3anaqa Ha PaCTHANKCHHUEC-CXKATUE

FagaH CTATHHECKH oOpelaidMelil crepseds, padorTaoimmi Ha

pacTAmeHRe-cmaThe. MartepHan cTepsHa — CTANL, MOIYVIE VII-
]

pyrocTd nepeoro poga £« 2100 Mo, aonyckacMmele Hanps-

2F
; fF /F HEHHA NPHHATE PABHEIMEH [‘J]‘][:‘[:‘ MITa: warpyvaka £ = 10 xf,
o N N I . (3_P AIIHHEL YHACTROR CTEPAHA a 0.1 ar. Mopodpars noowanes no-
5 NepedHore cededid F, onpeleniTs NoNHoe YITHHEHHS CTep-
; HE AL TIOCTPOHTE ML NPOIOIEHE CHI N, HOPMATEHEX
k4o d 4gea ay HANPAKEHKUI 7, nepemeileHHil ceuennil crepsmg A

Pemenue
Onpenenum MpoAOJIbHBIE CHUJIbI Ha KaXKJIOM y4YacTKE HarpyKeHHs, MOJIb3ysCh METOJOM ceue-
HUN.

| yaacTok: 0<z<2a

N,=-3P,
Il yaacTok: 2a<z<3a

N,=-3P,
Il yuacTok: 3a<z<4a

N,=-3P,
IV ygacrok: 4a<z<ba

N,=—3P+P=-2P,

HOpMaJIBHBIe HAIIPSKCHUS B IIOIICPCUHBIX CCUCHUAX CTCPIKHA!
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OnacHbIM y4acTKOM, T.€. YY4aCTKOM HAa KOTOPOM BO3HMKAIOT MAKCHUMAJIbHBIC HAIIPSIKEHHUS,
SABJISIFOTCS. TMEPBBIM M TPETUM y4acTKU HarpyxkeHus. COCTaBUM YCJIOBUE IPOYHOCTH IS
OIIaCHOI'0 y4yacTKa:

P
O max = ‘0-1,3‘ :3ES[O-]

Ornpeaenum miomaabr CEYCHUs U3 yCIO0BUS MPOYHOCTHU:

>3_P_M:3.10—4M2 =3 cu?

“[o] 100-10° 174

HOpMaJ'H)HI)Ie HAps>KCHHUA B IIOTICPCYHBIX CCUCHUAX CTCPIKHA!



N, —3P —30000

o,=—= = —1la =-100 MIla
F, F 3-10
F, 2F F 3-10
N, — _
oy =Ns o =3P 3000 160 i
F, F 3-10
o-4:N4:_2P—_ZOOOOHa:—GGJMHa

FF, F 3.10°
AOCOJIIOTHBIE YIJIMHCHUSA YUACTKOB CTCPIKHA:

N, ol, —100-10°-2.01

=-01-10°n=-01mm

" EF, E 2-10"
J— . 6 . .
Al = :2;2 _ GE'Z . 502120111 01 0025101 =-0025
2 .
J— . 6 . .
Al - Eis _ GE'3 - 1002 150111 01 00510 3=-005n
3 .
J— . 6 . .
Al = E'th'zt _ "AE'4 _ 66 '72 1100111 01 0033-104=-0033.1x
: .

Omnpenennm abcoOTHOE yATUHEHUE Opyca, Kak CyMMY yJIJTMHEHHS y4aCTKOB:
Al=Al +Al, + Al +A4l,=-0,2080 - 10~° » =—0,208 mm

Ornpenenum npoAoJibHbIE IEPEMENICHUSI TONIEPEUHBIX CEUCHUI, COBNAIAOIIUX C TPAHU-
[IaMHU YYaCTKOB HarpyKCHUs:

ceyeHue A (JkecTkas 3a/elika): 4, =0;

ceueHue B : A, =4, +Al, =—0,033 mm;
ceuyenue C: A, =4 +Al, =— 0083 mm;
ceuenune D : Ay =4, +Al, =—0,108 mm;

ceuenue E : A =4, +Al, =-0,208 am;
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3agaya Ha KpyYeHue
3ajaH cTaTHYECKU ONpeaeIuMbIi Opyc, paboTaromuii Ha Kpydenue. Moaynb capura G=40000
MIla, nonyckaemble HAIPsLDKEHUsI IPUHATH paBHbIMU [T/ =100 MIla; moment M =10 kHm, nnom-
HBI y9acTKoB crepxHst a=0, 1 m. [logodparte auamerpsl nonepeunoro cedenus D u d (D/d=2),
OIIPENIEIUTD MOJHBIA YTOJ 3aKPYUUBAHUS (), 11OCTPOUTH SMIOPBI KPYTAIMX MOMEHTOB M, Ka-
caTeNbHBIX HAMPSDKEHUH Ha MMOBEPXHOCTH Opyca 7, YIIOBbIX IEpEMEIICHNN ceueHuil Opyca .
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Penrenue

Omnpenenum peakTUBHBIA MOMEHT M, BOZHUKAIOIIHIA B 3a/I€TTKE.
YpaBHeHue paBHOBecus Opyca:

M,-m+m,+m;=0 = M,=m-m,—m, =-3M =-30xHu
Onpenenum KpyTSIIHME MOMEHTBI Ha KaX/IOM Y4acTKe Harpy>KeHus, MOJIb3ysiCh METOJIOM Ce-
YEHUU:

| yaactok (0<z<a): M, =—m, =-3M =-30 kHwmu

Il yaactox (a<z<2a): M,=-m +m,=M =10 xHm

Il yaactok (2a<z<3a): M,=—m +m, =M =10 xHm

IV yuactok (3a<z<4a): M,=—m +m,=M =10 xHm.

V yuacrok (4a<z<b5a): M, =—m +m,+m, =3M =30 xHm.

BbIpa3uM MOMEHTBI COMIPOTHUBIICHHS MONEPEYHBIX ceueHuil yepe3 auametp d (D=2d).

zD* 7z(2d) 3
Wiy =W, =W, =W = 16 ~16d -
3 1
w,="%"<02d°
16
ITosipHBIE MOMEHTHI HHEPLUHK cedeHuit Opyca
zD* z(2d) .
Jplz‘]pzz‘]p4:‘]p5: 32 = 32 ~16d
zd* 4
J p3 = E ~0 ,1d

MaxkcumalibHbIe KacaTeIbHbBIC HANIPSHKCHUS B MOMEPEUHBIX CEUCHUSIX Opyca (Ha MOBEPXHOCTH
Opyca):



“Tw,16d° d
=Ma M g5 M
W, 16d d
M, M M
"tw, T02d’ @7

p3 !
= M g5 M
W, 16d d
=5 _ M _1g75M
W, 16d d

p5
OrmnacHbIM YY4aCTKOM ABJISICTCA TpeTI/Iﬁ Y4aCTOK Harpy>xXcHHs. CoctaBuM YCIIOBHUC IIPOYHOCTH
AJId OIIaCHOI'O YYaCTKa BaJjia U Ol'[pe,Z[eJII/IM AnaMETp d u3 YCJIOBHS IIPOYHOCTH:

Thax — SFS[T]
d>;/2M J > 10002 =00794m =79 4 mm
[r] 100-10

D=2d =158 8 um

Brruucnum kacatebHbIC HaIIpsSAKCHHA:

M

7,=-1875 5 =-1875 10000 57 5.10° 170 =—375 MiTa

(0,0794)’
—0625M _0625 200 _155.10° 170 =125 MIa
d (0,0794)
7= %:5&003 ~100-10° /1a =100 Mila
d® (00794)
20000 _ 155905 170 =125 Mita
(00794)
1875 1875 100 375105 110 =375 Mz
d (0,0794)

Onpenenum yriibl 3aKpy4rUBaHMs y4acTKOB Opyca:

7,=0625L 0625
d



0= M1|1:—3M'c41:_1875 4,
GJ,, G-16d Gd
oMoy | M-a__ g0 Ma,
GJ,, G-16d Gd
M,l, M-a Ma
¢3: = 2 = 7
GJ,, G-0ld Gd
¢4: M4|4: M.a4_0625 41
GJ, G-16d Gd
MJl, 3M-.a
(05: = 4 4
GJ, G-16d Gd
[TonHBIM yroa 3aKpydnBaHus Opyca:
Ma
Prow =P1T P TP TPy TP = =
=11, 10000-0.1 =0,0071 pao

4
40000-10°-(0,0794)
OHpe,Z[eJ'II/IM YIJIOBBIC TICPEMCIICHUA ITOIICPCUHBIX CequHﬁ, COBIIAJA0OmMUX C I'PpaHUIIaMH
Y4aCTKOB HArpy>xXcHHUA:

ceyeHue A (KecTKas 3a/elKa): pa =0;
ceueHue B : @ (pA+(05—1875 d4’
Ma
ceuenue C: +@,=25——7:,;
¢ wB ¢)4 Gd 4
Ma
ceuenue E: =@+, =125—;
¢E ¢C €03 Gd 4
ceuenne K: Ok =P + @, =13,125£6j,
Gd
ceuenue L: O =@ + @ = 11,25 é\;[c; = Prom
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3agauya Ha U3rud (KOHCOJbLHAsA 0aJIKa)
[TocTpouTs 3MI0pbl BHYTPEHHUX CHIIOBBIX (DaKTOPOB, MOAOOpPATH MOIMEPEUYHOE CEYCHHE 3a/laH-
HOM (HhOPMBI.
Ucxonnsie nannvie: g=10xH/m, a=0,1m,[c]=100MIla

g P=2qa 4 [
ililliiTillll de -

¥

e Sa e 2a ol Ja o
JI71s1 KOHCOIBHOM OajKM ONpeenuM IMOIMEepPEeYHbIe CUJIbl U U3THOAIONIME MOMEHTHI Ha KaXKJIOM
y4acTKe Harpy>KeHHUs, paCCMaTpHBas y4acTKH OAJIKU OT CBOOOJHOTO KOHIIA K 3a7ICNIKe.
| ygacTok: 0<z<3a

Q=0
Mi,=0

Il yaacTok: 3a<z<ba
Q, =P=2qga

M, =-P(z-3a)=-2ga-(z-3a)
TOFI[a Ha I'paHHILlaX ydaCTKa

Q2(z=3a) =20qa Q2(z=5a) =20a
2
M2(z:3a) =0 M2(z:5a) =—4qa
Il ygacToxk: 5a<z<10a

Qs =P-q(z—-5a)=2ga—-q(z-5a)

2 2
My = —P(z—3a)+q(z_+a) =-2qa-(z —3a)+q—(Z ~5a)

Torma Ha rpaHHIaX y4acTKa

Q3(z-54) =202 Q3(;102) =302

M3(,_5z) = —40a° M3(,_10a) = -140a” +125qa” = -15qa°

z=ba
MakcuMansHOE 10 MOAYJII0 3HAYCHUEC MOMCHTA MPUXOAUTCS HA CCUCHUE, B KOTOPOM MOIepeU-
HasA cHujia 06paHIaGTC$I B HOJIb. OHpejleJ'H/IM KOOpAMHATY CCUYCHMUS:

Q;=P-q(z-5a)=0 = Z:P+q5qa

=7a

Torma M§™ =Ms(,_s,) = —8ga’ +2qa’® =-6qa’
3HaueHUEe MOMEHTA B ONTACHOM CEYEHHHU
M max = M3(227a) ——60a°- no 3TOMY 3HAYEHHMIO U3TMOAIOIIEr0 MOMEHTa BEIETCsS pacdyeT Ha

MIPOYHOCTb.
YcnoBue npoYHOCTH

2
:|Mmax| :6qa S[G]
max WX Wx
6ga’ 6-10000-01°

[c]  100-10°
[Toa6op npsiIMOYTONBLHOTO CEYEHUS

o)

= W, > =6-10° »*=6 o’



OceBoii MOMEHT COIPOTHUBIIEHUS psiMoyroiasHuKka (h=4c, b=c)
_bh?  c-(4c)’ 8.3

W
6 6 3
czijfgwx :3‘/2:1,31%1
8 8
IUIOIAgb CEYEHHUS F=4c2 :6,87CM2
/ q P=2qa
Ny v
/' Sa 3< 2a >x 3a >
k
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"éq g




3agaya Ha u3rud (ILIAPHUPHO onepTas 0aaKa)
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[TocTpouTh 3MMIOpEI BHYTPEHHUX CHUJIOBBIX (PAKTOPOB, MOM00PATh MOMEPEYHOE CEYCHHUE 3aJiaH-
HOU (hOPMBEI.

Onpenennm BepTHKAIbHBIE PEAKLIMU B IIAPHUPHBIX onopax Ra, Rg. YpaBHeHus paBHoBe-

S ML =0
> M)y =0
—Rp-8a—-P-3a+qg-5a-7,5a=0
Rg-8a+P-5a—-qg-5a-05a=0

CHA:

_—P-3a+qg-5a-7,5a

Ra 8a =3,94qa;
Rg = —P-5a+qg-5a-05a —_094qa:
8a
npoeepka
>Y; =0 = Ry+Rg +P—-q-5a=
=394ga-0,94qga+2ga—-5ga=0;
npoeepkacoutiacob

Onpeaenum MoNepevHble CUIIBI U U3THOAI0IIE MOMEHTHI Ha KaXJOM y4acTKe Harpy>KeHHs,
MOJIB3YSICh METOJIOM CEUECHUM.

| ygactok: 0<z<2a (cneBa)
Q=-9z

2

qz
M=y
Tornma Ha TpaHUIaX ydacTKa
Qi(z-0) =0 Q1(2-24) =292
2

M 1(z=0) = 0 M 1(z=2a) ~ —2qa
Il yaactok: 2a<z<b5a (cmesa)
Q2 =—Qz+Rp

2
M2 =—q%+RA(Z—2a)

Torga Ha rpaHuIax y4acTka
Q2(z=2a) =-20a+394qa=194qa Q2(z=5a) =-50ga+394ga=-116qa
M (,-0q) = —20a° M (,_5) = —1250a° +394qa-3a = -068ga’

MakcumalbHOE 3Hau€HHEe MOMEHTa MMPpUXOOUTCA HAa CCUCHUC, B KOTOPOM IIONICpCYHAA CHUJIa
06pa1uaeTc;1 B HOJIb. OHpeI[eJ'II/IM KOOpAWHATY CCUCHUA:
10



Q, =—qz+R, =0 =N z=%:3,94a

3.94°

Torma  Ma(,_304z) = (— +394- 1,94]qa2 =-0,12qa°

IV yuacTok: 0<z<3a (cripaBa)
Qs =-Rp
M4 = RB -z
Torna Ha rpaHuUIAX y4acTKa
Q3(Z=O) = 0,94qa Q3(z=3a) = 0,94qa
M3(,—g) =0 M3(,_3q) = -0,94da-3a = -2 82qa’
Il yaacrok: 3a<z<ba (cmipaBa)
Q3 =—Rg -P

M3 = RB -7+ P(Z—3a)
Tornma Ha rpaHUIax ydacTKa
Q3(;-34) =0940a-20a=-116qa Q3(,-54) =—1160a

M3(,_3q) = -0.94qa-3a =2 82qa? M3 (,-50) = -0940a-5a +2qa-2a =0 68qa’

OnacHbIM SIBJISIETCSI CEYEHUE, II€ MOMEHT NPUHUMAET HauOoJbliee Mo a0COIIOTHON BENH-
YUHE 3HAuYCHUE,

M pax =—2 ,82qa2 , IO 3TOMY 3HAYCHHIO M3THOAOIIETO MOMEHTA BEACTCS pacyeT Ha MPOYHOCTD.
VYcmoBrue npo4YHOCTH
M 2
:| max| _282qa" _ (o]
max WX WX
, 2829a° _ 2,82:10000-0,1%

“7 [o] 10010
[Toabop npsIMOYTONBHOTO CEYSHUS
OceBoli MOMEHT CONIPOTHUBIICHUs ipsiMoyroiibHuKa (h=C, b=4c)

_bh® _4c-(cf _2.3

o

= W

-282.107% x% =282 cu®

W
6 6 3
czs\/swx _33:282 =162 cm
2 2
IUIOIMAAbL CEYEHHUS F=4c%= 10,5OCM2

11



Ra A q A RB
NI
A ﬁ Ap-2qa B
2a 3a 2a 3a
I 1 11 \Y)
1,940a %\ 0,94ga
e =
% 1,16qa
2ga
3,94a
T TP ¢
. 0,12qa -
0,68qd
2qd
2,82qd
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