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PACYET CTYIIEHYATOI'O BPYCA HA PACTA’KEHUE—-
C/XKATHUE

Jlns ctyneHvaroro craiabHoro Opyca (puc. 1,a), BBIIOJHEHHOrO U3 CTa-
mu Mapku Cr. 3, umeronieil npenen tekydectu ot = 240 MIla, monyns FOnra
E = 2-10° MIla, TpeGyercs:

1. ITocTpouTs 1o 1nuHEe Opyca 3MOPBI TPOJOJIBHBIX CUi N, HOpMaJbHBIX
HANPSDKEHUH G U IEpEeMEIICHHI MOTIePEeYHbIX CEUEHHH O.

2. Berauciuts ko3P GuMeHT 3amaca mpoyHOCTH Opyca N.

Zz
A O @Dom O

B ]
= ]
Ml L —
f=1 — L
I G.j —]
= A 1=5cm? -

C 48 .

0,72-10
3| o 1 = s
=
! f -F1 =66 xH
= D' b 1 q'.r.m'4
24 80 o

. |- Ay=13 eM2
= -1 E
=T
S| m I (- — (-
L]

K -

* 42 140 128-10%
a |F,=42xH 6 B
Puc. 1

[IpoBenem och Z, COBMAJAIONTYIO ¢ OChIO Opyca. HampaBnenue ocu BIOu-
paeM mpou3BOJIBHO. bpyc )KeCcTKO 3alemMiIeH BEpXHUM KOHILIOM B OIIOpPE, B KOTO-
poii Bo3HMKaeT omopHas peakius R. Hanpasienue BekTopa peakiuu BhIOMpaem
ITPOM3BOJIbHO. BeNMunMHy ONOpPHON peakunu HaUJEM U3 YPaBHEHHS PABHOBECHS

CTaTUKU:
ZFZ=O; R-Fi+F=0; R=F-F,=66-42=24 H.

Pazgenum Opyc Ha cuiioBble y4dacTKH. ['paHuIlaMU Yy4acTKOB SIBISFOTCS
MonepeyHbie ceueHus Opyca, MPOXOsIIIe Yepe3 TOUYKH MPUII0KEHUS BHEITHUX
Harpy30K ¥ CEUCHHs, B KOTOPHIX M3MEHSAETCS IUIONIAh MOMEPEUYHOI0 CEUEHUS
Opyca. Touku mepeceyeHust ocu Opyca U rpaHUYHBIX CEUYEHUM 0003HAUYUM OYyK-
Bamu B, C, D, K. TTonyuyum 3 yuyactka 6pyca.

Hcnonvzyem memoo ceuenuii. Ha xaxiom ydyacTtke, HO HE MO €ro IpaHu-
naMm, npoBoaum cederus -1, [1-11, [11-111. TIpu aTom onny u3 gacteit 6pyca (6o-



jee CIO0XHYI0) MBICIEHHO OTOpAachIBaeM M K IUIOCKOCTH CEYEHMSI OCTaBILIEHCS
gacTu Opyca MPUKIAIbIBAEM BEKTOP MPOAOIbHOM cuiabl N B HampaBiIeHUU
BHEIITHEH HOpMaJM K ce4eHuto. PaccmaTpruBaemM paBHOBECHE OCTABIICHCS YaCTH
opyca (puc. 2).

YpaBHEHHsI paBHOBECHSI CTATUKU HA KaXJIOM YYaCTKE 3aIlUIIyTCS:
Ha riepBoM ydactke BC (puc. 2,a) Y Fz =0; R—N; =0; N; = R =24 xH;
Ha BTopoM yudactke CD (puc. 2,6) Y. Fz=0; R— N2 =0; N, = R =24 kH;
Ha TpeTbeM yuacTke DK (puc. 2,8) > Fz =0; N3+ F,=0; N3 =- F, = - 42 xH.
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[IpoBenem nuuuto (puc. 1,0), mapaieqbHy0 OCH Opyca Y U OTIIOKUM
NEPICHIUKYISAPHO €l B BEIOpAaHHOM MaciuTabe Ha KaXKIAOM YJacTKEe 3HAUYCHUS
NPOAOTBHON CHIIBI, TIOJIOKUTENbHBIC, HAlpPUMEp, BIPaBO, a OTPUIIATEIHHBIE
BieBo. [lomyunm smopy npogonbhbix cuit N (puc. 1,0).

Onpedenum HopmanvHule Hanpsdicenus: 6, MIla, Ha kaxa0M yuacTke Opyca

Ha nepBom yuactke BC

3
= % = £2_)41é(_)4 =4,8-10"TTa=48 MIla.
. .
Ha Bropom yuactke CD
3
c,= N, 24 104 =8-10'TTa=80 MIlIa.
A, 310
Ha tpetbem yuactke DK
3
G, = N, —42-10 =14-10"T1a =140 MIla.

A, 3.10"



3necb N - mpoJ0JibHAS CHJIa HA JAHHOM y4acTke B H;
A - II0ImIA1b TONEPEYHOTO CEYEHHS JAHHOTO YJacTKa B M2,

[To momy4eHHBIM 3HaYEHUSM CTPOUM 3ITIOPY HOPMAJILHBIX HAMPSIKEHUH G.
Haiinem yonunenus AL, M, yaacTkoB Opyca

Ha nepBom yuactke BC
N,-a  24.10°-0,3

Al = = T —=0,72-10"m.
E-A 2-10°-10°-5-10
Ha BTopom yuactke CD
3
Al, = N, -b = 245' 106 0.2 —=0,8-10"m.
E-A, 2-10°-10°-3-10
Ha tpetbem yuactke DK
3
AC, = N,-c  —-42.10°-0,4 — 28.10"u.

E-A, 2-10°-10°-3-10°
3nech L - muHa naHHOTO yyactka B M; E -monyns FOura marepuana Opyca B Ila.

Onpenenum nepemewjenuss CEUeHU Opyca, MPOXOAAIINX Yepe3 IPaHULIbI
YYaCTKOB.

[lepemenienne cedeHusi, TPOXOIAIIEIO Yepe3 TOUKy B paBHO HyIro, Tak
KaK B JKECTKOH 3aJeJIKe HeT mepeMernieHuid, T.e. op = 0.

Mexny Toukamu B m C Haxomutcs mepBbiii yuacTok. [lepemenienue ce-

yenusi C Oyner paBHO
Sc=8p+AL;=0+0,72-10%=0,72 - 10* wm.

Mexny toukamu C u D nHaxomutcst Bropoii yuactok. [lepemernienue ce-

yeHus: D Oynet paBHO
8p=0c +AL,=0,72-10* +0,8-10%=1,52 - 10* m.

Mexnay toukamu D u K Haxomurtcst Tperuii yyactok. Ilepemenienue ce-

yeHust D Oynet paBHO
8k =8p +Al3=152-10%-2,8-10%=-1,28 - 10* m.

[To mosty4eHHBIM 3HAYEHUSI CTPOUM SIIOPY NEpPEMENICHHI ceueHnit Opyca
o (puc. 1,r).
Haiinem xorddunment 3anaca npouHoctu 6pyca mo gpopmysie
G 240
T_= =1,71.

n= =
‘GMAX‘ 140




PACUET CTATUYECKH HEOIIPEJEJIUMOM
CTEPKHEBOW CUCTEMBI

AobcomoTHO xectkui Opyc OD (puc. 3,a) 3akperieH ¢ TOMOIIBIO IIap-
HUPHO—HEIOABMKHON OTOPHI U ABYX CTEP)KHEH M HarpykeH cuioit Q. Tpebyer-
csl:

1) HaliTH yCWIINA ¥ HAPSDKEHUS B CTEPIKHSIX, BBIpa3uB UX depes cmry Q;

2) W3 pacdera IO JOMyCKaeMbIM HANPsHKEHUSM HAWTH JOMyCKaeMyO
Harpy3ky [Q], mpupaBHsIB 0oJIbllice U3 HANPSKCHUN B IBYX CTEPXKHSIX JOMYyCKa-
eMoMy HanpsbkeHuto [o] = 160 Mlla;

3) u3 pacyera Mo JOMyCKaeMbIM Harpy3kam HaWTH TPEICIbHYIO TPY30-
OABEMHOCTE cucTeMBbl Qf ¥ momyckaeMyro Harpy3Ky Qjom, €CIIH IIPEIET TEKY-

yectu ot = 240 MIla u 3anac npoynoctu N = 1,5;
4) cpaBuuth BenmmuuHbl [Q] 1 Qpon, MOTYYEHHBIE TIPU pacueTe MO JI0-
MyCKAaeMbIM HANPsDKEHHUSIM | JIOIyCKAaeMbIM Harpy3Kam.

OrnpenenuM yCuiIus U HanpsbKeHUs B cTepkHsX. [Ipu peiictBum critbl Q B
cTepkHax 1 u 2 OynyT Bo3HMKaTh mpojoiibHbie cuiibl N1 u N2. Tak kak Heus-
BECTHBIX YETBIPE — JBE PEAKIIUU ITaPHUPHO-HENPOJBIKHOU omopbl O: BepTH-
KasibHast R u ropusoHTanbHas H, nBe npoaosibHbIe CUIbl B cTepKHAX - N1 1 Ny
(puc. 3,0), TO OHH HE MOI'YT OBITH OIIPEICICHBI U3 TPEX YPaBHEHUIN PaBHOBECHS
cratuku (XX =0, XY =0, ZM = 0). [ToaTroMy 3amaHHas CHCTEMa SIBISETCS OJIHH
pa3 CTaTUYECKH HEOTPEICTUMOM.

. =12
A =55 cM2 1= 12wge

K

Puc. 3

Beipazum Nj u Ny uepes 3amannyto Harpy3ky Q. B 1Ba ypaBHenus pas-
HOBecHs » F, =0 u Y F, =0 BXOJAT HEHY)KHbIC JUIA pacueTa KOHCTPYKIIHH pe-

akuuu R u H. Ucnonb3yeM TpeThe ypaBHEHHE PaBHOBECHUS CTATUKU
D Mg =N, cosa- (¢, +0,)+N,-0, —Q- (¢, +£,+,)=0. (1)

VYpaBHeHue ogHo, a Hen3BecTHBIX ABa N1 1 No.



Jlns coctaBiieHUsl AOMOJIHUTENBHOTO YpaBHEHUS paccMOTpuM jaedopma-
muio cuctemsl. [lox nmelictBueM Harpysku Q abcomoTHO x)ecTkuit 6pyc OD,
OCTaBasCh MPSMBIM, ITOBepHETCS BOKpyT mmapHupa O (puc. 3,B). Touku B u C
OMUIIYT Jyr'¥, KOTOopble BciaeactBue Mainoctu yrina CiOC  3ameHum
neprnenaukynapamu BB, u CC; x ocu xectroro Opyca OD.

Bemnunna Al,= BB; npescTaBiser co6oil yIJIMHEHHE BTOPOTO CTEPHKHS.

Vnaenue nepsoro crepxkus Al Haiinem, onmycTHB nepneHIuKyIsp BM us
touku B mwa Bi;K. BcnmeactBue wmanoctu aedopmanum  cyuTaeM, dTO
ZSB K~ ZSBK = a. U3 npsmoyronsroro tpeyronsanka BBiM naiinem

Al, = MB, =BB, -cosa., nmu BB; = MB;/ cosa. =Al1/ cosa. .

Ceskem Al u Al U3 momo6bus tpeyronsaukoB A OCC; u A OBB;
CIIETy€T, 4TO
cc, oc 4 12
BB, OB /,+/(, 12+21
Tak xak BB; = Al1/ cosa, CCy1= Al,, To Al = 0,36 A/ cosa. (2)
DTO0 M €CTh IOMOJHUTEIHLHOE YPaBHEHNE TIEPEMEIICHHH.

= 0,36, orkyma CC;=0,36*BB;

Hcnonb3yem 3akoH ['yka A/ = %

V4
Tak kak u3 A SBK BuaHo, yto L - miuHa cTepkHs lu JaHo, 4TO
cosa

A1=2A - mmomanpb crepxHsa 1, €, — nnuHa crepkHs 2 1 Ay = A - 1I0IIAab
CTEp>KHS 2, TO aOCOJIFOTHBIC YIJIMHEHHS CTEP)KHEH Oy IyT paBHBI

Af1= Nl'gl A52=M,
E-2.-Acosa E-A
[ToncraBum Al; u AL, B ypaBHeHue (2)
Nofo . Nl 36,

E-A E-2-Acos?a

CokpaTuM MpaBYIO U JIEBYIO YACTH 3TOTO BBIPAKEHUS HA KECTKOCTh MPHU
pacTsiKeHUU-CxaThuM - EA, moAcTaBuM 3ajaHHbIE YHCIIEHHbIE 3HaueHus: {1, {2
u o = 45° (cM. puc.3,B), T.e. c0s?a = 0,5.

[Tomyuum Nz =0,208* Nj.
[Toacrasnsiem Ny = 0,208* N1 B ypaBuenue (1). Haxonum

N1 =3,717*Q, N2=0,208* N; =0,208* 3,717*Q =0,772*Q.



U3 ycnosus 3agaun A=55 cm2,
Toraa HOpMaJbHbIE HANPSHKEHUS G1 ¥ G2 B CTEPHKHAX OYIyT PaBHEI

o, == -337,0°Q Mla, o,= "2 =M - 1404+Q ma

_2
A, 2A A,

OmnpenenmuM  nomyckaemyio cwity [Q] w3 pacdyera Mo J0IMycKaeMbIM
HampspkeHUsIM. Tak Kak HampsiKeHUE B MEPBOM CTEpKHE OOJIbIlle, YeM BO BTO-
pOM, TO TIEPBBIN CTepKeHb OoJee onaceH. [IpupaBHsIeM HanpspKEHUE B MIEPBOM
CTep>KHE M JIolyckaeMoe HampsbkeHue [6]=160 MI]a.

6, =[c]. Tomywmm 337,9*[Q] = 160*10°. Otxyxa [Q] = 473,45 kH.

Omnpenenum ponyckaemyro cuity Qpuom M3 pacyeTa IO JOMYCKaeMbIM
Harpy3kaMm, IpH KOTOpBIX Marepuai Bcex cTepkHed TeueT. I[lpu Tekydectu
HaIpPsHKEHUS B CTEPXKHSAX paBHBI O; = O, =ot = 240 MIla — npeneny TekydecTu
MmaTepuaina. Torjga ycunus B CTEpKHAX OyAyT:

N1T=GT'A1=GT'2A, NZTZGT‘AZZGT‘A.

[ToxcraBisiem 5TH BhIpa)KE€HUSI B YpaBHEHUE paBHOBecusi ctatuku (1) jis
COCTOSIHUSI TEKYUECTH CTEPIKHEN CUCTEMBI

N1 coso(L1+02)+No"01=Q5(L1+02 + L3);
240-10%-2-55:10*cosa(1,2+2,1)+240-10%-55-10 1,2=(1,2+2,1+6,3)-Qr".

OTKyza HaXoOUM IpEIeNbHYI0 TIPy30M0IbeMHOCTh cucTeMbl QY =806,6 kH.

k K
Omnpenenum JoryckaeMyro Harpy3ky Qo = % = (1?—; =537,74 xH,

rae N = 1,5 — 3aganubiil KOA(PPUIIUEHT 3amaca MPOYHOCTH.

CpaBHUBas IOJIyYEHHBIE PE3YJIbTAThI, BUJIUM, UTO JOIyCKaeMasl Harpy3ka
Qon, ompeneneHHas U3 pacuera Mo JOMyCKaeMbIM Harpy3kam, OOJIbIIe 10y C-
KaeMoi Harpy3ku [Q], ompenescHHON U3 pacdera Mo JOMyCKAaeMbIM Harpsike-

Quon
Q]
CHOCO6 pacducTa 1mo AOIYCKAaCMbIM HaArpy3KaM JJIA CTATUYCCKHU HCOIIPC-
ACIINMBIX CHCTCM IIO3BOJIACT BCKPBLITH AOIIOJHUTCIIBHBIC PE3CPBLI IIPOYHOCTH,
MOBBICUTH HCCYIIYIO CHOCO6HOCTB CUCTCMBbI U YKA3bIBACT Ha BO3MOKHOCTb 60—
JICC DKOHOMHOTI'O paCcXoaAO0BaHHUA MaTCpualia.

HHSIM B = 1,1 paza.



OIIPEJEJEHUE TEOMETPUYECKUX XAPAKTEPUCTHUK
IJIOCKUX CEYEHUM

PaccMoTpuM mpuMep Ha OmpeeieHHe TeOMETPHUSCKHUX XapaKTEPHUCTUK
tockoro ceuenus (puc. 6). TpeOyercs:

N

{

t=0.7cMm

h=14 cm

Xo

$=0.49 cMm

DRI
T

SRR

n 2o

_ 207,01-54,16

1) ompenenuTh MOJIOKEHUE IIEHTPa TSHKE-
CTH TIOTIEPEYHOTO CEUCHUS,;

2) HaAWTH OCEBbIe W IEHTPOOCKHBIM MO-
MEHTBl HMHEPUHMH OTHOCUTEIBHO IICH-
TpaJbHBIX OcCel Xc U Yc;

3) ompenenuTh MOJO0KEHUE TIaBHBIX LIEH-
TPaJIbHBIX OCEW U U V;

4) HaliTU MOMEHTBI UHEPIIUU OTHOCUTENb-
HO TJIaBHBIX IEHTPAIBHBIX OCCH;

5) BBIYEPTHUTH CEUCHHUE B MacIITade U yKa-
3aTh Ha HEM BCE OCH.

Beimuimem w3 Tabnaul copTamMeHTa Bce
JaHHBIC, HEOOXOIMMBIE TS pacuéra, u 3a-
pucyeM npoduid HJIEMEHTOB CEUYCHHUS
(puc. 4).

JsytaBp Ne 14 mo 'OCT 8238-89.
[Tnomans A = 17,4 cm?. MOMEHTHI UHEp-
IIMA OTHOCUTEJIBHO COOCTBEHHBIX IICH-
TpanbHBIX oceit: J, = 572 cm?, Jy =419
cm?. Tak Kak LIETpalbHBIE OCH SBIISIOTCS
OCSIMH CHMMETPHH, TO ATO TJIABHBIC OCH U
IIEHTPOOEKHBII MOMEHT OTHOCHUTEIHHO
HUX PaBeH HYyI0, Jy,=0.

Yronok PABHOIIOJIOYHBIN
100x100x7 mo TOCT 8509-86. Ilnomansb
A = 13,75 cm?. MomenTsl naepuun J, = J,
= 130,59 cm?, J,, = 207,01 cm?, 1, =5416

cm*. PaccTosiHME OT LIEHTpa TSKECTH

yroJjika 0 Hapy>KHBIX IpaHed MoJIoK Zy =
2,71 cm. Yrom MexXay OCIMH X M Xo paBeH
45°, TleHTpOOCKHBIH MOMEHT WHEPIIHH
yroska Jy, Haxonutcs no ¢opmysie

sin(2-45°) = 76,43 cpé




Tak kak i paBHOITOJIOYHOTO yroyika o =45°, 1o Sin2a =sin90° = 1. 3Hak 1eH-
TPOOSIKHOTO MOMEHTA MHEPIIUU YTOJIKa BEIOMPACTCS B COOTBETCTBHH C PHC. 5.

[Tpexxae yeM MpPUCTYNUTH K AajbHEHIIEMYy pacdyéry, HEOOXOIUMO C CO-
OmoneHneM Maciitada HauepTuTh cedeHue (puc. 6). Tak kak cedeHne COCTOUT
u3 1Byx anemeHToB | u ||, HEOOX0UMO BBECTH COOTBETCTBYIOIIME UHJIEKCHI B
o6o3HayeHuu 1eHTpoB Tsokected (01, 02), HEHTpalbHBIX Ocel X1, Y1, X2, Y2 U CO-
OTBETCTBYIOIIMX MOMEHTOB UHEPIIUH.

Onpenenum KOOP/IMHATHI
LEHTpa TKECTU CEUYCHHS
OTHOCUTEJIBHO  BCIIOMOTa-
TEeIbHBIX oce X u Y. Ocu
yAOOHO TIPOBECTH  dYepe3
LHCHTP TSKECTH OJHOM U3
¢duryp, Hanpumep, AByTaBpa.
Torna KoopaAUHATHI IIEHTPOB
Puc. 5 TSDKECTA DJIEMEHTOB B CH-
creme oceit X 'y oyayt pasabsl O1(0;0),
Oy(-byp/2+Z0=-7,3/2+2,71=-0,94 cm; h/2+Z0=7+2,71=9,71 cm).
KoopauHaTel LEHTpa TSAXKECTU CEYEHUS HAXOIATCS M0 CIEAYIOIINM

(dopmynam:

Xe = Sy _ A1 Xo+ Ay Xop _17:4-0+1357-(=0,94) =-0,415 cwm.
A A, +A, 17,4 +1357

v, :S_x _ A Yo, A, Yo, _ 17,4-0+1357-9,71 =4,286 cm.
A A +A, 17,4+13,75

B wMacmrtabe Ha pucyHok 6 HaHocuM Touky C C KoopaAMHATamMu
X =-0,415 cm u Y. = 4,286 cM u npoBoguM depe3 T. C ocu X U Y, Mapaieib-
HBIC OCSM X U Y.

[Tomp3yscek GpopMyramMu CBS3U MEKIY KOOPAWHATAMU TOYKA OTHOCUTETh-
HO TIapaJIICTBHBIX OCEH KOOPAWHAT, HAXOJWM KOOPJIWHATHI IICHTPOB TSHKECTEH
O1 u O2 1ByTaBpa M yroJjika B MOJIY4€HHOU cucteMe KooparHaT XcCYe.:

Xeo, =X = 0,415 cm; Yeo, =—Yc = -4,286 cwm;
Xeo, = (-0,94) =X .=-0,525 c™m; Y, =9,71-Y,. = 5,424 cm.

JI71st IpoBEpKU MPaBUILHOCTH HAXOXKJIEHUS KOOPJWHAT IEHTPA THKECTH
CEUYCHHS HAWIEM CTAaTUCTUYECKHE MOMEHTHI BCErO CEUCHHSI OTHOCUTEIBHO IICH-
TPAIBHBIX OCEH X¢ U Y.

Sy, =A, Yoo, +A, Yoo, =17,4-(-4,286) +1375-5,424= 0,0036 cm?;
Sy, =A, - Xeo, +A, - Xeo, =17,4-0,415+13,75-(-0,525) = -0,00225 cm®.

Tak Kak CTaTHYECKHE MOMEHTBHI CEUCHHS OTHOCHTEIIBHO IIEHTPABHBIX

ocell TOJHKHBI OBITh paBHBI HYJIO, TO OJU3KHUE K HYJIO 3HaYEHUS Sy U Sy MOKa-

10



3bIBAIOT, YTO KOOPJMHATHI IIEHTPA TSHKECTH CEYEHHUS HaiIeHbl IpaBuiIbHO. OT-
JIMYKE UX OT HYJIA — HAKOIUIEHHAS TIOIPEITHOCTh BEIYUCICHUS.

OmnpenenuM OCeBbIe U IIEHTPOOESKHBI MOMEHTBI HHEPIIUM CEYEHHUS OTHO-
CHTEJIHO IIPOM3BOJIBHBIX IIEHTPAILHBIX OCell X.Y.. Mcmoap3yem GpopMyisl 3aBU-
CHMOCTEH MEKIy MOMEHTAMH MHEPIIMH OTHOCHTEIBHO MapalIeIbHBIX OCEH:

E o 2 I 2 N\ _
‘]XC = ‘]XC + ‘]xc = (‘]x1 "‘Achol) + (sz +A2Yc02) =
=572+14,7- (-4,286)? + 130,59+13,75- (5,424)> = 1426,7 cm*.
1 el 2 I 2 _
ch _‘ch +‘]yc = (‘]yl +A; Xcol) +(Jy2 +A, - X, )=

= 41,9+14,7- (0,415)% + 13,75- (-0,525)% = 179,3 cm*.
‘]chC :‘];(Cyc +J;Cyc =(J;(1yl +A1 'Xco1 'Ycol) + (‘]y(zyz +A2 'Xco0 'Ycoz):
= 0+ 14,7- (0,415) (-4,286) -76,43+ 13,75- (-0,525) (5,424)= -146,5 cm®.

OHpeIIeJII/IM HaIIPaBJICHUC I'JIaBHBIX HOCHTPAJIbHBIX oceit U u V. Tauredc
yIiia HaKJIOHA TJIaBHBIX HCHTPAJIBHBIX ocern U UV K IIPOU3BOJIBHBIM LCHTPAJIb-
HBIM OCSIM X, U Y. onpeaesieTcs 1o Gopmyie
2-dxy. _ 2-(-1465)  -293

- E =0,235.
Iy, —Jy, 179,3-1426,7 1247 4

tg2a =

[lo HaiiIecHHOMY 3HAYE€HUIO TAHT€HCA C MOMOIIBIO TAOJIUIl WIIA KaJbKYJIs-
TOpa HaXOAuUM 3HaueHHe yria 200 =13,22°, otkyga O = 6,61°. ITomokuTes-
HBIM yroj (I OTKJIAIbIBAEM OT OCHU X, IPOTUB XOJ1a YACOBOW CTPEIKHU U OMpPELE-
JIIEM TIOJIOKEHHUE OJHOM M3 TIIaBHBIX LEHTPaJIbHBIX Oceil. BTopas rinaBHas 1eH-
TpajbHas OChb MPOBOAMUTCS Yepe3 LEHTP TshKecTu cedeHus T.C meprneHauKyasp-
HO TiepBoil ocu. [IpoBenem Ha pucyHke 6 rIaBHbIE HEHTPAIBHBIE OCU U U V.

J{ns mpoBEepKU MPaBUILHOCTU OIpPECICHUs TOJIOKEHUS TJIABHBIX ICH-
TpaJIbHBIX OCEW HAMIEM LIEHTPOOEKHBII MOMEHT MHEPLIMH OTHOCUTENIBHO 3TUX
oceit U 1 V 1o hopmyrie

JXC —ch .
Juv = — -Sin 2ot +Jy y_ -COS20 =

M-sin 6.61° —146.5.c0s6.61° =0,04 cm*.
[{eHTpoOEeXkHBbIi1 MOMEHT MHEPLMU OTHOCUTEIBHO TJIaBHBIX OCEH JTOJKEH
ObITh paBHBIM HyIO. [lonydeHHas OnM3Kast K HyJII0 BeaudyrHa Jyy MOKa3bIBaeT,
YTO MOJIOKEHNE TIIaBHBIX OCEU ONPENEIEHO JOCTATOYHO TOYHO.
OnpenenuM MOMEHTBI HTHEPLIMA OTHOCUTENIBHO TIaBHBIX OCEW. BennunHbl
IJIABHBIX MOMEHTOB UHEPLIUU HaXOATCA 10 popMyJie:

3+ 3 -3, Y -1793)’
RAS \/(Tyj r :1426,72+179,3 , \/(1426,72 179,3] . (L1465)7 =

=803 + 640,675.
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['maBHas LeHTpajbHAsI OCh, OTHOCUTEIHFHO KOTOPOH MOMEHT MHEpIUU OY-
JE€T MaKCUMAJIBHBIM (Jmax), COCTaBISET MEHBIIMM YOI ¢ TOW U3 MPOU3BOJIBHBIX
LEHTPAJIbHBIX OCEH, MOMEHT MHEPLIUU OTHOCHUTEILHO KOTOPON MMeEeT OoJibliee
3HaueHue. B naHHOM citydae - 3To och U.

Takum 006pazom, Moxyyaem:

Jmax=Ju=1443,7 cm*;  Jmin=Jv= 162,3 cm*.

Y,

S Y Jlnst koHTpOJa onpenenenus Jy u J, mpose-
2 PHUM, BBITIOJHSAETCS JIU PABEHCTBO:
IT [
HQ Vv Yl
}_:\:O .| ch +ch = Jv+\]u,
?\ ~
4 Xl
NN 0 e J, +J, =1426.7 + 179.3 = 1606 cm*;
_ 0
=661 Jy + Ju= 1443.4 + 162.3 = 1606 cm*. cM*.
u
C 7 e C Toli ke 1enblo HaWIEM LEHTPOOCKHBII
YC MOMEHT MHEPIHUU J, 10 M3BECTHBIM TJIABHBIM
/ LHEHTPAJILHBIM MOMEHTaM UHEpLUH Jy U Jy U yTiy
O, 5, ©@mo dopmye
1 _

XYe

J i’——i-sinZoc:
2

_1443,4-162,3

-sin13.22° =146.51 cm*

P 8 TP ANl i P, T

Heznauntensnoe OTJINYNE OT paHee

HalJeHHoro 3Hauenus J, , =146.5 cm* cBuze-

e

m@ﬂ%ﬁﬁﬁﬁm&

TCIBCTBYCT O ,Z[OCT&TO“IHOfI TOYHOCTH OIIpCHACIIC-

HHA II0JIOKCHHA I'JIaBHBIX LICHTPAJIbHBIX ocer u
BCJIMYHUH I''TABHBIX NCHTPAJIBHBIX MOMCHTOB HMHCPIIUH.
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PACYET BAJIA HA KPYUYEHUE

Cramsroit Ban, (G = 0,8:10° MIla), 3akpy4uuBaeTcs AByMs MOMEHTAMU
m; =11 kHM u my= 6 xHwm (puc. 7a). /IBa yyacTka BaJjia CIUIOIIHBIC - HMEIOT
(dopMy IMomepevHoro ceueHusi B BHJIE KpyroB nuamerpamu d; u O, a Tpetuit
y4acTOK BaJia MOJIbIA - UMEIOT (OpMy MOMEPEYHOTO CEUEHHUS B BHUJIE KOJBIIA C
OTHOIIIEHHEM BHYTpeHHero nuamerpa d k HapykHomy D, paBasim  d/D= 0,45.
1. ITocTpouTh MIOPY KPYTAUIMX MOMEHTOB Mk.
2. W3 ycnoBus MPOYHOCTH IO JOMYCKAEMBIM KacaTeIbHBIM HAMPSKEHUSIM
[t] = 80 MIla onpenenuth pa3Mepbl MOMEPEUYHBIX CEUCHHI yYACTKOB Bajla W
OKPYTJIMTh UX J0 Onrpkaiiiiei OoJbIel BEIMYUHBI B MM;
3. IMocTpouts »miopy YIJIOB MOBOPOTa
CCUCHMU BaJia o
= [Tpunste: a = 0,143= 0,63 M.

()
=
i
[y
)
@id

S]  O603HaunM U Haiinem PEAaKTUBHBIA MO-
A II IT1 ﬂ 3 MeHT M, BOBHUKAIOIIMI B omope A.

5 E  Ocb Banma 0003Ha4uM 4epes Z.

A B — N3 ypaBHEHUS pAaBHOBECHUS CTATUKH:

L ZMZZO; ma-my+my=0;

ﬂ Ma= My-mMy=5xkHMm.

Paznenum Ban Ha Tpu yuactka |, 1l u 11,
— Y UCIIOJIb3YEM METOJ] CEUCHUU.
&@Qﬂ Haitnem kpytsiue MOMEHTHI Ha

OUBIIL] v

Ha yuyactke AB Mg = my =5 xkHwm;

D,486'1EJ'2 Ha yyacTke BC M= ma-m; = -6 kHwm;
Ha yyactke CE Mg; =-my = -6 kHwm.

LA

) 64{ 0-2 [TocTpouM 3m0py KpyTALIUX MO-
: MeHTOB Mk.

’ Crnenyer uMeTh B BUAY, UYTO B Ce-

-1,9-10 YEHUH, B KOTOPOM K Bally NIPHIOKEH

BHEIIHUM 3aKPy4YMBAIOIIUN MOMEHT,
OpAWHATa SIIOPbl U3MEHSETCA CKayKo-
oOpa3HO Ha BEJMYMHY, PaBHYIO 3HaUe-

Puc. 7

HUIO 3TOTO MOMEHTA.
Onpenenum pa3Mmepbl MOMEPEYHBIX CEUCHHI Baja M3 pacueTra Ha Mpoy-

‘ M K max
HOCTb. Y CJIOBH€ MPOYHOCTH NIPU KPYUYEHUH UMEET BU]I T <|t}

p
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A€ Mkmax — MAKCUMaIbHBIA KpyTAuid MomMeHT B Hm; Wy, — nonsipHbIii MOMEHT
COIIPOTHBJICHUS TIONEPEYHOr0 ceueHus B M°, [t] — Jomyckaemoe KacaTelabHOe
HanpsbkeHue B [1a.

N300pa3uM momnepedyHbie CEUYECHHUS YYacTKOB Bajia ¢ pasmepamu. Jlis
OTpeNIeJICHUs] pa3MEpOB IOMEPEUYHBIX CEUCHHM Bajla MCHOJIB3yeTcs ¢dopmyia

W > ‘MKrmx
" 1]
Ha yuactke AB TpeOyeMblil TIONSPHBIM MOMEHT CONPOTHBJICHHS IONEPEUYHOTO
My,| J5]-10° .
CCUCHUS: WPTlP 2 [r] = 80-10° =625-10"°m° = 62,5 cm.

, IOJIYUYCHHAA U3 YCJIOBUA ITPOYHOCTH.

Tak kak Ha nepBoM ydacTke AB Baim uMeeT Kpyrioe monepevyHoe ceue-
aue, To Wpy =m - d3/16=0,2 - d;3.
[IpupaBHUBaEeM 3TO BhIpaKEHUE TPEOyEeMOMY TMOJIIPHOMY MOMEHTY COIPOTHB-

nenns Wy, 0,2:d:3 =625 cm®

Otkyna d, =3 %2’25 = 6,79 cm. Oxpyrisiem j10 3HadeHus d; = 70 mm.

Ha yudactke BC T1peOyemblii MOJISIPHBIIT MOMEHT COMPOTUBIICHUS TTOMIEPEUHOTO
CCUCHMUS:

My,| |-6]-10°
[{]  80-10°

Tak kak Ha BropoM y4yactke BC Ban mmeer Kpyriioe MmorepeyHoe CeueHue, TO

Wp2 =" d23/ 16 = 0,2 : d23.

[IpupaBHHBAaEM DTO BBIPAKEHHE TPEOYEMOMY IOJISPHOMY MOMEHTY COINPOTHB-

nernst Woj 0,2 - d23=75 cm®

W > =75-10"°m" = 75 oM’

Otkyna d, = 3}% = 7,21 cm.  Oxpyrisiem j1o 3Hauenus dz = 80 mm.

Ha yuactke CE TpeOyeMblil OJISAPHBIIT MOMEHT COMPOTUBIICHUS MOMEPEYHOTO
CCUCHMUS:

My _|-6-10°

[{] 80-10°

Tak kak Ha TpeTbeM yuyacTke CE Basn nMmeer komnplieBoe mornepevyHoe ce-
uenue, 7o Wpz=n- D®- (1 —d*/ D*) /16

D3 4 d
W,, =—— (1-—) ~0,2D°*(1— (=)*) = 0 2-D¥(1- 0.45% = 3
=15 ( D4) ( (D)) 0,2:D3(1- 0,45% = 0,192 D%.

WP > =75-10"°M° = 75 o3
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[IpupaBHUBAEM 3TO BBIPAXKEHUE TPEOYEeMOMY IOJIAPHOMY MOMEHTY COIPOTHB-
nenus W, . 0,192 D3=75 cm?®

Otkyna D=7,31 cMm. OxkpyrasieM 1o 3HadeHuss D=80 mm.
Tax xak d/D= 0,45, o d=0,45-D=36 mwm.

I[JI?I IMOCTPOCHHUA JIIIOPHI YITIOB IIOBOPOTA CEUYCHUM Baya o HaﬁHeM YTIJIbI
M, -/

K
)
G -Jp
riae My — KpyTSIIMii MOMEHT Ha paccMaTpuBaeMoM ydactke B Hm; { — qimHa
yudacTka Basia B M; G — Moaynb ciBura matepuania B Ila; J, — moasipHbIil MOMEHT

MHEPLUH TIONIEPEYHOIO CEYEHHUS Balla Ha PACCMATPUBAEMOM y4acTKe B M,
Brauane Haiinem xectkoctr Ha kpydeHue GJp ydacTKOB Baja.

3aKpy4YMBaHMsI yYaCTKOB Bajia 1o Gpopmyiie ¢ =

Ha yuactke AB
GJp1 =G-0,1-d;*=0,8-10"0,1-( 70 -10°%)*=192,1-10° Hm>

Ha yuactke BC
GJp,=G-0,1-d,*=0,8-10"0,1-( 80 -10%)*= 327,7-10° Hm?.
Ha yuactke CE
d
Glps = G-0,1D*(1- (5)4) =0,8:10'(80 -10%)*.(1 - (0,45)%) =314,2-10° HmA

Torna
My -a 5.10%.0,63

_ = =1,64-10" paz,
%76, T 192110° P
Mg-a  610°-063 B
- - ~-115-107 paz
"G, 821710° P
M, -2a .10%.2.
o M2 61002068 00

G-J, 314,2-10°
OmnpenenuM yTiIel MIOBOPOTA cedeHUi Baia. B ommope oa = 0.
og=o0a+@=0+(1,64)-102 = 1,64 -102 pan.

oc=o0p+ @2= 1,64 -102 +(-1,15) -102 = 0,486 -102 pap.

oap = oc + @3= 0,486 107 +(-2,4)-10% = -1,9 -10? pan.

CtpouM 31110py yIJIOB MOBOPOTA CEUEHUH Bajia q.
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PACUYET IIAPHUPHO-OITEPTOM BAJIKH HA M3I'B

Jlnsa cranbHOM 6anku, n300pakeHHO# Ha pHc. 8, TpedyeTcs:
1. ITocTpouTk 3MtOpHI MONIepeYHON criIbl Qy 1 M3rHbdaroIero MoMeHTa Mx.
2. ITogoOpaTh U3 YCIOBHUSA MPOYHOCTH IO JOIMYCKACMBIM HAIPSKCHHUSAM IIOTIe-
peYHbBIC CeUEHUS B BUC Kpyra, KBajpara, AByTaBpa M JIBYX IIBeUIepoB. CTCHKU
JByTaBpa M JIBYX IIBEIJICPOB IMapajuIeIIbHbI ICHCTBYIOIICH Harpy3Ke.
3. CpaBHUTH MPUHATHIC CEYCHHS 0aJIOK TI0 SKOHOMUYHOCTH.
[Tpunsare: F = F;, m =m;y, [c] = 160 MI]a.
Pacuer mpoBenen . 01=1,2 M, {,=2,1m, {3=63Mm,
F=F,=40xkH, m=m;=11xHwm, q=6xHwm.

R, F R
A4 Qg 1 m I & [ ygacTok II yuacTok
f}: EITTILY | B R*l R
Hyse £ ) ; b (4 3 e “%tr/q Mx(zg) ': q(F Mz(z)
— 3 > i o, - ETEL) 0,
10 6. T Q¥(zy) Qx(zy)
40.641 33441

5.0 ([T ——

Q:r(r-;}ﬁ Rp
13.773 Mx(za) L3
123.305 24.773
44.451
Puc. 8 Puc. 9

OnpenenuM ONopHbIE peakuuu. B mapHUpPHO-HENOABMXXHOW onope A BO3HH-
KalOT JIB€ COCTABJIAIOIIMX PEAKLHUHA — BEPTUKAIbHAs Ra M ropusonTanbHas Ha.
B mapHupHO-nonBmxkHON onope B — onHa BepTukanbHas peakums Rp. s
ONpeENICHNs TPEX HEU3BECTHBIX PEAKIIMN UMEEM TPU YPABHEHUS PAaBHOBECHS:

ZFZZO; HA:O.

ZmA =0; -QE1E1/2—F51+m+R533 =0.
02 1,2?
qg-—+F-/,—m 6 +40-1,2-11
2

2
O Rg = = = 6,559 kH
TKyJ1a B ‘. 63 K
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> m,=0; -Rals+qla(ls- €1/2)+F(Ls-L1)+m = 0.
Otkyna

0
q-/, -(fs —le+F-(€3 —{)+m 6-1,2~(6.3—1’2)+40-(6,3—1,2)+11
R _

= = 2 = 40,641 xH
by 6.3

JIyis IPOBEPKH TPABHILHOCTH HAXOXKIEHHS PEAKLUH UCIIONb3YEM YPaBHEHHE:
ZFYZO' Ra -q e+ Rg - F=0,005
OnopHbIe peakiuy HaiJeHbl IPaBUILHO.

Pa3ouBaem koHcTpyknuto Oanku Ha ydactku |, Il, 11l u ucnons3yem me-
TOJ| CEYCHUM.

Haiinem 3HadeHwst mornepedHbix cwil Qv(Z) u M3rnbaroommx MOMEHTOB
Mx(z) Ha ydacTkax OaJIki ¥ MOCTPOEM UX SIIOPHIL.

Vuacrok | (puc. 9):0<z, </, =12 m.

ITpoBomum cedenue 1-1 B mpenenax ydactka | Ha pacCTOSSHMM Z, OT TOY-

ku A (puc. 8). CeueHue NmpoBOAUTCS B MPOU3BOJILHOM MecTe yyacTka |, HO
TOJILKO HE IO €ro TPaHUYHbIM ToukaM. KoopauHaTa zZ, mpu 3TOM U3MEHSETCs OT

0 mo ., To ectb. OTOPOCHM TIPABYIO YACTh OAIKH M PACCMOTPUM PABHOBECHE
JIeBOM — OoJiee MPOCTOM YacTu OAJIKH.

ZFY =0. RA-QY(zl)-qzl = 0, OTKynaa Qy(Zl) = RA-q Z1.

OT0 nMHelHas QyHKIKS, TO €CTh 3aBUCMMOCTh Q OT Z, ONMHMCBIBAETCS NPAMOi

JUHUEH — Takoll BuI Oyaer umeTh smtopa Qy Ha yuactke |. J{ns moctpoenus

IpsSAMOI JOCTATOYHO HAMTH €€ 3HaueHHe B JBYX TOUKax, Hampumep, npu z, =0

unpu z, = {,, To €CTh Ha TPaHULAX y4aCTKa

Qv(0) =Ra = 40,641 xH. Qv({1) = Ra-q£;=40,641-6-1,2= 33,441 xH.
[To moryyeHHBIM 3HaUeHUsIM cTpoeM dmopy Qv Ha ydactke | (puc. 8).

Zmol =0 -RAZl+q210,521+Mx(Zl) =0, OTKyJa MX(Zl) = RA21-0,5q 212.

Oto mapaboina, A TOCTPOEHUSI KOTOPOH HEOOXOIUMO UMETh, KaKk MUHUMYM,
3HaueHus QyHKImU My(Z;1) B TpEX Toukax(B IBYX IPAaHMYHBIX TOYKAX y4acTKa U
B Kakoi-1mbo TpeThel Touke). Tak kak smopa Qy Ha paccMaTpuBaeMoOM ydacT-
K€ He MepeceKaeT 0Ch, TO €CTh dMopa My He UMeeT IKCTpeMyMa Ha ATOM y4acT-
K€, TO B KQUeCTBE TPEThEH TOUKH MPUHUMACTCS JIt00asi TOUKa ydacTKka, OOBIYHO
cepeanHa.

Mx(0) = 0. M, (¢, =1,2) =40,641-1,2-0,5-6-1,2° = 44,451xHwm .

M, (¢,/2=0,6)=40,641-0,6—-0,5-6-0,6° = 23,305xHm
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ITo HalineHHbIM 3HaueHHAM M (Z,) B TpEéX TOYKax cTpouM 3mopy My Ha

yuaactke | (cMm. puc. 8).

[IpoBoauM ceuenue B npeaenax ydactka Il (cM. puc. 8), coBMecTuB Haua-
JI0 OTCYeTa ¢ HayajioM y4dacTtka ll.

Yuacrok Il (cm. puc. 9): 0< z,< 03-01-02 =3 m.

ZFY =0 RA-QEl-F-Qy(Zz)z 0, OTKyJa Qy(Zz)z RA-C]El-F =-6,559 kH.
Crtpoum smopy Qv Ha yudactke |l.
ZmOZ =0 q01(0,501%25)-Ra(L1tZ2)+FZ,+Mx(z2) = 0,
OTKyJa Mx(z2) = - q£1(0,501+22)+Ra(L1+22)-Fz,.

3aBucumocts M (z,) nuHelHas, ¥ 1 OCTPOEHUS SMIOPHI My Ha BTO-
POM y4acTKe HaXO1M JIBE TOUKH:

Mx(0)=44,45 kHm. Mx(3)=-6-1,2(0,5-1,2+3)+40,641(1,2+3)-40-3=24,773 xkHwm.
Crponm smropy Mx Ha yuactke I,

VYyactok IIl mpomie paccmarpuBarh clipaBa, OTOpachiBas JEBYIO 4acTb
Oanku (cM. puc. 9).
Vuactok Il 0< £3<0,=2,1 ™M
D> Fy =0. Qv(z3)+Rs =0, otkyna Qv(z3) = -Rg =-6,559 kH.
Crtpoum smopy Qy Ha yudactke |1.
Zm03 =0 RBZ3-|V|)((Z3) =0, OTKYyIa Mx(Z4) = Rpz3,

3aBucumocts M (z,) nwmHeliHas, moastoMy osmiopy My Ha yuactke I
NPECTABIISIEM MPSIMOH JIMHUEH, IPOBEICHHON Yepe3 JIBe TOYKH (CM. puc. 8).

Mx(0) =0. Mx(L2) = 13,773 kHwm.
Crtpoum smopy Mx Ha yuactke |1,

[TonOepem momnepedHbie ceueHus OaJIKU B BUJIE Kpyra, KBajpara, IByTaB-
pa u IByX mIBeiiepoB. [lonepeunbie ceueHns Oanku MOIOUPAIOTCS U3 YCIOBUS
MPOYHOCTH MO0 HOPMAIBHBIM HAMPSKEHUSIM, KOTOPOE UMEET CICAYIOIINNA BU/L:

_‘MmaX‘

Gmax -

<[o],
X
¢ Mmax— MakcUMaJIbHBIN HM3rHOaronuii MoMeHT B HMm (mmo smrope My

HAXO/WMM, 4TO |M, 1o | = 44,451 kHm=44451 Hwm); W — 0CeBOii MOMEHT compo-

THBIICHHS TIOTIEPEYHOTO CEYEHHUS B M°; [G] — JHOMyCKaeMoOe HOPMAILHOE Hampsi-
xenue B [1a ([o] = 160 MIIa = 160 -10° I1a).
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N3 3TOro COOTHOIIEHUS MOXKHO HAaWTH TpeOyeMblil OCEeBOW MOMEHT CO-

My | 44451
[s]  160-10°

[TonGepém Kpyriaoe NONepevyHOe CEUEHHE.

IPOTUBJICHHS CEUCHHS paBeH W, = =2778-10°m°=277,8 c™®,

3
. nd
OceBOit MOMEHT CONPOTUBJIEHUS Kpyra W, =—— ~0,1-d°.
32

w2778 _
OTkyza tuaMeTp MoIepeyHoro ceueHus 6anku d= o1 =3 o1 =14,058 cwm.

n-d?
[Inomans kpyra A,, = 2 =155,1 cMm?.
[TonOepém kBagpaTHOE TIOMIEPEIHOE CEUCHUE.
b3
OceBoii MOMEHT conpoTuBiieHus kBagpata W, = E

OTKYIIEI CTOpOHAa KBaJpaTa IIOIICPCYHOI'O CCUCHU A Oaku

b=36-W," =3/277,8 =11,86 cm. ITnowaas keagpara Ags = b2 =140,6 cm?.

[TonOepém AByTaBpOBOE MOMIEPEUHOE CEUCHHE OATIKH.
[To copramenty (I'OCT 8239-89) BriOupaem aBytaBp Ne 22 ¢ oceBbIM MoO-
MEHTOM CONPOTUBIEHHS W, = 232 cM® MEHBIINM, Y€M TPEOYEMBIIA.

[IpoBepsieM OCEBOM MOMEHT CONPOTHUBIIEHUS MPUHATOTO CEYEHUS HA MPO-
LEHT PacX0KJI€HUs C TpeOYEMbIM OCEBBIM MOMEHTOM COMPOTHUBIICHUS
Wy™ — W 277,8 232
MlOO%z’—lOO% =16,48 %.
X ’
[Tomydennslii porieHT pacxokaeHust 16,48 % Oonbpie momyckaemMoro
5%, cnenoBaTenbHO, ABYTaBp Ne 22 HE MOAXOIMUT.
[Ipunumaem nBytaBp Ne 24 ¢ OCEBBIM MOMEHTOM COINPOTHUBICHUS

W, = 289 cm® u miomankso nonepedHoro ceuenus Ay, = 34,8 cM?. DTOT ABY-

TaBp Ha MPOIEHT PACXOXKICHUS HE MPOBEPSEM.
[TonOepém momepeyHoe ceueHue Oamku, COCTOAIIEE M3 JABYX IIBEJLIEPOB.
TpeOyeMblii MOMEHT CONTPOTUBIICHUS OJHOTO IIBEIIIepa
WHE=05W™= 0,5277,8 =138,9 cm>.
[To copramenty (I'OCT 8240-97) BeiOupaem mBemnep Ne 18a ¢ oceBbiM
MOMEHTOM conpoTuBieHus W, = 132 cm®. IIpoBepsieM IpHHATOE CEYEHUE Ha

MPOIIEHT PACXOXKJEHUS C TPeOyEeMbIM OCEBBIM MOMEHTOM COTIPOTHUBIICHUS
Wy Wi \100%: 389-13
X )
[Tonyuyennsiii pouieHT pacxoxaeHuss 4,9% wmenblue pomyckaemoro 5 %,
cienoBatenbHO, mBeiep Ne 18a moaxoaut. [Ipunumaem mBesiep Noe 18a cW,
= 132cm®u Ay = 22,2 cM?
[1n0mank MONepeYHoOro CEYEHUs ABYX IBEIEPOB  Ajy, = 22,2-2 = 44,4 cm?

100% =4,9 %.
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CpaBHUM TIPUHSATBHIC CEYCHHS 0AJOK MO SKOHOMUYHOCTH. Tak Kak Ay <
Ao < A < Ayp, CIICIOBATCIBHO, JIBYTABPOBOC ITONEPEYHOE CCUCHHUE OaaKH
Han0oJIee DKOHOMHUYHOE.

PACYET BAJIKU-KOHCOJIX HA U3I'Ub

Jlns ctanpHOM O6ayIKu TpedyeTcs:
Jlns ctanpHOM Oanku, n300pakeHHOU Ha puc. 8, Tpedyercs:
1. ITocTpouTk >MIOPHI TIOTIEpedHO# cuitbl Qy 1 M3rubdaromero MoMenTa Mx.
2. [Tomo6paTh U3 yCIOBHSI MPOYHOCTH IO JTOTYCKAEMbBIM HAMPSKEHHUSIM CII0KHOE
MIOTIEPEYHOE CeueHUe OaKu.
[Tpunsars: F = F;, m=m;y, [c] = 160 MI]a.
Pacuer mpoBenen must: 01=2 M, (,=25M, £3=6,3Mm,
F=F,=10xkH, m=m;=15xHw™m, =14 xHwm.

I ygyacToK III ygacToK

My Q.V m

MGy

18

. Il ygactok
2 o

13

10 15 m
10
» (o)
™ _-Z.; f3 —-€2
6.429 F
Z,=1286 M

Puc. 10 Puc. 11

Onpenenum ONOpHBIE peakiuu. B KecTKOM 3aleMIIEeHMH A BO3HUKAIOT
TPU peakuuu — BepTUKaibHasi Ra, ropusonrtansHas Ha u MomMeHnT My s
ONpeneNIeHNs TPEX HEU3BECTHBIX PEAKIIMN UMEEM TPHU YPABHEHUS PABHOBECHS:

SF,=0; Ha=0.

> F,=0; Ra-qls+F=0;
Ra=qli-F=14-2-10=18 xH.
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ZmA =0, Ma- qfl'O,SEl -m+F{,=0.
Ma=q€1-0,501 + m - F¢; = 14-2-0,5-2 + 15- 10-2,5 = 18 kHwm.

JInst IpoBEpKM NMPAaBHIBHOCTH HAXOXKJIEHUSI PEaKUUid MCIOJb3YyEM ypaBHEHHE
Z my = 0 . mA-RAE3+C]E1'(Eg-O,SED—F'(Eg-Ez)-m:
=18-18-6,3+14-2-(6,3-0,5-2)-10-(6,3-2,5)-15=0.

OnopHbIe peakuu HailZIeHbl BEPHO.

PazbuBaeM xoHcTpykumio O6anku Ha yyacTtku I, I, 11l u ucnonszyem meron
CCUYCHUM.

Haiinem 3HaueHwsi momepeuHblx cwil Qv(Z) u m3rmbaronmx MOMEHTOB
Mx(z) Ha yyacTkax OajaK{ ¥ MMOCTPOUM HX SITIOPHI.

ITpoBomum ceuenue 1-1B npenenax yuacrtka | (cm. puc 11). 0< z,< 01=2 m.

OTtOpackiBaeM IpaBylo 4acTh OAJKH U pacCMaTPUBAaEM PaBHOBECUE OCTAB-
nieics JieBoit yactu 6anku (cm. puc 11).
D> F, =0 Ra-0z1-Qv(z1)=0, otkynma Qv(z1) = Ra-0z1.
Qv(0)=Ra=18 kH. Qv(£1)=Qv(2)==Ra-q-2=18-14-2=-10 «H.
Crpoum smtopy Qy (z1) Ha yyactke |
Zmol =0 ma +Q 21-0,521 - Ra 21 + Mx(Zl) =0,
OTKyJa Mx(Zl) =-Ma-( Z21-0,521 + Ra 21=-ma - O,5q 212 + Ra 7;.

D10 mapaboJia, 11 TOCTPOCHUSI KOTOPO HEOOXOAUMO UMETh, KaK MUHHU-

MyM, 3HaueHUs (QyHKuu My(Z1) B TpéX Toukax(B JBYX TPaHUYHBIX TOYKAX
ydacTKa U B Kakoi-mmbo Tperheil Touke). Ecnu amopa Qy mepecekaeT och, Kak
3TO UMEET MECTO Ha y4acTke |, To B kauecTBe TpeThel TOUKH BbIOMpPAETCS KOOp-
JMHATa Z, cedeHus, B KotopoM M (z,) umeer skctpemyM (Tak kak Qy(Z1) me-

HSET 3HaK C + Ha —, TO 3TO OyAeT mMakcumyM). KoopauHaty Zi ONpENECIINM,
npupaBHUBast BeipakeHue A Qy(zi1) Hymo npu 2, =Z;
. . R, 18
Qy(zl) =R, -0z, =0, z, = T = ﬁ =1,286 .

Ompenensiem 3HaueHne M (z,) B IBYX rpaHUYHBIX TOYKaX ydacTKa
Mx(O) =-Ma-= -18 kHwm.
Mx(fl) = Mx(2) =-Ma - O,5q22 + Rp2=-18 - 0,51422 + 18 -2=-10 kHwm.
Omnpenensiem 3HaueHne M (z,) B Tpetbeii Touke npu z,=1,286 m
M, (z, =1,286 M) =-18+18-1,286 —0,5-14-1,286 > = 6,429 kHwm.
ITo HalimeHHbIM 3HaUeHHIM M (Z,) B TpEX TOYKax cTpPOMM 3MmIopy My Ha
yuactke | (cm. puc. 10).

[TpoBoaum ceuenue B mpezenax ydactka |, coBMmecTuB Havano orcyera ¢
HayasioM ydactka ll. 0 < z, < 0, - £,=0,5 m.
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OTtOpaceiBaeM JIEBYIO YacTh OaJKHd M pacCMaTpUBaeM PaBHOBECHE OCTaB-
nieiics npapot yactu O0anku (cm. puc. 11).
> F, =0 F+Qv(z2)=0, orxyma Qv(z2)=-F =-10 kH.
Ctpoum smropy Qy(z2) Ha yuactke Il (cm. puc. 10).
Zmoz =0. Fz,-m - Mx(Zz) = O, OTKyaa Mx(Zz) =Fz-m.

OmnpenenseM 3HaYeHHEe M, (z,) B IBYX TPAaHUYHBIX TOYKAX y9acTKa

Mx(0) =-m =-10 kHm. Mx(0,5) =F -0,5-m =10-0,5 - 15=-10 xkHwm.

Crpoum smopy M, (Z,) na yuactxe Il (cm. puc. 10).

Paccmotpum yuactoxk I 0< z, < £3-0,=3,8 M.

OTtOpacpiBaeM JIEBYIO 4acTh OajKd W pacCMaTpUBaEM PaBHOBECHE OCTAaBIICHCS
npaBoii gactu 6amkn (cM. puc. 11).  >'F, =0 Qy(z3)=0.

Crpoum smropy Qy Ha yuactke I (cm. puc. 10).

>m, =0 -m-Mx(z) =0, otkyma Mx(zs)=-m =-15 kHwm.

Ctpoum smropy My Ha yuactke 1 (cm. puc. 10).

r=0.5¢c [TonGepem pazMepsl CII0KHOTO MOMEPEYHOTO
CEUEHHMs B BUJIE CIIOKHOU Gurypsl. (puc. 12). Tpe-
0.424rF > X1 Oyemblil U3 YCIOBHS MPOYHOCTH 1O HOPMAJIbHBIM

HaANpPsDKEHUSIM OCEBOM MOMEHT COIPOTUBJICHUS Ce-
yeHus Oaliku Haxoautcs mo dopmylsie (CM. mpen-
yyLiyro 3a1a4y)
WA M| _ 18-10° =1125-10°m°=112,5 cm®,
\ _/ [c] ~160-10°
Pa3o0beM coxHYy10 QuUrypy Ha mnpocreuiine
— Iockue (Urypsl — MPSMOYTOJIBHUK U JIBa TOJIY-
Puc. 12 Kpyra, LEHTPBI TSKECTH KOTOPBIX U3BECTHBL. Toraa
J'— oCeBOi MOMEHT WHEPIIUHU CIIOKHOH (UTYPBI

C e

paBeH
3 2
3, = I 4 pgnome _ %+ 2(011r* +%(%+0,424r)2) _

c* Cys T,Cp,C c
= +2(011(2)* + = (2)*(= +0,424(3))?) = 0,495¢*.
5+ 20110) +ZC) (C +04240)))
bh® cc®
371ech: STRETEE MOMEHT UHEPLUUU IPSAMOYTOJIbHUKA OTHOCUTENIBHO LIEH-
TpaJbHOM ocu Bcel ¢purypsl X;  0.11r* =0.11(0.5¢)* - MOMEHT MHEPIUH TOJY-

Kpyra OTHOCHUTEIBHO CBOeH MeHTpaibHOM ocu Xi; (puc. 12,0);

%-i- 0,424r = % +0.424(0.5c) - pacCTOsiHUE MEXKAY LIEHTPaJIbHOW OCBIO IOIyKpyra

2 2
X1 M LHeHTpanbHOi ocbio X Beell GUryper; o = (0.5¢)

- IJTOIIA/Ib MOTYKpyTa.
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o o 99 0,495¢* _ 3
MOMEHT COpOTUBIIEHUS CIIOXKHON PUTYypbl W, = = = 0,495c°,

Yoo| €
THE  Ywax=C — PACCTOSIHME OT HEUTPAIBHOM OCH CIIOKHOTO CEYEHHMS JI0 CAMOTO
Y/IAJIEHHOTO BOJIOKHA B CEYECHHUH.

[pupasasem Wy =W¢'. 112,5=0,495¢®, orkyma ¢ =6,103 cm.
PACYET IIPOCTPAHCTBEHHO JIOMAHOI'O BPYCA

Jig n300pak€HHOIO0 B aKCOHOMETPUH JIOMAHOTO CTEPKHS KPYIJoro Io-
nepeuyHoro ceueHus (puc. 13), pacrnosokeHHOr0 B FOPU30HTAIBHON IJIOC-
KOCTH M UMEIOLIEro MpsiMble yTIIbl B TOUKaxX A u B, Ha KOTOpbIi AeiCTBYET
BEpTUKAJIbHAS Harpy3ka Fi u (, TpeOyercs:

1) moCTpOuTh OTAEHIBHO (B aKCOHOMETPHUH) MIOPHI M3TUOAIONIUX U KPYTALIUX
MOMEHTOB;

2) yCTaHOBUTbH ONACHOE CEUYEHUE U HAWTHU JIJI1 HErO BEJIMYUHY PAcU€THOIO
MOMEHTA MO YHEPTreTUYECKOMY KPUTEPHIO.

Pacuer npoBenen . 01=1,4wm, €, =2,3m, F=F; =10kH, =14 xHwm.

VYuacTok | Vuactok I

D,
a
¥

<OE i ;l*l hg, IMe
Qy (2

Vuyactok III VYuactok [V

' Qy(2) c
qft, M (2)
% @‘—h_.

Puc. 13 Puc. 14

O\E’;U
b

NN

IIpoBeneM npousBoJibHBIE OcU X , Y 1 V.

O6o3HaunM peakiuu B sxkecTkoi 3aaenke - onope C BOZHHKAIOT TPH pe-
aKIMU. BepTUKaJIbHAs peakius Rc, peakTMBHBI MOMEHT B II0CcKOCTH VOX —
My U peakTUBHBINA MOMEHT B Tuiockoctd VOY — My,

s onpenenenus peakuuii B onope C 3anuilieM ypaBHEHUSI pABHOBECUS
CTaTHKH.
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YR =0; Rc—ql+F=0, orkyma Rc=q01-F1=9,6«KH.

> My =0 F2:0--0,:0,5-0-my =0,

oTkyna mx =-F1-:2-01+q-£1°0,5-£1=-14,3 xHwm.

DMy =0 Filp-qlyt-my =0, orcyna My = Fylpq Lyl = -22,1 kHwm,

I[GJII/IM CTCPKCHb Ha YYACTKH U HUCIIOJIB3YyCM MCTO CCUCHUI.

[IpoBoaum ceuenue 1-1 B mpenenax yqactka | (puc. 14) 0< z < {;.

3anuceiBaeM YPaBHCHHC
PaBHOBCCHA CTAaTUKH

>m, 0

-q210,521 - Mx(Zl) = O,

oTkyna Mx(z1) =-0,50z42.

Haxomum 3HaueHUsT Mo-
MEHTa Ha rpaHuIax
y4acTka

Mx(0) =0
Prc. 15 Mx(01) = -13,7 kHwm.
Crpoum smopy My Ha yuactke |.
[IpoBomum ceuenue Ha yuactke |l (puc. 14), coBMecTHB Hadalo OTCYeTa C

HayayioM ydactka ll.
VYyactok Il 0< z,<{;. 3amnucpiBaeM ypaBHEHUE PaBHOBECHS CTATHKHU.

Zm02 =0 -Fz+ Mx(z,) =0, orkyna Mx(z2) = Fza.

HaxonuMm 3Ha4YeHHs MOMEHTA Ha TPAHUIIAX y4acTKa
Mx(O) =0. Mx(ﬁl) =14 xHwm.
Crpoum smopy My Ha yuactke 1.

[Tepenecem cumnbl F1 1 1 B Touky A. [IpoBoaum ceuenue Ha yuactke III (puc.
14), coBMecTHB Havasio orcyera ¢ HayaaoM ydactka Il - Toukoi A.

VYyactok Il 0< z,< {; 3anuceiBaeM ypaBHEHHE PABHOBECHS CTATUKHU
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Zm03 =0 Fz5-Qqlizs - Mx(z5) =0, otkyma Mx(zs) = (F-ql1)zs.

HaxonuMm 3Ha4eHnss MOMEHTA Ha TPAHUIIAX ydacTKa
Mx(0) =0. Mx(£2) = -22,08 kHm.

Crpoum smopy My Ha yaactke 1.

Kpytsamuit momenT Ha ydactke |l Oyner paBen

Mg =m = Fi; +ql; 0,50, = 27,7 xHwm.

Crtponm smropy My Ha yuactke l11.

VYyactok |V ynob6HO paccmaTpuBaTh, COBMECTHB €ro Hadajo ¢ onopoit C
(puc. 14).

Yaacrok IV 0<Z,<(;. 3anuceiBaeM ypaBHEHHE PABHOBECHUS CTATHKH.

Zm04 =0 -mx+Rczsa-Mx(zs) =0, orkyma Mx(zs) =-mx + Rcza.

HaxonuMm 3HaueHHsI MOMEHTA Ha TPAHUIIAX y4acTKa
Mx(0) = 14,3 kHm. Mx(L1) = 27,7 kHm.
Crponm smropy My Ha yuactke V.
KpyTsmmit MomeHT Ha yuactke |V Oyaet paBeH
Mg=-my=-F {, +Q 10, =22,1 xHwm.
Crpoum smropy Mg Ha yuactke V.
AHaJIM3UpyeEM MOCTPOCHHBIE 3MIOpbl My 1 Mk .
Haiinem omacHoe ceueHue CTep>KHS — TaKOe, B KOTOPOM 3HAYEHUS U3THU-
OaroIero u KPyTAIIEro MOMEHTOB JIMOO OJTHOBPEMEHHO, JIMOO IO OJIMHOYKE
MaKCUMAaJIbHBI.

210 ceuyeHnue - B.

Haiinem st Hero BeIMYUHY pacy4e€THOTO MOMEHTA 110 YHEPTETUUECKO-
MY KPUTEPHIO:

Mpacuv =V M2+ 0,75-Mi2 =+ 27,722+ 0,75 22,082 = 33,676 xHw.
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PACYET BAJIA HA U3I'Ub C KPYYUEHUEM

[IIxkuB nuamerpom D 1 yriioM HaKJIOHa BETBEH PEMHS K OCH X - Ol1 JIeJia-
eT N 00opoTOB B MUHYTY U nepenaet momuocte N kBt. J[Ba npyrux mkusa
MMEIOT OJIMHAKOBBIN TraMeTp D,  ouHaKoBbIE yITIbl HAKJIOHA BETBEM PEMHS K
ocu X - op. Kaxxaprit u3 Hux nepenaet momHocts N/2 (puc. 16,a). TpeOyercs:
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I a =)
—q ©
3 EdA C O a EYB S Ceunne I-1
A [
I
I yuacTox II yuacToR Il yaacTor
a b C
b 4er A C O =M, B 4
) e w4 \-!:ﬂ"'m (\‘- =
2
0,974
<) e
X2 0,974
R.ﬁ. RB
d) A C | Fazy OlFy | B
A .

7.577
€) f/rl’ﬂ/ M.,
e W N RARE e S [xcHm]
5267
H, H,
%A | Fax O B Fa |
i Fix /?%7
10,508
7.577
s 1T TR o
g) [xEM]
10,861 10715
5.375 Mo
k) [R'HMf
Puc. 16

- OIPEEIUTh MOMEHTHI, IPUJIOKEHHBIE K IIKMBAM, 110 3a7aHHbIM N 1 n;

- IOCTPOUTBH BIIOPY KPYTALIUX MOMEHTOB My;

- OIPEEeNUTh OKpYXHbIe ycuius ty u to, AelicTByIOIIME Ha MIKUBBI, 110 HallJAeH-
HBIM MOMEHTaM U 33/IaHHBIM JuamMeTpam mKuBoB D1 u Dy;

- OINPEJEIUTh AABJICHUS HA BaJ, IPUHUMAsi UX PABHBIMU TPEM OKPYKHBIM YCH-
JUSIM;

- OINpEeNeNUTh CHJIbI, M3THOAlolIe Bajd B TOPU30HTAJIBHOW M BEPTHUKAIBHOU
MJIOCKOCTSAX (BEC IIKUBOB U Bajia HE YUYUTHIBATH);

- IOCTPOUTH SMIOPHI MOMEHTOB OT BepTUKAIBHBIX (M) 1 ropusonTanbHbIX (My)
CUJI;

- TOCTPOUTH JIMOPY CYMMAPHBIX H3THOAOIINX MOMEHTOB (Mysr);
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- HaliTH OITACHOE CEUSHHUE U ONPEICTUTh MAKCUMAIIbHBIN paCYeTHBI MOMEHT 10
KPUTECPUIO HANOOJIBIINX KacaTeIbHBIX HAPSHKESHUH,

- mo100paTh AuaMeTp Basia d Ipu 3aJaHHOM JIOIYyCKaeMOM HampsDKEeHUH [G].
Pacuer nmposenen mig: N = 100 kBt; n =500 o6/mun; a=1,1 m;b=12m; C=
1,3m; D1 =1,0m; D2=0,6 M; oy = 30°; oz = 45°; [c] = 70 MI]a.

1. OnpenensieM MOMEHTBI, IPUJIOKEHHBIC K IIIKUBaM, 110 3a1aHHbsM N 1 N:

N 100

9736——9736——1947KH ‘Mg
500
100
my = 9736——9736——09736KH M.
2n 2-500

PacuetHas cxema Bajia Ha KpyueHHE U300pakeHa Ha pucC. 2B.
2. 17151 MOCTPOEHMSI SIIOPHI KPYTIIIMX MOMEHTOB MCIOJIb3YEM METOJ] CEYEHUM.
Ban umeer yetsipe yuactka (puc. 16,a).
Hus yaactka |1 My =0.
Has yuactka lI: My, =my =0,974 kH - m.
st yaactkos I u IV:
MK3 = MK4 =mp —my = 0,974 — 1,947 = —0,974 kH-m

Dmropa KpyTAnmx MoMeHToB M, ipuBeieHa Ha puc. 16,c.
3. Onpenensem OKpyKHble ycumnus ty u tp, 1eMCTBYIONINE HA IKUBBIL:
2my _ 2-1,947 —3.894 <H: ty = 2my _ 2-0,974 3047 kH
Dy 1 D, 0,6

rae D1 u Dy — quameTpsl epBOro U BTOPOro IIKUBOB.

4. HaxomuM naBieHus: Ha Bl (IPUHUMAEM UX PaBHBIMHU TPEM OKPYKHBIM
YCUITUSIM):

F =3t =3-3,894=11,682 kH; F, =3ty =3-3,247=9,741 kH.

5. OnpenensieM CHUIIbI, M3rUOAIONTUE BaJl B TOPU30HTAILHON U BEPTUKATb-

HOM mockocTsX. [nst aToro pasnoxkum cuiiel F1 1 F, HAa TOPU3OHTANBHYIO U

BEPTUKAJIbHYIO COCTaBJISAIOLIHE:
Fx =K -cosa; =11,682-c0s30°=10,117 xH;

Fy =F -cosa, =9,741-cos45° = 6,888 kH;
Fy =F -simoy =11,682-sin30°=5,841 xH;

By =F -sinay =9,741-sin 45° = 6,888 kH.

ITpu 3TOM Harpy3ku Fix u Fax HanpaBieHbl B IPOTHUBOIIOJIOKHBIE CTOPOHBI
(cMm. puc. 16,n).
6. I[IpuxnagpiBaem K Bamy cuibl Fiy u Fay, n3rubatommue ero B BepTUKaIb-
HOH miockocTH (puc. 16,d), 1 HaxoauM onopHbie peakiuu Ra 1 Rp U3 ypaBHe-
HUM PaBHOBECHUSI CTATUKHU:
2mp=0; —Rpa(a+b+c)+Fy(b+c)+Hy -c—Fy-a=0;

—3,6R A +6,888-2,5+5,841-1,3—-6,888-1,1 =0; R A =4,788 xkH.

t; =
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2mp =0; —Fya-Fy(a+b)+Rp(a+b+c)—Fy(Za+b+c)=0;
—6,888-1,1-5,841-23+Rp-3,6—-6,888-4,7=0; Rp =14,829 kH.
Ilposepka: 3 K, =0; Ra +Rp-2Fy —F, =0,
4,788 +14,829 -2-6,888-5,841=0; 0=0.
OmnpenensieM U3rHOArOIIIEe MOMEHTBI OT BEPTHKAIBHBIX CHII.
| yaactok (0<x1<1,1 M) M, =Rax; =4,788x1;
X1 = 0 Mxl = O; X1 = 1,1 M Mxl = 4,788 . 1,1 = 5,267 KH - m.

Il yaactox (1,1 <y,<2,3 ™)

Myo =R A X2 — F2y(X2 —11) =4,788x, —6,888(x» —11);

X2 =11m MXZ =5,267 xH-M; Xo = 2,3M MXZ =2,747 xH-m.

Il ygactok (1,1 <y3<2,4 ™)

My3 =—Fpy - X3+ Rp (X3 —11) =—6,888x3 +14,829(x3 —11);
X3=11lm My3=-7577TxkH-M; X3=24m My3=2747xH ™.
IV yuactok (0<ys<1,1M) Myy=-F)y X4 =-6888Xy;
Xgq = 0 MX4 = O; X4 =1,1M MX4 = —7,577 kH - m.

CrpouM 31mt0py My (Mgepr) (prc. 16,9).

7. IlpuknaneiBaeMm K Bainy Harpy3ku Fix u Fay, m3rubarommue ero B ropu-
30HTAJBHOM IUIOCKOCTH, TPU 3TOM H300pakeHHe Baja C TNPUIOKEHHBIMU
Harpy3kaMy MOBOPAYMBaEeM W3 TOPU3OHTAIBHOW MJIOCKOCTH B BEPTUKAIBHYIO U
pacronaraem B TuiockocTu yeptexa (puc. 16,f). Haxonum onopusie peakimn Ha
u Hg 13 ypaBHEHHI paBHOBECHS CTATUKHU.

d>mp=0; Hp(a+b+c)+Fy(b+c)—Fy-c—Fy-a=0;
3,6Hp +6,888-2,5-10,117-1,3-6,888-1,1 =0; Hp =0,975 xH.
dmp =0, —Fya+F,(a+b)—Hg(a+b+c)—Fy(2a+b+c)=0;
-6,888-1,1+10,117-2,3—-HpR -3,6-6,888-4,7=0; Hp =-4,634 xkH.
IIpoepka: > F, =0; —Hp —Hp —2F +Fx =0;
-0,975+4,634-2-6,888+10,117=0; 0=0.

3amucbiBaeM BbhIpakeHUs1 u3rndaronmx MoMeHToB My (M;o,) Ha Kaxxaom

ydacTKe:

| yuactok (0<y1<1,1 m) My =-Hpay; =-0975yy;
y1 =0 Myl =0; y;=LIm Myl =-0,975-1,1=-1,0725kH - m.

Il yuactoxk (1,1 <y»<2.3 ™)
My, =—Hpyo —Fox (y2 —L1) =—0,975y, — 6,888(y, — L1);

yo =L1lm My2 =—-10725xkH-m; y, =23Mm My2 =-10,508 xH - m.

Il yaactox (1,1 <y3<2.4 M)
My3 =-Fy -y3 —Hp(y3z —L1) =-6,888y3 +4,634(y3 - L1);
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y3=L1lm My3 =-757TxkH-M; y3=24m™m My3 =-10,508 xH - m.
IV ygactok (0<ys<1,1m) Myy=-F) yq4=-06888yy;
Y4 = 0 My4 = O; Y4 = 1,1 M My4 = —7,577 kH - m.

Ctpoum smtopy My (Mrop) (puc. 16,9).
8. OmpenensseM CyMMapHbIC HM3THOAIOIIME MOMEHTBHI B I'DAHHUYHBIX CEUCHHUSAX

y4acTkoB 110 popmyse M 51 = 4 M)z( +M 5,

MI/I3F(A) =0;
M, ur(c) = /52672 +(~1073)2 =5375 kH - u;
m3r(C) =V +(=1073)" =5375kH - m;

Myar(0) = 27472 +(~10,508)% =10,861 kH -m;

Myssr() =~ 75772 +(~7,577)% =10,715 kH - u:

MI/ISF(S) =0;

Ctpoum 31I0py CyMMapHbBIX U3rHOAOIINX MOMEHTOB My (puc. 16,K).

Jns KaKJI0ro MONepeyHOro CEYEHUsl Bajla UMEETCSl CBOS TIJIOCKOCTh JEi-
CTBUS CYMMAapHOTO W3TMOAIOEro MOMEHTa, HO JIJIsi KPYTJIOTO CEYEHUSI MOKHO
COBMECTHUTbH IUIOCKOCTH M5 AJISI BCEX MONEPEUYHBIX CEYEHUN U MTOCTPOUTH CyM-
MapHyI0 JII0pYy B IUIOCKOCTH 4YepTexka. JTa »miopa OyneT NpsIMOIUHEHHOM
TOJIBKO JIJISl T€X y4acTKOB, Ha KOTOPBIX S0Pl My 1 My nepecekaroT och B OJI-
Holt Touke (I u IV yuactku). Ha npyrux ydactkax smropa My, OyAeT KpUBOIU-
HEWHOMU.

9. OnacHeiM ceyenueM sBisiercsa ceuenue O.

PacueTHbIli MOMEHT IO TPETHEW TEOPUU MMPOYHOCTH JIL 3TOTO CEUCHHUS

M pace max = J M2, +M?2 = /10,8612 40,9742 =10,904 kH - m.

u3r

10. Onpenensiem nuametp Basia d U3 yCIOBUS IPOYHOCTH:

M 3 .
Pt 3y nd ; 10,904 332 <70.10%:
Wy 32 3.14d
d=3 10'904'323 —0117 m.
314-70-10

Oxpyruisist, mpuHEMaeM quameTp Bajia d = 120 M.

PACYET CTEPXKHS HA YCTOHUHUBOCTD

CranbHolt crepxkenb (puc. 17,a) nmmuaort (= 0,84 M cxxumaeTcs cu-
noit F = 140 xH. Tpebyercs:
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- OINpENeTUTh pa3Mepbl MonepevyHoro ceuenus (puc. 17,0) crepkHs npu
JOIYyCKaeMOM HaIpsKEHUU Ha nipoctoe cxkarue [6] = 160 Mlla;

- HAlITU KPUTUYECKYIO CHITY M KOA(PHUIMEHT 3amaca yCTOMYMBOCTb.

1. OnpenensieM reoMETpUUECKHE XapaKTEPUCTUKHU TIONIEPEYHOTO CEUEHUS

CTCPIKHAI.
2

Tic A
[nomans A =Agapara —2A1pyra =3cx3c— ZT =7,43* , OTKyZla C= T
['maBHBIE HEHTPaATbHBIE MOMEHTHI MHEPLUHU MOMIEPEYHOTO CEUCHUS CTEPKHS
KB w _ bh® o, md? 3c(3c)° 4 [ T 2 2 4
Ja= I - 20 =7 -2(0,05d" + =~ (0.75¢ )?) == 1~ 2005+ ¢ (05625) =5766%
3 4
3, =3 gy BN omd g gne 50,056t — 6,65¢.
12 64
MuHUMaIIBHBIN TJIABHBIN LIEHTPAJIbHBIA MO-
F 4
* MEHT HHepIuu J,y =Jy =5,7669C" .
RIS c MuHuManbHbBIM painyC UHEPLIUHU
4
N i :,/JXN - /5’773295 —0,88Lc.
1=05 8| LN S A3
= "\\\] =] T['mbKOCTH CTEpHKHS
NZAN L_ bl _ 0584 477
3 i 088lc ¢ '
/ g / 5 snech U=0,5 - ko3pGUIMEHT NpUBEICHUS
Puc. 17 JUTMHBI 1T TAaHHOTO CTEPKHSI.

2. Tlombop mOMEPEYHOrO0 CEYCHHS
CTEPHS MPOBOIUM TIOCTICIOBATEIIBHBIMU MPUOJIMKEHUSIMH.,

[lepBoe npubamkenue. B nepsom npubmkenun 3agaem @1 = 0,5.
F_ 140-10°
¢,[c] 05-160-10°

47 7 Aarg
Haxonum 17.5 =153cm . ['uOKocTh A; = =31,
7, 4 7 43 (o l 53

[IpencraBum umcino A, =31 kak 30+1. [lo TabGmuie ko3¢ dUIHECHTOB

=175-10"m? =17,5cm?

ILnomane ceuenuss A, =

MPOJIOJIBHOTO M3rnba ¢ mia crtanu Mapku Cr.3 B NPUIIOKEHUH K y4eOHOMY IO-
coouto 1o «ConpoTUBIEHUIO MaTepruaIoB»
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4 HaxomuM
179", cooTBeTCTBYIOIIEE THOKOCTH A3 =31.

npu A =30 o= 0,94

mpuA =40 ¢ = 0,92

AL =10 Ap = -0,02

HusAL=1  Ae = -0,002

Torga (pf‘@I (A=31)=0p(A=30)+(31-30)-Ap=0,94 +1-(-0,002) = 0,938
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HanpsixeHust, IeUCTBYIONIUE B CTEPKHE G = F _140-10°
’ A, 175107

=80-10°T1a = 80MITa.
I[oniracaeMoe HaNpsHKCHUE Ha YCTOMYUBOCTh
TaOI

|5, |= ¢r**"[c] = 0,938-160 = 150,06 MTTa
Pa3Hu1ma B mporneHTax MexIy ACHCTBYIOIINM HAMPSHKEHUEM G U JO0MYCKaeMbIM
HaNpsHKCHUEM Ha yCTOMYUBOCTS [G]
o=, ]| 80-150,06

o, 50,06
Tak kak 46,68% Oonbiie gomycTUMBIX 5 % , TO MPOBOJUM CIEAYIOILIEEe MPHU-
OJIMKEHUE.

-100% = 100% = 46,68%.

Bropoe npubamxenue. B kauecTBe Ha4aJIbHOTO 3HAYEHUS (P2 JJIsI BTOPOrO MpH-

+ Tabn O,5+0,938
OJIVDKEHUS] IPUHUMAETCA @, = P

=0,719

2
3
[Tnomans ceueHus A, = F_ 14010 ~=1217-10"°m* =12,17cm’
¢,[c] 0,719-160-10
47,7 417
Haxomum c, = A, _ [1alr =1,28cm. ['mbkocth Ay =——=——-=37,25~37 .
7,43 7,43 C 1,28

[IpencraBuM umcino A, =37 xak 30+7. ITo tabmuie ko>(QPUIUEHTOB IMPO-

noJpHOTO M3ruba ¢ ans ctanu Mapku Ct.3 (CM. IpUIIOKEHUsS K y4eOHOMY TOCO-
ouro 1o «CONPOTUBIEHUIO MAaTEPUATIOB») HAXOAUM (™%, COOTBETCTBYIOIIEE
rubkoct Ay =37.
mpu A =30 ¢ = 0,94
mpuA =40 ¢ = 0,92
AL =10 A = -0,02
HusAAL=1  Ae = -0,002
Torma ¢ (A =37) = (A = 30) + (37 —30) - Ap = 0,94 + 7 - (—0,002) = 0,926
Hanpsxkenus, A€MCTBYIOIIKE B CTEPKHE
o=+ :Llo: =115-10°TTa =115MITa.
A, 1217-10
Jonyckaemoe HanpsKEHUE HA YCTOMYUBOCTD
[sz o [c] = 0,926-160 = 148MTTIa
Pa3Hunna B mporieHTax MEXAy AEWCTBYIOIINM HANPSKEHUEM G U JOIYyCKAa€MbIM
HaNpPsHKCHUEM Ha YCTOMYUBOCTS [G]

o-lo, 1 100% = 22714816006 = 223106,
5, 148

Tak xak 22,31% Oonpiie gomycTuMbiX 5 % , TO MPOBOJUM CIIEIYIOLIEE MPU-
OJIMKEHUE.
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Tperbe npubamxeHue. B kauecTBe HaYaIbHOrO 3HAYEHUS (3 U1l TPETHETO MPU-

+o™ 0,719+ 0,926
OJIVDKEHUSI IPUHUMAETCS Py = P27 P _ hl

=0,822

2
3
[Tnomane ceuenus A, = F___ 14010 ~=1064-10"°m* =10,64cm’
¢s;[c] 0,822-160-10
Haxomum ¢, = \/ As = \/10’64 =1197cwm.
7,43 7,43
47,7 47,7
A,=——=—"—=3983~40,
I'nOxocTh A, ¢ 1197

[To Tabmuie ko3¢hGUIIMEHTOB MPOAOIbHOTO M3ruda ¢ ans cranu mapku Crt.3
(cM. mpuiIokeHUsI K ydeOHOMY mocoOuio 1o «COnpOTHBICHHIO MaTEPUAIIOB))
HaxomuM (3" = 0,92, cooTBeTcTBYIOIEE TMOKOCTH Ao =40,
Hanpsxkenus, A€MCTBYIOIIKE B CTEPKHE
3

o= = Llo% =131,56-10°Tla =131,56MI]a.

A, 1064-10
JlommyckaeMoe HalpspKeHHE Ha YCTOMYHUBOCTD
[sz ¢**"[c] = 0,92-160 =147,2MIIa

PasHnna B mponieHTax Mexay AEMCTBYIOIINM HANPSKEHUEM G U JOIIyCKAEMBIM
HANpsHKCHUEM Ha YCTOMYUBOCTS [G]

o-[s,]| 13156 -147,2
Gy

-100% = 100% =10,66% .

Tak kak 10,66% Oonbmie gomycTUMBIX S5 % , TO MPOBOAUM CIEAYIOILIEE TPH-
OJIMKEeHue.

quBCDTOC HDI/I6J'II/I)KCHI/IC. B kxauecTBe HauyaabHOTO 3HAYCHUS (4 AJIL YETBCPTO-

+ Tab1 0,8224—0’92
ro NpUOIMKEHUSI IPUHUMAETCS ¢, = s 2(P3 _

F 140.10°
¢,[c] 0871-160-10°

=0,871

=1,004-10"°m" =10,04cm”

ITnomane ceuenus A, =

47,7 41,7
Haxomnm ¢, = \/7AA:‘3 = \/% =116cm. ['uOKoCTh Ay = S = 116 =41

IIpenctasum umcino A, =41 kax 40+1. Ilo Tabauie ko>PpHULUEHTOB TPO-
noJIbHOTO M3rnba ¢ myist ctam Mapku Ct.3 (cM. MpUII0KEeHHs K y4eOHOMY TI0CO-
6ur0 110 «CONPOTUBIIEHHIO MaTEPUATIOB») HAXOOUM (P4™%", COOTBETCTBYIOIIEE
rubkoct Ag4 =41.

mpu A =40 ¢ = 0,92

mpu A =50 ¢ = 0,89
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AL =10 A = -0,03
Hogs AL =1 Ao = -0,003
Torna (pff'&I (L=41) =op(Ah=40)+(41-40)-Ap =0,92 +1-(-0,003) = 0,917

Hanpsxkenus, AeMCTBYIOIIKE B CTEPKHE
3
o=t = Llo% =139,4-10°ITa =139,4MIla.
A, 1004-10
Jomyckaemoe Han[j;mceHne HAa YCTONYUBOCTb

o, |= ¢ [c] = 0,917-160 = 146,72MTTa

PasHunna B nmpoueHTax Mexay AEUCTBYIOIIUM HANPSHKEHUEM G U JOIyCKA€MbIM
HaINpsHKCHUEM Ha yCTOMYUBOCTS [G]

139,4-146,72

O — |0
‘ [ y] |-100%:
(e} y )
[Tomyuyennas paszuunna 4,98 % menee 5 % AOMYCTUMBIX, CIEAOBATEIBHO
npuHUMaeM c=c4 = 1,16 cm.

100% =4,98% .

3. OnpeaensieM KpUTHUECKYIO CHITY Fy.

Eciu A < Aypen , TO JUIS ONpENEACHUS KPUTUUECKOM CHIIBI MCIIONb3YETCs

dopmyia Scunckoro Fxp = A-(a - b-A), (msa cramu mapku Ct.3 a = 310 MIla,

m°EJ i
(no)*

b=1,14 MIla), a ecmtu A > Aypes , TO popMyna Didnepa F, = . s cranu

mapku Ct.3 BemMuuHa TMOKOCTH Appex, = 100.

Tak kak rHOKOCTb CTEpXKHS B MocienHeM NpommkeHun  A=41 < Aypen,
TO KPUTHUYECKYIO CHITy OmpefesisieM o ¢popmysie ScuHckoro

Fxp = A-(a - b-1)=10,04-10%(310-10°-1,14-10°%-41)=2643-10> H=264,3 xkH

F. 2643
Koo punment 3amaca ycronyuBoctn N, = ?K = m =189

PACYET HA YJIAP
Ha Oanky, Beimonnennyto u3 apytaBpa Ne 30 'OCT 8239-89, cBoOonHO

JIeKAIIy 0 Ha JIBYX JKeCTKUX ornopax (puc. 18,a), ¢ BeicoThl h = 8 cM manmaet rpy3
BecoMm Q = 1,1 kH. Jlnuna nponera 6anku £ = 2,9 M. Tpebyercs:
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1) HaiiTn HanOoJIBIIIEE HOPMATTLHOE HATPSHKEHUE B OaJIKe;
2) pelmuTh aHAJIOTMYHYIO 33Jladyy MpH YCIOBUHU, YTO MpaBas Oomopa 3aMeHEHa
MPY>KUHOU, TOAATINBOCTh KOTOpoit paBHa o = 0,02 M/kH;

3) cpaBHUTH MOJYUYEHHBIC PE3YIbTATHI.

1. Y3 Tabauupl copTamMeHTa NPOKATHOM CTaIM B IPHIIOKEHUHU K y4eOHOMY
OCOOUIO o «ConpoTUBIEHUIO MaTepUaAIIOB»
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4  BbIHUCHI-
BaeM Jis aBytaBpa Ne 30 3HaueHus: 0CEBOTO MOMeHTa corpotuBnenust Wy = 472
CM® B OCEBOTO MOMEHTA uHepuu Jy = 7080 cm?,

2. Haubonpiiee auHaMu4eckoe HOpMalibHOE HanpsikeHue, Mlla, Bo3Hu-
Karoliee B Oajke OT IeUCTBHS yaapHOU Harpy3ku o, =K, -c

2-h .
rae: K, = 1+ |14+ ——— quHamMudecKuid KOdHPHUITUCHT;

CcT

cr max !

M
c —‘ ‘— HauOoJbIlIee CTATUYECKOE HOPMAJIBHOE HAIpPSDKEHUE, BO3HU-

CcT max
X

Karoliee B 0aJike OT JeHCTBHUS CTAaTUUECKON HArPY3KH;
h — BeIcOTa najieHus Ipy3a;
A,, — CTaTU4ECKUM Mporud ceuyeHus OaaKu B TOYKE yaapa;
Mmax — MaKCUMaJIbHBIA U3THOAIONINI MOMEHT B OITACHOM CEUEHHH OaJIKH, BO3-
HUKAIOIIWNA OT IEUCTBUS CTATUYECKON HArPy3KHU;
Wy — oceBoii MOMEHT COMPOTHUBIICHUS TTOTIEPEYHOTO CEUEHUS OaTKH.
s onpenenenus A B cedeHun C Oanku UCHoab3yeM uHTerpan Mopa

M M
ACT = A1F Z = d
it EJ,
riae Myr — Tpy30BOM M3THOAONTNIT MOMEHT, BOSHUKAIOIIUN OT JICHCTBUS CTAaTH-
YECKOM Harpy3Ku;

Mxl— €IMHUYHBIN M3rnOarolii MOMEHT, BOSHUKAIOIIUNA OT JEHCTBUSA €IUHUY-
HOM Harpys3KH.
s onpenenenns M, x 6anke (puc. 18,0) B Touke yaapa (B TOUKe
C) u Mo HampaBJICHHIO YyJlapa MPUKJIAIbIBAEM EIUHUYHYIO (DUKTUBHYIO CHUITY
@, =1. Onpenensem onopHsle peakunu R 1 Rg:
] — 14 5
ZMA =0, —-R,(-D-|/+—-1=0, R, =-.
4 4
— 7/ 1
ZMB =0, -R/(-®-—=0, R, =—.
4

IIposepka: » Y =0; R, +R, CD——%+%—1 0.

OnopHble peakny HalIEHbI BEPHO.
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A
e
-

Y]
A z
B 7 ez
£=20M /717 4
I 1|
R}_\L , : RB Z =1
o A
; B C
., 1 f 2| z
‘ g £
— e N
R K 2
*: H, B Q=11kH
i B C
z, : z

lE ‘

B

KHM

N———
-‘—|—|._| .—-’D

S C,
?‘:
Puc. 18 &
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PazbuBaem Oasiky Ha JjBa ydacTKa M UCTIOIb3YEM METOJI CEUCHUM.
Yuacmok AC (puc. 19,a): 0<z; <¢{;

>M,, =0; M, (z)-R, -z, =0; Mx(Zl)=RA'Zl=—%;
npuz;=0 M (z,)=0;

/
=1 nmpuz;=1_ MX(Zl):—Z.

c Yuyacmox CB .
Z; (puc. 19,6): 0<2z,< Z
5 > M,, =0;
-M,(z,)-P-2z,=0;
M (z,)=—®-z,=-2,; npuz;=0 M (z,)=0; Hpnzzzg M, (z, :_%

Dmopa M,, u3obpaxkena Ha puc. 18,s.

Hns onpenenenust Myr k 6ainke (puc. 18,r) B Touke C npuKIagsIBaeM BEK-
TOp CTaTHUYECKOM Harpy3ku Q.

OnopHeble peakiuu OyayT paBHbl: R, = Q. R, = Q

A ! B '
4 4
['py3oBas smropa Mye (puc. 18,1) mo popMe OyieT TOUHO TaKOH Ke Kak U
M,,, HO Bce ee 3HaueHus OyayT B Q pa3 Oosnblie.

Beruucnsiem unterpan Mopa cnoco6om CumricoHna:

M .M
A, =Ap=Y X ddz=
cT 1F Z_]_: EJX
L.(4.£.%+£%)+ ¢ (ﬁ_ ﬁQ_)
6EJ 8 8 4 4 4.6EJ \4 4 8 8
3 3 3 3 3
Q° . QF _ 5-Q 5:1110°°29° 0o

48E) ' 192E)_ 192-EJ_ 192-2.10-7080-10°

Haxoaum quHaMudeckuii K03 HUITHMESHT:

-2
K, =1+ 1+Q =1+ 1+ﬂ =57,98.
A, 4,93-10°°

W13 rpysosoii amopsl M, (puc. 18,1) BUAHO, 4TO OonmacHbIM Oyner ceue-

Hue B, B KoTOpoMm aelicTByeT MaKCHMaJbHBIA M3THOAIOUINI MOMEHT, BBI3bIBA-
IOIINI MAaKCUMAaJIbHBIE CTATUYECKUE HAIIPSIKCHUS, PABHBIE

M .10° .
GCTrmx = ‘ mex = Qg = 1’1 10 2,—96 :1,69 * 106 Ha :1,69 MHa .
W,  4W.  4.472-10

X

B »TOoM ke ceueHnnu BO3HHUKAIOT MaKCUMAJILHBIE AWUHAMHWYCCKUC HAIIPAKCHUA
Gy =K, -G, =57,98-1,69=97,99 MITa.
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2. 3ameHuM npaByro onopy B mpyxwunoii (puc. 18.,e), nogaTaMBoCcTh KO-
TOpoM paBHa a. [lomatmmBoCTh — 3TO OCaaKa MpyKUHBI OT Ipy3a, pasHoro 1 kH.

Ot pmeiicTBUA cTaTUYeCKOM HArpy3ku Q mpy>kMHa COKMETCS Ha BETUUHHY
0, Ha3bIBAEMYIO OCaJIKON NPy KHUHBI. [Ipu 3TOM Oasika MOBEPHETCS OTHOCUTEIIBHO
TOYKHU A ¥ IPOTHETCH.

Ocanka npyxuHel paBHa O0=R_-a= 54Q ‘o= ° :"1 -0,02=0,0275m.

[TonHoe cratmueckoe nepemenienue A . cedeHus C Oanku Oyner ckia-

IBIBATBCSl U3 CTaTUYECKOTO IepeMenieHns cedenus C Oanku ot ee m3rubda A_,
HAMIEHHOTO BBIIIE, U NEpeMEIIEeHHs cedeHust C OT CKAaTHsA NPYKUHBI — A .

N3 nono6us tpeyroasaukoB ABB; u ACC; HaxoauMm:

S :AB; ) zi; H :§:5.o,0275:3’4375_10_2 .
A, AC A~ 5S¢ P4
4

TOFI[EI IMIOJIHOC CTAaTHYCCKOC IICPCMCIICHNC CCUCHUA C OGanku:

Ac, =A, +A, =493-10° +34375-107 =34424.10° w.

C

Jlunamuyeckuii KO3(pPUIUEHT B ’TOM ClTydyae paBeH:

2
K, =1+ [14 2N =1+\/1+L10_2 —3,3765.
A 3,4424-10

MakcumanbHOE JUHAMUYECKOE HAMPSHKEHNUE B 0ajke ¢ MPYKUHOM:

Omx =K, * O =3,3765-1,69 =5,71 MlIla.

CT max
3. CpaBHUM MaKCUMaJbHbIC TUHAMUYECKUE HAIpPsOKEHUS B Oalike Ha

YKECTKHUX OMopax U B Oajnke ¢ mpyxkuHOi. B Oanke Ha »KECTKUX OMOpax MAKCH-
MaJbHbl€ TMHAMUYECKHE HAMPSHKEHU 0oJiblle, 4yeM B Oajike ¢ MPY>KUHOM B

9799 _ 1716 pas.
5,71
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PACYET HA KOJIEBAHUA

Ha nByx Gankax, BBIMOJHEHHBIX U3 AByTaBpa Ne 24a, yCcTaHOBIIEH JBU-
rarenb BecoM Q = 19 xH (puc. 20,a), nematormuit N = 700 o6/mun. [{nuHa npo-
aera 6anku ¢ =17 m. llenTpoOexHas cuiaa WHEPLUHUH, BO3HUKAIOIIAs BCIE]-

CTBHC HCYPABHOBCHICHHOCTHU BpallarOIINXCA JacTeu ABUI'AaTCJIA, paBHA H=7
kH. CoOcTBeHHBINH Bec 0aloK M CHIIBI COIMPOTUBJICHUA MOKHO HC YYUYHTBIBATD.

Monyns ynpyroctu Matepuana 6anok E = 2-10° MITa.
HeHraTens

Y| A
Jl - \ﬂ A-A
a - x| =x
A T 5 cZ 1 1
£=17 m 4 YQ=19KH
I 11
Ry H ! Rpp 2 =1
= A
0 A 5 o
2 |t , 212,
£ T L
8 ]
B m\\h\!\
R R 2
A
Y H, 1 Q=11xH
B C
2 |t 212,
Qs Y
T T T
Puc. 20 RHM
TpeOyercs:
g

1) onpeenuTh 4acTOTy COOCTBEHHBIX KOJieOaHMI Oallok

CcT

IZI€ g — YCKOPEHUE CUJIIBI TSKECTH;
A, — craTuueckuil mporud Oanky, B TOUKE MPUIIOKEHUS HATPY3KH Q.

o TT
2) ONpPEIENIUTh YaCTOTY U3MEHEHHS BO3MYIIAIOIICH CHITBI ® = 0 ;



3) maiitm ko3ddunmeHt HapactaHus KoneOGaHmii 1O  hopmyie

B=——-+—=. Eciu xospduuuent B, onpenensgemMslii 1o 3Toil Gpopmyie, oka-

KETCA OTPULATCIIBHBIM, TO B z[anBHeﬁmeM pacucTe CICAYyCT YUUTBIBATDL CT'O aob-
COJIFIOTHYIO BCIIMYHHY,

H
4) naiitu fuHamMudeckuit koadduuuent no popmyne K =1+ -—P.

5) omnpeaenuTh HaUOOJBIICE TUHAMUYCCKOE HOPMAJIbHOE HAIPSHKCHHE B
OanKax oy;

6) TpoBEpHUTH MPOYHOCTh OAJOK IO JOIMYCKACMOMY HAIPSHKCHHUIO
[c] = 125 MI]a.

N3 Tabauiel copTaMeHTa MPOKATHON CTalld B MPHJIOKEHUHM K ydeOHOMY
MOCOOHIO 1o «ConpoTUBIIEHUIO MaTepUaIoB)»
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4  BbITUCHI-
BaeM 1l AByTaBpa Ne 24a 3HaueHUs oceBoro MoMeHTa conpoTusiaeHust Wy = 317
cM® 1 oceBoro MoMeHTa uHepiuu Jx = 3800 cm®.

Bennunny mporuba A_ Kak U Ipeaplaylieil 3a1a4e HaX0AUM C IIOMOILBIO
uHTerpaina Mopa u cnocoba Cumncona. [ 3TOro mocTpouM 3IOpbl U3ruda-
FOIMX MOMEHTOB OT EIMHMYHOM Harpysku M (puc. 20,8) M OT 3ajaHHON
Harpy3ku Q — M . (puc. 20,x1). Pacuer n3rnbarommux MOMEHTOB U TIOCTPOCHUE
SMIOP BElIeM aHAIOTUYHO pacueTy, MOKa3aHHOMY B IIPEIbIIyIIeH 3a1ade.

Nurterpan Mopa OyaeT paBeH:

n

M, .M
A :A — XF xle:
cr 1F ;EZJX
6E-2J, \ 8 8 4 4 ) 4-6E-2), \4 4 8 8

Qr° N Q¥  5.QFF
48E-2), 192E-2J, 192-E-2J,
. . 3. 3
>19-10° 17 =1,5993-10" m.

192.2-10"-2-3800-10°°

Torma yactora COOCTBEHHBIX KOJIEOAHMIA

0= |2 = \/ 98 24767 o
A, 11599310

CcT
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KpyroBas yacTtoTta ® BBIHYKIEHHBIX KOJICOAHHI paBHA YIJIOBO CKOPOCTH

BpAILEHHsI pOTOPA ABUTaTENS
nn  314-700
w=—=—"———=7327 c.
30 30
Kputnueckas yrioBasi CKOpOCTb BPAILIEHUS BaJla IBUTATEIISA, IPU KOTOPOU
MOYET BO3HUKHYTh PE30HAHC

n= 30- &g = 30-247,67 = 2366 00/MuH.
T 314

Koaddunment napactanus konedbanuii = ! = ! =1,096

o) 73,27\
1-|— 1-
o, 247,67
. H 7
Hunamudeckuii koapduuument K, =1+ 6B =1+ 19 -1,096=14

W13 rpy3oBoii amropsl M, (puc. 20,1) BUAHO, 4TO ONAcHBIM OyJeT cede-

HUe B, B KOTOpOM JAEMCTBYyeT MaKCHUMalIbHbI M3rMOAIONIUii MOMEHT, BbI3bIBa-
FOIIIMN MaKCUMAJIbHbIE CTATUYECKUE HATPSKEHUS

M 102 .
oo = Mo QL 1910°17 )04 405 1101574 MiTTa
2W,  4-2W, 4.2.317-10

B 3TOM e cedeHHH BO3HMKAIOT MaKCHUMaJlbHbIE JTWHAMHUYECKUE Hampsi-
Keuus Gy, =K, -o . =14-1274=1784Mlla.

[IpoBepsieM MPOYHOCTH OANOK MO TUHAMUYECKOMY HAIMPSKEHUIO

G mae = 17,84 MIla < [6] = 125 MIla,

CrnenoBaTenbHO, Oanka yJOBJIETBOPSET YCIOBUIO IPOYHOCTH.
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Tuxonos JleHuc AjieKCaHAPOBUY
I'mabman Anexkcanap AoOpamoBuyY

PELHIEHUE 3AJTAY
IHO CONPOTUBJIEHNIO MATEPUAJIOB

MeToanuyeckne YKa3aHUA K PelIEHUIO 32124

OTtBeTcTBEHHBIN 32 BbITycK TuxoHoB J[.A.
Opurnnan-maket Tuxonos J[.A.

413100, Poccus, CapaToBckast 001acTh, T. DHrenbc, mi. CBooosl, 17

OTU (punuan) CI'TY umenu [Narapuna FO.A.

Perucrpanuonsslii Homep 26.
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	федерального государственного бюджетного образовательного
	учреждения высшего образования
	Определим усилия и напряжения в стержнях. При действии силы Q в стержнях 1 и 2 будут возникать продольные силы N1 и N2. Так как неизвестных четыре – две реакции шарнирно-непродвижной опоры О: вертикальная R и горизонтальная H, две продольные силы в ст...
	Выразим  N1 и  N2 через заданную нагрузку Q. В два уравнения равновесия  и  входят ненужные для расчета конструкции реакции R и H. Используем третье уравнение равновесия статики
	.                  (1)
	Уравнение одно, а неизвестных два N1 и N2.
	Для составления дополнительного уравнения рассмотрим деформацию системы. Под действием нагрузки Q абсолютно жесткий брус OD, оставаясь прямым, повернется вокруг шарнира О (рис. 3,в). Точки В и С опишут дуги, которые вследствие малости угла С1ОС замени...
	Величина = ВВ1 представляет собой удлинение второго стержня. Удлинение первого стержня  найдем, опустив перпендикуляр ВМ из точки В на В1К. Вследствие малости деформации считаем, что . Из прямоугольного треугольника ВВ1М найдем
	= ,   или  ВВ1 = MВ1 / cosα  =∆ℓ1/ cosα .
	=  0,36,  откуда  СС1=0,36*ВВ1
	Так как ВВ1 = ∆ℓ1/ cosα, СС1 = ∆ℓ2, то  ∆ℓ2 =  0,36 ∆ℓ1/ cosα.            (2)
	ОПРЕДЕЛЕНИЕ ГЕОМЕТРИЧЕСКИХ ХАРАКТЕРИСТИК
	ПЛОСКИХ СЕЧЕНИЙ
	Для стальной балки, изображенной на рис. 8, требуется:
	1. Построить эпюры поперечной силы QУ и изгибающего момента МХ.
	2. Подобрать из условия прочности по допускаемым напряжениям поперечные сечения в виде круга, квадрата, двутавра и двух швеллеров. Стенки двутавра и двух швеллеров параллельны действующей нагрузке.
	3. Сравнить принятые сечения балок по экономичности.
	Принять: F = F1, m = m1, [σ] =  160 МПа.
	Расчет проведен для:   ℓ1=1,2 м,     ℓ2 =2,1 м,    ℓ3 =6,3 м,
	F = F1 = 40 кН,    m = m1 = 11 кНм,   q = 6 кНм.
	Сравним принятые сечения балок по экономичности.  Так как Адв < А2шв < Акв < Акр, следовательно, двутавровое поперечное сечение балки наиболее экономичное.
	РАСЧЕТ БАЛКИ-КОНСОЛИ НА ИЗГИБ
	Для стальной балки требуется:
	Для стальной балки, изображенной на рис. 8, требуется:
	1. Построить эпюры поперечной силы QУ и изгибающего момента МХ.
	2. Подобрать из условия прочности по допускаемым напряжениям сложное поперечное сечение балки.
	Принять: F = F1, m = m1, [σ] =  160 МПа.
	Расчет проведен для:   ℓ1=2 м,     ℓ2 =2,5 м,    ℓ3 =6,3 м,
	F = F1 = 10 кН,    m = m1 = 15 кНм,   q = 14 кНм.
	РАСЧЕТ ПРОСТРАНСТВЕННО ЛОМАНОГО БРУСА
	Расчет проведен для:   ℓ1=1,4 м,  ℓ2 =2,3 м,  F = F1 = 10 кН,   q = 14 кНм.
	РАСЧЕТ ВАЛА НА ИЗГИБ С КРУЧЕНИЕМ
	На балку, выполненную из двутавра № 30 ГОСТ 8239-89, свободно лежащую на двух жестких опорах (рис. 18,а), с высоты h = 8 см падает груз весом Q = 1,1 кН. Длина пролета балки ℓ = 2,9 м.  Требуется:
	1) найти наибольшее нормальное напряжение в балке;
	2) решить аналогичную задачу при условии, что правая опора заменена пружиной, податливость которой равна α = 0,02 м/кН;
	3) сравнить полученные результаты.
	5) определить наибольшее динамическое нормальное напряжение в балках σд;
	6) проверить прочность балок по допускаемому напряжению          [σ] = 125 МПа.

