oI .9.02.02 CONPOTUBJIEHUE MATEPHUAJIOB
INTPUMEPBI PEHIEHUSA 3AJAY KOHTPOJIBHBIX PABOT
Meroanueckue ykazaHus



OBIIHE MOJIOKEHUAS

HlaHHOE yKa3aHWE COCTaBJIEHO B COOTBETCTBHH C NMPOrpaMMOH Kypca co-
NPOTUBIEHUS MAaTEPUAJNIOB U ABJISETCS MPUIOKEHHEM K METOJIUYECKHUM yKasa-
HUSIM U KOHTPOJbHBIM 3aJaHMAM K M3y4yeHHUIO Kypca «ConpoTuBIeHHE MaTe-
puanos» Aius 6akanaBpoB, BKIIOUYAKIIUM B ce0s NMpUMepbl peuieHus 3ajad,
AHAJTOTHYHBIX TIPE/UIOKEHHBIM B KOHTPOJLHOI padoTe.

an PEIIEHHH 3aaad H606XO,I[PIMO HCIIONB30BaTh MPHBCIACHHLBIE METOIH-
UECKHEC YKa3aHHA. B nauane xaxaol 3agauu IMOKa3bIBaC€TCA, KaK € NMOMOINbBIO
HOMeEpa 3a4CTHOM KHHIKKH BBIﬁI/IpaeTCﬂ HOMEp CXEMbI H UCXOIAHbIC NaHHBIC 3a-
JadH Ha OCHOBEC Ta6HI/IT_{ H PUCYHKOB, YKa3aHHBIX MCTOOAHUYCCKHUX yKaBaHHﬁ.

NPUMEPHI PEHIEHHA 3ATAY

3apaua 1.1
ABCONIOTHO KECTKOE MIOCKOE TEeNo ONMHPAeTCA Ha OJHY IMAPHHPHO Henoj-
BHKHYIO HMJIM Ha JBE IAPHHPHO TOABHAHBIE ONOPHI H TPHKPENIEHO K
CTaJbHOMY CTEPAKHIO NPH MOMOILLBIO WAPHHPOB (pHc. 1). Tpebyerca W3 ycno-
BHH MPOYHOCTH MO HOPMANbHBIM HANPAKEHHAM H KECTKOCTH ONpPEAENHTH
3HA4YeHHe JoNycKaeMoi Harpys3kH I, eciu npenen tekyvectd o, =240 Mlla a
3anac npoynoctH k = 1.5 moayns npogonsHoit ynpyrocru E =200 I'TTa; ne-
peMelleHHe TOUKH MPHI0KEHHA CHIBl O, OrpaHHYeHO JomyckaembIM [4, ],

KOTOPOE KaAK H BCC OCTAllBHLIE TAHHEIC 3a/aHLI.
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Pewrenue

Ilycts nocneanue Tpu uugpbl HOMepa 3a4eTHONH KHMIKKH — 532, CtaBum
HM B COOTBETCTBHE NMEpBLIe TPH OYKBH pycckoro andasuta. [lonyuaem a = 35,
6 =3, B=2 Jlanusie Gepem u3z taba. | meronuyeckux yxkazauuit. Taxum obpa-

30M, HMeeM: cxema Ne 2. [9, ] =2 MM, A=lem’, a=08m: b=06m: c=05m.



PacyeT Ha mpoYHOCTE W HKECTKOCTh TMpeanojaraeT pacCMOTPEHHE CTaTH-
yeckoH H reomerpuyeckoi (puc. 1.2) cropoH 3aanaumn.
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PaccMoTpeHHe cTaTHYeCKOH CTOPOHBI 3a/1a4H JlaeT clelylolllee ypaBHeH e
paBHOBECHS:
2F.=0, N-F=0, N=F.

OnpenenuM U3 YCIOBHS MPOYHOCTH JONYCKAEMYIO HArpy3Ky

o... <[o]. [o]:ff&, %S[O'], [F]<10™-160-10° =16 xH .

HO,I[ JEUCTBHEM CHIIbI F Bce TOUKH JKECTKOTO Tena FOPHU30HTAJIBHO MEpe-
MECTATCA HaJEBO HaA OAMHAKOBYH BEJIUIHUHY 5k an ITOM CTEPKEHDb YAIHHSII-

erca Ha Al. O4eBUAHO, 4TO O, =Al.

TOFH&, U3 YCJIIOBHS JKECTKOCTH UMEECM

Fg

5, <[5,1, ALL[6,], ——<[8,],

r <[0;] [0, ] E.A[d
E-A-[6 10%-1074

(F]< 9,1 _200-10°-10 0.002:28,5”}[.

¢ 1.4

3a OKOHYaTeNbHOE NPUHUMAaEeM MeHbIIee 3HaueHue cunbl  [[]=16kH .

3agaua 1.2
AOBCOMIOTHO JKECTKOE ILIOCKOE TeJO0 ONMPAeTCs HAa OJAHY IAPHUPHO HENoj-
BUXKHYIO MJAM Ha JBE IIApPHUPHO MOJABHXKHbIE OMOPbI M MPUKPEIIEHO K
CTaTBHOMY CTEPXKHIO NIPH MoMoInkio mapHupos (puc. 1). Tpebyercs u3 ycino-
BHH NMPOYHOCTH MO HOPMATbHBIM HANPSIKEHUAM H KECTKOCTH ONPEJCTUTH
3HaYeHHE JONMYyCKaeMOl Harpy3ku F, eciu npeaen texyuectu o, =240 Mila a
3anac nmpodHocTH k = 1,5; Moayne npogonbHou ynpyroctu E =200 ['Tla; me-
peMelleHHe TOYKH NPUIOKEHHA CHIbl O, OrpaHHYEeHO JOMycKaeMbIM [4,],

KOTOpPOE KaK H BCE OCTAJIbHbBIE NaAHHBIC 3a/1aHBI.



Puc. 1.3

Pemenue

IIyeTs nocneanue Tpu undpsl HoMepa 3aueTHOH KHHKKH — 139, CtaBum
HM B COOTBETCTBHE NepBLIe TpH OYKBH pycckoro andasuTa. [Tonywaema=1, ©

=3, B=9. lannble Gepem u3 tabn. 1 meroauveckux yxkasauuii. Takum obpasom,
nmeem: cxema Ne 9, [8,] =0,001 m, A=1cem?, a=04m; h=0,6m; c=08m.
PacueT Ha npo4YyHOCTH M KECTKOCTh MpEAnoiaracT paccMOTPEHHE CTaTH-
Heckoi W reoMeTpHyeckoii (puc. |.4) cropon 3agaun.
PaccmoTpeHue cTaTHYeCKOH CTOPOHBI 3a/1a4i JaeT clelylollee ypaBHeHHe
paBHOBECHS:
M, =0, N-08-1-06=0, N=075-F.
OnpefenuM 13 YCIOBHA NPOYHOCTH JIONYCKAEMYIO HATPY3KY
: -4 1 6
0.25-F .. {lﬂ 160-10
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Puc. 1.4

ITox neficTBHeM cHnbl /' KecTKoe Tello MOBOpavYHBAETCH MPOTHE YacoBOH
CTPENKH OTHOCHTENLHO MIHOBEHHOTO HIEHTPA (TOUKA 1), HAXOAALETOCH B TOYKE
nepeceueHUd peakuui K u R,.



BeiencrBue ManocTy, nepeMelieHUa XapaKTepPHbIX TOYEK JKECTKOro Opy-
ca 1o AyraM OKpyxHocTei (§, U &) MOXKHO 3aMCHUTH MEPEMCIICHUAMH 110 Ka-

CaTeNBHBIM K AYraM OKPYXHOCTeH. DTH MepeMelleHHA OYAyT MpOMOpIHOHATb-
HBI UX pajuycam

% B gtk _g. 08

nooh g V0,62 +08°

YT00Bl COBMECTHTE HayallbHOE MOJOKEHHE | KOHLEBOI'O CEUEHHS CTEPHK-
HSl ¢ KOHEUYHBIM, HAJIO €ro pacTssHYTh Ha Af W MOBEPHYTb B/OJb KACATENIbHOMN
Mo 4acoBOi cTpenke (KacarenbHass &, OyleT NMepleHIHKYIspHA MPOJOJIBHOM

ocu ctepxHs). [Ipu astom Al=9, -cosar, unu &, = Afl/cosar, cosar=08.
Toraa, U3 yClIOBUS KECTKOCTH UMEEM

=0,-sina=0,-0,6.

5, <[6,1, Al-tga<[é,], tgazg’gzo,’?S, 075 FE o 35418.],
F-A-[6] A8

e A0 2001071000001 g
0,75%-¢ 0,75% -0,4

3a OKOHYaTEIbHOE IPUHUMAEM MEHBIIIee 3HaUeHUEe cuibl [ F]=2133kH .

3agayva 2
K cransHomy ((G = 80 I'lla) Bany NpHI0XKEHBl TPU U3BECTHBIX MOMEHTA!
M,, M,, M, (puc. 2.1). Tpebyercs: 1) ycTaHOBUTHL NPH KAKOM 3HAUYEHHHU MO-

MeHTa X YyroJl MOBOPOTAa IIPAaBOro KOHLEBOrO CCUYCHUA Baja paBeH HyJIo; 2) Ais
HaWIeHHOro 3HAYEHHS MOMEHTa X MOCTPOUTH AMIOPY KPYTSIIHX MOMEHTOB; 3)
Npu 3aJaHHOM 3HAYEHUM [ 7] ompelesuTh AMAMETDP Baja M3 pacueTa Ha MpPOU-
HOCTh M OKPYIJIMTh €ro 3HauyeHue no onmxkaiinmero, pasnoro: 30, 35, 40, 45, 50,
60, 70, 80, 90, 100, 110; 125; 140; 160; 180; 200 mMm; 4) MocTpoUTH IMIOPY YIIIOB
JAKPYUMBAHHUA, 5) HalTH HAMDONBLIWHH OTHOCHTENBLHEIH Yroll 3aKpYYHBAHHSA

(na 1 m).

’ M M, M. 4
2l T il Tl e
4 = w4 =
I~ - e e |
Puc. 2.1
Peuenue

ITyeTe mocneanne Tpu uudpu HoMepa 3adeTHOH KHHKKH — 297, CraBum
HM B COOTBETCTBHE NepBule TpH DYKBLI pycckoro andasura. [Tonyuaem a =2, 06
=9, B=7. Jllannusie depem uz Tadn. 2 MeToanyeckux ykazanuii. Takum obpazom,
umeem: cxema Ne 7 (puc. 2.2), a=12m, b=19Mm, c=1.Tm, M =12xkH-m,



M,=19xkH-m, M,=17xH-M, [7]=40MIlla. /Ina cTranu npuHMMaeM MOAYyJIb
caeura paBHeIM (r=801Tla.

Pemmenue
Yron noBopoTa NpaBoOro KOHIIEBOTO cedeHus Baja OyJeT paBeH HYJIIO, ec-
MY ero CyMMAapHBIH yroJ OT BCeX MOMEHTOB PaBEH HYJIIO:

_X-6+1.7-4.8+1_9-3.l_1.2-1.2 —0, X=2.102 xH.
Gl Gl Gl Gl

P 2 p 2
KpyTsimne MOMEHTHI, BO3HHKAIOIHE B MOMEPEUHBIX CEYCHHSAX Bana, Ol-
pelesATCs 0 BHEUIHUM CKPYUYMBAIOIIMM MOMEHTAM C IIOMOILIbIO METOAa Cce-
ueHui (puc. 2.2):
ydactok Ne 1 (0<z <12m) M¥ =-2]102kH ™,
yuactok Ne 2 (0<z, <1,7m) MJ¥ =-2]102+17=-0,402xH ™,
yiacTok Ne 3 (0<z, <19m) M¥ --2]02+17+19=1498kH -Mm;
yuacTok Ne4 (0<z, <12m) M =-2102+17+1,9-1,2=0,298kH M.
HAns ynoGerea noctpoenus sniop M, NpHHHMaeMm clieylouiee npasHiio

3HAKOB. KPYTALIMI MOMEHT CYMTAETCH MOJOKHTENbHBLIM, €CIH MPH B3rNAJc B
TOpEll OTCEYEHHOH YacTH Bana AeHCTBYIOIHH HAa HEro MOMEHT HanpasJjeH Mo
X014y 4acoBOiH CTPeNKH.

L2kH-m L9kH-m 1,7 kH-m 2102 kH-m
:,-; — s .. o~
f [ 1 1 | |
Z = - —— <
— — 2 <!
g 1.2M AR 19m sle L7 ™ ok 1,2 m 5
4508 ## 1,498
([ an. M, (kH - M)
0,402 J'l'_lL,
TﬂT 2,102

3.205

2522

.

0 | 2 o4

Puc. 2.2

kH - m
LT, )

,[l,uame*rp Bala HAXOOHM H3 VCITOBHA NMPOYHOCTH MO KacaTellEHEIM HATIPHA-
HWEHHAM;,



M Kp? M Kp ‘ 7 ]p ﬂ-d3
T nax S[T], ﬂ.p S[T] HITH ﬂg[r] , Iae W, = =—_
['O e WP J P max 16

2.102-10°
HIIH —————=——-

16<40-10°, d>0,064m.

3nech IP — MONSIPHBIA MOMEHT MHEPLUHHU AN KPYTJIOro CeYeHHs, Wp— no-

TAPHBIH MOMEHT CONTPOTHBIEHHUS.
ITpunumaem d =70 mm.
XKecTkocTh MomepevHOro ceueHUs Bana INpU KpydeHUM OyaeT paBHa (Io-

z-d?

NSAPHBIA MOMEHT WHEPUMH IS KPYTioro ceueHus [, = , cM. tabn. TTI

o5 o 7+(0,07)*
npuin.) G/, =80-10 BT
[TponymepyeM rpaHMIbl Y4aCTKOB H [Ulsl KaXJA0r0 U3 HUX BBIYUCIUM YI'OJl

3aKpyvYHuBaHus (puc. 2.2).
0,298-1,2 0,358

=188,57 kH -m2.

_1,498-19 2,847 0,402-1,7 0,683

Ol= 2t L2 U 12=14817) 23 = =

e e, YT e,  w, ? &, &, °
34 210212 _ 2522

# Gl GI,

IIpu nocTpoeHUM 3MI0PbL YIVIOB 3aKpyuuBaHUus (puc. 2.2) 3a HyjeBoe ce-
yeHUE BhIOUpaeM KecTKylo 3anenky. Toraa

3,205 2,522
222 @03 =02+ @23 =2
o, » P03 =02+ ¢ o,

HanGonbpmuii OTHOCHTENBHBIH yron 3aKpyuHBaHus omnpenenseM mo dop-
Myne

P02 =01+ @l2 =

, P04 =03+ @34=0.

" 3
_,9 =Mnf;X=2,]02-IO ~0011 P22
G (E)"‘ax GI, 18857-10° d M
3agaua 3

Jna sagannoi cxembl Danku (puc. 4), tpedyerca: 1) nocTpouTs 3MKOPHL 110-
nepeuHnXx cun (), ¥ uzrubaromux momentoB M ., Haiith M ; 2) nopobpars
kopobuaroe (h — 2b, @= 08), konsuesoe (@ = 0,8) u aByraBpoBoe nonepedy-
Hble ceveHus (puc. 3.1) npu lo|=160MITa ; 3) BbiOpaTh Haubonee palHOHAb-
HOe cedeHHe M0 pacxojy MaTepuana,
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Pemenue

ITycTh mocaeanue Tpu uuppbl HoMepa 3aueTHOH KHHXKKH — 786, CtaBuMm
UM B COOTBETCTBUE NIEPBbIC TPU OYKBbI pycckoro andasuta. [fonyuaem a=7,0
=8, B = 6. J/[anurre OepeM w3 Tadm. 3 MeToandeckux ykazanui. Takum odpazom,
umeem: cxema Ne 6 (puc. 3), (=8m, a/a=7, a,/a=2, M=4xH-m,

[°=10xH, g=4xH/Mm.

B nameMm cnyuae f=8m=10a, cnemopatensHo a=08m. llpu stom
a = Ta=56m, a,=2a=16wm. PacueTHas cxema 0anku, COOTBETCTBYIOIIAs HC-
XOMHBIM JaHHBIM, MOKa3aHa Ha puc. 3.2.

ITpunoxeHHble K OaNKe TPH BHJAA HAIPY30K pa3fesifioT ee JUIHHY Ha TPH
YUacTKa U BbI3BIBAIOT B onopax 0anaku peakuuu R, Hes u R xoTopble ompe-
JDeisieM U3 ClelYIOUIUX YpaBHEHHH paBHOBECHS:

2 =0, H» — 0,

M. =0,R -8-10-1,6-4-4.72-2=0, Rs=9,7 xH;
M, =0, R, -8+10-96+4-4-72-6=0, R. =9]1xH;
llposepka: XF =0, R +R +10-4.72=0, 0=0.

OnpenennM Ha ydacTkax dankn O, u M .

Jns onpenenenust (), u M Ha yyacTkax GankH MeTO/OM ceueHMil Boc-
MOJb3YEMCS CKONb3A1IEH CUCTEMONH KoOpAHHAT. HanoMHUM, UTO NONOKHTENb-
HBIH H3rHOaomuit MOMEHT pacTArHBaeT HUKHHE BONOKHA, W OPAWUHATH 21 M,

OTKJIAABIBAWOTCHd HA HHUX. IMTosoxuTenkrHas nonepevudHasd cuja BpamaeT oCTas-
JIEHHYHKY H4CTh KOHCOJH IO YACOBOH CTpPENKE, H OPAHHATHI 377 QJ,OTKJTB.I_(BIBE{-

I0TCsl BBEPX OT OCH 3IIOPHI.

Vuacrok Ne 1 (0<z, €24 M) ), =97xkH; M =97z -4,

M (24)=19,28kH-M;

4-z7
P

LS )

yuactok Ne 2 (0<z, <56 m) O,=97-4-z,, M,=-44+97-24+z,)-

0,(50)=127kH; O, =0 npu z =2425m, M,(0)=1928xH-m;
M,(5,6)=1088xH-m, M,(2,425)=3104 xH-Mm.

-2
yaactok Ne 3 (0<z, <16 m), O, =-10+4-z,, 0.(1,6)=3,6 xH; M, :]O-z}—42'f3 ,

M,(1,6)=1088kH-M; M ,(1,26) =386 kH M.
Tak kax mexay O, u M cymecrByer A pepeHunanbHas 3aBUCUMOCTh

(0, = M, ), TO B ceueHun, rae nonepeqnas cuna 0, =0 (cm. puc. 3.2), nsru-

I d
st

Oaro-1ui MoMeHT M, NPUHUMEET IKCTPEMalbHOE 3HAUYEHUE.



F=I10xH

S
Ry T: 2.4 e

2,425 m 10,0

i

an. M, (kH m)

10,88
19,2;\

"“"---u-/

Pnc.3.2

Mo amope M. (puc. 3.2) yeTaHaBAMBAEM ONMAcCHOEe CedeHHe W 3HAYEHHE
pacueTHoro momenta B Hem (M =3104kH-m).
JanuchlBaeM YCJIOBHE NPOYHOCTH 110 HOPMAaJdbHbIM HANPAKEHUSAM H OI-

pegenseM Tpedyemoe HHCIEHHOE 3HAYEHHE OCEBOT0 MOMEHTA COMPOTHBJIEHHS
W



103
Omax <10], —MI/II/MX <|[o], %

X X

<160-10°, W, >1940-10"° m*

Pacemorpum xopobuartoe cevenue (2 — 25, o= 0,8). OceBoli MOMEHT co-
npo-TUBJEHUA OyneT paBeH

I, _bK 2 bhz b-(2b)?
6

W= (-« 4) —(1-a")= ((1-0,8*)=0,394h%

Ty 12

max
0,394-5° 2194,0-107°, b= 7,9-10’2 M, A=2p*-(1-a*)=4493-10"* M?,

PacemoTpum xonbuesoe ceuenue (= 0,8). OceBoit MOMEHT CONpPOTHBIIE-

Husg 6ynet paBeH

4

W, = I, _=m-d -(1—054)-3

ymax 64 d

T d2

_Jr-d3 4 zd’

(I-a”),

)>194,0-10°,

d=0]15-10"m. Torna A=

(1-08%)=6327-10* M2,

PaccmoTpum aByTaBpoBoe ceuenue (puc. 4). Ilo copramenty (cm. Tada. 112
npui.) tpebyemoe W, = 194 cm’ 3akimoueno mexay W, = 184 em’ (uByrasp No

20)u W, =203 em® (nByTaBp Ne 20a). JlonyckaeTcs nepeHanpskeHue Ha 5%.

o =M 3LOAN0" 407 vimra, Ac=1087=168 105005449
W. 184-10°° 168
[lo>tomy npunumaem asyrtaBp Ne 20a ¢ W, = 203 com’ wu

A=299cm? =289-107 m?

CaMbIM 3KOHOMHYHBIM € TOYKH 3pEHHs pacxoja maTepHala OyldeT JBY-
TABPOBOE CEYEHHE, TAK KaK Yy HEro IJjoiajlb MMONEPEYHOrO CCHEHUA OKaszajlach
HAaUuMEHbIIIEH.

3anaya 4

UyrynHblii KOPOTKUH CTEepiKEeHb, NONEPEYHOE CEYCHUE KOTOPOro u3obpa-
#eHo Ha pHc. 5.1, cKkHMaeTes NpoaonbHOH cHIoH [, mpuiIoKeHHOH B Touke 4.
Tpebyercs:
1) BEIYHCANTL HaubOJNbIIEe pacTArHBAOLIEe W HaHOO/bIIEE CHHMAlOIIEE Ha-
NpAKEHHUA B NONEPEYHOM CEYEHHH, BbIPAa3HB 3TH HanpHaXeHUs uyepes [ W pas-
MEpbl CEUEHHA,
2) HaliTH Jonyckaemylo Harpysky [7 mpH 3aJaHHBIX pa3Mepax ceHeHUs W J0-
NyCKaeMbIX HANPAKEHHAX 1A 4yTryHa Ha cxaTue [0, ]| u Ha pactaxenue [0, ].

M
s
W

W

10



Pewenne

ITycTs nocneanue Tpu uudpbul HOMEpPa 3a4eTHOH KHHKKH — 653, CTaBuM
UM B COOTBETCTBME NMepBbie TpH OYKBLI pycckoro andasuta. [Tonyuaem a =06, 6
=5, B =3. JlanHbIe Oepem u3 Taba. 5 MeToOWUeCKHX yKazaHHWH. Takum odpazom,
umeeM: cxemy Ne 3 (cM. puc. 5.1), a=6cm, b=5cm, |0.]=60MIlla,
[0,]1=25Mlla.

[TonepeyHoe ceueHUe HMMEET OAHY OCb CUMMETPMH, KOTOpas sBJIACTCH
ri1aBHON HEHTpalbHONH ochblo. CMOKHOE CEUEHHE MPEeACTaBUM B BHIE ABYX MpoO-
CThIX GUrYyp, NPUYEM BTOPYKD B BUJE NMPAMOYTOILHOrO Bbipe3a ¢ OTPULlATEN b-
HOM nuowannsto: A=A + A4, =12-20+(=6-10)=180cn? =180-10" " m>.

[TonoskeHue LEHTPa TAXKECTH C€YEHU S OTHOCUTENLHO OCH X, (pHc. 5.2);

y(D “(2)
. 28y STHST Ayt Ayys 240-04(=60)-3
© LA A+ A4, A+ A, 180
3aeck ), MV, — PacCTOSSHHA OT OCH X, O LEHTPOB TIKECTH NMPOCTBIX PU-

lcMm

ryp. Bropas riaBHas ueHTpanbHasi OCb X NPOHJAET NEPNEHAUKYIAPHO K OCH
CHMMETPHH V W 4epe3 HalJAEeHHBIH LEHTP TAXKECTH ceueHHWs. BenwdwHsl rnas-

HEBEIX OCHTPANILHBIX MOMCHTOB HHCPIHH CITOXKHOTO CCHCHAUA!
bl by _12:20° 6-10°

[ =1m = - — 7500 cM* =0,75-10n*
I T T2 12 M= M
- b b1
=10 val A= va) ) ==k A~ ) 4y =
* 3 ! . .; - ~ B
=%+12-240—10 6 4 42.(=60)=1980 cn® =0198-10 " m?

?)ﬂ‘er d U d, — pacCTOAHUA OT ri1aBHOH ]_l,eHTpa.ﬂl)H()}‘:[ OCH X JIO UIEHTPOB

TSAHKECTH NPOCThIX puryp. OnpepesiuM BHYTPEeHHUE CHUNOBble GAaKTOPbL — Npo-
A0AbHYIO CMAY M ABa U3rudalolllMX MOMEHTA OTHOCUMTEAbLHO TIJIaBHBIX LICH-
TPallbHbIX OCEH!

N,==F, M,=F-005, M, =F-0]10.

TOFI[EI YpPaBHEHHUE HyﬂeBOﬁ JHHHUH, 3allHCAHHOC B KOOPAHWHATHDBIX OCAX Y

H X ¢ YyUETOM 3HAKOB HANPSAXKEHHH M TEKYIWIHWX KOOPAHHAT B YETBEPTH, NMPHHH-
maet cneayroluit Bua. o =0, rae

N, M, M, F F-0,05 F-0]10
+ ~-y+ S + VYt - X, HITH

A, [, 180-10"% 1980-10~ % 7500-10" %

nocje npuBeAeHus nojodHbIX YieHoB umMeeMm y+0,528-x—-0,022=0.

o=—

11



ITonoxenune HyneBOl NTUHMM MOKA3aHO HA pHc. 5.2, U3 KOTOPOIrO BHIHO,
4To Haubonee yaaleHHbIE TOYKH OT HYIEBOH JIHHHH B CKATOH M pPacTAHYTOH
obGnacTax OyAVT cOOTBETCTBEHHO TOUuKH A W B, T. €. TOYUKH, B OKPECTHOCTAX KO-
TOPBIX BO3HHKAIOT HAHDOAbLIIHE HANIPAKEHHA.

o

LRI —

Puc. 5.2

Haubonbuiue cxxumarouiue 1 HaubonbllikMe pacTATHBAIOUIME HANIPSKEHU
B TTOTIEPETHOM CEUEHHH OyIyT PaBHBI

6 =i =t —— F’0’05_4-0,05—%-0,10:—315,15?,
max A4 180-107"  0,198-10 0,75-10

Ia 17-0,05 10,10
o? =g = J 0,05+ ——=——-0,10=254,54. F

- - = =4 —4
s B 180-10 0,198-10 0,75-10

Jlonyckaemyro Harpysky /7 HaxolMM M3 YCJIOBUN NMPOUYHOCTU AJS CaAMbIX
HaIpSKEHHBIX Touek A W B (cxuMaromue HampsOKeHHS cPaBHUBAEM MO MOIY-

o) o' <[o.l. 31515-F<60-10°, F <1904«kH,

it
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o? <[o,], 254,54-F<25-10°, F,<982«H.

. s R
max
3a OKOHYATE/NbHOE 3HAYEHHUE JONMYCKAEMOH Harpy3ku NpUHUMAEM Hau-
MeHbIIee U3 ABYX ONpeleeHHBIX Bbille 3HaYeHUH Harpy3KHu: F=982kH.

3anaua 5

Ha puc. 5.1 uzobpaxena B aKCOHOMETPHH OCh JJOMAHOI'O CTEPHKHSA KPYTJIOTo
[IONIEPEYHOr0 CEeYEeHUHA, paclloJo)KeHHAs B TOPH30HTAJbHON IJIOCKOCTH H
uMeroInas npsameie yrabl B Toukax A u B (£ = 0,4 m). Ha cTepxeHs neHcTByeT
BepTUKanbHas Harpyska. TpebOyercsa: 1) nocTpouTb OTAENbHO (B aKCOHOMET-
pUM) 3MIOPHI U3THOAIOMINX U KPYTAIIHUX MOMEHTOB; 2) YCTAHOBUTDL OMAacHOE ce-
yeHue, 3) ucnonbsysa Il Teopuro NMpPOYHOCTH ONpPEAENUTh AMAMETP JTOMAHOIO
CTEPXKHS NIPHU [6]=160 MITa .

l-”'. ol
A
|< ol 5 ol ;
B
Fl
Puc. 5.1
Pemenue

Ilycte nocneanue Tpu uudpul Homepa 3aueTHON KHHUKKH — 493, CraBum
HM B COOTBETCTBHE MepBhie TPH OVKBHI pycckoro aadasuta. [lonyuyaem a =4, 0
=9, p=3. lanusie Bepem u3 Tadbn. 5 MetTonndyeckux ykaszaHuii. Takum obpaszom,
uMeem cxemy Ne 3, @¢=09; F =400 H.

B npenenax Kaxaoro ydacTka (B HalleM cly4dae UX 4HeThipe) npoBejeM ce-
YEHME Ha PACCTOSHHH Z, OT Hadasa yyacTka (puc. 5.2). 3anuiuieM BblpameHHS

BHYTPEHHHX CHIIOBBIX q]HK'J'U'pDH, HCNIONB3VA METOM CEYEHHI.

13



VYuactox Ne 1, 0<z, 0,9/
M(z)=F-z,, M, (0)=0, M, (09)=09-F¢, M_,(z)=0.
Vyactok Ne2, 0<z, </
M (z,)=F-z,. M (0)=0, M ())=FF, M,,(z,)=09-FF.
Vyactok Ne 3, 0<2, <09/
M, (2)=-2F-2,. M (0)=0, M, (094)=-18-F/, M, (2;)=0.
Vuactox Ne 4, 0<z, <09/
M/ (z)=F-(b+z,)-2F -z, =F¢—F-z,. M,(Q)y=F{,
M, (090)=01-IC, My,(z))=F-09¢-2F-09¢=—1"-0,9¢.
Ilo monyyeHHbIM BbipaxceHusM M, u M, Ha KakIOM y4acTKe CTPOHM

AMMOPBI U3rubaUIUX U KPYTALUIUX MOMEHTOB (puc. 5.3).

Puc. 5.3

OnacHoe ceueHue OyneT Ha KOHLE BTOPOTO HJIM B Hauaje 4YeTBEpPTOro yya-
cTKOB. 3aech M,;% =11 v M ;7™ =0,9- /1. Ycnosre npo4HOCTH 1O TPETheH Teo-
pHUHU MPOUYHOCTH OyZeT BHITJSAAETE CIEAYIOUIHM 00pa3oM:

1 3
acy 72: ) d max & max
ohaslol.  —pEesiol W=t/ M = (MERY (M5
=l - 2 2 + = . -
Ff-1 4;0,9 32< (0. FE :FIZ 13,704:400 0,4 13:,704: d=0,024 .
T-d [o] 160-10°
3agaua 6

CransHo# cTepxenb (ctanb Ct. 3) pnuHO#N ¢ coxumaercs cunon /. Tpe-
Oyercs:

14



|) HaliTu pa3zmMepbl MONEPEUHOTO CEUECHHUS MPH AONMYCKAEMOM HANpPSIKEHUH Ha
npoctoe cxkatue [0]=160 MIla (pacueT NpoOU3BOAUTH METOAOM IOCIJEIOBATENb-
HbIX TpPUONMIKEHHUH, B NepBOM NPUONUIKEHUM 3aJaBIIUCh KOdpPuiHMeHTOM
¢=05);

2) HAHTH 3HAYEHHUE KPUTUUECKOH CUMbl U K03 duLmeHTa 3anaca ycToHUHBOCTH.

Pemenue

Ilycts mocnenHue Tpu nUdpbsl HOMepa 3aueTHOH KHUKKHU — 048, CtaBuM
MM B COOTBETCTBHE MepBbIe TPH OYKBBI pycckoro aidasura. [Tonydaem a =0, 6
=4, B = 8. Jlannsie 6epem u3 Tabn. 8§ MeTomHIeCKHX yKazaHUH. Takum obpaszom,
umeeMm /' =1000kH, /=24wm, cxema 3aKkpenneHus KOHLUOB CTepKHA U (opma
CeYECHMUS CTEepPIKHA MoKazaHbl Ha puc. 8.1.

PacyeT HauWHaeM C BBIYUCIEHHS BCEX HEOOXOAUMBIX T€OMETPHUECKHX
XapaKTCPUCTUK MONEPEHHOTO CEHCHHUS CTOMKU, KOTOpbIE YI00HO BBIPAa3UTh 4Ye-
pe3 nnoianb nonepeunoro ceueHus A (h=h=2d):

A=4a? =T 351542, a*=—2__0311.4,
3,215
h 3 4 2 . 2 3 4
joof =f 00 W M) B A saat 0104,
i ) . 12 54 IE f}4

i
—~
Fd
|
o [

h 1

) p sz
£ sl dle

Puc. B.1

m

Pam/lyc HHEPHHH CEYEHHU A OTHOCHUTEIBHO OCH HaWMEHbIIEH )KECTKOCTH

[F .
7 :j_v = % =0,3525\/§_

I'nbxocTh cTepxHA
/1_,(1-!? _ 1L0-24 6,808
i 035254 4’
rae (4 — Ko3(GQULUUEHT NPUBEACHHS JJIMHBI CTEPHKHS, 3aBUCALIMN OT YCIOBUIH

3aKkpernieHus crepxHs (taba. 113 npun.).
B ycnoBuu ycroituuBocTu

o,<[o,] nn %E[G]-gp

HEW3BECTHBI BENHYHHBI A U @, TAe ¢ — KO3pPUIIHEHT MPOI0ABHOr0 W3rKHoa.
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Pacyer BBITTOJHSAETCS METOJOM IOCHENOBATENBHBIX NPUOIMKEeHUN, B
nepBOM NpPUOJHIKEHUH 3afaBllUCh kKo3pduuuenTom @=075:
3
> £ 100010 015,02 2125104 w7,
lo1-0, 160-10°-0,5

TOTA THOKOCTE CTEPXKHSA A= 6,808 _ 6,808
va \/125 107

Ilo ta6n. 14 npun., ucnonb3ys MHHEHHYIO HHTEPHNOASILUIO, HAXOAUM (PHC.

=0].

8.2) qal* ~0.81 +w-9 ~0.855.
Bo BTOpOM NpHOIHKEHUH IPUHHHMAEM ¢, _05+0855 0,678, oTkyna
A4200092m2, A=T1, @ :0,75+W-920,804.
AQ
0.8617
WV 0.81
60 70| A
e 9 S -
. 10 ¢
Puc. 8.2
B TpeTthem npubaunkeHuu
0.678 + 0.804
9, = ;’ S 20,7415 A20,0084 w7 A=T4; ¢ =0,786.

B derBepTOoM npubAMKEHUH ¢, =0,764; A4>00082m?;, A=75;
gpf ~0,780.

B natom npubnuxenuun @, =0,772; 4>0,0081 M2, A=756; 404* =0,776.

IlonyueHHoe 3HayeHHE @ OIM3KO K OPUHSATOMY (JIydlle, KOrja OTIHYaeT-
Cs Ha COTYI), IO3TOMY NPOBEPUM BLIMOIHEHUE YCAOBUS YCTOHUHUBOCTH;
ES[O‘]-(H' 1000107
A ’ 0,0081

OTHoCcHTENBHAS MOTPEITHOCTE MEXK/Y HANPSKEHAAMH COCTABISET

_(12352-12346) -0 ooy
3 e 100% = 0,05 %

<160-10°-0,772; 12346 MITa<123,52 MITa.

16



3TO MEHBbIIIE OJHOIO NMPOLEHTA, 4To AomycTuMo. Ilpunumas @=0,772, nonyua-

_ 2 g_ |4 _
em A=0,0081m2, d= /3,215 0.050 .

Hns matepuana croiixkn (Ct. 3, £ =2001Tla, O-m; =200 MIla) 3HaueHnue

npejenbHOM rubkocTU Oy/1eT paBHO

zrzb‘_\/zrz-ZOO—lOg
200-10°

ITockonbKy B HalleM ciydae TMOKOCTh CTOMKH MeHbIIe Mpe/elbHoMi

(A=756<100), To BeAWUYWHY KPHTHUECKOH CHIBI ompenenseM mo dopmyie
SAcunckoro(c =a—-b-A,raenng Ct.3 a=310MIla, h=114 Mlla):

Kp

F,=0_-A=(a—b-1)- A=(310-114-756)-10° -0,0081=1813xH.

A =100.

npeo

(o)
iy

Croika umeeT KO3(pPHULUHEHT 3anaca yCTOHYHBOCTH, PaBHbIH
iy = f';mf'f-' =1813/1000=1,81.

IMNPHIOAKEHHUE

Tabauna IT1. TeomeTpHueckue XapakTePHCTHKH NPOCTHIX PUTYP

M~y ¥ s
I | ‘I\\ g A J /: ]
> | phl h x " X x
g W Y W / \ _}":'\Lr | >
# m, i
<>
1

d_|

——
1 2 2 2d
; :—-h i :—h o =
.)/(' 2 yc 3/1 y(‘ 3 yc zd yc 37[
A=bh 4=bh 4 bh _md? _md’
2 2 S A==
_ bW’ bh’ bh? 7d ! d
*= 13 =35 le=75 Le="r [-“20’11'(5)4
hb? hb? _hb? o &
L=t | =3 =g | Lt | LT
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Tabnaumna I12. TTnomiagm 1 MOMEHTHI COMTPOTHBIIEHHUS A NBYTABPOBHIX Oa-

JOK

(TOCT 8239-89)

Ho- | 4, |W,,| Ho- | 4, | W, | Ho- | A4, | W_,| Ho- | 4, | W_,
Mep | em? | o3 | Mep | em? | o | Mep | em? | o3 | Mep | em? | o3
ceue- ceue- ceue- ceye-
HU S HUS HUS HUS
10 [12,0]39,7 18a |254| 159 || 24 |34,8|289 | 30a |499| 518
12 | 14,7584 20 |26,8| 184 | 24a |37,5|317 ] 33 |53,8| 597
14 |174]81,7] 20a |28,9203 | 27 402|371 ] 36 |619] 743
16 [202]109 | 22 |30,6|232 || 27a [43,2|407 ] 40 |72,6| 953
18 234|143 | 22a |32,8|254 || 30 |46,5|472 ) 45 |84,7| 1231
Tabnwuua 113, KoadduunenTs npuseieHus JITHHBL U
‘4 F lF | lf“ "
v ‘ A
%\' ?"Eﬁr 1= ﬂlh ~¥
'ﬁ\ \ / \
f
*. / !
f ( j ¢ |
/ 1 |
/ f !
/ { /
4 v v v v
% T T T
(=10 1=0,7 4=20 4=05

Tabnuua I14. Koadppuunentsl npoaoasHoro uzruba ¢ ansa Crt.3

18

2 10 10 |20 |30 |40 |50 |60 [70 |80 [90 |100
@ |1,00[0099[096|0940,92]0.,89]0,86|0.81 0,75 |0.69 | 0,60
A 110 [120 [130 | 140 | 150 | 160 | 170 | 180 | 190 |200
¢ 10,52]045[040036/0,32]0,29]0,26]0,23]0,2110.,19
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