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Pa6ora BhinosiHeHa Ha Kadeape TexHOJIOrHNM MAIIHHOCTPOECHUS
KbIpProi3ckoro rocyiapcTBeHHOr0 TEXHM4eCKOro yuusepcurera um. U.
Pa33axkoBa.

Hay4yHblii pykoBoauTenb: Parpun Hukonai AjekceeBHY TOKTOP TEXHUYECKUX
HayK, mpodeccop, Kadeapa MPUOOPOCTPOCHUS
KsIpreizcko-Poccuiickoro CJIaBSIHCKOTO
yauBepcuteta b.H. Enbrimaa, mpodeccop.
Oduunanbubie onnoHeHTb: MyciiumoB AnHac [lasicoBu4
JOKTOpP TEXHWYeCKHX Hayk, mpodeccop (mpodeccop
kadenpsl “ABTOMaTHKa, pOOOTH3AlMSA W MeXaTpOHHUKA™
KbIpreI3ckoro rocyapCTBEHHOIO TEXHUYECKOTO
yHuBepcuteTa uM. 1 Pa3zakoBa);
CapobanoB Cosetrdex TanrapéexoBu4
KaH/IUJAT TEXHUYECKUX HayK, JOUEHT (BHIIC-TIPE3UICHT
AO «KbIpreI3 HHAYCTPUS).
Benymas opranusanmsi: OnICKH TEXHOJIOTMYECKUN YHUBEPCUTET UM. AJIBIIIEBA
M.M., xadenpa «IIEeKTpUUECKHE CTAaHUUU, CHUCTEMBI, CETH M SHEPIeTUYECKOE
MalIUHOCTPOEHUEY.

3ammra coctoutcs «5» wMapta 2025 roma B 14.00 Ha 3acemaHum
nuccepraionnoro cosera J[.05.24.703 mpu HMHcTUTyTe MAalIMHOBEACHHUS,
aBTOMAaTHKM M TreoMexaHuku HanumonaneHOM akanemun Hayk KeIpreizckon
PecnyOnuku 1 KbIprbI3ckoM rocyJapCTBEHHOM TEXHHUYECKOM YHHUBEPCUTETE UM.
H. PazzakoBa MunuctepctBa oopasoBanusi 1 Hayku Keipreizckoii PecryOnvku mo
aapecy: 720055, r. bumkek, yn. Ckpsiouna, 23.

Ccbuika 111 JocTyna K BUIACOKOH(EPEHIMM 3allluThl JAUCCEpPTALIU:
https://vc.vak.ka/b/052-xIj-xui-jwa.

C nucceprammedi MOXHO O3HAKOMHUTHCS B Oubnmorekax WHctutyTa
MalIMHOBEACHUS, aBTOMAaTUKA M TeOMEeXaHWKM HaluoHanbHOW akageMuu Hayk
Keiprenckoit Pecriyomuku (720055, r. bumkek, yin. Ckpsouna, 23) u
KbIprbI3cKoro rocyaapCTBEHHOIO TEXHUYECKOro yHUBepcutera uM. M. Pazzakosa
(720044, r. bumkek, yi. npocrekt Y. AlitmaToBa, 66) u Ha calite HannoHanbHO#
arTecTalluoHHOM  komuccun 1pu  Ilpesunente Ksipreizckoit  PecnyOnuku:
http://vak.kg.

ABtopedepat pazocian «04» despans 2025 T.
YueHsIl cCeKpeTapb

JUCCEPTALMOHHOIO COBETA B
J1.05.24.703, K.T.H., C.H.C %ﬂ' Oinkbaes K.T.



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

OBIIAA XAPAKTEPUCTHUKA PABOTDBI

AKTyaJlbHOCTh  TeMbl auccepramum. bomee 60 %  neraneit
MalIMHOCTPOUTENBHON MPOAYKIIMM UMEIOT OTBEpcTHA. Bo Bcex ciydasx MmepBbIM
TEXHOJIOTHUECKUM TIePeXoJoM OOpaOOTKH OTBEPCTUH B CIUIOIIHOM MaTepHalie
aBisieTcsa cBepyieHue. [loaTomy cnmpanibabie cBepia cocTaBisitoT 30% ot oliero
o0beMa PEXYyIIEero HMHCTPYMEHTA. [EeXHOJOTMYeCKHil mporecc oO0paboTKu
OTBEPCTUI BBICOKOTO KAayecTBa BKIIIOYA€T CEMb IIEPEXOJOB: CBEPJICHUE,
paccBepiIMBaHUE, YEPHOBOE M YHMCTOBOE 3EHKEPOBAHME HOPMAJIbHOE, TOYHOE H
TOHKOE pa3BepTbiBaHue. [loBblllIeHHE KadyecTBa OTBEPCTUH 00pabOTaHHBIX
CBEPJICHUEM IIO3BOJIMT 3HAYUTENBHO CHHU3UTh TPYJOEMKOCTh 0OpabOTKH
OTBEPCTUH BBICOKOTO KAaueCTBA 33 CUET MCKIIOUEHUS HECKOJIBKUX ITOCIEIYIOIINX
TEXHOJIOTMUECKUX 1repexonoB. [loaToMy mpolOsieMa TMOBBIIEHUS KadyecTBa
OTBEPCTHM, OOpaOOTAaHHBIX CHUPAJIBHBIMU CBEpJaMH, C LEJIbI0 CHUKCHUS
TPYJOEMKOCTH 00paOOTKHU U3JAEIHI MAIIMHOCTPOEHUS SBJIAETCS AKTYaJIbHOM.

CBsi3b TeMbl AUCCEPTAMM € KPYNHBIMM HAYYHBIMH HpPOrpaMMaMu
(mpoekTamMM), OCHOBHBIMHM HAYy4YHO-UCCJIE0BATEIbCKUMH PadoTaMu.

Huccepranmsi  cBs3aHa  C  HAyYHO-UCCIIEIOBATEIIbLCKONM  paboToi
«OpraHu3alMOHHO-TEXHOJIOTHYECKOE  MPOECKTUPOBAHUE  MPOU3BOJACTBEHHBIX
cuctem» kadenpsl «Texnonorus mamuHoctpoerus» KI'TY um. 1. Pa3z3akosa

Hear um 3amaum wucciaegoBanuil. lLlenpio aguccepranMoHHON pabOTHI
SBIIIETCS pa3padOTKa METO/I0B MOBBILIEHHUS] TOYHOCTH pa3Mepa U LIEPOXOBAaTOCTU
MOBEPXHOCTU OTBEPCTHUM, 00pabOTaHHBIX CHUPAIbHBIMU CBEPJIAMHU AJI1 CHIXKEHUS
TPYJIOEMKOCTH 00paOOTKH U3EIHI MAIIMHOCTPOCHUS.

3amaun uccien0BaHUi:

1. YcTaHOBUTH 3aKOHOMEPHOCTH BIIMSIHHS NTAPaMETPOB PEKHUMA PE3aHUS U
0CEBOro OMEHMS PEXYIIUX KPOMOK CBEPJl HA TOYHOCTh pa3Mepa U MIepOoXOBaTOCTh
MOBEPXHOCTH OTBEPCTUI 00paOOTAHHBIX CBEPIICHUEM.

2. OnpenenuTh XapakTep BIUSHUSA YCIOBUH O0OpaOOTKM M MOrPEIIHOCTEN
3aTOYKMA PEXKYIIEH 4YacTH CBEpJ Ha TOYHOCTh pa3Mepa M IIEPOXOBATOCTh
MOBEPXHOCTU OTBEPCTUI 00paOOTAHHBIX CHUPATILHBIMU CBEPIIAMH.

3. Pa3paboTarh SMIOUPHUYECKYI0 MOJEIb BIMAHHUS MapaMETPOB pexUMa
pe3aHusi U ycIOBHM OOpabOTKM Ha TOYHOCTh pa3Mepa M UIEPOXOBATOCTh
MOBEPXHOCTU OTBEPCTUI 00paOOTAHHBIX CUPATILHBIMHU CBEPIIAMH.

4. PaspaboraTh METONOJIOTHIO, OOBEAMHSIONIYIO B3aWMOCBSI3aHHBIC
NOCJIEOBATEIbHBIE METO/bI, MPOBEACHUS AKCIIEPUMEHTAJIBHBIX HUCCIEAOBAaHUN U
00pabOTKHU UX Pe3yIbTaTOB.

Hayuynasi HoBu3Ha padoThbI:

1. B pe3ynbrare 3KCHEPUMEHTAIBHBIX HUCCIEIOBAHUWA  IOJYYEHBI
AMIIMPUYECKUE 3aBUCHMOCTH BEJIMYHMHBI HAPOCTA HA PEKYIIMX KPOMKAxX CBEpJ U
TEeMIIepaTypbl OT CKOPOCTU PE3aHUSI IPU CBEPIICHUH.

2. DKCIIEpUMEHTAJIbHO YCTAaHOBJIEHO, YTO HAa CKOPOCTSIX PE3aHMsI MEHBIIHX 6
M/MHH, MJIACTUYHOCTh 00pabaThIBA€MOW KOHCTPYKIIMOHHOM CTall BO3PACTAET MPHU
OJTHOBPEMEHHOM YMEHBIIICHUH €€ POYHOCTH.



3. DKCHEepUMEHTAbHO ONPENETICH XapaKTep 3aBHUCUMOCTEH TOYHOCTH
pasMepa, TEPIECHIUKYJISIPHOCTH OCH H  IIEPOXOBATOCTH  IMOBEPXHOCTHU
MIPOCBEPIICHHBIX OTBEPCTUHA OT MAapaMETPOB PEKUMa PE3aHUS M OCEBOTO OWCHUS
PEXKYIIUX KPOMOK CBEPJI W TPH 3TOM METOAAMH amllpOKCHUMAIIUU TOJTYYCHBI
COOTBETCTBYIOIINE SMITUPUICCKAE MOJCIH, OTPAKAIOIINE BIUSHUEC HAa TOYHOCTH
pasMepa NePIeHINKYIIPHOCTh OCH U IIEPOXOBATOCTh MTOBEPXHOCTH OTBEPCTHUH.

IIpakTHyeckasi 3HAYMMOCTDb MOJIYYEHHBIX Pe3yJbTaTOB:

- OmpenenieHbl palMOHANIBHBIE PEXUMBI 00paOOTKM CBEpJCHUEM, BUI U
CIOCOOBI  3aTOYKH  CBEPJ, TMO3BOJISIIONIME TMOJYYUTh BBICOKOE KayeCTBO
MPOCBEPJICHHBIX OTBEPCTUH  COOTBETCTBYIOLIEE KAauyeCTBY OTBEPCTUH IpHU
HOPMAaJIbHOM Pa3BEpPTHIBAHUHU.

- Pa3paboTana MeTOMOJOTUSI TOCTAHOBKH, MPOBEJECHUS HCCIEIOBAHUNA H
00pabOTKH pe3yabTaTOB.

PesynbraTel  uccnegoBaHuii  OyAyT  HMCHOJIB30BaThCS NpPH  YTECHUU
CHEIUATBHBIX TUCIUIUINH: « TEeXHOJOTHYECKHE MPOIECCHl B MAITMHOCTPOCHUM,
«O06paboTka MaTEepPHAIOB U MHCTPYMEHT», «IlOBBIIEHNE CTOMKOCTH CIUPATBHBIX
CBEpJI U KauecTBa 00OpabOTKU CBEPIICHUEM.

JKOHOMHMYECKAs] 3HAYMMOCTH MOJYYeHHBIX pe3yabTaToB. CHIDKCHHE
TPYJAOEMKOCTH OOpaOOTKM OTBEPCTUM 3a CYET YMCHBIICHUS KOJIMYECTBa
TEXHOJIOTHYECKHUX MTePEX0I0B.

OcCHOBHBIE M0JIOKEHUS] JUCCEPTANNH, BLIHOCUMbIE HA 3aIIUTY:

1. YcraHoBNEHBI 3aKOHOMEPHOCTH BIIUSTHUS MTAPAMETPOB PEKUMA PE3aHUS U
KauecTBa 3aTOYKH PEXKYIIEH YacTh CBEPJI, IMO3BOJISIONIME TOJYYUTh BBICOKYIO
TOYHOCTh pa3Mepa W MIEPOXOBATOCTH IMOBEPXHOCTU OTBEPCTHM, 00pabOTaHHBIX
CIUPAIbHBIMU ~ CBEpJIAMH  COOTBETCTBYIOIIME  KA4eCTBY OTBEPCTHM  TIpH
HOPMAaJILHOM Pa3BEPTHIBAHUH.

2. Pa3paboTaHpl SMIOUPHYECKHE 3aBUCHMOCTH HApOCTa Ha PEXKYIIUX
KPOMKax CBEpIL.

3. PazpaboTana sMmmmpudeckas MOJACIb, TO3BOJISIONIAS OTPA3UTh XapakKTep
BIIUSHUS TIapaMETPOB PEKUMa PE3aHUS U OCEBOTO OMEHHS PEXYIIUX KPOMOK Ha
TOYHOCTh pa3zMepa MepPHeHANKYISIPHOCT OCH M MIEPOXOBATOCTh MPOCBEPICHHBIX
OTBEPCTHIA.

4. Pa3zpaboTaHa METOJO0JIOTHSI TTOCTAHOBKH, MPOBEICHUS HCCICIOBAHUM U
00paboTKH pe3yJbTaTOB, TTO3BOJISIFOIIAS TTOJIYYHTh BRICOKOE KA4€CTBO PE3YIhTAaTOB
WCCJICIOBAHMUS.

JIMYHBIA BKJaJ cOUCKATEJ.

OcHOBHBIE pe3yJbTAaThl HCCICIOBAHUN TOJYYEHBI COUCKATENEM JIUYHO.
VYcranoBneHbl (U3MYECKHME 3aKOHOMEPHOCTH W XapaKTep BIUSHUSA YCIOBUN
00paboTKH, MapaMeTPOB peXKUMa PE3aHUS U OCEBOT0 OMEHUS PEXKYIIUX KPOMOK
CBEpJI Ha TOYHOCTH pa3Mepa W IIEePOXOBATOCTh IMOBEPXHOCTH TMPOCBEPICHHBIX
orBepctrid. OmpeneseHbl 3aBUCMMOCTH HApoOCTa M TEMIIEpaTypbl OT CKOPOCTH
pe3aHuMs TpHU cBepiieHWU. Pa3paboTaHa sMmupuyeckas MOJETb OTpakaroras
XapaKkTep BIUSHUS MapaMeTpOB peXMMa pe3aHusi U yCIOBUUA 0O0pabOTKH Ha
TOYHOCTh pa3Mepa M IIEPOXOBATOCTh MOBEPXHOCTU MPOCBEPJICHHBIX OTBEPCTHM.
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Pa3zpaboTana MeTo10J10T s, TOCTAHOBKH, IPOBEJICHUS UCCIIEIOBAaHUN U 00pabOTKH
pE3yIbTaTOB.

Anpodanuu pe3yabTaToB AUCCePTANMH. Pe3ynbrarsl AMCCEPTALIMOHHOM
paboThl  JTOJIOKEHBI W OOCYXKJIEHbl Ha  CJIEAYIOIIHUX  MEXKIyHapOIHBIX
KOH(EpEeHIIUAX:

1. MexnyHapoaHas Hay4HO-TEXHUYECKasi KOHPEPEHIUs MOJIOJIbIX yUEHBIX,
aCIIUPAHTOB U CTYJIEHTOB «VIHHOBalMs — BEKTOp I MOJIOJEKW».- DHIIKEK,
KI'TY um. U. Pa33akoBa, 2014 r.

2. MexnayHapoaHas HaydyHO-TIpakTHueckass kKoH(epeHnuus «MHHOBamMu B
Hayke W TexHuke» [locBsmiennas nmamaru nepBoro nekaHa ET® mpodeccopa
IOpukoBa B.A. bunikek, KPCY um. b.H. Exsunna, 2022 r.

3. MexnayHapoaHas HaydyHO-TIpakTudeckas KoHpepenuus «Hayka,
oOpa3oBaHU€, UHHOBAIIMM W TEXHOJIOTHUU: OLIEHKHU, MPOOJIEMBI, IMyTHU PEHICHUS,
nocesmeHHas 80 — meruro ydeHoro—megarora K. Ycybamuea u 30 — neTturo
Nuxenepronn Axagemnn KP. bumkek, KsIprei3ckuii rocyaapCTBEHHBIN
YHUBEPCUTET TE€OJOTMU, TOPHOTO Jela M OCBOCHMS NPHUPOAHBIX PECYPCOB HM.
akagemuka Y. AcananueBa; MuxeHepHas akagemus Kbipreizckoil PecryOnukw,
2022 1.

4. VIII MexnayHapoaHasi ceTeBass HAyYHO-TIPAKTUYECKON KOH(PEpEHIINH
«CoBpeMEHHBIE HMHTETPAllMOHHBIE MPOLECCHl B Pa3BUTUM HWHHOBALMKA B
obOpaszoBanuu u Hayke» bumkek, KI'TY um. W. Pasz3akora, 2022 r.

IHonHoTa OTpaskeHHUs Pe3yIbTATOB JUCCEPTALMHU B MyOJIHKAIMSAX.

[lo wmarepuanam nuccepranuu omnyonukoBaHo 20 HaydHBIX CTaTeH,
Bxoasmux B PMHI] B ToM uymcie mects crateil omyOJMKOBaHO 3a pyOekoM, a
taroke mateHT B KP Ne 265 u cBuaeTenscTBo 00bekTa aBTOpcKoro mpasa Ne 3073.

CtpykTypa U 00beM JUCCEePTALMH.

JuccepraninonHas paboTa COCTOMT U3 BBEIEHMS, TpeX IJIaB, OOIIUX
BBIBOJIOB U PEKOMEHJAIMH, 3aKIIFOUEHHS], CIIHUCKAa MCIOJIb30BaHHOMN JIUTEpaTyphl U
npuiioxenuit. CoaepkaHue AUCCEPTAIMU U3JIOKEHO Ha 135 cTpaHunax, CoOnepKuT
51 pucyHok, 47 Tabnui, 6udnuorpaduro u3 61 HauMeHOBaHHUS.

Huccepraumnonnas pabora BbimosHeHa B KI'TY um. WM. PazzakoBa mnoa
Hay4HbIM PYKOBOJICTBOM J.T.H., ipodeccopa Parpuna Hukonaii AnexceeBuua.

OcHoBHOe coepxkanne padoThl

Bo BBemeHuMm O00OCHOBaHa  aKTyaJlbHOCTb  TEMBI  JHCCEPTALIHH,
c(opMyJIMPOBAHBI 1IEJIM U 3aJla4 HCCIEA0BaHUN, OTpaKeHbl HayyHash HOBU3HA U
IIpaKTUYECKas 3HAUMMOCTb.

B nepBoii riaaBe npoBeneH 0030p M aHANU3 CYIIECTBYIOIIMX METOJIOB IO
00eCIeueHNI0 KayecTBa MOBEPXHOCTH JeTaliel MamuH. PaccMOTpeHBl METObl
oOecrieueHus: KayecTBa 00pabOTKHA OTBEPCTUN OCEBBIMU MHCTPYMEHTaMH. B utore
aHaIM3 JIMTEPaTYypHbIX HMCTOYHUKOB TIOKa3all OTCYTCTBHUE HCCIIEJOBAaHUMH,
HalpaBJCHHBIX HAa TOBBIIIEHWE TOYHOCTH pa3Mepa U  IIEPOXOBATOCTH
MOBEPXHOCTU  OTBEPCTHUM, O0OpabOTaHHBIX CHOUPAIBbHBIMU  cBepiamu. He
pa3paboTaHbl B3aUMOCBSI3aHHBIE IOCJIEA0BATENbHBIE METOJbl TMOCTAHOBKU H



MIPOBEICHUS] MCCJIEAOBAHUI TOBBIIMICHUS KayecTBAa MPOCBEPJEHHBIX OTBEPCTHUH.
[TosTomy pa3paboTka METOJOB IO TMOBBIIMICHUIO KadecTBa OTBEPCTUH
00pa0OTaHHBIX CHUPAJIBHBIMUA CBEpJIaMU TO3BOJUT PEIIMTh 3a7ady CHIDKEHUS
TPYJAO0EMKOCTH 00pabOTKH AeTalieil 3a CYeT YMEHBIICHHS KOJTMYECTBA MEPEX0/I0B B
TEXHOJOTHYECKOM IpOIIeCCe.

Bo BTOpOIi ri1aBe MpeACTaBICHb METOJOJIOTHUS U METOJbI MCCIEI0BaHuS,
OOBEKT U MPEAMET UCCIICTOBAHHUS.

OObEeKTOM  HCCNEOBAaHUN  SBISIIOTCS ~ TEXHOJOTHYECKHUE  MPOIECCHI
00pabOTKH OTBEPCTUHN OBICTPOPEKYIIUMHU CIIUPATLHBIMU CBEPIIAMH.

[IpeameToM wucclieqoBaHUM SIBIAIOTCS pa3pabOTKa METOJOB MOBBIIICHUS
KauecTBa OOpabOOTKM OTBEPCTUH OBICTPOPEKYIIMMHU CIHUPATBLHBIMU CBEpJIaMH,
00€eCIeYnBaIOIINX CHUKEHUE TPYAOEMKOCTH 00paOOTKH OTBEPCTHIA.

Metononorusi uccieoBaHUI HampaBieHa Ha pa3pabOTKy 3MIMPUYECKON
MOJICIIM OMpPEACNAIONIe XapakTep BIUSHUS TEXHOJOTMYECKUX (DAKTOPOB Ha
pe3yNbTaThl UCCIEAOBAHUHN U BKIIIOUAET TPEOOBAHMS K TEXHOJIOTHUYECKON CUCTEME,
COCTOSIIIIEH U3 YETHIPEX 005S3aTEIBHBIX COCTABIIAIONINX:

- CTaHOK (TEXHOJOTMYECKOe OO0OpYyIOBaHHE, HA KOTOPOM MPOH3BOIUTCS
00paboTKa JieTaneil CBepJICHUEM );

- mpucnocoOneHre  (TEXHOJOTHMYECKOE  OCHAIlEHHE  000pYyI0BaHUs,
HeoOXouMoe Jj1sl obecrieueHus 00pabOTKU JeTaneil CBepIeHUEM);

- HMHCTPYMEHT (OBICTpOpEXYLIHE CIUpalIbHbIE CBEpja HENOCPEICTBEHHO
y4acTBYIOIIHE B 00pabOTKe JaeTaneil);

- JeTayib (KOHCTPYKTHBHAs 4acTh M3ZENUs, 3arOTOBKA, HEMOCPEICTBEHHO
noJyIeXxarias 00padoTKe ¥ KOHTPOJIIO PE3yJIbTATOB).

Bce ueThipe cocTaBisifOlME TEXHOJIOTMUYECKON CUCTEMBI ONPENENSIOTCS B
3aBUCUMOCTH  OT  3aJaHHBIX  TEXHOJIOTMYECKHUX  YCJIOBUH  MpPOBEIEHUS
UCCIICTIOBAaHUH U TEXHOJIOTHYECKUX (PaKTOPOB, 3aBUCSIINX OT HUX.

VYcnoBuss  MpoBeNEHWS ~— WCCIENOBAHUM  SBISIOTCS  HE3aBHUCHMBIMU
TEXHOJOTHUECKUMH (pakTOpamu, TMOAJICKAIMUMYA BapbUPOBAHUIO B TpOIECCE
NPOBEJCHUS HUCCIICIOBAaHMW, HEMOCPEJACTBEHHO BIHUSIONIME HA 3aBHUCHMBIC
TEXHOJIOTUYECKHE (PaKTOPbl — pE3yJIbTaThl UCCIEIOBAHUM.

B Hacrosmmx  HMCCIEIOBAaHMSX  HE3aBHUCUMBIMH  TEXHOJOTHYECKUMU
dakTopaMu SIBISIFOTCSI TTapaMETPhl PeKUMa PE3aHUsI U OCEBbIe OMEHHS PEKYIINX
KPOMOK CBepJl. 3aBUCHMBbIE TEXHOJOTHYECKHE (DAaKTOPHI: IIEPOXOBATOCTH

MTOBEPXHOCTH OTBEPCTHH; KBAJIUTET JOTyCKa JaMeTpa; JOTYCK
MEPIEHIUKYJISIPHOCTA OCU OTBEPCTHSI.
CraHok

Bonbuioe 3HayeHune s SKCIIEPUMEHTAIbHBIX UCCIIEOBAHUNA MUMEET BBHIOOD
cranka. CTaHOK JOJKEH OOeCHeuuTh BBICOKYIO TOYHOCTH OOpabOTKH W
MHUHHMMAaJbHOE PACCEMBAHUE PE3YIBTATOB Mccaeq0BaHU. [[oMUMO 3TOro cTaHOK
JOJKEH UMETh JIOCTATOYHO HIMPOKKUE MPeebl U OOJIBIIOE KOJIUYECTBO CKOPOCTEH
pe3anus ¥ nojaay. Becemu 3TMu TpeboBaHUSAMHU 00J1a/1a€T IIMPOKOYHUBEPCATBHBIN
(dbpe3epHbIil CTAHOK MOBBIIIEHHON TOYHOCTH Mojienu 67511, Ha 6aze KOTOpOro ObLI
000OpyZIOBaH SKCHEPUMEHTAIbHBIA CTEHJl JJI1 UCHBITAHUM CBEpJ C IENbIO
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oTpesieNICHUs BIUSHUS MapaMeTPOB PEKUMa PE3aHUs U OCEBOTO OMEHHUS PEXKYIITIX
KPOMOK CBEpJI Ha TIOKAa3aTeNIN KauyeCTBa MPOCBEPICHHBIX OTBEPCTHIA.

IIpucnoco0Jienue

[Ipy mpoBenEeHUM SKCIEPUMEHTAIBHBIX MCCIEAOBAHUN MPUCIOCOOICHUE
JOJKHO 00ecreynBaTh TOYHOCTh MMO3UIIMOHMPOBAHMSA 3arOTOBKHU, a HMEHHO
NapajuIeTbHOCTh TEXHOJIOTMYECKUX 0a3 OTHOCUTENIbHO pabodeil MOBEpXHOCTU
CTOJa CTaHKa M WX NEPIEeHIUKYJIAPHOCTh OTHOCHUTENBHO ocu cBepna. [lpu
MIPOBEJICHUM HCCIIEIOBAaHUN 3aroTOBKAa HEMOCPEJACTBEHHO YCTaHABIMBANIACh Ha
CTOJIC CTaHkKa (pUCYHOK 2.2, PHCYHOK 2.6), TeM caMblM IIOTPEIIHOCTH
MO3UITMOHUPOBAHUS 3arOTOBKH IMOJTHOCTHIO UCKITIOYAIUCH.

Pucynok 2.2 — YcraHoBka Pucynok 2.6 — O6pabaTsiBacmast
3aroTOBKHM Ha CTaHKE 3aroToBKa
HNucTpymenT

[Ipu mpoBeAeHUU HKCIEPUMEHTATBHBIX HCCIEIOBAHUN HCIOIb30BATUCH
CrupaJibHBIE cBepiia ¢ KoHndeckuM XBocToBHKOM 1o ['OCT 10903-77 aguameTpom
11 MM u3 ObicTpopexyiiein ctanu PO6MS, moBwilieHHON TOYHOCTH Kiacca Alu
HOpMaJbHON TOYHOCTHU KiaccoB Bl u B.

CBepia  MOBBINIEHHOWM  TOYHOCTH  Kjacca Al 3arauuBaluch IO
JIBYXIIJIOCKOCTHOM 3aTtouke. (CBepiia HOpMallbHOW TOYHOCTHM KiaccoB Bl u B
MMEJIA CTaH/IAPTHYIO 3aTOUKY.

KoHCTpyKTHUBHBIE 53JIEMEHTBI W T[E€OMETPUYECKHE MapaMeTpbl CBEPI
KOHTPOJIMPOBAIUCH HA COOTBETCTBUE CTaHAapTaM Ha MUKpockorie YUM-23.

VY cBepn TOBBINIEHHOW TOYHOCTH Kiacca Al oceBoe OueHme Tmocie
YCTaHOBKM B IIIMHHJIENIb CTaHKa He mpeBblmano 3HadeHue 0,08 mm. Y cBepn
HOpMasIbHOM TouHOoCTH Kitacca B1 u B - 0,2 u 0,3 MM cOOTBETCTBEHHO.

Heranab

CBepnmiuch 3aroTOBKM U3 KOHCTpyKIMoHHOUW ctanu 45 180HB. Tommuna
3aroTOBOK COOTBETCTBOBaja TpeM JuameTpam cBepil. CBepJMINCh CKBO3HbBIE
orBepcTHs (puc.2.6) ¢ MOJIMBOM CMa30YHO-OXJIAKIAIOIIEH KUIAKOCThIO — 5%
pactBop YkpuHona 5. IlpenBapuTenbHO 3aroTOBKH  (pE3epOBAINCH H
nUIoBAIUCh € IIECTH CTOPOH IS OOECIEYeHHS TEXHOJOTHYECKUX 0a3
00pabOTKM 3aroTOBOK H KOHTPOJS TMapaMeTpPOB TOYHOCTH MPOCBEPJICHHBIX
OTBEPCTUH.



MeToabl KOHTPOJISI KAa4eCTBA NMPOCBEPJICHHbIX OTBEPCTHH

JlnameTp MpoCBEPIEHHBIX OTBEPCTHI KOHTPOJIUPOBAJICS B TPEX CEUEHUSX U
JBYX B3aHMHO MEPHEHAUKYJSPHBIX IUIOCKOCTAX HyTpoMmepoM. Kcmnosb3oBaiics
Hytpomep wuHnukaropueiii HUM-10-18-1 mnpenBapuTenbHO HACTPOEHHBIM Ha
pabouuii AMaMETp CBEpPIIa MUKPOMETPOM.

JUisi u3MepeHus MIEpOXOBATOCTH MOBEPXHOCTH HCIOJIB30BAJICS NpHOOP
MarSurf M 400, (puc.2.10) npeaHa3HauYCHHBIH JUII W3MEPCHHI IapaMeTpOB
IEPOXOBATOCTH MOBEPXHOCTEN U3ICITHIA.

Pucynok 2.10 - IIpubop aJig n3mMepeHuii mepoxoBaTocTH noBepxHoctu MarSurf
M 400: a) — 6ok npuBoja SD26; 6) — npubop

HeiictBue mpubopa OCHOBAaHO HA MPUHIIMIIE ONIYIBIBAHWS HEPOBHOCTEU
UCCJIENyeMON TMOBEPXHOCTH ajlMa3HOW WUIrJoN (IIynmoM) W mpeoOpa3oBaHUs
BOZHMKAIOIIMX TIPU OTOM MEXAaHUYECKUX KojeOaHWil IIyna B HU3MEHEHUS
HaNpsHKEHUS ¢ IPUMEHECHUEM UHAYKTUBHOIO JaTYMKa.

[TepneHANKYISIPHOCTH OCH OTBEPCTHSI OTHOCUTEIBHO TEXHOJIOTMUECKUX 0a3
ompenesnsyiach U3MEPEHHEM pa3Mepa OT OOKOBOM MOBEPXHOCTH 3arOTOBKU 10
MMOBEPXHOCTU OTBEPCTHSI B JIBYX B3aWMHO MEPINEHAUKYJSIPHBIX IIOCKOCTAX Ha
BXOJIE U BBIXOJIE OTBEPCTHUS SJEKTPOHHBIM ITU(PPOBHIM MUKPOMETPOM MKII-25 ¢
ueHou genenus 0,001 mm.

MeTtoabl 00padOTKH pPe3yabTATOB UCCJIEI0BAHU I

[IpumeHsIMCh METOIBI aNMpPOKCUMAlMA M MAaTEMAaTHYE€CKOW CTAaTUCTHUKH,
OCHOBAHHBIE HA  KOPPEISALMOHHO-PETPECCMOHHOM  AHAJIM3€  PE3YyJIbTATOB
uccinenoBanuii.  Onpenensyioch COOTBETCTBUE — PE3YJIbTATOB  MCCIEAOBAHUMN
HOPDMAJIBHOMY  pacIpelesieHu0 1m0  3akoHy [ayca,  paccuMThIBaIIUCH
kodhumeHTsl HHEWHOUW Koppensuuu [lupcoHa Mexay HE3aBUCUMBIMU
TEXHOJIOTUYECKUMH (DAKTOpaMHU M 3aBUCUMBIMHU - PE3yibTaTaMU HCCIEIOBAHHIA.
[Ipy HanMuuMM 3HAYUMOM KOPPEIALMU MPOBOAWICS PETPECCHOHHBIN aHAIU3 UX
CTaTUCTUYECKUX 3aBHCUMOCTEM C NPUMEHEHHWEM [MPUHIMIIA HAWUMEHBIINX
KBaJIpaToB, HA OCHOBAHUU KOTOPOTO CTPOUIIUCH IMIIUPUUYECKUE MO/IEIIH.

B Tperbeii riaBe mnpeacTaBieHbl MaTepuaibl pa3pabOTKH METOJIOB IO
MOBBIIIIEHUIO KaueCTBa OTBEPCTUN 00paOOTaHHBIX CIIUPATBLHBIMU CBEPJIAMH.

[IpoBeneH CTAaTUCTUYECKHMM aHaU3 II0KA3aTeJed KayecTBA OTBEPCTUH
TEXHOJIOTUYECKOW OCHACTKH (IITaMIIOB, npecchopm, TUTGOopM) MpUMEHAEMON Ha
3aBojax . bumikek (tadiuie 3.1)



Ta6muma 3.1 - IlokazaTenu kauecTBa OTBEPCTUN TEXHOJIOTHUYECKOM OCHACTKHU

Huamerp | KBasmmret | Lllepoxo- | Hdomyck Hasnauenne
OTBEPCTHS, | JAOIMYCKA | BATOCThb | HEPIIEHIN- OTBEPCTHS
MM Ra, MKM | KyJISIpHOCTH
OCH, MM
10-13 7 0,8 0,02 [lox 3naku
14-16 9-7 0,8 0,02 ITon
BBITAJIKMBATEIU
16-20 7 0,8 0,06 — 0,04 | Ilon
HaIpaBJISIOLINE

OOmienpu3HaHHbI  TEXHOJOTUYECKUNA METOJ TIOBBIIIEHUS TOKa3aTenen
KauecTBa MOBEPXHOCTHU, 0OpabOTaHHOW pe3aHHEM, 3a CUET YBEJIMYEHUS CKOPOCTH
pe3aHuss mpu 00pabOTKE CBEPJICHUEM OrpPaHUYEH CPaBHUTEIBHO HEBBICOKOM
TEIJIOCTOMKOCTBIO  ObIcTpopexkymmx — ctaner  (650°C), w3  KOTOpBIX
M3TOTaBIIMBAIOTCS CTAHAPTHBIE CIIUPAIbHBIE CBEpIIa.

Bmecte ¢ TeM yBeIMYEHUE CKOPOCTH pE3aHUsI IMPUBOJUT K 3HAYUTEIBHOMY

YBEIUYCHUIO  Pa30MBKU  TPOCBEPJICHHBIX  OTBEPCTHM B peE3ysbTare
HECUMMETPUYHOCTH  KOHCTPYKTHUBHBIX  3JEMEHTOB  CBEPJI  OTHOCHUTEIIBHO
pOI0JIbHOM ocH (pucyHok 3.1.).
A, MM
0,12 /,/
0,06 //'
0 6 12 18 24 Vwvum
Pucynoxk 3.1 - 3aBucumMocTh pa30MBKHU OTBEPCTUH A OT CKOPOCTH pe3anus V npu
CBEPJICHUN
Cuuta, BeI3BIBAIOIIAS CMEILEHHUE IEHTPAa Macc CBepJa:
F =mw?l (3.1)
rae M — macca, ® — yIrioBoe yCKopeHue, | — BennuuHa paguaibHOro CMEIICHHUS
LIEHTpa Macc.
Anmnpokcumanuss  rpaduka  (pucyHok 3.1) mo3BoiMIA  MOJNYYUTh

MAaTCMAaTUYCCKOC BBIPAXKCHUEC 3aBHUCHMOCTH pa?>6I/IBKI/I OTBepCTI/Iﬁ OT CKOpPOCTH
pe3aHus B BUJC.
A = 0,063V (3.2)

Paccuntannas mo d¢opmyne (3.2) pa3buBKa OTBEPCTUS TPU CKOPOCTH
pezanust 4 mM/mMmuH paBHa 0,025 MM, 4YTO COOTBETCTBYET 8 KBAJIMUTETY MAOIYCKa
pa3Mepa OTBEpPCTHUS, KBAJIUTETY JOIMYCKAa OTBEPCTUM MOJI BBITAJKHUBATENb (TalI.
3.1).

[IpoBeneHbl uCCAENOBaHUS IO OINPEACICHUIO BEJIWYMHBI HApOCTa Ha
yroikax csepia (pucyHke 3.4) ¢ MCHOJB30BAaHHEM JKCIEPUMEHTAILHOTO CTEHIA



Ha Oa3e TokapHoro cranka 1K62 (pucyHok 3.2, a) ¢ yCTaHOBJICHHBIM
HETIOCPEJICTBEHHO HA CTaHKE ONTUYECKUM IpUCTIOcOo0IeHnEM (PUCYHOK 3.2, 0).

PucyHnok 3.2 — a) 3KCIIepUMEHTAIbHBIN CTEH]I,
0) onTHYECKOE MIPUCITOCOOJICHHE [T U3MEPEHUS HapocTa

Tounnauch 3aroToBkM W3 cTaad 45 YrojakoM CIHpajIbHOrO CBepia,
3aKpCIUICHHBIM B pe3lie/iepikaresie cTaHka (puUcyHOK 3.2,a). M3mepeHne HapocTta
OCYIIECTBIISIIOCh HEIMOCPEACTBEHHO HAa CTAaHKE, C IPHUMCHCHHEM ONTHYECKOTO
MIPUCITOCOOJICHHS (p?IcyHOK 3.2,0).
FY TS

4 N¢F‘ ¥ s
- ‘l‘. “ NepegHan
- ¢ < NOBEPXHOCTb

h, nm

i
:
|

I"naguas
peKyIas Kpomka

L
0.1 ./
/

{

0 5 10 15 20 25 V. whum
Pucynok 3.4 - HapocTt Ha yroJike cBepJia Pucynok 3.5 - 3aBUCHMOCTB BBICOTHI
HApOCTa Ha yroJjikax CBEpJia OT CKOPOCTH
pe3aHus

[Tonyuen rpadux (pucyHoK 3.5), MOATBEPKAAIOIIHMI OTCYTCTBUE HAPOCTA HA
HU3KHUX CKOPOCTSIX pe3aHus

AnNmnpokcuMallii BEpIIMHbI KpUBOM Tpaduka (pucyHok 3.5) mo3BoJuia
MOJTyYUTh 3aBUCUMOCTD

h=9,84-10°V >714g 0338V, (3.2)

OTHoIICHHE MTOKa3aTeseii creneHei 3aBucuMocTH (3.2) mo3BosisieT

OTIPEACTIUTh CKOPOCTh PE3aHusI COOTBETCTBYIOIIYIO0 MAaKCUMAIBbHOMY HAPOCTY
Vim = 5,714/0,338 = 16,9 M/MuH.

[IpaBas wacth rTpaduka (puUCyHOK 3.5) anmpoKCHMMHUPOBAIACh METOJOM

HAaWMEHBIIINX KBAJIPATOB YPAaBHEHUEM IPSMOM

h=0,5532 — 0,0127V. (3.3)
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3aBucuMocTh (3.3) MO3BOJIMJIA ONpPENENUTh MaKCUMAJIbHYIO CKOPOCTb
pe3aHusi, P KOTOPOH HAPOCT Mcue3aeT paBHYIO Vmax = 43,56 m/MuHn. U3BecTHO,
TEeMIEpaTypa B 30HE pe3aHus MaKCUMaJbHOW BeMW4YMHBI HapocTa paBHa 300C°, a
TEeMIIepaTypa B 30HE PE3aHusl, IPU KOTOPOil HapocT ucuesaet - 600C°.

Pe3ynbpTaTel mpeACTaBIEHHBIX HCCIEAOBAHUN TO3BOJIWIM  OMNPEICIUTD
3aBHCHMOCTH TEMIIEPATYpPhl B 30HE PE3aHUs OT CKOPOCTH PE3aHMsI MPU CBEPIICHUU
B BUJIC:

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

Paccuntannas mno d¢opmyne (3.6) TemmepaTypa B 30HE peE3aHHS TIPH
MUHUMAJIbHOM CKOPOCTH pe3aHusi, Ha KOTOPOW HApOCT OTCyTCTBOBai (puc. 3.5)
paBHa 92,7°C.

Ananu3 anpuopHoi mHbopmanuu (pucyHokK 3.6), MOKa3bIBaCT CHUKCHHE
MPOYHOCTH M YBEIWYEHUE IUIACTUUYHOCTH YTJIIEPOJUCTBIX KOHCTPYKIIMOHHBIX
ctaieit npu temneparype menee 200°C. Ha ckopocTsix pe3aHusi MEHbIINX 6 M/MUH
(0,1 m/c) Temnepatypa B 30He pe3anus He npesbimaeT 200°C (500°K) (pucyHok

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

560

60 \
40 Y.

o~
e
4

540

< 520 ,
. >~ N \
X/ 500
1 7
N\ 0 01 015 02 025 Vwic
0 200 600 T°,C Pucynox 3.8 - 3aBucuMocCTH TeMnepaTypbl

PucyHok 3.6 — 3aBUCHMOCTb IPOYHOCTH
-0, U INIJACTUYHOCTU- ¢ OT TEMIIEPaTyphbl

pe3aHus OT CKOPOCTH Pe3aHus IPU TOUCHUN
KOHCTPYKLIIMOHHOM YTJIE€POIUCTOMN CTaIN
IIpu O6pa60TKe KOHCTPYKIHUOHHBIX pe3naMu u3 6[,10Tp0pe)1<y]_uef/'1 cTajau
craneit
IIpoBeneHsl wnccienOBaHMs, MOATBEPXKAAKOLIME TEHICHIMIO YMEHBLICHUS
IIPOYHOCTH KOHCTPYKLUHMOHHBIX CTajled Ha Ttemneparypax MeHpmux 200°C
(pucynok 3.7).

290 id

w N

N

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

PucyHnok 3.7 - 3aBUCUMOCTb TBEPJAOCTH 3aTOTOBKH U3 CTalu 45 OT TemMnepaTypbl
Pesynbrarel mpeACTaBIECHHBIX  BBINIE  MCCIEAOBAHUM  MOATBEPKIAAIOT
TUIO0TE3y 00 aHAJOTUYHOM BO3JIEWCTBUU HU3KUX U BBICOKUX CKOPOCTEH pe3aHus
Ha INIACTUYHOCTb M KCCTKOCTb KOHCTPYKHMOHHBIX CTaHCﬁ, YTO OOOCHOBBIBACT
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BO3MO)XHOCTb IOBBIIIEHNS KAauyecTBAa OTBEPCTHM 0OpaOOTaHHBIX CHUPAIbHBIMU
CBEpJIaMHU Ha CKOPOCTSAX pe3aHus, MEHbIIUX 6 M/MUH.

Biusinue mapamMeTpoB pe:KMMa pe3aHUsl M 0CeBOro OMeHHMs PesKyLIUX
KPOMOK HA IOKa3aTe/JId Ka4yeCTBA MPOCBEPJICHHBIX OTBEPCTHH

HcnpiTanust cBepsl HOpMaIbHOW TOYHOCTH KilaccoB B u Bl mokazamu, urto
napameTpbl peXUMa pe3aHusl HE OKA3bIBAIOT BIMSIHUSA Ha pa30MBKY OTBEPCTHIA, HE
IPEBBIIIAIONIYIO 13 KBaIUTET AOITyCKa.

HcnpiTaHust CBEps IOBBIIIEHHOW TOYHOCTM Kiacca Al mokasamu, d4To
napaMeTpbl peXuMa pe3aHusl OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE Ha pa30MBKY

OTBEPCTUM, KOTOpas HE MpeBbICHIIa 9 KBaIUTET nonycka (pucyHok 3.14, pucyHok
3.15).

A, MKM

' / A, MKM
40 g 2 Lo
" 2~ é / " )

ANV -
20 / 20 P /(
10— / / S
o L :
2.3 4 5 Vwum 012 016 02 024 Swmm/o6
Pucynok 3.15 — 3aBucumocTsb Pucynok 3.14 — 3aBucumocTs pa30UBKU
OTBEPCTHUH OT CKOPOCTHU PE3aHMS IIPH OTBEPCTHUI OT MOJAYU MPHU CBEPJIICHUHN
CBEPJICHUH CBEPJIAMH MOBBIIIICHHOM CBEPJIaMU MOBBIIEHHON TOYHOCTH KJlacca
TOUHOCTH Kiacca Al: 1 —nmonaya 0,2 Al: 1 — ckopoctb pesanus 4,32 M/MuH, 2 —
MM/00, 2 — 0,25 Mm/00. 5,53 m/MuH

XapakTep BIMSHHS OCEBOTO OHEHHS pPEXYIIUX KPOMOK Ha pa3OUBKY
MIPOCBEPJIEHHBIX OTBEPCTHI, MPE/ICTABIEH HA pUCYHKE 3.17.

Pucynok 3.17 — 3aBucuMOCTb pa30MBKHU OTBEPCTUH OT OCEBOTO OMEHUS PEXKYLIUX
A

MKM /
210 /

140 /

pd

70
//

0 0,1 02 0.3 &, My
kpoMok Ha V =4,32 m/mun u S = 0,2 MM/06

B tabnume 3.10 mpencraBieHbl pe3yabTaThl UCIBITAHUN BIMSIHUS OCEBOTO
OMEeHHS PEeXKYIIMX KPOMOK Ha IIEPOXOBATOCTh TOBEPXHOCTH OTBEPCTHUH.
Tabmuma 3.10 — IllepoxoBaTocTh TOBEPXHOCTH OTBEPCTHH TIPU CBEPIICHUU
CBEpJIaMU HOpPMaJIbHOM TOYHOCTH KjiaccoB B m Bl W MOBBIIEHHOW 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, MkM MM

1 2 3 4
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1 2 3 4
432 | 0,3 13,3]13,8|141]12,5|12,9|13,33
5,53 135 |129(14,6|125|12,7 13,9
432 | 0,2 6,3 507245 |55 ] 559
5,53 43 |62 605162572
4,32 10,08 0,68,0,71,0,43/0,63|0,76 | 0,65
5,53 0,62 0,86 |0,64]0,44 0,65 0,67

B Tabmuue 3.10 BUAHO, 4YTO MIEPOXOBATOCTh IMOBEPXHOCTH OTBEPCTHIMA
3HAYMTEIHHO 3aBUCHUT OT KA4eCTBA M3TOTOBIICHUS U 3aTOYKH CBEPJI, TTOITOMY IS
OIICHKHU HAJIMYHsI 3HAYUMOUN KOPPEIAITMOHHON CBSI3U MEKIy MapaMeTpaMu peXuma
pe3aHusT ©  IIEPOXOBATOCTHIO TIOBEPXHOCTH  TMPOCBEPJIICHHBIX  OTBEPCTHIMA
WCIIOJIb30BAIMCh ~ 3HAYEHHUS  IIEPOXOBATOCTH MpuU  00paboTKe  cBepjamMu
MOBBIIIIEHHON TOYHOCTH Kiacca Al(ta6:.3.19).

Tabmuuma 3.19 - Koppensiuss Mexay DNapaMeTpaMHd peXuMa pe3aHus u
HIEPOXOBATOCTHIO MOBEPXHOCTH OTBEPCTHH, I' — KOIPDUIIMEHT KOPPEIALIUU

S, cBsa3p V- Ra V, cBsI3b 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 mpu paboTe CBEpIAMH TOBBIIMIEHHOW TOYHOCTH
Kimacca Al wuMeer MecTO HE 3HAauMMas CBA3b MEXAY I[IEPOXOBATOCTHIO
MOBEPXHOCTH CKOPOCTBIO PE3aHUs U MOoJIaueH.

XapakTep BIUSHUS OCEBOTO OMEHUSI PEKYIIUX KPOMOK Ha IIEPOXOBATOCTH
MOBEPXHOCTU OTBEPCTHI  IOKa3bIBAET, YTO 3aBUCHUMOCTh UIEPOXOBATOCTHU
MOBEPXHOCTU MPOCBEPJICHHBIX OTBEPCTUH OT OCEBOT0 OMEHHUS PEXYIIUX KPOMOK
BbIpa)KEHA SIBHO U KOPPEJILIMOHHOM OICHKH He TpeOyeT (pucyHok 3.18).

Ra cp,
MKM

12 /"
6 /
pd

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

3

Pucynoxk 3.18 — 3aBUCHMOCTB IIEPOXOBATOCTH MOBEPXHOCTH 00paOOTaHHBIX
OTBEPCTUH OT OCEBOI'0 OMEHUS PEXKYILIUX KPOMOK
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Xapaxktep BiusgHus noaauu (puc.3.19) u oceBoro OMeHHs PEXYLUIUX KPOMOK

(puc.3.20) Ha IEPIIEHAUKYISIPHOCTH OCU OTBEPCTHIA
L,

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
Pucynok 3.20 — 3aBucumocTb
MEPICHIUKYISIPHOCTH OCH OTBEPCTHIA OT

OCEBOT'0 OMEHUS PEKYIINX KPOMOK CBEPJT Ha
V=432 m/mun u S = 0,2 Mm/00

Pucynok 3.19 — 3aBucuMocTh
NEPHEHIUKYIISIPHOCTU OCH OTBEPCTHI
OT MOJJaY¥ Ha CKOPOCTH pe3aHus 4,32

M/MUH CBepJia MOBBIIICHHON
TOYHOCTH Kiacca Al
Pa3pa0doTka 3MnupuYecKoOi Mo1eH
B pesynprate anmpokcumaruu kpuBoil 1, pucynka 3.14 monydeHa
3aBUCUMOCTh pa30MBKU OTBEPCTUN OT CKOPOCTH pE3aHUs
A = 0,33V?°, (3.9)

B pesynbrate ammpokcumanumu KpuBou 1, pucyHka 3.15 mnomyueHa
3aBUCUMOCTb pa30MBKHA OTBEPCTHI OT MOJAYN
A = 391", (3.10)
[Ipumenenue paspaboTtaHHOM MeToauku K 3aBucumocTsM (3.9) u (3.10)
MO3BOJIWJIO MOJIyYUTh 3aBUCUMOCTb Pa30MBKU OTBEPCTUN OT CKOPOCTU pEe3aHus U
II0/Ia4U B BUJIE:

A — 6,5Vz,881,8475. (3 11)

B pe3ynbTare armnpoKCUMaIuu rpadruyecKoi 3aBUCHUMOCTH,
MPEJICTABICHHON HA pUCYHKE 3.17 MOJMy4E€HO €€ MaTeMaTUYECKOE BhIPAKEHUE

A =3588,815;"* (3 12)

[Ipumenenue paszpabotaHHON MeTonuKU K 3aBucumoctsMm (3.11) u (3.12)
MO3BOJIWIIO TOJMYYUTh OOBEIMHEHHYIO 3aBUCHUMOCTb [IJIi pacdera pa3OuBKU
00pabaThiBa€MbIX OTBEPCTUH, YUWTHIBAIOIIYIO IMAapaMeTphl peKUMa pe3aHus u

0CeBOe OMEHNE PEeKYIINX KPOMOK B BHJIC:
— 2,0524~ 72,8 @1,8475
A =1167,1685;"V>* "7 (3.13)

B pesyJibTare anmpoKCUMAaIUU rpaduyecKoit 3aBUCUMOCTH,
MPEJICTABJICHHON Ha pUCYHKE 3.18 MOIydYeHO €€ MaTreMaTUYeCKOE BBIPAKECHUE,
HMMEIOIIEe BUI:

Ra = 221,40752%%% . (3.14)

B pesyapTare armnpoKCUMaluu rpaguvecKomn 3aBUCUMOCTH,
IIPEICTABICHHON Ha pUCYHKE 3.19 mony4eHo MaTreMaTHuecKoe BbIPAXKEHHUE

1=0,38795"" (3.15)

B pe3yabTaTe anmnpoKCUMaIuu rpaduueckoit 3aBUCUMOCTH,
IIPEICTABICHHON Ha pUCyHKe 3.20 Mory4eHO MaTeMaTU4eCKOE BBIPAKEHUE

1=3,0219557°%° - (316)
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[Ipumenenue paszpaboTaHHON MeTONUKK K 3aBucuMocTsM (3.15) u (3.16)
MO3BOJIMIIO TIONYYUTh 3aBUCHMOCThH TEPICHIUKYISIPHOCTH OCH OTBEPCTUH OT

OCEBOT0 OMEHHUS PEXKYIIUX KPOMOK H ITOJa9H B BUJIC:

_ 1.9896 1,8427
1=58,49 657" S+ (317)

[TorpemHocth pacyeroB mo 3aBucumoctsaM (3.13), (3.14) u (3.17) He npeBbIcHIa
3%, uYTO TMOATBEpPXKJAaeT BBICOKYIO CTEIEHb aJeKBATHOCTH IOJYYEHHBIX
3aBHCHMOCTCH IKCIIEPUMEHTAIIbHBIM JJAHHBIM.

[IpencraBiacHHBIC BhIIIE PE3yJIbTAThI MPEACTABIIAIOT SMIIUPHUECKYIO MOCIIb
(3.18), MO3BOJISAIONIYIO ¢ BBICOKOH CTCICHBIO TOYHOCTH PACCUMTATH IMOKA3aTesIH
KauyecTBa OTBEPCTHH, 00paOOTaHHBIX CIHMPAIbHBIMU CBEPJIAMH KJIacCa TOYHOCTHU
Al ¢ IBYXIIJIOCKOCTHOM 3aTOYKON PEIKYIIHUX 3JIEMEHTOB.

A =1167,1685%%*V** 847

Ra = 221,4078%%%% (3.18)
L: 58,49 6]69896 Sl,8427.
B rtabmume 3.31 nmpencraBiieHBl  IOKa3aTeld  KadecTBa  OTBEPCTHH,

MPOCBEPJIEHHBIX CBEpJaMH Kilacca TOYHOCTH Al C JBYXIJIOCKOCTHOW 3aTOYKOW
PEXYIIUX 3JIEMEHTOB, pacCUUTaHHbIe TT0 MojenH (3.18).

Tabmuna 3.31- Iloka3aTenu KadecTBa IPOCBEPJICHHBIX OTBEPCTUM CBEpJIaMu
KJ1acca TOUHOCTH Al ¢ IBYXIUIOCKOCTHOM 3aTOUKOU 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 Tabmune 3.31 BugHO, OTBEpCTHsA, MPOCBEPJICHHBIC CBEpJIaMU Kiacca
TOYHOCTH Al ¢ ABYXIJIOCKOCTHOM 3aTOYKOM PEKYIIUX JIEMEHTOB, COOTBETCTBYIOT
8-9 kBanuTeTy JOMyCKa OTBEPCTUH, MOJYIYCHHBIMH TOYHBIM pa3BEepPThIBAHUEM. DTO
MO3BOJISIET MCKJIIOYUThH CIENYIOIIME TEXHOJIOTHYECKHe Tmepexoasl 00padoTKu
OTBEPCTUI: PACCBEPIIMBAHUE, YEPHOBOE M YHCTOBOE 3€HKEPOBAHUE U HOPMAJILHOE
pa3BepThIBAaHUE

3AK/TIOYEHHUE

OcHOBHBbIE BLIBO/IbI U MPAKTHYECKHE PEKOMEHIAIMU

1. PazpaGoTanbl ycioBusi 00pabOTKH CBEpJICHUEM IO3BOJISIONINE MTOTYYUTh
MOKa3aTeM KadecTBa MPOCBEPJICHHBIX OTBEPCTUH COOTBETCTBYIOIIME KadeCTBY
OTBEPCTHUH MPU HOPMAJILHOM pPa3BEPThIBAHUM, 4 UMEHHO: CKOPOCTh pe3anus 5,53 u
4,32 m/mun, nomaun 0,2 u 0,25 mMM/00, mpu CBepiieHUU OBICTPOPESKYITUMU
CIIMpaJIbHBIMU CBEPJIAMH MOBBIIIEHHOW TOYHOCTH Kiacca Al ¢ ABYXIUIOCKOCTHOM
3aTOYKOW 3aJJHUX TOBEPXHOCTEH, NMEIOIUX 0CEBOE OMEHNE PEXYIIUX KPOMOK HE
ooxee 0,06 MMm.

2. OmnpeneneH xapakTep BIWSHHUS YCJIOBUNM OOpaOOTKM Ha TMOKa3aTeau
KauecTBa TIPOCBEPJICHHBIX OTBEPCTUH B BHUIE SMIHUPUUYCCKUX TaOIHYHBIX U
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rpauyecKkux 3aBUCUMOCTEW TEXHOJOTHYECKOIO JONycKa OT OCEBOro OWeHus
PEXYIIMX KPOMOK U ITApaMETPOB PEKUMA PE3aHMs, IEPOXOBATOCTU IIOBEPXHOCTH
OT OCEBOT0 OMEHHUs PEXKYIIUX KPOMOK U MEPIECHIUKYIIPHOCTA OCH OTBEPCTHI OT
OCEBOT0 OMEHHUS PEXYIIMX KPOMOK U TIOJJAYH.

3. Pa3paborana smnupuueckas MOJENIb OTpaXkarollas XapakTep BIUSHUSA
apaMeTpoB pEKUMA PE3aHUS U OCEBOI0 OMEHMSI PEXYLIMX KPOMOK Ha MMOKa3aTEeIH
KayecTBa IPOCBEPICHHBIX OTBEPCTUM, MO3BOJSIOIAS MOIYYUTh 0O0pabOTKOMN
CBEpPJICHHEM  OTBEPCTHS  COOTBETCTBYIOIIME  8-9  KBaIMTETy  JIOIYCKa,
HIEPOXOBATOCTH NOBEepXHOCTH MeHee 0,08 MKM M NEpHEeHAUKYISIPHOCTH OCH
orBepctuid 0,02 MM. DTO MNO3BOJISIET HCKIKOYUTh HECKOJBKO TEXHOJOTHYECKHE
Mepexo/10B 00pabOTKU OTBEPCTHUH.

4. PazpaboTaHa METOAOJNOTHs, OOBEIUHSIONIAS  B3aMMOCBS3aHHbBIC
NOCJIEI0BATEIbHBIE METO/IbI, CIIOCOOBI TOCTAHOBKU U NPOBEIECHUS UCCIIEI0BAaHUMN
IIOBBIICHUS KauecTBa OTBEPCTUH, 00paboTaHHBIX CTaHIapTHBIMU
OBICTPOPEKYIIMMHU CIHPATBHBIMU CBEPJIAMU U 00paOOTKU UX PE3yJIbTATOB.

IIpakTnyeckune peKoMeHIAIUH

1. Jns KOHTpOJS CHUMMETPUYHOCTH PACIIONOKCHHUS PEXYIIMX KPOMOK
OTHOCHUTEJIbHO OCH pabouell 4acTH CBepjia KCIO0JIb30BaTh HE JOMYCK OWEHU,
MIPOBEPSIEMBIN MOCEPEUHE PEKYIIUX KPOMOK B HAMPABICHUH MEPICHAUKYIISIPHOM
pPEeXyIIeH KPOMKE, a 0CEBOE OMEHHE PeXYIIUX KPOMOK, MTPOBEPSEMOE TTOCEPEANHE
PEeXyIIel KPOMKHM B HAPaBICHUH MMapaJlJieIbHOM OCH pabouel 4acTu cBepa.

2. Jlomyck oceBOro OMEHHS PEXYIIMX KPOMOK JUIsl BCEX KJIACCOB TOYHOCTH
CBEpJI HE JIOJKEH OBITH OOJIee TIOJIOBUHBI MTOJJa4 Ha 000POT CBepIa.

3. Hnsa o0paboTKu OTBEPCTUH CBEpJICHHEM HCIOJb30BaTh CBEpJIa
noBbiieHHONH TouyHOocTH Kkinacca Al mo I'OCT 10903-77 ¢ nBYXIUIOCKOCTHOM
3aTOYKON 3aJIHUX MMOBEPXHOCTEN, y KOTOPBIX OCEBOE OMEHHE PEXKYIIUX KPOMOK HE
npesbimaet 0,06 MM.

4. Hcnomp30BaTh CIEAYIOIIME TapaMeTpbl pPEKUMa PpE3aHus: CKOPOCTh
pe3anus 4,32 - 5,56 m/mun, nogaya 0,2- 0,25 Mm/00.

5. Pe3ynbpTaThl quccepTallMOHHOM pa0OThl BHEAPEHBI B yueOHBIN Mpoliecc,
UCTIONB3YIOTCS TIPH MPOBEICHUH JICKINH, TaOOPATOPHBIX U MPAKTUIECCKUX 3aHATUN
Ha kadeape Texnomorun mammuHoctpoenus KI'TY um. 1 Paszakosa. [IpunaTts k
BHepeHnto Ha npeanpusatun OcOO «Anartami.
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AiinadexoBa Aiinyp AuamanoBHa 02.05.08 - wmammHa Kypyy
TEXHOJIOTHSIChI ATMCTUTH 00IOHYA TEXHUKA WINMIAEPUHUH KAHIUAATHI WINMUIA
AapakacblH u31eHYy Y4YyH «Ke3004yy KO30HOKTOP MeHeH KO30HOKTOPIY
HINTETYYHYH CANATBIH KOTOPYJaaTyy 00HHYA METOMIAOPAY *KaAHA CYHYHITAPAbI
UIITEN YbITYY» TeMAChIHAATbI JUCCEPTANMSCHIHBIH

PE3IOMECH

Herumsru ce3nep: HiITen 4bIryy, Ke3004, KEMTHUK KaTMapIblH TEPEHJMIH,
KAaTYyJyK, KEeCYY PEKUMICPUHUH MapaMETpIepH, KOPPESAUs, anlpoKCHUMalus,
176370) 01 G

N3unaneenyn odbekTHcH Oonyn Oar Kecyydy cailboop KeszeeuTrep MEHEH
KO30HOKTOP/1y MIITETYYHYH TEXHOJIOTHUSIIBIK MPOLIECCTEPH CaHAIAT.

NM3uianeenyH mnpeameru OOIyn SMIeK ChIMBIMIYYJIYTYH TOMOHIOTYYHY
KaMChI3 KbUIyydy OaT Kecyydy caildoop Ke3eeuTep MEHEH KO36HOKTOpIy
UIITETYYHYH CalaThIH KOrOpyJIaTyy bIKMAChIH UIITEN YbITYYy CaHaaT.

N makcarsl  00Odyn MallMHa TETUKTEPUHHUH —CalaThblH  JKaHa
OBIIIBIKTHITBIH KOTOPYJIATYy MaKcaThIHAA CTaHAAPTTYy cailboop Ke3ee4Tep MEHEH
UIITETUITEH KO30HOKTOPAYH OCTMHUH KaTyyJyryH >KOTrOpyJiaTyy MEHEH Oupre
KEMTHK KaTMApPbIHBIH TEPEHIUTHH A3alTyy CaHajar.

N3nianee bikMagapbl xkaHa :xka0ayynap. V3uingeeHyH METOIOJIOTHSICHI
MallliHa KYPYY TEXHOJIOTHSCBIHBIH HETHU3ACPHUH >KaHA METAJT KECYY TEOPHUSCHIH
KOJIoHyyra HeruzaenreH. M3unmeenep araiibin sxa0apuiran creHpnaepae 67511,
1K62 cTaHOKTOPYHYH HETH3MHJIE 3amMaHOanm mnpuOopiiop MEHEH >KalayyJapibl
KOJJIOHYY MEHEH KYpPry3yJdyl, HaThlibkanapra Ke3 calbllThl. HM3ungeeHyH
HaTbIKanapbl O KaKbIHIAIITBIPYY, MATEMAaTUKAIbIK CTATHCTUKA, KOPPEJSIUs
TEOPHUSICHI )KaHA PETPECCHUSIIBIK AHATU3 BIKMAJIAPbl MEHEH HUILITEIHUI YbIKKaH.

AJIBIHTAH HATBIMAKAJAP KAHA AJAPAbIH  KAHBLIBITBI:  KO36JI'6H
KO30HOKTOPJIYH OJIYOMIOPYHYH TAKTHITBIHBIH, OKTYH MNEPHEHIUKYJIAPAYYIYyTYHYH
)KaHa O€TMHMH TErM3JUTMHUH KEeCYy pEKUMHUHUH T[apaMeTpiiepuHe »KaHa
KO30TYUTOPJYH  KeCcyydy  UYETTepUHMH  OKTYK  arblll  YbITYyCyHa K3
KapaHJbUIBITBIHBIH MYHO3Y AKCIEPUMEHTAIABIK TYPAO AHBIKTAJIbI KaHa WIMMUN
HETU3JECIAM, KO30HOKTOPJIYH MYHO3YH YarbUIIBIPraH HSMIMPUKAIBIK MOJEN
NBIHIBL. OyJl K63 KapaHIbUIBIK, KO300YTOPAYH KeCcyydy OenyryH KypuyTyy
cynymTainran (mareHt Ne 265 - KbIprei3mnaTeHr).

Koagonyy pnapaxacbl. JluccepranusiiblKk WIOTHH KBIMBIHTBIKTAphl, .
PazzakoB arbingarel KMTYHyH Mammnaa Kypyy TeXHOJOTHCH KadeapachiHaa
OKyy MpOIECCUHE KUPru3miaau kana «Anataum» KUK umikanacelHa eHAYpPYLIKO
KUPTU3YYTO KaObLT abIHIbI.

Koanonyy u4eiipecy. bar kecyydy caitboop Kke3eedTep MEHEH KO36JIeH
KO36HOKTOP/IY UIITETYYHY KOJJOHTOH OHAYPYII UILIKAHAJIAPHI.
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PE3IOME

aucceprannu AiiHa0exkoBoi AWHYp AJIMaHOBHBI Ha TeMy: «Pa3padoTka
METO0B M PEKOMEHIAUMI MO NMOBBIIIEHUI0 KayecTBa 00pa00TKH OTBEpPCTHM
CIMPATbHBIMH CBEpPJIAMH» HA COMCKAHME YYEeHOH CTeleHM KaHAUAATa
TeXHHYECKUX Hayk mo cuneuuajgbHoctu  05.02.08 —  TexHoJiorus
MAIIUHOCTPOCHUS

KiuroueBble  cjoBa:  pa3paboTKa, CBEpJiO,  KBAJIUTET  JIONYCKa,
HIEPOXOBATOCTh MMOBEPXHOCTH, MEPIEHIUKYISIPHOCTh, pa3OUBKa OTBEPCTHS,
anIpoKCUMaIusl, UCCIEOBAHUE.

O0beKTOM HCCIeIOBAHUS  SBJSIOTCS  TEXHOJIOTMYECKHE  IMPOLIECCHI
00pabOTKH OTBEPCTUH OBICTPOPEKYIIMMHU CIIUPATHLHBIMU CBEPIIAMHU.

IIpeaMeTroM mMccieaoBaHUs SIBISAIOTCS pa3pabOTKa METOJOB IMOBBIIICHHUS
KayecTBa OOpaOOTKU OTBEPCTHH OBICTPOPEKYIIMMHU CIUPAIBbHBIMU CBEpJIaMH,
00€eCIeYnBaOIINE CHUKEHUE TPYJOEMKOCTH 00pabOTKH OTBEPCTHH.

Heabo padoThl sBiIsieTCS pa3padOTKa METOJOB MOBBLIIMIEHUS TOYHOCTH
pa3Mepa W  IIEPOXOBATOCTHM  TMOBEPXHOCTH  OTBEPCTUH, 0OpaOOTaHHBIX
CHOUPAJIBHBIMU CBEpJIAMHM JJII CHUKEHHUS TPYJIOEMKOCTH OOpabdOTKH H3IEIHM
MalIMHOCTPOEHHUS.

Metoabl mMccIeJOBaHUSI M anmaparypa. Meroauka ucciaeA0BaHUMA
0asupyercs Ha MCIOJIb30BAHUM OCHOB TEXHOJIOTMH MAIIMHOCTPOCHHS U TEOPHH
pe3anus MetajuioB. MccnenoBanus NpoBOAMINCH Ha CIIEHUAIBHO 000PYI0BaHHbBIX
cteHaax Ha 0azax crankoB 675I1, 1K62 ¢ wucnonp3oBaHHEeM COBPEMEHHBIX
npuOOpOB U ammaparypsl A KOHTPOJI pe3yJbTaToB. Pe3ynbpTaThl UCClieJOBaHUM
oOpalaThIBaJIMCh METOJAaMHU  aNpPOKCUMAllMM, MaTeMaTUYeCKOM CTaTUCTHKH,
TEOPHUH KOPPEJISILIUU U PETPECCHOHHOTO aHAJIN3a.

IlosrydyeHHbIe pe3yabTaThl M UX HOBU3HA: 3KCIIEPUMEHTAIBHO ONPEIEIICH
U HAyyHO OOOCHOBAaH  XapakTep 3aBUCUMOCTEHl  TOYHOCTH  pa3Mepa,
NEPHEHANKYJIIPHOCTH OCH M IIEPOXOBATOCTH TMOBEPXHOCTH MPOCBEPIECHHBIX
OTBEPCTUI OT MAPaMETPOB PEKUMA PE3AHUSI U OCEBOTO OMEHUs PEKYIIMX KPOMOK
CBEpJ, TMOJy4Y€Ha »SMIIMPUYECKas MOJeNb, OTpaXKawllas XapakTep JTOu
3aBUCUMOCTH, MPEJIOKEHA 3aTOUKA PEXKYIIUX AJIEMEHTOB cBepi (maTeHT Ne265 -
KbIpreznarenr).

Crenenbp ucCnoab30BaHMsA. Pe3ynbTaThl AUCCEPTALIMOHHON  pPabOTHI
BHEJIPEHBI B YU€OHBIM MPOLIECC, UCTIONB3YIOTCS MPU YTEHUH JIEKUUH, MTPOBEACHUN
7a00paTOpHBIX W TMpakTHUeCKuX 3aHatuii Ha Kadempe «TexHomorus
MammHocTpoeHus» KI'TY wum. U Pas3akoBa. lIpuHATEI K BHEAPEHUIO B
npou3BoIcTBO Ha npeanpuatu OcOO «Anartainy.

O6sactb mnpuMeHeHusl. MammHOCTpOeHHE, 00pabOTKa OTBEPCTHIA
pe3aHueM ObICTPOPEKYLIMMH CIIUPAIbHBIMU CBEpPIaMH.
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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 I. Razzakov. Accepted for implementation in production at the enterprise
OO0OQ Alatash.

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