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CTtepeHb NPAMOYronbHOro

nonepevyHoro cevyeHusAda

PaccmMoTpuM mpsiMOM YHCTBI HM3THO CTEPKHS MPSIMOYTOJBHOTO TMONEPEYHOrO

CCUCHMUA

b

———— i

CrepikeHb BBIMOJHEH U3 UJIEaTBLHOIO0 YIPYro-TJIacTUYECKOro MaTepuara;

o)

Puc. VIII.1.

BrinmosHseTcsa runoTe3a IIOCKUX CCUCHUM:

N —
L)

C yBenMueHHeM BHYTPEHHEIro M3ruOaroero MoMeHTa SII0pbl HAPSHKEHUM

U nedopMaiuii B MONEPEYHOM CEUECHUHU CTEPKHS MEHSIOTCS CIEAYIOIUM 00pa3oM

(em. puc. VIIL2)):
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Ynpyzoe cocmosnue:

o=FE.-¢;
2
GmaXZMX : (S szﬁ.
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IIpedenvroe ynpyeoe cocmosinue:

BCpXHI/Ie N HWXXHHUC TOYKH IOICPCUYHOI'O CCUCHHA I'OTOBBI IIOTCYb:

Omax — O7s Opin =07

Buyrpennuii  wsrubarommii  Mmoment M BBI3BIBAIOIIANM  TaKOE

X

COCTOAHHC, HA3bIBACTCA HDpenqeJibHEIM yrpyrviM BHYTPCHHUM MOMCHTOM

M::

o =0, =X = | M =0 -W, (VI1.1)

anyeo - naacmu4yeckKoe COCmosiHue.
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Y1 - rpaHuua ynpyrom u miacTU4eCKON 30H CEUECHUS:

y _ O-
T => yngT-IOZ—T‘IO (V”IZ)

&r = E

Yem Gosbuie My , Tem Oonblile KpUBU3HA, MEHBILIE O, U HUXKE TpaHuLa )t .



IIpedenvnoe cocmosnue:

¥r =0 — mnactiaeckas 30Ha OXBaTHIIA BCE MOMEPEUHOE CCUCHIE CTEPIKHSL.

+07 , BBIILIE HEUTPAIBLHOIO CII0SL.
O =
—O7 , HIDKE HEUTPAIILHOIO CI10SL.

BuyTtpennuit uzrubaromuii MoMeHT My , BBI3BIBAIOLIUN TAaKOE COCTOSIHHE

Ha3bIBACTCS IIpeneJIbEHEIM,
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M, =M, =o,-W" (VI11.3)
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usruby npsimoyronsHoro ceuenns. (VIII.4)

®opmyinsl (VIL.3) u (VII1.4) BeiBoASITCS clieayronm o0pa3oM:
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BuyTtpenHuii MoMeHT My He MoOXkeT ObITh 0OJbIlIE€ MPEAEIBHOTO 3HAUYEHUS
M ”
x - Marepuan He CIocoOeH ero yaep)kaTb, MO0 HANpPsLKEHHS MPH JHOOBIX

nedopMaIusax He MOTyT IpeB3oiTH oTMeTKYy OT ( puc. VIIIL1.).

Ecnu BHeWHSs Harpy3Ka CTOJIb BENUKa, YTO TPeOyeT pa3BUTHS BHYTPEHHETO

n o
usrubaromero Mmomenta oonemero M ™ | To HaunnaeTcs muHaMMUeckuii mporecc
IUTACTUYCCKOro J1e(hOPMUPOBAHMS: KOHCTPYKIHS HeoOpaTHMO (HOpMOU3MEHSETCS

BO BPEMEHH.



CrepeHb NPOU3IBONbH OFO

nonepevyHoro cevyeHusAda

Cramuu  nmedopmupoBaHHMsl  CTEp)KHS € TIOMEPEYHBIM  CEUYCHHEM
MPOU3BOJIBHOM (POPMBI MPU YUCTOM YIPYTO-TUIACTHUECKOM HM3ruOe aHaJOTHYHbI

puc. VII.2. 3a ogHUM UCKIIOYEHHEM: B TPOIECCE YIPYTro-TIaCTUYECKOTO
nepOpMUPOBAHUS HEMTPATIBHBIA CIIOM MOCTENEHHO CMEINAETC OT OCH X, K OCH
Xnaem ¥ B TPEACIBHOM COCTOSTHHH (X,,0cm) ACTUT IMONEPEYHOE CEUCHHE Ha JIBE

49aCTH, PABHBIC 110 ILIOIIAAM:

ynpyl—roe CcoOCTOSHUE HpeﬂeﬂbHoe COCTOAHIME
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moment A" oTHOCHTENBHO
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x =AY - aYn =07 X pnacm X naem
np __ . 1 Vi
« =07 (Sx . FSx, ) (VII1.5)

N=0 => R =R, = & 4 =& 4"

A4'=4" (VIIL6)




OCTAaTOUYHDbIE HanNnpaAXeHUn

[Tocne ynpyro - maacTH4ecKOro u3ruda U MoCIeAYIOIero CHATUSI Harpy3KH
B TIOTIEPEYHBIX CEYCHUSX CTEPXKHS ICHCTBYIOT OCTATOYHBIC HATIPSKESHUSI.

3akoH pa3rpy3ku ( puc. 11.10. ) omuHaKOBO MPUMEHNM KO BCEM IMapameTpam
YOPYTO-TIIACTHYECKOTO  AedopMupoBanus:  AedopMarusaM,  HaMpsHKESHUSM,
NIepeMeIIeHISIM, KpUBU3HAM M BHYTPEHHUM CHJIOBBIM (paKTOpam.

JIJIsi HaxOXKJIEHUST OCTATOYHBIX HAIPSIKECHUH CIIETyeT W3 JMIOPHI MOJIHBIX
HaIPSHKCHUH BBIYECTH IMIOPY HAMPSOKCHUH B UACATBHO YIPYTOM MaTepHalie Mpu

TOW K€ HArpy3Ke:
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Yrpyrast KOHCTPYKIMS KECTYE YIPYTrO-INIACTUYECKOM.
[Ipu To ke Harpy3ke nepeMenieHus: B Hel OyyT MEHbIEe, MEHbIlIe OYJeT U

HAKJIOH 3IIOPbI YIPYTUX HAIPSKECHUI.



MnacTMyecKMM WapHUDP

IIpn BO3pacTaHMM BHEIIHEW HArpy3kH, B CTEPKHEBOM CHCTEME BO3PAacTaeT

BHyTpeHHMI wm3rnbarommii Momert M, (puc. VIII.5a..6) u eé mnomepednsie

CEUCHUS MPOXOJIAT CTaINH, YKazaHHbIe Ha puc. VIII.2.

nnacmuyeckul
wiapHup
Puc. VIII5.

Ceuenue, B KOTOpOM M, makcumanen

NEPBBIM JOCTUTaeT CTaJAuM, OJM3KOM K
npezaensHol ( puc. VIIL2.2).

N TyT BCE MeHsETCA.

HecrniocoOHbIii  OoJjiee BOCIIPUHUMATH
BO3pACTAIOIIYI0 HArpy3Ky, marepuail B
OKPECTHOCTU CEUYCHHUS] UHTCHCUBHO TEUET,
OCh CTEpHSI 3HAYUTEIbHO UCKPUBIISIETCS,
oOpa3yeTcsi  JloKajdbHasg  IJlacTUYECKas
30Ha, HMEHyeMas  MNJaCTHUYECKUM
wapHupoM, W00 BeaéT oHa ceds, Kak

BpE3aHHbII B CTEPKEHb IIAPHHUDP C

np
IMIOCTOAHHBIM MOMCHTOM TpPCHHUA MX )

COMPOTHUBJISIFOIINMCS TIEPEMELICHHIO.
[Tepemerienus B KOHCTPYKIIUH,
BBI3BAaHHBIE 0OpA30BAHMEM TUIACTHYECKUX
IIAPDHUPOB  3HAYUTEIBHO MPEBOCXOJSAT
HepeMeINIeHus] OT YNPYrux aedopmaruii
CTEpPKHS ¥, TIOATOMY, NPH PACCMOTPEHHUU
CXeM C IUIaCTHYCCKUMH IIIAPHUPAMH,
CTEpPKHU CUUTAIOTCS abCOIOTHO

JKECTKUMU.



DddexT o6pazoBaHUs IIACTUUECKOTO IIAPHUPA MOXKET HAOII0IATh KaXKIbIi
U3 Hac, KTO JBYMsSI pPyKaMH TIOTBITACTCS W30THYTh METAUIMYECKUN TIPYT.
PaBHOMEpHO# nyroil mpyt OyaeT THYThCS TOJBKO B CaMOM Hadaje mpolecca

u3ruba, MoTOM K€ MepEerHETCs B IOKATHHON 001aCTH:

_— nAnacmuYeckul wapHup

~—F S

B 3aBucMMOCTH OT Harpy3ku M 3aKpeIUICHUM, IJIACTUYECKUN IIapHUpP B
KOHCTPYKIIMM MOKET OBbITb OJIMH WJIM HUX MOXET ObITb HECKOJbKO; OHU MOTYT
00pa30BaTbCs CHHXPOHHO WJIH IMOOYEPETHO U TaK J1ajee.

BO3HUKHOBEHHSI OJHOTO IUIACTUYECKOrO IAapHUPA YMEHBIIAET CTENECHb
CTaTUYECKOW HEOMpPeNeIUMOCTH KOHCTPYKIIUM Ha €AUHUIlY, a CTaTUYeCKH
ONpEIEeIMMYI0 KOHCTPYKLHIO TpEeBpamaeT B MexaHu3M. Harpyska, NMpeBbIILICHHUE

KOTOpOfI IIPUBOAUT 3TOT MCXAaHN3M B IBUKCHHUC, HA3BIBACTCA npe,ne.anoﬁ.



NopAafOK pacyéTa CTAaTUUYECKU Heonpeaennmbix 6anok

no npeapelbHblMm HATPpy3Kam

1) [ 3aJaHHOTO MOTIEPEYHOTO CEYCHUS:

a) OmnpenensieTcsi MECTOMOJIOKEHHE OCU IJIACTUYECKOro H3ruda Xmacm
(puc.VI1I1.3.) u3 ycnosus:
Al _All

0) Breruncisiercss 3HaYeHUE NPEACIBHOTO BHYTPEHHETO W3THOAIOIIEro

MOMEHTA!
_ [ I
an =0Oyr- (Sszacm + SXnﬂacm)
2) IepebupaemM cxeMbl BO3MOKHBIX OOpa30BaHHUM IIACTUYCCKHUX IIAPHHUPOB, IS

KaXIOM CXEMbl pPACCUMTHIBACTCS 3HAYEHUE NPEAEIbHOW Harpy3ku. Pacuér

IIPEIEIIbHON HArpy3Ku BeAETCA IByMsI METOJAAMU:

a) CocTaBlIcHHEM ypaBHEHHMIl PAaBHOBECHS M COBMECTHBIM HMX DPELICHHUEM.
JInst Ganku co CTENEeHbI0 CTaTHUYECKOW HeompeaeauMocT N=1 peakiuu B

OIopax M KPUTUUYECKAs HAarpy3Ka HaXOJATCS U3 CIEAYIOLIEH CHCTEMBI:
ZM =0; ZFy =0; ZFZ =0 — ns Beeit Ganku
Z M =0 — nns xpaitanx ygacTkoB, OMUPAIOIIMXCA HA TAPHHUPEL.

0) Ucnonws3zoBanuem Teopemsl Jlarpanixka (MPUHIIAIT BO3MOKHBIX

nepeMeIIeHHH ).

3) Ha mpakTuke pealm3yeTcsi Ta cxeMma, KOTOPOH COOTBETCTBYST HAaMMECHBIIAsS
npenaesibHasg Harpy3ka (3TO yTBEp)KJaeT Tak Ha3blBaeMasi KMHEeMaTHYeCKas

TeopeMa TEOPUHU IUTACTUYHOCTH).



3aMeyaHus:

I) KomuvecTBO IUTAaCTHYECKUX IMAPHUPOB B CXEeMe JODKHO Ha CIWHUILY

IIPCBLIMIATL CTCIICHDb CTaTUYECKOM HCOIIPpCACINMOCTHU OaJKu.

I1) Mecta 00pa3oBaHus TUIACTHYCCKUX IAPHUPOB:
— HaJ] MPOMEXYTOYHBIMH OTTIOPAMH;
— B 3a]ICJIKE;
— TI0JT COCPEIOTOYCHHBIMU CHJIAMU;
— HA YYaCTKaX CTEPKHS, HAXOIAIIMUXCS TOJT JICHCTBUEM pacipeieIEHHOM

Harpysku (B 3TOM Cilydae JIOKaJIbHas KOOpANHATa Zj IIACTHYECKOIO

mapHupa HaXOOHUTCA U3 CUCTCM ypaBHeHHﬁ).

[11) Yopyrumu nedopmariusiMu y4acTKOB Oallku ipeHeOperaem.
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Pewenue
1) ..M, =_.
2) n=1 => 2 mapaupa B Toukax b, B mmu I'. Bo3MOXHbIE BapHaHTHI

BO3HHUKHOBCHU INIACTHYCCKHUX HMIAPHUPOB:

Toukxu b u B

Touxu Bul’

Toukxu bul’




ZpsYpiYe: Yy

- — pC€aKuuu B
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T ,7;77 ornopax.
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Y,
Jlns Beeit Oanku:
DM, =0=-2-P 1+Y,-2:1+P -3-1+Y, 4. (1)
D F =0=Y,-2-P +Y,+P, +Y, )
D F =0=-Z, (3)

]:[JI}I KpaﬁHHX Y4aCTKOB, OIIMPAOIHNXCA Ha IIAPHUPHI:
4 & |
f—° > M;=0=M, -, (4)

Lo DM, =0=Y,-2:1+M_+P_-l (5)

P,

Pemmas cosmectHo (1), (2), (3), (4) u (5), naxomum Zp, Ya, Yg, Y, U P,

p _3M,
2

np I

b
n

5 B
M, o+tM,, -0+ M, -0=2-F .ol

b _3 M,
2

np I




Jlms Bceit Oanku:

DM, =0=-2-P -1+Y,-2:1+P_-3-1+Y,-4.] 1)
ZFyzosz—z-gp+YB+Pnp+Yﬂ )
D F =0=-Z, 3)
JIns KpallHUX y4aCTKOB, ONMPAOIIUXCS HA IIAPHUPBI:
2B,
V1.
) / L M,
© M,=0=M_+2.P_.I-Y,.2.]
Z B np np 4 (4)
Y,
Mo ..,
O Y M,=0=M, +Y,"I 5)
Y,

Pemmas copmectHo (1), (2), (3), (4) u (5), naxomum Zp, Y4, Yg, Y, U P,




Jlns Beeit Oanku:

DM, =0=-2-P 1+Y,-2:1+P -3-1+Y, 4. 1)
ZFyzosz—z-gpwﬁPnpwﬂ )
ZFzzoz—zA (3)

JInst KpallHUX y4aCTKOB, ONMUPAIOLINXCS HA IIAPHUPBHI:

y [ 5§an
“Y > M;=0=M, -V, 4)
Qr I ZMr:Ozan"‘Yﬂ'l (5)
Y,

Pemas comectHo (1), (2), (3), (4) u (5), naxomum £, Y, Yg, Y, 0P -

an

np

_U
|
Wl
S
N

b b r r
n n

M, o+tM _-o+M -p+M, -9=2-P -¢-1+P -l




3) U3 Bcex BO3MOXKHBIX CXEM IOTEpU HeECyIIeld CHOCOOHOCTH Ha TPAKTUKE

peanusyeTcs Ta, y KOTOpO# npeiesbHask Harpy3ka HauMEeHbIIas:

M
P =min| —.—%, 3. 4 0| 4 My
2 3 3
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Pewenue

1) ..M, =,

np

2) n=1 => 2 mapuupa B Toukax A, B wmm B. Bo3MOXHBIE BapHaHTHI

BO3HHUKHOBCHHU INIACTHYCCKHUX HMIAPHUPOB:

P Toukxu b u B

np

Cxema neecmecmeennas (noo
cunou ¢ m. b oopamuuwiii
npozaub), umo npueedém K
HeCOBNAOEeHUIO Pe3VIbMAmMos
pacuémos no ypasHeHusIm
pasHosecus u no meopeme
Jlaepanoica.

RS SR

Touku A u b

Touxu Au B




Jlns Bceit Oanmku:

DM =0=-Mg, —P_-1-P -2.1+Y,-4.] (1)
> M, =0=-M,,+P_-3:1+P_-2:1-Y,-4.| 2)
> F =0=Y,-2-P_+Y, 3)
2.F, =0=-2, 4)
JInst KpalHUX y4aCTKOB, ONMUPAIOIINXCS HA [APHUPBHL:
an 5 Zl .
o
A DM, =0=-M,_ +Y.-2:1 (5
Y:
Pemas cosmecTHO (1) ... (5), Haxomum Zp, Ya, Mga, Y, H P,
p _2.M,
o3
0) IIpunyun 603M0JCHbLX nepeMeueHull.
B
b B §0
M, o+M, o+ M -E: P, ¢ |




Jlms Bceit Oanku:

DM =0=M,_—P I-P -2-1+Y,.4.] (1)
ZFy:O:YA—Z-Pnp+YF 2)
D F =0=-Z, (3)

JInst KpallHUX y4aCTKOB, ONMMUPAIOLIMXCS HA [APHUPBHI:

an

2. - D M;=0=-M,_—P_-1+Y.-3:1 (4)

np
\

Yr

Pewas coBmectHo (1) ... (4), naxomum Z,, Y, Y, 1 P -

p I M,
3)

np I

5

A b (D ¢
M,, M, @M, =P, gl +R,, 2]




Jlns Beeit Oanku:

dM =0=M, P 1-P -2:1+Y, 4. (1)
ZFyzO:YA—Z-Pnp+YF )
Z:FZ=O=—ZA (3)

JIns KpallHUX y4acCTKOB, ONMPAOIIUXCS HA IIAPHUPBI:

an
(PR VI NS VISR X

Pewas coBmectHo (1) ... (4), naxoqum Z,, Yu, Y, 1 P -
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Pewenue

1) ..M, =

np
2) N=1 => 2 mapuupa.

EnvHCTBEHHBIM BO3MOXKHBIA BapUaHT MOSBJIICHUSA IUIACTUYECKUX IIAPHUPOB B

JAHHOM city4dae - T. B u 1. b mox pacnpenenénHoi Harpy3Komu.

y
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Jlms Bceit Oanku:
A, I’
DM _=0=-Y,1+Y, - 1+-2 (1)
D F, =0=Y,+Y+Y,~q, | )
F =0=-2, (3)
JIns KpallHUX y4aCTKOB, ONHUPAIOIINXCS HA IIAPHUPBL:
q.p [lepepesbiBaromiass cuia Qy B
5]
M., Q) =0 NPOMEKYTOTHOM MJIaCTUYECKOM
j i [IApHUPE paBHA HYIIO, T.K. 00pasyercs

OH B TOYKE, TAC Mx IIPUHUMACT
OKCTPEMAJILHOC 3HA4YCHHUC, a €ro

MIPOU3BOTHAS Qy — HYJIEBOE.

*2

. 0,2
dDM;=0=M, -Y,-7 + o @

2. F=0=Y,~q, -7 (5)

r

Y¢ > M, =0=M, +Y, I ©



Pemas coBmectHo cuctemy ypasHeHuit (1)...(6) naxomum Yn, Y., Y,

Zy 0, 1 Z ¢

z°~0,414-1

M
qnp z11,7 L

|2

*

B 5,B 7 1 .
an'¢+2'an'¢'|_z* :qnpS:qnpalqu

U

_2M, | I+ 7
by =77 7 (1-2") ()

CornacHo  KMHEMaTHYECKOW  TEOpeMe  TEOpUU  IJIACTUYHOCTH,

NENUCTBUTENBHON NpeNeNbHO Harpy3kod OyneT MHHMMallbHas M3 BCEX,
onpenaensiemoit popmysioi ( O ) 3HaUHMT:

%9, _,
dz

b, )
Z7%+2-1-2 —=1°=0

z°~0,414-1

] _2M, | 1+0414 | oM,
"P 0,414-(1-0,414) ’

z" ~0,414-1

Ml’l
q,, ~11,657 —2

|2




Ipumep | V.4 | (Tonbko cxembl 06pa30BaHus IIACTHYECKHMX HIAPHUPOB):

y
q
\
z A b By v v v iV v b YA
q.l
[/2 112 )
Pewenue
1) .. M,=_.
2) n=1 => 2 mapuupa B TOoukax b, B u I. B0o3MOXHbIE BapUAHTEI

BO3HUKHOBCHHUS IITACTUYCCKUX HMIAPHHUPOB!

M., c M, M. 9,
Www EEENER).
oL, M, 77;/
9l




