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BBEJIEHUE

[TpakTrueckue padboTa SIBISIFOTCS 3aKPEIUIAIONIMM MaTEPUaAIOM IO TEMaM:

- IIpe/ieTIbHbIE COCTOSTHMUS,

- TEOpUs HAPSYKEHHOTO COCTOSHUS;

- Teopus A€POPMUPOBAHHOTO COCTOSHUS

- MEXaHUYECKHUE CXEMbI HAPSHYKEHHOTO U A€(POPMUPOBAHHOTO COCTOSHUS.

B nporecce BbIoONHEHUST 3TOM pabOThI CTYJAEHTBI y4aTcs CTPOUTH MOJEIU
nehopMUpPYEMBbIX TBEPABIX TeN; MOJCIUPOBATh TMPOIECCHl €  MOMOIIBIO
npukinaaaeix  Tabmum  Microsoft Excel; amammsumpoBate  pesynbraTh
MO/JICJIMPOBAHUS IIPOLIECCOB C MOCTPOEHUEM HEOOXOIUMBIX IpauKOB.

OT4er 0 BBHIMOJHEHHON MPaKTUYECKOM paboTe BhIMoHsAETCS B popmaTe A4
(210x297mm) u odopmasiercs B coorBerctBUU ¢ ['OCT 2.105-95 «OOmue
TpeOOBaHUS K TEKCTOBBIM JJOKYMEHTaM.

['paduku, noiaydeHHblE B pe3yjbTaTe aHAJIW3a MOJEIMPOBAHUS, CTPOATCA
WIM  pacleyarblBalOTCS Ha NPUHTEpPE M TOMEHIAIOTCS B OTYET C
COOTBETCTBYIOILIMMU MOSICHEHUSMHU.

Homep BapuaHTa nis BBINOJHEHUS MPAKTUYECKOM pabOThl BbIIAET
IPEToaAaBaTeb.



1. Tema: «IlpenesbHbIE COCTOTHUS»
1.1. 3ansaTue Nel

«AHAJIUTHYECKOE MOCTPOECHMNE THarpaMmMmbl HCTUHHBIX Hﬂﬂpﬂ)l(ﬂHHﬁ»
O

- N\

O
0-02

O,

Pucynok 1 — /lnarpamma HCTUHHBIX HANPSKEHUN
OCHOBHBIE ITOJOKEHUSA:

HctrHHOE HanpsbKeHHe ornpeaensercs no Gopmyse:

k
__In,
o (I1a)

k

rne P, — tekymas cuia, H;

F. — Tekymas IUIOWaAb IIONEPEYHOrO CEYEHMs, M2, OIpeAeNsercs Mo
dbopmyie:

F.=Fox(1-¢),
rae & — TEKylllee 3HA4YeHHE OTHOCHUTEIBHON aedopmaiu oOpasla,
ompenenseTcs mo GpopmyJie:
Ex — All |o,
rae: /Al — npupaiieHue IJIUHBI 00pasia, M;
lo — HayayibHAs JUIMHHA O0pasiia, M.
Jlst cragmapTHOTO 0Opasiia HayanbHas JUTMHA OTIPEISIAETCS 10 GopMyIie:
lo = 10%dg - as AMUHHEBIX 0OPA3IIOB;

lo = 5xdp - 1t KOPOTKHMX 0OPA3IIOB;



[Tox Harpy3koit B 00JacTH pa3BUTOM IUIACTHYECKON medopmainuu ajirHa
oOpasiia onpenensiercs mo Gopmyie:
l,b=1o +Aly + A1,
VY nnmHeHne 00pasiia mociie CHATHS Harpy3Ku ONpenesseTcs mo GopMyie:
Al,= enn X |0,
npuHUMaeM &,, = 0,002
VY nnunenue obpasua npu ynpyrou aedopmanuu
AlyZ(O'O,Q/E) X IO,
T7Ie 0p2 — HaIPSHKEHUE, COOTBETCTBYIOIICE Hadaly oOpa3oBaHUS IUIACTHYECKON
nedopmaiuy;
E — Moayns FOHra (MOysib ynpyroctu nepBoro poja).
3amaua Nel.l
CraHnapTHbINM IIUHHBIN 00pa3zen quamerpoM 10MM pacTsHyIu 0 epexona
B TIEPBOE MPEACIbHOE COCTOSIHUE U pasrpy3wid. OnpeaenuTs AIMHy 00pasia mojy
Harpy3kol M TMOcCJe pasrpy3Ku, €CIu CTajdb MaJOyrJepoaAucTasi, y KOTOPOM
602=350MIla, a E=2 x10°MIla
3agaua Nel.2
[Ipu ucnpiTanuM Ha pacTsHKEHUE CTaHIapTHOTO oOpasna JmHoi 100MM u

auaMeTpoM 10MM, MOTYYUIIN CIEAYIOIINE PE3YIbTaThI:

Ne | Hedopmupyemsrii | Ycunue nedpopmupoBanus P(kH) npu pactsokenun Ha

n/m Martepual Almm

2,5 5 75 100|125 | 150 | 17,5 | 20,0

1 AroMuHUN 6,1 | 65 | 68 | 72 | 76 | 79 | 8,1 8,3
2 Menp 206 | 20,9 (21,2 | 214 | 216|218 | 22,0 | 221
3 JlatyHb 26,8 [ 29,9 | 32,1 | 349 | 356 | 37,6 | 38,1 | 37,9
4 Cranb 20 20,7 | 26,2 | 29,9 | 35,7 | 37,0 | 39,6 | 40,1 -

5 Craib 40 429 | 524 | 58,4 | 62,1 | 63,5 | 64,2 | 65,4 | 64,7

6 Crans X18H10T | 21,4 | 254 | 29,2 | 32,8 | 36,3 | 39,6 | 42,8 | 458

CocTtaBuTh TaONWIy pACUYETHBIX 3HAYECHUU «O0» U «&» U TOCTPOUTH TpaduK

byukimn «o=f(e)».




1.2. 3anaTusa Ne 2
CANIPOKCUMUPYIOLIHE YPABHEHUS] MIAeATbHBIX MOJe/Iel CINIOLIHON cpeabD)
OCHOBHBIC TTOJIOKCHUS:

Jlns 3amucu  ypaBHEHUW COCTOSIHUS HEOOXOJAMMO WJICAIU3UPOBATH H
anmpOKCUMHUPOBATh MEXaHUUECKHUE CBOMCTBA JIePopMHUpyeMOl CIUIONTHON CPEJIbl.
[Ipu 3TOM 1O anmpPOKCUMAUMEN U UJI€ATU3AINEN CBOKWCTB CIUIOIIHOM CPEIbI MbI
OyJleM MOHUMAaTh HAYYHBIA METOJ], COCTOAIINI B 3aMEHE OJHUX MATEMATHYECKUX
00BEKTOB, APYTUMHU, OJTU3KUMHU K UCXOIHBIM, HO 00JIe€ MPOCTHIMHU.

JIns onmcaHus CBOWCTB PEAbHBIX MAaTEPUAIOB HCHOJB3YIOT CIEIYIOIINE
OCHOBHBIE€ MOJIEJIN CIUIOIIHBIX CPE;

- Uoeanvno-ynpyeas cpeda (cpena I'yka) — xapaktepusyercs JHMHEHMHOU

3aBUCUMOCTBIO MEXAY «o» M «&» (CM. PHCYHOK 2), NpHYEM Ipolecc
ne(OopMUPOBAHUS SIBJIAETCS OOPAaTUMBIM, TUCCUNIAIIMK SHEPTUH, T.€. IPEBPALICHUS
MEXaHUYECKOM paboThl B TEIUIOBYIO SHEPTUI0O M €€ PAacCEMBaHUs, MPHU 3TOM HE

IIPOUCXO/INT.

(&}
<

Pucynox 2 — Monens cpensl ['yka

AnmpokcuMHpYIOIIee ypaBHEHHE, OMHCHIBarolee cpeny [yka, BBITISIAHAT
CJIeTYIOITUM 00pa3zoM:

ox=E Xy,
IJIe 0x — TEeKYyIlee 3HAaUCHUE HAINPSIKECHMUS;
E — moayne FOHra (Moayss ynpyrocty mnepBoro poja);
&x — TeKyIee 3HaUeHue AedopMaliui.

- Kecmko - nnacmuyeckas HEYNPOUHAIOWAACA cpeda — XapaKTCpU3ycCTCA

OTCYTCTBHEM Ha4yaJbHBIE MOMEHT AehOPMHUPOBAHUS YIPYrOW COCTABISIOMICH

neopmanuu (cM. pucyHok 3). Matepuan Bemer ceOsi Kak aOCOJIFOTHO TBEPIOE,



HCCKMMACMOC TCJIO JO TCX IIOP, IIOKa HAIPsKCHUSA HC JOCTHUIArOT IIPCACiia

TeKy4decTH (o7).

(6]
<

Pucynok 3 — Mopenb )KeCTKO - TIaCTUHYECKON HEYITPOUHSIOMICHCS CPeIbl

ATNmpOKCUMHPYIOIIee YpaBHEHHUE, OMHCHIBAIOIIEE JKECTKO - IIACTHYECKYIO
Cpeay, BRINVISIAUT CJIEAYIOIMMUM 00pa3oMm:
Ox— OT,
IJI€ Ox — TeKYIlee 3HaUYCHUE HAIPSKCHHUS;
or— Tpeie TeKy4ecTu aeopMupyeMoro MaTepuana.

- Hoeanvnas ynpy2oniacmudecKas HEeYNPOUHAIOWIAACA cpeda —

XapakTepu3yeTcsl TeM, UTO B Havajsie mpoiiecca AedhopmMaliui MmaTepuail BeJeT ceosl.
KaK UJIeaJIbHO YIPYTHUi, a C ONPEIeIEHHOI0O MOMEHTA HAYMHAET J1Ie(POPMUPOBATHCS

HEOOPaTHUMO MPU HEU3MEHHOM 3HAYCHUHU HANPSHKCHUHN ox= o7, (CM. PUCYHOK 4).

o

0‘ | oo

o o
o7 G

Pucynok 4 — Moaenp naeanbHOW ynpyromiacTUYeCKON HEYPOUHSIOIIEHCs

Cpebl

B ob6mactu ynpyroctu cBsi3b MEXIy HaNpsDKEHUSIMU U aepopManusaMu
HOCHUT JIMHEWHBIM XapakTep M onuchiBaeTcsa 3akoHOM l'yka. Ilpu pasBuroi
IJIaCTUYECKOW negopManMd MOXKHO TpeHeOpedb ynpyrol CocTaBistolIEn
nedopmalii, T.K. OHA HUYTOXKHO Majla 1O CPaBHEHUIO C TUIACTHUYECKOU

COCTEIBJ'IHIOIHGI‘/JI. Takoe IHOBCACHHUEC MOXXHO Ha6J'IIOI[aTB Y MarcpuaioB, UMCIOINX



SPKO BBIPAXCHHYI0, OOJBIIYI0 TIUIOMIAAKYy TeKydecTu. B 3ToM ciydae
anmpPOKCUMUPYIOIINE ypaBHEHMUS, OTIHCHIBAOIIICE UJICATHHYIO
YIPYTOTUIACTUYECKYIO HEYIPOUHSIONIYIOCS Cpeay, OyAyT BBINJISIIECTh CIIETYFOIINM
oOpazom:
ox=E xé&x (015 mexywux snauenuil oechopmavyuu menvuiux €r),
0x= o7 (/151 MeKyWux 3Ha4eHuil 0epopmayuy pasHvix u OOIbUUX ET),

rae er — Aeopmalis, COOTBETCTBYIOLIAs IMEPEXOqy MarepHajia BO BTOPOE
peIeTbHOE COCTOSIHHE.

- HGCQfCI/lMCleMClﬂ, VYRPOUHAIOUWAACA cpeda — XapakTepulzyCTrcia TEM, YTO

HeoOpaTuMbIe AedhopMaly HACTYIIAIOT Cpa3y ¢ TOrO MOMEHTA, KOT/1a HalpsHKeHUs

JOCTHUTAIOT Mpejieia TEKyUeCTH ox= o7, (CM. PUCYHOK D).

o

o
<

Pucynoxk 5 — Mozenb HeCKUMaeMOU, YITPOUHSIOIIEHCS CpeIbl

Jis  nanpHedmiero pasBuTHd Aedopmanuu  00s3aTEIbHBIM  YCIOBHUEM
ABJISIETCA TIOCTOSIHHBIA POCT TEKYLIMX 3HAYEHUM HaIpspDKeHWil. B aToMm ciydae
anIIPOKCUMUPYIOLIECE YpaBHEHUE, OIIMCBIBAIOIIICE HEC)KUMAEMYIO,
YIPOUHSIOIIYIOCS Cpey, OYIET BBINVIAAETh CAEAYIOIUM 00Pa3oM:

ox= or + 3xE1xey,
rae E1 — Mojysib yIpOYHEHUS.

- Hoeanvro-6a3kas cpeda — XapakTepu3yeTcsi TeM, YTO OHa AePOpMUpPYETCs

HEO0OpaTUMO MpH JOOOM 3HAYEHUH TEKYILIETO HANPSKEHUsI (CM. PUCYHOK 06).

o

o
<

Pucynok 6 — Mojenb naeanbHO-BSI3KOU CpeIbl



Hebopmanuisi mpu 3TOM HE COMPOBOXKIACTCS U3MEHEHHEM o00beMma.
ANMPOKCUMHUPYIOIIEE ypPAaBHEHHE, OIKCHIBAIONICE WACATBHO-BI3KYIO Cpeny,

BBITTEAONUT CJIICOAYIOIIUM O6p330M:
_3 \>< )
Ox—OU * & x,

rae 1 — Ko3(QQUIHUEHT BA3KOCTH;
¢ x — TeKylllee 3HaueHHe CKOpocTH Aedopmanuu, ™.

CILJIOLITHOM CpcCabl IIO3BOJIAIOT

BBIIIIC MOACIIN

Onucanueie
Marepuaa

anIpOKCUMHUPOBATh AMArpaMMy WMCTHUHHBIX HANPSOKEHUW  JUIA

SABIIAIOIIETOCA IUIACTUYECKOM, YIPOUYHSIOIIEUCA CPENOM CIEAYIOIIEH CTEIECHHOU

3aBUCUMOCTBIO:
os= or + Axy",

rac os — COIIPOTHUBJIICHHUC MaTCpHaJld INIACTUICCKOMY I[C(bOpMI/IpOBaHI/IIO,

or— Ipees TEKy4eCTH MaTepuaa,

A — koaddurueHt,
¥ — oTHOCHTENbHAS AedopMaIis YMEHBIIICHHUS pa3MEpOB.

Marematnueckasi MOJENb MPOIECCa PACTKEHUs CTaHJApTHOro obOpasla B

9TOM CJIy4ac 6YIIGT BBITVEAACTD CICAYIOIINUM O6p330M:
Py=Foxor x(1-y)+ AxFo X(1-y) xy/",

rne P, — cuna pactsbkenus odpasua, H,
Fo — HauaJIbHAs TUIONIAb TIONIEPEYHOr0 CeYeH s 00pasia, M2,

or— Ipenes TeKy4ecTH Marepuana, lla,
¥ — OTHOCUTENFHOE TOTIEPEYHOE CYy>)KeHHE 00pasiia Py €ro pacTsHKEeHUH,

A — xoadduiireHt,
N — nmoka3aresb AePOPMaLMOHHOTO YIIPOUYHEHHUS.
w= P Fa
R

rae Fx— Tekymmas nmiomass IonepeyHoro cedeHus oopasua, M2,

10



3amaua Ne2.1

3aBucuMocTh os(¢) mius oOpasma amamerpoMm 10MM ¢ pabodeid 4acThiO
mmHon lg = 100MM 3a1aHa B BUE:

os =7,1x10%r, ecnu €<0,007

os =497+8,07 x10*(e-¢7), ecnu &> g7, £>0,007

(MITa)
(MITa)
Omnpenenutp, IO OHOM U3 MPUBEIACHHBIX (POPMYIT B PaCCUNUTATh:
- HampsDKEHUE o7, COOTBETCTBYIOIIEE Hayally IepexoAa OT YIpyroi
nedopmaluu K miactuueckon aepopmaruu (rpu ¢ = 0,0002);
- HampsDKeHUWs TpHU pacTsbkeHuu ooOpasua jgo |, =102, 104, 106, 108, 110,
112,114, 116, 118, 120MmmMm;

- TOCTPOUTH IpaduK os(€), UCTIONB3YS pacUCTHBIC JAHHBIC

3apaua Ne2.2
CrannapTHblid AJMHHBIN oOpasen auamerpoM 6MM u3 ctamu 12X18HIOT

pPaCTATMBAIOT B YCIIOBHSX CBEPXIUIACTUYHOCTU C MEPEMEHHOM CKOpPOCThIO. YUepes

OTIpEeJICTICHHbIE TMPOMEXKYTKH BpeMeHH (UKCHPYIOT CKOpPOCTh JedopManuu ¢,

IUIOLIAb TOTIEPEYHOro ceueHus oopasna F u cuny nepopmanuu P:

e,ct |10 | 5x10% | 103 | 5x10%2 | 102 | 5x10%
F, m? 18,8 15,7 13,5 11,8 10,5 9,42
P, xH 0,662 0,667 0,679 0,854 1,31 1,91
[TocTpouTs rpadMKu 3aBUCUMOCTEH: 0(;;) u  o(y)




1.3. 3ausaTus Ne3

«AHaJau3 MoJiesiell CIVIOIIHOM CpeabDy

g M
1000 ]

500 /*’""
0

_500 /
.4_-'"'/ all

[

-1000\ =" &
0-g2 -q1 0 41 g2

Pucynok 7 — I'padudeckoe n3o0pakeHne MOICTH CIUIOIIHOMN cpe/ibl (1

3agad Ne3.1 u Ne3.2)

3apaua Ne3.1
[To 3amanHOMYy TpaduuecKoMy H300paKEHUIO MOJEIM CIUIOIIHOW Cpebl
(cM. pUCYHOK 7), OIIPEACIINUTh:
- CHJIy PACTSDKEHHS M CKaTtusi o0pas3ioB guamerpoMm 10mm u gmmaHo# 100MM 10
crenenu nedopmaruu 0,2;

- CIJTy, HEOOXOUMYIO JJIS PACTSIKEHUS U CKATHUS YKa3aHHBIX 00Pa3IioB HA OMM.

3amaua Ne3.2
[To 3aganHON MOJENM CIUIOIIHOW Cpelbl (CM. PUCYHOK 7) OINpENEIuTh €€
napamMeTpbl U CHJIy HEOOXOIUMYI JUIS PacTsDKEHHST M CKaTus 00pas3ioB
auameTpoM 10MMm u amuHOM 20MM g0 crenenm nedopmaruu 0,1. YcTaHOBUTD,

KaKasi cuja moTpedyeTcs sl paCTsHKEHUS U CKATHST YKa3aHHBIX 00pa3IioB HA SMM.

12



1.4. 3anaTue Ned
«Omnpenenenue npeaesia NPOYHOCTH MATEPUAJIA N0 AUATPAMMAM YCJIOBHBIX U

HUCTUHHBIX HATIPSAKEeHUH (10 KPUBBLIM YIIPOUYHEHMS MIEPBOT0 POa)»

OCHOBHBI€ TTOJIOKCHHUS
YcnoBHOE HaIPsHKEHKE OMpeiensaeTcs mo Gpopmyrie:
over =PrlFo,
TI€ Oycy. — YCIOBHOE Hanpsbkenue, Mlla;
Py — texymee 3Hauenue cuibl, H;

Fo — HauaabHOE 3HAYEHHME TUIONIAIH HONEPEIHOrO CeYeHns 00pasia, M2,

Hanpsixkenue Tekyuectd (CM. pHCYHOK &) i J1roOOro  MOMEHTa
nedopMaluu 10 Hayana 00pa3oBaHus LMIEHKH onpeensercs no Gopmyse:
os=PrlFy,
rae Fx— momans nonepedyHoro ceyeHus: oopasia B 000l MOMEHT AepopManuu
110 Havyana 00pa3oBaHus IEHKH, M2,

Fr=Fox(L-¢);

8:(I-|0)/|o:Al/|o.

‘ _r':f f S [ 8

Pucynok 8 — Cxema 115 rpadguieckoro onpeneieHus mpeaena MpodyHOCTH

Marepuana

13



[To mocTpoeHHOW auarpamMme OMNpEeNeNseTCsl gp Yepe3 YroJl «o» HaKJIOHa

KacaTeJIbHOM K KPUBOM yIIPOYHEHHUS B TOUKE Hadyasla 00pa30BaHus IIEHKU, UCXOs

U3 YCJIOBUS:
do./de,~tga,
rae  do, — nouHa otpe3ka BC Ha guarpamme, MM;

de,, - nuHa otpeska AC Ha quarpaMme, MM.

3agaua Ne 4.1

CranpapTHblii MeTauIMuecKkuil oopazen auametpoM 10 MM m amHou 100

MM, pacTAHYJIM 10 MOMEHTa oOpa3oBaHus Iueiku. IlocTpouth auarpaMmbl

YCIOBHBIX MW HCTHHHBIX HaHpiDKeHI/Iﬁ )51 rpaqmqecxn OIIPpCACIINTE IIPCACIT

IIPOYHOCTH MaTepuaja 1o KpUBOW YIIPOYHEHHUS NIEPBOTO pOJA IPU YCIOBHUH, YTO B

MOMCHT O6pa3OBaHI/I}I IICUKU €Tro JJIMHA paBHA IZOMM, a CHJIa H3MCHIACTCA

COIJIACHO TaOJIUYHBIM JaHHBIM. CpaBHI/ITB IIOJIYUCHHBIC KPUBBIC.

Ne | Hedopmupyemsrii | Ycunue nedpopmupoBanusi P(kH) npu pactsokennn Ha

n/m MaTtepual Alum

2,5 5 75 10,0 | 12,5 | 150 | 17,5 | 20,0
1 AroMuHUN 6,1 | 65 | 68 | 72 | 76 | 79 | 81 | 8,16
2 Menn 206 | 209 | 21,2 | 214 | 216 | 21,8 | 22,0 | 22,02
3 JlaTyHb 26,8 | 29,9 | 32,1 | 349 | 356 | 37,6 | 38,1 | 38,0
4 Crams 20 20,7 | 26,2 | 29,9 | 35,7 | 37,0 | 39,6 | 39,8 -
5 Cranb 40 429 | 52,4 | 58,4 | 62,1 | 63,5 | 64,2 | 65,4 | 65,2
6 Crans X18H10T | 21,4 | 25,4 | 29,2 | 32,8 | 36,3 | 39,6 | 42,8 | 429

CrenaTh BEIBOBI:

- 10 TIOJy4YeHHOW TpaduuecKu BEIMYMHE Tpefesia MPOYHOCTH OIPEICIIUTh

MapKy mMaTepuaa,

- CpPAaBHUTL IIOJTYYCHHBIC JUArpaMMbl YCIOBHBIX U HCTHHHBIX HaHpH)KCHI/II\/JI.

14




2. Tema: «Teopust HANPSIAKEHHOTO COCTOSIHUS»
2.1. 3anaTne NeS5
«OnpenesieHue HANPSAKEHUH HA HAKJIOHHBIX IJIOLIAKAX»

OCHOBHBIE MTOJOKEHNUSA:

3aKOH NApHOCTH KacaTEJIbHBIX HAIPSKEHUM IVIACHUT, YTO HA JIBYX B3aMMHO
NEPIEHIUKYJIPHBIX APYr K APYry TpaHsAX KyOMYECKOro 3J€MEHTa KOMIIOHEHTHI
KAacaTEeIbHOTO HANPSKEHUS, IEPIICHANKYJIIPHBI JITUHUN [IEPECEUEHUs] ITUX T'PaHEU
U paBHBI 110 a0COJIFOTHOHM BEJIUYMHE, T.€. KacaTeJIbHbIC HANPSHKEHUS Ha B3aHMMHO
NEPIEHIUKYISAPHBIX APYT K APYTY IUIOMIAIKaX paBHBI MEXAY COO0OM. DTOT 3aKOH

MOKHO 3aIIACaTh B BUJIE TAKOW CUCTEMbI YPABHEHHUIA:

HampsixkenHoe cocrossHue B 000 Touke Tena (IMpU  3aJaHHOM

Harpy>XeHUM) OIpeaeaeTCs TEH30POM HaNPSKEHUIN:

O-xz-xyz-xz

T,= 7,0,7T,

7,7,0,

x " zy
Jlns 1000 HAKJIOHHOMW IUIOMIAJKH, IMPOXOJAIISH dYepe3 JaHHYI0 TOYKY
MPOEKIMK TMOJHOTO BEKTOpa HAMpPsKEHWW Ha KOOpAMHATHBIE OCH (X,Y,Z) MOXKHO
3aMucaTh COOTHOIIEHUEM CIEAYIOUIEro BUIA!
S,=o,xa, +7,xa, +7, x4,
S,=7,%xa,+0o,xa, +7,Xx4,
S,=7,%a,+7, x4, +0,x4a,
[Tomnoe (S), HOpMasibHOE (0,) ¥ KacaTeabHOE (7) HAMPSHKEHNUE HA HAKIIOHHOM
TJIOIIA/IKE OTIPEICIISIETCS U3 COOTHOIICHUM:
SZ — SXZ + SyZ + SZZ
04= OxXa°+0y X2+ 07X, +2Ty X ax Xay+27y, X8y Xa,+21,%8; Xy
?=$- 0,
al+a +xa ==+l

15



3agaya Ne 5.1
B Touke Tema u3BeCTHBI KOMIIOHEHTHI HampspkeHuit: ox=500MlIla, ¢,=0,
0,=300MlI]a, 7,,=500MlIIa, 7y,=-750MlIla, 7,x=800MIIa.
- 3aIIMCaTh TEH30P HANPSKEHUN T,;
- HalTU TOJHOE, HOPMaJbHOE M KacaTeJIbHOE HAIPsDKEHUS JUIS IUIOLIAJKH,

HOpMaJlb K KOTOPOH XapaKTepH3yeTCsl HANPaBJIAIONIMMH KOCHHycamu ax=1/2,

a,=1/2, a,=1\2

3agaua Ne 5.2
B Touke Tena 3amaHa ciemyromas cuctema HanpsbkeHui: ox,=50MIla, 7,=0,
0,=110MI1a, 7,,=30MlIla, 7y,=-30MIla, 7,,=80MIla. HaiiTi 3HaueHus noyHoro,
HOPMAJIGHOTO M KacaTeJIbHOTO HaNpsHKCHUH Ha IUIOMAIKe C  BHEITHEH
HOPMaJIbI0, HAMPABJISIIONINE KOCUMHYChI KOTOPOW OTHOCHTEIHHO KOOPAMHATHBIX

OcCeil paBHbBI MEX1y COOOM.

3agaya Ne 5.3
HampsokeHHOE  COCTOSIHME B TOYKE ONpEnesieH0 TeH3opoMm T, Haiitu
HOPMAJIbBHOE M  KacaTeJIbHOE HANPSHKEHWE B  HAKIOHHOM  IUIOIIAJIKE,
OPOXOJAIIeH Yepe3 JaHHYI0 TOYKY, €CIM HOpMallb K Hed oOpa3yeT ¢ OCsIMHU

TJIEI O, Oy, O; (KOMIIOHEHTEI TeH30pa 3axansl B MIla
y

-58 31 -12 57 0 38
a) T,=| 31 -105 0 0)T,=|0 210 O
-12 0 —-420 38 0 263
ax=12°, ay:450, a,=8° ax=300, ocy:18o, 0,=3°
118 O 24 -34 16 -16
B)T,=|0 -54 -8 r)T,=|16 =75 5
24 -8 -—-372 -16 5 -460
o =5, ocy=160, 0,=37° o,=249, ay=320, 0,=65°
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2.2 3ansTue Ne6
«[1aBHBIE HOPMAJIbHbIE HANIPSIKEHUS1, TEH30PHbIE XapPAKTEPUCTUKH
HAMPSKEHUID)

['maBHBIE HOpMaJIbHBIE HAIPSKEHUS (G1, G2, G3) B TOUKE TeJa MPH 3aJJaHHOM

Harpy>KEHUU OIPEACTAIOTCS KaK KOPHU KyOW4EeCKOT0 YpaBHCHHS BHIA
o’ —l,xo’+1,xo-1,=0,

rae - li, Iz, I3 - xoaddunuenTsl ypaBHEHUs SIBJISIOTCS WHBapHaHTaMH TEH30pa
HANPSDKEHUH, KOTOPBIE OMPENENsIOTCs o (hopMynaMm:
l,=0,+0,+0,=0,+0,+0,;
|,=0,X0,+0,X0,+0,X0, —T, —T, —1,, =0, X0, +0, X0, +0,X0y;
|, =0, X0, X0, +2XT, XT, XT, —0,XT, —0,XT, —0,XT, =0, X0, X0,.

TeH30p IIaBHBIX HANPSXKEHUN

oo 0 0
=0 o, 0
0 0 o

w

HanmeeHHoe COCTOAHHUC TCJIa, HaAXOAAMICCCA B YIPYIOM COCTOAHHUHU

ONMCHIBAETCA IAPOBBIM TEH30POM HAIPSKEHUN

o) 0O O
p
™=0 o 01,
o
0 0 o,
rae
o,+0,+0,
o, = 3 :
a HaxOHSIIEerocss B IUJIACTUYECKOM COCTOSIHUM — JICBHATOPOM HAIPSHKEHUH,
OTIpeIEIISIEMBIM 110 (hopMyJie
DO'=T o~ T, JLU
(O-x - O-Cp) Txy Xz
D= 7, (o,-0,) T, :
TZX sz (O-Z - ch)
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3agaya 6.1
JUIs TOYKHM Tejla M3BECTEH NEPBBI MHBAPMAHT TeH30pa HanpsokeHui |15 =30

MIla u 3agaH 1eBUATOP HANPSIKEHUM

0 0 -15
D= 0 10 15
-15 15 -10

CocTaBuTh UCXOJTHOE YPaBHEHUE JIJISl ONPECICHUS TJIaBHBIX HANPSKEHUN B
nanHo Touke. (KoMnoHeHThl HanpspkeHul 3aaansl B MI1a).
3anaua 6.2.

HanpsixkeHHOe cocTOsTHME B JBYX TOYKax JAePOPMHUPYEMOro Teja 3aJaHo

TCH30paMH

128 5 -18

T.=|5 32 4|
-18 4 265
265 -18 5

T,,=|-18 128 4],
5 4 32
128 0 19,

ngz 0 32 O )
191 0 265

OHpe,Z[eJ'II/ITI), OIHMHAKOBOC HJIM Pa3HOC HAIIPAKCHHOC COCTOAHHC B OTHX

TOYKax.

3amaua 6.3
OnpenenuTh HOpMaJbHBIE W KacaTeJIbHbIE HAMPSIKEHUS, a TaKXKe CpeaHee
HOpMaJIbHOE JaBJCHUE IS TUIOMIAIKH, KOTOpas HaKJIOHEHA K IJIaBHBIM OCSM IO
yriaamu 45, 60, 60. 6:=500 MIla, 6,=700 Mlla, 65=400 MIla. (AHQIUTUYECKU U

rpadudeckn).
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2.3 3ausitue Ne7/
«I'1aBHBIE KacaTeJIbHbIE HATIPAKEHHUSD

['maBHBIC KacaTCJIBHBIC HANPSHKESHUS ONPEACIIAIOTCS Yepe3 TIaBHbBIC
HOpPMaJIbHBIE IO (popMyiam

71 :io-l 2 1Taa :io-z % 1Ta :io-s %

2 2 2

HopmanbsHble HanpskeHns
o, _40.t0, o, _4 0210, o _40:10;
2 2 2
3agaua 7.1
B Touke nedopmupyeMoro TBepaoro Tena 3aaaHsl oep=-185 Mlla;
112=156 Mlla; 123=-392 Mlla; 131=236 MIIa.

BbIYMCINTG KOMIIOHEHTBI TEH30pa, 3aJaHHOTO B TJIABHBIX HANPSKECHUAX.
(Hanpsoxenust 3agansl B MI1a).
3agava 7.2
HampskeHHOE COCTOSIHME B TOYKE OIPEIEICHO TEH30POM TIUIABHBIX

HaINpsHKEHUN

OnpenenuTs TMOJHBIE HOPMaJbHBIE M KAacaTEJIbHbIE HANPSDKEHHUS B
IUIOIIAKAX, HAKJIOHEHHBIX K JABYM TJIABHBIM O0CAM 1101 yrioMm 45° u mpoxomsmmx
4epe3 TPETHIO OCh.

a) T12
-271 0 0
T,=| O 18 O
0 0 -9
6) T23
271 0 0
=0 18 O
0 0 -9
B) T31
-271 0 0
= O -18 0
0 0 -9
F) T12
-271 0 O
= O 18 0
0 0 94
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3agava 7.3
HanpspkenHoe coctosaue 3amaHo  TenzopoM To'. Haiitu riuaBHbIe

KaCaTCJIbHBIC HAIIPSIKCHUA T12, T23, T31

a)
456 O 0
=0 -32 0
0 0 -825
0)
-5 0 0

-0 =128 0
0 0 -675

3agauva 7.4
[Mapannenenunen (puc. 9) BeICOTON h M MIMPHHOW a KBAJAPATHOTO CEUCHHUSI
(axa) cxxuMaeTcs B IByX HampaBieHHsX, Mo ocu X cuiioit Px, a mo ocu Y — cuioit
Py. Onpenennuts HanpspKEHUs HA HAKIOHHOM 1uiomaake AB, HOpMane K KOTOpou

COCTaBJISIET C OChIO Y YroJ paBHBIM 45 rpaj.

N
=
¥

|

Pucynoxk 9 — Cxema obpa3na k 3agaue 7.4.

3agaua 7.5
Crepxenp quamerpom 40 mMm pactanyt cuiorn P=0,25 MH. Onpenenuts
HOPMAaJIbHOE W KacaTEJIbHOE HAIPSIKEHHS HA HAKIOHHOW IUIOMIAJKE, HOPMAJlb K
KOTOPOM COCTaBIISIET € OChbIO cTepxkHd yroa 30 rpaa. Omnpenenute B KakOM
CEUEHUU KacaTeJIbHOE HAaIpPSHKEHHE JOCTUraeT MAKCUMAJIbHOTO 3HAUYECHUS U
BBIYMCIIUTh UX BEJIMYMHY, a TaKKE€ BEJMYHMHY IOJHOTO HAMPSIKEHUS Ha JTOU
HaKJIOHHOW Twiomanke (Sp). (Teno HaxOAWTCS B JMHEHHOM HaNpPsKEHHOM

cocTostHum). Crienath NOACHSIOMIUA PUCYHOK.
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2.4. 3ausaTue Ne8
«OKTasIpuYecKHe HANMPSKEHUs H HHTEHCUBHOCTh HAMPSIZKEHWi»
Ha miomaakax, paBHOHAKIOHCHHBIX K TIJIAaBHBIM OCSAM (OKTad3JApHYECKHX

IUJIOIIAKAX ), JEMCTBYIOT OKTa3pUUECKUE HANPSIKEHUS

GOKT:%X(GX + 0, +O—z):%X(01+O-2+03)

z-OKT :%X\/(O-X _O-Y)2 +(O-Y _O-Z)2 +(GZ _O-X)2 +6X(T)2(Y +TYZZ +TZZX)

MHTEHCUBHOCTH HaHpH}KCHI/Iﬁ HNJIn 0606H1€HHOC HaIIPAKCHUC OIIPCACIIACTCA

o gpopmyiie

O, :%X\/(Gx _O-Y)2 +(O-Y _O-z)z_'_(o-z _Gx)2+6x(r>2<‘{ +T$Z +T§X)

MHTEeHCMBHOCTD KacaTeIbHbIX HaprDKCHI/Iﬁ

7, :%X\/(Gx _GY)2+(GY _Gz)2 +(Gz —O'X)2+6X(Z'>2(Y +T$Z +TZZX)

3agaya Ne 8.1
B Touke Tena 3aaHa ciieAyromas cucTeMa HalpsHKeHUH:
ox=0,=500 MIlla, ©,=1000 MIla, 1x=1,,=1x=0. Omnpeneauts HOpPMAaJIbHEIE,
KacaTelbHble M TIOJHBIC HANPSOHKCHUS HAa OKTadIAPUYECKUX  IIJIOIIAJAKAXx,

IMPOBCACHHLIX YCPEC3 JAHHYIO TOYKY.

3agauya Ne 8.2
HampsoxkenHnoe cocTtosiHEe 3amaHo TeH3opoM. OmnpenenuTh KacaTelabHBbIE U

OKTadAPHUYCCKHUC HAIIPAKCHUA.

a)
162 0 -12
T=/0 0 0 |
-12 0 -256

6)
356 12 -50
=12 0 0|
-50 0 280
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-280 -42 -36
—~|—42 —456 18 |,
-36 18 616

3agauya Ne 8.3
HanpspkeHHoe cocTtosiHue B HEKOTOPOM TOYKe JAehOpMHUPYEMOro Tela

OIpEENSIETCS TEH30POM HaIPSHKEHUI

Ox Txw Tx
T= Tyx Oy Tyz
T T (o3

zX zy
H3meHnuB CXEMY HaAIpsKCHUS, Ha TCJIO HAJIOXKWIN JOIIOJHUTCIBHOC
I'maApoCTaTHYCCKOC JaBJICHHUC (-p) HOKa3aTI>, KaK H3MCHHINCH KOMIIOHCHTBI

TCH30pa, INNIaBHBIC KACATCJIbHBIC HAIIPAXKCHUA U MTHTCHCHUBHOCTD HaHpH)KCHHfI.

3agauya Ne 8.4

HanpsixenHoe cocTosiTHUE B TOUKE TeJla ONPEEIeHO TEH30POM HANPSKEHUN

50 30 -80

7,={30 0 30

-80 30 110
Onpenenuth  3HA4YEHHWs]  IOJIHOTO, HOPMAJbHOIO UM  KacaTeJbHOTO
HaNpsOKEHUH Ha TJIOMIAJKE C BHEITHEH HopManbio N, HaNpaBISIFONINE KOCHHYCHI

KOTOpOfI HUMCIOT OAMHAKOBOC 3HAUYCHUC.
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3. Tema: «Teopusi ne¢opMHUPOBAHHOTO COCTOSIHHUS
3.1. 3ansaTue Ne9
«TeH30pHbIe XapaKTePUCTUKHU JdedopManuil, rI1aBHbIE Ae(OopMALIUN
OCHOBHBI€ MOJOKECHUS:
JlebopMHpOBaHHOE COCTOSIHUE B  OKPECTHOCTSIX BBIOpAHHOM  TOYKH
OTIpEIEISIETCS] TEH30POM MaJIbIX JAepopMaluii
€,0,97,,0,57,,
T.=0,5y,,,0,57,,
0,57,.0,97,¢,
OTHOCHUTENBHOE YJJIMHEHUE KaKOro-aubo OTpe3Ka, MPOXOJAIIEro 4Yepes
3aIaHHYI0 TOYKY, UMEIOLIYI0 HAIPaBIAIOIIUE KOCUHYCHI dy, dy, 8z, ONPEAEIISIOTCA
YPaBHEHUEM:

en= exxax’teyxay?+ g,xa;>+0,25yy < axx<ay+0,25y,,xayxa,+0,25y,xx<a,xax

['aBHBIE yIIMHEHUS B TOUKE ONMPENEIAIOTCS U3 YPABHEHHS BU/IA:
& —lyry & + lpmy e — I3y = 0
Il(Ta‘) =ete tg
Loy = exeyt eyert+ erex — 0,25y%y — 0,252, — 0,25y%

I3(Ta) = &xéye; t+ 0,25yxyyyzyzx - 0,25V2y28x - 0,25V22x<9y - 012572xy8z

3agaya Ne 9.1
[IpssMmoyrosibHast 3aroToBka € HayaldbHbIMH pa3mepamu B, L, H (mm)
nosyunia JedopmMalnio, onpeaesieHHyo TeH30poM T, . HaliTu ee koHeuHble

pa3Mephbl, eCIIu:

0,05 0,00 0,00 0,02 0,00 0,00
a) T,=|0,00 0,00 0,00 6) T.=|0,00 0,03 0,00
0,00 0,00 -0,05 0,00 0,00 -0,05
B=200mmMm, L=250mM, H=10MM B=200mmMm, L=250MmM, H=20MM
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0,05 0,00 0,00 0,05 0,00 0,00

B) T.=|0,00 0,00 0,00 r) T.=|0,00 0,05 0,00
0,00 0,00 -0,05 0,00 0,00 -010
B=200mMm, L=250MmMm, H=200MM B=100MmMm, L=150MmMm, H=200MM
3amaua Ne 9.2

B Touke Tena 3amaHBl KOMIIOHEHTHI JeQOpMalUil &, &y, )xy; OCTAJIbHBIE
KOMIIOHEHTBI  &,=)x,=yy=0 (cimyuali 1uiockoil nedopmanuu). 3amnucaTh

ypaBHEHHUE IS ONPEACIICHUS TIIaBHBIX Aehopmaruid yamuHaeHus (&1, &2, €3,)

3agaya Ne 9.3
B Touke Tena u3BeCTHbI KOMIOHEHTHI Ae(OPMALIHIA:
£x=0,001; ¢,=0,0005; &= —0,0015;
7y—0,0002; .= — 0,0001 7x=0,0003

3anucath T, W ONpPEAENUTh OTHOCHTEIbHOE YIJIMHEHHE OTpE3Ka, ECiH

HaIPaBJIAIONIME KOCUHYCHI PaBHBI MEX]Ty COOOi
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3.2. 3anarue Nell

«OTHOCHUTeJIbHBIE CTENeHH Je(opMaLuil, OCHOBHBIE YCJI0BUA AedopMaLuii»

Crenenu OTHOCUTENIBHOMU JedhopMaliiy napajuienenurnena ¢ peopamu X, Y,

Z, — no aedbopmanuu u X, Yo, Zy — mocie nepopmariuu ONpeaesstoTcs IO

dbopmymnam:
. X, =X, AX
" X, X
Y, =Y, AY
gy: = ,
YH YH
. L,-Z, AZ,
o Z Z,

Ecinu &, nMeeT MOJOKUTENbHOE 3HAYEHUE, TO 3TO O3HAYAET, YTO JIEMEHT
napajuieNienumnena pacTsaruBaerca. Ecnu g, MMeeT OTpUIATENbHOE 3HAYEHHUE, TO
3TO 03HAYAET, UTO 3JIEMEHT MapajlIesICUIea CKUMAETCS.

OcHOBHOE ycClIOBHE IIaCTUYECKOW JedopManuu — 3TO  «yCJIOBHUE
HOCTOSTHCTBA 00beMa». Ero MoXXHO 3amucaTh CIeAyIOIUM YPaBHEHUEM:

ext+e+e=0
[Ipu ynpyroi aegopManvd OCHOBHBIM SIBISIETCS «yCIOBHE 00OpaTUMOro oObeMa
pacimpenust, cxatusp». Ero MoXHO 3amucaTh CleAyOIUM YpaBHEHUEM:
exte te=4
JIunelinas okTa’apuyeckast aedopmarius onpeaensiercs mno hopmyie:
€o= Ep=(ex + & + &)/3
OxTarapudeckyro n1edopMannio cIBUra MOXKHO OTPEACIIUTH 0 (hopMyIie:

2 2 2 2
7o :g\/(gl _‘92) +(82 _‘93) +(83 _81)

B otanuwme ot ne(bopMauHﬁ, KOTOPLIC ABJIAIOTCA BECKTOPHBIMH BCIIMYMHAMU,

MHTCHCUBHOCTD JIe(popMaIiiu, 3TO BEJIMUMHA CKAJIIpHAas.
HNHTeHcuBHOCTH nedopmariuu uian o000IeHHas aeopMarus BhIpaKaeTcs

cienyrlieit GopMyIIoi:
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J2

g =?\/(81 -&) +(g,—¢,)° +(g,—&)° - B INIABHBIX OCSIX.

E. :%\/(6‘1 _(92)2 + (82 _83)2 + (83 —81)2 +g(7/x2y + 7/52 +7/sz) -B HpOHBBOHBHBIX

0CiX.

NuTteHcuBHOCTD nedopmaliuii ciBUra BeIpaxaeTcs cienytonieit hopMmyoi:

F:7/i :\/%\/(81 _‘92)2 + (‘92 _‘93)2 + (‘93 _81)2

[Tpu mmockoM AepOopMUPOBAHHOM COCTOSIHUN
e3=—¢1; &=0
[Ipy nTMHEWHOM paCTSHKEHUU U CKATUN

E>= e3=—0,5¢1, £1>62= €3

3agaua Ne 10.1
[unuuapuyeckas 3aroTOBKa UMEET CIICAYIOIINE HadyalbHbIE pa3Mephl (MM):
a) D =200mm, H=100mm;
6) D =200mm, H=200MmwMm;
B) D =20MmM, H=40mwm;
Ee xoneunas nedopmanus ompenensercss TCH30POM:

0,04 0,00 0,00
T.=/0,00 0,04 0,00
0,00 0,00 -0,08

PaccunTath KOHEUYHBIC pPasMEpPEBI 3arOTOBKH M OIIPCACIUTDL ABJIEICTCA JIM TaKasd

nedopManus mIacTU4eCKOu.
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3agaua Ne 10.2
B Touke Tena 3a1aHbl KOMIIOHEHTHI A€QOpPMAIIHii:

e1=0,09; e=-002;, &=-0,07.

Onpenenuts 0000IIeHHYIO AehOpMAII0 B TOYKH M OTHOCHUTEIHHBIC

YIJIMHCHUA OTpPC3Ka, MpoxXoaAIcTo qcpe3 3aIaHHYIO TOYKY,

HallpaBJIAIOMINE KOCUHYCBI PABHBI:

wel mel ool
1 2; 2 2; 3 \/E

3agaua Ne 10.3
B Touke Tena 3agaHHBI KOMIIOHEHTHI iepopMaIuii:
&x=0,001; gy= —0,0005; g~ —0,0001;
7y—=0,0002; .= — 0,0001 7x=0,0003

3anucarhb YPaBHCHUA AT OIIPCACIICHUA I'NIABHBIX I[C(bOpMaI_[I/Iﬁ.

CCJIn
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3.3. 3ansaTue Nell
«Cropoctu nedpopmanmii»

Kparkune cBenenusi.

CkopocThio Aedopmalivii Ha3bIBaeTCsl U3MEHEHUE CTeneHu Jaedopmanuii B
€MHUITY BPEMEHHU UM OTHOCUTEIBHOE CMEIlIeHHE 00beMa B €IMHUILY BPEMEHHU.

CxopocTu nedopManuii onpeaestoTcs mo Gopmysam:

g o 0o, _al, A Oy
OX ot oy  OX ot
é _ oy, 2%;7@2 _ oy, +8[]Z _ 07y ;
oy ot oz oy ot
ou, de, . U, U, Oy,
E., = :—’ = + = ,
T a* T T a a
rre U,,U,,U, - KOMIIOHEHTBI CKOPOCTEH IepeMelleHuil Todek Ttena. OHHU

BBIPAXKAIOTCA 4CPE3 NCPEMCIICHUA TOUCK B CIMHUITY BPCMCHU:

Sou, .. eu, . au,

u :

o T T

TeH30p KOMIOHEHT CKOpocTel AedhopMaliu UMEET BU/I;

) 1. 1.
&y nyv nyz
1. ) 1.
Tg' = Eyvx &y Eyvz
1. 1. )
Eyzx nyv &;

VYpaBHeHuUe Uil ONpe/iesieHns IIaBHBIX CKOPOCTEW JTMHENHBIX AehopMaliuii

(OTHOCUTENBHBIX YAJMHEHUI) UMEET BU:
& -1, xe+1,,xé-1,=0,

rne |,,1,,, 1, - "HBapuaHTHI TEH30pa KOMIIOHEHT CKOpOCTEl Aedopmanun (cM.
WHBApUAHTHI T.

VYcaoBue mocTosHCTBA 00bEMa TOpU  IUIACTHYECKOW  aedopmaruu
BBIPAKAETCSA YPABHEHUEM:

e +ée,+¢,=0
WIn
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ou, o,
+

au,

0

+
ox oy

3anuceiBaercs kak. divd ,, = 0, Ha3bIBACTCA

i(P)

0z

,Z[HBepFeHHI/IefI BCKTOPHOT'O ITI0JIA.

[Ipu pemienun 3amad, B KOTOPBIX HEOOXOAMMO ONPENETUTH pa3Mep depes

3aJIaHHOE BpPEMSI:
1. Onpenensiem Ag, .
2. OnpenensieM npupaiieHue pasmepa.
3. OnpenernsieM KOHEYHBIN pa3Mep.

3anuiemM cKopocTu AedopManuil Kak

s e AV
At T AL
& _AgY.' :Aj/YZ.
YOOAtTTY At
s B8 AV
ZOAt T AL

HNHTEHCMBHOCTH CKOpOCTeﬁ IIG(l)OpMaI_II/Iﬁ HWJIK TIPpUBCACHHAA CKOPOCTH

nedopmanyu:

. \/E . . 2 . . 2 . . 2 3 .2 ) .2
& = 3 X (gx _gv) +(8Y _‘92) +(‘C"z _gx) +EX(7/><Y T 7z +7/zx)
Omnpenensier KOIMYECTBEHHO MOJIHYI0 CKOPOCTh U3MEHEHUSI (POPMBI HACTHULIBI.
VYcaoBue HECKMMAaEMOCTH Marepuaia NpH IJIaCTHYECKOW aedopMalinu,
e +é +&,=0.

BBIPpA’KCHHOC B CKOPOCT:IX:

VYcnoBue n3MeHeHust oobema Npu ynpyrou aepopmanuu: &, +&, +&, =1.

Zamaua Nell.l
B Touke Tenma 3amaHbl KOMIIOHEHTHI CKOpPOCTEM neopmauuil &, ,&,,7 .
OCTaJIbHbI€ KOMIIOHEHTHI PaBHbBI HYJI0. 3alMcaTh MHBAPUAHTHI TEH30pa CKOPOCTEH
nedopmariiii ¥ COCTaBUTh YpPAaBHEHHS MJIs ONpENETCHUsS TJIABHBIX CKOPOCTEH
nedopmariii 1 WHTEHCUBHOCTH CKopocTei nedopmanuii. Onpenenuth cxemy

ne(opMUPOBAHHOTO COCTOSTHUSI.
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3agaua Nell.?
Bamucate T, u D,, ompenenuts BHI Ie)OPMHPOBAHHOTO COCTOSHHSL.

3anucaTth YPaBHCHUC JIA  OIIPCACIICHUA  TI'JIABHBIX JIMHEHMHBIX CKOpOCTGfI
I[C(bOpMaHI/Iﬁ JJIA I[C(bOpMI/IpOBaHHOI‘O COCTOAHUA, OIMHUCBIBACMOI'O CICIYIOIINMU

TEH30paM# CKOpocTel aedopmarium:

018 0,2 -015 05 -01 -0,
ayT,=02 04 01 |(1/c);6)T,=-01 -05 0,0((1/c);
-015 01 -012 -01 00 0,0
06 025 -0,3 01 0,03 -0,04
B) T,=|0,25 0,01 0,0 ((1l/c);r) T, =| 0,03 0,4 -015|(1/c).
-03 00 -0,7 -0,04 -015 -05
3agauya Nell.3

TeH3opsl CKOpOCTEM nedopmarnmit Tela HaXOJAIIETOCA B

I[G(l)OpMI/IpOBaHHOM COCTOSAHHMH UMCIOT BH .

0,08 -0,01 -0,05 00 -005 -0,0
T,=-0,01 0,06 00 [(1/c)uT,=-0,05 0,08 0,0 |(1/c)
-0,05 00 0,0 -001 00 0,06

OnpenenuT B OJHOM WJIH pPa3HbIX J€(QOPMUPOBAHHBIX COCTOSHHSIX
HaxoJATca Tena. PaccuuTarh  OKTa3pUYECKUE CKOPOCTH  Je(pOopMaluu.

Omnpenenuts BUI 1e(POPMUPOBAHHOTO COCTOSTHUS.

3amaya Nell4
JledbopMansi MpSMOYTOJIBHOM 3aroTOBKH € pa3MepaMu B=100Mm,

L=150mm, H=40MM onuchIBaeTCsi TEH30POM:

03 00 0,00
T.=[0,0 02 0,00|(1/c)
00 00 -05

OnpenenuTh KOHEUHbIE pa3smepsl 3arotoBku uepe3 At = 0,12c. Hapucosatb

cXemy mporiecca
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4. Tema: «YcJ10BHSA IJIACTHIHOCTH»
4.1. 3ansaTue Ne 12
«YCI0BHe MOCTOSTHCTBA MAKCUMAJIBHBIX KACATEJIbHBIX HANIPSIZKEHUID.
[TnacTudeckass aedopManus MOSBISETCSA, KOTJa HAWOOJbIIEe W3MCHCHHE
IJIaBHBIX KaCaTeJIbHBIX HAIPSOKEHUW JTOCTUTAeT HEKOTOPOW BEIMYMHBI 3aBUCSIIECH
OT CBOMCTB Aehopmupyemoro matepuana (ycimoBue Tpecka- Cen-Benana-Jlesu.),

T.C. KOTrJa.

1
= =+ —
z-max z-1,3 - 2 (61 03

)=7_=K,
S
rae 7s = K;
K= 0,56 — nocTtositHHAs IJIACTUYHOCTH.
«YcaoBue miaactuynoctu I'ydoepa-Musecar.

JIroOast »jeMeHTapHas 4YacTHIla METAIMYECKOro Tejla TEPEXOIUT W3
YIPYTOro COCTOSIHMS B IUIACTUYECKOE, KOrJa HWHTEHCHUBHOCTH HaIpsHKEHUM
JIOCTUTACT BEJIMYUHBI , PABHOM HANPSHKEHUIO TEKY4eCTH  MPU OJHOOCHOM
MJJACTUYECKOM HAIpPSHKEHHOM COCTOSIHUM, COOTBETCTBYIOIIEM TEMIEpPaTypHO —

CKOPOCTHBIM YCIIOBUSM nehopMUpOBAHUS 151 CTEIICHH

nedopmarum.

O, :%X\/(O—x _O-Y)Z +(O-Y _Gz)2 +(O-z _O-x)2+6x(z->2<Y +T$Z +TZZX):O-T

[TocTostHHAs TUTACTUYHOCTH 1O yciaoBuI0 ['yoepa-Museca
1
RBOT =K z0.5750'.|..

K —»53T10 BCIIMYMHA, KOTOpAasA MOKCT JOCTUT AT I''TaBHBIX KAaCaTCIbHBIX HaHpH)KeHI/Iﬁ

WU Gj TP TJIACTUYSCKOM TeopMaIinu.

0,501, < K <0.57501,
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3amaua 12.1
Tpu o0Opasna u3 pa3nuYHBIX MAaTEpUAJIOB HATPY>KEHBI TaK, YTO COCTOSHUE

OIINCBIBACTCA TCH30pPOM HﬁHpH)KCHHﬁI

600 00 32
T =00 170 0,0
32 00 -520

Onpenenut, B KaKOM COCTOSTHUHM HaXOJIATCSl 00pasIlbl, €CIIH:
Or = 450 MlIla;
or = 180 MlIla;
or = 910 MIla;

3amaua 12.2

[Inmockas nucroBas 3arotoBka u3 crtanu 08KII ¢ mpenenom Tekyuectn

0r=246MIla nHarpyxxeHa Tak, 4YTO €€ HAIPSIKEHHOE COCTOSHUE OIMMUCHIBACTCS

TCH30POM:
180 0,0 0,0
T =/00 00 00
00 00 o,

Kakum 1omkHO OBITH HANPSHKEHUE G3. YTOOBI 3ar0TOBKA JeopMUpOBaiach

IIJTaCTHYCCKU
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5. Tema: «MexaHu4YecKHue CXeMbl HANIPSZKEHHOT0 U 1e(OPMUPOBAHHOIO
COCTOSIHUS
5.1. 3ansaTusa Ne 13
«Iloka3aTesib CXeMbl HANPSIZKEHHOT'0 COCTOSIHMS M NPeAeIbHAas

INIACTHYHOCTB»

Ha ycunue nedopmupoBaHus W TPENeTbHO BO3MOXKHYIO J0 pa3pyIICHUS
CTCIICHb z[e(bopMauHH IIpoLccCoB 06pa6OTKI/I MCTAJIJIOB JAaBJICHUCM CYHICCTBCHHOC
BIIMAHUEC OKA3bIBACT KOC—)(l)(I)I/IHI/ICHT JKCCTKOCTHU CXEMbI HAIIPAKCHHOI'O COCTOSHUS,
KOTOPBIN onpenensercs no Gpopmyie:

01 +0p +03
T : (1)

rae I/ — mnokaszareinb CXEMbl HANpsHKEHHOTO COCTOSIHUA WA KO3(PQMUUUEHT

I1

KECTKOCTH;

01,02,03 — TIJIaBHbIC HANpPSDKEHHUs B ouare IUIACTUYECKOM nedopmanuu amis
paccmatpuBaemoro npouecca Mlla;

0i - UYHTEHCUBHOCTH HanpsikeHnuit MIla.

TexHonornyeckue mnpouecchl, B KOTOpbIXx BennuuHa Il monoxurenbHa,
OTHOCATCA K TIpoueccaM ¢ 'JKECTKOM' CXEMOM HaNpsHKEHHOTO COCTOSIHUSL.
Hampumep, npu pactsokennn oopasua [1=+1 .

TexHonornyeckue mnporeccel, B KoTopbix BenauuunHa Il oTpuunarensHa,
OTHOCSTCS K ImpoueccaMm ¢ '"MATKol" cXeMOoWl HampsiKEHHOTO COCTOSIHUS.
Hampumep, npu Be1aBmmBanuy (mpeccoBanun) 3Hadenue I1 qoxomut no -6.

3agauya 13.1

[Ipu pacTsokeHUM TWIMHAPUYECKUX OOpas3lloB C HAJIOKEHUEM JIaBJICHHUS
KUJKOCTH TpENeSbHAsl IUIACTUYHOCTh €4p YTJIEPOAMCTOW CTalld OIMUCHIBACTCS
ypaBHEHHEM €,,=0,62+2,1*10 *(p-190), rne p — maenenue xwuakoctu B MIla.

Onpenenuts €, s P< 1000 MIla u moctpouts rpaduk €up - P.
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3agaya 13.2
[Ipy mnpeccoBaHMM NPYTKOB H3 THUTAHOBOro cruiaBa BT9 mnokaszarens
KECTKOCTU CXEeMbl HampsbkeHHoro coctostHust I paBen (-4), a cremneHb
nepopmaruu casura A =1,8. Tlonp3ysich nuarpammoi turactuaHoctd (puc. 10)
OTpEICNINTh, BO3MOXHA JIM Takas omepanus 0e3 paspyuieHus. [lokazarb, 4To

HEO0OXOIMMO c/IeIaTh, YTOOBI 00€CTICUUTh YCTOMUUBOE MPOU3BOACTBO O3 Opaka.

~

AN
e

3\\
LN

N
N N == |
\\1\\\ i [

™~

/

¥

0

=8 & o -2 0 77

Pucynox 10 - JlmarpamMma TIaCTHYHOCTH pa3IMYHBIX MaTepHaioB. 1 —
oepwinuii; 2 — TutaHoBbId crutaB BT9; 3 — nunk nurtoit; 4 — crane X18HIO0T; 5 —

MeJib; 6 - amoMUHUEBBIN criaB [[16.
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5.2. 3ansaTus Ne 14
«BiansiHEe MEXaHMYECKHUX CXeM HANPSKEHHOI0 COCTOSIHUS Ha
IUIACTHYHOCTH MaTepUuaJIa
3agaua 14.1

Paccuurarh mokaszaTenb HANpsSKEHHOIO COCTOSIHMSL M YAEJIBHOE YCHJINE
neOopMUPOBaHUS JUIsl TPOLECCOB IPECCOBaHMSI M BOJIOUYEHHUS, HCIOJbB3YS
NPYBEJICHHBIC 3aBUCUMOCTH W 3aJlaHHBIe pa3Mepbl obOpasma (puc.11l). Haueptutsh
cxeMy J1e(hOpMHPOBAHHOTO COCTOSIHHS ISt 3TUX mporieccoB (puc.12). IMonp3ysch
rpadukamMu ONpeneauTh BIUSHHUE MMOKa3aTems CXeMbl HanpskeHHOro cocTostHus 1
Ha ycuiue Ae(OpPMHUPOBAHUS MU MPEACIbHYIO CTENEHb Ae(POpMalUH CIBHUra 0

pa3pymenus. CaenaTth BEIBOJBI.

'3

=]
=

8
gy
MG

Pucynok 11 Jledhopmupyemsliii oOpasery

¢ d[] Qf dU

Sy

3

— - S 4
gf S *\/ #d,. _-,é 2 x—i@

i'
] ] i a

gy,

Pucynok 12 - IlpuHnmmuansHble CXEMBI MPOIIECCOB IMPECCOBAaHUA (a) U
BosioueHus (0):1 — myaHcoH; 2 — matpuna; 3 — obpaselr; 4 — cxeMa HanpsHKEHHOTO
COCTOSIHUS

JUisi mpUHATHIX pa3MepoB oOpasia, AePOpPMHUPYIOLIErO0 HHCTPYMEHTa H

KOHTAKTHBIX YCJ'IOBI/Iﬁ PaCCUUTATh IIOKA3aTCJIb HAIIPAXKCHHOTI'O COCTOSAHUA:

st mpeccoBanuu II=3,6 — 2,37| 1+ %

k

i BostoueHust II=2 x (L+ £ x ctgar) x In % +1370, -1,33,
k
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rne do m di — HavanpHBIA W KOHEUYHBIM pAuameTp oOpasma, 9,8 u 9,6
COOTBETCTBEHHO;
Fo Fx— HayanbHas 1 KOHEUHas IUIONIA]b MMOTIEPEYHOTO CEYEHUs 00pasLa;
|l — moka3arensb TpeHus, | = 0,3;
0o — IPOTUBOHATSDKEHUE, 6o=0;
0L — yroJ KOHYCHOTO y4acTKa MaTpuubl, a=15;
Paccuurats ynensubie yeuus (Mlla) mo npuBeaeHHBIM GopMyTam:

I IIPECCOBAHUA

_(1+B
ap =o 1)

JJIs1 BOJIOUYCHUA
2B |

qeo —6(1+ B) 1 di

P B dg

B — koapunuent Jloge, p=1,1;

rae O =Bxos;

Os — Mpeel TEKY4eCTH MaTepuaia aepopmupyemoro oopasiua, os = 320Mlla;

B = pxctgo.
Af P/éi 5) PIS*‘ B)
3 a% ar i\’
5 ar ar
{48 o
7 4o4 a

=
28 1 277

-
1112 Bdg, 210 1]

Pucynox 13 - CBs3p MEXKTy IMOKa3aTEIEM CXEMBI HAIIPSHKEHHOTO COCTOSTHUS
U MpEeAeNbHON CTENEeHblo JedopManuu caBUra 10 pa3pylueHus (a), 3aBUCUMOCTh
OTHOCUTEIBHOTO ycunus nedopmMupoBanus npu npeccoBanuu (1) u BonoyeHuu (2)
oT creneHu Aedopmaiuu (0) U ToKazaTessl CXeMbl HAPSIAKEHHOTO COCTOSHUS (B)

[Tons3ysace rpadukamu (pucyHok 13)

CAcIaTb BBIBOABI O BJIMIHHUHU

KO3 PUIMEHT XKeCTKOCTH cxeMbl HampsbkeHHoro coctosius (I1) Ha mapamerpsl

npolieccoB aehOpMUPOBAHUS.
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