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05.02.08 — TexHONOTHS MAITHHOCTPOCHHUS

ABTopedepar
Ha COMCKAaHHE YYEHOU CTeneH!

KaHauagaTta TEXHUYECKUX HAYK

bunmkek — 2025



PaGora BbimosHeHa Ha kadeape TexHosorMm MAIMHOCTPOEHUS
KpIprei3ckoro rocyaapcTBeHHOr0 TEXHM4YECKOro ynusepcurera um. H.
Pa33akoBa.
Hayunslii pykoBoauren: Parpun Hukouai AjsexkceeBu4
JOKTOp TEXHWYECKMX HayK, mpodeccop,
kadenpsr pUOOPOCTPOCHNUS
KeIprezckopoccuiickoro CIaBSIHCKOTO
ynusepcurera b.H. Enbryna.
OdunnanbHblie onnoHeHThI: MyciaumMoB AnHac IlasgcoBny
JOKTOp  TEXHHYECKHUX HaykK, mpodeccop
KbIpreI3ckoro  rocyaapcTBEHHOTO — TEXHHUYECKOTO
YHUBEPCUTETA, Kagenpol «ABTOMaTH3aLUA,
PpaboTOTEXHUKA U MEXaTPOHHUKH».
Cap6anoB CoBet0ex Tanrap6exoBuy
KaHauJaaT TEXHUYECKUX HayK, JOLECHT,
pune-npe3uieHT OAQO «KbIpreI3 HHAYCTPHS.
Beaymas opranmsamusi: OLICKMI TEXHOJOTMYECKUN YHUBEPCUTET HM.
M.M.AnprmeBa, kadempa «DIeKTpUIecKHe
CTaHILIUM, CHUCTEMbI, CETH M D3HEPreTHYecKoe
MAaIIHHOCTPOCHHUE.
3ammra guccepTalud cocTouTcss «5» Maprta 2025 roma Ha 3aceJaHuMU
nquccepranonHoro coseta JI 05.24.703 mo 3ammure auccepTanuii Ha
COHCKaHHE YUeHOH CTENeHM KaHAuIaTa TeXHHYECKUX HayK Ipu MHCTUTYTE
MAaIIMHOBEJICHNs, aBTOMATUKHU U reoMexaHukn HanmoHanapHOHN akagemun
Hayk Keiprerckoit PecryOmmkm m KBIPTBI3SCKOM — TOCYZapCTBEHHOM
TEeXHUYECKOM yHHBepcuTere uM. M. Pa33zakoBa MuHuCcTEpCcTBA 00pa3oBaHus
n Hayku Keipreickoit Peciryonmku mo aapecy: . bumkek yn. Ckpsiouna, 23,
B KOH(epeHn-3a1e. neHTH(KaIMOHHbIN KO/ OHJIAIH TPAHCIISIINH 3al[UThI
qucceprauu B https://ve.vak.kg/b/052-xlj-xui-jwa.

C nuccepranuei MOXKHO 03HAaKOMHUTHCS B Onbinorexax MucTuTyTa
MAIIMHOBEJICHNs, aBTOMATHKHU U reoMexaHukn HanmoHanapHOHN akagemun
Hayk Keipreickoit Pecrybmuxu (720055, r. bumkek, yn. Ckpsabuna, 23) u
KBIpreI3ckoro rocyaapcTBEHHOTO TEXHMYECKOTO YHHMBepcuTeTa M. M.
Paz3zakoBa (720044, r. bumkek, yi. npocnekT Y. AiiTmMaToBa, 66) 1 Ha caiiTe
HannonaneHoil aTTecrannonHoi komuccuu npu IIpesunente Koipreizckoit

Pecniybnuku: http://vak.kg.

ABtopedepar pazocnan «29» siaBaps 2025 T.

VYueHslil cekpeTapb
JUCCEPTAIOHHOTO COBETA

J1.05.24.703, K.T.H., C.H.C Jmurbacs K.T.


https://vc.vak.kg/b/052-xlj-xui-jwa
http://vak.k/

OBIIASA XAPAKTEPUCTUKA PABOTHI

AKTyaJbHOCTh TeMbl auccepramuu. bomee 60 % nerameit
MAaIIHHOCTPOUTEIBHON TPOMYKIIMA MMEIOT OTBepCcTHsA. Bo Bcex cirydasx
MIEPBEIM TEXHOJIOTHIECKUM IepeX010M 00pabOTKH OTBEPCTHH B CILUIOITHOM
MaTepHale sBIseTcs cBepiieHue. [1oaToMy crimpanbHBIe CBEpila COCTABISIOT
30% ot oOmero o0beMa pEXyIIEro HHCTPYMEHTA. TEXHOJOTHYECKHUM
npouecc 0OpaOOTKM OTBEPCTUI BBICOKOTO KayecTBa BKJIIOYAET CEMb
MEepexo/0B:  CBEpJCHUE, pacCBEpIMBaHUE, YEPHOBOE M  UYHCTOBOE
3eHKEepPOBaHUE HOPMAJIbLHOE, TOUHOE M TOHKOE pa3BepThiBaHue. [ToBbImenne
KauyecTBa OTBEPCTHH 00pabOTaHHBIX CBEPJIEHHUEM MO3BOJHUT 3HAYMTEIHHO
CHHM3UTH TPYJOEMKOCTh 00pabOTKH OTBEPCTHI BHICOKOTO KAauyecTBa 3a CUET
HUCKITIOUYCHHA HECKOJIBKHUX TIOCICAYIOMUX TEXHOJOTHYCCKUX TICPEXOI0B.
IMosTomy mpobremMa TOBBIMICHUST KadecTBA OTBEPCTHH, 00pabOTaHHBIX
CHHPAIEHBIMU CBEPJIAMH, C IENBI0 CHIDKEHUS TPYIOEMKOCTH 00pabOTKM
W3 MAIIMHOCTPOCHHUS SBISIETCS aKTYaIbHOM.

CBsi3b TeMbl JUCCEPTANMH ¢ KPYNHBIMH HAYYHBIMH
nporpaMmMamMu (mpoexkTramu), OCHOBHBIMHU HAY4YHO-
HCCJIeI0BATEILCKHMHU PadoTaMu.

Juccepranusi cBsi3aHa C HAYYHO-KCCIICJOBATEILCKOW paboTOM
((OpFaHI/ISaHI/IOHHO-TCXHOHOFH‘IGCKOG MPOCKTUPOBAHUE NPONU3BOJACTBCHHBIX
cucrem» kadenpol «Texnomnorus MamuHoctpoeHus» KITY wum. .
PasszakoBa (2013-2024rr).

Hear u 3amauum wucciaenoBanui. llenpro guccepTanmoHHOM
paboTHI sABIsIETCST pa3padOTKa METOJOB TOBBIMICHUS TOYHOCTH pasMmepa U
IIEPOXOBATOCTH ITOBEPXHOCTH OTBEPCTHH, 00pabOTaHHBIX CIUPATHHBIMH
CBepJIaMH IUIS  CHIDKCHHS  TPYJOEMKOCTH  00paboTKH  wm3aeiuid
MAaIIHHOCTPOCHUSI.

3agaun ucciieOBaHUMI:

1. YcTaHOBHTH 3aKOHOMEPHOCTH BJIHMSHHUS ITapaMETPOB peXHMa
pe3aHus ¥ 0CEBOT0 OMEHUS PEXYIINX KPOMOK CBEpJI Ha TOYHOCTh pa3Mepa U
IIEPOXOBAaTOCTH MOBEPXHOCTH OTBEPCTHH 00pabOTaHHBIX CBEPICHUEM.

2. Omnpenenuts XapakTep BIUSHHUS YCIOBUH OOpabOTKH
MOTPEIIHOCTEH 3aTOYKM PEXYIIeH 4acTH CBEpNl HAa TOYHOCTh pa3Mepa H
IIEPOXOBAaTOCTh IMOBEPXHOCTH OTBEPCTHIl 00pabOTaHHBIX CIUPATEHBIMHU
CBEpJIaMH.

3. Pa3paboTaTh SMIHMPHUYECKYIO MOJENb BIHMSHUS I1apaMeTpOB
peXMMa pe3aHHMsi W YCJIOBMH 00paOOTKM Ha TOYHOCTh pasMmepa H
IIEPOXOBATOCTh ITOBEPXHOCTH OTBEPCTHIl 00pabOTaHHBIX CIUPATLHBIMU
CBEpJIaMH.



4. PazpaboTaTh METOHOJIOTHIO, 00BEINHSIONIYIO B3aNMOCBS3aHHBIC
MOCJIEI0BATEIIBHBIC METO/IBL, MIPOBEICHUS 9KCIIEPHMEHTAIbHBIX
HCCIIeTOBaHUK M 00pabOTKH UX PE3yIIbTATOB.

Hayunasi HoBu3Ha paGoThI:

1. B pe3ynbTaTe 3KCHEPUMEHTAIBHBIX HMCCIEIOBAHUN IOJIYYEHBI
SMIIMPUYECKUE 3aBHCUMOCTH BEIWYHMHBI HAPOCTAa HAa PEXYIIUX KPOMKax
CBEpJI ¥ TEMIIEPATyphl OT CKOPOCTH PE3aHMsl TIPH CBEPJICHHU.

2. DKCIIEpUMEHTAJIBHO YCTaHOBJIEHO, YTO HAa CKOPOCTSX pE3aHuUs
MEHBIIUX 6 M/MUH, IUIACTHYHOCTh 00pabaThiBaeMOil KOHCTPYKIMOHHOW
CTaJIM BO3pAcTaeT MPH OJJHOBPEMEHHOM YMEHBIICHHUH €€ TPOYHOCTH.

3. DOKCHepUMEHTAJIbHO OIpe/eNieH XapakTep 3aBUCHMOCTEU
TOYHOCTH pa3Mmepa, IEpIeHIUKYIIPHOCTH OCH U  IIepOXOBATOCTH
MOBEPXHOCTH TPOCBEPIICHHBIX OTBEPCTHH OT MapaMeTPOB PeXHUMa pe3aHHs
U OCEBOrO OMEHHS PEXYyIMX KPOMOK CBEpJ W HPH 3TOM METOAAMH
anMpOKCHMAIMM TOJyYCHBl COOTBETCTBYIOLINE SMIIMPUYECKHE MOJICIIH,
OTpakaloIllne BIHMSHUE Ha TOYHOCTh pa3Mepa MEepHeHANKYSIPHOCTb OCH U
IIEPOXOBATOCTb TIOBEPXHOCTH OTBEPCTHH.

IIpakTHyeckast 3HAYUMOCTD MOJIYYeHHBIX Pe3y/IbTaTOB:

- OnpezieneHbl palMOHATIBHBIC PEXKHUMBI 00PaOOTKH CBEPIICHUEM,
BUJI M CIIOCOOBI 3aTOYKH CBEPJI, [TO3BOJISIOIINE MOIYYUTh BHICOKOE KA4eCTBO
MPOCBEPJICHHBIX OTBEPCTHH COOTBETCTBYIOLIEE KAa4eCTBY OTBEPCTHH IMpH
HOPMAaJIbHOM pa3BepPThIBAHHH.

- Paspaborana  MeTomOJOrMsi  NOCTAHOBKH,  NPOBEIEHHMS
Hccie0BaHni 1 00pabOTKH Pe3yJIbTaTOB.

PesynbraTel uccinenoBaHui OyayT HCIIONB30BATHCSA: HPH YTEHUH
CTEIUATbHBIX JIICLUTIIVH! «TexHosornyeckne TIPOIIECCHI B
MalIMHOCTpOeHNn»,  «OO0paboTka  MaTepHaloB M HHCTPYMEHT»,
«[loBbImeHNe CTOWKOCTH CHHPAJbHBIX CBEpPJI M KadecTBa OOpabOTKH
CBepJIeHHEM»; B peMOHTHOM 1iexe npeanpusatusi OAO «Ana-Tamny.

JKOHOMMYECKasi 3HAYUMOCTH TOJYYEHHBIX pe3yJbTaToB.
CHWKEHHE TPYIOEMKOCTH OOpabOTKH OTBEPCTHI 3a CYET YMEHBIICHUS
KOJIMYECTBA TEXHOJIOTUUECKHX MIEPEXO/IOB.

OcHOBHBIE N0JIOKEHHUSI TUCCEPTALNNH, BBIHOCMMbIE HA 3aIUTY:

1. YcraHoBiieHbl 3aKOHOMEPHOCTH BIIMSIHUSI [TAPAMETPOB PEXUMA
pe3aHusi W KadecTBa 3aTOYKM PEXKYIIEH YacTH CBEpJl, IO3BOJISIOIIUE
MOJYYUTh BBICOKYIO TOYHOCTH pa3Mepa W ILIEPOXOBATOCTH IOBEPXHOCTH
OTBEpCTHH, 00pabOTAaHHBIX CIMpAIbHBIMUA CBEpJIaMH COOTBETCTBYIOLIHE
Ka4yeCTBY OTBEPCTHH NPH HOPMAJILHOM pa3BEPTHIBAHUH.

2. Pa3zpaboTaHbl SMIMPHYECKHE 3aBUCUMOCTH HAPOCTA Ha PEXKYIINX
KpPOMKax CBepJI.



3. Pazpaborana sMmupudeckas MOJENb, TO3BOJIIIONIAs OTPA3UTh
XapakTep BIUSHHSA IapaMETPOB pPEXHMMa pPE3aHHS M OCEBOrO OHEHUS
pPEeXYIINX KPOMOK Ha TOYHOCTH pa3Mepa MEepHCHINKYJSIPHOCTh OCH H
IIEPOXOBATOCTH IMPOCBEPIICHHBIX OTBEPCTHH.

4. Pa3paboTaHa METOAOJIOTHS  TIOCTAHOBKH, IPOBEACHUS
UCCIENOBaHUI M 00pabOTKM pe3yNbTaToB, IIO3BOJLIONIAs IONYYUTh
BBICOKOE Ka4eCTBO PE3YyIbTaTOB UCCICAOBAHUS.

JIM4HBIH BRI cOMCKATEJISI.

OCHOBHBIE pE3yJIbTAThl HCCIEAOBAHUN IOIYYEHBl COUCKATEIeM
JMYHO. Y CTaHOBJIEHB! (PU3MUYECKHE 3aKOHOMEPHOCTH U XapaKTep BIMSHUS
YCIOBUI 00paOOTKH, MapamMeTpoB pPEXUMa PE3aHUsi U OCEBOTrO OHEHUS
PEXYIIMX KpPOMOK CBepJl Ha TOYHOCTh pa3Mepa M IIEpOXOBaTOCTb
MOBEPXHOCTH MPOCBEPICHHBIX OTBepcTHil. OTpenencHbl 3aBUCHMOCTH
HapOCTa U TEMIEPaTyphl OT CKOPOCTH Pe3aHMs IPH CBepieHNH. Pazpaborana
SMIIMPUYECKasl MOAENb OTpaKarollas XapakTep BINSHHSA IapaMeTpOB
peXMMa pe3aHHMsi W YCIOBHH 00paOOTKM Ha TOYHOCTh paszMmMepa H
IEPOXOBATOCTh ITOBEPXHOCTH MPOCBEPIECHHBIX OTBepcTHH. Paspaborana
METOJIOTIOTHS, IIOCTAaHOBKH, IIPOBEICHMS HCCIEJOBAaHMH W 00paboTKH
pE3yJIbTaTOB.

Anpodanun pe3yJabTaToB JAUCCePTALUH. PesynbraTh!
JICCEPTALMOHHON PabOThl JOJOXKEHBI W OO0CYXKAEHBI Ha CIETYIOMINX
MEXKAYHapOIHBIX KOH(PEPEHIUIX:

1. MexxayHapoiHasi Hay4HO-TeXHHYECKasi KOH(DEPEHINs MOJIOABIX
YUYCHBIX, ACIIUPAHTOB U CTYICHTOB «IHHOBAIS — BEKTOP JAJISI MOJIOAEKN. -
brmikex, KI'TY mm. U. Pa3zakosa, 2014 .

2.  MexnyHapoqHass — Hay4HO-TIpaKTHYecKass — KOH(EpEeHIU
«VIHHOBanmM B HayKe W TeXHUKe» [locBsIeHHas MaMsATH MEPBOTO JeKaHa
ET® npodeccopa FOpukosa B.A. bumkekx, KPCY mm. b.H. Enpuuna, 2022
T.

3. MexayHapojHas Hay4HO—TIpakTHieckas kondepenuus «Hayka,
oOpa3oBaHHe, HHHOBAIlUM M TEXHOJOTMM: OLEHKH, NPOOJIeMBI, IyTH
penieHusy, nocesieHHas 80 — netuto yaenoro—mnenarora XK. Ycybanuesa u
30 — unermro WuxenepHoit Axamemun KP. bumikek, Koiprezckuii
TOCY/IapCTBEHHBI YHHUBEPCUTET TEOJIOTHH, TOPHOTO [ejla W OCBOCHUS
NPUPOAHBIX PECYpCOB WM. akajgeMuka Y. AcaHanmeBa; MHxeHepHas
akanemus Keiprockoit Pecrry6muku, 2022 .

4. VIII MexnyHapoaHass cereBas  HayYHO-TIPAKTHYECKOH
KoH(pepeHunu «CoBpeMEHHbIE HHTETPALMOHHBIC MPOLECCH B Pa3BUTHU
WMHHOBAaIMi B oOpa3oBaHuM n Hayke» bumkex, KI'TY um. U. Pa33axosa,
2022 .



ITonHoTa  oTpaskeHHst  pe3ybTaTOB  JAHCCEPTALIMM B
ny0auKanusx.

[To marepuanam aucceprammu omyoarkoBaHo 20 HaAyYHBIX CTaTeH,
Bxomsmux B PUHL B ToM 9rcie mecTh cTaTeid ommyOIMKOBaHO 3a pyOexom,
a taoke mateHT B KP Ne 265.

CTpyKTypa 1 00beM JuccepTaluHu.

JuccepranuonHas paboTa COCTOUT U3 BBE/ICHHS, TPEX IJIaB, OOIINX
BBIBOJIOB ¥ DPEKOMEHJAIWH, 3aKIIOYEHHs], CIUCKAa HCIOJIb30BaHHOM
auTepatypsl U npuioxeHuid. ConeprkaHue JUCCepTalluy M3JI0kKEHO Ha 122
CTpaHUIax, colaepxuT 51 pucynok, 47 tabmuu, Oubnuorpaduro uz 62
HaVMEHOBAHUSL.

JHuccepranuonnas padora BeimoianeHa B KI'TY um. 1. Pa3zzakoBa
MOA HAyYHBIM pPYKOBOJACTBOM J.T.H., mHpodeccopa Parpuna Hukomnait
AnekceeBnya.

OcHoBHoOe coep:kaHue padoThl

Bo BBegeHMH 000CHOBaHa aKTyalbHOCTh TEMBI AWCCEPTAIHH,
chOpMyIMpOBaHEl LENM M 3aJaddl HCCIICIOBAHHH, OTPa)XEHBI HaydHas
HOBHM3HA U MPAKTUYICCKasd 3HAYUMOCTD.

B mepmoii riaBe mpoBelcH 0030p M aHAIU3 CYIICCTBYFOILIMX
METOJIOB TI0 OOECIeUeHHI0 KayecTBa MOBEPXHOCTH JeTajled MalluH.
PaccMoTrpeHbl MeTozibl OobOecredeHust KauecTBa OOpabOTKH OTBEPCTH
OCCBbIMHM HUHCTPYMCHTAMMU. B wurore ananus JIATEPATYPHBIX HCTOYHHUKOB
MOKa3aJl OTCYTCTBHE WCCIIE/IOBAaHWH, HAlpaBJICHHBIX Ha IOBBIIICHHUE
TOYHOCTH pa3Mepa M MIEPOXOBATOCTH IIOBEPXHOCTH OTBEPCTHH,
00paboTaHHBIX CIMPATBHBIMU CBEpJIaMH. He pa3paboTaHbl
B3aMMOCBSI3aHHBIE IOCJICAOBATEIILHBIE METO/IBI TIOCTAHOBKH W IIPOBEICHHMS
MCCIIeI0BaHNH MOBBIIIEHNS Ka4ecTBa IPOCBEPIICHHBIX 0TBepCTHH. [ToaToMy
pa3paboTKa METO/IOB MO MOBHIIICHNIO Ka4eCTBa OTBEPCTHH 00OpabOTaHHBIX
CIIMpaJIbHbIMU CBEpJIaMu IIO3BOJIUT PEUINTH 3agavy CHHXKXCHUS
TPYAOEMKOCTH O0OpabOTKM JeTaneil 3a cyeT yMEHBUICHHsS KOJIHYECTBa
MEPEX0/I0B B TEXHOJIOTHIECKOM IIpOIIECCe.

Bo BTOpoii ri1aBe MNpeACTaBIE€Hbl METOJO0JIOTHS UM METObI
WCCIIEIOBaHMA, OOBEKT U MPEIMET UCCIICIOBAHMS.

OOBEKTOM HCCIENOBAHUHN SIBISIOTCS TEXHOJOTUYECKUE MPOIIECCHI
00paboTKN OTBEPCTHH OBICTPOPEKYIIMMH CIIUPAIBHBIMU CBEPIAMHU.

[IpeameTomM wnccnenoBaHWK — SBISIOTCS  pa3padOTKa METOHOB
MOBBIIIEHUS ~ KadecTBa  OOpaOOTKM  OTBEPCTHH  OBICTPOPEKYIIUMH
CIHMPAIBHBIMU CBEpJIaMH, OOECIEUMBAIOIINX CHIKEHHE TpPYJIOEMKOCTH
00paboTKN OTBEPCTHI.



MeTtomonorusi WCCIEIOBaHWI HAmpaBJeHa Ha pa3paboTKy
SMIIUPUYECKOHN MOAEIU onpeaensomen XapakTep BIIUSIHUSA
TEXHOJIOTHYECKUX (DAaKTOPOB HA PE3YNbTAThl HCCIEAOBAHUI M BKIIOYACT
TpeOOBaHMSI K TEXHOJOTWYECKOW CHCTEME, COCTOSIEH U3 dYeThIpex
00s13aTeNIbHBIX COCTABIIAOIINX:

- craHOK (TexHOJOrm4Yeckoe oOOpyIdOBaHHE, Ha KOTOPOM
MPOU3BOJUTCS 00pa0bOTKA JeTallel CBEPIICHUEM);

- TIprcIiocoOJieHre (TEXHOJIOIMYEeCKOe OCHAIEHHE 000pYI0BaHus,
HeoOxoxumoe Juist obecriedeHust 00paboTKHU JieTaiell CBepICHUEM);

- uHCTpyMeHT  (OBICTpOpeXyLIMe  CHHpajbHbIE  CBepja
HETOCPEACTBEHHO yYacTBYIOIINE B 00paboTKe nerajei);

- geramb  (KOHCTPYKTWMBHAs 4YacTh  W3JETHs, 3aroTOBKa,
HETMOCPECTBEHHO MOIexKaIas 00paboTke M KOHTPOIIIO Pe3yJIbTaTOB).

Bce derplpe  coCTaBiAOIIME  TEXHOJOTMYECKOW  CHCTEMBI
OTIPEETAIOTCS. B 3aBUCHMOCTH OT 3aJaHHBIX TEXHOJOTHYECKHX YCIOBHH
MPOBEICHUS NCCIEIOBAHUN M TEXHOJIOTHYECKHX (DAaKTOPOB, 3aBUCAIINX OT
HUX.

VYcnoBusi poOBeNEHHST WCCIIEIOBAaHMH SIBISIIOTCS HE3aBUCHMBIMHU
TEXHOJIOTUUECKUMU (haKTOPaMH, MOJUIEKAIUMH BAPbUPOBAHUIO B IIPOLIECCE
MPOBEICHUS UCCIIEOBaHNM, HEMOCPEACTBEHHO BIIMSIONINE Ha 3aBHCHMBIC
TEXHOJIOTUUEeCKHEe (PaKTOPBI — pe3yJIbTaThl UCCIIEJOBAHHUN.

B HaCTOAIMX HUCCIICAOBAHUAX HC3aBUCUMBIMU TCXHOJIOTHYCCKUMU
(akTopamu SIBISIOTCS TapaMeTphl PEKUMa pPE3aHus U OCEBble OUCHHS
PeXKYIINX KPOMOK CBEepil. 3aBHCHUMbIE TEXHOJIOTMYECKHEe (DaKTOPBL:
IEPOXOBATOCTh TOBEPXHOCTH OTBEPCTHH; KBAJIMTET IOIYyCKa IHAMETPA;
JIOIYCK MEPIICHIUKYIIPHOCTH OCH OTBEPCTHSL.

Cranok

Bounbioe 3HaueHMeE 17151 SKCHEPUMEHTAIBHBIX HCCIIEIOBAHUH HMEET
BBIOOp cTaHka. CTaHOK JOJDKEH 00eCIIeunTh BBICOKYIO TOYHOCTh 00paboTKH
Y MUHUMaJIbHOE pacceMBaHUE Pe3yJbTaToOB MccienoBanuid. [lomumMo aToro
CTaHOK JIOJDKEH HWMETh JOCTATOYHO IIMPOKHE MpeAenbl W OOoJblIoe
KOJIMYECTBO CKOPOCTEH pe3aHus W mojaad. Bcemu sTuMH TpeOOBaHUSIMU
o0yialaeT IIMPOKOYHHMBEPCANIBHBIH  (ppe3epHblii  CTAHOK  MOBBIILIEHHON
ToyHOCTH Momenmu 675I1, mHa Ga3e Kotoporo ObIT 00OpyZOBaH
9KCIEPUMEHTAIbHBIA CTEH JUISl UCIBITAHUM CBEPJI C LEJIBIO OLPENEICHUS
BIIMSTHUS TTAPAMETPOB PEXKHUMa PE3aHUs U OCEBOI0 OMEHHMS PEXKYILUX KPOMOK
CBEpJI Ha TIOKA3aTeJ N KauyecTBa MPOCBEPIICHHBIX OTBEPCTHH.

Ipucnocodienne

[pu MIPOBEICHUH 9KCIIEPUMEHTAILHBIX HccIeI0BaHuN
npucrocoOeHre JODKHO 00ecHeyrBaTh TOYHOCTH ITO3UIMOHUPOBAHUSA
3arOTOBKH, @ IMEHHO I1apajljIeIbHOCTh TEXHOJIOTHYECKHUX 0a3 OTHOCUTEIBHO
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paboueil IOBEPXHOCTH CTOJNA CTaHKA ¥ HUX [EPIEHIUKYISAPHOCTH
OTHOCUTEJIFHO OCH cBepia. [Ipu mpoBeAeHHH HCCIEZOBaHHH 3aroTOBKA
HETIOCPEACTBEHHO YCTaHABIHMBaJlach Ha CTOJIe CTaHKa (PUCYHOK 2.2,
pUCYHOK 2.6), TeM caMbIM HOTPEIIHOCTH IMO3WIIMOHUPOBAHMUS 3aTOTOBKH
HOJIHOCTBIO UCKITFOYAIINCh.

Pucynok 2.2 — YcraHnoBka Pucynok 2.6 — O6pabaTsiBacMast
3aroTOBKH Ha CTaHKE 3aroTOBKa
HucTrpymenrt
[pu MIPOBEJCHUH 9KCIIEPUMEHTAIILHBIX HCCIEeI0BaHUN

WCIIONB30BAIMCH CHHpANbHBIE CBEpiia C KOHHYECKAM XBOCTOBHKOM IIO
I'OCT 10903-77 muamerpoMm 11 MM u3 ObicTpopexyiueil cramun PO6MS,
MOBBIMIEHHON TOYHOCTH KJacca Alu HOpMalbHONH TOUYHOCTH KiaccoB Bl u
B.

CBepia TOBBIIIEHHOW TOYHOCTH Kiacca Al 3araymBaiuch IO
JIBYXIUTOCKOCTHOI1 3aTouke. CBepia HOpMaJIbHON TOUHOCTH Ki1accoB Bl u B
HMEIN CTaHAapPTHYIO 3aTOUKY.

KoHCTpYKTHBHBIE JIEMEHTHI ¥ TE€OMETPHICCKHE TTapaMeTPhl CBEPII
KOHTPOJIMPOBAJICH Ha COOTBETCTBHE CTaHAapTaM Ha MUKpockore Y M-23.

VY cBepy MOBBIMICHHOW TOYHOCTH Kiacca Al oceBoe OmeHHe Tocie
YCTaHOBKH B INIIMHJEIH CTaHKa He npepbimano 3HadeHne 0,08 mm. ¥V cBepn
HOpMaIbHOH TouHOCTH Kitacca B1 u B - 0,2 1 0,3 MM cOOTBETCTBEHHO.

Jerannb

Ceepiminch 3aroTOBKM U3 KOHCTPYKIHOHHOW cranu 45 180HB.
TomnmuHa 3aroTOBOK COOTBETCTBOBAJIA TPEM AnamMeTpam cBepir. CBepIIHIINCh
CKBO3HBIE OTBepcTHs (puC.2.6) C TOIMBOM CMa309HO-OXJIaXKIAIOMICH
XUAKOCTI0O — 5% pactBop YikpuHona 5. IlpenBaputenbHO 3aroTOBKH
(dpesepoBauch ¥ MIMUGOBAIUCH C MIECTH CTOPOH sl 0OecredeHus
TEXHOJIOTHYECKUX 0a3 00pabOTKH 3aroTOBOK M KOHTPOJS MapaMeTpOB
TOYHOCTH MPOCBEPIICHHBIX OTBEPCTUH.



MeToabl KOHTPOJIAA Ka4yecTBa NPOCBEPJeHHbIX OTBEPCTHH

JlmameTp HpOCBEpPICHHBIX OTBEPCTUH KOHTPOJIMPOBAICA B TPEX
CCUCHHUSAX U JBYX B3aWMHO NEPICHIUKYJSPHBIX IUNIOCKOCTAX HYTPOMEPOM.
HWcnonp3oBancs Hyrpomep uHmukatopabii HM-10-18-1 npemsapurensHo
HACTPOEHHBIH Ha pabounii THaMeTp CBEpIIa MEKPOMETPOM.

Jnst M3MepeHusl IepOXOBaTOCTH MOBEPXHOCTH HCHOJIb30BANICS
npudop MarSurf M 400, (puc.2.10) npenHa3Ha4eHHBIA AT U3MEPEHUI
HapaMeTpoB HMIEPOXOBATOCTH TOBEPXHOCTEH U3/IeNuit.

a)
Pucynok 2.10 - IIpubop amns u3MepeHnit mepoxoBaToCTh
noBepxuoctd MarSurf M 400: a) — 610k npuBoga SD26; 6) — npubop

HelictBue mnpubopa OCHOBAaHO Ha NPUHIOMWIE OIIYIBIBAHUS
HEPOBHOCTEH HCCIEeIyeMO MOBEPXHOCTH aJIMa3HOW Wriod (UIymoM) u
npeoOpa3oBaHKsl BOSHUKAIOLIUX MPY 3TOM MEXaHHYECKUX KoJjieOaHuil nrymna
B U3MECHEHUS HANPSDKEHHS ¢ IPUMEHEHHEM HHAYKTUBHOTO 1aT4HKA.

[lepreHANKYIAPHOCTD ocu OTBEPCTHUSA OTHOCHTENIFHO
TEXHOJIOTHUECKUX 0a3 ompenessuiach U3MEPEHHEM pa3Mepa OT OOKOBOM
MOBEPXHOCTH 3arOTOBKM [0 IMOBEPXHOCTH OTBEPCTHA B JBYX B3aUMHO
MEepIEHANKYIAPHBIX IUIOCKOCTAX Ha BXOAE€ M BBIXOAE OTBEPCTHA
JJIEKTPOHHBIM IU(PPOBEIM MHKPOMETPOM MKI-25 ¢ meHou nmenenus 0,001
MM.

MeTtoabl 00padoTKH pe3y/abTATOB UCCAeA0BAHMI

[IpuMeHsnuch MeTOABI AaNNPOKCUMAallMM M MaTeMaTHYeCKOU
CTaTUCTHKH, OCHOBAHHBIE Ha KOPPEJSALUOHHO-PEIPECCHOHHOM aHaIH3e
pe3ynpTaToB ucciuenoBaHui. OIpenensuioch COOTBETCTBUE PE3YIbTaTOB
WCCIEOBAaHUN HOPMaJIbHOMY  pachlpenesieHu0 1o 3akoHy [ayca,
paccunThIBAINCh KOAPPHUINEHTHI JTHHEHHON Koppersinnu [InpcoHa mMexmy
HE3aBUCHMBIMH  TEXHOJIOTHUECKUMH (aKTOpaMH ¥  3aBUCHMBIMH -
pe3ynpraTaMu  ucciaenoBaHui. Ilpu Hanuuuu 3HAYUMON KOpPpENALUU
MIPOBOJMIICS PETPECCHOHHBIN aHANM3 MX CTATHCTHYECKUX 3aBHCHMOCTEH C
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NpPUMEHCHHEM NTPUHIIIA HANMEHBIINX KBaPaTOB, HA OCHOBAaHUH KOTOPOT'O
CTPOMJINCH SMIHMPUISCKHE MOJIEIH.

B Tperbeii ri1aBe npeacTaBIeHbl MaTePHAIIBI pa3padOTKH METONIOB
IO TIOBBINICHHIO KayecTBa OTBEPCTHH OOpaOOTaHHBIX CHHUPAIBHBIMU
CBEpIIaMH.

IIpoBeneH craTUCTHMUECKMH aHalW3 IOKa3aTeleld KadecTBa
OTBEPCTHUH TEXHOJOTUYECKOH OCHACTKH (LITAaMIIOB, IpecchopM, JUTHOpM)
OpUMeHseMO Ha 3aBojax T. buikek (Tabmuie 3.1)

Ta6nnua 3.1 - Iloka3aTenu KauecTBa OTBepCTI/II7I TEXHOJOTMYECKOM OCHACTKH

Huamerp Ksamurer | Hlepoxo- | Homyck Hasnauenue
OTBEpCTUS, | AOIYyCKa | BaTOCTh | IEpHEHIU- OTBEPCTUS
MM Ra, Mxm | KymspHOCTH
OCH, MM
10-13 7 0,8 0,02 ITox 3Haku
14-16 9-7 0,8 0,02 Ion
BBITAJIKUBATEIH
16-20 7 0,8 0,06 - 0,04 | ITon
HaMpaBJAOLINE

OOmenpu3HaHHBI ~ TEXHONOTMYECKHH  METOJ  IOBBIIICHHSA
ToKa3aTeell KadecTBa IOBEPXHOCTH, OOpabOTaHHOW pe3aHHWeM, 3a CYeT
YBEJIMYCHUS] CKOPOCTH pe3aHMsi NMpH 00pabOTKe CBEpJEHHUEM OrpaHHueH
CPaBHUTEIBFHO HEBBICOKOH TEIUIOCTOMKOCTBIO OBICTPOPEXKYIINX CTajen
(650°C), 13 KOTOPBIX U3TOTABJIMUBAIOTCS CTaHAAPTHBIC CITUPATILHBIE CBEPJIA.
BmMecre ¢ TeM yBenMYeHHE CKOPOCTH Pe3aHHs MPUBOJUT K 3HAUYMTEILHOMY
YBEJIMYCHUIO Pa30MBKM IPOCBEPJCHHBIX OTBEPCTUIl B  pe3ylibTare
HECUMMETPUYHOCTH KOHCTPYKTHBHBIX 3JIEMEHTOB CBEpJI OTHOCHUTEIBHO
npo0bHOM ocu (pucyHok 3.1.).

A, MM

0,12 =

/

0,06 —

g

0 6 12 18 24V m/mun
Pucynox 3.1 - 3aBucuMocTb pa3OMBKH OTBEPCTHH A OT CKOPOCTH
pesanust V rpu cBepiieHUN
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Cuuna, BEI3BIBAIONIasl CMEICHHE IIEHTPA MaccC CBeplia:
F =mw?l (3.1)
rue m — macca, ® — yIJI0oBoe yCKopeHwme, | — BequunHa paanasbHOro
CMEILEHUs [IEHTPa Macc.
AmnmpokcumManusi rpaduka (pucyHok 3.1) Mo3BoJMIA TOIYYHUTH
MaTeMaTHYecKoe BBIPAKCHHE 3aBUCHMOCTH DA30MBKH OTBEPCTHH OT
CKOPOCTH pe3aHus B BUJE!

0,99
A = 0,0063-V 2

Paccunrannas mo ¢opmyne (3.2) pa3OuBka OTBepcTHS NpHU
ckopoctH pe3anus 4 M/mMuH paBHa (0,025 MM, 9YTO COOTBETCTBYET 8 KBAJTUTETY
JOMyCKa pa3Mepa OTBEPCTHs, KBAJIUTETy JOMYyCKa OTBEPCTHH IIOA
BBITAJIKHBaTeb (Tabim. 3.1).

[TpoBeneHs! HcciieOBaHUS MO ONPENENICHUI0 BEIMYMHBI HAapocTa
Ha yroJyikax cBepiia (pucyHke 3.4) ¢ HCIOJIb30BaHHEM IKCIICPHMEHTAIBHOTO
cTeHia Ha 6a3e TokapHoro cranka 1K62 (pucyHok 3.2, a) ¢ yCTaHOBICHHBIM

HCTIOCPCACTBCHHO HA CTAHKEC ONNTHYCCKUM HpI/ICHOCO6J'ICHI/I€M (pI/ICyHOK 32,
6).

PucyHok 3.2 — a) 9KcIiepUMEHTaNBHEIA CTCH],
6) onTHUeckoe MPUCIOCOOICHNE ISl U3MEPEHHsT HapoCcTa
Tounnuce 3aroToBKH U3 cTranu 45 yroJkoMm CIHpajIbHOTO CBEpIIa,
3aKpeIUIeHHbIM B peslie/iepkaTerne cTaHka (pucyHok 3.2, a). V3mepenue
HapOCTa OCYIIECTBIISUIOCH HEMOCPEACTBEHHO HA CTaHKE, C NMPHUMEHEHHEM
ONTHYECKOTO MpHCIocobaeHus (pUcyHok 3.2, 0).

11



h, mm .,

MNepeannn ) /
03 / \
Ll

NOBEPXHOCTb

/
0.1 ./

{

0 5 10 15 20 25 V.wwmm

Pucynok 3.4 - Hapocrt Ha yroJike cBepia Pucynok 3.5 - 3aBHCMOCTb BBICOTBI

HApOCTa Ha YroJKax CBepia OT CKOPOCTH
pe3aHus

[omyyen rpaduk (pucyHok 3.5), TOATBEPKIAIOIINI OTCYTCTBHE
HapOCTa Ha HU3KUX CKOPOCTSX PE3aHUs

ANMpokcHMAaIMy BepIIUHbI KpuBOH rpaduka (pucyHok 3.5)
MO3BOJIMJIA TIOTYYUTh 3aBUCHMOCTD

h=9,84-108V 5714g0.338V, (3.2)

OrtHolIeHHEe TOKa3aTesell cTeneHel 3aBUCUMOCTH (3.2) 103BOJIsIET
OIIPEZIeIUTh CKOPOCTh PE3aHHsI COOTBETCTBYIOILYIO MAKCUMAIIbHOMY
HapoCTy

Vim = 5,714/0,338 = 16,9 M/MuH.
[IpaBas uacte rpaduka (pucyHOK 3.5) amNMpOKCHMHUPOBAIACH
METOJIOM HaUMEHBIIUX KBAJPaTOB YpaBHEHUEM IPSIMOii
h =0,5532 - 0,0127V. (3.3)
3aBucumocth (3.3) mO3BONMWIA OMPENENUTH MaKCUMAJIbHYIO
CKOpPOCTh pe3aHus, MpU KOTOPOH HApOCT mcue3aeT PaBHYI Vmax = 43,56
M/MHH. MI3BECTHO, TemIepaTypa B 30HE Pe3aHHsi MaKCUMaJIbHOH BEJTMYUHEI
HapocTa paBHa 300C°, a TemMuepaTypa B 30HE pe3aHUs, IPH KOTOPOH HAPOCT
ucuesaet - 600C°.

Pesynbprarhl  NpEACTABIEHHBIX  MCCIEAOBAHUN  IO3BOJIMIM
OIPE/ICTINTh 3aBUCHUMOCTh TEMIIEPaTypbl B 30HE pPE3aHHs OT CKOPOCTH
pe3aHust IpU CBEPJICHUH B BH/JIE:

O = 37,824V073%8, (3.6)

Paccuurannas mo gopmyse (3.6) Temmneparypa B 30He pe3aHus Ipu
MHHUMAaJIBHOW CKOPOCTH PE3aHMs, Ha KOTOPOH HapoCT OTCYTCTBOBAJ (pHC.
3.5) pana 92,7°C.

Ananu3 anpuopHoit umH(opmanmu (pucyHok 3.6), mMOKa3bIBaeT
CHIDKEHHE NPOYHOCTH M YBEJIWYEHHE IUIACTUYHOCTH YIIIEPOJHUCTHIX
KOHCTPYKLIMOHHBIX cranei npu temnepatype MeHee 200°C. Ha cxopoctsax
pesanust MeHsmux 6 m/mMun (0,1 M/c) TemmepaTypa B 30HE pe3aHUS He
npesbiraet 200°C (500°K) (pucynok 3.8).

12
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/ \e 540
40 X 520 '
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” L~ N \ ”
./ 0 01 015 02 025 Vwk
1 Pucynox 3.8 - 3aBucumoctn
\. TeMIIepaTyphl Pe3aHHs OT CKOPOCTH
0 200 600 T™.C KOHCT]I;;iZHMP:)ﬂH?{I:)I;I ;?;Z:ZZHCTOI‘/’[
Pucynokx 3.6 — 3aBucumocTh CTAIM pe3UaMH U3 OBICTPOPEKYIIEH
MIPOYHOCTH -Op u CTalk
IJIACTUYHOCTH- € oT
TeMIiepaTypsl Ipu 00paboTKe
KOHCTPYKIIMOHHBIX CTajeit
HpOBCZ[eHLI HUCCJICAO0BaHUA, MOATBCPKAAIOIINC TCHACHIIUIO

YMCHBIICHHUA HNPOYHOCTH KOHCTPYKIIMOHHBIX crajeii Ha TeMIICpATypax

menblmx 200°C (pucynok 3.7).

HB
300
- .
. f\e} N
280 \
2
L 1~
T T T~ T I 7
0 100 200 300 400 500 600 t°C
Pucynox 3.7 - 3aBUCHMOCTB TBEPIOCTHU 3aTOTOBKHU U3 cTanu 45 ot
TeMIepaTypsl
PesynbraTst MIPECTAaBICHHBIX BBIIIIE

HUCCIEI0OBaHn

TMMOATBEPKIAAIOT TUIIOTE3Y 00 aHaJIOTMYHOM BOBHeﬁCTBHH HH3KHX U BBICOKHUX
CKOpOCTeﬁ pe3aHusd Ha IUIACTUYHOCTb U IKECTKOCTb KOHCTPYKHHMOHHBIX
CTaHeﬁ, 4TO 000CHOBELIBAET BO3MOXKHOCTh IOBBIIICHHS KaUeCTBa OTBepCTI/Iﬁ
06pa60TaHHBIX CIIMPpAJIbHBIMU CBEPJIAMHU Ha CKOPOCTAX pE3aHUsl, MCHbIIUX

6 M/MUH.
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Biusinme mapaMeTpoB peXHMAa pe3aHMs M 0CEBOro0 OMeHMs
peKyHIMX KPOMOK HAa IOKa3aTeJd KayecTBa IPOCBepJeHHBIX
OTBepCTHH

WcnelTanus cBepa HOpPMalbHOM ToYHOCTH KiaccoB B m Bl
MOKa3aJId, YTO TapaMeTphl PeKMMa PE3aHUsl HE OKA3bIBAIOT BJIMSHHSA Ha
pa30MBKY OTBEPCTHIL, HE MPEBHIMIAIONTYI0 |3 KBAIUTET JOMyCKa.

VcnblTanus cBepll MOBBIMIEHHOW TOYHOCTH Kiacca Al mokasan,
4TO MapaMeTphl pexXUMa pe3aHHs OKa3bIBAIOT CYLIECTBEHHOE BIUSHHUE Ha

pa3OHBKY OTBEPCTHit, KOTOPAsi HE MPEBBICHIIA 9 KBAJUTET AOMyCKa (PHCYHOK
3.14, pucyHok 3.15).

A, MKM
/ A, MKM
4

40 K o
2\/ / 40
30 v j/r
| 1 Lo
20 y 20 /(
10 P / Ny
o L 0
2 3 4 5 V sun 012 016 02 024 Smwmlo6
Pucynok 3.15 — 3aBUCUMOCTb OTBEPCTHI Pucynox  3.14 - 3asucumocts

WBKH OTBEPCTHI OT MOJauyl MpU
OT CKOPOCTH pE€3aHHs HpPU CBEpPICHUU pasb OTBEpC 0T Tozia pu

o BEPJICHUH CBEPIAMH IOBBIIICHHON
CBEpIIAMH [IOBBIICHHOH TOYHOCTH Kiacca  CooPie ceepra 0 CHHO

Al 1 - noaua 0,2 mw/o6, 2 — 0,25 mw/op,  TOTHOCTH Kaacca Al 1 — cropocts
’ ’ ’ pe3anust 4,32 m/mMuH, 2 — 5,53 M/MuH

XapaxTep BIUSHHUS 0CEBOTO OMEHUS PEXXYIIMX KPOMOK Ha Pa3OMBKY
MIPOCBEPJIEHHBIX OTBEPCTHUH, IPEACTABIEH Ha pUCYHKe 3.17.

A

M /
210 /
140 /

70
//

0 01 02 03 &, mv
Pucynox 3.17 — 3aBUCHMOCTh pa3OMBKH OTBEPCTHIl OT OCEBOTO
OueHus pexxyuux kpomok Ha V = 4,32 mM/muH u S = 0,2 MM/00

B tabnune 3.10 npexncrtaBieHs! pe3yiIbTaThl UCTIBITAHUN BIMSHUSL
0CEBOro OHWEHHUS] PEeXKYIIMX KPOMOK Ha IIEPOXOBATOCTh MOBEPXHOCTH
OTBEPCTUH.
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Tabmmma 3.10 — IllepoxoBaTOCTh TOBEPXHOCTH OTBEPCTHH IPHU CBEPIICHUH
CBEpJIaMU HOPMaJIbHOM TOUHOCTH KitaccoB B 1 B1 1 noBbIIEHHON TOUHOCTH
knacca Al

V, do, S, MM/00 Ra
M/MHH | MM 0,078 ‘ 0,1 ‘ 0,13 ‘ 0,16 ‘ 0,20 ‘ 0,25 cp,
MM
Ra, Mkm
1 2 3 4
4,32 0,3 133 [ 138 [ 141 [ 125 | 12,9 | 13,33
5,53 13,5 129 | 146 | 125 | 12,7 | 139
1 2 3 4
4,32 0,2 6,3 5,0 7,2 45 55 | 5,59
5,53 43 6,2 6,0 5,1 6,2 5,2
432 | 0,08 068 | 0,71 | 0,43 | 0,63 | 0,76 | 0,65
5,53 062 | 0,86 | 064 | 044 | 065 | 0,67

B rtabmmne 3.10 BWAHO, YTO MIEPOXOBATOCTH MOBEPXHOCTH
OTBEPCTHH 3HAYUTENBHO 3aBHCHUT OT KauecTBA W3TOTOBJICHUS U 3aTOYKH
CBEpJI, MIOITOMY JUISl OLICHKU HAJIU4Ms 3HAYUMOW KOPPENALMOHHOU CBS3H
MEXAy HapaMeTpaMy peKHMa pPEe3aHusl M MIEPOXOBATOCTHIO TTOBEPXHOCTH
MPOCBEPICHHBIX OTBEPCTHH UCTIOIb30BAINCH 3HAYECHUS IEPOXOBATOCTH TIPH
00paboTKe CBepIIaMi MOBBIIICHHOW TOYHOCTH Kiacca Al (tadm.3.19).

Tabmmma 3.19 - Koppemsmuss Mexmy mapaMeTpaMd pekKuMa pe3aHus H
IIEPOXOBATOCTHIO TIOBEPXHOCTH OTBEPCTHH, ' — KOI(PPHUIMEHT KOPPEISILIUH

S, cBs3b V- Ra V, cBsI3b S - Ra
MM/00 M/MHMH
r r
0,2 0,41 HE 3HAaYUM 4,32 0,19 HE 3HAYUM
0,25 0,66 HE 3HAYUM 5,53 -0,175 HE 3HAYUM

B Tabmune 3.19 BumHO mpm paboTe CBEpiaMU TMOBBIIIEHHOM
TOYHOCTH Kiacca Al wuMeeT MeCTO He 3HauyuMas CBSI3b MEXKILY
[IEPOXOBATOCTHIO TIOBEPXHOCTH CKOPOCTHIO PE3aHUs U TOAaUCH.
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Xapakrep BIMSHHS OCEBOTO OWEHHS DEXKYIIUX KPOMOK Ha
IIEPOXOBATOCTh MOBEPXHOCTH OTBEPCTHIl MOKA3BIBAET, YTO 3aBHCHMOCTH
IIEPOXOBATOCTU TIOBEPXHOCTH TIPOCBEPIIEHHBIX OTBEPCTHH OT OCEBOTO
OUEHHsT PEXYIIMX KPOMOK BBIPaXKEHA SIBHO M KOPPEISIIMOHHOM OLEHKU He
TpebyeT (pucyHok 3.18).

Ra cp,
MKM

12 /"
9
./
0 0,1 0,2 0,3 8., MM

Pucynox 3.18 — 3aBUCHMOCTB IIEPOXOBATOCTH OBEPXHOCTH
00paboTaHHBIX OTBEPCTHH OT OCEBOT0 OUEHHUS PEXKYIIUX KPOMOK

Xapakrep BiussHUSA ogadu (puc.3.19) u oceBoro OMEHUS PEKYIIUX
KpoMoK (pruc.3.20) Ha IepIeHINKYISIPHOCTh OCH OTBEPCTUH

1,
J_ o MM
MM 0,24 r
0,18
0,02
0,12
0,01 v 0,06
i
0 0,1 0,2 0,3 3., MM
0.1 0.2 S, MM/06 Pucynok 3.20 — 3aBucumocts
Pucynok 3.19 — 3aBucumocts IEPIEHANKYIISPHOCTH OCH OTBEPCTHH OT
NEPNCHANKYIIAPHOCTH OCH OTBEPCTUH OT 0CEBOTO OHEHHSI PEKYIHX KPOMOK CBEpI Ha
MoJJaYM Ha CKOPOCTH pe3aHus 4,32 M/MUH V=432 m/mMut u S = 0,2 MM/0G

CBepIIa MOBBIIIEHHOMN
TOYHOCTH Kiacca Al

Pa3paborka sMmnupuveckoi Mojaen
B pesynbrare annpokcuManuu KpuBoit 1, pucynka 3.14 nosydena
3aBUCHMOCTb Pa30MBKM OTBEPCTHI OT CKOPOCTH PE3aHUs

_ 2.8
A = 0,33V~°. (3.9)

B pesynbraTe annpokcumanuu kpusoi 1, pucynka 3.15 nomyuena
3aBUCHMOCTb Pa30MBKH OTBEPCTHUH OT MOAAYH

A = 391S"*", (3.10)
16



[Ipumenerne pa3zpaboTaHHON METOAWKH K 3aBHCHUMOCTSM (3.9) u
(3.10) 1103BOMITO MTOTYYHTH 3aBUCHMOCTD Pa30UBKH OTBEPCTHI OT CKOPOCTH
pe3aHus U MoJa4yy B BUJIE:

_ 2,8l,8475
A = 6,5V2°5H7, (3.11)

B pesynapraTte ammpokcHMamuH TpagUUECKOW  3aBUCHUMOCTH,
NIPEICTaBICHHOM Ha pucyHKe 3.17 TmolydeHO ee MaTeMaTHYeCcKoe
BBIPAKCHHUE

A =3588,8152™
o (3.12)

[Ipumenenne pa3zpaboTaHHON METOAWMKH K 3aBHUcHMOCTsM (3.11) n
(3.12) nos3BoMMIO TONYYUTh OOBETMHEHHYIO 3aBHCHMOCTH Ul pacyera
pa30uBKK 00pabaThIBAEMBIX OTBEPCTHIl, YYUTHIBAIOLIYIO IapamMeTphl
peXKHMMa pe3aHusi U 0CeBOe OMEHHE PEXYLIHMX KPOMOK B BUJIE!
2,0524~ 72,8 Q18475
A=1167,1685;"""V=" S (3.13)

B pesynprate anmpoxcumanuu rpauyeckodl  3aBHCUMOCTH,
NpeJCTaBICHHOW Ha pucyHke 3.18 moiaydeHO ee MaTeMaTH4YecKoe
BBIpaXXEHUE, UMEIOLIIEEC BU/L:

Ra = 221,4078%%% (3.14)

B pesynprate ammpokcumamuu rpaduyecKoil  3aBUCHMOCTH,
MPEe/ICTaBICHHOM Ha pUcyHKe 3.19 moaydeHo MaTeMaTHIeCKOE BBIPAKEHHE

_ 1,8427
1=0,38795"%" (3.15)

B pesynprate ammpokcuManumu rpaduYeckod  3aBHCHMOCTH,
TPe/ICTaBICHHOM Ha pucyHKe 3.20 MoJIyuyeHo MaTeMaTHIeCKOE BBIpAXKEHHE

_ 1,9896
1=3,021955"° (3.16)

[Ipumenerne pa3paboTaHHON METOIHMKH K 3aBHCHMOCTsM (3.15) u
(3.16) mMO3BOJMIIO MOJYYUTH 3aBUCUMOCTH IEPHECHAUKYISIPHOCTH OCH
OTBEPCTHUH OT OCEBOT0 OMEHHS PEXKYIINX KPOMOK U ITOIa4YH B BUJE:
J_: 58 49 81.9896 Sl’8427.
' ° (3.17)

IMorpemuocts pacyeroB mo 3asucumoctsM (3.13), (3.14) u (3.17) me
IpEBLICUIIA 3%, 4dTO TMOATBEPKIAAECT BBICOKYIO CTCIICHb AaACKBATHOCTHU
TMOJTYYCHHBIX 3aBUCUMOCTEN OKCTICPUMECHTAJIbHBIM JaHHBIM.

HpeHCTaBHeHHBIe BBIIIIC PEIYIbTATHI NpEACTaBIIAIOT
OMIUPUYECKYIO MoJelb (3.18), MO3BONSAIONIYI0 C BBICOKOH CTENMEHBIO
TOYHOCTH PACCUMTATh IMOKA3aTeld KayecTBa OTBEPCTUH, 0OpabOTaHHBIX
CIHPAJBHBIMU  CBEpJaMU Kjacca TO4YHOCTH Al ¢ JBYXIUIOCKOCTHO#M
3aTOYKOM PEXKYIIUX DJIEMEHTOB.

A =1167,16852"*V>* §-#7
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Ra = 221,40786%%% |
_ 19896 1,8427
1=58,49 5% §-8477, (3.18)

B Tabmuue 3.31 npencraBieHbl IMOKa3aTesd KadecTBa OTBEPCTHH,
MIPOCBEPJICHHBIX CBEpJIAaMU Kjlacca TOYHOCTH Al ¢ JBYXIIJIOCKOCTHOM
3aTOYKOM PEXYIINX JIEMEHTOB, pacCYUTaHHEIE 1o Monend (3.18).

Tabnmma 3.3 1- [TokazaTenn KadecTBa MPOCBEPIICHHBIX OTBEPCTUH CBEpIIaMHU
KJ1acca TOYHOCTH Al ¢ IBYXITIOCKOCTHOH 3aTOYKOM PEKYITNX 3JICMEHTOB

V, m/MuH S, MM/00 A, MKM Ra, mxm | | , MM
4,32 0,2 20 0,66 0,02
5,53 0,2 40 0,66 0,02

B Tabmume 3.31 BUmHO, OTBEpPCTHs, IMPOCBEPICHHBIC CBEpPIAMU
Kiacca TOYHOCTH Al ¢ ABYXIUIOCKOCTHOH 3aTOYKOM PeXyIIHX 3JIEMEHTOB,
COOTBETCTBYIOT §8-9 KBAJIHUTETY JOIYyCKa OTBEPCTHH, MOTYICHHBIMU TOUHBIM
pa3BEepTHIBAHUEM. Ot0 MO3BOJISIET UCKITIOYUTD ) 14% {111 (S
TEXHOJIOTHYECKHE TIepPeXoasl 00pabOTKM OTBEPCTHH: paccBepIHBaHME,
YEpPHOBOE U YHCTOBOE 36HKEPOBAHNE W HOPMAJIbHOE Pa3BEPTHIBAHHE

3AKJIIOYEHUE

OcHOBHBIE BBIBO/IBI M MIPAKTHYECKHE PEKOMEHIAUH

1. Pa3paboTaHbl yciaoBUsS O0OpaOOTKH CBEPICHHEM IT03BOIISIOIINE
MONYyYUTh  TIOKAa3aTeNld  KadecTBa  IIPOCBEPICHHBIX  OTBEPCTHH
COOTBETCTBYIOIINE KAYeCTBY OTBEPCTHI MPU HOPMAJILHOM pa3BepTHIBAHUH,
a UMEHHO: CKOpOCThb pe3anus 5,53 u 4,32 m/muH, nogayu 0,2 u 0,25 MM/00,
IPU CBEPJICHUU OBICTPOPEKYIIMMHU CHUPAJIbHBIMU CBEPJIAMH TOBBIILIEHHOM
TOYHOCTH Knacca Al ¢ ABYXIJIOCKOCTHOM 3aTOYKOM 3aHMX MOBEPXHOCTEH,
MMEIOIINX 0CEBOE OMEHHE PEXYIINX KpoMOK He 6osiee 0,06 MM.

2. OmnpenmeneH XapakTep BIHSHHUS YCIOBHA 00pabOTKH Ha
MOKAa3aTeIM KauyecTBa IPOCBEPIICHHBIX OTBEPCTHH B BHJIE SMIMPHUYECKUX
TaONMMYHBIX W rpadMIECKUX 3aBUCHMOCTEH TEXHOJIOTHYECKOTO JIOMycKa OT
0CEBOr0 OHMEHMs PEeXYIMX KPOMOK M IIapaMeTpoOB peXHMa pe3aHus,
IIEPOXOBATOCTH ITOBEPXHOCTH OT OCEBOTO OMEHMs DPEXYIIHMX KPOMOK M
MEePIEeHANKYISIPHOCTHA OCH OTBEPCTHIH OT OCEBOTO OUEHUS PEXKYIIUX KPOMOK
Y [0JIa4H.

3. Paspaborana smmupuueckas MoOJelb OTpaKarolias Xapakrep

BJIMSHUA TAPaAMETPOB pEXKMUMa PE3aHUA 1 OCEBOTO OueHus PEXKYIIUX KPOMOK
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Ha II0Ka3aTely KayecTBa IPOCBEPJICHHBIX OTBEPCTHH, MO3BOJISIONIAS
MOJYYUTh OOpabOTKOW CBEpIIEHWEM OTBEPCTHS COOTBETCTBYyIomme 8-9
KBAJIUTETY JAOIYCKa, LIEpPOXOBATOCTU MOBEpXHOCTH MeHee 0,08 MkM H
MepIeHANKYIpHOCTH ocH oTBepcTHi 0,02 MM. DTO TI03BOIISIET UCKITFIOYNTH
HECKOJBKO TEXHOJOTHUYECKHE MEPEX0T0B 00paObOTKH OTBEPCTHH.

4. Pa3paboTana METOHONOTHS, OOBEIUHSIONAs B3aNMOCBI3aHHBIC
MOCJIC/IOBATENIbHBIE  METOABI, CHOCOOBI IIOCTAaHOBKM U IPOBEACHHS
WCCIIEJIOBaHUI  TIOBBIIIGHHS  KayecTBa  OTBEPCTHH, 00pabOTaHHBIX
CTaH/APTHBIMH OBICTPOPEXKYIIMMHU CHHUPAIBHBIMU CBEpJIaMH U 00paboTKH
UX pe3yJIbTaTOB.

IIpakTHyeckue peKOMeHIAUU

1. JIns KOHTPOJS CHMMETPHYHOCTH PACIONIOKEHHUS PEXYIINX
KPOMOK OTHOCHTEIIFHO OCH Paboyeii YacTH cBepiia UCIIOIb30BaTh HE IOMYyCK
OueHHs, IPOBEPSIEMBIN IOCEPEANHE PEXYIIMX KPOMOK B HANpaBICHUH
MEPIEHANKYISIPHOM PEXYILEH KPOMKE, a 0CEBOE OMEHNE PEXYIIUX KPOMOK,
MpOBEpsieMOe MOCEPEIUHE PEXYILECH KPOMKHU B HAIIPABICHNUH MapaIeTbHOM
ocu pabodyeli yacT cBepIa.

2. Jlomyck oceBOro OMEHHUs PeXyLIMX KPOMOK JJIs BCEX KIIACCOB
TOYHOCTH CBEPJI HE JIOJDKEH OBITh OoJiee IOJIOBMHBI MOAAaYM Ha 00OPOT
cBepIa.

3. Jlnst 0OpaboTKH OTBEPCTUH CBEPJICHHEM HCIIONb30BaTh CBEpJIa
noBbIeHHOH TouHOoCTH Kiacca Al mo TOCT 10903-77 ¢ nByXIUTOCKOCTHOM
3aTOYKOI 3aJHUX IOBEPXHOCTEH, y KOTOPBIX OCEBOE OHEHHE PEXYIINX
KpoMok He npesbiiiaet 0,06 M.

4. Ucnonp3oBaTh cIHEyIOIME MapaMeTpsl PEKUMa pe3aHus:
cKopocTh pe3anus 4,32 - 5,56 m/muH, mogada 0,2- 0,25 Mmm/06.

5. PesynmbraThl nuccepTanMOHHOM pabOTHI BHEAPEHBI B y4eOHBII
npolece, HCIHOIb3YIOTCSd NPH TPOBEICHUN JISKIMH, J1abopaToOpHBIX |
MPaKTUYEeCKUX 3aHATHI Ha Kadenpe Texnomoruu mamunocTpoeHus KI'TY
nM. U PazzakoBa. IIpuHATBI K BHEIPEHHIO B PEMOHTHBIM I€X Ha
npeanpusitun OcOO «Anarami.
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AiinabdexoBa Ailinyp AnmanoBHa 02.05.08 — mamuHa Kypyy
TeXHOJOTHSICHI ATUCTUTU 00I0HYA TeXHHKA WIMMIEPHHUH KAHAUIATHI
WIMMHH JapaskacblH m3eHyy Y4yH «Ke3ee4yy Ke3eHOKTOp MeHeH
KO30HOKTOPAY HMIUTETYYHYH camaTblH  JKOropyJatryy O0OlH4Ya
METOAAOPAY JKAHA CYHYWITApAbl HINTEN YbBITYy» TeMaChIHAArbl
AMCCePTALMACBIHBIH

PE3IOMECH

Hermsrm ce3mep: wumTen 4YbIryy, Ke3ee4, KEMTHUK KaTMapblH
TEPEHAUTH, KATYYIyK, KECYy PEKUMICPHUHUH IapaMeTpiIepy, KOPpesuus,
aNmnpoKCUMalUsl, U3UIIIO0.

H3uaneenyH odbextrcu Oomym OaT Kecyydy cailboop ke3eedrep MEHEH
K©30HOKTOpAY HUIITETYYHYH TEXHOJIOTHSIIBIK IIPOLIECCTEPU CaHANAaT.

H3nnpeenyH mnpeaMeTH OONynm 3Mrek CHIMBIMIYYTYTYH TOMOHAOTYYHY
KaMCBI3 KbLTyydy 0aT Kecyydy caifboop ke3eeurep MEHEH KO36HOKTOPAY HIITETYYHYH
caraThlH XOTOPYJIaTyy BIKMAChIH HIITEII YBITYY CaHaNaT.

Hmmun  makcatsl OONynm MamiMHa TETUKTEPUHHMH CalaThIH  JKaHa
OBINIBIKTHITBIH KOTOPYJIATyy MaKcaThIHIa CTaHAAPTTYy call0oop Ke3ee4Tep MEHEH
UINTETHITeH KO30HOKTOPAYH OCTHHUH KaTyyIyT'yH XKOTOPYJIaTyy MEHEH OMpre KeMTHK
KaTMapbIHBIH TEPEeHJUTHH a3aiiTyy caHasar.

H3unnnee bikMajapbl kaHa skabayyJjap. M3nngeeHyH METOHOIOTHUSICHI
MalliHa Kypyy TEXHOJOTHSACHIHBIH HETH3JICPHH >aHa MeTaml Kecyy TEOPHSCHIH
KOJIIOHYyTa HeruzaenreH. M3unneenep ataiisiH sxadbasuiran crenanepae 67511, 1K62
CTaHOKTOPYHYH HETH3HHJAE 3aMaHOan mpuOopiop MeHeH XadIyyiaapisl KOIIOHYY
MEHEeH >KYPTY3YJIYI, HaThliDKajapra Ke3 CalbIUTH. M3MineeHYH HaTblikKanapsl
KaKbIHIAIITHIPYY, MAaTeMaTHKAJIBIK CTaTHUCTHKA, KOPPENSAIMsA TEOpUsICHl JkKaHa
perpeccHsiIbIK aHaIN3 bIKMAJIAphl MEHEH MINTEINI YbIKKaH.

ANBIHTaH HaTBIZKalap JKaHAa aJapAblH :KAHBLIBITBI: KO30JITeH
KO30HOKTOPAYH OIUOMIOPYHYH TAKTBITBIHBIH, OKTYH MEepPIEeHIUKYISPAYYIyrYHYH
JKaHa OCTMHMH TETM3AWIMHHMH Kecyy pPeXHMUHHMH IapaMeTpiepuHe IKaHa
KO36TYUTOpAYH KeCYYdYy YeTTePUHUH OKTYK arblll YbITyyCyHa KO3 KapaHbUIBITBIHBIH
MYHO3Y OKCHEPHMEHTAJJBIK TYPAO aHBIKTANAbl JKaHa WIMMHH HETU3/eNy,
KO30HOKTOPAYH MYHO3YH YarbLIABIPraH SMIHPHKANBIK MOJEN ajbIHABL Oya Ke3
KapaHJbUIBIK, KO300UTOPAYH KeCcyydy OeyryH KypuyTyy cyHymtanraH (nmatent Ne 265
- Keipresnarenr).

Konnonyy napaxkacel. /JluccepTalMsulblK HMINTHH OKBIMBIHTBIKTapbl, U.
PazzakoB areiHgarst KMTYHYH MammHa Kypyy TEXHOJOTHSCH KadeapacklHaa OKYy
MpOIECCHHE KHUPTI3WIAN kaHa «Anaram» JKUYK HIIKaHACHIHBIH OHIOO ILEXHHE
OHIYPYIIK® KHPTHU3YYTe KaObLT aIbIH/EL

Koamonyy wueiipecy. bat kecyyuy caiiboop ke3zeeurep MeHEH
KO36JIT'6H KO30HOKTOPAY UIITETYYHY KOJJOHTOH OHIYPYII UIIKAHAIAPbI.
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PE3IOME

auccepranum AifHa0ekoBoil AifHYyp AJIMAHOBHBI Ha TeMy:
«Pa3padoTka MeTOJ0B M PEKOMEHJALMI IO NOBBINIECHHI0 KayecTBa
00padOTKU OTBEPCTHI CIMPAJIBLHBIMHU CBEPJIaMU» HA COMCKAHUE YUYEeHOH
CTeNeH! KAaHIUAATA TeXHHYECKUX HAyK mo cnenuagsHoctu 05.02.08 —
TeXHOJIOTMsI MAIIMHOCTPOCHHS

KioueBble ciaoBa:  pa3paboTka, CBepio, KBIUTET  JIOMYCKa,
mIepoxoBaToCTb  MOBEPXHOCTHU, NEPHNECHAUKYIISIPHOCTD, pa36I/IBKa OTBEPCTUA,
arrpoxrcuManus, UCCJICJOBaHUEC.

O0BbeKTOM HCCJIeI0BAHUS SBIIAIOTCS TEXHOJIOTHIECKUE MPOLIECCHI
00pabOTKU OTBEPCTHH OBICTPOPEKYIIUMHE CIUPATEHBIMA CBEPIIaAMHU.

IIpeameroM mcciiel0BaHUs SBIAIOTC pa3paboTKa METOIOB
MOBBIIIEHUS ~ KadecTBa  OOpabOTKM  OTBEPCTHH  OBICTPOPEKYIINMHU
CIIMpaJIbHBIMU CBEPJIaMU, 06ecneq1/IBa}01uI/1e CHWIXCHHUE TPYAOCMKOCTH
00paboTKN OTBEPCTHIA.

Henbio padoThl sBIsETCS pa3pabOTKa METOJOB IOBBIIICHHUS
TOYHOCTH pa3Mepa U IIEPOXOBATOCTH IIOBEPXHOCTH  OTBEPCTHA,
06pa6OTaHHI)IX CHUpAJIbHBIMH CBEpJIaMU JId CHHMKXCHUSA TPYAOCMKOCTHU
00paboTKU M3IENTUI MaTMHOCTPOCHHSI.

MeTtoab! Mccie0BaHus M annapatypa. Meronuka ucciegoBanmit
6a3preTca Ha HCIOJIb30BAHUM OCHOB TEXHOJIOTMHM MAIIMHOCTPOCHHA U TCOPUU
pe€3anusa METaIOB. I/ICCHG,Z[OBaHI/ISI MPOBOAUIIMCHL Ha CHEHHUAJIBHO O60pyZ[OBaHHI>IX
cTeHAax Ha 0a3ax crankoB 67511, 1K62 ¢ nucnonp3oBaHneM COBPEMEHHBIX IPHOOPOB
W anmapatypbl Ui KOHTPOJS  pe3yiabTaTroB. Pe3ynbTarbl  HccienoBaHUM
06pa6aTI>IBaJII/ICL METOJaMU alIpOKCUMaIUH, MaTeMaTHIeCKOH CTaTUCTUKHU, TCOPUN
KOpPEJILIUY U PErPeCCHOHHOTO aHaIHu3a.

IHoaydyeHHbIe pe3yabTaTbl U UX HOBHM3HA: KCIIEPHMEHTAIBHO
OTpeNeNiecH M Hay4yHO OOOCHOBAaH XapakTep 3aBHCHMOCTEH TOYHOCTH pa3Mepa,
NEPIEHANKYJIIPHOCTH OCH W IIEPOXOBATOCTH TIOBEPXHOCTH IPOCBEPICHHBIX
OTBepCTHﬁ OT MapaMe€TpoB peXKHUMa pE€3aHusd U OCEBOI'0O Ouenus PEXYHIUX KPOMOK
CBEPJI, MOJIYYE€HA OMITUPUIECKas MOAECIIb, OTpaXKarolas XapakTep 3TOM 3aBUCUMOCTH,
HpeUToXKEeHa 3aTOUKa PEXYIIHUX JIeMEHTOB cBepJI (mateHT Ne265 - KelpreiznareHT).

CreneHn HCNoIB30BaHNUs. Pe3ynbTaTsl iuccepTalinOHHON paboThI
BHEJPEHbl B Yy4eOHBIH Ipolecc, HCHOIB3YIOTCA MNP YTEHWH JIEKLUH,
NpOBEICHNH J1Ta0OpaTOPHBIX W MPAaKTHYECKUX 3aHATHH Ha Kadenpe
«Texnonoruss mammuHoctpoeHusn» KI'TY um. U PazzakoBa. IIpuHATH k
BHEJIPEHUIO B NIPOU3BOJACTBO B PEMOHTHBIM Hex Ha mpeanpustun OcOO
«AnaTamun.

O0JaacTh npuMeHeHHUsl. MammHocTpoeHHe, 00paboTka oTBEpCTHit
pe3aHneM OBICTPOPEKYIIMMHU CIIHPATILHBIMH CBEPIIaMH.
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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 . Razzakov. Accepted for implementation in production at the enterprise OOO
Alatash.

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

25



