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PA3BPABOTKA 1 OFOCHOBAHHUE 3AKOHOMEPHOCTEM MOBBIINEHUS KAYECTBA
OBPABOTKH OTBEPCTUM CIIUPAJILHBIMU CBEPTAMM

H.A. Pazpun, A.A. Auinaéexosa, b.b. /Jopzoes

AHHOMayus. TeXHONOorM4yeckMn npouecc 06pa6OTKVI OTBEPCTUIN BbICOKON TOYHOCTWU M OTHOCUTENBHO Manoro guame-
Tpa, NOMUMO CBepPIieHNs, COOAEPXXUT HEeCKONbKO NepexoaoB: paccBeprinBaHne, YepHOBOE N YNCTOBOE 3eHKepoBaHue,
HOpmMarsibHOe, TO4YHOE U TOHKOE pasBepTbiBaHKE. pr,ElOBMKOCTb 06pa6OTKVI TaKkux OTBEPCTUIN LOBOSIbHO BbICOKaS. Ogn-
HUM U3 nyTe|7| CyLLEeCTBEHHOIO CHMXEHUA TPYOOEMKOCTU ABMNAETCH NOBbllLEeHUEe Ka4vecTBa OTBepCTI/IVI, OGpaGOTaHHbIX
cnunparnbHbIMX CBepnamMmun. OBGOCHOBaHO CHUWXEeHWe TPYyAOEMKOCTHU O6pa6OTKVI OTBEPCTUN BLICOKOW TOYHOCTW 3a CYET
NoBbllLEHNA KavyecTBa OTBepCTI/II7I, 06pa60TaHHbIX cBepneHnem. 3KcnepmmeHTaano onpegerneHbl CKOPOCTU pe3aHuns,
Ha KOTOPbIX HAPOCT Ha pexXyLnX KpOMKax cBeps OTCYTCTBYET,; NpoBeAeH aHann3 NOrpeLLHOCTeN 3aTO4YKM CTaH4APTHBIX
6bICTp0pe)KyLLWIX cnuparnbHbIX CBEpI; onpeaeneHbl pexnmbl U YCroBUA npouecca 06pa6OTKVI, nossonswLwine noebl-
CUTb Ka4yeCTBO OTBEPCTUM, MPOCBEPMEHHbIX 6bICTpOpe)KyLIJ,MMVI cnunparnbHbIMKW CBepnamu; onpenerieHbl nokasarenu Ka-
4YecTBa, pa3p860TaHbl mMartemMaTtndeckme 3aBUMCMMOCTU ONA UX pacyeTa.

Kntoueenle criosa: CBepIo; oTBepCcTue; LepoxoBaToCTb, KBAITIUTET, CKOPOCTb pe3aHud; noga4ya.

CHUPAJBb TYPYHJO BYPI'YJIAP MEHEH TEHIUKTEPIU UIIITETYYHYH CAITATBIH
JKOTOPYJIATYYHYH MBIN3AMYEHEMAYYJYKTOPYH
HIITEII YBITYY ’KAHA HET'U3/160

H.A. Pazpun, A.A. Aiunaoexosa, b.b. /lopzoes

AHHOmauyusi. ByprynoofoH ThiLKapbl, XXOTOPKY TaKTbIKTarbl XaHa canbIWTbipManyy KAYMHeKen anameTpaery Teluk-
TEpAM WLITETYY Npoueccu Gup Heve eTkeenaepay 63yHe KaMTbIAT: ANaMETPUH YOHOWTYY, 3eHEKep MEHEH Tasa aMec
XaHa Tasa ULWWTeTYy, KaguMKK, TaK KaHa KbingaT KavrawTbipyy. MblHAai TeWMKTepan MLWTETYY Kem aMrekTu Tanan
KblnaTt. OMreKTV OnyTTyy KbICKapTyy blkManapbiHbIH 6Upu — cnuparnb TypyHAe Gyprynap MeHeH ULITETUMrEH TeLUUK-
TEPAWH canaTbiH XaKLWbIpTyy. Bypryrnoo xony MeHeH WLITETUIYYYy TELUMKTEpAWH canaTblH JKoropynaTyyHyH acebu-
HEH >KOTOpKY TaKTbIKTarbl KO36HOKTOpAY WULLTETYYre KETKEH AMIeKTUH TeMeHAeLly Hernsaenau. ByprynooHyH kecyyuy
YeTTepuHAE ecyLL )oK GONMroH Kecyy blAamMabIrbl 9KCNepUMeHTanAbIK Typae aHbIkTanabl; CTaHAapTTYy KOropKy bifi-
JamabikTarsl cnupans Gyprynapabl KypuyTyyaarsl katanapra Tangoo Kypry3ynay; KOropky bingamasikTars! cnvpans
Gyprynap meHeH GyprynaHraH TeLUMKTepAMH canaTblH XoropynaTyyra MyMKYHAYK 6epyyqy ULITETYY NPOLECCUHUH pe-
XUMIEPU XaHa LapTTapbl aHbIKTanapl; canaTTbik KOPCOTKYUYTOpY aHbIKTandbl, anapabl 3CENTee Y4yH MaTeMaTmkanblk
Ke3 kapaHAbIMbIKTap ULUTENNM YbIKTbI.

TyliyHOyy ce30ep: Bypry; TELLUK; KbifIMa 3MECTUK; canatbl; KECYY bingaMabirs!; Gepyy.

DEVELOPMENT AND JUSTIFICATION OF REGULARITIES
OF INCREASING THE QUALITY OF HOLING WITH TWIST DRILLS

N.A. Ragrin, A.A. Ainabekova, B.B. Dorgoev

Abstract. The technological process of machining holes of high accuracy and relatively small diameter, in addition to
drilling, contains several transitions: reaming, roughing and finishing countersinking, normal, precise and thin reaming.
The complexity of processing such holes is quite high. One way to significantly reduce labor intensity is to improve
the quality of holes processed with twist drills. The presented work solves an urgent problem: reducing the complexity
of processing high-precision holes by improving the quality of holes machined by drilling. In work: experimentally
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determined cutting speeds at which there is no built-up on the cutting edges of drills; an analysis of the sharpening
errors of standard high-speed twist drills was carried out; the modes and conditions of the processing process are
experimentally determined, which make it possible to improve the quality of holes drilled with high-speed twist drills,
quality indicators are determined, and mathematical dependencies for their calculation are developed.

Keywords: drill; hole; roughness; quality; cutting speed; feed.

[IpoBenen ananu3 mokaszaresieil kauecTBa oTBepcTHil ArameTpom oT 10 10 20 MM TEXHOIOTHYECKO# Oc-
HACTKH: IITaMIIOB, pecc-GpopM, JIUT-PopM, IpUMEHIEMbIX Ha NpeanpuaTusx r. bumkex (tadmuna 1), mo3so-
JISIFOIIIM C/IENTaTh BBIBO 00 MX BBICOKOH TOYHOCTH.

Ta6n1/1ua 1 — [Toka3arenu KayecTBa OTBepCTHfI TEXHOJOTMYECKON OCHACTKU

Huamerp, Kanurer [lepoxoBarocTh
Hasnauenue orBepcTust
MM JIOITyCKa Ra, MKkM
10-13 7 0,8 [Ton 3nakm
14-16 9-7 0,8 [Ton BeITaNKKMBATEIN
1620 7 0,8 Ilon HampaBistoIINE BTYJIKU

Texnonornveckuit mpouecc 00pabOTKU OTBEPCTHI BBICOKOW TOYHOCTH U OTHOCHTEIBHO MAJIOTO JHaMe-
Tpa, IOMAMO CBEpIJICHHS, CONEPKUT HECKOIBKO MEPEXOIOB: PACCBEPIMBAHNE, YEPHOBOE M YHCTOBOE 3CHKE-
poBaHKE, HOPMAJIbHOE, TOYHOEC W TOHKOE pa3BepThIBAHUE. B CBS3M C 3TUM, U C YYETOM MHOTOKPATHO BO3-
pocIIIeif CTOMMOCTH OCEBBIX HHCTPYMEHTOB, TPYIOEMKOCTh 00pabOTKH TaKUX OTBEPCTHH TOBOIBHO BHICOKA,
YTO OTPHILATENHLHO CKAa3bIBACTCS HA CTOMMOCTH OCHACTKU M W3TOTABIMBACMBIX HA Hel m3menuit. OqHuM u3
MyTEeH CYIIECTBEHHOTO CHIDKCHHS TPYIOSMKOCTH SIBJISIETCS ITOBEIIICHHUE Ka9eCTBA OTBEPCTHIA, 00pabOTaHHBIX
crpaibHbBIME cBepiamu. [103ToMy npencTaBieHHas padoTa peliaeT akTyalbHy0 MpodieMy: CHUKEHHE TPY-
JIOEMKOCTH 00pabOTKK OTBEPCTHIA BEICOKOW TOYHOCTH 32 CUET MOBBIIICHHUS KaueCcTBa OTBEPCTHH, 00paboTaH-
HBIX CBEPIICHHEM.

Ha ocHoBaHMM aHaMN3a JTUTEPATyPHBIX UICTOYHUKOB M B COOTBETCTBHH C IIENIBI0 UCCIEIOBaHNHN pa3pado-
TaHbI 32J1a4K UCCIICIOBAHHA:

1. DKCIepUMEHTAFHO ONPEeTUTh CKOPOCTH pPEe3aHMsl, Ha KOTOPBIX HApOCT HA PEXYIIMX KPOMKax
CBEpJI OTCYTCTBYET.

2. IIpoBecTn aHanm3 MOTPEIIHOCTEH 3aTOYKH CTAHAAPTHBIX OBICTPOPEKYIINX CIHPAIBHBIX CBEPI C Iie-
JIBEO OTIPE/ICIICHHS] BOBMOXKHOCTHU MX MCIIOJIb30BAHUS [UIS TIOBBIIICHUS KAUueCTBA IPOCBEPICHHBIX OTBEPCTHH.

3. DKCHEepUMEHTAIBLHO ONPEACTHUTE PEXKUMBI U YCIIOBHUS TIporiecca 00pabOTKU OTBEPCTHI OBICTPOPEKY-
[IMMU CIHPAJIBHBIMUA CBEPJaMH, MO3BOJISIOIIUE MOBBICUTH KAY€CTBO MPOCBEPICHHBIX OTBEPCTHUI C IEIBIO
CHIDKCHUS 00IIeH TPyZOeMKOCTH 0OpaOOTKH OTBEPCTHI BBICOKOM TOUHOCTH, ONPENENUTh MOKA3aTeIN Kade-
CTBa IPOCBEPICHHBIX OTBEPCTHH, pa3padboTaTh MaTeMaTHYCCKHE 3aBUCUMOCTH ISl KX pacyera.

M3BeCTHO, UTO OBICTPOPEKYIIHE CIHpANBHBIC CBEpiIa paboTaloT Ha CKOPOCTSIX pe3aHMs aKTUBHOTO 00-
pasoBanus Hapocta [1] (pucyHnok 1). OTaenuBIIKEcs YaCTHIIBI HAPOCTa IapanarT 00padOTaHHYIO TIOBEpX-
HOCTB OTBEPCTHH U MPUBAPUBAIOTCS K HEH, YeM 3HAYUTENFHO YXYAIIAIOT €€ MePOXOBATOCTb.

OOUICTIPUHATBIA TEXHOJIOTMYCCKUI METO]| YIy4IICHHs MICPOXOBATOCTH O00OpPaOOTAHHOW MOBEPXHOCTH
IpeyCMaTPHBACT yBEIWUCHNE CKOPOCTH pE3aHMs BBHIIIE IMPEAeia aKTHBHOTO 00pa3oBaHUs HapocTa. YBe-
JMYCHUE CKOPOCTU PE3aHUsl CTaHAAPTHBIMH OBICTPOPESIKYIIMMHU CIUPATbHBIMU CBEPJIAMH COIPOBOXKIACTCS
3HAYHUTEIBHBIM YBEIIMYCHHUEM Pa30MBKU 00pabOTaHHBIX OTBEPCTHH (PUCYHOK 2), YTO OTPUIATEIBHO CKa3bl-
BACTCsl HA KAUYSCTBEHHBIX MMOKA3aTesIX 00pabOTaHHOW MOBEPXHOCTH OTBEPCTUH U HE MO3BOJSIET IPUMEHHUTH
OOIIEIPUHSTHIN TEXHOTOTHIECKHI METOI.

AHanu3 TUTePaTyPHBIX UCTOYHHKOB MO3BOJIMII CHIENATh BHIBOJ 00 OTCYTCTBHHU Y HCCIEHOBATENCH eau-
HOTO MHEHHS O HaJHYHH HapoCTa MpH paboTe Ha HMU3KHX CKOPOCTIX pe3aHus. Pesymprarsl mcciemoBaHuit
xapakrepa 00pa30BaHUs HAPOCTA HA PEXKYIIUX KPOMKAX OBICTPOPEKYIIUX CIHHPATBHBIX CBEPII OTCYTCTBYIOT.
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Pucynok 1 — Hapoct Ha yromnke cBepia PucyHok 2 — 3aBrucuMOCTh pa30MBKH OTBEPCTHS

OT CKOPOCTH PE3aHuUsI

PucyHok 3 — DkcriepuMeHTaIbHbINA CTEH Pucynox 4 — Onruueckoe mpucrnocoOieHue

OTO MOCTYKUIO OCHOBAHMEM JIsl IPOBEICHUS HACTOAIIUX HccaenoBaHUM. Tounau 3aroToBKU U3 cTanu 45
YTOJIKOM CIUPAJIBLHOIO CBEpPJIa, 3aKPEIUIEHHBIM B pe3leiepkaTelie TOKapHoro craHka (pucyHok 3). M3mepe-
HHUE BEJIMYMHBI HAPOCTa OCYIIECTBISIIM Ha CTaHKE C MPUMEHEHUEM OINTHYECKOrO MPHUCIIOCOONEHUs (pUCy-
HOK 4).

[TonmyuyeHna 3aBUCUMOCTH BBICOTHI HAPOCTA OT CKOPOCTHU pe3aHus (PUCYHOK 5), Ha KOTOPOH Ha CKOPOCTSIX
pe3aHmsI, MEHBITNX 6 M/MUH, HAPOCT OTCYTCTBYET. AHAIN3 PE3yIBTaTOB UCCICIOBAHUIN H allPHOPHON HHPOP-
Maru (PUCYHOK 6) TIO3BOJIMII C/IETIaTh BBIBOJ, YTO HAa ATHX CKOPOCTSAX PE3aHMs TeMIlepaTypa pe3aHus MpH-
mepHo pasHa 200 °C.

Ananu3 anpuopHoi nH(opManuy nokasai, 4yTo npu temneparype Meabuei 200 °C mIacTH4HOCTh CTaIN
pacrert, a rmpezes IPOYHOCTH ManaeT (PUCYHOK 7), UTO TIOATBEPIKICHO MCCIICIOBAHUSIMU COTPYIHUKOB Kade-
npbl Texnonorun mamuHoctpoeHust KI'TY [2] (pucyHok 8).

W3mepsimu TBEPIOCTH 3arOTOBOK M3 CTaiu 45 ¢ pa3nuuHoi Temmeparypoi. VcciemoBaHus TO3BOIMITN
onpeaenuTh Temneparypy B npeaenax 200 °C, mpu KOTOpoi CHU)KEHHE TBEPIOCTH UMeeT MecTo [1].

Kak ObuTO TTOKa3aHO BBIIIE (PUCYHOK 2), Ha pa30MBKY 00padaThIBACMBIX OTBEPCTHI CYIIECTBEHHO BIIH-
sIeT CKOPOCTh pe3aHusl. Takoe BIUSHUE SBISIETCA CIEICTBUEM KOHCTPYKTHBHBIX OCOOCHHOCTEH CIHMpabHBIX
CBEpII, y KOTOPBIX OJHH 3y0 HMEET OTIMYHSI OT APYTOTO B MPEIEIaX BEIUINHBI JOMYCKOB HX KOHCTPYKTHBHBIX
9JIEMEHTOB M TEOMETPHUYECKUX MApaMeTPOB, YTO IPUBOAUT K SKCIIECHTPUYHOCTH pabovell 4acTH CBepiia U yBe-
JIMYEHUIO ee KoJieOaHuil ¢ yBeJIMUeHUEM YacTOThI BpalllEHUsI.
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Pucynok 5 — 3aBUCHMOCTB BBICOTHI HAPOCTA
Ha YroJjIkax CBepJia OT CKOPOCTH pE3aHus

VT.u VT,

1500 /m 10 1500 / W

1000 Jgff‘\z \ 100051/"\2 ‘i
\\

MRV e
AN .

0 02 04 V,wmc 500 600 700 800 0°K
a o

PucyHnok 6 — 3aBUCHMOCTB TyTH PE3aHHUsl OT CKOPOCTH pe3aHus (a) 1 Temreparypbl pesanus (0):
1 — Tommuna cpe3a o= 0,1 mm; 2 — o= 0,3 MM
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Pucynox 7 — BnusiHue temneparypbl Ha IPOYHOCTh CTalIH:
€ — IUTACTUYHOCTD; G, — MPEJIEN IPOYHOCTH
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Pucynok 8 — 3aBucumocts TBeproctu (HB) 3arotoBkun Pucynok 9 — Cmernienne mornepeqyHoil KpOMKH
U3 cTany 45 OT TeMneparypsbl Y HEPaBEHCTBO YIVIOB B ILJIaHE

[IpoBeneH aHamu3 NOrPENIHOCTEH 3aTOUKHM paboueil yacTu CTaHIAaPTHBIX CIIUPAJILHBIX CBEPII B Ipeaeaax
JIOITYCKOB HAa TEOMETPHUECKHE TTapaMeTphI (PUCYHOK 9).

OCHOBHOE BJIHMSIHUE Ha Ka4yeCTBO 00pabOTaHHBIX OTBEPCTUN OKA3bIBAIOT MOTPEIIHOCTH, BbI3BAHHBIC HE-
PABEHCTBOM YTJIOB B IUIAHE W CMEUICHHEM ITONIEPEYHON KPOMKH. DTH MOTPEITHOCTH NMPHUBOIAT K HAIWIHIO
0CEBOr0 OMEHUS PEKYIIUX KPOMOK, JOIMYCK KOTOPOTO PerIaMeHTUPOBAH JJIsl CBEPI Pa3IMYHOro Kiacca To4-
HocTH B mpenenax ot 0,11 mo 0,3 MM (Tabnuua 2) U mpoBepseTcs MocepeinHe PEXYIIHNX KPOMOK CBeplia.
OTO0 3HAYUT, 4TO s cBepi auameTpom oT 10 mo 20 MM MakCMManbHOTO Kjiacca ToYHOCTH Al oceBoe Oue-
HHUE Ha YToJIKe cBepiia MoXeT ObITh paBHBIM (0,22 MM. B 3TOM citydae nmpu peKoOMeHyeMOi OCEeBOH Imojaye
0,23 Mm/006 cBepiio OyaeT paboTaTh MPaKTHUECKH OHH 3yOOM.

Tabmnma 2 — Jlomyck oceBoro 6uenus 6, I'OCT 2034-80

Jomyck oceBoro OueHust Ajsl CBEPI KJIACCOB TOYHOCTU
Al Bl B
10-20 mm 0,11 0,2 0,3

Juametp cepia

OTO OTPUILIATENBHO CKAXETCSI HE TOJIBKO HAa KAUECTBE MPOCBEPIECHHBIX OTBEPCTHH, HO M HA CTOMKOCTH
CBEpJI, KOTOPAask 3HAYUTEIIFHO 3aBUCUT OT BEJIMUMHBI ofa4u (pucyHok 10).

ITpoBeneHHBII aHAN3 O3BOJISET CJIENATh BHIBOJ O HEBO3MOXKHOCTH UCIIONIb30BAHUSI CTaHAAPTHBIX CBEPI
JUIS TIOBBIIICHHSI KQUeCTBA MPOCBEPIICHHBIX OTBEPCTHI 0€3 CIIeMaIbHON 3aTOUKH PEXKYIIEH YacTu.

Jlns mpoBeieHns TaTbHEHIIINX HCCIIe0BaHIN OblTa BIOpaHa ABYXIIIOCKOCTHAs 3aTOYKa pabodel 4acTi
cBepd (pucyHok 11), mo3BoJIsIFOIIAsl YCTPAHUTh YKa3aHHBIC HEAOCTATKH CTaHIAPTHON 3aTOUKH. OnpeneneHbl
apaMeTpbl peKUMa Pe3aHHsl CBEPIL.

Jlis mpoBeZieHUsT UCCIIE0BaHUM HCIIOIB30BANIN MPEIM3HOHHBIN BEPTUKAIBHO (DpE3epHBIH CTAaHOK MO-
Jgemn 67511 JInst KOHTPOIISL 0CEBOr0 OUEHHUS PEXKYILIUX KPOMOK CBEPJI, YCTAHOBICHHBIX B IIMHUHEIE CTAHKA,
HCTIONIB30BATIM MUKPOMETpP YacOBOTO THUIIA, YCTAHOBJIEHHBIM HAa MarHUTHOM InTatuBe. KoHTponb nuamerpa
MIPOCBEPIICHHBIX OTBEPCTHH OCYIIECTBIIIN HyTPOMEPOM, MIEPOXOBATOCTH HOBEPXHOCTH — IPUOOPOM IS M3~
MepeHHs ImepoxoBaTocTy noBepxHoctu MarSurf M 400 (pucynok 12).

Hcrnonb3oBanu cBepia kiiacca TOYHOCTH B ¢ oceBbM Onennem 0,3 MM, kimacca ToqHOoCcTH Bl ¢ 0ceBbIM
6uennem 0,2 MM 1 ki1acca To4HOCTH Al ¢ oceBbM OuenueM 0,08 mm. Cepina kimaccoB TouHocTH B 1 B1 nme-
JIM CTaHJapTHYI0 KOHMUYECKYIO 3aTOUKy pexyuiell yacTu. Ceepia kiacca To4HOM Al 3aTaunMBasIuCh 1O ABYX-
IJIOCKOCTHOM 3aTOYKe Ha IPELIU3UOHHOM YHUBEPCAJIBHOM 3aTOUHOM cTaHke MoA. 3[1641E ¢ noBoakoi anmas-
HBIM UHCTPYyMEHTOM. [IoBEepXHOCTH OTBEpPCTHUIl, IPOCBEPIEHHBIX CBEPIAMHU C CTAHAAPTHON U JBYXILUIOCKOCT-
HOM 3aTOYKOM CYIIECTBEHHO Pa3IMyaroTCs Jaxke TP OlleHKE HEBOOPYKEHHBIM Ti1azoM [3] (pucyHok 13).
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Pucynox 10 — 3aBUCUMOCTb CTOMKOCTH CBEPII Pucynox 11 — JIByXII0CKOCTHas 3aTOUKa
JMaMeTPOM OT HOAaYH pexKylei yacTu

Pucynok 12 — Ipubop asst u3MEpeHuit epoxoBaToCTH
nosepxHocty MarSurf M 400

| 2

Pucynok 13 — KayecTBo 00paboTaHHBIX TTOBEPXHOCTEH:
1 — cBepioM ¢ KOHUYECKOM 3aTOUKOM; 2 — CBEPIIOM C IBYXIUIOCKOCTHOM 3aTOUKON
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HccrenoBanue BIUSHUS peKUMOB M YCIOBUH Tporiecca 00paboTKH OTBEPCTHI Ha MOKa3aTeln KayecTBa
00paboTaHHOW MOBEPXHOCTH OTBEPCTHH MOKA3aj0, YTO CKOPOCTh PE3aHUs U Iojada HEe OKAa3bIBAKOT CyIIe-
CTBEHHOTO BJIMSIHHS Ha IIEPOXOBATOCTh MOBEPXHOCTH OTBEPCTUH (Tabnuia 3) ¥ KBaJIUTET AOMycKa (Tadiu-
na 4). OcHOBHOE BIMSHUE Ha MOKa3aTeli KauecTBa MOBEPXHOCTH OTBEPCTUH OKa3bIBae€T 0CEBOE OMEHUeE pe-
KYIITIX KPOMOK.

Tabnmuua 3 — [llepoxoBaTocTh MOBEPXHOCTH OTBEPCTUI

Vv, do, S, MM/06

whin | ommo | 025 | 020 | 016 | 013 | 01 | 0078
Ra, MkMm

5.53 03 | 125 | 66 | 120 | 123 | 121 ] 67

4,32 63 | 125 | 120 | 68 | 127

5,53 02 | 63 | 30 | 6l | 33 | 62 | 32

4,32 30 | 61 | 32 | 60 | 63

5.53 008 | 087 | 015 | 044 | 094 | 086 | 062

4,32 026 | 063 | 023 | 011 | 0,68

Tabmuua 4 — Kanurer nomycka

V’ 609 S, MM/00
whom | 025 | 020 [ o016 013 | 01 [ 0078
Kpanurer J0ITyCKa

5,53 03 13 13 13 13 13

4,32 ’ 13 13 13 13 14 13

5,53 0.2 10 10 10 9 9 9

432 10 9 8 9 8

5,53 9 8 7 0 0 0

432 0,08 8 8 0 0 0
Ra = 81,350, (1)
A =1,5450"% . ()

CrereHb BIUSHAS 0CEBOTO OMEHHS PEXKYIINX KPOMOK HA IIEPOXOBATOCTH MOBEPXHOCTH OTBEPCTHH U Ha
KBAJIIUTET AOIyCKAa MPUMEPHO OIMHAKOBAs. DTO MOATBEPIKIACTCS PE3yNbTaTaMU arpOKCUMALUH I'pahHKOB
3aBUCUMOCTEH 11epoxoBaTocTu (pucyHOK 14) u kBanmTeTra nomycka (pUCYHOK 15) OT oceBoro OMeHus pexy-
muX KPpoMoK cBepil. [Tomydennsie MaTemarndeckue BeipakeHns (1) u (2) nMeroT IpUMEpHO paBHBIC BEJINYN-
HBI CTETICHEH MPH 0CEBOM OMEHHHU PEXKYIIIX KPOMOK.

CreneHb BIHUSHUSI 0CEBOTO OMEHUS PEXYIINX KPOMOK Ha [IEPOXOBATOCTh MOBEPXHOCTH OTBEPCTHIT OOJIB-
IIe YeM Ha KBAJUTET AOIyCKa. DTO MOATBEPIKIACTCS Pe3yIbTaTaMH alllpOKCUMALIUH TPa(UKOB 3aBHCUMOCTEN
IIEPOXOBATOCTH M KBAJIHUTETA IOMTyCKa OT OCEBOT0 OMEHUS PEKYIIUX KPOMOK cBepi. [lepBoe Maremarmueckoe
BEIPOKCHHAE UMEET 3HAYHUTEIHHO OOJNBIIYIO BEIMYMHY CTEIICHH IPH OCEBOM OHMEHHH PEXYIIMX KPOMOK ITIO
CPAaBHEHHUIO CO BTOPBIM MaTeMaTHUECKH BBIPASKCHUEM.
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Pucynok 14 — 3aBuUcCHUMOCTSD 111€pOXOBATOCTH

MOBEPXHOCTH 00pabOTaHHBIX OTBEPCTHI OT OCEBOTO
OMEHUSI PSKYIIMX KPOMOK Ha CKOPOCTH pE3aHHsI
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Pucynok 15 — 3aBucuMocCTb KBajauTeTa TOUYHOCTU
OT 0CEBOT0 OMEHHs PEeXYIINX KPOMOK Ha CKOPOCTH
pesanus V = 4,32 m/muH, nogade 0,25 Mm/00

BbiBoABI. DKCIEPUMEHTATIbHO ONPEAEICHO OTCYTCTBHE HApOCTa HA PEXYILUUX KPOMKAxX CHHpaIbHBIX
CBEPJ Ha CKOPOCTSIX PE3aHMs, MEHBIINX 6 M/MUH. AHAIIU3 MOTPEUTHOCTEH 3aTOUKN CTAaHAAPTHBIX OBICTpOpe-
JKYIUX CIHUPAJIbHBIX CBEPJI TO3BOJIAET CHEJIaTh BHIBOA O HEBO3MO)KHOCTH MX UCIOJIb30BAHUS Ul MOBBIILIE-
HUS Ka4eCTBa MPOCBEPIICHHBIX OTBEPCTUH 0€3 CrenaIbHON 3aTOYKH PeXKyIIeH 4acTH.

CaepiieHHe CTaHAAPTHBIMU CBEpJIaMH Kj1acca TOUHOCTH Al ¢ IBYXIUTIOCKOCTHOM 3aTOUKON pexylei ya-
CTH Ha CKOPOCTSIX pe3aHus 5,54 u 4,32 M/MHUH Ha IPEIU3UOHHOM 00OPYIOBaHUH MO3BOJISIET MOIYYUTh MPO-
CBEpJICHHbIE OTBEPCTHS C ILEPOXOBATOCTHIO MOBEpXHOCTH Ra 0,8 MkM § KBajuTeTa TOYHOCTH, YTO 3HAUH-
TEJIBHO CHMKAET TPYMNOEMKOCTh 00pabOTKH OTBEPCTUH BBICOKOM TOYHOCTH 3a CUET MCKIIOUEHUS YEPHOBOTO
U YHCTOBOIO 3€HKEPOBaHMSA M HOPMAJIBHOIO pa3BepThiBaHUs. PazpaboTaHbl MareMaTHueCKHe 3aBUCHUMOCTH
Ul pacyeTa Iokasaresiell KauecTBa IIPOCBEPICHHBIX OTBEPCTUH.

[Moctynmna: 19.04.22; peuensuponana: 03.05.22; npunsirta: 06.05.22.
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