www.tychina.pro
O©Tviuuna K. A.

PacmsaoweHue
U

caoacamiue.


http://www.tychina.pro/

PacTAa)XXHue—-cXatume npamMmoro crepxHsa

PacraxeHueM  (cxkxaTwmeM) HA3bIBACTCA TaKOW BHJ HarpyXeHUs

CTEpP>KHS, MPU KOTOPOM U3 6 BHYTPEHHUX CHJIOBBIX (DAKTOPOB B €ro MOMEPEYHBIX

CCUSHHSIX HE paBHA HYIIIO mobko oceBast pactaruBaromias cuia N ( puc. 1.6 ):
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N>0 —pacmsoicenue; N<O — cocamue.

I'mnoresa nmockmx cedenwus (runore3a bepHym): npu pacTsHKeHUH

(coxaTuM) TIOTIEPEYHBbIC CEUCHUS CTEPIKHS OCTAIOTCS IUIOCKUMHU M TIEPEMEIIalOTCs

BIOJIb OCH CTCPIKHAI.

NS
-
-

\

NAONMNANN

_j\_
!

SAN

B nonepeyHom ceueHun AENCTBYIOT TOJIBKO HOPMaJbHbIE HANPsKEHUs 0. B

CHIly runotessl bepHysum, pacrpeneneHbl OHU 110 CEUEHUIO PABHOMEPHO.
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PaccMoTpuM  paBHOBeCHSI ABYX OCCKOHEYHO KOPOTKHX  YY4aCTKOB
c)KaToro/ PaCTAHYTOI'O CTCPIKHA:
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Bremuss COCpCAOTOUCHHAA CHJIa CKaUIKOO6p213HO n3MeHseT 3Hauenne N Ha

BCIIMYMHY CBOCTO MOYJIA.

(11.1)
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Buemnsss pacnpenenéHHas Harpy3ka (  ABISETCS  IPOU3BOAHOM  OT

BHYTPEHHEH pacTiaruBaroiiei oceBoit cuiabl N 10 0ceBOM KOOpJMHATE.



IIpn pacTsokeHMM W TIpU CXKATUU CTEPKHSA MEPEMELICHUS €ro TOYEK
BO3MOXKHBI JINIIb BAOJL ocu Oz. O003HAUar0TCA 3TH NEpeMelleHuss W U UMEIOT

pa3MepHOCTSh [M].

Y
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Wa+dW

dz+adz

Puc. 11.2.

[Ipu pacTsikeHUN CTEPHKHS €r0 IONEPEUYHbIE CEUEHUs CMECTSTCS HA PA3HbIC
paccrosaus. bosiee Bcex cMecTUTcs ceueHue ¢ Toukot D; ceuenue ¢ Toukoir O He
CIIBUHETCS BOOOIIIE.

Ceuenus 1 U 2 mepBOHAYaJIbHO PACIOJIOKEHHBIE Ha OECKOHEYHO MajoM
paccrosiauu dZ apyr OT Apyra TaKKe CMECTATCS Ha pasHble PacCTOSHHUU: Wa W

W,+dW, COOTBETCTBEHHO.
VY nrHeHne NpoaoabHOrO OTpe3ka AB MexJy HUMH COCTaBUT:
Adz = (w, +dw) —w, =dw
ITpononbHas xedopmarius:

Adz dw
Cett Ty T wm



Takum o0pa3om, mpojosibHas nedopmanus &, €cTb NPOU3BOJAHAS OT

IpOAOJIBHOIO nepeMenieHuss W 1o 0CEBOU KOOpAuHaTe Z.

_dw
z dz

(11.3)

E

HpI/I PaCTAXKCHHUN CTCPIKCHb CTAHOBUTCA TOHBIIC, IIPU CKATUU — TOJIIIC:
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Puc. 11.3.
AKG
&, = <G <0 — npu pacTspkeHUU cTepkeHb yToHuaeTcs, KG ykopaunBaercs,

>0 — ipu cxxatum crepxkeHs yronmaercs, KG ynmunsercs.

IIpononpHas aedopmarus &, u nomnepeynas &, BCErIa pa3HbIX 3HAKOB:
Pactskenne — &£, >0 (ynmuuenue), &, <0 (cyxenue);
Cxarne — &, <0 (yxopouenue), €, >0 (yronuenue).

OKCNEepUMEHTAIbHO ~ YCTAaHOBJIGHO, 4YTO  MomepedHas  jaedopmanus

IIPOIIOPLMOHAIBHA ITPOJOJIbHOM:

&

nomnep

V= — xobddurmenr IlyaccoHa (11.4)
gnpoa

V voman =0,25...0.3 ;
V pesuna =O;5 ;

V npobia =0.

YV mo6oro marepuana: 0<v<0,5



B nonepeuHBIX CEYEHUAX CTEpPKHA JEUCTBYIOT TOJBKO PaBHOMEPHO

pacipeacICHHbIC HOPMAJIBHBIC HAIIPSIKCHUA O .
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B HaknoOHHOW TMUIOMIANKE, COCTABIAIOIIEH Yrol « C TONEPEeUYHOU

IIJIOCKOCTBIO, ITOJIHBIC HAIIPSAKCHUA p 6y,Z[YT HampaBJICHBI TAKXKE BAOJb OCH Z,

MHaYe OTCEYCHHAs YacTh HE Oblaa ObI YPaBHOBCHICHA I1O BCPTUKAJIH.

A
Aa = — — [WIomaib
COSox

HaKJIOHHOTO
CEUCHUS,

ZFZ:O:—p-Aa+0-A = pzaAiza-COSa

PacknaneiBaeM mosnHoe HampspkeHue [P Ha HOpManbHYI0 O, M KacaTeibHylo 7,

COCTaBJIAIONIHC:
o, = p-COSa=G~COSa-COSa=0-C082a

) i 1 )
T, = p-SInaZG-SIna-COSaZE-G-SmZOc



c,=0-C0S"a

1 . 1.5
T, =—-0-SIN2c (11:5)
2
< v >
Puc. 11.4.
0([ .
v
Y Ta
<— / >
4

HauGonbime KkacaTenbHbIC HANPSHKEHUs] JACHCTBYIOT B CEUCHMSIX,

HaAKJIOHEHHBIX o 45°:

| Q

max

B npoI0TbHBIX CEUCHHSX (a = 900): Og =0, 74, =0.



Ha rpansix osnemMeHTapHBIX OOBEMOB, OPHEHTUPOBAHHBIX BIOJIb OCH

PacTSHYTOro (CXaTOro) CTEPXKHS, NECUCTBYIOT TOJIBKO HOPMAJIbHBIE HAIPSKEHMS
TOJIBKO 110 HAIIPABJICHUIO OAHOW KOOPJIAWHATHOU OCH Z :

Y Y

T =
yacTb npogonbHoro cedetns, 'L =0, 06 =0

|~ 4aCTb MOMepeuHoro cevelits 5JIeMEeHTAaPHENT OOBEM
Mo B OKPEeCTHOCTM
yacTb 6; paccMaTpruBaeMon

npoAoNbHOrIo TOUKMY .
ceYyeHuna

Puc. 11.5.

Takoe HampspDKEHHOE COCTOSIHME (H.C.) TOYEK CTEp)KHS  Ha3bIBAIOT
«OOHOOCHBIM». DKCIIEPUMEHTAJIBbHO YCTAaHOBJIEHO, 4YTO B CIIy4ae YIOpPYyroro
OJTHOOCHOTO H.C., HampsDKeHUs U Aedopmanuy MO yKa3aHHOMY HampaBlICHUIO

IPONIOPLUHOHAIBHBI APYT APYTY:

o, =E-&, |- Bakon I'yka (11.6)

Koaddunuent £ [[la] Ha3pBacTcs MomysieM yHopyrocTy M[IEepPBOIO
poxa (monynem FOwnra). Onpenensercs 3KCrepuMeHTanbHo. Uem Gobiiie MOAyITh
FOnra, Tem 60Jb111€ KECTKOCTH MaTepUaa:

Amvaz:  E=10,5-10° MIla
Cram:  E=2-10° MIla
Amromunnii: £ = 0,7- 10°> MIla
epeso: E=0,1-10> MIla



nmocisie HarpyXeHHus

E =—V-&

DnemenmapHulil 00veM 8 OKPECmMHOCHAX MOYKU

Puc. 11.6.

£,>0 — MPOAOJIBHBINA Pa3MEP YBEIMUYNBACTCS;

IIpu pactsxeHuu:
pup g, <0, &, < 0

— TMONEPEYHBIE PA3MEPbl YMEHBIIAIOTCHL.

e =&, +5,+¢&, = —y 2y % % O (1-2-v)
E E E E

(11.7)

v=0,5 = e=0 - wwecocumaemviii mamepuany;

v <0,5 — marepuan yBenuumBaeT 00bEM NpPHM PACTATMBAIOIIMX HArpy3Kax H
YMEHBIIAET PHU CKUMAIOIIUX;

v >0,5 — noncenc.



Bcnomunaem pusuky.

PaboTa moCTOAHHO CHJIBL;

[ 1 F =

i — —

P W=F- 4
FFE LA L P RF PP P 2D

A
Pabora nepeMeHHOM CHIIBL:
F(S) A
Q=== ﬁ)——> """""""""" W = J F(S)-ds - nrowade nod
S ds 0\
dw epaguxkom

{ 3asucumocmu cusbl om
nepemew,eHUA mo4yku

€€ NpusnoMeHus.

B xypce «conpomuenenue mamepuanoe» Mbl pacCCMaTPUBAEM CTATUUYECKOE
Harpy>kKeHUe. BHEIIHUE CUJIbI MPUKIAJIBIBAIOTCS K KOHCTPYKIIMM MEIJIEHHO (CHUJIBI
WHEPIUU TPEHEOPES)KMMO Mallbl), PAaBHOMEPHO BO3pacTasi OT HyJs JI0 CBOMX
KOHEUYHBIX 3HAUCHUM.

[IponopuroHanbHO CHUJIaM YBEJITUYHUBAIOTCS IIEPEMEILICHUS TOYEK TENA.

Ha nepemenieHnsix Touek CBOMX MPUIIOKEHUN BHEIIIHUE CUJIBI U COBEPIIAIOT

pabory.
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EA Paboma omoenvHoul cunvt moxcem dvimo <0,

cymmapnas paboma écezna >0!

v

Crenyer NOMHHTB: MEPEMEIICHUE TOYKU MPUI0KEHUSI BHEIIIHEN CHIIBI €CTh
pe3yJIbTaT JCUCTBHS BCEX CUJI CUCTEMBI, 4 HE TOJIBKO €€ oaHou. [loaToMy mpuHIMI

HE3aBHCHMOCTHU ,IICfICTBI/I}I CHIJI K BBIYHMCJICHHIO pa6OTBI HCTIPUMCHHUM.



BHelHne Harpy3ku MopoXxaaroT Mo BCeEMY 00BEMY Tesla CUJIbl BHYTPEHHHUE,
u3MeHstomue ero (GopMy M 3amacaroiue, TakuM 00pa3oM, B €ro 4YacTHIlax
MOTEHIMAIBHYIO SHEPTHUIO YIPyron aedopmariii.

[Ipu cHATUM BHENTHUX HATPY30K 3Ta SHEPIUsi BEICBOOOXKIAETCS, BO3BpaIas
yOpyroMy Telly IepBOHayalibHble pa3Mepbl. ITOT A(PPexT ucnoiab3yercs,
HaIrpuMep, B 3aBOJHBIX MPYKUHAX YaCOB.

[Ipu BBIYUCIEHUN MOTEHIIUATIBHOW SHEPTUU UCXOJAT U3 MPEANOI0XKEHUS: B
YOPYroM TeJ€ HaKaIlUIMBAeTCsl DHEPrus, B TOYHOCTU paBHasi paboTe BHYTPECHHUX

CWJI IPHU HAIrpy’>kKCHUM Ha ICPCMCHICHHAX TOUYCK TCJIa:
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IIpn HarpyxeHun Oe3 HarpeBa yHpyroro Tteja, paboTa BHEIIHUX CHJI B

TOYHOCTH paBHA HOTGHHH&HLHOﬁ OHCPIUU, HAKOIIJICHHOM B TEJIE:!

W =U (11.9)

B ynpyroii, HarpeToi KOHCTPYKIMH, 3TO MPABHIIO YXKE, HE COOJIIOAaeTCs —
CBOM BKJIaJ, BHOCUT TEIJIOBash OHEPrus uepe3 KOIPPUIMEHT TEIIOBOTO

pacIIpeHus.



CTagMu __ pelleHns  CTaTMYEeCKU _OonpefenvmblX 3343y Ha __ oceBoe

1) Beectu rmobanbHyto cuctemy koopauHaT XYZ, HanpaBuB Z MO OCH CTEPKHS.
Hauano orcuera 1enecoo0pa3HO YCTAaHOBUTH Ha 3aKPEINIEHHOM KOHILIE CTEPIKHS;

2) V36aButThecs OT 3a/€JIKH, 3aMEHHUB €€ peaklueil Onopbl, UCXOMAsl U3 YpaBHEHUS
PaBHOBECHUSI BCETO CTEPKHS:

> F, =0

3) Pa3outhb crepxKeHb Ha YYaCTKHU ! @, @, @ nT.A.
['panuIiaMu y9acTKOB CITyXkart:
a) KoHIIbI cTepKHS;
0) ToYKHM NPUITOKEHHS COCPEAOTOUECHHBIX CHIL;
B) ['panuiibl nelicTBUS pacnipeieIEHHBIX CUJT;
r) 3MeHeHus mionaiu NornepevyHoro CeueHusl;
1) 3mMeHeHust 3Hau€Hust MOJyJIsl yIIPYTOCTH.

4) Ha kaxaoM H3 y4acTKOB BBECTH CBOM JIOKQJIbHBIE CHCTEMBI KOOPJIHUHAT
Xi, Yo, Zy, oo, X, Yy, Zj ... Ocu  Zj NOKaJIbHBIX CHUCTEM KOOPJAMHAT
1eaecoo0pa3Ho HAPaBUTh 10 HAMPABJICHUIO OCU Z TI100aIbHOM CUCTEMBI;

5) Meronom ceuenuii (PO3Y) ompenenuts pacnpeneicHue BHYTPEHHEH OCeBOU
pactsruBatonieii bl N 1Mo CTepIKHIO!

Z in =0 — ypaBHeHHE paBHOBECHS OTCCUEHHOM YacTH

6) Ha ka)x10M U3 y4acTKOB IIOCTPOHTH IIMIOPY OCEBBIX HATIPSHKCHHIA:

N. M
o; = ?' rie Aj — TIoIab MOMEePEYHOro CEYeHUs Ha I~ yJacTke);

7) To smropam HanPsHKEHHUE TOCTPOUTH SITHOPHI Ie(hOpMAaIHid:

O M
& = E—' rae Ej — Momyns yIpyrocTs MaTepuaa Ha i y4acTke;

8) ITocTpouTh AMIOPHI OCEBBIX MEPEMEIICHUN:

KOH

i
W, =W, +_[5i -dz, e WiK_Of — [IEpEMEIIEHNE B KOHIIE NIPEABIAYIIErO yyacTKa.
0



1) Ha cBOGOAHOM OT COCPENOTOYEHHBIX CHJI KOHIE CTEPIKHS 3HAUYCHHS DITIOP
N, o u & paBHBI HyIIIO;
2) Ecnau Ha KOHIE CTEPKHS NPUIOKEHA COCPEIOTOYEHHAS CHJa, 3HAUYCHHUE

SIIIOPbI N B 3TOM TOYKE YMCJIICHHO PaBHO 3HAYCHUIO CHJIBI,

3) B Toukax IpHIOKEHUS COCPemoTOUeHHBIX cuia smopa N mmeer ckaukwy,
PaBHBIE IO BEJIIMYMHE ITUM CHUJIAM;

4) Ha smrope W pa3pbIBOB HE ObIBACT;

5 g=N’,

6) &=wW',

7) B sanenxe W=0;

8) IIpoBepuTh MPaBUILHOCTE MOCTpoeHUs smiopbl N MOXKHO, mepecuuras

3a/a49y IIPY HAIPABJIEHHUAX JIOKAIBHBIX OCEH Zj MPOTHUB II00anbHoM ocu Z.



ITpumep 11.1

YcnoBue paBHOBCCHA:

y pacuéTHasa cxema
E, A - , >F,=0=-R+F = R=F
R<_ ~ 4c / D
Peakiust R monoxurenbHa, 3Ha4uT
I
y < > HanpasJICHUE €€ Ha pacuETHOM CXeMe
CHJIOBad cXeMa
- h @ E 7 YKa3aHO IYHKTUpPOM BepHO. Eciu
C D
< ' > pacu€r mokaspiBaeT R<0, 3HAUMT
J—i peaKkuus Hampawi€HAa B JIPYIrYyIO
CTOPOHY.
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ITpumep 1.2

W=7, U=?
. yB E, A Jq ,
e 2. F,=0=-R-ql
| R=—q-l
y R <0 3nauum pearxyus
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| | 2 3
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=|w,(z,)-dz, = - -dz, =- ,
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[TorenunanbHas sHEprus Aehopmaluu:
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PaGoTa BHEemIHUX CcHT:

1
J
=1F W+1F WEF W+1F W
2 2 °2 2
1 1 2-F1 1 2-F1 1 F1 5 F?.I
—Z(=2-F)-0+=-(2-F) 2 4= F.2 L= (-F) ==
g (2 E) 04 (2 F) g Pty () g a = e e

[TorenumanbHas sHEprus AehopMaInu:

U:ZIN -dz,
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CTaTMyecKn Heonpeapaenumble 3agaumu

OT pa3MepHOCTH 3aJa4ydl 3aBUCUT KOJIMYECTBO HE3aBHCHMBIX YpaBHEHUI

CTAaTHUYCCKOT'O PaBHOBCCHS TCJIA:

OpHOMepHBIE 3a7]a4l — 00HO YPABHEHUE PABHOBECHUSI:

w
=

Y4

——t e — > > D> > > — | — > ZFZ:O

®p
_._._i__._.f_éﬁ_ﬁ_‘ﬁ_%_g_._._; M, =0

JIBymepHbIe (IUI0CKHUE) 3a7a4d — mpu YPaBHEHUS paBHOBECHS:

’ ¥ N SF,=0
1‘ T V> uw xF =0

< |—

T YM. =0
I =M.

TpexMepHbIe 3a/1a4u — wecnmsb yPaBHEHUN PABHOBECUS

Y nV
>F =0
< >F,=0
>F, =0
W >M, =0
N M, =0
Z < y
0 ’ N XM, =0



Ecain koaM4ecTBO BHEIIHUX CBSI3€M MeHbule KOJIMYECTBA ypaBHCHI/Iﬁ

PaBHOBECHA — IIEPEC] HAMHU OJJTHO3HAYHO MeXaHHUBM.

IR\’

AV Ay ¥

Ecnm  KOIMYEeCTBO BHEWMIHMX CBS3€M pasHO KOJIMYECTBY YPaBHEHUM

PaBHOBCCHUA (I/I OHH, IPCITCTBYIOT IICPCMCIICHUIO TCJIA I10 Ka}KIIOﬁ 13 CTCICHEU

cBOOOIBI) — IEpe]l HAMH CTaTHYECKy onpeneanMas cucrema. Peakuun

CBSI3€H MOJIHOCTBIO OIIPCACIIAIOTCA N3 CUCTCMbI ypaBHGHI/Iﬁ PaBHOBCCHA:

<s- Vo
<- - — %-C | -

T

Ecin KOIM4YecTBO BHEIIHHUX CBA3EH npegviuiaem HYHUCIO YPABHEHUU
paBHOBECUSA U OHU IPEIATCTBYIOT MEPEMELICHHUIO Tea MO KaXJAOW U3 CTENEHEU

CBO6OI[ — IIEpCO HAMH CTaTHUYECKH HeonpeneJauMasi cucreMa.

Z, ‘1’
<= - — v——R>2 <_§:O | >

D ;7£7'? Y, /7I7?Y2 ?YB

31ech ypaBHEHUU CTAaTUKU YK€ HE XBaraeT ISl OINpENENICHUs] BCEX peaKkiui

cBs13eil. Hy KHBI OTIOTHUTENIbHBIE YPABHEHMUS.



HCO6XO,III/IMOG KOJIMYCCTBO AOHNOJHHUTCIBHBIX ypaBHCHI/Iﬁ Ha3bIBACTCA

CTEeneHBI CTAaTUYEeCKOM HeonpengeanMocTy CUCTCMBIL:

N=0,, —N, (11.10)
rac
T’lHewg_ — KOJIMYCCTBO HEU3BCCTHBIX (peaKHI/II/I CB}ISI/I);
nyp_ — KOJIMYCCTBO HE3aBHUCHUMBIX ypaBHeHI/Iﬁ PaBHOBCCHA.
n=2-1=1 n=5-3=2
Z4 i
Rl R Rz <---
<- -3 — Rk--> ¥
A | A A A
LYy Y2 'Yz 7Y,

I/ICHOJ'IIBYH MECTOH CG‘ICHHfI, MOXHO B Ka4YC€CTBC HCHU3BCCTHBIX BMCCTO

peaknuii paccMaTpuBaTh BHYTpEHHHE CHIIOBBIC (akTopbl. 3HaueHue /1 310 He

MCHJICT.

n Heuszs.— 2 (NZ n Nl)

n,,=1 (ypaBuenue (1))




JIOTIOJTHUTENBHbIE YPABHEHHS HE UCIIONB3YIOT YCIOBUS PABHOBECHS.

B CTEpKHEBBIX CHCTEMaxX IIPU PACTSHKCHMU/CKATUM OHU  OTPAXkKAIOT
COOTHOIIEHHS MEXKIy YUIMHEHUSAMH Y4YacTKOB CTep)KHEH IIpu IepeMelieHuH
TOYEK CHCTEMBI. BHEIIHSS HArpy3Ka MpH ATOM HE yIUTHIBACTCsI!

O;

il = N; - £,
E,

I_Ei"Aﬁ

MCIKOY Ag i ICPCCUUTBHIBAIOTCA B COOTHOMICHUA MCIKIY Ni .

ITorom wepe3 3akoH ['yka Aly=¢-l; =

COOTHOIICHUA

) E,A\ All : ’
—F—— === . — —- o~ ————— _F_._
, —— 7
-Alg
Al =—AL,
I
Al +Al,=0 ’
ANINSNANY
Ny Noly g oy
E-A E-A AL, =—Al,-COSa
Pewas cosmectHo (1°) u (2’), Haxoaum Al,=-Al,-CcOSx

HeunssecTHble N, n N, .

I[OHOJ]HI/ITCHBHBIG YpPaBHCHUA TAKKC Ha3bIBAIOTCs YPaBHEHWUIAMA

nepeMeleHu’ Wil ypaBHEHUSIMY COBMECTHOCTHM LedopMaLiuii.

3aMedaHHUE:

Ynpyraa TemnepatypHas
COCTaBAAKLLAA COCTaBAAOLLAA
IIpu Harpese:
t
e=&c'+e =—"—+a-At

TOTJA:



MexaHUMUYeCKMEe XaPaAKTEPUCTUKHU

MaTepunanos

B ciaydasx OZHOOCHOrO HANpSKEHHOTO COCTOSHUS MPU  BO3pPAaCTaHUU

Harpy3kKu MajJoyriicpoaucTtasa CTajlb BCACT cebs CJICAYIOINM 06p330M:

F F
<0O—> 6, - 4
< / >
& = Adz
67 “:: ? 6> 7 dz — deghopmayus
< __fz (omHocumenvroe yonuHenue)
dz A dz
6:
A E g
6. JE obpasoBaHue
LIenKM
nouaae R e
TekyyecTu y4acTok paspywenve
PacTsxeHune 6 B B ynpo4HeHna obpasua
LI I Y.
T O -
nuep A
6.=E * & - 3akoH lNyka
0 Gz
\
Cxatve
:?% Gye } —
npekpaLyeHns
akcnepumenta ” 7 J
/
0
Puc.11.8.

- cxematm3anus [Ipanatis (udeanvHeliil ynpyao-naacmuveckuili mamepuan).

Orp ® —Opc =07



OTta jauarpaMMa pacTSOKCHUS/C)KATUs HA3bIBACTCS YCJIOBHOM, HO00

HanpspKCHUEC Oz BBIYHCIBICTCA HpI/I6HI/IBI/ITCHBHO, ACIICHHUCM paCTﬂFHBaIOHleﬁ

CTCPIKCHb CUJIbI Ha NICPBOHAYAJIbHYIO TNIOHIA/Ib ITOIICPCUYHOI'O CCUHCHUA !

)

=
o, & — (Gzz—=|N=F|=—

Ao Ao

Ha camowm xe neine, cTepKEHb YTOHYAETCS MPU PACTSHKEHUU U YTOIIIAECTCS

IpU CXKaTUHU. A TIpU HANPSHKEHUSX, BBIINIE TOYKH // BooOIIe 00pa3yercss MeCTHOE

YTOHEHHE — wWeryka — IUIOAAb IIONEPEYHOIO CEYEHHUI M &, B KOTOPOHU
3HAYUTEIIBHO OTINYAOTCS OT IEPBOHAYAIIBHBIX.

Ecnu Obl MBI BBIYUCISUIM OCEBOE HANPSDKEHUE 07 JEJICHUEM TEKYIIEH CHIIbI

F Ha Texyuryro miaonaae NOnepeyHoro ceueHus 4
o, =—
A

TO MOJYYUIIN Obl XCTHHEY0 AUATPAMMY PACTSKEHUSI/CKATHSL:

,
62 - NCTuHHasA anarpamma

> B ycnoBHaa anarpamma

F
62= k.

&

0
CXXatue He nokasbiBaem

rokasblBaem-
BuB CUMETPUYHO, a
hanblle HeMHTEPECcHO

Puc.11.9.

HO!
1) TlocTossHHO 3aMepsTh TEKYNIYIO IUIOMIA/Ib MOIEPEYHOro CedeHHs oOpasia

(1, 0COOEHHO, PACCUMTHIBAEMOW KOHCTPYKTOPOM JI€TaM) JJIsi TMOCTOSHHOTO
CpaBHEHUS C AMArpaMMoi — 3a/1aua TpyJoEMKas;

2) Ha yyactke OB (caMOM UCIOJIb3YEMOM) 3TH AUArpaMMbl MaJIO OTIHYAIOTCA.

[losTOMY Ha IPAKTHUKE BCETJA MOJIB3YIOTCS AUArPAMMOM YCIIOBHOM.



XapaKTepHLIe HAITpsKCHUA YCHOBHOﬁ JuarpaMMbl Ha3bIBAKOTCH IIpegesaMu.

O,y — npede NPONoOPYUOHAIbLHOCMYU — HANOOJIbIIIEE HAIIPSHKEHUE 10 KOTOPOTO

cnpaBeaiuB 3akoH ['yka: o, =E-¢, ;

0, — npeden ynpy2ocmu — HauOOJbIIEE HANPSIKEHUE, 10 KOTOPOTO MaTepHal

MPOSIBIISIET TOJBKO YIPYTHUe CBOMCTBA;

Or — mnpeodel meKydecmu — HaIpsHKEHUE, IO JOCTHKEHHUU KOTOPOTro

HAYMHAETCS MHTEHCUBHBIM pocT jgedopmanuii 0e3 3aMeTHOrO

MpUpamieHus Harpy3ku (MaTepuail «TeuéT»);

Oy — npeden NpoyHocmu — HAUOOJIbIIIEe HANpsHKEHUE, KOTOPOE CHOCOOEH
BbIJICpKaTh MaTepuai. Y IUIACTUYHBIX MaTepUalioB €CTh TOJIBKO Opp

(manmee — medka U pa3phiB) U HET Opc (IUIIOMIUTH MOXKHO J10
OCCKOHEUHOCTH). Y XPYIKHUX €CTh U Ogp U OB(C.

Opy = Oy = Op — MOITOMY B pacu€rax 4aiie BCEro UCIojb3yT O7.

[Ipumeuanue:

[Ipenen TekydecTH W Mpenesl MPOYHOCTH MO JUAarpaMme pPaCTSIKEHUS
ONPENEIAITCA OJHO3HAYHO.

Onpenenenus npeAesioB MPONOPLUUOHATBHOCTA M YIOPYroCTH BechbMa
ychnoBHBI. Tak dTH BEIWYMHBI W HA3bIBAIOTCS: VCIOGHble (MEXHUYeCKue)
xapakmepucmuxu. ECIM OCTaHOBUTBCA HA HUX, TO PA3HbIMU HCCIIEIOBATEIIMU
OyJlyT Ha3BaHbBI JIJII OJHOTO U TOTO e Marepuajia CyObeKTUBHO pazHbie ITUDPHI,
B€Jlb HUKAKUX UJACATBHO MPSMBIX YYaCTKOB Ha peajbHbIX JUarpaMMax HET U ObITh
HE MOXXET (BBl 9TO BHUJEIM HA MEpBON jabopaTopHO paboTe), a MIACTUYECKUE
nedopMaiyi B OTACIBHBIX KPUCTAJIaX BOBHUKAIOT C CAMOT'O Hayajla Harpy>KeHUsI.

HeoOxoaumbl uéTkue ompenercHus] MOHSATUN «3aKaHYMBACTCS JIMHEWHBIN
YYaCTOK» U «IIPOSIBIISIIOTCS TOJIBKO YIPYTHE CBOMCTBa». Takue onpenesieHus eCTh,
OHM PACCMOTPEHBbl HUXE, HO IJs MX TOHMMaHHUs Tpedyercs NpenBapUTeIbHO

O3HAKOMMUMTBCA C (I)I/IBI/I‘-IGCKI/IM SIBJICHUCM «3dKOH Pa3rpys3Ku».



3aKOH pa3rpyskKu

JIunus pa3rpy3ku IJIACTUYHOTO Marepualia MpEeCTaBlIsIeT cOO0N MPsIMYIO,
napajyielbHyl0 HauaJbHOMY Yy4YacTKy JuarpamMmbl. [loBTOpHOE HarpyskeHue

OCYHICCTBJIIACTCA 10 ATOM XKe prIMOﬁ.

MK //OA Ot

nosmopHoe HazpyxiceHue

HazpyreHue

pazepyska

z e=¢&"+&°
Puc.11.10.
m.O
A, B z AB =S
— — . — . —— —— — — — — — — _.>

F:Ab~6 m.K'
e __A_o__gB ________________ %_> A'B'=(l+8)-S

m.M
A’ B'' Z A"B":(].—F(C,‘P)'S
g4 - —————— = = —|-= i

A'B" =[1+ (€ - £%)]-S

B T. M mnpenen TeKydyecTH MaTepHaga CTEpKHA O yKe OoJblie

IIEepBOHAYAJIBHOTO O . Takoe «IOJHATHE» npeacia TCEKYUCCTH, IIpeacia

YOPYTOCTM U Tpenesia TPONOPUUOHAIBHOCTH MPEABAPUTEIBHBIM HarpyXE€HHUEM

HA3bIBACTCS HAKJIENOM WIU HAarapTOBKOMA.

[Ipeaen npoyHOCTH Oz HAKJIEN U3MEHUTH HE MOXKET.



TexHuuyeckue (ycnoBHble) XapaKkTepUCTUKU

MeXaHUYECKUX CBOMCTB MaTepuanos

[Iponenypa omnpeneneHuss YCIOBHBIX MEXAHUYECKUX  XapaKTePUCTUK
MaTepualioB OJMHAKOBA JUIsl BCEX OTpaciied MaluMHOCTpoeHUs. OTIM4aroTcs

mudpsl, NOpUHATBIE I ceds Kaxaol otpacinplo. [lpuBeném nHanbosee

pacupoCTpaHEHHBIE:
O
00’2 _-.—-—-———— e e ——
Gy : ““““““““ y
O T
Puc.11.11.
o4
—
3
gp=-1ga
a 2
E
0! 0,01% 0,2 %

Hpeéeﬂ nponopyuoHaivHocmu: HAIIPAKCHUC, HA YPOBHC KOTOPOIr'O TAaHI'CHC
yTJjia HaKJIOHaA KacaTelIbHOM K AuarpaMMce B IIOJITOpa pasa OoJIBIIIE TAaHT€HCA TAKOTO

e yrijla B Hauaje HarpyXeHus;

IIpeden ynpyzocmu: HanpshKeHUe, PU KOTOPOM OCTaTOYHbIE Jepopmanuu

coctasisaroT 0,01%=0,0001;

Jns cranei, auarpamMmMa Harpy>K€HHsl KOTOpPBIX HE HMEET IUIOIIAJKU
TEKYUYECTH, BBOJSAT VCIOBHbIU Npedel meKyyecmuy: HaIpsSHKEHUEe, MpU KOTOPOM

octarounbie Aedopmanuu cocTapistoT 0,2%=0,002.



CxematTmsauma amarpamm

Hcnonp30BaTh B MPOYHOCTHBIX pacy€rax AMArpaMMy PacCTSKEHUS/CKATHS
CTOJIb CJIOXKHOUW (POpMBI 3aTpyAHUTENBHO. Jla U yyacTok B-E B TEXHUKE MOYTU HE
UCIIOJIb3YETCSl. YJIOOHO IIPOBECTH CxXeMaTuBaruio — 3aMEHUTh pPEATbHYIO
JyarpaMmy €€ yrpoIleHHbIM aHaJIOTOM.

CxemaTuzanusi JuarpamMMbl MaJjOYIJIEPOJMCTOM CTalld — Juarpamma
UJCANBHOTO YIPYro-TUIACTUYECKOr0 MaTepuaina — Toka3zaHa Ha puc. |1.8.
cXeMaTH3aliyi JuarpaMM HEKOTOpBhIX JPYrMX MaTepuanoB (30Ha CxKaTUS He

IIOKa3aHa, OHa CHUTACTCA CPIMMCTpH‘IHOfI)Z

o Oz
z
KoHcmpyKyuoHHaa cmane A YyeyH
AP
O o — — — —
0,2 oy T———
tga=E
tg/B = ETAHI‘
0'02 — YCNOBHbIV Npeaen Teky4ecTu.
a &, 4
——
0,2% 0
o, Oz
Omox#éHHana medb Mécmkoynpyaue mamepuanel
. &7 &,
ol 0

Puc.11.12.



PacyéT Ha NPOYHOCTDHL

B 3aBucuMocTH OT Ha3HaYeHHWs JETalH, €€ CIOCOOHOCTh MPOTHUBOCTOSITH
pa3pylICHUI0 MOXET OBITh IpelcKa3aHa (paccuyuTaHa) JBYMs CIOCOOAMHU:
1) Pacuémom no nanpsiocenusm, 2) Pacuémom no nacpysxkam. IlepBbiii crioco0

IMPUMCHACTCS 9allc, €ro paCCMOTPCHHUCM U OI'PAHUYIUMCSH B I[&J'H)HG?IHICM.

O611ee ycinoBHe MPOYHOCTH KOHCTPYKITUU:

o <O—nped (”11)

max —
rIe
O max — MaKCHUMaJbHOE HaNPSP)KEHUE B KOHCTPYKIIUH;

O peo — TPENEIBHOE HAPSDKCHUE — HANIPSUKCHUE, TIPH KOTOPOM B MaTepuae
MIPOUCXOIAT KAYECTBEHHBIE N3MEHEHUS

O ypeo = O — I TUIACTUYHBIX MATEPHUATIOB;

O ypeo = O p — IUISL XPYIIKMX MAaTEPUAIIOB.

PacuérHrmi koSQPmMumMeHT Bamaca NPOYHOCTHM TOKA3bIBAET BO
CKOJIBKO pa3 0XHIaeMOE€ MAaKCHUMAJbHOE HAIPSHKEHHE B KOHCTPYKLMHU MEHBIIIE

NpcaACJIbHOro il JaHHOT'O MaTCpHalia:

n= aned

= (11.12)

max

N Bcerma >1 (ycmosue I1.11). M3-3a HETOYHOCTH OMNpPENEICHUS HArpy30K H

MOTPEIIHOCTEN pacu€Ta pealbHOE HANPSHKEHUE B KOHCTPYKIIUU MOKET IIPEBBICUTH

oxugaemoe. I3-3a OTKIIOHEHWsI CBOWCTB MaTe€pHalla OT 3asBJICHHBIX MOKET
HOHU3UTECA O ppey. [ TOro, 4ro0sl ycinosue |1.11 3aBenomo He Hapymanock u
peaycMaTpuBaeTCa HEKOTOPBIN 3amac Mo MpoYyHOCTH. YeM MeHbIe KOHCTPYKTOP
YBEpEH B JIOCTOBEPHOCTH pE3yJbTaTOB pacuéra, TeM ¢ OonpmmMm [ OH

MPOEKTUPYET KOHCTPYKIIMIO.



MuHuManeHO JOMyCTUMbIE (M3 ONBITa NPOEKTHUPOBaHWsA) 3HaydeHus [

3aKOHOAATCIILHO YCTAaHOBJICHBI JJIsA Ka}KIIOﬁ oTpaciia u Ha3bIBAIOTCA

HOPpMaTHUBHEIMM KOSPdHuIIMeHTaMyu Banaca HIPpOYHOCTH.

[n] =i (11.13)

YcnoBue eapanmupoanHol IPOYHOCTU KOHCTPYKITUU:

Omax <[] (11.14)
rie

— aneo
[O' ] [n_] — JgonycTuMoe HAaIpsIXeHHe.

v

[Ipu cBOEM CO31aHMM KOHCTPYKLHMS ITPOXOJUT YEPE3 IBa pacyera:

|) DpoexTuporoUHEs:.
CocraBnsieTcst o0miasi cxema Oyayiero usaeiaus (KOMIIOHOBKA); pa3Mephbl
JeTalied  TOAOMparoTCs  TaKWUMH,  YTOOBI  YAOBJIETBOPUTH  YCIIOBHIO
rapantupoBanHoi nmpounocty (11.14).

Brimyckarorcs ueprexu.

I1) DpoBepoursnt (moBEPOUHEDT):
[Io pasmepam Jgerasieil Ha 4YepTEXax BBIUYUCISIIOTCA PACUYETHBIE
koa(ddurmenTs! 3amacoB npodnoctu [N neraneit. Bee Beruncnennsie N momKHbBL

OBITH GOHBHIG, HJIX paBHBI [n], TOJIBKO TOIrAa U3ACJIINEC I/II[éT B ITPOU3BOACTBO.

Haumenbmmii w3 BBIYMCICHHBIX MpH  TpoBEepouyHOM pacuére

Ha3bIBaeTCs KOAPPUITMEHTOM 3araca MPOYHOCTH BCEH KOHCTPYKITHH.



Pacuért Hecyulei cnocobHOCTM YNPYro-naacTUyecKUX KOHCTPYKUUM

«PacyYET NO NpeaeNbHbIM HAarpyskam»

BONBIIMHCTBO 3J€MEHTOB KOHCTPYKUMH M JE€Talel MalmuH padoTaroT
YIpYTO.

EcTb, onHako, Takue, B KOTOPBIX JOMYCKAIOTCS HEOOJBIINE TIACTUYECKUE
nedopMaruu: Kopiyca TypOuH, 3aKIEMOYHbIE BB U T.1.

Iloka He mnoTepsHa ynpyras CBs3b OO0JIACTH NPUIOKEHHUS HArpy3Ku C
OIIOpPaMH, KOHCTPYKLUS CIIOCOOHA YAEPKUBATh BO3PACTAIOLLYI0 HArpy3Ky, Haxe

HMEs «IIOTEKIINE) YaCTH.



I1.4 | Liper yyacTkoB COOTBETCTBYET Ae(OPMALIUAM:

o
Marepwnaun : A ?
a) KOHCprKI_[I/ISI HE Harpy>xcHa: o
- — — — (O ————
T
pacTsaxeHue
YA E A c
z
) / @ @ y f} >
/] / Z
_2_ ......... — — —f— > cxarTue
v C Z
21 | o,
0) O6a yuacTka yrnpyru:
F
F<F e 2k
y T o, = 3 A << o, 3 A

2) BTopoil yyacTok Teuér:

FT<F<FHP 0'1=E=0'T

N, =07 -A

7 N,=(F-o;-A)

0) IlepBbIit yuacToOK Ha TIpesesie ynpyrocTy, BTOpoi TeUET (MIpeaesIbHOe COCTOSHUE):

F =20, A
y e Or N, =(Fpp -0, -A)= or 3 or




i
/ 8) 0)
O - A — N ?
| |
HarpyxeHue I : :
= ! | |
| | |
- | | |
/ | ! !
pasrpyska : : :
| | |
| | * |
. L F _F
O L] l_ | ]
_NPA3DD HarpyxeHue R =1 5-O-T|' A Fln” =2-0.-A
| |
A | |
G .
B e ———
2 T
pasrpyska I i |
| |
| |
|
o A L2
T )
— 7 J
' N
6) 2
Puc. 1114,

Ecnu na craguu “2)” OCTaHOBUTH BO3pacTaHWE HATrPy3KH (JOMYCTHM, MPHU

snaueHnn F=F*) u memienHo pasrpy3uTh KOHCTPYKIMIO, TO HamlpsbKEHHE O,

BHyTpeHHHE cuibl N; M mepemeleHus Todek crepskHed W., HOAYMHSAACH 3aKOHY
pasrpy3ku (puc. 11.10.) Oynyt yObIBaTh 1O MPSIMBIM, MapajUIeIbHBIM HaYaJIbHBIM

(puc. 11.14.).

HpI/I O9TOM B YYa4aCTKC @ HAKOIINIHUCh OCTAaTOYHBIC ITJIACTHYCCKUC

P
nedopmarmn & (momo6HbIe puc. 11.10., T. M). IlpTasce pa3nBUHYTH CBOU
MOTIEPEYHBIC CEUCHUS Ha JUIMHY, OOJIBIIYI0 IepBOHAYAIBHOW, Y4YacTOK @

CKUMACT Y4aCTOK @I/I CaM OCTacCTCs CKATBIM.

onc)

y @ @ o, = ——rarr 0_2:7¥




I1.5 | LseT crep:xueii cooTBeTCTBYET Ae(OpPMALMAM:

Marepna:

O |——— O —
pacTsxeHue

&

Ve

cxarmne
_(;__ —— -0y

7

2)
W pasrpysxa
—————— —
Fr<F<Fnr

FﬂP




3HaueHue MpeAesIbHON Harpy3Ku MOXHO ONpPeNeuTh 0e3 MoCTaIuiHOro pacuéra.
Cnengyer paccMOTpeTb BCE BO3MOXKHBIE BapUaHThl MPEIEIbHBIX COCTOSHUM H
BBIOpAThH TOT, JJISl IOJIIEPIKAHUSI KOTOPOTO TPEOYyeTC s MUHUMATbHAS HATPY3Ka.

I1.6 |IIseT cTep:xueit cooTBeTCTBYET Ae(OpPMALHAM:

(o)
ILE, A ILE A ILE, A A
@ E @ ® oy T———5
a a 2a m%
[
F~0 % =
Bapuaum | — nauunarom meusb nepevlii u 6mopou y4acmKu.
Z M 0 = O =
O, A Or 1\ 3 :_O-T.A.4a+|:np.3.a_
Fur T
—-0,-A-2-a
a a 2a &
D . |
B C —0
e — - —\ Hosoxenme 6pyca
IIpy TaKMX YCHIIMAX.
"Prmin
Bapuanm 2 — nauunarom meus nepewlil u mpemuti Yy4acmku
O'T'A NZ \1,O-TA ZMC:O:
Fop i _ =—0,-A4-2-a+F, -a-
-
a l a o//‘za I —GT'A'Z-a
[ e o]
B _-~C O
-~ —
- an =4. O, A

Bapuanm 3 — nauunarom emopoii u mpemuu yuacmru:

N, o, A o, A ZMB=0=
i FIIP ¢ Z—E,p'a+O'T'A'2-a+
B__ C o)
\\\\\\ an:6’O-T°A



HBCT CTGp}KHCﬁ COOTBCTCTBYCT I[G(bOpMaHI/I}IMZ
o
MarTepnuasr:
O | = = = D e

pacTsxeHne
&

Ve

A\
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Bapuaum I — nauunarom meus nepevlii u 6mopou y4acmKu.
2a C
> M, #0 — Hepeamuzyemo;

B a o]

o
o, - A 1O'T -A
! D Fup
G
v
N3
Je

Bapuaum 2 — nauunarom meusv 6mopoti u mpemuil y4acmu.

a 0 2a C
: 5 @: >F, =0=

O-T'Al =—-F,+o,-A+o,-4;

I D
" @
I _Z.GT.A

o,-A
i&

Bapuanm 3 — nauunarom meuv nepsviil u mpemuti y4acmKu:
>XM,=0=0,-4-a-F,, -2a+

B a 0 2a

i
o, A
‘i(é( FIII’
v

Ul—) “—a:ln

"Pmin



1.8 L[BeTa Y4aCTKOB COOTBCTCTBYIOT ,Z[C(bOpMaHI/IHMZ

y 2:A
v . A

y F ./( v ; o

Y Marepnas:
4 — —— e — | — P —  — . & — . —. C—_—
B C D H o7 | = == o

: k pacrTsaxeHue

\ ) 5 £
@ @ @ cxaTne /
——— o

Bapuaum I — nauunarom meus nepsviu u mpemuu Y4acmku:

o 2XF,=0=-2-0,-A+F, -
O-
Z'O-T'A[Li - o
F,=30,-4

Bapuanm 2 — nauunarom meus nepewiii u 6mopou y4acmiu:

o, o, ZFZ=O=—2-O'T-A+an—
2-0;-A 2-0; - A 7 —2-0,-4
an=4-O'T-A

F_ =3-0,- A, 3naunt, Ha npaktuke peanusyercs Bapuanm 1.

"Pmin



XapaKTepuUcTUuKU NAaCTUYHOCTU MAaTEPUANIOB NPU PACTAXKEHUN

[MpumepsI |||.4|...|||.8| pelleHsl B MPEANOIOXKEHHH O TOM, 4YTO

«MOTEKIIUI CTEPIKEHBb TSHYTHCS (COKpAIAThC) MOKET 10 OeckoHewHOCTH (puc.
[1./5a.). A 3t0, ecrecTBeHHO, He Tak. [Ipy KakOM-TO &, HaYMHAET Pa3BUBATHCS

nporiecc paspymenus (puc. 11.156.).
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B sTOM ciyyae MCHOJB3YIOT CHPABOYHYIO XapaKTEPUCTHKY, HA3bIBAEMYIO

OTHOCHTEJIEHOE YIAJIMUHEHWUE NPH PaB3PHIBE:

5='KI;'°-100% (11.15)

0

O6pazery 10 U mocie UCHbITaHUsI Ha pacrTsokerue (I, 2 U 3 — MONepedHble CEeYeHHs A0 HarpysKeHus,
CMEIIAIOIIHECs B OJIOKEHUS 17, 2’ 1 3’ COOTBETCTBEHHO ITOCJIC HATPY)KCHHUS):

Puc. 11.16.



OTHOCHUTENBHOE yJIMHEHHE IIPU Pa3phiBE O MPUMEPHO PABHO OCTATOYHOU

nepopmanuu npu paspyiienuu &, (puc. 11.156.).

ocm
O - OCHOBHasg XapaKTEPHCTHUKA IUIACTUYHBIX CBOICTB MaTepuana
(otoxokénHas menb, Hanpumep, umeer O =00%; marepman ¢ O >8% yxe
MOJKHO CUMTaTh IUIACTHYHBIM). OIHAKO I CIEIHAINCTOB, 3aHUMAIOIIUXCS
IITAMIIOBKOH MJIM BOJOYEHHUEM, OJTHOM STOM BEJIMYHHBI OBIBAE€T HEIOCTATOYHO.
Bropoii XapaKTEPUCTUKON IUIACTUIHOCTH Marepuanga  SBISETCA

OTHOCHTEJIEHOE CYXEeHHe IIPpW pPasBpHIBe .

V/=T-100% (11.16)
rae (cM. puc. 11.16.)
m-d? 5
A= T - IOTNIEPEYHOEe CeYeHre padoueil yacTu oOpasiia 0 UCTIHITAHUS;
m-d? 3
A = T - HauMMEHbIIIEe MOINepeyHoe ceueHue padoued yactu olpasia

IIOCJIC UCIIbITaHH .

Hu B kakue pacuéTHbie GOPMYIIBI I/ U O HE BXOJAT.

Benuuuny O , BIpodeM, 3a HEMMEHHEM JIydlIEH CIpaBOuHON HH(OPMAIUH

WHKEHEPHl HUCIOJIB3YIOT TPH CXEMaTU3aluu Juarpamm  JaeOopMHUPOBAHUS

MaTepuaia s onpeaeneHus €, (puc. 11.156.):

ng5+% (11.17)



BanaHMe pa3nnyHbiX daKTOpPOB

Ha ME€EXAHUYECKNE XAPAKTEPUCTNKN MaATEepPpUNanos

NPUN PACTAXEHUUN U CHKKATUMU

JluarpamMMBbl pacTsOKCHUST WIIM COKaTHsl, IPUBEICHHBIC paHee, MOJIyUYeHBI MpU
OTPENICTIEHHBIX YCIOBUIX: KOMHATHOW TeMIIepaType, CTaTUYECKOM HarpyKeHUHU
(cuybl MHEPUMKM HUYTOXKHO MaJibl) 0€3 OCTAHOBOK B MPOIECCE UCTIBITAHUS.

[TomoOHY0 Harpy3Ky HCHOBITBIBAIOT OOJIBIIMHCTBO JICTAJIC  MAaIlMH,
pabortaromux psgom ¢ Hamu. Ho He Bce. Jleranu paBurareneid, Hampumep,
paboTaroT B AKCTPEMAJIbHBIX yCIoBUAX. ClydaeTcs, YTO M BECh anmapar JJisl TaKUX
yCIoBHUH paboOTHI co3/1aH (pakeTa, HarpuMep). Horma HeoOX0oAMMO MOICIIUPOBATh
MOBEJICHUE MPOCKTUPYEMOTO U3/ICNIUS B ABAPUMHBIX CUTYaIUSX.

HyxHo 3HaTh (DaKTOPHI, U3MEHSIONINE MEXaHUYSCKUE CBOMCTBA IIPUBBIYHBIX
JUUIS HAC MaTePUAJIOB U CTETICHBb UX BJIUSHUS Ha 3TH CBOMCTBA. ITH (DAKTOPHI:

- CKOPOCTh U3MEHEHUS HArPy3KH;
- TEMIIEpATypa;

- IEPUOJT HArPYKEHHUSI.

Ckopocmb usmeHneHus Hacpy3Ku.:

B »TOoM ciydyae pasznuyaroT «CTaTHYECKOE HarpyXeHue» U «ObICTpoe
HarpyxeHue». OrmnpeneneHre 3aBUCHUT OT TOro, YCHEBAIOT JIM B MPOLECCE
Harpy>XeHHs TUIacTUYeCcKue eopMaliuy peain30BaThCs B TIOJIHOW Mepe WK HET.
B nepBoM ciiydae maTepuall MposiBISET MJIACTUYECKUE CBOMCTBA, BO BTOPOM BEIET
ce0s1, Kak Xpynkui u 6osiee npouHsiil (puc. 11.17). KauecTBeHHO Tak e Ha MeTaJll

BJIMAICT, HAIIPHUMCP, 3dKaAJIKa — OH CTAHOBUTCA XPYIIKUM H Ooee IIPOYHBIM.

BbIcTpO M3MEHSsIoIasicst
Harpyska

Crarudeckoe Harpy>XcHue

0 Puc. 11.17.



Temnepamypa:

C mNOBBIIEHWEM TEMIIEPATypbl METAUIa YMEHBIIAKOTCA €ro MOIYJb
ynpyroctu E, npenen tekyuectn o7 (umu ogp) u npenen npoyHoctu oz Ha sTom

3(1)(1)CKTC, KCTaTH, OCHOBaHa KOBKa. MenstoTcs OHH, IIPUMCPHO TaK, KaK ITOKa3aHO

Ha puc. 11.18.

Puc. 11.18.

Crnenyer, OJHaKO, 3aMETHTh, YTO HW3MEHEHHUE MEXAHMYECKHX CBOMNCTB
MaTepuaia «0TcTaéT» OT U3MEHEHHsI TeMIieparypsl. [ paduku, mokasaHHbIe HA puc.
[1.18a. momy4yeHsl pu yCIOBUM JJIUTEIHHON BBIACPKKH METaIa MPU yKA3aHHOU
TEeMITepaType Nepe1 UCITBITAHUSIMU.

[ToaTtomMy, Hampumep, B PakETOCTPOCHHM, TJI€ HArpeB U3JACIUN IIpU
AKCIUTyaTallui MPOUCXOAUT OYEHBb OBICTPO, MPEHEOPETaloT M3MEHEHUEM CBOMCTB

Marepuana, eClii HarpeB Mpou3ouién 3a 5-10 MUHYT 10 pacy€THOTO epHo/a.



Ilepuoo naepyoicenus:

3aBucuMoOCTH, TOKazanHble Ha puc. |1.18. momydeHsl Ha OCHOBe
HaOMIOCHU 3a BCE BpeMsl HJKCHEPUMEHTAa. ODKCHEPUMEHT JUIMTCS MUHYTHI.
JIeCTBUTENFHO B TMPOJOJDKEHHH OSTOTO BpeMEeHH oOpaser] Moja ACHCTBHEM,

*
nomyctuM, Hanpsokenus o (puc. 11.18a.), He cinomaercs. A, eciu 1oJ aeiicTBrEM
ATOr0 HAIPSHKEHUS €r0 OCTaBUTh B MCIbITaTesibHOM MammHe Ha 100 wacos? 1000
gacoB? 10000 gacoB? He ¢hakT, 4TO HE JIOMHET.

[Ipu BeicOKMX TemmepaTtypax (cBbimie 300°C) HEOOXOAMMBI UCCIEIOBAHUS
OAATENBEHOM HNPOYHOCTH C KOppekiuei ooenx kpuBbix or(t°) oz(t°). Kpusbie
JUTMTEIIbHONH TIpoyHOCTH s ctamu 12MX mokazanel Ha puc. 11.19. Tlpenen
MPOYHOCTH, KaK (PYHKUMS BPEMEHH M TEMIEPATypbl HA3bIBACTCS IpenejoM

OINTEJBHOWU IPOYHOCTH.
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Cronp OOMIMpHBIE JKCIEPUMEHTAIbHBIE HCCIIEAOBaHUS 4YpE3BbIYANHO
noporu. IloaTomy, yaimie Bcero, MOCTPOEHHUE KPUBBIX JIUTEIBHOM MNPOYHOCTH
MPOBOJAT MO MPUOJMKEHHBIM METOIMKaM, Harpumep Jlapcona-Muiiepa.

IIpenen Tekyuect, Kak (DYHKIHS BPEMEHHM M TEMIIEPATyphl Ha3bIBACTCS
npegesoM mnonsydecTyu. Ero usydyeHuem (Kak W SIBJICHUEM IOJI3y4eCTH

BOOOI1IE) 3aHUMAETCsl OT/IeNIbHAsl HayKa TeopusT HOJABydYeCcTH.



