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OBLUME CBEOEHUA

BONBIIMHCTBO MAIIMHOCTPOUTEIBHBIX 3aBOJOB B CBOMX HU3JIEIUAX MPUMEHSIOT
OTJIMBKH. Macca OTJIIMBOK, BXOAAIINX B cocTaB MaminH, cocTaBiseT oT 30 mo 90% wmx
oOmeit Mmaccel. Tak, HampuMep, Macca OTJIIMBOK B TSKEJIOM CTaHKe Jocturaer 85% ero
oO1eit Mmacchl, B 3kckaBatope — 70% u T.1.

B HacTOSIMX YKOHOMUYECKUX YCIOBHUSAX TpeOyeTcs, Mpexkae BCETO, 3HAUUTEIIb-
HOE YJIy4llleHHe KauecTBa U TMOBBIIIECHUE Pa3MEPHONM TOYHOCTH BBIMYCKAEMOT'O JIUTHS,
O0COOCHHO TOJIy4aeMOro B MeCUaHbIX (opMax, MPU OJTHOBPEMEHHOM YMEHBIIIEHUU TPY-
JIOEMKOCTH BCEX TEXHOJOTMYECKUX OIEpallMil U 3aTpaT JOPOTOCTOSIIUX U JDUITUTHBIX
MartepuaioB. M3BeCTHO, YTO OCHOBHBIC MPOU3BOJACTBEHHBIC NMOTEPU U HApYIICHUE Tpa-
(¢uka BBIMyCKa MPOAYKIMH TMPOUCXOIAT H3-3a JNEPEKTHBIX, OpaKOBaHHBIX OTJIMBOK.
Tpynnoctu u coou B paboTe JIUTEHHOrO 11eXa WKW y4acTKa YacTO BBI3BIBAIOTCS HETpa-
BWJIbHOW, HETEXHOJOTHMYHOW KOHCTPYKIMEW oTiuBOK. KoHcTpykTOpckas paszpaboTka
OTJIUBOK SIBJISIETCSI TBOPUYECKOM U OJHOU M3 HanboJiee CIOXKHBIX 3a/1a4 MPU MPOSKTUPO-
BaHUM HOBOW MAIlIMHBI. DTUM IOJTBEPKIAECTCS HEOOXOIUMOCTD YIEIsATh 0CO00€ BHHU-
MaHHE BOTIPOCAM KOHCTPYUPOBAHUS OTIMBOK.

brnaromapst mosiBJIeHUIO B HACTOSIIEE BPEMSI HOBBIX ITPOTPECCUBHBIX TEXHOJIOTHUM
B JIMTEHHOM MPOU3BOJICTBE BO3POCIN BO3ZMOXKHOCTH TMOTYUYEHHS OTIUBOK IMOBBIIICHHOM
pa3MepHOM U MacCOBOM TOYHOCTH, a TAKXKE OTIMBOK, U3TOTOBJISIEMBIX U3 CIUIABOB C BHI-
COKHMMH JIKCIUTyaTallUOHHBIMUA XapaKTEPUCTUKAMU JTUOO CO CIelUaIbHBIMU CBONCTBAMU
(4yryH ¢ mapoBUIHBIM rpadUTOM, >KapoOIpOYHas CTallb, JIeTKHE criiaBbl). OIHOBpe-
MEHHO 3HAUUTEJIbHO TTOBBICUJINCH TPEOOBaHUS, MIPEABSIBIIEMbIC K KAUECTBY BBIMyCKae-
MOTO JIUTHS.

[Ipu KOHCTpyHMpOBaHWU OTIIMBOK HEOOXOJMMO PEHIUTh MPOTHUBOPEUMS, BO3HHU-
Karolue Mexay TpeOOBaHUSIMHU, MPEIAbIBISIEMBbIMU MOTPEOUTENIEM, U BO3MOKHOCTSIMHU
W3TOTOBJICHUS OTJIMBOK, KOTOPhIE YCTaHABIMBAET TexHOJOT. CleayeT KpUTUUECKH Olle-
HUTh ATU MPOTUBOPEUUS] U HAWTH HaWIIydIllee pelieHHue. JTa 3ajavya CTAaHOBUTCS TEM
CJIO’KHEE, YEM BBIIIC TPEOOBAHUS MOTPEOUTEICH U YeM HUXKE JTOJKHA OBITh CTOMMOCTD
W3TOTOBJICHUS OTJIUBOK.

AHanuzupys (akTophl, yUUTHIBAEMbIE TMPHU PEIICHUHU KOHCTPYKTOPCKHUX 3ajaad,
HEO0OXOJUMO OTMETUTh, YTO (pOpMa OTIMBKHU, 3aBUCSIIAS B OCHOBHOM OT YCIIOBUM pa-
00ThI MallIMHbI, BELIOUPAETCSl TAKUM 00pa3oM, 4TOOBI OTJIMBKA UMEsIa Haubosee MpocThie

IrCOMCTPHUUICCKHUC OUCPTAHMHA. KpOMe TOrO, Ba)XXHCHILIMMHU Q)aKTOpaMI/I, OKa3bIBarOmmuMu



BIUsIHUE HA (OPMY OTJIMBKH, SIBJISIOTCS CBOMCTBA MPUMEHSIEMOrO CIIaBa, BEJIMUYMHA U
Macca OTJIUBKH, CIIOCO0 €€ M3rOTOBJICHUS.

Ha BpIOOp MaTepuasia BAMSIOT YCIOBUS SKCIUTyaTallud OTIWBKH, 3aBUCAILIUE OT
yCIIOBU pabOThl MAIlIMHBI, OT KOH(PUTYpAIlMU OTIUBKH, €€ pa3Mepa, MacChl U TOJIIUHbI
CTEHOK, OT croco0a M3rOTOBJICHMS, a TAK)KE OT CYUIECTBYIOLIMX HOPM pacxojia maTe-
pHAJIOB U UX CTOUMOCTH.

Cnoco0 M3roToBJIEHUS OTIMUBOK OMpEAENsIeTCs UEeIbIM psAIoM (HaKTOPOB, OCHOB-
HBIMHM U3 KOTOPBIX SIBJISAIOTCS (hopma, pasMep M Macca, CepUitHOCTh U Tpedyemasi TOu-
HOCTb OTJIMBOK, UMEIOIINECS MOJIeJIbHAs OCHACTKAa U 000pyAOBaHUe, A0IycKaeMast 1JI1-
TEJIBHOCTh IIMKJIA U3TOTOBJICHUS, MaTepuajl OTIMBOK, TpeOyeMoe KayeCTBO MOBEPXHO-
CTH, a TAK)KE€ JIOIyCTUMasi CTOUMOCTb OTJINBOK.

KoHcTpyKiusi OTIMBKY CUMTAETCA TEXHOJOTMYHOM, €clii OHa OTBEYaeT TpedoBa-
HUSAM TEXHOJIOTUU MPOU3BOJICTBA, IPOCTOTHI 1 SKOHOMUYHOCTH U3TrOTOBJIEHUS U TIO3BO-
JS€T NOJYYUTh FOJAHYIO OTIMBKY C 33JaHHBIMH CBOWCTBaMH, C TOUHOW T'€OMETPUEN U
MHUHHMMAaJIbHON TPYJOEMKOCTBIO BCEX OINEPALMil JINTEMHOTO TPOU3BOICTBA.

[Ipu aHanu3e TEXHOJOTMYHOCTH KOHCTPYKIIMHM YYUTHIBAIOTCS TaKXkKe crenuduye-
CKHE CBOICTBAa MaTepuana, U3 KOTOPOTO U3rOTOBIAETCS OTJIMBKA. HacTo 3TU CBOWCTBA
OKa3bIBAIOT PEIIAIOIee BIUSHUE HA KOHCTPYKIIMIO OTIMBKHA M Ha CIIOCOO €€ U3roTOBIIe-
HUSL.

B HacrosimieM MeToau4ecKoM MOCOOMHU HM3JIOKEHBI 00IIHEe PEKOMEHIALHUU IO
KOHCTPYHUPOBAHUIO JIUTHIX JETalNeH, MOIy4yaeMbIX B MECUaHbIX (opMax, ¢ yU4ETOM Tpe-
OOBaHMI TEXHOJOTUU M3TOTOBJICHUS TUTEHHBIX (HOPM, UCXOAS U3 YCIOBUN 3aMOTHEHUS
(bOopMBI JKUJIKUM METAJUIOM, MOJYyYEHHS 3I0POBOM OTIMBKHU 0€3 ycaJO4YHBIX PaKOBHH,
MTOPUCTOCTH, TUTENHBIX HANPSIKEHUN U TPELIUH, IPOCTOTHI 1 SKOHOMUYHOCTH OYUCTKH
muThs. Takke mpHUBEJEHBI METOJUKH pacueTa U BbIOOpa KOHCTPYKTHBHBIX JIEMEHTOB

JIUTBIX IICTaHCﬁ B 3aBUCUMOCTHU OT MaTCpuajia u YCJ'IOBI/Iﬁ OKCILTyaTalluu.



1 BMIMAHUE KOHCTPYKUUU OTIIMBKU HA NMPOCTOTY,
9KOHOMUWYHOCTb U TOYHOCTb U3TOTOBJIEHUA ®OPMbI

ToyHOCTh M MPOCTOTA M3TOTOBJIEHUS U COOPKHU JUTEHHBIX (HOpM 00YCIOBICHBI
HEeIbIM PSiIOM (DaKTOPOB, OMPEACTSIONIMMHI U3 KOTOPBIX SIBISIOTCS: KOHQUTyparus u
pa3Mephl OTIMBKH, KOJIMYECTBO U KOH(UTYpalMsl TIIOCKOCTEN pazbema (OpMbl U MOJIe-
7Y, BEJIMYMHA JUTEUHBIX YKJIOHOB CTEHOK MOJAENH. Takke Ha TOYHOCTh U3TOTOBJIEHUS
JTUTEHHBIX (OPM BIMSIIOT HATMYHUE U KOJTUYECTBO OTHEMHBIX YACTEH MOJIENU, HATMYKE U
CIoco0 YCTaHOBKHM CTEpKHEW, CrocO0 BBIMIOJIHEHUS Y3KUX TOJOCTEH MEXIy OTIeib-

HBIMH 4aCTAMU OTIIMBKHU U MCJIKHUX 3JICMCHTOB B OTJIMBKAaXx.

1.1 KoHhuaypayusi u paamepbl omsueku

Jl5ist yripolieHus: MexaHu4ecko o0paboTKU MOJeNIel U CTEP>KHEBBIX SITUKOB He-
00X0IMMO, YTOObI BHYTPEHHHE U BHEIIHHE KOHTYPbI OTJIMBKUA MMEIH KOH(UTYpaLUIO
MPOCTBIX F€OMETPUUYECKUX (UTYp WIM UX COYETaHHWe. ITO OCOOEHHO BaXKHO MPU HC-
MTOJIb30BAHUM METAJUTMYECKUX MOJEIEN U CTEPKHEBBIX SLIUKOB.

Ha pucynke 1.1 moka3aHO HECKOJBKO BO3MOYKHBIX KOHCTPYKTHBHBIX PEIICHUMN

OTJIMBKH KpOHmTCﬁHa.
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Pucynox 1.1 — Pa3znuunvie KOHCMpYKYyuu KpoHumeuna

W3roToBiieHHe AEPEBSIHHOW MOJIETU U CTEPKHEBOIO SIIMKA KPUBOJUHEHHOIO
ouepranus (puc.l.1, a) npumepno Ha 30% I0OpoKe, YeEM HU3TOTOBJICHUE TEX KE IJIEMEH-
TOB MpAMOJUHENHOr0o ouepTanus (puc.l.l, 6). Meraminueckrue MOACIN U CTEPKHEBHIE
AIIMKA CTOWIIM OBl elle qopoke. Hanbonee panmoHalbHONH MOKHO CUMTATh KOHCTPYK-
IMIO0 KPOHIITEHA C OTKPBITON MosocThio (puc.l.1, 8).

Ha pucynke 1.2 moka3aHbl BapHaHTbl KOHCTPYKIIMM MAacCIsSIHOrO 0aka aBUAI[MOH-

HOT'O ABUTI'aTCJIA.



a —HenpasulbHasl, 0 — npaesulbHasl

Pucynok 1.2 — Koncmpykyuu kpoHwimeuHa

KOHCTpYKIMST OTIAMBKM SIBJIICTCS BIIOJHE TEXHOJOTMYHOW. OHa HMMEET TOJBKO
OJIHY TOBEPXHOCTHh pa3beMa, COBMAJAIONIYIO C IUIOCKOCTHIO CHMMETPHH OTIHBKU. Of-
HAaKO HENPaBWJIBHOE pa3MelleHue OOKOBBIX pedep ToJa pPa3IMYHBIMU  yIJIaMu
(puc.1.2, @) yclnoxHSIET KOHCTPYKIUIO, JeJacT HEBO3MOXKHBIM HM3BJICUCHHEC MOJCITU U
BBIHY)KJAET MPUOETATh K CTEPXKHSAM. ITa TPYIHOCTh MOXKET OBITh JIETKO ycTpaHeHa 0e3
KOPCHHBIX W3MCHCHHMH KOHCTPYKIIMH, ITyTEM YCTAaHOBKH pebOep MEPNeHAMKYIIPHO K
IJIOCKOCTH pa3zbema (puc.1.2, 0).

Yewm Oosbllie pa3Mepsl OTIUBKH, TeM 0OJiee KPYITHBIE TPEOYIOTCS OMOKUA U TEM
OombIie BpeMeHU 3aiiMeT hopmoBka. [loaTomy creayeT CTpeMHUThCS K TOMY, YTOOBI OT-
JUBKA UMejia KOMITAKTHYI0 KOH(PUTYpaInio U HeOOJIbIINE pa3Mepbl. B HEKOTOPBIX CITy-
YasiX ISl CTAIBHBIX OTIMBOK I€Jeco00pa3Ho pa3zelieHue OTIMBKUA Ha HECKOJBKO Yac-

Teﬁ, KOTOPBIC MOT'YT OBITH COCAMHCHBI C IIOMOIIBIO CBAPKHU.

1.2 Konuyecmeo u KkoHgu2ypayusi niiockocmeu pa3bemMa ¢popMbl
u modenu

Kouurypauust oTnMBKY A0HKHA OBITH TAKOW, YTOOBI IIPU M3TOTOBIIEHUH OTIIMB-
K1 He TpeOoBajoch O0JbIlle OJHON MOBEPXHOCTH pazbema (popMbl U Moaenu. Kaxabii
JOTIOTHUTENIbHBIN pa3beM TpeOyeT MpUMeHeHUs 00aBOYHOM OMOKH WJIM CTEPXKHS, YBe-
JUYMBAEeT BpeMs Ha (OPMOBKY, OTIENKY U cOOpKy ¢opmebl. Ilpu sTom 3aTpyaHsiercs
OUYMCTKA OTJIMBKM M3-3a YBEJIMYEHUS KOJIMYECTBA 3aJUBOB, & HETOYHOCTH IMpPHU COOpKE

(GbopMbl BBI3BIBAIOT JOMOJIHUTEIbHbBIE TPYJHOCTH MPU MeXaHuuyeckoi obOpabdotke. [Ipu



MacCOBOM M KPYITHOCEPUIHOM MPOU3BOJCTBE, OCOOEHHO IS OTJIMBOK, MOJIBEPTaro-
IIUXCS MEXaHWYeCKoW 00paboOTKe, YBEIMYCHHE KOJMYECTBA Pa3beMOB (DOPMBI HEJIO-
ITyCTHMO.

Ha pucynke 1.3, @ nokaszana BTyska ¢ 1Byms dianuamu. Takas BTynka ¢opmy-
eTcs B Tpex omokax (puc.l1.3, 6), wim TpeOyeT MPUMEHEHHUS KOJBIICBOTO CTEPIKHS
(puc.1.3, 6). Ycrpanenue HwxkHero ¢uanna (puc.l.3, 2) mo3BoJIsSeT 3HAUUTEIBHO YIIPO-

CTUTH GOpMOBKY (puc.1.3, 0).

a — cmapas KoHcmpykyus, 6 — ¢hopma 0711 6myIKU 8 mpex onoxax,
6 - hopma 01151 BMYIKU C KONbYEBbIM CIMEPIHCHEM, & - USMEHEHHAs KOHCMPYKYUS,

0 - hopma 0151 BMYAKU NOCTIe USMEHEHUsL KOHCIMPYKYUU

Pucynox 1.3 — Bmynka

KoHurypanusi OTIIMBKH HE JTOKHA BBI3BIBATH MPUMEHEHHUS pazbeMa (OPMBI CO
CJIOXKHOM TTOBEPXHOCTHIO. [Ipy MHAUBUYaIBHOM M MEITKOCEPUIHOM MPOU3BOICTBE 3TO
notpedyer Oonbinero BpemeHu Ha GopMoBKYy ((popmoBka ¢ moape3koi, (popMoBka ¢
(babIIMBONM OMOKO¥), IPH OJHOBPEMEHHOM CHIDKEHWH TOYHOCTHU OTIUBKH. [Ipu kpym-
HOCCPUMHOM IPOM3BOACTBE 3HAYUTEIHHO TOBBICUTCS CTOMMOCTH W3TOTOBJICHHUS MO-
JIEJIbHOM OCHACTKH.

WNuorna HeOONBIIOE M3MEHEHUE KOHCTPYKIIMM BJICUET 3a COOOW 3HAYMTEIIBHOE
ynemesiaeHue ¢popmoBku. Ha pucynke 1.4, a moka3aH yroibHUK C OTBEPCTHSIMH, OJHA
TOJIKa €T0 UMeET 3arHyTyio opmy. IIpu 3TOM BO3HHKAET HEOOXOAMMOCTh IPUMCHEHUS
cTepxkHeit (puc.1.4, 6), 4TO MPUBEIET K MOBBIIICHUIO TPYIOSCMKOCTH (OPMOBKH U Y10~
POKaHUIO MOJICIIBHOW OCHACTKHU. Eciu jke py KOHCTPYMPOBAHUU OTIMBKHU OJHY CTCH-

Ky OTBEpPCTHUS MPEAYCMOTPETh HAKIOHHOM (puc.1.4, 8), TO MpUMEHEHUE CTEPKHEN cTa-

9



HOBHUTCS M3JIMIIHUM. ITO HE TOJIBLKO AacT S9KOHOMHUYCCKHUC ITPCUMYIICCTBA, HO U IIO3BO-

JICT IOJIY4aTh 0o0J1ee TOYHBIE I10 pasMeEpaM OTJIHNBKH.

ot
-

3 21 3 f;;
2) I3 2 5/1 g)

a — omauska, 6, 6 — 08a cnocoba hopmoeKu, 3asucsiujue om 8blNOJIHEHUs.

omeepcmui; 1, 2, 3 - cmepocHu
Pucynox 1.4 — YVeonvnux

[Ipu onpeneneHn MOBEPXHOCTU pazbeMa (PopMbl HEOOXOIUMO CTPEMUTHCS TIPH-
MEHATH (DOPMOBKY MO LEIHHON HEpa3beMHOW MOJENU AJIA JOCTHXKEHUSI TOYHOCTU pa3-
MEpPOB OTJIMBKM M I NPEIOTBPALIEHUS BO3MOYKHOTO CMEILIECHHUS OJHOW TMOJIOBHHBI
(dbopmMbl IO OTHOIIEHUIO K Apyroi. [Ipu 3ToM Mozenb, eciiu BO3MOXKHO, LIEJIMKOM pacIio-

JararoT B OJJHOM (JTydllie BCero HU»KHe) nosrygopme. IT0 OKA3aHO Ha pUCYHKe 1.5.

a) ) -
Hodens D) I B

| I
ﬁa‘a:f;‘:/f/ :| i //:-\\/\ ?dﬁdﬁdi

a — HeMeXHONI0cUYHAA KORCMPYKYUA, O — mexnoi02uyHas KOHCMPYKYUA

Pucynok 1.5 — Pazvem gpopmel 6 3a8ucumocmu om KOHCMPYKYUU OMIUBKU

1.3 JlumeliHble yKIOHbI Ha MOOesIsiX

st obnerdyenust ynaneHusi Mojienu u3 (popMbl ee OOKOBBIE MOBEPXHOCTH, TEP-
MEHIUKYJIAPHBIE K IJIOCKOCTH Pa3beMa, U3TOTOBIISIIOT C YKIOHOM, Ha3bIBAEMBIM KOHCIM-
pykmuenvimM. KOHCTPYKTUBHBIE YKIIOHBI YKa3bIBAIOTCSA HA YepTekax AeTaid. Eciu KoH-
CTPYKTMBHBIE YKIJIOHBI Ha YEpPTEKE NETAIM HE YKa3aHbl, TO YKJIOHBI HAa3HAYAIOTCS Ha
yeprexe Mozenu. [lonoOHble YKIOHBI Ha3bIBAIOTCS (POPMOBOUHBIMHU (JTUTEHHBIMH) U

onpenensaroTcs yriaom O B rpaxycax (puc.1.6).

10
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a - YKJIOHbl «C NJH0COM», 9] - YKIIOHbl «C NIIOCOM U MUHRYCOMY»,

6 — VKIIOHbl «C MUH)YCOM» (g - HOMUHAJIbHAA MOJURA cmeHKu)

Pucynok 1.6 — @opmosounvie yKioHsi

B 3aBUCHMOCTH OT TOJIIHUHBI CTEHOK g OTJIMBKU YKJIOHBI MOT'YT OBITh BBITIOJTHEHBI
«c mmocom» (puc.l.6, a), «c MuHycom» (puc.l.6, ) WIM «C IUIIOCOM U MHHYCOM)
(puc.1.6, 0).

[ToBepXxHOCTH, MOJBEPraroOUIMecss MEXaHM4YecKo 00paboTke, KpoMe MPUITYCKOB
Ha 00pabOTKY, UMEIOT YKIJIOHBI «C ITFOCOMY.

MecTHbIE HU3KHE NPUINBBI BBIIOJIHAIOT C YKIOHOM 5...10°.

BennuuHa JIUTEHHBIX YKIOHOB B 3aBUCMMOCTH OT BBICOTHI MOJIEJIH pPErIaMEeHTH-
poana ['OCT 3212-92.

VYkazaHue Ha 4epTexe JUTEHHBIX YKIOHOB OCOOCHHO Ba)KHO TOT/a, Korja B IO-
JIOCTh OTJIMBKU BXOAMT JIpyras JeTanb. B 3ToM ciyyae BHyTpeHHUE pa3Mepbl KOHTYpa

OTJIMBKHU BBIIMMOJHAKOT C «MHHYCOBBIMN) YKJIOHAMH.

1.4 OmbeMHbIe Yyacmu Mmodenu

[IpuMeHeHne OTBHEMHBIX YacTed MOJEIM OTPUIIATENIbHO BIIMAET HAa TOYHOCTD
pa3MepoB OTJIMBKU, MOHUKAET MPOU3BOJUTEIBHOCTh (DOPMOBKH, YBETUUYUBAET paboOTy
M0 OYMCTKE M YacCTO BBI3BIBAET HEOOXOAUMOCTb JOMOJIHUTEIBHON 00pabOTKH OTIMBOK.
Jlo 80% Opaka B OTJIMBKax BCJIEJICTBHE HETOYHOCTEW pa3MepoOB BO3HUKAET M3-3a TOTO,

YTO OTBCMHBIC YaCTH MOACJIN CABUT'AIOTCA B (I)OpMC. HOBTOMy OTJINBKY CTPCMATCS KOH-
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CTpyHpOBaTh TaK (0COOCHHO IIPH MacCOBOM M KPYITHOCEPUIHOM MPOM3BOJICTBE), YTOOBI
OTHEMHBIX YACTEH HE TPUMEHSTh.

Ha pucynke 1.7 moka3aHO OCHOBaHHE CTOWKH C KPYTJIBIMHU MPUJIMBAMH AJis OOJI-
ToB. OHU MOTYT OBITh M3TOTOBIICHBI C MOMOIIBI0 OTHEMHBIX YacTell Moaenu. Eciau atu
4acTU CIBUHYTCS TIpu (HOPMOBKE, OTJIMBKA IMOJYYUTCS HErogHOU. Ecnu e M3MEHHUTH
dbopMy TPUIMBOB M COCAMHUTH WX B OAWH OOLIMI TpHUIUB Takod (opmbl, KOTOpas
o0ecreyuT JerkocTh U3BJieueHus Moienu u3 hopmsl (puc.l.7, 6), To oTnagaet HeoOXo-

AUMOCTDB IMPUMCHATb OTbEMHBIC YaCTU MO CIIN.

__
- ——x Xt -

|
&) £)

a — HeEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexnoi02uyHas KOHCMPYKYUA

Pucynok 1.7 — Beltnoanenue npunugos

CJICIIyeT TaKxe nu30erarhb MNPUMCHCHHUA OTHCMHBIX yacTeu U Ha BHYTPCHHHUX I10-

BEPXHOCTAX CTEP>KHEBBIX SIIMKOB (puc.1.8).

9)

a, 6 — KOHCMPYKyuu, mpe6yiou;ue NnpuUMeHeHuUsl omvemMHblx yacmeil 8 cmepocHeeoM

AwuKe, 6, Z — KOHCmpyKyuu, He mpe6yiou;ue NpUMeHeHUsl omvemMHblx yacmeil

Pucynox 1.8 — Buinonnenue enympennux uacmeu omiueKu
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Ha pucynke 1.9 nokazan ¢aner; kopnyca, yCUiIeHHbIH 4eTbipbMs pedpamu. [Ipu
pazbeMe MOoJeNH, KaK MmokazaHo Ha puc.l.9, a, peOpa A0KHBI OBITh U3TOTOBJIEHBI KAaK
oTpreMHbIe yacTu. Ecnu xe pedpa noBepHyTh Ha 45° (puc.1.9, 6), TO 3TOro MOXHO U3-

0Oexarhb.

-
LN

a — HeEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexHo02uyHas KOHCMPYKYUA

Pucynok 1.9 — Koncmpyxkyus ¢hnanya kopnyca, ycuieHno2o pebpamu

[IprMepoM KOHCTpYHpPOBaHUSI OTIMBKH, OTBeYarolleld TpeOOBAaHUSMHU JTUTEHHOM
TEXHOJIOTUH, MOXKET CIIYKHUTh KOPITyC, MpecTaBieHHbId Ha pucynke 1.10. HeGonbiue
U3MEHEeHHUsl dYepreka (yCTpaHeHHE BHAAWHBI Z, yiydlleHue QopMbl mpwinBa Y,

pI/IC.l. 10, @ MOT'YT 3HAYUTCIIbHO YIYUYIIHUTh TCXHOJOTHMYHOCTDL OTJIHMBKHU.

At @) AA B A4
| & E
=y |
| 3.
¥ ¥
Al E-B s

H

) 1)

a — HEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexHo02uyHas KOHCMPYKYUA

Pucynox 1.10 — Koncmpykyus kopnyca
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1.5 NMpumeHeHue cmepxkHeu

CrepXHH YCIOXKHSIOT (OPMY, YBEIUUMBAIOT OMACHOCTh BO3HUKHOBEHUS Opaka,
MOBBIIIAIOT CTOUMOCTH M3TOTOBJIEHUSI (POPMBI U OYUCTKUA OTJIMBOK. ECu KOHCTpYKIIUS
OTJIMBKH MO3BOJISET, CAEAYET n30eraTh IPUMEHEHUS CTEPIKHEM.

B HeKoTOpbIX ciydasX OTJIIMBKA KOPOOYATOTO CEUEHHUS CO CTEPKHSAIMU MOTYT
OBITh 3aMEHEHBI OTIMBKAMH JBYTABPOBOI'O WJIM LIBEJUIEPHOTO CE€YEHUsSI 0€3 CTepiHEH.
OpnHako Takasi 3aMeHa MOKET OBITh ITPOU3BEJICHA JIUIIIb NPU ONPEEICHHBIX YCIOBUAX:

1) korma paccMaTpuBaeMoO€e CEUEHHE OTIIMBKU HE MOABEPraeTcsl KPyU4eHHUIO;

2) Kor/ia Ha OTJIMBKY HE JEHCTBYET MepeMEeHHasi Harpy3Kka Uiy KOorja OTIMBKA U3-
rOTOBJICHA U3 MaTEpHUaJIa ¢ BEICOKOM YCTaIOCTHOM IIPOYHOCTBIO.

Hcnonp30BaHue NBYTaBpOBOIO CEYEHUS TAKKE HE PEKOMEHAYETCS NI OTIUBOK,
M3TOTOBJICHHBIX M3 MaTE€pPHAJIOB, CKIOHHBIX K 00pa30BaHUIO TOPSUYMX TPEIIMH (HANpH-
Mep, BBICOKOJIETUPOBAHHOM cTaiu). B Takux ciydasx BOZHUKAET ONAaCHOCTH MOSIBICHUS
TPEIIMH B OTJIIMBKAaX BOJIM3U TEIJIOBBIX Y3JI0B Ha CTHIKE CTEHOK.

Ha pucynkax 1.11 u 1.12 npuBeaeHsl npuMepsl YCTPAHEHHS CTEPKHEH IyTEM

YIYyUIICHUA KOHCTPYKIIUH OTJINBOK.

B
G

a — hopmyemcs ¢ npumenenuem cmepaicHell, 6 — popmyemcs 6e3 cmepaicHell

Pucynoxk 1.11 — Kpvluuxa noowunnuxa

NI N
o R
s -

s

TR AT
TR

a — HeEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexHo02uyHas KOHCMPYKYUA

Pucynox 1.12 — Koncmpykyusi cCmouxku 0CHO8AHUSI CMAHKA
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1.6 YcmaHoeka, eeHmunayus u cbopka cmepxxHell

[Tpr KOHCTPYHUPOBAHUH OTIUBOK HEOOXOAUMO 00CCIICUHBATH:

1) HaAEKHOCTh YCTAHOBKHU CTEp)KHEH B (popMme, 10 BO3MOKHOCTH, 0e3 jxkepedeek
1 0€3 MOIBCIIMBAHUS CTCP)KHS B BEpXHEH YacTH (popMBI;

2) MPOCTOTY M HAJICKHOCTH OTBOJIA T'a30B U3 CTEPIKHS;

3) BO3MOXXHOCTD JICTKOTO yIaJIeHUs U3 OTJIMBKU CTEP)KHEH M UX KapKacoB INpH
BBIOMBKE.

Heobxonumo u3berath TakuxX KOHCTPYKIIHH, TJe TPeOyeTcs MPUMEHCHHUE JJIHH-
HBIX TOPU30HTATBHBIX CTEPIKHEH.

HepanyoHanbHO NIPpUMEHEHNE CTEPXKHEH, 3aKPETUICHHBIX C OJHOW CTOPOHBI, Tak
KaK TIOJT BIUSHUEM COOCTBCHHOW MAacChl WJIM IOJ JICWCTBHEM JKHUIKOTO METajula OHHU
MOTYT cMemIaThes. B cirydae HEOOXOIUMOCTH HY)KHO MPETYCMOTPETh B CTEHKAaX OTJIMB-
KH CTICIIHAIBHBIC TEXHOJOTHUYECKUE OTBEPCTHS JIJIS PA3MEIICHHSI TOTTOJTHUTEIIbHBIX 3HA-
KOB, KOTOPBIE ITOTOM, €CJIH 3TO HEOOXOIUMO, 3aKPBIBAIOTCS MPOOKAMHM WIIA 3a/ICIIbIBA-
I0TCSI APYTUMU CIIOCOOaMHU.

OrnuBKa, ipencraBiieHHas Ha puc.l.13, 6, n3roToriena 6e3 xepedeek, ¢ TEXHO-

JJOTUYCCKHUMU OTBCPCTUAMHU, KOTOPBIC 3aTCM 3aACJIbIBAIOTCA.

- E L N 3
T A T
i ﬁ SO i,
-

il

a — HenpasuibHasl KOHCMPYKYUA, O — npasuilbHasl KOHCMpYKyus

Pucynox 1.13 — Koncmpykyus nopuis

B HekoTOphIX ciyyasix, MpU CEPUHHOM MPOU3BOJCTBE HEOONBIIMX JETaNECH,
MO>XHO H3TOTOBIJISITH B OJHOM (popme JBe OTJIMBKHM, MPUMEHSS MPU 3TOM OOUIUIl CTep-
KEHb, HAJI)KHO 3aKPEIJICHHBIN Ha 3HAKaX.

YcraHoBKa U 3aKperuieHre BHUCsIIEro ctepxkHs (puc.l.14, a) 3anumaer B 3...7 pa3
OO0JIbIlIE BPEMEHH, YEM YCTaHOBKA CTEpPIKHs, JIeXKAIller0 Ha 3HaKaX, MPUYEM TOYHOCTh
OTJIMBKH MOHMXAETCS. DTOr0 MOXKHO U30€XKaTh, CJIe]aB 3HAK CTEPHKHS PACIIUPSIONINM-
Csl M BXOJSIIIUM B THE3/10 HIKHEH nonydopmsl (puc.1.14, 6).
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a, 6 — cmepotCHU, YKpenjieHHble 8 8epXHell noayghopme,; 8 — CMepHCeHb

C paculupeHHbiM 3HAKOM, YCMAHOBIEHHbIU 8 HUMCHE NoLygopme

Pucynox 1.14 — Cnocobvl kpenieHus n00BeULeHHbIX CMepICHell

['a3ml AOJDKHBI OTBOAUTLCA OT CaMbIX BEPXHUX TOUCK CTCPIKHA. CYMMapHYIO
mIomaab TEXHOJIOTHUYCCKUX WU KOHCTPYKTHUBHBIX OTBepCTHﬁ, KOTOPbIC IIPCAHA3HAYCHBI
AJIs1 OTBOAA I'a30B U3 BHYTPCHHUX CTep}KHeﬁ OTJIMBOK, MOKHO OIIPEACIINTD I1O (bOpMy.IIC
_ P- (K 1 K 2)

0

F

: (1.1)

rae P — macca cTepxkHs, ke,
K; — HanbonpInas 1onycTiuMasi ra30TBOPHOCTD CTEPIKHS, M3/K2,
K> — ocTtaTouHas ra30TBOPHOCTH OTPAOOTAaHHON CMECH, M /Ke,
O — KOIMYECTBO ra3a, MpoxXoasuero yepes 1 M’ TuTomam OTBEPCTHUH, .
ToHKME CTEP’)KHHM YCUIIMBAIOTCS € MOMOIIBIO KapkacoB. CeueHune kapkaca J0JKHO
OBITh TaKWM, YTOOBI OH MOT' OBITb OKPYXEH CIIOEM CTEPKHEBOW CMECH JOCTaTOYHOMU
TOJIIIMHBEI.
B MecTax CTBIKOB CTepiKHEH, a TaKkKe MEXAYy HUMU U (OPMOI UMEIOTCS 3a30PHlI,
KOTOPBIC MOTYT CITY>KUTh MPUUYUHONU 00pa30BaHUS 3aJIMBOB.
B HekoTophIX ciyyasx Ajisi yCTPaHEHHS 3aJIMBOB CTEPKHU COCAUHSIOT MPHU TO-

MO CTCPKHCBBIX 3HAKOB B OJHWH CTCPIKCHb W TOJIBKO IIOTOM YCTAaHABJIMBAIOT €TI0 B

bopmy.
1.7 Y3kue nonocmu Memdy OmaeﬂbelMu yacmsmMu omJsiuekKu

V3Kkue nojiocTu MCKAY OTACIIBHBIMU YaCTAMU OTIIMBKHU 3aTPYAHAIOT (1)OpMOBKy.
Takue nojioctu MCKAY CTCHKAMHU OTJIIMBKH 06p33y10TC$[ TOHKHUMHU BBICTYIIAMHU U3 (1)0p-

MOBOYHOM MJIH CTer(HeBOﬁ CMCCH. q)OpMOBKa ATUX TOHKMX 4YacTed U MpCaoXpaHCHUC
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UX OT pa3pylIaloIIero ASUCTBUS CTPYU KUJIKOIO METajlla IMpU 3aJMBKE BbI3BIBAET OII-
penenieHHble TpyAaHocTU. Hanmuuue Takux dYacTel Bcerja yBEIMYMBAET BEPOATHOCTH
BO3HUKHOBEHUS Opaka, ciocoOCTBYET 00pa30BaHUIO NIPUTapa, a TAKXKE YCIO0XKHSIET Mpo-
LECC OYUCTKHU U 0OPYOKHU JTUTHSI.

BrinosiHeHHEe TOHKUX U BBICOKHX OXJIAXKIAIOMUX pedep C y3KUMU MOJOCTSIMU
MEXAY HUMH TpeOyeT CrelnaqIbHOT0 000PYI0BAHMS U CIIEIUATIbHON TEXHUKU (OPMOB-
KH.

VY3Kue WIM OCTPOKOHEUHBIE BBICTYIBI (POPMOBOYHOW WIIM CTEP>KHEBOW CMecH
JIETKO CMBIBAIOTCS CTPYEH KMJIKOr0 MeTajla U 00pa3yIoT [ECYaHbIE 3aCOpPbl B OTJIUBKE,

IMO3TOMY IIPpU KOHCTPYHUPOBAHUU OTIIMBOK Y3KUX MOJIOCTEH IBITAIOTCS U30eraTh.

1.8 Menkue anemeHmsbI 8 KPYNHbIX omJiueKax

OdeHb 9acTo HEOONBIION MPUIMB Ha KPYIMHOW OTIUBKE CIY)KUT MPUIMHON 3HA-
YUTEIBHBIX 3aTPYJHEHUIN Tpu (GOpMOBKE, TUOO BBI3BIBACT Opak BCJIEICTBUE HE3AmoJ-
HEHMS ATOTO MPWJINMBA PACIVIaBOM, 3aCOPEHHsI €ro Wi nospexaeHus. Kpome Toro, 3a-
TpyJHEHA MeXaHu4eckasi 00paboTKa TaKUX 3JIEMEHTOB.

Yaie Bcero MeJaKue 3JIEMEHTHI MPEANOYTHTEIbHEH OTINBATh OTACIBHO, a 3aTeM
KPENHUTh B COOTBETCTBYIOIIEM MeCTe KpyHmHOW OTIMBKH. Ho MHOTIA MpH MpaBHILHOM
BBINIOJIHEHUH U HEOOJBIINX pa3Mepax TaKUe MEJKHE ACTalIH IesIecoo0pa3Ho MoaydaTh

JIMTBIMH BMECTE C OCHOBHOM KOHCTpYKHHCﬁ.

1.9 Ocob6eHHOCMU KOHCMpPYyupo8aHuUsi OMJIUSOK rpu
aemomamu3upoeaHHOM U MOMOYHO-MexaHU3Uupo8aHHOM
us2omoesieHuu ghopm

B HaCTOALICC BpCMA HU3IOTOBJICHUC JIMTECUHBIX q)OpM Ha ITIOTOYHO-
MCXAHHU3HUPOBAHHBIX U dABTOMATUYCCKUX JIMHUAX BBI'OAHO HC TOJBKO JIA CCprIHOI’O )51
prnHOCCpHﬁHOFO IMPpONU3BOACTBA, HO U IJIsI MCIIKUX CepI/Iﬁ MopAaKa HCCKOJIBKUX ACCAT-
KOB HITYK. B 3aBucuMoOCTH OT CTENCHU MCEXaHHN3allun OCHOBHBIX N BCIIOMOI'aTCJIBbHBIX
onepaunﬁ, MCXAaHHU3HUPOBAHHAA U daBTOMATHU3UPOBAHHAA q)OpMOBKa MO3BOJIACT CyHICCT-
BCHHO COKPATUTDb BPCMA U3TOTOBJICHHA q)OpM M IMOBBICUTH TOYHOCTDH OTIIMBOK.

Huxe IMPUBCACHBI Tpe6OBaHI/ISI, NpCaABABILICMBIC K KOHCTPYKIIUHU OTJIIMBKHU B OT-

HOIICHUHN U3I'OTOBJICHUA MOHCHCﬁ 1 MOACJIBHBIX ITJIUT.

17



1 JInst obsieryeHust MeXaHM4ecKori 00pabOTKU 37€MEHThI METAJUTMYECKON Mo1enn
JOJDKHBI IMETh KOH(UTYPAIHIO TPAaBUIIBHBIX T€OMETPUIECCKIX (QUTYD.

2 KoHCTpyKIHs OTJIMBKHU JOJDKHA OBITh KOMIAKTHOU. ['abapuTHBIE pa3Mepsl OT-
JIMBKHU BIUSIOT HA rabapuThl MOAEIHHON IUIUTHI U OTIOK, KOTOPBIE, B CBOIO OYEPE/Ib, OIl-
pEeNensIoT TUI U pa3Mepsl popMoBoUHOTO arperara. Uem kpymHee (GpopmMoBOUHAs Ma-
[IMHA, TEM BBIIIE €€ CTOUMOCTh U CTOMMOCTH €€ JKCIUTyaTallid M TeM HUXKE MPOU3BO-
JIUTEITHHOCTb.

3 JInst IpOCTOTHI M3TOTOBJICHHSI MOJICTFHOM TUTMTHI TIOBEPXHOCTh pa3beMa MOJIE-
JM TI0 BO3MOXKHOCTH CJIEyeT JeNaTh IJIOCKOH; opMa JOKHA COCTOSTh U3 JBYX IO-
aypopM.

4 Mopaenu He AODKHBI UMETh OTHEMHBIX 4acTedl. OTheMHBIE YACTH BIHUSIOT Ha
TOYHOCTh OTIMBOK, YBEIMYUBAIOT TPYAOEMKOCTh W TMPOJOJDKUTEIBHOCTh IUKIIA H3TO-
TOBIICHUS (HOPMBEI.

5 KonnuecTBo cTepKHEH TOMKHO OBITH IO BO3MOXKHOCTH HeOOombIiM. CII0KHBIS
CTEpKHH I1eJIECO00pPa3HO 3aMEHATh HECKOJBKHMH MPOCTHIMHU, JIETKO YCTaHaBINBAEMBbI-
MU B popmy.

6 OTnuBKa JOJKHA MMETh IJIaBHYI0 00TeKaeMylo KOH(UIypaluo, 0e3 oCTpbIX
YIJIOB U U3JIOMOB, TTTyOOKUX W y3KUX BIIAJIMH.

7 Tlpu uzroroBneHnu ¢opM Ha (HOPMOBOYHBIX JIMHHUSX H3BJICUCHUE MOCIU W3
(GOpMBI OCYIIECTBISETCS MPOTSKKOM; 3TO TO3BOJSET BO MHOTHX CIy4asx W30eXaTb
NPUMEHEHUS CTeP)KHEH M 3aMEHUTh WX OOJBaHAMU MPH HAIWYUH JOCTATOYHO OONBIIO-
ro YKJIOHA CTEeHOK. UTOOBI HE MPOM3OILIO OTPhIBAa 0OJIBaHA BO BPEMsl yIAICHUS MOICIH
u3 (hOpMBI, BBICOTA €r0 HE J0JKHA OBITH OOJIBIIE IIUPUHBI €T0 OCHOBAHUSI.

TpeboBanus, mpeabsaBiIsieMble K KOHCTPYKIIUU OTIWBKH B OTHOIIEHUU HM3TOTOB-
JICHHsI CTEPKHEBBIX SIIUKOB U CTEPKHEH MO HUM, 3aBUCIT OT CIIOCO0A M3TOTOBICHUS
CTepKHEH, ompeaensieMoro KoH(purypamuein CTepXHS U OOIUMHU YCIOBUSIMHU TPOU3-

BOJCTBA.

2 BNMINAHUE KOHCTPYKUUUN OTIIMBKU HA YCNOBUA 3ANOJTHEHUA
®OPMbI XUOKUM METANJNOM U BOSHUKHOBEHUE YCAOOYHbIX
OEDEKTOB

Ha TexHOon0orun4HocTh KOHCTPYKIHUU OTIIMBKU C TOYKHU 3PCHHA YCJ'IOBI/Iﬁ 3aIlI0JIHC-

HUS JTUTEHHOM (1)OpMBI KUIAKUM MCTAJIJIOM W TTIOJTYUCHUA Ka4eCTBECHHOM OTJIMBKHM OKa-
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3bIBAIOT BJIMAHUC CJIICAYIOIIUC q)aKTOpBI: TOJIIIMHA CTCHOK OTJIIMBKHM M HX B3aMMHOC
PAaCIIOJIOKCHUEC, BO3MOXHOCTb BO3HUKHOBCHHUA YCAJOYHBIX PAKOBHUH H IOPUCTOCTH,

BO3MOXHOCTHb BO3SHUKHOBCHMUA HaHpH)KeHHﬁ, I[e(i)OpMaLII/Iﬁ N TPpCUIUH.

2.1 TonwuHa cmeHOK omJiuU8KU U UX 83aUMHOe pacriosioxeHue

JlomycTumasi TOJIIIMHA CTEHOK OTJIMBOK C TOYKM 3pPEHUS 3alOJIHEHUS JIMTEHHON
(GbopMBI METAIJIOM 3aBUCUT OT MPUMEHSAEMOI0O CIJIaBa U TEMIIEPATYpPhl €r0 3aJTMBKH, OT
pa3MepoB U KOH(GUTYypallUd OTIMBKH, a TaKXKe OT TEIJIOPU3NUECKUX CBOMCTB MaTepua-
Ja JIUTEHHON (HOpPMBI.

B tabnune 2.1 npuBegeHa HauMEHbIIas TOJNIMHA CTEHOK OTJIMBOK U3 Pa3IMYHBIX
JUTEHHBIX CIJIABOB, B 3aBUCUMOCTH OT Pa3MEPOB OTIMBKU IPHU JIUThE B MecyaHbie Gop-

MBI.

TCZ6]ZMT/}CZ 2.1 - Haumenvuias moJjiuna CMmeHoK onjiu6OK npu jumbve 6

necyamvle Qopmol

HauMenbIias TomuyHa CTEHOK OTJIMBOK, MM
HaumenoBanue criaBa
MeJkue OTIMBKH CpenHue OTIIMBKH KpyrmHbIe OTIUBKH
Cepblii yyryH 3.4 8...10 12...15
KoBkuii uyryn 3.4 6..8 -
Cranb 5.7 10...12 15...20
Bponsza 3..5 5..8 -
AJIOMUHHEBBIE CIUIABBI 3..5 5..8 -
MarnueBbie CIJIaBbI 3..5 5.7 -

I[JISI OIIpCACICHUA HauMeEHbIICH TOJIIIUHBI CTCHOK CTAJIbHBIX OTJIIMBOK TaK’KC PC-

KOMEHJyeTcs cienytomias popmysa

2L+ B+ H
g=5+4.———, (2.1)
3
rJ€ g — TOJIIHWHA CTEHKU OTJIUBKU, MM,
L, B, H — niivHa, IMPUHA ¥ BBICOTA OTJIUBKU COOTBETCTBEHHO, M.
Jlna onpeneneHus TOJIMHBI CTEHKU JETAIM U3 CEPOr0 YYyTryHA MOXHO BOCIIOJIb-

30BaTbcs rpadMKoM, MPUBEACHHBIM Ha pUcyHKe 2.1.
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Pucynok 2.1 — I'paguk ons onpeodenenus moauunsvl CMeHKU OMIUBKU

N3-3a BepOosSTHOCTH BO3HUKHOBEHMSI CIIa€B M HEJOJIMBOB OCOOCHHO HEXKEJIaTellb-
HBIMU SIBJISIIFOTCSI CJIydad, KOTJa JB€ CTPYHU XOJIOJHOTO MeTajuia (4acToO COJepIKalllue
YaCTUYKM TECKa, IIJIaKa WJIU TIJICHKU OKHCJIOB HAa TIOBEPXHOCTHU) MOTYT BCTPETUTHCS B
TOHKOM TOPU3OHTANIBHOM mosjocTu Gopmbl. Ha pucynke 2.2 npeacTaBiieH MUIUHIpUYE-
CKUU BEPTUKAJIBHBIN COCYJ, UMEIOIIAN TOPU30OHTAIBHBIA OTBOJA. BO Bpems 3aIuBKHU Me-
TaJJ MOJHHUMAETCS M CHadaja 3aIloJHIeT HHKHHUE YacTH OTJIMBKH, a 3aTeM oTBoj. O-
HAKO, TOUIS 10 BEPXHUX YAaCTEU OTBOJIA, METAJIJI MOKET HACTOJILKO OCTHITh, YTO CTPYH,
MOJTHUMAIOIIIMECS C TIPABOM M C JIEBOM CTOPOHBI OTBOJIA, MOT'YT HE COECIUHUTHLCS, U B

9TOM MECTE BO3HUKACT CHau MU HCOOJINB.

)

L r I IS TIAE u::::z::f/ﬁ'zzx !

Pucynox 2.2 — Omauska ¢ 2opu3oHmanbHulmM 0meooom

VYTounleHre CTEHOK OTJIMBKHM B JIAaHHOM CJIy4dae YJIYYIIUT €€ KOHCTPYKIHUIO, TaK
KAaK CONPOTHUBJIEHUE JIBHXKECHUIO JKMJIKOTO METaJJIa CTAHOBUTCS MEHBIIUM, U BEPOAT-
HOCTb 00pa3oBaHus Je(hEeKTOB YMEHBIIUTCS.

OnacHbIMHM B OTHOLIEHUU 00pa30BaHUsl HEJOJIMBOB U CIHAEB SIBJISIOTCS TaKXKE OT-

JINBKHU, UMCIOIINC NJIMHHBIC TOHKUC T'OPU30HTAJIBHBIC CTCHKHU (pI/I023, Cl).
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a — HEMEXHONI02UUYHAA KOHCMPYKYUA C MOUKU 3PERUAL 3ATUBKU,
O — mexnol02uyHas KOHCMPYKYUA no yCaoBUAM 3AJTIUBKU, 6 — HAKIIOHHAA YCMAHOBKA

Gopmbl 011 3aNUBKU NPU HEMEXHOIO2UUHOU KOHCMPYKYUU OMAUBKU KOHCYXA

Pucynok 2.3 — Koncmpykyus omausku Kopnyca ¢ moHKum OHOM

UtoObl 00€eCnIeYnTh 3al0JIHEHHE TOHKOM CTEHKH TOPSYUM METAJIOM, KOPITYC
MHOTJIa 11e1ec000pa3HO 3aJuBaTh JHOM KHHU3Y; KPOME TOr0, YTOObI 00ECHEYUTh MOCTE-
MEHHOE U PAaBHOMEPHOE 3al0JIHEHUE METaUIOM MOJ0CTH (GOPMBI U OTBOJ] U3 HEE Ta30B,
JTHO KOXKyXa ClIelyeT KOHCTPYUpPOBaTh HAKJIOHHBIM (puc.2.3, 6). Ecnu KoHCTpyKIUs HE
MO3BOJIIET MPUMEHUTh HAKIIOHHOE JTHO, MPH 3aJIMBKE (OPMY yCTaHABIMBAIOT B HAKJIOH-
HOe ToJioxkeHue (puc.2.3, 6), 4TO BBI3BIBAET OMPENEIICHHBIC TPYAHOCTH (HEOOXOIIH-
MOCTb M3TOTOBJICHUsI HAKJIOHHOM TTOCTENH, YCI0KHEHNE 3aIMBKU Ha KOHBEHepe).

OTnuBKe clielyeT MpUiaBaTh TaKyl0 KOH(UTYpaIUio, 4TOObI KUIKUN MeTall,
MIPOJIBUTASICh B TIOJIOCTU (DOPMBI, BHITECHSI PA30TPEThIM BO3AYX M Ta3bl, BhLICISIONINEC-
csi u3 Metauia. Eciu meTamn BCTpeyaeT Ha CBOEM IyTH OOJIbLINE TOPU30HTAJIbHbIE
CTEHKHM, HACTyMaeT 3aMeJUIeHHE MOJbeMa YPOBHS METajula, a BO3JYIIHbIE U Ta30BbIe
My3bIPH, 33JICPIKUBASICh BOJIM3W BEPXHEH MIIOCKOCTH CTCHKH, 3aXBAaThIBAIOTCSI METAILNIOM
1 00pa3yloT B OTJIMBKE Ta30Bble paKOBUHBI. UTOOBI M30€KaTh X BOSHUKHOBEHUS, HE-
00X0IMMO TOPU3OHTAJIBHBIM TIJIOCKOCTSAM MPUAATh YKIOH. C TPYJHOCTSMH TaKOTO poja
OOBIYHO BCTPEUAIOTCS MPU JIUThE PA3JIMYHBIX IUIUAT, KOJiec, 0apabaHOB, KOPITYCOB M T.II.
[TpunaBas HEOOMBIITON HAKIOH TOPU3OHTAIBHBIM IIOCKOCTSIM, CJIEAYeT OJHOBPEMEHHO

n30eraTh NOJy4YEHHUs Y3KUX BHaauH (puc.2.4).
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a, O — HemexHOoN02UYHbLe KOHCMPYKYUU, 86, c — MEXHOJIOCUHUHbIE KOHCMPYKYUU

Pucynox 2.4 — I[Ipumepvt omaugox ¢ nioCKuMu 20pu30HmanibHulMu

U HAKTIOHHbIMU CIMEHKAMU

Ecnu razoBble pakoBHHBI 00pa3yroTcsi Ha 00pabaThIBa€MOM MOBEPXHOCTHU, OTIUB-
Ka OKa3bIBaeTcsi OpakoBaHHOW. Eciu ke OHM BO3HMKAaIOT Ha HeoOpabaThIBaeMOM IMO-
BEPXHOCTH, TO YaCTO 3TO MPUBOAUT K YMEHBIICHUIO TPOYHOCTU OTJIMBKU. ['a30BBIC pa-
KOBHHBI 00pa3yrOTCs 4Yallle BCErO B TE€X YaCTSIX OTIMBKH, KOTOPHIE HAXOIATCS BBEPXY
dbopmel. [loaToMy HEOOXOMMO Tak pacroJiaratb OTJIUBKY MPH 3aJUBKE, YTOOBI OTBET-
CTBEHHBIE AJIEMEHTHI OKa3aJuCh BHU3Y.

["az0BBIE pakOBHHBI OOPa3yIOTCS TakKke BO BMaaWHAX (POpMBI, OTKyJa Tra3bl HE

MMEIOT CBOOOJHOTO BbIX0J1a (puc. 2.5).

a — HeNnpPasuIbHAs KOHCMPYKYUs, 6 — npasuibHas KOHCMPYKYUS,
1 — enaduna; 2 — 2azoeas pakosumna

Pucynox 2.5 — Couemanue emynaxku co cmeHkou

B ob6mem cinyvae anis npenoxpaHeHus: OTIIMBOK OT 00pa3oBaHUs Ta30BBIX pPakKo-
BUH U OT 3arpsA3HEHHS UX HEMETAUIMUYECKUMH BKIIOYEHUSIMU ((popMOBOUYHAs CMeECh,
[UTaK, MPOAYKTHI OKUCJICHUS MeTajla U T.M.) HEOOXOAUMO MPHUIAEPKUBATHCS CIEIYIO-

18805D,¢ pCKOMCHI[aI_II/IﬁI
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1) n30erath OOJIBIIMX TOPU3OHTATBHBIX IIOCKOCTEH;

2) pa3Meliath OTBETCTBEHHbIE YaCTH OTJIMBKU B HUXKHEN 4acTH (OPMBI;

3) coxpaHsATb PaBHOMEPHYIO TOJIIMHY CTEHOK OTJIMBKUA M IUIABHBIE MEPEXOIbI
MEXAY HUMHU, CITIOCOOCTBYIOIIUE TUIABHOMY NMPOTEKAHUIO METAJJIa B TIOJIOCTH (POPMBI;

4) nzberaTh Ha BEpXHEW MOBEPXHOCTU OTJIMBKHU BHICTYIIOB.

CounieHeHHe IBYX, TPEX WM YEThIPEX CTEHOK — HanboJiee 4acTo BCTpeUaroUuics
THUII y3J1a B OTJIMBKax. PaznuyHble y37bl MOKHO CBECTH K CIEAYIOIIUM THIIOBBIM COYJIE-
HEHUSIM:

a) I000BO€ — CTBIK JIBYX CTEHOK Pa3HOM TOJIIMHBI, JEXKAIIUX B OJHOM IIOCKO-
CTH;

0) NpsAIMOYTOJIbHOE — CTHIK IBYX CTEHOK IOJ] IPSIMBIM YIJIOM B BUJ€ OYKBHI L;

B) OCTPOYT'OJIbHOE — CTBIK JIBYX CTEHOK I10J] OCTPBIM YTJIOM B BUJ€ OYKBHI V;

I') BUWJIOOOpa3HOE — CTHIK TPEX CTEHOK B BUJIe OYKBHI Y

1) BIPUTBIK — CTBIK TPEX CTEHOK B BUji€ OYyKBHI T;

€) KpecTooOpa3HOe — CTBIK YEThIPEX CTEHOK B BUJE OYKBBI X.

Kaxnoe u3 3Tux COUJIECHEHUI MOXET, KPOME TOT0, IPUMBIKATh K CTEHKE, IEPIICH-
JTUKYJISPHON WJIM HAKJIIOHHOM MO OTHOLICHUIO K y31y. Bce mompo6Hbie cousieHeHus cTe-
HOK JIOJKHBI OBITH CKPYTJIEHBI C TIOMOUIBIO TanTeNnell (3akpyrieHuid ¢ paaguycom). Ecnu
B MECTE€ CThIKa CTEHOK BHYTPEHHHH YTroJl HE 3aKpYTJIeH, 00pa3yeTcsl HECIUIOIHOCTh Me-
Tajula B BUJE MECTHOM yCaJ0YHOM paKOBUHBI HJIM HAJIphIBa (TOPSIYEH TPEUIUHBI) BCIIEI-
CTBUE 3aMEUICHHOI'O B JJaHHOM MECTE OXJIAXICHMS M3-3a MEHBILIEr0 TEIUIOOTBOJAA IIO

CPaBHEHUIO C HAPYKHBIMU CTOpOHaMU yria (puc.2.6).

AEEREAEE
s

Pucynox 2.6 — Cxema mennioomoauu yenoeo2o y3ia

Ha ocHoBanuu aHanu3a BIUSHUS KOHPUTYpalMK Pa3IuYHbIX TEIJIOBBIX Y3JIOB Ha
OTBOJ TEIJIa OT CTEHOK OTJIMBKU [1] MOXHO clenaTh CIeIyIONue BhIBOJIbI, Kacarolre-

Cs KOHCTPYKIUHU COUYJICHECHUM CTEHOK OTJIMBOK:
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1) xpecTooOpa3Hble COUICHEHUSI CTEHOK TuNa X HEmpUeMIIeMbl U3-3a OOJBIION
KOHIEHTpAIMH TeIUla; I0O3TOMY BMECTO TOT0, YTOOBI COEAUHATH CTEHKH B OJIHOM TOUKE,

CJIEJIyeT, €CIIM ATO BO3ZMOXHO, pa3BecTH ux (puc.2.7, 6):

) &)

a — HEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexHoi02uyHas KOHCMPYKYUA

Pucynok 2.7 — Cxema kpecmoobpaznozo couieHenusi CmeHoK

2) yriny0neHus B TABPOBOM COWIEHEHHH (puc.2.8) MO3BOJSAIOT YMEHBUIUThH pa3-

MEpBbI YCaI0YHON PaKOBHUHBI:

U ;

a — HEMEeXHONI0cUYHAA KORCMPYKYUA, O — mexHoI02uyHas KOHCMPYKYUA

Pucynok 2.8 — Cxema magposozo counenenusi cmeHox

3) L, V u Y-o0pa3HbIM COWICHEHHSIM ClIe[lyeT IPUIaBaTh MJIaBHbIE 3aKPYyTICHUS

(puc.2.9, 6, 2), paguychl 3aKpyriIeHUN TOJKHBI COCTaBIATh OT 1/6 10 1/3 TonmuHbI co-

a) &)
M ey

a, 2 — MexXHOoNI0cUYHAA KORCMPYKYUA, 6, 6 — HEMEXHOJI0CUUYHAA KOHCMPYKYUA

HYICHACMBIX CTCHOK:

Pucynox 2.9 — Cxema L-06pasnozo counenenusi cmeHox
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B xauectBe Mep, mpeaynpexaarnmx o0pa3oBaHue yCcaJl0YHbIX PaKOBUH B MeC-
Tax COWICHECHHS CTEHOK OTJIUBOK, MPUMEHSFOTCS

a) Hapy>KHbIE XOJOAMWIHLHUKH (OOBIYHO B BUJI€ METAINTMYECKUX ITUT U OPYCKOB);

0) BHYTpEHHUE XOJOIAWIBHUKH (B BHJE METALIMYECKUX CTEpKHEH, Crupaliei,
T'BO3JICH);

B) CTCPIKHHU, ITIOMCIIACMBIC BHYTPb YTOJIIICHU.

2.2 Tennoesble y351bl 8 omsiuekax U 803MOXHOCMb obpa3oeaHusi
ycadoy4Hbix Odeghekmoe

BonbIIMHCTBO METAIOB U MX CIUIABOB MPHU HAarpeBaHUM pacIIMpsIOTCs (yBelH-
YUBaIOTCA B 00BEME U JIMHEHHBIX pa3Mepax), a Mpu OXJIAXKACHUN — COKpallalTcs, T. €.
MPETEePIIEBAIOT YCAAKY. Y CcaJKa — CBOMCTBO METAJIJIOB U CIJIAaBOB YMEHBILIATHCS B 00be-

MC IIPpH 3aTBCPACBAHUN U OXJIAKIACHUU. Paznuuarot HI/IHCﬁHYIO u O6’E>CMHYIO yYCallKHu.

l, -1 V, -V
€y =20 100% | g, =L —Om.100%,
Omn Omn

rae Lg u Vgh — nuneltnblil pasmep u 00beM GOpMBI;
Loma 1 Vi — TUHEWHBIN pa3mep U 00beM oTiauBkHU ipu T=20 °c.

B 1ab6a. 2.2 MMPUBCACHBI BCIINYNHDBI JIMHEMHOM YCalKN OTIMBOK, U3TOTOBJICHHBIX
N3 Pa3/IMYHbIX CIIJIABOB.

Tabauya 2.2 — Beauuuna MuHetiHOU YCAOKU OMIUBOK, U32OMOBIIEHHBIX
U3 pasiuyHbIX CNIAB08

Vcanka, %
I'pynna oTnmuBOK
3aTpy/JHCHHAs | CBOOOIHAS
1 2 3

Cepwiii uyeyn:

MEJIKME U CPETHUE OTIIMBKHU 0,9 1,0

CPEIHHE U KPYITHBIE OTJINBKU 0,8 0,9

TSDKEJIbIE OTIUBKHA 0,7 0,8
Koesxkuti uyeyn 1,0 1,5
Cmanb:

OTJIMBKHU W3 YIJIEPOJAUCTON U HU3KOJIETHUPOBAHHOM CTaN 1,3...1,7 1,6...2,0

OTJIMBKHU U3 BBICOKOJIETUPOBAHHON CTAIM C XPOMOM 1,0...14 1,3...1,7

OTJIMBKU U3 (PEPPUTHO-AyCTEHUTHON CTalIN 1,5...1,9 1,8...2,2

OTJIMBKY U3 ayCTEHUTHOW CTAJINA 1,7...2,0 2,0...2,3
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IIpoooncenue maon.2.2

1 2 3
Cnuasvl yeemmbix Memanios:
OTJIMBKU U3 OJIOBSIHHOM OpPOH3bI 1,2 1,4
OTJIMBKHU U3 AJIIOMUHUEBON OPOH3BI 1,6...1,8 2,0...2,2
OTJIMBKM U3 JIATYHU 1,5...1,7 1,8...2,0
OTJIMBKHU U3 KPEMHHUCTOM JIaTyHU 1,6...1,7 1,7...1,8
OTJIMBKHU U3 MapraHOBOM JJATyHHU 1,8...2,0 2,0...2,3
OTJIMBKHU U3 CUIIyMHHA 0,8...1,0 1,0...1,2
OTJIMBKHU W3 CTu1aBa amoMuHus u meau (7...12% Cu) 1,4 1,6
OTJIMBKHU W3 CIUIaBa amoMuHus 1 maraus (10% Mg) 1,0 1,3
OTJIMBKHU M3 MarHMeBLIX CIIIABOB 1,2 1,6

MuHuManpHasi BeTUYMHA YCAJKU OTHOCUTCS K OTJIMBKAaM, UMEIOLIUM CTEP>KHH,
0OJIBaHbI U BBICTYMAIONINE YACTH, KOTOPhIE TOPMO3AT YCaIKy. MakCUMaJIbHYIO YCAIAKY
MMEIOT MPOCThIE OTIMBKHU, HE HMCHBITHIBAIOIINE TOPMOKEHUS. UyryHHbIE TOJICTOCTEH-
HbI€ OTJIMBKH C BBICOKMM COJEp:KaHHEM CBOOOAHOrO rpaduTa UMEIOT MEHBIIYIO JIH-
HEHHYIO yCaJKy, Y4eM TOHKOCTEHHBIE OTJIMBKHU. MeHbIlle TakKe JIMHEeWHas ycaJika OTJIH-
BOK, MOJyYE€HHBIX B CyXuX (hopmax, 0 CPaBHEHUIO C OTIMBKAMHU, MTOJTYYCHHBIMHU B Chl-
pbIX hopmax.

VYcagouHble pakOBHUHBI 00pa3yrOTCsl OOBIYHO B BEPXHHUX YTOJNILEHHBIX YacTSIX OT-
JUBKH, T.€. B TE€X, KOTOPbIE 3aTBEPACBAIOT MOCIEIHUMU. TOHKHE YAaCTH OTIMBKH IMOJY-
yaroTcsi 06e3 ycaJouHbIX Ne(EeKTOB, OHM BO BpEMs 3aTBEpPJEBAaHUS MUTAIOTCS >KUIKUM
METaJVIOM M3 YTOJNIIEHHbIX 4acTeil. KpoMe cocpenoTodeHHBIX YCaJOUHBIX PaKOBHH,
MOTYT MOSIBIISATHCSI PAKOBUHBI, pacCpe0TOYEHHBIE IO O0bIIe YacT 00beMa OTIUBKU
Y UMEIOIIME BUJ MEJIKUX TOp (ycagouHas MOPUCTOCTb).

Konourypauus oTaumBKH OINpenenseT paclpeiesieHue TeMIepaTtyp B Ipolecce
3aTBEpJE€BAHUS U TIOJOKEHHUE YCAaTOUYHBIX pakoBUH. YTOObBI MOIYYUTh 30POBYIO OTIHB-
Ky 0e3 ycaJouHbIX pPaKOBHH, HEOOXOJMMO MPUAEPKUBATHCS OJHOTO U3 ABYX IMOJOMKE-
HUM: 1) HarpaBIEHHOTO 3aTBEPEBAHNUSA, 2) OJHOBPEMEHHOI'O 3aTBEPICBaAHUSI.

HanpaBnenHoe 3aTBepaeBaHue TpeOyeT, 4TOOBI B KaKJIOM MUTAEMOM TEIJIOBOM
y3Ji€ OTJIMBKUA CKOPOCTh OXJIAXACHHUS MOCTOSHHO YMEHbIAJach B HANpPaBICHUH MPU-
OB, TJ€ JOJDKHA 0KA3aThCsl COCPEIOTOYEHHAs ycalouHas pakoBuHaA. [IuTaHue TOHKUX
qyacTell OTJIMBKM 3a CYET O0Jiee TOJICTBIX IJIEMEHTOB, a TOJCTBIX YacTEH OTIMBKH — 3a
CYeT MPUOBLUIM TapaHTUPYET IUIOTHOCTh MeTamia B oTiuBke (puc.2.10, a). Ipunmun

HaIlPaBJICHHOI'O 3aTBCPACBAHUA IMMPUMCHACTCA B CTAJIbHBIX OTIIMBKAX, B OTIIMBKAX U3
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KOBKOT'O 9yI'YHA, U3 YyT'yHa C IIapOBUIHBIM FpanI/ITOM, CCpoOro 4yryHa ¢ HU3KUM CO-

Jep>KaHUEM yIiiepoaa U KPEMHHUS.

)

7

a — NPUHYUN HANPABTIEHHO20 3AMEePOe8aHUs;
6 — npuHyUn 00vLEMHO20 3aMBeepPOeBanUs

Pucynok 2.10 — Cxemvl KOHCMPYKMOPCKUX peuleHUl

OpnHOBpeMEHHOE 3aTBepJeBaHUE TPeOYeT CO3[aHus TaKUX YCIOBUW, MPHU KOTO-
PBIX METaJT JOJIKEH PaBHOMEPHO U OJTHOBPEMEHHO KPUCTAJIM30BATHCS BO BCEX YACTX
OTJIUBKHU. DTO YCJIOBHE BBITIOJIHSETCS, KOT/Ia TOJIIMHA CTEHOK BO BCEX YACTAX OTIMBKU
OJIMHAKOBA U OTJIMBKA HE MMEET MECTHBIX yTOJdIIeHui. [IpuHIMn 0JHOBpEMEHHOTO 3a-
TBEpACBAHUS MPUMEHUM [l TOHKOCTEHHBIX OTIMBOK M3 CEPOro UyryHa, OJIOBIHHOMU
OpOH3bI U HEKOTOPBIX JIPYTUX CIUIABOB LIBETHBIX MeTasuioB (puc.2.10, 6). Takue oTnuBs-
KA M3-32 MaJIOM CKJIOHHOCTH K OOpa30BaHMIO YCaJOYHBIX PAaKOBHMH 3aJMBalOTCs O€3
npUObLIEH.

Bo3HUKHOBEHNE B OTIMBKAX YCaJOUYHBIX PAKOBUH MOXKET ObITh YCTPaHEHO U3Me-
HEHUEM KOHCTPYKIIMH OTJIMBKH, COOTBETCTBYIOIIMM MOJBOJOM METajljla U MPUMEHEHH-
eM IpuObUIeH U XOJOAUIBHUKOB.

Crioco0bl mosBoa MeTaia B popMe, a TaKKEe CKOPOCTh 3aJIMBKH, OKa3bIBAIOT
00JbIIOE BIMSHUE HA paclpeesieHue TeEMIEpaTyp U Ha 00pa3oBaHUE yCaJOYHBIX PaKo-
BUH B oTiIMBKe. OCHOBHBIE npasuia NOJBOAA JKUAKOTO MeTasia B (opMy:

1 Tlpu onHOBpEMEHHOM 3aTBEPJEBAHUM METAJJI HEOOXOAUMO MOJBOJIUTH K Ca-

MBIM TOHKHM 4acCTsAM OTJIMBKH (pe6pa, TOHKHUC CTCHKI/I).
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2 Ilpu HanpaBIEHHOM 3aTBEPAEBAHUU METAILI CIECIYET MOABOAUTH K TEM YaCTAM
OTJINBKH, KOTOPbIE KPUCTAIUIU3YIOTCS B MOCIIEIHIO odepenb. [Ipu mogsoae mertamia B
TOHKHE YacTH OTJIMBKU PEKHUM HAIPaBICHHOTO 3aTBepiAeBaHUs HE OyAeT SPKO BhIpa-
KEHHBIM, KaK [IPU MTOABOJE B YTOJIUIEHHYIO YaCTb.

bonpmioe BAMSHHE HA BEIMYMHY YCAaJOYHBIX PAKOBHH OKa3bIBAET CKOPOCTH 3a-
muBku ¢opmbl. [Ipu yBenrueHnn NpoAoKUTENbHOCTH 3ATUBKA POPMbI 00bEM yCaI04-
HOM pakOBHHBI MOXHO YMEHbIINTh. Eciu Oombiias ¢popma 3anmuBaeTcsi CBEpXY U Me/l-
JIEHHO, HW)KHHE YacTH OTJIMBKHM OCTBHIBAIOT W, 3aTBEPJEBAs, MUTAIOTCS 3a CUET IOCIE-
AYIOIMX MOPUUN KUIKOTO METasia, MOCTYMAOMIEero B Gopmy.

Ilocne ompeneneHuss MECT M KOJIMYECTBA TEPMHUUECKUX Y3JIOB, CIEAYET yCTAHO-
BUTb, KAKUE€ U3 HUX OYJyT NUTATHCS MPUOBUIBIO U KAKUE MOTYT OBITh OXJIAXKIECHBI C MO-

MOIIBbIO BHYTPCHHUX HJIN HAPYKHBIX XOJIO AUJIBbHUKOB.

2.3 KoHcmpyupoeaHue npubsbineu

[Ipu yctaHoBKe npuObLUIEH PYKOBOJCTBYIOTCS CIEIYIOIIMMU MOJ0KEHUSIMU:

1 IIpubsbinu cienyeT pa3MeniaTh HaJl CAMBIMU MAaCCUBHBIMU YacTsIMU OTIUBKH.

2 Tlpu6ObuIn HE AOMHKHBI MPENSATCTBOBATH CBOOOHON yCaKe OTIUBKH.

3 He pexomeHnayercst ycTaHOBKa MpUOBUIEH PSAOM CO CTEHKAMU OTJIMBKHU WU
OJIM3KO OJIHA OT JPYTOM.

4 TlpuObLn cienyeT pa3Meliarb TaKuM 00pa3oM, 4TOOBI KX MOKHO OBLIO JIETKO
yIATATD.

5 TlpuObLIM JOJKHBI OJTHOBPEMEHHO UTPaTh POJib PE3€pBYapoB JI BCIUIBIBAIO-
IIMX HEMETAUNIMYECKUX BKIIIOYEHMH, MONaBIIMX B METAJUI, U BbIBOJAA U3 (POPMBI ra3os;
IIO3TOMY, €CJIA BO3MOKHO, OHU JTOJKHBI HAXOJAUTHCS CBEPXY, HAJ OTJIMBKOM.

Yaie Bcero NpuMEHSIIOTCS BEpPXHUE 3aKPBIThbie MPUObUIH, YCTaHABIMBAaEMbIe He-
MOCPEJICTBEHHO Ha MUTaeMbld y3el. [lutanue yepe3 BepxHue NpuObLIN sBIsieTCA Oosee
1enecooOpa3HbIM, 4YeM uepe3 OOKOBbIE, TaK KaK JOCTUraloTcsl Ooyiee JETKUE YCIOBHS
MEpEMEILICHHS NTUTAOIIETO METAJLIA.

BokoBble pUOBUIH MPUMEHSIOTCS B TE€X CIy4asiX, Korjaa TpeOyeTcsl MUTaTh y3Jbl
OTJIMBKH, HAXOJsIIMEcs B HIKHEW YacTh (OpPMBI, WM KOTJa MPUMEHEHHE BEpXHEH
npUOBUTH HEBO3MOXHO U3-32 KOH(pUTrypauuu aetanu. Bo MHOruX ciyyasx npuMeHeHue
OOKOBBIX MPUOBLIEH YNPOIIAET OCYLIECTBICHUE MPUHIIMIA HAMPaBIEHHOTO 3aTBep/e-
BAaHMS M IMOYTH BCErja ymnpomaer ux ygaieHue. C apyroil CTOpOHbI, yCTAaHOBKA €/IH-

HUYHBIX OOKOBBIX MPHUOBLIEH BEIET K M3IUIITHEMY pacxody (opMOBOUYHON cMecH, yBe-
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JUYEHHUIO pa3Mepa OMOK U TPYAOEMKOCTH (popMOBKH. BokoBbIe MPUOBUIM YKOHOMUYHBI
1 3G(DEKTUBHBI 1711 HEOOJIbIIUX OTIMBOK, KOT/Ia OAHAa NpUObUIb MUTaeT 2, 3 u aaxe 4
OTJINBKH.

B nensax yBennuenust 3pGEeKTUBHOCTH BEPXHUX U OOKOBBIX MPUOBLIEH UX U3TO-
TOBJISIIOT Kak MPUObUIH, JCUCTBYIOIIME TOJ MOBBIILIEHHBIM (Ta30BbIM) JABJICHUEM.
[Ipumenenue nmpuoObLIeH, NeMCTBYIOMIMX MO Ta30BbIM JIABICHUEM, COKPALIAET PacXo/l
AKUJKOrO0 METAJUIa HAa OTIMBKY U MOBBIIIAET BBIXOJ FOJAHOTO JUThA. C Ipyroi CTOPOHHI,
NpUMEHEHUE NPUObLIEH C Ta30BbIM JaBICHUEM TpeOyeT OUeHb THIATeIbHON pa3paboTKu
U TOJATOTOBKH TPOU3BOJCTBA, TOYHOTO COOMIOAEHUS 3aJaHHOTO TEXHOJIOIMYECKOTO
mporecca.

Otnenenue TpUOBUICH SIBISETCS IOPOTOCTOSIEH W TPYAOEMKOH oTepalrue.
YToOBbl yMEHBIIUTh TPYJOEMKOCTh OTIEICHUS NPUObLICH, TPUMEHSIOT JIETKOOTAENs1e-
Mble NpuObLUIK ¢ ieperopoakamu (puc.2.11).

Mexay OTIUMBKOW U NPUOBUIBbIO MIOMENIAETCS TOHKAs MEeperopojka u3 creluaib-
HOU CTEP>KHEBOM CMECU WJIA U3 JIMCTOBOM CTajH, IIOKPBITOM OTHEYIIOPHOW KpPAacKOW; B
LIEHTPE MEPErOpOJAKHA HAXOAUTCSI OTBEPCTUE, CIYKALIECE I MIUTAHUS OTJIMBKU KUIKUM
METalIOM W3 MPUOBUIM W Il OTBOJAA Ta30B W3 OTJIMBKHU. TOJIIMHA MEPEropoOAKU g
J0JIKHA OBITh TaKo#, 4TOOBI, C OJTHOM CTOPOHBI, MEPEropoiKa HE TOPMO3MUIa TEII000-
MEH MEX]ly TPUObUIbIO U OTIMBKOM, a ¢ Ipyroi — obyanana J0CTaTOYHOM MPOYHOCTHIO

U HE JIoMajachk npu GOpPMOBKE U MPH 3aTUBKE POPMbI METAIIIIOM.
a)
b

b

7

N

a — 3axpvimas npuodwvLIL;, 6 — OMKPLIMAs NPUOBLLIL

7

Pucynox 2.11 — Cxembl ycmanosku nieeckoomoessiemMvlx npuobbsliet

HCI‘KOOTIICJISICMBIC HpI/I6]'::IJ'II/I C HGpCFOpOI[KOﬁ OOBIYHO MNPUMCHAIOT IJISI MCJIKUX H
CpCAHNX HCOTBCTCTBCHHBIX OTJIMBOK. HpI/IMCHCHI/IC TaKHNX HpH6]’:;IJ'ICI>i L KPYIIHBIX U

OTBCTCTBCHHBIX OTINBOK HE PCKOMCHIYCTCA.
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2.4 [MpumeHeHue x0/100UNTbHUKO8

XONOIUIIBHUKY CIIYXAT JJI1 MECTHOT'O OXJIAXKAEHHUS OTAEIIbHBIX YACTEW OTJIMBKH.
[IpumeHst0TCST XOMOAMIBHUKY B T€X CIy4asix, KOrjaa HEOOXOAMMO OCYIIECTBUTH MPUH-
LWl OJHOBPEMEHHOIO 3aTBEPACBAHUS OTJIMBKU NPU HEBO3MOXHOCTH HCHOJIb30BATh
npuObUTH WM KOTJ1a HEOOXOJIMMO M30ekaTh MpUMEHeHHs NMpuObuUied. Takke uX mpu-
MEHSIOT M JUISl OCYLIECTBIICHUS PEXKUMa HAIPaBICHHOTO 3aTBEPACBAHMS, PA3BUTOrO B
TOM WJIM MHOU cTerneHu. V3BEeCTHBI 1Ba BUAA XOJOAWIBHUKOB: HapyXKHbIE U BHYTPEH-
HUE.

Hapyoicnuvie XONOINUIBHUKM HMMEIOT (QOpPMYy IUIMTOK YKOPOUYEHHOW JJIMHBI H
MIPYTHEB, U3TOTOBIICHHBIX U3 YyT'YHa WIH U3 CTAJIBHOrO npokarta. [Ipumepsl npumeHe-

HHA HAPYIKHBIX XOJOAUJIBHUKOB ITOKA3aHbI HA PUCYHKC 2.12.
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a...oin — HapyoiCHble XONOOUNIbHUKU OISl OXAANCOCHUSL MENTIOBbIX 371086

CMmaibHblX OMJIUBOK

Pucynoxk 2.12 — XonoounvHuku

Bo MHoOrux ciy4asix NpUMEHEHNE HAPYKHBIX XOJIOAUIBHUKOB JAET JIUIIb BHEIII-
HUM 3QeKT ynydileHns KauecTBa OTJIMBKHU, a B ACHCTBUTEILHOCTH M3-3a HEJIOCTATOY-
HOCTH THUTAHUS XUJIKUM METANIOM ycCTpaHseMble AedEeKTbl MOTYT MEPEMECTUTHCA B
ri1yob oTauBKU. Kpome Toro, y 4yryHHbBIX OTJIMBOK BOBHMKAET OMAaCHOCTh MECTHOIO OT-

OeJia, MOBBIILICHUS TBEPIOCTH, U YXYAIIAIOTCS yCIOBUS 00pabOTKH.
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Buympennue XONOIUIbHUKYA TPUMEHSIOTCS 4Yallle BCErO MPU IMPOU3BOJICTBE
CTaJbHBIX OTJIMBOK. Macca xosioguiibHuKa npuHumaetcs 8. ..14% macchl oXJIaKaaeMo-
ro TePMHUUECKOTO y37a. [[puMepbl BHYTPEHHUX XOJOAMIHLHUKOB MPUBEICHBI HA PUCYHKE
2.13.

BHyTpeHHME XOTOAWIBHUKA HE PEKOMEHYETCS MPUMEHSTh JJIsi OTBETCTBEHHBIX
CTaJIbHBIX OTJIMBOK, OCOOEHHO PabOTAIOIIUX MO JaBICHUEM, TaK KaK TaKUe XOJIOINIIb-
HUKH OOBIYHO HE PACIUIABIISIIOTCS B OTJIMBKE MOJHOCTHIO U MOTYT CO3/1aTh B HEHl 0ocinal-

JICHHBIC MCCTa.

a — CmepoIHCeHb Ha 260362)6,' O — NOOKOGHbLE 260307/1,' 6 — NPOo60OJIOYHAA CNUpalb,

2 — OpYCcoK 07151 OXNAXHCOeHUs YMOIUEHHOU Yacmuy NPUIuea

Pucynox 2.13 — Buympennue x0100UibHUKU

Haunbonee dacto B kauecTBE BHYTPEHHErO XOJIOJWJIBHUKA MPUMEHSETCS CTep-
KEHb, CIIYXKAIUN NI OXJIAXKICHUS YTOJIIEHUS, B KOTOPOM OyJIeT MPOCBEPIICHO OTBEP-
ctue (puc.2.13, 2). Jlnamerp xoJoAMIBLHUKA B 3TOM ciiydae Oepetcs Ha 4...8 mm MEHb-
e JuaMeTpa MpOCBEPIUBAEMOTO OTBEPCTHUS, TIPU CBEPJIICHUU TOTOBOM OTIUBKU XOJIO-
TUIBHUK YJAIseTCsl BMECTE CO CTPYIKKOM.

Takum oOpazom, mpu pa3pabOTKe KOHCTPYKIIMU HOBOW OTJIUBKU CJIEIYET IMPHU-
JEP>KUBATHCS CIETYIOMIMNX PeKOMEHOAYUL.

1 Tlpu aHanu3e KOHCTPYKIMHM OTIUBKH CJIEAYET pacCMaTpUBaTh OYEPTaHUS €€ B
JUTOM HE0OpaOOTaHHOM BHUJE, BMECTE C NMPUIYCKAMU HAa MEXaHHUYECKYI0 00paldoTKYy.
[Tpunycku 4acTo BBI3BIBAIOT OOJIBIIINE U3MEHEHHUS B TOJIIMHE OTACIIBHBIX CEUCHHH, YTO

BJIMACT HAa USMCHCHUC PACIIPCACIICHUA TCPMHUUCCKHUX Y3JIOB.
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2 CnenyeT yCTaHOBUTH, B KAKUX CIydasX JJIsl JAHHOW KOHCTPYKIIMHU OTIUBKHU 00-
Jee 11e1ecoo0pa3Ho MPUMEHEHUE MPUHIIMIA OJJHOBPEMEHHOTO MM HAIPaBICHHOTO 3a-
TBEp/ICBaHUS.

HanpasienHoe 3aTBepjieBaHuE MO3BOJISET MOTYy4aTh OTIIMBKY 0€3 yCcaJOuHbIX pa-
KOBUH M YCaJ0OYHOM MOPUCTOCTH, YTO BO MHOTHX CIIy4asiXx HE MOXET ObITh 00ecreueHo
IIPU OAHOBPEMEHHOM 3aTBepaeBaHuu. C Apyroil CTOpOHBI, HAIIPaBJIEHHOE 3aTBEpAECBa-
HHUE UMEET PsiJI HEIOCTATKOB: MOBBIICHHBIM pAacX0/l AKHUAKOT0 METalia; HE0OX0JUMOCTh
YCTAaHOBKM NPHUOBUIEH U OMpPENeSIEHHOTO PAaclooKEeHHsI OTIIMBKHU B popMe, obecreun-
BAIOIIETO MUTAHUE METAJNIOM TEIUIOBBIX Y3JIOB, ONTACHOCTh BOSHUKHOBEHUS TPEILIUH U3-
3a OOJBIION pa3HUIIBI TEMIIEPATyp B PA3JUYHBIX YACTSIX OTIMBKH, JOMOJIHHUTEIbHbIE
pacxoibl Ha ynajleHue npuObuiei. PelieHne mMpUMEHUTH TOT WIM MHOW MPUHIUI 3a-
TBEpAECBaHUS OKa3bIBAET OOJIBIIIOE BIMSHUE HAa KOHDUTYypalMIO OTIIMBKUA U HA TOJIIUHY
OTJIEJIbHBIX €€ CEYEHUH.

Hwuxe npuBeneH aHann3 KOHCTPYKLMI HEKOTOPBIX THUIIOBBIX Y3JIOB MPU KOHCT-
PYUPOBAHUU OTJIUBOK.

a) Koncmpyupoeanue counenenus cmeHok omiu8oK u pebep B COOTBETCTBUU C
MPUHIIMIIOM OJIHOBPEMEHHOro 3arBepaeBaHus. KoHCTpykuuu pedep, BBIXOASIINX

MyYKOM U3 OJHOHM Touku (puc.2.14, 0), ciaeayer 3aMEHATh paauaibHBIMU peOpaMu
(puc.2.14, e).
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a, 6, 0, HC, K, M, H— HenpasuibHoe, 6, 2 €, 3, U1, 0, n —npasuibroe

Pucynox 2. 14— Koncmpykmugnoe @vinojiHeHue munogvlx y3108

Ha puc.2.14, ... u nmoka3aHbl pa3aM4HbIe CIIOCOOBI COWIEHEHUS CIHIL C 000-
nom kozeca. Haubonee nenecoodbpasHoii siBisgeTcss KOHCTpYKUuUs Ha puc.2.14, u. Ha
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puc.2.14, x, 1 MOKa3aHbl HEMPABUILHOE U MPABUILHOE COUICHEHUS CTYIHIIBI KOJIeca
¢ 000/10M.

0) Koncmpyuposarnue nonepeunozo ceuerusi cmeHox u 6anox. CedeHus: 0anok
U PBIYaroB MPU KOHCTPYHPOBAHUHU OTIUBOK B COOTBETCTBHM C MPHUHITUIIOM OJTHO-
BPEMEHHOTO 3aTBEP/ICBAHUS PEKOMCHIYETCS U3TOTORIISITH C HEOOJIBIIIUMH 3aKpyTJIe-
HUSAMHA. Ype3MEpHO YBEIWUYEHHBIH pajuyc rajTelied MOXKET BbI3BaTh OOpa30BaHHE
BHYTPH CEUYCHHS OalKH ycaJ0o4dHbIX pakoBuH (puc. 2.14, m). [IpaBuiabHas KOHCTPYK-
1Ms oka3aHa Ha puc. 2.14, o, n.

B) Koncmpyuposanue npuiugos u onop. DTH dJIEMEHTBI MOTYT OBITh OTJIUTHI
700 Kak CIUIONIHBIE (CBEpJICHHE OTBEPCTHUH B CIUIONIHOM MeTajuie), Ju00 Cco
CTCP)KHSMH, 00pa3yOIIMMH OTBepcTHs. IIepBoe pereHue BI3bIBaeT OOJIBIIOE CKOII-
JIeHHWe MeTajuia 1 o0pa3oBaHUE TEPMHUUECKUX Y3JI0B (puc.2.15, a, 6, 0). [Ipumenenue
CTep)KHEH TaKKe 4acTo ObIBAaeT HelelecooOpa3Ho, TaK KaK IMOBBIMIAETCS TPYIOEM-
KOCTh WU3TOTOBJICHHUS (JOPMBI, a B CIIy4ae CIBHUTa CTEPKHEH OTBEPCTHUS MPUXOIUTCS
HE CBEpJHThH, a pacTauuBaTh. Hambosee menecooOpa3HO B TaKUX YTONIICHUSX Je-
JaTh OJHOCTOPOHHUE BhIEMKH (puc.2.15, 6, e, e), npenoTBpaliarone oopazoBaHue
yCaJIOYHBIX PAKOBUH M TIO3BOJISIOIINE CBEPJIUTH OTBEPCTHSI B CIUIOIITHOM METaJLIC.

3)

a, 6, 0, JHC — HenpaesujbHoe, 6, 2, €, 3 —npasuibroe

Pucynox 2.15— Koncmpykmugnoe @vinojineHue npuiugos u onop
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3 CrnenyeT BBIICIUTH TEIUIOBBIC y3JIbI OTIMBKU WU OMPEICTUTH CIIOCOOBI MPEAO0T-
BpaICHUS YCATOYHBIX PAKOBHH.

4 OmpenensieTcs MOJIOKEHUE OTIUBKH B (hOpMe MpH 3aMBKe ee MeTauioM. [lpu
OTIPEJICIICHUH TTOJIOKEHUSI OTJWBKU BO BpPEMs 3aJIMBKM HEOOXOAMMO IMPHACPKUBATHCS
CJIEIYIOIINX PEKOMEH AU,

a) Haubonee orBeTcTBEHHBIE, 0OpabaThiBa€Mble TOBEPXHOCTU OTIMBKH HEOO-
XOJUMO pacrojiarath Tak, 4ToObl OHU ObUIM OOpalleHbl BHU3. Ecim 3TO HE MOXeT
OBITH BBIITOJIHECHO M3-32 KOHGUTYpAIIMU OTIUBKHA WIH TI0 COOOpaKeHUSIM (HOPMOBKH,
TO oOpabaTbiBaeMble MMOBEPXHOCTH BO BPEMsl 3aJUBKH JIOJDKHBI OBITh YCTAHOBJICHBI
BEPTUKAJILHO WJIH HAKJIIOHHO.

B cBs3M ¢ 3TUM MeXaHUYEeCKH 00pabdaThiBaeMbIC BaJIbl U IIUJIUHIAPHI PEKOMECH-
JyeTCs 3JIMBAaTh MPEUMYIIICCTBEHHO B BEPTUKAIHLHOM TIOJIOKCHHUH.

0) Ecnu o kakuMm-nmu6o mpudynHaM o0pabatbiBaeMble TTOBEPXHOCTH oOpariie-
HBbI KBEPXY, HEOOXOAMMO CO3/1aBaTh TAKUE YCIOBHS, IPH KOTOPBIX JINTEHHBIC TOPO-
ku (ycaJO0YHbIC PAKOBHHBI, IIIJIAKOBBIE M ITECOYHBIC BKIFOUCHHUS, Ta30BbIC MTY3BIPH)
MOTJIH OBl 00pa30BaThCS TOJIBKO B T€X YaCTIX OTIWBKH, KOTOPHIC 3aTeM OYyIyT yjaa-
JAThCSA (B BBITIOpaX, MPUOBUIAX W TMPUITYCKaX HAa MEXaHHUYECKYH 00pabOTKy Ha
BEPXHHUX MTOBEPXHOCTAX OTIUBKH).

B) Ecnu otnuBka oOpabatbiBaeTcs ¢ HECKOJIBKUX CTOPOH, TO €€ CIeAyeT pac-
moJiaraTh B popMe MpH 3aJIMBKE TaKUM 00pa3oM, 4ToObI HanOoJIee OTBETCTBCHHBIC H
cambl¢ OOJIBIITE TIOBEPXHOCTH OBLTN OOpaIeHbl KHU3Y. ISl MOBEpXHOCTEH, TIOBEP-
HYTBIX KBEpXY, MPEIyCMaTPHBAIOTCS YBEIUYCHHBIC MPHUITYCKH HA MEXaHHYCCKYIO

00paboTKy.

3 BIMAHUE KOHCTPYKLMU OTIIMBKU HA BO3HUKHOBEHUE
HAMNPSAXXEHUA, OE®OPMALUN U TPELLMH

TexHomoruuHas KOHCTPYKIHA JIUTOM ACTaJIn AOJIDKHA UCKIIIOYATh MJIN CBOAUTH K
MHUHUMYMY JIMTCUHBIC HaAIIPSAKCHUA, BO3HUKAIOMIUE B OTIIMBKAX, KOTOPBIC MOI'YT IIPpHU-

BCCTHU K He(l)OpMaLII/II/I OTJIMBOK WJIH K ITOJABJICHUIO B HUX TPCUINH.

3.1 JlumeliHble HanpsikeHUs1 u deghopmayuu 8 omJsiueKax

HaHpH)KCHI/IH, B 3aBHUCUMOCTH OT IPUYHH, KOTOPBIC UX BBI3BIBAIOT, IMOAPA3acCIi-

I0TCS Ha TEPMUYECKHUE, yCaI0UHbIE U (ha30BbIE.
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Tepmuueckue HaNPSKEHUS] BOZHUKAIOT BCJIEACTBHE HEOJWHAKOBOM CKOPOCTH OX-
JIAXCHUS OTNICNIbHBIX YacTel OTJIUBKU BO BPEMS €€ OCThIBAHUS M B CBSA3U C ITUM — He-
PaBHOMEPHOU YCAIKH.

Ycaoounvle HanpsKeHUs BBI3BIBAIOTCS CONMPOTUBICHUEM (OPMBI HIIM CTEPIKHEH.
DTO COMPOTUBJICHUE MPEMATCTBYET CBOOOJHOM yCajaKe OTIUBKU (MEXaHHUYECKOE TOP-
MOXEHUE YCATKHN).

Da306ble HANPSHKEHUSI BBI3BIBAIOTCA MPEBPAILICHUSMU B METAJUIE, MPOUCXOMAS-
MMM BO BPEMS €r0 OCThIBAHUA. JTU MPEBPAILCHUS MOTYT COBEPIIATHCS B PA3IMYHOE
BpEMS B Pa3HBIX YaCTIX OTIUBKHU.

Ha pucynke 3.1 moka3zanbl mpuMepbl KOHCTPYKIIMH OTIMBOK CO CBOOOJHOMU U 3a-

TPYAHEHHOU yCaJKOU.

Mexanuvecrkos Tapruneckos Mexanuneckoe u
PED MUY ECKOE
PROPMOZCEHIE VORI

Ceoboduaa yeadia
MIOPMONCEHILE VOAOKL | MODAMONCEHIUE VEAOKL

dab=| 3= g5 | Y =
TEZEE o

Pucynox 3.1 — Cxemol kKoHcmpyKyuti omaugox co c800600HOl

U 3ampyOHeHHOU YCaoKoU

HpI/I dHaJIN3C BCIIMYMHBI BO3HHKAIOIIUX B KOHCTpYpreMOﬁ OTIINBKC TCPpMHYC-
CKHUX HaprDKeHI/Iﬁ HCO6XOI[I/IMO YUUTBIBATB, YTO:

1) BCIIMYMHA TCPMHYCCKHUX HaHpH)KCHI/Iﬁ OoNpCACIICTCA CKOPOCTHbIO OCTBIBAHHA
OTJIMBKH, KOTOpAas 3aBUCHUT B OHpCI[CJ]CHHOﬁ CTCIICHH OT HpHBeHCHHOﬁ TOJINIMHEBI, 4 HC

OT AJIMHBI OTIIMBKH,
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2) BeNMYMHA HaNpsHKEHUM B Oosiee TOJICTBIX M 0o0Jiee TOHKMX CTEHKaX OTIMBKU
00paTHO MPOMOPIIMOHANIbHA BEIMYUHE UX CEUEHUMH;

3) BenuuMHA HANPSXKEHUM MPOMOPIUOHAIBHA MOJYJII0 YIPYTrocTH E, Mo3TOMYy B
CTaJIbHBIX OTIMBKAX HAMPSKCHHSI OOJIbIIE, YEM B UyTYHHBIX;

4) OTNIMBKY, U3TOTOBJICHHBIE U3 CIJIABOB C OONBIINM KOA(DPUIIMEHTOM JTUHEHHO-
IO pacUIMpeHusi O WM U3 CIUIABOB C MAJIOW TEIUIONPOBOIHOCTHIO, IIPEIPACIIONOKEHBI
K MTOBBIIIICHHBIM TEPMUYECKUM HATIPSKCHUSM.

VYcanouHble HaNpsOKEHUS BBI3BIBAIOTCS MEXAHWYECKUM TOPMOKEHHUEM YCAJKU.
OHU BO3HHMKAIOT KaK B TOHKHX, TaK U B TOJICTBIX CEUEHMSIX OTJIMBKHU, HE3aBUCUMO OT
CKOPOCTH OCTBIBaHHs. Y CaJl0YHbIE HAIpPS)KEHUs OCOOCHHO OMACHBI MPU 3aJIUBKE B Me-
tayunyeckue Gopmbl. Takke OHU MOTYT MOSIBUTHCS BO BPEMSI OCTBIBAHUS OTJIMBKH I10-
cJie TEpMHUYECKO 00pabOTKU B TOM cllydae, €Ciu OTJIMBKA IMPOYHO 3aKperuieHa B MeYu
WM B 3aKaJIOYHOM MPUCTIOCOOTICHUH.

Yem Oosbllie TOPMOKEHUE YCATKHU, TEM 3HAUUTEIIbHEE YCaI0UHbIEC HAIPSKEHUSI.

da3oBble HAIpPSKEHUsT BO3HMKAIOT MPH MPEBpaAlIeHUS X B CTPYKType ciuiaBa. B
3aBUCUMOCTH OT MPOUCXOJSALIMX B CEUEHUAX OTJIMBKU (Pa30BbIX U3MEHEHUM, (a30BbIe
HANPSDKEHUS MOTYT OBITh PACTATHBAIONINMHE HITU CKUMAIOIITUMHU.

B otnuBKax u3 yriaepoaucToi ctanu nmpeobiagaloT TepMUYECKUE HAMPsHKEHUS, a
B OTJIMBKAaX U3 JIETUPOBAHHOM CTalu OOJBIIOE 3HAUCHHE UMEIOT (ha30BbIe HAIIPSHKEHUSI.

JluTeitHble HANPSKEHUS SBISIOTCS alreOpanvyecko CyMMOW OCTaTOUYHBIX TEPMHU-
YECKHUX, YCaJIOUHBIX U ()a30BbIX HAMPsHKEHUH. BoNblilyio OMacHOCTh JUIsl OTJIMBOK Mpe/i-
CTaBJISIIOT CIy4yau, KOrJa OTJeIbHbIe BUABI HANPSIKEHUH MMEIOT OJMHAKOBBIE 3HAKHU U
CyMMHpYIOoTCA. Tak mMpOUCXOJIUT, HAPUMED, B TOJCTBIX CEUEHUSX YYT'YHHBIX OTJIUBOK,
r7ie CYMMHUPYIOTCS TEPMHUECKHE U YCAJOUHbIE HANPSKEHUS, a AJIs1 OTIMBOK U3 CTaju —
u QazoBble. B pe3ynbTaTe BOBHUKHOBEHHUS HAMpPsHKEHUH B OTJIMBKE MOTYT MOSIBUTHCS
nedopMaly WK TPEIIUHBI.

JluTeitHble HAPSHKEHUSI MOTYT YMEHBIIUTHCS M3-32 YACTUYHOTO Mepexojia yrpy-
rux nedopmanuil B ocTaToYHbIe. ITOT MPOLECC MPOUCXOIUT CAMOIIPOU3BOJIBHO C Teue-
HUEM BpeMeHHU (0COOEHHO MHTEHCHUBHO B CEPOM 4yryHe). Tak ke HampsHKeHHs MOYKHO
CHSITh IyTEM TEPMUYECKON 00pabOTKH OTIUBOK.

Ecnu B oTiBKe npeobaialoT TEpMUUECKUE HAIMPSKEHUS, TO TOJICThIE YacTH OT-
JUBKM YMEHBIIAIOTCS B JJIMHY, & TOHKUE — YBeIW4YuBaroTcs. Eciii ToncThle U TOHKHE
CEUCHMs OTJIMBKU HE paCIpEACNIAIOTCS CUMMETPUYHO, TO HACTYNAeT MPOTU0 OTIMBKHU
(puc. 3.2).
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Pucynok 3.2 — Jleghopmayusa cmanbHvix Omau8oK masposoco ceyeHus
noo0 GIUAHUEM MEPMUYECKUX HANPANCEHULL

Bo3MOXHOCTh TIpenycMOTpeTh BUJ AehOpMalK OTIUBOK pa3InyHON KOH(UTY-
panuu uMeeT OOJIbLIOEe 3HAUYE€HHE MPU KOHCTPYUPOBAHMM OTIMBOK. Hampumep, xorna
HeJb3 CKOHCTPYHUpPOBATh OTJIMBKY, KOTOpas He aegopMupoBasiach Obl BCJIEACTBUE

BHYTPEHHUX TEPMUUECKUX HANIPSHKEHUN, U3TOTOBJISIOT MOJICNIb C OOpaTHBIM MTPOTHOOM.
Ha pucynke 3.3 noka3zaHo HECKOJIBKO CEUEHUN OTIIUBOK.

) )
MLy
frm— g

a, 6 — mexHOoNo2UYHbIE CeUeHUs, 8...0/C — HeMEeXHOI02UUHble CeYeHUs
Pucynok 3.2 — Jlechopmayus 6anok paznuunoeo ceveHusi noo GIusHUeM

mepmuvecKux Hanp}lOfceHI/lI/?

HepaBHOMCpHaH CKOpPOCTb OCTBIBAHHUA TCIJIOBBIX Y3JIOB, PACIIOJOKCHHBIX Ha
CTBIKC CTCHOK, IMPUBOAUT K TCPMUYUYCCKUM HAIIPSIKCHUAM. HpI/I 5TOM OalKu a U O He

MporudarTCs, TaK Kak OHM UMEIOT CHMMETPUYHOE MOCTPOCHUE; OAJKU 8, 2, 0 TOJIBEP-
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raloTCsl UCKPUBJICHUIO U TPUHUMAIOT BUJ IYT'H, OOpAIlleHHOW BOTHYTOM YacThIO KHU3Y,
TaK KakK TETUIOBBIE y3JIbl HAa CTHIKE CTEHOK HaXOJATCS HU)KE HEUTPATIBHOM OCU CEUCHMUSI.

banku ¢ ceueHueM e, s UMEIOT MHOE PACIOIOKEHHUE TEIUIOBBIX Y3JI0B U U3rubda-
I0TCSI B IPYryio cTopoHy. C MOMOIIIBIO YPaBHUBAIOIIUX PeOEp, OTMEUCHHBIX MYHKTH-
HBIMH JIMHUSIMU, TTIOMEILIEHHBIX HAa KOHIIAX OTJIMBKH, MOKHO MPEIOTBPATUTh €€ UCKPHUB-
JICHUE 3a CYET COMPOTUBIICHUS YCaJKe, OKa3bIBAeMOro (popMoii.

Kpome nuTelHbIX HaNpsHKEHUM, B OTJIMBKAX MOTYT BO3HUKATh HANPSXKEHUSI, BbI-
3BaHHbIE TepMUUYECKON 00paboTkoi. B mporecce HarpeBaHusi OTIIMBOK MHOT]Ia BO3HH-
KaloT HaNpsHKEHUs, KOTOPhIE CYMMUPYIOTCS C CYHIECTBYIOIIMMHU U MOTYT BbI3BATh JI€-
dbopmanuo 1 gaxe TpeumuHbl. M3-3a 0nacHOCTH BO3HUKHOBEHHMS TPEIIMH MPH 3aKaJIKe
KOHCTPYKIIUSI OTJIMBOK JTOJDKHA OBITh KaK MOYKHO 00Jie€ KOMITAKTHOM U MEHEE CII0KHOM.
Uem croxxkHee KOH(MUTypalus OTIUBKH, TEM OOJIbIIE BEPOSITHOCTh BOSHUKHOBEHUS J10-
MOJTHUTEJIbHBIX HANIPSIKCHUM.

3.2 TpewuHbl 8 omsiueKax

Haubomnee pacnpocTpaHeHHBIM JT€(PEKTOM OTIUBOK SIBISIOTCS TOPSYNAC U XOJIOA-
HbIC TPEITUHBL. [ Opsiune TPEIIMHBI BOSHUKAIOT BO BPEMS 3aTBEPICBAHUS OTIUBOK M MO-
r'yT OBITh KaK BHYTPCHHHUMH, TaK M BHCIIHUMH. M370M TOpsSYCH TPEIIMHBI TEMHBIA U
MTOKPBIT OKHCIAMHU.

['opsiurie TpeIIMHBI BO3HUKAIOT IO MPHYMHE CHW)KCHHS IMPOYHOCTH METajuia B
JMana3oHe BBICOKUX TeMIlepaTyp (KpYITHO3EpHUCTOCTh, BBIICICHUE HEMETALTUMYCCKUX
BKJIFOUCHHI I10 TpaHUIIAM 3€pEH, HAJIMYUE YCATOYHBIX PAKOBHH, JIMKBAIIMS), a TaKkKe
n3-3a OOJIBINON TUHEHHOW yCcaaKy CIUIaBa U CHIIBHOTO €€ TOPMOXKECHHUs, KOTOPOE 3aBU-
CUT OT KOHCTPYKIIUU OTJIMBKH U OCOOCHHOCTEH JIMTCHHON (opMbl. ["opsdme TpenuHbI
BO3HHUKAIOT OOBIYHO B HamOoJiee TOJCTHIX M HawbOolee TOpSYMUX Y3JIaX OTIUBKH
(puc. 3.3, a). YUacTo oHM 00pa3yroTCs TaKXKe B MECTaX CThIKa CTEHOK, OCOOEHHO IpHU CO-
YJICHCHUH CTEHOK IO/ OCTPBIM yriioM (puc.3.3, 6). DIeMEeHThl OTIIMBOK, HAXOSAIIHECS

BOJIM3M JIMTHUKOBOI CUCTEMBI U MCIKIAY HpI/I6BIJ]5{MI/I, TAKKC IMOABCPIKCHBI TPCIIUHAM.

Mﬂff

‘. 7
‘Y v

a—mpewuna Gyn/IO]ZWGHHObY yacmu omiueKku, 0 — mpewiura 6 CO4J1eHeHUU CneHoK

Pucynox 3.3 — Boznuxnosenue copsauux mpewjun
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XO0JIOAHBIC TPEIIMHBI BO3HUKAIOT TOJI BIMSHUEM JIMTCHHBIX HANPSOIKEHUH B OT-
JUBKE B JUAIla30HE TEMIIEpaTyp, COOTBETCTBYIOMIEM PAa3BUTHIO YIIPYTUX Je(opMaruii.
M3510M XOJIOHBIX TPEIIUH — HE OKUCIICHHBIH.

JIJIst OTIIMBOK M3 YIIAEPOIUCTON CTAIM MPUYMHONW BO3HHUKHOBEHUS TPCIIHH SIBJISI-
IOTCS TEPMHUYECKUE JIMOO YCaTO0UHbIC HANPSOKCHHS. B OTIIMBKaxX M3 JISTHPOBAHHOW CTa-
JIU TPEUTUHBI YaIle BCEro 00pa3yroTcs u3-3a (pa3oBbIX HANPSHKCHHIA.

B 4yryHHBIX OTJIMBKaxX XOJIOAHBIC TPEIIMHBI BOSHUKAIOT IMOJ ACHCTBHEM TCPMHU-
YECKUX HANpPsDKCHWHM M Yallle BCTPEUYaroTCsd B OTIMBKAaX W3 Oenoro yyryHa. Takxke Xo-
JIOJTHBIC TPEIIWHBI HAOJIOMA0TCS B OTJIMBKAX W3 CTaJd, BHICOKOOJIOBSHHBIX OpPOH3 U
MAarHHeBbIX CILIABOB.

Takum oOpa3om, mpu pa3pabOTKe KOHCTPYKIIMH OTJIWBOK JUISI MTPEAOTBPAICHUS
o0Opa30oBaHUs BHYTPECHHUX HAIPSHKEHUN W TPEIIUH HEOOXOIMMO TPHICPKUBATHCS Clle-
TYIOIIHX PEKOMEHIAITHH.

1 TonmuHa CTEHOK OTJIMBKH JIOJDKHA OBITh TAKOM, UTOOBI OCTBIBAHHE MPOXOINIIO,
110 BO3MOYKHOCTH, PABHOMEPHO BO BCEX YACTSAX OTIMBKH, CICAYET M30ETaTh PE3KUX M3-
MEHEHUW CEYeHHs CTEHOK. Yem OoJbllie pa3HHIIA B TOIIIMHE CTECHOK OTIMBKH, TEM
OOJIBIIIC TEPMHUYCCKHE HANPSDKCHHUS W, CJICJI0BAaTEIbHO, OMACHOCTh OOpa30BaHUS Tpe-
II1H.

2 KoHCTpyKIIHS OTIIMBKH JIOJDKHA OBITh KOMIIAKTHOM; HE00X0IMMO n30eraTh IpH-
MEHCHHUS BBICTYIAIOIINX YaCTEH, HAXOIAMIUXCS Ha OOJIBIIIOM PAaCCTOSHHUM OJTHA OT JIPY-
TOU.

3 Koudwurypamnuss OTIMBKA HE JOJDKHA MPEHATCTBOBaTH ycanake. OcoOCHHO
OOJIBIIIas OMACHOCTH 00pa30BaHUS TPEIIMH CYIIECTBYET B OTJIMBKAX, UMCIOIIUX JIJTMH-
HBIC TTOJIOCTH C IONEPEUYHBIMHU MEPEropOJKaMU U TIIyOOKHE BIAAUHBI C HEOOJBITUMHU
3aKPYIVICHHSIMH M BBIXOJAMHM MaJIoro cedeHus. [IpumaBas oTBEpCTHSAM OOTEKaeMYO
dbopmy u OosbIIME 3aKPYTJICHUS, YCTPaHSSA MEPErOopOJKH, MOKHO YMEHBIIUTH OTac-
HOCTh BOBHMKHOBCHHSI HAIpsDKEHUH U TpenuH. Ha pucynke 3.4 nmpuBeeHB BApUAHTHI
KOHCTPYKITUH OTJIUBKH KOXKyXa.

B oTimBKax THMIa KOJIEC ¢ TOHKAM 000J0M M TOJCTBIMU CITMIIAMH MPE0OJIagaroT
TEPMHUYCCKUE HAMPSDHKEHUS — CKUMAOIIUE B 000JI¢ M pacTATHBaroniue B cnumax. Jlo-
MOJIHUTEIBHBIM (PaKTOPOM, YBEIWYUBAIOIIMM PACTATUBAIOIINE HANPSOKCHHUS B CITUIIAX,
SBIIICTCSI MEXaHHYECKOC TOPMOXKEHHWE, BBI3BAHHOEC CONpOTHBIICHHEM Gopmbl. [lon
BIUSHUEM 3THX HANPSDKCHHH 000]] MOXET MOABEPraThcs AedopMaIiiiu B TEX MECTax,
I7ie OH COeMUHsIeTCs co crnumamu (puc.3.5, 6). UtoOwl n3dexarh Opaka B OTJIMBKaxX, He-

00X0IMMO U3MEHHUTh KOHCTPYKIIHIO KoJieca (puc.3.5, 8).
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Pucynox 3.4 — Koncmpykyus omaueku Koxicyxa
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a — omauska Koaeca, 6 — oepopmayusi 0600a NOO GNUAHUEM HANPAHCEHULL,

6 — USMeHeHUue MoOoelu

Pucynok 3.5 — Ilpusoonoe koneco ¢ moukum 06000Mm u moJICMbIMU CAUYAMU
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Taxke 11 yMEHBIIEHUSI HANPSHKEHUNA PEKOMEHIYETCSI BMECTO OBAJIBHOTO CEYe-
HUSL CIUI KoJieca MPUMEHATh AByTaBpoBoe. Cruibl, Ojarojapsi MEHbILIEW TOJIIMHE
CTEHOK, OBICTPEE OCTBIHYT, U HAMPSXKEHUSI YMEHbIIATCS.

VY 3y0uaThiX KOJE€C ¢ MACCUBHBIM 000JIOM M OTHOCUTEJIBHO TOHKUMHU CIUIIAMU B
000/1€ BO3HUKAIOT PAcCTATUBAIOLIME HANPSIKEHUSA, a B CIIHIAX — CKUMaromue. ToHKue
CHUIBI OBICTPO 3aTBEPAEBAIOT W 3aTPYAHAIOT ycaaky 0007a, KOTOPbIA H3rudaeTcs
BOJIM3U CHHI[ U TepseT KOHPUTYpaluI0 NPAaBWIBHOW OKPYXHOCTH. JlOMONHUTENbHOE
TOPMOXEHUE YCAJKU BBI3BIBAET CONPOTUBIICHHE (OPMBI. YMEHBIIUTH JUTEHHbIE Ha-
NpsDKEHUST B KoJiecaX HEOOJBIIOro JHaMeTpa MOXKHO NMPUMEHEHHEM BMECTO MPSIMBIX
CIIUL U30THYTHIX CITUL.

Jlist nocTuKeHUs: CBOOOTHOM yCaJKU M YMEHBILIEHUS TUTEHHBIX HAMPSIKEHUN KO-
jeca OOJIBLIOro JUaMeTpa PEKOMEHAYETCsl M3TOTOBISATh U3 IBYX, TPEX U JIa)Ke YeThIpeX
coctaBHbIX yacTeil. [Tocie 06padoTKM YacTu Kojieca COeUHSIOT.

YMmenbuieHue negopmanuu 0004a Kojiec TaKkKe JTOCTUTAETCs MyTeM YBEIUYEHUs
yucia cnuil. MHorjga Hanbosee palloHaIbHBIM PEIICHUEM SIBJIIETCA 3aMEHA CIUIL U C-
KOM, COEJIMHAIOIIMM 000]] CO CTYNMHUIIEH. DTUM JOCTUraeTcs paBHOMEpHas ycaaka Ha
BCEU OKPYKHOCTH 000/1a, YMEHbIIEHHE JINTEHHBIX HAMPSKEHUN U YACTUYHOE yCTpaHe-
HUE TEPMHUYECKHUX Y3JI0B B MECTAaX COWICHEHUS CIUI] C 000I0M.

4 Jlns yMEHbLIEHUS TEPMUYECKUX HANPSDKEHUN CIIENYET IPUMEHITh BMECTO IIJIO-
CKHMX CTEHOK HaKJIOHHBIE WIN U30THYTHIE.

5 HenoctaTtouyHo NpOYHBIE YACTU OTJIIMBKH, KOTOPbIE MOTYT Je(opMUpOBaTHCS
WM CJIOMAaThCsl BO BPEMsI OUUCTKH, TEPMUYECKON 00paOOTKH MU TPAaHCIOPTUPOBAHUS,
HY>KHO YCWJIMBATh peOpamu.

6 Ilpu pa3paboTke KOHCTPYKLIMH OTIMBOK, pabOTAIOIIMX B YCIOBUSX MOBBIIICH-
HBIX TEMIIepaTyp, KpoMe JHUTEHHBIX HAmpsiKeHUH HEOoOXOIHMMO YUUTHIBATH HAIPSKE-
HUsA, KOTOPbIE MOTYT BO3HUKHYTh B PE3yJIbTaTE€ HEPABHOMEPHOT'O HAarpeBa pa3jaudHbIX
yacTel OTJIMBKM BO BpeMs 3KcCIuTyaTauuu. K TakuMm OTJIMBKaM MOKHO OTHECTH OTJIMB-
KU, TIpeJHA3HaYEHHBIE JJI1 METAJUTYPrUUe€CKOM MPOMBIIIJIEHHOCTH (M3JI0KHUIIbI, KOBIIU

IJI 1aka, J1€TaJId MCTAJTYPTHICCKUX rneyueu u T.l'I.).

3.3 OyeHka CKITOHHOCMU KOPIYyCHLIX OMJIUGOK K 06pa3oeaHuio
mpewuH

IIpn KOHCTPYHPOBAHUYU UYYT'YHHBIX KOPIYCHBIX OTJIMBOK PEKOMEHAYETCS MPOU3-

BOJIUTD HpI/I6JII/I)KCHHYIO OLOCHKY CKIIOHHOCTH OTJIIMBKH K O6pa3OBaHI/IIO TPCHIINH.
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CKJIOHHOCTh OTJIMBOK K O6paSOBaHI/IIO TPCIOUH OIPCACIIACTCA BEJIMYMHOM KpuTepus
Kmp. OcHoBHOE YCJIOBHC MPCAYIIPCIKACHUA TPCUINMH KOPITYCHBIX ACTAJICU MOKHO OIIpC-

JETTUTh HEPABEHCTBOM [6]
Kop < [Kpl- (3.1)

Kpurepnuii K, onpeznensercs no Gopmyie

F [
Kmp =— 1+_y s (32)
F B,

o

rae K, — KpuTepuii, XapakTepU3yIOL1ii OTHOCUTENIbHYIO CKIIOHHOCTb OTJIUBKU K
00pa30BaHUIO TPEIINH;
F,, — 1014 1b TOTIEPEIHOT0 CeYSHMS OTIMBKH, M ;
F,, — IIOIIA b MONEPEYHOr0 CEUCHHS CTEPIKHEH, M)
[, — paccTosiHME MEXy LIEHTPOM TSKECTH CTEPKHEH U HEHTPOM TAKECTH OT-
JIVBKH, M;
B, — rabGapuTHbIi pa3Mep MONEPEYHOr0 CEYEHHs OTIMBKH, HapaIeIbHOrO
HAIPaBJICHUIO [, M.
[Ipumep TpoBepKH CeYCHHS OTIMBKM Ha CKIOHHOCTh K OOpa30BaHHWIO TPEIIUH

MoKa3aH Ha puc.3.6.

UT Om — YyeHmp miscecmu Ce4erHusl OniueKku,

UT Cm — yenmp mascecmu CeYerusl CmMepoitCHA

Pucynox 3.6 — I[Ipumep npogepxu ceyenusi OmauKu Ha CKIOHHOCMb

K 00pa308anuio mpeujuH
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JlonmycTrMasi BeJIMUMHA KPUTEPUS IIPU JTaHHBIX NTapaMeTpax KOHCTPYKIMU OTJIWB-
KH ¥ TEXHOJIOTUH JIUThsI ONpeieisaeTcs o popmyrie

k., |=65-K,-K, K, K, (3.2)

cm

rae K; — koappuuuenT, 3aBUcAIUNA OT IJTUHBI OTIIMBKY;
K, — k03 duninenT, 3aBUCSIINIA OT IPOYHOCTH YYT'yHa B CTEHKE OTJIMBKHU;
K — K03 dULIMEHT, 3aBUCSIINI OT IPOYHOCTH CTEPKHEBBIX CMECE;
K, — k03¢ (dunmeHT, 3aBUCIIIUN OT HAJIWYMS CTPYKTYPHO-CBOOOJHBIX BKIIIO-
YeHUI KapOHuIHOTO TUNA (LIEMEHTHUT U JIp.) B CTPYKTYpE UyryHa OTIUBKH.
O1u K03PPUIHUEHTHI ONpenessatoTcs o rpagukaM (B 3aBUCUMOCTH OT KOHCTPYK-
TUBHBIX M TEXHOJOTMYECKHX MapamMeTpoB OTJIMBKM W TPOYHOCTU YYryHA), KOTOpPbHIE

MPUBEAECHBI Ha PUCYHKE 3.7.
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Pucynox 3.7 — I pagpuxu ons onpedenenus ko3gp@uyuenmos

[IpuBeneHHBIN pacueT NPUMEHUM ISl OTIMBOK C MOCTOSHHBIM WJIM MaJIO U3Me-
HAIOIIUMCS TI0 JIJTUHE MOMEePEeUHbIM cedeHueM (Oayika, cTaHuHa, CToMKa u Ap.). s oT-

JIMBOK C U3BMCHAIOIMUMCH 110 JJIMHE ITOIICPCUYHBIM CCUHCHUCM PACUCT 6y,Z[CT MCHCC TOYCH.
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ITpu 5ToM 3HayeHue kpurepus K, Hal0 ONPENENATh OTACIBHO JJIs KaXJ0ro i-ro yda-
CTKa OTJIUBKU C TTOCTOSIHHBIM 10 JIJTMHE MOMEPEUYHBIM CEUCHHEM, a 3aT€M PacCUUTHIBATh
CPEIHIOIO BEJIUYHNHY.

Ecmm B pesynbraTe pac4eToB yCTaHOBJIEHO, 4TO ycinoBue K, < [K,,] He ynoBie-
TBOPSIETCSI, TO CYIIECTBYET OMACHOCTh 00pa30BaHUs TPEIIUH B OTIUBKE. B aTOM ciydae
HEOOXOAMMO YMEHBIIUTh BENUYHMHY Ky, MM IOBBICUTH 3HaYEeHUE K, ].

YT1oOBI CHU3UTH BENUYHHY Ky, CIEITYET:

- BBECTH JIOTIOJTHUTEIbHBIE TIPOJI0JIbHBIE peOpa B OTIUBKE;

- IPUMEHUTH TEXHOJIOTHYECKHE pedpa, KOTOPhIC YIAISIOTCS B MPOIECCE MEXaHU-

4yecKoil 00paboTKu;

- YMEHBIIIUTH Pa3Mepbl OKOH B CTEHKaX OTJIMBKH, BBECTH OTOYPTOBKU B OKHAX;

- U3MEHUTHh KOHCTPYKIIUIO OTJMBKU MYyTEM COKPAICHHS pa3MepOB BHYTPEHHUX

MOJIOCTEH;
- YBEJIMYMUTH TOJIIUHY CTEHOK OTJIMBKH, IIPU 3TOM OJHOBPEMEHHO CO CHIDKCHUEM
BEIMYMHBI K, TOBBIIIAETCS 3HaUYEHUE [Kyp ).

JI1s1 MOBBIEHNS BEUYHUHEI [K,,] HEOOXOIUMO MCIOIB30BaTh YyT'yH 00JIee HU3-
KHX MapoOK M MPUMEHSTh 00Jjiee MOAaTIUBbIE CTEP>KHEBBIC CMECH.

[Ipu BBIMOJHEHUH TIEPEUUCTICHHBIX PEKOMEHAAIMN O0IIMe MpaBuiia KOHCTPYUPO-

BaHU OTJIMBOK HC NOJIKHBI HAPYIIATHCA.

4 BNUAHUE KOHCTPYKLUMM OTNUBKN HA COKPALLEHUE ONEPALMA
OBPYBKU U OYUCTKU

KoHcTpykiust OTIMBKY AOHKHA 00€CTIeYNBaTh:
1) ynoOHbBIN AOCTYN KO BCEM MOBEPXHOCTSIM, JAIOIIMI BO3MOKHOCTH JIETKO yJla-
JSATh CTEPKHU U CTEPIKHEBBIE KAPKACHI;

2) JICTKOCTBH YAAJICHUA 3aJIMBOB, BOBHUKAIOIINX HAa ITOBCPXHOCTHU pa3beMa (bOpMBI
H CTBIKA CTCp)KHCﬁ;

3) NpOCTOTY OTACICHUS TUTHUKOBOMN CUCTEMBI.

4.1 YOaneHue cmep)xHel U KapKacoe

VYaanenue crepkKHEM M KapKacoB, OCOOCHHO W3 CIOKHBIX OTJIMBOK, SIBISIETCS

TpyaoemMKkoi oneparueil. O4eHb 4acTo TPYJOEMKOCTb yIaJeHusl CTepKHEN MPU BHIOUB-
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K€ OTJIMBOK MOYKET IMPEBBIIATh TPYJAOEMKOCTh U3TOTOBIEHUS CTEpkHEN. s mpenoT-
BpAIICHUs 3TOTO MPU KOHCTPYHUPOBAHUU OTIMBOK HEOOXOAMMO MPUIEPKUBATHCS Clie-
OYIOIIUX PEKOMEHIaLHA.

1 IInomans oTBEpCTHiA, Yepe3 KOTOPBIE YAAISMIOTCS CTEP>KHU, JOJIKHBI OBbITh, 11O
Mepe BO3MOKHOCTH, PABHOM ILJIOIIA I OOJIBIIETO CEYEHUS CTEPKHS.

2 OTBepcTHs TOJKHBI OBITH pa3MeENIeHbl TaK, YTOObI C MOMOIIBIO MMPOCTHIX UHCT-
PYMEHTOB MOXHO OBbUIO MOJIHOCTHIO YAQJIUTh CTEPHKHEBYIO CMECh M3 MOJIOCTEH OTIMB-
KH.

3 Ilo BO3MOXXHOCTH, OTBEPCTHUSl JOJKHBI OBITH PACIOJIOKEHBI MPOTUB TOpIA
CTEp>KHs1, B HAIPaBJICHUHU €ro HauOOJIbIINX Pa3MEPOB.

4 BplOMBKa CTEp)KHEW 3HAYUTENILHO YIPOIIAETCS, €CIM OTBEPCTHUs, CIyKalllue
IUISL UX yJaJdeHus], HaX0ATcs Mo o0euM ctopoHaM. [Ipu mMpOKUX MOJOCTAX KeJlaTesb-
HO, YyTOOBbI OTJIMBKA HMMeEJIa HECKOJbKO PSIAOB OTBEPCTHUH. DTO YHpOLIAeT AOCTYyH K
CTEP>KHIO IIPU €r0 YJAJEHUU.

Ha pucynke 4.1 noka3aHbl NpuMepbl HETEXHOJOTMYHBIX OTJIMBOK, M3 MOJOCTEU

KOTOPBIX TPYIHO YAQISATh CTEPKHEBYIO CMECH.

1 — nonocmu ¢ 3ampyoHeHHbIM YOaieHuem cmepicHel

Pucynok 4.1 — IIpumepvl HemexHOI02UUHBIX OMIIUBOK

5 KOHCTpYKI_II/ISI OTJIMBKH U PA3MCPbI OTBepCTI/Iﬁ HOJDKHBI IIpEAYCMATPpUBATDL ya-

JIEHHE KapKacoB CTEpKHEHN 0€3 UX pa3pyleHus.
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Yacto 6OHBH_IYIO TPYAHOCTb HIPCACTABIIACT YAAJICHHC YYTI'YHHBIX KapKaCOB, KOTO-
pBIC IIPCABAPUTCIBHO HCO6XOI[I/IMO CJIOMATh, U KapKaCOB, U3IOTOBJICHHBIX U3 TOJICTOM
IIPOBOJIOKH: UX OTrHOaroT BHYTPb OTJIMBKH. 910 MPpUBOAUT K YBCINYCHHIO CTOUMOCTH

OYMUCTKH U K JOIIOJIHUTCIIBHBIM PACX0AdaM Ha U3rOTOBJICHHUEC HOBBIX KaPKACOB.

4.2 YOaneHue 3anueos

Ha noBepxHocTu pazbeMa GopMbI U Ha CTBIKE CTEPKHEN MOTYT 00pa30oBbIBATHCSA
3aJIUBbI, KOTOpble HEOOXOIUMO YAANATh. YJajeHHe 3aJIUBOB SIBIAETCS TPYAOEMKOMN
onepauueit. [loaToMy mpu pa3paboTke KOHCTPYKIUU OTJIMBKU € HEOOXOAUMO Mpujia-
BaTh TaKyl0 KOH(QUTypaluio, 4TOObl KOJIMYECTBO, JJIMHA U TOJIIMHA PA3IUYHBIX 3aJIU-
BOB ObLITM MUHUMAJIbHBIMU. JJI1 TOCTHKEHUS 3TOTO HEOOXOAUMO MPUACPKUBATHCS Clie-
IOYIOIHUX PeKOMEeHOayUl.

1 Yem MeHbIIIE YUCIO pa3beMOB (POPMBI U CTHIKOB CTEP>KHEW, TEM MEHbIIIE KOJIH-
4YeCcTBO U JJIMHA 3a71uBOB. OTCIoAa CcleayeT, 4TOo HE0OX0JMMO OIpaHUYMBATH IPUMEHE-
HUE CTEp)KHEW B MPOEKTHUPYEMBIX OTJIMBKAX HE TOJIBKO C TOYKH 3PEHUS YHPOIICHUS
(OPMOBKH, HO U C LEIbI0 YMEHBILIECHUS ONEepaluii OUUCTKH.

2 Haubonee uenecoobpa3Hoil siBiisgeTcs Takas ¢Gopma, KOrjaa 3aiiuBbl 00pa3yroTcs
Ha 00pabaThIBa€MBbIX MOBEPXHOCTAX OTJIUBKU U YAAISIOTCS BMECTE CO CIIOEM CPE3aeMO-

ro MeTajia Mpyu MexaHuueckoi oopadotke (puc.4.2).

Pucynok 4.2 — 3anuevl na omauskax, yoansemvle npu MexaHuieckou oopabomre

3 V MEIKUX YYT'yHHBIX OTJIHUBOK 3QJIMBBI, PACIOJI0XEHHbIC HA HAPYKHBIX IO-
BEPXHOCTSX, YJIAJSIOTCS BO BpeMsl OUUCTKHU B raJITOBOYHOM OapabaHe.
4 Kpast OTIMBKH, Jie)Kalllde B TJIOCKOCTH pa3dbeMa (POpMbl, HE PEKOMEHIYETCS

BBIIIOJIHATD 3aKPYIJICHHBIMU. Takas KOHCTPYKIHA OTJIMBKU MOXCT IIPHUBCCTHU 00 K
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CMENIEHUIO TIIOCKOCTH pazbeMa (popMbl U yciioxHeHn o popmoBku (puc. 4.3, a), 1ubo Kk
CpPE3aHMIO YTJIOB TpU pydHOH oTAenke (Gopmbl (puc. 4.3, 6), 4TO yBEIUUYUBAECT CTOH-
MOCTb U TpyaoeMKocTh ¢popmoBku. Ha puc. 4.3, 6 nmokazaHa npaBuibHass KOHCTPYKITUS

Kpast OTIIMBKU.

xLF’
B
&)

a, 0 — HemexHOoNo2UYHblEe KOHCMPYKYUU, 6 — MEXHOJIOCUYHAN KOHCMPYKYUAL

Pucynox 4.3 — Bvinonnenue kpas omaueku

5 Vnianenue 3aiMBOB, JICXKALIUX HA HAPYKHBIX IOBEPXHOCTAX OTJIMBKHU, IIPOU3-
BOJUTCS MPOILE, YEM YAAJIEHUE UX U3 BHYTpEeHHHUX noJsiocteid. Ha puc. 4.4 npencrasiie-
Ha OTJIMBKA POJIMKA C IUIOCKOCTBIO pa3beMa, IIPOXOMAIICH Yepe3 €ro OCb, WU IIEPIICH-
IUKYJIIPHOMN K HEH.

Pemenue, npeacrasneHHoe Ha puc. 4.4, 6, 6onee 1enecooOpa3Ho, XOTS U3-3a OT-
HOCHUTEJIBHO OOJIBIIONW BBICOTBHI (POPMBI M CO3JAET HEKOTOPbIE HeynoOcTBa. OCOOEHHO
TPYAOEMKUM SIBIIIETCS YAAJICHUE 3aJIMBOB, HaXOAIIMUXCS HA BHYTPEHHUX, TPYIHOIOC-
TYIHBIX TOBEPXHOCTSAX OTJIIMBKH. TaKHX 3aJIMBOB HEOOXOAMMO U30€rath.

6 OtnuBKamM HEOOXOJIMMO NPHAABATh TAKyH KOH(UTrypaluio, 4TOObl HEPOBHO-
CTH, KOTOpPbIE€ MOTYT BO3HUKHYTh B CIIy4ae CIBUra OMOK, MOTJIU OBITh JIETKO YCTPaHEHbI

pu 00pyOKe 1 HE BbI3bIBAJIN Obl IEPEKOCOB B OTIUBKAX.
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a — HeyenecooOpasHulll ¢ MOYKU 3PeHUsl 00PA308AHUS 3AIUBO8 PA3LEM (OPMUL;

6 — yenecoobpasmuwlil pasvem

Pucynox 4.4 — Omauska ponuka

7 Tlopnexaiiue ynajleHUIO ycaJouyHble pedpa He AOKHBI HAXOJUThCS B TIy0O-
KHX TPYAHOJIOCTYITHBIX MecTax (TMOoJIOCTAX) OTIMBKHU. [IpuMep HenpaBWILHON KOHCT-

PYKLHHU ITOKa3aH Ha puc. 4.5.

1 — ycaoounoe pebpo 6 mpyoHo0OCMYNHOM Mecme OMAUBKU

Pucynok 4.5 — Henpasunvnasa koncmpyKkyus OmiueKu

8 TloBepxHOCTH pazbeMa (PopM M CTEp>KHEH cleyeT Ha3HAyaTh TaK, YTOObI CThI-

KN OTACIIBHBIX yacTeu (I)OpMBI N CTCPIKHA, HA KOTOPBIX O6p33YIOTC$I 3aJIMBBI 110 MCPC
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BO3MOXHOCTH JICKAJIN B OI[HOﬁ IUIOCKOCTH. DTO 00jerdact YAAJICHUC 34JIMBOB U YIIYy4-

I1aeT BHEIITHUM BHU OTJIMBKH.

4.3 OmodeneHue NUMHUKO80OU cucmemsl U npubsbinel

OTtneneHue OT OTJIMBOK JINTHUKOBOW CHCTEMBI YIPOIIAETCs, KOTa OHAa HAXOIUT-
Csl B JIETKOJIOCTYITHBIX MECTaX OTJIMBKHU U KOT/Ia OHAa UMEET HEOOJIbIIOE MOMepeyHoe ce-
yenue. boree menecoobpa3Hoi ¢ TOYKH 3pEHUs] TPOCTOTHI YAAJICHUS SBISICTCS JIUTHH-
KOBasi CHCTeMa C CEYCHUEM B BHUJIE TpaNeIUy UK OBaJja.

Jlnst obnieruenus ynajaeHus NpuObLIEH MPU KOHCTPYUPOBAHUHM OTIMBOK HEOOXO-
JTUMO TIPUACPKUBATHCS CIICYIONIUX PeKOMeHOAYuUll.

1 KonuuectBo npudbUIei U UX pa3Mepbl JOJDKHBI OBITh MO0 BO3MOXKHOCTH MHUHU-
MaJIbHEL.

2 TlpuObutn JOHKHBI OBITH pa3MeElIEeHbI TaK, YTOOBI UX MOXKHO OBUIO yIaJIUTh BO
BpeMsi OIHOM U3 omepaluii MexaHnueckoi o0paboTKu.

3 HeobOxoaumo u3berath pazMeiieHus MpuobUiei Haa GUTYPHBIMU YacTsIMU OT-
JIUBKH, TaK KaK B 3TOM CJydae ISl MOJy4eHUsT HEOOXOIUMOIo OodepTaHHus TpeOyercs
JOTIOJTHUTEIIbHAsT 00pab0TKa MECT, JISKAIIMX MO/ CPE3aHHBIMU MPUOBLISIMU.

4 Cnenyet uzberaTh pa3MeIIeHUs MPUObLUICH B TaKUX MeCTaX, TJie U3-3a KOH(DU-
rypallui OTJIMBKH OHU HE MOTYT OBITh OTPE3aHbl y CAMOTO OCHOBAHHUS; B ATOM ClIy4yae
OCTAaTKW MPHUOBLIEH MPUXOIUTCSA yAAJIATh C TOMOIIBIO TOMOJIHUTEILHON MEXaHUYECKON

00paboTKH.

5 KOHCTPYKUUA OTIIUBKU N SKOHOMUA METANINA

CTouMOCTB JINTON JAETalu ONPEIEsAeTCs KaK TEXHOJIOIMYECKHUM IPOLIECCOM €€
U3TOTOBJICHUSA, TaK U CTOMMOCTBIO METAJIa. DKOHOMHYHOE HCIIOJIB30BAaHUE MeTajljia
npuoOpeTaeT MPUHUMUIIUAIBLHOE 3HAYEHUE B HACTOAIIMX 3KOHOMHYECKHX YCIIOBHUAX, a
O0COOEHHO TPHU M3TOTOBIIEHUU OTIMBOK U3 JOPOTUX U NEPUIMTHBIX CIJIABOB (JIETHpO-
BaHHBIX CTaJieH, OJIOBIHHON OPOH3bI U T.11.).

[Ipy KOHCTPYMPOBAHUU JIUTON JETANM TAKXKe NOJDKHBI ObITh IpOpabOoTaHbl BO-
IIPOCHI, KacCaroIIKUecss SJKOHOMUM MeTajuia. HesKOHOMHBIN pacxoj MeTallla XapakTepeH
JUISL OTJIMBOK OOBIYHOTO Ka4yeCcTBa, K KOTOPHIM HE MPEIbSBIIAIOTCS MOBBIIIEHHbIE TPOY-

HOCTHBIC Tpe6OBaHI/I$I 1 KOTOPHIC OOBIYHO HE MMOABCPIraroT pacuCTy HA IIPOIHOCTD.
49



MHorue auThle YyryHHBIE JeTajdu padoTaloT ¢ OYCHb HU3KUMH HANPSKCHUSIMU,
TaK KaK IpU UX KOHCTPYMPOBAHUU B LIEJIAX CO3/aHUS ONPEICICHHON HAJEKHOCTH pac-
YeT Ha MPOYHOCTh 3aMEHSIOT YBEJIMYEHUEM TOJIINHBI CTEHOK. DTO MPUBOJIUT HE TOJIb-
KO K HElEeJIecO00pa3HOMY pacXoay MeTajlla U YBEIMYEHHUIO MacChl I€Tali, HO U K yBe-
JUYEHUIO TPYAOEMKOCTU UX O0Opa0OTKU B MEXaHMYECKUX IIeXaX, YBEIUUEHUIO KOIuYe-
CTBAa OTXOJOB B BUJI€ CTPY>KKH, BO3PACTAHUIO CTOMMOCTH JAETalyd U MAIWHbBI B IEJIOM.
KoHCTpyKIIMu CTanbHBIX JUTHIX JCTaleill Takke 4acTo padOTalOT B YCJIOBHUSAX OYEHD
HU3KUX HaIPSHKEHUH.

MeTanioeMKOCTh OTIIMBOK MOYKHO CHU3UTh KOHCTPYKTUBHBIMH U TEXHOJOTHYE-
CKMMHU MEPOIPUSATHIMHU, HANPABICHHBIMU Ha CO3/1aHUEe Hanbojee O0JIEryeHHbIX JIeTa-
JIeW U Y3JI0B, HA MOBBIIIEHNE UX MOIIIHOCTH.

IIpn KOHCTPYMPOBAaHUHM MOKHO HCIOJB30BATh CIEAYIOLUIUE NYMU CHUNCEHUS Me-
MANI0eMKOCIU JUMbIX Oemaiel.

1 Ilpumenenue b6onee cogepuieHHbIX NPUHYUNOE KOHCIMPYUPOBAHUS MAULUH

Pe3ko moBbICUTE KOA(DPUIIMEHT UCIIOIB30BaHUS METala U CHU3UTh CTOMMOCTD
W3TOTOBJICHUS W3JETUN TMO3BOJISIIOT OOJIEr4eHHbIE KOHCTPYKIMH MAalllWH, CTAaHKOB H
npyrux m3aenuil. Kpome Toro, Heo6X0AMMO CTPEMHUTHCS K 3aMeHEe COOPHBIX KOHCTPYK-
AN HEeTbHOJUTHIMU WY IITAMIIOBAHHBIMU W3 JINCTOBOU CTANIN JIETaJISIMH.

2 Payuonanvroe ucnonvzosanue memaiia ¢ OmiueKe

OnHuM U3 BaXHEUIUX MYTEW MOJyYEHUs BBICOKOKAYECTBEHHOW OTJIMBKHU SIBIISI-
€TCsl TPaBWIbHOE paclpejie]IeHue MeTallla B €€ KOHCTPYKIMHU, oOecleunBaroliee pa-
IUOHAIIBHOE COOTHOIIEHHE MEXIY MacCod M MPOYHOCThIO. Eciiu KoHCTpyupyemasi oT-
JUBKa OYJIET SKCITyaTUPOBATLCS B YCIOBUSX HEPABHOMEPHON HArpy3KH, MPUMEHEHHE
B OTVIMBKE CTEHOK C PaBHBIMU TOJIILIMHAMM HelenecoodpasHo. [IpumepoM MoxeT ciy-
KUTh OTJINBKAa PECCOPHOro OanaHcupa, cedeHue KOTOpoH mMmoka3aHo Ha puc.5.1. Ha-
rpy3Ka NpUJIaraeTcs Ha KOHIAX U B LIEHTPE; MAKCUMAaJIbHbIC HANPSHKEHUSI BOBHUKAIOT B
IIEHTPE OTJMBKU, MOITOMY TOJBKO JJIi 3TOrO0 CEUEHUS HEOOXOIUMO MPEAyCMOTPETh

MAaKCHMAJIBHYIO TOJIOINHY.

Pucynok 5.1 - Omauexa peccopnoeo banancupa
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YMeHbIIaTh KOHIEHTPALUIO HANPsHKEHUH MOXKHO Tak)Ke 3a CUeT M3MEHEHUU
KOHCTPYKIIMH, TIpeycMaTpuBasi O0JIbIIINE PAJNYChl, 00JIee TOJICThIC CEUCHHUSI B HEOO0XO-
JTUMBIX MECTax, pedpa u OOOBIIIKH.

CHIKEeHUE MacChl IETAIM M YKOHOMHUSI METaJlJla MOTYT OBITh JOCTUTHYTHI 32 CUET
yCTpaHEHUs CIa0OHArPYKEHHOT0 WM HEpabOoTaloero MeTaia, YBeJIMUCHUS TIJI0IaIH
OKOH, 00pa3oBaHUS BBIEMOK M YMEHBIICHHUS TOJIIUHBI CTEHOK. I[Ipumepsl Takoro

YMCHBIICHUA MACChI OTJIMBOK ITOKAa3aHbI HA PUC. 5.2.

5T S8

a, 6, 0 — nepeoHavddlbHble KOHCMPYKYUU, 6, S, € — U3BMEHEHHble KOHCMPYKYUuu

a)

Pucynok 5.2 — I[Ipumepvl ymenvuieHus Maccovl OmauU8ox

Maccy aeraneii Tuma KpbIlieK, KOPIycoB, (hJIaHIEB U CTAHUH, TI€ B KOHCTPYKIIHH
IPETyCMOTPEHBI CIUIONIHBIC IMUPOKKHE 00OpTa MO/ CBEPIICHUE OTBEPCTHH ISl KPETUICHUS
(puc. 5.3, a), nenecoodbpa3HO yMEHbIIATh 3a CYET U3MEHEHUS (POPMBI WIIM YMEHBIICHUS
MIPUHBI 60pPTOB. BOKpyT OTBepCcTHii MOTYT OBITH IPUIUTHI OOOBIIIKY, TUAMETP U BbI-
COTa KOTOPBIX paBHBI CILIOMIHOMY O0pTy (puc. 5.3, 6). Ecnu neranp obnamaer mocra-
TOYHOW MPOYHOCTHIO U JIOMYCKAIOTCS MPOCBETHI MEXKIY COMPSIKEHHBIMHA TTOBEPXHOCTS-

MU, TO OOOBIIIKH MOKHO BBITIOJHATH HN30JIMPOBAHHBIMU.

™ N ™ N
o & o —
|
O 0
4 s
a) &)

a — nep8oHAYANbHAS KOHCMPYKYUs, 0 — U3SMEHEeHHAs] KOHCMPYKYUsL
Pucynox 5.3 — Uszmenenue 6opmoe omausox
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3HaunTeIbHAS DKOHOMHS METallla M YMCHBIICHHE MAacChl JIeTaliei BO3MOXKHBI
IIPY YMCHBIIICHUH pa3Mepa HWKHUX OTIOPHBIX OYPTOB U JIall KPYITHBIX M CPEIHUX 0a30-
BBIX JICTAJICH TWIIa CTAaHWH, KOJIOHH, OCHOBAaHHWW W CTOCK. J[BycTOpoHHHE OYpTHI IpHU
BO3MOKHOCTH CJIEIyEeT 3aMEHATh OJJHOCTOPOHHUMH. Takke 1enecooOopa3Ho MPUINBAThH
OypTBI HE O BCEMY NEPUMETPY JETAH, a TOJbKO Ha OTACIBHBIX MOBEPXHOCTAX, TIE
OHHM JICHCTBUTEIILHO HEOOXOIUMBI.

3 IIpumenenue 6onee Oeulesblx TUMEHbIX CNIABO8

Jloporocrosimuii MeTayll JIeTald I[eaecooOpa3HO 3aMEHSATh Ooliee JCIIeBEHIM,
MOJIHOCTBIO MM YacTHYHO. CTajabHBIC JIETAH, €CIM BO3MOXKHO, 3aMCHSIOT OTJIUBKaMU
U3 BBICOKOIIPOYHOTO WM MOJM(PHUIIMPOBAHHOTO YYT'YHOB, NE(HUIIMTHBIC IIBETHBIC MeE-
TaJUTBl — YepHBIMU. YacTUYHAs 3aMEHA MpeTycMaTPUBACT MCIOJIb30BaHUE OMMETAILIIH-
YECKUX OTIMBOK, B KOTOPHIX CICIM(PUICCKAE CBOHCTBA JOPOTOCTOSIINX METANIOB HC-
MOJIB3YIOTCS TOJIBKO B TEX 3JIEMEHTAX, TJIe 3TH CBOMCTBA JICHCTBUTEIBHO HEOOXOIUMBI,
oCTaJbHAS YaCTh OTJIMBKU MOXET OBITh U3TOTOBJIICHA M3 O0JIee MEIIeBOr0 MaTepuara.

N3meHeHne KOHCTPYKIMU JATYHHOTO TOPIIHS TuapolmiauHapa (puc. 5.4) 6e3

yLuep6a IJIA IIPOYHOCTH IMMPUBCJIO K SKOHOMUH JIATYHH 10 2 ke Ha KaXIA0M U3ACJIINH.

I

a) &)

a — nepeoHavdallbHdasl KOHCMPYKYUs, O — uzmeHenHas KOHCMPYKYUA

Pucynok 5.4 — Hzmenenue koncmpykyuu nopuins

3aMeHa YIJIEPOJUCTBHIX CTajdeld HU3KOJIETMPOBAHHBIMU CTAISIMM JAE€T BO3MOXK-
HOCTb, HE CHUXas MPOYHOCTH JI€Talel, CHU3UTh MaccCy cTaibHOro juthd Ha 10...15%.
D10 00BsCHsETCS 00Jiee BHICOKMMHU MEXaHWYECKUMHU CBOMCTBAMU HU3KOJIETHUPOBAHHBIX
CTaJIeH.

[TpounocTh MOAUMUITUPOBAHHBIX U BBHICOKONPOYHBIX YYT'YHOB B HECKOJIBKO pa3
BBIIIIE, YEM CEphIX. 3aMEHa CEpPhIX YYT'YHOB 00Jiee MPOYHBIMHU TO3BOJIIET 3HAYUTEIBHO
YMEHBIIUTH TOJIIMHY CTEHOK Harpy>KE€HHbIX MACCUBHBIX JETAJICH.

3HAYUTENIBHYIO SKOHOMHUIO TOJIYYaIOT TAKXKE MPHU 3aMEHE CTAJIbHBIX OTIMBOK OT-

JIMBKAMH W3 BBICOKOIIPOYHOT'O YyIr'YHa € MIapOBHUIHBIM Fpa(i)I/ITOM.
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4 VmeHnvuenue mexHoio2uueckux npunyckos u npunycko8 Ha MexaHuieckyro 0o-
pabomky

B psnme ciiydaeB paccMaTpHBAaeTCs BO3MOXKHOCTH ITOJHOCTHIO JTUKBUIUPOBATH
MPUIYCKH Ha 00pabOTKy. DKOHOMHSI MeETajla MOXKET OBITh IMOJydeHa TaKkKe U IpHU
MIPaBUIILHOM KOHCTPYKTHBHOM ITOJIOKEHUHU OXJIaJMTEIIBHBIX peOep B OTIIMBKE.

5 Iosvluienue npouHOCMHBIX CBOUCME Oemajiell, NO3BOJAIOUWUX VEeIUUUBANb
NPOOOIANCUMENbHOCTb ee IKCIILYAmayuu

VYy4nieHre KOHCTPYKIIMU C IICNIbIO MPOJJICHUS CPOKa DKCILTyaTalluM JcTalieh
JOCTUTAETCS YMEHBIICHUEM HM3HOCA ITOBEPXHOCTEH, ITOJABEPraloOIIUXCs HCTHPAHUIO,
MIPUIAHAEM 3THM TIOBEPXHOCTSIM CIIEIIUATIbHBIX CBOWCTB (MTOBEPXHOCTHOE JICTUPOBAHUE,
MeTaJTU3AIMS U Jp. ).

IlenecooOpa3HoO ACIUTH CIOXKHBIC JETAH, UMEIONINE pa3HbIe CPOKH CITYKOBI TT0-

BCpXHOCTCﬁ, Ha IIPOCTHIC UJIN BBOAUTH CbEMHBIC 3JICMCHTBI B MCCTaX 6BICTp0F0 H3HOCA.
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