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nuccepranonHoro copeta JI 05.24.703 mo 3amuTe auccepTaliuii HA COMCKaHHE
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JUCCepTALMEel MOKHO O3HAKOMUTBLCS B OMOJIMOTEKaX OpraHu3aluid, IpU KOTOPOM
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YueHslil cCeKpeTapb IUCCEPTALUOHHOTO
COBETa K.T.H. OnukbaeB K.T.
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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTh  TeMbl auccepramum. boimee 60 %  nmeranei
MaIlIMHOCTPOUTEIBHON MPOAYKIIMA UMEIOT OTBEpCTHs. BO Bcex ciydasx mepBbIM
TEXHOJIOTUYECKHM TEPEX0J0M 00pabOTKHM OTBEPCTUH B CIUIOIIHOM MaTepuale
aBisgercs: cBepiienue. [loaTomy crimpanbHbie cBepia cocTaBisiioT 30% ot olurero
o0beMa pEeXKyIIero HUHCTPYMEHTa. TEeXHOJOTMYeCKHil Tmpoiecc 00paboTKu
OTBEPCTUM BBICOKOIO KAayecTBa BKIIOYAET CEMb IIEPEXOJIOB: CBEPJICHUE,
paccBepIMBaHUE, YEPHOBOE M YHCTOBOE 3E€HKEPOBAHME HOPMAJIbHOE, TOYHOE WU
TOHKOE pa3BepThiBaHue. [loBbIlIeHWE KadyecTBa OTBEPCTUH 00pabOTaHHBIX
CBEPJICHUEM TIO3BOJHMT 3HAYUTENBHO CHHM3UTh TPYJOEMKOCTH 0OpabOTKH
OTBEPCTHUI BBICOKOTO KAueCTBA 33 CUET MCKJIOYEHUS HECKOJIBKHX IMOCIEIYIOIUX
TEXHOJOTHUECKUX TmepexoaoB. [loaTomMy mpoOiieMa TMOBBIMIEHUS KadecTBa
OTBEPCTHUH, OOPAOOTAaHHBIX CIHUPAJIBHBIMU CBEpJaMH, C LEIbI0 CHWKECHHS
TPYJOEMKOCTH 00paOOTKHU U3EIHI MAIIMHOCTPOCHUS SIBJISETCS AKTyaJIbHOM.

CBs3b TeMbl JUCCEPTAIMH € KPYNHbBIMH HAYYHBIMM NPOrpamMMamMH
(mpoeKkTamMu), 0CHOBHBIMH HAYYHO-HCCJIEI0BATEILCKUMHI PadoTaMHu.

Huccepransi  cBsi3aHa  C  HAy4YHO-UCCJIENOBATENbCKOW  paboToi
«Oprann3alMOHHO-TEXHOJIOTUYECKOE  MPOEKTUPOBAHUE  MPOU3BOICTBEHHBIX
cuctem» kadenpsl «Texnonorus mamuHoctpoerus» KI'TY um. 1. Pazzakosa

Hear um 3amaum wucciaenoBanuil. llenpio guccepranioHHON pabOTHI
ABJIAETCS pa3pabOTKa METO/IOB MOBBIIMICHHUS] TOYHOCTH pa3Mepa U HIEPOXOBATOCTH
MOBEPXHOCTU OTBEPCTUM, 0OPaOOTaHHBIX CUPAIBHBIMUA CBEPIAMU JIJIsi CHUKEHUS
TPYJOEMKOCTH 00paOOTKHU U3AEIHI MAIIMHOCTPOEHHUS.

3aga4u HUCCIEeN0BAHUM:

1. YcTaHOBUTH 3aKOHOMEPHOCTH BIIMSHHS MAPaMETPOB PEKUMA PE3aHUS U
OCEBOr0 OMEHUS PEXYLIUX KPOMOK CBEPJI HA TOUHOCThH pa3Mepa U IIepOXOBATOCTh
MTOBEPXHOCTH OTBEPCTUN 00paOOTAHHBIX CBEPIICHUEM.

2. OnpenenuTh XapakTep BIUSHUSA YCIOBUN 0OpaOOTKHM U MOTPEIIHOCTEH
3aTOYKM PEXKYIIEH YacTH CBEpJI HA TOYHOCTh pa3Mepa M IIEPOXOBATOCTh
MOBEPXHOCTH OTBEPCTUI 00paOOTAHHBIX CIUPATILHBIMU CBEPIIAMH.

3. Pa3zpabotarh SMOUPUYECKYI0 MOJEIb BIUSHUS TapaMETPOB pPEeXUMa
pe3aHuss W yCIOBHM OOpabOTKM Ha TOYHOCTH pa3Mepa M IIEpPOXOBATOCTh
MOBEPXHOCTHU OTBEPCTUI 00paOOTAHHBIX CIUPATLHBIMU CBEPIIAMH.

4. PazpaboraTh METONOJNOTHIO, OOBEAUHSIONIYI0 B3aHMMOCBSI3aHHbIE
MOCJIEIOBATEIbHBIE METO/IbI, MPOBEACHUS IKCIEPUMEHTAIBHBIX HUCCIEIOBAaHUN U
00pabOTKH UX PE3yJIbTATOB.

Hay4ynasi HoBU3Ha pa0doThI:

1. B pe3ynbrare 3KCHEPUMEHTAIbHBIX  HUCCIEIOBAHUNA  IOJYYEHBI
AMIIMPUYECKUE 3aBUCHMOCTH BEJIMYMHBI HApOCTa HA PEXYIIUX KPOMKaxX CBEpJI U
TEMIEPATYPhI OT CKOPOCTU PE3aHUS MIPU CBEPIICHUH.

2. DKCEPUMEHTAIIBHO YCTAHOBJIEHO, YTO Ha CKOPOCTSIX pe3aHus MEHBIIUX 6
M/MWH, TJIACTUYHOCTh 00pabaThiBaeMON KOHCTPYKIIMOHHOM CTajy BO3pACTaeT MPHU
OJTHOBPEMEHHOM YMEHBIIIEHUH €€ TPOYHOCTH.



3. DKCHepMMEHTAbHO OMPEISTICH XapaKTep 3aBHCHUMOCTEH TOYHOCTH
pasMmepa, NEPHEHAUKYJISIPHOCTH OCH M  IIEPOXOBATOCTH  IMOBEPXHOCTHU
MPOCBEPJICHHBIX OTBEPCTUN OT MapaMETPOB PEXUMa PE3aHUs U OCEBOTO OMEHMS
PEXYIIMX KPOMOK CBEpJI U MPU ATOM METOJAaMHU allpPOKCUMAIMU MOJTYYECHBI
COOTBETCTBYIOIIUE SMIMPUUYECKUE MOJIEIH, OTPaKAIOIIMe BIMSHUE HA TOYHOCTH
pasmepa NnepneHANKYISIPHOCTh OCH U MIEPOXOBATOCTh MOBEPXHOCTU OTBEPCTHIA.

IIpakTH4yeckasi 3HAYMMOCTb MOJIYYEHHbIX Pe3yJbTaTOB:

- OmpeneneHbl palMOHATBHBIE PEXUMBI 00paOOTKH CBEpJICHUEM, BHIl H
COCOObI  3aTOYKM  CBEPJ, IMO3BOJISIIOIIME TOJYYUTh BBICOKOE KauecTBO
MIPOCBEPJICHHBIX OTBEPCTUH COOTBETCTBYIOIIEE KAdeCTBY OTBEPCTUH MPHU
HOPMAaJILHOM Pa3BEPTHIBAaHUH.

- Pa3zpabortana MeTOJ0JIOTHSI TOCTAHOBKH, MPOBEACHUS HCCIEAOBAHUN U
00pabOTKM pe3yabTaTOB.

PesynpTaThl  uccrnenoBaHui  OyAyT  HUCIHOJIB30BaThCA NPU  UYTEHUU
CHEIUATBHBIX JUCHUIUINH: «TEeXHOJOTHYeCKUe MPOIECChl B MAIIMHOCTPOCHUN,
«O0paboTka MaTEepHaIOB U UHCTPYMEHT», «lloBbIllIeHHE CTOMKOCTH CIUPATBHBIX
CBEpJI U KauecTBa 00OpaOOTKU CBEPICHUEM.

JKOHOMMYECKAs] 3HAYMMOCTH MOJYYeHHBIX pe3yabTaToB. CHIDKEHHE
TPYJOEMKOCTH OOpaOOTKM OTBEPCTUH 3a CYET YMEHBIIECHUS KOJIUYECTBA
TEXHOJIOTUYECKHUX MEPEX0/I0B.

OCHOBHBI€ MOJIOKEHUsI JUCCEPTANNU, BBIHOCUMbIE HA 3AIIUTY:

1. YcraHOBIEHBI 3aKOHOMEPHOCTH BIIUSHUS MMAPAMETPOB PEKUMa PE3aHUS U
KaueCcTBa 3aTOYKH PEXKYIIEH YacTh CBEPJI, IMO3BOJISIONIME TOJYYUTHh BBICOKYIO
TOYHOCTh pa3Mepa W IIEPOXOBATOCTH IMOBEPXHOCTH OTBEPCTHH, 00pabOTaHHBIX
COUPAIBHBIMHA ~ CBEpPJIAMH  COOTBETCTBYIOIIME  KA4eCTBY OTBEPCTHH  TPH
HOPMAaJIbBHOM Pa3BEPTHIBAHUMU.

2. Pa3paboTaHpl HSMIOUPUYECKHE 3aBUCUMOCTH HApOCTa Ha PEXYIIUX
KPOMKax CBEpJI.

3. PazpaboTana sMmmupuyeckas MOJEIb, MO3BOJISIONIAsS OTPA3UTH XapaKTep
BIIUSIHUS TIAPaMETPOB PEKUMA PE3aHUs U OCEBOTO OMEHHS PEXKYIIUX KPOMOK Ha
TOYHOCTh pa3zMepa MepPHEHANKYISIPHOCTh OCH M IIEPOXOBATOCTh MPOCBEPICHHBIX
OTBEPCTHI.

4. PazpaboTaHa METOMIOJIOTHSI TMOCTAHOBKH, MPOBEACHHS HCCIEIOBAHUN U
00pabOTKH pe3yibTaTOB, MO3BOJISAIONIAS TTOJYUYUTh BEICOKOE KAYECTBO PE3YJIHTATOB
UCCIICTOBAHMSI.

JIMYHBIA BKJIAJ COUCKATEJIS.

OcHOBHBIE pE3yJbTaThl HMCCIECOBAHUNA TMOJYYEHbI COWCKATElIeM JUYHO.
YcraHoBiICHBI (DU3UYECKHME 3aKOHOMEPHOCTH W XapaKTep BIUSHUSA YCIOBUN
00paboTKH, MapaMEeTPOB PEKHMMa PE3aHUS U OCEBOr0 OMEHHUS PEXYIIMX KPOMOK
CBEpJI Ha TOYHOCTH pa3Mepa U IIEePOXOBATOCTh MOBEPXHOCTU IMPOCBEPJICHHBIX
orBepctuil. OmnpeneneHbl 3aBUCUMOCTH HApOCTa W TEMIIEPaTypbl OT CKOPOCTH
pe3aHusi mpu cBepieHuu. PaspaboTrana sMmmpuyeckas MOJIeTh OTpakaromas
XapakTep BIUSHUA TApaMeTPOB PEKHMMa pe3aHuss M yCIOBUM OOpabOTKH Ha
TOYHOCTh pa3Mepa W IIEPOXOBATOCTh MOBEPXHOCTU MPOCBEPJICHHBIX OTBEPCTHUH.

4



PazpaboTana MeTo10I0THSI, TOCTAHOBKH, TTPOBEICHHS UCCIIEIOBAHUNA 1 00padOTKA
pe3yJIbTaToB.

Anpofdanuu pe3yJIibTATOB AMCCEPTANMM. Pe3ynbTarsl JUCCEPTALIMOHHOW
paboThl  JIOJMOXKEHBI W OOCYXKAEHBbl Ha  CIHEAYIOIMHMX  MEXIYHApOIHbIX
KOH(EPEHITUSAX:

1. MexnyHapoaHasi Hay4YHO-TEXHUUYECKasi KOH(EPEHIUsI MOJIOJbIX YUEHBIX,
aCIMpaHTOB U CTYHEHTOB «MHHOBalusi — BEKTOp ISl MOJIOJEKW».- DUIIKEK,
KI'TY nm. U. Pa33akosa, 2014 T.

2. MexnayHapoaHas HaydyHO-TIpakTH4ecKass KoH(epenums «HHOBammy B
Hayke W TexHuke» [locBsmiennas mamsatu mnepBoro aekana ETd mpodeccopa
FOpuxosa B.A. bumikek, KPCY um. b.H. Enbiuna, 2022 1.

3. MexnyHaponHas Hay4yHO-TIpakTHueckas koH(epenuus «Hayxka,
oOpa3oBaHWe, WHHOBAIIMK W TEXHOJOTHUU: OICHKH, MPOOJIEMBI, MMyTH PEIICHUN,
nocesmeHHas 80 — meruro ydeHoro—menarora JK. YcyOamuea u 30 — neTuro
Nuxenepuoir  Axagemun KP. bumikek, KsIprei3ckuii  rocyaapCTBEHHBIN
YHUBEPCUTET T'€OJIOTMH, TOPHOIO JIeJIa U OCBOEHHUS NPHUPOIHBIX PECYPCOB HUM.
akamemuka Y. AcananmueBa; MmxenepHas akamemus Koipreizckoit PecmyOnumkw,
2022 .

4. VIII MexnayHapoaHasi ceTeBasi Hay4YHO-TIPAKTUYECKON KOH(EpEHIINH
«CoOBpEeMEHHBIE HMHTETPAllMOHHBIE MPOLECChl B Pa3BUTUM HMHHOBAaLUM B
oOpazoBanuu u Hayke» bumkek, KI'TY um. 1. Paz3akosa, 2022 r.

IHoaHoTa oTpakeHus pe3yibLTATOB JUCCEPTALMHU B MyOJTUKALMSX.

[Io wmartepuanam guccepranuu omyonukoBano 20 Hay4dHBIX CTaTew,
Bxoasumx B PUHIL B ToM uucne mects crateil omyOJMKOBAaHO 3a pyOexoM, a
takxke nateHT B KP Noe 265 u cBuzeTenscTBO 00bekTa aBTOpCcKkoro mpasa Ne 3073.

Crpykrypa U 00beM JUCCEPTALUU.

HuccepranmonHas paboTa COCTOUT U3 BBEACHHS, TpeX TIJjaB, OOLIUX
BBIBOJIOB U PEKOMEHIAINH, 3aKI0UYEHHUS], CIIIMCKA UCMOJb30BAHHOM JIUTEPATYpPHI U
npusioxennii. Coaep)kaHue AUccepTalluy U3JI0KEHO Ha 135 cTpaHuiiax, ColepKuT
51 pucynok, 47 tabmuir, 6ubnuorpaduro u3z 61 HauMeHOBaHMUS.

Huccepranmonnas pabora BeimoigHeHa B KI'TY um. M. PaszzakoBa mon
HAy4YHBIM PYKOBOJICTBOM JI.T.H., ipodeccopa Parpuna Hukonaii AnexceeBuua.

OcHoBHoOeE coJepkaHue padoThI

Bo BBemeHuM 000OCHOBaHA  aKTyaJbHOCTh TEMBbl  JIMUCCEpTALUHU,
chopMyIHpPOBaHbI 1EJIM U 3aJa4l UCCIEAOBAHUM, OTPaKEHbI Hay4YHass HOBU3HA U
MpaKTUYEeCKasi 3HAYUMOCTb.

B nepmBoii riaBe nposeneH 0030p U aHAIN3 CYIIECTBYIOIIUX METOJ]OB IO
00eCTieUeHUI0 KadyecTBa MOBEPXHOCTH JeTajed MaliuH. PaccMOTpeHbl METOJbl
oOecrieueHust Ka4yecTBa 00pabOTKU OTBEPCTUN OCEBBIMU MHCTpyMEHTaMu. B utore
aHaau3 JIUTEpPaTypHBIX HMCTOYHMKOB TIOKa3ajJl OTCYTCTBHE HCCIIEIOBAHUM,
HalpaBJICHHBIX HA TOBBIINIEHUE TOYHOCTH pa3Mepa U  IEPOXOBATOCTHU
MOBEPXHOCTU  OTBEPCTHM, OOpaOOTaHHBIX CHOUPAIBHBIMUA  CBepjamu. He
pa3paboTaHbl B3aMMOCBSI3aHHBIE IMIOCJIEIOBATEIBLHBIE METOABl TIOCTAHOBKH U



IPOBEJCHUS WCCIEIOBAaHUI MOBBIIICHUS KadecTBa IMPOCBEPJICHHBIX OTBEPCTHI.
[TosTromy pa3paboTka METONOB IO TMOBBIIMICHHWIO KadecTBa OTBEPCTUH
00pabOTaHHBIX CHUPATHLHBIMUA CBEpJIAMH TIO3BOJUT PEIIMTh 3a1ady CHIDKCHUS
TPYIAOEMKOCTH 00pabOTKH AeTalieil 3a CYeT YMEHBIIICHUS KOJIMUECTBA MIEPEXO0/IOB B
TEXHOJIOTHYECKOM TIpOIIecCe.

Bo BTOpOIi ri1aBe TMpeCTaBICHB METOMOJIOTUS U METOMBI MCCIIEIO0BaHUS,
OOBEKT M MPEAMET UCCIICIOBAHMS.

OOBEeKTOM  HCCIENOBAaHUN  SBISIOTCA  TEXHOJOTHYECKHE  MPOIECCHI
00pabOTKH OTBEPCTHI OBICTPOPEKYIIMMHU CITUPATLHBIMUA CBEPIIAMH.

[IpeameToM HCCIIENOBAaHUN SBIIAIOTCS pa3pabOTKa METOIOB MMOBBILICHHUS
KayecTBa 0OpabOTKH OTBEPCTHH OBICTPOPEKYIIUMHU CIHUPAIBHBIME CBEpJIaMH,
00eCIeUnBAIOIINUX CHIYKEHUE TPYIOEMKOCTH 00pabOTKH OTBEPCTHIA.

MeTtononorusi ucciaeoBaHUI HampaBieHa Ha pa3pabOTKy SMIMPUYECKON
MOJICTI OTIPEICIISAIONIEH XapakTep BIUSHUS TEXHOJIOTHMUECKUX (HAaKTOpPOB Ha
pe3yJIbTaThl UCCIEAOBAHUN U BKIIIOYAET TPEOOBAHUS K TEXHOJIOTMUYECKON CUCTEME,
COCTOSIIIIEN U3 YETHIPEX 005A3aTEIbHBIX COCTABIISIOIINX:

- CTaHOK (TEXHOJOTMYecKoe O0OpyIoBaHHE, HAa KOTOPOM IPOU3BOAMUTCS
00paboTKa JieTajeii CBEpIICHUEM);

- mpucnocoOsieHne  (TEXHOJOTMYECKOe  OCHAIlleHHe 00OopyaoBaHMUs,
HeoOxoaumMoe Jutst obecriedeHus: o00pabOTKU JieTajeii CBEpIICHUEM);

- MHCTPYMEHT (OBICTPOPEXKYILIME CIHpAIbHBIE CBEpPJa HENOCPEICTBEHHO
y4acTBYIOIIME B 00pabOTKe JieTalei);

- neTanb (KOHCTPYKTHBHAs 4YacTh M3ENHs, 3arOTOBKA, HETMOCPEICTBEHHO
o iyIesKaIas 00padoTKe M KOHTPOJIIO PE3yJIbTaTOB).

Bce ueTsipe cocTaBisioNME TEXHOJIOTHMUYECKON CHUCTEMBI OMPEICISIIOTCS B
3aBUCUMOCTH  OT  3aJaHHBIX  TEXHOJOTMYECKHWX  yCIOBUH  MPOBEICHUS
UCCJIEJOBAaHUM U TEXHOJIOTMYECKUX (PAKTOPOB, 3aBUCSIINUX OT HUX.

VYcnoBuss  MpoBenEHUs ~ UCCIENOBAaHUM  SBJISIOTCS  HE3aBHCHMBIMU
TEXHOJIOTMUECKUMU (pakTOopamu, MOAJIeKAIIMMUA BapbUPOBAaHUIO B Ipoliecce
IOPOBEJCHUS HUCCIEIOBaHUM, HEMOCPEACTBEHHO BIMAIOIIME Ha 3aBUCHUMbIC
TEXHOJIOTHUECKHUEe (DaKTOPbI — Pe3yJIbTaThl UCCIIETOBAHUI.

B Hacrosmmux  MCCIENOBAHMUSX  HE3aBUCUMBIMH  TEXHOJOTHYECKUMU
(dakTopaMu SIBIISIFOTCSI TTapaMETPhl peXUMa pPe3aHusi U OCeBble OMEHMs PEXYIIUX
KPOMOK CBEpJl. 3aBUCHMBIE TEXHOJIOTUYECKHE (DAKTOPBI: MIEPOXOBATOCTH

MOBEPXHOCTHU OTBEPCTUH; KBAJIUTET JOTyCKa JTMaMEeTpa; JOTMYCK
MEePIEHIUKYJISIPHOCTA OCHU OTBEPCTHSI.
CraHok

Bonbmmoe 3HaueHUe ISl SKCIIEPUMEHTAIBHBIX HCCIICIOBAaHUN MMEET BBIOOD
ctaHka. CTaHOK JIOJDKEH OO€CleunuTh BBICOKYID TOYHOCTh OOpabOTKH H
MUHUMAJILHOE pacCeuBaHUE PE3yJbTATOB HCCienoBaHui. [loMmuMo 3TOTO CTaHOK
JIOJDKEH UMETh JIOCTATOYHO IIUPOKHE TPEETbl M OOIBIIOE KOJIUYECTBO CKOPOCTEH
pe3anus u mojad. Becemu atuMu TpeboBaHUSMU 00J1a/1a€T MTMPOKOYHUBEPCATHHBIN
(dbpe3epHBI CTAaHOK MOBBIIICHHON TOYHOCTH Mojiean 67511, Ha 6aze KOTOPOro ObLI
000OpyZIOBaH OSKCIEPUMEHTAIBHBIA CTEHJl JJIS UCHBITAHUA CBEpPJ C IIEJBIO

6



oTpezieNieHuUs] BIUSHUS MapaMeTPOB PEeKUMa PE3aHUSI U OCEBOT0 OUEHUS PEXYIINX
KPOMOK CBEpJI Ha MIOKa3aTeId KauyecTBa IPOCBEPICHHBIX OTBEPCTHI.

IIpucnocodsienne

[Ipu mpoBeneHNH HKCHEPUMEHTAIBHBIX HCCICIOBAHUN TMPHUCIIOCOOIICHUE
JOJDKHO OO0ecreynBaTh TOYHOCTh IMO3WIIMOHUPOBAHMS 3aroTOBKH, a HMMEHHO
NapajieIbHOCTh TEXHOJIOTMYECKHMX 0a3 OTHOCHUTENBbHO paboyeil MOBEpXHOCTU
CTOJIa CTaHKa M UX MEPIeHANKYISIPHOCTh OTHOCUTENBHO OCH cBepna. llpu
MPOBEJCHUHN HCCIEIOBAaHUN 3aroTOBKAa HEMOCPEACTBEHHO YCTaHABIMBAIAaCh Ha
cToje crTaHka (pUCYHOK 2.2, pUCYHOK 2.6), TeM caMbIM HOTPEUIHOCTH
MO3UIIMOHUPOBAHUS 3aTOTOBKH MOJIHOCTHIO UCKIIOYAUCH.

Pucynok 2.2 — YcranoBka Pucynok 2.6 — OGpabaTsiBacMas
3aroTOBKU Ha CTaHKE 3aroTOBKa
HNucrpymenT

[Ipy npoBeAEHUM HKCIEPUMEHTAIBHBIX HWCCIECIOBAHUI HCIOJIb30BAIUCH
criupalibHbIe cBepiia ¢ KoHndeckuM XxBocToBuKoM 1o 'OCT 10903-77 auamerpom
11 MM u3 ObicTpopexymiei ctamu PO6MS, moBbilieHHON TOYHOCTH Kiacca Alu
HOPMAJIbHOM TOYHOCTH KiaccoB Bl u B.

CBepna MOBBIIEHHOW  TOYHOCTH  Kjacca Al 3arauMBamuch 1O
JBYXIUJIOCKOCTHOM 3arouke. (CBepiia HOPMaJIIBHOW TOYHOCTM KilaccoB Bl um B
MMEJHU CTaHJAPTHYIO 3aTOUKY.

KOHCTpYKTUBHBIE 3JIEMEHTbl M TEOMETPUUYECKHE TapameTpbl  CBEpI
KOHTPOJIMPOBAIIMCH HA COOTBETCTBHE CTaHAapTaM Ha MUKpockore Y UM-23.

VY cBepn MNOBBINIEHHOW TOYHOCTH Kiacca Al oceBoe OueHue mocie
YCTAHOBKM B IIIMHHJENIb CTaHKa He mpeBblmano 3HaueHue 0,08 mm. ¥V cBepn
HOpMasibHOM TouHOCTH Kiacca Bl u B - 0,2 u 0,3 MM COOTBETCTBEHHO.

Herann

CBepauianch 3aroToBKM M3 KOHCTpyKIHoHHOW ctanu 45 180HB. Tommmnaa
3arOTOBOK COOTBETCTBOBajla TpeM Juamerpam cBepil. CBEpJMIUCh CKBO3HBIE
oTBepcTUs (prc.2.6) ¢ TOJIMBOM CMa309HO-OXJIAXKTAIOMEH >XHAKOCTEIO — 5%
pactBop VYkpunona 5. IlpenBaputenbHO 3aroToBkd  (pe3epoBAIUCH U
HUIMQOBAIIUCH C IIECTH CTOPOH Ui OOecrnedyeHus: TEXHOJOTMYecKux 0a3
00pabOTKM 3aroTOBOK M KOHTPOJS MMAapaMeTpOB TOYHOCTU MPOCBEPICHHBIX
OTBEPCTUH.



MeToabl KOHTPOJISI Ka4eCTBA MPOCBEPJIeHHBIX 0TBEPCTHI

JlmameTp MpOCBEPIICHHBIX OTBEPCTUI KOHTPOJIUPOBAICS B TPEX CCUCHHSIX U
JBYX B3aWMHO TMEPICHIUKYJISAPHBIX IUIOCKOCTSIX HyTpomepoM. HMcmomb3oBancs
Hytpomep wuHAuKatopHbli HUM-10-18-1 mnpeaBapuTenbHO HACTPOSHHBIM Ha
pabouwmii TuamMeTp cBEpiia MUKPOMETPOM.

Jliss u3MepeHusi IMIepOXOBATOCTH MOBEPXHOCTH HCIOIB30BAJICS TPUOOp
MarSurf M 400, (puc.2.10) npeaHa3HaueHHBIH IS H3MEPEHHI IapaMeTPOB
LIEPOXOBATOCTU IMOBEPXHOCTEN WU3CIIHMN.

Pucynoxk 2.10 - ITpuGop 11t u3mepeHuii mepoxoBaroctu nosepxHoctu MarSurf
M 400: a) — 6ok npuBoja SD26; 6) — npubop

JleiictBue mpuOoOpa OCHOBAaHO HA MPHUHIIMIE OLIYNbIBAHUS HEPOBHOCTEM
UCCIENyeMON TMOBEPXHOCTH ajiMa3HOW WIJION (IIynmoM) MW HpeoOpa3oBaHUs
BOZHHMKAIOIIMX TPHU O3TOM MEXAaHUYECKUMX KoJeOaHWW Inyna B U3MEHEHHS
HaIpsHKEHUS ¢ IPUMEHEHUEM UHAYKTHBHOTO IaTYUKA.

[lepneHANKYISIPHOCT OCH OTBEPCTUSI OTHOCUTEIBHO TEXHOJIOTHUECKUX 0a3
ornpenensiach M3MEPEHUEM pa3Mepa OT OOKOBOW MOBEPXHOCTH 3aroTOBKHU [0
IIOBEPXHOCTU OTBEPCTHS B JIBYX B3aUMHO NEPHEHAMKYJSPHBIX IUIOCKOCTSX Ha
BXOJI€ U BBIXOJIE OTBEPCTHS AJIEKTPOHHBIM LU(POBBIM MHUKPOMETPOM MKII-25 ¢
nenou genenus 0,001 mm.

MeToabl 00padoTKH pe3yabTATOB UCCAEAOBAHNM

[IpuMeHAIUChr METOABl ANIpPOKCUMALMU M MaTEMaTUYECKOM CTaTUCTHKH,
OCHOBAaHHBIE HAa  KOPPEJSILMOHHO-PETPECCHOHHOM  aHAJIU3€  PE3yJIbTaTOB
uccinenoBannii.  Onpenensyiock COOTBETCTBUE — PE3YJIbTATOB  MCCIEAOBAHUN
HOPMaJbHOMY  pacCIpeleNieHHI0 1O  3akOoHy layca,  pacCUMTHIBAINCH
kKod(phunMeHTsl JUHEWHOW koppensuuu [lupcoHa Mexay HE3aBUCUMBIMU
TEXHOJIOTHYECKUMH (DAKTOpPaMHU M 3aBUCUMBIMHU - PE3yJbTaTaMHU HCCIEAOBAHUIA.
[Ipn Hamuuuy 3HAYUMOM KOPPENSLUMU IMPOBOIAWIICS PETPECCUOHHBIN aHAIU3 MX
CTaTUCTUYECKUX 3aBUCUMOCTEM C MPUMEHEHHEM NPUHUMUIIA HAUMEHBIINX
KBaJpaToB, HA OCHOBAHNUH KOTOPOTO CTPOMJIMCH SIMIIUPUYECKUE MOJEIIH.

B Tperneil riaBe mpeactaBieHbl MaTepuanbl pa3pabOTKH METOJOB IO
MOBBIIICHUIO KaYeCTBAa OTBEPCTUH 00paOOTAHHBIX CIIUPATLHBIMH CBEPIIAMH.

[IpoBeneH CTAaTUCTUYECKUMU aHAIW3 MOKA3aTelIed KadyeCcTBA OTBEPCTUU
TEXHOJOTMYECKONM OCHACTKH (IUTaMIOB, mpeccopM, IUTHOpPM) NMPUMEHSIEMON Ha
3aBojax r. bumikek (Tabnume 3.1)



Tabnuna 3.1 - Iloka3aTenu KauyecTBa OTBEPCTHI TEXHOJIOTMUYECKONH OCHACTKU

Huamerp | KBanuter | llepoxo- | Homyck Haznauenue
OTBEPCTHS, | JOMYCKa | BaTOCTh | MEPHEHAU- OTBEPCTUS
MM Ra, MKM | KyJISIpHOCTH
OCH, MM
10-13 7 0,8 0,02 [Tox 3HaKH
14-16 9-7 0,8 0,02 ITon
BBITUIKUBATEIIN
16-20 7 0,8 0,06 — 0,04 | Ilox
HaIpaBJISIIOIINE

OOuienpr3HaHHbI TEXHOJIOTMYECKUA METOJ] TMOBBIIMICHHUS I[OKa3aTesen

KauecTBa MOBEPXHOCTHU, 0OpabOTaHHOU pe3aHHeM, 3a CUET YBEJIMUYEHUS CKOPOCTHU
pe3aHus mpu 00pabOTKE CBEPJICHUEM OTPAaHUYEH CPaBHUTEIBLHO HEBBICOKOM
TEIUIOCTOMKOCThIO  ObICTpopexkymux  crajged  (650°C), w3  KOTOpBIX
M3TOTaBJIMBAIOTCS] CTAHJIAPTHBIE CIIUpaIbHBIE CBEpIIa.
Bmecte ¢ TeM yBeaMdYeHUE CKOPOCTH pe3aHUsl MNPUBOJUT K 3HAYUTEIBHOMY
YBEIIMYEHUIO  pa3OMBKU  TPOCBEPJICHHBIX  OTBEPCTUH B pe3yJbTare
HECUMMETPUYHOCTH  KOHCTPYKTHUBHBIX  DBJIEMEHTOB  CBEPJI  OTHOCHUTEIIBHO
POAOILHON OcH (prCYyHOK 3.1.).

A, MM
0,12 /,/
0,06 //'
0 6 12 18 24V m/mun
Pucynoxk 3.1 - 3aBucumMocTh pa30MBKHU OTBEPCTUHN A OT CKOPOCTH pe3anus V npu
CBEPJICHUU

Cuuta, BBI3BIBAIOIIAs CMEIICHUE [IEHTPA Macc CBepIia:

F = mw?l (3.1)
rae M — macca, ® — yrioBoe yCKopeHue, | — BennuuHa paguaabHOro CMEMCHHS

IICHTpa Macc.

Annpokcumanus — rpadpuka  (pucyHok 3.1) mo3BoiMIa  MOJYYHUTh
MaTeMaTHYECKOE BBIPAKCHHUE 3aBHCHMOCTH Pa30MBKH OTBEPCTHH OT CKOPOCTH
pe3aHus B BUJIE:

A = 0,0063-V0'99. (32)

Paccunrtannas mo ¢opmyne (3.2) pa30OMBKa OTBEPCTHUS TPU CKOPOCTH
pe3zanuss 4 mM/mMuH paBHa 0,025 MM, 4TO COOTBETCTBYET 8 KBAJIUTETY IOIyCKa
pa3Mepa OTBEpCTHsI, KBAJUTETY JOIMYyCKa OTBEPCTUH IMOJ BBITAJIKUBATENb (TaOI.
3.1).

[IpoBeneHsl HcCCIEIOBaHUS IO OIpPEAEICHUI0 BEIWYMHBI HapocTa Ha
yrojkax cepia (pucyHke 3.4) ¢ HCHOJIB30BAaHHEM 3KCIEPUMEHTAILHOTO CTEHIA



Ha Oa3e TokapHoro cranka 1K62 (pucyHok 3.2, a) ¢ yCTaHOBJICHHBIM
HEIOCPEACTBEHHO Ha CTAaHKE ONTHYECKUM IIpHCIIoco0ienneM (pucyHok 3.2, 0).

Pucynok 3.2 — a) skciepuMeHTaIbHbINA CTEHI,
0) onrTuueckoe mpucrnocobIeHUE 71l U3MEPEHUsT HapocTa

Tounmnuch 3aroToBKM W3 CTaid 45 yYroJkOM CIOUPAJIBHOIO CBEpIA,
3aKpeIJICHHBIM B pe3lieiepkarene craHka (pucyHok 3.2,a). M3mepeHue Hapocta
OCYLIECTBIISIOCh HEMOCPEACTBEHHO HAa CTAHKE, C NPUMEHEHUEM ONTHYECKOTrO
npucnocodyieHus (pucyHok 3.2, 0).
Fs I NS

. no? ] ‘

h, mm

[
-y

I"nagnas
pexyinas KpoMka

L
0.1 ./
/

{

0 5 10 15 20 25 V,mmum
Pucynok 3.4 - HapocT Ha yroiike cBepia PucyHnok 3.5 - 3aBUCUMOCTb BBICOTBI
HApOCTa Ha YroJjikax CBepJia OT CKOPOCTH
pe3aHus

[Tonyuen rpadux (pucyHoK 3.5), MOATBEPKAAIOIIMI OTCYTCTBUE HAPOCTA Ha
HU3KHX CKOPOCTSIX pe3aHus

ATIpoKCUMAalUA BEPIIMHBI KpUBOM Tpaduka (pucyHok 3.5) mo3Bojuia
HOJIyYUTh 3aBUCUMOCTD

h=9,84-10°V >714g 0338V, (3.2)

OTHoIlIeHUE MTOKa3aTeliel cTeneHel 3aBucuMocTH (3.2) mo3BossieT

OTIpeACNIUTh CKOPOCTh PE3aHUsl COOTBETCTBYIOILYIO MaKCUMaIbHOMY HApOCTY
Vhm =5,714/0,338 = 16,9 M/MuH.

[MpaBass 4vacth rpaduka (puUcyHOK 3.5) aNmMpPOKCHMHUPOBAIACH METOIOM

HAaUMEHBIIINX KBAJPAaTOB YPaBHEHUEM MPSMOI

h =0,5532 — 0,0127V. (3.3)

10



3aBucuMocTh (3.3) MO3BOJIMJIA ONPEAEIUTh MAaKCHUMAJIbHYI0 CKOPOCTb
pe3aHusi, Mpyu KOTOPOM HApOCT Hcue3aeT paBHYIO Vmax = 43,56 m/Mun. U3BecTHO,
TeMIlepaTypa B 30HE pe3aHusi MAKCMMaJIbHOW BeanuuHbl Hapocta paBHa 300C°, a
TEeMIIEpaTypa B 30HE pe3aHusl, IPU KOTOPOH HapocT ucuesaet - 600C°.

Pe3ynbTaThl mpeacTaBICHHBIX HCCICAOBAHMN TO3BOJIMIM  ONPEIETUTh
3aBUCUMOCTH TEMIIEpATyphbl B 30HE PE3aHUs OT CKOPOCTH PE3aHUs MPHU CBEPIICHUU
B BUJIE:

O = 37,824\/0732%8, (3.6)

Paccunrtannas mo ¢dopmyne (3.6) Temmeparypa B 30HE pe3aHHs TpU
MUHUMAJIBLHON CKOPOCTU pEe3aHus, Ha KOTOPOM HApoCT OTCyTCTBOBai (puc. 3.5)
paBHa 92,7°C.

Ananu3 anpuopHoil MHPOpManuu (pUCYHOK 3.6), MOKa3bIBaCT CHUKCHUE
OPOYHOCTH M YBEJIMUYEHHE TUIACTUYHOCTH YIJIEPOIUCTBIX KOHCTPYKIIMOHHBIX
ctaneit npu temneparype meHee 200°C. Ha ckopocTsx pe3aHusi MEHbIIUX 6 M/MUH
(0,1 m/c) Temneparypa B 30He pe3anus He npesbimaeT 200°C (500°K) (pucyHox

3.8).
OB, KFC/MMZ; g, % .
80 /1'\ o c' O°K
\5/ \ \ j 580 /V

560

60 \
40 Y,

o~
e
4

540

< 520 ,
X/ 500
1 7
N 0 01 015 02 025 Vwlk
0 200 600  T°.C Pucynok 3.8 - 3aBUCUMOCTH TeMIepaTypbl
Pucynok 3.6 — 3aBUCMMOCTb TPOYHOCTH pe3aHusi OT CKOPOCTH Pe3aHus MPHU TOUYCHUHN
pu 00pabOTKE KOHCTPYKIIMOHHBIX pes3namMu U3 OBICTPOPEKYIIECH CTaIH

cranen
[IpoBeneHbl wHcclieOBaHMs, MOATBEPXKAAIOLIME TEHICHIIMIO YMEHbBIIEHUS
MPOYHOCTH KOHCTPYKUIHMOHHBIX CTajied Ha Ttemneparypax MeHbmux 200°C
(pucynok 3.7).

290 id

| N

N

z = - o = o, = \. =1
T T L
0 100 200 300 400 500 600 t°C

Pucynok 3.7 - 3aBUCMMOCTB TBEPJIOCTH 3arOTOBKHM U3 CTAJIN 45 OT TeMIepaTyphl
Pe3ynprarel mpenCTABIEHHBIX BBILIE HUCCICAOBAHMNA  MOATBEPKIAKOT
TUIO0TE3y 00 aHAJIOTMYHOM BO3JCHCTBUU HU3KUX U BBICOKMX CKOPOCTEW pe3aHus
Ha TUIACTHYHOCTh U YKECTKOCTh KOHCTPYKIIMOHHBIX CTaJleld, 4TO OOOCHOBBIBAET
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BO3MOYKHOCTh TIOBBIIIIEHUS KAdeCcTBa OTBEPCTUH OOpaOOTAHHBIX CHUPATHHBIMU
CBEpJIaMU Ha CKOPOCTSX pe3aHusl, MEHbIINX 6 M/MUH.

Biansinue mapamMeTpoB pe:KHMMa Pe3aHUS M 0CEBOr0 OMEHHUsl PeKyIIUX
KPOMOK HA NMOKA3aTeJI KAa4eCTBA NMPOCBEPJIEHHbIX 0TBEPCTHH

HcnbiTanus cBepa HOpMaIbHOW TOYHOCTH KiaccoB B u Bl mokazanu, 4to
napaMeTphbl peKUMa pe3aHus He OKa3bIBAIOT BIMSHUS Ha pa30MBKY OTBEPCTHI, HE
MPEBBIMIAIONIYIO 13 KBaIMTET JOIyCKa.

UcnbiTanuss cBepil TMOBBINIEHHONW TOYHOCTH Kiacca Al Tmokazanu, 4YTO
mapamMeTphl peXuMa pPe3aHHsl OKA3bIBAIOT CYIISCTBEHHOE BIMSHUE Ha Pa30OWBKY

OTBEPCTHI, KOTOpasi He MpeBbIcKia 9 KBAIUTET Jomycka (pucyHok 3.14, pucyHok
3.15).

A, MKM

' / A, MKM
40 g 2 Lo
" 2~ é / "

A =
20 / 20 2 /(
10 z / / g
0 L :
2 3 4 5 Vwhum 012 016 02 024 Swmlo6
Pucynok 3.15 — 3aBUCUMOCTD Pucynok 3.14 — 3aBUCHMOCTH Pa3OHBKH
OTBEPCTHH OT CKOPOCTH PE3AHUS [IPU OTBEPCTHIA OT MOJIaYM TIPU CBEPIICHUU
CBEPJICHUH CBEPJIAMH MOBBIIIICHHOM CBEPJIaMU MOBBIIEHHON TOYHOCTH KJlacca
To4HOCTH Kiacca Al: 1 —noznava 0,2 Al: 1 — ckopoctb pesanus 4,32 m/MuH, 2 —
MM/00, 2 — 0,25 MM/00. 5,53 M/MuH

XapakTep BIMSHHUS OCEBOrO OHMEHMSI pEeXYyIIUX KPOMOK Ha pa3OuBKY
IIPOCBEPJIEHHBIX OTBEPCTHM, PEICTABIEH HA pUCYHKE 3.17.

Pucynok 3.17 — 3aBucuMOCTb pa30MBKH OTBEPCTUN OT OCEBOTO OMEHUS PEXKYLIUX
A

- //

140 ,

70 /
//

0 0.1 02 0.3 &, My
kpomok Ha V = 4,32 m/muH u S = (0,2 MM/00

B tabnuue 3.10 npencraBiieHbl pe3yiabTaThl UCIBITAHUI BIMSHUS OCEBOIO
OMEeHMS PEeKYIINX KPOMOK Ha IIEPOXOBATOCTh NOBEPXHOCTH OTBEPCTHUH.
Tabmuua 3.10 — IllepoxoBaTocTh MNOBEPXHOCTH OTBEPCTHM MPHU CBEPICHUU
CBEpJIaMH HOpMaJIbHOM TOYHOCTH KkjiaccoB B um Bl W MOBBIINIEHHOW TOYHOCTH
kiacca Al

V, o, S, MM/00 Ra
m/mue | mv | 0,078 0,1 [0,13]0,16]0,20]0,25| cp,
Ra, Mmkm MM

1 2 3 4
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1 2 3 4
432 | 0,3 133138141125 ]12,9| 13,33
5,53 135 [12,9]14,6|12,5]12,7|13,9
432 | 0,2 6,350 ] 7245|5555
5,53 43 16216051 ]62]|52
4,32 0,08 0,680,71/0,43/0,63|0,76 | 0,65
5,53 0,62 10,86)0,640,44]10,65)|0,67

B tabmume 3.10 BHOHO, YTO MIEPOXOBATOCTh IOBEPXHOCTH OTBEPCTHI
3HAYUTEIHHO 3aBHCUT OT Ka4eCTBA M3TOTOBJICHUS M 3aTOYKH CBEPJ, MOITOMY ISt
OLICHKH HAJINYHUS 3HAUUMOUN KOPPEIAIUOHHON CBSI3H MEXIY TapaMeTpaMu peKuMa
pe3aHusT W  IEPOXOBATOCTHIO  IMOBEPXHOCTH IPOCBEPJICHHBIX  OTBEPCTUMN
UCIIONB30BAJINCh ~ 3HAYCHHUS  MIEPOXOBATOCTH MpuU  00paboTKe  CcBepiiaMu
MOBBIIIICHHOM TOYHOCTH Kiacca Al(ta6:m.3.19).

Tabmuua 3.19 - Koppensuuss Mexay napaMeTpamMd peKMMa pe3aHus u
HIEPOXOBATOCTHIO MOBEPXHOCTH OTBEPCTUH, I' — KO3IPPUIMEHT KOPpEIALUU

S, cB13b V- Ra V, cBA3b S - Ra
MM/00 r M/MHUH r
0,2 0,41 HE 4,32 0,19 HE
3HAYUM 3HAYNM
0,25 | 0,66 HE 553 |-0,175 HE
3HAYNM 3HAYNM

B Tabmuue 3.19 BumHO mpu paboTe cBepiaMH MOBBILIEHHONW TOYHOCTH
kmacca Al umMeeT MecTO HE 3HAUMMas CBSI3b MEXIY I[IEPOXOBATOCTHIO
MIOBEPXHOCTU CKOPOCTBIO pE3aHus U NOJavyei.

XapakTep BIHSHUSA OCEBOTO OMEHMs PEKYIIMX KPOMOK Ha IIEPOXOBATOCTh
MOBEPXHOCTU OTBEPCTHI MMOKAa3bIBA€T, YTO 3aBUCUMOCTh ULIEPOXOBATOCTU
MOBEPXHOCTU MPOCBEPJICHHBIX OTBEPCTUH OT OCEBOr0 OMEHHUS PEXYIIMX KPOMOK
BBIPA)KEHA SIBHO Y KOPPEJSIIIMOHHOM OIEHKH He TpedyeT (pucyHok 3.18).

Ra cp,
MKM

12 /"
6 /
pd

0 01 0,2 0,3 8., MM

3

Pucynoxk 3.18 — 3aBUCHUMOCTB IIEPOXOBATOCTH MOBEPXHOCTH 00paOOTaHHBIX
OTBEPCTUH OT OCEBOT0 OMEHUS PEXKYIINX KPOMOK
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Xapakrtep BiustHUS ogaun (prc.3.19) u oceBoro OMEeHHs PEXYITUX KPOMOK
(puc.3.20) Ha EPIEHIUKYIIPHOCTh OCH OTBEPCTUI
1,

MM
MM »

0,24 4
0,02 /
0,18
0,01 4 /

0,12

1, o

0,1 02 S, MM/oG 0,06 v
4

0 0,1 0,2 0,3 8., MM
Pucynoxk 3.20 — 3aBucuMocTh
MEPICHINKYISIPHOCTH OCH OTBEPCTHIA OT

OCEBOI'0 OMEHUS PEKYIIMX KPOMOK CBEPJI Ha
V=4,32 m/mun u S = 0,2 Mmm/00

Pucynok 3.19 — 3aBucumMocTh
MEPIICHANKYISIPHOCTH OCH OTBEPCTHI
OT MO/Ia4M Ha CKOPOCTH pe3anus 4,32

M/MUH CBepJia MOBBIIICHHOMN
TOYHOCTH Knacca Al
Pa3padoTka sMnupu4ecKoi Moaeu
B pesynprate ammpokcumarnmu KpuBoil 1, pucynka 3.14 momydena
3aBUCUMOCTH pa30MBKU OTBEPCTHI OT CKOPOCTH PE3aHMUS
A = 0,33V?°, (3.9)

B pesynprate anmpokcumaiiu kpuBod 1, pucyHka 3.15 moaydena
3aBUCHUMOCTh Pa30MBKH OTBEPCTUI OT 0/1a4n
A = 39187, (3.10)
[Ipumenenue pazpabotaHHOM MeToauku K 3aBucumocTsM (3.9) u (3.10)
MTO3BOJIMIIO TTOTYYUTh 3aBUCUMOCTh Pa30MBKH OTBEPCTUHA OT CKOPOCTH PE3aHUS U
IoJa4M B BHJIC:

A — 6ysv2,881,8475. (3 11)

B pe3yJibTare arIpoKCUMaluu rpaduuecKou 3aBHCUMOCTH,
Mpe/ICTaBACHHON Ha pucyHKe 3.17 MoJiydeHO €€ MaTeMaTUYeCKOE BhIPAKEHUE

A=3588,818;™* (3.12)

[Ipumenenue pazpabotanHOM MeToauku K 3aBucumoctsaMm (3.11) u (3.12)
MO3BOJIMIIO TTOTYYUTh OOBEIMHEHHYIO 3aBUCHMOCTH [IJII pacdeTra pa3OMBKU
00pabaThIBaéMBIX OTBEPCTHH, YUYWTHIBAIOIIYIO IMapaMeTphl pPeXUMa pe3aHus Hu

O0CEeBOE OMEHUE PEXKYIINX KPOMOK B BUJIE:
_ 2,0524~ 72,8 Q1,8475
A=1167,16855™ V22§14 (3.13)

B pe3yabTare arnmnpoKCUMaluu rpaduieckoit 3aBUCUMOCTH,
MPEJICTaBJACHHON Ha pUCYHKE 3.18 MojgydeHO ee MaTeMaTH4YeCKOE BBIpaKEHHE,
MMEIOLIEE B

Ra = 221,40785%% . (3.14)

B pe3yJbTare anrpoKCUMalun rpadguueckoit 3aBUCHMOCTH,
MPEICTABICHHON HA pUCYHKE 3.19 mojlyueHO MaTeEMaTUYECKOE BBIPAKECHUE

1=0,3879SM% _ (3 1 5)

B pesyabTare armnpoKCUMaluu rpaguIecKoit 3aBUCUMOCTH,
IPENCTABICHHON Ha pUCcyHKe 3.20 Mosy4eHO MaTeMaTH4ECKOE BBIPAKEHUE

1=3,021955"" (3.16)
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[Ipumenenue pa3zpaboTaHHON MeTONUKM K 3aBucumoctsMm (3.15) u (3.16)
MO3BOJIMIIO TIOJYYHUTHh 3aBUCHMOCTH TEPICHIUKYIIPHOCTH OCH OTBEPCTHH OT

OCEBOT'0 OMCHUS PCXKYIIUX KPOMOK U ITIOAAYHU B BUIC:

_ 19896 1,8427
1=58,49 557" S (3_17)

[Torpemuocts pacyeroB mo 3aBucumoctsaMm (3.13), (3.14) u (3.17) He npeBbicUIa
3%, uYTO TOATBEPXKAAET BBICOKYIO CTEMEHb aJEKBATHOCTU TMOJYyYEHHBIX
3aBHCHUMOCTEH SKCIIEPUMEHTAIBHBIM JAHHBIM.

[IpencraBieHHbIE BhIIIE PE3YIbTAThI MPEACTABIAIOT SMIIUPHUIECKYIO MOJIEIb
(3.18), MO3BOSAIONIYIO C BBICOKOW CTENEHBID TOYHOCTH PACCUUTATH MOKA3aTEeNH
KayecTBa OTBEPCTHM, 00pabOTaHHBIX CHHPATBHBIMU CBEpJIAMU KJlacCa TOYHOCTHU
Al ¢ IBYXIIJIOCKOCTHOM 3aTOYKOM PEKYIINX 3JIEMEHTOB.

A =1167,16855"% V28 g7

Ra = 221,4078%°%* , (3.18)
J_: 58, 49 6](..)9896 Sl,8427'
B Tabmuume 3.31 nmpencrtaBieHbl NOKazaTeld — KayecTBa  OTBEPCTHUH,

MPOCBEPJICHHBIX CBEpPJaMM Kjacca TOYHOCTA Al ¢ JBYXIJIIOCKOCTHOM 3aTOYKOM
PEXYIINX PJIEMEHTOB, pacCUUTaHHbIe M0 Mojieu (3.18).

Tabmuua 3.31- IlokasaTenu KayecTBa MPOCBEPJICHHBIX OTBEPCTUH CBEpJAMU
KJ1acca TOYHOCTH Al ¢ IBYXIUIOCKOCTHOM 3aTOYKON PEXYIIUX JIEMEHTOB

V, S, A, Ra, 1,
M/MHH | MM/00 | MKM MKM MM
4,32 0,2 20 0,66 | 0,02
5,53 0,2 40 0,66 | 0,02

B Tabmuue 3.31 BuaHO, OTBEpCTHUS, MPOCBEPJICHHBIC CBEpJjaMU Kjacca
TOYHOCTH Al ¢ IBYXIJIOCKOCTHOM 3aTOYKOW PEXKYIIUX SJIEMEHTOB, COOTBETCTBYIOT
8-9 kBanuTeTy JAOMyCKa OTBEPCTUH, MOJTYYCHHBIMH TOYHBIM pa3BEepPThIBAHUEM. JTO
MO3BOJISIET MCKJIIOYUTH CIENYIONIME TEXHOJOTHYECKUE Tepexoasl 00paboTKu
OTBEPCTUM: PACCBEPIMBAHUE, YEPHOBOE U YHCTOBOE 3€HKEPOBAHUE U HOPMAJIbHOE
pPa3BEpPTHIBAHUE

3AKJTIOYEHHE

OcHOBHBIC BHIBOABI U PAKTHYECKHE PEKOMEHAAIMHU

1. Pazpaboransl yciaoBUsi 0OpabOTKH CBEPJICHHEM TMO3BOJISIONIUE MOTYYUTh
MOKa3aTeMn KadecTBa MPOCBEPICHHBIX OTBEPCTHUH COOTBETCTBYIOIINE KayeCTBY
OTBEPCTUH NPU HOPMAJILHOM Pa3BEPTHIBAHUM, 4 UMEHHO: CKOPOCTh pe3aHus 5,53 u
4,32 m/mun, nomauun 0,2 u 0,25 mMM/00, mpu CBEpJIEHUU OBICTPOPEKYIIUMHU
CHHMpaJIbHBIMU CBEPJIAMU TOBBIIIEHHON TOYHOCTH Kjiacca Al ¢ IBYXIJIOCKOCTHOM
3aTOYKON 3aJJHMX MOBEPXHOCTEH, HMEIOIIMX OCEBOE OMEHUE PEXKYIIUX KPOMOK HE
6oxee 0,06 MMm.

2. OrmpeneneH XapakTep BJIMSHUSA YCJIOBUH OOpaOOTKM Ha TOKa3aTeau
KayecTBa MPOCBEPJICHHBIX OTBEPCTUH B BHUAE DMIHUPUYECKUX TaOIUYHBIX U
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rpaduyueckux 3aBUCHMOCTEM TEXHOJOTHYECKOTO JOMyCcKa OT OCEBOro OueHUs
PEXYIIMX KPOMOK M IIAPAMETPOB PEXKMMA PE3aHMs], IIEPOXOBATOCTU ITOBEPXHOCTU
OT OCEBOI0 OMEHHUS PEXKYLIUX KPOMOK U NEPIEHIUKYIIPHOCTH OCU OTBEPCTHM OT
0CEBOI0 OMEHHUS PEXYIIUX KPOMOK U TIOJAYH.

3. Pazpaborana smmnmpuyeckas MOJAETb OTpakarolllas XapaKTep BIUSHUS
apaMeTpoOB PEKUMa PE3aHUs U OCEBOT0 OMEHHsSI PeXYIINX KPOMOK Ha MOKa3aTeln
KayecTBa MPOCBEPJCHHBIX OTBEPCTUM, MO3BOJSIONMIAS TMOIYYUTh OOpabOTKOM
CBEpJICHUEM  OTBEPCTUS  COOTBETCTBYIOIIME  8-9  KBamuTeTy  JOMYCKa,
niepoxoBaTocT MnoBepxHocT MeHee 0,08 MKM M NEpHEeHIUKYJISIPHOCTH OCHU
orBepctuii 0,02 MM. DTO MO3BOJSET HCKIIOUUTH HECKOJIBKO TEXHOJOTMYECKHE
Mepexo10B 00pabOTKH OTBEPCTHUH.

4. Pa3zpaboTaHa METOAOJOTHS, OOBEAUHAIONIAS  B3aMMOCBSI3aHHBIC
MOCIIeIOBAaTEIbHBIE METO/IbI, CIIOCOOBI TTOCTAHOBKM U MPOBENCHUS HCCIEIOBAHUMN
MOBBIIIICHHUS Ka4yecTBa OTBEPCTHI, 00paboTaHHBIX CTaHIaPTHBIMU
OBICTPOPEKYIIMMHU CIIUPATBHBIMH CBEPJIAMU U 00PAaOOTKH MX PE3YJIHTATOB.

IIpakTHYeckne peKoMeHIAIUN

1. Jlns KOHTpOJIA CHUMMETPUYHOCTH PACHOJOXKEHUS PEXKYIIMX KPOMOK
OTHOCUTEJIBHO OCH paboyell 4YacTu CBepiia HMCIOJIb30BaTh HE JOIYCK OHEHHS,
MIPOBEPAEMBIN MOCEPEANHE PEKYIIMX KPOMOK B HAIIPaBJICHUU MEPIEHAUKYIIPHOM
pexyIlel KPOMKE, a 0CEBOE OMEHUE PEXKYIIUX KPOMOK, MPOBEPSiEMOE MOCEePEANHE
pexyIilel KpOMKH B HalpaBJICHUHU MapaJlieIbHOM OcH paboyeil yacTu cBepia.

2. Jlomyck 0ceBOro OMEHMS PEXYIIUX KPOMOK /IS BCEX KJIACCOB TOUHOCTH
CBEpJI HE JOJKEH OBITh 00Jiee MOJOBUHBI TOIa4 Ha 000POT CBEpJIa.

3. Jnsa o06paboTku OTBEpCTUM CBEpJICHUEM MCIOJIB30BaTh CBEpja
noBeIimieHHONH TouHOCTH Kimacca Al mo I'OCT 10903-77 ¢ ABYXIIJIOCKOCTHOM
3aTOYKOM 3aIHMX MOBEPXHOCTEHN, Y KOTOPBIX OCEBOE OMEHUE PEKYIIUX KPOMOK HE
npesbimaet 0,06 M.

4. HVcnonwp30BaTh CHEAYIOIIME IMapaMeTphl peXUMa pPE3aHusi: CKOPOCTh
pesanus 4,32 - 5,56 m/mMun, nogaya 0,2- 0,25 MM/00.

5. PesynpTaThl quccepTallMOHHON pabOThl BHEIPEHBI B yUEOHBIN Mpoiiecc,
UCITIOJIB3YIOTCS TIPU TIPOBEICHUHN JICKIIHH, TA0OPATOPHBIX M MPAKTUYECKUX 3aHATUN
Ha Kadeape Texnomoruu mammuoctpoenus KI'TY um. U Paszakosa. [Ipunats k
BHeApeHuto Ha npeanpusitur OcOO «Anarari.
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Aiina0exoBa Aiinyp AuamanoBHa 02.05.08 - wmammHa Kypyy
TEXHOJIOTHUSICHI ATUCTUTH 0OIOHYA TEXHUKA MIMMIEPUHHH KAHAUAATHI MIIMMMIi
AapakacblH u3JeHYYy Y4YYH «Ke30e04uyy KO30HOKTOpP MeHEH KO30HOKTOpAY
HIUTETYYHYH CanaThIH KOrOpyJaTyy 00I0HYAa METOAJI0PAY KAHA CYHYIITAPIbI
HIITeN YbITYY» TeMAChIHAATbI JUCCEPTALUSICHIHBIH

PE3IOMECH

Herusru ce3nep: uimren 4biryy, Ke3ee4, KEMTUK KaTMaplblH TEPEHJIUTH,
KAaTyyJIyK, KECYy PEXUMIEPUHUH MapaMeTpiepy, KOppesuus, animpoKCUMalus,
U3HIII00.

N3unpeenyn odbexkTHcH 00aynm OaT Kecyydy cailboop Ke3eeuTep MEHEH
KO360HOKTOP/1y UIITETYYHYH TEXHOJOTHSIIBIK ITPOLIECCTEPU CaHaaT.

N3unneenyn mnpeamerw 00Nyl AMIEK ChIMBIMAYYJIYTYH TOMOHIOTYYHY
KaMChI3 KbUIyydy ©Oar Kecyydy cailboop Ke3eeuTep MEHEH KO36HOKTOpAY
UIITETYYHYH CaIlaThIH KOrOpPYyJIaTyy BIKMACBIH UIUTEN YbITYy CaHAJIAT.

Nmrun  Mmakcarel 00dyn MallMHAa TETUKTEPUHUH camlaTblH — JKaHa
OBIIBIKTHITBIH JKOTOPYJIATyy MaKCaTbIH/Aa CTaHAAPTTYY caildoop Ke3004Tep MEHEH
UIITETWIT€H KO30HOKTOPAYH OCETHHHMH KaTyylyryH >KOropyjiaryy MEHEH Oupre
KEMTHUK KaTMapbIHbIH TEPEHIUTHH a3aiTyy caHaiar.

N3uiupee bIkMajapbl xaHa :KaOayynaap. M3ningeeHYH METOMOJIOTHSCHI
MalluHa Kypyy TEXHOJOTHSACHIHBIH HETU3JIEPUH KaHa METall KeCYy TEOpHUSCHIH
KOJIIOHyyTra HerusnenreH. Mzunneenep araiibiH >xaOnpuiran crenaaepnae 67511,
1K62 cTaHOKTOPYHYH HETM3MHJIe 3amMaHOan mnpuOopiiop MEHEH Ka0ayysapibl
KOJJIOHYY MEHEH JKYpPry3yJdyll, HaThlibkamapra Ke3 calbllThl. M3uigeeHyH
HaThIMKaNapbl JKaKbIHIAIITBIPYY, MAaTEMaTHKAJIbIK CTAaTUCTUKA, KOPPEISAIUsI
TEOPHUSICHI XKaHA PETPECCUSIIBIK AHAJIN3 BIKMAJIAPhl MEHEH MIITEIUI YbIKKaH.

AJIBIHTAaH  HATBIKAJIAp JKAaHA AJapAbIH KAHBLIBITBI:  KO36JIT6H
KO30HOKTOPIYH O©JYOMIOPYHYH TaKTBITBIHBIH, OKTYH MEPIEHIUKYISAPAYYIYTYHYH
’KaHa OCTHMHMH TETU3JUTMHUH KECYYy pPEKUMUHUH [apaMeTpJepuHe jKaHa
KO30rydTepIyH  Kecyydy  YETTEpHMHMH  OKTYK  arblll  YbBITyyCyHa  Ke3
KApaHJBUIBITBIHBIH MYHO3Y 3KCIEPUMEHTANIBIK TYPAO® AHBIKTAJIAbI KaHa WIMMUI
HErM3JENIHA, KO30HOKTOPAYH MYHO3YH 4YarbULABIPraH >SMIIMPUKAIBIK MOJEN
anbIHABL. Oyl K63 KapaHIbUIbIK, KO300YTOPAYH Kecyydyy OenyryH KypuyTyy
cynymtairad (mateHT Ne 265 - Kelprei3naTeHr).

Koagonyy pnapaxacel. JluccepTauMsiiblk WINTAH KBIMBIHTBIKTAphl, U.
Pa3z3akoB arbiHgarsl KMTYHyH MammbHa Kypyy TEXHOJIOTHSCHI KadeapacbiHAa
OKYyy MpOIeCCHUHE KUpru3uian xaHa «Asnaramy KUK uiikaHaceiHa ©HAYPYILK®
KUPTU3YYre KaObll albIH/IbI.

Koanonyy weiipecy. bar kecyyuy caiiboop ke3eedrep MEHEH KO30JIToH
KO360HOKTOPY UIITETYYHY KOJJAOHIOH OHAYPYILI HIIKAaHAIAPHI.
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PE3IOME

auccepranuu AifHa0eKkoBoOil ATHYp AJIMAaHOBHBI HA TeMy: «Pa3padoTka
METOJA0B U PEKOMEHJAAUMH M0 MOBBILICHHI) Ka4ecTBa 00padloTKH 0TBEpPCTHIl
CIMPAJbHBIMH CBepJIaMHM» HA COMCKAHHE Y4YeHOH CTeNeHM KaHIuAara
TeXHHYECKHX Hayk mno cneuuajabHoctu 05.02.08 —  TexHoJsiorus
MAaIIMHOCTPOCHUS

KiroueBble  cjoBa:  pa3paboTka, CBepJO, KBAJIUTET  JIOMYCKa,
IIEPOXOBATOCTh TMOBEPXHOCTH, TEPICHINKYISIPHOCTh, pa3OWBKa OTBEPCTHS,
anIpOKCUMAaNUs, UCCIECIOBAHUE.

O0beKkTOM HMCCIeIOBAHUS  SBJSIOTCS  TEXHOJIOTMYECKHE  MPOLECCHI
00pabOTKH OTBEPCTUH OBICTPOPEKYIIUMH CITUPATHHBIME CBEPIIAMHU.

IIpeamMeTromM mMcciaeAoBaHUs SIBISIIOTCS pa3pabOTKa METOJOB MOBBILICHUS
KauyecTBa OOpaOOTKM OTBEPCTUH OBICTPOPEKYIIUMHU CIHPATLHBIMU CBEpPIIaMH,
00ecIeynBaloIINe CHUKEHUE TPYJOEMKOCTH 00pabOTKH OTBEPCTHH.

Heabio padoTbl siBIsieTCs pa3pabOTKa METOJOB MOBBIIMICHUS TOYHOCTH
pasMepa W IIEPOXOBATOCTH  TOBEPXHOCTH  OTBEPCTUN, 00OpabOTaHHBIX
CHUPAILHBIMU CBEpPJIAMHM JIJII CHUDIKEHHUSI TPYJOEMKOCTH OOpabOTKH M3IEIH
MaIlIMHOCTPOEHHUSI.

MeTtoabl uccJIe0BaHMS U anmaparypa. Meroanka UCCIeI0BaHUN
0asupyercs Ha HUCIOJIb30BAHWU OCHOB TEXHOJIOTMH MAIIMHOCTPOCHUSI U TEOPUH
pe3anust MetasuioB. VccnenoBanusi mpoOBOIMINCH HA CHENUATBHO 000PYJOBAaHHBIX
cTeHgax Ha 0a3ax crankoB 675I1, 1K62 c wucnonb30BaHHEM COBPEMEHHBIX
NpUOOPOB U anmapatypsl AJii KOHTPOJsSL pe3yiabTaToB. Pe3yabTarhl ucciaeoBaHui
oOpabaThIBaIUCh METOAAMHU aNIPOKCUMAIIMU, MAaTeMaTUYECKOW CTaTUCTHUKH,
TEOPUU KOPPEJSIIUU U PETPECCUOHHOTO aHAIU3A.

IMonyuyeHHbIe Pe3yJabTaThl U UX HOBU3HA: DKCIIEPUMEHTAIBLHO ONpEIeSieH
U HaydyHO OOOCHOBAaH  XapakTep 3aBUCUMOCTEH  TOYHOCTH  pa3Mepa,
MEPHEHIUKYJIIPHOCTY OCH M UIIEPOXOBATOCTH MOBEPXHOCTH IPOCBEPICHHBIX
OTBEPCTUI OT MApaMETPOB PEKUMA PE3aHUSI U OCEBOTO OMEHUS PEKYIINX KPOMOK
CBEpJ, IMOJy4YeHa OHMIHMpPUYECKas MOJENb, OTPAXKAKOWIAA XapakTep ATOH
3aBUCUMOCTH, MPEUIOKEHA 3aTOYKA PEXKYIUX IJIEMEHTOB cBepi (maTeHT Ne265 -
KbIprei3nareHr).

Crenenb HUCHogb30BaHMsA. Pe3ynpTaThl JUCCEPTAIMOHHON  PabOTHI
BHEJIPEHBI B YUEOHBIN MPOILIECC, UCTIONB3YIOTCS MPU YTEHUM JICKIUH, TPOBEJICHUN
7a00OpaTOpPHBIX U TPaKTHUYECKUX 3aHATUM Ha  Kadeape «TexHonorus
MammmHocTpoeHusp»» KI'TY wum. W PazzakoBa. IIpuHATBI K BHEIpPEHHIO B
pou3BoACTBO Ha nipeamnpustun OcOO «Anartamn.

Obsaacte mnpuMeHenusi. MamuHocTpoeHre, 00pabOTKa  OTBEPCTHIA
pe3aHueM ObICTPOPEKYIITUMU CIIUPATIBHBIMU CBEPJIaMHU.
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SUMMARY

dissertation of Ainabekova Ainur Almanovna on the topic:
""Development of methods and recommendations for improving the quality of
hole processing with twist drills" for the degree of candidate of technical
sciences in specialty 05.02.08 - mechanical engineering technology

Keywords: development, drill, tolerance quality, surface roughness,
perpendicularity, hole layout, cutting mode parameters, correlation, approximation,
research.

The object of the research is the technological processes of hole processing
with high-speed spiral drills.

The subject of the research is the development of methods for improving
the quality of hole machining using high-speed twist drills, ensuring a reduction in
the labor intensity of hole machining.

The aim of the work is to develop methods for increasing the accuracy of
the size and surface roughness of holes processed with twist drills to reduce the
labor intensity of processing mechanical engineering products.

Research methods and equipment. The research methodology is based on
the use of the fundamentals of mechanical engineering technology and metal
cutting theory. The research was conducted on specially equipped stands based on
675P, 1K62 machines using modern devices and equipment to control the results.
The research results were processed using approximation methods, mathematical
statistics, correlation theory and regression analysis.

The obtained results and their novelty: the nature of the dependencies of
the size accuracy, axis perpendicularity and surface roughness of drilled holes on
the cutting mode parameters and axial runout of the cutting edges of drills was
experimentally determined and scientifically substantiated, an empirical model
reflecting the nature of this dependency was obtained, and sharpening of the
cutting elements of drills was proposed (patent No. 265 - Kyrgyzpatent).

Degree of use. The results of the dissertation work have been implemented
in the educational process, used in lecturing, conducting laboratory and practical
classes at the Department of Mechanical Engineering Technology of KSTU named
after 1. Razzakov. Accepted for implementation in production at the enterprise
OO0OQ Alatash.

Application area: Mechanical engineering, hole machining with high-speed
twist drills.

21



