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BBenenue

[IpakTrueckue padoThl o aucHUIINHE «CONPOTUBIECHNE MAaTEpUATIOB) BbI-
MOJTHSIOTCS. HA MIPAKTUUECKUX 3aHATHUIX B BUJC PEIICHUs OOIIeH 3a7auu M BBIMOJ-
HEHUsI KOHTPOJIbHBIX PaOOT MO KOHKPETHBIM T€MaM, a TAKKe PELICHUs] UHIAUBUITY -
aJbHBIX 3a/7la4 CaMOCTOSATENIbHOU paboThl. llenbio paboT sBisIETCS MPUOOpPETEHHE
HaBBIKOB pacy€éTa KOHCTPYKIUM U pa3BUTHE UHKEHEPHOTO MBIIICHUS.

Ha nmpakTudeckux 3aHATHSX PACCMATPUBAIOTCS CXEMATHU3UPOBAHHBIC U TH-
MOBBIE, HAN0O0JIEE YaCTO BCTPEUAIOUIUECS IJIEMEHThI KOHCTPYKIIMM: CTEPkKHU, Oai-
KU, paMbl. BBIMOTHAIOTCS BCE TPU TUIA pacUYETOB: MMPOCKTHHIN, MPOBEPOUHBINA U OII-
peliesieHue Harpy3KH.

Pacuétbl BBIMOJSHSAIOTCS O OOIICIPUHSATHIM U pa3paOOTaHHBIM METOJUKAM.
Jlns ycnemHod paboThl HEOOXOAUMO KOHTPOJIMPOBATH YCBOCHHE CTYJICHTAMU
y4eOHOT0 MaTepuaa, yaeiss BHUMaHUEe CIIeIYIONUM HauboJiee BaXKHBIM TEMaM:

— IMOCTPOCHUE AIIOP BHYTPEHHUX CHIIOBHIX (DaKTOPOB;

— YCJIOBUS IPOYHOCTH MPHU MPOCTOM U CJIO0KHOM CONPOTUBIICHUH;

— BBIYUCJICHUE TTepeMelIeHnit MetogoM Mopa u criocobom Bepemiaruna;
— PacKphITHE CTATUUECKOW HEOMPEISTUMOCTH CUCTEM.

Ha mnpakTudeckux 3aHsITHSX HEOOXOAMMO MPHUBUBATH HABBIKA YEpUYCHUS,
IPEACTABICHUS MUCXOAHBIX YHCIIOBBIX JAHHBIX, TOHITHOMY W I'PAMOTHOMY H3JI0-
KEHUIO PEICHUs U pe3ybTara pacuéra. Pemenne 3a1ad TOMKHO COMPOBOKIAATHCS
MOCIIE/IOBATENIbHBIMU, KPATKUMHU KOPPEKTHBIMU TOSICHEHUSAMH, TPUUYEM HEOO0XO-
JUMO TIPUBOJUTH Pa3MEpPHOCTh BCEX BEJIWYMH B MEKIYHAPOJHOW CUCTEME €IMHUIY
(CH), xoTopas B HacTosiIIee BpeMsl 00si3aTelIbHa BO BCEX 00JIACTSIX HAYKH M TEX-
HUKA. Heo0X0auMo B HYXKHBIX CHUTYallUSIX MCIOJIb30BaTh 3HAHUS MaTeMaTUKU, Pu-
3UKHU, HAYEePTAaTEeIbHON Fr€OMETPUU U YEPUEHHU S, TEOPETUUECKON MEXaHUKH, MaTepHa-
JIOBEJCHUS.

B mocoOuu paccmarpuBaercs METOIMKa pElIeHUsS 3a7ad MO0 OCHOBHBIM TeE-
MaM Kypca «ConpoTuBIIeHHE MaTepuaioBy. PUCYHKH U (pOpMyITbI TPOHYMEPOBAHBI
MOCJIEIOBATENBHO 1O TaparpadaM KakJ10¥ TJIaBbl.

JlanHOo€ mocobue cocTaBiIeHO ISl pYKOBOJICTBA MTPOBEICHUEM MPAKTHICCKUX
3aHSATUN U MTOBBIIIICHUS KAYECTBA CAaMOCTOSITEIIFHON paboTOM CTYICHTOB.



1. PacTsizkeHHe H CoKATHE
1.1. lonOop pa3mepoB cevyeHUs CTeP;KHEH CTePKHEBOH CHCTEMbI

B nnockoit crepxkneBoit cucteme (puc.1.1.1) abcomotHo xEcTkuii 6pyc AB

UMEET TPU OMOPHBIX CTEP)KHS M HECET HArpy3Ky M3BECTHOH BenuuuHbl, | =12 wm;
q=20 xH/m; P =2 ql; npunsate aBa CTEpXkHS KPYIJOTO CEUYEHHMS, OJIUH CTEPIKCHB
KBaJIpaTHOTO.

Tpebyemcsa:

1. C noMoripio ypaBHEHUN paBHOBECHS OMPEACIIUTh YCHIIHMS B OTIOPHBIX
CTEPKHSAX.

2. [lomoGpaTh 1IOMIAIM MOTIEPEUYHOT0 CEUEHHUS CTePKHEN U3 YCIOBUS MPOY-
HOCTH TIO JOIYCKAaeMbIM HANPsKEHUSM, €CIIU JOMyCKaeMoe HalpsiKEeHHUEe Ha CxkKa-
THE [GC]=120 MIla, Ha pacTsieHue [GP]=4O MIIa. Haznauuth pa3mepsl ceue-
HUM, TPUHUMAS JIBA CTEP>KHS KPYTJIOTO U OJUH KBaJAPATHOTO CCUCHUH.

30° q

A
Y
A
Y

Puc.1.1.1

Pewenue:

1. Onpeoenenue npooonvbHbix ycunuil 6 ONOPHBIX CMEPIHCHSIX.

Onopusie cTrepxnu 1, 2, 3 umerot (puc. 1.1.2, @) no koHuam mapHupsl. [lpu
JEHCTBUM BHEITHUX CHJI Ha KECTKU Opyc AB 3T crepkHH nedopmupyrorces (T.e.
WU3MEHSIOT JUTMHY) u 3a cuéT nedopmanuii mapaupsl B u C mepemeniarorcs: Ha
puc. 1.1.2, 6 nnsa mapaupa B mokazano HoBoe mosoxkeHue B, mpu koTOopoM co-

enuHsIeMbIe 3JIeMEHTHI (Opyc AB W cTepkeHb 2) TMOBOPAYMBATHCA JIPYT OTHOCH-
TEJIBHO JApYyra, U Kpail B moilyuun ropu3oHTalibHOE M BEPTHUKAIBHOE MEpeMelle-
HUd. OTH TiepeMellieHre Kpas B mpouszonuin oT ropu3oHTanbHOTO M BEPTHKAJIb-

HOTO BO3JEHCTBUS CO CTOPOHBI Opyca AB. O6o3HauuMm ux kak R} m RY u moka-

xKeM 3T ycwnusa Ha puc. 1.1.2, 6. 3aKOHYEHHBIA MTOBOPOT CTEPXKHS 2 TOBOPUT O
TOM, YTO JIJIsI HETO COOJII0TaeTCs YCIOBUE paBHOBECHS Y, MOM By = 0.

3anuiiem ero: )
RY .cosa.-BB -R*-sina-BB =0.
B 12 B 12



371ech paBEeHCTBO HYJII0 BO3MOXKHO, eciu mpoekuuu R -cosa u RE -sina. paBHbI
_ Xy
HYIIIO, T. €. noyHas peakiuus Re = Re + Re manpasnena snons crepxus. Crenosa-

TeJIbHO, B ceueHun By Bo3HuUKaeT peakius Ry, paBHas Ry u HampaBlieHHasi B Ipo-

TUBOIIOJIOKHYIO CTOPOHY.

O4eBUAHO, IS CTEPKHS, UMEIOUIEro MO KOHILIaM IIapHUpbI, OyAyT Bceraa
BEPHBI ATH PACCYXKIEHUS, M, UCIONb3Yys UX, OyleM cpa3y HaIpaBisTh pPEaKIUU
BJIOJIb TAKOTO cTepkHsA. U1 Tak, cTepkeHb, UMEIOLIMK MO0 KOHLIAM IIapHUPbI, MOKET
OBITH TOJILKO WJIM PACTAHYT, WM CXKAaT.

P

Ng :Rg

Puc. 1.1.2

[lo ycnoBuio 3agaun HYKHO NOAOOpaTh pa3Mepbl CEYEHU — 3TO OAUH W3
TpeX TUMOB pacy€Ta Ha MPOYHOCTh. [ pacuéra HEOOXOAUMO 3HATh KaKO€ BHYT-
PEHHEE YCUIINE BO3HUKAECT B KAXKJIOM U3 cTepkHel. Hanpumep, onpenenum ycunue
B CTEpKHE 2. BHyTpeHHHE yCWIMsS ONPENEIAIOTCS METOA0M ceueHui. Paspexem
CTepKeHb 2 B KAaKOM-THOO MECTE M PAaCCMOTPUM OJHY, HAIPUMEP, HIDKHIOIO YacCTh
(puc. 1.1.2, 6). OHa HarpykeHa peaknuei Rz, mO3TOMy paBHOBECHE BO3MOXKHO, €C-

JIM B CEYCHUU BO3HUKAET TOJIBKO MpojoiibHas cmia N, =R, (puc. 1.1.2, 2).



B Buny 3TOro MoxHO 0003Ha4aTh peakuuu onopHeix crep:kHen kak N;, N,
N3 (puc. 1.1.2, @) v HanPaBIATH KX BAOJb CTCPIKHEH.

JUist ycioBUs IPOYHOCTU BaXXHO 3HATH PACTSHYT CTEPKEHb WM CXaT. DTO
OLICHUBAETCs HAIIPABJIICHUEM IIPOJIOJIBHOM criibl: eciu cuiia N HampasiieHa OT Ipo-
BEJIEHHOTO CEYEHUS U PACTIATUBAET CTEP’KEHb, TO OHA CUUTAETCS MOJIOKUTEIBHOU U
nepesa e€ 3HAUEHUEM CTAaBUTCS 3HAK «+»; ecau cuia N HampaBieHa K CEYCHUIO U
C)KMMAET CTEP’KEHb, TO OHA CUUTAETCS OTPULATENBHON U Nepe]] e€ 3HAUEHUEM CTa-
BUTCS 3HaK «-». YTOOBI aBTOMAaTUUYECKH MPHU PaCUETEe MOJYUUTh MPABUIIbHBINA 3HAK
N, moctaBuMm Jj1s Bcex crepakHeil HanpaBnenue peakuuit Ny, N,, N3 Takoe, nmpu

KOTOPOM MPOUCXOJTUT PACTSHKEHUM CTEpKHEH.
Yeumus Ny, N,, N3 T0/DKHBI yIOBIETBOPSTH YCIOBUSM paBHOBECHUs Opyca
AB . Bpyc HarpyxeH BHemHel Harpy3koit (P u Q) u peakiusimu Ny, N,, Nj, xo-

TOpbIE TPEJICTABISAIOT B COBOKYITHOCTH IJIOCKYIO CHCTEMY CHJI, TO3TOMY i Opyca
AB umeeM Tpu ypaBHEHUS! PaBHOBECHSL:

> upx=0;
2. mpy=0;
> mom B =0.
3amnuiiemM 3T YpaBHCHUA:
4[55'3033%031\'?\100—5 P sind5o+ N —q.21 =0: 413
1 2 3
|Pcos30°31 + N_-21+-21 1 =0. (1.1.3)
1 2 1 2
Us (1.1.3) N, = — (-Pc0s30°-3I -2ql°) = _ (-2 qlcos30°-3l -2ql°) =
2l 2l

=— gl -(3c0s30°+1) = 3,598 gl = -3,598-20-10%-1,2 = —86 358 H = —86,358 kH.

[IpononsHoe ycunue N1 oTpuuaTeabHO, 3HAUUT, CTEPKEHDb 1 CKaT.

M L1y N = om30T_2alsind0 4 q1=1414.20.10° 1,2-3394 1

2 c0s45° cos45°

[Tpomonbroe ycunue N2 MOTOKUTETHHO, 3HAUUT, CTEPKEHD 2 PACTIHYT.

N3 (1.1.2) N; = Pcos30°+ N; + N, sin45°+ 2 gl =2l - cos30° + (-3,598 gl) +



+1,414 gl -sin45° + 2 ql =1,134ql =1,134-20-10° -1,2 = 27,22 xH.

[IpononbHoe ycunue N3 MOJIOKHUTENbHO, 3HAYUT, CTEPKEHD 3 PACTAHYT.

JIns mpoBEpKU NIPABUIIBHOCTU HAWJACHHBIX YCUJIMM B ONIOPHBIX CTEPKHAX CO-
CTaBUM ypaBHEHHE paBHOBecHs ), MoM 4 = O:

N, -3l —N,cos45° 3l -N,-1-qg-21-21 =0,
1,134 gl -3 —1,414 gl - cos45° -3l — (3,598 ql) - | -4 gl =0,
7-7=0,0=0.

ToxnecTBeHHOE PaBEHCTBO TOBOPHUT, YTO MPOBEPKa COIIJIACh, CIIEIOBA-
TEJBHO, YCWIIHS B CTEPXKHAX HAMICHBI BEPHO.

2. [1oobop pazmepos nonepeuHoco cevenusi Cmepi’CcHell.

YcnoBHe MPOYHOCTH IO JIOMYCKAEMbIM HAPSOKCHUSIM TPU PACTSIKEHUH -
C)KaTHH UMECT BT

c=_<[o], (1.1.4)

I7ie G — HOpMaJIbHOE HaIPSKEHUE; [G] — JIOIYCKaeMOe HOpMaJIbHOE HaNpsKeHHE,
NMpUYEM €CITH CTEepP)KEHb PACTSHYT, TO MPUHUMAEM [cs]: [csp], ecin cxat, 10 [o]=

=[Gc]; N — Monmynb TpOJOJIBHOM CUJIBI B CTEpKHE; F — momepeyHoe ceueHue

CTECPIKHSL.
Just 1-To CTepXKHS  KPYIJIOTO CEYCHHS TUIOIIAh IMOTIEPEYHOr0 CEUCHUS
q2

F=——=025nd?, rne d — quamerp crepxkns. CTepskeHb 1 cKar, I03TOMY yc-
4

nosue (1.4) s HEeTO MPUHUMACT BHJT

N
Glz%g[cc].

Heo6xonuMo MOMHUTH, YTO AJIS CHKATOTO CTEPXKHS B yCIOBHUE MPOYHOCTH
CTaBUM MOZYJb NMPOJOIABHONW CHiIbL. [loACTaBisIe 4MCIOBBIE 3HAYEHUS B 3aIlMCAH-
HOE yCJIOBUE MPOYHOCTH, MOJIYUYUM

86,358 -10°

Sge gz S12010°,
) n



103
OTKy[a AuaMeTp cTepskus d 2\/ 86,39810° 0,03027m=3,027 cm.

0,25- 1:120-10°

[TpyHUMaeM B COOTBETCTBHM CO 3HAKOM «0oJbIe MO0 paBHO» 01 =3,1cMm,

T. €. OJyYEHHOE M3 YCJIOBHS MPOYHOCTU 3HAYEHUE PAa3MEPOB CEUEHHS] OKPYTJIsi-
eTcsi B 0OJIbLIYIO CTOPOHY.

CocTtaBuM yci0BHE IPOYHOCTHU JJIsl 2-T0 cTepkHA. CTep:KeHb 2 pacTsIHYT, TO
o yciosuio (1.1.4)

IMoacTaBss MIOMAAL KPYIioro ceuenus kak F» =0,251d? u 3HaveHne npomois-
HOM cuitbl Ny , momydum

103
33,94 .10 <4010,
0,25 nd ?
103
orcrona d > 33,9410 =0,03287 m = 3,287 cm. [Ipuaumaem dp =3,3¢cMm.
0,25- 7 - 40 -10°

Jlnst 3-ro cTep KHs KBaApaTHOIO CeueHus MIIomab 3anumemM F3 =a?, rae a

— cropona kBagpara. CtepkeHb 3 pacTsaHyT, ycioBue npounocta (1.1.4) maus Hero
IPUHUMAET BU]I

N3
G3 ~—<lo ]
Fs
103
IToncraBisis YUCIOBBIE 3HAUYCHUS, TOTYIUM w <40-10°,

103
torma d > 1/% =0,02608 m = 2,608 cm . [Ipuanmaem a = 2,7 cM.

1.2. llondop pa3mepoB ceueHus cTep:kHel pepMbl

Jlist tutockoit pepmer (puc. 1.2.1) 3anana Harpyska, | =1,2 m; q=20 xH/wm;
P=2ql; a=30°.

Tpebyemcs:

1. C noMoIIbpi0 ypaBHEHHI PABHOBECHS OTIPE/ICIIUTH OTIOPHBIC PEaKIINH.



2. Wcnonb3ys METOJ BbIpE3aHusl y3J10B, ONPEACIIUTh YCHUIIUS B CTEPKHAX

(depMmBbl.
3. Tlogobpatk pa3Mepsl MOMEPEUHOI0 CEUCHUSI CTEPKHEN W3 YCIOBHUS MPOY-

HOCTH TIO JIOMyCKaeMbIM HAMpsUKEHHsAM, eci [6]=200 MIla. Ceuenne cxaThix

CTep>KHEN MPUHATH B (hOPME KOJbIA C COOTHOUIEHUEM BHYTPEHHEIO M BHEIIHETO
IMaMeTpoB paBHBIM 0,5, a CEUEHUH PACTSHYTBIX CTEPKHEN — B BUJIE LLIBEJLJIEPA.

(lP lP

a o ?

A
Y
A
Y
A
Y
A
Y

Puc. 1.2.1

Pewenue:

1. Onpeoenenue onopnvix peakyuii hepmol.

O003HaunM peakiiny, Bo3HHKaromue B omopax A u B (puc. 1.2.2). Onopa
B mapHupHO-TIOABUIKHAS, UMEEM OJIMH BEPTUKAIBHBIM ONOPHBIA CTEPKEHBb C
IapHUPAMU O KOHI[AM, BJIOJIb KOTOPOTO BO3HUKAET OJIHA BEPTHUKAJIbHAs peaKIus
Rg (puc. 1.2.2, a). Onopa A mIapHUpPHO-HEMOABHKHASI, OHA MPEIMATCTBYET CMe-
HMICHUIO y371a A 10 BEPTUKAIW M TOPU30HTAIH, MO3TOMY B HEil B oOIIeM ciiydae
BO3HHUKACT ABC pCaKUU: TOPU3OHTAIbHAS H A U BEpTUKaIbHas R A » HO TIOCKOJIBKY

B TOPU30HTAJIHLHOM HANpPaBJICHUH HET JAPYTHMX CHJI, TO U3 ypaBHeHUs X np X =0
cnenyet, uto H, =0. depma HarpyxeHa cucTemoii nmapamiensHeix cuil P, Ry u
Rg , MO3TOMY COCTaBHM JBa ypaBHEHUS pABHOBECHUS:

Y Mom A4 =0;

> MoMm B =0.
S Rs-21-P-31+P-1=0; (1.2.1)
TH ypaBHEHUS UMEIOT BH/I: R,-214P-31-P-1=0. (1.2.2)

U3 (1.2.1) RB=%(P-3I—P-I)=P=2qI =2.20-1,2=48 xH.

U3 (1.2.2) RA:%(PGI—P-I):P:ZqI =2-20-1,2=48 xH.
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[ToBepKy BBINOJIHUM IO ypaBHEHUIO Y, mip Y= 0:
Ra+Rg—P-P=0;

2ql+2qgl-2ql-2ql=0;
4ql-4q9l=0; 0=0,

3HAYUT, PEAKI[MU HAIEHbI BEPHO.

PaBenctBo R, = Rz ecTb cnenctBue cumMeTpuu (pepmbl, MOATOMY MOXKHO
chopMyIUpOBaTh CIEAYIOIICE: B CUMMETPUYHOU CXEME TMPU CUMMETPUYHON Ha-
Ipy3Ke pEeaKuy PaBHBI APYT APYTY, a BEIMUUHA UX COCTABIIAET ITOJIOBUHY HATPY3KHU.

Puc. 1.2.2

2. Onpeoenenue ycunuii 8 CmMepuCHAX Gepmol.

O0o03HaunM y3716I B TpoHyMepyeM ctTepkHU (puc. 1.2.2, a). B crepxHIx
dbepm, KOTopble UMEIOT 10 KOHIAM IIapPHHUPHI, BOZHUKAIOT TOJIBKO MPOJIOJIHHBIC CH-
nbl. VIX 3HaueHWe ompenesiuM METOJIOM BbIpE3aHUsl y3J0B, KOTOPBIM OCHOBAaH Ha
Metone cedeHui. [lo aToMy MeToay MOCIEAOBATEIBHO BBIPE3aEM KaXKIbIM y3el
dbepMbI 1 paccMaTpuBaeM e€ro paBHoBecHe. B maHHOi depme B crity €€ CHMMETpUu
HEOOXOIMMO W JTOCTAaTOYHO BBIAENHTHh Tpu y3ma: y31uel A , C , F . [IpomonbHbie
YCUJIUSL B CTEPKHSX HAMpaBIISIEM OT CEUEHUSs, MIPEIoiarasi pacTsokeHHeE.
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I[Hﬂ KaXXJI0TO0 y3Jla UMECM CXOJAIYIOCA CUCTEMY CHII, IOOTOMY MMCCM JIBa
YpaBHCHHA PAaBHOBECHUS, U3 KOTOPBIX U 6YI[€M HaXOJIHTb I10 JIBa HCU3BCCTHLIX YCH -
JIUA:

> mp x=0; (1.2.3)
2. mp y=0. (1.2.4)

[TepBbiM paccmorpum y3en C  (puc. 1.2.2, 6), B KOTOPOM CXOHAATCS JBa
crepxHs: 1 u 2. 3anumem ypasaenus (1.2.3) u (1.2.4).

N, + N; cosa =0; N2> + N1 c0s30° =0; (1.2.5)
_P-N,sina=0; " |-48-N,sin30°=0; (1.2.6)
48
N3 (1.2.6) Ny =—— 20 =-96 xH. IlpononsHoe ycunue Ni OoTpUIIATENBHO,
sin30°

3HAYUT, CTCPIKCHDb 1 CXKart.
M3 (1.2.5) Nz =-Ni cos30° = —(~ 96)- cos30° = 83,14 kH. TIpomonbHoe
ycuinue N MOJ0XKUTETBbHO, TIOATOMY CTEPKEHD 2 PaCTSIHYT.

CrnenyromuM HYXHO pacCMaTpUBaTh y3€l, B KOTOPOM HEU3BECTHBI TaKkKe
JBa TPOAOJBHBIX YCHJIMS, B HaIlleM IpuMepe Bbipe3aeM y3en A (puc. 1.2.2, 8).
Bocnomassyemcst ypapaenusimu (1.2.3) u (1.2.4).

N, + N3 cosa — N; cosa =0;

|Ra + Ngsina + Ni sina=0.

IToncraBuB yxe HalieHHOE 3HaueHHe Ni, UMEeM CUCTEMY JABYX YpaBHEHUM

OTHOCUTENBHO HEM3BECTHBIX N3 1 N, :

N, + N3 c0s30° —96 - cos30° = 0; (1.2.7)
48 + N sin30° + 96 - sin 30° = 0. (1.2.8)

1 :
U3 (1.2.8) N;= W(_ 48 + 96 - sin 30°) =0. Crepxenp 3 HE pacTATHUBa-

CTCA U HC C)KMMACTCA, IIOCKOJIbKY ITPOJOJBbHOC YCUIINC B HEM PaBHO HYIIIO.
N3 (1.2.7) N4 =-96-c0s30° — N3 cosa =—96 - c0s30° — 0 =—-83,14 xH. T.x.
npoaojsHoe ycunue Na oTpuuaTeabHO, TO CTEPKEHB 4 CKart.

Bripezaem y3en F (puc. 1.2.2, 2). CoctaBum ypaBHeHuUs paBHOBecus (1.2.3)
u (1.2.4):
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~ N, +N; =0; . —(-83,14) + N5 =0; (1.2.9)
N, =0. N, =0. (1.2.10)

CrepxeHb 6 He qeopMHPYETCs, MOCKOIbKY MPOAOIBHOE YCHIIUE B HEM PaB-
Ho Hymio. U3 (1.2.9) Ns=N4 =—83,14 xH. Ycuime Ns oTpumarenbHO, 3TO 03HA-
YaeT, YTO CTEPIKEHb D CHKAT.

[TocKOJIBbKY KOHCTPYKIIMS CHMMETPUYHAS, TO IOCTATOYHO PacCMaTpUBATh
OJIHY €€ MOJIOBUHY, U 3alHCaTh BHYTPEHHHUE YCUJIHS B CTEPIKHSX, PABHBIC MTOMAPHO:

N, =Ny =Ng =0 xH; Ng=N,=8314 xH;

3. Iloo6op pasmepos nonepeunozo cevenus CmepiIcHeu

[TonGop BbIMOMHUM U3 ycnoBus npoyHoctH (1.1.4),rae [c] — JIOIIyCKaeMble
HOpMaJbHbIC HAMPSKEHUSI, 371€Ch OJMHAKOBBI OHHM MPU PACTSKEHUU U CHKATHU
paBHBI [G]= 200 MTIla.; N — mpomonsHOe ycuiue B crepxkHe; F — monepeunoe ce-
YeHHE CTEPIKHS.

JUis pacTSIHYTBIX CTEpXKHEH HYXHO BbIOpaTh HOMED LiBesuiepa. Eciau HeT no-
HOJHUTEIBHBIX YCIOBUN, CUNTAEM, YTO CEUEHUS BCEX PACTAHYTHIX CTEp>KHEH Ofu-
HAKOBOI'O pa3Mepa U Uil pacuéra OepéM MakCUMaJIbHOE PACTATUBAIOLIEE YCUIUE

NP

max
CTEpKHEN

=83,14 kH. Torma u3 (1.1.4) tpebyemast IUIOMAAb CEYECHHS PACTAHYTHIX

N p 83 14 103
[To Tabmune 'OCT 8240-89 BwiOupaem mBewiep Ne 5 ¢ miiomanbo
F =6,16 cM? ans crepskHeii 2 u 8.

= 4,157 -10* m? = 4,157 cm?.

JIst cKaThIX CTep)KHEH BBHIOMpaeM KOJIBLEBOE CEYEHHUE, JUIl KOTOPOTro ILIO-
n d ) y
mags F = 1-c ) Cumrasi, 4TO BCe CXKAThle CTEP)KHU OJIMHAKOBOH ILIONIAIH,

¥ B3SB MakcuMaibHoe cxumaromee ycuinue N, =96 kH, naiiném tpebGyemyro
mwiomaas ceuenus mo (1.1.4),

N ¢ 96 -103

P26l = 20010°

| F-4 _/4,8-10‘4-4_ 2 e
d> n-(l—cz)_ n-(1—0,52)_2’85 10 Mm=2,85¢cMm.

=4,8-10* mM? =4,8 cM? , Toraa 1MaMeTp cedeHus
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[Tpuanmaem aumametrp d =3cm g crepxkneit 1, 4, 5, 9. CrepxHu, B KOTOPBIX

N =0, MOXXHO IPUHATH MO AHAJIOTUHU CO CTEPKHAMU 1 1 9 TaxkKe Kpyrjioro ceye-
HUSI, IOTOMY JUIs cTepkHed 3, 6, 7 mpuaumaem quamerp d =3cMm.

1.3. IIpoekTHBI pacyéT CTeP;KHEBOM CTATHYECKH HEONPeIeIMMOI CUCTeMbI IPU
PACTHKEHUM U CHKATUH

B cratudecku HeomnpenenuMon CTEpPKHEBOW CHCTEME a0COJIFOTHO >KECTKUM
Oopyc AB ommpaercs Ha IMIapHUPHO-HETIOABMKHYIO OTIOPY M MPUKPEIUICH ABYMS YII-
PYTMMH CTEPIKHSIMHU K HEIMOIBHKHOM OmOpHO# moBepxHocTH (puc. 1.3.1). bpyc Hecér
Harpy3Ky u3BecTHo# Beimunnsbl, |= 1,9 M, =10 kH/m; P=1,2q|.

Tpebyemcs:

1. Halitn ycwiusi B ynpyrux CTEpKHSX, UCITOJIb3YsI YPABHCHHS PABHOBECHUS U
ypaBHEHHUE TTePEMECILICHHM.

2. TlomoOpatk 1I0Ma A MOTIEPEUHBIX CEUCHHUI CTEepKHEH, MCIONIb3ys YCIIo-
BUS MPOYHOCTH TIO JIOMYyCKAeMbIM HAMPSIKEHUSAM M 10 METOJY MPEIeIbHOTO CO-
CTOSIHUS, eciau gonyckaemoe HampspkeHue [c]=200 MIla, npeaen Teky-
yectu G; = 420 MlIa, 3amac npounoctu N = 1,5.

3. Beruucnauts TemMnepatypHbie HaNpsKEHUs, BOSHUKAIOIINE B CTEPKHAX MPH
nosbilieHun Temneparypsl cpenbl Ha 30°C. Ilpunars kodDPUIUMEHT TUHEHHOTO

yuHenns 0=1,25-10° 1/rpan.

SN BNV SN -
q
A K_HHH;IV;HHH B

ZF )%7 450

Puc. 1.3.1

Pewenue:

1. HaxooicOenue ycunuti 8 CmepiCHX.

CraTuyecky HEONPEASIUMbIEC CTEPKHEBBIE CUCTEMBI — 3TO CUCTEMBI, B KOTO-
PBIX KOJTMYECTBO CTEP)KHEMN MPEBBIIIAET KOJMYECTBO YPAaBHEHUM PAaBHOBECHS.
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bpyc AB nMeeT mapHUpPHO MOJABUKHBIE ONOPHI B TOUKax 4 U B U MapHUPHO-
Heno/BWHYIO0 B Touke K. B onopax BozHukaroT peakiwin Rac, Rep, Rk 1 Hk (puc. 1.3.2,
a). JlJid MI0CKOM CUCTEMBI MOXHO COCTaBUTh TPU YpPaBHEHHUS PAaBHOBECHS, a HEU3-
BECTHBIX YEThIpE, 3HAUUT, 3a/JaHHAsl CUCTEMA HMMEET OJHY «JIHIIHIOK» CBA3b, U
CTEIIEHb €€ CTATUYECKOU HEONPEAEIUMOCTH A =1,

[Ipu pacuérax HEOOXOAMMO 3HATh MPOIOJIbHBIE CHIIbI, BO3HUKAIOIIME BO
BCEX CTEpPKHAX. [liI1 HAXO0XKIAEHMUS J3TUX YCUIMKU NOIOJHUTEIBHO K YpaBHEHUSIM
pPaBHOBECHUSI COCTABIISIOT YpaBHEHHUS, YYUTHIBAIOIIME XapakTep aeQopMaluu CUC-
TeMbl. VX Ha3bIBalOT ypaBHEHUSMH COBMECTHOCTH Jedopmanuii (Uaum ypaBHe-
HUSIMU niepeMenieHnit). Yucno ux paBHO KOJUYECTBY «IMIIHUX» (C TOYKU 3PEHUS
CTaTHKH) CBSI3€W CUCTEMBI U XapaKTEPHU3YeT CTENEeHb €€ CTaTUYEeCKOW Heonpeaenu-
MocTH. Mcrnonb3oBaHue ypaBHEHHMI NEpeMelleHHii OCHOBAaHO Ha TOM, YTO Jiedop-
MAI1U CTEP’)KHEN MOYKHO BBIPA3UTh YE€PE3 HEU3BECTHBIE IPOAOJIBHBIE CUIIBI 110

dbopmyne Al=__ y CpPaBHUTH MEXy COOOH.
F
1 P g g P
I 1 i q 'l; d p q L
Al W SAZZAAAAA.AAAAAAZL QY Rvvvvvvawvvvyvey 5

5 =,
; <,

D
N,
/ P AL B
A< > /(/ t ! > __,——‘X',:‘; ' Al,
RN S 5 2 522 A2). AAAAAAL L A K " Bs i~ Gosts
4 T B lan ]
C \i
N,

Puc. 1.3.2
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Ilon neiicTBueM BHEUIHEH Harpy3ku Opyc AB 3aliMeT TNOJ0KEHHE
A1B1 .(puc. 1.3.2, ¢). ['opu30oHTaIBHBIMU TIEpeMEINCHHUs KOHIIOB A W B mpeneOpe-
raem B CHJIy MajlocTu Jeopmaiuii B TAKMX HECYIIHUX KOHCTPYKIUAX. OTpe3ok AA41
ectb jaedopmanmsa crepkas AC, HazoBem ee Ali. Ha mepBoHavampHOW aiuHe
cTepkHSA DB OTI0XXHUM ero HOBYIO AnuHy DB, (cuutaeM, 4to BiB; L DB). Otpe3ok
BB - ykopouenue crepxkHs DB, 0603naunM ero Al . 113 ABBB Ah= Al

2 2 12 c0s45° "

3anuiieM cBs3b Mexay nedopmarmsamu Al u Al, U3 mogobust TpeyroabHu-

koB A AA1K ~A BB:1K:

A—I1=A—h A_IlzlA_K 7M1 l-COS45°: A — Al, J2 _ | N
IAK IBK Ah IBK A|2 IBK Alz ) 2.
Al =2, 130

Beipazum nedopmarmu Al u Al, depes mpoaonbHbIe yCUIIHsl, BOSHUKAIOIINAE

B cTepkHAX AC u DB. UTOOBI «yBUAETHY» 3TH YCUJIUS, OTCEYEM CUCTEMY IO IIap-
Hupam C u D, a nns coxpaHeHus: paBHOBECHsI MPUIIOKUM B 3THX IIAPHUPAX Peak-
min N, u N2 (puc. 1.3.2, a), B35B HalpaBlcHHE B COOTBETCTBHU C Je(popmanuei

yumHenus Al, u ykopouenus Aly: ycunnme Np mokakeM pacTATHBAIOIIUM, a YCH-
mue Nz — cxumaromuM. Wy BBITTONHUB pa3pe3 CUCTEMBI MO mapHupam 4 u B
(puc. 1.3.2, 6), mokaxxem ycuiusasmMu N; u N2 Bo3ieicTBHEe paspe3aHHBIX yacTei
CUCTEMBI JPYT Ha Apyra. 3Aech Xxopoumo BUAHO, YTO N; u N2 BBI3BIBAIOT COOTBET-
CTBEHHO pacTshKEHHE U cxaThe crepykHei. Kak u3BectHo, AedopManu CBA3aHbI C

EF, EF,

[loncraBuB 311 BhipaxkeHuss Al mAl, B (1.3.1), moay4um ypaBHEHHE COB-

MIpOAOJIbHBIMH YCUJIMAMU

MECTHOCTH Jiehopmaruii B BUJE:
Ny, V2N,

EF, EF,

rre | =1,1 =2Isin45°, F =2F, F =F . Torra MNi _/2N,21-2/2
o 1 ; E2F EF

U IIOCJIC COKpPAIICHUA 3TO YPABHCHUC IIPUHUMACT BU

N, = 4N, (1.3.2)
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Tak kak He TpeOyeTcs ONpeaeIuTh peakluu B )KECTKOM onope K, cocTaBUM TOJIBKO
OJIHO ypaBHeHUE paBHOBecus ), MoM K = O:

N,I+N,2lcos45°— Pl -2l =0, umu N, +N, -2£—1,2q| —2ql =0,
2

N, +~/2N, =3,2q]. (1.3.3)
Pervim cuctemy ypasaenwii (1.3.3) u (1.3.2): moxcrasus (1.3.2) B (1.3.3), monyunm
4.N, +\/§- N, =3,2C]| .

3,2ql

22 _ 05991, mmo (1.3.3) N, =4N, =2,36q] .
G+ v2) q (1.3.3) N, 2 q

Orcrona N, =

ITosmoxutenbHble 3Haku N; 1 N2 yKa3bIBalOT Ha TO, 4TO BbIOpaHHBIE HAIpaBJICHUS

UX BEPHBI.

2. Iloobop pazmepos ceuenuii cmepoicHell.

HeoOxoammple pa3Mepsl TOMEPEYHBIX CEUEHUH CTEp)KHEH ONpeNeNsioT U3
YCIIOBHI TPOYHOCTH TIO JOIYCKAEMBIM HAMPSIKCHHUSIM I IO TPEJSIBHOMY CO-
CTOSIHUIO. B cilydae HEoqWHAKOBOTO COINPOTHBICHHUS MaTepuaja PACTIKECHUIO U
CKaTHIO YCIIOBHE MPOYHOCTHU TIO JJOMYCKAEMbIM HAIPSHKCHUSIM UMEET BHI:

JIns Halero npumepa 3T0 yCJIOBUE MPOYHOCTH MO JIOIYCKAa€MbIM HANPSIKEHUSIM
3aIuIIeM KaK

c = '<Jo] ( 2,364 6
J Lo c1=_op <200-10
NiIn

s _ N, <[o] - =Ms 200-108,

*F, L2 F

Otcrona noayuunm Ba 3HaueHus F:
2,36-10-10° 1,2 3 2 2
F = =0,071-10 M =0,71cm

2-200-10°
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. 059-10-10°-1,2
~200-106

ukF =0,035-10°m* = 0,35¢cm?.

YToObl yAOBIETBOPUTH 00a YpaBHEHUS! MPOYHOCTH BbIOMpaeM OOJblliee 3HAUCHHE
F >0,71cm? u okpyrius ero, npunumaem F, = 0,8 cm?, F, =1,6 cm?.
Haiiném Benmuuunbl F;, u F, mo metony npenenbHoro coctostHus. Ilpu pac-

4€Te M0 NPeebHOMY COCTOSIHUIO YUUTHIBAIOTCS TUIACTUYECKHE CBOWCTBA MeTaJlia.
CuuTaem, YTO NMpU EUCTBUM BHEIIHUX CHJI HAMPSKEHUS BO BCEX CTEPXKHSAX PaBHBI

npeaeny TeKy4ecTd G,, a yCWiIue B KakaoM cTepxkHe paBHO N, =o:-F;. Takoe
CTOSIHME CUCTEMBbI OYJIET NMpeeIbHbIM, TAK KaK MOXKET BHIBECTH €€ U3 CTPOS.
Yeunus B crepxusix N, =o,-F, u N> =c,-F.. Beipaszum F, u F, uepes

npenenbHoe (T. €. caMOe€ MHHHMMAJNbHOE) 3HAueHHWe Iuiomanau cedeHus F ™ mpu
KOTOPOM M BO3HHUKAeT IpezeiabHoe papHoBecue: F =F"™, F, =2F"™ Torga N, u

N2 3anumem kak N, =c -F™* u N, =c_-2F",

CocraBum YPAaBHCHHC IIPCACIIBHOTO PABHOBCCHA, B KOTOPOC BOﬁlIYT KakK
BHCIIHAA HArpy3kKa, TaKk U YCUJINA Nl )41 N2. Kak u BbIIIIC, BOCITOJIb3YCMCs YPaBHC-

HueM Y. MmoMm K = 0, OHO IpuHUMAET BU:

c, - 2F™er.| +g - Fmwer.2.].c0s45°—P-1-q-2:1%2 =0.

G, -2F™et g Fmea. /2 1 2gl —2ql =0,
G, -2F™ g - Fmer.f2 = 32q|.

Otcrona HailAEM TpeesIbHOE 3HAUEHUE

npex 3’2q| 32-10 -10° 1,9 3 2 2

_ _ ~0,042-10 M =0.42¢
or(2+~2) 341 420-10° " "

JlomyckaeMble 3Ha4YEHUs IOMany cevenns crepkueii [F | |, mpu koTopeix
cuctema Oyner 0e30macHOM, MOKHO HAWTH, UCIIONB3Ys KOA(PGUIIMEHT 3amaca
IPOYHOCTH N YBEIMINBACM MOTYyICHHOC 3HAYCHHE Ermpex B N a3, T. €. F]=F-n.

| 1
B mamem cmyuae [F]=F ™% .n=042-15=0,64cm’. Torna npuHAMAEM IIOMIA/HA

ceuennii F, = 2[F]=1,27cm? u F, =[F]=0,64cm?. Kak u cIemoBajlo OXHIATh,
5TH BEJMYMHBI F I0TyumIMch MeHbIIE, YeM IO METOLY JOMYCKAEMBIX HATIPSKEHHIA.
3. Boiuucnenue memnepamypHix Hanpa’cenull.
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HaiinéMm nHanpspkeHus ©,, NOSBISIOIIMECS IPU ITOBBIICHUU TEMIIEPATYPhI
cpensl Ha 20°C. B craTndecky HEONPEAEIUMBIX CHCTEMAX C MOBBIIICHUEM TEMIIE -
paTyphl OKpYXKaroLIEH Cpelbl U IIPU OTCYTCTBUM BHEILIHEW HArpy3Kd BO3HMKAIOT
HAaNpPsDKEHUsI, TAK KAK KAKABIM CTEPKEHb CTPEMUTCH YIUIMHUTHCS HAa BEIUYUHY
Al = At -1, a 5ToMy IpensITCTBYeT ApyrHe CTEpXKHH M OMOPbI CHCTeMb. B pe-
3y/lbTaTe B CTEP)KHSIX BO3HHMKAIOT MPOAOJbHBIC ycwnus N,. 3mech aedopmarnus
kaxoro crepxkHs Al cnaraercs u3 TemmeparypHort Al, u nedopmaryu, momydeH-
HOM OT BO3HHUKAIOILETO NMPOA0abHOro ycunus N, u paBHOU

N, -1 :
Al = ' T.e. nedopmanust ctepxkus Al = o - At -1 + Nt | .

- EF EF

(1.3.4)

Mertonuka onpenenennst yCuinii N, ¥ HanpspKeHMi ©, OCTAeTCs MPEXKHEH,

KaK 1 Mpu HaxoxkaeHuu ycunnii N ¥ HanpsbKeHUH G OT BHEIIHEH Harpy3Ku.
[IycTh mpu MOBBIMIEHUH TeMIepaTypbl Opyc AB 3aiimer mnonoxeHue A1B1.

Torna crepiers AC monyunt cxatve Ha Benmuuuny Al'=AA4;, crepxkens DB - pac-
TSOKEHHUE Ha Alt2 =BB; (puc. 1.3.2, 2). IlpennonaoxuM HampaBICHUE YCHUIIHIA Nt1 51
N? pacrsrusaromumu u 3anuuieM aedopmanuu 1o (1.3.4):

L. 2l
Al = o -Ate -] + N I, Al2=q- At - . Nt2'2|

t 1

! E2F cos45 EF -cosd5

VpaBHeHue paBHOBecHs Y. MoM K = 0.1 ypaBHeHue nepemermennii Al, = ~/2Al, 06-
pa3yroT CUCTEMY CIISAYIONINX Pa3pelIarolinX ypaBHEHHI:

[N1-1=N2-2I-cos45,
t t

NI.| ( 2l N2.21 )
|oc-At"-I+ t =\/JZ|0L-At°- + t

| E2F \ cos45  EF-cos45 )

0
.

OTcroa BeIUUCIIAEM TEMIIEPATYPHbBIEC YCUITUS
N2 =-0,91a -At-EF =-0,91-1,25.10°-20-2-10%*.0,8-10~4 = -36,4-10> H = -3,64 kH,

N! =4N?2 =-14,56 xH .
t

t

Kak BugHO, crepxun AC u DB UCHBITBIBAIOT CKATUE, ITPU KOTOPOM BO3HHKAIOT
TEMIEPATYPHBIE HANIPSIKEHUS
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ol = N 14,56 -103 7
- =-9110 Ila =—-91Mlla,

"_P L
Il

F 1,6-10°
o’ = Nz 3,64-10° T =
t t =-— =-455 10 Ila 4555 MTIla.
F,  08.10°

1.4. IIpoeKTHBII PacUET CTATHYECKHU ONPEAEJTUMOro CTyIeHYaToro opyca

i cryneHuyaTtoro opyca, cxema KOTOpOro npusejieHa Ha puc. 1.4.1, a, 3a-
naHa KoH(Urypalus U U3BECTHA BHEIHsS Harpy3ka, 1=0,4 m; q=105 xkH/m; P=0,8ql;
MoayaIb yrnpyroctu E=2-10° MIla.

Tpebyemcsa:

1. ITocTpouTs 3Mmt0py MPOA0JIBbHBIX cril N .

2. CocTaBUThH BBIPAKEHHUSI I HOPMAJIbHBIX HANPSHKEHUH G MO0 BCEM y4dacT-
KaMm Opyca, UCTOJb3ysl YKa3aHHbIEe Ha cxeMe Opyca 3HAa4eHHs IUIOMIAJeH cedeHUs
yepe3 HeM3BeCTHYI0 BenuunHy F . I[locTpouTs amopbl HOpMaNbHBIX HANPSYKEHUHN G .

3. YcTaHoBUTh ax» COCTaBUThL YCIIOBHME IPOYHOCTU Opyca 10 JOIycKae-
MBIM HaIIPSKEHUSAM. Haftu u3 sroro ycioBus TpeOyeMoe 3HauyeHHe pH

[G] = 200 MIla u Ha3HAUUTH TJIOMIATU BCEX YYacCTKOB Opyca, coOiromas yKazaHHOE

COOTHOIIICHUE MEXKy HUMH.
4. TIoCTPOUTD IIOPHI IPOOIBHBIX MEpeMeleHHil 8. YKa3aTh Omax u poBe-

PUTH KECTKOCTh IIPU JONYCKAEMOM IIPENEIBbHOM IIEPEMELICHUN [8] =0,5mm . Eciin
YCIIOBHUE )KECTKOCTH HE yJIOBJIIETBOPSETCS, HA3HAUYUTh HOBBIEC IIOIIA CEUCHUM.

5. Jlns onmacHoro cevenust Opyca BBIYUCIUTH KacaTellbHble T, YW HOPMalbHBIC
G, HanpspKEHUsI Ha HAKJIOHHOW IUIOIIAJIKE, TPOBEAEHHOMN MO YIJIOM ¢ = 45 K OCH

Opyca.
6. Kakyro cunty Po HyXHO IPHIOKHUTH K CBOOOTHOMY TOPIy Opyca, 4TOOBI

BEPHYTH €r0 B IEPBOHAYAIILHOE MOJ0KEHHUE?

Pewenue:

1. Ilocmpoenue snopvt npodoavrwvix cun N .

Pactsokenue u cokatve Opyca BbI3bIBAE€TCSl CUJIaMU, JACHCTBYIOIIUMH BIOJb
ero ocu (puc. 1.4.1, a), mo3TOMy BO BCEX MOMEPEUYHBIX CEUEHUAX TAKOTO Opyca
BO3HUKAIOT TOJBKO NpojosibHbie yeuinuss N . VX BelIUYUHBI ONpEAenstoT ¢ MOMO-
IO METOJIa CEUECHUM.

CHauana paccekaloT MBICJICHHO OpyC Ha JIBE YaCTH B TOM TOTIEPEYHOM Ceue-
HUU, TJI€ XOTAT ONPEAEIUTh 3HaUYEHNE MPOJIOIbHOM CUJIbI, HAIPUMEp, B ceueHuu |-
I[. Nanee omny w3 dacted (mMpaByro WM JIeBYI0) oTOpachiBaroT. [leiicTBue otOpo-
IIEHHOM YacTH HAa OCTaBJICHHYIO 3aMEHSIOT cuiioil N , MpUIOKEHHON B LIEHTPE Ts-
ECTU MPOBEJACHHOTO CEUYEHHUS, STUM CaAMbIM KOMIICHCUPYIOT MEXaHUYECKOE BO3-
nemctBre oToOpouieHHon yactu. Ecnu cuna N HampaBieHa OT ceueHUsl U BbI3bIBAECT
pacTsiKeHUE pacCMaTpUBAaeMOM 4acTu Opyca, e€ MPUHATO CUUTATh MOJI0KUTEIHHOM.
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Cuna N, HampaBieHHass K CEUEHUIO U BBI3bIBAIOLIAS CXKATHE, HA3bIBACTCS
oTpuLATENbHOU. MOXXHO PEKOMEHA0BATH HAMPABIATh HEM3BECTHYIO cuity N oT ce-
YeHUsl, T.€. MPeAnoiarath € noJoKUTeNbHON. DTO yA00HO, TaK KaK IMpU pPEeLIEHUU
MOJTYYUM UCTUHHBIN 3HAK MPOJOIBHOM CUJIbI (ITOJIOKUTENBHBIN WIIM OTPULIATENbHBIN).

Buewnss Harpyska pazouBaet Opyc Ha rpy3oBble yuacTku. Ha paccmarpu-
BaecMoM Opyce (puc. 1.4.1, @) umeeM TpHu TPY30BBIX y4acTKa, OHH OOO3HAYCHBI
PUMCKUMHU LIUPpaMu HAJT OPyCOM.

JUist moCTpoeHust AMIOPbl MPOJOJIBHBIX CHUJ HEOOXOAMMO HCCIENI0BATh KaxK-
JIbIA y4acTOK, T.€. COCTABUTh CTOJBKO YPaBHEHHI paBHOBECHSI, CKOJIBKO IPY30BbIX
yuacTkoB Ha Opyce. [loctpoenue smtopel N ciieryeT HauMHaTh ¢ KpailHero (JIEBOro
WIM NpaBoro) cevyeHus. B ciayyae Opyca c kECTKOW 3aAeNIKOW ya00HEe CTPOUTh
AMIOPY, HAYMHAs CO CBOOOAHOIO KOHIIAa Opyca.

Paccmotpum ceuenue 1-1 B mpenenax 1-ro yyacTtka: oTOpOCUM JIEBYIO YacTh
CTEep>KHs1, 3aMEHUB €€ BHYTpEeHHUM ycuireM N1, HampaBiIeHHBIM B CTOPOHY OTOpO-
IIEHHON YacTu («OT CEYEHMsSI») U M300pa3uM OCTaBIECHHYIO MPABYIO YacTh C BHEIII-
Hell Harpyskoi (puc. 1.4.1, 6), B TakoM cilydae TOBOPST «HAEM cIpaBay. AHao-
TMYHBIM 00pa3oM MOCTyNaeM M Ha JIByX JIpYyrux ydacTtkax. Pacceuém 2-it u 3-i
YYaCTKH CTEPKHS 1O COOTBETCTBYIOUIMM ce€UYeHUsIM 2-2 U 3-3, OTOpPOIICHHbBIE Jie-
BbI€ 4aCTH 3aMeHseM Ha BHyTpeHHue ycuinnusd N, u N3, mpu 3T0M coxpaHseM BCHO

BHEIIIHIOIO Harpy3ky ydactka (puc. 1.4.1, ¢ u 2). Orceu€nnas gacts Opyca 0KHA
HaXOAMUTHCS B PAaBHOBECHUH, MIOATOMY, CYMMa MPOEKIUI BCEX CHII, MPUIIOKEHHBIX K
3TOM yacTu Opyca, BKiItodas U ciity N, Ha ero mpoaoabHYIO OCh Z, paBHA HYJIIO:

>, mp z= 0. (1.4.1)

N3 storo ypaBHeHust HaxoAsT 3HaueHue N , T. e. mpononbHas cuiia N BeIpaxkaeTcs
Yyepe3 BHEUTHUE CUIIBI, PACTIONIOKEHHBIE 110 OJTHY CTOPOHY OT Ce4eHHUs (JIMOO clieBa,

0o crpaBa): N = Z pises = z P™ . Otcronma cieayer, 4To BeIpakeHue mis N
|

MEHSIETCS B TEX CEUCHHUSIX, T/IC TIPUIIOKCHBI BHEIITHAE CHITBI.
Jns yaactka | (0< 23 <1) mo (1.4.1)

P—-N,=0, rornra N,=P =0,8ql.

[TomyueHHOE BBIpaXCHUE Ul MPOJOJbHOW chibl Ni TOKa3bIBaeT, 4TO B
npejenax MepBOro ydacTka MpOJoJbHAs CWJIA MOCTOSHHA W TIOJOXHUTENbHA, T.C.
31ech uMeeM pactsokenue cuioit 0,891 .

Ha yuactke Il (0< 2, <1,51) mo (1.4.1)

P-2P-N, =0, N,=P-2P=-P=-0,8ql.

Ha sTom ydacTtke npoucxonur cxxkarue cunou 0,8ql .
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Vuactoxk I (0<z3 <21):

P-2P+q-z;—N,=0, N,=P-2P+q-z,=-P+q-2;,=-0,8q-1+q-z,.

Kak u cnemoBano oxuaath, Ml ydacTKa C PacHpeaeIEHHOW Harpy3Kou

YpaBHEHUE CUJIIBI N(z) — €CTb ypaBHEHHE MEpPBOM CTENeHW Z (ITO ypaBHEHUE Ha-
KJIOHHOU TIPSIMOA).

[Toctpoum rpaduk uzmenenus cuibl N mo anmune 6pyca (omopy N ). CHa-
YaJla HEMOCPEJICTBEHHO MOJI YEPTEKOM caMoro Opyca MpOBOAMM JIMHUIO, Mapai-
JeIbHYI0 OCU Opyca, oHa Ha3bpiBaeTcs OasucHOM smHHed (310 nuHuUss OO Ha
puc. 1.4.1, 0). [lanee B COOTBETCTBYIOIIHNX CEUCHUSIX OTKJIAIbIBAEM 3HAUCHUSI CUJTbI
N : monoxutenbHble BBEpX OT JuHUU OO, OTpULIATENIbHBIC — BHU3. DMIOPY MOXKHO
cTpouTh B BeauunHax (l, mu6o moBectr BorumciacHuss N 1o 3Hauenuit B H nan kH.

Otnoxum Ha | yuactke B macmtade Bennuuny 0,80l BBepx u mpoBeaém -
HUIO, TMapajuieibHyo OasucHou, u Ha |l yuactke BHM3 0,8ql. Jlns moctpoeHus

smiopsl Ha |l yyacTke Hy)XHO mojacuuTaTh Kakue-nmubo nBa 3HaueHus N . Yao0HO
B3STh I'PaHUYHbIC 3HaUeHUs 2, =0 u z; =2l :

npu z,=0 N3=-0,89-1+q-0=-0,8ql.
npu z;=21 N3 =-0,8q-1+q-21 =1,2ql.

OtnoxuMm 5T 3Ha4eHus: N3z B cooTBeTCTBYIOIIMX Toukax JuHun OO, coenu-

HUM uX HakiIoHHOW nuHued. ['padux N mrpuxyror neprnenaukyasipao k OO u
CTaBST 3HAK CHIIBI (+ WM —).

3. CocmasneHue 8blpaxcenull HOPMANbHbIX HANPAXCEHUL U NOCMPOEHUE
INIOPbI HANPAHCEHU.

[IpononbHas cuna N sSBISETCS pe3yJbTUPYIOIIEH HOPMATbHBIX HANPSHKEHUM
G, KOTOpBIE paclpeelieHbl PABHOMEPHO I10 MONEPEYHOMY CEUEHUIO Opyca:

c=__ (1.4.2)

3HaK HalpsDKEHHs] G 3aBUCUT OT 3Haka cuiibl N , a BeIMUMHA HaNpsKeHUs
M3MEHSETCS IPU U3MEHEHUH KaK CUJIbI, TaK Y TUIOLIAN CEUYEHHUsI. DMIOPY HOPMAJIb-
HBIX HaNpsDKEHUW CTPOAT Takke Ha OaszucHou nuHuu. [Ipexzae Bcero, ompenenum
BEJIMYMHY G Mo y4yacTkam. Mcnons3ys (1.4.2), 3anuiiem:

N, 0,8ql

Ha yuactke | o, =—*
F, F
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N, _
Ha yuactke Il © == 0.8ql :_O,4ql :
2F F

2
2

N, _08q.1+q.
Ha yuactxe Il 0, =2 ——080:1+0°2
1,5F

3
3

npu z =0 o _—0,8q-1 _0,53q-!

3 S 15F F

npu z =2l o _—-08qg-1+qg-21 12q-1 0,8q-I
3 - - - .

3 1,5F 1,5F F

Dnpy G MOKHO CTPOWThH U B TOM cllydae, Korja 3HadeHus F HeusBecTHO,
OpuHUMas JUIMHY Kakoro-nmu6o otpeska 3a (QI/F . Ilposeaém nuuuio 0101 Ha

puc. 141, 2, OTJIIOKUM ITOJYYCHHBIC 3HAYCHUA HaHpH}KeHI/Iﬁ B COOTBCTCTBYHOIIUX
TOYKax JIMHHUHU U Oq)OpMI/IM BCHO 3IMIOPY: BBIIIOJIHHUM HITPUXOBKY, PACCTABUM 3HAKH
1 3HaueHus. Takas OIIIOpa UMECCT O0JIBIIIOE 3HAUCHHE IJIA IPOCKTHOT'O pacqéTa, KO-
raa Tp€6y€TCH HAa3HAYUTh PAa3MCpPbI IIOIICPCUHOTO CCUYCHUA, TaK KAK ITIOMOT'aCT BbI-
SABHUTDH OITIACHOC CCUCHHC U pacqéTHoe S3HAYCHUC Oy - B namem cily4dac HanOO0Ib-
mec HAIIPAKCHUC 110 a0COJIFOTHOM BEJIMYMHE 0Ka3aJIOCh Ha Y4aCTKC I

0,8ql
Opax ==
F

4. Iloobop pasmepos ceveHusl.

Heobxonumyto 1utomnaasr momnepeyHoro ceueHusi oOpyca F Haxonar npu usz-
BecTHOU cuiie N ¥ 10MyCcKaeMbIM HaPsIKEHUSIM [G] U3 YCIIOBUS ITPOYHOCTH:

o= <[0],

0,8ql
KOTOPOE COCTABUM JUISl OITACHOTO CEUCHUSI: G, ., — = <200. Orcrona
0,8ql 0,8-105-10% -0,4 3 2 2
F__> = =0,168-10 m =1,68cm .

900 200 -106

[Mpunumaem F =1,68 cM? u Ha3HAauaeM IJIOMIAMHU BCEX yYACTKOB:

F,=F=168cm, F,=2F =336 cm®, F, =1,5F = 2,52 cn?.
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4. [locmpoenue 3niopbi NPOOOIbHBIX NEPEeMeUeHU.

B cimydae pacTspkeHHMs W ckaTths Opyca €ro TOIepevHbIe CEUSHHUs COBEp-
IIal0T JIMHEWHBIE TICPEMEICHUS BJIOJb OCH Opyca. DTH MepeMeeHUsT BEIYUCIISTIOT
yepe3 a0bcooTHRIE aedopManuu (yAJIMHEHUE WM YKOPOUYECHHE) OTACIbHBIX yda-
ctkoB Opyca. CoryiacHo 3akoHy ['yka aOCcoMIOTHYIO nedopMaIuio ydacTka JTJITHHON
| MoxHO ompenenuts o Gpopmye:

|
, NG

=] er

rae N(Z) — BBIpaXeHUE npoaoabHON cunbl (GyHkuus N ) Ha manHOM yuactke; EF
— XECTKOCTh CEUYeHUsI Opyca Ha ITOM y4acTke. 3aMeTHM, uTo 3Hak Al, coBmamaer

dz, (1.4.3)

CO 3HAKOM TIPOJI0JTbHOM cuitbl N .
[lepemenienue S, Kakoro-imubO IONEPEYHOrO CEYEHUS MOKHO BBIYHMCIMTH

Kak cymmy nedopmanuii (1.4.3) OTIENbHBIX YYaCTKOB A, , HAUWHAs ¢ KpaitHero

N
8;=Al +Al, +...+Al, => Al :Zjﬂ z
i i o EF

10

371eCh KOJMYECTBO Yy4YacTKOB | Ha Opyce 3aBUCHT OT MEPEMEHbI BBIPAXKEHHS IMPO-
nonbHOM cuitbl N 1 kE€cTrOoCTH Opyca MpH pacTskeHuu u cxatuu EF | T.e. oT ko-
JUYECTBA TPY30BbIX YUacTKOB. Tak Ha paccMaTpuBaeMOM Opyce TpH ydacTka u Oy-
JIET TPU ClIaraeMbIX.

[Tepemerienre ceveHust | MOXKHO 3alucaTh, UCIOJB3Ys MEPEMEICHUE Tpe-
JBITYIIETO XapaKTepHOro ceueHus o, ;, Kak

8=+ Ii N‘_(Z)dz . (1.4.4)
i o EF

[Tpu mocTpoeHUN 3MIOPHI IEpEMEIICHI BHIOMPAIOT HAYaIo0 OTCYETA: ITO ce-
yeHue, B KoropoM &g = 0. Tak s Opyca ¢ )KECTKOM 3aJIeIKOH yI00HO UATH B pac-
4&Tax OT 3aJCJIKH, KOTOpask HEMO/IBI)KHA U TIEpEeMeIeHrne ceueHus 3anenku Oy =0.
B cnyuae 6pyca 6e3 3amenku Hy>)KHO MPHHATH Kakoe 00 cedeHue (JTydIine Kpaii-
HEe JIEBOE MJIM IIPABOE) 32 HEMOJABUKHOE U CUMTATH JIJIs Hero &, =0.

[Ipy npoBeleHUM JIMHUM HA 3MIOPE NEPEMEUIEHUM HYXHO IMOMHHUTBH, 4YTO

(GyHKIMS IepeMeIIeHui 6(2) Ha MOPAA0K Bblle GyHKIuU cuibl N (Z) T. €.

ds N

dz EF
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Tax ceuenne Opyca, mis kotoporo N =0 npu e€ MMHEHHOM U3MEHEHUH, SIBIISCTCS

XapaKTEepPHBIM, 3/1€Ch & =0 u nepemerienne & AOCTUTACT FIKCTPEMAIHLHOTO 3HAYE-
z

HUS, a KacaTelibHasi K KpUBOM O mapasuieibHa 0a3uCHOM JIMHUM.
Borauciaum o (1.4.3) nepopmariuu oTaAEIbHBIX Y4aCTKOB:

N | O,8q| 0,8-105-10°-0,4
11 =

A = - = 410" M=0,4 my;
' EF, EF  2.10 -1,68-10
’ : ‘ 3 * * 2 — . -4 _ —
Al N1 _ 08q1-151 _ 08-10510° 15-04 =—. = -
EF, E.2F 2.10%1.2.1,68-10*
2
8ql 2'0,8q| qz 0,8ql z P
Al = Jgidz Tg—s dZ3—j dz, = 3 - L3 =
. EFR, EF, , EF, EF), EF, 1l,

_qg(21> _08ql-2l _2q> 1,6ql> _ 0,4-105.10° -0,4?
EF—z —EF— ‘EF— EF—  210*-15168104 = 13310 M=0,133mm.

3

OrmnpeenuM repeMenieHns & B KOHKPETHBIX (XapakTepHbix) ceuenusx /, C,
B, A o popmyie (1.4.4).

0 ,=0, T.. 3m€Ch KECTKAs 3a/€TIKA.
0. =0 ,+Al, =0+0,133=0,133 mm.
6,=0, +Al, =6 ,+Al +Al, +Al, =0+0,4-0,3+0,133 = 0,233 mm.

OTI0XWB TIOJYYCHHBIEC 3HAYEHUSI OT 0A3UCHOM JTMHUU, POBEAEM HAKIOHHBIE TIPS -
Mbie Ha yuacTkax [ u II (puc. 1.4.1, orc) u yrounum nunuio Ha ydactke III , r
uMeeM JIMHEHHBIA XapakTep cuwibl N3 U mepeceueHue e€ SIopsl ¢ Oa3UCHOM -
HUEHN B ceueHuU K 1pu Z3 = Zi!

=q-z«—P=0.

P O 801
Beruuciaum koopauHary cedenus K £ = — =0,8l. Ilepememwienne s1oro

¢ q q

cedyeHus paBHoO aedopmanuu yyactka JJK, moaromy
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5 —p, -""az-08ql _q(0817 08ql-08l _032q1* 0,64q1° _

<l 4y, EF —EF— —EF— —EF
0

__032q17 0,53'_?-105-103 042 - . 4 ’ :

EF, 2100 1s1e8.10¢ o 0 M 0407w

Ha yuactke JIK cuma N3 oTpumarenpHa, MO3TOMY TEpEeMEIICHUE TOTYICHO
TaK ke oTpuaTeIbHbIM. OTII0KHUB 3TO 3HAUYCHNUE BHU3, IPOBOJIUM KPUBYIO C TIEpE-
ruoom B ceyennu K.

[TpoBepuM ycaoBue KECTKOCTH, IS 3TOTO U3 IMIOPHI MEPEMENICHUI O BO3b-
MEM Omax = 0a = 0,233MM M 3amumeM Omax = oa = 0,233 < [5]=0,5 MM, 3HAQUYUT, YCIO-

BHE KECTKOCTH BBIIIOJIHSICTCS.
5. Bviyucnenue HCll/lp}ZcheHT/lTj 6 HAKJIOHHOM ceYeHUU.
HaHpH)KeHI/ISI Ha HAaKJIOHHBIX ITNTOIaAKaX BBIYHUCIIAOT IO U3BCCTHBIM (1)OpMy-

nam 1t =2 -sin2a, 6 =0 -C0S%aL

o 2 o
¢ = %sin2o = 2% 1~ 100 M,
@ 2 2
(7Y 200
6, = 200-cos? 45° = 200-| Q =___ =100 MIIa.

\2) 2

6. Onpeodenenue npoooavrol cuivt Po.

OnpenenuM, Kakyro MPOIOJIbHYIO CHITY HYKHO MPUIIOKHUTH K TOpIy Opyca (B
ceueHnH A), 4ToOBI mepemerienue 3toro cedeHuss o, =0. OT BHelHeH Harpy3ku
cedeHne A mepeMecTUsIoCh BrpaBo Ha BenmuunHy 0,233 MM. UTOOBI cedeHue nepe-
IUIO BJIEBO HA ATy )K€ BEJIUYHHY HEOOXOIMMO MPHUIOKHUTH HA Toplie cuiy Po, ciku-
Matomyto 6pyc Ha 0,233 mm. CocTaBUM ypaBHEHUE

§ =Al (P)+Al (P)+Al (P),wm & _Poc Pol = Pl
A | 0 1 0 11 0 A ]
E-F 2.E-F 15-E-F

P 3,08-P
-3 _ 0 — ! 0
nm 0,233-10°% = _Pg % +_215 . 1%5\ _ . (140754133 .
0,233-107%.2.10™ - 3,510 s 5
orcrona P,= =0,529-10 H=5,3-10 H=5,3kH.

3,08



1.5. IIpoeKkTHBIH pacyéT cTATHYECKH HeONpeAeJTMMOro CTyleH4aToro opyca

Jlist 6pyca ¢ KECTKO 3a7€IaHHBIMU O0OOMMH KOHIIAMHM M Harpy>KeHHOI'0, KaK
nokaszano Ha cxeme (puc. 1.5.1), P1 = P=10xH, P> = 2P, paccrosnue a = 1 m.

Tpebyemcsa:

1. Iloctpoutsh 3mOpbl NPOAOCAbHBIX cui N, HOpMaJIbHBIX HANpPSHKEHUN G U

nepeMenieHui o.

2. HOI[O6paTB BCIIMYNHY Hﬂoma;[eﬁ MOTICPCYHBIX CEUCHMH BCEX Y4aCTKOB

27

Opyca 1o MeTOJy JOMyCKaeMbIX HANpPsSKEHUHU, €CIH [0] =160 MlITa.

/ oF /
4+ £
/ F /
/ /
a / —» P B /. B
: 4
; /
L > < g > e a
2 [ /
/] R
6 5 4 —>» P B g
2
Z
Tz @
8 EEEEEEEN By ‘ kH
T 17.5
1 16,25/F
5] 1,25/F @
2 | — ‘
7 17,5/F
0
16,25
EF gFS

Puc. 1.5.1
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Pewenue:

1. 3agaya oauH pa3 cTaTUYECKU HEOIpeaenMa, Tak Kak JJig CUCTEMbI CHUJ,
JEUCTBYIOLIUX 110 OJHOU IIPSIMOM, MOYKHO COCTAaBUTh TOJIBKO OJTHO YPABHEHUE PaAB-
HoBecus Y, nip z= 0:

P,+P,—R,~R, =0, (1.5.1)

B KOTOpPOM JIBa Hen3BecTHhIX: Ry 1 Ry.

CocTaBuM JIOMOJIHUTENBHOE YpaBHEHUWE — ypaBHEHHE mnepemenieHui. Jlms
3TOro OTOPOCHM IPaBYIO OMOPY, 3aMEHUM e€ Bo3/eiicTBre Ha Opyc ycunnem Rg n

3aluIleM BBIpAKEHUE JI NepeMenieHns ceueHus B. VIcnonb3ys MpUHIUIT HE3aBHU-

CUMOCTH JI€MCTBHSI CHUJI, 3TO MEPEMENICHHUE BBIPA3UM KaK CyMMY MEpPEMEICHUN

A|P : A|P , A|R , BOBHHUKAIOIINX OT KaXKIOW U3 CUJI Pl, P2 u RB B OTIEJILHOCTH.
1 2 B

Tak kak ceueHue B XECTKO 3a/ICJIaHO, Cro ICPCMCIICHHUC PABHO HYJIIO, ITO3TOMY
YpPaBHCHHC HepeMCIIIGHI/Iﬁ IIOJIY4YUM B BHUJC

Al + Al +Al; =0.

3anmcaB aedopmariiun mmo 3akony I'yka (1.4.3), umeem

P,-a +P2~2a_RB~a_RB-2a_O
E-2F E-2F E-F E-2F

OTCIOf1a, TocJie cokpalneHus Ha a u EF, Beruncium Rg =17,5kH.
B cootBercTBUU ¢ pacu€THOM cxeMoit (puc. 1.5.1) aHanmuTH4eckue BbIpaxe-
HUS TIPOJIONIbHBIX cuil N, HanpsHKEHUN G ¥ TIepeMeIeHuid 0 OyAyT ClIeTyIOIUMU:
| yaactox, 0 <73 <a:

R
N=-R =-175kH; c =—_° _-17,5,
1 B L F F
-Rg -7,
d = , mpu Z =0 3 =0,mpu Z =a & _ 175
1 EF Lo L 1 EF’

Il yqacTok, 0<zp <a:

N =—R +P =25kH; o _ N, 125,
2 B 2 )

2°2F F
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o =Al +N2'22, npu Z =08=—17’5, npu Z = a 6:—16’25.

? 1 E.2F 22 EF 2 2 EF

Il ygacTox, 0 < zz <a:

N =—R +P +P=325xH; 6 _ Ns 16,25
3 B 2 1 37 9F E
16,25
8=A|+N3'Z3,HpHZ=O O =— , ipu Z =a 6=0.
3 2 E’ZF 3 3 EF 3

Ha ocHOBaHMM MOTy4YeHHBIX JAHHBIX CTPOUM 3MIOphl cuil N, HanpskeHud o
u nepemertenunii O (puc. 1.5.1, 6, 2, 0).

[TocTpoenue 3MIophI IepeMenIeHu MOXKET CITYKUTh KOHTPOJIEM MPABHIIBHO-
CTH penieHus 3anaun: nepemenienne Ha | yuactke npu Z =0 u mepememnienue Ha
[l yyacTke npu Z = A& AOHKHBI PaBHATHCA HYJIO, TaK KaK B 3THX JABYX CEYCHUSIX
KECTKUE 3aKperieHus1 Opyca, IepeMeIeHUs] KOTOPbIX HEBO3MOKHBI.

2. Io smrope HOpManbHBIX HanpsbkeHui (puc. 1.5.1, 2) Haiiném HanboJbIIEe
HanpsbkeHue o,,, =17,5 kH/F u coctaBuM ycioBue NpOYHOCTH:

G, =175/ F < [G ], OTKY/Ia OMpEAEIUM ILIOIAAb HOMEPEYHOT0 CCUCHHUS

F>175_17510° _g 09.10
[c] 160-10°

_4 M2.

[Tpunumaem F= 1,1cm? Torna Ha y4acTke AB miomaab NonepeyHoro CEYeHus Ha-
3gauaeM 1,1 cM?, a Ha yuactke AD B s1Ba paza 6oblue, T. €. 2,2 cM2.

1.6. IIpoBepouHBIii pacyéT cTyneH4aToro opyca

s ctynenvaroro Opyca (puc. 1.6.1) u3BecTHa BHEIIHSS Harpy3Ka, 3a/1aHbI
IJTOIIAH MONEPEYHOTO CEYEHHUS U JIJIMHBI YYaCTKOB.

Tpebyemcs:

1. ITocTpouTs 3mt0pbl NPOAOJIbHBIX ciil N, HOpMaJIbHBIX HAMPSKEHUH G, OT-
HOCHUTENIBHBIX fedopmaruii € U MpOAOIBHBIX mepeMenieHnid o. [IpuHATs MOIyNb
ynpyroctu E = 2-10° MIla.

2. YKa3aTh OMAacHOE CEUYCHHE W 3HAYCHHUE Omax, POBEPUTH MPOYHOCTH TPH
nonyckaeMoM HamnpsbkeHud [c¢] = 200 MIla. Ecin ycnoBre mpoOYHOCTH HE YJIOB-
JIETBOPAETCA, YKa3aTh MPU KAKUX pa3Mepax IUIOMIAJAN CEYEHUN OHO BBIIIOJIHUMO.
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3. YKa3arh 3HAYEHUS E€max U Omax, IPOBEPUTH JKECTKOCThH MPHU JOMYCKAEMOM
oTHocuTenbHOU nedopmaruu [€] = 0,005 u momyckaeMoM MHPOJOJILHOM TEpemMe-
mienuu [0] = 0,5 mm. Ecnu ycnoBue )XECTKOCTH HE YJIOBIETBOPSAETCS, yKa3aTh MpH
KaKUX pa3Mepax IUIOMIaJd CEYEHUH OHO BBITTOJIHUMO.

4. Jlnia omacHOro cedyeHus Opyca BBIYUCIUThH KacaTelIbHbIE T, U HOPMaJIbHbIE
G, HAaIPSKEHMS] B HAKJIOHHOM IUIOIIAJKE, IPOBEAEHHON mo yriaoM o = 45° x ocu
Opyca.

P,
-
Oz
—— —— — - CI1
— — -
P1
A —
/
L i— F1_> L —
L — —— ——
/F2
-
|2 |1 1
Puc. 1.6.1

Pewenue:

B »10ii 3amaue ucnonp3oBaHa yHUGUIUPOBAHHAS CXeMa CTYNEHYaToro Opy-
ca TP pacTsHKCHUHU-CHKATUH, KOTopas u3o0pakeHa Ha puc. 1.6.1. B Heit B Havase
KOKJOTO y4acTKa MPHUIOKEHBI COCPENOTOUYEHHBIE CUIIBI P, Ha KaXJIOM Yy4YacTKe
JENUCTBYET pacmpenenéHHas Harpy3ka MHTeHcuBHOCTU (. [IpuHuMaem mnpaBuio
3HAKOB: 32 MOJIOKUTEIIPHOE CYNTAEM PACTATHUBAIOIIEE HAIIPABICHUE HATPY3KH.

[TycTh B Hamem nmpuMepe 3aJaHbl CIEAYIOIINE BEIMYUHBI: COCPETOTOUCHHBIE
CWIbl B Havasie ygactkoB OyayTt paBubl P1=-30 kH, P»,=0, P3=0; uHTEHCUBHOCTH
pacnpenenénHoi Harpy3ku no ydactkam (1=0, q2= 80 kH/m, Q.= -100 xH/m;
mmabl - yyactkoB 11=0,4 M, [,=0,6 M, [3=0,3 M, miomaau cedeHuid yd4acTKOB
F1=4 cm?, Fo=6 cm?, F3=3 cM?.

CHauana 1o MCXOJHBIM JaHHBIM M300pa3uM B Macmitade 3aJaHHBIN Opyc u
NEHUCTBYIONIYIO Ha Hero Harpysky (puc.l.6.1). Bpyc pazaenum Ha JBa rpy30BbIX
ydacTKa, 3/1eCh HyMEpaIHi0 y4aCTKOB YA00HO OpaTh cO CBOOOTHOTO Kpasi, TOITOMY
Havayio 1-ro ygacTka moJjioskuM Ha Topiie Opyca.



31

6eM”
, Aend
3eM oM
: SOxkH/M
\ 100kH/m
0.3m 0.6Mm 0.4m
18
@ h\
/ S N (kH)
12 ‘
|~ 1
| 30
60
40 /K@
V ‘ on o (Mlla)
C
| 75
50
30
15
20 @ K it g-10
22.5 QL 37.5
2,=0,18Mm 7,=0.375m '
/ ‘ 3 (Mm)

0.012 0,015 l=0319 0,01%0.165

Puc. 1.6.2

JI1s1 OLIEHKU NPOYHOCTU M KECTKOCTU Opyca HEOOXOAUMO MUMETh 3HAYCHUS
npoaoabHbIX cui N , HanpsiKeHU G , fedopMaluil € U IepeMEILeHHH 0. 3anuiiemM
UX aire0pandeckue BhIPAKEHUS, UCIIOIb3Ys METOJI CEUCHU.
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B Texymem cedeHuu, yaan€HHOM OT Hadaja 1-ro yyacTka Ha pacCTOSHHUM Z1,

MMpOoJa0JIbHAA CHJia N]_, HaNps’KCHUC G1 U OTHOCUTCIIbHAA I[C(i)OpMaHI/ISI €1 3aIIMneMm
Kak

N -30-10°
N =P+qz =—30kH, ¢ = = = —75MITa,
1 1 11 1

F 410
o, -7510°

g = 1= = 37510 ",
E 2.10¢

rae E - Mogynbs npoaoasHO# ynipyroctu Matepuaia oOpyca.
B Texymiem ceuennu 2-ro yyacTka, yAalEHHOM OT €0 Havajia Ha PacCTOSTHUM Z2,

N,=N,(l,) +P,+0,z,=-30+0+80-2z,=-30+80-z,,
npu z,=0 Ny =-30kH, npu z,=1, N, =18«H;

q:_

-30-108 103 .
N, _ 30-10° +80-10° - z, _ (=50 +133,3. 7,) 105,
F2 6'10_4

npu 2 =0 o, =-50MIla, npu z, =1, o2 =30 MIla;

o, (-50+1333-7 )-10°

8:2:

E 2-10%

~(-25+66,7-2 )-10 ",
2

npu 2, =0 o, =-25-10°, npu z,=1, o, =15-10°.

B Texymem ceueHny 3-To yyacTka, yIaIEHHOM OT €ro Havyasia Ha PacCTOSHHU Z3,
N,=N,(l,)+ P, +q;z2,=18+0-100-2,=18-100- z,,
npu Z;=0 N3 =18«H, npu z, =1, N3 =-12kH;

N, (18-100-7;).103
=—F3=( 3_10_22) = (60— 333,3-23)-10 °,

3

mpu 73 =0 o3 =60MIla, pu 23 =l; 05 =40 MIIa;
c (60-333,3-z)-10°

83 = = 3

6
3
E Z-10t
23

—(30-166,6-7 )-10

npu

=0 ¢ ~30-10°, mpu z,=1, ¢, =-20-10"°.
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[Io mony4eHHBIM AaHHBIM MPOAOJBHBIX CHJI, HAPSKEHUH, OTHOCUTEIBHBIX
nedopmalvii HEMOCPEACTBEHHO MOJ OpyCOM MOCTPOMM JMIOPHI 3TUX BEIUYHMH U
MOJAMMUILEM UX XapaKTepHble 3HaueHus (puc.1.6.2).

[lepeiiném k nepememeHussM. COCTaBUM BBIPAXKEHUS MPOJOJIBHBIX CMEIIE-
HUM O XapakTepHbIX nonepeuyHbix ceueHut 4, B, C, /], nns 3Toro HeoOXOIUMO
3HATh a0COJIIOTHBIE Ae(POPMALIMH YUACTKOB, KOTOPBIE BEIYUCIIAIOTCS O (hopmyJie

|
N
A= J —dz.
EF
[Tonyuaem cnemytoniyue adbCcoMOTHBIE AedOpMaIlui y4aCTKOB:
I, -6
I I —-75-10 -5 -5
Al :fﬁdzl _[Oigy, | dz1=—37510  -z1| =-14,96-10 m~=
0 EF; o E o 2-10M g
~0,15 MM, | ( ) .
| | 2(-50+133,3-z.)-10-
AIZ = MdZZ ZIG—ZdZZ :j 2 dZZ =

o EF; o E 0 2 101t

=(-25-7 +66,7-7 2/2)-10°° | ~-3,0-10° M= —0,03mm,
2 2 I
1, -6
| | 60-333,3-z,)-10
=(30-2 —166,7-232/2)-10‘5‘ =15-10°M = 0,015mm.

Is

PeanpHOE mepeMeleHre ceueHUs 3aJeIKH OTCYTCTBYET, MO3TOMY 3aIlHIIEM
nepemerienne o4 =0. [lepBoe ceuenue 3-ro yyacTtka (ceueHue B) MOIy4HIIO mepe-
MelleHue dp, KOTOpoe paBHO AedopMaimu 31oro ydactka: dz= Alz = 0,015Mm |

[TepBoe cedenue 2-To ydactka (ceuenne C) MOTYIHIO TEPEMEICHUES

¢ = Alg + Al, =0,015 + (- 0,03) = -0,015 mm.
[TepBoe ceuenue 1-ro yyactka (ceueHue /{) mepeMecTUIoCh Ha BETNIHHY

87 =Al3 +Aly +Al; =0,015+ (- 0,03) + (- 0,15) = 0,165 M.

B namrem npumepe Hakionnas npsimas Ha smope N (puc. 1.6.2) mepecekaer
OCh Ha PAaCCTOSTHUH Zg OT Hayaia 2-ro U 3-To y4acTkoB. B atux ceuenusax N=0, mo-

ATOMY aOCIMCCHI ATUX CEYCHHU BBIYUCIUM IO QopMmylne Z,= . [lomyuum coort-

BETCTBEHHO Ha 2-M U 3-M y4acTKax
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z = =03/5mu z :3:0,181\4.
0 80 0 100

Ha smrope mepemenieHnii B 9TUX CEUCHHUAX OXKHUAACTCS IKCTpEeMyM (Tieperud
KpUBOM TiepemMenieHuii). 3HaueHue 3TOro AKCTPEMAJIbHOTO TepeMenieHus O, (Ie-
peMeleHus Ipu Z=Zg) ONpeesieTcs Kak pa3HUIla Mexay epeMenieHIeM IepBOTo
cedyeHus u nedopmaimeit Kkycka Zo:

Ha 2-M y4acTKe MoJIy4yaeMm

0 N, ( 2 ) -5

53250—4; dz, =-0,15-%-25-72, +66,7-22/2 .10 ,

EF, 0
=-0,015-(-0,0469) = 0,0319 mwm,

Ha 3-M y4acTKe

20 N, 2 ) 5
83:88 — J;_d23=0,015— 0-23-166,7 - 73 /2 10
EF

2

3
= 0,015 (0,027) = 0,012 mwm.

Otnoxusn IMOJIYYCHHBIC 3HAUCHUA OT 0a3uCHOM JTUHHMHU Ha OIIIOPEC IICPEMCIIIC-

Ui (puc.1.6.2) MpoBOAUM KPUBYIO C NIEPEruOOM B PACCMOTPEHHBIX JABYX CCUCHHM -
AX.

HazoBéM makcuManbHble HAMPSDKEHHUS! Omax, A€DOPMAIUU Emax, TEPEMEIIIE-
HUS Omax U CIEJAEM BBIBOJBI O MPOYHOCTH M KECTKOCTU Opyca Mpu 3aJaHHBIX Be-
JUYMHAX JOoIMycKaeMblx HanpspkeHui [o [=200 MIla, nedbopmarwmii [¢ | = 0,005 u
nepemeriennii [6 ]=0,5 mm:

Omax — 75 MTIla < [G ] :200 MHa,

U, CJIeI0BATENIbHO, IPOYHOCTh Opyca oOecreyeHa;

emax= < [€ ]= 0,005, Smax= 0,165 mm < [d ] = 0,5 MM,

3HAYHT, )KECTKOCTh Opyca oOecIeueHa.

4. Jlns omacHOTO ceueHus Opyca BBIUHMCIMM KacaTelIbHBIC T, 1 HOPMAaJIbHBIC
O, HalpsOKeHUS B HAKJIOHHOW ILIOIIAJKE, MPOBEAEHHOM MOJ yrioM o=45° K ocu
Opyca. OmacHBIM CEUYCHHEM SIBISICTCS CEUCHHE, B KOTOPOM HOPMAaJIbHBIC HAMpsIKe-
HUS MaKCHMAaJIbHBI 10 a0COJIFOTHON BEJIWYWHE: B HAIIIEM NPHMEPE PaBHOOIIACHBI
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BCE CEUEHMS |-Tr0 ydacTKa U Omax = 75 MIla. Beruucnum HanpskeHHsl B HAKIIOHHOU
IIJIOIIAIKE:

( 2\2
Gy, = Omax .C0s245° :75.| £ =37,5 MlIla,

\2)

Omax .sin90: = Omax _ L = 37,5 MIla.

Ty =— 12

2 2 2

2. F'eoMeTpuyeckne XapaKTePUCTUKHU CeYeHU it

IIo »Toi Teme npeayCcMaTpuBacTCA BBIYUCIICHUC TCOMCTPUUCCKUX XaAPAKTC-
PUCTUK CUMMCTPHYHBIX U HCCUMMCTPUYHBIX CCUCHUU U3 IMPOKAaTHBIX HpO(l)I/IJIGI;’I )51

POCTHIX GUTYP.

2.1. Boluuc/ieHNe TeOMeTPUYECKUX XapPaKTePUCTUK CHMMETPHYHBIX ceYeHUI
U3 MPOKAaTHBIX Npoduiei

[Tnockoe cummeTpuuHoe cedenue (puc. 2.1.1) cocTaBieHO M3 MPOKATHBIX
npodueii: qeyraBpa Ne 27 1 ABYX yrOJIKOB HepaBHOMOIOYHBIX Ne 11/7.

Tpebyemcs:

1. BeiuepTuTh ceueHue B MacuiTade, pa3dUTh €ro Ha OTJEJIbHbIC AIEMEHTHI,
IUTSL KXKI0TO U3 HUX MPOBECTH COOCTBEHHBIC ocH (Xi, i ), 3aIucaTh 3HaYCHHS T1JI0-

manu F;, oceBbIX Iy Iy_ U IIEHTPOOEKHOTO Ix_y_ MOMEHTOB UHEPIUH.
1 1 171

2. OnpenenuTh MOJIOKEHUE IeHTpa TskecTH (Touku C) Bcero ceueHus, Ha-
HECTH €T0 Ha CeUeHHE, IPOBECTH IICHTpaIbHbIe OCH ceueHHs (Xc, Yc). ¥ BEIUUCIUTh
3HaYCHHs LICHTPATIbHBIX MOMEHTOB MHEPLIMH BCEro ceyenus I, , |, I v

C C cJC

3. OmnpenenuTh MOJOKEHUE TIIABHBIX OCed Bcero cedeHus (U, V) U yKasaTh
3HAYEHUS TJIABHBIX MOMEHTOB MHEPUHH |max, Imin ¥ OCEl MakcHMallbHOTO U MUHU-
MaJIbHOI'O MOMEHTOB UHEPIUU.

Pewenue:

HcxonHbIMU TaHHBIMU JJIS pacyu€Ta sSIBJISIOTCS:

® KOJMYECTBO N MPOQUICH B CEUCHUH;

® BUJ KaXJO0T0 Mpo(duis, ero pacnojaokeHHe U TeOMETPUIECKUE Pa3MEPHI.

Kaxnprii mpoduinb XapakTepusyroTcsl TUIOmansio Fi, MomokeHneM IeHTpa
TsokecTd (Touku Ci) ¥ MOMEHTaMH HHEPITUH OTHOCHTEILHO COOCTBEHHBIX IICH-
TpanbHbIX oceif: ocepbvu I, 1) nentpobexnbv I, . OTH 3HAueHMs anA

npokaTHbIX npoduieid npusenensl B Tadbnunax 'OCTa (ana asyraBpa no ['OCT
8239-89, mis msemepa — mo 'OCT 8240-86, nns yrosnka — mo FOCT 8510-89).

OcTaHOBHMMCSI Ha IMOJATOTOBKE MCXOAHBIX NaHHBIX (puc. 2.1.1, a). Cedenue
COCTOUT M3 3-X DJIIEMEHTOB 3a/IaHHBIX pa3MepoB: AByTaBpa Ne 27, IByX YTrOJIKOB
Ne 11/7. TlpucBoum um uHAekco i = 1, 2, 3.
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IEM OCH 371eMeHTOB (Xi, Yi), BeimumeM ocessle |, , |
I

o

-

1-1 »>emeHT

VA

F=40,2 cm?
1,=5010 cm*
l,=260 cm*
b=125 Mmm
h=270 Mmm
S=6 MM
t=9,8 Mmm

36

2- DIJIEMEHT
F =13,9 cm?
X L=172 cMm

4

! 4
A 1y=54,6 cm

4

> 1ly=-0,4 cm
s b=70 mm
B=110 mm
t=9,8 Mmm
X0=1,64 CM
Y0=3,61 cm

Puc.21.1

3-i1 BJIEeMEeHT

F=13,9 cm?
L=172 cm*
l,=54,6 cm*
ly=0,4 cm*
b=70 MM
B=110 mm
t=9,8 MM
Xo:1,64 CM
Y0=3,61 cm

Ucnonb3yst Tabmuiel 'OCTa, BeimuiemM HE0OX0IUMBIE 3HAYEHUSI U TIPOCTa-
BUM Ta0apuTHBIC pa3Mepbl. [l 3amucu TeOMETPUIECKUX XapaKTEePUCTUK TPOQPIUIIS
UCTIONB3YIOT OCH KOOPJHMHAT, MPOXOJAIINE Yepe3 IMEeHTp ero TsokecT (Touky Ci),
9TH OCH Ha3bIBa€M IICHTPAJIBHBIMHU WM COOCTBEHHBIMU OCAMH 3jieMeHTta. [Ipose-

Yi

M [EHTPOOeKHbIN |

|yi MO-

MEHTBI HHEPITUH OTHOCUTENIFHO COOCTBEHHBIX OCEH KaXKJ0T0 3JIEMEHTA COTJIaCHO UX
pacnojio’keHHs Ha cxeme ceuenus (puc. 2.1.1, 6, s, 2).
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Bbrunciennst HaUMHAEM C Ha3HAYEHUsI UCXOJHBIX Oceil (X, Y) s BCero ceye-
HUs, BBIOMpas ux Harbosee ynooHoe pacnonoxenue. Takumu ocsiMu Ha puc. 2.1.1, ¢
OPHUHATHI ocH (X, ).

Ecnmu ykaxeMm KOOpJIMHATHI LIEHTPOB TSHKECTH KAKAOTO 1-TO 3JIEMEHTa B UC-
XOAHBIX OCAX (X, Y) Kak koopauHaThl X; ¥ Yi Touku Ci(X, Vi), TO KOOPAMHATHI IICHTPa
TSKECTH Bcero ceueHus: C B TeX ke ocsX (X, Y) BBIYUCISIIOT KaK paccTosHUA Xc, Yc
o cieayomum Gopmyiam:

> FX 2R,

XC = F ’ yC - (211)

2 2F,

Paccrosinus A0 LOCHTPA TAKCCTU 3JICMCHTOB HAXOAUM I10 YCPTCIKY:

b 125

X=X='4+y = +361=986 mMm = 9,86 cwm,
2 3 02
2 2
y :E+x :T+16,4:151,4 MM =1514 cwm,
2 0,
2 2
y =— hl_x :—@—16,4:—151,4 MM =-1514 cwm,

o2 %2
TeTeph YKaKeM KOOPIUHATHI IECHTPA TSHKECTH KaXI0TO MPOQHUIIS:
C,(0;0), C,(9,86;15,14), C,(9,86;—15,14)
OmnpenenuM KOOPAMHATHI IIEHTpa Beero ceueHus mo (2.1.1):

_Fx+FX+Fx _0-40,2+9,86-13,9+9,86-13,9 _ 274,108

X=—FFF+F = A02+139-139  — 68 —+0:3lmm=4.03lcwm,
1 2 3

F.y, +F,y,+Fy, 0-40,2+1514.13,9+(=15,14)-13,9
¥ =—FFF +F - 40,2+13.9+13,9 =0.
1

2 3

B urore umeem C(Xc, Yc)=C (4,031;0). OtknaspiBaeM paccTOSHHSA Xc, Yc OT

ocei (X, Y) ¥ MPOBOAVMM LIEHTpaJIbHBIC OCH Bcero cedeHus (Xc, Yo).

Jlanee HEOOXOAMMO BBIUUCIUTH LIEHTPAJIbHBIE MOMEHTBI MHEPIUU BCETO Ce-
enns I, , I, wu I, . Hcnons3yem TeopemMy 00 M3MEHEHUH MOMEHTOB HHEPIMH
c°C

C C

MIPY MAPAJIETBHOM MEPEHOCE OCEH:
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|XC:;FL|Xi+ai2Fi], chzzi"[lyi+bi2|:i] |chczzi“[lxm+a_-b_-|:_1. (2.1.2)

3mech @i U Dj — pacCTOSHUSA MEXKIY LEHTPAIbHBIMUA OCSAM I-TO 3JIEMEHTa U
BCETO CEYECHUS

ai=Yi-ye, bi=xi- Xc. (2.1.3)

Boranciaum o (2.1.2) oceBbie U HIEHTPOOESKHBIE MOMEHTBI HHEPIIMKA BCETO CEUCHUS.
CHayvasa HaiiIéM aj — pPacCTOSTHHSI MEXKIY OCSIMH Xi U Xc 1o (2.1.3):

=Y, - yc:O’
a,=Y,~ Y. =1514—-0=1514 cm,
a,= Y, - y.=-1514-0=-1514cu.

=l +al-F o+l +al-F,+l +al-F,=
=5010+0%-40,2+172+(1514)" -13,9+172 +(15,14)" 13,9 =

=5010+0+172 +3186,15+172 + 3186,15=11726,3cm*.

Haiiném b; — paccrosaus mexay ocsmu Yi u Ye 1o (2.1.3):
b,=%,—x.=0,
b, =X, —X.=9,86-0=9,86 cm,
b, =X, —X.=9,86-0=9,86cm.

_ 2. 2. 2. F —
l, =1, +bf-F +1, +by-F,+1, +bi-F =

=260 +0%-40,2 +54,6+(9,86)" -13,9+54,6 +(9,86) 13,9 =
=260 + 0+ 54,6 +1351,35 + 54,6 + 1351,35 = 5943,86 cm*.

IL{eHTpOoOCKHBIIT MOMEHT MHEPITUU Ichc CUMMETPUYHOTO CEUYCHHUS pPaBEH

HYJIIO, IIOKaXXCM 3TO:

Ly =1, +a,-b-F+1l, +8,b,-F,+1, +8-b;-F,=
1 272 33

c C 1

—0+0-0-40,2-0,4+15,14-9,86-13,9+ 0,4 + (~15,4) -9,86-13,9 = 0.
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[Ipu permeHnr CUMMETPUYHOTO CEYEHUS MOXKHO €T0 HE BBIYUCIISTH, CChLa-
SCh Ha OYEBHUIHOE CBOMCTBO KaK pe3yJbTaT WHTErpupoBaHusa. HyneBoe 3HaueHue
LHEHTPOOEKHOTO MOMEHTa WHEPLMHU JTaET HyJIeBOE 3HAUCHHME TaHI€HCa yrjla Ha-
KJIOHA TJIaBHBIX OCEH, onpeaensMoro no ¢Gopmyie

te20 =— 2l | (2.1.4)

L, —1

x. Y,

OTKyJla CJIEAYET, YTO Yroi HakioHa o = (0 , a HeHTpalibHbIe OcH cedeHus (Xc, Yc)
eCTh TJIaBHBIE OCH Bcero ceucHus (U, V), IEHTpaJIbHbIC MOMEHTAa HMHEPIMH €CTh
TJIaBHBIE MOMEHTBI MHEPIUU ceueHus l,, ly. Ykaxkem 3HaueHUS TrIIaBHBIX MOMEHTOB

MHEPIUH Imax, Imin:

L= 1, = 14617,52¢m%, 1 = |, = 3052,64cM?

HpI/I Harpy>KCHUM CCUYCHUA KCIIATCIIbHO, YTOOBI Harpys3ka muia 1o oCH yc Kak
OCH MUHHUMAJIBHOTO MOMCHTA MHCPIIHH.

2.2. Boluuc/IeHHe TeOMeTPUYECKUX XapPaKTePUCTUK CHMMETPHYHBIX ceYeHUi
U3 NMPOCTHIX Guryp

[Tnockoe cummerpuuHoe ceueHue (puc. 2.2.1, a) cocTaBieHO U3 MPOCTHIX
buryp: Kkpyra paauycoMm S5a IBYX MPSIMOYTOJIBHUKOB BBICOTOW 2a W HIMPUHOH
3HAYEHUE OTpe3Ka a=> MM.

Tpebyemcs:

1. Berueptuth ceueHune B Macitade, pa3OUTh €ro Ha OTACJIbHBIC DJIEMEHTHI,
JUTS KOKIOTO U3 HUX MPOBECTH COOCTBEHHBIC ocH (Xi, Vi), 3aIucaTh 3HAUCHHS TIT0-

manu F;, oceBbIxX IX_ , Iy_ U IIEHTPOOEIKHOTO Ix_y_ MOMEHTOB HHEPIIHH.
1 1 171

2. OnpenenuTh NOJ0KEHUE IeHTpa TsoKecTH (Touku C) Bcero ceYcHHs, Ha-

HECTH €T0 Ha CEYCHHE, MPOBECTH IIEHTPAIbHBIC OCU CeYCHHUS (Xc, Y¢) ¥ BBIYUCIIUTH

3HAYCHHS IEHTPATbHBIX MOMEHTOB HHEPIIMK BCETo cedenud |, , |, # I v
C C cJC

3. OnpenenuTh MOJIOKEHUE TIABHBIX Ocel Bcero cedenus (U, V) U ykas3aTh
3HAYEHUS TJIaBHBIX MOMEHTOB MHEPUUHU lmax, Imin, YKa3aTh OCH MaKCUMaJbHOTO U
MHUHHMaJIbHOTO MOMEHTOB UHEPIIUH.

Pewenue:

Cedennie cOCTOUT U3 3-X PJIEMEHTOB: Kpyra U JBYX MPsSMOYTroJibHUKOB. [Ipu-
cBoMM MM HHIEKCH | = 1, 2, 3. Ha geprexe (puc. 2.2.1, 6), HaHECEM IICHTPHI TsKe-
ctu Kaxaou ¢urypsl Ci, yepe3 Touku Ci mpoBeaéM COOCTBEHHBIE OCH KaXXI0M (u-

rypsl (Xi, Vi).



Sa

VA
_“I A W

Yia Yaa

Puc.2.2.1

Tak kak ceucHUEe MMEET JIBE OCH CUMMETPHH, TO IIEHTP TSIKECTH BCETO ceue-
HUS HaXOJHUTCS Ha HUX MepecedycHUuH — B Touke Cp , 4yepe3 KOTOPYIO M HMPOXOIST
IIEHTPAJIbHBIC OCU Bcero ceueHus (Xc , Y¢). 3HAUYMT, KOOPAUHATHI HICHTP TSHKECTH
Bcero ceuenus C(Xc, yc):C(O; 0). VKaxeM KOOPJIWHATHI IEHTPA TSKECTH KaKIOn

3 duryp: C,(0;0), C,(-a;0), C,(a;0).
[Tnomaay >1eMEeHTOB TOICYUTAEM TI0 U3BECTHBIM (pOopMyIiam,

nd? 713'(5&)2
F=n-r?= = :19,6332, F2:F3=28_-a=23.2.
1 4 4
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Bperuncium HCHTPAJIbHBIC MOMCHTBI HHECPIOUHN 3JICMCHTOB. OCCBLIC I X, ! |y u
i i

HEHTPOOSKHBIH |, MOMEHTEI MHEpIHH OTHOCHTENBHO COOCTBEHHBIX OCeH (Xi, Yi)-

Vi
DTO MOXHO BBINOJIHUTH MO (OpMyJiaM U3 CIPaBOYHUKA JHOO MOIB30BAaThCA TaO-
manein 1.

Heo0xoammo caenats cieayromniee mpuMedaHue: A OTBEPCTHH IUIOMadh U
MOMEHTBHI WHEPIIMH CUYUTAEM OTPHIIATEIbHBIMU. B Halem mpuMepe OTBEpCTUSMU
SBIISIOTCS TIPSMOYTOJIBHUKH, TIO9TOMY TUIOMIAlb 1 MOMEHTHI HHEPIIUN MPUHIMAEM
OTPHIIATEIHHBIMHU.

st 1-i1 purypsl — Kpyra nojaydum

L, =1, = n-d* ~0,05 .d* =O,05-(5a)4 =31,25a%, Ly =0.
1 1 64 11
st 2-it m 3-1 puryp:
b-h®  a-(2a)
l, = l, =~ ¥ =— T = -0,667a*,
b*h  a*2a 4
|yz = |y3 =- o == P =-0,167a .1, =1, =0

Teneps o (2.1.2), ucnonb3ys (2.1.3), BEIYUCIUM OCEBBIE U IEHTPOOEIKHBIH
MOMEHTBI HHEPIIUH BCETO CEYCHUS:

I =Zr| +(y -y )ZFT,
Xe i | x i ¢ i
L=t +(n=Ye) =1, (2 =Ye) "Fo= b, ~(y3-Yc) - Fr=
=31,25a* +(0-0) -19,63a% —0,667a* —(0—0)" -2a2~0,667a‘ —(0—0) - 2a’ =
=29,92a* =29,92-5¢ =18700 mm* =1,87cw’,
=Z|_I +(x —X )ZFT,
i I_ Yi

I
ye i C iJ

=1+ %) R 1, (2 —%) R -1, (% —%) - F=
—31,25a¢ +(0-0)° -19,63a% ~0,167a* —(0—(-a))’ - 2a? ~0,167a‘ —(a—0)’ -2a% =
—24,916a* = 24,916-5* =15572,5 mm* =1,56cM",

by :Z[Ixiyi +(% = xc ) (¥ _yC)F']’
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Tabmauua 1

Pasmepsi 6 u h

A

)’l

=
o

-

Y

¥ =

B

<
V A

-
<

6/3

A 4

h

>

h/3

G
Ay

h

/3

0.424r

o

\ o

h

0.424r

1

0.424r _

»

['eomeTpuueckue XxapakKTepuCTUKHU PUTYPbI

F=ki-bh

k=1

k1:0,785

k1:O,785

k1:0,785

ly=ko-bh?

ko=1/12=
=0,0833

k,=1/36=
=0,0278

k2:1/36:
=0,0278

k2=0,0549

ko=0,0491

ko=0,0549

1,= keb%h
ke=1/12=

=0,0833

ks=1/36=
=0,0278

k3: 1/48=
=0,0208

ks=0,0491

ks=0,0491

ks=0,0549

I)(y= k4'b2h2

k4:0

ks=-1/72=
=-0,0139

ks=-0,0165
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Ly =|Xy1+(X1—XC)(y1—YC)'F1—|x2y2 —(x2=xc)(y2-yc) F2-

ccC

=l = (xa=xc)(ys-ye ) Fa =

=0+(0-0)(0-0)-19,63a2 -0-(0-(-a))(0-0)-2a> -0~ (a-0)(0-0)2a =0.

LleHTpoOEeKHbIH MOMEHT MHEpLUHK | .y, PACCMATPHBACMOrO CEUCHHS KaK CHMMET-

pUYHON (DUTYpBI paBEH HYIIO, 3HAYUT, LEHTPAJbHbIE OCH ceueHus (Xc, Yc) €cTh
rJIaBHbIE OCH BCero ceueHus (U, V), IEHTPAJIbHbIE MOMEHTA MHEPLIUU ECTh TJIaBHBIC
MOMEHTBI UHepIuu ceueHus |y, ly. YkaxkeM 3HaueHMsI TTITaBHBIX MOMEHTOB MHEPLIUU

Imax; Imin:

lax =1, =1,87 et 1= I, = 1,56cm* .

HpI/I Harpy’XC€Hun CCUCHUI KCJIATCIbHO, YTOOBI Harpys3ka muia 1mo oCH yc Kak OCH
MUHHUMAJBHOT'O MOMCHTA HHCPLIMHU.

2.3. Boluuc/ieHHe reOMeTPUYeCKUX XapaKTePUCTUK HeCUMMETPUYHBIX ceve-
HUI M3 MPOKATHBIX NMpoduien

PaccmoTpuM HECUMMETPUYHOE CEYEHUE, COCTABICHHOE U3 JABYTaBpa, LIBEII-
nepa u yroika (puc. 2.3.1). Ceuenne coctout u3 3-x npoduseii: neyraBpa Ne 16,
mBeuiepa Ne 14 u yrosika Ne 5/3,2. I[IpucBouM um uHaekcs 1= 1, 2, 3.

["aGapuTHbIE pa3Mepbl, PACCTOSHUS O LEHTPOB TSHKECTH, IUIOIMIAIb U MO-
MEHTBI MHEpIUU BeiOUpaeM aisa asyTaBpa o ['OCT 8239-89, nns mBemiepa — 1o
I'OCT 8240-86, nns yronka — o I'OCT 8510-89, B KOTOPOM B OTJIMYMH OT paHEe
NPUHITHIX UMEETCS 3HAaueHUE IEHTPOOEKHOTO MOMEHTA Yroyika. XapaKTepHBIE
pa3Mephl IPOCTaBUM Ha YepTexe, HaHecEM IeHTphI TshkecTu Cj mpoduiieid, yepes
KOTOpbIe TIpoBenéM COOCTBEHHBIE OCH AneMeHTOB. Ha puc.2.3.1 mokaszaHsl coOCT-
BEHHBIE OCH BCEX 3-X 3JIEMEHTOB cedeHus. HeoOXoMMMo MOMHUTH, YTO 3HAK IICH-
TPOOEKHOTO MOMEHTa MHEPIUH lyy yroika 3aBUCUT OT PacIoJIOKEHUSI ero B ceue-
HUU W HaIpaBJieHUs COOCTBEHHBIX OCEU (3HAK MOXKET OBITh M TMOJOKUTEIbHBIM, U
OTpHULIATENbHBIM). J{JI1 MpPOBEpKH ATOr0 3HAKa cocTaBieHa Tabnuia 2. B Hamiem
ciy4ae OyeT 3HaK ILTIOC.

[Tonw3ysack Tabnumamu HazBaHHBIX ['OCToB, 3anmmiem:

s 1-ro snemenTa momans F1=20 cM?, OCeBBIC U HEHTPOOEIKHBINT MOMEHTHI
WHEPIUU |Xl:8720M4, l, =58,6 cM* ¥ 3anmIIEM, YUUTBIBAS CUMMETPHIO JBYTaBpa,

1

%Y1

Jlns 2-ro sneMeHTa Iuiomanb F»=15,6cM?, oceBble U IIEHTPOOEKHBIH MO-
MeHTHI nHepuuu | =51,5¢cm*%, Iy =493cm? 1, Kak pe3ysbTaT CHMMETPHH IIBEJILIE-
2

2

| =
pa, X2 Y2 0
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Jns 3-ro snemenra miomans Fs=3,17cM?, oceBble UM LIEHTPOOEKHBIA MO-
menTbl uuepun | =7,98cm?, l, =2.56cM* Ly =2.59¢cm™.
3 3 3

3

A y‘
VoA 13.24
- Ay,
4.05
’ J
V.min
A A"
b=-1.92 ﬁ I b.=7,27
) Yo 0.76
P b,=1.,03 _ '_’r [«
© C, - - L ‘XL U_\\\'c\"-
c /v '1(1 X (
/”, O‘ > C X
e S
T 3
] - — X
Y A\ A4 ra A4 >
\ \
\ ]
C, — X
- \4 A\ >
X.=5,97
oo b >
vy
j I > 3
v \
7
14
Puc. 2.3.1

[lepeitnem k Boruncienusm. Mcxons u3 ynoOCTBa, BBIOEPEM HCXOIHBIE OCU
(X, Y) 1 yKaxeM B 3TUX OCSIX KOOPAHMHATHI Xi, Yj IICHTPoB TshkecTH (Todek Ci) Bcex
npoduieii:
Ci(X1, y1)=C1(4,05;8), Ca(X2, y2)=C2(7;1,8), Ca(x3, y3)=C3(13,24;1,65).
OmnpenenuM KOOPIUHATHI Xc, Yc eHTpa TsbkecTd (Touku C) BCETO CeUCHHSI
o (2.1.1), nucrone3ys 37€Ch U Jajiee AJIs COKpAIICHHsI 3allCH MaTPHIHYIO PopMYy,
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(F) 20,2
(X,X ,Xx) F2 (4,05; 7,0; 13,24 ) -, 15,6
R 317 |
Xe = \ o) = \ )25,97CM,
|:1+F2 + F3 20,2 +15,6 + 3,17
\(F I 20,2
2y ,Y): (8,0;-1,8; 1,65)-' 15,6
2| 317
Vo = \ / _ \ ) —356cm.
FIF +F 20,2+15,6 +3,17

Ta0mura 2

3Hak I xy| IlomoxeHue aneMeHTa H ocell KOOpIUHAT

AV LV Y
_ 7>\ x && x X
A ]
% AT

Y-

¥-

PN ;
PG JV AV
_ . % ,
& J

[Monmygaem C(Xc; Yc)=C(5,97; 3,56). IloctaBuM 3Ty TOYKY Ha YepTEXK cede-

HUS U TIPOBeIEM IIeHTpalIbHBIE ocH (Xc, Yc) Bcero ceueHus. Jlajiee HY)KHO BBIUKC-

JIUTh B 3THX 0csX 110 (2.1.2) neHTpaibHbie MOMEHTHI HHEpIIUHU | . Iy N
C C

X'

(1,) (Fi) (873 20,2
| =11 +@fazal | F, = oL 14347536 -1.91%) | 156 =1790 4en’,

| H | -
\'x3)| Fs ) 7.98) 317
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8,0 W ( 4,34 )
rae o (2.1.3) (a)=(yi)—yc=' -1,8 '— 3,56=" —5,36 |CM;
(1,65} (—1,91)

(1,) ( F) (58 6) (
| =1 |+ 2 b 2. 7). 493 +( 1,922 1,032 7,272)- ' 15,6 '=812,7cm?,
Yc |2 1 3 FJ |256‘ |3117|
\ yg) 3 / j
( 4,05W ( -1,92}
rae mo (2.1.3) (b)=(xi) xc=' 7,0 '=5,97= 1,03 ' cm
13,24) (727
( Ixy\ (F)
Iy y ‘ |Xy ' (a1b1; a2by; ashs) LF;J=
CcC C 22
LIX3V3J F3
( 0,0) (20,27
0,0 |+(—1,92-4,34; 1,03+(=5,36); 7,27-(=1,91)) ‘15,6 =-299,8cm*,

[ 250] a.17)

Haiiném yrou o HaKJIOHA INIaBHBIX OCel, Ucnomb3ys hopmyy (2.1.4):

2(-299,8)

=0,63. Orcrona o =15,76°.
1790,4 — 812,72

tgLa)=—

VYToJ nony4YeH MOJO0KUTENbHBIM, IO3TOMY TJIaBHbIE OcU (U, V) MOJYyYUM IO-
BOPOTOM IEHTPAIBHBIX Oceil (X¢, Yc) Ha yroa oop=15,8" mpoTUB 4acoBOi CTPENKH
(mpuuém och U HaKJIOHEHA K OCHU X MOJ YIJIOM 0g). Hanecém rnaBHbie ocu (U, V) Ha

CCUCHHUC.

['maBHBIE MOMEHTBI MHEPLHH MPU PYYHOM CUETE JIETYe ONPENEIISITh MO Clie-

nytoiien hopmysie,

IU Imax\_ |XC+| . l
it -
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- 1790,4+812,7 4 1
2 2

( 1875) A

J(1790,4-812,7)" +4(~299,75)° = 728 o

MowmenTsl unepuut ly, ly — 3T0 3KCTpEeManabHble MOMEHTHI, T. €. OJIUH U3 HUX
— lmax, Apyroit — Imin , @ CyMMa MOMEHTOB MHEPLIUUA OTHOCHTEIBHO BCEX B3aUMHO
MEPIEHNKYJIIPHBIX OCEH, MPOXOIAIINX YEPE3 JaHHYIO TOUKY, €CTh BEIUYUHA I10-
CTOSIHHAs:

lut=lmaxtImin=1875+728=] + l, -1790,4+812,7=2603cm*.
Monyuaem | _ =1875cm?, | . =728cm*.

OKOHYATEIBHBIM ITYHKTOM BBIYHMCICHHS T'€OMETPHUECKUX XapaKTEPUCTHK
SBJISIETCS Ha3HAYEHHUE OCH MAaKCUMAJBHBIX |max 1 OCH MUHMMAaJIBHBIX MOMEHTOB |Imin
HHEPIMH, YTO OYE€Hb Ba)KHO I PAIl[MOHAIBLHOIO PACIIONIOXEHUS CEYEHHs 110 OT-
HOIIEHHUIO K IJIOCKOCTH HArpy3KH. Y CTAHOBUTH Ha3HAYEHHE DTHX OCEH MOXHO I10-
clie TIONydeHUsT 3HAYCHHH Imax, Imin 1 yria o. CyIecTByeT MpaBUiIo: OCh MaKCH-
MaJIbHbIX MOMEHTOB MHEPIMH |max HAKIIOHEHA 1TOJ] MEHBIIIUM YTJIOM K TOH OCH (0CH
Xc, WA OCH Yc), OTHOCUTEIBHO KOTOPOH MOMEHT MHEPIIMU UMEJI HanOoJIbIIee 3Ha-
yeHue (310 IXC WIH ch ).

B namewm cinyuae
IXC =1790,4cm* > | N =812,7cm*,

TO Imax: I u:1875 CM4, Imin: IV: 728 CM4,

MIO3TOMY TOJIKCHIBAEM OCh U KaK OCh MaKCHMAaJIbHBIX MOMEHTOB WHEPIUU Imax —
0Ch MaX, a 0Ch V KaK 0Cb MUHUMAIBHEIX |min — OCh min.

2.4. BoluHC/IeHHE TeOMeTPUYECKUX XaPAKTePUCTUK HECUMMETPUYHBIX ceye-
HHMH U3 NPOCTHIX puUryp

Ha puc. 2.4.1 uzo0paxeHo ceueHue, COCTaBICHHOE U3 3-X 3JIEMEHTOB (Mpo-
CTBIX (UTYP): TIOTYKPYTa BHICOTON SCM, MPSAMOYTOJIHHOTO TPEYTOJIbHIUKA BHICOTOU
10cM u KpyrIIbIM OTBepcTHeM auamerpa 1,25 cm. [IpucBoum um nHaekcsl i=1, 2, 3.
Ha dgeprexe mpocTtaBuM HEOOXOAMMBIE pa3Mepbl GUTYpP, HAMIEM MOTOKEHUE TICH-
TPOB TSKECTH Kaxka0il ¢purypsl Ci U 4epe3 pa3Mepsl MOJCUYUTAEM IJIOIMIAAN U LEH-
TpaJibHblE MOMEHTBI MHEPIIUU AJIIEMEHTOB.

Hanecém Ttouku Ci Ha 4epTEX M MPOCTABUM PACCTOSIHUS 10 HUX. Uepes Tou-
ku Cj IpoBeieM COOCTBEHHBIE OCH Kaxkaou purypsr (X, Yi).

Bri6epeM ncxoanbie ocu (X, Y) Il BCETO CEUEHHUS M YKaKEeM B 3TUX OCSIX KO-
OpAHHATHI Xj, Yi Touek Cj:
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C1(X1, y1):C1(0; 2,122), Cz(Xz, Y2):C2(l,667; -3,333), C3(X3, y3):C3(0,625; 0).

HeoOxonumo caenath AJis OTBEPCTHM MPUCBOEHUE 3HAKA «-»: B HAIIEM IpU-
Mepe OTBEPCTUEM SIBISETCS KPYT, IOITOMY €r0 F€OMETPUUYECKUE XapaKTEPUCTUKU
MPUHUMAEM OTPULIATEIBHBIMHU.

Beruncnum nnomanu guryp F; ocesbie | . Iy U LIEHTPOOCIKHBIM IX y MoO-
i i ii

MEHTBI HHEPIUH OTHOCUTEIBHO COOCTBEHHBIX ocel (Xi, Yi). DTO MOXKHO BBITIOJIHHUTD
C TIOMOIIBIO TA0IUIEI 1.

yll B 4 ye‘

<093 033
V,min > U,max

b 8,=0,71

/

/s
/
/
a}\
3,11 @

1
c,
<
DR
3 Pt L'J., I
v Cy v § x-x_k
y I ? »
(3] / v E‘
m,. C ) V‘A =
« N
||N
C; Q X,
<
E 2
3

-

1,67 3,33

A

Puc. 2.4.1
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[Tnomanu 1 MOMEHTHI HHEPIUU (HUTYD:

[‘kn- by - h\| /‘07854 5,0- 5o\| (39269\
(Fi)=|k : 05  10,0- 10,0 50,0 ' oM’
12

o b3 - hZJ | -0,7854- 1,25. 125 | —4,908)

(k . b- h3\ (005488 50- 50%) (568,594)
. b h3 ‘_Aoo 10.0- 1003| 277.8 4
)= |{ Koot B 3h0s. 1% 0% |‘ {9175 hCM
\23 3 3/ k ) \ j

(k,- b3 h) (004906- 50% 50) (24544\|
(1,)=|k - b h H 0,02778- 10,0°- 100 |= 2778 lew,
i 32 2

Dol k1004006, 105, 125! 0175l

\33 3 3) \ ) K )

(k4. b hq ( 00- 502 502) (o,o)
oMl i 31085 1967 158 I 1o

SERAL A )L

OmnpenenrimM KOOPAUHATHI Xc, Yc IIEHTpa TSHKEeCTH Beero ceueHust (Touku C):

( F ]. |( 39,265
(x, x x) (0,0;1,667;0,625) - 50,5
1 F2 K—4,908)|
Y = \ s) = = 0,953 cm,
CT F+F +F 39, 265+50,5 + (—4,908)
1 2 3
Fl) |( 39,265
v,y ,y)-‘ F2| (2,122, —3,333;0,0)-| 50,5 |
sz g |k—4,908)|
_ \ 3) = =-0,988 cm.
Ye=""F+F +F 39, 265+50,5 + (—4,908)
1 2 3

[Tonyuaem C(0,953; -0,988). IloctaBuM 3Ty TOYKY Ha YepTeKe CECUCHHUS U
MPOBEJICM IIEHTPaJIbHBIE OCH (Xc, Yc) BCETO CCUCHUSI.
BbIduciuM meHTpaibHbIe MOMEHTBI HHEPIHH |

b I ) :
Xc Yc XcYe
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(1) F
§ = 1. +(a2;a2;a2)-(F1\1=
2

SO0 R

(68,594 ) (39,269 )
_| 2778 |+ (3,1082; — 2,347 0,9882)-| 50,0 |= 994.46¢cMm?,
(—1,9175 } (—4,908)'

(2,121} {3108\
rae (a)=(yi)-Yyc=|—-3,333|— 0988——2347\01\4
ne (a)=(yi)-Yc 33 (- ) 5341

) \ )
11y) ( F1
y =11 +(bZb%b2)- F
: ") LF
Y3
( 68,594 ) ( 39,269
=l 2778 |+(—0,9532; 0,714% 0,328 2) -' 50,0 '=581,93cm*,
L—1,9175)| L —4,908 )
( 0,0 ) (—0,953)
rae (b)=(xi)) —xc=' 1,667 ‘—0,953: 0,714 'cm;
Lo,625j‘ (—0,328)'

/Ixy\ Fw ( 0,0 \
y =11, [+(aabs; azby; ashs) | FE‘ |—1388
c C | 22

Xy F OO

L)

\ o) ( 39,269)
+(3,108:(—0,953); (- 2,347)-0,714; 0,988:0,328 )-' 50,0 ' =-337,28 cm*.

| ~4,908)

Haiinem yroit oo HaKJI0HA TJIaBHBIX OCEH.



o1

2(~337,28)
994,46 — 581,93

I'maBHBIE MOMEHTBI UHEPLHUU IIPU PYYHOM CUETE JIerde ONpenessaTh IO Cle-
nyronie hopmye

Iu _ Imax)z IXC+IyC 1\/(| ) )2+4.|2 _
Xc Yc

+ =
| | . 2 2 XcYc

v min

tg(2a) = — =1,636, oTcrona o =29,3.

— (11835 cppa.

J/(994,46-581,93)° +4(-337,28)" 028

_994,46+581,93 4 ,
2 2

B Harmem ciyuae IXc =1790,4cm* > | Ve =812, 7cm?,

TO Imaxz I u=1875 CM4, Imin: IV: 728 CM4.

HO}IHI/ICLIBaeM OCh U MakCHUMaJIbHBIX MOMCHTOB MHCPIHUU |max — OCb MaX, a ocb V
MHUHHUMAJIBHBIX Imin — och Min.

3. Kpyuenue
3.1. IlpoekTHBIH pacyéT CTYNEeHYaTOro BaJja

JlJis cTanmbHOTO Basla 3aJaHHON KOH(HUTypaluy W3BECTHBI BHEITHHE CKPYYH-
Barorre Mmomentsl (puc. 3.1.1,a), 1=0,2 m; m=12 xkH-m/m; M =0,6 ml. Ceue-
HHUE Ha Y9acTKe ¢ OOJNBITUM JUAMETPOM MPHUHSITH B BUAC KOJBIIA, AJIT KOTOPOTO CO-
OTHOIIIEHUE BHYTPEHHETO U HAPYKHOTO JUAMETPOB CUATAThH paBHBIM 0,5.

Tpebyemcs:

1. IlocTpouTh SMIOPY KPYTAMIKUX MOMEHTOB M .

2. CocTaBUTh BBIPAKEHUS JUIsl KACATENIbHBIX HANPSKEHUN T, IO BCEM yua-

X
CTKaM BaJia, UCIIOJIb3Ys YKa3aHHBIC HA CXEME 3HAYCHHS JMAMETPOB CCUCHUS Yepe3
HEU3BECTHYIO BeJIMIUHY d .

3. YcraHOBUTH HauOOJBIIUN MOAYJIb HANPSIKEHUH T, U COCTABUTH YCIIO-
BHE NPOYHOCTH Bajia IO JONMYCKAEMbIM HampspKeHUsM. Hailtu u3 3toro ycioBus

Tpebyemoe 3HaueHue O mpu JOMyCKaeMOM HampsKEHHUH [r]: 100 MIla u nHazHa-
9UTh JUAMETPHI BCEX yYaCTKOB Baja, COOJIOJAasl yKa3aHHOE COOTHOIIECHUE MEXKTY
HUMU.

4. BBIYMCIATH 3HAYEHUS KacaTeIbHBIX HAMPSIKCHUNU Ty, MO YYaCTKaM BaJia
U TIOCTPOUTH DIIOPY paCHpenesieHUs] KacaTeIbHBIX HAINPSHKECHUW MO JJIWHE Bajia
(smropy 7).

5. Berauciuth OTHOCUTENBHBIE YTIIbl 3aKpYYHMBaHUA O 1O y4acTKaM Baja U
aOCOIOTHBIC YTIIBI IOBOPOTA () XapPAKTEPHBIX CEUCHHH, CUNTAs MOIYJb YIPYTOCTH
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G =0,8-10° MIla. IlocTpouTs MX SMIOPH M IIPOBEPUTH KECTKOCTH Baja HPHU J0-

nyckaeMeix [0]=2°/m u [@]= 0,5°. Ecin ycnoBue kECTKOCTH He yIOBIETBOPSETCH,
TO HA3HAYUTh HOBBIE JUAMETPBHI.

Pewenue.

1. Ilocmpoenue snioper Kpymawux MomMeHmo8

3HayeHus KPYTSAWIMX MOMEHTOB M = BBIYHMCIUM METOJIOM ceueHuid. bBynem

paccMaTpuBaTh OTCEYEHHBIE YYACTKU, HAYMHAsI CO CBOOOJHOTO KoHIa. ITpu sTom
KPYTAIIUA MOMEHT B CEYEHHMH, KOTOPBIN SBIISETCS BHYTPEHHUM YCHJIMEM, BCEraa
U300pa’kaeM IMOJIOKHUTENIbHBIM, T.€. HAalpaBJICHHBIM [0 YacOBOM CTpenke (Ipu
B3IJISIZIE HA 3TO CEYECHHUE).

I[aHHBIﬁ BaJl COCTOMT U3 3-X Y4aCTKOB. YPaBHeHI/Ie PaBHOBECH: IIPU KPyUC-
HUHU TPCACTABIIACT coOoM PaBCHCTBO HYJIHO CyMMBI MOMCHTOB OTHOCUTCIIBHO OCH
Baja

>mom z=0. (3.1.1)

3anuceiBas ypaBHenue (1) mocimemoBaTenbHO JIISL  BCEX  YYACTKOB
(puc. 3.1.1, 6), nOAY4YUM KPYTSAIINE MOMEHTHI:

Mo =-M=-06ml;

M2 =-M+mz =—0,6ml+mz |Z2=0 —0.6ml
P 2 %z, =21 —0,6ml+m-21=1,4ml;

MZ=-M+m-21-2M =-3M +m-21=-3-0,6ml +2ml=0,2ml.

Io atum 3Ha4eHuAM noctpoum smopy M (puc. 3.1.1, 6).

Ha yyacTke 2 smiopa KpyTSIIUX MOMEHTOB IEPECEKAeT HYJIECBYIO JUHUIO B
Touke K . OmpesenuM KOOpAMHATY TOYKH mepecedeHus K.

M 2=-0,6ml+mz¥ =0;

ZK=0’6mI:0,6I.
2

m

2.Bvlyucnenue xacamenbHblX HANPA#CEHULL
KacaTteapHble HAMPSOKEHUS Tpay BBIYUCISAEM IO (hopMyIte

o =, (3.1.2)
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rae M, — KpyTsiuuii MOMEHT B paccMatpuBaeMoM cevenun; W, — HOJspHbI MO-
nd?®
MEHT COINPOTHBIICHUs 3TOro cevenust. s xpyrmoro ceyenmss W, = ——, A
3
_nd ( 4)
1 c

KOJIbLIEBOTO ceyenus W, 16 , TI€ C 0,5 — cooTHOIIEHNE BHYTPEHHETO

M BHCHIHCTO JUaAMCTPOB.

= 2M
/ 3[ Oy N\ ;3 M
Y m ~ I[ ¥
V] T pelaa o 2{ v S (A —
;.A_______ _B_____+___\_{-______§; .__—__;A,Q_E a
! TN N AV
/] 2 II A “
/: L . }‘ 21 > i< [

M.
y @J) ;

Y
v
A

21 o i
e m[(
EEE XD RXXRRS Myp.ml 6
97,36 SRR
N zK -0,6
0,55 @
T T® 1 T, MIla ¢
5,364\\\ () )
0,0] @ '5956
1 1oL 1 o
Sl T T Ter %™ 9
0.753 2,295 0,48
0,615
0,584
0 0,002 &
(<) @
—T— T ®,° e

Puc. 3.1.1
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CoctaBum BbIPAKCHUS MAaKCUMAJIbHBIX KaCaTCJIbHbIX HaHpH)KCHI/Iﬁ Tinax AL

BCEX y4acTKoB Bajia 1o popmyie (3.1.2) Mcnonb3yem ykazaHHbIE HA CXeMe 3Haue-
HUSI TUAMETPOB CEUCHHS Yepe3 HEM3BECTHYIO BeM4YuHY d .

Jiist yuacTtka 1 cedeHHe KOJIbIIEBOE BHEIIHUM JUaMeTpoM 2d , o3ToMy

M
v == 06 mA6 _ -06m16 128 ml
W, mdi(1-¢!) o (20)-(1-0,5t) 7’

VY4acTok 2, Ha KOTOPOM CeueHHe Kpyriioe Auamerpom d , UMeeT HanpsKe-

HUC

720 0,6 m-16 —1,28 ml.
M (-0,6 ml+mz )-16] 2 Td> - mdo
T — Kp2 — 2
e T W 42 s,—2l LA mI16_ 22,4 ml
n dd nd3

Ha Y4aCTKC 3 ceueHue KOJIbIICBOC BHCIIHUM JUAMCTPOM 3d y IOBTOMY

M
Tt = = 0,2 ml-16 0,2 ml-16 ~0,1264 ml

"W ndd(1¢) n (@) (105) w

3. Bvlbop Haubobuiux KacamenbHblX HANPNCeHUlL.
W3 mony4YeHHBIX 3HAYEHUM KacaTeNIbHBbIX HANPSUKEHWH T, BBIOMpaeM Hau-

OombIIIee 0 MOAYIIO 3HAUYCHUE

=3
max Tcd

VYcaoBue IMIPOYHOCTHU BaJia IIPHU KPYUYCHHHU IIO JOIIYCKACMBIM KaCaTCJIbHBIM
HaAIIPAKCHUAM UMCCT BU/J

max :(MKP\\ S[’E] (313)
" LWP Jmax

IS [r] — JIOITyCKaeMOoe KacaTellbHOe HampsbkeHue. 3anuiieM yciaosue (3.1.3), moa-

T

max .
CTaBUB T,y -
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22,4 ml
AR
<l

oTcroJa HaiéM Tpedyemoe 3HaueHue d .

224ml [22,41,210°-0,2
d> /2t :s\/ g —0.0258m=258cw. Mpmnvac d =26 cv.
Tco .

Haznauum AUAMETPbI BCCX YYACTKOB BaJia, CO6J'IIOI[3,$I YKa3aHHBIC COOTHO-
IMCHUA MCKIY HUMMU!

di=2d=2-26=52cm, dp=d=26cm, d3=3d=3-26=78cmMm.
4. Boluucienue 3Hauenus KACameibHblX HANPpA’CeHUlL

I/ICHOHBSyH IMOJIYUCHHBIC BBIIIC BBIPAXCHUA, ITOACYUTACM KaCATCJIBHBLIC HaA-
MMPAKCHUA 110 YH4aCTKaM Balla

1,28 ml 1,28 -1,2:10%.0,2 s
max, T 5 ~ 55610 Ila™ 5,56 MIla;
m d n (0,026)
~1,28 ml -1,28 -1,2-103-0,2 6
z,=0 RE = . =-5,56-10 Ila=-5,56 Mlla;
. m rn (0,026)
e 22,4 ml 22,4 -1,2:10%-0,2
z,=2l —= ——=97,36-10° 11a=97,36 MIIa;
m d n (0,026)
0,1264 ml 0,1264 -1,2-10°-0,2 —_—
L — . ~0,55'10 [la = 0,55 Mlla.
n d n (0,026)
OTkJ1aipiBasi OJIYYCHHBIC 3HAYCHUS OT OA3MCHOM JIMHHMH, TIOCTPOUM SITIOPY
pacinpCaciiCHuA KaCaTCJIbHBIX HaprDKCHI/Iﬁ o JIMHC BajJla — JIIOpY T
(puc. 3.1.1, 2).

5. Bvluucnenue y2no8 3akpy4usanus u no8epKa HECmMKOCMU.
OtHocuTenbHbIe O M a0CONFOTHBIE A YIUIBI 3aKPY4YMBaHUS MO ydacTKaM

BaJia BEIYUCIIUM I10 (hOpMYyJIaMm:

MKp 'MKp
e:EI , A(p=J'G1_dz, (3.1.4)
0

p
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rae G — MOZyIb yIpYrocTH BTOPOTO POJa MM MOAYTbh CABMTa; | — momnspHbIi
MOMEHT HMHEPLHH CCUCHHST, | — nvna yﬁaghza Ba?f. JInst Kpyriioro cedeHus
nd = _ _

——1 ¢ ,rme ¢ 0,5 — coorHorre-
1, , JUIs KonbIeBoro ceuenns |, 32

HUE BHYTPEHHEIO U BHEIIHETO TUAMETPOB.
Ha yuactke 1, riae ceuenue KoublieBoe quameTpom 5,2 cM, 1o (3.1.4):

MK
6= " = -06ml-32 -0,6 -1,2:10%-0,2-32

' Gl,, G:-n d%'(l—C‘l) _0,8-1011-75 (0’052)4_(1_0’54)_

180°

=—-0,002675 pag = —-0,002675 - =-0,153°/m,
T
M, M-I
Ao, = jG—,p—ld 2,= —&r—=-0,153-0,2=-0,031°.
1 P1 P1

Ha yvacTke 2 ceuenue kpyrioe quametpoM 2,6 cm. Ilo (3.1.4) monygaem:

z=0 -0,6 ml-32
M (-0,6 ml+mz )-32| 2 Grm d*
Kp2 y 2
b= i = Gt 1,4 ml-32
2 py 2 — —
z,=2I T d dﬁ
-0,6-1,2-10°-0,2-32 180°
2,=0 = —=-0,040122 - —— =-2,299°/m
0,8-10* - (0,026) m
1,4-1,2-10°.0,2-32 180°
,=21 = - =0,093617 - —— = 5,364°/u
0,8-10* - (0,026) m
M, 2(-0,6ml +mz )-32
o :J. . ( 2) dz, =
? oGzlpzdzzzi G'ndg ’

_(~06ml-z,+05-me?)-32[2 _ (-06mi-21, +05-m(2l))-32
G-nd; 0 G-nd]
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08ml2-32 08-1,2-10°-0,22 -32 180°
= —= —=0,010699 - —— =0,613°/m.
G-nd;  0,8-10" -7 (0,026) m

Ha yuactke 3 umeem ceueHue kogbiieBoe quamerpom 7,8 cm. Ilo (3.1.4):

My __02m-32  02-1210°02.32
Gt G d*(1-¢*)” 08107 (0,078) (1=05
3 p3 3

03

l o)
~0,000176-25% Z 0,010,
7T
M, M,, -l
Ay = [—=d z,="2—=0,010-0,2 =-0,002°.
OG3Ip3 Glps

OrnpenenuM yriibl MOBOPOTA XapaKTEPHBIX CEUCHUM, 0003HAUMB ceueHUsI OY-
kBamu A, B, C, D. Tak xak Touka A Haxoautcs B 3ajenke, ¢ , =0°;

0 s=Ap,=0,002°; ¢ =A¢, +A¢p, =0,002°+0,613° = 0,615°;
0 o=Ag .+ A, +Ag, =0,002°+0,613° — 0,031° = 0,584°.

CornacHo JMHEHHOr0 3aKOHA U3MEHEHUS KPYTAIIMX MOMEHTOB Ha Y4acTKe 2

MMEEM IEPECCUCHUE HYJICBOW JMHUU TpU zK :O,Gml =0,61, B DTOM CEYECHUU HaA-
2 m

oJsronaercs SKCTPEMAaJIbHBIN YTOJl 3aKpy4YUBAHUSA (¢ K , 3HAYEHHUS KOTOPOr0 HYXHO

HaiiTi. CHavana BEIYMCIUM YToJ 3aKkpyunBaHus yuactka CK:

M (-0.6 ml-z,+05 -mz?)-32(%6]
A(pCK: I d 22 = 2 =

(-o6ml-061+05-m(061Y)-32 _g1gm2.3

G-n dg G-ndj
~-018-12 .10%.0,22 - 32 B 180° o/
B - =70,138 /M.
0,8-10% . (0,026)4 0,002407 n

Janee HaiiiéM yron 3akpyunBaHus ceueHus K kak

Q=0 —Pcx =0,615°+0,138°=0,753°.
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[lo momy4eHHBIM 3HAUEHUSIM MOCTPOUM SMIOPHI OTHOCHTEIBHBIX YTJIOB 3a-
Kpy4uuBaHus 0 1 aOCONIOTHBIX YIII0B OBOpoTa @ ceyenuid (puc. 3.1.1, 0, e).

Bri6epem 13 nosydeHHbIX 3HaUeHU O 1 ¢ HauOOoJbIIME 10 MOIYIIIO:

0. . =5364°/m; ¢, =0753°.

max

[IpoBepum Basl IO yCIOBUAM KECTKOCTH

0 e <[0] 1 @ 1 <[0]: (3.1.6)

5,364°/m > 2°/m m 0,753°>0,5°.

VYcnoBue ECTKOCTH HE BhIMONHAECTCS. HeoOXoquMo Ha3HAYMTh HOBBIE JHa-
METpPBI U3 YCI0BUsA KECTKOCTH (3.1.6). YI00HO BBIYUCIATH Ue€pe3 OTHOCHUTEIIHHBIC
YTJIbl 3aKpYUYHUBaHUS, TOATOMY

_Laml-32 roy

0
" Gond

) 103 . )
= 14-12-10°-02-32 =0,03327m=3,327 c™m.
4 11 T
0,8:10" -m-2-
180°

[Mpunumaem d =3,4cM ¥ OKOHYATEIBHO HA3HAYaeM JUAMETPHI YYaCTKOB

Bana: 1 =2d =2-34=6,8cm, dp=d=3,4cm, d3=3d =3-3,4=10,2cm.

3.2. IIpoeKTHBII pACYET CTYNEHYATOr0 CTATHYECKH HeOolpeaeIMMOoro BaJja

CranpHOU cTyneHYaThld Baj 3aJaHHONW KOH(HTypamuu uMeeT KECTKUE 3a-
IICMJICHHS C TOPIIOB. MI3BECTHBI BHEIIHUE CKpyUHBaromye MmoMmeHTel: M =1,25ml ,
m=1,2 xkH-m/m; mnaa | =0,2 M.

Tpebyemcs:

1. Ucnonb3ysl ypaBHEHHE PABHOBECHS U YpaBHEHHUE IMEPEMEILCHUI, HalTH
BEJINYMHBI PEAKTUBHBIX MOMEHTOB, BOSHUKAIOIIUX B KECTKUX 3aJCJIKaAX.

2. TIocTpouTh SMIOPY KPYTAIIUX MOMEHTOB M ;.

3. CocTaBuTh BBIpOKECHHSI I KACATEIBHBIX HAMPSIKEHUN T, .. IO BCEM yd4a-

max
CTKaM BaJla, HCITOJIb3Ysl YKa3aHHBIC Ha CXEME 3HAYCHHS JUAMETPOB CEUYCHHUS depes
HEU3BECTHYIO BeIMIUHY d .
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4. YcraHOBUTh HAMOOJIBIINM MOJYJb HAIPSKEHUN T, U COCTaBUThb YCIIO-
BHE€ IIPOYHOCTH Bajla IO JOIyCKaeMbIM HanpspkeHWsaM. Haltu u3 3TOro ycioBwus
TpeGyemoe 3nauenne d mpu gomyckaemom Hampskernn [t] =80 MIla u HasHa-
YUTh JUAMETPbl BCEX YYACTKOB Bajla, COONIONAs YKa3aHHOE COOTHOLIEHUE MEXIY
HUMU.

5. BblUMCINTB 3HAUEHUS KAacaTEJIbHBIX HANPSKEHUH Trma IO yyacTKaM Bajia

U TIOCTPOUTH DMIOPY pacHpe/ieleHus KacaTelbHBIX HAMpsDKEHUW MO JUIMHE Baja
(amropy T).

6. BbraucanTh OTHOCHUTENBHBIC YTl 3aKpyYHBaHUS O MO ydacTKaMm Baja H
aOCOTFOTHBIE YTIIBI ITOBOPOTA () XapaKTEPHBIX CEUEHUH, CUUTAsi MOJYJb YIPYTOCTH
G =0,8-10° MIla. IToctpouts ux 3mopsl. [IpoBEPHUTE KECTKOCTH Baja IIPHU TOIYC-

kaembix [0]=2°/m u [¢]=0,5°. Ecim ycimoBue KECTKOCTH He yIOBIETBOPAETCH, TO
Ha3HAYUTh HOBBIC TUAMETPHI.

Ceuenue Ha y4yacTke ¢ OOJBIIMM JUAMETPOM MPHUHATH B BHUJIE KOJIbLA, IS
KOTOPOTO COOTHOIICHUE BHYTPEHHETO U HAPY>KHOTO AUAMETPOB CUMTATh paBHbIM 0,5.

Pewenue:

1. Haxoorcoenue peakmugHuix MOMEHMOS.

O0603HaYMM pEeaKTUBHbIE MOMEHTHI, BOSHHKAIOIINE B )KECTKUX 3aJ1eIKaX, KaK
M, u M¢ (puc.3.2.1, a). UX BeTHYHHBI JOJDKHBI YAOBJICTBOPSATH YPAaBHCHHUIO PaB-

HOBECHSI BCETO Bajia, KOTOPOE MpH KpydeHuu 3amucbiBaem 1o (3.1.1) kak
M,-M+M.=0 (3.2.1)

Kak BHOHO, 3TO ypaBHEHHE COAEPKUT ABa HeusBecTHbIX M, u Mg, mo-
3TOMY Baj SBJSETCS CTaTU4eCKu HeompenaenuMmbiM. J{ns Haxoxaenus M, u M

HEOOXOJIMMO COCTaBHUTH €Ill€ OJHO ypaBHEHHE — ypaBHEHHE mnepememnieHuid. [Ipu
KPY4YEHUHU YpaBHEHUE NMEPEMEILECHUI 3alMChIBAIOT YE€pe3 YIJIbl 3aKPyUYHBaHUS yya-
CTKOB A@. JIaHHBIN BaJI COCTOUT U3 ABYX YYaCTKOB, [IO3TOMY

Ap1+ A2 =0, (3.2.2)

rae Beipaxenns (3.1.4) uis Apy m Ag, mpu M,, =const mo yyacTky Bana npu-

HUMACT BU]]
M|
Ap=_ " (3.2.3)
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rae M, — KpyTsmmii MOMCHT Ha paccMatpuBacMoM y4actke; G — MOayInb ynpy-

TOCTH BTOPOIO pojJa WM MOAY/Ib CABUTa; | — IONAPHBIA MOMEHT HHEPIHH CEeYe-
4
nd

aus;, | — nuaa yuactka Bana. JUng kpyrioro ceuenust | = ——, U1 KOJIBLIEBOT'O
2 yq yr p

p

4
_nd (1 4) _
ceuenus |, 5 C ,rne C 0,5 — cooTHOIIEHHE BHYTPEHHETO U BHEIIHETO

JHUaMETPOB.

W Ttak, BeIMYMHBI PEaKTHBHBIX MOMEHTOB HaWJIEM, HCIOJB3YS YpPaBHECHHE
paBHoBecus (3.2.1) u ypaBHeHue nepeMericHui (3.2.2).

Jlns yuactkoB Bama (puc. 3.2.1, 6) U3 ypaBHEHHUS PaBHOBECHS OTCEYEHHBIX
yacTell Baja HaiIEM BBIPAKECHHUS KPYTSAIIMX MOMEHTOB M 3amuineM 1o (3.2.3) yrisl
3aKpy4HBaHUS.

M =M M2 =M, -M;

MKpl.Ilz MA2| .

A(p: ; A(p :MKpZ‘IZZ(MA—M)'I.
LGl Gl 2 Gl Gl
P1 P P2 P2

311eCh ONSPHBIE MOMEHTHI HHEPITHH CEUESHHS YIaCTKOB MPUHIMAIOT 3HAYCHHS
nd* n d* rd? =@ (0,7d)4
| — (-, (1 ) = 2=
P1 32 ( 32 ( )’ P2 32 32

IToncraBnsis HaliIeHHBIE BeIUYUHBI B (3.2.2), MOJy4YMM ypaBHEHUE MEPEMEILICHUN B
BUJIE

My-21-32  (M-M)1-32
G-n-d*-(1-¢!)  G-m-(07d)"

BobluncnuM 13 3TOro ypaBHEHUs1 peakTUBHbIA MOMEHT M , .

MA-2+(MA—M):O’

(1-¢) (07

win 2,133 M , +4,165(M, - M )=0

6,298 M , — 4,165 M =0, orciona
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_ 4,165M
A 6,298

M =0,661M =0,661-1,25ml=0,826mI=0,826-1,2-10%-0,2=198,4 H-m.

Bropoli peakTUBHBI MOMEHT MOXXHO HE BBIYMCIATH, €r0 3HAYEHUE IIONIY-
YUTCS [PU NOCTPOCHUH SIIOPHI KPYTAILIUX MOMEHTOB.
2. Ilocmpoenue sniopvl KpymAwux MOMeHmMos.

HOI[CTaBI/IB HaI>'II[€HHBII>'I MoMeHT M A B BBIPAKCHUA KPYTAIINX MOMCHTOB I10
yY4acCTKaM, IMOJIYUHUM:

M_ =M,=0826 ml=198,4 H-m;

Kp1
M., = M,-M=0,826 ml-1,25 ml =-0,424 ml=-0,424-1,2-10%-0,2=
=-101,6 H-m .

OTtknaapiBast 3TU 3HAYEHUS OT Oa3MCHOM JMHUU Ha puc. 3.2.1, 6, mOCTpouM 31opy
KPYTSIIUX MOMEHTOB M, .

3. Haxooicoenue vipasiceHutl 015 KACAmeibHblX HANPs*CeHUl.
Borunciaum kacarenpHbie HanpspkeHust 1o (3.1.2), a1 KOTOPBIX MOJSPHBIC
MOMEHTHI conpotuBieHuss W, y4acTKOB Bajia 3allHIIEM COIVIACHO 3a[aHHBIM 3HA-

YCHHUAM IUAMCETPOB CCUCHUA YCPC3 BCIIMUNHY d:

nd3 n d? ndd w (0,7d)3
W =—2(1-c*F —(1-¢*): W =——2-__
16 ( 16 (1-¢") 16 16
MaxkcuMaiibHBIE KacaTeJIbHbIE HaIIPAXKCHUA Tmax 10 y4YaCTKaM IIOJIYHarOT
BBIPKCHUS : M
t = ™= 0826 ml-16 14,097 ml
W, ndt(1-0s)  md?
o My, (M=M)16 0,424 mi16_-10778 ml
mexe W, n d; T (O,7d)3 n d3

4. CocmasneHnue ycinosusi NpOYHOCMU U ONpedeNeHue pazmepos CeUeHus..

N3 nonyyeHHbIX 3HaUYCHHUI KacaTelbHBIX HANpPsKEHUU BbIOMpaeM HauOOJb-
1Iee 1Mo MOYJIF0 M COCTaBUM yciioBue npoyHocTH (3.1.3):
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19,778 ml < [’E]

nd?3

Haiiném u3 sToro ycimoBust pedyemoe 3Hauenue d .

19,778 ml 1.2.10%.
d=>3 =i/19’778 1.2-107-0,2 =0,0266 M = 2,66 c™m.
n 1] n-80-10°

[Mpuaumaem d =2,7 cm. Hasnauaem auameTpbl BCeX Y4acTKOB Baja, COOJromast

yKa3aHHbIE COOTHOIIEHUS MEKIY HUMHU:
d,=d=2,7cm, d,=0,7d =0,7-2,7=1,9cm.

4. Bviyucnenue 3HayeHull KacameabHblx HanpﬂofceHuﬁ.

Breraucnum 3HadueHUS KacaTeJIbHBIX HaHpH)KGHI/Iﬁ Thax O YJaCTKaM BaJia, UC-

X

IMOJIB3Yys IMOJTYUYCHHBIC BBIIIC BbBIPAKCHUS.

_ 14,097 ml _14,097 -1,2-10°-0,2 _ s
max, — 54,7110 Tla = 54,71 MIla.
n d n (0,027)

_-19,778 ml _-19,778 -1,2:10%-0,2 _ 6 B
- - ~ 76,76 10 [la — 76,76 Mlla.

s n d3 n (0,027

OTkJapIBas MOJyYeHHBIC 3HAUYCHHS B MaciiTabe Ha puc. 3.2.1, e, moctpoum
SIIOPY paclpeneaeHHs KacaTeIbHbIX HAIPSHKCHHIA 10 IJIHHE Baja (IIM0py T).

5. Boiuucnenue yenoe 3aKpy4usansi.

BbryuciuM OTHOCUTENIBHBIC YIIIbl 3aKkpyunBanus 0 1o (3.1.4) u yrisl 3akpy-
YUBaHMS YIACTKOB Bayia A I10 3aITMCAHHBIM BBIIIE BEIPAKCHUSM.

VYyacTok 1 umeeT ceueHre KOJIbIeBOE THAMETPOM 2,7 CM, TI0O3TOMY

M
0 = Kpl = 0,826 rr/1|-32\ B 0,826-1,2-10°-0,2-32 B
G1T Gx d-(I=c')] U810 : (I=0,57]
1 P1 T 1 k ) &
=0,050661- 180 =2,90°/m,

T
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M_ -2l
Ap= " =0-21=290-2-0,2=1,16°

Jlns yuacTtka 2, rie cedeHue kpyriaoe nuamerpom 1,9 cwm,

o - My, -0424ml-32_-0,424-1,210°-0,2-32 _
2 Gl G-n-(0,7d)°  08-10"-7 (0,019)°

p2

- 0,101541. %% = 582/,
L
M, -l
Ap,= " =0 -1=-582.0,2=-116°.
G

OnpenenuM yribl TOBOPOTA (¢ XapaKTEPHBIX CEUEHUU, 0003HAUNUB CEUCHUS

oykBamu A, B, C. Tak kak Touka A Haxoaurtcs B 3ajaenke, ¢ o =0°,

0s=A0,=116°; 0. =A@, +A¢p,=116-1,16=0°.

Yron ITOBOPOTA B CCUCHUU C okazaics PaBHBIM HYJIO, IIOCKOJIBKY 3TO CCYC-
HHUC HAXOJAHUTCA B 3aJICJIKC. Ilo IMOJIYYCHHBIM 3HAUYCHUAM ITIOCTPOUM ISITHOPBI OTHOCH -

TEJIBHBIX YIJIOB 3aKpy4HMBaHUs 6 ¥ aOCOJIOTHBIX YIJIOB MOBOPOTA (0 XapaKTEPHBIX
ceuenuii (puc. 3.2.1, 0, e).

6. IIposepka éana no yciosusam sHceécmrkocmu.
BriGepem 13 moayueHHbIX 3HaU€HUI HanOOJIbIINE TI0 MOAYJIIO:

0 max =9,364°/M 1 @ ., =1,16°.
[TpoBepum Ban 1o ycnoBusiM xéctkocta (3.1.6):
5,82°/m > 2°/m;  1,16°>0,5°.

VcnoBue KECTKOCTU HE BhIOIHsAETCa. HeoOXoauMo Ha3HAYUTHL HOBBIE IHa-
METPHI U3 YCIOBHS KECTKOCTH.

0 424 ml - 32

n-(0,7d)" ~ <[0]
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0,424 ml - 32 0,424-1,2-10°-.0,2-32

- —0,0353 M =3,53 cM.
G-n-(0,7)'[6] 1 " "

Otkynma d >

0,8-10' - (0 7)4 2
) . . ) .TC. .180

[Tpuanmaem d =3,6 cM 1 OKOHYATEIBHBIE THAMETPhI YIaCTKOB:

d,=d=36cwm, d, =0,7d =0,7-3,6=2,52 cm.

3.3. IIpoBepouHbIii pACYET CTYNEHYATOr0 BaJja

st cranpHOro cTyneHyaToro Bana (puc. 3.3.1), U3BECTHBI BHEIIHUE COCpE-
JOTOYEHHbIE M pacrpeesiEHHbIe MOMEHTHI, 3aJaHbl pa3Mephl MOMEPEYHOro ceye-
HUS ¥ JUTMHBI YYaCTKOB.

Tpebyemcs:

1. TTocTpouTh 3MIOPBI KPYTAMIUX MOMEHTOB My, KacaTeNbHBIX HANpPsHKEHUH
T, OTHOCHUTEIIbHBIX YTJIOB 3aKpy4rBaHusi O u aOCOMIOTHBIX YIJI0B MOBOpoTa ¢@. Mo-
mynb ynpyroctd npussats G = 0,8-10° MIla.

2. YKa3aTb OMacHOE CEYCHHE U 3HAUYECHUE Tmax, MPOBEPUTH MPOYHOCTH MPHU
nonyckaemMoM HamnpspkeHuu [t]=100MIla. Eciau ycnoBue MpoOYyHOCTH HE YJOBJIE-
TBOPSIETCS, TO YKa3aTh JUAMETPbI, IPU KOTOPBIX OHO OYIET COOMIOAaThCS.

3. Ykazarb 3Ha4eHUS Omax U Qmax, IPOBEPUTH KECTKOCTH MPH JOMYCKAEMOM
OTHOCUTENBEHOM yIie 3aKkpyurBanus [0]=2,5/M u momyckaeMoM abCOIIOTHOM yrie
noBopoTa ceuenust [@]=1°. Eciu ycioBue >KECTKOCTH HE YHOBIETBOPSETCS, TO
yKa3aTh JUAMETPHI, IIPH KOTOPHIX OHO OYyJIeT COOII0IaThCS.

M, M

N AN .

| ) HA
v/dz ) i

L2 | L1

Puc. 3.3.1

Pewenue:

B sroit 3amaue ucnonb3zoBaHa yHU(PUIIMPOBAHHAS CXE€Ma CTYIIEHYaTOTro Bajia
(puc. 3.3.1). B Helt B Hauase KaxJA0ro y4acTka IPHIOKEHbI COCPEOTOUCHHbBIE MO -
MEHTBHl M| , Ha KaXJO0M Yy4acTKe JAEHUCTBYET PACIpPEACIEHHBIN KPYTAIUA MOMEHT
MHTEHCUBHOCTH M. [IpuHMMaemM mpaBWIIO 3HAKOB: 3a IMOJIOKUTEIBHOE CUUTAEM
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HaIpaBlIeHUE YTHX BHEITHUX MOMEHTOB IPOTUB YACOBOW CTPENIKH (TIPU B3TISAC HA
cedyenue). [lyctb B HamleM mpuMepe 3aJaHbl CIEIYIOIINE BEJIMYUHBI: COCPEAOTO-
YeHHbIE MOMEHTHI B Havyasie yyacTkoB OynyT paBHbl M1=0,12 kH-Mm, M>=0; nnTeHcus-
HOCTb pacnpeeI€HHOTO MOMEHTa 1o yuacTkaM M= 0, my=-2 kH-m/M=-2 kH; niunbl
yuacTkoB 11=0,32m, 1,=0,18M; auameTpsl ceueHuit yuactkoB d1=25mm, d=30mm.
CHauana mo 3THMM HUCXOAHBIM JaHHBIM H300pa3uM B MaclliTade 3aJaHHbIN
BaJl ¥ JICUCTBYIONIYIO HA HETO Harpy3ky (puc. 3.3.2). Ban paznenum Ha 1Ba rpy30-
BBIX Y4acTKa, 3/1eCh HyMEpaluio y4acTKOB y100HO OpaTh co cBOOOJHOrO Kpasi, Mo-

9TOMY Ha4allo 1-ro y4acCTKa IIOJIOKUM Ha TOPUC BaJia.

0,12kH m

A7

2 kH/wm

0.32v

A AN
4 AN
1 e -1\
z e \
(o] Q
Vel N
K K 2 N

0.18m

(0000 d00TIT T

M,

7,=—0.06Mm

1.09

’W@. (xH-m)

0,24

. O (epin)

39.11

_____

2,18

It (Mila)

0.69
) m

45.64

0.09

— 1. @ (epao)

0,131
Puc. 3.3.2

I[J'IH OLOCHKH IIPOYHOCTH U J)KECTKOCTH Balia H606XOI[I/IMO HUMCTb 3HA4CHMHA

KpYyTSAIIMX MOMEHTOB M,

KaCaTCJIbHBIX HaHpiDKeHI/Iﬁ Tnax » OTHOCHUTCIIBHBIX yI'-

JIOB 3aKpyurBaHus O W yrioB 3aKpyuuBaHus A@ y4acTKOB Baja. BeruucieHue 3Ha-
YEHUU KPYTALIMX MOMEHTOB BBIIIOJIHSEM METOJIOM CEYEHH 10 YPAaBHEHUIO CYMMBI
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MOMEHTOB OTHOCHUTENIBHO OcH Bana X MoM Z =0. [Ipu 3TOM MON0KUTENBHBIA KpPY-
TAIIMHA MOMEHT B CEUYEHHUM HAIpaBisieM IO YacOBOM cTpenke (HAIOMHHUM: TAaKOE
MPaBUWJIO CYLIECTBYET ISl BHYyTPEHHETO MOMEHTA).

JUist BBIUKCHCHUS T, , 0 U AQ ucnonabzyeM (Ii)opMyJIBI:

M M Kp
— Kp _ Kp =
T = W2 0=gf> , A9 [erdz,

p p 0 p

rjue Wﬁ i MTOJIAPHBI MOMEHT CONPOTUBIIEHHUSI CEYECHUS, JJIs KOJIBLIEBOTO CEUCHUS
_ ( _ 4 _
- 0,3 — COOTHOIIIEHHE BHYTPEHHETO U BHEITHETO JUAMET-
Wp 1 1 ¢ ,rmec

poB; G™= MOAyJb YIPYTrOCTH BTOPOTO POJia WJIM MOJYJb c%[gura; Ip4_ MOJISPHBIN
MOMCHT MHEPLUUU CCUCHUSI, JUIA KOJbLICBOIO CCUYCHUSI | VR c ;| — mmna

ydacCTKa Baja. B TCKYIICM CCUCHUU, y,)laJ'IéHHOM oT Hayvana l1-ro yY4aCTKa Ha pac-
CTOSIHHUU 731, KPYTAIIHUU MOMCHT MKpl’ KaCaTCJIbHBIC HAIIPAKCHUA Tmaxl , OT-

HOCUTEJIBHBIN YTOJ 3aKpy4ddBaHUsS 01 M yrona 3akpyuuBaHus 1-ro ydactka A1
[IPUHUMAIOT 3HAYCHMUS:

MKH =M =0,12kH - m;

M,, 0,12-10° 16
T = =
W n-0,0253

P1

= 39,11 MlIla;

o _ e, _ 01232100 180°

_ = 2,24’ In;
' Gl 0810z (0,025)° =

M, M, - .
AQ1 =jG—,—ld 2= —Sr—=2,24-032=0,78"
0 p1

B texymem ceuenuu 2-To ydacTka, yOaIEHHOM OT €ro Hadaja Ha PACCTOSHHH Z2,
KpyTAMnid MOMEHT M, kacaTenbHbIC HANPHKCHHS Tmax OTHOCUTEJIbHBIN YTOJI

3aKpy4uBaHuA 02 W yrona 3akpyduBaHHs 2-TO y4acTKa A@2 TPUHUMAIOT 3HAUYCHUS:

M =M+mz =012-2.7 |22=0 0,12xH-m;
P2 22 212,=0,18m —0,24kH - Mm;
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T = Msz = (0,12'222)16
mx: W 7.0,03%- (1-0,3%)

P2

2, =0 22,28 Mlla;
z,=21 —45,64 Mlla;

- . . . 3
; M (0,12-2 22) 32:10° 1g00

"G G-1-003-(1-03%) g

z =0 1,09% /m;
2

2,=21 —2,18/u;

2 L@ql ’ 4@1%20,2)32-)1320,1\93 1gp° 2
Ap = — dz = 2 ——dz =-0,09.

0 0
P2

OrnpenenuM yriibl MOBOPOTA XapaKTEPHBIX CeYEHUN, 0003HAUMB ceUeHUs OYy-
kBamu A, B, C, D. Tak kak Touka A HaxoauTcs B 3ajenke, ¢ , =0°;

0B =Ap2=-009% oc =Ap2+Ap1 =—-0,09°+0,78° = 0,69°.

Ha 2-m YYaCTKE 3IMI0pa KPyTAIIUX MOMCHTOB IICPCCCKACT HYJICBYIO JIMHUIO B
touke K. OHpe,HeJII/IM KOOpAMHATY TOYKM IIEPECCUCHUS Zo, COCTAaBUB YPABHCHHUC

M 2:0,12+2-zo=0;

Kp
oJiydacM 3HAYCHHC Zp = 0,06 M. HCHOHB3Y§I 9TO 3HAYCHHC, BBIYHUCINM YTOJI 34-

KpyuuBaHus yyactka CK:

cK J;Ml ? 4;@’%20,%)32-11320@3 180° 2
Ap = Zw,dz = 2 : dz =0,04°.

0 0
P2

Toraa yron nosopora ceuennst K ok =¢c —¢ck = —0,131° + 0,041° = -0,09°.
oK =¢c—-¢ck =—0,131°+0,041° = -0,09°

Ilo IMOJYYCHHBIM 3HAYCHUAM IIOCTPOHM OJIIIOPBI U3MCHCHMA 11O AJIMHC Bajia

KPYTAIIMX MOMEHTOB M, KacaTenbHbIX HANPSHKEHUH T, , OTHOCHTENBHBIX YIJIOB
3aKpydrBaHus O u aOCOJIOTHBIX YTJIOB IIOBOPOTA (p cedeHui (puc. 3.3.2).

VYkaxkeM HanOoJbIIME IO aOCOTIOTHON BETWYMHE 3HAYCHUS HANPSDKCHUH U
YTJIOB 3aKPYUHUBAHUSA: T max =45,64 MIla, 0 max=2,24° /M, @ yax=0,69".

CremaeM BBIBOJIBI O IIPOYHOCTH U JKECTKOCTH BaJia:
Tmax=45,64 MIla < [t]=100 MIIa,
3HAYUT, TPOYHOCTH BaJia 00ECIICUCHa,;
0 max=2,24 °/m < [0]=2,5 /M, @uax=0,69° < [@]=1 ",

3HAYMT, )KECTKOCTH Bajia oOecreueHa.
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4. Tlaockui u3ruo

4.1. IIpoeKTHBIN pacY€éT ABYXONMOPHOH 0AJIKH ¢ KOHCOJIbIO

Jlns neyxomopHou Oanku (puc. 4.1.1) M=20kH-m; P=10 kH; g=5«xH/m;
JUIMHA a=2 M.

Tpebyemcsa:

1. BbI4HCINUTh ONOPHBIE PEAKIIUU

2. CocTaBUTh aHAIUTUYECKHUE BBIPAKEHUS M0 BCEM y4yacTKaM OajKu AJid Mo-
nepeuHoil cuibl Q M mM3rubaromero MoMeHTa M M MOCTPOUTH SIIOPHI ITUX BHYT-
PEHHUX YCUJIUW CTPOTO MO CXEeMOU Oalku, MPOBEPUTh MPABUIBHOCTH MOCTPOCHUS
AIIOP.

3. IlogoOpaThk pa3Mepbl MONEPEYHOT0 CeYEHUs 0aIKU U3 YCIOBUS MPOYHOCTHU
110 HOPMAJIBHBIM HANPSKEHUSIM, IPUHSIB CIIEIYIOIINE BAPUAHTHI:

1-# BapuaHT — Oajika cTajbHasi: CEYEHHE JBYTaBPOBOE, CCUYCHHE W3

JIBYX HIBEJUIEPOB U KOJBIEBOE CEYEHHE C COOTHOILIEHHWEM BHYTPEHHEIO U HapyK-

Horo auamerpoB d/D = 0,8 mpu momyckaeMoM HampsOKCHUH [0]: 180 MIIa ;

2-1 BapuaHT — OaJika JepeBsiHHAsL KPYTJIOTO W MPSIMOYTOJILHOTO ceve-
HUs co cTopoHamu h (Gombinas cropona) u b (MeHbIIas CTOpOHA) MPU COOTHOIIIE-

HuK cTopoH h/b =2, nomyckaemoe HampsKEHUE TPEBECHHBI [G]: 10 MIla .

4. Onpepenuts nporu6 ceuenus K u yron moBopoTa cedeHus: B IByTaBpoBOii
OalIKM, MCIIOJIb3Ys METO HAYalIbHBIX IAPAMETPOB.

Pewenue

1. Onopusie peakiuu R, u Ry nanpasum BBepx. Ha Gasnky He eHcTBYIOT

TOPM3OHTANILHBIE CHIIBL, TIO3TOMY Ha onope A OyIeT TOIbLKO BEPTHKAIbHAS PEAKLIHSL.
BennunHbl 1 HanpaBIeHUS peaKIMid ONPEICISIOTCA U3 YPABHEHUN PABHOBECHS
6anku ), MoM 4 = 0 u ). MoM B = 0,KOTOpBIE BBIPAXKAIOT PABEHCTBO HYIIO CYMMBI
MOMEHTOB BCEX BHEIIHUX CHJI OTHOCUTEIBHO OMOPHBIX APHUPOB A U B.

JIns cocTtaBieHHMs STUX YPAaBHEHHM MOXHO PpACHPEACIEHHYIO HArpy3Ky
MPECTABUTH €€ PAaBHOJAECUCTBYIOLIEH, TPUIIOKEHHON K CEPEIMHE BTOPOTO YYaCTKa.
CocpenoToueHHbIE MOMEHT Y4TEM HEMOCPEICTBEHHO, 0€3 YMHOKEHHS Ha KaKoe-
60 tuiedo. [IpaBuino 3HAKOB JJIT MOMEHTOB TIPH BBIYMCIICHUH OTIOPHBIX PEAKITUI
B IPEJIENIaX OAHOTO YPABHEHUS MOKHO NMPHUHATH MPOU3BOJIBHO. [[ns onpenenéHno-
CTU CUHUTAEM IOJOKUTEIBbHBIMU MOMEHTBI, JEUCTBYIOIINE TPOTUB YaCOBOM CTpEN-
KH, Toraa mo y. Mmom A = 0: a

M—-qga(@a+ )+R .2a—-P-3a=0, orcroga
2 B

R = 1 -rqa-(a+a)+P-3a—M—|: 1 -|_5-2-(2+2)+10-3-2—20—|=17,5 kH;
B 2a 2 I 2 |
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a
moY momB=0: M—R, 28+0a-_—-P-a=0, orcrona
A 2

RA 22%1 ‘(M +qa.§—P-ang.lg-((20+5-2.%—10-2“:2,5 kH.

\ ) \ )

3HaK «ILTIOCY IMOJIYYCHHBIX peaKL[I/Iﬁ YKa3bIBACT HAa HCTUHHOCTb BBI6paHHOFO
HalpaBJICHUA 3TUX CUJIL.

A RB

A i,

BREIRD

10,0 10,0

2,5
I T [@;]

|
!
!
' 75
!
!
!

[xHM]

14,4
20,0 20,0

Puc. 4.1.1

JlononauTenbHOEe ypaBHeHHE Y| 1p Y= 0 MOKHO MCTIONIB30BATh JIJISl TPOBEPKH T10-
JIy4YEHHOI'O pe3yibTara:

2,5-5-2+17.5-10=0, 20-20=0,0=0.

2. B momepedyHbIX CeUYeHUSAX OalK¥ BO3HHMKAIOT CISAYIONINE BHYTPCHHHUC
yceunusi: u3rudaronue MOMeHTsl M, 1 nonepeuynsie cuibl Qy. Mcnonbs3yem m3Bect-
HOE€ MPaBHJIO UX 3HAKOB: MorepeyHas cuia Qy B CEYCHHH IMOJIOKUTENbHA, €CIU €€
BEKTOP CTPEMUTCS MOBEPHYTh PACCMATPUBAEMYIO YAaCTh MO YAaCOBOM CTpEJIKE; U3-
rubarmnmii MOMeHT My B ceueHHMH OyJieM CUHMTATh IMOJOXKHUTEIbHBIM, €CIU Oanka
M3rudaeTcs BBIMYKIIOW cTopoHOU BHU3 (puc. 4.1.2).
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|/ ooe (T—9) o 1
v m m
Q Q m m
A
e (L) eme

Puc. 4.1.2

Pa306bEém Oasiky Ha TpU CHJIOBBIX ydacTka. [ paHHIlaMU y4acTKOB SIBIISIFOTCS
CEUCHUs, B KOTOPBIX NPHUIOKEHBI COCPEIOTOUYCHHBIE MOMEHTBI M CHJIbI, 4 TAKkKE
HA4aJI0O U KOHEIL paclpenciaEéHHON Harpy3ku. Mcnoib3yss MEeTol CeUeHUN, HauaEM
n3rudaronme MOMEHTHI M, 1 nonepeyunbie cuiibl Qy Ha Ka)XXJI0M ydacTKe.

Paccmotpum 1-it yuactok: 0<2z;<a, rme Zi1 — KOOpJWHATA TEKYIIEro ce-
yeHus. Kycok mepBoro ydactka Oanku JJIMHOM Z1, PacrojOXKEHHBIA 1O JICBYIO
CTOPOHY OT 3TOTr'0 CEUEHMSs, HAXOAUTCS B paBHOBecuu. CiieBa OT CEUECHHS pacio-
JOXKEHBI CUIIBl R, ¥ MOMEHT M, mo3ToMy

Q,=R,=25kH, M,=R,-z,-M.

AHaTUTHYECKOE BhIpaKEHHE JIJISl OTPEJIEIICHHS BEJIMYMHBI TIOTIEPEYHOM CUJITBI
HE COJEPIKHT IIEPEMEHHBIX, CIIEN0BATEIbHO, Ha yyacTke Q, =const. Ha smope Qy

3HaueHue 2,5 KH 0TI0XuM BBEpX OT HYJIEBOU JTUHUMU.
AHanuThueckoe BbIpaxkeHne My COOTBETCTBYET ypaBHEHHIO HpsiMou. Jlis
BbIuKclIeHUsT My mpucBaniBaeM KOOpAMHATE Z1 4YacTHbIE (MX €UI€ Ha3bIBAIOT I'pa-

HUYHBIMH ) 3HAYCHUS:
npu z=0 M, =-M =-20kHm;

opu z=2m M _=R,-a-M =252-20=-15 xH'm.

Ha smrope M, mpoBo MM HaKJIOHHYIO TIPSAMYIO.

Paccmorpum 2-i yuactok: 0< 7> <a. Bo3pMéM ydacTok Galk CiI€Ba OT

CCUCHMUA:
2

Z
Q, =Ru=az,; M, =Ry (@+2)-M-q

AHATUTHYCCKU BBIPAXKEHHUE Q, COOTBETCTBYET YPABHEHHIO MPAMOM. i rmo-

CTpOCHUA e€ OIIOPHBI BBIYHUCIIACM I'DAHUYHBIC 3HAYCHUA!

npu Z,=0 Qy =2,5-5-0=2,5kH,
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npu Zp;=a Q, =2,5-5-2=-7,0kH.

Oyukius M, — kBaapatHas mapabosa, MO3TOMY Uil OCTPOCHUS SIIOPHI
M, Hazl0 3HaTh 3HAYEHUS MOMEHTA B TPEX CEUEHUAX: B Hayaje, B KOHIIE y4acTKa U
B TOM ceuenuy, rae M, umeer sxctpemym (mpu Z = 20). Benmunny Zo ompepess-

eM M3 YPaBHEHUS =0:
yp ,

Ry 25
R,—qgz, =0; £ =_"=_ =05m.
A~ 0%, 0 q 5

[Tomyyaem 3HaueHUA 0
mpu z=0 M =25(2+0)-20-5"=-15 xH-m;

2

2

2
npu Z=2m My :2,5(2+2)—20—5?:—20 kH-Mm;

0,52
npu z=0,5mM M, =2,5(2+0,5)-20-5 — =-14,4xH ™.

[lo HaiineHHbIM 3HaUeHUAM cTpouM 31Iopbl Qy 1 My Ha 2-M ydacTke.

3-it yuactok: 0<2z,<a. Haiiném Beimunusl Qy u My B TekylieM ceueHHU
Z3. PaccMoTpuM y4yacToK Oajku JJIMHOM Z3 1O TMPaByl CTOPOHY OT CEUYCHUS.
CrpaBa OT CEUCHHUs PacIoiokKeHa TOJIbKO ojiHa cuia P, mosromy

Qy =P=10kH; M, =-P-z3.

AHaNUTUYECKOE BBIPAKEHUE JJI ONPEACICHUS BEIMYMHBI TONEPEYHOMN CHIIBI
HE CONEPIKUT NEPEMEHHBIX, CIIE0BATENBHO, Ha 3-M y4acTke Q, =const. Ha smrope
Q, otnokum ot HyneBo# mmann 10 kH.

AHanuthueckoe BbIpakeHHe My COOTBETCTBYET ypaBHEHHUIO NpsMou. Jliis
MOCTPOEHHUS AM0pbl My IprcBanBaeM KOOPJMHATE Z3 YaCTHBIC 3HAYCHHS U BBIUHC-
JII€EM MOMEHTHI.

Mx (0)=0; M, (a)=-P-a=-10-2 = -20xHm.

[To HaiineHHBIM 3HaYEHUSIM cTpouM d1mopy M, Ha 3-M yuacTke.

[IpoBepuM MpaBUIILHOCTH MOCTPOCHUS AMIOP MO CIEAYIOIINM MTPaBUIaM, BbI-
TeKaromuM u3 JuddepeHuanbHbIX 3aBUCUMOCTEN MpU U3ruoe:

dQ d2m dM
g=_",q=__*,Q,=_ *.
dz dz? dz
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e Ha yuacTtke, rme OTCYTCTByeT pacnpeneineHnas Harpyska ((=0)
Q =const u smropa Q umeer Buja mpsAMoyroybHuKa, smopa M orpaHuyeHa Ha-
KJIOHHOM TipsiMo# (cM. 1-if u 3-i1 yuacTkm).

e Ha yuactke, e wuMeeTcs paBHOMEPHO pacmpeaenéHHas Harpyska
q = const , amopa Q — HakmoHHas mpsimast, a smopa M — kBajgpartHas mapabona.
Brinykiiocts mapabosibl JOJDKHA OBITH OOpallleHa HAaBCTpeuy JEHCTBHS HArpy3Ku
(cM. 2-1 y4acToK).

e Ilpu monoxuTenpbHOM 3HadeHun Q MMeeM BO3PACTAIONIYIO (HYHKIUIO
M, npu orpunaTensHOM — yOBIBarOIIyO (TIPU XO/I€ CJIEBa HAIIPABO).

e Ecmu na yuactke Q =0, 1o usrubarommii MOMEHT €CTh BEJIMYMHA TIOCTO-
sHHasi, M =const (9To ciryyait yrucTOro u3ruoba).

e Ecmm momepeuyHas cuia Ha y4acTKe MPOXOIUT Yepe3 HyJIEeBOE 3HAUCHUE
Q =0, menss 3uak, To Gpyukius M B 5TOM ceueHHH MMEET SKCTPEMANILHOE 3HAYE-
aue. [Ipu 5TOM (IIpU XOJ€ ClIeBa HAIpaBo), eciid MeHsercs 3Hak Q ¢ miroca Ha
MUHYC, U3rMOAIOIMii MOMEHT npuHUMaeT 3HaueHne M ., (cM. 2-if yuacTok), eciu
sHak Q MeHsieTcs ¢ MUHYyca Ha IUIIOC — Ha 3Iope MoMeHToB M iy -

e B ceueHuu, K KOTOPOMY MPHIIOKEHA COCPEAOTOUYCHHAS CUJIa, HA JIIOpe
Q oTMeuaeTcst CKaYOK Ha BEIMUYHMHY OTOM CHIIBI, Ha smope M — usjiom B Hampas-
JIEHUH, 0OpaTHOM JEHCTBUIO 3TOW CHJIBI (CM. ceueHue Ha omope B).

e B cedeHHsIX, K KOTOPBIM MPUIIOKEH COCPEIOTOYEHHBIN MOMEHT, Ha 3II0pe
MOMEHTOB Ha0JIF01aeTCsI CKAYOK Ha BEJIMUMHY 3TOr0 MOMEHTa (cM. Ha orope A).

e Ecimu K KOHIy KOHCOIM (CM. cedeHue, rie MpuiiokeHa cuma P ) wmm x
KOHIIEBOM IIAPHUPHOM OMOpe HE MPUIO0KEH MOMEHT, TO B KOHIIEBOM CEUCHHUH
M =0.

3. Pasmepnl yka3zaHHBIX BHJIOB IOTIEPEYHOI0 CEYCHUsS OalKM Moa0HpaeM M3
YCIIOBUS MTPOYHOCTH OAJIKU MO HOPMAJIBHBIM HAIIPSKECHUSM

e = 7 <[], (4.11)

X

rae I\/Imax - HauOOJIBIINI IO a0CONIOTHONW BEIMYHHE H3THOAIOIUN MOMEHT, B3S-
Thi 13 3mopbl MomentoB M, , B Harem npumepe momentst M, = 20kH M Bo3-

HUKalOT Haj ornopamu A u B (ceuenue Ganku ¢ M, Ha3bIBaIOT OMacHBIM ceue-

HUEM).
Hcnonb3ys ycnoBue npodHocT mo (4.1.1) nns cTanbHOR OalkH, BHIUUCIAM
TpedyeMoe 3HaUYCHHE OCEBOI0 MOMEHTA COMIPOTUBJICHUS CEYEHUS

Mmax 20 -103

Wy > -
*“ 6] 180-10°

=1,11-10"* M® =111cm3,
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Boeimonnum nondop asyraBporo ceueHus. [lo tabnuue 'OCT 8239—-89 Bhi-
oupaem npoduis Ne 18 ¢ W, =143 cm®.

BoinmosnnuM noa0op 1IBesiepoBoro cedeHus. [ momepeuHoro ceuyeHus
CTaJIbHOW OajKu, COCTOSAIIEH M3 JIBYX LIBEIJIEPOB, YUTEM, UTO MOMEHT CONPOTHUB-
JIEHUs. OTHOCHUTENIBHO OCHU X PaBEH YJBOCHHOMY MOMEHTY COIPOTHBIICHUS OJHOTO
HIBesuIepa, IodToMy

111
2W =111cm® Wy = =555cm.

" 2

[Io Tabmune T'OCT 8240-89 2 BoiOupaem aBa mBemiepa Ne 14 ¢
Wy = 70,2 cM®.
Beimonnum noabop auaMerpa KolbleBOro ceueHus Oanku. [ 6anku Kouib-
3.(1_ 4
IIEBOIO TIONEPEYHOr0 CEYEHHS MOMEHT CONPOTUBICHHS \Ny = nD”-(1-¢) , TIe
32

d

¢= o Tax kak TpeGyemblii MomenT conporuBinerns W, >111cm? |, To TpeGyembiit

AUAMCETP KOJBICBOT'O CCUCHUA

D>3 32 -Wy _3 32-111 _12.4om.
n(1-c*) \n(1-0,8%)

[Mpuaumaem D=12,5cm. Toraa BHyTpeHHH# qrametp Koibiia d=c-D=0,8-12,5=10cm.

BrimonauM mogdop cedeHus AepeBIHHOU Oanku. s mepeBssHHOM Oanku u3
yciioBus npoyHocTH (4.1.1) TpeGyemMoe 3Haue€HHE OCEBOIO MOMEHTA COIPOTHBIIE-
HUS CEUCHUS

Mgy _ 20-103
[c] 10-10°

W, > =2.10"° M° =2000 cm.

X

J171s1 KpyTraoro NONepevyHoro CEYeHUs

nD3 f /32 - 2000
W, = , TOTJ1a D2332WX = 3|——— = 27,3cMm.
X 32 T T

[Ipranmaem D = 30cm.

bh?  h3

Jlns mpAMOyrosibHOro nomnepeyHoro ceyeHuss Wy = — =—, MOITOMY BbI-
6 1

COTa CCUCHHUA

h>312W, =¥/12-2000 =28,8cm.
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[IpuHEMaeM BBICOTY CE€YEHUS h=30cm u mupuny b= 5 =15¢m.

Jlist Ganky JABYTABPOBOTO TIOMEPEYHOTO CEUEHHUS CTPOUM JIIOPY HOPMaJlb-
HBIX HAINpPSDKEHUH, WCIIONB3Yysl 3HAYEHUS HOPMaJbHBIX HAIPSKEHUH MPH U3rHoe,
KOTOPBbIE BBIUUCIUM 1O (popMmyrie

rje Y — pacCTosiHHE OT HEUTpaJbHOM OCH 0 TOYKH, B KOTOPOM ompeensieTcs Ha-

npsokenue. s Touek 1, 2, 3, 4 umeem
y1=9cMm, Yr=6cm, Yy3=3cMm, Vy,=0.

s paccmarpuBaemoro asytaBpa Nel8 mo Tabmune 'OCT 8239-89 Bribu-
paeM Jy =1290 cm?. TlocunTaem HanpskeHus B Toukax 1, 2, 3, 4:

103 .9.102
G, = 20-107-9-10 =139,5 -10° ITa =139,5 MIla ;
1290 -10°8
103 .6.1072
o _20-10°-6-10 =9,3.10"TTa =93 MIla ;
2 1290-10°8
- - 20-10°-3-1072 = T
3 1290 .10°° 465 10 ITa 46,5Mlla;
20-10% -0
04:—_
1290 -10°8

Ay

1 139,5

3 46,5

©,

[MI1a]

139,5

Puc. 4.1.3
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OT10XHB B MaciTade MoJy4YeHHbIC BETUYUHBI HAMPSHKEHU, CTPOUM S0Py
Hanpspkenuit (puc. 4.1.3).

4. OnpenenuM nporud M yroya MOBOPOTa CEUEHMs] OATKU COOTBETCTBEHHO B
toukax K u B (puc. 4.1.1).

CornacHo METOAy HauaJbHBIX MAapaMETPOB IS JIIOOOT0 CEUEHUsI YpaBHEHUE
YIJI0B MMOBOPOTA U YpaBHEHHE MPOTMO0B UMEIOT BU/T

(z—-a) (z -b)? (z -c)’

EJO:EJ60+ZMT+ZPT+ZQT,

—a) (z—b)3 (z-c)
EJ-y=EJ -y, +EJ0y- 2+ ) M-+ P——"— ZqT,

rne 0y, Yo — yroia nmoBopota v mporu6d ceueHus 0aaky B Hayajie KOOpJAWHAT; &, 0, C —
COOTBETCTBEHHO PACCTOSHHE OT Hayaja KOOPJHMHAT J0 TOYEK MPHIOKEHHUS cocpe-
NIO0TOYCHHBIX cIoBbIX (hakTopoB M miu P u 1o Havana paBHOMEpHO pacmpeje-
JICHHO# Harpy3kd MHTEHCHBHOCTBIO (| ; EJ — xécTkOCTh Oanku, mpuHSTH OAMHA-

KOBOM JJIsI BCEX YYaCTKOB.

Heo0x0auMo BEITTIOTHATE CIEAYIONIHE TPaBUIIA.

e HauanpHbie mapameTpbl Op M Yo ONpeneNsioTcs U3 YCJIOBUM 3aKperie-
HUS O1op OasKu.

e Hayano koopauHaT BBHIOMPAIOT HAa KOHIIE Oaliku, JIGBOM WJIM IIPaBOM, B
3aBHCHMOCTH OT YA0OCTBa BBIYHCIICHHMA, M OCTABJISAIOT MOCTOSIHHBIM JJISI BCEX y4a-
CTKOB.

e B ypaBHeHUS HY)XHO CTaBUTH JIUIIb WICHBI, COOTBETCTBYIONIUE HArpys3-
KaM, PacIlOJIOKCHHBIM MEXy Ha4aJloM KOOPJHHAT U COOTBETCTBYIOIIUM CEUCHU-
eM, T. €. HeoOXxoauMo, yToObl MHOXHTENHU (Z —a), (Z—b) u (z —C) B m0OOM ciy-
gae ObUTHA OOJIBIIIEC HYJIS.

e [Ipu cocraBieHUM ITHX YPaBHCHHI MPUHUMAJKNCHh HArpy3KH, BBI3BIBAIO-
IIWE MOJIOKUTEIBHBIA N3THOAIOIINNA MOMEHT B pacCMaTPUBAEMOM yd4acTKe OalIKH,
MOJTOMY B KaXKJIOM YaCTHOM Cjy4dac HY)XHO YCTAaHOBHTH, KaKOW IO 3HAKY W3TH-
OaroInii MOMEHT BBI3BIBACT JIAHHAS HATPY3Ka: €CIIM MOJIOKHUTEIBHBIN, TO COXPaHS -
€TCSl 3HAK «IUIFOCY» COOTBETCTBYIOIIETO WICHA ypaBHEHUS; €CIIM OTPHUIATEIbHBIMH,
CTaBHUTh 3HAK «KMUHYCY.

e 3HAK ), YKa3hIBaeT HA TO, YTO HATPY30K JAHHOTO TUIIA MOYET OBIThH He-
CKOJIBKO.

e HeoOxoauMo MOMHHTH, YTO TPU OOPBIBE pACHpPECICHHON Harpy3ku eé
CJIeyeT MPOJOJDKUTh JI0 KOHIa Oaliku, N00aBUB OJHOBPEMEHHO KOMIICHCHPYIO-
IIYI0 HArPy3Ky TOH K€ MHTCHCHBHOCTH.
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[loncunrtaeM kECTKOCTh CTabHOM ABYyTaBpoBOii Oanku npoduius Ne 18. Mo-
MEHT UHEepLHH ceueHus 6anku J, =1290cm*, E =2-10° MIla.

EJ =2-10°-10° -1290-1078 = 2580kH - m*.

Hauano koopauHaT pacnosiokuM Ha IIapHUPHO-HENOABHUKHOM omope. Taxk
Kak mporud Ha omope paseH 0, HauanbHbIi mapametp Yo = 0. HauaneHerii mapa-

metp 0o ompenenuM u3 ypaBHeHHs mporuda omopsl B, rme mporu6 pasen Hysio.
ITpu 3TOoM KoopauHata Z =2-a=4M, paccrosaus a=0=0 u c=2m. Torzma

42 43 24
EJ -y =Edbo-4-M S-+R, "o —q =0,
gM R, %% 1+q2 8-20-25.%% 152
oTKyma 0 = A 3 _ 6 3 =0,0132pan.
0 4EJ] 4.2580

3HaK «IUIIOCY TOJMYYEHHOTO pe3ysibTaTa yKa3bIBaeT Ha TTOBOPOT CEUECHHUS
IIPOTUB YaCOBOU CTPEJIKH.

Yroa noBopoTa ceueHus: HaJl ONopoil B omnpeaenuM, MoACTaBUB HaWEHHOE
3HaueHue Op u Z=4a, a=4M B ypaBHEHHE YIJIOB IOBOPOTA:

42 28
EJOBzEJOO—M.4+RA?_QE,T0rz{a
EJO +RA-8—q4 2580.0,0132 — 420+ 2.5-8_5+
g 3 3 = 0,0126 pas.

B EJ 2580

IMporu6 ceuennst K ompenenum, moacTaBuB B ypaBHEHHE MPOrHOOB Z = 6M
U HalaeHHoe 3HaueHue Op:

EJ-y. =EJ6p-6-m—+R, ——0—+QJ—, OTCIOAa
Y ° 2 A6 24 24
32 2
EJOq-6-18M +36R, 0~ +0
y = 3 3=-0,0448 =4 48cm.
K EJ

3HaK «MHHYC» TOJIYYEHHOTO pe3ysibTaTa MMOKa3bIBAET, YTO MPOTUO CeUeHHMS
K mpowusorien Baus.
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4.2. IIpoeKTHBIN PacyéT KOHCOIBHOM 0aaKn

s koHconbHOW Oanku (puc. 4.2.1) wu3BeCTHA BHEMIHAS HaArpys3ka:
q=20xH/m; P=qgl; M =1,8ql?. lnuna | =0,4 m.

Tpebyemcsa:

1. CocTaBuTh BBIpaXeHHs AJiA MONEpedHbIX cuil Qy U U3ruOarImuX MOMEH-
TOB My, BBIYUCIUTH UX 3HAYEHUS B XapaKTEPHBIX CEUEHUSX U MOCTPOUTH MIOPHI
Qy, My. Yka3zaTts onacHoe ceuenue u 3HaueHne My™.

2. VI3 yciioBHsl TPOYHOCTHU MO JIOMYCKAEMBIM HaIpPsDKEHUSIM Mogo0path pas-
MEpbl CEUCHUH /IS IBYX BapUAHTOB: JIBYTaBpP W JiBa IiBesuiepa. CpaBHUTH Pacxol
Marepuasa M yka3aTh 9KOHOMHBIN BapuaHT. Jlomyckaemoe HampspKeHUe
[6]=200 MI]a.

3. Berunciuth nporud cBOOOIHOTO Kpasi OaJIKH.

Pewenue:

1. JInsg KOHCOJIbHOW OalKyh HET HEOOXOJMMOCTH BBIYUCIISTH OMOPHBIE peak-
IIUU, TaK KaK MOKHO «HATH» CO CBOOOAHOTrO Kpasi. Mcrnons3ys MeTos ceueHui, co-
CTaBUM BBIPXKEHHUS JJIs IonepeyHbIxX cui Qy 1 n3rubaromux MoMeHToB My 1o yua-
CTKaM OaJIK{, BBIYMCIUM MX 3HAUYCHUS B XapAKTEPHBIX CEUCHUSIX M TTIOCTPOUM DITIO-
pet Qyu M. Tlpx 5TOM HCIONB3YeEM MPHHATOE TPABHIIO 3HAKOB (cMm. puc. 4.1.2).

banka nmeer 3-u Tpy30BBIX y4acTKa.
Paccmotpum 1-it yuacrok (puc. 4.2.1, 6):

Q' =P=ql; M!=Pz =qlz 4=0 O
X 1

Y Uz, =1 ql2
Ha 2-m yuactke (puc. 4.2.1, 6):
z,=0 ql;
2 =P-20z, =ql - 2qz,| ° ’
Qy W2 =q =2, o1 _aq
2 72 ,lz,=0 2,8ql?%

2
M, =P(l+22)+M —-29_* =ql(l + z,) +1,8q] —qz,
2 z,=21 0,8ql%

Ha 3-m ygactke (puc. 4.2.1, 2):

Q§:P—2q~2I=qI—4qI=—3qI;

M3 =P@Bl+2z)+M -2q-2-(1 +z3) =
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A

A

A

A4

A

A 4

A

\ 4

Puc. 4.2.1

A 4

M
A \ RD
/
y A4 A \ ;
A B C %
A
P
M
P A
y v X v?
v Q-‘
P A
\ v A Y
Z3
1 ] K
0 « 0 Q\ ql
e 22 »WL 1)
3,05 > 3
0.8 .
e M, ql”
\J\IEL
2,2
M AP
A A A A
B A
M P
A A A A
/

a

(=)

HC
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=ql@l+z,) +1,8q1% — 4ql(l + 2) z3=0 0,8ql;
zz=1 —-22ql2

Iockosbky Ha smope Qy ecTh nepeceveHue ¢ HyneBoil unuei B Touke K,

TO B 9TOM CEUEHUM BO3HHUKAET HIKCTpeMyM M, , 3HaueHHe KOTOPOro HEOOXOIUMO
Haiitu. [IpupaBHUBas HyJIIO 3HaUEHHUE MONEPEYHOM CUibl 171 ceueHuss K, BbIUMc-
M abenrecy X u akeTpemanbHbiii MomeHT MK :

Q% =P -2qzX =0, orkyna zK =£:ﬂ=0’5“
y 2 2 20 29

MK =qgl(l + zK)+1,8ql? — q(z¥)? =3,05q12.
X 2 2

Omopel Qy 1 M, mpencrasnenst Ha puc.4.2.1, 0, e. U3 smopel My BuaHO,

4TO ONacHbIM siBisieTcst ceuenue K, B kotopom M 7 = 3,050 2,
2. 13 ycioBHs MPOYHOCTH T10 JTOIMYCKAEMBIM HAIPSHKEHUSIM

BBIUKCTISIEM TPEOYyeMbIii MOMEHT COTIPOTUBIICHUS CEUCHHUS.

M ™ 3,05-20-10°% - 0,4

W = X =
X T—— 200 -10°

N3 tabmuer TOCT 8239-89 BeiOupaem asyraBp Nel2 ¢ W, =58,4 cm®;
I, =350 cm*; F =14,7 cMm?.

[TockonbKy 2-if BapHaHT CEUCHUS HMeezguga nIBesUiepa, HailIéM MOMEHT CO-
MPOTUBJIEHUSI OJHOro MmBesiepa kak W = =24,4 cm®. Tlo TOCT 8240-89

X 2
noxbupaem msemtep Nel0 ¢ W, =34,8 cm®; |, =174 cm*; F =10,9 cm”,

= 48,8-10°% M>=48,8 cM®.

3. Jlnia BeIUHCIEHUS IPOTUO0B XapaKTePHBIX CEYCHHUI BOCIOJIB3YEMCS ypaB-
HEHUEM MTPOTrHOOB METO/a HAYaJbHBIX TAPAMETPOB, KOTOPHIH 3aIUIIIEM B BUJIE

Ly v0s ! Mz - )+ P(z_;bf+ a(z ) alz ¢ >“T|
EJXL e o o

y=A,

I

z
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1€ Z; — KOOpAMHATA TOM TOYKHU, B KOTOPOH onpeensieTcss nporud; Yo — Hadaab-
HBII TTporu0; Op — HaYaJIbHBINA YTOJ TOBOPOTA.
Hauano koopauHaT pacroio)uM B KECTKOHM 3aienke /[, toraa y, =0

;
0o = 0 . lnsg ynoOGcTBa MOXKHO Oanky MEpPEeBEPHYTh 3€pKabHO, KaK MOKa3aHO Ha
puc. 4.2.1, oc. I AUIIOCTpAlMU MOJ0KUTEIBHOTO HAMPABIECHUS HArpy30K U Xa-
pPaKTEepHBIX PACCTOSIHUN ypaBHEHUS! TPOruOOB npeacTasieH puc. 4.2.1, 3.

3anuiieM ypaBHEHHUE ISl BEPTUKAJIBHOTO MepeMelleHus (mporuba) B ceve-
HUU A

1] M_(41-0)" M(4l-3l)

y=A =y +0 4l+__ |- — +
=4 0 B 2! 21
R_(41-0)" 2q(41-1)' 2q(4|—3l)4—|| 1 ‘T 2,2q12(41Y’
+ — + = —~ —~
3! 41 A | B 2
1,8g12-12 3qi(41)’ 2q(3))" 2q(1)'1 6,833q1 4
2 6 24 24 | B,

Boruucinum nporu6 B ceueHun A 715 AByTaBpa:

_ 6,833ql* _ 6,833-20-10%-0,4*
EJy 2 .10* - 350 -10°8

Ya =0,005Mm=5mm.

4.3. IlpoBepoYHBIi pacuyéT KOHCOJbHOM 0AJIKHU

Jliiss nByTaBpOBOW KOHCONBHOW Oanku (puc. 4.3.1) W3BecTHa BHEIIHSS Ha-
rpy3Ka, 3aJaHbl pa3Mephl MOMEPEYHOTO CEUEHHUS U IJIUHA.

Tpebyemcs:

1. CocTtaBuTh BBIpaKE€HUS Ui MONEPEUYHBIX cHil Qy M M3rHOarOIIMX MOMEH-
TOB My, BBIUMCIUTh X 3HAYEHHS] B XapaKTEPHBIX CEUCHUSIX U MOCTPOUTH SIIOPHI
Qy, My. Yka3aTp onacHoe ceuenue u 3HaueHue My,

2. JIns omacHOTO CeYeHUS BBHIYHMCIWTH 3HAYCHHUS HOPMAJbHBIX HANPSKCHUN
Omax ¥ M300pa3uTh SIIOPY pPaACIPEACIICHUS HOPMAIBHBIX HAMPSIKEHUN TI0 BBICOTE
ceuenus (omopy ©). IIpoBEPUTH yCI0BHE NPOYHOCTU GAJIKM 110 HOPMAILHBIM HAIIPSI-
AKEHUSIM MpU JoryckaeMoM HanpsbkeHnu [6]=200 MIla. Ecnu ycrnoBue npouyHoCcTH He
BBITIOJIHSETCS, YKa3aTh HOBbIE pa3Mephbl CEUEHU, MPU KOTOPBIX OHO OyJET y/oBlie-
TBOPEHO.

3. BeruncauTh mporuObl XapakTEPHBIX CEYCHUN OaJIKM, N300pa3uTh W30THY-
TYIO OCbh OQJIKH U TTPOBEPHUTH HA KECTKOCTH MPH JionyckaemoM niporube [f], paBHOM
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1/400 pnuuer Ganku. Ecim ycrmoBue >KECTKOCTU HE BBIMOJIHSCTCS, YKa3aTh HOBBIC
pa3Mepbl CeUeHUH, MPU KOTOPBIX OHO OYJET YAOBIETBOPEHO.

4. BblYUCIUTh HOpMaJbHBIE HAMPsDKEHHUS B 4-X TOYKaX IO BBICOTE OMACHOTO
CEUeHUs OAIIKH.

M, M,
| P1 \P
a, 2 %
- L4 B L > _
Puc. 4.3.1

Pewenue:

Ha puc. 4.3.1 uzoOpaxkeHa yHUPHUIIUPOBaHHAS CXeMa KOHCOJBHOM Oayiku, B
KOTOPOM COCPENOTOYEHHBIE CUIIBI P 1 MOMEHTBI M NPUIIOKEHBI B HAYaJIe KaXI0T0
ydacTKa U MO BCEH JJIMHE KaXIOro y4acTKe ACHCTBYET pacmpelesieHHas Harpyska
MHTCHCUBHOCTH (. 3a MOJIOKHUTEIIbHOE MPHUHATO HAIpaBiIeHUE HArpy3KH, BbI3bI-
BaloIl[ee TMOJOKUTEIbHBIE M3rubaronime MOoMeHTH. [lycTh TpeOyeTcsi BBINOJIHUTH
pacuéT npu ciaenyronux 3HadeHusx: P1=23 xH, P, =0, M1=-12 xH-m, M>=0, ¢:=0,
02=-29 xH/m, L1=1,7m, Lo=2,1M, ceuenune Ganku — aByTtaBp Ne24 u 36.

Brauasne no 3TuM 3Ha4eHUsIM MOCTPOUM peabHylo 0anky (puc. 4.3.2). Ona
MMEET JIBa CUJIOBBIX Y4acTKa.

1. Ucnonb3ys METOJ CeYeHHI, COCTABUM BBIPAXKEHUS ISl TIOTIEPEYHBIX CHII
Qy 1 n3rubaromux MoMeHToB My o yuactkam Oanku. [Ipu 3ToM ucnons3zyem mpu-
HSTOE TIPABHIIO 3HAKOB (cM. puc. 4.1.2).

st yaudunmpoBannoit 6anku (puc.4.3.1) B TeKyiiem ce4eHuu 1-ro ygacr-
ka (0<z; <L) monepevHas cuiia ¥ M3THOAFOIINN MOMEHT 3aITUIIIeM Kak

1 1 q -z
Q =P, +0,-z;, My=M+P-z;+ * *.
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23 kH R,=37,9 xH
1 12 kH-m 29 kH/m i M,=11,35 xkH-m
/]
\ 4 A4 \ 4 \ 4 \ 4 /] a
Ve
1,7 m 2,1 m /
23 23
K
0 © 0 O,.xH o
z~0,79 m 2
< »
37,9
36,2
27
0 0 M, kH-m &
12
Puc. 4.3.2

HOIICTaBI/IB 3aJaHHBIC 3HAYCHUS, I1I0JTYIHUM

Ql=23 kH, M!=-12+23.7,
y X 1

[pu rpaanunbix 3Hauennsx ;0 M1(0) = -12 kH-m

M%(1,7) = 27,1kH"m

Paccmotpum 2-i1 yyactok: 0< 7, < L. JIns yHudummpoBaHHo# cxembl Oanku

2 1 2 1 qz-zz
Q, =Q,(,)+P,+q, 2z, M, =MX(I1)+M2+P2-22+_2.

IToacTaBUB 3HAYEHUS, HOTYYHM
Q2=23-29-7, , M2 =27+23.7,-29-2,2/2,
[Ipu rparnussx 3HaveHusx Z . Q?(0)=23kH, Q?(2,1) =-37,9kH;
2" Ty y
M2(0) =27 kH-m, M2(2,1) =11,35kH ™.

[lo HalimeHHBIM 3HAUEHUSM CTPOUM ODMIOPHI MomepedHbix cuil Qy W u3ru-
Oaromux MmomeHTOB My . [{ns 1-ro ydactka Q1y=C0nSt, 3Ha4MT, Ha smiope Qy Oyzer
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npsAiMasi, NapajiesbHas Ga3suCHOM TMHUHM (T.€. PSIMOYTOJBHUK); & BhIpakenue M!
. . ) 2
COOTBETCTBYET YPaBHCHHIO HAKIOHHOW mpsiMoi. Ha 2-M yuactke Q) HM3MeHseTCs
JUHENHO U mepeceKkaeT 0a3ucHylo JUHUIO B Touke K, QyHKUUS U3rHOAIOMUX MO-
MeHTOB M? — kBajpaTtHas mapaGosa. 31ech JUis TIOCTPOEHHs JMmopbl My Hamo

3HATh 3HAYEHHUs] MOMEHTOB B HavaJle, B KOHIIE y4yacTka U B ceueHuu K, rae My nme-
€T BKCTPEMYM IIPU Zp = Zp . BennuuHy Zo onpenenseM U3 ypaBHEHUS

2
Q?=0: 23-29-7 =0, nonydaem z = 3 =0,79m.
y 0 0 2_9

HOIIC‘H/ITaeM 3HAYCHUC SKCTPEMAJIBHOTI'O MOMCHTA IIPU 22 = ZO .
M2 = 27 +23.7,-29-2 .22 = 36,12 kH M.

CornacHo 31m10pe MOMEHTOB, OMIACHBIM CEYEHUEM ABJIsIETCS ceueHue K u
MaKCUMaJIbHOE 3HaYeHHE MOMEHTA Mmax=36,12xH-M.

2. Bbraucinum 3Ha4eHUs HOPMAJIBHBIX HAMPSI)KEHUN Omax JJISI OMTACHOTO Ce-
yeuusa K

rae Mmax - HauOOJBIINK II0 a0COJIOTHOM BEIMYMHE H3THOAIONMH MOMEHT, B Ha-
memM npuMepe MoMenT M = 36,12 kH -m.

Jlns ceuenns 6anku — nyraBpa Ne24 mo tabmuie ['OCT 8239-89 moment
conporusnerns W, = 289¢cm?, mosromy

M 37,9-10° 6

Gy =— ¢ = =131,5-10 ITa =131,5MIla.
w, 289-10°

[IpoBepuM ycCa0BUE MPOYHOCTU OAIKHU 110 HOPMAIILHBIM HAIPSKEHUSAM, KO-
M
TOPOE UMEET BUII O,y =—W—max < [0]. Jlns nBytaBpa Ne24 oHO IOIydYaeT Takyro 3a-
X

muck: 131,5MIMa<[c]=200MIla, 3HAa4MT, yCIOBHE MPOYHOCTH OAJIKU BBIIONHS-
eTCHI.

B cnyuyae aBytaBpa No36 HampsiKeHHS Omax, KOHEYHO, OYJIyT MEHBIIIE, TaK
KaK €r0 MOMEHT CONPOTUBNIEHHs Oonbiie u papeH W = 743cm®, U HET cMBICTA €ro
BBIYUCIISITh.
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Jlnst nByraBpa Ne24 BbIYMCIMM HOPMaJibHBIE HAINpPsDKEHHUS B 4-X TOYKax IO
BBICOTE, UCIIONIB3YA (hopMyiTy

TI€ Y — PacCTOSTHUE OT HEMTPAJIbHOM OCH 0 TOYKH, B KOTOPOU ONPENEIISIETCS Ha-
npsbkeHue; s touek 1, 2, 3, 4 umeem y; =12¢m, Yo =8cm, Y3 =4cem, Y, =0;
J, — 0CceBOif MOMEHT UHEPIINH, €T0 3HaueHue BhiOMpaeM Tak xke 1o ['OCT 8239—
89, J,=3460cm*.

[Tocunraem HamnpsixeHus B Toukax 1, 2, 3, 4.

37,9-10°-12.1072 6

G, = ~131,5-10 TTa=131,5MIIa;
3460 -10°°

37,9-10°-8-102% _ _—
) —Zasg1gs — 8810 Ia 88 MIla;
37,9-10°-4.102 _ T
°. = g0 0% 43810 Ila 43,8 Mlla ;
20-10% -0
64:— =
1290-10°8

Dmiopa HaNpsHKEHUH G 10 BBICOTE CEYCHHS OYACT aHAJOTUYHA TPECTABIICH -
HOM Ha puc. 1.4.3.

3. Onpenenum nporudsl 6anku B XxapakrepHbix ceuenusx C, B u K merogom
HavaJbHBIX mapaMeTpoB. COrylacHO eMy ypaBHEHHE MPOrHOOB MOXKHO 3amucaTh

et 1 (z-a)? (z-b)? (z-c)
y = yo+90-z+E[ZM T+ZP T +>°0q

431
41

rae 0,, Yo — yros moBopota u mporud ceueHus Oajku B Hauaje KOOpAWHAT, Ha4yajo

KOOpJMHAT BbIOMpaeM B 3ajeinke, Torna 0,=0, Yo=0; &, 6, C — COOTBETCTBEHHO pac-
CTOSIHAE OT Hayajia KOOPJAMHAT JI0 TOYEK MPUIIOKEHHs cocpenoToueHHbx M wmin
P u 10 Hayama paBHOMEPHO pacIpeeeHHON Harpy3KH HHTEHCUBHOCTRIO (] ; EJ

— )KE€CTKOCTh CeYCHUS OAIIKH, MPUHSATH OJIMHAKOBOM JIJIST BCEX YYACTKOB.
[Toxcuntaem xéctrocTh ceueHus mpoduist Ne 36:

EJ =2-10°-10°-13380-10® = 2,676-10"H -m? .
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B 3anenke peaknus Ra=37,9xH, moment Ma=11,35kH M. [loacuuraem mo
(4.3.1) nporu6 Oanku B ceueHnu K, ynan€HHoM oT 3ajenku Ha 2,1-0,79=1,31m:

1 (1,31)2 (@, 31)3 (1,31)4
Ye = M, +R, —q 1=

EJ 2 6 24
10° (1,31)2 1,303 . (1,31)"
= [11,35™ 37,9~ _29
2676107 2 6 2%
Yie=0,08 cMm.

[Tporu6 6anku B ceuenuu C (Ha paccTosiHuu 2,1m):

1 (2,1)? (2,1)3 (2,1)*
1=

= M +R —(
Ye =g (M. 2 16 24
- 100 135207 4370217 o9 @DY
2,676-107 2 6 24
Yo =0,22 cm.

[Tporu6 Ganku B ceuennu A (Ha paccrossuuu 2,1+1,7=3,8m):

1 (3,8)? (3,8 (3,8)* (3,8-2,1)*

= M +R -q +q 1=
y=ggMa—— R 24 24
= 100 111.35(38)° 4 37,9 (38)° _29 (38)* 429 (38-21)%
6,92-10° 2 6 24 24
y,=0,97 cm.

MakcumanbHbIi Tporud paBeH Ymax=0,97cm .

BbrauciauM 10myCcTUMBINA MPOTHO: [y] = 4B — 3,8-100 = 0.95cM.
400 400

CocTtaBuM ycCJI0BHUE KECTKOCTH, KOTOPOE B OOLIEM BHUJE C YYETOM BO3MOXK-
HOM MOTPEIIHOCTH UMEET BUJL:

Ymax = [y] i50/0[y].

Jins Hamero mpumepa Ymax =0,97em > [ y]=0,95¢m.
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7_
[TogcunTaeM pacxosKACHHE 3HAYCHHUIA: 0,97-0,95 100% = 2,1% , 4yTO MEHB-

0,95

e 5% . 3HauuT, yCI0BHUE KECTKOCTU HY>KHO 3alucaTh Kak
Ymax =0,97cm > [y] +5%][ y]=0,95+0,02=0,97cwm;
7ieNiaéM BBIBOJI, YTO YCIOBHE KECTKOCTU COOTIOAACTCA.

5. Ci102kHO€ CONPOTHUBJIEHHE

5.1. Kocoii u3rud

banka HarpykeHa B BEpTUKAJIbHOW M  TOPU3OHTAIBHOM  MIOCKOCTSX
(puc. 5.1.2). Takoe Harpy»keHue BbI3bIBaET KOCOM M3rud Oanku. VMcxonHeie naH-
ueie: a=2,0 m; =10 xkH/m; P=15 kH; M=40 kH w.

Tpebyemcsa:

1. ITocTpouTh >MIOPHI U3rUOAIOIIMX MOMEHTOB B BEPTHKAJIBHOW M TOPU30H-
TaJIbHOMN MJIOCKOCTSIX U YCTAHOBUTD MOJOKEHUE OMTACHOTO CEYEHUSI.

2. 3 yciioBUst IPOYHOCTH MO HOPMAJIbHBIM HANPSDKEHUSIM MOA00paTh pas-
Mepbl MPSIMOYTOJIBHOTO W JIByTaBPOBOTrO MomnepedHoro ceuenus (puc. 5.1.1). [pu
noa6ope MPsAMOYTOILHOIO CedeHHsl MPUHATH oTHomeHue cropod N=2D u nomyc-
kaemoe Hampskenue [o]=12MlIla, npu noxbope AByTaBpoBoro ceyenus [o]=160Mlla.

3. Boluucnuth HampspKeHUsi B YIIIOBBIX TOYKAX MPSIMOYTOJIBHOTO CEYCHHS,
IIOCTPOUTH 110 3TUM JAHHBIM DIIIOPY HAIPSKEHUM, IPOBECTH HEUTPAIBHYIO JIMHUIO
B CCUCHUU.

4. OnpenenuTh aHAIMTUYECKHU TOJO0KEHUE HEUTpPaJbHON JTMHUM B OMACHOM
CEUYCHHH OaJIKU U COTOCTAaBUTD C PE3yJIbTaTaMH, MOJTYyYCHHBIMUA IPaQUIECKH B I1.3.

Ay Ay

\p

<y

Puc.5.1.1
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Pewenue:

1. banka HarpyxeHa B BEPTHUKAJIbHOW MJIOCKOCTH TOJIBKO PaBHOMEPHO-pac-
NpEeNEIEHHON HAarpy3KOl MHTEHCUBHOCTU (, U B TOPU30HTAJIBbHOM COCPENOTOYEH-
HbIM MOMeHTOM M u cunoit P. [Tokaxkem ocu X, Y u Z Ha Oainke (puc. 5.1.2, a). U3o-
Opa3uM OTAENBHO CXEMbl HarpyXeHusi Oajikud B BEPTUKAIBHOW M TOPU30HTAIBHOM
IJIOCKOCTAX M I KaXJI0M M3 HUX MOCTPOUM JMIOPbI U3TMOAIOIUX MOMEHTOB CO-
OTBETCTBEHHO M, u M,

[Ipu mocTpoeHuu 3MIOpP MOMEHTOB HEOOXOJIMMO MPUIEPKUBATHCS CIETYIO-
€N MOCJEN0BATENBHOCTH: U3 YPABHEHUN PABHOBECHUS BBIUMCIUTH PEAKLUU OIOP,
Jajee 3anucaTh BBIPAXKEHUS MOMEHTOB M, U M, 10 yyacTKaM, MOACUYUTATh UX Xa-
paKTEpHbIE 3HAYEHHS U, OTIOXKUB IMOJYYEHHBIC 3HAYECHHS MOMEHTOB, IPOBECTH
amopsl M, u M,. Jlna paccMatpuBaemMoro npumepa smopsl My u M, npeacTaBiIeHbl
Ha puc. 5.1.2, 6, 6. CoriacHO ATUM 3MIOpPaM OMACHBIM OYyJIeT ceUeHHe OaaKu B TOU-
ke B, rae M, u M, 10CTUraroT MaKCUMaJbHbIX 3HAYCHUH.

B cnydae HecoBmaieHust U3rudAONIMX MOMEHTOB B JIBYX IJIOCKOCTSX Pacuér
HEOOXOJIMMO BECTHU IO ABYM-TPEM CEUEHHUSIM, TJle Hauboyiee BEpOSITHO IMOSBICHUE
OMAacCHOTO CEYEHHS.

2. [lonGop pa3mepoB cedeHuii Mpu KOCOM H3rrude HEOOXOIUMO BBIMOIHSTS,
IIOJIB3YSCh YCIOBHUEM IIPOYHOCTHU 10 HOPMAJIBHBIM HANPSIKEHUSAM B BUJIE:

M
o= M, +_ " <[o].

Wy

Ortcrona TpedyemMoe 3HaUeHHEe 0CEBOTO MOMEHTa CONTPOTHBIICHUS
W
Mt —-M
X W y
W, > ! : (5.1.1)

X [o]

PaccmoTpum moabop pa3MepoB MpsSIMOYroJibHOTO cedeHwus. [[ns Hero mo-
MEHTBI COIIPOTUBIICHUS

bh? hb?2
W = — =
e W, = —&
[Ipruém cooTHOLIEHUE W_X: E Ipu 3aJaHHOM OTHOUICHHH CTOPOH h=2b
W, b

y

W
paBHO _X _— 92, TOrja UM€EM MOMEHT COIIPOTHUBIICHUS
w

y bh? b(2:b)* 2
W=_ = - e, (5.1.2)
“ 6 6 3
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A y
1 2
+ + My
- + M
2 >
X
- +
q=10xH/u 3 4

(xH m)
FOpuS’OHma/leaﬂ njl1oCKoCmo 3 4
P=1,5¢H MSAxH 7 | _/
12,0 5,12
o A : [ *
2 ?
= .
_a=2u | a=2u | a=2wm
A A
R, Rs

4,0

0 &,

2,5

Puc.5.1.2

Caavana erauciuM 1o (5.1.1) tpeOyemoe 3HaueHHE OCEBOTO MOMEHTa CO-
NpPOTUBIEHUS, NoAcTaBUB cooTHOMmEHHE Wy/Wy=2:

' Wi'lvIy _(20+2-4y10°

x L =2,333.10 M3 =2,333-10% cm?®
[o] 12-10°
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. . . 3
Orcroga b > ‘3/\/% = i/z’ 33323 10 =15,18 cm.

[IpyHKMMaeM IMMPUHY IPAMOYroasHoro ceuenus D=15,2cm u Beicoty N=30,4cMm.
Paccmotpum mon6op pasmepoB NByTaBporo cedeHus. s AByTaBpa Besu-
yrHbI MOMeHTOB comnpotuBieaus Wy, Wy 3amaner B Tabaumax 'OCT. Tlpu mox-

Oope ceuenust u3 ycuoBus npoyHocTH 1o (5.1.1) uMeeM J1Ba HEM3BECTHBIX 3HAYE-
Hust: Wy, Wy. UtoOsl mpeosoners 3Ty npodieMy, MOXKHO 3aJlaTh 3HAUYECHHE COOT-

HommeHust Wx /Wy , kotopoe o 3nauenusm ['OCT mensiercs ot 6 no 14. Jlns yno6-

crBa npunumaem Wx /Wy =10. Torma o (5.1.1)

W
M,+ M
X Y (20 +10-4 Y103
W, > W,y G ) =0,375-10 3cm 3
[c] 160 -10°

[To sromy 3Hadyenuto u3 tabiuiel ['OCT BeiOupaem aByTaBp Ne 27 ¢ Wx=
371cm® u Wy =41,5cm. TIpoBepuM 3KOHOMHYHOCTb B3STOT0 HOMEpA MO HAaHOOIIb-

IIUM HanpsOKEHHSAM, KOTOPHIE IIPH KOCOM M3rHO€ PaBHBI CyMME HAIPSKEHHH OT
m3rudarommx MomeHtoB My u M,

M M, 20-10° 4,0 -10°
o =_ *+ = +
W, w, 37110 41,5107
160-150,2

160
menbie 10%, u, 3HaUUT, ceueHne JOCTATOYHO SKOHOMUYHO. OcTaHaBIMBaeMcs Ha
ATOM Tpoduiie U MpuHUMaeM IByTaBp Ne 27.

B cmydae, korna Heponanpsikenue oonbine 10%, MOXKHO B3SITh APYroi HO-
Mep JByTaBpa U MPOBEPUTH, IKOHOMUYHEE T OH. Jlanee caenaTh OKOHYATENIbHBIM
BBIOOD M yKa3aTh HOMEP MPUHUMAEMOTO JIByTaBpa.

3. Jlns 3amanHON Oanku MPsIMOYTOJIBHOTO MOTIEPEYHOTO CEYSHUS MTOCTPOUM
AMIOPY HOPMAJIBHBIX HANPSDKEHUW B OMACHOM CEUYEHHHM U ONMPEACNIMM IOJO0KEHUE
HedTpanbHol nuaMK (puc. 5.1.2, 0). Ot usrubaromero MomeHTa M, pacTsSHYTHIE
BOJIOKHA B CEYCHHUH B OyayT CBEpPXY OT OCH X, a cxKaThie — CHU3Y. OT M3rubaromero
MoMeHTa M, pacTsHYTBIMU OyJIyT BOJIOKHA, JIeXKAlllME CIpaBa OT OCHU Y, a CKaTble
—CJIeBa, €CJIM CMOTPETh Ha 0aJKy BJIOJIb OCH Z CJIEBA.

CooTBeTCTBYIONIME 3HAKU HAIPSKEHU MO YETBEPTSAM CEUYECHUS MOKa3aHbl Ha
puc. 5.1.2, 2, Ha KOTOPOM HaMOOJBIIINE PACTATUBAIONINE HAMPSHKEHUS BOSHUKAIOT B

=150, 2 MTI]a.

3nech HEJOHANPSHKEHUE COCTaBIISICT 100% =6,13%, wuro



91

TOUKE 2, a HAauOOJBIIME CXKUMAIOIIME HanpsokeHus B Touke 3. [lpu BeunciaeHun
HaIIPSKEHUM B YETBIPEX YIVIOBBIX TOUKAX MPSIMOYTOJIBHOTO CEYEHUS 3HAK «1)» CcTa-
BHUM JIJIS1 pACTATUBAIOLIMX HAIIPSKEHUM U 3HAK «-» JUISI COKUMAIOIIHX.

M. M 20-10%-6 4,0-10%-6

y

01 = X = 5 & — 5 - :5,12 MHa;
W, W, 15,2-30,4 -10 15,2 -30,4-10

.103. 103

62:|\/|X.|.My: 20-10°-6 + 4,010°-6 11,9612 MIla:
W, Wy 15,2-30,4%2-10% 15,22.30,4-107°
MM, 2010°-6 4,0-10°6

Gy = kL =— - = _11,96=—12 MITa;
W, Wy 15,2-30,42-10°% 15,22.30,4-10°°
M M 20-10%-6 40-10% -6

os=— X+ Y =— + =-5,12 MIla.

W, Wy 15,2-30,4% .10 1522 .30,4-10°°

[TocTpoum smiopy HampspKeHU# 1o rpaHsM cedeHus (puc. 5.1.2, 0). Hynesbie
TOYKH SIIOPHl HANPSKEHUI NEPEHECEM HA KOHTYpP CEUYECHHS U MPOBEAEM HYJIEBYIO
JIMHUIO, T.€. IMHUIO HA KOTOPOW HANPSKEHUSI HA BCEX TOYKAaX PaBHbI HYIIIO.

3. TIpoBepuMm MpaBUILHOCTH TpapruecKoro MOCTPOSHUSI HEUTPATBLHON JIMHUH,
BBIUKCIIUB €€ yTroJI HaKJIOHA 0 TIo (popmyie

LM, [, M

tgo = - . Torma a:arc\t Ix ., ¥ =
T M 190, Mo

| (152.30,4° 12 4,01
= arcttg\\_m_ 82y J J = arc(tg0,8) = 38,7 rpa.

B stoit popmyne 3HaueHHS M3THOAOIMKUX MOMEHTOB HYXHO OpaTh C TeMHU
3HaKaMH, KOTOPbIE OHHM HMMEIOT B MEPBOU MOJOKUTEIbHOW YETBEPTU OCH KOOP-
nuHat (puc. 5.1.2, 2). Ecnu mony4uM MOJ0XKUTENbHBIM yroi, TO HYJEBYIO JTUHUIO
MPOBOJIMM, OTCUUTHIBASI YTOJI OT OCH X IO YaCOBOMW CTPEJIKE.

[Tony4yenHoe 3HaueHue yria o =38,7° COrjacyercs ¢ yriomM HaKJIOHA HYJEBON
JIMHUM Ha MOCTPOCHHOM BBILIE 3IIOPE HAMPSIKECHUM.

5.2. BHelleHTpeHHOe CKATHE

B 3amauax paccmarpuBaeTcsi KOPOTKUU CTEPKEHb, KOTOPBIM CKAT MPOIOIb-
HOM cujo P, mpunoxkeHHoi B Touke K cedyeHus. BennunHa Cuiabl HE M3BECTHA.
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dopma u pazMepsl IOTIEPEYHOTO CEUSHUsST CTEPKHS 3aJIaHbl: PACCMATPUBAIOTCS CO-
CTaBHBIC CUMMETPHYHBIE U HECUMMETPUYHBIC CEUEHUS M3 MPOCTHIX PUTYP U TPO-
KAaTHBIX MPOQUIEH.

Tpebyemcsa:

1. Onpenenwth BEIMUYUHY JOMYCKAEMON CHITBI [P], MIPUHSB CJICTYIOIIHEC
3HAUEHUS JOITYCKaeMbIX HAMPSIKEHUH.

2. ITocTpouTh 3MIOPY HOPMATBHBIX HAMPSHKEHUN G, BEIYUCIUB 3HAYCHUS Ha-
NPSDKCHHUA, BOSHUKAIONIUX B YTJIOBBIX TOYKAX CEYCHUS OT HAHCHHOW CHJIBI [P]

3. HaiiTi rpaHuIbl sSipa CEUCHUS M M300pa3uTh €ro Ha TOMEePEYHOM ceue-
HUU B TOM K€ MaciiTade.

Vkazanus x pewenuro 3aoauu

1. CtepikeHb HCIBITBIBACT BHEIIGHTPEHHOE C)KATHE, MOATOMY BEIUYUHY JIO-
IyCKaeMOU CHIIBI [P] HY>KHO BBIYHMCIIUTD U3 YCIOBHH MPOYHOCTH, 3aITMCAHHBIX JIJIS
OIMACHBIX TOYCK CCYCHMs (WX OOBIYHO Ha3bIiBAalOT A U B), B KOTOPHIX BO3HUKAIOT
HAWOOJIBIINE CKUMAOIINE W PACTATHBAIONIUE HANPSOKCHHS. Y CJIOBUS NMPOYHOCTH
COCTaBJISIFOT TIO ClenyroIel hopmyoie:

p( x_-xK+y_'y’<\£[0]
,:k1+ﬂL ﬂL)I | (5.2.1)

Bce ICOMCTPUICCKHUC XAPAKTCPUCTHUKH HYKHO YKA3bIBATh B I''TABHBIX OCAX. 3,Z[€CL F -

wiomans ceueHus; X, X, ¥y Y. - KOOpAUHATHI ONACHBIX TOYEK CCUEHHUS U TOYKU K

i 22 "
(touku mpunoxkenust cunbl); 1"\1," - pamuycer uHeprmu cevyenus. Pacuér Hy)HO

MPOBOJAUTDH B TAKOU MOCIIEI0BATEIBHOCTH.

PexomenyeTcst BHauajae n300pa3uTh B MacITade 3aaHHOE MOMEPEeYHOe ce-
yeHue. Pa3OuTh cedeHue Ha JIEMEHTHI, JUIsl KaKIO0ro AJIeMEHTa yKa3aTh pa3Mephl
Ha YEPTEKE CEUCHUSI U B TEKCTE PEUICHUS 3aJa4d, HAWTU F€OMETPUUYECKUE XapakK-
TEPUCTUKH. J[JI1 IPOKATHBIX MPOMHUIICH 3TH XapaKTEPUCTUKH BBITTHCATHh M3 TaOJIHII
I'OCTa, nns mpocThIX (QUTYpP, BBIYHCIATH T€OMETPHUYECKHE XAPAKTEPUCTHKU TIO
dbopmymam.

Yacto momyckaeTcsi omrOKa P OMpeeJICHUN 3HaKa IEHTPOOESKHOTO0 MO-
MEHTa WHEPIUH HECUMMETPUYHOW (UTYpHl (YETBEPTH KPyra, MPSIMOYTOIHHOTO
TPEyroJibHUKa, YroJIKa), KOTOPBIM MEHSETCS C «+» Ha «—» MPU WU3MEHEHUH I0JI0-
xenus purypsl. B Tabmmmax ['OCTa nanbl abCOMIOTHBIC 3HAYCHHS 3TOI0 MOMEHTA
WHEPUUHU JJIsl YTOJKa, JJIsl YeTBEPTHU Kpyra U MPsSIMOYTOJIbHOTO TPEYrOJIbHUKA UME-
10TC (OPMYJBI I BBIYUCICHUS MOJYJSI LIEHTPOOEKHOTO MOMEHTAa HHEPIIUH.
UtoObI n30exkaTh OMIUOKH, 3HAK LIEHTPOOEKHOTO MOMEHTA MHEPLIMU Ha3BAHHBIX (HU-
Typ HEOOXOJMMO MPOCTABUTH B COOTBETCTBUU C PACIOIOKEHHEM (DUTYpPHI B cede-
HHWH, MOKHO IT0JIb30BaTHCSI COCTABJICHHOM TaOJIHIICH.
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Jlanee onpeaenuTh MOJOKEHUE IEHTPa TsHKeCTH Beero ceuenus (touku C),
MIPOBECTH IICHTPAIbHBIC OCH (X¢, Yc); BBIYMCIUTD IICHTPATbHBIC MOMEHTBI HHEPIIUU

CeYeHUs JXC ,J m chyc ; HAMTH TOJIO)KEHKE TIABHBIX LIEHTPAIBHBIX ocelt (U, V),

yc
TO €CTh yroa Ol HAaKJIOHAa 3THUX OCEH, W BBIYMCIHTH TIJIAaBHBIE IIEHTPAIBHBIE MO-
MEeHTHI MHepuuK cedenus J ¢ u J v (OCIe€10BaTENLHOCTD BBIYMCIIEHHS TIIABHBIX
LHEHTPAJIbHBIX MOMEHTOB CM. HUXKE).

JlanpHENIMEe BBIYMCIEHUS HYKHO IPOU3BOJAWUTH B TJIABHBIX LEHTPAJIbHBIX
0CsIX, IIO3TOMY KOOPJMHATHI TOYEK X, Y IEPECYUTHIBATH B U, V 10 GopMyiam

U= X-cosa+ Y -sina,

V =—X-sina + Y -cosa.

Heo6xonuMo 3aMeTuTh, 4TO JJIsi CHUMMETPHYHBIX CEUEHUU JX v 0, mo-
cJC

9TOMY HCHTPAJIBHBIC OCU ABJIAIOTCA I'NTABHBIMU OCAMU U ﬂaJ’IBHefIHIHe BBIYHCIICHUA
HY’KHO BCCTH B NLCHTPAJIBHBIX OCAX, CUUTAA LCHTPAJIBHBIC MOMCHTBI TI'JITaBHBIMU
MOMCHTaMH MHCPLIUHU.

B naiigeHHBIX TJIaBHBIX OCIX JUIA 3aJlaHHON TOYKH K (UK WV ) IPHIOKEHUS

CUJIbl CHa4YaJla BbIYUCIUTDE KOOPANHATBL uK 1V k y IOTOM OTPC3KH uH 51 VH , OTCCKAC-
MBIC HyHGBOﬁ JIMHUEH B I'JIaBHBIX OCHTPAJIIBHBIX OCAX (u, V):

OTmeTHuTh 5TH 0Tpe3ku Ha ocsax (U, V) U mpoBecTH HYIEBYIO JIMHHUIO Ha I10-

MEPEYHOM CEUYCHUH. YKa3aTh TOYKU CEUEHUs, Hauboliee yAal€HHBIE OT HYJIEBOU
muHUH (Touku A U B). DTO omacHble TOYKH, B KOTOPHIX BO3HHUKAIOT HAMOOJBIIIHE
pacTsATHBAIONIME U HAUOOJBIINE CKUMAIOIINE HAMpsoKeHud. J{s manpHemmx pac-
4ETOB BBIYMCINTH KOOPAMHATHI Touek A U B B ocax (U, V) MO NpUBeIEHHBIM BbILIE
dbopmymam.

Tenepb MOKHO 3amucaTh BBIPAKECHHS NJII HAMOOJBIINX PACTITHBAIONIUX U
CKMMAIOIINX HANPS)KEHUN Yepe3 pa3Mepbl CEUCHHMs, KoopAauHatel Touek K, 4, B u
HEU3BECTHYIO CUJy P, UCIIOJIb3ysl HANPSIKEHUS B TOUKax A u B:

¥ Z Z IL |-

oo V) S G

P( u,-u

A K
c V-V P Ug-U, V-V, )
A. K) GB (1 B K B K
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CocTaBuTh ycI0OBHE NPouHOCTH 1o BUAy (5.2.1) B rmaBueix ocax (U, V), u3

KOTOPOT'O HAWTH BEIUYHUHY JOIYCKaEMON CUJIBI [P]
2. 3HAYCHUS HANPSHKCHUH B YITIOBBIX TOYKAX CEYCHUS HAJIO BBIYUCIIATH, YKa-
3aB MX KOOPJMHATHI B TJIABHBIX 0CIX ceueHus (U, V):

P(. u-u
- |1+ v-vK\
'E _|2_+—-2—J_

Coy !

o=

3. Ilpu mocTpocHHUH SAApa CEUCHHUS HY)KHO IMOMHHUTh, YTO CEMEHCTBO HYJIE-
BBIX JIMHUH JIOJDKHO OrMOaTh BHEITHUI KOHTYDP CCUYEHHUS W PEIICHHE JOJDKHO HJTH
B IJIABHBIX OCSAX CEYCHHUs. YKakeM HauboJiee MPOCTOEC HAXOXKICHUE I'PAaHUI sSapa
CCUCHMSL:
® 33/1aTh KOOPAMHATHI XapaKTepHbIX ToueK C BHEIIHErO KOHTYpa CEYCHHS B OCSAX
(U, V), kKak TpaBuIIO, 3TO yrioBbie Touku ceuenus: C(Uc;Vc);
® [I0/ICTaBUB KOOPAMHATHI Uc , Ve B (DOPMYJIBI JIJIsi OTCEKaeMbIX OTPE3KOB, HANTH
3TH OTPE3KH JJIs Kax a0l Touku C:

® Ha CEYCHHUH OTJIOKHUTH KKJYIO MMapy MOJYyYEeHHBIX OTpe3koB U, u V,, mpoBecTu

yepe3 HUX MPsSMbIC JTMHUAU (OHHM €CTh HyJIeBbIe IMHUK [Tt ToueK C). DT NpsiMbIe U
«BBICEKAIOT» BHYTPEHHIOIO YaCTh CEUEHUS (BOKPYT LIEHTPA TAKECTH), HA3bIBAEMYIO
SAIPOM CEUYEHHUSI.

Vrkasanus x eblyucieHuio 21agHulx YeHmpaibHblX MOMEHMO8 UHepyuu cede-

nus J, u J,
Tak Kak NpU PELICHUH STOW 3a/aYd BBIYMCICHHE [JIABHBIX [EHTPAIBHBIX
MOMEHTOB MHepLmu ceuenuss J, n J, nmpexcrasmnser coboit camoe TpyaHOE MECTO,

YKa)KeM IOCIE0BATEIbHOCTh BEIYUCIIEHUS ATUX BennunH. [lociaegoBaTeabHOCTh U
(GbOopMyIIBI OCTAOTCSI HEU3MEHHBIMU JJISI BCEX TUIIOB CEUCHUH.

1. Pa3oObéMm ceuenne Ha Gurypsl (WK 3JIEMEHTHI), U3 KOTOPBIX OHO COCTOMT,
Y IPUCBOUM KaXKJI0M HOMED.

2. Jlna xaxmoit ¢urypsl (37€eMeHTa) MPOBECTH COOCTBEHHBIC IIEHTPAbHBIE
ocH (Xi, Yi) uepe3 e€ neHntp TsukecTH (Touky Cj) u 3amucarh (U3 TabIWII 711 TPOKaT-
HBIX TpOoUIIeH, a AT TPOCTHIX GUTYP BBIYUCIIHUTH, KAK YKa3aHO BBIIIIE): TIOMIAh
!
XcYe *
s ynobcTBa syuiie u300pa3uTh GUTYpHl OTACIBHO. YKaXeM, 4TO JJISl KaxIgou
(GuUrypbl U c€YeHUs B 1IEJIOM HCIOJIB3YEM MPABYI0 CUCTEMY KOOPAHHAT, IPU KOTO-
pOil TOPU30HTANIbHBIEC OCH X HAIIPaBJIEHBI BIIPaBO, a BEPTUKAJIbHBIE OCH Yj — BBEPX.

Fi, oceBbie U IEHTPOOESIKHBIN IEHTPAIbHBIE MOMEHTBI HHEPIIUH J)i( , J)'/ o J
C C
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3. OnpenenuTh MOJIOKEHUE LIEHTpa TSxKECTH Bcero ceuenus (Touku C), yka-
3aB BCIIOMOTraTeIbHbIE (UCXOJIHBIE) OCH (X, V) Ha YEPTE)KE BCEro CeYeHus, no Gop-
MyJam:

_FX +HFX

X=—F¥F+..
1 2

Fooy,+F -y, +...

Y="FFF +..
1 2

rae Xi, X2,..., Y;, Y2,... — KOOpAMHATEI IIECHTPOB TKECTU (Touek Ci) Kaxjou hu-
I'ypbl B UCXOJHBIX ocsax (x, Y). Uepe3 HalACHHBIN LIEHTp TshkecTH ceueHust C mpo-
BECTH LICHTPAJILHBIE OCHU (XC Ve ).

4. Wcnonb3ysa (GopMyIbl MapajieIbHOTO MEpeHoca OCeH, OMpeaeauTb MO-
MEHTBI HHEPIINH CEYEHUs] OTHOCUTEIBHO ocel ( X, , Y. ),

‘]xc = JX1 +a12F1+J 2 agF2 +o
‘]yc :Jyl +b12F1+‘]Yz _|_b22F2 + ...,
Joy =3 +a1b1F1+JX2y2 +ab,F, +...,

cC C lel
30eCh @ =Y. — Y, bi = X, — X; — CMCILICHHUE OCeH.
719 CHMMETPpUYHBIX CEUYCHUI J e — 0,a LICHTPAJIbHBIE MOMEHTHI HHEPLIUU
C

U €CTh TJIaBHBIE MOMEHTHI MHEPIIMH, TTOITOMY CIEAYIOIINE MYHKTHI HE BBHIYHUCISATD.
st 9TUX ceYeHUM AaibHEUIINI pacu€T MOXHO MPOU3BOJIUTH MO (3) B IIEHTPAJIb-
HBIX OCSIX, 0003HAaYasi KOOPAMHATHI TOYEK Yepe3 X U Y , Uiau 0003HAYUTH LIEHTPaIb-

Hble ocu (Xo, Yc ) kak rmasHble ocu (U, V) u pacuéT mpousBoauTh, 0003HAYasl
KOOpauHaThI TOUEK yepe3 U, V.

5. Yron HaxioHa riaBHbex oceil (U, V) HeCHMMETPHYHBIX CEUeHHMH orpesie-
JUTH C TOMOIIBIO (POPMYJIBI:

tg 2(12— 2 chyc

JXC _JyC |

Eciu yron Ol TOJOKHUTENbHBIN, €10 CIEAYET OTIOKUTH IPOTUB XOJa 9aco-
BOU CTPEJIKU.

JUIi CUMMETPUYHBIX CEYEHUH DTOT IYHKT HE HY)KHO BBINOJHATH, TAK KaK
OCH CUMMETPHHU CEYEHHs M €CTh TJIABHBIE OCH, a J . = J,ul .. =J, —ecTb rias-

HBIC MOMCHTBI MHCPINH.
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6. OmpenenuTh 3HAYCHUS TIIABHBIX MOMEHTOB WHEPITUH 37ECh JIYUIIIE 110
dbopmynam

— . 2 .ein2 o — ol
J,=J, -cosfa+d sinfa-J sin2a,

C

—J -sin2 . OS2 i
J,=J _sina+J -costa+J  sin2a.

C

[pu Beluucienuu SIN20 0643aTeNbHO yYUTHIBATH 3HAK yIiia O
5.3. PacuéT Ha NpOYHOCTH BaJia IPH U3rude ¢ KpyyeHuem

Ban (puc. 5.3.1) moaBepraercs Kpy4eHHIO ¢ M3THOOM: BEIYIIUH IIKUB A,
BpamlIasch co ckopocThio N, mepenaér ¢ nomompio cuibl P Mmommuocts N Ha BTO-
poil (BeOMBIil) MIKKB, HA KOTOPOM B HWTOTE BO3HUKAIOT YCHIIHS tuT. Hano:
N=31kBrt, n=142 06/mun, D1=32 cm, D, =77 cm, a=0,3 M, ¢=0,24 m, T = 2t.

Tpebyemcsa:

1. OnpenenuTh KPyTAIIMH MOMEHT Ha BEAYIIEM IIKHBE U TIOCTPOUTH SIIOPY
KPYTAIIAX MOMEHTOB CTPOTO TI0JT CXEeMOI BaJia.

2. Haiitu oxpyxuble yewmus P, T u t na Bemymem u Be1oMoM mIKuBax.

3. IocTpouTh AMIOPHI U3TUOAIONIUX MOMEHTOB B JBYX B3aMMHO IMEpIICH/IU-
KYJISIpHBIX TIocKocTsiX My u M.

4. TTocTpOHTh AMIOPY CYMMAapHBIX H3THOAIONTUX MOMEHTOB M .

5. Mcnonp3ys Teoputo HanOOIBIIUX KacaTtelbHbIX HanpspkeHui (I Teopuro
NPOYHOCTH), MOA00paTh AMAMETp Baja U MPHUHATH €r0 3HAYCHHE, OKPYIJIHUB JI0
cranaaptHeix 3HaueHui 30, 35, 40, 45, 50, 60, 70, 80, 90, 100mm. [JomyckaeMoe

HaIpshDKEeHUe A7 MaTepuana Bana [o| =160 MIla .

Pewenue:
1. Onpenenum KpyTSIIMHA MOMEHT, BOSHUKAIOUIUN TP MIEpeaade MOITHOCTH,
o ¢popmyiie
MK:E: N -30 _ 31-30 ~ 209 kH M.
® n-m 142 - &t

DTOT MOMEHT 4epe3 Bal nepenaércsi Ha BTOpou (BeOMBbI ) IKUB, 3HAUYUT, Ha
BAJIy MEXy IIKUBAMH UMEEM MOCTOSIHHBIM KPYTALIUA MOMEHT, IIO3TOMY HA 3IIOPE

M (puc. 5.3.1, @) GyzeT npsIMOYTOJIBHHUK, BbicoTa KoToporo M, =2,09xH-m.

2. Haiiném OKpyXHBIC YCUITHS.
Paccmotpum 1-i mikuB. KpyTsiimuii MOMEHT, BOSHUKAIOIIHI B CEYEHUU BaJa,

IJIe HaXOAMTCS IKKUB A, MOKHO 3amnucaTh yepes cuity Pkak M, =P -D, /2.
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2M, _ 2-2,09
D, 0,32

=13,06 xH.

Ortcrona okpyxHoe ycuine P =

PaccmoTpum 2-ii mkuB. KpyTaiuiit MOMEHT, BO3HUKAIOIIHMI B CEYEHUH BaJla,
IZIe HAXOAUTCS BEAOMBIN IIKUB, MOKHO 3alMcaTh yepe3 CWiIbl 1 U t B BUae

M =(T —t)-E:t-E.
K

2 2

OTCIOI[a BBIYHCJIIMM OKPYIKHBIC YCUJIUA

2M, _ 2-2,09
D, 0,77

t = =5,43xkH u T=2 5,43=10,9xH.

3. Ban uzrubaercs B ABYX B3aMMHO MEPIEHIUKYISPHBIX IUIOCKOCTAX, MO-
ATOMY HEOOXOJMMO HAWTHU M3TMOAIOLIME MOMEHTHI, IEUCTBYIOIINE B IBYX IIOCKO-
CTsX (B BEPTUKAJIBHON U TOPU3OHTAIBHOMN).

JI71s1 TOCTpOEHHUSI AMIOPHI U3THOAIOIIMX MOMEHTOB B BEPTHUKAIBHOM TIOCKO-
ctu (puc. 5.3.1, 6) onpenenum peakuun Ay u By U3 ypaBHeHHH paBHOBECHS
YMoMA4A=0wu) mom B =0:

—P-c+By-(a+2c)=0;
~Ay-(a+2c)+P-(a+c)=0.

P.c _ 13,06-0,24
a+2c 0,3+2-0,24

W3 sTux ypaBHenuii monydaem B, = = 4,02 kH,

A = P-(a+c) _ 13,06-(0,3+0,24) _ 9.04H.
Y a+2c 0,3+2-0,24

Hcnonws3ys ypaBHeHUE paBHOBecHs Y. mp Y= 0, mpoBepUM MPaBHIBHOCTH
HAWJCHHBIX PEAKIIHH.

A -P+B =0: 9,04 —13,06+4,02=0, 13,06=13,06.
y

y

HauGonsiuuii nsrubatowmii momenr M Bo3Hukaer mog cuioii P

ax

My = A, - =9,04-0,24 = 2,17xH-m.

Bbruncinm usrubaroniue MmoMentsl M, B XapakTepHbIX ceueHusx 2 u 3, OHU
OyIyT HY>KHBI JJIsl SIIOPbl CYMMapHBIX MOMEHTOB.
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[xHM]
6 P BepmuKa/leaﬂ NnNJi10CKOCmMb
A{}j c e atc W
y “ < '\BV
0 T
0,941 [KHM]
2, FOpuS’OHmClJleClﬂ niocKocmbs
A ‘T< atc > ¢ 1 Bx
X
1 ] 2
6
0 @
117 = [xHM]
€ ' 2,64
1 3 2 @
0 T
[xHM]
242 a4
2,8

Puc. 5.3.1
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M = By -c=4,02-0,24 = 0,965 xH"Mm,

2

M, = By(c+%):4,02-(0,24+0’%):1,57 kH M.

3ameTuM, uto Ha omopax A u B mis namHoi cxembl Ganku u3ruGaromuii
moment M, PaBEH HyIIIO.

[To HaliieHHBIM 3HAYCHHUSIM MOMEHTOB MOCTPOCHA JIIOpa M3THOAOIIUX MO-
mentoB M, B BepTHKanbHOM M10CKOCTH (3MI0pa Ha puc. 5.3.1, 6).

AHAJIOTUYHO ITOCTPOUM JITIOPY U3TUOAIOIINX MOMEHTOB B TOPU30HTAITBHOM TIITIOC-
xoctu (3rropy M y Hapuc. 5.3.1, 6). CHavyasa BBIYHMCIMM OTOPHBIC PEAKLIH A uB, u3

ypaBHeHHii paBHOBecHs ). MOM A = 0 1 )’ Mom B = 0, KOTOpbIe MPUHUMAIOT BBIPAXKE-
HUSL:

(T +t)-(c+a)+Bx(a+2c) =0,
(T +t)c—Ac(a+2c)=0.

OTCIO,Ha B _ (T +t)(C +a) _ 16,33(0,24 +0,3)
X a+2c ~0,3+2-0,24

=11,3kH,

A - (T-t)-c 1633024 —502xH.
* a+2c 0,3+2.0,24
[IpoBepuM MpaBUIBHOCTH HAMACHHBIX PeaKIuii 10 ypaBHeHHUIOY mip X = 0:
5,02-16,33+11,3=0, 16,32-16,33~0.

TMoncuutaem usrubaromme momentst M . Tlon cuoit (T + 1) Gyner maxcu-

MaJIbHBIN U3THOAIOIIUA MOMEHT

M, e = B, -€ =11,33-0,24 = 2,72 kH-m.

MOMGHT M y B CCUCHUAX 1 u 3 COOTBECTCTBCHHO.
M, =502-0,24=1,2 kHm,
M, =502-(0,24+0,15) =196 kH-w.

[lo HalifeHHBIM 3HAYEHUSM MOMEHTOB MOCTPOEHA AII0pa U3THOAIOIIUX MO-
MEHTOB B TOPU30HTaIBHOM MmIockocTr (3mopa M y Hapuc. 5.3.1, 6).

4. Bainbl, Kak IpaBUJIO, UMEIOT KPYTJIbIE MOMEPEYHbIE CEUCHUSI, Y KOTOPBIX
BCE OCH SIBJISIFOTCS TJIaBHBIMH. Yallle BCero Bajibl U3rHOAIOTCS B pa3HBIX IJIOCKO-
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CTSX, IO3TOMY IPU pacy€Te HEOOXOJUMO FeOMETPUUYECKH CJIOKUTh U3rudarouiue
MOMEHTHI, JIEUCTBYIOIIME B JABYX B3aWMHO IEPIECHIUKYJSAPHBIX IUIOCKOCTIX, U
HaWTU CyMMapHbIA U3ruOAIOMIMI MOMEHT, KOTOPBIA TOXe OyleT JexaTh B TJIABHOM
IJIOCKOCTH MHEPIUU Opyca U, CleI0BaTEIbHO, BEI30BET OOBIUHBIN MIIIOCKUM U3THO:

Ecnu onpenenuts cyMMapHbI MOMEHT JUISL LIEJIOTO Psifia TOYEK U IIOCTPOUTH
smopy M, , To OHa OKa)XeTcsl KpUBOJIMHEWHOM.
Onpenenum M, reoMeTpuYecKu CIOXHUB U3rMOarouue MOMeHTbl M, U

M ,, mst Tpex ceveHuit 1, 2, 3, Tak KaKk B OJJTHOM M3 HHX HanboJiee BEPOSITHO ormac-

HOC CCUCHMUC:

M, = M2 + M2 =[2172 +1,2° =2,48 xH-v,

M, = [M? +M? =./0,9652 + 2,722 =2,89 xH'm,

My = [M? +M? =\1,57% +1,96? =2,51 kH'm.

[To sTiM nanHBIM mocTpoeHa smopa M, (puc. 5.3.1, 2). HanGonpmuit u3ru-

Oaromnuii MOMEHT OyJleT B CEYEHUH 2, U €ro HY>KHO HCIOJIb30BaTh B JabHEUIITNX
pacuérax.

5. YcnoBue npounoctu 1o |1l Teopun npoyHOCTH, YUUTHIBAIOIIEH OJHOBpE-
MEHHO M3ru0 U Kpy4eHHE, UMEET BU/T

GIMS[G],
W

X

rae M T HauOOJBIINI SKBUBAJICHTHBIN (MK pacu€THbIN) MoMeHT 110 |11 Teopun

MIPOYHOCTH,

M||| :\/Mi +M§ :\/21892 +2,092 :3,57KHM’
W d3

x - OCEBOM MOMEHT CONPOTHUBIICHHUS, I Kpyryoro ceueHus: W, = .
Torna u3 ycinoBusi MpOYHOCTU HAWIEM TpeOyeMbIil AUaMETP Kéglg

32-3,57
mt -160

=0,061 M=61MM.

[TpuHaNMaeM Onrokaiiniee CTaHAAPTHOE 3HaYeHUE aruaMeTpa Bana d = 60 M.
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5.4. IlonGop pa3mMepoB ceueHust Hpyca ¢ JOMAHOH OChIO

JUist cTanbHOro JIOMaHOro Opyca, KOTOpbIA MO CBOEH T'€OMETPUU MOXKET
OBITh TPOCTPAHCTBEHHBIM WM IIJIOCKO-TIPOCTPAHCTBEHHBIM OpycoM, 3ajiaHa Ha-
rpy3ka. Pazmepsl ceueHus: He U3BECTHBI.

Tpebyemcsa:

1. CoctaBuTh yciioBue npoyHocTy no |1V (sHepreTruueckoi) rurnoTese npoy-
HOCTHU U MOA00paTh TUaMeTp CTep>KHEel Opyca.

Vkazanus k pewenuio 3a0auu

1. OcoGeHHOCTh JTOMaHOTO Opyca B TOM, YTO B €r0 CEYEHUSIX BO3HUKAIOT U3-
rufarone W KpyTSIIUiA MOMEHTHI, 3HAUYUT, OH MUCIBITHIBACT M3THO C KpydeHHUEM,
MIOATOMY HYXKHO MPUMEHSTH ycioBus npodHocTa (o 1 wim V) .

CocTaBUTh 3TO yCIOBUE MOKHO MOCJE TOCTPOCHHUSI AMIOP U3rudaromux M, u

My U KPpyTAIIUX MOMCHTOB M Ha KOTOPBIX YKa3aTb YMCJIOBBLIC 3HAUCHUA OPAH-

Kp !
HAaT B XapaKTCPHBIX CCUCHUAX. HOCTpOGHI/IC OIIIOP PCKOMCHAYCM BECTHU OT CBO60}I-
HOI'0 Kpas. ITo >Tum SIIK0PaM YCTAHOBUTDL ITOJIOKCHHC OIMACHOI'O CCUCHUA (3TO CcC-
YeHHE ¢ HanOOJBITUMU IT0 MOAYJIIO MOMGHTaMI/I) H YKa3aTb BCJIMYMWHBI paC‘IéTHBIX

MOMEHTOB My, My u |\/|Kp. [ToncraBuB 3TH 3HaUYE€HUS B YCIOBHE MPOYHOCTH 110 |V

TEOpUHU

rne M,, = \/ MZ +M? +0,75-M 2 — pacuérHbiit MomeHT o IV Teopuu mpodHo-

CTH.
DTO0 yCIOBHE MO3BOJISET BHIYUCIUTH 3HAUCHHE TPEOYyeMOro 0CEBOTO MOMEH-
Ta CONpPOTUBIEHUS ceueHus W,, KOTOpPO€ IMO3BOJUT MOAOOpaTh AUAMETP

D cTepxHEM.

6. CTep:KHeBbIE CCTEMbI

6.1. PacueT mJI0CKOii pambl

JIns IITOCKOM CTaNnbHOM paMbl H3BECTHA HATPY3Ka U BUJI CEUCHMUSL.

Tpebyemcs:

1. U3 ycrnoBusi MPOYHOCTU MO HOPMAJIbHBIM HANPSKEHUSIM M3ruba moao0-
paTh pa3Mepbl MONEPEYHOTO CEYEHUST PAMBI.

2. [TpoBepUTh MPOYHOCTH C YIETOM CIIOKHOTO COTIPOTHBIICHHUS.

3. OnpeaenuTh NepeMenIeHIs] CCUCHUM.
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Vxkazanus K peuterHuro 3a0a4u
1. B nmockux paMax BO3HHUKAIOT INPOAOJbHBIC CHJIbI N , IIOMNIEPCYHBIC CHUJIbI

Qy u m3rubaromme MoMeHTEl M, | T. €. BO3HHMKAET CI0KHOE CONPOTUBIIEHHUE, TIPU

N M Q orc
KOTO = 4+ X, _ <y .Sx
pOM HOpMaJIBHBIe HaHpSDKeHI/I}I O = T y U KaCaTCJIbHbLIC T = .

F o b, -J,
Ho cmaraemoe N / F JaCTO COCTABACT MaJIyIO 4aCThb OT BCCTO HOPMAJIBbHOI'O Ha-

NpsKEHUs, U, YTOObI HE YCIOXHSTH MOAOOpP pa3MepoOB CEUCHMUsI, pa3Mephl OIpe-
JIEJISIOT U3 YCJIOBUSI IPOYHOCTH MO HOPMAJIBHBIM HANPSIKEHUSIM M3ruoa:

< [o]. (6.1.1)

W3 n310XeHHOr0 ITIOHATHO, 4YTO HCO6XO)II/IMO CHayaJia HalTu OIIOPHBIC pCaK-
MU U TTOCTPOUTH SIIOPHLI MPOIAOJIBHBIX CHJI N , HOIICPCUHBIX CHUJI Qy u u3ruodaro-

MuXx MOMCHTOB MX , HA KOTOPBIX YKa3aTb YMCJIIOBBIC 3HAUYCHUSA OPAHWHAT B XapaK-
TCPHBIX CCUCHUAX. I[anee I10 3IIIOpPC I/ISFI/I6aIOI[IPIX MOMCHTOB YCTAHOBUTH OIIACHOC

cedenne u pacuérroe 3Hadenne M, s hopmymsr (6.1.1).

2. Tlocne moxbopa ceueHHs BBITIOJHSIOT MPOBEPKY MPOYHOCTH C YUYETOM
CJIOKHOT'O CONPOTHUBIICHUS. DTy MPOBEPKY HAUYMHAKOT C BBHIYMCIIEHUS 3alHCAHHBIX
BBIIIE HOPMAJIbHBIX M KacaTEIbHBIX HANPSKEHUN, TOTOM BBISABIISIOT ONACHOE Ce-
YeHHE U HaIpsSKEHHOE COCTOSHUE B OMACHOW TOYKE ITOTO CEYCHHS, BHIOMPAIOT U
IPOBEPSIOT HEOOXOAMMOE YCIOBHE MPOYHOCTH. BO3MOXKHBIE CIeAyIoNe yCIOBUs
IPOYHOCTH.

¢ B ciyyae coBMECTHOTO M3ruda v mpoa0IbHOM CUITBI B OTTACHOM CEYEHHH YCJIO-

BHUC ITPOYHOCTHU UMCCT BU:
max F ) — 1

e [[py COBMECTHOM HAJIMYMU B OMACHOM TOYKE CEUYECHHUS HOPMAaJbHBIX M Kaca-
TEJIbHBIX HANPSKEHUU, COU3MEPUMBIX I10 BEIMYMHE, YCIOBHE MPOYHOCTH 3a-
MKMCHIBAEM 10 TEOPHUSIM NMPOYHOCTH, Harpumep, 1o |l reopun npounoctu:

- _ 2 2
no=vVo’+4-7 <[o].
3. Beancnenue nmepeMenieHui B pamax 1eiaecoo0pa3sHo BEITIONHATE criocoooM Be-

o _
(DpMci

pemaruia no gpopmyJie Ai = Z EJ , IEPEMHOXKas MOJYUYCHHYIO BBIIIC DIIIO-
X

o
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Py U3rudarommux MOMEHTOB OT 3a/IaHHOW Harpy3Ku M, (Tpy30BYyI0) Ha COOTBETCT-

BYIOIIME eAMHMYHBIE >miopsl M, KoTopble HeobxoaumMo noctpouts; Pp — mo-
[aJ1b AIIOPHI U3TUOAIOIINX MOMEHTOB M,; M ¢ — 3HAYECHHUE €AMHMYHOTO MOMEH-

Ta, B3aTOE M3 3Mmopsl M TOA IEHTPOM TSKECTH TPY30BOU BIIOPHIL; EJX — XKECT-

KOCTL IMOIICPCUYHOI'0 CCUCHHA AAHHOI'O y4JaCTKa pPaMbI; N — KOJIUYECTBO IEPEMHO-
KACMBbIX YYaCTKOB. H€O6XOI[I/IMO IMMOMHHUTL: MPU NCPCMHOKCHUU IIIHOP, PACIIOJIO-
JKCHHBIX C PAa3HbIX CTOPOH OT HYJIGBOP'I JINHUH, CTABUM 3HAK MUHYC.

6.2. PacuéT Hepa3pe3Hoii 6aaKku

Jlns HepaspesHoi 6anku (puc. 6.2.1) mogodparh AByTaBpOBOE CEUCHHE, €CIIH
M=qa%, q=5xxH/™M,P=0a, a=2wm.

Tpebyemcs:

1. OnpenenuTh CTENEHb CTATUYECKON HEOIPEACIIMMOCTH M COCTaBUTH Tpe-

OyeMble ypaBHEHUS! TPEX MOMEHTOB, BBIUUCIUTH KOIPOUIIMEHTHI JIJIs MPAaBOM yac-
TH yPABHEHUH U ONPE/ICINTh HEU3BECTHBIC MOMEHTBI X

2. TToctpouTts smropsl cyMmmapubix BayTpenrux yeumuii Q, N u M | Bosnu-

KAIOIIMX OT HANJEHHBIX yeuii X, M OT BHENIHEN HATPY3KH.
3. Ilomo6pars HOMEp mpoduiiss AByTaBpa MpU JOMYCKAEMOM HAIPSKECHUU

[6] =200 MITa.

Pewenue
1. Onpenenum cTeneHb CTaTUYECKOM HeompeaenumocTu (puc. 6.2.1, a). Ha
OaJIKy HaJIOKEHBI YETHIPE CBSI3U: B 33/ICJIKE BOSHUKAIOT TPpHU yCHiiugd (MOMEHT Ma 1

nse cunbl Ra u R1) u B mapnupno noasmwkHoil onope BepTukanbHas peakuus Ro.
JIJIst IITOCKOM CHCTEMBI MOYKHO COCTaBUTH TPH YPaBHEHUS PaBHOBECHS, CIIEIOBA-
TEJBHO, OaJIKa OJIMH pa3 CTAaTHYECKH HEOIpeeInma.

Bribupaem ocHoBHYyI0 cuctemy (puc. 6.2.1, 6) IIpeobpasyem cxemy Oanku
TaK, 4TOOBl OHA CTajla CTATUYECKH OMPEICTUMOM, /ISl YeTO BCTaBUM IAPHUPHI B
MecTax onmupaHus 0amku, TpuuéM B 3ajieiKe J00aBIsgeM TOTOTHUTEIBHBINA TPOIET
o0 0, 9TO HEOOXOIUMO /IS TIOJTYYCHHUSI PETYIISIPHON CXEMBI IS UCIIOJIh30Ba-
HUS ypaBHEHHS TPEX MOMEHTOB.

HamomuuM, 4TO mpos€TOM Ha3BIBAIOT PACCTOSHUE MEXKTy omopamu. Hyme-
pYyeM OIOPHI U TPOJETHI TaK, YTOOBI HOMEP MPABOM OMIOPHI COOTBETCTBOBAII HOMEPY
nposiéra. CocTaBUM 3KBUBAJIEHTHYIO cuctemy (puc. 6.2.1, 8), B KOTOpOil il CO-
XpaHEHUS PAaBHOBECHS MIPHIOKHM BHEITHIOK TPOJETHYIO HATPY3Ky ¥ MOMEHTHI B
mapaupax Xo , X1, Xo.
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Ya q
mz p m
Ry 77 7).
A A a:
/ a < a » a
RJT WRz
a
% <\Xl/' &
;G io ll IZ
A7 Voares Vs
=0 l,=2a .
o
x =0 X X =m- qa’
0 1 p 2 -
Ra ;i j/' Y : v I \ z
> 0 Il Iz
/ 77721 2, e
|1—0 W |2:2a -~
ATZR R :AT +B R.=B_+ga
6 10 12 1 2=t
10
2
6,25
12,5
0
Puc. 6.2.1

KoHconbHYI0 TIpaByr0 9acTh OaJIKU Tak)Ke HYXKHO OTOPOCHTH, T. €. MepeHe-

CTH HArpy3Ky KOHCOJM Ha onopy 2. Torga MOMEHT X 3anuiieM Kak CyMMY MOMEH-
TOB Harpy3KH CIpaBa OT OTOPHI 2

2 22
X,=M - =522 5" _jq,
2 2
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MowmeHT Ha KpaiiHel jeBoil onope Xo =0, MocKonbKy JeBee Onopbl HET Ha-
IPY3KHU.
HepaspesHnyto 6anky pemaroT ¢ IOMOIIBIO ypaBHEHUS TPEX MOMEHTOB, KO-

TOpOE UMEET BU: (o -a
X [ 2X'(D +0 )+X 0 =-6- " '+ i+1'bi+1 _
i-1 i + i i i+1 i+1 i+l L— —J
Di Di+l
Tak kak paccMarpuBaeMas Oajnka OJAMH Pa3 CTaTUYECKU HEOINpeenuMa, TO
nojcTapisieM | = 1 v mosydaem ( ®.-a o -b \
X-0+2X (0 +0)+Xx -0 =-6- *+ 4+ 277 (6.2.1)

+ ,
0 1 112 2 2 Lﬂl DZJ

rae X1 — HEU3BECTHBIM MOMEHT, HaJl OTIOPOi 1, KOTOPBI HEOOXOJMMO OIPEIEIUTH;

01=0; I =2a; ®, — miouaap OPbI IPy30BbIX U3TMOAIOIUX MOMEHTOB B IEp-
BOM MpOJIETE, B 3TOM MPOJIETE BHEIIHUX HArpy3ok HeT u o, =0; ®, — 1uiomaab

AIIOPHI TPY30BBIX M3THOAIOIIUX MOMEHTOB BO BTOPOM MPOJETE, AJIs ONpeaeIeHUs
®2 HEOOXO0UMa 3IIOPAa MOMEHTOB OT MPOJIETHON HArpy3KH BO 2-OM MPONETE JJIU-

HOIO [, mpuuyéM MOMeHThI X1 1 X2 B HEll HE YYUTHIBATH, IIOCKOJILKY OHHM HE sIB-
JSAI0TCA MPONETHON Harpy3kou. W Tak, 4ToObl BBIYUCIUTH MPABYIO YacTh ypaBHE-
Hus (6.2.1), HEOOXOIUMO HMMETh SMIOPHl MOMEHTOB OT MPOJIETHOW HArpy3KH BO
BCeX MpoJiéTax Oanku (3TO AMIOPHI TPY30BBIX MOMEHTOB Mp). B Hamem npumepe
HY>KHO TIOCTPOHTH MIOPHI BO 2-M mposiére. s aToro HailnéM omopHble peakiuu
U3 YPaBHEHUI paBHOBECHs 2-TO MPOJETA. COCTaBIE)l\{[; MO A=0:

B .-2a—P-a=0, orcroma B = = =b5kH.

2 2 2a 2

W3 ypaBaenus ) np y= 0 onpenenum peakiuio A; =P —B; =10-5=5kH.
JIns1 mocTpoeHus 3MI0pbl MOMEHTOB Mp paccMaTpruBaeM paBHOBECHE YYacTKOB | u
Il (cm. puc. 6.2.1, 6):
I-it yaactoxk: M, =A,-z,: M1(0) =0,
M,(a)=A,-a=5-2=10xH-wm;

I1- oif ygactok: M :Ag(a+zz)—P-22: M;(0)=A2-a=5-2=10 xH-Mm,
Mz(@)=Az-2a—Pa=0.

[TocTpoum Ha puc. 6.2.1, 2 >mrOpy MOMEHTOB Mp, ¥ TIO HEHl BBEIYHCIISIEM TPY-
30ByI0 momaas 2 =10-4/2=20.
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Teneps moacTaBUB B ypaBHeHHE TPEX MOMEHTOB (6.2.1) yrciioBble 3HAYCHUS
[1=0,0,=0,0,=20, b,=a=2,0;=2a=4, X, =10, nosiyduM ypaBHEHUE:
20-2
2X,’ 4+10-4 = -6- :
4
PermB 5T0 ypaBHEHHME, ITOTy4acM OMOPHbINA MOMEHT B 3aaeike X1=—2,5kH-m.
2. 11 mOCTpOEHMSI CyMMAapHBIX 3MIOp MONEPEYHBIX CHJI U MOMEHTOB IO-

CTPOUM 3a/laHHYyI0 cXxemy Oanku (puc. 6.2.2, a), Ha KOTOpOW MPOCTaBUM HaMCH-
HBI MOMEHT B 3azeike X1=—2,5kH-M.

. b q 1 m
r ¥ gwn DA
A 7 &) Z3
Ri=A,+B] %_

)

B,+ga

a

< > < 1€ >

10,625 10,625 10

p oszs || 8]
20
10
\
8 12,5 @

Puc. 6.2.2

Tenepp MOXXHO HAaWTH ONOPHBIE PEAKIHMH U BBIYMCIUTH MOMEHTHI B Xapak-
TepHbIX ceueHusx. [1o Y Mom 4 = 0 momyqaem

-P-a-ga-25a+R,-2a+M - X, =0.
OTcrona

_Pa+ga’-25-M+X, 10-2+5.22.25-20-25

2 =11,875kH.

2a 2:2

N3 ypauenus ) np Y= 0: R, +R, —P—qga =0, moxy4um peakiuo
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R,=P+0a-R,=10+5-2-11,875=8,125kH.

Heo6X0auMo 3aMeTuTh, 4To monHas peakuud Ri 1-oif onopsl paBHa cymme

peaKkIuil IByX COCETHUX MPOJIETOB:
R =B +A,.

B namem npumepe R, =A, +B,=8,125+0=8,125kH, R, = B,=11,875kH.

3Has peakiuy Onop U OMOPHBIA MOMEHT X1, CTPOMM 3IIOPHI CYMMApPHBIX I10-
HEPEYHBIX CHJ M MU3THOArOIIMX MOMEHTOB 10 yyacTkaM (puc. 6.2.2, 6, ).

I-# yuactok. 0< 71 <a:
Q,=A,=8125xH; M, =X +A, -z,

npu Z, =0 M1 = X; =-2,5 kH'm,
npu z, =a M, =-2,5+8,125-2 =13,75 kH-m.

I1-i ygactok. 0<2; <a:
Q,=A,—P=8125-10=-1,875 kH; M,=Xi+As(a+22)-P-2,,

npu Z2=0 M1=-2,5+8,125-2=13,75kHMm,
npu Z, =a; M;=-2,5+8,125-4-10-2=10 xH-m.

I1l-% ygactok. 0<z,<a:

Qs =0z, mpu z,=0 Q3 =0,
npu z;=a Q,=5-2=10 kH;

2
- 4z,

M, =M , mpu 2,=0 M3z =M =20 xH-m,

5. 22

npu Z,=a M,=20- =10 xH-m.

N3 smiopel MOMEHTOB BBIOMpAaeM MaKCUMAJIbHBIM HW3THMOAIOMIUNA MOMEHT
M max = 20 kH-Mm.
3. HeoOxomumplii HOMep AByTaBpa JJIss CEUCHUS OalKd JOJKEH YJIOBJIETBO-
PATH YCIOBUIO TPOYHOCTH 110 HOPMAJIbHBIM HAIMPSIKECHUSIM



108

W3 sToro ycinoBus TpedyeMblii MOMEHT COITPOTUBIICHUS

Wx > M max — 20103 20’1_10—3 M =IOOCM3.
[6] 200-108

Io TaGmuue FOCT BoiGupaem Homep asyraspa Nel6 ¢ W =109 cM°. B stom

ciy4dac HauOOoJIbIIIEE HOPMAJIbBHOC HAIIPSAKCHUC

20-103

Omax = 1—09 _10—6 = 183 Mll1a.

Henonanpsixxenue coctapisiet %JOO 96 = 2% , UYTO MEHBIIIE JOIMYCKaeMO-

o HOpMaMHU 10% JJIA SKOHOMHWYHOI'O CCUCHMS.

6.3. PacuyéT mjIockoii cTaTHYeCKH HeolpeaeIMMOoil paMbl

Jlist mutockoii pamsl (puc. 6.3.1) M =qa?, P=ga, q=5xH/M.

Tpebyemcs:

1. Onpenenutb CTENEHb CTATUYECKOW HEOMPENETUMOCTH, BHIOpaTh OCHOB-
HYIO0 9KBUBAJIIEHTHYIO CHUCTEMBI.

2. TTocTpouTh 3M0psl cyMMapHbIX BHyTpeHHuX yemmuii N, Q, M .

3. IlogoOpaTk quameTp AJis CTeP>KHEH paMbl IIPH JAOMYCKAEMOM HAMPSKEHUN
[6] =200 MITa.

4. OnpenenuTh BEPTUKAIBHOE NIEPEMEIICHHUE CeUeHUs1 A pambl, MOAYJIb yIIpy-
roctu E =2-10° MI]a.

Pewenue:

1. OnpenenuM CTENEeHb CTAaTUYECKOM HEOMPEASTUMOCTH ¢ =S—3, T1e S —
YUCJIO HEM3BECTHBIX CBA3€W (BHYTPEHHHMX WJIM BHEIIHMX); 3 — YKCIO YpaBHEHUH
PaBHOBECHS [T TIJIOCKOM CHUCTEMBI CUJL. [logcunTaeM KOJIUYECTBO PEAKIMil B paMe:
YMeeM TPU peakiyu B 3a1eike A v IBe B IapHUPHO-HEMOABUKHON onope B, Bcero
natb. Torga ¢ =s-3=5-3=2, 3HauuT, cHUCTeMa 2 pa3a CTAaTHYSCKH HEOoIpee-
auMa.

BriOrpaeM OCHOBHYIO CUCTEMY TakMM 0Opa3oM, 4TOObl OHa Oblja cTaTUye-
CKH OTpeJe/inMa, HO TeOMETPpUIeCKH HeusMeHsema (puc. 6.3.1, 6). Y3 ocHOBHOI
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CUCTEMBI BUJHO, YTO JIMITHUMHU HEU3BECTHBIMU OyAyT cuiibl X; U X2, KOTOpBIE

SBJIIOTCS OTIOPHBIMU PEAKIHSIMU B IIapHupe B.

B cnyuae, korga npu BoIOOpe OCHOBHOM CHUCTEMBI OTOpAchIBAaETCs 3a/€eliKa, B
KOTOpPOM BO3HUKAIOT TPU YCHJIHSI (MOMEHT U JIBE CHJIbI) JTUIIHUMH HEU3BECTHBIMU

OymyT cuibl Xq, Xy ¥ MOMEHT Xj.

[Ipy HanoXeHMH HAa OCHOBHYIO CHCTEMY BCEX BHEIIHHUX HArpy3oK U HEW3-
BeCcTHBIX ¢l U X1 u X, TIOJdy4aercs CTATUYECKH OJKBMBAJIEHTHAs CHCTEMA
(puc. 6.3.1, 6). [l 5KBUBAJICHTHON CUCTEMBI IPOHYMEPYEM YYACTKH (X YETHIPE)
U MOKaKEM TEKYLINE KOOPIUHATHI Z; .

2. Tak kak paccMaTpuBaemasi cucTeMa 2 pa3za HEOIpeIeIMa, TO KaHOHUYe-
CKH€ YpaBHEHUS METO/Ia CUJI UMEIOT CIEeAYIOUIUN BU/L:

O X +0,X,+A,=0
8, X, +8,X,+Ayp=0

Jns Berauciaenus Ko3QUIUEHTOB dTUX YPABHEHHH J,,,0,, =0,;,0,,,A 0,0,

H€O6XO,III/IMO MpCaABAPUTCIIBHO ITOCTPOUTH IITHOPBI MOMCHTOB, BO3ZHUKAIOIIHUX B OC-
HOBHOU CHCTEME OT BHEIITHUX HAarpy3oK U OT CHUJI Xl u X2, PaBHBIX CIWMHUIIC (TaK
Ha3bIBACMbIX CIUHHUYHBIX CI/IJI).
3anuieM MOMEHTBI OT BHEITHUX HArpy30K (FPy30BbIE MOMEHTHI) MO y4acT-
KaM:
n
Mi=0; M =M=qa’; M," =M = qa;

2,-0 MY =qa?,
MY =M-P.z, | P =4
Z,=4a M:;,VIO.

ITo >TuM 3Ha4eHHAM ocTpouM dmmopy M o (puc. 6.3.1, 2). 3amernm, 4to I

M3TUOAIONIEr0 MOMEHTA TMPHUHATO CIEAYIOIIee MPaBUIIO 3HAKOB: €CIIM HaOJroma-
T€JIb, IOMEILIECHHBIN BHYTPb PaMbl, BUJIUT PACTAHYTHIC BOJIOKHA CTEPKHS HA KAKOM-
TO y4acTKe, TO Ha 3TOM YYacTKE M3THOAI0MNii MOMEHT TMOJIOKHUTEIBHBIN; €CIIU OH
BUJIUT CXKAThIE€ BOJIOKHA CTEPXKHS, TO U3TMOAIOIINI MOMEHT — OTPULIATEIIEH.

Haiiném MOMEHTBI OT € TUHUYHBIX CHJI )(1 n X2 (eVMHUYHBIE MOMEHTEI):

M'=0, M"=1.7 z,=0,M!' =0, M" =MV =23
' ' g, =aMl=2a; '



M, =11z, 2, =0M, =0,
z,=aM, =g
=a; M :1(8.—2)1 ;=0 My, =a,
211 .
211 3 23 —a Mzm — 01
M =-1.7 =0 My =0,
21V 4 z,=a M,, =-a
a 2a {)'V' 6
C L
C
a PRSI a
B
T A
7777
a
YA my
y
8 A_ 2
> 2a M e _
“« < 20=M @ 20=M
1 N
A . Z A
alll i PN a
NN < | @ _bo=M
T A ’W‘/‘/‘rB‘L T~
s N
7777 y
”&7 (xH m)
A z
v
0 e
i E o [T lel [Tk
@
L}
@ A
. [\
0 G
Za a

Puc. 6.3.1
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anc) 3)
3,69
ST T T [ [ [] 532 389 3,69
B 5,32| || ||
@ 5,32 @ 1 @ ; e
4,68 | 5,32 |
1 ® | ]
5,32 5,32 = 3,69
3 ©) | W
4,68 (kH) 369 (<)
W 936

\

(O]

®

412 (kHwm) a

5,4 ——
\% 10& B Al
5,24%
N

Puc. 6.3.1 (OxoHuanue)

IIo »TuM 3HaYEHUSIM IMOCTPOCHHI JIMIOPLI CAMHUYIHBIX MOMCHTOB Ha pHUC. 631, 0, e.

Koa(puuueHTs KAHOHMYECKUX yPaBHEHHH HaXOAuM crocobom Bepemia-
THHA: JUISL MHUYHBIX KO3(QduuHeHTOB O,,,0,,=0,,,0,, MNEPEMHOXKAEM SIIOPHI

¢ ; IS TPY30BBIX KO3 (PHUITUEHTOB

€AMHUYHBIX MOMEHTOB 110 (popmyiie 6= Z

Ap, A, TIEpEMHOXKAEM BIIOPHI €MHUYHBIX H IPY30BBIX MOMEHTOB 110 (opmyIte

A:ZO)P'MC
5 E‘] 1 Pa-Za 2 1 32ad
11_E—L—2—§2a+2a2a2aJ:ﬁ,

1 [2a-2a a-a (-a)-a | 2a®

O T gy T T2 2 T Es
1 [a-a 2 a-a 2 (-a)-a 2 1 3ad
= |— -,a+a-2a-a+ csa+ .—(-a) |= ——:
2 gy 723 73 30 =5
1l 2a 2 ga?-a | 5ga*
gl ——:

ga -2a- _ +qga -a-2a+
{ | 2 T EY,
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A 1 qa2-2a-a+qa2-a-g+qa2-a-l(—aﬂ: 7gqa’

® 7 EJ, 2 2 3

] 3EJ,

[loncraBum HaiineHHbIE KOAP(UIIMEHTHI B KAHOHUYECKUE YPaBHEHUS.

3 2as 4
32a . 4 X2+5qa 0.

3EJ, "1 EJ EJ,

2a® 3a® 7ga*
Xi+—— Xo+ = 0.

EJ, L EJ, ° 3E)

32X1+6X>, +15qa =0,

Yy :
IPOCTUM YPaBHECHUS {6 X1 +9X5 +7qa = 0.

YMHOXKHUM MepBOe ypaBHeHHE Ha 3, BTopoe Ha ( 2):

(96 X1 +18 X5 + 45qa = 0,

1 12 _18X ~14ga =0.
LA 2

CJ105KUB ypaBHEHHMS U ONPEEIUM X1 :

X =— Eqa =— 3_1-5- 2=-3,69kxH;

184 84

Janee u3 nepBoro HaaéM X :

X - —15qa6— 32X, _-15:5:2— :2 (369 _ ¢

3. [MocTpoum >mtopbl BHYTPEHHUX CHIIOBBIX (DaKTOPOB MPOU3BOIST, UCIIOJIb-

3ys OJIy4eHHbIE 3HaUeHUsI X; 1 X2 M BHEIIHIOK Harpy3Ky JUIsl BBIYMCIICHHS CyM-
MapHBIX TIOMEPEYHBIX CHJI, POAOIBHOM CHIT  H3TUOAFOIIX MOMEHTOB (pHc. 6.3.1, 6).
[IpaBuio 3HAKOB ISl TTOMEPEUYHBIX CHJI M M3TUOAOIMMX MOMEHTOB TaKOE€ )K€, Kak
JUISL IPOCTOT0 M3ruda, Mg pacTArUBAIOLIEH MPOJAOJIBHOM CHUJIBI — 3HAK «+», A

COKMMAIOIIEN — 3HAK «-»,

| yaactok. 0<z<a:

Q,=—-X,=532xH; N,=-X, =3,69kH;
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z,=0 M, =0,
z,=a M;=X,-a=-532-2=-10,64.

Il yaactok. 0<z <2a:

Q2 =-X1 = 3,69 KH, N, = X5 = _5132 KH,

z,=0 M, =9,36,
Z,=2a M;=-5/4;

M =Xa+m+X -z,
2 2 1 2

I yyactok. 0<z<a:

Q3 = X»o =—5,32; N3 = X1 = —3,69;

2,=0 M;z=-54,

M =X -2a+X -(a-z )+M,
' ? 3 z,=a Mj =5,24;

3

IV yuactok 0<z<a:
Qy=X2+P=-532+10=4,68; N, = X1 =-3,69;

M =X -2a+M-X -z —P.z 2=0 My =524,
v 2 Y z,=a My=-4,12.

Omropel M300pakeHbl Ha pucyHke 6.3.1, o, 3, u. IlpaBuna KOHTPOJS MO-
crpoenus smop Q u M B pamubIX KOHCTPYKIHMAX Te ke, uTo M s Ganok. Co-
TJIACHO ATHM IPaBHUIIAM:

e B paccmarpuBaeMom npumepe B CEUCHHH, Te IPUIOKEHA COCPETOTOUCHHAS
cuna P=10xH (puc. 6.3.1, a), na smope Q (puc. 6.3.1, ) HAOIIOAAIOT CKAYOK
Ha Benu4uHy 310l cuibl 4,68 +5,32 =10, a na smope M (puc. 6.3.1, u) — usaom B
HAIPaBJICHUH, OOPATHOM JIEHCTBUIO STOW CHIIBI.

e B ceuenun, rae npuiiokeH cocpenorodueHHbii MomeHT M =20 xkH:'m Ha
smope M (puc. 6.3.1, u) HabmromaeTcs CKa4OK Ha BEIMYMHY STOTO MOMEHTA:
9,36 +10,64 = 20.

4. CedyeHne paMbl IOJIOMPAIOT U3 YCIOBUS MPOYHOCTH MO HOPMAJIbHBIM Ha-

M
NPSHKEHUAM U3ruba 6, = —"2<[¢],

W

X
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rae M . — MakcHManbHBIT H3rHGAIONIHIT MOMEHT, B3SITHIH H3 SIIOPBI CYMMAapHBIX

U3rudarommx MoMeHToB, B Hamem npumepe M, =10,64kH-m; W, — oceBoii mo-
nd?®
MEHT CONPOTHUBJIEHUS, AJisi Kpyrioro ceuenust W, = TR
Toraa TpeOyeMblil AMAMETp CEUEHUS

=7,76-102 M = 7,76 cm.

. 103
1o 5[3M,, _[32:10,64 10
3,14-200-10°

n[o]

[Mpunumaem quamerp d =8-102 M = 8 cwm.

8. Ilepememienue no Hanpasinenuto C — C (puc. 6.3.1, a) MOXKHO ONpeIeTUTh
MeToaoM Bepemiaruna, yMHOXHUB 3TIOPY MOMEHTOB OT BEPTUKAJIBHOM CHUJIBI, pPaB-
HOM €IMHUIE ¥ MPUJIOKEHHON B 3TOM ceueHuu (puc. 6.3.1, k), Ha dMIOPYy cCymMap-
HBIX MOMeHTOB (puc. 6.3.1, u) mo popmyie

A:—l ZIL(Za_c_ +2bd 1ad +bc),
EJ 6 11 1 1 [

nd*  3,14(8-107)* o 4

raed = = = o1 =201-10 ™, &,C;, d., D, — 3nauenus na rpysosoii n

€MHUYHOM 3II0paxX B HA4YaJle U B KOHIIE KaXKJ0I'0 y4acTKa COOTBETCTBEHHO.
Hcnonb3yst 3Ty popMyIty, HOTYyIUM:

a o= (2 s ay(c2) + 2-(198) (0) +54-(0) +

M 2.101.201.10°8 <L6 ]

+1,98-(-2)]+ 62[2-5,24-(—2)+2-(—5,4)-(—2)+5,24-(—2)+(—5,4)-(—2)]+
2[2:(-412)(-2) + (-4:12)(-2) +5:2(-2) 2+5,24-(—2)Tjﬁ=
= 0933102

ITonoxuTeabHbBIN 3HAK roBOpHUT O TOM, 4TO IMCPECMCIICHUC ITPOUCXOOUT I10
HaIIPpaBJICHHUIO eI[HHHqHOﬁ CHJIBI, 3HA4YUT, BHU3.
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1. J:[I/IHaMI/I‘IECKOe HarpykK€Huc " yCTOﬁqHBOCTb

7.1. PacyéT paBHOMEpPHO BpalAOIIUXCH paM

Pama kpyritoro nmomnepeunoro ceuenus (puc. 7.1.1) Bparaercs ¢ HOCTOSIHHOM yT-
JIOBOM CKOPOCTHIO ® BOKPYT OCH, JJIMHA cTepkHer | = 25¢cm, nuametp d = 20Mmm.

Tpebyemcsa:

1. IlocTpouth 3MI0pYy M3rHOAIOINIMX MOMEHTOB M OT CHJI MHEPIMHU, BO3HU-
Karomux Ha BeptukanbioM (CD) u ropusontansaom (DE) yyacTkax pambl oT co6-

CTBCHHOI'O B€Ca CTCp)KHCfI.
2. Haiitu AOIIyCKAaeMOC YUCJIO 060pOTOB CTCPXKHA B MUHYTY IIPU JOITYCKAaCMOM

HaNpsHKEHUU [G]=IOOMHa 1 00bEMHOM Bece Marepualia CTepKHEeu
y=7,8-10*H/™m3,
Pewenue:

BhluMCIMM MHTEHCHMBHOCTh CHJI HHEPLUH (qH) Ha yuyactke ED, xoropsiii

ED
napasuiebHbIN ocu BpaieHus pamsl (puc. 7.1.1, a). Kak uzBectHo, 1IEHTpOCTpEMHU-

TENbHOE yCKOpeHue a, = o - I . Torma

F
=y_c02|,

(qu)ED =m-a, g

rjae M — mMacca eIUHUIBI JJIMHBI CTepKHS Ha ydyactke ED; F — miomanb ceyenus
crepxHs; ¢ =9,81M/c? — yckopeHHe cBOOOIHOTO MajeHus; Y — yAedbHbIi BeC Ma-
TepHuaga CTeP>KHS.

Ha ydactke CD, mepneHAUKYISIPHOM OCH BpalICHUS paMbl, pacupeneiéH-
Hble MHEPLUUOHHEBIE CHJIBI HAalpaBieHkl Baob cTepxxus CD. Murencusnocts nnep-

IMOHHBIX CHII (qﬂ) 30C€Ch UBMCHACTCA 110 HHHeﬁHOMy 3aKOHY B 3aBHCHUMOCTH OT

CD
pacCTossHus I' 1O OCH BpAICHUA:

(qH)CD ?CO r.

vF
Ipu r=0 (touka C) ¢, =0, npu r=1 (touxa D) 4 = szl . CymmapHoe nHep-

IMMOHHOE ycuine Ha ydacTke CD uncneHHo paBHO TUIOMIAAH TPEYTOIbHUKA IMIOPHI

pacrpeneneHuss THTEHCUBHOCTH (qn) o (puc. 7.1.1, 0):

p-tq) 1217 e,
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NHTEHCMBHOCTh MHEPLMOHHBIX cui Ha ydactke ED u B Touke D crepxus
takas xe: (0, ), =(0,)p =0 . Ayig ynpoIieHus 3alyucy BBIYUCICHUH J1alee CHIIbI

HHCPpOHUK Ha TOPpHU30HTAIIBHOM MW BCPTHKAJIbHOM Y4YaCTKaX, OIIOPHBIC PCAKIMU U

M6 =1F
3Ha4eHns MOMeHTOB M OyneM BeIpaxkats yepes =" | ul.

g
OnpenenuM onopHbIE peaklUy, UCIOJIb3Ysl ypaBHEHUs paBHOBecUs ), MOM A = 0 u

> mom B =0. 3 1
ql- 1+ ql-I-R -21=0, R =ql;
B

B

2 2
I 1
—-ql- - "ql-I+R -21 =0, chi
2 2 A A2
A | B
er2se cl | 7Ty A C B
| /
| .\ R:qu
I
VD I ‘ E q D E
'p.=ql/2
ql?
8) 2)
‘ ‘ 3/2q|
Q)

qi2/2 )/V

Puc. 7.1.1

3Has peakuuy Omnop W JEUCTBYIONIME HArpy3KH, MOXHO MOCTPOUTH SIMIOPHI

usrubaromux Momentos M (puc. 7.1.1, 6). Tak kak B paMe BO3HHKAIOT M IIPOOIb-
HbIE CWIbl, TocTpouM U >mopy ycuwnuit N (puc. 7.1.1, 2), s 4ero B TEKyIIEM ce-
yeaun ydactka CD Ha paccrossHuu I oT ocu AB 3ammimem BeIpakeHWe I TIPO-

JTOJIGHOU CWJIBI.
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F 1yF
N=R +R —Y_cozr:_y_oaz(Blz—rz),
r A B Zg 2 g
3yF 3
npu =0 (touka C) N = 002|2=_ ',
29 2
N _y_F 2|2_ |
mpu r=I (touka D) N = @17 =0l

Kax BugHo no ¢ynkuuu N, samropa 3TUX CHJI KpUBOJIMHEHHA, @ KpUBHU3HA €&
TaKOBa, YTO HAKJIOH KacaTeJIbHOM K HEM paBeH 3HAUYCHUIO MHTEHCUBHOCTH ( .Hanpumep,
B ceueHnH C yroj HaKJIOHA paBEH HYJIIO.

Cornacuo smtopam M u N onacHeiMu mMoryT ObITh ceuenus -1 u II-1I (puc.
7.1.1, a), v ipu 3TOM JOJKHBI YJIOBJIETBOPSATCS YCIOBHUS MPOYHOCTH JIJISI KaXJIOTO
13 HUX.

B cedenun I-1 Bo3HMKaeT MakcUMalbHBIN U3rM0AIOMMA MOMEHT, U YCIIOBHE
MPOYHOCTH UMEET BU]I

Opax =~ <[0], (7.1.1)
<ol
" 23, nd 3 7n
rie M, =ql?2=—0 1°; W, = —; ®=__. IozcTaBus BEIpaXeHus A |\ .
g 32 30
W,, ® BycnoBue npounocty (7.1.1), mosmyurm
yF (Y 1

_ <laol.

o3

Toraa unciao 060pOTOB CTEPKHS TOJKHO OBITH

. 3
50 | 1107 -”%’;2-9,81
- ; 002 = 428 00/MHUH.
7.8.104. 2272 0,253

B ceuenun II-II Bo3HUKarOT u3ruOaromuii MOMEHT U MaKCUMAaJIbHOE MpO-
JOJIBHOE YCUJIME, CIIEIOBATENBHO, YCIOBUE MPOYHOCTH MO HOPMAJbHBIM HAMPSIKE-
HUSIM 3aIMIIEeM Kak

G _ Nmax _I_MS[G], (712)

max F W

X




3 3’YF| 2| CI|2 YF' 29
3mece N ==Ql==—"0 M=—=—ol;
2q 2 g 2 2
nd* nd 8
F=—u W =—.
4 32

M , F B ycnosue npounoctu (7.1.2), nomyunm

yo?l? yf 4}

OTtkyna 9ucio 060pOTOB CTEPIKHS JOJKHO OBITH

[oxcrasus Bennuunbl N, .,

108.
zi ! 103 S (8)126 =585 00/MuH.
w0,25, 17 8104, j
2 0,02

UYToOBl yAOBIETBOPUTH OOOUM YCIOBUSM MPOYHOCTH, U3 JIBYX MOJTYyUYEHHBIX
3Haue€HUW N, BbIOMpaeM MEHbIIEE M Ha3HAYaeM JOMYCKaeMO€ YHCIO0 O00OpOTOB

crepxkHs [n] =428 06/muH.

7.2. PacyéT Ha y1apHoe HATpYKeHHUe

Ha cranbnyro 6anky (puc. 7.2.1, a), cBOOOHO JIeKAIYIO0 HAa JBYX KECTKUX
(HEeMOJATIUBBIX B BEPTHKAJIBHOM HAIPABICHUH) OMOpPaX, ¢ BBICOTHI N mamaeT rpy3
P ; nnuna O6anku 1=4Mm, Bec rpy3a P=3 kH, Beicota nanenus rpy3a h=10cm. Ceuenue
Oanku — nByTaBp No 24,

Tpebyemcs:

1. Haiitu Hanbospliiee HOpMaIbHOE HANIPSDKEHHE B Oajke.

2. TIpaByro omopy 3aMEHHUTD yIPYTOMOAATINBOM, KOTOPYIO MOKHO N300pa3uTh
MPY>KUHOM, U HAWTU HOBOE 3HA4YeHHE HauOONbIIero HampshpkeHus. [logaTinuBoCTh
OTOpHI (3TO OCaaKa OMOPHI B BEPTHKATHLHOM HampaBieHUU oT cuibl 1kH) npuHsTH
a = 2,5cm/kH. CpaBHUTH MOTy4YEHHBIE PE3yIbTATHI.

Pewenue:
1. Ilpu peiicTBUU yaapHOU Harpy3Ku MaKCUMalbHOE HAIPSKEHHE, BOZHUKAIO-
mee B O6anke, onmpenesnsoTes no Gpopmyie

o,=k, o, (7.2.1)
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rae G, — MaKCUMajlbHOE HANPsIKEHUE, BOSHUKAIOIIEE B OAJIKE IPU CTATHYECKOM
IPHUIOKEHUH HAarpy3ku; K, — nuHamudeckuit koddduiument. B Tex ciayuasx, koraa

BbICOTA IMTaaACHUA h 3HaunTeNnpbHO OOMBIIE BETUYUHBL A qTo H3,6J'I}OI[aeTC$I B HC-

CYH_II/IX paMaX,
2h
kK = |— 1.2.2
! Acr ( )

TAc ACT — HNCPCMCIICHNUC TOYKHU IMMPUTTOKCHUA YAApAOIICTO I'py3a OT CTATHYCCKOT'O

NEWCTBUS CUJIbI, PABHOM BECY Ipy3a.
Taxkum 06pa3oM, st TOro YTOOBI BHITIOJIHUTE PacuéT Ha yaap, HE0OXO0IUMO
3HATh HAIIPSDKCHUA G, W IepeMelieHuss A_ OT CTaTUYECKOro JCHCTBHS Harpy3KH

P (puc. 7.2.1, 6). B nairem citydae corjiacHoO 3Mope U3ruOaroero MOMEHTa

M P-I

c = Max
o~ W AW -
X

X

OceBoii MmomenT conporusnenus W, onpenennm mo tabmune I'OCT, mis
nsytaspa Ne24 W, = 289 cm®. Toraa cTaTiueckoe HalpsiKeHUE

3-10% -4

6, =————=10,38 MITa.
4.289-10°

BGJ’II/I‘-II/IHy ACT MOJXHO OIIPCACIINTL PA3JIMYHBIMHU MCTOdaMH: MCTOJOM Ha-

YanbHBIX MapaMEeTPOB WM YHEPreTHUECKUMHU MeTojlaMH (MerogoMm Mopa, croco-
6oMm Bepemaruna). Jlyig Haiiero npumMepa CTaTU4ecKoe epeMeIieHmne

P-13
A=
48EJ

OceBoit MoMeHT uHeprwmu J, s aByraspa Ne24 J =3460cm®*. Beruuc-

muM A v tuHaMugeckuii koddpuimenT Beraucium 1o (7.2.2):

A = 310°- 4 57810~
" 48.2.10 - 3460108 00 M
(- [ _[210 oo

T NA 5,78-1072

CT
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>
<
W
>
W

R 112 1/2

Y
A

6 Zl
P 2

A B A ic B <,
£h P e S

h - Ci1 = 7

x -

N Pl/4 o

<

Puc. 7.2.1

Temnepb BBIYKMCIAM MaKCHMajJbHOE 3HAYEHHE HAIPSLKEHHS B Oajke 10
(7.2.1):
c,=Kk, o, =18,6-10,38 =193 MI]a.

PaccmoTpuMm BTOpOM ciywai, Korjaa mpaBas Onopa B 3aMeHeHa IPYKUHOU C
nonatiauBocThio o = 2,5cm/kH. Banku AB mocie ocamku MPYKUHBI 3aHSJIA HOBOE

nonoxenre AB1. Crarmueckoe HanpskeHue B Oalke OT CTaTUYECKOTO JEHCTBHS
HArpy3Kd He U3MEHWIOCh U ocTtasioch 6, =10,38 MIla. Ho cienyer y4yecTs, 4To Te-

eph CTATHYECKOE TepeMeIeHie paBHO cymme A =A;+B-A, , tme A; — mporu6

np !
Oasky, Jexaren Ha KECTKUX ONOopax; BENMMYUHA - A &~ — 9TO NepeMEIEHUe TOUKH
NPUIIOKEHUS CUIIBI P 3a CU€T 0CaJKu NPy KUHBI.

3HayeHue mporuda Ganku Ay, nexamieil Ha KECTKUX Omopax ObUIO BBIYMC-
neHo Beie, Ay =0,0578 cMm.

Bennuuna Anp— 3TO OCAJIKa MPYKUHBI IPH BO3HUKHOBEHUH PEAKLUU OT CHU-
abl P. B Hamiem npumepe Anp — 3TO paccTosiHue BB1 AJisl HOBOTO MOJ0XKEeHUs Oa-

xu AB1, xoTopoe ona 3aiiMér mocie ocanku mpyxkunsl (puc. 7.2.1, 2). Benuuuna
OCAJIKM ITPYKHMHBI 3aBUCHUT OT PEAKLIUH OIIOPHI B, BOSHUKAIOILIEH ITPU ICHCTBUU CHJIEI

P, v paBHa
P 3
A =R 0=_-a=_-25=375cm.
p B
2 2
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Koa¢pdumment B, ycranaBiuparoninii 3aBUCUMOCTb MEX]ly OCAJIKOU Mpy-
KUHBI U MEPEMELIEHUEM TOUYKU MPUIOKEHUS CUIIbI P, onpenenserca o 4epTexy
nepopmuposantoro nonoxenus AB1. 3meck ero moxHo HaiiTh u3 mogobus Tpe-

yromsarkoB ACC1 u ABB;:
4B BB, 1

AC CC, B

[Nonyuaaem =0,5 u Torna A_=0,0578+0,5-3,75 =1,93cm.
Teneps nepemenieHre A COM3MEPUMO C BBICOTOM MaJCHUS IPy3a U JHHA-

MUYECKUN KOAP(UIIMEHT BBIYUCIIACTCS KaK

k,=1+ 1+2—h =1+
A

CcT

[ToacunTaem MakcuMaabHOE HanpsbkeHue mo (7.2.1):

c,=k, o, =4,37-10,38 = 45,34 MI]la.

CpaBHUBas HaNps>KEHUs, BO3HUKAIOIIEE MPU ynape rpy3a P Ha 0aiky ¢ xé-
CTKMMHU OIOpaMu M B CJIy4yae YCTAHOBKHM OJHOW YIPYro-TOJATIUBON OIOPHI, BU-
JIMM, 4TO BO BTOPOM CJIy4dae HampsiKEeHUs MeHblle B 4,3 pasa.

7.3. IlonOop cevyeHHUs HEHTPAJIBHO CXKATOI0 CTEPIKHS
10 YCJIOBUIO YCTOMYHMBOCTH

JUJIs IEHTPAIBHO CYKATOTO CTEPXHS M3BECTHBI: YCIIOBUS OIMMPAHUS CTEPKHS,
BEJIMUMHA C)KUMAroIIeld cuiibl P, mumHA crepkHs | , BUJ MOmepeyHoro ceueHus,
COCTOSIIITUHN U3 MPOCTHIX (PUTYp, U TUI MaTepHasia CTEPKHS.

Tpebyemcs:

1. TTomoOpaTh pa3mepsl CeYeHUs!, UCIIOJIb3Ys YCIOBHE YCTOMYMBOCTH IO KO-
¢ PUIHEHTY YMEHBIIIEHUS OCHOBHOTO JOIYyCKaeMoro HampspKeHus (Kod¢huim-
EHTY ).

Vkasanus k pewenuio 3aoauu

1. YcnoBue yctonumBOCTH TO KOIPDUIIMEHTY YMEHBIICHHS OCHOBHOTO JO-
MMyCKaeMOoT0 HamnpsuKeHus (K0dPIUIIUEHTY @) UMEET BUJI

o= ES [6] o, (7.3.1)
F
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rae F — miomnaap monepeyHoro ceueHus: CTep KHs, 3alMcaHHasl 4epe3 HEM3BECTHBIN
pasmep a. B ycoBuu (7.3.1) nBa HEM3BECTHBIX: pa3Mep @ W 3HAYCHUE (O, TTIOITOMY
0100P BBITTOJIHSIOT METOJIOM TTOCIICIOBATEIIBHOTO MTPUOJIMIKEHUS.
Jl1st mepBoro npubamkeHus: 00baHO 3aaat0T ¢1=0,5 1 BeruucsatoT no (7.3.1)
MIEPBOE 3HAYCHHE pa3Mepa d, 10 KOTOPOMY OTIPEICIISIFOT THOKOCTh CTEPIKHS:
L (7.3.2)
Imin

rae | — ko3 puuueHT npuBeAeHUs IJIMHBI CTEPKHS, OH YKa3aH Ha pacy&THOM cxe-

: [
Me CTepXKHs, | .. = % — MUHUMaJIbHBIN paauyc uHepuuu ceuenus, | —

MUHUMAaJIbHBI MOMEHT MHEPLUH 33/1aBaEMOro ceueHus. 3aech 3Hauenust F, | .,

I... HYXKHO 3alucarh 4epe3 HEU3BECTHYIO BEIMYUHY d W TIOJYYUTHh BBIpAKCHHE
rubkoctu (7.3.2) Takxke uepe3 a, 4To yAOOHO MpHu nanbHeilmem pacuére. Ilof-
CTaBHM IIEPBOE 3HAUCHUE pa3Mepa d U MOJIYIHM IEePBOE 3HAUCHUE A.

Jlamee u3 TaOJMIBI TIO ATOMY 3HAYEHHUIO A OMpEeNieM COOTBETCTBYIOIIEE
eMy peajbHOe 3HaUeHHe (11 U TipoBepsieM ycioBue (7.3.1). Ecau oHo ynoBieTBops-
€TCsl TIPU Pa3HOCTH MEXAY MPaBoil U JIeBOM yacTsiMu MeHblie, yeMm B 10 %, moadop
CUMTAIOT 3aKOHYEHHBIM. Eclii HeT, TO /enalT cieayroiee NpuoImKkeHne, 3a1aBas
HOBOE 3HaueHHE KodhuimenTta ¢, KoTopoe Ha30BEM @2 =(¢1 + ¢2)/2. Ilo 3HaUeHUIO
@2 orATh 10 (7.3.1) HAXOaUM HOBBIM pa3Mep a, KOTOPBIN JIydille Ha3BaTh az. Jlis
pasmepa az Beraucisgem 1o (7.3.2) ruOKocTh CTEPIKHS Ap, IO 3HAYEHHUIO ATOU THOKO-
CTH U3 TaOJIMIIBI IOJyYaeM JIEUCTBUTEILHOE 3HAUCHHUE (), KOTOPOE CUUTAEM KaK (22,
U 110 Hemy npoBepsieM ycnosue (7.2.1).

[lepeuncnenHy0 MOCIEOBATEIBHOCTD BEIYMCICHUN TTOBTOPSIOT JI0 MOJTyYe-
HUS Pa3HOCTH JICBOM M mpaBoit vacrteit (7.3.1) B 10 %.

7.4. OnpeneeHne KPUTHYECKON CHJIbI HEHTPAJIBHO CKATOI0 CTEPIKHS

JIns HEHTpanbHO CXKATOrO CTEP)KHS CUMTATh U3BECTHBIMU: YCIOBHUS ONUpa-

HUS, IJTUHY CTEPIKHS |, Bunnm pa3Mepsl mornepeyHoro cedeHus. CrkuMaroIias cujia
HEU3BECTHA.
Tpebyemcs:

1. Haiitu kputndeckyro cuity P, Ipu KOTOpOH CTEp:KEHb TEPAET YyCTOMUUBOCTD.

Kp !
3HaYeHUS] BENWYHH &, D, Ao U Anpe; HY)KHO 3a/1aTh IS M3BECTHOTO MaTepHala
CTEPKHSI.

Vkasanus k pewenuto 3a0auu

Bennunny Kputu4eckoii cuibl P BeIUHCIAIOT O popmyIie Ditnepa



Py = mn (7.4.1)

IIPU YCJIOBUH, €CIIU THUOKOCTh CTEPKHSA A > Agpes, WM MO (popMylie SICHHCKOrO-
Termariepa

Po=0p-F=(a-b-1)-F (7.4.2)

B TOM CJly4ae, KOrja THOKOCTb CTEPKHS A YJIOBJIETBOPSET YCIOBUIO

}\40 <A< }\mpez[ .

Kak BugHO, CHauana HY>KHO BBIYMCIUTH THOKOCTH CTEpXKHS A 1o (opmyie

.I I

:—l.i/L B KOTOpOP'I MI/IHI/IMaJ'IBHHﬁ pa)myc I/IHCpIII/II/I CCUCHUA |min = %
min

BBIYHCIISIEM II0CJIC HAXOXICHUA Fu l BCCIr0 CCUCHMA, KaK YKA3aHO BBIIIC, Jla—

min

nee BbIOpath Gopmyiy (7.4.1) unu (7.4.2) n Haiitu uckomyio cuny P,

7.5. IIpoBepO4YHDbIii PACYET HEHTPAJIBHO CKATOTO CTEPKHSA

JIs1 LEeHTpaJIbHO CKATOTO CTEPKHS 3aJaHbl: YCIOBUS €r0 ONMUPAHUS, CKU-
MaroIlas cujia, JJIMHA CTEPKHA U BUJ MONEPEYHOTO CEYEHUS.

Tpebyemcs:

1. ITpoBepUTH CTEPKEHBb HA YCTOMYUBOCTD.

2. OnpenenuTh JOMYCKaeMyI0 CUITY [Py] U3 YCIIOBHSI YCTOMYMBOCTH I10 KO-

s purmeHty o.

Vkazanus k pewenuio 3a0auu

1. Hcnonb3yeMm yKa3aHHOE BBIIIE YCIOBUE YCTOWYUBOCTH, JJISI KOTOPOTO
3HAYEHHUE () HY)KHO B35ITh U3 TaOJIHIIBI 10 BRIYMCICHHOMY 3/1€Ch 3HAYCHHIO A.

Kax BunHO, pacy€T HY’)KHO HAUMHATH C BHIYUCIICHHS] MUHUMAJIEHOTO MOMEHTA
WHEPIUH ceueHus | , KOTOPBIA BRIYUCISEM, KaK TTOKa3aHO BBIIIE, 3HASI MOMEHTHI
WHEPINH MPOKATHBIX TPO(HIIEH, COCTABISIONINX CEYCHHE.

2. IlpaBasg yacTh yCIOBHUSI YCTOWYMBOCTH M €CTh JIOIyCKAaeMOE HANpSKCHUE

[Gy] Ha YCTOﬁqHBOCTB AJI 3a1aHHOI'O CTCPIKHSA, IIO3TOMY BBIYMCIICHHUC OOITYyCKaAcC-

MOW CHJIBI [Py] BBITIOJTHSIEM 110 (hopMyJie [Py] =F '[Gy] =F '[0] 0.
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3akjaoueHue

B xo/1e BBINOJIHEHNS TPAKTUYECKUX PA0OT 10 CONPOTUBIECHUIO MATEPHAJIOB BBIIIOJIHSIOTCS pac-
4ETBI HA CTATHYECKYIO U TUHAMHUYECKYIO IPOYHOCTD U KECTKOCTD, B KOTOPBIX PACCMAaTPUBAIOTCS
Y OLICHUBAIOTCS YCIOBHUS IPOYHOCTH IIPU IPOCTOM M CJIOKHOM COIIPOTHUBIICHUM U IOCTATOYHO
MOJIPOOHO aHATM3HPYETCS KECTKOCTH MPOCTEHITNX KOHCTPYKIUI: CTEPIKHEH, BalIOB, OAJIOK U
pam.

3T paboThl UMEIOT OO0JIBIIOE 3HAYEHUE ISl TIOATOTOBKH CHEIMATMCTOB MAITUHOCTPOUTEIHHOTO
npouIIs, TaK KaKk COCOOCTBYIOT 3aKPETJICHUIO TEOPETHUECKUX OCHOB Pacu€TOB HAa MPOYHOCTH U
XKECTKOCTb, Pa3BUTHIO U (OPMHUPOBAHUIO TEXHUUECKOIO MBIIUICHHUS, TOATOTABINBAIOT CIIyILIATe-
neil K 00y4eHHIO JaIIbHEUIITUM JAUCHUIUIMHAM, BBIITOJHEHUIO KYPCOBBIX U IUIIJIOMHOTO IPOEKTOB.
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