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3amura auccepTalil COCTOUTCS Ha 3acellaHuu
nuccepranonHoro copeta JI 05.24.703 mo 3amuTe auccepTaliuii HA COMCKaHHE
YYE€HOW CTENEHU KaHAWJaTa TEXHUYECKUX HayK npu MHCTUTyTe MalvHOBEIEHUS
u aBromatuku HammonanpHOUM akagemun Hayk Keipreizckoit PecriyOnuku u
KbIpreI3ckoM rocyapcTBEHHOM TeXHUYECKOM yHuBepcutere uM. M. Paszzakoma
MunucrepcTBa oOpa3oBanusi U Hayku Keipreizckoit PecnyOnuku mo azapecy: T.
bumikek yn. Ckpsiouna, 23, B koH(pepeH-3aine. MaeHTuukamoHHbi KO OHJIalH
TPaHCIALMU 3alluThl guccepramuu B https://vcl.vak.kg/b/052-ajg-ewq-keo. C
JUCCepTAIMel MOKHO O3HAKOMUTHLCS B OMOJIMOTEKAaX OpraHu3alui, Ipu KOTOPOM
CO3aH coBeT M Ha caiire: https://dis.imashkg@gmail.com

ABTopedepat pazociaH

YueHslil cCeKpeTapb IUCCEPTALUOHHOTO
COBETa K.T.H. OnukbaeB K.T.
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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyaJbHOCTh 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 peXyllero HWHCTpyMEeHTa. TexHoJoruyeckuit mpoiecc o0paboTKH
OTBEPCTUM BBICOKOIO KAayecTBa BKIIOYAET CEMb IIEPEXOJIOB: CBEPJICHUE,
paccBepIMBaHUE, YEPHOBOE M YHCTOBOE 3E€HKEPOBAHME HOPMAJIbHOE, TOYHOE WU
TOHKOE pa3BepThiBaHue. [loBbIlIeHWE KadyecTBa OTBEPCTUH 00pabOTaHHBIX
CBEPJICHUEM TIO3BOJHUT 3HAYUTENBHO CHHU3UTh TPYIJOEMKOCTH 0OpabOTKH
OTBEPCTHUI BBICOKOTO KAueCTBA 33 CUET MCKJIOYEHUS HECKOJIBKHX IMOCIEIYIOIUX
TEXHOJOTHUECKUX TmepexoaoB. [loaTomMy mpoOiieMa TMOBBIMIEHUS KadecTBa
OTBEPCTHUH, OOPAOOTAaHHBIX CIHUPAJIBHBIMU CBEpJaMH, C LEIbI0 CHWKECHHS
TPYJOEMKOCTH 00paOOTKH U3/EINI MAIIMHOCTPOCHUS SIBJIAETCS aKTyallbHOM.

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 MIEPOXOBATOCTH IMOBEPXHOCTH OTBEPCTHH, 00pabOTaHHBIX
COUPAIBHBIMHA ~ CBEpPJIAMH  COOTBETCTBYIOIIME  KA4eCTBY OTBEPCTHH  TPH
HOPMAaJIbBHOM Pa3BEPTHIBAHUMU.

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

3. Pazpabotana sMmmupuyeckas MOJEIb, MO3BOJSIONIAsS OTPA3UTH XapakKTep
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, MO3BOJISIONIAS TTOTYUYUTh BEICOKOE KAYECTBO PE3YNIHTATOB
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 W IIEPOXOBATOCTh IMOBEPXHOCTU MPOCBEPIECHHBIX
orBepctuii. OmnpeneseHbl 3aBUCUMOCTH HApOCTa M TEMIIEpaTypbl OT CKOPOCTH
pe3aHusi mpu cBepieHuu. PaspaboTrana sMmmpuyeckas MOJIeTh OTpakaromas
XapakTep BIUSHUA TApaMeTPOB PEKHMMa pe3aHuss M yCIOBUM OOpabOTKH Ha
TOYHOCTh pa3Mepa W IIEPOXOBATOCTh MOBEPXHOCTU MPOCBEPIICHHBIX OTBEPCTHM.
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Pa3zpaboTana MeTo10JI0T S, TOCTAHOBKH, IPOBEICHUS UCCIICIOBAHUN U 00pabOTKH
pe3yJIbTaToB.

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

1. MexxnyHapoaHasi Hay4YHO-TEXHUUYECKasi KOH(EPEHIUsI MOJIOJbIX YUEHBIX,
aCIMpaHTOB U CTYAEHTOB «l/IHHOBalMs — BEKTOp ISl MOJIOJEKW».- DUIIKEK,
KI'TY nm. U. Pa33akosa, 2014 T.

2. MexnayHapoaHas HaydyHO-TIpakTH4ecKass KoH(epenums «HHOBammy B
Hayke W TexHuke» [locBsimmennas mamsatu nepBoro nekana ET® mpodeccopa
IOpuxkosa B.A. bumikek, KPCY um. B.H. Enbiiuna, 2022 r.

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 MexnaynapoaHasi ceTeBasi Hay4YHO-TIPAKTUYECKON KOH(EpEHIINH
«CoOBpEeMEHHBIE HMHTETPAllMOHHBIE MpOLECChl B Pa3BUTHUM HWHHOBAIMM B
oOpazoBanuu u Hayke» bunikek, KI'TY um. . 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, 3aKIIOUYEHHS], CIUCKA MCIOJIb30BAHHOM JINTEPATYpPhl U
npuiioxenuii. CoaepkaHue AUCCEPTAIIMU U3JI0KEHO Ha 135 cTpaHuiiax, CoepKUT
51 pucynok, 47 tabmuir, 6ubnuorpaduro u3z 61 HauMeHOBaHMUS.

Huccepranmonnas pabora BeimoigHeHa B KI'TY um. M. PaszzakoBa mon
HAy4YHBIM PYKOBOJICTBOM J.T.H., ipoeccopa Parpuna Hukonait AnexceeBuuya.

OcHoBHoOeE coepkaHue padoThI

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

B nepmBoii riaBe nposeneH 0030p M aHAINU3 CYIIECTBYIONIUX METOJOB 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
MOBEPXHOCTH  OTBEPCTH, OOpaOOTaHHBIX CHUPAIBHBIMU  CBepjamu. He
pa3paboTaHbl B3aMMOCBSI3aHHBIE IMIOCJIEIOBATEIBLHBIE METOABl TIOCTAHOBKH U



NPOBEJCHUS WCCIIETOBAaHUI TOBBIIICHUS KadecTBa IMPOCBEPJICHHBIX OTBEPCTHI.
[TosTromy pa3paboTka METONOB IO TMOBBIIMICHHWIO KadecTBa OTBEPCTUH
00pabOTaHHBIX CHUPAIBHBIMUA CBEpJIAMH TIO3BOJUT PEIIMTH 3a7ady CHIDKCHUS
TPYAOEMKOCTH 00pabOTKH AeTalieil 3a CYeT YMEHBIIICHUST KOJIMUECTBA MIEPEXO0/IOB B
TEXHOJIOTHYECKOM TIpOIIecCe.

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

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

[Ipenmerom wuccneAOBaHUN SIBISIOTCA pa3pabOTKa METOJOB TOBBIIICHUS
KayecTBa 0OpabOTKH OTBEPCTHH OBICTPOPEKYIIUMHU CIHUPAIBHBIME CBEpJIaMH,
00eCTIeUYnBAIOIINX CHIYKEHUE TPYTOEMKOCTH 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 COCTABIIAIOMINX:

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

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

- HHCTPYMEHT (OBICTPOpEXKYILIUE CIUpAIbHBIE CBEpJa HENOCPEICTBEHHO
y4acTBYIOIIME B 00pabOTKe JieTalei);

- neTanb (KOHCTPYKTHBHAs 4YacTh W3JENHWSA, 3arOTOBKA, HETOCPEICTBEHHO
o iyIesKaIas 00padoTKe M KOHTPOJIIO PE3yJIbTaTOB).

Bce ueTwipe cocTaBnsionMe TEXHOJIOTMUECKON CHUCTEMBI OMPEICNISIOTCS B
3aBUCUMOCTH  OT  3aJaHHBIX  TEXHOJOTMYECKHWX  yCIOBUH  MPOBEICHUS
UCCJIEJOBAaHUM U TEXHOJIOTMUYECKUX (PAaKTOPOB, 3aBUCSIIMNX OT HUX.

VYcnoBuss  MpoBenEHUs ~ UCCIENOBAaHUM  SBJISIOTCS  HE3aBHCHMBIMU
TEXHOJIOTMUECKUMU (pakTOopamu, MOAJIeKAIIMMUA BapbUPOBAaHUIO B Ipoliecce
IOPOBEJCHUS HUCCIIEJOBAaHUM, HEMOCPEJACTBEHHO BIMSIOIIME HA 3aBUCHUMBbIC
TEXHOJIOTHUECKHUEe (DaKTOPbI — Pe3yJIbTaThl UCCIIETOBAHUI.

B Hacrosmmx  UCCleIOBaHMSIX  HE3aBUCHUMBIMH  TEXHOJIOIMUECKUMU
(dakTopaMu SIBIISIFOTCSI TTapaMETPhl peXUMa pPe3aHusi U OCeBble OMEHMs PEXYIIUX
KPOMOK CBEpJ. 3aBUCHMBIE TEXHOJOTHYECKHE (DaKTOPHI: IIEPOXOBATOCTH

MOBEPXHOCTHU OTBEPCTUH; KBAJIUTET JOTyCKa JTMaMEeTpa; JOTMYCK
MEePIEeHIUKYJISIPHOCTA OCU OTBEPCTHS.
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
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oTpeziesieHus BIUSHUS MapaMeTPOB PEKMMa 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
HapajyieIbHOCTh TEXHOJOTMYECKHMX 0a3 OTHOCHUTENBbHO paldoyeil MOBEpXHOCTH
CTOJIa CTaHKa M UX MEPIeHANKYISIPHOCTh OTHOCUTENBHO OCH cBepna. llpu
MPOBEJCHUHN HCCIEIOBAaHUN 3aroTOBKAa HEMOCPEACTBEHHO YCTaHABIMBAIAaCh Ha
cToje craHka (pucyHok 2.2, pucyHOK 2.6), TeM caMbIM HOTPEIIHOCTU
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 3araunBaiuch MO
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 U3 KOHCTpyKIuoHHOW 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
NUIMQOBAIIUCH C IIECTH CTOPOH g OOECredYeHHs TEXHOJIOTMYEeCKUux 0a3
00pabOTKM 3aroTOBOK M KOHTPOJS MMAapaMeTpOB TOYHOCTU MPOCBEPICHHBIX
OTBEPCTUH.

MeToabl KOHTPOJIS Ka4eCTBA POCBEPJIEHHbIX 0TBEPCTHIl
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JlnameTp MpOCBEPICHHBIX OTBEPCTHI KOHTPOJIUPOBAJICS B TPEX CCUCHUSAX H
JBYX B3aMMHO TMEPICHIUKYISAPHBIX IUIOCKOCTSIX HyTpomepoM. lcmomb3oBamics
Hytpomep wuHAuKatopHbli HUM-10-18-1 mnpeaBapuTenbHO HACTPOSHHBIM Ha
pabouwnii TuamMeTp cBEpiia MUKPOMETPOM.

Jlis u3MepeHus IMIepOXOBATOCTH TMOBEPXHOCTH HCIOIB30BAJICS TPUOOp
MarSurf M 400, (puc.2.10) npeaHa3HaueHHBIH IS H3MEPEHHI IIapaMeTPOB
IIEPOXOBATOCTH TIOBEPXHOCTEH M3/ICTHIA.

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

JleiictBue mpuOoOpa OCHOBAaHO HA MPHUHIIMIE ONIYNBIBAHUS HEPOBHOCTEM
UCCIENyeMON TMOBEPXHOCTH ajdMa3HOW WIJIoON (IIynmoM) W MpeoOpa3oBaHUs
BO3HHMKAIOIIMX TPH O3TOM MEXAaHUYECKUMX KoJeOaHWW Inyna B W3MEHEHHS
HaIpsHKEHUS ¢ NPUMEHEHUEM UHAYKTHBHOTO TaTYUKA.

[lepneHANKYISIPHOCT OCH OTBEPCTUSI OTHOCUTEIBHO TEXHOJIOTHUECKUX 0a3
ONpEENsIach HU3MEPEHHEM pa3Mepa OT OOKOBOM MOBEPXHOCTH 3aroTOBKH [0
IIOBEPXHOCTU OTBEPCTHUS B JIBYX B3aUMHO NEPHEHAMKYJSPHBIX IUIOCKOCTAX Ha
BXOJI€ U BBIXOJIE OTBEPCTHS AJIEKTPOHHBIM LU(POBBIM MUKPOMETPOM MKII-25 ¢
nenou genenus 0,001 mm.

MeToabl 00padoTKH pe3yabTATOB HCCIEI0BAHNH

[IpuMeHAIUChr METOABl ANIpPOKCUMALMU M MaTEeMaTUYECKON CTaTUCTHKH,
OCHOBAaHHBIE HAa  KOPPEJSILMOHHO-PETPECCHOHHOM  aHAJIU3€  PE3yJIbTaTOB
ucciaenoBanuii.  Onpenensaoch COOTBETCTBHE — PE3YJIbTaTOB  HCCIEAOBAaHUMI
HOPMaJbHOMY  pacCIpeleNieHHI0 1O  3aKOoHy layca,  pacCUMTHIBAINCH
kKod(phunMeHTsl JUHEWHOW Kkoppensuuu I[lupcoHa Mexay HE3aBUCHMBIMU
TEXHOJIOTHYECKUMH (DAKTOpPaMHU M 3aBUCUMBIMHU - PE3yJbTaTaMHU HCCIEAOBAHUIA.
[Ipn Hamuuuy 3HAYUMOM KOPPENSLUMU IMPOBOIAWIICS PETPECCUOHHBIN aHAIU3 MX
CTaTUCTUYECKUX 3aBUCUMOCTEH C MNPUMEHEHHEM NPUHUMIIA HAUMEHBIINX
KBaJpaTOB, HA OCHOBAaHWU KOTOPOTO CTPOMJIMCH AIMIIUPUUECKUE MOJEIH.

B Tperneil riaBe mnpeactaBieHbl MaTepuanbl pa3pabOTKM METOJOB IO
MOBBIIICHUIO KaYeCTBAa OTBEPCTUN 00paOOTaHHBIX CIIUPATLHBIMH CBEPIIAMHU.

[IpoBeneH CTAaTUCTUYECKUMU aHAIW3 MOKA3aTelIed KadyeCcTBAa OTBEPCTUU
TEXHOJOTMYECKONM OCHACTKH (IITaMIOB, MpeccopM, TUTHOPM) MPUMEHSIEMON Ha
3aBojax r. bumikek (Tabnume 3.1)

Tabnuma 3.1 - [lokazarenu kauecTBa OTBEPCTHI TEXHOJIOTUIECKON OCHACTKH
8



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

OOmienpr3HaHHbI TEXHOJIOTMYECKUA METOJ| TMOBBIIMICHHUS IOKa3aTesen

KauecTBa MOBEPXHOCTHU, 0OpabOTaHHOU pe3aHHeM, 3a CUET YBEJIMYEHUS CKOPOCTHU
pe3aHus Mpu 0O0pabOTKE CBEPJICHUEM OTPAHUYEH CPaBHUTEIBLHO HEBBICOKOM
TEIJIOCTOMKOCTBIO  ObIcTpopexkymmx — ctaneir  (650°C), w3  KOTOpBIX
M3TOTaBJIMBAIOTCS] CTAHJIAPTHBIE CIIUpaIbHBIE CBEpIIa.
Bmecte ¢ TeM yBeaMdYeHUE CKOPOCTH pe3aHUsl MNPUBOJUT K 3HAYUTEIBHOMY
YBEIIMYEHUIO  pa3OMBKU  TPOCBEPJICHHBIX  OTBEPCTUH B pe3yJbTare
HECUMMETPUYHOCTH  KOHCTPYKTHUBHBIX  3JIEMEHTOB  CBEPJI  OTHOCUTEIIBHO
IPOAOILHON OcH (prCYyHOK 3.1.).

A, MM
0,12 /,/
0,06 //‘
0 6 12 18 24V m/mMuH
PucyHoKk 3.1 - 3aBHCMMOCTH Pa30OUBKH OTBEPCTHIA A OT CKOPOCTH pe3anus V npu
CBEPIICHUM

Cuuta, BBI3BIBAIOIIAs CMEIICHUE [IEHTPA MAacc CBepIia:

F = mw?l (3.1)
rae M — macca, ® — yrioBoe yCKopeHue, | — BennuuHa paguaibHOr0 CMEIICHHS

IICHTpa Macc.

Annpokcumanus — rpadpuka  (pucyHok 3.1) mo3BonMIa  MOJYYHUTh
MaTeMAaTHYECKOEC BBIPA)KEHHE 3aBHCHMOCTH Pa30MBKH OTBEPCTHH OT CKOPOCTH
pe3aHus B BUJIE:

A = 0,0083-V°* (3.2)

Paccuntannas mo dopmyne (3.2) pa3duBKa OTBEPCTUS TMPU CKOPOCTH
pezanust 4 mM/mMmuH paBHa 0,025 MM, 4YTO COOTBETCTBYET 8 KBAJIMUTETY JOIYCKa
pa3Mepa OTBEpPCTHs, KBAJTUTETY JOINYCKa OTBEPCTUH MOJ BbITAJIKMBATENb (Ta0.
3.1).

[IpoBeaeHsl HCCIENOBAaHUA MO ONPENEICHUI0 BEIMYMHBI HApOCTa Ha
yrojikax cBepiia (pucyHke 3.4) ¢ UCIOJIB30BaHUEM DKCIEPUMEHTAIBLHOTO CTEHA
Ha Oa3ze TokapHoro cranka 1K62 (pucyHok 3.2, a) ¢ YCTaHOBJICHHBIM
HETIOCPEJICTBEHHO HA CTaHKE ONTUYECKUM IpUCIoco0IeHneM (pUCYHOK 3.2, 0).



Pucynok 3.2 — OkcniepuMeHTaIbHBIN CTEH]T - ),
OINTHYECKOE TIPUCTIOCOOJICHHE JIsl K3MEPEHHUsT HapocTa - 0)

Toumnuchp 3aroToBkM U3 crajgun 45 YroikoM CHUPAIBHOTO CBEpia,
3aKpEIJICHHBIM B pe3lieiepkarene craHka (pucyHok 3.2,a). M3mepeHnue Hapocta
OCYIIECTBISIIIOCh HEMOCPEACTBEHHO Ha CTaHKE, C MPUMEHEHHEM OITHYECKOTO
MPUCTIOCOOJICH
s “

J " *? ! h, ram A,
W 0.3 [/ N
: \
0.2 AN
/ N\
A

0.1 .
I"naguas * /
pexKyinas Kpomka (

0 5 10 15 20 25 V. wham
Pucynok 3.4 - HapocT Ha yroJke cBepia Pucynok 3.5 - 3aBUCHMOCTB BBICOTHI
HapOCTa Ha YroJKax CBepyia OT CKOPOCTH
pe3aHus

[Tonyyen rpaduk (pucyHok 3.5), MOATBEPKAAIOIINI OTCYTCTBUE HAPOCTa Ha
HU3KUX CKOPOCTSX PE3aHUS
AnmnpokcuMalvd BEpIIMHbI KpUBOM Tpaduka (pucyHoK 3.5) mo3BoJuia
MOJTYYUTh 3aBHCHMOCTD
h=9,84-10°V 57140338V (3.2)
OTHoOIIIEHHE TTOKa3aTeNIeH cTeneHel 3aBucUMOCTH (3.2) MO3BOJIIET
OTIPEZICTTUTH CKOPOCTh PE3aHUS COOTBETCTBYIOIIYIO MAaKCUMAIILHOMY HapOCTy
Vim = 5,714/0,338 = 16,9 M/MuH.
[TpaBas uvacth rpaduka (pucyHOK 3.5) ammpPOKCMMHUPOBAIACH METOAOM
HAaWMEHBIIINX KBAJIPATOB YPaBHEHUEM MPSMOM
h =0,5532 - 0,0127V. (3.3)
3aBucuMocTh (3.3) mMO3BOJIMIIA OMPEAETUTh MaKCUMAJIbHYIO CKOPOCTH
pe3aHusi, Py KOTOPOH HAPOCT Hcue3aeT paBHYIO Vimax = 43,56 m/Mun. U3BecTHO,
TEeMIlepaTypa B 30HE pe3aHusi MaKCUMaJIbHOW BeauMunHbl Hapocta paBHa 300C°, a
TEMIIEpATypa B 30HE pE3aHusl, IPU KOTOPOM HapocT ucuesaet - 600C°.
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PesynbTaThl mpencTaBIEHHBIX HWCCIACAOBAHWM TIO3BOJIMIN  OTPEICTUTh
3aBUCUMOCTh TEMIIEPATyphl B 30HE PE3aHUs OT CKOPOCTH PE3aHus MPHU CBEPIICHUU
B BUJIE:

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

Paccuutannas mno d¢opmyne (3.6) TemmepaTypa B 30HE peE3aHHS MPH
MUHHUMAJIbHOM CKOPOCTH pe3aHusi, Ha KOTOPOW HApOCT OTCyTCTBOBad (puc. 3.5)
paBHa 92,7°C.

AHanu3 anpuopHoit mHpopMammu (pucyHOK 3.6), MOKa3bIBaCT CHUKCHHE
MPOYHOCTH ¥ YBEIWYEHUE IUIACTHYHOCTH YTJIICPOIUCTBIX KOHCTPYKITMOHHBIX
ctaseit mpu Temneparype meHee 200°C. Ha ckopocTsx pe3anusi MEHbITUX 6 M/MUH
(0,1 m/c) Temneparypa B 30oHe pe3anus He mpesbimaeT 200°C (500°K) (pucyHox
3.8).

2.
0B, Krc/MM”; €, %

0K
80
/1.\ S8 9
L nJ %0 /
i \ A - 560
4 /! N 540
A
2 ~_] \ 520 y’
20
.’/ \ 500
1 ’
N\ 0 01 015 02 025 Vwul
0 200 600 T°,C PI/ICYHOK 3 8 -
PucyHok 3.6 - 3aBUCUMOCTH
3aBUCUMOCTD

TEMIIEPATYPBI PE3aHUS OT

IIPOYHOCTH -G, U CKOPOCTH PE3aHUs MIPH

IACTUYHOCTH- & TOYEHUN
OT TEMIICPATypPHI IIPU KOHCTPYKIITHOHHOM
obpaboTKe YIJICPOJUCTOM CTau
KOHCTPYKIMOHHBIX pe3LaMu u3
crasei OBICTPOPEKYIIEH CTAIH

[IpoBeneHbl HcclieIOBaHMs, MOATBEPXKAAIOUIME TEHICHIIUIO YMEHbBIIEHUS
MPOYHOCTH KOHCTPYKUIHMOHHBIX CTajied Ha Ttemneparypax MeHbmux 200°C

(puc.3.7).

HB
300 . <
290 i
W N
280
270 | \\.
L S S N W

0 100 200 300 400 300 600 t°C
Pucynok 3.7 - 3aBUCUMOCTB TBEPIOCTH 3arOTOBKU U3 CTAIH 45 OT
TeMIEPaTyPhI
Pe3ynprarhl MpEACTABICHHBIX BBIIE HMCCIACAOBAHUN  MOATBEPKIAIOT
TUIOTE3y 00 aHAJOTUYHOM BO3/IEMCTBUU HU3KUX U BBICOKUX CKOPOCTEH pe3aHus

11



Ha TUIACTHYHOCTh U YKECTKOCTh KOHCTPYKIIMOHHBIX CTaJIeld, YTO OOOCHOBBIBAET
BO3MOXXHOCTh TIOBBIIICHUS KayecTBa OTBEPCTHUH 0OpaOOTaHHBIX CIHUPATbHBIMU
CBEpJIaMU Ha CKOPOCTSX pe3aHusl, MCHBIINX 6 M/MUH.

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

HcnpiTanus cBepa HOpMaIbHOW TOYHOCTH KiaccoB B u Bl mokazanu, 4to
napaMeTphbl peKUMa pe3aHus He OKa3bIBAIOT BIMSHUS HA pa30MBKY OTBEPCTHI, HE
IIPEBBIIAIOIIYIO 13 KBanUTET AOMYyCKa.

UcnbiTanust cBepsl TMOBBINIEHHONW TOYHOCTH Kiacca Al Tmokazanu, 4YTO
mapamMeTphl peXuMa pPe3aHMsl OKA3bIBAIOT CYIISCTBEHHOE BIMSHUE Ha Pa3OWBKY

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

A, MKM / A
40 5 A K L,
30 \\n/ / 40
I /'A_ B
20 /n = 20 prd
F L ] /| / s
0
° 2 3 4 5 V m/MuH 012 016 0.2 0.24 Swmm/o6
Pucynox 3.15 — Pucynok 3.14 —

3aBUCUMOCTH pa30UBKU
OTBEPCTUH OT
II0Jla4u IIPU CBEPIICHUU

3aBUCHUMOCTbh OTBEPCTUI
OT CKOPOCTH pe3aHus Mpu
CBEpJICHUU CBEPJIAMU

N mm—_— CBepJIaMH MOBBIIEHHOM
TouHOCTH Kinacca Al: 1 —  TOUYHOCTH Knmacca Al: 1 —
nonaya 0,2 MM/00, 2 — CKOpPOCTb pe3anus 4,32
0,25 MM/00 M/MuH, 2 — 5,53 M/MuH

9 .

XapakTep BIMSHHUS OCEBOIO OHMEHMS pPEeXYIIUX KPOMOK Ha pa3OUBKY
IIPOCBEPJIEHHBIX OTBEPCTHM, PEICTABIEH HA pUCYHKE 3.17.

] V.
MKM /
210 /
140 /,

70
A

0 0,1 0,2 0,3 §,, Mm
Pucynok 3.17 — 3aBUCUMOCTH pa30MBKH OTBEPCTHUH OT OCEBOTO OWEHUS
pexyux kpoMok Ha V = 4,32 m/mMun u S = 0,2 Mmm/00

B tabnume 3.10 mpencraBieHbl pe3yiabTaThl UCIIBITAHUN BIMSIHHUS OCEBOTO
OMeHUs PeXYIINX KPOMOK Ha IIEPOXOBATOCTh MOBEPXHOCTH OTBEPCTUM.

12



Tabmuma 3.10 — IlepoxoBaTocTh MOBEPXHOCTH OTBEPCTUH MPH CBEPJICHUU
CBEpJIaMU HOPMaJbHOW TOYHOCTH KkiaccoB B um Bl M mNOBBIIIEHHONH TOYHOCTH
Kiacca Al

V, o, S, MM/00 Ra

m/mus | MM | 0,078 /0,1 ]0,13/0,16]0,20|0,25| cp,
Ra, Mmxm MM

432 |03 13,3[13,8]14,1|125]12,9]13,33

5,53 135 |129/146]125[12,7|13,9

432 |02 63[50|72]|45|55] 559

5,53 43 [ 62]60][51]62]52

4,32 |0,08 0,68[0,71/0,43/0,63|0,76 | 0,65

5,53 0,62 10,86]0,64]0,44 0,65 0,67

B tabmuue 3.10 BUAHO, 4YTO IIEPOXOBATOCTh IMOBEPXHOCTH OTBEPCTHIA
3HAYUTEIHHO 3aBUCHUT OT Ka4eCTBA M3TOTOBIICHUS W 3aTOYKH CBEPJI, TTOITOMY IS
OIICHKHY HAJMYHsI 3HAYUMOUN KOPPEIAIINOHHON CBSI3M MEXKTy TTapaMeTpaMH pexuMa
pe3aHMsT ® IIEPOXOBATOCTHIO TIOBEPXHOCTH TPOCBEPICHHBIX  OTBEPCTUU
UCIIOJIb30BAIMCh ~ 3HAYEHHUS  IIEPOXOBATOCTH MpuU  0o0paboTKe  cBepiaMu
MOBBIIIIEHHON TOYHOCTH Kiacca Al(ta6:.3.19).

Tabmuma 3.19 - Koppensuus Mexay napamMeTpaMu peXHUMa pe3aHusi u
HIEPOXOBATOCTHIO MOBEPXHOCTH OTBEPCTHUH, I' — KOIPPUIIMEHT KOPPEIALUU

S, cBsa3b V- Ra V, cBsa3b S - Ra
MM/00 r M/MUH r
0,2 0,41 HE 4,32 0,19 HE
3HAYNM 3HAYNM
0,25 | 0,66 HE 553 |-0,175 HE
3HAYUM 3HAYUM

B Ttabmuue 3.19 BuaHO mnpu paboTe CBEpIaMH TOBBIIMIEHHOW TOYHOCTH
Kimacca Al wuMeer MeCcTO HE 3HAauMMash CBA3b MEXIAY [IEPOXOBATOCTHIO
MOBEPXHOCTH CKOPOCTBIO PE3aHUs U MOoJIaueH.

XapakTep BJIUSHHS OCEBOTO OMEHHUS PEXYIIMX KPOMOK Ha IIEPOXOBATOCTh
MOBEPXHOCTU OTBEPCTHM  IOKAa3bIBAET, YTO 3aBUCHUMOCTh UIEPOXOBATOCTHU
MOBEPXHOCTU MPOCBEPJICHHBIX OTBEPCTUH OT OCEBOT0 OMEHHUS PEXYIIMX KPOMOK
BbIpa)KeHa SIBHO U KOPPEJSIIIMOHHON OICHKH He TpeOyeT (pucyHok 3.18).
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Ra cp,
MKM

1; /
e

0 0,1 0,2 0,3 8., MM

Pucynok 3.18 — 3aBHCHUMOCTBH 1I€POXOBATOCTH MOBEPXHOCTH 00paOOTaHHBIX
OTBEPCTUI OT OCEBOr0 OMEHUS PEXYLIUX KPOMOK

Xapaxrep BiusiHUA noaaun (puc.3.19) u oceBoro OMeHUsT peKyIIUX KPOMOK
(puc.3.20) Ha IEPIIEHAUKYISIPHOCTH OCH OTBEPCTHI

1,
J_x e} MM

MM
P

0,24

0,02 /
0,18

0,01 4 /

0,12

0,1 02 S, mm/o6 0,06 7
'

0 0,1 0,2 0,3 8., Mv
Pucynox 3.20 — 3aBucumocTs
NEPIICHINKYISIPHOCTH OCH
OTBEPCTUIA OT OCEBOT0 OUEHUS
pPEXYIIUX KPOMOK cBepi Ha V= 4,32
M/MuH 1 S = 0,2 MM/00

Pucynok 3.19 — 3aBucumoctb
NEPIEHIUKYIIPHOCTU OCU
OTBEPCTUH OT MOJIAYU HA
CKOpoCTH pe3anus 4,32 M/MUH

CBEpJIa MOBBIIIEHHOU
TOYHOCTH KJtacca Al
Pa3paboTka sMnupuveckoi Moaeu
B pesynprate ammpokcumarnmu KpuBoil 1, pucynka 3.14 momydena
3aBUCUMOCTh Pa30MBKU OTBEPCTUN OT CKOPOCTH PE3aHUsI
A = 0,33V?°, (3.9)
B pe3ynbrate anmpokcumanuu KpuBod 1, pucyHka 3.15 mnonyyeHa
3aBUCUMOCTH pa30MBKU OTBEPCTHM OT MOIaYu
A = 391S*7%, (3.10)
[Ipumenenue pa3paboraHHOM MeToauku K 3aBucumocTsM (3.9) u (3.10)
MO3BOJIMIIO TIOJIYYUTh 3aBUCUMOCThH Pa30MBKH OTBEPCTUM OT CKOPOCTH PE3aHUS U
noja4u B BUJIC:

A = 6,5V*°SH#7, (3.11)

B pe3yabrare anmpoKCcUMaIuu rpadruyecKou 3aBUCUMOCTH,
MPEICTABICHHON HA pUCYHKE 3.17 MOJIy4eHO €€ MaTeMaTU4ECKOE BhIPAKEHUE

A =3588,8152™ (3.12)

[Ipumenenue pazpabotanHOM MeToawku K 3aBucumoctsMm (3.11) u (3.12)
MO3BOJIWIIO TIOTYYUTh OOBEIWHEHHYIO 3aBUCHUMOCTb [IJIi pacdeTra pa3OuBKU
14



oOpalaThIBa€MbIX OTBEPCTUH, YUHTHIBAIOLIYIO MapaMETpbl peXuMa pe3aHus u

0CEBOE OMEHUE PEKYIINX KPOMOK B BUJIE:

A =1167,16855"% V28 475 (3.13)

B pe3ynbTaTe anmpoKCUMaIuu rpaduueckoit 3aBUCUMOCTH,
MPEICTAaBICHHON Ha pHCyHKe 3.18 mMoiaydeHO ee MaTeMaTH4eCKOe BBIpaXKEHUE,
MMEIOIIEE BUI:

Ra = 221,407 . (3.14)

B pe3yJbTare aNpOKCHMALUK rpaduuecKoi 3aBUCUMOCTH,
Ipe/CTaBIEHHOM Ha pUCYHKeE 3.19 MOJTydeHO MaTeMaTUYECKOE BHIPAKEHHUE

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

B pe3yJbTare aNpOKCHMAaLUK rpaduuecKoi 3aBUCUMOCTH,
IpeCTaBIEHHOM Ha pucyHKeE 3.20 MOIy4eHO MATEMATUYECKOE BHIPAKEHUE

1=3,021955"* (3.16)

[Ipumenenue paszpaboTaHHON MeTOIUKK K 3aBucumMoctsMm (3.15) u (3.16)
MO3BOJIMIIO TIOMYYWUTh 3aBHUCHUMOCTH TEPICHIUKYJISIPHOCTH OCH OTBEPCTHH OT

0CEBOI'0 OMEHUS PCXKYIIUX KPOMOK M IIOAAYU B BHUAC:

_ 19896 1,8427
1=58,49 65" S (3_17)

[MorpemHocTh pacueroB 1o 3aBucumoctsaM (3.13), (3.14) u (3.17) He mpeBbIicHIa
3%, 4YTO TMOATBEPXKAAET BBICOKYIO CTENEHb aJEKBATHOCTU IMOJYyYEHHBIX
3aBHCHUMOCTEH SKCIIEPUMEHTAIBHBIM JTAHHBIM.

[IpencraBieHHbBIE BhIIMIE PE3YIbTAThI MPEACTABISIOT SMIIUPHIECKYIO MOJIEIb
(3.18), MO3BOJISIONIYIO C BBICOKOW CTENEHBIO TOYHOCTH PACCUUTATH MOKA3aTEIH
KayecTBa OTBEPCTHH, 00pabOTaHHBIX CHHPATHHBIMU CBEpJIaMU KJlAacCa TOYHOCTHU
Al ¢ IBYXIUIOCKOCTHOM 3aTOYKOU PEXKYIINX IJIEMEHTOB.

A =1167,16852%>V>* g7

Ra = 221,40783%* | (3 18)
1= 58 49 81,9896 Sl,8427
58,49 5L .
B Tabmuue 3.31 nmpencrtaBieHbl NOKazaTeld  KayecTBa  OTBEPCTHUH,

MPOCBEPJICHHBIX CBEpPJaMH Kjacca TOYHOCTA Al ¢ JBYXIJIIOCKOCTHOM 3aTOYKOM
PEXYLIUX 2JIEMEHTOB, pacCuuTaHHble Mo Mozaenu (3.18).

Tabmuua 3.31- IlokazaTenu KayecTBa MPOCBEPJICHHBIX OTBEPCTUH CBEpJAMU
KJ1acca TOUHOCTH Al ¢ IBYXIJIOCKOCTHOM 3aTOUKOW PEXYIIUX SJIEMEHTOB

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, OTBEpPCTHS, MPOCBEPJICHHBIC CBEpJjaMU Kjacca
TOYHOCTH Al ¢ IBYXIJIOCKOCTHOM 3aTOYKOU PEXKYIIUX AIEMEHTOB, COOTBETCTBYIOT
8-9 kBanmuTeTy JOMYyCKa OTBEPCTH, TOJYYEHHBIMU TOYHBIM pa3BePThIBAHUEM. ITO
MO3BOJISIET WCKJIIOYUTH CIENYIONIME TEXHOJOTHYECKHE Tepexoapl 00paboTKu
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OTBEPCTHUI: paccBEpJIMBaHUE, YEPHOBOE U YMCTOBOE 3€HKEPOBAHUE U HOPMAIbHOE
pa3BepThIBaHKE

3AK/IFOYEHUE

OcHOBHBbIE BHIBO/IbI U MPAKTHYECKHE PEKOMEHIAIMU

1. Pa3zpa®oTanbl yciaoBusi 00pabOTKH CBEPIEHUEM IO3BOJISIOIIME MOIYYUTh
MOKAa3aTelId KayecTBa IMPOCBEPJICHHBIX OTBEPCTHIl COOTBETCTBYIOUIUE KadyeCTBY
OTBEPCTUH NP HOPMAJILHOM pPa3BEPTHIBAHUM, 4 UMEHHO: CKOPOCTh pe3aHus 5,53 u
4,32 m/mun, nogaun 0,2 u 0,25 MM/00, mpu CBEpICHUU OBICTPOPEKYILIUMU
CIIMPaJIbHBIMU CBEPJIAMM MOBBIIIEHHOM TOYHOCTH Kinacca Al ¢ JBYXIUIOCKOCTHOM
3aTOYKON 3aJJHUX MOBEPXHOCTEH, HUMEIOIIUX OCEBOE OMEHUE PEXKYIIUX KPOMOK HE
6oxee 0,06 MMm.

2. OmpeneneH XapakTep BIUSHUS YCIOBUNH OOpaOOTKM Ha IOKa3aTelIu
KayecTBa IPOCBEPJIEHHBIX OTBEPCTUM B BHUAE SMIHUPUUYECKUX TaOJIUYHBIX U
rpaUUecKux 3aBUCUMOCTEM TEXHOJOTMYECKOTO JIOMyCKa OT OCEBOro OMEeHUs
PEXYIIMX KPOMOK U MMApaMETPOB PEKUMa pe3aHus, IIEPOXOBATOCTH MOBEPXHOCTU
OT OCEBOT0 OMEHHMS PEXYIIUX KPOMOK U NEPHEHAUKYIIPHOCTH OCU OTBEPCTUUA OT
OCEBOI0 OMEHHUS PEXYIIUX KPOMOK U TOJAUH.

3. Pa3paborana smnmpuyeckas MOJETb OTpaKawolllas XapakKTep BIUSHUS
apaMeTpoB peXUMa PE3aHusl U OCEBOI0 OMEHMSI PEXYIINX KPOMOK Ha MMOKa3aTesu
KayecTBa IPOCBEPJICHHBIX OTBEPCTUM, MO3BOJSIOIAS MOIYYUTh 0OpabOTKOM
CBEpJICHUEM  OTBEPCTHS  COOTBETCTBYIOIIME  8-9  KBamMTeTy  JOMYCKa,
HIEPOXOBATOCTA NOBEpXHOCTH MeHee 0,08 MKM M TNEPNEHAMKYISIPHOCTH OCH
orBepctui 0,02 MM. DTO NO3BOJSAET UCKIIOYHUTh HECKOJBKO TEXHOJIOTUYECKHUE
Mepexo0/10B 00pabOTKH OTBEPCTHUH.

4. PaszpaboTaHa METOJOJIOTHS, OOBCAWHSIONIAS  B3aMMOCBS3aHHBIC
NOCJIeI0BAaTEIbHbIE METO/IbI, CIIOCOObI TTOCTAHOBKU U MPOBEIEHUS UCCIEI0BAaHUMN
MIOBBILLICHHUS KayecTBa OTBEPCTHH, 00paboTaHHBIX CTaHAAPTHBIMU
OBICTPOPEKYIIMMHU CIIUPATBHBIMU CBEPJIaMU U 00PAaOOTKH MX PE3YJIbTATOB.

IIpakTHYeckue peKoOMeHIAIUN

1. JIns KOHTpOJIA CHMMETPUYHOCTH PACTIOJOKECHHUS PEXKYIIHX KPOMOK
OTHOCHUTEJIbHO OCH paboueil 4acTu cCBepjia HCMOJIb30BaTh HE JOMYCK OueHWUS,
MIPOBEPSEMBIN MOCEPEANHE PEKYIIMX KPOMOK B HAIIPaBICHUU NEPIICHANKYIIIPHOM
peXyIIEeH KPOMKE, a 0CEBOE OMEHHE PeXYLIUX KPOMOK, ITPOBEPSIEMOE MTOCEPEANHE
peXyIel KPOMKHY B HAIIPaBICHUH NAapaJIJICIBHOM OCH pabouel 4acTH CBEpJIa.

2. Jlomyck oceBOro OMEHHS PEeXYIIMX KPOMOK JUIsl BCEX KIACCOB TOYHOCTH
CBEpJI HE JIOJKEH OBITH OOJIee TIOJIOBUHBI MOJJa4 Ha 000POT CcBepIa.

3. Hnsa oOpaboTKu OTBEPCTUH CBEPJICHHEM HCIOJb30BaTh CBEpJIa
noBeimeHHONW TouHOCTH Kiacca Al mo I'OCT 10903-77 ¢ AByXIJIOCKOCTHOM
3aTOYKOM 3aIHMX MOBEPXHOCTEH, Y KOTOPHIX OCEBOE OMEHHE PEXKYIITUX KPOMOK HE
npesbimaet 0,06 M.
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4. Hcnonb3oBaTh CHEAYIOIIME MapaMeTpPhl pPEXHMa PE3aHHS: CKOPOCTh
pesanus 4,32 - 5,56 m/muH, nogaya 0,2- 0,25 Mm/00.

5. PesynbpTaThl quccepTallMOHHON pabOThl BHEIPEHBI B yUEOHBIN Mpoiiecc,
UCITIOJIB3YIOTCS TIPU TIPOBEICHUHU JICKIIHH, TA00PATOPHBIX U MPAKTUUYECKUX 3aHATUN
Ha kKadeape Texnomoruu mammuHoctpoenus KI'TY um. U Paszakosa. [IpunaTh k
BHepeHuto Ha npeanpusatun OcOO «Anarami.
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PE3IOME

auccepranuu AifHa0ekoBoil AlHYp AJIMaHOBHBI HA TeMy: «Pa3padoTka
METOJA0B U PEKOMEHAAUMH M0 MOBbIIICHHMI0 Ka4ecTBa 00pad0TKH OTBEpPCTHH
CIMPAJbHBIMH CBepJIaMHM» HA COMCKAHHE Y4YeHOH CTeNeHH KaHIuAara
TeXHHYECKHX Hayk mno cneuuajabHoctu 05.02.08 —  TexHoJsiorus
MAaIIMHOCTPOCHUS

KiroueBble  cjoBa:  pa3paboTka, CBepJO,  KBAJUMTET  JIOMYCKa,
HIEPOXOBATOCTh MOBEPXHOCTH, MEPIECHAUKYISIPHOCTh, pa3OUBKa OTBEPCTUS,
annpoKCUMAaIus, UCCIEI0BAHNUE.

O0bekTOM HMCCIeIOBAHUS  SBJSIOTCS  TEXHOJIOTMYECKHE  MPOLECCHI
00pabOTKH OTBEPCTUH OBICTPOPEKYIIUMH CITUPATHHBIME CBEPIIAMHU.

IIpeaMeToM HcciIeA0BAHUS SBISIOTCS pa3pabOTKa METOJOB TMOBBIMICHUS
KauyecTBa OOpaOOTKM OTBEPCTUH OBICTPOPESKYIIIUMHU CIHPATHLHBIMU CBEpIIaMH,
00ecIeynBaloIINe CHUKEHUE TPYJOEMKOCTH 00pabOTKH OTBEPCTHH.

Heabio padoTbl siBIsieTCs pa3pabOTKa METOJOB MOBBIMICHUS TOYHOCTH
pasMepa W HIEPOXOBATOCTH  TOBEPXHOCTH  OTBEPCTUH, 0OpabOTaHHBIX
CIUPAILHBIMU CBEpJIAMHU I CHIDKEHUS TPYIOEMKOCTH OOpabOTKU U3JETnit
MaIlIMHOCTPOEHHUSI.

MeTtoabl uccJIe0BaHMS U anmaparypa. Meroanka UCCIeI0BaHUN
0a3upyercs Ha HUCIOJIb30BAHWM OCHOB TEXHOJIOTMM MAaITUHOCTPOEHUS M TEOPUU
pe3anusi metauioB. MccienoBaHus MpOBOAWINCH HA CIIEHMAIIBHO 000PYI0BaHHBIX
cTeHJax Ha 0a3ax crankoB 675I1, 1K62 c wucmnosb30BaHUEM COBPEMEHHBIX
NpUOOPOB U anmapatypsl AJii KOHTPOJsSL pe3yiabTaToB. Pe3yabTarhl ucciaeoBaHui
oOpabaThIBaIUCh METOAAMU aNIPOKCUMAIIMU, MAaTeMaTUYECKOW CTaTUCTUKH,
TEOPHUH KOPPEJSILIMKI U PErPECCUOHHOTO aHAJIU3a.

IMonyuyeHHbIe Pe3yJabTaThl U UX HOBU3HA: DKCIIEPUMEHTAIBLHO ONpEIeSieH
U HaydyHO OOOCHOBAaH  XapakTep 3aBUCUMOCTEH TOYHOCTH  pa3Mepa,
MEPHEHIUKYJIIPHOCTY OCH M UIIEPOXOBATOCTH MOBEPXHOCTH IPOCBEPICHHBIX
OTBEPCTUI OT MAPaMETPOB PEKHUMA PE3aHUSI U OCEBOTO0 OMEHUS PEKYIIUX KPOMOK
CBEpJ, IMOJy4YeHa OHMIMPHUYECKas MOJCNb, OTpaXarollas XapakTep OSTOU
3aBUCHUMOCTH, MPEIJIOKEHA 3aTOUKA PEXKYIINX JIEMEHTOB cBepi (maTteHT No265 -
KbIprei3nareHr).

Crenenb uUCHoab30BaHMsA. Pe3ynpTaThl JUCCEPTAIMOHHON  PabOTHI
BHEJIPEHBI B YUEOHBIN MpOIIeCC, UCTIONB3YIOTCSA MPU YTCHUH JICKIIUNA, TPOBEICHUN
Ja00OpaTOPHBIX W TPaKTHUYECKUX 3aHsATUM Ha  Kadeape «TexHomorus
MammHocTpoeHusp»» KITY wum. W PazzakoBa. IIpuHATBI K BHEIPEHHIO B
npou3BoAcTBO Ha npennpuatu OcOO «Amaramn.

Obaacte npuMeHenusi. MamuHocTpoeHue, o00pabOTKa  OTBEPCTH
pe3aHueM ObICTPOPEKYIITUMU CITUPATBHBIMU CBEPIIaMHU.
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