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Ipeauciosue

[Tpu moaroToBKE y4eOHO-METOAMYECKOTO MOCOOUS K MPAKTUYECKUM pa-
o0otam no auctumianHe «lIpoekTupoBaHUE W MPOU3BOJICTBO OCHACTKWY, HAIU-
CaHHOT'O B COOTBETCTBHM C Y4E€OHOH mporpamMMmoil Kypca, WCIOJb30BaH OIBIT
npenojaBaHusl Ha Kadeapax, BbIMYCKAKOIUX WHXKEHEPOB YKAa3aHHON Crelu-
aJbHOCTH, a TAKXKE METOJMYECKAE MaTEpHAJIbl, CIPABOYHHUKHU U MMOCOOMS, HAMK-
CaHHbIE BEIYLIMMU MPENOAaBaTEIsIMUA JIUTCHHBIX Kadeap POCCHICKHUX BY30B
(MUCuC, KOYpI'Y, HI'TY, CAMI'TY u np.).

[TpencraBneHHble padOTHI HAMPABJICHBI HA YCBOCHUE U 3AKPEIJICHUE JIEK-
LIUOHHOTO Marepuasa, 3aTparuBarollero BOMNPOCHl MPOSKTUPOBAHUSA U TPOU3-
BOJICTBA OCHACTKH JIJIsl YEPHBIX W LBETHBIX CIJIABOB, OCBOCHUS PA3JIMYHBIX ME-
TOJIOB pacyera.

JlaHHO€ Y4EeOHO-METOIUYECKOE MOCOOME PACCMATPUBAET BOMPOCHI MPOEK-
TUPOBAHKS W MPOU3BOJICTBA OCHACTKU IJISl CIEUHAIBHBIX BUIOB JINThI B MeE-
TAJIMYECKYIO U TIECYAHO-TJIMHUCTYIO (popMy. B mMeToanueckom mnocodbuu pac-
CMOTPEHBI 3a/1a41 U MTPUBEICHBI PACYETHI IS MMOJYUYEHUS OTJIMBOK U3 HAaMOOJIEe
CJIO2KHBIX CTIEUMATIBHBIX BUJIOB JIUThS, TAKUX KaK JIATHE N0 JABJICHUEM, JINTHE
B KOKWJIb M KJACCUYECKAs TEXHOJIOTHSI — JIMThE B «3eMJII0» (MECHAHO-
TJIMHUCTYIO (POpMY).

O0mue OpraHu3anuoOHHbIE MOJI0KEHUA

OCHOBHOE BHHMaHME B MPaKTHUECKUX padoTax mo gucrunianHe «IIpoek-
TUPOBAHKE U TPOU3BOACTBO OCHACTKNY YICICHO Pa3BUTHIO HABBHIKOB CAMOCTO-
ATEJIbHON PadOThl CTYACHTOB, 3HAUMTEIbHAS YacTh KOTOPHIX BBHIMOJHSICTCS B
BHJIC PACUETOB.

[lepen MarucTpanTaMy CTaBUTCA 3ajadya W3yueHHs] 0COOCHHOCTEH MpPOeK-
TUPOBAHUS U MPOU3BOACTBO OCHACTKHU MPH MOJIYYSCHUU OTJIMBOK M3 I[BETHBIX U
YEPHBIX CIJIABOB.

Boigenstorcs cienyromue BOMPOCHI:

- aHaJIM3 CBOMCTB U XapaKTEPUCTUK CILIABA,

- BBIOOp crmoco0a MoayuyeHus OTJIMBKHM U3 33JJaHHOIO CIJ1aBa;

- TpeABApPUTEIbHBIC PACUCTHl JIS MOJYUYCHUS OTJIMBKHA M3 3aJaHHOTO
CILIaBa;

- pacueThl OCHACTKH HAa MPOYHOCTH, BEIHOCIMBOCTh M APYTHUE KOHCTPYK-
TOPCKHE PACUeThl, MOWCK ONTUMyMa MPH MPOCKTUPOBAHUU METAJIMYSCKOM
OCHACTKH;

- MPOSKTHUPOBAHKME OCHACTKH MPH MOJYUYSCHHUH 3aJaHHBIX OTJIMBOK;

- MPOU3BOACTBO OCHACTKH MPH MOJIYUYSCHUH 3aJaHHBIX OTJIHUBOK.

C menpro 00Jiee MOJHOTO OCBOSHHUS Kypca B X0A€ padOThI MPETyCMOTPEHO
ucnojs3oBanue [19BM. Hacrosiuue yyeOHO-METOAUUYECKUE MOCOOME COCTaB-
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JICHO TakKuM 00pa3oM, YTOObl 03HAKOMMBIIUCH C MPEAJIOKEHHBIMU pacueTaMu 1
U3YYUB PEKOMEHAYEMYIO JIMTEPATypy, @ TAKKE BOCIMOJIb30BABIIMCH CPABOY-
HbIMHU JTAHHBIMM, MAarUCTPAHT MOT CAMOCTOSTEJLHO PEIIATh MOCTABJICHHBIE 3a-
JayH.

[TpakTryeckue paboThl MPOBOAATCS C TPyNnmnoi MaructpaHToB. [Ipu 3TOM
KOKIOMY MAaruCTpaHTy BBIAACTCS WHAMBUAYAJbHAs Mapka CIJlaBa U CIOCO0
NOJIyYCHUSI OTJUBKHU Uil MPOBEICHUS AHAIW3a W BBIMOJHEHUS WHXXEHEPHBIX
pacyeToB.

BBenenue

TexHoyiornueckas u JMTEHAsA OCHACTKA - DTO HEOOXOOUMBIA KOMILIEKT
UHCTPYMEHTA W NPUCIOCOOJEHUH, ITPU MOMOIIM KOTOPOro OyayT M3roTaBJIM-
BaThCs OTJMBKU U3 CILIABA C 3aJJaHHBIMU CBOMCTBAMHU.

OT TOYHOCTH, KayeCTBa OCHACTKU M croco0a MOJyYEHMS OTJIMBKU 3aBH-
CUT KQ4€CTBO U TOYHOCTh Oy yLIEH OTJIUBKU.

ITon pa3MepHOl TOYHOCTHKO MOHMMAETCS TOYHOCTh pasMepoB, (OpM H
MOBEPXHOCTEH OTJIMBKH. byayliiias oTJMBKa HAIPSAMYIO 3aBUCUT OT (DOPMBbI, HH-
CTPYMEHTA M MX KayecTBa M3rOTOBJICHUA. IIpy NMPOEKTUPOBAHWU JIUTEUHOM
(OpMBI 1 OCHACTKH Pa3MEPHYH TOYHOCTh HEOOXOAMMO YCTaHABIUBATH UCXOs
13 TpeOoBaHuii, HEOOXOIUMBIX JJIS MOJYUYEHUS OTJIMBKH 3alaHHOTO KaueCTBa, U
TpeOOBaHUH, TPEIBABISIEMBIX K HEM.

HecooTBeTcTBHE BhIIICYKAa3aHHBIX TPeOOBAHWM Ha3bIBacTCS OpakoMm OT-
JIMBKU. bpak 4acTo MOKHO BBISIBUTh U3-3a4 HU3KOW TOUYHOCTH JUTEHHON OCHACT-
KM U ee npucnocoOieHunii. Takke k Opaky OTJIMBKMA MOTYT MPUBECTH W 4YPE3-
MEPHBIE HAIPSLKEHUA B OCHACTKE, BCJICICTBUE KOTOPBIX HAPYIIACTCHA WX Pas-
MEpHasi TOYHOCTh. B OTJIMBKE MOSBIAOTCA JAe(PEKThl: Pa3HOCTCHHOCTD,
CMEIIIEHUE OTBEPCTUIN U HAPYIIECHUE €€ TCOMETPUMU.

B cBsI3u ¢ 3THM IIpU NPOSKTUPOBAHUU JIMTEHHON OCHACTKM HEOOXOAUMO
MPOBOAUTH MPOBEPOUHBIE PACUETHI AJIsl IPOBEPKU OCHACTKU HA MPOYHOCTh, U3-
rud, CMATHE W Jpyrue, HanpaBJCHHbIC Ha BbIABJICHUE IC(PEKTOB JIUTCHHOM
OCHACTKHU MPH TMOJYYEHUHU OTJMBKHA HAIJIKANECTO KA4YeCTBA C 3aJlaHHON pas-
MEPHOU TOYHOCTBIO.

1. IIpoBepouHbie pacyeTbl NPH NPOCKTHPOBAHMH JIUTCIHHOI
OCHACTKH JIJI JINThA 1oj AaBjaeHuem (JII1]1)

Ontumuzanus npolecca M3roTOBJICHUS OTJMBKHU, KOrJa BpeMms €¢
3aTBEpJIeBaHUs CTAHOBUTCS COU3MEPUMO C MPOAOJDKUTEIBHOCTHIO 3a0JIHEHUS
1n0J0CTH (POPMbI paciaaBoM (BpeMs 3aTBEPACBAHMS PABHO BPEMEHH 3aJIMBKH ),
TpeOyeT 3HaHUS 3aKOHOMEPHOCTEH JBMXKEHUSI METAJJIMYECKOr0 MOTOKA B Y3KUX



KaHaiax (POPMBI C YHETOM Pa3BUTHS B €M0 CEUCHHUH HE TOJIBKO MOJISi CKOPOCTEH,
HO U TEMIIEPATYPHOIrO MoJisi, 00YCIOBJIUBAIOIIECTO XapaKTEP 3aTBEPACBAHUS T10-
TOKa pacriasa.

Ha npakTuke jauThs MOA AABJICHUEM MOXKHO 4aCTO BCTPETUTHCS C M3r0-
TOBJICHUEM JIeTajicli HA MalIMHAX HEAOCTATOYHOH MOIIHOCTH, OCOOCHHO MpH
UCIOJb30BAaHUM MHOTOTHE3HBIX Mpecc-PopM WK NPH JINThE KPyHHOradapur-
HBIX U3JICJIMHI, TOATOMY IPU BhIOOPE MAIIIMHBI B IIEPBYIO OYEpe/lb HY>)KHO OCHO-
BBIBATHCS HA pacyeTe HEOOXOAMMBIX YCUIJIMI PECCOBAHMUS U OANPECCOBKH.

JInst onpeAeneHns TEXHOJIOTMYECKA HEOOXOAMMOTO YCUITUS TPECCOBAHUS
IPUMEM, YTO OHO JIOJDKHO MPEBBILIATH CONMPOTHUBICHUE TBEPAON KOPKH MeETaJ-
JIa HA CTEHKAaX KamepPhl MPECCOBAHUSI.

1.1. Onpenenenune ycnaus sanupanus npu JIHJ{

B MOMEHT OKOHYaHMS 3alOJHEHUS HA MOABHKHYIO 4acTh (POpPMBI JICii-
CTBYIOT CHUJIbI IABJIEHUS P, MPECCYIOUIEro MOPIUIHA YEPE3 PACTUIABICHHbBINA ME-
Taul U Pry TUAPABIMYECKOr0 yaapa, BOSHUKAIOUIETO B LUWINHAPE MPECCYIOLIe-
ro MOpIIHA ¥ B ()OPME B MOMEHT OCTAHOBKH MOPIIHA. MUHUMAIBLHOE 3anmupa-
IOIIEE YCUJIUE MAIMHBI JJIS1 JIMThA MO JABJICHUEM:

PSaH:PM+PF.y (11)

HomMuHanbHOE ycunue pacmiaBI€HHOrO MeTauia P, ONpenensercs Tex-
HUYECKOW XapaKTEPUCTUKONW MAILIVHBI:

Py = (Pup. si/Frp)> Fup, (1.2)
rae Py, — yCuiue npeccoBaHus MallIUHBL,
Fp — IUIOIIAAb MONEPEYHOr0 CEYEHUS KaMephl IPECCOBAHNUS,
2l — CyMMa IUIOIafe MPOEKUHWd OTJIUBKYA U DJIEMEHTOB JMTHUKOBOW CH-
CTEMBbI Ha TUIOCKOCTh pa3bema.

[Tpu BBIOOPE MAIMHBI TPEABAPUTEIBHO HEOOXOIMMO OMPEACIIUTD PACTIO-
JIO’)KCHHUE OTJIUBKK B (DOpME BMECTE C JIMTHUKAMHU, MPOMBIBHUKAMU U TPECCO-
CTaTKOM W MOACYHUTATH CYMMY IJIOIIACH MPOESKIUiA 1o (hopmyJie

Z:Fvnp = FHp.OTJ'I+ FHp.J'II/IT+ FHp.HpOM + FHp.OCTy (1 3)
r1€ Flp o — IUIOIAAE IPOCKLUHU OTJIMBKY HA IJIOCKOCTH Pa3beMa,
Fip e — TUIOILAIB IPOESKLUK JIUTHUKOB;
Fip npon — IUIOILAIE IPOEKLUH IPOMBIBHUKOB;
Flpoer — IUIOMIAbL MPOEKLUU MPECCOCTATKA (TOJBKO JJISi MALIMH C FOPU30H-
TaJIbHON KaMepOoi MPECCOBAHNA).

['paduueckre 3aBUCUMOCTH YCUJIUS 3aNUPaHusl MALIWHBI JJIsl JIAThS TIO]T
JaBJIEHUEM P, OT JaBJICHUS HA METALT Py, U OT CYMMAapHOW IUIOAAN IPOEK-
it 2F,, npeacrasiieHsl Ha puc. 1.1, a. AHalorn4Hble 3aBUCUMOCTU B JIOra-
pUpMHUYECKUX KOOPAMHATAX TaHbl HA puc. 1.1, 6.

['mapaBauueckuii ynap npu JUThE TIOJ JABJICHUEM B PAJIC CIYYacB SBJIS-
€TCs MOJIE3HBIM (PAKTOPOM TEXHOJOTHYECKOT0 npoiecca. [Ipu npoekTupoBaHUM



JUTEHHBIX MallMH HEOOXOJMMO PacCUMThIBATh 3aMUPAOLIMNA MEXaHM3M Tak,
4TOOBI OH MOI' BOCIIPMHMMATh THPABIMYECKHI yaap 0€3 0TBOAA MOABMIKHBIX
qyacTeu.

p w pﬂp p/p
Klems? M wifon?

o7 o0 q:. 3

w0
S

b 200 400 689 500 Uy cos? w X0 0 500 2 OME
a )

Puc. 1.1. Homorpammesl asisi onpeaesieHus 3anMparilero yCuamust

[Tpu nuThe MO TABJICHUEM CUCTEMA COYAAPAEMBIX 3JIEMEHTOB COCTOUT, C
OIHOW CTOPOHBI, W3 KUJIKOCTH B UMWJIWHAPE MNPECCOBAHUS U MPECCYHOLIETO
MOPILHSA, a C APYroil CTOPOHbL,— W3 3JIEMEHTOB, BOCIPHHUMAOIIUX yaap (13
YKHJIKOTO METalJla U MOJBUXKHOM MOJOBUHBI (DOPMBI).

Tak xak moABMIYKHAS MOJOBUMHA (POPMBI B MOMEHT yaapa OTXOJUT OT He-
NOABWKHOM, TO, coriacHo npuHuuny JlanamOepa, MOXHO JiS ABMXKYLIUXCS
YacTeil HamucaTh CJIEIYIOLIEE YPABHEHUE PABHOBECHUS CWUJI, NEHCTBYIOLLKX I10
OCH 3aMUPAIOIIEr0 MEXaHU3Ma (OCh X):

Poan — Prp 2l oy — Apry Xl + m02x/612 = 0, (1.4)
rae P, — ycuime 3anupanus B H;
P - naBieHUE XKUIKOTO METaJIa B (hOpME B H/™m*;
2Fyp - cyMMa IUIoIaaeil IpOSeKuuii OTJIMBKYU U JINTHUKOBOI CHUCTEMBI B M° ;
Ap,. - TIOBBIIIEHUE NABJICHUS B PE3YJIbTATe TUAPABIMYECKOr0 yaapa B H/M*;
m - Macca MOABWXKHBIX YACTEN 3aMMPArOILIEr0 MEXAHU3MA B KT.

BeanumHa MOBBILIEHUS AMHAMUYECKOro naaBjeHus coctouT (mo H.A.
[IlyOuHy) U3 CyMMbI MOBBILICHUS AABICHHS padoyeil KUAKOCTH B LIMJIMHAPE
PEeCCOBaHus Apy U MOBBILIECHUS AABJICHUS )KUJKOTO METAILIA B opMe Apy:
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Ap.y= Apy+ Apy . (1.5)
BeanunHa noBblIICHUS JaBjieHUs padoyeil KUIKOCTM B MOMEHT OCTa-
HOBKH ITPECCYIOIIETO MOPIIHA onpeaeaseTcs popmyoit KykoBcKoro:
v
APy = Vacln = (1.6)
7€ dx — CKOPOCTh PACHPOCTPAHEHHUS 3BYKOBOM BOJIHBI B padoyeii KUIKOCTH,
onpeaensemas no opmyJe (1.8), B M/c;
Yx — YIEJIbHBI Bec paboueil )UIKOCTH B H/M
Vyp — CKOPOCTBH IPECCOBAHMS B M/C.
[ToBblllIeHME AABICHHUS B (POPME MPU HEMPSIMOM THAPABIMYECKOM yaape
MOXKHO HaWTH MO PopmyJie

L
ADQO - ’YMaMUHOTa—L’ (17)

M

1000

rae L — JUIMHA OTJIMBKH B M,
ay — CKOPOCTb PACIpPOCTPAHEHHS 3BYKOBOU BOJIHBI B )KMIKOM METAJLIE.

a, = gEM ,M/C. (1 8)

Y '

rae Ey — Moayjb yOPYroCTH )KHJKOTO METalla B H/M;
Y» — YAEJIBHBIA BEC )KUIKOTO METAJLJIA B H/M3;
Vnor — CKOPOCTH ABIKEHMS MOTOKA MeTajlia B (popme, onpeacsseMas ypaBHe-
HHUEM HEPa3pbIBHOCTH JJII CHUCTEMbI «KaMepa MpeccoBaHUsS — MOJOCTh (op-
MBD».

0,785D7,
— 1.9
FOTJ'I ( )

[ocne cnoxenus 3HaveHut Ap, U Apg NOJIYy4UM BBIPKEHUE IS OpE-
NEJICHUS BEJIMYMHBI TTOBBIIEHUS TMHAMAYECKOTO JTABJICHUA:

Unor = Unp

_ Q- Y Ay YuL 0'785'D1%p
Apr.y - Unp( += M _ ) F (1-10)
g 1000 ot
3arem oMnpeesieM YCHUITHE 3aupaHus:

Ve | QuYmL | 0,785Dfp 9%x

Pzan=YF, |P v = —m—

2Fp | Pap + Unp g + ML) Fom 921
(1.11)

B soipakennn (1.11) Benmunna &*x/0°T mpecTaBiseT coboil yeKopeHue
NOJBWYKHBIX YaCTEH 3amuparomero MexaHusma u (popMbl MpH UX OTXO0HE. ITa
BEJIMYHMHA OMPEIETIET 3a30P.

[Ipu ycnoBum oOecrneyeHus MJIOTHONO CMBIKAHUS OOEUX TMOJOBUHOK
(OpMbI BEJIMUUHY - CJIEAYET CUATATh PABHOW HYIIO. B 3TOM Cily4ae BBIPOKEHKE



(1.11) npeBpaiaercss B pacueTHYHO (OpMYIIy ISl ONPEACIICHUS YCUIUs 3alMu-
paHus:

(1.12)

0,785-D§p]
1000

Q- Yok Ay YuL
Ban = Zan [Pnp +Unp( g + o L)

FOTJ'I

Hpumep 1.1. OnpenenuTs yCHINE 3anUpaHus UL MAlWHbL TUna 515,
umemeil yewnme npeccosanus Py, = 130 000 1 (13 000 I'), ecnm nuamerp
kamepsl npeccosanus Dy, =40 MM = 0,04 M. COOTBETCTBEHHO NABJICHUE MIPEC-

COBAHMS Ha METAJLIL
Py, 130000

MP " 0,785D2,  0,785:0,042

PaccunThiBaeM MIACTHHYATYIO OTJAMBKY pasmepamu 200x100x5 mm (L =
=02 M u Fyu, = 0,0005 M2) U3 AJIOMHUHHEBOrO CrjiaBa v, =25000 /M =
= 2500 xI['/M") Iy CKOPOCTH TIPECCOBAHNUS Uy = 0,5 M/cC.

B kadectBe pabouyeil KUAKOCTH MPUMEHSAETCS BEPETCHHOE MAaclio ¢
VIIeNBHBIM BECOM Y, = 8700 /M (870 kI'/m’). CKOpOCTh pacmpoCTpaHEHNUs
3BYKOBOI BOJIHBI B pa0oUeii sKUIKOCTH, dy - 1200 m/c.

CKOpOCTh pacnpoCTpaHEHUs 3BYKOBOI BOJIHBI B KMIAKOM METaJLIE (B TO-
J0CTU (DOPMBI) ONPENEISIETCS BhIpAKEHUEM
a, = 8L, ,M/c.

Tu

Moayabs ynpyrocTu »HAKOTO0 ajJlOMUHHUEBOTO CIJIaBa NMPUHUMAEM PaB-

HeM 7-10" 1/M® (0,7-10"°xI'/m%), Torna

9,81:7:1010
a, = /— = 5200 w/c
25000

Haiinem cymMy npoexuuii Ha MiockocTs pasbeMa (Fip e = 0,005 M® U
FHp.HpOM: O)
% Fp=02-0,1+ 0,005+ 0,785 0,042 = 0,0263 M
ITo ¢popmyne (1.12) onpenenum ycuaue 3anupaHust:

P, = 0,0263 [10,4 -107 + 0,5 (

= 3600000 1 = 3,6MH (360000kI") .

ITactiopTHOE ycunme 3anupanus MammuHbel 515 cocrapiser Bcero 1300 kH
(130 1). CnenoBaTenbHO, JJISI JAHHON OTJIMBKU BbhIOMpaeTcs 0oJiee MOIIHAS
MaiuHa, Hanpumep 516M, ¢ yecunuem 3anupanus 4000 ku (400 T).

B TOHKOCTEHHBIX OTJMBKAaX CJOKHOW KOH(UTypaluu TUAPaBINYECCKUNA
yaap B MOJOCTH (POPMBI MOKHO HE YUMTHIBATh. (1151 TakuX OTIMBOK (popmyiia
(1.12) 3HQUUTENBHO YIPOILIACTCS:

Unp'Qx' Yok
P3an = Zan(Pnp +pT) . (1.13)

9

= 104 Mnu .

1200-8700 5200-25000-0,2) 0,785-0,042]

9,81 —-0,2 0,0005

1000



1.2. Pacuer ycwimii /IS YyJAJeHUS TOABHKHBIX CTEpPKHEH
U BBITAJIKHBAHNS OTJIHBOK
[Tpu oxyakaeHuy OTJIUBKHU B IpecC-PopMe MPOUCXOINUT YCaaKa MeTalia,
B PE3YJIbTATE YET0 JJI U3BJICUCHHS MOABMAKHBIX U (POPMOOOPA3YIOIIMX YACTEH
(opMbI TPEOYIOTCS 3HAUNTENbHBIE YCHIIUA. JIaHHBIE YCUIUS 3aBUCSAT OT:
- TOJIIMHBI CTEHKU OTJINBKU;
- Iomaau o(GOPMIISIOIIEH MOBEPXHOCTH CTEPXKHS;
- miowaad GopmMooOpasyroIuX YacTeil (hopMbl;
- TWIA 3aJIMBa€MOr0 CILIABA,
- Ipyrue (pakTopsi.
HanOonbiive ycunus npuxoasaTcs Ha CTEPKHEN3BIICKAIOIINE MPUBObLI U
BBITAJKABAIOIIUE MEXAHU3MBI.
VYcunve BbITaTKUBaHUS OTJIMBKU WJIM YIAJICHUE HEMOIBUYKHOTO CTEPIKHS
Py v P, onipenensiercs u3 BbIPaKEHUA
PB:PCT:pr.NCT' (114)
T1€ frp — KOO(DYULUMEHT TPEHUS MEXKY OTIMBKON U CTEPIKHEM,;
N — yeunust 00xkaths opOpMIISIOLIEH MOBEPXHOCTH CTEPXKHS METAILIIOM.
VYcunue odxkatus onpeaenseTcs no Gpopmyie
NCT:pCT.E:TI (115)
I'7I€ Per — NABJICHUE OTJMBKHU HA CTEP’KEHb,
Fo — nnomans 005KaTtus CTEPAKHS METAIIOM.
[ToacraBnsis B Beipaxenue (1.14) 3naueHue N, MOIy4uM
P:PCT:pr.pCT.F;:T - (116)
Onpenenvrs f, 1 per B 3aBUCUMOCTHU OT CILIABA U MUHUMAJIBHOTO YKJIOHA

MOKHO 110 Tadu. 1.1.
Tabnuma 1.1. - f;, ¥ p.; B 3aBUCUMOCTH OT CIIJIABA © MUHUMAJTbHOTO YKJIOHA

Bun crinasa
[TapameTp - - - -
IMUHKOBbBIN AJIFOMHUHUCBBIN MAaramcBbIN MCIHBbIN
Min yxnos, 20’ 40’ 20’ 1°
rpajyc
VYcunue
0GKATHA Per, 150 175 95 300
Kre/em®
Koosgument 0,25 0,25 0,15 0,35
TPEHUS

JIns cTepskHEH KPyTJIoro CEHEeHUS:
F;:T:T[.dCT.lCTj (117)
TOFHa P:PCT:pr.pCT.T[.dCT.lCTa (118)
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rae [, — nrHa oPOPMIISIOLIEH YacTH CTEPIKHS.
3HaueHue fr, U Po; ONMpenensercs mo ClpaBoOuYHbIM TabJMLAM WM HOMO-

rpamMmam, IpUMEPbI KOTOPBIX Moka3aHbl B Ta0d. 1.1 u puc. 1.2.

e oy

oA | J X

@ MQ/ %/A/ () —

60 / /,7 i ‘

w //// il
—

500 00 BO0 2000 2500 3000 500
Py k20/TM°

Puc. 1.2. Homorpamma aJis1 onpeaesieHus1 yCUJIHsl 00:KaTHUSI CTEPKHS

-

Hpumep 1.2. OnpeaenuTh YCHINE BBITAJKUBAHKUS [HJIMHAPUYECKOTO
cTepikHs U3 npecc-popMbl auamerpoM 60 MM M JUIMHOK cTepykHs 100 MM s
OTJINBKY U3 ATFOMAHUEBOTO CILIABA.

ITo Taban. 1.1 xo3hGuUMEHT TpeHHs I AIOMUHKUEBOTO CILIaBa f1,=0.25
M ycuiMe oOKaTHS CTepkHA po=175 krc/em=17MIla. (lkrc/em® =
= 0,0980665 MlI1a).

P=P;=fip Dexr M der*ley =025-175-3.14-6-10 =

= 8242,5 krc/cm? = 808 MI1a .
Jlemaem mpoBepKy no HoMorpamme 1.2 mis nuamerpa crepxkuHs 60 M,

AJTFOMUHUEBOTO CILIABA U JUIUHBI CTEPKHS 100 MM:
P..=825-10=8250 Kre/em® = 809MI Ia, HalM pacyeThbl BEPHBI.

1.3. Pac4yeT 0CHOBHBIX 3JICMECHTOB NPecCc-(hOPMbI HA MPOYHOCTH
1.3.1. PacuyeT noaKJIAAHON MIUATHI NOABHAKHOH MATPHIBI
[Tonknagnyro mimty (3) Ha TPOYHOCTh PACCUUTHIBAIOT U3 YCJIOBHS, YTO
OHA JKE€CTKO 3aKpeIICHa ¢ ABYX CTOPOH (puc. 1.3).
N3rubaromuii MOMEHT M, NeHCTBYIOIINK HA MOAKIAAHYIO ILIUTY, OMNpe-
AEJSAETCS U3 BBIPAKEHHUS
M= = (1.19)

-
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rae Py — ycuive oT IaBIeHus MeTajia B (JopMe;
L — paccTossHUE A0 KPETICHUS MOAKIaIHOMN TIINThL
HanpsbkeHnsi 6, BO3HMKAMOIMIME B TMOAKJIAAHON TJMTE, HE AOJDKHBI Mpe-
BBIIIATh JOMYCTUMBIC HAPSHKEHUS MaTepuaja MINThl Ha U3Tu0 [oy].
[TpoyHOCTH Ha U3rKbO paccuuThiBacTCs no GopmyJe (2.10):

< [oul, (1.20)

rie W — MOMEHT CONPOTUBIICHUS TIJIUTHI.
MOMEHT CONPOTHUBJICHUS OoNpeesercs u3 BeipakeHus (1.21):

b-h?
W =

s
r7e b — NoJ0BUHA IUUPUHBI IJIUTHI;
h — TONIIMHA MJIATEL

Kpome onpeaeaeHus NpoOYHOCTH MOAKJIAAHON MIMThI HA M3rK0, paccum-
THIBAIOT €€ J0MyCTUMBbIA nmporud A/ no popmyie (1.22):

_ _Pyl®
[ = o251 < [Al], (1.22)

rae £ — Moaynb yIpyrocTu Marepuana minthl (Moaysb FOHra);
I — MOMEHT MHEPIUH JIUTHI.

(1.21)

L

i
J

Puc. 1.3. Cxema K pacueTy NoAKJIAAHON NJIUTHI:
[ — BKImagpr;, 2 — MaTpuna; 3 — MOAKIaAHAS TUHTA; 4 — Opyc (yrop); 5 — TIMTa OCHOBAHMA.
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MOMEHT MHEPLUH ILUIMThI pacCUMTHIBAIOT 1O (hopmyie (1.23):

h3
[ = bl'; . (123)

Ipumep 1.3.1. Onpenenautrs u3rudaromuii MOMEHT, ACHCTBYIOLIMNA Ha
NOJAKJIAJAHYIO MJUTY U3 ctamu 40X, MpOYHOCTh MOAKIAAHONW MJINTHI HA U3THO U
€€ JOMYCTUMBINA MPOrud, €ClIM PacCTOSIHUE N0 KPEMJICHUS MOAKIAAHON MIATHI
paBHa 300 MM, uHa ATH 800 MM, mmMpuHA IAKThE 1200 MM, TOJIIAHA TLIH-
Tbl 100 MM, ocTaJibHBIE AaHHBIE OepeM u3 nmpumepa 1.1.

M3rubaromuii MOMEHT M, NEHCTBYIOLIMKA HA MOJAKJIAAHYIO TUIMTY, OMpe-

nensieM u3 Beipaxkenus (1.19)

104:0.3
M =

= 3.9 MH'M,

rae Py=P= 104 Mn.
[TpoyHOCTh Ha U3rud paccuuThiBacTcs no Gopmyde (1.20):

3.9-10°
0= TO_Z = 195 MIla < [GH] = 240MlIla.
MOMEHT CONPOTHUBJICHUS Onpeaesercs u3 BeipakeHus (1.21):
w= 1222 = 2.10 2 pu

rie b — nojJoBUHA MWPHUHBI TIJIUTHI,
h — TONIIMHA IJIATEL

Kpowme onpeaeneHuss mMpoYHOCTU MOAKJIAAHON MIUTHI HA W3O, PaCCUh-
TBIBAIOT €€ NOMyCTUMBbIN mporud Al o Gpopmyse (1.22):

10410°:08% 0.000138m = 0.0138mmMm < [Al = 0.04mm],

92-2-105-1-107%
rae £ =2-10"— MoayJsib ynpyrocTu MaTepuaia mintbl (Moaysib KOHra) mis cranu
40X;
[ — MOMEHT WHEPIUH TLIATBHI.
MOMEHT MHEPLUH ILUIMThI pacCUMTHIBAIOT 1O (hopmyie (1.23):

. 3
[ = 2% —1.107% koM

1.3.2. Pacuer ynopos (OpycoB)

Ynopsl (Opycel) mpecc-popMbl pACCUATHIBAIOTCS HA CxkaTue 1o (Gopmyie
(1.24):

P
Ocx = 3 Fyn = [O-cxc]: (1.24)

rae P — cuiibl, AEUCTBYIOIIUE HA YIIOP;
> Fyy — cyMMapHas nonepevHas Iiolanb yrnopos,
[Oex ] — MOMYCTUMBIE HANIPSKEHUS JIJIE MATEPUAIIA YITOPA HA CHKATHE.

Cuna P, neicTByromas Ha yrnophbl, CKJIQAbIBACTCS U3 YCUJIMS 3aNUpPaHUs
(hopMbl (P..y) U YCHIIHS OT JABJICHUS MeTajljla B (popMe:

13




= P + Py
Hpumep 1.3.2. Paccuutars ynop (0pyc) npecc-popmbl Ha CKaThe, €Clid
ycume 3anupanus P, = 3,6 Mu, nasnenus ot merayuia Gopmsl Py = 104 Mu u
CYyMMAapHOE TI0NepeuHoe ceueHne ynopos 0,5 M.

3.6 + 104
Oox = =5 = 2152 Mlla < [0,] = 275MIla,

YCJIOBHUC BBIIOJHACTCA, PACUCTBI BCPHDLI

1.3.3. PacueT MaTpuin HA NPOYHOCTH

Martpulibl MCHBITHIBAIOT PA3JIMYHYIO HArPY3KYy B 3aBUCUMOCTU OT KOH-
CTPYKIMU BKJIaabIIIeii. MaTpHilbl CO CKBO3HBIMHU BKJIQJIBIIIIAMU WCIBITHIBAIOT
U3rMOAIOIINE YCHIIHS, TO3TOMY MX PacdeT CBOAUTCS K OMPEACICHUIO TOMYCTH-
MOl BenuuuHbI poruda Al npu yCaoBuM, 4TO MKMPHUHA BKJaasimia ¢ (puc. 1.3)
ooabe (1/3) /. Torna MakCUMaJIbHBIA TPOruO MATPULIBI MOKHO OINPEAECTUTH
no gpopmyae (1.25):

P-a?(3:1-4
Al = “4(8.“ Y < [Al], (125)
rae [Al] — npomyctumass BeauMuMHA Mporuda Marpullbl, MPUHAMAEMas

paBHo#i 0,15 mm;
[ — MOMEHT MHEPLUK MATPHIIbI.

B marpuniax ¢ Bpe3HbIMu BKjaablaMu (puc. 1.4.) onpenenstoT ee npou-
HOCTb Ha cpe3 1o gpopmye (1.26):

Puc. 1.4. Cxema K pacueTy MaTpHLbI ¢ BPe3HbIMU BKJIaAbILLIAMU
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Tep = Ii—i < [tep), (1.26)

rae Fo, — nomans cpesa;
[Tep] — DOMyCTUMBIE KacaTeIbHbIE HAPSHKEHUS JUUIS MaTepralla MaTPHLIbL

Ipumep 1.3.3. Onpeneants MakCUMaJIbHBIAH MPOTHO MaTPUIBl MPECC-
Gopmbl, ¢ =2a, [ =4a v a=25MM, YUNUTHIBAs JAHHBIEC TPEABIAYIINX 33124,
Al (3.6 + 104) - 0.025%- (3:4-0.025 — 4+ 0.025)
max 48-2-10%-1-1074
= 0,014mMm < [Al] = 0,15MM,
Y clioBUE BBIMIOJIHEHO, PACUETHI BEPHBI.

=14-10"°m =

1.3.4. Pacyer Ha mu3ru0d KIMH-TIAJbLIA CTEP:KHEHU3BJICKAIOLIEro
MeXaHn3Ma

KnnH-nanen cTepKHEen3BAEKAOIIEr0 MEXaHU3Ma UCIBITHIBACT HAMPSKE-
Hye u3ruba. s nuIMHAPUYECKHUX MalblEB THAMETPOM d MPOYHOCTh HAa U3THO
onpenensercs u3 Boipaxkenus (1.26):

2 < [o,), (1.26)

0,1d3 —
rae P - ycuiue, BOCOIPUHUMAEMOE KJIWH-MAIBIEM, PABHOE YCUJIUIO YIAICHUS
CTEPKHS W3 OTJIMBKU 1 onpenesissercs no hopmyne (1.27);
[ - nuHa paboyell 4yacTu KIMH-NajblIa,;
d — nuaMeTp KJIMH-NabIA.

P = PCT :pr.pCT.F;:T’ (127)

T1€ frp — KOO(DYULUMEHT TPEHUS MEXKY OTIMBKON U CTEPIKHEM,;
Der — NABJICHUE OTJIMBKU HA CTEPXKEHD;

Fo, — mtomanb 00KaTus CTEPAKHS METAJIIOM.
Tabmuua 2.1. Onpenenenue f;, U P, B 3dBUCHMOCTH OT CIUIaBA U MUHHMMAJIbHOTO
YKJIOHA

cFI/I3

Bun crinasa
ITapametp - — - -
IMUHKOBbBIN AITIOMHUHUCBLIU MArgmucBbIU MCIHBbIN
Min. yxios, 20’ 40’ 20’ 1°
rpagyc
VYceume
obatus P, 150 175 95 300
Kre/om>
Kospuument 0.25 0.25 0.15 0.35
TPEHUS

JIns cTepskHEH KPyTJIoro CEHEeHUS:
F;:T =T dCT ) lCT‘
15




Torna
P :PCT:pr.pCT.T[.dCT.lO(l)a (128)
rae /o — uMHa 0(QOPMIIIOLIEH YaCTH CTEPIKHS.
3Ha4YeHue f;p, U Pg, ONpenesnsercs no CupaBoYHbIM Ta0IULIAM WM HOMO-
rpamMmam, IpUMEPbI KOTOPBIX MOKa3aHbl B Ta0d. 2.1 u puc. 1.5.

tm 1

La

20 f V'

% Mg\/ Z /A/ (i U\;. /
60 // /// / -

30 /// ol

/

500 000 BOog 2000 2500 3000 3500
Py k2c/011°

Puc. 1.5. Homorpamma /151 onpeesieHUus1 ycuiausi 005kaTusl CTeP>KHsI

/ >0\
; A ;

e i ——

Puc. 1.6. Cxema Kk pacueTy KJINH-NAJbLA CTEPKHEU3BIIEKAIOIIEr0 MeXaHU3Ma
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JlnnHa paOoueii yacTu nanbha / 3aBUCUT OT JUIMHBI (hopMooOpa3yroLieii
4acTu CTEpXKHS (7)) U yrja HakKJoOHA MaJiblia U OMPEACHSCTCS U3 BBIPAKECHUS
(1.29):

S Li+(3-5)
siha  sina
r7e S - MAaKCUMAJIBHBIN X0 O3y HA.

JlnvHa HanmpaBsioOEld YacTh CTEePKHSA MOJbKHA ObITh Ha 10-15 MM
OoJibiiie o(opmistolei yactu crepaHs (L), a aarMHa noasyHa (L,) onpenens-
ercs 3 Beipaxkenus (1.30):

(1.29)

L,=S+(2-3)d, (1.30)
rie d - auaMeTp KJiIuH-Iajbla.

Takas KOHCTPYKIHS CTEPKHEW3BJICKAIOIIET0 MEXaHW3Ma MPUMEHSIETCS
npu anuHe opopmistroieit yactu Ly < 90 mm puc. 1.6. Ilpu Gonbiieit aivine
UCIOJIB3YIOT MaJIel] NPSMOYTOJbHOIO CEYEHHUs ¢ (PHKCAlMEeld ero B MOABUKHOMN
yactu (popmsl (puc. 1.7).

Puc. 1.7. KoHCcTpyKLUs cTepKHEH3BJIeKa0Lero MexaHu3ma ¢ AJUHON o(opMIIsioLLei
yacTtu Oosee 90 mm

[TpssMOYTOBHBII MaNel Mo JAJIMHE UMEET JIBa Pa3JIMyHbIX YkjoHa. [lep-
Bblii — B HayaJjie najblia, paBeH 15° Tak Kak B Hayayie U3BJCUYEHUS OPOPMIISIO-
1ICH 4aCTh W3 OTJMBKHU TPEOYETCS MPUJIOKNTh MAKCUMAJIbHOE YCHIIHE, a Jajlee
VKJIOH YBEJIMYMBAETCA, HO HE OoJiee uem 10 25°.
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Ipumep 1.3.4. PaccunTtarh Ha U3rud KIMH-NAJCH CTEPKHEN3BIICKAIOIIIEC-
ro MEXaHW3Ma W3 ATFOMUHUEBOTO CILIABA, €CJIA AUAMETP CTEPKHA 20 MM, K-
Ha oopmisiroiei yactu 80 MM, THaMETP KJIMH-NAJbIA.

JIst cTeprKHEH KpyTJioro ceueHus u mno taosn. 2.1:

P=P;=fip Per* der*loyg =0.25-175-3.14-2-8 = 2198 Krc/cm?,
Li+(3-5) _ 80+4 84
=t _ ot % _ 198 mm.

sin a sin 25 0.423
Knun-nanen CTepKHEU3BICKAOIETO MEXAaHU3MA UCIIBITHIBACT HAIPSKE-

Hye u3ruba. s nuIMHAPUYECKHUX MalblEB THAMETPOM d MPOYHOCTh HAa U3THO
onpenensercs u3 Boipaxkenus (1.26):

Pl 2198-19.8
Ous = 5708 = o107 = 54MIla < [0,,] = 190MIIa .

Y ¢I10BUE BRITOJIHEHO.

2. IlpoBepouHbi¢ pacuerbl NpH NPOCKTHPOBAHHUU JIMTEHHOMH
OCHACTKH /Il JINTh B KOKHJIb

KOKunbHOE TUTHE MO CPABHEHUIO C MECHAHOIMHUCTONH (hopmoii (ITI'D)
MO3BOJISIET CHU3UTh TPYAOEMKOCTh M3TOTOBJICHUS OTJIMBOK, YIYUYILIUTh YCIOBHE
Tpyla W YAYUYIIUTh KQ4€CTBO MPOU3BOAUMONM MPOAYKIUU. OTIMBKY, MOJYUYECH-
HbIE B KOKWJIE, UMEIOT BBICOKYI0 T'€OMETPUYECKYIO W PA3MEPHYI0 TOUYHOCTD,
HU3KYIO II€POXOBATOCTh MOBEPXHOCTH, BBICOKYIO ILIOTHOCTh U MEJIKO3EPHU-
CTYIO CTPYKTYPY. DTO OOBSCHSETCA YCIOBUSIMM 3aTBEPACBAHUS B METaJIMYE-
CKOM (popme.

OcoOEHHOCTBIO KOKHUJIS SIBJISIETCS €0 BBICOKAs TEILIONPOBOJHOCTH U TEII-
JIOEMKOCTb, YTO CIIOCOOCTBYET OBICTPOMY OTBOAY TEMJa OT 3aJUTOr0 pacrjaBa
Y BBICOKOI CKOPOCTH 3aTBEPACBAHUS OTJIMBKH.

TommuHa CTEHKW KOKWJS JOJDKHA O00ECIEeYMBaTh KOHCTPYKTHBHYHO
MPOYHOCTbH, )KECTKOCTh U HEOOXOAMMYIO CKOPOCTh OXJIKICHUS W 3aTBEpACBa-
HUS OTJIMBKH.

Eciu Tonmuna /g, CTeHKN KOKUIA 2 paBHA Wi OObLIe TIyOUHBI [y, IPO-
rpeBa €€ TeIUIOTO OTJIMBKHU, TO TEMIIEPATypa BHELIHEH MOBEPXHOCTH KOKHJIS
NPaKTHUYECKU HE MeHsieTces, puc. 2.1,a.

Eciu TouuHa /g, CTEHKH KOKWIA 2 MEHbIIE MIyOUHBI IPOrpeBa, TO TEM-
neparypa 7}, BHEIIHEH NOBEPXHOCTH KOKWJIA OYAECT BO3PACTATh, YTO YBEJIUYUT
OTIIauy TeMJIoThl () C BHEIIHEH MOBEPXHOCTH KOKWJIS B OKPY)KAIOILIYI) CPENy,
puc. 2.1,0.

VY BeNIMYECHNUE TONIMHBI CTEHKH KOKWJISI MTOBBIIAET CKOPOCTh 3aTBEPICBA-
HUS OTJMBKM U3 CIUIABOB C HEBBICOKON TEMMEpaTypoil IJIABJICHHS (IIBETHBIC
CIJIaBbl, YyTyH), MPAKTUYECKU HE BJIUAET HA U3MEHEHHUE CKOPOCTH OTJMBOK U3
CTalu U YMEHBIIAET CKOPOCTh 3aTBEpACBaHMs. Pa3inyHOE BJIHUSIHUE TOJIIAHbI
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CTEHKH KOKWJISI 3aBUCUT OT COOTHOIICHUS CIOCOOHOCTH (DOPMbI aKKYMYJIHPO-
BaTh TEIJIOTY U OTJABATh €€ B OKPYXKAIOLLYIO CPEAY.

[Tpn 3arTBepaeBaHMU OTJIMBOK M3 CIJIABOB C OTHOCUTEJILHO HEBBICOKOM
TEeMIIepaTypoii TMJIABJICHUS YMEHBIICHUE TOJIIMHbBI CTEHKH KOKHWJISI 3aMETHO
CHU3UT TEIJIOAKKYMYJUPYIOLIYIO CIIOCOOHOCTH (POPMBI, a YBEIUUYECHUE MEpea-
YW TEMJIOThl M3JIyYCHHEM M KOHBEKIMEH B OKPYXKAIOIIYH CPEeay BCISACTBHUE
MOBBILIECHUSI TEMIMEPaTypbl BHEIIHEH MOBEPXHOCTH KOKWUIISA OyAET HEBEJUKO,
M03TOMY CKOPOCTb 3aTBEPICBAHNS CHU3UTCS.

[Tpu 3aTBepaeBaHNU CTAIbHBIX OTJIMBOK YMEHBIIICHHWE TOJIIMHBI CTEHKU
KOKWJII TMPUBOAWT K YMEHBIUICHUIO TEeMI0AKKyMYJUpPYyIoleld CrnocoOHOCTH
(GOpMBbl U B TaKOH € MEpe K YBEJIMUYCHUIO OTAA4M TEMJOThI C BHEIIHEH MO-
BEPXHOCTH B OKPY’KaloIyro cpeny. B pesynbrare u3MeHEHUE TOJIIMHBI CTEHKH
KOKHJII HE OKa3blBaeT CYILECTBEHHOI'O BJIMSHUSA Ha CKOPOCTh 3aTBEPICBAHMS
OTJIUBKH.

R BEY R

" GENNNS VeaS e

Puc. 2.1. Cxembl pacnipeesieHUs1 TeMIepaTypbl B CTEHKe KOKUJIS:

d — MACCHUBHOI0; O — TOHKOCTEHHOTO; / — OTJIMBKA; 2 — KOKHJIb;
(x — MUHEHHBIN pasMep)

2.1. OnpenesieHue TOJMMHBI CTEHKH KOKHJIA

Jlnst pacuera riryOMHBI TPOTrPEBA CTEHKH METAIIMYECKON (POPMBI 3a Bpe-
Ms 3aTBEPJICBAHUS TIJIOCKON OTJIMBKYU UCIIOJIB3YETCS 3aBUCUMOCTD.
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X, :lD(1+ 1+ S, ),
2 V. DB 2.1)

riae X, — riyOuHa mporpeBa CTEHKU KOKUJIS, M;
A — TEIJIONPOBOAHOCTh MaTepuaa Kokus, Bt/m-K;
B — K03 (UIMEHT TEIIOOTAAYH C TIOBEPXHOCTH OTIMBKH, BT/M>K, onpenense-
MBI KaK:
B=Rte/ X
(2.2)
T1€ Ay - TEIUIONPOBONHOCTL KOKWJILHOM Kpacku (00aunoskn), Br/m-K;
Xip — TOJILINHA CJI0S KPACKH (OOJIMLOBKH), M.
Bennunny D B ypaBHeHuu (2.1) HaxoauMm 1o popmyJie

D= 3X v le (T, — TKp) +p,]
V26,1 = Ty)
rae Xj — TOJILWHA CTEHKU OTJIMBKU, M,
Y| — IJIOTHOCTH CILIABA OTJIMBKH, KI/M ;
¢1 — TEMJOEMKOCTh CIJIaBa OTJIMBKU B KUAKOM cocTosiHUM, JIK/Kr-K;
P — TEILIOTA 3aTBEPJCBAHMS CIIaBa OTJIUMBKY, JIK/KT;
v, — IJIOTHOCTb MaTepHaja KOKHJIS, KI/M ;
¢, — TEMJIOEMKOCTh MaTepuaia Kokuis, Jk/kr-K;
T — HavaJIbHAA TEMIEpATypa KoK, K;
Ty —TeMIieparypa KpucTajuin3anni crasa, K.
TKp = (TJII/IK = Tcon)/za

i€ T ¥ Toon — TEMIEPATYPA JUKBHUIYCA U CONMAYCA ciuiasa, K.

Tomumuua CTEHKH KOKWISL C YYETOM TJyOMHBI MPOTPEBA PEKOMEHYETCS
ONpeaeiaTh o hopmyie

>

AXCT:KXQJ
rae K — nonpaBouHbIid KO3(PQUIKUEHT (151 TOJCTOCTEHHBIX OTIMBOK K<1, mjs
TOHKOCTEHHBIX K>1).

Hpumep 2.1. Onpenenwuts TONMWHY CTEHKW KOKWJIA TPU 3aJaHHBIX
YCJIOBUSX.
JIst cTeprKHEH KpyTJioro ceueHus u mno taosn. 2.1:
P=P;=fip Der* derloy =0.25-175-3.14-2-8 = 2198 Krc/cm?,
Li+(3-5) _ 80+4 _ 84 _ 49o .

| = — —
sina sin 25 0.423
KnnH-nanen cTepKHEen3BAEKAOIIEr0 MEXaHU3Ma UCIBITHIBACT HAMPSKE-
Hye u3ruba. s nuIMHAPUYECKHUX MalblEB THAMETPOM d MPOYHOCTh HAa U3THO
onpenensercs u3 Boipaxkenus (1.26):

Pl _ 2198-19.8
Ous = 5708 = 01028 = 54MIla < [0,,] = 190MIIa.

Y ¢I10BUE BRITOJIHEHO.
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2.2. 3aTBepaeBaHue OTJAUBKH B KOKHJIE

JIuThe B KOKWJIb MO3BOJISIET MOJYYaTh OTJIMBKY C 3aJaHHBIMM CBOWCTBa-
MU, U 3TO SIBJSICTCA TJIABHBIM MPEUMYIIESCTBOM MEPEN APYTMMH JUTEHHBIMU
(dopmamu. Ilpu 3TOM NpoLIeCChl 3aTBEPACBAHNS OTJIMBKH U NMPOTPEBA METAJIIU-
YECKOr0 KOKWJIS CYIIECTBEHHO OTJIMYAKOTCS OT PacCMOTPEHHBIX paHee. B
NEPBYIO 0YEPEIb CICTYET OTMETUTH, YTO OTJIMBKA OXJIAKAAECTCS, @ KOKWJIb TPO-
IpEeBaeTCs ¢ MPUMEPHO OJWHAKOBOW WHTEHCUBHOCTHIO. M 3TO HEOOXOAUMO
VUUTBIBATh MPU COCTABJCHUW PACUYETHOM CXEMbI TEILIOBOIO B3aWMOICHCTBHUS
OTJINBKU W KOKHJISL.

[Tpu mporpeBe KOKWJII MOKHO pasjuyaTh J1Ba MEPHOJA €ro TEMJIOBOrO
B3aMMOJICHCTBUSA C 3aTBepAcBaOlIC OTAMBKON (puc. 2.2). CHayania KOKUJb
nporpeBaeTcs B ryOuHY U BEAET c€0sl B TEILIOBOM OTHOIIECHUU KaK MOJIyorpa-
Hu4YeHHoe Teno (7<7}). 3arem, koraa (ppoHT TEMOEPATYPbl JOXOAUT A0 HAPYXK-
HOU MOBEPXHOCTH, MOCJICIHSSA HArPEBACTCS W Mepenaa TeEMIEpaTypbl Mo TOJI-
uuHe popmbl ymenbinaerces (77> 7).

ILi1ockas oTIMBKA

PaccmorpuMm  3aTBepAeBaHHE ILIOCKOH OTJIMBKU. byaeM cuutarb, 4TO
TEMIIEPATYPHBIE MOJISI 3aTBEPACBIICH OTJIMBKM M KOKWJIS OIHKCBIBAIOTCA ypaB-
HEHHMAMH MapadOJIMYECKOro TUMa JJis OTJIMBKU U KOKUJIS B IEPBOM NEPUOAL

X n? .
0=0,(1--)": 23)

BO BTOPOM IICPUOALC
X 2
0=(0,-0,)(—)",
( 2 3)( X2 ) (24)

rac QKp = TKp — 1,0 =T —Ty, Oo=17, - Ty O3 =T — 1o, 10, T, T u
T, COOTBETCTBEHHO TEMIIEPATypbl TOBEPXHOCTH OTJIUBKHM, BHYTPEHHEH u
HApY>KHOW TIOBEPXHOCTEH KOKWJS W HadaJbHas TeMmmeparypa (opMmbl
(puc. 2.2); n; u n, — MoKazareyn CTeneHu napadoJibl, OMKUCHIBAIOIINE TEMITEPA-
TYPHBIE MOJII COOTBETCTBEHHO 3aTBEPJIEBIICH OTJMBKA U MPOTPETON 4aCTU KO-
KHJIAL

l —x< T(),'Z_.X:T(),'3—X> T()

Paccuntaem 3arBepAeBaHUE OTJIMBKM B CPAaBHUTEJILHO HEOOJBIIOM IPO-
MEXYTKE BPEMEHH, KOTJIa UBMEHEHHUE TeMnepaTtyp 71 u 7> OTHOCUTEIILHO HEBE-
JMKO W 0€3 0O0JIbIINX MOTPEIIHOCTENR MOXHO MCMOJb30BaTh UX CPEIHUE 3HAYE-
HUSL.

21



>'I‘3

/

_
_

_

_

_

_

_
SN |
B

T d

[
[

X

0LLEer 0T/IUBKE

Typbl B 3aTB

Puc. 2.2. Cxema pacnipeaesieHus1 TeMI



[Ipu 3aTBepAEBaHUU OTJIMBKA OTAAET B KOKWJIb TEIUIOTY KPUCTAILIU3A-
[IAX U TETJIOTY, AKKYMYJIMPOBAHHYIO TBEPION KOPKOWA:

dQKp = FPIQKpd&.ﬂ (25)
1 (2.6)
anKK = —Fplcl(exp _el)dg.’
n +1

Tennora nepemaercs yepes3 3a30p MEXKAY OTJIMBKOW M (hopmoil (Kpacky,
BO31yX). BennunHON TENjaoBOW €MKOCTH 3a30pa BBHJY €€ MaJOCTH MOXHO
npeHeOpeyb.

dQ =BL(0, - 8,)dr, (2.7)
rie  — TepMuYecKasi MpOBOAUMOCTH 3a30pa.
B=Xvecr, (2.8)

rae X; ¥ ¢; — TOJIIIMHA ¥ TEMJIONPOBOAHOCTH MaTepHaa 3a3opa.
B > QeKTUBHYIO TEMIOTY KPUCTAUIM3ALMU JOIOJHUTEILHO BXOIUT
TOJIBKO MEPErPEB MeTAJLIA:
q =1+ C AT (2.9)

nep >
CocraBiisieM YpaBHEHHUE TEMIOBOr0 OanaHca i OTJIMBKHA W (POPMbI U WH-
Terpupyem ero B npenenax 1—71 u 7T—7,. Ilonyyaem

¢, (2.10)
B(O,, —0,,)dt=p,|q, + s 0, -0, |d&
- 0_—0
g = PalEs) [qu b lj @.11)
B(elcp - eZcp) cl nl + 1
UJIM B KpUTEpHUaibHOU Gopme
d-0
lo-Fo, = ——=-(K - 0), (2.12)
Bi,

Fo=art/R*, Fo, =art,/R*;, Bi,=BR/\;
_ qu _ 1 er _el .
-0. ~

2¢p

K = ;

¢ (8, —05,) n+16
0=C/R; 6, =&, /R;
Boipaxenue (2.11) moayyeHo npu yCaOBUU MOCTOSHHBIX TEMIIEPATYP pa-
O00UYMX MOBEPXHOCTEH OTJIMBKU M KOKWJIA. Bech mporecc pa3OuBacTcs Ha psj
9TAMNOB, B MpeaeiaX KoTopeix 0, u 0, nmpuHUMAaIOT MOCTOSHHBIMK, CPEIHUMU B
MPOMEKYTKE BPEMEHH, 3a KOTOpoe oOpaszyercsi TBepaas KOpKa TOJIIUHOM &.

UeM MEHBUIE AJIUTEIBHOCTD 3TANOB, TEM TOUYHEE PEIICHUE.

lep
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Temneparypy NOBEpXHOCTH OTJMBKYU MPU 3aJaHHON BEJIMYMHE U TTYOUHY
nporpesa (pOpMbI ONMPEAEAEM U3 YCIOBUS HEPA3PBIBHOCTH TEILIOBOTO MOTOKA
B 3a30p¢

An A, n
PO, -6,)= 1 l(er_el): }2 0,, (2.13)
Otkyna
0, + f‘iez

n
0, = éil : (2.14)

I+ —

Ay
x=tr 9 [1 +Ps j 2.15)

B er -6, na

Boipaxenus (2.14) u (2.15) cnpaBeamBbl 115 ONPECICHUS TEMITEPATY-
pPbl TOBEPXHOCTH OTJUBKU W TIYOWHBI MPorpeBa (HopMbl sl OTJIIMBOK MPOM3-
BOJIbHOI KoH(purypauuu 1 (B TOM 4Mcle I HUIMHAPA W 1mapa). EnMHCTBEH-
HbIM OTPaHUYECHUEM SIBJISICTCS YCJIOBUE OJTHOMEPHOCTH TEMJIOBOIO MOJISI.

Jlns onpeneneHns TeMIIepaTypbl BHYTPSHHEH TTOBEPXHOCTH KoKWt 0, B
NEPBOM IEPUOJIE UCIIOJIB3YEM YPABHEHUE TEILIOBOTO OajaHCa OTJIMBKHM U KOKU-
T8t

cl
n +1

&.’pl|:QKp + (er - el):| = }’Zz 4 1 Xp202629 (216)

TJIE Py U C; — TUIOTHOCTH U YIEJbHASA TEIUIOEMKOCTh MATEPUAIA KOKHUJIS.
Uckarounm u3 ypaaenus (2.16) Benuurnbl n 1 X. [Toayuaem

0, q, q,
0,=—-" \/ =+ 4,9+ 4) —(—-+4q) |, (2.17)
q, =4, 4 2
— Cler 1 .
rne m+ly any
Ha

g= b0, BE+ A,
2
n,+1 p, BEL

» =P,
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[TpuHrMaeM CAEAYIOWIMA MOPSIOK PAcueToB. 3aaaBasi TOJLIUMHY 3aTBEP-
JIeBLICH KOPKHM OTJIMBKH, onpeneisem 3nadeHus 0, u 0, sarem 0,, u 0,, —
CPEIHME 3a dTall.

Bennuunbl 0, u 0,, 0, u 0,,, noncrasisem B ypasuenue (2.11) wim
(2.12) u ompenenseM MPOIOJKATEILHOCTh HaApacTaHUs KOPKU TOJIIUHON & —
1o R.

Pacuet Benmunnbl 0, mo gpopmyine (2.16) cnpaBeaius 10 MoMeHTa 7o, KO-

rna X=X, JlanpHeluii nporpeB KOKWISIT MOXXHO PAacCUUTaTh U3 YPaBHECHUSA
TEMJI0BOro 0ajaHca JJisi BTOPOi CTaauu

X
! 0, -6 :M(ez —0;)+ X,p,0,0,. (2.18)

n +1 n, +1

&.’pl CIKp +

3nauenue 0; onpenensiem uepes BeanunHy 0, M3 ypaBHEHHS

0,-0, An
PO, -6,) =%,n, 2X23: %1

OTKyZa MOCJe MOACTAHOBKM 3HaueHus 0, u3 (2.14) mojaydaem TemmepaTypy
HApY>KHOU MOBEPXHOCTU KOKHJISI

(2.19)

(er - el)’

B
Mmoo T
1+ —Bé

An
Bl er o e2

0,=6,-—2 : 2.20
P on, 1+BE/ A, (2.20)

OKp + 5

0, =

rne Bi, = px, /n,.

[Tpu cocraByiennn ypaBHeHus (2.19) cmenaHo OOMyIICHHWE, YTO OTAAaya
TEIJIOTHI C HAPYKHOU MOBEPXHOCTH (POPMBI HEBEMKA MO CPABHEHUIO C TEILIO-
BbIM MTOTOKOM W3 OTJIMBKH U €10 MOKHO TPEHEOPEUb.
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I,
/I‘—’_‘
L2
2
1,0
0,8 F x
0,6 i L

0 ] 2 3 N
- !
Puc. 2.3. 3aBucumocTb BeIMuMHbI Noka3aTtens [1; ot kpurepusi N:

1/ — mockas OTNMBKA, 2 — LWUIMHAPUYECKas; 3 — maposas

[oacrasnsis B ypaBHeHwue (2.18) 3nauenus 0, u 0, u pemas ero orHocH-
TeJbHO 0, , nMeeM
9 T 43
X,p,c, CE ) (2.21)
P O

0, =

er ¢, " X,p,c, My Bi, |

_ 222
T L= ge am  m+1 n,+1 Ep, (22s)

JInst peanuzanny NOJYYECHHBIX pElICHU HEOOXOIMMO 3HATh paclpenace-
HUE TEMIIEPATYPbI B TBEPAON KOPKE OTJIMBKM U B KOKUJIE. 3HAYEHUS MTOKA3ATENS
IT; B 3aBucumoctu ot BesuuuHbl Kpurepus N = c¢|(Tiy—711)/Typ, O NAHHBIM
pacueroB A .M. Beiinuka, nmpuBeneHbl Ha puc. 2.3.

[Tokazarens 7, ONpeAcsuIA NPH 3aJIMBKE B UYTYHHBIH KOKUJIb YyryHa W
AJFOMHUHHS U TyTEM CPABHEHMS IPOBEACHHOTO PELICHUs C 00JIeE TOYHBIM, MPO-
nenanabiM Ha DBM meronom cerok. Ha puc. 2.4, a npuBeneHbl 3aBUCUMOCTH
nokasaresist 1, I MJIOCKOTO KOKWJIA OT BeJnuuHbl kputepus (buo) Bi, n kom-
nJeKca

ole=l &
7. X,

Kp
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1
0 0,4 0,8
a)
10
11
12
13
0 0,4 L

UMIMHAPUYecKoro (6) u maposoro (6) kokuas npu Bi,, papHoMm:

I-Bi,=11:2-6:3-25:4-1:5-02:6-5.7-3:8-1:9-0,5: 10 -5: 11 - 3:

12-1:13-05

8)

Puc. 2.4. 3aBucumMocTh BeJIMUMHBI MOKAa3aTessi y OT KpuTepust L Aas njiockoro (a),

27
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3HA4YCHUA KPUTEPHSA L CYIICCTBEHHO 3aBUCAT OT BEJIUYMHBI OTHOIIE-
aust &/ X,. BemuuuHel #; BO BCEX CIy4asX B3ATHI CPEIHMMH WHTErPAJIbHBIMU
IUIS TIEPBOM CTAIMKM NPOTPEBa KOKWJIA, T.€. JUISI TAKUX 3HAYECHWI, KOTOPBIE CO-
OTBETCTBYKOT MOMEHTY BpPEMEHM T{ JOCTHXKEHUS (POHTOM TEMIIEPATYPhI
HAPY>KHOW MOBEPXHOCTH KOKHUJIA.

BausHue MHTEHCUBHOCTH porpena KOKUJIS Ha BEJINYM-
HY 7, CYIIIECTBEHHO CKAa3bIBACTCS B HAYaJbHBIE MOMEHTHI TEILIOBOTO B3aUMO-
JICUCTBUS.

K koHIy 3aTBepieBaHMsI IOUYTH IIPU BCEX 3HAUCHMAX Bi, 3HaueHue 7, nagacT a0
1.4...15.

IIpuBeneHubie HA pucC. 2.4 pe3yabTaTbl OTHOCATCS K 3aTBEPACBAHUIO OT-
JIMBOK B MACCHUBHBIX KOKWIAX (X, > 2 R misg miaockoit, X; > R 1 HUIMHAPH-
yeckoit X; > (2/3)R s iapoBoii OTJIMBKN).

CKOpOCTh 3aTBEPACBAHUS METAIJIA ONMPEAEIAIOT U3 YpaBHEHU (2.5-2.7)

%Z B(el_ez) ‘
a p{qw <er—el>}

¢
n +1

(2.23)

Hpumep 2.2. Paccunrarh 3aTBEPICBAHME TIIOCKON YYTYHHOW OTJIMBKH
tomumHoin 2R =0,03 M B OKpalmleHHOM KOKWJIE C TOJILIHAHONW CTEHKH
Xo= 0,04 M, X=0,1 mm;, Agp= 0,25 Br/(m°C), (7,=200°C; T,;=950°C;
qu=376-103 Jo/xr; A, =37B1/(M-°C); ¢; = 755 x/(xr-°C); p) =p;= 7200 Kr/™’;
¢, =500 Ix/(kr-°C); A, = 50 Bt/(m-°C); b, = 13.4 Br/(m>°C).)

[Tapamerpsi 3a30pa:

0.25
=" =2500B1/(M*-C):
b 0,1-107 ( )
Bi, = 2500-0,04 2
50

T.€. MOXKHO CUUTaTh, UTO 1, U3MEHSETCS 10 KpHBOH 3 (M. puc. 2.4).

3amaem X = 510° M u HAXOIMM 3HAYEHUS moKasareseit n; u 0,. Haxomum
kputepuii N (cM. puc. 2.3).
B nepBoM mpHOIMKEHUT MOKHO NPHHATH B popmyiie (2.14) 0, =0 um, =1.

Torna
BE =2500-5-10" =12,5;
950 o
0, _T,S_ 710°C;
1+

37
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N = 755(950—-710)
376 -10°

N3 puc. 2.3 (kpusas 1) n; = 1,07.

[To mpuBEeNECHHBIM BEJIMYMHAM MOXHO CHACIATh BTOPOE MPUOJIMKEHHE,
OJIHAKO OMBIT PACYETOB MOKA3BIBACT, YTO MOMPABKA MOJYYACTCS HE3HAYUTEIIb-
HOHl. HaxoauMm 3HaueHue n,, NMpeaBapuTEIbHO ONPEACINB KPUTEPHI:

. 1150-200 5

=0,482;

1150 40
no rpaguky (puc. 2.4, kpusas 3) n, = 2,4. 3aTeM HaxXOJIMM 3HAYECHUE:

25

2,4 (13,4-10%)%950 12,5+ 371,07
72 3.4 7200 12,5-37-1,07

3
6, = — 0 \/(376 B 41760-10°(376 + 83)10° — (222 + 83)10° | =
(1760 — 83)10 2 2

=1760-10° Il / kr;

=366°C;
['rybuna nporpesa kokwst (2.15):

__50:24:366 125
25000950 —366) = 37-1,07
T.C. ICPBasd CTaauAd MporpeBa KOKHUJIA IMOYTH COBIAAACT 11O BPCMCHH C IICPBLIM

ATANOM pacyera.
Cpennue TeMnepaTypbl TOBEPXHOCTEH:

)=39,6-10"m,

12,5
371,07

12,5
37-1,07
. 950+810

950 + 366

0, = =810°C;

1+

=880°C;

lep

0 =¥:1830C;

2cp
ITo ¢popmyie (2.11) (st mepsoro srana T, =0;&, =0 )
~7200-755-5-107 376-10° 950 -810

T= ( + ) = 8,80.
2500(880—183) = 755 2,07
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2 -2
Bo Bropom orarne 3amaem X =10~ m; £ =1-10";BE = 25.
B nepBoM npHOIMKEHUH paccuuTaeM 3HadeHue 0, ¢ yderom BeanynH

T u 0, u3 mepBoro sramna:

25

37-1.07
25

371,07

950 + 366

el = - 7240C,

1+

v _ 1550950 - 724)

376 103 = 0,454, n = 1,06, 7\,1}’21 = 39,2, (CMpI/I023)

;950 10

= — = 03206’ - ‘ 24)
1150 40 n, = 2; (cm.puc.2.4)

ITo ¢popmyie (2.21) Haxonum 3HaucHue 0,

950 755-25 N 0,04-7200-500 39,2

B 25+39,2 ( 2,06 3 1072 - 7200

=909 -10° Jx/kr;
B 376-10° +909-10°
2 0,04-7200-500 909-10°
1072 - 7200 ¥ 950

2)=

q;

= 434°C;

VY1ouneHHoe 3HaueHue 0,

950+ 2> 434

el = 39525 - 7500C,
1

+ -
39,2
Cpennue 3a dran BeJIMYHHbI

_ 810+750

lep —

0 =780°C,

366+ 434

2¢p

0 =400°C.
ITo popmyiie (2.11) nonyuaem T— 1T, =15,5¢; T=8,8+15,5=243c.
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-3
IMoacrasnsis B pacuer X =15-107"M, maxogum moJHYIO TPOIOJKATE-

HOCTb 3aTBepAeBanus oTinBku T; = 50,5¢.

[Ipu Tommune kpacku X, = 0,2 M pacuerHas OPOHOKUTEIBHOCTH 3a-
TBEPACBAHUS TAKOU K€ OTJIMBKHA COCTABJACT 73 C, T.€. OHA HE MPONOPIIMOHAIb-
Ha BEJIMYMHE TEPMHUYECKOTO COMPOTUBIJICHHUS MEXKTY OTJIMBKON M (POPMOIA.

B npuBeneHHOM pacuere He y4TeHO 00pa30BaHUE €CTECTBEHHOTO ra30BO-
ro 3a30pa MEXIy OTJIMBKOW U (hopMoOii, 00pa3yrolerocs npu yCcajake u oxJja-
YKIECHUW METaJljla OTJMBKHU U MPOrpeBa (JOPMBbI.

3. IlpoBepouHbi¢ pacyerbl NpH NPOCKTHPOBAHUU JIMTEHHOMH
OCHACTKH /IJIfl JIUThH B MECYAHO-TIHHUCTYIO popmy (IIT'D)

HenpepsbiBHBIN POCT M MPOrpecc MAMMUHOCTPOEHUS MPEABABISIFOT MOBbI-
HICHHBIE TPEOOBAHUS K KQYECTBY M TOYHOCTH OTJIMBOK, KOTOPBIE B 3HAYUTEb-
HOU CTETIEHU 3aBUCAT OT KQUECTBA U3TOTOBJICHUS MOJICIIBHOW OCHACTKH.

JInsi M3roTOBJCHUSI OTJIMBOK NPUMEHSAETCS OOJBIIOE YHMCIO Pa3IMYHBIX
IPUCIIOCOOJICHUI, KOTOPHIE HA3bIBAIOT JUTEHHONW ocHAcCTKOH. YacTh JTUTEHHOM
OCHACTKH, BKJIHOYAIOIICH BCE TEXHOJIOTMYECKUE MPUCITOCOOJIEHUS, HEOOXO0Iu-
MBIE ISl TOJTy4YEHUs B (pOpME OTIEeHaTKa MOJICJIA OTJMBKH, HA3bIBAKOT MOJIEb-
HBIM KOMIIJIEKTOM.

MopaenbHbIil KOMILDIEKT COCTOUT U3 MOJICJIN OTJIMBKU U MOJEJCH dJIeMEH-
TOB JINTHUKOBO-TIUTAIOIIEH CUCTEMBI, CTEPKHEBBIX SIIIUKOB, MOACIbHBIX TLJIUT
IJIs YCTAHOBKH WJIM KPETUICHUSI MOJIC]IM OTJIMBKA U MOJEJECH JIMTHUKOBOW CH-
CTEMBI, CYIIUJIbHBIX ILUIUT U TPUCHIOCOOJICHUI I JOBOJIKU U KOHTPOJsi (hopM
U CTEPKHEMN.

[Tpu popMOBKE, KpOME MOACIBHOTO KOMILJIEKTA, WCMHOJB3YIOT OMOKU U
pa3InyHbIe MPUCITOCOOJICHHS - HAMOJHUTEIBHBIC PAMKH, IIUTKU, WITHIPU, CKO-
OBl U T. 1.

[ToaTOMy, Hapsiay C MOHATUEM «MOACJBHBIA KOMIUJIEKT», YINOTPEOISIIOT
NOHATUE «(POPMOBOUYHBIN KOMIIJIEKT», T.€. MOJIHbIA KOMILIEKT OCHACTKHU, HEOO-
XOJMMBIH 17151 TOJTy4eHUS Pa30BOil (POPMBI.

MopenbHbIE KOMILIEKTHI U3TOTOBJISIFOTCS pA00OUMMU-MOJICNIbIIMKAMU, KaK
PaBUJIO, BBICOKOW KBaIU(PUKALMH.

MonenbHblii KOMIUIEKT JOJDKEH YIOBJIETBOPATH CICAYIOUIMM OCHOBHBIM
TPEOOBAHUSIM:

1) oOecneunBaTh MOJYYEHHUE OTJUBKU ONPEACIICHHOW TreoMeTpuye-
CKOM (DOpPMBI K pa3MEPOB;

2)  oOjangaTh BBICOKON MPOYHOCTBHIO W JOJTOBEYHOCTHIO, T.€. o0ecre-
YUBATh U3rOTOBJICHUE HEOOXOAMMOTO YHCIa (POPM U CTEPKHEH;

3)  OBITh TEXHOJOTHYHBIM B U3TOTOBJICHUH,
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4)  oOmagaTh MUHUMAJBLHON Maccoii M ObITh YIOOHBIM B JKCILTyaTa-
1u;
5)  WMETh MUHUMAJIbHYIO CTOMMOCTD C YUETOM CTOMMOCTU PEMOHTA,

6)  COXpaHATb TOYHOCTHh PA3MEPOB M MPOYHOCTH B TCUCHHE OMNPEJE-
JICHHOTO BPEMEHH DKCIUTyaTallUH.

TpeOyeMble TOYHOCTH, MPOYHOCTH M JOJTOBEYHOCTh MOACIBHOTO KOM-
MJIEKTA 3aBUCAT OT YCJIOBHIA MPOU3BOACTBA. EAMHUYHOIO, CEPUIMHOT0, MacCOBO-
ro. B e1MHUYHOM M MEJIKOCEpUIHOM MPOW3BOACTBE YAIIE BCErO MCMOJb3YIOT
JNEPEBSIHHBIE MOJICJIBHBIC KOMIUIEKTHI, B MACCOBOM U KPYMHOCEPHIHOM MPOM3-
BOJACTBE - METAJIMYECKUE MOJICIbHBIE KOMIIJIEKTHI, KOTOPBIE XOTA U TOPOKE,
HO 3HAYUTEJIBHO JTOJITOBEYHEE AEPEBAHHBIX.

B cepuiiHoM mpoW3BOACTBE BO MHOTHMX CJIy4asX YCIEIIHO MPUMEHSIOT
MOJICJIA U3 TJIACTMACC, HATPUMED, SITOKCHIIHBIX CMOJI, a TAKXKE W3 TUIIca U 11e-
MEHTA.

MeTanummyeckue U NIacTMAacCOBBIE MOJCIN B TEUEHUE JIJIUTEILHOTO CPO-
Ka CIy>KObl COXPAHSIIOT TOYHOCTh Pa3MEpPOB, CHOCOOCTBYIOT MOJIYUYEHUIO YET-
KOW KOH(QUTYpalUHh OTJMBKH, TPOYHBI U AOJTOBEYHBI. OIHAKO CTOMMOCTH W3-
TOTOBJIEHUS METATMYECKUX U TJIACTMACCOBBIX MOAECIECH B 3 - 5 pa3 MpeBbIIACT
CTOMMOCTh W3TFOTOBJICHUS JCPEBSHHBIX, MOITOMY WX NPUMEHEHUE [OJKHO
ObITh OOOCHOBAHO JKOHOMHWYECKMM pacdeToM. [IpaBUIBHBIM SKOHOMHYECKU
00O0CHOBaHHbBIN BBIOOP MaTepuaa JJjisi MOACIbHOTO KOMIIJIEKTA TO3BOJISIET CY-
LIECTBEHHO CHU3HUTh CEOECTOMMOCTD OTJIUBOK.

3.1. Onpeneenne KOHCTPYKIHIT H PA3MEPOB 3HAKOB CTEPKHEH

JINTEHHBIMU CTEPXKHSAMM HA3bIBAIOT 3JIEMEHTHI JIMTCHHOI (POPMBI, H3r0-
TaBJIMBAEMBIE OTACJIBHO OT MOJY()OPM MO CrenuaibHOU (Kak mpaBuiio) OCHACT-
KE€ W NPEIHA3HAYECHHBIC U MOJIYYEHNS B OTJUBKE OTBEPCTUI U MOJOCTEM, KO-
TOPBIC HE MOTYT OBITh MOJYYEHbI OT MOAEH. CTEPXKHU, KaK MPABUJIO, CTABST B
(GopMmy moclie CylKd, 4TOObl YBEJIWYUTh WX MPOYHOCTH W YMEHBIIWTH Ta30-
TBOPHOCTb.

CTepKHEBBIC 3HAKW CYXaT AJisl 00ECNEYEHUs MPABUIILHOTO U HAJCKHO-
ro (pUKCHpOBaHUS CTEPXKHA B (DOPME U YIAJIEHUS U3 HEro ra3oB BO BpeMs 3a-
JIUBKH.

[Tpu NpOEKTUPOBAHUM CTEP)KHEH HEOOXOUMO:

- OMNPEACIUTH TPAHULIBI CTEPXKHEN U UX KOJIMYECTBO,

- BbIOpaTh WM PaCCUMTATh Pa3MEpbl 3HAKOBBIX YacTEH W OMPENECIUTH

BEJIMYMHY 3a30POB MEXAY 3HaAKaMH (POPMbI CTEPKHEIH;
- 00ecneyuTh NPOYHOCTh 3a CUET BBIOOPA COOTBETCTBYIOUIErO COCTAaBA
CTEP’KHEBOW CMECH WJIM YCTAHOBKH KapKacoB,

32



- BbIOpaTh COCOO MU3rOTOBJICHUS, MOKA3aTh MJIOCKOCTh pa3beMa CTEPK-
HEBBIX AIIMKOB U HAITPABJICHUE HAOUBKHU,

- pa3paboTaTh CUCTEMY BEHTHIISILIUN.

[Ipn KOHCTpYWPOBAHUU CTEPKHEH PYKOBOACTBYEMCS CJICIYIOIIMMH CO-
OOpaKEHUSIMM:

- CTEPXKEHB pacrojaracTcs B HIKHEN mosy(dhopMme, Tak Kak Ha YCTaHOBKY
U KPEIUICHUE CTEP)KHS B BEPXHEN OMoKe 3aTpayrBaeTcs B 5-6 pa3 0oJblie Bpe-
MEHU, YEM B HIKHEH,

- u30eracM OJHOCTOPOHHE MOCAXKEHBIX CTEPXKHEMH, ISl 4ero MoJib3yemMcs
npueEMOM AyOJIMPOBAHUS CTEPXKHEH, IPH 3TOM HCKJIKOYAETCS BO3MOKHOCTH X
CMELIEHUS MO ICHCTBUEM COOCTBEHHON MACChI MJIM HAMOpa METAJLIA;

- KOHCTPYKLHS (POPMBI HMCKIHOYACT (PUKCHUPOBAHWE OJIHUX CTEPKHEH B
3HAaKax APYIrUX, TaK KaK Py 3TOM CYMMUPYIOTCS OIIUOKH UX YCTAHOBKH.

3.2. IIpoBepka 3HAKOB HA CMATHE

1. HwxHuii 3HaK.

IIpoyHOCTH CMECH HA CXKATHUE:

c., ZLZO.S—O.SKF/CMZ 7 (3.1)

rae P — peakuus Ha ONOPE HIKHETO 3HAKA, KT
Stsx — OMOPHAS MMOBEPXHOCTh HUKHETO 3HAKA, oM.

P:GCT
7] >

(3.2)

rae G, —mMacca CTepPXKHS,
1 — KOJIMYECTBO 3HAKOB B HMKHEH noJryhopMme.

Gy =V Ver, (3.3)
rie Ve, — 00beM CTEPIKHS, CM,
Yer — IUIOTHOCTH CTEPKHEBOW CMECH.

2. BepxHwuii 3HaK.

o ZSPI =0.5-0.8xr/cm” | (3.4)

CIK

B.3H

riae Py — peakims Ha OMOpe BEPXHETo 3HAKa, KT
S, 5 — OTIOPHAS] TOBEPXHOCTH BEPXHEr0 3HAKA, CM”,

P
P — CT ,
1T (3.5)

rae P.,. — MoabeMHas CUJIa, ISHCTBYIOIIAS HA CTEPKEHb, T,
m — KOJINYECTBO 3HAKOB B BEpXHel nmoiaydopme, m = 5.

PCT :VCT(’YM _YCT)_VSH .’YCT’ (36)
* o o
V T — O6’BeM CTCPXKHS, HA KOTOPbIKM ACUCTBYCT IMOALCMHAA CHJIA, CM3.
V3H - O6’BeM CTCPKHS, HA KOTOpBIﬁ HC I[GP'ICTByeT MoAbCMHAA CHUJIA, CM3.
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Ilpumep 3.1. Jlas W3roToBJIeHHS OTJHBKH MHCIHOJb3yeM OJMH
AYOJMPOBAHHDBIN CTEPKEHD

OcHOBHbIE pa3Mepsbl cTepkHs: L = 235MM, a = 704mmMm, b = 184mm.

JlnuHa ropusoHTanbHoro 3Haka u3 I'OCT 3606-80 (c.3, tabn.1) paBHa
80 MM, 4TO SIBHO HEIOCTATOYHO IIJIsI YCTOHYUBOCTU TyOJMPOBAHHOIO CTEPKHSI.
PykoBoactBysick myHkTtom 3.4 T'OCT 3606-80, yBenuuum [JIMHY 3HAKa 10
240 mm.

DopMOBOYHBIE YKJIOHBI Ha 3HAKOBOH (HOpMOOOPA3yIOILEH TOBEPXHOCTH:

o =6° B =8°TOCT 3606-80 (c.9, Tabn.5).

3HaueHus 3a30poB S1, S; 1S3 'OCT 3606-80 (¢.12, Tabn.6):

S51=06mM, S5,=0.6 MM, S5 =0.5-5; =0.9 mm.

Pannyc ckpyrieHust (mepexoq OT OCHOBHOIM K 3HAKOBOU (popmMooOpazy-
toteid moBepxHocTH): ¥ = SmMm ['OCT 3606-80 (¢.16, Tabn.8).

JInst moJlydeHust THE3]T MOJ MOAIMIHUKA PAacCUUTaeM BBICTYIBI HA TyO-
JIMPOBAHHOM CTEPIKHE:

JI1s HYOKHMX 10 3a/iBKe: BhicoTa 3Haka 2 = 35 mMm 'OCT 3606-80 (c.8,
Talbn.4),

JI1s BepXHHX IO 3aJIMBKE: BbicoTa 3Haka h; = 0.4-h = 0.4-35 = 14 mMm
I'OCT 3606-80 (c.9).

DopMOBOYHBIE YKJIOHBI Ha 3HAKOBOH (HOpMOOOPA3yIOILEH TOBEPXHOCTH:

a=7°B=10°TOCT 3606-80 (c.9, Tabn.5).

3HaveHus 3a30poB S1 U S5

Jlns HwkHEX 3HAKoB: S; = 03 MM, S; = 0.4 mm I'OCT 3606-80 (c.12,
Ta0J1.6).

Jlns BepxHux: S; = 0.2 MM, S; =0.4 mm 'OCT 3606-80 (c.12, Tab1.6):

Pannyc ckpyrnenus: r = 2+3 mMm 'OCT 3606-80 (c.16, Tabn.8).

[Tpu (GopmMOBKE MO-CHIPOMY JIsl MPEAOTBPALLICHUS PA3PYLIEHUS KPOMOK
(dopmbl ipu ycraHoBke crepykHed 'OCTom 3606-80 pekoMeHAyeTCsl BBIMOJI-

HSATh NPOTHBOOOKMMHBIC MOSCKHU JIJISl TOPU3OHTANBHBIX CTEPIKHEN: a = 12 MM,
b =2 Mmm.

Hpumep 3.2. IIpoBepka 3HAKOB HA CMATHE:
1. HwxHuii 3HaK.
ITpoyHOCTH CMECU Ha CIKATHUE:!

Yer = 1.65r/cm’.

34



V. =lab +[%(Rf +R§)+Z'-b'-h'+l"-b-h"}2+

2 2 2
O nh1+ll-bl-hl2+ "2 nhl+r3 nhl+lz-bl-hl2+
2 2 2 (3.7)

2 2 >
+{—r“ §h2+l3.b2-h2}2+{r5 §h2+r6 ’;h2+z4.bz.h2}2,m3

V. =24-70.4-18.4 J{M

(23.52+14.52)+18-10-2O+33-18-19}2+

55%2.3.14-7.75 4.9%.3.14-7.75
+
2

{72 .3.14-7.75

+18-3-7.75}2+{ +28-3-7.75}2+

87.3.14-98 55%-.3.14-98
+
2

{92 .3.14-9.8

+18-3-9.8}2+{ +28-3-9.8}2=

= 95637 .166¢cm°.

Yer = 1.65 r/em’.

Ger = 95637.166-1.65 =157801.32 1.

p_Go _ 15780132
n

OnopHast MOBEPXHOCTh HMYKHETO 3HAKA.
9°.3.14

H.3H

= 315601 = 31.560kr

+3.18=181.17cm>.

Torna:
P 31.560

S 181.17

H.3H

=0.174r/em”* <6, =0.5-0.8r/cm? YCJIOBUE BBITIOJIHEHO.

2. BepxHwuii 3HaK.

V;:[b;Tn(Rf+R§)+l'~b'~h'+l”-b-h”}2 j (3.8)

V=

CcT

: {Mm.sz +14.52)+18-10-20+33-18.4-19}2 = 52300.7cm?,

2

2.n-h 2.n-h -h
Vgﬁzl-a-b{”l “ 1+11-b1-h1}2+{’"2 AL W I 1+12-bl-h1}2+
2 2 2

(3.9)

Z.n-h .n-h 2.1-h
J{’"‘* ; 2+l3-b2-h2}2+{75 ; 2 4 Js Z 2+l4-b2-h2}2.
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V. =24.70.4-18.4 +

7%.3.14-7.75
+18-3-7.752 +

55%.314-7.75 49%-.3.14-7.75
+ +28-3-7.75 12 +
2 2
92.3.14-9.8 82.3.14-98 55%.3.14-9.8
+ +18-3-9.812 + > + > +28-3-98(2 =

= 43336 .466¢cM°,

P =52300.7(7 — 1.65) — 43336.466-1.65 =208303.576 T,
P, =208303.576/5=41660.715 r;
OnopHas MOBEPXHOCTh BEPXHETO 3HAKa:

-
SB.SH.: 12 +b1.llﬂ (310)

rae r1,b1,[; — pannyc, UPHUHA U IJIMHA BEPXHETO 3HAKA, CM.

7%-.3.14 ,
o — +3-18=130.93cm".
Torna:
P 41.660 ) ,
= =0.318r/ecM” <o =0.5-0.8r/cm~_
S 130.93 oK YCJIOBUE BBIMOJHEHO.

B.3H.

3.3. Pacuer pa3mepoB onok
_..":"..__
|
|

A
i
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Puc.3.1. Paccrosinue Mekay OTJIMBKOI U OTAEIbHBIMH dJ1eMeHTaMu (GopMBblI

IIpumep 3.3. Pacuet u BIOOD OMOKU
JJIMHA OIOKH:
Lo=Ly+2c+d,, (3.11)
rae Ly — JumHa Mmoaenu, L, = 836 MM,
C — PacCTOSIHUE MEXIY MOJICJIBIO U CTEHKOU omoku, ¢ = 50 MM [BbIOMpaeM u
NPUHUMAEM 110 TadyHnIE];
d:r — IMAMETP CTOSAKA, MM.

d, = |—=—, (3.12)

i - [21.89-4 530
3.14

L,=836+2:50 + 53 =989 mm.
ITo 'OCT 2133-75 pnauna onoku L, = 1000 mMm (¢.4-5, Tadin.3).
[MTuprHa onokwu:

B,=B, +2-c, (3.13)
rae B, — mmMpuHa MoJenu, By, = 752 MM,
¢ — PacCTOSIHUE MEXKTY MOAEIBIO M CTEHKOM omoku, ¢ = 50 MM (c.44, Tadn.5.2);
B,=752+ 2-50 = 852 mMm.
ITo TOCT 2133-75 npu anaune onoku L, = 1000 mm B, = 800 mm (c.4-5,
Ta0J1.3).

37



BricoTa HUXKHEN OMOKMU:
Hio=hystb, (3.14)
rae A, — BBICOTA MOJICIU HU3Q, Ay = 190 MM;
b — paccTosHHEe MEXAY HU30M MoAeian M Hu3oM (opmbl, b = 70 mm (c.44,
Tal1.5.2).
Hyo=190 + 70 =260 mm.
ITo 'OCT 2133-75 BbicoTa HIKHEHN onoku Hy;, =250 Mm (c.6, Tabn.4).
BeicoTa BepXHEN OMOKMU:
Hyo=hys+a, (3.15)
7€ Ay — BBICOTA MOACIH Bepxa, Ay ;= 262 MM;
a — PacCTOSTHUE MEXKIY BEPXOM Mojenu u Bepxom (opmsel, a = 70 mm (c.44,
Tal1.5.2).
H,, =262+ 70 =332 mm.
ITo 'OCT 2133-75 BbIcoTa BepxHeit onoku Hy, = 300 MM (¢.6, Tabn.4).

3.4. IIpoBepka HA BCIUILITHE U NMOABbEM BEePXHEH MOy(pOpPMBbI, pacyer
MAacCChl rpy3a

[TonbemHas cuna, IeUCTBYIOIIAs HA BEPXHIO MOJYPOpMY:

Py=(ZFH) Yy + Por (3.16)

rae P., — moabeMHas CUJia, ISHCTBYIOIIAS Ha CTepKeHb, P, = 208303.576 1.

Fi — ropu3oHTaNbHAs MPOCKIUS TMOBEPXHOCTU 3JIEMEHTA JUTEHHON (DOpMBI,

HAXOAIIETOoCs MO JABJEHUEM CT0J10a MEeTalia BBICOTON Hj;

H; — BbIcOTa cTOJ10a MeTasa, U3MepsieMas OT MOBEPXHOCTH Fj, 10 YPOBHS Me-

TaJljla B INTHUKOBOW BOPOHKE;

Yy — VICIIBHBII BEC XKHIIAKOTO METAILIA, JUIS CTAJH Yy = 7 T/CM".

SF-H = {[25*3.14/4 + 16*3.14/4 + 20.5:33 — 11.5%3.14/2 - 10*-3.14/2 -

—7.5%3.14/2]25.3 + [(7.5° = 6.5°)-3.14]20.3/2 + [3.14-2.25:32.18 +
+3.142.25:29.04]9.8 + 22:0.827 + [18.2:1.9 + 6.2:1.9120.3 + [5-5.5+ 5:5.5 +
+3-5.5120.3 +[11.55.5 + 10-5.5 + 2:3.14-1.5°]34.812 = 46306.084 .

Torpa noabeMHas cuiia, ASHCTBYOLIAS HAa BEPXHIOK NMOJIy()OopMy, paBHa:
Py, =46306.084-7 +208303.576= 532446.164 .
Macca rpysa:

Piy=PyK=Qung. (3.17)
rae K — ko @uiueHT 3anaca, y4uThIBAIOIIUNA SBICHUE THIPABINYECKOTO Ya-
pa npy KOHTAKTe MeTajlia ¢ moTokoM hopmbl, K=1.3 — 1.5, npunumaem K=1.4;
Qp.np— Macca BEpXHE Moty (hopMsl, T.

QB.H.(’p = QB.H + QCM.B.O 5 (318)
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rne O, — Macca MeTajla OMOKHU, T.K. Macca OMNOKM Maja IO CPaBHEHHUIO C
Maccoi cMecu B Hel, TO Oy, = 0,
QOevso— Macca CMECH B BEpXHEH nmonygopmMme, T.

QCM.B.O = (L.B.HB.O - VM.B).YCMa (319)
7€ Yo — MJOTHOCTh (DOPMOBOUYHON CMECH, Yoy = 1.5 — 1.8 F/CM3, PUHUMAEM
Yeu = 1.65 /oM’

V.5 — 00BEM MOJICJIN BEPXa, CM".
Vs = {(25° + 16%)10.7-3.14/4 + 20.5-33-10.7 + 22-0.8-9 + (7.5* —
—6.5%)6.5-3.14/2 + 1450.45 + 1308.92 + (18.2:1.9+ 6.2:1.9)15.7 + (5:5.5 +
+5-5.543-5.5)15.7 +(11.5:5.5+ 10-5.5-2:3.14-1.5)1.2 + 70.4-12}2 =
=41038.59 cm’.

Osngp = Qowno = (100-80-30 — 41038.59)1.65 = 328286.33 1.

Torma macca rpysa:
P, =532446.164-1.4 —328286.33 =417138.3 r.
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