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«PexyIumi HHCTPYMEHT»
IUIsl CTYIEHTOB HAITPaBJICHUS

15.03.05 — «kKOHCTpYKTOPCKO-TEXHOJIOTHYECKOE 00ECIICUeHUE
MaITUHOCTPOUTENBHBIX MPOU3BOJICTBY

OYHOH ¥ 3204HOI popm o0yueHHs

Hreanc 2025



Heabr padoThbl: H3yYeHUE OCHOBHBIX THUIOB MPOTSKEK, OCHOBHBIX
AJIEMEHTOB HMX KOHCTPYKLHMH, O3HAKOMIICHHME C TEXHUYECKHMMHU YCIOBUSIMU U

METOOUKOM KOHTPOJIA IIPOTSAKCK.

OCHOBHBIE ITIOHATHUA
O0mue cBeAeHUs 0 MPOTAKKAX

[IpoTskkn  —  3TO  CHOEUUANbHBIA,  MHOTO3YOBIi  HMHCTPYMEHT,
npeaHa3HaYeHHBIN 111 00paObOTKHU JieTajiel OqHOM KilacCU(pUKAITMOHHOMN TPYIIIHI B
KOTOpPOM I0/1aya Ha 3y0 OCYIIECTBISETCS 3a CUET MPEBBILICHUS WU YUIUPEHUS
MOCEAYIOUINX 3yObEB.

[TpoTsKKM ~ ABIAIOTCS ~ BBICOKONPOU3BOAMTEIBHBIM  HHCTPYMEHTOM,
00eCTIeYMBAIOIINM Ka4eCTBEHHYIO 00pabOTKy MOBEPXHOCTEH C TOYHOCTHIO 10 6'°
KBJIUTETA U 1IEPOX0OBATOCTHIO 70 0,32 MKM. SBIsACH y3KOCTIEHHMAIN3UPOBAHHBIM
U CJIOHBIM MHCTPYMEHTOM, MPOTSHKKU MPUMEHSIOTCS B OCHOBHOM B MAacCOBOM U
KPYTHOCEPUHHOM MPOU3BOJICTBE.

Bricokas POU3BOJAUTEILHOCTh MPOTSKEK oOecrieunBaeTcs
OJTHOBPEMEHHBIM YYaCTHEM B pPE3aHWH OOJBIIOTO 4YHuciaa 3yOheB (OObIION
CyMMapHOW JUIMHOW PEXKYIIUX KPOMOK), a TakKKe COBMEIIEHHUEM YEPHOBOM,
YUCTOBOM U OTHENOYHOM oO0paboTku. [Ipumyck mpu MNpOTATUBAHUU OTPAHUUCH
JUIMHOM TPOTSDKKM M MPU  HEOOXOAMMOCTH 00paboOTKa OCYLIECTBIISAETCS
KOMIUIEKTOM TpOTshKeK. [IpoTskku oOecreunBaroT MPOU3BOAUTEIBHOCTE B 3...12
pa3 OOJBIIYIO [0 CPAaBHEHHUIO C pa3BepThiBaHHEM, (hpezepoBanueM. JlonbieHuem,
cTporanveM u nutMdoBaHueM. [luameTp mpOTATHBAEMbBIX OTBEPCTHH COCTABIISET
2...4000 mm.

Meton cBOOOJHOTO MPOTATUBAHUS 3AKIIOYAeTCsl B TOM, YTO HU3JENHE B
npoiiecce oOpabOTKU HE UMEET KECTKOU (PuKcau mo 0a30BbIM MOBEPXHOCTSIM U
TOYHOCTb TapaHTHUPYETCS TOJIBKO MO0 KOHTYpYy M pa3MepaM 00paboTaHHOU
MOBEPXHOCTH.

MeTo KOOPAUHATHOTO MPOTATUBAHUS MPEIyCMaTPUBACT TOYHOE B3aWMHOE

pacroJIOKEHUE TPOTSHKKM U 00pabaThIBAEMOTO W3JEHHSA, C OOCECIEUYCHHEM



TOYHOCTH (POPMBI, pa3MepoB OOpaOOTaHHON TOBEPXHOCTH U TOYHBIM €€
pacIojIoKeHNEM OTHOCUTEIBHO 0A30BBIX TOBEPXHOCTEH.

[IpoTsiruBaHnue OCYIIECTBIAECTCS HA TOPU3OHTAIBHO-TIPOTSDKHBIX — WITU
BEPTHUKAIBHO-TIPOTSDKHBIX CTaHKax. [IpoTsruBaHue C BpallleHUEM NPUMEHSETCs
JU1s1 00pabOTKKM BUHTOBBIX MA30B.

Knaccupuxanus nporskex

- M0 Crmoco0y NPWIOKEHUS YCHUIUS Ha TPOTSKKHA, pabdoTaromue Ha
pacTshKeHue, U MPOIIMBKH, pad0TaoIINe Ha CKATHUE;

- TI0 TUILY JABIKEHUS PE3aHMsl, C MPSIMOJIIMHEHHBIM JABM)KCHUEM PE3aHUS U C
KPYTOBBIM JABUKEHUEM (KPYTOBBIE MPOTSIKKN);

- 0 BUAY OOpabOTKM Ha pexyllue, KaauOpyrollue, BhIMJIaXKUBAIOIIUE U
KOMOMHHPOBAHHbIE;

- 0o TUMY O0OpabaThIBa€MbIX IMOBEPXHOCTEH HA BHYTPEHHHUE HaPY>KHbIE
MPOTSIKKY;

- II0 CX€MaM pe3aHus Ha OJIMHApHbIE W TMPOTPECCUBHBIC (C TPYNIOBOU
CXeMOH pe3aHus);

- 110 Xapakrtepy hopmupoBanus npoduis Ha reHepaTopHsie. [IpodunpHbie u
KOMOMHUPOBaHHbIE;

- 110 KOJIMYECTBY Ji€TaJIel B KOHCTPYKIIUM Ha LEJbHbIE U COOPHBIE.

W3 BHYTpEHHUX NPOTSHKEK C MPSIMOJIMHEHHBIM JBHKCHUEM PE3aHUs IIIUPOKO
OPUMEHSIOTCS: IUIMHAPUYECKUE, MHOTOTpaHHbIC, LUIMIEBbIE W IINOHOYHBIE.
HapyxHble MPOTSKKUA MPUMEHSIOTCS 1Ji1 00paObOTKU Te BpAILEHUS, MIOCKOCTEN
U (PaCOHHBIX TOBEPXHOCTEH.

Oo6o03Ha4eHne NpoTsizkeKk ¥ NpomMBok mo OKII
[IpoTskku kpyriasle — noarpymma 2310

2311 — u3 cTaiu 1EIbHbIE C OJHUM XBOCTOBUKOM

2312 — u3 cTanu 1eiabHbIE C ABYMSI XBOCTOBUKAMHU

2313 — u3 cTanu cOOpHBIE C OJJHUM XBOCTOBHKOM

2314 — u3 cTanu cOOpHBIE C ABYMSI XBOCTOBUKAMHU

2315 — TBepaOCIIIaBHBIE C OJHUM XBOCTOBUKOM



2316 — TBepAOCIUIaBHBIE C IBYMSI XBOCTOBHKAMHU
[TpoTsKKM 11 OTBEPCTHI HELMJIMHAPUYECKUX — noarpymma 2320

2321 — 115t TpeXTrpaHHbIX OTBEPCTHUI

2322 — 11 4YeThIpeXTPaHHBIX OTBEPCTHI

2323 — 1151 NATUTPAHHBIX OTBEPCTHUI

2324 — 17151 MECTUTPAHHBIX OTBEPCTUM

2325 — 111 BOCBMUTPAHHBIX OTBEPCTHI

2326 — 1151 haCOHHBIX OTBEPCTUI

[IpoTsixku nutMIEeBbie MpsiMo3yObie — noarpymnmna 2330

2331 — u3 cTanu ¢ UEHTPUPOBAHUEM MO HAPYKHOMY AUAMETPY, LEIbHBIE C
OJIHUM XBOCTOBHUKOM

2332 — TO e C IByMSI XBOCTOBHUKAMHU

2333 — T0 k€ COOpHBIE C OJTHOM XBOCTOBUKOM

2334 — 10 xe cOOpHBIE C ABYMSI XBOCTOBHKAMU

2335 — U3 cTanu ¢ HEHTPUPOBAHUEM IO BHYTPEHHEMY TUAMETPY LeJIbHbIE

2336 — TO e IebHBIE C IBYMSI XBOCTOBUKAMHU

2337 — 10 ke COOpHBIE C OJJHUM XBOCTOBUKOM

2338 — 10 xe cOOpHBIE C ABYMSI XBOCTOBHKAMU

2339 — TBepIOCIIIaBHBIC

[TpoTsKKK U3 CTaNM HUIMLEBBIE C 3BOJIBBEHTHBIM, TPEYTOJbHBIM U APYTUMHU

npoduisimu — noarpymnmna 2340

2341 — c 5BOJBBEHTHBIM TpoduIIeM C MEHTPUPOBAHUEM IO TPOPHIIO
3yObeB IETbHBIC

2342 — 10 xe cOOpHbBIC

2343 — C 9BOJBBEHTHHIM TPOPHIEM C IEHTPUPOBAHHEM IO HAPYKHOMY
IaMeTpy LeTbHBIC

2344 — 10 xe cOOpHBIC

2345 — ¢ TpeyronbHbBIM poduIemM

[TpoTrspxku mmoHo4HbIie — noarpymma 2350

2351 — u3 cTanu 115 TPsIMOOOYHBIX TTA30B



2352 — u3 cTanu Juid 1na3oB ¢ ¢packaMu
2353 — TBEpAOCIUIaBHbBIE
[IpoTspkku minockue — noarpynma 2360

2361 — nns 06pabOTKH TUIOCKOCTEH, U3 CTATTN

2362 — 1151 00paOOTKH TIIOCKOCTEHN, TBEPAOCIIIIaBHbIE

2363 — 1151 00paOOTKH MIJIUIIEBBIX BAJIOB, U3 CTaIN

2364 — 11 06pabOTKU NUIMLIEBBIX BAaJIOB, TBEPAOCILIABHbBIC

[IpommBku — noarpynmna 2370

2371 — kpyrible, U3 CTalu

2372 — kpyrible, TBEpOCIIIIaBHbIC

2373 — nuMIEeBbIE, U3 CTAIN

2374 — nuiueBble, TBEPAOCIUIABHbBIC

OcHOBHBIE YJIeMEHTHI HHJIHHAPUYECKOH MPOTIKKH

OCHOBHBIMH ~ DJIEMEHTAMH  UWJIMHIPUYECKOW  TPOTSDKKH  SBIISFOTCS:
XBOCTOBUK, IIeWka. llepexomHpli  HaAmpaBisIOMMKA  KOHYC,  HEPEOHSAS
HaANpaBISAIONIAs YacTh, PEXyIIas 4YacTh, KanuOpyromas dYacTh, KOHIIEBas
HaIpaBJIAIoNas 4acTh, namda.

XBOCTOBUK CIIYKUT JUIsl 3aKpEIICHUS IPOTSHKKU B nlaTpoHe craHka. Illerika
HeoOXoauMa ISl 3aKperuieHus] TMPOTSHKKH B MATPOHE 10 BXOXKACHHS B JETallb
pexymux 3yObeB. [lepennsisi HampaBisAOMas 4acTh CIYKUT JJIA IEHTPUPOBAHUS
WHCTPYMEHTA W 3aroTOBKH. PexyInas dacTe oOecrieunBaeT ynajeHHe MPHUITyCKa.
KamuOpyromiast 9acTh CIy>KUT N7 OKOHYATEIHHOTO (DOPMHUPOBAHMSI OTBEPCTHS U
ABIIIETCS PE3EPBOM PEXKYLIUX 3yObeB npu nepetouke. KoHieBas Hampasistomias
4acTh MPEIOTBPAIACT MEPEKOC NETald OTHOCHTEIHLHO WHCTPYMEHTa B MOMEHT
BbIXoJa TpoTspKkH. llamda ciayxuT mams momuepKaHUs TSKENBIX W JITTUHHBIX
IPOTSHKEK C  TOMOLIBIO  CKOJB3SALIEr0 JtOHETa. ba3ol 1 KOHTpOIs U
M3TOTOBJICHUS MIPOTSHKEK CITYKAT LIEHTPOBBIE OTBEPCTHSI.

TEXHUKA 1 METOJIUKA N3MEPEHHUI
W3MepeHne reoMeTpUYecKuX MapaMmeTpoB MPOTSKKHA MOMKHO BBITIOJHUTH C

nomoipio yriaomepa CemeHoBa. YrioMep pabOTaeT KOHTAaKTHBIM METOJIOM, C



3aKJIIOUEHUEM U3MEPSEMBIX TOBEPXHOCTEH MEXIy JHWHEHKaMH yriomepa ¢
IUIOTHBIM KOHTAaKTOM M OTCUETOM PE3yJIbTaTOB U3MEPEHMI M0 rpaJyCHON IIKaJe.
YrioMepoM HU3MeEpAIOTCS TEpeAHHE W 3aJHUE€ YIIIbl. TOYHOCTh M3MEPEHHs IO
rpaxycHoil mkaie 30 MUHYT.

Hekoropsie napameTpbl MOTYT U3MEPATHCS C MIOMOIIBIO
UHCTPYMEHTAJILHOTO ~ MUKpockona. JIuHelHble mapaMeTpbl — ONpenestoTcs
MUKPOMETPOM U MITAaHTCHIIUPKYJIEM.

TEXHUKA BE3OITIACHOCTH
1. mepen paboToii n3ydaeTcsi yCTPONHCTBO M MPHUHIIMII ASHCTBUS CPEICTB
U3MEpEHUs
2. BKJIIOYEHUE MPUOOPOB MPOU3BOIUTHCS C pa3pellieHUs MPEnoiaBaTesns
U B IPUCYTCTBHUHM JJaOOpaHTa, MOCJe MPOBEPKH 3a3eMIICHUS TPHOOpa.
3. BO BpeMsi paboThl 00paIaThCsi ¢ MHCTPYMEHTAMU U U3MEPUTEITbHBIMHU
npuOopaMu HY)KHO BHUMATEIIbHO U OCTOPOKHO
4. HAa MHUKPOCKONE ¥ C JPYTUMH TNpUOOpaMH CTYACHTHI PabOTarOT
WHIUBU Ty JTbHO
5. 3ampemaercs 0e3 pa3pelieHus MpenoaaBaTesl TporaTh MPUOOPHI, HE
OTHOCSIIIUECS K JaHHOU padoTe.
HOPAJOK BBIINTIOJHEHUSA PABOTbI
1. npenopaBatens BBIIAET CTYACHTaM METOJIMYECKUE MATEPUAIIBI.
2. CTYJCHTHI U3Y4YalOT METOJUYECKUE YKA3aHUS U 3HAKOMSTCS C MPOTSHKKAMU T10
['OCTawm, karamoraMm 1 SKCIioHaTaM JabopaTopumu.
3. CTYACHTHI MHIUBUYATBHO TTOJIYYAOT IPOTSHKKH U BBITIOTHSIOT PaboTy.
4. 3ananue 1. M3aMepenue napameTpoB MPOTIKEK
4.1. wu3MepsATCs JIMHEWHBIE U YIJIOBBIE Pa3MEPBI IPOTSHKEK
4.2. omnpeneinsieTcsi  COOTBETCTBUE  TexHUYeckuM  TpeboBanusim  ['OCT
U3MEPEHHBIX MapaMeTPOB
4.3. cocraBiseTcss TabiauIla U3MEPEHUs MapameTpa, ONPEAENSIOnIero nojaady B
MpolLIecCe PE3aHuUs.

4.4. onpenensieTcs TUI MPOTSKKH.



5. 3amanme 2. Pacuer NpoTsHKKM HA IPOYHOCTH
5.1. paccuuThIBaeTCs yCUIUE PE3AHMUS.

Cuna pe3aHus Tpu mpoTsrvMBaHUM (B HBIOTOHAX) PACCUMTHIBACTCSA TIO
opMyJIe:
p
— .at. .7. .k . .
P Cp a, >B Z ky ch ku

rae: C, — koo (GUIKEHT, yYUTHIBAIOIIUI MaTepHal 3ar0OTOBKU U (hopMy pexyllen
KPOMKHU; MpU 00pabOTKE 3aroTOBOK U3 YIJIEPOAMCTOM KOHCTPYKIIMOHHOM CTallv C
c; = 700...800 MIIa nna kpyraoi npotsxku C, = 2430, ans mummuesoi C, = 2300
u mmonounon C, = 2020; x = 0.85; ¥XB — cymMapHas JuIMHAa PEXyIUX KPOMOK
OJIHOTO 3y0a, Ul KpYIJbIX NpoTsxkek B =nd, nms mummnessix B = nb; K, Koy, Ky
— KOd(PUITMEHTHI, YYHUTHIBAIOIINE BIUSHUE HA CHIy pE3aHUS BEINYUHBI
NEpPeJHEero yria, CMa3bIBaIOIIE-OXJIAXKAAIONIEH KUAKOCTH, HU3HOCA 3yObEB; MpHU
00paboTke cTanbHbIX 3aroToBok K, = 1,13; 1,0; 0,93; 0,85 cOOTBETCTBEHHO MpH Y =
5, 10, 15, 20; k., = 0,9; 1; 1,34 cOOTBETCTBEHHO NpPH MPUMCHCHHH B KaueCTBE
COX pacturenbHOro Macia, cyib(azona uik smyinbcuu u npu orcyrersun COX;
k,=1...1,5 COOTBETCTBEHHO ISl OCTPHIX U 3aTYIUICHHBIX 3yObCB.
5.2. paccuyuTBIBaeTCs TUIONIAb OMACHOTO CEYCHUS

Il70manp OMACHOrO CEYeHHs 10 BIAAMHE Mepe| MEepBBIM 3yOoM (B MM

MOXET OBITh paccunTaHa mo gpopmyiie:
2
F =025 -7-(d,-2-h,)

rue: d; — nuaMeTp mepBoro 3yoa MPOTSHKKH, Ny — TiTyOuHA CTpY)KEYHON KaHABKH.
5.3. paccuuThIBaeTCs HAPSHKEHHE B OTTACHOM CEUYEHUU

2
Hanpsokenne B omacHoM cedeHud (H/MM®) MoXkeT OBITH paccyuTaHO IO
bopmyie:

_P
o= F



5.4. omnpenenseTcs COOTBETCTBHUE JOMYCKAEMbIX U PACUETHBIX HANIPSAKEHUM.
Jns mpoTsbkek W3 ObicTpopexymer cramu o = 350...400 Mlla, u3

JIETUPOBAHHBIX U YTIIEPOIUCTHIX cTasieit ¢ = 250 MI]a.
OBPABOTKA PE3YJIbTATOB UBMEPEHUSA
W3mepenne TUHEHHBIX Pa3MepOB MPOU3BOAUTHCS ¢ TOYHOCTHIO 70 0,1 MM, a
yII0BBIX 10 1 Tpamyca.
3HaueHue KaXJIO0TO pa3Mepa OMpeAessieTcsl Kak cpeaHee apu(meTuyeckoe
TPEX U3MEPEHUM.
COAEP)KAHUE U O®POPMJIEHUSA OTUETA
Otuet o mabopaTopHOi paboTe JOJKEH BKIIOYATH:
HasBanue nmabopaTopHoii paboOTHI;
[{ens paboThI;
DCKU3 MPOTSIKKY;
Tabnuiry n3MepeHHBIX ¥ PACCUUTAHHBIX TTAPAMETPOB;

O6o3nauenue npotskku mo OKIT;

o ok~ w0 D e

3akioueHue o paboToCOCOOHOCTH MPOTSHKKH.

BOITPOCHI IJ1s1 CAMOITPOBEPKH
OcCHOBHbBIE KOHCTPYKTUBHBIE SJIEMEHTBI IPOTIKKHU
[Topsinok u3mMepeHus: napaMmeTpoB MPOTKKH

O6paboTka pe3yabTaTOB U3MEPEHUS

> W o

Pacuer npoTsiek Ha TPOYHOCTh
JIMTEPATYPA

1. CopaBounuk wuHcTpyMeHTansmmka. Ilon pea. WM.A.  Opaunapuesa.
JI.:Mammunoctpoenue, 1987, 846 c.
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BPEMS, OTBEAEHHOE HA BBIIIOJITHEHUE PABOTbI

[ToaroToBka k pabote
BrimonHeHne paboTsl
Odopmnenne oTyeTa
Otuer 1o pabote

Bcero

0,5 akajx. gaca
1 akazx. yac
1 akam. yac
0,5 akaj. gaca

3 akaj. yaca



