TEMA 12. KPYUEHUE

AJTOpPUTM pemIeHHUdA 3aaa4

B CM npussTO pemaTh 3aa4d pacyeToB Ha MPOYHOCTh B apaMeTpax, BhIpaXkast
JUIMHBl YYacCTKOB Bajla 4epe3 MapameTpbl JJIMHBI, pa3Mepbl MONEPEUHOI0 CEUECHHS
yepe3 mapaMeTp pasmepa CedeHus, MPUIIOKEHHbIE BHEIIHUE HAarpy3Kd 4epe3 Iapa-
METp Harpys3KH.

AJTOPUTM pelIeHHUA 3aaa4

1. Pacuernas cxema BaJja:

— wu300pa3uTh Bajl B MacuTabe, yka3aTb pa3Mepbl, BBIPa3UB UX 4Yepe3 MapaMmeTpsl
JUIMHBI U pa3Mepa CEUYeHHS;

— TI0Ka3aTh BHEIIHKWE HArPYy3KH, BHIPA3UB UX Y€pe3 MapaMeTp Harpy3KH.

2. AHaJM3 HATPY’KEHHOCTH BaJia:

—  IOCTPOUTH JIIOPY KPyTsAmEro Momenta 7.
3. AHaJu3 HANIPSI2KEHHOT0 COCTOSIHUSA:

—  TOCTPOUTB JIIOPY MAKCHMAJIBHBIX KacaTeIbHBIX HANPSHKEHUH T ;
max °’

— ONpEIeNHTh HaHOOIbIICE ACHCTBYIONICE HANPSUKEHNE MaX T .
4. Pacyer HA NPOYHOCTH:

— 3amucarh yCJIOBHUE IIPOYHOCTH Baja;

—  ONPEIEIUTH 0IIyCKAEMbIE HAIIPSKCHMUS.

5. OmnpenesieHue HCKOMOI BeJTUYMHBI:

— BBIPA3UTh U3 YCJIIOBHUA IIPOYHOCTH U BBIYHUCIINTh HCKOMYIO BCIIMYHUHY.

3aMedyaHud

1. Pemenre mOMKHO OBITH BBHITIOJHEHO B 00mieM Buae. UnCIoBbIe 3HAYCHUS HC-
XOJTHBIX JAaHHBIX HEOOXOUMO MOACTABIISITH TOJIBKO B KOHEYHYIO PACUCTHYIO (hOpMYITy
JUISl BBIYMCIICHUSI UCKOMOM BennyuHbl. [10/ICTaHOBKY BBITIOIHATH C YYETOM pa3Mep-
HOCTEH Bcex BeJuuuH. OTBET MPUBOJUTH C TOYHOCTBHIO JO TPeX 3HAYamux mudp
(manpumep, 8,51 kH; 5,67 mm).

2. B npoeKTUPOBOYHBIX pacueTax pa3Mephl CEUCHUS Bajia TpeOyeTcsi OKPYTIUTh B
0osbmy10 cTopoHy B cooTBeTcTBUU ¢ ['OCToM 6636—69 Ha HOpMaJIbHBIE JIUHEHHBIC
pa3Mephbl, 4acTh KOTOPOIo MpuBeeHa B TaouI. 1.



Tao0mumna 1

Hopmaneusie nunelinsie pasmepsl. [ OCT 6636—-69. Psan Ra40.
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Yucna <1 u >10 nmoay4aroT COOTBETCTBEHHO JEJIICHUEM WM YMHOKEHUEM ITPUBE-
JIeHHBIX BbImie BenuuuH Ha 10, 100, 1000 u T. 1.

IIpuMeps pemeHHus 3a1a4

_éﬂdl d()
Tun I
Puc. 1
Onpenennrnb

Ty 11

3amaua 1

KoHconbHblll Bas (cM. puc. 1) mOCTOSIHHOTO
NONEPEYHOT0 CEYEHHsI HarpyX,eH CoCpenoTo-
YEHHBIMU MOMEHTaMHU.

Vcxommete mammwie: [, =1, L,=151; [;=151;
M =-3M; M,=M; M,=M. Tlapamerp
JUTVHBI [ =20 cm; rapaMmeTp Harpy3Ku
M= 400 H-m. Matepuan crepxus — ctanb 30 ¢
T, =210 MlIla; [ ]=1,4.

1. 3 pacuera Ha IPOYHOCTH PA3MEPHI IIONEPEYHOIO CEYEHHMs Bajla JBYX TUIIOB: THII |
— crionrHoe kpyryioe; Tut 1 — xombuesoe ¢ d, = 0,85 d, .

2. CpaBuurts Beca BasioB [ u Il Tuna.



Pemenue
IM M 1. PacueTHnas cxema Baja. 1306pa3um

M
® @ @ BaJ B macmrade (cM. puc. 2), mpocTaBUM

pa3Mephl, BbIPA3WB UX Yepe3 MapaMeTphl

nauabl [, TToKakeM BHENIHME HArpys3KH,

C’) ® ® BBIPA3UB HX 4epe3 napameTp Harpysku M.
2. AHaJuM3 HArpy>KeHHOCTH BaJja.
[ 1,51 1,51

[TocTpouMm 3M0py KpyTAmero Momenta 37

270 2’0 (CM. pHuc. 2)
3. AHaIM3 HANPSKEHHOTO COCTOSI-
.A 1,0 1,0 HUsl. MakcuMaiabHbIE KacaTelbHbIE Ha-
lo O’l OpsDKEHUS] B TIONIEPEYHOM CEYEHUHU Bajia
' ‘ ‘hv ‘ ‘ T [M ]M IIPU KPYUEHUHU BBIYUCIISAIOTCS 110 hopMmyIie:
: 1 — T
.?‘ max[[/Vp] Tmax _W'
1,0 1,0 P
’ ’ Puc. 2

B 3agaue paccmarpuBaeTcsi Bajl IOCTOSSHHOTO MONEPEYHOIO CEUCHMUS: Wp = const.
CrnepnoBaresibHO, 3MIOpa MAaKCUMAJIbHBIX KacaTeNbHBIX HANPsLDKEHUHM MOJ00HA 3Iope

M
KpyTaiero Momenra 7, HO UMEET pa3MEPHOCTD [W] (cm. puc. 2).
p

HauOombiice HCﬁCTBYIOmee KaCaTCJIbHOC HAIIPAKCHUC B BAJIC!

M
W
p
4. PacueT HA MPOYHOCTD. 3aIHUIIEM yCIOBHUE MTPOYHOCTH OATKH:

max t = 2,0
m

ax

maxt < [1].
max

Onpenenum J0MyCcKaeMOe HapsHKEHUE:
Tm

Lt =T

HOI[CTaBI/IM HauOOJIbIIee I[Cf/iCTBYIOH.IGG HaIIPAKCHUC B YCIIOBUC IIPOYHOCTH:

= 210MIla / 1,4 = 150 MI]a.

M
— <
290Wp —[T]S

OTKYyJa HOJ'I?IpHBIfI MOMCHT COIIPOTHUBJICHUA CCUCHUS PABCH

Wp 2 [W]=20 [il] = 2,0 - 400 Hm / 150-106 [la =

6 3 3
= 5,33-10 M~ =533 cm".

5. Iloadop ceueHmid.
Ceuenue I Tuna. I[lossgspHBIE MOMEHT CONPOTUBIICHUS ceueHus | Tumna:



3
_ 7d;
WP 16

BhIpa3uM 1 BBIYMCIUM aUaMeTp d , morepevHoro cevenus I tuma:

= 0196d, > [W].

3 3
d] 2> V[ W1/0,196 = '\/5,33 cM>/0,196 = 3,0l cm =
= 30,1 mm = 32 MM ('OCT 6636—-69).
Ceuenue Il Tuna. ITossipHbIil MOMEHT CONpOTUBIICHUA ceueHus [ Tuna:
3
_ ﬂ'd][
p 16

do 0,85
rae ¢ =—— = 0,85 .
d

4 3 4 3
(1—c )= 0,19d, (1-085 ) =00937d, 2 [W],

BBIpaBI/IM Y BBIYMCJIMM BHCILIHUMN AUaMCETpP dH IMOTICPCYHOI'O CCUCHUA II Tuna:

3 3
d, > \/[ W1/0,0937 = \/5,33 cm>/0,0937 = 3,85¢cm =
= 38,5 MM = 40 MM (TOCT 6636—69).

BuyTpennuii muamerp ceuenns d, = 0,85 d, = 0,85 - 38,5 mm = 32,7 MM = 32 MM
(I'OCT 6636—69).

6. CoorHomienue BecoB BaJoB I u Il Tuma.
GI: GH =m;im, =V:V, =8§:§,.
T ,2 TC 2
ITnomans cevenns I tuna: §, = T d, = T (32mm) = 804 Mm%

6HEUlHec0 Konmypa omeepcmust
[Tnomans ceuenns 11 Tuna: S = S

_ S =

L R 2_T, 2 = 2
4d11 4d0 1 (40 MM ) 1 (32MMm) 452 mm “,

G,:G,=5,:5,=804mm’: 452mm” = 1,78 : 1.
OTBeT
1. uamerp cevennus I tuma: d, = 32 mwm;
pasmeps! ceuenus 11 tuna: d = 40 MM, do = 32 mm.
2. Cootnomenue Becos Banos [ u Il Tuma: G,: G, = 1,78 : 1.

BriBOA

Bonee panmonansubiM siBasieTcsa cedeHue Il Tuna, tak kak Ban Il Tuma oOnamaer
MEHBIINM BECOM MPHU TOM K€ IPY30MOABEMHOCTH.



3agaua 2

Jlano

@Ml @Mz (:2M3

Konconbublli Ban (cM. puc. 3) MHEPEMEHHOIO

/  KPYIIIOTO NONEPEYHOTO CEYCHMs HArPYkKeH Co-
2 CPEIOTOYEHHBIMA MOMEHTaMH. VICXOmHBIE JaH-
® Hble: L= L=20, L=, M=M,
ll? l l M,=—-1,5M; M,=—M. Pasmepsr: [ =30 cwm;

dl@} &d é%d d, =24mm; d, =20 Mm; d| = 32 Mm.

2 3
Marepuan crepxus — craib 35XM ¢
Prc. 3 T =470 MITa; [1n_]=3,0.

Onpeneaunrns
M3 pacyeTa Ha NPOYHOCTH J0IYCKAEMOE 3HAUEHUE IapaMeTPa Harpy3KH.

Pemenue

1. Pacuernas cxema Basa. M306pasum Ban B MacimTade (CM. puc. 4), IpocTaBuM
pasMepsbl, BHIPA3UB UX depe3 mapaMerpbl MnHbL /. [lokakeM BHELIHWE HATPY3KH,
BBIPA3UB HX uepe3 mapaMerp Harpysku M. J{is yno0cTBa pacueToB BBEIEM IIapaMeETP
pasmepa cevenns d =d, . Tormad, =12d;d,=1,6d.



2. AHAJIM3 HACPY:KEHHOCTH BaJia. [locTpouM 3Mmopy KpyTsiero Momenra 371
(cM. puc. 4).
M  15M M 3. AHaJIM3 HaANpPSKEHHOro cocrosinus. [lo-

O. ® & CTPOMM DJIIOPY MaKCHUMAJIBbHBIX KacaTEJIbHBIX

HANPSOKEHU T 1 T = l
" max max Wp
®l C’) 7] C‘j ] JleBblil y4acTOK:
3
_md; 3 3
1.0 1.0 VV1 TR 0,196 (12d) = 0,339d ;
T 3

= T1=Wll = M/(0,339d )=2,95%.
= IT[M] 3 3
i o= T :
0.5 0.5|lle Cpennuii yuacrok: W, = e 0,196 d ;
T 3 M
150 1.5 12=W22 = 05M/(0,196d") = 2,55—.

2,95 12,95
IIpaBbIil y4acTOK:
2202320 187 1,87 P 23 3 3
ot Wy =2 =019 (16d)" = 0803d ;
max
Puc. 4 [ 73] 13=W33=1,5M/(0,8o3d )= 1875
Haubonbiee aeiicTByolIee KacaTeabHOE HANPS)KEHHUE B BaJIe:
_ M
max Tmax = 2,95m

4. PacyeT Ha NPOYHOCTD. 3aNUIIEM YCIOBUE TPOYHOCTH OATIKH:

maxt < [T] = 2,95% <[T].

Onpenenum J0MycKaeMoe HaNpsHKeHUE:

[T] = — = 470 MIa /3,0 = 157 MITa.
[7,,]

Bripa3uM 1 BeIUKCINM JIOITyCKaeMOE 3HaUCHHUE MapaMeTpa Harpy3Ku:
3 6 3
M< [M]=295[t]-d = 295-157-10 I[Ta-(0,02m) = 1389 H-m.
Ot1Ber

Jonyckaemoe 3Hauenue napamerpa Harpysku [ M ] = 1389 H-m.



Jlano

IIpakTHyeckoe

3amaua 14

3agaHHue

Koncomnbnbiii Bait (cM. puc. 5.1, 5.2) Harpy»eH coCpeOTOYEHHBIMU MOMEHTAaMU.
[Tapamerp mmunbl [ ; mapamerp Harpysku M, mapameTp pasMepa MONEPEYHOTrO Ce-
venns d. Mpuasats M =500 Hm; [=03wm; [ ]=2.

Wcxonubie nanHbie TpUBOAATCS B Ta0d. 2. MexaHWueckne XapaKTepUCTUKH Ma-
TEpHUAaJIOB B35Th U3 Ta0. 3.

MO MO MO QM @M @M
N
N\ %
gdll d|d[| 4 dII dldf| a] P
¥, ®, 0 ®, 0, 8,
Cxema 5.1 Cxema 5.2
Puc. 5
TaOmuna 2
Hudpa [TopsinkoBeIit HOMep UG PHI B BApUAHTE
Bapu— 1 2 3 4
aHTa ]M?, 11 dz M lz d1 ]Wz 13 M d3
arcpuall — | CXEMa
M| T|4d | mM|T|ad | 7|7 i
0 25 L0095 |-L5129]1,15] 1,0 | 3,5 20 0,62 | 14.1
1 28 [ 1,10,92]1-18{28]1,12]-1,0|34 35 0,65| 14.2
2 30 | 1,2]090|-2,0{25|1,10] 1,5 |3.2 45 0,68 | 14.1
3 32 1 1,310,88]-2.2{2,6(1,05|-1,5[3,0 20XH |o0,70| 14.2
4 34 |14 (0,85]-24[25|1,00] 2,0 |28 40H 0,72 | 14.1
5 -3,5]L510,82] 2,5 |2,4|0,98]-2,0]|2,6 40X 0,75| 14.2
6 -3,81 1,6 10,80] 2.8 {2,3(0,95] 2,5 |25 40XH 0,78 | 14.1
7 -4,01 1,710,78] 3.0 {2,2|0,92]|-2,5|24 Cr.3 0,80 | 14.2
8 -4,211,810,75] 3.2 [2,1]090] 3,0 |22 Cr. 4 0,82 | 14.1
9 -4,511910,72] 3,5 {2,0(0,88]-3,0|2,0 Ct. 5 0,85 | 14.2
Omnpeneaurns

pasmep d NOIEPEYHOro CeYeH s Bajla U3 pacuera Ha IPOYHOCT.




MexaHn4decKkue CBOMCTBA CTaJIEN

Tabmuua 3

Matepuan Mapxa | ¢ Mla | ,MIla | T _, MIla E TTla

Cr.3 230 380...470 160
Cranb Cr. 4 240 430...550 170

yIJIEPOAUCTAS Cr.5 280 520...650 190 200
20 220 400...500 160
35 270 550 190
45 320 600 220
20XH 600 800 350

Crainb 40H 400 700 260 210
JIETUPOBAHHAS 40X 800 1000 440
40XH 750 900 390




