PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KOHCTPYKTMBHaA cxema Basa

] b

Tz=2t2

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, apnnHbl yyacTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]

LLIkne 1 — Beayw,asa nepenada, nonyyaeTt BpaweHue
OT ABuratens
LLIkue 2 — Begoman nepenaya, nepenaet BpaleHme
Ha paboyune opraHbl
LLIkne ¢ guameTtpom D, aenaet n o6opoToB B MUHYTY
M nogaeT Ha Ban mowHocTb N kKBm. LLIKn8B gnametpa
D, nepepaet mowwHocTb N Ha paboyne opraHbl
MaLUMHbI.
MowHOCTb, N0OgaBaeman Ha Bas OT ABuratensa

N [ Bm] =[0oc/ cex] =[n-m/ cex]
CBA3b MOLLHOCTM C YI1IOBOW CKOPOCTbIO U MOMEHTOM
Ha Bany N=M-o
[Ona paboyero pexmma, MOLWHOCTb NOAaBaeMas Ha
BaN OT ABMraTena paBHa MOLWHOCTU, NepeaaBaemMomn
OT Ba/1a Ha paboune opraHbl. Ychosue
AWHaMMyecKkoro pasHosecua: M, =M,
3710 ycnosue obecneymBaeT NOCTOAHHYHO YacTOTy
BpaweHua Bana n=const [o6/ mun]
CBA3b YACTOTbl BPALLEHUA C YINIOBON CKOPOCTbHO

a):;m—ozconst [ paol cex]=[c ]



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KOHCTPYKTMBHaA cxema Basa

..H
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Tz=2t2

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, apnnHbl yyacTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]

TpebyeTca:

- ONpeAennuTb MOMEHTbI, MPUNOXKEHHbIE K LIKMBAM;
- ONpeaennTb OKPYXKHble YCUNUA, AeNCTBYOWME Ha
LLUKUBbI;

- onpeaennTb CUbl, U3rnbatoLLmne Ban B
rOPU30HTa/IbHON U BEPTUKANIbHOM NAOCKOCTAX;

- MOCTPOUTb PACUYETHYO CXEMY Bana;

- NOCTPOUTb 3NOPY KPYTALLMUX MOMEHTOB;

- MOCTPOUTb 3NOPbI N3rnMbaoLWMX MOMEHTOB OT
BEPTUKANbHbIX U TOPU3OHTA/IbHbIX CUA
(monepeyHbIMK cunamm npeHebperaem);

- NOCTPOUTb 3NOPY CYMMAPHbIX U3rnbatomx
MOMEHTOB;

- MOCTPOUTb 3MNOPY SKBUBANIEHTHbIX MOMEHTOB,
MCNONb3YA 3-10 TEOPUIO MPOYHOCTHU;

- HAUTW ONACHOE CeYEHUE M ONpPeaennTb
MaKCMMa/IbHbIA SKBUBANEHTHbIA MOMEHT;

- nogobpatb gnameTp Bana d M3 ycnosusa
MPOYHOCTM.



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KOHCTPYKTMBHaA cxema Basa

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, apnnHbl yyacTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]

OnpeaeneHne MOMEHTOB, MPUJIOXKEHHbIX K LUKMBAM
MomeHT, nepenaBaembin nepeaaven 1:
M, _N _30N _30-31400 _ 10000 H x
@ 7N 7 -300
MomeHT, nepenaBaembin nepeaaven 2:
M, =M, =10000 H u
OnpeaeneHne OKPYHKHbIX YCUAUN
Cunbl HaTAXKeHUA BeAyLLeN BETBU PEMHA NPUHUMAEM

pPaBHbIMN YABOEHHOMY HATAXKEHUNIO Be,CI,OMOl;i BETBWU.

Tl = Ztl
T2 :2t2
MomeHTbI, co3g4aBaemMble Ha Nepeaye:
D D
M, =(T —t;) —=t, -1
1 ( 1 1) 2 1 2
D D
M, =(T, —tz)‘Tzztz 72
OKpyKHOe ycunme nepepgaum 1:
(= 2M; _2-10000 _ 40000 H
D; 05
OKpyKHOe ycunme nepepaun 2:
t, = 2M, _2-10000 _ 20000 H

D, 10



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KOHCTpYyKTMBHaA cxema Basa Cunbl, usrmbatowme san B ropu3OHTANIbHON U
BePTUKANbHOM NNOCKOCTAX

I‘JI \vJ J
o] { f D2 || CocTaBnstowme ycunnii, AeiCcTBYOLWLMX Ha Ba CO

m | (N CTOPOHbI Nepeaaun 1:
a h c P, =T, +t; =3t; =120000 H
_\ CocTaBnsatowme ycunmm, 4encTByoLUX Ha Baa €O

Caawm, defimaysiyne oo coopons Repeday

CTOPOHbI Nepeaayn 2:
Poy =0

EM ‘)Mz sz =T, +t, =3t, =60000 H
Pis Py ]

CTponm pacyeTHYO cxemy Bana

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, apnnHbl yyacTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KoHTpnpnBOoAHOM Ban
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Cxeand mrspyMcen iy soua
:L 2 Q M ‘5 " L
= ﬂ} — 1 = é===m PacuyeTHasa cxema Basa
I/ F}y
I N 2 ": i

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, AnunHbI y4acTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaA cxema Bana
[NocTpoeHune anpbl KPYTALWMX MOMEHTOB

Cxesrm o MSPTMAC N NA aid

L 11; {\'\LM.' WME L
) po 3 77 — 1 yyactok: M, =0,
; : Pard . 2 yyacTtoKk: M _,=M,=1000,0 H m,
s £ i K2 1
- ’ ‘ : 4 3 yuacTtok: M, ,= M,-M,=0,
L "“-Lm ﬁM1 ﬁI."u.-#s L
1 J 2 ﬁ-r d ,/Ir 3 mm

fooao

R

Nk ” | S Huf

McxoaHble aaHHble: mowHocTb N=31,4 KBm,
yactoTta n=300 06/MuUH, ANaMeTPbl LUKNBOB
D,=0,5 m; D,=1,0 m, apnnHbl yyacTkos Bana a=0,5
m; b=1,0 m; c=0,5 m, ponyckaemole HanpsaKeHns
[c]=70 MIla

Mopobpatb AnametTp Bana d [mm]



PacyeT Ba/10B Ha

PacyeTHaA cxema Bana

Cxewa Racpyacery s aala
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My ] [ { ” [
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15000

ki

Toman [Hu]

NpumeyaHue:
BeKkTop MOMeHTa nepneHAnKyAspeH NA0CKOCTU
AEeNCcTBMA MOMEHTA (TeopeTnyeckas MexaHuKa)

nM3rnbd c KpyyeHmem

[MocTpoeHume anop M3rmbatoLLnMX MOMEHTOB OT
BEPTUKAbHbIX U TOPU3OHTA/IbHbIX CU
(mnonepeyHbIMK cunamm npeHebperaem)
MocTpoeHune antopbl nsrnbatowero momeHTa M,,
AENCTBYHOLWEro B BEPTUKAIbHOWN MJIOCKOCTU:

{ZmB%Piy;:O,:> YA(a+b+C)—P2y(C)=0,
2maiFy)=0 Yg(@a+b+c)- P, (a+h)=0
P,,(¢)  60000-05

Y, = - =15000 H
a+b+c 20
P,,(a+b :

Y, - »y(a-+b) 60000-15 5000
a+b+c 20

BennuuHbl n3rmdaroLlero MOMeHTa Mx B XapaKTepHbIX
cevyeHndax:

M, =0

My, =M,3=Y,-a=15000-05=750,0 H m
My, =Y, -(a+b)=15000-15=22500 H m
M,s =Yg -C=45000-05=22500 H m

M, =0



PacyeT Ba/10B Ha

PacyeTHaA cxema Bana

Cxewa Racpyacery s aala
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NpumeyaHue:
BeKkTop MOMeHTa nepneHAnKyAspeH NA0CKOCTU
AEeNCcTBMA MOMEHTA (TeopeTnyeckas MexaHuKa)

nM3rnbd c KpyyeHmem

[MocTpoeHume anop M3rmbatoLLnMX MOMEHTOB OT
BEPTUKA/IbHbIX U TOPU3OHTANbHbIX CU
(mnonepeyHbIMK cunamm npeHebperaem)
MocTpoeHme antopbl N3rMbatoLLLEro MOMEHTA M,,
AENCTBYIOLLEro B rOPU30HTA/IbHOW MJIOCKOCTU:

{EmB(PiX):o, N X a(@a+b+c)-P,(b+c)=0,
Zm,(P,)=0 {XB(a+b+c)—P1X(a):O

_Py(b+c)_120000-15

X A = =90000 H
a+b+c 20

X = Pi(a) _120000-05 _ 30000 H
a+b+c 20

3Ha4yeHus nsrnbatowero momeHta M, 8

XapaKTePHbIX CEYEHUAX:

My =My =X,-2=90000-05=45000 H u
M4 =X -(a+b)- Py -b=90000-15-120000-10 =

=15000 H m
My5 = Xg-c=30000-0,5=15000 H m
MXG =0



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

KoHTpnpnBOoAHOM Ban

Cxema Nacpymne s aaia
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L/ 2704,16
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Meoynd My4

My

Moym2 A My2
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[NocTpoeHMe 3nPbl CYMMAPHOTo n3rnmbatoulero

MOMEHTA
Mgy =My + M,
2 2
Mgy =My + My
1 _
McyM_

M? = M3 =[7500% +45000° =456207 H x

M4

‘= M =[225007 +15000° =2704,16 H

M =0

BekTop M,,,, noBopaumnBaeTca BOKpYr NPOA0NbHOM
OCu BaJia, T.e. ankopa McyM NPOCTPAHCTBEHHAA, 34
UCKZTIOYEHUEM YHACTKOB,

rae M y n Mx OAHOBPEMEHHO MNnepeceKkarT HYyNEBYIHO
JNHNIO.
[NOCKMe y4acTKM 3antopbl N306paxKatoTca NpAMbIMM

NMNHUAMU, NPOCTPAHCTBEHHbIE — MPON3BOJ/IbHbIMHU
KPpnBblIMU BbIMYKJOCTbIO BHUS.



Cxeane ISP VACEN A GaTa
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PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem
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yC/i0BUE NPOYHOCTH
npu usrnbe c KpyuyeHnem

max
M 9K8

WX

max __
9K8

< [0']

MNocTpoeHme antopPbl IKBUBANEHTHbIX
(npuBeAeHHbIX) MOMEHTOB
B KaXkaom ceyeHUM Bana AeMUCTBYIOT KpYTAWMN M
n cymmapHbliii M, nsrnbatowmnii MomeHTbI.
Hanpsa)xeHua npu coBMeCcTHOM geincTteum nsruba u
Kpy4yeHus. YcioBUeE NPOYHOCTH
OT M3rnbatoLero MoOMeHTa — HopMasbHble

HanpaxeHus O
OT KPYTALLETO MOMEHTA — KacaTe/ibHble

HanpAaxeHuA T 3
Omax = McyM Wx:ﬂ‘;

W, 32

M, md?

CornacHo Teopuu HanMbONbLLUNX KacaTe/ibHbIX
HaI'IpFI)KeHMﬁ (3-FI TeopuAa I'IpO‘-IHOCTVI), ycnosue
NPOYHOCTUN NPU COBMECTHOM nencTenm nsrnba c
KpyyeHnem mmeet Bna

Gmax < [G]

9K6 —

roe sKBMBaJIEHTHbIE HAMPAXeHUA
O e =Vo? +47% =
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MCyM + M

2
M

com

+4.

X

M
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PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

NocTpoeHue anpPbl SKBMBANEHTHbIX

oo masprmeennn eane (npnBeaEeHHbIX) MOMEHTOB

' (i} M1 Mz
= = N vy

/ Pay 9KE aom T My

o) X h Y c
7 < 2 > I 1
Kpymunypi sWosrenrm . M K6 _0
il
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M2 :\/4562,072 +02 =456207 Hm

CpAraramiafdl &y G e i oA carm

\/ 270416 M3 = /4562072 +10000 =4670,39 H u

M? = \/ 2704162 + 100002 = 288314 H x

L5682 07

Meym [Hu]

PR T ST I TR ST T VGOSN T 700 36
L/ M® = [2704162 +0? =2704,.16 H u
43562,07 B e

27004, 16
9K6
Maxe

" 3niopa M, NPOCTPaHCTBEHHas, 3@ UCK/IOYEHMEM
YYaCTKOB, rAe KPYTALLMIA MOMeHT M =0
[A0CKMe yHaCTKM 3Ntopbl M306parKkatoTca NPAMbIMMI
JIMHWUAMM, NPOCTPAHCTBEHHbIE — MPOU3BObHbLIMM
KPUBbLIMM BbIMYKAOCTbIO BHU3.

yC/i0BUE NPOYHOCTH
npu usrnbe c KpyuyeHnem

max

\J o :—V\3/K6 < [o-] Wx — oceBoM MOMEHT CONPOTUB/IEHNA CEYEHNA
X



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

OnpegeneHne anameTpa Baaa

Cxeane ISP VACEN A GaTa M‘-.
—_ M k — OnacHbIM ABNAETCA ceYyeHune, rae npmeBegeHHbIN
(Bm ‘.! 3 ‘I ,{f_/ 5 el
f pa MOMEHT AO0CTUFAET MAaKCMMAIbHOIO 3HAYEHMUA.
T 2 o YcnoBme NPoYHOCTM Bana Npu UCNOAb30BaHNM
Kppmamhd soueem 1600.6 TeopuKn HanbonbLIMX KacaTeNbHbIX HANPAXKEHUN
M [T (H] (TpeTben TeopUM NPOYHOCTN) UMEET BUA,:
CpAraramiafdl &y G e i oA carm
36207 270 0 M mex
~ o =—X<[o]=70Mlla,
\ K8 WX
Moy [Hwu| 72'd 3
20e W, =—— ~01d?3
VBT BELTE T ML AT AN SR T 4670 39 32
/ 2704,16 Toraa AMameTp Bana
Maxs \ max 3
Frith M M
T v meke gl Cora _ o) 407039 _g5a0q
01[c] \01[oc] Vo01.-70-10°

MpUHMMaeM AnameTp PaBHbIM:
o d=88 mm.

yC/i0BUE NPOYHOCTH
npu usrnbe c KpyuyeHnem

: M3K6
‘-E Coce =W—X3 o]



[MopaaoK pacyeTa Basia Ha U3rMb € KpydyeHnem

Cxewns maspyure iy GEas
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1).CTpoum 3antopy KPyTALLMX MOMEHTOB M,,.

2).Ctpoum antopy usrnbatowmx momeHTos M, ot
AENCTBNA BEPTUKAbHbIX CU.

3).CTpoum antopy M3rnbaroLLLnMx MOMEHTOB M, ot
AENCTBMA TOPU30HTANIbHbIX CUA.

4).CTpoum antopy CyMMapHOro M3rnbarouiero

momeHTa M, (3ntopa NpocTpaHcTBeHHas).

M, =M +M:

5).CTponm antopy s3KBMBaNIEHTHOrO (NpUBEeAEHHOrO)

momeHTa M,, . (antopa NpocTpaHCTBEHHAA).

[As2 2
M3K6: McyM +M1<p

6).0npeaensiem agnameTp Basia U3 YCNOBUS
NPOYHOCTU NPU COBMECTHOM AENCTBUMU N3rmba m
Kpy4YyeHuA:

max
o = Fate<[o]
X




PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaAa cxema Bana

P
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McxoaHble AaHHble:
Harpy3ka P=10 kH, momeHT M=Pa,
OIVHbI YY4aCTKOB Basa a=1 m;

Aonyckaemble HanpsaxeHua [o]=100 Mlla

Mopobpatb AnametTp Bana d [mm]

% 5

TpebyerTcs:

- MOCTPOUTDb 3MNOPY KPYTALWMX MOMEHTOB;

- NOCTPOMUTb 3NOPbI N3rMbAKOLLIUX MOMEHTOB OT
BEPTUKANbHbIX N TOPU3OHTAJIbHbIX CUJI
(monepeyHbIMK cunamm npeHebperaem);

- NOCTPOUTDb 3MOPY CYMMAPHbIX N3rnbaroLmx
MOMEHTOB;

- MOCTPOUTDb 3MOPY 3KBMBANIEHTHbBIX MOMEHTOB,
NCMNONb3yA 3-10 TEOPUIO MPOYHOCTH;

- HAWUTW OMaCHOEe ceYeHne n onpeaennTb
MaKCUMa/IbHbIN 3KBUBAJIEHTHbIN MOMEHT;

- nogobpaTb AnameTp Basa d M3 ycioBUA
NPOYHOCTW.



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaAa cxema Bana [NocTpoeHune anpbl KPYTALWMX MOMEHTOB

M y 2M M [T P 1 yyactok: M, ;=0,
— /' / [ L 2 yyactok: M, ,=M=Paq,
ik ‘\ \,. ak \ 3 yyacTtoK: M, ;= M-2M= -Paq,
4 yyactok: M, ;= M-2M+M= 0

i i a M a i
K N 3 4
Vuenie 'y
L (T | (- == ﬂ'
i, \\' B \ 5 srT'; H
Kpymsguis mosvenm M=Pa |
4

Mk | 0

McxoaHble AaHHble:

Harpy3ka P=10 kH, momeHT M=Pa,

OIVHbI YY4aCTKOB Basa a=1 m;
Aonyckaemble HanpsaxeHua [o]=100 Mlla

Mopobpatb AnametTp Bana d [mm]



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

3agava 1l
PacyeT Bana Ha n3rmnb

PacyeTHaAa cxema Bana
[NocTpoeHune antop U3rnbaroLLMX MOMEHTOB OT

F
,.\,f/,/' f M M[T P BEPTMKA/IbHbIX N FOPU3OHTAIbHbIX CUJI

L L (mnonepeyHbiMK cnnamun npeHebperaem)
dk Ak \ MocTpoeHue antopbl M3rnbatoLero momeHta M,,
2P o v
a ' a Y a ‘ a AENCTBYHOLLErNo B BEPTUKA/IbHOWM NTIOCKOCTU:
I 2 13 1 4 ] Y,-3a+2P-a+P-a=0
Hizud g gepmukaisngii ROCKocmn {2 Mg EP,Y ; =0, — {_ Ao+ a+r-a=y,
Var p Voo Ao zm,(P, )= Yg-3a-2P-2a+P-4a=0
?2P-a+P-a MpaBnno 3HaKOB AN
| | | Y. = =P MOMEHTA CU/bI
|g 2P - I A 3a OTHOCUTE/IbHO TOYKM
12FPa B ‘
Pt 2P-2a-P-4a
Pa | 1T [ T | Pa YB = 3 =0 @ @
] ‘ i ‘ I _. a
Mx ezl [ 0 Mposepka:
Hizzwid & opuson i iei iockocnyn Y Piy — 0 — Y A +YB —2P+P= 0
-2P/31 P :
Tx‘“ 1XB =-P/3 3HayeHuA nsrmbatowero momeHTa M, 8
| | | | XapPaKTEPHbIX CE4YHEHUAX:
- ArE—] I
M M x1 - 0
Y L] I | J ‘ = v My, =M,3=Y,-a=Pa
~ _l }}_}j[’“ M X4 = M X5 :YA -2a=2Pa MpaBuiIo 3HAKOB A/s
Rl B M3rnbaroLLmMx MOMEHTOB
0.67Pa M, =M,; =P-a=Pa
M X8 = O

(== ==



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeT Bana Ha n3rmnb

3agava 1l

PacyeTHaAa cxema Bana

p
M 2M ML
- /' L
T\ T\
2P
a i i1 Y a X e
r 1 -2 I 3 4
Hizui & pepmurkansngii Rrockocmu
T Ya=r 2P Yg =0 I P
| | |
T _ [~ |\.
| | ;F‘f.' B :
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Mx =1L | l -..“"r I(J
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10.67Pa

“0.33Pa
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[MocTpoeHume anop M3rmbatoLLnMX MOMEHTOB OT
BEPTMKA/IbHbIX U TOPU30HTA/IbHbIX CU
(mnonepeyHbIMK cunamm npeHebperaem)
MocTpoeHne antopbl N3rnbatowero MOMeHTa M,,
AENCTBYHOLLEro B TOPM30HTA/IbHOM MJIOCKOCTU:
{EmB(F’ix)=0, _ [-Xa-3a-P-2a=0,
zmy(R,)=0 {XB-3a+P-a:O
—2P-a

I'Ipanmo 3HaKOB 4nAa

Xa= =-0.67P MOMEHTA CU/bl
A 3a OTHOCUTE/IbHO TOYKM
—P.a
Xo =gy =70F @ @

fposepka:  »p =X, + Xg+P=0

3HauyeHun usrubatowiero momeHta MV, 8
XapPaKTEPHbIX cevYeHnAX:
Myl :O

MpaBu/0 3HaKOB AN
M v6 = M y7 = 0 M3rnMbaoLLMX MOMEHTOB

() (==



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaAa cxema Bana

Hizub & sepmuxaib il RI0CKOCHN
T YA P 2P YB il TF
I | | |
Aﬂ i r 3 {13 f 7 l_'\'
2Pa B
Pa || l- I Pa
My ] l | [ 111y 0
Hizud & 20pu30HMATEHON LIOCKOC I
~ P
F xB -P/3
TXA -2P/3
L ] ] ]
ﬂ | | - 5 - |
e ¥ 3 413 f / 5
A B
My l 0
TS
=" 10.33Pa
0.67Pa
Cyvmapabin uszudarougui womenm g 2 03 Pa
1.20Pq / -
[
Moyu /
]

[NocTpoeHMe 3nPbl CYMMAPHOTo n3rnmbatoulero

MOMEHTA

M, =M, + M,

M =My + M
M' =0,

oM

M2, =M? = /(Pa)’ +(~067Pa)’ =120Pa
M‘ =M® = (2Pa)’ +(-0.33Pa)’ =2.03Pa
M® =MT = (Pa)’+0=Pa
M8 o

cym

BekTop M, noBopaumBaeTca BOKPYr Npoao0/ibHOM
ocu Bana, T.e. antopa M, NpocTpaHcTBeHHasn, 3a
NCKNOYEHMEM YYACTKOB,

rae My n M, 0AHOBPEMEHHO NepeceKatoT HYNeByio
JIMHUIO.

[N0CKMe yyacTKM antopbl M306parkatoTca NPAMbIMU
JIMHUAMM, NPOCTPAHCTBEHHbIE — MPOU3BO/IbHbIMM
KPMBbIMU BbIMYKNOCTbIO BHU3.



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacueT Basia No TpeTben TEOPUM NPOYHOCTH
(Teopun HamboNbLLINX KacaTeNbHbIX HAMPAXKEHUN)

3agava 1l

2M M A P
| |

3 ﬁll 1!z H

2P

Kpymsun movenm

Mk

a ) 1 Y a a

]f}

Cysmaproiin wszndanugiie MoMenm

1.20Pg

Moy /

> 03P M=PFa

Hpusedensi (Ixene@enmusi) Moy

I.56Pa J

1.20Pa

Mnp

i

EH

2.26Pa
k 1.41Pa
\_/‘ Pa

{)

MNocTpoeHue 3npPbl SKBUBANEHTHbIX
(npuBeaeHHbIX) MOMEHTOB

M9K6 :‘\[Mf + Mczy/w

i, o
M? = J0+(1.2Pa)’ =1.2Pa
M? = /(Pa)’ +(1.2Pa)’ =156Pa
M* = [(Pa)? +(2.03Pa)’ =2.26Pa
M® = /(~Pa)’ +(203Pa)’ =2.26Pa
M® =M’ = /(-Pa) +(Pa)’ =1.41Pa,
M3, =0
dntopa M,,., NpocTpaHCTBEHHasA, 38 UCKAOYEHMEM

YYaCTKOB, rae KpyTawmm momeHt M, =0
MnocKme y4acTKuM antopbl M306parkatoTcsa NPAMbIMU
JIMHUAMM, NPOCTPAHCTBEHHbIE — MPOU3BO/IbHbIMU
KPWBbIMM BbIMYKNAOCTbIO BHU3.

ycnoBue NPOYHOCTU Npu U3rube c KpyueHuem

max
o = B < o]
X

Wx — oceBoit MOMEHT COMNPOTUBAEHUA CEYEHUSA



3apada 1l pacyer Bana no TpeTbeit TEOPUM MPOYHOCTY

PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

P
M M M P
- ﬂ [- —_ |
I 1 i \- l_g \i 3 I"Jll 1" 7 H
2P
a 1 Y a X a
[ I 2 [ i 4
Kpymisun momenm
b  M=Pa
+]
Mk I ] il
Cysmaprelil wszniaron i MomMenm 2 03Pa M=Pa

1.20Pg

Moy /

Hpusedenisi (xenean

1.56Pa

1.20Pa

Mnp

i

cH Hi’H‘h”-l'} MM ern

J 2.26Pa
k 1.41Pa

\_/‘ Pa

{)

OnpegeneHne anameTpa Baaa

OnacHbIM iIBASIETCA ceyeHue, rae npuBeaeHHbIN
MOMEHT AOCTUTaeT MaKCMMa/IbHOrO 3HaYEeHMUS.
Ycnosue NPoYHOCTM Bana Npu UCNONb30BaHUM
TeopuUn HanboNbLUMX KacaTe/IbHbIX HaNPAKEHN
(TpeTben Teopun NPOYHOCTN) UMEET BUA,:

V] Max |V|4’5
o = o <[5]=100Mlla,
K6 WX WX
3
20e W, ziz0,1d3
32

TOr4a AnameTp BaJia

M* 596 Pa  [2.26-10000-1
K6 \/ ) a_3\/ ) : : 20,1312.7‘/[

01[c] V\0l[o] Y\ 01.100-10°

MpUHMMaeM AnameTp PaBHbIM:
d=132 mm.



[MopaaoK pacyeTa Basia Ha U3rMb € KpydyeHnem

P
M 2M M P
R A R
T\ \l T\
2P
a a Y I X a
e 7 2 : 3 ey 3
Kpymauguis momenm M=Fa
+]
Mk ' | 0
_ . M=Pa
Hzzubarugie soveiimal e Fa
.I'nﬂ' - .--""-.-. I . Pf.l
Mx [ l ] T I Ir)]
My ™ I 0
v I
N 10.33Pa
10.67Pa
)
Cysemapusinn w3zaoaouiii momenm 4 = 03Pa
1.20P
/ ~
Meym
Hpuaedennptil (IKeUEEISHBINB ) MoMenm 0
2.26Pa
1.56Pa J
1.41Pa

1.20Pa

Mnp

1).CTpoum 3antopy KPyTALLMX MOMEHTOB M,,.

2).Ctpoum antopy usrnbatowmx momeHTos M, ot
AENCTBNA BEPTUKAbHbIX CU.

3).CTpoum antopy M3rnbaroLLLnMx MOMEHTOB M, ot
AENCTBMA TOPU30HTANIbHbIX CUA.

4).CTpoum antopy CyMMapHOro M3rnbarouiero

momeHTa M, (3ntopa NpocTpaHcTBeHHas).

M, =M +M:

5).CTponm antopy s3KBMBaNIEHTHOrO (NpUBEeAEHHOrO)

momeHTa M,, . (antopa NpocTpaHCTBEHHAA).

[2 72 2
M3K6 = MKp +McyM

6).0npeaensiem agnameTp Basia U3 YCNOBUS
NPOYHOCTU NPU COBMECTHOM AENCTBUMU N3rmba m

Kpy4YeHus:
max

ol =N <[o]




PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaAa cxema Bana

m P
M
/o
3 \l
o A

L
B M 5
2P )

ne e > >

o

McxoaHble AaHHble:

Harpy3ka P=10 kH, momeHT M=Pa,
OIVHbI YY4aCTKOB Basa a=1 m;
Aonyckaemble HanpsaxeHua [o]=100 Mlla

Mopobpatb AnametTp Bana d [mm]

TpebyerTcs:

- MOCTPOUTDb 3MNOPY KPYTALWMX MOMEHTOB;

- NOCTPOMUTb 3NOPbI N3rMbAKOLLIUX MOMEHTOB OT
BEPTUKANbHbIX N TOPU3OHTAJIbHbIX CUJI
(monepeyHbIMK cunamm npeHebperaem);

- NOCTPOUTDb 3MOPY CYMMAPHbIX N3rnbaroLmx
MOMEHTOB;

- MOCTPOUTDb 3MOPY 3KBMBANIEHTHbBIX MOMEHTOB,
NCMNONb3yA 3-10 TEOPUIO MPOYHOCTH;

- HAWUTW OMaCHOEe ceYeHne n onpeaennTb
MaKCUMa/IbHbIN 3KBUBAJIEHTHbIN MOMEHT;

- nogobpaTb AnameTp Basa d M3 ycioBUA
NPOYHOCTW.



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeTHaAa cxema Bana

7 P 4
2M M AP
o (‘ L 1/‘
[ 1
P
l\ 2p HJ”/(
a A a X d Bl a 3
I 2 3 4
h' »
M pyuetie M 1 'J;/|
| L L |
!, ' l\i , N eslE .
Kpymatigui momenm
2M=2Pa
‘ | M=Fa -
i AT
Mk | -l ()

McxoaHble AaHHble:

Harpy3ka P=10 KH, momeHT M=P3q,
OIVHbI YY4aCTKOB Basa a=1 m;
Aonyckaemble HanpsaxeHua [o]=100 Mlla

Mopobpatb AnametTp Bana d [mm]

[NocTpoeHune anpbl KPYTALWMX MOMEHTOB

1 yyacToK:

2 y4acCToK

3 y4yacCToK:
4 y4acCTOK:

: M, ,=2M=2Pa,
: M, ,=2M=2Pa,

: M, ;=2M-M=2M-M=Pa =Pa,
M. ;= 2M-M=2M-M=Pa =Pa



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

3agava 2
PacyeT Bana Ha n3rmnb

PacyeTHaAa cxema Bana
[NocTpoeHune antop U3rnbaroLLMX MOMEHTOB OT

A
/ M M1 P BEPTUKAJZIbHbIX U TOPUN3OHTA/IbHbIX CUJ1
L f LI { (mnonepeyHbIMK cunamm npeHebperaem)
(I .
\ "p 3/{ MocTpoeHwue antopbl nsrnbatowero momeHTta M,,
? . f: e f J [EeNCTBYIOLLEro B BEPTUKANbHOM NNOCKOCTU:
2
Hizuiy & | gepmurasidil RADCKOCHH {2 mg EPW g =0, — YA .2a+2P-a+P-a=0
- 0 = ’
Ya=1.5P4 l_ﬁp AYE -(J..‘IPTF 2m,\R, )=0 Ys-2a—2P-a+P-3a=0
| | o | ) ) MpaBwio 3HaKOB A/1A
; ; [ £ 5 p L&I_—. lx Y :2P a+P a:15P MOMEHTa CUbI
_A 3 ] ) E A 2a ! OTHOCUTE/IbHO TOYKM
1.5Pa_ op p.3
T TTT -a—F-od
i { { i P Vo= = -05P C@ @)
. o i "'--.__\_ a
Mx al I [ MpoBepka:
Hizub & 2opuionmaision niockocm ) Piy =0 = YA +YB -2P+P=0
L7 5 XB=35P |2p
PT Xa=-2.5p x J’ 3HayeHuA nsrmbatowero momeHTa M, 8
i i i_&_i i XapPaKTEPHbIX CE4YHEHUAX:
i 2 1 4| 5 fi 7 &
A ! B M x1 = O
|__.\.|r"E£ MXZZMXSZO
AT
My -.-*"'TET [+I [ I 1T [ = 0 M x4 = M x5 :YA -a=15Pa MpaBuao 3HaKOB A/1A
=] I . _ _ “3rnbatoLLMx MOMEHTOB
i 5Pa -.leJ LJJ/J MXG_MX7_P-a—Pa
A L J/ M X8 = O
v (E‘- 1153 (E,f— )




PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeT Bana Ha n3rmnb

3agava 2

PacyeTHaAa cxema Bana

om P A
M M1 P
| .| (‘ L (‘
dk \\ T 2 /<
; 2pP -
c Ik a__y a | a ,
1 2 3 4
Hizui g GEPT KL TR I HAOCKOCHTH
Ya=1.5P4 l op \Ys -(J._‘TPTF
| | | | |
] 2LA P 4|5 i L&' B lg
A 1.5Pa
A Tl Pa
Hh’ﬂﬁ [ Jflp”'ﬂ”"”ﬁ'.'l’ H.ii'-l' Mol KoCm e
p T Xa=-2.5P \XB =3.5P J’JF
| | | | |
! i 2 ! . 45 ] l_&_' 7 ! &
Al B
1 Pa
— |- ‘.F‘ .
My -l""..rl [+| I ‘\T\‘I 0
l‘\l,\ | J/I
0.5Pa) ] =i
y | J/
2Pa

[MocTpoeHume anop M3rmbatoLLnMX MOMEHTOB OT
BEPTUKA/IbHbIX U TOPU3OHTANbHbIX CU
(mnonepeyHbIMK cunamm npeHebperaem)
MocTpoeHne antopbl N3rnbatowero MOMeHTa M,,
AENCTBYIOLLEro B rOPU30HTA/IbHOW MJIOCKOCTU:

frmieg-o.

—Xp-2a-P-3a-2P-a=0,

zm,(R,)=0 Xg-2a—P-a—2P-3a=0
Xp= T B2PR_ pep M
28. OTHOCUTENIbHO TOYKU

P-a+2P-3a
Xg = =35P
8 2a C@ @
MNposepkKa:

2P, =0=X,+Xg+P-2P=0
3HauyeHunA nsrmbatoLLero MOMeHTa M, B
XapaKTepHbIX ceYeHUAX:

My, =0

My, =M ;=P-a=Pa

Mys=Mys=P-2a+X,-a=-0.5Pa

Myg =My; =—2P-a=-2Pa

Myg =0

ﬂpaBl/l}'IO 3HaKOB A4
I/ISFl/l6aPOU_I,l/IX MOMEHTOB

() (==



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

PacyeT Bana Ha n3rmnb

3agava 2

PacyeTHaAa cxema Bana

_ .
Hizuio e GO KU H O (BT CRKOCH N

e )

Cymmaprbiil 032 HOaUNE MoMeHn

Pa

Moy /

1.58Pa

{)

[NocTpoeHMe 3nPbl CYMMAPHOTo n3rnmbatoulero
MOMEHTA

1

cm

M2, =M? = 0+(Pa)’ =Pa

M‘ =M® = [(15Pa)’ +(-0.5Pa)’ =158Pa

M® =M’ = (Pa)’ +(-2Pa)’ =224Pa
M® =o.

cym

BekTop M,,,, noBopaumsaeTca BOKpYr NPOA0/bHOM
ocu Bana, T.e. antopa M, NpocTpaHcTBeHHasn, 3a
NCKNOYEHMEM YYACTKOB,

rae My n M, 0AHOBPEMEHHO NepeceKatoT HYNeByio
JIMHUIO.

[N0CKMe yyacTKM antopbl M306parkatoTca NPAMbIMU
JIMHUAMM, NPOCTPAHCTBEHHbIE — MPOU3BO/IbHbIMM
KPMBbIMU BbIMYKNOCTbIO BHU3.



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

3apaya 2 PacueT Basia NO TpeTbeil Teopmm NPOYHOCTH
(Teopun HamboNbLLINX KacaTeNbHbIX HAMPAXKEHUN)

2M A [TocTpoeHune antopbl SKBUBANEHTHbIX
/ “ Ma £ (npuBeaeHHbIX) MOMEHTOB
( I /‘ I|__| (
1, 4| 's sy A - >
- \ :P Q‘X M3K6:VMK+McyM
a e ¥ i o d ]
Kpyms i _-.m.u-c:rnm 2 4 ¢ M 1"(8 = (2 Pa)z +0=2Pa
IM=2Pa| , 5 5 .
M M? =M° =./(2Pa)" +(Pa) =2,24Pa
| M=Pa
:+ 4 _ 2 2 _
Mk ) M* = /(2Pa)? +(L58Pa)’ =2.55Pa

M® = /(Pa)® +(158Pa)’ =187Pa

M® =M’ = /(Pa) +(224Pa)’ =245Pa.

Cymsaprbiil W32 00a i MoMenm W
Pa \_//
Mcym / M8 = (Pa) +0 =Pa.
]

Hpusedennsiii MoMenR 255 dnwopa M NPOCTPAHCTBEHHAA, 3a NCKAKDYEeHnem
Pa K6
2.45P o
J.Jm;_,/iy ! Y4acCTKOB, rae KpyTalwmii MOoMeHT M, =0
e MNOCKMe y4acTKM 3nopbl M306pakatoTcsa NPAMbIMK
NTNHNAMMU, NPOCTPAHCTBEHHbIE — MPON3BOJ/IbHbIMHU
KpuUBbiIMU BbINYKIOCTbIO BHU3.

2Pa

Pa

Mrp

0
yC/i0BUE NPOYHOCTU NPU U3rnbe c KpyuyeHnem

max
ol =S <[o]
X

Wx — oceBOM MOMEHT COMPOTUBAEHUA CEYEHUA



PacueTt BasnioB Ha U3rnb ¢ KpyyeHnem

33343 2 pacyet Bana no TpeTbeii TeoPUM NPOYHOCTH
OnpegeneHve auameTpa Basia

M P F p OnacHbim aBnaeTcA ceyveHune, rge I'IpVIBeﬂ,eHHbll‘/JI
21 " .
/ L ’ ‘F/‘ L ‘H{ MOMEHT AOCTUITraetT MakCMMaJibHOIro 3Ha4eHumA.
— |
l; M . \i 5 s - p X Ycnosue NMPOYHOCTWN BaJia NPU UCIMNOJZ1Ib30BaHUN
. i - 2P ; TEOPUH Ha|/|60f|bLUMX KaCaTe/ibHbIX Hal'lpﬂ)'KeHMﬁ
¢ & /] o
[ | e X i Bl 4 y (TpeTbeM TEOPUU I'IpOl-IHOCTM) nmeetT sBua:
Kpyma g mosvenm
2M=2Pa|

2
—I M max |\/|4
M= o =—2X —_ 2% JITqg]=100MIla,
4 fPﬂ K6 WX WX [ ]

Mk | 0 7Z'd3

2oe WX :3—2 z(),:I.d3
Cymsaprbiil W32 00a i MoMenm W
Pa \_//
MCJ,.-'M / :
0 \/ 255Pa

fpusedennsl it MoMenm ? 55Pa d>3 £ =3 =3 2’55 110000 -1 = 0,1366 M
oo 01[c] VO01l[o] Y\ 01-100-10°

J 2.45Pa
2.24P

TOr4a AnameTp BaJia

2Pa
anHVIMaeN\ ANAMETP PaBHbIM:

Pa d=137 mm.

Mrp

{)




[MopaaoK pacyeTa Basia Ha U3rMb € KpydyeHnem

Y

M1 P

JdJL

1"(.
\l

Ur

) 2P a
i
< B a X d > 3
) ) I 2 3 4
Kpymangug smovenm
2M=2Pa
- M=Pa
+
Mk 0
Hizubaowne momenmu 13Pa o
.--""-'. -.-.. T ral _.Ir"ﬂ'
.##_,.,-‘ o ‘ __]
Mx al [ 0
Pa
P T ‘H"H__HHH
My —— 0
), //_-""
(.5 Pa| L = //
-, /.-/f
- 2P
2.24Pa
CpMMaprbii 02 HOaiouini MoMenm W
Pa J
MG}HM /
1]
fipugedennstii MoMenm 2 55Py
2.45Pa

2.24Pn
2Pa

Mnp

]

Pua

1).CTpoum 3antopy KPyTALLMX MOMEHTOB M,,.

2).Ctpoum antopy usrnbatowmx momeHTos M, ot
AENCTBNA BEPTUKAbHbIX CU.

3).CTpoum antopy M3rnbaroLLLnMx MOMEHTOB M, ot
AENCTBMA TOPU30HTANIbHbIX CUA.

4).CTpoum antopy CyMMapHOro M3rnbarouiero

momeHTa M, (3ntopa NpocTpaHcTBeHHas).

M, =M +M:

5).CTponm antopy s3KBMBaNIEHTHOrO (NpUBEeAEHHOrO)

momeHTa M,, . (antopa NpocTpaHCTBEHHAA).

[2 72 2
M3K6 = MKp +McyM

6).0npeaensiem agnameTp Basia U3 YCNOBUS
NPOYHOCTU NPU COBMECTHOM AENCTBUMU N3rmba m
Kpy4YyeHuA:

max
ol =N <[o]




