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Heab padoThI M MCXOAHBIE JAHHbIE

Tpebdyercs:
1) ITocTpouTh AMIOPY MPOAOTBHBIX CHIT;
2) W3 pacuera Ha IPOYHOCTH OMPEACIUTH O€30TMIaCHBIE pa3MeEPhl KPYTIIOTO
MIOTICPEYHOTO CEYCHHS CTYIICHEH CTEePIKHS;
3) [ocTpouts 3m0py HOPMAJIBHBIX HAMIPSKEHUN;
4) OmnpenenuTh NepeMeleHre CBOOOHOI0 KOHIIA CTEPHKHSI.
3aiaHHbIe BEJIMYNHBI:
1) Pacuernas cxema (pucyHox 1);
2) Marepuan — 4yyryH;
3) IIpenen npoyHOCTH Ha pacTsukenue o, = 80 MIla, mpenen npo4HOCTH HA
cxarue o, = 240 MlIla.
4) Monyns yrpyroctu matepuana E = 1,5 - 10° MIla;
5) Koaddunuenr 3anaca npounoctu [n] = 2;
6) JIMWHBI CUIIOBBIX YYACTKOB
L=07m;l,=04Mm;1;=08m;l, =1,0wm;
7) BHeminue cuiioBbie PaKkTOPHI

kH
F;, =20kH; F, =40kH; q = 80?.

{ f
- ' 1
7 +
* A
dr 1 l F
Pucynok 1
PI'P420300.190901.62.36.113
Wsm|JIuct| No moxym. | Iloam. Ylara
Pazpal. lBaHoB JIut. | Jlucr JlncroB
ITpos. Jlynaes Pacuer cTyneH4aroro crep:kHs [ ] 2 9
Ha MPOYHOCTb U )KECTKOCTb IIPU
H. Koutp pACTSKEHUU U CKATUU Kagenpa COJl
' V1B ' I'pynna CO/] 2-14-1




1 TIlocTpoeHme MIOPHI MPOXOJBHBIX CHJI
Dmopa  TPOJOJIBHBIX CHJI CTPOWTCS HAa OCHOBAaHWM BBIPAKCHHHA IS
IPOOJILHON CHJIBI Ha Ka)KJIOM CHJIOBOM ydacTke. IIpu cocTaBieHHH BbIpaKCHUM
paccMaTpuBaeTCsl PAaBHOBECHE BEpPXHEH (HE3aKpPEIUICHHON) YacTH CTEPIKHS, YTO
MI03BOJISCT HE ONPEICIIATh PEAKIUU OIOPHI.
1-ii yuacTok (pucysok 2); 0 < z; < [;.
Fi

;l ¢|’—‘
5 + |
G

N-: (Zj)

z
Pucynok 2

Y E=NG)+qm—F=0
N,(z;) =—q -z, + F;
— IUHEHUHAas 3aBUCUMOCTD; 3HAYCHUA ONPCACIIAOTCS B IBYX TOYKAX!:

N,(0) = F, = 20 kH > 0 = pactsxeHue.
N,(l;)=—q-l; + F, =-80-0,7+ 20 = =36 kH < 0 = cxarue.

2-i1 yuyactok (pucyHok 3); 0 < z, < [,.

r Fi

0,7L
e N

'
'
Y
'

FIN (z2)

z
Pucynox 3

2.

Y E=NG)+a-L-F=0
N,(z,) =—q-l; + F;, =—-80-0,7+ 20 = —36 kH = const < 0 = cxatue.

Jluct

PI'P420300.190901.62.36.113

N3m.

JTuct| No moxkym. | Ilomm. |Jlata 3




3-ii yuactok (pucyHok 4); 0 < z; < [5.

T Fi

bt - - -

- o w—

z; 0.4L 0,7L

| V4

Pucynok 4

zF'Z :NZ(23)+CI'O,7L_F1 = 0,
N,(z3) =—q-l; + F, =—-80-0,7+ 20 = —36 kH = const < 0 = cxaTue.

4-i1 yuacTok (pucyHok 5) ; 0 < z4 < .

| )

e

I ————

0,8L 0,4L 0,7L

Z4

| N:(z4)

z

Pucynox 5

ZFZ=N2(24)+q-O,7L—F1+F2=0;
Ny(z) = —Fy —q- L, + F, = —40 —80- 0,7 + 20 = —76 kH < 0 =

= CXaTue.

Ha ocHOoBaHMM 1TOy4YEHHBIX 3HAYEHUNW CTPOUTCS DIHOPA IIPOAOJILHON CHUIIBI

(pucyHOK 6).

N3m.

JTuct| Ne mokywm.

IMonm.

JlaTta

PI'P420300.190901.62.36.113

Jluct




rac

2 Omnpenenenne 0e30MaCHBIX pa3MepoOB KPYIJIOro NMOMePeYHOro
CeYEeHMsI CTYNCHEH CTePKHA
VYcnoBue NpOYHOCTH NIPU PACTIKEHUU-CIKATUH

IN/| o
+ Z Imax + B
o =—< [07] =—;, l,a
|Nz_|max O-B_
o~ =——<[07] =—, 1,0
0% lmax B |07 |lmax — MakcUManbHBIE II0 MOIYIIO JEHCTBYIOIIUE

PaCTArMBaIOIINE U CKMMAIOLIME HANPSKEHHMS COOTBETCTBEHHO, [a;

[07] u [07] — nmomyckaeMmble HanpsKEHHS Ha PACTSDKEHHE M CHKATHE
COOTBETCTBEHHO, I1a;

IN lmax ¥ IN; lmax — MaKCHMMalbHBIE MO MOIYJIO PACTATUBAIOIIUE M
CIKUMAIOLIKE NPOI0IbHEIE CUIILI COOTBETCTBEHHO (Ha KaX10M crynenu), H.

[ToTpeOHbIE MIOMIAAN CHIIOBBIX YYaCTKOB, M, U3 YCIIOBUI IIPOYHOCTH:

IN;|
Apes = 57 (2,2)
_ IN, |
Tpeb = [Zo-ifiax. (29 6)

Jlonyckaemble Hanpspkenus (pu o, = 80 MIla u o, = 240 MIla):
80-10°
+1 - T
[0%] = —
_240-10°
2

= 40-10°I1a = 40 MIla;
[0~ = 120-10° ITa = 120 MIla.

N3 sm10pbl npo10ibHBIX cuil 11t [-0¥ cTyneHu ctepskHs (y4acTku 1 u 2)

IN |max = 20 kKH = 20000 H; |N; |,y = 36 kH = 36000H.

Torna
20000

+ —C.10—4 2.

ATpe612m_5 10 M=,

_ 36000 a

mes = 120. 106 o L0 M”
Jluct
PI'P420300.190901.62.36.113 5

Wsm. UTuct| Ne moxym. | Iomn. |[ara




Jlsis BBINOJTHEHUST 000X YCIOBHUI AJISl CTYNEHU MPUHUMAETCS HAauOObIas
pacdeTHas IJIoImaib

Ap = maX(ATpe6 1 Arpes 1) ATpe6I =5-107*
N3 smtopel npo1onbHbIX cuit Juis [1-oi crynenu crepskHs (y4acTku 3 u 4)
INS max = 0; IN; lmax = 76 kH = 76000H.
Torna
ATpe6 im0

) 76000 B
Tpe6 I1 = m = 6,333 -10

JI7is1 BBITIOTHEHUS O00UX YCIIOBHM JJISI CTYIICHU NMPUHUMAETCSI HanOOoJIbIas
pacyeTHas miomaiab

AII - maX(ATpe6 1D Tpe6 II) ATpe6 11— = 6,333 10_4

JlnameTp cTyrneHu, M, BRIYUCISETCS IO opMyIie:

d= |—. 3)

4-5-1074
dI = B,T = 0,0252 M = 25,2 MM,

4-6,333-10~*
d; = 1 = 0,0284 M = 28,4 MM.

Torna

Takum 00pa3om, moTpeOHbIE pa3MeEPbI MONEPEUYHBIX CEYEHUHN ONPEIEICHBI.

Jluct

PI'P420300.190901.62.36.113

N3m.

JTuct| No moxkym. | Ilomm. |Jlata




3 Omnpenesnenue 1eiicCTBYIONIUX HATIPAKEHUI

JlelicTByroI1Iee HAIIPSDKEHUE OmpeenseTcs no Gpopmyre

o= 7, 4)

r7ie MpooibHbIe cuiibl N, OepyTcsi CO CBOUMU 3HAKAMU C SMIOPHI.
1-ii yuacrok; 0 < z; < [;.
N,(z1) = —q -z, + Fy; Ay = Ay

—q'z1+F

o(z,) = 4,

— JIUHEWHas 3aBUCUMOCTD; 3HAYCHUA ONPCACIIAOTCA B IBYX TOYKAX:

_ N,(0) _ 20000

a(0) = 4, —5_10_4=40-106Ha=40MHa;
N,(l,) —36000
o(ly) = ZA, =g =72 106 Ma = —72 MIla.

2-it yuacrok; 0 < z, < [,.

N,(z,) = —36 kH = const; A, = A,.
N,(z,)  —36000

A,  5-107%

a(z,) = = —72-10°Ila = —72 MIla = const.

3-ii yuactok; 0 < z3 < [5.

N,(z3) = —36 kH = const; A; = Ay;.

N,(z3) . —36000 68106 Ha — —56.8 Ml — t
A B 6,333 -10~% - ’ a= ) a = const.

o(z3) =

4-i1 yuactok; 0 < z, < [,.

N,(z,) = =76 xH = const; A, = Ay;.

No(za) _ 76000 _ .. 106 [la = —120 Mila = const
4, ~ 6333107 a= a = const.

0(z4) =

Ha ocHOBaHWM BBIYMCIICHHBIX 3HAYEHUN CTPOWTCS SIIOpa JCHCTBYIOIINX
HaIpPsHKEHUH (PUCYHOK 06).

Jluct

PI'P420300.190901.62.36.113

N3m.
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4 IocTpoeHue 3MOPHI NepeMeLlieHU CeYeHU CTEePKHSA
[TocTpoeHnue 3mopsl NEpeMEICeHU HaYMHAETCs OT 3aeNKu (ceueHue A-A),
MIOCKOJIbKY 3aBEIOMO U3BECTHO

6A—A = 0
[Tepememenue ceuennst b-b

Op_p = Op—p T Aly,
rne  Al, —abconmoTHOE yaMHEHNE 4-To croBoro yuactka (N,(z,) = const):

N,(z,) "1 —76000 - 1,0
Al, = AU =-80-10"*mMm=—-08MM< 0=

EA;  15-1011-6,333-10"%

y4acTOK 4 yKOpaunBaeTCsl.
655 =0—-8,0-10"*=-8,0-10"*mMm=—-0,8 MM < 0 =,

ceuenue b-b nepememaercs k 3aaenke (BHU3).
ITepememenue ceuenus B-B

0p-g = 0p-p + Als,
rae Al —abcomoTHoe yanHeHue 3-ro cuioBoro y4yactka (N, (z3) = const):

N,(z3) 13 —36000- 0,8 B
EA;  1,5-1011-6,333-10"%
=—-0,303MmM <0 =

—3,03:107*m =

Y4acTOK 3 YKOpaunBaeTC .
6g_g=—8,0-10"*—-3,03-107*=-11,03-10"*mMm=—-1,03 MM < 0 =,

ceuenue B-B nepemeraercs k 3aaenke (BHHU3).
[Tepememienune ceuenus I'-I°

Or_r = 6g_p + AL,
rae  Al, —abcomoTHoe yamnHeHHe 2-ro cuioBoro ydactka (N, (z,) = const):

NZ(ZZ) ) lz _36000 ) 0,4‘
- = -1,92-10"*m =
EA, 1,5-1011-5- 104 M

Alz -

Jluct
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N3m.

JTuct| No moxkym. | Ilomm. |Jlata




=-0,192MmM< 0 =
y4acTOK 2 YKOpauHuBaeTCHl.
or_r = —11,03 - 1074 —-1,92-107%=—-1295-10"* M = —1,295 MM < 0 =,

ceuenue I['-I" mepemeriaercs K 3ajaenke (BHU3).
[Tepememenue ceuenns /-]

6E—E = 6[*_[* + All

[lpu onpeaencHuu yaauHeHH Ha 1-om yuactke N,(z;) # const wu
YIUIMHEHUE ONPENEIACTCS UHTETPAIOM

1
Al = E_A,,l;NZ(Zl)dzl;
ll 1
All:E_AI (—q -z + F)dz, = EAI( 0,5qzf + Fyz;) =
[-0,5q1? + F;1,] = 10° [-0,5-80-0,72 +20-0,7] =
R TR T TR T ' /1=

=—0,75-10"*M = —0,075 MM > 0 =

~ EA,

y4acTok | ykopadnBaercs.
Sp-p=—12,95-107*—0,75-10"* = -13,7-107* = -1,37 MM < 0 =

ceuenue [-J1 nepemeniaercs K 3a7eake (BHU3).
J1J1s MOCTpOEHUS MIOPHI HETMHEMHOU (DYHKIIMH BBIYUCIISETCS IEPEMEIICHHE
B IPOMEKYTOYHOM ceueHuu E-E

by

1
6E E = 81" T + — N (Zl)dzl.
EAI 0,511

VY 1invHeHrne HU>KHEW MOJIOBUHBI ydyacTKa 1:
ll ll

—a N,(z,)dz, = - (=0,5qz% + F;z,) =
EA; Josi z\Z1)AZy = EA1 4z, 121 o5t

1

=5 [—0,375ql? + 0,5F, ;] =

Jluct

PI'P420300.190901.62.36.113

N3m.

JTuct| No moxkym. | Ilomm. |Jlata




103
= 15-1011.5.10-% ) [_0;375 80 - 0;72 +0,5-20- 0,7] =

=-1,03-10"*mMm=-0,103 MM < 0 =

HIDKHSIA 4acTh ydyacTka | ykopauuBaeTcs.
8p_g=—12,95-10"*-1,03-10"*=-1398-10"*=-1,398 MM < 0 =

ceuenue E-E nepemernaercs k 3anenke (BHU3).
Ha ocHoBaHuM paccuynTaHHBIX 3HAUEHUM CTPOUTCS 3IIOPA NepeMeneHu

CEUYEHUMN CTEeP)KHS (PUCYHOK 0).

F 2 "N.", kH 2 "e" Mlla 2 "0", mm
) Yoo 0 20 0 40 1,37 0
E : b @ 7/‘%
S —g P — 1,398
LF_ 1 1 _I_‘ 361 72‘
1,295
= dr- 36 72
B B 56,8 1,03
B B 76 36 120 56,8
™ ) 0,8
A 4
76 0 120 0 0
Pucynok 6

PI'P420300.190901.62.36.113

W3Mm.PTuct] Ne moxym. | Iomn. Jata

Jluct
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