ITocTpoeHue 3MI0p BHYTPEHHUX YCHIIUI, pacyeT NPOYHOCTH M NIOCTPOEHHE YIPYIroi
JIMHUM 0AJIKU MPHU MJI0CKOM u3rude (2 3agaumn)

Hcxoonvle dannvle 3a0au u napamempul, Hooexcawue onpeoeseHuro.

1. {nst Ganku, n300pa>keHHOM Ha puc. 1:

q=10 kH/m; P=20 kH; M =30 kH -m; =10 m;a=5 m;c=3 m;
MaTepual 6alku — CTajb: [(7]2250 Mlla ; [2']2150 MIa; E=2-10°> Mlla.

— ONpEeNeNUTh pPEeaklUd OMOp U MOCTPOUTH AMIOPHI MOMEPEYHBIX CHII Qy U U3rUbaronmx

mMomeHToB M _;

— 10100paTh U3 YCIOBUS MPOYHOCTH:
® [PSIMOYIOJbHOE TIONEPEYHOE CEUYCHHE TPU YCTAHOBICHHOM COOTHOIICHHUH CTOPOH

p=2t
3

e [ByTaBPOBOE IOIIEPEUHOE CEYCHHUE;
— TIOCTPOUTH DMIOPHl M3MEHEHUS HOPMAJIBHBIX N KacaTelbHBIX HAIPSHKECHMH 10 BBICOTE
MIOJIyYE€HHBIX CEUECHU;
— OIIPEACIIUTD 110 YPAaBHEHUIO U30IHYTOM OCU BEPTUKAJIBHBIC IIEPEMEILEHUS U IIOCTPOUTH JIIOPY
UX U3MEHEHHUS 10 JUTHHE OaJIKH.

2. s 6ayiku, N300paKeHHOW Ha puc. 2:
2

P=gq-l kH,; M:q'zl KH - m;

[=5 m;a=2 m;c=1 m;
ceuenue Ganku — npamoyronsHoe — co cropoHamu b =10 ev; h =20 cm;
MaTepual Galku — IEPEBO: [O']= 25 Mlla; [T]= 5 MIa; E=0.1-10° MIla.

— ONpENeNUTh B OOIIEM BHJE PEaKLUHUU ONOpP M MOCTPOUTH SIIOPHI MOMEPEUHBIX CHII Qy U

u3rubaromux MomenTos M _;

— 1moxo0parh U3 YCJIOBUI MPOYHOCTH TPY30HOJBEMHOCTH OalKH [q] U IOCTPOUTH SIIOPHI

U3MEHECHHS HOPMAJIbHBIX U KacaTeJIbHBIX HAMPSHKEHUH 110 BRICOTE OMACHOTO CEYCHUS;
— METOJOM HayallbHBIX MapaMETPOB OINpPENENIUTh MPOrHd M Yrod MOBOPOTa CEUCHHS
COBIANAFOLIETO CO CBOOOAHBIM KOHIIOM OAJIKH.

i ]
vvlvvvoo [0
’@ TP ’4% <M . 2 i | in i
» a__ a_’_Jl_a}_ a_ ]

Puc. 2 — PacueTHas cxeMa KOHCOJIBHOMN Oanku

Puc. 1 — PacueTHas cxema IIapHUPHO ONIEPTON

Oanku (ompenenenue rpy30n0IbEMHOCTH)
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IlocTpoeHue 3M0Op BHYTPEHHUX YCHJINH M pacyeT NPOYHOCTH NPH M3rulde CTAaTHYeCKH-

omnpeaeJMMbIX 010K

HIapHUPHO-omepTas Oanka

Y RIA R * P=100 xH,
l i l i l i I/ - M=50kH-m,
Y > 50xkH/m, ~
0 Aji A " q= )
P ‘é M a=1m
o a - a .. a . a
o|=240MIIa, [t|=100MIIa:
3. Qy, [KH] 37,5 ] g
-12,5 P
I ~
] T
50 N
a1 M5 [KHm] -62.5
|
'25M\uﬁjim
625 3.50 -50

1. Onpenenenue peakiuii onop:
CoBmeniaeM Ha4ajI0 KOOPIMHAT C JIEBBIM KOHIIOM OaJIKH.

CyMMa Bcex ChJI Ha BEPTUKAIbHYIO OCh: sz 0:-R,-R,+q-3a-P=0,

CYMMa MOMEHTOB OTHOCUTEILHO TOUKHU A

Z M=0:R,-2a-q-3a-0,5a+P-a-M=0=R, = 50-100+50-1,5 =12,5kH;
A 2

ITpu noacTaHOBKE B IEPBOE yPAaBHEHUE NOIYUUM:
R,=-R,+q-32-P=-12,5+50-3-100=37,5kH .

[IpoBepka — cyMMa MOMEHTOB OTHOCUTEIILHO TOUKH B:

ZBM=0 :—R,-2a+q-3a-1,5a-P-a-M=-37,5-2+50-4,5-100-50=0.

2. Onpenenenne 3HaueHuii nonepeynbix cuit Q (x) u uzrubaroumx Momentos M, (X):
a) Mo y4acTkam
0<x,<a:Q,(x;)=—¢q-x,,
M, (x,)=-q-x]/2;
as<x,<2a:Q (x,)=—-q-x,+R,,
M, (x,)=—q-x;/2+R, - (x, —a);
2a<x,<3a:Q (x;)=—q-x; +R, +P,
M,(x,)=—q-x;/2+R,-(x, —a)+P-(x, —2a);
Ja<x,<4a:Q (x,)=-3qa+R, +P+R,,
M, (x,)=-3qa-(x,—-1,5a)+R, - (x, —a)+P-(x, —2a) +R, - (x, — 3a);
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0) Beipaxxenus 1y1s monepeyHOM CHITbI M U3THOAIOIIETO MOMEHTA B OJTHY CTPOUKY:
Q) =-q-x+ || R,+ || P+ || [R, +q-(x-3a)]=

x>a x>2a x>3a

=—50-x+ || 37,5+ || 100+ || [12,5+50-(x - 3)};
x>1 x>2 x>3

M,()=-q-x 2+ || Ry (x=a)+ || Po(x-2a)+ | {Rz'(X—3a)+q-(x—3a)-x_23a}=

X>a x>2a x>3a

=-25.x> + || 37,5-(x=1) + || 100-(x—2)+ | [12,5- (x=3)+25-(x-3)*];
x>2 x>3

x>1

3aHOCUM 3HAUYECHUS BHYTPEHHUX YCWJIMN B XapaKTEPHBIX TOUKAX B TAOJIUILy U CTPOUM DIIOPHI

Koopaunara X, [Mm] 0 1-0 1+0 2-0 2+0 3-0 3+0 4
Cuna Q,,[xH] 0 -50 | -12,5 | -62,5 | 37,5 | -125 0 0
Mowment | M, ,[kH - Mm] 0 -25 -25 -62,5 | -62,5 -50 -50 -50

OmnpenensieM KOOpPAMHATY Ha TpeTheM ydacTke 2 <X <3, rje momepeyHas cujia paBHa HYJIO:
Q,(x")=50-x"+137,5=0=x"=2,75m, npn stom M, F(x'=2,75m)=—48,44kH -m

HMECT MAKCUMYM.

3. Bb16op MUHUMaTBbHO-HEOOXOJUMBIX Pa3MEPOB MOMEPEUHOTO CEUCHUSI:
=62,5kH-Mm,

OnacHoe CeYCHHE 10 HOPMAJTLHBIM HANIPSDKCHUSAM X =2 M : ‘Mf“”‘

max
y

OTACHOE CEUEHUE MO KACATEIbHBIM HAMPSKCHHUSIM X =2 M : ‘Q =62,5kH.

13 YCJIOBHUA MNPOYHOCTH [0 HOPMAJbHBIM HAIIPAKCHHUAM OIPCACIIEIEM MHUHUMAJIBHO
H606XOI[I/IMBII71 0CEBOM MOMEHT COIIPOTUBJICHUA ITONICPEYHOTO CCUCHUA:

3

62,5-10

[6]  240-10°

max

max
| 2

ML | < o] Wi |
\W4

z

max
X

=260,4-10"°m> =260,4cm°, IS

omHoro msemiepa W™ =130,2¢m’. Tlo copramenTy Bribupaem msesmiep Ne 18a, y KoToporo
oceBoii MomeHT conpotuienns W, =132¢m’, ocepoit MomenT unepiuu I, =1190em*,
CTaTHYEeCKHiT MOMEHT MOJTyCEeUeH s OTHOCHTENIBHO HeHTpanbHoit ocu S =76,1cm’ 1
TONIIMHA cTeHKH mBewiepa d =5,1mm .
[IpoBepsicM BBITIOJIHEHUE YCJIOBHS TPOYHOCTH [0 KACATCIBHBIM HAIPSUKCHUSAM IS

BBIOPAaHHOTO CEUECHHUS

Qy|-281" ™ 62,5.10°-2.76,1-10°°

21,-2d  2-1190-10°-2.5,1-107

YCJIIOBUC TPOYHOCTHU MO KAaCATCIIbHBIM HAIIPSAXKCHUAM BBIIIOJIHCHO.

max
v

=39,2-10°Ma = 39,2MIla < [t]=100MITa =

4. IloctpoeHue pacrpeneaeHUil HOPMalbHBIX M KacaTeJIbHBIX HANpsDKEHUH s
BbIOPAaHHOI'O CEYEHHUS

HopmasibHble HanpspKeHWs Ha YpPOBHE HEUTPAIBHOM OCH PaBHBI HYJIIO, 4 KacaTelbHBIC
HaNpsDKEHUH TOCTUTAI0T HauOOJIBIINX 3HAYCHUH, KOTOPBIE ONPENEICHbI B IPEAbIAYIIEM ITYHKTE.
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[Tockonbky BBIOpaHHOE ceYeHHWE B OOJIBIIYIO CTOPOHY OTJIMYAETCS OT MHUHUMAaJIbHO-
HeO6XOI[I/IMOFO, TO MaKCHUMaJIbHBIC ,HeﬁCTBYIOHIHe HOPMAJIbHBIC HAMPSXKCHUA OTINYAIOTCA B
MM 62,5-10°
C2WE T 2.132.10°
OHpeI[eJ'IHCM 3HAUYCHUA KaCaTCIbHbIX HaHpH)KCHI/Iﬁ JIs1 TOYKH 2 (HaXOI[I/ITCH Ha

MEepeCCUCHNU CTCHKHU U IIOJIKU MBEJUICPA IO BepTI/IKaJ'II/I). OTceueHHas 4acTh IjIomaan CCUYCHUA
COOTBCTCTBYCT IUIOIIAAN ITOJIKHU:

smmn _p. [Pt 74,003 (18 993 _sg7ew°
2 2 2 2

Qmax . zsgo.ﬂl(u . 3 . . . -6
|1-2|=‘ ! o 02310258710 _ 34 5.10°T1a = 30,2MMa
21, -2d 2-1190-107-2-5,1-10

max

(o

X

MEHBIIYIO CTOPOHY OT JOITYCTUMBIX:

=0,238-10°Ia = 238 MIla

OnpeﬂenﬂeM 3HAa4YCHUA KaCaTCIbHBIX HaHpH)KeHPII’I A1  TOYKH 3 (HaXO,Z[I/ITCH Ha
MEPCCCUCHUU IOJIKHM U CTCHKU IIBEJIICPA 110 I‘OpI/I3OHTaJII/I)I

h t 18 0,93
st =(b_d)'t'[5_5) = (794_0351)'0593'(?—7) = 54,7CM3

Q™|-s, 10 -54.7-10-5
|’E3| — ‘ y 3 — 62,5 10 i4,7 10 . =15,4MHa,
2, -t 2-1190-107-9,3-10

I1o nosmy4eHHBIM TOYKAaM CTPOUM PaACIpPEACIICHHS HAPSKEHUMN.

30.0, [MIla]
238 _

\E\:; ' o _51:-.2

39,2

3M.T, [MIIa]

n 30,2

15.4

5. Ompenenenue 3Ha4eHU MPOrHOOB OANKK B XapaKTEPHBIX TOYKAX METOJOM HadaJbHBIX
napameTpoB

YHuBepcallbHOE ypaBHEHHE U30THYTOM OCH OaiKu 1S 3aJaHHON CXEMbI UIMEET BU/I:

q-x* R,(x —a)’ P(x — 2a)’ |:R2(x—33)3 . q-(x—3a)4:|

9

V(X)=Vy+ Vo X =+ || + | + ||
24E1, wa 6EI, w2 6EI o  6EL 24EI,

I'paHnnuHBIE yCIOBUSA:

x=0: Q(0)=0,M,(0)=0; x=4a: Q (4a)=0,M, (4a)=-m;
VYcnoBust Ha TPOMEKYTOUHBIX IIAPHUPHBIX OMOpax:

x=a: v(a)=0; x=3a: v(3a)=0.

16



IToxcrasiss nociieIHUE yCIOBHS B BBIPAKEHUE V(X) ITOIYYUM:
4

\ q-a
v(a)=v,+Vv,-a— =0,

@ =vytvoa= r

4 3 3
v(3a)=v, +v,.3a- LGV RGazay P@a-2ay ,
24El, 6EI, 6EI,
Pemas monmy4yeHHy10 CUCTEMY YPAaBHEHMM, ITOTYYUM:
-47,92 -47,92-10°

v, = a— ; =—0,02 M (IepeMenIcHNE BHU3),

" EI, 2.10".2.1190-107° (rep )

.50 50-10°
v, = = =0,021 pag (IOBOPOT IPOTUB YACOBOM CTPEIIKH).

" EI, 2-10".2-1190-10°* pa (mosopot mp peni)

Onpenensem 3HaUCHUS IEPEMENICHUN B OCTAJIBHBIX XapaKTEPHBIX TOUKAX
q (22 Ra’

24E1, 6EI,
q-(4a)* R,(3a) P(2a)’ R,a’ q-a*

v(d4a)=v, +v,-d4a— + + + + =-0,032 m;
24E1, 6EI, 6EI, 6EI, 24EI

z

v(2a)=v,+v,-2a—

=0,011m,

Omnpenesienne rpy30noAbeMHOCTH 1JIs1 KOHCOJIbHOM 0aJIKH

y
% ek .
A N ;
Vo TILI T e
2 27 PR T P 1/
M Qy IHlo2gr oy
| [ ® |
1.3 | ]
—0.3¢1 |‘:|3'
|
51 M2, [KHM] 05447 | —08g |-0.84
|
01@32 210,125 JE
|@|J m -rc;lf 0
o |
~0.4¢0°

P=0.8ql, M =0.8¢I*, | =5 m, [6]=240 MIla, [r]=100 MI1a, E=2-10° MIla
cedyenue — aByTasp Ne 30.

COBMCIJ_IaeM Ha4aJio KOOpAHUHAT CO CBO60,Z[HBIM KOHIIOM 0anku (B 9TOM CJIy4dac HC€ HYXXHO
OnpeaAcCIsAThL pCaKINH, BOBHUKAIOIINUC B 3aaem<e)
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1. Onpenenenne 3HaueHuMii momnepeynbix cuit Q, (X) u usrudaroumx MmomenToB M, (X):

a) TI0 y4acTKaM:

[ [
0Sx1<é: Qy(xl)Z—P, 53x2<11 Qy(xz):_P"‘CI‘(xz_zj,
2
M) =P e )
M, (x,)==P-x, + 5 ;
3/ l
l§x3<3: Q’V(X3)=—P+Q'[X3_2j, 32[SX4 <2l: Qy(x4)=—P+6]'(X4—lj Q'(X4—321)a

0) 3armceiBaeM BbipaxkeHust i Q (x) 1 M, (X) B 0aHY CTPOKY:

l 31 I 31
Oy(x)==P+llg-|x=—|=ll g\ x=—|=-08¢/+ | q-| x=— |-l g-| x=— |
i 2) 3l 2 i 2) 3l 2

\S)
[\

BeruncisieM 3HaueHUst BHY TpeHHUX yeunuid Q (x) m M, (X) ¥ CTPOUM 3IIOpbI

x,[m] 0 1 [-0 [+0 3 21
7 2
Q,.[kH] |-0.8¢/ | —=0.8¢q/ | —0.3q/ —0.3q/ 0.2¢/ 0.2q/
M,,[xkH-m] | 0 |_04g/% | —0.675¢1% | 0.125g1% | 0.1g1%> | 0.5¢I>
3/

OmnpenensieM KOOpIAMHATY HA TPETbeM ydacTke [ <x3 <-——, rjae momepeuHas cuia pasHa 0:
2

% x ] %
Qy(x )=-0.8g/+q-(x —E)=0:>x =0.8/+0.5/=1.3] m,

*
M, (x =13m)=-0.8ql-1.3/+

¢(1.31 - 0.51)

+

0.8¢1°

npu

9TOM

= 0.08¢q! 2 KkH - M ©MEeT MUHUMYM.
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2. OnpejiesnieHue rpy30H05EMHOCTH [q]

Bce HEoOXOMUMBIE T€OMETPUYECKHE XaPAaKTEPHCTUKH CEYEHMs] HAXOAMM B COpPTAMEHTE,
mst iByTtaspa Ne 30: W, =472 e, 1. =7080 e, S, =268 em’,d=6,5mm.
M_=-0.675ql° kH -m, a

MaKcHManbHoe 3nauenue nonepednoi cuis: Q) = —0.8g/ kH .

MakcuManpHOE 3HAuYCHUE I/I3FI/I6aIOHI€FO MOMCHTA:

ITonGepem Harpysky [q]1 B TEPBOM MPHUONMKEHUU U3 YCIOBHS TPOYHOCTH TIO
HOPMAaJIbHBIM HaIPsDKEHUSIM:
e _|MI™|_0.675[g]

AN

z z

[o]-w. 240-10°-472-10°
0.6751 0.675-5

HpOBepI/IM BBITIOJTHCHHUC YCJIIOBHA ITPOYHOCTH 11O KACATCIIbHBIM HAIPSKCHUSAM:

Or™[-S. 08[¢]i-S. 0.8-34-10°-5-268-10°
I.-b I.-b 7080-107°.6,5-107°
Ycnosue IMPOYHOCTU II0 KaCATCJIbHBIM HAIIPAKCHHUAM BBIIIOJIHCHO => Tpy30110AbEMHOCTD

kH

34 X

M

<[o] =14} <

max
‘ T -

=80 MIla > [z]=100 MITa

CHUCTEMBI: [q] =34

3. OnpeneneHHe 3HaYCHUH HpOFI/I6OB 0aJIKu B XapPaKTCPHBIX TOYKAX MCTOAOM HAYaJIbHBIX
napamMeTpoOB.

YHUBepcalbHOE ypaBHEHHE U30THYTOW OCH OAJIKH JUTS 3aJaHHOH CXeMBbl HIMEET BH/I:

1

v(x) = v +v;)-x+EI

z

i

+1/0.8¢1% -
!

oo

4
3lj
2) |

(x-1)
2

- |
!

3
2

Yron noBopoTa Jijis 3aJaHHON CXEMOUW OMPENEIAETCS CICAYIONIMM YPaBHECHUEM:

2
_0.8gl- 4|
2

' 1 1 (
9(x) =v'(x) = vo + ;Z

L
2

3
lj
. X——
N2
6

+yo.8q12 (x-1)- |

I'pannyHbBIE YCIOBHS — B 33JICJIKE MPOTUO U yTOJI TOBOPOTA PABHBI HYJIIO.

x=2I:

w(21) =0;

V(21 =0.

~

3
2

24
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HOI[CTaBJ'IS{H TIOCJICAHUC YCIIOBUS B BBIPAKCHUC V(X) , IOJTYyYHM:

(31}4 (1]4
3 g = 2 g -

: I 21 I

V(21) = vy + v -2+ —— —O.Sql( ) 2 +0.8q12-() __\2

El, 6 24 2 24

2 g q-| =
Co 21
49(21)=v'(2l)=v0+E —0.8ql-( ) f2) ogg? o2

z

Pemras momydeHHyI0 CUCTEMY YPaBHEHUM, TOTYYHM:

vy =—0,088 m (nepemewenne Buuz), 6, =v, =—0,078 pao (mosopor no uacosoii
CTpEJIKE).

OmpenensieM 3HAYCHUS TIEPEMEILIEHUIN B OCTAIBHBIX XapaKTePHBIX TOUKAX

v(éj =—-0,03 m, v(I)=-0,10 m; v(%lj =0,08 m.
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