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Ha mpakTuke dYacto BCTpeyaroTCsl 3ajadd, B KOTOPBIX CTEp)KHU
OJTHOBPEMEHHO padOoTaloT M Ha M3rud U Ha cxaTtue. B Takux ycnoBusax paboTaror,

HarpuMmep, cTpena mnoabéMmHoro kpana (puc. XIll.1a.), HakJIOHHBIM penbe

(puc. XIN.16.) u 1.1

Puc. XI.1

OCOOEHHOCTBIO TaKUX 3agad ABJIICTCA HEBO3MOXXHOCTH HCIIOJIB30BaHUA

npuHIUna He3aBucuMmocTH aeiictBus cwit  (puc. XI1.2): oOmwmit  pesynbTar
2z 93 o
(manpumep, mporum6 V) He sBISETCA CyMMOW pe3yJbTaTOB OT JAEHCTBHS

9 S ) F
npoxonshoii (V) u monepeunoii (V' ) Harpy30k 1o OTaeIbHOCTH:

RUCERANY

Puc. XI11.2 F



HpOI/ICXOIII/IT 9TO IMOTOMY, YTO IIOIICpCHHAsd HArpy3Ka COBI[aéT Ha4YaJIbHBIC

MporuObl, HA KOTOPHIX YK€ HArpy3Ka MpoJIoibHas MOJydYaeT IUIeUO JJIS CO3AaHus

CBOCTO AOIIOJITHHUTCIIBHOI'O I/I3I‘I/I6aI-OHIeI‘O MOMCHTaA.
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AN
O

N\

Puc. XI1.3

Pematorcst Takue 3amaun nmb0 WHTETpupoBaHHeM AuddepeHITnaTILHOTO
yYpaBHEHUSI U30THYTOM OCH, JMOO (B HEKOTOPBIX CIIy4asiX) MO MNPUOIMKEHHBIM
dbopmynam TumoreHko.

WHxeHephl-pacuéTYNKN  UCTIONB3YIOT TaKkKe METOHA IOCIIeI0BaTEIbHBIX

pUOIMKEHUH, HO MBI €T0 pacCMaTpUBaTh HE OyIEeM.



Metoa nHTerpupoBaHua OY ynpyrom ocu CTepKHA

(ToOyHbI MeTOA)

[IpakTHYeCKH WJIEHTUYEH TOYHOMY METOAY pacué€ra 3aJady yCTOMYUBOCTH
BILJIOTH JI0 TIOJTyYE€HHSI CUCTEMbI ypaBHEHUH U3 rpaHuuHbIX ycioBuid (I'Y).

Jlanee 1Ba O3THX METOAA pACXOAATCA: IIPU Ppacu€re yCTOMYMBOCTH
MOJYYCHHYIO CUCTEMY YPAaBHEHUM HE pELIAIOT, a MNPUPABHUBAIOT K HYIIO €€
ONpENENNTENb; TMPU pacu€Te CHKATO-U30THYTHIX OajJoOK CHUCTEMY pelialor,

OIPE/ICIIAIOT 3HAYCHUE KOHCTAHT W jJajiee paboTaroT ¢ QyHkumsmu Y(z), v'(z) u

y'(2).
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a" = ——
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yrr+a2_y:a2.|:§-(2-|—2)+ f:|

OO0t uaTerpa (peneHrue ypaBHeHUs ):
y=C,-sinaz+C, -c05a2+§-(2~l —z)+f

: F
y’=a-Cl-c03az—a-C2-smaz—;

y'=-a’-C,-sinaz-a’-C, -cosaz



[Mocrosiuusie C,,C, u f onpenensiem u3 I'Y:

2-F-I

1. z=0:y=0 => C,+ 5 +f=0 (1)
F

2. z=0:y'=0 => a-Cl—§=0 (2)

3. z=l:y=f => Cl-sinaI+C2-c05aI+FT'l+\f\:\1\

Cl-sinaI+C2-COSaI+FT'I:O (3)

F
a-S

c, - F {smal +I}

S-cosal a

pob o T 5
S a cos al

Torna:

y:C1-SinaZ+C2-COSO{Z+§-(2-|—Z)+ f=

=———[cosal-(sinaz-a-z)+(a-1+sinal)-(1-cosaz)];
S-a-cosal

y':a-Cl-COSaZ—a-CZ-Sinaz—%:

F . a .
:§~{c05az+tgal-5|naz+ -smaz—l}

cos al

y'=-a’-C,-sinaz-a®-C,-cosaz
F {COSO{Z

=« -(sinal+a-|)—sinaz}.

S | cosal



[Iporu6, yros moBopoTa MONEPEeUHbIX CEUCHUN M M3TMOAIONINI MOMEHT MO

JJIMHE CTCPIKHA!

v(z)= y(z)=m-[c05al (sinaz—a-z)+(a-1+sinal)-(1-cosaz)];

6?(z)zy'(z):E- cosaz+tg al-sinaz+ Y sinaz-1 ;
S cos al
1

My(2)~ E 1y -y =20 LE .{COS“Z

‘(sinal+a-1)-sinaz |-
cos al

QTI<

HpOFI/I6 " yIroJl I10BOpOTa B T. B, MAaKCHMAJIbBHOC HAIIPAKCHHUC!

S 500 1
o= = 11 = =1 —
E-I, 2-107-25-10 M

a-l=1.1=1

sinal =sinl pao=0,8415
cosal =cosl pao=0,5403
tgal =tgl pao=1,5574

E-l, =2-10"-.25-107"° =500 H - m*

Vg :V(|)=L-[COSOA-(Sinal—a-l)+(a-|+Sina|)-(l—COSa| )] =
S-a-cosal

100
500-1-0,5403

.[0,5403-(0,8415 1) +(1+0,8415)-(1-0,5403)] =

=0,282m =282 mm
tg al

6, =6(l ):g-{cosm +1g ol -sinalu—l}:

_ %-[0,5403+1,5574-0,8415+1,5574—1] =0,4817 pao
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— MaKCHVMaJIbHOE€ II1O0 MOIOYJIO, a IIO 3HaKy OoOTpMLHaTeJIbBHOE (C)KI/IMaIOLU,ee)!

Omax = 0p =

rne

F 1
Mx, :MX(O):;.|:COS

-(sinal +a-|)—0}=
al

100
1

L 0.8415+1)|=340,8 H - n
0,5403

KoaddunmenT 3amaca npoyHOCTH:

o 15 410
v 684

max




y Ne 10
X112 _f_>

Hano: A=12.10"* 2

2-F | 8 4
£ I I, =198-10" m"  [deymasp NelO
' Z
B / C | D S WX -39 ’7 .10—6 M3
E=2.10" Ila
| =3 wm
@ @ F=425H
2F S 7 S =85000 H
C D/ o, =240 Mlla
i Hagmu: v, =? N, =7?

[ yi+a’-y, =a2-§-z }

Obwuti unmezpan:

: F
y,=C,-sinaz+C,-cosaz+—-z

: F
!
y;=a-C,-cosaz—a-C,-sinaz+—

" 2 H 2
yi=—a"-C,-sinaz—a”-C,-cosaz

. ZZMB:O:—2-F-Z+F-Z+E-IX-y;'—S-(—yz)

: S F
Vo[ '\ E-Ly,” " =2 (2]
B =

Obwuti unmezpan:

Y, =C3-sinaz+C4-c05a2+§-(2-l -7)

: F
!
y,=a-C,-cosaz—a-C,-sinaz——

" 2 H 2
y,=—a-C;-sinaz-a”-C,-cosaz



|INA

1) z=0:y, =0

=> C,-0+C,-1=0

:> C2:O

0
2)z=1:y =y, => Cl-Sina|+C2-COSa|+&=C3-Sina|+C4-COSa|+&

C,-sinal -C, -sinal -C, -cosal =0 (1)
i F F
) z=l:y =y, => a-Cl-COSOA—a-CZ-SinOA+§=a'C3-COSa|—a-C4-Sina|—§
: 2-F
C,-cosal -C,-cosal +C, -sinal =——— 2
a-S
4) z=2-1:y,=0 => —a*-C,-sin2al —a*-C, -cos2al =0
C, -sin2al +C, -cos2al =0 (3)

Cuctema ypaBHenuii (1)-(3) B matpuuHoii popme:

cos al -
— X

sinal

_I_

sinal

cosal

sinal

—sinal

—cosal

sin2«l

—sinal

sin2al

0

—cosal | [C,

sinal

cos2al

—cosal

cos 2al

) cos? al
sinal + —
sinal

1
sinal

(a)

(6)

(¢)



(8): ¢ __2F
sin al a-S

C4=—2'—F-sinal
a-S

(6): C, -sin2al+C,-cos2al =0

C, -sin2al —Z—F-Sina|-C082a| =0
a-S

C3-\X-M-C05a|—\&—§-§iﬁﬁr-c052al =
a-

C._ F cosZaI
3" %S cosal
(@:  C,-sinal-C,-sinal-C,-cosal =0
i cosZaI
C.-s - +— cosal =
- sinall — s p— - sinal - sipal -
cos? al—sin? al
F 2al
CoS 2
C, = : —2-cosal
a-S cos al
1
c_F cos’al —sin*al-2-cos’al  F —sin®al —cos’ «l
Y a-S cos al a-S cos al
F
(o) P —
a-S-cosal




y, =C,-sinaz+C, -coswz+§-z :%.

0
!
y,=a-C,-cosaz-a-C,

y; =-a’-C,-sinaz-a’

1

. sinaz |,
a-cosal |’

) F F cosaz
Sinaz+—=—-{1- ;
S S cos al

0 .
F sinaz

-C,-cosaz=a-—- ;
S cosal

Y, =C3-SinaZ+C4-COSaZ+g-(2-|—Z):

" a-S-cosal

~[0032al -sinaz—sin2al -cosaz +(2-| —z)-a-coswl];

: F
y,=a-C,-cosaz—a-C,-sinaz——=
S

:L-[cos 2al
S-.cosal

ys=-a’-C,-sinaz-a’

.cosaz+sin2al -sinaz—COSaI];

a-F i
-C,-c0saz =————[-cos2al-sinaz—cos2al -cos az].
S-cosal

F sinaz
)=y (2)=— 72—
vi(z2)=y,(2) S |: a-COSaI}
F cosaz
0(z)=vy(z)=—-|1-
[(2)=y(2) S { Cosal}

My (2)~E-1,-yX(z)=E-1, -a

VZ(Z):yZ(Z):O(~S~COS

F
0,(z2)=y(z2)=——
2(2) > Y,(2) =

os al

My, (Z)=E-1y-y,(2)=

F sinaz F sinaz
S cosaz a cosaz

I [cos2al -sinaz—sin2al -cosaz+(2-1-2)-a-cosal]
(04

.[cos 2al-cosaz+sin2al -sinaz —cos al]

-[—COSaI .sinaz+cos2al -COSaz]
a-cosal



Ve =v1(|):E- I—LaI :E~ |—tg al = 425 3— 2,468 =-0,044 m=—-44 mum
S a-cosal S a 85000 0,4633

a= | :\/ 8000 g 46331
E-1, \2-10".198-10 M

a-1=0,4633-3=1,3899
tg ol =tg(1,3899) = 5,468

M
O =8 422 S0 8000 _ 174 508 14+ 197 Mita
W, A 397.10° 12.10
IPI(S
My =My (1)=tg ol =222 .5 468 =5016 H -

= a
X 1 a 0,4633

IlpuyMmeuanue:

B cuny cummeTpun KOHCTPYKITUU, PACCUUTATh MOXKHO OBLIIO TOJBKO €€ TIOJIOBUHY:

S—>~T V.FT(—S:;_/T(F_XZ
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y 32
_9.101 o . _ H .
O @ E=2-10"1a ; 1=05x ; q=10041/
Bl s 7z S=300H ; o, =200Mlla
%_I %,_I __I‘I_Cl_LLIZ’l_Z,g Vmax:') | |max =7 nT:o
Yh; :q'z
<> YA 3
\ =()=—-72- ——(—-01—0- . . v — —
b ZZMBO Q25 -(5-ad=0-2) 2+E-1,-y/=S(~-y,)
3ql 'yl\ My =E-I:y,”’ yi’+—S . y1 = 9 |:3 z-1-2- ZZ:|
> — E-| S 4
l/ N;=S X
_3
Z le—Z(I'I"I'z
L = 5 " 2 _ 2 q 2
[ yi+al-y, =a -E-[3-Z~|—2-Z:| }
ZF,:O:§<q~I7q~zfQ ; 9 4 2
T4 " y,=C,-sinaz+C,-cosaz+——| —+3-2-1-2-2
U 4.S a
Q :E-q-lfq-z ] g
" y{:a-Cl~COSaz—a-C2-smaz+R-[3-l—4~z]
y;'z—ozz-Cl-sinozz—ozz-cz-COSOzz—ﬂ
172 _ gl
<> I 1 "
N Y q ZZMB:Oz_q'l'E+Z'Q'I'Z+E'Ix'y 2 =S-(=Y,)
Y2 Myo=E-Ly,”’ S |
C -~ = . = 9 21—
Y R e =
Z QyZZ%q.l I
DA [ Vi+a -y, =at (2] }
ZFy:O:%q-Ifq-lnyZ 'S
) _C,-sinaz+C, -cosaz+ 3 [2.1-2
Q, =5 o =Cysinaz+C,-cosaz+ (21 -2]
1 g-l

Y, =a-C3-COSaZ—a-C4-Sin0{Z—Z-—S

" __ 2 H 2
y,=—a"-C,-sinaz—a”-C,-cosaz
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1)z=0:y,=0 => C1'0+C2'1+2LS:0 (1)
a .

2
2)z=1:y, =Y, =>C1-sinal+C2-coswl+%-{iz+K}:C3-sinal+C4-c03al+}|§
. a .

9

a®-S

C,-sinal+C,-cosal -C,-sinal -C, -cosal = —

(2)

z=l:y =y, => p{-Cl-COSal—ﬁ{-CZ-Sina|—}%\:ﬁ{-c3-cosa|—ﬁ{-c4Sil‘lod—}%\
C,-cosal -C,-sinal -C,-cosal +C, -sinal =0 (3)
4)z=2-1:y,=0 => —a’-C,-sin2al —a’-C, -cos2al =0

C,-sin2al +C, -cos2al =0 (4)

Cuctema ypaBHenuii (1)-(4) B matpuuHoii hopme:

N

0 1 0 0 C, -1
sinal cosal —sinal -cosal | |C, -1 g
cosal -sinal —cosal sinal | |C, “lo[ &?s
0 0 sin2al  cos2al | |C, 0
-0 0 0 1 1/(¢c,) [1
sinal —cosal -—sinal cosal | |C, -1
<><:05al sinal —cosal —sinal [-{C,=40 Zq
— 0 cos2al sin2eal 0 C, ol S
- |
—z?sz: <['sinal —cosal -sinal cosal | (C,] (-1
0 cos2al sin2al 0 C, 0 q
4+ |cosal sinal —cosal -sinal| |C, “lo[a?s
0 0 0 1 111G (1




_ 1 (c -1
sinal —cosal -sinal cosal !
) 0
0 cos2al sin2al 0 C, q
. — .
0 _1 0 B _1 c cosal | @S
sinal sinal 3 sinal
0 0 0 1
oA
- 1 (c -1
sinal —sinal -cosal cosal !
. 0
0 sin2al  cos2al 0 C, g
: _ 5
sinalx | 0 0 1L | |eosal] @tS
sinal sinal 4 sinal
0 0 0 1
L 111G -1
[ sinal  —sinal -cosal cosal | (C, -1 (a)
0 sin2al  cos2al 0 C,| | O q (6)
0 0 1 -1 C,[ lcosal| a?-S (&)
0 0 0 1 |G -1 (2)
Pemraem 3Ty cucremy ypaBHEHUM:
: q
(2). sz_az-S
(6): C,—-C,=cosal- g
a’-S
C,=C,+cosal- @ __ 3 -(cosal —1)
a’-S oa®-S




(6):

(a):C,-sinad —C, -sinal —C, -cosal +C, -cosal = —

Cl :C3+(C4_C2 )

C,-sin2al +C, -cos2al =0

C,=-C,-ctg2al = g S -(1-cosal)-ctg 2al

2
o -

cosal g 1
sinal  a*-S sinal

— -(cosal —1)-ctg al + (cosal —1+1)-
- (cosal ~1) -ctg ol + )
—sirgal ]
. .
2q . CO_S al _1 +(1-cosal)-ctg 2al |=
a“ S | sinal sinal
q )
[(1-cosal)-ctg 2al —sinal

9

a’-S

cosal q 1

[ (1-cosal)-ctg 2al —sinal |

sinal a*-S sinal



Wrak, nepemMenieHusi, yribl MOBOPOTA U BHYTPEHHUN M3rMOAIOMIMI MOMEHT

10 JJIMHE CTCPIKHA:

9

v(z)= yl(Z)=C1-SinaZ+C2-COSaZ+R-[ 4 +3-z-|—2~zz}

2
(94

v2(z)=yz(z):C3-sinaz+C4-c05a2+%-[2-l—z];

0,(2)~ yi(z)za-(Cl-COSaz—Cz-sinaz)+%-[3-l —4.7];

0,(z)=~y,(z)=a-(C,-cosaz—-C, -sinozz)—q—'I

4.8’ 1
J
S
My (2)~E-Iy 'Y1'=—(Cl-sinaz+C2-c03az)—q;

My, (2)~=S+(C;-sinaz+C,-cosaz).

re

C, = g [(1-cosal)-ctg 2al —sinal];

0{2-8'
q
C,=- ;
? a®-S
C, = 2q ‘(1-cosal)-ctg 2al ;
a“ S

C, = g (cosal-1).
(04

Z.S.



B HaweMm ciyyae:;

o= S :J - 300 — =1,7479 1
E-1, V2.10'-491.-10 M
a’ =3,055 iz
M
910 373 mou
a® 3,055

a-1=17479-0,5=0,8739

2.q-1=17479
sinal =0,7669
cosal =0,6418
1
ctg 2al = =-0,1789
tg 2al
9 __ 100 _g100;
a?-S 174792300
q _ 100 _,0g333:
4.S  4-300
A _0 04167 :
4.5

2

q .
C = s [(1-cosal)-ctg 2al —sinal | =

=0,1091-[ (1-0,6418)-(-0,1789)-0,7669 | = —0,09066 ;

C,=——1J < = 0091

c,=—J 5 (1-cosal)-otg 241 =0,1091.(1-0,6418)-(-0,1789) = -0,006991 ;

C, =—1—-(cosal -1)=0,1091-(0,6418 —1) = —0,03908 ;

a®-S



17479 17479
vl(z):{—90,66-sin( a -2)-109,1-cos( & -z)+83,33-[1,3093+1,5-z—2-22]}103;
v2(z)={—6,991-sin(1,7479-z)—39,08-cos(1,7479-z)+83,33-[1—z]}-10’3;
0,(z)={1,7479-[-90,66 -cos(1,7479-2)+109,1-sin(1,74792)]+83,33-[1,5-4-z]}-10°;

0,(z)={1,7479-[6,991-cos(1,7479-2)+39,08-sin(1,7479-2)]-41,67}-10;

03
,_/‘%

My, (2)=300-10"*-{90,66 -sin(1,7479-2)+109,1-cos(1,7479-2)} —32,73;

sz(z)=0,3-{6,991-sin(1,7479-z)+39,08-cos(1,7479-z)}.



1) v,(0)={-90,66-0—109,1-1+83,33-1,3093}-10° =3,969-10° ~0 m

2) v,(1)=v(0,5)=-0,0096078 .u
v,(1)=v,(0,5)=-0,0096110

B BBIYMCIIEHHSIX MBI OKPYTJIIeM pe3yibTaThl 0 4-X 3Hauvammx nuudp. 3HauuT,
OlIMOKa OKpYTIJIEHHs CTAaHOBUTCS 3aMEeTHa, HAauMHAs C TpeTbed 3Havaluen
uuppel. UMeHHO ¢ 3TOM LM(pBl U HAUMHAETCS PACXOXKICHUS B 3HAYEHUSX

v,(1)uv, (1), 3HaunT MOXHO cuMTaTH, YTO:

() =v (1)

3) 6,(1)=6,(0,5)=0,002872 pao

o,(1)=26,(1)
6,(1)=6,(0,5)=0,002873 pao

4) v,(2-1)=v,(1)=0,003439-10"° = 3,439-10° ~0

My (1)=M, (0,5)=9,134

My, (1) =M, (0,5)=9,133 } My (1) =My (1)

IIpoBEPKH COILIUCH, 3HAYUT YPABHEHUS (*) BEPHEL



HawnGonpmuii mporu® (04eBUIHO, HA YYaCTKE @ ) OyaeT Tam, TIe yroi

HAKJIOHA MOIMEPEYHBIX CEYEHHI 00palaercs B HyJb:

y

YpaBHeHHe
6,(Z)=0
U
1,7479-[—90,66 -c0s(1,7479-7)+109,1-sin(1,7479- Z)]+83,33-[1,5—4- Z] =0

MOKHO pCHINTD YUCJIICHHO:

Z=0,46974 m

v, =v,(2)={-90,66-sin(1,7479-0,46974 ) —109,1-cos(1,7479-0,46974 )+
+83,33:[1,3093+1,5-0,46974 - 2-0,469747 |}-10° =

=-0,009652 m = 9,7 mm



MakcumanbHoe (IKCTpeMajbHOE) 3HAY€HHE BHYTPEHHEro M3rHOaromiero

MoMeHTa M, miem tam, rae ero neppas NpOM3BOJHAS 00PAIIAETCS B HyJIb:

- q
|\/|X1:—S-(Cl-SInaZ+C2-COSO{Z)—?
M,

dzl =—a-S-(C,-cosaz-C,-sinaz)

M,

Z=7": dzl:O => C,-cosaz*-C,-sinaz*=0
tgaz*:&
CZ

C _
arctg C71 arctg 0,09066
7 = 2 —0.1091 _ 5 3966
a 1,7479

M =M, (2)=
=0,3-{90,66 - sin(1,7479-0,3966 ) +109,1-cos(1,7479-0,3966 )} —32,73 =
=9,826 H - m

MakcuManbHOE C)KUMAIOIIEE HAMPSKEHUE B CTEPAKHE:

max
M X
O =

N S _ 9,826 300
max Wx A

+
98-10° 78,5-10°

=104,1-10° I1a ~ 104 MIla

Koaddunment 3amaca npoyHOCTH:

or _20_yq
104

Nr =

Gmax



NMpubAUXKEHHBIN MeTOA

(Metoa TumoweHKO)

Tounsli MeTOn pacdy€ra, Kak BHUJIHO, BECbMa CJOKEH, a €ro BBICOKas
TOYHOCTh Ha MPAKTUKE WH)KEHEPY HE BCErJa HyXHa, BCE PAaBHO OHA «TOHET» B
pa30poce XapakTEPUCTHK MaTepHrayia, MPUOIMKEHHOCTH CaMOW PacYETHON CXEMBbI
U T.J. U T.IL.

DTO MpUBENO K MUPOKOMY PACTIPOCTPAHEHUIO MPUOIMKEHHBIX CIOCOOOB
pacuéra, OCHOBAHHBIX, HAIPUMEp, HA AOIMYLIEHHH O TOM, YTO H30THYyTas OCh

Harpy>kKeHHOU Oajku uMeeT GopmMy CUHYCOUIBI:

HAcpy3Ka He
nokKasaHa

DTO MPEernoI0KeHUE MO3BOJISET MOMydaTh PE3yibTaThl C JOCTATOUYHOM ISt
WH)KEHEpa TOYHOCTHIO MpPHU ACHCTBHUU IOMEPEYHBIX HATPY30K, HAMPABJICHHBIX B
OJIHY CTOPOHY.

[lycth MakcuManbHbIA NpPOrUO Oanku TpU JACUCTBUM OJIHOM JIMIIb

MIONIEPEYHON HArpy3Ku fn npu J00aBIEHMH K HEHW NPOJONBHOM CHJIBI O

YBCIIMYHWIICA 10 3HAYCHUA f .

Hazpy3Ka He
noxKasana




BBI}ICHI/IM, KaK COOTHOCATCA HpOFI/I6I>I f u fn .
" _
E- Ix ’ yn =M Xn

E-l-y"=My =M, -S-y

E-l-y"=E-l -y —-S-y

anneposa cuna,
YMCNEHHO paBHas

P KP

f
f=—0H=
s
P3
f=k -f (XI11.1)
2oe
1
k; = g — kobdduunenT THUMOWEHKO.
1- >
P3

(XI11.2)

[Ipumensist 3Ty Qopmyny, cieayeT UMETh BBUAY TOT (PakT, UyTO 3iijepoBa

cuia P5 Beeiena B Beipakenue (X111.2) yucto dopmansho. [ToaToMy B OTIIHYUHT OT

KPUTHYECKO# Harpy3ku Pyp cuima Py ucnonb3yercs nmpu mo6oii rubkocty 6ank A,

JaKe TIpu A< /lnu .



®opmyasr (XI1.1) u (XI11.2) 00bIMHO NPUMEHSIOT W IPH APYTHX THIIAX
OTMOPHBIX 3aKPEIJICHUH CHKATO-M30THYTHIX 0ajok. B 3TOM ciiydae sitnepoBa cuia

BeIancseTcs mo dpopmyie (XI1.4) :

2
zo-E-1,

P, = 2
(u-L)

®opmyasr (XI1.1) u (XI11.2) garot yaoBieTBOpUTEIbHbIE PE3YIbTAThI, KOI1a
cxxMMaronias cuna S He rnpesbimaet 0,8-Pyp .
[Ipeamnonarasi, 4To yIibl IOBOPOTA IOMEPEUYHBIX CEUCHHH CTEPXKHSI U

BHYTPEHHHUI M3rUOAIONIUi MOMEHT IO €ro JUIMHE MPOIOPIHMOHAIBHBI MIporudam,

MoJIy4yaeM MpocThie (hOPMYIIbL:

0=k -0 (XI11.3)

My =k M, (XI11.4)




Hpumep XIl.4|:

30 Hano: E=2-10"Ia ; | =1m;
V€2
y S =
U F=100H; S=500H ;
i Fl
E I
1A / | E; S : A=0,0003 »%; 1, =25-10" "
| F W, =5-10" 2" ; o, =765 Mila
Havumu:, Ve HB’ Omaxr Nr
Pewenue

a) HaxomuMm COOTBETCTBYIOIIME BEIUYHUHBI,

MONEPEYHON HArPY3KOM:

MOPOXKAAEMbIE OJHOW  JIWIIb

MXmaXn :MXAn :2‘F‘I =
=2-100-1=200 H - m

Meronom Mopa nim Komm-Kpreuiosa:

3-100-1°

y
Fl
E, I,
A // B z
I
=
y
2:F-l F-
-\ l/"
A B Z
E F
+
o - Qy,
2-F
~ F'l
N
- My,
ol 3-F-I2
- o 5.F-|°

~0,3 pao

" 2.E-l, 2-2-10%.25.107

3
>-100-1 =0,1667 m

V, = =
" 6.E-l, 6-2.10".25.10™"



0) Jlo6aBeHue MMPOIONEHOM CHIIBI S YBEIMYHUT MPOTHOKI V , YIUIBI IOBOPOTa & 1

BHYTpeHHuit nsrudaroruii Moment My B K1 pas:

2
y ,u—2 : b, PKp :72' E |2x —
7 2_ . 11. . -10
ZIA _ 2-10 310 1934 1
L= (2.1)
y
F-l —
E, I, PS_PKp
1A / B S JA
7 1 1
k. = = =1,681
F T !
1.5 ,_500
P, ~ 1234

Vg =Vg, ky =0,1667-1,681=0,2802 m=~280 mm - pacxoxkaeHHE C HPUMEPOM

XII1.1|cocraBnser 0,7% ;
Op =0, -k =0,3-1,681=0,5044 pa0 - pacxoxieHHe C IPHEMEPOM X1

cocrtaBiisieT 5%

My, =My, =200-1,681=336,2H-m - pacxoxnenne c¢ npumepom | XIII.1

cocrasiseT 1,3% ;

M
Xa 5 _38362 500 _ o 105 Ma= 674 MiTa

W, A 5.107 0,0003
- pacxoxzaenue ¢ npumepom | XIII.1
cocraBiisieT 1,5%

Opmax = 0p =

KoadduumeHT 3amnaca npoyHOCTH:

n=Tr I _41y
., 674

max

B mpumepe XIII.1 In=1,12 .



Ilpumep XI5

y 2F T
W, =39,7-10° »* : E=2-10" ITa :
s B e D_ s Z X M ‘o
%‘ |=3m : F=425H : S=85000H :

Pewenue
a) HaXOIII/IM COOTBCTCTBYIOIL[HG BCJIIMYUHBI, HOpO)K,Z[aeMBIe OHHOﬁ JINIIb

MIOINIEPEYHON HArpy3KOM:

y 2-F
% TB /E’ x Ve D Z

y 2-F

B v D Z
A C ) =

F F
I:

NI ' Q

- LTI Yn

el
M =My =F-1=425-3=1275H - m
XmaXn ch
T My,

Meronom Mopa nim Komm-Kpreuiosa:

E O, =0 pao

3-E-ly ~ . F-I° 425.3°
_ VCn = = m s =
3-E-ly 3-2:107-198-10

=0,009659 m



0) Jlo6aBaeHue MPOIONEHOM CHIIBI S YBEIMYHUT MPOTHOKI V , YIIIBI ITOBOPOTa & 1

BHYTpeHHuit nzrudaroruii Moment My B K1 pas:

=1 > E.l 2.E.
y 4= p _AEl _nlEl,
T E, Iy (e-L) (m-2:1)
5~/ 0P L 7%-2-10".198-10°°
c - L _108566 H
. (1-2-3)
y L, F P, =P,
p_ S /Z
— T D =t -1 4607
”‘% TTS 85000
| <« ! P, ~ 108566

Vo =V, “kr =—0,009659-4,607 =—0,0445 m~—44,5 mm - pacxoxkJeHHE C IPUMEPOM

XII1.2 |cocraBasger 1% ;

O =0, -k =0-4,607 =0 pao - ¢ mpumepom| XI11.2| TouHoe coBnagenue ;

My, =My, =1275-4,607=5874 H-m - pacxoxnenne ¢ mpumepom | XIII.2

cocrtasiysieT 17% ;

My. s 5874 85000

+ == —+ =218,8-10° Ila ~ 219 MIla
W, A 39,7-10™ 0,0012

- pacxoxaenue ¢ mpumepom | XIII.2

cocrtasiseT 11% ;

Ouax =O0¢ =

KoaddummenT 3anaca npoyHocTH:

op _240 _
219

11

O-max

3amMeTHOE OTJHUYHE CHIIOBBIX PE3YIbTATOB MX U Opyax OT TOYHOTO MeETOoda

oOBsICHSIETCST Tapadoandeckod (OpMON H30THYTOM OCH HArpy>KEHHOM Oajku.



llpumep XI.6|:

_7rd2

10 A [lano: A= =78,5-107° /2
?@_; 4
y | ad?
. | E ly =——=491-107" A"
/ | / 64
S ' D Z 3
B l l ‘1’ l‘ l c | WX :ﬂ-d :9810—9 M3
L 32
| _9.10l C C o= H .
E=2.10"77a : 1=05x : q=100 Ad :
S=300H ; o, =200 MIla
Hatimu:  Vyg, =? |o|  =? 17 =7
Pewenue

a) HaXOIII/IM COOTBCTCTBYIOIIMC BCIWYHUHBI, IIOPOKIACMEIC OI[HOﬁ JINIIb

MONEPEYHON HArPY3KOM:

y g
BI T 1T 1 17 ]cC D Z
I | N
y ®/q @
Bf T T T 1 11c D :
T \
3ql | |
5 g
z :§-I
4
-al
A
o M | /% |
e T Q.
gl?
7 g
.
_ _9 42
:I- Mxn Xmaxn _MXTn —qu =
| 9 5
| =—-100-0,5° =7,031 H-m
ser 230 _4968-q{1* 32
45 /49152-E-IX
/ "
: Meronom Mopa niim Komm-Kpeuiosa:
4968 q-1* 4968 100-0,5* 6,25

v, = = — o = 0,1011- 2222 = 0,006435 m
49152 E-l1, 49152 2.10".491.10" 98,2



6) JloOaBieHye MPOIOIBHON CHIIBI S YBEIMYHMT HPOTUOBI V , yIIIbl OBOpoTa & U

BHYTpeHHuit n3rudaromuii moment My B K1 pas:

y p=1 o _Z Bl _7-E-l _
E, I, T (uLY (ue241)
Py B/ D R Z 2 1 12
:%T c /“g;% _m-2-107-491-10° 9692 H
- : = 969,
Y\
: E, Iy P,=P,
S BT T VT 171]c / D Z 1 1
TP ko= = = 1,44
3/4_|" i TS 30 ” |
I | P, 969,2

Vi =V ke =—0,006435 - 1,448 = —0,00932 m = —9,32 mm -pacxoxkAeHUE C IPUMEPOM

XI11.3| cocraBnser 4% ;

My =My =7,031-1448=10,18 H-m - pacxoxnenue ¢ npumepom |XIII.3
cocrasisieT 3,6% ;
z =0,75-1=0,75-0,5=0,375 m- pacxoxaenue ¢ mpumepom | X111.3| - 5,4% ;
Mx, 10,18 300

+§— +
W, A 98.10° 0,00785

- coBraienane ¢ mpumepom | X111.3| rounoe;

=103,9-10° ITa ~ 104 MIla

Ouax = 01 =

KoadduumeHT 3amnaca npoyHOCTH:

or _200_
o 104

max

Nr =



