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1. OPTAHHU3AIIUSI CAMOCTOSITEJIbHOM PABOTHI

1.1. Oprann3aliiOHHO-METOINYECKUE JTAHHBIE TUCITUTUIMHBI

HanmenoBanme TeMbI

OO0ummii 00BEM YacoB IO BUJAM CaMOCTOATEIFHON paOOTHI

MOATOTOB-
Ka Kypco- MOJIrOTOBKA WHUBHyalTb- CaMOCTOSITEITh-
BOTO MPO- pedepa- HbIC JOMAIIIHUE HOE U3YYCHHUE
ekta (pa- Ta/acce samanus (M/13) | Bonpocos (CHB)
00ThI)

HOJITOTOB-
Ka K 3aHsi-
THAM
(IIx3)

2

3 4 5 6

Tema 1
Beenenune. OcHOB-
Hble TOHATHUI H
OTIpEICTICHUS.

Tema 2

[TonGop cedeHwmii.
YcnoBus 1povHO-
CTH.

Tema 3

OCHOBHBIE  MeXa-
HUYECKHE XapaKTe-
PUCTUKH MarepHa-
Ja.

Tema 4
[TocTostHHBIE YIIPY-
rve Marepuaina

(Mozyi ympyro-
CTH)

Tema 5

AHnanus Harps-
KEHHOI'O0  COCTOS-
HUSL.

Tema 6

Anamuz nedopmu-
POBaHHOTO COCTOSI-
HUS.

Tema 7
Teopuun npouyHoOCTH

Tema 8
I'eomeTpuueckue
XapaKTEePUCTUKHU
IUIOCKUX CECUCHUM

Tema 9

Kpyuenne. VYcno-
BHC MIPOYHOCTH.
[Ton6op ceuennii

20 2

10

Tema 10
[TocTostHHBIE YIIpY-




rue MaTepuaia
(Monynb criBUra)

11

Tema 11

[Tpsmoii u3ruo.
VYcinoBue 1mpoyHO-
ctu. Ilogbop ceue-
HUU

20

12

Tema 12
Meton HayalabHBIX
rapaMeTpoB

13

Tema 13
DHepreTuvecKue
METOJIbl OTIpesene-
HUs IEPEMEILECHUN.

14

Tema 14
CraTuuecku
HEONpEACINMBIC
CUCTEMEI TP pac-
TSHDKEHUU U COKaTHH

15

Tema 15
CraTtuuecku
HEONpeIeTMMbIe
CUCTEMBI MPHU U3-
rube

16

Tema 16
Kocoii n3rnd

20

17

Tema 17
CoBMecTHOE JIEH-
cTBHE u3ruba
OCEBOI0  pacCTshKe-
Hus (cxaTus)

18

Tema 18
Breuenrpennoe
pacTsbkeHue  (cka-
THE)

19

Tema 19
CoBMecTHOE  Jieii-
CTBHE u3rHba H
Kpy4JeHUs

20

Tema 20
[IpononbHell W3-
ru0

20

21

Tema 21
Hamnpsbxkenus  npu
yZaape, paBHOYCKO-
PEHHOM JIBUKCHUH,
BO BPAIAIOLIEMCS
KOJIbLIE.

22

Tema 22
Hamnpsbxkenus npu
KoJIeOaHusX.




23

Tema 23
[ToBTOpPHO-
IepEMEHHbIE
HArpy3Ku.

2. METOAUYECKHWE PEKOMEHJIALMHA 11O BBIITIOJIHEHUIO NHAUBUY

AJIBHBIX JJOMAIIHUX 3AJIAHUM (KOHTpOJIbHas pa6oTa)

2.1 TeMbl HHAMBUAYAJIbHBIX JTOMANIHUX 3aaHUH

Tema Nel. Kpyuenmne. Ilog0op ceuenmii

Tema Ne2. IIpsimoit n3rud. Ilogdop cevenumii

Tema Ne3. Kocoit u3ru0. Ilogdoop ceuenmii

Tema Ne4. YeroinunBocTh (MpoaoabHbIi u3rud). [lloadop ceuennid

2.2 Conep:kaHue MHANBUAYAJIbHBIX JOMAITHUX 3a1aHU

1. Kpyuenue. [logoop ceyennii

Jlns ctanpHOTO Kpyrioro Bana AB (puc.l.) Tpedyercs:

1)

2)
3)

4)
5)

6)

ONPEAECTUTh BEJIMYUHBI CKPYYMBAIOIIMX MOMEHTOB, MPUIIOKEHHBIX K
IIKWBaM, IPUHUMAT 32 By IKUB ]
IIOCTPOUTH IMIOPY KPYTSILIUX MOMEHTOB;
MIpU 3aJJaHHOM 3HA4YE€HUU [7] ONpEeeiuTh JUaMeTp Baja U3 pacuera Ha
NPOYHOCTh IS KPYTJIOro Bajia AuaMeTpoM d M KOJIBIIEBOTO CEUYCHHS, C

OTHOIIEHUEM BHYTPEHHETO AUAMETpa K HApY>KHOMY:

a=g=0,7
D

OTPEJENNTh, Ha CKOJIBKO MPOLIEHTOB IMOJIbIN Bajl JIETYE CILUIOIIHOIO;
MIOCTPOUTH DIIOPY YTJIOB 3aKPYUUBAHUS, MPOU3BOIS OTCUET BEJTUYUH YT-
JIOB OT BEYIETO MIKKUBA; (AJ1s1 CIUIOIIHOIO BaJia)

HaWTU HAauOOJBIINI OTHOCUTENIBHBINA YTOJ 3aKpyUYUBaHUSI.

JlaHHBIC B3SATHh U3 TAOIHIGI 1

Tabmuma 1




No

Cxema

Paccrosinue, m

MoOnHOCTb, KBT

n,

[,

CTpPOKHU | puc.2 | a 9] c e P, P P, o6\mmn | Mlla
1 I 0,7/04]105|0,7| 40 40 10 100 35
2 1 06103/02|09]| 50 60 20 200 40
3 Il 04104|05|0,7| 30 40 30 300 45
4 AV 0405|0704 40 50 40 400 50
5 Vv 05/06]03|0,6 /| 50 30 50 500 55
6 VI 08(07]02]|03]| 30 20 60 600 60
7 Vil (0608|0505 20 80 70 700 65
8 VIIT 10,7{09|04 02| 60 70 80 800 70
9 IX 03/10/05|04 | 70 40 90 900 75
0 X 1 2 1 2 80 70 | 100 1000 80

e 8 2 0 8 8 2 0 e 8




Puc. 1



2. Ilpsimoii u3rud. Ioxdop cevenmii

JIns 3aaHHBIX ABYX cXeM Oanok (puc.2.) TpedyeTcs HanucaTh BhipaxkeHus Qy
U My Ui KaXIO0ro y4acTKa B oOIIeM BUAE, IOCTPOUTH dIIOpbl Qy U My , HaliTh
Mmax ¥ IOAO0pATh: a) sl CXeMBI (@) ACPEeBIHHYIO OANKy KPYTJIOTO MOMEPEUHOTO
ceuenus npu [o] = 8 MIla; 0) st cxeMsl (6) cTaldbHYIO OajaKy JIBYTaBPOBOTO IO-
nepeyHoro ceueHus npu [o] = 160 MIla. Kpome Toro, cienyer onpenenuts npo-

ru0 cBOOOJHOrO KOHIIA Oaliku, M3o0paxkeHHOW Ha cxeme (a). /laHHbIe B3SITh U3

TaOIUIBI 2.
Tabmua 2
/4 l, Paccrosinue B 10-
Ne JSIX TIPOJIETA M Cocpenoro- | Q,
ctpo | Cxema a, a, a, > | yennas cu- | kH\m
— — — kH-m
K1 puc.4 M a a a na F, xH
1 | 1,1 6 1 9 1 10 10 10
2 1 1,2 7 2 8 2 20 20 20
3 1 1,3 3 3 7 3 3 3 3
4 AV 1,4 4 4 6 4 4 4 4
5 Vv 15 5 5 5 5 5 5 5
6 VI 1,6 6 6 6 1 6 6 6
7 VII 1,7 7 7 7 2 7 7 7
8 VI 1,8 8 8 8 3 8 8 8
9 IX 1,9 9 9 9 4 9 9 9
0 X 2,0 10 10 10 5 10 10 10
e 0 e 2 e 2 2 0 e










3. Kocoii u3rud. Iloadop ceuennii
HepeBsinnas Oanka (puc. 3) mpsSMOYTOJBHOTO TIOTIEPEYHOTO CEYEHUs Harpy-
JKeHa BepTUKaIbHON cuiioll F B Touke 4 u ropu3oHTadbHOM cwioi F B Touke B
(0b6e ToukM pacmoyiokeHbl Ha ocu Oanku). Ha omopax Oanku MOTYT BO3HUKHYTH
KaK BEPTUKAJIbHBIC PEAKIUM, TaK W TOPU3OHTAIBHBIC pPEAKIMM, HAIMPaBJICHHbBIC
NEePHEeHAUKYIISPHO MIOCKOCTH yepTexa. Tpedyercs:
1) moctpouTs 3MOpbl Myeyr U My, U YCTAHOBUTD MOJIOKEHHE OMACHOTO ceye-
HUS,
2) moao0paTh pasMepbl TOIMEpPEeYHOro cedeHus h um b mpu momyckaemom
HanpspbkeHud [ o] = 8 Mlla;
3) ompeaeNuTh MOJI0KEHNE HEHTPaTbHON JIMHUN B OTIACHOM CEYCHUHU OaJIKH U
MOCTPOUTH JJISI ITOTO CEYEHUS SMI0PY HOPMAJbHBIX HANPSHKEHUN B aKCO-

HOMETpHUH. JlaHHBIC B3SATh U3 TaOJIHIIBI 3.

Tabmuma 3.

Howmep Cxema o E u hib

CTPOKH puc.S
1 I 1 11 11
2 I 2 1,2 1,2
3 Il 3 1,3 1,3
4 vV 4 1,4 1,4
5 \ 5 1,5 1,5
6 VI 6 1,6 1,6
7 Vi 7 1,7 1,7
8 VI 8 1,8 1,8
9 IX 9 19 19
0 X 10 2,0 2,0

11



=
PR
=
T
!

o be L fe .
F F
g
o A 8 5
52 F/ Vil F
e e gl Wl

Puc. 3

12



4. YcrounBocTh (MpoaosbHbI u3rud). Illoadop cevenmii

CrasibHOM CTEpKeHb JUIMHOU ¢ cxxumaetcs cuiioit F. TpeOyercs:

1) HaWTH pa3Mepbl OMEPEYHOTO CEUCHUS TPH JOIMYCKaeMOM HAIPSHKCHUH
Ha npoctoe cxarue [c] = 160 MIla (pacueT npon3BOaUTH MOCIEA0BA-
TEIbHBIMU MPUOIMKEHUSIMHU, MPEIBAPUTENHHO 33JaBIIUCh KO3 DUIIH-
eaToM @1= 0,5);

2) HAWTH KPUTUYECKYIO CHIIy W KOX(PQHUIMEHT 3amaca yCTOHYHUBOCTH.

JlaHHBIC B3STh U3 TAOIHIIGI 4

Tabmnura 4

Ne 1 2 3 4 5 6 7 8 9 0
CTpO
KH

F, 100 200 300 400 500 600 700 800 900 1000
kH

2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9 3,0

13
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2.3 Ilopsinok BHINOJIHEHNS 3aJaHUI
VYkazaHus o NOpsJKE BHIOJIHEHUS! KOHTPOJIBHBIX Pa0OT

CTyIeHT — 3a09HHK BBITIOTHSET OJHY KOHTPOJIBHYIO padoTy. B KOHTpOIbHYIO
paboty BXomAaT 3amaum 2, 4a, 46, 5, 7. Ilpu BeIOJIHEHUHU ATOM paOOTHI CTYJCHT
00s13aH B35Th W3 TAOJUIIBI, MPUJIAraeMOU K yCIIOBUIO 3a]la4yH, TaHHBIC B COOTBET-
CTBHH CO CBOUM JIMYHBIM HOMEpOM (Im(pOM) U YETHIpbMS OYKBaMH PYCCKOTO
andaBuTa, KOTOPHIE CIEAYET PACIOJIOXKHUThH MOJ MociaeaHuMu mudpamu mudpa,

Harpumep:

Wnchp 30 5 2

BykBb1 620 €

N3 tabnuupl OepyTcsi JaHHBIE, HAXOAAIIMECS HA TIEPECEUYCHUN BEPTUKATBHBIX
CTOJIOIIOB, 00O3HAYEHHBIX OyKBaMH, U TOPU3OHTAIBHBIX CTPOK, OOO3HAUCHHBIX
nudpamu, CTOSIIMMU HaJl COOTBETCTBYIOIIMMM OykBamu. {11 Haimiero mpumepa
3TO OYIyT JAaHHbIE, HAXOASIIMECS HA MEPECEUYEHUN BEPTUKAIBHOIO CTOJIONA «6» U
TOPU30HTAJILHOM CTPOKH 3, BEPTUKAIBHOTO CTOJIOIA «2» M TOPU3OHTAIBLHOMN CTPO-
ki (, BEpTUKAIBHOTO CTOJIOIA «0» U TOPU3OHTAJILHOU CTPOKHU S5, BEPTUKAIBLHOTO
CTOJIOIA «e» ¥ TOPU3OHTaIbHOM cTpoku 2. Hampumep, nis 3agauu Ne 1 aToMy co-
rJ1acHo Tabnuie 1 COOTBETCTBYIOT CIEAYyIOUIHME JdaHHBIE: F=13 cM’, a=3 M,
0=2,5m, c=1,2 m, cxema 2.

Pa0oThl1, BHINOTHEHHBIC C HAPYIICHUEM 3TUX YKa3aHUM, BO3BPAIIAIOTCS CTY-
JeHTy 06e3 paccMoTpeHus. KoHTpoibHYI0 paOoTy clielyeT BBINOIHATh B OT/ICIbHON
TETpPaJy C TOJISIMU B 5 CM (17151 3aME€UaHHI PEIEH3EHTa), YepHUIaMu (KpoMe Kpac-
HBIX M 3€JIEHBIX), YETKHUM MOYEepKOM. UepTex U BBIOIHSAIOTCS KAapaHIAIIOM WU
LIAPUKOBOU PYYKOH.

Ilepen pemieHreM KaxKa0# 3aJa4yd HAJAO BBINMCATH MOJHOCTHIO €€ YCIOBHUE C
YUCJIOBBIMHU JAHHBIMHU, COCTaBUTh aKKypaTHBIH 3CKHM3 B MacilTade W ykKazaTh Ha

HEM B 4HCJIaX BCC BCIIMYHHEI, HCO6XOJII/IMBIC IJI pacducTa.

15



Bo Bce pacuetHbie popMyIibl CeAyeT MOACTABISITH 3HAYEHUS BCEX BEIIMYUH B
cucreme CU, 1.e. B H, MM, MIla u ux xomounanusx (H-mmMm, MM’ W T.1.). Bce BbI-
YUCJICHUSI TPOU3BOJATCA C TOYHOCTBHIO JO TpeX 3Hadanmmx Iudp (Hampumep,
0,00354 wiu 2,89 u 1.1.). CaMo pelieHre T10HKHO COMTPOBOKIATHCS KPATKUMU T10-

CJICOOBATCIbHBIMUA U I'PaMOTHBIMH ITIOACHCHUAMMU.

16



2.4 IlpuMep BbINOJTHEHUS 3aaHUS
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33113‘!3 Ne 2

CranbHO#M Baj coBepmiaeT n =300 06/ mun .

Co BTOpOro mKUBa CHUMAETCS MOIHOCTE N, =80 kBm,

C TpeThero - N, =50 xBm, C 4€TBEPTOro - N, =100 xBm ;

JOIycKaeMoe KacaTelbHOe HalpsDKeHHE T MaTepruaia Baja [z]=80 MIla .

OnpenenuTs JUaMeTp Baja, eCIH

a) BaJ CIUIOIIHON —d;
o d
©) Ban monslit - d u D, eciu 5% 07

CpaBuutb Bec BaioB O, u O,

1. OnpenenuM MOIHOCTB HA IIEPBOM IIKHMBE:

N,=N,+N,+N, =80+50+100=230 xBm

2. Omnpenenum KpyTslre MOMEHTHI Ha IIKUBAX:

M, =9550~&=9550-§—Q=7322 H-u;
n 300

My, =9550-&=9550~ﬂ=2547H-M;
n 300

M., =9550-—]Yi=9550-ﬂ=1592 H-m;
n 300

M, =9550-&=9550-@=3183 H-m
n 300

3. Iloctpoum 3mIOpy KpyTAIIUX MOMEHTOB:

My =0;

M, =—(-M,,)=M,, =3183 H-um;

My, =—~(-My,~M,) =M, +My,=3183+1592=4775 H-m;

My, =—~(~My,~ My, ~M,) =My, + My, + My, =4775+2547=7322 H-m;

Y

M, =0,
4. OHpeI[eJ'[I/IM JUaMeTPphl BalIOB U3 YCIIOBHUA IPOYHOCTH IIPH KPYICHHUH
|M el =7322 H-m

a) CruiomHo#H Ban

18




-
g5 16 Mz _J16-7322.10 75 e
#[7] 3,14-80

IIpuanMaeM d, =80 mm

6) Ilomnsrii Ban

16- M 16-7322-10°
D> Zmax =84,98
{1 (1-a") §/3,14.80-(1—0,74) !

IlpuaumaeM D = 85mm

d=a-D=0,7-85=59,5 mm

IIpurumaeM d = 55mm

CpaBHHM Bec BalloB O, u Q

O, g 8
2 2\~ 2
Q. D*-(1-07) 852(1_55 J

=152
857

Coyromrgo# Baj Ha 52% TsKelee ToJIoTo.

19
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3agauya Ne 4a

Jst 6anKy MOCTPOUTE SMIOps! O, U M, . Onpenenuts auameTp Galky, eciiu

[0']=8Mﬂa; q=3xkH/m; M =10kH -m; £,=10a=2,0m.

Liey a,=0,80

a

D27 4,=1,40 u

a

1 ygactok 0<u <1,20

9, = “(_q“1)= qu, = 3u,

u, =0 QyI:O
u=1,20m Q,=360 xH

2
U u
o =~{an % )=-a =15

M, =-3u,;, -3u,=0; u =0
M; =-3<0 N maxmpu u, =0

u, =0 M,=0
u, =1,20m M, =-2,16 xH-m

2 y4acTOK 0<u,<0,20 m
Q,,=—(-g-(1,2+u,))=q-(1,2+u,)=3-(1,2+u,)

u=0  Q,=360xH
u,=0,20m Q, =420 xH

M, =-—(q-0,5(1,20+u2)2+M))=(—q-0,5(],20+u2)2+M))=—1,5-(1,2+u2)2+M

M, =-3w,+12); -3(w,+1,2)=0; u,=-1,2m He BXOIUT B IpeIEIILl yua-

CTKa
u,=0 M,=184 kH-m >
u,=0,20m M_,=106 xH-m

3 y4actok 0<u,;<0,60 m

0,;=—(-q-1,40)=q-1,40=3-1,40 = 4,20kH




M, =—(-M+q-1,4000,7 +u;)) =M —q-1,40(0,7 +u;) = 4~4,20-(0,70+u;)
u; =0 M, ;=106 kH-m
u; =0,60m M, ,=-1,46 kH-m

JlnameTp GalKy OTpeZIeNNM U3 yCIOBHS IPOYHOCTH NPH U3rube

|M | = 2,16 «H -1
. . . 6
. 22 |Mme|=§/?2 216-10° _, o
r|o] 3,14-8

ITpunumMaeM d =140 mm




Y/

% vYY VYVYVVYV VYV YYYYYYYVYVYVY VY
%

0,60M L3,20M‘ 1,20 m

A
A
\ 4

Qy «xH»

4,20 4,20

T —

M, xH-m»
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3agaga Ne 46

Jlnst Gajikut TOCTPOUTH 3MIOpE! O, 1 M, . IlomoGpaTs HOMep ABYTaBpa, eCiid
[c]=160MITa; g=3KkH/m; F=10kH; £, =10a=3mn.

a,

—+=1 a,=0,3 m
Loy a,=21n
a
Lo a;=0,3 m
a

Onpenenum onopHele peakuuu Ry u Rp
Zvom F, =0
-F-0,3+¢-0,3-0,15-q-2,1-(1,05+0,9)+R,;-3,0=0
_ q-2,1-1,95+F-0,3-4-0,3-0,15 _ 3-2,1-1,95+10-0,3-3-0,3-0,15

B =5,05kH
3,0 3,0
2momgF, =0,
q-0,3-315-R,-3,0+F-27+q-2,1-1,05=0
_ q-0,3-315+F-27+q-21-1,05 3-0,3-3,15+10-2,7+3-2,1-1,05 ~12.15 xH

R
4 3,0 3,0

[Ipoepka: R, +Ry;—F-q-2,4=0
12,15+5,05-10-3-2,4=0
17,2-17,2=0 (BEepHO)

1 ygacTok 0<u,<0,3 m

Qy] =—(qu,)=—qu, =-3u,

u, =0 0, =0
u,=03m Q,,=-09«H

" 2

u U
M, =—qu,—L |=-q—+=~15u;
x1 (q 1 2) q2 {

M, =-30u; -3,0u=0;, u =0
M! =-30<0 N max npd u, =0

u =0 M,=0"
u,=03m M, =-0,135 xkH-m




2 y4acToK 0<u,<0,3 m
0,=-(q:0.3-R,)=-q-0,3+R,=-3-0,3+12,15=11,25 xH

M, =—(-R,-u,+q-0,3(0,15+u,)) =R, -u,~q-0,3(0,15+u,) = 12,154, -0,9(0,15+u,)
u, =0 M ,=-0,135xH -m
u,=03m M,,=324xH M

3 y4acTok 0<u,<0,6m
O, =—(—RA+q-0,3+F)=—q'0,3—F+RA =-3.0,3-10+12,15=1,25xH

M, =—(—RA(0,3+u3)+F-u3+q-0,3'(0,45+u3)=
=R,-(0,3+u;)-F-u;—q-0,3-(0,45+u;) =
=12,15-(0,3+u;)—0,9-(0,45+u; )—10u,

u, =0 M ,=324xkH -m
u,=0,6m M,;=399xH -m

4 y4acToK 0<u,<21 m
0,,=—(-qu,+Ry)=qu,~ Ry =3u,-5,05

u,=0 Q,,=-305xH
u,=2Im Q,, =125xH

2
M., :—(—RB ‘U, +qu, %—)=RB ‘U, —qu74=5,05-u4 —1,5u’

M., =505-3,0u,; 505-30u,=0; u,=168

M!,=-3,0<0 N max npu u, =168

u, =0 ‘ M, =0

u,=1,68m M, =4,25xkH -m

u,=2,Im M, =399xH -m

HoMep AByTaBpa ONpeEIM U3 yCIOBUS NPOYHOCTH IIPU M3rube

|M

xmaxl

=4,25 kH-m

6
7~ M _ 42510

T =26,6-10° m’

U3 Tabnuisl copraMenTa Beloupaem 18yTaBp Nel(

/4

x mabn

=397 cm’
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3anaua Ne 5

st KepeBSHHOM GaNKy MPSAMOYTOIBHOTO IONEPEYHOTO CEYEHHs Onpeie-
h
JNATH BHICOTY ceveHus h u mvpuny b, eciu 5 =13 lo]=8Mla; F=4xH;
£=2,0m.
JI7151 OITACHOTO CedeH s GaNKH MOCTPOMTH 3IIOPY HOPMAIBHBIX HANPSKEHUH

U OIpeeIuTh IIOJI0KEeHHe HeUTPaIbHON OCH.

ITocTpouTs 3mopsl M U M, .

BeptuxansHas IIOCKOCTh

Mxmax=Mx(c)=—(_R;£J=R;'£=EF"{=’3_‘4‘£=1,50KH'M
4 4 4 .4 4
Mx(D)=—(—R;'£J=RZ'£=1F’—{=i'4'&2=0,50KH'M

4 4 4 4 4 4
["opu3oHTaNbHas IIOCKOCTh

.4 4 3.4 3 20

Mymax=My(D):—(_RAZ)=RA'z=;F\'z=Z'4'_4—=I’5KH'M
M (C)=— —Rjéj=1€j-£=—1—F~£=l-4-£=0,51<H-M
g 4 4 4 4 4 4

OHpC}ICJ’II/IM MMOJIOXKCHHE OITaCHOI'0 CCUYCHHUSL.

Ceuenue C

M, +§My = 1,5+1,3-0,50=2,15xH - m

Ceuenne D

M, +%My =0,50+1,3-1,5=2,45xH -m

2,45>215 ceuenye D - omacHoe

3anuiemM YCJIOBHE IIPOYHOCTH AJIS1 OIIAaCHOT'O CE€YEHUA — D.

Mx+ﬁMy i
O =75 0]
/4

X

h
M+ M 1 5Y. 107
Wb r _(0.50+13:15)10° o oo
[o] 8
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2
W, = % =306250mm’
h_13 h=13b
b

=306250

b> 3/———6'310;52250 =103mm

h>103-1,3=134mm

b(1,3b’
6

YTo4uHUM 3HaUeHUI W, U W,

bh’  103-134°

W,=—="—"—""=308-10"un’
6 6
2 2
14 =b—ﬁ=w=237-103m3
) 6
F
B C
\ 4
= O - 3HaK o OT U3rKMbAaIoIIEro
- MOMEHTa M,
@ ' @ [0 - 3HaK o OT U3rUOAaroIero
MOMEHTa M,
[-]
A D

M, M, 05010° 15:10°

o =M My 130 6 6,33=-471 Mla
W, W, 308-10° 237-10 _
M
oy =-Me Py _162-6,33=-7,95 Mla
w. W,
M
oo =M Py 1 6246,33=4,71 Mila
x y

30



M M
_ O-D=_W_X+—W—y=1,62+6,33=7,95 Mlla

x ¥y

OrnpenenuM I0JI0XKEHUE HeHTpaIbHOM! OCH:

M ‘M
tgazl_x._y-—_—(_;l] ._Z_=]]32.ﬂ.__5,07
1, M, \») M, 0,50

a=arctg 507; a=788
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£/4 £/2 £/4

> < <
P < <

BeprukanbHas MI0CKOCTD

M, «xH-™»

1,5

0
0 ‘...|||I||||||”|”“I“ I”m””””|||""“m||||||||||I|II|||||| 0

[fopusonTansHas MIOCKOCTE

M, «xH-M» (110BEPHYTD)

; 1,50
0,50 :
0 |||||||IIHII|||||||||||||||||“||||m"”m”” Mmmm]m

-7,95

o «MlIlIa»

7,95

HelTpalbHas OCh
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3agaua Ne 7

rav)
!‘

>

CranbHOM CTepKeHb UIUHOM £ = 3,0m CXXUMaETCs CUNIon F =400 xH . Tpe-
GyeTcs ONpeieTUTh pa3sMephl ONEPEIHOrO CEUEHHs CTEPIKHS, KDHTHYECKOe Ha-
TIpSKEHHE M KPUTHYECKYIO CHILY, Kod(GHIHeHT 3amaca yCTOHIMBOCTH, €CIIU OC-
HOBHOE JIOIycKaeMoe HaIpsbkeHue [o]= 160MIla . Pacuer IPOBECTH METOJOM II0-
ClleJoBaTeNbHBIX IPHOIIKEHHH, 33JaBLIKCh B IEPBOM IPUGIIIKEHUH ¢, =0,5 .

1. Ilnommams IONEepedHOro CEUYEHHs CTEPIKHS B IIEPBOM MPHOITIKEHUH

F _400-10°

s = 50003
o o] 0.5-160

C npyro# cTOpOHBI:

1 a3 a’3
A:———a‘——=
2 2 4

0,433a° = 3750

az 2000 _ 107 mm
0,433 :

2. I'nGKOCTBb CTEPXKHS .

=

i

=0,433a°

min
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—\3

ax/3

a

I . ‘ 2

b =) 2 =l—" 2 =0204a
A 36-0,433a

i =0,204-107 = 21,9mm

_1:3,0-10°

A= =137
21,9
Onpenenum ¢; mist 4, =137

A=130 ¢=0,40
A=140 ¢=0,36

0,40-0,36
1 =0,40-| ——
?; I: 70

(137—130)} =0,372

@, # @, BBIITOIHAM BTOPOE IPUOIIIKCHUE.

o, _ote =0,5+0,372 ~0.436
2 2
3
4,2 F 40010 5730mM’

“o[c] 0436160

a, = 3730 =115mm
0,433

i =0,204-115=23,5 mum

3

§ o L03010

235
A=120 p=0,45
A=130 9=0,40
=0, 45{9’_45_1_‘00’—4‘3(128-120)] =0,410
2
g 0t 043640410 ),

2

3 .
P 40000 _ o

> = =
4= o;[o] 0.423-160

a; z 210 =117mm
0,433 ‘

i =0,204-117=23,9 mnm
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_1,0-3,0-10°
e 23,9
A=120 ¢=0,45
A=130 ¢=0,40

=126

0,45-0,40
120,45 | 222

126 —120)j| =0,420

@5 # @;
OHpeZIeHI’IM pacquHoe HaIps>XKEHUE B CTCPXKHE U CpaBHHUM €ro

C OOIIyCKa€MBIM.

. 3
v, = F__ 40010 _ 161 mita
o4, 0,42-5910
ol-o 160-161
A:I[—]——AJOO%:‘————I-]OO%:O,QS%

[o]
A< 5% - IOIYCTUMO
Ortset: a=a, =117mm
OmnpenennM ko3 PUIMEHT 3amaca yCTONIHBOCTH

F -
po=lw 7330 ;e
»TF 400,0

_n’E_#’-2:10°

o= = =124 Mlla
w2 126,0°

F,=0,,-4;=124-5910=733-10H = 733xH
Orser: o, =124 Mla
F, =733 xH

n,=183

A=A~



3. METOAUYECKHUE PEKOMEHJIAIIUU 110
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

3.1 BBeaenue. OcHOBHbIE OHSITUA U OTIPeAeIEHUS.
[Ipu n3yueHun Bompoca HEOOXOAUMO OOpaTUTh BHUMAHWE Ha CJICAYIOIINC

OCOOEHHOCTH.

[Ipy mpoeKTUPOBAHUU JIEMEHTOB KOHCTPYKLIMI MHKEHEP PEIIAET ABE BaXK-
Hble 3a1aun. IlepBas — MPOYHOCTh U YKECTKOCTh KOHCTPYKIIMH, BTOpas - 3KOHO-
MUYHOCTbB, YTO [10JIpa3yMeBacT MUHUMAJIbHBIE 3aTpaThl MaTepuasa Ha €€ U3roTOB-
aeHue. YtoObl JOOUTHCS BBINOJHEHUE OOOUX YCIIOBHUM, HEOOXOAMMO HAYYUTHCA
BbIOMpaTh pPallMOHAIBHYIO (POPMY CEUEHHUSI KOHCTPYKLHMU U MPABWIBHO €€ pacIo-

JaraTh 10 OTHOIICHUIO K JIEUCTBYIOIIEH Harpy3Ke.

3.2 IIpocras nedopmaimus opyca. OceBoe pactsikenue (cxkatue).Cpes
(caBur).
[Ipu m3yyenuu Borpoca HEOOXOAUMO OOPATUTh BHUMAHHE Ha CICAYIOIIUE

OCOOEHHOCTH.

3HaKW HOPMAJbHBIX M KAacaTEIbHBIX HAIPsSHKCHUH HEOOXOIWMO YYHTHIBATH
MPU TPOCKTUPOBAHUM DJIEMEHTOB KOHCTPYKIMM, HCHBITHIBAIOIIUX OCEBOE PaCTsi-
KeHue, cpe3 win casur. Heo0XoauMo y4uThIBaTh, YTO XPYMKHUE MaTEpHAIbI XO-
pomio paboTarOT Ha CXKAaTHE U IUIOXO Ha PACTSKEHUE, a JPEBECHHA Ha CKOJI
(cIBUT) BBICPKUBAET HE3HAUUTEIbHYIO HArPY3Ky BIOJb BOJIOKOH.

JI1si PKOHOMUM MaTepuaia IpU pacueTe CTEP:KHEHM, BO3MOKHO UX HU3rOTOB-
JICHHE C Pa3HOM IUIOMIAAbIO MOMEPEYHOTO CEUEHHUsI, MPUUEM HampsHKEHUs BO BCEX
CEUYCHHSIX JTOJDKHBI ObITh OJTMHAKOBBHI.

3.3 HanpsizkenHoe u 1e)OpMHUPOBAHHOE COCTOSIHUE

[Ipu u3yueHuu Bompoca HEOOXOIMMO OOpAaTUTh BHUMAHHE Ha CIIEIYIOIIHE
OCOOEHHOCTH.

[Ipu aHanm3e HAMPSHKEHHOTO COCTOSHUSI HEOOXOIWMO OOpaTUTh BHHUMAaHUE
Ha TUIOMIAKU, HA KOTOPBIX BO3HUKAIOT MaKCUMAaJIbHBIC KacaTeIbHBIC HAIIPSKEHUS,

TaK Kak MMEH M0 3TH IUIOIIAIKaM MPOUCXOAUT Pa3pylLIEHUE dJIEMEHTOB KOHCTPYK-
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LA IpPU PACTSKEHWH WIM CXKaTuW, KpydeHnM. Ha cocemHux muomanakax kaca-
TEeJbHBIC HAMPSKEHUS PABHBI 110 BEJIMYUHE U IPOTUBOMOIOKHBI 110 3HAKY.

Koaddunment nonepeunoit nedopmaruu (kodddumuent Ilyaccona) He
MoxkeT npesbimats 0,5.

3.4 I'eomeTpuyecKHe XapPAKTEPUCTUKH IUIOCKUX CeYeHH

[Ipu u3yuyeHuu Bompoca HEOOXOAUMO OOpaTUTh BHUMAHHE Ha CJEAYIOIINE
OCOOCHHOCTH.

PaccMmoTpeHne reoMeTpruuecKuX XapakTepUCTHK MIIOCKUX CeYeHUH HeoOxo-
JUMO HAUMHATh C M3YYEHUS CTaTUYECKMX MOMEHTOB. IMEHHO OHH MO3BOJSIOT
OTIPEMIETATh TMOJOXKEHHE IEHTPa TSHKECTU CEUCHHUS W TOJIOKEHHE IEHTPATbHBIX
OCEN MHEPLIUU.

Kpydenne u u3ru6 Opyca HEBO3MOXKHO pacCMOTpPETh 0€3 ydeTa TaKuX reo-
METPUYECKUX XAPAKTEPUCTUK CEYEHHUH KaK OCEBOM MOMEHT MHEPLUH, MOJSPHBIN
MOMEHT WHEpLMH, & LHEHTPOOEKHBI MOMEHT HHEpPLUUHU IO3BOJISET OINpPEAEIATh

HaIlpaBJeHUE HAaNOOIbIIEH U HAUMEHBIIIEH KECTKOCTU KOHCTPYKIUH.

3.5 Ilpocras negpopmanus opyca. Kpyuenue. [Ipsimoii u3ruo.

[Tpu m3ydeHnu BoIpoca HEOOXOAUMO OOpaTUTh BHUMAHHUE Ha CIIEAYIOLIUE
OCOOEHHOCTH.

[Ipu xkpyueHun u U3rudbe HeOOXOIUMO YUUTHIBATh (POPMY MOMEPEYHOrO Ce-
yeHust Opyca. HopmanbHble HanpspkeHUs IpU U3TMOE U KacaTeabHbIe MPU Kpyde-
HUU Kpyrjioro Opyca AOCTUTal0T MaKCUMAaJIbHOTO 3HAUYEHHS HA €ro0 MOBEPXHOCTH..
MIMEeHHO TaM W JIOJKHO pacroJiaraTbes OoJjblliee KOJIMYecTBO Marepuana. Takue
ceueHus: OyAyT panuoHadbHbIMUA. K HUM MOXHO OTHECTH KOJIBIIO, MOJIBIN MPsIMO-
YTOJbHUK, IIBEJUIEP, IBYTABP.

Pacrnipenenenrie Hanps>KEHUH 10 CEYEHUIO Basla HEKPYTJIOTO ceueHus Oyner
OpyruM. MakcuManbHble HaNpsKeHUs] BO3HUKAIOT 1O LEHTPY OOJbIIEeH CTOPOHBI
NPSIMOYTOJIbHUKA, a B YTJIOBBIX TOYKAX PaBHBI HYJIIO.

3.6 IlepemMenienue 6ajaxu npu u3ruoe.
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[Ipu m3ydeHuu BoIpoca HEOOXOAUMO OOpPATUTh BHUMAHHUE Ha CIEAYIOLINE
0COOEHHOCTH.

[Ipu mpoeKkTUpOBaHUM OTBETCTBEHHBIX KOHCTPYKLUHMI MOMHUMO pacuera Ha
IPOYHOCTh HEOOXOAMMO BBIMOJHSITH MPOBEPOUHBIN pacueT Ha KECTKOCTb, KOTO-
PBIN 3aKII0YAETCs B OMpPECIICHUH MEepeMEeICHUs 3aJaHHOTO CeUeHUs: Mporuda u
yriia moBopoTa. YacTo mpH 3TOM HCIOJB3YIOT METO]| HadyalbHBIX MapaMETpOB.
OTUMU TIapaMeTpaMHu SIBISIOTCS MPOTUO M Yroj MOBOPOTa B Hayalle TeoMeTpHYe-
CKOM cucTeMbl KoopauHaT. [Ipu MCmoib30BaHNM YHEPTETUUECKUX CIIOCOOO0B OIpe-
JICJICHUs TIepEeMEIlleHUI, KOTOpPble OCHOBAaHbI HAa 3aKOHE COXPAaHEHUS YHEPTHH HC-

OJIB3YIOT MeTO1 CUMIICOHA.

3.7 CraTH4ecKH HeompeaeMMble CUCTEMBI.

[Ipu n3ydyeHun Bonpoca He0OX0IUMO 0OpAaTUTh BHUMAaHHUE Ha CIIETYIOIINE
OCOOEHHOCTH

CraTudecku HEONpeIeTUMbIE CUCTEMbI OYEHb YYBCTBUTENIBHBI K HETOYHO-
CTH U3TOTOBJICHUS OTEJIbHBIX 2JIEMEHTOB. PacdyeT cratuuecku HeoNpeaeIuMbIX 0a-
JIOUHBIX U PAMHBIX KOHCTPYKIIUM BCEr/1a HAUMHAIOT ¢ BLIOOPa OCHOBHOM CHUCTEMBI
Y COCTABJICHHS] KAHOHUYECKUX YPAaBHEHUN MeTola CUil. Perenne 3Tux ypaBHEeHUN
MO3BOJISIET ONPEACIUTD YCUIIHS, BOSHUKAIOUIUE B DJIIEMEHTAX KOHCTPYKIUH.

3.8 Caoxnas nepopmanus opyca.

[Ipu nzydyenunn Bompoca HEOOXOIMMO OOpaTUTh BHUMAHKUE HA CICAYIONINE

0COOEHHOCTH

Crnoxnyto nedopmaliyio cieyeT paccMaTpuBaTh Kak CyMMY HECKOJIBKHX
npocTthix nedopmaruii. [Ipu kocom u3rude 15 BEIYUCICHUS MOTHOU Aedopma-
MU HEOOXOJIMMO ONPEJEIUTh COCTABISAIOIINE MPOruda B ABYX MJIOCKOCTIX U
MPOCYMMHUPOBATH HX.

[Ipu nonbope ceuenuit Opyca npu U3rude M pacTs>KEHUU (CKATUH), CIAEAYET
Y4€CTb, YTO OT KaXKJOTO BHYTPEHHETO CUIIOBOrO (hakTOpa BO3HUKAIOT TOJIBKO
HOPMAaJIbHBIE HATIPSDKEHUSI K X CyMMa He JIOJDKHA MPEBBINIATh HAMIPSHKEHUS J10-

yCKaeMbIE.
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[Tpu u3rube u KpydyeHUN HAMpPsSHKEHHs KaK HOpMaJbHbIE, TAK U KacaTelb-
HBIE JOCTUTAal0T MAaKCUMAaJbHOI'O 3HAYEHUs HA MOBEpXHOCTH Baya. [loaTtomy pa-

[MOoHaJIbHON (popMO ceueHus Bajga OyJeT KOJIbIIO.

3.9 [IponoabHbIA U3ruod.

[Tpu n3yueHnn Bonpoca He0OXOAUMO 0OpaTUTh BHUMAHKE Ha CIIEIYIOIIUe

OCOOEHHOCTH.

[Tpu BBIMOHEHUH PacUeTOB IIEHTPAJILHO CXKATHIX CTEP)KHEH Ha yCTOMY -
BOCTh HEOOXOIMMO MPABUJILHO BEIOUPATh MaTepHall JJI U3TOTOBJICHHS KOHCTPYK-
uuii. Hanmpumep, ecau crepxenp o0nagaeT ruokoctero 0osee 100 equuun, To 1uis
€ro U3roTOBJICHUS JIydllle OpaTh JACUIEBYIO MAJIOYTJIEPOJUCTYIO cTalb. Jlis

CTEp KHEH cpeaHel u Majoil THOKOCTH JIydIlle TOJOUIET CTallb 00Jiee KaueCTBEH-

Hasl.

3.10 IlmHaMnyecKue HArpPy3KH.

[Ipu n3yueHnn Bompoca HEOOXOIUMO OOpAaTHTh BHHUMAHHE Ha CIICTYIOIIHC
OCOOEHHOCTH.

Heo0OxomuMo y4uThIBaTh, YTO MPH yJAPHOW HArpy3ke MepeMeIieHus U jie-
dbopmar MOTYT 3HAYUTEIHHO MPEBBINIATH 3HAYEHUS, TIOTYyUYEHHbIE MPU CTaTHYe-
CKOM Harpyske. Pa3HuIla MKy HUMHU 3aBUCHUT OT BEJIIMYMHBI JTUHAMUYECKOTO KO-
saunrenra.

[Ipu coBmageHny 9acTOT COOCTBEHHBIX M BBIHYXKJICHHBIX KOJICOAHUI HACTY-
maeT pe3oHaHc. Ero omacHOCTh 3akiIr0o4aercsi B TOM, YTO B DJIEMEHTaX KOHCTPYK-
I MOTYT BOSHUKHYTh HaIIPSHKEHUST, MHOTOKPATHO MPEBHIIIAIOIINE JOIMyCKaeMbIC
Y MOXET HACTYIUTh MPEJIEIbHOE COCTOSIHUE (pa3pylIEHUE).

3.11 IToBTOpHO-IEpeMeHHbIe HATPY3KHU

[Ipu m3ydeHuu BoIpoca HEOOXOAUMO OOpaTUTh BHUMAHHUE Ha CIIEAYIOLINE
OCOOEHHOCTH.

J17is moy4deHus TOJIHOTO MpeICcTaBIeHus 0 paboTe MaTepraia Ipu MOBTOP-
HO-TIEPEMEHHBIX HAarpy3Kax CTPOSAT AUarpaMMbl TPEIeTbHBIX aMIUTUTYI, KOTOPbhIE

ITO3BOJIAIOT IJIA JF000T0 OUKJIa IMEPEMECHHBIX HaHpH)KeHI/Iﬁ MMOJY4YHUTb OAHO3HAY-
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HBII OTBET: CMOXKET JIM paccMaTpuBaeMas JieTajlb MpopadoTaTh 0a30BOE YMCIIO

[UKJIOB HarpyeHus (CKOJIb YTOJIHO JI0JIr0) 0€3 pa3pylieHUs WU HET.
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