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PACYET CTYIIEHYATOI'O BPYCA HA PACTS’)KEHHUE-
CXKATHUE

Jlnst ctyneHvaroro craiabHoro Opyca (puc. 1,a), BBINOJHEHHOTO U3 CTa-
au Mapku Cr. 3, umeromiedt npenen tekydectu ot = 240 MlIla, moayns FOnra
E = 2-10° MIIa, TpeGyercs:

1. IToctpouTts no anmuHe Opyca AMIOpbI MPOI0JIbHBIX cull N, HOpMaTbHBIX
HaIpsHKEHUHN G U NepeMeIeHUI MoNnepeyHbIX CEUeHU O.

2. Beraucouts ko3 duimenT 3anaca mpoyHocTa opyca n.
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ITpoBeaem ock Z, coBnaaaolLyto ¢ ockto Opyca. Hanpasnenue ocu BbIOH-
paeM npou3BOJIBHO. bpyc )KeCTKO 3a1emMiIeH BEpXHAM KOHIIOM B OIIOPE, B KOTO-
poii Bo3HHKaeT onopHas peakuus R. Hanpasrnenue BekTopa peakuuu BeIOUpaeM
IIPOU3BOJIBHO. BenunHy OIOPHOM peaKkLuy HaWJeM U3 YPABHEHMS PaBHOBECHUS
CTaTHKHU:

ZFZ=0; R—F1+F2=O; R=F1-F2=66-42:24KH.

Paznenum Opyc Ha CuioBble y4acTKU. ['paHMIIaMH y4acTKOB SIBISIIOTCS
NornepeyHble ceueHus: Opyca, MPOXOASIINe Yepe3 TOUKU MPUIIOKEHUST BHEITHUX
Harpy30K M CEUEHHS, B KOTOPBIX M3MEHSETCS IUIONIAh MOMEPEUYHOr0 CEUSHUS
Opyca. Touku nepeceueHust ocu Opyca U rpaHUYHBIX CEUCHHI 0003HAUYUM OyK-
Bamu B, C, D, K. [Toxyunm 3 ygacTtka Opyca.

Hcnonvzyem memoo ceuenuii. Ha xaxioM y4yacTke, HO HE MO €ro I'paHu-
naMm, npoBoaum ceuenus -1, [1-11, IH1-11l. TIpu sTom onny u3 yacteit OGpyca (60-



Jee CII0KHYI0) MBICJIEHHO OTOpachiBaéM M K IJIOCKOCTH CEUEHHUS OCTaBIIEHCS
yacT Opyca NpHUKIAAbIBAEM BEKTOpP MpOJ0JbHOW cuiabl N B HampaBieHHH
BHEIIIHENM HOPMAJIM K CeUYeHUI0. PaccMaTpruBaeM paBHOBECUE OCTABIIECHCS YaCTH

opyca (puc. 2).
VYpaBHEeHMs paBHOBECHS CTATUKU Ha Ka)XI0M yYacTKE 3allUIIyTCs:
Ha niepBoMm ydacTtke BC (puc. 2,a) > Fz = 0; R—N; =0; N; = R =24 xH;
Ha BTopoM yudactke CD (puc. 2,60) Y Fz=0; R—N,=0; N, =R =24 xH;
Ha TpeTheM ydyacTke DK (puc. 2,B) Y. Fz =0; N3+ F,=0; N3 = - F, = - 42 xH.
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[IpoBenem nuuuio (puc. 1,0), mapaienbHy0 OCH Opyca Y U OTJIONKUM
NEPIICHIUKYJISAPHO €ii B BRIOpAaHHOM MaciTabe Ha KaKIOM YYacTKE 3HAUCHUS
IPOJOIBHON CHIIBI, TIOJIOKUTENBbHBIE, HAlPUMEp, BIPABO, a OTPUIIATEIHHBIC
BJieBo. [Tomyuum smropy npogonasHbix cuit N (puc. 1,0).

Onpedenum nopmanvusie Hanpsaxicenus 6, Mlla, Ha kaxa0M ydacTke Opyca

Ha nepBom yuactke BC

= zl = 2412043 =48-10'Tla=48 MIla.
Ha BTOpOom yuactke ClD
, = Z = é‘.‘iéoj =8-10'T1a=80 MIla.
Ha tperbem yuactke DK
o, =N _=42:10" 1) 107102140 MTTa,

A, 3-10"



3neck N - mposionbpHas cuiia Ha JaHHOM y4acTke B H;
2
A - TJI0111a/1h MIOTIEPEYHOT0 CEUCHUS JAaHHOTO y4acTKa B M*,

1o mosTyYeHHBIM 3HAYCHHSIM CTPOMM SIIOPY HOPMAJIbHBIX HAPSKCHUH C.
Haiinem yonunenus AL, M, yaactkoB Opyca

Ha nepBom yuactke BC
N,-a  24.10°-0,3

Al = = o -=0,72-10"m.
E-A 2:10°-10°-5-10
Ha Bropom yuactke CD
3
A, = N,-b _ 24; 106 0,2 _-08-10"m.
E-A, 2-10°-10°-3-10
Ha tpetbem yuactke DK
— . 3.
Al = N,-c 42-10°-0,4 2810w,

E-A, 2-10°-10°-3-10°
3necsk L - nuHa qaHHOTrO yyactka B M; E -moxyns FOura matepuana Opyca B I1a.

OnpenenuM nepemeujerusi CCYCHAR Opyca, MPOXOMAIIMX Yepe3 TPaHUIIbI
YYaCTKOB.

[TepemernieHre cedeHMs, IPOXOIAIICIO Yepe3 TOYKY B paBHO HyIrO, Tak
KaK B )KECTKOM 3aJieJIKe HET nepeMelneHui, 1.e. og = 0.

Mexny Toukamu B u C maxoautcs nepBbiii yuacTok. [lepemernienue ce-

yenusi C Oyaet paBHO
Sc=08s+AL;=0+0,72-10*=0,72 - 10" m.

Mexny toukamu C u D maxomutcs BTOpoil yuactok. [lepemenienue ce-

yeHus D Oyner paBHO
8p=06c+AL,=0,72-10* +0,8-10%=1,52 - 10* wm.

Mexny Toukamu D u K Haxomutcs Tpetuil yuyacTtok. [lepemenienue ce-

yenus D Oyner paBHO
Sk =0p+Al;=152-10%-28-10%=-1,28-10" m.

[To moaydyeHHBIM 3HAUYEHUSI CTPOUM JIIOPY NEPEMEILICHHI ceueHuid Opyca
o (puc. 1,r).
Haiinem xoaddummenT 3anaca npoynoctu Opyca 1o dhopmysie
c 240
T = =171,

n= =
Ovax| 140




PACYET CTATUYECKHN HEOIPEJIEJINMOM
CTEPKHEBOI CUCTEMBI

AOcomoTHO xecTkuit 6pyc OD (puc. 3,a) 3akperyieH ¢ MOMOIIbIO IIap-
HUPHO—HEITOABMKHOM OTTOPHI U JBYX CTEpKHEH U HarpyxeH cwioi Q. Tpedyer-
csl:

1) HaliTH yCHIIMS U HANIPSDKEHUS B CTEPIKHSIX, BBIPA3UB HX depe3 cury Q;

2) u3 pacuera MO JOMYCKaeMbIM HANPSDKCHHUSIM HAWTH JOMYCKAEMYIO
Harpy3ky [Q], mpupaBHsB 00JIbliice M3 HAMPSKEHUI B IBYX CTEPXKHSIX JOMyCKa-
eMoMy Hanpsbkenuto [6] = 160 MIla;

3) u3 pacyera Mo JOMyCKaeMbIM Harpy3kaM HalTH MNpPEJETbHYI0 TPYy30-
IOIEMHOCTH cUcTeMbI QX U mormyckaemyro Harpy3ky Qpor, €CIIH TIPEIEN TEKY-

yectu o7 = 240 MIla u 3anac nmpounoctu n = 1,5;
4) cpaBuuth BenuuuHbl [Q] 1 Qpop, MOMydYeHHBIE MPH pacyeTe IO J0-
MTyCKAaeMbIM HAMPSHKCHUSM | IOMTyCKAaeMbIM Harpy3Kam.

OnpenenuM ycwiins U HampsbKeHUs B crepkHax. [lpu aeiictBun cumsl Q B
cTepxkHsAX 1 u 2 OynyT Bo3HHMKaTh npoaosbHbie cuiibl N; u N2. Tak kak Heus-
BECTHBIX YETBIPE — JIBE PEAKIMH IIAPHUPHO-HENPOJBHKHOM onopsl O: BepTuU-
KaJibHasg R u ropusoHTanbHas H, aBe npononbHbie cuibl B cTepKHAX - N 1 N
(puc. 3,0), TO OHH HE MOTYT OBITh OINPENEICHBI U3 TPEX ypaBHEHHUU PaBHOBECHS
cratuku (XX =0, ZY =0, ZM = 0). [ToaToMy 3aganHasi cucTeMa sIBJISETCS OJIUH
pa3 CTaTU4ECKH HEOIIPEAEITUMOM.

A =55 cu? S —K
._.fl %sz f2=2=1M
-, .
o C Al 70 ﬁ
Yo N t Al g Q
a 6 2 B
Puc. 3

Boipazum N; u N, yepes 3agannyro Harpy3ky Q. B 1Ba ypaBHeHus pas-
HOBECHsI Z F,=0wu ZFY =0 BXOJAT HEHY>KHBIC JJIs1 pacuyeTa KOHCTPYKIIUU pe-

akiuu R u H. Mcnonb3yem TpeThe ypaBHEHHE paBHOBECHS CTATUKH
> Mg =N,cosa-(f,+0,)+N, £, =Q-(¢,+L,+0,)=0. (1)

YpaBHeHue oaHO, a Heu3BecTHBIX Ba N; 1 No.



Jlyis cocTtaBlieHUsl JOTMOJHUTENBHOTO YpaBHEHUS paccMOTpuM jaedopma-
nuio cucrtemsl. [loa aeiictBuem Harpy3ku Q abconoTHO kectkuit O6pyc OD,
OCTaBasICh MPSMBIM, TTOBepHETCsl BOkpyr mapHupa O (puc. 3,B). Touku B u C
OMUIIYT JyI'¥, KoTopble Bciencreue wmanoctu yraa C,0C 3aMmeHuM
neprenaukynspamu BB; u CC; k ocu xxectkoro 6pyca OD.

Bemmunna Al,= BB; npexcrasnsger co00i yUIMHEHHE BTOPOTO CTEPIHKHSL
Vmnenue nepsoro crepxus Af, HaiigeM, olycTHB HepHeHIUKYIIp BM us3
toukn B wa B;K. BcneactBue wmanoctu ngedopmanmu  cuuTaeMm, dYTO
ZSB,K = ZSBK = a.. U3 npsimoyronsroro tpeyronsanka BBiM naiinem
Al, = MB, =BB, -cosa., wmu BB; = MB; / cosa =Al;/ cosa .

Cesxem Al; u Al,. U3 momobus tpeyroasaukoB A OCC; u A OBB;
CJIEIYET, U4TO
cc, oc_ ¢ 12
BB, OB /,+¢, 12+21
Tak kak BB; = At/ cosa, CCy=Al,, To Al, = 0,36 AL/ coso. (2)
DTO U €CTh JIONOJIHUTEILHOES YPaBHCHHE TTEPEMEIICHUH.

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

Hcnonb3yem 3akoH ['yka A/ = %

l
Tak xkak u3 A SBK BumgHo, uTto L - muuHa cTepxHs lu JgaHo, 4TO
cos

A1=2A - mmomanpk crepxHs 1, 0, — nouHaA cTepkHa 2 U1 A, = A - TUIOmMAhL
CTEPKHSI 2, TO aOCOJIOTHBIC Y/IJTMHEHUS CTEPIKHEH OyIyT paBHBI

N, - N, -/
ALy = s no Al =——2%
E-2-Acosa E-A
[TonctaBum Al; u AL, B ypaBHeHue (2)
Nofo . Nirls 36,

E-A E-2-Acos?a

CokpaTuM IPaBYIO U JIEBYIO YaCTH 3TOTO BBIPAYKCHHUS Ha KECTKOCTh IPU
pacTsbKeHUU-cokatun - EA, MoACTaBUM 3a/laHHbIe YUCIICHHBbIC 3HaueHus {q, {,
_ 2 _
u o = 45° (cm. puc.3,B), T.€. c0s“a = 0,5.

[Tonmyuum N, =0,208* Nj.
[ToncraBnsem N, = 0,208* N; B ypaBuenue (1). Haxonum

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



2
N3 ycnosus 3amaun A=55 cm”.
Torna HopMasbHbIE HAMPSIKEHUS G1 U G B CTEPIKHSIX OYIyT paBHbI

o, - N _337.0%Q g, 6, -%=140’4*Q [a.

2
A, 2A A,
Omnpenenmum  omyckaemyro cury [Q] w3 pacdera mo gomyckaeMbIM
HanpspkeHUsIM. Tak Kak HalpsiKeHUue B MEPBOM CTEepKHE OO0JIbllle, YeM BO BTO-
pOM, TO MEPBBIN CTEPKEHb OoJsiee omaceH. [IpupaBHsIeM HampspKEHUE B TIEPBOM
CTEpIKHE M JIoNMycKaeMoe HanpsbkeHue [6]=160 MI]a.

6, =[c]. Tonyuum 337,9%[Q] = 160*10°. Orkyma [Q] = 473,45 kH.

Omnpenenum pomyckaeMmyro cuiy Qpop M3 pacdera MO JOIYCKaeMbIM
Harpy3kamM, IIpyU KOTOPBIX Marepuan BCEX CTEpxkHeu Teuer. llpm Texkydectn
HanpsHKEHUS B CTEPXKHSIX paBHbI O; = 0, =c7 = 240 MIla — npeneny Tekyuectu
Matepuana. Torjaa ycuius B CTEpKHAX OyAyT:

N 1T:GT'A1:GT'2A, NZT:GT‘AZZGT‘A.

[ToxcraBisiem 3TH BhIpaKE€HUsI B ypaBHEHUE paBHOBecHUs cTatuku (1) s
COCTOSIHUS TEKY4YECTH CTEPKHEN CUCTEMBI

N; "cosa(€+02)+N, " 0=Qr" (1L, + L3);
240-10%-2-55-10cosa(1,2+2,1)+240-10%-55-10*-1,2=(1,2+2,1+6,3)-Q;".

OTKyz#a HaXoJUM TPEIENBbHYI0 IPY30M0IbeMHOCTh chcTeMbl QX =806,6 kH.

k K
Omnpenenum fonyckaemyro Harpy3ky Qop = % = (1?—; =537,74 xH,

rae N = 1,5 — 3aganHbiil KOAQPUIIUEHT 3araca MpOYHOCTH.

CpaBHHBas NOJIyY€HHBIE PE3YJIbTATHI, BUJIUM, YTO JIOITyCKaeMasl Harpyska
Qom, ONpeseneHHas U3 pacueTa Mo JAOMYCKaeMbIM Harpyskam, OOJbllIe JOIyc-
Kaemoil Harpy3ku [Q], ompeneneHHO# U3 pacyera Mo JOMYCKaeMbIM HampsKe-

Quon
Q]
Crioco6 pacuera Mo JOMyCKaeMbIM Harpy3kam JJisi CTaTUYECKU HEOIpe-
JACJIINMBIX CHUCTEM IIO3BOJISCT BCKpBITB JOITIOJIHUTCIIBHBIC pesepBbI HpO‘-IHOCTI/I,
ITIOBBICUTH HCCYI]_IYIO CHOC06HOCTB CUCTCMBI U YKaSI)IBaeT Ha BO3MOXHOCTb 60-
JICC 9KOHOMHOT'O pacxoaA0BaHUA MAaTCpUAJIA.

HUSIM B = 1,1 paza.



ONPEJEJEHUE TEOMETPUYECKHNX XAPAKTEPUCTHUK
IJIOCKUX CEYEHUI

PaccmoTpuM mpumep Ha omnpezesieHHe eOMETPUYECKUX XapaKTePUCTUK
TUIOCKOTO ceueHus (puc. 6). TpeOyercst:

5 T %0
t=0.7cm

5=0.49 cm

h=14 cm

=7.3 cM

be
Puc. 4

1) ompenenuTh MOJIOKEHUE IICHTPa TsHKe-
CTHU MIONIEPEYHOT0 CEUEHUS,

2) HaWTU OCEBBIE W IEHTPOOEKHBIN MO-
MEHTBl HHEPIMHU OTHOCUTEILHO IICH-
TPAJIBHBIX OCEU Xc U Yc;

3) omnpenenuTh MOJIOKEHUE TTIAaBHBIX IIEH-
TPAJIBHBIX OCEN U U V;

4) HallTH MOMEHTBI UHEPIIUU OTHOCHUTEIb-
HO TJIAaBHBIX LIEHTPAJILHBIX OCEH;

5) BBIUEPTUTH CEUEHHE B MaciiTabe u yka-
3aTh Ha HEM BCE OCH.

Breimummem w3 Tabnaull copTamMeHTa Bce
JlaHHbIE, HEOOXOAUMBIE IS pacuéra, U 3a-
pucyeM Tpouid 3JIEMEHTOB CEYCHHS
(puc. 4).

JiBytaBp Ne 14 mo 'OCT 8238-89.
[Imomans A = 17,4 cm?. MOMEHTBI VHED-
IIMM OTHOCHUTEJIBHO COOCTBEHHBIX IICH-
TpaNbHBIX Oceil: J, = 572 em?, Jy, =419
em?. Tak kax HEeTpaIbHbIE OCHU SIBJISIIOTCS
OCSIMM CUMMETPHH, TO 3TO TJIaBHBIC OCU U
HEHTPOOCKHBIT MOMEHT OTHOCHTEIBHO
HHMX paBeH HYIIO, Jy,=0.

Yroiok PaBHOMOJIOYHBIN
100x100x7 mo I'OCT 8509-86. Ilnomans
A =13,75 cM?. MOMEHTBI nHepuuu Ji = J,
= 130,59 cm”, Jy, =207,01 cm’, 3, =5416

cv’. PaccTosHHE OT LEHTPA TSKECTH
YTOJKa JI0 HAPYXKHBIX TpaHEd MOJoK Zy =
2,71 cMm. Yrom MexIy ocsaMu X U Xg paBeH
45°. IleHTpOOEKHBIT MOMEHT WHEPIUU
yronka Jy, Haxomurcs no popmyie

3 _ 207,01-54,16

I —dy, .
Jy =———sin2a
2

Sin(2-45°) = —76,43 oy



Taxk kaK aJ1s1 paBHOIIOJIOYHOTO yrojika o =45°, 1o Sin2 o =sin90° = 1. 3Hak 1eH-
TPOOEKHOTO MOMEHTA HHEPIIUU YTOJIKA BEIOMPAETCS] B COOTBETCTBUH C PHC. 5.

[Ipexae yem OpUCTYNUTh K JajbHEUIIeMy pacyéTy, HEOOXOAUMO C CO-
OJroieHreM Maciiutada HauepTuTh cedeHue (puc. 6). Tak kak cedeHne COCTOUT
u3 nByx asnemeHToB | u |1, HEOOXOAMMO BBECTH COOTBETCTBYIOIINE WHJIECKCHI B
o06o3HaueHuu 1eHTpoB Tskecter (01, 0,), MEeHTpanbHBIX OCeH X1, Y1, X2, Y2 U CO-
OTBETCTBYIOIINX MOMEHTOB WHEPIIHH.

Onpenenum KOOPJIMHATHI
LEHTPAa TSKECTH CEUCHUS
OTHOCUTEJIBHO  BCIIOMOTa-
[Imoc TeNIbHBIX ocel X u Y. Ocu
ya00HO TIpOBECTH  Yepes
LEHTP TSKECTA OIHOU U3
¢buryp, Hanpumep, IByTaBpa.
Torma KoOpaAWHATHI LIEHTPOB
Puc. 5 TSOKECTH DIIEMCHTOB B CH-
cteme oceit X u'y oyayt pasasl O4(0;0),
Oy(-bpp/2+20=-7,3/2+2,71=-0,94 cm; h/2+Z0=7+2,71=9,71 cm).
KoopauHaTel LIEHTpa TSKECTH CEUYEHHUS HaxXOMASITCA MO CIEAYIONIUM

R

$
E..--...-....--..-.__;
el
o
-
i

hopmynam:

X, Sy _ A XA, Xy, _17,4:0+1357-(-0,94) 0415 o,
A A, +A, 17,4+1357

v =S _AYutA Yy 174-0+1857-971 ) oo
A A, +A, 17,4+1375

B wmacmrabe Ha pucynok 6 HaHocuM Touky C ¢ KOOpAMHATaMH
X.=-0,415 cm u Y. = 4,286 cM u ipoBoaum depe3 T. C ocu X, U Y., mapaieinb-
HBIE OCSIM X U Y.

[Tonp3ysice popMmyaMu CBA3U MEXAY KOOpAUHATAMH TOYKH OTHOCHUTEIb-
HO MapajuielbHbIX OCEH KOOPIMHAT, HAXOJUM KOOPJIMHATHI LIEHTPOB TSKECTEH
O; u O, 1ByTaBpa U yroJjika B MOJIy4eHHOH cucreMe koopauHat X.CY..:

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

J{ns mpoBepKU MPaBUIBLHOCTH HAXOXKJICHHSI KOOPJUHAT LEHTPA TIHKECTU
CEUCHUS HAWAEM CTAaTUCTUYCCKHE MOMEHTHI BCETO CEUCHUSI OTHOCHTEIBLHO IICH-
TPaJIbHBIX OCEH X, U Y.

Sw. =A;-Yeo +A, - Yoo =17,4-(~4,286) +13,75-5,424=0,0036 cm’;
Sy, =A, - Xeo, A, Xy =17,4-0,415+1375-(-0,525) = -0,00225 cm’.

Tak Kak CTaTUYECKHUE MOMEHTBHI CE€UEHHS OTHOCUTEIBHO LEHTPaTbHBIX

ocell OJKHBI OBITh PABHBI HYJIO, TO OJM3KHE K HYJIIO 3HAYECHHSA Sy U Sy IOKa-
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3bIBAIOT, YTO KOOPJIMHATHI IIEHTPA TSXKECTU CEUEHUs! HaWJeHbl MpaBuiibHO. OT-
JMYKE UX OT HYJISI — HAKOIJIEHHAs TOTPEUTHOCTh BHIYUCIICHHUS.

OnpenenuM oceBbl€ U IIEHTPOOESKHBI MOMEHTHI HHEPIIUU CEYEHUS OTHO-
CUTEJIbHO MPOU3BOJIBHBIX LIEHTPAIbHBIX ocel X Y. Mcnoabzyem popmybl 3aBu-
CUMOCTEHN MEX1y MOMEHTAMU MHEPIIMM OTHOCUTENBHO MapalieIbHbIX OCEH:

Iy =35 +Ix. = +A Y5+, +A,YE) =
=572+14,7- (-4,286) + 130,59+13,75 (5,424)* = 1426,7 cm".
Jy =3y +3y =0y +A - X))+ Uy, +A, - XEo, ) =

= 41,9+14,7- (0,415)* + 13,75 (-0,525)* = 179,3 cm”.
‘]XCYC :‘]IXCYC + ‘];CVC = (‘]Ilel +A, 'Xco1 'Ycol) + (ngyz +A, 'Xco0 'Yco2 )=
= 0+ 14,7- (0,415) (-4,286) -76,43+ 13,75 (-0,525) (5,424)= -146,5 cm".

OnpenenuM HanpaBiieHUE TJIABHBIX LIEHTPAJIbHBIX ocedl U u V. TaHreHc
yIjla HaKJIOHA TJIaBHBIX IHCHTPAJIBbHBIX ocert U H VK IMPOU3BOJIBHBIM HCHTPAJIb-
HBIM OCSIM X, U Y, onpeensercs mo Gopmyre
2-dxy. _ 2-(-1465)  -293
Jy,—Jy, 1793-1426,7 12474

[To HaiiiecHHOMY 3HAYE€HUIO TAaHT€HCA C MTOMOIIBIO TAOJIUIl WIIM KaJIbKYJIs-
TOpa HaxoauM 3HaueHue yrma 2o =13,22°) otkyma o = 6,61°. TosoxuTesnb-
HbI yroa 00 OTKJIAABIBAEM OT OCH X, IPOTHB XOJ1a YACOBOM CTPEIIKU U OMpPEIe-
JIIEM TIOJIOKEHHUE OJTHOM M3 TJIABHBIX LIEHTPAIBHBIX OCEW. BTOpas riiaBHas 1eH-
TpaJibHasi OCh MPOBOJUTCS YEPE3 LEHTP THKECTU ceueHUs T.C NmeprneHanKyIsap-
HO TiepBoil ocu. IIpoBenem Ha pucyHKe 6 rJIaBHBIE IEHTPAJIBHBIE OCU U U V.

Jig mpoBepKM TPABWIBHOCTH ONPENCIICHUS TOJIOKEHUS TJIABHBIX LIEH-
TpaJbHBIX OCEW HaWIEM LIEHTPOOEIKHBIH MOMEHT MHEPIIMH OTHOCHUTEIBLHO ATHUX
oceit U u V 1o dhopmyrie

tg20 = =0,235.

—-J
Juv :CTVC~sin 200+ Jy_y, -COS20L =

1426.7-1793 i 6.61° —146.5-c0s6.61° = 0,04 cm®.
HCHTpO6C)KHBII>i MOMCHT MHCPIOHUHN OTHOCHUTCIILBHO I'NIABHBIX oceu JOJIKCH
6I)ITI) PaBHBIM HYIJIIO. HOquCHHa}I 6JII/13Ka}I K HYJIIO BCIIMYMHA JUV ITOKAa3bIBAcCT,
YTO MOJIOKEHHWE TJIaBHBIX OCEU OHpe,HCJICHO J0CTAaTOYHO TOYHO.
OHpeI[eHI/IM MOMCHTHBI I/IHepHI/II/I OTHOCHUTCIIBHO T'JIaBHBIX OCCﬁ. BeJ’IH‘II/IHBI
TJIABHBIX MOMEHTOB MHEPIIMH HAXOISITCS 0 (hopmyiie:

2
et ), 1426741793 (1426,7 ~1793
max 2 2 XcYe 2 2

min

) +(-146,5) =

=803 + 640,675.
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['maBHas neHTpasibHasi OCh, OTHOCUTEIHLHO KOTOPOH MOMEHT MHEpLUU OY-
JI€T MaKCUMAIBHBIM (Jax), COCTaBISIET MEHBIIMM YTOI ¢ TOM U3 MPOU3BOIBHBIX
LHEHTPAIbHBIX OCEH, MOMEHT MHEPIMU OTHOCUTEIHLHO KOTOPOUM MMeeT OoJbllee
3HaueHue. B naHHOM citydae - 310 och U.

Takxum oOpazom, mosrydaeM:

Jnax=Ju= 14437 e Jpin=Jdv= 162,3 cm™.

-

Ye Jlna koHTposa onpenenenus J, u J, mpose-
8 PHUM, BBITIOJIHAETCA JIU PABEHCTBO:
IT
“ﬁ-__,\: v Y,
Q{D ] ch +']yc =t dy;
-\.\"\ A
< X]
i 3, +3, =1426.7 +179.3 = 1606 cm’;
_ 0
@=0.01 J, +J,= 1443.4 + 162.3 = 1606 cu*. ou*
u
C i e C Toif ke IeTbI0 HAMIEM IEHTPOOCKHBII
Yo MOMEHT HWHEPUHMH J,  ~ TI0 U3BECTHBIM IJIABHBIM
J LIEHTPAJIbHBIM MOMEHTaM MHepuuu J, u J, u yriny
1O, g, @mo dopmye
1 —

J =JV—“-sin2a:
2

XcYe

_14434-1623 . 12550 _146.51 cn

P L ANl i P, T

A HesnauutenpHOE  oTiiMUME ~ OT paHee
Jﬁ,ﬁfvfgff}’:/’ﬁ . 4 P

HalJeHHOro 3Havenus J, , =146.5 cm” cBunue-
TENbCTBYET O JIOCTAaTOYHON TOYHOCTH OIpesese-
HUSI TIOJIOKEHMS TJIaBHBIX IEHTPAJIbHBIX OCEH U

BCJIMYMH I'VIaBHBIX NCHTPAJIbHBIX MOMCHTOB HHCPIINU.
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PACYET BAJIA HA KPYYEHUE

Cramproii  Bam, (G = 0,8°10° MIIa), 3akpyunBaercs ABYMsS MOMEHTAMH
m; =11 kHm u m,= 6 kHw™m (puc. 7a). /IBa ydacTka Baja CILIOUIHBIE - UMEIOT
dopMy momepedHoro ceueHus B BHIE KpyroB nuamerpamu d; u d,, a Tperuit
Yy4acTOK BaJia MOJIbIM - UMEIOT (HOpMY MOIMEPEUHOTO CEUEHUS B BUAE KOJbIA C
OTHOIIIEHWEM BHYTpeHHero auameTpa d k HapykHomy D, paBaeim  d/D= 0,45.
1. ITocTpouTk 3MI0pPY KPYTALIMX MOMEHTOB M.
2. U3 ycnoBus NPOYHOCTU IO JAONMYCKAEMbIM KacaTEJIbHbIM HalpsyKEHUSIM
[t] = 80 MIla onpenenuth pazMepsl NONEPEYHBIX CEYECHUH y4acTKOB Basla W
OKPYTJIUTh UX A0 Onvxkaiiiien 60JblIeld BEIUYUHBI B MM;

3. IlocTpouts 3MmI0py YyIJOB HOBOPOTA

od, —g CCUCHHUHU BaJia o
P [Tpunsre: a=0,10;= 0,63 wm.
¥
©]  OG6o3HaunM u HaifleM PeaKTHBHEIH MO-
ﬂ II 11 ﬂ 13  meHT My, BO3HUKAOIMKA B onope A.
s E  Ocsb Bana 0003HaunM 4epes Z.
e ~ I3 ypaBHCHHS PaBHOBECHUS CTATHKH:
L ZMZ:O, mA'm1+m2:O;
A ms= m;-m,=5xHm.
- a e -

Pa3nenum Ban Ha Tpu yuactka l, |1 u 1,
Y UCIIOJIb3YEM METOJ CEUECHUM.
Haiinem xpytsmme MOMEHTHI Ha

< Q M@Q /Q‘Q y4acTKax Baja:
6 Ha yyactke AB My, = m, =5 kHwm;
0 456'10'2 Ha ygacTke BC My,= mj-m; = -6 kHwm;
@ ) Ha ygacTke CE My; =-m; = -6 kHwm.
1.64{ 0 2 [TocTpouM 3IIOpYy KPYTALIIUX MO-

<
o

MEHTOB My.
Crnenyer umeTh B BUAY, 4TO B CE-
-1,9‘-1[?1'2 YEHUHU, B KOTOPOM K Bajy IPUIIOKEH
_ BHEIIIHUM  3aKpPY4YMBAIOIIMA MOMEHT,
Puc. 7 OpIMHATA SIIOPHI M3MEHSETCA CKAYKO-
o0pa3HO Ha BEJIMYUHY, PaBHYIO 3Haye-

HUIO 3TOTO MOMEHTA.
OnpenenuMm pa3Mmepbl MOMEPEUHBIX CEYEHUI Bajla U3 pacueTa Ha Mpou-

< [r],

‘ Kmax

HOCTb. Y CJIOBHE MPOYHOCTH MPHU KPYUYECHUH UMEET BUJL
p
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rae Mymax — MaKCUMalbHBIA KpyTAmui MoMeHT B Hm; W, — noaspHbIil MOMEHT
CONIPOTHBJIEHUS TOINEPEYHOTO CEUEHUS B M [t] — momyckaemoe kacatenbHOE
Hanpsbkenue B [a.

N300pa3uM momnepeyHble CEUeHUs Y4acTKOB Bajia ¢ pasMepamu. s
ompeziesieHUus] pa3MepoB IMOMEPEUYHBIX CEUEHUM Baja HCHOib3yercs (opmyra

W > ‘MKmax
"I
Ha yuyactke AB TpeOyeMblil MONSpHBII MOMEHT COMPOTHBIICHUS MOMEPEYHOTO
Ml P -10° _
CEYECHUS: WPT1P > | [r] | = E|30|-106 =62,5-10"°m° = 62,5 cm’.

, IIOJIy4CHHAas U3 YyCIIOBUSA IIPOYHOCTH.

Tak kak Ha mepBoM y4acTke AB Baj nMeeT Kpyriioe morepeuHoe ceue-

3 3

aue, To Wp, =7m - d;°/16=0,2 - d;°.
[IpupaBHHBaEM 3TO BRIpAKEHHE TPEOYEMOMY MOJIIPHOMY MOMEHTY COTIPOTHB-

nenust Wy, . 0,2:d,* =625 cm®

Otkyna d, = s/% = 6,79 cm. Oxpyrisiem 1o 3Hadenus d; = 70 mm.

Ha yuyactke BC TpeOyemblii MOJIApHBIA MOMEHT COMPOTHUBIICHHUS MOMEPEYHOTO

CEYeHUs:

M| |-6[-10°
[{] 80-10°

Tax kak Ha BropoM ydyacTke BC Baj uMmeer Kpyriioe nonepeyHoe ce4eHue, To

ng =T" dgs/ 16 = 0,2 : dgs.

[IpupaBHUBaeM 3TO BbIpakeHHE TPEOyeMOMY MOJSIPHOMY MOMEHTY COINpPOTHB-

nernst W, . 0,2 - d,*=75 cm®

W7o > =75-10"M° = 75 cnr’.

Otkyna d, = 3/% = 7,21 cm.  Oxpyrisem a0 3Hauenus dp; = 80 mm.

Ha yyactke CE TtpeOyeMblii MOJISPHBINT MOMEHT CONPOTUBIICHUS TOTIEPEUHOTO
CEYEeHUs:
M ] _ |- 6|-10°
[{]  80-10°
Tak kak Ha TpeTbeM yuyacTke CE Basl uMeeT KoJiblieBoe MoInepeyHoe ce-
genne, 70 Wpg=n- D* - (1 = d*/ D%/ 16
nD’ d*
Wes =——(1-—
16 D

WP > =75-10"°m° = 75 o

d
)~0,2D*(1- (5)4) =0,2-D%(1- 0,45%) = 0,192 D°.
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[IpupaBHHBaeM 3TO BBIpaXEHHE TPEOyeMOMY MOJISIPHOMY MOMEHTY CONPOTHUB-
nerust W, . 0,192 D75 cm®

Otkyna D=7,31 cm. Oxpyrisiem no 3nadenus D=80 mwm.
Taxk xax d/D= 0,45, ro d=0,45-D=36 mm.

JI1s TOCTpOEHMS AIIOPHI YIVIOB MOBOPOTA CEYEHUM Baja O HaWJIEM YIJIbI
M, -/
]
G-J,
rae My — KpyTaiuii MOMEHT Ha paccMaTpuBaeMoM ydactke B Hm; { — niunHa
ydacTka Bana B M; G — monyns casura marepuana B Ila; J, — monsipHbIil MOMEHT
4
WHEPLHH IOIIEPEYHOI0 CEUYECHMS Bala HA PACCMATPUBAEMOM Y4ACTKE B M .
Bnauane Haiifiem )xecTKOCTH Ha KpyueHue GJp ydacTKOB Baja.

3aKpy4MBaHMs Y4acTKOB Bajia o (opMmylie @ =

Ha yuactke AB
GJpr = 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 -107)*= 327,7-10° H™m~

Ha ygactke CE

d
Glps = G- O,1D4(1—(B)4) =0,8-10"(80 -10)*(1 - (0,45)*) =314,2-10° Hwm.

Torpa
~ M;,-a_5-10°-0,63

= = =164-10"* pan.
TG, 1921.10° P
M,-a 6-10°-0,63 o
= =- ~ 115102 pax.
"7, s7a0 P
M, _ -2a .10%.2.
o M2 61072063, 00

G-J, 314,2-10°
OmnpenenumM yribl TOBOpOTa ceueHuit Baia. B omope o, = 0.
g =0x+ =0+ (1,64)-10% = 1,64 -10 pan.

oc=og+@= 1,64-10% +(-1,15)-102 = 0,486 -10? papn.

ap = ac + @3= 0,486 -102 +(-2,4)-10% = -1,9-10? pan.

Ctpoum 3M0py yrioB NOBOPOTAa CEUYEHUN Bajia .
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PACUYET IIAPHUPHO-OMEPTOM BAJIKW HA U3I'B

Jlnst ctanpHOM Oanku, n300pa)KeHHOU Ha puc. 8, TpedyeTcs:
1. ITocTpouTk 3mtopsl monepedHon cuibl Qy 1 n3rudaromero MoMenTa My.
2. IlopoOpath U3 yCIOBUS MPOYHOCTU MO JOMYCKAEMBIM HAIpPSKEHUSIM TOTe-
pEeUHbIe CEYEHUs B BUJIE KpPYyra, KBaJipaTa, IByTaBpa U ABYX HIBeIepoB. CTEHKHU
JIBYTaBpa M JIByX IIBEJJIEPOB NapasliesibHbI JEUCTBYIONIEH HAarpy3Ke.
3. CpaBHUTH NPUHATHIE CEUCHUS OAIOK MO SKOHOMUYHOCTH.
[Ipunsrs: F = F;, m=my, [c] = 160 MIIa.
Pacuer mpoBenen mys: 01=1,2m, L,=2,1m, £3=63Mm,
F=F=40xH, m=m;=11xHwM, q=06xkHwm.

Ry F Rp

d1 | 1 m I [ yuacTok II yyacTok
f}: EITTILY | B R*l R
Hy 45 fl ! ; b Ez e “%tr/q Mx(zg) ': q(F Mz(z)
— 3 g 1T o, » JEITY 0,
10,62 TR Qv(zy Qx(zy)
40.641 33441

Qx(zy) ﬁ Rp

T @ "o
13.773 iy

Mzx(zq)
123.305 24.773 )

44.451
Puc. 8 Puc. 9

5.0 ([T ——

OnpenenuM OMOpHBIE peakuuu. B mMapHUPHO-HENOABHKHOW omope A BO3HHU-
KAIOT [IB€ COCTABJIAIOIIMX PEAKLNU — BEpTUKaIbHAsI R ¥ ropusoHTansHas Ha.
B mapaupHO-nionBukHOM ornope B — omHa BepTukainbHas peakuus Rg. s

onpeeraeHus: TpEX HEU3BECTHBIX PEAKIIMN UMEEM TPU YpaBHEHUS PABHOBECHUS:
> F,=0;H,=0.

ZmA =0; 'CIE1£1/2—F{),1+m+RBEg =0.
02 1,2*
q- L 4F-f,-m 675 1+40.12-11
2

2
@) R, = = = 6,559 kH
TKyJla B . 5.3 K
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sz =0; -RAE3+QE1(33- E]_/Z)*‘F(Bg-ﬁl)"‘m =0.
OTtkyna

0
q-4, -[fs —le+F-(f3 —l)+m 6-1,2~(6.3—1’2)+40-(6,3—1,2)+11

R, = = 2 = 40,641 xH
‘, 6,3

JIisl MPOBEPKH TIPAaBHILHOCTH HAXOXKICHUS PEAKLUH UCIONb3yeM YpaBHEHUE:
ZFV =0. Ra -Q {1+ Rg - F=0,005
OnopHble peakluy HaliIeHbI IPaBUIILHO.

PazouBaem koHcTpykimto Oanku Ha ydactku I, I, |1l 1 ucons3zyem me-
TOJI CEYCHUH.

Hatinem 3HaueHnus momepedHblx cuil Qv(Z) um um3rubarmux MOMEHTOB
Mx(2) Ha yuacTkax OajgKy U IIOCTPOEM HX DIIOPHI.

VYuaactok | (puc. 9):0<z, </, =1,2 m.

ITpoBogum ceuenue 1-1 B nmpenenax yyactka | Ha paccTossHUM Z, OT TOY-
ku A (puc. 8). Ceuenne mpoBOAMTCS B MPOU3BOJIBHOM MecTe ydactka |, HO
TOJIKO HE TI0 €ro IpaHu4HbIM ToukaM. KoopauHara z, mpu 3T0M U3MEHSETCS OT
0 mo /,, To ecth. OTOPOCHM NPABYIO YacTh OAIKH W PACCMOTPUM PaBHOBECHE
JIeBOM — OoJiee MPOCTOM YacT OaKHu.
> F,=0. Ra-Qy(z1)-0z: =0, orkyma Qy(z1) = Ra-qz:.

910 nuHelHas QyHKIMSA, TO €CTh 3aBUCUMOCTb Q, OT Z, ONHUCBIBAETCA NPAMOK
NUHUEH — Tako BuA Oyner umers dmropa Qu Ha ydactke |. Jlns moctpoeHus
IOpsSAMOM JOCTaTOYHO HaMTH €€ 3HaueHHe B JBYX TOUYKax, Hampumep, npu z, = 0
unpu z, = /,, TO €CTb Ha IPaHUIAX y4acTKa

Qv(0) =Ra = 40,641 xH. Qv({;) = Ra-q£;=40,641-6-1,2= 33,441 xH.

[To momydeHHBIM 3HaUEHUAM cTpoeM 3miopy Qy Ha ydactke | (puc. 8).

Zmo1 =0 -Raz1+02,0,52;+Mx(z1) =0, otkyma Mx(z1) = Raz:-0,5qz7

Oto mapaboina, sl MOCTPOCHHS] KOTOPO HEOOXOIUMO MMETh, KAK MHUHHUMYM,
3HaueHus1 QyHKIH My(Z;) B Tp€X TOUKax(B ABYX IPAaHUYHBIX TOYKAX y4acTKa U
B Kakoii-1u0o Tperheil Touke). Tak kak smropa Qy Ha paccMaTpUBAEMOM ydacT-
K€ HE TIepeceKaeT 0Ch, TO €CTh AMIopa My HE UMEET SKCTPEMyMa Ha 3TOM y4acT-
K€, TO B KQUeCTBE TPEThe TOUKU MPUHUMAETCS JH00as TOUKa y4yacTKa, OOBIYHO
cepenHa.

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—-05-6-0,6° = 23,305kHm
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I[lo naiinennbiM 3HaueHusIM M (z,) B Tpéx Toukax cTpoum smiopy My Ha

yaactke | (cMm. puc. 8).

[TpoBoaum ceuenue B mpenenax ydactka Il (cm. puc. 8), coBmecTuB Haya-
JI0 OTCYETa ¢ HayauoM y4actka |l

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

> Fy =0 Ra-001-F-Qv(2,)=0, ortkyma Qy(z2)= Ra-ql:-F =-6,559 xH.
Crtpoum smopy Qy Ha yuactke |l.
2.m, =0 q€1(0,50:+25)-Ra(L1+22)+Fz,+Mx(2) = 0,
OTKyJa Mx(z,) = - q€1(0,501+2,)+Ra(L1+25)-F2,.

3aBucumocts M (z,) nuueiiHas, U JUId OCTPOEHUS 3MIOpbl My Ha BTO-
POM y4acTKe HaXOJUM JBE TOUKH:

Myx(0)=44,45 kHm. Mx(3)=-6-1,2(0,5-1,2+3)+40,641(1,2+3)-40-3=24,773 xHwm.
Crpoum smiropy My Ha yuactke |l.

VYuacrok III mpomie paccmaTpuBath cripaBa, OTOpachiBas JIEBYIO 4acTh
Oanku (cM. puc. 9).
Vyactok Il 0< Z3<0,=2,1 m
> Fy=0. Qy(z3)+Rg =0, otkyna Qy(zs) = -Rg =-6,559 xH.
Crpoum smropy Qy Ha yuactke I,
2.Mm, =0 Rpz-Mx(zs) =0, otkyna Mx(zs) = Rpzs
3aBucumocts M (z,) nunelinas, mostomy smiopy My Ha ydactke Il
NpEeJCTaBIIsIEM MPSIMOM JIMHUCH, TIPOBEICHHON Yepe3 JIBe TOYKH (CM. puc. 8).

Mx(0) =0. Mx(L;) = 13,773 xHwm.
Crtpoum smropy My Ha yuactke I,

[Ton6epem nomepeynbie ceueHus: OaaKku B BUAE Kpyra, KBajpaTa, JByTaB-
pa u IByX mBeiiepoB. [lonepeunsie ceuenust Oanku MOAOUPAIOTCS U3 YCIOBUS
IIPOYHOCTH 10 HOPMAJIBHBIM HAIIPSKEHUSAM, KOTOPOE UMEET CIAEAYIONIUN BHUI:

M
. max
Omax = < [G]’
WX
1€ Mpa— MakCHUMalIbHBIN u3runOaromuii MoMeHT B Hwm (mo smrope My
HaXOA1M, YTO ‘Mxmax‘ = 44,451 kHm=44451 Hwm); Wy — oceBoii MOMEHT COIIPO-

THUBJICHUA IIOIMCPCYHOT'O CCUCHUSA B M3; [G] — JOIIYCKAa€MO€ HOPMAJIbHOC HalIps-
xenre B [1a ([6] = 160 MIIa = 160 -10° ITa).
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N3 3TOro COOTHOIIEHUSI MOKHO HaWTH TpeOyeMblid OCeBOM MOMEHT CO-

M| 44451
[c] ~ 160-10°

[TonGepém KkpyTiioe monepeyHoe CEUCHHUE.

IIPOTUBJICHHUS CCUCHHSI paBeH W, = =277,8-10°m*=277,8 cM’.

3
. nd

OceBOif MOMEHT COIPOTUBICHUS Kpyra W, =—— ~0,1-d°.
2

w2778
OTkyna quaMeTp MoInepeyHoro ceueHus oanku d= 01 =3 o1 =14,058 cwm.

n-d?
[Tnomans kpyra A, = 2 =155,1 e,
[TonGepém KBaapaTHOE MOMEPEUHOE CEUEHHE.
b3
OceBoit MOMEHT conpoTuBieHus kBagpata W, = ?

OTKyna cTopoHa KBajipaTa IMONEepPeyHOro ceueHus OaaKu

b=3/6-W," =3%/277,8 =11,86 cm. ILiowaas kBagpara Ay = b? =140,6 cm’.
[TonGepém nBYyTaBpOBOE MOTIEPEYHOE CEUCHUE OATKH.
ITo copramenty (I'OCT 8239-89) Beioupaem asytaBp Ne 22 ¢ oceBbIM MO-
MEHTOM COMPOTHBICHNS W, = 232 cM® MEHBIINM, 4eM TpeOyeMBIii.

[IpoBepsieM OCEBOM MOMEHT COIPOTUBJIEHUS NMPUHATOIO CEYEHUS Ha IIPO-
HEHT PAaCX0XKICHHUS C TPeOYEMbIM OCEBBIM MOMEHTOM COMPOTHUBIICHUS

WTP _WﬂB _
Mlog%zﬂjszloo% =16,48 %.

X ,

[Tonydyennslii mpoueHT pacxoxzaeHus 16,48 % Oonbliie q0MycKaemMoro
5%, cnenoBaTenbHO, NBYTaBp Ne 22 HE MOAXOIUT.

[Tpuaumaem nByTaBp Ne 24 C OCEBBIM MOMEHTOM COMPOTHBICHUS
W, = 289 oM 1 IUIOLIA/IbIO MONEPEeYHoro ceueHus A,; = 34,8 cM?. DTOT JIBY-
TaBp Ha MPOIEHT PACXOKICHHS HE TIPOBEPSIEM.

[TonGepém momepeuHoe ceueHue OanKH, COCTOSIIEE M3 JABYX IIBEIUIEPOB.
TpeOGyemMblit MOMEHT CONPOTUBIIECHUS OHOTO HIBEJUIEPA
W' =0,5W"= 0,5277,8 =138,9 cm’.

[To copramenty (I'OCT 8240-97) BeiOupaem mBesiep Ne 18a ¢ oceBbIM
MOMeHTOM compoTusiIeHnss W, = 132 cm®. TIpoBepsieM MPHHSTOE CEUCHHE HA

IMPOOCHT PACXOXKIACHHUSA C TpC6y€MBIM OCEBBIM MOMCHTOM COITPOTHUBJICHHA

WTP _WI_HB .
MlOO% =%100% =4,9 %,

» :
[Tonyuennslii nporeHT pacxoxaeHuss 4,9% wensie gomyckaemoro 5 %,

cienoBaTenpHO, mBeiep Ne 18a nmogxoaut. [lpuaumaem mBemiep Ne 18a cW,

= 132 M’ u Ay = 22,2 M

[Tnomaae monepevyHoro CEYeHMS ABYX MIBEILIEPOB Ay, = 22,2:2 =444 cm?
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CpaBHUM NPUHSATHIE CEUYCHHUSI OAJIIOK MO KOHOMUYHOCTH. Tak Kak A, <
Apus < A < Ay, CIEAOBATENIbHO, ABYTABPOBOE IMONEPEUYHOE CEYEHUE OalIKu
HanboJIee DKOHOMHYHOE.

PACYET BAJIKH-KOHCOJIN HA U3I'Ub

Jlist cranmbHOM 6anku TpedyeTcs:
Jlnst cranbHOM O6aniku, n300paxeHHOU Ha puc. 8, TpedyeTcs:
1. IToctpouts >mtopsl monepedHoit cuiiel Qy 1 u3rubdaromero MoMmenTa M.
2. [TonoOpaTh U3 yCIOBHSI MPOYHOCTHU MO JOMYCKAEMbIM HAMPSKEHHUSIM CIIO0KHOE
MOTIEPEYHOE CeueHUe OaKu.
[Tpunsare: F = F;, m=my, [c] = 160 MIIa.
Pacuer npoBenen nst: 04=2 ™M, (,=2,5mM, {3=6,3Mm,
F=F =10xkH, m=m;=15kHM, =14 kHwm.

I yuacTox III yuactoxk
Qy
My "‘ m
C
3
18
é‘ _ II yqacTox
18 10 15 M,? 4 m
10
C
N 12 -€3 _-EIE

@ 6,429 F
Z,=1,.286 M

Puc. 10 Puc. 11

OnpenenuM OMOpHBIE peakiuu. B jkecTkoMm 3amiemiieHuu A BO3HUKAIOT
TPU peakuuu — BepTUKalbHas Ra, ropusontanbHas Hy u MomeHT My s

ONpeneIICHUS TPEX HEU3BECTHBIX PEAKLMN NUMEEM TPU YPABHEHUS PABHOBECHS:
> F,=0;H,=0.

> F, =0, Ra-qls +F=0;
Ra=ql;-F=14-2-10=18 xH.
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ZmA:O; Mp - qu'O,Sﬁl'm'i‘FEz:O.
Mma=ql;,-0,50; + m - F¢, = 14-2.0,5-2 + 15- 10-2,5 = 18 xHwm.

JInst IpoBepKU MPaBUIBHOCTU HAXOXKICHUSI PEaKLMi UCIHOJIb3yeM ypaBHEHUE
Z mB =0 . mA-RAYJg"'QE]_'(Eg-O,SED—F‘(Eg-Eg)-m:
=18-18-6,3+14-2:(6,3-0,5-2)-10-(6,3-2,5)-15=0.

OnopHble peakiuy HallJIeHbl BEPHO.

Pa3buBaem koHcTpykiuio 6anku Ha yuactku I, 11, 1l u ucnons3zyem meton
CEUCHUM.

Haiinem 3Hauenust momepeudblx cmil Qy(Z) W u3rubammmx MOMEHTOB
Mx(2) Ha yyacTkax OajK{ M IIOCTPOUM KX ITIOPHI.

ITpoBoaum ceuenue 1-1B mpenenax yuactka | (cm. puc 11). 0< z, < £,=2 m.

OTtOpackiBaeM IpaByIO 4acTh OAJIKM M paccCMaTpUBaeM paBHOBECHE OCTaB-
niercs eBoi yactu 0anku (cm. puc 11).
ZFY =0 RA-qzl-Qy(Zl)=0, OTKyaa Qy(zl) = RA'qzl.
Qy(O): RA =18 kH. Qy(f,l): Qy(Z): = RA'q'2:18'14'2: -10 xH.
Ctpoum smropy Qy (z1) Ha yuactke |
Zmol =0 Ma +Q 2,-0,521-Raz1 + Mx(Z]_) =0,
OTKyJa Mx(Zl) =-Ma-(Q 210,52, + Raz1=-mpu - 0,5q 212 + Ra 75.

D10 napaboia, 1S MOCTPOEHUS KOTOPOH HEOOXOAMMO UMETh, KAK MUHU-

MyM, 3HaueHUs (QyHKiuu My(z;) B Tpéx Toukax(B OBYX TPaHUYHBIX TOYKaX
y4acTKa M B KaKoW-Jm0o TpeTbel Touke). Ecim smropa Qy mepecekaer och, Kak
3TO UMEET MECTO Ha ydacTke |, ToO B KauecTBe TpeThel TOUKU BEIOMPAETCS KOOP-

nUHATa Z, cedeHus, B Kotopom M (z,) mmeer skctpemyM (Tak Kak Qy(Z;) me-

HSET 3HaK ¢ + Ha —, TO 9T0 Oyaer MakcumyMm). Koopamuary Z, ompeeiiM,
npupaBHUBas BeIpaxeHue it Qy(z;) Hymro pu z, =7,
Q,(z,)=R,-0z; =0, z; :F;—A :g =1,286 .

Ompenernsiem 3Hadenne M (Z,) B IByX TpaHUYHBIX TOYKAX y4acTKa
Mx(0) = - ma = -18 xkHwm.
Mx(£1) = Mx(2) = - ma - 0,5:q-2% + Ra-2= - 18 - 0,5-14-2* + 18 -2= -10 xHw.

Omnpenensiem 3Hauenne M (z,) B Tpetweil Touke npu z;=1,286 m
M, (z,=1,286 m) =-18+18-1,286—0,5-14-1,286° = —6,429 kHwm.

Ilo naiinennbiM 3HaueHusIM M (Z,) B Tpéx Toukax cTpoum smiopy My Ha
yuaactke | (cm. puc. 10).

[TpoBomuM cedenue B npejenax ydactka |1, coeMecTuB Hagano oTcyera C
Hayanom yvactka ll. 0 < z, < £, - £,=0,5 m.
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OTtOpaceiBaeM JIEBYIO 4acTh Ok M pacCMaTpUBAaeM PaBHOBECHE OCTaB-
nieics npapoit yactu 0anku (cm. puc. 11).
> F, =0 F+Qv(z)=0, orxyma Qy(z2)=-F =-10kH.
Ctpoum smopy Q,(z2) Ha yuactke Il (cm. puc. 10).
Zmoz =0. Fz,-m- Mx(Zz) =0, OTKyJa Mx(Zz) =Fz,-m.

Omnpenensem 3HaYeHne M, (z,) B IBYyX IPaHUYHBIX TOYKAX y4acTKa

My(0) = - m=-10 kHm. My(0,5) = F 0,5 - m =10-0,5 - 15= -10 xHwm.

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

Paccmorpum yuactok [II 0< z, < {3- 0,=3,8 m.

OtbOpachiBaeM JIEBYIO 4acTh OAJIKH M PacCMaTpUBAeM PaBHOBECHE OCTABIIEHCS
npaBoif yactu 6anku (cm. puc. 11). >R, =0 Qy(z3)=0.

Ctpoum smropy Q, Ha yuactke 1 (cm. puc. 10).

2M, =0 -m-Mx(zs) =0, orkyma Mx(zs)=-m =-15 xHwm.

Crpoum smropy My Ha yuactke 11 (cm. puc. 10).
r=0.5¢c [MondepeM pa3Mepsbl CI0KHOTO HOMEPEUHOTO
CEUeHHUs B BHUJIE CIOKHOM (urypsl. (puc. 12). Tpe-
> X1 OyeMblif U3 yCIOBHA NPOYHOCTH IO HOPMAJIbHBIM
HaIpPSHKEHUSIM 0CEBOM MOMEHT COTPOTHUBIICHUS Ce-
yeHusi OaJIku HaxoauTcs 1o dopmyse (cM. mpei-
YAYILYIO 3azaqy)
W™ = M| _ 18-10° =1125-10°m*=112,5 cm’.
\ _/' [c] ~ 160.10°
Pazo0Obem cioxHYyI0 GuUrypy Ha mpocTeiflne
—— 0ckue (GUrypsl — NpPSIMOYTOJIbBHUK U JIBa MOJY-
Puc. 12 Kpyra, HUEHTPbI TSKECTH KOTOPBIX U3BECTHBI. Toraa
J'— OoCeBOil MOMEHT WHEPIIUHU CIIOKHOU (DUTYPBI

0.424r%

C e

paBeH

3 2
3, =M 4 pgromKe _ %+ 2(011r* +%(§+ 0,424r)%) =

C4

Cys T ,Cip,C c

=+ 2011 + = (=)*(=+0,424(=))%) = 0,495¢".

o ( (2) 2(2) (2 (2)) )
~ bh® cc?

3mech: 5 =1; ~ MOMEHT MHEpLMH NPAMOYTONbHUKA OTHOCHTENEHO LeH-

TpaJIbHOW ocu Bcel ¢urypsl X;  0.11r* =0.11(0.5¢)* - MOMEHT WHEPIIUHU TIOJTY-

Kpyra OTHOCUTEIBHO CBO€H  LeHTpaidbHOM ocu X; (puc. 12,0);

%+ 0,424r = % +0.424(0.5¢c) - paccTOsiTHUE MEXAY LEHTPAIBHOW OCBIO IOJYKpyra

nr?  m(0.5¢)

X, W ueHTpajgbHOU ochbio X BCcel purypsr, - IUIOIIA/b IIOJIyKpyra.

22



3 0,495¢*

MoMeHT COnpOTHUBIIEHUS CIOKHON GUTYpBl W, = = 0,495¢°,

| max| ¢

I1€  Yuax=C — PACCTOSHHE OT HEHTPAIBHOW OCH CJIOXKHOI'O CEYCHHS IO CAMOTO

yIaJICHHOTO BOJIOKHA B CCYCHHH.

[MpupaBasem W, =Wy". 1125= 0,495¢° , oTkyma ¢ =16,103 cwm.
PACYUYET NPOCTPAHCTBEHHO JIOMAHOTI' O BPYCA

JU1st n300pakKe€HHOT0 B aKCOHOMETPUH JIOMAHOT'O CTEPKHS KPYIJIOTO MO-
nepeyHoro cedyeHus (puc. 13), pacnosio’)KeHHOTO B TOPU30HTAIBHOMN MJIOC-
KOCTH U MUMEIOIIEro IpsMbI€ YTJIbI B TOYKax A U B, Ha KOTOpBIN AEUCTBYyET
BepTUKaIbHas Harpy3ka F; u g, Tpedyercs:

1) mocTpouTh OTAENIBHO (B aKCOHOMETPHUH) AIIOPHI U3rHOAIOMINX U KPYTIIIUX
MOMEHTOB;

2) yCTaHOBUTD OMACHOE CEYEHUE U HANTHU NJIsl HETO BEJIMUYUHY PACUYETHOTO
MOMEHTA MO PHEPTreTUYECKOMY KPUTEPUIO.

Pacuer nposenen nst: 0,=1,4m, £,=2,3m, F=F; =10 kH, =14 xkHwm.

VuacTok | Vuactok I
Qy (2)
Mx(2)
- |
Vuactok III VYuactox IV

Qy(2)

Qy(2) R
My (1')' qf‘l My (2) Mx
BN

AN

?4__
t—

Puc. 13 Puc. 14

[IpoBenem npousBosibHbIE ocu X , Y u V.

O603HaunM peakiuu B sxecTkoi 3aaenke - onope C BOZHUKAIOT TPH pe-
aKLWW: BEpTUKaJIbHAs peakuus Rc, peakTMBHBIA MOMEHT B Tuiockoctu VOX —
My W peakTUBHBIN MOMEHT B tuiockoctu VOY — my.

Jlnst onpenenenns peakuuii B onope C 3anmuiueM ypaBHEHHS! paBHOBECHS
CTaTHKHU.
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Y F,=0; Rc-ql+F=0, orkyma Rc=q0y-F;=9,6«kH.

Z mX =0 F1'2'El—q%1'0,5‘ﬁl-mx =0,

oTkyaa My =-F;-2-0;+-£,-0,5-0,=-14,3 xkHwm.

Z My =0 Fit,-qli-t- my =0, otkyna My = Fy-0-q 00, = -22,1 kHm.
Jlenum cTeprkeHb Ha YYaCTKH M UCIIOJIb3YEM METOJI CCUCHUH.

ITpoBoaum ceuenue 1-1 B npenenax yyactka | (puc. 14) 0< z,< ¢;.

3anuceiBa€M  ypaBHEHHE
paBHOBECHUS CTaTUKH

m, 0

'q210,521 - MX(Zl) = 0,

rm\

Vel

OTKYyZa MX(Zl) :'O,5q212.

Haxonum 3HayeHuss Mo-
MEHTa Ha  TIpaHuIax
ydacTka

My (0) =0
Puc. 15 My(ly) = -13,7 kHm.
Crtpoum smiropy My Ha yuactke |.
[TpoBonuM ceuenue Ha ywactke |l (puc. 14), coBMecTHB Hadayio oTcyeTa C

HayayioM y4actka |l.
VYyactok Il 0< z,<{;. 3anucbiBaeM ypaBHEHUE PABHOBECUS CTATUKH.

Z moz =0 -Fz,+Mx(z,) =0, otkyma  Mx(z,) = Fz,.

Haxonum 3Ha4eHNss MOMEHTA Ha TPaHMIIAX y9acTKa
Mx(O) =0. MX(El) = 14 xHwm.
Crpoum smiropy My Ha yuactke 1.

[lepenecem cunbl F; 1 gf; B Touky A. [IpoBoaum ceuenue Ha yuyactke III (puc.
14), coBMecTHB Ha4asio oTcyera ¢ HavajaoM ydactka III - Toukoit A.

VYyactok Il 0< z,< {, 3anuceiBacM ypaBHEHHE PABHOBECHSI CTATUKHU
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Zm03 =0 Fz3-0liz3- Mx(z5) =0, otkyma Mx(zs) = (F-qls)zs.

HaxonuM 3HaueHHsI MOMEHTA Ha TPAHUIIAX y4acTKa
Mx(0) =0. Mx(£;) = -22,08 xkHwm.

Crtpoum smropy My Ha yaactke I11.

Kpytamuit MomeHT Ha yuactke |l Oyner paBen

Mg =m = F€; +ql;, 0,50, = 27,7 xHwm.

Crtpoum smropy My Ha yuactke |11.

VYuacrtok IV yno0HO paccMaTpuBaTh, COBMECTUB €ro Hadayo ¢ omnopoi C
(puc. 14).

VYyacrok IV 0<Z,<(;. 3anuceiBacM ypaBHEHHE PAaBHOBECHS CTATUKH.

me =0 -mx+Rczs- Mx(zs) =0, otkyma Mx(zs) = -mx + Reza.

Haxonum 3Ha4eHNs MOMEHTA Ha TPaHMIlAX y9acTKa
Mx(0) = 14,3 kHm. Mx(€1) = 27,7 xHwm.
Crtpoum smropy My Ha yuactke V.
KpyTsmuit MomeHT Ha yuactke |V Oyner paBen
Mg=- my= -F{ [ +Q 10, =22,1 xHm.
Crtpoum smropy Mg Ha yuactke |V.
AHanu3upyem nocTpoeHHbIe 3MIopbl My 1 My .
Haiinem onacHoe ceyeHue CTepKHA — TaKoe, B KOTOPOM 3HAYECHUS U3TH-
OaroIero u KpyTAIero MOMEHTOB JTUOO OJTHOBPEMEHHO, JIN0O 1O OJIMHOYKE
MaKCUMAaJIbHBI.

910 ceyenue - B.

Haiinem it HETo BEIMYHUHY PacyY€THOTO MOMEHTA MO SHEPTETUYECKO-
MY KPUTEPHIO:

Mpacyy =N Mx>+0,75-Mg? = 27,722+ 0,75- 22,08% =33,676 xHwm.

25



PACYET BAJIA HA U3I'Ub C KPYUEHUEM

[IIxkuB nuametpom D; m yriioM HaKkJIOHa BETBEH PEMHS K OCH X - Ol JieJa-
eT N 00opoToB B MUHYTy U mnepenaer mourHocts N kBt. J[Ba npyrux mkuBa
UMEIOT OJIMHAKOBBIN nuaMmeTp D, U ouHaKOBbBIE YIJIbl HAKIIOHA BETBEI PEMHS K
ocH X - op. Kaxkaprit u3 Hux nepenaet momHocTb N/2 (puc. 16,a). Tpedyercs:
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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 .

T T
M
e) How
e W N RARE e S [xEHm]
5,267
H, H,
%A | Fax O B Fa |
] Fux /7%7
10,508
7.577
sorad T TTTTI a,
g) [EM]
10,861 10715
5375 M.,
k) [R'HMf
Puc. 16

- OMPEEIUTh MOMEHTHI, TPUIIOKEHHBIE K IIIKUBaM, 10 3a1aHHbM N U N,

- IOCTPOUTbH BIIOPY KPYTALIUX MOMEHTOB M;

- OIpeeNuTh OKpYXKHbIe ycuus t) u 1, nelicTByloIMe Ha MIKUBBI, 110 HalieH-
HBIM MOMEHTAaM M 3aJIaHHbIM JIHUaMeTpaM MKUBOB D; u Dy;

- OINPEJEIUTh JABJICHUS Ha BaJl, IPUHUMAsA UX PAaBHBIMU TPEM OKPY>KHBIM YCH-
JUSIM;

- ONpENEeNNTh CUJIbI, U3THOAIIINE Bajl B TOPU3OHTAILHOW U BEPTHKAIHHOU
MJIOCKOCTSAX (BEC IIKUBOB U Bajla HE YUYUTHIBATH);

- IOCTPOUTH 3MIOPHI MOMEHTOB OT BepTUKaNbHBIX (M) 1 ropusoHTansHbIX (M)
CHUIT;

- IOCTPOMTH DITIOPY CYMMAaPHBIX U3rHOaromux MOMEeHTOB (M,,.);
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- HAWTH OIMMacCHOE CEYCHHUE U ONPECINTh MAaKCUMAJIbHBIN PacUeTHBI MOMEHT TI0
KPUTEPHUIO HAaNOOJIBIIUX KacaTeIbHBIX HANIPSHKCHHM;

- mo00path AuaMeTp Basia d Mpu 3aJaHHOM JIOIyCKaeMOM HalpsbKeHUU [o].
Pacuer nmposenen mist: N = 100 kBt; n =500 o6/mun; a=1,1 m;b=12m;Cc=
1,3m;D;=1,0M; D, =0,6 M; oy = 30° a, = 45°; [6] = 70 MI]a.

1. OnpeaensieM MOMEHTHI, IPUIIOKCHHBIC K ITKWBaM, 110 3a1aHHbIM N 1 N:

my =9, 736ﬁ—9 736@—1947 kH - m;
500

=9, 736E =9, 736ﬂ =0,9736 kH - m.
2N 2-500

PacueTHas cxema Bajia Ha Kpy4eHHE N300paXkeHa Ha pucC. 2B.
2. I MOCTPOCHUS SMIOPHI KPYTALIUX MOMEHTOB HCIOJIB3YEM METO]] CEUCHUH.
Ban umeer yetnipe yuactka (puc. 16,a).
s ygactka |1 M =0.
Hnst yaactka lI: Mo =mo =0,974 xH - m.
st yaactkos 1 u IV:
M3 =Myg =mo—mq =0,974 —-1,947 = 0,974 xkH - m.
Omnropa KpyTsaumx MoMeHToB M, mpuBenieHa Ha puc. 16,c.
3. OnpenensieM oKpy>KHbIEe ycunus t; u tp, IeHCTBYIONIME Ha IIKUBBIL:
2my _ 2-1,947 _ 3894 kH: t) = 2mo _ 2-0,974 3247 xH
D 1 D> 0,6
rae Dy u D, — nnameTrpsl IepBOro U BTOPOro IIKKUBOB.
4. HaxonuMm naBieHus Ha Basl (IPUHUMAEM UX PABHBIMU TPEM OKPY>KHBIM
YCHIIHSIM):
F =3t; =3-3,894 =11,682 xH; Fp =3ty =3-3,247 =9,741xH.
5. OmpenensieM CUJibl, U3TMOAIOIINE BaJl B TOPU30OHTAILHOM M BEPTHKAIIb-
HOM MIocKocTsAX. yia 3Toro pasnoxum cuisl F; 1 F, Ha ropu3oHTaNnbHYIO U
BEPTHUKAJIBbHYIO COCTABIISIOLIHE:
Fix = F -cosaq =11,682-cos30°=10,117 xH;

Fox =F -cosap =9,741-cos45° = 6,888 kH;
Fy =F -sinog =11,682-sin30° = 5,841 kH;

Fy=F- sinap =9,741-sin45° = 6,888 xH.

ITpu sToM Harpy3ku Fiy u F,x HanpaBieHs! B IPOTUBOIOJIOKHBIE CTOPOHBI
(cMm. puc. 16,n).
6. IlpuknansiBaeM K Bady cHibl Fiy M Fyy, n3rubdaromue ero B BEpTUKAIIb-
HoW TuTockocTH (puc. 16,d), m HaxoauMm onopHbIe peaknuu R, u Ry n3 ypaBHe-
HUIl paBHOBECUS CTaTHKU:
2mpg=0; —Ra(@a+b+c)+Fy(b+c)+Fy-c—Fy-a=0;

—36R, +6,888-2,5+5841-1,3-6,888-11=0; Ra =4,788kH.

t1 =
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2Xmp =0, —Fya-Fky(@+b)+Rg(@a+b+c)-Fy(2a+b+c)=0;
-6,888-11-5841-2,3+ R -3,6-6,888-4,7=0; Rpg =14,829 xH.
Iposepka: 2 K, =0; Rp+Rpg—2Fy—Fy=0;
4,788+14,829-2-6,888-5841=0; 0=0.
OmnpenenseM U3ru0arIMUe MOMEHTHI OT BEPTUKAIBHBIX CHJL.
| yaactok (0<X1<1,1 M) My =R X1 =4,788Xq;
X1 = 0 MXl = O; X1 =11wm MXl = 4,788-1,12 5,267 kH - M.
Il ysactox (1,1 <y, <23 ™)
MX2 = RAX2 - Fzy(Xz —1,1) = 4,788X2 - 6,888(X2 —1,1);
Xo =11M Myy =5267kH M, X0 =23M Myo =2,747 xH M.
Il yaactox (1,1 <y3<2.4 M)
MXS = —F2y X3 + RB(X3 —1,1) = —6,888X3 +14,829(X3 —1,1);
X3=11lMm My3=-7577TxH-M; X3=24m My3=2747xH M.
IV ydqactox (0<y,<1,1M) Myg=-F)y X4 =-6,3888xy;
Xyq = 0 MX4 = 0; X4 =11wm MX4 =—7577 kH -m.
Crpoum smopy My (Mgepr) (puc. 16,9).
7. llpukiagsiBaeM K Bay Harpy3ku Fiy u Foy, m3rubaromue ero B ropu-
30HTaJBbHOW TUIOCKOCTH, TPU OSTOM H300paKeHHWE Bajla C MPHIOKCHHBIMH
Harpy3kamMu MOBOPAYMBaE€M U3 TOPU3OHTAIBHON TJIOCKOCTH B BEPTUKAIHHYIO H

pacrionaraeM B Iuiockoctu ueptexa (puc. 16,f). Haxoqum onopaeie peakiun Hy
u Hp 13 ypaBHEHU paBHOBECHUS CTATHKHU.

d>mg=0; Ha(@+b+c)+Fy(b+c)—Fy-c—Fy-a=0;
36H, +6,888-25-10117-1,3-6,888-1,1=0; Ha =0,975 xH.
dYmp =0; —-Fya+FRy(@+b)-Hg(a+b+c)-Fy(2a+b+c)=0;
—-6,888-11+10117-2,3-Hp -3,6-6,888-4,7=0;, Hpg =-4,634 xH.
[Mposepka: D> K, =0; —Ha —-Hpg—-2F)y +Fy =0;
—0,975+4,634-2-6,888+10117=0; 0=0.

3anucbiBaeM BbIpakeHUs M3rubaromux MoMeHToB My (My,,) Ha KaxaoM
y4acTKe:

| yaacrok (0<y;< 1,1 M) Mys=-Hpy; =-0,975y;;
y1=0 My;=0; y1=11m My; =-0975-11=-10725xH - m.
Il yaactox (1,1 <y, <23 ™)
Myz =-Hay2 —Fox(y2 —11) = -0,975y;, - 6,888(y, —11);
yo=11m My2 =-10725xH-m; yp,=2,3m My2 =-10,508 xH - m.

Il yaactox (1,1 <y3<2,4 M)
Myg=—Foy -y3- Hg(y3—11) =—6,888y3 +4,634(y3 —-11);
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y3=1lm Myz=-7577TkH -M; y3=24m My3=-10,508«H -m.
IV yaactok (0<y,<1,1m) Myg=-F)y ys=-6888yy;
Y4=0 Myy=0; y4=11m Myy=-7577xH M

Crpoum smropy My (M;o,) (puc. 16,9).
8. OmpenenseM CyMMapHbIC W3THOAIONIME MOMEHTHI B TPAHWYHBIX CEUYCHHSIX

y4acTkoB 110 popmyse M ;- = 4 M)z( + M 32, :

M usr(A) = 0;
M (cy = /52672 + (~1,073)2 = 5375 «H -ar
m3r(C) =V +(-1,073)" =5, KA - M,

Mysr(0) = V27472 +(~10,508)% = 10,861 kH -n;

MI/I3F(B) = \/_ 7'5772 + (_7’577)2 =10,715xH - m;

M u3r(S) = 0;

CTpouM 3MI0py CyMMapHBIX H3rHOAIONIUX MOMEHTOB M, (puc. 16,k).

JInst KaKJ10ro MONepeyHOro CEYEHHUs Bajia UMEETCS CBOSI IIOCKOCTh JIeH-
CTBUS CYMMapHOTO W3THMOAIONIEr0 MOMEHTA, HO JJIs KPYIJIOTO CEYEHUS MOXKHO
COBMECTHUThH INIOCKOCTH My, 111 BCEX MOMEPEUYHBIX CEYEHUN U MOCTPOUTH CYyM-
MapHyI JMIOPYy B IUIOCKOCTH YepTeka. JTa dmiopa OyneT MpSMOIUHEHHOM
TOJIBKO JUIA T€X y4aCTKOB, HA KOTOPBIX 3MIOpbl My 1 My mepecekaror ochk B Of1-
Hoit Touke (I u IV yuactku). Ha npyrux ydactkax smtopa M,,. OyaeT KpuBOJIu-
HEWHOM.

9. OnacHbIM ceyeHueM sBisieTcsa ceueHue O.

PacueTHbIll MOMEHT 110 TPETHEUW TEOPHUU TPOYHOCTH JJISI ATOTO CEUEHUS

Mpacq_max = \/MI?I?»F + MI% = \/10,8612 + 0,9742 = 10,904 kH - m.
10. Onpenensem auametp Basa d U3 yCIOBHS MPOYHOCTH:
nd® 10,904 32

M
pacu.max < [G], WX _ : - <70 103’
Wy 32 314d
d=3 10,904-323 0117
314-70-10

Oxpyruisst, npuHEMaeM guameTp Baiga d = 120 mm.

PACUYET CTEPXXHSI HA YCTOHUYHUBOCTD

CranbHol crepxkeHp (puc. 17,a) mmuoni €= 0,84 M cxxmmaeTcs cu-
noit F = 140 kH. Tpebyercs:
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- ONpPENENUTh pa3Mephl MonepeyHoro ceyeHus: (puc. 17,0) cTepkHs npu
JIOITyCKaeMOM HalpsbKEHUH Ha ripocTtoe cxatue [G] = 160 Mla;

- HalTU KPUTUYECKYIO CHITY U KO3((PULIMEHT 3amaca yCTOMUYHUBOCTb.

1. OnpenensieM reoMETPUYECKUE XaPAKTEPUCTUKH MONEPEYHOTO CEUECHUS

CTEPIKHS.
2

TiC A
[Tnomans A = AKBAI[PATA —2A gy =3cx3c— ZT =7,43¢* , OTKyJla C= 13
['maBHBIC 1IEHTpATBHBIC MOMEHTHI HHEPIIUY TTOTIEPEUYHOTO CEUCHUS CTEPIKHS
3 2

3, =18 gk =%— 2(0,05d* + ﬂ(o 75¢)%) = 30(13C) _2(0,05¢* + X c 2(0,5625¢%) = 5,7669¢*

3 4
Jy, = I8 =27 = b'h _,md_ 6,75¢* —2x0,05¢* = 6,65¢c*.

12 64

MuHMMaNBHBIN TJIABHBIN HEHTPAIbHBIN MO-
¥ 4
E MEHT UHEPIUH  Jyyy =Jy =5,7669C" .
7R ¢ MuHUMaNBHBIN paanyC HHEPLIMU
4
NN g = ‘/JXN - /5’77229‘23 —0,88Lc.
JL! - []5 E“:_l; a &\\ ,3.?1 ) C
w "\\] =1 Tubkocts crepKHs
N'C.J\\Q‘* - ul  05-84 477
e I, 088l.c cC
W;’ _ 3nech W=0,5 - xodpPuUIMEHT TpUBEICHUS
Puc. 17 0 JUTHHBI JJTS TAHHOTO CTEPIKHS.

2. Tlogbop momepeyHOro CeueHUs
CTEp KHS IIPOBOJIUM ITOCIICAOBATEIILHBIMU TPUOIMKCHUSMHU.

[lepBoe npubamkenue. B nepsom npubmmxenun 3agaem ¢ = 0,5.
F 140-10°

[Tmomanb ceuenus A, = = =175-10"°m? =17 5¢cm?
HHad ' o] 05-160-10°

47 7 AlT
Haxomum 17,5 =153cm . ['HOKOCTD A =
7, 4 7 43 C 1 53

[IpencraBum ymcio A, =31 kak 30+1. Ilo Tabnuine ko3¢duUIueHTOB

POJIOJIBHOTO M3ruba ¢ g crtainu Mapku CT.3 B NPUIIOKEHUH K y4eOHOMY IO-

co0uto 1) «ConpOTUBIIEHUIO MaTepHUaIOB)
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4 HaxoauM

Taba

(@1, COOTBETCTBYyIOIEe THOKOCTH Ay =31.

mpuA=30 o¢= 0,94

mpu A =40 ¢ = 0,92

AL =10 Ap = -0,02

HusAL=1  Ae = -0,002

Torma @ (A = 31) = @(h = 30) + (31-30) - Ap = 0,94 +1-(-0,002) = 0,938
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Hanpskenus, 1elCTBYIOIIUE B CTEPKHE G = F_ M
, A 175 .10°°

=80-10°I1a = 80MIIa.
Jlomyckaemoe HanpsyKeHUE Ha YCTOMYUBOCTh

o, |= ¢r*°*[c] = 0,938 160 = 150,06 MT1a

PasHuia B mporeHTax Mex 1y ACHCTBYIONIMM HAPSDKEHHEM G U JIOMTYyCKaeMbIM
HaANpsOKEHHEM Ha YCTOWYHBOCTD [0]

O — |0 -
oo, 1 1005 - BO=150.06 00 46 e
s, 150,06

Tak kak 46,68% Oonbiie gomycTUMBIX 5 % , TO MPOBOAUM CIIEYIOIIEE MPH-
OJIMOKEHHE.

Bropoe npubnukenue. B kauecTBe Ha4YaJILHOTO 3HAYEHUS (P, JJIsl BTOPOI'O NPHU-
+ Tabn 015 0,938
OnvKeHHs NPUHUMAETCA ¢, = ®1 2(P1 _ 0o+
F 140-10°
¢,[c] 0,719-160-10°

=0,719

=1,217-10"°m" =12,17cm’

IInomans ceueHnus A, =

47,7 41,7
Haxonuwm c, =\/ Az —\/Hi =1,28cm. 'nbKoCTh Ay =——=——

- =37,25~37,
7,43 '\ 7,43 c 128

[IpenctaBum umcno A, =37 xak 30+7. Ilo tabmuue ko3(pPUUUEHTOB HPO-
NoJIbHOTO M3rrba ¢ it ctam Mapku Ct.3 (cM. mpuitokeHus K y9eOHOMY TI0CO-
6uio 10 «COMPOTHBICHUIO MATEPUATIOB») HAXOAUM (2", COOTBETCTBYIOIICE
rubkoctu A, =37.
mpuA=30 o¢= 0,94
mpu A =40 ¢ = 0,92
AL =10 A = -0,02
Hogs AL =1 A = -0,002
Torma ¢ (A =37) = p(A = 30) + (37 —30) - A = 0,94 + 7 - (~0,002) = 0,926
Hanpsixenusi, 1eiiCTBYIOIINE B CTEPIKHE
G:ileo::MS-lOSHa =115MlIla.

A, 1217-10
Jomyckaemoe HanpsyKeHUe Ha YCTOMYUBOCTh
o, |= 05" [c] = 0,926 -160 = 148MT1a
Pa3nuna B nporeHTax MEeXIy N€UCTBYIOIIMM HANPSHKEHUEM G U JIOITYCKAEMbIM
HaANpPsOKEHHEM Ha YCTOWYHBOCTD [0]

Ll 100 % = 2514810006 = 22,319 .
s, 148

Tak kak 22,31% OGonbiie a0mycTUMBIX 5 % , TO MPOBOAUM CIIEYIOIIEE MPH-
OJIMKEHHE.
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Tpetne HDI/I6J'II/I}K€HI/I€. B xadecTtBe Ha4YaJIBbHOTO 3HAUCHMUS (3 JJIA TPETHETO IIPH-

+9;” _0,719+0,926
GIMKEHUS IPHHUMAETCS @y = 22 2(Pz _ +

F 140-10°
¢,[c] 0,822-160-10°

Haxomum ¢, = \/ As _ \/10’64 =1197cMm.

=0,822

[Tnomanp cedenus A, = =1,064-103m? =10,64cm?

743 \ 7,43
477 477
Ay =t =—"""-3983~40.
I'nbxocTh A, . 1197

[To Tabnuie kod3phUIHEHTOB MPOAOILHOrO M3ruda ¢ st ctanu mapku Cr.3
(cM. TpusnokeHusi K ydeOHOMy mocoOuio 1o «COmpOTHBIEHUIO MaTEPUATIOB))
HaxoanM @3 %" = 0,92, cooTBeTCTBYIOMmEe rHOKOCTH Ay =40,
Hanpskenus, 1efCTBYIOIIME B CTEPKHE
3

o=t = 1010 131 56.10°T1a =131 56MTTa.

A, 1,064-10
Jomyckaemoe HanpsyKeHUe Ha YyCTOMYUBOCTh
o, |= 0% [5] = 0,92-160 = 147,2MT1a

PasHuiia B mporeHTax Mex1y ACHCTBYIONIMM HAMPSDKEHUEM G U JIOMTYyCKaeMbIM
HaANpPsOKEHHEM Ha YCTOWYHBOCTD [0]

o~[o,]] 13156 - 147,2

100 % = 100% =10,66% .
[0, ] 147,2

Tak kak 10,66% Oonbiie gomycTuMbIX 5 % , TO MPOBOAUM CIIEIYIOIIEE MPH-
OJIMOKEHHE.

YerBeproe npubamkenne. B kauecTBe HauajJIbHOIO 3HAYECHUS (P4 I YETBEPTO-
+ Tabn 0,8224—0,92
ro HpI/I6JII/I)KeHI/I$I IIpUHUMAECTCI ¢, = D3 2(P3 _
F _ 140-10°
¢,[c] 0871-160-10°

=0,871

=1,004-10"°m* =10,04cm?

IInomans ceuenus A, =

41,7 41,7

[IpencraBum uucno A, =41 kax 40+1. Ilo Tabnuue ko>pPUIUEHTOB MPO-
N0JIbHOTO M3rrba ¢ mist ctam Mapku Ct.3 (cM. mpUItoKeHHs K y4eOHOMY TT0CO-
6uio 1o «COMPOTHBICHNIO MATEPHATIOB») HAXOAUM (4", COOTBETCTBYIOIICE
ruokoctu Ay =41.

npu A =40 ¢ = 0,92

mpu A =50 ¢ = 0,89
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AN =10 Agp = -0,03
g AL =1 A = -0,003
Torna (|)ff‘6JT (A =41) =p(A =40)+ (41-40)-Ap=0,92+1-(-0,003) = 0,917

Hanpsxkenus, 1eiCTBYIOIIME B CTEPKHE
3
c= i = L]'O% =139,4-10°TTa = 139,4MIIa .
A, 1004-10
JlomyckaemMoe HanpsyKeHUE Ha YCTOMYUBOCTh

lo, ]= 0¥ [c] = 0,917 -160 = 146,72MTI1a

PasHuIia B MPOIEHTaX MEXIy JCHCTBYIOIINM HAIPSKEHHUEM G U JIOMYyCKAEMbIM
HaANpPsOKEHUEM Ha YCTOWYHBOCTD [0]

139,4 -146,72

O — |0
Gy )
[Tonydyennas paszuuna 4,98 % menee 5 % AOMYCTUMBIX, CIEAOBATEIHHO
npuHUMaeM c=c4 = 1,16 cm.

100% = 4,98% .

3. OnpenensieM KpUTHYECKYIO crity F.

Ecmn A < Appes » TO 71 ONPEEICHUS KDUTUYECKOM CHIIBI UCIIOJIb3YETCs

dopmyna SAcunckoro Fyp = A-(a - b-A), (ans cramu mapku Ct.3 a = 310 MIla,
2

n Bl i,

. s cranu
(n)?

b=1,14 MIla), a ecnmu A > Aype, , TO hopmyina Ditnepa F, =

Mapku CT.3 BeIMYMHA THOKOCTH Agpe, = 100.

Tak xak rMOKOCTB CTEPKHA B MOCIEAHEM NPOMMKEHUH  A=41 < Ay,
TO KPUTHUYECKYIO CHITy OIpeessieM o ¢popmyne SICHHCKOTO

Fir = A(@- b'A)=10,04-10%310-10°1,14-10%41)=2643-10* H=264,3 kH

F 2643
Koaddumment 3anaca ycroitunsoctn N, = ?“ =0 - 1,89

PACYET HA YJAP

Ha 6anky, BemonHennyo u3 asytaBpa Ne 30 TOCT 8239-89, cBoboaHO
JIeXKAIYIO Ha JIBYX JKECTKUX oropax (puc. 18,a), ¢ BeicoThl h = 8 cM nmanmaeT rpy3
Becom Q = 1,1 kH. Jlnuna nponera 6anku £ = 2,9 M. Tpebyercs:
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1) HaiiTk HauOoJIbIlIEE HOPMAJIBHOE HANpPsDKEHUE B Oajke;

2) pelMTh aHAJIOTUYHYIO 3aJady MpHU YCIOBHUM, YTO MpaBas ONopa 3aMEHEHa
NPY>KUHOM, MOJATIUBOCTh KOTOpoi paBHa o = 0,02 M/kH;

3) cpaBHUTH MOJIYYEHHBIE PE3YIbTATHI.

1. Y3 Tabnuupl copTameHTa NpOKaTHOW CTalu B MPUIOKEHUHU K yueOHOMY
0COOHIO o «ConpoTUBIEHUIO MaTepUaioB)
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4  BeITUCHI-
BaeM i AByTaBpa Ne 30 3HaueHHsI oceBOro MomeHTta conpotusienus Wy = 472
cM® B 0CeBOro MoMeHTa nHepiun Jy = 7080 cm”.

2. Haubomnpliee nuHaMuyeckoe HopMalbHOEe Hampsbkenue, Mlla, Bo3Hu-

Karoee B Oajke OT AeHCTBUA yrapHoy Harpysku o, . =K .o .,
2-h .
rae: K =1+ |1+ ——— nunamuyeckuii KooQhuiment;
CcT
‘ M max
cmee = T HauOOoJblIEEe CTaTHYECKOE HOPMAJIbHOE HANPSIKEHUE, BO3HHU-

X

Karoriee B 0alke OT ICUCTBUS CTATUIECKOW HATPY3KH;
h — BeIcOTa aieHHs Tpy3a,;
A, — craTuueckuil nporud ceuyeHus Oanku B TOUKE yJaapa;

C

M nax — MAaKCUMaJIbHBIA M3rH0OaIonii MOMEHT B OIIACHOM CEUEHHH OaIKH, BO3-
HUKAIOIIUK OT ICUCTBUS CTATUYECKOU HATrPY3KH;
W, — oceBoif MOMEHT COMPOTHUBIICHUS TTONIEPEYHOTO CEUEHUS OaTKH.

s onpenenenus A B cedeHun C Oanku ucnoiab3yeM uHrerpail Mopa

A — A — i M XF M x1
cT 1F — E\] )

riae Myg — Tpy30BO# M3rHOAIONNii MOMEHT, BOSHUKAIOIIUN OT JEHCTBUS CTATH-
YECKOW HArpy3KHu;
Mxl— SIMHUYHBIN M3ruOaroluii MOMEHT, BO3ZHUKAIOIIUHN OT JEHCTBUSA €IHHHUY-

dz,

HOW Harpy3kH.
Jlia onpenenennss M, k 6anke (puc. 18,0) B Touke yaapa (B ToUke

C) ¥ no HampaBJEHUIO yJapa MPUKIAIbIBAEM €IMHUYHYIO (PUKTUBHYIO CHITY

@, =1. Onpenensem onopHsle peakuu R u Rg:

M, =0; —RBE—E-(5+EJ:O, RB:E.
4 4

— ! 1

M, =0, -R,/(-®--=0, R,=—".

M, ‘o R, -
1 5

IIposepka: » Y =0; R, +R, —6:—Z+Z—1=0.

OnopHbIe peakiuu HailIeHbl BEPHO.
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A
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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 &

SR A |
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Pa3buBaem Oasiky Ha IBa y4acTKa U UCTIOJIB3YeM METOJ CEUCHUIA.
Yuacmok AC (puc. 19,a): 0<z; <{;

Y| yA
z Ol:O; Mx(zl)_RA'leo; Mx(zl):RA'le_Zl;
npuz; =0 M (z,)=0;

/
®=1 npuz; =4 I\/Ix(zl)z—z.

1 Yuacmox CB
C 2
Zy (puc. 19,6): 0<z,< Z
o ZMOZZO,
-M (z)-D-z,=0;
D : : / 1
M (z)=—D-2,=-2,; ipuz,=0 M (z,)=0; npnzzzz M (ZZ)__Z

Dmropa M, n3obpaxena Ha puc. 18,B.

s onpenenenust Mg k 0anke (puc. 18,r) B Touke C npuKIagbBaeM BEK-
TOp CTaTHUYECKOM Harpy3ku Q.

OnopHele peakuuu OyayT paBHbl: R, = %; R, = %
['py3oBas smropa Mye (puc. 18,1) mo popme OyaeT TOUHO TaKo# ke Kak 1
M, ,, HO Bce ee 3Ha4YeHus OynyT B Q pas Gosble.

Boruncisiem unterpan Mopa cnoco6om Cumricona:

M _M
A :A xF xld _
cT 1F ; EJX
L.(4.£%+£Q5)+ ¢ (ﬁ Qb 4.t Q_)
6EJ, 8 8 4 4 4.6EJ, \4 4 8 8
3 3 3 3 3
Q7 N Q¢ 5-Q/ 5-11-10°-2,9 _493.10°

48EJ,  192EJ, _192-EJ 7192.2.10%-7080-10°
Haxonum tnHaMuyeckuii KOB(l)(l)I/ILII/IeHT.

-2
K, =1+ l+ﬂ =1+ 1+Llo_5 =57,98.
A, 4,93-10

13 rpy3oBoil antopsl M, (puc. 18,1) BUaHO, 4TO OnacHbIM OyneT ceue-

HUEe B, B KOTOpOM JIeHiCTBYeT MaKCUMAIbHBIN M3THOAONMINNA MOMEHT, BBI3bIBa-
0NN MaKCUMaJIbHBbIE CTATUYECKHUE HANPSKEHUSI, PABHbIC

MLl Qe 11-10°-29
W, 4W, 4-472-10°

X

=1,69-10° I1a =1,69 MIIa.

B »TOM ke ceueHnn BO3ZHUKAIOT MaKCUMAJILHBIE JAVMHAMHWYCCKHUC HAIIPAKCHUSA
Gy =K, -0 =57,98-1,69=97,99 MITa.
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2. 3amenuM nparywo onopy B mpyxwunHoit (puc. 18,e), moaaTIMBOCTh KO-
Topo# paBHa o. [logaTinBOCTh — 3TO OCaaKa NPYXKUHBI OT Ipy3a, paBHoro 1 kH.

Ot nmelicTBUA cTaTHYecKOW Harpy3ku Q mpykuHa COKMETCS Ha BETUUYHMHY
0, Ha3bIBAEMYIO O0CaJKOM NPYKUHBI. [Ipu 3TOM Oanka moBepHETCS OTHOCUTENBHO
TOYKHA A U IPOTHETCH.

Ocaznka npyxuHbl paBHa O=R,-a = 5Q Lo = > '41’1 -0,02=0,0275Mm.

[Tonnoe cratuueckoe nepememienue A, cedenus C OGanku OyneT ckia-

AbIBATHCA U3 CTATHUYCCKOTI'O ICPCMCUIICHUA CCUCHUA C OGanku ot ee m3ruda ACT,

HaMJICHHOTO BBIIIIE, U IepeMeIieHus ceyeHust C OT CoraTHs MPYKUHBI — A .

N3 nonobus tpeyroiapurkoB ABB; u ACC; Haxonum:

S :AB; S :i; A :§:5.o,0275:3’4375_104 .
A, AC A O P4
4

Torna momHoe cratrueckoe nepemernieHue ceuenns C Oanku:

A, =A,+A =493.10"+34375-107 =3,4424 10" m.

Cecr

Junamuyeckuii KO3QPUIMEHT B ’TOM cllydyae paBeH:

-2
K, =1+ 1+Q =1+ 1+L102 =3,3765.
A, 3,4424-10

MaxkcruManbHOE JUHAMHYECKOE HAMPSKEHHUE B OaJIKe C MPYKUHOM:

O,y =K, O =3,3765-1,69=5,71 Mlla.

JI max pis cT max

3. CpaBHUM MakcHUMajbHble JMHAMUYECKUE HAMpPSOKEHHs] B Oaike Ha
KECTKHUX Omopax U B Oajke ¢ Mpyx uHOM. B Oajike Ha KECTKUX OMOpax MaKCH-
MaJbHbl€ IMHAMUYECKHE HAMPSKEHUs 00Jibliie, 4eM B OaJike C MPY>KUHOU B

@ =17,16 pas.
571
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PACYET HA KOJIEBAHUA

Ha nByx Oankax, BBITTOJHEHHBIX M3 JIByTaBpa Ne 24a, yCTaHOBJICH JBH-
ratesib BecoM Q = 19 xkH (puc. 20,a), nenaromuii N = 700 06/muH. J{muHa mpo-
neta O6anku (=17 wm. LleHTpoOexHas cujaa MHEPUHH, BO3HHUKAIOIIAS BCIICH-

CTBHE HEYPaBHOBELIEHHOCTH BpallalOLIMXCsl YacTe asurartens, paBHa H = 7
kH. CoOcTBeHHBII Bec OalloK M CHUJIBI CONPOTUBIICHUS MOXXHO HE YYHUTHIBATh.

Moayns ynpyroctu Marepuana 6anok E = 2-10° MIla.

v A JABHIATEE
Jl - \ﬂ A-A
a — x| Tx
A 5 7 ]C z 11
£=17 m 4 YQ=19KH
I II
D=1
R, q | Ry 2
° A : B C
2 |t , 212,
£ T L
8 8
B m\\h\!\
R R 2
AMoH, | Q=11xH
roa B C
z, 1 2 z,
£
Qs 2 q
M .
1 j\hm *
Puc. 20 RHM
Tpebyercs:

1) onpenenuTh 4acTOTy COOCTBEHHBIX KOJIeOaHMH OalloK

IZie g — YCKOPEHHUE CUJIbI TSHKECTH;
A, — cratuueckuil mporud Oankyu, B TOUKE NPUI0KEHU HArpy3ku Q.

2) OIpeNeTUTh YaCTOTy H3MEHEHUS BO3MYIIAIONICH CHIIBI @ = %;



3) Halth KOIPPHUIMEHT HapacTaHUs KoJieOaHui 10  opMmyiie

B=——=. Ecau xoappuuuent B, onpenensgemMslii o 3Toi Gopmyie, oka-

KETCsI OTPULATENIbHBIM, TO B JaJbHEHIIIEM pacueTe CleAyeT YUUThIBAaTh €ro ab-
COJIFOTHYIO BEJIMYMHY;

. . H
4) naiitn (uHamudeckuil kosddunuent no popmyne K =1+—P.

5) ompenenuth HanOOJbIlEe AMHAMUYECKOS HOPMAIBLHOE HAIPSDKCHUE B
Oankax o,

6) mnpoBepUTh NPOYHOCTH OAJIOK IO JOMYyCKAEMOMY HAIPSDKEHUIO
[c] = 125 MI]a.

W3 Tabmuibl copTaMeHTa MPOKATHOW CTAIM B MPHJIOKEHUU K yIeOHOMY
0COOHIO 1o «ConpOoTHBIICHUIO MaTepHUaAIOB)
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=115&tip=4  BBITUCHI-
BaeM i nByTaBpa Ne 24a 3naueHust oceBoro Mmomenta conpotusierus Wy = 317
cM® B 0ceBOro MoMeHTa nHeprun Jy = 3800 e,

Bennuuny nporu6a A_ kak U npenslaymiei 3a1ade HaxoAuM C IOMOIIbIO
uHTerpaia Mopa u cnocob6a Cumrmcona. [ 3TOro mMoCTpouM SITIOPHI N3THOa-
IOIMX MOMEHTOB OT €IMHMYHOW HArpy3Ku Mxl (puc. 20,8) m OT 3amaHHOM
Harpy3ku Q — M . (puc. 20,x1). Pacder nzrnbaronix MOMEHTOB U IIOCTPOCHHE
SIIOP BEJEM aHAJIOTHYHO pacyueTy, MOKa3aHHOMY B IPEIbIYIICH 3a1ade.

HNuterpan Mopa OyaeT paBeH:

"M M
A XF xle_
,leE-sz
: .(4&@_ L Q]+ ! .(é.QfM.{ﬂj:
6E - 2J, 8 8 4 4) 4.6E-2), \4 4 8 8
Q/? N Qr? B 5.Q¢°
48E-2J, 192E-2), 192-E-2J,
3 3
>19-10°-17 =1,5993-107* m.

192.2-10"-2-3800-10°°

Torma yactora cOOCTBEHHBIX KOJICOAHUIT

o= | 9= [ I8 o767 o
A, \15993-10

CcT
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KpyroBast yactoTa  BbIHY>KJIEHHBIX KOJIEOaHUHN paBHA YIJIIOBOW CKOPOCTH
BpalIeHUs pOTOpa JBUTATEIS
~mn_ 314-700
30 30
Kputnueckas yriioBas CKOpOCTh BpallleHHsl Bajla ABUTATENsl, IPU KOTOPOM

MOXKET BO3BHUKHYTL pE30HAHC

=20 _30-247.67 ,ons o,

T 314

o =7327 ct

Koaddunment napacranus konedanuii 3 = 1 = 1 =1,096

(o) g (727Y
o, 247,67
N H 7
Junamuueckuii kooppuument K =1+ 6[3 =1+ o 1,096 =14

W3 rpy3osoii amtopsl M, (puc. 20,1) BUAHO, YTO ONAcHbIM OyneT ceue-

Hue B, B KOTOpoM AeiCTBYeT MaKCUMaJbHBIA M3rMOAIOIIN MOMEHT, BbI3bIBA-
IOIIMH MaKCUMAJIbHBbIE CTATUYECKUE HANIPSKEHUS

Ml Qe 19.10°-17
W 4-2W,  4-2-317-10°°

B 3TOM XK€ ceueHMH BO3HHMKAIOT MaKCHUMaJIbHBbIC JUHAMUYCCKHE HaIps-
KEHUS G, =K, -0 =1,4-12,74 =17,84 MI1a.

=12,74-10° [Ta =12,74 MIla .

(¢

CT max
[TpoBepsieM MpOYHOCTH OANOK MO AUHAMUYECKOMY HANPSKEHUIO

G mae = 17,84 MIa < [6] = 125 MITa.

CJICI[OB&TCJILHO, Oaka YAOBJICTBOPACT YCIIOBUIO ITPOYHOCTH.
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Tuxonos JleHuc AjieKCaHAPOBUY
I'mabman Asekcanap AopamMoBuY

PEIIEHUE 3ATAY
11O COITPOTUBJIEHHNIO MATEPUAJIOB

MeToanueckne yKa3aHUuA K pelIeHUIO 33124

OTBEeTCTBEHHBIN 3a BBIMYCK TuXOHOB J[.A.
Opurunan-maker Tuxonos /[.A.

413100, Poccus, CapatoBckast 001acTh, T. DHrenbc, mi. CBodoasl, 17

OTU (¢pumman) CI'TY umenu [arapuna FO.A.

Peructpanmnonssiii Homep 26.
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	Энгельсский технологический институт (филиал)
	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.

