ITpaBuIO 3HAKOB [TocTpoeHue S0P  MPOU3BOAUTCS

M, >0 M,>0 MeToaoM CeYEeHMH.
Kaxk O0OBIYHO, CTEpIKEHb,
l I KOTOPBIN B TaHHOM ciydae
Ha3bIBaeTCs 0aJIKoi, pa30uUBaeTcs Ha
Qy>0 Qy >0 YYaCTKH, rpaHullaMHU KOTOPBIX
SIBJISIFOTCS CE€UCHUS, TJI€ MPUIIOKEHBI
Puc.1 BHEITHUE CHJIBI, MOMEHTHI,

HAYMHACTCS WM 3aKaHYUBAETCS pacrpeie/ieHHAsS Harpy3Ka.
Ha xaxmoM ydvacTke BbIOMpAaeTCS NPOM3BOJBHOE CCUCHHE, U
paccMaTpUBAIOTCS BHEITHHE CHJIBI C OJJHOM CTOPOHBI OT CeueHus (ClieBa Win
CIpaBa).
IMonepeunas cmia Qy YHCIEHHO PaBHA CYMME MPOEKIUH BHEIIHHX
CHJI, JICHCTBYIONIMX IO OJHY CTOPOHY OT CEYCHHs, Ha HOPMajib K OCH
crepkHs (B JaHHOM CiIydae 3TO OCh Y ), B3STBIX CO 3HAKaMH [0 MPaBHITY

3HaKoB (cM. puc.l).
N3rub6aommuii MomeHT M, YUCIEHHO paBeH anreOpanyeckoil cymme

MOMEHTOB BCEX BHEIIHUX CHJI, ICHCTBYIONIUX 10 OJHY CTOPOHY OT CEUCHUS,
OTHOCHUTEJIBHO IIEHTPAa TSHKECTH STOTO CEYCHHs, B3ATBIX CO 3HAKAMH II0
IpaBHITy 3HAKOB (CM. puc.l).

3agaua 1.

1. Jlns 6anku, n300pakeHHOM Ha pHUC.2, a cCHavasa ONpeIesIiM Peakiiuu
3aKpeIJICHUS U3 YPaBHEHUN PaBHOBECHS:

D Fx=Hp=0; Y Fy=Ra-P-dlp =0=Rp =20+10[2=40(xH);
M =Ma = Pls +12) ~dly(s +2) =M =0=>

= M p =2003+1002[2+30=130(xHm)

HamomHuM, 4YTO Tpu 3amWcu YpaBHEHUW PABHOBECUS pacCIpelcieHHas
Harpyska (| yCJIOBHO 3aMEHSETCS PaBHOJACUCTBYIOIIEH (lo, PUIOKEHHOU B

CEpelMHE yJacTKa |o.

2. IlocTpoenue >mop BHYTPEHHUX YCUITUH.
Teneps, Korja U3BECTHBHI BCE BHELIHUE CHWIIbI, MPUIIOKEHHBIE K Oanke, npu
MOCTPOEHUH SIIOP MOKHO PacCMaTpPUBATh JIFOOYIO CTOPOHY OT CEUECHHSI.

banka pa3ouBaercs Ha Ba y4yacTKa.



Ha INEPBOM YYACTKC pPACCMOTPHUM BCC BHCIIHHUC CHJIBI CJICBAa OT
IIPOMU3BOJIBHOTO CCUCHMA, HAXOAAMIETOCA Ha paCCTOSIHUN Xp OT 3aJICJIKU

0<x <ly=1(m):
Qy (%) =—Rp =—40(xH) ,M (X)) = =M p + Rp [ % = =130+ 40% =
= M, (0) =-130(xHm), M, =-130+40[1=-90(xHm)
JlJ1st BTOpOTo y4acTKa Xp - PACCTOSIHHE OT IPaBOro, CBOOOJIHOrO KOHIA
Oanku 0< Xy <lp =2 (m):
Qy(X2) ==0xp =P =-10x; -20= Qy (0) =-20, Qy(2) =-10[2~-20=-40(xH)

M, (Xo) = o Er%? — Pxy = -5x02 — 20%p = M, (0) =0, M (2) =60 (kHn).

3nech Harpyska (, paclpelesieHHass Ha Yy4YacTKE JIMHBI Xp, 3aMEHSETCs

o o o X
PaBHOACUCTBYIOMIEU (Xp, ITPUIIOKCHHON HAa paCCTOSIHUN 22 OT CCUCHUA.

AHanmu3upys BUJ MO, NMPECTABICHHBIX HA PUC.2, a MOKHO OTMETUTH
CIEIYIOLINE CBOMCTBA!
- Ha y4YacCTKe, 1€ HET PacHpeieiICHHOW HAarpys3Ku, dIropa Qy HOCTOSIHHAA,
amopa M, - nuHenHas;
- Ha y4acCTKe, TJ€ €CThb paclIpeieiieHHas Harpyska, JIropa Qy JIMHEMHAas,

amropa M, odepyeHa 1o napadoJie, HalpaBJIECHHOMN BBITYKIOCTBIO HABCTPEUY
Harpyske;

- TaM, I[e IPUIOKEHA COCPENOTOYCHHAS CHJIA, HA dmiope Qy nMeeTcs
CKAa4YOK Ha BEJIIMYMHY 3TOW CWIBI, Ha 3MOpe M, - U3]I0M B HalpaBJICHHH,

IIPOTUBOIIONIOKHOM CHIIe (HAaBCTpeuy);
-TaM, TJIe MPHUIOKEH COCPEIOTOUYCHHBIH MOMEHT, Ha 3mope M, - CKayok Ha

BCIIMYUHY 3TOT'O MOMCHT, Ha 3ITIOPC Qy HHUYCTO HC MCHACTCA.

3. TlogbepeM w3 ycIoBUS TPOYHOCTH KPYTIO€ W TPSIMOYTOJBHOE
ceueHUs I Oallku, M300pakKeHHON Ha pucC.2, a, CUUTas [0] =10MIla . Kak

M Z‘may =130xHm.
OceBoll MOMEHT COIIPOTHMBIICHMS KpYyIJIOTO cedyeHus paguyca R

RS
BbIUMcCIIgeTcs 1o gpopmyne W = 4 [ToncraBuB 3TO BBIPAXKEHUE B YCIOBUE

BHUIHO, OIACHOE CEYCHME - CEUCHUE A,

IMPOYHOCTH, ITOJTYyYa€M HCPABCHCTBO IJIAA OIPCACICHUA R:

Rzﬁ/zwzmax =:\%/4 130m10° - 0255(n).
ndo] '\ roonc®




[Tpunumaem R=0.25%u, Torna\ax\ =10MIla , >r1r0pa pacrpencieHus Oy

max
IIO BBICOTC CCUCHU ITPUBCACHA HA pI/IC.2, 0. OTMCTI/IM, YTO HMXXHHUEC BOJOKHA

Oanku B omacHOM cedeHHH (M BooOImIe Ha Bceil mmmHe) cxkaTthl (Oy <0), a
BEPXHUE BOJIOKHA pacTsaHyTHI (Ty > 0).

JIJis IpsAAMOYTOJILHOTO cedeHHs (CM.pHUC.2B) ¢ COOTHOIICHUEM CTOPOH 0 2

bn® _2

OCEBOW MOMEHT CONPOTUBIIEHUSA paBeH W, = =3b3. Pa3smepsl ceuenus

aM Z‘max — %/3 ELSOELOg
2o 2momo?
BossmeM b=0.27u,h=054x, Torma ‘Ux‘ma) =99 MIla, »smopa Oy

=0.269(x).

HaWyTCsl U3 HEpaBeHCTBa: b 2%/

pUBEEHA Ha pUC.2, B.
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3anaua 2. Ha puc.3, a npeacTaBiieHa cTaTUYECKH Heompeaeammas 0aka.

1. 3anuieM ypaBHEHUsI paBHOBECHS JIJISI HEE:
D Fx=Ha=0, > F\=Ra+Rg-q[2-29=0=Rp +Rg =4q,
> Mz =Ma-2Rp +qRO+3q-201=0=M s -2Ra =-3q.
Kak BUHO, HEM3BECTHBIX peakiuil 3/1ech 4, a ypaBHEHUN pPaBHOBECHUS -
TOJIBKO 3. ['OBOPSAT, UTO cTeNeHb CTATHYECKOI HeonpeaeJJuMOCTH dTON
Oayiky paBHa 1, Wiy yTo OaJika OMH pa3 CTATHYECKU HEOTpeaesIumMa.
Kaxk 00b14HO, eciu J71s1 onpeieieHus peakiiiii He XBaTaeT ypaBHEHUI
CTAaTUKH, HY’KHO 3allMCaTh YPABHEHUS COBMECTHOCTH IlepeMeleHni. [
OaJIOK B 3TOM Ka4€CTBE UCMOJIb3YIOTCS YCIOBUS 3aKPEILIICHHUS:
y(0)=0, y'(0)=0 (B ceucHun x =0 HaAXOAMTCS 3a/ICIKA);
y(2) =0 (B ceueHHMH X =2 HAXOJIUTCS IIAPHUPHAS OIIOpa).

OTMETHM, YTO COCTABJIEHO TPH JOMOJHUTEIbHBIX YPABHEHUS
COBMECTHOCTH, B TO BpEMSI KaK JIJIsI HAXOKJICHUS PEAKIIMI HE XBATAJIO JTUIIb
OJIHOTO. JTO CBSI3aHO C TE€M, UTO B JIaJIbHEUIIEM TOTPEOYETCSI ONMPEACTUTH
€IIe JIB€ MTOCTOSIHHbIE UHTErPUPOBAHUS JIsl AUDPEPEeHIIUATBHOTO YPaBHEHUS
M30THYTOU OCH.

3amuIieM ero o AByM ydacTkam Oanku (cM.puc.3, a). [Ipu aTom Oynem
CJIEIOBATh MTPABUIIAM METOJIa YPABHUBAHUS IOCTOSIHHBIX UHTETPUPOBAHUS.

Ha nepBoMm yuyactke0< X< 2:

X2 X2 X3
Elzy"=—MA+RAx—q—, E|Zy'=C—MAX+ RA——q—,
2 2 6
2 3 4
X X X
El,y=Cx+D-Mp—+Rp——-09—.
zY A Ag q24

Ha BTopom yuacTtke 2< X< 3:

2 2
El,y" =-Ma+Rax—q’ + g~ 2"

~3q0x-2)° + Rs X - 2).
5 5 q{x-2) B L{x-2)



OTMCTI/IM, YTO B TOYKE X =2, I'’l€ KOHYAECTCS PaBHOMCPHO pacClpCaciICHHaA
Harpy3ska, CJICAYCT BBCCTH CJIaracMoc, COOTBCTCTBYOIICC HAYAITY TaKoM ke

Harpy3KH, HO HaIlPaBJICHHOW B MTPOTHUBOIOJIOXKHYIO CTOPOHY (T.€. ¢

2
X—2
HpOTI/IBOHOJIO)KHBIM 3HaKOM): + q(2) . 9TOT HpI/IeM TTIO3BOJISICT BKIIFOUYUTH

paHee HaMCaHHOE JJIS MPEJBIAYIIEr0 y4acTKa YpaBHEHUE B BRIPAXKEHUE IS
JAHHOTO y4dacTka 0e3 usmMeHeHus. [lepeiiiemM cpa3y K BEIPOXKEHUIO JJIsI

nporuoda:

2 3 4 4
X X X (x=2) 2
El.y=Cx+D-Mp—+Rp—-qg—+0g——-15q{x-2)“+R
2y A TRA A, YA, qx-2) B

YureMm teneps rpaHudHble yeiioBus. [1ockoibky ceuenne X =0

(x-2)°
6

HAXOJIUTCS HA MEPBOM y4acTke, nojactasisieM X =0 B BeipaxeHus El,y' u
El .,y nns nepsoro ydactka, noixydaem C =D =0. [Ins ceuenus x =2,

ABIIAIOIICTOCS TpaHHHeﬁ IICPBOT'0 U BTOPOI'O YY4A4CTKOB, MOKHO HUCIIOJIB30BATH

BbIpaxkeHue El,y s nmroboro u3 Hux. [loyyaem HepocTaromiee ypaBHeHHE

" pciracM CUCTCMY TPEX ypaBHCHI/Iﬁ C TpEMsI HCU3BCCTHBIMU.

Ra + Rg =4q Ra =2¢
MA—ZRA=—3C] = RB:2q
—2M 5 + 133Rp = 667¢ Ma=q.

2. Tenepp, Korja cTaTUIECKass HEOMPEACIMMOCTh PACKPHITA U PEAKITAN
HaWJIEHbI, MOYKHO MTOCTPOUTH DMIOPHI BHYTPEHHUX ycriui (cM.puc.3, 0).
OHU CcTpOATCS B COOTBETCTBUU € aJITOPUTMOM METOJIa CEYEHUM TaK, KaK 3TO

CIEJaHOo B pelieHuu 3aaaun 1.
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3. Haiinem MOMEHT WMHEpPUMU WU MOMEHT CONPOTHUBIICHUS CIIOXKHOTO
CeUeHHsI, N300paXKCHHOTO Ha puc.4 (Bce pa3Mephbl B ¢m ), OTHOCUTEIBHO €ro
HEHTPaJIbHOU rOpU30HTAIbHOU Ocu. CeueHre COCTOUT U3 ABYX YacTeH:

- nByTaBpa Nel2: Ay =147 en?, | 1 =279em*(1 4 =1 10 copramenrty),
de® 1238

- IPAMOYTOJIbHUKA. Ay =d I]:=12IZB=36CM2, |5 12 12 =27 CM4,
OCH Z; U Zp - COOCTBEHHbIE IJIaBHbIE IEHTPAIbHbIE OCH UHEPLIMU ABYTaBpa U
IPSAMOYTOJIbHUKA.
= YA
e
< Z ‘.?
©| < S
C1 >:E
b, QF
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V4 >
< o o N
o & ~ = 3
AN
O
Z
0 d=12

Puc.4

CHauana OIIPCACIIUM IIOJOXKCHHUC MLICHTpaAa TEKCCTH COCTABHOI'O
ceyeHus. OH HaxXoJuTCid Ha OCHU CUMMCETpHUHU — OCH Y. KOOpI[I/IHaTy Ye

HalJIeM OTHOCUTEIBHO HEKOTOPOW HadaJbHOM ocu Zg. Kak u3BeCTHO U3

TEOPETHYECKOM MEXaHUKH,
+
Ve = Yoo [AL + Y2 [Ap _ 62[147+15[36 _ 29 (cx).
A+ A 14.7 + 36

MOMEHT MHEPIMH CIO0KHOTO CEYEHUS OINPENEIsieM C IPUMEHEHUEM (POpMYJT
IpeoOpa3oBaHusl MOMEHTOB MHEPLUU €r0 4acTed OT COOCTBEHHBIX IIaBHBIX
LEHTPAIBHBIX OCEU 7 U Zp K NApaJuIeIbHOM UM TJIABHOW LIEHTPAJIbHOU OCH

HMHECPIHH BCECTO CCUYCHUA Z.

|, =1, +b° A +1,,+b,? (A, =27.9+3.3° 147 +27+1.4° [36= 2855 (cu?)
3nece by =62-29=33(cm) u by =29-15=14(cm) - pacCCTOAHUSA MEKITY
ocsMU 7, Zo U 2 (cM. puc.4).



Ocb 2z mnpu NOPUIOKEHUM HArpy3ku B IUIOCKOCTH X0y craHer
HEWUTpalnbHOW oOchblo. Haubonbime MO MOAYIIO pACTATUBAIOIIUE U
C)KUMAIOIUE HaMpsDKeHUsT OyJyT JEHCTBOBaTH B  KpPaHUX BOJIOKHAX,
YAQICHHBIX OT HEUTPAIBHOM OCH HA paCCTOSAHUA Ymin =Ye =29cm u
Ymax =3+ 64-29=65cu (cMm.puc.4).

2835 _ 439,

MowmeHT conpoTtuBienus ceyenus paen W, =

4. OnpenenuM rpy30n04beMHOCTb OalKu (| U3 YCJIOBUS TPOYHOCTH:

O = M <g] = 2q_6 <16010° = q<351(*7).
W, 439110 M

5. Hapsiny ¢ yciaoBusiMu IPOYHOCTH TPOBEPUM YCIOBUS KECTKOCTH.

OnpenenuM JBa XapaKTEPHBIX MIPOruda: HauOOIBIITUN TPOTHO B

MpOJIETe Yy (3eck 3TO MepBBI YUACTOK) U HAMOOJBIIIHIA TPOTHO Ha

KOHCOIH |Y,| _  (34eCh 3TO BTOPOIl y4acTOK).

max

YtoOsI onpez[enHTL‘ Ynp oy HalJIeM TOUKY dKCTpeMyMa PyHKIUHU Y,

pemuB ypaBHeHue Y =0 Ha MepBOM ydacTKe: — gX + qx2 - 2 x3=0. JIBa

KOPHS 3TOTO ypaBHEHUS - X =0 u X =1.27 npuHamiIexKatr OTpE3KY [0; 2] (ecim

AHAJIMTHUYCCKOC PCIICHUC YPABHCHUA 3aTPYAHCHO, MOKHO PCIHIUTL €TI0

HpI/I6J'II/DKCHHBIM MCTOAOM ITOJIOBUHHOI'O ACJICHUA UJIU IIPOCTO HO,Z[60pOM).

_ _ 1 _ 023
Vip ey =¥ 027 = 1= 023 ==,

Takum oOpazom,
El,

Berancium Teneps, yK\m o - KaK IPaBHIIO, OH PaBeH MPOru0y Ha KOHIIE

KOHCOJIY, HO B JJAHHOM cClly4ae MOXHO yoenutscs, uto Y(3) =0. DToT

MpUMEP MOKa3bIBAET, YTO, BOOOIIE TOBOPS, HEOOXOIMMO U Ha KOHCOJIbHOM

Y4aCTKC IIPOBOJAHUTH TAKOC K€ NCCIICIOBAHUC (1)YHKL[I/II/I Y, KaK OIIMCaHO

BBIIIIE JIJIs TTpoJieTa. 31ech Y (25)=0u ‘yk‘ma) =ly(25) = OI.51IZCI .
Z




P 023 _
L RN < 37\ -
Ynp| max = [ynp] — El <750 2670075 (u) = 267 (um) =

_ 267 no3renottmeessno®
B 0.23

012q 1 _
Vi max S [yK]‘%O = q<350- 28601073 (u) = 286(un) =

. 286103 oo pes51078
N 0.12

_ kH
Bri6upaem 3nauenne ( = 3.5 ——, yIOBIETBOPSIONIEE BCEM YCIOBHUSM.
M

:6.62(’f),

—136(“).
M

Torna ‘J ‘ = 2?:3?2 =159Mlla,
43901
M
Tpinl = M, ¥pin = M@.g 102 =71Mlla.
l, 2855010°°

DOrmropa HanpsHKEHUH TI0 BBICOTE CEUSHUS TIPe/ICTaBIeHa Ha pucC.3, B.
Brruncnum HauOoIbIIMe TPOTUOBL:

y _023% _  0.2335010°
"lmex  El, 21028550078

=1.4003(m) =14 (um),

v, _0129_  0123500°
“<imax Bl onotlees5n078

=0.700 3(n)=0.7 (um).



