Ha TOKApHUX a00 (pe3epHHUX BepcTaTax i3 BUKOPUCTAHHAM
CHEI1aJIbHOTO THCTPYMEHTY 1 OCHAIIIEHHS).

Posrisinemo koxeH crocid 00poOkH 3a CXeMOr0
fioro peanizarii.

Obpooxa paconnumu pisyamu (puc. 2). Cytb
METOAY IOJISATae B HACTYMHOMY. [HCTpyMeHT, 31iii-
CHIOIOUH IONEepeYHy Mo/1ady Bpi3aHHs, KOMII0€ (o- . ‘ \
pMy cBOTo Npo(iIto Ha TOBEPXHIO feTaii. Bpizanus

) . : . /i — —
BiJIpa3y BCI€I0 IUPHUHOIO Pi3Isl HAKIIATae HA Ied P
METOJT OOMEXEHHS Y BUTTISAI MAKCUMAIBHOTO Jlia-
MeTpa 00pOOKHM 3aroTOBKH, SIKMM, SIK MPaBUIIO, HE | ¥

nepesuirye 20 mm [7]. Lle moB’s3aH0 31 3HAYHUMU :
CUJIaMU pi3aHHS, K1 BUKJIUKAOTH BiOpaiii. SKmio x w
BUMOTHU [0 JIeTali He BHCOKI a0o 3aroToBka 3
M’SIKOTO Martepiaiy, TO JiaMeTp ceprudHOi OBEp-
XHi, OTPUMAHOI TAKUM METOJIOM, MOX€e OYTH 3HAYHO
OLTBIIIM.

Puc. 2. Cxema 06podxu (paconnum pisyem
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[opcTKicTh TOBEPXHI OTPUMAHOI TOYIHHSAM (DaCOHHHUMHU pI3IAMU HE mepeBulnye Ra
2,0 mxM [15]. Tounicts Gpopmu chepruHOi MOBepXxHi, 0OPOOIECHOT TAKUM CIIOCOOOM, HE MOXKE
O0ytu MeHie 3a 30 MKM, 110 3yMOBJICHO BIOpaIisiMy Ta IPYKHUM BiITUCKaHHSAM JJAHOK TE€XHO-
JIOTIYHOI CUCTEMH BHACTIOK BEJIMKOI IIMPUHU 00poOKH [3].

[TepeBaru criocoOy 0OpoOKH (hacCOHHUM Pi3IEM MOJISITAI0Th Y MOMJIMBOCTI 3aCTOCYBaHHS
YVHIBEPCATBHOTO 00JIaJHAHHS Ta MIPOYKTHBHOCTI CIIOCO0Y.

Henoniku:

- AKICTh 00pOOIICHOT IeTalli BEIMKOIO MipOFO 3JICKUTH Bl TOUHOCTI IHCTPYMEHTA i IIOpC-
TKOCTI HOTO poOOYHX MTOBEPXOHb;

- HEOOX1THICTh 3aCTOCYBaHHS CIHELiaJIbHOTO PI3aJIbHOTO IHCTPYMEHTY

- HEpIBHOMIPHHH 3HOC Pi3aJibHOI KPOMKH 1HCTPYMEHTY, SIKHH MO3HAYA€ThCSI HA TOYHOCTI
Ieraini;

- 3QJICKHICTh IIMPUHHU Pi3Ls BiJ AiameTpa chepu.

Obpobka no wabaony (puc. 3). Cyts croco0y mo- 5
JsiTa€ B HaJIaHH1 IHCTPYMEHTY pyXY IO TPAEKTOPIi y BU-
TSI TYTH KOJIA IIIJISTXOM CYMIIIICHHS TIOTIEPEYHO] 1 TT0-
B3IOBXKHBOI ~TOJa4li HA TOKAapHOMY  BEpCTaTi.
[TapameTpu SKOCTI JeTalli 3HAYHOIO MIPOIO 3aJICKaTh
B1JI TOTO, SIK peai30BaHMM 1IeH CI1oCiO.

1. KomiroBanusMm npodimo. O6podka mpoBOIUTHCS
Ha KOMIIOBAJIbHUX BepcTaTax abo Ha YHIBEpCAIbHHUX -
TOKapHUX OCHAIEHUX CIEIiaIbHUMH TPUCTOCYBaH-
HsaMu. CyThb criocoOy nossirae B HacTynHoMmy. [lo cre-
1aJIbHO BUTOTOBJIEHIN JieTai (11a0bIoHy) KOB3a€ CIiI-
Kylounii najnenp abo poOJUK, SKUH € YacTUHOIO
KOIMIOBAJILHOTO MPUCTOCYBaHHS, 110 MEPEMIIye pi3a-
JbHUHA 1HCTpYMEHT Oe3nocepeaHbo abo uepe3 sKUil-HeOyTh MigcHiIoounii mpuctpiid. Haii-
OUIBII NOIIMPEHUMHU CIIOCOOAMHU CIIIIKYBAaHHS 32 KOHTYPOM I1a0JIOHA € pyYHUN, MEXaHIYHUH,
TiIpaBIIYHUMN 1 €IEeKTPOMArHiTHUH.

[TepeBaru cocoOy B yHIBEpPCATILHOCTI Ta BUCOKIM MPOAYKTHBHOCTI.

Henomiku:

- HEOOXI1THICTh BUTOTOBJICHHS CHEI[IaIbHOTO M1abJI0HA, TOUYHICTh SKOTO Ma€ 3HA4YHO Tepe-
BUIIYBAaTH TOYHICTH JI€Tai, 10 00pOOIsI€ThCS;

- HEOOX1HICTh 3aCTOCYBaHHS CIELIAIBHOTO KOIMIIOBAIBLHOTO MPUCTPOIO;

- BEJIMKA KIJBKICTh PyXOMHUX €JI€MEHTIB Y KIHEMaTHUYHIM cXxeMi KOIiI0BaJIbHOTO MPUCTOCY-
BaHHS, 1110 HETATUBHO B1100pakae€ThCs HA TOYHOCTI AETali.

2. Ha Bepcratax 3 UITY. IIpu 06po61i Ha BepcTaTax 3 UITY iHCTpyMEHT pyXxaeThes 1o Tpa-
€KTOPII, sIKa 33a€ThCSI YIPABIAIOUOI0 Tporpamoro. OcTaHHS B IbOMY BHUIIQJKy BUCTYIIA€ IIa-
0JIOHOM y HESIBHOMY BH/II.

[lepeBaru: BUCOKa NMPOAYKTUBHICTh, TOUHICTH OOPOOKH, YHIBEpCANbHICTh, THYYKICTh CIO-
coOy, BIICYTHICTb MOTPEOH CIEL1aJIbHOTO IHCTPYMEHTY UM OCHAIIICHHS.

€IMHUM HEJI0IIKOM CIIOCO0Y € MOPIBHIHO BUCOKA BapTICTh 001aiHaHH (BepCcTaTa), OJHAK
JielaJTi e HeTOJTIK BCe MEHII BITUyTHH.

Leit cioci® Mae mMpoke 3aCTOCYBaHHS HAa BITYM3HSIHUX MAITUHOOYAIBHUX ITIANPUEMCTBAX.
3okpema Ha JII1 HBK «®otonpunany, (M. Uepkacu) Takum criocoboM oOpoOIIsiIOTh HETOBHI
BHYTPIIIHI Ta 30BHILIHI C()epUYHI TOBEPXHI MPH BUTOTOBJICHHI JeTalell CUCTeM HaBirarii Ta
kepyBaHHs. [Ipu 11boMy J0CSDKHE BiAXUIIEHHS Bl (GOpMH Chepr CTAHBOUTH 5 MKM 13 IIOPCTKI-
ctio Ra 0,25 MkM.

Puc. 3. Cxema 0bpodxu 3a wabnonom
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Obpodxa ocunannam npoghinio (puc. 4). 3a
JOTIOMOTOI0 ~ CTICHIaIbHUX TOBOPOTHUX IPH-

CTpPOIB, SAKi mepeadaYeHi KOHCTPYKIIIEI BepcTaTa e |
(cepoTokapHuit) a00 BCTaHOBJICHI Ha BEPCTaT, |

pizenb 3AiMCHIOE OOepTaHHS HABKOJIO IIEHTpa '"_'_"_ﬁ E
cdepu, KU po3TaIIOBaHMIA Ha OCi 00epTaHHS 3a-
rotoBkd. OOpoOIFOBaHA TOBEPXHST YTBOPIOETHCS
B pe3yJIbTaTi CyMillleHHS JBOX OOepTaHb, IO €
NEepeayMOBOIO YTBOPEHHS BUCOKOI TOYHOCTI (ho-
pmu cheprudHoi moBepxHi Aeraii. [To Taxiit cxemi
MIPAIIO0Th 1 HAMOUTBI TOYHI cheponntidyBaabHi
BEPCTaTH.

[TepeBaru criocoOy: BHCOKa TOYHICTH OOpO-
OKM Ta NOCTIIHICTH KYTIiB pi3aHHS.

Hepnoniku monararoTe y CKJIaTHOCTI HaJaroJKEHHsS Ta MOTpeOi BUKOPHCTAHHSA CIelialb-
HOT'0 OCHAILIEHHS YU 00JIaJHAHHS.

O06pobka oruHaHHAM TPOQLIIO, SIK 1 00poOKa 10 madIoHYy, 32 CBOEIO CYTTIO, HIYMM HE Bij-
PI3HSIOTHCS Bij 3BHUAHOTO mporecy TodiHHs. L{i crrocoOu 1aroTh MOKIMBICTh BUKOPHUCTOBY-
BaTH CTaHJIAPTHUMN Pi3aJIbHUI IHCTPYMEHT 13 3MIHHUMHU TUIACTHHKAMH JIJISi BACOKOTIPOIYKTHB-
HOI 00poOkM (anmma3, enpbop Tom). EKOHOMIYHO JOCSIKHA IIOPCTKICTH TOBEPXOHB
00po0JIEHUX TaKUMH CIToco0aMu 3HaXoAuThes Ha Mexi Ra 0,2 mxm [7]. Y pobori [3] 3a3Ha-
YeHO, 10 MoxXuoka Gpopmu chepruuHOi MOBEPXHi, OTPH-

MaHOI TaKUM CIIOCOOOM, HE MO)Ke OyTH MEHILIOI HIXK ‘/77
40 mxM. Ha Hamy nymky, Taka iHpopmariisi moTpedye !
YTOYHEHHS. ‘
Obpodxa ookamnum ppeszepysanuam (puc. 5). [lpu !
| |
i

Puc. 4. Cxema 0bpobxu ocunanusm npoghinio

I[bOMY CTI0C001 0OpOOKH rOJIOBHUN PyX pi3aHHs 3.iiic-

HIOE CIellajbHUM pi3aJbHUNA 1HCTPYMEHT. 3aroToBKa
00epTaeThCs 3 YaCTOTOI0 MEHIIOK YacTOTH 0O0epTaHHs
IHCTPYMEHTY, TAKMM YHMHOM 3/1ICHIOIOUH PYX KPyTOBO1

i
nogaui. CepryHa MOBEpXHs 3arOTOBKH YTBOPIOETHCS |
0o0OKaTyBaHHSIM KoOJa, SIKE CTBOPIOIOTh pi3ajbHI KPOMKHU __>_ " _i S _3
IHCTPYMEHTY, LEHTp OOepTaHHsS SKUX 30iraerscs 3 !
BICCIO 00€pTaHHSI 3aTOTOBKH. 1 |

Ilepesaru:

- BUCOKA TOUHICTh (popMu chepryHOi MOBEPXHI, KA
JOCATAETHCSI KIHEMaTHKOI0 00pOOKH; _

- BHCOKa MPOAYKTUBHICTH (iHIIIHOI 00poOKH, sKa
JOCSTAETHCS 3aCTOCYBAHHSM 0aratoie30BOTO IHCTPYMEHTA,

- 3HOC pi3aJIbHUX KPOMOK 1HCTpyMEHTa ()aKTUYHO HE BIJIMBA€E HA TOYHICTH (POPMHU JleTall,
10 00pOOIISIETHCS.

Henomniku:

- oTpeOye BUKOPUCTAHHS CHEI[IaIbHOTO P13aJIbHOTO IHCTPYMEHTY;

- 3aJISKHICTH JllaMeTpa IHCTPYMEHTY BiJ JliameTpa 00poO:1r0BaHOil ChepruuHOi MOBEPXHI;

- HEpIBHOMIpHA HIOPCTKICTh CPepuIHOi MOBEPXHI BHACIIOK PI3HOI MIBUIKOCTI pi3aHHS Ha
PI3HUX NINSTHKAaX 00poOIIIOBAHOI AeTai;

- CKJIQJIHICTh HaJIaro/PKEHHS.

JloCUTB CKJIaHHI Ta HepiBHOMIPHHI MPOIIEC 3pi3aHHs MPUITYCKY, a TAKOXK YaCTKOBa 00pO-

OKa TOBEPXHI MPOIIECOM, CIIOPIAHECHUM JI0 BUTJIAPKYBaHHSI, TPU3BOIUTH 10 PO301KHOCTI T10-
Ka3HHUKIB IIOPCTKOCTI Ha cepruyHiii moBepxHi aeraii 10 25 %, a cama BUCOTa MIKPOHEPIBHOCTI
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pinko nmocsraetbest meHmie Ra 1,0 mxm. Bigxwuienns Bin ¢opmu chepu 3anexuTh JIMIIE Bija
BIJICTaHI MK OCSIMU 3arOTOBKH Ta IHCTPYMEHTY 1 IOCATAETHCSA IO 5 MKM HaBiTh Mpu 00poo1Ii
Ha BepcTaTax 3BMYaiiHOi TOYHOCTI [1]. 3a iHmumu ganumu [22] mopcTkicth Ra moBepxHi, 00-
POOJICHOT TAKUM CIIOCOOOM, 3HAXOIUThCS B Mexax Bif 0,4...1,2 MKM, a BIAXUJICHHS T€OMETPH-
yHO1 hopMHu HE OLbIIIe SO MKM.

AHaII3YyI0UYH KOKEH, BUILE MIEPEepaxoBaHui, CIOCiO JIe30BOi 0OpOOKH HETTOBHUX 30BHIIIHIX
chepuyHUX MOBEPXOHb, MOKHA 3pOOUTH BHCHOBOK, III0 MPOIEC YTBOPEHHS chepu € TOCUTh
CKJIQJIHUM 1 37e0UIbIIOr0 MmoTpedye 3acTOCYBaHHS CHELIaTbHOTO YW IHCTPYMEHTY, UM OCHa-
HIeHHsI, 9 00maaHaHHs. Crocid 0OpoOKH BUOMPAETHCS TEXHOJIOTOM 1HIUBITyaIbHO B KOXKHOMY
OKpEMOMY BHIIQJIKY 1 3aJI€KUTh BiJl TEXHOJOTTYHUX MOKITMBOCTEH MIATPHEMCTBA, SIKOCTI chepu-
YHOI MTOBEPXHi, Ky OTPIOHO BUTOTOBHUTH, Ta CEPIHOCTI BUpOOHMIITBA. HaitbimbITy CKIaHICTh
3a0e3MevyeHHs SIKOCTI OBEPXHI ABJSIIOTH COO00 IeTai 13 MPeuu3iiHUMEU chepuIHUMH TOBEPX-
Hsamu. Taki 1eTani nepeBa)KHo MiAatl0Th YOPHOBIN Ta HAMTIBYUCTOBIM 0OpOOIIl HA YHIBEpCATTbHUX
TOKapHUX Bepcrarax. DiHinHy 00poOKy MPOBOAATH 32 METOAOM OrMHaHHS a00 oOKaTHUM (pe-
3epyBaHHAM. OJTHaK 3aCTOCYBaHHSI CIIELIATBHOTO Pi3aJIbHOTO IHCTPYMEHTY, OCHAIIEHHS Yd 00-
JaJHaHHSL, SIKi TOTPE0YIOTh BBEACHHS JOAATKOBHX ONEPaLliil MPU3BOAUTH 10 YIOPOKIAHHS Bap-
TOCT1 JleTaii. Y 1IbOMY BHUINAAKy TpeOa 3BepHYTH yBary Ha cnoci® oOpoOku 3a 1abjJoHOM Ha
tokapaux Bepcrarax i3 UITY. CydvacHi 6ararodynkumionansHi Bepctata 3 UIIY xapakrepusy-
IOTHCS] BUCOKOIO )KOPCTKICTIO Ta BIOPOCTIMKICTIO, TOYHICTIO MO3UILIIFOBaHHS. JIMCKPETHICTh PyXiB
pobourx opraHiB BepcraTa OuIbIIe HE € KIIOYOBUM (DaKTOPOM, SIKHI BIUTMBAE HA TOYHICTH (ho-
pMH MTOBEpXHi Ipu 00pood1i cdep. 3araaoM MoKHa CTBEPIHKYBATH, 1110 00poOKa Ha BepcTarax i3
UITY B cy4acHHUX yMOBax MalmMHOOYIyBaHHS OLIbIIE HE € CIEHIATEHAM CII0ocOO0M 00pOoOKH i
OTIpaB/IOBY€ ce0e HaBiTh Y APIOHOCEPITHOMY BUPOOHHIITBI.

V 3aragbHOMY BHMIAJKy MOXHA BUJIUIMTH HACTYMHI LUISXHU MiJBUIIECHHS 0OpOOKH HEMOB-
HUX c(hepUIHHUX TTOBEPXOHB JIE30BUM IHCTPYMEHTOM, SIKi OKa3aHi Ha puc. 6.

MiobuwenHa edexkmubHocm
MEManoodpodHO20 08NAdHaHHS

|
[Wnaxu nidbuwerHa edexkmubHocmi
— 00podku cgepudHux nobepxoHb
ne3obum IHCMpYMEHMoM

Bulip onmumankHozo
cnocody 08podku

Budip I onmumMizauia
pexumib oSpodku

MigbuuleHHs edexmubHocmi
MemaI008po8HO20 IHCMPYMEHMY

A i ] AR S A S I M sy B

5 : | 5 : : I
@1 MpodyxkmuBHicmb @ |
| |

l [IoKasHUKL CEDIHOCTTI l

[N Rt ST S SR TS S O S e A e R =1

Puc. 6. naxu nioguwenns echekmugnocmi oOpoOKU chepuiHux nO8epxXoHb
J1e308UM IHCIMPYMEHMOM

3anexHo Bijl cepiftHOCTI BUPOOHUIITBA KOXKEH Cc1oci0 00poOKM HEMOBHUX c(hepUUHHX IO-
BEPXOHb MOKE€ OYTH 3aCTOCOBAHHMM Y TOMY 4YM iHIIOMY BUMAAKy. OJTHUM 13 HaOLIbII BAXKIIH-
BHUX TOKa3HUKIB €(eKTHBHOCTI CIIOCO0Y 0OpOOKM € HOTO MPOMYKTHUBHICTh. Ha Hamy gymKy,
MOPIBHSIILHUN aHaI3 MPOIYKTUBHOCTI CIOCO0IB 00pOOKH, MpoBeAeHU B poOoTi [5], € He
00’ €KTUBHUH, OCKUJIBKU HE 3pO3YMLJIO, UMM ONIEPYBAIUCH aBTOPU IIPH BUOOP1 PEIKUMIB Pi3aHHS.
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Mu nponoHyeMo ik 00MeXEHHS IPUHHATH MAKCUMAJIBHO JOMTYCTUMI PEKUMU pi3aHHS JUIs 1H-
CTPYMEHTAJILHOT'O MaTepiany, ki BI3bMeMO 3 KaTaJloriB iHcTpyMeHTy KomnaHii TaeguTec [16-
18]. JomaTkoBO BBEIEMO OOMEKEHHS 3a IMIOPCTKICTIO Ta TOYHOCTI 0OPOOIEHOT TOBEPXHI, SIKY
npUKHMEMO PiBHOIO MaKCHUMAaJIbHO JOCSKHIN Mpu 00poO1i (PaCOHHUMHU pi3LsMH, K HAWMEHII
TOYHOTO crtoco0y, Too6To Ra 2,0 mxMm Ta IT9. 3Bifcu po3paxyeMo TeOpeTHYHE 3HAUYCHHS 101a4l
JUTSL THITMX CITOC001B 00poOKH, sike BUpazumo 3 ¢popmyin Yebuiepa:
S=,81r"R,,

ne R, —BucoTa HEPIBHOCTI MPODIIIO IO JECATH TOUYKAX, MKM;

S — nogaua, MM/00 (ipu TOuiHH1) Ta MM/3Y0 (TIpH Qpe3epyBaHHi);

r — pajilyc MpHU BEPIIUHI TUTACTUHU, MM.

SIk mpuKIaa MpoBeeMo MOPIBHAHHS MPOIYKTUBHOCTI CIIOCO0iB 00poOKH feTaneii i3 che-
PUYHUMU MOBEPXHAMU 1pu 00poOiti nerami «IlomnaBok» 13 matepiany 16T (puc. 7). [Tpumyck
Ha 00pOoOKy mpuitMeMo piBHUM 2 MM. JlaHi 3 KaTajoriB iHCTPYMEHTY 3BeJieMO B Ta0I. 1.

/e #5019, 3057

(1)

#52 S
| |
w4 : s
\K/ '
48 48
a 0

Puc. 7. Eckiz 3acomoexu a) ma demani 6) «Ilonnasox»
Tabmurs 1
Pexomenoosani pescumu pizanmns

Cr10ci6 06006k Burisig mnactu- | Hasea mmactu- | Matepian Pexxnmu pizaHHs
P HKH HKH INIACTHHKH | V, M/xB | S, MM/00(3y0) t, MM
3a mabonoM / TDA 4.00-2.00 K10 40-350 020-043 | 0,0-2,0
OruHanHAM ‘ _,-—-"“a‘ VCGT
npodinio V 110304 EL K10 40-350 0,05-0,25 0,5-3,0
N\
Obxarhum @)’ RYHX K10 40-350 0,8-0,1 1,0-3,5
(dbpesepyBaHHIM % 4 0803-AL

3arajioM NpoAYKTUBHICTh 0OPOOKH MOKHA 3HANTH 32 HOPMYIIOIO:

Vu
= T 2)
ne V, —o0’eM mpuIycky.
3naiinemo V; pospaxysasiu MIIX 3aroToBku Ta aeraii:
Vo =V, =V, = 7693.31 MmM>,

Po3paxyHKOBI 3HaUCHHSI pEKUMIB pi3aHHS Ta OCHOBHOT'O Yacy MoKa3aHi B Ta0J. 2.

3)
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Tabnuws 2
Pospaxynox ocnosnozo uacy oobpobru demani

No . Pexxumu pisaHHs OcuoBuuit yac | IIpoayKTHBHICTD
3/m Crioci6 0bpobiu V,Mm/xB | S, MM/06123y6) n, xg’! To, XB : H,yMM3/XB

1 DacoHHUMU Pi3IIMHU 100 0,02 637* 0.157 49002

2 3a 1mabIoHOM 100 0,36 2274-637*%* 0.216 35617

3 | OruHaHHAM MPODITIO 100 0,11 2274-637%* 0.716 10745

4 OOKaTHUM

(hpe3epyBaHHIM 100 0,5 650%*** 0,245%*%%* 31401

* Ipu po3paxyHKy OyIo mpHHHATO AiaMeTp 0OpoOku 50 Mm;

** 00poOka Ha BepcTatax 3 UITY 3 QyHKIIEFO KOHTPOITIO IBUIKOCTI Pi3aHHS HAa IOBEPXHi;

**% po3paxyHOK MPOBeNEHO 3a (opMyIaMu, HaBeJeHUMH B poOoTi [5];

*AXE IpH po3paxyHKY OCHOBHOTO Yacy KiJIBKICTh 3y0iB (hpe3u mpuitHATO 2.

Yy CYYaCHUX E€KOHOMIYHHUX yYMOBax MaH_II/IHO6y,Z[iBHI/IM Hi,[[l'[pI/I€MCTBaM JOBOAUTHCSA CTHKA-
THCS 3 YaCTUMH 3MIHAMU HOMCHKIJIaTypHu HeTaHeﬁ Ta BI/Ip06iB, 10 HOTpe6y10TL BHUT'OTOBJICHHAI.
3a TakuxX 0OCTaBUH MU MPOMOHYEMO KOPUCTYBATHCh KPUTEPIEM YHIBEPCAIbHOCTI MPH IJIaHYy-
BaHHI BUpOOHHITBA (TalbI. 3).

Tabmuus 3
Kpumepii ynisepcanvnocmi cnocodie 0opooku
Cnocio 06podxu
dakTop haconnnmu OTMHAHHSAM 00KATHUM
. 3a madJaI0HOM .

pizusiMmu npodiiro ¢pesepyBaHHAM
Tun obnagHaHHs VYHiBepcanbHe VYHiBepcaJibHE CreuianbHe VYHiBepcaibHe
Turm iHCTpYMEHTY CrieniaTsHIA YHiBepcanpHUI YHiBepcanbHUH CrieriarbHUA

VYHiBepcanbHUiA VYHiBepcallbHUH CII0-

YHiBepcalbHICTh

cnocio, skuil moTpe-

VYHiBepcanbHUi

CrieriaJIbHA# cI1ocio

ci0, sxuii motpedye

crioco0y Oye creriampHOro crocio CHeniaabHOTO
IHCTPYMEHTY IHCTpYMEHTY
Koedimient
Koepiuient 0,5 1 0 0,5
YHIBEpCAITBHOCTI
[TopiBHAHHS MeTOMIB 0OpOOKM 3 KpUTEpieM cOOIBApPTOCTI Ma€ NPYTOPSAHUN XapakTep,

OCKUIbKY 32 IHIIMX PIBHUX YMOB YC€ 3BOJUTHCS 10 BUTPAT Ha IHCTpyMEHT. O4eBUIHO, 1110 cIie-
HiaJdbHUM IHCTPYMEHT 3HAYHO JIOPOXKYUN YHIBEPCATIBHOTO, OJJHAK 11€ KOMIIEHCY€ETHCS IHITUMU
dakTopaMu, HAIPUKIIAZ IPOAYKTHUBHICTIO. AHAJI3 (PiHAHCOBO-€KOHOMIUHOT JisUIbHOCTI MaIIH-
HOOY/IBHUX MiITPUEMCTB MTOKa3aB, 1110 B 3araJlLHOMY BUIA/IKy BUTPATH HAa IHCTPYMEHT CTaHO-
BJIATH Os1n3bKO 5 % Bij 3aranbHOi BapTocTi BUpoOy [20; 21].

[TapameTpu yHiIBepCalbHOCTI, pO3paxoBaHy MPOAYKTHBHICTH CHOCOOIB J1€30BOi 00pOOKU
HEMOBHHUX C(EPUUYHHUX MOBEPXOHb, @ TAKOX HIOPCTKICTh MOBEPXHI Ta TOYHICTH (HOpMH, sKa
OTPUMYETHCS PO3MIISHYTUMH CIIOCOOaMU, IPEICTaBUMO y BUTJIAI AiarpaMu Ha puc. 8. Ocki-
JBKU PO3TIISIHYTI ITapaMeTpy MaloTh Pi3HOTO MOPSAKY BEIMUYUHH MIPUIMEMO Jiana3oH 3HaYeHb
3a 100 %. Yci 3nadenHs OyayTh 3HaxoauTuch Big 0 mo 1, ne 1 — kpamuii nokasHuk. Takum
YUHOM, c110ci0 00poOKH, SKUK Mae HaOLIbITY 3a TuIomelo (irypy, Oyae MaTu mepeBary HaJ
IHIIIMMU CIIOCOOAMH.
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TouHicTe popmm
1,2

YHiBepcanbHiCTb LWopcTkicTs

lMpoayKTUBHICTL

e D3CcOHHUMM Pi3LUAMM s [1o wabnony

e OrMHaHHAM Npodinio 0O6KaTHUM ppe3epyBaHHAM

Puc. 8. Ilopisusanvra diacpama cnoco6is 1e3060i 06pOOKU HENOBHUX ChepUUHUX NOBEPXOHD

BucHoBkM BiaNOBiAHO 10 cTATTI.

1. IIpoBenieHO KOMILUIEKCHE MOPIBHSAHHS CIOCO0IB 00pOOKH HEMOBHUX CEPUUHUX TOBEP-
XOHb 3 MO3UIIIT iXHbOI IKOCTI, TOUHOCTI (POPMU, NIPOAYKTUBHOCTI Ta yHIBepcalbHOCTI. Bu3Ha-
YeH1 KpUTepii BUOOPY ONTHUMAIBHOIO CIIOcO0y 0OpOOKH 1at0Th 3MOT'Y HaJ{aJli iX BUKOPUCTOBY-
BaTH IpHU po3poOLil TEXHOJIOTTUHUX MPOLIECIB 00pOOKH JleTanel Ta MiIaHyBaHHI BUPOOHHUIITBA.

2. BuszHaueHo NIISXH MiABUIIECHHS €PEeKTUBHOCTI 0OPOOKH HEMOBHUX CHEPUUHUX MOBEP-
XOHB JIE30BUM 1HCTPYMEHTOM.

3. IIpoBeneno aHaii3z crnoco0iB 0OpOOKM HEMOBHUX C(HEpUYHHX MOBEPXOHb JIE30BUM iH-
CTPYMEHTOM 31 BCTAHOBJIEHHSIM I€peBar 1 HEJIOJIIKIB Ta IPAaHUYHO JOCSYKHOI IIOPCTKOCTI Ta
TOYHOCTI (hOpMHU KOXKHOTO criocoOy. IIpoBeneHo npukiag NOpiBHAHHS MPOJAYKTUBHOCTI BilO-
MHX CIIOCO0IB 0OPOOKH 31 CITOCOO0OM, 3a SIKUM Y TPOMHCIIOBUX YMOBaxX OyJIO BUTOTOBJICHO Jie-
tasb «[lommaBoky A7 ripocKora.
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ANALYSIS OF METHODS FOR PROCESSING PARTIAL EXTERIOR
SPHERICAL SURFACES WITH A BLADE TOOLS

Urgency of the research. Accuracy requirements for machining of incomplete spherical surfaces with a blade tool are
constantly growing. Therefore, the search for ways to improve the accuracy of processing incomplete external spherical
surfaces is an urgent scientific and practical task.

Target setting. The choice of technological methods to ensure the accuracy of the shape, size and quality of the surface
layer of parts with spherical surfaces is one of the most important factors affecting their cost. The solution to the problem of
ensuring the high quality of parts with their minimum cost will allow domestic enterprises to produce competitive products on
the world market.

Actual scientific researches and issues analysis. Currently, various methods of processing spherical surfaces with a blade
tool are known, which are widely described and analyzed in the scientific and technical literature. However, the modern
development of machine tools, the production of metal-cutting tools and methods of blade processing of surfaces indicate the
need for further analysis of these methods, determining the advantages and disadvantages of each method.

Uninvestigated parts of general matters defining. Until recently, it was believed that the processing of precision spherical
surfaces requires the use of special equipment, tools or devices. However, today the situation has changed dramatically and
therefore at modern machine-building enterprises such surfaces are processed on CNC lathes. Accordingly, a comprehensive
comparison of methods for processing spherical surfaces in terms of quality, productivity, versatility is relevant.

The research objective is a comparative analysis of modern methods of blade processing of incomplete external spherical
surfaces of machine parts from the standpoint of their quality, shape accuracy, productivity and versatility to formulate
performance criteria when developing processing technology on CNC machines.

The statement of basic materials. In the work, methods for processing spherical surfaces with shaped cutters, copying a
profile, on CNC machines, rounding and round milling are analyzed. For each method, a processing scheme is described with
a description of the process and the advantages and disadvantages are highlighted. The ultimate roughness of the surface
processed by each of the methods is established and productivity is compared by the example of an incomplete spherical part
of a gyroscope. Processing methods for their versatility were systematized.

Conclusions. A comprehensive comparison of the methods of processing spherical surfaces from the standpoint of their
quality, accuracy of shape, performance, versatility is carried out. Criteria for choosing the optimal processing method are
determined. This allows their further use in the development of innovative technological processes for processing parts and in
production planning.

Keywords: spherical surface; processing methods; blade processing, mechanical engineering.
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