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Kpyuenue



KpyTsupg Ha3bIBAIOT MOMEHT, BEKTOpP KOTOPOIO HaIpaBj€H BAOJb OCH
CTEPIKHS.
Kpy4yeHmeM Ha3bIBA€TCA TaKON BHJl HATPYKEHHUS CTEPKHSA, IPU KOTOPOM

N3 BCCX MICCTH BHYTPCHHHUX CHIIOBBIX (l)aKTOpOB B €TI0 IOIICPCUHBLIX CCUHCHUAX

(puc. 1.6.) He paBeH HYJIO MobKo KpyTALMA MoMerT M xp -

BHelHMe kpyTawme MOMEHTbI [H-m]
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Puc. 111.1.

TonoxutensHoe Hanpasnenne M,, — Bpamenne npotus yacoBoit cTpenku

OTHOCHUTCIIBHO HOpMAJIK V K IIOIICPCHYHOMY CCUYCHHIO.

JINMMHy OCH CTEP)KHSI KPYUYEHHUE HE U3MEHSET.

Ilpumeuanue. BHEIHUN KPYTAILIMA MOMEHT TAaKXE€ HA3bIBAIOT «CKPYUYHMBAIOIINM
MOMEHTOM», a BHYTPEHHMM KpPYTAIIMM MOMEHT — IIPOCTO

CKPYTAIIUM MOMCHTOM)).



KacarenbHoe HaOpspKeHUE T B pa3JIMYHBIX TOYKaAX IMOMNEPEYHOIO CCUYCHMUS

CKPYUYHBACMOI'0 CTCPKHA pPaA3JIAYIACTCA 110 BCIWYHMHC W 110 HAIIPABJICHUIO.

PaSPYHIGHI/IC CTCPIKHA HAYMHACTCA TaM, I'’IC OHO MAKCUMAJIBHO.

Koadourment MIPONIOPLMOHAIBHOCTH MEKY MaKCHUMAJIbHBIM
HaIIpSDKEHUEM  Tipg, B IIONEPEYHOM CEUYECHUHM U JACHCTBYIOIIUM B 3TOM CEUYEHUHU
BHYTPEHHHM  KPYTSIIUM  MOMEHTOM M,, Ha3bIBACTCA MOMEHTOM

ConpoTHUBIEHMS NPy KPyYeHwmy IONEPeYHoro ceuenus u odosznagaercsas W,

[M°]:

Tnax = pr «METpPO Ha METPO» (11.2)
K

MOMEHT CONMPOTHUBICHUS NPU KPYUCHUU OINpeessieTcs] TOIbKo (hopMoil u

pa3MepaMu CEUCHHSI.



AHanorum

NHorma pasHple MO CBOEH CyTH (U3WYECKHE SIBICHUS, MaTeMaTHYCCKH

OIIMCBIBAIOTCA NACHTUYHBIMU YPABHCHUSMU.

Torma ynoOHO OIHO sBJIEHHE, MEHEE IOHATHOE W MEHee YJI0O0HOe s
W3Y4YCHUS, UCCIIEIOBATh HA MPUMEPE IPYroro — OoJiee HArIsAIHOTO, UMEHYEMOTO

aHAaJIOI'OM.

Cam IMPOLCCC TAKOI0 UCCIICIOBAHUA HMCHYCTCA aHaJIOT'HEeN.

AHAJIOTOM pacHpeneneHusl KacaTelbHBIX HAIPSHKEHHW B IONEPEYHBIX
CEUYECHMSIX MPOCTOM (OPMBI SIBIIAETCA PACHpPENESICHUsT CKOPOCTEH YacTUl BOJBI,

3aKpy4YEHHON B EMKOCTH TaKOM ke (POPMBI:
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Puc. 111.2.



[TpumeHnMa K UccaeI0BaHUIO TIOTIEPEUHBIX CEUCHUN JTF000H (POPMBI.

B xéctkolf mumTe BhIpE3aeTCs OTBEpPCTHE, (OpMa KOTOPOrOo IOBTOPSET
dbopMy momepeyHOro cedeHHs cTepkHA. OTBepcTHE 3aTATUBACTCS TOHKOM
TUICHKOM, TIOJ] TUIUTY MOAAETCs U30BITOYHOE aBIICHUE, TUIEHKA BBITYYHBACTCS.

AHaJIOrOM KacaTeJbHOIO HAIPSOKEHUS B TOYKE IIONEPEYHOTO CEYCHUS
ABJISIETCS TAHI'€HC yIVIa ¢/, KOTOPBIM COCTaBISIET KacaTelabHas K BBITYYECHHOU

IIOBCPXHOCTHU ILJICHKHU B ATOM K€ TOUKE:

M, Kp

Puc. 111.3.

VYripl  BhIyYyMBaHWS, KaK  TPaBWIO,  HEOOJbIIHME  (3aMEpSIOTCS

CIeIAIbHBIMU YCTpOiicTBaMHK), mostomy tgar = .



BaMKHY TEIIT

TOHKOCTEeHHEI

npoouiins

Puc. 111.4.
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HeszaMKHY TEIV

TOHKOCTEHHEI

IpoQuiib

Puc. 111.5.




HesaMKHY TEI
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Puc. 111.6.

/
“
\
\
\
\
\
\
\
\
2

N7
N e — «— x p€ — —,

NN > -7 N 5 7




YUuctblh casur

[Ipy KpydeHUM B MONEPEYHBIX CEUYEHUSAX CTEPKHS BO3HUKAIOT TOJIBKO
KacaTeJIbHbIC HAIPSKEHUS.

B okpectHOCTH TTPOU3BOIBLHON TOUKH “K’’ MOMEPEYHOTO CEUECHUS BBIACIUM
3JIEMEHTapHbI 00bEM (OECKOHEUHO Majblidi TMapajuiesenuiesn), oJHa U3 TpaHel

KOTOPOro IMpUHAAJICKUT CCUCHUIO.

Puc. 111.7.

Ypaenenua pagnosecun
I/1eMeHmapHozo 00véma.

T — mak kax cpaHb eCmb
uacmsb nonepedirnoco

ceyeHus
nan "b" / "y
13— e > Fy =0 => T=T
X K -7 2 - K l i
4 -~ T, T-napa cun
z
e M, =0 =
—_—

dz

I'panp ”b” — 4acTb cocegHero momnepeyHoro ceueHus. CiaeaoBaTebHO, Ha

HEHN TOXKE IEUCTBYIOT TOJIBKO KacaTeJIbHbIEC HANIPSKEHUS L.

BakoH napHOCTHM KacaTeJBHEIX HanpsikeHwus (00IUNA A BCex
HanpsOKEHHBIX ~ COCTOSTHUM):  Ha  CMEXKHBIX  B3aMMHO  TMEPIEHIUKYISPHBIX

IJIomaaKax KacaTCJIbHbIC HAIIPSIPKCHUSA PABHBI 110 MOAYJIIO U ITPOTUBOIIOJIOKHLI 110

HaIIpaBJICHUIO.



CnencTBug U3 3aK0HA IapHOCTHU

1) B KkpatiHux mouKax NONEPeyHO20 CeYeHUsi CKPYYUBAEMO20 CHIEPICHS

2)

KacameljlibHble Hanp:oceHusa T HAanpaeieHbvl 600.1b TUHUU Kpas.

Jloka3biBaeM oT obparHoro (puc. 111.8.).

M Kp : HYCTI: B

KpallHe  TOYKE  CEUCHUS
KacaTeJIbHOE HAIPSIKEHUE HE MapajuieIbHO
KOHTYpY Kpas. Torma oHO packiiaablBacTcs

Ha ABC COCTaBJBIIOMIMEC: IApaJUICIIbHYIO

KOHTYpPY ’t W MEPHEHIMKYIAPHYIO eMy L .

[
Puc. 111.8 [Mapuoe 7, HanpsokeHne ', 3aBEIOMO

PaBHO HYJIIO, KOO HAPY’KHASI TOBEPXHOCTh

CTCPIKHA CBO60,Z[Ha OT Takou HArpy3Ku, 3HAYUT U COCTaBJIAIOIIAA Tn TaK XKC

HYJIEBAsL.

B Yeaoesblx no4YKadx nonepedHoco CedYeHusl

CKpyuyusaemozco CMEPIICHA KacameilbHble

HanpAdMICeHus T paeHbl HY0.

JHokaspiBaeM  anamoruyno  (puc.  111.9.):
packiaapIBacm POM3BOJILHBIN BEKTOP
KacaTeJIbHOTO HaNpsKEHUS Ha IIBE

COCTaBIIAIONINE, NEPHEHANKYIISIPHBIE CTOPOHAM
yria u yoOexaaemcs B TOM, 4TO 00€ OHHU

HYJIEBBIE.

YacTe [HONEPEYHOIO
ceyeHMs B paNoHe
yrJia

Puc. 111.9.

CnenctBus 1) 1 2) HArISAHO WIUTFOCTPUPYIOTCA TUAPOAUHAMUYECKON

ananorueit (puc. 111.2.).



3) B npoO0OnbHLIX CEYEHUSX CKPYHUBAEMO20 CMEPICHS MAK e BO3HUKAIOM

KacameilbHble HanpAoiCeHUuA, naprsvle HANPANCEHUAM 6 NONEPEUHLIX CEYCHUAX.

D10 BumHO yxe u3 puc. |11.8.; T; - HampsokeHHE B IONEPEYHOM CEUCHHH,

4
Ti - mapHO€ €My HaNpsKEHHE B CEYEHHM IPOIOJbHOM. 110 3TOH mpuymHE,

HalpuMep, CKpy4YHMBaeMble MPSAMOYTOJbHbIE OpyChs U3 JiepeBa JIOMAIOTCS
BJIOJIb CEpEeAMHBI OOJIBIIEH CTOPOHBI — Tam, A€ JEUCTBYIOT HauWOOJIbIINE

KacaTenpHbIe HanpspkeHus (puc. 111.10.).

I[IokaszaHEel
TOJILEKO
HaOpsKeHUs
YV Kpasa

N

Puc. 111.10.



Hanpspk€HHOE COCTOSAHME B TOYKE Tella HA3bIBACTCA WHMCTEIM CHOBUI'OM,
ecii B €€ OKPECTHOCTH MOXKHO BBIJCIUTH DJIEMEHTApHBIM 00BEM, Ha YETBHIPEX

I'paHsaX KOTOPOTro I[GI\/'ICTBYIOT TOJIBKO KaCaTCJIbHbBIC HAIIPSDKCHU.

Puc. I1.11.

KacarenbHble HampsokeHHUsT HE MEHSIOT JUIMHBL pEOEpP 3IEMEHTapHOTro
o0néMma. CrenoBareiabHO, 00BEMHAs AedopManus B TOYKE NPHU HAMPSKEHHOM

COCTOSIHUU (H.C.) «YUCTBIN CIBUIY:

e=0

Harmpsixk€HHOEe COCTOSSHME «UHCTBIM CHBHUT» pEaM3yeTcs HE TOJIbKO B
TOUYKaX Teya, padOTaoIIero Ha KpyuyeHue, HO U B TOYKax Tena, paboTaroliero Ha

cpes:

P A,

A1nA NnacTnYHbIX
MaTepuaroB

i

~B—
~A

A Puc. 111.12.



HaHp}I)KCHI/IH B HAKJIOHHBIX ILTOMIAJKaXx IIpU YUCTOM CABHUIC:

NA

VYcaoBUs paBHOBECHS YacTU JIIEMEHTAPHOTO OOBEMA NOJ HAKIOHHOM

TUIOIIAIKOM

> F,=0=0,-A—(T-A-cos-q)-sin-a—(T-A-sin-a)-cos-a

o,=1-sin(2-a)

> R =0=r,-A+(T-A-cos-a)-cos-a—(T- A-sin-a)-sin-a

r,=7-c08(2-)

B kakux miomankax HET KacaTeJbHBIX HANPSHKEHHWM, JEUCTBYIOT TOJIBKO

HOpPMAJIbHBIE?
7,=0 = c0s(2:@)=0 = 2.¢=:90° = q=:45°
IIPH DTOM: O, =0, =7-SIN(x2-45°) =x7,

Takum oOpazom:

a) '3
—
4 l T‘Z—
e_—
'
Puc. 111.13.
C ~— -

3TO -H.C. "4YncTbi caur"

3TO TOXe H.Cc. "4ynucTbii caBur"”



3akoH yKa Ana casura

Kacarenbnapie HampspkeHUsT T HUCKaXaroT (OpPMY BJIEMEHTAapHOrO 00BEMA,

BBI3bIBAs B HEM YTJIOBBIE leopMaLuu -

N
N

Puc. 111.14.

3aBUCHUMOCTbD MEXQy T U 'Y L yIIpyroro H30TPOIIHOI'O MaTcpuajia

BBIPAXKACT BaKOH I'yxka npas cnBura.

=Gy (111.2)

rac

G — wMogyne ynpyrocru BrOporo poza (MOIylIb CABUTA) —

XapaKkTepUCTUKA MATEPHAIIA, ONIpEAENsieMas SKCIIEpUMEHTANIBHO, [I1a].

Tax ke, Kak IpHU PacTSHKEHUN/CKATHH, TIPU CIABUIe IUIACTUYHBINA MaTepual
paboTaer ymnpyro, MoToM «Te4€T», MOTOM YIPOYHSETCSA, MOTOM pa3pylIaeTcs.

XPpYIKHN MaTepUAIl COXPAHSIET YIPYTOCTh BIUIOTH 10 Pa3pyLICHUS.

L

HuakoyrnepogucTas crans KOHCTpYKUMOHHasA cTank YyryH



YaoenbHaa noTeHUMAaNbHAaA 3Heprua

npu uyumncrtom casure

Bcnomunaem:  moteHuuaneHas — sHeprus U,  HakomieHHas B
nehOopMUPOBAHHOM YIPYTOM TeJie, YUCIEHHO paBHa paboTe W BHYTpEHHUX CHII Ha

NEPEMCIICHUAX TOUCK TCJIa ITPHU HAI'PYKCHUU.

Paccmompum puc. 111.13a:

A T y -dz
. = ; F=7-dA =
dv\-. =z __/ / ------------
/ / /
v/ 7/ .
dz 7 7 W,
dy 5 i

dx

[TorennuanbHast »Heprus siaeMeHtapHoro o0wéma dU paBHa pabote cwi,
JNEUCTBYIOIIMX Ha ero rpaHsx (Kodd@uimeHT 72 oTpaxkaeT MpPONOPLUUOHAIBHOE
BO3PACTaHUE CHUJ M IMEPEMEIICHUM OT HyJs J0 KOHEYHBIX 3HAYCHUH IpH

Harpy»XeHHUH, CM. TpaduK):

cuna F nepemewjenue A

1r—/% — 1
dU =dw, :E(r-dx-dy)- (y-dz) :E-r-y-dx-dy-dz:

1

L av=l Ty
2 2

2
T
VYnenpHas MOTEHIIMAIbHAS DHEPTUS — DHEPTUsl CAMHMIBI 00beMa, CBoeoOpa3Has

«IIJIOTHOCTb OHCPIrun» B TCIIC:

u, U _1
d 2

- (111.3)
G




@opMysly yIeIbHOW MOTEHUIUAIBHOW SHEPTUU IIPU YHCTOM CIIBUTE MOKHO
TaKk >K€ BBIBECTH, paccMaTpuBas pabdOTy HOPMaJbHBIX CHUJI Ha TpaHIX

anemMeHTapHoro ooséma. Paccmompum puc. 111.136:

A =¢ -dX:g-(1+v)-dx ;

E
A, :|gz|-dz:%-(l+v)-dz ;
F. =oc-dz-dy;
F,=oc-dx-dy ;
1 1

dU:dWO_:E.F -A -|——.|: .A —

X X z z

:%-(o-dz-dy)-%-(1+v)-dx+%-(o-dx-dy)-%-(1+v)-dz:

o’ (1+v)

2-
:T.dx.dy.dzzw

2.
dv =25 (éw)-dv;

du - (1+v)

UO
dv E

(11.4)




CBA3b XapPaAaKTEPUCTUK YNPYrocTwu

matepumana E, G uyv

a) JIunetinas nedopmarus B JuaroHaaIbHOM HAMPABICHUH TIPU YUCTOM CIBUTE:

N £ o \E: i
e
; l T =
g o \ 8 - -
N\ Y N\ N Y,
~ ~ ~
Saa = ‘&’:aa +‘§aa _1 (1+V) Eaa = GEaa :é éaa = O-Eaa =%
0) BriBoa hopmyIibl:
y
B R ® ?ég' dx = dy
r‘ ' o \_ !
‘ 18 o g, CC=dy-y
!I 1
i £, e g ¥ JUIMHA MaroHau:
dy — —
ﬁ l ' ~ d / T g AC — dy . ‘\f 2
,,; i / VY 1JIMHeHue TUaroHau:
L AL >
D D AKACzCCl-cos45°:dy-y-£

a
a/ V » 2
dx
Jluneitnas nedopmans B AMaroHaILHOM HaIlpaBICHUU:

E= %'(l‘l‘ V) — ¢ oouoii cmoponsl (cm.n."a)")
) {
_AMac Y . ..
= 7% — ¢ dpyeoii cmoponwl (U3 onpedenenust TuHeliHol oeghopmayuir)
L AC
4 Y
2 Aev) =L
g =3
G-X X
T . (1+ V) = 7
E

(111.5)

:2-(1—|-V)




(I11.5) MOXHO BBIBECTH WHauye, MpUPaBHAB (HOPMYJBl  yAEIbHOM
noteHanbHo 3Heprum npu unmcrtom casure (111.3) m (111.4) , Bens oHum

BBIPpAKAIOT OAHY U TY JKC BCIIMUYHNHY:

7: 12-(1+v)
G E

1
2



KpyuyeHue bpyca Kpyranoro

nonepevyHoro cevyeHusA

[Tpu pacuére kpyriaoro Opyca Ha KpydYeHUE NPUMEHHMbI TUTIOTE3BI !

1) I'mnoresa mnnockmux cedyeHus: TONEPEUHbIE CEYCHHUs Opyca IpH

KpPY4YCHHH OCTAIOTCA IIJIOCKUMH,

2) 'mnorTesa HOpsAMEIX PanuyCoOE. PaauyC L , IPOBEICHHBIN U3 IEHTPA

KpY4E€HUsI K KOHKPETHOU TOUYKE MOMEPEYHOTO CEUEHMUS, IIPU CKPYUNBAHUN

OCTaETCs IIPpAMBIM U JJIWHBI CBOECH HE MCHSECT:

LUEeHTp
Kpy4YeHus

TO €CThb, IMOIICPCYHOC CCUCHUC ITIOBOPAYNBACTCI, KAK JKECTKOE LICIIOE.

SKCHepI/IMCHTaJ'IBHBIC JAaHHBIC TAKXKXC IMOKA3bIBAIOT, TO IIPpU 3aKpYy4YHBAHHUH

PaCCTOAHUA MCKAY IMOIICPCUHBIMHA CCUCHHUAMMN HC MCHAIOTCA:

Jlo Harpy»>keHus:

SRR AWM

42

Ilocne HarpyxeHus:

[T TIITI0

AR

oM




dz
Y
1 2 Mr:p
T — = /r 7 ¢

e
—
e
——

\

Puc.111.15.

JIBa OeckoHEYHO OJM3KHUX TMOMEpeyHbIX ceueHuss 1-1 um 2-2, ocraBasch
IUJIOCKUMHU, TIOBOPAYMBAIOTCS IPYT OTHOCHTEIBLHO JApyra Ha yroi do:
1 | 2

A
C

Puc.l11.16.

VrnoBas neopmanys Y B HApYKHOM paJualibHOM cioe paguycoM R:

dS=R-dg dp=y- _R.do
{dSz}/-dz - Rdeg=ydz = 7/—RE

VYrnoBas nedopmaiivsi B mpou3BOJILHOM CIIO€ paanyca P :

d
y= 'O'd_(zp (111.6)
CorunacHo 3akoHy ['yka, KacaTenbHbIE HAIIPSKEHUS:
d
r=y-G=p-G-—2 (111.7)

dz



TO €CTh, KacaTeJIbHbIE HANpPSIKEHUS B KPYIJIoM
NONEPEYHOM CEYEHUHM pPaCHpeeeHbl JIMHEWHO
OTHOCHUTEJIPHO paguyca U HE MEHSIOTCS 110

OKpyXHOU koopamHate (puc. I11.17.). Dto xe

MNOATBCPKAACT THAPOAHMHAMHUUYCCKAA aAHAJIIOTUA

1.2, 0 . H1L.3.
(puc ) ¥ MeMOpaHHas aHAJIOTHS (Puc ) Puc Il1.17.

BHyTpeHHUN KpYTAIIAA MOMEHT |\/|Kp B IIOIIEPEYHOM CEYECHUU CTEPIKHS

€CTh CYMMAapHBIN pPE3ybTaT ICUCTBUS KACATEIIbHBIX HANIPSKEHUW T B HEM:

chJjia IIJIICYO0

dA | /

df dM,, =dF-p=7-dA-p

A
Lﬁ
<
I

M,, -dz

rae

2
Ip = jp dA — nmonapHsT MoMeHT wMHepPIMHM TONEPEIHOTO (111.9)
A

ceuenus, [ M ];

G-l — X€CTKOCTE CTEPXHS NPV KPYYEeHWUN.

|p BeluMCHstercst Mo dopMmyse, MAEHTHUYHON (GOPMyTe MOMEHTA HHEPLUH

. . KT, 2
TOHKOW TUTaCTMHKHM eauHu4yHoN tutotHoctd ( 1 © /M° ). Iloatomy HOBoOe

HAaMMEHOBaHUE KOA(DPUIMEHTY MNpUAYMbIBaTh He cTaiad. Has3Bamu «MOMEHT

HHEPpUHN», XOTSA K (1)I/I3I/I‘ICCKOMY SABJIICHUIO UHepYUu IP OTHOIICHUA HE NMCCT.



PacyémHsbie chopmysibl:

Puc. 111.18.

Py = Po T2Pon =

Al K 14 M -dz
\ \ O O Z =0+ ="

(111.10)

rac
(00 — YI'OJI ITIOBOPOTA IOIMCPCUYHOI'0 CCUCHHUA B HAYAJIC OTC‘{éTa;

Z, _
Py = j dqv:'jMLdz

G . | — YI'OJI B3aUMHOTI'O ITIOBOPOTA ITOIICPCUYHBIX
Z5 0 p

CEUECHUI.

= (11.8
— G-Ip( )
5 /
O d M, -
7 Zax | P T=pG-2= p P
Eir'.l;:lx _ o dZ I
| ——— p
(11'8)
_ My P
Tinax = | (111.11)
p
B cootBeTcTBUM ¢ hopmyston (111.1):
Toax = M.,
max Wp (1n.12)
rie
|
w, =—"~ »
p — HOOJSPHENE MOMEHT CONPOTHUBIEHHUSI (1.13)

pmax
(MOMEHT CONpPOTHUBJICHHS] TIPU KPYUYEHUH JUIs

. 3
KPYTJIBIX ¥ KOJIBIIEBBIX MOMEPEYHBIX CEYCHUN ), [M”].



FfTeomeTpUUYECCKUNEe XAaPDAKTEDPDUCTUKM

KPYFrAblX U KONbLEBbIX NONEPEYHDbIX CEYEeHUMN

nPpUu_KpydyeHuu

“ dA MomeHT HHCPLUHU 3H€M€HTapH0ﬁ IO AaAKHK:

dl, =dl, =p*-dA=p*-(p-dp-dp)=p°-dp-do

X

g MomeHT HHCPIHNH BCCIro CCUCHUA — CyYMMa
MOMCHTOB I/IHepHI/II/I 3J'ICMCHTapHBIX
IJI0IIAad0K:
D D
2 4|2
3 P 7-D
-dp-dco=2-ﬂ-fp dp=2-7-—| = (111.14)
) 4], 32

7-D*
| 7-D?
W — p — 32 —
== " (111.15)
2

y
Bocmnosb3yemcsi CBOMCTBOM agagMTHMBHOCTH

MOMCHTOB HWHCPIHUHU (I/I3 MOMCHTAa HWHCPIHNU

Kpyra, BBIYTEM MOMEHT HHEPIIMH OTBEPCTHS):

X

_\ Z\-.J ~ I _7Z"D4_7Z"d4_7z-'D4.1_(1j4
x P 32 32 32 D
LY (111.16)

[TonmApHBIM MOMEHT CONPOTUBIICHHUS:

2D

(111.17)

O & St

P P D 16
2



BcrioMuHaem TEOpPETHUYECKYIO MEXAHUKY:

MOMEHT MHEPLUH TOHKOTO Koubla (— = 10)
cp

paBeH MOMEHTY WHEpIUHN TOYKU 7, B KOTOPOU
Kak Obl COCpeNoTOYEHAa BCA Macca (B HallleM

cilydae - Ijomaap A) KoJbla:

, d r-dg -0
p=pcp'A=7'ﬂ'dcp'5=T (111.18)

HOJIHpHBIﬁ MOMCHT COIIPOTHUBJICHUA

R )
e — 2
p ~ IP — 4 :ﬂ.dcp.5



Pabota BHEWHUX MOMEHTOB

BHemHre MOMEHTBHI COBEPIIAOT PabOTy Ha YIVIOBBIX IMEpeMenieHusX (To

CCTh, HOBOpOTaX) IMOIICPCUYHBIX CC‘ICHI/If/'I, K KOTOPBIM OHHU IIPUJIOKCHBI:

yA M 2M 3M
e f ¢ €
] J e e e e >
/0 B C *D z
o I é} | | 5
+
0 | 9
M
GJ,
| 4M-
GJ,
Ay, =0
2
A Lo [ M) M
c 2 G-Ip G-Ip
1 4.-M -1 6-M?2-I
—~.(=3-M)-| - —
AMD 2( )( G-Ip] G-Ip

_MZ1 6-M*1_5-M*
Gl, G-, G-I

p p

A:AMBJrchJrAMD =0

Puc. 111.19.

Koaddumment '2 umeer 3nech Ty ke NPUPOY, YTO U B pabOTE BHEUTHUX

CUJI IIPU PACTSHKEHUU (CHKATHUN).



NoteHumanbHaa s3Heprna aAedbopmaumnmm NPU KPpyYeHUU

HNexomuMm n3 Tex ke MPEIIoNOKEHHUM, YTO U IIPU PACTSKECHUHU-CKATUU: B
ne(OpPMUPOBAHHOM YIPYTOM TeJ€ HAKONWJach MOTEHLMAJIbHAs dHEPIHUs, paBHas

pa60Te BHYTPCHHUX MOMCHTOB MIPH HAI'PYXCHHHU Ha ITOBOPOTAX IIOIICPCUHBIX

CECUCHUN CTEPIKHSA:

1] |2 |
7z 7

—_——
—_——

1 |2 7

Puc.111.20.

v N

dz

PaccmoTpum aBa 6ECKOHEYHO OJIM3KUX MOTEPEUHBIX ceUeHUs: CTepkHs 1-1 u

2-2 ua paccrosauu dZ npyr ot apyra (puc.111.20.). IIpu cKkpyuMBaHMH CTEPIKHS,

CEueHUs TIOBEPHYTCS JPYT OTHOCUTENBHO JApyra Ha yroi d@. Pabora BHYyTpEHHETO

MOMCHTAa M xp Ha OTOM IIOBOPOTE.

do no (I1.7)
M -dz M?2 .dz
dU:E-MK -dwzl-MK [ My-Gz) 1 M, 0z
2 v 2 v G-lp 2 G-lp

A JJTs BCETO CTEePKHSL:

1 (111.20)
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KpvyeHuUue CTEepXHA NpamMmoOVIOANbHOTO

nonepevyHoro cevyeHusa

CrepxeHb JH000r0 CIUIOMIHOIO HEKPYIJVIOrO IONEPEYHOIro CEYEHUs Mpu
3aKpy4YMBAaHUM TIOJIBEP)KCH JgemsmaHarnmsaM. cedeHus OJenaanupyiom (OyKB.
«BLIXOOAM U3 NJIOCKOCMUY), TO €CTh UX TOUYKH NEPEMEIIAOTCS BJIOJIb OCH CTEPKHS

B PA3JIMYHBIX HAIIPABJICHUAX!

' x

‘ )

) JN:EL..E )

u.: mm e

- :t-—--. 2

] __: M

4 REn j
LA ]

\ —+: L]
1T __:jf,
T

1 T [:
:_ﬁ-ﬂh"'—i——. J
T Tl
:E::H~
v = ™~
Puc. 111.21.

JInuHAa OCH CTEpXHS MNpU ITOM BCE paBHO HE MEHsETCA, UOO OCEBBIC

MNEPCMCIICHUA €I'O TOUCK ITIOIIAaPpHO CKOMIICHCHUPOBAHBI.

CTecHEHHEIM HA3bIBACTCS KPYYEHUE CTEpP)KHs, ACIUIaHALMA KOTOPOIO
NPUHYIUTEIBHO CHIEPKUBAKOTCS (HAapuMep, JBYMs 3aJelIkaMd 10  Kpasm,
KOTOPBIE MO3BOJISIIOT CTEPKHIO BPALIATHCSI, HO HE MO3BOJISIIOT UCKPUBIIATHCS JBYM
TOpPLIEBBIM ceueHueM). [Ipy 3TOM B TOYKAaX CTEPKHS BO3HUKAIOT pa3UYHbIC
OCEBbIE HOpMaJbHbIE HaNpsDKeHUs O (Takke ckommneHcupoBaHHble, N=0 mo-
INPEXKHEMY), W JONOJHUTENbHBIA BHYTPEHHUW KPYTAIIMHA MOMEHT H3-3a YEro

KpYyTHUJIbHAA JKECTKOCTh CTCPIKHA CYHICCTBCHHO YBCIIMYNBACTCA.



CBo6ogrsns (WM YACTBIM) HA3bIBAECTCA KPYUEHHUE CTEPKHS, IPH KOTOPOM
JIeTUTaHAIIMU HUYEM HE CTECHSAIOTCS, TOUKH BJIOJIb OCH MEPEMEIAIOTCS CBOOOHO.

HNMeHHO Takoe KpyueHue OyJIeT pacCMOTPEHO Jlajee.

PaCHpCI[eJIGHI/Ie HaHpH}KGHI/Iﬁ T 1o IMOIICPCYHOMY CCYUYCHHIO ITIOKA3bIBACT

TUAPOAMHAMUNYCCKAA aHAJIOTHUA U MCTOAbI TCOPHUH YIIPYTIOCTH:
!

! T max MaxkcumManbHbIE KacaTelbHbIe
A PR HAIPSDKEHHMS  BO3ZHUKAIOT 110  CEpeauHaM
ﬁ_
AN Tmax cTOpoH MPSAMOYTOBEHIKA.
T\
J pHTME
Yaiz? M
R Toax = —— Toox =11°T
\ ‘+1 p max W, max max
v 7 222> K
2
/ W, =a-a-b (111.21)
=0 < b >
Puc. 111.21. l =Ig.a.b3 (111.22)
31ech b — Bcerga MeHplIas U3 CTOPOH MPAMOYTOJILHHKA.
Tabnuya 111.1
a
E 1 15 1,75 2 2,5 3 4 6 8 10 o0
1
o 0,208 0,231 (0,239 |0,246 |0,258 |0,267 |0,282 |0,299 |0,307 |0,313 §
n 1 0,859 | 0,82 (0,795 |0,766 |0,753 |0,745 |0,743 |0,742 |0,742 |0,742
1
ﬂ 0,141 |0,196 |0,214 |0,229 |0,249 (0,263 |0,281 [0,299 |0,307 |0,313 g




KpyyeHune CTepXHA TOHKOCTEHHOro 3aMKHYTOrO

nonepevyHoro cevyeHusA

I unore3sl:
1) KacarenbHble HanpsKeHUs: 7 HAPaBJICHBI BJIOJb CPSIHEH JIMHUK CTCHKH;

2) I1o TonmuHE CTEHKN HANPSDKEHUS HE MCHSIFOTCS.

CpeoHHAs NUHUA

Puc. 111.22.

HpOMS’@B@@HM@ Cp@dH@ZO HANPASNCEHUA HA COOmMEenCcmeayoulyo mojauiury

CMeHKU 8 II0OOM Mecme HPOQbZ/l]l}Z ecmos eeiuduHa NnoOCMosARHAA.:

7.0 =const (111.23)

N3 3akpydeHHOTO Opyca BBIICITUM 3JIEMEHT IBYMS TIPOIOJIBHBIMA M ABYMS
nonepeudbiMu ceueHussMu (puc. 111.22.). Tlomaraem, 4ro mo ajauHe Opyca TONIHUHA

€ro CTeHKHU He MeHseTcsa. OTHO U3 YCIIOBUI PABHOBECHS DJIEMEHTA!
2k, =0=1,-A -7, A
O=T3-53-\d\<—r4 -0, H{
7303 =7,-0, W
W3 BciomMoraTenbHOM TEOPEMBI CIEAYET, YTO HauOonblliee HAmpsKeHue T, B

CEYEHHH TOHKOCTEHHOTO 3aMKHYmo2o Npoduiis OyJeT B y4acTKe C HaumeHbuiel

tomuaon (puc. 111.22.).



cuia njiedo

dM, =dF- h =7.dA-h=
=7-dS-0-h

M, M, =[dM, =§z.5-h-ds=
S

/ =r-5-fh-dS=7.5.2.A°
S

2:A

rae A — mromazas, orpaHUYEHHAs

CpEIHEN JINHUEHN

Puc. 111.23. KOHTYpa:
O — ueHTp KpydeHuUs

Takum 0Opa3zom:

M., =7.0-2- 4
M,
Mtomans TpeyrossKa o e (111.24)
%.b h U
W, =2-A".s_ | (.25




S

£

A\ == G- IK
>
dz
Puc. 111.24.

|K =7 reoMeTpUYeCcKasl KeCTKOCTE NpM KPy4YeHmm, aHaior |, s

KPYIJIOTO MOMEPEYHOTO CEUCHUS.

BeluuciauM  MOTEHIIUAIBHYO

Puc. 111.25. dz

SHEpruro  JaedopManuu AU ,

HAKOTICHHYIO B Marepuaie
CTEP>KHS MEXKIY IBYMsI OECKOHEYHO
OMM3KUMU TIOTIEPEYHBIMU
ceuenusimu (puc. 111.24., 111.25.):

C 01HOM CTOPOHBI:

AU=§-%d(p
\

C JpYrOu:
M?% -d
2SS = —— ja%s
", 2.4-G-(A) s
(2~A*~5]
U
M, -dz
do = —
g. 4 (A)
ds
15
v 4-A"
|, I = (111.26)




KpvyeHuUue cTepXHS

TOHKOCTEHHOIo Ppada3oOMKHYTOroO

nonepevyHoro cevyeHusA

PazoMkHyTBIE TOHKOCTEHHBIE
npopuia Tak JKe, KaK M  CIUIOLIHBIE
HEKPYTJIble CKJIOHBI K JeruiaHanmsM (puc.

[11.26.).  OrpaHuyuMcs  pacCMOTPEHHUEM

CBOOOJHOTO KPYUYEHUSI.

Puc. 111.26.

Mem6Opannas ananmorust (puc. 111.5.) noka3pIiBaeT: yron HakJioHa HaJITyTOU
IUVIEHKH (aHAJIOT KacaTeJbHOTO HANPSDKEHUS IPU KPYUYEHUH) 3aBUCUT OT TOJIIIHHBI
CTEHKA TpO(HIIA U HE 3aBUCUT OT TOro, KakuM oOpa3oM Npo(duiib HU30THYT U

W30THYT JIM OH BOOOIIIE.

S=2-wR

Puc. 111.27.

Takum 00pa3om, eciu HE3aMKHYTHIH TOHKOCTEHHBIA MPO(HIb MOKET ObITh
Pa3BEpPHYT B NPSIMOYTOJIBHUK, TO M €r0 TCOMETPUYECKHE XaPAKTEPUCTHKU TPH

KpYYEHUU CYMTAIOTCS TaKXKe, Kak [ [OpsSIMOYrojbHOTO mpoduis ¢

COOTHOIIIEHUEM CTOPOH E =00 (cm. maén. 111.1).

_1 g s (111.27)

-§-6° (111.28)




YacTu cOCTaBHOTO TOHKOCTEHHOTO Mpoduis BeAyT ce0s MPU KPyUYeHHUH, KaK

CaMOCTOSITENIbHBIE TPSIMOYTOJIbHBIE Tpoduinu, 0O0beIUHEHHBIE €TUHCTBEHHBIM

YCIOBHUCM: IIOBOPAYMUBAIOTCA OHH, KaK JKECTKOE ociaoc. TaK, JJIA HpO(i)I/IJISI,

n3o0paxxénnoro Ha puc. l11.28.. ¢, =@, =@, = @

Sy S

07

max,

P G
S3

M Puc. 111.28.

COOTBETCTBEHHO, BHYTPEHHHUM KPYTSIIIMHA MOMEHT BCETO

CCUCHMUA

paccMaTpruBarOT, KAK CYMMY BHYTPCHHUX KPYTAIIUX MOMCHTOB B K&)I(I[Oﬁ qacCTH.

MKp =M . +M +MKp3

kpl Kp2

G-I U

gﬂ{'g'h_ﬁ'ﬁ/*KlJr\%'ﬁ/"Ker%'ﬁ/-lKg
1 o T

IK = IK1+IK2+IK3

3nech | — mirHA CTepIKHS paccMaTPUBAEMOI'O CEUCHHS.

B oOmem cnydae s TOHKOCTEHHOTO Pa3OMKHYTOTO

COCTOSIIEro U3 | YacTei:

npodus,

(111.29)



JloJi1 BHYTpEHHET 0 KPYTSIIEro MOMEHTa B I-i 4aCTU OTKPBHITOrO MPOQUIIS:

Mkp\l\g| _
M :(Pi'G'IKi:(D'G'IKi:/@/'|K KIZM h
! | | \ N

K

MakcuMaIbHOe KacaTelIbHOE HAalPsKEHHUE B I-1 4acTH OTKPBITOTO IPOoQHIIs:

BI/II[HO, YyTO HauOOJIbIIEe HaIps’KCHUC Tmax B CCUCHHM TOHKOCTCHHOIO

PpazomkHymo2o poduisi OyIeT B y4acTKe C Hauboibuiell TONIUHON.

!
W, =

max

(111.30)



PacyétT Ha NPOYHOCTb NPU KPYYEHUM.

[IpyHIMNMATBPHO HUYEM HE OTIMYAECTCA OT pacdy€ra Ha IMPOYHOCTH IIpU

PaCTAKCHUU-CIKATUN

Trax = Topeo (111.31)
™\
T =T, _ A .
npeo 7 — JUIS IJIACTHYHBIX MaTePUAIOB; :
_ Tobe |
Cypeo = ¥ — IUIs XPYIIKHX MATEpHAIIOB. :
|
LS
0 ¥
PacuéTtHbIii K03 GUIIMEHT 3amaca MPOYHOCTH:
n= z-nped
B (111.32)
Tmax
HopmaTuBHBIH K03 PUITHEHT 3ammaca MPOYHOCTH:
[n] =Nnin  — yemanosnen (111.33)
3AKOHOOAMENbHO
YcnoBre rapaHTHPOBAHHOTO HEPa3pyIICHHUS KOHCTPYKIIMH:
T <[ 7] (111.34)
rae
[T] _ z-nped
o [n] — JOIYCTUMOE HAIPsIKEHUE.
v

B npouiecce coznanus, KOHCTPYKIUS MPOXOAUT Yepe3 ABa pacuéra:
) [TpoexkTHpOBOYHBIH;

1)  IIpoBepoYHBIii.



